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INPEJINCJIOBUE

"f1 3Hal, MI0[N COCTOAT M3 aTOMOB, YaCTHI, KAK Pagyrd u3
CBeTAIUXCA NBUINHOK win ¢passl u3 Oyxs. CTOUT H3MEHUTD
OPANOK, u Ham cmbicha MeHaetcsa” (A. Bosnecencknii). C ne-
GoabmI0il MONpPaBKO HAa MO3THYECKYIO BOJLHOCTH 3TOT Te3lC
MOKHO NPHUHATL.

"JNmeMeHTbl XUMHYECKHe — COBOKYIHOCTH aToMOB, objaja-
JOIUX OAMHAKOBBIM 3apANOM AApa; o6pa3yioT Bce MHOroodpa-
3He NPOCTHIX M CJIOKHBIX BemecTB’’. TakoBo cTporoe sHIUKIO-
neguuecKoe onpejesieHmne 31eMeHTOB.

Beposartuno, noutu o xampom us 107 usBecTHBHIX HBIHe 3Je-
MEHTOB HamHCaHbl HayuHble MoHorpaduu. He pas npennpunn-
MAaJHCh NONBITKH PACCKa3aTh MOMYJAPHO 000 BCeX ameMeHTax
cpa3y, B OfHOUl KHUTe, aAPECOBAaHHOH MACCOBOMY 4MTATeNIO.
B pesyiabraTe nodydanuch HOMKHHUIBI': C ONHOH CTOPOHBI —
cyryb6o Hayuynble MoHOTpauM, BpPEACTABJIAIIME HHTepec I
NOHATHBIE JHIIb Y3KOMY KPYTy CHeI[aJiCTOB, a ¢ Apyroi —
KIINTH, NOCTPOEHHBIe 110 MPHHIMAY ,,0YTeBHIX OYepKoB. AB-
TOPBI MX, HECOMHEHHO, PYKOBOACTBOBATNCH CAMBIMU JOOPBIAMU
HaMepeHHAMH, HO (PH3HYECKH HE MOIJIM BTHCHYTb B CTPOro
OTpaHMYeHHOE H3JIATeJbCTBAMU KOJIMYECTBO MEIATHBIX JHUCTOB
8ce caMoe MHTepecHoe M caMoe BaykHoe 000 BCex. XUMHUYECKHX
aseMmentax. i Tomy e, BpAJ JM eCTh HA 3eMJie YeJIOBeK, KO-
TOPBIIf XOpOLIO 3HAJ ObI BCE 9JEMEHTHI.

B nacroamee uspmanue “llonmyaspHoit 6ubiauoTekn Xuau-
YeCKHX 3JeMeHTOB'' BOILIM MaTepuasbl 060 BCeX XHMHYECKHX
aJeMeHTaX, OTKpPHITHIX fo 1 amBaps 1983 r.; agech uuTaTenn
HaiiietT cBefleniug 00 MCTOPHM OTKPBITUSA, (PUBUYECKHMX U XHU-
MHMYECKHX CBOMCTBAX, BayKHEHMIIMX COeMHEHUAX, METOJAaX I10-
AyueHusd, o0JacTAX, IpUMeHeHNsI 1 NOTEHIMANILHBIX BO3MOIK-
HOCTAX Kaj(J0ro 43 3JeMEeHTOB B 3110Xy HAYYHO-TeXHUUIeCKoi
peBoJIIOHH.

"Ilonyaspraa GuGnauoTeka XMMUYECKHUX 3JIeMEHTOB’ Hpef-
Ha3HayeHa IpeJe BCero TeM, KTO YYUTCA, U TEM, KTO YUHT:
HIKOJbHUKAM-CTAPIIEKAACCHUKAM M CTYJEHTAM, YUlTelfM,
IpenofiaBaTeNsiM BY30B I TEXHIKYMOB. JTO M3jlaHHEe MO)KeT
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6rIThL TaK)Ke TMOJNE3HO MHPOKOMY KPYry XHMUHKOB H HMHKeHep-
HO-TEeXHHYECKIX pPaGOTHHKOB KaK CpPeICTBO MpeABapHUTeNbHOr0
O3HAKOMJEHHA ¢ KaMABIM KOHKpeTHBIM snementoM. [Ipempe
BCETO 3TO KACaeTCH PelKuX., pacceﬁﬂﬂmx H MCKYCCTBEHHO II0-
JIy9eHHBIX 3J1eMellTOB.

B kHire moMu»o OCHOBHBIX CBEJlEHHI 0 KayKIOM DIEeMEHTE
cofiepskuTea HHQPOPMALIA 0 HEOKIAAHHBIX, IPHMElleHUAX dJIe-
MeHTOB U coe[itneniii, MiHepajax, M30Tomax, JIOOONBITHBIX
I Kypbesnbix (axrax 3 HCTOpHM djieMeHToB. B mcropiue-
CKYyI0 UacTh MHOTHX pa3/ieJIOB BRJIIOUENbl (PparMeHTHl OKY-
MEHTOB, [IICeM H BBICKA3BIBAHII BBIJAIOU{HXCA YIEHBIN. O POJIN
TOr0 WJH HHOrO 3JeMeHTa B »Ku3HH dYejgoBedectBa. OcobenHo
LI POKO, UTO eCTeCTBeHHO A TaKol KHHTH, TpeACTaBIeHbI
paGoTHl MEePBOOTKPHIBATENA HEPHOANIECKOI CHCTEMBI 3JeMell-
TOB TeHHAJTbHOro pycckoro xumuxa Jmutpua HMeaHoBnua
Memnpeneesna.

B ocHoBy "llonyaspHoit GHOAHOTEKH XMMHYECKHX DJIEMEH-
TOB’' — M NEePBBIX M3JAHUIM, U 3TOr0 TOMKe — MOJ0MKeHb nyo6-
NUKAUMU  TAy4YHO-NMOMYJAPHOro JKypHada AkKageMHH HAayK
CCCP "Xumug o Ku3up’.

Ilepsoe usyanne "Budanorexu” (1971—1974) 6suto mpen-
mpuHaTo B cBA3N co 100-yeTeM MmepuOAMYECKOro 3aKoHA XIiI-
MHYeCKUX DJIeMeNToB.

Bo Bropom (1977 r.) usmannn Geian oGHOBJIEHE! IIpaKTIIde-
CKH Bce MaTepHanbl. BRiIOYeHBl OBLIM TAKKe MaTepHANBl O
BHOBb OTKPBITHLX 3emeHTax Ne 106 u 107,

Honemnee — Tperse — n3ganiie B OCHOBHOM aHaJOTHYHO
BTOPOMY, BHECEHBI JIHIIb 9aCTHblE YTOMHEHHA H J(OMOJHEHIS.
Haspanusa coemmuennil, Kak U B NpeabAyI{HX H3JAHHAX., Ja-
Hbl B COOTBETCTBNI ¢ PYCCKOl HOMEHKIATypoil HeopraHude-
cknx coepuuennii. JIJIa MOMOABIX uMTaTeNeil, MPUBBIKIINX K
OKCHIaM, THIAPOKCHAAM, IePOKCIIAAaM H IpoduM aTpudyram
MeRyHApPOAHOH HOMEHKJIATYPH!, HATIOMHHM, 4TO 3aKHCHIO M
OKIHCBIO HA3BIBAIOTCA OKCHIH COOTBETCTBEHHO B HHU3MIEH u
BHICIIEHf CTEMeHAX OKHCJIEHHS, a THAPOOKHCH — TO e
caMoe, 9T0 THAPOKCH/BI, MePeKIICH — MIePOKCHABL H T. M.

B m3amanme BmepBble BKJIIOYEH CIPaBOYHBIH ammapat: Taod-
aunpl "KonctanTel u cBoiicTa”, TaGaHIBl IepeBOfa eXMHMIL
naMepeHus B uuTepHauuonaabpuywo cucremy CH, umennoil
yKasaTejib, JTH MaTepiiajdbl HOMEUIEeHE! B KOHIIe BTOPOil KHMTH,



3AROH MEHJEJ/EEBA —
3AROH MMPNPO/ADbI

1 mapra 1969 r. ucmonununoces 100 meT co aHA OTKpHITHA
OJHOrO U3 BeJANYaiilINX 3aKOHOB COBPEMEHIIOr0 eCTEeCTBO3HA-
HHA — NepHOJUIECKOr0 3aKOHA XMMIIYECKHX. 3JIeMEHTOB,

B stor nens B 1869 r.. mononoii, Torma Majno H3BECTHBI
pyccknit yuenwmii Jmurtpuit UBanosmu Menjenees pasocaal
MHOTHM Y4YeHBIM-XHMHKaM pasHbIx. cTpan HeOoabwoi nevar-
HBI{l JIHCTOK, CKPOMHO o3arjaBieHHbll: «OnbIT CHCTEMbI 3Je-
MEHTOB, OCHOBAHHO Ha HX AaTOMHOM Bece H XHUMHYECKOM
CXOJICTBEY,

CoBpeMeHHHKH ellle He TORO3peBANH, 9TO B HayKe coBep-
LIILIOCH BeJIIKOe BmCcTopuYecKoe cobuiTHe: B Heo003pnMblil Xxaoc
pa3po3HeHHBIX CBeNEHIII 0 NpUpojie U CBOHCTBAX XHMHYECKHX
9JIEMEHTOB M HX coeJHHEeHHil BOMWAH ACHOCTb H MOPANOK, Ipe-
00pa3oBaB [PEBHIOID XHMHIO M3 SMIHPHYECKOro HCKYCCTBA B
CTPOTYIO M TOUHYIO HayKYy.

Hcropns — cypoBa. Ona npumip4uBo COpPTIpYeT Bce, HTO
HaiijleHO 1 co3faHo uesqoBexoM, O4eHb HEMHOroe oHa XpaHHT
B TeYeHNe BeKa. Y (MBUTEJbHAA U MPUBBIYHAA NPOCTOTA M ueT-
KOCTb MeHJejeeBCKoil Tabauubl U3 LIKOALHOro ydebHuMKa Ha-
WHX AHENl CKpbIBaeT Temepb OT HAC TY HENOCTIDKHEMYIO, IH-
FAHTCKYI0, KPOIOTJINBYI0 paboTy [0 OCBOEHHIO U mepepaboTke
Bcero, 4To Obo Haiimeno u mosHano mo MenpgedeeBa, KoTo-
pPyI0 NpHULIOCH €My BHIMOJHHTDH, 4TOGBl CTalla BO3MOMKHON It
OCYIIIeCTBIIMOIl renHaJblaA MHTYUTHBHAA NOTAfKa O CYIecT-
BOBAHHU B MHpe 3aKOHA NEPHOIIYHOCTH CBOICTB 37€MEHTOB.

Bonpoc o meroae pabGorel redns, KOHe4HO, OUYEHL HHTepe-
ceH U Ba)ieH. MHOro ceppesHbIX HAy4YHBIX HCCIeNOBaHMIl GbI-
N0 TOCBAINEHO HcTOpul OTKpbITHA MenpeneeBa, Ecnn nose-
PUTL eMy caMOMy, To Bce ObLIO OYeHb HPOCTO: HY:KHO ObLIO
TOALKO PACHOJNO:KHTH BCe 3JIeMEHTHl B PAA O BO3PACTAHHIO
HX. aTOMHBIX BECOB — II MepHOAUYECKasdA IOBTOPAEMOCTb HX
XHMHYECKHX CBOIlcTB cpasy ceGa HaraagHo npossmia. [dns
3TOr0 MOCTATOYHO OBITH XOPOLIMM XUMIIKOM, 3HATh XHIMHIO.
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Tax an 310 OBLIO Ha camoM neide? Bpsg an. CrpoMHOCTH
BCIHKOIO YYENOro MOsLCT BBECTH B sab.ayKaenne,

Mbst Teneps 3naem 107 aaementos — ot Bogopona 1o 107-ro,
eme Gessinsinnoro. B 1869 r. ma ceoem nepsom micToure
MenpeneeB pasMecTiul BCero ToJbKO 63 asemenrta, Ho yie I
TOrla OCTaBILI YeThIpe OmyCTHIX MecTa. A n3 Bcex. ITHX 13-
BECTHBIX TOrJia 3JE€MEHTOB [JOCTATOUHO XOPOIIO H3YuelHbIMII,
TAKHUMI, Y KOTOPBIX OBLIII naje:kHo omnpejelennl aToMILIe
Beca (Kank MBI IIX 311aeM Teneph), MO/KHO CYHTATDL BCEro TOMb-
Ko 48 saesenTos... ATOMHBIIT BeC BCeX OCTaJbIBIN. 9J1€MEHTOB
Obl  13BecTeH XuMUKaM BpeMen MengeneeBa meTouno Il
niesepuo. CoBokyrinocts Becex snannii o0 ajementTax B TO
BpeMsA He MOrJa NPHBECTH «XOPOLIEro XHMIKa» K MepHOI-
HOCTH.

Pacnonomus sneMentsl B PAJS Mo BO3pacTaliio HEeBEPHLIX:

(o yeM Torifa uHUKTO lle 311aX) 3HAUENHIl aTOMHBIX BECOB, HII
OJIH XIIMHK B MIIpe 1ie Mor Obl 00uapy:KuTh HNKaKoil obueii
3aKOHOMEPHOCTII B IX CBOiicTBax, TeM Gojee 4TO O CYLIECTBO-
BaHINI el[e He 13BeCTHHIX DJIEMEHTOB B Te BpeMeHa Boollile
HIIKTO HE MOT MoJ03peBaTh.
- Y Meungeneesa Obutn npepinecrsenntikit, Muoro Goabmmx
I CJABHBIX. YYeHbIX, 3aCJHy;KeHNIO CTABINIIX [3BECTHBLIMII 32
CBOIl MONBITKII YCTAlIOBHTL 3aKOIOMEPHOCTL B MIIpe XIIMIIYe-
CRIIX 3JIeMeHTOB, HCKamu netiry, Oni Muoro cpenain aus
MOAATOTOBKII OTKPBITIA BeNHKOro 3aKkofla MPHPOXBI, MIIOTO
Ba;KHBIX OTHAEJLHBIX 3akoHoMepHocTeil 6bUIO M MogMedeHo,
Ho Beannas raiina ocranach mis HUX HeNOCTyMHOIL.

Bce onir xopouro snajn XHMI0, HO 3aToro 0nio Mano. Oun
He 110J03peBajlll, 1TO BO Bceil 11€0GBATHON CIOKHOCTI CBejle-
Huii, HAKOIJIENIBIX HaYKoll, ecCThb «NycThle MecTa» I rpydnie
owndKi. ITI NycThie MecTa n rpyosie oHNIOKN Heabdss OBLIO
upeosioneTh 6e3 meploOMIIECKOro 3aKoHa —a 3aKOH HeJb3n
ObUIO BhIBECTII, MOKa ObLIN MmycThle MecTa I rpyGble OIMIMOKH.
Ero nensss Gbu1o OTKpBITH, ONHPAsAChL TOABKO Ha N3BECTHOE.
Hy:;kpna 6buta mpo3opiiBoCcTh remiis, cnoco6uoro mouyBCTBO-
BaTh BeJIKIII MOPANOK B BIJIIMOM Xaoce y:Ke TO03HaHHBIX
cBoiicTs BemectBa. Hy:xna Gpliia nenocTinKiiMas cnocoGHOCTD
i 00o61eniio, 4To0b B GeckoneynoM MuOroo0pasmi yBujaeThb
BceoObe MIIOLYI0 TpocToTy 3aroHa. Hyskna Obuta Morywas
HHTYNOIs, NIPOJABHTaloiilas nMo3HaHIe 3a Mpefesbl H3BECTHOrO.
Hy:xna i Benmnrkasa mayunasa cMeloctb. B nayky nposmsen Gpla
npmiitit Menjenees.



AMNTPUN UBAHOBUY
MEHAE/TEEB

doTorpadua 1869 r.



Heymano 3akonos mpupoabl oTKpEITO 4ejosexkoMm. Omi pas-
JIUMHBL 11 O 00beMY TMO3HAHIHOro, 11 N0 TOMY, B Kakux ofna-
CTAX mosnamusg Mupa oun aeciicrsennsl. Hx Tpynmno cpasnn-
BaTh Meskay coboii. Ho ecTn Bce ke nempesoskiibiii kputepiii
cpaBHeHlIs1: 3aKOHBI MOKIIO CPAaBHIIBATH [0 CaMOMYy 1J1aBliO-
My — [0 BO3MOJKHOCTII TNpeJiCKa3aniis 1O0BOro, IpejBIHACHIA
Hel3BCCTHOrO.

3axon Meupeneesa B 9TOM He nMeeT paBHBIX cefe. Jlame
npu caMoii mepBoil (opMyJIIpOBKEe 3aKOHA —— NpH COCTaBJe-
HIII TepBOro BapuaHta mnepuojiveckoil tadmimb — Menje-
JeeB JioJkeH Obl1 OCHOBLIBATH pa3Merjeniie 3JieMeHTOB
B Tabiiie Ha IpeacKasaHlAX, BHITEKAIOWIIX 113 caMoro ne-
pHOMIIYECKOTO 3aKkoHa. JTO — APKHII TpiuMep RHATEKTHYe-
CKOIl JIOTHKII MO3HAHIISA.

s Toro 4TOOBI PAacCUONOKITL XHMIYECKIle 3jIeMeHThl Ha
€CaMOM IepBOM JIICTOYKE B COOTBETCTBII C IepPHOAIIIECKIM
3aKOHOM I IIOCTPONTH CBOI0 NEpBYI0 mepHojiuecKkyio tabiin-
ny, MerpgeseeB ocTaBlJ B Heil mycTble MecTa 1 NMPIHSAJ HOBbIE
3HAYEHIIA ATOMHBIX BeCOB /s MHOrNX dieMeHToB. Ilo cyme-
CTBY yiKe 3TO ObLIO MpeacKa3aHIeM.

ITu mycTeie MecTa H HCIpaBieHHble 3Ha4YeHIs AaTOMHBIX
BECOB, OMNpejessoullie MOJoskeHle XIMIUYECKIX 3jeMeHTOB
B cucreMe, ObuT aGCoMIOTHO HEAONMYCTHMBI € TOYKH 3peHid
XUMIIKA TPOILJIOro CTOJETHsA I afCoMIOTHO HEeoOXOAIMBI A
YCTaHOBJEHIIS NepHo/IYeCKoro 3aKoHa.

UTodsl pelinThes Ha CTOJAb AANEKO NYLille npejcKa3aniif,
Kask/l0e 113 KOTOPBIX JO0JKHO ObITh JI0Ka3aHo, Hy;KHa CTpacT-
Has Bepa B IICTIINHOCTB, B CBOIO NPABOTY, HYKHBI HENpeB3oii-
JdeHlas peuItMocTb i cMeJocTh. ITo 1t oTianvaer Menjeneesa
OT BCeX ero Ipe/jliecTBeHHIIKOB, KOTOpble He cOrjallajinch
¢ LIIM I OCHApIBaJi nmpuopnteT oTkpuitTia. Hukro na nix
HE CMOI MOANATLCA A0 BO3MOMKHOCTU npejickasanisa. Jlotap
Meiiep, Buaublii nHemenknii lccaenomatenb, OJIDKE JApyrix
nofoweawii Kk obnapy;keniio ecTrecTBEHHOro 3akolia XIIMH-
YecKIX JIeMelTOB, KPUTHKYs Barasaaslt Menpenecesa, culitadi,
4T0 BOOOUIEe «ObLIO ObI MOCHEMIHO 113MEHSTh AOHbIHE IpIIHA-
Thle aTOMHbIC Beca HAa OCHOBAHII CTOJb HENpPOYHOro lCXOf-
HOTO NMYHKTa», IIMed B BHAY uHepHOAIIMecKIii 3aKoH.,

[Toutit 40 nert padoran Meujesnees najg OTKpLITIIEM Neplio-
JAiUecKoro 3akona u napg ero passutieMm. OcHoBbiBasich ha
cBoeii yBepeHHoCTII B €ro HCTHHHOCTIL, B TOM, 9TO 3TO HOIIH-
Helil 3akou mpupoasl, Mensenees caM npejcrasan cyluecTso-
BaHlle ABeHAAuATH HOBLIX HEI3BECTHBIX HayKe 3J1eMeHTOB,
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0 KOTOpHIX HAKTO B MHpe 10 nero u nojospesarhb ne smor. On
He TONbKO HOAPOOHO oOmHCAJ CBOICTBA 1HEROTOPLIX ale-
MEHTOB U CBOIICTBa HX COeJMHEHHIl, HO [aske NpeAcKa3aa Te
cnoco0Ll, MpH MOMOINH KOTOPHIX ONH BHOOCHENCTBHM OynyT
naiinens. MHTepecHo, uto y:ke B mepsom uanannn «Ocnos
xumMun» Mengeinees mpegycMoTpel MATh CBOOOAHBIX MeCT 3a
ypaHoM B Konue tabauisl, kax oyaro nourn 3a 100 mer mpen-
BH/IEN OTKPBITHE TPAHCYPAHOB.

Ve TonbKo mupeickasanns MenneseeBa cramu BednnKoi
safaveil nma xuMum Ha OGynymee. Yrasan Ovl MyTh Hampas-
JeHHOro momcka. XuMHKN mocie Memnneneesa 3Hamu, rige n
Kak ucKaTh HeussecTHoe. OH HAywmyl XNMHIO HpeABH/ETH.
Munoro OonbmINX yueHBIX, MOMB3YyACh MeTonoM Menneneena,
CJIeJlOBAJIN €ro MpuMepy W TOMKe MpeACcKas3bIBaJM I OMHCHIBANH
Hen3BeCTHBIE, eIle He HaiileHHbIe dJleMeHTH. Bce mpeacka-
3aHHOe Ha OCHOBE MepHOJMYECKOro 3aKona camuM Menpgere-
€BBIM U €ro mocJe0BaTeNAMH — BCe HOBHIE BJICMEHTbl, BCe
noaTBepanioch, Mcropusa maykn ne 3HaeT gpyroro moaodmoro
Tpuymda.

Ho ne TONBKO B OTKPLITAM HOBOTO 3aKJI0UaJCA Hay4ddblil
3aBet, ocraBieHnwblii Menpeneessim Hayxe. On nocrasmi
nepej Haykoil eme 6osiee rpaHINO3HYIO 3aavy.

Mennenees otkpsln noBblil 3axkom mpnponsl. Bmecto pas-
PO3HEHHBIX, HE CBA3AHHBIX MeAy cofoio BemecTB mepej Ha-
YKoil BCcTana eNuHaA CTpoiiHasm cHcrema, o0beaMHNBINAA B
enunoe nenoe sce anementsl Beenennoit. OTkpbiTie B3anMHOI
CBA3M MEMKIY BCeMU dJleMeHTaMH, MeKAYy ux pus3uvecKuMn n
XIIMAYEeCKHMH CBOHCTBAMII NOCTaBiio HayuHo-unocodckyio
npo6ieMy OrpoMIOM BajKHOCTH: 9Ta B3amMIlag CBA3b, 93TO
eHHCTBO JIOJMIKHBI GHITH 00LACHEHHI.

Uccaenosanna MeHnpmeneea faianm MPOYHBIA H HaJeKNAbIH
¢ynnaMeHT NOMBITKAM OOBACHUTH CTPOGHHE aToOMa: MoCie
OTKPBITHSI MEPHOANIECKOr0 3aKOma CTalo ACHO, YTO AaTOMBI
BCeX 9AEMEHTOB MOKHBI OBITL, MOCTPOEHBI O eAHHOMY NJa-
HY», UTO B HX ycTpoiicTBe mokHa OHITHL oToOpaskena mepo-
RUYHOCTb CBOIICTB 3J1eMEHTOB.

Tonbko Ta Momenws aToMa MOrja HMeTh NMpaBo Ha NpHA3HA-
Hile W pas3BHUTHE, KOTOpas npudiamkana 6 mayKy K nonmma-
HHI0 3arajfikil MOJNIOKeHHA »nemeHTta B Tabanne Menpmeneesa.
Benuuaiiimne ydueHble Halllero CTojieTis, pelias aTy 6onbliyio
npobieMy, PacKpsll CTpOeHHE aToMa — Tak 3akon Menne-
JeeBa OKasaJl OrpOMHOe BIHANNME 1A pa3BHTHe BCeX COBpe-
MeHHBIX. 3HAHHIT O NPHpPOJe BelecTBa.
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Bce ycnexm XHMHE Rammx [gHeif, ycmexm aTOMHOH u amep-
HO#l (PU3NKH, BKIIOYAA aTOMHYIO 9HEPTeTHKY H CHHTe3 HCKyc-
CTBEHHBIX 3JIEMEHTOB, CTAJM BO3MOKHBLIMU JHIIL GrarogapsA
nepHoIHYecKOMY 3akoHY. B cBowo ouepens ycmexu aToMHoil
$uU3NKIL, NOABNIEHNE HOBBIX METOJMOB HCCIEJOBAHNA, Pa3BUTHE
KBAaHTOBOIl MeXaHUKHM PacUINpIUIM U YyriayOmiH CyN{HOCTL Ie-
PHOJINTECKOTO 3aK0HA.

3a uCTeKulee CTojieTiie 3aKOH Menneneena—nounnnnmn
3aKOH MPHPOABI — He TOJLKO He yCTapen H He yTPaTHJ CBoe-
ro 3uavenusa. HaoGopor, paspiTie HayKH IOKasalo, 4TO €ro
3Havenue [0 KOHIA elle He NMO3HAHO W He 3aBEpIIEHO, TTO
OHO MHOrO IIHpe, YeM MOT MpeArmoyiaraTh ero TBOpEL], YeM Ny-
MaJin T0 HeJaBHEro BpeMeHN yuenble. HelaBHO ycTaHOBIJEHO,
9T0 3aKOHY IT€PHOANIHOCTH NMOJIUHAETCA HE TONBKO CTpPOeHUe
BHEIIHUX DJIEKTPOHHBIX. 000JI04eK aTOMA, HO W TOHKAA CTPYK-
Typa aToMHBIX agep. [lo-BuamMoMy, H Te 3aKOHOMEPHOCTI,
KOTOphle YHPABIAIOT CJHAOKHBIM U BO MHOTOM HEIOHATHIM
MHPOM 2JIEMEHTAPHBIX YaCTHI[, TAK;Ke HNMEIOT B CBOEH OCHOBE
mepHofANYeCcCKHil XxapakrTep. -

N Teneps, cnyctda jodrue TOAbI, TO-TIPEKHEMY CIpaBef-
JUBHI TIOJHEIE NJOCTOMHCTBA clioBa camoro MenpeneeBa: «...BBI-
IIEeU3JI0KEeHHOEe CONEPIKUT AAJIeKo He BCe TO, YTO YBHAEIH [0
cHX IOp depe3 TeJNeCKON NepHOXUYECKOro 3aKOHA B Oesrpa-
HHYHON oOJacTH XMMHYECKHX 3IBOJIOLIN, U TeM made He BCO
TO, YTO MOKHO €Le YBHIETHY.

CroneTne co AHA OTKPHITHA NMEPHOANTECKOro 3aKOHA HaIla
CTpaHa W BeChb MUP OTMEUAJHM KaK TOP/KeCTBeHHBI HAyJIHBI
npa3gHuK B dectb [murpus WBamoBuua MeHnpeneeBa, Benu-
KOTO PYCCKOr0 XUMHUKA, F€HHAJbHOTO YYEHOTO M MBICIHNTENA,
BEJINKOTO TAaTPHOTA, 3aCHYTH KOTOPOTO IEepel HayKoil, mepex
IPOMBIIIIEHHOCTBIO, Tepel pPOJUHOI H BceM 4YeJ0BEYeCTBOM
TOJABKO B Halile BpeMs MOryT OBITH 0CO3HAHBI BO BCEM HX Be-
JMUYUHA.

H. B. IETPAHOB-COKOJIOB
1969 r.



BOJIOPOT

O6BIvHO, YTOGHI HOAYEPKHYTH 3Haye-
1llle TOTO MJII IIHOrO 3jIeMEeHTa, TOBOPSAT:
eciit 661 ero He OBLIO, TO CIAYYIIOCH OBl
to-ro 1 To-to. Ho, kak npasiuio, ato
e Gonee dUeM pPHTOPHYECKHIT TpiieM.
A BoT BOZOpOJA MOMKET Koraa-Huéyas
neiicTBITENLHO HE CTATh, NOTOMY YTO
Ol HempepbIBHO Cropaetr B Heqpax
3Be3[1, NpeBpamlaAch B IHEPTHBII reJii.
1 xorma samacel BojlOpojla ICCAKHYT,
AKI3HL Bo BcesenHoii cTaHeT HEBO3MOKHOII — H IOTOMY, YTO
MOTracHyT COJIHIIA, 11 MOTOMY, YTO HE CTAaHET BOJBHL...

Bonopon u Beenennasn

Korpa-ro aionu oGomectsnsann Conune. Ho Tenepsr ono
CTaNo 06BEKTOM TOYHBIX HCCJIEIOBAHMIL, II MBI PeJIKO 3a1YMbl-
BaeMcA 0 TOM, UTO CaMO Haule CYLIECTBOBAHIIE IIENIIKOM I
NOJHOCTHIO 3ABHCUT OT OPONCXOAAHINIX HA UEM OPOIECCOB.

Rasxcayw cexyuay Connie nsiyuaet B KocMilMeckoe npo-
CTPAaHCTBO JHEPTII0, IKBHUBAJEHTHYIO OPHMEPHO 4 Miu. T
Macchl. JTa IHEPriA pOMAAaeTcs B XO0Ae CHUAHIA wveThIpex
ANep BOJAOPOJa, IPOTOHOB, B AJPO Tellif; peakulis HieT B He-
CKOJILKO cTajnii, a ee cyMMapublili pe3yJabTaT 3anlchIBaeTcs
BOT TaKIIM ypaBHEHIIEeM

4}H+ — gHe? - 2¢* 4 26,7 Mas.

Muoro ato man Mano — 26,7 Mas Ha oxne ajeMeHTapHBII
akt? OueHb MHOro: HmpH «cropatiin» 1 r OpoTOHOB BhIAENSA-
erca B 20 MuH. pas Gosbule 3mepriu, vem mpn cropanumn i r
KameHHoro yras. lla 3emie Takylo peakuiio eule HUKTO He
uabionan: oHa ujetr NpH TeMOepaType I JaBjeHnn, cyuie-
CTBYIOUINX JIilb B UEApaX 3Be3] U elle He OCBOEHHLIX 4Ye-
JIOBEKOM.

MoutnocTh, 3KBIBaJIEHTHYIO €KeceKyHIHON yObLIII Macchl
B 4 MJH.T, HEBO3MOKHO NpPENCTABHTL: faKe IPH MOLIHEIimeM
TEpPMOAIEPHOM B3pbiBe B SHEPrHI0 OPEBPALIAETCH BCErO OKOJIO
1 ®r Bewecrsa. Ho ecin oruectu Bcio nainydaemyio Coauuem
9HEPrHI0 K ero MOJHOIl Macce, TO BBIACHUTCA HEBEPOATHOE:
yaeavbnaa Mouiocts Coinilla oka)<eTcA HIMTOMKHO MaJoil —
MHOrO MeHbile, 4eM MOILIHOCTH TAKOT0 «TemJIOBBIAeNAIoLIero
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FeHpwu KaBeHpaunw (1731—
1810) — aHTAUACKNIE XUMNUK W dun-
3K, OAUH N3 OCHOBOMONO>XHWKOB
XUMWUN raszos. B 1766 r. oH nony-
4nn B UUCTOM BMAE BOLOPOA U Yr-
neKWcnblii ras u U3Mepun WX naoT-
HOCTb; cnycTa 23 roga onpegenun
TOYHbI cocTas BO3fyXa W BOAbI.
Tpyabl KaBeHaulwa no 3neKkTpuue-
CTBYy He HaWNuM nNpu3HaHus npu
KU3HU YYEHOro — N1l b uepes
69 neT nocne cmepTu KaseHnguwa
6binn  ony6nuMKoBaHbl €ro MHTepec-
Hble paboTbl B 3TOW o6nacTu

yCTpOiCcTBa», Kak caM 4enoBek. I pacyeTbl MOKa3blBalOT, 4TO
ConHue 6ygeT cBeTWUTb, He ocnabeBas, elle MO MeHbLUEA Mepe
30 mnpa. ner.

UTO H roBOpUTb, Ha Hall BEK XBAaTUT.

Hawe ConHue MO MeHbLUeid Mepe Hamos0BWHY COCTOUT W3
Bofoposa. Bcero Ha ConHue o6HapyXeHO 69 XUMUYEecKux
3NEMEHTOB, HO BOAOpo4 —npeo6nagaeTr. Ero B 51 pasa 60b-
we, yem renna, u B 10 Toic. pa3 (He no Becy, a Mo 4ucny
aToMoB) 6o0siblUe, YeM BCEX MeTan/0B, BMeCTe B3ATbIX. ITOT
BOZIOPOJ, pacxofyeTcs He TONbKO Ha MPOWM3BOACTBO 3HEPruw.
B Xxope TepMosiiepHbiX MPOLLECCOB H3 Hero o6pas3yroTca HO-
Bble XMMMWYECKMEe 3N1eMeHTbl, a YCKOPEHHble MNPOTOHbI BbiGpa-
CbIBalOTCA B OKOJIOCO/IHEYHOE MPOCTPAHCTBO.

MocnefHee dABfeHWe, NOJyYyMBLUEE HA3BaHWME «COSIHEYHOIO
BeTpa», Obl/I0 OTKPbLITO CPaBHUTENIbHO HELABHO BO BPEMS UC-
Cfief0BaHNA KOCMWUYECKOro MPOCTPaHCTBa C MOMOLLbIO MCKYC-
CTBEHHbIX CMYTHMKOB. OKa3anocb, 4TO OCOBEHHO CWbHbIE
MopbIBbl 3TOMO «BETPa» BO3HWMKAKOT BO BPEMS XPOMOCHEPHbIX
BCMbIWeEK. JOCTUIHYB 3eMAu, NOTOK MNPOTOHOB, 3aXBayeHHbIN
€e MarHWTHbIM MOJIEM, BbI3bIBAET MOMSAPHLIE CUAHWUA U Hapy-
laeT paguocBA3b, a [ KOCMOHaBTOB «CONHEYHbI BeTep»
NMPefCcTaBNAeT CEPbE3HYIO OMacHOCTb.



Ho Tonbko nn 3TMM OrpaHWYMBaeTCA BO3JeiiCTBUE Ha 3eM-
N0 NOTOKa fAfep cofiHeyHoro Bogopofa? 110-BHAMMOMY, HeT.
Ho-HepBbiX, MOTOK MNPOTOHOB POXAaeT BTOPUYHOE KOCMUYe-
CKOe W3Ny4yeHune, LOCTUralwoLlee MOBEPXHOCTM 3eMan; BO-BTO-
pbiX, MarHUTHble Oypy MOryT BAMSATb Ha MPOLECCHbI XU3He-
[eaTenbHOCTN; B-TPETbUX, 3aXBaYeHHbIE MArHUTHbIM MOMEM
3emMnn Agpa BOAOpPO4a He MOTYT He CKasblBaTbCA Ha ee Mac-
CO0OMEHe C KOCMOCOM.

CyguTe camu: ceilyac B 3eMHOI kope M3 Kaxgbix 100 ato-
moB 17 —a3To aTombl Bogopoga. Ho cso6ogHoro Bofopoja Ha
3eMne npakTWYecKM He CYLEeCTBYET: OH BXOAWT B COCTaB
BOAbl, MWHEpanoB, Yrns, HeMTW, XUBbIX CYLLECTB... TONbKO
BY/IKAHUYECKME rasbl MHOrA4a COAepXXaT HEeMHOro BOAOPOAa,
KOTOpbIi B pe3ynbTaTe Anddy3nn paccemBaeTcs B aTMochepe.
J1 rak Kak cpefHss CKOpPOCTb TENJ0BOr0 ABMXEHWUA MOMeKyn
BOZOPOAA H3-3a UX Maloli MacChbl OYeHb BeMKa —OHa 6/M3Ka
KO BTOPO KOCMMWYECKON CKOpPOCTW,—TO W3 CNOEB artmocepbl
3TU MOJeKy/Nbl YNeTaloT B KOCMWUYECKOE MNPOCTPAaHCTBO.

Ho ecnn 3emna TepseT BOZOPOL, TO MO4YEMY OHA He Mo-
XeT ero nosyyaTtb oT Toro xe ConHua? Pa3 «Co/MHeuHblli Be-
Tep» —3TO AApa BOLOPOAA, KOTOpble 3aXBaTbiBAKOTCA MarHuT-
HbIM MoneMm 3emau, TO Moyemy Obl HM Ha Hell He ocTaTbca?

bonee nonoBuMHbl Maccbl ConHUa COCTOMT M3 BOAOpPOAa. ATOT 3NEMEHT Chy-
XUT TONAUBOM, NO3BONAOWMUM CONHUY CBETUTb MUNNUapabl net



Benu B atMocdepe 3emun ecTh KMCI0pON; pearipyda ¢ 3age-
TeBILLIMU A;IpaMIl BO10po;la, OH CBAKET IIX, Il KocMIdecKHuil
BOJIOPOA PaHO IUIN MO3AHO BHIMAjeT Ha MOBEPXNOCThL mJjane-
TH B Biile 0OBIKHOBeHnoro joxna. Bonee toro, pacuer noka-
3BIBaeT, UTO MAacca BOJOPOJa, COMEPIKAIErocs B BO;I€ BCEX
3eMHBIX OKeaHoB, »opeil, 03ep I pex, TOYHO paBHa Macce
NPOTOHOB, 3aHECEHHBIX «COJHEYHBIM BETPOM» 3a BCIO HCTO-
piio 3emun, Yrto aTo — npocToe coBnajgeHune?

...Mb1 gommkunl cosuasath, uto Hame ConHue, naie BONO-
ponnoe Cosnume,— 3To JmnIUbL 3aypAgHas 3Be3ja Bo DBcenen-
HOIl, YTO CYLIECTBYeT HEMCUINICIIMOE MHOMKECTBO MNOJI0GHBIX
3Be3jl, yJaJeHHbIX OT 3eMJN Ha COTHI, TBICAYI I MIUJITHOHBI
cBeToBHIX JeT. M Kro 3naet — MokeT OBITH IMeNio B jllana-
3one pagNoN3JIYYeHHA ME;K3BE3HOTO BONOpOAa (3AMOMHU-
Te — 21 cautnmetp!) uenoBedecTBY BNepBBIE YNacTCA CBAH-
3aThCA C HHO3eMHBIMH uuBHAH3amuamn.. Hak rosopurcd.
HOAKIIBEM — YBILIIIM.

Bonopon n :ku3un

Eme pa3 o ToMm, uto neneno rosopurs: «Ecan 6s1 B npupo-
Ae He OBLIO TOro-To, To ne OnLio GbI Toro m aroro». [leno
B TOM, 9TO KapTHHA MIIpa, KOTOPYIO MBI IIMeeM BO3MOKHOCTD
ceifuac HabaoxaTh, CI0MKIJIACL IMEHHO B pe3yjbTate TOTO,
4YTO CyUIeCTBYeT B AeiicTBUTEIbHOCTH...

CraskeM, mUcaTesin JIOOAT HACENATH IUIAHETHI, IJle BMECTO
BOABbl — (PTOPHCTHIIT BOAOPOX I aMMIIaK, a OCHOBOIl KH3HII
CHYKNT He yriepod, a Kpemunii, Ho mouemy ke «xpemune-
Bas» JKI3Hb HEe CYLIeCTBYeT Ha Hallleil mianeTe, TAe KpPeMHIIA
xoTh orbaBnsaii? He motomy am, uro kKpemuuii — mpocto He-
MOAXOAANIag OCHOBA IJMA KH3HH?

Oanako ecau U yrjiepoay, U KICJIOpOAY H30I{peHHAs 4eJo-
peyeckas (paHTa3nA HHOTJA Bce K€ HAXOAUT 3aMeny, To
HIIYTO le CMOMKET 3aMeHUTH Bogopod. [lemo B ToM,4To ¥y Bcex
3NIeMEHTOB ecTh amajiorf, a y Bojopopga — HeT. fIapo aroro
aToMa — 3/leMeHTapHasA 9YacTULla, U 3TO HE MOKeT He CKa3bl-
BaThCA Ha CBOIiCTBaX aToMa.

Jl106oii aToM, 3a INCKJIIOWEeHUEM aToMa BOJAOpPOHa, B OOBIU-
HBIX YCJOBHAX He MOMKET JINIIUTHCA BCEX 3JIEKTPOHOB: Y HEro
ocTaeTca XOoTA 6Bl ellle ofHA JIEKTPOHHAs 000JI09Ka, M 3Ta
o00JI0uKa, Hecymasa OTpUilaTeJIbHBIE 3apA[bl, dKpaHHDYeT fAN-
po. A BOT HOH BOJAOPOAA — 3TO (TOJIBIY, MONOMKUTENLHO 3a-
pAKeHHBI MPOTON, M OH MOMKET MPHTATHBATLCA K JIEKTPON-
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HBIM 000J109KaM IPYFUX aTOMOB, HCOLITHIBAA INPH 3TOM HE
0co0eHHO CINIbHOE OTTAJKHIBAaHHE OT AMpa.

WM Bot 9T0 nonyuaercsa. Ckamem, B MoJeKyae Bojbl 06e Ba-
JeHTHOCTH AaToMa KICIOPOJa HACHIIEHbl N, Ka3ajoch 6bl,
MEKRAY NBYMSI MOJEKYJaMH HUKAKOH MONOJHHTENbHON CBA3N
BO3HHKHY1L He MoxkeT. Ho Korna aTom Bomopopma omHoit Mone-
KyJbl BOIbI NPUGIIUKAETCA K aTOMY KHCJIOPOLA APYroi Mose-
KyJBl, TO MeMKAy MPOTOHOM H 3JIEKTPOHHOH O00OMOUKOM
KACJIOpoAa HauHHaeT JelficTBOBATL CHJA JOHOJHHTEJLHOTO
NpUTAMKEHUsA, U o0pasyeTca ocobas, TaK HasbiBaeMad BO/IO-
pojHasg CBA3L

H

1
H

Takue cBsism pas B gpamnath ciaaGee oGBIYHBIX, HO BCE >Ke
pois uX orpoMHa. Basars, K mpumepy, Ty ke caMyw Boay:
MHOTHe ee yNUBIHTEeNbHBbIE CBOICTBA OUpENeNAITCA HMEHHO
HeoObIuaiio pa3BHTHIMI BOJAOPONHBLIME cBaA3AMH. [lompoGyii-
Te X0TA OBl MpefcKa3aTh ee TeMIepaTypy IJaBleHHA, OCHO-
BHIBAfICb HAa KOHCTAHTaX COENMHEHHil BOXOpPOfAa € COCENAMHU
KHCIOpofia IO HepHONHYecKOd cucreMme — a3oToM H (PTOPOM
HIH aHAJOTaMH — CEpoil M ceJIeHOM.

AmMpak naasurcs npu —77,7° C, dropuetsiii Bogopos mpu
— 92,3°C; cnenoBaTennHo, Bofa, Bpoje Obl, MOJKHA HMETh
OPOMEKYTOUHY(0 reMmepaTypy miaaBjienns okono —85°C.
Cenenncrelii Bomopop mnumasutca upm —64°C, ceposogopos
npu —82,9°C; ciemoBaTenbHO, TOYKA NJaBiAeHHsA BOAB, Kak
aHAJOTHYHOTO NPOM3BOXHOIO ¢ MEHBOINM MOJIEKYJIADHBIM Be-
COM, NOJKHa OHITH eme Hmxke... Ho Her, ee pelicTBATeNnbHAs
TeMIepaTypa IJIaBJeHHA OKA3bIBA€TCA IOYTH HA COTHIO rpa-
JAycOB BbIlle OpeJCKA3aHHO! TeOopeTHYecKHn, W BUHON TOMY —
cnabble, HO MHOTOYHCJIEHHbIE MEKMONEKYIAPHBIE BOXOPOLHBIE
CBA3H, KOTOpPBIe KUCJIOPOJ B CHJY cHOemu(HIECKOro cTpoeHusA
aJIeKTpoHHOoi1 000JI0YKH cmoco0eH o6pa3oBHIBATh B 3HAYMTENb-
HO Gosnpueil Mepe, 4eM aaoT, PTOp, cepa MU CeJieH.

Bonopoagastle ¢Bsas® jecaT B OCHOBe caMbIX TOHKHX sBJe-
umit xusaenesarensHoctH. Hanpumep, nmenso 6uaropaps
OTHM CBA3AM (PepMeHTH cHOCOOHH clenu@uUecKH pacmosHa-
BaTh BEIIECTBA, PEaKIMUH KOTOPHIX OHM YyckopawoT. [lemo B
ToM, uT0 OesKoBasA HmeOdb KaXKIoro ¢epMeHTa HMeeT CTPOro
onpefeNieHAYI0 MPOCTPAHCTBEHHYI0O KOHQHTrypaumio, 3aKpen-
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JIeHRHYI0 MHOKECTBOM . BHYTPHMOJNEKYJIAPHBIX BOAOPOLHEIX
cBAseii Me:kAy rpynnuposkamm atomoB C=0 u N-H

N C
/ A
HO=C N-HO

B crowo ogepeanp MOJIEKYyJla BemecTBa mHMeeT rpynnupoBKn,
cnoco0HbIe laBaTb BOAODPOANLIC CBA3H C ONpEJleJelHBIM yda-

CTKOM MOJEeKYyJBsl (epMeHTa — TaKk HashbiBaeMBIM aKTHBHBIM
EeHTPOM

B peaysnbrate BHYTPHMMOJEKYNAPHEE CBASH B 3TOM BeIleCT-
Be oclabeBaloT, H pepMeHT GYKBANIBLHO «PAaCKyCHLIBAET» MOJIe-
Kyny

Ho arum He orpaHnvuBaeTcs poJib CJHaGHIX BONOPOJHBIX
cBA3eil B mporeccax kuaHefgeaTenbHocTi, ViMenHo Gnaronapsa
9THM CBA3AIM NPOHCXOAUT TOYHOE KOMUPOBAHUE MOJEKYJBI
JHHK, nepepaiomeil n3 mokojJeHUA B MOKOJEHUE BCIO IeHETH-
qecKyio mHGOpPMaNUIo; BOROPOAHbIE CBASH ONpENENANT CHe-
nuduUIHOCTL AefcTBHA MHOTHX JeKapCTBEHHBIX NpenapaTos;
OTBeTCTBEHHBl OHH 334 BKYCOBHle OLIyLIeHHUs, X 3a CcHOCOO-
HOCTh HAIBMX MBI COKPAIAThCA... OMHUM CIOBOM, B KUBOM
npupoje aroM BOJOpOJa HeHCTBHTENbHO He3aMeHHUM.

Bonmopon 1 Hayka

B cayom koume XVIII n magame XIX B. xumus perynmuia
B EPHOJ YCTAHOBJIEHHA KOJIMYECTBEHHBIX 3aKOHOMepPHOCTei:
B 1803 r. :xon Mdanorom copMyianpoBad 3aKOH KpaTHBIX
oTHOlleHHUil (BemlecTBa pearHpPYOT MeRAy co0oif B BecCOBBIX
OTHOLIEHUAX, KPATHEIX UX XHMHYeCKNM sKBUBajieHtaM). Torga
ke UM ObLIa coCTaBlieHa IEpBasg B UCTOPUH XUMMYECKOil Hay-
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Ku Ta0jll{a OTHOCHTEIBHBIX aTOMHBIX BecOB 3/1€MEHTOB.
B aroii Tabnuiie Ha mepBOM MecTe OKasajicd BOJOPOl, a aTOM-
Hple Beca APYTUX 2JeMEHTOB BBIpAKaJuCh uiCaaMI, OaH3-
KUMH K IIEJIBIM,

Oco6oe mososKkeHNe, KOTOPOE ¢ CAMOro Hayaja 3aHAJN BOJO-
poj, He MOTJIO He NpIBIeYb BHUMAHMA yueHmX, n B 1811 r.
XIIMHKH CMOLJIH O3HAKOMHTBCA ¢ rumortesoii Ymiwsirma Ilpay-
Ta, passuBuero ngeio ¢mocodos apesneit Ipeunu o equHCT-
Be MUpa H TPefnoj0KUBIIETO, YTO BCEe 3JIEMEHTH 00pa3oBa-
HBl M3 BOJOpOfa KaK H3 caMoro Jerkoro aiementa. Ilpayry
pospaskan Venc flko6 Bepuenmyc, xak pas samuMaBumiics
YTOYHEHIeM ATOMHBIX BECOB: H3 €ro ONBITOB CleJ0BaJo, UTO
aTOMHBIE BeCa I3JEMEHTOB He HaXOJATCA B 1IeJOYHCIeHHBIX
OTHOIMEHHAX K aTOMHOMY Becy Bomoposa. «Ho,— Bospasain
cropounnku IIpayra,— aToMHbIe Beca ompefeieHbl elle He-
HOCTATOYHO TOYHO» —H B KadecTBe IpIMepa CCHUIAJNNCh HA
sxcnepumentsl fHawma Craca, xortopwmit 3 1840 r. mcmpamun
atomHblil Bec yrmepoza ¢ 11,26 (ora Benmmumua Gbuia ycTa-
HoBJena Bepueanycom) ma 12,0.

W Bce e npuBaekaTtenbHylo runmoresy llpayra mpumnroch
na BpeMs OCTaBHTB: BCKope ToT e (Crac TmaTeJbHBIMII U He
[OMJIEKAIIMY COMHEHHNI0 HCCIENOBAHNAMI YCTAHOBIII, YTO,
HampHuMep, aTOMHBI Bec Xjopa paBeH 35,45, T. e. HHKaK He
MOeT GBITH BHIpA}KeH YHCIOM, KPaTHBIM aTOMHOMY Becy BO-
aopoja...

Ho sor B 1869 r. Omurpuiit Usanosny MensieneeB cosnan
CBOI0 NEPUOJIYECKYI0 KIACCHDUKAUMIO DJIE€MEHTOB, IMOJONKHB
B ee OCHOBY aTOMHBIE BeCa dJIeMeHTOB KakK ux Haubosnee pyH-
JNAaMEeHTAIBbHYI0 XapakTepHcTHKy. VM Ha mepBom MecTe B cH-
cTeMe 3JIEeMEHTOB, €CTECTBEHHO, OKAa3ajCsA BOJOPON.

C OTKpBITHEM NIEPHOAMYECKOTO 3aKOHA CTAJNO fACHO,ITO XHU-
MHYeCKHe 3JeMEeHThl 00pasyioT efuHBIl pAM, MOCTPOeHUE KO-
TOPOTO MOJUMHAETCA KAKOH-TO BHYTpPeHHEIH 3aKOHOMEDPHOCTH.
W 310 He MOTIJo BHOBL HE BHI3BATH K Ku3HmH runotesy [Ipay-
Ta — NpaBJa, B HECKOAbKO uaMeHeHHoil ¢opme: B 1888 .
Yunaeam Hpyke npegmomoskui, 9To BCe 3JM€MEHTHI, B TOM 4HCIe
1 Bojopoj, o6pazoBaHbl TyTeM YIUIOTHEHHA HEKOTOpPOil mep-
BHYHOI Marepuy, Ha3BAaHHON MM NPOTIVIOM. A Tak KaK mpo-
T, paccy:kpan Hpyke, nmo-smgnMoMy, MMeeT o4eHb MaJblil
aTOMHBI Bec, TO OTCIOa TNOHATHO U BO3HHKHOBEHHE JPOG-
HBIX ATOMHBIX BECOB. -

Ilporns oaToit rumoteast MeHpeneeB Bospaskan: «...jgaiire
4T0-1nG0 IHAMBHIYAJIU3NPOBAHHOE H CTAHET JIerK0 HOHATH
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BO3MOMHOCTL BH/MMOI0 MHOrooGpasusa. Muade — eguHoe Kak
e pact MuosecTBo?» To ecTh, 10 MHEHUIO CO3/IaTeINA MepHo-
RIYECKOil CHCTEMBI, OJHH COPT YAaCTUI] He MOMKeT CJYMHKHTh
OCHOBOHM JJIA OOCTPOEHHMA CHCTEMBI 3JeMEHTOB, obiajarouux
CTONb PasHo0o0pa3HBIMII CBOMCTBAMIIL.

Ho Bor urto mwobonbitHo. Camoro MenneneeBa HeoObluaiiHO
3aHMMaJl BONPOC: a IOYeMY IepUOMIYEecKasas CACTEMA MOJIKHA
HAYHHATBCA HMMeHHO ¢ Bojopoma? YUTo Melraer cyHiecTBOBa-
HUIO 3JeMEeHTOB C AaTOMHBIM BecoM, MeHblle equHHIB? I B
KauecTBe Takoro anementa B 1905 r. Menpenees HasbiBaer...
«Muposoit a¢up». Bonee Toro, oH momeniaeT ero B HYJIEBYIO
rpynny Haj rejiieM U pacCIMTHIBAET €ro AaTOMHBIH Bec —
0,000001! WUuepTHBIi ras co CTOAL MAaJXbIM ATOMHBIM BECOM
Hoixed ObITh, mO MHeHHI0 MengeneeBa, BCeNPOHMKAIOILUM,
a ero ympyrse KojebaHus Moram OBl 00BACHHTH CBETOBBIE
ABJIEHUA. ..

¥YBBI, 3TOMY IpeIBHACHNI0 BEJIHKOTO YISHOr0 He OBLIO CYIK-
neHo cobithea. Ho Mengenees Obl1 mpaB B TOM OTHOIIEHUH,
9TO 9JEMEHTHl He IOCTPOEHBI U3 TOMIECTBEHHBIX TACTHI[: MBI
3HaeM Temepb, YTO OHH MOCTPOEHBI W3 HPOTOHOB, HEHTPOHOB
H JJIeKTPOHOB.

Ho mosBosibTe, BOCKIHMKHETE Bbl, Beib IPOTOH — 3TO SAPO
aroma Bogopofa. 3umaunt I[Ipayr Obln1 Bce-Taku mpaB?

Ila, on geiicTBuTenbHo Obu1 mo-csoeMy mpas. Ho ato Gruia,
eCciM MOJKHO TaK BBIDA3UThbCA, IpeKIeBpeMeHHAg HPAaBOTA,
HOTOMY 4YTO B TO BpeMs ee HeJbaf OBLIO HU HO-HACTOAUIEMY
mOJTBEPAUTh, HU MO-HACTOAINEMY ONDOBEPTHYTh...

BopogeM, caM BOAOpPOA CHI'paj B UCTOPHU DAa3BUTUA Hayd-
HO#t Mblcau eme HeManyio poab. B 1913 r. Huase Bop cdop-
MYJHpPOBaJl CBOM 3HAMEHHTHIE NOCTYJAThl, OOBACHUBIINE HA
OCHOBE KBAHTOBOWl MeXaHMKH OCOOEHHOCTH CTPOEHHA aTroMma
1 BHYTPEHHIO CYLUIHOCTh 3aKOHa mepuoaudHoctd. M1 Teopus
Bopa 0bula mpusHaHa mOTOMY, UTO PACCUNTAHHBIA Ha ee oOc-
HOBe CIEKTpP BOAOPOAa IOJHOCTHIO COBHAJ ¢ HAOMIOJaeMBIM.

U Bce e mcTopus ujeH, BhicKazanHO! Oosee 150 ijer ma-
3ajm, eme He oxoHdeHa. OfHa U3 IOJOBOJOMHEHEBINX 3ajad,
CTOAIAX Hepef cerofHAUIHeil HayKoil, 3akjilO49aeTcd B TOM,
q9T100B! HalfiTM 3aKOHOMEPHOCTH B CBOWCTBAX TAaK HA3bIBaeMBIX
3JIeMEHTAPHBIX YaCTHL, KOTOPHIX ceifdac HACYUTHIBAETCA Yike
MHOTO JIeCATKOB. Y UeHBIE JIeJIal0T MONBITKU CBECTH WX B CBOE-
o0pa3Hyl0 MePUOANYECKYI0 CHCTEeMY, HO DasBe 3TO He YKa3bl-
BaeT Ha TO, 4TO BCE-TAKH CYHIECTBYIOT KaKHe-TO «KHPOUIM
MHpPO3IaHHA», B3 KOTOPHIX W MOCTPOEHBI BCE JIEMeHTapHble
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4acTHNBl,— H ATOMbI, H MOJIEKYABI, I MBI C BaMil, B KOHII®
KOHIOB?

Du3nKU NPemoNoKHIN, 9TO TAKHe YacTHIbl CYIIECTBYIOT,
u HasBanu ux Keapkamu. Ilpasna, kpapku okasanuce HOBOJIB-
HO CcBOeoOpasHBIMU KIPNUYAMHM MHDO3JaHMA: B CBOGOIHOM
BUJIe HX NOJNY4YUTH Hedbas. llouemy —ato yke apyroii pas-
rosop. Jlia Hac ceifuac BasKXHO, 4TO MBICAbL O 4acTHuaX, H3
KOTOPBIX NOCTPOEHO BCe, OCTAJACh TAKOIl ke NPUBJIEKATENb-
HOIi, KaK II IBa THICAYENETHUs, U II0JITOPA BeKa Hasa/.

WUpes emuncTBa Mupa »KUBET M pa3BUBaeTcA, W HACTYHUT
BpeMsd, KOTa OHA IOJYYHUT CBOE JOTHYECKOe 3aBepileHIe.

Bonopon n mpakriika

Cpaay ke oroBopuMcsA: B OTIMYHE OT «HAYKH», Kak obJa-
CTH YHCTHIX HJ€li, «IPAKTHKOI» MBI HAa30BEM BCe, YTO CAYKHT
IPaKTUYeCKOll NeATEeNbHOCTH YeJIOBEKa — NycTh 3TO Aake Gy-
HeT JeATENbHOCTh YUEHOTO-3KCIIePHMEHTaTopa.

XUMHK HMeeT [eN0 ¢ BOJOPOJAOM IIpeskae BCero Kak C Be-
WECTBOM, 00JafaloudM CBOHCTBAMH HIEaJTLHOr0 BOCCTAHOBH-
TeJA.

Ho otkyna B3ate Bomopon? Homeuno, mpouie Bcero s Gan-
noHa. U3 senenoro Gamtona ¢ kpacuoli Hagnucsio «Bogopom»
I ¢ BEHTHJEM C «JIeBoii» pesbGoii (roprowmii raa') Ho ecan
0amioHa mOm pyKaMu HeT?

Bomopon MoxtHO mosydaTh B3aUMOJEHCTBHEM METAJLIOB C
KHCJIOTaMU:

Zn 4 H,80, — ZnS0, + HI.

Ho atoT Bofopon He MoskeT GHITH WIEANBHO YHCTHIM, IOTOMY
9TO HYKHBI HJ€aJbHO THCTHIE METAJI M KUCaoTa. UHCTHIl BO-
mopoj moxydan eme JlaByasne, mpomycKas maphl BOIE depes
pPacKaJIeHHBIIT HA }XapOBHE pY:KeNHBIE CTBOJ:

4H,0 - 3Fe — Fe;0, -+ 4H].

Ho u ator cmoco6 He cammkoM ymno06eH, XOTA B COBPEMEHHOMR
Jaboparopnn MOKHO 000ATHCH KBapueBoil TpyOKoH, HanoNHEeH-
HOIl KeJIe3HBIMU CTPY)KKaMH M HAarpeBaeMoil B DJIEKTPONedH.

duexrponus! JlucrunnupoaEHAs BoAa, B KOTOpPYI AjA
[IOBBIIIEHUA DJIEKTPONPOBOAHOCTH A00ABIEHO HEMHOTO CEpHOM
KHCJIOTH, paajiaraercd Ipu NPOXOKAEHUH HOCTOAHHOIO TOKa:

2H,0 — 2H} + 0.
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K Bawmum ycayram — BOAOpO[ HOYTII NjeaibHON YMCTOThHI, €ro
HYMHO TOJBKO OCBOOOMUTb OT MeJbYalillUX KamejleK BOJbI.
(B mpoMmblmensocTn B BoAy A00aBJAIOT WEN09b, a HE KACIO-
Ty —4robbl He paspyllanach MeTaJuIMYecKas anpaparypa.)

A Temepb GymeM MemJeHHO TPONMycKaThb 3TOT BOAOPOJ de-
pe3 Bomy, B KoTopoil BaMyueH XxjopucThlii nasnapuii. Ilourtu
cpa3y HA4YHETCA BOCCTAHOBJIEHIIE, U OCAJIOK MOYepHeeT — Io-
JYyYUTCA MaJlafueBas 4epHb

PdCl, + H, — Pd + 2HCL.

INannapgueBas wepHb — NpeKpacHBIl KaTaiusaTop MIA CHJ-
pPUDOBAaHHA  pPa3HOOOGPasHBIX OPraHHYeCKHX  COeUHEHHIl.
A KaTanu3aTop TYT HYMKEH MOTOMY, UYTO MOJEKYJIApPHBIH BogO-
poj BecbMa HHEpTeH: Jaske ¢ KUCJIOPOIOM MpPU OGBIYHBIX YCIIO-
BHAX OH pearnpyer HeoObluailHO MemieHHo. Benb cuauana
MOJIEKYJIa BOOPOAA AOJIKHA HUCCOLMUPOBATH HA aTOMBI, a JUIA
3TOr0 Ha KaMk[ABI MoJb Bomopoaa (T.e.Bcero Ha 2 r!) HyMHO
satpatuth 104 Kkaj. A BOT Ha NOBEPXHOCTH KaTajuaaTopa
3TOT IpoLeCC UAET ¢ rOpa3go MEHBIINMY 3aTpPATaMH dHEpPrHH,
BOIOPO PE3KO AKTUBU3UPYETCSH.

[loxanyil, He CTOMT MHOTO FOBODUTBH O POJH KaTaJHU3aTOPOB
B COBPEMEHHOH XMMHMYECKOH TEeXHONOTHH: B HX NPUCYTCTBUU
OpoBOAMTCA mojaBifioniee GOJbLIIMHCTBO mporeccoB. M pam-
Helluil cpegs HMX — CHHTE3 aMMUaKa M3 BOXOPOJA M aTMoO-
cepHoro asora:

3H, + N, — 2NH,.

Ilpu atoMm Bomopon MOGHIBAIOT WM M3 BOXH M MeTaHa MO
TaK HasblBaeMoil peaKnuM KOHBEPCUH

CH, + 2H,0 — 4H, + CO,,

M paclielvisis OPUpPORHBIE YIIeBOJOPOAR IO peakuuu, o6-
paTHOI peakHMu TUIPHPOBAHUA:

CHa—CHa hand CH2= CHz -'— Hz.

CunreTrHuecKkuit aMMUaK He3aMeHHMM B IPOM3BOJCTBE a30T-
HBIX ymobpennii. Ho Bomopoa HykeH He TONBKO MiIA moayde-
EuA ammuaka. IIpeBpainenne >KHIKAX pacTUTENbHBIX KUPOB
B TBep[ele 3aMeHHTEIN MKUBOTHOTO Macia, unpeoOpasoBaHue
TBepABIX HU3KOKAUECTBEHHBIX Yriell B MKUAKOE TOINIMBO U
MHOTHe Jpyrue IpoHecchl OPOUCXOAAT C YIacTHEM 3JIeMeHT-
HOrO BOAOpOAa. BeIXoguT, 9TO BOXOPOX — 3TO OMINa U AIA
4eJI0BeKa, B [ pacTeHMil, U [Jjid MAIIHH...
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Ho Bepuesca B naGopatopuio. 3nech BOAOpPOA HPUMEHAIOT
He TOJILKO B UMCTOM BUJ€, HO U B BHJE €ro COefHHEeHMI ¢ Me-
TaJJIaMIi — HanpuMep anomorugpuyga gutus LiAlH., Goprupg-
puna Harpus NaBH.. 91u coemunenna merko m cmenududge-
CKH BOCCTAaHaBJMBAIOT ONpeJeNEeHHble PYNNUPOBKA ATOMOB
B OPraHMYECKUX BellecTBax:

LiAl

7 \_coocH, —2% 7 N\ CH,OH.
j\—g ="

Nzoronst Bogopojia — meiitepuit (*H maum D) u tpurhii
(*H waum T) — nossoasior uayuaTh TOH4YalilIHE MeXaHH3MBbI
XMMHYECKHX U GHOXUMUYECKHUX MpONeccoB. JTH H30TONB HC-
DONB3YIOT KAK «METKH», IOTOMY 4TO aTOMBI AeiiTepus W TpH-
THA COXPAHAIT BCe XHMHYECKUE CBONCTBA OGBIMHOTO JIErKOTO
M30TONA — HPOTUA — M CHOCOOHBI MOIMEHATh €ro B OpraHuye-
cKux coemuuenusax. Ho pgefiTepuil Mo HO OTIMYHTHL OT TpO-
THA MO Macce,a TPUTHI — U MO PagHoaKTUBHOCTH. ITO MO3BO-
JsAeT mpociefuTh cyaply Kampmoro ¢parMeHta MedeHOH Mo-
NEKYJIBL,

Bogopon u Gynymee

CrmoBa «peiiTepuil» ¥ «TpHUTHH» HANOMHHAIOT HAM O TOM,
9TO CErojJHA 4YelOBEK pacmojaraer MOIHEHMNM HCTOYHUKOM
3Heprud, BBICBOOOKHalomeica mpu peakyun

?H 4 3H — {He + }n + 17,6 Mos.

Jra peaknua HaumHaerca npum 10 MiaH. rpagycos m mpore-
KaeT 3a HUYTOIKHBIE JOJH CeKYHIBI pH B3PHIBE TEPMOAMEp-
HO#l GOMOBI, MpHIEM BBIENAETCA THFAaHTCKOE IO MacmTabam
3eMJIM KOIIN9eCTBO SHEPrum.

Bopgopoansie OomGbi mHorma cpasHuBaloT ¢ ComHEueMm.
‘Ogaako MBI ye sumgean, uro ua ConHue nuyT MejieHHbIe
n craGuibHble TepMosinepHble mporeccht. ConHile mapyer HaM
JKU3Hb, a BOopoxHas 6oMOa — CYMUT CMEpTh...

Ho xorpa-mmbGynr HacTaHeT BpeMs —HM 3TO BpeMA He 3a
ropaM#,— KOrjja MEpHJOM IIeHHOCTH CTaHeT He 30JI0TO, a
sHeprusa. M Torga M3oTOmBl BOXOpOJA CHACYT UeJNIOBEIECTBO
OT HAJBUIAIOLIEr0CA IHEPreTUIECKOro roJofa: B yIpaBiaeMbIX
TePMOAMEPHBIX IporeccaX KamAbIi JIUTD OPHUPOXHON BOMAB
6yner jaBaTh CTOJBLKO Ke DHEPrHM, CKOJIBKO ee AaloT ceifgac
300 n Gensuna. U vemoseuecTBO OymeT ¢ HeJOYMeHHEM BCIIO-
MHHATh, 9TO OBLIO BpeMs, KOTJa JIOGH Yrpokajyl JpyrT UPYry
/KUBOTBOPHBIM HCTOYHMKOM TeINIa M CBeTA...
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MPOTURN, JENTEPUN, TPHTHA... ®usndeckune n XHMHICCKHE CBOii-
CTBa M30TONOB BCeX 3JIeMEHTOB, KpoMe BOJOPOAA, NMPaKTHYECKH oOAmN-
HAKOBBI: Beflb /I ATOMOB, fAJ[Pa KOTOPHIX COCTOAT H3 HECKOJBKAX HpPO-
TOHOB H HEeATPOHOB, He TAK YK M BA)KHO — ONHHM HeiiTDOHOM MeHb-
Oole WIg OJAHAM HeiiTpoHom Oojemie. A BOT SAPO ATOMAa BOAOpOJA —
3T0 OAHH-€ANHCTBEHHLIH INPOTOH, H €CHH K HeMy MPHCOBOKYNHTH
HeliTpoH, sacca sAfpa BO3pacTeT HOYTH BJBOE, A e€CIAH ABAa HeliTpoHa —
BTpoe. IloaTomy serxuii Bopmopon (mpormnit) kumnT mpu MrHYyC 252,6° C,
a TeMOepaTypa KHOEHHS ero H30TOHOB OTJIHYAETCHA OT ITOIH BeJHYNHBI
Ha 3,2° (meitTepnit) u 4,5° (rpnTuii). [Jia n3oTonos aTo oueHb Goanmoe
pasanune!

YanBuTesNbHBE H30TONLI PacHPOCTPAaHEHH B IPApoJe HEONHHAKOBO:
OAHH aTOM JeiiTepnsa npuxoanTcsa npumepHo Ha 7000, a ognmH aToMm
6eTa-paiMOAKTHBHOTO TPHTHA — HA MIULIAAPA MHJINApAOB AaTOMOB
opoTua. MckyccTBeHHLIM MyTeM NOJNydYeH ellle OAMH, KpaiiHe HeycCTOIi-
9HBHIf H30TON BOmopoma — “H.

TOYHOCTB — IIPEKJE BCET'O. OTHOCHTeJabHASE Macca JEeTKOro n3o-
TOma BOAOPOJa OHpejelieHa MPAMO-TAKA ¢ GaHTACTHYECKOIl TOYHOCTHIO:
1,007276470 (ecnim npmEATHE Maccy H3oToma yriepoaa !2C paBHoil
12,0000000). Ecim 6b1 ¢ Takoii TOYHOCTHIO OblIa H3MepeHa, K HpHUMe-
py, JUIHA IKBaTOpa, TO omnbka He mpeBbicHia Gb1 4 cM!

Ho 3aweMm HyKHA Takaa TouHOCTH? Begp kampasn HoBasa mudpa
TpebyeT OT 3KCHEPHMEHTATOpOB Bce OOJBMNX M OoJAbMINX YCHJHIL...
CexpeT packpbiBaeTcsa HpOCTO: fApa HPOTHS, NPOTOHL, NPHHAMAIOT
yd4acTHe BO MHOTHX SGPHBIX PEAaKUHAX. A eCIH N3BeCTHH MAcChl pea-
FHPYIOINNX sfep M Macchl HPOAYKTOB peakiiH, TO, HmoJdb3ysAch ¢op-
myJoii E=mC? MOMHO paccunTaTh ee sHepreTmueckmii apdext. A Tak
Kak aHepreTndeckie 3ddeKTH Aake sAepHBIX peaKHnil COMpPOBOMKAA-
I0TCA JHIIb He3HAYATENbHLIM H3MEHeHnHeM Macchl, TO H NPHXOANTCSH
3TH MAcChl HU3MEPATH KAaK MOMKHO TOYHee.

TNNEPBASI NJIH CEABMAfI? Kaxoe MecTo foJKeH 3aHMMATh BOHOPOXR
B nepuoanveckoii cucreme? Hasajoch Obl, medemslii BONpOC: KOHEUHO,
neppoe! la, Ho B KaKylo rpynny ero moMecTnTh? [[oaroe BpeMsa BOMO-
POA pacmoiaraju Haj JHTHeM, NOCKOJBLKY Yy HEro OfMH BaJeHTHHIIl
IEeKTPOH, KaK W y BceX OAHOBaJcHTHBIX MeTajinos. (Hcrarm, m Temio-
OpPOBOAHOCTh BOAOPOAA JJsA Trasa HeoObIYailHO BeJHKA — MOJEKYJIbl
BOAIOPOAA ABMKYTCA 3HAYHTENbHO ObICTPEe MOJIEKYJN ApYTHX Ta30B B
NO3TOMY WHTEHCHBHee NepPeHOCAT Temlo.)

B coBpeMeHHoi1 Tabanne aneMeHTOB BofopoA moMemalor B VII rpyn-
ny, map ¢ropoM. Meso B TOM, 49TO JOrMKA 3aKOHA HEPHOAMIHOCTI
TpebyeT, 4To6HI 3apan Aflep 3JeMEHTOB-aHAJIOTOB MEPBLIX TpeX MepHO-
AOB pasNNyajicA HAa BOCeMb EAMHHL]; MO3TOMY BOXOPOA (HOPAAKOBBIII
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HoMep 1) HY)KHO pacCMaTPHBAaTh KaK aHaJor ¢ropa (MOPAXKOBEI HO-
Mep 9), a He Kak anajor JnTua (mopaaxoBblit HoMep 3). U Bce e
HYKHO IIOMHHTB, UYTO QHAJOTHA TYT He HOJHAA: XOTA BOXOPOA, KaK O
¢rop, cnocober naBaTh CoegMHEHNA ¢ MeTaUIaME (TUApPHAB), HOH
BOJIOPOAA — 3TO NPOTOH, roJiasa ajleMeHTapHad 4acTuua, H ero Boobme
HeJIb3A CPAaBHHBATH HH ¢ KAKHMII JPYTHIMHU HOHAMH.

WEJOYb WJIN KUCJIOTA? BemecrBa, oTulemiAiOnue B PacTBopax
HOH BOJIOPO/ia, MPOTOH, Ha3BIBAIOTCA KHCIOTAMH, a HPUCOCAHHAIOLIHE
3TOT HOH — IMejlouaMu. HOHIeRTpanua IPOTOHOB XapaKTepH3yeT peak-
nnio cpefbl: B 1 1 HeilTpanbHOro BOMHOTO pacTBopa, Kak n B 1 1 uqu-
cToii BOAEl, colepsrurca 10—7 rpaMM-EHOHOB BOMOpPOAA; €c/il KOHNIEHT-
paunA NPOTOHOB BbIIIE, CPefla MpHOGpETaeT KHCAYIO peakmuio, a eciy
HmKe — medounyio. (Jlorapudsm 9Toii KOHmEHTpaluH, B3ATHI C HpO-
THBOMOJIOKHBIM 3HAKOM,— «BONOPOIAHEI moKazaTenny, mwiu pH.)

Opmaxo cjefyer MOMHHTH, 9TO CBOGONHEIX IPOTOHOB B BOAHBIX pac-
TBOpaX HeT M He MOMeT OBLITH: AAPO aTOMa BOJOPOZa HACTONBLKO MaJo,
9T0 OHO Kar OBl BHeJpAeTCA B JEKTPOHHYIO 000J09Ky BORHI O oGpa-
syeT oco0oe coemHeHHe — HOH OKCOHHA:

H+ 4 H,0 — H;0*.

BnpoueM, menao TYT obCcTOoMT cKOpee Hao0OpOT — He HOH OKCOHHSA
ofpasyeTca mMOTOMY, 4TO HPOTOH OTIIEIUIAETCA OT KHCIOTHI, 4 KHCIOTA
AHCCOMUEpYeT MOTOMY, 9To obOpasyeTcAa mom oxcoHusa. IToatToMy cxemy
AHCCOIHALNN, CKa)XkeM, XJIOPNCTOrO BOAOPOAR, ClefyeT 3amHcaTh TaK:

HCI + H,0 — H,0* -+ CI-.

9r0 3HAYAT, YTO BOfa IpH pACTBOPEHNH B Heil XJOPHCTOrO BOMO-
poaa BefeT cefs Kak mesioYr (OHa NMPHCOEAHHAET MPOTOH); ecilH Ke
B Heil pacTBOpseTCd, HaOpUMep, aMMHAK, TO BOHA BHICTYIAeT YyiKe B
POJIH KUCJIOTHI:

NH; + H,0 — NH} 4 OH-,
OIIHHM CJIOBOM — BCe B Mupe OTHOCHTEJIBHO...

YYIOECA OKHKJIIO3UM. IlpepctaBnTe ceGe Takroii omsir. B mpmGope
VI 9JEKTPOJIN3a BOABI KATOJ HM3TOTOBJEH B BHAE MIJACTHHKH. BEH
BIJIIOUaeTe TOK, H.. ILUIACTHHKA caMa co0oii HaumpaeT narmGaTbcal
Cexper atoro ¢oxyca 3aKIIOYaeTcs B TOM, 9YTO IVIACTHHKA H3rOTOB-
JeHa M3 NAJJNajuA H ¢ OAHONl CTOPOHEI MOKpHEITa cioeM Jaxa. Ilpm
9JIEKTPOJIH3e Ha HeJaKHPOBSHHOLI CTOPOHE IIACTHHKH BEIENACTCA BO-
AOpOA © TOTYAC e pACTBOp;eTCA B MeTallle; a TAK KAK IPH 3TOM
o6beM namnajuA yBelUYMBaeTcda, TO BO3HUKaeT ycuiue, marubaromee
NAACTHHRY.
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Ho mnopomnure,— crasere Bbl,— pa3Be rasbl PacTBOPAIOTCA B Me-
tannax? BooGme roBops, B 3TOM fBICHHH, HA3bIBAEMOM OKKIIO3MEil,
HeT HHYEro YAMBHTENLHOro. YQHBHTEJIBHO ApYroe: B OQHOM oGbeme
pmauiagusa pacreopserca go 850 ob6wemoB Bomopomal! ITo HemMHOrmM
MeHbpIIe TOTO KOJHYECTBA aMMHAKA, KAKOe MOKeT PAacTBOPHTLCA B Of-
HOM o0beMe Bofbl,~— a YK KaKoil Ta3 pacTBopseTcs B BoAe aydme! Bo-
Jlopof e pacTBOpsieTCA B Bofe ovueHL ciabo — oxono 0,02 o6bema Ha
o06beM BOOEL

IN STATU NASCENDI. Ilpu cropannu BoAopoja B 9HCTOM KHCJIOpOJE
passuBaeTca Temmepatypa mo 2800° C — rakoe miaMsa JAerko NJABHT
KBapl, u OGoJNBNIMHCTBO MeTajaoB. Ho ¢ moMompio Bofopoja MOMKHO
JOCTHYBb 1 eme Gojiee BBICOKON TeMIepaTyphi, e HCHOJNb30BAaTh €ro
He KaK HCTOYHAK, a KaK liepeHOCYNK M KONINEHTPaTop 9HEpPTUI.

Bor xak aro penaercsa. CTpylo Bofopofia HpODYCKAalOT depes INaMA
BoabTOBOIl Ayru. Ilog meiicTBueM BHICOKOiI TOMIEPAaTYpHl €ro MOJIEKY-
JBl pacmafalTCA, AMCCOLMADPYIOT HA aTOMbI, Horiomas Goabmioe Ko-
angecTBo dHeprun. O6pazoBaBmniicss aTOMapHBIA BOAOPON COEAMHSET-
€A B MOJEKYJbl He MTHOBEHHO: Belb aTOMBI JO/KHBI Ipekiae OTAATh
3amaceHHyl0 3Hepruio. M ecin cTpys aToMapHOro BOAOpPOAA HANPAB-
JleHa Ha KaKylo-BMOYIb TBepAyl0 NOBEPXHOCTb, TO MMEHHO Ha Heil B
OPONCXONHT COEfMHEeHHe aTOMOB B MOJIEKYJbI: BbIJIENIAETCA SHEPrHs
AMCCONMALMN, U TPeMIepaTypa NOBEPXHOCTH mOBbIaerca xo 3500—
4000° C. C moMoOINBI0 TAKOii aTOMapHO-BOJAOPOAHON TOPENKH MOKHO 06-
pabaThiBaTh Jlaiie caMble TYrolJaBKNe MeTAJJbI.

AToMapHBIi BOJOpPOJ POKAAeTCA He TOJABKO B IUIaMeHA AYrW: OH
o0pasyeTca Aae OpH peakLMH KACIOT ¢ MeTalslaMH. B MOMeHT cBoe-
ro BeifieneHiia (mo-TarhlHM — in statu mascendi) Bogopoa oGmagaer
NOBHIMIEHHON AKTHBHOCTBIO, M XHMMKH MCHOJB3YIOT €ro AJsA BOCCTA-
HOBJIGHHSA OPTaHHIECKNX BelNecTB.

CHOJIBKO BCEI'O BOJAOPOOB? Mpt yske roBopmiu O 9eThipex pas-
HOBHJHOCTAX BOROpoAa — ero nsotomax. M Bce ke B mpmpopme cyme-
CTByeT ropa3fio O0oixbmle pasHbBIX «BOJXOPOAOB®, €CIH TOBOPHTh He
TOJNBKO 00 aTOMax I3TOTO 3JeMEHTAa, HO M O ero MoJekyixax. [delo B
TOM, 9T0 IOPH HODMAJBLHBIX YCJHOBHAX MOJEKYJIAPHBIA BOJAOPOA Ipes-
crapiser coboil cMech ABYX HEOOBIYHBIX H30MEPOB — TAK HAa3bIBAEMEIX
OpTO- U MapaBofiOPONA, KOTOPble OTAHMYAIOTCH OpHEeHTalueii MarHUTHBIX
MOMEHTOB Aijiep COCTABJAIIIUX MX aTOMOB. Y OPTOBOAOPOfia 2TH MO-
MEeHTHI NMel0T OMHAKOBYI0 OPHEeHTaLMIo, a ¥ NMapaBoJOpORA — HPOTH-
BOIIOJIO}KHYIO; OPTO- M NapaH3oMephl OTJIHYAIOTCA U cBOEMH (usmde-
CKHMH CBOfCTBaMH. A TaK Kak mOfoOHBIe Ke M30MepHI ecTh M Y Jieil-
TEepHA, H y TPATHA H TaK KaK MOTYT cymecTBoBaTh Moiexkyan HD, HT
u DT, Kaxpgasa #3 KOTOPBIX TO}Ke, MO-BAAMMOMY, MOMKET CyLlecTBOBATh
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B DHJIe OPTO- N MapaH3oMepoB, TO 3TO 3HAUHT, YTO CYMIECTBYeT [Be-
HaguaTh pa3sHOBHAHOCTEil MOJEKYJsPHOrO BOXOPOLA.

Ho u 310 eme He Bce. He Tax maBHO yueHBIM yHalloch MOJNYIHTH
aHTHBONOPOA — ATOM, IOCTPOEHHBIi H2 AHTHIPOTOHA H MO3UTPOHA,
a BCJIEJl 32 HUM B YCKOPUTEJAX BBICOKHX 3HEpruil ObIIH MOJNYYEHH AfI-
pa auTujeifiTepusa H QHTHTPHTHA. A clile eCThb Me30aTOMBI, B KOTOPBIX
NPOTOH HJIH DJIEKTPOH 3aMEHeHBl TEeM WIH HHBIM Me30HOM. Hx Tome
MOMKHO paccMAaTpPHBATL KaK CBoeoOpa3Hble H30TOMBI BOAOPOAA...

TNEPBLIN METAJIIMUECKHAM BOJOPO/I. C BomopoaoM, Kak Mbl
3HaeM, CerofHsa CBA3aHLI NO MEHbLUIEH Mepe TpH Hajex/bl: Ha Tep-
MOfJlepPHYIO 9HEPrHIo, Ha Nepeady JHepruu nmoutn 6e3 notepsr (B cBepx-
NPOBONAIMIX YCTPOIICTBAX TPM TeMIcpaType KIAKOTO BOAOPOAA, a He
MUJKOTO resins) M — Kak Ha ropiouee, Ge3ppeanoe s OKpyamwomeil
cpenvl. I Bce 3TH HaJeABl CBA3BLIBAIOT Mpe;KAe BCET0 ¢ MeTajlinde-
CKMM BOJOPOJOM, T. €. TAKUM BOHOPOAOM, KOTODHIl MpeAcTaBiseT CO-
Goii TBepaoe Teso, obiafamnlee BLICOKOI 3JEKTPONPOBOXHOCTLIO B APY-
rHMH CBOHCTBaMH MeTajula. HoOMmaKTHBIT MeTaJaHdeckuil BOXOPOA
nomken GbiTh HanGonee ynoOnbiM BogopomoM-tominsoM. Hpome Toro,
€CTb TeopeTHYeCKHe MPEeAMmOCHUIKH, COTIACHO KOTOPBIM MeTaJIndecKHil
BOJOPOJI MOKET CYIIeCTBOBATH M NpH oOBIYHON TeMIlepaType, ocTaBa-
fiCh NIPA 3TOM CBEPXMPOBOTHIKOM.

MeTamnugeckii BOROPOJ NBITANNCH (M MPOROIKAIT THITATHCA)
NOJNIYYHTh Pa3HbIMU cnocobaMi, MofBepras OOBIKHOBEHHBI TBepibIil
BOMOPOA CTaTHYECKHM MM AMHaMHvecKuM HarpysxaM. Ilepmoe cooG-
neHie 0O BO3MOMKHOM Ycllexe NMpH pemeHMI OTO BaKHON H CIOMKHOIN
npobiembl 6b10 onyGiankoBano B dempase 1975 r. rpynnoii y4eHbIX
Wnctnryra ¢usnkn seicokux gasiennit AH CCCP (Bo raase ¢ axage-
mukom JI. @. Bepemarnurim). Ocagus na oxaampgeHnsie Jo 4,2 K
aJIMa3Hple HAaKOBAJILHE TOHKHIl CHOil BoJOpoJa M BO3[eHiCTBOBAB Ha
HeTo OYeHb BBICOKHM [aBjIeHIieM, HaGmogadn HeoOblvYHOE ABIeNHe.

JleKTpu4YecKoe CONpPOTHUBIEHIE BOJOPOAA YMEHBLIIHIOCH B MHJIJINO-
Hpl Pa3 — OH Ilepeme] B MeTaJUIN9ecKoe COCTOsAHIHE., ITO MPOH3OHmIIO
MOJ CTarHuyecKHM [aBiieHHeM mopAfka 3 MJH. at™. Korma e pmas-
JleHHe Havalll CHIDKATh, TO yKe NMPHMEPHO HPH TPOEKPATHOM yMeHbIIe-
HuM fasiaenusa (1 MJIH. aT™) mpPOMCXOXMA oOpaTHBI mepexon BOmOPO-
Aa M3 METAIMIECKOTO0 COCTOSHMA B OOBI9HOE, [HIIEKTpHIECKOe.
BrpoaeM, 3TOT ()aKT HCCHefOBATEeNH He BOCHPHHHMAIH Kak ¢arannb-
HYI0 Heyfady, O3HA9alomyl0 HeBO3MOMKHOCTL CYMECTBOBAHHA MeTal-
JUYECKOTO BOJOPOJAA NMpH HOPManbHOM AaBieHuu. OHUM HaEOTCA, UTO
MeTaJUINIeCKHil BOJOPOA KAaK-TO YAACTCA «3aKaJdUTh» M CO BpeMeHeM
cHeXaTh MOCTYHNHBIM JUIsi YH9eHBIX pa3HBIX coenuadbHOCcTell. W mia
TeXHUKH, BUAMMO, TOMKE.



T'EJINiA

lenunit — nogmuHHO GJaropojHHI ras.
3acTaBlUTh €ro BCTYHHUTHL B KaKue-ju6o
peakuuy moka ne ympanock. Monekyina
rejinAd OfHOATOMHA.

[1o serkocTn aTOT ras ycrynaer TOJb-
KO BOAOPOAY, BO3AYX B 7,20 pasa Ts-
mesee redus.

T'eamit moutm HepacTBOpUM B Boje
i apyrux xuakoctsax. Y Touno tak ke
B JKHIKOM TeJMH 3aMeTHO He pacTBO-
pAETCA HU OJHO BEIeCTBO.

TBeppptit renmii Heab3a MOJNYYHTH HU NPH KAKHX TeMIle-
paTypax, ecjii He NOBBIIATH AaBleHHE.

B uncropum oTKpHITHA, HCCEOBAHIA U HPUMEHEHUS ITOrO
JJIeMEeHTa BCTPEYAlOTCA HMeHa MHOIMX KpYNHBIX (uaukos
U XUMHKOB pasHbIX crpaH. ['eameM mHTepecoBaiuch, ¢ rejueM
paborann: Mancen (Ppanuun), Jloxwep, Pamsait, Kpyxe,
Pesepdopn (Anrnua), Iansmuepu (Hrtanus), Heesom, Ka-
mepimuur-Ounec (Lopnanmusa), @eituman, Oncarep (CHIA),
Kannna, Rukoun, Jlanpay (Coserckuit Coos) u MHorue jpy-
rHe KpynHbIe yYeHsble, -

HenostopumocTs 00nHMKa aToMa rejius ONpeeisaeTcsa coue-
TaHUEM B 1lleM [BYX YAHMBUTEJLHHIX HPHPOAHBIX KOHCTPYK-
Uil — aGCONIOTHBIX YeMIIMOHOB MO KOMIAKTHOCTH M IIPOY-
HocTH. B snpe reaws, renus-4, HaceieHsl o6e BHYTpUALEp-
uple 060JIOYKY — M NPOTOHHAA, M HEATPOHHAA. JIEKTPOHHBII
ay6aer, o6paMisOLUIUII 3TO AP0, TOMKe HACHILEeHHSBIH. B atux
KOHCTPYKIIHAX — KN4 K MOHUMaHUIW cBoiicts reausa. Orcio-
Ja MpOMCTEKaloT M ero (eHOMeHaJbHAS XUMHYECKas UHEpT-
HOCTb B PEKOPAHO Majible pasMephbl €r0 aToMa.

OrpoMHa posnb siipa aroMa reius — ajibda-J4acTHLB B HCTO-
pHU CTAHOBIEHNA ¥ DPAa3BUTHA AfepHoit ¢maukn. Ecau mom-
HHTE, MMEHHO M3yIeHHe paccesHHsa ajbda-4acTul] NpPUBENO
Pesepdopaa k oTkpbiTuio atomuoro ajpa. Ilpu 6om6apauposxe
azota anbda-gacTuiaMu OBUIO BHOEpBBIE OCYIIECTBJIEHO B3aH-
MoIpeBpalleHHe 3JeMeHTOB — TO, O YeM BeKaMu MedYTajn
MHOTHe ToKoJeHusa anxummkos. [IpaBja, B 3Toil peakuun ue
PTYTh IpeBpaTHIach B 30JI0TO, a a30T B KHCIOPOA, HO 3TO
cejlaTh MOYTH TakK e TpyaHo. Te ke anbda-gacTunpl oKaza-
JIHCh OPUYACTHBI K OTKPBLITHIO HEHTPOHA N MONYYeHHIO IEPBO-
ro HcKyccTBeHHOro maoroma. Iloasxe ¢ moMompio anbga-vacTiy
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6biim cunTeampoBaAbl Kiopmil, Gepkamii, kKanundopunii, Men-
meJieBlii.

Mut mepeuscanan atir aKTH AHML ¢ OAHOI LeNBLIO — mo-
KasaTb, 4TO 2jeMeuT N 2 — 3JeMeHT BechbMa HeOGBIUHBIIL.

3eMHoii reiiii

Femiit — aneMeHT HeoOBIYHBI, N HCTOpHA ero HeoGblYHA.
On 6611 oTKpbIT B atMocdepe Conuna Ha 13 ner panbiue, yem
Ba demye *. Tounee rosops, B cmexTpe coNHEUHOIi KOpOMBI
6blia OTKpPHITA APKo-enTan auHna D, a uro 3a meit ckpbiBa-
J0Cb, CTAJNIO JOCTOBEPHO I3BECTHO JIMMIL IOCJHE TOro, Kak re-
amii 13BIEKNIN M3 3eMHBIX MIIHEpPaJioB, COAEPYKauliX pajio-
aKTHBHBIE 3/IeMEHTHI.

B 3emmuoii kope HacunThBaercs 29 130TONOB, mpH pajNo-
aKTHBHOM pacmajie KOTOpHIX o0pasyloTca aiabga-9acTHIBI —
BHICOKOAKTHBHBIE, obnagatouue Gonbmoil sneprueil agpa aro-
MOB TeJHA.

B ocroBnom aemuoii resuii oGpasyeTca npn pagnoaKkTIBHOM
pacnase ypana-238, ypana-235, Topua M HecTaGIIBLHBIX Npo-
AYKTOB IX pacnafa. HecpaBuiiMo MeHbmine KojinyecTBa rejiid
JdaeT MedJeHHBINi pacnajg camapusa-147 m BucMmyra. Bee artn
3JIeMeHTBl NOPOKIAIT TOJBKO Ts3eNblil m3oTon resns — ‘He,
4bIl aTOMBI MOKHO paccMaTpHBaTh KaK ocTaHKd anbda-ya-
CTHLI, 3aXOpOHEHHBIe B 000J0YKe U3 [BYX CHApeHHBIX 3J1€KT-
poHoB — B anexTpoHHOM ayOnere. B pammue reonormueckie
HeprHoasbl, BEPOATHO, CYLIECTBOBAMHN Il JPYrHe, yie HCYE3HYSB-
uige ¢ Jia 3eMJl ecTeCTBeHHO paaloaKTHBHBIE pPAABLI die-
MeHTOB, HachlilaBmiile miadeTy remieMm. OgHHM U3 HHX ObLI
HBIHE HCKYCCTBEHHO BOCCO3JAaHHBIII HEOTYHIEBbIT pAp.

ITo xonmvecTBy resns, 3aMKHYTOro B TOPHOIl mopojge nian
MIHepale, MOKHO cyauTh o6 nx aGcomioTHOM Boapacrte. B oc-
HOBe 9THX M3MepeHIii Jie)KaT 3aKOHBI PaANOAKTIBHOIO pacna-
Ja: Tak, mojosuHa ypana-238 3a 4,52 mupn. et nopespa-
O1aeTed B rediuii M CBHHell.

Fenuit B 3emuoii Kope HaxamiuBaerca Meanenno. OpHa
TOHHa& rpaHuTa, cogepkautan 2 r ypana u 10 r Topns, sa M-
anon Jet npoayunpyer scero 0,09 Mr remisa — nosoBHHY Ky-
Ouveckoro caHTuMerpa. B oyeHb HeMHOrux GOraThIX ypaHoOM

* B 1881 r. 06 OTKpHLITHN rejiid B BYJKAHNYECKUX ra3ax coobuwina
HTaXbAHCKI ydeHblii llanbdMiuepn. OgHako ero coolmieHite (Bno-
CHCACTBII MOATBEPHACHHOC) MAJO KTO 113 YYCHbIX NPIHAN BCEpbea.
BropnuHo 3emmoii remnit 6b1 oTkpeiT Pamaaem B 1895 r.



Fennit  na ConHue oTKpbinn dpaHyys X. XaHCeH, NPOBOAWBIINA CBOM
HabnwogeHns B WMuaum 19 asrycTta 1868 r. n aHranyaHmH [O>k. Jlokbep —
20 okTA6pa ToOro >ke roga. MNMucbma 060MX yuyeHbIX npuwau B MMapu>K B OAWH
NeHb M GblNM 3auMTaHbl Ha 3acefaHun [Mapudkckoii AkajemMuu Hayk 26 OK-
TA6pS C MHTEepBanOM B HECKONbKO MWUHYT. AKajeMUKU, Nopa>keHHble CTONb
CTpaHHbIM CcOBNafeHneM, MPUHANN NOCTAHOBNEHWE BbIGUTbH B 4YeCTb 3TOrO
co6bITUA 3010TYy0 Mefanb

M TOpMEM MUHepanax CofepXkaHue refms LOBOAbLHO BENMKO —
HECKO/IbKO KyBOWYecKUX CaHTUMETPOB renms Ha rpamm. OfHa-
KO [Jons 3TUX MUHEpanoB B eCTeCTBEHHOM MNpOM3BOACTBE re-
nuns 6AmMsKa K Hyno, Tak Kak OHW OYeHb pefKu.

MpupoaHble COeAMHEHMUS, B cOCTaBe KOTOPbIX ecTb anbfa-
aKTMBHbIe W30TOMbI,—3TO TOMbKO MNEPBOMCTOYHMK, HO He
Cblpbe AN MPOMbILIEHHOr0 nonyyeHns renus. lpasga, He-
KOTOpble MWHepanbl, 0bnagaroline nJOTHON CTPYKTypoii —ca-
MOpOAHbIE MeTannbl, MarHeTUT, rpaHart, anaTWT, LWPKOH K
Opyrvue,—npoYHO YAEPXUBAKOT 3aK/MUYEHHbIA B HUX Teuid.
OfHako 6OMbLUMHCTBO MUHEPanoB C TeYeHWEM BPEMEHU MoAa-
BepralTca npoLeccaMm BbIBETPUBAHWUA, NepeKkpucTananzaLum
W T. 4., UTennid U3 HUX yXOauT.

BbICBOGOAMBLLMECH U3 KPUCTANINYECKUX CTPYKTYp renu-
eBble MY3bIpbKW OTMPaBAAOTCA B MNYTELWECTBME MO 3EMHOWA
Kope. O4eHb He3HauyMTeNbHas 4acTb HX pacTBOPSETCA B MOf-
3eMHbIX Bogax. [ns o6pa3oBaHMs 60/ee wan MEHee KOHLEHT-
PUPOBaHHbIX PAcTBOPOB FeMs MYXWbl 0COObIE YCOBUS, MPEX-
fe Bcero 6onblive faBneHusa. Jpyras 4acTb KOUYHOLLEro
refvs Yepes Mopbl M TPeLMHbl MWUHEpPanoB BbIXOAWT B aTMoc-
(epy. OcTanbHble MOMEKy/bl rasa nonagarwdT B NOA3EMHblE



NOBYWIKII, B KOTOPHIX CKANNHBAIOTCA B TeYeHIeE [ECATKOB, CO-
TeH MHJJIHOHOB JieT. JIOByWIKaMu CHYKAT NJIAcTBl PBEXJIBIX
0opojl, NYCTOTH KOTOPBIX 3alOJIHAKITCA TazoM. Jlomem A
TAKHX Ta30BBIX KOJJIEKTOPOB OOBIYHO ciy<aT Boja W HedTs,
a CBePXy HX HEepeKphIBAIOT ra30HENpPOHHLAaeMble TOJIH NJIOT-
HBIX TIOpOfI.

Tax xak B 3eMHOil Kope CTPaHCTBYIOT H Jpyrue rassl
(rnmaBHbIM o0pa3oM MeTaH, a30T, YIJIEKACIOTAa), W OPUTOM
B TOpa3fo GOJNBLUINX KONMYECTBAX, TO YHCTO TeJINEBHIX CKOILIE-
HMil ne cyuiecTByerT. ['eauii B OpHPOAHEIX rasax mpHCYTCTBYET
KaK He3HaunTeabHasa npumech. Cojiepkanue ero He nNpeBbl-
IIaeT THICAYLDBIX, COTBIX, PEAKO — JECATHIX [oJiell IPOLEHTA.
Boarmas (1,5—10%) reanmeHocHocTh MeTaHO-a30THBIX Me-
CTOPOKJIeHHII — ABJIeHUEe KpaiiHe peJiKoe.

Ilpnpopikie raspl OKasaduch NPAKTHYECKH eJWHCTBEHHBIM
HUCTOYHHUKOM CHIPbA JJIS NPOMBIUUIEHHOTO HOJYYeHHUA TIeJusd.
Jlns oTOeNeHHA OT MPOYUX Ta30B HCHOJB3YIOT HCKIIOIUTENb-
HYIO0 JIeTy4ecThb eJils, CBA3AHHYIO C €ro HA3KOW TeMmmepary-
poit cxanreHusa. Ilocie Toro kak Bce mpoune KOMIOHEHTBHI
OPHPOIHOTO Ta3a CKOHAEHCHPYIOTCA NpH TIYyOOKOM oxJamie-
HUH, ra3000pasublil requil OTKAaYMBAIOT. 3areM €ro OvHLIA-
10T or mnpumeceil. Uucrora 3aBOACKOrO TreJUd MXOCTHTAET
99,995%.

3amacel renusa ma 3emie omenuBalorca B 3-10" M cyna
K€ [O BBIYHCJEHHsM, €ro o6pa3oBajoch B 3eMHOH Kope 3a
2 MapA.JieT B fecATKH pa3 Gosasuie, Takoe pacxoiueHue Teo-
pUH ¢ NpakKTuKoili BhoiHe o6baAcHuMO. Iennii — nerkumit ras
M, nofobHo Bomopony (XOTA M MejJjieHHee), OH ylIeTyYuBaeT-
ca u3 at™Mocepsl B MHPOBOe mpocTpaHcTso. BeposaTHo, 3a Bpe-
MA CYI[ECTBOBaHHMA 3eMJIM rejuil Hameill IUIAHETHl HeOIHO-
KpaTHO OOHOBIAAJICA — CTApblil YJeTYYHBAJCA B KOCMOC, a
BMECTO Hero B arMocdepy MOCTYmajk cBexKHil — «BBIABIXae-
MBITY 3eMieit. ‘

B nurtocdepe renus mo mensueit Mepe 8 200 Thic. pas Goub-
mie, 4eM B aTMocgepe; emle GojpOie MOTEHLHAILHOTO TeJHA
XpaHUTCA B «yTpoOe» Jemyim — B aibda-aKTHBHBIX 3JIeMEH-
tax. Ho ofuiee comepskanue aToro ajeMeHTa B 3eMiie H aTMO-
cepe Hemenuko. Iennit — pepknit u pacceannslii ras. Ha
1 kr semuoro Marepuana npuxomurcs scero 0,003 Mr remns,
a comepskanue ero B Boszayxe — 0,00052 o6berHOro mpouen-
ta. Cronp Majnasa KOHUEHTpalUA HE MO3BOJIAET MOKA DKOHO-
MUYLO I3BJIEKATh Tejliil 3 BosgyXa.
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Teami Bo Beeaennoii

Heapa n armocdepa maureii nnanerst Gegan resnem. Ho ato
He 3HAYHT, YTO €ro Majo moscooay Bo Bceenennoii. Ilo cospe-
MeHHBIM mopcuetam 76% kocMuueckoit Maccsl mpuxoputcA
Ha Bofopon u 23% ma renuii; HA BCe MpodYMe BMEMEHTHI OCTa-
erca 1oabko 1% ! Taxum o6pasoM, MUPOBYIO MaTepHIO MOMKHO
11a3BaTh BOJOPOHO-TeJIUEeBOil. ITP [JBa DJIIEMEHTA FIIABEHCTBY-
10T B 3Be3[laX, INIaHETAPHBIX TYMAHHOCTAX U ME;K3BE3HOM
rase.

BeposiTHO, Bce IJIaHETHI CONHEYHOH CHCTEMBI COMEparT
paanorenunit (odpasosaBmuiica npu anbda-pacuane) rennii,
a KpynHble — U PeJMKTOBBIN resnii us kocmoca. I'ennii oGuiib-
HO mpepctasien B armocdepe IOmmrepa: mo omHMM JaHHBIM
ero taM 33%, mo apyrum — 17%. 310 oTKpHITHE JerNO B OC-
HOBY CIOKeTa OJHOTO U3 pAaCCKa30Bp H3BECTHOTO Y4EeHOro u
nucarens-panracra A. Asumosa. B uentpe mosecrBoBanma —
miaH (BO3MOKHO, OCYLIECTBUMBIH B OyJyuIeM) MOCTaBKU rc-
aua ¢ Onurepa, a To u sabpocku ma GmKaluMil cIyTHUK
aroit minanersl — lOnurep V — apMaan kuGepHeTHYECKHX Ma-
INH Ha KpuoTpoHax (o uHux — Huwe). Ilorpysnsumncs B xup-
kuii rexuit arMocepst IQnutepa (cBepxHn3Kkue TeMiepaTyph!
U CBePXNIPOBOJUMOCTH — HEOOXONHMble YCJIOBHA A paboThl
KPHOTDPOHOB), 9TH Mamuubl npesparar IOmutep V B Mosro-
BOIl MEHTP COJMHEYHOH CHCTEMBI...

Ilpoucxomaenre 3Be3agHOro reaua ObIO OODBACHEHO B
1938 r. nemenkumu ¢Pusnkamn Bere u Beiinzexepom. ITosme
HX TeopHA NOJNYYWIa JKCHepHMEHTAJbHOe MOATBEpIKAeHHE
M YTOYHEHHE ¢ MOMOU[LI0O YCKOpHTeJeil 3jIeMeHTapHBIX 9acTHIL.
CyTh ee B ciepymoueM.

flnpa renns cuHTESHPYIOTCA NpH 3BE3JHBIX TeMIepaTypax
M3 MPOTOHOB B Pe3yJbTaTe TEPMOAJEPHBIX NMPOIECCOB, BHICBO-
ooxpaomux 175 MIH. KMJIOBATT-4acOB JHEPTHH HAa KajKMIbIil
KWIOTPAMM CeJIHA.

Paguble mukiabl peakuuii MOryT OpPUBECTH K CHHTE3y re-
JHA. ,

B ycnosusax He odeHp ropAuux 3Be3l, TAaKUX, KaK Hame
Connne, mpeobiaajgaer, HO-BEANMOMY, HPOTONHO-IIPOTOHHBI
mukia. OF cKiagbIBaeTcsA U3 TpeX NOCHeJOBAaTeNbHO CMEHAI-
muxcsa npespamennit. Buagane coegMHAITCA Ha OrpOMHBIX
CKOPOCTAX /[Ba HPOTOHA ¢ 0oOpas3oBaHMeM [eliTPOHA — KOHCT-
PYKUHE M3 OPOTOHA H HENTPOHA; IMPH ITOM OTAENAITCA IO-
3UTPOH M HeliTpuro. [lanee coeUHAIOTCA AeHTPOH ¢ MPOTOHOM
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Kpusble pacnpocTpaHeHHOCTH 2.1eMeHTOB Ha 3emie (BBepxy) H B KocMoce.
«KocMiyeckan» KPHBAA OTPAKAET HCKJIIOUNTENLHYIO PONb BOAOPORA It reans
B MUpO3AAHHH I 0coGoe 3HAYEHNE reJlleBOil FPYRDIPOBKH B CTPOEHIH aTOM=
Horo aapa. HanGoabwyio OTHOCHTEABHYIO PACRPOCTPAHCHIIOCTL IIMEIOT Te dae.
MenTbl I Te HX H30TORLI, MACCOBOC MNCJAO0 KOTOPLIX ACANTCH BA  geTHpe:
%), ®“Ne, Mg u 1. A.




B JIETKWil rexdil ¢ HcoycKaHOeM raMma-kBaHTa. Haxomern, pea-
rapylor a8a anpa *He, npeofpasysce B anpda-vacTuny m fsa
mporona. Axnna-gacTuna, obsaBemsch ABYMA dieKTPOHAMH,
CTaHEeT IOTOM aTOMOM TeJiHsA.

Tor ke xoHeuHHl peaynbrar gaer Gomee GbicTpmiil yrie-
POMHO-a30THEI IWKJA, 3HAYeHHE KoToporo B yciaosuax Coim-
Oa He O4YeHb BeJHWKO, HO Ha Gojee ropsaumx, 4em Conmme,
3Besax poib 9TOro nuKia ycmiausaerca. Om crIagbiBaeTcs
U3 mecTd cTyneHeill — peaKOuii.

Yriepoj Wrpaet 3nech PoJb KaTajA3aTopa Ipolecca Cidsd-
HOA DIPOTOHOB. JHEPrus, BHIAeNAeMas B XON€ STHX IpeBpa-
IeHn#, Takasa jKe, KAK M IPH OPOTOHHO-IPOTOHHOM IHKIIE —
26,7 MsB Ha ogUH aTOM TeJHf.

Peaknma cmHTe3a renus — OCHOBa 9HEPreTHYECKOH es-
TENLHOCTH 3Be3Jl, BX cBeuennd. CieqoBaTelbHO, CHHTE3 Ieliud
MO?KHO CYHTATh NPAOTIOM BCeX peaxnail B mpapode, mepBo-
npuqnnon /RU3HH, CBET3, TOIUIa B METEOPONOrMIeCKHX ABIe-
HEid Ha 3emie,

Il'enuit He Bcerga GBIBa€T KOHEYHHIM MPONYKTOM 3BE3AHBIX
caatesos. Ilo Teopmn mpodeccopa . A. @pank-Hamenenkoro,
Ipad IOCHENOBATENBHOM CIHAHOA AAep reiusa oGpasyoTcs
*Be, *C, '°0O, *Ne, *Mg, a saxBaT 3THMH AQPAMHA IIPOTOHOB
IPHBOAAT K BOBHHKHOBEHHIO Apyrux sApgep. Ilua cmaTesa Axep
TAKENHX 9JeMeHTOB BILUIOTH [0 TPAHCYPAaHOBHIX TpeOyIoTCA
HCKIIOYHTEbHEE CBEPXBHICOKHE TeMIIEpaTyphbl, KOTOPEIE paa3-
BUBAIOTCA HA HEYCTOMYHBHIX «HOBEIX» H «CBEPXHOBHIX» 3BE3-
Jax.

Ussectunit coperckmit xumux A.®. Kamycruuckmit massi-
BajJ BOMOPOA M TeJHil MPOTO3JNEMEeHTAM¥ — JJIEMEHTaMH Iep-
paaHOil MaTepun. He B 9T0il im mepBHYHOCTH CKPHITO 00bsC-
HeHHe 0c06Oro IONIOKeHHSA BOAOPOAA W rejHA B IepHOAMYe-
CKolf cmcTeMe 3JIeMEHTOB, B 49acTHocTH Toro ¢akra, Uro
mepBHIA MepUod OO CYIIEeCTBY JIMNIEH NEePHOAMIHOCTH, XapaK-
TEepPHOH AJA HPOYHX IEepPHOROB?

Campiii, camplii...

AtoMm renma (OoH e MOJEKyJa) — OPOYHEAIIam W3 Moje-
KYJAAPHHX KOHCTPYKmMi, OpGHTH ABYX €ro dJIEeKTPOHOB CO-
BEpIIEHHO OJMHAKOBH U HpPOXOAAT HmpefeNbHO 6aM3KO OT An-
pa. Uto6nt oroamth AApO rends, HYKHO 3aTPATATH PeKOPH-
HO Gonpmyro smeprmio — 78,61 sB. O1ciona — demomenanbHaR
XMMOYecKasg MAacCHBHOCTh reNiMfi, MCTHHHO HHEDPTHOTO rasa.
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3a mocneauue 20 syer XuUMUKAM yAaNOCh NOJYYATH COTHH
XUMHUYECKHX COeXHHeHHIT TAMeNBIX GIaropofiHBIX Ta3o0B.
OpHako HHEePTHOCTh TeJIHA OCTAeTCA, Kak H Ipeie, BIe
NOJ03PeHHIt.

Brlancnenus moKasbIBaloT, 9TO ecau GH u OB HalifeH MyTh
noJTyyeHus1, cKaykeM (PTOpPHAA HJIM OKHCJA Tejiug, TO HpH 00-
pPa3oBaHUN OHU MOLJIOTHJIHN OBI TAK MHOTO JHEPrHil, 4TO HOJY-
IUBIUHECST MOJEKYJbl OBuIH OBl «B30pPBaHbI» 3TOI amepruei
H3HYTPIL.

Mosnexynsr renus Hemoaapubl, CHJIB MeKMOJEKYAAPHOIO
B3alIMOMIENICTBUA MeKAy HHUMH KpaliHe HeBeJHKH — MeHbie,
geM B J06onm apyrom BemjectBe. OTcioma — campie HH3KHE
3HAYEHHA KpHUTHYECKUX BeJUTHH, HAHHU3NIAA TeMImeparypa
KHIIeHUs, HaUMeHBINHE TEIUIOTHl NCOApPeHUA W IUIaBJICHM.
UYro KacaeTcsa TemIepaTyphl ILIABJIEHHA Teius, TO NPH HOP-
MaJIbHOM JaBieHuu ee BooGuie Het. Hlugkuil renuit mpu cKoJb
yrogHo Oiu3Koil K a0cOMIOTHOMY HYJIIO TeMmmeparype He 3a-
TBep/eBaeT, €cil, HOMHMO TeMIepaTyphl, HA HEro He jeiicr-
ByeT jasienue B 25 unu Goasmme armocgep. Broporo Takoro
BelleCTBA B IPUPOE HET.

Her taxke mpyroro rasa, CTOJb HHYTOKHO PacTBOPHMOLO
B JKUIKOCTAX, OCOOEHHO NOJSAPHBIX, W TAaK MaJi0 CKIOHHOIO
K ajfcopbuun, Kak rejxuil. 3T0 HAMIYIIIMA cpefu rasoB Ipo-
BOAHIK 3JEKTPUYIECTBA U BTOPOil, mocie BOAOPOJia, NPOBOTHUK
temia. Ero TemmoeMKOCTh 09eHb BeJNKa, a BA3KOCTH Maja.

ITopasurensno OBICTPO HPOHMKAET reJHA CKBO3b TOHKUe
HeperopofKu M3 HEKOTOPHIX OpPraHMYeCKHX mojmMepos, gap-
topa, KBapuesoro H GOPOCHIMKATHOIO cTeKia. JI060mBITHO,
9T0 CKBO3b MArkoe crexno reamii pupdyuaupyer s 100 pas
MeJJIeHHee, IeM CKBO3b GopocunukartHoe. I'eamit Moxer mpo-
HUKATh ¥ 9epe3 MHorHe MeTajubl, IlosHOCTHIO HempoOHUITaEME
IUIA HErO JHIIb JKejie30 H MeTaJlIBl INIATHHOBOI rpymmel, ja-
JKe pacKaJleHHBIe,

Ha opusuune naGupaTenbioil DPOHUNAEMOCTH OCHOBaH
OJNH M3 METONOB M3BJIEYEHHA [eJUd M3 HPHPORHOLO rasa.

WcknoquTeapbHplil HHTEpEC OPOABIAIT yd4enble K KHIKO-
My resauio. Bo-mepBrix, 3T0 camMadg XOJOAHAS }KHJKOCTh, B KO-
TOPOIl K TOMY ’Ke He pacTBOPAETCA 3aMETHO HII OJHO Belie-
ctB0. Bo-BTOpHIX, 3TO caMasa jerkas K3 KHAKOCTel ¢ MUHI-
MaJILHOH BeJIMIHHOH MOBEPXHOCTHOTO HATAMKEUMSA,

IIpn rtemmeparype 2,172 K mpomexoaur ckaukoobpasnoe
H3MeHeHNe CBOHCTB KiujKoro remana. OOpasyiouascA pasHo-
BHAHOCTL ycjoBHo HasBaHa rejueMm II. Tenmit II wunur cos-
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ceM He TaK, Kak Ipoune KHAKOCTH, OH He GypJiHMT OpH KHAIe-
HHOI, MOBEPXHOCTH €ro OCTaeTCA COBEPHIEHHO CIOKOIinO0i.
Venmit II mposomur Temno B 300 Mam. pas sgydme, uem
oObrunbIi xupknif rexnit (remnii I). Baskocrs renna 11 npak-
THYeCKH paBHA HYJIO, OHA B THICAYY pa3 MEHbIIE BA3KOCTH
mugroro Bopopona. lloatromy remmit 11 obmagaer cpepxTexy-
9eCThI0 — cIOCOGHOCTHIO BBIT€KaTh 0e3s TpeHHA dYepes Kammi-
JAApH CKOJb YTONHO MAJIOTo AuaMeTpa.

Hpyroit cra6nasanil uzoron reausa *He mepexonut B cBepx-
TeKydee COCTOSIHHE NpH TeMIepaType, oTcToameil or aGconior-
HOTO HYJIA BCETO HA COTHIe HOAM rpafycoB. CBepxTeKyume re-
amii-4 W renuii-3 masHBalOT KBAHTOBBHIMHU JKHIKOCTAMH: B HHUX
OpOABJAIOTCA KBaHToBOMeXaamiecKue 9PPeKTH eme [0 nx OT-
BepAeBaHUsA. ITUM OGBACHAETCA BechbMa AeTalbHAsg HM3ydeH-
HOCTL SKHAKOTO reamsa. Jla @ mpou3BOAAT e€ro HbIHE HEMajo —
COTHH ThHICAY JUTPOB B rof. A BOT TBepAHIl reqmHil moYTH He
n3yYeH: BeJUKHN IKCOepHMeHTaJbHble TPYMHOCTH HCCieoBa-
HHOA 3TOr0 CaMOro XOJNOAHOTO Teja. Beccmopmo, mpoGea aTor
Oyzmer samojiHeH, TaK Kak (PHSHKH JKAYT MHOTO HOBOTO OT 0O-
3HAHNA CBOWMCTB TBEPAOTO reinsA: Beib OH TOMKe KBAHTOBOE
TeJIO.

Hnepranii, HO oueHD HYKHBIIA

B xonnme mpomuoro Beka amrimitckmit skypnan «Ilamu» mo-
MECTH] KapuKaTypy, Ha KOTOpPOH renmil 61 m3o0pasked XHT-
po HOOMHTHBAIOIIHM venoBedxoM — skureigeM Commna. Texer
nop pucynxom riacui: «HaxoHenm-To MeHA H3NOBHIM M Ha
3emie! 910 gamimock gocratouno moaro! HmrepecHo 3HATH,
CKOJIBKO BPEMEHH mpoiifieT, IOKa OHU OrafjaloTcA, UTO JenaTh
€O MHOI?»

HeiicteuTennuo, mpomno 34 rofaa co AHA OTKPHITAA 3€MHO-
ro renasa (mepBoe coobmerme o0 3ToM ObLI0 ONYGIUKOBAHO
B 1881 r.), npemme ueM oH Hamien HpaKTHUIECKOe IpHMeHe-
nme. Onpefenenny0 poab 3fech CHI'Pajid OpUTrHHAILHEIE (PH-
3UKO-TeXHHYECKHe, IeKTpHYecKNe U B MeHBIIell Mepe XMMH-
YeCcKHe CBOICTBA rejiuA, NOTpefoBaBIIWE MINTENBHOTO H3Y-
qenuA. I'TaBHBIME Ke TPEemATCTBHAMH OLUIM pacceAHHOCTDH H
BLICOKaA cTomMocTh sieMentra Ne 2. Orroro mpakThuke renmii
OBLJ HeJIOCTYNEeH.

TlepsbiMu renmii npuMenunn Hemusl. B 1915 r. onm cramm
HaHOIRATL UM CBOU gupmsiabun, Gom6uBmue Jlonnon. Bekope
Jerkuii, Ho Heroploumii rexmii cTanx He3aMeHUMBIM HaNOJHH-
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Tenem BO3[yXOMnaBaTeNbHbIX aunapaToB. HauyaBwuiica B ce-
peauHe 30-X rofoB ynafokK AMpwxabnecTpoeHMs MOBNeK He-
KOTOpbIA chnaj B NPOM3BOACTBE MeNsA, HO NMLUb Ha KOPOTKOE
Bpems. JTOT ra3 Bce 6o/blie NPUBMEKaNn K cebe BHUMaHME XU-
MWUKOB, METaNNyproB v MalWHOCTPOUTENEN.

. MHorne TeXHOMOrMYeckme MPOLECCHl L, onepauun Henb3s
BECTU B BO3AYLUHOW cpefe. UTo6bl n3bexarb B3aMMOAeNCTBUSA
nofy4yaemMoro BeliecTBa (MM WUCXOLHOrO Cbipbsi) C rasamu
BO3AyXa, CO3[4al0T ChelunanbHble 3alWUTHbIE Cpeabl; U HET Ans
3TUX Uenein 6onee NOAXOAALLEro rasa, Yem renuii.

VIHEpTHbIA, NIErKWiA, NOABWXKHbINA, XOPOLIO MPOBOAALLNIA
TENNO renunii —ujeanbHoe CPeAcTBO ANS NepeAaB/iMBaHUA U3
OAHOIi eMKOCTW B ApYryt0 NerkoBOCMaMeHSeMbIX XWUAKOCTEN
M MOPOLUKOB; MMEHHO 3TV (YHKLMU BbIMOMHSAET OH B pakeTax
M ynpasnsemblX cHapagax. B renvesoin sawmTHOl cpege npo-
XOAAT OTAeNbHble CTafuMU MONYYEHUS SAEPHOr0 TFOpHOYEro.
B KOHTeliHepax, 3anONHeHHbIX FefMeM, XpaHAT W TpaHcnop-
TUPYIOT TEN/OBbILENAOWME 3NEMEHTbl A4EPHbIX PeaKTOpOB.
C nomoubto 0c0obbIX TeyenckaTeneid, AeiicTBre KOTOPbIX OCHO-
BaHO Ha WCKNHOYMNTENbHON AnD(Y3NOHHON CnocobHOCTW re-
NS, BbISBAAKOT Maneiilune BO3MOXHOCTM YTeYKM B aTOMMbIX

A3pocTaThl, 3aWuuiaBliMe B rofbl BOWHbI He60o HallNX ropogos, 06bl4HO 3anon-
HANU BOLOPOAOM, pexe — rennem



peakTopax M OPYIEX CHCTeMaX, HaXONANIMXCH DOJ AaBieHH-
eM HJIU BaKyyMoOM.

Ilocnename rompl 03HaMEHOBAaHBH HOBTOPHBIM HONBEMOM
nmpmKabiecTpoeHus, Tenepb Ha G6ollee BBICOKOE HAyYHO-
TexHHYecKodl ocHoBe. B papge crpam moctpoenm u cTposTca
AEPMKAGIHE ¢ TeJHeBbIM HANOJHEHHEM TPY30H0IBEMHOCTHIO
ot 100 o 3000 1. Onm sKOEOMHYHEI, HafieKBH O YHROOHH AJA
TPAaHCOOPTHPOBKM KpyHHOra0apuTHBIX TIPYy30B, TAKAX, Kak
WIeTH ra3oopoBOAOB, He(TEOUHCTATENbHBIE YCTAHOBKH, ONOPHI
nEEW# onexTpomepesad m T. n. Hamommemme ma 85% re-
aua u 15% Bomopona ormeGesomacHo m TonbKo Ha 7Y% cHE-
’aeT DOABEMHYK CHIYy B CpPaBHEHHH C BOJOPOJHBIM
BaloJHeHHeM.

Havanm peficTBoBaTh  BHICOKOTEMIEpAaTypHBE  sfepHEBIE
peaKkTOpHl HOBOrO THIA, B KOTOPHIX TEIJIOHOCHTENEM CIYKAT
renmi.

B BHayYHEIX HCCleOBAaHHAX M B TeXHAKe IGHPOKO IpHMe-
HAeTcA MKupKmit renamil. CBepxHmsxme TemmepaTyphl Gmaro-
OPUATCTBYIOT YINyGJeHHOMY NO3HAHHIO BemecTBa H €ro
cTpoenHd — npa Gojiee BBICOKHX TeMmIepaTypax TOHKHe Je-
TaJIM PHEPreTHYeCKAX CHEKTPOB MACKAPYIOTCA TEILIOBBIM JBH-
JKEHHEM aTOMOB,

Ve cymecTBYOT CBepXIPOBOJALIAE COJCHOUAb H3 0CO-
GBIX COJIaBOB, CO3[AMOIIME LPH TEMIEPAType KUIKOLO TeJTHA
cunbeble mMaramTable noaa (mo 300 Teic. aperen) npu HAYU-
TOKHBIX 3aTpaTax JHEpPrHM.

IIipm TemmepaType IKHEAKOrO rejiAA MHOTHE METALIH H
CIVIaBHl CTAHOBATCH CBepxmpoBopamKaMu. CBepXIpOBOJHHKO-
BBIE pejie — KPHOTPOHH! BCe INHpe NPUMEeHSIOTCA B KOHCTPYK-
[OAAX 3JEKTPOHHO-BHIYACIAHTENbHbIX Mamnd, OHU DpoOCTH, Ha-
JeKHBI, 09eHb KOMODAKTHB. CBEDXOPOBOJHUKH, a ¢ HAMHA U
JKHIKAA reanit cTaHOBATCA HEOOXONEMEIMH [/ DJIEKTPOHMKH,
OHE BXONAT B KOHCTPYKIAH AeTeKTOpoB HHE(PpPaKpacHOro ns-
JdyueHds, MOJNEKYJIAPHBIX ycuamrenedi (MasepoB), onTmde-
CKMX KBAHTOBHIX reHeparopos (jaszepoB), DpuGopoB aJis H3-
MepeHHA CBEPXBBICOKAX 9acCTOT.

Koneuno, aruMu mpmMepaMH® He HCYepOBIBaeTCA pPOJIb re-
nua B coBpeMeHHOH Texsuke. Ho ecnm Gbl He OrpaHHYIEHHOCTH
OPUPOAHBIX PECypCOB, He KpailHAsA pPacCegHHOCTh TelHsd, OH
pamen 6bl eme MHO;kecTBo nmpuMeHenuil. VsmectHo, Hampm-
Mep, UTO IpPH KOHCEPBHPOBAHHA B cpeje TeJHA NHIeBbIe
OPOAYKTH COXPAHAIT CBOH mEpBOHAYAJbLUBIA BKYC M apoMart.
Ho «remmessle» KOHCepBHI HOKa OCTAlOTCA «Bemblo B cebe»,
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[MOTOMY 4TO IeJnst He XBaTaeT W NPHMEHAIOT ero JHIIDL B Ca-
MBIX BajsKHBIX OTPACIAX OPOMBIILIEHLOCTH U TaM, rae 6es ne-
ro EnkKak He o6oiitichk. IloaTorMy ocobenno o6ngHO CO31aBaTh,
9TO ¢ TFOPIOYHM IPIPOAHBIM Ta3odM dYepes ammapaThl XHMIIde-
CKOro CHHTE33, TOIKH U IeYH IPOXOJAT W YyXOAAT i aTmocde-
py HaMHOro G6ablINe KOAMYECTBa TelldsA, ueM Te, 9T0 JoObI-
BAIOTCA U3 YeJIHeHOCHBIX HCTOUHIKOB.

Ceifuac cudTaeTcs BBITOMHBIM BLIIEAATH TeJil TOJNBKO B
Tex CJydasx, ecin ero cojep:KamHe B NPHPOJHOM raze He
meénbite 0,05%. 3anacs Taxkoro rasa Bce Bpems yObIBaloT, I
He HCKJIOYEHO, 9TO OHH OyAyT HCYepmaHBI eule [0 KOHIa Ha-
mero Bexka, Ommaro npoGiema «rejimeBoil HEJTOCTATOTHOCTH»
K 9TOMY BpeMeHH, BepofATHoO, OyleT pelleHa — 9acTHYHO 3a
cU4eT COSHAHUA HOBHIX, Gojee COBEpIIEHHBIX METOJIOB pasie-
JIeHHA ras3oB, N3BJeYeHUA N3 HUX HanGojiee LEHHBIX, XOTA H
He3HAYHTENbHBIX 10 06beMy pparunii, m gactnuno Gaarogapsa
yIOpaBisieMOMy TepMosAfepHoMY cuuTe3y. [ennii cramer pam-
HBIM, XOTA II IOGOYNBIM, NPOAYKTOM [EeATEIBLHOCTH (HCKycC-
CTBEHHBIX COJIHI(Y.

N30TOIILI TENNSA, B mpupoge cymectByloT ABa CTabUNBALIX H30-
TOIa TeJA: reuii-3 i reduii-4. Jlerknii n3oTom pacmpocTpaHes Ha 3eM-
Ji¢ B MIUUINOH Pa3 MeHbIe, MeM TAeJblil. ITo caMblii pefikmii n3 CTa-
OIJIBALIX H30TOIOB, CYMECTBYION[IX Ha Hameil miamere. McKyccTBen-
IbIM NyTeM IOJYyJYeHBI emie TPN H30TONa rejnod. Bce oHm paainoaKkTuB-
oo, Ilepmop monmypacmama renns-5— 2,4-10-2' cexkyHpsl, rexns-6 —
0,83 cexymanl, reans-8 — 0,18 cexynapl. CaMblii TsKeJbIT M30TOI, HH-
TepecHBIl TeM, UYTO B ero AApax HA OAHH NPOTOH HPHXOAHTCA TPR
HeiiTpoHa, BoepBhie monydeH B Jly6me B 60-x ropax. IlombiTkm mOJy-
unTh reanii-10 moxka Ouianm HeymauHLI.

IOCHAEOHUN TBEPALINI I'A3. B xupkoe m TBepioe COCTOSHHE re-
Jmit OB ImepeBeleH CaMBIM NOCJHENHHM H3 BceX rasoB. Ocobble CIOMK-
HOCTH CKIDKeBIIAA N OTBepIKHeHNA rejinsa oOBACHAIOTCA CTPOEHTeM
€ro aToOMa H HEKOTOpHIMH ocoOeHnocTAMH (u3mdeckHx cpoitcTs. B wa-
CTHOCTH, rejmii, XKaK M BOMOpOA, HpH TeMmepaType Beime — 250° C,
pacmmpsisich, He OXJNaKgaercs, a HarpeBaercsa. C Apyroii CTOpOHDI,
KpOTHIecKas TeMOepaTypa reins KpaiiHe unmaka. [MedwHO mo3ToMmy
RHIKM{ reinii BHepBble yAajoch mojyudnTh Jnmn B 1908, a Teep-
Aablit — B 1926 r.

TEJMEBBIA BO3J1YX. Bosnyx, B KOTOPOM Bech a30T HJIn Goibmasn
ero 9acTb 3aMeHeHa rejieM, CerofHs Ye Ile HOBOCTbL. Ero mupoxo
HCNOABL3YIOT HA aeMlle, IO 3eMJleil ¥ mOx BOAOIL.
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FenueBblit BO3AyX BTpoe Jerde m HAMHOrO MOJiBliskKHee OOLIMHOrO
pozfyxa. On aktuBHee Bejer ceba B Jerknx — ObICTPO MOZBOANT Kiic-
Jopop, H GBICTPO “BaKyHUpyeT YrAeKHcablil ras. BoT mouemy reimeBblit
BO3YX AAIOT OOJBLHBIM HpPH pacCTPoiicTBaX ABIXaHHA H UEKOTOPBIX
onepanuax. O cHIMaeT YAyIIbsA, JeunT OPOHXNAMLNIYI0O aCTMY H 3a-
6oneBanus roprami.

JipixanHe reqseBBIM BO3MYXOM LPAKTHYCCKH HCKIIOYaeT a30THYIO
amb6oanio (KkeccoHHYI0 GoMe3Hb), KOTOPOIl MPH Iepexofie OT MOBbiLIEH-
HOTO AABJeHNUA K HOPMAJLHOMY TOABEPHKEHSHI BOJOJNA3BI H CHErHAN-
cTel Apyrux npodeccuii, paGoTa KOTOPHIX NMPOXOANT B YCIOBHAX IHO-
BbIIIEHHOro AaBienus. Ilpmunna 9Toii Gone3HH — HOBOJBHO 3HAUN-
TeJbHAsA, 0COOEHHO NpH MOBBINEHHOM [ABJICHIH, PACTBOPHMOCTH a30-
Ta B KpoBH. Ilo Mepe yMeHbIleHNs HaBleHHsd OH BblfeldsdAeTcs B Blifie
rasoBBIX NY3BIPBKOB, KOTOpPhle MOTYT 3aKYNOpPHTh KPOBEHOCHBIE COCY-
Abl, OOBPeJHTh HEPBHBIE Y3JBL.. B oTaudile OT a30Ta, refuit MpaxTti-
9eCKH HEepacTBOPHM B KHAKOCTAX OPraHH3Ma, HODTOMY OH He MOJKET
ObITL NPUUMHOIT KeccomHoii Oomesnu. K ToMy ke reiameBhlii BO3AYX
HCKIO9aeT BO3HIKHOBEHHE «a30THOTO HApKO3a», BHEIIHC CXOLHOTO
¢ QJIKOTOMLHLIM OMbAHEHNEM.

PaBo 1 mo3gHO 9eJI0BeYeCTBY HPHAETCA HAYIUTHCA MOROATY HITh
a paGoTaThb Ha MOpCKOM AHe, YTOOLI BCCPhe3 BOCIONB30BATHCS MIllie-
paJbLHBIMI H IHINEBBIMH pecypcaMn meab@a. A Ha Ooabimnx rayodu-
HaX, KaK IOKA3aJH OMBITHl COBETCKHX, (PpaHIMY3CKHX I aMEePHKAHCKHX
nccaenoBaTeseli, reaueBrlii BO3AyX HoKa He3zamemuM. Buojorn poxa-
3ajH, YTO [JIATeJNbHOE [BIXaHNE TejleBBIM BO3JYXOM He BHI3LIBACT
OTpHIIaTeNBHBIX CABUTOB B UellOBEeYEeCKOM OPraHU3Me N He TPO3uT H3-
MeHeHUsMH B TeHeTHIeCKOM ammapaTe: refHeBas aTMocdepa He BAHA-
eT Ha pasBUTHe KJIETOK ® dacTtory Myranuii. MaBectmer paboTbl, aB-
TOPH KOTOPBIX CYHTAIOT reJlieBBIi BO3AYX ONTHMAaJbHOIN BO3AYINHOIR
cpefoit AJMA KocMUYeCKHX Kopabuaeil, coBeplialonux minTejabHble NO-
Jetsl Bo Bcenennylo.

HAIII TEJINA. B 1980 r. rpynma ydYeHBIX H CHEI[ANHCTOB BO TIJaBe
¢ M. JI. AunpeeBrim Gpl1a yaocToeHa [ocyaapcTBeHHOI mpeMHH 3a CO3Aa~
Hile H BHeJ[peHHe TEeXHOJOTHI MNOJyUeHHA TeJHeBhIX KOHIIEHTPATOB
H3 cpaBHHTeJNbHO Gefubix rejanexocusix razos. Ha OpemnGyprckom ra-
30BOM MECTOPOKACHUH TOCTPOEH TelNeBblii 3aBOJ, CTaBIIHIl IIaBHBIM
HAmINM NOCTABIAKOM «COJMHEYHOTO ra3a» sl HYKA PasHBIX oTpacieil

TEJUEBBIN KOMIIJIEKC. B 1978 r. axkagemuxky B. A. Jleracoy
¢ COTpYAHHKAMH NpH pachaje siiep TPUTHA, BKIIOYEHHEBIX B MOJCKYNY
aMHOOKOCAOTH FAMOUHA, YAAJOCL 3apericTpHpOBATH TapaMarHBTHBI
rellniicofepsKamiii KOMIJIEKC, B KOTOPOM HAOJIOaloCh CBEPXTOHLO®
B3alIMOfieficTBHEe fAApPa rejins-3 ¢ HeCHApPEeHHLIM JJIEKTPOHOM. JTO NOKa
HanGoJblee AOCTUMKCHNC B XIIMUH reid,
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dnemenT Ne 3, mazBanmEHll autueMm (OT
rpevecKoro ALTOC — KaMeHb), OTKPHIT
B 1817 r.

MiBenckmit xmmur WU. A. Apdsencon,
yueHnK 3HaMeHnToro Bepmeamyca, ama-
JU3APOBAJ MHUHEpPAaJ, HallJeHHHIH B JKe-
ne3noM pyaanke ¥YTo. Om GnicTpo ycra-
HOBHJI, 9TO BTOT MHUHepaJl — THOWIHBIH
AIIOMOCHJIMKAT, X BBIACHWI, CKOJNBKO B
HeM KpeMHHA, aJlIOMHHHA H KHACJOPO-
JAa — Ha J[OJI0 3THX TPeX pacHpocTpaHeHHeHIINX 9JIeMEHTOB
mpaxogmiock 96% Beca MmEepana.

Teneps ocTaBajoChb BBIICHATH XUMHUECKYI0 NPHPOAY Be-
HIeCTB, COCTaBIAKIAX ocTapmuecs 4%. Otm Bemecrtsa, Gy-
ayau oraenennsiMa ot Si, Al m O, m pacTBOpeHHHIME B Boje,
OpUJaBaJM pacTBOpY IWiedouHble cBodicTBa. Ha atoM ocHoBa-
gan ApdBencoH mpegnoNioKmI, YTO B MHHepajle €CTh HeKHAH
meaogaoi Metajyi. OpEa @3 coseidl 9TOro Merajia pacTBOpA-
nach B BOJie B INECTh pa3 Jydlle, 9eM AaHAJOTHYHbIE COJIH
KaJuA W HATPHA. A IOCKOJLKY B TO BpeMa OBLIM H3BECTHH
JUIIL ABa HIEJOYHHIX MeTajiaa, ApdsencoH pemmi, 410 OT-
KpBLI HOBHIA 3JIeMeHT, MONOOHBIA HATPHIO W KAJIHIO.

C Bugy MHUHEpad, B KOTOPOM HANUIM HOBBIA dJIeMeHT, Obla
KaMeHb KaK KaMeHb, 0 motoMy Bepnenmyc mpepmosxuia Apg-
BEJICOHY HA3BaThb HOBLIA 3ieMeHT auTHeM. ToT, BHAMMO, He
CTaJ COOPHTH, 60 3T0 Ha3BaHHE COXPAHWIOCH [0 HAINUX JHEH.
B GonpmmnHaCTBE €BpPONEICKAX A3SHIKOB, KAK W B JIATHIHMH, 3JIe-
MeaT Ne 3 maamiBaetca Lithium.

Ha atom mctopua osnementa Ne 3 He saxkamdumsaercA. 910
0o4YeHb CBOeoOpasHBlil DIEMEHT, H HE TOJBKO HOTOMY, 9YTO JIH-
THI — OePBH cpean MeTaJIOB IO JIETKOCTH U YAeNbHOH Tem-
JOEMKOCTH, a TaKie IO MOJOMEeHNI0 B PANY HANPAKEHUH Me-
Tala0B. I'0OBOPHTH O TOM, 9TO MCTODHA JIATHA HPONOJHKAGTCAH.
MOKHO XOTA 6bl MOTOMY, 9TO HEKOTOpHie COeWHEHUA JATHA,
Ja H caM MeTaJlI B HOC/e[HE® BpeMA MpPHOOpeNd HCKIIOIH-
TEJILHYI0 BaMKHOCTH AJIA cyAebd Bcero Mmpa.

ITosToMy cnoBo «mcTOpHA» B IOA3AroJOBKax 9TOH CTaThH
HaM Ka)KeTcA ONpaBIaHHBIM,
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MoraHH ABrycTt ApdBseoO-
COH (1792—1841) — ruBeBCKWUIA XW-
MUK, NepBOOTKpbIBATENs  NNTUSA.
B 1817 r., 3aHMMaAcb aHannu3oM Mu-
Hepana neTamTa bl Al[314010). yue-
Hblii  0GHapy>un npucyTcTBue B
MUHepane «OrHeNoCTOAHHOW wieno-
4n [0 CUX MOP HeusBecTHOIW npu-
pogblo. Bepuennyc npegno>Kun Ha-
38aTb €e AMTWUOHOM, MOCKONbKY 3TO
6bina nepsas lWenoyb, HailifjeHHas B
«yapcTse MuHepanos». OTcioga wu
NPOM3OLW N0 Ha3BaHue NUT Wi

[OpeBHeiilwas uctopus

Korga-To faBHbIM-A4aBHO, B JOMCTOPMYECKME BpeMeHa, npo-
NCXOAMN CUHTE3 31eMeHTOB BceneHHoN. Heckonbko no3xe, HO
TOXe B HeonpeAeneHHO [aneKoM MPOLIOM LUAM NPOLECChI
thopMmpoBaHUA Halleil nnaHeTbl. Ha aToi ctaguv nuTuid npo-
HUK 60see yem B 150 MuHepanos, U3 HUX okono 30 cTanu cob-
CTBEHHbLIMW MWHepanamu nUTUA. [pPOMbILWNEHHOE 3HAYeHue
npnobpenn ToNbKO NATb: crnogymeH 1/1A1[51208], nenugonut
Kbl,,5A115[313AK0|d (P, OH)2 neTtanut —MuHepan, B KOTO-
poM nMTUIA 06HapyXeH Bnepsble, 1nA1[8u0,0, amb6auro-
HUT bIALIPO,] (P, OH) u uwuHHBanbaut Kin(Pe, Mp)Al-
*[31AKO.0] (P, OH)2

[eorpagmyeckn npoMmbilWeHHble 3anacbl 3nemeHTa Ne 3
pacnpegenunucb LOBOSIbHO PaBHOMEPHO: MPOMbILLINEHHbIE MEC-
TOPOX/JEHUSA MWUHepanoB NNTUA eCTb Ha BCEX KOHTWUHEHTax.
BaxHeiwune n3 Hux Haxogatca B KaHage, CLUA, CCCP, Uc-
naHuw, LLseuun, bpasunuu, ABCTpanuu, a TakXe B CTpaHax
FOxHON Adpuknm.

L peBHss uctopus

CnoBo «fpeBHAA» 3[eCb ynoTpebaseTca BecbMa YCNOBHO —
peyb MOMAET O BPEMEHAax, He CTO/b OTAANEHHbIX.

UenoBe4ecTBO 3HAaKOMO C NUTMEM YyTb 060/bLUe NOnyTopa
BEKOB, M 3TOT pasfie/n Hallero pacckasa 0XBaTuT rofbl ¢ 1817



no 1920. Ito BpeMs moznaiiid AATHA KaK XHMIYECKOrO MILIH-
BllyyMa, BpeMa nojy4ycuus I HccjejaoBaulis ero MHOT'HX CO-
¢lNennii 11 He OYCHb UIIPOKOr0 NpPHMEHEHNA HEeKOTOPHIX H3
X,

Bekope mocie otkpeitua ApdBefcoHa HOBBIM 3JEMEHTOM
sapHTepecoBaMich Maorue xumnkd. B 1818 r. memenknil xm-
muk JI. I'Meaumn ycraumosiu, 94To COJH AUTHA OKPaIlHBAIOT
Gecupernoe IulaMsa B KapMIIIOBO-Kpacublil nper. Bekope cam
Apdsencon o6HapY:KILT JNTHIl B CHOJAYMeHe, MO3JKe CTABIIEM
BaskueilmmM mMuuepanom sjuementa Ne 3, m B Jemnposire.
B 1825 r. Mlenc flko6 Bepuneanyc namen nautiii B Bogax
repMaHCKHX MHHEPAJbHBIX ICTOYHIKOB. I3cKope BBIACHHIOCH,
YTO DTOT DJEMEUT ecThb I B MopcKoii Boge (7-107°%).

Merannngeckiii auTuil BrepBBle HOAYYIUI BBIZANONMIiCA
anrnuiicknit yuaenntii Xomdpu ossn B 1818 r. Torga n BH-
ACHWJIOCH, UTO JHUTHI OYEHDb JIErOoK, HOYTH BJIBOE Jierde BOJBI,
H 4TO OH obJjamaer ApKHUM MeTajimdeckn™m Oneckon. o atoT
Gneck cepeGpicTo-0ea0ro JINTHA MOMKUO YBUAETH TOJBKO B TOM
ciIydae, €CJI MeTaJlI MOJy9aloT B BaKyyMe: KaK Il Bce IIenod-
Hble MeTaJUIBI, JIUTHI ObICTPO OKIICAAETCHA KIICIOPOAOM BO3LY-
Xa W mpeBpamiaeTcd B OKHCh — GecuBeTnbie KpPHCTAJIB Ky6n-
geckoit Popmsl, Li,O merxo, no Menee HepriudHo, 4eM OKICJIB]
APYTHX ILIEJOYHBIX METAJJIOB, COeIUHSAETCA € BOMOil, mpeBpa-
masack B menoub — LIOH. W stu kpucranns 6ecuseTasl. B Bo-
Je THAPOOKHCH JUTUA PACTBOPAETCA XyKe, UeM THAPOOKUCH
Kanua m matrpma. Hak GecupeTHble KpHCTA/IbI, BBITJIANAT M
JIITHEBBIE COJIM TaJIOTeHOBOJOPONHBIX KIICIOT.

Hopup, GpoMua u XJOPHUA JHTHSA BeChbMa THIPOCKOIHNTHE,
pacmibiBaloTCA Ha BO3/yXe I OYeHbL XOPOINO PAacTBOPAIOTCA B
soje. Oropup aurtiiA, B OTIHIAE OT HEX, B BOJe PacTBOpAETCA
oueHb ciiabo I DpPAKTHYECKH COBCEM He PacTBOPAETCA B Opra-
HOYECKUX pacTBopmTeiax. Eme B mpoimmoM Beke 9TO Bemie-
CTBO HAYaJid OPIIMEHATH B METAIYPrull KaK KOMIOHEHT MHO-
rux Quiocos.

B sHadnTenbHbIX KOJHYEeCTBAX METAJIMYECKHil NUTHII mep-
BeIMI monyuman B 1855 r. (mesaBucmMo Apyr or npyra) He-
menxnit xuMuk P. Bynses u anrnmuanns O. Matnccen. Kak o
Jlapa, oHE moJydand JIMTIIl JIEKTPOIU3OM, TOJBKO IIEKTpPO-
JUTOM B HX OIBITAX CJHYKOA pacIiiaB He T'UAPOOKMCH, & XJIO-
pEAa AUTHA. ITOT CnOCO6 O CHX IOP OcTaeTcA TJIaBOBIM IIpo-
MEBINUIEHHBIM cnocoGoM nomyvenma ameMenta Ne 3. Hpampa,
Temeph B HIEKTPONNTHIECKYI0O BaHHY moMemaloT cmech LiCl n
KCl v mop0upaloT Takie XapaKTepHCTHKH TOKa, 4TO0Bl Ha
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KaTtofie ocaskmajicAd TOJALKO NUTHH. Beimensiomuiica Ha amope
XJIOD — MEeHHBI{ D000THBI TPOMYKT.

Ectes u gpyrme cmoco0bl mOMydYeHHs MeTaJIHIeCKOrO JH-
THfA, HO BCEPbhe3 KOHKYPHPOBATH C 3JEKTPOJHTHYECKUM OHH
OOKa HE MOTYT.

Eme B XIX B. 6511 mOJy9€HB! COCMHEHHA JUTUA C HOYTH
BCEMH DJIEMEHTaMH HepPHORUIECKOil CHCTEMBI M ¢ HEKOTOPBIMHU
opraHHYeckuMu BemecTBaMn. IHo mpaKTHieckoe mnpuMene-
HHe HamutH Jiumb demMHorwe u3 umx. B 1912—1913 rr. mupo-
BO€ MPOU3BOJACTBO JHTHA H €r0 COeJUHEHHIl He NpeBBIIajio
40—50 T.

B 1919 r. puimna Gpomropa B. C. Cripokomcroro «Ilpume-
HeHHe peAKUX 3JeMEeHTOB B MpoMbimieHrocTH». Ects B Hell,
B YACTHOCTH, U TaKue CTPOKH: «['naBHelimee mpuMeHeHme JH-
THH HaXOAUT B MAHNBII MOMEHT B MeJUILUHE, TJe YIIeKuCIbIi
U CaJHLHJIOBOKHCIBIN JHUTHH CIYMaT CPeJACTBOM [JiA PacTBO-
PeHHs MOYeBOIl KHCIOTBI, BBIJEJAIOIIENiCA B OpranusMe 9eJo-
BEKa OpH NoJarpe M HEKOTOPHIX APYrAX O00Je3HAX...»

Hcropua cpeanux Bexos

«Cpennye Bexa» HCTOPHM JIUTHA — 9TO BCETO TPU NECATH-
aetus, 20, 30, 40-e roger mamero Beka. B atum rogwel nuTtHit
U €r0 COENHHEHHSA OPUIIIM BO MHOTHE OTPACIH OPOMBIILIEH-
HOCTH, B NEPBYI0 OYepelb B METANIyPruio, B OpraHuvdecKuil
CHHTE3, B NPOM3BOICTBO CHJINKATOB M AKKyMYJATOPOB.

JlaTuit uMeeT CPOACTBO K KUCIOPOALY, BOXOPOAY, a3oTy. Iloc-
NefHee 0COOEHHO BAXKHO, TAK KaK HU OJMH BJIEMEHT HE Peard-
PYeT ¢ a30TOM TaK aKTHBHO, KaK JUTHil. ITa peakimus, XoTa
H Me[JIeHHO, MAET yKe HpU KOMHATHOH TeMmeparype, a mpH
250° C xox ee 3HauuTeNbHO yckopsercA. JinTuil cran adhdex-
TUBHBIM CPeJCTBOM Jis YAAJICHUsA U3 PACIUIABJIEHHBIX METaJl-
JIOB PAcTBOPEHHbIX B HUX razos. HeGonpmumn nobapramu jiu-
THA JIETHPYIOT 4yryH, OGpOH3bI, MOHEJNB-METAJI *, a TaKKe
CIJIaBbl Ha OCHOBE MAarHus, aJIOMHHUSA, UMHKA, CBHHOA H He-
KOTOPHIX ‘HPYTHUX METAaJLIOB.

YcranoBieno, 910 gUTH B NpHHUMOE YJiyqiiaeT H CBOICT-
Ba cTajeil — yMeHbINAeT pa3Mepbl «3epeH», HOBBHILIAET OpPOd-
HOCTh, HO TPYMHOCTH BBEXEHHA 3TOH AoGaBKM (IUTHH mpaK-
THYIECKH HEPACTBOPHM B ’Keje3e W K TOMY Ke OH 3aKHIaeT

* Momean-mMeTann — «HPUPOAHBIIY CIVIAB, BHIVIABAAEMEIN U3 MENHO-
HUKEJEBLIX PYA.
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npu temueparype 1317°C) momemanm mupoxoMy BHEIPEHHIO
AUTHA B NPOA3BOMACTBO JIETHPOBAHHBIX CTaJel.

CoenuBpennsa JNATHA HYXHBl H B CHJIAKATHOW OpPOMBINIJIEH-
gocra. OHA fesaoT cTeKNIAHHEYIO Maccy Gojee BA3KOH, 4TO yO-
poIlaeT TEXHOJOTHI, M, KPOME TOro, NPHAAT CTeKay O6nb-
My OPOYHOCTh W COHPOTHBIAEMOCTh aTMocdepHO KOPPOsHH.
Takne cTexia, B OTINYAE OT OOBITHBIX, TACTAYHO NPONYCKAIOT
yabrpadHosieToBble Ny9H, MOSTOMY HX NPAMEHAIT B TENEBH-
3HOHHON TeXHOKe. A B HOPOM3BOACTBE ONOTHIECKHX HpHOOpOB
JNOBOJIPHO IMHOPOKO CTAJIHM HCOOJb30BaTh KpHCTaasl ¢ropH-
CTOTO JINTHSA, HPO3PAYHEIe UIA YIBTPAaKOPOTKAX BOJNH JUIMHOI
no 1000 A.

B xmMmuveckoil NpPOMBIMINIEHHOCTA CTAJH OPUMEHATH Me-
TaJyigueckdil JATHI n AATAOpramdveckne coennaenus. Bua-
CTHOCTH, MeJIKOANCHEepPCHBI aJleMeHTHBId JIATHN HAMHOTO
yCKOpsAeT peaKiUui0 OoJAMEpH3alud H30UpeHa, a OyTHilIH-
TAN — IABAHMJIA,

[lo xuMnvecKnM cBolicrBaM JMTHII HANIOMHHAET HE TOJBKO
(1 Be cTOABLKO) Npyrye meNOYHBIe METANIbI, HO U Marawii. Jla-
TAROPraHHYeCKHEe COeIMHEHAA OPUMEHAIOT TaM e, rjie B Mar-
aniopranmdeckne (B peakmusax ['pmmbspa), 8O coefnAEHAS
anementa N¢ 3 — Gosiee aKTHBHBIE pearedTHl, Y€M COOTBETCT-
ByOIlAe TPHHbAPOBCKHE PEAaKTHBEL

B roan! BTOpoil MAPOBO# BOIHBEI CTAJNO CTPATETHYECKAM Ma-
TEpHajoM OJHO COefMHEHHE JINTUS, M3BECTHOE elle B LpPOIN-
aom Beke. Peub mpuer o rumpmae auTHA — GecHBETHHIX KpHC-
Tamnax, npumodpeTalomMX HpPH XPAHEHHHA Trony0oBaTyl OK-
packy.

N3 scex rEgpnaoB MeNOYHHX H IIEJOYHO3EMENbHHX Me-
TajJl0B THAPHA JUTHA — caMOe ycToifumpoe coegmuenne. On-
Hako, Kax 1 npoume rajpuasl, LiH Gypro pearmpyer ¢ Bonoil.
[1pm aTom oGpasyoTcs rAApOOKACH AUTUA W rasooGpasHblil BO-
HOpOR. ITO coeAHEHNAE CTANO CAYKATH JerkuM (OHO JeHCTBH-
TeABHO OYeHb Jerkoe — miaoTHocTh 0,776) u mopraTapEEIM
ACTOYHAKOM BONOPOAA — [UIA 3aNOJHEHHA a3dpocTaToOB K cCila-
CaTeJIbHOTO CHApAKeHHA HOPHA aBapuAX CaMoOJIeTOB U CY/NOB B
oTKpsiToM Mope. M3 KmiaorpaMMa ruipufia AUTHA HOJYIAETCA
2,8 M* Bomopona...

IIpumepno B TO ’Ke BpeMA cTa; GHICTpO pacTH cOpOC eme
Ha ofHO coequHeHne aneMeHTa Ne 3 —ero rumpookumcs. Kak
OKa3aJ10och, A06AaBKA 3TOr0 BEIIECTBA K BJJIEKTPOJIHATY MEJI0Y-
HBIX aKKYMYJATOPOB NPHMEPHO HA OAHY OATYIO yBEJIHYUBAOT
X eMKOCTh B B 2—3 pasa — CpPOK CIY3KObI,
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K Bawany BTOpO#i MHDOBOiT BOHBI WpOU3BOACTBO JHLUe-
BBIX KOHIEHTDAaTOB B KAaNHATAJIUCTHYECKHX CTPAHAX HOCTHIJIO
3 Thic. T. [l1Aa TaKOro paccesHHOTO 3JAE€MEHTa, KaK JATHIA,
ato MHoro. Ho aTa ke nudpa moxaskercs BechbMa CKDOMHOM,
ecin cpaBHHTL ee ¢ mamHbMU 1978 roma: Gomee 25000 T
B mepecuetre Ha Li,CO,. 3ror 6ypmHt pocT o06BAcCHAeTcA
ope:ke BCEro TeM, 9TO BO BTOpoil mosoBmHe XX BeKa JATHI
CTal «aTOMHBIM» METAJJIOM H, eClIH MOKHO TaK BBIPa3UThCH,
Pa3HOCTOPOHHE aTOMHEIM.

Hosas ucropna

K aToMy BpeMenm ysxe Bo MHOrEX cTpaHax paboranu sjep-
Hble PeaKTOPHl WM, KaK UX TOr[a Ha3bIBaJl, aTOMHBIE KOTJBI.
KoHCTpYKTOpOB 3THX KOTJIOB IO MHOTHM DpHYHIIAM He YCTPaH-
BaJIa BOJla, KOTOPYI0 NPAXOQMIOCH NPUMENATh B KauecTBe Te-
IJIOHOCHTEJIA. ‘

Tlossunnce peaKTops, B KOTOPHIX H36GLITOYHOE TEIJIO OT-
BOAMJOCH pAcIUiaBJeHHBIMH METaJJaMH, B OEPBYK odYepefb
HaTpHeM M KajueM.

Ho mo cpaBHenHwo ¢ 5TMMu MeTajljaMH y JUTHSA MHOTO @pe-
nmymecTB. Bo-mepBrix, on Jerue. Bo-BTophiX, y Hero Goipme
TEmJI0EMKOCTh. B-TpeThbHX, MeHbIE BA3KOCTb. B-9eTBEpTHIX,
IMaNa3oH KUIKOTO COCTOAHHA — Pa3HANA MEXKAY TeMImeparty-
paMH IJIaBJICHHA M KHOEHUSA — Yy JUTHA 3HAYHTEJBHO OIMpE.
Hakoneln, B-mATHX, KOPPO3HOHHAA AaKTUBHOCTL JIUTHSA HAMHO-
ro MeHbIlle, YeM HATPUA K KaJud.

Onmnux »TEX mpemMymecTs 610 6B BOONHE AOCTATOIHO
IJA TOro, 4To0Bl cAedaTh JUTHH «aTOMHBIM» 3ieMmeHTOM. Ho
OKasajloch, YTO €My CYKHEeHO CTaTh OOHUM H3 He3aMEHHUMEIX
YY9aCTHHKOB PEaKIUH TepMOsAAepHOr0 CHHTE3a.

..Jloany#i, cTpOUTENbCTBO 3aBOfa L0 pasgeleHHI0 H30-
TONOB JHUTHA — €NUHCTBEHHHI B cBoeM poae dakT m3 HCTO-
pHHd aMEepHKaHCKOr0 NpeANpHHAMATENIbCTBA. HOHTpPAKT Ha
CTPOMTEIBLCTBO STOrO 3aBOJiA 3aKIOUMI GAaHKDOT, d TeM He Me-
Hee CTPOMTENLCTBO Beloch GyKBaabHO B GemenoM Temmoe. Bam-
KpoToM GBI He KTo HHOH, Kak HoMrccua mo aToMHOM sHeprum.
Cpencrsa, oTHyIIeHHBIe Ha CO3aHUE «cBepXGoMOEIY, GBLIN H3-
PacxofoBaHHl MOJHOCTHIO, HO HAYEr0 peaJbHOro y (PH3MKOB He
noaydanochk. Beuto ato B mione 1951 r. A o ToM, uTO mpH
peaKkInd COeNMHEHWA Afep THAKEJIRIX M30TONOB BOAOPOAA —
JqefiTepuss W TPHUTHA — NOMKHA BHICBOGORUTHCA BHEDPTHA, BO
Muoro pas G0sbilad, 9eM OpH pacmajie sAfep ypaHa, 3HAAA Ha-
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mHOro pansme. Ho ma myTm »Toro mpespamenusa jekajlo ofi-
HO HepaspelinMoe, Ka3ajoch, HPOTHBOpeUNe.

s Toro uro0Bl CMOIIN CIAUTLCA AApa AeliTepusn U TPUTHA,
ny;Ha Temmepatypa uopAagka 50 mum. rpanycos. Ho pmua
TOro YTo6Bl peaKiusA OOLLIA, HYMKHO ele, 9TOOLI aTOMBI CTOJ-
kryadch. BepoATHocTs Takoro cronkuoBenus (O mocienyioie-
ro canfAHUA) TeM (OJbINe, YeM IJOTHEE «YIAKOBAHLIY ATOMBI
B BemecTBe. PacueTs mOKa3aju, 9TO 3TO BO3MOIKHO TOJBKO B
TOM cClIydae, eclid BeleCTBO HAaXOAUTCA XOTA Obl B IKIAKOM
COCTOAHHH, A H30TOOB BORXOPORA CTAHOBATCA JKIIKOCTAMI
JUIIb OpH TeMmepaTypax, OJH3KHX K abCONIOTHOMY HYJIO.

Hrak, ¢ omHOil CTOpOHBI, HEOOXOMUMBI CBEPXBBICOKHE TEM-
neparypsl, a ¢ apyroi — csepxuuskue. I a10 — B omHOM U
TOM K€ BellecTBe, B OXHOM M TOM e (uamdeckoMm Teie!

Bonopopnaa Gom6a crama BO3MOKHOU TOJNBKO OJaromaps
pPasHOBHHOCTH rAApHAA JHTAA — gefirepuny autus-6. Ito
coe[IMHeHUE TSAKEJOro H30TOHa BOJOpoOJa — JeiiTepus U H30-
TOHA JATHA ¢ MAcCOBBIM TuCIOM 6.

Heitrepun nuatua-6 Bajken mo ABYM OPHYMHAM: OH — TBEp-
[0e BemecTBO H HO3BOJAET XPAHATH (CKOHIEHTPHPOBAUHBINY
aeiitepuil mpW IJIIOCOBHIX TeMOeparypax, H, KpoMe TOro, BTO-
poit ero KOMOOHEHT — JHTHI-6 —3TO CHIpbe i OOJydeHHA
caMoro aeHUUATHOr0 m3otoma Bopopoaa — tpurtusa. CobcTBeH-
HO, °Li — efuaCTBeHHBI NPOMBINUIEHHBII HCTOYHUK NOJYyde-
HAA TPUTHA:

. 1 P
SLi+gn — jH + JHe.

Heiitponsl, HeoGxonuMble A 3TOll sAgepnoil peakuuH, jaeT
‘B3pHIB aTOMHOIO «Kanciojisa» BogopoaHoii 6oMOsi, on 3ie co3fa-
er ycaosua (remmeparypy mopamka 50 muH. rpajgycoB) aud
pPeaKmuH TepMOAJEpPHOro CHATE3a.

B CHIA wupeo wmcoonbpsoBaTh AeiiTepupn autasa-6 nepBuIM
opeanoxua fokrop J. Temnep. Ho, mo-smpgmmomy, coBeTcKue
yuenble NPUININ K 3TOH upaee pamblme: Bedpb He caydaiino mep-
Bas Tepmosapepuasa 6om6a B Coserckom Coioze Oblia B3opBaHa
moutd Ha mojaropa paumbme, aeM B CIIA, m treMm camsim Gbin
NOJIOMEH KOHmel aMepUKaHCKON mOJUTAKe ANEPHOTO H TEpMO-
AIKePHOro MAaHTa’Ka.

[dnsa aToMHO#l TeXHHKH BAKHO emle OJHO MOHOMBOTONHO®
coequuenne jgurnsg —'LiF, Ono mpwmensierca mis pacreope-
HUA coejmueuuii ypaia I TOpUH HEUOCPE/ICTBEHUO B peak-
TOpax.
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Kceratd, KaK TeINIOHOCHTENL B pEAKTOpaXx mpHMeHAeTcA
HMEeHHO JIUTuii-7, nMeloniuii Majoe cedeHmHe 3aXBaTa TeIl[0BBIX
HeliTPOHOB, a He TPHPOAHAA CMECh H3OTOMOB 3jieMeHTa No 3.

Bor y:e MHOro jeT yueHble BO BCEM Mupe pafoTanr Haj
npobieMoii ympaBisgeMOro, MIPHOTO TePMOSJEPHOTO CHHTEe3a,
Il pado UK TWO3[HO 3Ta mpobieMa Gyner pemena. Torma «pe-
MiLinTapusyerca» u autHil, (9ToT crpammbiii o6opoT — mpo-
H3BOJHOE 3arojioBKa 3apy0e;kHo#l cTaThbM, HmomapmeiicA He-
CKOJIBKO JIeT Ha3aj Ha raasa OMHOMY M3 aBTOPOB 3TOI'0 paccKa-
3a: cTaThd HasBBasach «JIutuii Mmmamrapusyerca».) Ho nesa-
BHCIIMO OT TOro, KaK CKOpO 3TO mpousoiifeT, beccuopua cmpa-
BEJJIHBOCTE APYroro BeickasbiBauufA. OHO 3aHMCTBOBAHO HAMH
u3 «HpaTKoil XHMHUeCKOil SHIUKIONEIHH»:

«Ilo 3mauymMocTl B COBpeMeHHO!Il TeXHWKe JUTHIl ABIAETCA
OHHM M3 BaKHeHImIUX pelKUX DJIEMEHTOBY.

HapeeMcs, uTo B cOopaBeIMBOCTH 3TOFO BHICKA3HIBAHUA ¥
BaC HET COMHEHMIL.

M30TOIILI JINTNA. Ilpupoasslit AATHA COCTONT H3 ABYX H30TONOB
¢ MaccoBeiMu gnciamu 6 u 7. IIo cocoGHOCTH 3aXBAaTHLIBATH TeMJIOBHIE
HefiTpoHbl (mOHmepeuHOe CeIeHHe 3aXBaTa) AJpa ITHX H30TOHOB OTAM-
9al0TCA 09eHb cuabHO. Tskenwiit mzorom 'Li mMeeT ceuenme 3axBaTa
0,033 6GapEa, om mnpaKTHYeCKE Ipo3padeH IJAA HEHATpoHOB. 3aTo
AnTHit-6 aKTABHO . MOTJIOMAeT TeIVIOBble HeHTPOHEI, €ro CcedeHne 3aXBa-
T8 — OKOJNO THIcAYM (Toumee, 912) GapH. HecMOTpA Ha TO 4YTO B NpH-
ponie Jerkoro JuTHA B 12 pa3 MeHbIIe, YeM TAKeJOTo, cedeHNe 3aXBa-
Ta OPUPORHOTO JIMTUA RKOBONLHO BeNnko — 71 Gapa. IlomaTHO, uTO «BH-
HOBHHEK® 9TOTO — m3oTom CLi. WNHTepecHasa peTalb: CTOHMOCTH H30TO-
NOB JIATHA COBCeM He NPONOPIHOHAJBLHA HX pPACOpPOCTPAHEHHOCTH.
B mauane sroro pecatmiaetnsa B CINA oTHOCHTENBHO YHCTHIH ARTHI-7
cronx moutd B 10 pas jjopoke JATHA-6 09CHH BHICOKOH YHCTOTHI

VcKkycCTBeHHRIM myTeM HOAYYeHHI ellle ABa H30Toma JuTHA. Bpe-
MA PEX JKU3HA XpailiHe HeBeJHKO: y JANTHA-§ mepHopf, HOAypacmaja pa-
Ben 0,841 ceKkymasl, a y antaa-9 — 0,168 cexyHasL.

MOXOK N HE IIOXOM. Kax m mpoune meJouHble METAMIBI, JATHH
QKTHBEH, MATOK (pesKeTcd HOKOM), BCEr[a W BO BCeX CIYJaAX NPOAB-
AfeT CTPOro MOCTOAHHYIO BaJeHTHOCTE 1+. A oTAHMIaeTcs OH TeM, 9TO
3HauNTEeALHO Jerde OCTANBHBIX INENOYHBLIX MeTalJoB pearupyer ¢
a30TOM, YriepofioM, BOJOPOAOM; 3aTO C BOJOH OH B3amMOfeHCTBYeT
MeHeo aKTHBHO: XOTA H BLITeCHSET M3 Hee BOJOPOJ, HO He BOCIIaMe-
maeT ero. He Tombko (PTOpHA, O KOTOPOM pACCKA3aHO B OCHOBHOM
cratbe, HO n KapGomaT, m oprodocdaT AUTHA HIOXO pPACTBOPAIOTCA
B BOJie — COOTBETCTBYIOINUe COGIANHEHUA MPOYNX IIENOYHHIX METAJIoB
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O4YeHh XOpOmo pacTBopaMHL. U eme: JnTHil — eHHCTBEHHbLIH MEX0T-
BO#t MeTajJ, cHOCOGHEIl K 00pa3oBaHMI0 KOMIUIEKCHHIX COelNHeHHii.

ORHNUCH N TEPEKUCH. C kncioponoM JATAN coelHHAETCA Rae NpH
o6biumoit TeMmepaType, a Opd HarpeBaHHR OH BOCIJIaMeHsAeTCA H Io-
pat roxyGosaTLiM miameneM. 1 B ToM m B Apyrom cayaae oOpasyeT-
c¢a oxdmer amrAa Li,0 — TyromiaBkoe BemiecTBO, MaJOpacTBOpEMOe
B Bofe. Jlpyroe coeiWHeHHEe JHTHA C KHCJIOPONOM — IEPEKHCH JHTHA
Li,O; — B peakndm MexIy 3THEMEA dJIeMeHTaAMH HHKOTfa He obpasyercs,
€ro moJNy4aloT WHBEIM CHOCOGOM — 1PN B3aMMOJEfICTBHE HEPEKHCH BO-
IOpojia ¢ HACHIMEHHBIM COHPTOBHIM PAacTBOPOM THApaTa OKHCH JHTHA.
IIpm sToM H3 pacTBOpa BHIDAfaeT BemecTBO TaKkoro cocraBa: Lix0: -
- H,0, - 3H,0. Ecam aroT KpHCTa/IOrHApaT MepeKHceil BOAOpoRa H
n@ETAA BHEPKATh B BakyyMe Haj $ocdopmbiM amrmapmaoM, To obpa-
3yeTcs crofonRHag MepeKHuch JATAA.

Tot ¢hakT, 94To 2TO COeMHEHHEe HONYIAEeTCA TONHKO SOKOJbHBIMH
OyTAMHAY, CBEAETEALCTBYET, 9T0 06pasoBaHme mepeKACHHIX COoefinBeHni
VI JATAS HeXapaKTepHO.

o1 ROHOAULVUOBUPOBAHUA BO3VYXA. JlataeBbie coia rajore-
HOBOROPOAHHX KuCIOT (KpoMe LiF) odeHr xopowmo pacTBOpPAIOTCA
B Boe. Ho He aTo mX riaBHOe NOCTOHHCTBO. PacTBOpH 9THX coiell
cooco6HREI morjaomaTh M3 BO3AyXa aMMHAaK, aMOHB B Jpyrde upaMecH
4, KpoMe TOro, OpH M3MeHeHAH TeMOepaTypsl oHM 06GpaTEMO mOrio-
IMAIOT OapH BOABL. ITO CBOHCTBO MO3BOJEJO NPAMEHHTH XJIODHA H
6poMmj MMTHA B yCTAHOBKAX AJA KOHABIHOHMPOBAHHA BO3AYXa.

KAK MOJYYAIOT JIUMTHN. CkasaTh, 94To JATAHA MONYIAlOT IEKTPO-
JIA30M — 3HAYHT, HOYTR HHEYEro He CKa3aTh. JIEKTPOaHN3 — JIMMB IO-
ClefHAA CTAajAHA NPOH3BOACTBA OSTOTO pacCeAHHOro aiaeMeHta. [lame
B cmofyMeHe B aMOiaAroEnTe — caMHEXx GoraTnix JHTHEM MHHepajax —
cofiepaHAe OKHCH aneMeRTa N 3 peako mpesnimaet 7%.

OnuE W3 pacopocTpaHeHHBIX MeTOAOB H3BJIe4eHHA JHATHA H3 CHO-
nymeHa — obpaboTka paanapoGreBHOro MnHepalla CepHOil KHC/IOTOM.
IIpn atoM obpasyioTcA OKACH KPeMHHS H ajIOMAHOAA H PacTBOPEMEIR
B Bofie cyiabdar nmrhA. Ero BHmenavdmBaoT BOMOMl H NpeBpamaioT
cHagana B KapOomat, a 3aTeM B XJopm/, KOTOPHIl AfileT Ha 3JIeKTPOIA3,

JUTUN N KPEMHUNA. Cmaaoopn AuTAA — cOefiEHEHOe, MONYYEHHOE
ellle B IpOmJIOM BeKe, HO ero (popMyJna, a clefoBaTelbHO, B COCTaB
IO CHX IOp He CYHTAIOTCA OKOHYATeNbHO ycTamoBideHHBIMH. IlepBriM
IOJY9YNJl 2TO BemecTBO W3BeCTHHIA (pammyackmii ydenblit Aspn My-
accan. On HarpeBal B BakyyMe o 400—500° C cMech JATHAA B KpeM-
HAA @ OOJXYydYalk Jerkdme (9yTh TsKelee BOAK) roiay6oBaTeie KpACTalI-
abt. CormacEo Myaccamy, ¢opmyna atoro coeguaenns LigSiz. drta dop-
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MyJla N BBI3BIBA6T COMHeHUs. AGCONIOTHO JOCTOBEPHOrO O0TBETa Ha BOI
poc, mpaB Myaccan mjim HeT, He NOJIYyYeHO He TOJBKO OTTOrO, 4TC
CHJINIHAJ JATASA He HamleJ DOKa HPAKTHIECKOro NpAMeHeHNs, HO H I0T0-
MY, 9TO 3TO COEJHHEHHE CJIOMHO MOJNydYaTh, a HCCAENOBATH ele CJIOH
nee. Ha Bosgyxe cmammup antea GhicTpo pasiaraercs.

JIUTHA B IICUXOTEPANIUN. Mennkn me pas mHaGuogand, 970 HEKO
TOpPEI® COeUMHEHHs JATHA (B COOTBETCTBYIOMIEX 033X, PasyMeeTcs)
OKa3BIBAIOT IOJOKHTENbHOEe BIANAHMe Ha OOJLHBIX, CTpajalomuX Ma
anaxanbHO#l nempeccueil. OGonscHaOT aror adderr psoaxo. C oxHoil
CTOPOHBI, YCTaHOBJEHO, 9YTO JATHH cHOOoco0eH peryjampoBaTh AaKTHK
HOCTH HEKOTOPHIX (PepMeHTOB, YYaCTBYIOHMIHX B IepeHOCE N3 MeKKie
TOYHOMH MUAKOCTH B KJIETKH MO3ra MOHOB HaTpusa B kaima. C gpyroi
CTOPOHE!, 3aMeYeHO, 9TV HOHH JINTHS HENOCPe[CTBEHHO BO3AEHCTBYIOT
Ha WOHHHI GajaHc KieTKHM. A oT 0aJaHca HATPHA M KaJdA 3aBHCHT
B 3HAYHATEJNLHOH Mepe cocrosiHde GoJbHOro: M3OHITOK HATPHA B KJeT-
KaX XapakTepeH MJIs HeUpPecCABHEIX NAaNHEHTOB, HEROCTATOK — A
cTpajalomux MaHdAsAME. DBolpaBHEABasg HaTpmii-KajameBblt Ganamc,
CoJA JATHSA OKa3LIBAIOT MOJIOKATENLHOE BIANAHAE K HA TeX, H HA ApY-
TEX.

B KAPOUOCTUMVJIIATOPE. B mociemnne rogsl nOABHJACH cepHs
nyOaMKanai 0 4pe3BbYaiiH0 MAAAATIOPHLIX dMEKTPOXHAMAYECKAX HCTOY-
HAKaX ToKa (faTapesx, aKKyMYyJATOpax) ¢ paslAYHABIME COeJHHEHNSMH
antns. Takne Gatapem paGoTaloT, B YaCTHOCTH, B HOBBHIX CTHMYJIATOpPax
CepAevHOl eATeNbHOCTH.

NONUI JINTUA — KATAIIN3ATOP. HKaxk HemaBEHO YCTaHOBHJIHN
XAMAKH HPKYTcKoro MHCTHTYTa OpraHmuecKoil XHMHH, peakmuio ame-
THJIGHOBBIX YTJIEBOJIOPOAOB ¢ HEKOTOPHIMA KpeMHHiIIOpraHHYeCKHMH
COC[IMHOHMAMA XOPOIIO YCKODMAET KaTaju3aTop, B COCTaB KOTOPOrO,
HapAAY ¢ COeRMHEHHEM MJSTHHELI, BXOAAT HOANJ, JHTHA.



BEPMJIJINM

[Ipesxpe Bcero meckoaLKo (X MOMKET
CuiTh, ropasmo OGoawlue!) oTBeToB ma
Bolpoc: «UTo MO’Ker mam paTh Oepiui-
anii?» ...CaMoseT, BeC KOTOPOro BjiBOE
MeHblUIe OOBIYHOrO; ...paKeTHOEe TOILIHBO
C HAMBBICOILGM YAEJBHHIM HMIYJILCOM;
...IPY’KHAHBI, CIIOCOOHBIE BHIIEPKATH 0
20 muanuappos (!) OuknoB HArpyskn —
OPYKMHBI, He 3HAIOIIEE YCTAJIOCTH,
NPAKTIYECKH BEeYHEHIE,

A B Havase Hamero BeKa B COPAaBOYHHKAX W SHOUKIONE-
ausax o Oepmuina rosopmiock: «IIpakTnueckoro mpmMmenenus
He nmeeT». OTKpHITHI eie B kKonne XVIII B, Gepmmmit 100
¢ JUOIHAM JIeT OCTaBajics «0e3paboOTHBLIM» 3JIIEMEHTOM, XOTA
XAMHAKAM ysKe ObUIN M3BECTHHL €r0 YHOKAJbHblE H OYEHL MO-
nesnnie cBoiicTBa. [{yig Toro 4toGnl 3TH CBoiicTBa mepecTaln
6bITH «Bemplo B ceGe», TpeGoBasicA oUpejesieHHBI YpPOBeHb
passutHa Haykm m TexHmkn., B 30-x romax akameMHK
A. E. @epcmarn HaseiBaa Oepmanmit MeTajioM OyAyiero.
Ceiiyac 0 GepHIINE MOKHO M JOJIMKHO FOBOPHTh KaK 0 MeTall-
Jle HACTOSILETO. :

28
;
2
17

. N.,\N

HepopasymeHne ¢ mepioiraecKoii cucreMoi

Weropua snementa Ne 4 magamach ¢ TOro, 9T0 €ro AONTO
He Morjim OTKpHITh. MHOrme xumnkn X VIII 8. ananmsuposann
6epann (ocHOBHON MmMHepan GepmianA), HO HHKTO H3 HEX He
cMor o6HADYHATH B 9TOM MHHEpaje HOBOTO 3JIEMEHTA.

[ame coBpeMEeHHOMY XMMHKY, BOOpYeHHoMY doromerpu-
9ecKEM, moasporpadmIecKdM, pPANEOXMMAYECKAM, CHEK-
TPAJbHBIM, PAANOAKTHBANUOHHLIM H QuyopnMeTpHYECKHM
MeTOlaMI QHAJM3a, HeJlerko BHIABATH BTOT 3JEMEHT, CJIOBHO
npAYymAiica 3a COIHHEY aJIOMHHOA B ero coefnHeHH,— Ha-
CTONBKO NOXOKHM MX mpusHaku. IIepBRIM mcciemoBaTesnaM Ge-
PHIIAA TPUXOMUIOCH, PasyMeeTcs, TOPasfo TPyAHee.

Ho Bor B3 1798 r. ¢pamnysckmit xumur Jlym Huxona
Boxnen, saEnMasch CpPaBHHATEJILHBIM AHANN30M Oepmmna n
H3yMpYyAa, OTKPBUI B HOX HEW3BECTHBIA OKHCEN — «8eMIIO».
Ona OplTa O9eHb MOX0’KAa HA OKHCH MOMHHEMA (rimHOZEM),
ognaxo Boxien samernn m otnwmansa, OKEcen pacTBOpANCS B
YTIEKHCIOM aMMOHAH (& OKHCH QNIOMIHIA HE PacTBOPSETCH);
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Nyn Hukona Boknewn (1763—
1820) — ppaHUy3CKUA XUMUK, 4neH
Mapu>kckoit  akagemun  Hayk. B
1797 r. B cuBMUPCKOI Kpaowii CBUH-
LLOBOW pyfe OH OTKPbIN HOBbIA 3ne-
MEHT — XpOM 1 Bblfenun ero B
cBOGOAHOM CcOCTOAHUN. CnycTs Trog
(8 1798 r.) B AparoueHHOM MuUHe-
pane 6epunne Bonneid o06Hapy>Kun
oKucen ewe OAHOTO HOBOrO 3ne-
MeHTa, Ha3BaHHOro 6Gepunnuem

CepHoKucnas CoNMb HOBOrO 3/1eMeHTa He 06pa3oBbiBasa KBac-
LIOB C CEPHOKUC/bIM Ka/iMeM (a CepHOKMCNas Cofb antoMUHUSA
Takne KaacLbl 06pasyeT). VIMEHHO 3TOi pasHWLUel B CBOWA-
cTBax Boknien u BOCNonb3oBanca ANna pasfefleHus OKUCOB
aNtOMUHNA U HEW3BECTHOrO 3nemeHTa. Pefakuusa >XypHana
«Annale3 6e cblnne», ony6nukoBaBwero paboTy Boknena,
npeanoXuna Ana OTKPbITOA UM «3eMIN» Ha3BaHWe «rULMHa»
(oT rpeueckoro "yXuxmug — cnafKuil) u3-3a Cnagkoro BKyca
ee coneii. OfgHaKo m3BecTHble xuMukn M. KnanpoTt n A. 3ke-
6epr counu 3TO HasBaHWe Hey[ayHbIM, TaK Kak COnM UTTpuUA
TakXXe UMelT CnafKoBaTblil BKyc. B mx paboTax «3emns»,
OTKpbITass BokneHom, Ha3biBaeTcsa 6epunnoBoil. Tem He Me-
Hee B HayyHoW nuTepatype XIX B., BNoTb A0 60-X rofos,
anemeHT N2 4 cnaowb W pALOM Ha3blBAeTCA «IAMNUUEM»,
TAMUUHUEM» WU «TOUUHMEM». HbiHE 3TO Has3BaHue Co-
XPaHWNoCb TONIbKO BO ®paHLuUN.

VIHTepecHO OTMETUTb, YTO C MPeLNOXKeHWeM Ha3biBaTb 3re-
mMeHT Ab 4 Gepunnmem ewe B 1814 r. BbICTyMan XapbKOBCKMIA
npogeccop ®. . Muze.

Okucen 6bl1 MONYyYeH, HO elle [0Aroe BPeMS HMKOMY He
y4aBanoch BblAeNNTb G6epuninin B Uunctom Buge. TONMbKO 4vepes
30 net ®. Bénep n A. BroccK MOAYYUIM HEMHOTO NOPOLLKOO6-
pasHOro meTanfia AeACTBMEM MeTaIMYecKoro Kanams na Xo-
PUCTbIA BGEpUNANiA, HO MeTann 3TOT COAEPXXan MHOro mpume-
ceil.



Ilpomao eme moutm 70 ser, mpempe gwem II. Jle6o cmor
nonyunts (B 1898 r.) wmerhiit 6epmunmit aneKrponisoM Gepmri-
nueBodTOPHACTOr0 HATPHA.

CxopncTBo Gepmuius ¢ aqlOMAHAEM OPHHECIO HEMAJIO XJO-
0OT H aBTOpy mepmonmdecxkoro 3akoma [I. WM. Mengeneesy.
VMeHHO W3-3a BTOr0 CXOACTBA B CepefWHE MNPONLIOr0 BeKa
OGepuinanit cumTaNA TPEXBAJEHTHBIM DJIEMEHTOM ¢ aTOMHBIM Be-
com 13,8. Ho, 6ynyum nmoMemen B Tafamme MeKIy yriepompoM
O a30TOM, Kak Toro Tpe6oBat ero aToMHBI Bec, GepUINRl BHO-
CHJI MOJHYI0 NYTAHAOY B 3aKOHOMEPHOE M3MeHeHHe CBOHCTB
aJIeMeHTOB. JTO OBLIO CEPHE3HON Yrpo3od MepHoJMIecKOMY
saxony. OnqEaxo MenpneneeB 6b1 yBepeH B NPABHILHOCTH OT-
KPHITOA OM 3aKOHOMEPHOCTH W [JOKAa3kIBaJ, YTO AaTOMHBEIA BEC
Gepmanmsa ompefeNieH HeBepHO, YTO GepmIUIHE HOJKeH OHITH
He TPEeXBAJEHTHHIM, a ABYXBAJEHTHHIM DJeMEHTOM (C Marfe-
3najJbHEIMEA cBoiicTBaMm». Mcxomsa m3 storo, Mermpenees mo-
MecTnJ GEpHIIAI BO BTOPYIO FPYUNY HEPHONMIECKOH CACTEMBI
BMeCTe ¢ JBYXBaJEHTHHIMA I{EJI0YHO3EMEJbHEIMA MeTa/IaMH,
ACIPABAB €ro aTOMHHI Bec Ha 9.

ITepBoe moxTBepsKIeHHe CBOMX B3INIARKOB MeHfenees HALIEJ
B OJHOM M3 MajiomaBeCTHHX pabor pyccroro xmMmKa H. B. As-
JeeBa, KOTOPHIA CYATAN, YTO OKHCH OepHIIAA XUMAYECKH IIO-
nobHa okmcu MarEda. A B Komme 70-X rofoB IpOILIOro BeKa
meenckne xaMmuka Jlape @penepax Huancon m Otro Ilerep-
con (HeKorna GHIBIEE CAMBIME APHIMA CTOPOHHHKAMH MHe-
HHEA O TPEXBAJTEHTHOM (epWUIAA), MOBTOPHO OIPEMENHB aTOM-
HEIA Bec GepmanndA, Hamuid ero paBabM 9,1,

Tax Gepuminit, GHIBIIAA HmePBHIM KaMHeM IPETKHOBEHHA Ha
NyTH UEPAOTAYECKOr0 3aKOHA, TOJNBKO MOATBEPINJI €ro BCe-
o6muocTs. Bnaromapa mepmommueckoMy 3aKoHY cTano Goixee
YeTKEM HOHATHE O U3MYecKod M XAMHYecKod cymHocT: Ge-
putaa. O6pasHo roBops, Gepmiimid mONYIHI, HAKOHEN, CBOI
«HacmopTy.

Ceitwac GepmiaymeM HHTEPeCYIOTCA JIOAW MHOrAX mpodec-
cuit. B Kampoit u3 umx — cBoil moaxoxn K ameMenTy Ne 4, cBos
«Gepmnaesas» mpobieMaTHKa.

Bepraamii ¢ TouKn 3peHNsA reoxora

Tronuno penkmit snement. Ha ToBry semnoro BemecTsa B
cpefHeM NPHXONHUTCA Jumb 4,2 T Gepminna. 9To, KOHEWHO,
OYeHb HEMHOro, HO H He TAK YK MaJlo, eCii BCIOMHHUTH, HA-
opaMep, 9TO TAKOTO H3BECTHOTO JJeMEeHTa KaK CBHHeN, HI
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demne BBOe MeHbIme, 9eM OGepmwinusa. OGeumo GepHIUIHI
BCTPEYaeTCA KAaK He3HAYHTeJbHAS NPAMECH B Pa3IHTIHBIX
MUHEpaJax 3eMHO KOpHl. U jumie HAYTOKHAA 9aCTh 36MHOTO
GepmyIAsA CKOHLEHTPHPOBaHa B COGCTBeHHBIX GepHIEeBHIX
mpHepaiax. Ux masectHo Gonee 30, HO TONBKO meECTH M3 HAX
cuHTaTCA Gojlee WAM MeHee pacmpocTpaHenubiMu (Gepmi,
xpu3obepmy, GepTpamamT, eHAKAT, TeJLBUH, NaHAJAT).
A cepbe3HOe NPOMEHINIJIeHHOe 3HaYeHHe MPEOGpPEN MOKA TOJB-
KO OfiMH (epHill, H3BECTHHI 2eJOBeKy ¢ JOUCTOPHYECKHX Bpe-
MeH.

Bepunisl BCTpedaloTcs B TPaHHTHBIX HEerMaTHTaX, HMelo-
IMAXCA MOYTH BO BCEX CTPaHAX 3eMHOrO mMAapa. JTO KpacHBHIe
3eJIeHOBATEIe KPHCTAJUIBI, JOCTHraloiNe MHOLJA O09eHb 00Jb-
IIEX Pa3MepoB; H3BECTHH! (ePM/UIH-TATAHTEI BECOM [0 TOHHBI
o JaEHoM Ko 9 M.

K coskanennio, merMaTHTOBHE MECTOPOKIGHAA 0YeHb MAJH,
# [o6eBaTH TaM GepH/IN B IMAPOKEX NPOMBLINMIJIEHHBIX Mac-
mrabax He ynaetrca. OgHaKo ecTh u Apyrue HCTOIHAKA (epmi-
nAsA, B KOTOPHIX €ro KOHLEHTPAmWA ropasjgo BOIE. JTO TaK
HAa3bIBaeMEle THEBMATO-THIPOTEDMAJLHEIE MeCTODOKACHHHA
(1. e. Mecropoxaenus, oOpasoBaBmuecs B pesyJbTaTe B3a-
AMOJeHCTBEA BEICOKOTEMIEDPATYPHBIX HAapOB W PAacTBOPOB C
onpeeleHHBIMA TAOAMHA FOPHBIX OOPOX).

IIpaponuniii Gepuanuili COCTOMT W3 EAWHCTBEHHOTO YCTOM-
guporo msotona °Be. Marepecno, ¥To Gepunnnit — eNAHCTBEH-
HEIA 9JIEMEHT MePHOJUNIECKOil CHCTeMEl, MMeIOMUil NpH YeTHOM
HOMepe BCero ofdH CTAa0WIbHBIA HM30TON. VI3BeCTHH eme He-
CKOJIbKO HEeCTAOHMJIBHEIX, PAJEOAKTHBHEIX M30TONOB Gepmiind.
(O mByx u3 max — '°Be u "Be — Gyger ckazano mmixe.)

Bepunanii ¢ To9kn 3peHna MeTamypra

Cpoitcrpa Gepmyims vYame BCEro MMEHYIOTCA «YAHBHATENb-
HEIMAY», «IygecHHIMA» ® T. 0. OTYacTH TO CHpaBeAIABO, IPH-
9eM IJABHAS (YAUBHTEJILHOCTbY 3AKII0YAeTCA B COYeTAHHM
IPOTHBONONOKHBIX, MHOFAA, Kas3aJoch OBI, B3aMMOMCKIIOYA-
omux csoitcts. Bepmnnuit o6nagaeT ofHOBPEMEHHO W JIEFKO-
CTHI0, ¥ MPOYHOCTHIO, A TEmJIOCTOMKOCTBIO. ITOT MeTajl ce-
pe6pucTO-ceporo HBeTa B HOJATOPA pasa Jerde aMOMHHAA H
B TO JKe BpeMsd OpOYHee cCHenuaibHEIX crajeil. OcobeHHO BaXK-
HO, 9To GepmyuImit ¥ MHOTHE ero CIJIaBH HE YTPavudBaIOT mO-
ne3npix cpoiicts npm Temueparype 700—800° C m moryr pa-
foTaTh B TAKUX YCHOBHAX.
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UncTplii Gepmiinii 04eHb TBEPJ — MM MOKHO Pe3aThb CTeK-
10. K comanenmnio, TBepIOCTH COMYTCTBYET XPYIIKOCTb.

Bepunnuit ouenn ycroitime mpotusB xopposun. Hak u aimo-
\[MHUI, OH MOKPBIBAETCA NPH B3aMMOMEHCTBHU C BO3AYXOM
TOHKOI OKHCHOH INIEHKOil, 3alumalomeil MeTaj1 oT jJeiicTBuA
KHCJIOPOJa [azKe NPH BHICOKHX TeMOepatypax. JInois 3a nopo-
roM 800° C uper okucienne Gepuiaiua B Macce, a IpH TeMIe-
patype 1200° C merannmueckuit Gepmuiuii cropaer, npespa-
1asack B Geastit nopomok BeQ.

Bepunnnii nerko o0pasyeT cmiaBel €0 MHOTHMH MeTAaJJIaMH,
ipufaBasg uM OOABIIYI0O TBEPAOCTb, NPOYHOCTH, IKAPOCTOM-
$0CTh H KOPPO3UOHHYIO CTOHKOCTh. OfdH M3 ero CmiaBoB —
jepminnesas Gponsa — 3TO0 MaTepual, MO3BOJMBIIMI pPemINTEH
MIIOTHE CJIOKHBIE TEXHUYECKHE 3a/1avuu.

BepnanueBsiMu OpoH3aMH Ha3BIBAIOT cOjaBHl Menn ¢ 1—
3% 6eprumusa. B oraaune ot umceroro GepmiinA OHH XOPOLIO
IOJIAIOTCA MeXaHMuecKoll 06paboTKe, U3 HAX MOKHO, HAODU-
Mep, U3roTOBUTH JeHTsl Toamuuoii Bcero 0,1 mM. Pasprisnas
POYHOCTh 3THX OpoH3 Ooybire, YeM y MHOTUX JIeTHPOBaH-
ubix craseil. Eme ogna mpumeuaTedpHas JeTanb: ¢ Teyelllem
3peMeHN GONBIIMICTBO MATEPHAJIOB, B TOM 9HCIe M MeTalibl,
«ycTaloT» M TepA0T HPOYHOCTh. DepminneBrie Opolisst — Ha-
o6oport. [Ipu crapennn ux npounocts Boszpacraer! Qun nemar-
untHel. KpoMe Toro, onu me HCKpAT npu ymape. U3 nux ne-
JAI0T NPY’KHHBI, PecCOPH, aMOPTU3ATOPHI, TOAMIAIHIKH, IIie-
CTepHH M MHOTHE Jpyrude H3jeaus, OT KOTOPbIX TpebyioTcs
foabIIan NPOSHOCTH, XOPOWIasg COMPOTHBAAEMOCTbL YCTaJlOCTH
@ KOppo3u¥, COXpaHeHUe YIPYrocTH B MHPOKOM HHTEpPBaJe
TeMIepaTyp, BbICOKHE 3JIEKTPO- M TEIJIONPOBOJHBIC XapaKTe-
puctuku. OpHnM us norpebuteneil 3TOro CIjIaBa CTajJa aBUa-
HMOHHAA MPOMBIMUIEHHOCTb: YTBEPIKAAIOT, 9YTO B COBPEMEH-
HOM THIKEJIOM CaMojeTe HACIMTHIBAETCA GONbIIEe THICAIM fe-
rajieit u3 GepuwaneBoil 6poH3EL.

JloGaBkn Oepminnsa o00JaropamuBalOT COJABE HA OCHOBE
AMIOMMHMSL ¥ Marnifa. JTO NOHATHO: INIOTHOCTh O€pULIHs
scero 1,82 r/cm®, a TemnepaTypa miaBlieHUA — BABOE BHILle,
yeMm y aTHX MeraiwnoB. Camble HeGonbImme KoudecTBa Gepiu-
musa (mocrarouno 0,005% ) namuoro ymeHbmawmT moTepH Mar-
IIMEBHIX CIJIABOB OT TOPEHHsA M OKHCJHEHUAA NpPH INJIaBKe H
aurbe. ONIOBpEMEHHO YJIYYIIaeTcA KadecTBO OTIHBOK, 3Ha-
YHTENbHO Y POLIAETCH TEXHOJOTHA.

Briacuuiocs, 9T0 ¢ MOMOIILI0 OePUIIA MOMHO YBEJIUYH-
SaTh NPOYHOCTD, HECTKOCTh M HAPOCTOMKOCTDL APYTHX MeTal-
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J0B, 11¢ TONLKO BBONA €ro B Te i uubie cmiasbl, UToGel npe-
AOTBPATHTL OBLICTPBHIl M3HOC CTaJMLIBIX JMETaNeil, UX HHOrAAa
GepHInuU3yI0T — HACHIIIAIOT HX NMOBEPXHOCTH Gepuiimem my-
teMm auddysnn. Jemaercsa 3To Tak: CTANbHYI0 JeTalb ORBYCKAa-
0T B GepwUIMeBBHI NOPOUIOK M BBEIEPKMBAIOT B HEM MpI
900—1100° C B Teuenue 10—15 gacos. IloBepxHocTh meTaun
MOKPLIBAETCA TBEP[AbIM XHMHYECKUM COeIHHeHIeM OepiInsa
C JKeJNe30M M yriepofoM. ITOT HpPOYHBII NAHOUPL TOJIIHHOI
Bcero 0,15—0,4 am npujiaer geTajiAM #KapoCTOHKOCTH H YCTOI-
9HBOCTH K MOPCKOIil BOjie I a30TuOIl KICIOTE.

MNutepecuviMu  cBoitcTBaMi oTanYa0TCd M GePHILIHIBI —
HHTEPMeTaJIIuecKHe coediiennsa Oepiing ¢ TAHTAJIOM, OHO-
6HeM, OUPROHHEM H JOPYrHMI TYTromjiaBKMMI MeTa/uUIaMU.
Bepnmmnuas o6napaioT HCKIOYNTEIBLHOH TBEPAOCTHIO M CTOM-
KOCTBIO NPOTHB OKucienuda. Jlydiueil Texmmueckoit Xxapakrte-
pUCTHKO! GepiuInoB CIyKHT TOT QAKT, 9TO OHM MOTYT IpPO-
paGorarts Gonee 10 wacos npu temmeparype 1650° C.

Bepunnuii ¢ Touxku 3penns Ppusnka

B ucTopnn MHOTHX 3JEeMEHTOB eCTh 0cO0BIEe BEXH — OTKPHI-
THA, N0CJHe KOTOPBHIX 3HAUEHHE HTHX HIEMEHTOB HEH3MepHMO
BospacraeT. B ucropun Gepwinug TakuM cOOBITHEM CTAJIO OT-
KpBITHE HellTpoHa.

B nmauame 30-x romos Hemenxne ¢usnxn B. Bore u I'. Bek-
Kep, OoMmGapmupya Oepmmnuii anbda-sacTHIAME, 3aMeTILIH
TaK HasbiBaeMoe GepwiINeBoe mH3dydeHue — odeHp ciaboe,
HO 49pe3BbITaiino npounkaiomee. OHo, Kak OBUIO KOKA3aHO
Ho3Ke, OKA3aloCch IMOTOKOM HeliTpoHOB. A elme mo3Ke 3TO
CBOJCTBO GEpHJLINA JIErJI0 B OCHOBY «HEWTPOHHBIX MYIIEK» —
HCTOYHHMKOB HEHTPOHOB, TPUMEHAEMbIX B PasHHX 06JHACTAX
HAYKM H TeXHHUKH,

Tax ObuTO0 MONOKEHO HAYAN0 M3YIEHHIO ATOMHOH CTPYKTY-
pyl GepunnudA. BriAcHMIOCH, 9TO €ro OTINTAIOT Malioe CedeHHe
3axBaTa HeilTpoHOB u Goapmoe ceueHune uX paccesHusa. Mmsi-
MU cloBaMH, Gepuimii (a TaKsKe ero OKUCh) PaccemBaeT HeMT-
pOHBI, H3MEHAET HATPABIEHNEe MX ABIVKEHUS M 3aMe/IAeT UX
CKOPOCTH A0 TAKHX BeJIUYNH, NPH KOTOPHIX IEeNHAA peaKmus
MoykeT mporeKarth Gosnee agderTuBHO. U3 Bcex TBepABIX Ma-
TepuanoB Gepmanuit cymTaeTcA JYUmMUM 3aMejInTeNeM HediT-
POHOB.

_ Kpome Toro, Gepwannii MokeT BHIIOJIHATHL POJb OTpa’kaTe-
A HeMTPOHOB; MEHATH UX HAaNlpaBleHHe, BO3BpAaIlaTh HeHT-
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POHEI B AaKTUBHYI0 30HY peaKTOpa, HPOTHBOAEUCTBOBAaTH HX
yTeuke. bepnainio cBoficTseHHA TaKe 3HAYATENbHAas pajua-
UMOHNAA CTONKOCTH, COXPAHAIIIAACA B IPA OYeHbL BBHICOKOHM
TeMmeparype.

Ha Bcex atux cBoificTBax. OCHOBaHO HpuMeHeHHe Oepuilins
B ATOMHOH TeXHHKe — OH OJHH H3 CAMLIX HeoOXOmuMHIX e
9JIEMEHTOB.

3ameHTENN U OTPasKaTeln B3 GepHIIIMA B ero OKUCH IO-
3BOJAIOT HAMHOTO YMEHBIIHTH Pa3Mepbl aKTHEBHOU 30HBI pe-
aKTOpPOB, yBeAMYUTHL paGouyio Temmepatypy u adpexTuBHEE
HCIONDb30BATh AflepHOE TomiuBo. IloaToMy, HeCMOTpPA HA BHI-
COKYI0 CTOMMOCTE Oepriiias, ero HCHoJb30BaHAE CIHTAIOT JKO-
HOMAYECKH OOpPaBAAaHHLIM, 0CO0eHHO B HeGonbmux aHepre-
THYECKHX PEaKTopax A CaMOJETOB ¥ MOPCKHX CYHOB.

Oxnch Gepmyaua cTaja Ba;KHBIM MATEPHAJIOM NJIA H3rOTOB-
neHnA 0060J09€K TEINIOBHIIENAMHAX 3JIeMEHTOB (TB3JIOB)
aTOMHBIX peaxTopoB. B TBanax ocoGeHHO BeqHMKa MAOTHOCTH
HeiITPOHHOr0 MOTOKA; B HAX — caMas BHICOKAaA TeMIepaTypa,
camble Gojbllie HaOpSAXKEHHA M BCE YCJIOBHSA JJIsA KOPPO3UH.
IlockonbKy ypaH KOPPO3HOHHO HEYCTOHYHB H HEJOCTATOUYHO
NpoYeH, ero NPHXOABTCA 3aMAMNATH CHefUHAIbHBIMA 060n0d-
KaMH, Kak mpasmio, us BeO.

Bonbmas remnompoBognocTs (B 4 pasa Brimre, 9eM y cra-
an), Gompliasd TEIMIOEMKOCTh H KAPONPOYHOCTH IO3BOJAIT
ACHOABL30BATH Oepmiyiuii W €ro CoeiMHEHMA B TEIJIO3ADIAT-
HBIX KOHCTPYKIMAX KOCMUYeCKHX Kopabmeit. U3 Gepmmnua
ObuIa clelaHa BHEINHAA TEIUIOBAaf 3aMNUTA KAICYJBl KOCMH-
geckoro kopabna «®pssgmun-7», sa koropoM [[xom nenn
mepBHIM M3 aMepPHKAHCKAX KOCMOHaBTOB coBepmman (mo-
cie IOpma Tarapmra u Tepmama TurtoBa) op6uTambHRIR
moJIeT.

B eme Goiplreit Mepe KOCMHYECKYI0 TEeXHOKY HPHBJIEKAIOT
B GepHINM JIETKOCTh, TPOYHOCTDb, MECTKOCTh, W 0COGEHHO —
HeoOBIKHOBEHHO BBICOKOE OTHOIIEHNE IPOYHOCTH K Becy. Ilo-
aToMy OepmiuIMiAi ¥ ero CJIABHL BCe LIMPE WMCOONb3YIOTCA B
KOCMHYECKOI, paKeTHOH W aBMANMOHHOX TeXHHKe.

B usacrHOCTH, Oaarogapsa cmocoOHOCTH COXPAHATH BHICOKYIO
TOYHOCTh H CTA0WIBLHOCTH pa3MepoB OepHiIMEBEIE AeTalA
HCHOOAB3YI0OT B THPOCKONaX — OpuGopax, BXONAIUX B CHCTe-
My OpHEeHTADUH W CTalmImsanmuy pakeT, KOCMHIECKHX Kopa-
Oueil ¥ HCKYCCTBEHHBIX COYTHAKOB 3eMId.

dnemesT N 4 mpmMeHAeTcA W B ADYrHX o0JaacTAX COBpe-
MeHHOH TeXHUKM, B TOM 9YHCJe B PafHOaIeKTPOBHKe. B gacr-

56



HOCTH, KepaMHKa Ha OCHOBe OKHCH GepHILIMA CTaja MATepH-
aJloM KOPHOYCOB TaK HA3BIBaeMBIX JaMm Gerymefl BOJHBI —
o4eHb 3)PEeKTUBHBIX PAfUOJIaMIl, He YTPATHBIUUX CBOEro 3HA-
YeHUs MOJ HATHCKOM IOJYIPOBOHUKOB,

PenTrenoTexunke merajuiddecknii GepuiIuil Kaia mpekpac-
Hble OKHA i peHTreHoBCKUX Tpybok: Onaromapa MaaoMmy
aTOMHOMY Becy OH OpomycKaeT B 17 pa3 0onbime MATKHX PEHT-
reHOBCKHX JIyYeH, ueM ajIOMUHUE TAKOH ke TOJIIAHBI,

Bepnnauii ¢ Touxu 3peHus xumuka

Tunuyno amdorepen, T. e. obiafgaeT cBOMCcTBAMH U MeTal-
jga, un Hemertanaa. OmHaKo MeTajuImYecKHe CBOWCTBA BCe Ke
npeobiaganT.

C BomopopoM Gepmmimit He pearupyeT JaKe IIpH HarpeBa-
aun o 1000° C, 3aT0 0H JNerKko coefUHAETCS € raJOreHaMHu,
cepoit m yraepopoM. M3 ramorermnos Gepwiina HamGoubmee
3Ha4YeHNEe HMEIT ero TOPUA U XJIOPHA, UCIONAL3YEMBIE B IPO-
pecce nmepepaboTKu OepUIIMEBBIX PY.I.

Bepunanuii xopomo pacrBopsercd BO BCeX MHHEpAJIb-
HBIX KHCJIOTaX, KpOMe, KaK 3TO HU CTpaHHO, azoTHoit. Ot Hee,
KaK M OT KHCIOpOHXa, Oepmuidil 3al(UIleH OKHUCHOA ILIeH-
Koil. :

Oxuncey 6epunnua (BeO) o6magaer neHHBIME CBoOACTBaMM
H B HEKOTOPHIX CJIydagX KOHKYpHpyeT ¢ caMuM OepHiiueM.

Bricokaa  TyrommaskocTh  (TeMmepaTypa — IJaBJeHuA
2570° C), smauMTenbHasg XHMHYeCKas CTOMKOCTE WM Goibmias
TeIIONPOBOJHOCTE MO3BOJAIOT IPEMEHATH OKUCH OEPHIIAA BO
MHOTHX OTPAaCJAX TeXHHKH, B TaCTHOCTH i yTepoBKH Gec-
CepaeTHHKOBBIX HMHAYKUUOHHBIX medeil M THIJIEH [JIA NJIaBKH
pasIMYHBIX MeTaIoB W cmiasoB. MHTepecHO, 9TO OKHCEH Ge-
pPUIHA COBeplIeHHO WHEPTHA 10 OTHOLIEHHI0O K MeTajinde-
CKoMy Gepminuio. 9To eJUHCTBEHHBI MaTepHal, U3 KOTOPOro
H3rOTOBJIAIOT THLAU [JIA MIAaBKH Oepumiiusa B BaKyyMe.

CpaBHHTEJIBHO [aBHO MCHOJB3YIOT OKUCH OepHIUIMA B mpO-
n3BoficTBe crekiaa. Jlo6aBKu ee yBeaINYNBAIOT MIOTHOCTD, TBEP-
J0CTh, IIOKA3aTeJb OPEJOMIEHAA H XMUMHYECKYIO CTOMKOCTH
crexkoi, C moMom(pi0 OKMCH GepUIMA CO3AANT CHeNuaJbHbIe
cTexaa, obmapmaiomue 6oNbIIOE MPO3PAYHOCTRIO MJIA YIbTpa-
(uoseToBEIX 1 HHPPAKPACHBIX JIy1Ieil.

CTEeKIOBOMIOKHO, B COCTaB KOTOPOr0 BXOMHT OKHCH GepHi-
A, MOYKET HafTH NIpUMeHeHUe B KOHCTPYKIMAX paKeT W MOA-
BOJHBIX JOJOK.
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Ilpr ropemmn Gepuwinus BB{AENAETCA MHOLO Tenjaa —
15 teic. Kkan/kr. Iloaromy Gepmmnuit MoceT OBITH KOMMO-
1IEHTOM BBICOKOPHEPreTHYECKOI0 PAKeTHOr0 ropiovero.

Hexoropbie coenunennsa GepuilinA CIy)KaT KaTajlusaTopa-
MM xumuyecKuX mnpoueccos. C mesoyaMu Oepmuninit pearu-
pyet, o0pasysa coiu-6epuinaTs, nonobusie amoMunaTaMm. Muo-
rile U3 HHX HUMEIOT CIAJKOBATHIl BKyC, HO IPOGOBATH HA A3BIK
X HeJb3A — IOYTH Bce BepUiIaThl AAOBUTHL

Muorne ydeHele CUMTAIOT, ITO H30TOmBI Oepmuius *Be u
"Be ofpasyioTca He B Hefpax semil, a B arMocdepe — B pe-
3yJbTaTe BO3[eHCTBHA KOCMHYECKHUX Jydeldl Ha ffpa a30Ta U
xkuciopona. HesHauuTedbHble NpUMeCH 3THX H30TOHOB OGHA-
py;KeHBI B [0jKJe, CHEere, BO3AyXe, B METEOPHTAX H MOPCKHX
OTIIOMKEHHAX.

Opunako ecan coOpaTh BoeguHo Bech '°Be, Haxopammiics
3 at™Mocdepe, BoaHbIX OacceliHax, mO4YBe U Ha JHe OKEeaHa, TO
HOJIyYMTCA MOBOJbHO BHywmTedbHas Hudpa — okoiro 800 T.

Usoron *Be (nepuop momypacmapma 2,5-10° net) npepcra-
BJISIET HCKJIOYUTEIbHBIM HHTEePeC AIA FeOXUMUU U AAEPHOH Me-
teoposoruu. Popasce B atmocdepe, Ha BbICOTe HOPUMEPHO
25 1M, atombl '°Be BMecTe ¢ ocagKaMu momajaloT B OKeaH H
oce/laloT Ha fgHe. 3HaA KoHueHTpauuio 'Be Bo B3ATOH Cco AHA
npoGe 11 mepuoj MoJIypacmajia TOro H30TONA, MOMKHO BBIYUC-
JTUTH BO3PACT JI000ro CJIOs HA IHE OKeaHa.

Bepunnnii-10 akkymyaupyeTca TaKKe B MOPCKHX Wjax. H
HCKoMaeMsIX KocTaAX (xoctu copbupyior Gepmiiuii U3 nmpupos-
HBIX BOA). B CBA3M ¢ 3THM BO3HHKIO NPEANONOMKEHHE O BO3-
MOMKHOCTHM OIpeJesIeHisl BO3pAacTa OPraHMYeCKHX OCTATKOB IO
“Be. Jleno B TOM, 4TO AOBOJNIBHO INMPOKO OCBOEHHBIX pajguo-
YIAE€POOHBI MeTO} HENPUIOJeH IUIs ONpele]eHUA BO3pacTa
o6pasuos B unrepBaie 10°—10° nmer (us-3a Gonwuioit pasuu-
el MeXAy mnepuojgamu monypacmaga “C m [modrosxuBymux
usotonos “’K, **Rb, ***Th, **U u ***U). Usoron *Be kak pas
«3AIONHAET» 3TOT PA3PHIB.

fKusun ppyroro paguonsorona — GepuinnA-7 — 3HA9UTEIb-
HO Kopo4e: NepHOJ ero mojJypacmajfa paBeH Bcero 93 HHAM,
[loatoMy He yaMBHTENBHO, YTO KOJHMIECTBO €ro Ha 3emie U3-
Mepsercsa rpammamu. Msoron 'Be Mosker GBITH moaydeH u B
UKIOTPOHE, HO 3T0 Aoporo oboitnercsa. [loatomy mmpoxroro
OpUMeHEeHHUs 3TOT M30TOH He HOXy4Yuia. Ero ucmonbsyior mmo-
rja 4 nporuosupoBanusa moroAsl. OH BHIOONHSAET POJIb CBOE-
o0pasioil «MeTKH» BO3[YIUHBIX cloeB: Habalonad M3MeHeHHE
KOHIleHTpauuu 'Be, MOKHO onpenenuTs MPOMesyTOK BpeMeHH
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oT navaja ABMKEHHsA Bo3qyuIusiX Mace. Eunie peme npmvens
T 'Be B Apyrux mccienoBalHaX: XHMIIKI — B KauecTse pa-
NMOAKTHBHOTO HEAMKATOpA, 610NOrH — JJIs H3YUeHHsa BO3MOMK-
HocTeil 60pBOBI ¢ TOKCHYHOCTHIO CaMoOro GepHJLIHs.

Bepuaanii ¢ rouku 3penia Guoxora it MeAMKa

Bepunanii oGHapysien B pacTeHHAX, NPOU3PACTAIOIIHNX Ha
Oepuiniicofep/RaIIlIX N0YBaX, a TAKIKE B TKANAX [ KOCTAX
suBoTHEIX. Ho ecan ana pacrenns Gepunauii 6e3Bpejer, 1o y
’KHBOTIBIX OH BBI3BIBAET TAaK l1a3biBaeMblii GepuIINeBBIi pa-
xut. IloBrIenHoOe comep:anue coneil GepHaNsa B mUILE ClIO-
cobecTByer 00pa3oBaHNI0 B opranusMe pactBopumoro gocdara
Gepunnusa. Ilocrosuno «moxumas» gocdatsl, Gepuanuit Tem
CaMBIM CcHOCOGCTBYeT oCTabieHHI0 KOCTHOH TKAaHM — 3TO H
ecTh OpHuuna Gojgesnu.

Mmuorue coepunenus Gepmuina agosutel. OHE MOTyT CTaTh
OPHYHIOIl BOCNANITENbHBIX MPOLECCOB Ha KOMe M Gepuiano
3a — cneunduyeckoro 3aGoneBaHHsd, BHI3LIBAEMOro BIBIXaHH-
eM Oepmans u ero coegunenuii. [Ipn kpaTkoBpeMeHHOM BObI-
xanun GoNABIIMX KOHIEHTPAamMil PACTBOPHMBIX COeRUHEHHIT Ge-
pILIlIA BO3HHKAET OCTPHIA Oepuiniuos, mperncTaBidIuil co-
6ol pasgpaseHHe ABIXATeJBHBIX MyTelf, HHOrJA COMPOBOMKIA-
Ioleecs OTEKOM JIETKUX I yaymbeM. EcTs u XxpoHudeckas pas-
HOBHAIIOCTE Gepuannosa. [lisa Hee XapaKTepHH MeHee pe3Kie
CHMITOMBI, HO 06abIINe HapymeHNs B (YyHKOUAX BCero opra-
HHU3Ma. :

Honycrumsie mpeneds! comepskaHuA Gepuiina B BO3LyXe
ouenp Mansl — Bcero 0,001 mr/M®. 9To 3HaUHTENBHO MEHBLIC
HONYCTUMBIX HOpPM OJA GONBIIMHCTBA METANJOB, JaMe TAKHX
TOKCHYHBIX, KaK CBUHEI.

Ina nevenns Oepmiino3a DPHMEHAIOT 9Yamle BCETo XUMH-
YecKHe COeIUHEHHsd, CBA3LIBAIOIINE HOHBH Oepmiimsa M CIo-
co0CTBYIOMIIe NX BEIBE[EHNIO U3 OPraHN3Ma.

Tpn «no» Gepuaaug

9Ta rmaBa He oO3Ha4aeT, YTO Bce NpeABIAyIIee — TOJBKO
«reopus». Ho, x coanennio, ¢akTopsl, OTPaHITHBAIOIIIC
npamenenne Gepivinid, BroOJIe peajbHBl, H HE YYHUTHIBATH
IIX HeJBBA.

1o mpeskae Bcero xpynkocTh Meramnta. Oma paMHOro yc-
NoKHAET mpollecc ero MexaHHYecKoll o6paboTkH, 3aTpygnseT
gonydenne OonpINX JHCTOB OepHIIINA U CIOKHBIX HpodI-
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neii, HeoOGXOMUMBIX B TeX WM HMHBIX KomcTpykpuax. Ilpex-
UPUHUMAIOTCA YNOpHble HOOBITKM YCTPaHUTh 3TOT HENOCTA-
tok. Ho, HecMoTpa Ha HeKoTopbie ycuexd (U3roTOBIEHHE
MeTaJIa BBICOKOH WHCTOTBI, pa3jiudHble TeXHOJOruIiecKne
yCOBEPIIEHCTBOBAHNA), NOJMYyYeHHe IJIaCTHYHOro OGepmiIiHs
OpOIOJKAeT OCTaBaThcA TPYAHOH mpobaeMoi.

Bropoe — TokcHYHOCTH Gepumans. v

TmaTelbHBI# KOHTPOIb 33 YHCTOTON Bo3myxa, ocolble cHC-
TeMBl BEHTHIAINH, BO3MOKHO 0O0ablIag aBTOMAaTH3alMA OPO-
N3BOJICTBA — BCe 9TO IMO3BOJNAET YCHEIUHO HOPOTHCA € TOK-
CUYHOCTHIO 271eMeHTa Ne 4 U ero coequHeHnil,

1 pakoHem, TpeThbe M OYEHb BaKHOE «HO» OCpPHIIHEA —
ero BbicOKasa crouMmoctb. [{ena 1 kr Gepmanua B CIIA ceii-
qac Gomee 300 momnapos, T. e, GepHAMHiIl B HECKOJBKO pas
JIOpoke THTAHA. :

OpHako pocT noTpebjeHnsa Bceria NPHBOAAT K TEeXHOJNOTH-
9eCKHM YCOBepLUEHCTBOBAHUAM, KOTOpPhie B CBOIO OYepefib CIO-
co6CTBYIOT YMEHBIIEHHIO H3epsKeK NPOH3BOACTBA H IEHBI.
B 6ymymem cmpoc Ha Oepuinmit BospacreT eme Oonabme:
Befib 9TOT MeTaJlJl YeJIOBEIEeCTBO HA9ajl0 IPHMEHATHL BCEro He-
CKOJBbKO fnecartuietuit. M, KoHeuHO, MOCTOMHCTBA 3J€MEHTA
Ne 4 BO3BMYT Bepx Haj ero HefoCTATKaMH,

U3 NOKYMEHTOB I[IPOIIIJIOTO. BockMuaecATsIe rofbl MpOIIJIOro Be-
Ka — BpeMA OXHUBJIeHHBIX HaydYHEIX cIOpPoB 06 aToMHOM Bece Ge-
pHANAA.

I. U. MenpeneeB nacaj mo 3TOMY HOBOAY:

«Hedopasymenue Odauarocv neckoavko aer. He pas mne npuzodu-
A0CH CABIULATL O TOM, YTO 60RPOC 06 ATOMHOM eece Gepuaaus 2posut
noxoae6arb 06w HOCTY nepuoduvecko20 3akona, moxer norpe6osars
eaybokuz 6 Hem npeobpasoeanuil. B nayunom pasrnopewuu, xacarowen-
cs Gepusaus, NPUHAAU YHACTUE MHOZUE CUALL, KOHEXHO, ROTOMY UMEH-
HO, uTO deao w0 0 npedmere Gonee MHOZOIHANUTEALHOM, YeM ATOM-
HOCTb CPAGHUTEAbHO PedK0o20 saemenTa; nepuoduueckuil 3axon pass-
ACHAACA 68 3TUT DA3HOPEMURZ, U 63GUMHAR C6AIb IAEMENTOE PASHLIT
epynn craaa 6oaee 04e6udnol, uexn 6vlao Kozda-aubonr.

Jlonroe ¥pema TIaBHHIMEH NPOTRBHHKAMH ABYXBaJeHTHOCTR Gepmi-
ana Geim mBeAckne xummkm mpodeccopa JI. @. Hunscon u O. Ilertep-
con. B 1878 r. onm omy6aukoBanm ctaThio «O MOJAYYeHWH W BaJjeHT-
mocTn Gepmiunns», B KOHIE KOTOPOii OBIIN Taxue cloBa: «..nawe Miue-
Hue 06 UCTUHHOM ATOMHOM 6ece u zumuueckoil npupode 3rozo Me-
Ta4A4a RPOTUGOPERUT TAK HA3bLIEAEMOMY REPUODUNECKOMY 3AKORY, KO-
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Topbiii Mendeasees npednauepran 8as ecex 3aeMenTO8, & UMEHHO He
7104bK0 noTtomy, 4ro npu Be=138 meruaa ITOoT edsa au moxer 6uiTb
noMeujen 8 MeHAeAee8CKYI0 CUCTEMY, HO U NOTOMY, ¥TO Tozda 34eMenT
¢ aromubim eecox 9,2, mak aro Tpebyer nepuoduueckuili 8aKoH, @
cucreme orcyrcreoeas 6ui u, no-eudumomy, ewe 00ixen 6uTd OT-
KDbLTH.

B 3amHTYy nepHOAMYECKOr0 3aKOHA BLICTYNHJ YeICKAl XHMHK
Gorycnap Dpaymep, cumTaBUIRil, 9YTO mM3BecTHHI 3aK0oH [If0JioHTa H
[ITn, XOTOPHIM HOJNB3OBAJIACL MBEACKHE XHMHKH, AMEeT HEKOTOpHIe
OTCTYI/IeRns B 00JlacTH MaJblX aTOMHBIX BECOB, K KOTOPOil COGCTBEHHO
u orHocuTca Gepmmnmid. Kpome Toro, Bpaymep coeeroBan Humnbcomy n
Ilerepcory ompefeanTh MIOTHOCTH HAPOB XxJopucroro Gepmanms, cum-
Taf, 4TO KOJAHYeCTBeHHOE ONpeeleHde 9TOH XapaKTEPHCTHKH HOMO-
MeT TOYHO YCTAaHOBATh IPHHA/UICKHOCTL 2JIeMEeRTa K TOH MJIHM HHOI
rpynne mepuopmdecKoii cEcTeMH. Korma mBeackpme XHMAKE HOBTOpH-
JAH CBOH ONBITHL H NPORENANH To,d9T0 coBeTosat nM BpayHep, omu yGe-
AanEce B mpaBote MeHpeneeBa. B craThe, oTpaskaBliedl pe3yJbTaTH
sroii paborel, Hauapcom B Ilerepcom mammcamu: bl J0AXHEL OTKG-
3aTHCA OT panee IAUPUWAGULE20CH HAMU MHENUSR O TOM, ¥TO Gepuaruil
TpexeasenTnblli  gaement.. OOHoGpeMeHnO MbL nPUIHAEM RPAEUALL-
HOCTOH nepuoéuuec;cozo 3QKOHA U 8 ITOM GANCHOM cayuae).

B 1884 r. Huascom mmcan MeHpeneeBy: «..ne MO2Y He 6bLIPASUTH
Bax moezo cepdeunozo nosdpassenus no noeody ro20, HTO U 8 3TOM
cayuae, Kak u 60 mHozux dpyzux, cucrema onpagdasra cebar.

Mosmmee B opmoM m3 uafgaBmit «OcHoB xummm» JI. U. Menpeneen
orMernit, 9T0 «Huavcon u Illerepcon — 00nu us 24a8HLIT 3AUWUTHUKOS
TpexaroMrHocTU Gepuasus.. JocTasusu oOnbviTHble 00KA3ATEALCTEA 6
noav3y deyzxarommocTu 6epusius u, ;pOMKO abicka3aé ITO, NOKA3AAU,
4T0 @ Hayke ucruxa, daxe npu panopexusxr, odunaxoso dopoza ecem,
zoTa 6bl cnepeéa u OTPUYAAACH TEMU, KTO ee YyTaepiuan.

APATOLEHHBIE BEPWJUIBI. OcHoBHOH Mumuepan Gepmunms — Ge-
PHIT OTHOCHTCA, KaK H3BECTHO, K MOJyApPAaroneHHuM kamaaM. Ho kor-
Aa TOBOPAT O 9eTHIpeX ero pasHOBHAHOCTAX — M3yMPY/Ae, aKBaMapuHe,
BOpoGbeBHTE W rejnofope, To NPUCTABKY «mody» orbpackiBaior. Haym-
pyas!, ocoGeHBO BecoM Gosibmie 5 KapaTos, HeHATCA He MeHbIe Opmi-
JHAHTOB.

UeM OTIHYAOTCA 3TH KAMHH oT o6bgHoro Gepmana? Benwp dopmy-
Na nx Ta me — Al,Bes(Sic04s). Ho ata opmyna me yuuThiBaeT mpu-
Meceil, KoTopble, cOGCTBEHHO, H NPEBPAMAIOT HOAYAPAaromeHHbIE KaM-
HH B J[paroneHHBle. AKBaMapHH OKpalleH HOHAMH MABYXBaJleHTHOTO
JKesesa, B usympypme (om e cMmaparm) Kpome Fe’t ecTh He3Haum-
TedbHAsd IpAMech OKHCH XpoMa. Po3soBblii nper BopoOnheBHTa 0GBsACHA-
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eTcsl mpIMeCchIo coemrHe il ue3nd, pyﬁnmm H JABYXBaJIeHTHOTo Map-
raguga, a 30JI0THCTO-’KEJThIil redaloop OoKpallicH HOHaAMB TpPeXBaliCHT-
HOro KeJje3a.

IOPATOIEHHDBIN METAJUI M3 HNOJYIAPATOIJEHHOTO KAMHA.
Boicokaa cTonmocTh Oepiuninsa o6bACHAETCA HE TOJLKO OrpaHHYeH-
HOCTBIO CHIPHCBBLIX PECYPCOB, N0 H CJHOKHOCTAMH TEXHOJOTHH MmojJyde-
HiA qincToro Merajra. OCHOBHOMI MeTOX NpOH3BOACTBa Oepuiumins —
BoccTaHoBIeHNe ero ropnga MeramnmdecknM MaraneM. @®Topng mo-
JNy4al0T U3 THAPOOKICH, & THAPOOKHCH N3 GepWJIOBOT0 KOHIEHTPATA.
Yixke mepBblii NpOroH 3Toif TeXHONOTHYECKOH JecTHHOB COCTONT M3
HECKOJIBKHX CTyNeHeil: KOHUEHTpAT mojsepralor tepMoolpaboTke, H3-
MeJIbYeHH10, 3aTeM Ha HEro MOCIe0BATEeNbHO MEHCTBYIOT Cepmoil Kiic-
JIOTOi1, BOMOIi, pacTBOpaMu aMMHaKa H €RKOro HATpa, COeUHaJbHBIMI
KOMILIEKCO0Gpa3oBaTesIsiM.

Honyunsmuitca GepiuiaT HATpHA THAPOJH3YIOT H HA KeHATpndyre
OTAENAIOT THAPOOKICS.

Tunpooknch mpespamaercsi B0 (TOPHI TOXKe JHIIb MOCHE HECKONb-
KHX omepamiif, KaKgas H3 KOTOPhIX JOCTATOUHO CJIQKHA N TpyHOeM-
Ka. BoccramoBimeHne margnem mnger npi temmneparype 900° C, xon
npouyecca TIATCALIO KONTponupyercs. Baykmasa HAeralL: Temso, BbI-
Jendioleecss B DPCAKUHIl, IOTJIOMAaeTcsas € TOH ’Ke CLOPOCTBIO, 4TO H
eigensiercsa. IloaydcHnbiil KHAKN MeTaNd BBUIABAIOT B rpagHToBBIE
U3JI0KHILE!, IO OH 3arpsI3HEH HINIAKOM, U IO3TOMY ero eme pas mepe-
IJIABIAIOT B BaKyyMe.

BEPWIJINM B BLITY. Cdepnl npaMenenna Gepmaiasa He OTpaEmdn-
BAIOTCA «BHICOKOIT» TexHNKoil. C m3genuAMH U3 HAKeNb-GepHIINEBHIX
cniaBoB (copepikanne Be me mpepnimaer 1,5%) MOKHO BCTpPeTHTBCA
0 B ToBCeAHEeBHOH Xu3nn. M3 aTHX CIIIaBOB H3roTaBJINBAIT XHPYP-
rumdecKie MHCTPYMEHTH], HIJIB IS MONKOMHBIX HA'BEKNIHAN, JHTHE Me-
rajmngeckie 3y6el. M3 cmnasa «anuHBap» (HAKeNb, OepHianii, BOJIb-
¢pam) B IIBeitmapnn FedaoT NpYKNRB [UIA YacoB. Menmo-Gepniine-
Betii caB B CIIIA mnemosb3yioT il USTOTOBJICHHS BTYJIOK HUIIYMIe-
ro MeXaHN3Ma MAapHKOBHIX pYYeK.

HNCKYCCTBEHHBIE U3YMPY]BI. ITonyanTts usyMpymasl HCKYCCTBEH-
HBHIM IIyTEeM TOpPa3fo TPYAHee, 4eM GOJBIIMHCTBO APYTHX JAparoneHHbIX
KaMHeil. I'naBEas nmpmamEa B TOM, 4TO GepIUIA — CHIOMKHOE KOMIUIEKC-
Hoe coefnneHne. OHAKO yYeHble CMOIJIN IMHTHPOBAThH MPHpPOIHbIE YC-
JIOBIIA, B KOTOPHIX IpoHcxofiuo oOpasoBaHie MHHEpala: H3yMpPYHRbI
«POMAAIOTCA» NPT 0YeHb BHICOKOM faBieHnn (150 Thic. aTM) 0 BBICO-
Koii Temneparype (1550° C). HMckyccTBeHHbIe N3YMPYABI MOTYT HC-
M0JIb30BAThCA B IEKTPOHMKE.
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BEPHJIJINI U CBEPXITPOBOJAUMOCTD. Ceiiuac u3pecTHO Gosee ThI-
cAYl MaTepualos, Hpuofperalollinx npm Temneparype, Gmuskoii K a6-
COJIOTHOMY HYJII0, CBOIICTBO cBepXmpoBoauMocTi. B mx dicae — meran-
mirieckuii Gepnamanit. Byayun ckoHjeHCUPOBAaH B Bliie TOHKON IJICHKI
HA XOJOAHYI0 NOMJIOKKY, GepllIiil CTaHOBHTCA CBePXIPOBOAHUKOM
opu Temmepatype okoso 8 K.

BEPUJIJIMN B IEJIEBIIOM CPEJCTBE. B 1964 r. rpynma coBeTCKIX
XIMIIKOB BO TIJIaBe C Blllle-pe3ljieHToM AKajemun Bayk TammKIk-
croit CCP, pmokrtopom xumudecknx Hayk I, T. IlopommaviM mpoBena
XIMIMEeCKHil auaiu3 jpeBHero ILeaeGHoro cpepcTa «mymie». Okasa-
JIOCHh, 9TO ITO BEMIECTBO CJOKHOIO COCTaBa, MpI¥9EeM B UICAe MHOLLX
9JICMEHTOB, COfepsKAaIIIXCcA B MyMHe, ecTb n Gepruniii.

T'EOTPA®UA MECTOPOKIOEHUN BEPWJIJIUSA. BepmmineBoe chipbe
LIMeeTCsA BO MHOrHX cTpaHax Mupa. HauGosee Kpyneble MecTOpOMIe-
nia ero HaxoiATrca B bpaswanun un Apreatuse. Ha nx ponro npn-
xouTcsa mprumepHo 409% pobbrun Geplulia B KaNHTAJIHCTHYECKHX CTpa-
nax. 3uavnTesdbHble 3amachl GepIINeBBIX PYA IMEIOTCA TakKKe B CTpa-
nax Adpurxu n B Magun.

BunoTth [0 mocuefHero BpeMeHH KpYMHO3€PHHCTBbI Gepin modbi-
Bati Bpyunyio. B Bpasumun TakuM KycrapHbM crnocobom u ceiiuac
exxeronno moOwiBaerca go 3000 T KommeHTpaTa.

Jinmp BHeflaBHO OHUIM OpeAJo’KeHH HOBBIe MeTOAH (uoTanai, mo-
3BOJIAIONIIe HCHOONb30BaTh HepeHTaGedbHble paHee MECTOPOIKJACHUA
MenkoaepHUCTOro Gepmmna.

BEPUJIJINN U «cATOMHAA WIJIA». TenmonsodsnioHHble CBOICTBa
oKici OepluinA MoOryr HPHTOAHTHCA I NPH HCCHEAOBAHNHM 3eMHBIX
ray6un, Tak, cymecTByeT HOPOEKT B3ATHUA npo6 13 MaHTIHH 3eMin
¢ TAyOnH Ko 32 KM ¢ MOMOIIbIO TAK HA3LIBAaeMOil ATOMHOI MIJIBL 9To
MUHHATIOPHBI aToMHHII peaxrop Aumamerpom Bcero 60 cm. Peanxrop
Jo/KeH OBITh 3aKJIIO9eH B TelNoH3oumupylomuii GyTaap us oxucu Oe-
pPWILANA C TAMKENbIM BOJB(PAMOBBIM HAKOHETHIKOM.

Ilpnaonn peficTBUA aTOMHOIM HMVIBI 3aKAI0YaeTCA B ClefyIomeM:
BBICOKIIE TeMINepaTyphl, co3faBaemble B peaktope (cBpime 1100°C),
BbI30BYT IJIaBJeHIle CKAJIbELIX IMOPOR [ HNPOABIDKEHIIE peaKkTopa K
meatpy 3emin. Ha rayOume mplumepHO 32 KM TsMKelNoe BoXbdpamo-
BOe OCTple JOMKHO OTAENNTHCHA, a peakTop, craB Gosee Jerkin, dem
OKpY’Kalollle ero Mopofabl, BO3bMET NPOOBI ¢ HEJOCTIKUMBIX MOK4
rIyGuI ¥ «BCIUIBIBET» HA NOBEPXHOCTE.



bOP

«HykHO o0YeEb MHOrO 3HATB, YTOOHI
NOHATh, KAaK Malo MH 3HaeM». Bca
ucropus sneMmeETa Ne 5 — Gopa MoceT
CIY)KUTh NOATBeIKIAEHHEM 3TOro He
CIHIIKOM HOBOTO TE3HCa.

Beuto BpeMms, Korma Kasanock, uTo o6
9TOM 3JIEMEHTE M3BECTHO BCe, 9TO Heol-
XOMMO, XOTA B JeficTBUTENLHOCTA 3HA-
U o4eHb HeMHOro. A 0onbIiero me Tpe-
GoBajioch: [AAA OpPOMBIILIEHHOCTH GoOp
He IpeJCTABJIAI HHTEepeca...

Jlume B mociepnue gecATuieTHs GOp cTanm 5JeMEHTOM mep-
BOCTeneHHOU BajKHOCTH: H caM siaeMeHT Ne 5, m MHOrue ero
CcOeUHEeHNA NOHALOOHIUCH aTOMHOM W paxKeTHOH TeXHUKe,
MeTalTypruu, MeTajioo6paboTke, XUMHAYECKOH NPOMBIOLICH-
HOCTH U MHOruM ApyruM orpacisaM. Ceituac Gopom I ero coe-
JUHEHMAMH 3aHHUMAlTCA B JECATKaX Hay4HBIX Jabopatopmid
(u BpaAm M 2TOT MHTEpec BpeMEHHHI), a OH 3ajaer OfHY 3a-
rajky 3a gpyroii.

Bypa n 6yporsop

C ogpam M3 coepumHeHuir Gopa 4esoBe4ecTBO 3HaAKOMO 0o-
Jee ThHICAYH JeT. IT0 Oypa — HaTphmesasa colb TeTpabopHOM
kucnorel Na,B.O;-10H,0. Ussecrro, uto eme B 800-x romax
Hameil apst 3T0 6eloe KPUCTAINYECKOE BEIIECTBO NPAMEHAIH
B KauecTBe miIaBHA. Bypoil moapsoBajuch alXMMHKH; Kak H
caMma aaxumusa, 6ypa mpumiaa B EBpomy ¢ BocToKa, oT apabos.
W3BecTHO, 4TQ MHOr0 BEKOB Ha3aj CJIOBOM «bopak» apabnl
0003HaYald MHOTHE COJH M [Pyrde KPHCTANIHYeCKHe Bemle-
ctBa Gexoro nsera. ITo Mepe Toro Kax mpofcHANACH XHMHYe-
CKag OpHPOJA BeIecTB, moHATUHe «BOpaK» CTAHOBHIAOCH BCe
yiKe, M B KOHIle KOHIIOB €r0 CTajJd yonoTpeGaaTrh NpUMeHHATEeNb-
HO TONBKO K OHOMY BemecTBy — Gype. Ot apabGckoro «Gopax»
OPOMCXOAHUT JIATUHCKOe HasBaHUe Oypsl — borax,

Heckonbko MeHBIIE «TPYNOBOH cTa)» HPYroro pacmopoct-
paHeHHOTO NPHPOJHOTO coequHeHHs Oopa — GOPHOH KHCJIOTHI
B npmpone ee obmapy:kmam B 1777 r., a moaydatp u3 GypH
HaydmiImch Ha 75 ner pampme. Bypa m Gopmasa kuciora aro,
eCHH MOKHO TaK BBIDa3UThCA, camble Craphle coeJnHEeHHA
anementa Ne 5. OHu U ceffuac MCOONB3YIOTCA AOBONBHO IIH-
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pOKO: B MeNULHNHEe, B NMPOH3BOJCTBE dMajell, KaK chlpbe 1A
moNyueHusA ApPyrux coeguHenuit 6opa. Koneuno, ne 6ypa n ne
H;BO; onpenensioT HBIHEMIHNN MHTEPEC HAYKH M TeXHUKH K
60py, HO 3TH BeIIECTBA 3aCHYKHBAIOT HOYTHTENHHOTO OTHOLIE-
HHSA 33 CBOIO MHOIOJETHIOK CIykOy 4emoBedecTBy. M oTKpBI-
Baan 60p MMEHHO KaKk HeH3BeCTHHIl KOMIOHEHT 3THX H3BECT-
HbIX BemecTs. M1 GopoM-To ero HasBaiu B 4ecTb Oypel. Uure-
pecHo, YTo y Hac B CTpaHe B Havaje [pONLIOro Bekxa
(1810—1845 rr.) sroT dMeMeHT HA3HIBAJM HAa PYCCKUil Mamep
6ypueM u GyporBopoM. Jlums B 1815 r. m3BecTHBI XUMHK
B. M. Cepeprun BBeaA B PYCCKYI HAaYYHYI JIUTEPATYpy HEHI-
HemHee WM dneMenTa Ne 5.

Heropns oTkpeiTHii I oMIIOOK

Bop orxpeir B 1808 r. [IBa n3BecTHH X, PpaHIy3cKNX yIeHBIX
Hosed Teii-Jlroccak u Jlyu Tenap «orusanu» Bony y Gopmoii
KNCJHOTH M Ha MONYYEHHBIH OKUCEJ NOAefCTBOBAaJM MeTaj-
audeckuM kaaueM. HoBoe BemIecTBO COBePIIEHHO HE OXOMUIIO
HA HCXOJHBIE OPOAYKTHI, M XWMHU3M IPOOECCa Kasajicsa odUe-
BUJ{HBIM:

npoxaJinBaHNe 80CCTAHOBACHN
KICJHOTa — > aHrmpng — > HJIEMCHT.

C noaneiM Ha TO ocHoBaHMeM ['eii-Jloccax u Tenap 001-
ABWIM 00 OTKPBITHN HOBOTO 3JIEMEHTA.

CrnycTda HEeCKOJbKO MecAles 060op OTKpbUIM BTOpH4HO. Benn-
kuit anrmiicknit xumux XaMmpu J[{eBn momyuma ero mpu
BNEeKTPOoNM3e PACIIaBIeHHOro GOPHOT0 aHTHAPH/A.

Ha stoM, kasajoch Obl, MOKHO 3aKOHYNTH paccKas o0 Hc-
TOpMY OTKDHITUA dJeMeHTa N 5, HO OfXHO 0OCTOATENLCTBO He
HO3BOJIAET 3TO CAEJNATh — COMNOCTABJICHHE KOJUIECTBEHHBIX
XapaKTepUCTHK dJIeMeHTHOro 0opa, MOJYyYeHHBIX ero mep-
BOOTKPHIBATEIAMH ¥ COBPEMEHHBIMH YydYeHBIMHM. DBemwamis
HACTOJNBKO pasiible, 4TO KaxceTcs, OYATO peds MAET O Pa3HBIX
U IPUTOM He OYeHb MOXOMKMX BelecTBaX, H BO3MHKAIOT CO-
MHEeHHSA B IOCTOBEPHOCTH OTKpHITHA Gopa B 1808 r.

B paccy:pmeHnsAX BeJMKHX XMMHMKOB IIPOILIOr0 BeKa Bce
abCcoMIOTHO MpPaBWIBHO, M TEM HE MeHee OTKPHITOe MMH Be-
mecTBO HUKAK He Has3oBeumb 3jJeMeHTHBIM OopoM. WU3-3a
GonpLIOro CpoAcTBa 6Opa KO MHOTMM dJIeMeINTaM, W [pexye
Bcero K Kucjopony, npoaykr, noaydennsiit Ieii-JIroccakom n
Tenapom, He Mor copmepxarb Goaee 60—70% 6Gopa. To ke
camoe u y [loBu. I1o mokasan Aupm Myaccan — BeIgaioninii-

3 DBogopop — naammi . (£



Nyn Xoszed Tei-Twccak
(1778—1850) — chpaHLy3CKMiA hu3nk
M XWMWK. 3aKOH Tennosoro pac-
WMPeHUs raszoB, OTKPbITHIA [eii-
Jlioccakom B 1802 r., — OfiUH M3 oOC-
HOBHbIX 3aKOHOB (hU3MKU. MeHee n3-
BECTHbl XMMUYECKMe uccnefoBaHus
aToro yyeHoro. B 1811 r. oH nep-
BbIM MONYYUN UNCTY CUHUNbHYIO
kucnoTy, B 1819 r. nocTpoun nep-
Bble KpMBbIE pacTBOPUMOCTW coneit
B BOfEe, a AeCATKOM feT paHblie
BMeCTe C Te)<apoM OTKpbIn HOBbIN
anemMeHT — 6op

cs (hpaHLy3CKMiA XMMUK BTOPOi monoBuHbl XIX B. OH e
B 1892 I. MpeanoXuni MarHMeTepMmnYecKnic cnocob noyyeHns
6opa no peakymm

B203+ 3Mpg —-»3M80 + 2B 127 Kkkan.

KopunyHeBbIli MOPOLLOK, OCTaBaBLUMIACS MoOCne yganeHus
okmcu MarHusa, MyaccaH cyen 37eMeHTHbIM 60pom. Ho oka-
3a710Cb, 4TO W 3TOT 60Op —AaneKko He 3MeMeHTHbIV: 6opa B
HeM He 6onbwe 90%. Hemeuknid yueHblit-meTannypr B. Kponnb
ycoBepLUeHCTBOBaN crnocod MyaccaHa, HO W OH He CMOr nog-
HATb YMUCTOTY KOHEYyHOro npofykra Bbie yem go 93—94%...

MomumMo BCero mnpoyero, 6op 3HaMEHWUT elle U TeMm, 4TO
NnopTUA HepBbl MHOMMM BblgalowmMmca xuMmukam. B 1858 .
. Bénep n A. CeHt-Knep [esnsb YCTaHOBW/IW, YTO 3TOT 3/1e-
MEHT CyLLeCTBYeT B ABYX MOAUGDMKALMAX: KPUCTANTNYECKOR —
anmMas3onofobHO 1 amMOp(HO —Noxoxen Ha rpaduTt. 370
NooXKeHne BbICTPO CTano 06LLenpu3HaHHbIM, BOLUIO B MOHO-
rpaum 1 yuyebHUKN.

Ho B 1876 r. Hemeukuin xumuk B. Famne ony6nunkosan
CTaTblo, B KOTOpOW yTBepXkgan, 6yaTo anmasonogobHbIin 6op,
MOMyYeHHbI TeM >Xe cnocobom, 4To y Bénepa n CeHT-Knep
[eBnna,—ato He 3nemMeHTHbIi 60p, a 6opua  antoMUHKSA
coctaBa AlB|2 Ewe uyepe3 ceMb NeT Ta Xe yyacTb NOCTUra
rpagpuTonofobHbIn 6op. Ero dopmyny (BI18C2A1) ycTaHoBWN
thpaHuy3 K. Xonu.



Pesynbratet pabor 'amne m 3onn, ecrecTBeHHO, BEI3BaNR
comuenue xojer. V1 oeno sgech He TOABKO B aBTopurere Bé-
aepa u Cent-Kaep [eBund — Boijalolmiuxca y4eHBIX U OTJIHY-
HBIX akcnepumenratopos. ®opmynast, nonmyyenusie Tamne n
Honu, «me nesnu = B Kakne Bopora» (ecim BOPOTAME CIH-
TaTh KJIaCCHYECKHE TEOPHH XUMHUIECKO CBA3H),

Torxa eme He 3manyd, 910 aToMel 6opa cnoco6Hm K 0Gpaso-
BAHHI0 HE TOJNbKO MOHHBEIX, HO M KOBAJEHTHHIX CBA3€H; YTO
OHH MOTYT COEMHATBHCA MEXAY co0oil B MEMOIKH, KapKacl,
CeTKH; 4To mpu obpasoBaHHA GOpPHIOB * MpOHMCXOMHT Kak 6n1
«HAJIOKEHHEe» HECKOJbKAX THIOB XHMHYECKOH CBA3M. 3HAJH
0 cpozcTBe Oopa K KHCJIOPOAY, yriepoiy, aJlOMHHHAIO, HO Ha-
CKOJIBKO BeJHMKO 3TO CPOACTBO, HE JOTrajblBajuch. A HMEHHO
n3-3a aTHX ocobenHocTeit ajjeMeHTa N2 5 okasanoch, 9To fnpa-
BBl HE BEJNKHE, a MAJOU3BECTHBIE XHMUKH.

B 1908 r. amepukranckuit mccienoBartenn J. Beiintpay6
HOATBEPAMSI CTpaHHYI0 (POpMYIy KpHCTaJUINYecKoro 6opa —
AlB,;. A na cnenypomuii rox, BoccTaHOBUB XJiopup Oopa Bono-
poloM B ajeKTpudeckoil gyre, Beiiutpay06 mepBHIM moiydmi
6op 99 % -Hoii wrCTOTHL.

Tem He MeHee U CerofHsA JOCTATOYHO NPOTHBOPEYHBHl OT-
BEeTHI HA BONPOC O CBOICTBAaX W «BHemHocTH» Gopa. Hanpumep,
B Kpatkoii xumMuveckoit snmuxaonequn (tom I, c¢. 451) roso-
pHETCA, 4TO KPHCTANIAYECKHU GOp — MOpPOIUOK cepoBaTo-dep-
HOTO IBETA, a B APYroil SHIMKJIONEAUH XUMAUECKNX 3HAHHN —
tTpexToMubix «OcnoBax ofmeit xumun» b. B, Hexpacosa onn-
caH Gop «B BHAe TeMHO-Oyporo mopomka» © CKasaHo, 4TO
«04eHb YHCTHIN Oop OecupeTeH».

I'me sce nmcruna? Hak um crpanno, u Tam u taM. Ha cgoii-
CTBA 3JIEMEHTOB BJIHMAIOT — H OYE€Hb CHILHO — JaMe UecAThe
M COThle MOJHM MpOLEHTa npHuMeceil. «JmeMeHTHBI» Gop
MOJMy4al0T HECKOJBKHMH CIOCO0aMH — KpeKHHromM OGOpoBOO-
polioB, BOCCTaHOBJIE€HHEM Ha pacKaJeHHOH TaHTaJOBOW HATA
A B 9JEKTPHYECKOH Jyre, HO HM B ONHOM CJydae He yAaeTcA
[peofioieTh BRICOKOE CPOACTBO Gopa K JAPYruM asjeMeHTaM,
HA B ONHOM cjlydae He yjaerca u30eaTh «IOCTOPOHHEX
BKIIoOveHNii». BoT moatomy-To m3 offHOH aBTOpPUTETHON KHHIU
y3HaeM, 9TO TeMIepaTypa IUIaBJeHHA JJeMeHTHOro Gopa
2075, a u3 gpyroii (ne menee apropuretnoit) 2300° C. To mxe
caMoe — C TeMnepaTypoil KmmeHHs: B OJXHOM CIPaBOYHHKe
Haxoqum ee pasHoit 2550, a B npyrom 3860° C.

¥ Bopujamu HasLIBAlOTCA COeAHHeHHA Gopa ¢ MeTaanaMmm.
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Muoroe o Gope mo cux nop menssectuo. Ifo-pasmomy oTme-
YalOT yYCHbIE U HA BOHPOC, CKOJBKO i€ B AeliCTBHTENbHOCTH
cymecTByeT MojpuduKauuii sqeMeHTHoro 6Gopa: oJHa, [Be,
MHOTO...

Bce sto, ognako, He moMemano Gopy M MHOTMM €ro COefH-
HEHIAM BOITH B YACIO BaJjKHEMIIMX MATEPHAJOB COBPEMEHHOI
TeXIUKH. JTO MPOI30LULI0 GJIaroJapsA YHIKAJIbHOMY codeTa-
HUIO TOJIE3HBIX CBOMCTB 2JeMenTa Ne 5.

AroM, ApO, ATOMHBIT peaxkrtop

Atom Gopa — «KOHCTPYKILUSI» [0BoNbHO mpoctaa. B sppe
OAATH NPOTOHOB U IIATH WIIH WeCTh HeliTponoB (um3oTonbl Gop-
10 u Gop-11 coorBercrBenno). Boxpyr aapa BpamaioTca nAThH
3JIeKTPOHOB: N1Ba — Ha Gmmxaiimeil k AIpy obosouxe, Tpu —
Ha HapyskHoil. Biarogapsa sTHM TpeM aiexrponam Gop m mpo-
sABlAeT 00BIYHO BAJEHTHOCTDL 31,

K snexrponHoMy crpoenmio MH eme BepueMca. Ceituac ixe
pedb 0 Agpe aroMa 0opa m 00 «aTOMHOI ciykOe» 3TOro sie-
MEHTA.

ITpupopusiit 60p cocTouT TOMBLKO U3 ABYyX uszortonos. Ha mo-
Jqi0 nerkoro G6opa-10 B mpupopHoil cMecH HPUXOJUTCHA OKOJO
19%, ocranbhoe — Tmensiit Gop-11. U atm uudpni B pasubix
H3MAHUAX HeCKONbKo Bapbupyiotrca. Hexortopolie yuenbie
cumraior, 4T0 ortmouienne B :'*B=81:19 mnemnocrosanno u
4TO B HEAPAX 3eMJIH OPOACXOMHT YaCTHYHOE Pa3jeeHHe H Ie-
pepacnpepnenenne usoronos Oopa. Ilo MueHmio apyrmx, Bce
OTKJIOHEHHUS B M30TONHOM COCTABE — OT TOrO, YTO ONpEAeAIT
ero pasHsIMH mpuOOpaMu W MeTojaMH; HO H B paborax yue-
HBIX 9TOH rpymnmsl roBOpuTCA, 94TO GOp, BHIMEIEHHBIH U3 MOp-
ckoit Bopbl, Ha 2% TsKesnee Gopa, MOJYYEHHOTO U3 MUHEpa-
a0B. Bee cxomarca ma toMm, uro Gop Murpupyer mo Imjasere,
HO KaKHe TpoHecchl YacTUYHO PasfedsioT M Lepepacmpefe-
JAAI0T M30TONBI GOopa — Ha 3TOT BONPOC HHUKTO He [aj IOKa
O[JHO3HAYHOT'O OTBETA.

Ectn, npaspa, mpyroe oGbAcHeHUe OTKJIOHEHUIl B H30TOI-
HOM cocraBe 0opa, mojydeHHoro u3 pasubix o6GpasmoB. CyTh
€ro B TOM, UTO NOJ JelicTBHEM NPOTOHOB wacTh Gopa-10 mpe-
Bpamaerca B Gepuiimii-7, a ToT B CBOI0 ouepedb (mocie cepun
AlePHBIX TpeBpalleHuii) — B reiauii-4.

Bonpoc 06 nzoTonHOM cocTaBe siaeMeHTa Ne 5 — fajeKo He
npaaausiif. ITo oxHO#l M3 caMbIX Ba)KHBIX JJIA ATOMHON TeXHH-
KII XapaKTepUCTHK — CeYeHHI0 3aXBaTa TeIJOBBIX HeHTpo-
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HOB — [30TONBI §Opa OTJHMYAIOTCA JPVE OT JApyra ouellb
CUJIBHO.

Ceuenne 3axBaTa —3TO CHOCOOHOCTDL SIAPA 3aXBATHIBATH
3aMe/leHHBle (TEMUIOBBIE) HEHTPOHBI, CIy)ainue Bo3Gyu-
TENSAMII 1l PACHPOCTPAHUTENAMH IEIHOi ANEPHO peakIum.
C noMoLbI0 BelecTB, HMEIIHX GOJLIIOE CeYeHHe 3aXBaTa,
MOKHO PeryJipoBaTh XOi IeNioil peakIiy II, eCliH HYHLHO,
racuth ee. M3 rakux pemiecTs AeaaioT yNpaBiAioOIIie CTEP:k-
HHE aTOMHBIX PEaKTOPOR.

Kak KoHCcTpyKI[HONHbIE MAaTepPUAIE «TOPAYCH 30HBI» TaKIe
BeLlecTBa, KoHeuHo, ue moaxogsaT. HaoBGopoT, oT aineMeHTOB,
uMelomiix GoJiLUI0e cevenie 3axBaTa, B TOM YHcjie H OT Oopa,
KOHCprKHIIO]IIIBIe MaTepliaJabl aTOMHOI TeXHHKII MPIHXOAIITCS
THIATEJNLHO OYIIIATh. 3J€Ch NYMKHBI MaTEPUAJbl ¢ MHIIIMAJb-
HBIM cedYelneM, OT KOTOPBIX HellTPOHB OTCKaKHBaJH Obl, Kak
roOpoxX OT CTEHKH. '

ITo Bennvune cedeHus 3axBaTa TEMIOBBIX HEHTPOHOB Jer-
Kuil u3oron Gopa 3aHHMaeT OJHO H3 MEPBHIX MECT CPedl BCex
3JIEMEHTOB 1 H30TOIIOB, a TAKENBI — OJ(HO H3 caMBbIX MoCJe[-
HHX. 9TO 3HAYHT, 9TO MATEpPHAJbI Ha OCHOBe O0OMX H30TOIOB
aseMenta N¢ 5 BecbMa HHTEpeCHBl [UIA PEAKTOPOCTPOEHHs,
KaK, BIpPOYeM, M [JA JApyrux obaacTeil aTOMHOH TeXHHKH.
WuTtepec 3TOT YKpemIsIOT OTAHUYHble (PUBHKO-MEXaHIIYecKIie
cBoiicTBa Gopa M MHOTHX €ro COeJMHEeHIIil: MPOYHOCTh, TePMO-
CTOIKOCTD, TBepAoCcTh. Ilo TBepgocTI, HanpIlMep, KPHCTAJIIH-
useckuit Gop (AlB,.) szauMaer BTopoe MeCTO cpejl BcexX ale-
MENTOB, YCTyNas JIIL YIJEPOLy B BUE akMa3sa.

Paznensats npupoausiit Gop Ha M30TONEI M MOJYIATh COERH-
HeHusa 6opa ¢ M3MEHEHHBIM M30TONMHBIM COCTABOM YMEIOT yiKe
BO MHoTHX crpaHax. Pasgensior, KoHeuHo, He 3JeMeHTHBHII
60p, a OIHO M3 ero Coe[MHEHMii, Jalle Bcero ras3oo0pas3HbIl
TpH HOPMAIBHBIX YCIOBHAX Tpexdropucrsiit Gop. B skunkocts
BF; npespamaercsa npu temneparype okoio munyc 100°C.
Ycranosineno, 910 MoneKkyuabl Tpexdropuctoro Gopa, B COCTaB
KOTOpHIX BXoAuT Gop-11, HeMHOrO MOKBHI}KHEE TeX, B KOTOPHIX
sakmoden Gop-10. U3-3a aroro ""BF; ncnmapsaerca us ;xupxo-
ro tpexdropucroro Gopa UyThb-4yTh Jerde u ObicTpee, YeM
YBF;. 9toit MUHHMANbHOIl pasHHLEl B CBOICTBAX U NOJb3Y-
I0TCA [JIA PasjesieHnsa H30TomoB 6opa B peKTHPHKALMOHHBIX
ronouHax. Ilporece aToT ciOMHBIN H [OJTMil — BCe-TAKM Pas3-
HINA B CBOMCTBAX MOHOM3OTONHLIX (TopHIOB Gopa OYeHL
HeBeJIIKa.

Houeuno, perynupyoue crep:kun jiejaior He u3 $ropuaa
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fopa — KaKe ecam ero u3oTomublii cocras usmened. Ho mpes-
patat, BF; B aneMentuwii Gop man kapbup 6opa B.C ma-
MHOrO NpoIlle, HEMEJN PpasjelHTh I30TONBL. OTO fAejaeTcd
q@cTo XuMHYecKnMu crnoco6amu. CmocoGHocThio 6opa aKTUBHO
3aXBaTHIBATh HeliTPOHBI IOJAB3YIOTCA H MJIA 3AOIMTHI OT Ieii-
tpounoro manyqenus. [lupokoe pacmpocTpaHeHIe IMOJYYHIH
GopHbIe CICTIHKH HEHTPOHOB.

KonkypenTs! anma3a

B mpepgpiiyuieii raase yice ynommnuaica kapouy 6opa B.C —
KaKk OMH H3 MATEpPHAJIOB Jyisl H3rOTOBJEGHIS DPEryJiHpYyOIuX
creps;kHeil, Ho aTo BemectBo, BllepBble 1odyvyenioe eme AHPH
MyaccanoM, HY/KHO He TOJBKO ATOMHUKAaM. Y:Ke MHOro Jet
€ro NPHUMEHSIIOT AJA 06GpaloTKH TBEPABIX CIUIABOB, MOTOMY
9TO MO TBEPHOCTH KapGip Gopa MpeBOCXORHUT MOYTH BCE NPO-
4Yiie KPHCTAJLIIBI, YCTYOasA JIIIb aJMa3y.

ITuM uyepubiM GJAECTAM[IM KPICTaJJaM He CTPamieH paso-
rpes. C DoBBIIIEHUEM TEMIEpaTypsl HX CBOHCTBA IIOYTH He
MEHAWTCA, a wiasutes Kap6un G6opa mmus npu 2350° C. Bo-
aee toro, npu.temneparype ke 1000° C ato semectso o6ua-
JaeT HCKIIOYHTE/bHOM XHMHYeCKOH CTOMKOCTHIO: B 9TUX YCJIO-
BHSX HA HEro le AeHCTBYIOT HO KHCJIOPOA, HI XJIOp. ITO 3HA-
9AT, 4TO HHCTPYMEHT u3 Kapbmja Gopa mo:ker paboTaTh mpu
BBICOKIIX TEMIIEPATYpPaX B OKICJNTEIbHBIX Cpefax.

IIpuunner coueranna wenuKojgeniblx QU3HKO-MeXaHIIde-
CKHX I XIMHYECKHX CBOIicTB 9TOro BemiecrBa o0BACHAIOTCA
cTpoeHimeM aToMa 0opa H KpICTaJUIIYECKOIl CTPYKTYpoil Kap-
6npa Gopa. UroGbl HOACHHTL NX, BEPHEMCA K DIEKTPOHHOMY
CTpPOeHuio aeMentTa Ne 5,

HamomuuM, 4To B arome Gopa BOKpYr sjgpa BpamaiOTCs
OATH TEKTPOHOB, H3 HIX TPH Ha HAPYXKHOH oGomouke. Itm
TPH JNEKTPOHA HEPABHOLEHHBI: JIBA COCTABIAIT mapy, a Tpe-
THl — HecapeHHBI 1 moToMy 0co0eHHO «Gyimblily.

Ilo saxomam KBaHTOBOIl MeXaHHKHM HeCHApPEHHBIA JIEKTPOH
BCErjfia cTpeMuTcsa HailTH cebe mapy — BJICKTPOH ¢ IPOTUBO-
TOJIO;KHO HAaNpaBleHHBIM COIHOM ¥, a HaiiTH ee OH MOMceT
TOJbLKO B ipyrom atoMe. B pesynbrate 0o6pasyioTca KoBaJjeHT-
HBEle CBA3IN, NPH KOTOPHIX 3JIEKTPOHHI [(BYX IUIH HECKOJbKHX
aToMOB 00pa3yIioT o0liee aIeKTpoHHOE 06IaKO.

* CnnmaoM (OT AHTAMECKOro Spin — BpalmeHHe) HA3KIBaeTCA cobCTBEH-
Hbiil MOMEHT KOJHMYECTBA [BIKeHAA 3JIEeMEHTADHOH YaCTHIEL
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HKoBanentnaa cBA3h — caMag mpounas M3 BceX BIJIOB XIH-
MHYeCKoil cBA3M. B moMIIMepHBIX MOJEKyaax Tak CBA3aHBI BCE
aToOMBl «CKeJeTa», M MOITOMY TAK TPYAHO pas3pylIUTh CBA3N
B ToJauMepe. A MOCKONBKY B KpHcTajle Gopa aTOMbl OKa3bi-
BAIOTCA CBA3AaHBI IIMEHHO TAKOil CBA3bI0, TO JM060I KplcTam:-
JUK dMeMeHTa Ne 5 MOMKHO PacCMATPHBATL KAaK MOJIEKYJy
HOJNNMEPa, HEOPraHIMYeCKoro MOJIHMepa.

Kap6ug 6opa — toste mnoaumep. Ilpanunbmee ero gopmy-
ny mncats ne B,C, a (B,,C;),. Inementapnas fveiika Takux
KpIICTaNJI0B — poMOo3/ipnuecKas, ee Kapkac obpasyor 12
HOPOYHBEIX, KOMNAKTHEIX (U KOBAJEHTHO CBA3AHHBIX) aTOMOB
Gopa. BuyTpn atoro xapraca pacmosiaraercsa JuueiliHas rpyn-
IIa M3 TpeX CBA3AHMHBIX Mex{1y coGoit aromos yriepopa. Ho-
BalleHTHble CBA3HM BO3HUKAIOT TaKiKe Me;KAYy «X03sgeBaMH» H
¢roctAMU». B pesymbrare 10Mydaercs HACTOJBKO TpOYHAS
KOHCTPYKLHsA, 9TO €e O4eHb TPYZHO Pa3pymMTh JIOOBIMH BO3-
geiicrBuami. Ilostomy rapGun Gopa u TBepm, I MpovYeH, U XH-
MHY€CKH HeysA3BIM, I TePMHUUECKH CTOEK.

IlonoGubiM 06pa3oM MOCTPOEHBl I KPHCTAJIB MHOTHX Go-
PHAOB, IpiYeM KOBAJEHTHOM CBA3LIO MHOTAA COENUHFITCA
aToMmbl Gopa ¢ meramnamir, CaMmselii TepmocToiikuii 13 Bcex Go-
pujoB — aubopux rapuus HiB,, rkoTopelii niaBHTCS TOJBKO
npn 3250° C. «Pexopamer» 110 XuMmndeckoil CTOHKOCTH — -
6opug tantana TaB,. Ha nero He meiicTBYIOT HHKaKHe KIclo-
THl, flaske KUOAIIAS [apCKasa BOAKA.

N nanocnenok — o coegumuenuax Gopa ¢ azoTroM. Xapak-
TepHo, 4To coueTanue saemeHToB Ne 5 u 7, mo cymrecTBy, ayo6-
aupyet snement Ne 6. UssectHo BemecTso Gopason — B;N;Hs,
KOTOopoe He caydJaiiHO IHOTAA HA3BIBAIOT 11€0PraHHYECKIM
GeHsosoM. Y GeH3ona m Gopasosia MOYTH HAEHTHIHOE CTpoe-
Hue, Gianskne uaMUecKkne M XuMHUYecKne cBoiictBa (mpasfa,
B GosibINHCTBe peaKunuii Oopasos Beger ceGsa aKkTuBHee GeH-
30J1a), TIpIYeM Ie TOJNLKO Yy CaMHX BeIlecTB, HO M Yy aHAJOrIY-
HBIX X NPOU3BOIHBIX.

BN — taoB coctaB BemiecTBa, KOTOpPOE€ HHOI[]a HA3BIBAIOT
Geabim rpadutom. Ero moayuarT, mpoxasmBas TeXuHdYecKHil
Gop nnu oxues Gopa B armocdepe ammuaka. I1o Gensld, 1o-
XOMIII HA TAQJbK NOPOLIOK, HO CXOACTBO C TAJBKOM UHCTO
BHeIILee, HaMHoro Gosibime W riayGie cxofacTBo amMopgHoOro
HATpIAA Gopa ¢ rpadmnroMm. OgnHAKOBO NOCTpPOEHBI KpHCTAJ-
JHYeCKHe pellleTKH, 00a BemecTBa ¢ YCIIeXOM NDHMEHSAIT B
KauecTBe TBepjioil BBICOKOTeMIepaTypHOIl cMa3KIL

Tlocne Toro Kak B yCIOBHAX CBEPXBHICOKIX AaBAeHHH I BhI-
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COKIX TeMIepaTyp YHAJOCh HEepecTPOnTbh KPHCTALIHYECKYIO
peureTky rpaduTta M TOJYYHTH HCKYCCTBEHHBIE ajiMasbl, MO-
no0HyI0 onepanuio nposein u ¢ GeasiM rpadurom.

YcnoBus omnpiTa, B KOTOPOM 23T0 YHAJ0Ch CleldaTh, ObLIH
traknmn: remneparypa 1350° C, naBnenue 62 tuic. atm. U3 aB-
TOKJIaBa BBIHYJIM HEONpPeIe]eHHOro IBEeTa KPUCTAJIBI, BHELIHEe
COBEepLIEHHO HempHBIerarejbHele. Ho aTu Kpucramibl mapa-
naau anMmas. IlpaBaa, u on me ocraBajicsas B JOJTY 1I OCTABIAII
[apanMHbl HA KPHCTALIAX HHTPHa Gopa.

370 BewecTBo Ha3BaJH OopazonHoM. XOTA TBEPAOCTb aliMa-
3a ¥ Gopa3oHa OJMHAKOBA, NMOCJENUHIl HMeeT iBa OYeHb 3Ha-
9HMBIX IS TeXUHNKH mpenMyinectBa. Bo-mepsbix, Gopason
0ollee TEPMOCTOEK: OH pasjaraetTcd NpU TeMIepaType BBILIS
2000° C, anmas ke saropaerca mpu 700—800° C. Bo-sropsix,
Gopason Jsyuille, YeM ajiMa3, HPOTHBOCTOHT JeiicTBHIO ypmap-
HBIX Harpy3oK — OH He CTOJb XPYIOK.

B CoserckoM Coioze B mMpOMBINUIEHHBIX MacwTaldax Ipo-
H3BONATCA BBICOKOTBEpPAbIe I CBepPXTBep/ible MaTepHaJbl Ha
OCHOBE KPHCTaJUIMUECKOro HuTpuma Gopa — anbbop, xkyGoHirT,
rexkcanut P u gpyrue.

N3sBecTHoe cxoicTBo ¢ yriaepojoMm mnpossiser 1 cam 6op,
a He TOJNIBKO ero COeIHHEHHsA ¢ a30TOM. ITO He JOJKHO Y/IMB-
antb. Bop u yriepog — coce no MeHjeJdeeBCKoil Taluuie,
o0a sineMeHTAa — HEMETAJUIbl, MAJO OTJHYAIOTCA pasMepbl uX
aToMOB H HOHOB. I'JIaBHOe clleICTBHE TOrO CXOACTBA — OBICT-
poe pasBHTIie XUMHI O0OpOBOAOPOMOB, KOTOpas, N0 MHEHHIO
MHOTHX YYeHBIX, MOMET CO BpeMeHeM CTaTh «HOBOil oprauu-
Koity». HamomuHgM, 9TO NpOCTO «OpraHmKa», OpraHmYecKas
XHMIif, 9T0, 10 CYLOECTBY, XHMHA YIJEBOAOPOAOB H HX PO~
U3BOJXHBIX.

HoBaa oprannka

IlepBbie coepmueniia Gopa ¢ BOJOPOAOM ObUIH TOIYYEHBI
II. Tsxoncom u JI. Teiutopom eme B 1881 r. Jfoaroe Bpems
OXOTHHKOB 3aHHMATLCA JTHMH COeJMHEHHAMH ObLIO HEMHOTO.
Boposogopoant  (mm  GopaHbl) HECTOWKH, AMOBHTHI, OHM
CKBepHO MAXHYT U IJIaBHOe OYeHBb CTPaHHO mocTpoenbl. Ilo-
npobyiiTe ompeAeNnTb, KaKyld BaJIeHTHOCTH NPOABJIAET Gop
B TaKux, nanpumep, coepunesnsax: B.He, B.H,o, BsH,, BioH, ..

Crpoenne HEKOTOPBIX GOPOBOLOPONOB MO0 ObLIO GBI 06H-
ACHNTh 06pasoBaiueM HOJIIMEPHbIX LeNoYeK M3 aToMoB Gopa.
Ho Ttorpa sti coepunenna AomiHb GbuIM Ob1 o6magaTh 607b-
moii cTabMmIbHOCTBIO, a OHH, HA0GOPOT, pasjaraloTca OT Ma-
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neiwero BO3AeWCTBMSA. 3HAUMT, NYXHO ApYyroe O06BACHEHMe.

KapTnHa Havana npoAcHATLCA NMWb B KOoHUe 40-Xx —Ha-
yane 50-x rogos Hawero Beka. OAHOW M3 MPUYMH, NO KOTO-
poii BO MHOTMX CTpaHax CTaiM YCWIEHHO 3aHUMaTbCA XUMMei
60pOBOAOPOAOB M WX NPOWM3BOAHBIX, OblN MHTEpPEC K 3TUM Be-
LLecTBaM, NPOABMEHHbI/i BOEHHbIMU BEAOMCTBAMMU.

JancHocTb M CKOPOCTb MoJjieTa neTaTeNbnbiX annaparos
(HeBaXXHO, camMoneT 3TO WM pakeTa) BO MHOrOM 3aBUCAT OT
TENNOTbl CFOPaHNA MPUMEHSEMOrO FOpPHOYero. SHepreTuyecKuii
«MOTOMOK» N06Or0 yrneBojoOpoAHOr0 TOMAMBA He MNpeBbllwaeT
10,5 TbiC. KKan/Kr, NOTOMY 4YTO TEMJ0TBOPHAs CMOCOBHOCTb
camMoro yrnepoja CcpaBHUTENbHO HeBennka —7800 Kkan/kr.

3ameHa yrnepofa 6onee «KaJlOPUIAHBIMWY» 371EMEHTAMM MO-
3BOJISIET MO/lyYaTb TOMAMBO CO 3HAYMTE/IbHO /YYLIVMMU 3HEp-
reTMYeCKUMU XapakTepucTMkamu. TenjioTa cropaHua 6opa
(14170 kkan/kr) nouTw BABOe 6onblue, Yem yrnepoga. Korpga
CTa/M MOACYMTLIBATH, YTO MOXET faTb 3amMeHa Yrnesofopoj-
HbIX TONAMB 6OPOBOAOPOAHLIMH, TO OKa3anoCb, YTO PEaKTUB-
Has aBMauMs MOXeT BbIMIpaTb OT TaKO 3aMeHbl OYeHb MHO-
roe. Bo-nepsblX, Npy 3a4aHHON [anbHOCTM MO/MeTa MOXHO
YMeHbWNUTL rabaputbl ca-

MoJeTa, COOTBETCTBEHHO

YBE/IMUMB €ro CKOPOCTb; BO-  OT/IOXENL, Okrcn 6opa ,,a CTesx
BTOpblX, MOXHO TIOBbICATb conna peakTUBHOro amnaparta
nonesHyto  narpysky u,

B-TPETbUX, COKPaTUTbL pas-

6er npu B3nerte.

PasymeeTcsi,  HOBeilMe
cBefleHns o 6opoBoJopos-
HbIX TOMAMBAaxX 3acekpeye-
Hbl, NO3TOMY nNpuUAeTcd fAo-
BO/IbCTBOBATLCA MPUMEpPamMu
fecATuneTHel [aBHOCTMN.
Yxe B cepeauHe 60-x rogos
OblNMM N3BECTHbI aMepuKaH-
CKne 6OpOBOAOPOAHLIE TOMN-
nmea tuna HEP. 310 npo-
n3BOfAHbIE  6OPOBOAOPOLOB,
B KOTOPbIX HEKOTOpble aTo-
Mbl BOAOPOJA 3aMeHeHbl op-
raHWYecKUMn  pagmkanamu
(eTKa, eyTUA 1 T. 4.).
Y 3TuX BewecTB TensoTa



CrOpaHHS Memnbine, 9eM y 9JHCTHIX GOpaHOB, IO 3aTO OHH Me-
Hee sAAOBITHI U Gojiee cTaGMIbLHEL.

Ucubitannusg uepsslX  G0POBOJOPOLHLIX TOIVIMB OBIIM He
cosceMm yjaunsimu. TonauBa, KoTophle Hpn CropaniHd HaioT
TBepAbIe OCTATKH, ONACHBI A JI000i TeXHUKH, 0COOCHHO A
peakTUBHOI: BO3MOMHA 3a0HBKa comeJi, IpeBaTas ONacHOCTHIO
B3pbiBa. Ecin ke TBep/ble BemecTBa obpa3syloTca H3-3a He-
AOCTATOUHON CTaGHUALHOCTH HC YCHEBIUEro CropeTb MKHIKOrO

. TOIJIMBA, TO BO3MOMKHBI HAPYIIEHIsT PaGoTHl CHCTEMBI MOAAYH
TOIJIMBA W [pyrix y3ioB gsurarens. [locae cTeHIOBBIX HCNBI-
raunit typGopeakTusuoro ABlrarens, paborasmiero Ha Gopo-
BOJIOPOMIHOM TOILIHBE, ObUIH OOHApPY’KeHB OTJIQREHH] OKHCH
Gopa ma crarope u porope TypOHHBI, I1a BCeXx paeransax ¢op-
ca)KHOM Kamepbl, Ha BBIXOJHOM coiuie, BapbiBa He GblTO, HO
OH MOT OBITh.

Ycnemnee oxasanuch HCOHITAHAA GOPOBOJOPOMHBIX TOILUIHB
B DO3NYIIHO-PEAKTHBHBIX JIBATATeNAX, INpeJHa3NadeHnbiX
A ynpasiseMsix cHapajgoB. C mepeBooM HA HOBOE TOIJIMBO
JeTHO-TeXHUYeCKHe JlauHble JTHX CHAPNOB CYMECTBEHHO
YAYYMIHIHCE,

MoskHo mpemmosaraTh, 9T0 3a TOAbI, IPOMIEAINAE CO Bpe-
MEHH ONICAIHBIX HCOBITAHAH, MHOFHE TPYAHOCTH TOrO0 Bpe-
MEHH YJaJIoCh IPEOfioNeTb. XuMAA GOPOBOJOPOAOB W HX HpO-
H3BOJHBIX pasBunBaercA OBICTPo. B uactHOCTH, B aTH rojb
cHHTe3NpoBaHsl Gapen N Heo0apeH — BemeCcTBA COCTaBa
BiHyo(CH:).. JIpyr or apyra oHH oOTJHYaOTCA TOJABKO B3a-
HMOpACHOJIOREeHIeM COCTABIAMUX uX artoMoB. Ilo cpaBue-
Huo ¢ GopaHamu Gapensl 006Jagal0T 3HAYHTENLHO OGOJbINENH
TepMHYECKOil 11 XIMI9ecKoil croiikocThio. Bapen BoijjepsKuBa-
er uarpesanme mo 500° C, me pacTBopsercs B memovax H
cnuprax, He OKHCIAETCA MOJ jielicTBHEM GONBIUNHCTBA OKHC-
nurenei.

Honeuno, mHTepec K GopoBOKOpofaM W HX OPON3BOJHBIM
00BbACHAETCA He TOJNBKO BO3MOMKHOCTBHIO HCIIOJAB30BAHUA HX B
KadecTBe TOMIHBA. UjeH-KoppeciloHeHT AKafeMns Hayx
CCCP b. B. Hexpacos yTepssgan, 4To «Xumus GopoBogopo-
OB H HX HPOH3BOAHLIX [0 CBOEMY XapakTepy B GOraTcTBy
CHHTETHYECKHX BO3MOMKHOCTEH OpHOMMIKaeTCA K oOprammue-
ckoit xumun». [logoOHOro MHeHHS PUAEPIKABAIOTCA U MHOTHE
ApYyrue CIenuaHCThI.

«HoBasi opranmka» Todbko naynHaerca. Opramuka ma oc-
HoBe Gopa. U 310 eme oxHo mopTBepiaeHie Goabmoro Gymy-
mero aneMenta Ne 5.
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IMOPASUTEJBHLIYT MHAUBUIAYAJI3M. Bop He oTHocuTCcs K wic-
JIy CaMbIX pacnpocTpaneHHBIX 3JMeMEHTOB 3eMHOII KOpPBI, HA €ro 1019
npuxoautca Jums 3-10-4% ee Beca. HecmoTpa na 2TO, H3BECTHO
Goabmwe 80 cobcTBEHHBIX MIHEPaJoB Gopa; B CUYKIX» MHHEpAIax
OoH nouty me BeTpedaercsa. «HekommyHmkaGeabuocTh» Gopa oGbAcCHA-
I0T Npeje BCEro TEM, 9TO y KOMILUIeKCHBIX aHHMOHOB 3JeMeHTa N 5
(a mMeHHO B TAKOM BHJE OH BXOMUT B OONBIINHCTBO MIHEpPAJOB) HET
MOCTaTOYNO pacilpoCTPaHEHHBIX amanoroB. WHTepecHO. 4To MOYTH BO
BCeX MIHepaiaX 0Op CBA3AH ¢ KIHCAOPORXOM, a rpynna ¢ropconep-
JRAIX coenHeHNii coBceM MajouncicuHa. [asHsle Mupepaist Gopa:
6ypa Na:B,0;-10H:0, kepuur Na:B.0;-4H,0 u caccoann (min GopHasn
KHCJI0Ta), a TakKe OGopocmankat paroxur. Camble KpynHble MecTo-
posknenus Gopuoro ceipbs HaxoaAtcs B CCCP (Cn6ups, Hasaxcras),
CIOA (wrar Kanudoprusa), Hepy, Aprearnne, Typuun.

BOPHBIE YJOBPEHUS. Jlas MAOrNX {HBHIX OPraHH3MoB 0op —
‘KI3HEHHO Ba)KHBII1 aaeMeHT. BMecTe ¢ MapranmeM, Mepbio, MomnGpe-
HOM Il HUHKOM OH BXOQNT B 9YHCJO NATU BarKkHe{IIINX MIKpO3JieMeR-
10B. IIpn HemocTaTKe Gopa B mo4Be 3aMeTHO YMEHBLIAOTCA YpPOMKal
MHOIHX KyJNbTYp, NpmueM ocoGeHHO CIVIbHO HexBaTka Oopa cKasbl-
BaeTCA Ba yporKae ceMsmH. YCTaHOBieHmo, 4To 00p BJHseT Ha yIie-
BOAHBIT 1 OeaxoBoiil oOMeH B pacreHnsx. BmecTe ¢ ypoxaeM KyJb-
TYPHBIX pacTeHHMil ¢ Ka)KJA0ro reKTapa MOYBBHI €MKErOJHO YXOANT MO
10 r Gopa. OcoBenHO aKTHBHO YNOCAT €ro KOPHEIUIONBl H KOPMOBbHle
TpaBbl. ITY eCTeCTBEHHYI YObUIb MPUXOQITCA BOCHOJHATH, BHOCHA R
nouBy Gopunie yaoGpeHns. B KadecTBe TAKOBBLIX Yallle BCErO IPIHMC
HAIOT ocasK;eHHble GopaTyl MarHnA, GOPHOJATONHTOBoe YyHoOpeHIe.
coxepxamee mo 14,5% BomopacTBopuMoii GOPHOIT KICHOTHI, M cymep-
docdar ¢ noGaskamn coemuHennii Gopa. VX BHOCAT NOX MHOTOJNeTHIE
TPaBHl, JIEeH, XJONMYATHHK, OBOIIHBIE, INIONOBOATONHBIE I MHOrHe ApY
rue KyabTyphl. dddext or mpumeHeHIss GOpHBIX yRoOpexrii Bo MHo-
ro pa3 HPeBOCXO[HT 3aTPaThi Na HX IPOM3BOMCTBO Il BHECEHHE B HOUBY.

IMTPUYHUHE]I IMTPEBOCXO/ICTBA. Bop — He eAMHCTBEHHbI 3JeMEHT,
XOpOIIO NOrJOIAIOIIil TCIVIOBBIC HEHTPOHKI, oOpasywouiecs nApH Hen-
HOIl Anepmoit peaknuu. Boasmeil, uem y Gopa, cmocoGHOCTHIO K 3aXBaTy
HeliTpoHOB 00Jafal0T WIeCTh JMEMEHTOB: caMapHii, eBponuii, TafoanHMiL,
aucnposuii, mayronuit (m3oronur 23°Pu u 24'Pu) m kagmuit. Ho mepen
KaMIbIM 13 HIX y Gopa ecTh npeumymiccTsa. OH cTa0laeH, TePMOCTOEK,
HEAMOBUT U J0CTaTOYHO pacmpocTpaged. HaaMiuil »e maasurca y:ke upn
321° C, K ToMy ’Ke oH ToxcmiImee Gopa. ILnMyToHMUil He TOALKO TOKCIYEH,
HO 1 pamnoaxkTiBeH. M ouemn gopor. OcTajbHBIE YeThIpe 3deMeHTA —
JIAHTAHOUAM, OHI KpaiiHe pefkH ‘U paccenHbl, PasfeidATh NHX OUYeHb
caoxuo Tak 9T0 NMPaKTHYECKN (KOHKYpPEeHTOM» Gopa mpu H3rorosse-
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HHH DPEryJIHpPYIOUINX CHCTEM ATOMHBIX PEAKTOPOB MOKeT ObITb TOJb-
KO KafIMHH, Ia I TO He BO BCeM.

BOP — JIETUPYIOIIMN 3JIEMEHT. B cnnaBel HBETHBIX H 9epPHBIX
MeTa/loB 6op 0OLIYHO BBOJAT [MA MOBHIICHUA HX IB3BOCOCTOIKOCTII
o kaponpouHocTi. Mumnmanbmbie pob6aBkn Gopa k cramn (0,0005—
0,005%) yBeamduBalwT rayGLUHY ee 3aKAJKIL, a CAeJ0BAaTENbHO, Ii HPOY-
Hocth, Bop myume aioforo Apyroro sjlemeHTa OYHINAeT Mefb OT pac-
TBOPeHHHIX B Heil ras3os, mocjie JerlipoBamiig GopoM cBoiicTBa Mejn
3HAYUTCABHO yAyumaoTca. M maloc Ko BceMmy MpodeMy HAchIeRIC
DOBEPXHOCTH MHOIIX MeTauIoB OGopoM mpusBoguT K o6pasoBaHNIO
GopuygoB 3THX METAJJIOB — COeAlHeHNil TBePALIX Il NPOYHBIX.

KHUCJIOTBI — CUJIBHBIE 1 CJIABBIE. Bopmasa kucioTa — ofHa n3
HEMHOruX KHCJOT, KOTOpble MO’KHO Ha3BaTh MHHEDAJbHBIMII B IOJHOM
CMBICJIE 9TOTO CJI0Ba, OHA BCTPeYaeTcA B 3eMHOI kope. [lo XIHMIHYECKHM
cBOMCTBAM 3TO OfHA 113 CaMbIX ciabbIX KicaAoT. [Ipn marpesadnn BeiLe
100° C Gopnas kuciora cocraBa H;BO; TepsieT monexyny Boanl M mpe-
BpamaeTcA B TOKe oueHb ciaalyi meraGopryio kucaory HBO: Ho me
BCeM KucnoTaM Gopa cBoiicTBeHHa «mpecTymHasa ciaboctsy. Kommiekc-
naa (QropoGopuasa kucaora H[BF.] — nponykr npucoepunenns HF k
BF; — cunbHee NJIaBHKOBOil, CepHOii H a30THOM KUCIOT.

I[NOAPOBHEE OB 3JIbBOPE. HKpucramibn aaMmasomonoGHOro Hii-
Tpuga Gopa B Hameii cTpame BrepBbC OLUIN mOJYdYeHEI B Havaite 60-x
rofop B HMHCTHTYTEe (U3HUKI BBLICOKUX [aBjleRHil IO pPYKOBOACTBOM
akagemuka JI. @. Bepemarusa. TexHosorna npoMBUUIEHHOrO MPOH3-
BOJCTBA TaKUX KPHCTAJJIOB M MaTepHaJioB Ha HX OCHOBe pa3pafoTaHa
cOTpyAHHKaMIl Bcecolos3Horo HaywHO-ICCHE/[0BRTENBCKOTO HHCTHTYTA |
aGpasupos u nuiigoanua. Tam ke I «OKpecTHIH» HOBBII MaTepHadx:
KopeHb «60op» — MOHATHO OTKYAA, a IPHCTABKA «JJIbY — MALKOO «3JIbY,
C KOTOpPOro HAa4liHAeTCA HA3BaHIE Tropoja, B KOTOPOM paCHONIOKCH
BHUMAIIL,— Jlcanarpaga. Ceiigac 3ab00p pasHBIX MapoK Ipol3BoO-
AUTCA B NPOMBILUIEHHBIX MacHmiTafax M Jame mpojaeTca 3a pybem.

BOP B UIIOJIMBTWJIEHE. B 1977 r. amepuxkaHckuil jxypHan «Nu-
clear News» KOpoTKo coo0uimul o mony4deHuH Gopcojepamero mojiu-
sTiena. Marepnan npefEassaicH s 3aMUTHL OT HCIiTPOHHOrO HU3-
Jy4CHHA.



YTJIEPO]T

«Yraepon BcTpeuaeTcA B IPHpPoe KAk
B B cBoGomHOM, TaKk H B COEJUHEHHOM
G coctosuuu, B BechMa pasanudbix ¢op-
MaXx W BuAax. B ¢BoGOIHOM COCTOAHMH
yrilepoj N3BeCTEH IO KpaiiHeil Mepe B
Tpex BHUAaX: B BUAe yriasa, rpadura u
anmasza. B cocrosmum coequHeHmit yr-
JepoA BXOJUT B COCTaB TaK Ha3kBIBae-
MBIX OpPraHHYeCKHX BEHIECTB, T. €, MHO-
AeCTBa BELIECTB, HAXOMALINXCA B Tele
BCAKOTO pacTeHusa W >kuBoTHOro. OH HaxomuTCA B BUiE Yrie-
KICJIOTO Ta3a B BOJie U BO3[AyXe, a B BHfe cojell yrieKkucioTs
1 OpraHHYecKUX OCTATKOB B HOYBE M Macce 3eMHOIl Kopsl. [a3-
HOOOpa3ue BeIIeCTB, COCTABIAIOIIMX TEJO }KHBOTHBIX U pacTe-
HUIl, U3BeCTHO KaykgoMy. Bock u Macio, cKUmMaap u cMoia,
xmongataAa Gymara ¥ 6enoK, KJIeTOYHAasA TKaHb DacTeHUH 1
MYCKYJIbHAs TKaHb KUBOTHBIX, BUHHAA KHCJIOTA U KpaxManx —
BCE 3T W MHOKECTBO WHBIX BEIIeCTB, BXOAAIINX B TKAHU M
COKU pacTeHMI W KUBOTHBIX, IPEACTABIAIT COeJUIIeHUA yT-
aepogucteie, O6acTh coeMHEHMIT Yrilepofa TAK BEJNKA, YTO
coCTaBlsAeT 0COOYI0 OTpacih XHMHH, T. €. XUMHHU YIIA€pOmH-
CTHIX WIH, Jy4YOIe, YTJIEBOJOPOMHCTHIX COEMMHEHMIl»,

9t caosa n3 «OcuoB xumumy» JI. . Menpmeneesa caymar
KaK Obl pasBepHYTHIM 3nHrpadoM K HameMy paccKasy o0 KU3-
HEHHO Ba)XKHOM dJIeMEHTe — yriepome. BmpoueM, ecThb 3fech
ONUH Te3UC, ¢ KOTOPBIM, ¢ TOYKH 3peHUA COBPEMEHHON HAYKH
0 BEIIECTBEe, MOMHO M MOCIOPUTH, HO 00 3TOM HILKE,

BeposaTtno, majpues Ha pyKax XBAaTHUT, YTOOBl MEpEeCYIUTATDH
XAMAYECKHe 2JIeMEHTHl, KOTOPHIM He Obla IIOCBAIM[EHA XOTH
On1 ogEa mayyHas Kmmra. Ho caMocrositenbHas HayYHO-IO-
oyjispHas KHHWra — He Kakag-HHOyas Gpounriopka mHa 20 me-
TIONHBIX CTPaHUIAX ¢ 06J0KKOi u3 obeprouHoit Oymarm, a
BOOJIHE COMMAHLIA ToM ofbemoM moutn B 500 crpamuiy — ecTh
B aKTHBE TOJNBKO OJHOTO BJIEMEHTA — YIJepofia.

N BooGumie nurepatypa mo yriepoay — Gorateitmas. 3To,
BO-TIEPBHIX, BCe 0€3 WMCKIIOYEHUA KHUCH X CTATHH XHMUKOB-
OpPraHUKOB; BO-BTOPHIX, HOYTH BCE, YTO KAaCaeTCA IOJHUMEpOB;
B-TPEThUX, OecumCIeHHble HM3[aHUA, CBA3AHHBIE C TOPIOYHUMH
HCKOTIaeMbIMH; B-YeTBEPTHIX, 3HAUUTEJIbHAS YacTh Me/IIKO-
GuoIOrMYecKoil IATePaTypHl...




[oatomy me Gynem neitathca 06bATL HeoOBATHOE (Bess
He clydaiiHo aBTOpHl nonyJsApuoil KRurm o6 anemente N 6
nassanu ee «HemcuepmaeMmslii»!), a CKOHIleHTpHPYEM BHUMA-
HHe JHmb Ha IVIABHOM M3 TJIAaBHOTO — MONbITAEMCH YBHAETH
yriepox ¢ TpexX TO9eK 3peHuf.

yl‘JIBpOJI rjazaMi KpHCTAJAJMOXUMIIKA

VYriepog — ofUH B3 HEMHOTOYHCJHEHHBIX ajeMenToB «Ges
pony, 6es niemenu». Mcropua oGmieHHA 4YejoBeKa ¢ 9THM Be-
HIeCTBOM YXOXNT BO BpeM€Ha [JOHCTOPHYECKHEe. I/I.\lﬂ aepBo-
OTKpBIBATEJIA YIJiepoa HeW3BeCTHO, HEHU3BECTHO WU TO, KaKas
n3 GopM DIEMEHTHOTO0 YIiiepofia — aiMa3d min rpadar —
6biia oTKpeTa panbme, U To H Apyroe caydaunoch CAMMKOM
AaBHO. OnpeneneBBo yTBep:KAaTh MOMHO ITHIIb OOAHO: MO aJ-
Maza ¥ o rpaduTa ObLIO OTKPHITO BELHECTBO, KOTOpoe eIme
HECKOJNIbKO MeCATH]EeTHH Haszaj cIUTadn TpeThelt, amopdroii
¢opMoii  smeMeATHoro yriaepoga — yroan. Ho B neficTnm-
TeJILHOCTH YTONb, fae APeBEeCHBI, 3TO He YACTHIH yriepof.
B meMm ecTs U BomOpON, U KHCJIOPOM, W CJIENBI JIDYTAX dJeMeH-
toB. IlpaBaa, HX MOHO yNaauTh, HO U TOTNA YLAEPOR Yrisf
He CTaHeT CaMOCTOATENhHOH MopuduKauuedl 3JeMEHTHOro
yriaepoga. 91o ORIIO YCTAHOBJIEHO JUINL BO BTOPONl 9eTBEpPTH
mamero Beka. CTpykTypHBIii aHaju3 mOKasald, 9T0 aMopdHEII
yriepof — 9TO0 TO CYLIECTBY TOT ke rpadur. A 3HaYAT, HH-
KaKoi' oH He aMopdHBI#, a KpPHCTaJJUIeCKHHE; TOJBKO KpHC-
TaJUIBl €ro oueHb MejkHe H Goabme s HuX Aedextos. [locae
3TOr0 CTAJNH CIUTATh, YTO Yriepof Ha 3eMJe CYyMEeCcTBYeT JUIIb
B ABYX oJeMeHTapHHX ¢opmax — B Buae rpadura u
anMasa,

Bam HuKoraa He DpHXOQMIOCH 3aAyMBIBATHCA O OPHIMHAX
Pe3KOT0 «BONOpasjena» CBOICTB, KOTOPHIH HPOXOMHT BO BTO-
pPOM KODOTKOM IepHOfie MeHfejJeeBCKONH TaGauubl 1m0 JUHUH,
OTAeNAIomeil yriaepom OT ClHeRYIOOIero 3a HUM a3oTa? Asor,
KuCI0pOA, $Top Dpu oBBIYEBIX YCIOBHAX ra3oofpasHbl. Yrie-
poi — B aioboit popme — TBeproe Temo. TemmepaTypa mias-
neAna asora — Mupyc 210,5° C, a yraepona (B BHue rpa-
¢ura mom namaenmem ceeime 100 arM) — okono miloc
4000° C... _

Omurpnit WsamoBua MeHnpgeneer mepBHIM HOPEATONOMLI,
9T0 3Ta pasHUIA OO0BACHAETCA HOJUMEDPHBHIM CTPOEHHEM MO-
aekya yraepopa. Om mucan: «Ecam 6w yraepon oGpasosbiBan
moneryny C,, kak um O, 10 Gbln 651 rasom». U panee: «Cmo-
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co0HOCTH AaTOMOB YTVl COEAMHATHLCA MeAy coboil 1 JaBaTh
CIO’KHBIE MOJIEKYJBI HPOABJIAETCA BO BCeX YIAEPONUCTHIX
coequnennax... Hu B omHoM H3 ajieMeHTOB TaKasa CIHOCOOHOCTD
K YCIOMKHEHHIO He pa3BHTa B Takoil Mepe, KaK B Yyriepoje.
lloubiEe HeT OCHOBAHHA M)A OMNpe[eNeHNA MepHl HOJHMepH-
3a0UH YrojabHOH, rpaduTHON, aaMazHOH MOJEKYJbI, TOIBKO
MOMKHO JyMaTh, 4T0 B HHX copepsurcsa C,, rae n ecTb 6oxb-
HIasi BEJIIYIIHAY.

JTO0 MpeAnoNojKeHHe MOATBEPAMIOCH B Halle BpeMA.
W rpadurr, 1 anmas — moanMepsi, coCTOAINAE U3 ONHHAKOBBIX,
TOJABKO YTJIEPOMHBIX ATOMOB.

Ilo merkomy 3ameuanuio npodeccopa 10. B. Xopnakosa,
«eCNIM HCXOAMTH I3 LIPAPONBI HPEoHoJeBaEeMBIX CIJI, mpodec-
CHI0 TPAaHHJBIINKA aJMa30B MOKHO ObuIO OBl OTHECTH K XH-
muyecknM 1npodeccusam», JlelicTBHTENBHO, TIPAHMIBIIAKY
OPAXONUTCA HPEOH0JeBaTh HE CPABHHTENBHO CJIa0bie CHILI
MEKMOJIEKYJAPHOrO0 B3aNMONEHCTBHA, a CHJIbI XHMHYECKOH
CBA3H, KOTOPHIMU OG'beUHEHBI B MOJEKYJY ajiMa3a YIiepoj-
Hble atoMbl. JI1060if Kpuctamn anMasa, Hake OrpOMHBIN, mie-
crucorrpaMmoBeiil « Kyiummnan» — 310 mo cyuiecTsy ojfHa Mo-
JIleKyJla, MOJIeKyJla B BBICIIEH CTeNeHH peryjsapHOro, ImOYTH
HJIeaJIbHO IIOCTPOEHHOTO TPEXMEPHOro MOJHMepa.

Wnoe meno rpadur. 3gecs nonumepHamg yHOPAHROYEHHOCTD
pacrpocTpaHsAeTca TOJNBKO B [BYX HANpPaBJIEHHAX — OO ILIO-
CKOCTH, a He B mpocTpaHcTBe. B Kycke rpadura 3TH mIoCKO-
cTH 00pa3yloT JOCTATOYHO IJIOTHYIO HAYKy, CJIOM KOTOpOIl
COeIMHEHbl MEKJY co0Ooil He XMMHYEeCKHMMH CHiIaMHu, a Oojee
CIaGBIMH CHJIAMH MeKMOJIEKYJsApHOro B3amMmopeiicrsua. Bor
HNoYeMy TaK HpPOCTO — a)ke OT COHNPHKOCHOBEHHA ¢ OyMa-
roii — paccianBaerca rpagur. B To e Bpema pasopmaThb
rpaUTOBYI0 IVIACTHHKY B NOIIEPEYHOM HANPABJIEHUN BECbMa
CJOKII0 — 3j[ech HNPOTHBOMEIICTBYeT XMMHAYECKAs CBA3b.

ViMenHo 0cOGEHHOCTH MOJEKYJAPHOrO CTPOEHHA O0BAC-
HAIOT OTPOMHYI0 PAa3HHNY B CBoiicTBax rpadura u ajnma3sa,
I'pagur oramyHo DPOBOJHT TEWJIO M IEKTPHIECTBO, aIMa3 —
uaonarop. I'padur coBepiieEHO HE HpONyCKaeT CcBeTa —
anMa3 mnpospaden, Hakumu OBl CcHOCOOAMH HH OKHACIAIN
anMas, mpoaykToM okuciaenusa Oyger tonbko CO.. A oxacaaa
rpadnT, MOKHO HpH jKeJJAHNH HOJYIHTH HECKONBKO IpoMe-
JKYTOYHBIX MPOXYKTOB, B 9aCTHOCTH rpadHTOBY0 (mepeMeH-
goro cocrapa) u MemnutoByio Ce(COOH), xucmorel. Kucio-
PO KaK Obl BRIMHHBAETCA MEXAY CIoAMH rpadutoBoil mauyxkm
H OKMCJfAeT JIUIIb HEKOTOpBIe yriepojHble aToMbl. B kpm-
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cTanje aimasa ciaalbIX MECT HeT, Il IMOITOMY BO3MOKHO HJIH
O0JIHOE OKHC/IEHHE MM OOJHOe HEOKHCJIEHNE — TPETHEro e
naHo...

Nrak, ecTh «OPOCTPAHCTBEHHBIH» IOJHMED 3JIE€MEHTHO-
ro yriepoja, ecTh «IUIOCKOCTHOI». B mnpumnume nasHO yike
JONYCKAJNIOCh CYIECTBOBAHAE W «ONHOMEDHOrO» — JIMHENHOrO
noJIMMepa yriepojga, Ho B Ipupoge oH He Obur Haiiges.

He 6wu1 maiimem mo mopel a0 BpeMenn, Yepea HeCKONBKO
JeT IMocke CHHTe3a JUHeWHbIH noJuMep yriepoaa Osu1 HaiifeHn
B MeTeopuTHOM Kpartepe Puc, na teppuropun ®PI'. A nony-
gman ero nepsoiMu  coBerckue xumukn B. B. HKopwak,
A. M. Caangxos, B. M. HRacatouxkmn u IO. [I. HKynpsas-
ues. Jlmmeilmelit mommmep yriepoma HasBaanm KapGmmom.
BHemEBe OH BBINIAAAT KaK YepHEBIH MeJKOKpPACTAJIAYECKHi
nopomox, ofiiafaetT mOJAYIPOBOAHAKOBEIMA CBOMCTBaMH, mpd-
geM mOR JeficTBHeM CBeTa 3JEKTPONDOBONHOCTh KapOmHa
canpHO yBesqmumBaerca. OTkpsuimch y KapOuHa H  BOBCO
Heo)kmAaHHble cBoiictBa, Oxasamoch, mampaMmep, 9YTO KpPOBb
OpH KOHTaKTe ¢ HAM He -0o0pasyeT CrycTkoB — TpomGoB,
OO3TOMY BOJIOKHO ¢ MOKPHITHEM H3 KapOWHA CTAJNH IIPAMEHATDH
OpH H3TOTOBJEHHH HEOTTOPraeMbIX OPraHM3MOM HCKYCCTBEH-
HBIX KPOBEHOCHBIX COCYJIOB,

ITo cnoBaM mepBoOTKpEIBaTesell KapOuWHA, CAMBIM CJIOMHBIM
IJiA HAX OBUIO ONpENeANTh, KAKAMH K€ CBA3AMH COeJHHEHBI
B HEMOYKY yriepofHsie aToMbl, B Hem Moram 6biTh Yepeayro-
muaeca oguHapubie n TpoitEsie casy (—C=C—-C=C—
—C=), a Morau 6biTs Tonbko ABoiiEHle (=C=C=C=
= C =). A Morso 651Tb W TO H [[pyroe oaHOBpeMeHHo. Jlnmb
gyepes Heckonbko jger Hopmaxy m CrnagxoBy ymajocs goka-
3aTh, 9TO JBOMHLIX cBfA3eil B kKapOuue HeT. OMHAKO, IOCKOIBKY
TEOpHA MONyCKajla CYIeCTBOBAaHUE YIJEPOJHOr0 JHHEHHOro
OOJMMEPA TOJBKO C NABOMHBIMH CcBA3AMH, Obula OpeAOpUHATA
[NONBITKA TOJYYATH STy PasHOBHAHOCTL — OO CYLIECTBY, 4eT-
BEPTYI0 MOOHUKALNIO 3JIeMEeHTHOrO YIJIepoAa.

Jdto BemecTBo OblI0 moaydeno B VIHCTHTYTe 3i1eMEHTOOP-
ragogeckux coeqnmaernii AH CCCP. Hoswiii nupeitnstii monn-
Mep yriepofia Ha3BaJHW MOJHKYMyJeHOM. A cefi1ac M3BECTHO
He MeHbOle BOCHMH JIMHEHHBIX HOJHMEPOB Yriepoja, OTJIH-
JaomuXxcA OfWH OT HPYrOro CTPOeHMEeM KpHCTalIAdecKoi
pemetku. B 3apyGe:Hoit nuTepaType BCe HX HA3HIBAIOT
KapOuHaMm,
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anepon rjaa3amMu XnMHKa-HEeOpranmka

ITOT SJeMeHT Bcerja- YeTsipexBajieHTeH, HO, NOCKONBKY B
mepHoie OH HAaXOMUTCA KAK pa3 mocepejuHe, CTeNeHb ero
OKHCIEHHA B PasHBIX o6cToATenncTBax GeiBaer To +4, To —4.
B peaxuusx ¢ HeMeTaJJIaMH OH 3JIEKTPOIOJOKHTENEH, € Me-
rajaMi — HaoGopor. [Jaske B Tex cayvasx, Korga CBA3b He
HOHHASA, a KOBaJIeHTHAMA, YIJIepoJ OcTaeTcsa BepeH cebe — ero
dopMasbHAaA BaJIEHTHOCTh OCTAETCA MO-HpEMcHEeMY paBHOM
deThipeM.

BecbMa HEMHOrOUHCIEHHBI COCIMHEHHsA, B KOTOPHIX Yyrie-
pox xoTsA OBl POpManbHO NIPOABAAET BAJEHTHOCTH, OTIIHYHYIO
ot uetsipex. O6menasecruo JIMINb OJHO TAKOe COEJHHEHHE —
CO, yrapusiit ras, B KOTOPOM YrJIepoj KarKercA JBYXBAJIEHT-
ueiM, MIMeHHO KaeTcs, HOTOMY 4YTO B [AEHCTBUTEIBHOCTH
afech Gojiee CIOMKHBIA THD cBA3H. ATOMBI yriepoga A KHCJIO-
poma coefUHEHB J3-KOBaJIEHTHOH IOJAPH30BAHHOH CBA3BIO,
U CTPYKTYpHYIO (OpPMYyJIy 9STOr0 COeJUHEHHUS NHIIYT TAK:
0*=C-.

B 1900 r. M. T'omGepr nmonmy4ma opraEmuecKoe coequHEHHE
rpadgernamernn  (C,H;);C. Kaszamoch, 49To aTtom yraepona
agech TpexsajieHTeH. Ho moaske BBIACHMIIOCH, 9TO H HA 3TOT
pa3 HeoObIYHAA BAJEHTHOCTb — cyrybo dopmanbHas. Tprde-
HIJIMETHJI M er0 aHaJIOTH — 3TO CBOGOAHBIE PaqUKAJBI, TOJBKO
B OTMYAe OT GOJNBIIMHCTBA PafUKaJIOB JOCTATOYHO CTabMIb-
HBIE.

...McTopuuecKd clOHIOCh TaK, UTO JHIIb OYeHbh HEMHOrHE
COeMMHEHHNA YIJIEpPofia OCTAJMCh «IOJ KphIIIeil» HeopraHmye-
CKOMl XMMHM. JTO OKHMCIBI yriepoja, Kap6uasl — ero coenn-
HEHHA ¢ MeTa/ulaMH, a TaKKke 0OpoM M KpeMmumHeM, kapbona-
THl — conu cnabeitimeit yroabHOit KucioTsl, cepoyriaepon CS,,
nuaHucTeie coeguHenudA. Ilpuxommrea yremartbes TeM, 4TO,
Kak 9T0 94acTo GbiBaer (miam GBIBaJio) Ha IPOU3BOACTBE, HE-
A0paboTKy mo HOMEHKIAType KoMmeHcupyer «saj», Jleiicr-
BHTEJbHO, HAaNOONbIIAA 9acTh Yriepofa 3eMHOU KOpHI cofep-
MATCA He B OpPraHM3MaxX pPacTeHMil M JKHUBOTHBIX, He B yrJie,
He()TH ¥ Bceil mpodeil opraHuke, BMecTe B3ATON, a BCero B
ABYX HeOpraHMYecKHX coefuHeHuax — maBectHAKe CaCO,
u ponromutre MgCa(CO;),. VYriepox BXOIAT B COCTaB ele
HECKOJIBKEX [ECATKOB MHHEPANOB, MOCTATOYHO BCIOMHHUTL
o mpamope CaCO; (¢ moGarxamm), mamaxure Cu,(OH).CO,,
muHepajde nuaka cmurconute ZnCO;... Ects yraepon u B mar-
MAaTHYECKHX MOpPOAaxX, H B KPHCTANIMYECKHX CJAHIAX.
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Ovuenb pegxu Mumepansl, B COCTaB KOTOPbIX BXOXAT KapOm-
apl. Kak mpasmiio, 5To BeugecTsa 0co0eHHO TNIyOHHHOIO TpO-
UCXOK/EHHA; MOITOMY ydYEHble NpeAmojaraloT, 4To B HAIpe
3eMHOTO IIapa ecTh yIiepoj.

Jina xuMudecKoif HpOMBIIUIEHHOCTH YIJEpoj H ero meop-
raHM9ecKHe COeNWHEHHsA IPEICTABIAIOT 3uaYUTENbHBI HHTe-
pec — dame Kak ChIpbe, peKe KaK KOHCTPYKIOHOHHEBIE
MaTepHajisl.

Muorne ammapaTsl XHMHYeCKHX [OPOH3BOACTB, HampHMep
Tennoo0MeHHIKII, 113roTaBanBaT us rpadura. U1 ato ecrecr-
BeHHO: rpadur obiajaer GoabUIOH TEPMOCTOMKOCTBIO U XHMH-
JeCKOH CTONKOCTBIO H NIpPH 3TOM NPEKPACHO HPOBOANT TEILIO.
HKcraru, Gnarogapsa stum ke coiicTBaM rpaduT cTaj BaKHBIM
MaTepuajioM peakrusnoii TexHuku. M3 rpadura cpesans
pyan, paboTapmiue HenOCPeJCTBEHHO B IUIAMEHH COILTOBBIX
agnapatoB. B Bo3gyxe BocmiaMeHHTh rpadurT IPaKTHIECKH
HEBO3MOXKHO (flaKe B 9ICTOM KHCJIOPOJE chejiaTh dTO Hempo-
¢T0), a 4TOOB HcmapuTh rpaduT, HyMKHa TemMOepaTypa, Ha-
MHOro Gojiee BBICOKas, 4eM pa3BHBAIOIIAACA Ja’Ke B paKeT-
HoM pasurarese. W, Kpome TOro, mpm HOPMAJBHOM HAaBJIEHHI
rpaguT, Kak U rPAaHUT, He IIJIABUTCA.

Bes rpagura TpyAaHo mnpemcTaBHTh COBpPEMEeHHOE 3JIEKTPO-
XUMUY9ecKoe MPOH3BOACTBO. I'padpuToBBIE 3JEKTPOAB! HCIOJb-
3YIOTCA He TOJBKO 3JIeKTPOMETAJIypraMi, HO H XHMHKaMH.
JlocTaTouEO BCOOMHHUTB, YTO B DJIEKTpPOJIH3epax, IpUMEHse-
MBIX I TOJNY4eHHA KaycTUHecKoil CONBl u XJiopa, amoisl —
rpaduToBEIE.

O6 ncmoiab3oBaHMH COeUHEHHI YIjepoja B XUMIIYeCKOH
OPOMBIIUIEHHOCTH HamucaHel MuorHe Kuurn. Hap6omar Kaub-
1iUsl, M3BECTHAK, CIYKHT CHIpheM B IIPOM3BOACTBE H3BECTI,
IneMeHTa, Kapbmpa kKampliuA. [{pyroif Mmumxepas — {OJOMHT —
«mpaoTteny GosbmIoil Tpynnsl Z0JIOMHTOBEIX orHeymopos. Hap-
GoHar W TrHApoKapGoHaT HATPAA — KAaJbIUHUDPOBAHHAA M
nurhead coga. OgHUM U3 OCHOBHEIX moTpebnTeseil Kalbuu-
HUpPOBaHHOM cofpl ObITA M OCTaeTCA CTEKOJbHAsS IPOMBILLIEH-
HOCTh, Ha HYKABI KOTOPOiHl IET NPHMEpPHO TPeTh MHPOBOrO
npoussoactsa Na,COs.

N nakonen, mHeMHOro o Kapbugax. OGbI9HO, KOrfa roBOPAT
Kapbuj, NUMeT B BHAY KapOHA KaJdbliug — HCTOYHHK aleTH-
JeHa, a CJIeJ0BaTeNbHO, MHOTOYHCJIEHHBIX NPOAYKTOB OPTaHH-
geckoro cuHTesa. Ho KapOujg Kamblius, XOTA U caMoe HU3Be-
CTHOE, HO JlaJieKO He eHHCTBEHHOE OUYeHb BajKHOE Il HYIKHOE
BemecTBo aToit rpymmer. Hap6ug Gopa B.C — Bamusii wma-
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Tepnas aroMmuoil TexHnku *, kap6ua kpemuma SiC mam Kap-
Gopynn — Bakmeiimuii alpasusmblii Marepnan. HapGupam
MHOTHX METAaJIJIOB CBOMCTBEHHBI BBICOKAs XUMHYecKas CToil-
KOCTb H HCKJIIOYUTEJbHAA TBEPAOCTh, KapbopyH[, K mpuMepy,
JUNIb HEMHOIO. yCTymaeT ajMasy. Ero TBepRocTh MO IMKaixe
Mooca paema 9,5—9,75 (anmasa — 10). Ho xapGopymn ne-
mepjie aaMasa. Ero mosyvaoT B 3I€KTPUUECKHX Medax apH
temnepatype oxoso 2000° C u3 cmecn KoKca M KBapuesoro
necka.

Ymepon raa3aMi XUMHKa-OpraniKa

Ilo cnoBaM wH3BecTHOro COBETCKOTO YUYEHOTO aKaJeMHUKa
. Jl. Huynsaaua, opranudecKyio XMMHMI0 MOMKHO paccMaTpH-
BaTh KaK cB0€OOGpasHbIl MOCT, HEPEKNHYTHII HAYKON OT HEMKH-
Boil mMpUpPOAbl K BhIcIEN ee Popme — }KN3HN. A BCEro moaTopa
CTOJIETUA Ha3aj Jydylne XHMUKH TOCO BPeMeHH CaMi CIMTAJH
U Y9I CBOUX WTOCHe[oBaTelieil, 9To oOprammdecKas XuUMAA
9TO HayKa o BemiecTBax, o0pasylomuxcA IpH yJacTHM U UOJ
PYKOBOLNCTBOM HeKoell CTpaHHOH «MaTepumH» — KN3HEHMoi
cunsl. Ho ckopo aTy cmily oTnpaBmia Ha CBAJIKY ecTeCTBO3HA-
gnsa. CHHTE3BI  HECKOJILKMX  OPraHHYEeCKHX  Bel[ecTB —
MOYEBUHBI, YKCYCHOI KIICJOTBI, ?JKHMPOB, C€axapomogoGHEIX
BEIIIECTB — CHAEJIAJH €€ MOOPOCTY HEeHYRHOI,

Mosasunocy, kaaccmueckoe onpepenenne K. [lopnemmepa,
e norepsasmee cmbicaa u 100 ger cmycrs: «Opranuueckas
XHMHSA €CTh XMMHA YINIEBOJOPOJOB M HX MPOU3BOJHBEIX, TO
€CcTh NPOAYKTOB, 06pasyomuxca opa 3aMeHe BOROPORA APYIH-
MH aTOMAaMH WIA CPYNHaMH aTOMOBY,

Wrak, opraHuKa — 3TO XHMHA [Ja’ke HE OJHOrO dJIEMEHTA,
a JUmb OFHOTO KJIacca COGAHHEHHUII 3TOro 9JEMeHTa. 3aTo
Kakoro Kinaccal Hiacca, mojenuBmerocs He TOJNBKO Ha rpyH-
OBl ¥ NOATrPYHOBI — HA caMocTosATeabHBle Haykn. U3 opramm-
KE BBIOLIH, OT OPTaHHUKYM OTHOYKOBAAHCh OMOXVMIMHA, XHMHSA
CHHTETHYECKNX MOJIMMEPOB, XHMUSA OHOJOrMYeCKH AKTHBHEIX
U JIEKAPCTBEHHBIX COMHEHMI...

Ceiiyac m3BecTHHl MHJUIMOHBI OPraHHYECKHX COEMHEHHI
(coegumenmii yraepopal) m oxoso cra TEICAY COEAMHEHWUI
BCEX OCTAJILHBIX 3JIEMEHTOB, BMECTE B3ATHIX.

O6menssecTHo, 4YTO HA YINIEPOAHON OCHOBE HOCTPOEHA
xn3nb, Ho moueMy sie mMeHHO yriepox — ogMHHAALATHIA MO

“ TlogpobHee 06 atom cM. B cTaThe «Bop».
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PacHpOCTPaHEHHOCTH Ha 3eMjie 2JeMeHnT — B3Ad Ha cebsa
TPYAHENIYI0 3afady OLITH OCHOBOH BCEro KHBOIO?

OTBeT Ha 3TOT BOOPOC HeOAHO3HAYeH. Bo-mepBHIX, «HH B
OIHOM M3 3JJIEMEHTOB TAKOWH CHOCOOHOCTH K YCJIOKHEUHI0 He
pasBUTO B TaKoil Mepe, Kak B yriaepoae». Bo-BTophIX, yriepon
cnocofeH COeMHATHCA ¢ OOJNBIIMHCTBOM 3JEMEHTOB, NpHYEM
caMBIMH pa3HOoOpasHBIMH cnocobamu. B-tperpux, cBasp aTo-
MOB yriepofa MesKay co0oif, Tax jke Kak U C aTOMaMH BOJIOPO-
1a, KHUCJIOpOAa, asora, cepsl, gocdopa W mpoYHX DIEMEHTOB,
BXOJALIMX B COCTAB OPraHHYECKHUX BEIIECTB, MOMKET paspy-
maThcsA NOJ Bo3feiicTBMeM npupopmbix ¢akrtopos. IlosTomy
YIJaepoN HeNpepHIBHO KPYroBpaliaeTcs B IPUPOJE: A3 aTMOC-
depsl — B pacTeHns, U3 pacTeHUHl — B KMUBOTHLIE OPraHM3MBI,
H3 JKHBOrO — B MEPTBOE€, U3 MEPTBOrO — B JKUBOE...

YeTsipe BAJEHTHOCTH aToMa yIJepoja — KaK dYeThipe pPyKU.
A ecnn coe UHMINCH IBa TAKEX aTOMA, TO «PYK» CTAHOBHTCH
yime mectb. Ham — wersipe, ecim Ha obpa3oBanue mapsl
3aTpadeHo 10 fBa aeKTpoHa (nBoiimas ceasp). WNim — Bce-
ro [Be, ecjiu cBA3b, KAK B aleTmiene, TpoitHasg. Ho stn ceasm
(ux Ha3pIBAIOT HEHACHINIEHHBIMH) OONOGHE GoMmGe B KapMaHe
win pruHy B Oythuike. OHH CKPBITHL [0 NOpPSI 0 BPEMeEHH,
HO B HYKHBIi MOMEHT BHIPHIBAIOTCH HAa BOJIO, YTOOLI B3ATH
csoe B OypHO#, azapTHOll Hrpe XHMHYECKHX B3amMOeicTBHIi
u npeppautenuil. CaMble pasHooOpasHple KOHCTPYKIuH obpa-
3YIOTCA B PE3yJbTaTe 9THX (UTPUHI», €CIH B HAX y4aCTBYeT
yraepon. B pemaxmnm «[lerckoil sHIuKIONE UN» NONCIHTAIIH,
aro us 20 aTtoMoB yriepoma um 42 aroMoB BOJOpONa MOKHQ
nonyautsr 366 319 paanmanbix yraesomopomos, 366 319 se-
mects cocraBa CpoHi:. A eciim B «urpe» He wECTh JECATKOB
YYaCTHHKOB, a HECKOJILKO THICAT; €CJIM CPEeJH HUX HpPeNCTaBU-
TeJIM HE JBYX «KOMaH», a, CKa)keM, BochbMu!

T'me yrmepon, tam muoroo6pasue. I'me yriepon, tam ciaomx-
goctH. VI caMble pasHble 110 MOJIEKYJIAPHOW apXHTEKType KOH-
crpyxiun. IIpocrenpkue memouxn, xak B 6yrane CH;— CH, —
— CH,— CH; wam mnoamstunene — CH,— CH,— CH,— CH,—,
W pa3BeTBJEHHBIE CTPYKTYpHl (mpocreilmas @3 HUX — u300y-
ran CH,—CH—CH,); xonbua ¢ 4HCTO YIIIEPOAHBIM .CKEJNeTOM

f
CH,

(nEKAOIpONaH, LUKIOreKcaH, GeH30N) U Te jKe KONbLa ¢ «IOA-
peckaMu» (TONIYOJ, aHWINH) ; KOJbIA, B KOTOPble BKJINHUIUCDH
IOCTOPOHHME AaTOMBI — reTepONUMKINIeCKHe COeJUHEHHsd, Ha-
opumep tHOPen C.H.S, m KoHrIOMepaTH BCEBO3MOKHBIX KO-
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aen (caMblit npocroif — HadpTanuu, cocroguiuii 3 ABYX GeH-
30JIBHHIX Kojiew). U1 Bce aTo cTpyKTyphl mpocTeitmue — aMe6n
u uH(y30pUN OpraHUIeCcKON XUMAH,

Ecanm npogomkaTh aHAJOrHIO ¢ 3KUBOHM IPUPOJOI, TO Iie-To
Ha YpPOBHE MXOB H JHIMARHHKOB OKaKYTCA LOYTH BCe H3BECT-
Hble ceifdac CHHTeTU4YeCKHe IOJHMMEpbl, HAOpHMED HAMHIOH
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WiIH IMHPOKO NpHMeHdeMasd B TeXHHKe TBeppas denoin-gop-
MajbJerufgHas cMoJia pPesuT
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A Ha BepIINHE YCIOKHEHHA — caMble TJABHBIE [UIf WAC IO-
JUMepHl: HYKJIeHHOBble KHCIOTH M Genku. Odenb cloxHa ©
B CoNBINMHECTBE CIy4aeB ewie He pacimud)poBaHAa OKOHYATENB-
HO X cTpyKrypa. M1 Kaskgoe HOBOe mocTHs;KeHUE B 31Ol ofia-
CTH ellle U elle pa3 HANIOMHHAET He TOJBKO O MOTYINECTBE
COBpeMeHHO! HayKHM, HO B 0 HeoOBIYalfHOM CIOKHOCTH 3amad,
CTOAMUX Tepej TeM, KTO NBITAeTCH HOCTUYDL CMBICH KU3HH
Ha MOJIEKYJAPHOM U cyOMOJeKynspHOM yposHe. BcmomunTte
xoTa 061 0 ABoitHOM cunpann monexyast [JHK man na6upunt-
HOH 3aMyTAaHHOCTH YeThIpeX Ieneil MOJEeKYibl FeMOIIo0uHa.

Heckonbko neT Haszajg mpousomio coOBITHE MUPOBOI Bak-
HOCTH: OBUI OCYLIECTBJEH IOJNHBIA XMMHYECKHl CHHTE3 MoJe-
KyJisl Oenka uucyJsmia.
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ITo ONMH M3 MPOCTEHIMUX M0 CTPOERNIO, HO OYEHb BasKHbLI
qa1a xu3au Gesok. O oTBeTcTBeH 3a yrieBoXHEIT o6MeH B
Opramu3Me.

B Mojexyde mHCYJINHa NBe menn, cBA3aHHbIe nucyibdni-
ubiM (M3 OBYX atoMoB cepsl) MoctnkoM. Omua ma3 meneii co-
ctont U3 21 aMHHOKHCJIOTHI, IPHYEM BHYTDH HEE eCTh JINCYNb-
tdhunanoe ronbuo. B cocrase gpyroit uenn — 30 aMunoxdacaoT,
TaKike COCUHEHHBIX B cTporoii mociaejoBatensaoctH. Cunres
nepeoil memm coctoan uz 89 asramom-peakmmii, BTopoiil -— N3
138. Haxonen, nocnenneit, 228-it ctynenno paborn b0 co-
eNHeHHe lemei.

Hysxuao an rosoputh, 4to 3ta paGota mnotrpeGoBajia MHO-
;KeCTBA TPYMA U BpeMeHN. A B KHBOU KIETKE CUHTE3 OJIHOII
voneKyasl Genxa (maske mamHoro Gosiee CHOMKHOI, 9eM Moje-
Kyla HHCYJIMHA) 3aHUMAeT CIATAHHBIE CEKYHIBI, a TO H NOJH
cexynnabl. Ee TeMnaM MOKHO mO3aBHIOBATH.

He cront 3a6eiBaTh eme 06 onHOit ocoGeHHOCTN (EIKOBOrO
cuHTe3a: cefivac ussecTHo Oonee 20 aMHHOKHCIOT — CTPYK-
TYpPHBIX GJIOKOB, M3 KOTOPHIX cTponTCA GenkoBas Mojexyia.
O6maga ycnoBHas GopMysia BCEX aMUHOKUCIOT KaKeTcs OpO-
CTeHbKOH

H o
[
B—C—C/
I\
NH, OH

Ho mon smaukom R MoryT ckpwIBaThcsA pasiamumbie rpymnabl
atoMoB. JIMmb B npocreiiiiem cjayvae, B MOJEKYyJ€ TANNNAA,
R — aTo aroM Bopmopopa, a K mpmMepy y racTHpmHa R cocto-
ur ua 11 aTomor

HC=C—CH,—
[
N NH
N/,
Néu

OueHbr BayKeH HOPAMOK COEAMHEHHA AMHHOKHICIOT B MoJe-
KyJe OelKa. YCTaHOBIEHO, HAIPAMED, UTO OAHA U3 TAMKENBIX
fonesneil KpoBMm MPOMUCXOMMUT M3-3a TOIrO, 9TO TOJbLKO B OJHOM
MecTe MOJIEKYJbl reMorio0MHa OJHA M3 aMHHOKACJIOT 3aMe-
1meHa Apyroil (rayraMHHOBAA KHCJAOTA — BaJNHOM).
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B Monexysnax Geqxop — Mmorme THICAYHM aToMOB. TaMm 006sa-
3aTEJNBbHO €CTh BOJFOPOJ, KHCJIOPOJ, a30T; OYeHb YacTo — cepa.
Ho ocuoBa aTux Mojexyna — Bcerna yriepon. I1 6e3 yriaepona
HeT ;KH3HH, BO BCAKOM ClyJae — Ha 3edJie.

Ecrp, npaBnga, opraHmsMsl, B KOTOPBIX COJ[ep/KaHAe DJIeMeH-
ta Ne 6 Bcero 0,1%. B packe, sararupaomeil crogauil opyn,
2,5% yramepopa. 3aro B Gosee BHICOKOOPTaHH30BAHHOM KOJO-
Koapunke ero ysxe 10,2%. B opranmaMe Mblun Ha HOJIO yrie-
pona mpuxomurca 10,77%, a womxm — moutn BEBOe Goubmie,
20,56%. He sTo a1 06CTOATENABCTBO JEINIO B OCHOBY 00L[en3-
BECTIIOrO ABJIEHUS, 3AKIIOYAIOLIEroCsd B TOM, 9TO KONIKA JIOBIT
MBIIIKY, a He HaoGopoT?

Ho myTku B cropomy. Yriepop 3acay;KHBaeT BeKJINBOTO
I CephesHoro oTuomeHus, XoTA Obl IMOTOMY H9TO «dJIEMeH-
TaMP JKU3HH» HHOTJA HA3eIBAOT B Kauail, n docdop, n
azor. Ho ecm TaK, TO KaKoro ompefesieHus 3aciIyKHBAET dJie-

MEHT, HA OCHOBE KOTOPOro JeHCTBHTEABHO IHOCTPOEHO BCe
muBOE?

" 30ECh OJUHHAJIIIATHINA. Ilo pacnpocTpaHeHHOCTH B 3eMHOI
Kope — TBepJioit obonouxke Ha raybuHe Ao 16 KM i B aTMocgepe Ha
BbICOTe 70 15 KM yTiepox 3aHHMaeT OguMHHajnatoe mecto. OpHHHAN-
HaTelii OH ®m 00 pacupocrpaHeHBOoeT™ B aTMmocdepe Coarnma. A sBo-
o0mme B KocMoce yriepojga A0BoJabHO MHOro. CoBeTcKlle KOCMHYecKie
cragmun «Bemepa-4», «Bemepa-5» m «Bemepa-6» ycraHOBIM, UTO aT-
Mocdiepa yTpeHHeil 3Be3[nl COCTOMT IIPEHMYIL[ECTBEHHO I3 YrieKlHc-
moro rasa. 9ror ras mpeobmagaer 1 B armocepe Mapca. A BoT B aT-
mocepax Carypma, IOmurepa, ¥Ypana m Henryma mapsagy ¢ ammma-
KOM JOMNHHpYeT NHoe CcOefIlHEHHe yriepoja — MeTaH, Yriaepox o0-
Hapy’KeH B COCTaBe MeTeoplTOB i KoMeT. C IIOMOMIBIO CIEKTPOCKO-
nngecknx HabmoeHnil yraepox HaiijieH M Ha JaJeKHX 3Beafax.
B coekTpax OTHOCHTENILHO XOJOAHLIX 3Be3[ He pa3 mabaiofanich mo-
Jdochl TOIIOINEHHA, XapakTepHEle fiuA pamnkamos CH', CN* u C,’. He
6ea ocmoBammii mpeamosaraioT, uro pajguxanst CH' u CN* ectb B raso-
NBLAEBOHl cpefie, 3amOJHAIONIEH MeK3Be3qHOe WPOCTPAHCTEO.

MMOMOILHUK METAJIJIVPTA. Vraepogx— Be Merami. Ho mo mekoTo-
PBIM XapaKTepHCTHKAM, B YaCTHOCTH [0 TEIUIOIPOBOLEOCTH I 3MEKTPO-
npoBofHOCTH, rpaHT BecbMa «MeTawmonoxoGeH». Yriaepox — He Me-
Taml, 1 TeM He MeHee 3TO ONMH H3 BaYKHEHIINX JJNA METAJIypruH ajie-
MenToB. MMenno Gnaronapa eMy cOBepPIIEHHO HEIPHTOXHOE B KadecTBe
KOHCTPYKIIHIOHHOTO MaTepliaja MArkoe, ciaoe »ejie3o cTaHOBHTCA 1Y-
ryHOM W CTaablo. B mocnefnne jiecATHASTAS DOMYIWIR PacmpocTpa- -
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HeHIle Tak HasbiBaeMble Trpa@uTI3NPOBAHHELIE CTaNH, B CTPYKTYpe
KOTOpHIX €CTh CBOOOJIHBIC MHKpOKpHCTawiel rpaduta. B ocnosHOM
OTH CTaJdu HAYT Ha DPOH3BOACTBO HHCTPYMENTA, KOJCHYATLIX BAJIOB,
mITaMIIOB M IOpIIHE(l, IOTOMY 4YTO MM CBOIiCTBeHHa O0JabmIasg, dem
Yy HHBIX HEJIernpoBaHHBIX CTaJeil, MPOYHOCTH I TBEpPHOCTb.

Kark BocCTaHOBHTENb YIIepOX NPUMEHAIOT HE TONBKO B LPON3BOJ-
cTBe UYryHa, HO II MHOTHX NBETHBIX MeTauIoB. IIpaxkTideckn B poau
BOCCTAQHOBITENA BBICTYIIA€T KOKC, B KOTOpoM yriepoaa 97—98%. A Bot
JApeBecublii yrojb — NEpBHIi, BHANMO, BOCCTAHOBNHTEAb B 4epHO Me-
TQUIYPrai — B IBETHOU METAJUIYpriii Haloero BPeMeHH BBICTYNAeT B
HHEOM KadecTBe. M3 Hero AcaaloT TAaK Ha3bIBaeMbiii MOKPOBHEI clloi,
NpeJoXpaHAIONI PAaCIJIABICHHBI METAI OT OKUCJIEHIA.

He oGxomurcsa 0e3 yriepoia ¥ MpPOM3BOJACTBO AMIOMUHUA — METAJLI
mapactaer Ha rpauToBOM KaToje.

A B JOMeHHOM Iponecce OOBLIMHO Y4YacTBYeT He TOJNBLKO 3JIeMEHT-
Helit yraepon (B BAfle KOKca), HO M OfHO U3 cOoefNHeHHIH 3JIeMeH-
ta Ne 6, OGBIKHOBeHHbBIE IJIOTHbIE N3BECTHAKH NPHMEHAIOT B KadecTBe
¢n10cOB NMpH BEIIABKE YYTyHA U3 JKEJIE3HBIX PYHA, COAepKamHuX B Ka-
4ecTBe MYCTO# NMOPOABI KpemHe3eM H TIIIHO3eM.

IIOKA EIIE OCHOBA. Vroas, medTs, ropioune cianmsi, Topd, npu-
poAHBIl raz — MaTeplaJbHAsA OCHOBA TEIUIOHEPTeTHKH IpPOmLIOro, HA-
croamero n Gmmxaiimero Gyxymero. IloromMy wro, kak HI pajyKHbI
OePCIeKTUBEI ATOMHON 9HEPreTHKI, elle HAOBOJSHO MHOTO JET aToOM
GymeT xoguTh B mojcoOHbIX. [loKa ero mois B NpOH3BOACTBE 3JIEKTPO-
9HepruM cpaBHHTeAbHO Mana. Co BpeMeHeM poOJH, BHANMO, Iepeme-
marca. Torma «noAcoGHIKAMMY CTAHYT HbIHEIIHHE TereMOHBI— IpH-
pOAHBIE TOIJIIBA HA YIMIEPOMHOIl OcHoBe. U, BHANMO, mpHAET BpeMd,
Korja ropioume HCKoIaeMmble OYAYT UEANKOM HATH HA XIMHYECKYIO
nepepaborky. [Toxa ke GoJbasg 9acTh HX OTNpaBAAETCA B TOUKH M
ABUraTeNH, KOTOPbIe M0 CYHIECTBY TOKe TOHKH. '

CHUHTE3 AJIMA3A. B nexabpe 1954 r. amepukanckas gupma «J[xene-
paJI MEKTPHK» COOOMIIIIA, 9TO COTPYAHNKI aToit dupmer Xoma, Banan
I fpyrie mOJIYYHIH MCKYCCTBEHHBle aJaMa3bl B BHJE MEJNKIX TPEyroib-
mpIX miaacTHH. [lpomecc cuHTe3a BeNH mMoOJX AaBlieHHEM INOPANKA
100 Teic. aTM. u npu Temmnepatype 2600°C. KaramnsaropoMm Geir TaH-
TaJ, a ecjll TFOBODHThL TOYHee, TO ajAMa3 M3 rpaduTa Hmoaydajim Ha
TOHKOI IUIEHKe Kapduja TaHTaxa, 06pa3oBbIBaBIIEiicA B XOfe ajlMa3-
HOTO CIfHTe3a.

Brnpoueym, eme pampie, B deppame 1953 r., mepBsie HCKYCCTBEHHBIE
aJMa3bl modyunaa rpynna dpuka I'ymnapa Jymp6mapa (IdBeuma), mo
HmiBeACKNe yYeHble He TOpOMLIICh ¢ nmyOunKamueil peayjgbTaToB CBOMX
TPYHOB.
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C Tex mop, ¢ cepequHnt 50-x rogos XX B., ycIemHble paGoTs! no
OpoMBILIJIGHHOMY CHHTE3y ajIMa3oB BeAyTCA B psiie cTpad. B mameii
crpane 3ty paGoty Boaraamiasuii B. H. Bakyans 1 akagemuk JI. @. Be-
pemarua. Masectno, Hanpumep, 9T0 B cepealiHe 70-x rogos I'ophkos-
cimif aBTOMOGIJILHEBIII 3aBOA pacxomoBan B rojg Ao 400 Thic. KapaToB
HCKYCCTBEHHBIX anama3oB. Omiu 3aBof — 80 kr aama3sos! Ilpumepno
¢ToabKO e «rpaTiuy ux CecTpopelKnil MHCTPYMEHTANbHBIH 3aBop It
HEKOTOpble pYyTie HpefnpHATII.

B Milpe y»ie NIpPON3BOJATCA H CHHTeTHYECKHe aJIMa3bl JOBEJIIPHOTO
KayecTBa; 00XOMATCA OHI HAMHOTO [OpOke IPHPORHBIX.

IpoMbllIIeHHBIT CHHTE3 ajdMa30B — GOJbLIOE JOCTIDKeHNE HAYKI
#l TeXHIKI. Y4YeHbie NN K HeMY MHOTIEe AecATIIeTHA. BoxbunHECTBO
TIONBITOK, MpefNpPHUHIMABIIIIXCA B NpPOUIOM, 3aKaHYNBAJICh HeyJa-
veif. Ho Obin u npo6aeckn, O ABYX H3 HIX H O CHATE3€ aJIMa3a B Me-
TEOPIITHOM BellleCTBE PACCKA3LIBAIOT clefyloliiie 3aMCTKIL

METEOPUT... ChEJIN. HemasoBaKHOIT BeXoii B 0CO3HAHIN BO3MOKIO-
cTit 00pa30BaHNs aqMa308 BHE 3CMHOII KOPHI HOCHYHILIO 0GHAPYIKCHIIE
aIMa3HBIX KPYNUHOK B MeTeopute, ynasiiem 10 (mo ctapomy cTiLIo)
centsbpa 1886 r. oane mepesnn Hoswiii ¥Ypeit Kpacunocnobonackoro yes-
Ja Ilensencroii ry6epaun (Bbinc — Mopgosckan ACCP).

Kpynnakn anmasa Obumn o6HApYKeHbI B METEOPHTHOM Bell(eCTBe
npernofaBateaamu IleTepOyprckoro JiecHOro HHCTHTYTA MOLEHTOM-MI-
HepasoroM Muxanmaom Bacuabesundem Epodeesbim 11 mpodeccopom xm-
mun. ITaBnom Anexcanpposidesm JlaunHOBHIM (113BecTeH Goubille Bcero
paGoTaMi 0 XOJeCTepHHY, KOTOPHIMII 3aHHMAJCA B IMOCHEXHHE TOMIbI
HUBHI). )

Ockonkn Mereoputa «Homblit Ypeit» Obumin npuciaanst B IlerepGypr
GoiBiiM cTyfgeaToM JlecHoro mHcTHTyTa yunteneMm IlaBnom Mpamosn-
4YeM BapBILIHIKOBBIM.

IIpuBomiM BBIEPHKKI 113 ero micbMa Aupexropy JlecHoro mEcT-
Tyta: «..PaHO moyTpy neckoJbKko HOBOYPeliCKHX KpPeCTbAH BepcTax B
Tpex OT AepeBHI maxajl cBoe moje.. BApyr coBepllieHHO HEOXKIIJAHHO
CIUILHBIT CBET 03apiui BCI0 OKPCCTHOCTb; 3aTeM 4epeB HECKOJbKO ce-
KyHJ{ pasfajcA CTpAawHbIl Tpeck, NMONOOHBI mylIeYHOMY BBICTpeNy
I B3pBIBY, 32 HHM BTOpOii, Godee clubHLIL. Bmecre ¢ mymoMm B He-
CKOJIBKIX Ca’KeHAX OT KPECTBbfAH ymaJ Ha 3eMJI0 OTHEHHBIIf 1map; Bciaep
3a 3THM IIApOM HeBJaJieKe HAJ JecoM ONYCTHWICA Apyroii, 3HaYH-
TeabHo Goabme mepsoro. Bee saienne npopomKanoch He Gonee
MUHYTHIL. '

OGesymesiLlle 0T cTpaxa KpecThbsAAe He¢ 3HAJNH, 4YTO [elaTh, OHH
nomajaji Ha 3CMJIIO Il JOJTO He pelalnch CABHHYTbcsa ¢ Mecra... Ha-
KOHel| Of'H H3 HHX, HECKOJbKO 0GOAPHBINICH, OTNPABIUICA K TOMY M-
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CTY.. U, K YAMBJIEHHI0O CBoeMYy, HammeJ HeTIYOOKYI0 fiMy; B cepeaunHe
ee, yrayOuUBIIIICh /10 IOJIOBHHBI B 3eMJI0, Jle)KaJl O4YeHb I'OpAdNi Ka-
MeHb UepHOro mpera. TsaiKecTh KaMHA mOpasiula KPeCThAH....

3aTeM OHH OTHPABHJIICH K JieCy PaspiCKaTh BTOpPOil, Goapmmil Ka-
MEHb, HO BCe YyCIUIiA nX ObulM HAmpacHLI: JIeC B 9TOM MeCTe IpelcTaB-
Jser MHoro 6oJOT M Tomeii, H HaiiTH a3poaNTa UM HE YIAJOCH: IIO
BCeil BepOATHOCTH, OH YHal B BOJY.

Ha cuenymomuii feHEb OHIH U3 KPECTbAH TOro e YpeicKoro BhHI-
CeJIKa OTHPAaBWJICA HA CBOe II0jie HOCMOTPETh KONMHLI Tpewumxn, 3fech
COBEpIIEHHO cJyYailHO UM HaiifeH OBII TaKoll ’Ke TOYHO KaMeHb,
Kakoil npumccanm HakaHyHe ero cocenn. Hamenb Toke o6pasoBan Bo-
Kpyr cefs AMKY; 9acTb KaMmHs Obuia B 3emue.. Janbmeiiiniie mOHCKI
KpecTbAH B oOKpecTHocTsAX HoBoro Ypes He mnpuBeann HH K 4eMy.
CiegopaTenpno, BHIDANO Bcero TpH Kycka, Camslil Oosblmoit u3 HIX
ynaiu, Ges coMHeHIs, B Jecy B (0J0TO; BTOPOii 10 BejudiHe, yNaBIIil
OpH KpecThbAHAX HA mamHe, npuoGpeTen MHOIO II 0TOCAaH Bam man
MHHEpaJornYecKoro KaGnHeTa WUHCTHTYTA 11, HAKOHeL, TpeTHii, Hail-
JeHHBIi KpPeCThAHNHOM B Trpednxe, cbefeH.. HKpymmEKn aspointa
CINTAJNICH IOJOKIITCJIBPHO YHIBEPCANBLHBLIM JieKkapcTBoM. Pacmpocrpa-
HIUIIICH HeJiemble CHYXH O «4y[AecHOM IcHeJeHnN», tpeGoBaHUA Ha
«XpHUCTOB KaMeHb» YCIUNUINCh; CYACTJNBBI Biajesen, MeTeopHTa
MOJIb30BAJICA CiIydaeM U NpojaBaj KaMelmCK 4YyTh He HA BeC 30J0Ta,
BBIKA3bIBafg Npn AToM ciaGocTlli HACTOMAILICTO 3aB3ATOTO  amnTexapsl.
[IpieM «xplicToBa KaMHA» NPON3BOJIVICA TAKIM 00pa3soM: MAaLleHT,
KYOHBION HHYTOMHBI KYyCOYeK MeTeoplTa, TOJNOK H pacTHpanl ero B
OOPOMIOK H 3aTEM, ¢MemaB ¢ BOHOil, GiaroroBeiHO BHIMIIBAJN, TBOPA
MOJIATBY Il KpecTHoe 3HaMeHI1e...»

3a oTKphITIIe aaMa3oB B MeTeopiTe Poccuiickaa AxafeMns mayk
opucyauaa Epodeesy n JlaunHoBy JloMou0COBCKYI0 mpemmio. A Ka-
KHX-1160 cJelioB TOro, 9T0 XOThb KTO-HROYAb of6paTiul BHIIMaHIle Ha
0ecrnpocBeTHYI0O TEMHOTY KDPECTbfIH, NCTOPHSA He COXPAaHILIA,

Heb6ecrmoe Tesno (BepHee, YacTh €ro), mplicjaHHoe BaphilmHIKOBRIM
B UMHCTHTYT, Beciwo 17623 r; noske ObLIN mNONYYeHBl emie JBa
ockonka — secoM 21,95 1 105,45 r. He cutan [BYX [eCfAITKOB FPaMMOB,
n3pacxosioBagubix EpodeeBbiM 11 JlaunmoBbIM ma amajiusbi, METEOpHT
COXPAHIICA.

Ero mMosxkEO BueTh 1 ceiidac B JIeHUHrpajcKoM TOPHOM MYy3ee.

«MBI TIPOJEJAJIN TAKON OIIBIT». K rkorny X1X B. uncro munepa-
J10B, BOCCO3JIAHHBIX UeJ0BEKOM in vitro B maopaTopHOM CcTekse, HaBHO
nepesasiuio 3a cotuio. KBapy, poroByio o6MaHKRy, TPUAHMIT, HPKOH —
Bcero 11 MuEepanoB — monyuna mepBeiM mpodeccop IlerepGyprenoit
BOeHBO-MeAuunHcKoii akagemun Koncrantng JiMutpuesuu Xpymos. On
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B 4HCJie OePBLIX BBeJ B NPAaKTHKY JaGopaTopHbIx padoT MO cHHTE3y Mu-
HepasioB BbicOKoe jaBieHne. Mimenno Xpymor nsobpex ycrpoiicTBo, ur-
paBlIee BA’KUYI0O pOJNb Ha MNPOTAMEHHH MHOTHX AECATIVIETHI: TOJCTO-
CTEHHYI0 CTaIBbHYI0 «GoMOy» ¢ THe3[OM, B KOTOpOe BCTaBJIAETCA MIATH-
HoBasg mnpodmpka C peaKTHBAMH, H MacCHBHOIl 3aBHHYHBaMWILEiicH
cTaapnoil mpobKroii. Bynyuu HarpeT [0 KpacHOTo KajieHus, TaKkoil cocyn
coocoben MecsinaMn BLIJeP:KHBATh AaBJeHNe pearupylolux B mJIATHHO-
BOM BKJAJbllle BelecTB.

"~ B mavane 90-x romoB XpynioB UpeRNPHHAN IONLITKY HOBTOPHTL
«IKCMepPUMENT» OpHpojbl, NPHBOJALINIT K HOABJIEHII0 B MeTEOPUTAX
anmMa3nbiX KpynnHox (uocye otkpuitusi Epodeena u Jlaunnosa, uccre-
JIOBABINNX KaMeHHLIi MeTCOpPNT, Takiue ke HaXoAkn OwIu chenannl B
BellecTse #Hiese3nblX MereoputoB). Ho aaa atoil uonuITkm crannHas
«OomBa» yne He rognIACh,

Bor Boinepakn 13 poxnana K. JI. Xpymosa, caemanHoro uM 4 map-
Ta 1893 r. Ha 3acegamn Caukr-IlerepOyprckoro HMIepaTopcKoro
MiHepajorideckoro ofuectpa: «Ha ocHOBaHMH HAX0JOK B MeTeopuTe
MO0 OBbUIO OmpHIITH K MBICTN, 9TO NOX CIVIBHBIM [aBJEHHEM YIJIEpOJ
MOMKET BBICJIATHCA 113 PAcTBOpa B MeTajyie B BHje anmasa. Mbr mpo-
nenany taroii onolT. HacsiTuB kunsiee cepe6po yraepogoM, KOTOpOro
pacTBOPHJIOCH IMECTh mpOlenTos, s GuicTpo oxsaama Maccy. Hasaenne
 ¢e cepefHile He MOIVIO He MOBBICHTBCS HOH AEMCTBHEM KOPKH, cpa3y
#ae 3aTBepieBmieii cHapy:xn, IlocienoBaBuiee 3aTeM pacTBOpeHHe IIO-
JydnBmierocs CAHTKA OOKA3aJo, 9TO 9aCTh BBIIEJHBINErocs YIJIEpoa?2
HMeeT cBOiiCTBa ajMaaa.

Ilopowok ero cocTOMT U3 Npo3paunbiX GecUBETHHIX KpHCTALAlge-
CKUX OCKOJIKOB M IIACTHHOK, CHJIBHO OPEJOMJAIOUHX CBET, COBeplIeH-
HO U30TPOMHBIX, LAPANAIOIMINX KOPYHA H CFOPAIOMIUX B YIIEKHCAOTY
HEe3HAYUTEABHBIM OCTATKOM 30JIBIY.

EIIE O BBICTPOM OXJIAMIEHUN. B Tom ke 1893 r. mpyroii ywe-
HBI, mapmxekuil mpodeccop-xumuk AHpu Myaccan mpoaesal Takoit e
ombiT, Kak 1 Xpymos (Myaccan saxoHdma cBolo paGoTy HECKONBKUL
panpioe, IMeHHO eMy IpHUHAMNEKAT HepBad myOJINKauUAA).

Pacnmonarag Jy9mnM B3 BO3MOMHBIX 110 TOMY BPEMEHH HCTOYHHKOM
HarpeBa — A300peTeHHOl UM 3JeKTpUYecKoil pyroBoil meusio, My
aCcaR pemmui pacTBOPUTHL Yriepoj (caxapHhIl yroib) B KHOALIEM e
deze. Tnyboxum yOGerkaeHmeM 3TOro BHIAIOMIErocs ydYeHOro (KcTaTn
HHOCTPAaHHOIO qneHa-I(oppecanneHTa Poccniickoit AxageMuH Hayk)
6b110 copMyTpoBaHHOE UM HaydHOe mpaBILTO: «OOBIT ROMKEH mony-
4aTbcA Bcerpal» 3To 3HAYHT, YTO pe3yABTATHI KCIEPHMENTA, HACTOA
mero 3KCIepUMEHTa, OTBedalollero HeablGneMBIM 3aKoHaM OPHPOALI
Romiubl GBITH TaK ke MOCTOAHHBI, KAK H 3TH 3aKOHHL
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A pa3 Tak, TO Bce, 94TO Ile OTIIOCHTCA K CaMoii CyTH OIEIT@, OCO-
Goro snmauenius He HMeerT.

BeposiTHo, ncxofA u3 atoro yGempenns, Myaccan m npumeHma B
CBOEM ONbITe HECKOJNBKO HeoOBIYHYI0 s HaydHoil nabopaTopuu, HO
3aTO IpefleIbHO MPOCTYI0 «CHCTEMY OXJaXKIeHMUs» pacCIUIaBAeHHOTo
#eneza.- OH moctaBmn Ha mHony B Jabopatopun  Tabyper.
na Hero AepeBsANNYI0 JIOXallb, B JOXaHb HAJHJ BOJONPOBORHYIO BOAY.
W xorpga mpumuio BpeMs OXJaMKAATh KNMsINee Kejle30 ¢ PaCTBOPEHIILIM
B HeM yriepojoM, npodeccop HOJHAN KJIeIlaMH THreJdb H BBHUIIJ €ro
copmepskuMoe B JoxaHs ¢ Bojoiil K cuacteio, Myaccam Bce-Taknm napen
nepef aTHM OYKH U (papTyK, a 3aTOPeBIIYIOCs l1a HeM OC:KAY YAAJI0Ch
NOTYIMHTD.

orna GecdopMmeHHDI CANTOK, OCTaBWINIiCA B JIOXaHH IOCHe B3pbI-
Ba, GblI pacTBOpeH B KHCIOTAX, M3 Mero BEIENIVIN HECKOIBKO Kpynn-
HoK. OHH TOHYJIH B KHAKOCTII ¢ YAEJBHLIM BECOM TPH, mapanaim py-
ONH U KOPYHJ, HOYTH NEJIKOM CTOpajJu B KHUCJIOpOAe.

TakoBbl fBa NpPOHCHIECTBHS H3 HCTOPHH HMCKYCCTBEHHOTO ajMasa.

KAHIUOAT B CAMBIE ITPOUYHBIE? B 1975 r. 6einn onyGnuKoBanst
pacueThl, IpoBefenHble coseTckumu xumnkamn B. B. Kopmaiom,
B. 1. KacaroukmuniMm u K. E. llepemenkmHBIM, COTIacHO KOTOPBIM
nanGoxpmas TeopeTHUeCKadA HPOYHOCTH 13 BCEX NMEIOMIXCA Ha 3eM-
Jle BEWECTB [OMKHA OBLITH y JIMHEIIHOro WOJNHMeEpa Yriepoja — Kap-
6nna. PagymeeTcs, Takoit yabTpanmpouHbli rkapOnH Ho/KeH OLITB NH3-
roToBieH B Bufe Oe3feeKTHBIX HNTEBNAHBIX KpHCTaMIoB. Panbime
CUHTAJN, 9TO TEOpeTHYeCKH caMoe IpOYHOe BeunecTBo — rpadnt
(13 rToic. Kr/MM?), ana kapOuHa jKe BBIYIC/IEHHAsA BeluU4HHA Opefelb-
HOIl IPOYHOCTH HOYTH BABOe Gonpine — 22—23 THIC. Kr/MMZ.

Yro HyMHO, 4TOOH MaTepuan OblT OYeHb NpoYHBIM? Bo-mepBhIX,
BBICOKHE 3HAUEHIA JHEpTI XUMIYecKknx cBsaseil. Bo-BTophiX, Hampasie-
HHUfA 3THX CBs3eii HOJIKHBI IO BO3MOKHOCTH COBIIAfaTh M HATH BAOJB
OoCH KplcTanaa. B-Tperspiix, ecln BelecTBO MOJHMEPHOTO CTpPOEHHA,
HYHKHO, 9TOoOBI CTelleHb ero mojmuMepnaainnn Ovuia Beicokoii. YersepToe
o0s3aTeNpHOE YCJIOBHE — OTCYTCTBIE B MAaKpPOMOJNEKyJe «caalLIX MecT»
1 cnabeix cBs3eil. Bece aTu ycioBns coGiiofieHsl B kapGiiHe, HO3TOMY
peKopAHbIe 3HA4YeHHS pacdeTHOil TeopeTideckoil MPOYHOCTH, B 00IEM,
He YAUBITEIBHEL.

KAPBEMH B ITIPUPOJIE. B 1970 r. reodpusuxn u3 Mucruryra Haprern
ofHapyKuau B MeTeopuTHOM KpaTepe Puc ma Teppuropnn ®PT HoBBIi
MitHepaJ, cocrosupii #a 99,99% na yraepoma. Ho aTo, ompenenenno,
He Oplnn HU anmas, HU rpadut. MccnemoBaHis MOKa3adn, 9T0 MIHepa
3 Kkparepa Puc ckopee Bcero mpefcTaBiseT coGoii mpupomHyio pas-
HOBHJHOCTD CHHTE3IPOBAHHOr0 HECKOJBKUMH TOaMIl panbme KapOuHa.
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BO3PACT — TIO 'C. MeTon ompefiefiecHHA Bo3pacTa ncmpnvlecimx na-
XOIOK 10 COACP:KAHUI0 B HHX PaJHOAKTHBIIOF0 H30TOma yriepopga '4C
paspaboran uaBecTHHIM ¢uankoM, saypeatom HoGenesckoii mpemin
®pankon Yunaapaom JIu66m.

¥Yrnepon-14 — ofNH H3 TPUPOAHLIX PAfAHMOAKTHBHEIX H3OTONOB, Ie-
PHOR ero nonypacnaga 5570 Jyer.

Tlotor KocMmUeCKHAX MPOTOHOB, JIETAIIHX CO CKOPOCTBHIO, OAHM3KON K
CKOpocTH cBeTa, HempepbiBHO GoMGapmupyer 3emio. Yie B BepXHHX
cnosix arMocgepsl NMPOTOHBI CTAJKHBAIOTCA ¢ AAPAaMH a30Ta H KHCJO-
pona. Ilpi Takux CTONKHOBEHHSX aTOMbl Pa3pymIAlOTCA, B pe3yjbTaTe
9€ero nonyuawTca cBoGoAHbIe HefiTPOHBI, MOMEHTAJBHO 3aXBaTHIBaeMbiC
AAPAMI dNeMeHTOB BO3JYXa, B NIEPBYIO oUepefib, KOHEYHO, AAPaMIl aTo-
MOB azota. I Torma mpoMcXogMT OmHO M3 YyAec, MpH3HaBaeMBLIX Hay-
Roii,— B3anMoONpeBpallene IEMEHTOB: a30T CTAHOBHTCH YIJIEPONOM,
TONBKO He MPOCTHIM, 4 PAfinOAKTHBHLIM yriepogoM-14.

finpa yrnepopa-14, pacmajiasice, HCIYCKAlOT 9JEKTPOHBI H BHOBB
npeBpamaioTcs B AApa a3oTa.

3nax mepuop monypacnaja H30TONA, HETPYAHO HOACYHTATB, CKONBKO
€FO0 TepsieTcA 3a JM1060i mpomeskyTok Bpemenn. IlogcunTanu, 4To 3a rof
Ha 3emie pacmajaeTcA OPHUMEPHO 7 Kr pajuoyriepofia. ITo o3HAUAeT,
9TO Ha Hamlell IUIaHETe eCTeCTBEHHLIM IMYTeM IOdePHHUBAeTCA IOCTOAH-
¥O0€ KOAMYeCTBO 3TOTO HM30TONA — B pe3dyibTaTe MAEPHHIX peaKmHi,
uaymnx B atMocdepe, 3emias emeroqHo «mpuodperaer» okono 7 kr '*C.

demuas atmocdepa yriepogom me Gorata. B meii Bcero 0,03% (mo
obseny) peyoxmcn yriaepoga CO.. Ho B mepecuete Ha Bec 9TO He Tak
y®  Mano: ofmee coflepkaHHe yriepofa B aTMocdepe — oKoNO
600 man. T. U B nampom OunnumoHe Mmonexyn armocdepHoit CO; ecThb
OHH aToM '4C., ITH aTOMBI BMecTe ¢ OOBITHBIMH YCBAHBAIOTCs pacTe-
HHAMIL, 3 OTTY/la MONAlal0T B OPraHM3MBI JKHBOTHBEIX H 9esoBexa. B iio-
60M jKnBOM opraHM3Me ecTb PagHOYIIepofi, KOTOPBI MOCTENeHHO pac-
majaerca u o0OHOBAAeTcss. B rpaMMe KHMBOTO» YIJiepofla Kaxayio
MHHYTY npoucxoaar 14 akToB pagnoakTHBHOro pacmafa. ONLIT NOKa3bl-
BaeT, YTo KOHIEHTPAIHs HTOr0 H30TONA OfMHAKOBA BO BCeM KHBOM Ha
namleif mraHeTe, XOTA B CHJIY HEKOTOPHIX reou3uvecKnX NPHIHH pa-
AuOYrnepon «Ipm3emisgeTcsA» INPEeAMYIMECTBeHHO B NOJNAPHBIX Ppaii-
OHAX,

Ho Bor opramusM rufmer m mnepecraer GHITb 3BEHOM HeNpEPHIBHO
uaymero Ha 3eMiie KpyroBopoTa yraepopa. Hosblil pagnoyriaepos B HEro
yKe He mocTymaeT, a pajAMOAKTHBHBIE pacmaj mpopoixaerca. Uepes
5570 ner wonmuecTBO pajMoyriepofa B OTMepHIeM OPraHH3Me YMEHb-
OINTCA BABOE, M B TpaMMe YIJIepojia, H3BiedeHHOro u3 fepesa, cpybmen-
HOro 5570 meT wasaj, WySCTBUTENbHbIE CYETYHKI 3a MHHYTY 3admich-
PYIOT yxe He 14, a aumb 7 axToB pacnmaga. Ilootomy ¢ momompio pa-

93



AMOYIJIepoAa MOMKHO ONpefesnTh BO3PAacT HmpakTHYecKH JwoGoro mpen-
MeTa, CAENAHHOTO M3 MAaTEpPHAJNOB pPACTHTENLHOrO WAH KHBOTHOTO
TIPOHCXOMKAEHIIA.

JaTupoBra peAMeTOB APCBHOCTH [0 pajHOyriepoly B BBICHIEN
crenenn ypo6na m mocrarouno Ttouna. Ilpmunnoii Tomy nepmon moay-
pacnaga t#C — 5570 xet. Bo3pacT 49enoBedeckoil KyJAbTypLl — BeJIHUNHA
TOrO 7Ke MOPAAKA...

ITOT MeTOoR IOMOF ONpefeHTh HATHl JPEeBHNX BYJAKAHNYIECKHUX H3-
BepHKeHHil 11 BpeMs BBHIMHpPaHHSA HEKOTOPBIX BHJOB »KnBoTHbIX. OH mo-
Mor pa3o0iadnThL He OfHY apXeoNOTHYECKYIO NOARENKY, KOTAa 3a CBH-
AeTeNbLCTBA JPEBHOCTH BBIAABAJINCh, HAlPHMep, Yepena ¢ DOAMJENHbI-
M 3yGamum.

Ho rsaBHoii sacnyroii MeToja ciiefyeT, BHJUMO, CYATATL YCTaHOB-
JIeHHe BpeMeHH JIe[[HHKOBBIX MepHoMOoB.

Pagunoyriepogabie H3MepeHNa OKa3aan: 3a mociefnne 40 Teic. neT
Ha 3emie OblI0 TpW defAHnkoBbIX nmepuopa. CaMblii mosgnmii — npumep-
o 10400 ner mazan, C Tex mop Ha 3emiie OTHOCHTENLHO Telllo.

CBUJIETEJILCTBO ®PUAPUXA BEJIEPA. 9Tor HeMemkdil XIMHK,
cuHTe31poBaB B 1824 r. MouesuHy, mpo6ni mepsyio Opemn B y9eHuH
puTaancTos (o1 vitalis — )KnsHenHoll), cYMTABMNX, YTO HEJNb3A MO-
AyduTh OpraHAvYecKHWe BemlecTBa 0e3 NOMOMY KH3HEHHOIN CHJBIY.
TIpaBaa, Te He pacTepaanch n o0'bABNIN, 9TO, KeCKATh, MOYEBIHA — OT-
Gpoc opraHH3Ma, M IOTOMY €e MOYKHO CHHTE3HpOBaTh N 0e3 moMoLm
wxusHennoii cuas», Ho B cepeanne XIX B, 2To ydeHne crajio «Tpe-
U[aTh [0 HIBAM» ITOJ HANOPOM BCE HOBLIX N HOBBIX OPraHHYeCKNX CHH-
Te30B. OQHAKO RO MOABJEHNSA TEOPHH XHMHYECKOFO CTPOEHMNS, CO3/aH-
noii AnexcampgpoM MuxaiinoBnuemM ByrnepoBbiM, B cpefle OpraHHKOB
napun pasGpox. Teopnm poskmaduch ¥ yMHpadnm ¢ gactoroii 6abouex-
OJHOHEBOK.

UsBectunt cnopa Bénepa, crasannbie B 1835 r.: «Opranndeckas
XHMHA MOKeT HBIHE KOFO YFOAHO CBeCTH C yMa.. OHA HpejCcTaBAgeTCA
ApEeMYYHM JIecoM, HOJHEIM 4y[ecHbIX Bemleil, orpoMHoil Jameii 6e3 BbI-
xofa, 6e3 KOHOA, KyAa He OCMeJABACIILCA IPOHHKHYTHY.

N30MEPUA U 3AIIAX. BemecrBa OANHAKOBOrO COCTaBa, HO PA3HOro
HOpOCTPAHCTBEHHOTO pAcIo/ioKeHNsA Ha3biBaloT m3oMepaMu. O ToM, Kak
CKa3blBaeTCA 3Ta Pa3HMNA Ha CBOIICTBAX, MOMKHO CYANTH Ha HpHMepe
JOBOJILHO LPOCTOr0 OPraHA9eCKOro coejiiHeHHs1 — BaHUJIHHA H €ro aHa-
Jora M30BAaHIVIMHA, Banuama — oamo u3 HanGolee N3BECTHBHIX AYMIN-
CTHIX BemIeCTB, €ro HpPUATHBI 3amax 3HAKOM, IIO-BHIHMOMY, BCEM.
A N30BAHHJNH HpPH HOPMAJNLABIX YCIOBHUAX IOYTH He MaxIeT, eclH e
€ro Harperh, PaCIPOCTPAHNTCA MAJNONPHATHBIN 3anax, nofobHLIl 3ana-
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Xy l(ﬂpﬁOJll(ll. Apoma'rm Pa3uTeJbHO OTINYAIOTCA, 2 pa3HHUBI B COCTaBe
HEeT:

CHs
|
o 9 0 OH
Ne— /N _on \C—/—\—O—~CH3
H H
Bauuann 3oBanuaun

HEJOOKHNCH. ¥V yrmepoga He JBa, KaK HPHHATO CYATATh, a TpPW
oxncina. Kpome o0mensBectublx CO, m CO, cymecTByeT HeZOOKHCHL
C;0;, KOTOpYIO CUHTAIOT AaHTHADHAOM H3BECTHOIl OpPraHHYECKOl KHC-
notsl — Manonosoii; HOOC—CH,—COOH.

TKAHb U3 AKTHBUPOBAHHOI'O VYIJIfl. Ee na pyGemxe 70-x —
80-x rr. Hamwero CTOJETHsS YAAJOCh HOJYUATH QHIAHHCKHM XHMHKAM.
Cnoco0 monydenus, B NpHHOUIE, He HOB — TAaK ’Ke NPHMEpPHO ewIC
paHblle MOJY9a/IM YrJepofHble BOJNIOKHA pa3JHYHOTO Ha3HAYeHHA.
Bpann Tkaup Ha 1€JJ110J103HOI OCHOBe, NIPOMHTHIBAJIN oOMpefesieHHOI!
KOMIO3HLHeil pacTBOPEHHBIX B BoJe coNeil H HOMeINaJIn B 1edb ¢ aTMO-
cdepoii m3 yraekncioro rasza. Ilpn teMmmeparype oxono 700°C Tkaub
o0yrauBanacs, Ho BeJH IPOLECC TAaKHM 00pa3oM, 4ToObl I HOC/e BTOrv
coxpaHniacs CTpykTypa Tkauu. IlepBoe mpuMeHemHe TKAaHH H3 aKTH-
BIPOBAHHOTO yrasa — copbupylomue mOBA3KH MeNHIMHCKOTO Ha3Ha-
4eHna. C MOMOIIBIO 3THX MOBA30K U3 KPOBH YAAJAIOT H30OHLITOK MejuKa-
MEHTOB, TOKCHHBI U Jpyrue IPOAYKTH H3HeAeATeIbHOCTH MHKPOODra-
HH3MOB.

O 3EPKAJIBHOM YIJIEPOJAE. B 1962 r. axagemuxk B. A. Kapruu
¢ COTPYAHMKAMH BHepBble OOHAPYMHJ Tar HasbIBaeMble YrJIepOAHbIE
GnecTkn, Ha OCHOBe KOTOPBIX BHOCJHECTBHH GBI CO3XaH OPHTHHAIBHBII
MaTepuan — 3epKajbHbli yriaepof. On H BIpaBAy XOpOINO HONHDYETCH
H OTpa’kaeT CBETOBHIE JyYl, HO HHTepeceH He TONLKO ITHM, YIOMANY-
Thle B DpeAbIAYIeil 3aMeTKe Yriepojilible BOJOKHA HMEIOT IOJAIMEpHYIo
CTPYKTYpY 3epKajibHOro yriaepopa. IlosBiicAa 9HCTO YrilepomHBIl KoM-
no3unHonukbli Mmartepnanl YVYVYB — yriepon, ympounenuslii yriaepop-
WHIM e BOJOKHOM.

AJIMA3SHLIE IIJIEHKW. Cpegm coBpeMeHHBIX MaTepHaJoB Ha ajMas-
Hoil ocHoBe 0c000e MecTo 3aHHMAIOT aiMasible mieHKH. [lepBrii cooco6
HOMydeHNs TAKHX INIEHOK — MMIYJIbCHBI — bl NPeAJIoikeH COBert-

ckuMn ydensiMu B, B. JleparuubiM u JI. B. ®enoceeBbim. Ilomyuenn
H HHTeBHJHble KPUCTAJNABI alIMa3a — «YChbIy.



A30T

Bcem nsBecrro: asor umepren. Yacro
MBI CeTyeM 3a 9T0 Ha sjeMeHT Nt 7,
9TO eCTeCTBEHHO: CIHOIKOM J[OpOTOi
HeHOH NPUXOMHTCA PACINIAYMBATLCA 32
€r0 OTHOCHTEJNbHYI0 MHEPTHOCTD, CJHII-
KOM MHOrO 3HEDrHH, CHJI H Cpe[CTB
IIPUXOJMTCA TPATHTL HA €ro Inpespa-
IIeHNe B HKU3HEHHO HEOGXOmUMBIE CO-
eHHEeHHA.

Ho, ¢ apyroii cropomsi, me Oynb
a30T TaK HHepTeH, B arMoc(hepe mpon3omy Gbl peaKLyMn a3oTa
¢ KHCJIOPOJOM, M KH3Hb Ha Hamel IJageTe B Tex (popMax, B
KOTOPHIX OHA CYUIECTBYeT, cTajda Obl HeBO3MOMXKHOIL. Pacrenns,
KUBOTHBIE, MBI ¢ BaMH GyKBalbHO 3axJae0bIBainCL OB B MOTO-
KaX HeNnpHeMJeMblX }KU3HbI0 OKHCIOB B KuciaoT. U «npu Bcem
[IPH TOM» MMEHHO B OKHCJEI I a30THYIO KHCJIOTY MBI CTPeMHM-
cSl IPeBPaTUTh BO3MOKHO GOJMBIIYI0 YacTh aTrMocepHOro aso-
Ta. 9TO OJMH U3 mapajfokcos aiemeHta Ne 7. (3pmech aBTop
pucKyeT GbITh 0GBHHEHHBIM B TPHUBHAJABLHOCTH, M00 MapamoK-
CaAbLbHOCThL a30Ta, BEPHEe €ro CBOICTB, CTaJa HPHUTYE BO A3BI-
nex. 1 Bce xe...)

Asor — sneMenT HeoObiKHOBeHHbI. Ilopolo Kaercd, 4To
gem GoJibile MBI 0 HEM y3HAeM, TeM HENOHJATHee OH CTaHOBUT-
ca. IporuBopeunBocTh cBoiicTB anemeHTa Ne 7 oTpasminacs
Ja<e B ero HassaEuy, nGo BBeJaa B 3a0iyKIeHHE [asKe TaKOro
6amcrateapHoro xmMuka, Kak Autyan Jlopam JlaByaswe. 9to
JlaByasbe npesio;Kua HA3BATh a30T A30TOM IOCJKE TOro, Kak
He TePBHIM U He MOCIeJHHUM INOJNYYWJI U HCCIefoBajJ He 1of-
HepKUBAIOLIYIO NBIXaHHS ¥ TOpeHHA dacTh Bo3ayxa. Cormacuo
JlaByasbe, «asor» o3HadaeT «0e3’KU3HEHHBIA», U CJIOBO 3TO
IPOM3BEJIEHO OT IPEYeCKOro «a» — OTPUIAHHE U  «303» —
E63:9 ’

TepMuH «a30T» OBITOBAJ elIe B JEeKCHKOHEe aJXHMIKOB, OT-
Ky/la ¥ 3aMMCTBOBaJ ero (hpamuysckuii ydeuslit. Osnavan on
HeKoe «(PuimococKoe HaAUaNO», CBOETO Pofla KafaiamcTHueckoe
3aKJMHaHUe. JHATOKM YTBEPKAAIOT, 9TO KIIOYOM K pacmud-
POBKe CJI0Ba «a30T» CHYKHT 3aKJIOUNTENbHAA (pasa U3 Amo-
Kaguncuca: «fl ecth aasda m oMera, HavaNo M KOHeI, Tep-
BB U mocienuuit...» B cpexgnne Beka ocoGo mowmramuch Tpu
s3bIKa: JATAHCKUI, rpedeckuil u jppesHeeBpeiickmii. U cioBo
«a30T» AIXUMHKU COCTABIIN U3 Nepsoil OyKBH «a» (a, anbda,
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OaH unanbPesepihpopp (1749—
1819) — WoOTNAHACKNA XMMUK, 60Ta-
HWK W Bpay. B 1772 r. oH Bnepsble
onucan cBoiicTBa rasa, CocTaBsnslo-
ero Ty 4acTb BO3Ayxa, KoTopas He
noAAep>KNBaeT [AblXaHWUA U rOpeHns.
Pesepopa cuyen ero HacbllWEHHbIM
dnorucToHom u ToOMLKO JlaBya-
3be foKasan, 4YTO OTKpbIThHIA Pe-
3ephopAoM ras ABNAeTCA CamocTOos-
Te/bHbIM 3/1EMEHTOM — a30TOM

aned) n nocnegHUX GYKB: «3eT», «OMera» N «TOB» 3TNX TPex
andasnToB. Takum 06pa3oM, 3TO TAMHCTBEHHOE CUHTETUYECKOE
C/I0BO 03Ha4an0 «Havano W KOHeL, BCex Hauyan».

CoBpemeHHUK 1 cooTeyecTBeHHMK JlaByasbe XK. LUantanb,
He MyApCTBYS NYKaBO, NPeanoXun Ha3BaTb 3/IeMeHT Ne 7 rub-
PUAHBIM NaTHMO-TPeYeCKHM MMEHEM «HHTPOreHNyMm», YyTo 3Ha-
UUT «CENUTPY POXAAOLMIA-». CennTpbl —a30THOKKUCAbIE COMW,
BellecTBa, W3BECTHble C ApeBHeMWMX BpemeH. (O HUX peyb
Bnepean.) Hajo ckasaTb, 4TO TepMUH «a30T» YKOPEHWUSCA
TONLKO B PYCCKOM W (hpaHLy3CKOM f3blkaX. [lo-aHrnuniicku
anemeHT Ne 7 —«I'Mrogen», no-HemeLkn —«3bck3blb (yay-
waroulee BewecTso). XuMmuyeckuii xxe cumeon N —paHb wan-
TaneBCKOMY HUTPOreriymy.

KeM OTKpbIT a3oT

OTKpbITME a30Ta MPUMNUCHLIBAIOT YYEHWKY 3amMeyaTenbHOro
WoTnaHAckoro yyeHoro [xo3seta bnaka [aHuanto Pesepdop-
4y, KoTopblid B 1772 1. onybnukosan gucceptaymio «O Tak Ha-
3bIBAEMOM  (DUKCUPYEMOM W MCHHTHUCCKOM BO3fyxe». Bbnak
NPOCNaBU/ICS CBOMMMW OMbITAMU C «(HUKCUPYEMbIM BO3AYXOM» —
YyrnekucneiM rasoM. OH 06Hapy»Xun, 4YTo rnocfie PUKCMpoBaHuUs
YrNeKncnoTbl (CBA3bIBAHUA €e LLeoYvbio) OCTaeTCd elle Ka-
KOW-TO «HEe(HKEHPYEMbIA BO3AYyX», KOTOpbI Obll HasBan
«Me(HTUYECKMM» —UCMOPYEHHbIM —3a TO, 4TO He MoAfLep-
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;kmBay ropenua u apixanns. McciemoBamme aToro «Bo3myxan
Baak u npepnoskun Pesepdopny B KadecTBe AnccepTanuoHHOi
paboTHL.

ITpamepro B To e Bpema asoT Obur moxyden H. Ileere,
. pucram, I'. HaBeraumem, mpaueM NOCIeNHHI, Kak cle-
J0Bajo H3 ero JaGopaTopHHIX 3amUceif, H3y4as 3TOT ra3 paHb-
me Pesepdopma, Ho, Kar Bcerfa, He cHemmI ¢ nmyGanKanueii
peaynbTaToB cBomX TpymoB. OAHAKo Bce 9TH BHIJAIONIMECH
ydYeHBIe HMEJNH BeCEMa CMYTHOE IpeAcTaBjieHHe O NPUPOJe OT-
KpriToro uMu BemecrBa. Oum Obin yOeKxeHHBIMI CTOPOHHH-
KaMu TeopuH (PIOIMCTOHA W CBA3KBAJIM CBOICTBa. «MeuTHIE-
cKoro Bo3fyxa» c aToil MEmMoii cyOcrammueir. Tompko Jla-
Byasbe, BeliA HacTymiende Ha (ormcroH, yGegmaca caM H
y6equn Apyrumx, 4TOo ras, KOTOpHIA OH HasBaax «0e3;KU3HEH-
HEIM»,— MPOCTOE BELIECTBO, KAK M KHCJOPOL,...

Bceenencknii kaTaausaTop?

MoskHO JIMIIB AOrajibiBaThCA, 9TO O3HAYAET «HAYAJO W KO-
HEIl BCeX HaYajly» B aJXHMHYECKOM «asoTe». Ho 06 ognom m3
«HAYajly, CBASAHHHIX C 3IeMeHTOM Ne 7, MOMKHO TOBOPHTH
Bcepbes. A30T W JKH3Hb — NOHATHA HeoTHenumsie. Ilo kpaitneit
Mepe BCAKHII pa3, KOrfa OmoJIord, XMMHUKH, acTpoPH3UKA TH-
TAIOTCA [OCTUYb «HAYAJO0 HAYAJN» JKH3HH, TO HENPEeMEHHO
CTAJIKABAIOTCA C a30TOM. A

ATOMBI 3eMHBIX XMMHYECKAX 3JIeMEHTOB POJKIEHHEl B HEIpaX
3Be3. IMeHHO OTTY/A, OT HOYHHIX CBETWI U JHEBHOTO CBETH-
Nla, HAYAHAIOTCA HCTOKHM Halleil 3eMHOil ku3HH. ITO 06CTOA-
TEJBHCTBO U MMEJI B BUAY aHramiickuit acrpogusux VY. Payuep,
rOBOPA, 4YTO «BCe MBL.. ABJIAEMCA YACTHIKOH 3BE3THOTO
npaxan... .

3Be3gHBIN «Opax» asoTa BOSHUKAET B CIOXKHelmeil memu
TePMOANEPHBIX MPONECCOB, HAadYaJbHAA CTAAUA KOTOPbIX —
OpeBpamieHAe BOJOPOAA B rejivii. IT0 MHOTOCTAfHMiAHASA peak-
uA, MAyIas, Kak npepmojaraior, asyma oytamu. Omun u3
HAX, NOJYYABMIAII HasBaHHe YriepoJHO-a30THOrO IMKJIA,
uMeeT CaMoe HemoCpeICTBeHHOe OTHOmMEHHE K anemeHty No 7.
9TOT OUKI HAYMHAETCS], KOLa B 3BE3[HOM BEIECTBE, TOMHMO
Allep BOOpPONla — NPOTOHOB, y:Ke ecTh u yriaepox. fxpo yrae-
pona-12, npucoeMHNB elle OfMH NPOTOH, IPEBPAIAETCsa B AN~
po HecrabmibHOrO aszora-13:

BC 411 - BN 4y
o8



Ho, ucoycTEB O3UTPOH, a30T CHOBA CTAHOBHTCA YIIIEPOXOM —
obpaayerca Goiee TsKedblit uzoron *C:

BN - BC 4 et 4.

Takoe Axpo, IpUHEAB JHIIAKH OPOTOH, IPEBpaIIaeTCa B AAPO

CaMoro pacOpoCTpPaHEHHOr0 B 3eMHOH armocdepe H30TO-
14

ma — “N.

BC+H-UN+y.

YBHI, IEIIb 9acTh 9TOr0 a30Ta OTHPABJIAETCA B NYyTeIIeCTBHE
no Bcememnoit. Iloxg pelicrBreM mnporoHOB aszor-14 mpespa-
maeTcA B KHCIOPOA-15, a ToT, B CBOIO O4Yepeqb, ACHYCTHB IO-
3HTPOH H raMMa-KBaHT, mpeBpamlaeTca B APYyroil seMHOil H30-
ton aszora — **N:

UN +JH - 10 + v
180 BN 4 ¢t 4y,

3emuoii azor-15 cTabuieH, HO W OH B HEApPAX 3BE3JHI MOABED-
’KeH ANEPHOMY pacmagy; mocie toro, Kak sagpo N npmmer
emle OfNH TMPOTOH, MPOU30IIeT He TOAbLKO 00pa30BaHHEE KUCJIO-
ponta **Q, HO U Apyrasa AgepHEas peaKmus:

1 20
N + 1H — 12C + $He.

B sroii menm mpeBpamieHHit a30T — OAMH K3 IPOMERYTOY-
HBIX mpomykroB. MsaBectHmlit amrImitckmii acTpodH3nK
P. II:x. Teitnep nmmert: «'“N — m3o1om, KOTOpHIA HeJerKo mo-
crporth. B yriepommo-azorHOM nuKiIe olpasyercsa asoT, H,
XOTs BIOCJHEACTBAHE OH CHOBA HPEBPAMIaeTCsA B YIIEPON, BCe He
eclii mpomecc OpPoTeKaeT CTAaHOHAPHO, TO a30Ta B BeIm[eCTBE
OKasbIBaeTcAa Goabime, eM yriepoxa. Jro, MO-BHAEMOMY, OC-
HOBHOi meroanmK “*Ny...

B yMepeHHO CI0}KHOM YIriIepOAHO-a30THOM KHKIE IIpOCie-
AUBAOTCA M00ONBITHbIE 3aKOHOMepHOCTH. Yraepox ‘*C urpaer
B HeM poJb cBoeoOpasHoro xaranusaropa. Cyxure camu, B Ko-
HEYHOM CYeTe He OPOWCXOAUT WH3MEHEHHA KOJHYecTBa
agep '*C. A3sor ke, moABIAACH B HaUajie mpomecca, mcIe3aeT
B KoHIe... I ecan yraepon B 9TOM LEKIe — KAaTAJIH3aTODP, TO
a30T ABHO — ayTOKATAJIM3aTOP, T. €. MPOXYKT peaKHuH, Kara-
IU3Apyomuil ee gajbHeHMAe TPOMEKYTOUYHbIE CTAHH.

M:1 He cinyuaitHO 3aBesH 3fech pedb O KaTaNWTHIECKAX
cBoiicTBax anemenTa Ne 7. He coxpamma nm 9Ty ocoGeHHOCTH
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3Be3fHEbI a30T 0 B ;kuBOM Bemecise? KarannsaTops! kusnmen-
HBIX IIporeccoB — lepMeuTsl, I BCEe OHIH, PABHO KaK M 60Jb-
[IMHCTBO TOPMOIOB Ii BITAMIIHOB, COJEP/KAT a30T.

Aszor B arMocdepe 3ennnn

HHusub MHEOTIM 00s3a11a a30Ty, HO H a30T, MO Kpaiineil Mepe
aTMocepubiil, CBOIIM NPOUCXO’KAeHIIeM O00d3aH Iie CTOJBKO
Connny, cKONLKO ;KU3NENHbIM MPOIECCAM. Ilopasutensao He-
COOTBETCTBIIE ME:Jly cofepkanieM aneMenta N 7 B nutocde-
pe (0,01%) u B atmocdepe (75,6% mo macce wmun 78,09% mo.
o6semy). B obumicsm-to Mpt ofntaeym B aszoTHOIl atmocdepe,
YMepeHHO 000TAMIeH IO KICI0POIOM.

Mesxny Tem HI Ha ADPYTUX INIANETaX COJMHERHOM CKCTeMbI,
HHA B COCTaBe KOMET ILII KAKIX-IH00 [PYTUX XOJOZHLIX KOCMHE-
4ecKnX 00BEKTOB CBOOOAuBIT a30T He oOHapyxeH. EcTh ero
coequuEenus n paguraiasl — CN°, NH°, NH";, NH;, a BoT aso-
ta meT. IIpaBpma, B arsochepe Benepst sadurxcuposano oxo-
a0 2% asora, mo sra mudpa eme TpeGyeT MONTBEPIKICHHSA.
Ilonaraior, 9to m B meppuunoii atMocepe 3eManm aneMeHTA
Ne 7 me 6p1m0. OTKy[a e TOrTa oH B Bo3myxe?

Ilo-BupmmoMy, aTMocdepa mameii NJaHeTsl COCTOSLIa BHA-
qajie 13 JeTYYUX BCUecTB, 00Pa30BaBIINXCA B 3€MHBIX HeIpax:
H,, H.O, CO,, CI1,, NH;. CBoGoaunlii a30T ecJ 1 BHIXOAUJ Ha-
PYRY Kak IPOJYRT BYJKAMIUeCKOl JeATeNbIOCTI, TO IpeBpa-
maJca B aMMHAK. YCJIOBIA Ui 3TOro ObLIN caMble HOAXOMsA-
mpie: n3GBITOK BOJOPOAA, NOBHIIIENHbIe TEeMOEepaTypsl — IO-
BEPXUOCThL J3eMJH eme e ocTbhiia. Tak 4To e, 3IATHT,
clavajia a3oT HpICYTCTBOBAaJ B aTMocdepe B BHAe aMMmuaxa?
Bupgnmo, Tak. 3anomMunm 310 06CTOATENBCTBO.

Ho Bor Bosuukiga »usnn... Baagumunp Usamosiua Bepran-
CKHIl yTBEpiKjan, 4ro «3eMuasi rasoBasi 000J0YKa, HAUI BO3-
NyX, ecTh CO3/[auIe HRIBUID. HMenno sxusns sanycTmia ygu-
BHTedbHelimuil MexaunaMm Qorocunresa. OfuH 13 KOHETHHIX
OPOAYKTOB 3TOro npoiecca — CBOGOMHBIIT KICIOpOX cTal
AKTHBIO COE/UIISITHCA ¢ AMMIIAKOM, BHICBOOOKIAA MOJIEKYIAP-
HBI a30T:

. (orocnures
CO, + 2H,0 —————> HCOH + H,0 + O,;
4NHj + 30, — 2N, - 6H,0.

Hiucnopop u asor, 1ak n3BecTHO, B OGBIYHBIX YCIOBHAX MEKIY
cofoii He pearmpyloT, 9TO H IIO3BOJMJIO 3eMHOMY BO3LYXY
COXPAHUTh «CTATYC KBO» COCTaBa. 3aMEeTHM, UTO 3HAYUTENbHAA
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9acTh AMMIIAKA MOIJIa PacTBOPATHECA B BOjle NP 00pa3oBaHNI
rugpocgepsl.

B name spems ociopmoit ncrounnk nocrymients N; B aT-
Mocepy — BysKauldecKiie rassl. '

Ecan pasopeath Tpoiinyio ¢sa3s...

Paspymne nencuepnaemple 3amachl CBS3AHIONO AKTIBHOTO
asoTa, KHBafg NpHpoja nocTasiia cedst ueped npobGaenmoil:
KaK CBA3aTh a30T. B ¢BOOO/HOM, MOJEKYJsIPHOM COCTOSHIN O,
KaKk Mbl 3HaeM, OKasajica BechbMa mmeprubiM. Buumoli ToyMy —
Tpoiinas Xumm4eckas c¢Ba3b ero molerynni: N=N,

OGbivH0 cBA3N TAKOIT KpaTHOCTI Majoycroiivmsbl. Bcermo-
auM kiaaccuwecknii mpuMep anertnnena: HC=CH. Tpoitnas
CBSI3b €ro MOJIEKYJIBI OUelb HENpodYHa, 4eM I 00BLACHAETCA 1e-
BEPOSITHAS XIMHYECKasi aKTHBHOCTb 9TOr0 rasa. A BOT y a3oTa
3[iech SIBHAfg aHOMAaJNs: ero Tpoiinas CBA3b o0pa3yeT camMyio
cTaGIIBHYIO 13 BCeX U3BECTHLIX ABYXaTOMIBIX Mosierya. Hyxk-
HO HPINIOKHTL KOJOCCAJLIbIE YCIUIA, YTo0B paspylnTs 3Ty
cBaA3b. K mpuMepy, npoMeinuiennbiil ciunTes aMmuaka Tpedyer
gapsienusa Gomee 200 atm n temmepatypsl ceeime 500° C, nma
eme 00s3aTEABHOrO MPICYTCTBHA KaTajiusaropos.. Pemras
npobieMy cBA3BIBAHIA a30Ta, NPHPOJie OPHILIOCH HAJAJHNTH
HelpepbIBHOE MPOM3BOACTBO COERUHEHIM A30Ta METOXOM I'PO3.

Crarnctuka yTsepKjaeT, 970 B ataocgepe nameil IIaHETH
€KerogHO BCHBIXHBAIOT TPH ¢ JIMIHIM MINUIIapAa mojumil.
Mowmuoctey oTmensuuix paspsanos gocturaer 200 muH., Knjo-
BATT, a BO3AYX NpPH 3TOM pasorpesaercs (JIOKajbio, pasyMeer-
¢a) po 20 twic. rpapycos. Ilpu-Taxoii wymoBummmuoil TeMmnepa-
TYpe MOJIEKYJBI KICJAOpOJa H a30Ta PacmajaloTcs Ha aTOMBI,
KOTOpbIe, JIErKO pearupysa ApPYyT ¢ APyrom, od6pasyoT Henpoq-
HYI0 OKIICh a30Ta:

N, + 0, — 2NO.
Bnaronapsa GsictpoMy oxaaxpgeniio (paspap MOJNHIT JINTCA
AECATHTHICATHYIO J0J10 CEKYHALI) OKICh a30Ta He pacmajaeT-

¢ 1 OecnpenATCTBEHHO OKHCAAETCA KIICIOPOXOM BO3LyXa no
Ooee cTaOIABHOI J(BYOKIICIL:

2NO 4 0, — 2NO,.

B npucyrctein atmocdepnoii Brarn n Kameab A0S ABY-
OKIICh a30Ta NpeBpamaeTcs] B a30THYIO KACIOTY:

3NO, -+ H,0 — 2HNO; - NO.
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Tak, monas mof, CBeKUil TPO30BOH JOKIUK, MBI IIOTydaeM BO3-
MOKHOCTh HCKYNAaThCA B cl1aGoM pacTBope asoTHOH KHUCIOTHL
IIporukas B mouBy, arMocdepras a3oTHaA KAcaora obpasyer
¢ ee BemecTBaMd pasHooOpa3HBe eCTeCTBeHHbIE yHOoOpeHHA.

Azor ¢ukrcupyercsa B aTMocepe U POTOXUMHIECKUM IYyTEM:
IOTJIOTUB KBAaHT CBeTa, MoJeKyiaa N. nepexoaut B Bo36GyKaeH-
HOe, AKTHBHPOBAHHOE COCTOSIHME M CTAaHOBHTCA CIOCOGHOMH
COEAHHATHCA ¢ KHCIOPOLOM...

Bakrepuu u a3or

W3 moussl coeqmHeHNA aszoTa momajfaloT B pacrenus. [lanee:
«Iomagy KYIIaloT 0Bec», a XAMIHAKA — TPABOAJHBIX KHBOT-
aoix. Ilo mumeBoli menm HeT KPYroBOpPOT BEINECTBA, B TOM
qucie u aneMenta Ne 7. Ilpu arom dopma cymecTsoBanusa azo-
Ta MeHAETCA, OH BXOJUT B COCTAB Bee Goliee CIOKHBIX H HEpe[-
KO BechbMa aKTHBHHIX coefuHenuit. Ho He TONBKO «Ipo30pork-
AeHHHI» a30T MYTEeLeCTBYET IO NUIIEBHIM MENAM.

Eme B npesHOCTH GBLTO 3aMedYeHO, YTO HEKOTOpHIE pacTe-
HAA, B TaCTHOCTH (000BBIe, cIOCOGHE! MOBBIMATH IIOOPOAHE
HOYBSI,

«..JAnmu, Kak cMeBHTCA rofi, 30J0Thle 3acemBail 3JMaKH

TauM, rae ¢ moxa cobpan ypokail, cTpyYKaMu IOyMANIHH,
Wnu rpe BuKa pocia MeNKONVIONHAA C TOPBKAM JMYNHHOM...»

Bunrafitecs: 9T0 jKe TpaBONmONIBHAA CcHCTeMa 3eMienenans!
CTpoKH 3TH B3ATH U3 MO3MBI Bepruiaus, HaIUCAHHOH OKOJIO
ABYX THICAY JieT Hasaf.

[omanyit, mepebiM, KTO 3agyMajics Haf TeM, modeMy 606o-
BHle Jal0T OpuGaBKU ypoyKasd 3epHOBHIX, GBI (paHMy3cKHUit
arpoxuMuk /K. Byccernro. B 1838 r. om ycranoBmi, uto 6060-
BHI® 000raiajT IMOYBY a30TOM. 3epHOBHIe e (UM eme MHOTHe
ApYyTHe pacTeHHs) HCTOLIAIOT 3€MIII0, 3abmupasi, B YaCTHOCTH,
BCE TOT 7Ke a30T. BycceHro mpeamodoKui, 4To JUCTEA 6060-
BBIX YCBAMBAIOT a30T M3 BO3/yXa, HO 3T0 OBLIO 3abiayKIeHHEM.
B 10 BpeMa HeMblcIEMO GHUIO MPENNONOKUTE, 9TO HeJI0 HE B
CaMHX pacTeHHSX, a B 0COOBIX MHKPOOPraHH3Max, BBEI3BIBAIO-
mux o0pasoBaHHe KIyGeHbKOB Ha UX KOpHAX. B cmmGuose
¢ 6000BBIMA 3TH OPraHU3MBI U (HKCHPYIOT a30T arMocdepsl.
Ceifgac 9T0 mpomHCHAasA HCTHHA...

B Bame BpeMs W3BeCTHO MOBOJIBHO MHOTO PAa3jHYHLIX a30T-
¢uxcaTopoB: GakTepnH, aKTHHOMHIETHI, [POUKEBLIE H Miec-
HeBble TPHOKH, cHHesejlieHble Bomopocau. M Bce oHmM mocras-
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aaror a3oT pacrenuaM. Ho Bor Bompoc: xakum ofpasom Gea
0cOObIX SHEPreTHIEeCKUX 3aTPAT PACHICIIAKT HHEPTHYIO MO-
ackyny N, murpoopranusmsl? 11 mouemy ogum us mHEX obaa-
30T 9TOH moJe3Heimeldl A BCero KABOrO CIOCOOHOCTHIO,
a ppyrue net? Jloaroe BpeMsa aTo ocraBanoch sarajkoit. Tuxnii,
6e3 rpoMos W MOJNHUI MexaHU3M OHmojormueckoil pmkcanum
asementa Ne 7 GBI pacKpHIT JuMImbL HefaBHO. JloKasaHo, 4TO
OyThH IEMEHTHOTO a30Ta B ’KUBOE BEIECTBO CTall BO3MOMKEH
GrarofgapA BOCCTAHOBHUTENBHHIM LpPOLIECCaM, B XOfde KOTOPHIX
agoT mpeBpaljaeTcd B aMmmak. Pemalomyio poas mpm aToM
urpaer d¢epmedaT HuUTporeHasa. Ero meHTpH, cojepKamue
coeUHEHNs jKele3a M MoJnOHeHA, AKTHBAPYIOT a30T A
«CTHIKOBKH» ¢ BOJAOPOMOM, KOTOpH HmpeaBapHTe]bHO aKTHBH-
pyetca npyram ¢epmentoM. Taxk W3 HEEepTHOrO azora HOAY-
9JaeTcA BechbMa aKTHBHBII aMMHAK — MEPBHIH cTabmIbHBIA HpO-
AYKT GHosornuecKoi azordmKcanum.

Bor Benp xax moaygaerca! CHavama mpomeccsl >Ku3HemedA-
TeNILHOCTH IepeBeJii aMMHAaK MepBHIHO aTMocdepH B a3orT,
a saTeM ’KH3Hb CHOBA NpeBpaTHia a3oT B aMmmuak. Ctomno am
opHpoje Ha BTOM WIoMaTh Kombs»? BeaycinoBHo, moToMy 4ro
MMEHHO TaK W BO3HHK KPYroBOopoT aiaeMeHTa N 7.

3ale:ku ceANTPHI H POCT HAPOJOHACETEHHS

Ilpupognas guKcanusa a3aoTa MONHAAME M NOYBEHHHIMH OaK-
TepUAMH eKeroaHo faaet okKojo 150 Miam T coenmHeHHii aroro
anementa. OHaKo ile BeCh CBA3AaHHBIA a30T y4acTBYeT B Kpy-
roBopote. YacTh ero BHIBOgHTCA M3 Hpolecca H OTJaraercA
B BHJe 3ajerkeil cenmTpel. Borareiimeil Takoil KiafnoBoil oKa-
sajach uminmiickas mycTteiHA ArtakaMa B mpexaropnax Kop-
amasep. 3peck rogaMd He OpiBaer momnmeil. Ho mspenka ma
CKJIOHBl T'Op OOpYHIMBAIOTCA CHJIbHBlE JIMBHH, BBHIMBIBAIOIIHE
moyBeHHBle coequHenna. [loTroku Bomwl B TeueHme THIcAYeJie-
TA# BHIHOCWIM BHH3 pACTBOPEHHBIE COJH, Cpefd KOTODPHIX
6onpme Bcero 6vu10 cenutphl. Boga mcmapsanack, conm ocrasa-
auch... Tak BOSHMKNO KpymHeilllee B MHpPe MECTOPOKIeHHE
a30THBIX COeIMHEHU,

Eme 3nmamenmrhiii nemenkmit xumur Morams Pymonsd
T'nayGep, sxuBunit 8 XVII B., oTMeTAN ACKIIOYIATENBHYIO BAMK-
HOCTh a30THHIX COuell MJIA pa3BHTHA pacTenmii. B csomx
COYHHEHUAX, PasMBILLIAA O KPYTOBOPOTE a30THCTHIX BelUEeCTB
B IpHUpojie, OH YHOTPeGAAN TaKHe BBIpAKeHHS, KaK «HHUTPO3-
Hble COKH NOYBBIY M «CEJUTPa — CONb MIOSOPONHUAY,
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Ho npnpoanyio censiTpy B KauecTBe ynoOpeHms CTaJIl HpHA-
MENATH JIWb B Havajle HPOIIJOro BeKa, KOrAa CTalil paspa-
faTsiBaTh vILNIcKNe 3amexir. B To BpeMA 3To 6511 eIIHCTBEH-
HBIH 3HaQYITeNbHBIH IICTOUHIIK CBA3AUIIOr0 a3oTa, OT KOTOPOTO,
KazaJoch, 3aBHCIT Omaromonyuie uenoBeyectBa. O6 aszoTHoM
7ke MPOMBIULTEHHOCTII TOrJla He MOIJIo OBITh II pedil.

B 1824 r. anrimiicknit ceamenuuk Tomac ManbTye nposos-
IJIACILI CBOIO MEYaJAbHO II3BECTHYIO JOKTPIHY O TOM, 49T0 Ha-
pojoHaceseniie pacTeT ropas;io ObBICTpee, YeM IPOW3BOJCTBO
HpOJYKTOB NMITAHIA. B 9T0 BpeMsa BBIBO3 YILIIIICKO CeNNTPHI
coctasiasaa Bcero okoo 1000 T B ron. B 1887 r. cooTeuecTBeH-
nuk Manbryea, nssectuslii yuenstit Tomac I'excnnn mpepcka-
3aJ CKOpbIl Komell LIIBILII3ALIII 113-3a «a30THOTO TOJIOAAY,
KOTOPBII Ji0MKeN HAcTYHIITh IIocae BBIPAOOTKH MeCcTOopOK/e-
uuii giniickoit cenutpbl (ee mofblua K 3TOMY BpEMeEHII CO-
craBasana yxe Gonee 500 Thic. T B TON).

Yepes 11 metr euie oflll 3HAMEHIITHIT yUeHBIT cap Y ILIbAM
Hpyke sagsun s BputanckoMm obmiecTBe copeiicTBIA HaykaM,
YTO He NpOIJeT 1 HOJyBeKa, KaK HACTYNIT IPOJIOBOJBLCTBEH-
UBIT Kpax, eciil YIICIeHHOCTh HApOAoHAaceIenlis He cOKpaTIIT-
ca. Ou TakiKe apryMeHTIHPOBAJ CBOIl MeYalbHblil IPOTHO3 TEM,
YTO «B CKOPOM BpEMeHII IpPeJCTOIT IIOJHOE IICTOIeHIe 3ajie-
dell YIIMHACKOIT ceJUTPBI» CO BCEMN OTCIOj[a BBITeKalOIIIMH
HOCHEICTBIIAMIL

IIpopouecTsa ati ne ompasiaJHCh — YeJOBEUECTBO He MO-
6110, a OCBOIIO NCKYCCTBEHNYIO qnmcaumo amementa Ne 7
Bonee TOTO, CerOJHA AOJA IPHPOTHOI cemnTpsl — s 1 5%
OT MIIPOBOTO IIPOH3BOJACTBA a30TCOJ(ePRALIIX BeIlecTs.

Kaxk cBasmiBann asor.

CoenquHenysa asoTa JIOAII yMenu mojydath maBuo. Ty ke
CEeJIITPY UOPITOTOBJAII B 0COOBIX capadxX — cequTpAHUaXx,
HO O4ellb Y HPUMUTIBHBIM GBI 3TOT cmocob. «BriensiBaior
CeJNTPY 113 Ky4Y HaBO3a, 30JIbl, IOMETA, OCKPeOKOB KO3k, KPOBH,
raptohensnuoit Gorser. Hydi aTil jia rofa moaiBaiOT MOYOIO
II TIepeBOpaullBalOT, Iocie €Yero ua nix obpasyeTcs Hajer
CeNUTPHI»,— TaKOe ONIICAHHEe CeJNTPAHOTO  LPOM3BO/CTBA
€CThL B OJIHOIl cTapluioil KHITe.

Merounnkom coejiineniii azoTa MOKeT CJOYMKITL II KaMeH-
HBIi yronn, B kotopoym o 3% asora. Ceasanuoro asora! Iror
a30T CTaJIl BBIIENATL NPIl KOKCOBAMII yrieil, yJiasiiiBas aM-
Mlla4nyio (paxiiio I NponycKas ee yepes cepuyio KHCJOTY,
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Horieunstii mpoaykt — cyandar ammonna. Ho u "aro, B ‘06-
meM-To, Kpoxit, Tpynio jlake mpejacTaButh, KaRUMII NYTAMU
pasBiBajach OBl Hallla INBIJIN3ALNA, e PEII 0Hla BO-BpPeMs
npoOsieary mpoMBIIITenHo npuemiaeMoii ¢gpnkcanun aTMocgep-
HOFO a3oTa. -

Boeprrie arMocdepustii azor csazan eiue llleeme. B 1775 1.
OH MOJIYYIUT LWIAHICTHIT HaTplil, narpeBas B armocdepe azora
COHY C yriem:

Na,CO; - 4C 4+ Ny — 2NaCN - 3CO.

B 1780 r. Ilpucran yeranosiur, 4yTo o6beM BO3JyXa, 3aKII0-
YeHHBI] B cocyje, TlepeBepnyTOM Hajl BOJOIi, yMeHbBIIAaeTcH,
eCJIH vepez Hero IIPONYCKATh IMEKTPHUYECKYI0 HCKpPY, a BoJa
nprnobperaer cBoiicTBa ci1aGoil KICJHOTH. ITOT HKCHEPUMEHT
obur, Kax Mel 3naeM (IIpucran atoro ne 3uan), Mofenbio npH-
popnoro MexaHmsMa ukcaunn asora. YeTsipe roja cmycrs
Hasenjim, npomyckas aJieKTpuduecKiil paspsj uepes BO3AYX,
3aKII0YEHNBIN B CTEKJIANNOIN TpyOKe €O I[eN0Ybl0, OGHAPYHHI
TaM ceJuTpy.

W xota Bce 3TI JKCHEPIMEHTSHI I1e MOTJIH B TO BpeMs BBIITII
3a mpejensl jaGoparopuil, B HUX BijgeH npooOpas NMPOMBIMI-
JeHHBIX c1oco6oB (IKcaUNHE a30Ta — UIIAHAMIYIHOTO I AYrO-
Boro, moasuBuIxca na pyoesxe XIX—XX Bs.

HuanaMuausiii cnoco6 6bui 3anatentosan B 1895 r. memen-
knmn nceneposarensimu A, @pauxom 1 H. Kapo. ITo aromy
ciocofy a30T HpIl HarpeBaHINI ¢ KAapOIJOM KaXblisi CBA3BI-
BaJICA B HUaHAMUJ KaJbllsg:

CaC, + N, — CaCN, + C + 72 kxau.

B 1901 r. coin Mpanka, mojgas Hje0 O TOM, YTO IIAMAMIL
KaJbI(A MOMET CAYMKIITH XOpOHIIM yaoOpeHueM, o ¢yuliecT-
BY, TIOJIOKILT HavYajo TPOI3BOACTBY 3TOro sellecrsa. Pocty nu-
JAYCTPUIl CBA3AHHOTO a30Ta CHOCOOCTBOBAJIO MOABIEHHE Jieille-
Boft anmextpooneprim. Hanfomee mepcmeKTIBHBIM cHoco6OM
gurcaun atMocepuoro asora B Koume XIX B. cunrancs
AYroBOIl, IPII HOMOIII MEeKTpIlYecKoro paspana. Bckope nocne
cTponteabcTBa Huarapckoil 9J1eKTPOCTaHHIII  aMepHUKAHIbI
nenoganexky myctman (8 4902 r.) mepsmiii ayrooii 3aBof.
Yepes rpu roga B Hopserun BcTynmua B cTpoii nyrosas ycTa-
HOBKa, paspaboTanuas TeOPETHKOM II CHEIIaNICTOM IO H3Y-
4yenmio cesepuoro cugHius X. BupkemanjmoM n HHMKeHCPOM-
upaktiikom C. Jiije. 3aBojpl mOXOOHOTO THNA HOJYTIJII IHH-
POKOe pacmpoCTpaHeHIle; CeJNTPY, KOTOPYIO OHII BBIIYCKAJIL,
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Ha3biBan# HopBexckoil. OnHAKO pacxoj 3/1eKTPOSHepruH mph
3TOM mpomecce OB 9YPe3BHIYAHHO BEJHMK M COCTABIAL N0
70 Thic. KMIOBAaTT/4ac Ha TOHHY CBA3AaHHOTO a30Ta, HpHIEM
toabko 3% 3Toll 9HEPrdHm HCHONB30BAJIOCH HEMOCPEICTBEHHO
Ha (PUKCALHIO.

Yepes aMMuaK

Ilepeunmcnennsie BhIMIe coocoObl ¢ukcamum asota GeuUIE
NI, OOMXOMaMi K MeTOY, HOABUBIIEMYCA HE3a[0Jro [0 mep-
BOM MHpOBOil BOiHEL. ITO 0 HeM aMepHKaHCKuil momyaspHsa-
top mayxu 9. Cioccon saMerniu, nepedpasupysn leiine: «Bcerma
roBOPUJIOCH, YTO AHININYaHe FOCHOACTBYIOT Ha Mope, a (pas-
[y3Bl — HA Cyle, HEMIAM Ke OCTAeTCA TOJBKO BO3AYX.
K sT1oii mImyTKe HeMIb! OTHecaHch Kak Oyaro Gel cephesHO H
NPEHAAACH HCHONL30BATh BO3AYIIHOE MApPCTBO [A HaNaleHHS
Ha aEranuan u ¢pannysos... Haitzep... obnaman ueasim duo-
TOM HeNOeJMHOB H TAKHM cmoco6oM (HKcanmu a3ora, KOTOPHI
He 6bl1 M3BecTen HUKakoi fgpyroit mamum. Ilemmeamsn pas-
pHIBAJINCh, KaK MELIKH ¢ BO3XYXOM, HO 3aBOAI, PHKCHPYIOIIHE
azotr, mpofoskann paborath u cienann 'epmannio mesasuch-
Moit o1 Unin He TONBLKO B rOAB! BOiIHBI, HO U B MHpHOE Bpe-
Ma»... Pedar maer o cHHTe3e aMMHaKa — OCHOBHOM HpoOHecce
COBPEMEHHOH HHAYCTPHE CBASAHHOLO a30Ta.

Crnoccon OblT He coBCeM HpaB, TOBOPA O TOM, YTO CHOCOO
¢ukcanuy aszora B aMMHAK He OBII H3BeCTeH HHTHAE, KpoMe
I'epmannn. Teoperndeckne ocHOBEI 3TOro mponecca Gbiim 3a-
JoxeHs!  (paHOY3CKHMH H  AHIVIHANCKAMH  YYUeHBIMH.
Eme B 1784 r. snamenursiit K. Beproasne ycranosmn cocram
aMMHaKa H BLICKa3al MBICAb O XUMHYECKOM paBHOBeCHH
peaxnmii CHHTe3a M Pa3joKeHHs 3TOro BellecTBa. epes mATh
netr aHramganmHoM Y. OcruHOM 6BLIa HpefOpHHATAa HepBafg
moubiTka cmHTesa NH, uma asora m Bomopopma. W, makomen,
¢pannysckmit xumux A. Jle Illarease, orverauso chopmynn-
poBaB OPHHLHEN MO/ABHKHOTO DABHOBECHSA, MEPBHIM CHHTE3H-
popan amMuak. Ilpu arom o mpmMeHHJ BBICOKOE [aBIeHUE
H KaTaamsaTopH — ry6uaTyio miaaTumy u keiaezo. B 1901 r.
Jle IllaTenbe 3amaTenToBal 3TOT CHOCOG.

HccnepoBarna no cunTesy aMMHaka B Hadale BeKa IpPOBO-
amnn taxke 9. Ilepmam m I, Atkmac B Amramn. B cBomx
9KCHEePAMEHTAX 3TH HCCIEAOBATE]H B KadecTBe KaTalN3aTOPOB
OpUMEHSANIN .PasjinyHble MeTa/lJIbl, B YaCTHOCTH Me/b, HHKeJb
7 KoGaJbT...
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Ho managuThs cuHTe3 aMMHaKa M3 BOJOPOAa U a30Ta B LpO-
MBIIIIEHHBIX MacmTabax Brepsble YAaloch, AefCTBHTENbHO,
B ['epmanun. B a10M 3aciyra usBectHoro xummka @puna I'a-
Gepa. B 1918 r. om 6bn ymoctroen HobGemeBckoit mpemuu mo
XUMHH,

Texnomorns npoussoncrea NH;, paspaGoranHag meMenkEM
y4eHBIM, OYeHb CHJIbHO OTJMYANach OT APYTUX IPOU3BOMACTB
TOr0 BpeMeHH. 3/ech BIepBble ObLI MpUMeHeH NPUHUMI 3aM-
KHYTOro OHKJIa ¢ HeOpephlBHO AeHCTBYylomeil ammapaTypoil m
yrunusanueil sHepruu. OKOHYaTENbHYIO paspaboTKy TeXHOJO-
UM CUHTe3a aMMHaKa 3aBeplimi kourera u Apyr IaGepa
K. Bom, koropsiit B 1931 r. Taxske 6811 ypoctoer HoGenesckoit
OpeMHUH — 32 pasBATHE METONOB XUMUYECKOI'0 CHHTe3a HpHU
BBICOKHX IaBJEHHUAX,

Ilo myru npupoab

CunTe3 aMMHEaKa CTajl elle OXHON MOMEJBI0 HPUPOXHOA PUK-
caguu snementa Ne 7. HamoMuHUM, 4TO MMKDOOPraHU3MEI CBA-
seiBalor asor umeHHO B NH;. Ilpm Bcex mocTommcrBax mponec-
ca 'aGepa — Boma oH BHIIAMAT HeCOBEPLIEHHBKIM U rPOMO3J-
KHM 10 CPaBHEHUIO ¢ IPUPONHBIM!

«Bbuonoruyeckaa Qurcanua aTMocdepHOro asoTa.. GpLIa
HEKUM [OapajoKCcOM, IOCTOAHHBIM BBI3OBOM I XHMHUKOB,
CBOEro poja [eMOHCTpaluedl HeJOoCTATOYHOCTH HAIINX 3HAa-
HH#», OTH cjlOBa DOPUHAMNEIKAT COBETCKHM XUMHKaM
M. E. Bonbnuny u A. E. Ilnnosy, koTopsle npefOpHHEAIH 1O-
DBITKY (PUKCANUO MOJEKYJIAPHOTO a30Ta B MATKUX YCIOBHAX.

Cravana 6bim meypmaun. Ho B 1964 r. 8 UucturyTe aime-
merntoopranugeckux coexunesuit AH CCCP M. E. Boapnm-
sbiM 1 B. B. Ilypom 6buI0 cHenaHO OTKpHITHE: B HPHCYT-
CTBUH COeJHHEHWH NepeXOAHBIX METAJJIOB — THTAHA, BaHA-
nuda, xpoma, MoaubpeHa, jkeilesa H Hp.—ameMeHT N 7
aKTUBHpPYeTCA U NpH oObIYHBIX YCIOBUAX 06pasyeT KOMILIEKC-
HBle cOeJMHeHUsA, pasiaraeMbie Bomo# mo amMmmaxa. WaTe-
pecHo, uTo MoJNMOJeH M BaHATUN CJXy’KAT CBOEro pofia LeH-
TpaMu (puKcauu asora ¥ B epMeHTaX a30THUKCHPYIOMUX
HUBBIX OPraHU3MOB.

Bexope mocie aToro KaHajcknme ydenble A. AmieH m
K. 3enod, ncenenys peaknuio rugpasuaa N,H, ¢ Tpexxnopu-
CTHIM pYTEHHEM, NOJYYUJA XMMHYeCKHH KOMINIEKC, B KOTO-
pOM, OUATH Ke B MATKHX YCIOBHAX, a30T OKA3ajJcA CBA3AH-
HBIM., B panbmeiimieM coBeTCKHM YYeHBIM yJajloch B MATKUX
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YCHAOBMAX TONYIHTH M A30TCOAEpKallllle OpraHmYecKue Be-
mectaa, npuaem A. E. Illunos ¢ coTpynHukaMn momydin ux
HemoCpeICTBEHRO 113 MONeKyJApunoro asora. BaHo u TO,
aro mpi ¢guKcamumu armocepHoro azoTa MOMKHO HOJNYdYaTh
pasnoo0pa3uble HeOpraniuecKie COeJUIenis — e TOJNbKO
aMMHAK, HO I THJIpa3ull, a TAK}<e ero MpON3BOJHEIE.

Iloka emie paHo roBOpITL O NPOMBIIUNIEHHBIX cnocoBax
MATKoIT xumnueckoil gurcamnn atmocdepnoro asora, oJuaKo
JOCTHTHYTHIE yCIeXH IO3BOJAIOT IPEABUIEThL HAJBUrAIOMYIOCH
PeBOJIOIIII0 B TEXIOJOTIN CcBA3bIBAULA diemeHTa N 7,

Cospemennoit naykoii ne 3abbThl 11 cTapble cnocolbl Hoay-
YeHMs Aa30THBIX COE[UHEHHI dYepes OKICHBL. 3hech TIaBHbIE
yCUJIiA Hampasiens! Ha pa3paGoTKy TeXHONOrHIeCKUX IpoLec-
COB, YCKOpPAOIIUX pacilemienne MoJexKyas! N, Ha arToMbl.
Han6onee mepcneRTHBHBIME HANPABJCHUAMI OKHCJIEHHS a30-
Ta CUUTAIOT CIKHTaHHe BO3[YXa B CHEUHAJBHBIX Ie9aX, IpH-
MEHeHHNe IIa3MOTPOHOB, IICHOJNB30BAHME JUlIA ITHX Uelell myd-
Ka YCKOpEHHBIX 3JIeKTPOHOB.

Yero 6oarnea?

Cerogs HeT OCHOBAaHHII oOmAcaThCd, 9YTO YeJIOBEUECTBO
Korjga-nmuGo Gymer HCOBITHIBATL HENOCTATOK B COENUHEHHAX
asota. Ilpomeimuennan ¢urcanus axementa N 7 mporpeccu-
pyer HeBepoaATHBIME Temmamu. Ecan B xomue 60-x rogos mu-
poBoe IMPOU3BOACTBO CBA3AHHOTO a3oTa cocrapiasano 30 mum. T,
TO K Havajly Oymyliero sexka oHO, IO Bcell BEPOATHOCTH, JO-
CTHrHET MIULIMapaa Touu!

Taxile ycumexu He TOJbKO PajylOT, HO M BLI3HLIBAIOT Omace-
nus. Hexo B ToM, yro MckyccrBennasa gurcauusa N, n Buece-
HIle B HOYBY OFPOMHOTO KOJIIUECTBA Aa30TCONEP:KaIiuX Be-
mecTB — caMoe rpyGoe II 3HAYLTENbLOE BMEINATEIbCTBO Ue-
JOBeKa B ecTecTBeuHblil Kpyrosopor peuiects. B mame spems
a30THble YHOOpeHHs He TOJNbKO Bell[ecTBa IJIOHOPOMANA, HO H
sarpAsnuTeNu OKpykawouieit cpeapl. Oun BBIMBIBAIOTCA 13
IOUBBl B PEKIl U 03epa, BHIBBIBAIOT BPEJHOE lBETEHlE BOJOe-
MOB, Pa3HOCATCA BO3AYIIHBIMI HOTOKaMN Ha jlalbHue pac-
CTOSHNA...

B nopzemusie Boast yxoaut g0 13% asora, conepsamerocs
B MUHepaJdbubix yaobpedusx. Asoruble coefiluedus, ocobeH-
110 HITPAaThi, BpeAub! i J10/1eil U Moryt ObITHL npuyiioii or-
pasaenuit. Bor Bayx u xopmnuen-asor!

Beemipraa oprammsaunus sppaBooxpauesua (BO3) upm-
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HAJAa TpefeNbHO HONYCTIMYH0 KONMEHTPalii0 THTPAaTOB B
nutheBoil Bojie: 22 Mr/n aas ymepenmwix mmpor m 10 Mr/a
mia tpormngoB. B CCCP cannrapusie HOpMBI periaMentipy-
0T cofep:KaHHe AUTPATOB B BOJi¢ BOJOEMOB IO «TpOIHYeE-
cKmM» MepKaM.— He Gomee 10 »r/n. Bwixomur, 4ro HuTpaTH
CPeACTBO «0D0I0A00CTPOEY...

4 oxrabpa 1957 r. 4enosedecTBo elle pa3s BMelIaNoCh B
KpyroBopot asierMenta N2 7, 3aIyCTIIB B KOCMOC «IIapHK», 3a-
NOJHEeHHHIT a30TOM,— NepBHII HCKYyCCTBEHOBII COYTHIK...

MEHJIEJIEEB OB A3OTE. «Xorsa mesaTeismeiinyio, T. . nanbomee ger-
KO & 9acTO XHMHYEeCKH JeiiCTBYIOLIYI0 9aCTL OKPYKAIOLIero Hac BO3LY-
Xa, COCTaBIfET KHCAOPOJ, HO LAHOOILLIYIO MAaccy ero, cyfs Kak IO
o0BeMy, Tak o 1o Becy, oGpasyer asoT; a HMEHHO ra3oo0pasHLli asor
cocrasngeT Gomee 3y, xoTA u Menee “/s ofGneMa Bo3ayxa. A Tak Kak
a30T JHMb HEMHOTHM Jierde KHCIOPOJa, TO BECOBOE COlepaaHIe a3oTa
B BO3/[yXe COCTABJIAECT OKOJO %/; Bceil ero macchl. Bxoig B TakoM 3Haql-
TeJLHOM KOJM4YecTBe B COCTAB BO3AYXa, a30T, HO-BIIOMOMY, HE ITpaeT
ocofo ‘Bumuéit pomu B atdocdepe, xuMiudecioe feifcTBue KoTopoii om-
pefelisieTcsl NpérMymecTBenHo cofiepiianmeM B meir kuciopoga. Ho
‘TpaBEJIbHOE TpefcTaBieHne 06 a30Te MONydYaeTcs TOMLKO TOTAA, KOTAA
y3HacM, 4TO B YICTOM KHCIODOAE KIBOTHLIE e MOTYT JOJrQ KITh, a-
7Ke YMIIPAIOT, H YTO 30T BO3AYXAa, XOTA JINIIb MeJIeHN0 H MaJo-mOMa-
ay, ofpasyer pasmoofpasHble cOejiIIHenI(s, JaCTh KOTOPHIX Hrpaer
BaxHellmy0 poap B mpupoje, 0cO0EHNO B MRIIBHM OPrali3MOBy.

TJE IIPUMEHAIOT A30T. Asor — caMblii gemeBBIii 13 Bcex Tras3oB,
XIIMHYECKH HHEePTHBIX B OOBLIYHBIX YCHOBUsAX, Ero MHPOKO OPHUMEHSIOT
B XUIMITIecKoli TeXHOJIOTHH A CO3Jallid eoKHCANTEeNbHLIX cpef. B na-
GopaTopusax B arMocdepe asoTa XpausT JCrKkO OKHCIAIOMUEC coefiHe-
HHA. Boipaomueca mpouspejenusa ;KIBOMICHK IHorga (B XpaHHIHINAX
I IpH TPAHCHOPTHPOBKE) HOMCLIAOT B repMeTideckie QyTaaphl, 3a-
IOAHEERbIEe a30TOM,— 4TOOBI MpeJoXpaHiTh KPAacKIl OT BJarm H XHMH-
9eckH aKTHBHLIX KOMIOHEHTOB BO3JyXa.

3uaunTenblioil GLIBaeT PosNb a30Ta B MeTAJUIYpril If IPI MeTaJLIo-
obpaGoTke. Paznugnsie MCTAMILI B pacliIaBICcHIOM COCTOSHHH pearu-
PYIOT Ha OpHCYTCTBIe a30Ta mo-pasnomy. Mexb, Hampimep, abcoNoOTHO
HHepTHA 1O OTHOMIIEHHIO K a30Ty, MODTOMY W3ACHIIS 113 MEAHU YacTo
CBAapHBAlOT B CcTpye aroro rasa. Marunii, naumpoTus, OpH ropeHyH Ha
BO3yXe OAeT COeNIIHENHs He TOJLKO C KICJIOPOAOM, HO U C a30TOM.
Tak uro A1a paGoTHl ¢ H3REJIAMH H3 Marums IpH BLICOKIX TeMmepa-
Typax asoTHas cpefla Hempnyennma, Hacoiiiene azoToM moBepXuocTH
THTaHA OpHURaeT MeTaLTy COabLIYI0 JPOUNOCTL I L3HOCOCTOIKOCTE —
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Ha Heil oGpasyeTcA 0YeHb NPOYHHI M XAMHYECKH WBEpPTHHIA HATPHA
TATAHA, ITa peakmdsA HAeT JHDILb OPE BEICOKHX TeMOepaTypax.

Ilpun oGHIKBOBEHHOH TeMIepaType a30T AKTHBHO pearapyeT TOMb-
KO C ONHEM METAJIOM — JIUTHEM.

HanGonpmee KONEIECTBO a30Ta HAET HA MPOHW3BOMCTBO aMMHAKa.

A30THBI HAPKO3. PacmpocTpaHeREoe MHeRHe o (huamonormieckoit
AHOPTHOCTH a30Ta He COBCOM IPABHMIABHO. A30T (H3HONOTHYECKR HMEEp-
TeH IpH OOHIYHEIX YCIOBHAX.

Ilpr noBLIMEHHOM AABJEGHHY, HAIDEMOp NIpH NOrPYKeHHH BOMO-
1a30B, pacTeT KOHOEHTPamus PAacTBOPEHHOro a3oTa B OENKOBEHIX H
0co0eHHO KHPOBHIX TKaHAX OPraHA3Ma. JTO HPHWBOAAT K TaK Ha3hBa-
eMOMY a30THOMY HapKo3y. Bomolaad ClOBHO mbsiHeeT: HapymIaeTcs Ko-
OpAMHANAA ABHKEHAH, MYTHTCA CO3HAHHe, B TOM, 9TO HmpHYNHA BTO-
ro — a3oT, yYeHsle OKOHYATeNbHO yGemmnmchr mocle ImpOBEeNeHHH IKC-
NepAMEHTOB, B KOTOPHIX BMeCTO OOHYHOr0 Bo3oyxa B ckadampmp Bojo-
Ja3a MOAaBaNach TeNHO-KACAOpoAHasm cMech. IIpm aToM CHMIOTOME!
HapKo3a HCY63MH. :

KOCMHYECKUN AMMUAK. Boasmue mianeTH CONBEYHOH CHCTEMBI
Catypr n IOnmTep cocTOAT, Kak HOJNAraloT acTPOHOMEI, YaCTHYHO H3
TBEpAOro aMMmaka. AMMAaK 3aMepaaeT npm —78°C, a Ha moBepxHOCTH
IOuurepa, HampuMep, cpenHAa Temmeparypa —138° C.

AMMHAK U AMMOHMUMN. B Gonbmoit ceMbe a3ora ecTh CTPaHHOE COe-
namaerme — aMmonmit NH,. B cBoGogHOM BHIe OH HArMe He BCTpedaeTcH,
a B CONAX HrpaeT pojib meaoYHOro MeTtamia, HasBaEnme «aMMmoHMil»
npennoxna B 1808 r. sEaMeHmTHI aErImitckmit xaMuk Xamdpa [asm.
JlaTaHCKOE CI0BO ammonium KOrfa-To 03HAYalo: Colb B3 AMMOHHH.
AMMoHNA — o6Gnacts B JlmeEn. TaM HaxofMICA XpaM ermmeTckoro Gora
AMMOHA, 0 HMEHH KOTOpPOro M HaswBalW BClo obnacts. B AMmonnm
H3/1aBHA MOJydYaJd aMMOHMiiHBIE CONE (B IEPBYIO odYepefb HAIMATHIPS),
ckaraa BepOmokmit HaBo3. IIpm pacmame coreit momydalnca ras, KoTo-
pHIE ceitiuac HA3LIBAIOT AMMHAKOM.

C 1787 r. (B ToM caMOM Frofy, Korga ObLI OPHHAT TEPMHH «a3oT»)
KOMHCCHA IO XAMHYeCKoil HOMEHKIAType Aaja 3TOMY Fa3y HMA ammo-
niaque (amMmommak). Pycckomy xummky fl. JI. 3axapoBy 310 HazBaH@e
NOKA3aJIOCh CIMIMKOM JUINHHBIM, 1 B 1801 T. 0H HCKJIIOYAN U3 HEro ABe
Oyxeel, Tak monyumica aMMHaK.

BECEJANINN T'A3. Us nara oxkncioB asoTa ABa — oxkach (NO) n
aByoknch (NO;) — Hamin mApoKoe HpOMBLINIJIeHHoe mpuMeHeHne, JIsa
Apyrux — asordcThiil amraapup (N:0;) m azormwiit arraapan (N.Os) —
He YacTo BcTpeTnmp u B JaGopatopuax. I1areiit — sakace asota (N»O).
Ona obnapaet BechMa cBoeoOpassbiM ¢mamonornuecknM apeficTBEEM,
3a KOTOpOe ee 1acTO Ha3HIBAIOT BECENAMHEM ra3oM,
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Boipaomuitica anranitckuit xumuax Xomdpu [lapm ¢ nomomesio aToro

rasa ycTpauBaJl COeHuajibHble ceaHCH, BoT Kak onmceBam feiicTBHe
3aKHCH a30Ta OAWH N3 coBpeMeHHHKOB [loBm: «OfHH [KeHTILMEHEI
IpBLITAJA HO CTONAM I CTYJbAM, Y APYTHX Pa3BA3ANHCH A3BIKY, TPETHH
00HApY)KIJIN 9pe3BLHIYANHYI0 CKIOHHOCTh K MOTACOBKE),
CBU®T CMEAJICAA HAIIPACHO. Bripalomuiica umcarenb-caTHPHK
Jmonaran CBrpT 0X0THO H3[eBaJca Haf GecmiiogueM COBpEMEHHOIl eMy
Haykd. B «IlyremecrBuax I'ynnusepa», B onncaHum akageMmun Jlarapgo,
eCTh Takoe Mecto: «B ero pacmopssxennu Obiiu ABe GosbImme KOMHATHI,
3arpOMOJKIEHHbIe CAMBIMH YAUBHTEJIBHEIMH [HKOBUHAMH; UATHAECAT
HOMOIMHAKOB paGoTanu mox ero pykoBoacTBoM. ORHHU CTYINANA BO3LYX
B CyXOe INIOTHOE BEmeCTBO, H3BJeKasA U3 HEero CeJUTpY...»

Ceifuac ceanTpa N3 Bo3Ayxa — Belllb a0COJIOTHO peajipHasd. AMMH-
aunyio cennrpy NH;NO; peiicTBuTesbHO AeNalOT U3 BO3AyXa M BOABL
BAKTEPUH CBA3BIBAIOT A30T. Hpeio o ToM, 9T0 HEKOTOpEIE MAKPO-
OpraHU3Mbl MOTYT CBA3LIBATH a30T BO3AYXa, HePBHIM BHICKA3aJ PYCCKHM
¢usuk II. Koccosnu, Pycckomy Guoxmmury C. H. Bunorpapcromy mep-
BOMY Y[al0Ch BHIIETHTH U3 MOYBH OJMH BHJ GaKTepHif, CBA3LIBAICIEX
a3oT.

PACTEHUA PA3BOPUYMBDLI. [murpnit Huxonaesmu Ilpanmmunkos
YCTaHOBHJ, UTO pacTeHHE, €ClH eMy NpefoCTaBlieHa BO3MOMKHOCTH BhI-
Gopa, mpepgmounTaeT aMMMadYHHIL asoT HuTpaTHOMY. (HmTpathl — comn
a30THOIT KHCIOTHI.)

BAMKHBIN OKMCIIUTEJDL. Asornasa kmciora HNO; — ofun n3 caMbix
Ba/KHBIX OKHCJIHTeNell, IpUMeHAeMbIX B XUMAI€CKOA IPOMBIMIIEHHOCTH.
TlepBrIM ee OPHTOTOBHI, AHCTBYA CepHOil KHUCIOTOI HA CENUTDY, OAAH
u3 KpynHeitmux xumukoB XVII B. Horanm Pymonpd I'mayGep.

Cpenn coeguneHHil, mOJIyIaeMBIX ceifdac ¢ MOMOIBIO a30THOI KHC-
JIOTH, MHOTHE COBepIIeHHO Heo0xoauMEle BemecTBa: ynoOpeHus, Kpa-
CHATeJA, HOJIIMepHbIe MAaTepHAlbl, B3pEHIBUATHE BEIIeCTBA,

JOBONHAA POJIb. Hexotophle adoTcofep:Kamue cOeAHHEHNA, IpnMe-
HfAeMble B arpOXUMMUH, BRIIONHAIT ABosAkue Ppynxnuu. Hanpumep, quan-
aMuj, KaJbiHA XJOOKODPOOGH NPUMEHAIOT KaK AedoiHaHT — BelNecTso,
BBIBHIBAIOIIEE OlafileHAe JIHUCThEB mepef yOopkoit ypoxas. Ho ato coe-
AUHEHHE OJIHOBPEMEHHO CIYKHUT ¥ yHobpeHueM.

A30T B ANOXNMHUKATAX. [laneko He Bce BeINeCTBa, B COCTAB KOTO-
PHIX BXOJHT a30T, CHOCOOCTBYIOT pa3BHTHIO JNI0OLIX pacTennii. AMUHEBIE
conn (peHOKCHYKCYCHOH U TpHUXJIOPPEeHOKCHYKCYCHOI KHCIOT — repbu-
nupbl. Ilepsas mogaBifeT pocT COPHAKOB Ha MOJNAX 3JTAKOBHIX KYJBTYP,
BTOpas IpHMeHAeTCA JUIA OYHCTKH 3eMelb IIOf NMAIIHW — YHHYTOMiaeT
MeJKNe fIepeBbs i Ky CToPHIKH,
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IIOJIMMEPBI: OT BUOJIOrMYECKUX [0 HEOPTAHUYECKUX. ‘ATo-
Mbl a30Ta BXONAT B COCTaB MHOTEX OPUPOAHLIX H CHHTETHYECKHX MHO-
anMepoB — ot Genxa mo kampona. Kpome TOro, asor — BakHeiimimii
sJleMedT Ge3yriepoanbix, HeOpranndeckux moiaMepos, Moiexysiul He-
opranHdeckoro Kayayka — noangocdounTpmixjiopasa — 3T0 3aMKHY-
Thle NUKJIBL, COCTaBjenHble H3 dYepeAYIOI{AXCA aTOMOB asoTa H (oc-
¢dopa, B oxpymenun mnonos xidopa. K Heoprammdeckmm moimMepaM
OTHOCATCA M HATPHAB HEKOTOPHIX MeTAJJIOB, B TOM 9YHCIe H caMoe
TBep/ioe B3 BCeX BemecTB — 0opaaoH,

NNOJINMEP CO CBONCTBAMHM METAJUIA. B 1975 r. xmMBKaM
TlencunpBanckoro ynmsepcureTa (CIIIA) ymanoch mOXyddnTh INIEHKH
M3 noaaMepHoOro HUTpHAA cephl (NS)., KOTOPHINI MO'KHO KOBaTh, IPOKa-
THIBATh B TOHKHe JUCTH. K ToMYy e 3JIeKTPOIPOBOAHOCTH HOBOTO Ma-
TepHaNa 6NM3Ka K 97eKTPOHPOBOAHOCTH PTYTH. ITO JAJN0 OCHOBAHHA TO-
BODHTH O TOM, 4TO HOJY4YeH HOJHMeD C MeTalJIHYecCKHMH CBOMCTBaMH.
TlpaBna, saech, BHAHMO, yMeCTHO HANOMHHTBH, 9TO DPTYTh IPOBOAUT
SJIEKTPUIECKHIl TOK Xy#e BCeX MeTaJJIoB.

3YBbl — B JKNJKOM A3OTE, IlpaMepmo B To ke BpeMsa IBEACKHI
cromartosior II. OrTeckor coofmun Ha MeKAYHAPORHOM CBHe3fle KOMJIer
00 HCOBITAHAAX JKHEAKOTO a30Ta KaK Cpefbl MU XpaHEHHS YHaleHBEHIX,
HO NPHTOAHEIX IVIA AMINaHTanum (mepecamin) 3y6op. B skmmKoM asore
mpe TemmepaType —197° C ynanennsie 3y0h XpaEEAH B TeueHHe TO.a,
OpmE aToM 3y0HasA TKaHB OCTaBalach KHBO, a caMu 3yOBl — FORHBIMA
I mepecankd . . . ’

KPHOIIPOBOJHHNKH. Ecrs Taxoe moHATHE B COBpEeMeHHOW (H3HKe
n Texmuke. JKEaKuHI asoT 3HaYHTEALHO MOCTYNHee JKHAKOTO TelHd,
a Opm TeMIepaType ’Kuakoro azora — mupyc 196°C, mmm 774K —
yAelAbHAsA 3MeKTPOIPOBOAHOCTh MHOTHX METAJJIOB 3HAYHTENILHO HHMKE,
ueM mpu OGBITHBIX ycnoBusaXx., MeHseTcs W «mKana» IPOBOXMMOCTH.
Bepunamii, HampaMep, B 9THX YCJIOBHAX HMeeT B 3,5 pasa Gonpmyio
yAeNbHYI0 .IPOBONAMOCTb, YeM Melb. II0THOCTH TOKa B KpHOHpPOBOJ-
HAKaX MoieT OHITH B COTHH H THICAYH pa3 Goxbmie, ueM OpH HOPMAlb-
HEX ycnoBuax. llenecoo6pasnbiM cunTaeTcs HCOONB30BATH KPHOLpPO-
BOMHHKH BMECTe CO CBEpXIPOBOAHHKaMu. B wacTHoCTH, CBepXmpoBOA-
HAK 3aKMI0Yal0T B 000JNIOYKY U3 KPHONPOBOAHMKA C BLICOKOH Temso-
TPOBOMHOCTBIO — Toif ke menn. [Ipn napymeHmH CBepXDmpOBOAMMOCTH
B 9TOM cJIy9ae He IPOHCXOJHT Pe3KOro meperpeBa CBepXHpPOBOAHHKA
OPOXOAAMEM IO HEMY TOKOM — Bblpy4aeT KPHOIPOBOAUMOCTb.



KICJIOPO]

ITo MEeHHIO JIOflei1 peHIHO3HEIX, Be3-
NEeCyIINM, BCEMOTYIIAM B B TO K€ Bpe-
MA TIeBHOIIMBIM MOJXKeT 6I>ITL TONBKO
for. B peiicTBUTENLHOCTH ke Bce 3TH
TPH SMITETa BIIOJNIHE MOMHO OTHECTH K
XHMHYECKOMY 9JIEeMEHTY C ATOMHBIM
unomepom 8 — kucaopony. HKucmopon —
Be3ecyi: H3 HEro B 3HAYATENLHON
CTEIIeHH COCTOAT He TOJNBKO BO3AYX,
BOJa M 3eMJiA, HO H MBI C BaMH, HAaIIH
efja, MAThbe, OfEKMA; B NMOAABIAIOMEM GOJBIIMHCTBE OKpY’Ka-
IOINNX HAC BEIIECTB €CTh KHCJIODOL.

MorymecTBo Knciopoga IPOABIAETCA yKe B TOM, UTO MBI
HM JBIIAM, 2 BeAb JBIXaHHE 3TO CHHOHHM KH3HA, «Dum spi-
TO — Spero»: MOKa JBIIY,— Hagelwch,.. I1o Opummit. U eme
KHACJIOPOJ MOKHO CYATATH BCEMOTYIHM IIOTOMY, 9TO MOTydYasd
CTAXHA OrHsl, KaK NpaBWjio, CHILHO 3aBHCHT OT HAaIllero
KaHOHAAaTa B BesjlecyllHe M BCeMOTYIIHe.

Yro KacaeTca TpeThero 9SOUTETa — «HEBHAWMBHIA», TO
3/lech, BEPOATHO, HeT HYKAH B AoKaszaTeabcrBax. IIpd o6bru-
HHIX YCJNOBHAX JJIEMEHTHHI KHCIOPOA HE TONBKO Gecnpe-
TeH U MOTOMY HeBHAUM, HO H He BOCOPHHHUMAEM, He OL[YTHM
HEKakuMH opranamm 4vyscTs. IlpaBma, HemocraTok, a TeM
Gollee OTCYTCTBHE KHCJHOpPOJAa MBI OHIYTHANM OB MOMEH-
TaJbHO...

Onacasich 6HITH 3amO03PEHHEIM B epecd M NOMOBIHHE Ofi-
HOBDPEMEHHO, aBTOD BBHIHY’KJeH HPH3HATHCA: HACI0 CPABHUTH
KHCJIOPOJ ¢ rocmoAoM GOroM OH mPHAYMAJk He caM, a 3aHMCT-
BOBAJI €€ y OMHOrO u3 mepcoHaskeil moamel Anexcea Honcran-
raHoBmda Toncroro «Ilotoxk-Gorathipe». TaM ecth cTpoxu
0 HEeKOeM aOTeKape, KOTOPHIi «Opef TOJNOI0 YyUeHbe IIPOBO-
AMT, 9TO MOJ HeTy AYIIH, a OfHA TOJHKO IVIOTh, H 4TO €CIH
Y BOPAMB CyOiecTByeT rocmofiib, TO OH TOJBKO €CTh BHJ KHC-
Joponiar.

Nraxk, xuciopog— aneMeHT ¢ aTOMHBIM HOMepoM 8, «ras
ABIXaHHEA W TOPEHHA», caMBIi pacmpocTpaHeHHBIH Ha 3emie
9JIeMEeHT.
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TpoexparHoe oTKpBITHE

1 agzycra 1774 208a 2 nonviTaacs useseus eoadyx us pryr-
HOU ONAAUNDL U HaAWea, UTO 6030Yyx ae2x0 MoIceT O6uTd
u32zHaM U3 Hee NOCPedCTeoM AUNIB. ITOT 6030yYx He
nozaouwjaacr godoil, Haroso e 6u.40 Moe usymaenue, xoz-
Oa _a obnapydcus, wTO ceéeva eopuT € IToM 6030yxe neoGui-
waiino aprum naamenem. Twerno nwuiraica A& Halru ob6vac-
HeHUue ITOMY REAEHUN.

Hmozed ITpuctan

To, 9To KucIOpoj HeBHAMM, Oe3BKyceH, JHUIIEH 3amaxa,
rasoo6pazed npu OGBIYHBIX YCJHOBHAX, HANOJITO 3afePrKaIO
€ro OTKPHITHE.

Muorue yueHble MNPOILIOTO AOTARBIBAIMCH, YTO CYIeCTBY-
€T BellleCTBO CO CBOMCTBAMH, KOTOpBIE, KaK Mbl Tenephb
3HAEM, IPHCYINU KUCIOPOLY.

Uzobperatens mnomsopHoit nogku H. Jlpe66enr eme
p vagage XVII B. Boilenun KHCAOPOJ, BBIACHHA PONb ITOTO
rasa MJA ABIXaHUA U HCOOJIb30BAJN €ro B CBoeli IOJBORHOI
nogke. Ho paGorn [{pe6Gens nmpakTudecKN He HOBIHAIU HA
passutue xumun. Ero usobpeTeHue HOCHJIIO BOSHHBIH Xapak-
Tep, u BCe, YT0 OBLIO TaK MIM HMHAYe CBA3aHO ¢ HUM, DIOCTa-
panuch CBOEBPEMEHHO 3aCEKPETUTh.

Kucmopox OTKpHUIM mMOYTH OZHOBPEMEHHO [BAa BBHIKAIOIIUX-
ca xuMuka Bropoit monoBuHbl XVIII B.— mBen Hapa Buuasb-
rexpM Illeere u anmrmuvasus [xosed Ilpucrau. IMMeesne
NOAYYU KHCAOPON DaHblle, HO €ro TPaKTar «O0 Bo3nyxe u
orue», cofep:kapmuit urdopMalu0 0 KUcIopome, ObLT omy6-
JUKOBaH mo3kKe, 4eM coobmenne o6 orxpoiTum Ilpucram.

UM Bce-raku riaBHasg Urypa B UCTOPUH OTKDPBITUA KUCIO-
pona—He Illeene m me Ilpuctau. OHM OTKpPHUIE HOBbLE
ra3—u ToiabKo. OTKpPBUIM KHCAOPOX — M [0 KOHIA [JHeH
CBOMX OCTAJHCh PEBHOCTHBHIMM 3alliUTHUKAaMU Teopuu ¢oru-
crona! Teopuu — HeKorja mnosesHoii, HO K Koy XVIII B.
CTaBHIeli yiKe «KaHJaJaMU Ha HOraX HAYKU».

IToae @pumpux OJurenbc Hamumer o6 atom: «O6a onu
TaK M He y3HaJH, UTO OKAa3ajoch Y HUX B pyKax. JleMeHT,
KOTOPOMY CYJ[eHO OBUIO peBOJIONUMOHH3NPOBATH XHAMHUIO,
nponafal B mx pykax GecciefHo... CoGCTBEHHO OTKPHIBIIAM
KHCJIOpOJ, Mmo3ToMy ocraercsa JlaByasnbe, a He Te JBoe, KOTO-
pble TOJIBKO ONMCANH KUCIODOX, fayke He NOrafbIBasch, 4TO
OHHl ONMHUCBIBAIOTH.

Beauknii ¢pannyackuit xumnk Anryan Jlopam JlaByasne
(rorna eue o9eHb MONOAOIl) y3HANX O KHCIOPORE OT CaMOro
Ipucrnu, Cnycra aBa MecAlla mocle OTKPBITHA «jeduioru-
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O>xko3ed MNpucTtnn (1733—1801), Kapn LWeene (1742—1786). 31n
fBa BEINKUX XUMWKa, HesaBUCUMO APYyr OT fApyra OTKpbiBWWE KUCNOPOA,
[0 KOHLUa AHell cBOW* ocTaBanucb CTOPOHHMKaMW Teopun (GNOrucToHa

CTOHMPOBAHHOro BO3ayxa» [pucTam npuexan B Mapx u
nogpo6HO pacckasan 0 TOM, Kak Oblf0 CAenaHo 310 OTKPbITUE
M M3 KaKUX BelecTB (PTyTHas W CBMHLLOBAA OKalWHbI) HO-
BbIli «BO3AYX» BblAenseTcs.

Jo BcTpeun c [llpuctnm flaByasbe He 3Han, 4to B rope-
HAW W [bIXaHWW NPUHMMaeT yyacTve TO/bKO 4YacTb BO3fyXa.
Tenepb OH MO-HOBOMY MOCTaBW/ Hauyatble [BYMSA rojamu
paHblle uccnefoBaHUs TOpeHus. [Nns HUX XapakTepeH CKpy-
NynesHbll KONWYECTBEHHbIA MOAXO4: BCe, YTO MOXHO, B3Be-
LIMBANOCh UNN KaK-Mb0o MHaye U3mMepsnoch.

NaByasbe Habnwgan o6pa3oBaHMEe  KPAaCHbIX — Yewyek
«PTYTHOW OKa/InHbl» W YMeHblUeHWe 06bema BO34yxa Mpwu
HarpeeaHun PpTYTW B 3anasHHOW petopTe. B gpyroii petop-
Te, MPUMEHMB BbICOKOTEMMEPATYPHbIA Harpes, OH pPas3noXxun
noflyyeHHble B MpefblaylleM onbiTe 2,7 © «pPTYTHON OKanu-
Hbl» W noayuun 2,5 r pTytu n 8 Kybuyeckux [A1OIMOB TOroO
camoro rasa, O KOTOpOM pacckasbiBan [Mpuctnn. B nepsom
OMbITe, B KOTOPOM 4acTb PTYyTW Oblia npeBpalieHa B OKanu-
HY, 6GblI0 «NOTEPAHO» KakK pa3 8 Kybuueckux [IOAMOB BO3AY-
Xa, a OCTaTOK ero Cral «a-30TOM» —HE J>KWU3HEHHbIM, He



MemopuansHas mMefanb, Bbl6UTas B
1013 r. B uecTb 200-neTma co pfHA
poXkpaeHus Jlasyasbe

AHTyaH NopaH Nasyasbe (1713—1701) uccnepgosan Kucnopog wu
co3fan KWUCNOPOAHYI Teopulo ropeHus, npuweOLWwyio Ha CMeHY (AOrMCTOHHOMN
Teopun. 3TOT PUCYHOK, Ha KOTOpom JlaBya3be [AEeMOHCTpuUpyeT OfWH U3 CBO-
MX ONbITOB C KNCNOPOAOM, B3AT M3 6Guorpaum BenuMKOro Xumuka, U3faHHOW
B Mapu>ke B 1888 r.



TOAMep/RIIBAIOIINM HH ABIXanisi, nu ropeuus. Tas, Bpolje-
JIeHHBIH P PasioKeunll ORAJNINBL, MPOABII HPOTIBOMO-
Jmoxsuble cBoiicTBa, 1t moToMy JlaByashe smavane naspan ero
@RI3HeHHBIM ra3oM». JlaByaspe BBIACHINI CYL{IIOCTL TOpe-
g, U nagodnoctn B dhrorncroue — «orneunoii Marepiun,
SIKOOBI BBIfieNsAIOLIEiicA P cropaniin JAOOBIX roprounx, or-
naja.

Hucaopoguas reopia ropenus npHumia na cMemy Teopil
Quornicrona. 3a Ba BCKa, 1POIIEAINIIX CO BPeMeHll OTKPHI-
tis, teopus JlaByasne 1e Tonnko ne GbLa OMPOBEPTRYTa, 110
eme Goiee yKrpemiJiach.

910 e 3maulT, KoleuHo, 9To o0 anemenre N § cospemen-
HOI HayKe H3BECTHO abCOMIOTIO Bee.

006 n3BecTHOM II HE CAHIIKOM II3BECTHOM

Hpoea 20pRT, dNcUBOTUBIE 20DAT, UCAOBEK 20pUT, GCE 2OPUT,
a Memay TeM e czopaer. CJICLLZG)OT Jeca, @ pacrTureaAdvHOCTDd
- He YUUUTONCAETCR, UCUEIANT MOKOACHURA, a Ues0BeUecT6O0
Hcueo, Ecau 6b¢ éce TOJAbBKO 20peano, To na nogepxiocru
gemau daeno e Ovao: Gvt nu pacrenuil, HU IHCUGOTHBLX,
6utsa Gvt TOABRO Yauaexucaora u goda.

. K. A. TuMmupsacs

PaccrassiBath B mOOYJsAPION cTaThe O cBoficTBax Kucio-
pona — nedo B Beiciieii crenenn uedmarogapnoe. C opuoii
CTOPOIBI, 3TOT HJAEMEHT ¢aM [0 cede CHUIIKOM MOmyJsapen i,
paccKasbiBasg o lieM, pICKyelllb NOBTOPATL MHOrodIlicjeHHbIe
yuebunxu. Opua 113 xapaxtepibIx ocobeniocTeii Kicaopoja
COCTOHT B TOM, 9TO, IIaBeplioe, BO BCEX CTPAHAX ITOT HJIEMEHT
«IpOXeJIAT» B IIKOJE...

Ho ¢ npyroit cropoust, musa 00BSCHEHUs CBOIICTB KIICIO-
pofa Iorga MpuNoIITCes 336npaT1,c;1 B TaKlie Haydlsle Jie0-
pH, JNEKCUKOIl KOTOphIX Kpaiiue TPYAUO (TEPCBOANTCA» 1A
0o0Ien pIUHATHIT A3BIK. -

Bosbmen, K mpimepy, Takoe cBOIiCTBO KlICaopoja, Kak mna-
paMaruurtinocthb. MMemio MarnuTHBIMIL CBOIICTBAMII aneMenT
Ne 8 ormiuaercs or Beex mpounx rasoodpasunix (npir o6bIU-
HBIX YCJOBIISIX) 9JeMelToB. IRuciopof — akTUBHBI OKICIHL-
Telb, IO CCTH Il JIpyFuie 3JCMEHTLI-OKHCHUTENII, HanpliMep
¢rop. Kuciopon npespaiaercsa B KIAKOCTL TPH OMElL MU3-
_KIIX TeMIepaTypax —HO Yy BoJOpoja, leills, a3oTa TOYKII
KIDeHNA ne)saT euie mnpke. A BOT ApPYyroro mnapaMarieriika
cpeil ra3oodpasuLIX B/1EMEITOR HET.

Bupumoe  npospienue  uapadarHeTisima — ¢mocoGnoCTDL
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BemeCTBa BTATHBATHCA B MArHHTHOe IOJe — O00BACHAETCA
TeM, 9TO Y MOJEKYJ NapaMarHUTHHIX BEMIECTB €CTh coOCT-
BeHHBII MAarHUTHHI MOMeHT. ECThb OH M y MOJNEKYJ KHCJO-
pona, HO OTKyJa oH Oeperca?

Bremnsas snexTponHas o060i09Ka KHCIOPOTHOTO aToMa
COCTOMT H3 INEeCTH 3JIeKTPOHOB. YeThlpe M3 HUX — CIapeH-
Hble — o0'belUHEHH B ABe mapbl, a JaBa — «XxoxocTeiey. Cma-
PeHHBIE JJEKTPOHBI OTIMYAIOTCA APYr OT Apyra JHUOIL CIH-
goM. CnHH —3TO BHYTPeHHHH MOMEHT KOJIMIECTBA JBHIKE-
HUA 9acTHIB, HMeOLUil KBaHTOBYI mnpuponay. HMmenno
3TUMH «MOMEHTAMH» ONPEJeNA0TCA BCe MAarHUTHble CBOHCT-
Ba BemecTBa (mMuamarmeTusM, heppOMarHETH3M, HapaMarHe-
TU3M 4 T. I.). PU3MYECKHii HOCHTENb MArHUTHBIX CBOMCTB —
He INPOCTO 3JeKTPOH, a UMEHHO HECHAapeHHBIH JJIeKTpPOH,
IHOTOMY 4TO CHApeHHBle 3JIEeKTPOHK 00pa3ylT YCTOHYHBYIO
cHCTeMYy, He MMeEIOmyl0 COGCTBEHHOr0 MArHUTHOTO MOMEHTA.

WUna oyteM CNOPTHBHBIX aHANOrHi, MOXKHO CKas3aTh, 4TO
CIApPEeHHbIH 2JeKTpoH moxoben ¢yTOONHECTY, KOTOPHIA mOIY-
qUJI HAa UICPY YCTAaHOBKY «He YOYCTATH» ONHOTO M3 COIEepHH-
KOB. A TOT BefieT ceGs B COOTBETCTBAH C YCTAHOBKOH CBOEro
TpPeHepa: CJlel 32 OoneKalomuM TeOd 3aIMUTHUKOM, MOIKIIO-
qUBIIHCH B aTaKy, OH, JleCKaTh, 04eHb onaceH. O6a yBieueHu
«B3aUMOY/IeP:KaHHEM» M B KaKOM-TO CMBICIEe BHINAfalOT H3
urpul — @yTOoNbHON uMAM MaruuTHOW. 3aT0 HecHapeHHHA
3NMEeKTPOH — 3T0  «Onmy:kpalomuii  ¢opsapa», OT KOTOPOro
MOKHO JKIaTh 4ero yrogHo (mpaBpa, Kak W B CIOpTE, B paM-
Kax oIpefieleHHBIX IPaBHI).,

Nrak, cnoco6HOCTH MOJEKYJ KHCIOPOa BTATHBATHCA B
MarsuTHOE IoJie IOKasbIBaeT, 9TO OHU 00JNafal0T HecuapeH-
HpiMu 3nexTpoHaMu. Ha mepBeiil B3riaAg B 3TOM HeT HHYEro
YIUBHTEJIBHOrO: NaBHO YCTAaHOBIEHO, UTO KasKABIH aTOM KHC-
Jopofa HMeeT HA BHemHell o000K0YKe [Ba HeCHapeHHHIX
anexrpona. Ho Moryr nu oHEM 0CTAThCA HeCHADEHHBIMH IIpH
o6’beJMHEHNN ABYX. ATOMOB KHCIOPOJAa B MOJEKYTy?

Ouesunno, xaskpas moneKyla O, momkHa o6pa3oBHIBATHCA
opu momomu fBYX KoBaneHTHBIX cBszeit O0=0. Ho B arom
ciiydae Ha IOCTPOeHUEe MOJEKyJdbl Obuiu Ob1 H3pacXoZOBAHEI
BCe UYeThIpe HeCHapeHHBIX MEeKTpoHa. I Torma y MosteKyanl
KUCIIOpoia He Moluo Ol GBITH mapaMarHHTHHIX cBoiicts, Ho
mapamarHeTndM ageMeBTa Ne 8 — paxT, MHoroxkpaTHO mOJ-
TBepKIEeHHBI B dKCIIEpUMEHTE,

BrickassiBanoch NpeAmojiodieHue, 4To Ha oOpasoBamme
ABYXaTOMHOM MOJIEKYJBI KaM{ILId aTOM KUCIOpofa 3aTpad-
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BaeT JIAIND OfIMH HECIIAPEHHBIH JJIEKTPOH, a JApYyroii Tak M
OCTAeTCA «XOJOCTHIM», H 3TH 3NEKTPOHHI ENaloT MOJEKYILy
napaMaraatHoil. Ogmaxo TaKoe 0OGBbACHEHHE NPOTHBOPEYHT
9KCDepPUMEeHTAJbHBIM JaHHBIM., [lJA paspsiBa OgWHapPHBIX
cBA3ell B rpaMM-MOJIeKyJIe KHCIOpoAa noTpeGoBamock Gb1 OKO-
a0 50 kKanl; B [eilCTBHUTENLHOCTH € NPHXOTHUTCA TPATHTh
B [Ba C JHUIIHAM pasa GoJsibOie 9HEPruu.

BrixoauTt, uTo B MOJEKYJIe KHCIOPOJa He MOKeT OBITh HHU
nBoiiHO#H, Hm opmumapmoél cBa3u. Torma kKaxas ke oHa, 3Ta
CBA3B?

EqnHoro MHEHHS Ha 3TOT CYeT y YYeHBIX [0 CHX IOP HeT,
H MHOrHe [eTajd CTPOEHHA MOJEeKyJsl KHUCIOpOAa elle He
NOJHOCTBIO BEIACHeHH. Boomne ymoBJIeTBOPHTENbLHO, MpaBfa,
o0'bsiCHeHHE CBOMCTB KHCJIOPOXHON MOJNIEKYJBI C TOMOIIBIO
BHIIBUHYTOI'0O KBAHTOBOH XHUMHe#l MeTONa MOJEKYJIAPHBIX
opour. OmHako 3T0 00'bACHEHHE CIHIIKOM CJIOMHO, YTOOBI
FOBOPHTDL O HEM BCKOJIb3b B HONYJAAPHOI CTAThHE,

Teneps 0 apyrux — Gosee MOHATHBIX M Jerde OGBACHAMBIX
cBoficrBax aneMenra Ne 8.

Kak n nomosxeHo 3/IeMEHTY, 3aHIMAIOIIEMY MECTO B IPaBOM
pepxHeM yray Ttabamuer MenpmeneeBa, Kucaopon obGaagaer
AIpDKO BBIPA’KEHHBIMHU OKHMCIUTENbHbIMEH cBoiicTBamu. Hapyx-
HaA 9JIeKTPOHHAs o000JI09Ka aToMa KHCJIOpOAAa COCTOUT U3
[IeCTH 3JEKTPOHOB, W K IpE/ebHO 3aMOJIHEHHOR 060109Ke
(ycnoBme MaKCUMAJbHOM XMMHYECKOH YCTOMYHBOCTH) aTOM
KHCJA0POAA MOKeT NpPHATH [ABYMA NOYTAMH: HJIH 3aXBaTHB
OBa «IOCTOPOHHHX» 3JIEKTPOHA, MM OTAAB HIiecTh. IlepBbIit
oyTh, €CTeCTBeHHO, mOpome, OH TpefyeT MEHBIINX 3aTpaT
sueprun. IlosToMy B peakuusax ¢ momaBadOIMuM GONBNIMHCT-
BOM aTOMOB KHCJOpPOJ BHICTymaerT B poau okuciaurend. Ecmu
MOMKHO TaK BHIPA3UThCHA, OKHCIHTENbHEE KUCIOPOAA TOMBLKO
oanH sneMeHT — ¢rop. Jlump B peakuusax ¢ ¢ropom oxucan-
TeJIeM OKa3bIBaeTcda He 3neMeHT N 8, a ero mapThep.

[nsa pasBHTHA aKTUBHOM peaKuMH KACIOpOAa ¢ OOMbIIMH-
CTBOM MPOCTHIX U CJIOMKHBIX. BEI[eCTB HYKHO HarpeBaHme —
aro0Bl IPEOfoJeTh HOTeHIUANbHEIH Oapbep, NpenATCTBYIO-
muii XEMH49eCKOMY mUpomeccy. OJHepreTuduecKasa «Jo0aBKa»
(omeprusA axkTUBALMH) B PA3HEIX PEaKmUAX HYKHA pasHad.
C docdopom KHCHOPOA aKTHBHO pearupyeT OpH HArpeBaHHH
mocaenuero mo 60, ¢ cepoit —pmo 250, ¢ BomopomoM — GoJIB-
me 300, ¢ yraepogom (B Bupe rpagura) —npu 700—800° C.
IIpaBpa, ecTr BemecTBa, HaOIpEMEp OKHCh a30Ta, COETUHEHHA
OHOBAJICHTHOH MeAM M, K CYaCThiO, reMOIIoOMH KpoOBH,
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CIocoGIILIe  pCarnmpoBaThL € KICJIOPOIOM “[f TP KOMIATHOIF
teMucpatype. C HOMOULI0 KATANIIBATOPOR, CHILEAIONHX HEp-
THI0 aKTIBAIUNT, MOTYT IJITII §€3 Toforpesa I Jipyriie mpouec-’
CBI, B YaCTHOCTII COefilllienIie KIICI10POo/ia C BOOPOJIOM.
OO0p1uII0 jRe 9Ta peaKkuis IIeT NP MOBBIUeNIBIX TeMnepa-
Typax U TipoTeKaer o4enlL OypHO — MOKeT Aa:ke mepeiiTn -
Bo B3pbIB. Taroil mpomece MPOICXOJIT 110 CXeMe Pa3BeTBieH-
moit menmoii pearuyni. (Teopua mennsix pearmuii cosmaua
B peayianrate paGoTBl MHOINX YYEHBIX II B MEPBYIO OUepeNib —
aaypeata Hooeaeseroit npemmnnn arajesura H. I1. Cesero-
pa.) Ilenusie peakminm mavunaioTes ¢ o0pasoBallisg HecTa-
OIUILILIX AKTIBUBIX YacTII[ — CBOGOJBIX PaflKAJOB, «I0-
cureyeil» Hecrmapenusix snexTpolioB (ma cxeme omni 006osHa-
qenbl 3Be3gouKai). OHi-To I BEyT PEaRNIo ¢II0 LEeMouKe»:

H,0
A Ol +H, / *OH +11, <
\*H +0, /

O \ Tt n, <
\ /HQO
N*0H +H, *
AN

Boicokas oxmeanTenniag CnocoGHOCTL KICAOPOAA JesKIT
B OCHOBE TOPEIIsT BceX BIIOB TOMIIBA, BKIIOUAsA NOPOXA, IS
ropeniss KOTOPBIX IIe Iy:Kell KIICIOPOJ BO3AyXxa: B IDOIEC-
ce ropeHOmA TAaKIIX BeLIeCTB KIICJIOPOJ| BBIJeJAeTCH N3 HUX
CaMIIX.

Kiucnopon — opunn m3  cinpnbix  oxiucianreneii, 06 aToM
MOJRIIO CY/IIThL XOTA OBl MOTOMY, UTO OAaKI € JKUAKIIM KHCJIO-
PO0M — 1eO0GXORUMAsT NpPIHAJJIe;KHOCTL OOJLIINIICTBA RN~
KOCTHLIX paKeTILIX ABIraTeeii.

BnpoueM, faanexo 1e Bcerja OKICHITeIbHBIC peakOnull ¢
yuacTileM KIICIOpOAa BBITAAAAT KaK CTIXIIA MJIaMeHI IIu
B3pLIBA. '

IIpoumeccnt MefJennoro OKICJHeHIA pa3iHYNBIN. BelecTB
mpn OOBIYIOII TCMIEpAaType IIMeIoT A JKIBIH le Meublee
3Iaveniie, 9eM ropenie — JJad dUCPreTURIL ‘
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Meeniioe onlicrene BEUECT MIIE B TalleM opra-
HI3Me — «lieprernieckas 0asay swnsiin, (3aMeTHM IOMYTHO,
YTO HAaLl oprauigM He CATIHRKOM JKROIIOMIO 1ICHOJNL3YEeT BJibI-
XaeMblil KICIOPO;l: B BLIABIXACMOM BO3JyXe KUCJIOpOjAa Mpli-
Mepuo 16%.) Tenso npewuiero cena — peayabTaT MeiICH1O-
ro ORIICJEHIIA Oprativueciiix BCLIEeCTB pPacCTIITEJIBIIOIO TIPpOHUC-
xoskztenisn.  Mepmeiinoe okiciueine  1apo3a I Iepersos
COrpeBaeT mapuiKki...

Ho ue Bcerna mepientioe okiicienniie opraniyeckox BeliecTn
Gcsppeniio 1 Gesonmacmo.  Ecnn  Temro,  BeIenAionicecs
B 2TOM npoliecce, He OTBOJITCH, MOKET NPOM30iITI caMoBOC-
niaelenne. Jto 13BecTiio ls3gabna. B yueOuuke XnMund,
poimymennoM B Poccunn B 1812 r., pacckaseiBajiioch 0 moskapax
B [lerep6ypre, pei3pamnbix 1M sBiaenueM. «B 1770 r. che-
Jajcs BeNIKINl Mokap B MEHbKOBOM Marasdie Ia OCTPOBe
Maubisi HeBsl, rj1e coBeen ne mepskanun orusi». Ilpanpa, B Tom
JKe yueOHIIKe PACCRA3BIBAJNOCH O cIyuae CaMoOBOCILIAMeEleHIsA
«opnoit - crapyxn 13 Cemepioii AMepIKH» ¢ TNpIMevaHHEM,
UTO «cClie MPOIICXOMNIT NPEeiMylIeCcTBelo ¢ JIOALMIIL, HeBO3/iep-
JaNNBIMII B yOoTpedienin CmIPTHBIX HAaTHTKOBY..,

ITamarys o neodxomiMocTI GOPHOBI ¢ MBANICTBOM CILTAMU
neTaT 1 1aykl, ne c¢roliio OBl ONpoBepraTh NONOGHBIE 3a-
apiemwstst. Ho, yBbI, (axThl — Bemp ynpamas: uesloBeveCKHil
oprauisM pacceliBaeT TErJIo B NpPOCTpPauCcTBe, W Jake caMbie
MposiKeNbie MbTHIBI (DIBITECKI 1I¢ MOTYT CaMOBOCIIaMe-
HuThHCA., XOpolo, UTo €. IAy4ioil TOYKII 3pellss MPOTIBOMO-
JOJRUBII  Te3lIC — MLALOro 0or OeperkeT — CTOJIb sKe 11eCo-
CTOATEINCH. )

3axauuupas IJaBy o CBOIICTBAX I 0COGENIIOCTAX KIICIOPO-
Ha, HAMOMIIIM — COBCEM KOPOTKO — O KPYroBOpOTE 3TOro
9JIEMEITA B mpIpo/ie. ’

Ecann 6p1 pacremus B npouecce dporocunTesa 1ie Ipespa-
mMall BOAY II YIVIEKUCHBHI ras B opragliueckiie coeiiiens
If YTOT TPOIECC 1ie COTMPOBOSKAAJNCA BbICBOGOKICHIIEM CBA3All-
HOTO0 KHCJOPOAA, To, ICUCpPHAB JOBOJLIO OBICTPO 3amachl
atMoc()epHoro KIICHOPO]IQ, BCCh KRIBOTIBII MNP, BRJIIOUYAS
YyeJIoBeUeCTBO, BCkope 3afoxnynca 6b1. Ho u pacremisiy moc-
JIe 3TOrO MPHUIIOCH OBt HecHajiko.

Jeno B TOM, UWro pacTeinis, nopodio SRIBOTHBIM, [OTpC-
GusorT aTMochepnniii KICAOPOR, MPAaBJA, Ol AEHalOT ITO IIC-
RIIOUNTeNILHO B TeMmioe speMsi cyton. Ha nous, rorga mpe-
KDALAIOTCS HPoiecebt (horocirresa, pacTenis 13 MHPOI3BO-
AiTedeil Kicjaopoja npespamialoTes B ero norpedureneii. Ito
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apnenne HaGmionan eme Illeeme. A npyroit mepBOOTKpEIBA-
tenb Kucaopoma [k, Ilpuctaum eme g0 Toro, Kaxk KHCIOPOX
OBLI OTKPHIT, BBIACHWI, 4TO 3ejleHas BeTKa MATH, NOMEILeH-
HasA NOJ| CTeKIAHHBIA KOJIMDAK C BO3AYXOM, B KOTODOM YiKe
moraciia cBedYa, BO3BpallaeT 3TOMY BO3AYXYy CIOCOGHOCTE
HOJIePKUBATH [BIXaHHE U TOpPEeHHe,

KIICJIOPOJI H TPOMBINLICHHOCTH

Hdyi x saborw, dyit x aabor,
Bciody, 28e napod,
Ha a3emae u nod 3emaew
Hycen xucaopod.

Qasunp Mckannep

ITH cTpOKn BoiHeceHH B smurpad OTHIOAH HE 3a MOITHYE-
CKAe JOCTOMHCTBa. Hucnopon MAefCTBHTENLHO HYMKeH «HA
3eMiIe W IO 3eMJIe» M BooOIle «BCIOAY, TAe Hapoia», Ha-
npuMep B KOCMHYecKHX KopaGuax. IlepBooTKpEIBaTENb KACAO-
pona [x. Ilpucram nmpeayragan OfHO W3 Ba)KHBIX NpUMEHe-
HUil 9NeMEHTHOro Kuciopoga —B Mmeammuue. «Om Mosxer
OBITH 0YeHbL TOJIe3eH NPH HEKOTOPBIX THMENbX 0oj1e3HAX
JIerKkuX, Korja oObIYHBIA BO3JyX HE MOMKET A0CTATOYIHO GHICTPO
yaanaTh QIOrMCTOHUPOBAHHBIE HCHOPYEHHBIE UCHAPEHAAN,

Kucnopon npumenserca B je4eGHOl DpaKTHKEe HE TONBKO
OpHU JIETOYHBIX U CepAeyHBIX 3aoaeBaHUAX, KOTAA 3aTpyHHe-
Ho pgeixauue. l[loakocHoe BBefeHMe KHCIOPOAAa OKAa3aloCh
3¢)eKTUBHBIM CPE/ICTBOM JIeUeHHUA TAKUX TAMKEJHIX salone-
BaHMif, KaK, HAIpUMep, TaHTpPeHA, CAOHOBOCTH, TpoduuecKHe
A3BHL.

He menee Basken aiement No 8 @ [gaA mpPOMBINLIEHHOCTH.
OGoramenne Bo3ayxa KuciaopojoM nexaet addexTmBHee, Obhi-
cTpee, SKOHOMHMYHEe MHOTHE TEXHOJIOTHYECKHE MPOMEecCHI,
B OCHOBE KOTODBIX — OKHCIIeHHE. A TaKHUX MPOLECCOB — MHO-
ro. Ha HuX noka gepKUTCA [OYTH BCA TemloBas dHEPreTHKA.
IlpeBpamenne 4yryHa B CTajb TOKE€ HEBO3MO;KHO 6€3 KHCIO-
poga. VIMeHHO KMcIOpOA «H3BIMaeT» M3 UyryHa H3OBITOK
yraepoga.

3amMeHa BO3JYMIHOTO AYTHS <KUCIOPONHBIM» (B MapTe-
HOBCKYI0 T€Yb WIH KOHBEPTOp OGBIYHO MONaeTca He UHCTHIM
KHCJIOPOZX, a BO3AYX, oborameHHBIH KHCIOPOMOM) HAMHOIO
yBeIMYHBaeT IPOM3BOJUTENBHOCTh CTAJENJABUIBHBIX arpe-
ratoB. OHOBPEMEHHO YIyYIMAeTCA W KaueCTBO CTAlM.

Ilpu samene oGeraHoro Bosmyxa cmecsio 35% kucaopona
u 65% asora pacxom Koxca B mpoljecce BHIIIABKH (eppo-
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cunasoB (geppomaprauma, ¢eppocuanuusn, deppodocdopa)
CHU’KAeTCA IOYTH B [Ba pasa, a OPOUSBOMUTENLHOCTh INEYH
BospacraeT Gojiee UeM BIBOE.

Ceifyac B Haumlell crpaHe YepHasA METAJIYPrus HOIJIOMAeT
Gonee 60% momyuaemoro kuciopona. Hymen kucmopon u B
mBeTHoit Meramaypruu. Tak, npu BeimIaBKe CBHHIA Ha
Yerp-HaMeHnoropckoM cBHHIOBO-ITHKOBOM KoMGUHATe gyThe,
oboramennoe kuciaopomoM mo 30—31%, B cBoe Bpemsa mo-
MOINIO CHH3HUTHL pacxof TomauBa Gojee deM Ha TpeTh, a ¢uiio-
COB — BABOE, YTO A0 MHOTOMHIJIIMOHHYI0 3KOHOMHIO,

IIpn cxuramnu Bofopofa B TOKe KHUCJoOpofa obpasyercs
BechbMa oObIkHOBeHHOe BemectBo — H,O. Homneuno, pamu
mOAydeHHA 3TOr0 BelllecTBa He CJefoBalo0 OB 3aHHMAThHCA
CKHTaHMeM BONOpPORAa (KOTOpHIl, KCTaTH, 9acCTO HMEHHO H3
pofsl moayuator), Ilear artoro mpomecca ummas, oma Gymer
AICHA, eCIM Ty K€ PEaKIHI0 3allUCcaTh MOJHOCTHIO, YYUTHIBAA
He TONLKO XUMHYeCKHe MPOAYKTHl, HO M JHEPrUi, BHIAEJs-
omywca B xome peaxumu: H;+0,50,=H,0+68317 xau.
Ilourun ceMbmecar GOABIIMX KaJopuil HA rpaMM-MOJeKyIy!
Tax MoOKHO IOAYYUTHL HE TOABKO «MOpEe BOABI», HO H «MOpeE
sHeprum». s 3TOro M OOJYYAlOT BOAY B PEAKTUBHBIX [BHU-
raTendx, paboTaloH{uX HA BOJOPOJE U KUCIOPOJE.

Ta e peakmusa UCHONb3YeTCA OJA CBAPKH M PE3KH METAJ-
aoB. IlpaBma, B aToit oGmacTH BOJOPON MOMKHO 3aMEHHATH
anetrmnenoM. Heratm, amernien Bce B O6abIIMX Macuitabax
mONyYaT HMMEHHO ¢ IOMOIIBLIO KHCJIOpOJa, B Ipoieccax Tep-
MooxkuciutensHoro kpekuara: 6CH,+40,-HC=CH+8H,+
+3C0+CO,+3H,0. 9to ToNbKO OXMH TpUMEpP HCHONH30BA-
HASA KUCIOPOAA B XMMHUYECKOH NPOMBIIIIEHHOCTH. OJeMeHT
Ne 8 mymeH [isl IpOM3BOACTBA MHOIMX BEMECTB ([JOCTATOYHO
BCIIOMHATHL 00 a30THOM KHCIOTEe), JUIA rasuduKamuu yriei u
magyra.. Ha HyXgB aT0if oTpacim pacxogyercsi HeMaljo
KHCJIOpOAA.

JlioGoe mopucroe ropiouee Bel[eCTBO, HANPHMeD ONHJIKH,
Gymyun mOponMTAaHHHIMH roixy0oBaToif XONOOHOE  KUAKO-
CTBIO — JKUAKAM KHCJIOPOJOM, CTAHOBHUTCA B3PHIBYATEHIM Be-
mecTBOM. Takue BeINecTBa HA3HLIBAIOTCA OKCHIMKBHTAMHU M B
ciydae HeoOXOZMMOCTH MOTYT 3aMeHUTH JUHAMHT IPH paspa-
00TKe PYMHBIX MECTOPOMIEHUIL,

ExeroqHoe MHpPOBOe MpOU3BOACTBO (M morpeGieHme) Kuc-
Jopofa u3MepseTcs MmJMIHOHaMH ToHH. He cumram Kmcjaopo-
1A, KOTOPBIM MBI JBIIINM,
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HpOM BILUVICHHOCTD RiICJAOPOAA

Tax nax zopenuem 6 TaAROM 2d3€ MOJIC-
U0 NOAYUUTL OUeNb GLICOKUE TeMmnepa-
TYPLL, NOJLEIUBIC G0 MHUORUX... NPUMC-
HeNUAX, TO OvtTd MOXNCET, wTO npuder
gpeMa, noeda yrazannuM nyrem cra-
YT Ha 3agodax u Goobwje 0. npo-
My ennocTu oozawarTs 6033yx nuc
aA0podor.

Il H. Mcewstescen

IMorpiTenn co371aTh Gojee IUIIN MeHee MOIUINYIO KICHOPOX-
HYI0 TPOMBHIKIEHUOCTh NUPC;(MPUBHMAIICL elle B IpPOLIoM
pere Bo Muorux crpaunax. o or npmen jpo Texmueckoro
BOIUIOIEIIISA YACTO JERUT «/ILCTALRNA OrPOMIOTO pa3iepan...

B Cosercroym Coloze ocoGenno GhlcTpoe pasBuTie KICIO-
ponoil mpoMBILICHNOCTH Hayadoch B roanl Bemnxoii Orede-
cTBeloli Boiftikl, noche naodpererurs acanenmikonm I1. JI. Ka-
nuyeii TypdoxeTtaujepa I cO3ZAIHIIA MOINHBIX BO3yxopaspe-
JAHTENLIBIX YCTAIOBOK.

Eme Rapa leexe nomywan xuciopon mo Menbueii Mepe
HATHIO CLOCOBAMIL: 13 OKIICH PTYTIH, CypIIKa, CeJUITPLI, a30T-
110i1 RIICJIOTLI 11 muposio3nta. Ha monBopubix Jonkax 1 ceifzac
HOJIYUaloT KICHOPOM, pasnarasg OOTaThle 3TIM 2JEMEeNTOM
xJopaTel I mepxaopartsl. B miofoii mkonnnoit naboparopnu
AeMONCTPIPYIOT ONBIT — Pa3Jjo;kelNe BOJABL Ha KHCIOPOX H
BOJIOPOJL dJaeKTponi3oM. Ho Hir oAl 13 3TIX cO0coB0B HE MO-
sKeT YHOBJIETBOPITL MOTPEOHOCTII MPOMBIILIEHIOCTII B KIIC-
nopose. v

duepreTiueckll Mpole BCETO TOAYYUTH 3jaeMent Ne 8 ms
BO3/lyXa, MOCKOJLRY BO3JyX — Ille coeflienie, o pasieldTh
BO3AYX Ile Tak y:K Tpyamo. TeimmepaTypsl kumenms asora H
Kucjaopona omiunuanTea (opi armocdyepioM mapielnm) Ha
12,8° C. CnemoBaTesniio, SKUAKIT BO3AYX MOKIO pa3ienHTh
IIa KOMIMOIEHTH B PEeRTHPIKANUOHNLIX KOJONNAX TaK ke,
Kagr JleJAT, nanpliimep, nedro.

Ho uro0ml mpeBpaTHTL BO3AYX B IKHAKOCTb, €ro HYKHO
oxaanuts ;o Munye 196° C. Mo:kno ckasaTh, 9To npo6Gaema
HOJNYUEHIsT KICAOPOAA — 3T0 TNpodiera NOMYYEHIIA XOJOAA.

UtoGs! nosnyyaTs X0JA0[ € M0MOINBIO OGBIKHOBEIIHOFO BO3MY-
Xa, MocJIefni HY/RI0 C;RATh, a 3aTCM [aTh €My pPacUIIPHTHCA
Il NP 3TOM 3acTaBNTL €ro IIPON3BOAITH MeXalidecKyo pado-
ty. Torma B cooTBeTcTBII ¢ 3aKomaMil PUILKII BO3AYYX. 065a3a0
OXJIa:RAaTLCA. Maliinbl, B KOTOPBIX 9TO IPOICXOAIT, 11a35IBa-~
10T feTaHepaMil. ' ,

Ho 1938 r. gua noayveniis sIKOro Bo3Ayxa MOJNb30BAJACH
TOJLKO IIOPIIHEBLIMII fAeTaHfepaMi. Ilo cyuiecrBy, TaKoif
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MeTp NeoHunpgosuny Nan un-
ua (p. 1804) — cosgaTens Typboac-
TaHfepa [ANA MONYYEHWA >KULKOrO
Kucnopoga; 3a 3Ty paboTy OH B
1945 r. ypocToeH 3BaHua lepos Co-
ymanucTunyeckoro Tpyga. Im npose-
fleHbl  MccnefoBaHNsa CBOWCTB >KupA-
KOro Trenns U OTKPbITO NBNEHUE
CBEPXTeKy4ecTH

JeTangep —3T0 anafor napoBOi MallWHbl, TONbKO paboTaeT
B HEM He nap, a CXaTblii BO34YX.

UT0o6bl MONYUNTb XNAKUA BO3AYX C MOMOLLbIO TAKUX AeTaH-
[epoB, HYXHbl OblIM faBnenHs nopagka 200 atm, npuyem no
HEN36eXHbIM TEXHUYECKMM MpPUYMHAM WA PasHbIX CTagusax
npouecca faBfieHne ObII0 He Of4MHAaKOBbIM: OT 45 go 200 atm.
K.n.n. yCTaHOBKM Oblfl HEMHOTVM BbilLE, Y€MY MapoBOM Mallu-
Hbl. YCTaHOBKa MOMAy4Yunacb CNOXHOW, FPOMO3AKONA, [OPOroi.

B koHue 30-x. rogos coBeTCckuin usmnk akagemuk . /1. Ka-
nMua nNpeaioxunn UCNonb3oBaTb B KayecTBe feTaHiepa Typbu-
Hy. Voes —He HoBas, ee elle B KOHLe MPOLUIOr0 Beka Bbl-
ckasbiBan [Hk. Paneil, HO K.M.A. «JOKamHUbINEKHX» Typ6HU
4NA OXKMXKeHUsa Bo3gyxa 6Obin HeBbicOK. [Mo3aTomy nebonbinue
Typbogetangepbl AUWb BbIMOMAHANN KOE-KaKyl MOACO6GHYI0
paboTy Npu MOPLUHEBbLIX AeTaHAepax.

Kanuua co3gan HOBYKO KOHCTPYKLMIO, KOTOpas, No CjoBaMm
n3obpertatens, 6bina «kKak 66l KOMNPOMWUCCOM MEXAY BOAAHOWA
M MapoBOi TypOuHoIi». TnaBHas 0COBEHHOCTb TypbogeTange-
pa Kanuubl B TOM, YTO BO34yX B Heli pacLUMpSAETCA He TOMbKO
B COM/OBOM anmnapaTte, HO H Ma fionatkax paboyero Kosneca.
Mpu 3ToM ra3 [ABUXETCA OT nepudepum Koneca K LEHTPY,
paboTas NPOTUB LEHTPOGEXHbIX CWI.

Takafd KOHCTPyKUMA Typ6WHbI N03BONMMA MNOAHATb K.M.A.
ycTaHoBku ¢ 0,5 go 0,8. W, kpome Toro, TypbogeTaHgep «ge-
NnaeT» XONOA C MOMOLLbIO BO3AyXa, CXKATOro BCEro Aulb A0



Heckoabknx armocgep. OueBumno, 910 6 aTM NONYYHTH Ha-
mHoro mpouie u gemesie, dem 200. HemanoBarkno f1s 3KOHO-
MHKH 1I TO, WTO SHEPTIsA, KOTOPYI0 OTAAeT paclmiupsliomuiics
BO3JYyX, He MpolajaeT HAIOPACHO, OHA MHCHOAb3yeTcA A
BpallleHnsa PoTOpa renepaTropa sJeKTPHIECKOro TOKa.

CoBpeMeHHBIE YCTAHOBKHN MJiA pa3je/ieHHA BO3AyXa, B KO-
TOPBIX XOJOM HOJYYaloT ¢ MOMOLIbI0 TYypGoAeTaniepoB, AAIOT
NPOMBINUIEHHOCTH, NpeK[Ae BCEr0 METAIYypPrud 0 XUMHH,
COTHH ThicAY KyGoMeTpoB rasdoofpasHoro Kuciopoma., Omnm
paboTaoT He TONBKO y HAC, HO M BO BCEM Mupe.

Ilepssiit onsiTHHIE 00pasen TypbomeTaHgepa ObLT HeBeIHK.
Ero porop BocbMH caHTUMETPOB B AnameTpe Becua Bcero 250 r.
Ho, kak oncan II. JI. Kauuna B 1939 r., «skcnepuMeHTaNBHAA
DKCIIyaTamusA 9Toro TypGomeTaHAEpa MOKa3aia, 4T0 OH ABJA-
eTcA HaJeXKHbIM M 0YeHb IPOCTHIM MeXaHu3MoM. TexHnuecKuil
kK.o.j. moayuaerca 0,79—0,83». U sror typGomeranaep crax
«cepaueM» IepBOil YCTAHOBKHM [JIA NOJYIEeHHA KHACIOPOHA3
HOBBIM METOIOM.

B 1942 r. moctpomanm momoGHYyI0, HO y:Ke HaMHOro Gojee
MOH[HYI0 YCTAHOBKY, KoTopasa mpoussommia go 200 kr xup-
Koro Kuciopoma B 4ac. B konme 1944 r. BBoamtca B crpoil
caMasd MOIIHAasA B MHpe TYpOOKHCIOpOAHAA YCTaHOBKA, HpPO-
n3soaamas B 6—7 pa3 GoJblile KUAKOrO KACIOPORA, I€M yC-
TAHOBKA CTApOro THIA, N NPH 9TOM 3aHHMAaUIaa B 3—4 pasa
MEHBIIYI0 IUIOUIAMb. .

CoBpemennmiii 0j0K paspmenenusi Bo3gyxa BP-2, B koxcTt-
PYKLHH KOTOPOTO TaK:Ke HCHOAb30BaH Typbomeramjep, Mor
6b1 3a cyTKU paloTel CHAGOUTHL TpeMs JUTPaMU ra3o00pasHo-
ro xuciopoga kax;poro xurens CCCP. :

30 anpeas 1945 r. Muxaun HBamosnu Haaunun nommucan
Yra3 o npucsoennn akagemury II. JI. Hanune spanua I'eposn
Couuanucrugeckoro Tpyna «3a ycmemmuyio paspaboTKy HOBO-
ro TYpOMHHOTO MeTO[a IOJYYEHHS KHCJIOPOAa M 3a CO3JaHHe
MoulHO# Typ6okuciopofHO# ycranoBkm», Mmcruryr $usmue-
cknx npobimem Axagemmn Hayk CCCP, B kotopoM chenana
sTa paGoTa, 6blN HarpaskmeH opaenoM Tpymosoro Kpacaoro
3HaMeHH.

B namu gEM 66IcTPO pacTeT MOTPeGHOCTH B KUCIOPOLEe MHO-
rux orpacieif MPOMEINLIEHHOCTH, B NEepPBYI0 ouepeAb MeTal-
ayprun, CooTBETCTBEHHO PAcTYT MOLIHOCTH BO3JYXOpasfei-
TEJIbHBIX YCTAHOBOK. A HCTOYHHK KHCJIODPOZA ONUH — aTMO-

cepa.

126



HeckoabKo CTPOK B 3aKiIIOUeHIe

...B sanarouenue 3adadum eonpoc: He-
yaceau dce -dobaecrd, MyicecTeo, Tra-
JQNHT, OCTpoyMmue, @006padcenue — gce
3TU IAMEUATEADHBE COOUCTEA Uen08eN e~
cx020 Oyxa 06YcCA084ENBL TOABKO KuC-
aopodom?— Taxoea Teopus doxropa
Oxca.

ioab Bepn

JTOro MHeHHsA, NpPH BCeM YBaMKeHHH K KUCIOPOXY, aBTOP
He pasgenser. He Hajo DpHOUCHBATH KHCIOPOAY TOTO, €TO
oH jaTh He MoieT. OH u Ge3 3TOro CIAMIIKOM MHOIO JJIA HAC
3HauMT.

IPUUYNHA «3JIEKTPUYECHKOI'O 3ATIAXA». «dieKTpudeckuit 3amax»
HEH3MEHHO HOABJSAJCA BO BpeMsl IEePBHIX ONBITOB IO 3IEKTPOIA3Y BOJLL.
Jinme B cepelinHe HPOINIOTO BeKa OblI0 NOKA3aHO, 9TO ATOT 3amax HpH-
Ha/UIKAT He CaMOMY JeKTPHIECTBY, a MONYTHO ofpasylomeMyca IpH
AJIEKTPOJIH3e BEIIeCTBY, KOTOpOe Ha3BaJH 030HOM (OT TIpevecKoro
6 — maxmy).

Bcrkope Onio mOkasaHO, 9TO 030H COCTOHT TOJBKO K3 KHCIOPOH-
HEIX aTOMOB; OH o0pa3syeTrca mop AeiicTBHEM 3JIEKTPHUUECKHX Da3psSHOB
B BO3[yXxe M B 9YHCTOM Kuciopope. O30H B moATOpa pasa IUIOTHee
obbraHOro Kuciaopoga. Ero ¢gopmyna O;. O30H ropasgo merse, d9eM
KHCJOPOA, NpeBpaliaeTcs B KAAKOCTh, HO B TBEPJOE COCTOsAHIE mepe-
XOOMT UpH TeMIepaType, AOBOJBLHO GIN3KOH K TOYKE IJaBJEHHA KHC-
asopoga. TemmepaTypa KNOeHHA KHCAOPOAA M O30HA COOTBETCTBEHHO
muayc 182,97 m mumyc 111,9°C, a TemmepaTypa miIaBlleHHS — MHHYC
218,8 nua O; u Munyc 192,7° C mua O;. LiBet xuaKoro Kuciaopoga cBeT-
no-ronyGoii, 03oHa — TeMHO-cuBHiT ¢ dHoNeTOBHIM OoTTeHKOM. M B ra-
3000pa3HOM COCTOSHHH 030H He OeClBeTEH, eMy NPHCYHIa [OBOJILHO
ITHTEHCHBHAs CHHAA OKpacKa.

Ho Mano KTo BMAen CHHHII 030H — 3TO BEIECTBO He CTOMKO, ero
OYeHL TPYAHO CKOHIEHTpHpoBaTh. IIpH OYeHs MaJBIX KOHHNEHTPAIUAX
3amax y 030Ha npuaATHHIA, ocBexaowuii. Ho eciu Gb1 B Bo3ayxe 6Bl
xota Oet 1% o030HA, TO AHIMATH 3THM BO3AYXOM MBI GBI yie He CMOr-
Jin, IOTOMY 9TO 030H BeChbMa TOKCHYEH,

TIOYEMY BbLJ1 BOBMOMEH 3HAMEHUTHIN JBEHATUATAOHEB-
HBIN OIIBIT. MaBecTho, 9T0 NpupoAy ropeHns JiaByasse OTKPHLT HmOC-
Jle CBOEro 3HaMEeHHTOro NBeHAaJUATIJHEBHOIO ONLITa, B KOTOPOM OH
JAJNTeNbHOe BpeMsA HarpeBaj B 3amasHHOI peTopTe HaBeCKY pPTYTH, a
no3xe — 06pa3oBaBmyIOCA OKHCh PTYTH.

Pryth — Metana «moxy6aaroponastity. Ilpm ymepennom Harpesa-
HHM OHA, MO06HO OOBLIYHBIM MeTalnaM, COSJIMHAETCA C KHCIODOJAOM.
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Ho mpn narpesammm Buime 450°C ornce pryrtH, momoblo ORHCIaMm
GIaropoAHBIX MeTaJUiOB, pacmajaercs la pTyrh i kuciopop. Hcrarm,
PTYTh — eANHCTBeHNBII 13 MeTawios, musBectusix B XVIII B,
€HOCOGHBI mPHCOENNIATE KICJIOPOA IUII, Hao0OpPOT, OTENATHL €ro
ot cefsg — B 3aBHCHMOCTH OT H3MeHeHIsT TeMmmeparypsl. Bosmokio,
uto, ecan 6ol JlaByasve paGoTtan He ¢ PTYTHIO, a C JPYTIM BEHIECTBOM,
daorncronnas Teopus Morja Obl NpOCYIIECTBOBATH emie TECKOJIBKO
JeT.

H30TOMHLIN COCTAB. Ilpnpoansiii KNCIOPOX COCTOHT N3 TpPeX N30-
TONOB ¢ MaccoBbIMH unciaamu 16, 17 u 18. IIpeobnagaer cambiii Jerxmit
nzoron '%0: na raskapte 3150 aTOMOB 2TOro 1130TOHA NPHXOAUTCA JINMb
nate aroMon 20 1 opun atom '70. 3To He 3MAYNT, KOHETHO, UTO TAMKE-
J1ble H30TONbI KICHOpoa 6ecnosesnnl.

C noMOIpI0 CTAGHABLHOM «METKH» — aTOMOB TSIIKEJIOro KICJIOpPO-
na '8%0 — ypajnoch BBIICHHTH «OPONCXOKAEHIe» KICJIOPOAa, BhIAeNse-
MOTO pacTeHISIMH B mponecce ¢orocnute3a. Panbmme cumranoch, 9T0
OTO KHCJOPOA, BHICBOOOKHAaeMBIil 113 MOJNIEKYJ YIVIEKHCJIOrQ rasa, a
1e BOMHI,

OnpITHl ¢ MeTKaMH IOKasadn ofpaTiioe: pacTeHHs CBA3LIBAIOT KHC-
JIOpOJ YIJIEKICJIOro rasa, a B armocepy Bo3BpamaeTcs KICIOPOA H3
BOMBI.

3ATAIRA 3OOEKTA JOJA. Tosopsar, «llapimk — Bcerga Ilapmxy,
KaK 6Bl HH Mellsica co BpeMeneM ero ofuank. Todno Tak ske KHCTO-
pOJ{ — BCETfa KACKOpOA, II€3aBHCHMO OT TOr0, KaKIM CIOCOOOM I I3
KaKknx HCTOUHINKOB oH noJyuei, Ho B 1936 r. anement Ne 8 zapan ywqe-
IBIM BCETO MUpa od9epefHYI0 3arafiky: aMepHKamckuii xuMnk Maaxoam
Jon ofHapy:Kmi, 9TO H3OTOHNBIN cocTaB aTMocdlepHOro Kucjiopoja H
KICJIOPOAA, 1I0JY9elHOro IpH JJIEeKTPoJI3e BOALI,— Neoannaron. «Boj-
Ublii» KHCIOpOJ( TAMejee BO3XYLIHOTO, COjep:alile B HeM TAXKeJO-
ro nsorona 80 mpumepuo na 3% Goabme (ecinm 3a 100% cunraTts
rOJIYecTBO Kucaopopa-i8 B Bome, TO B KHCJOpoAe BO3fyXa ero
103%).

Kax sxe rtax? Jlonasano, 9ro armocdepnblii KHCIOPOA — OPOAYKT
doTocunTesa, mpHYeM NOJyuaercs O HMEHHO H3 BOALI, B mpouecce
aernjporennsanii. Ha mocTpoenne ClOKNLIX OPranmdeckix MOJERYJ
pacreHile ICHOJNbL3YyeT YrAERNCIbIl ra3 M OTMemJIenubli OT . BOABI
BOJIOpOJ, a OCBOJOANBINIIICA Kicaopos yXogutT B atMmocepy. Oriyna
ke GepyTes TpU @INIMHNIX» TpoueHTa?

OTBeTHTH Ha OTOT BONpOC NHITaMNCH I caM [lon, 0 MuorHe yde-
nple Apyrux crpan. Ho oromuyartenntibiit oTBeT Tak 1 He ObiT MOJTYYeH,
a HepBOOTKpBIBaTeNb yHusnreishoro >ddexra Bcrope Boobiie ocra-
BIIT Ipo6ieMBl oToCHHTe3a 11 3AHAICA HOJIIMePaMH,
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Eme mepea BoOifHOIi HcciieloBaHMEM H30TOMHOTO COCTABA KHCIO-
pofia pasHOTO HPOMCXO<MEHHA 3aHANHCH JiBA COBETCKHX YYeHBIX —
A. 11. BuHorpanoB (BmociefncTBul akagemMuk) m P. B. Teiic. Oau BHI-
SICHWJIM, 9TO KHCJOPOJ MODCKOH BOJBI Jierde KHCJIOPOJA BO3AYyXa, a TOT
B CBOIO o¥epefb Jierde KACHopofa yrjiexkuciorel. B aroit e paGorte
pHepBble ObLIa YCTaHOBJIEHA TOMKIAECTBEHHOCTH BONHOTO W (OTOCHHTe-
" THIeCKOro KHcJopoma (mo m3orommoMmy cocraBy). Ho Ha Bompoc o Tpex
NUIIHUX NPOLEHTAaX OTBeTa He OHLIO.

K nccneposanmaM, npepBaEHBIM Beamkoit OTeuecTBeHHOH BOif-
noii, BmHorpanmos m Teiic BepHymuck maumn B 1946—1947 rr. =,
Kas3ajloch, CyMeJNH BCKope oO0bAcHHTH 3ddext Moma. Mx pacuetn u
ONmbITHl MOKa3aJlH, 9TO JIETKHH H30Tonm Kucjiopopa !®0 BcTymaer B pe-
aKOUH HEeMHOTO Jerde, WeM TsKeJdHll, W moroMy armocdepa mocTe-
meHHO oforamaercA m3oromoM !20. TpexmpomeHTHHI H3OBITOK COOT-
BETCTBYeT TOUKe paBHoBecHs, ['aBHble cosmaTenm agdexrta [oma —
BOfOpocHH B MuKpodnopa MHpPOBOro OKeaHa, KOTOpHIe, KCTAaTH, pere-
HEpHPYIOT GONbMYI0 9acTh aTMOCEPHOro KHCIOPOfa.

O6pbsacHeHne, HalilecHHOE COBETCKEMU YYeHBIMH, Kasajlochb Hau6o-
nee npasponofoOusiM. K ToMy e oHO moaTBep:aanoch ombiTaMu, Ho
COYCTA HECKOJNBKO JeT HX COTPYAHHK ROKTOp OHONOrmuecKux Hayk
B. M. Kyriopur nokasaix, uto 3¢pdext [Jona Heap3d o6LACHUTH TOMB-
KO TEeMH IpomeccaMHd, o KoTopeix mucaim Bunorpamo m Teitc. [laa
Toro 4to0bl, Kak rosopar Oyxraatepnl, cectu GajnaHC, HY#HO HaiiTH
emle KaKne-TO HeBeJOMEIe IOKA NPOIECCH.

T'OPHAA BOJIE3HD. IlomHnTe, Kak BONHOBaAHCh TPeHEpbl IpH HOJ-
rotoBke K Onumnnage B Mexuxo? T'aseThl mecTpesn clOBaMH «aKKJIH-
MaTH3aMAA», «YCIOBHA BBHICOKOTOphbA» M T. A. UYenoBeKy, BIepBEe Ho-
OaBmIeMy B TOpHI, JeilCTBATeNLHO Ha BLICOTe «HE XBAaTaeT BO3[yXay.
Tounee — xucnopoga. A mouemy? Benb oTHocHTeNbHAsA KOHIEHTpAmHA
3TOro MeMeHTa B 3eMHoii aTMocdepe ¢ BHICOTOINl MPAKTHIECKH He Me-
Hsercd. Ho Ha BbICOTe mapiuuanbHOe AaBJeHHe KHCJIOpPOAA, Kak # 00-
mee faBjeHHe, MOHMKeHO. IIpuumHa «ropmoii GoXme3Hm» B TOM, 4TO B
Pa3peReHHOM BO3JlyXe KPOBL He YycIeBaeT HACHLITHTBCA KHCIODONOM,
N — HACTymaeT KHCJIOpPOAHOe ronofanme. JIiofm, MOCTOAHHO KHBymue
B TODHBIX paifoHAX, KHCIOPOAHOH HEJOCTATOYHOCTHIO OT BLICOTHI HE
crpafaioT.. Ux oprammaM mpmcmocoOmiacs K TODHBIM YCROBUAM: HH-
TeHCHBHE® OpOTEeKalT Hpomecchl KpoBooOpamieHHs, OpraHH3M BHIpa-
GarpiBaeT Gonbme remornobmpa. TeM caMbIM HeoCTaTo9HOe Iap-
OHaNbHOE JaBjeHHe KHCJIOPORa B BO3JlyXe KOMIEHCHPYETCH.

13 KHUTU U3BECTHOI'O JIETUMKA. IIpu nonerax Ha Gonbmioil BbI-
CoTe IWIOTAM IPUXONMIOCH ¥ IPUXOANTCA MONB30BATHCH KHCIOPORHBI-
Mu ammapatamu. Mapectsii setanmk I'. ®. Baiinyxos ymemunaer 06
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3TOM B KHnre o nepeiete (BMecTe ¢ B. II. UkanoBriM u A. B. Beaako-
BbIM) 4epe3 CeBepHbIil HONIOC B AMEpPHKY: «YCIIOKOUBIINCH, 9TO MOJIOC
He mpo3eBaio, A ymeJ Ha 6ak, 9To0bl moAKasaTh Macao. Macio Haga-
JIO TYCTeTh, U 3TO HAMHOTO YCJHOKHHJO Omepamuio mepexkadku. Brimoa-
HAA 3Ty (U3NYeCKYI0 Npoueldypy Ha BricotTe 4200 M, A MOYYBCTBOBAJ
yualieHHe NyJibCa M PemuJa BOCHOAB30BATBHCA KUcCIOpoAoM. OMojoskKe-
HHe B OYKBAaJbHOM CMBICJIe — BOT HEHCTBHE KHCJIOPOAA MOCHE TPYIOB
upaBefHbIX. JlpixaHMe cTaJo POBHBIM, OYJABC BOMIENX B HOPMY, H A YC-
HYJ».

OIINERA TIO3TECCHL B ommoM u3 coYMHEHHII M3BECTHOH MO3TECCHI
Bepet UnGep ecth Takue cioBa: «Ilogo6HO TOoMy, Kak KHCIOpOj W a3or,
COeMHANACH, COCTABIAIT BO3AYX, HEOOXONUMBIA WA KU3HH,— TOYHO
TaK jJKe MBICAL H YYBCTBO... 00pa3yloT BO3AYX, KOTOPHIM MABIMIMT IO3-
3uA», He BeprTe noatecce. Bo BTOpoM yTBep:JeHHH OHA, BO3MOMKHO, U
IpaBa, a BOT DepBOe He BbIAEPKUBAET HUKAKOK KDHTHKH: B BO3[yXe
KHCJIOpOJ, He COeNHHEH, & cxewak ¢ a30TOM H APYTHMU rasaMu. IT0 H
[I03BOJIAET PA3[eAATh UX YUCTO (PU3MYECKHMH METOJAMH.

ITPUBEPEJIVNBBIN KAPII. [I:x03e¢ IIpucTau, OTKpHIBmMHUI KHCIODOL,
CYUTAN, 4TO ITOT ra3 B Bofie He pacTBopAeTca. K c9acThio, 9T0 He Tak.
Wnage pnibpl He Mornu 6B MHTHL B BOME. XapaKTepHO, YTO [JIA pas-
HBIX MOpoA pH6 HYKHO pa3HOe KOJNMYeCTBO KHcaopoja. HaumeHee
TpeGoBaTelien Kapach, KOTOPBIl CIOKOMHO KUBET B 3apOCHIMX OpYAaXx,
rfie IOYTH BeCh PACTBOPEHHLIi B BoJe KHCIOPOJ PacxofyeTca Ha OKMC-
JeHue opraHmueckux BemecTB. M3 npynoBeix pei6 camblil mpusepen-
JUBBI{T B 3TOM CMbIicae — Kaphn. EMy HYMHO, 4T00b KOHLEHTpALHA
KHuCJIOpoia B Bolle Obina ne Menpme 4 Mr/in. Eme Gonbme kuciaopopa
TpeGyeTcsa pribaM, o6uTaIUM B pexax, oCoOEHHO rOpHBIX, HampuMep
dopenn,

JIEYEBHBIE LIEHTPBI I'BO. Vike Heckoxbko Jert, ¢ 1967 r., B Ha-
meil cTpade peiictsylor LleHTpn rumepGapuueckoil oOKCHreHH3amMMH.
IIpu moBbImIEHRHOM AABIICEHWH YBeJIHYUBAETCA CONEpKAHHME KHUCIOPOAA
B KpoBH. B 6apoxamepax mpOBOJAT CHOKHBIE XHPYPTHUECKHE ONEpaluH,
JleyaT HeKoTopble (HOPMBI CepleYHOl HeJOCTATOYHOCTH, NOBPeHAeHUIT
MO03ra, OYeK U medelH, MATKUX H KOCTHBIX TKaHeil, ra3oBYI0 raHrpeHy,
CTONGHAK, HHOTAA Ja)ke OPUHAMAIOT pofnl. M Bo Bcex aTHUX ciaydasx
HepeAKO HMEHIO KUCJIOPOJ OKA3BIBAETSA pPEmaloMuM CIacHTedbHBIM
CpEACTBOM,



OTOP

CaMBIi AKTHMBHBIH, caMblil 3JEKTPOOT-
PHIATENBHBII CaMBIl peaxuHounocuo-
COGHBIN, caMblii arpeccHBHBIH 3JEMEHT,
caMbrif-caMetit  HeMetasu. Cawmeriil, ca-
MBI, caMbIfi... TO CI0BO WJIU ero cH-
HOHMMBI HaM TIIpHIeTCA NOBTOPATH
09€Hb JaCTO.
Bens peus npet o ¢rope.

Ha nomioce nepnognyeckoii eucreMsr

(DTop — 37eMeHT M3 ceMeiicTBa rajioreHOB, B KOTOpPOE BXO-
IAT TaKKe XJop, 6poM, HOJ ¥ NCKYCCTBEHHO IOJYYeHHBIN pa-
avoakTuBHb acrar. DTOpY CBOICTBEHHBI BCE OCOOEHHOCTH
co0paTheB mo MOATpynHme, ofHAKO OH NONOOEH denoBery Oes
TyBCTBA MepHl: BCe yBeJHYEeHO 0 KpaifHOCTH, [0 mpejela.
1o 0GBACHAETCA HpeKae BCero mojoKenueM anementa Ne 9
B NEpHORHMYECKOHd cHcTeMe M ero 3JIeKTPOHHOH CTPYKTypoil.
Ero mectro B Tabmume MemnjeneeBa — «moxioc HeMeTaJIHvde-
CKHX CBOIiCTB», NpaBHil BepXHHiHl yroi. AToMHaa Mojexb
dropa: 3apsag agpa 9+, mBa 3MEKTPOHA pACHONOMKEHHI HA
BHyTpeHHe# o6Goaouxe, ceMb — Ha BHemmeil. Hampeii aTom
Bcerfa CTpeMUTCA K ycrouuBoMy cocrosnmio. [ aToro emy
HY/KHO 3aII0JHUTH BHEIIHUH 2JeKTPOHLsIA cioi. Atom dro-
pa B 3TOM CMBICJEe — He HCKIIYeHNe. 3aXBadeH BOCBMOI
JIEKTPOH, W IeJb ROCTUTHYTA — oOpa3oBan uoH TOpa C «HA-
CHIIIIeHHOW» BHeIIHEeH 06010TKOM.

Upeno OpHCOEAMHEHHBIX JJIGKTPOHOB IIOKasbIBaeT, UTO
oTpHUIaTeNbHas BaJeHTHOCTH ¢ropa paBHa 1—; B orauime ot
NpOYNX TajoreHoB (PTOpP HE MOYKET NPOABJIATH MOJOKITENb-
HYI0 BaJICHTHOCTb. .

CrpemieHne K 3aIONHEHMI0O BHEITHETO 3JIEKTPOHHOro CjoA
K0 BOCHMUANEKTPOHHO! KoHEUrypamuu y ¢Topa HCKIIOYH-
tTeapHO Beauko. IloatoMy oH oGmagaer HeoObluaiiHON peak-
OUOHHOHA cmoco6HOCTHIO M o6pasyeT coelMHEHUA MOYTH CO
BceMn aineMmeHTamu. Coscem nHemaBHo, B 50-x. romax, 0ojb-
IIHHCTBO XMMHKOB CYHTAaJO, U Ha To ObUIM OCHOBaHHA, 4TO
6naroposHbie ra3sl He MOTyT o6pasoBHIBATL UCTMHHBIE XHMU-
decKkue coequHenus. OQHaKo BCKOpe TPU M3 IIECTH 3TEMEHTOB-
«3aTBOPHMKOB» HE CMOINIA YCTOATH Ilepe] HATHCKOM YAUBH-
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genbHO arpeccmBHoro gropa. Haummas ¢ 1962 r. nomyueHnl
dropnbl, a dYepes HHX — M [JPYrHe coeJMHEHNNsA KPHITOHA,
KCeLOHA ¥ PajioHAa.

Ynep#ars GTOp OT peakUHMU O4YeHb TPYAHO, HO 3a4acTylo
He Jierde BHIPBATH €r0 aTOMBI M3 COeJAMHEHHH. 3Mech Hrpaer
poib eue ofuH (AKTOp — 09€Hb Majble pasMephl aToMa o
HoHa ¢ropa. OHM HpUMEpPHO B MOJTOpA pa3a MeHbIIE, YeM Y
XJIopa, U BBOE MEHBIE, YEM Y HOJA.

Bnusaue pasmepa aToMa rajoreHa Ha yCTOHYHBOCTH rajo-
TEHH[IOB JIETKO NPOCJHEJUTh Ha HpUMepe CaJOHJHEIX COeXUHe-
Huil mosnbnena (raba. 1).

Ta6nnna 1
Tanoren ¥ Cl! Br I
Boicee ycroiiunBoe ramoupn- — MoF, MoCl, MoBr, Mol

HO® CoenmyiHeHUe MouubgeHa

OueBugHo, 4To 4eM Gonbuie pasMepnl aTOMOB TajloreHa,
T€M MEHbIIe HX pas3MellaeTcs BOKpPYr aroMa MomubjeHa.
MakcuManbHO BO3MOMKHAA BAaleHTHOCTh MOMUOgeHA peannsy-
eTcA TONBKO B CoeJUHEHMHU ¢ aToMaMd (Topa, Majslii pasmep
KOTODHIX TO3BOJISET «yOAKOBATHY MOJIEKYJy Hanbosee mI0THO.

AroMpt ¢ropa 06IaalOT OYEHb BBICOKOH 3JAEKTPOOTPHIA-
TEABHOCTHIO, T. €. CHOCOOHOCTHIO HPHTATHBATD 9IEKTPOHBI:
Opu B3aNMOJeHCTBHE ¢ KHclIoporoM ¢rop obpasyer coemuHe-
HHAA, B KOTOPbIX KHUCJIOPOJ 3apsAKeH HojouTeAbHO. [opauan
Bola cropaer B cTpye ¢rropa ¢ obpasoBanmeM Kucaopoga. He
opaBfa JH, MCKIOYUTENAbHBIE caydail? HKuemopon oxasaics
BAPYT He NPHYHMHOI, a clieACTBHEeM TODEHHA.

He Ttonbko Bopa, Ho U Apyrme oObIYHO Heropioouune Mare-
pHanxbl, Takue, Kak acOectT, KMpOUY, MHOTHE METAJIbl, 3aro-
palorcs B ctpye ¢ropa. BpoMm, mon, cepa, cemen, Temayp,
docdop, MBILBAK, cypbMa, KPeMHUH, APeBECHEIH yroib caMo-
BOCIIaMeHsA0TCA Bo (rope yie mpu o6bIYHON TemmepaTtype,
a npn He6GONBIIOM HArpeBaHHUH Ta e Y4acTh HOCTHraeT H
6aaropojHEle MAATHHOBHIE METAJIB, M3BECTHLIE CBOGH XHAMH-
4eCKOiI DacCHBHOCTBIO.

IlosToMy He ymuBuTenbHO caMo HasBaHue (ropa. B mepe-
BOle € TPeYecKOro 3TO CJOBO O3HAYAET «paspyllalomUiy».
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®rop nin Paoop?

(Drop — paspymaloinii — yIUBATENLHO TOAXORAMeEe Ha-
ssanue. Onnako 3a pyGeskom Gosee pacupocTpaHEHO ApYroe
uMA aneMenta Ne 9 — uroop, 9To B mepeBofie ¢ JATHHCKOTrO
03HAYAET «TeKYy4Hii».

9to Haspaume GoJblle OOAXOAMT He K (PTOpy, a K HEKOTO-
PBIM ero coefiiHenuAM u Geper cBoe Hauajo OT UIIOOPHUTaA KN
IJIABAKOBOr0 IIDATA — IEePBOr0 COeAUMHEHHA (TOpa, HCIONB-
30BaHHOTO 4ejioBekoM. [lo-BupHMoOMYy, elie B APEBHOCTH JIIOMHA
3HAJIA 0 CIIOCOGHOCTH ITOTO MHHEPAJa CHHIKATH TeMIepaTypy
IUIABJIEHUA Py M METAUNIYPrUYeCKHX IUJIAaKOB, HO, eCTECTBEH-
HO, He 3Haju ero coctaBa. DIOOPOM Ha3Bajld TIABHYIO CO-
CTaBHYI0 YacTh 3TOr0 MHHepaja, €lile HeW3BEeCTHHIA XHUMH-
KaM 3JIeMeHT.

JT0 Ha3BaHHE HACTOJIBKO YKODPEHWJIOCh B yMaX YYEHBHIX,
YTO JIOTMYECKH ONpaBIaHHOE INpEJIOKeHHEe O TNepenMeHoBa-
HUU 3jIeMeHTa, BoiBuHYTOe B 1816 r., He Hamuio mommeprx-
K. A Begpb B 9TU rOfbl IUIM YCHJIEHHBle HOUCKH ¢himoopa,
yKe OBLIO HAKOIJISHO HEMAJI0 HKCHEepUMEHTANbHBIX JAHHBIX,
IOATBEDMABIIAX  paspyMuTeNbHBIEe crocobnocT ¢uoopa
i ero coeauHeHuil. [la u aBropaMu mpe[noKeHHUa OblIum He
KTo-HHOy[Ob, a KpymHeilllme ydueHble TOTO BpeMeHH AHJD?
Avnep u Xam¢pu [IsBu. U Bce-taxm ¢rop ocraBaimca ¢iro-
opoMm.

eprp? — Her, repon

IlepBoe ymomunanue o duioope u ¢uoopuTe OTHOCUTCA
K XV &,

B nawame XVIII B. 6bia oTKphiTa mIaBHKOBasg KHCIOTA —
BOIHBIA pacTBOp ropHcTOro Bomopoxa,aB 1780 r.ussecTHHIH
mBepckuit xumuk Hapn Buasreanm Illeenme Bmepsble BBICKa-
3aJI MBICJIb, UTO B 9TOH KHCIOTE CONEPHKUTCA HOBBIN AaKTHBHBIM
anement. OgHaxo, 910651 monrBepauth aorapky Illeese m BEI-
geauts grop (mnu goop), xuMuKaM moTpebGoBanoch Goibie
100 jer, ueawlit Bex ymopHOil paGOTHI MHOTMX YYEHHIX H3
pasHBIX CTpaH.

Cerogaa MBI 3HaeM, 94T0 (TOp O4YeHb TOKCHYEH, 4TO pabo-
T4 ¢ HOM U €ro coefuHeAHAMU TpebyeT 60JbIIOH OCTOPOK-
HOCTH M IPOAYMaHHBIX Mep 3amursl. IlepBooTKpriBaTesn
¢$ropa Moram o6 3TOM TONBKO ROTafbIBATBLCA,1a H TO HE Beer-
ma. IlosToMy mcropus orkpeiTusa ¢Topa cBfA3aHa ¢ HMEHAMH
MHOrEX repoes Hayku. Anrauiickue xuMmukn Gparba Tomac
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n leopr Hoxc mpiTanmes monyarTh rrop W3 QTOPHEOB Ce-
pebpa um ceuana. OnOBITBEL OKOHYMJHCH Tparmyecku: [eopr
Hoxkc cran nusaaugoM, Tomac morn6. Ta ke ygacTs nocruria
. Hurneca um II. Jlaitera. Beigarommitica xumuk XIX B.
XaMm@pn [I3BH, co3gaTesb BOAOPOAHOH TEOpHHM RUCIOT, UeJO-
BEK, BIepBBle MOJYYHMBMUI HATpUil, KajXwmii, Maramii, KaJbIHii,
cTponnuit u OGapwii, JOKasaBmHiA 3JIEMEHTHOCTH XJOpa, He
CMOT pemMuTh mPoGaeMbl MOJYyYeHHA BCePa3pymIAOIIETo dJe-
MeHTa. B xoje aTuX omBITOB OH OTpaBMIACA M TsKeNO 3abomed.
. Teit-JIoccax u JI. Temap motepanu 3mopoBbe, TaK M He
NOOHMBINNCEH CKOJIBKO-HUOYOb OOHAMEKMBAIOIUX pPe3yJbTaToB.

Bonee ymaunuseimu okasaiuch A. JlaByasne, M. @apapeii,
9. ®pemn. Ux ¢rop «momagmi», HO ¥ OHM He AOCHINCH yC-
mexa.

B 1834 r. ®apagelo mokasanoch, 4TO €My, HaKOHEL, yha-
I0Ch TMOJNYYHTh HeyneBuMHII ras. Ho Bckope on BBHIHY:KIeH
6bu1 npusHate: «f me cMor momyanuth ¢grop. Mou mpenmosmo-
JKeHMsA, IOJBEPrasch CTPOTOMY AaHAJIM3Y, OTHANANH ORHO 3a
npyruM...» B tewenue 50 (!) ;eT 5TOT rMraHT HayKd ImbITAlCA
pemuTh npoGiaemy monydyenus ¢ropa, HO PaK H HEe CMOT OfO-
JIETD €e...

Heynaun mpecnepoBaim ydYeHBIX, OJHAKO YBEPEHHOCTH B
CyIIeCTBOBAHAN M BO3MOKHOCTH BhIleJeHHA ¢hropa Kpemia
¢ KamabiM HOBBHIM ombiToM. OHa 0GHOBHEIBAJIACh HA MHOrOYHC-
J€EHHBIX AHAJOTHAX B MOBENEHAN M CBOMCTBAX COENMHEHWIl
¢Topa ¢ coegMHEHMAMH Y)Ke M3BECTHHIX TrajIOTeHOB — XJIOPA,
Opoma u mopma.

Broutn 5a 9ToM mytu n ynaun, @pemn, OBHTaACh ¢ TOMOIIHIO
9JMIEKTPOIN3a H3BIedb (TOop M3 PTOPHAOB, HAMEN CHOCO6 mo-
nygenns Geapopgmoro ¢ropmcroro Bofopoma. Hamnawiit omwir,
fake HeyJaTHbIH, MONOJHAN KONWIKY 3HAHUE 06 ynuBATE/Ib-
HOM 3jIeMeHTe W HpHOIWMKan geHb ero orkpeita. U aror
NeHb HacTal.

26 wiona 1886 r. ¢pammysckuit xmmmxk Ampm Myaccam
NOJBEPT 3MEKTpoan3y GeaBomHBII (ropucTHli Bomopon. Ilpm
tremneparype —23°C oH mojywasn Ha aHOME HOBOE, UPE3BhI-
yaliHo peaKIuoHHOcHOcoOHOE rasooGpasHoe BemecTBo. Myac-
caHy yjgajoch cofparh HECKOJBKO HYy3BIPHKOB rasa. 910 OBLI
¢drop!

O cBoem orkpeiTnn Myaccar coo6mmn Ilapmmckoii akapge-
mun. MoMeHTanbHo GBlIa CO3AaHA KOMHCCHA, KOTOpas depes
HEeCKONBKO jHell jokHa Obi1a npHOBITE B JaGopaTopHio
Myaccana, uro0Bl yBHfIETH BCE CBOMMH TJIa3aMM.
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AHpwn My ac caH (1852—1907) —
BblAal W niAica GpaHLy3CKUA XUMUK.
O cyuwecTBOBaHuN (hTopa AorafbiBa-
nMcb  MHOTME  KpynHble  XUMWUKWK
XVIII—XIX cToneTuit, HO NONyYnThb
9TOT arpeccuBHblii 31eMeHT He yfa-
nocb HWKomy. Jimwe B 1886 r. noc-
ne MHOTOYUCNEHHbIX Ge3ycneLwHblX
nonblTok MyaccaH Bbifennn ¢rop B
cBOGOAHOM COCTOAHUM B BUfe rasa
CBETNO->XKEeNTOoro LpeTa

MyaccaH TwaTesbHO NOAFOTOBU/ICA K MPOBEAEHWIO MOBTOP-
HOro akcnepumeHTa. OH NOABEPr WCXOLHbIA (TOPMCTLIN BOJO-
po4, AOMOMHWTENBHOM OYNCTKE, W... BbICOKOMOCTaBfieHHas Ko-
Muccust He yBugena ¢ptopa. OnbIT He BOCMPOM3BOAUCSH, 3MeK-
Tponusa C BbigeneHnem @Topa He Habnwopanocsk! CkaHgan?!

Ho MyaccaHy ypganocb HaiiTu npuumHy. Okasanocb, 4TO
Wb HebonbliMe KonmyecTBa (PTOPMCTOrO Kanms, cofepxa-
Leroca BO (PTOPUCTOM BOLOPOAE, [Aefnat0T ero MNpPoBOAHWUKOM
anekTpuyectea. lpUMeHeHWe B MNEPBOM OMbITe (PTOPMUCTOrO
Bogoposa 6e3 LOMOAHUTENbHOW O4YMCTKM 06ecnevmno ycnex:
6blIM MpUMecU —LeNl 3M1eKTPonn3. TulaTenbHas MOArOTOBKa
BTOPOro OMbITa CTana NPUYMHON Heygauu.

M Bce-Taku ypaya onpefeneHHo conyTtcTBoBana Myacca-
Hy. Bckope eMy ypanocb HaliTu HEAOPOroi M HafeXHblli ma-
Tepuan [na annapatosB, B KOTOPbIX MNofiydyaeTca (Top. ITa
npo6nema 6bia He MeHee CO0XHOW, YeM MOsy4eHMe Hemogart-
NIMBOTFO 3nieMeHTa. PTOPUCTLI BOAOPOL M (hTOp paspyLllanu
nobyto annapatypy. Ewe [O3Bn wcnbiTbiBan COCyfbl U3 Kpu-
CTa//INYeCKON cepbl, yrnsa, cepebpa U nAaTWHbI, HO BCE 3TK
mMaTepuasnbl paspylanncb B MPOLECCe 3MEeKTPOAM3a CoeanHe-
HuiA Topa.

MepBble rpammbl Topa MyaccaH nony4ynn B MJaTUHOBOM
3NIeKTPONN3EPe C 3NIEKTPOAAMU U3 UPUAWMEBO-NNATUHOBOTIO
cnnaea. HecMoTpsa Ha HM3KYH TemnepaTypy, Mpn KOTOPOiA



MPOBOAMACS ONbIT, KaXAbli rpamm ¢Topa «YHUUYTOXan»
5—6 r nnatuHbl.

MnatnHoBbLIA cocyn MyaccaH 3aMeHWn MefHbIM. KOHeuHo,
M Medb NOABEPXKEHa [eicTBMIO (PTOpa, HO KakK alloOMWUHWIA 3a-
WnLLaeTcs OT BO34YXa OKWCHOM NAEHKON, TaK U Mefdb «YKpbl-
Banacb» OT (hTOpa 3a MJIEHKOW HenpeofoONMMOro [fNS Hero
(hTopmpa meaw.

JNeKTponu3 [0 CUMX MNOp OCTaeTcs MPaKTUYecKn efuHCT-
BEHHbIM MeToZOM nony4yeHus ¢rTopa. C 1919 r. B KauyecTBe
3NeKTPONNTa MCMONb3YTCA pacnnasbl 6upTOpHAOB. MaTepu-
anbl COBPeMeHHbIX 3/1eKTPO/IN3EPOB U 3/1EKTPOLOB —3TO Mefpb,
HWKenb, cTanb, rpadut. Bce 3To BO MHOro pas ypAelesuno
NMpon3BOACTBO 3neMeHTa Ne 9 M [ano BO3MOXHOCTbL Mofy4vartb
ero B NPOMbILLIEHHbIX MacwTabax. OgHako NpuHLMN nosyye-
HUS (hTopa ocTanca Tem Xe, 4to npepnaranu Assu n dPapa-
[eli 1 BnepBble OcyLLecTBUA MyaccaH.

®TOp M MHOTMe ero CoeAMHeHWs NpefcTaBfifAOT He TONbKO
60NbLIOA TEOpPeTUYECKUIA WHTEPEC, HO U HaxOoAAT LUMPOKOe
npakTuyeckoe npumeHeHue. CoeguHeHni (Topa OYeHb MHOrO,
MCNONb30BaHWE MX HACTO/IbKO MHOFOCTOPOHHE W 0BLUMPHO, YTO
[na pacckasa 060 BCEM WMHTEPECHOM, YTO CBSA3aHO C 3TUM 3fe-
MeHTOM, He XBaTwio 6bl M 100 cTpaHuy. Mo3TOMy B HalleMm

MyaccaH B cBoeil na6opatopun B Mapuxe



pacckase Bbl BCTPETHTE TOJBLKO CalMbIe MHTEpecHsle (GTopH-
CTBIe COEIMHEHHsA, MPOYHO BOILIEeilllle B HANIY MPOMBIIIIEH-
HOCTh, B HALIy JKU3Hb, B Haml OHIT U Jajke B Halle HCKYCCT-
BO — cOeJlHeHUs, Gea KOTOPHIX (3TO MOMKHO CKaszaTh Gea
OpeyBejiNdeHNA) HeMBICAUM Iporpecc.

Tuppnp gropa ... Boa

UYro obmero Moker OHTH y Bcepasdpymalomero ¢ropa u
«MupHoit» mpusbianoit Bogbl? Kasanock Gl — nmuero. Ho mo-
ocTepeskeMcs MOCHEMIHBIX BBIBOAOB. Bemp Bomy MOMHO pac-
CMaTpPUBAaTh KAK TUAPH[ KUCIOPOAA, & INIABMKOBAA KHUCIOTA
HF — me uwro unoe, kax ruapun ¢gropa. Utak, MbI uMeeM [eno
¢ OmuKalminM¥M XMMHYeCKHMH «DOJCTBEeHHHKAMHA» — THPU-
JaMH IBYX CHJBHBIX OKHCJIHTEJEH.

UsBectus! ruapupbl Bcex ramoreHoB. Vx cpoiicTBa uaMe-
HAIOTCA 3aKOHOMEpPHO, OJHAKO (PTOPUCTHI BOLOPOA BO MHO-
roM OamiKe K BOfe, Heelqn K APYTHM TajOMIOBOOPOAAM.
Cpasunte puanexrpudeckue nocroguusie: gig HF u H,O ouun
ouenb 6au3ku (83,5 u 80),B TO BpeMa Kakr JuiA rAAPHOB Gpo-
Ma, HOJla W XJIOPA ITa XAPAKTePUCTHKA 3HAYHTENBHO HUMKE
(Bcero 2,9—4,6). Temneparypa xumenus HF +19°C, torma
kak HI, HBr u HCl nepexogar B rasooGpasHoe cocTosHue
yiKe Npd MUHYCOBHIX TeMOepaTypax.

Onno u3 nNpUpPOAHBIX coeguHeHuit ¢Topa — MHHEPAN KpH-
OJIMT — Ha3bIBAIOT HeTaloUM JbRoM. [leiicTBHTENBHO, OTPOM-
HBIE KPHMCTAJUJIBI KPUOJIMTA OYeHb MOXOKH HA Jie[AHBIE IILIGH,

B onmnoMm us pacckasop mucatens-gpanrracra M. A. Edpemo-
Ba OUNHCAaHA BCTpPeYa B KOCMOce ¢ ofuTaTeqAMH IIaHETHI, Ha
KOTOPO#l BO BCeX JKH3HEHHO BayKHBIX OKHCIHTENBHBIX HpO-
neccax ysacryer ¢rop, a He Kuciaopoa. Ecin Takaa mianera
CYLIeCTBYET, TO MOXHO HE COMHEBAThCA, UTO €e OOMTaTeN:
YTONAIOT KAKAY... PTOPUCTHIM BOJOPOJAOM.

Ha 3emie ¢ropuCTHIi BOZOPOX CIYMUT JPYTHM HeJNAM,

Hiopu6eprexuit xynosxuux Ilisarrapn eme B 1670 r. cme-
IDMBAJI IUIABMKOBHIH INNAT ¢ CepHOIl KMCIOTOH M 9TOM CMEChIO
HaHOCHA pUCYHKH Ha crerno. lllsaHraps He sHaJX, 4TO KOM-
MOHEHTHI ero CMecU pearupylT Me:kay coboif, a «pHCyeT»
OPOAYKT peaKkuuu. ITO He NOMEINANO BHEAPEHHIO OTKPHITHSA
Illzamrapaa. Ilonssytorca uM u B Hamu grd. Ha crekman-
HEIL cocyn HamocuTcA Toukuit cioil mapaduma. XymnoskHHK
pPHECYeT IO ITOMY CJOI0, a 3aTeM OIYCKaeT COCY[ B PacTBOP
UTaBHKOBOH KIICAOTH., B Tex Mecrax, rje HeyAasBUMas s
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¢dropucroro pogopona nmapadunonaa «GpoHA» CHATA, KHCJO-
T4 pazbefaeT CTEKI0, M PUCYHOK HaBCerja 3amedaTiieBaeTcA
Ha HeM. JTo crapeiimee npumenenHe (PTOPHCTOrO BOXOPO.A,
HO OTHIOAb He eNHCTBEHHOE,

Hocratouno ckasath, 910 Menee ueM depe3 20 ner mocie
CO3/laHAA [EepPBHIX NPOMBINUIEHHBIX YCTAaHOBOK IJIA MOJdyue-
HHA TOPHCTOrO BOJOPONA €ro TroHOBOe MHpPOU3BOACTBO B
CHIA pocturao 125 Tmic. T.

Crexonsnag, muumiesad, HedTAHAA, aTOMHaA, METAJIYypru-
YyecKad, XHMMHYecKas, aBHAlHoHHAA, OyMajkHas — BOT pade-
KO He IOJHHII DepedeHnr TeXx oOTpacieil HIPOMBINIEHHOCTH,
rae (TOpHCTHI BOJOpON HAXOAUT caMoe MIMPOKOe NpPHMEHe-
Hoe,

@Dropucreii Bogopon cmocofen H3MEHATH CKOPOCTL MHOTHX
peaknuil B HCOOJAB3YyeTCA B KadeCTBe KATaJIM3aToOpa CaMBbIX
Pa3HOoO0pa3HBIX XHMHUECKHX TpeBpalteHunil.

OnHO M3 OCHOBHBIX TEHJCHLHUI COBPEMEHHOH XHMHH — OpPO-
BefleHNe peakuwii B HeBogHBIX cpepax. HamGomee mmrepec-
HHIM U yKe MHAPOKO NPHMEHAMINNMCA HEBOJHHIM pacTBOpH-
TeJieM cTal (TOPHCTHII BOXOpO.

@TopHCTHII BOXOPOA — OYEHDb AarpeCcCHBHBII M ONMACHBIN
peareHT, HO OH He3aMeHHM BO MHOTHX OTPACIAX COBpPEMEH-
noit nagycrpun. [lootoMy npmembl o0pamenusa ¢ HAM HACTONb-
KO YCOBEpHmIeHCTBOBaHBI, 4TO [JiA TPaMOTHOTO XMMHKAa Ha-
max fHeil ¢TOPHCTHIA BOmOPOX CTajl IOYTH TaK sKe Oesoma-
CeH, KaK A oOutareneil HepegoMoil PTOpHOI DiaHEeTH.

®rop n merannyprus

AnmoMnanii — panGoiee pacmpocTpaHeHHBI MeTajua 3eM-
HOIl KOpHI, 3alachl ero OrPOMHBI, OMHAKO HPOM3BOJCTBO aio-
MUHHA HA4YaJO Pa3sBHBATLCA JHUMb B KOHIE HPOMLIOrO BeKa.
Hucnoponasie coegnneHnsa allOMHHAA 09€Hb OPOYHBHI, H BOC-
CTanoBJeHNe MX yrieM He AaeT 4NCTOro Metamia. A mas Do-
NydeHdA aNOMHHHA MeTONOM 9JeKTpoiamaa TpebyloTca ero
rajonjHble COCAMHEHASA W MpeKAe BCero KPHOJIMT, COMeprKa-
muil 1 amomEEuiR H $rop. Ho kpuwonmra B mpapome Mado,
KpoMe TOro, B HeM HH3KO COJep)KaHWe «KDBLIATOrO MeTaJ-
na» —Bcero 13%. 91o moutE B TpH pasa MeHbIne, YeM B GOK-
curtax. llepepaGorka GokcuToB 3aTpymHeHa, HO, K CYACTHIO,
oBn cmocoOHEI pacTBOpATECA B Kpmoaurte. [lpn aroM monyuaer-
cA HA3KomNaBKHil m GoraThlii amoMmaneM pacmias. Ero anexr-
PONH3 — eAUHCTBEHHbI NPOMBLINUIEHHBH CHOOCO0 MOJIyYeHHA
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amomunna. HexsaTka mpmpomHOro KpMoiHTa KOMIOEHCHpPYeT-
€A INCKYCCTBEHHHIM, KOTOPHIH B OrPOMHBIX KOJAMYECTBAX
HONydYarT Op¥ moMomu (PTopHcTOro BOomopofa.

Takum 06pasoM, HAMM JOCTHKEHHA B PA3BUTHH aJIOMUHU-
€BOil UPOMBINIIEHHOCTE M B CaMOJETOCTPOCHNH B 3HAYHUTENb-
HOH CTeIleHN — CEJCTBAE YCIeXOB XHMHH cbropa H ero co-
eUHeHHNIA,

Hecxkonnxo ciioB 0 hropopranuke

B 30-x romax mamero BeKa OBUIm CHHTe3HpOBAHHI nepBHIE
coequaenus gropa ¢ yrmepogom. B mpmpome mopmoGHBIE Be-
mecTBa BCTPEYAIOTCA HCKIIYHTENLHO pPEAKO, M HHAKAKUX
0cOOBIX TOCTOMHCTB 32 HAMH HE 3aMEYaJOCh.

Opnaxo pasBETHE MHOTEX OTpacieil COBpeMeHHO# TeXHH-
KE U X HOTpeGHOCTH B HOBHIX MaTepHAjaX HPUBEIN K TOMY,
4T0 B HAWIA JHE CYINECTBYIOT YKe THICAYH OPraHHYECKHX
coeIlUHEHHi, B cocTaB KoTopoix BxoauT ¢rop. [ocraTtouno
BCIOMHHUTHL 0 (PpeoHaX — BAJKHEMIIAX MaTepHajaX XOJMOMHJIb-
HO TeXHHKH, O drropon.nac're—é KOTODHIf IO IpaBy Haakl-
BAIOT IIACTMACCOBOM INIATUHOIA,

JTHM MaTepHajaM HOCBAINEHH! OTAEJNbHBIE 3aMETKH B KOH-
me pasaena. A moKa MH IepeiifileM K ciiefyiomeil riase, Ko-
TOpas Has3bIBAeTCH...

®rop 1 KU3HH

Kasaxoces GHl, Taxoe cloBocOueTaHdme He COBCEM IPaBOMep-
0. «Xapakrep» y ameMenta No 9 BecbMa arpeccuBHHIL; ero
HCTOpHS HAIOMHHAET NETeKTHBHHIA pOMaH, r[e 4TO0 HH CTpa-
HANA, T0 oTpaBien¥e miam yomiictBo. K ToMy e m caMm ¢op,
¥ MHOTHE €r0 COe[IMHEeHHMA WACHOJIb30BAJNCH A NPOM3BOACT-
Ba OpPYKHS MAacCOBOTO YHHUTOKEHHA: BO BTOPOil MHpPOBOH
BoifHe TPUQTOPUA XJIOPa HEMIE! IPHMEHANN KaK 3aKUTaTelb-
HOE CpefICTBO; HeCKOJLKO (PTOpCOAepKaIuX coefWHeHmil pac-
cMarpusanuch B CITA, Arrnnm m I'epManun Kak ceKpeTHEle
OTPAaBJIAIOMYE BeIleCTBA U IPOH3BOJMINCH B MONY3aBOACKEX
macmrabax. He cexper, uro Gea ¢hropa BpAn AM ymaioch GBI
IOJNIYYATH ATOMHOE OpYIKHUe.

PaGota ¢ ¢ropoM omacHa: Majefimiag HEOCTOPOKHOCTH —
O y ueloBeKa paspymarorca 3yObl, o6esofpakmBaloTcs HOI-
TH, TOBHIMIAETCA XPYIKOCTH KOCTeil, KPOBEHOCHBIE COCYIHI
TEpPAOT 3JIACTHIHOCT, U CTaHOBATCA JoMKuMH. B pesyabra-
Te — TAAenad GoNe3Hs MIN CMEPTD.
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M sce-raxu 3saronosox «®DTop u ku3nb» ompaspan. Bnep-
BBIe 3TO [oKasail.. cioH. [a, ja — caon. OOwuHbIH, mpaBha
HCKOOAeMBblil, ClIOH, HaiiieHHHI B oKpecTHOCTAX Pnma. B ero
aybax caydaitro Obu1 o6HapyseH ¢rop. ITO OTKpHTHE TMOOY-
AWI0 Y4YeHBIX IPOBECTH CHCTEMATUYECKOE H3y9YeHHe XUMHYe-
CKOro cocraBa 3y0OB 9ejloOBeKa I XHBOTHBIX. BbLIO ycTaHOB-
neno, uto B cocTas 3y6op Bxomut go 0,02% dropa, KoTopHIt
nocTynaeT B OpraHusM ¢ OuTheBoil Bogodl. OGHIYHO B TOHHE
sofisl copepxmrca no 0,2 Mr ¢ropa. Hexsatka dropa mpuso-
IUT K rHAeHNI0 3y60B — Kapuecy.

Hckyccrsennoe pobasieHne ¢gTopa K Boge B TeX MecTax,
rjge o0HaApY;KMBAeTCA ero HEJOCTATOK, HPUBOJUT K yCTpaHe-
HHI0O HOBHIX CiydJaeB 3a0ojieBaHMA W YMeHBIIEHUIO Kapumeca
y GonbEbIx niopeil. Tyt ke oropopumcs — GoabiIoil E3GHITOK
¢gropa B Boje BHI3EIBaeT ocTpoe 3aboseBaHume — PIIOOPO3
(matEucrag sMmanab). V3pedmasa muiieMMa MeguIUBBI: 00Jdb-
mme [O3Bl — S, MaJjbie — JIEKapCTBO.

Bo MHOrEX MecTax NOCTPOEHBI YCTAHOBKH JJIA HCKYCCTBEH-
HOro ¢ropHpoBaHUA BOJHL

OcoGenno addexrnren 3T0T cHocol MpodUIAKTHKH Kapue-
ca y gereii. IloaToMy B HEKOTOpBIX cTpaHax coeaunenus ¢ro-
pa (B HCKIIOUATENbHO MANBIX [03aX) A0GABIAIOT B... MOJIOKO.

CymecTByeT mpefmono;keHue o0 TOM, 4To (GTop HeOOXOREM
IJIA pa3BHTHA KUBOIl KIETKHM W 9TO OH BXOXMT BMecre ¢ (oc-
¢opoM B COCTAB KHBOTHBIX M pPACTHTEJIBHBIX TKaHEil.

(DTop HAXORHT MIXPOKOe MpPYMEeHEeHHe HpH CHHTE3e pasimy-
HbIX MeJUIHMHCKHEX npemapatoB. (DTopopraHmieckue COeIH-
HeHHMA YCHEIIHO NPHMEHATCA JAJaA JeveHUsa Oojesuei
IMUTOBHAHON ejie3bl, oco0eHHo GasemoBoi OoNe3HH, XPOHM-
veckux ¢opMm puabera, OpoOHXMaNBLHBIX W pEBMATHYEeCKHX
gabonenanuil, rmaykomsl u paka. OHM TaxKe DPHUTOJHBI A
OpoHIAKTAKN H JedeHHA MalApHd ¥ CIYKaT XOPOIIMM
CPEJCTBOM MPOTUB CTPENTOKOKKOBBIX H CTaQUIIIOKOKKOBBIX
nudexnnit. HexoToprie dropopranmueckne npemapathi —
HapeiHble 06e30onmBaomue cpeacTBa.

(DTop M KU3HBL — MMEHHO JTOT pasgen xuMmuu ¢ropa Ho-
cTonH Hamboabmero paspuTuA, W Oyaymiee —3a HuM. Drop
u cMmepr? MoxHO M mHymHo paGoTaTh u B 3Toli obaactH, HO
VI TOro, 4To0bl HONy4YaTh HE CMEPTOHOCHBIE OTpaBJAIOMIHE
BEII8CTBA, a PA3NWIHEIE OmpemapaTthl Jis 00pb0BI ¢ rpeI3yHa-
ME H JADYTAMH CeJlbCKOX03AfCTBeHHbIMY BpenureiaMn. Ta-
Koe NpAMeHeHHNe HAXOAAT, HaOpuMep, MOHO(PTOPYKCYyCHas
knciota u ¢ropanerar darpus,

140



W nen, n nniamenn

Kak npuaTHo 6biBaeT B jKapKmii JeTHH# feHb A0OCTATH N3
XONONMIbHUKA OYTHUIKY JeqSHON MHHEepPaJIbHOH BOMHL...

B OoabmuHCTBE XOJOAUIBHMKOB — M NPOMBIIIJICHHBIX, H
AOMAIIHAX — XJAJJOAFeHTOM, BEIIECTBOM, CO3JAIOLIAM XOJOJ,
pabotaer ¢ropopranndecKas ;KUAKOCTH — PpeoH.

@peoHsl NONIYYa0TCA OPH 3aMeHe aTOMOB BOMOpPOAa B MoO-
JIEKyJax TpOCTEAIHMX OpraHEYeCKAX coefHHeHHil Ha ¢rop
mig gTop U XJIOp.

Tabauna 2

Homep $peona ®opmya nnanrgg:::. °C Kl'nrlc;gl‘::: °C
11 CFCl, —111 23,7
12 CF,Cl, —155 -—29,8
13 CF;Cl —180 —31,5
14 CF, —188 —128
29 CHF.Cl —160 —40,8

113 C,F5Cly 35 47,5

Ilpocreiimnit yraesogopox — Meran CH;. Ecim Bce aTomsl
BOIOpPOfa B MeTaHe 3aMeHHTHh Ha ¢Top, TO ofpasyeTcsa TeTpa-
¢ropmeran CF, (Ppeon-14), a ecnin ropoM 3aMemniaerca TOIb-
KO [Ba aToMa BOAOPOMA, a [Ba [pyrae — XJOpPOM, TO IONY-
yarca gadroppuxiaopmeran CF.Cl; (¢peon-12). B rabm. 2
OpABEJEHbl BajKHEeHIOTHe XapaKTepHCTHKHA HECKONBKHX MOm06-
HBIX COeTUHEHUIA.

B nmomamumx xomoguiabHHKax oObIYHO paGoraer (Pppeon-12.
Idro GecupeTHbI, HEPACTBOPUMEIX B BOJE M HEroploumit ras ¢
3amaxoM, moxokuM Ha 3amax agupa. @Ppeonnt 11 u 12 pabo-
TAOT TaK)ke B YCTAHOBKAX /A KOHJUNYOHHPOBAHHA BO3MY-
xa. B «mKkane BpefHOCTH», COCTABIEHHON A BCEX IpHMe-
HAEMBIX XJIAJ0areHToB, (peoHbl 3aHAMAIOT HOCIEHHE MecTa.
Onu pame GesBpegHee «CYXOro JbAa» — TBepROH ABYOKHCH
yriepopa.

DpeoHsl HCKIIOYATEILHO YCTOMYHMBEI, XHMHUYECKH MHEPT-
HBL. 3fech, KaK H B cliyzae (TOPOMIACTOB, Mbl CTAJIKABAEM-
cA ¢ TEM jKe YAUBHTENbHHIM fABJICHHEM: ¢ DOMombio Hambo-
jlee  AaKTHBHOFO  aJeMeHTa — Topa — yHaerca  HONYYATH
XHMHYeCKH oueHb maccupuble pemiecTBa. OcoGenHo ycroiium-

141



BBl OHN K JeHCTBHIO OKHUCIHTelledl, I 3TO He YANBHTEIbHO —
Befb MX aTOMBl YTJePOfla HAXONATCA B BHICINEH cTemeHH
oxucnenns, IToatoMy dropyraeponnt (m, B wacrmocts, gpeo-
Hbl) He ropAT fJa)e B aTMocdepe YHCTOro Kucjiopoma. llpm
CHIBHOM HArpeBaHHHN MOPOHCXOQHUT JEeCTPYKI[UA — pacmaj
MONIEKYJ, HO He OKHCJIeHHMEe HUX. OTH CBOWCTBA NO3BOJNAIOT
OpUMEeHATHL (peoHHl ellle B pAfie CIYy4aeB: UX HCIOJIb3YIOT
Kax mJaMeracuTeln, MHEPTHble PACTBOPHTENH, IPOMEKYTOd-
Hble NPOAYKTH [WIA NOMYdYeHHA MIACTMAcc W CMa309HBIX
MaTepHuajos.

Ceityac W3BECTHH THICAYM (TOPOPraHAYECKUX COEIMHEHHUI
pasnu4EnX THOOB. MHOrMe M3 HAX NPHMEHAIOTCA B BayKHel-
MMX OTPACiAX COBPEMEHHON TeXHHKH.

Bo ¢peonax ¢rop pabotaer Ha «HHAYCTPHIO XOJOKA», HO C
€ro HOMOIIBI0 MOJKHO HOJYdYaTh M OYeHb BHICOKHE TeMOepa-
typel. Cpasuute 310 nudpH: TeMmepaTypa KHCJIOPOKO-
Bogoponuoro maamerz 2800°C, Kuca0popo-aneTHIEHOBOTO
3500° C, npu ropenum Bofopona BO (TOpe pasBHBAaETCA TEM-
‘meparypa 3700°C. 9ra peakmua yKe HamuIa IpaKTHYECKOEe
npuMeHenne B0 (TOPHCTO-BOAOPOAHBIX TOpeJKax NI pe3a-
Haa Metaimna. Hpome Toro, uasecTHH ropesnkm, paGoramomue
Ha ¢ropxaopuaax (coemumenma ¢Topa ¢ XJA0poM), a TaKKe
Ha cMmecu TpexdropmucToro asora u womopoma. Ilocaegmasn
cMech ocofeHHo ynoGHa, Tak Kak Tpex(PTOpHCTHIA a3oT He
BHI3BIBAET KOppO3uM anmapaTypel. EcrecTBenmmo, B0 Bcex
3THX peaKnuAX (Prop M ero coeJHHEHHUA HUTpaloT PoOib OKHC-
antensa. Momuo ECOONB30BATH UX W B KAYeCTBE OKUCIHTENA
B JKU[IKOCTHBIX PEAKTHBHBIX [BHraTeJfX. B moap3y peaxumn
¢ ygactueM (Topa W ero coefuHeHnil rosoputr Muoroe. Pas-
puBaerca 0Ooiee’ BBICOKAasA TeMmMOepaTypa — 3HAYUT, U jaBle-
HEE B KaMepe cropamma Gyaer Gonbmie, BO3pacTeT TATa peak-
THBHOIO [BUraTels, TBepnmx OPOAYKTOB T'OPEHUA B pe3yiib-
TaTe TaKHX peakiuid He oOpasyeTcda — 3HAYAT, OHACHOCTH
3a0UMBKH cole)l H paspbiBa JABHTaTe]A B 3TOM CIydYae TaKKe
He rpo3uT.

Ho y d¢ropa, xak cocraBHOI 9acTM paKeTHOro TOIUIMBA,
ecTh pAJ KpynuhiX HegocTaTKoB. OH OYEHb TOKCHYEH, KOPpO-
3HOHHO-AaKTHBEH U MMeeT O049eHb HHU3KYI0 TeMIepaTypy Kuime-
auA. CoXpaHHTH €ro B BHJE KHIKOCTH TPyAHEe, 9eM [pyrue
raabl. [loaTromy Gomee mpmeMiemsbl amech coequHeHus Qropa
¢ KOCJIOPOROM U TalloreHaMH.

HexoTopble n3 aTHX coeqHHEHH{ O CBOMM OKHCIUTENb-
HBIM CBOIIiCTBaM He YCTymaloT KUZKOMY ¢TOopy, HO HMElT
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Tabauna 3

Touka Touka Arperatsoe
HasBaHue coequHeHUsA @opMyNa M1aBle- KUNEHHA, cocTnsnue
wua, °G °C
Monogropup xyopa CIF —155,6 —100,1 Tas
Tpudropug xaopa CIFs —176,3 11,75 »
Mouodiropnn Gpoma BrF —33 20 Hlnaxoctb
Tpudropnp Gpoma BrF, 8,8 127,6 »
lentadropun OGpoma BrF, —61,3 40,5 »
IMeuradropnp nopa IF; 9,43 100,5 »
Tentagropun nona IF; Boar. 4,5 Tas
Oxncs ¢ropa (audgropnp OF, —223,8 —144,8 »
Kucliopopa)
Tpndropup asora NFy —208,5 —129,1 »
Mepxaopuagropup, FC10; —146 —46,8  »
®rop F, —227,6 —183,1 »

OrpoMHOe TIPEMMYINEeCTBO: B OOBIYHBIX YCJHOBHAX 9TO WJIHA
JKHUAKOCTH, MM jKe JIETKO CKIsKaeMble raspl. CpaBHHTE HX
CBOMCTBa, NPOAHANH3UPOBAB JaHHBIC Tab. 3.

Cpegu ¢ropranougusix coegunennit naubonee yA0GHEI
IJA HCHOJNBh30BAHHA B PAKeTHOM TOIUIMBe TPHEPTOPUL XJIopa
n meHragropux Opoma. JaBecTHo, Hampumep, 4TO emie B
1956 r. 8 CIIA TtpexdropucThiii XJOp paccMaTpHBAJNCA Kak
BO3MOKHbIIL OKHCIAMTENb pPEeaKTHBHOro ropiouero. Bricokan
XMMHYECKad AaKTHBHOCTb 3aTPYyAHAET NpPHUMEHEHHE Mof006-
HEIX BemiecTB, OQHAKO 3TA 3aTpyJAHEHHA He alCONIOTHH W
TPEOJOJIMMBL,

Hanpueiiiee pazBuTHe XUMHHM KOPPO3MOHHBIX IIPOIECCOB,
noixyuenne 0Oojiee KOPPO3HOHHOYCTOMYHMBBIX  MaTepHAJIOB,
yclieXu B CHHTe3¢ HOBBIX OKHcjHTeNeil Ha ocHoBe dTopa, Be-
pPOATHO, HO3BOJAT OCYI[ECTBHTH MHOTHE 3aMBICABI pPaKeTo-
cTpouTeNiell, cBA3aHHBIe ¢ MCIOJb30BAaHHEM 2neMeHta N 9 m
ero coequnenuit. Ho Mb1 me GygeM saHMMaThesA IpefcKasa-
HuaMa. CoBpeMeHHaAd TeXHHMKa DasBUBAeTCA CTPEMUTENbHO.
BHITH MOKeT, 4epe3 HeCKOJNbKO JIeT IOABATCA KAKHe-TO NPUH-
HUOHQJbHO HOBble THubl apurarenéit, a P[] oroiimyr B
obnacth ucropuu.. B moGom caywsae GeccmopHo, uro ¢rop
eine He CKa3aJ CBOETO NOCHEJAHEr0 CJ0BA B OCBOGHHH KOCMH-
9eCKOro mpOCTPaHCTBA.,
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PACHPOCTPAHEHHOCTD. Cpeanee copepsikanne gpropa B HOUBAX pas-
nun 0,02%.

B kaxaoM autpe Mopcroit Boaut 0,3 mMr dropa. B pakoBEHAX YCT-
pui ero B 20 pas Gonbime.

B kopamnosbix pughax 3aKa09eHb MIUIHOHBI ToHH (TOpHIOB.

Cpenmee comepxanne ¢ropa B xMuEBHIX oprammaMax B 200 pas
MeHbIIe, 9eM B 3eMHOH Kope.

KAK BBITJIAANT ®TOP? B o6srambix ycaosusnx ¢rop — Gnero-suedn-
THIA ra3, npu Temmeparype —188°C — mmAKocTh KaHapeeIHO-KeNTOro
neeta, npu —228°C ¢rop 3aMep3aeT U mpeBpamaeTca B CEETIO-el-
TEIe KpHCTAMIEL. Eciun Temmepatypy nonm3uts go —252°C, atTH Kpm-
cTaln obecnBeTATCA.

KAK IMTAXHET ®TOP? 3amaxm xiopa, OpoMa # HOAa, KaK H3BeCTHO,
TPYAHO OTHECTH K Pa3pANy HPHATHBIX. B aToM oTHomeHmH hTop Maio
OTIMIAETCA OT cBouX co0paTheB — rajsoreHoB. Ero samax — pe3kmid m
pasppakamuii — HanOMUHEAET OJHOBPEMEHHO 3amaxH XJIOpa H 030HA.
Onmoit MRIAOHHOK Mol hTopa B BO3AYXE AOCTATOYHO, ITOGHI desoBe-
9eCKHit HOC YJIOBHJ ero MpHCYTCTBHE,

B AOJUHE TbICAYU JbIMOB. Tasbl ByJKaHH9ECKOTO HPOHCXOMCAC-
HEA HHOrAa coiep:kat ¢TopucThIi Bomopon. HamGonee n3BecTHBI
OpUPOAHEI HCTOYHUK TaKuX rasos — gymaponst Nonunbl Torcauan Ju-
MmoB (Astscka). ExerofHo ¢ ByaxaEndeckaM AsiMOM B arMocdepy yHO-
curca oxoio 200 Teic. T fTOpHCTOrO BOAOPOAA.

CBUAETEJIBCTBYET [9BU. «fl unpegnpHEAR sKcHepAMEHT MO
SAEKTPOJIN3Y IUCTOI (PTOPHCTOBONOPOAHOM KHCAOTH ¢ GOMBIEM HMHETE-
pecoM, TaK Kak OH faBaJ HanGolee BEPOATHYIO BO3MOMKHOCTh YOeAuThCH
B AelicTBHTeabHOI mpupofe ¢ropa. Ho mpm ocymecTBleEAH mpomecca
BCTpeTHJINCH 3HAYHTeJbHBle TpyAHocTH. HmAkasa ¢ropmcToBogOpOAHAA
KHCJIOTA HeMe[JieHHO Daspymaja CTeKJIO W BCe >KMBOTHBIE M pacTH-
TeJbHble BemecTBa. OHa JAelicTByeT Ha BCe Tella, CofieprKamiAe OKHACH
meTaanos, fl He 3HAI0 HA OJHOrO BemIeCTBa, KOTopoe Obl He pacTBOpA-
Joch B Hell, 3a HCK/IO9eHUIeM HEKOTODHIX MeTaljIoB, APeBeCHOro 'yIJif,
docdopa, cepsl 1 HEKOTOPHIX CoelMHEHHIT XJIopay.

OTOP 1 ATOMHAA 3HEPTUSL. Poas dTopa n ero coefuHeHnii B npo-
H3BOACTBE AMIEPHOrO TopiovYero MCKIIOIUTeNbHA. MOKHO CMeNO yTBRPH-
Bate, 970 He Oyab ¢)Topa, B Mipe f0 CHX mop He Gbulo GBI HH ofHOU
aTOMHOIl 3JIeKTPOCTaHLNH, a oblilee YHCIO HCCAEIOBATENLCKUX PeaKTO-
poB HeTpyAaHO GblI0 OB cOCUNTATH Ha HANBLAX.

O6mien3BecTno, YTO AJEPHLIM rOPIOYHM MOMKET CHYMKHTH He BCAKHM
YpaH, a JHMb HeKOTOpbie €ro H3oToOoml, B NepBYl0 odepean 233U,
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Henerno paspeasiTe N30TONBL, OTJAMYAOHIleCd ONIH OT ApYroro
TONBLKO 9HCJAOM HETPOHOB B A[pe, NpuUYeM 4eM TaKesee 9IJEeMeHT,
TeM MeHbHIe OImMYIaeTcA pasHHLAa B Bece. Pa3jeseHne naoTomoB ypa-
Ha OCJHOKHAETCA elle H TeM, 9TO HOYTH BCE COBpPEMEHHBIE METOMbI
pasfeNeHus pacCcYNTaHL Ha ras3oo0pa3Hble BeIIecTBa IUIN JeTydume
MUAKOCTIL

¥YpaH Knonut Opn TeMmmepaType okoio 3500° C. M3 rakmx MmaTepn-
aJoB OpHmAOCh Obl N3rOTOBUTh KOJNIOHHBEL, neHTpudyrn, anadparmel
A pasfeleHds HM30TOHOB, ecau Obl OpumIock paloTaTe ¢ HapaMu
ypaHa?! lckniounTensHo JieTydee coefjHHeHIle ypaHa — ero rekcadro-
pun UFe. On saxumaet mpn 56,2° C. TloaToMy pasgensAloT He MeTasn-
YeckHii ypaH, a rexcadTopuabl ypaua-235 u ypana-238. Ilo xumige-
CKHM CBOIICTBaM 3TH BeHECTBa, eCTeCTBEHHO, He OTJIMYAIOTCA JPYT OT
apyra. Ilpouecc pasfesieHHsi UX UAET Ha CTPEMHTEJNbHO BPAMAIOIHX-
cA neatpudyrax.

PasorsanHble IeHTpoOeMHONl cwI0il MoJNeKyJas rexkcadropuja
ypaHa IPOXOJAT 4epe3 MeJKONODHCTbIE HeperopofKiN: «IerKHe» Mo-
JIeKYNB, coflepamue 2%°U, mpoxomAT CKBO3b HHMX 9YyTh ObICTpee «TsA-
HKEJBIX ).

Ilocne paspenenus rexkcaTopnj ypaHa NpeBpamaloT B TeTpa-
¢ropun UF,, a 3aTeM 1 B MeTajuingeckuii ypas.

T'excadTopup ypaHa DOJNYYalOT B pe3yibTaTe peaKkUUH B3aHMO-
meiicTBHA ypaHa ¢ dJeMeHTHHIM ()TopoM, HO 3Ta peaKUUsA TPYHHO
ynpaBisgema. Bonee ynob6uo oGpabaTeiBaTe ypaH coegnHeHHAMU ¢TO-
pa ¢ apyrumn raidoreHamu, Haopumep CIFs, BrF u BrFe. Ilomydenue
terpafpropnga ypana UF, cBAszaHo ¢ ncoonb3oBaHueM ¢ropucroro Bo-
nopoaa. HMasecrno, uro B cepepme 60-x rogop B CIITA Ha mponsBoj-
cTBo ypana 3aTpaduBamocs mourn 10% Bcero ¢Topucroro Bomopo-
na — mopsigka 20 THIC. T.

Ilpomecchl mpou3BOACTBA TAKHX BAXKHBIX ANA ARepHOil TexHHKH
MaTepHaJ0B, Kak TopMii, Oepmuinil n mupkoHmii, TalkKe BKAIOYAIOT B
ce6a ¢aspl monyveHHs QTOpHCTHIX coef(UHEHHIT DTHX 3IeMEHTOB.

IIJJACTMACCOBAAl IIJTATUHA. JleB, wnokupaomuii mnapsa. I9TOT
CHMBOJ 03HAYAJI Y allXHMHKOB IIPONECC PAacTBOPEHHUS 30J10Ta B HAPCKOIl
BOJIKe — CMeCH a30THOiIl M colAHOi KucaoT. Bce pparomenHnie Me-
TaJUIBl XAMAYECKA 09eHb YCTOIHBEI. 30J0TO He PACTBOPsSIETCA HH B KHC-
JIoTax (KpoMme CeJIeHOBOIl U CeleHHCToil), HU B menodax. U Toapko map-
CKasl BOJKA «IOYKUpAeT» U 30JI0TO, U JaKe IVIATHHY.

B konme 30-x romoB B apceHaje XHMHKOB IOABHJIOCH BemecTBO,
npoTuB kotoporo Gecciien paxe «ieB». He mo 3y6am mapckoii Boake
oKa3aslach HiacTMacca — ¢ropomnact-4, U3BeCTHAsA TaKkKe DOA Ha-
3panueM TeduoH. Monexyasl TeduioHa OTIHMYAIOTCA OT HOJNITHIEHO-
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BLIX TeM, 4TO BCe AaTOMBI BOJOPOAA, OKpPY)Kalomiie INMABHYI0 Heilb
(..—C—C—C—...), 3aMeHensl QTOPOM.

(PropomiiacT-4 MONYIAIOT HoJMMepu3auueit TetpadroparTuieHA —
GeCUBETHOrO HEAMOBUTOIO rasa.

Ionumepusanusa TeTpadTopaTuieHa GbUla OTKpHITa caydaiiHo.
B 1938 r. B opmHoii mu3 3apyGexnsix nabopaTopuil BHe3amHo mpe-
KpaTHIach MoAada Jroro rasa u3 OGamnona. Korga 6annoH BCKpuuIn,
BBHIACHHEJIOCH, 9TO OH 3amOJHEH HeN3BeCTHLIM OenbiM MOpOMIKOM, OKa-
saBmuMcA noauterpadropaTHienoM. HcciiefoBaHue HOBOTO NIOJHMeE-
pa MOKa3ajlo ero YAUBHTEJLHYID XHMMYECKYI0 CTOMKOCTh H BBICOKHE
JJIeKTPOH30JIALHOHHbe cBoiicTBa. Ceilyac M3 3Toro mnonumepa mpec-
CyI0T MHOTHe Ba)KHeiilmMe JeTalld CaMOJETOB, MamiMH, CTAHKOB.

IMupoxo HCOOMB3YIOTCA W ApYrue HOMAMEPH, B COCTaB KOTOPBIX
pxoAnT ¢rop. Ito monmrpudropxnopaTunen (dpropomnacr-3), moJH-
BaEEIDpTOPHA, nmonuBmHEANAeHPTOpEA. Ecam BHavane mOIHMeEDHI,
cofiepkamue ¢rop, GbIH JIUMb 3aMEHATENAMH APYTUX HAACTMAcC M
OBETHBIX METaJIJIOB, TO ceil1ac OHH CaMH CTAJH He3aMeHHMBIMH Ma-
TepHaJaMH. '

Camble HeHHBle cBoiicTBa (PTopcoAepkamux ImIacTMacc — HX XH-
MU9eCKafg N TepMUYeCKas YCTOii9HBOCTH, HeGoJNbIMOIl yAeNbHBIl Bec,
HH3KaA BJAronpoHHIaeMOCTh, OTIMIHBIE IIEKTPOH3QJIALUOHHEE Xa-
PAKTEPUCTHKH, OTCYTCTBHE XPYHKOCTH Jae OpH O4YeHh HH3KHX TeM-
neparypax. 9TH cBoiicTBa o0yc/ioBHIN MmMHpPOKoe npuMeHeHHe (hropo-
IIACTOB B XHUMMYECKOil, aBHAUMOHHOI, 3JIeKTPOTeXHHYECKOHl, aTOM-
HOif, XOJOAWIBLHON, NuMeBoil u dapMaleBTHIECKOil HpPOMBIIIIEHHO-
CTH, a TAaKXKe B MeAHIHHe.

OdveHb mepCHEeKTHBHHIMA MaTepdHajiaMu CIUTAlOTCA W (QTOpCOAep-
JallHe KayIyKH. B pasHEIX CTpaHaX ye CO3[aHO HECKONBLKO THIOB
Kay9IyKOOOAOOHBIX MAaTepHANOB, B MOJEKYJbl KOTOPBIX BXOAMT ¢pTOD.
IlpaBpa, ma OAMH U3 HAX MO COBOKYMHOCTH CBOMCTB HE BO3BHIMIAETCA
HaJl OCTAJBLHBIMH KayuyKaMH B Takoil ke Mepe, Kak (Topomnacr-4
Han OOBITHBIMA IJIACTMaccaMd, HO IeHHBIX KA4eCTB y HUX HEMAJo.
B gacTHOCTH, OHH He pPa3pymIAlOTCA ABIMAIIENCA a30THOH KHCIOTOl
M He TepAIoT JACTHIHOCTH B GONBIIOM HHTepBajie TEMIEpPATyp.

EINE O OTOPUJAHON TEXHOJIOTHUU. Corpymuuxkam HMuctHTyTa
Pusuueckoit xamun AH CCCP paapaGoTaiu m BHeJDHAN HOBHIA cIocoG
monydeHua Boab(pama. BoccTamaBnmBas BOMOPOAOM BoibpaM H3
naugropuna WF., OHM HONYYHIM MeTajd, KOTOPHIA MO KauecTBY Impe-
BOCXOAMT BONLPpaM, NoNydeHHbL MeToAaMH IOPOIIKOBOIT METATYPrUH.
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Becena ¢ H. Bapraerrom

Ha XII Menpeneesckom cnespe (Baxy, 1981 r.) xoppec-
nonfentsl «XuMun u yxusau» B. UepHukosa u B. Hoanmmyx
B3I UHTepBBIO y mpodeccopa H. Bapraerra, koropsiii
HepBBIM CPell XUMMKOB-IKCHEPUMEHTATOPOB HOJYIHJ HC-
TUHHbIe XMMHYEeCKue coejuHenus Omaropomubix rasoB. Cma-
4aJla KCEeHOH, a 3aTeM KDUNTOH U PajgoH BCTYNMJIH B peak-
LHI0 ¢ CHJIBHBIMU OKHCIUTENAMHU — mecTudropucroil miatu-
Aol ¥ 3neMeHTHHIM ¢propoMm. Ceitdac B pasHbIX CTpaHAX M Ja-
GopaTopusx MmOJYYeHBl COTHU COEJAMHEHHil (JaropogHBIX ra-
3oB. Ho nepBoii cragueil monydenus 3TUX coefuHeHHN GBIIO
H OCTaeTcA BaauMojeiicTBHe GnaropogHBIX raszoB ¢ ¢TOpOM
1 HEKOTOPHIMH (TOpHaaMu.

ITopgpoGHee 0 KOHKpeTHBIX COEAMHEHUAX GIArOPOJHBIX Ta-
30B pacckasano B pasgenax «Hpunton», «Hcemom» m «Pa-
ROH». 3hech e — Gecela ¢ NEPBOOTKDHIBATENEM JTHX CBOe-
obpasseix coeguunenuii. Pacckassisaer H. Bapraert:

Kcenor ne Mosxer pearupoBarh faske ¢ CaMBIM AKTUBHBIM
anmeMenToM — ropom. OO0 astoM OBLIO TPOMOTIAcHO 3asB-
JeHO Kak pas Torga, Korma s popgmwica —B 1932 rony.
PaGora Obpuia onmyGuukoBaHa AaBTOPHTETHRIMH JKCHOEPUMEH-
raropaMu u ybenuna Bcex, B TOM 4YHCIe, BUAUMO, U Teope-
THKOB, KOTOpDBbIe NPEJCKa3bIBAIH, UTO PEAKIUA HATH MOMKeT.
1 umero B Buny Jlaiinyca Ilonunra, Bckons3s ymoMarysmero
o ¢ropusax KceHOHa ¥ KDHUITOHA JABYMS TOJaMH paHee,
a TaxkyKe HeMeuxoro (uaukxo-xumMuka Antpomodda, Hanucas-
L{ero CTaThbi0 O CoeqUHEHUAX KcemoHa euwle B 1924 ropy.
(WMypuan «Xumua m xusep», 1982, Ne 2, mamewaram sty
CTaThi0 NOBTOPHO BMecTe ¢ nyGmuKyeMoil smeck Gecepoii.)

IToaroMy copoxoBbie W DATUAECATHE TOLbl HPOILIN BOY-
cTyl0: B0300Jajla]l CKENCHC, CTaphIM IPOTHO3aM He BepuId.

[dna mena Bce nauanocs B HosGpe 1956 ropma. fI saumre-
pecoBasica mecTH(TOPUCTON MIATHHOI, PEUIHI ee MOJHOCTHIO
ouncTuth oT npuMecu Opommpos. Hak aro caenats? Ecrte-
crsenHo — ¢propoM. Bpom u nio6ele GpoMupan npespaTATCA
B JIeTY4YUii, cBeTNIO-KenThit TpudTopus Gpoma...

Bsan a kBapuesyio TpyOKy, mOMecTHJN TyHa rexcaTopup
IIaTHHBI, Harpen OyH3eHOBCKOH ropeinkoir m mycrusn ¢rop.
Crpannas uaOiaoganach Belib; monuidm KpacHule mapel. He-
y:enu Gpoma B o6pa3ue tax mHoro? Harpesalo mocnibsee —
napoB CTaBoBMTcA Ooublle. Hpnﬁamm:o ToK ¢Topa —a ux
eme Ooablie.
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U Tyt A 3aMermur, 9TO 3TO BOBCe He GPOM: KpacHOe BEmIECT-
BO OCEllaeT Ha XOJOAHOM KOHIle TPYOKH B Bljie KpHCTaJJIOB.
A GpoM-TO — KHIKOCTb.

Hpucramasl a coGpan, HO 3aHATHCA HMH KaK ClegyeT
TOT[AA He CMOT — IIIH MOcJaefHue AHH paboThl mAj RUCCEPTa-
nueit. Moeit TeMoit 6b1n PTOPUIBI cePbl, a BOBCE HE IJIATHHBI,
A tonpxo ycmen yGemMThCA, 9TO NIPH CHIBLHOM HATpeBaHMM
KpacHOe BEIIeCTBO He TONBKO BO3TOHAETCA, HO M pa3jaraetcd.
A ecnim GpocuTh ero B BOLY — pearupPyeT CO B3PHIBOM.

YrounseM, rae 8To mponcxommio. Jleno Gouio eme B JlapeMcKoM yHH-
BepcuTeTe, B AHININHM, Ha poflHe Hamero cobecepnnka. Bor mouemy
amMepAKaHCKHH npodeccop Tak OTYETANBO, TaK HOHATHO TOBODHT WO-
aHIIHACKA: OH 3Ke pogoM H3 Hrplokacia, HCKOHHO OpHTAaHCKOro ropoja.

Ilocne samure, B 1958 roxy s mepe6pancs B Kamany,
B yauBepcnter Bpuranckoit Honym6uu. U tyT MHe moBe3ino:
NEPBHIi 3Ke MOl acCOUPAHT, KAK BHIACHUJIOCH, BIAleJ METOOM
aHajnM3a, MO3BOJIABIINM YCTAHOBHTb COCTaB KPACHBIX KpH-
CTAJJIOB. JTO BEINEeCTBO — OYeHL TPYAHOE [JIA HMCCAEJOBAHUA,
Ho acmupanTt ymen c:kurath o6pasubl B Gom0e ¢ HaTpHeM.
Mst ¢ HEM YCTAHOBHMJM, 9TO HHKAKOro GpoMa B BellecTBe HET.
Ecty unmatuna, ¢rop wu.. xuciopon. Dopmyra — O.PtF,.
Otkyna Basuica Kucaopon? Momker OBITh, HPOHHKIA BJara
H nonyuuauch oxcudropunsl muaruubi? Her, Boms! Bo ¢rope
He GbIsaeT — OH sKe ¢ Heil pearupyer. Tak oTKyga Kucjiopox?
W3 sosgyxa? Torma, BRIXOGMT, momajia B MOH PYKH COJb,
B KOTOPO# MojieKyJa mecTU(PTOPUCTON IMIATHHBI COeJUHEHA
¢ MOJIEKYJIOil KHCAOpOHa.

Haxum oGpaszom? Hucmopon ee oxucama? 310 aGCconioTHO
neBo3MoskHo. Ona ero oxmcamna? Torma mommen B cocTaBe
conu GBITH mapaMarHuTHHIA KatuoH O,%.

M# ero peiictBuresibHO Tam obuapy:xuan. Cuenana u peHr-
FeHOCTPYKTYPHBIIl aHAJAU3 — MOHOKPHCTAI, K COMKAJEHHUIO,
BHLIPACTUTh HE YHAJOCH, HO W aHAJMU3 IOPOIUKA HAMY THIO-
Tedy mopTBepaun: ¢opmyny mHago mmcats O, [PtFg]-.

C arum A BBICTYHHJ HA yHUBEpcUTETCKOM cemmuape. Coo6-
1MW, 9T0 MecTH(TOPHCTAA MIATHHA, CYHA N0 MOMM JaHHHIM,
JAOJKHA 061alaTh KOJOCCAJBHBIM CPOACTBOM K JJIEKTPOHY ~
OKONO 56 KHIOKAJNOPHIT HA MOJb — M OKHCIATH MOJEKYJIAP=
HBI KHCJIOpON. ’

A Kojter:m xopoM ckasaln: He MoeT 6b1Th, MmuTe omubky.
OHE HEKaK He XOTeJIH BEPUTb, YTO QTOPHJ IIATHHBI — OKHC-
JHTeNb TaKol CHIHI,
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Ilorom-To s yaman, uto rpymma Baiinctora, paGoraBmasn
¢ mectTuTopHcToil muatuHOil B Apromnckoil saGopatopuu
B CIIIA, nauunas ¢ 1957 roga nocTOAHHO mOJydaa 9TO Kpac-
HOe BemecTBO, M B HeMaJbiXx KonmdecrBax. Ho crpoeHueM
ero [0jifoe BpeMA HHUKTO He HHTEPeCcoBAJCA, OLUIM YBEpeHH,
9TO 3TO HPOAYKT THAPOJIU3A.

N B camom gmene. He mamo OLITH XHMHKOM, 9TOGEI 3HATh, 9TO KHCJIO-
pOA — OKHCIHTeNb. DBHIBalOT BemiecTBa, KOTOpHIe HeJNb3sd XPaHATH
Ha BO3jyXe — OHH HeyYCTOIYMBEl K KEciopopy. Ho, Kak mpaBmxo, 310
CcHJIbHBIE BOCCTAHOBHTENH. A KOMY B rOJOBY mpHieT Gepeds OT KHCIO-
poaa oxkmcantens? W ecidm OH «HCHOPTHICA» — ACHOE €0, IPOHHKJIA
piara (rexcadropup mIATHHH K Heil, B caMOM JieJle, HepaBHOAYMIEH).
" BoauThCA TYT He C 9eM.

TakoBH, 09€BHHO, GbLIA coOOpajKeHuss TeX, KTO BO3HTLCA He CTal.
BapTaeTT, Mexay TeM, OT CBOET0 He OTCTYNHJICH.

Yrob6sl ybemuTh KOJJIEr B CBOeil MpaBoTe, A PemIMUI C NO-
Mompi0 IecTAPTOPUCTOR IUIATHHB clelaTh Kaxkoe-HUGYHIb
eme Gonee spderruoe okucienme, Ilogyman o6 asore muu
HHepTHHIX rasax. OpHAaKO IPUOOMHHI IIOTEHOUAN HOHU3a-
IMHA TeJuA — ABAafillaTh dYeThipe JJIEKTPOH-BOJIBTA, Y a30Ta
eme Gonbme, u pemmi: He moitaer. O ToM, 9T0 MOTEHIHAJBI
CHIJKAIOTCA, €CNIH NBUTaThCA BHH3 IO IEePHOREYECKOH Tal-
June, 1 Torga He BCIOMHHII. .

Yepes HecKONBKO [HEH, TOTOBACH K JeKIUH, A JHCTAI
y49e0HUK — ¥ MHe IOIAJach HA TIJa3a M3BeCTHAA JUarpaMmma,
MoXo’Kafd Ha INMIYy: 3aBUCHMOCTL HOTEHIHAJa HOHH3AIHMH OT
NOPAMKOBOTO HOMepa aneMeHTa. Haskoulit MHEPTHBIA ras —
3TO MUK Ha [HarpaMMe, Ho deM O0oJbllle aTOMHAfg Macca,
TeM OUK HHKe. Y aproHa, KajKeTcA, OKOJO CceMHaAnaTH
9JICKTPOH-BOJBT, y KpPUNTOHA — 9eTHIPHAAIATh, Y KCEHO-
Ha — [BeHa[NaTh H OfHA [MecATadA. A y KHCJIOPOJA — JiBe-
HapmaTte u ase!

On xBaTaeT GJIOKHOT, B KOTOPOM MBI fejaeM 3ammcH, u OBICTPO pHCYeT
dnomacrepom nmarpammy. Cumpammsaem ero: «Ilepmogmgeckaa cu-
cTeMa, cTano GbITH, mOMOrJa?»

AdcontorHo BepHOo. Jakon Menpgeneena!

OnxHaKo B TOT MOMEHT YTIYOIATHCA B 3Ty Hel0 A He MOr —
omasfpiBad Ha Jexuuio. IloaToMy yYeOHHK NpUONIOCH 3a-
xnonuyts, Ho HeMejieHHO mocie JMeRnHH g HadaJ paccmpa-
mMuBaTh, TEe MOMKHO [OCTATH HEMHOrQ KceHoHa. Memsa ma-
IpaBHIN K CHEKTPOCKONUCTaM — OHM, MOJI, 9acTO IPHMEHAIOT
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Gnaropoguble rassl miaA pasGaBienus csomx oOpasmoB. Ho
CIEKTPOCKOIMCTHI CKa3aJIM: KPANTOHA y HAC CKOJLKO YTOXHO,
a Bor KceHoHa HeT. Horma s 00BACHUI UM CBOKIO mpodiemy,
OHH TIOCOBETOBAJN — GepUTe KPHUNTOH, Begb MOTEHLHAT HOHHU-
3anum y Hero meHaMHoro Gousmie. C ux, ¢usmgeckoil, TOUKH
3peHHs — HEHaMHOTO, A Befb 9TO y KCedOHA IOTeHIHAaJ
MeHbIle, YeM y KUCIopoga. ¥ KCeHOHa, a BOBCe He Y KpHO-
ToHa. B KoHOe KOHIOB s paafo0Buyl KCEHOH.

Haspanme rasa BapTieTT HDpOHM3HOCHT HpPOTAMKHO: «3H-HHOH». BupHo,
4TO 3TO CJIOBO OH HOBTOPSIET C YAOBOJALCTBHEM. CpamuBaeM, KTO IOMO-
ran eMy B 3HaMEHHTBIX 3KCIEPHMEHTaX, a BapTieTT oTBe4aeT — HHKTO.

On pgenanr nx caMm. OH Boofme mpeAmoYATaeT BCe AeNATh CBOHMIH
pYKaMH.

Y Mena OvLim fgBa cTymeHTa u3 VuHmum, coBceM HOBHMYKH,
paborath ¢ ropumaMu oHu emle He ymenu. [la ecim 6H u
ymeaua — A OBl Bce paBHO mpoBed onmbiTel caM. Takme Bemn
aydme aenaTh caMoMy. ITO [OCTABJISAET OrPOMHOE YOOBJe-
TBOpeHNUE.

Wrak, cnemoBaio cMemaTh KCEHOH ¢ UiecTU@TOpUCTOH mia-
THHOHA. Y MeHS HameJcsi KBapHeBBIH COCYH, B KOTOPOM MOKHO
6blJ10 TOYHO H3MEepHTh 00B€M rasa, a MOTOM IpPHBECTH €ro
K CTaHAapTHOMY 00bemy. fl 3arpysus B Hero HCXOJHEIe BelNe-
cTBa M cTak xuaTs. Hmam nennlii menb, m Korga ymoCTOBEPHII-
¢, 4TO ras [0 KOHI[A M3PAacXOXOBAJICH, NEHCTBHTENBHO BCTY-
oujl B peaknuio, OblIo y:Ke DO3XHO, OKONO CEMH Beuepa.
XoTtemoch OMOBECTHTH BECh MHUpP, HO TYT A OOHAPYMKUI, YTO
B 3faHNE mycto. Bce Koaneru ymum, 6bl1a mATHANA — HAYM-
Halicd YuK-2HA. AOGCOMIOTHO He Neped KeM IOXBacTarbea!

Ene mospmancsa monenenbHUKA.

OH pafiyeTca CBOMM BOCIOMHHAHHAM, ¥ MBL BMeCTe ¢ HUM Kak Obl mepe-
cenaeMca B 1961 rox, B 3Ty cuacTiuBywo unATHHOY. I mommmaem:
CKOMBbKO 3Ke TepmeHuA tpeGoBanocs! HmaTr OHMTHI AeHb, MOKA 3TOT
MeAJATENbHHEII ra3 A3pacxofyeTcH, HOTOM TepHeTh eine ABA AHA, 9T0OLI
HOAEeAATHCA PAafOCThIO € KOJJIeraMH. . ,

Peaknua Donydmiach —HO 9T0, KaK BCerga, OKa3axoch
Tonbko HauamoM. OGpasoBajach cMech BEINECTB OUYEHb HeE
upocras, B paGore Heymo6Has. Hukak He ygaBamoch momy-
9UTH U3 Hee KPUCTAJUIMYeCKHe NpPOAYKTHL, JTO, KCTaTH, H
70 cUX IOp He YAAXOCh — T€ jKe BellecTBAa HPUOLIOCH IOTOM
rOTOBUTH OGXORHBIMH DYTAMH. Be3 KpHCTaNIoB jKe HeNb3n
ObLI0 cpenaTh pPEHTreHOCTPYKTYDHBIK aHanu3, a 6Ge3 Hero
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OOKA3aTh, YTO B BELIECTBE COMEPMKHTCA KaTHOH KCeHoHa,
ObLI0 [0BOJIBHO TPyAHO. KpoMe TOro, peaknus IHAET 1€ OYens-
TO O0HO3HAYHO. Ecnu BafATh M30BITOK KCEHOHa, MONy4Yaercs,
B OCHOBHOM, KeJToe BeINecTBO ¢ (OpMynoil KceHOH — mia-
taHa rop mects, Ho ecnm B nabuiTke mectudropncras nna-
THHA, TO o0pa3yeTcA Jpyroe BeINECTBO, KpacHoe: KCEHOH
¢rop — mratnna ¢rop mectb, @ nATHPTOPHCTAA IUIATHHA,
HOPOAYKT BOCCTARHOBJIEHNA MecTHPTOPHUCTOI.

OH cHoBa pucyet (aomMactepoM B HameM GioxkHore. C pasroHa mam Co-
feceqHuK w300pazuan m cxeMy, IO KOTOPOIl HO3JHee NONYTIIM ele
ogno coeannenne — XeF+Pt,Fy,—. CopammBaeMm, a Korga :Ke mnoay-
ayan Propups KCeHoHa?

PasyMmeeTca, Kak TOJBKO yAalach Peaknua ¢ mecTudropu-
CTOIl IJIATHHOI M CTaJi0 ACHO, YTO KJIKY — B HOTEHI[HAaJax
HOHM3a[HI, Mbl HEMe[JeHHO NOBTOPWIHN AaBHUil ombiT. CMe-
mayu KceHoH ¢ ¢rropom. Tosnbko He cTajm rpeTb B CTaNbHOI
GoMGe WM NpomycKaTh SJAEKTPHYECKH paspAj, Kak 9To je-
Jajl HeyJawinBHIE NPENIeCTBeHHAKH TPHUAUATHI0 TOJaMM
pamee, a TpPOCTO IMOTPeJH cMechb B CTEKIAHHOM mpuGope.
Peaxuusa nomin, !

IlpaBaa, uncThie PTOPHABI B TOT pa3 BBIAEIUTD HE YAANOCH —
cHoBa oOpasoBanachk cMmech. Ho, K cuacThio, Bckope B Aprous-
CKoif JlafopaTopul yCTaHOBHJIM, 9YTO OPH HArPEeBAHHH CHHTE-
3MPOBAHHBEIX naMH rekcadropmiaTHHaToB ofpasyerca yucreii-
wuit yetsipexdropucThiii - xkcenon. OH JeTyd W oOTHedsAercA
oyeHb Jierko. A K xkoHmy 1962 roga TaM ke mONy4IIIH B WH-
OHBHAyANbHOM BHAe U audropug, H rekcadTopHA KCEHOHA.

9TO OHM yCHeNH, NOKa A NBITAJCA M3rOTOBUTH COEAMHEHHA
KpUOTOHA — HAJEANCA, YTO € HX HOMOMBI (TOpHUAB Kce-
HOHA YHacTCA cHeJaTh THIIE.

Baptaert pucyerT cxeMy MONydeHUA 4eThIpeXPTOPUCTOTO KCEHOHA,
a Mul cnpamumBaeM, 003aBejicA M OH TOTAY, HAKOHEL, e€AHMHOMBLIMIJIEH-
gnKaMm,

O, na! Ilocne ToOro, Kax BO3MOMKHOCTL OKHCINTH KCEHOH OBlia
MOKA3aHa, KOJJIETH COMHEBATBHCA IHEepecTald, W Bce Kak OAMH
obpatmincy B MO0 Bepy. TeM He MeHee, CHPABUTBCA € KpHII-
TOHOM yAiajoch He cpasy. fI momrmmai, uro mecrndropucToit
IVIATHHEL 3/[eCh ye HeJOCTaTOYHO M HafesalcA Ha rexcadro-
puabl ceuana mian popus. Ilocaennnii Kak pas cCHHTE3NpOBa-
ca k Tomy Bpemenn B CIIIA. Ho ¢ xpunronom He cmpasmica
11 poamit — bTop MECTh.
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CoenHeHHA KPUNTOHA MBI BCE K€ HONYYHJIM, HOTOMY 4TO
Obuln yBepeHsl B ycnexe. Ilorenuman wonnsanuu y Hero neii-
CTBIITEJILHO He TAKOM YK GoJibmIoi. A BOT ¢ aproHoM ObeMcA
no cux mop. f1 me KyMalo, YTO MOMKHO CHHTE3HPOBATH COENII-
HEHHUS CaMbIX JIeTKHX OJaropo/HLIX Tas3oB, TejinA W HEOHA.
Ho apron, 3To yke ycTaHOBIeHO, MOKeT 00pa3zoBaTh KATHOH,
B KOTOPOM sueprud cBasu Ar—F BecbMa coaunmas — 63 xuio-
Kanopnu Ha Moiab. IlpoGiaema cocTouMT MWL B TOM, YTOOH
noRo6paTh aHHOH, CNIOCOGHBINH CYLECTBOBATL B Iape ¢ TAKUM
CINIBHBIM OKucrureseM. BoaMoskHO, 3mech mopomen GBI aHAOH
mecTH@TOPUCTOr0 30JI0Ta. AHHOH 3ITOT H3BECTEH, HO C€aMo
mecTudTOPUCTOE 30J0TO — HET.

1 nymaro, ¢ momMombl0 9JEKTpPONU3A COJMeEll ITOro aHMOHA
MBI TaKOe 30JI0TO Bce-TaKd moiyauM. M Torma He HCKIIOYEHO,
4T0 B HAMIM DPYKH NOMAfeT MaTepus, COOCOOHAsT OKHCIHTH
Ja}Ke aproH.

BaptierT 0XoTHO M MOAPOGHO pacCKa3bIBaeT, YTo M C YeM OH cofHpaeTcs
cMemaTh, Aabbl OpHroTOBETH 3TOT HEeBUJAHHBIN OKHCIHTENb — OH HE
M3 TeX, KTO MOMAJIKIBAeT 8 CBOMX INIaHAX. A MEI He yIyCKaeM BO3MOM-
HOCTH TOYKe KOe-4TO eMy IOpAacCKas3aTh M coolmaeM HCTOPHIO, KOTOPYIO
yeabimann ot akagemuxa I, B. Ilerpanosa. Ilepen Boiinoit B Mockse y
npodeccopa KaszapHosckoro paGorana Bepra IpuropneBHa 3HCKHMHL,
KOTOpas O9eHb MHTepecoBajdach OiaropogHbiMm rasamn. Tak BOT, OHa
He mofjaiach BceoOLIEMY CKeNCHCY M peaknuio KceHoHa ¢ ¢ropom
Bce jKe Ipojena’na. Ycmela HOAYYATh KaKHE-TO COeJAHEHMA, HO myO-
JHKALUM TAK M He NOATOTOBHJA, BCe HpOBepsia M OpoBepsana cebA. . .
BapTieTT mouTH He YAMBAAETCA YCILIMIAHHOMY.

Bepio, m oxorHo. Bce pgemo B mpeppaccynkax. Temepb-1o MBI
3HaeM, 49TO JOCTAaTOYHO IIOMECTHThL CMeCh KCeHOHa W (ropa
B KBapUEBYI0O aMOyJy W BHICTABUThL ee Ha COJIHIE, 4TOOHl Ha
CTeHKe MNOfABWINCH KPHCTAJIBI JUPTOpDHHA KCeHOHA. Y Hac
B Ilacajgene jus 3Toro xparaer MHUHYTHI, a rje-HAOYOb Io-
Onmke K 9KBATOpPY MOBOJBHO U cexyHA. lmdropun xceHoHA
OKasajicd 4Ype3BbIYAiiHO MOCTYHHBIM coenumHenneM. Tak uTo
9el0BeK, CBOOOMHBIL OT OpegpaccyfKoB, MOT HOJYIATH €ro
U COPOK, M MATbAECAT JieT Ha3aj — HPOCTO KU3Hb PACIOpAH-
Aujiach MHAYe.

BoT ® BCA HCTOpHA TOro, 9TO YCHENO Yie CTaTh KJIACCHKON XHMEH,



HEOH

Heon 6p1n orkpnir Pamsaem B 1898 r.
B wucropum aneMeHToB 9TOH mOATpYI-
Obl OoclefHee [ECATUIeTHE INPOILIOro
BEKa — 3TO BpeMsA, 4pe3BHUaliHO Ha-
ceimeHHoe OoTKpeTuAME. Cpenn nx as-
TOPOB MHOTO MBBECTHBIX YUeHHIX, OPE-
geM He ToMbko xumukoB. Ho nsa nmern
HROJUKHBL GBITH HA3BaHBI B HEPBYIO OYe-
peob — MMeHAa AaHIJMUHACKHX eCTecTBO-
ucnpitaresieil Pomea u Pamsasn.

«He raskeTcs MM BaM, YTO €CTh MeCTO JyiA rasoo0pasHBIX
3JIEMEHTOB B KOHI[e IIEPBOIl KOJIOHHH NEPHOMHYECKOH cHUcTe-
MBI, T. €. MEMXKAY TajJloreHaMy W LIEJOYHBIMH MeTaJIJIaMH»
Jto caoBa u3 mumchMa Pamsaa Paneto. Ilmcbmo Obuto Hanm-
caHO, KOrga U3 BCeX MWHEPTHHIX Ta30B HayKe Oblau H3-
BECTHH JIMIIb TeJumit W aproH. Mecro reaua o06o3maymioch
B KOHIl¢ IEPBOT0 mepuofa. AproH 3akiiOYHI TpeTHil. A BTO
poii?

B 1897 r. Pamzait seictynmun 8 ToponTo ¢ mOKIagoMm mop
nassasnem «Heorkpwiteiii ras». llonpsyacs «<MeTogoM nanmiero
yuurens MengeneeBa», Kak BHpasWicA YIeHBIA, OH NpeJCcKa-
3aJ1 CYL[ECTBOBAHUE OPOCTOTO Ta3a ¢ INIOTHOCTHIO IO BOJOPO-
ay 10, atomubiM BecoM 20 B MHBIMH, HPOMEIKYTOIHHIME Me3K-
oy He u Ar KOHCTAHTAMI. JByMa rogjamu paHbille, IpaBfa He
CTONb JIETANIbHO, CYLIECTBOBAHME Trazoo0pasHOro aJaeMeHTA ¢
atoMubiM BecoM 20 mpeickasal, TakKe HCXOXA U3 3aKOHA
Menpgeneesa, dpaunysckuit xumMmuk Jlexok ne Bya6onpan. Ho
rae HCKaThb 9TOT MBa’KABl HpPEJCKA3AHHBII 3aeMeHT?

Buavane Pamsail m ero coTpyqHUKH 3aHAINCh MHHepala-
MM, ITPHPOJHBIMH BOJAMH, HaKe MereopuTaMu. Peaymbrarsi
aHaJIM30B HEM3MEHHO OKa3bIBAMICH OTPHIATENbHBIMM. Mex-
Ay TeM — Temepb Mbl 9TO 3HAeM — HOBHIi ras B HHX OBLIL
Ho Meromamm, Cyl(ecTBOBABIIMMHE B KOHIlE IPOLLIOr0 BeKa,
9TH «MMKDPOCJIEABI» HE YJIABJIMBAJIHCH.

Uccnenosatenu obparunuch ¥ Bo3nyxy. Bosgyx cikmicann,
a 3aTeM HAYUHAIM ME[JIeHHO MCHOApAThH, cOGHpas M mcclenys
pasnugnbie gpaknuu. OgHUM M3 MeTOXOB MOUCKA OBLI CHEKT-
paJbHBI aHAJM3: a3 NOMeWa)m B paspAjfHyl TpPyOKy, mof-
KJII0YaJIll TOK ¥ IO JHHUAM CHeKTpPa OHmpejelsill «KTO ecTh
KTO»,
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Ynnbam Pam3zaii (1852—1018)
— aHTAUACKNMIA  XUMWUK U Dun3uk,
npocnasuMBWMiicA cBOMMMU paboTamu
no neaesTenbnsiM rasam. CamocTos-
TenbHO WA B COABTOPCTBE C ApY-
UMW WUCCNefoBaTeNsIMU OH OTKPbIN
MeoH, aproH M Apyrue rasbl, KOTO-
pble [0 NOCNeAHero Bpeme)in Hasbl-
Banu (ga ¥ ceiiyac ewe HasbiBawT)
MHEPTHbIMU

Korga B paspsfHyl TpyOKy MNOMECTUAM MepBYHO, Camyto
NErKyl M HU3KOKMMAWYK (pakuuio Bo3gyxa, TO B CMeEKTpe
Hapsgy C WU3BECTHbIMU NMHUAMW a30Ta, refiug U aproHa Gbinu
06HapyXeHbl HOBble AIMHUWM, U3 HWUX OCOBEHHO APKMMMK Obian
KpacHble W opaHxeBble. OHWM npugaBanu CBeTy B Tpybke oOr-
HEHHYIO OKpacCKy.

B momeHT, korga Pamsaii Habnwogan cnekTp TOMIbKO 4TO
MOSly4YeHHOTO rasa, B JlabopaTopuio BOLUEN €ro ABeHajLatu-
NEeTHWUI CbIH, YCMEBLUWIA CTaTb «BOMEMbLUKOM» OTLOBbIX pa-
60T. YBWAEB Heobbl4HOE CBeuyeHWEe, OH BOCK/UKHYN: «ne’
onel» Tak BO3HMK/O Ha3BaHWe rasa «HEOH», 4YTO NO-ApeBHe-
FPeYECKN 3HAYUT «HOBbIN».

MeXzy aproHoMm 1 resimem

Y aTomMa HeoHa 3aMKHyTas 3/1eKTpOHHas 060104Ka: Ha
OBYX 3HEPreTMYecKUX YPOBHSAX HAXOAATCS COOTBETCTBEHHO
2 N 8 3MEeKTPOHOB. XMMUYecKas MHEPTHOCTb HEOHA MCKOYU-
TeNbHa. B 3TOM C HUM MOXET KOHKYPUPOBaTb TOMbKO Fefuid.
Moka He MOSYYEHO HW OfHOTO €ro BajEHTHOIO COEAWNHEHWS.
Jaxe TaK HasblBaeMble KfaTpaTHbIE COEAWMHEHUs HEOHa C BO-
[0V, TWUOPOXMHOHOM W [PYrMMK BewecTBaMu * MOAyuuTb W
COXPaHWTb OYeHb TPYAHO.

* Mofo6bHble COEAWHEHWUS TAXENbIX 6MaropofHbIX rasoB — pafoHa,
KCenoHa, KpUNTOHA N Jaxe aproHa — LUMPOKO W3BECTUN.



B o6meM-T0 HeoH ~— jerkumit ras: oOH Jerde BO3[yXa B
1,44 pasa,ierde aproHa moYTH B 2 pasa, HO THAMielee TeJnA B
5 pa3. Ilo kKoMmaeKcy cBoiicTB oH Gall3ke K TelMio, 4eM K ap-
TOHY, I BMeCTe C TeJHeM COCTaBifAeT HOATPYONY JeTKHX
HHEPTHBIX Ta30B.

Heon cmmraerca npm temmeparype — 245,98°C. A Touka
nJaBIeHHsA HEOHa OTCTOMT OT TOYKH KHIEHHA Bcero Ha
2,6° C — pexkopniEO Majblii [HAama30H, CBHAETEIbLCTBYIOIIUI 0
c1aboCTH CHII MEMKMOJIEKYJIAPHOTO B3aMMOMEICTBUA B HeEOHe.
Baarogapa aroMy TBeppblii meoH moiydaerca Ge3 ocoGoro
TPYHA: AOCTATOYHO HEJOJNT0 OTKAYMBAThL Maphl HAl MKEJKHM
HEOHOM, ITOGHI. OH OTBEpJeIL.

PacrBopuMocTh B Bofe W cmOCOGHOCTL K afcop6umm y He-
oma Mmaiasl; B 100 r sogsr mpm 20°C pacrBOpaeTcA Bcero
1,75 ¢eM®, nam 1,56 wMr, meona. Bee e amcopbumsa neoma Ha
aKTHBUPOBAHHOM YIjie NpPH TeMOepaType KUIKOTO BO3qyXa
y’e J0cTaTOYHA, YTO0B ¢ ee NOMOLILI), MHOrOKPAaTHO IIOBTO-
pAA mpolece, pasmenuTh cMech reansa m Heoma. Ilpm temme-
paType KHIKOTO BONOPOJA M3 CMeCH STHX BelecTB BblIafa-
10T KPHCTAJJIBl YHCTOTO HEOHA, a razoo0pasHblil rejuil oTro-
HsaeTca. TexHHKe 9To [gano BTOpPOil — KOHAEHCAIMOHHBI
cnoco6 pasfeneHdsa Telds M HEOHa.

Panuyc atoma meorma — 1,62 A — gocratoumo Mam, uTo0HI
3TOT Ta3 MOT B THICAYHM pa3 ObicTpee GoAbIIMHCTBA Ta30B Mud-
$yHANPOBATL CKBO3b TOHKHE MEPeropoiKMm H3 KBapIEBOTO
nIn GOpoCHAMKATHOIO cTerna (ecau moclegHMe HATPETH [0
300—400° C, a mo ofe cTOPOHBHI HMEETCA CYI[ECTBEHHBIN Ie-
penap naeaenus). CKBO3b TaKMe IeperopogKd HEOH IPOHH-
Kaer mpuMepHo B 50 pas xysxe, WeM reiuii, HO B COTHH THICAY
pas xydme, 4eM aproH, asoT W Kuciaopof. VIMeHHo moatomy
mudysnoHaRIl cnoco6 mo3BoaAeT OYHMLIATH HEOH OT Goiee
THAKEJBIX Ta30B.

WaBectno, wT0 TAKeNAble MHEPTHHBIE Ta3bl OKa3bIBAlOT Ha
OpPraHN3M Yel0BeKa H KUBOTHOTO HApKOTHYecKoe peficTBme.
Heony aro cBoifcTBO Takike mpHcylle, HO B 04eHb Majioif cTe-
HeHH, TaK KaK Majia pacTBODHMOCTb HeOHA B KHPaX, KPOBH,
nuM@e ¥ JPYrHX KATKOCTAX OpPraHU3Ma.

YTo6H mnosBUJINCH IEPBLHle CHMIOTOMBI HAapKo3a, Heo0Xo-
OEMO BJBIXaTh CMech HEOHA ¢ KHCJIODOOM NON [aBJE€HHEM
He Menbme 25 aTM.

J[na HeoHa XapaKTepHB TaKKe BBHICOKAaA 3JNeKTPHUECKas
OpOBOAMMOCTD U ApKOe CBeYeHHE IpH IMPONYCKAaHHH J/NEeKTpH-
9eCKAX paspAoB.

155



Ecto y HeoHa 4epTa, pesKo BBIIeAAIONIAA €ro cpefd Apy-
rux GJaropomHBIX razoB. JTO — APKO-KPACHBI UBeT H3Nyde-
HUA, TpUYeM MHTEHCHBHOCTh H OTTE€HKH cBeuenHd HeoHa
CHJIBHO 3aBHCAT OT HANPSKEHHS TOKA, CO3[AIOIIEro 3JeKTpH-
YecKUil pas3pAf, u mpuMeceil Apyrax rasos.

Cnextp meona Gorar, B Hem Bhigeneno Goaee 900 auHwmiL.
HauGonee ApkHe JMHMM COCTABJIAIOT IIyY0K B KpacHOI, opaH-
MeBOH M jKeNTOH dYacTAX cmekTpa ma BomHax oT 6599 no
5400 A. 3Tu nyuM swavuuTeNbHO MEHBINE MOFIOLIAIOTCA U pac-
ceuBalOTCHd BO3AYXOM U B3BeIIEHHBIMM B HeM YaCTHIAMH,
4eM JIydd KODOTKAX BOJNH —roiyGble, cHuHe, (pHOJeToBBIe,
OTTOr0 CBET HEOHOBBIX JIaMII BHEH JiydYlle M HajbIle, deM
CBeT HMHBIX HCTOYHHUKOB, M CJIOBOCOYETAHHE «HEOHOBBIH CBeT
peKiaM» €Tajo M30HTHIM TaseTHBHIM MITAMIOM.

Kak paGoraer rasocBeTHasA JlaMIa H moYeMy CBeTHTICA TPyO-
Ka ¢ HeonoM? Ilom peiicTBMeM 2JIeKTpUYECKOro moasA paspe-
JKEHHBII HEOH NMpeBpAlIaeTCA B CMECh aTOMOB, HOHOB M 9JIeK-
tpoHos. Ilomosxkutenbubie MOHBI — rIaBHbBIM oGpasom Ne* —
OBIJKYTCA K AQHOALY, a DJIEKTPOHH — K KAToAy, 4TO €031a-
er aneKkTpuueckuil ToK. CramkuBasick ¢ atomMamu, OblcTpo
‘ABIIKYLIMECA SJEKTPOHBI BO30YIKIAIOT HX; OTCIOfla U CBede-
HHE rasa — pesyJbTar OTHAYd BO30OYKIEeHHBIMH aToMaMu
qacru cBoeil aHeprnu B Bupe JOTOHOB CBETa.

Y Hac u B KocMoce

Heon maxopnsar mosciofy — «Ha 3eMie, B nebecax m Ha MO-
pe». HambGoapmaa KoHumeHTpamua ero B arMmocgepe —
0,00182% mo o6memy. A Bcero Ha Hameil mIaHeTe OKOJO
6,6-10' T meona.

Y anementa Ne 10 Tpm crabunsubix mzoroma: *’Ne, *'Ne m
*Ne, Iloscemecrno npeobGmagaer merxuit *°Ne. B Bosgymnom
geone ero 90,92%, na pgomio **Ne npuxogurca 0,257%, a ma
nonio **Ne — 8,82%.

Crenmuee comeps;tanme HeoHa B 3eMHOIl Kope Mand — Bcero
7-10-* r/r. B u3Bep:teHHBIX MOPOAAX, COCTABJIAIOUIMX OCHOB-
Hyl Maccy autocdepsl, okoio 3 Miapp. T Heona. Orcioma, o
Mepe paspylleHHA MOPOM, HEOH yleTyduBaeTcA B arMmocdepy.
B menbmeili Mepe armocdepy cHaGKaioT HEOHOM M HIPHPON-
HbIe BOJBHI.

Hax BugHO M3 AumarpaMM, IOMEIeHHBIX Ha cTpaHuHe 32,
HEOH — CaAMBIl MAJIOYHCIEHHBI ofutaTelb 3eMiH O3 BCeX
3JIEeMEHTOB CBOEro Lepuofa. ITo XapaKTepHO WA BceX HHEpPT-
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HHIX ra3oB, HECMOTPA HA TO YTO BJIEeMEHTAM C YeTHHIMH HO-
MepaMu OOBIYHO HpHcyl[a OOJbIIasg pPacOpOCTPAHEHHOCTH.
«3eMHas» HAMarpaMMa pesKO KOHTPAcTHPYeT ¢ «KocMHdYe-
CKOIi»: B [a30BHIX TYMAHHOCTAX M HEKOTOPbIX 3Be3flaXx HEOHa
B MMJUIMOHHI pa3 Gosbiue, 4eM Ha 3eMie,

Kouneunrpanus Heona B MIIpOBOi MaTepuH HEpPaBHOMEDHA,
B LEJIOM Ke [0 pacmpoctpaHeHHOCTH BO BcenenHoil on 3anm-
MaeT HmATOoe WU IIecToe MecTo cpend Bcex aiementos. Heom
0o0MJIBLHO MpejcTaBieH B TOPAYHX 3Be3JiaX — KPacHBIX [HMCaH-
Tax, B Ta30BBIX TYMAHHOCTAX, B aTMOc)epe BHELIHUX IIAHET
connegnoit cucteMbl — IOnurepa, Cartypua, ¥Ypama, Henty-
Ha. B 1974 r. amepuranckuit acrponom M. Xapt ycranosmi,
910 arMocdepa manexoro IlnyroHa B HIJKHHX CJIOAX DpHMeEp-
HO TAaK jKe IJIOTHA, KAK 3€MHaf. YIHTHIBAA HUBKYI0 TeMIe-
parypy atmocgepst Ilmyroma (okomo 40 K) Xapr Beruwmc-
JWI, 9TO B 3TOH aTMocdepe mpeobiafaeT HEOH.

IIpnunny HeoHoOBoIl OefHOCTH HAIIEH IJIAHETH yYeHHIE ycC-
MATPHBAIOT B TOM, 4TO HEKOrAa 3€MJIA HOTepsia CBOIO mep-
BUUHYI0O aTMocdepy, KoTopad M yHecia ¢ coGoil OCHOBHYIO
Maccy MHepTHHIX razoB, OHu Beib He MOIJM, KAaK KHCIOPOJ H
ApyTue rasbl, XMMHUYECKH CBS3aThCH C JPYTUMH 9JeMEeHTaMu
B MHUHEpAJIbl M TeM CaMbIM 3aKPENUTHCA Ha IJIAHeTe.

Ilo cnx mop To4nHO He BHIACHEH MCTOYHHUK IJIaBEHCTBYIOINE-
ro na 3emiue jerkoro usorona **Ne. Bo MHorux anbga-akrus-
HBIX MUHEpajiaX OTHOCHTEJbHOE colepranue Tskenuix *'Ne
u **Ne B IeCATKH ¥ COTHH pa3 GOJbIIE COePKAMUA X B BO3-
ayxe. ¥Yi:ke ogHO KoseGaHHe COfepKaHUSA M30TOIOB HEOHA B
MHHepajiax yGesxgaeT, 9ro mo MeHbIueil Mepe dacTh HeoHa-21
4 HeOHa-22 BO3HMKIA B riy0uHax 3eMiau; oGpa3oBaiuch 3TH
M30TOOH B ANEpHBIX mpespamenusax. OQHO M3 HUX AOKA3aHO
Geccmopno: 9ro 3axBar adbda-4acTul AKPAMU TAMKEJIOr0 Ku-
ciopona '*0:

18 4 2 1
g O -+ sHe — { Ne + ;n.

BeposarHo, 1 HeoH, DONO0GHO BOJOPOAY U TeJIMI0, HO TOJBKO
OUeHb MeJJIeHHO, OTIeTaeT u3 aTMocepbl B KocMoc. OpHAKO
CyUIeCTBYIOMUe MeTORbl HCCAe0BaHUA HeJOCTATOYHO TOHKH,
9100Bl 9KCIEPUMEHTAJbHO NOATBEPAUTH 9TO IOJOMKEHHE;
[OJIATaloT, YTO CJIOM ATOMAapHOTO KHUCJIOPOAA U TejiUA B BepX-
geit armocdepe 3eMian cofiepkaT mpuMech HeoHa.

Cunraercs, 9T0 B KocMoce, Kaxk M Ha 3eMie, mpeoGiangaer
aerknit nzoron *’Ne. IIpaBga, B MeTeopHTax HAXOLAT HEMAJO
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*Ne u **Ne, HO mpeamojiaraiot, YTo 3TH H30TONEL 0GpasoBa-
qucL B CaMHX MeTeopiTax, HmOKyJAa Te CTPAaHCTBOBAIM BO
Bcenennoit mox o6cTpenoM KOCMUMECKHX Nydeil.

W3 4yero BOBHMK MHpPOBOH HeoH? JTOT BOIPOC — TACTH 06-
el mpobieMbl MPOUCXOMAEHUSA XUMHYECKHX 3JIeMEHTOB BO
Bcenennoit. ®usnxku mogcumranu, 4yto Axpo Heona-20, Kak u
Afpa APYrHX JErkUX JIeMEHTOB ¢ MACCOBBIMH YHCJIAaMH, KPaT-
HBIMH YeTHIpEM, Jierie BCEro MOJMYYaeTCA NPH CIUAHHM AAep
reJiufd Ha TOpPAYMX 3Be3lax, IJe TeMIOepatypa goCTHTaeTr
150 MUANHOHOB IpajycoB M JAaBIEHHA KOJOCCAJIBHEL...

Kax noxyvaror neon

Bosnyx — eqMHCTBeHHBI  pealibHBIl HCTOYHHK  HEOHA.
B mpouecce paspgeneHus Bo3gyXa HH3KOTEMIEPAaTYpHOH DeK-
TuuKanueil camble JieTydHe ero KOMIIOHEHTHI — rejiuif m
HeOH — yxogAT B mnepsylo ¢paxuuio. Ee orGuparot n3-mox
KPBILIKH KOHZEHCATOpa BO3NAYXOPa3HeJqUTEJILHOrO ammapaTa.

B sToii mepsuuHOil cMecu HeoHa ¢ renuneM — ot 3 g0 10%
(ocransnoe — azor). ITO BHOJHE eCTECTBEHHO, Beib B
1000 x Bo3gyxa Heona ToibKo 18,2 cM?®, a reaua 5 cMm®. CMech
HaopapasioT B AeduerMaTop, rae 06ipmas JacTh a30Ta KOH-
JAEHCUpPYeTCH, B COJiep/KaHue HEeOHa M rejid B CMeCH IOBHI-
maerca o 35—40%. B apyrom ammapate — meduiermarope-
aicopbepe, rae KOHIGHCANAA a30Ta COYETaeTCA ¢ ajcopliueit,
yaaeTcss MOYTH IOJNHOCTBIO OCBOGOAHTBLCS OT asota. B 3aBm-
CHMOCTH OT CT€HeHH OYHCTKA HojiydaeMad HEOHO-TeJneBast
cMech copepmut 30—75% Ne m 10—25% He.

B CCCP 6amnounl ¢ HEOHO-T€JINEBOIl CMECBHIO OKpaLIABAIOT
B CBETJIO-KOPUYHEBHLl UBeT ¢ 0eyoif Haimuchbio, a GaIoHEH C
OfIHAM HEOHOM — B UepHBIHl I[BET C ’KeJTOHl MOJOCOIL.

Texuuka 0GBIYHO AOBOJLCTBYETCA HEOHO-TeJINeBOH CMechio,
(10 MHOTKA HYKeH M 4ucTHil neoH. IlosroMy cMech merkmx
MHEPTHEIX Ta30B pasfeifAl0T afcopOnuoHHO-TEpMHYECKHM Me-
TOMOM Ha yrie NpH TIyOOKOM XOJIOf€ HJIM 3aMOPaKUBAIOT
HEOH JI0 TBEPAOT'O COCTOSHUA.

B T6unucu B Mucruryre crabmibaeix ns3otonoB puddy-
3MOHHBIMH METOJAMH MOJYYaloT MHANBHAYAJIbHBIE H30TOMbI
sHeona. Onu HymuB! /18 Hay4HBIX sKcnepuMeHTOB; Tak, B [y6-
He ¢ moMouplo nomoB **Ne Gbuim cunrtesnposassl 102-it m
104-i1 smeMeHTH. 3TO, MOMKHO CKasaTh, caMasg COBpeMeHHasf
npodeccus neona. CaMasg coBpeMeHHafA, HO JlaleKo He eAuH-
CTBeHHAA.
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J{aa uero HyskeH Heon

Enje mepaBHO 371eKTPOBAaKyyMHas NPOMBINLIEHHOCTh M Ha-
yuHBle jgaGopaTopuu OBUIM eJUHCTBEHHBIMH MOTPeGUTEIAMN
HeoHa. VIX HyKABI MOIJIM YMOBJIETBOPUThL OTAENEHHA HEOHO-
TelNeBOli CMEeCH YCTAHOBOK MaJlofl I cpefHeil MOIIHOCTH.

B nocnegnue rogpl mososkeHue crano mensatbeA. Ha Heon
KaK XJaJareHT NOpeAbsABIAeT CIOPOC HHTCHCHBHO pa3BHBAlO-
HlafAcA KpHOTeHHAs TeXHIIKa, U el HyKHO Kyfaa Goxbllie Heo-
Ha, 9eM TpagUuIHOHHBIM noTpeGuTensaM. Bmpouesm, momaTue
0 KoindecTBaX TYT OTHocHTeJbHOe, [laske Ha ycTaHOBKe, Iie-
pepaGatsiBaromeil B yac 170 Teic. M° Bo3qyxa, 3a CyTKH 00IY-
4al0T BCEr0 BOCEMb COPOKAJMUTPOBHIX 0ajlioHOB HeoHa (mOJ
nasnennem 150 atm). CerofHA cmpoc Ha HeOH NpeBHIAET
€ro HpPOU3BOJCTBO.

Hakue KauecTBa HeOHa MPUBJIEKIM K HeMYy BHHMaHHe
KpuoreHmukos? OnpeeneHHy0 poib UrpaeT HeXBaTKa relus,
4TO 3aCTaBUJIO UCKATh 3aMEHAIOLIUE €ro XOJOJHBIE KUIKOCTH.
C:xmKeHHBI HeoH cO3faeT Xolojy Ha ypoBHe 43—27° aGco-
JIOTHOH WIKaJBl, JTOro JOCTATOMHO MAJA KPHOreHHO# pamHo-
NEeKTPOHUKH ([JeTeKTOpH MHPAKPACHOTO H3JIYyYEHHUA, Mase-
P, Ja3epsl) U oTpacieil 3JIEKTPOTeXHUKH, KOTOPHIE HCIOJb-
3yIOT B Ka4ecTBe CBEpPXIPOBONHUKOB CINIaBHI ¢ BBICOKHMMII
KpUTHYECKHMH TeMIepaTypaMH Hepexopma. Ilpaepma, Takod u
naske Gosee CHJIBHBIH XOMON MOKET NATh M »KUAKHUH BOJOPOL,
HO €T0 IpHMeHeHHe YpeBaTO ONACHOCTHIO B3PHIBOB.

Mugkuit Heon B3pHIBOOE30mACEH, W, KpPOME TOr0, y HEro
ecThb cyry6o uHAuBMAyadbHBe pocTomHcTBa. OH TAMKenee
BOJBI, €r0 CKphiTad TeIJloTa MCOApPEeHHA B [BA pasa Goiblle,
4eM y BOAOpOfa, M pas B [ABafiuaTh Gojbme, 4eM Yy TrejHs.
OTToro MaJjsl MOTePH HEOHA: B COBPeMEHHBIX KpPHOCTaTax OH
XOpOLIO COXPAHAETCA B Te4eHHe MHOTHX MecaueB. Heon or-
Bogut B 3,3 pasa Goablie Temna, UeM TaKoe e MO o6BeMmy
KOJIMYECTBO MKHAKOr0 BOJOPOMAA, & €CJIH MOJb30BAThCA TBEp-
IBIM HeoHoM, To eme Ha 20% Goabme.

B HeoHoBOM KpHOCTaTe MOMKHO ¢ GOJBINOH TOYHOCTHIO pe-
ryJAMpoBaTh TeMmepaTtypy. [ud aToro mocTaToYyHO TONBKO HOJ-
Hep)KUBaTh 3aJaHHOe [aBjleHHe: [ajke NPH MaJbIX H3MeHe-
HUAX TeMOepaTypsl pesKo MeHAeTcs YHOPYrocTh HapoB Hag
JKHIKHEM HEOHOM.

Ilpn Temmeparypax JKHAKOro HeOHa XpaHAT paKeTHOE
TOIJINBO, B KHAKOM HeoHe 3aMOpa’KIIBAlOT CBOOOMHEIE pajiil-
KaJIbl, KOHCEePBUPYIOT KUBOTHbIE TKAHH M MMUTHDYIOT YCJO-
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BHA KOCMHYECKOTO THpOCTpaHCTBa B TepmoBapokamepax.
B HeoHOBHIX KpuocTaTax Ge30macHO NPOBOJAHTL TaKHe MEIH-
KaTHBble, He TepuAMMe Tella peaKlHH, KaK NPAMON cHHTE3
H,0, u3 sKnjgxoro 03oHa I aTOMapHOTO BOMOPOAA MJIH LOIY-
aenne Propugos xuciopopa (O.F., O;F, u O.F,).

IMoasuxuocTs HeoHa, Majasd €ro PacTBOPHMOCTH B JKUJ-
KOCTAX OpraHu3Ma MO3BOJIAIOT 3aMEHATH Leuil B HCKYCCTBEH-
HOM 0e3a30THOM BO3/lyXe HeoHO-TelueBodl cmecblo. Taxkum
BO3yXOM JBIMIAT OKeaHaBTHI, BOXONA3bl, Boobme JIonW, pa-
GoTaooule Opu NOBBIOIEHHBIX MAaBJIeHUAX, 9TO0BI U30eHaTh
a30THOIT HMOOIUM W a30THOTO Hapwosa. Jlerkuili HeoHO-renHe-
BBl BO3AyX o0jerdaer TakKe COCTOSIHHE GONBHBIX, CTpajalo-
IIMX pacCTpoilcTBAMM JBIXaHUA, ¥ HEOHO-TeIHEeBOr0 BO3AYyXa
ecTh OJHO NpPEUMyLIeCTBO mepej BO3XYXOM, B KOTOPOM a3o0T
3aMeHeH 9MCTBEIM TejHeM,— OH MeHbIIe OXJIa)/JaeT OpraHu3M,
TaK KaK TeIIONPOBOJHOCTb €ro MeHbIIe.

W mamocnefok — o TpagMIMOHHOM.

Heor — ra3 npnGopos ¥ CBeTHILHAKOB

HeonoM cHapsyxaioT Te jaMmbl, B KOTOPHIX HEJb3d 3aMe-
HUTH ero Goiee JemesbIM apronoM. BonbmuncTBO JaMnm Ha-
NOJHAETCA HE YHUCTHIM HEOHOM, a HEOHO-TeJMeBO#l CMechIo
¢ uneGonpmoil no6aBKoil aprona, 4To6b NMOHH3HTH HAIpsSKe-
nue saxkuranus. [losTomy cBeueHme jaMm MMeeT OpaHKeBO-
Kpacuplii 1per. OHO BUAHO HA JIaJIEKHEe PacCTOAHHA, HEBO3-
MOMHO CIIyTAaTh €ro ¢ APYyrHMHY UCTOYHUKAMHU CBETa, TyManl
eMy He moMexa.

JTu KadecTBa METAIOT Ta30CBETHBIE HEOHOBHIE JAaMOBl He-
3aMeHMMBIMH [JIfi CUTHAJBHBIX YCTPOICTB pasHOOOpa3HOTO
HasHaueHdda. HeoH cBeTHT Ha Masikax, HEOHOBBIMHU JIAMIIaMIf
0003HaYAI0T BEPINUIIbI BBICOTHBIX 37aHUA UM TeleBH3UOHEBIX
GalieH, rpaHuIlbl adpPOAPOMOB, BOTHBIX M BO3MYLIHBIX Tpacc.

B razopaspajnbiX CBETHJIBHHKAX. HIEOH pa3perKeH, TaK Kak
MHTEHCUBHOCTh CBOTA, BHaJajie HapacTaiolad ¢ JaBleHUeM,
Jajlee HauMHaeT Haxath. [laBnenue HeoHa B TpyOkax 2—9,
a B JaMOax Taeomiero csedenus 5—20 MM pryTHOro croaba.

3aMeuatenpHas 0cO0EHHOCTh HEOHOBOTO TJEIONIETO CBeve-
HUA — €r0 BEChbMA Majlag WHEPIUOHHOCTh, JTO 3HAYMT, 4TO
cBeueHHe MTHOBEHHO U YYBCTBUTENBHO YCHIHBAETCA WM
oclalugercs mpu M3MeHEHHH cHibl ToKa. IloatoMy HeoHOBEHIE
JaMObl OPHMEHAIOT NpPY YCTPOIiCTBe CUTHAIBHBIX TaHeNel u
INUTOB PAJHOTEeJIeBU3HOHHON ammapaTypel, B KOMMYTaTOpax

160



tTenedoHubIX crarumii, B mpubopax caMoro pasHooGpasHOro
Ha3HaYeHN.

HeonoBas naMna Tnemomero cBedeHNsl dYalle BCEro Hrpa-
eT poJb BHAHKaTOpa Hanps)kenua. Ee scnbimika naet curpan
0 TOM, UTO 3JEKTPHUUYECKas leNb, B KOTOPYIO BKII0UEHa .1aMIa,
OKasajlach MOj HampsikenmeM Gojiee BEICOKMM, 9eM HalpsKe-
HHUe 3a;RUTaHMs paspsAjga B JaMmme. A MocCJHeaHee JIETKO pery-
anpyetca KoHcTpykuueil namnbl. Heonmomas namma mosker
TaKe CHYKOTH CTabMIN3ATOPOM U JiejiATeNeM HANpsAKenHd.
JlaMopl ¢ HeOHOM DNpPUMENANT B KayecTBe MaJOMOIIHEIX BBHI-
npsaMATenei, ocnunnorpados, reHepaTopos KoJeOaHuii,

Coserckuii yueunnii JI. H. KopaGnes BBen B ueomoByio
JaMOy yhnpapiAOMNN ceTdaThlii aHoN, YTO MO3BOJHJIO 3IaMe-
HITb €10 TPOMO3JIKHE DJIEeKTPOHHbIe JAaMIBl BO MHOTHX t1pubo-
pax M anmapaTtax UMOYJAbCHOIl TEXHUKH.

Heon u taskenpte uHepTHble rass! UPHCYTCTBYIOT B ra3so-
HanonHeHHBIX oTodNEMEHTAaX, MMH 3aloJHeHbl THPATPO-
HBl — AJTEKTPOBAKYYMHbIe HOHHbIe TPHGOPH, ciyKamiue
OLICTPOEHICTBYIOIIMME peJie W HMelolue pAd Jpyrax HasHa-
YeHuit.

C HepmaBHero BpeMeHH MHHHATIOpDHbIE Tra30paspAJHbIE
npubopn ¢ HeonoM (BelMYMHO B 4eTBEPTh CHMYEUHON KO-
pobKH) HaXONAT MpUMEHEeHHEe B 9JEKTPOHHO-BBIYMCINTEN bHbIX
MamaHax, 3aMeHAA pagmosaMmonl n nonynposomHuku. Ilepen
NEePBHIME OHHM HMEIOT NMPEHMYIIECTBO MOJFOBEYHOCTH H Ma-
JIOr0 pacxofa IJJNEKTPOIHEPrHH, Nepel BTOPHIME — HEYYBCT-
BHTEJIHLHOCTh K PE3KHUM KONeOaHHAM TeMIepaTyphl.

Bor 4To 3maumT AmA HAac ceroiHs HEOH — ra3 WHEPTHBHI,
peAKuil U o9YeHb HYHKHBIMH.

BEYHO BTOPON. 39Tm cnoBa HONHOCTBIO ONpeNeisioT OoOJNOKeHHe
HeoHa B ceMbe OjaropomHbix rasoB. OH BTOpOil mo JerkocTu, Temme-
paType milaBjleHHA U KumeHus mocie reama. Ilo pacmpoctpanenHocTm
Ha 3eMae, B ee aTMocdiepe, OH Toke BTOPOii, HO Ha 3TOT pa3 yie mocie
' aprosa.

HEOH N HAVHKA. 9aement Ne 10 oxasancs compmyacTeH, Kak MHHH-
MyM, K ABYM BAXKHBIM HayYuHbiM OTKpHITHAM. lMeHHo Ha mpmMepe
Heona B 1913 r. I:x. Jlsx. Tomcon BmepBble yCTaHOBHJ CYIECTBOBaHHe
n3oTonoB B crabmibHoM snemenTte. A B 1964 r. ¢ moMompbio HeoHa Onin
BOepBble HOJY4eH H OTKPHIT 3aeMeHT Ne 104 — xypuaToemii. B apese
Gonpmoro AyONMeHCKOro LMKJIOTPOHA NPOMCXORWJA sjepHas peaKknasa
INYTOHHA H HeOwa, B peayJbTaTe KOTOPOil ObLIN HOMydYeubl OepBhIe
aToOMbl HOBOrO dA€MEeHTa,

¢ bBomopon — pasnanuiy



HATPUN

3 ausapa 1959 r. B uebe moABmIACH
roMeTa. Ile oOnigHaa KoMmeTa — HCKYcC-
cTBeHHasa: 13 yerdameii Kk Jlyue coser-
croli Kocmmueckoil paxeTsl GbLIO BBI-
uymeno obaako mapos narpusa. fipkoe
cBeueHle HaTPHeBOil KOMeTbl [03BOJIL-
JA0 YTOYHITH TPAaeKTOpHIO HepBOro Je-
TaTeIBIIOr0 anmapaTta, npomepgmiero mo
mapuipyty 3emas — Jlyna.

Harpuii 1 nauun npegxun

Ilo pacopocrpaneunocTn Ha paweii nnameTe HaTpHii 3a-
HIIMaeT IIeCTOe MecTo cpeilr Bcex anementoB. [Ipuponnsie
coejlIHCHIIA HATPlA — 3TO HoJeBble IIDaThl I KaMeHHAsA
CONlb, KPHOJNHT I ceautpa, Mupabumant u 6ypa, Hedenun o
yJabTpaMapHi, ‘

U me yauBuTenbHO, 9TO C COEAMHEHIAMH HATPHA HAIUH
NpeXKH NMOo3HaKOMILIICHL ovenb gaBHo. Ilutekanrpony xjopmc-
THIT HaTpuii 6B Tak ke HeoOXOHIM, KaK H COBPEMEHHOMY
YeJI0BEKRY.

B Berxosm 3apere ynoMuHaeTcs HEKOe BELIECTBO «HeTep».
JTo BellecTBO yHoTpedssioch, IO COBPEMEHHOIl TepMHHOJO-
i, Kak Moloiuee cpeacrso. CKopee Bcero Hetep — 3T0 MPOCTO
coja, yrieKicisli HaTpiii, Kotopblii o6pa3oBriBajica B coJe-
HBIX erHNeTcKHx ozepax ¢ Ha3pecTkoBbIMlII Geperamiu. O6 arom
’Ke BelLeCTBe, N0 NOJ Ha3BaHHEM «HITPOH» HICAJIH INO3Ke
rpedeckile asTopbl Apucroreiab, [iockopua, a gpeBHepIM-
ckiit ncropur Ilnumuii Crapiomii, ynoMiHas 3To ke Bellect-
Bo, HageiBan ero yxe «uutpym». (KHax aro wacto GniBaer,
B Komie KOHIOB BO3HIKJIa DyraHuia, m B XVI B. TepMmn-
HOM «HUTPYM» 0003HAYaAn CeNHTPY — A30THOKUCABIN Ha-
Tpuii.)

Y apaOckuX aJAXHMHKOB BMECTO «HHATpPYM» ymorpebasics
TepMiH «Hatpou». OT «laTpoHa» I OPOH3OLIIO COBpeMEHHOE
HaaBalie «HaTpuii».

B XVIII B. xuMunkam 6bu10 H3BECTHO YK€ OYE€Hb MHOrO
pasnuanbix coepuiennii narpuda. Conn HaTpus LWIHPOKO mpH-
MeHAJIIICH, B MeJlulie, OpH BBIKEJNKe KO, Hpn KpameHIH
tKaneil. 1 xoTa o coepuHennAx wartpid 3Haal 0oYeHb MHOTO,
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Fanudpn Nosu (1778— 1829) —
AHTNMACKWA XUMWUK W usuk, nen-
BOOTKpbIBATENb HATpPWUA, Kanua, mar-
HWUSA, KanblUus, CTPoHUMA u Gapus
OH >ke paspaboTan BOLOPOAHYI Teo-
puio  KNCNOT, MOATBEPAWN 3NEeMeH-
TapHoCTb Xxfopa, cAaenan psaf Baxk-
HbIX OTKPbITWA B TexHuke u usnke

caM 3nemeHT BNAOTb A0 XIX B. OTKPbIT He 6ObU1. CANLIKOM
aKTVMBEH 3TOT MeTana, 4Ytobbl ero MOXHO OblI0 BbIAENNTH
TPAAULMNOHHBIMU XUMUYECKUMU METOLAMM.

N3 wenoumn...

19 Hos6pa 1807 r. B JloHgoHe Ha 3acegaHum Kopones-
CKOro obuectsa cap Xamppu [O3Bum 06bABUA 06 OTKPbITUK
MM HOBbIX 3/1EMEHTOB —HaTpuA W Kanuda. Bbligenntb 3atn ane-
MEHTbl Y[anocb C MOMOLLbI0 3/M1eKTPUYECKOro TokKa. EAuHCT-
BEHHbIM peasibHO MPUMEHUMbIM WCTOYHWKOM 3/1eKTpUyecTsa
B TO Bpems Obln BONbTOB CTOM6. BONMBTOB CTOM6, KOTOPbLIM
nonb3osanca [3BH, coctoan u3 250 nap MefHbIX U LMHKOBbIX
nnactuH. . . MeHpeneeB TaK OMUCbIBAET OTKPbITMe [13BH:
«CoefiHAA C NONOXUTENbHLIM (0T Megu unu yrna) Moacom
KYCOK BI@XXHOro (4T06bl [JOCTMYL  rasbBaHOMPOBOAHOCTH)
e[KOro HaTtpa H Bblgonbus B HeM YyrnybneHue, B KOTOPOe Ha-
nnTa 6blna pTyTb, COEAMHEHHAs C OTpuUuaTeNlbHbIM MOIOCOM
(kaToloM) CUNLHOrO BOMbTOBa CTO/16a, [13BH 3ameTu, 4To U
pTYTV pacTBOpsieTCs, NMpu MPOMycKaHWW TOKa, 0COoObI MeTan,
MeHee NIETY4YUiA, YeM pPTyTb, U CMOCOOHLIA pa3naratb BOAY,
BHOBb 06pasysa efKuil HaTp».

[3BU nepBbIM M3y4yna CBONCTBA HATpPUS W Kanusd, OH OTMe-
TUN NIEerkyt0 OKUCNAEMOCTb LeMI0YHbIX MEeTansoB, yKasas, 4yto
napbl HaTpuMa BOCMAaMeHATCA Ha BO3AyXe.



Buigenenue ijenounnis setanios 6blio, KOHEHO, BHINAI0-
O{UMCA OTKPBITHEM B XHMHH, HO TeXHHKE TOTO BpeMeHH OHO
He [JaJo POBHBIM cueTOM Hidero. Bosiee Toro, HIIKTO HE 3HaJ,
KaKylo Boo0llle moJib3y MOTYT NPIHECTH MATKUE 1l OYeHb aK-
THBHBIE MeTaJlilbl, nOoCOJIaMeHAOWHeca moa AeficTBHeM BOJBI.

Yepes rom mocye otkpuitua [ssu Hosed Teii-Jloccak n
Jlyu Tenap monyuniu HaTPUil He 3JEKTPONH30M, a IPH NOMO-
IIM peaKLn eJKOro HaTpa ¢ MeJe30M, HarpeTblM [0 Kpacuoro
Kanenuda. Ho n 370 oTKpyiTHE He H3MEHNJO MOJIOMEHHA NaT-
pHA KaK 3JIeMeHTa «TOJBKO /A XHMIKOB», 3/ieMeHTa 0e3 npil-
MeHeHHil; n Tak npogosxanoch nourn 17 ner. Ho B 1824 r. ¢
noMOIbI0 HaTpus Obul Bbijesen ajOMHHUI (13 XJIOPHCTOrO
aNIOMMHHA), 1 HMHTEpeC K HaTPHIO cpasy sospoc. Bckope, oi-
HAKO, /1A BOCCTAHUBJNEHHA QNIOMIHMSA CTall NPHMEHATb Ka-
Juil, 1 TPOU3BOACTBO HATPHA ONATH NMOMWJO Ha yObuIb. Jlump
gepes 32 roga A. Cent-Kanep [esuns n P. Bynsen poxazanu,
9T0 B IPOU3BOACTBE AJIOMUHHA BCE-TAKR Jiydlle MOJb30BATHCSH
HaTtpueM, a He kaaneMm. Cent-Huep [leBusnn paspaGoran nep-
BRIl OpOMBIIITEHDBIH cnocod nojydeHnd aJIOMHHUA, [UIA
KoToporo natpuii 6bl1 neoGxomum. [Ipumsoch momytmo pas-
paGoraTh I HOpPOMBIUUIEHHBIH CHOCO0 MHOJIydeHUA 3JIENMEeHTa
Ne 11,

Ilo metony Cent-Kiuep [leBnna matpuit momyuumnn, BoccTa-
HABJIMBAA COAY yrjieM B NPHCYTCTBHH U3BECTHAKA.

B 1886 r. atot cnioco6 6bl1 ycoBepIIEHCTBOBAMH, IO B TOM e
rogy HaTpHiHl CHOBa OcTajca He y AeJ: COYCTA GYKBaJIbHO He-
CKONbKO MecAlleB aMepHKaHern Xouat ¥ ¢paHnys dpy HO4TH
OIZHOBpeMeHHO paspaboraii 3JMeKTponuTHIecKuil cmocol mo-
TydeHUs anioMUHUA.

Haa toro uro6u anement Ne 11 BHOBL BEpHYJICA B IPOMBIMI-
neHHble cdepbl, HYKHb ObLin MO MeHbIIEHl Mepe [Be BeIL:
HOBBle MPON3BOJACTBA, KOTOPble He MoriM Obl oboiituHch Ge3
HaTpHd, H 3pdexTUBHbIE METOJB HOJYYEeHUA [elIeBOro HaT-
pus.

Bzanmuoe Bausnne

B 1890 r. 6bin paspaGoTan 27eKTPONUTHYECKHI CHOCOD MO-
aydenns siementa Ne 141, [lo cymecrty, 3To Gbln mepeHoc B
HpoMblIieHHOCT  onbiTa  80-neTHeit  maBHOCTH — ONBITa
JloBI. DNeKTpPOIN3Y mOjiBEprajll PacIiaB eJKOro HATpPa, TOJb-
KO HCTOYHHKI 3Heprun ObuIN yiKe HHBle — Gojiee coseplueH-
HbIe, 9YeM BOJIbTOB CTOJ]O.
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Cnycra 34 rona amepuranckuii umxencp . Jlayuc npmo-
ILHITNAJBLHO H3MEeHHA 1pollecC MEeKTPOAHTHYECKOrO NnoJiyaeHus
HaTpNna, 3aMeHnuB UOwJI0Yb ropasno Oonee IleUIGBOﬁ nosadpeH-
Hoii conbio. B nawn nuw MupoBoe MpON3BOJACTBO HATPUA H3Me-
psieTcAa coTHAMM ThicAd ToHu. Ha dro ero pacxomyior?

[Ipescne Bcero va upousBOACTBO HEKOTOPHIX coepaHenui
asementa N 11 — peap najeKo He Bce OHN eCThb B OPHpOILE.
Hamennasa coas (uau ranut) NaCl, unnuiickan cesantpa
NaNOQs, xpuonur NayAlF,, rnayGeposa conbp Na,SO,-10H,0,
Oypa Na,B,0;-101,0 u sekotopble cHIMKATBI — BOT OCHOB-
fible DPHPOAnblE coejlinenns HATpUn. A Takne BayKHble uaT-
pueBble COMH, KaK, HAOPHMEP, COAY WM THOOCYJIb(HT, NPAXO-
AHTCA  OONydYaTh HcKyccTBeHHO. H cuacThio, npou3BOACTBa
ITHX BelllecTB 06Xxo/ATCA (e3 MeTalIHYecKOro HaTpHs, 3aTo
UHAHH/ HATPHA, OpUMeHsAeMblidl B 3eKTpoXuMuN i upn no6si-
Ye 1BETHBIX METAJJIOB, BBIFOJHEE BCEro MOJAYYaTh, HCHOJIL3YA
B KauecTBe ChIPba cam adement Ne 11.

Nun ppyroit mpumep. llponssopuoe ammmakxa — ammp Hart-
pusa NaNH. — ponyuaior B peaknun iujgkoro NH, ¢ meran-
JHYECKHM HaTpHEeM. JTO BELeCTBO HECTOiKo, OHO OypHo pea-
rupyer ¢ BoAoll, n soobie, paboTada ¢ HUM, HYMKHO c06JI0NaTh
16 MEeHbllle OCTOPOKHOCTH, ueM Npu paboTe ¢ MeTAJJINUECKIM
natpueM. AMHJ HATpUA HY:KeH JUin OOJYUEHHA JBYX Oueub
BaKHBIX JUIA HAC BELIECTB — CIHTETHYECKOro MHAMNIO U BUTA-
muaa A. CneposaTenbHo, 1A MOJYYeHNA M KpacHTels, W BH-
raMHHa Hy;eH maTpuil. Hyxen on u ana mpoussoicTsa erte
OJIHOTO BA}KHOTO OPraHMYECKOTo BelecTBa, B COCTaBe KOTO-
poro matpua — HeT. MuTepmeTajiliueckoe coejuHeHHe HAT-
pua co csunnom (mo macce natpua B HeMm 10%) ucmonbayior
B DpPOU3BOJACTBE H3BECTHOr0 AHTH/ETOHATOPA — TETPA’THI-
ceuuua. OueBnHo, RATPUIO 3/leCh OTBEJeHA POJIbL HIHUTATOpPA
peakuuu, kak B usecrubix onsiTax C. B.JleGeaesa ¢ corpyn-
iMKaMI,

B 1928 r. rpynna JjeHMHTrpajACKOX XHMHKOB BO rJlaBe ¢
upodeccopom C. B. JlebGeneBblm cuHTe3mpoBana mepBblii B
MHpe CHHTeTHYeCKHi#l KayuyK, KOTODHIl HasBaJdHm NaTpuii-Gy-
tapuenosuiM. «Byragnenosbim» — notomy, uro aror CH —
OpoAyKT mojmMepusaunu Gytagmena-1,3, a «Hatpmii-» — oT-
TOr0O, 470 HMEHHO 3JIeMEeHTHBI HaTpHil CAYKHI KaTaJusa-
TOPOM TpoLecca MOAHMEpH3aIHH.

McxonubiMu BeliecTBaMn B [POH3BOJCTBE CHHTETHYECKNN
MOIOLIMX CPeJCTB 4Yalle Bcero ObIBAIOT BBICHINE COHPTH (T. e.
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COUPTH, MOJNEKYJBl KOTODHIX COAGPMKAT JJMillIble IenOYKH
aToMOB yrjiepoxa). ITH CIHPTH MOJAYYAIOT BOCCTAlIOB/ICHIEM
COOTBETCTBYIOIIIIX KICAOT, a JYYLIN BOCCTUHOBHTEIL B 9THX
peakiiigAx — Bce TOT ke HATpil...

MuorusM, BepOATHO, MORAMKCTCA CTPAHHBIM YTBEepIKAEH!ie,
qro anement No 11 uysmen tpancnopry. Tem ne »Meuee ato Tak
B mpousBojcTBe TeTpasTIUICBHHIIA — MOKA ellle caMOro pac-
MPOCTPAHEHHOTO AUTHIeTONATOPA MOTOPHBIX TOILIIB — B Ka-
4ecTBe CBHIPLA MCIOJb3YIOT CILIAB CBHHILA ¢ HaTpieM (B cOOT-
omomennu 9:1). Jlpyroii cnsias ma ocnose cBunua, B COCTaBe
xotoporo 0,58% maTpus, neobXxomiM KeJe3HOZOPOIKHOMY
tTpancnopty. 113 aToro cutaBa fesaoT MOAIHNHHKH ocell Ke-
J1e3HO/IOPOKHBIX BAaroHOB.

Meranainueckuit Hatpuil —u TBepABIH W IKUIKHI — 0YeHD
xopoio npoponut 1 mepegaer temino. Ha atom ocuosano ero
npHMeHeHIle B KauecTBe Temionocutensa. Takylo poab unarpii
BHINOJIIAET B JIOBOJALHO MHOTHX XIIMIYECKIIX OPOI3BOACTBAX
(korma Hysken paBuOMepHBI oforpes ¢ Temmepatypoii 450—
650° C), B Mammax iias JUTHA N0 JAaBJeHHCM, B KianaHax
aBHALHOHHBIX JIBITaTeNell, B aToMubIx peakTtopax. [las aToMm-
HOM TeXHIIKH BayKHO TAKKe, YTO HATPIIl IMOYTH IIe 3aXBaThl-
BaeT TemJoBble HEliTpPOUBI H He BJIIAET HA XOJ leHnuoil Axep-
HOH peaKiuiu.

Henn3a sabwiBaTh emie 06 OHOM Ba){HOM NPHMEHEHHI AT
pua. Kak omun 113 caMblX aKTHBHBIX BOCCTAaHOBHUTeJNeil, ame-
meHT N 11 HCmONB3YIOT WA MOJYYenls I€KOTOPBIX PejKuX
MeTaJLJIOB, HATIpHMep I(IIPKOHMSA.

CTout a1 mocsie BCEro 3TOro YMIBJIATLCA He NpeKpamaioie-
MYCA POCTY HpOI3BOJICTBA HATPUA?

JakanunsaeMm nam pacckas o6 amemente No 11 caoBamu
HAunrpua WsaunoBuua Meuneseena, HamMCaHHBIMII MHOTO JeT
Haszaj, HO BABOiiHe cnpaBeyuBbiMK A Hamnx aueii: «Ilo-
Jy4eHHe MeTaJJIIYeCKOro HATPHA OTHOCUTCH K Bajkueiiurmm
OTKDPHITHAM B XHMIII e HOTOMY OJHOMY, 9TO Uepe3 TO pacili-
pHIoCh N cTasio Gojee TPABIJILHBIM MOHATIHE O MPOCTHIX TeNax,
HO MOTOMY 0CO0€HIO0, YTO B HATPIIH BHHBI XIIMIIYeCKIIEe CBOIi-
CTBa, JIIIb cJabo BbIpaskeHHBIE B APYFHX o00IeH3BecTHHIX
MeTajax».,

IlonpoGustit pacckas o XuMHUECKIIX CBOIiCTBAX HATPUA OMY-
IeH N0 Toil mpirdnue, 9TO 3TO OJMH M3 HEMHOTIX pa3sNeioB
XMMIH, KOTOPble JIOCTAaTOYHO MOJHO M3JaraloTcs B HIKOJBHBIX
yuiebnmKax.
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HATPUA HA TIOABOAHON JIOAKE. Hatpnii nnasurca mpu 98,
a rounut Toapiko mpu 833°C. CnemoBaTennbHO, TeMmepaTypHBIl wHTep-
BaJ JKIKOTO COCTOSAIHHsI ITOTO MIEeMEHTA [0CTaTO4HO Beank. Mmen-
Ho Ao3ToMy (n emle Oiarogapsa MajoMy cCedeHHIO 3axBaTa HelTpo-
HOB) paTpuil cTajan HUCHONL30BATL B AJEpHOIl dHepreTHKe Kark TemJu-
nocutenn. B wacTRocTH, aMepHKaHCKIE AaTOMHBIE [OABOJHbIE JOIKH
OoCHAIlleHbl JHEepProycTaHOBKaMil € HaTpueBbiMO Koutypamu. Tenno,
BbljiesifloeeCs B peakTope, HArpeBaeT JRHAKHIT uaTpnii, KOTOpBIN
UUPKYJIPYeT MeMsqy peakTopoMm 1 maporenepatopoM. B maporenepa-
Tope naTpuil, oxJaK@asach, uUcnapseT BOAY, U MOJYyYeHHBIi nap BHI-
COKOTO fJaBjeHNs Bpaljaer napoByio TypOumy. Hdaa Tex e mneneii
HCIOJB3YIOT CIAaB HATPHA ¢ KaJjleM.

HEOPI'AHUYECKMN ®OTOCHUHTE3. O6muno mpu OKHCIAEHHH HAT-
pusa obpasycrca oruch cocraBa Na,O. OpHako ecium CuraTe Hatpuit
B CyXOM BO3lyXe IIpH NOBLINENnHO{i TeMmepaType, TO BMECTO OKICH
obpasyerca mneperknch NayO.. 3To BemecTBo Jerko OTAaeT CBOil
«IIIDHLIY aTOM KHCAOpPOAa H 00najaeT MOITOMY CHIBHBIMH OKHCJI-
TeNbHbIMI cBoficTBaMi. OHO BpeMs Heperlch HATpHA IMAPOKO UpH-
MeHanw Aasn orbenxu conomennsix wmian, Ceildac ypenpublii Bec co-
JIOMEHHBIX HIIAN B HCHOAB30BAHHN HEepeKHCH HATpHA HHYTOKEH; OC-
[OBHBIE KOJNNYECTBA €e HCIOJNL3YIOTCA AiA oTOedkn GyMmaru H i pe-
reHepamHn BO3JyXa Ha NOABOXHBIX Jofkax. Ilpm BaamMopeiicTBmn
mepexkucH HATPHsA C YrAeKHCJABIM ra3oM MpoTekaeT mpomecc, obpart-
Helit  peixanuo:  2Nap0,+2C0,—2Na,C03+0,, T. €.  yMIeKHCHBIH
ra3 CBA3bIBaeTCA, a Kiucaopop BuifieaseTca. CoBceM Kak B 3eJeHOM
aucre! )

HATPHUN U 30JI0TO. K toMy BpeMeHH, Kak GBI OTKpHIT HaTpmi,
anxuMnsa Oblia ysike He B YeCTH, M MBIC/Hb OpeBpaINaTh HaTpuil B 30-
Joto He Oymopaskmna yMbi ecrecTBolcnbiTaTesneil. Opnako ceifwac
pamn moJydeHHs 30JI0Ta pacxofyeTcA O4YeHb MHOro HaTtpua. «Pymy
30JI0TYI0» 00paGaTeIBalOT pacTBOpPOM MIAHICTOr0 HaTpna (a ero mo-
AYy4aloT M3 3deMeHnTHOro Hatpiia). Ilpm aTom 30m0TO mpeBpalnaert-
CA B PAacTBOPHMOE KOMIJIEKCHOE COefiHeHH¢, I3 KOTOpOro ero Bhifie-
JAIOT ¢ OOMOINBIO OUHKA. 30M0TOROOLITYNKN — Cpefl  OCHOBHBIX
notpeGurteneit anementa Ne 11, B opombinuienneix Macmrabax uma-
HUCTBIII HaTpuil HOJNY"aloT mpu B3aHMOJeiiCTBHH HATpHA, aMMHaKa
Il KOKca mpi Temnepartype okono 800° C.

HATPHUEBBLIE ITPOBOJA. 3nekTponmpoBORHOCTE HATpHA B TpH pasa
mue, yeM oiaexTponposogHocTh Memin. Ho matpuit B 9 pas naeruel
BeixomuT, uTo naTpuesbic mpoBofa Buirofnce Meanbix. Houeuno, ToH-
Kile OpOBOAA N3 HArpua He JeNAIOT, HO BOT IUHLI AAA GoJbpmHuX TO-
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KOB lenecooGpasHo M3TOTOBNAThL MMENNO N3 HATPHA. ITH MIHUL]
npeicTaBialoT coGoii 3aBapeHHble ¢ TOPLOB CTajdbHble TPYOLI, BHYTpH
3anoiHeHHble naTpieM. Takue MINHBI flewieBje MelbIX.

HATPUI B BOJE. Kaxgplii mKoJALHUK 3HAET, 9TO MpoM3o0iileT, ecin
6pocuTh, Kycouek natpus B Bopy. Tounee, He B BOmy, a Ha Bomy, OO-
TOMY 4YTO HaTpuii Jierde Boibnl. Temna, KoTopoe BhIAEJNAETCA NIpH pe-
aKUUM HATPHA ¢ BOXOI, JOCTATOYHO, 4TOOLl pacmiaBuTb HATpHiL
W Bor Oeraer no Boje HATpHeBBII IMApHK, NOAroHAEMEI BbHIJENANO-
muMcA BomopoaoM. OfHaKo peaklHA HATpHA C BOJOI — He TOJLRO
omacHasi 3abaBa; HampoTHB OHa wacTo ObiBaerT moJeanoit. Hatpuem
Haje/KHO OYHIIAIOT OT CJaefloB BOAbl TpaHcdopmaTopHblec Macia,
conpiot, 2upbl I Apyrile opraHuveckne BelLlecTBa, a ¢ HOMOIILIO
aMajibraMpl HaTpusi (T. e, CIVIAaBA HATPHA € PTYTbK) MO;KHO OLICTPO
onpefeanTs COAep:kanme BJArd BO MHOTHX coefnnenusax. Amajprama
pearupyeT ¢ BOfoli HaMHOTO cmoxoiinee, 4eM caM Harpmii. [Jja on-
peacieHnsa BaakHocTH K mpobe opraHndYeckoro BelmecTBa Jo0aBis-
10T ompefieJleHHOe KOJMYeCTBO aMajbraMbl HaTpisa # mo 006beMy Bbl-
JeJUBIIerocs BOAOPOAA CYAAT O COAEp KaHMII BJIAr.

HATPHEBBIN IIOfIC 3EMJIN. BnonHe ecTecTBeHHO, 4TO Ha 3eMmie
HATpHil HUKOTHA He BCTpewaercss B CBOOOJHOM COCTOAHIE — CJRIIKOM
akTuBen 3TOT MeTasl. Ho B BepxHHMX cnoax aTMmocdepsl — Ha BbICO-
Te okono 80 KM — obHapyseH cioii aromaphoro Hatpna. Ha Tanoit
BLICOTe IpaKTHYeCKH HeT KHCJI0poja, NapoB BOAL U B0OG-
e HHuYero, ¢ 4eM HaTpuii Mor Obl BCTYNHTh B peakuuioo, COEKTpasib-
HBLIMH MeTofaMu HaTpuii 6bu1 oOHapy:KeH H B Me:3Be3IHOM MpoO-
CTpaHCTBe.

N30TOIILI HATPHUS. MNpupomublii natpuit COCTONT TONBLKO N3 OMHOTO
n3oToma ¢ MaccoBbIM uHcaoM 23, M3BectHn 13 pamnoakTHBHBIX
II30TONOB 2TOr0 3JJeMeHTa, MpHYeM J[Ba M3 HIX [NpPeACTABIAT 3HA-
9HTeJIbHLIT HHTepec 1A nayku. HaTpnii-22, pacnapasce, mnanxydaer
[MO3UTPOHLI — MONOKHTENLHO 3apfAKeHHBle dYacTHIBI, Macca KOTOPBIX
paBHA Macce 3JIEKTPOHOB. JTOT H30TON C MEpHONOM HoJypacmaja
2,58 roma ncHoNb3ylOT B KauecTBe NMO3UTPOHHOrO HCTOYHHMKA, A H30-
Ton HaTpHii-24 (ero mepmon mosypacmaja okoJo 15 uwacoB) mpHMeHs-
10T B MefulliHe AJAA QHATHOCTHKH H JJIA Jle9eHusa HeKoTopsix dopm
aeiikeMun — TAMeNoro 3a6ojeBaHUA KPOBIL

KAK TIOJIVYAIOT HATPUI. CoBpeMeHHbLII dJeKTpou3ep Mis MoO-
JIy9eHHs HATPUA — JOBOJLHO BHYMINTEJLHOE COOpY)KeHUe, BHeNIHe
HamoMHHAamee me4b, JTa «HedKa» CJI0eHa N3 OTHeYMOPHOro KHp-
ouYa H CHApYH OKpYeHa CTalbHBIM KoyxoMm. CHu3y depes auo
BJIeKTpoH3epa BBeAeH rpaduTOBBII AHOA, OKPYKeHHBI KoabLeoGpas-
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foii cerroif — guadparmoii. Ira ceTra He [gaeT BOIMOMHOCTH HAT-
puio MpPOHHKHYTH B aHOAHOE IPOCTPANCTBO, TIA€ BBIAENACTCA XJIOD.
Huaue narpmit cropen Obl B XxJope. AHOA, KCTaTH, TOKe KOJIbLEOO-
pasustil. Ou cpeman u3 craau. ObsasarenpHas NPHHALTEHHOCTh MIEKT-
poau3depa — ABa koamaka, OQuH ycTanapiauBaloT Haj aHogoM paas cOo-
pa XJopa, ApYroii — Haj KaTORAOM JJIs OTBOAA HATPHA.

B anexTposmsepe 3arpyKaloT CMeCh TLIATEeJbHO BHICYINEHHBIX XJO-
pucTOro HaTpis 1 XxJopucroro kaapuusa. Takas cmech mjiaBHTCA Opl
(ostee mm3xoil TeMmepaType, 9eM HCTHIT XjJopucTwiii BaTpHil. O6LIYHEO
JIeKTpOAN3 BefYT NmpH Temilepatype otono (00° C.

Ha osmexTpogbl MOJAIOT MOCTOAHHBII TOK HampseHleM OKoJo 6 B;
Ha Katojte uponcxoAauT pa3pdan nonos Nat u BoigeldeHne MeTanni-
yeckoro naipuda. Hatpmii BcmibiBaeT m OTBOGNTCS B  CeUlaJdbAbIT
cbopiur (pasymeetcs, 6e3 pgoctyma Boaayxa). Ha auome paspsxa-
iorca Houbl xaopa Cl— un BeijenseTca ra3oo6pasHBIl xJ0p — wen-
"Bl MoGoYNBIil MPOAYKT HATPHEBOro MPOH3BOACTBA.

OGurano anexrTpoansep paboraer moj narpyskoii 256—30 Thic. A, npu
sToM B cyTKH npomnapoputcs 400—500 kr matpua n 600—700 kr xaopa.

«CAMBIA METAJITHUECKUM METAJIJI». Tak umorjia HasblBaoT
HaTpuii. 9T0 me cobceM CHpaBeAJNBO: B MeHjedeeBcroii Tabinme Ha-
pacranie MeTaJJINYeCKIX CBOIICTB HPOICXOANT MO Mepe MPOABIIKe-
HHA crnpaBa najeBo I cBepxy Bnu3, Tax 4To y amasoros nHaTpnsa mno
rpynne — dpannua, pyoumgusa, uesnsa, Kaausg — MeTANIHYICCKUe CBOii-
c¢TBa BLIpajkenbl civibHee, 4eM y Hatpua. (Komedwo, nMeiotca B BH-
Ay TOJAbKO XHMHYeckne cBoiictBa.) Ho m y Harpnsa ecTb NOJNHBIIT
KOMILIEKC «MeTaJLlIYecknX» XHMIYecKkHx cBoiicTB. On Jierko otgaeT
CBON BaJIeHTHBle JNEKTPOHBI (IO OANOMY HA ATOM), BCETia MPOABIA-
eT BaJleHTHocTh 1+, obnajaer APKO BBHIPAMENHBIMI BOCCTAHOBHTENb-
oM cBoiictBaMi. T'nppooxncs Hatpusa NaOIl — cunbnan menows.
Bce aT0 00BACHAETCA CTPOEHHEM aToMa HATpUA, Ha Biewneii 06o-
jloYKe KOTOPOTO OJNH 3JIEKTPOH, I ¢ HIM aTOM JErKo paccTaeTcs.

B kuciopope, ¢drope m xJope HaTpmii ropuT, ¢ cepoii pearmpyer
y#e MpH pacTHpPaHHMIl B CTyNKe, CCPHYIO KICHOTY BOCCTaHaBAMBaeT
Io cephl N fAaxke Ao cyanduaa, a «cyxoii jef» (TBepaas yriexiuc-
J0Ta) OpH KOHTaKTe C HaTpueM B3pbiBaeTcss (MOOTOMY YTrJIEKNCIOT-
HO-CHEKHble OTHETYHINTENI 1IN B KOeM clyvae HeJdb3sl MpUMeHATH
Ana  Tymeuusa ropawmwero mnatpusa). He BaanmopeiicTByer matpuil
TOJILKO C a30TOM H C ITHEPTHBIMII FA3aAMIL

Pu3ndeckne CBoiicTBa HATPHA — ToMKe CBOIICTBA THIHYHOTO Me-
tajna. On BecbMa mjacTudel, Ja)ke MATOK (JIETKO peeTca HOMKOM),
CBOMKBIT  cpe3 maTpua OjaecTHT. BeamunmAbl 3JeKTPOMpPOBOAHOCTI N
Teln10lpPOBOAHOCTH HATPIA JOCTATOYHO BHICOKH.



MATHUM

Ojnoil 13 ocHOBAKLX «OPODJEMY, KOTO-
pble UBITANICh PaspelunTh cpelieneko-
BBIE AJXOMUKH, Obuto moaydense «gn-
nocodpekoro kamusy. I[Ipeamonmaranocs,
4T0 Oon HeoO0XOo[UM [JA MAacCOBOro Npo-
II3BOJICTBA 30JI0TA U3 «HEGJIAaropofubIx»
METaJUIOB,

ITouckn Beauch B pasBBIX HampaBle-
uuAX, 4o N «xkamua gniaocodor», Hu
«2JieKcHpa MOJIONOCTH» AJNXUMIKH He
gauia. OHn fgesiami MHOrO OMAGOK; HEKOTOPHIX 113 HUX COB-
peMeHHNKH yJIH9any B mWIyTuax, #o mia Oyaymeli xmmmde-
CKOll HayKu, 0co0€HHO Ay TeXHUKH J1abopaTopHOro aKcnepHu-
MeHTa, aJAXUMHUKH CAEJIal HEeMAaJo,

B XVII B. nauajica goBbIi mepioj B HCTOPHI XNMHYECKOIl
Hayxkn. VIMeHHO B 3TOT nepuoj mpousouiio OTKpeITHE, B 3HA-
" YHTEJNIbHOM CTeNeHH OpejBoCXUTIIBLIee OTKPLITHE JIeMedTa
maruna. B 1695 r. H. I'po, seonapuBas MunepanbHyio Bony
ducomckoro merounnka (Aurmnug), monydmit conb, obnanas-
WYyI0 rOpbLKUM BKycoM H ciaabutenbubiM neiicreuem. Cuycrs
HECKOJIbKO J1eT BBIACHIIIOCH, 9YTO Opd B3aMMOAeHCTBHE C «dO-
CTOAHHOM 11e0960» (TaK B Te BpeMeHa HA3bIBaJH COAY I MO-
Tam) 3Ta colib obpasyer Genwrii peixnpiii nopowok. Touuo
TaKoil e MOPOINOK MOJydajcs ONpi NPOKAJHBAHAE MIHepala,
HalifIEGHHOLO B OKPECTHOCTAX rpedecKoro ropoma Marnesmn.
3a 3TO CXO/ICTBO SMCOMCKaA COJIb WOJAYYiJa Hasamue Genoil
MarHe3uu.

B 1808 r. Xanmdpn [loBn mpn aneKTponnse cierka yBiam-
HeHHO# §ejioff MarHeann ¢ OKHCHIO PTYTH MONYYHI aMalbraMy
HOBOTO METaJIa, KOTOpPLI BCKOpe OBLT 113 Hee BBIAENEH I Ha3-
pam maraueM. IIpasna, marnuii, monyvenusnlii [[aBn, 661 3ar-
pAsleB HpHUMecAMH; nepsbiii neiflcTBUTeNbHO YHCTHIA Marani
poayuen A. Diocen B 1829 .

Marunii — cepebpucro-6enniii ouenn Jerkuii Metaai, HOUTH
B O 'pas jerde Menawd,B 4,0 pasa Jierue seieaa; jame anioMu-
it B 1,5 pasa tmmenee marnua. Ilmasutca marumii mpn
651° C, no B OGBIYHBEIX YCJAOBHAX PACIIABUTL €r0 A0BOJBLHO
TpyAHO: Harpethiii ua sosuyxe no 950°C, on scnmixuBaer B
MTHOBENNo cropaet ocjeniTtenbno apknm niaaMenem. [lomocky
Marauesoli ¢onbra Jierko moAKeub OGLIKHOBENHOM COUYKOM,
a B aTMocepe xjopa MarHWil caMoBoaropaercs aake OpH
KOMHATHOII TeMmOepaType.
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Ilpu ropennn maruma (Bunmaume, Jo6Guresnn sarapal!) BoI-
aenseTca OONbIIOE KONHYCCTBO YAbTPadUONETOBBIX JydYell n
Temra — 4ToGLl HarpeTh CTakaH NejAIoN BOABl [0 KUIEHHA,
HYJKHO C{eYb BCEro 4 r Maruus.

Ha Boangyxe marumii 6BICTPO TycKueeT, TaK KaK NOKpHIBa-
eTcAa OKUCHOIT mienkoli. JTa IVIEHKA CIYIKIT HaJeKHBIM TaH-
- IIIpeM, TIPefloXpandAjonliIM MeTalsl OT AajbHENIero OXucjie-
HHA. ,

Xunudeckiie cBoiicTBa MAruus IoBOJbHO cBoeoOpasusl. Ou
JIerKo OTHIIMAeT KIICI0POo;{ H XJiop ¥ GONbIUWHCTBA JIEMEHTOB,
He GoHTCA eKIX HieJouell, coibl, KepocHHa, Oensia u MiHe-
paJbHBIX MaceJ. B To ke Bpemsa oH coBepmIeHHO Te BBIHOCHT
AeilcTBIISL MODPCKOIl N MIHepalbHOIl BOJABl M JOBOJBHO GBICTPO
pactBopsAerca B Hux. IlouTn He pearupys ¢ xoJopHo#l mpec-
HOIl BOJOH, OH YHEPrHYHO BHITECHAET BOAOPOJ M3 BOAHBI TO-
pAueit. '

IIBGCTII MiIIHEpaJIOoB II TPH HCTOYHIIKA

3emuan Kopa OGorata Maruiem — B Heil cogep:kutcsa Gomee
2,1% »Ttoro anemenra. JIumb HIECTL 3JEMENTOB IEePHOMIIYE-
CKOII clicTeMBI BCTpedaloTesa Ha 3emure game mMarunsa. O BXo-
JIT B COCTaB IOUTH JABYXCOT MiHepasos. Ho monyuaor ero B
OCHOBHOM H3 TpeX — MarHe3NTa, [JOJOMUTA H KapHaIHTa.

B nameii crpane GoraTble MeCcTOpPOIKEHIIA MarmesiTa pac-
nonoxensl Ha CpepgneM.Ypaie (Carkunckoe) u B Opeunbypr-
ckoil obnactu (XanmnoBckoe). A B paiioHe ropoja Comnkam-
cKka paspabarbiBaeTcs Kpymnueiilee B MIIpPe MeCTOpOMKaeHHE
KapHa/umTa. JoJOMIT — caMBlif pacmpocTpaHeHHBIH 113 Mar-
HHiicofepKalINX MHHepajoB — Bcrpeuaercd B [lombacce,
MockoBekoit u Jlenunrpajckoii 06gacTAX W MHOTHAX ApYrix
MecTax.

Ilonyuator MeranmmuecKmii Marmmii JABYMsA cmocoGamu —
ANIEKTPOTePMIUECKHM (MM MeTaUIOTePMHYECKUM) II BJIEeKTPO-
autnaecknM, Hak aBcTByer 13 nassauuii, B 000HX mponeccax
yuacTByeT dieKTprdecTBo. Ho B mepBoM ciyduae ero poib CBoO-
AuTCA K 060rpeBy peakilOHHBIX ammapaToB, a BOCCTaHABIH-
BAIOT OKIICh MAarHHsA, MOJYYEHHYIO 13 MHHEPAJIOB, KAKAM-JI100
BOCCTAHOBHTEJEM, HalpUMep YrieM, KpeMHHeM, allOMHHHEM.
IToT cmocol jI0BOJBHO MEPCIEeKTHBEH, B MOCIEIHCE BPEMA OH
HaxoauT Bce Gonniunee mpumenenie. OHaKo OCHOBHOI Ipo-
MBIIIUIEHHBIT cMOCO0 MOJyueHIs MAarauA — BTODPO#, 3JEKTpO-
JUTHIECKUIT.
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ANEKTPOINTOM CHYKUT pacmiias HE3BOMAUBIN XJAOPHIIOB Mar-
HNA, Kajna 4 HaTpuA; MeTaianndecknuil marunii Bmaenasierca
Ha KeJie3HOM KaTojle, a Ha rpacTOBOM aHONe pa’3psKaloTeA
monn xsiopa. [Ipouecc uner B cneunanbHBIX BaHBAX HNEKTPO-
anzepax. Pacnnasnenuplii MarHEnii BCIABIBaET Ha NOBEPXHOCTL
BaHHBI, OTKY]a ero BpeMs OoT BpeMeHl BhIOHPAIOT BaKyYyM-KOB-
uIoM I 3aTeM paanuBaloT no gopmam.

Ho na atom npouecc He 3aKaH9mBAeTCA: B TAKOM MarHHi
enje CJMIIKOM MHOro mpuMecei.

[Toaromy nenabexern sropoii 3tam — ouucTka maruusn. Pa-
¢dunnposaTh Marumnii MOKHO ABYMA NYTAMI — nepemaBKoii
i ¢gutiocaMu 1AD Bo3roHKoil B Bakyysme. CMBICT neproro MeTojia
oflen3BecTeH: cHeunajhusle A06aBKH — (UIIOCH — B3aNMO-
AelicTBYIOT ¢ npUMeECAMN 1 NPeBPAMIAIOT X B COeNNHEnNA, KO-
TOpBlEe JIETKO OTAEJHTb OT MeTalla MeXaHNYeCKHM HY1eM.
Bropoii Meton — BakyyMmman Boaronka — TpeGyer Gosee Ci0k-
HOil anmpmapaTypsl, HO ¢ ero MOMOUILI0 NOJYy4aloT Oosee 9HCTHIT
marsnii. Boaromky seayT B coenmaabnblx BaKyyM-ammapa-
Tax — CTAJbHBLIX IIIHHpHYeCKHX peToprax. «Yepuosoii»
MeTaJlyl IOMEIaioT Ha JAHO PeTOpPTHl, 3aKPHIBAIOT €€ U BbIKA4N-
BAlOT BO3AYX. 3aTeM HIIKRIOID 9acTb pETOPTHl HarpeRaoT,
a BepxHAA BCe BpPEMA OXJIaMK]1aeTCA HAPYHHBIM BO3NYXOM.
[Ton neficTBuem BHICOKOl TeMmmepaTyphl MarHHit Boaronser-
cA — OepexoilT B rasooOpasnHoe cocTofanwe, MIHYA KHAKOe.
[lappr ero mogHMMaIOTCA 1 KOHJIEHCHPYIOTCA HA XOJOJHBIX
CTeHKaX BepXHed vacTm peTopThl.

TakuM myTeM MOMKHO BOJIy9aTh O9€Hb YHCTHIA MeTajl, co-
nepasamuit cebime 99,99% wmarnos.,

3 napcrsa Hentyna

Ho ne tonbko 3empas Kopa GoraTa MarmmeM — mpakTHde-
CKH HeliciepnaeMble 0 HOCTOAHHO MOINOJIHAIOUINECA 3amachl
ero xpasat roxyOble KiajoBbie okeaHoB 1 MopeH. B kamnom
KyOoMeTpe MODCKOIl BO/bI CONEPHKITCA OKOJIO 4 Kr Marams.
Bcero we B Bomax MipoBoro okeama pactsopeno Oonee
6-10* T aroro anemenra. :

Hax no6siBator maruuii n3 mopa? Mopckyio Boity cmemnaBa-
10T B OTPOMHBIX §aKax ¢ U3BECTKOBBLIM MOJOKOM, MPHTOTOBJIEH-
HBIM U3 NepeMoJIOThIX MOpckuX pakosuH. [Tpn atom obpasyer-
cA TaK Ha3blBaeMOe MarHeslajlbHOE MOJIOKO, KOTOPO¢ BBICY-
muBaeTca N mpeBpamaetcA B xjaopua Marnua. Hy, a pannme
B XOR UAYT JIEKTPOJOTHYECKIE OPOLECCHI.
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VCTOUHMKOM MarHmsg MoxXet ObITb He TONbKO MOPCKas BOJa,
HO W BOfAa COJIEHbIX 03ep, cofepXKawias XNOPUCTbIM MarHuw.
Y Hac B CTpHae Takue o3epa ectb: B KpbiMy —Cakckoe u Ca-

cbik-CnBawckoe, B NMoBoMKbe —03€epo O/IbTOH M MHOrue apy-
rne.

MarHunesas paKeTa He B3/IETUT, HO...

Ona kakmx ueneH Mcnosnb3ywT 3fiemMeHT Ne 12 m ero co-
efNHeHna?

Marsmm 4pesBblYaiiHO Nerok, u 3To CBOWCTBO MOrNo 6bl cae-
naTb €ro MNpeKpacHbIM KOHCTPYKLMOHHBIM MaTepuanom, Ho,
yBbl —YUCTbIA MarHnii MArok M Henpo4yeH. [103TOMy KOHCT-
PYKTOpbl UCMOMb3YOT MarHWii B BUAE CM/IaBOB €ro C ApYrumu
meTaniamm. OCOBEHHO LUMPOKO MPUMMEHSAKTCA CNiaBbl MarHms
C a/IlOMUHMEM, UMHKOM U MapraHuem. Kaxpblii H3 KOMMOHEH-
TOB BHOCWT CBOI «Mai» B 06LMe CBOMNCTBA: alOMUHUMN U LNHK
yBEIMUYUBAKOT MPOYMNOCTb CM/aBa, MapraHewl, MoBbILAET ero aH-
TUKOPPO3UOHHYK CTOMKOCTb. Hy, a MarHunii? Maruuii npugaet
cnnaBy NerkocTb —fAeTaiM H3 MarHMeBoro cnnaea Ha 20—
30% nerue antoMuHMEBbIX U Ha 50-75% - YyryHHbIX U CTa/lb-
HbIX.. ECTb HEMaNo 3NemMeHTOB, KOTOPble Yy4llaloT MarHueBble
CnaBbl, MOBLILWAKT UX XXApPOCTOMKOCTb W NAACTUYHOCTb, Ae-

CnveB MarHuMa H3 peTopTbl Ha YCTb-KameHOropckom THTamno-MarHHeBOM KOM-
6uHate



NAIOT YCTOWUMBEe K OKMCIEHUIO. JTH JUTHI, Gepunnmii, Kaib-
nuit, mepuii, KagMuii, THTad H jpyrue. .

Ho ects, K comasennio, u «Bpari» — 3eje3o, KpeMHHUH, HI-
KeJdb;, OHH YXYJUAIOT MexanndecKHe CBOICTBA CIIABOB,
YMEHBIIAIOT IIX COMPOTHBIAEMOCTh KOPPO3UH.

Marmuesble choiasbl HAXOJAT IWHMPOKOe mpuMeHenme, ABH-
alMA M peaKTIBHAsA TEXILIKa, A/lepHble peaKTophl, AETAJH MO-
TOpOB, 0aku njA GensmHa n Macjaa, mpubOpEl, Kopmyca Baro-
HOB, aBTOOYCOB, JErKOBBLIX aBToMOGuUeil, Kojeca, MacidHBbIE
Hacochl, 0TOoliHbIe MOJOTKE, MHEBMOOYpPH, $oTO H KMHOANIa-
paTsl, OMHOKIN — BOT JajJieK0 He MOJIHBIII mepedeHb obnacreil
IpUMeHEeHHUA MarHUeBbIX CIJIaBOB.

Hemanyio poas urpaer maramii 8 Merananypruu. OB npume-
HAETCSA KaK BOCCTAHOBUTENbL B MPOH3BOACTBE HEKOTOPBIX leH-
HBIX METAJJIOB — BaHAJHA, XpoMma, THTaHa, mEpxonuma. Mar-
HUfi, BBeleHHBIA B pacmiaBieHHBIT WyryH, Moaudmpupyet
€ro, T. €. yayulllaeT ero CTPyKTypy ¥ IOBBIIIAeT MeXaHUIecKue
cpoiictea. OTnuBKu u3 MoguHUUUPOBAHHOTO dYyryHa C ycime-
XOM 3aMeHAIOT CTajbHble NOKOBKH. Kpome Toro, Metanaypru
MCHOOJAb3YIOT MarHMii [JA PacKHUCIEHHA CTaJIl H CIJaBOB.

CeoiicTBo mMaruua (B BUje MOPOIIKA, MPOBOJOKH A JIEH-
THl) — ropeTb OeABIM OCJHeNHTEJbLHBIM ILIAMeHeM — IMHPOKO
HCOONBBYOTCA B BOSHHONH TEeXHUKE /I M3TOTOBJEHHsA OCBETH-
TEJbHbIX M CATHAJBHBIX paKeT, TPACCHPYIOOIUX NYJb A CHapA-
noB, 3asKUrarejbablx Gome. Xopolo spakoMel ¢ MaraaeM ¢o-
torpagnl: «Cmoxoitno! Cummalo!l» —m sApKas BCOBIIIKAa Mar-
BUA Ha MCHOBeHHe ocllelisAeT pac. BmpoueM, B aToii ponm mar-
HUii BBICTyHaeT BCe pej)ke — dJeKTpUUecKadg Jamma «Oamm»
BLITECHIJIA €I'0 OPAaKTHUECKN HOBCeMECTHO.

MecTo nop coanuem

N eme B onuoil rpaHgNo3HO# paboTe — aKKYMYJIAUHH COJ-
HEYHOl sHepruu — ygactByer Maramil, Om BXOmHUT B cocTal
xaopodmiia, KOTOpPHI OOrnomaer cOJHEUHYIO dHEPTHIO N ¢ €€
OOMOMIBIO HpeBpaliaeT YIJIEKHCHIb ras m BOLY B CJOHBIE
OpraHdvecKHe BelmecTBa (caxap, Kpaxmaja @ fp.), HeoGxopn-
MBle /i ODUTaHIA 9ejJoBeKa W KUBOTHHX., De3 xmopodunna
He OGbLTO OB KHM3HHU, a Oe3 MarHuA He ObLIO OB Xaopoduina —
B HeM cojiepskutea 2% aroro anmementa. Muoro s ato? Cyam-
Te caMi: o0miee KOJIMYECTBO MAarEmsA B xjaopoduiie Bcex pa-
crennit 3emnn cocrapaser okoxo 100 mapn. T! Inement No 12
BXOJHT H B COCTAB IPAKTOYeCKH BCEX JKUBBIX OPraHA3MOB.
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Ecan sbi secure 60 kr, To mpubnusutentHo 25 r M3 HAX [PII-
XOMUTCA I1a MarHmii.

YcayraMu MarHnsg LIHPOKO NOJb3YeTCA MeJUIMHA: BCeM
Xxopollo 3HaKOMa «aurnmuiickas coab» MgSO,-7H,0. Ilpn
mpueMe BHYTPh OHa CIY)KHT HaJeXHBIM 1 OblcTpogeiicTBylo-
mEM cnabuTeNbHBIM, a OPH BHYTPHMBIUIEYHBIX HJIM BHYTPH-
BEeHHBIX BJINBAHMAX CHUMAeT CYJOPOYKHOE COCTOSAHNE, yMEeHb-
maer cmasmbl cocymoB. Umcras okuch MmareBuA (sxmenas
MarHesHsi) NpPUMeHSEeTCA NpPH NOBHIMEHHOH KHCJIOTHOCTH
FKEJYIOYHOTO COKA, H3MKore, OTpaBjeHun Kucaoramu. Ilepe-
KHCh MAargHs CIYKUT [e3dHQIUUDYIONIHM CPeACTBOM IpH
MEeNYJOUHBIX paccTpoiicTBax.

Ho meannumuoil me orpaHu4uBaiOTCA 06MAaCTH IpPHUMEHEHHA
coeguHeHnit Marana. Tak, OKACh MaruusA UCIOAL3YIOT B IPO-
H3BOACTBE I[EMEHTOB, OTHEYNODHOTO KHDIHYA, B pe3npoBoii
npombinienHocTd. [lepekncs Maruusa («HOBO30H») MpPHMEHA-
10T Jaa orbenkn TKaneil. CepHOKUEHBIT MaTHUN HCHOAL3YIOT B
TeKCTHABHON H GyMaKHOIl TPOMBINUICHHOCTI. KaK HpPOTpaBY
OpH KpalleHWH, BOMHBIH PacTBOP XJOpla MarHusA — AJiA MpH-
TOTOBJIEHNAI MAarHe3uajibHOTO [eMeHTa, KCHJIOJIHTA H JAPYTH)
eunTeTHYecKUX MartepuanoB. Hapbomar maruungs MgCO, maxo-
OUT NpPUMEHEHHEe B OPOH3BOACTBE TEILNION3OJNAIMOHHBIX MaTe-
pHAJIOB.

W, maronen, eme ogno o0MupPHOE moJie NEATENLHOCTH Mar-
HUA — OprandvecKas Xumusa. MaruueBblii MOpPOMIOK NCIOJL-
3YIOT [iA 00e3BOKHBAHHA TAKHX Ba’KHBIX OPraHMIECKNX Be-
IecTB, KaK cUpT i aHuAuH, Maruuiiopranuveckue coenmme-
HHUA IHPOKO NPUMEHAIOT IPH CHHTEe3¢ MHOTHX OPramMdecKIx
BEIeCTB.

Wrak, geATenbHOCTs Marausa B HPHPOJE U HAPOAHOM XO3AM-
CTBe BecbMa MHOTOTpPaHHA.

Ho Bpsap an npassl Te, KTO yMaeT: «Bce, 9TO MOT, OH yiKe
copepmmiy, Ecth Bce ocHOBaHMA CYHUTATb, UTO JydYMIas PoJib
Maruug — puepej.

CLIPLE HA MOCTOBOM. Ilpm :xemaHnm Maruuii MoHO [oGBIBATDH
Aayce N3.. OpPOCTOTO OyJABDKHHKA: Belb B KAKIOM KILIOTpaMMe KaMHA,
ACHONb3YeMOro A MOINEHINS HOPOF, COepMUTCcA mprMepHO 20 r Mar-
HnA. B TakoM mponecce, mpaBia, HOka HeT 11e00XOAIMOCTH — MarRiil
N3 [OPOMHOTO KaMisA Ouii Obl CHTIDIKOM AOPOrAM YHOBOJABCTBIEM.

MATHHNA, CEKYHJIA U 3PA. Croabko cofepKUTCS MATHUA B OKea-
He? IlpencraBuM ceGe, uyTo ¢ nepBbIX AReil Hamell Dpbl JIOKW HAvaIH
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paBHoMepno H HHTEHCHBHO NoObIBaThL Marumii 13 MOpPCKOIT BOABI 1 K
cerofinAmIeMy AHI0 HCYepHAJH Bce BOJIBIC 3amachl 3TOTO JJICMCHTA.
Kax sbnt aymaeTe, Kakosa Ho/UKHaA OBITb CHHTECLCHBHOCTLY A00LITN?
OnrasbiBAETCA, Ka/KAYIO CEKYHAY B Tedcnue moutd 2000 ner mamo Oblio
0b1 noduiBaThL mo... MIULIONY TOHH! A Belb Ha)<e Bo BpeMs BTOPOHl M-
poBoii BOIlNIBI, KOrgA NMPOU3BOACTBO ITOr0 MeTasaa ObIIO MaKCHMAlb-
HLIM, 13 MopCKoil BO;Bl moJdydanan esxserogdo (!) Bcero Jump Mo
S0 Teic. T Marums.

BKYCHDLIE JIEKAPCTBA. Cratuctinka yTBepmaeT, 4To y KuTejeil
paiionos ¢ GoJee TEmAbIM KJINMATOM CHNA3Mbl KPOBCIOCHLIX COCYIOB
cllyualoTcAa pexse, ueM y cesepan. Meauunna obvacuser aTto ocobeH-
HOCTAMH OHUTAHWA Tex u Apyrux. Bexb naBecTHO, u4To BHYTpHBEHHLIE
U BHYTPHMBIIIEUHKE BINBAHHA PAcTBOPOB HEKOTOPHIX cojeil MarmHs
CHHMAIOT cmasMmbl n cynoporn. Haxonnrte B opramnaMe HeoOXomHEMBIIl
samac aTHX coueii moMoraioT GpykTh u opomu. OcobenHo GoraThl Mar-
uneM afpurochl, mepcHKH M uBeTHag Kamycra. Ecte om n B oGbiunoii
KamycTe, kapTodeJe, TOMHROPAX.

OCTOPOMHOCTL HE IIOBPEJIUT. PaGora co cnjaaBamMm Marmus
MHOTAA OPHINHAET HEMANO XJIOMOT — MArHmil Jerko oxncaserca. [lias-
KY H JNTbe 3THX CIVIABOB NPHXOAWTCA BECTH HOJ CJOEM MIIaKa —
HMHAYe pacmiaBleHHbII MeTalJl MOMeT 3aropeThc OT CONPIKOCHOBE-
HAA C BO3AYXOM.

Ilpn mandoBke MIN mONNPOBKE MAarHMEeBBHIX H3JeJHii HaJ CTAHKOM
ofasaTenbno ycraHABINBaeTCA pactpyl NbLIEOTCACHIBAIOMEro YCTpoii-
cTBa, MOTOMY 9TO pacHbUICHHBIe B BO3[yXe Melpiuaiimue 9acTHIBI Mar-
HHUA CO3[aI0T B3PHIBOOMACRHYIO CMeECh.

Onnaxko 310 Ue 3HAYAT, 4YTO BCAKaA paboTa ¢ MarnueM 9peBaTa
ONaCLOCTHI0 TOMKapa Hin B3phiBa. [lokedb MarHHi MOMKNO, TOJBKO
pacijaBUB ero, a cfleJaTh 3T0 B OOBIYHBIX YCIOBHAX HE TaK-TO MPO-
cT0 — GosbmIas TemJIONPOBOAHOCTL CIJIABA He IO3BONNT COMYKEe MIH
npaxce daxeny npeBpaTHTb JAHThic usfenus B Oenslii MOPOMIOK OKHCH.
A BOT cO CTpyKoll WIH TONKOH JeHTOHl W3 MAarHuA HYKHO HeilcTBU-
TeabHo 06pamaTncA 09eHb OCTOPOXKHO.

WMIOATb HE NPUJETCA. OGbiumble paamosaMonrl HAa9HHAIOT HOP-
Manbio paboTarh JNMB HOCKE TOTO, KAaK MX CeTKH HArpelTca 0
800° C. Kamnbiit pa3, Korga BB BKAIO9aeTe pafXNOmpHEMANMK HIH Telse-
BI30D, NPHXOMHTCA HEKOTOPOE BpeMsA KAAThb, Hpeie 9eM MOoAbITCA
3BYKH MY3BIKH mau 3amepuaet ronyGoii akpan. Uto6er ycTpanaTh 3101
HEeM0CTa10K pajnoiiaMi, NOJbCKHe ydeRble ¢ Kadeapbl aneKTpOTEXHI-
ki Bponsasckoro MONHTEXRNYECKOrO HICTHTYTA MPEANOMIUIN MOKPBI-
BaTb KaTOILI JIaMI OKHCBIO MArHHA: TaKHe JaMIlbl HAYUHAIOT paburaTe
TOTYAC #¢ [OCae BKIIOYCLHA,
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NMPOBJEMA fINUHOWN CHKOPJIVIDLL Heckonpko serT nasag ydensie
Muinnecorcroro ymuBepcntetra B CITA nsépann ob6bexroM Haydnoro
AccaeuBanNA ANIHYI0 cropayny. VM yhanech ycTaHOBHTDB, 9TO CKOp-
Jyma Tem mpodnce, UeM (oJbllle ONa COLEP:RHT Mariuus. 3HAYHT, H3-
MEHfiA COCTaB KOpMa JUIi HeCyIer, MOMKHO MOBBLICHTh MPOYHOCTD
cropaynsl. O TOM, CKOJb BakeH DTOT BBIBOM A CeJLCKOTO X03aAiicTBa,
MOMKHO CYAUTL XOTA Obl mo rtaknM undpam: Toapko B mTate Munme-
COTa emeroanple Motepn n3-za 6os AN OpeBLIAIOT MHJIANOH AOJ-
JapoB. YK TYT NHKTO HC CKasKkeT, 9TO 3Ta paGoTa ydeHnixX «siila BbI-
eJleloro He CTOUTY,

MATHUNA ... UHOAPKT. OnbiTel, npoBejieHHble BEHTePCKIMHI Y9eHnbl-
MH Ha KHBOTHDIX, OOKAa3aJil, 9T0 HeJJOCTATOK MATHIIA B OprammuaMe [o-
BBIIIAeT MpefipacHonoKennoctTh k undaprram. Ogaum cobaram gasann
oumy, GoraTyio coOJsAMII 3TOro dJeMenTa, ApyriM — Geanyio. I3 nouny
IKCHePHMEHTa Te co0aKH, B paumione KOTOPLIX OLNIO Majlo MAaruis,
«3apaGoraan» ungapkT MiOKapaa.

BEPETNTE MATHHHA! ®parny3sckme Gunomorn c4uTaior, 9To MarHuii
HOMOMKeT MefHkaM B Gopube ¢ TaknM cepnesanvim uweayrom XX B., Kak
nepeyromnenie. McciegoBanns 110Ka3niBaioT, 9T0 B KPOBI yCTaBHINX
aofeli ComepKNTCA MeNbIle MArHis, 4eM Y 3JI0pOBLIX, a la’ke caMble
HNYTO)KHBIE OTKJOHENNA «MaruieBoil KPOBH» OT HOPMBI He OPOXOAAT
Geccnenno.

BaskHo mOMHIITB, 4TO B TeX CJYyd9asX, KOrja 9ejOBeK 9acTo H OO
nioGoMy NMOBOAY pasapakaeTcsA. Marimii, cogepsamuiics B oprammnsme,
«cropaeT». Bor moueMy y HepBHLIX. Jerko Bo3GYAUMBLIX JIofeif Hapy-
mennsa paGoThl cepednbix MBI HabNI0fAIOTCS 3HAYUTENLHO damie.

YIJIEKUCHBIAN MATHUIR 1 KUAKUN KUCJHOPOJ. Boabmute
€MKOCTH JUIsl XpaHeHHA KNAKOTO KICJOPOAR, KAk OPaBIJIO, H3rOTOB-
asiorea B dopMe LIIMHAPA 1IN mapa — qTo6Ll Melbime GLUIN MOTepH
tenna. Ho ynauno BuiGpannas dopma Xpanmiima — aTo eme He Bce.
Hy:mxua najeuas Temnousonsuis. Momno B 9THX ueJsX BOCHIOJNL3O-
BaThCst MIYOOKNM BakyymoM (kKark B cocyje [[pioapa), MOMIO MHHe-
pasbHofi BaToil, HO 9AacTO MEMXAY BHYTpeutcii u pHemueil crenrol
XpaHWIMINA 3aCLITAOT pPLIXJBII  MOPOIIOK  YIJIEKHCJIOr0  Maruns.
JTa TemION30MALNA H [elieBa, (1 HaJexHa.



AJIIOMUHNI

Oxono 100 ner nasay Hukonaii I'aspu-
aosia UYepnnimreBckuil ckasasl o0 anio-
MIIHHI, 9TO 3TOMY MeTajiy cy:qe-
HO BeJllIKoe Oynyuiee, 4TO aJiOMH-
unit — Metann conuanuama. OH OKazan-
ca nposuaueM: B XX B. amement Ne 13
AJIOMITHI CTajJl OCHOBOIl MHOTIX KOH-
CTPYKLIIOHNBIX MaTepPHaJloB.

JlwGonbiTHO mWpoCAEANTH AUHAMEKY
NpON3BOACTBA aliOMUNNA 3a NOJTOpa
CTOJeTIIA, MpOIIe[INNX ¢ TeX HOp, KaK 4eJoBeK BIepBhHC
(Bnemee au? — ¢cM. 3aMeTKy na c. 197) Baam B pyKn Kyco-
4eK JIETKOTO cepeGpHcToro Mmertasa.

3a nepseie 30 ser, ¢ 1825 no 1855 r., Tounsix undp mer.
[TpompimiieHABIX cnoco0oB MOJYYEHIIA aJIOMIIMIA He cyliecT-
BOBaJIO, B JIaBOpATOPUAX K€ ero moJydain B JyduiieM cjiydae
KujorpaMMaMmu, a ckopee — rpammamu. Horna B 1855 r. ma
BceMiipaoit napmkckoii BbicTaBKe BrepBbie Obl BBICTaBJEH
aJIIOMITHHEBBIIl CJAITOK, Ha HEro CMOTpEJI Kak ta pe/daiimyo
AparoneHHoCTb. A MOABIUICA OH HA BBICTABKe NOTOMY, UTO KaK
pa3 B 1855 r. Pppanuysckuii xumuk Anpu Itbenn Cent-Kaep
JleBmnsp paspaGoran nepshlii MPOMBIINJIEHHBIH cnocob moay-
9eAMs aJIOMHUHNA, OCHOBAHHBI Ha BBITECHEHHH JJeMeHTa
Ne 13 MeramnmdecKAM HATpIEM 13 JBO{INOro XJOpHAa narpus
o amomunua NaCl-AlCl,.

3a 36 ner, ¢ 1855 no 1890 r., cuoco6om Cent-Huep [deniuia
6nuto monyueno 200 T MeTaJIIIIECKOrO AJIOMITHIIA.

B nocaennee pecarunerne XI1X B, (ysxe mo nosomy cooco-
6y) B Mipe nosyqmi 28 THIC. T aJIOMIIHIIA.

B 1930 r. mupoBasa BBIJIaBKA 2TOTO MeTajla COCTAaBHJIA
300 ToiC. T.

Coycra eme mnoiacroietus —B 1980 r.— tonbko B Kanm-
TAJIICTIIYECKHX M pa3BIBAIONIIIXCA CTpamax MIIpa BBINJaB-
geno 12,6 MIH. T aMOMIHNA. ITO MOYTH B fiBa pa3a 0oJbie,
yeM MejH, IOYTH BTpoe GoJiblre, WeM HIIHKA W CBIHHA. AJO-
MuUHIE B Ham@ JHI — caMblii KPYDHOTOHHAKOBII NPOAYKT
LBETHOI MeTaJuIypruir.

Cronb ke MopasnTeJbHH NepeMeHbl M B CTONMOCTI aJio-
munud. B 1825 r. on croun B 1500 pa3 mopose rkenesa, B na-
mu gau — anmb BTpoe. CerogHa anioMuHIil J0poke MPoOCTOil
yriepoaucroii crajiu, HO JelneBiie Hepkapelouweil. Ecnm pac-
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Fauc Xpucrtuan ApcTeq
(1777— 1851) — paTckuit U3NK, n3-
BCCTHbIi paboTumn a o6nacTu anek-
TpomarHeTusma. B 1820 r. oTKpbIN
BO3fleliCTBME  3.TeKTPMYECKOrO ToKa
Ha MarHUTHYK cTpenky. OH >Ke 6bin
NnepBbIM  YYeHbIM, CYMEBWMUM MONY-
UATb MeTaNnnuyeckuii antoMuHKi

CYNTbIBaTb CTOMMOCTb a/llOMUHUEBLIX U CTajibHbIX VI3,qEJ'II/Il7I C
y4eTOM MX MacCCbl U OTHOCUTENbHOWA yCTOI\/'I'-II/IBOCTl/I K KOppo-
3N, TO OKa3blBae€TCA, 4YTO B Halll AHW BO MHOIMX cny4vasax
3HA4YNTENNbHO BbIrOAHEE MPUMEHATDH antoOMUHWIA, YeM MHOrue
MapKn CTasun.

MpOLEHTBI, NPOLEHTHI...

8,80% Maccbl 3eMHOI KOpbl COCTaB/IEHbl THOMUHUEM —
TPeTbUM MO PacnpoOCTPaHEHHOCTU Ha Halleil nniaHeTe 3/eMeH-
TOM. MwupoBoe MPOU3BOACTBO anlOMWHUA MOCTOSHHO pacTer.
Ceilyac OHO cocTaBfiseT OKoMo 2% OT NPOU3BOACTBA CTanu,
ecnm cuymTaTb No macce. A ecam no obbemy, T0 5—6%, no-
CKOJMIbKY aNlOMWUHWIA MOYTWM BTPOE nerye ctanu. AJOMUHWI
YBEPEHHO OTTECHW/T Ha TpeTbe W Moc/efyowme Mecta Mefb
N BCe [pyrue LBeTHble MeTan/bl, CTas BTOPbIM MO BaXKHOCTU
MeTas/lIoM MPOJO/KAOLLErOCH >Kene3Horo Beka. [1o nporHo-
3aM, K KOHLY HbIHEWHero cToneTusa 4ons altoMUHUS B 0OLLEM
BbIMYyCKe METan0B A0MXHa AOCTUIHYTL 4—5% Mo macce.

MpUYMH TOMY MHOXXECTBO, T/1aBHblE W3 HUX —pacnpocTpa-
HEHHOCTb afNlOMWUHUA, C OAHOW CTOPOHbI, W BENNKOMEMHbIN
KOMMNNEKC CBOWCTB —/ErKOCTb, MIACTUYHOCTb, KOPPO3UOHHAS
CTOWKOCTb, 31eKTPOMPOBOLHOCTb, YHUBEPCANbHOCTb B MOHOM
CMbIC/IE 3TOr0 C/1I0Ba,—C LPYro.

ANIOMWHUN NO3AHO MpULLIEN B TEXHWUKY NOTOMY, YTO B MpuU-
POAHBLIX COEAUMHEHUAX OH MPOYHO CBA3AH C APYrUMMK 3NeMeHTa-



MII, IIpeM(1e BCETo ¢ KICJA0PO;1I0M 11 Uepes KICA0po; ¢ KpeMull-
eM. I [LIA paspyuwienns sTuX coelnuneniii, suicsoboxcennn us
HIIX Jlel KOro cepeGplcToro Metajsa NYMKHO 3aTpaTHTL MHOMO
CILT 11 DHEPriiL.

[epmpiii MeTannnueckuit amomunuiii B8 1825 r. moaywua
n3secrublii garckuit guank l'anc Xpnctnan Iperen, nssect-
HBlil B MEPBYIO o4epe/lb CBOUMII paGoTaMil HO 3JAeKTpoMarie-
TH3MY. JpCTel HPONYCKaJl X.0p 4Yepes pacKalennyn cMech
rmunnosema (okucy amiomuuna Al Q;) ¢ yrnem n nonyueunniii
Ge3Bojublil XJOpHCTHIT amioMuUnUil HArpeBajJ ¢ aMaJbraMoii
kannn, 3ateM, Kak 3to jenan eule Jlamn, Kotopomy, Keratn,
NONBITKA MOJNYYUTh AJIOMIIHNLT 3NEKTPOJN30M IINHO3eMa He
yJlajacb, amajbraMy pasjaraiin narpesanlieM, pTyTh Mcha-
paaach, 1 — anoMIUIIT ABIUICA Ha CBET.

B 1827 r. @pnygpux Béaep nonywynn anioMmunumii nnasge,
BLITECHIIB €ro 113 TOro e XJopilja MeTaJlJidecknM KajueM,
[Tepssiit mpoMblLienHsIii coocof noNyuenisa aIOMIHNA, KaK
ye ymoMmIilHajoch, ObL1 paspadotan sumb B 1853 r., a Tex-
HHYECKI BAaXHBIM METAJLIOM AJIOMIHII cTan JHMbL Ha py-
Gese XIX—XX sB. [louemy?

CaMOO4YeBHHO, UTO /IQJIEKO He BCAKOE NPIPOAHOE COeIH-
Henie JMIOMIHHA MOMKHO PAaccMaTpuBaTL KaK aJIOMIHIEBYIO
pyny. B cepennine u pasxe B xomne XIX B. B pycckoil xmmi-
YecKoii anrepatype anioMunnii 9acto Ha3sIBadll IINHOEM, €ro
OKIIChb [0 CHX MOp HAa3eBalOT rimnozemoM. B atmx tepmu-
Hax — OpAMoOe YKazaHlle Ha nOplcytcreie saementa N 13
B MOBCeMecTHO pacmpocTpauennoil ranue. Ho ranume — nocra-
TOYHO CHAOMKHBIIl KOHFJIOMEPAT Tpex OKIICJIOB — IJITHO3EMa,
KpeMmueseMa 11 Bojbl (mialoc pasnble J0GaBKil); BBIIEJNNTH H3
Hee MJIII03eM MOMIO0, IO Cjle1aTh 9TO HAMHOrO Tpyaluee, ueM
DOJAYMHTHL TY Ke OKIICh aJIOMIIHIIA 113 JIOCTaTOYHO PaCHpPOCT-
panennoii, o6blunHo KpacuHo-Gyporo IBeTa ropHoil NOpPOJbI,
nonyuusuieii csoe naspauile B 4ecTb Mectnoctu Jle-Bo na
iore Dpanmm.

dta mopoaa — Gokenur cojepwmur or 28 mo 609% AlO,.
FnaBuoe ee JOCTONHCTBO B TOM, 4TO FJlHO3eMa B Heil 1o
MeHbIIeil Mepe BIBoe GoJbllle, ueM KpeMHedeMa. A KpeMue-
3eM — caMmas Bpejliag B 3TOM cjiydae mpiiMech, oT Hee H3ba-
BITHCA TpyAHee Bcero. Kpome aTux okmcios, GoKcHT ncersa
cojlepKNIT OKHCh eqeza [Fe,0;, OBIBAIOT B HEM TaKike OKIIC-
asl Tnrana, gocdopa, Mapranua, Kajdbia M Maruus.

B rojisl nTopoil MupoBoil Boiinbl, Korja MHOTHM BOIOIOIIIIM
cTpaHaM He XBaTajJ0 aJIOMINIA, MONyYeHuoro ua Gokcura,
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MamaTHUK Yapnb3y MapTu-
munXunny (15963—1914) — amepu-
KaHCKOMY XWMWUKY W MeTannypry,
KOTOpbIA NepBbIM NONYYUI 3NeKTPO-
NNTNYECKNIA anto MUHUIA

MCMONb30Ba/IM MO HeobxoanMo-
CTM W Apyrue BUAbl CblpbS:
WTanus nonyyana antoMUHUI
n3 nasbl Besysua, CLUA n
FepMaHna —un3  KaoSMHOBbIX
FWH, ANOHUA —U3 TAUHUCTBIX
cnaHues ¥ anyHuta. Ho obxo-
OUncs 3TOT alOMUHWIA B Cpeg-
HeM BMATEPO AOPOXE anoMu-
HWUS 13 BOKCMTa, M nocne BO-
Hbl, Korga 6bl11 O6GHapy>KeHbl
KonoccanbHble 3anacbl  3TOM
nopogsl B Adpuke, HOXHOI
AmepuKe, a no3xe n B ABCTpa-
K, anioMUHMEBas MPOMbILL-
NeHHOCTb BCero Mupa BepHy-
nacb K TpaguuuMoHHOMY 60KCK-
TOBOMY CbIpPbIO.
B Coserckom Coto3e cy-
LLecTBYIOT 0nNpoboBaHHblE B
3aBOACKMX MacwTabax cnoco-
Obl MPOM3BOACTBA ANOMUHMSA
Ha OCHOBE He(eNHMOCMNeHHTO-
BbIX W He(enHH0anaTnToBbIX
nopogd. B AsepbaigxaHcKon
CCP paBHO Hauyato MnpOMbIL-
NeHHOe OCBOEHME anyHuUTa Kak
KOMM/EKCHOro, B TOM 4uChe W
alOMWHMEBOTO, Cbipbf. HO 1 nyywum  aslOMUHUEBLIM
CblpbeM —60OKCUTOM Npupofja Hac He obgenuna. Y Hac ecTb
CeBepo-YpanbCkuii 1 TypranckHii (pacnonoxeHHbln B Ka-
3axcTaHe) OOKCHTOHOCHblE paioHbl: eCcTb 60KCUTbl B 3anag-
Holi M BocTouyHoli Cubupwn, Ha CceBepo-3amnafie eBpPOMeiCKoii
YyacTu cTpaHbl. IMa 6a3e TUXBUHCKOrOo GOKCUTOBOrO MECTOPOX-
feHns v sHepwn Bonxosckoii M3C HaumHan B 1932 r. cBOO
paboTy nepBeHeL, OTEYECTBEHHON antOMWUHUEBON MPOMbILIIEH-
HOCTW Bonxosckuii antoMyHWEBbIA 3aBof. [elwleBas 3neKTpo-
3HEeprnsa orpoMHbIX cubupckux MAC H MP3C cTana BaXHbIM



«KOMIIOHEHTOM» pPAa3BHBAIOLIEICA BBHICOKHMH TeMOAMH alo-
MUHIEBOI mpomsinuiernocT CuGupm.

Pasroop 06 suepruu Mpl moBesin He clydaitHo. AJIOMIHHI-
eBoe OpPOH3BOACTBO 3HeproeMko. UmHcTas OKHCH ATIOMNHHUA
mrasurcsa npu remneparype 2050° C u me pacrsopsaeTcs B Bo-
e, a YTOOBI MOJIYUYHTH ANIOMIIHUIA, ee HAJ0 MOJABEPrHYTH JJIEK-
tpoanay. HeoGxoammo Gbuto HaiiTH cn0Cc06 KAK-TO CHU3NTH TEM-
neparypy naamjienns riuaosema xora 6ot go 1000° C; toabko
IIPH 3TOM YCJAOBHI QJIOMIHIN MOT CTAaTh TEXHHUYECKH BAaYKHBIM
MetaioM. ITy 3ajavy OaecTsAlle paspelum Mojxojl0il amep-
KaHckuil yuennlit Yapnss Maprun Xosx u mouti ofmnoBpe-
MenHo ¢ nuMm ¢paunys Ioxs Jpy. Our BbisACHNIAN, UTO TiN-
HO3eM Xopoino pactBopsierca B Kpuomute 3NaF-AlF,. Irtor
pacTBOp ¥ HOABEPraloT BJIEKTPOIH3Y HA HBIHEIMIHIIX aJIOMH-
HIIeBBIX 3aBojax mpu Temmepatype 950° C.

Anmapat [nA diMeKTpoNN3a HpeCcTaBiIAeT C0OO0il KeNe3Hnyo
BanHY, QYTePOBAHHYIO OTHEYHOPHBIM KHPIUYIOM C YTOJbHBIMH
6I0KaM¥, KOTOpBle BBHINONHAIOT poiab Karomos. Ha HuX Bbine-
JIAeTCA pacIUIaBlIeHHBI aJIOMHAHHI, a HA aHOmAX — KICJIODOI,
pearupyloniumii ¢ MatepnamoM aHomoB (0GBIYHO — yryiem).
Banubpl pa6oTaoT moj HeBHICOKUM HaupsykeHneMm — 4,0—4,5 B,
Ho npn 6osnplioii cuie Toka — go 150 ThIc. A.

Ilo aMepukaHCKHM JAHHBIM, 3a IOCJAeIHHE TPH NECATILIE-
THA NOoTpeblieAde dHEPrid OPH BHIIJIABKE AJIOMUHIIA COKpa-
THJIOCh Ha OJHY TPeTh, HO BCE PABHO 3TO IPOU3BOACTBO OCTa-
eTcsa A0CTATOYHO IHEProeMKIIM.

Haxos on ectn

N3 speKTpoanTHYeCKHX BaHH AJIOMUHUMII OOBIYHO U3BJIE-
KalOT ¢ IOMOLIBI0O BAKYYM-KOBIIA W IOCIE IPOLYBKH XJOPOM
(mns ymameHHsA B OCHOBHOM HeMETAJINYECKHX MpUMeceit)
pasausaiotr B dopybl. B nocienuie rojsl anoMuBneBble CIUT-
KII Bce vallle OTJAMBAIOT HempephIBHbIM MeTtofoM. Ilonydaercs
TeXHUYECKH YHCTHI aJIOMIHIN, B KOTOPOM OCHOBHOIO MeTaJ-
aa 99,7% (rnaBuple mpuMecu: HATpuil, ’Keje3o, KpeMHII,
pogopox) . Umenuno aroT amoMmani naeT B GOJNBLINHCTBO HmpoO-
n3popcTe. Ecan ke HyKeH 6ojee IHCTHIA MeTaJut, ajIOMITHITH
paUHEPYIOT TeM NI MHBIM CIOCOGOM. OIEKTPOINTHIECKOE
paduHUpOBAEEE ¢ NOMOMBLI0 OPraHEYEeCKHX 3JeKTPOIUTOB
mosBosisAeT moaydaTh ajomuunit gucroroit 99,999%. Eme 6o-
nee WHCTHIA ANMIOMHHER AJA HYMKJ OPOMBIINIEHHOCTH IOJY-
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MNpPOBOJAHMKOB [10JIy9aloT 30HHOH IJIaBKOI WJIH ANCTUIIANTEN
depes cyodropum.

[Mocnenitee, BUAIIMO, HYM1aeTCA B NOACHeHUU. AJIOMHHMIT,
KOTOpPBIl HAJMO0 OYNCTHUTH, HarpeBaloT B Bakyyme no 1000°C
B mpucyrcreuu AlFs;. 9ta conb Bosronserca Ges miaBjieHHus.
BsaumopeiicTeue anmioMunnsa ¢ PTopuCTHIM aJIIOMHHHEM IPHBO-
AuT K oGpasosanmio cybdropnma AlF, necroiikoro seniectna;
B KOTOpoM ajlomuuitii hopmanbao onnoBasenten. llpn temme-
parype nmxe 800° C cyGgropnn pacmapgaercsa caosa na ¢pro-
pHJ ¥ 9NCTHIA aNIOMUHMIL, mogYepKHBaeM, 4HCTHII, n6o mpu-
MecH B pe3yibTaTe 3Toil mepryplanuu mepexoaAT B COCTaB
dropuna.

Iloprimienne YNCTOTH MeTajljla CKasblBAETCSA Ha €ro CBOM-
ctBaXx. UeMm umme anioMuHmMii, TeM OH Jerde, XOTA M He Ha-
MHOTO, TE€M Bblllle €r0 TEMJIOMPOBOJHOCTH H 3JIEKTPONPOBOJ-
HOCTb, OTpa)<aTesibgan cnocobHOCTh, miacTHIrOCTh. OcoGeHno
3aMeTeH pocT xuMideckoi croiikoctu. Ilocneanee o0bACHAOY
GoJiplleil CIIOIIHOCTBIO 3AMUTHOI OKUCHOI mIeHKII, KOTOpOii
Ha BO3jlyXe MOKPHIBAETCA H CBEPXUYHCTHIN, H OOBIYHBII TEXHHU-
9ecKH aNIOMHHUI.

Bopouem, Bce mepedncieRHble NOCTOMHCTBA CBEPX4MCTOrO
aJIIOMIHNA B TOIl MM WHOIl cTeeHN CBONCTBEHHBI H 0OBIYHOMY
amiOMUHHI0. AJNIOMHHEE JIeroK — 9TO Bce 3HAIOT, €ro ILIOT-
nocts 2,7 r/cM® — noutu B 3 pasa MeHblle, ueM y cTaiu, M B
3,3 pasa MeHbIle, 4eM Yy MeIH. A 3JeKTPONPOBOMAHOCTE aJIo-
MHOHUA JADb Ha ORHY TPeTh YCTyHmaeT 3JIeKTPONPOBOMHOCTH
Memn. 9TH 06CTOATENLCTBA M TOT (haKT, YTO ATIOMHHUIT cTa)
3HAYMTEJILHO felleBie Menu (B HAald [HHE — NPUMEPHO B
2,5 pasa), mOCHYXHJIU OPUYNHOA MACCOBOTO MCIOJb3OBAHHA
allOMAHNA B NPOBOAAX H BOOOGME B 3JIEKTPOTEXHHKe,

Beicokasa TemnompoBOMHOCTH B CcOYETAHMEH ¢ Oosiee dUeM
YIXOBJIETBOPUTENBHON XNMIYECKON CTOMKOCTBHIO CHENAJNH ajio-
MHHMIl HepCOeKTHBHBIM MAaTepHadoM A TemIo00MEeHHHKOB
U JPYyTUX amnapaToB XHMIUeCKOH# NMPOMBIINIIEHHOCTH, AOMalll-
HUX XOJIOAMJIbHHKOB, PajilaTOpPOB aBTOMOOMIIEl I TPaKTOPOB.
Bricokas oTpakaTenbHas CHOCOOHOCTH AJIIOMIHHA OKa3sajiach
04YeHb KCTATH IpPH H3TOTOBJIEHUM HA €ro OCHOBe MOLIHBIX ped-
JIEKTOpPOB, GOJILININX TeJIeBN3NOHHBIX 3KPaHOB, 3epKai. Maasiii
3axBaT HelTPOHOB cenal aJlOMUHHHE OJHUM U3 BamKHeNIINX
MeTaJIJIOB aTOMHOIl TeXHHKH.

Bce atn MHoOroumcjieHHble JOCTOMHCTBA aNIOMMHUA CTaHO-
BATCA eme 6oJiee BECOMBIMH OTTOrO, 9TO TOT METAJJI B BBIC-
meil cremenn texmoioriuedn. Ou npexpacHo oGpabaThiBaercs
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JlasaelnineM — MpoKaTKoll, IpeccoBalieM, LITAMIOBKOI, KOB-
roil. B ocuose dToro 110/1€310ro0 ¢BOICTBA — KplicTaA NG eCKan
cTpysTypa axiomunng. Ero Kpneraminueckas peumierra co-
cTaBneHa 13 Ky0oB ¢ HeHTPHPOBAHBIMH TPaHAMI; paccTosHie
MeiK1y HapauieapusiyMi miockoctamn 4,04 A, Meramus, nmo-
cTpoetliible TAKIM 00pa3oM, O0BIMIIO XOPOLIO BOCIPIHIIMAIOT
naactuveckyio edopmanuio. AnoMiunii He cTan IcKilove-
HIEM.

Ho npn artom amomunnii manonpoden. Ilpeanea mpounoctn
qicToro anioMuuua — scero 6—8 wr/vy®, w ecanr Onl ne ero
cnocoiinocTh 00pasoBbIBaTL HaMHOro §osiee NMpouHDBIe CIIaBBI,
BpA;L 1 cTagd Obl anmioMHHIIT OAHUM N3 Ba:RpCIimHIX MeTaj-
aop XX B.

O noab3e crapenita n aszax-ynpouHuTeRax

«AnmoMnunii BechbMa Jerko QT CHJIaBbl € PasidiIbIMIl
smetangami, I3 nux umeer rexunueckoe npuMeneuiie TOJLKO
cuas ¢ Meanlo. Ero naswiBaloT asiiominiesoio 6ponson...»

Jru caosBa uz wmeujleseesckix «Ocuos XHMHIN» OTpakaloT
peajibuoe OOJIoKenite Belleil, cymecTBoBaniiee B nepBble rojbt
nawero pexa. IlMenHo Torja phIIJIO Hoc.IejHee MPIKIBHEH-
Hoe 13jalle 3HaMeHIToli KHUTH ¢ mocae/lHIMI KOpPeKTHBaMp
apropa. [leiicTBuTeNbLO, 113 NEePBBIX ciiaBoB agioMinmna (ca-
MbIM TEpPBBIM 13 HUX OBII CINIAB € KpeMHIIeM, TOJy4deHublil
ette B 50-X rojlax 1poITIOro BeKa) npakTIYecKoe mplMeneHie
Hauien UL cnnas, ynoMmamyTelii Menpgeneesstm. Bnpoue,
amoMunus B ueM 6s110 seero 11%, a genamnn ns vroro cnaasa
B ocHoBiIOM 0K 1 BILTKI, OyeHb HeMHOIU aslIOMIIHIIEBOIT
Gpousbl U0 B YACOBYIO NMPOMBIILIEHHOCTD.

Mewmay tem B pavane XX p. 6bITH modyven s nepBbie CIIABLI
ceMeiicTBa jopajioMnua. JTIH CIIaBbl Ha aJOMIHICBOI 0CHO-
Be ¢ AoDaBKaMI MeJII II MAarmis [oJaydaa I 1CCJe/0Bal B
1903—1911 rr. nasecrublii neseurnii yueustii A. Biavy., Oun
II OTKPBLT XapawkTepuoe ;1A dTHUX CINaBOB ABJCHIE CCTeCT-
BEHIIOT0 CTapeuis, MpHBOifllee K Pe3kOMY YaydIeuiio X
NPOYHOCTHBIX CBOIICTB.

Y iopanioMiiia mocie 3aKalkHl — Pe3KOro OXAa:KAeHIIs
or 500°C 5o KoMuaTHOIl TeMnepaTypbl I Bblie;KIBaHUA NpH
aToil TeMmepatType B Tedemile 4—5 CYTOK — MIOTOKpaTiO yBe-
JIYNBAIOTCA NPOYHOCTL H TBepAocTh. CnocoGHoctp 1k jedop-
Malllll npy 3TOM He CULI’KaeTcA,a BeJjndilna npejeja Hpouio-
crin sotpacraer ¢ 6—8 po 36—38 kr/mum®. 3To oTKpBITIIE HMeNO
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BeNnyaiillee 3HaYeHWe AN PasBUTUSA alOMWHWEBOIN MPOMBbILL-
NEeHHOCTN.

M TOTYac >Xe Havyanucb JUCKYCCUW O MeXaHU3Me eCTeCTBEeH-
HOro CTapeHus CcrnasoB, O TOM, MOYEMY MPOUCXOAUT YMpPOouY-
HeHue. BblNo BbICKa3aHO MPeAnofioXKeHWe, 4yTo B MNpoLecce
BbINIEXXMBAHNA 3aKaneHHOro [AlopalloOMHHA M3 MaTpulbl —ne-
PeCbILIeHHOro  pacTBopa Meau B alOMUHUN —BbIfeNATCA
MefibYailime KpucTanamku coctaa CH/112 n 3Ta ynpoyHsawoLwas
(ha3a NMPMBOLMT K POCTY MPOYHOCTM W TBEPAOCTM CrJiaBa B Le-
nom.

310 006BACHEHME Ka3anocb BMOSMHE YAOBNETBOPUTENbHBIM,
HO rnocfie ero MosiBfIeHUs CTPacTu pas3ropenuch ele mnye,
MOTOMY YTO B OMTWUYECKWUIA MUKPOCKOM HWKOMY He Y[anocb
paccMOTpeTb YacTuubl coctaBa CWMALr na OTWANGOBAHHBIX
niacTMHkax gropanomuna. Il peanbHOCTb MX CYLLECTBOBAHUSA
B €CTeCTBEHHO COCTapeHHOM CnjaBe CTaiu MNOABEpraTb COM-
HeHnto. OHO Obl10 TeM 060OCHOBaHHee, YTO BbIAeNeHWe Meau
M3 MaTpuubl LO/HKHO ObII0 CHMXKATb €e 3/IEKTPOCONpoUsBe-
HVe, a MeXay Tem Npu ecTecTBeHHOM CTapeHWn AopantoMHHa
OHO pocno, n 370 MNPAMO YKa3blBasio, 4YTO MefAb OCTaeTcA B
TBEPAOM pacTBOpeE.

MMonoxeHve NPOACHWMA  TOMIbKO  PONWICMOCTPYKTYPHbI
aHanu3. B nocnegHee BpeMsa 6narofaps MOLWHBIM 3/1EKTPOHHbLIM
MWKpPOCKOMaM, Mo3BONAKLWMM MPOCMaTpPMBaTb TOHKWE MeTan-
NNYECKUe MNEeHKW HACKBO3b, KapTWHA cTana HarnagHoi. Metu-

MeTncTabnnbHbIC YacTuubl B cnnaBe BJ1A23. YBenuyeHo B 40 OO0 pas



1a OKasajiach rige-To «mocpeause», Meab He BbIgenserca us
TBEPAOro pacTBOpa H HE OCTAETCA BHYTPH HEr0 B HpPEKHEM
cocroanun. B npouecce crapenia ouna cofnpaerca B JUCKO-
o0pasHbIX ydacTkax Tojuuuoii B 1—3 aToMHBIX cloA II Ana-
setpom okono 90 A, o6pasysa Tak HassiBaeMbie 30HBI ['inbe —
[Ipectona. OHn HMEIOT HCKaMEHHYI0 KPHCTALIHYECKYIO CTPYK-
TYPY TBEepAOro pacTBopa; HCKa)kaeTeAd TaKiKe NPILIEralolas
K 30He 00.1aCTL CaMOro TBEPAOr0 pPacTBOpaA.

Yneno rakux o0pa3oBaHHil OrpoMHO — OHO BBIpa)KaeTcsA
equmiteit ¢ 16—18 nynamu gna 1 cym® conaBa. Hamenennsa
Il MCKa)KeHHS KPHCTAIJUIYECKOll pemieTku npu obpasoBaHun
son 'nmuve — Ilpecrona (3aomnoe crapenme) 1 cayskar mnpu-
YIHOIT NOBHILIEHUA HPOYHOCTH JIOPANIOMHHA HPH eCTecTBeH-
HOM CTapeHHH. JTH jKe H3MeHEeHUA YBeJHYHBAIOT JJIEKTpIve-
cKoe coupornBiienne cwiasa. [Ipm moBsimenun teMnepaTyphbl
cTapeHHAa BMeECTO 30H, UMEIOL[HX CTPYKTYpY, OJH3KYyH K
CTPYKTYpe QJIOMUHHA, BO3HHKAIOT MeJbyailuiie YacTHIb
MeTacTabuJAbHBIX (pa3 ¢ CcOOCTBEHHOII KplCTaJuuvecKoili pe-
meTkoii (UCKyccTBennoe, mii, Tounee, ()a3oBoe CTapeHme),
I9ro manpueiilllee n3MeHeHUe CTPYKTYPHI OPHBOAHT K Pe3KOMY
[OBBIIIEHIII0 COMPOTHBIEHIA MAJbIM miIacTHuecKuM gedopma-
LAM.

Mosnao 6e3 npeyBeJqnYeHHA CKa3aTh, YTO KPBUILA CaMoJie-
TOB y[ep/KUBAIOTCA B BO3JyXe 30HAMH HJIHM MeTacTaOUJIBHBIMI
yacTHMIaM¥, U ecll B pe3yjbTare HarpeBa BMecTO 30H H 4a-
CTHIl HOABATCA CcTaONAbHBIE BhHIJ€IEeHNs, KPBUIBA HOTEPAIOT
CBOIO IIPOYHOCTH H HNPOCTO COTHYTCA.

B Coserckom Coioze B 20-x romax IHHKeHep-MeTaJJaypr
B. A. Byranos paspadotan oTeuecTBeHHBIII BAPHAHT /IOpaJIO-
MHHA, HasgaHHBII KoinbuyramomuHueM. Cl0BO «(I0padioOMUH»
NPOHCXOANT OT HA3BaHHUA TrepMaHcKoro ropoga J[liopena,
B KOTOPOM ObLIO HAYATO HPOMBIILIEHHOE OPOH3BOJXCTBO 3TOTO
conaBa. A KoJbuyrajJloOMHHHIT fgejanu B moceike (HpiHE To-
pore) Hombuyruno Bamapgumupckoii o6macru. Hs koavuyr-
aJIOMUHHA ObLI clenaH OepBbll COBETCKHIl MeTaJsudeeKuil
camoner AHT-2 romcerpykunu A. H. Tynonesa.

ITogoburie cmyaBpl 1 ceiivac BaMXHBL A TEeXHUKII.
M3 cnnasa [[1 nenaior, B yacTHOCTH, JomacTu CaMOJETHBIX
suHTOB. BO BpemaA BoiiHBI, Korja JeTd4llKaM HepegKo O0piXxo-
RIIOCh CaJANThCA Ha chaydaiinble IIOLIAAKI WJIN, He BBIIYC-
Kas maccu, Ha «6ploXo», MHOr0 pa3 cJlydajoch, 4TO JioDacTH
BuHTOB crifaiunce npn yaape o 3emawo. Crubaanch, HO He
aomannce! Tyt e B noneBBIX ycnoBuHAX X BHIIPAMIANN H
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crnoBa feTanuM C TEM >Xe NUMTOM... [lpyroil cnnae TOro >xe
cemelicTBa LHOPUNMOMUHUN —[] 10 MCMOJb3YHOT B aBMACTPOEHNM
MHaye —Un3 HEro LenatoT HMXKHUE NaHeNn KPblbeB.

MprHUMNManbHO HOBblE CNaBbl MOSIBASKOTCA TOrga, Korga
OTKPbIBAKTCA HOBble (Pasbl-yMpouHHTENN. WX uckanu, uwyT
n 6yayT uckaTb uccnegosatenu. dasbl —3T0, MO CYLLECTBY,
XUMUYECKUe  COefHHEHHA-UHTepMeTannuabl, obpasyroLuecs
B CMMaBe M 3aMeTHO BAWAIOLLME HA €ero cBOicTBa. PasHble
(ha3bl HO-Pa3HOMY MOBbILWAKOT MPOYHOCTb,  KOPPO3UOHHYIO
CTOMKOCTb W [pyrue MNpakTUYeCKM BaXKHble XapaKTePUCTUKM
cnnaesa. OfHAKO CO BPEMEHU OTKPbITUA BHAbMa WX HaigeHo
COBCEM HEMHOro —MeHblle fecATka. Wx o6pas3oBaHue BO3-
MOXHO /Wb MpW  YCNOBMM PacTBOPMMOCTM COOTBETCTBYIO-
WMX 371eMEHTOB B anoMUHUKU. OueBUAHO, Kaxpgas W3 das-
YNPOYHHTENEN  3aCNY>XWBAeT [OCTAaTOYHO O06CTOATENbHOrO
pacckasa.

Ye ynoMWHanocCb, 4YTO MEpPBbIM aJHOMWHUEBLIM CM/1aBOM
6bin ero cnnaB C KpemHMEM, COCeOM MO MeH[esieeBCKol Tab-
nvue. Ho cBoiicTBa 3Toro cnnasa Oblav HeyAOBMETBOPUTENb-
Hbl, U NOTOMY [JO/F0e BPEMS CuMTanu, 4To fo6aBKa KpeMHUs
aNloMuHUIO BpegHa. Ho yxe B Havane 20-xX rofos Hallero
Beka Oblf0 TBEPAO YCTAHOB/IEHO, YTO CMNaBbl cuUCTeEMbl Al —
M§ —s1 (thasa M&3O o06nagatoT, nogo6bHO AKOpantoOMUNam.
3(h(heKTOM YNpOYHEHMS npu cTapeHun. [lpegen MpPOYHOCTM

MepBbIl cOoBeTCKUIA MeTannmueckuii camonet AHT-2 6bin chenaH U3 KONbYyr-
antMuHUA —cnnasa, Nofo6HOro AtopantoMuHy. dotorpapus 1921 r.



taknx coaacgos — ot 12 po 36 wr/wmm®, B 3anncumocTin OT €O-
Jepaunsg KpeMuis I Marunsg o ot jo6asok Me;u u Map-
ramua.

ITH CIUIaBbl WIIPOKO NPHMEHAIOT B CY/OCTPOCHII, a TakKe
B coBpeMenHOM cTpouteabctse. JJiobonsiTnas neradb: B Hawn
aun B merkotopsix ctpanax (B CHIA, maupumep) Ha crpon-
TENBCTBO pacXoiyercsa 0oiblie AJOMITHIS, YeM 1a Bce BHJbI
TpaHCHOPTa, BMeECTe B3sIThIe: CaMolIeThl, CVI1a, Ke1e3nono-
pokusie Baroiibl, avtomoOmian. B naweil cTpane aniomimie-
Bble CLJIABBl  HNIPOKO  HPIMENAJICh [Pl CTPOHTENLCTBE
JIBopua nunonepos na Jlennncknx ropax n sganns Hoymutera
craugaprop CCCP wuna Jlenmuuckom npocnexte B Mockse,
Isopua cnopta B [{niese, a TakiKe MHOIIX APYriIX COBpeMeH-
ubix spamiii. Teicsiun cOOpHBIX aJIIOMIIHIIEBBIX AOMIIKOB YcC-
newio «pabotaloT» B 3amoApbe 11 B ropHbix pailonax, TaM,
rjle meT MOGJM30CTI MECTHBLIX CTpoiiMaTepnajos I CTPON-
TEJbCTBO CONPSIKENO € KoloccalbHbIMI TpyauocTsimu. B Ta-
Kne MecTa ajoMuunnesble (B OCHOBHOM) [0Ma JIOCTaBJAAIOTCA
WIOMITHHEBBIMII K€ (B OCHOBHOM) BepToJieTaMil.

Kcerati, o seprosierax. JlonacTi ux BHHTOB BO BCeM MIpe
aenalt u3 cnaasos cucrems Al — Mg — Si, notomy uto aTth
cm1aBbl 00JIaJlaI0T 04€HDb BBICOKOII KOPPO3NOHHOIT CTOIKOCTHIO
0 XOpOIIO MpOTHBOCTOAT BnOpauionnbiM parpyskaM. [ven-
HO 3TO CBOIICTBO MEPBOCTEHENHO, Ba)KHO Il BEPTOJETYHKOB
n Ox maccakupoB. Madeiimue Kopposnonnsie aedekTsl Mo-
IyT pe3Ko YCKOPHTH pasBiTiie ycTasocTunx tpeuytd. [as
COOKOIICTBIA Macca/KIpPOB OTMETIM, YTO B JIeliCTBUTEILUOCTH
YCTAJIOCTIIblE TpeLU(iibl PasBIBAIOTCA JOCTATOYHO MeJIeHHO,
I Ha BceX BeprojeTax ycTaioBjienbl npudopsl, nojamoLrie
JeTYHKY cIHrHag o [ofiBjednn neppoili Meakoil Tpewnukm.
M torpa momacTu MeHAIOT, HECMOTPA HA TO Y4TO OHM MOTJM
Obl paGoTaThb elte coOTHII 9aCOB.

Iddekt crapenns upucyur n cniaaBaM cucrembl Al — Zn —
Mg. 9ta cucrema cpasy ke nposiBuaa ceGsa JBa)Kabl peKopa-
cMeloM: peKop;icmeuoMm no upounocti —eme s 20-x romax
MoJiydeHsl AJIOMITHIII-LIHK-Marunessle CIJaBel OPOYHOCTBIO
35—00 Kr/MM*— 1 «peKopjcMeHOM HAO0OPOT» MO XiMIYe-
CKOIl CTOIKOCTH — JIICTBI I PYJOHBI U3 TaKIX TPOIIHBIX cnja-
BOB pacTpecKuBajlich, a TO O PacCHIMAJIIChL MO BANALIEM
aTMocepuoil Kopposull euie B npouecce BhlieHNUBaHIA, NpA-
MO Ha 3aBOJICKOM JIBOpE.

JlecATku JieT nccienoBaTesll pasHBIX CTpaH ICKaJll BO3-
MOYKHOCTb NOBBICHTbL KOPPO3NOHHYIO CTOIIKOCTH [OJMOGHBIX
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cnnason. U KoHue KOHUOB Yyxe B [>0xX ronax nosBMIUCH Bbl-
COKOMPOYHblE aNlOMUHUEBBLIE €HN1aBbl C LUWUHKOM W MAarHuem,
obnagaloline yaoBNETBOPUTENbHOM KOPPO3UOHHONW  CTOMKO-
cTblo. Cpefn HUX —OTeyecTBeHHble cnjiasbl 1395 w1390,
B 3Tx cnnaBax, NMOMUMO TPeX OCHOBHbIX KOMMOHEHTOB, eCTb
TakXke Mefb, XpPOM, MapraHey, LUMPKOHMMW. [ipH Takoi KOM-
OVHALUMM  XMMWUYECKMX 3/IEMEHTOB CYLLECTBEHHO MeHseTCH
XapakTep pacnafa mMepecbieHHoro TBEPAOro pacTsopa, OT-
Yero M MOBbLILIAETCA KOPPO3WOHHAsA CTOWKOCTb Crnasa.

OpHako, korga asumakoHcTpykTtop O. K. ANTOHOB MNpuCTy-
MUA K CO3LaHWI0 TWFaHTCKOrO camoneta «AHTeil» n ans cu-
NIOBOr0 Kapkaca «AHTed» noTpeboBainCh 6GOMbLUME MOKOBKU
M LWTaMMOBKKU, PaBHOMPOYHbIE BO BCEX HanpasieHuaX, cnna-
Bl B95 n B96 He nogownu. B cnnaee gndg «AHTes» Masble
J06aBKM MapraHua, UMPKOHUA H Xpoma MNpuULIOCh 3aMeHUTb
Xenesom. Tak MOABWUICA M3BECTHbIA cnnas B93.

B nocnegHue [ecATUIETHS BO3HUKAU HOBble TpPe6OBaHUA.
[na  Wwupokodo3eNsXKHbIX CaMO/eTOB HacToslero u 6nu-
Xainwero 6ygyuiero, paccumTaHHbix Ha 300—500 naccaxwu-
poB n Ha 30—50 TbIC. fIETHbIX YacoB 3Kcnayarauuu, MOBbl-
LIAKTCA rNaBHble KPUTEPUUM —HALEXHOCTb M [LO/ITOBEYHOCTb.
LLIHpOKO(03e1sKHBIE CaMONeTbl N a3pobycbl KOHCTPYWMpPYHOT
B OCHOBHOM U3 alOMWHMEBbLIX CMNIaBOB, OT KOTOPbIX Tpeby-
€TCA N 0YeHb BbICOKAA MPOYHOCTb W OYEHb BbICOKAas KOppo-
3MOHHasA CTOMKOCTb. [loyemMy MNPOYHOCTb —MOMATHO, MO4YeEMY

CnnoBoA Kapkac «AHTea» Ha cnnas» B93



XAMAUEeCKasas CTOIKOCTh — B MemnbIleii Mepe, XOTA NpUBe/eH-
HBIII BbILle HPlMEP C BEPTUJETUBIMU JONACTAMI, O4EeBUJHO,
JIOCTATOYHO HATLJAMEH. . .

BosHnkia koHuenuua (e30macHO-MOBPEIKIA€MbIX KOHCT-
pyKuuii, KoTopasa rJIachT: ecjil B KOHCTPYKIINI I MOABIJIACH
TpeniiiHa, OHA JOJ/KHa Da3BIBATLCA Me;IEHI0, 1, Ja)e Jioc-
THIHYB 3HA9IITENLHBIX pa3MepoB, Oy;1y4ll Jerko obGuapysi-
BaeMoll, omna, 3Ta TpeL{lIHA, HU B KoeM clyuae He JIO:Kua
BBI3BIBATL PAa3pyUICHI KOHCTPYKLMH B LeJdoM. ITO 3uavirr,
49TO BLICOKONpPOUHbBIE aJIOMIIHIIEBbIe CIUIABBI [ TAKIX CaMo-
JIeTOB JIOJI3KHBI 00:13;1aTh BBICOKOIl BSAZKOCTLIO pa3pyleHHs,
BBICOKOII OCTATOYHOII MPOYHOCTHIO HPII HAJNYNI TPeLIHBI, a
OTO BO3MOMKHO JIIWb NPH BBICOKOII KOPPO3NOHHOII croiikocTh.

Bce atnn cmoiicTBa mpekpacuno coueTaioTca B ajdloMuHIle-
BBIX CIUIAaBAX MOBBIINEHHOII UNCTOTHI: MpiiMeceil Kenesa —
JlecAThie JOJIN NPOLEHTA, KpPeMIllif — COThie, a HATpHA, MIUK-
pogofaBKI  KOTOpPOro 3HAUNTENBHO YJYYILAOT CBOilCTBa
CIVIABOB QJIOMHHNSA ¢ KpeMHIeM, 3/iech NOMKHO OBITL He
Oonbllle HECKOABKHX MECATHTBICAYHBIX noseil npoueHTta.
A ocuoBa Takux cmiaapos— ciucrema Al —Zn— Mg — Cu.
CrapeHile 3THX CIJIABOB BeXYT TaKiM o0pasoM, 4To0bl ympou-
HARLe YacTHLbl CTANN HECKOJbKo Goabuie oGbiunoro (kKoa-
ryaauinonnoe crapenue). Ipasna, npit 3ToM HeMIuoro Tepser-
¢A NPOYHOCTD, Il HEKOTOPBIE JIeTaJlil NPIUXOANTCA fejaaTh Gonee
TOJICTOCTEHHBIMI, HO ITO NOKa Hel3deknasa miaTa 3a pe-
cypc n HafexHocts, Mpoums cynawnObl: anioMiumieBble cojia-
BBl C LHHKOM II MaruneM, ObIBIIie KOTJa-TO CaMBIMII KOppo-
3110HHO-HECTOKHEMII, HayKa OpeBpaTiia B CBOEro poja 3Ta-
JIOH Kopposnouuoil croiikocrn. [puunas 3roro wygecHoro
npeBpalfeHnsa — 00aBKa Me/il 1 pallOHAJNLHBIE perKIIMBI
CTapeHHs.

Eue oaun mpusep coseplieHCTBOBAHHSA JaBHO H3BECTHBIX
ciucreM H cmiasoB. Kcan B KiaccHYecKoM JIOpaNIOMIIHE pes-
KO OrpanllMUTh cofepsKaine MarHusa ([0 COTHIX jlojieil mpo-
IleHTa), O COXPAHIITh Mapraiel] i OOBBICHTL KOHLEHTPALHIO
Mel, To cnjap npuoGperaer crnoco6HOCTH XOPOIIO cBapIl-
paThbcA iaBienneM. KOHCTPYKUIM 113 TaKHNX COJIaBOB XOpo-
mo pafoTaloT B TeMHepaTypHOM HHTepBajge OT abCOJIOTHOIO
uysa go +150—200°C.

B Hame BpemMa BEeKOTODBIM TeXHHYECKNM H3eJUAM Opl-
XOJQHTCA NonepeMeHHO BOCHPIHIMATL TO YMepeHHBbIi Kap,
To Heymepenublil xonod. He cnywaiiHo 113 mogo0ubix ciiaBos
ObIIII  H3roTOBJNEHBI GaKH JKIJKOrO BOAOpOAAa M IKIJKOIO
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CoBpeMeHHbIi CBEpX3BYKOBOW camonet



Kicjopoga Ha aMepukancKux paxerax «CaTypu», AoCTaBdB-
wix Ha Jlyny sknnakn xopabaeii «Anoanou».

ITpnn pewennm 3emubix npoGiem nepeso3kn MU XpadeHnd
CHKIDKEHHOro rasa ¢ TPeXKOMIOHEHTHBIMN cnaasami Al —
Cn — Mn pmoBosbtio ychnewlno KOUKYPHPYIOT odYeul JIeTKIe
ABYXKOMIIOHEUTHbIE CILIaBbl &JTIOMUHIA € Marmiie™m — Mar-
nazxin. Marsananm He ynpouHsloTcA TepMmitdeckoii obpaGot-
Koii. I3 3aBIcHMOCTH OT TEXHOJOTHI N3FOTOBJIEHHA It cuep-
MKaHIA MATHUA IIX NpPOYHOCTL Mensierca oT 8 no 38 Kr/mm®,
[Ipn temnepaType JKIZKOCO BOJOPOAa OHN XPYNKi, HO B
cpe/ie JKHIKOro KICJ0poja I CHXKIDKEHNHLIX roplodIiX ra3oB
pabotaloT Brosue ycmemmno. OfaacTu ux HpIMEHEHNA BeChb-
Ma obuwspubl. B wacTHocTH, oun npekpacno sapexkomemnjoBa-
an ceGA B Cy/OCTPOEHHI:: U3 Marsajines I3roToBjJenbl Kop-
Hyca Cy;]OB Ha MNOABOANBIX Kphuabax — «Paker» n «Merteo-
poB». IlpuMensior nx m B KOHCTPYKUNAX HEKOTOPBIX paKer.

OcoBGo ciaexyeTr OTMETHThL BO3MOKHOCTL ICIOJIL30BAKIA
MaJIoJerpoBaHHBIX Maruajiiues uUld YHOAaKOBKH OAINEBBIX
npo;iyktoB. Houcepsusie Gauxn, odepTka andA ceipos, doasra
WA Tywlenus Msca, GaHKHN [JIA NNBA, KPBILKI A OyTHUIOK
¢ MOJIOYHOKHCABIMII MPOAYKTAMII — BOT He NOJNBIH mepe-
YeHb OKOJOMNIIIEBBIX NpIMeHeHnil stux cniaasos. Cxopo B
naweii cTpaHe ajdlOMUHIEBBIE KOHCEpBHble Gauku Oyj(yT BHI-
nycKaTbCA MILLINIapAaMIl IITYK, U TOTAAa ompeaenenue Anex-
canapa EprenveBnaa @epcMana — «MeTajs  KOHcepBnoit
Ganki» — nmepeiiger or osoBa K amiomuunmio. Ho pepuemca
asaM-ynpoIHUTENAM,

B 1965 r. rpynnoil COBETCKIX YYeHBIX Obl1 OTKPHIT af-
(dexT ympoduHeHNs NpH CTapeHNN B cmiaBax crncreMbl Al —
Li — Mg. 3tin cunasel, B 9actTHoctn cmias 01420, nmeor Ta-
KYI0 #€ IpPOYHOCTb, KaK AIOPAJIOMIIHBI, HO NPN 9TOM ONN Ha
129% nerde m umeloT Gosee BBICOKHIT MOAyNb YOPYrOCTIL.
B KoucTpyKWisAX JeTaTeNbHBIX aONapaToB 9TO MO3BOJAAET NO-
ayunts 12—14%-ubtii seirpsim B Bece. K tomy ke cuaas
01420 xopomo cBapiBaercs, o6nafaer BBICOKOI KOppO3MOH-
Hoii croiikoeTnio. K cnnaBaMm 9Toil cmereMsl 1 cerogad BO
BCeM MIIpe NpOABJAAIOT NOBBILIEHHBI NUTEpec.

Bricrpoe oxaaskjeHne npeodpasyeT KpucTajibl

Hpemue qeM HNOJYYIITh CINTRKII 1IN d)aCOIlllble OTAUBKII
113 aJIOMIIHIIeBOro cCiJjaBa, MeTaJ Al HYXHO OUIICTIITL OT ra-
30B I TBEPABIX HeMETAWJINYECKNX BKmodennii, 13 rasosp B
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JKAOKOM aJIOMAHAH DACTBOPeH T[JIaBHHIM 06pa3zoM BOIOpON.
Yem Brime TeMmmepaTypa pacmiaBa, TeM ero Goaome. [Ipam
OCTHIBAHHH H KPHCTAJJIH3aNUA OH HEe YCIOEBaeT BLIENHTHCA
H ocTaeTcd B MeTaJyle B BHAE MEJNbYAMINAX, a HHOTAAa A J0O-
BOJBHO KpYHHBIX mop. Bomopon mpmHOCAT MHOTO HempHAT-
HOCTeil: mycToTH! B (PAacOHHOM JATHE, TY3LIPH B JHCTaX @
npodunax, nopsl npm csapke miasienuem. VM Toasko B on-
HOM cjyvae BOJODOJ OKa3ajiCA BeCchbMa HOJE3HBIM — pedb
HIET 0 TaK Ha3LIBaeMOM OEHOAJIOMAHNH, HAaNOMHHAIOUIEM XO-
pommit roananAcKH# cHIp (TONBKO MOp B TAaKOM MeTajje ro-
pasfno Gompile, W «Cae3y» OH He NMyCKaeT). YIeNbHBI Bec
meHoanmoMAHAA MokeT 6biTh mosegen mo 0,3—0,5 r/eam’. [lo-
pHl B HEeM 3aMKHYTHle, H MeTajll CBOGONHO mJaBaeT B BOJNE.
Y Hero HCKNIOYHTENBbHO HH3KAA TEIJIO- H 3BYKOOPOBOTHOCTH,
o pesxkercAa m masdercA. UToGbl NONYUHATH pPEKOPAHOE KOMH-
4ecTBO NMYCTOT, JKAAKAN aNOMHHHN, mo «penenty» mnpodec-
copa M. B. AnstMana, meperpeBailoT ¥ 3aTeM BBOAAT B HETO
THApH. UHPKOHHA HJA THTAaHa, KOTOPHIY HeMeNIeHHO pasJa-
raetcd, Bhijensas Bogopod. TyT e MeTamn, BcKunamompi
OTPOMHBIM KOJMYECTBOM NY3HIPbKOB, GBICTPO pas3nHBAlT 8
dopmsl,

Ho Bo Bcex apyrmx ciywasx OT BOAOpofa CTapaioTca Oa-
6apmThea. Campnii gyummil cmoco6 ama aToro — MpoAyBKa
pacmnasa xjopoM. Ilysmippkm xsopa, aBHrasch uepes KnA-
Kmil amoMaani, séupaor B ce6a aToMsl W Menbualimme my-
3BIPBKHE BOJODPO/AA, 3aXBATHIBAIOT B3BeMICHALIe 9acTHIBI M-
Ka O OKHCHBIX mieHoK., Boasmoit adpdext maer Bakyymupo-
BaHAe JKHAKOTO AaJIOMHHAA, 49TO Y6eJATENbHO HOKa3aHO
cosetcknM yuensiM K. H. Maxaitnossim.

Bce memerannnuecknme BKIIOYEHAA 0COGEHHO BpeNnsl mpH
MeJICeHHOH KpPACTA/IM3ANAN MeTaia, MOTOMY IMpH JHAThE
BCEra CTPEeMATCA YBEJNYATH CKOPOCTh KPHCTAJIH3AMMM.
(Daconnsie geTall OTIHBAIOT He B 3eMiIAHHle OpMHL, a B Me-
Ta/VIgYecKne KOKIIIF; IPH JHTHE CIHTKOB YYTYHHBIC H3JIOMK-
HHOIE 3aMEHAIOT MeIHBIMHE C BOJIAHLIM oxJanaenneM. Ho name
npa caMoM ObICTpOM OTBOJE TemIa OT CTeHKH H3JI0XK-
HuObl HAA POPMEBI mOcie KPHCTANJIA3aldd HePBOro TOMKOrO
C0SA MEKAY CTEHKOH M 3TOil KOpOUKOil HOABIAETCA BO3JYUI-
HEIA 3a30p. Bosayx mimoxo mpoeoamt Temio... CKopocTs oTBO-
Ja Tema OT MeTaJjlla pe3Ko majaer.

Ilonroe BpeMs Bce MONMBITKA PagWKaJbOO YCKOPHTH OXJaM-
JeHHE CTeHOK TeplelH Heyaady n3-3a 3TOT0 BO3AYIIHOrO 3a-
3opa. B komme KOHIOB BepHoe perncane GbIIO HaM;IeHO, Kak
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3T0 HepejKo OBIBaeT B TeXHIKe, COBEPIIEHHO «C APYroii cTo-
POHBI»: BMeCTO GOpBLOBI C TOTEpAMI Tela B BO3AYIIHOM 3a-
3ope JHMKBHgUpoBandn caM 3asop. Oxnakpawouleit Boxoil craam
opomaTh HEMOCPEeACTBEHHO KpHCTa/IU3ylouymiica Meras.
Tax pomiica METOJi HENpepBIBHOTO JUThA ATIOMIIHIEBBIX
CJHTKOB,

B Mepupiit min anoMIHNEBBI KPHCTALIN3ATOp HeGoabmoil
BHICOTH! 3aJlIBaeTCA JKHAKIT MeTayw1. B kpucrammisatop
BABIIHYT NOJJIOH, 3aMeHABINNIT HemoaBInKNoe jauo. Iak toan-
KO HagllHaeTCA 3aTBepjeBallie AJIOMIIHIA, MOMJOH MeJJIeHHO
ONYCKAIOT — NMOCTeHEeHHO II ¢ TOIl JKe CKOpPOCThIO, C KaKoif
HMeT HOpolece KpICTAJIHM3alii. A cBepXy HenpepHIBHO JOJII-
BAIOT JKIIKIA MeTaJll.

IIpouecc peryaupywoT Tak, 4To0Bl JYHKa paciljiaBieHHOro
aJIOMIHIA HAXONIJIACh B OCHOBHOM UIDKe KPOMKHI KpICTAJ-
JII3aTopa, KyJa HemnocpejCTBEHHO HA 3acTHIBAOILMII CJNTOK
nojaeTcd Boja. :

OcBoeHIlle HENMPEPHIBHOIO JINTBLA CJANTKOB 13 aJIOMIHIE-
BHIX CINIaBOB NpPONCXOMIUIO B Tpy/iubie rojpt Boiinsl. Ho K
1945 r. Ha HaWIX METAJIYPriUYecKIX 3aBOflaX He O0CTaN0Ch
HH OJHOIT H3JOKHINUBI JUIA aJIOMITHIIEBBIX CAITKOB. I{adecTso
JUTOrO0 MeTajula pajliKkajbno ynysumnuiock. Bosibmasa poas B
pa3paloTKe HENmpepHIBHOTO JINTHbA aJIOMIIHIA [PIHALJIEHKIT
A. @. Benosy, B. A. Jlusanosy, C. M. Boponosy u B. 1. [Jo-
G6aTkumy. HcraThn, MeToj HempepoiBHOI pasiiBKH CTAJI B
YepHOM MEeTAJUIYpruif, ocBoeNie KOTOPOro 1adaloch B IOCie-
AyIoLIiie Tofibl, MHOTHM 00M3al IIMEHIIO YCHelINoMY OCBOEHIIO
HEIPePHIBHOTO JIUThA AJIOMINIA.

IMosmxe @. U. Ksacos, 3. H. Tenenes 1 . A. Banaxonnen
BBIABIHYJIH ODHIIHNANBHYI0 II[el0, MO3BOJNBLIYIO KpICTal-
JM30BaTh MHOTOTOHHBIE AJIOMIINIIEBbIE CJANTKI BooGuie Ge3
¢opM. B npomecce kpncraniusauii KHAKM Metann ymep-
JKHBAETCA B IOJBEIIEHHOM COCTOAHIIN 3JEKTPOMArHITHBIM
moJieM.

He menee ocrpoymHBIM OBLT paspaGoTanmnslii B rojibl Boii-
ust B, I'. TonoBknubiM HenmpepbIBHBIT coocof npon3BojicTBa
JINTOIl aJIOMUHIIEBOIl MpoBoJokH auamerpoM go 9 mm. M3 ro-
PH3OHTAJIBHOTO OTBEPCTHA B NMeYH HeNpepHIBHO BBLINBAJACH
cTpya iugroro Merayna. IIpaMo Ha BbIXojle Ha MeTaJs noja-
BaJIach OXJIa’K/alolllaA BOJA, a BCKOpe YacTHYHO OTBEpiS/leH-
HafA CTpyiika NOAXBATHIBAJACH POJHKAMH 1 BHITACHBa’Sach
naasme, JlopepxnocTh TaKoili MPOBOJMIOKI moNyyYajiach riaafkoit
1 GiaecTaimeil, D0 MPOYHOCTII OHA He yCTyHajda XOJOANOTA-
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nyroii. A morpeGuocTh B meil Obuta rpomanmoil. Kamnomy,
KTO JIeTan Ha caMojieTe, NMPIXOQIIOCh BIeTh (GecKoHednbie
pA#BI 3aKienok Ha Kpeuibax n ¢rosenspxe, Ho, sBuanmo, pa-
JleKo He Bce 3HAIOT, 4TO 9UNCJ0 ITHX 3aKJIENOK Ha NcTpebnTe-
ae soenHoro spemenn goxommio no 100—200 Teic. mTYK,
a Ha GoMOapAnpoBH[IKe — a)ke A0 MIULIIOHA..,

PaccraspiBas o (pasax-ynmpovyHHTENAX, Mbl HOAYepKHBaJIH,
9T0 ONN — peayabTaT pAcCTBOPEeHNA COOTBETCTBYIOM[HX Me-
TaJdJjos B aJIOMHHIN I XHMII9ECKOro B3amMOAENCTBUA ¢ HIAM,
3To B BHICIIEi1 cTemenu moJieanbie BRModYenna. C okfAcHBRIMET
e BIIIOYEHHAMI BedyT ynopueiimyio Gopn6y Ha Bcex cra-
anax mpoussoxactBa. Ho TaKoBa yi AHajeKTHKa CBOHCTB Be-
IHecTBAa: HEPacTBOPHMBIE B AJMIOMIHHA [ HAHOCALINE eMYy
BpeJl OKHCHBIE BKJIIOWEHHA COBEPHIENHO N3MEHMJIH CBOE Ka-
YeCTBO, KAK TOJBKO IIX OPEBpaTIIH B HAUTQHYANIIHE MJIeH-
KH.

CAII u CAC

Ecan »xupknit anoMnnnil pacmelinTh, HOMydYaTcsa Goiee
VLI MeHee OKPYIVble 9acTHI(bI, CIUVIOMb MOKPHITHE TOHKHME
IVIEHKaMHI OKHcH. JTn YacTHus! (0HH HA3BIBAIOTCA OYJabBepH-
3aTOM) pasaMajbBaloT B maposbix Meabnngax. Ionyusarwr-
ca ronvaiimne wiememki» Toxmmnoit 0,1 mxM. Ecam takyio
NyApY NpeABapHTEJbHO He DKICIHTH, TO NPH CONPIKOCHOBE-
HION ¢ BO3AYXOM oOHa MTHOBEHHO B30pBETCA — MpOM30iifer
G6ypuoe oxncienne. IToatoMy B MeJBbHHIAX CO3AAIOT NIHEPT-
Hy armocdepy ¢ peryinpyeMbIM cofep:KaHHeM KHCI0poa,
1 mpoluecc OKUCIeNna myaphl HAeT nocTenenHo,

Ha mepsoil cTagumm paamojia HachIMHOI BeC NMyJAPH yMEHb-
maercsa o 0,2 r/cM®, comepanne oKmch ajiOMAHHA NOCTe-
nenpgo yseamunsaerca g0 4—8%. Pasmonm mponommaercs,
MeJIKHe 4acTHIbl YKiajsiBaloTca 0ojiee OmJIOTHO, HE CANMAIOT-
ca Memjay coboil, Tak Kak K myape cOenHaibHo K00aBAAIOT
MNP, I HackLNHOil Bec Marepnaina mosbimaerca o 0,8 r/em®.
Oxiiclienite MPOICXOAIT AOCTATOYHO HHTEHCHBHO, H COfep-
aHme oxkmcn anomuana jocturaet 9—149%. Ilocrenmemmo
ACUD MOYTH MOJIHOCTHIO YJIETYdlIBaeTcA, H Mejpuaiimime oKmc-
Jennoble 9acTHIbI «CKIENbIBAIOTCA», CpAaUIABAlOTCA B Ooiee
KpynHBIe KOHIJIOMEpPATHL.

Taxasa «tamenana» nygpa (8 meii copepmnrea mo 20—25%
OKHCH) ysKe le JIETHT KaK IyX, ee MOKHO CIIOKOITHO CCHINATh
B CTaKaHbi. 3aTeM MOPOMOK OpIKEeTHPYIOT B mOpeccax Mo
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pasneHmem 30— D kr/mMmM2 n npu Temnepatype 550—650° C.
Mocne atoro martepuan npuobpeTaeT MeTanIMyeckuii 6Gneck,
OH WMeeT CpPaBHUTENbHO BLICOKYH MPOYHOCTL, 3MEKTPO- W
TENIONPOBOAHOCTb. M3 GPUKETOB MOXHO nNpeccosatb, MPOKa-
TbiBaTb, KOBaTb TPyObl, NIUCTbI, NPYTKH M Apyrue H3genns.
Bce 3t nonygabpukatbl umeHytoTcd CAIM —no nepebiM
OyKBaM CNOB «CMEYEHHbIA antOMUHWEBBIA MOPOLLIOK».

Mpn copepxaHun okucu anomumHna 20—25% npoynocTb
CAIN pocturaet Makcumyma —45—48 kr/mm2 WHaye roBo-
ps, 6narofapsa OKWCKM MNPOYHOCTb AIOMUHUA YBENMUYUBAETCA
B 6 pa3. OBbACHAETCA 3TO, KOHEYHO, He MpOCTO MPUCYTCTBU-
eM OKUCU altoMUHMA, a Ce AWCMEPCHOCTbLIO, CrMOCO6oM napa-
WMBaHHA MEHKN, MEeXaHW3MOM ee B3aUMOAEWNCTBUSA C aio-
MUHUWEM.

Uem MeHbllie pacCTOSHME MEXAY 4acTuuamu, Tem MpoyHee
CATll. bnarogaps TOMy 4TO npupofa AMCNepcHbIX 06pa3oBa-

HWA B O6bLIYHbIX CTapeloLwmnx ano-
MUHMeBbLIX cnnaeax u B CAIl
pasnnyHa, 3TWM MarTepuanbl O4eHb
pasnnMyaloTca 1 No CBOMM CBOMCTBaM.
CAIT coxpaHseT BbICOKYH Mpouy-
HocTb go 500—000° C, a Bce anio-
MWHMWEBbIE CM/aBbl MpW 3TOW Temne-
patype nepexofAaTr B MONY>XWAKOe
WM BA3KOE  COCTOSIHME. Thicayu
yacos npu TemmnepaTtype gfo 500° C
B 00lWem Mano cKasbiBalwTCca na
npoyHoct CAIl, notomy 4Tto B3awu-
MOLENCTBME OKMEeHbIX YacThy Wu
aNlOMUHNEBOW MaTpuLbl Mano MeHs-
eTcqa nocne Harpeea. Cnnasbl e
aMiOMUHUA MPU  TakKOM  UCMbITaHUK
COBEpLUEHHO TEePAKT MPOYnoCTb.
CAIl ne HyxXpaeTca B 3akaske,
M0 KOPPO3WMOHHOW CTOMKOCTW on 6au-
30K K 4uctomy amomuHuo. Tlo

Byns MCKycCTBEHHOro py6uHa, BblpalieHHas
M3 OKWCM aNlOMWHWA Ma annapate KOHCTPYK-
uun cosetckoro yuyeHoro C. K. Tlonosa.
Takue KpucTaniabl HYXHbl 4acoBOW NPOMBbILL-
NEHHOCTU N Na3epHO TexHuke



9MEKTPONPOBOJHOCTN I TEINIONPOBOAHOCTH 3TOT MaTepnaj
6m1site K UncTOMY aNOMINIO, YeM CTapeloilie CIJIaBhl TaKoil
#e npouynocti. Xapakrepuasa ocoGennoct, CAIIl — ancop6-
LA OrPOMHOrO KOJIYECTBA BJAArd PpasBeTBICHHOR MOBEpPX-
HOCTBIO OKHCJIEHHBIX YaCTIILL.

IToatormy CAII meo6xonnMo xopomo merasnposaTh B BaKy-
yMe, HarpeBas MaTepnaj A0 TOYKH IJIABJEHHA aJIOMIHASA.
W3 CAIl nsrortosnsfor mopuwnn asnrarteseii, paGorawouinx
npm TeyMnepatype o 400 o mame 450° C, matepnan atot mep-
CIIEKTHBEH 1A CYAOCTPOEHIA 1 XUMIYECKOro MaUIIHOCTpOe-
HIIA,

3akaHuNBaAg pacckaz o NPIMEHEHHH aJIOMUNUA KaK KOH-
CTPYKIIIORHOr0 MAaTepIaja, HaJ0 YHOMAHYTb H O €ro cheden-
HBIX CINIABAX ¢ KPeMHIEM, HIIKEJIeM, JKeJe30M, XPOMOM, LIp-
korneM, Onn massiBatorca CAC — no mepmbiM GyKBaM CJIOB
«coeveHHBbIH amioMmiHNEBBd cnyaBy, CIyaBel HMEIOT HIBKMIl
Koa@duIuenT anHeiiHOro pacmpennd, u 3To MO3BONAET HC-
HoJb30BaTh HX B COUETAHNN CO CTAJbLI0 B MEXaHHU3Max I mpI-
6opax. ¥ o06br7HOro Ke ajioMuHnA kodddnumuent amneiinoro
pacmiipeHnA NpIMepPHO BJBOE BHINIe, 9eM Y CTaJl, II 9TO BHI-
3bIBaeT GoNbHINEG HaNpSIKEHIA, HCKa)(eHHs pasMepoB I Ha-
pPYIIEHNA NPOYHOCTIL.

Paccrasate 06 sanemente No 13 MoKNoO, KOHEWHO Ke, Tro-
pasno Goasmre, wem o Merayuie amiommann. C «Guorpadueii»
anemenTa Ne 13 cBssama cyapfa MHOrHX HAay9HBIX OpoGsieM
II OTKPHITHIT, cAMBIX pPa3HBIX MPOLECCOB I NPOAYKTOB — Kpa-
COK, NOJNMEDHBIX MaTepHajioB, KATajl3aTOPOB O MHOTIX
ApYrix.

N Bce-trakun He Oyner ommOKm, ecin yTBEPIKAATb, 9TO Me-
T AJIOMOHINT MO 3HAYMMOCTII B COBPEMEHHOIl TEXHIIKe, B
COBpPEeMEHHOIl JKI3HH — Ba)kHee, HeKeJll Bce COENHEHOA
aJIIOMIIHsA, BMECTE B3ATHIE,

HE TOJIBKO JIETEHJA. Bo Muorux momyJisipHBIX KHIFaX MO XIMUHN
I MeTaJ1ypriii OPUBOJAUTCA PAccKa3d o TOM, 4To ajioMnnmii AKoOw GLin
napecten emie B apesnoctn. Hexnii nao6perarenn (nMsa ero ocraaochk
HeN3BeCTHLIM) HpIHEC OAHOMY N3 BJAAAbIK Yamly H3 MeTajja — oueHb
Nerxoro, HO BHemNe HOXoero na cepebpo. Hcropumsa 3saxkomumiaachk
nnadeBno: mnsobperaTeNs KasOmmN, DOCKOABKY BHajilka Goancsa, Kak
651 HOBBIiT MeTann ne oGecuennx ero cepedpo.

Cropee Bcero, ara mcropus — ie Gonbme weMm KpacuBag CKasKa.
A BOT HEKOTODHIMII COEMNMEHIAMI ANOMIIRNA JIOAN HOJbL30BAINCL It
B apesnoctu, M ne ToAbKko ranmoii, ocHoBy KoTopoii coctapaser Al.Os.
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B «EcrectBennoii mcropmm» IHanuua Crapmero ymoMmHaeTcs, 4TO
kBachsl (unx gopyayna KAI(SO0;:).-12H,0) eme na pyGeme crapoii u
HOBOIi 3pBl IPHMEHANH B KadecTBe NMPOTPABLI OPH KpalmeHHI TKaHeil
B nawane nameii apel puMcKHii mojkoBofen ApXeinait Bo BpeMA Boii-
HEl C IepcaMH IpHKa3aJ o0MasaTh [epeBAHHBIe OamuM KBacoamu.
B peaynprare jepeBo mpHoOpeNo OrHECTOIKOCTH, H HEPCH He CMOI-
JIA mo/Kedb YKpeIUIeHNA PHMIAH,

AJIIOMMHOTEPMHUSA. B 1865 r. uaBecruslii pycckmit xumuk H. H. Be-
KeTOB OTKDHI MeTO[ BOCCTAaHOBJIEHHA METaJ/IOB ¢ NOMOINBIO AJTIOMH-
HHA, OONYIWBIHII HasBaHWe axloMuHOTepMnH. CyHHOCTE MeTOAa
COCTONT B TOM, 9TO NpH HOPKHTaHAN CMECH OKHCJIOB MHOTHX MeTal-
JIOB ¢ 3/IEeMEHTHBIM AaJNIOMOHHEM TPOACXOAHT BOCCTAHOBJIEHHE 3THX
MeTaln0B. Eciu oxncenx B3AT B uM3a0bITKe, TO HOJYIeHHBIH MmeTamn Oy-
AeT mouTH CBOOONHBIM OT mpuMecH 3neMenTa Ne 13. 9THM MeToAOM
ceifiac MHPOKO INOJBL3YIOTCA HpH HONYYEHHH XpOMa, BaHAXHA, Map-
rasna.

CHHTETHYECKHN KPHUOJIUT, [na nony4eHHA anlOMHHHA JIEKTPO-
JIH30M HeoOXOOHM KpPHOMHT. ITOT MHHepal, BHemIHe MOXOMuii Ha Jen,
NO3BONACT HAMHOTO CHH3HThL TeMIIepaTypy ILIaBjleHAS IJHHO3eMa —
CHIpBA JUIA NpoH3BofcTBa amomuHnsa, CoctaB kpuonmnrta 3NaF-AlFs.
EnuncTBeHHOE KpYNHOE MeCTOpOK[IeHHe 9JTOr0 MHHEepaJa IOYTH
HCYEPNaHo, I MOKHO CKa3aTh, UTO AQJIOMHHHEBAS NPOMLINUIEHHOCTD
mapa paboraeT ceiiyac Ha CHHTeTHYEeCKOM Kpuosinre. B mameii cTpaHe
nepBble NONBITKA HOJYYHThH HCKYCCTBEHHBIi KpPHOJHAT “cAesianbl eme
B 1924 r. B 1933 r. Hemopanery ot CBepAIOBCKa BCTYNWJI B CTPOil mep-
BbIii KPHOJNHTOBEIA 3aBoj. CymecTBYIOT fBa OCHOBHBHIX cmoco0a Hpom3-
BOMCTBA 3TOr0 MHHEPAJa — KHCJIOTHBIH M IeJ09HOIl, IepBHIii HCOOMNDL-
ayeTca mmupe, B aroM ciyuae chippeM CIYHT INIaBHKOBHIT Imnar
CaF,, xortopmlii oGpabarsiBalorT cepHoil Knciaoroii m moxydawT @ropn-
cTHii BofopoA. PacTBopHB B BOfie, ero NpeBpamlalOT B IUIABHKOBYIO
KHCJIOTY, KOTOpas B3amMojeiicTByeT ¢ rufipookuceio aniomunns. ITo-
JNydeHHYI0 (ropaiioMHHAeBYI0 KAcioTy I;AlFs HeiirpanusyiT copoii.
B ocapmox BrimajaeT Mano pacTBOPHMEIIL B BOfile KPHOJMT.

IIEPBBLINT KATAJIU3ATOP. Ve MHOTO JeT He HpeKpamalnTCa pas-
roBophl 0 karanmaaropax K. Ilmrnepa u JI. Harra — anemenToopranm-
49eCKHX COeJNHeHNAX, PeBONIONHOHH3NPOBABIIAX NPOH3BOACTBO MHO-
THX NOJNEMEPHBIX MAaTepHAaJOB, HpeyJe BCero CHHTETHIECKHNX Kaydy-
koB, Ilonumepn, monydeHHble ¢ IDOMOMBIO TAKHX KATaJH3aTOPOB, OT-
JIAYAI0TCA 0COGeHHO WeTKOil CTPYKTYpOil H 0TTOro — NydymuMn ¢uan-
KO-XUMHIeCKHMH cBoiictBamn, IlepBeIMH KaTaansaTopaMm cTepeocme-
mudnueckoii monnmepusamnyu ObLIIN  anOMHHHIIOpraHMIecKue COeAN-
HeHHA.

198



N BCE 3TO — OKUCH AJIIOMUHUA! AnomuHnit gaBHO yKe mepe-
cTax OBITH [pAaromeHHBIM METAJIOM, HO HEKOTOpHle ero CoefuHeHHs
OO-TIPEKHEMY OCTAIOTCA APAaroleHHBIMH KaMHAMH. MOHOKpHCTaMNBI
OKMCH AJNIOMHHHS ¢ HeGompuMu RoGaBKkaMu KpacAMUX OKHCIOB — 3TO
U ADKO-KpacHbll py6uH M cuanomuil cuEnil candup — AparoueHHble
KaMHHI [epBOro — BhICIero mopsjka. liper mM mpmpaior: candupy —
MOHBI jKeJie3a H THTaHa, py6uny — xpoma. UmcTaa Kpucramrageckas
oKHCh anoMAHHA OecnBeTHAa, ee HA3LIBAIOT KOPYHAOM, ANOMAHMMH
BXOJMT TaKKe B COCTaB TypMaiamHa, GecuseTHoro jeiikocamdupa, eln-
TOFO «BOCTOYHOTO TONAa3a» H MHOTHX APYrux MeHHEIX KaMHeil. B 3aBog-
cKUx MacmTabax mpPON3BOAATCA HCKYCCTBEHHbIE XOpYHA, canup u
pyGun, 3TH KaMHHE HYKHBI He TOJBKO I0BEJIHpaM, HO @ MHOTHM OTpa-
CNAM COBpeMeHHOII TexHHKH. J[0CTATOYHO BCOOMHHTL O pPYyGHHOBBIX
lazepax, 0 Yacax «Ha HATHAAUATH KaMHAX», O HaMAaKe, KOTOPHIH
HeNaeTCA NpPeHMYIECTBEHHO M3 KOpYHJa, MOJAYyd4aeMOro B 3JMEKTpO-
meuax, o cangupossix okHax «Tokamaka» — ofHOIl M3 HmepBHIX YCTaHO-
BOK JUIf H3y4eHHs TepMOAREPHBIX MPOLECCOB.

TOJIBKO OJINH HN30TOIl, Hpupomnslii amoMuHnii COCTONT TOABLKO H3
OJIHOTO «COpPTa» aTOMOB — M30TONA C MacCOBHIM duciaoM 27. M3BecTHb
HECKOJNBKO ACKYCCTBEHHBLIX PaJHOAKTHBHEIX H30TONOB dineMeHTa Ne 13,
GONBIMHHCTBO M3 HHX — KOPOTKOMKHBYIIME H JHIMb ORHH — aJNIOMH-
HRNi1-26 nMeeT mepmojx moJypaclajfa OKOJO MILUIIHOHA JIeT,

AJIIOMUHATBI. AnoMpHATaME HA3BIBAOT COXM  OPTORNIOMUHHEBOIl
H;Al0; u wMmertaamomuanmeBoil HAIO, kucmor. Cpeanm mpHpOXHBIX
aJIOMAHATOB — ONArOpOAHAsA MNOHHENb H JParomeHHBIH Xpu3o6epmi.
Amomuaar Hatpua NaAlO., ofpasylommiicA mpH moJNydeHUH TUHO3E-
Ma, OPHMEHAIOT B TEKCTWIHHOM IpPOH3BOACTBe Kak HpoTpaBy. B mo-
ciegHee BpeMsa mpuoOpesu NpakTHIeCKOoe 3HaYeHHe M AJIOMHHATHI
PERKO3eMeNbHEIX JIE€MEHTOB, OTIHMYAOMUecd BBICOKOH TYrOMJIaBKO-
CTHI0 H XapaKTepHOil, BO MHOFHX CIy4asaX KpacHBOii, okpacKkoii. Anio-
MHHATHl JAHTaHA H CaMapEA — KpeMOBble, eBpONHA, TafloNHHHA H
OHNCOpO3nsA — PO30BLIe, HEORUMA — CHPeHeBble, Npa3eoUMa — KeJTHie,
JTH MaTepHANBl CINTAOTCA HEPCHEKTHBHBIMH B NPOH3BOJCTBE cCie-
QHANBHOH KepaMHKH M ONTHYECKHX CTEKOJ, a TaKi#e B AAEPHOH
dHEpreTHKe: HEKOTOpHIE pefKo3eMeNbHbIe JJNeMEHTHl OTIHMIAITCA
HCKIIOYUTENBHO BEICOKOI CHOCOOHOCTBIO K 3aXBATy TeIIOBHIX HEHTpO-
HoB. TlonpoGHee 06 3TOM — B paccKaszax o JaHTaHOMAAX.

VYUUTEJIb — OB YUEHMKE. «...fl cuuralo, 9T0 CcAexaax OTKpHITHE:
oTkpbul genoBexa. B 1880 romy Bckope mocne Moero Bo3BpameHHA N3
flmounu, rae A mpenofasaji deThipe Tofla XNUMHIO, A ofpaTuin BEAManue
Ha MEeCTHAANATHIETHEr0 mapeHbKa. JTOT IOMOIIA OpHXoAun B JaGopa-
Topmio, 9To0Bl 32 HECKOJIbKO NEHTOB KYNHTh CTeKAAHHBle TPYGxH,
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apobupkn man eme 9To-HHOyas B 9ToM poae. fI Huwero me snaix o6
3TOM Malib4like, O YacTO AYMaJ, YTO, BO3MOKHO, OH CTaHEeT y9eHLIM —
Belb OH 3aHAMAeTCA NCCAefOBAHHAME B Te TOALI, KOLAAa ApYrie Mof-
POCTKH TDpPOBOAAT BpeMsa TOJNBbKO B NIpax H passjedeHUsAX. ITOT MOApPO-
cTok B 6pin Yapnba M. Xoan, denoBek, B 23 roga OTKpHIBIIILT MeTOX
BBIJeJIeHAsI aJIOMAHUA H3 PYA.

Yapap3 DOCTYOHJI B KOG, H MOCIEe TOTO0 Kak OH Ipolmex
qacTh 00s3aTeNLHOrO Kypca, A 3alpan ero k cefe B saGopaTopmio.
Kaxk-To, Gecenys co cTymeHTaMH, A ckasax: «MsobperaTens, KOTopoMy
ymacTca paspafoTaTh femeBHI cmoco® mnoONydYeHHs aMIOMHHNIA H
clenaTh AMIOMHHNI MeTallloM MaccoBoro moTpelienns, oKaeT §oJib-
IyI0. YCAYTY 4eJoBeUecTBY I 3aCAYKNHT CJABY BbIJalomerocs ydae-
noro».

fl ycabiman, xak, ofepuyBmmcs K OZHOMY H3 CBOHX COKYPCHH-
koB, Yapab3 ckasan: «f 3aiimycs atum Mertamaom». W om mpumsaica
3a pabory. OB ncmpoGoBas MHOMKECTBO METOHOB, HO BCe 0e3yclemHo.
Haxonen, Xonn ocTaHoBmICA Ha dJeKTpoiuse. f1 oTHalx eMy cTaphie,
Heny;KHble mpuGopsl 1 Gatapen. Te 13 Bac, KTO BHAEN 3dJeKTPHYECKHe
Gartapen, paccMeasch OBl Hmpn BHAE TOTO, UTO CMOT COOPYANTH XOJA
I3 pasHLIX YameK ¢ Kyckamu yrag. Ho Tox MBI momywiuinm Takoif,
raKoit mam Obln HYy’eH.

Bcrope mocae 3Toro XomdM SaKkoHYmNA KoleJik n 3abpax  aTo
coopyxenne K ceGe. On ycrponn cpoio JabopaTopiio B Jecy Hemoxaje-
Ky OT JOMa, YOOpImO HpOJAOJAaJ CBON ONBITHI H YAaCTO pPAcCKa3blBaJ
MHe O pe3yJabTaTax.

Hy:xuo ObUlo HaliTH pacTBOpHTENb [isi OKHCH AQJIOMHHIA —
OCHOBHOTO AMIOMIIHHEBOro cChippsa. M depes mects MecaneB Xo
YCTAHOBHWJI, 9TO OKHCeJ XOpOmo pacTBOPIM B pacmiabe (TopHCTOTO
amoMnHata Hatpua 3NaF-AlF;.

Opnaxpmpt yTpoM Xouu BOekam KO MHe ¢ PajlOCTHBHIM BO3IJIAcoM:
~«IIpodeccop, a monyuua erol» Ha mporamyToit namonm nexcano ase- °
HaAaTh MaJeHbKHX IIaPHKOB AJIOMHHHA, CAMOTO IEepBOro ajllOMHHAMA,
MONY4YeHHOTo 3NeKTpoaidoM. 1o mpousomuio 23 despann 1886 roma».

9ro pacckas mpodeccopa Wserra, mepenevaTaHubiii Hamn n3 c6op-
auKka «Bempimika reHnsa», ¢ocTaBlieHHOro MO MePBONCTOYHHKAM aMepH-
KaHECKUM ydeHuM A. T'appeTom.

AJIIOMUHUN B PAKETHOM TOIIUBE. Ilpn cropannu amoMunns
B KAcopofie u ¢rope Bhgeasercsa MHOro Temiaa. IlosToMy ero ncmone-
3YIOT KaK OPHCANKY K pakeTHoMy tomnuBy. Pakera «Cartypm», k mpm-
Mepy, C:RUraja 3a BpeMaA noieTa 36 T amoMunnesoro mopomra. Hnero
ACHOJIL30BAIIA METAMJIOB B KaYeCTBe KOMMNONENTa PaKeTHOro TONJINBA
snepsbie Bhickaszan @. A, Ilangep.



KPEMHUI1

Yey 3naMeHNT KpeMumii? Bo-mepssix,
3TOT 3JIEMEHT — BTOPOM MO PpacmpocT-
PaHEHHOCTH Ha 3emje NOCAe KHCJIO-
popa. Macca semHO# Kopbl Gojee YeM
na dgersepts —27,6% — cocromr m3
KpeMIIuA,

Bo-BTOpEBIX, 9TOT BjIeMEeAT — OJHKaii-
mnii aHaJor yriepoga co BCeMH, Kak
COBOPHTCA, BBHITEKAOLIEMHA OTCIONA IHO-
CJeNCTBHAMH.

OueBmgHO, € 9THX TOYEK 3peHHA A CTOMT paccMa-
TPUBATh KPEMHNI — JOCTATOYHO OOGBIKHOBEHHBIA H JOCTATOY-
HO HeOOLIKHOBEHHBII 3JeMeHT.

Ipupoauasie coemunenna

«llokassiBaloT MHe,— mucajg B OQHOH M3 CBOHX OOOYJAP-
BpIX KHUr akageMuk A. E. ®epcmam,— camble pasHooGpas-
Hble OpeAMeTHI: NpO3pavHbI [Map, CBEpPKAIOIINA Ha COJHIE
9ACTOTOH XOJIOJHOH KII0YEeBOM BOABI, KpPACHBBLA, OECTPOro
pHCYHKA arat, ApKOil Urpsl MHOTOI[BETHHIN omaJ, IACTHIA me-
cok Ha Oepery Mops, TOHKYI0, KaK IIEJKOBUHKA, HHUTKY O3
IUIaBJIEHOTO KBaplia HJIU KAapOYHNOPHYIO HOCYRY H3 HeEro, Kpa-
CHBO OrpaHEHHble TPYABI TOPHOIO XPYCTa/jsl, TAHMHCTBEHHBIR
pHCYHOK (PaHTACTHUECKON MAMMBI, OKaMEHEJO0e [EepeBo, mpe-
BpallleEHOe B KaMeHb, rpy00 o00paboTaHHBI HAKOHEYHHK
CTpeJbl IpeBHEro 4ejioBeKa... Bce 3TO OXHO H TO Ke XUMHYe-
CKOoe coefdHEHUE 3JeMelUTOB KPEeMHUA M KHUCJIOpoa».

Hak mu pasuooGpasen 9TOT HmepedeHnb, OH, KOHEYHO, HE HAC-
4epmnbIBaeT MHOT000pa3nsa NMPUPONHBIX COeJHHEHWH KpeMHUA.
HauneM, ogaako, ¢ ynomManyTeix. «I'py6o obpaGorammniid ma-
KOHEYHHK CTpeJbl JpeBHEro dejoBeka» Ob1 cpaboTam n3
Kpemusa. A 4To Taxoe KpemeHb? CoBpeMeHHBIl 9eJOBEK BH-
JeJl 9TH HAaKOHETHMKH, DaBHO, KAaK U KpeMHeBble PYHbA, pas-
Beé TONLKO B uMcTOpHMYecKoM My3see. «HpeMmum», BcTaBiaseMble
B 3aKHTAJKA KYpWIBLIHKOB, HN BHEIIHEe, HN MO COCTaBYy HH-
MaJo He MOXO0KM Ha Te KpeMHU. BmpoweMm, MHOrme us Hac
B JIETCTBE BBICEKAJH HNCKPHI, yAapAsA KaMemKOM O KaMemIek,
A CKopee BCero, TOrJla B HAMHX pyKax Obuim HacToAiqne
KpPeMHHU.,
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Men c AKob6 Bepuenunyc
(1779—1848) — Bblgawolwniics weepg-
CKWA  XMMWK W MWHepanor, npo-
[OMKMBWNA  Tpyabl  JlomOHOCOBa,
Nasyasbe, [fanbToHa. Emy ypganocs
nepBOMY  BbIAeIUTb  3NeMEHTHbIN
KpeMHuid. B 1814 r. Bepuenuyc ssen
COBPEMeHHble 0603Ha4YeHUs XUMu-
YeCKMX 3NeMEeHTOB nepBbIMW 6GYyK-
BaMW UX NaTUHCKUX UNU Tpeveckux
HasBaHuii

Tak 4TO Takoe KpemeHb? XMMMK Ha 3TOT BOMNPOC OTBETUT
O6ykBanbHO No PepcmaHy: [BYOKUCb KPEMHWS, KPEMHE3EM.
Bo3moxno, npu 3TOM [06aBUT, 4YTO KPEMHE3eM KpPeMH{ —
amop(HbIA, B OTANYME OT KPUCTa//IMYECKOro KpemHesema
KBapL,eBOro necka m ropHOro XpycTans, U 4T0 4YacTb XMMWKOB
cuMTaeT KpemeHb Kpuctannorugpatom /rasHOr nH2o .

[eonor Ha TOT >Xe BOMPOC OTBETWUT MHauye, Mo TOXe B 06-
Wwem-to 6yfHMYHO: MUHepanbHoe 06pas3oBaHMe, pacnpocTtpa-
HEHHOEe U Maso WNTEepPecHOoe, MAAcTbl W <«KeBaKn» KPEMHS
06bIYHO 3anerat0T Cpefau M3BECTHAKOB WM Me/oBbIX OTNOXe-
HWiA...

N anwb rymaHuTapuil-ucTOpMK OT30BeTCH, AO/MKEH O0To-
3BaTbCs, O KpeMHe BOCTOPXEHHO, W60 MMEHHO KpemMeHb —He-
B3pauyHbIAi W He OYEHb MPOYHbIA KaMeHb —MOMOF B CBOE
BpeMS 4enoBeKy cTaTb YenoBekom. KaMeHHbI BeK —BEK
KpPeMHeBbIX opyauii Tpyga. MpuumHOil TOMY He TOMbKO N He
CTO/IbKO PacnpoCcTPaHeHHOCTb U AOCTYNHOCTb KPEeMHS, CKOflb-
KO Croco6HOCTL ero npu ckose 06pa3oBbiBaTb OCTPble PeXxy-
Lme KPOMKM.

Ob6patumcs Tenepb K KpUCTaN/IMYECKUM aHanoram KpemHs:
«KpacuBO OrpaHeHHble FPyfAbl FOPHOr0 XPycTans», «UYUCTbINA
Necok Ha 6epery mops»... PasHuua Mexagy HMMU HebofbLuas,
Mo CYyLeCcTBY NuWb B pa3Mepax WM npumecsax. Ywuctblii ne-
COK —YuMCTan KpucTannmyeckas [BYOKWUCb KpeMHus. YucToid
BOAbl TOPHbIA XpyCTanb —TO Xe camoe. WM u4To elle OuYeHb



Ba)XHO, 06a 3TN BellecTBa —MOMIMMEPbl, HEOpPraHu4veckue
nosiMmepbl.

OfHVM ¥3 MepBbIX MPEAMNOOXeHNe 0 NOMUMEPHOM CTpoe-
HWW OBYOKWCU KPEMHWA BbiCKasan AMuTpuin VBaHoBMY MeH-
fenees. VIMEHHO 3TWM OBCTOATE/IbCTBOM OOBACHAN OH HeneTy-
YeCTb W TYroniaBKOCTb BeLecTB cocTasa s HO: wau, npasBusib-
Hee, (5KO:)JZT PeHTrenmocTpyKTypHble WCCNefOBaHUS HaLINX
[Heli MOATBEPAUNIM MPaBUAbHOCTb 3TOM AOragku. YcTaHoBne-
HO, YTO KPWUCTa//IMYECKMIA KPEMHe3eM npeacTaBfiseT coboi
TPEXMEpPHbIA ceTyaTblii nonumep. Llenoyka KpemHeKnenopos-
HbIX TETPasfpoB OYEHb MPOYHA, CBA3b KPEMHMA C KUCNOPOLOM
HaMHOTO MPOYHEee, Yem, HanpuMep, CBA3b Mexay aromamn
yrnepofa B Lienax OpraHMyeckux nonvmMmepos. KpemHekmncno-
POAHbIM LensM XBaTaeT W rMO6KOCTW, HO B MUpe MMHepanos
OHM 006pa3ytoT XecTKue CneTeHus B BUAE MPOCTPAHCTBEN-
HbIX PELIeTOK W CETOK, KOTOpble XPYMKW, HENnoJaT/vBbl Mpu
MeXaHM4YecKoil o06paboTke. YTOObI KPEMHEKUC/TOPOAHbIE Le-
MOYKU OCTaNNCb TUOKUMU, 3NACTUYHBIMMK, MX HYXHO WU30/U-
poBaTb OAHY OT APYrOi, OKPYXWTb APYrMMW atomMamu Mm
rpynnamMyv aTomoB. JTO CAefan XUMWKKW, CUHTE3UpOBaBLUUE

KpucTtannbl MCKYCCTBEHHOrO KBaplia, BbIpalleHHOr0 B MPOMbILWEHHbIX YCO-
BUAX. CNWUYeYHbli KOPOBOK, NOCTaBNEHHbI pPALOM,— CBUAETENbCTBO BHYLWIU-
TeNbHbIX Pa3MepoB WCKYCCTBEHHbIX KPUCTannos



MHOrOYHMCIEHHBIe HEIHEe KpeMHHIOpraHMYeCKHe ToJTHMepHl,
peub O KOTOpPHIX Hiike. BnpoueM, M mpupoja fajla BeJHKo-
Jdennpii o6paser; BOJOKHHCTOTO IO CTPYKTYpe HONHMEPHOIO
CoeJHHeHUs] KHCIOPOAa i KpeMHHUA — 310 achecT.

CeropHA oYeHp HempocTo OTBETHTH HA JETCKHE BOmpoc, Ka-
KasA U3 Pa3sHOBUAHOCTEH KPHUCTANIMIECKON [BYOKHCH KpeM-
HUA — 0eCOK WJN T[OPHBIA XpycTalb — BajKHee IJIA COBpe-
MEHHOro YemoBexa. Ecau 6paTh B pacueT TOABLKO OPHpPONHBIN
rOpHBI XpycTalb, 3amachi KOTOPOr0 MNPAKTHYECKHU HCYepma-
HBI, TO OTBET OJHO3HAYeH: KOHEUHO, mecok. M3 kBapuesoro
mecKa JeaaloT KBaplieBoe CTEKIO, a U3 Hero — mpeBOCXONHYIO
JaaGopaTopHyIio mocyny, GanjoHB JaMI cOeqUajJbHOr0 Ha3Ha-
qeHUs M MHoroe apyroe. ['OpHBIA 3Ke XpycTaab — He TOJBKO
OOMeNOYHEI MaTepual, oH H Obe30aneKTpuK. OH HyKeH pa-
DHOTEeXHUKE BO BCe BO3PACTAIOLIMX KOJUYECTBaX, U BPSM JH
BO3MOKHO ObLIO OB OBICTPOE pa3BHTHE ITOM OTpACIH, ecan
OH JIOAM He HAayYWJHCh BHIPAIIMBATH KPYIHOKPHCTAJLIHYE-
CKMIl MCKYCCTBEHHBIH KBapm B BUJIE MOHOKDHCTAJLIOB,

B 30-x ropax Amnexcamnp Esrembesuu @Depcman mucan:
«Uepes HECKOJBKO AECATKOB JieT reojoru He 6yayT Goabme
¢ OMACHOCTHIO A JKU3HHM B30HpAaThCA HA BepHIMHBEI AJbI,
Vpana uan Kaskasa B moroHe 3a Kpucrajiamu, He 6ynyT fo-
6piBaTh mX B Gespomubix mycThiuax lOkuoit Bpasumun mnu
B HaHocax Mapgarackapa. fI yBepen, 9To MBI Oyaem mo Teie-
¢oHy 3aKaspIBaTh HY)KHble KYCKH KBaplia Ha COCYNApPCTBEH-
HOM KBapueBoM 3aBojie». Hpsapuesrie 3aBoj(bl MOSIBLIACH Ja-
JKe paHblue, YeM OpeacKassiBal ydeHoil. OHB BBHIDYCKAIOT
KPHCTAJIBI KBapla, HU4YeM He YCTyIAlolue NpUPOJHOMY rop-
HOMY XpYCTajio, B KOJHYECTBAX, JOCTATOYHEIX HE TOJBKO MJA
Paio3IEKTPOHHOR OPOMBIIIIEHHOCTH, HE TOJNBKO [JIA ONTH-
Kd, HO ¥ Ans ykpamenuil. CoMHeBAIOIUMCA B 9TOM yTBepi-
JeHUH peKoMeHAyeM oOpaTHThCa B OMIKAHIIMA OT UX jgoMa
I0BEJINPHBIA MarasuH.

KpeMuuii — amemeHTHbII

Mpb! yMBIOLIEHIO OrPAHNYMIN PAcCKa3 O MPHPONHBIX COENHU-
HeHUAX KPEMHUA TPeMA BemecTBaMU M OJHUM, IO CYIECTRBY,
coenunenueM. OG0 BceM B KOPOTKOM O4epKe Bce DaBHO He
pacckaskellb, a COeAMHEHUA ¢ KUCIOPOAOM — caMble BaiKHBI.
Bepuemcs, ogsako, cOOCTBEHHO K KpeMHHIO.

HecmoTpa mna pacmpocTpaHeHHOCTH B NpPUpPORE, 3TOT 3ie-
MEHT OTKPHUIM CPaBHHUTENLHO mo3fgHo. B 1825 r. Brigaromuii-
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ca mpefckuil xumur u munepanor Menc fAxo6 Bepmennyc
CyMell B ABYX PeaKkInusax BBHIAEJHTL [€ OUeHb WHCTHLT aMopg-
HBII KpeMHH# B BuJe KOpHYHEBOro mopowxa. [{as aroro oH
BOCCTAHOBIJI METAJUIMYECKHM KajueMm ra3oo0pasHoe BemecT-
BO, U3BECTHOE HBIHE Kak Terpadropuna kpemuus SiF,, u kpome
Toro, mpoBen TaKkylo peaxmuio: K,SiF,+4K—6KF+Si.

Hosriit amement Obli HasBaH cuiaunueM (OT JaTHHCKOTO
silex — kpemens). Pycckoe HasBaHHe 3TOro 3jJ€MEHTA HOSABH-
J0Ch cHyCTA AeBATH JeT, B 1834 r., u GaaromnonyuHo AoMuiIo,
B OTJIHYHE, CKaskeM, OT «OypOTBOpa», N0 HAIINX HHEN.

Kpemunit, kax u yriepop, o6pasyer pasiuumble ALIOTPO-
nuueckue Momuduranun. Kpucrannudeckuit kpeMHEHIII Tak e
MaJio TMOXO0K Ha aMop@muuli, Kak anMas Ha rpadur. 1o TBEp-
J0e BeIEeCTBO CEepO-CTANLHOTO I[BeTA ¢ MeTalamdecKum Oie-
CKOM H TrpaHEeNeHTPHPOBAHHON KPUCTAJUIMIECKOH peleTroi
TOro € THIIA, 9TO y aiMasa. BupoueM, amopdHsIil KpeMHui,
KaK BBIACHHUJIOCH, TOMKe He aMOpPQHEI, a MeJKOKpACTaIImge-
CKHIi.

[lepBslif MpPOMBINUIEHHEIH CIIOCOG IIPOM3BONCTBA KpPEMHHH,
n3o06peTeHHbId Bo BTOpoii monoBHHe XIX B. M3BECTHBIM pyc-
cknm xumukoM H. H. BekerossiM, ocHOoBaH Ha BOCCTaHOBJe-
HUU deThIpexxjopucroro kpemuus SiCl. mapooGpa3HbIM muH-
koM. Texmmuecku umereit Kpemumit (95—98Y Si) ceituac
DONy4YaT INAaBHBIM 00pa3oM BOCCTAHOBJIEHHEM KpeMHEe3eMa
B DJEKTPHYECKOH HOyre MeKAy rpaduTOBBIMH 3JIEKTPOLAMMU.
HcnonwsyeTca no cux mop m3o0peTeHHE eIe B IPOLLIOM Be-
Ke cIloco0 BOCCTAHOBIEHUA KPeMHe3eMa KOKCOM B 3JIeKTpHUe-
CKHUX me4ax. ITOT crocod TaKKe faeT TeXHHIECKHH KpEeMHMIA,
HY/KHBIH METaJuIlypruy KaK paCKHUCJINTENb, CBA3BIBAIOTOHIA
7 yOANAOIINA A3 MeTallla KHCJIOPOA, W KaK Jernpyomas ao-
6aBKa, DOBHIIIAIOMAA MPOYHOCTh M KOPPO3MOHHYIO CTOMKOCTH
cTaNeil W MHOTHMX CILNIaBOB HAa OCHOBE IIBETHBIX MeETAJlJIOB.
BnpoueM, 3fech BaKHO «He MepeGOpPIETHY: M30BITOK KpeM-
HUA MOKET IPUBECTH K XPYNKOCTH.

He oromienr B mpomioe u GexeToBCKUi C€mocol moaydeHus
KpeMuus (B peaknmuu Me:KAy HapaMH IUMHKA W TeTpPaxJopH-
IOOM KpeMHHA — JeTydeil GeclBeTHOI KMAKOCTBIO ¢ TeMIepa-
Typoit kunmenus Bcero 57,6° C). 910 oxpmn U3 cmocoGoB moay-
YeHAA BHICOKOYUCTOTO MONYIPOBOXHHKOBOTO KPEMHHA, O KO-
TOPOM OIIpPEeeHHO HACHBIIIAHB YHTATEAN ITONH WIIHIH,

Tlonarator, 9ro mpu aGCcONIOTHOM WyJe HICANBHO YICTHIIL
W NAeaNbHO NPAaBMIBHBII MOHOKPHCTAJIIIYECKUN KpeMHMit
RONKeH ObITH MIealbHBIM 3JeKTponsonsaropoM. Ho mpeans-

205



nas WHCTOTA TAK e HeJOCTIIKMMA, KaK U aGCOMIOTHBIE HYIb.
B namewm cayuae 370, uTO HaseiBaetTca, K moOpy. He upeans-
HBIil, & MPOCTO BHLICOKOUMCTHI U CBepXUICTHIl KpeMuuil cTan
BayKHEHNM IOJYIPOBOAHHKOBHIM MaTepuasom. lipn temme-
paType, OTJIYHOI OT a6CONIOTHOrO HyJIA, B lIeM BO3ANKaeT co6-
CTBEHHAsA NPOBOAMMOCTH, PHYEM HOCHTEJISIMI 3JIEKTPHYECKO-
ro TOKa ABJAIOTCH HE TOJBKO CBOGOMHEIE 3JIEKTPOHBI, HO I TaK
HaspIBaeMble JBIDKH — MECTa, MOKUHYTHIE 3JEKTPOHAMH,

BBoga B cBepX4HCTBIT KPeMHUI Te WJIH HHbIE Jerupyloniue
noGaBku (B MHKPOKOJIMYECTBAX; OOBIYHO 3TO HelaeTcd ¢ Mo-
- MOILIBI0 UOHHO-JIYYeBHIX YCTAaHOBOK), B HEM CO3IAi0T MpOBO-
AUMOCTH TOro miaum uHoro tuma. JloGaBKu 3J€MeHTOB TpeTbeil
CpyNOsl MeHAeJeeBCKO TaOMRIBI BEAYT K CO3JAaHHIO JBIPOY-
HOIl IPOBOJMMOCTH, a NATOH — anexTpoHHolt, Urto 3mavar ana
HAC CErofHsA IOJYNPOBOAHHKA, OOBACHATH, BEPOATHO, H3JIHUIL-
me. PacckaxieM myuiie BKpaTue o cmoco0ax mojydeHHs 0Dony-
(pPOBOJTHUKOBOTO KPEMHUSI.

Opun u3 3TEX CIOCO00B yIOMAHYT BHIlIe. 3aMETHM TOJBKO,
9TQ pEeaKLHUI0 BBICOKOUYUCTHIX IAPOB IMHKA C 04Y€Hb YHCTHIM
9eTHIPeXXJIOPUCTHIM KpEeMHHEM MpOBOAAT HpPH TeMIiepaType
950° C B TpyGuaTom peaKtope, H3rOTOBAEHHOM U3 MJIABICHOTO
KBapLa. JieMeHTHbI KpeMmuuii oOpasyeTca B BHIE HIONb-
YaTBIX KPACTAJJIOB, KOTOpble HOTOM H3MEJb4aloT M IPOMBIBA-
0T CONIAHOM KIICJIOTOM, pasyMeeTcs, TosKe BechbMa uncToil, 3a-
TeM clefyeT emle OfHAa CTyHEeHb OYHCTKHA — 30HHAs IUIABKa,
U JHAIIb DOCEe Hee MOMHKPUCTANINYECKYI0 KpeMHHEBYIO Mac-
cy OpPEeBpamjal0T B MOHOKPHCTAJILI,

Ectp m npyrme peakiuy, B KOTOPHIX MOJYYal0T BHICOKOTH-
CTHI OONMYNIPOBONHUKOBHI KpeMHMil. ITO BOCCTAHOBJIEHHS
pogoporoM tpuxiopcunana SiHCl; mam deTwIpexXaopucToro
xpeMmuna SiCli m TepMuueckoe pasnoskeHue MOHOCHJIAHA, TAM-
puna xpemuua SiH, mam rterpamomupma SiJi.. B nocmepmem
cliydae pasioyKeHHe COCUMHEHHA HNPOUCXOJHT HA Pa3orpeToi
no 1000° C Tamramomoit mente. JlomonHUTENBLHAA OYMCTKA
S8OHHO# INJABKOil clefyer WOcie Kaxlolf M3 9THUX peakmuii

B mosynopoBonHHMKOBOM KpeMHHN CoAep)KaHHe MIpumeceil
kpaiine mamo —10—*—10-°% u gaxe menbme.

Kpemnanifoprannka

IlepBoe opranmueckoe coenmHenme, colepialmiee KpeMHUH,
Ost0 monyueHo eme B 1845 1. B peakuun aTunoBOrO CuUp-
Ta ¢ 9veTbipexxaopuctbiM KpemuueM: SiClL+4C.H,O0H—~
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—*Si(OCzl:\Is)4+4HCl. Ho sro He Obu1 mepBBIil CHATE3 KpeM-
HUROPraHmyecKoro COEAMHEHIsI B TOM CMBICIE, KaKoil BKIia-
ABIBAeT B 9T0 IOHATIIE COBPEMEHHAdA XHMHYeCKasd HOMEHKIA-
typa. KpemuuifopranudeckumMu ceifdac NpuUsHAKT JHIIL Te
COeJMHEHNA, B KOTOPBIX €CTh CBA3b yriepod — Kpemuuil. Tak
9T0 HepBOe KPeMHUIIOPraHuvecKoe COeUHEeHHe — TeTPasTHII-
cunnnuii Si(C.H;); — 6s1n0 nonyueno anuip B 1863 r.

Houeuno, B To BpeMA HIKTO He IIPEAIOJNarai, 94ro CIyCTA
100 ;met kpeMHHIOPraniiKa pa3oBLeTCA B CAMOCTOATENBHYIO I
BajKHYI0O BETBhH XIMIYECKOH HAyKH, UTO KpeMHHiopranmie-
CKlle coefunenns, ocoGeHHO HOMUMEPHEBIE, CTAHYT IEpPBOCTE-
OEHHO BA)KHBI IS MHOTUX BHOB IPOMBINIIEHHOCTH, A
TPAHCIIOPTA U CTPOHTENLCTBA, faXke A ObITA.

OnelTHaA X03AiiKa mepej CTUPKOA CMaKeT PYKH CHUIMKOHO-
BBIM KPEMOM, KOTOpBIil HPEXOXPAHIT MX HE TOJBKO OT BOJIBI,
HO U OT pasdnefalouiero AeiicTBHA COABI MM CTHPAIBHOTO IO-
pomka. CfaBasg B YHCTKY WJIaTbe MIA KOCTIOM, MBI OXOTHO

" fOIIAUMBaeM 34 HECMUHAEMYI0 CKIAAKYy H 3a «IPOMHTKYY,
Omaromapsa kotopoit miathe OyneT MeHbIIe rpa3EUThCA. U B
TOM U B APYTOM Clydae HAIIY ofeXAy Ha (abpukre Xxumuue-
cKoif umcTkM 00paboTaloT KpeMHHAOPTraHHIECKUMH IKIIJIKO-
CTAMIL..

droT e pasmeN XUMHYECKOH HAYKH TOJAPHI HAM CaMble
TemIOCTOMKNE U B TO ?Ke BPEMS CaMble MOPO30CTOMKHe CHH-
TeTudeckue Kayuyku. TeMmneparypHBli uHTepBaa paboTocmo-
coGHOCTII KpeMHHilopraHHYecKUX Kaydykos ot —80 mo
+260° C, 1 3T KayyyKH yKe JAaBHO CYLIECTBYIOT He B BH[E
9K30THYECKUX JTalopaTopHEIX 00pasuoB, a B BHJE MAacCCOBOIl
NPOMBIILIIEHAOH MPOAYKITUH,

JLis coBpeMeHHOI 9JIEKTPOTEXHUKH 09€Hb BAKHBI KPeMHUI-
opraHmyecKHe JIaKH, MpefiCTaBIAIOLINE c060il PacTBOPH KpeM-
HuflopraHudecknx moaumepoB. OHH 0071aKa0T OTIMIHBIMU
MEKTPONIONALMOHHBIMA  CBOUCTBAMY, YCTOWYMBEI K aTMO-
cepHBIM BO3[eiICTBUAM, IepelajflaM TeMIepaTtyp, COJMHeYHOM
paguauun. Bor mums ogur mpuMep 3ddexTuBHOCTH MmOXO0-
OBIX MarepuajoB B TexHuke. [lo BHe#peHIA KpeMHUHAOpraHH-
9eCKNX JIAKOB H30JANUA NEKTPojBUraTesis BpyOoBoii mMamn-
HEl B YCIOBHUAX INAXTHl CHY)KWJIa B cpefHeM O MecAnes. Ho-
rfla B KauecTBe M30NAONN CTAJIH HPAMEHATH KPeMHHUIopraHu-
YeCKHil JIaK, CPOK CIy:KOBl ABMTaTels [0 NEPBOTO PEeMOHTA
BBIpOC 70 3 JeT.

omoOupIx MPUMEPOB MOMKHO NPHUBECTH HECATKH, H YHCIO
ax Gyaer MHOMKHTBCA C KarKABIM IOJOM: HOABIAKTCA HOBHIE
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Akagemuk W. A. AHAapuaHoOB
(1904— 1978) nepBbiM B MuUpe noe
NyYun KpemHuiiopranuyeckue nonu-
Mepbl — NOAWOpPraHocuaokcaHbl. rMog
ero pyKkoBOACTBOM MpoBefeHbl pabo-
Tbl N0 CUHTeE3y TepPMOCTONKUX Kpem-
HWAOpPraHM4yeckMx NONMMEPOB M Ma-
Tepuanos na WX OCHOBE, HallefLlunx
WMPOKOe MNPUMEHEHMe BO MHOTUX
oTpacnix NPOMbILINEHHOCTU

BELLEeCTBa, B COCTaB KOTOPbLIX Hapsfy C KpPeMHWem 1 Tpaguuu-
OHHbIMW 3MEMEHTaMW OPraHWYeckoro Mupa BXOAAT antoMu-
HUIA, TUTaH W gpyrve MeTannbl. Kaxablli NpyBHOCMT B Mose-
Kyfny 4TO-TO CBOE, W Ha KakoM-TO 3Tane KOJIMYEeCTBO Mepexo-
OUT B KayecTBo.

MHorvne un3BecTHble yuyeHble paboTasim W MNPOJO/KAKT pa-
60TaTb B 3TO 061acT xumum. COBETCKYHO LUKOMTY KPEMHMWIA-
opraHukos ocHosan akagemuk K. A. AHLpMaHOB, KOTO-
pbiii ewe B 1937 T. noayynn nepeble B MUPE KpPeMHMiAopra-
HWYecKne noammepbl —noanopraHoCUIOKCaHbI.

KpeMHWiA N XN3Hb

B 0630pHO cTaTbe 0 KPEMHWUW, HaNMCaHHOW elle neT AecATb
Ha3af, Takoih pasgen 6bin 6bl Heo6a3aTeneH. CAMLIKOM Mano
3Hana Hayka O pofnM KPeMHWS B XW3HU BbICLUMX XXUBOTHbIX
1 yenoBeKka. VI3BeCTHO 6bIN0, YTO KpeMHuii (ero ABYOKMWCb) CO-
CTaBnseT OCHOBY CKEfleTOB Y HEeKOTOPbIX MOPCKUX OpraHus-
MOB —paguonapuii, AnaTtomei, HEKOTOPbIX TyboK, MOPCKMX
3Be3f. M3BeCTHO TakXe, YTO OH HYXEH pacTeHuaMm; OT 3na-
KOB M OCOKM [0 nmasbM u 6ambyka. Yem >xkectye ctebenb pac-
TeHus, TeM 6GOnblue B €ro 30/7e Haxof4AT KpemMHWsA. PacTeHus,
KaKk W MOpPCKMe XXWUBOTHble, 6epyT KpemHuii n3 Bogbl. U B
MPecHoi, N B CONEHOI BOAE PAcTBOPEHO OKOMO 3 Mr/N Kpem-
HUA (B BMAE KPEMHMEBLIX KUCNOT WM uX coneit). Ponb e



KpPeMHUA B JKIBMI BHICHINX JKHBOTHBIX 1 YEJIOBEKa MN0Jroe
BpeMsa ocTaBajlach HescHoli. Bruto mupoxo pacmpoctpaneno
MHeHHe 0 OHMoJOrnyeckoidl MHepTHOCTH 0 (ecmose3HOCTH CO-
eNHeHNIT KpeMHN.

Ho, ¢ apyroii croponsl, jaBHO H3BeCTHO cepbeaHoe 3a6o-
MleBaHNEe — CIVINKO3, BHI3KIBAEMOE MIJINTEJIBHBIM BABIXaHHEM
OBLIN, cofep:kamieil cBoGommylo AByoknch Kpemuosa. Heko-
TOpbie KpeMHHIiOpraENYecKHe coeqUieHIA — apHICHIATPO-
HBl OKAa3aJuCh TOKCHYHRIMH JUIA BCeX TEMJIOKPOBHBIX M-
BOTHBIX.

W B To xe BpeMsa NBBECTHO, 9TO B YeJOBEIECKOM OpraHH3-
Me KpeMHHH €CTh NpAKTIYeCKH NOBCeMeCTHo, (ojbiue BCe-
FO — B KOCTAX, KOKe, COE[UHATENbHO TKAHH, a TAK)Ke B He-
KOTOpHIX Kkeyiesax. Ilpum mnepemomax Koctell cofepikanne
KpeMHHA B MecTe mepejioMa Bo3pacraeT moutu B 50 pas. Mu-
HepaJbHble BOJAHI C BHICOKIM cofepsKaHnem xpemHusa (Hampum-
Mep, HU3BEeCTHAasA KaBKa3cKas Bofa «[[MepMyK») OKa3BIBaIOT
GaaroTBopHOE BINAHHE HA 3J0POBbE JIOAEi, 0CO0EHHO mOMKHA-
JBIX.

Hearaa ckasaTh, 9T0 poas KpeMHHSA B JKU3HH BHIACHE-
Ha YyKe OKOHYaTeJNhHO — CKOpee, Ha0GODOT: mOsBIEHHE HO-
Boii mHPopManun Bce Goabuie ocnomuser Kapruny. Cunre-
30M W HcciefoBaHneM OMOJOrHYeCKH aKTHBHBIX COeJHHEHHIl
KpeMHHA ceiiyac 3aHATHI BO MHOrAX JafopaTopusx Mupa.
Ouenp aKkTUBHO paboTalOT HAA KOMIUIEKCOM mpoGiaeM, KOTO-
pHIi KpaTKO MO’KHO Ha3BaTh TAK Ke, KAK Ha3BaHA 9Ta IJaBa,
T. e. KpeMHHIl U Ku3Hb, coTpyAEuKkH VpKyTckoro mecTHTyTa
OpraHmyeckoil XOMHH BO TJIaBeé C TJI€HOM-KOPpPeCHOHIeHTOM
Axamemun sayk CCCP M. T'. BoporroBrniM. B opmoii n3 cBo-
mx crareil oH mDHcal: «¥Y:Ke HMeIOmHUeCSd MHOro4ICJAeHHbIe
Ha0JoneHNA NO3BOJAIOT NPHIITH K 3aKIIOYEHHI0 0 HeoOXomu-
MOCTH IMHPOKHX U THIaTeJbHBLIX HCCHeAoBaHUi® (B TOM dmcine
Ha MOJIEKYJsAPHOM YpOBHE) POJIA KPeMHHS B KHBBIX OPraH@3-
Max M H3BICKAHIA BO3MOMKHOCTeil MCIOJB30BATH COeNUHEHHS
ITOro ajeMenta A JedeHHA M npodHIAKTHKH pPa3iMYHBIX
saboneBaunii m TpaBM, a Takie A GOPhOLI CO CTapemueM».
Ioacnenna 3pech, HaBepHoe, TpeGyeT JUINb HOCHENHINA TeE-
suc. Jleno B TOM, 4TO ycTaHOBJEHH BO3pPacTHBIE 0COOEHHOCTH
KpeMEHeBoro o0MeHa B opraHmaMe; € BO3PacTOM COfeprKa-
HAEe 93TOr0 9JeMeHTa B KOCTHOW TKAHH, apTepuAX, KoKe
CymecTBEeHHO yMEHBIIAeTCA...

I9ToT pasfen HammX 3nannit 06 amemente Ne 14 eme He cTan
cBofioM O0LenpUHATHIX, ycroaBmuxca uctud, Ho, ouesmano,
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MMeHHO 3[ech NPOXOANT B HALIN AHM mepefHIuil kpaii Gopb6Lt
3a II0O3HAHHe KpeMHHA — GuusKaillliero aHajora yriepoja,
MU31EHHO BAKHOIO ITEMEHTA.

KOPOTKO OB M3OTOIIAX. IlpupofHEIi KpeMHHII COCTONT H3 Tpex
H30TONOB ¢ MaccoBbiMn uncaamn 28, 29 n 30. ITpeoBnamaer (92,27%)
NerKuit H30TON — KpeMHANIi-28. I3BecTHH Tarke HECKONBKO pagHOaK-
THBHBIX H30TONOB KPeMHIA; JOJNFOKUBYIHIT AN OANH KpeMnuii-32 ¢
nepuojoM mojgypacnaga oxoso 710 jer.

BOJILIIE BCET'O — B CHUJIMKATAX. Bo Bcex HNpHpOAHBIX COeANHe-
HUAX KpeMHNii ¢BaA3am ¢ kuciopofaoMm. Ha monio xpemmesema (BO Bcex
ero pasHOBHIHOCTAX) NpPHXOANTCA OKodo 129% Maccel 3eMHOIT KOpBI.
Hamnuoro 6oiapme [0 CIVIMKATOB I aJIOMOCHINKATOB: 75% Maccsl
3eMAoil KOpBl COCTaBleHO H3 BTIX COEJANHEHNIT KpeMHIA, KICJIOpoaa
4 APYTHX dJ1eMeHTOB, B IEPBYIO 049epelb. ATIOMIHIIA.

OEPPOCHMJINLUN. Cmonap kpeMmHHA ¢ Keqe3oM — deppoChimImit
DIIPOKO HCHOJAB3yeTcA B 9epHOIl MeTa/ulyprii M JJis I113TOTOBJEHIA
KHCJOTOYNOPHLIX H3feJnil. DTOT cOiIaB TOTOBAT, NpPOKANIBasg CMeCh
ABYOKHCH KpeMHHA, YIIA I 3KeJe3Hoil pyABl B HOMEHHBIX INIH JeKTpH-
qecknx mewax. Ha ¢eppocimiuiit ¢ 15% Si He peiictBylor Gonsmun-
CTBO KICJIOT; OpaBfa, OH MOABEep;KeH paspymeHHI0 CONAHOI KHcaoTOil.
Urobsl eppocuanmuii ObIT yCTONYNHB K JeilCTBHIO H OTOIl KICIOTHI,
HY’KHO, 4TOOH B HeM Obuto He Menbme 509% Si.

KAPBOPYH]] — COIIEPHUK AJIMA3A. 3t10 coeplfeHlte, Kak O MHO-
rie KapOHUAB, OTJIHYAaeTCAd MPOYHOCTHIO, TBEPAOCTHIO, KAaPOMPOUYHOCTHIO
H Xxummueckoil croiirocrsio, Ilo TBepmocTn EKpicramiasr SiC ycrymaror
aump anmasy H Gopasony, MO NOCKONBLKY KapOlUA KpeMmuHsa 3HadI-
TeJIbHO JAeIIeBNe, ero IEPOKO NPHMEHAT MiA 00paloTkn TBepABIX
MarepuaiioB, IonyualoT kapGopyHA B peakmin KBapIeBoro Iecka C
yrieMm, IpPOXOAAMEil B dJeKTPHYecKoil medl ImpH TeMOepaType OKOJIO
2000° C. Yuerwit xapGopysp GechBeTeH, eMy, KaKk I KpeMHIO, CBOIi-
CTBEHHHI kagecTBa IOJYNPOBORHHKA. A eme 3T0 eHHCTBEHHOE COeAH-
HeHHe, B KOTODOM €CTh CBS3b KpeMHIIl — yriepojx B KOTOpoe TeM He
MeHee He OTHOCAT K KpeMHHiiopraHNm9ecKHM coeAHHeHnaM. OdeBupno,
moToMy, 9T0 BooOme Bce KapOUAB! CINTaloTCA HEOPTraHUYECKIMH CO-
e[ITHeHIIAMIL,

COJIHEUHLIE BATAPEN. Ha coyTHHKax, AYHOXOAaX, KOCMHYECKIX
KopaGlaAX ® CTaHOUAX YCTAHOBIEHH! cofHedHHle GaTapem, mpeoGpasy-
Jomue B JEKTPHYecTBO JyulicTylo oHepriio ConHna. B mmx paGoraloT
KpHCTA/ABl HOAYIPOBOAHUKOBHIX MaTepPHANOB B B HEPBYI0 oOuepefs’
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kpemuns. [Tpn norjomeHHH KBaHTa CBeTa B TAaKOM KpHCTajle OCBO-
6oxnaroTea anexTpousl. Ecan Takne KpHCTAMIBL COCTaBAT [OBOJBHO
" BUYHINTENBHLIX Pa3MepoB OaHeNll, TO HETPYAHO COEMUNITL MpPOBOLHIL-
KOM OCBeliennusblii 1 HeocBemennblil yuactriu. Ilo mpoBogunky mote-
uer ToK., Kpemunesble mpeobpasoBaTesn conuiednoii aHeprmim B ajek-
TpHYECKYI0 Y)Ke paGoTaloT ue TONBKO B KOCMOCE, HO Il Ha 3eMie. A B
nasunbone «Kocmoc» na BJAHX nx MomeT yBHAETb KamAblil.

CTEKJIA, CTERJIA, CTEHRIJIA... Hepedpasupys U. A. Kpeiaosa, Mox-
HO cKa3aTh: «YTo cTerna pasusl, BcAruil 3naet». UYrto Ges crekna
COBpEeMEHHOMY 4YeJIOBeKYy MNpHHLIOCh OB Xyao,— Toske. UTo B cocTame
[OJABNAIEro GOJNBIIMHCTBA CTEKON €CTh JBYOKHCH KpeMHHs, TOMKe,
HoKajyil, 3HaI0T MOYTH BCe. A BOT COOTHOMIEHHE PA3TNYHBIX OKHCIOB B
cOCTaBe paaivHbIX CTEKOJ L3BECTHO JIIHL XIMIKaM. B «HopMasibHOM»
crexie 753% SiO;, B OyThlmo9HOM — 73, OKOHHOM — 72, 3JEKTpO-
namnoBoM — Bcero 69,4%. 3aTo B BBICOKONPOTHOM CTEKJE = «IHPEKCY,
OTJINYAIONEeMCA TAKMKe MOBBLIIIEHHOH XHMHYecKoil CTOIIKOCTBIO, ABY-
oxicn kpeMunsa 80,9% — Goasme, gem B n0GoM ApyroM crexie, Kpome,
KOHEYHO, KBapIeBOTO.

N PACTBOPMMOE CTEKJIO. Cammiii pacnpocTpaHeHHBIH Kielt —
CHWIHKATHBI, OH e pacTBOpUMOe CTERNO, METACHAMKAT HaTpPHA
NapSi03;. 910 3naeT KakABIl MKOJABHHK, HO 3TO HE COBCEM BepHO.
B pacrBopimoM crekiae napany ¢ Na,SiO; comepsarca n Gonee cios-
HBle CHIHKAaTH HarpudA. IloMyTHenme CHJIHKATHOTO Kied — pe3yiab-
TAT OTIeruieHnsA dacTu Molekyx SiO.. ITOT Kieil miIoXo mpucraer K
peanHe, IOTOMY €ro Jy4dime AepHaTh B COCY/e ¢ De3HHOBOI, a He KOp-
KoBoit HiH TeM Gonee cTexIsAHHOI mpobKoil.

KPEMHUI B T'A3AX. HexoToprie coeAHEHHA KpeMHIA razoo{pasHbl
upn oObl9HBIX yciaoBHaAX. Bo-mepBeix, 310 ero TeTpadropna — Gec-
MBETHHI ra3 ¢ Pe3KHM 3aIaXxoM, KOTODPHII HepeXofnT B MKHIKOE COCTO-
AHHe Aump npH TeMmmepatype —77°C mopj AaBiaeHneM 2 artm. Iaz000-
pasHEBl M ABa mpocTefmmx KpemHeBojopona — MoHocuian SiH,, ama-
nor Merana, m paucmiaan Si,Hs, amamor arama. OGa oTE rasa upesBbl-
9aifHO JIeTKO OKHCJIAIOTCA N 001afaloT MaJONPHATHHIMH 3allaxaMm.

YTO TAKOE AMETHUCT. Cpemu Bemects coctaBa Si0, HeMmalo
mOMIeI0IHBIX [ TONYApArOmeHHLIX Kamuell. 3HaMeHHTHI JHMOBBI
AMETHCT — 3TO NpPHPOAHHII, OKpameHHBII OPAMECbI0 MapraHma rop-
mpti xpycraas. Ilpm marpesannm go 300—350° G amerncTet Heobpartn-
M0 obecnBeUHMBAIOTCA MM JAaXKe KeJNTewT. A aMeTHCTH, ofecHBedeH-

Hble PEeHTreHoOBCKHM H3Ny4YeHUeM, CmoCOGHB BOCCTAHOBUTHL CBOK H3-
HaYa/Ibl Y0 ORPACRY.



OOCOOP

«.Jla!l 9rto O6mIa cobaxa, orpomHasd,
depHasa, Kak cMoiab. Ho Takoii colaku
eme HUKTO M3 HAC, CMEPTHBHIX, He BH-
npiBan. M3 ee oTBepcroii mactu BBI-
PHIBAJIOCH IIaMs, rjla3a MeTajad MCK-
pbl, 0O MOpJie U 3arpUBKY IepeJuBaICH
Mepnatomuii oronb. Hu B unem Bocma-
JIeHHOM MO3T'y HE€ MOIJI0 BO3HHKHYTH
sufieHne Gojee crpaliHoe, Gosiee oMep-
3UTeNbHOE, €M 3TO0 AaJCKOe CYIecTBo,
BHICKOYUMBIIEE HA HAC U3 TymaHa... CTpamHeiil nec, BeIAINHON
¢ Mouonyio abBuny. Ero orpoMHas macth Bce ellle CBETHIACH
roayGoBaThIM IIaMeHeM, IIIyOOKo cHIAINue QUKHE ria3a (eI
o0BeJieHbl OTHEHHBIMI KPyraMHu.

I norpoHyiics Ko 3TOH cBeTAMelics TOJOBBE U, OTHAB PYKY,
yBUJEN, 9T0 MOM HaXbOp TOxke 3acBeTHauch B TeMuoTe. Doc-
$op,— ckasax a».

Vananu? Apryp Homau-Jloitn. «CoGaka BackepBuieii»,

Bor B KaKoil CKBEDHOHl HCTOPHH OKa3ajcs 3aMellaH dJe-
ment Ne 15.

Eue ogna cxsepnas mcropus

Bosnee Tpexcor zeT oTAENAIOT HAC OT TOr0 MOMEHTa, KOrLa
ram6yprckuit anxgamuk I'enHnur Bpasnm oTKpsln HOBHI aMe-
meHT — ocdop. Ilomobno apyrum amxummkam, Bpampg nsi-
TaJicd OTHICKATH JJIUKCHD KU3HM MIH (PUIOCOPCKUA KaMeHD,
¢ IOMOIIbI0 KOTOPHIX CTAPUKH MOJIOAEIOT, GONLHBIE BHI3MIO-
paBIUBa0OT, a HeGIAropoJHble METAJIIBI NPEBPAINAIOTCA B 30-
aoro. He sabora o Gmare JIOACKOM, a KOPBHICTH PYKOBOHHIIA
Bpanmom. O6 atoM cBumeTeabcTBYWOT (aKTHL U3  HCTOPUH
eIUHCTBEHHOTO HACTOSMIEr0 OTKPHITHA, CHGNAHHOTO TAM all-
XHMHIKOM.

B xome ogHOro m3 OmbITOB OH BEIMApHJ M09y, CMeIHaj OC-
TATOK € YIJeM, DeCKOM M NpOJOJIKHUN BhImapuBaHue, BcKope
B pertopre 06pa3oBayoCh BEIeCTBO, CBETHUBIIEECH B TEMHOTE.
Ilpasna, kaltes Feuer (XomomHBIA OrOHB), WIH «MOH OTOHBY,
kax Bpanp ero HaswiBajg, He IpeBpallajl CBHHeH B 30J0TO A
He u3MenAn OOJHKA CTapbIX JIOfe#, HO TO, 4TO MOJY9eH-
HOe BELIEeCTBO CBETUIOCH Ge3 moporpeBa, OBLIO HEOOHIIHO H
HOBO.

ITHM CBOiiCTBOM HOBOro BemecrtBa DBpanm He saMenmaun
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Bocnosb3osarhca. OH cTanm mokasmBaTh (pocop pasauyHBIM
NpPHBHJIETHPOBAHHBIM JIHMIAM, TOJAydYass OT HHX IIOfapKi
n gensryu. Xpanuth Taity noayvenns ocopa Gblio 1enerko,
1 Bckope Bpannx npopan ee gpesagenckomy xamuky U. Hpad-
ty. Yncao nemoncTparopoB docopa yBeddImiIoch, Koraa pe-
IenT ero usroTosiennsa ctajd ussecred W, HKymkemo n
K. Kupxmeiiepy. B 1680 r. He3aBUCHMO OT OpeAmIeCTBeHHNH-
KOB HOBEIl 3JieMeHT OBUT HOJyYeH 3HAMEHHTHIM aHTIMICKUM
dusurom u xumurom PoGeprom Boitnem. Ho Bckope DBoitnb
yMmep, a ero ydeunx A. [aHkBHIY H3MEHMJ 9HCTOl Hayke I
BHOBL BO3ponun «dochopuylo cnexkyaaguio». Jlmms B 1743 r.
A. Maprrpad orsickan Gosee coBeplleHHHIl CIoco6 moiyye-
ausa Qocdopa U omyGAMKOBAJ CBOM JAHHBIE JNiIA BCeoGIIEro
ceefienusa. ITO0 CcOOBITHE MONOKUWIO KOHEl OpaHIOBCKOMY
GuaHecy M MOCHYKUJIO HAa4YalloM Cepbhe3HOTo naydeHus d¢oc-
dopa u ero coeguHeHUIA.

Ha mepsoM, marupecsatiietHem srame uctopuu ocdopa,
KpoMe OTKpHTHA Boitasa, aumb ogHO COOBITHE OTMEYeHO HC-
topueit Hayku: B 1715 r. I'encunr ycranosmi Haamume ¢oc-
¢dopa B mosrosoit Tkaunu. Ifocie onsitoB Mapkrpada ucropus
aJeMeHTa, npuobpeTiiero MHOro JeT cmycrs Homep 15, craua
Acropueil MHOTHX GONBIINX OTKPBITHI,

XpoHoiorig 3THX OTKPLITHIi

B 1769 r. I0. I'an mokasai, 9T0 B KOCTAX COAEP!KUTCA MHO-
ro gochopa. To sxe camoe moATBepAMN Yepes ABa roja 3Ha-
menutsiit wBegckuit xumur K. Meese, npepmoskusmuii cuo-
co6 moxydenns gocgopa u3 30iasl, oOpasylomeiicsa upu 06ku-
re Kocreii.

Eme wueckoxskumu romamu mozxe K. JI. Ilpyecr n
M. HKuampor, mcciaefys pasiyudaHble IPHPOJHbIE COENHHEHUA,
nokasaiu, 4To gocdop HIHPOKO PACHPOCTPAHEH B 3EMHOM KO-
pe, rraBHEBIM 00pasoM B BHje ¢ocdaTa KaIbIAA,

Boapmux ycmexos B n3ydeHus cBoiicTB docdopa HOCTHT B
gavase 70-x rogos XVIII B. Bemnkuii GpaHIy3cKHH XUMHK
Anryan Jlopan JlaByasbe. Csxuras docdop ¢ apyrumu Be-
mecTBaMH B 3aMKHYTOM o0beMe BO3jyxa, JlaByasbe [fokasai,
910 ochop — CAMOCTOATENBHBIH 2JAeMEHT, a BO3LYX HMeeT
CJOKIIBIA COCTAB I CJlAraeTcs mo Kpaiineil Mepe H3 ABYX KOM-
NOHEHTOB — Kucaopojga u asora. «Taxum oGpasom om Bmep-
BB HOCTABIJ HA HOTH BCI0 XHMHUIO, KOTOpas B CBoeil ioru-
cTHIecKoil popme croduaa Ha ronose». Tak @D. JHrensc mucan
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o paGotax JlaByasse B mpegHcioBnu Ko BTopoMy ToMmy «Ha-
miTanay.

B 1799 r. louponanba nokasan, 9to coequHenusa docdopa
HEOOXOMNMEI JUIA HOPMAJBHOIO PA3BUTHSA PaCTEHI,

B 1839 r. npyroit auramuauun, Jlays, Bmepsbie mOXyqIHa
cynepgochar — docdopnoe ymobpeHnue, Jerko ycsogeMoe
pacTeHHaMIL,

B 1847 r. memeuxnii xumux Ulpertep, narpesas Gebiit
docop Ge3 gocryma Bosayxa, HONYYILT HOBYK pasHOBH[-
HocTh (aJmoTponHyo Mogudukauno) agementa N 15 — kpac-
geiit gocdop, a yre B XX B., B 1934 r., aMepuraHckitit pusug
II. BpupmssmMen, u3yuas BIHAHNIE BHICOKIIX aBlieHHIl Ha pasHble
BellecTBa, BBIAENIUT NOXOKHiT Ha rpadur depHHi docdop.
TaroBsl ocHOBHEIE Bexil B icropun smementa Noe 15. Temeps
OPOCIENNM, UTO IOCIE0BANO0 32 KaMAbIM U3 DTHX OTKPHITHI.

«B 1715 rogy Tencunur ycranopma Haanmuune docdopa B
Mo3roBoii Tkaum... B 1769 rony T'am joxasan, uro B Koerax
conepsxnrca muaoro gocdopar

®ocdop — anagior asora. Xora ¢iznveckne H XIMHYECKHe
CBOIICTBA 3THX JJIEMEHTOB OYeHb CHJIBHO PA3NIYalOTCA, €CTh
y Hux I ofulee, B 4aCTHOCTH TO, UTo 06a 9TH dJIeMeHTa coBep-
IWIEeHHO HEOOXOMIMEL JKUBOTIHIM M pacTeHHAM. AxageMuk
A. E. ®epeman nassiBan gocdop «3I€MEHTOM HKIBHM I MBIC-
J1», 0 3TO ONpejesieHIle BPAJ JII MOMKIO OTHECTH K KaTero-
puu gureparypusix npeyseanuennii. @ocdop obHapyken 6yk-
BAJIbHO BO BCEX OPranax 3cJEeHbIX pacTeHuii: B creGmax, Kop-
IIAX, JUCTBAX, HO OOJBIIE BCero ero B Irogax m cemenax. Pa-
cTeHNs HaxamiauBaloT ¢ocdop m CHaOKAOT UM IKHUBOTHBHIX.

B oprannsme xuBorHbIX (ocdop COCperOTOYEH TIaBHBIM
o0pa3oM B cKelleTe, MBILIIAX U HEePBHOI TKaHIL.

N3 npoaykToB 4YeioBeueckoro mNuTaHmMs o0coGeHHo GoraT
docdopoM HeJITOK KYPHHBIX AHIL.

Temo 4esoBeKa COAePKUT B cpefHeM oxojo 1,5 Kr ameMmen-
ta Ne 15. U3 storo xonmnyecrsa 1,4 Kr mpHXOMUTCA HAa KOCTH,
okosiio 130 r — na Mpimer n 12 r — na wepssr u Moar. ITourn
Bce BajkHeiiIe (u3I0JMOrHIECKIE NPOMECCHl, TPOUCXONAMIIe
B HamleM OpraHli3Me, CBA3aHBl ¢ mpeBpamenusamu gocdop-
opraHmdecKIx BemecTB. B coctaB Kocreit docdop Bxopur
riaBHEBIM o6pasoM B Bifie docdara Kanbmusa, 3yGHad sMaidsb —
aT0 ToKe coemmHenne gocdopa, KOTOpoe mo COCTABY I KpH-
CTAJUIEYECKOMY CTPOEHII0O COOTBETCTBYET BajKHeimeMy MH-
mepany gocgopa amaruty Cas(PO.),(F, Cl).
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EcrecrBenno, 910, KaK W BCAKUIl JKU3HEHHO HeOOXOMITMBIIT
anemenT, (ocop cosepmaer B mpupope Kpyrosopor. M3 mo-
4BBI ero GepyT pacTeiud, OT pacTeHHil 97T IeMeHT Honana-
€T B OpraHH3MEBl 9elioBeKa U KuBoTHBHIX. B mousy docdop
BO3BPAIAaeTCA € IJKCKPEMEHTAMI U NpH THIEHHM TPYUOOB.
®Docdopobaxtepun mepesofAT opranudecknit gocdop B Heop-
TaHHYeCKHe COeXNHEeHN .

Ognako B eMHHIy BpeMeHH U3 IOYBHI BBIBOAITCA 3HATH-
tenbiio Gonwbuie docdopa, yem moctynaer B mousy. Mmpo-
BOHl ypomall ceifuac eKerogHO YHOCHT ¢ TIojeii Goxpile
3 smuH. T docdopa.

EcrectBenno, 4to IS HONy4YeHUA YCTOHUYUBBEIX YyporkaeB
a10T pocdop Oo/KeH OBITH BO3BpAllleH B IIOYBY, H IHOTOMY
HeT HAYEro YAUBITEJBHOrO B TOM, 9TO MHpoBag nobwrua goc-
dopuTHO#l pyambt cefiyac cocraBiIAeT 3HAYHTENBHO OOJbIIe
100 mxm. T B rop.

«..Jlpyer u Knanpor aokasaam, uto docdop mmpoxo pac-
NPOCTpaHEH B 3eMHOUl Kope, IMIABHBIM 00pa3om B Buuge Qoc-
¢aTa Kajabmusm»

B semnuoit xope docdop BcTpedaercs HCKIWOIUTEIBHO B BII-
Je coeMuHeHuii. ITO TIaBHBIM 06pa3oM MaJOpPacTBOPUMEIE CO-
an oprodochopHOIT KHCIOTH; KaTHOHOM Yallle BCEro CAYUT
HOH KaJIBI[AA.

Ha pomo ¢ocopa npuxoaurca 0,08% Beca seMHoit KOpEL
Tlo pacnpocrpanennoctn on sanumaeT 13-e MecTo cpeam Bcex
anementoB. Mocdop comepsrurca ne Menee uyem B 190 mmme-
panax, u3 Kortopnix riaasmeiinnte: ¢gropanatur Cas(PO,),F,
raapoxcunanatut Ca; (PO.);OH, ¢ocdopur Ca,(PO.), c
npuMecaMu.

Pexe Bcrpewarorca smBuannt Fe; (PO.).-8H.O, momamur
(Ce, La)PO,, amOmuromur  LaAl(PO.)F,  rtpudumur
Li(Fe, Mn)PO; = eme pesxe xcemorum YPO. m TopGepHHT
Cu(UOz)z[POA]Z‘ 12H20.

Munrepansr $ocdopa HensaTcd Ha MepBUIHbIE N BTOPHIHBIE,
N3 nmepBuuHBIX 0cOGEHHO pAcUPOCTpPAHEHH ANATUTHI, TACTO
BCTpedaloIuecs CpeRH IOPOA MArMaTHYeCKOTo IPOMCXOM[e-
HUA. OTA MAHepajasl o0pas3oBajiich B MOMEHT CTaHOBJIEHHS
3eMHOI KOPHI.

B oramane or amatmtroB (pochopuTHI 3aieraor cpegm mo-
POX OCafOYHOTO MPONCXOKIEHNA, 06Pa30BABIMINXCA B Pe3yib-
TaTe OTMOPAHUS KHBBEIX CYLIeCTB, JTO BTOPMYHbIE MHHe-
pambl.
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B Bume docdumos xmenesa, woGaabra, uuxensa docdop
BCTpeuaeTcs B MeTeopHTax. PasymeeTcs, TOT pacmpocTpa-
HeHHBIl JeMeHT ecTh H B Mopckoii Boge (6-10°%).

«JIaByaswe noxasaa, uto ¢ocdop — caMOCTOATENABHBIIT XH-
MMYECKHi 3JI€MeHT...» :

®ocop — memetaqn (To, 9TO paHbIIEe HA3BIBANH MeTaJ-
noupx) cpenHeit akrusHOocTH, Ha mapykumoit opGure artoma
docdopa maxomATCA NATH JMEKTPOHOB, IpHIEM TPH A3 HUX HE
coapensl. [lostomy om Moer nposBiATh, BaJleHTHOCTH 3—,
3+ m 5+.

Hna toro 9106 docdhop mpoABAAT BaJIEHTHOCTH 5+, HEOO-
X0OuMO KaKoe-1u0o BoaaeiicTBUe Ha aTOM, KOTOpoe Obl mpe-
BPATHJIO B HecIapeHHBIe [Ba COAPEHHBIX JMEKTPOHA MOCHEeA-
Heil op6UTEL.

®ocdop wacTo HA3BIBAIOT MHOTOMHKHM aiuemeHToM. [leiicT-
BATEJIBHO, B Pa3HBIX - yCIOBHAX OH BeAeT ceOda NO-pasHOMY,
OpOABISAA TO OKHCIUTEJNbHBIE, TO BOCCTAHOBHUTENLHBIE CBOII-
crBa. Muoroankocts docdopa —3To m ero cnocoGHOCTH Ha-
XOANTBHCA B HECKOABKHUX a/NIOTPONHBIX MORUPHKANAAX,

Iloskanyii, camasa usBecTHass MoAuUKAUEA 3JIeMeHTA
Ne 15 — MArkmii, Kax Bock, OesbHi mian kextolii docdop.
dro ee otkpeur Bpana, u Gaaromapa ee cBoiicTBaM 3JeMEHT
HOMYyYdm CBOe HMs: mo-rpevecku «ocdop» 3HAYHT CBETHA-
muiics, cBeTOHOCHBI. Monexyna Gemoro gocdopa coctont m3
gerbipex. aTOMOB, MOCTpOeHHbIX B opme terpasapa. Ilmor-
noctb 1,83, remmeparypa maasnesus 44,1°C. Benstit doc-
dop saposuT, Nerko okucaserca. Pactsopum B cepoyriepope,
munkux ammuake m SO,, Gensosne, apupe. B Boge moutu me
pacTBOpAETCA..

Ilpn narpesanmn Ges mocryma Bosgyxa seime 250° C Gemniit
¢ocop mpeBpamaercs B KpacHBI., ITo yike mojauMep, HO HE
OYeHb YOOpPANOUYEHHOH CTPYKTYpHl.. PeakmmomHas cooco6-
HOCTb Y KpacHoro ¢ocopa sHAIMTENbHO MeHbIe, 9eM y Ge-
aoro. OH He CBETHTCA B TEMHOTE, HE PACTBOPAETCA B CEpPOYT-
nepoje, He AnoBuT *. IlnoTHOCTH ero maMuoro Goibme, CTPYK-
Typa MeAKOKPHCTANANIECKAA. ;

Menee m3BectHH apyrume, eme Oollee BHICOKOMONEKYJMAP-
gble Moguduxanunm ¢ocdopa — GHONETOBHN, KOPAYHEBHIH H
4epHHIA, OTIAYAIIMHeCs OMHA OT APYToil MoNeKYNSAPHHIM Be-

* Beerpa cofepat meGoabmme xoairdectsa Geaoro docgopa, Beaen-
CTBIe 9€r0 MOKET OKA3aTbCA ANOBHTBIM, '
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COM H CTEINEHbI YMOPSAAOYEHHOCTH MaKpoMmonekyad. Yepmrtii
docdop, Buepsbie nonyyeHusiil II. Bpumxmenom B yciaosusax
Gonmbmux pasienni (200 teic. atm npu temmeparype 200° C),
cKopee HamoMuHAaeT rpadur, ueM Oeslii mium KpacHbil goc-
dop. Itu mMomuduranuu — nabopaTopHas SK30THKA H B OT-
augne ot Gesoro H KpacHoro gocdopa MpPaKTHIECKOro NpH-
MEHeHHs I0KA He Halum,

HKcraru, o npmmenennsx oaieMeHTHoro docdopa; raas-
HBI€ ero IoTpedHuTesn — MPON3BOACTBO CHHYEK, METAJIyprusi,
XMMHYECKHIe Mmpou3BoacTBa. B HefaBHeM OpOIIIOM 4acTh 1O-
aygaeMoro ajeMeHTHoro (ocdopa pacxofoBajlach HA BOEH-
HBIX TNPeanpHUATHAX, ero WUCIOJAb30BANN [JIA NPUTrOTOBJIEHHA
ABLIMOBBIX II 3AKHTATENBIBIX COCTABOB.

MeTamnyprin 00bIYHO cTpeMATCA N36aBUTBCA OT HpHMeCH
dochopa B MeTassie — Om yXyAIaeT MeXaHUYeCKHe CBOMCT-
Ba, Ho umorga ¢ocdop BBOAAT B CIVIaBBl YMEBINIEHHO, JTO
AelaeTcsA, Korja HyKHO, uTOObI NpH 3aTBEpJeBAaHHM METaJLI
HEMHOTO PACIIHPIVICA H TOYHO BOCHPHHAJ 09epPTaHUA (POPMBI.
Iupoxo ucnonnayerca docdop 1 B xumuu. YacTe ero mper
Ha TpurotoBjienne XJopunos ocdopa, HYKHHX IpPHU CHHTE3E
HEKOTOPHIX OpraHHMYecKHX [pemapaToB; CTafuA INPOH3BOACT-
Ba aneMenTHOro ocdopa ecTs H B HEKOTOPHIX TEXHOJOTH-
9eCKHX CXeMaX MPOHM3BOACTBA KOHLEHTPHUPOBaHHLLX (ochop-
HBIX yaoOpeunmit.

Teneps 0 €ro cOexNHEHHAX.

MDocdopusiit aurugpun P,0; — npeBocxXofHEI ocyIIUTeNb,
MMaJHO MOTJOMAIIUI BOAY M3 BO3AyXa H APYTHX BemMecTB.
Copepxanne P,05 — oCHOBHOH KpHTepHHt ILeHHOCTH BceX
docdopusix yroOperuii.

@Docdoprble KHUCIOTH, B HepByIo odepenb oprodocdopHas
H,PO., ucnoapsyiorca B OCHOBHON XMMHYECKOH IPOMBILLICH-
poctu. Comu docdopubix Knciot — 310 mpexsae Bcero gocdop-
Hbple ymoOperuss (o HHX pasroBop ocobwil) m  ¢ocdarsi
MEeJOYHBIX METa/JIOB, HeoOOXO[UMEIe il MPOM3BOJACTBA MOIO-
IMUIX CPefCTB.

Tanorenmast gocdopa (raasmbim obpaszom xaopuast PCly n
PCl;) wucmonb3yioTcd B IPOMBIINIEHHOCTH OPraHHYeCcKOro
CHHTe3a.

N3 coepunennit pocdopa ¢ BogopomoM Hambollee usBecTeH
dochun PH; — cunbro agoButhiii GecupeTHslil ras ¢ 9ecHoOd-
HBIM 3amaxoM.

Cpenn coemunemnnit gocopa ocoboe MecTo MPHMHAMIE;KUT
docdopopranngecknm coegunenuaM. boapmuncrso uf obma-
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maer Ouonormyeckoii aktusHoctsio. IToatomy omuu ¢ocdop-
opraHmMyecKue COeQUHEHHS HCHOJBL3YIOTCA KaK JIeKapCcTBa,
Ipyrie — Kak cpeicTBa OopbOLI C CeNbCKOX03ANCTBEHHBIMU
BpeUTEIsIMIL,

CamocroATenbHEIN Kiacc BeuiecTB cocTaBmian  docdorn-
TPIIXJOpUABI — coefqunenusa docopa ¢ azoroM U XIOPOM.
Monomep ¢ochountpmixiopnaa cnocobeH K TNOTHMepH3a-
. C pocToM MOJEKYJIAPHOro Beca MeHAIOTCA CBOCTBa Be-
UIECTB ITOTO KJacca, B YaCTHOCTUH 3aMETHO YMEHBbHIAeTCA HX
PAcTBOPUMOCTL B OopraHHdYeckux j;kumkoctsax. Horma Moseky-
JAPHBINA Bec TMOJNIMepa NOCTHraeT HECKOABLKHX THICAY, HOJY-
YaeTcsl KayuyKomnojo0HOe BeLlecTBO — ¢HHCTBEHHBI IoKa
Kay4YyK, B COCTaBe KOTOPOTO coBceM HeT yriepoaa. [lanbmeii-
mwHil POCT MOJICKYJADHOTO Beca NPUBOTUT K 00pa3oBaHMIO
TBEpPIHIX HJacTMacconogoOHBIX BewjecTs. «beayraepopmsii
Kayuyk» ofjafaeT 3HAYHTENbHOIl TEPMOCTOMKOCTBIO: OH Ha-
ugHaeT paspymarbes amms npu 350° C.

«B 1839 r. anranyaunu Jlays snepnsie moayuma cynepgoc-
dar — gocdoproe ynoGpenmne, Jerko ycsoseMoe pacTeHudA-
MID)

Urobb1 pacrennsa Morau ycBausath ¢ocdop, OH ROIHKeH
HAaXORUTHCA B COCTaBe pacTBOPHMOro coeguHeHusa. YroOw
HOMYYUTH 3TH coeflHeHNA, gocaT KajJbOuA U CEPHYIO KHC-
JIOTY CMeHINBAJOT B TAKIX COOTHOUIEHHAX, 4TOOBI Ha OIHY
rpaMM-Moliekyay ¢ocdara mpUXOAMIOCH ABE IPAMM-MOJEKY-
asl  kucaorhl. B pesymbraTre B3aumomeiicTBHS o00pasyloTca
cyabhar u  pacrBopumelii  puruapodocdar  KaJbIuA:
Ca;(PO.).+2H,S0,—~2CaS0,+Ca (H,PO,),. Cmecr  aTux
ABYX coJieil u3BeCTHa moJ HaszBanueM cynepgocdara. B aroii
cMeclt cyanaT KaJbOUA ¢ TOUKH 3PeHHA arpoxuMuu — Gai-
JIaCT, OAHAKO ero OOLITHO IIe OTAEJANOT, TAK KaK 3Ta omepa-
uus tpebyeT GOMBmMUX 3aTpaT M CHIBHO ypopoxaer ymobpe-
nue. B nmpocrom cymepdocdare comepmurca scero 14—20%
P,0;. _

Bonee xomuentpupoBannoe ¢ocdopuoe ynobpenme —
asoitnoit cymepdocdar. Ero monydaoT mpu BzaumopeiicTBHR
docara Kanbuua ¢ GochopHOit KHCIOTOIM:

Cay(PO,), -+ 4HzPO, — 3Ca(H,PO,),.

B nsoitnom cynepdocdare comepmurea 40—50% P,0s. ITo cy-
TH, €ro npaBuibHee ObIO GBI HA3BIBATH TPOMHBIM: OH B TPH
pasa Ooraue docdopoM, denm npoctoit cynepdocdar.
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Huorna B kagecrBe ¢ocdopHOro yao0peHHsa HCIOIL3YETCH
npeuunurar CaHPO;-2H.0, xotopsiil nonywaercsa npu B3a-
uMopeitcTBun  HOCHOPHOH KUCIOTH € THIPOOKHCHIO HAN €
KapOOHATOM KaJbI[I.

B stom yao6pennn 30—35% P,O;.

MDocdop comeprHaT m HEKOTOpHIe KOMOGIHIPOBaHHEIE YROG-
penusa, mnanpumep puamodoc (NH.).HPO,, coaepsamuii
TaKKe I a30T.

C pasBepannsiMm 3anacamu ocoOpHOro Chipbsi B Hallefi
cTpaHe, Kak Il BO BCeM MiIpe, Jesq0 00CTONT He coBcem Oiaro-
nonyuno. Axagemuk C. U. Boandxosuu ¢ tpuGynsr 1X Men-
JeNeeBCKOro ¢’he3fa mo o0Iel 1 MPHKIagHOI XIMIIH TOBOPIIL:
«Ecin  ceipbeBasg  6asa a30THOHl NPOMBIIIIEHHOCTH — BO3-
AYLUIHBI OKeaH, BOfa I NPHPOMAHBIA ra3 — He OrpaHHYIBaeT
MacuITa00B HOBOTO CTPOITENLCTBA, & pasBefaHIlble K HACTOA-
INEeMy BpeMenH 3aJIe;KH KaJmilHbIX cojeil ofecneuuBalT pas-
BIITHE IPOU3BOACTBA KaJIMITHBIX yAo0pennii Goiee ueM Ha Thi-
cAYelieTiie, TO H3YYEHHLIX K HACTOALEMY BpeMeHH 3amacos
ore4ecTBEHHOro (POCPOPHOro CHIPbA IPH HAMEYEHHBIX GOJb-
mux o0beMax. IPOU3BOJACTBa yHoOpeunii XBaTHT BCEro Ha He-
CKOJIBKO [€CATHIeTHII».

38 nesoM, 3To YTBEp:KIOeHIe CHOPAaBEINBO H A HALIIX
Aueil, HecMOTpPA Ha TO, YTo MacimitaObl mpou3BoacTBa ¢oc-
dopubix yaobGpenitii 3Hauirtensno suipocai: 8 1980 r. 8 CCCP
mponssefeno OGoabire 30 muau. T PocdarHBIX yAOOpeHMiT U
44 mun. v gocdopaTHoii mykn — B 1965 r. 6muI0 cooTBeT-
creernno 8,04 m 3,24 mun. T.

Mocop 1 cerofiua 0OCTAETCA JIMHTHPYIOMIIM 3JIEMEHTOM
arpoXIMIH, XOTA BO3MOKHOCTH [f JlaJbHeiilllero pacunipe-
Husg mpoussoacTBa ¢ocdopurix ymobpenuii ectb. MHoro mo-
nosiHnTeNibHoro ¢ocdopa MoKHO GyHeT MOJYUIUTH TPH KOM-
mieKcHoil mepepaboTKe MIHEPANBLHOrO CHIPbA, JOHHBIX MOp-
CKUX OTJI0Ke1ntii i 6osiee feTaJIbHOI TE0JIOruIeCcKoil pasBejiKe,
CrnepoBaTesibHo, 0COOBIN. OCHOBAHIIL JIJIA MECCHIMH3Ma y Hac
Her, teM Oosec 9To mo yuyrenHsIM 3amacaM ocOpHBIX pyn
CCCP 3anmmaet uepBoe Mecro B Mipe. TeM He mMeHee, HCKAThb
HOBble MeCTOPOKJAeHNA, paspabaTeiBaTh CIOCOOBI IOMLYYEeHIS
docdoprbix ymobpennii n3 Goiee GefHBIX Py HEOOXOMIIMO.
Heo6xomumo pas 6yaymero, moroMy d9to docdop — «aie-
MENT JKH3HI 1 MbIcHu» — OyAeT HYMKeH 4eJOBeYecTBY
BCerya.
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H30TONDbI ®OCHOPA. TIpnpoxnslii ¢ocdop B oTinYHE OT MOFABIAIO-
mero GoJbImUIICTBA )IEMENTOB COCTONT TOJNBKO N3 Of1Oro mnsoroma ¥'P.
B ApepHBIX peakuiAX CHHTE3HPOBAHO HECKOJABKO KOPOTKOMKHBY-
OIIX PajNoaKTHBHHIX H30TomoB 3nMementa Ne 15, Opmm n3 Hox —
docdop-30 oxazancs BooOme MepBBIM M30TOMOM, MOIYYEHHBIM HCKYC-
cTBeHHBIM myTeM. Jto ero moxyunan B 1934 r. @pepepnx n Hpen Ho-
ano-Kopu mpun ofnyuennm amoMmuans aiasda-sacranami. ®ocdop-30
IIMeeT Iepnoj moaypacmajga 2,55 MIHYTH m, pacmajasach, H3NTydaeT
NO3HTPONBI («IONOKITENbIEIe ANeKTpoubl»). Ceiitac n3BeCTHHI meCThb
paanoakTHBHBIX n3oTomoB ¢ocdopa. HanGonee monrouBymuii n3
Hnx 3P nMeer meprop monypacnaga 25 ameil. Msoronut gocdopa mpu-
MeHAITCA TIABHBIM 00pasoM B GHOJOTHYIECKNX HCCHeAOBaHUAX.

HAYAJIO CYNEP®OCPATHON IPOMBIIMIJEHHOCTH. Ileproe B
MIIpe OpOMBIIIIEHHOe HpOH3BOACTBO cymepdocdarta OGbl/Io opraHI3oBa-
Ho B 1842 r. B Anriun. B Poccun mopo6Hble mpegupiaTHA HOABIINCH
B 1868 m 1871 rr. [lo peBosnonun B Hameii cTpaHe OBIO TOCTpoeHO
Bcero mecTs cymepdocaTHBIX 3aBOfOB, HX o00mas NpPON3BOANTENE-
HOCTL He mpepblmana 50 TeiIC. T B roid. B roan mepBoii MHpOBOIi
BOIiHbI, ITHOCTPAHHOM NHTEPBEHIIN Il TCPa’kAAHCKOI BoiiluLl deTbipe
3aBojla N3 MECTH BBHIINIE H3 ¢Tpos, n B 1918 r. B nameii cTpane Gburo
Beimymeno Bcero 2,8 Teic. T cynepdocdara. A Bcero ueped 20 jer, B
1938 r., mo mponapoacTBy ¢ocdopunix ymobpeunii Coerckmii Colos
3aHAn nepsoe Mecto B EBpome nm Bropoe mecto B Mupe. Ceiisac monsa
pameii cTpansl B MHpoBoM mponaBoacTBe ocdopurroil pyant n doce-
$opuuix ynobpennii coctaBiseT mpuMepHO IeTBEPTYIO 9aCTb.

CBUJETEJILCTBYET [J. H. IPAHUITHUKOB. «..Kax 661 mpaBmianuo
HH Xpammica N TNPHMEHsAJCA HaBo3, OH He MOKeT BepHYTh IM04YBe
TOTO, Y€ro Ol caM He COACPKNT, T. e. KpymHoii monn ¢ocdopa, or-
Yy;KeHHOTO H3 X03A{iCTBA B NpPORANHOM 3epHe, KOCTAX KIBOTHLIX, B
MOJIOKe M Tp.; TakuM o0pasoM, HoYBa MOCTENEHHO, HO HEYKJIOHHO
Tepaer cBoii gocdop (i mo Kpaiimeil Mepe ero ycBoseMYI0 4acTb),
0 3a n3BecTHLIM mpefesoM gocdop momagaer B mojoieHie TOTO «MH-
HAMAJNBLHOTQ (paKTOpa», KoTOporo Hanbosee HeROCTaeT JJIA NOJYyIeHHR
XOpOIIEro yposKas, KaK 3TO COBepmEHHO HpPaBIVIbHO OLLIO MOpMevue-
no eme JIn6uxom». (M3 craten «O snavennm ¢$ocdatoB ana Hamero
3eMJIeflesIsI 1 O pacHINpeHON BO3MOKHOCTH HemocpejCTBEeHHOro HpH-
menennsa docdopurony, 1924).

ATTIATUTBHI 3ATIONAPHA. B 1926 r. A. E. ®epcmanom n ero corpyn-
nnkaMu OBUIE OTKPHITHI OTpOMHBIe 3amachkl amarnta Ha Hoancrom
nonyocrpose. Cuycrsti Muoro jer axafemnx A, E. depcman mncam o6
9TOM MECTOpPOMKAEHHH: «..3eJIeHblii HCKPHCTHIl amaTnt ¢ cephiM Hede-
qnnoM ofpasyer cmnomuylo crery B 100 m. Ha 25 kM mporaruBaerca
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9TOT 3aMedaTeNbHLII IOsAC XHONHCKHX TYHApP, ornbas HX KOJNBLIOM.
MccnemoBanna mOKa3aji, 4TO amaTnToBasgs pyAa YXOANT B rayGumy
Aake HIKe NMOBEPXHOCTH OKeaHa, Il OKOJO [BYX MIUUIHADAOB TOIH
3THX UEHHeimNX HCKoMaeMbIX HaxomJeno 3feck B Xubunax, me umes
cebe paBubix HOrge B mMupe» («3aHHMaTejbnas MHEHepajorus», 1937),
Ha Gase sroro MecToposxienys Obii IOCTPOEH rOPHOXMMHYECKHIT
rkoMbnuaar «Amarnt» um. C. M. Kuposa. Hesamonro nmo Boiinsl GbLIO
OTKDBITO ellle OAHO OYeHbL KpymHoe MecTopoxjeHne ¢ocdoproro
coipbs — Gocopuret Kapa-Tay B Hasaxcrame. ®ochopntht ecto n
B Jpyrix paiionax wuaweii ctpans, B wactHoctH B IlogmocKoBbe.
Ho nywamee csipbe mis mponssoactBa (ocdopusix yaobpennii mo cnx
IOp AaeT amaTHTOBLII «moAcC XUGHHCKNX TYHAp».

KAR BBITJIAANT AIIATHUT. BuoBp ofpaTuMca k «3aHAMATENbHOI
MuHepaiornm». «Anmatut — ato dochopHokncapil Kaapmuii, Ho BHem-
HHil BuA ero Takoil pasHooGpa3Hblil I CTpaHHBIH, 9TO HEeAApOM CTapble
MIHEpAJOrH Ha3BaJH ero amaTHTOM, YTO 3HAYHT MO-Tpedeckn «oGMaH-
IHK»: TO 3TO IPO3padHble KPHCTAIHKH, KO Mejodeil HamoMHHAIOIue
OepIuul WM [a’Ke KBAapi, TO 9TO IJIOTHbIE MAacChl, HeOTANYHMble OT
NpPOCTOro H3BeCTHAKA, TO 9TO PAMNAILHO-TYYHCTHIE MApPH, TO MOpPOAA
3epHHCTas N ONecTAmAs, KAaK KPYNHO3epHUCTHI MpaMopy.

KTO KE TIEPBBIN? ®pannyacknii ncropuk @. Cedep yrBepmpaer,
4ro obmenpnusatoe MHeRue, 6yaTo ¢ocdop BmepBble MmONYIeH ajxu-
muroMm I'. bBpanmonm B 1669 r., neBepno, Ilo ero panubIM, docdop yme-
aun monydats eme B XII B. apaGckime alxnmMHKH, IOpHYeM TeXHOJOTIA
nonydenus gocdopa y Hux Owina Takas ke, kak y Bpanpma: Belmapu-
BaHIe MOYH H HarpeBaHHe CYXOro OCTaTKa ¢ yrieM H HeckoM. Ecunm
TaK, TO 9eJI0BeYeCTBO 3HAKOMO ¢ dieMeHTOM Ne 15 moutu 800 xer.

KPACHBIN U ®UWOJIETOBBIA. Camsie nssectHole MomudHKammn
docdopa — Genas u KpacHas, o0e OHH HCIONB3YIOTCA B NPOMBIMIJIEH-
HocTH. ITpoune pasHoBnpgHOCTH 2heMeHTa No 15 — (roneToBwlil, Kopny-
HeBHlii, 9epAHl gocdop — MOIKIO BCTPETHTH TOJLKO B JabopaTopHAX.
Ho dmnonerosriit gocop cran unaBecTeH JI0AAM HAMHOrO paHbIIe, 9eM
Kpaciblil, Pyccknii yvensnit A, A, Mycnn-Ilymknn Boepsbie HONyYIN
ero eme B 1797 r. B HEKOTOPBIX KHHIaX MOKHO BCTPETHTb yTBepiKie-
HHe, 9T0 Kpacublii u ¢uosnerosniii ¢ocdop — ogno n 70 xe. Ho arn
PasHOBHAHOCTH OTAHYAIOTCA He ToNbKo uBeToM. Kpuctamier ¢iionero-
Boro gocopa kpynnee. Kpacublii dochop monyuaerca npm Harpesa-
Hun Genoro B 3aMKHYTOM o0BeMe yske mpu 250°C, a duoneToBbIil —
Toabko npn 500° C.

«CBETAIINNCA MOHAX», s BOCIOMIHAHMIT  aKafieMHKa
C. U. Bonnprosnua: «@ocop monydaics B dJeKTpHuecKoii med,
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ycramoBienHOil B MocroBckoM ymuBepcnTere Ha MoxoBoit yamne.
Tax Kak 3TH ONBITH NPOBOMIINCHL TOTAA B Halleil cTpaHe BlepBblie, s
He MpPefUpHHAN TeX NpeJoCTOPOKHOCTE, KOTOpPble HEOOXOMNMHI Ipn
pabore ¢ razoo0pasHbiM dochopoM — ALOBHTHIM, CAMOBOCILIAMEHSIO-
OIIMCA H CBeTAIMEMCA Tony0oBaTLIM OBETOM JJeMenToM. B Tegenne
MHOTHX 4acoB paloTH y 3JMEeKTPOHmedH YacTh BBHIAEJNAIOMEroCa raso-
obpasnoro gocdopa macToAbKo mpomNTaJa MO0 ONEKAY H mame Go-
THNIKH, 49TO0 KOT/a HOYBIO A MeJ 13 YHIBEpCNTeTa M0 TeMHBIM, He
ocBemIeHHBIM Torfa yanuam MoOCKBBI, Mof ofiepma msnydana roayGo-
BaToe CHAHHE, a 13-MOJ OOTHHOK (MPH TPemHUH HX O TPOTyap) BHICe-
KamNCh HCKPBL

3a MHOIT kampblit pa3 cobnpanac, Toima, cpefn KOTOpoOil, HECMOT-
pa Ha MoH 00BLACHEHNA, HeMako ObuIO NN, BHAEBHINX BO Mie «HOBO-
ABJIEHHOTO» IIPeICTABNTENs HOTYCTOpOHHEro Minpa. Bckope cpefmn »xi-
reneit paitona Moxosoit m mo Bceit MockBe 13 ycr B ycra cTamm
nepefaBaTbc (AHTACTHYECKIC PACCKA3Ll O «CBETHINEMCA MOHAXe»...

YYJECA BE3 UYJIEC. lleproBr He pa3 moan3oBaiack Oeabim gocdo-
POM JUISl ofypadnBania Bepylomnx. llapecTub, kak MIHHMYM, JIBa
BHA «9yAec», K KOTOpHIM IpHYacTHO 3TO BemecrBo. Uynmo mnepsoe:
cBedua, 3aropalomasca cama. Jleraercs 3TO Tak: Ha (UTHIL MAHOCAT
pacTeop ¢ocdopa B cepoyriaepofe, pacTBOpPNTe]Nb JOBONLHO OLICTPO
ncnapseTcsa, a ocrasmiecs Ha ¢urTie kpynnHrn docdopa oxncasa-
OTCA KICTOPOAOM BO3AYXa N caMopocmiamensmioTca. Uymo BTopoe:
«boxcecTBeHHBIE» HAQOICH, BCNbIXuBalompie na crenaXx. Tor ke pacr-
BOp, Te ke peakmin. Ecian pacTBop KOCTAaTOYHO HACBLIUIEH, TO HaAMHCI
CHavajla CBETATCA, a 3aTeM BCIBIXNUBAIOT H HCYe3aI0T.

®OCPOPOPTAHNMKA M HU3HDb. O ponu ¢ocdopopranngeckax co-
e[HHEHNi B Ba)KHeilmmix OHOXNMHYECKNX peakmiuAX OprannaMa Hamu-
canbl MHornme Toma. B moGoM yueOHnre GuoxuMum STH BemecrBa He
TOJALKO MHOTOKPATHO YHOMIHAIOTCA, HO M NOAPOONO OMICHIBAIOTCA.
Be3 docdopoprannuecknx coeayHennii ne Mor 6l ngrn npomecc o6-
MeHa yrIeBOfoB B TkaHu Mosra. @ocdopcomepmamuii  ¢dep-
MeHT (ocdopunaza cmocobGcTByeT He TONBKO pacmajy, HO
H CHOTe3y IMOJICAaxapufgoB B Mo03ry. B mpomecce  oKuciaeHus
yTIeBOJOB B TKANH MO03ra BawkHy0 poian  mrpaiot  andocdo-
ONPEANHHYKICOTHA N Heopranmdecknil gocdar. [Ipyroii Bakueiimuii
Oponecc — COKpalleHHe MBI NOAMEP/KHBAeTCA 3Heprueil, sLifens-
Iolieiics NpH peaknuax ¢ ydsactieMm ajenosnHgocgaros. Ilpn coxpame-
HHN MBIIINE! Moiexyna aaenosnntpndocdara (ATD) pacmapmaercs na
apenosnuandocdar n Heopranndeckyio gocdopuyio kucnory. IIpn atom
ocsofosiaaerca MHoro ameprmn (8—11 kran/mons). O BakHeiimeit
PONH 3THX BemEecTB CBHAETENBLCTBYET N TOT (akT, 9T0 B MbIMeETHOIT
TKAHH BCeraa HOAAEpHKNBaeTcsa NOCTOAHRNLIA yposenb AT,



CEPA

Cepa —onHo ©3 HEMHOTHMX BelIecTB,
KOTODBIMM yjKe HECKOJbKO ThiCAY Jer
Ha3aJ] ONepUpPOBAJYN NEePBEIE «XHMHKHY.
Ona crana CIyRNUTh 4eJOBEYECTBY 3a-
[OJro JI0 TOro, KaK 3aHANa B Tabmume
Menneneesa kinetky mox Ne 16.

06 onmoM H3 caMmbIX fpeBHUX (x0Ts
} 11 runoreTHyecKnx!) mprMeHeHHI cepbl
pacCcKasbIBAlOT MHOTIIE CTapHHHbIE KHH-
rii. Kak HCTOYHNK Temja mpda TepMooo-
paboTke rpemHIKoB cepy skuponiicyioT 11 Hoselil n Berxuii 3a-
sersl. 1 ecanr KHIrM TaKoro poja He NAXOT AOCTATOYHBIX OCHO-
BaHIil [UIA apXeoJOrHYeCKIX PACKOIOK B IIOHCKAX OCTAaTKOB
paficKIIX KyU[ 1IN reeHHbl OTHEHHOIl, TO UX CBIIETENLCTBO
0 TOM, TO J(peBuii¢c ObUII 3HAKOMBI C CePOii 1I HEKOTOPBIMH ee
cBoIicTBaMII, MOKHO IPIHHATH 11a Bepy.

Opsa 13 mpuymn 370l H3BECTHOCTH — PAaCHPOCTPAaHEHHOCTH
caMOpOALOIl cepsl B CTpaiax. ApeBueiilnx puBmin3anuii, Me-
CTOPOJK/IEHIIA 9TOFO MKEJITOr0 ropiovero BellecTBa pa3padaThl-
BaJUCH CPeKaMH U pumMiguamii, ocobenso B Cuminmm, xoropas
BIVIOTH J{0 KOHIIA NPOMIJIOr0 BeKa CAAaBUIACh B OCHOBHOM CEpO.

C npeBHeiluinx BpeMen cepy HCIOJAb30BAJN IS PENIFHO3HO-
MHCTHYECKMX IeJjeil, ee 3aKITadl IpPH PA3JIHYHBIX IEepeMo-
HuAX 1 puryainax. Ho rax ke naBuo saemeut Noe 16 npmoGpen
M BIOJIHE MHPCKUE€ HAa3HAUeHNA: Cepoif UepHMIN Opy:kKie, ee
YIoTpeGaAN mpH H3FOTOBJIEHIHH KOCMETHYECKHMX H JEeKapcT-
BEHHBIX Maseil, ee KN A oTOeaKkn TKaHell 1 [ 6GopuOsl ¢
HacekoMbiMiL. J{oObIua cepbl 3HAYHTEALHO YBEINYILIACH [IOCHE
TOro, Kak Obl1 M30Gperen uyepHslii mopox. Bens cepa (BmecTe
¢ yrieM u CeMUTPOM) — HeNpEeMeHHEBIi ero KOMIOHEHT.

N ceifuac mopoXxoBoe IMPOU3BOACTBO MOTPEOIAET YACTh [0-
ObiBaeMoii cephl, mpaBia BechMa He3HAUUTENbHYI0.- B Hame
BpeMs cepa — OJMH M3 BajkHelllNX BUIOB CHIPbA JJA MHOTHX
XUMUYeCKHX HponsBojcTB. 1 B 5TOM HpHYHHA HENpepbIBHOTO
pocTa MUPOBOTO IIPOM3BOJCTBA CEPHL.

IIporicxoxaenue cepst

Bonpunie cxomnenis caMopoHoii cepsl BCTPETAIOTCA He TaK
v 4yacTo. Yame oHa mpHCyTCTBYeT B HEKOTOPBIX pynax. Pyna
CaMOpOAHOIl cepbl — 3TO MOPOJa C BKPAIUIEHHAMI CEepBI.
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Korga o6pasoBanucb 3TW  BKpanieHWs —OAMN0BpEMEHMNO
C CONyTCTBYHOLMMM nopojamu unm nodxe? OT oTBeTa Ha 3T0T
BOMPOC 3aBMCMT HarpasfieHne MOWCKOBbIX W pa3BefoYHbIX pa-
60T. Mo, HECMOTPSA Ha ThiCAYeneTUs 06LLEHNS C CEpOii, YenoBe-
4eCTBO A0 CUX MOP He MMeeT 0fHO3HayHoro otseTa. CyliecT-
BYeT HECKO/IbKO Teopwid, aBTOpPbl KOTOPbIX MPUAEPXMBAOTCS
MPOTUBOMONOXHbIX B3rNSA0B.

Teopua cuHreHesa (T. e. OAHOBPEMEHHOro 0bpa3oBaHua ce-
pbl H BMeLLaloWMX; NOpoS) npeanonaraeT, yto o6pas3oBaHue
CaMOPOAMNOH Cepbl MPOUCXOAWIO B MENKOBOAHbIX 6GacceliHax.
Ocobble 6aKTepun BoCCTaHaBNMBaNW CynbaTbl, PACTBOPEHHbIE
B BOAE, [0 CEpOBOLOPOZA, KOTOPLIA nMognuMmancs BBepx, nona-
[an B OKUCAWUTENbHYI 30HY W 34eCb XUMWYECKUM MyTeM WAu
npy y4vacTum Apyrux 6akTepuid OKUCAANCA O 3NEMEHTHOM
cepbl. Cepa ocaxpganacb Ha AHO, W BMOCNEACTBMU COAepXa-
WA cepy HN obpa3oBan pyay.



Teopus snurene3a (BxkpanseHns cepsl 06pas3oBalinCh NO3N-
nee, YeM OCHOBHbIE TOPOJBI) HMEET HECKOAbKO BapHAHTOB.
CaMblil pacnpoCTpPaHEHHBI H3 HHX OpPEANoJaraer, 4To HOA-
3eMHBIE BOAbI, NPOHHKAA CKBO3b TOJMNH NOpOA, oforamaroTcs
cyasdaramu. Ecau Takne BoJ{BI CONPHKAcalOTCA C MECTOPOIK-
OeHHAMH HedTH WJIH NPHPOAHOrO rasa, To HOHBEI cyiabdaros
BOCCTAHABANBAIOTCA YyrieBogopoiaami 1o cepoogopoaa. Cepo-
BOJOPOJ NOMHAMAETCSA K MOBEPXHOCTH H, OKHCIAACD, BBIAETACT
9HCTYIO cepy B MYCTOTAaXx H TPEeIHHAX MOPOI.

B nocaeasue aecsaruieTusa HaxXOMNT BCe HOBbIE NOATBEpP:/e-
HUA oOIHAa M3 pPa3HOBHAHOCTEH TeopdUH 3MHreHeaa — Teopud
MeTacoMaTo3a (B TepeBOjle € T[PEYECKOro «MeTacoMarod»
o3HauaeT «3ameuienue»). CoryacHo eil B Hegpax noCTOSHHO
npoucxoaur upespamenne runca CaSO,-2H,0 n aurngpu-
ta CaSO, B cepy n kansumur CaCO;. dTa Teopus cosgana
B 1935 r. coserckumu yuenniMn JI. M. Muponoabckum n
B. II. KporosbiM. B ee monb3y roBopuT, B 9aCTHOCTH, TaKoii
dakT.

B 1961 r. B Upaxe 65110 OTKpBITO MecTopokaeHne Mumpax.
Cepa 3pech 3akiaioueHa B KapGOHATHBIX TOPOAAX, KOTOpHIe
00pasyioT cBoJ, NOAAePKUBaEMbIil yXoaAmuME BriIyOL onopa-
Mt (B reoJlorMH HX Ha3BIBAIOT Kpblibama). Kpouibsa atu co-
CTOAT B OCHOBHOM H3 aHruapnra u rumnca. Takaa e kaptuna
HaGaonanace Ha oreuectBeHHom Mectoposxaerun [Hop-Cy.

leonoruseckoe cBoeoGpa3ue 3THX MECTOPOKAEHHE MOIKHO
OOBACHUTH TOJALKO ¢ MO3HLKIT TEOPUH MeTacoMaro3a: mepBiHY-
Hple THICHI H aHTCHAPHUTH MPEBPATHINCL BO BTODHYHBIE Kap-
OoHaTHBIe pyAbl ¢ BKpamIeHUAMH camMoponHoii ceprl. Baikno
He TOJILKO COCEICTBO MIHEPAJIOB — CPeJiHEE CONEPIKAHHUE CepEI
B pyJe 3THX MeCTOpOMJeHHii DAaBHO COAEP/KAHHI0O XHMNYECKH
CBA33aHHOM Cepbl B AaHTHADHTE. A HCCIeA0BAaHMA H3OTOMHOTO
COCTaBa cephl I YIJepofa B pyAe 3THX MECTOPOKAenuii jajnu
CTOPOHHHKAM TeopHH MeTacoMaTo3a NOMOJHHTEJAbHbIe apry-
MEHTHI,

Ho ecTs oHO «HO»: XIMH3M npoluecca npespalleHHsa rumca
B Cepy H KaJbIUT TOKA Ile SICEH, H MOTOMY UET OCHOBaHMii
CYHTATh TEOPHIO METAcoMaTo3a EAUHCTBEHHO NPABIJILHOIL.
Ha 3emue u ceitgac cymectByioT osepa (B gsacrnocti, Ceproe
o3epo Gnu3 CepHOBOACKA), rie NPOHCXOAUT CHHreleTHIecKoe
OTJIO}KEHNE CePHl M CEPOHOCHBI I He COAEeP/KHT HH TUica, HU
aHTUJIPHTA.

Bce aro osmawaer, uTo pasHooOpasiie Teopuil u rumnores
0 NPOHCXO/KJeHHII CAMOPOXHOil CepHl — pe3yJbTaT HE TOJNLKO
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11 e CTOJBLKO HeNoJNOThl HALINX 3HAHINI, CKOJIbBKO CIOMHOCTH
asaenuii, upoucxojaumx B neapax. Eme us onemenrapnoit
IIKOJBHOIT MaTeMaTHKI BCe MBI 311aeM, UTO K OJIOMY pe3yib-
TAaTy MOrYT IpIBECTH pasible NYTH. JTOT 3aKk0H pacnpocTpa-
HAETCA Il HA TEOXIIMIII.

JloGriua cepnbl

Cepuible pyasl [oObIBAIOT pasHbBIMII criocobaMi — B 3aBlicl-
MOCTH OT ycJoBIi 3ajerauis. llo B modoM ciyuae npuxomnr-
CA YOeJATHL MIOI0 BIMMAaUIA TeXHIKe Ge3onaciocti. 3anemam
cephl 1IOYTH BCETrAa COUYTCTBYIOT CKOIUICHILT AJMOBITBIX ra-
308 — coeflitnennii cepel. K ToMy ke nenb3sa 3abBIBaTL 0 BO3-
MOKHOCTH €€ CAaMOBO3TOpallif. i

JloGbiua pymel OTKPBITHIM citocoBom upoucxoput tak. Hla-
rawiie dKCKaBaTOPL CHHMAIOT TUTACTHI TIOPOJ, O] KOTOPBIMII
3ajeraeT pyja. BapeiBamu pyjaublil miact apo6at, mocie vero
riabibLl  pyABl OTHPaBJIAT Ha obGoratureapuylo gabpury, a
OTTYJla — HA CepPOMJIABWIBHBIN 3aBOJ[, TAe H3 KOHIEHTPATa
H3pjexaloT cepy. Meroasl nsBiaevenns pasamunsl. O HeKoTo-
puix 13 Hux Gymer pacckasaio uHiKe. A 3Hech yMecTio KpaTiko
OMICATh CKBAKHHIBIA MeToX MHOOGBIYII CepBl H3-TI0 3eMJlr,
nossoauswnit CoegmuenunsiMm Hlratam Amepurn u Mexcuke
CTaTh KPYMIIEHIIIIMH MOCTABIIMKAMIL CepBI.

B xoume npouutoro sexa na rore Coeaunennsix [raros
ObLTIL OTKPBITHL OoraTeiliine yMecTopoxaenns cepuoii pyast. Ho
HOJACTYNHTBCA K IJIacTaM ObLJIO LEUPOCTO: B AXTH (a nMen-
HO WIAXTHBIM crnoco0oM IpeRIoiaraioch paspabarhiBaTh Me-
CTOpOK/ieliHe) IPOCAUIBAJICA CEPOBOAOPO/ Il Mperparkaan Jio-
cTyn K cepe. Kpome Toro, mpo6ITECA K C€POHOCHBIM ILMAcTaM
Mewayui necuanble miaaBynbl. Beixon unamen xumur epman
@paul, npepo:<UBIIMI IIABUTH cepy moj 3eMieil 1 vepes
CKBajKUIIbI, 110J{001bIe He(TANBIM, BBIKAYIIBATH €€ HA MOBEPX-
noctb. Cpasnurtenplio nessicoxan (menpmre 120° C) temunepa-
Typa MiaBjielilis cepsl MOATBeps;Kaana peaibnocthb ljen Ppa-
ma. B 1890 r. navanuch ucnsltanusa, NpHBEAUIIC K YCHeXy.

B npunmnune ycrauoBka ®pauma ovyenp uneciaokua: Tpyéa s
Tpybe. B mpocTpancTBO Mexay TpyOaMu mojlaeTca meperperas
BOJA II 110 HEMY HJleT B IJacT. A mo BUyTpeHHel, oborpenae-
MOl co BceX cropol, Tpybe mojnHMaeTcs pacnJjaBlenHas
cepa. Cospemenustii Bapuant ycramoskn @Ppaiia pononaune
TpeTbeil — camoiil y3noil Tpyboii. Uepes nee B cxBa:kKiHY MNo-
JaeTcst CKATHIH BO3JAYN, KOTOpBIl NOMOraeT NOANATHL pac-
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maagienyylo cepy ua nosepxuocth. Onvo 113 0CHOBHBIX fO-
crouncts mMerona Opawa — B TOM, 4TO OH MO3BOJAET yKe HA
nepBoil cragun A0GHIYN -MONYYITH CPABHITENbHO YICTYIO Ce-
py. Ipu paspaboTie OoraThIX pyH 9TOT MeTol BechMma 3-
(pexTHBEII.

Panbiie cynranioch, uTo MEeTOJ HOA3EMHOH BBHIMJABKH CEpHI
OpIMEHIIM TOABKO B CreuuQIUecKIx YCIOBUAX ° «COJNIANbIX
KymosioB» rtuxooreainckoro mnodepeskna CIIA n Mexkcukn.
Onnaxo oneitl, nposeaeniisie B [loasme u CCCP, onposeprian
ato Mnenue. B Iloapiue aTuM MeTOogOM yike H0ObIBalOT GONb-
moe KoimvectBo cepbl; B 1968 r. mynienst nepsbie cepuble
ckBakuns u B CCCP.

A pyny, nojyuenuyio B Kapbepax M IIAXTaX, NPHXORUTCHA
nepepaGarsiBaTh (4acTo ¢ HpeBapITENbIBIM oforauieniem),
ICHOJAB3YA IJIA 3TOrO Pasinyible TEXIOJOruYeckne MPIeMbl.

M3BecTiio HECKONBRO METOIO0B IOJIyYerniis cepbl 13 cep-
HBIX  pyld: TapoBolsible,
PunpTpanionusie,  TepMII-
neckie, uenTpudyraabible
I SKCTPAaKLIIOHHBIE.

Tepaiueckne METO/1bl
13BJIeUeHNs1 cephl — caMble
crapsie. Eme 8 XVIII 8. B
Heanoanranckom KopoJsies-
CTBC  BBHIILTABIANN  cepy
B Ky4dax — «coabdaTapaxy, T
o cux mop B Urammu BuI-
NAABAAT cepy B MpIMI-
THBHBIX TeYax — «KajbKa-
pouax»., Temyno, neobxojn-
MO€ 1S BLINJIABIEIIA cephl
H3 pY/JBL, I0TXYYAIOT, CHUTasA
yacth j1o6uiToil cepsl. Ilpo-
necc ator manoapdexrisen,
norepn gocruraior 45%.

— Coratiait
BOIAYX

(- Bbmnanneuuan
cepa

- Heperperan
g BOAY

3% 0% 0aSol
Lmaruu no;m\‘ A

00, 200 ¢
gg‘i\}?oo cn°§o%°° 0. 00
0

c’Q A~}
0900 5P S B0

Cxema ROOLIMINI Cephl MO  MeTOAY o(‘epaunopucrnn

I'. ®pama. ITo napy:xuolt TpyOe
B NJACT NOAAETCHA TNeperpeTas Bo-
14, MO0 BHYTpPeHMeli HamopHoit Tpy-
Oe noannMaercs noaxnMpaeMasi BO-
Aoit pacnaapiaeHHasa cepa. CaMas
TOHRAA TPYOa Cay:XKNT AaA moaaun
B ILTACT CRATOrO BO3AYXAa

a* 22



Hranusa crama poguHORX M TapOBOAAHBIX METONOB H3BledYe-
Hus cepsl u3 pyda. B 1859 r. ixysemnme [Hxuanp moaydaun
BAaTeHT Ha CBOIl amnmapar — HPeJIIeCTBEHHUK HBIHEIIHUX
aBTOKJIaBOB. ABTOKJIABHbIH MeToj (3HAYUTENBHO YCOBEpIIEH-
CTBOBAHHBIN, KOHEYHO) HCHOAL3yeTCA M cedac BO MHOTHX
cTpaHax.

B aBToxiaBHOM mpomecce o0OTALeHHBIH KOHLIEHTpPAT cep-
Hoit pyamnl, comepmamuii g0 80% cepbi, B BuAe IKHAKON
UYJbIBI ¢ peareHTaMH IOJAeTcs HacocaMu B aBrokmas. Tyna
)Ke moj maBieHueM mofaerca BoAsnod map. Ilyabma marpe-
saetcs g0 130° C. Cepa, conepskamiasca B KOHIEHTpaTe, 1Ja-
BUTCA U oTaeaserca or mopoast. Ilocae Hegosroro oTcrod BbI-
IUIaBJIeHHAA cepa CiUBaeTcd. 3aTeM M3 AaBTOKJABa BHINYCKA-
I0TCA «XBOCTHI» — B3BeCb NYCTOH NOPOABI B BoAe. XBOCTHI
coflep/KaT AOBOJBHO MHOTO CEepsl M BHOBbL NOCTymaloT Ha 06o-
raTuTeabHyio gabpuky.

B Poccun aBTokmaBublii cnocol GBI BHEpBbie OPHMEHEH
unmenepom K. I'. [Tarkanossim B 1896 r.

CoBpeMeHHbIe ABTOKJIABHI — 3TO OTPOMHEIE ANMIAPATHI BHICO-
TOll ¢ 9eThIpexaTasKHbIA JoM. TaKne aBTOKJIABHI YCTAHOBJIEHBI,
B YaCTHOCTH, HA CEPOILIABUILHOM 3aBoje PO03I0JbCKOTo rop-
HO-XUMHYecKoro komb6unara B [Ipuxapnatse.

Ha mnexotopsix npoM3BOACTBAaX, HampUMEp Ha KpPYIHOM
ceproM KomGunare B TapuoGkere (Ilonbma), myctyio nopoay
OTAENAIT OT PACIVIABIECHHOH cepbl HA CHEOUAIbHBIX (PHIBT-
pax. MeTox pasfmeienus cepbl H HyCTO IOPOABI Ha HeHTPHEY-
rax paspaboran B Hameil cTpane. CiloBoM, «pyny B30JI0TYIO
(TouHEe — 30JIOTHCTYI0) OTHENATH OT HOPOABI TYCTOH» MOM-
HO II0-pasHOMY.

B mnocnegpee Bpema Bce Goiibliee BHUMaHHE YHeaseTcA
CKBa)KHHHBIM Te0TeXHOJOTHIeCKNM cIoco0aM A00bIYM CepBhl.
Ha fIsoBckom Mectoposkmennu B llpuxapnartbe cepy — Kiac-
CHYECKUI NMIJEKTPUK IUIABAT TOJ 3eMIedl TOKAMHU BBICOKOIA
4acTOTHl M BBIKAYMUBAIOT Ha HOBEPXHOCTH 4epe3 CKBAaMKHUHEI,
Kak B Metone ®pama. Yuensie UHCTUTYTA rOpHO-XMMHYECKO-
r0 CHIPbA NPeIoKIIIN cioco0 HOf3eMHOM rasuduKramuu cepsl.
ITo aromy cmoco0y cepy HOMKMTalOT B IJIacTe, & HA MOBEPX-
HOCTb BRIKAYMBAIOT CEPHUCTBHIA ra3, KOTOPHIH HAET HA NPOMS3-
BOJCTBO CEPHOil KMCJIOTHl M APYTUX HOJE3HBIX NMPOXYKTOB.

Ilo-pasHOMy U yHOBJIETBOPAIOT CBOH HOTPeOHOCTH B cepe
pasnbie crpaHbl. Mexcuka u CI1A ucmoas3yior B 0CHOBHOM
seron @pama. Mrannsa, saHumalomas no go6siue cepsl TpeThe
MeCTO Ccpefn KAamNTATUCTHIECKUX FOCYJApCTB, MPOMAOIKAeT
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noGbiBaTh 11 nepepabaThiBaTh (pPasHbBIMU METOJAMH) CepHEBIe
PYmBl CHUMIHICKMX MecTopo:kaeHuii u npoBuumuu Mapke.
Y flnounu ecThb 3HAUNTEJNBHBIE 3a0ACHI CEPHl BYJKaHUYECKOTO
npoucxoskgennsa. @paunus 1 Kanana, ne nmeomme camopos-
HOii cepbl, pasBWJIN KpPyIIOe NMPOM3BOACTBO ee u3 rasos, Her
COOCTBEHHBIX CepUBIX MecTOpoKaeHuid m B Amraun u OPT.
CBou mnorpebHOCTH B CepHOIi KHCIOTe OHM IOKPHIBAIOT 3a
cyeT nepepaboTKU cepycofgeprKailero coipba (mpeumyuiect-
BeHHU MNHPHUTA), A 3SJAEMEHTHYI0O Cepy MMOOPTUPYIOT U3
ApYrux CTpPaH.

Coserckuii Co103 1 COLUANUCTHYECKHE CTPAaHBl MOIHOCTHIO
YIAOBNETBOPAIOT cBoM mNoTpebHocTH Gnaromapa coGCTBEHHBIM
HcToYHUKAM cbipba. Ilocie OTKpbITHA U OocBoeHus GOraTsix
IMpurapnarckux Mmecropoxpennis CCCP u IMoasma 3uauu-
TeJIbHO YBEJIUYHIN MNPOU3BOACTBO Cepbl. ITa OTpacib Npo-
MBIIJIEHHOCTH NPOAOJIKAEeT PasBUBATLCA. B mocieqHne roam
IIOCTPOEHEI HOBHlE KPYyUHBble HpeinpuATHA HAa YKpauue, pe-
KOHCTpyupoBaHBl cTapble komOunHatel Ha Boare m B Typk-
MEeHHUM, DAacIHMpPEHO 1IPOM3BOACTBO Cepsl M3 MPHPOJHOrO rasa
I OTXOAANIUX rasos,

Kpueraais 1 MakpoMosieKyast

B toM, 4T0 cepa — caMOCTOATENbHBIA XNMHAYECKUIl BJIeMEHT,
a He coeflUHeHNe, mepsbiM ybeauncs Beaukuil @paHnyscknil
xuMuk AnryaH Jlopan JlaByasne 8 XVIII B.

C Tex mop mpeAcTaBlieHusa O cepe KaK alleMeHTe A3MeHUINCh
He O4YeHb CHJIbLHO, HO 3HAUUTENbHO YIIYGHWIMCHL M JOTOJHH-
JIHCh.

Ceiigac usBecTHO, uTO0 d1MeMeHT Ne 16 cocromt us cmecm
YeThIpeX YCTOHYMBHIX M30TOMOB C MACCOBHIMU yucaamu 32, 33,
34 n 36. IT0 TUNMYHEIN HeMeTaJLI.

JIEMOHHO-KeIThIe KPUCTAMIBI YUCTOA CEephl MONYIpo3pat-
uei. PopMa KpucrtaiioB He Bcerga ogunnaxkosa. Yame Bcero
BCTpedaeTca poMmOuueckas cepa (HauGosee ycToiluuBasg MoAH-
duxauusa). B ary Mopudurammo npu KomuarsHOH (Mian
6au3KOI K KOMHATHOM) TeMIepaType MpeBpaIlalTCA BCe Mpo-
e mopuduranuu. M3BecTHo, HanpuMep, YTO EPU KPACTAIIH-
samuu u3 pacmiaBa (Temmepartypa miasnenus cepnt 119,5° C)
CHavYaja MOJYy4alOTCsA HrojibYyaThle KPUCTAJMNH (MOHOKJIMHHAA
¢dopma). Ho ara Moaudukaugus Heycroitausa, H Ipn TeMnepa-
type 95,6° C ona nepexonur B pomGuueckyio. [lomobustii npo-
ecc MPOUCXOMUT M ¢ APYTHMH MOAMPUKALUHUAMY Cephl.

229



HamoMunM mnsBecTHBIT ONBIT — DOJYYeHIe MIACTIYeCKON
cephl.

Ecau pacnnasiennyio cepy BBUINTD B XO0NOAHYIO BOAY, 06-
pasyeTcs 3jlaCcTHYHAs, BO MHOTOM MOXO’Kasd Ha pPe3IHY Mac-
ca. Ee momuo monyunts n B Buge Huteit. Ho upoxoant mne-
CKOJIbKO [IHeil, H Macca MepeKpHCTAIH3yeTcA, CTAnoBNTCA
MKECTKOIl 1 JIOMKOIi,

Mosnexysnpl KpHCTA/IOB Cepbl BCEerga COCTOAT N3 BOCHLMH
atoMoB (Ss), a pasnmume B cBoiicTBax Mopnm@HUKaumili cepwl
obLAcHAeTCA MOANMOPH3MOM — HEOJUIHAKOBBIM  CTPOEHIIeM
KPHCTaJJIOB. ATOMBI B MOJIEKYJIe cephl MOCTPOeHbl B 3aMKHY-
THI TUKJ, 00pasyouliii cBoeoGpasubiii BeHeu. Ilpn muasie-
HHI CBA3H B UNKJIE PBYTCA, U IHKINYecKle MOJEKYIb mpe-
BpalllaloTCA B JINHeITHbIE.

HeoGbraHOMY mnoBefeHNI0 cepbl NpH IUIABJEHHI [AIOTCA
pasiranbie ToakoBansa, Opno n3 wnx — rakoe. Ilpn temme-
patype ot 155 po 187°, mo-BummMOMY, IPONCXOANT 3HATHTEJb-
HBIIT POCT MOJIEKYJIAPHOTO Beca, 9TO MONTBEPIKIAETCA MHOrO-
KpaTHBIM yBenuuenueMm Bsaskoctu. Ilpu 187° C BaskocTs pac-
miaBa JOCTUTAeT 9yTh JH HE THICAIN Mya3, BOJNydaeTcsA HOUTA
TBepaoe BewiecTBo. JJanbueiimei pocT TeMuepaTyphl NPHBOAHT
K YMEHLIOEHII0 BA3KOCTH (MOJIeKyJnApnelil Bec mMmajaer).
IIpu 300° C cepa BHOBL MepexoAuT B TeKydYee COCTOsANME,
a npn 444,6° C saknmaer.

Y mapos cepsl ¢ MOBBILIEHHEM TEMIEPaTyphl YICIO aTOMOB
B MOJeRyjle I[OCTeNeHHO yMeHplaercsa: Sg—>S—S, B0°C

—S.. Hpn 1700° C napst cepsl 0OHOATOMHBL.

10006
HaMenenie BA3KOCTH cepbl (B nya-
3ax) mnpu narpesaunmn. Ilaapjienme
800 | nponcxoaut npn 112—120° C (B 3a-
BIICHMOCTH OT MiCTOThI ofpa3ua,
| Moaudukamny, JaBjaeHMA Napos).
600 IIpi nocreneHoM MOBBLIWENMI TeM-
neparypbl a0 155° C BA3kocTh pac-
400 IABa CTAHOBMTCA BCE MeHDLUIC, HO
3aTeM B nHTepBane 155—187° C ona
- BO3PACTAET B TLICAYM Pa3d. 3aTcM
200 - CHOBA HactTynaer cnaj. HeoGoiuno-
0.2 My MOBEACHMIO CEphl PN naaBaeNnn
’ RalT  pasusie obGpacHenna. Oxio

a5
0,1 150 200 250 300°C h3 HHX npneenelo B riase «Kpn-

CTAJADLI T MAKPOMOJIERY JIbE»
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KOpOTHO O CO€JIIHEHIIAX Cepbi

[To pacmpocrpanennoctu astement Ne 16 sanmmaer 15-e
mecto. Conepsxanue cepsl B 3eMuoii Kope cocrtasager 0,05%
0o Becy. ITO HeMaJo.

K Tomy ixe cepa xmMuveckH aKTHBHA M BCTymaeT B peak-
mn ¢ GoapmnucTBoM anemenTtoB. Iloatomy B mpupope cepa
BCTPeYaeTCA He TOJbKO B CBOOOJHOM COCTOSAHIM, HO I B BHje
pasHoobpasubix’ Heopranuyecknx coepnueniii. Ocofetino pac-
npoctpatnennl cyabdatser (ryiaBHbIM 06pa3oM MIENOTIIBLIX B [1e-
JOUHO3eMeNbHBIX MeTa/uioB) 1 cyiabduanl (senesa, Mmepmu,
nieKa, csunua). Cepa ecTh U B IICKOMAEMBIX YIIAX, CjaHaXx,
HedTH, NPUPOAHBIX rasax, B OPraHn3Max }KHBOTHBIX H pacre-
HHH,

Ilpu BsamMopneficTBHII cepsl ¢ MeTajuiaMil, Kak [pasILio,
BBIJIEJISIETCA JOBOJBHO MHOro temia. B peakuusax ¢ xuciopo-
J0M cepa Jaer HEeCKOJbKO OKIICIOB, H3 HHX CaMble Bajycuhble
S0, u SO;— aurugpupet cepuncroii H.SO; u cepnoit H,SO,
guciaor. CoeanueHniie cepsl ¢ BOJOPOIOM — CePOBOIOPON,
H.S — ouens saposuThI 3j0BOHHBI ras, BCErga mpHCYTCT-
BYIOIIHA B MeCTaX CHHEEHIA OPraHHYECKIX OCTAaTKOB. 3eMmpas
KOpa B MeCTax, PacmoJOKeHHBIX /I3 MECTOpPOMSIeHHI cepsl,
9aCcTO COMEPIKHT MOBOJIbHO 3HAYHTEJbHBIE KOJIYECTBA C2POBO-
nopona. B Boaunom pacrsope 3TOT rasd obsajlaetT KOCHOTHBIMI
cBoiictBaMil. XpaHHTh €ro PacTBOPbI HA BO3/lyX€ [€]1b3fA, OH
OKIICJIAETCA C BBIIGIEHHEM Cephl:

2H,S + 0, — 2H,0 4 28.°

CepoBo10pojT — CHJABHKIIT BOCCTAHOBNTENb, ITIM ero cpoii-
CTBOM MOJIL3YIOTCA BO MHOTHIX XIMIIYECKIX MPON3BOACIBAX.

Jlaa uero nymua cepa

Cpean Beuieil, OKpyKalOOIIX HAc, Majio TAKNX, [IJIA H3ro-
TOBJICHIISA KOTOPBIX He HYKHBI ObLIN OBI cepa W ee CcoejlHe-
unda. Bymara un pesuna, 960HIT I COUYKH, TKAHH U JieKapcTBa,
KOCMETHKA I IJIACTMAcCCHI, B3PhIBYATKAa U Kpacka, ynoOpeHus
I AMOXHMIIKATHL — BOT [JAJIEKO He MOJIHBIA nepedenpb Beimeit
I BELIeCTB, IS HpPON3BOJACTBA KOTOPHIX HYMeH daeMeHT Ne 16.
Jlaa toro 4ToOBI M3roTOBHTH, HANpPUMEpP, aBTOMOOILIL, HYMKHO
n3pacxofoBath okoso 14 Kr cepsl. Mosxuo 6e3 npeysenusenus
cKa3aTb, YTO NPOMBILLICHHBI MOTEHIHAJN CTPaHbl JOBOJbIIO
TOYHO ompefesercsa noTpebieHlIeM cepbl.
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3a HeOCTATKOM MeCTa Mbl KOPOTKO HEPeYHCIANM JHIL He-
CKOJILKO OTpacjiell Npon3BoICTBa, B KOTOPBIX He o0olituch, Ges
aneMenta No 16 B BUIe mpoCTOro BemecTsa.

3HauHTeNbHYIO YacTh MUPOBOM [JOGBIYA cepsl MOINIOMIAET
6yMaKHAsAd NPOMBIOLIEHHOCTh (COEAMHEHHA Cephl IIOMOTAalOT
BBIJIENINTH Hesuiono3y). Jaa Toro utobm npoussectu 1 T mes-
a0n036l, HyAHO 3arpatuth Gonee 100 kr cepsl. Muoro- axe-
MEHTHOH cepnl 1OTpelsiAeT M pEe3HHOBAaA NPOMBINIIEH-
HOCTh — [UIfl BYJIKAHN3aLUH KAyIYKOB,

B cenbcKoM Xx03fiicTBE cepa NPHIMEHAETCA KAK B 3JIEMEHT-
HOM BHJE, TAK H B paajudHbix coeguaeHusax. Oua Bxoamr
B COCTAaB MUHEpPAIbHBIX yHo0peHnii u npemapatos IiisA Gopulbl
¢ speaurensmu. Hapsany ¢ docdopomM, kaaviem u qpyruMu ae-
MeHTaMu cepa HeoOxomuma pacreHusaM. BmpoueM, Géapmasn
9aCTh BHOCHMOI B MOYBY cephl HE YCBAUBAeTCH UMH, HO IIO-
moraet ycsausaTh ocdop. Cepy BBOJAT B mMOYBY BMECTE C
dochopurHoit Myxoi. Vmelomuecs B mouse GaKTepUH OKH-
caAlT ee, o0pasywoiiuecs cepHasg W CEPHHCTaA KHCIOTHI
pearupyiotr ¢ ¢ochopuramu, 1 B peayiabrare Hoiaygaiorcesa goc-
dopHBIEe COoeMHEHHSA, XOpPOMIO YCBAMBAaeMble PACTEHHAMM,

Onaako ocHOBHOU mOTpPeOMTENb Ccepsl — XHMHYECKadA Mpo-
mbinuieAHocTh, IlpnMepHo mosoBuHa pmo0biBaeMoil B MEpe
cepsl HAET Ha OPOU3BOACTBO CepHOU Kuciaorsl. Ytobel moiy-
auth 1 T HoSOs, mysHO cikean okono 300 kr cepel. A poas
CEpHOH KHCJIOTH B XMMHYECKOH HNPOMBINIIEHHOCTH CPABHHMA
¢ poJibio XJeba B HameM ONTAHMH,

3uadinTeNpHOE KOJNMYECTBO cephl (M CepHOi KHCIOTHI)
pacXonyeTca LpPH IPOU3BOACTBE B3PHIBYATHIX BEHIECTB U CHU-
gek. Yucran, ocBoGoxjieHHasA OT mpEMeceil cepa HYKHa A
NpOU3BOACTBA KpacuUTeJeil W CBETALIUXCHA COCTABOB.

Coepnnenns cepbl HaXONAT NpUMeHeHHe B HedTexuMmMuie-
cKoil npombinnieHHocTH. B wactHOCTH, OHM HEOGXOMEMEBI OpU
OpOU3BOACTBE aHTHUAETOHATOPOB, CMA304YHBIX BEMIECTB MJIA all-
mapaTypsl CBEPXBBICOKMX [aBJE€HHIT; B OXJaKAAlOIUX Mac-
Jgax, yckopawiux o6paboTKy MeTamjia, CONEPMKUTCA HHOT/IA
no 18% cepsr.

Ilepeuncienne nDpuUMepoB, NOATBEPIKAAIMIUX HEPBOCTE-
NEeHHYI0 BaXKHOCTH diaeMeHTa No 16, Moxkmo GbLIO GBI HpPOMOJ-
MUTH, HO «HeJb3A 06BATL HeoOBATHOE». IloaToMy BCKOMBL3L
ynoMsaHeM, YTO cepa Heo0XoauMa UM TaKUM oOTpacisM mpo-
MBIIIJIEHHOCTH, KaK TopHOAoOBIBAIONIasg, NULIEBAA, TEKCTHIb-
Has, ¥ — OCTaBAM TOUKY.,
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Ham Bexk cuuTaeTci BeKOM «JK30THYECKHX» MaTepHa-
JIOB — TPAHCYPAHOBEIX JJIEMEHTOB, TUTAHA, MOJYIPOBOJHUKOB
u Tak ganee. Ho BHemHe HenmpuTAsaTeabHBIA, NABHO H3BECT-
el anemenT Ne 416 mpogoskaer ocraBaThes a0COJIOTHO He-
o6xomumseim. Hlogcaurano, yro B mponasogcrse 88 us 150 Bam-
HEAIIHX XHMAYECKHX INPOXYKTOB HCHOJb3YIOT Jubo camy
cepy, nubo ee coejuHeHHUsA. ITO JH HE CBUETEJLCTBO LEPBO-
CTemeHHOI BaskHocTu ayeMeHta Ne 16? Jsemenrta, mpeBHEro
KaK MHp...

U3 IPEBHUX U CPEJJHEBEHKOBBIX KHUT. «Cepa npumenserca aias
OYHINEHNS KHJNHIN, TAK KaK MHOrHe pep)KaTcA MHeHHA, 49TO 3alax
U ropeHme cepbl MOTYT IpPe/lOXPAaHHTE OT BCAKHMX dapofeiicTB M mpo-
rHaTh BCAKYIO HEYIICTYIO CHIIY».

Ianuanit Crapuinit,
«EcTecrBeHnana ucropmus». I B. H. 3.

«Ecan TpaBel waxabl, GeflHbI COKaMH, a BEeTBH H JIMCTBA JilepeBbeB
HMEIOT OKpacKy TYCKIYIO, IpsAdHyio, TeMHOBATyI0 BMecto Oaecramero
3e/IeHOr0 IBeTa, 3TO0 HPU3HAK, UTO NOANOYBA M300MIYyeT MUHEpaJaMH,
B KOTOPHIX TOCHOOACTBYET cepa.»

«Ecau pyna ouenn Gorata cepoii, ee 3a)KHraloT Ha IIHPOKOM ele3-
HOM JIECTe C MHOKECTBOM OTBepCTHil, dYepe3 KOTOpHle cepa BHITEKaeT
B FOpIIKM, HAaIIOJHEHHLIE AOBEPXY BOAOIL.»

«Cepa BXOZMT TaK:Ke B COCTAB YKacHOTO N300peTeHHS — WOPOIIKa,
KOTOpBIf MOMKET MeTaTh HAJeKo BIepex KYCKH 3Keje3a, OpOH3BI MJIN
KaMHS — Opy/iie BOJHbBI HOBOTO THIIA.»

Arpukona.
«0 yapcree MuHepajos». XVI B.

HAK UCIIBITBIBAJIU CEPY B X1V BEKE. «Ecau Th Xouems MCHBI-
TaTh Cepy, XOpoma OHa MJW HeT, TO BO3bMHM KYCOK Cephl B DYKY H
moanecu K yxy. Ecau cepa TpemuT Tak, 4TO Thl CIABIMIMIOL €€ TPECK,
3HAYUT OHA XOpOIIA; eclh Ke cepa MOMYHT H He TPeMIMT, TO OHA He-
X0poma...»

10T cBoeoOpasHBIil MeTOp OmpeAeJeHHA KadecTBa MaTepHaja Ha
cayx (IpEMEHMTENHHO K cepe) MoxkeT ObITH MCIONB30BaH M ceifdac.
OKCHepUMEeHTANbHO NOATBEPAIJIOCH, UTO «TPEMHT» TOJNBKO cepa,
cofepxamas He Oojpme ofgHOro mpomenTa mpuMeceii. Unorma peno
He OIpaHUYMBAETCA TOJNBKO TPECKOM — KYCOK Cephl paCKalbIBaeTcs
Ha 9acCTH.

VIVIIAIOIINN CEPHbII TI'A3. Kak H3BecTHO, BRIfalOIMHiica
ecrecTBoucnbiTaTenb ApeBHoctTd Ilnupmit Crapmuil morun6 B 79 r. H. 2.
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NpH n3BepMKenIn RyJAkana. Ero mieMsnAnmi B mncoMme nctopury Tann-
Ty nucaf: «..Bapyr pasgannch packaTbl rpoMa, 1 OT rOPHOTO MJIAMEHN
NOKATHINC, BHN3 depAbie cepAble maphl. Bce pasGemanncs, IMannmii
HofiRAJICA 1, oONpaAch Ha ABYX paboB, myMan Toxe yiiTm; HO cMep-
TOHOCHLIT Iap OKPYKNA ero €O BCeX CTOPOH, ero KoJenu MOAOTrHYJINCH,
ONl CHOBA yHaJ N 3a0XCA».

«Yepuble cepHble mapel», noryGnBmme Iltunma, cocroann, Komed-
HO, He TOJBKO H3 mapooGpasHoii cepil. B cocTaB ByiKamnmuecKuX rasoB
BXOAAT M CEPOBOAOPOJ, H JABYOKHCH CepH. OTH rasnl o6IafaiT He TOJNb-
KO pesknM 3amaxoM, HO i Gompmioii Tokcmanoctsio. OcofenHo omacen
cepoBofiopof. B unctoM Bufte oH yOGnBaeT 4ejoBEeKa mOUTH MTHOBENHO.
Onacnocth Bennmka jaxie mpn HesHadnTensnoMm (mopaaka 0,01%) co-
AepxaHnn ceposogopona B Boznyxe. Ceposopmopon Tem Gonee omacew,
9TO OH MOKeT HaKaOmANBaTeca B oprann3ve. Ou coejpnuserca ¢ Kelye-
30M, BXORAIONM B COCTAB reMoOrJoGIIEA, 9TO MOMKeT MpPHRBCCTH K TAMNe-
JelimemMy KiciopoaHoMmy rononanmio 1 cmeptn, Cepancrwiii raz (ABY-
ORNCHL cepuLl) MeHee TOKCHYEH, OHAKO BLINYCK ero B aTmocdepy npn-
BOJNJ K TOMY, 9T0 BOKDYT MeTa/Jypriiiecknx 3aBofoB rn6ima Besa pa-
cTHTenpHOCTh, IloaTOMYy Ha BceX NpeANpHATHAX, NPON3BOAAIHX MR
HCNONB3YIOUINX 3TN rassl, BONPOCAM TEXHNKN Ge30macHOCTH yAeasercs
ocoboe BHNIMaHNeE.

CEPHHUCTLIN TA3 11 COJIOMEHHASA MIJIATIKA. Coennnsisce ¢ BONOI,
cepaiCcTHIT ra3 obpasyer cnabyio cepmncryio Rucaory H:SOs, cyute-
CTBYIOITYIO TOJBLKO B pacTBopaXx. B mpncyrcTBum Biarn cepuucTbiii ra3
ofecuBevnBaeT MHOrHe KpacHTeNN. JTO CBOIICTBO Hcmoan3yercs A
orGenkn mepcrn, menka, coroMbl. Ho Takme coemmmenns, Kak mpaBil-
N0, He obmamatoT Gonpmoii CTOITKOCTHIO, 1 Geible COJIOMEeHHLIe MIIAN-
Kl cO BpemeneM mpnoGpeTaloT NepBOHAYANBHYI) TIpA3HO-KENTYIO
OKpacKy.

HE ACBECT, XOTfl 1 TIOXOM. Cepunctnit anrngpng SO; B 00LIuABIX
ycloBnsax npeacrapisgeT coGoil GecuBeTnyio o9eHb JeTYIYI0 KNAKOCTD,
knnamylo npu 44,8°C. Teepaeer om mpn —16,8°C n cranoButca
09eRb MOXO0KNM Ha obwikHoBennwll Jea. Ho ects n apyrag — moam-
mepras Mmoandnkaunua TBepmoro ceprnoro amrmapnaa (popmyny ero
B 3TOoM cayuzae ciefgoBano 6u1 micath (SO;),). BHemnpe oma od9eHb
noxoska Ha acbecT, ee BOJOKHNCTYIO CTPYKTYDPY NOATBEPKAAIOT penT-
reniorpaMmel. CTporo ompepiefieHmoil TOWKH ITaBienns 3ta Monmdm-
Kanns ne IMeeT, 4TO CBUAETENLCTBYET O €e HeOATOPORHOCTH.

I'MIIC = AJIEGACTP. Tnnc CaSO;-2H.0 — oannm n3 cameix pacmpo-
cTpanennnix MuHepamoB. Ho pacnpoctpanennbie B MeANOUHCKOM
OpaKTHKe (TANCOBbIC IINHBEI» AENAIOTCA Ite N3 NPHpPOANOro rnmea, a
n3 aneGacTpa. AmebacTp OTIHYAeTCA OT THICA TOJNBKO KOMNYECTBOM



npICTANTHI3ANIIONHOIT BOJABl B Moderyne, ero dopmyna 2CaSO.-H-O.
Ipn «Bapre» anebacrpa (mpouecc mper mpu 160—170°C B TedeHue
1,5—2 wacoB) rumnc Tepser TPH 4eTBePTH KPICTANIN3AaLMOIAOIl BOJBI,
1 Matepuas mnpuoOperaeT BsIKYINlie cBoiicTBa. AJefacTp ’kaiHO 3a-
XBaTbIBaeT BOAY, NpH 3TOM npoucxoaut ObicTpas OecrmopamodHan
kpucrannndauua, PaspacTuch KpHCTaMIHKI He yCNeBaloT, Ho CILie
TaloTes APYr ¢ Apyrom; Macca. oOpasoBanHasg HMH, B MeJpdaiimiix
noApoGHOCTAX BocnponasoauT ¢opMy, B KoTopoil mpolcxoanT TBep-
Aenme. XIIMH3M MPOHCXOMALICTO B 3TO BpeMs mpomnecca oGpaTeH npo-
HexofsAuieMy npn Bapke: anebacTp mnpeBpamaerca B rumc. [ToaTomy
OTNHBKA — THICOBasgi, Macka — THICOBas, IMOBA3KA — TOKe THIICOBaA,
a flenaloTes oHN 13 ajebacrpa.

TJIAYBEPOBA COJIL. Conp Na»SO,-10H:0, oTkpuiTas KpymHeiimmmm
nemeukiM xnmikoM XVII B, lorannom Pynonbsdom TmayGepom u
Ha3BaHHasg B ero 4ecTh, JO CHX MOp WIHNPOKO NPHMEHAETCS B Memiil-
He, CTeKJOMeNHH, Kpicrtamiorpadudeckux ncciegosaunsax. Iaaybep
TAK OMICHLIBAJ ee: «3Ta COJIb, eCJIH OHA XOpOLIO TPIroTOBJEHA, lMeeT
BHJ JbJa; OHa o0paayeT [JINHHble, COBEPIIEHHO MPO3padHble KPHCTAN-
JBI, KOTOpble PAcTAIUIMBAKOTCA HA A3bIKe, Kak Jel. Y Hee BKYC OOBIK-
HOBEHHOIT cosn, Ge3 BcaKoil earocTH. Bpomennas na mepljIapmuae yri,
OHa He pACTPCCKHBAaeTCA € IIYMOM, Kak OOBIKHOBeHHAsA KyXOHHas
COJlb, I He BOCIIaMeHseTCH €O B3PBIBOM, Kak cejuTpa. Ona Ges 3ana-
Xa ¥ BhIHOCHT JIOOYI0 cremeHb xapa. Fe MOMHO IpHMeHATH ¢ BHITO-
J0il B MCAHLUIIHE KAk CHApYH, Tak H BHYTpb. OHa 3aKHBJIAET CBexcle
paHbl, He pasfijpa)kafd HX. ITO IIPCBOCXOAHOEe BIIyTpeHHee JIeKapCTBO:
Oyayun pacTBOpeHa B Bofie T JlaHA OOJILHOMY, OHa OYHINAeT KHIIKIIY.

Munepas riay6epoBoii cosi HasbiBaeTcss MHpaGHIITOM (OT JaTHH-
crkoro «mirabilisy — yausnrenpuniii). Ha3Banne npoucxoguTt oT IiMe-
HH, KoTopoe fAaj [iayGep OTKpBITOIl HM COJIH; OH Ha3BaJl ee dyfec-
Hoii. KpynHeiimmite B Miupe pa3paloTKi 3Toro BeuecTBa HaXoOIATCA B
Haureii cTpane, upeasbluaiiHo GoraTta riayGepoBoil colbio Boja 3HaMe-
HuTOTO 3a]HBA (Temeps o3epa) Kapa-Boras-Toa.

CYJIb®UTHI, CYJIB®ATDBI, TUOCYJIB®ATHL... Eciun Bbt doronobi-
Teadb, BaM HeoOxomnMm QuKcaK, .T. e. HATpHEBasg COJb CEPHOBATHCTOIT
(Tiocepnoii) xucaotst HzS:0;. Tuocyasdar Hatpua Na.S,0s; (on ixe
rnocyinb@uT) CIYMKIUT HOrJoTHTe/IeM XJIOpa B NMEPBBIX NPOTHBOrasax.

Ecit BB mopesanuch BO BpeMs OpHTBA, KPOBb MOMKHO OCTaHOBHTH
KpHCTAJLIOM amoMokaianeBbix kBacnoB KAI(SO.),-12H,0.

Ecnn BBl XOTHTe H0GEJHTb NOTOJKH, TMOKPHITH MeAbI0 KaKoii-1udo
npeaMeT HAH YHHYTOXHTh BpemuTeleil B cagy — BaM He oboiitichk
0e3 TeMHO-CHHIX KpHCTajnoB MeaHoro Kynmopoca CuSO;-5SIL.O.

Ecin Bpadn HOpeKOMEHAOBANI BaM OYHCTHTb KeJYAOK, BOCIOJb-
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ayiiTecs ropbkoit conpio MgSO.. (Ona ke npnpaer ropbkuii BKyC Mop-
CKOH BoJe.)

ByMara, Ha KOTopoil HamedaTaHa 3Ta KHHATa, ClellaHa ¢ MOMOMLIO
ruppocyabpuTta kansnusa Ca(HSO;) ..

IMupoko HCHOONL3YIOTCA Tawke rkede3sblit kymopoc FeSO.-7TH0,
xpoMoBele kBacne K»SO.-Crz(S0.)3-2H.O m wmHOrme Jjpyrme cOJH
CepHOi1, CepHUCTOI U TUOCEPHOIl KHCJIOT.

KHNHOBAPD. Ecan B nabopaTopuu pasaanu pryTh (BO3HHKJNa omac-
HOCTb OTpaBJeHHA PTYTHBIME mapamul), ee mepBhHIM JeloM cobupaloT,
a Te MecTa, M3 KOTOpHIX cepeOpucCThle Kallil He M3BJEKAIOTCA, 3achl-
HnalT OOpomKooOpa3Hoil cepoil. PTyTs M cepa BCTYmalOT B peakLHio
nade B TBEPAOM COCTOAHAM — IpU HpPOCTOM conpHKocHoBenuu. O6-
pasyeTcA KHPIUYHO-KpacHasd KHHOBapb — CylbQHuA pPTYTH — XuMmude-
CKH KpaiiHe MHepTHoe H Ge3BpelHOE BemeCTBO.

BoiesnTe PTYTH U3 KHHOBApH HeCHOKHO. MHoTHme Hapyrue Me-
TaJlIbl, B 9aCTHOCTH »KeJle30, BLITECHAIOT PTYTh M3 KHHOBapH.

CEPOBAKTEPHH. B mnpupojne HOCTemeHHO HPOHCXOOHT KPYTOBOPOT
cephl, TONOGHBI KPYroBOPOTY a30Ta maHM yriepoja. PactreHas moTpel-
JIAIT cepy — BeAb ee aTOMBEl BXOAAT B cocTaB Genxa. Pacremma Gepyr
cepy H3 pacTBOpHMBIX Cynb(aToB, a THHJIOCTHbie OaKTepuum mpeBpa-
maiI cepy GeaxoB B cepoBofopon (OTCIOAa — OTBPAaTHTEJBHBI 3amax
THHEHNA).

Ho ects Tak HasbiBaeMble cepofakrepnn, KOTOpbIM BooOme He
Hy:Ha opragpdeckas numa. OHM NHUTAIOTCA CEepPOBORXOPONOM, U B UX
opraHuaMax B pe3dyabrare peaknuu Meskay H.S, CO, m O, obpasyior-
cA yrnepoab u 3leMeHTHaa cepa. CepofaKTepnn Hepeako OKa3sbiBa-
I0TCA MepenojiHeHbl KPYNMAKAMHI Cepbl — MOYTH BCI0 HX Maccy Co-
cTaBAdAeT cepa ¢ oueHb HeOoabmoil «106aBKOii» OpraHUYIeCKHX Be-
[MEeCTB.

CEPA — ®APMALUEBTAM. Bce cyasdaMugable npemnapatsl — Cyib-
¢upun, cynbpason, Hopcynbdason, cyJubruH, cyinPpaaumesuH, crpen-
TONUA M ApPYrHe HOAABJIAIOT AKTUBHOCTb MHOTOYHCIEHHBIX MHKpPOGOB.
W Bce 5TR sMeKapcTBa — OpraHUYecKHe COeqUHEHHNA Cephl,

BoT crpykTypHble dopMYsbl HEKOTOPHIX H3 HHAX:

Genuit erpenrorun HoN -—m\/\,—-sog—N H,

N_
Hopeynbdazon  H,N — /_\_so .—NH _KJ
= )
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cymbanmans H,N— /<—\\/\\—SOZ—-NH

IMocne mosBieHEs AHTHOHOTHKOB poib CyHb@aMHAHBIX Ipemapa-
TOB HECKOJbKO YMEHbMMAAch. BripoueM, 1 MHOTHe aHTHOMOTHRKH MOMK-
HO paccMaTpHBaTh Kak OpraHHYecKHe MPON3BOAHBEIE Cephl. B wacTHO-
CTH, OHa 00A3aTeJbHO BXOAHT B COCTAB HEeHHIMIIMHA.

MenkoaucnepcHas 3JeMeHTHasA cepa — OCHOBa Mageil, mpume-
HAEMBIX IpH JedeHUU rpudKosbiX 3aGos1eBaHNi KOMH.

YTO MOMHO INOCTPOUTL N3 CEPLI. B 70-x rogax B HEKOTOPBIX
¢TpaHaX MHpa NPOM3BOACTBO CEphl MpeBBICHI0 NOTpefHOCTH B Heil
TloaToMy cepe CTaJii MCK4Th HOBbleé HpPHMEHEHMA, HpEeMJAe BCETO B
TaKUX MaTepHaJIOEMKHX 00JacTAX, Kak cTPOUTeNHcTBO. B pesyabra-
Te¢ STHX IOMCKOB MOABHJNCH CepHHII IEHOIJIACT — KaK TEMJIOH30JA-
UUOHHBI MaTepnai, OGeToHHBIe CMecH, B KOTOPHIX Cepoil YacTHYHO
WIH NOJHOCTHIO 3aMeHeH MOPTJAHALEMEHT, MOKPHTHA IJIA aBTOCTpafA,
cogepiKamue MCMEHTHYIO cepy.

YEPHAA CEPA. Coenunenne HeoObiaHoro coctaBa S,N, mnosyueno
aMEepPHKAaHCKUMHU XHMHKaMi B KoHme 70-X romos. JTo BeIeCTBO NOXY-
4aJoch, npu B3auMofeiicTBuu Ge3BOAHOTO aMMMaKa ¢ OJHHM M3 XJOpH-
noB cepbl, CoepuHeHMe — 4pe3BbIUaiiHO HeCToiikoe, pasjlaraeTcsi co
B3PHIBOM, H XpaHAT ero jnbo mpn oYeHb BRICOKOM JNaBjieHuH, aubo mon
cnoeM GeHzona. B aTHX OpaHKeBO-KpacHBIX KpHUCTalIax oOHapysuau
4YepHbIe NPOKUIKH, KOTOpble, KaK OKa3aJoCch, COCTOAT 03 3jleMeHT-
Hoil cepsl. UepHas cepa u3 TeTpaHHTpUIA OKa3akach HOBOIl amjaoTpom-
HOIi Mopnduranmeil faBHO M3BECTHOTO MPOCTOTO BEMIECTBA.

HEMETAJINT — METAJIJI. B 1980 r. mypran «Ilucema B HITD»
omy6ankoBan coolmieHne O TOM, 9TO cepa NpPH BBICOKOM NaBJeHHH MO-
/HeT MepeXOAMTh B MeTAIHYeCKOe U Jiaske CBEPXNPOBOAAILEe COCTOSHME.



XJIOP

Ha szanage ®aanipun Jexnt Kpoweu-
uplit ropogok. Tem ne MeHee ero ua-
3BaHHe H3BECTHO BCCMY MHPY H [lO/-
ro eije 6ymeT COXPaHATLCA B MaMATH
UejoBeYecTBA KaK CHMBO OJHOTO H3
BeJHYAMIIIX HPeCcTYINIeHAHl IMPOTHB
gejoBevecTBa. ITOT ropomox — MHup.
Kpecu *— Unp — Xupocuma — Bexu
Ha NYTH OpeBpaLieHiis BOHBI B THTAHT-
CKYI0O MaDIMHY YHHYTOKEHHSA.

..B mawanme 1915 r. sa amemn samagHoro ¢pourta 006-
pasoBaica Tak HaspiBaembii Wnpckuit seictyn. Colosubie
aHrao-paHnysckue Boiicka K ceBepo-BoCTOKY oT Mmpa Bram-
HUJIUCH HA TEpPUTOPHIO, BaHATYIO repMaHcKoil apmueil. ['ep-
MaHCKO® . KOMAH/[0BAHHE PeIIMIo HaHEeCTH KOHTPYAap u. BHI-
pOBH}ITb JIMHUIO cbpom‘a Yrpom 22 ampeis, Korja ays pos-
HEI. HODAI-0CT, HeMIbl Hadain HeoGLIYHYI0 HOATOTOBKY K na-
CTYIIIeHUIO — OHH TPOBEJNH HEepBYIO B LICTOPUH BOITH rasoByI0
ataky. Ha unpckom yuacTke posta O6bIIM 0HOBpEMEHHO
orkpeitel 6000 Gannonos xsopa. B Teuenie ustm MHHYT 06-
pasoBasiocs orpoMuoe, secom B 180 T, AmoBuTOE KEATO-3eME-
Hoe 00:1aKo, KOTOpOe MEeJIEHHO [BHTaJOCh [0 UHAIPaBHEHHIO
K OKODAM NPOTHBHHUKA,

dtoro HHKTO He OKupgai. Boiicka ¢panuysos u aurauvan
TOTOBIJIMCH K aTaKe, K apTULiepHilcKoMy ofcTpely, cOJJaThi
Hafie’KHO OKODATHCh, HO mepen ryOUTeNBHBIM XJOPHBIM obJia-
KoM OHU Oban abconioTHo GezopykubiMu. CMEPTOHOCHBIA ras
OPOHHKAJ BO BCe LIEJH, BO BCe YKPHITHSA. Pe3ysibTaThl mepBoil
xuMuveckoil arakm (u mepsoro mapywenua [aarckoil Kom-
peanuzr 1907 r. o HempuMeHeHHH oOTpaBAAmUX BeulecTs!)
OBIIE OMENOMAAOIINME — XJIOP Nopa3iy okojgo 15 Thicau
9eNIOBeK, NpHYeM IpUMEPHO O THicAY — HacMepTth. M Bce
3TO — pajd TOro, 9TOOH BBIPOBHATHL JUHHIO (PpoHTa ANuHOI
B 6 xM! Coycra Ba Mecsina HeMUBl NPEATPHHANH XJOPHYIO
aTaky M Ha BocTO4YHOM (pponte. A depes gsa roma Unp npu-
YMHOKHJ CBOIO MedaJIbHYIO H3BeCTHOCTh. Bo BpeMs Tsaskenoro.
cpaxxennsa 12 mona 1917 r. B paiione 3Toro ropoma 6bu10 BIEp-
BRIe IpPUMEHEHO OTpaBAAIOllEe BELIECTBO, Ha3BaHHOE BITOC-

* B 6urse npn Kpecu B 1346 r. amramiickumu soiickamu Buepssie
B EBpome mpuMeHCHO OrHECTpesbioe OpyIKie.
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ac;etiun unpirom. Wnpur — 310 npomnssopunoe xaopa, sm-
XJTOPAHITIICYITLGPI.

06 »Tux 3nH30/aX ICTOPHH, CBA3AHHBIX C Of{HHM MalleHb-
KIIM TOPOAKOM Il OJ{ITUM XIIMHYECKIIM 3JIeMEeHTOM, Mbl HANIOM-
HIUIH A7 TOro, 4ToGBl IOKa3aTh, KaK OHaced MOMKET OBbITh
ameMent N 17 B pykax Bomnmcreyomux 6Gesymmnes. Ito —
caMas MpavHas cTpaHNIA HCTOPHH XJopa.

Ho 6110 6B1 coBepmienio HeBepHO BHETH B XJOPE TOJBKO
OTpaBJAIOIIee BEUIECTBO I CHIphe JUIA NPOH3BOJICTBA APYTHX
OTPaBJAIMLIIX BEHIECTB..,

Heropnus xaopa

McTopusa dmeMenTHOro XJiopa CpaBHHTCILHO KOPOTKa, OHa
Besier Havano ¢ 1774 r. Heropusa coeqnuennii xyopa crapa,
Kak Mup. [JocTaTo9HO BCHOMHHTB, 4TO XJOPHCTHII HATpHil —
3TO HoBapeHHasA coJb. Y, BHAIMO, ele B JOHCTOpPHIECKHE
BpeMella OBLIA IOfMeYeHa CHOCOBHOCTHL COJIH KOHCePBHPOBATH
MsACO I phIbY.

Cample JfipeBHIEe apxeoJOTHIECKHe HAXC/IKH — CBHETENb-
CTBA ICIOJIL30BAHIA COJH YEJOBEKOM OTHOCATCA HPHEMEpHO K
3—4 TeICAUeNETHIO [0 H. 3. A caMoe jipeBHee omucaHme N0GHI-
Yl KaMeHHOIl CoJII BCTpeyaeTcd B COTHMIEHIAX FpedYeckoro
nucropuka epogora (V B. o H. 3.). I'epojor onmnceiBaer mo-
Oeryy kamenitoif comn B Jinsum, B oasnce Cumax B menrpe
JluBmiickoit mycTuinn naxoguicsa 3HaMeHHTHII xpaMm Gora AM-
mouna-Pa. Ilosromy-ro JInBus u nmenoBamace «Ammoniay,
I nepBoe Ha3BaHMe KaMeHHOIil conn 6BLI0 «sal ammoniacumy,
Hosnuee, naunnaa npumepno ¢ XIII B. u. 3., 370 Haspanue
3aKpenmioch 3a XJOPHCTHIM aMMOHHEM.

B «Ecrecrpennoii ucropnu» Ilnuunsa Crapmero onucan
MeToJ{ OT/ieJeHnsA 30JI0Ta OT HeOJAaropojHBIX MeTaJJloB TpH
NpoKaJHBaHHH C COJBIO M TJHHON. A OfHO M3 mMepBHIX omuca-
HUIl OYHCTKII XJIOPUCTOrO HATPHS HAXOMHM B TPYAAX BEJIIKOTO
apa6croro Bpada m anxnMnka [ka6up u6n-Xaitsna (B espo-
neiickom nmanucannu — I'eGep).

Becbma BepoAiTHO, YTO AJXHMHKH CTAJKIBAJNHCh # ¢ 3Je-
MEHTHBIM XJOpPOM, TaK Kak B cTpaHax Bocroka yme B IX,
a B EBpone B XIII B. Gbia m3BecTHa «1lapcKad BoJKa» — CMecCh
consAnoil 1 aszoruoii xucaor. B soinyiennoii 8 1668 r. kuure
romnanna Bau-Tenpyonra «Hortus Medicinae» rosopumres.
9TO TPH COBMECTHOM HArpeBaHMH XJOPHCTOIO AaMMOHHA W
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a30THOI1 KHCNoTH nojyuaetca neknil ras. Cyas mo onucanmio,
3TOT ra3 OUeHb MOXOK Ha XJop.

Honpo6uo xnop Bneppbie onncan mseackaM xumuxom Mlee-
Je B ero Tpakrate o nupoJwaurte. Harperas Munepan mmpoiio-
3uT ¢ conanoil kucaoroit, Illeene samernn samax, xapawrep-
HHIH [gif uvapckoit BogKm, cobpan M HCciexoBajl IKeJITO-
3eJIEHBI ras, MNOpoMAaBmWil HTOT 3amax, W HN3YIMWJI €ro
B3anMopeiicTsue ¢ HekoTopbimu BemecTBamu. [lleene mepBsiM
o6HApyKuUA NelicTBHE XJiopa HA 30J0TO W KHHOBaph (B moc-
aegaeM caydae obGpasyerca cyjnema) m orGesmBaoiiue CBOii-
CTBa XJIopa.

Illeene me cunmrtan BHOBL OTKPBITHI ras NPOCTBIM Berle-
cTBOM M Ha3BaJ ero «aeduiorncToHnpoBanHOi confHOW KACHO-
toit», 'oBops coBpemennniM assikoM, Illeene, a Benen 3a ANM
A Npyrne ydYeHble TOro BpeMeHM WOJIATajl, 9TO HOBBIHA raa —
3TO OKHCeJ COJIAHOI KHCJOTH.

Ileckonbko moame DBeprone un JlaByasbe npejnomnan
CYHUTATh ITOT ra3 OKHCIOM HEKOEro HOBOTO IeMEeNTa «MypHsa».
B Ttedenue Tpex ¢ mnonomrmuoil necAaTwieTHid XuMHKA 0e3-
ychelHo mbiTaJNCh BHIIGNATH HEBeAOMBIH Mypwmii,

Cropounurkom «oKucn mypus» 6p11 nonavany o J[aBu. Ko-
toputit B 1807 r. pasnowmun 3NeKTPAYECKAM TOKOM TMOBapeH-
HYI0 COJb HA WeA09Hoii MeTajs HATPHi W KeATOo-3esIeHm il
raa, Onmako, cOycTa Tpu rona, mocje MHOrAX Oecmioanbix
MOMBLITOK MOAYIATH Mypnil [[9Bu Opuuien K BwBody, YTo ras,
oTrpuiTeiil llleene,— npocroe semecTBo, AneMEHT, W HasBal
ero chloric gas num chlorine (ot rpeueckoro yAwpog — sxen-
To-3enenslil). A eme uepes Tpn rona [eit-Jlloccar nan mosomy
aneMeHTy Oosnee KopoTkoe uma — xJjop. [IpaBma, ente 8
1811 r. memenknii xamux llseiirep npemnokan mia xjaopa
Zpyroe Ha3BaHHe — «rajoren» (JlOCNIOBHO OHO TePCBOANTCA
KaK coJepoa), HO 3TO HasBaHWE NOHAYANY HE MPHBHJIOCH, a
BHOCJEACTBAN CTajo olmmaM miaA meaoil rpynmel 91eMeHTOB,
B KOTOPYIO BXOAHT M XJIOP.

«JImgnas kaprouka» xjaopa

Ha Bompoc, uTo ke Takoe XJOp, MOMKNO HaTh MHHAMYM
HEecATOK oTBeTOB. Bo-nepBhIX, 3TO rajored; Bo-BTOPHIX, 01AH
H3 caMBIX CHJbHBIX OKHC/INTeNeil; B-TpeThbHX, 4Ype3BbIYaiiHO
ANOBATHI ra3; B-4eTBEPTHIX, Ba)KHeHMINYl OPOAYKT OCHOBHOM
XAMHAYECKOH MNPOMBIIJIEHHOCTH; B-NATHIX, CHIpbe MJf OPOM3-
BOJACTBA MJIACTMACC M AROXMMHKATOB, KayiyKa B ACKYCCTBeH-
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HOTO BOJIOKHA, KpacnTeJjieil H MEIITKAMEHTOB; B-IIECTHIX, Bellle-
CTBO, ¢ IOMOIIBI) KOTOPOrO MOJYYaloT THUTAH M KPeMHHIi, riu-
nepur W Qropomaact; B-cebMBIX, CPEACTBO I OYHCTKH
NUTHEBOI BONBI M OTOEINBAHUA TKaHell...

ITo mepeyHcIeHne MOMKHO ObIo OB OPOJOJKATE.

IIpn oOGBIYHBIX YCHOBHAX DJIEMEHTHBIA XJIOP — MOBOJIBHO
TSHAKEJBIA KeJNTo-3eJeHslil ra3 ¢ pesKHM XapaKTepHBIM 3ama-
xoM. Aromublii Bec xjopa 35,453, a monekyasapusiii —70,900,
HOTOMY 9TO MOJIEKYJa XJopa asyxaroMaa. OnuH JuTp razoob-
pasHOro xJjiopa IpH HOPMaJLHBIX ycaosuax (remmneparypa 0° C
u pasieune 760 My prytHoro cronba) secur 3,214 r. Ilpu ox-
naxnennn go temnepatype —34,05°C xnop kommencupyercsa
B JKEJNTYI0 KuAKocTh (miotHocteio 1,56 r/cm®), a mpm Temme-
parype —101,6° C satBepnesaet. Ilpu nosmimennom gasnenun
XJIOP MO{HO NPEBPATHTH B KUAKOCTH M IPH GoJiee BBHICOKHX
tremoeparypax BmwiaoTe go +144°C. Xgop xopomo pacTBo-
pAeTCA B JHMXJIOPITaHE M HEKOTOPHIX JAPYrAX XJopcomepska-
HIUX OPraHnYeCKNX PacTBOPUTEJISIX.

Inemear N¢ 17 ouenp aKTHBEH — OH HEHNOCPEACTBEHHO
COeNIMHAECTCA NOYTH CO BCEMH 3JIeMEHTAMH HEepHOJHYECKOM
cucremsl. [TosToMy B mpupoje oH BCTpPedaeTCA TOJBKO B BHJE
coenunennii. CaMple pacnpocTpaHeHHBIe MHHEpAJbl, colep-
swamme xyop, ranut NaCl, cunesuaur KCl NaCl, 6nmogpur
MgCl;-6H.0, xapranaur KCl-MgCl,-6H,0, KanHNT
KCl - MgSO; - 3H.0. 310 ux B mepBymo ouepens «BUHa» (wau
«3acayra»), 94To cofeprkaHue XJopa B 3eMHOIl Kope cocTaBis-
et 0,20% mno Becy. JIna 1BeTHOIt METAJJyPrum OY€Hb BaXKHBI
HEKOTOPhIE OTHOCHTEJBLHO peJKHe XJOpcoAeprKamide MHUHepa-
asl, HanmpuMep porosoe cepedpo AgCl,

[Io a1eKTPOnpPOBOAHOCTH KUAKHI XJODP 3aHAMAaeT MECTO
Cpelil CaMBIX CHJBHBIX HM3O0JATOPOB: OH IPOBOAHT TOK IOYTH
B MIULINApJ Pas Xye, 4eM NUCTHLIAPOBAHHAA Bola, H B
10%* pas xyse cepebpa.

CropocTh 3ByKa B XJiope OPMMEPHO B MOJTOpPA pasa MeHb-
me, YeM B BO3JyXe.

U manmocnenok — 06 m3oronax xJjopa.

Ceiivac n3BecTHBI NECATH W30TONOB ITOrO JIEMEHTa, HO B
Opupoie BCTpeYaloTcA TOMBKO [Ba — XJaop-35 W xjop-37.
ITepBoro npnMepno B TpH pasa Goabime, 9eM BTOPOTrO.

Ocranbubple BOCeMb H30TONOB MNOJYYEHBl HCKYCCTBEHHO.
Camprit kopoTkoknsymnii n3 unx —*2Cl nmeet mepuopn mouy-
pacmaga 0,306 cexymnasl, a caMmblii poarousyuquit —*°Cl —
310 ToIC. NET.
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Kak noayusaior xaop

Ilepsoe, na uto obpauraems BHIIMAIE, NONAB Ma XJOPHbI
3aBOJl, 5TO MIIOrOYIIC/eNnblie JINHNN 3JeKTponepenaui. Xiop-
{0 IIPON3BOJACTBO MOTPEGNAET MHOTO IJIEKTPOIUEPrHil — OHA
Hy>KHa jiifi TOro, 9To6L pasyioKITh TPHPONNBIE COEITHEHIIHA
xJaopa.

EcrecTsenno, 9to 0CHOBHOE XJOPHOE CHIPbE — 3TO KaMEH-
uaA conb. Ecau xyopublil 3aBot pacnosioxieH sOAN3N PeKn, To
COJIb 3aBO3AT Ne MO >KkeJsie3noil jopore, a na OGapmax — Tak
skonommanee. Conb — MPOAYKT Hejnoporoil, a pacxonyercs ee
MHOTO: 9TOOBI ITOJAYYNTDL TOHHY XJ0pa, HYXKHO HpiMepio 1,7—
1,8 T con.

Conp moctymaer na cKiaajbl. 31e€Chb XpaHsTCa TpexX — miecTn-
MecAtIble 3amachl CHIPLA — XJIOPUOe MPOH3BOJICTBO, KAK Hpa-
BILJI0, MIIOTOTOHHAKIIOE, '

Conb 13MeNBYaIoT 11 PacTBOPAIOT B TeIJoil Bojie. ITOT pac-
coll mo TPyGonpoBony HepeKadlsaeTcA B IEX OUNCTKI, rie n -
OTPOMHBIX, BBICOTOI ¢ TpexsTasKHBIl oM Oakax paccos odn-
HIAIOT OT mprMeceil coneil KaJbIIIA M MarAng 1 OCBeTIAIOT
(mafor emy oTcrosTbesa). UmeTsiii Komueuntpuposanusiii pa-
CTBOP XJIOPHCTOTO HATpWA TepeKadnBaeTcs B OCHOBHOH mex
XJIOPIIOTO TPONI3BOJICTBA — B HEX 3JIEKTPOJIIaa,

B BomnoM pacTsBope MoOJEKYJNBI TIOBapeHNoii COJH MNpespa-
mratorea B nousl Nat n Cl-. Mon Cl- otnngaerca ot aTtoma
XJIopa TOJNIBKO TeM, 4TO IIMeeT ofanu Jurmiii sjextpon. 3Ha-
9uT, JUIA TOro 4To0bl HOAYWYHTHL 3AeMeHTHHIl Xxjop, neobxo-
AIIMO OTOpBAaTh 9TOT JimmHmil snexktpon. Ilponexomut aro n
JIEKTPOJIII3epe HA MONOYKHTENBHO 3aPMIKENTIOM dIeKTpose
(anone). C nero kak 6m1 «oTcaceiBaloTcA» daenTponsi: 2C1~—
-Cl,+2¢. Anopwl caenansl u3 rpaura, mOTOMYy uTO JII00OI
MeTa/ul (KpoMe IJIATHHBI I ee aHAJOroB), oTéupas y 1OUOB
XJIopa JIINIHE 3AeKTPOIbl, GBICTPO KOppoAUpPYeT U paspy-
maercs.

CyniecTByIOT fBa THNA TeXIoJorndeckoro odopiaemnisa
NpoIlI3BojICTBA XJopa: Auagparmennstii u pryrusiii. B nepeom
ciydae KaTOMOM CJY:KIT nepdoplpoBaniblil 3eae3nblii JucT,
a KaTojHOe H alloilioe MPOCTPATICTBA IMEKTposInN3epa pasfe-
nenn acGecroBoit nnagparmoii. Ia eneanom katome mpoce-
XOJNT pa3pA] NOHOB Bojopofa I obpasyeTcs BOANBIA paciBop
enkoro Hatpa. Ecann B kauecTse KaTofga mpHMeENsioT pTyTh, TO
1A HEM pa3pmKaloTCA MOHBI HATPNA II ofpasyeTcsa aMalbra-
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Ma HaTpuf, KoTopad MoToMm pasiaraetca Bo;oil. Honywawrea
Bofoposi 1 exknii narp. B aTom cayuae pasmenurtennHan jia-
dparyMa He nyKia, a uieso9n noayvaerca oOojgee dICTOll 1
KOHIIGHTPUPOBAHHOI, 4eM B fnadparMeHusiX dIEKTPOIII3epax.

Wraxk, npoussoicTBo xJopa — 9T0 0JHOBPCMEIHO NPOH3BO-
CTBO eKOro HaTpa Il BOJOpoja.

Boopoa OTBOAAT 0 METAIIYECKHM, a XJOP MO CTeKIAH-
HBIM IUIM  Kepamituecknm Ttpybam. Cserxenpurorosiaennsiii
XJIOp HAChIIIEH HapaMIl BOJbI I IIOTOMY OCOOEHHO arpeccuBeH.
B nanpumeiies ero cHaudala oXJa)KAalOT XOJ0mHOI BOJ0H B
BBICOKIX GaIHAX, BBUIOKEHIEBIX H3HYTPH KepaMITIeCKIIMU
IUIHTKAMIl H HAMOJHEHHBIX KepaMHYecKoil Hacajkoil (tak Ha-
3biBaeMbIMH KoapuaMn Paminra), a sateM cymar KouuenTpir-
poBaHHOIl cepHOIl KNCJ0TOIl. ITO eqINHCTBEHHBIH oCcyluluTeNnn
XJ0pa I OjHA 13 HEeMHOTIX KIJIKOCTell, ¢ KOTOPBIMII XJIOp
He B3aHMOJEHCTBYeET.

Cyxoil xjiop ysKe He Tak arpecclBeH, OH HE€ paspyllaer,
HampHMep, CTaJbHYW ammapatypy. TpaHcmoprupyior XxJjop
OOBIYHO B JKIJKOM COCTOSHIIN B JKEJE3HO;IOPOKHBIX IHCTEp-
Hax mwin 6amonax nox aasnenneM go 10 aty.

B Poccun mpousBoicTBo Xjopa ObLIO BrepBsle Opranuso-
sano euwe B 1880 r. ma Boumomckonm 3asoge. Xiop mnony-
qaju TOT[a B DPHHIJIIE TEM jKe CII0COGOM, KaKMM B CBoOe
spema noayumna ero Illleene — mpn BaanmopelicTBin colAHoilt
KICIOTBl ¢ MUpoJio3uToM, Bech mpoussonMbil xiiop pacxo-
noBasics Ha moaydenine xjopuoit ussecti. B 1900 r. na 3aBope
«Jloncoga» snepsoie B Poccim Obll BBeJEH B IKCILTYaTalnio
mex 9JeKTPOJHTHYECKOr0 IPOH3BOACTBA XJjopa. MouiHocTs
aToro Lexa 6buia Bcero 6 Toic. T B roa. B 1917 r. Bce xiopusie
3asoabl Pocenit ppimyckann anms 12 TeIc. T XJjopa.

3auem HyKeH XJOp

Bce MHoOroofpasne mpaKTHYeCKOro mpiMeneius XJaopa
moxkHO 6e3 ocoBoli HaTAKKH BBIPA3NTh oaHOH (pasoil: Xjop
HEOOXOMIIM I [POM3BO/ICTBA XJIOPHPOAYKTOB, T. €. REHIECTB,
COMlePIKALIIIX «CBABAHHBIINY XJ0p. A BOT roBopa 06 3THX ca-
MKX XJOPIPOAYKTaX, ofHoil ¢pasoil we ormenaemnbca. Oun
OYeHb pasHble — I [0 CBOIiCTBaM, H 110 HA3HAYEHIO.

Paccrasare 060 Bcex coeqlHeHNAX XJopa He IO3BOIAET
orpaHiYeHHbI 06beM Hawell craThi, HO Ge3 paccKasa XxoTA
Obl 0 HEKOTOPHIX BELICCTBAX, [JIA MOJNYUYEHHA KOTOPHIX HYKEH
xJiop, Ham «moptpet» dreMmeHta Ne 17 Gbur Gbl HEMNOJIHBIM I
HeyOCTeIbNbIM,
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Kak 3To BM cTpaHHO, MHOro XxJopa TPaTHUTCH HAa OPOU3BOJ-
CTBO XJOPHJOB, XOTH HMMEHHO U3 XJOpWIa — KaMeuHoil Co-
MM — mosydaetca cam xJop. Ho xyopup xnopuny posHb.
Muorue xjopujgbl — HaTpHA, KaJud, MarCHHsA, KaJbIHsA, Meau,
cepebpa, pTytn u T, 1.— cyulectsyloT B Dpupoge. Ho He
Bcerma B Tex gopMax U B TOM KOJHYECTBE, KOTOpbIE HYKHBI
CcOBpeMeHHOH mpoMbinuieHunocTH. Jlpyrme ke mpmxoanTes
HOJIy4aTh, BO3JEHCTBYA XJOPOM Ha COeJUHEHUA COOTBET-
CTBYIOIIUX 3JIEMEHTOB pajgH TOro, 4To6Bl TaKHM OOXONHBIM
OyTeM BBHIJEJHTL 13 CHIPbA U MOJYNPOAYKTOB 9PE3BbIMANHO
BajKHBIE [JIA COBPEMEHHOIl TeXHUKI IBeTUble MeTaJJIbl H [o-
JyOpPOBOJHUKOBLIE MaTepHAbI.

BoabIINECTBO XJIOPUIOB — TBEpAGle KpPUCTAJINTECKHE Be-
mecrBa, a Bor xyopuasl ¢ochopa PCl;,, xpemnus SiCl,,
repmanusa GeCl, — xugrocrn. Ilocnegnne nBa oueHbp Ba-
HBEl JJIA NPOU3BOACTBA IOJYNPOBOJHUKOBEIX KDPEMHHA H rep-
maausa. Terpaxaopuny Tturana TiCl. — Toske mmgKOCTH —
CIYMHUT HCXOAHBIM NPOAYKTOM /Ui TOJYYeHUA MeTajnde-
CKOro THTaHa, a HACKOJABKO BasKeH ceildac 3TOT MeTasa, BpAX
JIH HYKHO 00'BACHATH.

MHoro xjopa ujger M Ha HYKIbl OPOMBIIIJIEHHOCTH OCHOB-
Horo opraHmieckoro ciureza. Ilnpoko mnpmMeHAwTCA Xio-
PHpPOBaHHBIE YTJIEBONOPOALI, He YTPATHJIU 3HAYEHHUS XJIOPOp-
raHAYeCKue MHCEKTHIIHIBL.

Ecnu monmpocuth i060ro mMKOIbHUKA NEPEYUCTHTHh U3BECT-
Hble €My IUIACTUKY, OH OJfHIM U3 HepBBIX HA30BEeT NOJUBH-
Hunxgopus (uHaue, sunnmiact)., C TOYKE 3peHHA XUMHKa,
I[IBX (Tax 9acTo mMOJMBHHUIXJIOPHM 0003HAYAIOT B JUTEPATy-
pe) — 3TO mojuMep, B MOJEKYJe KOTOPOTO HAa IEMOYKY Yrie-
POAHBIX aTOMOB «HAHH3AaHBI» aTOMBI BOJOPOAA M XJOpa:

HHHHHHHHH
[ N A O
..~ C—-C—-C—-C—-C—C—-C-C—C—...
S O T T b
ClH CIH ClH Cl H Cl

B aToit memouke Mos;KeT GBITH HECKOJBKO THICHY 3BEHLER.

A ¢ porpebutenbckoii Toukn spenua IIBX — ato wuasons-
1uA 4S8 OPOBOAOB U IJIAINU-J0KAEBHKH, JIAHOJEYM W TpaMM-
IJIACTHHKY, 3allUTHBIE JIaKM M YOAKOBOYHBIE MaTepUaJsl,
XUMHYECKas anmapaTypa U HeHOIUIACThl, UIPYIIKH U [eTaju
npu6opos.

ITonusunrunxnopun obpasyercsa npu noduMepusamun BEHHI-
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XJOpHIa, KOTOPHI dUalle Bcero moJaydarmor, obpaGaTwiBan

aueTwieH XJOPHCTHIM  BOJZOPOIOM: HC=CH+HCl—
—CH,=CHCl. Cyuiecrsyer u# apyroii cumoco6 nonydeHus
BUHWIXJIOPUIA — TepPMUYECKHii KPEKUHT AMXJIOpITaHa:

CH.Cl — CH,Cl—CH,=CHCI+HC]. Ilpencrasaser uHTe-
pec coueTaHHe [BYX 3THX METOJOB, KOTAa B IPOU3BOJCTBE
BUHWJIXJIODHIA 110 aleTHieHoBoMY cmocoGy ucmonbaytor HCI,
BBIIENAOIUIICA NPU KPEKHHTe IUXJOPITaHa.

XaopucTHIE BUHHJ — OeCUBETHBII ra3 ¢ HDHATHHIM, He-
CKONBKO NBAHAIIMM 3(DHPHBIM 3amaxoM, JIETKO IOJUMepusy-
erca. lna monyuenus mojnmepa JKUAKUN BUHMIXJODHA IOA
AaBJeHMeM HArHeTalT B TEeIUIYI0 BOAY, [J€ OH Apo0UTCcHa Ha
Mejbdaiiiiue KameJnbkn. YtoObl OHW He CIHBaJuCh, B BOAY
106aBIAIT HEMHOrO >KelaTHHBl WX IOJUBUHUIIOBOTO CUUPTA,
a aro0Hl Havaja Pa3BUBATLCA PEAKIMA MOJIMMepU3alluu, TyAa
e BBOJAT HHUNMATOP HOJMMEpU3aLUH — NepPeKnch GeHsomIa.
Yepes HECKONBKO 9acoB KaledbKH 3aTBepAieBaloT, H o6pasy-
erca cycnensus moaumepa B Boge. llopomok momumepa otne-
AA0T Ha QuiabTpe WM HAa HeHTpudyre.

TMonumepnaauusa o6BIYHO HPOMUCXOAMT HpPU TeMIepaType
or 40 mo 60°C, mpuueM, ueMm HHUMKe TeMIepaTypa HOJUMEpH-
3aIUH, TeM AJAuHHee ofpasyoiuuecs MOJUMepHBlE MOJIEKYJHL.

*

Mn1 pacckasaam TOJBKO 0 ABYX BelllecTBaX, [JifA MONYyYeHHUA
KoTopbix HeoGxoquM anement Ne 17, Tonbko o aByx m3 MHOrHX
cored. Ilogo0HBIX TmpUMepOB MOMKHO MPUBECTH OYE€Hb MHOTO.
M Bce oHU roBOPAT 0 TOM, YTO XJIOP — 3TO HE TOJNBKO ANOBH-
THIA M ONACHBI raa, HO OYEHb BAaMKHBI, OUYEeHb NOJIE3HBIH
3JIEMEHT.

3JIEMEHTAPHLINN PACUET. IIpn noiaydeHHH XJA0pa 3JA€KTPOJIH3OM
pacTBOpa mOBapeHHOW COAH OAHOBpEMeHHO MOJY4YalOTCA BOXOPOR B
enxnit marp: 2NaCl+2H,0=H,+Cl,+2NaOH. Komeumo, Bomopos —
oueHb Ba)HBIH XHMHUUeCKHil IIPOAYKT, HO ecTh Gonee aewesbic u yRob-
Hble CmOCOOBI OPOM3BOACTBA 9TOTO BellleCTBA, HAmpHMep KOHBEPCHA
OPHPOAHOro rasa.. A BOT eJKHIl HATpP DOJYYal0OT NOYTH MCKIIOYHTENb-
HO 9JEKTPOJIH30M PAcCTBOPOB HOBAapeHHOI COJNM — HA J0JI0 APYFHUX Me-
TomoB mpuxoaurca MeHbme 10%. Iockonpky npomaBoAcTBa XJopa n
NaOH nosamocThi0 B3auMOCBA3aHBl (KaK cleflyeT H3 ypaBHeHHA pe-
aKOoaW, MOJyYeHHe ORHOH rpaMM-MOJeKyJanl — 71 r XJjopa — Hens-
MEHHO COMNpOBOKAAETCA MNOJYyuYeHUEM [ABYX rpaMM-MoaeKyJa — 80 r
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9JIEKTPOJHTHUYCCKOIT [IC04I), 3HAA NPOU3BOAHTCIBLHOCTBL 1mexa . (nim
3aBOAA, WMJH TOCYAApCTBA) MO IIEJOYN, MO;KHNO JIerKO pacciuiTaTth,
CKOJBbKO XJopa or mponasonut. Kampoft ronnme NaOH «comyrerByior»
890 kr xsopa.

HY W CMA3KA! HonuenrpiipoBaHHag cepHaA KHCA0TA — APaKTHYC-
CKIl eJIHCTBEHHAA JKIJKOCTb, He B3alIMOeliCTBYIOIaA ¢ XJOPOM.
TMoatoMy AJA CHATHA H NCPECKAYNBAHMA XJIODa HA 3aBOAAX (CMOJib-
3YIOT HACOCHl, B KOTOPBIX poJib pafovero Tejxa Il OTHOBPEMEHHO CMa3-
KH BBINOJIAET cepnasA KICJOTa.

TMCEBAOHNUM ®OPUNPUXA BEJIEPA. Hccnenys BsanMojciicTBile
oprannvecknx BeHllecTB ¢ xJopoM. gpaunnyscknii xmmux XIX B, Hian
Iioma chesaj nopasuTesibnoe OTKPLITHE: XJOp cuocofeH 3aMmemarhn
BOJOpOA B MOJICKYJaX opraumdeckux coeannenuii. Hanpusep, npn
XJIOPHPOBAHIH YKCYCHOINl KHCJOTHI CHAdajlla Ol BOZOPOA METILib-
HOIi TpyNHBl 3aMeiaeTcA Ha XJOp, 3aTeM Apyroii, Tperuii.. Ho cambiM
NOPa3UTCJABHBIM OBIIO TO, UTO MO XHMIIYCCKHM CBOICTBAM XJOpPYKCYyC-
Hple KHCJIOTHI MaJoO 4YeM OTJNYAINCH OT CaMOll YKCYCHOIl KICJIOTEHL.
O6uapyskennslii Jlioma kaacc peaxmuii 6bln  coBeplieHHO 1eoGbac-
HUM TOCHOACTBOBABHINMH B TO BpeMs 3JEKTPOXHMIYECKOil rHHOTe30M
u Teopueil pamgunkanos Bepuemnyca *. Bepueamyc, ero yuenukm m mo-
cacgoBaten OypHO ocnapuBaJi npaBHabHOCTL pador Nioma. B mne-
menkoM skypuase «Annalen der Chemie und Pharmacie» mossmioch
H3[eBaTeNhCKOe MHCLMO 3HAMCHHTOTO HeMeunrkoro Xxumnka @puapnxa
Bénepa mox mncesnonnmoMm S. C. H. Windler (mo-memeurn «Schwin-
dler» 3maunt wokew», «obmManmux»). B mem coobimanocs, uro aBTOpY
yaanocs 3aMectHth B Kiaetdatke (CeH100s), Bce aromsl yraepona,
BOJOpOAA H KHCJOPOJA HAa XJIOp, NMpHYEM CBOICTBA KAETYATKH MNpH
3TOM He uaMeHmanch. M uto Teneps B Jlonmome jcsanT Temine na-
GpIOmIHUKN M3 BAThl, COCTOAMIEIl... 13 YHCTOro XJOpa.

XJIOP 1 BOJA. Xaop 3aMetHo pactBopsetrcs B sopme. [lpn 20°C B
onHoM ofbeMe Bonbl pactBopsAerca 2,3 o6bema xjopa. Boamsie pactpo-
pbl xJopa (xnopHasa Bofa) — kexroro msera. Ho co BpemeneM, oco-
GcHHO npH XpaHeHHII na CBeTy, OMM HOCTenenHo oGeciBeuHBalOTCA.
O0bAcHAETCA 3TO TeM, YTO PACTBOPEHHBIH XJOP YACTHUHIO B3AIIMO-
aeiicTByeT ¢ BoAOii, 00pasyloTcsa CONAHAA N XJOPHOBATICTAH KHCJO-
Tei: Cla+H:0—HCI+HOCL TIlocnennsia meycroilduBa # NOCTCHCHHO
pacnanaerca Ha HCl n kucaopoa. Iloatomy pactBop xjopa B Boae
mOCTeNeHHO OpeBpamaeTcAd B PACTBOP COJAMOLN KHCJOTHI.

* Ilo seipaskennio (paHuysckoro xumura JlopaHa, oTKpbHITHE XJop-
yKCycHoit Kuciorsi 6ui1o mofo6HO MeTeopy, KOTOpPLUE paspyuniui
BCI0 CTapylo LIKOJY.
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[lo upn HU3KNX TOMICPATypax XJop A Boja ofpasyioT kpucral-
gornapat meobbiumoro cocrasa — Clp-53/,H.0. 3tn 3ciaenoBaTo-sKeJ-
THIe KpHCTAMIH (yeToifunnie ToALKO nmpn Temnepartypax misie 10°C)
MOKNO NOJYUNTDL, MPONYCcKad XJop depe3 Boiy co JuaoM. Heobnrumas
tdopMyna ofvacusercs CTPYKTYpoil Kpucrauiornapara, a oua onpeje-
JACTCA B NEPBYI0 OUYepeas CTPYKTYpoil AbAa. B kpHcrauimueckoii
peiieTie anga Monckyant H.O moryTr pacnonaratbCs TaknM oGpasom,
UTO MEKAY HIMH OOABJIAIOTCA 3aKOHOMCPHO pAacloJioKeHOble MycTo-
TH. JJCMenTapnas kKyOmueckasa aueiika coiepsknT 46 MOJEKyJd BOAMI,
MEKAY KOTODPBIMH €CTh BOCEMDL MHKpOCKOfYeckuX myctor. B aTnx
AyCcTOTaX H ocexalT Monery:dst xjaopa. Tounasa dopmyna kprncra-
Jormjparta xjaopa nodToMy Aomkna OmTh 3anncana tak: 8Cl-46H-0.
OTPABJIENNE XJOPOM. IlpocyrcrBie B BO3Ayxe YKe OKOJNO
0,0001% xnopa pasgpajkaioule AciicTByeT MHa CANBNCTHIC O0OJOYKIL.
Mocroaunoe npeGuiBanne B Takoili arMocdepe MokeT npnpecTn K 3a-
foneBaniio OPOHXOB, PC3KO YXYAMAaeT anmeTHT, NPHAAaeT 3eJICHOBA-
Telii OTTeHOK Koce. Ecin coaepkanme xjopa B BO3jyXe COCTaBJfeT
0,1%, TO MO’KeT HACTYUNTL OCTpOe OTpamjenie, mepsblii NPA3HAK KO-
TOPOro — MpHCTYNHl CHuALHelimero kamunsg. [lpn oTpamienmn Xaopom
neoGxoanM abCoNIOTHBIT WOKOI; HOJNE3HO BABLIXATh KHCIAOPOA 1IN
aMMnak (Hmioxas DAmIATHIPHBI CHHPT), WJIN mapel cnmpra ¢ adipom.
Tlo cymecTBYIOIHM CAHIITADHBIM HOPMaM COJAep’KaHile XJ0pa B BO3-
Ayxe mNpON3BOACTBEHHLIX TOMeIleHNII He [RO/KHO NpeBLIMATH
0,001 mr/a, 1. e. 0,00003%.

HE TOJIBKO fIA. «Urto Boskn kafgHbl, BCAKNil 3uaet». Uro xJjop apo-
BHT — Toske. OiHaKo B HeGOJNBIUNX [03aX AAOBHTHI XJOp HHOTAA Mo-
MeT caAymnTh 1 npornpoanneM. Tak, mocTpagaBmmM OT cepoBOfopoaa
HAIOT HIOXaTh HecTolikylo xJjopnylo nspectb. BaammopeiicTBys, asa
Afla B3aNMHO HellTpajJnayoTcs.

‘AHAJIN3 HA XJIOP. [na ompepedenisa cofepkanna XJjopa npoly
BO3lyxa MPONYyCKAaOT “epe3 MOITIOTHTENAN ¢ MOAKICJICHHBIM pPacTBO-
poM mopncroro kaansa. (XJop BbiTeCHAET MOA, KOJNMYECTBO MOCHE]-
Mero JICTKO ONpeAc]sieTcH THTPOBammeM ¢ NOMOMLIO  PacTBOpa
Na»S,0;.) [Ana ompefiesiennsa MHKPOKOJHYECTB XJopa B BO3AYXe HaCTO
NpiMenseTca KOJOPNMETPHYECKIiT METO[, OCHOBANMBEIT Ha pe3KoM
W3MCHCNIAH OKPACcKH HEKOTOpHIX coefnHennil (Gemanjina, opToToJy-
HAHHEA, MeTIJIOpaH/Ka) HpH OKNclNennn nx xjaopoM. Hanpmmep, Gec-
NBeTHBI HOAKHCJAennbil pacTsop Gemananma npuoGperaer kenThril
oBeT, a HeliTpaduublil — cinnii. MHTenCHBHOCTL OKPACKH MPOMOpIIr-
OHAJbHA KOJHUECTBY XJOpa.



APTOH

B 1785 r. auraniicknii xsMuk 1 ¢m-
ank I'. KaBenmum obGnapy:xnn B Bo3ay-
Xe KaKoil-To HOBBI# ras, HeOOBIKHOBEH-
Ho ycroituuseiii xnmuueckn. Ha mosio
3TOr0 rasa OpHXOAIIACh MNPIMEPHO
OJHa CTO fABajillaTaf 4acTh o0beMa BO3-
ayxa. Ho uro 3ro sa ras, Kasenmumy
BBIICHHTH He YAajlocCh.

06 arom onwmtte scnomumau 107 mer
cuycta, wkorga Jlmon Ymubam Ctpatt
(nopp P'aneil) maTonKHyncsa Ha Ty ke NMpHMeCh, 3aMETHB, YTO
a30T BO3JyXa TsANeJiee, 4eM a3oT, BBbIfeJIEHHBII1 113 coeflHe-
unii. He waiiga jocrosepnoro o6bsacuenus anomanns, Paneit
uepes xypuan «Nalure» oOpaTIIICA K KOJJIEraM-eCTECTBOHC-
OBITaTeNAM ¢ OpeJJIoKeHlIeM BMecTe NOAYMAaTh I mopaGoTaTs
Haj pa3rajKoil ee MpIYNH...

Coycta gsa roga Paneii u Y. Pamsail ycranosnnd, 4910 B
asoTe BO3[yXa AeiiCTBUHTENBHO €CThb NPHMECH HEN3BECTHOTO
rasa, Oosee TAen0Oro, yeM a3oT, 1 Kpaiiie MHEPTHOrO XIIMH-
q9eCcKIH,

Korna onn BelcTynmian ¢ nyGanYeabiM coobIieRAEM O CBO-
eM OTKPBITHH, 3TO NPON3BEJIO OlIEJOMIAIONEe BlevaTieHHe.
Muornm Kasanoch 1eBepOATHBIM, YTOOBI HECKOJbLKO MOKOJIe-
HHil y4YeHBIX, BBIOJHIBIINX THICAYH aHAJN30B BO3JyXa, MMpo-
rAJeNIl ero COCTaBHYIO 4acCTh, fla elle TaKyl 3aMeTHYI —
OOYTH mpoueHT!

HKcratn, usmenno B ator genb m uac, 13 asrycra 1894 r.,
aproH 1 DOJYYHJ CBOE€ IIMA, KOTOpOe B IepeBojie ¢ Ipedecko-
ro 3HAUHT «HefeATenbHbl». Ero mpempnosxun mpenuceparesn-
cTBOBaBIINIT Ha coGpaHu gokTop Menan.

Mesxny TeM HeT HNYero yAUBHTEJNLHOrO B TOM, YTO apro
TaK [[0JIT0 yCKONb3al oT y4eHnx. Benb B npipoae ou ce6a pe-
murtenbHo Hiuem He npossnan! Hampammnsaerca napannens
¢ AJepHOii JHeprueii: roBopA 0 TPYAHOCTAX €e BHIABJIEHN,
A. OiiHuITeilH 3aMeTIUl, YTO HeJIETKO pacmosHaTh Goraua, ecam
OH HEe TPATHT CBOIIX JIeHer...

Crkenciic yuenblX Gbi1 GBICTPO pasBesiH 3KCHEPAMEHTANb-
Hoii npoBepkoii i ycTaHOBJeHHeM (PII3HYECKNX KOHCTAHT apro-
Ha. Ho ne ofomoch Gea MopajbHBIX N3fepKeK: paccTpoeH-
HBI HamagkaMmn koser (raaBHbIM oOpasom xumukos) Poneit
OCTaBILT H3yYyeHHe aproHa M XMMHIO BOoOme U cocpexoTOTIa
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A>koun Ynabam CTpaTT nos-
>ke nops Panei (1842—1919) —
aHTANACKUIA (UMK M XUMUK, OfUH
13 nepBooTKpbiBaTeneid aproHa. W3-
3a TPeHUit M CnopoB, BO3HUKLLIUX
BOKPYr 3TOr0 OTKPbITUSA, YYeHblid
BCKOpe OCTaBun XUMUI W MNONHO-
CTbi0 MepPeKNoYNICA Ha WUcCnefoBo-
HWA B 06nacTU ONTWKKU, aKyCTUKK,
Teopun kKonebaHwii. UM OTKpbIT 3a-
KOH paccesiHns cseTa, KOTOpbIA Tak
N Ha3blBalOT 3MKOHOM Panesa

CBOM MHTEPeCbl Ha (M3nyecknx npobnemax. BonbWOoW yyeunblid.
OH M B (hM3MKe AOCTWUT BblAAlOLLMXCA pe3ynbTaToB, 3a 4TO B
1904 r. 6bIn ygoctoeH HobeneBckoir mpemun. Torga B CTOK-
rofibMe OH BHOBb BCTPeTWCS C Pam3aem, KOTOpbIA B TOT Xe
feHb nonyyan HobGeneBCKylo MPeMUtO 3a OTKPbITUE U UCCNefo-
BaHMe 611aropofiHbIX rasoB, B TOM 4uWC/le W aproHa.

O6GMUK «HeaesiTeNIbHOro» rasa

XvMUYeckas WHEPTHOCTb aproHa (Kak n Apyrux rasos
3TOW rpynnbl) W OAHOATOMHOCTb €ro MOJMIEKYNl 06BACHSATCS
Mpexze BCEro npefenbHOWM HacbILEHHOCTLIO 3/IEKTPOHHBIX 060-
noyek. TeM He MeHee Pa3rOBOP O XMMMUM aproHa CErofHs He

becnpegMeTeH.
ECTb OCHOBaHMS CUMTaTb, YTO WCKIHOUMTENLHO HECTOWKoe
CoefjMHEeHNe —Ar, obpasyolleecs B 3MEKTPUYECKOM pas-

pafe,—a3To MNOAJMHHO XMMUYecKoe (BaneHTHOE) COefUHeHNe.
He ucknwoyeHo, 4yto 6yAyT NonyyeHbl BaneHTHble COeAMHEHUA
aproHa ¢ ()TopoM U KUCMOPOAOM, KOTOpble, CKopee Bcero, 6y-
OYT HeyCTOMYMBbLIMW, KaK HECTOWKM W [aXKe B3pbIBOOMACHbI
OKMCNbl KCEHOHA —Ta3a, 6onee TAXKENOro v ABHO 60fiee CK/IOH-
HOr0 K XMMWYECKUM peakuuaMm, YeM aproH.

Ewe B KOHUe npowioro Beka (paHuy3 BHRAsp, cxnmas
aproH nog sogoii npu 0° C, nonyuynn Kpuctanaorugpar cocra-
Ba Ar-6HX, a B 20—30-x rogax XX crtonetua b. A. Huku-



THbIM, P, A. @pankpanom 1 gpyriMu ucciefoBaTeNaMil opil
NOBBIMIEHHBIX [ABJEHIAX W HI3KIX TeMmmeparypax Onuin
noJIyueHbl KpHCTAMJINYeCKIe KIaTpaTHble COeAUHEHIA aproua
¢ H.S, SO,, ranorenosonoponasy, denonmaMin U HEKOTOPHIME
apyrumu  BewectBaMmi, B 1976 r. nospunoch cooGiienne
0 cligTe3e TijpIfia aproHa, HO THAPH 3TOT OCOOBIIi.

B Merta-cTabIuiLHOM — 3JIEKTPOIHO-BO30YIKIEHHOM — COCTOA-
HUIl aproH, Kak o [pyrile 0Jiaropo/iHble rassl, cnocoded
00pa3oBBIBATL KOPOTKOMHUBYIIIE COEJUHEHIIs, BpeMs 3KH3HI
KOTOPBIX H3MepseTcsa HiKocekyniaMmu. Ho Kak Toabko atom
aproHa BO3BPAUIAeTCA U3 3TOro BO3DYMAEHHOTO COCTOSTHIA
B OCHOBHOe, NPOHCXOAIT pacmaj 9THX HeoOBYubIX coejiie-
Huil. Bor moxka u Bce ycmexm XumMmuu...

Y13 NmOArpyNmIBl THAMENBIX IIEPTHLIX Ta30B aproil caMblil
aerknii. On Taenee sosayxa B 1,38 pasa. Hujoctrio crano-
sutcsa npu — 185,9°C, szarsepaesaer npu — 189,4°C (B ycio-
BUAIX HOPMAJILHOTO AaBjieHna). B oTaidile oT rejaus u neoua,
UH JI0BOJILHO XOpOMIo ajcopOIpyeTcs Ha NMOBEPXHOCTAX THep-
abIx Ten un pacrsopserca B poge (3,29 cm® B 100 r Boabt mpu
20° C). Eue nyume pacTBopAeTca aproH BO MHOCHX Opramii-
9ecKUX JKUAKOCTAX. 3aTO OH NPaKTIUeCKH HepacTBOpPIM B
MeTa/lax ¥ He AUPE@YHAIPYET CKBO3b HIIX.

Kax Bce uneprable rassi, aprou anamaruiren. JTo 3naulT,
4TO €ro MarHiTHaA BOCHPIHMYHBOCTL OTPHLATEALHA, OH OKa-
3plBaeT GoJibliee MPOTIBO/EIICTBIIE MATHITHBIM CILIOBBIM JIH-
HIIAM, YeM nycToTa. ITo cBoiictso aproua (kKakK I Muoriue apy-
rie) oGDbACHAEGTCA «3aMKHYTOCTDLIO» 3JIEKTPOHIBIX 0060104EK,

Ilon peiicTBlieM 3JEKTPHYECKOrO TOKA aprol ApPKO CBETIT-
cs, cuHe-roay0oe cpedenyie aprona UIIPOKO ICHOJL3YETCH B
cBEeTOTeXHILe.

Temeps 0 BAHANUII aproHa Ha ;KNBOIT opraunsM.

IIpu sapixamun cmecn n3 69% Ar, 11% aszora n 20% xn-
ciopojla HOf JaBielieM 4 aTM BOSUIIKAIOT ABACHIS HAPKO3a,
KOTOpble BBIpAKEUbl TIOpPasjio cllabliee, 4eM NPl BjBINaHIIN
BO3yXa noj Tem e jlaBnenneM. Hapkxos mMruosenno mcuesa-
eT mocje npexpauienist nopauu aproua. Ilpuuiuna — s memo-
JSIPHOCTII MOJIEKYJl aproua, MOBBILIEHHOE JKe JlaBjeniie ycIii-
BaeT pacTBOPIIMOCTL aproHA B HEPBIBIX TKAaUAX.

Bironorn Hamuii, 4To aproH 6aaronpHATCTBYET POCTY pac-
renuii. Jlake B armocdepe duicroro aprosa cemema pica,
KYKYpy3bl, OTYpLOB Il DKM BBIKIHYJAH pocTkil. JIyK, MopkoBb
0 cajJaT XOpoWmlOo NpopacTalT B arMocdepe, cocToslueil 13
98% aproua 1 tToabko 2% xucaopo;a.
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Ha 3emae 11 Bo Beenennoii

Ha 3emie aprona maMiioro 6oibmie, YeM BceX MPOYHX re-
MEHTOB ero rpymmsl, BMecTe B3ATHIX. Ero cpemunee cojep-
JKaHIe B 3eMHOIl Kope (kiapk) B 14 pas Goxbile, ueM resus,
1 B 57 pas Goxblle, yeM Heona. EcTs aprom m B BOne, MO
0,3 ¢v® B suTpe mopekoit 11 1o 0,55 ¢’ B ymTpe mpecHoR BOAHI.
JliobonwiTHO, UYTO B BO31yXe IJIABATENLHOTO My3sIpA pHIG
aprona uaxonsar Goxbiie, 4eM B atmocdepHOM Bozyxe. ITO
NOTOMY, YTO B BOjle aprol pPAacTBOPIIM Jyulle, YeM a3oT...

Fnasnoe «xpannamie» 3eymoro aprona — atyocepa. Ero
B ueli (no secy) 1,286%, npmuem 99,6% armocdepnoro apro-
na — 3To camblii TAMKe bl 1m3oton — aprou-40. Eme Gonbme
7oA BTOro 130TOIA B aprome 3eMuoii xopsl. Memmy Tem y
TORABIAIOUETO GOMBIIIINCTBA JETKIX 3JeMEeHTOB KapTHHa 00-
patiasa — npeoGaajaloT Jerxkie H30TOMI,

ITpiuina sToit anomamnn obunapyskena B 1943 r. B zemuoii
KOpe HAXOJUTCA MOINHBI 1croaullk aprona-40 — pagnoax-
THBHHIT n3oTon Kaimna ‘°K. 9toro nsotona ma mepsslit B3raAn
B negpax uemioro — Beero 0,0119% or oGmiero comepmanus
Kaaug., Onuako abconioTnoe KojmdecTso Kanng-40 Benmko,
MOCKOJBKY KaJiii — OJIHH 113 CaMBIX pPacHpocTpaHeHHHIX Ha
Hauleii mianere sIeMeHTOB. B KaKjoil ToHHe H3BePKEHNBIX
nonon 3,1 r kamna-40.

PammmoaktusHbiii pacnan atoMubix agep kanna-40 ujer ogn-
nospeMenuo asyma nytamil. Ipuyepro 88% xanmna-40 mog-
Bepraerca Oeta-pacmany u mpeppamaetca B Kanbni-40. Ho
B 12 caywanx uz 100 (8 cpennem) anpa wamusa-40 ne nanyuqa-
‘10T, a, Ha000POT, 3aXBATBIBAIOT 10 OJHOMY 3JERTPOHY ¢ G-
maitmeli & saapy K-opénter  («K-saxsat»). 3axsaveunustii
TEKTPOT COEIIHAETCA ¢ MPOTONOM — 0obpasyeTcA HOBHIT Heil-
TPOH B Ape W I3NydaeTcA HeliTpnHo. ATOMHBIH HoMep 3ie-
MenTa yMeHnpluaeTcsd Ha eIHIIY, a Macca Axpa ocTaeTcs
npaktTHyeckn wensMmenmoii. Tax Kanmit mpespamaerca B
apror. .

Tepuon moaypacnaga *°K nmocrartouno semnk — 1,3 mups.
aet. IloatoMy mpomecc o6pasoBauns ‘°’Ar B Hegapax 3eiun
GyneT mpojomKaThes eme Aoaro, ouenb joiaro. Hoaromy, xors
H uypesBBIYAIIHO MejJienno, Ho Heywkiouno GygeT BospacTaTh
cojieprkailile aprona B aeMuoil kKope n atMocgepe, Kyja aprou
«BBIJ(BIXACTCA» JIITOC(epoil B pesyibrare BYTKauHIeCKHX
MPoIeccoB, BBIBETPHBANIA I TEePeKpICTAIIISALIN TOPHBIX
TOPOJI, & TalkiKe BOMHBIMIH IICTOYHIIKAMII,
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IlpaBaa, 3a BpeMs cyllecTBOBaHMA 3eMJIM 3alac PaiROAK-
TUBHOTO KaJIus OCHOBaTeJNbHO HcTOMUICH — oH ctan B 10 pas
menpme (eciu Bospact 3eMaH CIATATH PaBHBIM 4,5 Muipa.
JeT).

Cootnomenne msoromos ‘“°Ar:*°K m *°Ar:*Ar B ropunix
IOpoJaXx Jerjio B OCHOBY aprOHHOTO MeTola ompejeieHus a-
CONIOTHOr0 BO3pacTa MmuHepatoB. QueBujHO, 4eM Gosiblle 3TN
OTHOILUEHMSA, TeM JpeBHee MOpPoja. AProHHBIi METOJ CAUTAET-
cA Haubosee HafgeKHBIM [JIA OHpefejeHHA BO3pacra H3Bep-
JMEHHBIX TOpOA M OOJBIIMHCTBA KAJIHWHBIX MHHEpAJOB.
3a paapabotky aroro Meroma mpodeccop 3. K. Tepaunr s
1963 ropy ymoctoen Jlemunckoii mpemum.

Wrak, Becs mwin nourn Becr aprou-40 mpounsomen na 3em-
ae ot kKanua-40. [losTomy Tsmenblit M30TON M AOMHHHPYET B
3eMHOM aprome.

Itum daxropoM obbAcHAETCHA, KCTATH, OfHA U3 aHOMAJHil
nepHogNYecKoil cucTeMbl, Bompekn nmepBOHAYaibHOMY NpHH-
U0y ee IOCTPOeHHs — NPUHUUIY AaTOMHBEIX BeCOB — aproH
nocTasien B Tabunue sBoepexu KaauA. Ecam 6bl B aprone, kak
4 B COCEHHX 3JIEMEHTAX, npeobaajanu jJeTKHe H30TONbI (KaK
3TO0, MO-BHJMMOMY, HMEET MeCTO B KOCMOCE), TO aTOMHBHIi Bec
aproHa 6b1 GBI HA [Be-TPH eMHUIBI MEHbIIE...

Tenepb 0 Jerkux H30TOHAX.

Otxyna Gepytea **Ar m *Ar? He mncwiioueHo, 4to xaxas-
TO 4YacThb 3TUX ATOMOB PEJUKTOBOrO IPOUCXOKIEHHA, T. €.
4aCTh JIETKOTO aproHa OpWIIa B 3eMHYIO aTMocepy U3 Koc-
Moca mpu GOpMHpOBAHIH Hallel [aHeTHl U ee aTMocdepsl.
Ho Gonpwasa wacTh Jerkux H30TONOB aproHa poOAWAAch Ha
3eMie B pesynbrare AfePHBIX IPOIECCOB.

BeposarHo, euie He Bce Takme mpolecchl OGHapy’KeHHI.
Cxopee BCero HEKOTOpble M3 HUX JAaBHO NPEKPATHIHCh, TaK
KaK MCYepHajich KOPOTKOMKUBYIHE AaTOMBI-¢DOXUTENH», HO
ecTh U MOHBIHE MpOTeKaloUiue fijiepHbIe MPOLECChl, B KOTOPBIX
pospalotcs aproH-36 u aprou-38. Ito Geta-pacmag xjaopa-3A
o6ctpen anbda-gacrunamMu (B ypaHOBBIX MHUHepanax) cepbl-33
u XxJopa-35:

B 0
3C1 —> 3Ar + e + v,
?’;S + jHe — ?gAr + (l)n,
1+ fHo A1 4k + e

B marepun BcenenHoit apron mpexcrapien eme ofuibHee,
gemM Ha Hamleid miamere. OcofeHHO MHOr0 €ro B BEHIECTBO
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ropAYuX 3Be3ji- U ILUIaHeTapHBIX TyMaHHocTeii. Ilogcuurano,
4TO aproHa B KocMmoce Oosbile, ueM xjopa, ¢ocdopa, Kajin-
uMs, KajidA — dJeMEeHTOB, BecbMa pacHpOCTPAHEHHBIX Ha
3emue.

B KocMuueckoM aprosHe riaBeHCTBYIOT Hu30TOombl *°Ar n
**Ar, aprona-40 Bo Bcenennoii ouensr Mmano. Ha aro ykasm-
BAeT MAacc-CIEKTPANbHBI AaHAJH3 aproHa U3 MeTEeOPHTOB.
B ToMm jke yGesKmaoT MOACYETH PACHPOCTPAHEHHOCTH KaJuA.
OxagbiBaercsa, B xocmoce Kajiua npuMepso B 90 Thic. pas
MeHbIIe, YeM aproHa, B TO BpeMsa KaK Ha 3eMile UX COOTHO-
HleHHe fABHO B mOJab3y kaaus — 660:1. A pas mano kanus,
TO OTKYyJa ke B3ATbCA aprouny-40?!

Kak moGsiBaror aprou

3emuas armocdepa cogepmur 66-10° T aproma. Iror
ACTOYHUK aproHa HemcuepmaeM, TeM Gojiee 4TO NPaKTHYECKH
BeCh aproH paHo WM HO3[HO Bo3BpailaercA B armocdepy,
HOCKOJIBKY IpU HCHOJb30BAHUH OH He IpeTepHeBaeT NHKa-
KHX (PH3NYECKUX MM XMMHYeCKHX HaMemenwil, Vckiaiouenue
COCTABJIAIOT BecbMa HE3HAYUTENbLHBHE KOJIMYECTBa M30TOIOB
aproHa, pacxogyeMple Ha OOJIyYeHHE B ANEPHBIX PpeaKIHUIX
HOBBIX 3JIEMEHTOB 31 H30TOIOB.

[fonywalor apron Kak mnoGOuHBI HPORAYKT HpHM pasfeie-
HHH BO3[(yXa Ha Kuciopog #u a3or. OGBIYHO HCIONBL3YIOT BO3-
AyXopasneauTeNbHble aNOapaThl ABYKpaTHOl pexTHduKauuu,
COCTOsALIHE U3 HUMKHEH KOJNOHHBI BHICOKOTro HaBjieHHs (mpep-
BAPUTEJIBHOE pasjelieHue), BepXHeil KOJOHHBlI HH3KOLO [aB-
JeHHA ¥ NMPOMEIKYTOUHOrO KOHJeHCaTopa-Hcmapureisa. B xo-
HEYHOM c4YeTe a30T OTBOJUTCA CBEPXY, a KHCJIOPOJ — U3
HPOCTPAHCTBA HAI KOHAEHCATOPOM.

Jlerygects aproma Goabmie, yeM KHCIOPOAA, HO MeHbIIE,
deM a3ora. [ToaToMy aprounylo ¢pakuuio oTOMpPAOT B TOUKe,
HaXofAlleiicss HpUMEePHO HAa TPeTH BBICOTH BepXHeil KOJOH-
HBI, U OTBOJAT B CHenuajbHyl KojioHHY. CocraB apromnHoi
Ppaxuuu: 10—12% aprona, go 0,5% asora, ocranbnoe — Kuc-
aopoa. B «aprouuoii» KoionHe, mpucoegUHEHHONH K OCHOBHO-
My ammapary, moaydaioT apron ¢ mpumecbio 3—10% xucio-
pora u 3—5% azora. [lanpiue ciegyer OYHCTKA «CHIPOro»
aproHa or KHcJopoja (XHMHYEeCKUM HmyTeM uiHn agcopOiiueit)
n or aszora (pexkrnduxauueit). B mpombimiennbx Macmira-
6ax upige monmyvaior aprod mo 99,99%-uoit wmcrors, Apron
H3BJIEKAIOT TAK)Ke K3 OTXOJ0B AMMHAYHOTO HpPOM3BOJCTBA —
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U3 a30Ta, OCTABLIETOCA MOoCie TOro, Kak GONBUIYI0O €TO 4acTb
CBA3aJ1I BOJOPOJIOM.

Apron XpaHAT WM TPAaNCHIOPTIPYIOT B GasmoHax eMKOCTHIO
40 5, oxpawlenusix B cepwiil 1BET ¢ 3eJeHOIl MOJOCOIl 1 3eJie-
poit nagmucoio. lasneune B nix 150 arsm. Bonee akonomiuna
rnepeBo3Ka CHILKEHIOTo aproHa, jUig Yero HCHOONb3YIOT cocy-
ael [lploapa 1 coemianbibie WHCTEpHbL.

Uckyccerpenuble pajlon3oTonsl aproia HoJydensl nmpu o6-
JydenHi HEeKOTOPBIX CTadINILHBIX I PaAllOAKTHBHBIX M30TO-
nos (*’Cl, **Ar, “Ar, **Ca) nporomnaMIil II AelTpoHaMIH, a TaK-
iKe Tmpl ofaydeHIN HeliTponaMi mPOAYKTOB, 00pa3oBaBIIIIX-
¢ B AJleplUBIX peaKkropax upu pacmaje ypaHa. Mzoronsr *Ar
¥ “Ar uCnoONL3YIOTCA KAK  PaJHOAKTIBHBIE MHJIIKATODPLL:
nepsslii — B Meauue 1 ¢apMaKoJOTHH, BTOPOIl — OpH JC-
clIeI0BaHUIl TA30BhIX HOTOKOB, 3(eKTHBHOCTH ClICTEM BeH-
TIJALNN O B pa3HoofpasHbix Hayuubix Iccnenosannax. Ho,
KoHledHno, He JTI npiMeleditss aproHa caMble BayKHbIe.

«Henearexpnniiin — geareanupiii

Kagk camsiii jloctynnslii 1 oTHocuTesnbuo jeieswlii Gaaro-
POAHBIIl Ta3 aprou cTaj MPOJLYKTOM MacCOBOro TTPOH3BOJACTBA,
ocoBenno B nocJjejiuie JecsTHieTHs,

IlepBonavasbuo raaBubiM morpebirenem diaemenra Noe 18
ObLIa 3JleKTpoBaKkyyMHasa Texuuka. M ceifiuac mogapnsioniee
OO/IBUIHCTBO JIAMII HAKAJIBAHIA (MMIUIAPAbl IUTYK B FOM)
sanonusaoT cmecvio aprona (86%) 1 asora (14%). [lepe-
X0J1 ¢ YIICTOTO a30Ta Ha 3Ty cMech IMOBBICIUI CBETOOTAAYY
aamn. [lockosbky B aproue yjauiio coyeraiorcs s3navdiTeNh-
Hasg IUIOTHOCTH € Maloii TenJompoBO;IHOCTHIO, MeTajll HITH
HaKaJllBamls licnapAeTcA B TaKUX JaMIax Mejylenuee, lepe-
nava temaa ot HUTH K Koxbe B miix Menbine. Hcenosbsyeres
aproH I B COBPeMEHHBIX JIIOMUIECHEeNTHBIX JaMmax ;yis 06-
JeryeHus 3a)KuraHiifg, Jydileil nepemadyl TOKa H mpegoxpa-
HeHIIsT KaTo/i0B OT Pa3pylueHs,

Opuarko B mocihejiie AecATHIeTHA Halboablasg 4YacTb
MOJIy4aeMoro aprosa HjieT He B JAaMIIOUYKI, a B MeTaJUuIypruio,
MeTaJNI000padoTKY 1 HEKOTOPBIE CMEKIIble ¢ HNMI OTpacJil
mpoMbILTeHHOCTIL. B cpefe aprona BejAyT mpoueccsl, mpi Ko-
TOPBIX HYMHO HCKJIOUHTL KOHTAKT pacIUIaBJIeHHOro MeTasja
¢ KIICIOPO/IOM, a30TOM, YIIEKIICIOoToli I Bjaaroii Bosjyxa.
Apronnas cpeja ucnonansyercs npu ropAaveii o6paborie TiTa-
1a, TaHTtajla, HuobuA, OGepuialsA, HUPKOHHA, raduus, BOJbL-
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Pppana, ypana, Topls, a TakKe MmeJoulbIx MeTamnoB. B atMo-
cepe aprona oO6padaTBIBAIOT MIYTONNIL, T0AYYAIOT IEKOTOPblE
coejHHEeHIA XpoMa, TUTANA, BAUAANS I APYIHX JIeMELTOB.
ITpoayska apronoM JKIAKOIT CTANM HaMHOYO TOBbILIaeT ee
KauecTBo.

Yite cyuiecTByloT MeTaJuypriuueckiie 1exis o0’beMoM B He-
cKOJILKO Thicu Kyboamerpos ¢ armocdepoii, cocrosuieii us
aproua sblcokoii wierorsl. B aTix mexax padotawT B 113041-
PYIOIIIX KOCTIOMAX, a JBIIAT 110/laBaeMbIM uYepe3 LIJIAHTIl
BO3jlyxoM (BblibIXaeMblil BO3JlYX OTBOJALTCA TalkiKe 4vepes
mjanry) ; 3anacHele JpIXaTEIblble allNapaTh! 3aKkpemlienbl Ha
cninax paboTtawooLix.

Saugtuble GyuKIIn BHIOJNLIACT aproli H UpH Bbipallinba-
HILI  MOHOKPUCTAIIOB  (1IOJYHPOBO;IHIIKOB, CCIHETOICKTpi-
KOB), a TaK)<e B NPOU3BOJCTBE TBEpl0CINIABHBIX HHCTPYMeH-
toB. Ilponyskoii aproma uepes »KIJIKYyI0 cTajlL 113 liee yJa-
JAIOT rasoBble BRKJIIOUeHlsl. JTO YJyvyllaeT cBoiicTBa Me-
ramia.

Bce mipe mpimenserca ayroas 2JIEKTPOCBAPKa B cpejle
aproua. B aproumnoii crpye MoMHO CBapnBaTh TOHKOCTEHHblE
H3JeJHS M MeTaJUIbl, KOTOpble Dpejijie CUHTAJICH TPYAHOCBA-
pPMBaeMBIMIL.

He 6yger npeysemuueniieM crasaTh, 4TO 3JJIeKTpiuecKas
jyra B aprouioii atMmocepe BHecla LepeBOPOT B TeXHIIKY
peaxn aeramnoB. [pouecec mamioro yckopmics, HOfBHIACD
BO3MOKHOCTL pe3aTh TOJCTble JIICTBI CAMBIX TYTOIIABKUX
metasnon. IlpojyBaemslit Brons cronda pyru aprou (B cmeci
¢ BOJIOPOJIOM) HpejloXpalisier KPOMKII paspesa 1 Bodbpamo-
BBIil 9JIEKTPOR OT 00pa30BaHiis OKHCHBIX, HUTPIJIHBIX 1l HHBIX
uwienok. OjuoBpeMeHHO Ou CIKHMACT M KOHLEHTPIpYeT Jyry
Ha MaJIOH MOBEpPXLOCTH, OTYEro TeMllepaTypa B 30Ie pe3Ki
nocturaer 4000—6000° C. K ToMy sKke aTa rasoBas CTPYR Bbl-
ayBaer npojyKTs! peskil. Ilpn cBapke B aproumoii crpye Her
nafo6iuoctii Bo (iiocax I 3JMEKTPOJHBIX INOKPBITHAX, a CTAJIO
ObITH, 11 B 3a4lICTKe IIBa OT HIIaKa H OocTaTKoB duiioca.

Taxosn Basiueiiie npumenenna aproua. Ou cran umyscen
MHOIMM OTpacifAM HAYKH H TeXHIKI, B TOM YIICJe CaMBbIM
cospeMelHbIM oTpacisam. He ciepyer, ojHako, culiTaTh, 4TO
BCe BO3MOSHOCTH iemenra Ne 18 yike ucuepnansbl.

Crpemsieniie  1ICOOJB30BaTH CBOHCTBA M BO3MOKHOCTH
CBEPXYIICTBIX MaTepHaJOB — O/lHA 13 Teuaenunii cospeMen-
Hoit Texmiku, Ilas cBepXuncrToThl HY)KNBI HHEPTHBIE 3alllIT-
uple cpejibl, pasyMeeTcs, TOMKe YIICThle; apron — caMblii Jie-
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meBbIi ¥ JOCTyOHBIE 13 Giaropomubix rasoB. IlosTomy ero
npoU3BOACTBO H moTpelsenue pocjo, pacteT u Gymer pacrir.

NPEACKA3AHUE H. MOPO30OBA. B suBape 1881 r. B Ilerponasios-
cKkylo, a sateM B lllnmccennOyprcKyno KpemocTs 3a peBOJIIONHOHHYIO
NeATeJIbHOCTh ObLI  3aTOYeR pYCCKHil Y4YeHBI-CAMOPONOK, YeJoBeK
sHUMKJIomegudeckoro yma Hukosait Moposos. UerBeprs Beka nposena
OH B 3aKJI04YeHHH. B jKyTKHX ycJOBHAX Ka3eMaTa OH DNpOAyMaJ H Ha-
oacaa oxoso 60 knur M craTeii N0 pasJHYHBIM BONPOCAM €CTECTBO-
sHaHuA. Pa3BuBaa upen Menpeneesa, oH nmocTpons Tabauuy «MHHe-
pajibHBIX 3JieMEHTOB», B KOTOpPOH B OTJAHuYHe OT MenjesaceBCKoil Tab-
Junbl Gbla mocjefHAA rpynna; B Hee Mopo3oB BKJIOYHA HpeamoJa-
raeMble XUMHYECKH He AaKTHBHBIC 3JIeMEHTBI C ATOMHBIMH MAaccaMu
4, 20, 36 (uam 40), 82 u 1. a. [loae, B 1903 r., o nmcax: «Aganorus
NOACKAa3bIBAJIA, 4YTO HeAOCTAIOIHE 3JeMeHTbl HOMKHBI ObIThb.. raso-
oOpasHbiMu... MIcKaTh HX, O TeopuH, CJIeN0BAJ0 HMCHHO B aTMocde-
pe.. ATOMBl y 3THX 0e3BAJIEHTHBIX.. ra3oB He NOIKHH GbHITh MeHee
OpOYHEI, YeM Yy OCTAJbHLIX 3JIEeMEHTOB.

..Beauka Gba Mos pajocTh, KOrAa BHepBble [OMJA [0 MeHs
BecTh 00 oTKphiTHH Pam3aeM u PajieeM mepBoro BecTHHKa H3 3TOii
HeAOCTaBaBlIeil cepud 3JeMeHTOB — aproual»

N YV BEJIMKUX BBIBAIOT OUIUEKU. O6 oaunoii U3 TakHx owHG0K
pacckasbiBaJi B aBTOoOHOrpadmueckoM odepke Pamaail: [locae cikmie-
HAA CHIPOrO aproHa OH O0HApY)KHJI Ha CTEHKax COCylda KaKoe-To Be-
mecTBo, NP HCOApeHHH KoToporo ofpasoBajca ra3. CHeKTp rasa Obli
1HeoObIYHBIM\ H YUeHBI mocHemus cooGHiuTL 00 OTKPBLITHH eme ofi-
HOr0 KOMIOHEHTAa BO3JyXa, KOTOpbli oH Ha3san MetaproHoM. Ho upm
nocjeayomeil NpoBepKke OKa3aJoCh, YTO ITOT HEOOBIYHBLIA COEKTP Aa-
Ja.. cMeck aproHa ¢ CO. OTkyaa momaja B KHAKANH BO3AYX OKHCh
yriepofa — CKa3aTb TPyAHO. BaskHO, 4TO W B 3TOll — MaJjo0 OPHATHOI
I ydeHoro — catyaumnm Pamasail okasajcsa Ha BbicoTe. Bor ero cob-
CTBEHHBIE CJIOBA mO 3TOMY HoBoAy: «JlocToiiHOo co<ajleHHS, KOHEYHO,
ecau cayuaerca oOHaponoBaTh HeuTo HeTouHoe. TeM He MeHee s oc-
MEJHBACh AYMaTh, YTO cJyudaiiHaa omubKa ussnnureiabua.. Henor-
pemaMbiM OBITh HEBO3MOXMKIO, a B cayuae omubok uaiiiercsa Bceraa
ouycub Gosbuioe 4Heao Apyaedl, KoTOpble ObLICTPO HCOPABAT OMIHGKY»,



KAJINM

YeroBE€T€CTBO 3HAKOMO € KaJHeM GOlb-
nle WONYTOpa BeKoB. B Jexumu, mpo-
qutansoil B Jlognoune 20 moa6pa 1807 r..
Xamppu [1aBu coo6mmi, 9TO NpH DIEK-
TPOJNH3e EJKOT0 Kajd OH NOXYdIHJ]
«MaJleHbKNe [apuKH ¢ CHJIBHBIM Me-
ramndecknM Omeckom... Hexoropeie us
HUX cefiuac e mocie cBOEro oOpaso-
BAHWA Cropaj# CcO B3DPHIBOM». JTO H
_ OBl KaJui,

Kannit — samegareasnblit Mertamn. 3aMewaTeseH OH He
TOJBKO HOTOMY, 9TO PeKeTCA HOMKOM, INIaBaeT B BOJie, BCIH-
XWBaeT Ha Heil CO B3PHIBOM W FOPHT, OKpammBasg IJaMA B
¢uonerosrlit user. 1 He TONBLKO MOTOMY, YTO ITOT DIEMEHT —
OMH M3 CaMbIX AKTHBHBIX XHMAYecKHA. Bce 2T0 MomHO cum-
TaTh €CTECTBEHHBIM, IIOTOMY YTO COOTBETCTBYET IOJOMKEHHIO
eJOYHOro Merajia Kauma B Tabaume Menpeneesa. Kanmit
3aMevyaTeJIcH CcBOeH He3aMeHHMOCTBIO JIA BCEro JKHBOIO M
OpUMeYaTelleH KaKk BCECTOPOHHE «HEUYETHEIN» MeTalls.

O6patnTe BHHMMaHWe: ero aToMHHI HOMep 19, aToMmas
Macca 39, BO BHEHIHEM OJIIEKTPDOHHOM CJl0€ — OJMH 3IIEKT-
pon, sasenTHOCTh 1 +. Hak cumraoT XMMOKM, HMEHHO 3THM
06BACHAETCH HCKIIOYATENbHAsA HOABHUKHOCTh KalHA B NpH-
pone. On BXOIMT B COCTAB HECKOABKHX coTeH MuHepayos.On
HaXOJNTCA B IOYBE, B PACTEHHAX, B OpPraHH3Max Jiofeld n
musorabx. OH — kak xmaccmueckmit ®umrapo: spech — Tam —
DOBCIOAY.

Rannii u mousa

Bpag an MoxHO 00BACHATH CAYYalHOCTHI0 MM NPHXOTHIO
JUHTBUCTOB TOT (DaKT, 9YTO B PYCCKOM fA3BIKE OXBHM CJOBOM
0603Hagal0TCA W caMa HAamIa IUIAHETa, U ee BepXHUHA cioit —
moyBa. «3eMIA-MAaTYHMIKa», «3eMIA-KOPMHUAMIA» — 8TO, CKO-
pee, 0 1I0YBe, YeM O ILUIAHETE B MEJIOM...

Ho uro rakoe mousa?

CaMocrosaTenbHOE M BecbMa cBoeoOpa3HOe IpHpOAHOE Te-
no. Ono o6GpasyeTcAa m3 HOBEPXHOCTHBIX CJIOEB pasHooGpas-
HBIX TOPHBIX HOpOJ oA JieficTBHEM BO3JXYXa, BOAHI, TeMmepa-
TYPHBIX Nepenajos, ;KU3HENEATENbLHOCTH BCEBO3MOMHBIX O0H-
raredeii 3eman. Huske, nom mousoii, CKpHITH TaKk Ha3bIBaeMbie
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MaTeplHCKIle FOpHble HOpPO;bl, CIOMKeHNble 13 pPasiid9HbIX
munepasios. OHH mocTenenHo paspyumialoTcs 1t NONOJNAIOT
«3amachl» HOUYBEL.

A B mouBe, MOMIMO YIICTO MeXaHHYECKOro, MOCTOSHIN
npoucxojAnT u Apyroe paspywenne. [iro naspiBaloT xumuve
cKlM phiBeTpuBamiieM. Boja n yriekucnsiii ras (B Menbluef
Mepe Apyrie Bel[eCTBAa) IOCTENEHHO Pa3pylIaloT MIHEPAJbI,

IToutn 18% Beca 3eMuoii Kopbl HPUXOMITCA HA 0110 Ka-
auiicojlepsKaulero MitHepaja — OpTOKJasa. ITo japoiinas coan
kpemuenoii  Kucaorsl  K:ALSiO, man  K,0-ALO;-6Si0,.
Bot uTo mpoHCXOAUT ¢ OPTOKJIA30M B pe3yJibTaTe XIIMIIMECKO-
ro BBIBETPUBANMS:

K,0-A1,05-6S O, + 2H,0 - CO, — K,CO;5 - Al,04-25.0,-2H,0 -+
+48i0,.

Oproxnas npespamaerca B Kaojuu (pasHoOBHJHOCTH INIIHE),
mecoK n moTaiu. Ilecok n riHma HAYT HAa MOCTpOeINle MIiie-
palibloro KOCTAKAa [OYBBI, a KaJuii, nepemrejuiHii 13 opro-
KJlaga B MOTAlll, «pacKpemnoujaerca», CTAHOBUTCA AOCTYIMIBIM
uiia pacreunii. Ho ne secn cpaay.

B nousennsix Bogax Mosexyasl K,CO; pmuccomuupyior:
K,CO;=K*+KCO,-=2K++CO;*~. YacTr HOHOB Kajls
ocTaeTcd B NIOYBEHHOM pacTBOpe, KOTOpPHIH AJA pacTeHIril
caymur uerounnkom nurauud. Ho Gonpimas vacTh uoHOB Ka-
JIA TOTJOILAeTCA KOJJIOHAHBIMII YacTHIAMU IOYBHI, OTKYja
KOpHAIM pACTeHNI H3BIeYb HX JIOBOALIO TpyaHo. Bor u mo-
lyyaeTcs, 4TO, XOTA KajJHA B 3eMje MHOFO, 4acTO pacTelaM
ero He XxBaTaer.

Ns-3a Toro, 4To KOMOUKH NOYBBI «3amHpalOT» OGONBLIYIO
YacThb KaJHs, COjiepiKaHUe DTOTO dJeMeHTa B MOPCKOIl Boje
nourt B 50 pas meubuie, wem uatpusa. Hopmcunraso, uro us
THICAYI aTOMOB KaJlHfA, OCBOOOMJAIOLIUXCA NPH XIMHEYECKOM
BBIBETPHBANUH, TOJBKO ABa MOCTHFAlOT MODCKHX OacceiiHos,
a 998 ocratorca B nouse. «IlouBa mornomaer kamuii, 1 B aTOM
ee uynopeiicTBeHHaa cuiay,— oucan arkageMur A. E. Dep-
CMaH.

Kaauii n pacrenune

Ranuit copepssurca Bo Bcex pacrenmax. OTcyTcTBie Ka-
ansa npusopuT pacrenie K ruGenu. Ilourn sech wanuii naxo-
autcAa B pactenuax B uonnoil ¢opme — K*. Uactn 1nonon
HaXO/IITCA B KJIETOYNOM COKe, Jpyrasa 4acTLb MOIJOIIeHa
CTPYKTYPHBIMH 3JIeMeUTaMH KJIeTKH,
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Houbl Kajns yvacTBYIOT BO MHOIMX GHOXMMHYECKHX HpO-
eccax, NPOUCXOAALHNX B pacTeHuH. ¥ CTaHOBIEHO, 9TO B
KJIeTKaX pacTeHuil 3TH HOHBI HAXOAATCA INIaBHBIM o6pa3oM B
nporomnasme. B wknerounom simpe oun me oGuapymenst. Cie-
JoBaTeNbHO, B Hpoleccax pasMmoKeulsa W B [epejaue Ha-
CJIEICTBEHUBIX OpH3HAKOB Kaauii me yvacrsyer. Ho u 6es
3TOr0 PpoJib Kajusa B JKI3HII pacTenia BeJHUKa M MUOTO-
oGpasHa.

Hanuii BxoquT u B mWionsl, H B Kopuu, W B CTeGJH, H B
JAUCTBS, UPIYCM B BEreTaTUBHBIX OPraHax ero, Kak HpPaBuio,
fonpine, yvem B miojax. Eme ogua xapakrepuas ocoGeHHOCTD:
B MOJIOJBIX pacTemnnsax Oojblue Kajlldg, 4eM B CTapbIx. 3aMe-
9eno TakKiKe, UTO IO Mepe cTapelHsa OTAeJbHBIX OPrainoB pac-
TeuHit HOHBI KaJlifg [epeMellaloTcs B TOYKH uaubosee MH-
TEHCIBHOTO pOCTa.

IIpu mepocratke Kanusa pacTeHMsA MeJJIelHeE pACTyT, HX
nNCTHLA, 0coGeHNo cTapble, MeJTelOT H OypeloT no Kpaam,
cTe6entb CTAHOBHUTCA TOHKIM M HEeNPOYHBIM, a ceMmella TepAT
BCXOJKECTD.

YcTaHoB/EHO, 4TO HOHBl Kajiufd AaKTHUBU3HPYIOT CHHATE3
OpraHHYecKuX BeUIeCTB B pacTuTenblbix KieTkax. OcolGesno
CIJILHO BJHMAIOT OHU Ha Mpollecchl 00pa30BaHHA YIVIEBOJIOB.
Ecnm kanus He XBaTaeT, pacTeHile XyKe ycBalBaeT yrieKuc-
Bl ras, N QA CHHTE3a HOBBIX MOJIEKYJ YrieBOHOB €My He-
JAOCTaeT YrAEPOMHOro «chipba», OJHOBpEMEHHO YCHIMBAIOTCA
TpolleccHl ABIXaHHA, H caxapd, cOolepsKalINecs B KIETOUHOM
coke, okucaaiotrcda, Takuy oOpasoM, 3amachl yrieBofioB B pa-
CTeHUAX, OKa3aBOINXCA Ha TOJOAHOM Hailke (IO Kajuio), une
NONONHAITCA, a pacxopyiorcsa. Ilmomsl Takoro pacreHus —
9T0 ocobenno saMeTHO Ha pyKTax — OyHyT MeHee CRrafKHMH,
9eM Yy pacTeHuil, HOJYYMBIIHX HOPMAJBHYIO 03y KaJud.
Kpaxman — Toske yriieBoj, IO3TOMY I HAa €ro cojep:Kauiie
B IJIOJAaX CHJILHO BJNAET KaJimii,

Ho u 310 ne Bce. Pacrenusa, momyumsuine aocTaTovMHO
KaJludA, jierye NepeHocAT 3acyXy H MOPO3HBle 3HMBL ITO 06b-
sCHAETCA TeM, 4TO Kauuii BiHAeT Ha CHOCOGHOCTH KOJJIOW/I-
HBIX BeUIECTB pPacTHTENIbLHBIX KIETOK MOrJIOMaTh BOAY U Haly-
xaTb. He xBaTtaer kanusa— KJIeTKA Xy’Ke YCBAalBAlOT H ynep-
KUBAIOT BJArY, CHKHMAIOTCA, OTMHPAIOT.

Noupl kanua BIHAIT W pa a30THHIH O0MEH BEHICCTB.
[Ipm memocTaTKe Kanus B KIeTKaX HaKamJlBaeTcss H3OLITOK
aMMHaka. JTO MOMKET HPHBECTH K OTpaBileHII0 M rude.au
pacTeniis.
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Vike yinositmastocs, €to kammifi mammétr # fa gsixanue
pacTeHHil, a ycHJieHUe NIbIXaHHH CKa3bIBAeTCH He TOJLKO Ha
cojepKaHud yrieBodaos. Uem IHTeHCHBHee JpINXaHHe, TeM
aKTIBHEe HAYT BCe OKHUCIHTEJILHBIE MpOlecchl, I MHOrHe
opraHMYecKHe BeulecTBa MpPEBpal[alOTCA B OprailidecKne
KuCcnoThl. M36BITOK KIHCJOT MOMET BHI3BaTh pacmnaj 0eJKos.
Ilpogyktel aToro pacmaja —BecnbMa Osaronpusituas cpeaa
aqs rpubkos u Gaxkrepuii. Bor mouemy mpm kanmiinmoM rodio-
JAHHH PacTeHHsA HAMIOrO 4Yalle MOPa)kaloTcA OONIESHAMH H
Bpeaureaamu. DpPyKTEL 1 OBONI, COAepsKalliie HPOAYKTHI
pacnama 6ejKoB, IUIOXO MCPEHOCAT TPAHCHOPTHPOBKY, HX
HEJb3sA [0JIT0 XPAaHUTh.

OnHNM CIOOBOM, XOYellb IOJYYaTh BKYCHBIE H XOPOINO CO-
Xpausomuecs IUIONbl — KOPMH pacTenye KajHeM BBOJIO,
A i 3epHOBBIX KalHil BajkeH elle [0 OJHOH NpHUYIHE: OH
yBEJIHYHUBAET MPOUHOCTL COJNIOMBI II TEM CaMBIM HpeJympesk-
JaeTt mojgeranue xJjebos...

Kaauiinbie yno6penns

PacTennsa eceroHo H3BJIEKAIOT W3 MTOYBH GOJBLIOE KO-
JINYECTBO KaJud,

Camoe pemesoe ((PaKkTUuecKH [apoBoe) M B TO e BpeMA
mpeKpacHoe 10 KadecTBy KajmiiHoe ymoOpeHue — nmednas
sona. B meil xanmii maxogurca B Bupe morama IK,CO;. Coc-
Tap 30JB PAa3AUIHBIX pacTeHHl MajleKo me O MHAKOB. Boib-
e Bcero Kajauma B 3ode noacoamewnunxa — 36,3% K,O (co-
NepaHue Kajldfd B KaIMHHBIX yHOOpeHUAX NPHHATO Iepe-
cunteiBath Ha K,0). B 30me [npos okucenm Kajufg 3Ha4YHTENb-
no menpme — ot 3,2% (emoswie mposa) pmo 13,8% (6epeso-
Bble ipoBa). Eme Menbme xanua B sone Topda.

Houeano, opuoil 3o0mo0it Kamuilasilil rojion pacrenmi
He yronutb. CaMBIM BaKHBIM KaJWHBIM ymoOpeHmeM crajm
OpHPOAHble KalHiiHble COJIM, B NEPBYIO OvYepejb CHIbBHHUT
u Kappur, CHILBHHHT — O0YeHb pACOpPOCTPAaHEHHBIH MuHE-
pair. Ero cocras o6oszmavaor ¢opmymnoit mKCl-nNaCl.
Hpome xnopupos HaTpus M Kajius, B HeM €CTh HpUMeECH CO-
Jieit Kanpllusa, Maraia | Apyrux ajnemeHtoB, OGBIYHO B CHJIb-
sunute 14—18% K,O. B xanunre KCl-MgSO,-3H,0 oxn-
cu Ka;usa menpume — 10—129%.

SUAYNTENbHYI0 YacTh NMPUPOJHBIX KaNMIIHBIX cojeil mepe-
paGaThiBalOT B TeXHHUYECKHil HPORYKT — XJOPUCTHI Kajaui
(concpskanue kanua B pepeciere Ha KO0 50—62%).
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W3 cunpsmnnTa XJOpHCTHI Kadmit HOMy9alOT MeTooaMH
ranyprum mnn aoramun. IlepBeiii ocnoBam Ha pasamIHOM
pacreopumoctu KCI m NaCl B Boje npu moBBINIEHHBIX TeM-
nepatypax. Bropoii — Ba pasHoii cMaumBaemMocTHm 3THX Be-
IECTR.

IlepBeiii meTox ucmomsayercsa mupe. Ilpm mopManbHOI
TeMIepaType pAacTBOPIMOCTL XJIOPUAOB KaJMsd H HaTpUA
moutu oxunHaxosa. C mOBHIINEHHEM TeMIEPaTyphl PacTBOPH-
moctb NaCl mourn He Mensercs, a pacrBopumocts KCl
cuabHo Bo3pacraer. Ha xomnome roroBAT Hachumenusiit pac-
TBOp obeux coueii, 3aTeM ero HarpeBalT M o0pabaThHBaiOT HM
cunpBEENT. [Ipnm 3TOM pacTBOp MOmOMHUTENBHO HACHIMIAETCA
XJIOPHCTBHIM KaJHeM, a JacTh HOBAPEHHOM CONMU BBITECHAETCSA
H3 pacTBOpPa, BLINAJAET B 0OCA; (0K H OTHeNAercsa (QuibTposa-
HueM. PacTBop oxsmaKpmaoT, H H3 HEr0 BHIKPHCTAJJI30BbI-
BaeTcA u30BITOWHBIN XJopucTeiil Kamuit, Hpucramast orpe-
JAT Ha neHTpudyrax W cyurar, a MaTOYHBIA pacTBOP HUJCT
Ha 00paboTKy HOBOH HOPIHE CHIBLBUHHTA,

TexHnueckiii XJOPHCTHII Kajuidl OPHUMEHAT H CaMo-
CTOATENBHO 11 B CMECH C UPIPOJHBIMH KaJUIHBIMA COJAMH.

B xauecTBe yj00peRnsa HCOOAL3YeTCA TaKKe Oojee [0-
poroii, HO He TUTPOCKONIYHBIA M He CJIEKHBAIOIIUNACH CYJb-
¢dar xamua K,SO,. Ito ymo6Gpenne MOKHO NPHUMEHATH Ha JIO-
ObIX moYBax. A HONB XJIOPAa, BHOCHUMBIE XJIOPHUCTHIM KajleM,
IJs HEKOTOPHIX IIOYB fBHO UDeKeidarenbbl, IIpotuBomoxa-
3aHBl OHH U HEKOTOpHIM pacteHusaM. [30biTox wmomos Cl-
CHIKaeT coiepskamlie Kpaxmana B KiayOHAX kaprodens,
YXYALIaeT Ka4eCTBO JbHAHLIX BOJOKOH, a IEPCHKH, BUHOTPAJ
I UTPYCOBbIe JAenaeT Gosiee KHCJIBIMH,

Takum oOGpaszoM, ymoOpAsA 3eMI0 XJIODHCTBIM KaJlHEM,
MBI OJHOBPEMEHHO JleJlaeM Bce, ITOOBl YIY4IIMTh H... YXYA-
mWATh KadecTBO Oyayunx miaomos. Ilocnemmero MocHO
n3bexarb, eclaH NpUMeHATH Haunbonee  paunHoOHAJIBHBIE,
XUMHYecKH o000CHOBAaHHBIE CNOCOGB! BHECEHHA KaNUAHBIX
coxei.

Houn xjiopa B oTiH4Me OT HOHOB KAaJIHUA IMOYBOil He HOIJIO-
IMIAIOTCA: OHH JIETKO BHIMBIBAJOTCA TPYHTOBBIMH BOJAMHO I
yHOcAATCA B HMKHMe ropusoatsl. IloaroMmy, 4robel cOXxpa-
HIOTHL B NOYBe KaJjmii, mo yOparh, U3 1ee XJOp, HYKHO
XJIOpcOeprKale Kajuiiaple yaoGpenusa BHOCHTH B HOYBY
ocennio. [loka cemena mpopacTyT u KopHeBad cHUCTeMa Had-
HET yCBanBaTh IOHBl H3 IMOYBBI, Ocelille MOMMUIL H Talble
BOJibI YCHEIOT YHECTH HONBI XJ0pa BriyOb. ‘
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Keraru, mo6oe kanuitnoe ynobpenme nymio fie OPOCTO
pasGpachlBaTs PaBliOMEpPHO [0 MOAK, a 3aJeibIBaTh ero Mmily-
roM Ha TJIyOUHY NaXoThl — TaK HaMHOTO 3gdeKTHBHEE.

B ceapckoxossiicTBeHHOil mpaKTHKe HDPHHATO BHOCHTD
or 30 mo 90 kr K.,O ma rexrap mocesa. Ho aTu 03B! BechMa
YCTOBHBI, HOCKOJBKY HOTPeOHOCTh B KAJIHIHBIX YROOpeHIAX
ompeneNsieTcAd HE TOJLKO COCTaBOM IOYBBI, HO K TeM, KaKas
KyJbTypa Ha 3ToM moixe mocesina. Ceexie, kaprodeinwo, 6o-
GOBbLIM KyJBTYpaM, MOACOICHUIRY, Tpedixe HYKIO 60b-
Hie Kajiifg, HeMeau Nilenile, pKi, SUMEHIO.

ArpoHOMB! CHHTAIOT, YTO HpH O6JArONPHATHBIX YCJIOBHUAX
onun kunorpamm K,O B cpegmem gaer Takue npubaBKH ypo-
masg: sepHa —oT 3 g0 8 Kr, raprodens — 35 Kr, caxapHOii
cBerast — 40 kr.

B mameii ctpase HaxofsaTca caMble GoraThie B MHDPE MeCTO-
poskpenna Kaaumitubix comeii (paitorn Commkanmcka — Bepes-
usakoB u B Benopyccun). B 1980 r. B nameil crpane npo-
n3Begeno 19,4 MaH. T KaawmitEbIX yproGpemnmit —B 3,1 paga
Gonsme, vem B 1970 r.

Kamnit — yenoBery

- CoGcTBEeHHO, BCE, O uYeM pACCKA3aHO BHINe,— TO}Ke Ha
TEMY «Kaluil — 4enoBeky». A 3ech KOpPOTKo — 0 GHonoruue-
cKoil ponu aneMmenta Ne 19 B ixusnu nauGoliee CIIOKHOrO U3
JKUBBIX OPTAHH3MOB SeMJIH.

YcraHoBNeHO, UTO CONM Kajlid He MOryT OBITH 3aMGHEHBI
B OpraHuM3Me 4eJOBeKa HMKaKHMH [ApyrUME coismu. B oc-
HOBHOM KaJjiiil CONEp/KUTCA B KPOBM HM HPOTOMJas3Me KIETOK.
Boratst kKanuem mneuenb u cejleseHKa. OSHAYNTEJNbHA pOJb
3TOTO JIEMEHTA B PErYJIHPOBAHMH [AeATEJNbHOCTI (epMeHTOB.

Henbssa 3a6mpiBaTh ewmfe 06 ofHO# poau Kaauag B Hamei
kn3un. Ilpupomusiii Kanduit COCTOHT W3 Tpex U30TONOB:
aByx crabunpabix — K u *K un ogsoro pagmoakTuBHOro —
“K ¢ mepuopoM moaypacumana orono 1,3 mapa. ser. Stor
H30TOI CONEPMKUTCA B JKUBBIX OPraHM3Max H CBOHM M3iydYe-
HUeM BHOCHT 3HAYHTENbHBIN BKJIAJM B OOMIYI0 CYMMy ecTect-
serHoro (dounosoro) obnyuenwus...

Opranusm peGeHKa, Kak W Mojiofioe pacTeHme, Tpebyer
fonblile Kajus, 4eM OpraHuaM Bspociaoro ugesnosexka. Cyrou-
HasA morpe0HOCTh B Kayuuu y pebemnka cocrapaser 12—13 mr
Ha 1 Kr Beca, a y Bapocioro —2—3 Mmr, T. e. B 4—6 pas
MeHbllle,
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Béapmyio yacrs HeoOXomMMOro eMy Kajidg dejOBeK No-
NyvaeT W3 NHLI[H PpacTHTelbHOro npoucxompennsa. Hegocra-
TOK Kajusd CKasblBaeTCA Ha pasHBIX cHCTeMax H Oprasax,
a TaKKe Ha oOMeHe BelIeCTB.

Bunumo, He oueHb npeyBennunBag AjexcaHnap Esreun-
epiiy Depcmad, HANHCABIIHIT B ONHOM 113 CBOMX KHHT:
«KaJIMif — OCHOBA MKH3HHY.

BCTPEYA C KAJIMEM? Ecan na ckaafe WM Ha TOBApPHOI CTanmui
Bbl YBIJIHTE CTajbHble AMUKN ¢ naxnucaMu: «Orneconacuo!», «Or Bo-
7bl B3pBIBA€TCA», TO BeChbMa BEpOATHO, YTO Bbl BCTPETHJHICH C Ka-
JHICM.

Mmnoro mnpepoctopoikuocTeli NpelNPHAHMAIOT NPH IepeBO3Ke 3TO-
ro merajna, lloatoMy, BCKpHIB CTaJbHOH AMIIK, BLI He YBHAHTE Ka-
JIIA, a YBHANTE TILATEJbLIIO 3anasHHble CcTajdbHble Oankn. B mmx —
KaJuif ¥ UHepTHBIE ra3 — eAuHCTBeHnaa OesomacHaa g Kamsa
cpepa. Bosblmie mapTHH Kajllsi NEpPeBO3AT B FCPMETHYCCKUX KOHTCIi-
Hepax Moj AaBJCHMCM HIIEPTHOrO rasa, paBHbLIM 1,5 aT™.

3AUEM HYIKEIl METAJJIMUYECKHAN KAJUN? Meranmnyecknii
KaMil HCNOJB3YIOT KAK KaTaji3aTop B MPON3BOACTBE NCKOTOPHIX BH-
HOB CHHTCTHYECKOTO KayuyKa, a Take B jnalopaTopHoii mNpakTHKe.
B nocneignce BpeMsa OCHOBHBIM [PHMENCHHCM 3TOrO METaljia CTajo
opon3BoAcTBo nepekncn rkaana K,0., ucnoansyemoit ans perenepa-
qun Kuciopofa. CrjiaB Kaaua ¢ HATPHEM CAYMKOT TeMJIOHOCHTEJEM
B aTOMHBIX PEaKTOpax, a B NpPOI3BOACTBE THTAaHA — BOCCTAHOBIITC-
JieM.

N3 COJIN U IEJOYMN. Ilonyuator Kamuii uame Bcero B oOMeHmoil
PCAKIH pAaCIIaBJEHHLIX CHKOTO Kaju I MCTAMINYeCKOro HATPHA:
KOH+Na—NaOH+K. llponecc uper B pexrundukamionnoii Kojoume
3 HuKeJqa npun temoepatype 380—440° C. Ilopo6ubiM o0pasoM mnoJy-
qaloT ajiemedT Ne 19 11 M3 XJIOPHCTOTO KaJiisA, TOJNBLKO B 3TOM ClIy4dae
TeMnepatypa mporecca Bbiie — 760—800° C. Ilpm Ttakoii Temnecpa-
Type u narpuii, u Kazxnii upespaiuawrca B nap, a XJOPHCTBIA Kasliti
(c no6askamn) naaButcA. Hapsl HaTpug NpoOMycKalOT 4epe3 pacnjas-
JIHHYIO COJIb M KOHAGHCHPYIOT MOAydeHHbIC Napbl Kamis. ITHM KO
cnocofoM MoJy4alT H cniaBel HaTpHA ¢ KauameMm. CocTaB cnjiaBa B
GoJibiOi Mepe 3aBHCHT OT YCJOBHII mpouecca.

KAKR GBbITh, ECJIN Bel BmepBEIe IMeeTe AEJO € MCTAJUHIYECKHM Ka-
JICM.

HeoGxoaumo moMHUTL O BbIcouaiiliieli peakumonHoii cmocodnoctn
3TOF0 METajja, 0 TOM, YTO Kalmii BocnjaMeHseTcs oT Madeifiiix clie-
nos Bofibl. PaGoTath ¢ KasimeM 0653aTeJbHO B PCSIIIOBLIN OepUATRAX
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¥ 3aIATHHIX OYKAX, a Jydille — B MAacCKe, 3aKphlBaomeii Bce Jnmo.
C GoapmIMH KOJHYECTBAMN Kajinsa paboTaloT B cHerHaJbnbBIX Kame-
pax, samoiuenunix asorom mian aprouoM. (Pasymcerca, B cnemnann-
HbIX ckadanppax.)

A ecnam KaJmil BCe-TaKH BocOJIaMelHJCs, €ro TyIIaT He Bopjoii,
a copoii NI NOBapenHoii CoMbio.

KAK BBITh C OTXOJAMMU. IlpaBuna GesonacnocTn KaTeropmieckn
3anpemaloT Hakanaunsath B Jalopatopuax OoJsbine ABYX rpaMMOB OC-
TaTKOB IJIH OTXOJIOB KAKOro-au(o MmMeJouloro Meralla, KajJnd B TOM
qicie. OTXOAL MOMJICHKAT YyUHYTOMKeNHI0 na MecTe. liaaccmuecknii cno-
co6 — oOpasosanne noj AeiicTBieM ITIJIOBOro CNNPTa 3THAATA KajHsa
C.H;0K: npocro absioT B orxoast cnnpr. Ho ects u apyroii — Geccnup-
ToBOH cmoco6. OTxoApl 3aanBawT Kepochnom man Genauuom. Kanmii
¢ HUMH He pearmpyer H, Oyayun Jjerde BOAbl, IO TAM<eJee 3THX opra-
HHYeCKHUX KIKocTell, oceflaeT HAa AHO. M Torza B HaKIOHEHHEBIH COCYR
HAYHMHAKT D0 KamiaM pobasasth Boay. llorna soja mo0eperca no Me-
TaJlJ1a, npou3oiiler peaknua N Kajauii apeBpaTHTCA B cakoe kaan. Chiom
MIEJIOYIIOr0 pacTBopa I Kepocuna mian OeH3NIa JOBOJLIO JIErko pas-
JeJAITCA Ha ACANTENbIOI BOpOLKe.

ECTb JIM B PACTBOPE HOIILI KAJIMA? BoACHHTL 3TO HECJOMHO.
TlpoBoJiouHOE KOJIEUKO OmYCTUTE B PAcTBOP, a 3aTeM BuecHT¢ B njaams
rasopoii ropeakn, Ecanm kamuii ects, miaMsa oxpacHtca B (HONETOBLLH
LBCT, MpaBja, He B Takoil ApPKNil, Kak »KeAThli IBeT, IpHAAaBaeMbIi
I;IaMeHN cOeinHeHAMI HATPUA.

Cnoxinee omnpeaennTh, CKOJBKO Kaaua B pacrsope. Hepacreopm-
MLIX B BOJe COGINHMHEHHI] y 3roro Merayia uemuoro. Ofblumo kajmit
OCaKJAI0T B BHJE NHEpXJOpaTa — COJN OYCHb CHJILIOH XJOPHOII KH-
caorst HCIO,. Kcratu, mepxiopar kajusa — o4enb CIVIBHBI oKncan-
TeJb U B 3TOM KauecTBe npHMEHsieTCA B NPOHN3BOACTBE NEKOTOPHIX
B3PLIBUATHIX BEMCCTB U PaKeTHbLIX TOMJUB,

JUIS1 YETO HYMEH LUAHUCTBIN KAJIWUN? Jina u3snedenns ao-
Jora n cepeGpa m3 pyn. Jlna ranpbammyecKkoro 3ojodennsa n cepeGpe-
HAA HeOgaropofnsix MeTamioB. Jlna moayuennsa MHOTHX Opranmde-
ckux BemecTB, JlasA a30THPOBANHA CTAJH — 9TO NPHAAET e€ MOBEPX-
HOCTH GOJBIIYI0 MPOUMIOCTS.

K comcanennio, 8T0 oueHb HyKHoe BemecTBO 9YpesBhYaiiHO AM0-
puto. A BuirnaauT KCN Bmoane Ge3o6naHO: MesKme KPHCTaMIL Geso-
r0O IBETa ¢ KOPHYHEeBATHIM HJI CCPLIM OTTEHKOM.

YTO TAKOE XPOMIIMK? Tounee — xpoMnunk KajueBblil. 3T0 opamn-
aenple Kpuctamansl coctaba K.Cr,0;. XpoMnuk ncnoib3yloT B MmpoH3-
BOACTBE KpacHTedcil, a ero pacrbopul — It «XPOMOBOro» pybaenns
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KOK, a TaKKe B KAa4rcTBe UPOTPABH UPH OKPacKe H Mev7aTamdHl TKa-
peil. PacTBop XpoMnukKa B CepHOI KIfCAOTe— XPOMOBast CMCCh, KO-
TOpPYI0 BO Bcex aaGopaTOPHAX NpHMEHAIT MIA MBITBA CTCKISTHHON
NOCY/bl.

3AYEM HYXHO EJHKOE KAJIN? B camoMm pneie, saueM? Beab cBoii-
cTBa 3TOi Mmejoud H (ojJce ACUICBOrO e7TKOr0 HATpPa NPAKTHYeCKH
ognHakoBnl. Pasummy memay aThMH BelleCTBAMH XHMHKH o0mapyskm-
Jm jumb B XVIII B, Camoe 3ametitoe pasanune mexxay NaOH m XOH
B TOM, 9TO e[kOe KaJm B BOJec PacCTBOPACTCA Cm¢ Jyylle, 9eM eaKnil
Hatp, KOH noxyuaoTr ajekrposnscM pacTBOPOB XJOPHCTOTO KAaJIHA.
Yro6n mpuMmech XxJopufoB OblIa MHHHMAJBHOM, HCOOJNB3YIT PTYT-
Hble KaTogbl. A HY’KHO 3TO BELUICCTRO Ipe<de BCEro KaK HMCXORHBIH
UPOAYKT [JiA mOAy4YeHHs pas3JnvHbelx cojeil kanuna. Kpome Ttoro, Ges
efKOoro Kajm He oGOiTHCH B NPOH3BOACTBE KHAKHX MBbLJI, HEKOTODHIX
KpacuTejieil W opraHuvlecKkHx coegmueHnii. PactBop emkoro Kanm mc-
O0Jb3yeTCA B KauyecTBE 2JIEKTPOJNTA B MEJOIHBIX AKKYMYJIATOPAax.

CEJINTPA WIN CEJINTPHI? [lpabnasuec — cequTpbl. 3IT0 oGmee
HAa3BaHAe A30THOKHCHBIX COJIeHl MICJOYHBIX U HIeJIOYHO3EMEJbHBIX Me-
Ta/uioB, ECJH sKe TOBOPAT NpPOCTO «CeJuTpa» (me «HaTpHeBasm» WM
CKQJIbOHEBasA» WIA «aMMHAYHAA», & UPOCTO — (CEJHTPA»), TO HMEIOT
B BHAY HHTpPaT KaJug. ITHM BEmIECTBOM 4Y€JIOBEYECTBO MOJb3YeTCA
yke Gonbmle THICAUM JeT — [JIA MOJyYeHHA depHOro mopoxa. Kpome
TOro, CeJUTPa — mepBoc /BoiiHOe ynoOpenme: N3 Tpex BaKHelmAX
JJIA pacTeumii 3JeMeHTOB B Heil eCThb ABa — a30T M Kajmil. Bor kar
onmcan ceantpy . . Mengeneer B «OcHOBax XHMHH»:

«CeJmTpa mpeACTaBJIAET (eCOBETHYI0 COJMb, HMEIONIYI0 OCOGLI
HpoXJaAuTeNbHEI BKyc. Oma Jlerko KPHCTAMIN3YeTCA AIHHHBIMA, 0O
Goxam OGopoaauarbIMH, pOMOHYECKHMH, MIECTHTPANHBIMA OpU3MaMH,
OKAHYMBAIIIUMICA TaKuMH ke nipamugamu., Ee xpucramast (yn.
Bec 1,93) me comepxar poanl. IIpm caaGom makamnBammm (339°) ce-
JHTPA IJIABHTCA B COBEpIIenHo GeciReTHYIO KHAKOCTH. [Ipu 0GBIKHO-
BeHHOI Temmeparype B TBepfioM Buge KNO; manogeATesbHA H HEus-
MeHHA, HO OpH BO3BBLIMEHHOl TeMOepaType oua JeiiCTByeT Kak Bech-
Ma CHJIbHOE OKHCJ/fiollee CPEACTBO, NMOTOMY UYTO MOKeT OTRATh CMe-
ODIAHHBIM € HEI0 BelecTBAM 3HAYNTEJbHOE KOJMIECTBO KHCIOPOZA.
Bpomennaa Ha pacKajJeuHblil yroilp ceJnTpa OPOA3BOAUT OBICTPOE
ero ropeHmne, a MexaHHJecKas cMeCh ee C M3MEJBUCHIBIM YIjeM 3a-
ropaercss OT NPHKOCHOBEHHA C HAKAJEHHBIM TeJIOM M NpPOAoKaer
cama coboio ropets, Ilpm aroM BhifiesiseTcss a30T, a KHCIOPOJ CENHT-
ppl HIET HAa OKHCJIeHHe YIJA, BCJIeJCTBHE Yero N mNoJydaloTcs Yrie-
KajleBas CoJib * 11 YIVICKHCIbl ras...

* NMeerca B BHOY moTaul,
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B xummueckoit NpPaKTHKEe H TEXIIHRE CealtTpa ynmpeﬁnﬂe'rcn BO
MHOIHX CHyUHaAX Kak OKHC TCIALIIoe Cpe/ICTBO, JIL‘I"ICTBYIOIHOC NnpH BbI-
coKoil TeMmmneparype. Ha 310M e ocHoBaHno npiIMencHne ce ansa OOBIK-
HOBEHHOrQ 1mopoxa, KOTOleﬁ CCTh MEeXaHHYeCKasg CMCCb MCJHIRO 113-
MCJIBYCHHBIX: CepBI, CEJINTPRI O YyIJAY.

IE U JJAd YEro MnPUMEHAIOTCA INPOUYUHUE COJIM KAJUA?
Bpomucteiit kannii KBr— B ¢ortorpadmu, uroGsr nmpegoxpaunth He-
raTHB WA OTHEYATOK OT BYAJIH,

Hogucteiit kamuit KI — B Meanunme n Kak XHMHYeCKHnil peakTHs.

®ropucteiit kamuit KF — B cocrase Meraniypriveckux (uaiocoB i
g BBeflenusa Propa B opraunyccKue coegunenns.

Yraekucapii kanauit (moram) K,CO; — B CTCKOJIBHOM H MBLIOBa-
pPEHHOM NPON3BOACTBAX, 4 TAKKC KaK yaoGpenme.

Qocharst kanng, B yactHoctn K(P:0; u K;P3040,— Kak koMDo-
HEHTHI MOIOLIIIX CPEeACTB.

Xnmopar Kanma (OeproseroBa conb) KClO;— B cnudeunoM mpous-
BOJCTBe H HHPOTEXHHKE,

Kpemuedropucruit kammit K,SiFs — kak jgoGaBKa K MIMXTe NpH
H3BJICYIEHIN PCAKO3CMEJIbHBIX 3JIeMEHTOB F3 MIHEPAJOB.

enesncrocunepogucThiii  Kajamit  (PKeaTas  KpoBAHAA  COJIb)
K.Fe(CN)s-3H.O — kak mporpaBa npm Kpamemun TkaHeit u B ¢oro-
rpagu.

MOUYEMY KAJIUI HA3BAJIN KAJUEM? CnoBo ato apaGcKoro mpo-
acxopennna, [lo-apaGekn, «anb-Kamu» — sona  pacrtennmii. Bnepsele
Kaamit nojydeH H3 €AKOro Kajm, a eflKoe Kajlll — O3 NOTaina, Bbifie-
JICHHOT0 M3 30Jbl pacTeHmii., BnpodeM, B auramiickoM un Jpyrux es-
poneiiCKuX fA3BIKAX COXpaHHJOCh Ha3BaHHe potassium, JaHHO® KaJWIO
ero mepsoorikprBatenem X. [{apu.

B pycckywo XEMHYecKyl0 HOMEHKJIATYpy Ha3BaHHE «KaJuii» BBe-
neno B 1831 r. I'. 1. Teccom.

OTHIOADb HE TOJIbKO B KYPATE. Cepacunukam, B nepByio ouepeab
JNI0AAM, OepeHeciaM HHQPAPKT, A BOCMOJIEHHA MOTEPh KAJHA B Op-
ranu3Me HACTOATEJNbHO peKoMeHAYyIOT ecTh Kypary., Mum B Kpaiinem
caygae mn3wM. B 100 rpammax kyparm go 2 r kaana. CTONBKO e
ee B ypioke (HO AJIi TOYHOCTH IpPH pacdeTe HAfO BLIYECTb BeC KOCTO-
qeK). M3i0M cofilep’KHT KajauA npuMmepHo BjBoe MeHbile. Ho me Hapo
AyMaTb, GyATO cyxo(pyKThl — eAMHCTBEHHBbII mcTounnk kamusa. Ero
JOBOJILHO MHOro modtn B joboii pacruteapnoii mume, Haopumep, co-
pOK rpaMMOB KapeHOro Kaprodess aKBuBajeHTHH 10 rpaMmaM oTdop-
Hoii Kyparn. Boratst kamnem GoGoBble, wail, mopomox kaxao. OfHHM
CJIOBOM, CYTOYHYI0 103y Kaana (2,5—5 r) nmpum HOpMaJbHOM MHMTAHOHA
NoNyYHTh HETPYAHO.



KAJIBITUI

Kanpuuit — ogH U3 caMbBIX pacmpocT-
paHEeHHBIX dJeMeHTOB Ha 3emure. B nmpn-
poe ero o4eHhL MHOrO: U3 coJeil Kajib-
A o6pa30BaHBI FOPHBIE MAacCHBBI U
TIUHACTbIE TTOPOABI, OH €CTh B MOPCKOIl
H pedHOIl BOMle, BXOJIT B COCTAB PacTi-
TeJNBLHBIX Il KHBOTHBIX OPraHI3MOB.

Rasnpunii nocroanno oxkpyscaet ropo-
JKaH: NMOYTH BCe OCHOBHBIE CTpOiiMaTe-
puajbl — 6eTOH, CTERJNO, KHpPIUY, Ile-
MEHT, H3BeCTb — COIEPKAT ITOT IIEMEHT B 3IHAUYMTENbHBIX
KOA4ecTBax.

Haxe mpomerasg B caMojJeTe Ha MHOTOKHIOMETPOBOIl BbI-
coTe, Mbl He M30aBiAeMCA OT HOCTOAHHOTO COCEACTBA C 3Je-
mentom Ne 20. Ecam, nonycrum, B camonere 100 wenosex, To,
3HAYAT, 3TOT CAMOJET HeceT Ha Gopry npuMepno 150 Kr Kainb-
LA — B OPraHU3Me KajKIOT0 B3POCJIOTO YesoBeKa He MeHbIle
kunorpamMma anementa Ne 20. He uckiioueHo, 4to Bo Bpems
nojieTa KOJHYECTBO Kaibuusa BOau3u Hac HaMHOro Gosibme:
HN3BECTHO, YTO CIVIABBl KAJbLMA ¢ MarHHeM INPHMEHAIOTCA B
CaMOJIETOCTPOEHHH, H TOTOMY He HCKJIIOYeHo, YTO B caMoiiere
€CTh HE TOJBKO «OPFAHHYECKHii», HO M «COGCTBEHHBIN, «KOH-
CTPYKIMOHHBII» KaJbOuil.

Kanpuuii — snemeHTHDI

HecMmoTpa Ha mOBCeMECTHYI0 PacHmpocTpaHEHHOCTh dJeMeH-
ta Ne 20, mame XuMUKM W TO He Bce BHIENU 3JeMEHTHbII
Kagblimil. A Belb 3TOT MeTaJl M BHEUIHE U IO IOBECHUIO
COBCEM HENOXOX Ha IIeJIOYHble METaJIbl, ofmeHHe ¢ KOTO-
PBIMH 9YpeBaTO OHNACHOCTHIO MOKApPOB M OKOTOB. Ero MoKHO
CIOOKOHO XPaHUTb Ha BO3JyXe, OH He BOCIVIAMEHAETCA OT
Bogbl. MexaHUYecKHe CBOWCTBA DIEMEHTHOTO KaJIbl(HA He
nenaioT ero «6eyloil BOPOHOIT» B ceMbe MeTaJJIOB: HO MPOYHO-
CTH U TBEPOOCTH KaJbI{Uil IPEeBOCXOMNT MHOTHE H3 HUX; €ro
MOKHO 00TaYMBATH HA TOKAPHOM CTaHKe, BBHITATUBATH B IPO-
BOJIOKY, KOBAaTb, MPECCOBAThH.,

U Bce-rakm B KauecTBe KOHCTPYKIHOHHOrO MaTepHuaja
9JIeMEeHTHBI  Kalnbmuii He upuMensercda. Jas  3toro
OH CJIIIIKOM aKTUBeH. HanpLui jierko pearupyer ¢ KHCIOPO-
J0M, cepoil, rajioregamu. Jase ¢ a3oToM U BOZOPOAOM IpH OB-
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peflefieHnBIX YCAOBUAX oH BeTynmaer B peakinn, Cpena oxic-
JIOB yriepojia, NHEpPTHas /1A GOJABMHHCTBA METAJUIOB, JUIS
Kauabiaa — arpeccisnas, Ou cropaer B armocdepe CO u CO,.

EcrectBenno, 4to, obnajas TaKHMH XUMHYECKIMI CBOIi-
CTBaMH, KaJbllllii He MOKeT HAaXONNThCA B IpHPOJe B CBO-
OOTHOM COCTOAMLIIN. 3aTO COEANUEHHA KajkbIUAg — II NPIUPOA-
HBle U HCKYCCTBeHible — Npuofpeni mepeBocTenenHoe anade-
nie. O gux (xors OBl caMBIX Ba’KHBIX) CTONT paccKasaTh
nogpobHee.

Ranpnuit — yraexneasii

HapGonar kansuua CaCO; — ogno m3 caMplx pacmpocTpa-
HeHHBEIX Ha 3emie coemunennii. Munepann na ocnose CaCOy
HOKpHIBAIOT oKono 40 mum. KM® 3emmuoii moBepxmoctn. Meu,
MpaMop, M3BeCTHSAKIN, paxymeunuxn — pce atro CaCO; ¢ He-
3HAYNTENbOBIMH IpHMecAMH, a Kaabnut — qucThii CaCO,.

CaMmpiii BaskHBI N3 aTnx Munepajos — nasectuak. (Ilpa-
BUJbHEE TFOBOPHTHL He 00 n3BecTAAKe, a 00 H3BecTHAKAX: H3-
BECTHAKH PDa3HBIX MECTOPOMIeHNil OTIIYalTCA N0 MJI0THO-
CTH, COCTaBy H KojmdecTBy npiMeceil.) Wasectusaku ecTb
npakrnuecki Be3je. B esponeiickoii uactn CCCP nasecrusaxu
BCTPEUAIOTCA B OTJIOMKEHNSAX MOYTH BCEX TeOJOrNvYecKHX BO3-
pacToB. PakymedHnkn — n3secTHAKH Oprannyeckoro Iupoic-
XOJIeHIIA — ocofenno pacnpocTpaneHhl Ha ceBepuoM mobe-
peskbe Yepmoro mopsa. 3namenutbie Ofecckne KataKoMGB —
9T0 GbIBIIIIe KaMeHOJIOMNI, B KOTOPHIX A06GHIBaJN paKyImed-
guk. M3 nspecTusakos riaaBubiM o6pasoM caoKeHsl W 3amaj-
Heie cKiuousl ¥YpaJa.

B uncroM Buje N3BeCTHAKI — GeNOro 1INl CBETJIO-HKeJITO-
ro IBETa, HO NPHMeCH NpHAAIT HM (oliee TEMHYIO OKpacky.

Hau6onee unctsiit CaCO, oGpasyer mpospadymble KpicTal-
JB H3BECTKOBOTO HJIN IICJIAHACKOrO INNaTa, OIHPOKO MpHMe-
HAEMOTO B ONTHKE. A OOBIYHBIC N3BECTHAKH HCMOJNB3YIOTCA
OYeHb IMIUPOKO — HOYTN BO BCeX OTPAciAX HapOJHOTO XO-
aniicTa. v

Bonbme Bcero M3secTHAKAa HAET Ha NYHBI XIIMIIYECKOIl
npoMbinuiennocT. OH HesaMennM B IPON3BOJCTBE HEMEHTa,
KapOmaa Kajabnus, cObl, BCeX BII0B u3sectd (raueuoii, He-
rameHoil, XJ0pHOii), Ge/NIbHbIX PacTBOPOB, NNAaHAMHEA Kajlb-
IIIA, [13BECTKOBOIT BOABI I MIIOFHX JIPYTHX MOJIE3HBIX BEL{ECTE.

3duaunTesnpnoe KOJIYECTBO N3BECTHAKA pacXoayeT O Me-
TaJXNypriug — B Kavecrse (puiocos.
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Be3 u3BecTHsAka He 00X0AMTCA HH OAMNO CTPOMTENLCTBO.
Bo-nepBbIX, M3 HEro Camoro CTPOST, BO-NTOPbIX, U3 U3BECTHSA-
Ka [enalT MHOrvMe CTPOWTENbHble MaTepuansbi.

M3BecTHAKamMy (ebeHKON) YKpennswT [Oporu, W3BecT-
HAKamu (B BMAe NOPOLUKA) YMEHbLIAIOT KWUCMOTHOCTb MOYB.
B caxapHOl MNpOMBILNEHHOCT W3BECTHAK MNONOAL3YIT And
ounctku CBEK/NOBUYHOIO COKa.

[pyras  pasHOBMAHOCTb  YIrNEKUCNON0  KaNibLus —Men.
Men —3T0 He TOMbKO 3yOHOM MOPOLIOK W LUKOAbHbIE MENKU.
Ero ncnonb3yoT B 6YMaXHOW W Pe3nHOBON MPOMbILLIEHHO-
CTM —B KayeCcTBe HANONHWTENS, B CTPOWUTENbCTBE H MpM
pPeMOHTe 3faHuin —ana nobenkn.

TpeTbsa pasHOBUAHOCTb KapboHaTa KanbLusa —MmpaMmop—
BCTpevaeTca pexe. CumTaeTcs, 4to Mpamop ob6pasoBancs U3
N3BECTHSAKA B fJaBHWE reonornyeckue anoxu. Mpu cmeLeHnsax
3eMHO KOpbl OTAe/bHble 3aneXu W3BECTHSAKA OKa3blBa/lUCh
norpebeHHbIMM M04 Ccnosmu Apyrux nopog. [lMog pfeictauem
BbICOKOTO [aBfieHWUsA U TeMMepaTypbl Tam MPOMCXOAWA npouecc
nepekpucranansayum, u us-

BECTHAK nMpeBpawanca B 60-
nee NNOTHYK  KpucTanimye-
CKYI Mopogy —mpamop.

ECTeCTBEHHbI LBET Mpamo-

pa —6enblil, HO yalie BCero
pasnuyHbie NPUMECcU OKpaLiu-
BAlOT €ro B pa3HoobpasHble
uBeta. YucToblii Genbiii Mpamop
BCTPEYaeTCA He 4acTo U mgeT
B OCHOBHOM B MacTepckue
CKy/bnTopoB. W3 MeHee LUeH-
HbIX COpPTOB 6enoro mpamopa
fenawT  pacnpefenuTesibHble
WUTbl WM NaHenn B 3eKTpo-
TexHuke. B cTpouTenscrse
mpamop (BCex LBETOB M OTTEH-
KOB) MCMO/b3YIOT He CTOMbKO
KaK KOHCTPYKLWOHHbIN, CKOSb-
KO KaK 06/MLUOBOYHbIA MaTe-
pwan.

KaHaBa n PogeH He mornn o6oiTuch
6en  KanbuWA — YrNeKUCcnoro Kanbuus
B BuAe Mpamopa. CKynbHTypa AHTO-
H1o KakoBbl «[leba»



U, uTo6B DOKOHYHTB € YIVIEKNCIBIM KajJblueM, HeCKOJIbRo
CJIOB, 0 JOJOMHTE — BAKIIOM OrieymopHoM MaTepHaje U
chIpbe JUIA NPOU3BOACTBA LEMEHTA.

JTo fBOIHAA MarHHe-KaJbHUeBasg COJb YroJbHOIl KHUCIOTH,
ee cocras — CaCO;- MgCO,,

Kanwsunii — ceproxnciblii

Cynsar xanbmusa CaSO, Torke HINPOKO pacnpoCTpaHeH B
npupope. W3BecTHBIIT MuUHEpan THOC —3TO KPHCTANIOTHADAT
CaSO,-2H,0. Kax BmKyumtee rumc UCOONB3YIOT yHKe MHOTO
BEKOB, YyTh JH He cO BpeMen erumerckux nupamung. Ho
npupogHoMy runcy (rumcoBoMy KaMHIO) HeCBOHCTBEeHHa
cnocoGHOCTh TBEpPEeTh HA BO3[AyXe U NpPH ITOM CKPemJATh
KaMHH.

JTo cBoifcTBO rumc npuobperaeT mpu obKure,

Eciu npupojmslii rumc npoKaddTs IpA TeMmepaType He
peime 180°C, om Tepser Tpm dverBepTH CBA3AHHOIY C HHM
soayl. llonyuaercs kpucrannoruapar cocrasa CaSO,-0,5H.0.
1o anebacTp, UAH MOKEHbIH THOC, KOTOPHIA U UCHONb3YyeTCA
B crpourenncTBe. IloMuMO BsIKyHmuMX CBOHCTB y JiGKeHO-
ro TAICA €CTH ellle OfHO MOJIe3HOE CBOMCTBO. 3aTBeprenas, on
HeMHOTO YBeJHIMBAETCH B o0beMe. JTO NO3BOJAET MOJNYdYaTh
Xopomue CIeNKA u3 rmmca. B mpomecce TBepaeHHS HiKEHOTO
runca, CMENIAHHOTO ¢ BOROH (rMmcoBoro Tecra), HOJTOPHI MO-
JIEKYAbl BOJBI, TOTEPAHHBIE NpH 06KUre, NPHCOGAUHSIOTCH,
U cHOBa mojsyvaercA rumcosmii kamenn CaSO,-2H,0.

Ecnu 0oGur rumcoBoro KaMHf BEeCTH OpPH TeMmepaType
spiie  500° C, momywaercs GesBofHBIII CEPHOKHCBIE Kalb-
uuit — «MeptBBIil runmcy., On He MOKeT GBITH HCIONB3OBAH B
KavecTBe BSKYIIErO.

«QKUBATEY MEPTBHIA rumc MoHO. A 9TOr0 HY}KHO HpO-
Kaauth ero npu eme Gojee Bpicokux TeMmeparypax — 900—
1200° C. O6pasyeTca Tak HasbiBaeMBIl THAPaBAHYECKIIl rUnc,
KOTOpBI, GYAYyYH 3aMeIIaHHbIM ¢ BOJOIl, BHOBb [aeT 3aTBep-
AEBAIOIIYI0O Maccy, OYeHb NIPOYHYI0O U CTOUKYI0 K BHELUHHM
BO3JEUCTBUAM,

Raasunit — docdopHoxneinsrii

Kanbumesas coas oprodochopnoit ®KUCIOTH — OCHOBHOM
KoMnoHeH1 ¢ochopuToB U amaTuToB. JTH MuHEpaim (roe
HOCTATOYHO pacHpOCTpaHEeHHBIE) — CHIphe AJiA NpPOU3BOJCTBA
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({)oc(bop}mx y06peniii 11 HEKOTOPBIX APYTUX XHMHYECKHX
npoayxrros. llockoabky mnosesneiimas wacts ¢gocdopiitoB u
anartiToB —- He Kaawuuii, a gocdop, M He GyneMm moapobHO
paccKasblBaTb O HIX, OTOCJHAB YHTATEJsA K CTaTbe 00 diIeMeH-
Te N 15. YmoMmsinem ToJbKO, 4TO KauablieBble comn docdop-
HBIX KICJOT, mpeskie ncero tpukadbimiidocdar Ca; (PO,).,
BCerga ecTh B opranuaMax Jjopeit un smusotHbix. Ca;(PO,).—
[JIABHBI «KOHCTPYKIUIOHHBIH MaTepnal» HAIOIAX KOCTeif,

Raabuuit — xaopuersiii

IdTa coNlb KaJbLHA BCTpPedaeTcs B MPHPOJIe HAMHOTO pee,
uyeM xapbonat, cyabdar mau docdar kampuusa. Ee nomyzaror
KaK NOoGOUHBI NPOJLYKT B TPOH3BOACTBE CONBI aMMHATHBIM
cnocoGoM. ITpIpoaHLlil XAOPICTHIT KadbUUHi 3T0 00BIYHO KpH-
cramtornapar CaCl.-6H,0, koropelil npu Harpesanun Tepser
cHavana deThipe MOJNEKYNBl BOABI, a 3aTeM M OCTAJbHBIE.

BesBogublit xJopuCTEIH Kambuuil CHIBHO THTPOCKOIMYEH,
ero DpHMeHAT A CYIMKH KUJKOCTeil N rasos.

XmopuceTHlil KaabLHil Xopollo pacTBopsercs B Boje. Ecam
TOJITHL TAKIIM PAacTBOPOM I'PYHTOBYIO HIHN 1HeGEHOYHYIO NIOpPO-
Ty, OHa OCTAUETCS BJAAKHOII HAMHOTO M0JbOIe, YeM Mmocie II0-
JUBKH BOMOIl. TO IPOMCXOMHT MOTOMY, 9TO YIPYrocTh Ilapa
HaJl pacTBOPOM XJOPHCTOro Kajibus o9eHb Maja; TaKoil pacr-
BOp IIOTJIONIAeT BJIarTy U3 BO3AyXa W IIOITOMY JOJITO HEe BHICHI-
xaer.

[lpyroe mpuMeHeume JTOIl COJNH CBA3AHO ¢ HU3KHMH TeM-
mepaTypaMi 3aMep3aHHs pPacTBOPOB XJIOPHCTOTO KaJbIHA,
ATI pacTBOPHL HCHOJBL3YIOT B XOJOMIIBHEIX CHCTEMaX. A cume-
CH 9TOIl COMII CO CHErOM IUIII MEJIKO WCTONYEHHBIM NBbJOM
INIABATCA TIPH TeMImepaTypax HaMHoro Hipke Hyna. Touka
I7aBlIenns  XoJojuibHOIT  cMecH coctaBa 58,8% CaCl,-
-6H,0 1 41,2% cuera aunye 55° C.

XJopICTHIl KambIfil MINPOKO TNPHMEHSAIT I B MeTHIHHE.
B wactnocTu, BHyTpuBenusle nabekmin pacrsopos CaCl, cun-
MalOT cHasMbl CepAeYHO-COCYJUHCTO CHCTEMBI, YIy4InaT
CBEPTHIBAEMOCTH KPOBIH, IIOMOTAlOT GOPOTBHCA ¢ OTEKaMu, BOC-
najJeHuAMH, ajieprieil. PacTBophl XJIOPHCTOTO Kalbllis Bpaln
NPONICHIBAIOT e TONbKO BHYTPHBEHHO, MO H NPOCTO KakK
BHYTpEHHee JeKapcTBo. XJIOpPIA KaJbIIA CTAl TaKMKe OJHHM
I3 KOMIIOHEHTOB BHUTaMHHA B,s.
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Kaapguii — drropuctiii

B oranune or CaCl, u npyrax rajoreHHI0B KajibLlf aTa
CONb NpaKTHYecKn HepactsopnMa B Bojfe. (DropHcThill Kauh-
UHii BXOOUT B COCTaB amaTnTa, TaM 3To GecrogesHas npuMecs.
3aTo umcrTwlii Kpucrasindecknit fEPTOPEA KaabnEA — Belde-
CTBO 09Y€Hb MOJIe3HOe, JTO OfuMH W3 TNIABHBIX MeTaJIyprude-
cknx (mocoB — BelmecTB, MOMOTAalOINNX OTHENATH MeTaJJbl
ot mycroii mopoasl. B arom KadectBe (ropHCTHI Kadbmmil
HCHOJB3YIOT 0Y€Hb [AaBHO, H He ciAyvaiiHo omHO 13 Ha3BaHBIl
9TOr0 MHUHepana — mAaBAKOBHIE mpat. IlnaBuKoBbiii — ot
«IUIABATEY.

WNnorna B mpupone BecTpeuaoTca kpynasie, secom g0 20 kr,
aGcomoTHO mpo3pavHble KPACTAJIIB 3TOil conn. Y HHEX apyroe
MHHepajiormiecKoe Haspanue — oopur. Takme KpHcraniel
OpefCTABNAIOT IpesBHIYAlHYI0 NEeHBOCTh IS ONTHKH, IOTOMY
4TO0 OHH NPONYCKAIOT yabTpadmoieToBEle W HH(paKpacHbIe
Jay9n HAMHOTO JIydile, 94eM ¢TeK’ao, KBapn miau poxa. Copoc Ha
KpacTarn (uaioopnTa HaMHOro npeBHIIaeT 3alackl pasBeflaH-
HHX MECTOPOKIeHHHA, W He cayuaiiHO (UIIOOPAT CTAIH OOMY-
9aTh B NPOMBIIUIEHHHX MacmTafax HCKYCCTBEHHBIM HyTeM.

HAckyceTBeREBIM TYTEM...

IIpEponasie coeqnHenAs KajAbHEA He BCErJa W HE BO BCeM
yIoBIeTBOPAIOT denoBera. [loaToMy Mmorme m3 HAX mpeBpa-
maoT B apyrde BemecTBa. Hexorophie coenmneAna Kanbnus,
nonyvaeMble HCKYCCTBEHHBLIM TyTeM, cTaim pnaxke Goaee m3-
BeCTHHIMA W HIPHABHIYHBIMHA, YeM H3BeCTHAKN mau rmme. Tak,
ramenyio Ca(OH), nm meramenyro CaO m3BecTh NpEMEHSIH
emie CTPOUTENHN NPEBHOCTH.

LlemMent — 310 ToMe coemmHEeHHe KajbHdfA, NONYIeHHOE HC-
KyccreenabiM nyteM. CHauana oGKHralT cMech TIAHH HIR
mecKa ¢ M3BECTHAKOM H MOJY4aloT KJIHHKEp, KOTOPHIA 3aTeM
pasMaibIBalOT B TOHKHEI cephlil nopomok. O nemenre (BepHee,
0 OeMeHTaX) MOKHO pacCKaseiBaTh OU€Hb MHOro, 3TO TeMa
CaMOCTOATENIbHON CTATHH.

To me caMoe OTHOCHTCA @ K CTeKJIy, B COCTaB KOTOpPOTO
Toxe o6bl9HO BXxOmHT 3nement No 20,

A kapbuj Kaiapnus — RemeCTRO, OTKPBITOe CIydailEO OpH
AcobiTanud H0BoN komcrpykumm neun! Emie wenaBHO kap6mn
kanbua CaC, ncomosbsoBanm raaBHBIM 00pasoM UIA aBTO-
reHHOH cBapKm 4 pe3k:m mertasnos. Ilpm B3ammopeiicream Kap-
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6uma c Bomoil ofpasyercs ameTH/ieH, a ropeHde ameTmieHa B
CTpye KHCJIOpOAAa MNO3BOJIAET MONY4YaTh TEMOEPAaTypy HOUYTH
3000°C. B mocnennee BpeMA ameTuwjieH, a BMeCTeé C HUM NI
KapOux Bce MeHBIIE PACXONYIOTCA JiA CBApKH H BCe 60Jb-
e — B XHMHYeCKOH MpOMBINIIEHHOCTH.

WcKyccTBeHHBIM MyTeM MHONYYAl0T W THAPHS KaibOHA —
CHJILHEAMUiT BOCCTAHOBHTENb, M AKTHBHbIE OKUCIHTENH —
xaopHylo wussects Ca(ClO)Cl w rumoxsmopuT Kanenms
Ca(ClO),.

Uncio nprMepos, MOATBEPKAAIONINX EPBOCTENEHRYIO BAK-
HocTh diemMenTa Ne 20 u ero coeqMHEHUI — NPAPOAHBIX H HUC-
KYCCTBEHHBIX,— MOKHO elne yseiandutb. Ho Bpsam num B aToM
eCcTh HeoOXOMUMOCTh.

U30TOIIbI KAJIBLVA. IMpnpogawit KaapOnii COCTOHT M3 IIECTH H30-
TOmOB € MaccoBbIMH wmcaamm 40, 42, 43, 44, 46 m 48. Ocmommoii m30-
Ton — *°Ca; ero copep:kagme B Metamie okKojo 97%. [onyuennbie
ICKYCCTBEHHBIM HYyTEM HM30TONLI ¢ MaccoBbiME umciamm 37, 38, 39, 41,
45, 47, 49 n 50 — papmoarTnsan. OguHE B3 HAX — “°Ca MoKeT OBITH
monyveH o0XydeHHeM METAIAYECKOTO KaJjbOUA HJIH ero coeuHeHHi
HeliTpoHaMH B ypaHOBOM peakTope. Hama mpoMbImMaeHHOCTh BRIIYCKA-
eT clefylonide Hmpemapathl ¢ maoromoM *°Ca: KanbOmil MeTaJIM9eCKHid,
CaCOa, CaO, CaClz, Ca(N03)z, CaSOa, GaC204.

PagnoakTHBELI! KalbOWil IIHPOKO HCOOJL3YIOT B GHONOrHH ©
MeANOHHE B KauecTBe M30TONHOTO HHAMKATOpPA IPH H3ydYeHWH Opouec-
COB MuHepaldbHoro ofmema B jkmBoM opranuame, C ero moMompbio
YCTaHOBJIEHO, YTO B OpraHA3Me MPOMCXOAHT HeHpPepHIBHBIA o6MeH
HOHAMHA KAJBIAA MEXKAY NJAasMoil, MATKAMN TKAHAMH M JaKe KOCT-
Ho#i TKamblo. Boabmylo poss chirpan ¢Ca Takke mpm H3yvYeBHH 00-
MeHHBIX [pONEeCCOB, OPOHCXOAAMMUX B [OYBAX, W NPH HCCJIeOBaHAH
OpomeccoB YCBOEHHA Kajbousa pacreHmAMH. C OOMOMBIO 3TOro ke
H30TONA YRAIOCH OOHAPYKHTh MCTOYHMKH 3arpA3HEHUA CTAAR B
CBEpPXYHCTOrO JKejie3a CoelHHeHWAMH KajJbOUA B IpONecce BHINJIABKM.

3YBBI 1 METAJIJIbBI UUCTUT PA3HBIN MEJL [Ipuponsmii Meix B
BAJE NOPOIIKA BXOLAT B COCTaBBI AAs moaupoBK:m MerammoB. Ho um-
cTUTh 3y0Gbl MOPOMKOM #3 OPUPOJLHOIO MeJla HeJb3sdA, TAK KAaK OH
COAePIKAT OCTATKH PAaKOBHH W OaENHped MeJbYaiimux IKABOTHBLIX,
KOTOpble 06/1aflal0T MOBHLIMEHHROH TBEPAOCTHIO M PaspymIaT 3y6HYIO
aMajb. [losToMy 3yGHOIl NOPONIOK TOTOBAT TOJNBKO H3 XHMHEYECKH
OCaXKIeHHOTO MeJa.

HKECTKAST BOJA. Homnaexc cBoitcTs, onpefesiseMbIX OfHOM CJIOBOM
HeCTKOCTbY, BOAe OpUAAIOT PACTBOPeHHBIe B Heill COMM KaXbOuA o
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marnnsa. /HecTkaa Boja Hempmnroina BO MHOTHX ciayuaax skmsmi. Ona
ofpasyeT CJOfi HAKINI B NAPOBLIX KOTJAAX If KOTCJALHLIX YCTaHOBKAX,
3aTpyMNAeT OKPACKY I CTHPKY TKameii, e roiirea A BapKil Muiia
H OpuroToBJicnusa aMmynabcuit B nmapdiomepnom npoussoacrne. Iloato-
My panbuie, Korga cmoco0nLl yMArdenms BOAbl ObIJINM  1€COBEpUICHIIbI,
TeKCTIIbIBIE 1 mapdloMepnnie npeAnpuATUa o0bYOO pasMemanch
M00JIN30CTH OT (ICTOUYHHKOB ¢MATKOIT» BORBL.

Pa3anyaioT JKECTKOCTb BPEMCINY I NOCTOAHHYI0. Bpememnylo
(i kapGonaTayio) KECTKOCTh MPNAAIOT BOJC PACTBOPHMBIC THAPO-
rapGonatet Ca(HCO;3). 1 Mg(HCO;),.. YcTpannts ce MOKHO IPOCTBLIM
KUOAYCNeM, NP KOTOPOM Trijipokapfonarsl NpeBPaIalOTCs B Hepa-
CTBOpUMBIC B BOAC KapGOHATHI KAJbIAA 0 MarHis.

[locTosiHan KCCTKOCTL CO3AaeTcA cyabdaTaMnm d XJOpHAAMI Tex
ke MetamuoB. I ce MOKIO yCTpaHHTh, HO C/eJaTh 3TO HAMHOTO
cJIoMKHCC.

CyMMa o00cCIX KecTKOCTell cOCTapjiseT OOMYI0 KEeCTKOCTh BOJBL.
OuennBaioT ee B pa3ubix crpanax no-pasAoMy. B CCCP anpuusarto Bul-
pasKaTh KECTKOCTh BOALI UIICJAOM MUJUINTPAMM-3KBIBANCHTOB KaJib-
0Isa U Margia B OJUHOM JnTpe BOAH. Ecim B JnTpe BOAL Meitbile
4 Mr-dDKB, TO BOINA CYUHTACTCA MATKOIl; MO Mepe YBEJNHYEHNA X KO-
nentpannu — sce osce ecTKoll W, ecan cofeprkaune IMPeBLIacT
12 epuniui,— ovelb KECTKOIl.

HiecTKoCTh BOALI OOLIYHO OMpEeAENAIOT ¢ MOMOIMBIO PACcTBOpA MLLIA.
Takoii pactsop (ompejciiennoii KOHUCHATpPAIiiA) npunlaBiIART Mo
KanjasM K OTMcpelHoMy KoJjinucctBy BoAbl. Iloka B Bofe ecTb IOHEI
Ca?+ i Mg?*, onu Oyayt Memats oGpasosanmio menwt, [lo sarpa-
TAM MBLIIBIOI'O PacTBOPa [0 HOSIBACHNs HCHBI BBIYIICAAIOT COXCPIKA-
e onoB Ca%t n Mg?+,

HuTtepecnio, 4TO QHAJOTHYHBIM OYTEM ONPCACHMIN KECTKOCTL
poaul cmte B Jlpepnem Pume. Tonabko peakTHBOM CJAYKIJIO Kpaclioe
BUIIO — CFO0 Kpacsliic BEIICCTBA TOMe 00pasyloT OCaioK ¢ monaMmi
KaJbLUNA i Mariis.

«KUOEJKA» I «1IYIIOHKA»., Eme B I B. B.2. [{nockopna — spau
OpH puUMCKoOit apmi — B counmncnnu «OQ JeKapCTBEHIBIX CPefCTBAX»
BBEJ AA OKICR KAaJAbLANg [Aa3Banme «ieraumienas H3BecTh», KOTOpoC
coxpanmiock i B name Bpemsa. CrpouTteanm ee HA3BIBAIOT (Kiioen-
Koii» — 33 TO, 4TO Npu TAINCNHI BHIJENACTCA MHOrO Temja, H BoOjJa
sakunaer. O0pasywomuiicas npn 3TOM Oap PaspbIXJSICT H3BECTb, OHA
pacnajaerca ¢ ofpasopanlieM nymcroro nopomsra. OTCOfa cTpol-
TeNbIOe HA3BaHHC ramenoil N3BeCTH — «mywonkay, B 3aBucnMocTi
OT KOJIUCCTBA BOABLI, AolaBiasgeMoil K H3BecTH, ramienme maer [0
NOJYUCHNA NYIIOHKH, H3BECTKOBOPO TCCTA, 13BCCTKOBONO MOJIOKA LI
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N3BeCTKOBO BOABI. Bce OHI HYKHBI IJIf HPOrOTOBJCHUA BHKYMINX
pacTBOpOB.

BETOHY — IBE TBICAYN JIET. Betou — sammpeiimmnii ctpornrteas-
neiii Matepnaa namunx gaueil. Ho ato BemectBo (Tounee, oanv uns ero
Pa3noBNHOCTEl — CMeCh JpPOGJeNoro KaMHs, MeCKa O N3BeCTH) mpi-
MeHAOT ¢ gaBunox mop. Ilannmit Crapmumii (I B. H.3.) Tak omnmceiBacT
HOCTPOIiKy muctepH u3 GeroHa: «[Insa mocTpoiikn mucrepn 6epvr OATh
qacreil YACTOro rpaBHilHOro mecKa, JBe 4acTH CaMoil Jvimeil rame-
Holi m3BecTnm 1 0GJOMKH cniaekca (TBepnas JaBa.— Ped.) BecoMm ne
Goapmie yHTa KOKABIH, mOCJIC CMCINNBAHNA YIJIOTHAIT KaK ClCAyeT
HIGKHIOI0 U GOKOBHIe NOBEPXHOCTH yJapaMH »Keje3uoift TPaMOOBKII»

MOYEMY KAJIBIINUM — KAJIBIIUN. B JaTHHCKOM fA3bIKe CJIORO
«calx» o0o3nauaer u3BecTb H CPABHOTENHHO MATKUE, Jerko obpaGa-
ThIBaeMble KaMHH, B IepBYI0 odepedp Meld #H Mpamop. Or 3aroro ciiopa
H Opon30nuIo Ha3BaAMe 3jeMeHTa Ne 20.

YTO TAROE «APBOJINT»? Tak naspad MaTepual;, B COCTaB Ko-
TOPOr0 BXOAAT OTXOABI APEBECHHBI, IE€MEHT, XJOPHCTHI KaapUmil W
poaa. Ilocie cMelleEHsA KOMIOHEHTOB H YINUIOTHEHHA BHODPANUONHBIM
c10co6oM MOJYYaeTCs CTPOMTEABHBIN MaTepHaJ ¢ HCKAYHTENbIO
UEeHHBIMH CBOIICTBAMH: OH He TOPHT, He THIHET, Jerko NILUITCA MHJIOI,
obpaGarbiBaercss Ha cranke. CTOIMOCTHL TAKOTO MaTepnalia HeBeJIKa.
IlnoTel H3 ap0oJATA HCOOJNB3YIOT B CTPOHTENBCTBE MAJIO3TA;KHBIX
3nanmii.

KHAK XPAHAT KAJBLUUN.. Meraanudeckuii Kaapuuii AJUTENLHO
XpaHuTh MOKMO B Kyckax BecoM oT 0,5 mo 60 kr. Takme KycKu
XpaoaT B OGyMasKHBIX MeIOKAX, BIOMKEHIBIX B KeJe3NbiC OLMHKOBAH-
meie Gapafaupl ¢ DpONAAHHBIMU H MOKpameHHAbIMEH mBamu. ITi1oTHO
3aKpbIThie Gapa0aHbl YKJIAAbIBAlOT B JcpeBAnHble AMuKI. Kyckn pe-
coM mcubme 0,5 Kr mogoJiry XpaHHTh HeJb3dd — OHH ObICTPO mpeBpa-
MATCA B OKICh, THAPOOKHCH H KapOOHAT Kaabmus.

KAK NOJYYAIOT KAJNBHUN. Kanbnnit BoepBbie moidyden [Hasm »
1808 r. ¢ momompbio anexTposansa. Ho, kak m jpyrne menodHbEle H
meJoYHO3eMelIblible MeTaJulsl, ajeMent N 20 Heab3d DOJYYUTH JJIEK-
TPOJI30M 13 BOAHBIX pacTBOpoB. Kajbunit mojywaoT OpH aJeKTpo-
Jl3e ero pacIJaBJeHHBIX COJIeil.

9To cnOoMHBI H 3HeproeMkmii mpomece. B aleKTposm3epe pacnias-
JIAIOT XJAOPHA Kaidbuusa ¢ Ao0aBKaMu APYrHX cojieil (OHH HYXKHHI AJIA
TOro, 9T00H CHU3NTHL TeMmmeparypy uniasiennsa CaCl,).

CraxbHOII KAaTOA TOJNBKO KacaeTcd MNOBEPXHOCTH 3JIEKTPOJHTA;
phifenalomuiica kaapnuit npmianmaer n 3acTeidaeT Ha HeM. [To Mepe
BbIJIeJICHHA KAJIbIHAs KATOA MOCTEHEeHHO MNORHHEMAIOT I B KUHEYHIOM
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cueTe NOMYYal0T KAJbOHeBYW e¢mranry» aamaofi 50—60 cm. Torma ee
BHIDHMAIOT, OTGHBAIOT OT CTANBHOIO KATOJla W HAYHMHAKT mpolece
cHagana. «MeToloM KacaHmA» TOJYYal0T Kaiabndil CIJIBHO 3arpsA3HeH-
HBIl XJOPHCTHIM KaJbLHEM, KeJiesoM, aJOMHHEEM, HatpumeM. Oumima-
10T ero mepemiaBKoit B atMoc(epe aprona.

Ecnn cranbHOll KaTOf 3aMeHATh KATOAOM H3 MeTajJa, cnocoGHOro
CONABAATECA € KaJbL@eM, TO NPH 3JeKTpoan3e Oyaer mnoJyYarbes
COOTBETCTBYWOIMMi cmiaB. B saBucmMocTH OT Ha3HadYeHAA €ro MOKHO
HCMOJNB30BaTh KAaK CHOJAaB, JAGO OTTOHKOH B BaKyyMe HOJYYITh YHC-
THIH Kaabnmil. Tak mosayvaroT CHJIaBel KajJbOHA € IAHKOM, CBHHILOM
I MeJbIo.

HE TOJIbBKO 3JIEKTPOJIN30OM. [Ipyroii MeTom noJdyueHAA Kaljb-
A — MeTANJI0TepMavYecKuii — ObI TeopeTHuecKn oGOCHOBan cHIe B
1865 r. maBecTHBIM pycckaMm xumukoM H. II. Bexerosem. Haaenmit
BOCCTaHABJMBAKT aJlOMUHHEeM Oph jAaBjiennn Bcero B 0,01 MM pryT-
Horo croaba, Temmepatypa mpomecca 1100—1200° C. Kanbnmii mouxy-
9aeTcA OPH 3TOM B BHAE Napa, KOTOPHIA 3aTeM KOHACHCHPYIOT.

B nDociaexume roam paspaGoTam eme OAMH COOCO0 MOJyYeHHA
anmementa Ne 20, On ocHOBaH Ha TepMHYECKOil Qucconpamng Kap6mma
KaJbOm|s: packaJeHHuil B Bakyyme go 1750°C kapbmm paanaraercs
¢ ofpasoBaHEeM IapoB KAJILNAA W TBepAaoro rpadmra.

NIPUMEHEHUE KAJDBIHA. [do nDociepsero BpeMeHH MeTalanue-
CKHIl Kaubmuili mouTm He Haxopmi npumenenns. CIIIA, manpumep, mo
BTOpO#l MHpPOBOi1 BoitHEt moTpefasiu B rog Bcero 10—25 T Kaabmams,
Fepmanma — 5—10 1. Ho psa pasBatma HOBEIX ofaacTeil TexmmKkm
HY)KHBl MHOIHe DeflkHMeé H TYroIUIaBKHe MeTa/ulbl. BeiAcHmIOCH, uTO
KaJbOail — 09eHb YAOOHEIA M aKTHBHLIA BOCCTAHOBHTENh MMOrHX N3
HAX, B 9JeMeHT N: 20 cTaim DYEMeHATh IpPA NOJYYEeHHU TOpHA, Ba-
Hajqusd, DAPKOHNsA, GepmiamA, HAOOWA, ypaHa, TaHTala H JPYrux Ty-
rOMJIaBKAX MePBAJLIOB.

CrnocoGHOCTh KaJNbOHUA CBA3HIBATH KACJOPOA ® a30T MO3BOJMJIA
OPAMEHATH ero JJiA OYHCTKA MHEPTHHIX Ta3oB M KaK rerrep * B Ba-
KYYMHOi1 pagmEoanmaparype.

Kanpnuit MCOOABL3YIOT W B METANIYPrun MeAn, HHKeJA, coeuu-
ambEBIX cTajiefl m GpoH3; UM CBA3LIBAIOT BPERHbIe IPHUMeCH Cephl,
docdopa, mabuTouroro yriepopa. B Tex ke menax npuMeHAOT cmia-
BN KagbOuA ¢ KpeMHHeM, JMTHeM, HaTpdeM, GopoM, aJIOMHHHEM.

" I‘e'r'rep-—’nemec'rno, cuymamee AAA MOIVIOMEHNA Ta3oB Ul CO3ja-
HOA ray0okoro BaKyyMa B 3IeKTPOHHEIX mpmGopax,



CRAHJIIIA

AToT cepeGpUCTHIN METAI TOYTH TaK
JKe JIerOK, KaK aJiOMUHHIl, a IIaBUTCA
Opu TeMIepaType, HEMHOTHM MEHbIIEH,
9eM CTalb.

droro Meramna Ha 3emiae B 60 pas
Gosble, 9eM cepebpa, HO CTOUT OH Ha-
MHOTO J0pO’ie 30J0TAa.

o mocnegHuX JEeT TEXHHKA HE 3HAJA
9TOr0 MeTajjia, OH Obl ONHHM M3 He-
Muoorux «GeapaGoTHBIX» 2JeMEHTOB Iie-
puoxudeckoil cucremsl. HelHe ¢ ero momompio pelneHa ofHa
H3 BajKHBIX IpoGjaeM BHIYHCIUTEIBHOU TEXHHUKIL.

dxaGop Menpeneesa

1 mapra 1869 r. [Imurpuii Vsanosua Menpenees pasocnan
B HayuHble yupesknenus Poccunm u npyrux ctpam mepsoe m3o0-
Gpasxenne «OmbITa CHUCTeMBI dJI€MEHTOB, OCHOBAHHON Ha HX
aTOMHOM Bece M XWMHIECKOM CXOHCTBe». ITO GBUI OTHENbHBIH
JNHCTOK, MaJo HOXOMKUI [a H3BECTHYIO Temepb BCEMY MHpY
MeHJIeJIeeBCKYI0 TaGaumIy.

Tabauma HoABUIACH JBYMS rojaM# IHO3Ke.

B 1871 r. ee kierkn, npeguasuadennsie gua 21, 31 u 32-ro
2JEeMeHTOB, 3aHMMalH BOIpocUTeNbHble 3HaKu. Ho pamoMm c
HEMH, Kak ¥ B JApPYruX KIeTKax, croaid uudpsl aTOMHBIX
BECOB.

dnement Ne 21 MengeneeB mpemioKui IpeaBapUTENbHO
Ha3BaTh 5Ka0opoM, «IPOH3BOJA ITO HA3BAHIIE OT TOrO, YTO OH
caepyer 3a 6OpoM, a CJIOT 3Ka NMPOM3BOAMTCA OT CAHCKPUTCKO-
ro c¢JoBa, osHavalomero omua». JiBa apyrux moayydmam Ha-
3BAHUA SKacUIMIuA u dKaaaiomMunusa. B Tom xe 1871 r. B
craThe, onybauKoBaHHOH B KypHame Pycckoro xmmuueckoro
obmectsa, Menpuenees moapoGHO omucan CBOHCTBA BCeX Tpex
«okoB». (CraThd HaHa B NPWIOKEHHUH K TOMY TOMY, WOJTO-
My 3fecb OUTHpYeM ee IpPEIeJbHO KPaTKo.)

«IKabop,— nKcal OH,— B OTHNEJHHOCTH MOJIKEH MpecTaB-
JATH MeTalll... ITOT MeTana OygeT He JeTyd, NOTOMY, 49TO M
BCce MeTa/sIbl B YETHHIX PANAX BO BceX rpymnax (xpome I)
He JeTy9d; CJef0BATEeIbHO, OH €[ABA JH MOKET OBITH OTHPBIT
oOWYHBIM IyTeM COeKTpajdbHOro aHainsa. Bopy Bo Bcaxom
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Nape ®pepepuk HunbcoH
(1840—1899) — ruBeACKN  XUMMUK,
OfWNH U3 «yKpenuTenei» nepuoan-
UeCKOro 3akoHa, NepBOOTKPbIBATEND
ckaHaus. MpeAcKasaHHbIE MeHpene-
eBbIM CKaHAWi 6bln OTKpbIT Hunb-
CoHOM B 1879 r. HunbCOH ycTaHoBUN
TakXke NpaBuNbHOe 3Ha4YeHUe aToM-
HOro Beca 6epunina, 4TO NO3BONN-
N0 HallTU MecTO 3TOMy 3MeMeHTY BO
Il rpynne nepuoAuyYecKoi cucTeMbl

cny4yae OH He 6yaeT pasnaraTb npn 0ObIKHOBEHHOW Temnepa-
Type, & Npu HEKOTOPOM BO3BbILUEHUU TEMMEPATYpPbl PasfioXuT,
nogo6bHO TOMY, KakK 370 MPOM3BOAAT M MHOTMe, B 3TOM Kpawo
MOMeLLEHHbIE MeTannbl, 06pa3ys OCHOBHOW okucen. OH 6ygerT,
KOHEYHO, pacTBOPSATbCA B KWCOTAX...»

OTKpbITUe 3Kabopa Npou3oLNo ewe npu XxusHuum A. N. Men-
feneesa, B 1879 r. LBeackuin xumumk Jlape dpenepuk Hunb-
COH, paboTas HajA W3BMEYEHWEM pEeAKO3EMESIbHOro 3/1eMeHTa
UTTEp6MA, 06HAPYXUN HOBYHD «pefKyto 3em/to». Ee cBoiicTsa
nopasvTe/ibHO COBMNagany Co CBOWCTBAMW «OTKPLITOMO Ha KOH-
4mke nepa» 3kabopa. B yecTb CkaHAMHaBMWM HWAbCOH Ha3Ban
3TOT 3/IEMEHT CKaHAMWeM.

OfHaKO BeLLeCcTBO, MOMyYEHHOE LIBEACKMM YYEHbIM, eLle He
6bl10 AOCTAaTOYHO YNUCTbIM. I HWABCOH, M €ro COBpEMEHHUKMU,
M MHOTVE XWUMWKW MOCNeSYHLWNX NeT He CMOIMIN OTAENUTb 3TOT
PenKuii U pacCcesHHbIA 3M1eMeHT OT 6GeCUMCNEHHbIX MNPUMECEN.

CpaBHMTENBbHO YMCTbI MEeTaINYecKuii ckaHaguii (94—
98%) 6bl1 nonyyeH nuuwb B 1937 T.

He Tak pefioK, KaK paccesiH...

MMoyTn monBeka NOTPaTUIM Y4YeHble Ha BblAeNeHWe 3fieMeH-
Ta Ne 21. lMNMouemy 3to npousowno? Copep)kaHue cKaHaus B
3eMHOI Kope cocTaBnseT 2,2-10-3%. 3TO 3HAYMT, 4TO B 3EM-
/le ero HeMHOro MeHblle, 4YyeM CBMHLA, HO no4ytu B 500 pas



Gonpie, yuem pryTu. OfHAKO H PTYTh, I CBIEL IMEIOT OG-
CTBCUIIBIC PY/Bl; B COCTAB IIGKOTOPBIX MIIHEPaJoB OUH BXOLT
B KOJIHYECTBE O HECKOJLKIX HPOIEHTOB, a CKaHalil pacmpe-
JlejleH MO 3eMHOH MOBePXHOCTH TaK, OyATO MPHpPOAA pemiia
cellaTh €ro Be3/lecYIINM, HO HeyJOBHMBIM.

HanGosee GoraThlii cKaHameM MuHepaJ — TOPTBeTHT —
OJMH U3 peguaiimnx MuHepanoB, CaMble 3HAUNTENBHBIE MECTO-
pO:JIeHIIA TopTBeiiTHTa pacmoio:ensl Ha iore Hopeerum n
Ha Majarackape. Hackosnbko «Goratel» 9TH MeCTOPOMeINis,
MOKHO cymutk mo takuy uudpam: za 40 ¢ nmmmuM der, ¢
1911 no 1952 r., na nopBecKUX pyAHHKAX 6bLI0 JOGHITO BCE-
ro 23 xr ropreeiituta. IIpaBma, B mocaefyioniee aecatuierie
B CBA3H C HOBBIIIEHHBIM HHTEPECOM K CKAaHIUIO MHOTIX OT-
pacieil HAyKH W TPOMBILIJIEHHOCTH M00BIYa TopTBeiiTiTa Gblia
npefelbHO yBeqmdyeHa M B cymMe gocruria... 50 xr. Hemmo-
UM 4Yallle BCTpedaloTca M Apyrue Oorartble ckKaH[lleM MHHe-
pajbl — CTePPeTTHT, KOJALOEKUT, GOJBIUIT,

3aTo B COTBIX M THICAYHBIX JOJMAX NPOLEHTA 3TOT SJMeMenT
BCTpeYaeTcA U B KeJIe3HBIX, I B YDAHOBBIX, U B OJOBSHHEIX,
11 B BONb(PaMOBBIX pyJaX, H B HU3KOCOPTHBIX YIJIAX, H JaKe
B MOpcKoii Bofe n Bopopocisax. Hecymorpa Ha Takyio paccesi-
HOCTB, GBI pa3paGoTaHBl TEXHOJNOrHYECKIIe MPOLECCH MoJy-
YeHHA CKaHANA U ero COefMHEHMHA 113 pa3NIYuUbIX BIOB
cbipba. BoT Kak BBIFIAAMT, HApHMEpP, OAHH 13 cnocobon mo-
Jy4eHIsA OKHCM CKAaHAUsA, pa3paboTaHHBLT 4YeXOCHOBALKIIMII
Y4YeHBIMU.

IlepBass cramus — oGmur orxonos 06paGoTKi BOJLYPaMO-
Boix pya. IIpu sTom BBDKHraloTcs JeTydune KoMmouentsl. Tsep-
JBIIl OCTATOK pAa3jlaraioT KOHLEHTPHPOBAHHOI cepHOIl KicJjo-
TOH, M0GaBAAIOT BOJy M AMMHAKOM OCaXKAAlOT 113 pacTBopa
THAPOOKHCH CKAHMA. 3aT€M ee BBICYIIMBAIOT II MPOKAJIIRAIOT
B raszopoil meun mpu 600—700°C. B pesyuasraTe nosayvaior
CBETJIO-PO30BBIil MOPOLIOK OKHCH CKaHAHA C JIOBOJILHO 3navll-
TeJBbHBIMH NPHMECAMH TBEpPHOH KpeMHeBOIl KHCJIOTHI U pas-
JINYHBIX OKHCJIOB, B MEPBYIO OYePelib OKUCH Keje3a. JTH mpH-
MeCH MOMKHO YAAJHThb, PacTBOPAA MOPOLIOK B YIICTOH CONA-
HOII KIICJIOTe ¢ MOCHeAYIOIHM BbljeJeHieM PasHBIX (Qpakulif.
KpeMHeByI0 KHCIOTY YAaNsOT ¢ MOMOLIBI0 PacTBOpa ?Kejarii-
Hbl, a o0pa3oBaBlleecsl XJOPHOe Kelle30 — MeTOAOM adupuHoii
3KCTpaKUHUIL,

3aTtem ciejyer ellle cepls omepauuii, B KOTOPLIX y4YacTBY-
10T pasjuvHble KUCJIOTHI, POJAHICTHI aMMOHMIl, Boma, 3¢up.
CHoBa BrIIapKa, OPOMBIBKA, CYyIIKa.
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OunnieHnyio OKHCH CKaHJHA elie pa3 pacTBOPAIOT B COJS-
HOIl KIIC/IOTE 11 HIaBe.1eBoil KIICJIOTOM ocak/aloT OKcalar CKaH-
ana. Ero npoxkaausaior npn 1100°C 1 npespamjaior B OKICb.

[lonyuenne MeTaJJYeCcKOro CKaHAMA 113 OKIICJA — He Me-
uee tpynoemknii mpouecc. Ilo gaunbim Jiimckoii ma6opaTopun
CHIA, unanGonee nenecooOpasHo mpeBpaTHTh OKICH CKaHAHA
8o ¢rropun. Itoro pocruraiotT, obGpaGarpiBas ee (TOPHCTHIM
pogopoaom uau oudropunom ammonusa NH,F-HF, Uro6s me-
pexopn Sc.0: B ScF, 6b11 noMHEIM, peaKnuo IPOBORAT ABAMNI/HL.

BoccranaBiansalor GTOpHCTHIl cKaHAU B TAHTAJOBBIX THI-
JAAX ¢ HOMOLLGHI0 MeTa/uiAdecKoro Kaabmus, IIpomecc maunmna-
erca upu 850° C u umer B atmMocdepe aproma. 3ateM Temie-
parypa uosbimaetrca go 1600°C. Ilonyguemmsiii Meramnmye-
CKHII CKaHAMIl I IIJTAaK pa3fesiloT OPU mepenaBKe B BAKyyMe.
Ho u mocxe atoro cautok ckammua me GymeT AOCTATOYHO YH-
cToiM, 'maspas npumecs B HeM — ot 3 o 5% TtamTana.

Iocnennaa cTagus OYHCTKA — BAKYYMHAA JUCTUWLIALMA,
Temneparypa 1650—1750°C, naminemue 10~* ma pryrmoro
cron6a. Ilocne oxonuammsa omepauum B cimtke Oyner oxono
95% cxanana. Janbueiiman ounCcTKa, NOoBefende CKAHTIN 10
qucToTH X0TA 061 99% — emie Gonee coKxEME MAOTOCTYLEHYA-
THI Opolece.

HecMmoTpa Ha 3TO, yYeHEIe HAYT BCe MaJbiNe, CTPeMATCA
JAOCTHTHYTh MaKCHUMAaJbHOM 9YHCTOTH PEJKOro MEeTallla, usy-
9al0T CBOCTBA ero coeqmHeHHil, paspa0aTbiBalOT HOBHE Me-
TOABI WX OONydeHus. B mocliemmee BpeMsA BajKHOe SHAYeHNE
npuofpeso NOUYTHOE M3BJIeYEHUEe CKAHAUA M3 YPAHOBBIX PYA.

O TOM, KaK CTpeMHTEJbHO PacTeT HATEpeC K CKaHJHI0, MOK-~
HO CYIATH OO KOJUYECTBY KEHr, Opowriop W crateil o HeM H
ero coequnenuax. Ecau B 40-x rogax Bcio MIIPOBYIO JuTepa-
TYpy 0O CKaHAWI MOMKHO ObI0 OGYKBajJIbHO COCYHTATh IO
najbliaM, TO ceifiuac H3BECTHHI ys;Ke THICATIH mMyOmuKanumii.

Baeck n numera snementa Ne 21

Yem e meiieH cKanauu?

IIpesskne Bcero oH oGnajgaeT pefKHM coYeTaHHEM BBLICOKOM
TeIocToiiKocTu ¢ Jerkoctbio. [lnorunocts amomMunus 2,7 rfem?,
a temneparypa nnasaennsa 660°C. Ky6uuecknii camtumerp
ckangua Becut 3,0 r, a TeMnepatypa IJaBJeHHA 3TOTO METaJ-
aa 1539°C. [laoTnocts cranu komeGiaerca (B 3aBHCHMOCTH
or Mapkm) B mpegenax 7,0—7,9 r/cm®, TemmepaTypsl niasie-
HUA pa3iNvyaoTcd 8 JOBOJIBHO MMPOKNX nNpefenax (ducroe
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Xeneso nnasutca npu temneparype 1530° C, Ha 9° Huxe, 4yem
CKaHAui).

CpaBHeHMe 3TUX BaXHeWWMnX XapakTepucTUK CKaHAus U
[BYX CamblX BaXHbIX METa/I/IOB COBPEMEHHOW TEXHWKWU SBHO
B NOMb3y anemeHTa Ne 21.

Kpome TOro, oH o6nagaet nNpeKpacHbIMW MPOYHOCTHLIMM
XapaKTepucTnKamm, 3Ha4MTeNbHOW XMMUYECKOW U KOPPO3MOH-
HOIi CTOMKOCTbIO.

Bnarogaps aTum CBOCTBAM CKaHAWI MOr Obl CTaTb BaXKHbIM
KOHCTPYKLMOHHBIM MaTepuanoM B aBuaLuy U PakeTOCTPOEHUU
B CLUA 6bina npegnpuHsaTa nonbiTka Npou3BOACTBA MeTanun-
YECKOro CKaHAWA [ANA 3TWUX Lenei, HO CTafio ACHO, YTO CKaH-
AuveBas pakeTa OKasanacb Obl CAWLIKOM [OPOroi. [axe OT-
[enbHble feTanu W3 CKaHAMA O0YeHb CWULHO YBENUYUBANIN ee
CTOMMOCTDb.

MblTanuch HakTM NPUMEHEHWE CKaHAWIO W B METaNypruu.
PaccumTblBanM WCNOMb30BaTb €ro B KauyecTBe nerupyroLei
006aBKM K YyryHy, CTaiiM, THTAHO-a/IlOMWHHEBbIM CMjaBam.
B psage cnyyaeB 6binM mosyyeHbl 06HafexwusaloLline pesyib-
TaTbl. Hanpumep, fo6aBka 1% CkaHAWA B aflOMUHWIA yBenu-
ymBana MPOYHOCTbL Cnjasa B nontopa pasa. Ho v HemHorue
MPOLEHTHl MeTa/lIMYecKoro CKaHAMS CAULWIKOM YA0pOXaiu
cnnas...

Tak BbITNAAAT cKaHfHlicogepuyawine GeppuTbl. YTo6bl AaTb npejcTaBneHue
06 ux pasmepax, (eppuTbl ctoTorpadguposany psAOM C MOHeToil. MeTtannu-
Yyeckuit py6nb, a He Komeiika, Bbl6paH He CnAy4yallHO: OH Kak 6bl HanmoMWHaerT,
4YTO CKaHAWW A0 CMX MOp OCTaeTCcs OAHWM W3 CaMblX AOPOrMX MeTannos



Wckann npuMeHEHHA CKAHAMIO U B AJEpHOH TeXHHKe, I B
XUMU9EeCKO NPOMBILIIEHHOCTH, HO B KasKAOM CIydae MHOIO-
3HayHble IPH UEHH CBOJWIH HA HEeT MOCTOMHCTBA 3JIeMEeH-
ta Ne 21.

ITockonbKy OKHCh CKaHOUA B HECKOJNbKO pa3 JelleBjie Uii-
CTOr0 MeTaJjlla, e¢ DpHMeHelMe B HEKOTODHIX CIydYasAX MOIJIO
OBl OKa3aTbCsl DKOHOMHYECKH ONpaBAaHHBIM. Y 9TOro 1eB3pay-
HOTO, 0YeHb OOBIKIIOBEHHOT0 Ha Bl MOPOIUKA He OBLIO JOCTO-
HHCTB, CTOJIb OYeBHHBIX, KAK y CAMOr0 MeTaJlia, HO...

C cepenunst 60-x rr. oKuch cKaHAUA HCHOJL3YIOT B COCTaBe
$eppuToB [JJA BIEMEHTOB HAMATH OBICTPOJAEHCTBYIOIIUX BbI-
YHCAUTENBLHBIX MalUUH HEKOTOpBIX Tumos., [lodyyalTr okuch
CKaHAUA IpH KOMIeKcuoil mepepaboTke GOKCHTOB, OJIOBAH-
UBIX, YPAHOBHIX, BOJIb)PaMOBLIX I THTAHOBHIX PY/I.

Cam sxe cKapgumit (M cruiapbl HAQ €T0 OCHOBE) IO-IpEXIHEMY
oCTaercd MeTajuioM OYIyIero: XOpoll, KOHeYHO, HO CIHIIKOM
nopor. Bmpouem, cmenmagmcThl He HCKJIIOYAIOT, 4YTO 3TOMY
MeTajqay B OyaymieM yaacTtcA HpoiiTH TOT e MYTh, KOTOPBIi
BO BTOpoil mojiopuHe XX B. IpOMIeJ ero cocej IO MeHjele-
eBCKOM TabJiuie — TUTaH.

CPABHUTE:

Mecendeaeea npedcrasan

¢ 1870—1871 ze.
dkrabop

ATtoMmHRIT Bec 44.

Modexyna OKHCH COCTOHNT 3
IEByX aroMoB 9dKaGopa m Tpex
2TOMOB KHCJIOPOJA.

YenbHBl Bec okncu 3,5.

OKHnch HepacTBOPUMA B ILiexodaXx.
Coau GecmBeTHHI.

Yraexkncani
pHM B BOJe.

axabop HepacTBO-

Kpuneramas  paBoiiHoil cepHOKIC-
Joit comm sKabopa n xaamsa mo
dopMe HEMOXOMIE HA KBACLEL.

Ensa an MoseT OBITH OTKpBIT
C:1eKTPaJbHBIM QHAJHA30M.
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Huavcon o6napymua
6 1879 ..

Crampgni

AromARIiT Bec 44,1.

Moncuyna OKIICE COCTOHT H3
ABYyX aTOMOB CHKaHANA ©H TpeX
aTOMOB KHCJIOpOJa.

YnenvHblit Bec oxkncn 3,86.

Oxnch HepacTBOPNMA B IIeJI0YaX,
CoJun GeciiBeTHHI.

Yriexuciaeiit CKaEAHN HepacTBO-
pHEM B Boje.

Kpncranam ppoitofi ceproKnc-
N0l CoMIN CKAHMAUA M Kaana Mo
dopme HemOX0kkH Ha KBACHBL.

He O6bl1 OTKpHIT CHEKTpasbHBIM
aHaMI30M.



YTBEPAUTEJDL [NEPUOANUYECKOI'O 3AKOHA. «YrBepaureasMu»,
«YKPEemUTCAAMHY (CPHOANYECKOIl CHCTEMBI 3JeMEITOB nasbiBan Mern-
AeJieeB yuClibIX, KOTOpPble CBOHMH OTKPBITHAMH MNOATBEPRHJIH MNpPOrHO-
3Bl, CAeJAaHHBIC HM HA OCHOBC NEPHOAHYECKOro 3akona. B nepmywo
ouepeab 3TH (THTYJLI» 3ACHYKHJIHN TPOoe YHeHBLIX, OOHADY)KHBUINX B
Mulepasax npeackasaHubsle MenpejeeBbIM 3JeMEHTBI: JKAAJIOMIHII,
akabop, sKacHINIUIL.

[TepBLiM 3 «yrBepAuTeaeily Obul, Kak wu3BecTHO, (panmy3cKuil
xuMuk Jlekox ge Byabompan — B 1875 r. on namena B IHHKOBOi 00-
MaHKe 3KaaJIOMHHHIi — raJjJmii. ~

Huapcon Ovtn1 BropbiM. UeTbipe rofila cmycTs 0Oche OTKpPBITHSA
ByaGoapana eMy nocyacTIHBHIOCH OOGHAPYKHTH B MHIEpale ayKce-
HATe mpejckazannblii MenfeneeBbiM 3xkalop. A elme uepe3 CeMb JieT
ueMenknit ydenstit HKiemenc Buunkiaep BoepBele OoJy4uJ 3KacHJIH-
nnif — repManuii.

Misex Jlapc ®penepuxk Hunbcon, ypoxenem cypoBoro ocTpoBa
TFotaana, OblI pPa3snoOCTOPOHHE OGPA30BAHHLIM yYeNbIM — B YICaJb-
CKOM YHHABepCHTeTe OH H3y4aJ XHMHIO, reoJioritio, GumoJorimio. Kpome
NepBOKJACCHOr0 00pa30BaHNA W UPHPOAHOIl ONAPEHHOCTH, €ro ycie-
XaM B mnayke cmoco0cTBOBaJN clle JBa KpaiiHe Ba)KHBIX OOCTOMTEND-
cTBa — paGoTa B MOJIOAOCTH NOJ PYKOBOACTBOM 3aMeYaTCILHOrO LIBEJ-
ckoro xumuka IHenca flko6a Bepuneaiyca u otkpsiTie MeHnpaeheeBoiM
nepHOgHYEeCKOTO 3aKOHA, BOOPYKHBIIEe YUEeHBIX BCero MIpa KapToii
XHMHYECKOF0 KOHTIHENTA.

Bosee Bcero HuabcoH sanumanicAa n3ydeHHEM peRKLX 3JeMEHTOB.
KpynHeiimiM ero gocTikeHneM, MOMHMO OTKDBITHA ajaeMeHTa Ne 21 —
ckaHansg, Obuto ycraHoBjeHHe B 1884 r. mpaBMJIBHOIO aTOMHOFO BeCd
Gepiyg (coBMectHo ¢ mBeickuM xuMmukom O. lletrepconom).

ITocnepune 17 mer csoeil skuamn Huabcon samnMan apodeccop-
ckyio Kadenpy B CTOKroJBMCKOM CeJIbCKOXO3AiiCTBeHHOi axageMun.
OH clenan HeMallo AJiA NOBHIMeHAsA ypoxkaiimoctn noneit B IIBemun
i1 ocofenno Ha cBoeM poaHoM octpose [oraana.

CKAHIUN U ®OCOOPLHI. ®ocpopamn (une myrath ¢ ocdopom)
HA3HIBAIOTCA BemecTBa, cmOoco0HBIE NOBOJILHO JOJFO CBETHTHCA B TeM-
Hote. ORHO H3 TakuX BemecTB — cyabdug nunka ZuS. Ecan o6ayaurs
ero HH(PAKPACHBIMH JIy4aMH, OH HA4YHHAeT CBETHTHLCA U  eIme
JI0JIr0 CBETHTCA Mocje MpeKpameHHA ofjayyennsa. YcTaHoBieno, 4ro
noGaBKa CKAaHAMA K cyabpuay IHHKA, aKTHBHPOBANIIOMY Mefblo,
naetr Oonee sApkoe cBedeHHe, 9eM o0Obi9HO, CkKauAuii yBeandInBaeT
csegenne n apyriux docdopos, B gactHocTn okncn MarHus MgO.

YTOBBI BO3AYX BbLJI YHUILE. IIpn npomnssoactBe naacTMace, Inu-
CEeKTHLHJOB H pacTBopUTeNeil BBHIACAATCA AOBOJLHO 3HAYHTEJBHBIC
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KOJMYeCTBA XJOPUCTOIO Bomopofa. JT0 mAUBNTEHIYE rda3, BhIOpoC KoTO-
poro B aTMocepy HEZOOYCTIM.

Koneuno, moxuo Geisio Gbl CBA3BIBATL ero BOAOH @ BhIpaGarniBaTh
CONAHYI0 KHCJOTY, HO HOJydeHHe KHCJIOTHI TAKEM METO[OM, MArKO
roBops, BjieTano Obl B Komeeuky. Boapmmx 3arpat TpeGnBajio m pas-
goxenne HCI ajmeKTponmsoM, XOTA MeTON KaTaJATHYGCKOTO pasJionce-
HHAA XJOpuCTOro Bojopoja Obi npepnoxxen Oomnee 100 ser masap,
HKartannsatopoM ciyxmna xjgopucras Mmeab. Oamako 3ddexTHBHBIM
3TOT mpouecc Gbl Jnmb npn 430—475°C. A npm 3THX yCJIOBHAX Ka-
TAJA3aTop yJaeTyunBaeTcd... Bbixop Obl1 malijen: K OCHOBHOMY KaTa-
JIN3aTOPY — XJIOPHCTOH Mefn — R0GaBHIM  MHKDOKOJHYeCTBa  XJIO-
pHJOB HTTPHs, HUPKOHHA, TOpHA, ypaHa m ckagausa. Ha Takom kara-
Ji13aTope TeMIepaTypa pa3jiOyKeHHs XJOPHCTOrO BOAOpOAA CHH3HJACh
no 330—400° C, u yneryunsanme XJOPHCTON MeNd CTANO 3HAUHTEIBLHO
Menbme. HoBblil kKaTanmaaTrop CHy;KHT ropasgo foJblie CTaporo, H
BO3IYX HAJ XHMHYECKHMN 3aBONAMH OAJCHKHO OYHIEAETCA OT DBpea-
HOTO XJIOPHCTOTO BOJOpOAA.

CKAHINN B YCTLE TEM3bLl. PagmoakTHBHLI H30TON CKAaHAMA C
aroMHOiT Maccoil 46 B 1954—1955 rr. ncnoss3oBadu AJiA ompefelieHHsA
ABHskeHuMsa miaa B yctbe Temani. Coab, comep)kaBmiylo craHpAmit-46,
CMeINBaJil C TOJYeHbIM CTEKJOM H ONYCKaJW Ha MOpPCKOe [HO B
KoHTeiiHepe. Tam KOHTeiiHep OTKpLIBaJCA, N CMeCh, INIOTHOCTh KOTO- .
poil €OOTBeTCTBOBAJNa MAOTHOCTH MJa, pacceinajgace mo Any, Hanyde-
HOe OTMeYaJH ¢ Karepa coenuanbHbIM npuGopoM. Ckanamii-46 BH-
Opaan noToMy, 4TO oH 00JajaeT JOCTATOYHO HHTEHCHBHHIM H3JIYydeHHEM
H AfealibHbIM JJIA TAKOTO POAa HCCIEROBAaHUIl mepHOAOM MmOJypacna-
na — 83,9 cyrok. Uto ke okasasoch? Bosgbmas 9acTh rpasH, BHIHOCH-
moil Tem3aoii B Mope, B cKOpoM BpeMeHH BO3BpamaeTcd OGpaTHO B
pycio pekn. [lpumiock paspalaTeiBaTh NOBYI0 TEXHHKY OYHCTKH
YCThbf pekHu oT manocoB. H3yueHne nBM:Kendns Hja W raiabka B Mope
C NOMOIBIO I130TOHA CKAaHAUA MNpoBOAMJNOCH Takke B Ilosbme u
®pannun.

OIUH N OANMHHAJAUATD. Cxaupnii-46 —omme U3 OAMHHAJUATH
HCKYCCTBEHHBIX pajHOAKTHBHLIX H30TOomOB 3jeMentra Ne 21. Jlpyrme
PajHOH30TONBl CRAHANA [PAKTHYECKOTO DPHMCHEHMs [OKAa He HAIIN,
TIpupoausit CKaHAuil COCTOUT M3 eJHHCTBEHHOrO M30TONA — CKAHAUA-4D,



TUTAH

MonyMenT B 9ecTh MoKopuTened KocMo-
ca soansuraEyT B Mockse B 1964 r. Ilog-
T ceMpb Jer (1958—1964) ymuno Ha
HPOEKTHPOBAHNE H COOpPYIKEHHe 3TOro
obeancka. ABTopaM NpPHOLIOCH PelaTh
He TOJBKO apXUTEeKTYPHO-XYI0KeCTBeH-
nnle, Ho 11 Texmmueckue sagauu. Ilep-
BOif M3 HUX ObLT BHIOOpP MaTepHalios, B
ToM umciie u oGnunosounsbx. [locie non-
CUX YKCHEPHMEHTOB OCTAHOBHJINCL Ha
OTHOJNPOBAIHBIX N0 OJecka THTAaHOBBIX JHCTaX.

JleficTBHTENbHO, N0 MHOTMM XapaKTePHCTHUKAM, H Ipefe
BCEro Mo KOPPO31IOHHOU CTOIIKOCTH, THTAH IPEBOCXOAMT IIO-
AaBisiollee GOIBIHHACTBO MeTaies K ciiaBoB., WHorma (oco-
Genno B MONyJNAPHOIl JHTEpaType) THTAH HA3HIBAIOT BETHBIM
metaioM. Ho pacckaskem cHauama o0 UCTODHM 3TOrO 3JeMeH-
Ta.

Oxucen uan ne oxkucen?

Ilo 1795 r. amement Ne 22 masbiasica «MenarmaoM». Tak
naspai ero B 1791 r. auramiickuil XUMUK 1 MEHEpAJOr Y Wib-
AM ['perop, OTKpBIBIIM{T HOBBIl 3M€MEHT B MHUHEpAJle MEHaKa-
HATe (He MIIHUTE 3TO HA3BaHIE B COBpEMEHHBIX MUHEpAJIOTHYE-
CKHX CHPaBOYHMKAX — MEHAKAHUT TOKe IEpPEeNMEHOBaH, ceii-
4ac OH HA3BIBAETCA HILMEHUTOM),

Cnycta uersipe roga mociie oTKpeitusa I'peropa meMenmkuit
xumuk Maprun Hnaopor ofuapyskua HOBHIT XuMHYecKMii
3JIeMeHT B APYroM MHHepajle — PYTHJE —H B Y€CTh LapuIbl
anbor Turanmu (repmanckas mMudonormsa) HasBam ero Tu-
TaHOM.

Ilo ppyroit pepcun mazBanue ajleMeHTa MPOMCXOAMT OT TH-
TAaHOB, MOTry4nx cwbiHOBell Gorunmm seMum — I'em (rpeveckas
mucosorns).

B 1797 r. Besacuunoch, 410 I'perop m HKiaampor orkphinn
ONMH I TOT ’Ke 3jeMeHT, u xoTA I'perop cpenaxn aro pamsbie,
3a HOBBIM JIEMEHTOM YTBEPAMJIOCH uMA, faHHoe eMy Hiampo-
TOM,

Ho um I'peropy, nm Knanpory He ypmanoch mOJXyduTth ane-
MEHTHBI THTaH. DBoifenenmpiit umm Oesblit Kpucrajimde-
ckuit mopomox 6sun aByoxuchio turana TiO,, Boccrauosurb
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3TOT OKICEeJ, BBIJEJINTL M3 mero 4IICTHII METasll jloroe Bpe-
Ms Ile YIABAJOCh HHKOMY H3 XIIMIIKOB.

B 1823 r. amranitckuit yuenstil ¥. Bongacron cooburiwi, uto
KpHCTaJIB], OOHADYKEeHHBIe HM B METaJUIypPriyeckix uiakas
3aBojia «Meprup-Tuasmib»,— He 9TO HHOe, KaK YHCTHIE TI-
tad, A coycra 33 roga usBecTHBI1 meMenknii xnmng @. Bé-
Jiep MoKasaj, 4To ¥ 9TH KPHCTAIUIBI OBUIN ONATL-TAKII COC/I-
IeHmeM TIITaHa, HA BTOT pa3 — METAWLIONOJOOHBIM KapOouil-
TPIJIOM.

Mrmoro ser cuiranoch, 9T0 MeTAJUIMYECKIEl THTAH BHEpBbIC
Opl1 monyuen Bepnemmycom B 1825 r. mpu Boccranosaenin
dropruTanata Kanaua MeTtajamyecknM Hatpuesm. Onmaxo ce-
rojiiig, CpaBHHBag CBOiiCTBA THTAHA U NPOJYKTA, HOJYYEeHHO-
ro Bepueniycon, MoKu0 yTBepskpath, uto npesinent IlBen-
CKOII arafeMHn Hayk ommnbajncs, n6o wHcThlii THTaH GbICTpO
pacTBopAeTcda B IUIABHKOBOIl Kicnore (B OTIIYIE OT MHOTHX
JAPYTHX KHCIOT), a MeTtajuimdeckuii Tutad Bepuemnyca yc-
Oemo CONPOTUBIANCA ee AeliCTBIIO.

B peficTsuTenbuocTH THTaH OB BIEpBble MOJYydYeH JNIIbL
B 1875 r. pycckum yuensin JI. K. Kupnunoseim. PesynbraTnt
aToit paborhl onmyGiuKoBaHH B ero Gpomiope «UccnenoBauns
nag turanom». Ho pabora MasousBecTHOro pyccKOro yd4eHoro
ocTajach nesaMevgennoii. Kime gepes 12 neT moBosibHO TnCTHI
HpPOAYKT — okosto 95% TuTama — DONYYIUI COOTEYECTBENHII-
ki Bepuennyca, nssectunie xumuku JI. Huascon n O. Hetep-
COH, BOCCTAHAaBJNBaBIIiie YeTHPEX(JIOPHCTHIT TITAH MeTaJNJIII-
9eCKIIM HaTDHEM B CTanbHOIl repMmermndeckoii Gombe.

B 1895 r. ¢paunysckuii xumux A. Myaccan, BoccTaHaBiIn-
BasA [ABYOKIChL THTAHA YrJepojoM B JYroBoil me4ynW W mopsepras
HONYyTeHHbId MaTepHaj JABYKpaTHOMY padHHHpPOBAHHIO, IOJY-
9y TUTaH, cofiepaBuinii scero 2% mpmMeceil, B 0CHOBHOM
yraepona. Hakonen, 8 1910 r. amepurauckuit xmvux M. Xan-
Tep, ycopepiuencrBoBas cnocod Hunbcona n Ilerepcona, cy-
MeNl TOJYYHTb HECKOJBbKO IpPaMMOB THTaila UHCTOTOI OKOJIO
99%. Usmenno nosToMy B GoMBINIHCTBE KHHT NMPIOPHTET IO-
JYYCHHA METAJJIIYeCKOr0 THTaHA NPIIHCHIBAeTCs XaHTepy,
a ne Rupuanosy, Hunbecony mm Myaccany.

Onunaxo nu Xanrtep, HH ero COBPEMEIHIKH He NpefCKa3bl-
Banu TuTapy Gonpioro Gyayinero. Beero HecKONLKO meCATLIX
[IpoLeHTA mpiMeceil cojepskasoch B MeTaije, HO ATH [piMe-
CH feJlajil THTAH XPYIKHM, UenpodylblM, HENPHIOXHBIM K

OGeanck B YccTh NMOKOPHTE el KocMoca OGANKOBAH JAHCTAMH TITANA -
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mexannvueckoli obpaborke. IloaToMy mekoTopHIe coepmHEHHA
TUTAHA HAILIH ODpHMeHeHWe paHbOle, 4eM cam Merayi, Yerh-
PeXXJIOPUCTHIl THTaH, HaOpEMEp, IMIMPOKO HCIHOJIb30BAJH B.
IepBYI0 MHPOBYIO BOHHY [l CO3ZAHHUA JBIMOBHIX 3aBec.

Hpodeccun nByoxuen

B 1908 r. B CIITA u Hopeernn mavanoch usrorosienre Ge-
JUJI He U3 COeJMHEHUIl CBHHIA M LHHKA, KaK JeJalioch IPesK-
ne, a M3 AByokHcH THTaHa, Takumm GenmjaMn MOKIO OKpa-
CHTH B HECKOJIBKO Da3 GONBINYI0 MOBEPXHOCTH, 9€M TeM e
KOJIHYeCTBOM CBMHIOBBIX WJIM HUHKOBBIX Gemui. I Tomy ixe
y TUTaHOBBIX Oeaumn OGosbmie OTpasKaTelbHAA CHOCOOHOCTD,
OHE He AJOBHTH M HE TEMHEIOT IOJ ACHUCTBHEM CEpOBOIOPOA.
B menmmmHCcKoOll nmMTepaType ommcam ciywail, Korna 9esoBeK
3a onuH pas «upmami» 460 r gByoxmenm turana! (Mmrepecno,
c 4eM on ee coytan?) «Jloburens» ABYOKHCH THTaHa HE HUC-
OBITaJ] OpH 9TOM HHUKakux OosiesHeHHBIX ourynieHuii. IBy-
OKHCBH THTaHA BXOJHUT B COCTAB HEKOTOPHIX MEJHEUHCKHX Hpe-
HapaToB, B YACTHOCTH Ma3eil MPOTHB KOMKHBIX Goje3Heil.

Opsako He MeAuIUHA, a JAKOKPACOYHAA NPOMBIILIEHHOCTH
norpe6aser mamGospmue ronmyecrsa 1i0,. Muposoe mpous-
BOJICTBO 3TOTO COEJMHEHHA HAMHOTO HPEBHICHIO MOJIMIUIIHOHA
TOHH B TOJl, OMAJIHU HA OCHOBE JBYOKACH THTAHA IIMPOKO HC-
HONB3YIOT B KavyecTBe 3allUTHBIX U JEKOPATHBHBIX HOKDBITHI
00 MeTAJly U JepeBy B CYJOCTPOCHUH, CTPOHTENLCTBE M Ma-
murocTpoernd. Cpok caymGpl coopy:eHumil w fgeTaneil mpm
9TOM 3HAUHTENbLHO MOBBINIaeTcA. THTaHOBBIMEH 0elMaMH OK-
pamMBAIOT TKAHU, KOKY W JApYrHe MaTepuadlbl

Jisyokuchk THTaHa BXOAMT B coctaB ¢apdopoBeIXx Macc,
TYTOMJIABKUX CTEKOJ, KepaMHYeCKHX MAaTepHaJoB ¢ BBICOKOI
HMAJIEKTpUIecKol nponuyaeMoctbio. Hak HamosHuTeN b, MOBHI-
[MAIUA HPOYHOCTh U TEPMOCTONKOCTDb, €€ BBOAAT B PE3UHO-
Bele cMecd. OpmHAaKo Bce MOCTOMHCTBA COeJMHEHHH THUTaila
KajKyTcs HecymiecTBeHHbIMH Ha (OHEe YHHBKAJbLHBIX CBOIICTB
9UCTOr0 METAJNIMIeCKOTo THTaHA.

JAeMEeHTHEII TUTAH

B 1925 r. ronnamackme yuemble BaH Apxens um ae Byp
HOOUIHBEIM cnocoboM (0 meM — HHIKe) MOJYYMJIH THTAH BHICO-
koil crenend wmcToThl — 99,9%. B oTamume or TuTama, moay-
yeHHOro XaHTepOM, OH 00Jajaj] IJIACTHYHOCTHIO: €r0 MOKHO
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6BII0 KOBAThb HA XOJIOMe, OPOKATHIBATE B JINCTHI, JEHTY, IPOBO-
JIOKY U faske tToHdaiimyo ¢onbry. Ho make me sto riasmoe.
Hccnenosanyua H3UKO-XMMIYECKHX CBOIHCTB MeTAJJIHIECKOTO
TATaHA OPUBOAMAH K HOYTH (DAaHTACTHYECKMM pe3ylibTaTaM.
Oxazajioch, HampuMep, YTO TUTAH, OYAYIH MOYTH BABOE Jerde
menesa (IVIOTHOCTH TUTaHA 4,5 r/cM’), Mo MPOYHOCTH TpeBoC-
xoput MHorue ctanu. CpaBHeHHe ¢ aJIOMHHHEM TOMe OKasa-
Joch B mOJIb3Y THTAHA: THTAH BCETO B IOJTOPA pasa TAmKelee
aJIOMUHHA, HO 3aTO B LIECTh pa3 IpodYHee M, YTO OCOOEHHO
Ba’KHO, OH COXpaHMeT CBOI0 IPOYHOCTH IPU TeMImepaTypax Mo
500°C (a npu mo6aBke Jerupyiomux saemeHToB — o 650° C),
B TO BPEMA KaK OPOYHOCTH QJIOMHHHEBBIX M MaTHUEBHIX CIUIa-
BOB pesko magaet y:xke npu 300° C.

Turan ob6nagaer u 3HAYATENBHOR TBepAocThio: om B 12 pas
TBepIKe amOMUHHA, B 4 pa3a — kejiesa M Meau. Eme oama
Ba)KHAA XapaKTePHCTHKa MeTajia — Ipefes TeKydectn. UeM
OH BHINIE, TeM Jyylle NETAJM U3 DTOr0 MeTajjia CONpPOTHB-
JAOTCHA IKCIUIYATALMOHHBIM HArpy3KaM, T€M JOJIblle OHU CO-
XpauaoT csom ¢opmsl U pasmepsi. Ilpemen texygectn y TtH-
tTaHa moutd B 18 pas prlme, YeM y aJIOMUHUA.

B ortanune ot GonpmIMHCTBA METaJIIOB TUTAH obiajaer 3Ha-
GUTEJHHBIM JIEKTPOCONPOTHBIICHHEM: €CHH 3JIEKTPONpPOBOL-
HocTh cepe6Gpa mpuHATH 3a 100, TO BAEKTpPOIpOBOAHOCTE Megu
paBua 94, amomumua — 60, ;kxenesa um mmarumsl — 15, a TH-
Tana — Bcero 3,8. Bpax am nyHo 00BACHATH, 9T0 9T0 CBOIi-
CTBO, KAK M HEMATHUTHOCTh THUTAHA, IPEACTABJIAET HHTEpPeC
LA PagUo3IeKTPOHHKY M 3JIEKTPOTEXHUKM.

3aMegaTesNbHa YCTOMYHBOCTH THTAaHA MOPOTHB KOPPO3MH.
Ha nnmacturxe us storo Meramia sa 10 jmer mpeGriBanua B
MOpCKOI BOJie He MOABUJIOCH U CJIefOB KOPPO3UH.

W3 THTaHOBBIX COJIABOB CHEJAHBI HeCyI{de BHHTHI COBpE-
MEHHBIX THKEJBIX BepTOoJeToB. Pyjiu mOBOpOTa, 3JEPOHH H
HEKOTOpble Jpyrie OTBETCTBEHHble [eTalll CBEePX3BYKOBBIX
€aMoJIeTOB TOKe H3roTOBJeHbl U3 ITUX ciutaBoB. Ha Muorux
XUMUYECKIX IPOli3BOACTBAX CErofHsA MOJKHO BCTPETUTH Iedble
anmaparsl M KOJIOHHBI, BHIIOJNHEHHbIE I3 THTAHA,

Hax mosryuaror Turan

Ilena — BOT 4TO emie TOPMO3UT HPOM3BOACTBO U moTpebie-
mue tatana. CoGCTBEHHO, BBHICOKAA CTOMMOCTH — He BPOK[EH-
HBi DOpoK TuTaHa., B 3emmoit kope ero Mmoro— 0,63%.
Bce eme BhICOKasg ueHa THTaHA — CEACTBUE CIOMKIOCTH
uspnedenns ero us pyn. OGbACHAETCA OHA BHICOKUM CPOA-
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CTBOM THTAHA KO MHOCIUM 3JIeMEHTAM I HPOYHOCTHIO XHMU-
YeCKIIX CBA3ell B ¢ro npupojublx coepunennax. Orcioga —
CHOKHOCTIL Textojorull. BoT Kar BBIMIAANT Marmmerepii-
yeckuii cnoco6 Hpon3BoJCTBA  THTaHa, pa3paboTaHHbIil
B 1940 r. amepurancriuy yuensim B. Kpoanen.

HByoxichy TiTana ¢ moMowbio xiaopa (B NpICYTCTBHII Y-
nepoja) MepeBOJAT B YeTHIPEXXJOPUCTHII THTAH:

Ti0,+C+2Cl,~TiCl,+CO..

Ipouecc uaer B waxtuelx anekrpomeuax npu- 300—1250°C,
Hpyroit Bapuaut — XJOpIpoBalille B paciliaBe cojeil 1esaoy-
upix Metanaos NaCl u KCI

Crnenyoman onepaunsa (B ojHIAKOBOII Mepe Baskiiasg II
Tpynoemkas) — ounictka  TiCli ot npumeceil — nposoaiTes
pasusiMll cimocobamu u semtectBaMmi, UeTsipexxaopucrbii Ti-
TaH B OOBIYNBIX YCHOBHAX mpeicTasiageT coboil KIKOCTL ¢
temnepatypoii kunenus 136° C.

Pasopsats cBf3L THTalla ¢ XJIOPOM Jierde, 4eM ¢ KHEJIOPO-
HOM. ITO MOJKIO CHeNaTh ¢ MOMOIUBI0 Maruif 110 peaKfii

TiCl,+2Mg—Ti+2MgCl,.

Jdra peaxuus ujer B craipubix peaxropax npu 900°C. B pe-
3yJapTaTe o0pasyercs Taxk uasblBaeMas TITaunoBasd ry0ka,
NpoNITAaHHAaA MaruueM u xjopugosm Mmarunsg. VX uncuapsior
B repMetuunoM pakyymuoMm anmapate npi 950°C, a Turamo-
ByIo ry0Ky 3aTeM CIEKAIOT Wl NepPemaBifaioT B KOMIIAKTHbIl
MeTaul.

Hartpuerepmituecknii mMeToj nOJyvYeHUS MeTAIIYECKOIro
THUTalla B UPHHIIILE MAJO 4eM OTJIMYAeTCs OT MarulerepMuye-
cKkoro. ITI jABa MeToja Hanbosee WIIPOKO NPUMEHAIOTCA B
IPOMBILIICHHOCTIL,

Jlas monyueuits Gojiee YUCTOTO THTAHA H MONBIHE MCIOAb-
3yeTca NOIINBIT MeTOM, NpefNoKeHHBUT Ban ApkeneM u
ge Bypom. Merannorepmiuyeckuii ryfuaThlii THTAn mnpespa-
maior B uojuy Til,, KoTopelii 3aTeM BO3roHAIOT B BaKyyMe.
Ha cmoem myTu mapsl mofuja THTana BCTPedYalOT pacKased-
uyto a0 1400°C tutanosyio nposomoxy. Ilpm aToM wmomup
paaiaraeTcsd, II Ha NPOBOJIOKE HapacTaeTr CJOIl 9JICTOro TIITa-
Ha. JTOT MeTo;{ HPOU3BOJCTBA THTalla MAJIOIPOM3BOJIITENEH
II JOpor, HOJTOMY B IpPOMBIUUIEHHOCTH OH HpHMeHAeTcs
Kpaiige orpaimirueno.

HecyoTpsa Ha TpyHoeMKoCTh I 9HEProeMKOCTh NPOI3BOACTBA
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TWTaHa, OMO YXe CTano OAHON N3 BaXKHEWWMWX nogoTpacnel
LBETHOW MeTannyprum. MwupoBoe NpoOM3BOACTBO TUTaHa pas-
BMBAeTCH OYerb ObICTPbIMM Temnamu. O6 3TOM MOXHO CYAWUTb
Jaxe no Tem OO6PbIBOYHLIM CBEAEHWAM, KOTOpble mnonagakT
B neyarb.

M3BecTHO, uTOo B 1948 r. B Mupe ObINO BbIMAABAEHO /IULb
2 T TUTaHa, a cnycta 9 net — yxe 20 Tbic. T. 3HauuT, B 1957 r.
20 TbIC. T TUTaHa MPUXOAWNIOCHL Ha BCE CTpaHbl, a B 1980 T.
Tonbko CLUA notpebnann 24,4 Tbic. T. TuTaHa... Ewe
HefaBHO, KaXeTcs, TWUTaH HasblBaIM pPefKuMm MeTaniom —
ceiiyac OH Ba)KHEWL WA KOHCTPYKLMOHHLIA MaTepman. Obbsc-
HAETCA 3TO TO/MIbKO OAHMM: PefKMM CcOoYeTaHWem MoJfe3HbIX
cBoiictB anemeHTa Ne 22. W, eCTecTBEHHO, MOTPe6HOCTAMM
TEXHUKMN,

TuTtaH paboTtaet

Ponb TutaHa Kak KOHCTPYKUMOHHOIO MaTtepuasa, OCHOBbI
BbICOKOMPOYHbLIX CMaBOB A4 aBuaunun, CyaoCTpoeHua Kn pa-
KETHOI TEXHUKM, 6bICTp0 BO3pacTaeT. VIMeHno B cnjiaBbl UAET
60/blUas YacTb BbINNABASEMOrO B MWUpE TUTaHa. LL|I/IpOKO n3-
BECTEH CnnaB AnAd aBMal_l'MOHHOIZ MPOMBbILL/TIEHHOCTN, COCTOA-

YcTb-KameHoropcknit - TUTNHO-MNMNWeEBbLIA  KOM6UHAT. [lonyyeHa TuTaHoBas
rybka



muit u3 90% Turama, 6% amomumnas u 4% Banagnms.
B 1976 r. B aMepuKaHCKOIl medaTHm MOSBIUIMCH cOOOL(eHHSA
0 HOBOM CIIaBe TOro ke HasHaueHusa: 85% turama, 10% Bma-
nagua, 3% amomunna n 2% xemeza. YTBepsKOawT, 9TO 3TOT
CIIaB HE TOJBKO Jy4Ylle, HO H BKOHOMHYHEE.

A B0O0OIIe B THTAHOBBIE CIUIABHI BXOMAT OY€HbL MHOTHE 3je-
MEHTBI, BINIOTh H0 miatunsl u naaguA. Ilocnegnue (B ko-
anaectse 0,1—0,2%) mossimaiT n Ge3 TOro BHICOKYIO XMMH-
9eCKYI0 CTOHKOCTH THTAHOBBIX CIJIABOB.

IIpounocTs THTana HOBBHILAIOT M TaKHe «JIETHPYIOLIHE J0-
0aBKM», KaKk azor u kucaopod. Ho BMecTe ¢ mpowHOCTHIO OHE
OOBHIMIAIOT TBEPAOCTh W, IJaBHOE, XPYNKOCTh THUTaHa, IO-
3TOMY HX cofepsKaHNe CTpOKaiilie perjaMeHTHpPYeTCA:
B cmias monyckaerca He Gomee 0,15% wucmopoma u 0,05%
asora.

HecMmoTpsa ma To 9ro THTaH Jopor, 3amMeHa UM 0oJsiee Jemre-
BHIX MATEPUAaJOB BO MHOTHX CIydYadX OKA3HIBAETCH DKOHOMH-
yecku BbIrofiHoil. Bor xapaxrepmbiii mpumep. Hopmye xmmu-
4ecKOr0 ammapara, W3rOTOBJIEHHBI M3 HeprKkaBelouwieil crajiu,
crout 150 pyOGumeit, a us TmramoBoro cmiasa — 600 pyGueii.
Ho npu s10M cranbHOl peaxrop cayKuT Juiib 6 Mecsaies,
a tutaHosblil — 10 sner. IIpu6asbTe 3aTpaTH HA 3aMEHY CTAlb-
HBIX pEAaKTOpOB, BBIHY)KIEHHBle IpocTOW 00OpymOBaHMA —
A CTaHET OYEBHUIHO, 9TO NPHMEHATH MOPOTOCTOAINMII THTAH
ObIBaeT BHITOJHEe, YeM CTalb.

3HauATeNbHbIE KOJMYECTBA THUTAHA HMCIONb3YeT MeTalllyp-
rua. CymecTBYIOT COTHH MAapoOK cTajeil M APYFUX CIUIABOB,
B COCTAaB KOTOPHIX THTAH BXONMT KaK Jerupywoiias jobaBKa.
Ero BBOmAT s yayumleHMs CTPYKTYPH METa/LIOB, yBejude-
HIA NPOYHOCTH U KOPPO3HIIHON CTOHKOCTH.

Hexoroprle sApepHsle peakiMH [OJKHBI COBEpIIATHCA B
mouTH aGconroTHOl mycroTe. PTyTHRIMEH HacocaMu pasperke-
HHe MOKeT OBITh [OBeJeHO KO0 HECKOJbKMX MHIJIMAPAHBIX M0-
aeit arMocPepsl. Ho aroro memocraTouso, a pTyTHBIE HACOCHI
Ha Oonbmiee HecmocoOHBL [ladpHeilmmas oOTKadKa BO3AyXa
OCYLIECTBIAETCA ye OCOOBIMH THMTAaHOBBIMM HacocamMu. Hpo-
Me TOro, AJf JOCTIDKeHNA ele OOJBIIEr0 pa3peKeHHA IO
BHYTPEHHEI MOBEPXHOCTH KaMephl, Te NPOTEKAIOT peaxIuy,
PACHBLIAIOT MeJIKOJ(McIepCcHbIl THTAH.

Turan wacTo HaseiBalOT Meta/uioM Oyaymero. DakTh, Ko-
TOPBIMH yjKe ceff9ac pacmojaraloT HayKa H TeXHHKa, y0em-
AAIOT, YTO 3TO He COBCEM TaK — THTAH yKe CTal MeTalJIoM
HaCTOAIIETO.
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BCE IIO3HAETCA B CPABHEHHMN.. JIumb TpH TeXHHYeCKN BaMK-
HEIX MeTa/ljla — aJIOMHIN{, jKeNe30 N MAarauii — pacnpocTpaHeHbl B
npupoae Goabime, 4em toTan. KoamdecTBo TmTanma B 3eMnoi Kope B
HCCKOJNLKO Da3 OmpeBbiliaeT 3amackl MeAM, IHUIKA, CBHHIQA, 30JI0Ta,
cepefpa, MJIATHHBI, Xpoma, Boiabdpama, pTYTH, MOJNGIeHA, BOCMYTA,
CYpPbMBI, HIKEJIA I 0JI0BA, BMECTe B3ATHIX.

MHWHEPAJIBI TUTAHA. HaBectno okono 70 MHHepaJOB THTana, B KO-
TOPLIX OB HAaXOAHTCA B BHJAe JABYOKICH mJIH cojeil THTanoBoil Ki-
caorel. HanGoabwee npaktuueckoe 3Havenie HMeloT WIBMEHHT, pY-
TILI, IE€POBCKUT I chen.

Wapmennt — merarutaunar  kenesa  FeTiO; — copepssur 52,65%
TiO.. Haspanme aroro MnHepana CBA3aHO ¢ TeM, 4To oH Obu1 HaiigeH
Ha Ypane B Miabmenckux ropax. Kpynmeiimme pocchiii ® njLMenHTO-
BeIX meckon uMeoTca B Ungun. Jpyroii Bamueiimuii manepanx — py-
THJ OpeicrapiseT coGoii Asyowuch Turana. llpombimjennoe sumave-
HHEe HMelOT TaKKe THTaluoMarneTUThl — LIPAPOAHAaA CMeCh HJILMeHHTa
¢ MUHepaJaMH »eje3a. BoraThic MeCTOPOIKACHNA THTAHOBBIX Py. €CTh
B CCCP, CIIA, Mupun, Hopserun, Kamage, ABcTpajum H JApyrax
CTpaHax.

He tak paBEO reonorm orkpeuin B CesepHoM IlpuGaiikajbe HOBEI
THTAHCOJePHaluil MHuepaj, KoTOpHHd OblJ1 na3Bad JanfaynToM B
decTb coBeTckoro ¢usnka axagemuka JI. JI. Jlanpay.

Bcero ma 3eMHOM I1ape napectHo Gosee 150 3HAUNTENbHBIX pYA-
HBIX I POCCBINHBIX MECTOPOKAEHUIl THTaHA.

B MUBBIX OPI'AHU3MAX. B denoBeuecKoM OpraHusMe COEpHT-
ca po 20 Mr tnrana. Boasbme Bcero TnTama B celle3eHKe, HAAMO4ed-
HHKaX H OMTOBHAHOII Keje3e. B aTux opramax copepskaHne ajieMeH-
Ta Ne 22 ¢ Bo3pacToM He HU3MeHsAeTCA, HO B JIerKUX 3a 65 JeT KH3HH
0HO Bo3pacTaet Oodee ueM B 100 pas.

N3 npepcraBureseil ¢aopst Gorara THTAHOM BOJKOPOC]b KIaJio-
dopa: comepxanne B Heil atoro amemenra mpespimaer 0,03%.

.1 HA COJIHUE. CoexkTpambeblM aHaJW30M TUTAH OGHApYkKeH Ha
Cosnme H B COCTABE HEKOTODHIX 3Be3fubIx aTMocdep, rae oH, KcraTn,
ppeobnapaer Haa GoaswimHCTBOM djementoB, Ho ecan ma 3emiue TH-
TaH CyIIeCTByeT IJaBHbIM o0pasom B Buje AByokncu TiOs;, To B Koc-
Moce, odeBnaHo, B Bnae Mouookucu TiO.

IIbE3O9JIERTPUK. Turanar Gapna, OGyaydnm uasjeKTPH30BaH, MHpo-
ABJAET BLICOKHE [bE30JJICKTPHYECKUE CBOICTBA, T. €. MOMKET IpeBpa-
mMaTh MEXaHNYeCKYl0 DHEpPrui0 CKaTHd HJIH pAacIIHpenHA KPHCTaWIa
B ajeKkTpunuecKylo. IIbesokpucraniasl TuTanata Gapusa Do MOOCUM Xa-
PaKTEpHCTHKAM NPeBOCXOAAT TAaKle pacHpoCTpaleHnble MLC30dJIEK-
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TPUKH, KAK KBapm H cergeToBa coib. IlogpoCHee o HeM — B cTarhe
«Bapnit». ’

HEOBBIYAINHOE CBOWCTBO. PaspaGotaHsl MarepHaisl, KOTODbLI®
Oyayen cuabHo JedOpMHODOBAHHBIMH HA XOJOJC, HPH HarpeBaHNN
BHOBb HPHONMAIOT NepBOHauYaJIbHYI0 ¢dopMy. OAHH H3 TAKHX «HAMAT-
JABBIX» MATepHAJIOB TpPCACTABAAET cOGOH HHTEpMeTaNANYecKoe CO-
efilHEeHIle THTAaNa H HMKeJsd, OTJHYalomcecAa BLICOKOIT IPOYHOCTHIO,
NJaCTHYHOCTBIO H KODPO3HOHHOI CTOIKOCTLIO.

[TpoBosioKe n3 3TOr0 MaTcpnajJa Mokno OpHAaTh QopMy paanoan-
TeEHH A CKaTh ee B HeGonbmoii map. Ilocne marpeBamMa 3TOT map
CHOBA NPEBPATHTCS B aHTEHHY.

TATAH, PARETBI U TA3BI. Tinran ucnoap3yercs AJs OPOR3BOACT-
Ba 0aJJIOHOB, B KOTOPBIX Ta3pl MOTYT XPaHNTHCA MINTEJbLHOE BpeMA
mox GoabminmM fgaBieHHeM. B aMepmkaHCKHX pakeTax THma «ATtiaacy
ceprUecKHe pesepByaphl JJIA XPAHEHHA CH(ATOIO reJHA CAeAaHbl H3
THTAHA.

N3 TATAHOBLIX CHJIABOB M3rOTOBJIAKT GaKH IJIA HHIKOr0 KACJIOpOAa,
npOMeHsAEeMble B DAKeTHBIX JBHTaTeJAX.

CBEPXIIJIACTUYHBINI THUTAH. Ilpn teMmeparype okoio 950°C
MeTaJINYeCKHil THTAH NePeXOJUuT B CBePXINIACTHUHOE COCTOSHIE: eCin
Ha Hero B 3TO BpeMs BO3NeilcTBOBaTH AayKe HeCOABMINIM JaBienHeM,
OH TpeTepueBaeT MIACTHYECKYIO AeOPMANHIO H TOYHO BOCHPOH3BOLHT
ouepranns (OPMBI, B KOTOpyl0 ero BbigaBinBanT. Ho — mpm pByx
ycaosnax, Bo-mepseix, opMa momina mMETh Ty Ke TeMIepaTypy, 4To
Il METaJJl, 3 BO-BTOPHIX, IPONECC JOMKeH HATH B 3aIMIITHOI, MpeAmoYTH-
TeJLHO aproHoBoil, cpege. Magenns, m3roToBjeHHbIe OO 3TOH TEXHOJO-
IHH, NPEIOKEeHHOl MBEANAPCKAMI AH)KEHePaMH, OTAUYAIOTCA BBICO-
KUM KAYecTBOM M Ile TPeGyioT AOBOAKH HA METAJIIODPEKYIIHX CTANKAX.
Opnaxko Heo(XOQNMO CTPOTO KOHTPOJHpPOBATH M JaBjenme, 0 TeMIepa-
TYpY, ¥ COCTOSIHHE 3aMMTHOM CPEJIbl.

HN30TOIIbI TUTAHA. Bcero ceituac naBectno 13 n3oTomoB ajieMenta
Ne 22. [IpnpopHbIii THTAH COCTOHT H3 CMECH NMATH CTa0MIBHHIX M30TO-
noB, HanGojiee MOPOKO MpeACTaBlieH TUTAH-48, ero oA B NPHPOJHOI
cmecu 73,99%. Ecth B npupofie Takie H30TOMBI ¢ MACCOBLIMH THCIAMA
46, 47, 49 n 50. Cpesnn pagMOaKTHBHBIX H30TONOB THTAHA CAMbIil [OJTO-
ROBYIINI — THTan-44 ¢ mepnojoM modypacmaja okojio 1000 set.



BAHA T

B wavane XIX 8. B IlIBewmm 6sur1 naii-
AeHBl HOBble 0oraThle MeCTOPOKICHIA
mene3noii pynvl. Opma 3a spyroii co-
opyskanuch pgomennsle nmeuu. Ho uro
OpHMeYaTeJbHO: IPH OJHUHAKOBLIX yCIO-
BHAX HEKOTOPHIE I3 HUX [aBajil 3Kele-
30 YIUBHTEJBHOIT KOBKOCTIL, B TO BpeMA
Kak 03 Apyrux noaygajuca Gonee xpyu-
knii Merann. Hocne Muornx Gesycuem-
HBIX HOUBITOK HAJAfUTh IPONECC BbI-
IJIaBKH BBICOKOKAYECTBEHIOrO Merajjla B «IJIOXHX» JOMHAX
MeTANLIYPri ofpaTHianch 3a mOMOIILIO K XummnkaM, us 1830 r.
Hunncy Cederpemy yaanoch BBIENNTH 13 LLIAKA IYYIIHX»
IoMeH HeN3BecTHBI uepublil nopowmok. Ceerpen cpenan Bul-
BOfI, YTO H3YMHTEJbHYIO KOBKOCTH MeTAJULy HpHAaeT MPHCYT-
CTBIIe B PY/ie KAKOrO-TO HEH3BECTHOrO JIEeMEHTa, cojepsKalle-
rocsa B YEPHOM IOPOIIKe,

Idror Hosell siemenT CedcTpeM HasBal BaHafHeM B UeCThb
agerenfapuoit Bamaguc — Gorunn Kpacotrhl ApeBHIX CKaBgu-
HABOB.

OTkpeiTIIe HOBOrO dJIeMEHTA BCerpa ObLIO GOJBIIOI YecThIo
g yuenoro. Iloaromy MokuO mpemctaBuTh cefe oropueniie
MeKCHKAHCKOro MiHepasora Aupapeca Mauysasa pgenn Puo,
KoToperi eute B 1801 r. oOHapy:KI1UI B CBHHIOBOII pyje HUKOr-
Ja He BCTpPEeYaBLUMIICA mpekie sjeMenT U Ha3Ball ero 3pUTpPo-
nneMm. Ho, ycomunsmich B coGCTBeHHBIX BBIBOAAX, Aedb Pro
OTKa3aJicA OT CBOEr0 OTKPBHITUA, PEINHB, 9TO BCTPETHIICH C He-
JaBHO OTKPBITHIM XPOMOM.

Eme Gonbuiee pazouapoBanlie MOCTArIO OJECTALIEr0 HeMel-
Koro xumuxa @puupuxa Bénepa. B re ke ropsi, uto n Ced-
CTpeMy, €My M0BEJIOCh HCCIe0BaTh jKelie3HbIe pPYMAbI, OpIi-
Besennble u3 Mexcuku A. I'ymGonsaronm. Te cambie, uTo necie-
nosail pmeanr Puo. Bénep Toke Hamenm B HIX UTO-TO
neoGpiutoe, HO ero mccijegoBaHusa npepBada Ooxesus. Horna
0H B0300HOBUI paGoTy, Obuto yie mossmo — CederpeM 006-
HapojoBasx cBoe OTKpbiTHe. CBoiicTBA HOBOrO dJieMeHTa COB-
majiajil ¢ TeMI, YTO OBUIN 3aHeceHBI B OJ{HH H3 JabopaTOPHBIX
mypHaros Bénepa.

N roabko B 1869 r., cuycra 39 mer mocne otkpritusa Ced-
cTpeMa, anemenT Ne 23 Buepsbie ObLT BHIJIeIEH B OTHOCIITENb-
Ho wicroM Buge. Amramitckuit xumuk . Pocko, peiictBys
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AHppee MaHyanb Oenb Puo (1764—1849) — MEKCUKAHCKWA XUMUK
1 MuHepanor. On nepBbiM B MUpe NOAy4YWN BaHafWil, MO MPUHAN ero 3a y>ke
M3BECTHbIA XpPOM, W cnaBa NepBOOTKpbIBAaTENs BaHagua gocranacb Apyromy
yyeHoMy

dpuppnx Bénep (1800—1882) — oAMH W3 BUAHEWLW NX HEMELKUX XUMMU-
ko XIX B., aBTOp NepsBoro B MUCTOPUN HAYKU OPraHM4yeckoro cuHTesa. Bénep
6bIn 6NM30K K OTKPbITUIO BaHAAus B CBUHLOBOW pyAe, No cnaBa 3TOM0 OTKPbl-
TuA NPUHAANEXKUT He eMmy

BOAOPOAOM Ha XOPUCTbIV BaHagwid, MOAYUYUN 31EeMEHTHbI
BaHagMn 4YNCTOTON OKONMO 96%.

B uuctom BuAe BaHaaMuM —KOBKWIA MeTann CBET/IO-CEPOro
useta. OH noyTM B MONiITOpPa pasa /erye >enesa, MNNaBUTCH
npu temnepatype 1900+25°C, a TemnepaTypa ero KuneHus
3400° C. Mpu KOMHaTHOM TemnepaType B CyXOM BO34yXe OH
[OBO/IbHO NACCUBEH XWMWYECKM, HO MpPU BbLICOKUX Temnepa-
Typax Nerko COefMHSAETCH C KWCMNOPOAOM, a30TOM W [pYrumu
3/IeMeHTamMM.

B coeanHeHuax BaHaguit! NposiBNAET YETbIpe BaEHTHOCTHU.
N3BeCTHbI COeIMHEHUS [BYX-, TPEX-, YeTbIPEX- U MATUBASIEHT-
HOro BaHagus.

BaHagun n xmmmnyeckas NPOMBbILLNEHHOCTb

B OCHOBHYH) XMMWYECKYK MPOMbILIEHHOCTb BaHaguin npu-
wen He cpasy. Ero cnyxb6a uyesoBeyecTBy Havanacb B Npous-
BOACTBE LBETHOrO CTeKna, KpPacok W Kepamuku. M3genus us
thaphopa H MNPOAYKLUMIO TOHYAPHbLIX MAaCTEpPOB C MOMOLLbIO



Hwunobe Fa6puans Ced
cTpem (1787—1845) — wBepnckuii
XUMWUK W MuHepanor. B 1830 r., uc-
cnefys >KenesHyiw pygay u3 Tabep-
ra (LU Beyns), oH o6GHapy>Xun B Hell
HeusBecT)lbli anemeHT. [lo coseTy
Bepuenunyca, nop PYKOBOACTBOM
koToporo pa6oTan CedcTpem, OH
HasBan 3NeMeHT BaHajuMeM B YecTb
6ornHun BaHaguc u3 ApeBHEN CKaH-
OWHABCKOW Mudonoruu

COeMHEHMA BaHafWsA MNOKPbIBaAM 30/0TUCTOM  [Nasypblo,
a CTeKn0 OKpawuBanu COASAMW BaHaaus B ronyboi mnm 3ene-
Hbll UBET. B KpacunbHOM gene BaHaguii MOSBWUACS BCKOpe
nocne onybnukoBaHus B 1842 r. coobuieHWs BblAatoLLerocs
pycckoro xumuka IlI. H. 3uHMHa 0 nmonyyeHUM UM aHUINHA
3 HUTpobGeH3ona. Peakuus 3MHWHA OTKpbIBasia HOBble BO3-
MOXHOCTW ANS pasBUTUS NPOM3BOACTBA CUHTETUYECKUX Kpa-
cutenein. CoeanHEHWA BaHagus HawauW MPUMEHEHWe B 3TOM
OTpaciM XUMWW W MPUHECN €l 3HaYMTEeNbHY Monb3y. Begp
[OCTAaTOYHO BCEro OAHOW BECOBOM 4YacTM Y20 5 u4ToGbI nepe-
BECTU 200 ThIC. BECOBbIX 4acTeil OGeCUBETHOW COMM aHWIMHA
B Kpacsliee BeL,ecTBO —YepHbIli aHWnnH. CToMb Xe addek-
TUBHbIM 0Ka3a/ioCb MPWMEHEHWE COELVUHEHWA BaHagus B WH-
LVMroBOM KpaweHuun. Tak anemeHT Ne 23 npuiien B cuTLeneva-
TaHue, B NPOU3BOACTBO LBETHLIX X/10MYATOOYMAaXHbIX W LWen-
KOBbIX TKaHeil.

MpOMBbILWIEHHOCTb HYXJaflacb B BaHafjuuW U ero coefmHe-
HUAX, HO pyA, 6oratbiX 3TUM 3/N1EMEHTOM, OblI0 HeMHOro. WH-
XeHepbl (paHLy3CKoil cTanenuteliHoi dupmbl «Kpes3o», Bu-
AUMO, 06paTuiM BHUMAaHME Ha TO, 4YTO MepBble COEAUHEHUS
BaHaausa CecTpeM nonyyun He M3 pyfAbl, a U3 MeTannypru-
YecKMx LWakos, U B 1882 r. Hanagunu mMx MPOM3BOLACTBO Ha
TOl e ocHoBe. Ha npotsxxeHun 10 neT 3aBog «Kpeso» exe-
rogHo BblbpacbiBajl HA MUPOBOA PbIHOK MO 60 T MATHOKHCH
BaHagma Y205 OfHako BCKOpe CMNpOC Ha COeAVHEeHWs Bana-



I A TONYYeHHS YePHOTO aHIUITHA Pe3KO yHaid, M NpoH3-
BOJICTBO 11X 3HAYINTENBHO COKPATILIOC.

Ho » navase mepBoii MupoBoii BOIIHEI XIMIIKaM BIOBL
npnmiochk obpatntees K agementy Ne 23. B atn rojsl cpa-
JKAIOLIITMCA CTpamaM mOTpeGoBaNCh TPOMaJiHbie KOJIYecTsa
cepHOIl KIIcTOTH. Bejb 6e3 Hee HEBO3MOIKLO MONYIUTb HHTPO-
KJIeTYaTKy — OCHOBY GoeBBIX mopoxos. MasecTHo, 4TO cepHas
KIICIOTA TOJiydaeTcs OKIicjenueM cepuiuctoro anrmgpuaa SO,
B cepuptit aurmapmy SO; ¢ moOCaeLYIOUIIM HPICOEIHEHIEM
pogsl. Ojnaxo SO, HemocpeACTBEHHO ¢ KICAOPOJAOM pearupy-
et Kpaiine MmemieHHo. OKNclieHIe CEPHHCTOrO aHTHApIAA MO-
’KeT HOPOIICXOANTH HPH BOCCTAHOBJEHINI ABYOKICH azoTta (Ha
3Toil peaKkIUIH OCHOBAH HITPO3HBII CHOCOO MPOI3BOMICTBA Cep-
HOIT KHCJOTH), no Gonee 41crag M KOHLUEHTPUPOBAHHAA KIIC-
JoTa moiyyaercd, ecin peakuuo oxucienua SO, s SO, mpo-
BOJIITH B TPHCYTCTBHII HEKOTOPHIX TBEPABIX KATaJI3aTOPOB
(KOHNTAKTHBII MeTOJ NpolI3BOJICTBA).

[lepBBIM KaTaanszaTopoM CEPHOKHCJIOTHOTO KOHTAKTHOTO
TIPOU3BOACTBA ObLTa moporocToAliaa miatuua. Ee, ecrectsen-
o, ne xmaranso, tpebosanich samenntenn, Mmu oxasannch
nATHOKNCH Bananua V,0; 11 HeKoTopble cOMM BanagueBbIX KilC-
aot, Hampudep Ag;VO,. Ol HOYTH ¢ TAKIM e ycuexoM, Kak ’
o maatnHa, yckopswot oxucienne SO, s SO;, no obxomarcs
3HAUHTENBAO femieBie, Aa I Tpebyercda nx mensme. U rias-
HOe, OHII He GOATCA KOHTAKTHBIX ANOB, BHIBOAAILIHNX H3 CTPOSA
NJAATHHOBBIE KaTaJM3aTopBhI,

Haranmsatopbl Ha ocHOBE BaHAAHUA HTPAIOT OOJNBIIYIO POIH
I B coBpeMeHHOIT xAMIH. VIX mo-mpekHeMy MOIKHO BCTDPETHTH
B OOJBLIIIIHCTBE 1LeXOB IO NOPOHU3BOJCTBY CEPHOIl KHCIOTHI,
ne o0xonATcA 0es HUX I TaKHe BajKHbIE MPONeEcChl, KaK Kpe-
KUHT HedTH, HONyYeHHe YKCYCHOI KICHOTH NyTeM OKUC/IeHHA
cOHUpPTa 1 MHOTHE JpYTIle.

Banamuii i1 crane

Ecnn xuMmudeckas OpOMBIIIIEHHOCTh HYMKIAETCA OpEMJe
BCEro B COeJHHEHWAX BaHAJAHA, TO METAJJYPrHH HeoOGXomm-
MBI CaM MeTaJul M ero cijiaBbl, Bamaguili — oM M3 [JIaBHBIX
JerapyIomIIX 3JI€MEeHTOB.

IMoyuntensupiif, no B 0o0meM-TO caydaiiublii ONHKIT mBen-
CKHIX METaJUIYProB C «IJIOXMMH» M «XODOHIMMH» JIOMOaMN He
CTaJi OCHOBOII 1A INIIPOKOrO BHEJPEHIIA BaHAAHA B MeTaJl-
aypruo. IIpousonuto 3to sHaunTeNnbuo mO3IKeE,
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B 1905 r., na 3ape aBTOoMOOHIECTPOEH A, BO BPEMA rOLOK B
AHrmunu omna u3 paHUY3CKHX MAIIWH pasbuiach Bapebesri,
Onun u3 0610MKOB JBHTATENS 3TOH MAIIWHBI IONal B PyKu
T'enpu ®opna, npucyrcTsoBaBuiero Ha coctasanuax. O610MoK
yauBILI Oyoylniero «aBTOMOGHILHOTO KOPOJA»: METalll, U3 Ko-
TOpOro OH OBl M3TOTOBJEH, COYETall MCKIIOUUTENLHYI0 TBEp-
JIOCTh C BA3KOCTbIO I JieTKOocThI0, Bekope nmabopatopun @opna
YCTAHOBIJIA, 9TO 3TOT METAJI — CTajJb ¢ JO00aBKaMI BaHaguA.

He cuurascer ¢ sarpatamn, Qopa oprann3oBal UccjeqoBa-
una. Ilocne HecKonbKHX Heymad 3 ero jabopaTopuu BHILIA
BaHajHeBaA cralb HeobxomguMmoro kKadecrsa. Oma cpasy naia
BO3MOYKHOCTh OGJCIYMTL AaBTOMOOMJIM, cAejaTh HOBbIe Mallil-
HBI IpoYHee, YIYYLIHTh HX XOJ0Bble KadecTBa. CHH3UB IeHBI
Ha asTOMOOHIM OGJaromapsa sxomoMum Metawia, @opm cmor
OpuBJieYb Maccy MOKyHaTeleil. ITO [ajo eMy IOBOJI CKasaTh:
«Eciu 6b1 He ObLTO BanagusA, TO He ObLIO GBI U MOEro aBTO-
MOOHIIAY.

Opuako emge 3a 10 net mo toro, kak @opx ysHaa o cyuiecr-
BOBaHHM BaHajauWeBoil crajd, (paHLy3cKiHe HHKEHEPH BHI-
MUIABJIAJIL ee M IOJYIajil BHICOKOKAUueCTBEHHble OpoHEBEIE
oantel. VI3 aToii ctanm GbLIN cesaHbl M MepBhle MYIIKH, YCTa-
HOBJICHHBIE Ha CaMOJIeTax.

Heob6xomnmocTh GpoHEBOI 3amUThl A HEXOTHI M apTUI-
JepHiCKHX pacyeTroB CTaja OCOOEHHO OYEBHIHONH B Xxoje
nepsoil MHPOBOIT BOIHEI, KOTla MPHILIOCH CTONIKHYThCA C OPY-
DMIHBIM U ITyJleMeTHO-PY}KeiiHbIM OrHeM HeBHIJaHHOI mpene
unTedcusHoctd., IlepBoHaganpHO /1A HM3rOTOBJIEHHA KacCOK H
UIITOB OpYAHiE HOPHMEHSNH CTajdb ¢ GONBIINM COJep:KaHHEeM
KPEeMHHA U HUKeJsd, HO HCHBITAHHA HA NOJHIOHe NMOKA3aJIN ee
nenpurounocts. Cranb, copepiamas scero 0,2% Banajus,
okasajsach Gojee npouHoil m Bsaskoii. H- toMy e oma Obuia
ngerde. XpomoBaHajueBasa ctanb emie mnpoyHee, Ona Xxopomio
conpotusiserca ymapy u ucrupauunio. Kpome toro, ona obna-
XaeT JOCTATOYHO BBICOKOIT ycramoctHoil mpouHocthio, Iloarto-
- My ee CTajgd WIHPOKO NPHMEHATh B BOEHHOIl TeXHHKe: N
H3TOTOBJIEHIIA KOJNEHYAThIX BaJloB KOpabeJbHBIX JBATaTelNeif,
OTAENBHBIX JeTajieil Topmej, AaBHaMOTOpOB, OpoHEGOIHBIX
CEapA/OB.

Cranu, comep:kaliie BaHaaMii, He YTPATHIU CBOEro 3Ha4de-
HUA U TNoHBIHE, JyeMenT N 23 mpHaaeT CTalM TaKue KadecT-
Ba, KaK IPOYHOCTH, JIETKOCTh, YCTOMUNBOCTE K BO3[elicTBUIO
BBICOKHX TeMueparyp, rHOkoctb. UeM 0OBACHITH CTONb IIM-
pOKUil guamason mojesHbix cBoiictB? OTBETHTb HA 3TOT BOM-
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Penknit cHUMOK cepe-
OVHBI NpoLwWNoro Beka
(1862 r.). CneBa Ha-
npaso: . Kupxrod,
P. ByH3eH n I'. Pocko.
nepBbIM MONYYUBLI U
MeTannmyeckuit BaHa-
oni

poc MomoraeT cam BaHaguii. OH —OfWH W3 «OTKPOBEMMbIX»
MeTannoB. Kak 3T0 NMoHMMmaTb?

V3BecTHO, 4TO Mmanayyllyk MPOKaIMBAEMOCTb CTain Mpu-
faeT monn6aen, HanboNbLIYIO BA3KOCTb CTaslb NpuobpeTaeT OT
BBEAEHWSA HMKeNsd, a €e MarHWTHble CBOWCTBa YCWMMBAKOTCA
npucyTcTBMEM KobanbTa. [laneko He BCerga MOXHO TOYHO
CKasaTb, NMOYeMy Ta WAU MHas nerupywouwias fobaska npuaa-
eT CTa/n onpefefieHHble KayecTsBa. A BOT O MPUYMHAX Y/yu-
LLUEHNS CBOWMCTB CTa/iM BaHaAWeM MHOFOe WM3BECTHO A0CTaTou-
HO MOJIHO M [OCTOBEPHO.

[aBHO ycTaHOBMEHO, 4YTO pacnfasfieHHas CcTanb Mornaola-
eT MHOro rasos, Mnpexje BCero kKucnopoga u asota. Korpa
MeTann OCTbIBaeT, rasbl OCTalOTCA B CAUTKAX B BUAE MEflb-
yaiilwmx ny3bipbKoB. lMpu KOBKe MNy3bIpbKU BbITATMBAKTCA B
HATW (BOMOCOBMHBI) U NPOYHOCTb CAMTKA B pasHbiX Hanpas-
NEHNAX CTAHOBMTCA HEOAWHAKOBOW. BaHagwil, BBefEeHHbIA B
CTasb, aKTUBHO pearnpyer C KUCNOPOAOM M a30TOM, MPOLYKTbI
3TUX peakuuii BCMbIBAOT Na MOBEPXHOCTb MEeTanna >XUGKWUM
LU1aKOM, KOTOpbI yAanseTcs B Mpouecce naaBku. Tem cambiM



HOBBIAIAETCA NPOYHOCTD OTANBOK. OcraBminiica BaHagufl paHb-
e JpyTHX 2VIEMEHTOB B3aNMOJENCTBYET C PACTBOPEHHHIM B
crajm yriaepomoM, ofpasys TBepable H 3KapoCTOHKHe coe-
auHenus — KapOunsl. Kapbujsl BaHagua ILUIOXO PacTBOPHIOT-
¢ B jKellese M HepaBHOMEDPHO pacipelieliAI0TCA B HEM, Ipe-
OATCTBYs 00pa3soBaHI0 KPYOHBIX Kpuctamios. Craib Io-
JdydaeTcA MeJKO3epPHHCTOIl, TBepmoil u koskodl. CrTpyxrypa
BaHAJMeBOIl cTaJH COXPAHAETCA M NpPU BBICOKIX TeMIepaTy-
pax. lloastomy pesusl us Hee MeHbIIe ToABep:KeHsl Aedop-
ManusaM B mpouecce o6paGoTKH fgeTannm Ha GOJBIINX CKOPO-
CTAX, a IITaMIbl He3aMEeHUMBI [JIA ropAYell mTaMmoBku. Mex-
ROKPHCTRJUINYECKAsd CTPYKTypa OOYCIOBIMBAET TaKiKe BBICO-
KY10 yOapHY0 BA3KOCTb W GOJBIIYI0 YCTAJIOCTHYIO IPOIHOCTD
panaguesoil cranu. IlpakTudeckn Ba)KHO eme OfHO ee Kave-
CTBO — YCTOMYNBOCTH K MCTHPAHHIO. ITO KaYeCTBO MOYKHO Ha-
DIASHO HPOMWJIIIOCTPHPOBATh TAKAM IIPUMEPOM: 3a THICAYY da-
cOB paboThl CTEHKH OWJIMHIPOB AN3€J]b-MOTOPOB, H3TOTOBJIEH-
HBIX M3 yriepofucroii crainu, usganmmsaiorces Ha 0,35—0,40 mm,
a CTeHKH HWJIMHAPOB M3 BaHaAWeBoH# cramu, paboTaBImIUX B
TeX jKe ycloBuax,— jumb Ha 0,1 Mm.

«Basnanom» m gpyrne...

Ho me Tonmbko cramp obnaropaskusaerca BanafueM. Cpoii-
CTBa APYruX METAJJIOB TaKie yJIYYHIAlOTCA NpPH BBE[EeHUA B
Hux anementa Ne 23, Crour noGasnts 3% Bamamus B aXioMu-
HUi, KAK 3TOT META/I CTAHOBUTCA O4YeHb TBepabM. «Baspu-
JANOM» — TAK HA3LIBAETCA 3TOT CIUIAB — XOPOIIO IIPOTHBOCTO-
AT paspymiaoiuieMy AeilCTBHIO BJIaKHOTO BO3[yXa H COJEHOM
BOJIBL

W3 nopgobuoro #e cnnasa (o ¢ 2% Bamagua) wuarorosid-
10T IYXOBble MY3bIKAJbHBIe WHCTPYMEHTH. XOpOmO H3BeCTeH
cinas Meqn ¢ 8% Bamamusa. OH HEnonbayeTcs Kak HCXOMHOE
chipbe JJIA TOJAYYeHNs CINIaBOB MeJ¥ ¢ APYTAMH MeTajJlaMu.
Bponssl u natynu, cogepxamue 0,5% Banamgus, He ycTynamoT
0 MeXaEHYeCKUM CBOHCTBAM CTAJH M IO3TOMY HAYT HA H3ro-
TOBJIEHH® OTBETCTBEHHEIX Y3JIOB H AeTajeil cjiouoro mpodu-
asa. XuMmudeckasa croiikocTh cmiaasa Hukens ¢ 18—20% ma-
HagUA cOM3MepUMa C WHEePTHOCTBI0 OJAarOpofHBIX METAILIOB,
[03TOMY M3 Hero feaaioT Jaboparopuywo nocyay. Jlo6asku Ba-
HafidA B 30JI0TO NPIJAOT NOCJHefHEMYy HeCBOMCTBEHHYW eMYy
TBepAOCTh. B mocsieanee BpeMsa [OBOJAbHO MHOTO BaHAMA HIET
B CIJIaBBI HA OCHOBE THTaHA.
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CnaaBpl BaHAAUs Jlerde pacTBOPAIOTCA B MeTalllax, YeM 4i-
CTHIil BaHA/NIL, 1T myaBsiTCA upH Oonee nuU3Koii TeMmmeparype.
Jtu e 0cobEHHOCTH HCNONL3YIOTCA B YepHON MeTaTypruu:
1T JIeTHPOBAHHSA 9yryHa M cTajd oO0bIYHO HpHMeHSIOT dep-
poBaHamit — cIIaB BaHA[UA C IKeJIe30M.

U tonvko B pacniaBiaeHHoM cepeOpe BaHajli He pacTBo-
psercd.

HNob6biua Bananua

B semHOil Kope Bamagua HaMHOro Gojblme, 4eM XpoMma,
HHKeJs,, CBUHIA, NOHKa u faske Menu. Onuako Muuepasisl, 6o-
ratole aiaemeHtoM Ne 23, Bcrpeualorcs peaxo. CoeguneHuns
BaHAMHA paccenBaloTci B 3eMHOIl Kope Bojoil; onn Gouee
pacTBOPIMDI, 4eM HPHPOJHBIE COEJHHEHHs APYTHX MeTaJIOoB,
pacHoNo/ieHHBIX B [PaBoil MOJIOBHIIE MeHjeNeeBCKoil Tabui-
Obl, [ IEPEMeMIAOTCsI B FOPHBIX 1IOPOAAX 114 3HAYATENbHBIE
paectosnunsa. Bauajuil sakaninBaeTcs B HEKOTOPBIX pynax
A IpYrax MeTalloB — CBMHIA, MEAN, HIHKA, YpaHa, a TaKKe
B yrie, Hedrrn, ciampax. Onne U3 HeMemKHX 3aBOJOB, Ha-
mpuMep, MONyYad OT CIKNTanug BeHecydabckoll Hedtu 301y,
KoTopas comep:kana mo 10% mamagus. Hexoropoe npems
30J1a U3 TOMOK, C/KUraBmINX 3Ty He@Thb, 6buUTa HCXOJHBIM Chi-
pheM [Jis moxydelns Banajis.

B 1902 r. B Ucnanun 6b10 OTKPBITO HEpBOE MeCTOPOMKIE-
ame pamaguuuta Pb;(VQO,);Cl. B 1925 r, panagununr o6napy-
wmmaa B 1Okuoii Adpuxe. On BeTpevaerca Take B Yumim,
Aprentune, Mexcuke, Asctpanun, CIIA. Uckaroautensast 0o
cBOeMy 3Ha4deHHI0 MecTopo:kaenus BaHagua B [lepy. Oun na-
XOfIATCS B ropax, ua Beicore 4700 MeTpoB Hax ypoBHEM MOPSI.
TnaBHoe GOraTtcTBO HEpyaHCKHUX MECTOPOIKJEHHIl — MUEepal
OaTPOHUT — MPOCTOE CoefMHenne Bapanua ¢ cepoil V,Ss. Ilpn
ofKdre DATPOHATA MONYTIAIOTCS KOHIEHTPATH C OYeHb BHICO-
KMM cojepKanmeM nsarmoxkucn sapapuma — po 20—30%.

Conmanncradeckne CTpaHbl pacrnojaraioT CoGCTBEHHBIMIU
3amacaMu 9TOTO IEHHOT0 MeTajljla ¥ HOJHOCTLIO ofecuevnBa-
0T HM CBOIO IPOMBINIIEHHOCTD.

OTtevectBennblii Banaanii

B Poccnn Bamapgnii Buepsble Obtn Haiinen B Depramckoii
ponuHe y nepesaia Tioa-Myon (B mepeBoje ¢ KUPTU3CKOTO —
Bep6aosuit rop6). N3 atux pyn «@Pepranckoe obuectso 1o -
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JOGBIME PefIKIIX MeTAlNoB» U3BAEKAN0 B HeGOJNLIIINX KOJIIYe-
CTBax CoefllHEeNIls BaNAAIA Il ypaHa II NPOAABAJO IX 3a rpa-
nuny. Bonpbmyio sie yacTh HEHHBIX KOMIOHENTOB PY/bl, B TOM
ulcie pauiil, n3pjieraTs He yMelil. Todabko mocie ycTanosie-
una Cosetcroli Bnactu Goraretsa Troa-Mylona craim 1enoan-
30BaThCA KOMIUICKCHO,

Iosninee mamajgnii o6uapy/KIIN B KepUYEHCKHX JKCIE3NBIX
pyaax, um Obul0 najdaskeHo IPONU3BOJACTBO OTEYECTBEHOro
deppoBanamia. Borareifmmiyir iretounnkaMi BaHagasa oKasza-
JIICh ypasibcKile THTanoMarieTiTthol. Baecte ¢ Kepuenckoil py-
J0il oull ocBOGOMLIIT HAlly MPOMBIIIIENIOCTs OT HeoOXomH-
MOCTII BBO3a BaHajus ns3-za pybeska. B 1927 r. sanagmit Osua
obuapy:xen B Cyaeiiman-Cae, oxono ublnewero r. [[;ramOy-
na. llosme mocraBmpukamMim Bamajilisi CTaJH TaKKe Me-
croposkfienns nentpaisioro Hasaxcraua, Kuprmsum, Kpac-
Hosgpckoro Kpas, OpeunGyprcroii odnacri. B rope Hauxanap
Ha Ypaje sakaouerno 8 MIpPA. T ;kedesuoil pynsl, 1 paspa-
Gorka ee wpavasach Jguwnb B 60-e rompl. Pyna sra Gennee,
IL.. I[eliliee pyJ BCeMHPHO I3BECTHBHIX ;Keje3lblX rop — Bei-
coxoif 1 Bmarosatu, motoMy uto n3 neap Hauxamapa fo0bi-
BAeTCA He TOJDLKO jejie30, HO 1 Baua;iii.

Bananuii 1 sknsnp

Emre B nmponutoM BeKe BaHajgHil ObLI BliepBble 00HApYsKeH
B CcOCTaBe HEKOTODBIX pacTelliii, 110cie yero IPICYTCTBIE
anementa Ne 23 B yrasax, Topde o cilanmax liepectalo Ka-
saTbes cTpauHbiM. OmIH M3 pacTHTENbHBIX «cobupaTeneii»
BAHAJIIA XOpOLIO 3HAKOM KaKAOMY — 3TO SMOBITHIII rpnd
OJiejinas moraika.

B kposir nexoropsix oburareseil Mopeili H OKeaHOB — Mop-
CKIIX ejKeil 11 rosoTypiii cogepskainue sananisa gocturaet 109%.
IIpennonaraeTcsa, 4yTo BaHajuil IIrpaeT 3JeCh Ty sKe pPoJb, YTO
;mene3o B remoryo6uiue. Ho ato yrsepigenie — riunorernye-
croe. [lpyrie yuenble npHAep;KUBAalOTCSI MHEHIUSI, 4TO POAb
BaHA/IMsA B 9TOM cllydae cpaBHIIMa ¢ POJILIO Maruus B XJOpoO-
¢unne, HHBIMII CJOBAMH, BaHAMI, COJepsRamUIiCA B KpOBH
rOJIOTYPIIii, y4acTByeT Ipe;kje Bcero B Ipoleccax MIITAHHA,
a He JbIXaHI.

B AprenTiiiie npoBOMIUIICH OMBITHL C BBejElIIeM COejnHe-
it Banajnsa B nuuly ObikoB 11 cBumneii. IIpun atom y skuBor-
HBIX YJIyYIIQJICA anierir, I oHi ObicTpo npidasiasail B Bece,
Hapectno ramike, 4To niecelib «4eplblil acmeprii» pasBliBa-
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eTcst HOPMAJIBHO TOJBKO B NPHCYTCTBIN coseil Bamaxmsa. Bce
¢axTel rOBOPAT O TOM, YTO BaHAAHII HrpaerT onpeeleHHYIO
POJab B MU3HEHHBIX IIPOIEcCcax, HO KaKylo HMEHHO — 9TO elle
OpeACTOUT YTOYHUTD. '

BopoueM, paske meramrypraM, KoTopsle B MO3HAHAH 3Je-
MenTa No 23 momuin nanbmie ydeHbBIX APYTHX cHOeNHalbHOCTEH,
OpPeACcTOUT Y3HATH O BaHAJHU eIlfe MHoroe. A XHMHKaM, 0CO-
0eHHO TeM, KOTOpble H3YyIal0T MeXaHN3M KaTaJHTHIeCKOro
JeficTBHA pasiUYHBIX BeiecTB,— eime OoJbie.

HEHHBIN NONYTYUK., Muorne jenesnsie pyAbl Hameil CTPaHH CO-
pepxat ot 0,1 go 0,65% mamagus.

Ilpn pomenmnoit njaBke OH MOYTH MOJHOCTRI) NMEPEXOAHT B YYryH.
B nponecce mpespammeRHa uyrysa B cTajdp 0Oibpmas 4acTh BaHaAHA
AepexofiuT B IIIAK, KOTOPHIl HCHONB3yeTCA [JA NPOH3BOACTBa (eppo-
BaHaHA.

®eppoBananuii 00KIHO cofepkuT He MeHee 35% V.

B TIIOJITOPA PA3A. Huuroknsie Jo0aBkn BaHagdsA IOBBIMANOT
yIOpyrocTh B HPOYHOCTHL cTanu npumepHo Ha 50%. Mmuorue coBpeMen-
Hble MapKda OPYKHHBEIX cTaleii comep:kat go 0,25% samapgms.

0X, Y 3TU NPUMECU. Mexannmyeckne CBOCTBA YHCTOr0 BaHANUA
n3yYeHB! AaJieKO He MOJROCTLIO H3-33 CJOKHOCTH HOJNYYEHHA BaHajns
BbICOKO#t wumCTOTH. Ofmako H3BeCTHO, 4UTO MNpPHMECH OKA3HIBAlOT Ha
cBOiicTBA BamaAHA OYeHb cCHJIbHOe BiIuAHHC. 96%-mblit Bamagmit,
poepsbie noxydennslii I'. Pocko Gonee 100 meT Hasapm, Xxpynoi: B TBepA.
Ilo Mepe paiabHeilmeil OYNCTKA BaHAANMII CTAHOBATCA BCe Goee
OJACTHINLIM H KOBKHM. Brnepsrle KoBKmit BaBajgmit Obl mosyten
aamb B 1927 r. OcoGenno cHMIBHO yXYAIIAlOT MEeXaHHYeCKHe CBOIMCTBA
BaHAAHA OPHMECH BOJOPOAA, KMCIOPOAA B asoTa.

BEJIEP BMHUJ TOJIBKO CEBfl. WsBecTHblii HeMenKHMii XAMHK
IOcryc Jin6ux, nopobno ®puapuxy Bémepy, «mporasnen» OTKpLITHE
HOBOro 3jeMenTa — Gpoma. CiaBa mepBOOTKPHIBAaTeJsA B BTOM cCJydae
J0CTaJach MaJION3BeCTHOMY [0 TOoro )PaHIyY3CKOMY YIeHOMY AHTYyaHY
Banapy, k xotopoMy JIu6ux m0 KOHIA KN3HH COXPAHAJ HENMPHA3HM. . .
Bénep ke, «mposeBaBmmii» Bapaanii, 6bin1 Goxee OOHeKTHBHHIM H HH-
toro, KpoMe cels, B 3TOM He BHHWI. «f] ObLI HAcCTOADUM OC/IOM,— IIN-
cajl OH CBOEMY ApYry,— NpOrjisjies HOBHIil ajJeMeAT B Gypoii cBHHIOBOI1
pyne, u npas Gei1 Bepmennyc, korfa on ne Ge3 MPOHMH cMesJica HAN
TEM, KaK HeyAadHO H clabo, Ges ynopcTea, cTyvyajcsa A B AoM Gormmi
Bamapuc»,



XPOM

daement Ne 24, Opqun n3 caMbIX TBep-
abIX merannoB. O6samaer BBICOKOI XH-
Muuyeckoii croiixoctsio. Opuin 13 Basmk-
HelllunX MeTajioB, HCIOJbL3yeMbX B
NPOM3BOACTBE JIETHPOBAHHBIX CTaJeil.
BoasmunctBo coemuHennii xpoMa mae-
eT APKYI0O OKpacKy, mpudeM caMbIX pas-
HBIX LBETOB. 3a 3Ty 0CO0EHHOCTH 3Je-
MeHT 1 GBI HasBaH XPOMOM, OT Ipe-
9eCKOr0 «XpoMa» — I[BET, KpacKa.

Kaxk ero maunin

Mumnepasn, comepsxamyuii xpoMm, 6su1 oTkpeiT 6an3 Exare-
puubypra B 1766 r. . I'. JlemanmoM u masBaH «cHOUp-
CKIM KpacubiM cBUHIOM». Ceilgac 9TOT MHHEpaJ HasblBaeTCH
Kpokontom. MaBecren m ero cocras — PbCrO,. A B cBoe
BpeMsl «CHOGIPCKUII KPACHBII CBHHEL» BBRI3BAJ HEMAJO PasHO-
raacuil cpenu ydeusix. Tpupuarts jier cmopuiaum o ero cocrase,
moKa, Haxomen, B 1797 r. ¢ppanuysckuit xuMux Jlyn Hukomna
Boxiien e BBHIIEANA U3 HEro MeTajl, KOTOpHIA (TOMe, KcTa-
TH, TIOCIe HEKOTOPHIX CHOPOB) HA3BAIN XPOMOM.

Boxnen o6padoran kpoxour morameM K,CO,: xpomar cBHE-
I{a IpeBpaTIICA B XPOMAT KajufA. 3aTeM ¢ MNOMOIIbLIO COJNAHOI
KHUCJIOTBI XPOMAT Kajuua ObLI mpeBpallleH B OKICh XpOMa U BO-
Ay (XpoMoBaA KHCIOTa CYIIeCTBYeT TOABKO B pa30aBleHHBIX
pacreopax). Harpes seneHslil mopomok oKucH XpoMa B rpa-
¢urtoBonM THINE ¢ yrieM, BokieH mOXyYus HOBBHIA Tyromias-
KHil MeTaJI.

ITapusxckaa axajeMiA Hayk mo Bceit opme 3acBupmeTens-
ctBoBana orkpeiTie, Ho, ckopee Bcero, Bokinen Boigeniun e
2JIeMEHTHBIH XpoM, a ero KapOumel. O6 3TOM CBHAETENBLCT-
pyeT urioob6pasnad ¢opma mnoaydeHHbIX BokieHoM cBetio-

* CepBIX KPHCTANIOB.

HasBazne «xpom» mpeanoskuiau apyabsa Bokaena, HO OHO
eMy He MOHPABUJIOCH — METAJII He OTJIIYAJCA 0COOBIM I[BETOM.
Onraxo py3bAM YNaJOCh YTOBOPHTb XUMHKA, CCBIIAACE HA TO,
9YTO H3 APKO OKpAlleHHBIX COeNUHEeHMII XpoMa MOMHO HOJY-
qaTh xopoune Kpacku. (Keratu, mMenno B paGorax Boxnena
BOEPBble 00BACHEHA H3YMpY/AHAasA OKpacKa HEKOTOPBIX MHpH-
POAHBIX CHJIIKATOB OepIUIINA U aMIOMIIHHA; HX, KaK BRIACHII
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Boxnen, oxpamisani npimyecn coegunennii xpoma.) Tak u
YTBEPAHIOCH 3a HOBBIM 3JIEMEHTOM 3TO Ha3Balle.

Mesny mpounm, cior «XpoM», NMeNLO B CMbICJHE «OKpa-
HIeHNBIii», BXOJIT BO MIIOTIie IaydyHble, TeXHIIUECKIe I jazie
MmysbiRanabasle  Tepunubl. IlImpoxo mn3mectus! QoTomIENKIL
«1130MANXPOM», «TMalxpom» 1 «opToxpor». CioBo «xpoMmoco-
Ma» O03HAyaeT «TeJo, KOTOpoe oKpammBaeTcsa». ¢tk «xpo-
MaTHYecKasa» TaMMa (B MY3BIKE) II eCTh rapMOLIIKA «XPOMKay.

I'me on maxomurcsa

B semmoii Kope xpova posoabio amoro —0,02%. Ocnos-
HOIf MIHepad, N3 KOTOPOro HPOMBIILIENHOCTL HOJNydaer
XPOM,— 3TO XpOMOBas WININENb NepeMelnHoro cocrasa ¢ 06-
meii gopmyioit (Mg, Fe)O- (Cr, Al, Fe),0,. Xpomonas pyna
HOCIIT HasBaiile XPOMITOB ILTH XPOMIICTOrO jKenesuska (mo-
TOMY, YTO HOYTI BCErja COMEP:KHT 1 JKese30).3aje Il Xpo-
MOBBIX PyA ecTh Bo Muornx mecrax. Hama crpama obnanaet
orpoMHBIMII 3amacaMit XpoMinrtoB. Opmo u3 caMbIX GOTBIIIX
mecToporkieunii naxomntes B Kasaxcrane, B paiione AKTIO-
Onicka; ouo oTkpeiTo B 1936 r. 3navnrenanubie 3anackl XpoMo-
BBIX PYJ ecTh I 11a ¥paje.

Xpoyutel 1yt Goableil yacThlo Ha BBIIUIABKY (beppoxpo-
Ma. JTO — oNiI M3 caMbiX Bakubix deppocmuanoB*, abco-
JIOTHO NEOONOMIIMBIIT JJIsi MAcCOBOIro HpOII3BOJICTBA JIeTIpo-
BAIIHBIX CcTaJeil.

Ilapckas PPoccus noutn we mpouspoiia GeppociiiaBos.
Ha necKoJbRIIX oMENIbIX mevax HJKHBIX 3aB0;(0B BHIIIABI-
JII HI3RonpounenTusle (1o jserupyiouieMy Metamiy) ¢eppoci-
a1 geppomapranen. Jla euje na pere Catre, 4ro Teuer
na IOxnom Ypane, B 1910 r. 6511 nocrpoen Kpoireumnslit 3a-
BOJNIK, BBHIIUIABJIIBIINII MII3eplible KosiiyecTBa heppoMaprania
11 ¢heppoxponMa.

Mononoii CoBercroil cTpane B Hepsbie OBl PasBIUTIIA MpIl-
Xojiioch BBO3NTH Qeppocmiassl n3-3a pyderka. Tarasa szaBi-
CUMOCTL OT KaNITAIICTIYECKIIX cTpal ObLla LeXOIyCTIIMOM.
Yoxe B 19271928 rr. nauanocs coopyskemniie coBeTckux gep-
pociaaBHbIX 3aBofoB. B kounme 1930 r. 6v1ma mocrpoena mep-
Baa kpynnas ¢eppocniasnas neun s Yenadmicke, a 8 1931 r.

* (QeppocmjiaBbl — CINIABBI sKCJNE3a € JPYTIMII dJeMEHTaMI, HpliMe-
HACMBIMIT TJIABHBIM 00Pa30M JUISL JICTIPOBAHIS I PACKICHCHUA CTa-
m. Geppoxpom coacp:xnt He Menee 609% Cr,
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Betymuan B crpoii Yensabuuckuii 3asoji — mepseneny deppo-
cunasuoil npomsinviennocty CCCP. B 1933 r. 6butu nyuiens
elrle JBa 3aBoia — B 3anoposkne i 3ectadoHi. ITo MO3BOJINIIO
mpeKkpaTHTh BBO3 geppocmiaBoB. Bcero sa HecKoJabKo JeT B
Cosercrkom Coloze (b0 Opraiis3oBaHO MPOH3BOJCTBO MHOMeE-
CTBA BHJOB CHEIHAJBLHBIX cTajleil — IapiKonoJIUIHIKOBOM,
KapOYHOpHOil, HeprKaBelomeil, aBTOTpaKTOPHOil, GRICTPOpEIKY-
meii... Bo Bce aTu cramun BXoANT Xpo.

Ha XVII cnesage mapTum HapkoM TAKeN0Il NPOMBIIIEHHO-
¢t Cepro OpiKousKIize TOBOPINI: «...eCH OBl y Hac He GBLIC
KauecTBeHHBIX crajieli, y Hac He OBbi0 OBl aBTOTPAKTOPHOII
npoMpimiennoctH. CTOHMOCTH pacxoayeMbBIX HaMil ceifgac
KavecTBeHHBIX cTaseil ompemenserca csoime 400 amam, pyo.
Ecan 651 sago 6bu10 BBO3UTL, 9T0 — 400 MuH. py6. excerojno,
MBI OB, 4epT wobepu, B Kabany momajm K KaOHTAJHCTAM...»

3aBon Ha Oase AKTIOOMHCKOro MeCTOPOMIeHHA NOCTPOeH
noa;ke, B roasl Besukoit OrtedecrBemnoil Boiftubl. [lepyro
mnaBry (eppoxpoma on gaxa 20 smsapa 1943 r. B coopymennn
3aBOJla OPHHIMAIN ydacTwe TpyAAllHecs ropoga AKTIOOHH-
cxa. Crpoiika 6ei1a o6basiena napoxuoil. Meppoxpom moBoro
3aBOjia IleJl HA U3rOTOBJEHNE METAJNIA VIS TAHKOB H IYIIEK,
g ByxKE $poHTa.

IIponum ropsi. Ceitdac Axriobunckiuil ¢geppocniaBublii 3a-
BOJ — KpyNHOEe XNpeinpiiATHe, BHIIycKaollee deppoxpom
Bcex mapok. Ha 3aBoje BeIpociH BBICOKOKBAJIN(HIHPOBAHHBIE
HaOHOHAJNBHBIE Kajipbl MeTanypros. M3 roma B rog sasom u
XPOMITOBble PYAHUKH HAPAINIIBAIOT MOLIHOCThH, oOecmegnBas
Hally Yepuyl MeTaulyprHio BBICOKOKa4eCTBEeHHBIM deppo-
XPOMOM.

B mauwreii crpane ecTh yHHKaJbHOE MECTOPOMKIeHHE IpII-
POHOJIETHPOBAHHBIX KeJNEe3HBIX pyH, 6oraThIX XpoMoM H HU-
kemeMm. OHo wmHaxoxurca B opeubyprckux cremnsax. Ha 6Gase
3TOr0 MecTopossAeHns noctpoeH n paboraer Opcro-Xanumos-
cKuil MetaJuryprudeckuii kom6unar. B noMeHHBIX medax KoMm-
6unara BBHIUIABJIAT [PHPOANONETHPOBAHHBII 4yryH, o0nana-
IOLHI BBICOKO# KapoyHopHOCTHI0. JacTHYHO €ro HCHOIbL3YIOT
B BUJE JUThA, HO GONBIIYI0 YacTh OTHPABAAIOT Ha Mepeped
B HHUKeJeByI0 CTajb, XpOM IpH BBHIIJIABKe CTAaAN 113 4yryHa
BBITOpAET.

Boasmnmn sanacami xpomuros pacnonaraiot Hyba, 10ro-
ciaBiA, MHOTHe cTpaubl Asmn n Adpuxm.
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Kaxk ero moaxyuyaror

XpoMHT DpHMeHsAETCA MPelnMYIIeCTBEHHO B TPEX OTpPaciaax
NPOMBIIIIEHHOCTH: MeTAJIYPrul, XMMUA W HPOU3BOJCTBE Or-
HEeYHOpOB, MpHYEM MeTAJIYpPrus morpebiseT NpHMEpHO ABe
TPETH BCEro XPOMHTA.

Cranp, JernpoBaHHas XpoMoM, objajgaeT HOBBIIIEHHOL
[POYHOCTBY, CTOIKOCTBIO NMPOTHB KOPPO3HH B arpecCHUBHBIX
I OKHCJITEJbHBIX Cpeflax.

ITonygenne wHCTOro XpoMmMa — KOpOroii M TpymoeMKHil mpo-
necc. lloatoMy miisA nernpoBaHus CTajdM NMPUMEHSIOT TJABHBIM
o6pasoM (PeppoxpoM, KOTOPBIH MOAYYAOT B JLYTOBBIX JEKTPO-
mevax HeHmOCpefCTBeHHO H3 Xpomura. BoccTanosuTeneMm ciy-
MUT KOKC. CotepiKaHne OKIICH XpOMa B XPOMHTE NOMKEO GHITH
ne Hke 48%, a orHomenue Cr: Fe e memnee 3: 1.

Ionyuennslii B aaexTponeydn geppoxpoM OGLIYHO COMEPHHUT
no 80% xpoma m 4—7% yruepoma (ocranwnnoe — Keneso).

Ho nasa aernpoBaHus MHOTHX KaYeCTBEHHBIX cTajiedl HyIKeH
deppoxpon, copepsrauuit Majo yriepoga (o HpHYHHAX 3TO-
ro — HiKe, B rnape «Xpom B cmiasax»). Hoaromy gacTh BEI-
coxoyrieponacToro ¢eppoxpoma MOABEPraT CHOEIIAJbLHOI
o6paborke, 4YTOOBI CUN3UTH CONEp’KAHNE YIIEpoga B HEM [0
HECATHIX U COTHIX J0Jeil mpoLeHTa.

N3 xpomuTa nHONyYaT u 9JIEMEHTHBIN, MeTaJInYecKuil
xpom. IIponsBoacTBo Texnmyecku uncroro xpoma (97—99%)
OCHOBAaHO HA MeToje AJIOMHHOTEDMHUH, OTKDHITOM eme B
1865 r. usBectubiM pycckum xumuxkoM H. H. DBexeroswnim.
CymHOCTh METOa — B BOCCTAlIOBJIEHUI OKHCIOB aJIOMIITHHEM,
peaKIusA CONPOBOMKIAETCA 3HAYHTEJILHBIM BbIJIEIEHIIEM Tela.

Ho mpeaBapuTenbHo HAf0 MOAYYUTH YICTYIO OKICH XpoMa
Cr;0,. Ias 5TOr0 TOHKO H3MEJBYEHHBIH XPOMHUT CMELINBAIOT
¢ copoil U HoGaBAAIOT K 9TOH CMecH M3BECTHAK HJIH OKHCh Hie-
nesa. Bes macca ofskuraercs, mpudem obpasyerca xpomat
HaATPUA:

2Cr,03 -+ 4Na,CO3 4 30, — 4Na,CrO, 4 4CO,.

3areM xpoMmaT HATpUA BBHIIENAYHBAIOT 13 000MKMKEHHOI
Macchl BOAOIT; Ienox QUALTPYIOT, ynapusaoT u oGpabaThiBa-
0T Kiucnoroii. B pesynbrare momyuaerca 6MxpoMaT HaTpHA
Na,Cr,0,. BoccranaBnusas ero cepoit wim yrjiepogoM mpu Ha-
rPEBAHUN, HONYYAlOT 3€JIeHYI0 OKHCh XpOMa.

Meranangecknil XpoM MOMKHO HOJYYITH, €CJIH YHCTYIO OKHCEH
XpoMa cMellaTh ¢ DOPOLIKOM ajllOMHHUA, HATPETb 3Ty CMech
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B Turne o 500—600° C n nofXxeyb C NOMOLLbIO Mepekucu ba-
pua. ANIOMWHWIA OTHUMaeT y OKUCK XpoMa KuCopog. 3Ta
peakuus

Crd 3+ 2A1 —AID 3+ 2Cr

—OCHOBa MPOMbILLIEHHOTO (Q1FOMWHOTEPMUYECKOr0) crnocoba
MOMYyYeHUs XpPOMa, XOTA, KOHEeYHO, 3aBOAcCKas TexXHONorus
3HAUNTENbHO CMOXHee. XPOM, MOMYYEHHbI antOMHHOTEPMU-
YECKM, COLEPXUT altOMUHUA U Kene3a [ecATble J0MN MPOLEH-
Ta, & KPEMHUA, Yrfiepoja W cepbl —COTble A0/IM MNPOLEHTA.
Mcnonb3yloT Takxe CNANKOTePMUYECKUiA cnocob nonyyeHus
TEXHUYECKM YWUCTOro Xpoma. B 3ToM cnyyae XpoM K3 OKKUCK
BOCCTaHaB/IMBAETCA KPEMHMEM MO peakuuu

2Cr203+ 351 — 33K02+ 4Cr.

JTa peakuus MPOMCXOAUT B AYroBbIX Meyax. Jns cBs3biBa-
HUS KpeMHe3eMa B LUMXTY [06aBAsStOT WM3BECTHSK. YucToTa
CUJIMKOTEPMUYECKOTO XPOMa MPUMEPHO TaKas e, Kak U anto-
MWHOTEPMUYECKOFO, XOTS, pa3yMeeTcsi, COAEPXKaHUe B HEM
KPEMHUS HECKO/IbKO Bbllle, a a/lOMUHUS HECKOJIbKO HUXKE.
Ans nonyyeHus xpoma MblTaAucb NPUMEHUTL U [pyrue Boc-
CTaHOBUTENU —YT/IEPOA, BOAOPOA, MarHumii. OfgHako 3TW cro-
c06bl HE MOMYYUIU LUMPOKOTO PacnpoCTPaHeHUs.

Bpawatowmnecs neun ans obxura xpommuta Ha AKTOOMHCKOM 3anofc Geppo-
cnnasoB



Xpom BBICOKOIT cTememn unctorel (mpumepao 99,8%) mo-
IYq9anT 3JIeKTPOIHTHIECKIL

Texunaueckn YUCTHIl U 3JEKTPONITHYECKIIT XPOM HJET rJ1aB-
HBIM 06pa3oM Ha IIPOH3BOJACTBO CIOMKHBIX XPOMOBBIX CILIABOB.

Yro st mero xapakTepHO

Artomuas Mmacca xpoma 51,996, B menpeneesckoil taGamie
OH 3aHNMaeT MecTo B mecroil rpynme. Ero Gmmmaiimue co-
cequ W aHajoru — Mounbpes n BoabdpaM. XapaKkTepHO, 4TO
cocequ XpoMa, TaK jKe KaK I OH caM, HIIIPOKO NPUMEHAITCA
IJIsA JerupoBagHus craieil.

TemmepaTypa niaBieHHA XpOMa 3aBHCUT OT €ro YUCTOTHL
Maorue ucciefoBaTesl NHITANUCH €€ ONPEJeNHATh H MOJNYIHIH
sHagenusa or 1513 po 1920° C. Takoit Gonpmioit «pasGpoc»
00'bACHAETCA NPENK)le BCEr0 KOJMYECTBOM II COCTABOM COHEp-
amuxcd B xpome npnumeceit. Ceifuac cuuraior, 4To XpoM mia-
BuTCA npu temmeparype oxomo 1875° C. Temmeparypa Kume-
pust 2199°C. IlnotHocTh XpoMa MeHblle, YeM jKelesa; OHa
passa 7,19.

Mo xuMmueckum cBoiicTBaM XpoM ONH30K K MONUOAeHy It
poabgpamy. Boicmuii okucen ero CrO; — kucnortusiii, 10 —
aurugpug xpomosoii kucnotsl H,CrO,, Mumepan xpokourt, ¢
KOTOPOTO MBI HAYMHAJIN 3HAKOMCTBO € diaeMeHtoM No 24,—
€oJIb 3TON KucioTH. Hpome xpoMoBoil, 13BeCTHA ABYXpOMOBas
xuciora H,Cr,0;, B XuMHuE MHPOKO OPUMEHSIOTCA ee COJNM —
Ouxpomarsl.

AHOMAAbHbIE H3MEHEHHA CBOICTB XpoMa npu 37° C

MORYJH YNPYrocT
------- roadbdbunmenT nunefinoro pacuupenna
————— BHYTpelnuee Tpelune

Cr
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HanGonee pacupocrpanennuiii oxncen xpoma Cr.Q, — axido-
TepeH. A BOOGIE B PA3HBIX YCJIOBISAX XPOM MOMKET NPOABJIATH
BagenTioct oT 2 o 6. 1llpoko necnosib3yoTes TOJMbKO Coell-
HEeHIHA Tpex- 1 MIecTHBAJCITHOrO XpoMa.

Xpox ofmajaer BceMH CBOIiCTBAMIl MeTalula — XOPOLUO
[POBOJUT TEIVIO M IEKTPHYECKHIl TOK, IMEeT XapaKTepublil
MeTajuindeckiii Gmeck. ['nmaBmas ocodeirocTi, XpoMa — ero
YyCTOITYHBOCTL K AEIiCTBIIO KIICJIOT M KICIOPO/ia.

IlnA Tex, KTO MOCTOSMIINO HMeeT 0 ¢ XPOMOM, cTaja mpHT-
yeil Bo A3BIEX ellle Oiia ero 0coGeNNnocTh: MpH TeMAepaType
okono 37° C neroropsle Ql3nTecKIe ¢BOIICTBa 3TOTO MeTajjia
pesro, ckaurooGpasino meHsiotca. Ilpu aroii Temmepartype -
ABHO BBIPAKEINBIT MAKCIIMYM BHYTPEHIEro TPeHIs I MIHH-
MyM Momyaa ynpyrocti. Ilourn ramske pesko usmemnsiorcs
AJIEKTPOCONPOTHRIIEHIIE, KO ULUIEHT JNUHEIIHOro pacupe-
HIIA, TePMO3JIEKTPOJBIBKYIAA CIlIa.

O6bsacHIITD 9TY aHOMAJIHIO yYeHbIe TIOKa He MOTYT.

Nasectunl ueThipe mpupopnbix msoroma Xpoya. Mx »acco-
pole uncia 50, 52, 53 u 54. Ilons camoro pacmpocTpaHenHoro
nzotona **Cr — okono 84%.

Xpom B cnaBax

BeposiTio, 6110 GBI IIPOTIIBOECTECTBEHIIBIM, eciu OBl pac-
CKa3 0 NpIMEeHeHIM XpoMa Il ero coeqHiueHuii Hadaucsa e co
CTAI, a ¢ 4ero-ynbo muoro. XpoM — OXIH M3 CaMBIX BayKHBIX
JeTHPYIOIIIIX dJIeMEHTOB, MPIMEHsIeMBIX B UepHOI MeTasiyp-
rud. JloGaBka xpoma K o6srunsiM craiam (mo 5% Cr) yanyu-
maeT nx ¢usHyecKie cBoilcTBa I Jienaer MeTal 6ojee Boc-
OpUUMYIIBBIM K TepMidyecKoii ofpaGorke. XpoMoM Jerupyior
OpY)KIHHEbIe, PECCOPHBIe, ITHCTPYMEHTANbHbIe, MITaMIOBBIE II
HIApPUKONOMINIHIKOBEIe cTamu, B Hux (Kpome mwapnxomop-
MIMHAKOBHIX cTajeil) XpoM HpHCYTCTBYET BMeECTe ¢ Maprail-
meM, MOJIIGKeHOM, HIIKeJeM, BanajqueM, A IHapuKOMOIIHITHII-
KoBBle cTami cojepat muub xpoM (oxosmo 1,5%) m yraepon
(oxomo 1% ). Mocneyuuii o6pasyer ¢ XpoMoM KapOIIBI HCKIIO-
gurenenoit tBeppocti: Cr;C, Cr:C; n Cry,Ce. Ounr mpupator
I apHKONOJUINITHIKOBOIT ¢TaJll BHICOKYIO I3HOCOCTOIIKOCTD.

Ecnu copepskanne xpoyma B cramu nosbicuts 1o 10% u 6o-
jiee, ¢Talb CTAHOBNTCA Gosiee cTOITROII K OKIICIEHIIO I KOppo-
311, 1O 3/Iech BCTYMaeT B ¢y PaKkTOpP, KOTOPHIT MOKHO Ha3-
BaTh yriepoxubiM orpaundenneM. CmocobHocTs yriepopa
CBA3BIBATH 0OJBLINE KOJIMYECTBa XpoMa HPHBOANT K oOenHe-
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HITIO CTaJH 9THM diaeMeHTOM. lloaTonMy Meramnypriu oKashiBa-
I0TCA Tepej [WIEMMOil: Xodellp NONYYHTL KOPPO3HOHHYIO
CTOHKOCTh — yMeHbINAll colepiKaHMe yriepoja M TepsAil Ha
H3HOCOCTOMKOCTH M TBEPIOCTH.

Hepaseromasn crans camoil pacmpocTpaneHHoifi MapKi
comepxur 18% xpoma um 8% nukens. Conepmanne yriepopa
B Hell ouens Heseanko — g0 0,1%. Hepxaseromue cramm xo-
pOHIO HPOTHBOCTOAT KOPPO3NM M OKHCIEHHIO, COXPAUAIT
NpPOYHOCTH TIPH BHICOKHX TeMmeparypax. Ms muctoB Takoil
cTaju clenaHa ckyiabntypuas rpynna B. M. Myxunoit «Pabo-
4l M KOJIXO3HHIA», KoTopaa yctaHosiena B Mockse y Ce-
BEepHOTO BXofla Ha BricTaBKy pocTikeHuit HapogHOro XO03fii-
crBa. HepskaBelomye crann IMHPOKO HCIONBL3YIOTCA B XHMII-
4ecKoil 1 HeTAHON MPOMBINIEHHOCTIH.

Bricokoxpomuctele cramu  (comepmamue 25—30% Cr)
obnagaloT 0co0oil CTONKOCTHI0O K OKICIEHHWI0 INpH BBICOKOM
tTemnepatrype. X mpHMeHAOT A H3TOTOBIEHMA JeTalell Ha-
rpeBaTeJqbHBIX mHedeil.

Teneph HECKONBKO CJIOB 0 cIIaBaX Ha OCHOBE XxpoMma. ITo
ciiaBel, cofepsramne Gonee 50% xpoma. Ouu 061ama0T Bech-
Ma BBICOKOIl j;KapompouHocTbo. OnuHako y HHX eCTh OYEHb
Gonpmoil HEOCTATOK, CBOAANNI HAa HET BCe MPeHMYLIecTBa:
3TH CINIABHl OYeHb YYBCTBHUTEJBHB! K NOBEPXHOCTHBIM JIedeK-
TaM: MOCTATOYHO WOABHTBCA ILApaliHe, MHKpPOTpeLiiHe, H
usgeane GBICTPO paspyLINTCA NOJ HATPY3Koil, ¥ GoabmuHCTBA
CIUIABOB TOROOHBIE HEJOCTATKH YCTPAaHAITCA TepMOMeXaHM-
yecKoil 06paGoTKoIf, HO CIIABEI Ha OCHOBe XpoMa Takoil 00-
paGoTke He moajmatoTcA. Hpome Toro, oHm depeceyp XpymKu
OpH KOMHATHOH TeMmepaTtype, 4TO TaKiKe OTpaHHYIBAET BO3-
MOKHOCTH HX HPHMEHEHHA.

Bosnee mennsl curaBsl XpoMa ¢ HUKejgeM (B HHX 9acTO BBO-
AATCA Kak Jernpylongie qo6aBkn u qpyrue snementst). CaMule
pacnpocTpaneHHble CIUIABBI 3TOIl Tpynnbl — HIXPOMBL COZEP-
mat 1o 20% xpoma (ocTanbHOe HMKeNb) 1 NPHMEHAIOTCA JUIA
M3TOTOBJIEHIIAA HarpeBaTeJbHBIX 2JeMEHTOB. ¥ HHXPOMOB —
GoJbHIOE [ METAJIOB 3JEKTPOCONpPOTHBIEHNE, MpPH IpPOIY-
CKaHIH TOKA OHM CHJIbHO HarpeBaloTCA.

JlobaBka K XpOMOHMHKeJIeBHIM cCIUIaBaM MoJubgeHa I Ko-
GajbTa MO3BOJIAET MOJYYHTH MaTepHasbl, 06jafalole BHICO-
KOM KaponpoYHOCTHIO, CIIOCOOHOCTHI0 BHIHOCHTDL GOJibINLE HA-
rpyskn npu 650—900° C. U3 atux cnnaBoB fenaioT, HapuMep,
JIOmATKI rasdoBLIX TYpOmH.

HaponpounocTeio 00JMafal0T TaKKe XPOMOKOOAJbTOBbIE
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cmiassl, cojepsaiie 25—30% xpowma. IlpoMpnunennocts me-
NoJb3yeT XPOM i1 KaK MaTepHal [JfA aHTUKOPPU3HOHHBLIX W
[€KOPATUBHBIX MOKDPBITHIL,

e H B IPYriX COCAHHCHHAX

I'naBHaAa xpoMmoBaA pyaa — XpPOMHT HCHOJIB3YETCA H B HpPO-
H3BOJICTBE OTHEYNOpPOB. Marue3uToXpoMHTOBble KHPIHYH XTH-
MHYECKH ITaCCHBHBI H TEPMOCTOMKH, OHIl BBIIEPIKHBAIOT MHO-
rOKpaTHBle pe3KHe H3MeHeHus Temneparyp. llostomy umx
HCHONB3YIOT B KOHCTPYKUHAX CBOMOB MApPTEHOBCKHX MedYeil.
CtoiiKocTh MarHeauTOXpPOMHTOBHIX CBOAOB B 2—3 pasa Gojb-
e, YeM JUHACOBBIX ¥,

XHMHKH IOJY4YalOT U3 XPOMHTA B OCHOBHOM OGHXpOMATHI Ka-
nua u gatpua K.Cr,0; u Na,Cr,0,.

Buxpomatel u xpomossie kBacusl KCr(SO,), npumensawoTca
A ayoaenua xoxxu., Otciofa M HMueT Ha3BaHHE «XPOMOBBIE)
canoru, Hoxa, ny0neHHas XpOMOBBIMH COeAHHEHHAMU, 0fia-
AaeT KpacHBBIM 0JIeCKOM, mpodYHa n y[00HA B UCIONHL3OBAHUM,

N3 xpomara csunua PbCrO, usrotoBiadior pasinmdyusie Kpa-
curenu, PactBopoM OGuxpoMaTa HATpuA OYMIIAIOT I TPaBAT
MOBEPXHOCTh CTAJBHOH OPOBOJOKH Mepex IHHKOBaHUEM,
a TaKKe OCBETJAIOT JIATYHb, XPOMHUT M JADPYrHe COeNHHEHUSA
XpOoMa IIMPOKO NPHMEHSIOTCA B KauecTBe KpacuTelei Kepamu-
4yecKoil rilasypu M CTexia.

Haxonel, uz 6uxpoMata HaTpUA mOJYYAIOT XPOMOBYIO KHC-
JOTY, KOTOpasA MCOONB3YeTCA B KAYeCTBE DJIEKTPOIUTA IpU
XPOMHPOBaHHH MeTAJJIMIEeCKUX AeTalell.

Yro e gaabpme?

XpoM u B OyayuieM COXpPaHHT cBoe 3HAYeHHe KaK JIeTH-
pyoiasa nobaBKka K CTIM M KaK MaTepHasa A MeTaJJIoNo-
KpBITUil; He yTPATAT WEHHOCTH M COeJUHEHHA XPOMa, IiCIOJb-
3yeMble B XHMHYECKON M OrHEyHOPHOIT NPOMBILIIIEHHOCTH.

lopasgo cnosxuee 0o6CTOHT fen0 co cOjlaBaMH HAa OCHOBE
xpoMa. Boapmaa XpymkocTs M MCKIIOYHUTENBHAA CIOKHOCTH
MexaHH4ecKoil 06paboTKU HmOKa He HO3BOJIAIOT MUPOKO IpH-
MEHATH ITH CIUIABBI, XOTA MO APONPOTHOCTH M U3HOCOCTOI-
KOCTH OHHM MOTYT HOTAraThCA ¢ N0OBIMH MaTepHajiamu. B mo-
cJIef{HIle TOMbI HaMETHJIOCh HOBOE HAIpaBjieHHE B IPOH3BOJCT-

* JInHac — KHC/ABL OTHEYMOPHBIN KUPMIUY, cofep:aiiii He MeHb-
me 93% xpemuesema. OrmeymopHocTh pAunaca 1680—1730° C.
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B€ XPOMCOAEP:KAIINX CIUIABOB — JIErNpPOBAHIle IIX a30TOM.
IToT 00BLIYHO BPEJIHBI B MeTayuypruu raz ofpasyeT ¢ XpoMoM
IpOYHble COEJNLENIIs — HITPUABL. A30THPOBAHIIE XPOMICTHIX
cTayeil DOBBIAET IIX H3HOCOCTOHKOCTb, NO3BOJAET YMeHb-
HIITL cojieprkaune eUIIUTHOrO HIKEIA B «HepKaBefikax».
EpiTL MOKeT, 9TOT MeTOJ MO3BOJMT IPeojoieTh U «neoGpaba-
TBIBAEMOCTDLY» cIUIaBdB Ha ocuope xpoma? Mam specn npugyt
Ila MoMOLIL Apyrhe, moka ue nssectusie Metoap? Tax 1w
nHave, 1270 JlyMaTh, 4T0 B OyAYIIeM OTH CIUIABHI 3aiiMyT ji0-
cToiilioe MecTo cpe;Q1 My:KHBIX TeXHIIKEe MaTeplajlos.

TPU HJIW HIECTL? IlockoabKy XpoM XOpOWIO CONPOTHBJIACTCA
OKIICJICHHIO Ha BO3AyXe H JeliCTBIIO KICJAOT, €0 YacTo HAHOCAT HA
HOBEPXHOCTDL JPYTHX MaTepuajon, uTo0bl 3aOMITHTH IX OT KOPPO3MUL.
MeTtoa namecelnsg JAaBHO H3BECTCU — 3TO JICKTPOJHTHYCCKOC OCAK-
acune, Oppako Ha mepBBIX LHOpAX mpH paspaloTKe Ipouecca JACKT-
POMNTHYCCKOrO XPOMIIPOBAHIA BOZHUKJIN  HeoKUFAHNHBIE TPYAHO-
CTIH.

MaBecTno, 4T0 o0O0LIYHBIC rajbBaHHYCCKHC MOKPLITHA  HAHOCAT
C NOMOINbIO IJIEKTPOJUTOB, B KOTOPLIX IOH HAHOCHMOrO 3JCMEHTA
HMCCT HOJIOKNTEJbHLIT 3apaj. C XpOMOM TaK He HOMYYaJOoCh: MOKpbI-
TIIA OKA3BIBAJIICH MOPICTLIMIL, JICTKO OTCJIAalBAJICh.

Ilourn Tpn ueTBepTH Beka paGorananm  ydensie Haj npobiaeMoit
XpOMIIpOBaNNA H Toabko B 20-x rojax wmailero BeKa AL,
4TO 3ACKTPOJNT XPOMIUPOBAJNLIOil BAaHHLI JOMKEIl COACPKATH He TPeX-
BaJICHTHBI XPOM, a XPOMOBYIO KIHCAOTY, T. €. LICCTHBANENTHLIH XpOM.
TIpn OpOMBINUJICHHOM XPOMIIPOBAHIN B BaHHY R00aBAAIOT COMNl cep-
HOil I MJABHKOBOH KIICAOT; CBOOOAHBIC KICAOTHBIC PATMKANBI KaTati-
3HPYIOT MpPOLECE rajbBaHIYCeCKOr0 OCAMKACHIIA XpoMa.

VYyenste He NpPHHUIH HOKA K CAUNOMY MHCHIIO O MeXamHiaMe
OoCKACHUA ICCTHBAJCHTHOIO XpOMa Ha KaToAe rajibBaulldeckoii Bag-
upl. EcThb npepmosioskenne, 4T0 I1IECTHBAJCHTHHIL XPOM HEPEXOAUT
CHAYaJMa B TPCXBAJCHTHEHIA, a 3aTeM yj;Ke BOCCTAHABINBACTCA [0 Me-
tanaa. Ofnako OOJNBIINHCTBO CHOCLIAIINCTOB CXOAATCA 11a TOM, 4TO
XpOM y KATOJA BOCCTAlIABIIBACTCA Cpady 13 MICCTHBAJCHTHOTO CO-
crosnund. Ilekoroprie ydenple CHITAIOT, 4TO B ITOM MpomEcce yyacTByer
aToMapnbiii BOAOPOJ, HCKOTOPBIC — YTO MICCTHBAJEHTHLINI XpOM Kpo-
CTO TIOJYYaeT LICCTh JJACKTPOLOB.

JEROPATHBHBIE 1 TBEPABIE. XpoMoBble MOKPLITHA OLIBAIOT ABYX
BHJIOB: ACKOPATHABHLIC I TBCpAble. ‘amie HPHXORITCA CTAJKHBaTLCA
¢ JCKOPATHBHBIMIL: Ha 4acax, ABCPHBIX PYYKax H JPYrHUX mpeiMerax.
3iuech CJoif XpoMa HAHOCHTCA HA NMOACHOIl JApyroro Meraja, vamie
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BCero HuKeJa man Mean. CTanp samuileHa OT KOPPO3HH 9THM UOA-
ciaoem, a toukui (0,0002—0,0005 mMM) caoii xpoMa uUpHAAET H3AENHIO
HaPANNUBIHA BN,

TBepabie NOKPBITHS TMOCTPOeHH! Amave. XpPoM HAHOCAT Ha CTAJb
3naunrteapno Oosice TOACTHIM cioem (go 0,1 MM), HOo (e3 MOOACJOEB,
Taxne MOKpPHITHA NOBHIOIAIOT TBEPAOCTL M H3HOCOCTOUKOCTH CTaJjd,
a TaKxe yMeHpmaloT Koadduuuent Tpenus.

XPOMHPOBAHHUE BE3 3JIEKTPOJIMTA. Ecte u ppyroit cnocod
HaHeCeHNA XPOMOBBLIX MOKPHITHII — And@y3nounsiii. IJror mpouecc
HJeT Ne B rajlbBAaHMYCCKIX BAHIAX, a B mevax.

Cranpuyio geTanb NOMCIMAIOT B MOPOIIOK XPOMa I HArpeBalT B
BOCCTAaHOBHTEJNbHOII aTmocdepe. 3a 4 uwaca npu Temmeparype 1300°C
Ha MOBEPXHOCTH JeTajn o0pasyercs oGoramennbiii XpOMOM CJIOil TOJ-
mungoit 0,08 mM. Teepmocte n Kopposiiimasa cTOKOCTL 3TOro cJosA
3HauNTeNbHO GoJbIle, YeM TBepAOCTb cTasn B macce jgeranu. Ho aror,
Kasanoch GBI, IPOCTOIl MeTOA MPUXOAMJIOCH HEOJHOKPATHO COBEpIIEH-
cTBOBaTh., Ha moBepXHOCTH cTajin 00paso0BBIBAJNCE KapOuasl XpoMma,
KxoTopete mpenaTcTBoBasn Angdysnn xpoma B craab. Kpome Toro,
OOPOINOK XpoMa NP TeMIepaType NOPAAKA TLICAYI TrpPagycoB clie-
Kaetca. UToObl 9TOro me CayYmiIoch, K HeMy HOPHMEIINBAIT NOPOIIOK
HeiiTpansunoro orneynopa. [lonsiTKn 3aMEHHTH NOPOINOK XpoMa
CMeChbI0 OKHCH XpOMa ¢ yrjieM He Jajil NOJIO:KOTENbHBIX Pe3yJbTaToB,

Bonee :Kn3anemHbIM OKAasaloch OpejiioyKeHNe MPUMEeHATh B Ka-
yecTBEe HOCHTEJNA XPOMa ero JeTydile FaJNolfnble COJIA, HAOpHMep
CrCl,. Topsaunii ra3 oMbIBaeT XpoMiupyeMoe H3jiejie, OpH 3TOM HeT
peaxmusa

CrCl;+Fe=FeCl,+Cr.

HcoonbzoBanme JIeTy4nx raJoHAnbBIX cojieil MO3BOJIMAO CHH3HTH
TeMIepaTypy XpOMHDPOBAHHA.

Xaopug (uam Hogua) xpoMa mHOXydaloT OOBIYHO B caMoil ycra-
HOBKe JJIA XPOMMpOBAHHA, MPONYCKasa Napsl COOTBETCTBYlOMmeil rajon-
AOBOJOPOAHOIl KHCJOTH depe3 MOPOINKoOOpasHbeld xpoM miun ¢eppo-
xpom. OGpazoBaBmiiica rasoo0pasHblil XJIOPHJ OMBEIBaeT XPOMHDYeMOe
Hnapgese. :

Ilpomecc asmTCA J0Jro — HECKOJbKO uwacoB, HameceHmbll Takum
obpasoM cJ0ii ropasjio Kpemde COeJlHEH C OCHOBHBIM MaTepHAJIOM,
9eM HaHeCeHHbIil rajbBaHHYECKH.,

BCE HAYAJIOCh C MBITbA IOCY[BL.. B noGoit anammTHdecKoil
naGoparopun crout Gojbmas GYTHUIL ¢ TeMIOH MHAAKOCTLIO. 3TO «XPO-
MOBas CMCChb» — CMECh NACLIDIEHHOro pacTBopa 6mxpomaTra Kajumsa ¢
KOHIEHTPHPOBAHNOI Ccepuoil KicjoToil. 3aucM omna Hy:Kma?
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Ha nasbumax 4YejoBeKa BCerja €CTh JKHPOBble 3arpAsHEHHsA, KOTO-
pble Jierko mepexoiAT Ha cTekyio. McHHO 3Tn OT/IOMKeHAs NpPH3BaHa
CMBIBATh XPOMOBafA cMmech. Ona OKHCJIAET KUD U yAAajfeT ero ocrar-
Ku. Ho ¢ arum BemecTBoM oGpamarbcs Hafo ocropoykeo. Heckoabko
KameJib XpPOMOBOii cMecCH, NONAaBOIAe HA KOCTIOM, Crmoco0HBI OpeBpa-
THTh €ro B mopo6me pemera: B CMecH [Ba BemecTsa, n ob6a «pa3boii-
HHKA» — CHJIBHAA KHCJIOTA H CHJIBHGBIA OKHCJINTEIb.

XPOM U JAPEBECHUHA. Jlaxxe B mam Bex cTeKia, anioMaAns, 6ero-
HAa ¥ IVIACTHKOB HeJb3j He NPH3NaTh ApPEBEeCHHY OTJIHYILIM CTpOH-
TeAbHbBIM MaTepHakioM. ['IaBHOe ee JOCTOHHCTBO B mpocToTe 06padoT-
KH, @ TJlaBHBle HENOCTAaTKH — B IOKAPOOMACHOCTH, NOJBEPKEHHOCTH
paspymennio rpu0kamu, GakTepHsaMH, HaceKoMbiMHU. JIpeBeCHHY MOK-
HO cfleaTh GoJiee CTOIiKOil, IPONUTAB ee CHenUAJBHLIMA PacTBOPaMH,
B COCTaB KOTOPBIX 00A3aTejibHO BXOAAT XpPOMAaThl H GHXPOMATHI ILIIOC
XJOpnj OHHKA, CyabgaT MefH, apceHAT HATPHsA M HEKOTOpHle Apyrae
BemecTBa. IIponnTka BO MHOrO pas yBeJIWYHBAeT CTOKOCTH ApeBecH-
HBI K fieiicTBUIO rpu0KOB, HACEKOMBIX, [IIAMEHH,

raaga HA PUCYHOK. WmmocTtpanmnm B medyaTHBIX H3JAaHHAX [ella-
I0TCA € KIHIle — MeTAJIHYeCKNX IJIACTHHOK, Ma KOTOPHX 3TOT DHCY-
HOK (BepHee, ero 3epKajJbHOe OTpPayKeHHEe) BHITPDABHPOBAH XHAMHYe-
cKkaM cnocoGom uiam spyunyw. Jlo usoOperenua ¢ororpadpnnm kiamme
rpaBHpPOBAJiA TOJLKO BPYYHYIO; 3TO TpyAoeMKas paGora, TpeGyromas
00JIbIIOr0 MacCTEpPCTBA.

Ho eme B 1839 r. mpou3omiio OTKpHITHE, Ka3aBlleecd He HMEBIIHM
HHKAKOro OTHOmeHHsA K moiurpadmu, Buito ycraHOBIeHO, 4To GyMma-
ra, OponuTagHasg OHXPOMATOM HATpUA HJHA Kajds, moclie OCBelleHnsA
SAPKAM CBETOM CTANOBATCA BJPYr KOpHYHeBOil. 3aTeM BEIACHHJIOCH,
ar0 OuxpoMaTHble MOKpHITHA HA Oymare mocile 3acBedHBAaHHA He
pacTBOpAITCA B BOAe, a, OyAy9YH CMOYEHHBIMH, NpPHOGPETAOT CHHEBA-
TBIf OTTEHOK. OTHM CBOHCTBOM BOCHOJB30BAJNNCH OOJUTrPagUCTHI.
Hyxnublit pacymok dotorpagupoBain Ha IVIACTHHKY € KOJUIOHHBIM
NOKpHITHEM, cofiep:kammm GnxpoMmar. 3acBedueHHble MecTa OpH HOPoO-
MbIBKE He PacTBOPAJHCH, a He3acBeUeHHble PacTBOPAJNACH, H HA mJjac-
THHE OCTABAJCA PHCYHOK, C KOTOPOTO MO’KHO OBIJIO Ie4aTarhb.

Ceifuac B nonurpadud HCOONB3YIOT APYrHe CBETOYYBCTBHTEJLHELIE
MaTepnasibl, NpaMeHenne OGuxpoMaTHLIX refieil cokpamaercs. Ho ne
CTOMT 3a6LIBATh, YTO «MICPBOOPOXOANAM» (POTOMEXAHHYIECKOTO MeTOAA
B mo/urpaum mOMOT XPOM.



MAPTAHEI]

Mapraneny 6sin orkpeir B 1774 1.
mBeackum  xuMukoM Hapiom Buis-
rensmom IHeeme. tor yuensiil 3a cBoo
OTHOCHTENHHO KOPOTKYW ku3lb (oH
yMep B 44 roma) ycmen cuenaTh O4eHb
mMuOro. OH OTKPBUI XJIOP, KUCJIOPOJ, MO-
anbmen H Boabpam, moKaszak, YTo rpa-
$uT —oAMH U3 BHJOB 3JIEMEHTHOTO
yIiepoja, HOJY4HJ KPAacKy, KOTOpas H
ceiivac HasbiBaerca «sejenp lHeeine»,
apcne (AsH,), ranuepun, Mo4eBy® H CHHHJBHYIO KHCIOTHI.
IlpaBna, un Mapramen, mu monubien, mnm soab(pam [eere
He BBIJIeTNJ B WHCTOM BHIE; OH TOJNBLKO YKasal, 4To B HCcile-
NOBAaHHHIX MM MHHEpaiaX COAEPIKATCA 9TH HOBLIE DJIEMEHTHI,

dnement Ne 25 Gbur oGHapy;KeH B MHUHepajie MHpPOJNIO3UTE
MnO,-H,O, wussectmom eme Ilnnmuio Crapmemy. Ilnu-
HHIi CcYHTA] ero pPasHOBHUIHOCTHI0O MATHUTHOIO JKeJe3HsKa,
XOTA MHPOJIOSHT He HPUTATHBAETCS MATHHTOM. JTOMY HpO-
rusopesuto Ilmuunit nan o6vacuenme., Ham omo waercs
3a6aBUBIM, HO He HYKHO 3a0pIBaTh, uTo B I B. H. 3. yuenble
3HAJI O BeL[eCTBaX MHOTO MeHbIIe, YeM HbLIHeLINue IKOIb-
auxu. Ilo [lnunnio, naponosut — 3710 «aanuc Marnec» (Mar-
HUTHHII JKENe3HAK), TONBKO OH KEHCKOro Nojla, ¥ HMEHHO
O03TOMY MArHHT K HeMY «paBHoaymen». TeMm He MeHee «uep-
HYI0O Maraea3uio» (Tax Torja HasplBajJH NHPOIIO3NT) CTANH HC-
NoJbL30BaTh IPHM BapKe CTEKIa, HOCKOJLKY OHa objafaeT 3a-
MeuYaTeJIbHBIM CBOIICTBOM OCBETJIATH CTEKJI0. ITO IPOHCXOMUT
OTTOr0, YTO NpPH BBHICOKOH TeMmepaType ABYOKHCH MapraHma
OTHaeT 4acThb CBOEro KHCJIOpOJa M IpeBpallaeTcs B OKHCel
cocraBa Mm,0,. OcBoGonupmiuiicsi KHCAOPON OKHCIAET cep-
HHCThle COeNHEHHA jKejie3a, NPHAAIONNE CTEKIY TEeMHYIO
oxpacky. Kax «ocBerantens» crexia OHPONIO3NT HPUMEHA-
IOT 1 ceifdac.

Ho Bepuenca x ucropum.

B pyxomucax smamenutoro ajxumuka AnsGepra Bemmxo-
ro (XIII B.) 9ror MuHepasn Ha3bIBaeTCA (MArHE3HsN.
B XVI B. BcTpevaercs yike Ha3BaHHe «MaHTaHe3e», KOTOpoe,
BO3MOJKHO, aHO CTEKJIOMEeJaMH H MPOUCXOMUT OT CI0OBA «MaH-
raHnu3eiin» — 9MCTUTh.

Korma Illeene B 1774 r. 3amuMajica MCCAEOBAHIIEM IIHPO-
mI03uTa, OH mochuian csoeMy apyry lOxamy loramGy Tamy
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70xaun TFToTnné Taun (1745—
1818) — WBEACKUA XUMUK, NEPBbIM
nonyuymswwnit 8 1774 r. mMeTananye-
CKuii mapraHely. Wpew o Tom, 4TO
B [laBHO M3BECTHOM MWHepane Nupo-
NO3NTe ecTb HOBbIA 371eMeHT, Bbl-
ckasan u o6ocHoBan Bblgatowniics
WwBeACKUA xuMUK Kapn Bunbrenbm
Leene (1742—1786). O6pasubl nu-
ponws3nTa, KOTOpbIi OH uccnegosan
B 70-x rogax XVIII 8., Weene no-
coinan CaHy. W3 aTux ob6pasyos u
6bin BbieneH nepBblii MeTannuue-
CKUii mapraHey,

obpasybl 3TOr0 MuHepana. [au, BnocneacTsum npodeccop,
BbIJAOLMNIACH xumukx CBOEr0 BPEMEHW, CKaTblBan U3 NUPOIIO-
3UTa Wwapuku, fobasnds K pyfe Macsio, U CWIbHO Harpesas
WX B TUI/IE, BbIIOXKEHHOM [peBeCHbIM Yyriem. [lonyyanucb
MeTaN/INYecKne LAapPUKK, BECUBLLUME BTPOE MeHbLUe, 4yeM Lia-
pVUKM U3 pyfbl. 3T0 U 6bln MapraHel. HoOBbI MeTann Hasbl-
Ba/I CHayana «MarHesmsa», HO TakK Kak B TO BpeMs yXe 6bina
n3BecTHa 6enas MarHesms —OKWCb MarHua, Metann nepe-
MMEHOBa/IN B «MarnesHym»; 3To Ha3BaHWe U OblN0 MPUHATO
dpaHLy3CKO KomUccueld no HomeHknatype B 1787 r. Ho
B 1808 r. Xamdpu [3BK OTKPbIN MarHUii 1 TOXe Ha3Ban ero
«MarHesnym»; Torfga BO M3bexkxaHue nyTaHWLbl MapraHel cTa-
NN HasblBaTb «MaHraHyMm».

B Poccun mapraHuem [0/ir0e BPeEMA HasbliBainM MUPOIIO-
3nT, noka B 1807 r. J1. V. Lepep uc npegnoxun UMEHOBaTb
MapraHuem MeTan, Moay4YeHHbI N3 NUPONIO3MTa, a cam Mu-
Hepan B TC rofbl Ha3biBa/yW YepHbIM MapraHuem.

Pyabl

B unctom BMae MapraHey B MNpUpoLe He BCTpevaeTcs.
B pygax OH npucyTCTBYeT B BuAe OKWCMIOB, TUAPOOKUCEN
N KapboHaToB. OCHOBHOW MWHEpas, COAepXalwiuii mapraHey,—
3TO BCE TOT XX€ MUPOM3NT, OTHOCUTENLHO MSAFKWIA TeMHO-ce-



peiit kameun. B mem 63,2% wmapranua. Ecte u apyrune map-
rasiessle pyABl: IICILIOMENAall, GpaymiT, raycMaMiuT, MaH-
rauuT. Bce 3To oORicnbpl 1 cijinkatel  aaementa  Ne 25,
Banenrnocts Mapranija B uux pasua 2,3 u 4. B¢t eie ogun
HOTEHUIAIbLUbIE [CTOYNNK dxeMenTta N 25 — Komkper, 3a-
Jeraiomie Ha e OKeaHOB II AKKYyMY/IpyOIIlle Maprauel
it npyrue Metaiisl. Ho o nux pasrosop oco6blii.

Maprauuesble pygbl AeJAT Ua XHMHYECKUC U MeTaJIyp-
rirveckue. llepsete copeprar ue memnvure 80% MnO, Hx
ICNONB3YIOT B TAlNLBAHUMYECKIX ojeMentax (JBYOKICL Map-
rauia — OTIMYUBIT JeNoNApPI3aTOpP), B HPOU3BOACTBE CTeK-
Ja, KepaMIIKI, MIIHEepP&JILHBIX KpacuTeneil, «Maprami(OBKII»
(KMnO,) u 1exoTopsIX IPYIiX HPOJYKTOB XIUMIYECKoil mpo-
MBILLIEHIIOCTH,

Pyant, copepsxauine menpmie S0% miuponosura, naseiba-
I0TCA MeTaJLIy PravYecKIIMI I HCHONL3YIOTCA B 4YepHoil Meran-
ayprun. B obuzeit joGpiue Maprauuesblx pyi na JoJI0 MeTa-
aypriuveckux mpuxopurca 6osee 90%, T. e. ABBHIYIO J0XIO
n00bIBAaEMOil MapramueBoil pyjbl 1CHOJAB3YIOT MeTaJLIypPIIL.

Mapranen 1 »kene3o — coce/ il e TOJNbKO Ho Tadmiie Meu-
jejeeBa, B MapraHleBBIX pyHax BCerjia NpICYTCTBYeT ieJe-
30. A BOT B JKeJIe3HBIX pyjax Maprauel (B JOCTATOIHOM KO-
JIYecTBe), K COKAJeNNIo, ecTh Ile Beerga. I coscanenio —
noToMy, uTo amement Ne 25 — ofina H3 Bay{HEINIIX JETHpPYIO-
mux pofanok.

Mecroposkienusa MaprauuesblX pyA ecTh Ia BceX KONTII-
mentax. Ha momo nameii crpansr mpuxogures oxono 50%
MupoBOil o6yl Mapraunuesblx pyi. Borarsi Mapraniem
ratoke Uumgna, Tana, Mapokko, Bpasmmia, 10:kuo-Adpn-
rauckasa PecnyGmuxa. BonblmicTso jke HpOMBIIIENHO pas-
BIITBLIX KamlTAMICTIIYECKIIX CTpail BBHINYKIEHO BBO3HTL Map-
ramiesyo pyay us-za pybeska, Tak Kax 1X coGcTBenHBIe
MECTOPO:IeHIIA 1Ie YMOBJIETBOPAIOT MY depuoil MeTamryp-
IUIl HII 110 KOJIIYeCcTBY, Il no KauectBy pyasl. Hama crpana
e TOJBKO MOJLOCTLIO ofecrmeylBaeT CBOIO META/NIYPriuio BbI-
COKOKauecTBEHIIOI MaprauueBoii pyioil, HO I 3KcHmOpPTIpPYyeT
€€ B 3HAYUTEJBHBIX KOJIYECTBAX.

o Bemuxoit OteuectBennoii soiiust 8 CCCP mapranme-
BYIO pyiy fobObiBani B ABYX paitonax — s Ynarype (I'pysms)
it oxoio Huxononst (Yxpaununa). Korga so spemsa Boiiust Hu-
KomoJbeKIll Gacceiill okKyniuposast (GaniicTsl, B HecAbiXall-
HO KOpOTKII cpok ObLIII OCBOEHKI 1IOBBIE MECTOPOIKAeHIs
Mapranuessix pyn Ha Ypame n B Kasaxcrane. Cosercras
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YepHasg MeETANIYPrug HOJY4lJIa [JOCTAaTOYHO MapraHna mu
CMOTJIa HAaTh BBICOKOKAUECTBEHHYI0 CTalb [UIA TAHKOBOM
OpOHM H apTHWLIEPUACKHX Opymuil.

Yiereiit Mapranen

YKe ymoMHUHANOCh, YTO HEPBHI MeTaNIMYeCKHil Mapra-
Hell ObUI MOJy4YeH HpI BOCCTAHOBJIEHHI MIPONIO3HTA JpeBec-
HeIM yrieM: MnO, + C—~Mn + 2CO. Ho 310 He 6b1a1 35eMenT-
Helii Mapradeu. llogo6Ho cBouM cocegaM mo TaGamue
MenaeneeBa — XpoMy U jKelle3y, MapraHel] pearupyer ¢ yr-
JlepofioM H® BCerja CofepsKuT HpiMech KapOupa. 3upauwmr,
¢ NOMOIIBIO yriepoja 9HCTHI mapraHen He moayuurhb, Ceil-
yac [JiA TOJYYeNHd MeTaUINYecKOr0 Mapranna IpHMEeHAT
Tpu cmocoba: cHAnKoTepMIrYecKuil (BoccTaHOBJeHHEe KpeMHH-
eM), aJIOMUHOTePMUYECKHII (BOCCTAHOBJIEHHME ANIOMIHIEM)
H 3JeKTPOJTUTHYECKIII.

HauGonee mmpokoe pacmpocrpaHeHHe Hamesd aJIOMEHO-
TepMHYecKuil cnocol, paspadorannslii B konne XIX B. B atoM
cilyyae B KadecTBe MApraHLEBOrO CHIPbA JIydlle NPHMEHATH
HE OHUPOJIO3UT, a 3aKuChb-OKHch Mapranlla Mn,;O.. Illnpomo-
3UT pearupyer ¢ ajJOMHHIEM ¢ BBIJleJIeHHEM TaKoro Goapmo-
ro KOJINYecTBAa TeIJa, 9TO PeakiUA JerK0 MOMKeT CTaTh Heyl-
pasiasemoit, lloaTomy, mpespge 4eM BocCcTaHABINBATH IIMPO-
JI03IT, €ro oOMKHraloT, a yiKe NOJIYYeHHYI0 3aKUCh-OKHCH
CMEMINBAIOT ¢ QJIOMHHHEBBIM HOPOLIKOM M HOMKHIAIOT B cOe-
nuanbHoM KoHTeiinepe. Haummaerca peaknua 3Mn,O,+
+ 8A1-9Mn + 4A1,0; — gocraTouno OwbicTpas u.ue TpeGyio-
Ias MONOJHHTENbHBIX 3arTpar sHeprud. Ilomywenusnii pac-
IJIaB OXJIAKJAIOT, CKAJBIBAIOT XPYINKHIl IUIAK, a CJIUTOK Map-
raHua Apo6AT W OTUPABIAIOT HA JalbHeillnyio mepepaGoTky.

Opnakxo anOMHHOTEPMHYECKHI CHOCO0, KAaK M CUJIHKOTEp-
MHUYeCKHil, He JaeT MapraHua BBICOKOH ducToTH. O4uCTHTDL
AJIOMUHOTePMUYECKIT Maprasel MOKHO BO3TOHKOIf, mo 3ToT
cmoco6 Majionmpoussojutesien u gopor. Iloatomy merammypra
NABHO HCKAaJU HOBble CIOCOOBI MOJNYUEHUA UUCTOr0 METAJIIH-
9ecKOro MapraHia II, eCTeCTBEHHO, NpeKae BCero HajeaAlnch
Ha eKTposuTiYecroe padunupoanne. Ho B otnnune or me-
I, HHKeJIA M APYCIX METaJUIOB, MapraHer, OTKJIajblBaBIIMii-
cf Ha MEKTPOMAX, He ObIJI YHCTHIM: €ro 3aTPA3HANN HpUMeCH
okuciioB. Bonee Toro, monywaicA NOpHCTHIl, HEMpPOYHBIN,
HeyMOOGHBIH 1y mepepal0oOTKH MeTaJl.

MHorne usBecTuble ydYeHble HNbITAIMCh mopobpary omrTu-
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YnaTypckoc MapraHuesoe MecTopoxpieHue. [loasecHas fopora —ofHa H3 30,
Nno KOTOPbIM TPaHCMOPTUPYeTCA MapraHuesas pyfja

11 Bopgopog — nannaguit



MAJIBHBIIT PEIM 3JIEKTPOJI3a MapraHLEBHX COEAUHEHMIT, HO
6eaycnemno. Ity samaay paspemm B 1939 r. coserckumii
yuenstit P. M. Arnanse (BOocheAcTBHM REHCTBUTEJBHBIH YieH
Axamemun mayk Ipysunckoit CCP). Ilo paspaborammoii mm
TEXHOJOTHH 2JAEKTPOJIN3a H3 XJIOPHCTHIX M CEPHOKHCIBIX coJeit
moiydaeTca AOCTATOYHO IVIOTHBIII MeTalJ, cofep:Kailmii no
99,98% oanementa Ne 25. ITOT METOX Jier B OCHOBY IPOMBILI-
JIEHHOTO TIOJNYYEeHHS METAJNIMYecKOTO MapraHia.

Bremne 5TOT MeTann HDOXOMK HA KeJe30, TOABKO TBEprKe
ero. Ha Bo3fiyxe oKuciaseTcs, HO, KAaK N Y aJlOMHHUSA, IJEHKA
OKHcia 6BICTPO MOKPHIBAET BCIO IOBEPXHOCTH MeTaljla H Ipe-
HATCTBYET NaibHeiIneMy okHciaeHnio, C KUCIOTaMH Maprasel
pearmpyeT GbICTPO, ¢ a30ToM obpasyeT HITPHIBL, C yriepo-
nom — kapOuyet. B o6iieM, THOINYHBIA MeTalul.

Maprasnen — xenesy

Cepa — anemenr, Gesycunosno, monxeaublit. Ho ne musa me-
Ta/nypros. Ilomagass B 9yryH I CTalb, OHA CTAHOBHTCH 4YTh
au He camoii BpemHoil mpumecnio. Cepa axTHBHO pearmpyer
c menesoM, a cyandun FeS cumxaer TemMmepaTypy miaBie-
HHA MeTauda. M3-3a 9TOoro BO BpeMsA TMPOKAaTKH Ha pacKaleH-
HOM MeTajle TMOABAAIOTCSA Pa3pPBIBBI U TPEIIHbI,

B MerasnypriuueckoM HpPON3BOACTBE yHAlleHHE CEPhl BO3-
noeHo Ha fAoMeHI(UKoB. «CBA3aThb», MpeBPaTHTh B Jerko-
IJIaBKOe COelNHEeHye H YAAJUTH cepy U3 MeTaljlia Jerie Bcero
B BOccraHoBuTenbHOil aTMocepe. VimenHo takas atMocdepa
cosnaercst B fomennoil meun, Ho cepa u BHOcuTcs B Merasn
NpH JOMEHHOH IJaBKe BMeCTe ¢ KOKCOM, KOTOpBLif OGBIMHO
cogepxur 0,7—2% cepsi. Uyryn, BeImycKaeMmblii B Hamiei
cTpame, fciuken copepxath, He Gosnee 0,05% cepsl, a Ha
mepefoBHIX 3aBofax aToT mpeaen cumxed xo 0,035% u pame
MeHblIe,

Mapraunen, BBOAAT B AOMENNYI0 IIHXTY HMEHHO IS TOTO,
4T00bl yHanuTs, cepy us ayryua. CpoAcTBo K cepe y Maprauia
fonblie, yeM y xenesa. JiaeMeHT Ne 29 o6pasyer ¢ Heil mpou-
HBII Jerkomnasxuii cyns@un MnS. Cepa, cBazannada Maprag-
1eM, HepexofuT B IIaK. JTOT CHOCO0 OYNCTKH YyryHa OT
Cepsl IPOCT 1 HaJeKeH.

CoocofHocTh MapraHila ¢BA3BIBATL cepy, a TaKKe ee aHa-
JIOT — KHCAOPOj] IINPOKO ICIONb3YyeTcss M B HPOH3BOJACTBE
cranun. Eume B mpomsioM Bexe MeTaMIypri HaydHilnch mJa-
BHTH «3ePKajibHBIIY UYTyH U3 MAPraulloBICTBIX JKeJEe3HBIX
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pya. dror uyryH, comepmamuit 5—20% mapramma m 3,5—
55% yraneponma, obnamaeT 3aMeuaTeNbNBIM CBOCTBOM: eciu
ero mHo0aBITH I KIJKOM CTajxl, TO U3 MeTajjla YHadAloTCA
Kkucxopoa u cepa. Mzo6peratens nmepsoro xomnseprepa I'. Bec-
ceMep HCHONL30BaJl 3€PKANLHBIT YYTyll JUIA pacKucienns I
HAYIJIEPOKIBAIIIA CTAJIL

B 1863 r. na zaBoge «@enuxc» B ['masro 6vuto opraHmso-
pano mnpoussoactso deppoMapraHiia — cIlapa  MapraHma
¢ menesom. Comep:kamie axeMenra Ne 25 B TakoM cmiiase
25—35%. @eppovapramen; okasajcd JyIHHM pacKHCINUTE-
nenM, ueM sepkanbublii ayryH. Cranas, packucienHas ¢eppo-
MaprauieM, CTAHOBHTCA IIOKOIH, yOpyroii.

Ceiinac mosygaloT (epporapranel], cofep:anuit 75—
80% Mn, 9tor cmiaB BHIVIABIAIT B JOMEHHBIX H 3JEKTPO-
CTAJNIeIJIABIJIBIBIX JIyTOBBIX HEYaX H MINPOKO NPHMEHAIT [JIs
MpON3BOICTBA MapraHUOBHCTHIX CTaJel, pedb 0 KOTOPHIX ellle
BHEpeJIL.

Byksa I’

Ilo mpunATHIM B Hamleil cTpame cTaHJapTaM Bce 3JIeMeH-
THI, JIETHPYIOI[Ile CTANh, HMEIOT «coGerpennyio» Oykmy. Tak,
B MapKy CTajH, cojepsKaleil KpemHHil, 0o6A3aTeabHO BXOLHT
oykBa C, xpoMm o6Gosunavaercst OykBoil X, mHIKelb — OyKBOIf
H, samaguit — 6yksoit @, soandpam — Gyksoit B, anomn-
Huit — 6yxsoit 10, momGpen — 6yksoit M. Mapranuny mnpn-
csoena Gyksa I'. JIump yraepon GyxkBel He nMeeT, B y 60Jb-
WHHCTBA cTajeil uudpsl B Hagaje MapKA O03HAYAKOT €ro
cofilepKanne, BHIpA’KEHHOE B COTBIX MOJAX mpolenta. Ecam
3a GykBoil HeT HHKakux uudp, TO, 3HAUIT, eMeHT, 0003HA-
qeHHBI 3Toli OYykBOIl, COmepKUTCA B CTAJNH B KOJHMUYECTBE
oxono 1%. Pacmngpyem jas mpumepa cocTaB KOHCTPYKI(I-
ounoit crann 30XT'C: mnHpekcsl DOKAa3HpBAalOT, 9TO B Heit
0,30% yraxepoma, 1% xpoma, 1% mapranua n 1% rpemuns.

Mapraneny oOGBIYHO BBOJAAT B CTaJb BMeCTe € JAPYTUMH
DJIEMEHTAMH — XPOMOM, KpeMuueMm, BoiabppamoMm. Opgnaxo
€CTh CTajlb, B COCTAB KOTOPOIl, KpOMe jKeJie3a, MapraHia u yr-
Jepoja, HUYEro He BXOAIT. ITO0 TaK HasbiBaeMad cradp I'ag-
¢unpa. Ona comepmur 1—1,5% yraepoma m 11—15% wmap-
ragma. Cranb 3Toii Mapku o6jajaeT OTrpoMUOIl I31I0COCTOI-
KOCTBI0 H TBepaocThio. Ee mpHMeHAOT [iiA 1:3TOTOBJIEHUA
ApOGIJIOK, KOTOpble mMepeMasBIBAlOT caMble TBepjlble MOPOMLI,
neTajieil 9KCKaBaTopos 1 Oyibg03epoB. TBepmocTs 2To0il crani
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TaKoBa, UYTO OHA He MOAJaeTrcd MexaHHYecKoill o6paboTke, me-
TaJld U3 Hee MOKHO TOJALKO OTJIHBATH.

A BooOlie craneil, cojepiKamHX Mapragen, [JOBOMBHO
Muoro. Tounee, HeT HH OJHON CTaJH, KOTOpas He cojepsKaJia
0Bl MapraHia B TeX WIM MHBIX KojudecTBax. Begp maprainern
DPUXOJMT B ¢Tajb 13 gyryna. OgHaro HHOrga ero KOJM4ecTBa
HACTOABLKO MaJibl, uTo GyKBy I' B MapKy craju He BCTaBJAIOT.

Buopoyem, MapranueM yaydmaioT cBOMicTBa He TOJBKO je-
nesa. Tak, cmiapel Mapranna ¢ Meaplo obmagaloT BHICOKOIM
NPOYHOCTHIO M KOPPO3HOHHOH cToliKocThio. U3 3THX cmiiaBoB
JeJal0T NOmATKH tTypOMH, a M3 MapraHOOBHUCTHIX Opomns —
BUHTHl CaMOJIETOB I Jpyrue aBHafeTalu.

Mapranren, He GiecTHT, Kak 30JI0TO, He JbeTCH, KaK PTYTh,
He BCOHIXMBAeT Ha Bo3jyxe, kak mHarpuit. Ho ator Bmemue
HUYEM D€ IDpHMevaTeJNbHBIH Cephlil MeTasJ KH3HEHHO BajKeH:
IOKa B TEeXHHKe TJaBEHCTBYeT jKeje3o0, Oymer HeoOxopum u
€ro BepHBIAl COYTHUK — Mapragen,

Mapranen u Kn3up

Eme B Hagase mpomuoro Bexka ObUIO M3BECTHO, 4TO Map-
ramel BXOJAUT B COCTaB KUBBIX opranusmos. Ceitgac ycrauos-
JIEHO, 9YTO HEe3HAYUTENbHble KOJIKYeCTBa Mapranna ecTh BO
BCeX PACTHTEJBHBIX M KMBOTHBIX opranmamax.Her ero tomanb-
Ko B 0eiaKe KypUHOro Aiilla W 09eHb MAaJio — B MOJIOKE.

B opramuame wmapramen pacupefieiseTcs HepasBHOMEpHO.
Hanpumep, 8 100 r cyxoro BemectBa crefieil BuHOIpaja co-
aepxutca 191 mr mapranna, kopueit — 130 Mr, a srojg — Bce-
ro 70 mMr. B kpoBm 4enoBexa ® OONBIIMHCTBA IKHBOTHBIX
cofepsxanme Mapranna cocrasiser oxono 0,02 mr/a. Hckiro-
YeHHE COCTABJIAIOT OBIbI, KPOBb KOTOpPHIX Oorade Mapras-
nem — 0,06 Mr/a. Ycranosineno, 9T0 Maprasel; UrpaeT 3HATH-
TeJbHYI0 pOJIb B 00MeHe BemlecTB. B pacTeHmax on yckopser
obpasoBanue XJopoHia U MOBHIIIAET X CHOCOGHOCTH CHH-
teaupoBats sutamun C. Ilosromy BHecenme mapranna B mod-
BY 3aMeTHO HOBHIIAeT YPOMANHOCTL MHOIHX KYJBTYp, B 4a-
CTHOCTH 03UMOIl MIIEHHIbl W XJOMYaTHUKA.

OrcyTcTBHe MapraHIa B nullle ;KHBOTHBIX CKa3blBaeTCA Ha
X poCTe M KU3HEHHOM TOHyce. MbImM, KOTOpHIX KOpMHIHA
OJHUM MOJIOKOM, COflepPKallM OYeHb Majo MapraHia, Tepsin
cnoco0HOCTh K pasMHOMKenuio, Horga e K ux mule Havaan
A00aBIATH XJOPUCTHII MapraHen, 3Ta CHOCOOHOCTH BOCCTAHO-
BHJIACH.
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Onement No 25 Bianser m Ha bpomecchl KpOBeTBOpeHHS.
Kpome Toro, om yckopsier obpasoBaHme aHTHTEN, HeliTpaim-
3yIOIUX BpefHOe HnelicTBHe uyKeponusix Oeaxos. Omum 13
HeMeNKNX YYeHBIX BBOJHJ MODPCKNM CBHHKAM CMepTEIbHBIe
J03bl cTONOHAYHBIX W Au3enTepHinHX Oaxtepuil, Ecan mocie
3TOro0 BBOJAMIACH TOJLKO IPOTHBOCTOJOHAYIAS H HPOTUBOAMU-
3eHTepMiiHAsA CLIBOPOTKR, TO JKUBOTHEIM OHA YK€ HE HOMOra-
na. Beenenne cHIBOPOTKH H XJIOPUCTOTO Maprania najevnBa-
JO MODCKHX CBUHOK. BHYTpHBEHHLIM BINBANNCGM pacTBopa
cyanara MapraHia yfmaetcda cHacaTh YKYUICUNBIX Kapakyp-
TOM — A7OBATEINIHM H3 Cpeflea3uaTCKIX NayKoB.

MAPTAHEIl 1 30JI0TO. B roam pa3spyxm, Bei3BaHHONl rpasKagaH-
cKoil BoiiHOi#l, MoJonas CoBeTcKas CTpPaHa OUYCHb HYHAANaCh B BANIK-
Te. ONHNM W3 MepPBBIX NPOAYKTOB COBETCKOFO BKCIOpPTa OblIa YMATYp-
CKag MmapranneBaa pyna. Pynaux BocctamoBmam B 1923 r., m ¢ Tex
nop y mpnuaioB IlotTm coGupannch HECATKH HNOCTPaRHBIX Kopaduci,
BLIBO3HBIIAX pyAy. B mauade 30-x rogos Gein moctpoer 3ecradoH-
ckuil eppocunaBubiii 3aBOJ, HA KOTOPOM H3 9HATYPCKOil pyAbl HONY-
gann geppomapranen. ITOT OPOAYKT, TAK ’Ke KAK H BLICOKOKAYECTBEH-
Hafd YAATYpPCKas py/a, H ceifdac ocTaeTcA BaMmnoii cTaTheil coBeTcko-
ro skcoopta. A fo pesosmonun Poccus BBosmiaa eppomapranem.

YTO TAKOE MAPTAHIIOBKA? 310 BCeM m3BecTHAS KaqumeBas CoJb
MapraamoBoif kmciaorsl HMnO,. Ee mmnpoko nmpmMmeHAIOT B MCIHLHAHE
H BeTepHHAPUH, B OpraHAYeckoM cHnTede (KaK OKHCAHTEeNb) m jabo-
paTtopHoii mpakThKe (Kak peaktnB)., CBOHCTBA CHJIBHOTO OKICJHTEJNA
«MapraHmoBKa», OHA ¢ MePMANraHAT KaJiusA, 0COGEHHO SIPKO UpPOSAB-
JAeT B Kacaoi cpefe. Ofmako i OYHCTKH JaGopaTopHOil mocymst
OT KAPOB M [JpPYrAX OpPraHMYECKHX BEIIeCTB Mepefko HOJb3YIOTCA
menovHbIM pacTBopoM mepMaHranata. KMnO. — coepjuneRme Hemo-
cratouHo croiikoe. Pacpnag ero mnpomcxofuT OpH HArpeBaHHH JIo
250°C, a B pacTBOpe — Ha CBeTy m mnpH oObIYHOIl TeMmmepartype,
0 4eM HaM coo0macT naMeHneHHe IBETa pacTBopa.

«MUHEPAJIbHBIN XAMEJIEOH». Ecam nmposo3nT, CIJaBJIeHHBI
C CeNNTpPOil M efKAM KajH, pacTBOpHTh B BOAe, TO MHOJYYHTCA 3eJe-
Hblii pactBop. Iloctenemno mper ero Menserca. PacTBop cramoBurcs
caHnoM, 3ateM (HONETOBHLIM, MAJIHHOBHLIM, NOTOM HA [HO KOJOHI BBI-
napaet Oypsiil ocajiok. Ho cromT Toabko BaGoarath koaby, Kak pact-
BOpP BHOBL CTAHOBHTCA 3ejenbiM. 3a aTH n3meneuua nsera [lcene
Ha3BaJ MapraamoBmcrokucibiii Kaamii K:MnO, «MumepainbHBIM XaMe-
neoHOM», JTO HasBamme ynorpebianocs m 100 jet coycrs mocie or-
spuitEa [eee.
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MATHUTHBIIT MAPTAHEL. Maprasen, kaKk M3BecTHO, HeMarHure

Onnaxo B 1898 r. uemenkuit dusnk O. Teficiep obnapyismia HuTepec
Y0 3aKONIOMEPHOCTb: CIUIAR HEMArHNTHOI0 Mapranya ¢ HeMarumT-
HBIMIO MeAbI0 N 0JIOBOM oGnajaeT ¢eppoMarHUTHHIMH CBOiicTBaMIL
VccnenoBanusa IOKa3ajm, ITO HAWIYULINe MAarHATHEIE CBOIICTBA mMeel
conaB cocraBa CupMnSn. BriAcHILIOCH TaKKe, UTO 0JI0BO B clJlaBe
MOKHO 3aMeHHTH AJIOMHHIEM, MBIHIBSAKOM, CypbMoOH, GOpOM ILIN BHC-
MyToMm. DcppomMarneTnaM mpH 3TOM COXpaHACTCA.

O HOHKPEIUAX. HomkpeuusaMn HAa3BIBAIOT MHHEpalbiele o0paso-
BaHNsA OKpyrnoil gopmel. OHI BCTPEYAIOTCA B OCAfOUHLIX TOPHBIX IO~
pojax, HX HM3BJICKAIOT €O Ana okKeanoB, KoHKpeuun odenb 6Goratbl
maprananeM. B 1969 r. npn riy6oKoBOAHOM NOrpy;KeHII HOABOAHOI
Jopku Obula HOGBITa €O [HA THTAATCKAasA KOHKpeLnsa BecOM OKOJIO
90 kr. Ee cocraB, cunTasg TOJBKO TIJIaBHBIE KOMIOHEHTHI: MAapraHpa
H KPHCTAJMM3ANIOHHONH Bofgel — mo 25%, skemesa — 15%. Ilpegmosa-
raetcd, 9TO 3amachl jKeJle30MapraHmOBBHIX KOHKpemmii na pane Tuxoro
oKeanla mpHOMIKAITCA K 1,5 MIpPA. T, a NOCKOJBKY KOHKpemiH, Io-
BHAUMOMY, 0Gpas3yloTC myTeM KOArYJAANAH H OCAKACNHA MITHEPAJIL-
HBIX BeIIeCTB H3 MOPCKOIl BOABI, MX 3alachl PacTyT B CpefHeM Ha
90 Mum. T B roj.

KamnramcTuueckne crpaHel ¢ Pa3BHTOM MeTANIyprudeckoil mpo-
moimiennocTsio — CITA, BesukoGpuranusa, ®paunmna, OPT, fnonus
H Apyriie — He pacHoxaraloT GOoraThIMH MECTOPOM[CHHSIMI MapraHi[o-
BEIX pyR. IloaromMy Tam ocofenHO HHTepecylOTCHA KONKpENAMA Kak
HCTOYHHKOM MapraHna.

N MAPTAHEL «IIOMHUT». Hecronbko ner masap corpyaamxum Wn-
CTUTYTA METANIOBeleHNA N (U3NKH MeTaVIOB NPHLUIA K BBHIBOAY, UTO
CIOCOGHOCTBIO «3alOMHBATEY eNHMHOMAb NpHAAaHHYI0 POpMYy m BOcCCTa-
HaBJINBAaTh e€e IPH HAarpeBamuHl JOJKHBL 00JajaTh MHOTHC CIJABB
mapranua. o 3Toro GBI H3BECTeH JHIIb OKUH TAKOIl CINIAB — € MehIo,
onmaxo modie «dPdexrt mamatn $opmbly Gela obHapyKeH eme H Y
(PyNIbl MapraHIeBO-HIHKENCBbIX CIJIABOB, B KOTOPLIX HHKeJs GLlI0 He
Goabme 15%. Ilpu, marpese mHemBoro Bhime 100°C rtakse cmiaaBbl —
OfRU JIyullle, Apyrile Xyke — «BCOOMHHAJI» HePBOHAYAJILHO TpPHAAH-
uyio opMy H YacTUYHO BOCCTAHABIUBAIH ee,



JREJIE3O

I'epoio snamenntoro pomana [dauusius
Hedo mosesno. HKopabun, ¢ koroporo
OH cHmaccs, CHAEI HAa MeJd COB-
ceM HeflalleKo oT ocTpoBa. Po6Gmuson
cyMeJ IOTPY3HTH HA ILIOT Bce HeobXo-
IHMOe H GJaronoayvyHo NepenpaBHIICA
Ha octpoB. Emy mnoBes;no eine pas-—-
i s d yutupyem poman: «Ilocie ponrux moic-
e KOB A Hallleyl AIIMK Hamlero IVIOTHHKA,

U 3TO GbLIa [UIA MEeHs MOHCTHHE Jparo-
LeHHas HAXOJKA, KOTOPOil s He OTHAJX OBl TOrMA 3a LeJIBIl
Kopabib ¢ 30J0TOMD...

Yro 6p10 B miaoTHRIKOM AiniKe? OGLIKHOBEHHBIN jKejies-
HBII HHCTPYMEHT: TONOp, HIUIA, MOJOTOR, TBO3MIH.

Uepes nBa cToNleTUs Ha Apyroil HeoOHTaeMBIil OCTPOB mOMA-
JU  repoll JPYroro H3BeCTHOIO poMaHa — NATePO aMepl-
Kanues. OHIL CyMellM He TOJbKO BBI}KMTb HA OCTPOBE, HO H
co3gaTh ceGe Gojiee MM MeHee HOPMAaJIbHBIE YCJIOBIA KN3HIL,
YTO OmpefielieHHO He ypaaimock Obl, eciu OBl BceBemyITuil
umxenep Caiipec Cyut (3aMeTuM, 9T0 MO-aHIIHICKH «CMHTY
03HAYaeT «Ky3HeLl») He CyMeJ HAiiTH Ha TAHHCTBEHHOM OCT-
poBe jKeNe3HyI0 DYAY M CHeNaTh >Kelle3Hble HHCTPYMEHTHI.
Wunave onars mpumioch 681 H{ronio Bepny BrIpyuaTh cBomx
repoes ¢ HOMOIIbIO 2HaMeHuTOro Kamutama Hemo...

Kax BumgnMm, Ges jxenesa He MoxeT o0oiTUCH Jlaxke mpH-
KIIoUeHYecKkasa jutepaTypa. dpesBpuaiiHo BajKHOE MecTO 3a-
HYMaeT 3TOT MeTA/Ul B KU3HH dYejoBeKa.

Nudper, orpaskatomue romoBoit ypoBeHb BHIINIABKA CTAJIH,
B 3HAYHTEJILHOI CTeNeHH OnpefesiAloT dKOHOMHYECKYI0 MOIIb
CTPaHbi.

PasBuTuio uepHOil MeTauIyprum — MeTaNIyPruH jKeje3a —
nOpijaBal mepBocrenenHoe suavenue Bmagmmup MHonuy Jle-
und. BEme no Oxrabpbckoit pesomornu, B8 1913 r., B craree
«Mene3o B KpecTbAHCKOM Xo3siicTBe» o mucan: «OrHocu-
TeNbHO 3Kelle3a —. . .OQHOro ¥3 (YHIAMEHTOB, MOMKIIO CKa-
3aTh, UMBIUIH3AlMU — OTCTANOCTh U HRUKOCTh Poccuu oco-
Oenno pennkuy, [leiicteurenasso, B ToT rox, a 1913 rog cum-
tajici B Iapckoit Poccum rogoM HpoOMBIIIJIEHHOTO HOLbEMa,
B orpoMuoii crpane co 150-MiuiIHOHNBIM HacesenueMm O6BITO
pelnyiasiteno gumn 3,6 mummn. T cranu. Ceiivac aro cpepuas

L
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rof0Bafd NPOU3BOJUTENBLHOCTh CpEJHEer0o MeTaJUlypPruaecKoro
saBoga. Cerogus Copercknii Cooz mo BBINIaBKE YyryHa
CTaJIH YBEPEHHO MAEp)KUT mepBoe Mecro B Mupe. B 1975 r.
B Haweil crpaie shmiasieno 141 mum. 1 cranu, a B 1980 r.—
148 Mam. T.

MupoBoe NpoH3BOACTBO CTAJH MOJOLLIO Y:Ke K pyGemy
700 man. T. Muoro craaun (nanmete sa 1980 r.) BrimtaBagOT
fluonna — 111,5 mum. 1, CIIA —100,8 Man. 1, crpaHm
O6wero pemmka — 128,6, 8 tom uncne OPI —44,1 mam. 7.

O6utas  pmosng  passuBamiuxca crpad — 96,8 wmu. T,
B ToMm uuciae Bpasmnnu — 15,4, a Wuaguu — 9,4 MuaH. T
(ceTanpHble — MeHDIIeE),

Hauajo ;xenesnoro sexa

Bruto BpeMs, Korja jKejie3o Ha 3emjle HEHHJIOCh 3HAYATENb-
Ho mopoe 3omota. Coserckmii uctropuxk I'. Apetusn unsywan
BINSAHIE ’Kejie3a Na JPEBHIOW KyJbTypy crpan CpenuseMHO-
MOPbA.

On mpusogut raxyto mpomopmuto: 1:160: 1280 : 6400.
IT0 cooTHOLIEHME CTOMMOCTel Meju, cepebpa, 30j0Ta 0 He-
nesa y apeBunx xerroB. Hak csmpmerennctsyer B «Omuccee»
I'omep, noGeputens urp, ycTpoeHHBIX AXMiiecoM, Harpask-
A KYCKOM 30JI0Ta M KYCKOM 3Keliesa.

Heneso Gbuto B paBHOHl cTemenm HeoGXOoUMO U BOHHY, U
maxaplo, a IpakTHYecKasd NOTpeOHOCTh, KaK M3BECTHO,—
ayquiuii  ABUraTteNib IPOU3BOACTBA U TEXHHYECKOro HpO-
rpecca.

Tepmun «Kejesustii BeK» BBeJleH B HAYKy B CepeliHe
XIX B. narckum apxeosorom K. 1O. Tomcenom. «Odunuans-
HBIe» TPAHMNBl JTOFO LEPHONA YeJIOBEYECKOil McTopuA: OT
IX—VII BB. g0 H. 3. KOrga y MHOLHX HApOAOB U IIEMeH
Epponnt u Asun navajsa pasBHBATBCS METAJUIYPrus jKelesa,
¥ [0 BpeMEHH BO3HHKIIOBEHUS Y 3THX IUIEMEH KJIacCOBOro
obutectBa u rocyjgapcersa. Ho eciu amoxu HaspiBaTh IO TIjIaB-
HOMY MaTepuajy oOpymuil Tpyma, TO, OYEBHJHO, jKeJIe3HBIil
BEK IPOMOKAETCA H CerofiHs.

Hak nonywamu Kemeso mawum pajnexue mpexku? Cravana
TAK HA3BIBAEMBIM CHIDOAYTHHIM MetofaoM. CeipopyTHbie medn
yCTpanBaJii OpAMO Ha 3eMie, OOGBIYHO HAa CKIOHAX OBPArOB
it Kanas. Oun nMenn Bupg Tpy6sl. Ity TPyOy 3amodHAAM [pe-
BECHBIM YTIeM II JKeJIE3HOH pPYHoil. YTronb 3aKHraji, H BeTep,
AYBWINIT B CKJIOH OBpara, HONEPKUBAJ TOpeHHe yTid,
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Henesuaa pyga noccTanaBiHMBajach, H MOAYYAJNach MATKAA
Kpulla — JKeje30 ¢ -BKIIOUeHHAMH Iaka. Takoe :keneso
1a3BIBAIOT CBAPOUIIBIM; B HEM COfepPsKajJoch HeMNOro yrie-
poma u npuMeceil, mepemegmunx us pyuast. Ipuuy kosaam,
KYCKH ILIaKa OTBAJHBAJINCH, M IIOJ MOJOTOM OCTaBaJIOCh
’KeJie30, IIPOHN3aHHOEe DUTAKOBBIMH HUTAMH. W3 HEro oTKoBH-
BaJll pasiauygble OpymuA.

Bek cBapounoro jkemesa OBLI [ONTMM, ONHAKO JIIOHNAM
HPEBHOCTH 1 PAHHEro cpelHEBEKOBbA OBUIO 3HAKOMO M [pyroe
JKeNe30. 3HAMEHHTYI0 [JaMacckylo cTanxb (mam Gymar) pena-
qu na Boctoke emre Bo Bpemena Apucrorena (IV s. mo m. 3.).
Ho Texmosoris ee mpoH3BOACTBa, TaK 3Ke KaK IpOIECC M3ro-
TOBJIeHUA GYJATHBIX KINHKOB, MHOTO BEKOB [epsKajiach B ce-
Kpere,

Yro Takoe Gymar? -

N Gynat, m pamacckas ctajib IO XHMHYECKOMY COCTaBY
He OTJINYAIOTCA OT OObIYHO mHeJerupoBaHHON cTamd. ITO
cmiaBhel Keneda ¢ yriepomoMm. Ho B otmnnmume or o6bruHOi
yriepogucroil cranm Gymar obmagaer odenn Goanimoit TBep-
JOCTBI0 M YIPYTOCTBHIO, a TaK:Ke CIOCOOHOCTLIO AAaBaTh Je3-
BH€ HCKIIOUITENBHOH OCTPOTEHIL

Cexper Oynara -He [gaBall TOKOA MeTaIypraM MHOTHX
BeKoB U crpaH. Hakix TONbKO ¢nocoGop M pelenTtos me npep-
naranocs! B kenezo mobaBasamm 3somoto, cepebpo, mparoues-
HEIe KaMHH, CJIOHOBYIO KocTb. llpmaymsiBasnch Xutpoymieii-
mue (u mopoil y:kacueitmue) «texuomormu». OmiE U3 ApeB-
HelIINX COBETOB: I 3aKANKH NOTPYKATh KIHHOK He B BO-
Ay, a B TeJl0 MYCKYJHCTOro paba — uto0bl €ro cmia mepeluia
B CTAlb.

PackpeiTs cekper OynraTa ygajioch B IepBOil NOOBHHE
OPOILIOro BeKa 3aMedaTeJbHOMY PYCCKOMY MeTaJLIypry
II. II. AmocoBy. On Gpasn camoe 4HCTOe KPHYHOE 3Kelle3o H
TIOMEIAJ €T0 B OTKPHITOM THIJIE B T'OPH C JPEBECHLIM YTiIEM.
Memezo, nmaBAck, HACHIIANOCH YINEPOROM, NOKPLIBAJIOCKH
IJIAKOM M3 KPUCTALINYEeCKOTrO AOJOMMTA, MHOrga ¢ A0GaBKoil
yacToil sxenesHoil oraauebl. Ilog aTuM mulakomM OHO od4eHD
HHTEHCHBHO OCBOOOMKHANOCH OT KHCIOpOAa, cepbl, ¢hocdopa
u kpemuusa. Ho ato 6eu1o roasko monpena. Hyxkuo Gpuio emme
OXJIAUTH CTAJh KAaK MOMKHO CIIOKOiHee W MeNJIeHHEE, UTOOH
B Hpomecce KPHCTAIM3AMNH CHAYajJa MOIMIM o6pasoBaThes
KPYIHbIe KPHCTAJIbl pa3BeTBIEHHOH CTPYKTYpPHL — TaK Ha-
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spiBaeMple genapursl, Oxnaskpenie mwjo mpAMO B ropHe, 3a-
NOJIHENHOM PpacCRaJICHIIBIM YTJIeM. BHTP.\! ciiejloBalta  NCKycC-
HaA KOBKa, KoTopas He Jo/uKua Obula HapyuiutTh ofpasoBab-
myocsa CTpyKTypy.

Ipyroit pyccknii meramnypr — JI. K. Yepuos Bmocienct-
BHII 06LACHII NPONCXOKIeHIle YHIKAJILHBIX cBoiicTB GynaTa,
CBA3aB UX cO CTPYKTYpoil. JleHApHTHI COCTOAT H3 TYromjias-
KOi, HO OTHOCHTEJBHO MATKOIl CTajI, a HPOCTPAIICTBO ME3K
X «BETBAMIIY 3AMO/HAETCS B IpOIecce 3acTHIBANNA Meta/ia
Gollee HacHLIIEHLOIl YriiepomoM, a cjiefoBaTenbno, u Oonee
tBeppoit crampio. Otciopa Goabmas TBepaocTh W Gosniias
BA3KOcTh onmnospevenno, Ilpn koske artor crambmoii «ru6-
pum» He paspyluiaercs, cOXPaHAETCS €ro [PeBOBHIHAA CTPYK-
Typa, HO TOJBKO I3 HPAMOJIHEIiHO#l oOHa mOpeBpalfaeTcsa B
sursaroo6pasuyo. OcofeHHocTH pHCYHKa B 3HAYHTENLHON
Mepe 3aBHCAT OT CHJBI 1 HAOpaBleHWA YJapoB, OT MacTrep-
CTBA Ky3Hella.

Jlamacckasa cTalb APEBHOCTII — 3TO TOT jKe Oyhar, Ho
nosfgHee TaK HA3BIBAIN CTaJb, MOJYYEHHYI IyTEM Kysued-
HOIl CBAapPKH U3 MHOTOYICJEHHBIX CTAJbHBIX IPOBOJOTEK WJIN
noxoc. IIpoBosiouku nesamich 13 crajeil ¢ pasHbIM cojepsKa-
HHeM yriepoja, OTCIOfa Te jJKe CBOWMCTBA, 9T0 H y Oyxara.
B cpenmme Beka HCKYyCCTBO IPHUTOTOBJIEHISA Takoil cramu
noctario HamGonbmero passutus. Mapecten AMOHCKIN KJH-
HOK, B CTPYKTYpe KOTOPOro 0OHApY’KEeHO OKOJO 4 MJH. MIK-
POCKONMYECKH TOHKNX craibHbIx Huteil. EcrecrBenHo,
Opolecc H3TOTOBJIEHHS OPY:KHMA M3 AAMACCKOIl cTamm eiue
Gonee TpYMOEMOK, |UeM MpOIEecC H3TOTOBIEHUA OYyIaTHBIX
cabeib.

HKcrarn, mocne emeprm II. II. ArocoBa cekper Gymara Gbin
BHOBb yTepsAH. B rpermit pas ero oTKpeUIA yiKe B cepepuue
XX B. Bynarable HIacTHHKHA ObUIM CBOEOGPasSHBIMU CYBEHII-
paMi: MeTaJurypr 3jaroycra BpydYaidm HMX YYacTHIIKAM
BcecoosHoro coBemaHHsa OPOKATYNKOB, IPOXOANBIUETO B
aToM ropoje B 1961 r.

Bepnemcs, onnako, B Te Bpemena, Korga Oynar Obln mpe-
KpacHOl M omacHOH WKOBUHOIL,

OT MOMHNIH K OMHE

CelponyTHblif HpoIlecc BO MHOTOM 3aBHCEN OT TOTOXBI:
HYKHO OBINO, 9YTOGH BeTep 00A3aTeNbHO 3aAYBaN B «TpyGy».
Crpemienye 130aBUTHCA OT KANOpPHSOB MOroAbl MpIHBENO K
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CO3IAHNI0 MEXOB, KOTOPHIMH PasfyBajiu OTOHb B CHIPOJYTHOM
ropue. C mosBjieHneM MeXOB OTHajJa HAaJOGHOCTH YCTPAHBATL
CHIPOAYTHEIE TOPHHI Ha ckioHaX. IloABmiauch, meum moBoro TH-
na — TaK HasslBaeMble BOJYBH SIMBI, KOTOpPBIE BBIKAIBLIBAJII
B 3eMile, H JOMINLBI, KOTOPhle BO3BHIIIAJICh Haf, 3emieit. Mx
JieNajid 113 KaMHeH, CKpeluieHHbIX mimHoi. B orsepctie y oc-
HOBAaHHA [OMHHIBI BCTABIAIM TPYOKY MeXOB I HAYNHAIU
pasayBarb medb. YTOJBb CrOpaj, a B TOpHe IeYll OCTaBajach
yske sHakoMaa HaM Kpuua. OGbraHO0, YTOGH BHITAIIHTHL e€e Ha-
PYY, BBUIAMBIBaJHM HECKOJIBKO KaMHeHdl B HMKHeN dgacTu
meun. 3aTeM HX ONATH 3aKMafblBajii HA MeCTO, 3alOJHAIN
HedYsb yriaeM H Pyfoil, M Bce HAYNHAJIOCH CHAYAJNA.

CaMO0 cJI0OBO «OOMHHMI@» HPOUCXONUT OT CJIABAHCKOTO CJIO-
Ba «IMYTH», 9TO O3HadaeT «AyTh». OT 3TOro ;e cjoBa Npo-
HCXONAT CJIOBA «HANMEHHBIN» (HAXYyTHIA) m «meiM». Ilo-amr-
AUACKH TOMEHHAs Medb Ha3bIBAETCH, KaK M HO-PYCCKIU, AyThe-
poit — blast furmace. A Bo (paHUY3CKOM H HeMEIKOM s3BI-
Kax 3TH meun monyuiin Haspamume shicoxuXx (Hochofen mo-
gemelka u haut fourmeau mo-gpaniryscku).

JlOMHHIIBI CTAHOBMIMCH Bce GosbIme. ¥YBEJIMYNBANach HpoO-
H3BOUTENBHOCTh MEXOB; YIrOJb rOpesl Bce jKapye, H JKejae3o
HACBIIAJIOCH YIJIePOIOM.

Ilpn usBiedeHNMH KPHIBI W3 Yl BBHUIMBAJICA H paciuiaB-
JIEHHBIA YYTYH — Keje3o, Co-
nepsauiee Gonee 2% yraepona Ciapoa menesa (XVII b.)
¥ IaBslleecsa npu Gosee Hu3-
KHX TeMmieparypax.B Teepmom
BHje YYTYH HEJb3s KOBATh, OI
pasijieTaeTca Ha KYCKI OT Off-
HOro ymapa moioroy. Iloatomy
9YryH, Kak I IJIaK, CUNTAJICH
BHaYajle OTXOJOM IPOU3BOJ-
cTBa. AHIIIYaHe Jake Ha3Ba-
JH ero «CBUHCKIM KeJe30M» —
pig iron. Toxsko morom MeTai-
Jypra coobpasiuim, 4UTO KHUJ-
KHH 9yTYH MOMKHO 3aJIUBATh B
¢opMBl M TOJNYYATH U3 HErO
pasiuvHble I13HEJIMA, HaNpH-
Mep DylledHble Afpa.

K XIV—-XV BB. foMeHHBIe
meqH, NPOU3BOAMBINUE YTYIYH,
OpPOYHO BOLLIM B HPOMBIIIJIEH-




Feops Aspukona (1491—
1555) — KpynHeiiwuit mMeTannypr
CpefjHeBEKOBbA, aBTOP KNACCUYeCKo-
ro Tpyga *0 ropHom gene u MeTan-
nyprum» B 12 KHUrax, B KOTOPOM
06061 eH ONbIT rOPHO-MeTannypruye-
CKOro npou3BojCcTBa TOI0 BPEMEHU

HOCTb. BbicoTa ux fgocturana 3 m u 60/ee, OHU BbIMIaBASANN
NINTEAHbIA YYTYH, U3 KOTOPOrO /INAIN YK€ He TONbKO fgpa, Mo
N caMmu NyLUKK.

MOANVHHBIA MOBOPOT OT AOMHMUbI K [LOMHE MNPOU30LLIEN
namwb B 80-x rogax XVIII B., Korga ogHOMY M3 AEMULOBCKMX
NPMKasuMKoB MpuLLia B TONOBY MbICAb MNofaBaTb AYyTbe B
[JOMEHHYIO Meyb He 4yepes OfHO COMMO, a 4yepes fBa, pacnosio-
XUB UX no obeum cTopoHam ropHa. Jiuxa 6ega Hauano! Yuc-
no conen, uan Qypm (Kak KX Tenepb Ha3bIBaKOT), POCNO,
[LyTbe CTaHOBW/NOCb BCe 60/ee PaBHOMEPHbIM, YBenU4uUBancs
AuameTp ropHa, NoBblllanacb NPOM3BOAWNTENILHOCTL Meyeil.

Ewe nBa OTKPbITUA CUBHO NOBAMANWU Ha pa3BUTUE [OMEH-
Horo npousBoacTsBa. Jlonrve rogbl TOMAMBOM [OMEHHbIX ne-
yeii 6bln ApeBecHbI yronb. CyuwecTBoBana uUenas oTpac/b
NPOMbILLINEHHOCTW, 3aHUMAaBLLIAACA BbDKUIaHWeM yrnsa u3 fe-
peBa. B pesynbTate neca B AHruu BbIpyOunm Ao Takoi cTe-
MeHwn, YTo ObIN M3faH CheunanbHbIA YKa3 Kopofiesbl, 3anpe-
WAWNA  YHUUTOXATb JIeC paguM HYX[ YepHoOi MeTannyp-
run. ocne 3TOro aHrAWickas mMeTannyprus crtana 6bICTpo
XUpeTb. bputaHna 6bina BblHYXeHa BBO3WTb YYryH u3-3a
rpaHuubl, rnaBHbIM 06pa3om m3 Poccum. Tak NpoLOMKanochb
po cepeamHbl XVIII B., korga Abparam [epbu Hawen cno-
co6 MOMy4YeHMs KOKCa M3 KaMEeHHOro Yris, 3amacbl KOTOpOro
B AHIMMM O4eHb BenukU. KOKC CTan OCHOBHbIM TOM/IUBOM
ANS AOMEHHbIX MNeyei.



C n3obpeTeHmem Kokca cBfizaHa nereHga o [fage [Maonw,
KOTOpbll AK0Obl 1306pen kokcoBaHue ewe B XVI B., 3a401ro
8o [Oepbu. Ho thabpukaHTbl APEeBECHOr0 Yrns MCnyraauch 3a
CBOW [0XOAbl W, CrOBOPUBLUUCL, YBUNU un306peTaTens.

B 1829 r. Ox. HwuncoH Ha 3aBoge Kneiig (LLloTnaHgus)
BMepBble MPUMEHWN BAYyBaHMe B AOMHbl HArpeToro BO34yXa.
3T0 HOBOBBEJEHME MOBbLICUMIO MPOU3BOAUTENLHOCTL Meyel K
PE3KO CHW3W/O Pacxof TOMnavBa.

MocnegHee 3HauYMTeNbHOE  YCOBEPLUEHCTBOBAHWE [OMEH-
HOro mpouecca NPoM3OLWO0 yxe B nawu gHu. CyTb ero —3ame-
Ha 4acTV KOKCa [elieBbiM NPUPOAHbLIM Fa3oM.

naBHbIN nepegen

Mpouecc Npou3BoOACTBA CTalM CBOAMTCA B CYLLHOCTU K Bbl-
XUFaHUID M3 YyryHa npuMeceil, K OKUCAEHUI0 WX KUCOpPO-
OOM BO3Ayxa. To, YTO fenarT MeTannypru, psafosBomy XuUMu-
Ky MOXeT nokKa3aTbCf 6GeccMbICAuLeli: CHayana BOCCTaHaB-
NNBAIOT OKMCeNl >Kefie3a, OAHOBPEMEHHO Hacbllias MeTann
YrnepogoM, KpeMHWeM, MapraHuem (npou3BOACTBO 4yryna),
a MoTOM cTaparTca BbDKeub UX. O6uaHee BCero, YTo XMMUK
COBEPLUEHHO MpaB: MeTanfypru MPUMEHSIOT ABHO Henenbli
mMeTod. Ho Apyroro y HuX He 6bls0.

[NaBHbI  MeTaNnypruvyeckuin  nepegen —npom3BOACTBO
cTtanu m3 yyryHa —Bo3HuMK B XIV B. Ctanb Torga nonydanu

CoBpeMeHHble [JOMEHHble neyu



B KpuuHbIX ropuax., Uyrym momewaiu Ha cioil JpeBecHOTO
YIis, pacHojioKeHHBI BbIMe (YyPMBI JUi TOAAYH BO3KYXA.
Ilpu ropennu yrid YyryH WWIaBWicAd M KalUIAMH CTeRax
BHU3, IpOXojs dYepe3 3oy, Gojgee DOraryio KICHOPONOM,—
mumo ¢ypuel. 3mech Kere3o YaCTHIHO 0CBOGOMIANOCH OT
yriepofia M IOYTH LOJHOCTHIO OT KpPeMHHSA H MapraHuna. 3a-
TeM OHO OKa3blBaJiOCh Ha [JHE TopHA, YCTIAHHOM CJIOeM JKe-
JIE3NCTOr0 NIIaKa, OCTABOIErQCs HOCHE NpeAblaylieil IIaBKH.
Ulnax nocremeHHo OKHCISN YIJepol, ellle COXpaHHBHINiicA
B MeTajule, OTYEro TeMIeparypa INVIaBJieHHsS METajuia MOBHI-
majachk, 1 OH 3arycresai. O6pasoBasiuniica MACKH CINTOK
JoMOM HOHUMAaJ EBepX. B some mam ¢ypmoit oH elle pas
nmepeliaBisNCA, NPH 3TOM OKHCAANACH €lle KaKag-TO 9JacTh
comepsKalleroca B jkesese yriepona. Horga mocie mepennas-
Ki Ha faHe ropua ofpasossiBanach 90—100-kmnorpammoBasn
KpUIla, ee H3BJIEKaJM M3 FOPHA M TYT ’Ke OTHPABJAIH HA
IIPOKOBKY, lieJib KOTOPOil OBblIa HE TOJNbKO YIJIOTHUTH Me-
Talyl, HO U BBILABATHL 113 HEro KUIKHEe MIJIaKM. :

HanGomnee coBeplIeHHBIM KeJie30[€JATENLHBIM arperaToM
nponuioro Obula MyIIHHTOBasg medb, M300peTeHHas aHIJINYa-
nnaom T'empn Hoprom B xomme XVIII p. (Hcrarm, on sxe
H300pel W OpPOKATKY mpo@UIbLHOTO >Kejde3a HA BAJIKAX ¢ Ha-
pe3aHHBIMH B HUX KamnOpamu. Packanemnas mosmoca meral-
lla, IpoXods Yepes KanuGpel, mpuHumaia ux gopmy.)

IlypnueroBas neur Hopra sarpyskanacs uyryHoM, a Ho-
auHa (IHO) M cTeHbl ee ObUIM (yTepoBaHBI JKeJe3HOH PYIOI.
Ilocne wakmoit mnaBkm ux mogHoasnu. Iopsume rassr us
TONKA pacIJaBisJiI YYyryH, a HOTOM KHCJIOPOX BO3fyXa H
KHCJIOPOJ, CofleprRaluuiica B pyne, okucasanan npumecn. [lyg-
JUHCOBLIUK, CTOAINNI y medi, MOMeMIMBAJ B BaHHE »Keje3-
HOil KIIOmKOii, HA KOTOpPOif ocaskgaNNuch KpHCTaLibl, obpasy-
I0II1E JKEeNe3HYI0 KPUIY.

Tlocne usofperenna nymanmHroBoil meww. B 3Toll obGaacTH
4epHOil METANNYPruu HOJIr0 He NOABJIAJIOCH HUYEr0 HOBOIO,
€Cclid He CYHTATh paspaboTaHHOrO aHrAMYaHMHOM ['yHeTMaHOM
TUCEJIBHOrO Ccnocofa mosydeHHs BBICOKOKAYECTBEHHOH cTajm.
Ho Turam Gwpumn ManomponsBOJNTeJIbHBI, a pPasBUTHe MPO-
MBIIUIEHHOCTH W TpaHcHopra TpeGoBajo Bce 60ibilero u 6onn-
miero KOJHMYeCcTBa CTAJH,



Mapren 11 KoHBepTep

Fenpn Beccemep 0v1a MexaHUKoM, pJo6aBok Ges cucreMa-
tTuueckoro obpaszosanusa. Ou uzoGperan, 4To HpPUAETCA: Ma-
IIHMHKY Ui TalleHHs MapoK, Hapesuyio OYIIKY, pasilluyHble
MeXannuyeckue mnpucnocobnennsa. BoiBan ou u ma Mertammyp-
rudecKix aasomax, uabxiofan sa paboToil NyANITHTOBIIHKOB.
Y Beccemepa mosisiiach MBICHB HCPENIOKUTDL 3TY TAMKENYIO
«ropsAuyio» patoty uHa ckateii Bosnyx. Ilocie muornx mpo6
on B 18506 r. samatentoBas cmocod NpOI3BOJCTBA CTANH HPO-
AyBaHIleM BO3QyXa uepes IMKUAKII wyryn, naxogAmuiica B
KOHBepTepe — rPpYLIEeBHIHOM cOcyJe I3 JIHCTOBOTO Kejesa,
BBUIOKEHHOM H3HYTPH KBapUEBBHIM OrHEYIIOpPOM.

Hna mogsoma AYTHA CHYIKHT OFHEYHODHOE HHIINE CO MHO-
rumu orsepetusamu, Homseprep umeer yerpoiicTBo mis moBo-
pora B mpegeaax 300°. Ilepen mawamoMm paGoTel KoHBepTep
KIafyT «HA CINHY», 3aJHBAI0T B HEro 4YyryH, IyCKaloT
IyThe W TOJbKO TOr[a CTaBAT KousepTep Beprukaisuo, Hic-
Jopox Bosiyxa oKHcaser senaeso B saxuch FeQO. Iocnenusas
pacTBOpseTcA B UyryHe II OKUCIAET YIJIEpoji, KpeMHuil, Map-
ramen... I3 oKucIoB sKeesa, MapraHiia 1 KpeMHis o0pasyior-
ca muaku, Takoil mpouecc BeAYT M0 MOJNHOTO BHITOpaHHA YT~
aepofia.

3areM KOHBEPTEp CHOBA KJIAAYT «HA COMHY», OTKIIOYAIOT
AyThe, BBOIAT B METAJII pacYeTHOE KoJIivecTBo feppomapraH-
na — i packuciennsa, Tak momyuaercss BHICOKOKA4eCTBEH-
Hasg CTallb.

Cnoco6 KoHBepTEepHOro mepejena dYTyHa CTAJ HepBBIM
€I0CcOGOM MAacCOBOTO MPON3BOICTBA JIUTOM CTalM.

Ilepenen B GecceMepoBCKOM KOHBepTepe, KaK BBIACHUIOCH
mo3ske, UMeJI ¥ HejoctaTKu. B wactHOcTH, M3 UyryHa He yja-
JAATMCH BpefHBIe npuMecH — cepa u Qocdop. Ilosromy maa
mepepa0oTKH B KOHBepTepe NpPHMEHANHM INIABHHIM 0Gpa3oM
yyryH, cBoGomusiit ot cepsl u docdopa. O cepsl BmocaeacT-
BUH HaydYminch usbaBisitbed (4acTHUHO, pa3yMeercs), o-
6aBiAA B JKIIKYIO cTaib GOraTeiii MapraHlieM «3epKaJbHBIIY
4yryH, a mo3:ke u eppoMapraxen,

C docdopom, KoTopslil He ynaiaicA B JTOMEHHOM IIpoiec-
ce W He CBA3BIBAJICA MaprauueM, geino obcrosno cioxuee. He-
KOTOpHIe pYHBI, TaKile, KaK JIOTAPHMHICKasg, OTIHYAOIIiecH
BBICOKHM cofiepkanneM ¢ocdopa, ocTaBalNch HEIPUTOTHBIMHI
JUIA OPOH3BOJXCTBA cTajiu. Brixox OBLT HaiifleH aBIVIHITCKHM
xumukoM C. JI. TomacoM, xorTopblii DpeAsOMILUT CBA3HIBATH
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docdop ussecrsio. Komseprep Tomaca B oTinune ot decceme-
poBckoro Gbiyi yTeposan 06OHGKEHHBIM JIOJOMHTOM, a NC
KpemHeszemoMm. B ayrysm Bo Bpemsa HpoJyBKH HOJaBaJsIM Ifs-
Becth, OGpasoBBiBasicA u3BecTKoBO-(PocopHCTHIl HLIAK, KO-
TOPHIil JIerKo OTAENsICA oT crainn. BmocmeneTsum atoT miaak
JajKe CTaJll HCIOJIbL30BaTL KaKk yjnoGpeHme.

Camaa Gosnblmiaa peBONIOLMA B CTANEIJIABIJILHOM HpPOH3-
BojcTBe mpousouuia B 1865 r., korma oren u coie — Ilbep 1
IMuas MapTeHsl — HCIONB30BANIH [JIA IOITYYeHUS CTaju pere-
HEPAaTHBHYIO Ta30BYI0 @eYh, IMOCTPOCHHYI0 MO depTeram
B. Cumenca. B wmeii, 6maromapa mogorpesy rasa u BO3AyXxa,
B 0cOOBIX KaMepaX ¢ OrHEYHOPHOH HAacajgKoil MocTHrajgach Ta-
KasA BHICOKAsA TeMIeparypa, 4To CTajib B BaHHE IIeYH Iepe-
Xoamia ysKe He B TecTooOpasHOe, KAK B OYyJJIHHTOBOI Imeww,
a B JKHAKoe cocToAnne. Ee M0okEO GbLIO 3ajMHBATH B KOBHIN U
(bopMEI, H3IOTOBIATH CJAHTKH H IPOKATHIBATH HX B PelbCh,
Ganku, cTpouTebHLle npoguiu, guctH... M Bce 310 B OrpoM-
aelx MacmtaGax! Hpome Toro, mosaBmiach BO3MOKHOCTb HC-
nonb30BaTh TI'POMAIHBIE KOJMYECTBA JKEJIE3HOI'O JIOMA, CKO-
nuBIIErocsa 3a JOJIrde TOABI Ha METAJIYPrHYECKUX H MalIHHO-
CTPOHTENBHBIX 3aBOJAX.

[locnennee 0GCTOATENBCTBO CHITPAJIO 0Y€Hb BayKHYIO POJID
B CTaHOBJEHHH HOBOro mpouecca. B mavane XX B. mapTeHoB-
CKHe IleYH HOYTH HNOJHOCTHIO BBITECHHIH GecceMepOBCKHe
H TOMACOBCKHE KOHBEpPTephbl, KOTOpble XO0TA ® mnoTpebiasin
JIOM, 0O B OY€mb MAJIBIX KOAMYECTBAX.

KouseprepHoe npoussofgcTeo Morio 6Bl CTaTh HCTOPHIECKOIT
PEeNKOCTbIO, TAKOH 7K€, KAK H IYyJIMHIOBOE, eciid Obl He KHCIO-
poaHoe nytbe. Mslciab 0 TOM, 9T06H yGpaTh M3 BO3LyXa a3oT,
He YYacTBYIOUIWil B mpouecce, W HPOAYBATb 4YIryH OJHUM
KHCJIOPOJOM, IPUXOAIJIa B FOJOBY MHOTHM BHJIHBIM METaJIyp-
raM Ipouuioro; p 9actaocru, enie B XIX B. pycckuit Merad-
aypr . K. Yepuos n meeg P. Oxepmam mucamum o6 sToMm.
Ho B T0 Bpemsa xucaopox 6bur cniumkom gopor. Tonsko B 30
40-x royax HAIIEro CTOMETHSA, KOTGa OBUIM BHEJPEHB! JemeBhie
OpOMBIOLIeHHBIE cHOCOGBI MOJydeHnsA KHCA0pORa U3 BO3AYyXa,
MeTAJUIypr'l CMOIJIHM HCHOJAb30BATh KMCAOPOM B CTAJEMIABHIIb-
HOM mNpom3BoAcTBe. PasyMmeercsi, B MapTEeHOBCKHX Iedax.
I[MoupTKH DpoayBaTh KHCJIOPOAOM YYryH B KOHBepTepax He
OpHUBEJIM K yCHeXy: pa3BUBAjach TaKas BHICOKAasA TeMmeparypa,
9TO OpOropajn KHUIA ammapaToB. B MapTeHOBCKoil meum Bce
ObLI0 Tpomie: KUCJIOpOA AaBalm W B (haked, 4ToOsl HOBBICHTH
TeMmepaTypy IUIaMeHH, H B BaHHY (B KAQKUI MeTas1), 9T06HI
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BBIKEUHL MpIHMeCcH. JTO MO3BOJMJIO HAMHOTLO YBEJHYHTEH NPO-
1I3BOANTCILHOCTD .\Ial’)’l‘ell()BCIﬂlX HO‘{OI“‘I, HO0 B TO XKe BpeMA
IMOBLICHJIO TeMmeparypy B UHUX HAaCTOJLKO, 4YTO HaudliHamlll
TiaBuThes orueyiopsl. [loaToMy B 3jecs Kuciopop mpitMeHs-
JH B YMepeHHBIX KOJIYeCTBaXx.

B 1952 r. B aBcTpuiickom ropoge Jlunie na 3asoge «@ect»
BIIepBLIe HAYAJN NPHMEHATH HOBBIA CMOCO0 NpPON3BOJCTBA CTa-
a1 — KHcjopoaHo-Kouseptepustit. Yyryn sanusanm B Kousep-
Tep, AIHILEe KOTOPOro HE MMeN0 OTBepPCTHil INA NyThdA, GbUIO
rayxum. Kucaopon mopasancs Ha MOBEPXHOCTH JKHIAKOIO 4y-
ryua. Briropanue npmmeceil co3gaBajio TaKyl0 BBICOKYIO TEM-
nepaTypy, 4To MKHJKII MeTaJa NPUXOMUIIOCh OXJIAMKAATh, J0-
OaBJisiA B KOUBepTep jKeaesHywo pyay u JjoMm. V1 B mosoiabno
GonpmIuX KodmvecTBaX. HoHBepTephl cHOBA MOSBIUIHCH Ha Me-
Tajuryprugeckix zasonax. Hossiil cnoco6 mpomnssoicTea craini
Hayay OBICTPO PACIPOCTPAHATHCA BO BCEX HNPOMBIIIIEHHO pas-
BiThlx cTpapax. Ceilgac oH cunTaeTcs ONHUM U3 CAMBIX
OePCHEeKTUBHBIX B CTAJNEINIABHJILHOM ITPOH3BOMCTBE,

JocTonHCTBAa KOUBEpTEpPa COCTOAT B TOM, 9TO OH 3aHAMAaeT
MeHbIIe MecTa, YeM MapTeloBCKas Nedb, COOPYIKeHIie ero ro-
pasyio jenieBie, a MPOU3BOMUTENLIOCTh Bhimie. OHAKO B KOH-
BepTepax cHavaja BHILIABIJIA TOJHKO MAJOYrIepoaucThie
MaArkne cranud. B mocnenyiourne romst 6pl paspaboran mpo-
LleCC BBIMJIABKH B KOHBEPTEpEe BHICOKOYIJIEPORICTHIX M JIErHpo-
BaHHBIX CTaJeil.

BﬂeKTpll'leCTBO naaBHT METala

CaoitcTBa craneii pazmoo6pasubl. EcTs cramm, mpexuasna-
ueHHBIE [JIs [OAr0ro npeGrBanisa B MOPCKOI Boje, CTAJHU, BbI-
Hep/IBaIOLINe BHICOKYIO TEeMIEepaTypy U arpeccHBHOE feii-
CTBHE TOPAYNX TrasoB, CTall, U3 KOTOPHIX JENAT MATKYIO
YBA30YHYIO TIPOBOJIOKY, M CTaJH JJIAi U3TOTOBJEHHA YUPYTHX
H JKECTKHX NPYIKUH...

Taxoe pasmooGpasue CBOHCTB BHITEKaeT U3 pPasHooOpasus
cocTaBoB ctajeil. Tak, us cramm, comepxameit 1% yraepona
n 1,5% xpoma, fenanT mWAapHKONOAIMIHUKYE BBHICOKOH CTOM-
KoctHd; craab, comepiamas 18% xpoma n 8—-9% wunkens,—
3TO BCEM H3BecTHAsl «HepsKaBeliKa», a U3 CTAJH, cOjepIKamieit
18% sBonndpama, 4% xpoma u 1% samammsa, maroromaAioT
TOKapHbIe Peslibl.

1o pasmooGpasme cOCTaBOB CTajieil OYeHB BATPYRHAET HX
BeIINIaBKY. Benb B MaprenoBckoil nedn u KoHBeprepe arMoce-
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pa ORHCNIHTEJNbHAA, H TaKie 3JeMeHThI, Kak XPOM, JerRO OKIC-
JAITCA U IEPEeXOHAT B ULIAK, T. €. TepATcA. SHATHUT, UTo0bI
HOJNYYNTh CTANb ¢ copeps:xannem xpoma 18Y%, B neus Hazo nath
ropasmo Gosbiie xpoMa, yem 180 kr ma TomHy cramim. A Xpom —
metayr moporoil. Hak HailTH BBIXOZ M3 3TOr0 MOJIOMKEHHS?

Bsixoy 6511 naiinen B Havasne XX B. [lna BHIIIABKH MeTaJ-
jJa OBUIO Npe;IoKeHO IHCIOJAL30BATh TEIUIO 3JIeKTPHYEeCKOM
nayru. B meus Kpyrioro ceveHis 3arpyRaji MeTaJUIONOM, 3a-
JHBAJIM YYTyH I ONYCKAJIH YrojibHble HJIH Ipad)uTOBBIE BAEKT-
poasl. Menay HuMH M MeTauioM B meuH («BaHHE») BO3-
HHIKajia 9JeKTpHYecKas jyra ¢ teMneparypoit oxono 4000° C.
Merann snerko u GbicTpo paciuiapiasicsa. A B Takoil 3aKpsITOi
9JeKTPOmeYn MOKHO CO3/aBaTh N6y arMocdepy — OKHCIN-
TeJIbHYI0, BOCCTAHOBHTEJBHYI0 IJIM COBepIIeHHO HeliTpaian-
Hyo. WupiMmH ciioBaMH, MOKHO NPeNOTBPATHTh BBHIFOpAaHHE
LEeHHBIX 3ieMeHToB, Tak Gblia co3gaHa MeTAJUIYPrUA KadecT-
BEHHBIX CTajieif.

Ilosamnee 6vla mpemiioskeH eIe ORHH CHOCOD BJIEKTPONJIaB-
Ki — naaykuuonHsiii. W3 ¢usukn wuspectHo, 4To ecam Me-
TalJNYeCKHAl MPOBOAHUK MOMECTHTH B KAaTYHIKY, IO KOTOpPOil
OPOXOAHT TOK BBICOKOIl YacTOTHl, TO B HEeM HHAYLIPYeTCHA
TOK UM NPOBOJHHK Harpepaercs. JTOro Temja XBAaTaer, YTOOHI
3a ompejieeHHOE BPEMA pacmiaaBUTh MeTaul, MHAYKOuOHHAA
meYb COCTOHT M3 THrIA, B (PyTepoBKY KOTOPOro BfejaHa CIH-
paab. Ilo coumpasun mponmycKaloT TOK BBHICOKOI 4acTOTHI, H Me-
TaJJI B THIJEe pacIuiaBiseTca. B Takoil meun ToKe MOMKHO
cozuarh Jiobyn atrmocdepy.

B snekTpuuecKHX [QYroBHIX IedYaX Opollece IUIABKA MJET
066140 B HecKOJNbKO cranmit. CHagadma M3 MeTajjia BRIKHTAT
HeHYKHBIe IPUMeCH, OKHCIAA UX (OKMCAMTENbHBIA MepHOX).
3atem u3 meun yGupalor (CKauMBAKOT) IUIAK, COMEpPIKAIUil
OKHCJIBI 3THX 3JIeMEeHTOB, H 3arpy’kalT goppocmiashl — ciia-
BBl JKeJie3a C MEMEHTAMH, KOTOpble HY){HO BBECTH B MeTaJul.
ITeus 3akpsiBalOT M MPOJOIKAIT MIAaBKY 6e3 mocryma BOsmy-
xa (BoccraHoBuTenbHBIT mepuon). B pesyabrarte crane ma-
chlaeTcs TpebyeMbIMH 3jJeMeHTaMd B 3aJaHHOM KOJHYeCTBE,
ToToBBIif MeTassl BBHIMYCKAIOT B KOBOI H Pa3jiHBaloOT.

Bouka Mema m JOMKKa JerTs

Crann, 0coGeHHO BBICOKOKAUYeCTBEHHBIC, OKA3ANHUCH OYEHB
qyBCTBUTENBHBIMH K cojepkanuio mpumeceil. Jlasxe meGosb-
IIMe KOJIYecTBa KICIOpPOJa, a30Ta, BOAOPOKA, cephl, ocdopa
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CUMbHO YXY[ALIalT UX CBOWCTBA —MPOYHOCTb, BA3KOCTb, KOP-
PO3VOHHYI0 CTOMKOCTb. 3TU MpUMECKH 00pasyloT C XKenesom U
OPYTUMW cOfepXalWwMMncs B CTalM 3NEMEHTaMW HemeTaniu-
Yyeckue COESUHEHMWS, KOTOpble BKAMHMBAKTCSA .MeXay 3epHamu
mMeTanna, yxXyawarT ero 04HOPOLHOCTb U CHMXAKT KayecTso.
Tak, Npu MNOBbILUEHHOM COAEPXaHuu Kucnopoja M asota B
CTaNnAX CHWXaeTca UX NPOYHOCTb, BOAOPOS Bbi3biBaeT MosB/e-
HWe (/I0KEHOB —MUKPOTPELLHH B MeTasn/le, KOTOpble MPUBO-
OAT K HEOXMAAHHOMY pa3pyLUeHWto CTanbHbIX AeTaneli nog Ha-
rpy3Koii, ocdop yBenmumBaeT XPYNKOCTb CTain Ha XOMoAe,
cepa BbI3blBAET KPACHO/NIOMKOCTb —pas3pyLlleHne cTanu nog
Harpy3koil npu BLICOKMX TemnepaTypax.

MeTannypru AOAro Mckanu nyTu yaaneHUs 3TUX NpUMeceil.
Mocne BbLINMABKM B MapTEHOBCKMX MNeyax, KOHBepTepax M
anekTponeyax MeTann PackucnalT —npubaBnaldT K HeMy
aMOMUHWIA, heppocuanLmnini - (CnnaB XXenesa C KPEMHWEM) WM
(heppomapraHel,. ITW 3/1EMEHTbl aKTUBHO COESUHAIOTCA C KUC-
NOpPOAOM, BCM/IbIBAIOT B LWJIaK W YMEHbLUAOT COAepXKaHue
Kucnopoga B cTanu. Ho Kucnopog Bce e OcCTaeTcsa B CTanu,
a 419 BbICOKOKAYeCTBEHHbIX CTafeil M ocTaBlUMecs ero Koniu-
4ecTBa OKasblBAKOTCA CAMLIKOM 60abwnmMu. Heo6xoanmo 6bino
HainTn ppyrve, 6onee 3g-

CPEKTMBHble CcnocoGbl. [NaBHble  KOHCTPYKLUWOHHbIE  MaTepuansbl

B 50-x rogax MeTajl- Hawero BpeMeHM —uyryH W  cTanb —

nyprM Hayanu B npo_ cnnaBbl Ha OCHOBE Xe/e3a
MbILLMIEHHOM  MaclTabe
BaKyymMupoBaTb  CTafb.
KoBLW C XUgkum meTan-
NOM MOMeLLaloT B Kame-
py, M3 KOTOpPON OTKauu-
BalOT BO3Ayx. MeTann
HauyMHaeT OypHO KuNeTb
M rasbl U3 Hero Bblgens-
toTcA.

OfHako npefcTaBbTe
cebe kosw c300T cTanm
W NPUKUHbTE, CKONbKO
BPEMEHMN MpOgeT, mMoKa
OH MPOKMNUT MOSTHOCTHIO,

M HAacKo/MbKO 3a 3TO Bpe-
MA  OX/nagutca  MeTans.
Bam cpa3y cTaHeT fcHO,
4TO Takoli cnocob roguT-



¢ AL AnA neGoybIIAX KojmdecTs cTand. Ilodtomy Gwuin
paapaboransl napyrmne, Gonee GbicTpeie u 3ddeKTHBHBIE CMO-
co6s1 Bakyymuposamus, Ceilsac olnm HpUMEHAITCA BO BceX
pasBATHLIX CTPAaHAX, U 9TO IMO3BOJHMIO YIYYLUIHTL KadecTBO
cranu. Ho TpeGoBannsa x Heit Bce pocian u pociiu.

B wagane 60-x romos B Kuesne, Bo Bcecooanom macraryre
anekrpocBapkn uM. E. O. ITaroma, 6w paspabortanm cmoco6
3JIEKTPOLIAKOBOTO MEepeljiaBa CTaJM, KOTOPHIil O9eHb CKOPO
HavYaJil NPUMEHATh BO MHOTHX CTpaHax. IT0T cHOco6 OvYeHb
opoct. B Bogooxsmaskmaemplil MeTajiH4ecKHit COCYI — KpH-
CTANIN3ATOP — IOMENIAKOT CIUTOK MeTajula, KOTOpBIi Hamo
O4HCTHTb, H 3aCBIIAIOT €ro MUIaKOM 0c0Goro cocramsa. 3ateM
CIUTOK MOAKIIYAIT K MCTOYHMKY Toka. Ha Kouie ciantka
BO3HMKAeT 3jIeKTpHuecKas Iyra, m MeTaJl HAYHHAET ONJIaB-
aatees. fivagkas cTank pearupyer €o UITAKOM A OYHIAeTCS
HEe TOJIBKO OT OKHCJIOB, HO N 0T HHTPUAOB, (ochHIN0B A CYIb-
¢unos. B xpucrannmsatope sacThiBaeT HOBBIH, OYHIEHHBIIT
oT BpenHeix nmpuMmeceil cintok. B 1963 r. sa paspaGotky u
BHEJIpEHHE METO[a 3JNEKTPOIIIAKOBOTO IepelsiaBa Tpymma pa-
6oTHHKOB BcecooaHOro HHCTHTYTa BJIEKTPOCBAPKH BO IJIaBe
¢ B. 1. Meposapom n I0. B. Jlaramom 6buta ynocroena Jle-
HUHCKOIT IIpeMud.

ITo HeCKOABKO MHOMY OYTH HOOIIH yIeHBIe-METAIYPru H3
IlenTpansHOro HayYHO-HCCHAEAOBATENLCKOTO HHCTHTYTAa dep-
ot meramnyprum uM. W. II. Bapanua. B compyskecrse ¢ pa-
GOTHMKAMH METAJUIyPrHYECKIX 3aBOJOB OHH paspaGorann
eme Gosee mpocTtoit cmoco6. Illnakm ocoboro cocrasa mus oud-
CTKH MeTa/Ula PacmJaBiAIOT M BBUIMBAIOT B KOBIN, a 3aTeM
B 3TOT »KUAKAN NUIaK BHIOYcKaloT Merann u3 negn. lllmax me-
peMelnmBaeTCd ¢ META/IOM W IOTJOMmaeT mpumecH. Merop
sror OnicTp; afipexrnBen m He Tpebyer GOJABITHX 3aTpaT
snexrposnepruu. Ero asropnt C.T'. Bommos, A. 1. Ocnmos,
A. T. Ilanmamos n gpyrue B 1966 r. Taxske GbUIH YAOCTOGHBI
Jlernucxoil mpemun.

Opnako y 9guTaress yse, HaBepHOe, BO3HHK BONPOC: a K
yeMy Bce 9TH caokHOCTH? Befgr Ml yKe roopmiu, 4To B
00BIYHOH JNEKTPUYECKON IedH MOMKHO €O03[aTh Ja1006yI0 aT-
mMocepy. 3HATUT, MOJKHO IPOCTO OTKAYATH M3 NETH BO3AYX H
pectd miaBKy B Bakyyme. Ho me cmemmre B marentaoe Giopo!
910T c1ocod ye gaBHO OBLI MCHOJB30BAH B HEGONBIINX HH-
AYKIEOHHBIX medax, a B Konue 60-x m mavame 70-x rojios ero
HauaJH NPHMEHATH U B J0BOTHLHO GONBIIIX JYTOBBHIX W HHIYK-
nunoHARX dieKTponeyax. Ceiluyac cnocodbl BaKyyMHOTO Jyro-
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BOTO W BAKYYMHOTO WOAYKIMOHHOTO HepemiaBa NOJYIWIH JI0-
BOJILHO MIHPOKOE pacHpoOCTpaHeHHe B MOPOMBIULIEHHO pa3Bil-
THIX CTpaHaX. :

31ech Mbl ONHUCAJH TOJNBKO OCHOBHBIE CHOCOOBI OYMCTKH
CTaJM OT BpenHbIX mpumeceil. CywecTByIOT HECATKU HX pas-
posunHOcTedl. OHU TOMOTaloT MeTajiypraM yAainTh Opeclio-
BYTYIO JIOKKY JerTA 03 009KH Meja I HOJNYYHTh BBHICOKOKaUe-
CTBEHHBIII MeTaJll.

Bes nomen?

Breime yke rosopmioch, 9T0 9epHaA METAINIYPrHA ¢ TOYKH
3peHUsA XNMHKA — 3aHATHE, MATKO ropops, mesornysoe. CHa-
qajia #Kejle30 HACHIILAIOT YrJIepofOM W IPYTMMH 3JieMeHTaMH,
a DOTOM TPATAT MHOTO TPYAa M DHEPrHH [Jis BBLKNTaHHA 3THX
aneMenToB. e mpouie nm cpa3y BOCCTaHOBHTEL ’Ke1e30 U3 Py-
abl. Begb EMeHHO Tak U NOCTYHDANN JpeBHHE METANIYPLH, KO-
TOpBIe MONYYajd pasMArdeHHOe ropadee rybuatoe sxene3o B
CBIDOJYTHHIX TODHAX.

B nmociegame roxgel 3Ta TOYKA 3peHHA YKe BHIMIIA U3 CTaqUN
PATOPAYECKNX BONPOCOB H ONHPAETCA HA COBEPHMICHHO peajib-
HBIE U a’Ke OocyluecTBieHHBIe npoeKTHl. [lonyaennem sxenesa
HENOCPeCTBEHHO M3 DPYABl, MEHYA JOMEHHBIH HpOIecc, 3aHm-
MAJIHCh €me B OPOIUIOM Beke, Torga aToT mpomece M MOJYTHI
HA3BaHHME NpAMOro BoccramoBienusa. OgHAKO N0 moCiaeHEro
BpeMEHR OH He Halmex Goxbmioro pacnpocrpanenna. Bo-mep-
BBIX, BCe NpEJJIO’KeHHBIe cHoco6bl MPAMOrO BOCCTAHOBJIECHHSA
OBIM MAJIONPOM3BOAUTENBHBIMH, 4 BO-BTODHIX, HOJYYEHHBIH
OPOAYKT — ry6uaToe sxene30 — ObUI HH3KOKAYECTBEHHBIM 1
3aTPA3HEHHBIM mpmMecAMH. Il Bce sKe DHTy3HmacTHl TpPOmOIN-
sKaam paboTaTh B 3TOM HaOpaBXeHUM.

Ilonomenue kKopenHBIM 00pazoM H3MEHHIOCH € Tex IOp,
KOrja B OPOMBIIIJIEHHOCTH HA4YaJH IIHPOKO HCHOJb30BATh
npupoankiii ras. On oxasajicsA HAealbHBIM CPEJCTBOM BOCCTA-
HOBJIEHUA Kelde3Hoil pyxbl. OCHOBHOII KOMHOHEHT NPAPOTHOTO
raza—Meran CH; pasnaraor OKHCIeHHEM B HOPHCYTCTBHH
KaTajln3aTopa B CHeIHANbHBIX anmaparax — pedopMepax mo
peaxnun

2CH5+02—>ZCO+2H2.

Ilonyuaerca cMechb BOCCTAHOBHTENILHBIX TAa30B — OKHCH
yriepoaa M BOAOPONa. ITa CMech NOCTYHAET B PEAKTOP, B KO-
TOpHlii mofaeTcA M enesnaa pyaa. Orosopumca cpasy —
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$OpMEl M XKOHCTDYKIMM pPEaKTOPOB O4YeHb pa3sHOOOpAasHEL.
Nnorpa peakTopoM cIyKAT Bpamaiwuiasgcsa Tpy0saTtas medn
THOA I[EMEeHTHOH, MHOTAA — MaXTHAA Iledh, MHOIJA — 3aKpHI-
Tag peropra. ItuM u o0BACHAETCH pasHooGpasue Ha3BaHII
coocoGoB mpsaMoro BoccTaHoBieuumsa: Munpeke, Ilypodep,
Oxanara-n-Jlamura, CJI-PH u 1. 1. Yueno coocoGos yike me-
peBaiuiIo 3a [Ba AecATKa. Ho cyTh ux 06GHIYHO OfHA U TA 3Ke.
Boratoe xene3opyiHoe CcHIpbe BOCCTAHABIMBAETCA CMECHIO
OKHMCH YIJIepoga M BOHOPOAA.

Ho 4ro e menats ¢ monydenHoil mpoaykuueii? 13 ry6uaro-
TO jKejie3a He TOJNBKO XOPOIIEro TOHOpa — XOpOIIEro rBO3JAS
OTKoBaTh Heab3d. Hak Obl HuM Gpiia Gorata mcxomuas Py/a,
9YHCTOTO Kele3a U3 Hee Bce paBHO He moayuuted. 1o 3akonam
XHMHYECKON TepMOJMHAMUKH [a’ke BOCCTAaHOBUTH BCE COMNEP-
Jaieecss B py/e Kele30 He YJACTCA; YacTh ero BCE DPABHO
ocTaHeTCsA B IPOAYKTe B Buje oKuciaoB. W 3mech Ha momoms
HaM OPUXOOUT HMCOBITAHHBIA ApPYT — saexrpomeub. ['ybuaToe
JKeNe30 OKA3BIBACTCA MOUTH HaNbHBIM CEIPbEM JVIA DIEKTPO-
metannypruu. OHO COREepIKUT May0 BPeIHBIX npmieceu a1 X0-
poIIo mIaBUTCA.

Nrak, onats aByxctymerndaTsiii mponece! Ho ato yiie apy-
roii cmoco0. Beiroja cxemul mpAMoe BOCCTAHOBJIEHIIE — DIIEK-
Tpomeyb COCTOHT B €€ JelIeBU3HE. ¥ CTAHOBKH HPAMOTO BOC-
CTAHOBJEHUS 3HAYUTEILHO HEUIeBle M MOTPeGAAT MeHbine
dHEepruM, 9eM JOMEHHbIe mevu.

Taxas OeagoMeHHAasg TeXHOJOTHA CTANEIIABMIBHOIO IPO-
u3BofcTBa Gblna 3amoeHa B NPoeKT OCKOIBCKOTO 3JEKTPO-
MeTaJLIy PruvecKoro KoMOuHATA.

B wpameit crpame BOam3u Craporo Ockoia coopymaeTca
Gonpmoil MeTANIYyprudecKuil KoMOGmHAT, KOTOpHIH Gymer pa-
Goratr MMeHHO mo Takoil cxeme. Ero mepsaa ouepenp yixe
BBEJieHa B KCILIyaTalHUIo.

3aMeTHM, YTO NpPAMOI HepemsiaB — He eAMHCTBEHHBIH CIO-
co6 npumeHeHus ry6daroro jkeimesa B UePHOH MeTaJNypPrHH.
Ero moxHO Takde MCHOONB30BATH BMECTO METAI0JIOMa B Map-
TEHOBCKMX IeJaX, KOHBEPTEpax ¥ 3JIeKTPOCTaNelIaBUIbHEIX
mevax.

Cooco6 mepemnaBa ry64aToro j<eiesa B dJIEKTPOIETaX 6yp-
HO pacmpocTpaHAeTcd ¥ 3a py0GekoM, 0CO0EHHO B CTpaHAaX,
pacoosiaraomux OonpmuMH 3amacaMu HedTH M OPHPOJHOTO
rasa, 7. e. B crpagax Jlarunckoit Amepuxku u Bamxuero Boc-
ToKa. OgHaKo, yKe McXofA M3 dTUX coobpaxkenuit (Hamaumsa
OpPHpPOjIHOTO Ta3a), NOKa HeT emle OCHOBAHMH CYATATh, 9TQ
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1HOBBIH cmoco® Korga-HuOYAb MHOJHOCTBI BBITECHHT TpPaR-
IHOHHBIIl JBYXCTyHmeH4arslil cuoco6 poMeHHas mnedb — CTa-
JennaBHJbIBII arperar.

Bynymee skeaesa

Hlenesnsiit Bex mpomommaerca. IIpmmepno 90% Bcex
HCIHOJL3YEeMbIX 4YeJIOBeMeCTBOM META/UIOB M CILIABOB — 3TO
CIJIaBBl Ma OCHOBe kejiesa. jlelesa BLIIJIABJIAETCA B MHpe
npumepuo B 50 pas Gosblie, 9eM aNIOMUHNUSA, He TOBOPA yiKe
o mpounx Merayuax. Ilmacrmaccsi? Ho onm B Hame speMms
qamje BCero BBIMOJHAKT B Pa3MHIHBIX KOHCTPYKUHAX CaMo-
CTOATENBHYIO POJIb, 8 €CIM YK HX B COOTBETCTBHHU C Tpaju-
I[Meil MBITAIOTCA BBECTU B PaHT «He3aMeHHMBIX 3aMeHHTeNel»,
TO dalle OHH 3aMEHAIT UBeTHble MeTAaJUIbl, a He YepHbIe.
Ha szameny cTajm mayT JHLIL HECKOJbKO NPOLEHTOB MOTped-
NgeMBIX HAMHU IUIACTHKOB,

Cnnasbl ma OCHOBe ’Kejie3a YHUBEpPCAJbHBI, T€XHOJOTUIHBI,
AocTynusl 1 B Macce — gemlessl. CoipbeBaa 0asa 3TOro Mertas-
Jla TOMKe He BHI3BIBAET OMACeHHil: y)Ke pasBeJAHHBIX 3alacoB
JKeJIe3HBIX PYM XBATWJIO OBl IO MEHbIIe Mepe Ha [[Ba BEKa
suepen. Hlenesy eme goaro 6T QYHIAMEHTOM HABHIH3AIAU,

KAK NUCAJ TJIUMHUN CTAPIINNA. «Kemesnsle pygokomn AocTas-
JAIT YeJ0OBeKY MpeBOCXOofHeiimee m anoBpejmeiimiee opyame. HGo
CUM OpYAMEeM NpOpesLIBaeM. MBI 3eMJ0, oOpabaTeiBaeM JIOJOBHAThHIE
cagel u, o6pesas AMKHe JIO3BI ¢ BHHOTPAJIOM, MOHYMJaeM HX KasKAblid
rog weeTh. CuM OopyaMeM BHICTpPaWBaeM JOMBI, pasGmBaeM KaMHH H
ynorpebisneM jkene3o Ha Bce mofoGHble Hago6HocTH. Ho TeM ke ixe-
ne3oM mpousBoauM Gpamd, GuTBH B rpaGexxm m ymorpeGiaseM oHoe
He TOJbKO BOJM3H, HO MeINeM OKpHIJIeHHOe BJAAJNh TO n3 Goitmnm, TO
U3 MOMIHEIX PYK, To B BHfe omepeHHbIXx crpel. Camoe mopouHeiimee,
00 MIEHHIO MOEMy, yXHINpeHHe yMa 4dejoBedeckoro. H6o, 4ToGHI
CMepTh CKOpee NOCTHIJIA YeJIOBeKa, COflelIalid ee KPHIIATOK | jKele3y

npupann nepoa. Toro pagm pa GyAer BHHA NpPHANACAHA 4YeJOBEKY,
a He IPHPOXe».

OPATOLEHHBINI METAJIJI, B «I'eorpadun» jpeBHErpedecKoOro muca-
teng Crpaoma ymoMumHaeTcA O TOM, 4TO adpHKAHCKHe HAPOABI 3a
onuH (yHT :Keleda OTHABANM JecATh YHTOB 30J0TA.

W3BnedenHoe M3 JpeBHECKAHAWHABCKAX TPOOHHL OpYXKHO TaKKe
CBHETEJBCTBYET O APAromeHHOCTH ’Keje3a B MPOOIIOM — M3 HEro cfe-
JaHbBl TONBKO OCTPHA Medeil, a Bce ocTalbHBIe 9acTH — H3 GPOHSIHIL.
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OPY/RUE 13 METEOPUTOB. C pasnnx BpeMem JioAm IHITAJHCh
IICMIONb30BATh METEOPITHOE JKeJe30, XOTS CHAcJdaTh 3To  ObLIO
ue Mmpocro.

Dyxapckuit sMIp TpIIKa3aJ CBOIM JYUINIM OpY’KeiiHUIKaM OTKo-
BaTh €My MeY N3 KycKa «HeGecnoro jkenesa». Ho ckoabko onm Hu cTa-
pajich, HHYero He mnoayuanoch, OpykeilHNKOB Kasuman. Oum morn6-
JIM H3-3a TOTO, 9YTO HArpeThlii MeTaJJ He MOAAABAJNCA KOBKe, ITO Xa-
PAKTCpHO A NIAKEJICTOro METCOPUTHOrO jKejie3a: OHO KYyeTCA TOJb-
KO XOJOAHBIM, & MPYU IArPpCBaHIH CTAHOBHTCA XPYIKIIM.

HecMmorpa Ha 9TO, y BIACTHTENA HHAMIICKOro Kus)kecrBa [)Kexam-
rupa B XVII B. 6bumn pBe caban, KIH)KaJA H HAKONMeYHHK OHKA N3
MeTeopnTHOro Kejesa. licTh cBefcHusA, YTO W3 ITOrO »Ke MarepHana
Oblan uarotoBJeHsl mmarn Anexcangpa I m BosmnBapa — repos IO:x-
Hoii AMCpHKH.

CAMOPOJHBIMT UYVYI'YH. Meramimdeckoe jKeNe30 BCTpewaeTcs He
TOJNBKO B MeTeopuraX. Eme B 1789 r. B «CioBape KoMMepueCKOM»
Bacanms JleBmuna o caMopoxHoM Kese3de nucanoch: «Tak masniBaer-
cA KeJe30, COBCEM MPIrOTOBJIEHNO¢ IPUPOJOIl B HEApaX 3eMHBIX W CO-
BCEM OYHINEHHOE OT BemIeCTB MNOCTOPOHHIIX HACTOJNBLKO, YTO MOKHO
H3 Hero KoBaTh Ge3 nepemIaBKH BCSAKMe BEIi».

KpynHoe ckonjienne caMOpOJHOro jKeje3a Obli0 HaiileHO Ha I0K-
HoM Gepery octpoBa [lmcko y OeperoB I'pemsnamgmu. OHO 3anerajo
30eCh B U3BEPTHYTOM depe3 MJIACThl KaMeHHOro yriaa 0asainbTe B BHAE
6ecTOK, 3epell 11 HHOTAA MOLUBIX IJIbIG,

B otinune oT MCTEOpHTHOIO jKejieda, BCErJa COAEPIKAIEro Cpas-
HHTEJLBO MHOTO HHKeJs, CAMOPOAHOE :KeJic30 COAepKHT He (oJee
2% nukens, uHorma mo 0,3% woGansta, okomo 0,4% Meanm m go 0,4%
miaataasl. OGBIYHO OHO HCKIOUATENbHO Gemmo yriaepomom. Onmako
BO3MOKHO 00paszoBaHme W CaMOPOJHOrO 4UYryHa, HAaIpHMep B pesyib-
TaTe KOHTAKTa PACKAJEHHOr0 yriepoaa c jkedesHoit pyaoit. B 1905 r.
reosor A. A. HuocrpaHueB ofnapyskma B paiioHe ocTpoBa Pycckoro
ga JlanbHeM BocToke HeGoNbLIMe MJIacTo00pasHble CKOIJIEHHA CaMo-
POAHOTO 4yryma, Haxofamerocsi na riay6mme 30—40 M moj ckaJbHbI-
MH HOpOfaMH Mopckoro Gepera. B usBieveHHBIX ofpasmax MeTauna
cofiepxanochk okodo 3,2% yraepoza.

VYBUT U3-3A WEJIE3A. B 1735 r. Boryn Creman Uymnur nHamen y
roput Bimarojars 6Gonpmioit KycOK MarHHTHOTO KeJle3NfKa W IOKA3aJ
ero ropaoMy texnuky H. flpmesy. Ilocie ocmoTpa MecToposKAeHHA
flpues momuajicsi ¢ AokmagoM B ExatepmuOypr. 9ta moesgka Obima
caMBIM HacToAMEuM GercrBoM — mo ciefly flpmeBa CKaKajgH BOOpYHeR-
Hble CTPa)KHHKH HEKOPOHOBAHHOTO Kopoas VYpana [emmmoBa, KoTo-
pHil He JOIyCKal M MbICAH, 9TO HOBLIe (OrarcTBa MHEHYIOT €ro.
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flpuesy ymanoch yiitTu or moromn, [IepBOOTKpPHIBATeIE PYANHKA HOJY-
qnd Bosuarpakacume or opuoil kammenspuu, no Bckope Crenau
Yysmnue Geix yourt. Youiina octancs HemoiiMaEHBIM,

KPUCTAJIJI YEPHOBA. 3mamenntriii pycckmii Metamrypr Jf. K. Yep-
uos (1839—1921) cobpan KoONIEKHUI0 KPHCTAJNOB :Keje3a. Hekoro-
phle KpHcrauipl, HaiileHHBle HM B CTAaJdBHBIX CJHHTKAX, AOCTHIAJH
IUIHBL 5 MM, GOJIIINHCTBO ke He Golee 3 MM.

TaBEOI LEHHOCTBHIO KOMJIEKIAN OB YHHKAJbLUBLIA ¢KPHCTAII
. K. Yepnosa», onncanuslii BO MHOTHX ydYeGHHUKax DO METaJLIOBefe-
mnio. Ero mamen B rpyfe CTajJbHOTO JIOMA IIAXTOBOIO ABOpa MOANOJ-
KOBHAK Mopckoit aprimuiepnu A. I'. Bepcenes, caymnpmuii npuemimm-
KOM HAa MeTaJiypruieckoM sasofe. Kak ynanoch BBHIACHATH, KPHCTAJLI
Boipoc B 100-TomHOM ciamTke ctasu., BepcemeB mojpapumi ero cmoeMy
yuureaio Yeprony.

UepHOB TINATEJBLHO HCCIEA0BAJ KpHCTAJUL Bec ero okazaicsa 3 Kr
450 r, pamma 39 cm, xamuueckmit cocras: 0,78% yraepopa, 0,255%
Kpemunsd, 1,005% mapranua, 97,863% sxeuesa.

CTAJIbHOE BHUHO. B crapuHHBIX KypliajJlaX MOKHO HAiflTH penenTsl
Pa3IMYHBIX (3KEJEe3HBIX» JeKapcTB. Tak, B «JKOHOMITYECKOM >KypHa-
ae» 3a 1783 r. cooGmanock: «B HeKoTOphix ciay4aAax m 0odesmsax u
caMoe KeJie30 COCTAaBJIsAET BechbMa XOpomliee JIEKapCcTBO, H OPHHNMA-
0TCA ¢ DOJIb30M HauMeJbJaiimiue OHOro omuika jnbo mpocro, aubo
o0caxapennsiey. TaM Ke mepevHCIATCA APYrHe JeKapcTBa TOrO Bpe-
MeHH: ofcaxapeHHO® HeJjes0, MKeJe3HBIl CHer, »Keje3nas BOAA, CTAJb-
HOe BHHO («BHHOrpajHoe KHCJOe BHIIO, KaK, HanpmMmep, peiiHBeifH,
HaCTOATL C 7KeJIe3HBIMH OIIJIKAMH H OOJYYATCA jKeJie3noe MM CTaJIb-
HOe BUHO H BKyIle BECbMa Xopolee JIEKapCTBO»).

MATHUTHBIE JIEKAPCTBA. B 1835 r. «Miypman wmanydaktyp n
TOproBJ», coofmas o TopapaxX, mpuciaHneix us Beunst B [letepGypr,
YOOMHHAeT MeTalIHuecKHe HaMarHHYeHHble OPYCKH KaK CpeJiCcTBO OT
3y0Hoif M ronoBuoii Gosau, Bpycku pexoMeHoBajoCh HOCHTL ma Iuee.
«JT0T CcmOoco( JiedeHHA IbiHe B MOfe, — COOOIMAJOCh B IKypuajie,—
H IO OT3bIBAM Bpayeil, sacay;KHUBAWLIIM BEpOATHSA, MOMOraeT BechbMa
MHOTHM)».

B npeBHOCTII H B cpejHIle BeKa MArHUT YNOTPeGIAIH HE TOJLKO
XaK Hapy;KHOe, HO U Kak BHyTpenHce. l'ajen cumTajd Marunt cjabu-
TeJbHBIM, ABHIIEHHA JIEYHJ UM HIOXOHJApHKOB, Ilapameabc npAroTos-
JANA «MarHATHYIO MaHHY», Arplkoja — MarguTiym coJjb, MarHATHoOE
Maclio M AdKe MAarHUTHYIO 3CCEHIHIO.

XNMHUA HKEJE3A. Bepoatuo, Bel o0paTijin BHEMaHDe, YTO H CTaThd,
1 3aMeTKu 00 aacMenTe N 26 NOCBAINCHIBI JABHBIM 00pPa3oM Keacsy-

345



MeTally. 9T0 H He YAMBHTENBLHO: MMENHO 3THM IPEKAe BCEro jele-
30 uuTepecHo Ang mac, Ho, oTnaBasa noMKHOe TIaBHOMY MeTLIy co-
BpeMeHHO# TeXHHUKH, HeJb3s1 3a0BIBATH, 4TO: .

aneMeHT Ne 26 00JajjaeT 3HAYMTENBHOH XHMHYECKOll aKTHBHOCTLIO,.
on o0pa3yeT MHOKECTBO COeJJHHEHNil, MPOABIAA OGBITHO BAJEHTHOCTIf
2+ u 3+;

CYLLEeCTBYIOT cOMH RejieaHoil KucaoTel H:leO:, Ho B cBOGOIHOM
COCTOAHHH 3Ta KHCJOTA He NOJYYeHAa, TAK ’Ke Kak U ee AHTHAPHAE —
FeOy;

NPHPOAHOE KeJe30 COCTOMT H3 4YeThlpeX CTaGHJIbUBIX H30TOMNOB
¢ MacCOBBIMH YMcJIaMu 54, 56, 57 u 58;

JKeJIe30 — MKM3HEHHO BAXKHBI 2JIeMEHT; B KpOBH dYejdomeka 14,5%
ee Beca NPHXONUTCA HA JONI0 TeMOrNOOMHA — KPACHOTO IHMIMEHTa
pPUTPONUTOB, B IEHTPE MOJEKYJbsl KOTOPOro HAXOAHTCHA aTOM 3KeJje3a,

AJIb®A, BETA, TAMMA, JEJIBTA. eneso — nomimopdubiit Me-
Ta/VI, OHO KPHCTa/UIU3yeTCH IO-pa3HOMY B 3aBUCHMOCTH OT TeMOepa-
Typsl. IIpn OGBIYHBIX YCJIOBHAX Kesle30 CYIIeCTBYET B Bujie KPHCTAJIIOB
¢ 00BeMHOLEHTPHPOBAHHOM pemeTKoif. ITo HpuBEIYHOe HaM anbda-
mcene3o. Ilpn MefJieHHOM ero HarpeBaHUM HaGNIOJAIOTCH CTPaHHELE,
Ha NepBBHIA B3IJAA, TEMIOEPaTypHble OCTAHOBKHM: TEIUIO [1POJIOJIKAET
MOCTYyNaTh B METaNJ, a TeMIepaTypa ero He moBbimaerca. IlepBas
TaKasd OCTAaHOBKAa JyiA YHCTOro jkejesa Oymer mpu 769, Bropasg — mpu
910, Tperbs — mpu 1401° C. 3akoH coxpaHeHHs BSHEPrul UDH 3TOM,
KoHeYHO, He Hapymaercs. «}cueamyBmee» Temno TpaTHTCA Ha mepe-
CTPOiiKH KpHCTaJuIMdYeckoii pemerku. OHM CKA3LIBAIOTCA HA MHOTHX
cpoiictBax Mertamia. Ilpm 769° C, xorma aanda-Kesezo mpespamaercs
B Gera-;Kese30, OHO YTPAYMBAeT CBOM MarHuTHLIe cBoiicTBa. [Tpu 910°C
NpouCcXOfuT OGLIYHAA HepeKPUCTAIN3anisi: 00’beMHOIEHTPIPOBAaHHAA
pelleTKa IepecTpaHBaeTcs B rpaNneleHTPHPOBAHHYI0 (3TO ramMMma-ke-
ne30). IIpu 1401° C — pnociennnsa mepecTpoiika: pelleTKa BHOBbH CTaHO-
BUTCA 00'beMHOIeHTPHPOBAHHOM, HO yie ¢ (OApIIuMHU, YeM y anasda-
Jesie3a, pasMepaMH 3JMeMEHTAapHBHIX KPHCTAJIOB. JTa pPa3HOBUAHOCTH
Ha3blBaeTCA [elbTa-:Kede3oM. IIpH oxJaKIeHHE PACIJIaBIEHHOIO jKe-
Jleaa Te jKe DepecTpoiiki HPOHCXOAAT B o6paTHOM NOpsaKe.



KOBAJIBT

Heckonbko cor ser Ha3aJ, HeMelKasa

27 HLG mpoBuHiuAa Cakconna 6BLIa KDPYNHBIM

= [0 TOTMAILIHHM BpeMeHaM LEeHTPOM J0-
- S Obruu cepebpa, MeU M JPYTUX TBETHBIX
‘ ' MeTajuioB. B TaMommHux pypEuKax ciy-
9ajoch HAXOAHTH pYAY, KoTopas o
BCeM BHEIIHHM MOpHU3HAKaM Ka3ajach
cepeGpAHOil, HO OPU IVIaBKe NOJYYHTh
U3 Hee MparoleHHBIH MeTaJi He ya-
Bajiock. XyiKe TOro, IpH 00:Kure TaKoi
PYABI BRIZEIANICA ANOBUTHIN ra3, oTpaBiaaBmuil paboqux. Cak-
COHIBI 00'BACHANN 3TH HENPHATHOCTH BMEINATENHCTBOM HEYH-
CTOi CHJIBI, KOBapHOTO mOJ3eMHOro raoMa Kobosinga. Ot mero
JKe UCXOJIUIH W APyrHe OMACHOCTH, HOLKApayJIHBAalI{Ue pPY-
JOKONOB B mopseMenbax. B Te Bpemena B T'epmanunm pmake
YUTAJM B LIEPKBAX MOJUTBHL O CHACEHUM TOPHAKOB OT 3JIOTO
ayxa KoGosabga... I co BpeMeHeM, KOTa CaKCOHIB HAaYIMIIACH
OTJIMYATh «HEYHCTYIO» PyAy OoT cepeGpsHOi, OHM ee HasBalH
«KO0OIBI».

B 1735 r. meenckunit xumur Ieopr Bpanpr seipennmn us
9TOIl «HEYHCTOIl» PYjIBI Cephlil co cjiabBIM PO30BATHIM OTTEH-
KoM HeuspecTHBI MeTaiur. Ima «koboabg», mim «KoGaibT»,
COXPAHWJIOCh U 3a HHUM,

Or BeneIIIaHCKOTO CTEKIA N0 ¢BeTO(OpPOB

B puccepranunm Bpamara, mocBAmeHHoil HOBOMY MeTaluly,
FOBOPWIIOCH, B YACTHOCTH, O TOM, UTO M3 METAJIa MOKHO M3T0-
TaBINBaThL cadpy — KpacKy, mpUAalONIyi0 CTEKIy IIyGoKuil u
odenp Kpacumblii cuuuii user. Ho eme B [pessem Erunre
ObUIO U3BECTHO CHHEE CTEKIIO, cAeJIaHHOe II0 TIHATENHHO CKPHI-
BaeMBIM peLeNTaM.

B cpemmne Beka HUM 0oHO M3 rocygapcTB EBponsl He Morio
CcONepHUYATh B TPOU3BOJCTBE CTeKNIa ¢ BeHenuanckoii pec-
ny6uukoit. YtoObl orpaguTh CEKPETHI BaPKU LBETHBIX CTEKOJ
oT yy3Koro jmobonsiTcTBa, npasuteasctso Benenun B XIIT B,
creluaIbpHBIM YKa30M HEPeBeJIo Bce CTeKoJdbHBle dabpuku Ha
yenuHeHHslil octpoB Mypano. O ToM, KakuMu cmocobamMu 0x-
PaHAJHCH TaM CEKPeThl IPOM3BOMCTBA, MOKHO COCTABUTH cele
HEKOTOpoe INpejcTaBjieHne mo Ttakoit ucropmu. OmHaskusl c
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ocTposa Geman noagMacrepbe no umenm J[xmopmxumo Benepm-
10, a BCKOpe B ONIOM 13 HeMEIKHX TODOJKOB cropeja cTe-
KonbHAA Mmacrepckas. Ee paagenen — ero ssaam Beaepamo —
GblJ1 3aKOJOT KHHIKAJIOM...

WM Bce-takn, HecMOTPA ma CTOJB JKECTOKHE MEpHI, CEKPETH
BapKa IBETHOTO CTEKJa CTAJM U3BECTHHI B JPYTHX Trocyaap-
crax. B 1520 r. Beiinenxamyep B I'epmannu mamen coocob
OPHTOTOBJEHHA KPAacKH MJIsA CHHEro crekja  mo Joporoii nene
cTajl OpOJaBaTh e€e... BeHEIHMAaHCKOMY mpasHreascTBy! Eie
gepes 20 ner Goremckuii crexonsnnlii mMactep Iliopep TosKe
CTaj fejaTh CUHIOW KPAacKy H3 KaKoOii-TO PyNbl, N3BECTHOI eMy
ojtuoMy. C ero moMouIbio TAKYI0 KPAcKy CTald M3TOTOBJIATH N
B loanampuu. CoBpeMeHHHKHM IHCAJH, 9TO CTEKJIO OKpamId-
paetcs «uagdepoM», HO 9TO coGOIl TpEACTaBAAN 9TOT NpO-
OYKT — gHKTO He 3Haj). Toabko wepes cromerme (8 1679 r.)
u3secruplii xumMurk Morann Hyskens mompoGrHO ommcan mpo-
pecc MOJYYeHHA KpacKd, HO OCTAaBAJOCh HEH3BECTHBIM, W3
KaKoil IMEHHO PYMIsI ee [eJaIoT, Ie 3Ty PyAy MCKATh H KaKas
ee cOCTaBHAA 9acTh 06JafaeT KpacAUulmM CBONCTBOM.

Tonbko mocae wucciaenosanus DBpamagra 6bLI0 BHIACHEHO,
aro cadp, mam naddep,— OPOAYKT DNPOKAIUBANUA DPYHHI,
GoraToii K0GaJbTOM, COEPIKUT OKUCIBI KOGAAbTa I MHOMKECTBO

OKHCJIOB  JIPYTHX  MeTaJlJIOB.
Takum  npencrapnami  koGoaspa.  (CpnaBiieHHBIN 3aTeM ¢ DECKOM
Pucynox XVII 8. u notamom naddep o6pa3oBsi-
BaJl CMaJbTy, KOTOpasA H Hpej-
cTapiasAna coboft KpacKy aus
crexna, HoGaasta B cMaibTe
coflepsKaNoch  HEMHOro — Bee-
ro 2—7%. Ho kpacamas cno-
cOGHOCTh OKHCH K0GalbTa OKa-
sasnach Goapmoit: yire 0,0001%
ee B IOAXTe HPUMIAET CTEKIY
roxy6oBaThlil OTTEHOK.

Crexnofenbl CpegHHX BEKOB
TOJb30BANIACH CBOHCTBAMHE KO-
Oanbra Gecco3HaTeJbHO, OTHI-
CKaB MX YHCTO ONBITHBIM my-
teM. Pasymeercsa, aTo me Mo-
JKeT Ja’Ke B caMoil MaJoil cre-
OeHH YMAJIHUTH B HAIIHX IJIa3ax
3aMeYaTeNbHOe HCKYCCTBO 9THX
TPYKEHIKOB.




IToMumo cManbTH, CYIIeCTBYIOT M HApyrme KobGanbnToBEle

KpPacHTelH: CHHASA aMIOMHIHEeBO-KOGAIbTOBas KpacKa — Te-
HAapOBa CHHb; 3elleHass — KOMOGHHALMA OKACIOB KoGasbTa,
XpoMa, aJIOMHHHA, Mar€ida H JApPYrux ajeMeHtoB. Hpacku
5TH KpacHBB! W [OCTATOYHO CTOIIKM HIpM BHICOKON TeMmepary-
pe, m0 He Bcerfa HMEIOT XOPOMIYI0 KPOIINYI0 cIOCOGHOCTS.
3HaveHHe HX TOpPA3N0 MeHbINE, YeM CMAJBTHL. SaCTyKHBAET
BHUMAHHA JPyroe: H3MEHYHBOCTh OKPACKH COEJUHEHHIl Ko-
banbra.
" Uyneca npeBpamenusa Kpacox ussecTHo! eme ¢ X VI croe-
tiA. IIpodeccop Basembckoro yunsepcaTeTa XHUMHK H Bpad
Ilapamensc Ooka3biBaJ HANMCAHHYI0O HM CaMAM KapTHRY.
Ona m3obpajkama 3sumHUil mneii3a’k — KepeBbA M LPHTOPKH,
NOKpHITHIe cHeroM. JlaB spuTelnsM HacMOTpeThes, mpodeccop
cllerKa HOfOrpeBa] KapTHHY, U OPAMO HA Iiasax y BCeX 3HM-
Buil JapgmadT cMeHANCH JETHHM: IepeBbs OfEBaJNCh JIACT-
BOii, Ha MPHTOPKaXx 3eJieHesa TPaBa. ITO NPOU3BOAMIO BIEUAT-
JeHye vyna.

Hus coBpemensoro xuMuka ucropus ¢ xaprunoii Ilapanens-
€a BBHITIAQUT KOBOJBHO mpocTo. Taxoil agdexr Moram pats,
B YacTHOCTH, KOOaJbTOBHE KpacKu. XJIOpPHUCTHIlI KoOajbT,
K KOTOpOMY f00aB/IeHO COOTBETCTBYIOIIEE KOJIIYECTBO XJOPI-
cToro HEKejs, nourn Gecnseres. Ho mpn marpesanuy arm coin
TEPAIOT KPHCTANNIH3aLHOHHY0 BOAY, M IIBET MX MEHAETCA.

B 1737 r. opun ¢panuyscKuii XUMHK OTKPBIA CBOMCTBO KO-
6anbTOBBIX coJleil OKpamiUBaTHCA HOJ JefiCTBHEM TeIfa M IC-
OoNb30BaJ HX B KadecTBe cuMmmatmieckux depHuwi Hammcam-
Hoe MMH Ha OyMmare CTaHOBHTCA BHAMMBIM TOJBKO IOCJE TOTO,
Kar Oymary marpeior. Ceituac 3ra 0coGeHHOCTH coseil KoGanb-
Ta HMeeT NpPaKTHYeCcKOoe 3HaUeHNe B JTa0OpaTOPHOH TeXHUKe:
pacTBOpoM KoGaJbTOBHIX coieil MeTar (apgopoBbie THIIH.
‘Ilocne mporpeBa Takas MeTKa 4eTKO BHICTynaeTr Ha Genoil mo-
BepxHoctn apdopa.

Oxpacka cTeKoON coeMHEHUAMH KoOaimbTa HMeeT HEMAlo-
BaJKHOe 3HaUeHHe M B Hallle BPeMsd, XOTA CYIIeCTBYIOT Goiee
nelleBkle KpacHTeml,

A TexnudecKux ILeseil 4acTo HYKHBI CTEKIA, MOTJIOIMAI0-
mile §u NpPoNycKaloIWe Jydd ompefeieHHoro npera. Takme
cTexTa HeoOXxommMel B ¢hororpadum, cCHrHAIM3aLNUHA, KOJOpH-
MeTpHYeCKOM aHainse d upyrux ciaydasax. Cumanproil B Hame
BpeMd He NO0Jb3YIOTCH, a YHOTpeGiAlOT HENOCpPeACTBeHHO
OKHCh KobasibTa, KOTOPYIO BBOAAT B COCTAB INAXTHI, 3arpyKa-
eMoil B CTEeKJIOBapeHHYIO IeYb.
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Crerina, mpuMeHseMbie i CHUTHAJIBHBIX OTHel, MOJIKHBI
JdaBaTh pe3kIil, orderausblii cser. Hyno mnckawunts Bo3-
MO}KHOCTH OINHOOTHOTO BOCHPHATHS CHrHAjla [ajke B YCJIO-
BHAX IUIOXOIl BUTHMOCTH, JajKe IPU GOJNBIINX CKOPOCTAX TPAHC~
mOpTa U HECOBEPUICHCTBE eI0BEYECKOro 3peHHs. A JUIA 3TOro
HeoOX0oM1IMO, YTOOH CTEKJIa CBETOBBIX CHTHAJNLHBIX YCTPOHCTB
OPONYCKAIH TONBKO CBET BOJIHBI TOYHO OLpPeeNeHHOH AAMHEL

Y creKoll, OKpalleEHBIX OKHCbIO K0GanbTa, HET COUEpPHH-
KOB IO IIPO3pavyHOCTH, a [00aBKa B TAKOe CTEKIO HUYTOMKHBIX
KOJIMYEeCTB OKHCH Mequ HpPHAAeT eMy CIOCOGHOCTL 3afepiKu-
BaTh HEKOTOpble JYYH KpacHOil U (HOJIEeTOBOIl 9acTH CHEKTpa.
Hns poroxuMmuecKHX uccieqoBanuil OLIBAIOT HYKHBI CTEKIA,
COBepHIEHHO HE NPONYCKAIOIIMe JKEJATHBIX M OPaH’KEBBIX Jy-
qeif. ITOMY YCIOBH:0 OTBEYAOT KOGAAbTO-PYyGHHOBBIE CTEKIA:
Ha OKpalleHHOe K00aJbTOM CHHee CTEKIO HaKJIafbIBaeTCs
HarpeToe CTEKJIO, OKpallleHHOe B KPaCHBIIl I[BeT cOeIHHeHUAMU
MeJld,— TaK HasblBaeMbIli MegHBIl py6Gun. Xopolio H3BECTHO
nOpHMeHeHHe oKucH nrobainbTa [JiA OpUAAHUA KpPacHBOTO,
09YeHb YCTOIYMBOTO TeMHO-cHuero 1Beta (apgdopoBrIM U sMa-
JIHPOBAaHHBIM H3JENUAM,

Ko6aanr — nerupyompuii meraan

B 1912 r. o xobGanste nucanu: «Jlo HACTOAmEro BpeMeHH
MeTaNINYeCcKHil Ko0anbT ¢ TOYKM 3peHusa mnorpeGieHHa He
mpejicTaBisAeT HHTepeca. DBBUIM TONBITKH BBECTH KOGAJIBT
B jKeJie30 U NPHTOTOBHTH CHELHAaJbHBIE CTAJH, HO HOCHeqHIe
He HAIJIN ellle HHKAKOro upumeHenus». [leficreaTenbno, B Ha-
Yyajle Hallero BeKa MepBble NMOMBITKH HCHOJIH30BaTh KOGAJILT
B MeTa/urypruu 6buiu HeymauusiMu. Bolio ussecTHO, 9TO XpoM,
ponbdpaM, BaHALUil NPUMAIOT CTAJU BHICOKYI0 TBEPHAOCTD M
H3HOCOYCTOMYMBOCTh NpH MOBBIMEHHBIX Temmepatypax. Cua-
yajla c03[aJIoch BIleUaTIeHHe, 9TO KOGaabT I 9TOIl Lean He
rOMUTCA — CTANH IUIOXO 3aKaJMBAJNAch, TOYHEeE, 3aKaJIKa MpO-
HUKajla B H3[leJine Ha oYeHb Hebonbmyio rnybuny. Boasgdpan,
XpoOM M BaHajiuil, COEAUHAACH ¢ PAaCTBOPEHHBIM B CTAJH yTrie-
pomoM, o6pasyioT TBepable KapOupmel, kobanbT jKe, KaK OKa-
3aJ10ch, cIOCOOCTBYeT BBIIEJIEHNIO Yriepofa B BHAe rpadura.
Crane mpE 3TOM oloramiaercA HECBA3aHHBIM YIVIEPOAOM H
cTaHosuTes Xpynkoil. B panpmeiimeM 310 ocioHenne Gbuio
ycrpaneno: fo6aBKa B K0GanbTOBYIO CTab HeGOJLIIONO KOJH-
9ecTBa XpoOMa HpeAoTBpaliaeT rpaduTH3aRHI0; TaKasd CcTajlb
XOpOILO 3aKaJACTCA. '
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Tenepb Kob6anbT, Kak v BOMb(paM, HE3aMEHUM B MeTanso-
06paboTKe —OH CAY)XWT  BaXHeiLeil COCTaBHOM  4acTbihO
WHCTPYMEHTA/bHbIX ObICTPOPeXyLnx cTtaneii. Bot, Hanpumep,
pe3ynbTaT CPaBHWUTENbHbIX MUCMbITaHUA Tpex pe3uos. B cTanm,
M3 KOTOPO OHW 6blIN WM3rOTOB/EHbI, YINEPOA, XPOM, BaHauiA,
BOMAb(paM M MONMGAEH COAEPXKanucb B OAMHAKOBbIX KO/U-
yecTBax, pasnnuve ObINO NWWbL B COAEpPXaHWW KobanbTa.
B nepBoli, BaHagMeBoi, cTtann KobanbTa COBCEM He Oblo, BO
BTOPOI, K06anbTOBOW, €ro 6bi10 6%, a B TPeTbei, Cynepko-
6anbToBOI,—18%. B0 BCex Tpex ONbiTax pesLoM TOUMIM
CTanbHOM umMAnHap. ToNWMHA CHUMaeMOl CTPYXXKKU 6bina ogm-
HakoBOil —20 MM, CKOPOCTb pe3aHus ToXe—14 M/MuH.

UTto e nokasan 3KcnepumeHT? BaHagueBblli pesel 3aTy-
nuncs, nponga 7 m, kobanbToBbli —10 M, a pesey U3 cynep-
K06anbTOBOW CTanyM NPOLIEeN 1000 M W OCTancs B XOPOLUEM
cocTofHun! Takum o6pa3oM, A4NA Pe3Koro MoBbIWEHUA W3HO-
COYCTONYMBOCTM U PEXYLLMX CBOWCTB CTann Ko6GanbT AO/DKEH
BXOAWTb B €€ COCTaB B 3HAYUTE/IbHbIX KOAMYECTBAX.

B 1907 r. B NpPOMBbILLIEHHOCTN MOABUANCL TBEPAbIE CMJiaBbl,

He cofepxaline Kenesa,—
cTennnTel (OT narnHckoro cno- Ko6anbT — BaXHeWWNn KOMNOHEHT
Ba 31e11a—3Be3,qa). OAMH nu3 6bLICTPOPEXYLWMX  UHCTPYMEHTanNb-
NYUWMNX CTEN/IMTOB COAEPXKaN  Hwix craneit
6onbwe 50% kobanbta. U B
TBEPAbIX CMnaBaxX, KOTOpble B
Halwe BpPeMs CTan BaXKHEW-
W1M MaTepuanom Ana metan-
NOPexyLnx MNHCTPYMEHTOB,
KoGanbT Urpaet He MOCNELHION
ponb. Kapbug sonbthpama wnm
TUTana —OCHOBHO KoMMo-
HeHT TBep4oro cnnasa —crne-
KaeTca B CMeEcU C MOPOLUKOM
mMeTananyeckoro kobanbta. Ko-
6anbT COefMHAET 3epHa Kapbu-
OB W MpuaaeT BCeMY Cnasy
60MbLUYIO BSA3KOCTb, YMEHbLUa-
eT ero 4YyBCTBMTENIbHOCTb K
TONMYKaM U ypapam.

Tsepfble  cnnasBbl  MOryT
CNYXWUTb He TONbKO ANf U3ro-

TOBMIEHUA  PEXYLUUX WHCTPY-
MeHTOB. WHorga npuxogutces



HABApHBAThL TBEP/ALIl CINAB Ha NIOBePXHOCTL MeTajell, moj-
BepraloL{uxca cHILHOMY H3HOCY nmpu paGore mammmubl. Takoii
CIUIaB HA KOGAJLTOBOI OCHOBE MOMKET HOBEICHTL CPOK CJIY3K-
Obl cradbHOil meraiu B 4—8 pas.

Maruaurnnie cBoiicrBa

Crooco6HOCTh COXpPaHATL MArHHTHBIE CBOIICTBa mocie Ofno-
KpaTHoro HaMarHH'HMBAHIA CBOICTBeHHA JIUMIL HEMHOTHM Me-
TaJulaM, B TOM uucie U Kobambry. K crajsam u cmmaBam, u3
KOTOPHIX H3[OTOBJIAIOT MATHUTHl, NPEXBABIAIT O49eHDb Bajk-
HOe TeXHHYecKoe TpeOOBaHHE: OHH [OJKHBL 00JafaTh GOJb-
1IN0 KOPPUUTHBHOU CcHJIOH, HHA4Ye — CONPOTHUBJIEHUEM pas-
maraugnBanuo. Marautsl gosubl 0BT YCTOIYNBLL H HO OT-
HOLIEHHIO0 K TeMIEpPaTypHBIM BosfeilcTsuAM, K Bubpauun (4ro
0c00eRHO BajKHO B MOTOpAX), JIerKO IOQNABATHCA MeXaHHYe-
ckroit oGpaboTke.

Ilop peiicrBueM Temna HaMarHM4YeHHBIH MeTaJul TepseT dep-
pomarmutHble cBoiictBa, TeMmepaTypa, Ipu KOTOPOM 3TO mpo-
ucxopur (rouxa Hiopu), pasmas: musa smenesa —ato 769°C,
aA  mukens —pcero 358°C, a jgua  KoGaabTa  J0CTH-
raer 1121°C. Eme B 1917 r. B floomuu 6n11 3amaTeRTOBAaH
COCTAaB CTAJH ¢ YJYIMIEHHBIMA MArHATHBIMH CBOHCTBaMH.
T'1aBHBIM KOMIOOHEHTOM HOBOH CTaJin, WOJY4YHBOIEHl HasBaHHE
AOOHCKOM, GBI KOGadbT B 0YeHL OOJBIIOM KOJHYECTBE —
no 60%. Bonbdpam, Mosuben wiu XpoM NPHAAIT MATHUTHOM
CTAJI BHICOKYIO TBEPROCTH, a KOOAJIHT MOBBIMAET €€ KOIPHU-
THBHYI0 cuay B 3,5 pasa. MarHuTtel U3 Takoil crajm mHoxy-
JaloTCcA B 3—4 pasa xopoue n Kommakruee. U eme opno Bam-
HOE CBOHCTBO: eciin BoAdb(hpaMoBas CTajlb TepAeT HOX HeilcT-
BueM BHOpauuii cBOM MAarHuTHblE CBOMCTBA HOUYTH Ha TpeTh,
T0 KoGasibTOBBIE — Beero Ha 2—3,5%.

B coBpemeHHOil TeXHUKe, 0COGEHHO B aBTOMATHKE, MAarHHUT-
HBle YCTpOMCTBa NpPUMEHAIOTCA (YKBAJILHO Ha KaiK[OM LOAry.
Jlyumme MarsuTHble MaTepHajbl —3TO KOOaJbTOBBIE CTaNX
u cmaasbl. Heraty, cBoiicTBo KoGanbTa He pa3MarHUYHBATBHCA
mop meiicTHeM BUOpanuil 1 BBHICOKUX TeMIepaTyp HMeeT He-
MQJIOBAKHOE 3HAYEHUE W JUIA PAKeTHOH M KOCMHYeCKOH Tex-
HUKH.

Coepemennpie TpeGoOBaHUA K MOCTOAHHBIM MAaCHHTAM 4pe3-
BbIYaiiHo pasHooGpasusl. VI ogHO 113 TINIaBHBIX — 9TO MIHLM-
MaJILHBIIT BeC NpH MakcHMaJabnoil «cuine». B mocnemnne mecs-
TILETHA ObUIM H300peTensl TaKue MAariiTh. JTO CILIaBBbI,
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11a3BAaHHBIS (MArHOKO» M (AJbHHUKOY® — M0 HAYANbHEIM OyK-
BaM HA3BaHUI MeTaIOB, U3 KOTODBHIX OHH COCTOAT: LEPBHIiA
H3 Marus, HEKEJA U KoOanbTa, BTOPOH — M3 allOMHUHHA, HHA-
Keld m KoGanbra. B Takux MarmmTax coBceM HeT jKexne3a —
MeTajia, CaMO Ha3BaHMEe KOTOPOTO MBI NPHBBIKIH CO IMKOJIL-
HOH CKaMbU CUYUTATh HEOTHENHMHM OT ()eppoMarseTusMa.
CpoiicTBa 3THX CIJIABOB KayKyTcA HEOOLIYAIHBIMU: MarsUT
Becom 100—200 r ypmepxusaer rpys B 20—30 kr! Ouens
CWJILHBIE MOCTOTHHBIE MATHUTH MOJYYAIOTCA TaK:Ke M3 WHTEp-
MeTaLINYeCKUX coefuHeHNi KobalbTa ¢ HEKOTOPHIMU pefiko3e-
MenbHBIME 3neMentamu (mampumep, SmCos u np.).

Ko6GaanT n sknBas opupoaa

Ilpesxne wem pacckassiBaTh 0 TOM, HOYEeMY KoOaibTOM MH-
TepecyTcAa HE TOJbKO MHKEHEephl, HO M arpOHOMBI H MeIHKH,
HECKOJIBKO CJIIOB 06 omHOIl He coBceM OOBIUHOI cay:kbe aie-
merra Ne 27. Eme Bo Bpema mepBoit MupoBoil Boiiubl, Korga
MIUIMTaPUCTHl eI IepBble MONBITKY HPUMEHEHUA OTpaB-
JAIOINUX BEUIECTB, BO3HHUKIA HEOOXOMMMOCTh HAUTH BElIECTBA,
IOrIOIIAIOIIMEe YrapHblil ras. 1o GBUIO HYMKHO elle ¥ HOTOMY,
YTO CIJIOMEL H PANOM HPOHCXOAWIM CIIy4aW OTPaBlIeHHA OpY-
OUiiHO#l NpPHCIYTH YTrapHBIM Ta30M, BbBIleJiAeMBIM OpH
cTpennbe.

B xonue KoH1os GbLIa cocTaBjieHa Macca U3 OKHCIOB Map-
ranga, Megu, cepebpa, KoGanbra, HasBaHHAA TOIKAIUTOM, 3a-
LINIIAoNas OT YrapHOTO rasa, KOTOPHII B ee HPHCYTCTBUH
OKHUCHIAETCA yAe NpH KOMHATHON TeMIepaType M mpeBpaila-
eTcd B HETOKCMYHYI0 yriekmciory. [omkanur — 3ro kara-
JIN3aTOP; OH TOJNBKO crocoGeTByer peakuun oruciennsa 2C0+
+ 0,—~+2CO,, He BXOAA B COCTaB KOHEYHBIX NPOAYKTOB.

A remepp — 0 KoGalNbTe B »KUBOH IpHUpoOeE.

B mexoTophbix pailoHaxX pasHBIX CTpaH, B TOM YHCJe H Ha-
mweii, HmevaJbHOIl H3BECTHOCTHIO MOJB30OBAJIOCH 3aboseBaHHe
CKOTa, MHOTjJa Ha3biBaeMoe cyXoTkoil. JHusoruble Ttepanm
almeTUT ¥ XyjAeaW, HX IOepCTh IepecTaBaja biecrers,
cnu3ucTble 060JOYKH cTaHOBIINCH OnefnHbIMH. Pesko mapgamo
KOJINYECTBO KPACHBIX KPOBAHBIX Teljiel] (3pUTPOLHTOB) B Kpo-
BH, PE3KO CHHIKAJIOCHh cofiep:kaHue remornoduna. Boabynure-
Jaa Golle3HU HANTU He MOIJHM, ONHAKO €e PacHpOCTPAHEHHOCTH
co3JaBajla IOJHOe BledyarieHue snu3ootTuu, B Asctpum =
IllBenun HeusBecTHYI0 Goseanp HasbiBajid GOJNOTHOIN, KycTap-
HUKOBOU, npubpexuoit, Ecnu B palion, mopaskemmblii 60-
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Ne3Hblo, 3aBO3WUM 340POBbIX XWBOTHbIX, TO Yepe3 roj-4sa
OHM TOXe 3aboneBann. Ho B TO XK€ Bpems CKOT, BbiBe3enmnblii
M3 paiioHa «3NUAEMUM», He 3apakan O0O6WAKLWUXCA C HUM
XWMBOTHbIX # caM BCKOpe Bbl3gopasnuean. Tak 6bi1o n B Ho-
BOW 3enaHgun, n B ABCTpanuu, U B AHMAUKW, N B APYrUX
CTpaHaxX. 3T0 06CTOATENbCTBO 3aCTaBU/IO WCKATb MPUUUHY
6onesun B KopMe. W Korga nocne KponoTAMBbIX MUCCef0BaHWi
OHa Oblfa, HaKOHel, yCTaHOBAEeHa, 60/1e3Hb MOay4Yusia Hassa-
HVe, TOYHO OonpejenswoLwee 3Ty MPUUNHY,—aKobanbTo3...
. CTankmeanucb ¢ akob6anbTo3oMm, C OTCyTCTBMEM (NAU He-
[lOCTaTKOM) Ko6anbTa B OpraHuU3Me, M Hallun Yy4yeHble.
OpHaxpabl B AKagemuto Hayk JlatBuitickoii CCP npHWwo
nMCbMO, e coob6Lanoch, YTO B paiioHe O4HOro U3 60/10T He-
noganeky OT PuUrm ckoT mopaxeH CYyXOTKON, HO Yy JIeCHMKa,
XMBYLLEro Tam e, BCe KOPOBbl YNUTaHHbl W Jal0T MHOIO
mMonoka. K necHuky otnpasusca npogeccop HA. M. Bep3HHb.
Oka3anocb, 4YTO paHblUe KOPOBbl NIeCHUKa TOXe 60/enn, Ho
MOTOM OH cTan [o6aBnAaTb HM B KOPM Menaccy (KOPMOBYHO
NnaToKy —OTXO0f, CaxapHoro 3aB0fa), U XXMBOTHblE BbI340PO-
Benn. WccneposaHue nokasano, YTO B KMAOrpamme MaToKu
cofepxutcd 15 Mmr kobanbta. 3T0 ropasgo 60sblle, Yem
B pacTeHuaX, pacTywmux Ha 60-
NoTUCTbIX nouysax. Cepus onbl-
Pa6oTaeT Kob6anbToBaA Nylika TOB Ha 60/bHbIX CyXOTKOVI fa-
paHax paccesfia BCE COMHeHUA:
OTCYTCTBME  MMWKPOKOINYECTB
KobanbTa B Mule —BOT Npu-
YyMHa CcTpalHoin 6onesHn. B
HacToslLee BpeMs Ha 3aBofax
NenwnHrpaga v Purn gns poba-
BOK B KOPM CKOTY W3roTOB/ifl-
0T  cheymanbHble  TabneTkw,
npegjoxpaHawlwmne oT 3abone-
BaHWA CYXOTKOW B Tex paio-
Hax, rge KO/JMYecTBO MMWKpPO-
anemeHTa kobanbTa B MNoyYBax
HefoCTaTOYHO A/ NOJTHOLEH-
HOFO MWUTAHUS XWBOTHbIX.
M3BecTHO, 4TO  YesioBeYe-
CKOMY OpraHusMy Heobxoaumo
Xenes3o: OHO BXOAWUT B COCTaB
remornobuvHa Kpoeu, C MoO-
MOLLBIO  KOTOPOrO0  OpraHu3m



ycBauBaeT Kucioponx npu anixanum. MaBecTHo Takke, 910 3e-
JIeHbIM pacTeHIAM HYeH MarHuif, Tak Kak OH BXOJUT B CO-
crap xaopodiunia. A KoGaNbT — KAaKyl0 polib UTPaeT OH B Op-
raLusme?

Ecto m Takan 06ose3nb — 3jl0KadecTBEHHOE MAaJIOKpOBHE,
Pesako yMeHbLIaeTCA HYHCJIO HPUTPOLHUTOB, CHHMKAETCH TEMO-
raobun... Passutnme Gonesnnm Bemetr k cMmeptu. B momckax
CpeJICTBa OT 9ITOr0 HEAYra Bpaum OOHApPYKMJIM, YTO CHIpas
nevens, ynorpediaseMada B OHILY, 3aJeP/KUBAET PasBUTHE Ma-
sorposus. llocie MHOroJeTHMX HccleNoBaHHIl U3 [EYEHH
VOAJI0Ch BBIEJIUTH BEIIECTBO, CHOCOGCTBYIOIIEe NOABJIEHHIO
KpacHbIX KpOBAHbIX mapukoB. Eme Bocemp ser morpeGosa-
Joch A TOro, 4ToObl BHIACHATH €ro XHMHYECKOe CTpOeHue.
3a oty pabGory aHmumiickoil wuccaeposatensHuue [oporm
Kpoydyr-Xomxknu npacympuena B 1964 r. HoGemesckas
npemia mo xumuu. Bemjecrpo 3To mosyumio HasBaHde BHATA-
smuna B,,. Ono copepmur 4% koGanbra.

HomnoencupoBath HEJOCTATOK KOGAJIbTa B OpPraHH3Me MOKHO
C NOMOMbBI0 HEKOTOPHIX OHINEBBIX HPOAYKTOB, HAIpHMep,
AroM BHHOrpaja. YKe HeMajo JIeT BO MHOTMX HAHIUX IOJK-
HBIX pecnyOJIMKaX BHHOTPAIHUKH OHPBICKHBAIOT pPacTBOPOM
cepHOKUCIoro Kobansra. C TaKHX y9acTKOB coGupaloT Gonpme
Arof, U OHH ciame, YeM ¢ «6ecKoGaabTOBBIX» YYaCTKOB.

Eme ommna cay:xGa KoGaabTa B MeguULUHE — TO JedeHHE
3JI0KAYeCTBEHHBIX ONyXolell pajgHOAKTHBHBHIM H3JyYeHHEM.
Ceiluac Bo BceM Mupe i 00Jy4eHHA HOPAKEHHBIX PaKOM
TKaHeil npuMeHAOT (B TeX cjaydaAx, KOrfa TaKoe JedeHHe
BOOGINE BO3MOMSHO) paJAHOAKTUBHBIA uM30TON KoGajabra —
“Co, patomuii HauGosee ONHOPOAHOE H3ITYUEHHE,

B annapare pna o0nydeHus riayGokosajeralmux 3sjoKa-
9ecTBEHHBIX omyxoJeil, «kobanbroBoit mymke» I'YT-400 (ram-
Ma-yCTaHOBKA TepameBTHYeCKas), KOJIMIeCTBO Kobaabra-60
cootBercTByeT mo cpoeil axrueHoctu 400 r pagusa. Ito ouens
Gonpliaa BeJHYMHA, TAKOrO KOJAHYECTBA PAagdd HET HH B OfI-
Hoit naGopatopun. Ho uMenHo BhiCOKass aKTHBHOCTD I03BOJISAET
OpejIpUuHAMATh NONBITKH JIedeHNA ONmyXoJeil, pacHooKeH-
HBIX B TiayOuHe opranuama GoJbLHOTO.

Pangvoaxtupubiii KoGaabT HCHOONL3YETCA HE TOJBKO B Je-
ge0HbIX Ieadax. YCcTaHOBKH, NOA00HBIE MEeIHIOUHCKOU «mymi-
Ke», IPAMEHAIOT B IPOMBIOUICEHHOCTH A KOHTPOJIS YPOBHA
pacTBOPOB B ammapaTax, paGoTaoI{uX IpPH BHICOKAX TeMiuepa-
Typax M [JaBieHUAX, H BO MHOTHUX APYTHX CIydadx.
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Tex-

Kob6anbT B Kocmoce

PacckasbiBas 0 TOM uau
WHOM MeTasse, Hefb3s He yno-
MAHYTb O TOM, KAKOEe OH WMMeeT
OTHOLUEHME K CBEpPXCKOPOCT-
HbIM, BbICOTHbIM W KOCMMWYe-
CKMM nofietam. B 3atux oTpa-
CNAX TEXHUKW K NPUMEHSEMbIM
maTepuanam npegbsABASAIOT Bbl-
covaiiume TpeboBaHus. [Mpu-
XOAWUTCA CYUMTATbCA He TOMbKO
C NPOYHOCTbIO, BECOM U ApYyru-
MU «06blAEHHbIMWY BENYMHA-
MU. Hy>XHO yuuTbIBaTb YCno-
BUA: pa3peKeHHOCTb aTMocde-
pbl M KOCMWYECKU/A Bakyym,
a C [LpYroi CTOPOHbI, CUAbLHLINA
a3poMHAMUNYECKNA  pa3orpes,
BO3MOXHOCTb pe3Kux Temnepa-
TYPHbIX Nepenagos, TenoBbIX
yapoB.

Kasanocb 6bl, «CBEpPXCKO-
POCTHbIE» KOHCTPYKLMMN HYX-
HO fenatb W3 Hambonee Tyro-
NNaBKNUX MaTepuanos, TaKuXx,
Kak BOfb(hpam, MonH6aen, TaH-
Tan. 3TM MeTannbl, KOHEYHO,
UrpalwT BUAHYH pPOMb, HO He
cnepyet 3abbiBaTh, 4TO U Y
HWX eCTb HejoCTaTKW, OrpaHu-
yMBalLLINE BO3MOXHOCTU Npu-
MeHeHus. T[1pu BbICOKMX TeM-
nepatypax OHU CPaBHWUTE/IbHO
nerko okucnawTcs. O6paboT-
Ka ux 3aTpyfgHuTenbHa. Hako-
Heu, onu goporu. oatomy ux
NPUMEHAIOT, KOrga Apyrumu
maTepuanamm Henb3sa  060ii-
TUCb, & BO MHOIMX Yy3nax BMe-
CTO HMX paboTalT cnnaebl Ha
HWKeNeBON winm  Kob6anbTOBOM
ocuoBe.



Camoe mmpokoe mpuMeHeHHEe B ABHAIMOHHOH H KocMUue-
CKOIl TeXHHKe HOJIYYINIH CIIaBbl Ha ocHose HuKenas. Horma
OIHOTO H3BECTHOT0 MeTaJioBefla CIPOCHJI, KaK OH CO3[aeT
BHICOKOTEMIEpAaTypHble cIIaBel, on orBetmi: «fl mpocto 3a-
MeHSI0 B CTAJAX Kejie30 Ha HHKeNb),

B Tex e uensx npHMeHAIOT CIJIaBHI HA OCHOBe KobajibTa.
DBénpmas pacnpocTpaHeHHOCTh HHKEIEBHIX CIIABOB 00DBAC-
HAETCA B OCHOBHOM nX GoubIlell 113yY4eHHOCTHIO H MeHbIIeil
CTONMOCTBIO, JKCIVIyaTAalIOHHBIE jKe CBOIICTBA CILIABOB Ha
OCHOBe HHKeJAsA M KobaabTa mHpaktH4yecKd upentuaus. Ho
¢MeXaHU3Mbl NPOYHOCTHY» pasHble. BBICOKaA NPOYHOCTE HHKe-
JIeBBIX CILIABOB C THTAHOM H JIOMHIIHEM 06bSCHACTCA 05paso-
BaHneM (assi-ynpounurens cocrasa NizAl(Ti); gem Gounme
B CIUIaBe THTaHA W AJIOMHHUA, TeM BbIe er0 MeXaHnHYecKHe
ceoiicrea. Ho mpm BBICOKNX TeMmepaTypax SKcIyaTanan
qacTUIH (Pasbl-yHPOYHHTENA NEePexXoiAT B PacTBOp, N TOTHAA
CIUIaB TOBOJILHO OBLICTPO PasyIpOYHAETCA.

HoGanrToBeie e cHaaBH CBOEH KapONPOUHOCTBIO 06A3aHBI
o0pa3oBaHUIO TYromjaaBkux Kap6umos. dtu Kapbuanl He pac-
TBOPAKTCA B TBepAOM pacrBope. Onu obnamaior n manoii gud-
tysuonnoit mogsmmkuocteio. IlpaBja, mpemMymniectBa Takux
CIUIABOB Lepe]l HUKeJEeBBIME HPOABIAIOTCA JUINL NpH TeMie-
parypax or 1038° C u puime. Ilocnenee e J0MMHEO cMyINATh:
N3BeCTHO, 9TO 9YeM BLIINIe TEMIEPaTypa, pPasBHBAIOLIAACA B
asuraTene, TeM Goabmie ero 3agdexrusnocts. HobanbToBhie
CIIaBbl XOpOIIU MMEHHO JisA HanGoJsee 30PeKTHBHBIX BRICOKO-
TeMIepaTypHbIX JBHraTelei.

B KOHCTpYyKUMAX aBMANUOUHHLIX TYpOHH TNPUMEHAIOT KO-
GanbTOBBIE cliaBHl, KoTopbie comepskat ot 20 no 27% xpoma.
ITHM JOCTHraeTcs BHICOKAf «OKAJIMHOCTONKOCTLY MaTepHaja,
TDO3BONAINAA 00X0AuThcA 0Ge3 3alINTHBIX MOKPBITHIL. XpoM,
KCTaTH, €JUHCTBEHHBIA 3JeMeHT, YBEJHYHBAIOIUNA CTOIKOCTH
KoGaabTa MPOTHB OKHUCJIEHHA U OJUOBPEMEHIIO €r0 MPOYHOCTDH
OpH BBICOKOH TeMmeparype.

B naGopaTopHBIX yCIOBHAX COIOCTABJANH CBOICTBA HNU-
KeJIeBBIX I KOOAJbTOBBIX CIJIABOB IOJ AeiCTBHEM IepeMeHHBIX
TeMDepaTypHBIX Harpysok (remnosoro ygmapa). Mcnbiranus
mOKa3ayi, 9T0 KoOaJbTOBhIEe CIIaBRI 0GoJiee «YXapoCTOMKMY,
He ynusuTeasHO HO3TOMY, UTO CHEIMAJNCTH IO KOCMUYECKOIl
TEXHUKe Bce OOJbIle BHHMAHUA YAENAIOT CIUIaBAM dJeMEeH-
ta Ne 27.9T0, ecin MOKHO TaK BHIPA3UTHCA, MHTEpPEC C Lep
cnexktuBoit. Ilonpo6yem o0BACHNTE, 9TO 9TO 3HAYAT, XOTA OBI
Ha OJHOM IpHMepe.
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Bce mpuBbiuHee CTAHOBATCA TOJNETHI 4UedOBeKa B KOCMOC.
Ho moka ma 3KpaHaX CBOMX TeJeBH30DOB Mbl BHAMM JMINb
paKeTsl, INONydYalINHe BHEPTHIO B pe3ylibTaTe peaxiuu
OKHCCHNA TeX NMIH HHBIX TOWIHB, Bpaa am aToT BUA «dHEPTO-
cHa0eHHA» MOKHO CYATATh €JHHCTBEMHBIM I ma Oyaymee.
[MoguuMYyTCA pareTbl, TATY KOTOPHIX CO3XAAYT MHbIE CHIBIL.
B mpouecce paspaGoTknm HAaXORATCA 3JIEKTPOTepMHYECKHe,
njiasMeHHbie, HOHHBIE PAKeTHL...

Baxnoll cocTraBHOIl YacThbI0 JBHTaTEJILHOH YCTAHOBKH JIIO-
6oil U3 TAKHX CHCTEM CTaHeT, O-BHIMMOMY, dJIEKTpOreHepa-
Top. OnekTporeneparop Oonpmoii momuoctn. Ho, xak MBI
3HaeM, MOLIHbIe reHepaTopsl N BeCAT MHOTO, H Pa3Mepsl HMeloT
comunnbie. Haxk Takyio MaXmay moMecTHTh Ha «TPaHCIOPTa-
GeapHoil ycramoBke»? Mim — 9ro mpakTnueckn Gojiee mpHeM-
JIeMO — KaK CHeliaTh JOCTaTOYHO MOIIHBII M B TO 7K€ BpeMA
KOCTAaTOTHO JeTKuit reHepatop? HysKHBI onTHMaNbHBIE KOH-
CTPYKIHH M OUTHMAJILHBIE MATePHAJB! i1 HAX.

B paspabaTtbiBaeMbIX POEKTaX MpPefycMOTPeH, B YaCTHOCTH,
aTOMHBIN peakTop ¢ yTmiusauueil Temsia B mapoBoil TypOuHe.
HKpyrturh ary Typ6uny 6ymer He BOAAHOMN map, a pryTHHI (AIn
napsl 1EeNOoYHbIX MeTaiuoB). B TpyGuarom Goilnepe Teruto
AEPHOI pearINN HCHAPUT PTYTH; PTYTHHIN map, Xpoiias Typ-
OHHY W cliellaB CBOE [eJio, TOHAeT B KOHAEHCATOP, TJie CHOBA
CTaHeT KUAKOCTBIO, a 3aTeM ONATH, COBepHmas KpPyroBopoT,
oTnpaBuTca B Goiinep.

Taxne annmapats! fomxHH paGotaTh Ge3 0CTAHOBOK, Ge3 oc-
MOTpa M Kakoro-inbo pemonrta me Menee 10 Twic. wacos, T. e.
Goabme roga. Cynsa no myGnurauuaMm, Goliepsl SKcIepUMEH-
TalLHEIX aMepukaHCKHX reHepatopoB SNAP-2 n SNAP-8
cllelaHBl U3 KOOANbTOBEIX CIJIABOB. ITH CIUVIABHI NPHMEHNIA
MOTOMY, YTO OHH KAapPONPOYHEI, HE MOJABEPKEHBH aMajJbraMa-
unn (He PearmpyioT ¢ PTYTHIO), KOPPO3MOHHO-YCTONUMBEL.

eno ects n Ha 3emae...

Mpr pacckaszamm fajieko He 0 Bcex o6nacTAX IMpHMeHeRHA
rob6ampTa. CoBepiIeHHO He YHNOMJHYNH, HaOpHMep, O TOM,
YTO BMEKTPOJHTHIECKHE KOGANbTOBbIE MOKPHITHA BO MHOTHX
OTHOMIEHWAX IPEBOCXORAT HuKeneBble. Iloayuutsr kobanbTo-
BO€ TOKPBITHE HYMKHOM TOMLHEH (HpHYeM paBHOMEpPHOIT TOM-
uHb!) MOMKHO He 3a wac, KaK HWKeJeBoe, a Bcero 3a 4
muayTH. HoGambToBEie MOKpHITHA Gonee TBepxBI, NOITOMY
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3310ATHEI c10H Ko6ajbTa MOMKHO CAENATH TOHBIIE, YeM COOT-
BCTCTBYIOIUIA CJIOfi HUKeJA.

Pycckum yuenstm DegoTheBsIM GBI B CBOE BpeMsA HCCIENO0-
pan xoGanbpToBbIi cmiaB (o 75% xoGanwTa), mpennasnaven-
HBIA 77 3aMEHBl IUIATHHOBEIX 3JIEKTPOAOB TaibBaHHYECKUX
pamH, OKasanoch, 9TO 3TOT CIJIaB He TOJNBKO He ycTymaeT
AParoueHHoOMy MeTally, HO H IPEBOCXOJHT ero MO HepacTBO-
pPUMOCTH B KPEeOKHX KHCIOTaX, a 00XoAuTcA HecpaBHEHHO
felene.

Mm me 3aMedaeM, 4TO KoBanbT OKpy:KaeT HAC B Hameii
TOBCEJIHEBHOH KU3HH, B OBITY, KOHKPETHEE — B 3MAIMPOBAH-
HBIX KacTpIONiAX, IpHYeM He TOJbKo cmHero nsera. Illmpoxo
H3BECTHBI HBIHE IIPONECC SMAIHMPOBAHUA KECTH DPOMKIAICH
B MYKax. IMajib HAKJIaAblBAIACh, HO JIePKaJach IIIOXO U OT-
CKaKHMBajia OT OCHOBHOTO ME€Ta/ula IPW HArpese, TONYKE, a TO
# 6e3 BCAKHNX BHAMMBIX mpmuuH. JIMme Torma, Korma craam
HAHOCHTBH 9MAJIb B fiBa ¢JOA (IPYHT H 9MAJL), ¢ COepsKanneM
B mepsoM cioe Bcero aumb 0,6% kobannra, moKpeITHE CTaNO
yaepmusaTthca npodno. OGbAcHAETCA jKe 3TO TeM, YTO B HPO-
mecce HarpeBa OKHCIBI K00ajbTa BOCCTAHABIUBAIOTCH JKeljie-
30M [0 MeTajia; 3T0T KofambT NpH JanpHelimieM Harpese
muddyaaupyer B sKeneso, obpasyd ¢ HOM TBepABlL CIUIaB.
Mul cKazaam Jaums O Kacrpiojie, a CKOJIBKO SMaJHPOBAHHOM
mocyfsl HCHONB3yeTcd B Memuuune, dapmaleBTHYecKoi, Xxm-
MHuecKko#l mpombimuiensoctu. U Beaie KoGaibT, BCEro numb
0,6%. ,

HcoonnsoBanme KoGaibTa, €ro CIJIAaBOB M COGJJMHEHHI IIH-
pHTCA ¢ KaKABIM JueM. B mocienmee BpeMms, HampuMmep, oHH
cTanu HYKHBl [JiA M3roToBieHHA (JeppuTOB, B NPOHU3BOJCTBE
(TEYaTHBIX CXeM» B pagUOTEXHHYECKOH NPOMEILJIEHHOCTH,
OpH W3TOTOBIEHNM KBAHTOBBIX T[EHEPATOPOB H YCHIIHTENEit,
ITro MeTaly ¢ GONBIHUM HACTOAMMM M GONBIIAM GyHyLIEM,

HeMHOro craTHCTHRH

Untepecust mudpsl, KOTOpHe [alOT HEKOTOPOe NpECTaB-
JeHHe O TOM, Ha 4TO pacxofyerca KOOAIbT B NPOMBIILIEHHO
Pa3BUTHIX cTpaHax 3amaja.

Bor ycpegmennsie craructmveckume fanmsie (B %):

MarunTHLIE CIJABBE « « « © v v v« v 4 v v e e e e e e 27
HaponpouHnie MATEPHNAABL o v+ v v« v o 2 v 0 o 0o 0. o 200D
l{pacmiuualm......................13



N3HocoycToi4NBLIE 11 KOPPO3NOHHO-CTOIIKNE CINIABLL 1A XH-
MMUCCKOIl M MeTaJiay prideckoii mpomsiuiessocrt . . . . . . 8,5

Hepamnka n amann . . . . . . B |

Cnjasel ¢ HU3KUM Koa(]xbnunemom pacmupemm IUIA KOHTPOJIL-
HO-U3MepNTeJbHbLIX NPHOOPOB, CIJIABH ¢ HII3KHM Monynen yu-
PYrocTil A NPYMUH M T. I e

CraJiif ¢ BBICOKUM npenenou Texyqecm (n caMoJ1eTo- It pal{e-

TOCTpOeHUN) . . . . T
IlopoIoK MeTalls HIEeCKOTo xoGaJu,Ta IJIA N3roTOBJENNA TBEP-
ABIX CIJIABOB + « « + « « + o o« v v o o v o o v v v v o .. 4

Haranusatopbl B XIMHUY9eCKHX IIPON3BOACTBAX it MIIKPOdJeMeH-
Thl B CeJILCKOM XO03fliicTBe (B »KNBOTHOBOACTBE) . . . . . . . .

BLICTPOPESYIINE CTAMI o« v v+ v o v 0 v v v = 0 v v v o 0 2,0

ITpuseneunnsie nudps oTHOCATCA K Hadady 70-X romos, HO
BPAJ A 3a HOCHE[UHe TOfbl 3MeCh YTO-TO CYMECTBEHHO H3-
MEHIIOCh. YJAbTPAaHOBHIX ofjacTeif TpPUMEHEHUA IJIEMEHT
Ne 27 B a1 ronsl He mamen. Ussectro, ato B 1975 r. 8 CIIA
cmpoc Ha koGalabT mo cpasuenmio ¢ 1974 r. ynaa mout: Ha
g9eTBepTh. BrpoueMm, sKOHOMUYECKHI KPHU3UC OTPA3WICA IO-
nobHbIM 00pasomM Ha NpPOU3BOACTBE M IOTPe0IeHMH MHOTAX
MeTaJJIOB.

B mupe, mo amepuxkanckum gauasiM, B 1980 r. Gelio mosy-
9eHo oKoo 30 Thic. T KobaabTa. Ilepen HavamoM BTOpOl Mu-
poBoit BOHHBI mpOM3BOACTBO KOGalbTa efBa IpPEBBIIIAJNO
3 teic. 1. Kpynmeilmmii mocTaBmuk KoGaiabTa HA MHPOBOI
pBIHOK — pecnybauka 3aup. [docratoano GoraTsl Ko0adbTOM
Hefpa Hamapw, CIHA, ®pawgnn, 3amoumu. B Comerckom
Cowose xofaibToBbie pyAsl ecTb Ha Ypaine, B Hasaxcrame,
B Bocroanoit Cu6npu. KoGansTcogepramue MmeqHo-HIKeJIeBbIe
pyast ectb ga HoasckoMm monyoctpose B B paitone Hopuabcka.

Bynymiee, Hafio ayMaTh, OTKPOET HAM eIje He OJ{HO IEeHHOe
cBoiicTBO amementa Ne 27.

K BOHPOCY OB MMEHU. OTHOCHMTEeNBHO BPEAOHOCHOCTH CYIIECTB,
0 MMEHH KOTOPBHIX NOJYTHJI CBOe Ha3BaHIe KOOANbT, mMeeTCA MHeHHe,
A¥aMeTpaJibHO MPOTUBOMOJIOH(HOe NPHUBCAEHHOMY B CTaThe 00 dJeMeH-
Te Ne 27. O3HaKOMBTECH CO CJAefYIOIHM JOKYMEHTOM:

.JobosbgamM noGpLHIM MBI poaHA;
Xupypru rop, cBoii Tpyna ueHs,
CBCpJanM MBI IIX 1O Mepe CHJI,—
Tlyckaem KpoOBL M3 PYAHBIN KILI;
MeTaJipl rpyfoil KOOMM MBI,
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N kauveM JACKOBO M3 THMULI,
Utol GofpoCTy MYTHHKY BIOXHYTD:
«Cuactauselii ayts! CyacTaumelii nyTs!»

IJra BIOJHE MOJIOKHTEJNbHAA CJayeGnas XapakTepPHCTHKA 1ana mof-
3eMHBIM THOMAaM [OCTATOYHO AaBTOPHTETHBIM 3HATOKOM NHEMELKOTO
cpennepekoBbst — Morannom Bosnbgranrom Téte. Bol MoeTe HaliTH
ee Bo BTOpOii gacTn «®aycrar.

13 TPOBHUUL TYTAIIXAMOHA. Ve B riay0oKoil [peBHOCTH JIOAK
YMeJIIl H3rOTOBJATEL IBETHBIE CTEKJA H CMAJILTHI, B TOM YHUCJIC H CHHME.
OcTaTKi MOCYAbl, MO3AHKH, YKPaIleHiil H3 CHIEro CTCeKJIA apXeoJyio-
IH HAXOMAT BO MHOTHX LEHTPAX JPEeBHAX IHBHAM3AIMIL

Opgnako B GOMBIIMHCTBC cJay4daeR — 00 DTOM HENPEJOHO CBIje-
TeNABCTBYIOT De3yJbTAaThl XHMHYECKOTO aHAIN3a — 3TH CTEKJIa OKpamle-
HBl COeJHMelnsAMH Melan, a He kobGanabra. HampuMcp, B rpounne ern-
nerckoro (papaona TyranxaMona Obulo HaiifleHO MHO)KECTBO IpejMe-
TOB M3 cHHero cTekJa. Ho ToJbko ofMm M3 HHX OKasajcsA OKpalleH-
HbIM KOOQJIHTOM, BCE OCTAJbHBIE — MeJblo.

YOMBIATLCA TYT, pa3yMeeTcd, HedeMy — Me[Hble MIHEPAJIBI BCTpe-
4alTCA Ha HaIOell MJaHeTe ropasfo dYame Ko0aJbTOBBIX,

YUHUTEJDL U YUEHWK. Teopr Bpannr, oTKpeBINiI KOGaJbT, HAYAJNX
3aHAMAaThCcA XHMMell 4yThb JH He € JETCTBA, IOMOras CBOEMY OTHY —
CHAYQJIA AaNTeKaplo, a 3areM YNPAaBIANMEMY METAIUIyprudecKuMa
NPEANPAATHAMHE — CTAaBHTH ONBITLL.

Cpou cTymeHucckme roisl BpanjT npoBel B TONJIAHACKOM TOpojie
Jleiinene. 3aech OH M3yYaJ MeMIHY U XHMHIO IOJ PYKOBOJCTBOM
3HaMeHNTOro xnMnka, 6oranuka n Bpada I'epmana Byprase.

BypraBe mepBbiM CpeAl y4YeHbIX IPHMEHHJ B CBOMX MHCCIENOBANM-
AX Jymy Hu TepMoMeTp. Ero Jekmmm moJsb3oBajHch MIHpodaiimei
NONYJAPHOCTBIO — Ha HUX ObIBaX fpaske pycckmit naps Iletp 1. Hema-
g0 cpenan Byprase pasa Toro, 4To6bl OMPOBEPTHYTh pasjHYHbIE J0-
MBICJIBI QJXHMHKOB. B 9TOM 0H mpoaBiAx pefKkocTHOe ymopcrBo. Ha-
nmpuMep, KeJasg JOKa3aTh, YTO BONPEKH YTBEPHICHHAM AJIXHMHKOB
PTYTh TPH AJHTEJbHOM HArpeBaHHM He NpeBpamiaeTca B TBeplOe Te-
no, Byprase marpeBax pTyThb B 3aMKHYTOM COCYyAe B TedenHe... 15 Jer.

IIpoyansmncey B Jleiipene 3 ropma, Bpamar manpasmica B Peiime,
rje MOJYYHJ AMIJIOM JOKTOpa MeAUNHELI, 3aTeM B I'apn ana maydenmsa
rOpHOTO fejia U MeTarypran. ToJbko mocje 3TOr0O OH BepHyJCH B
Isenmo.

Baxnueiimne cBon ncciepoanna Bpanar nposex B Jgabopatopum
Momnetnoro papopa. (Mexgy mnpouuMm, n B Poccnnm ogna mu3 nepshix
XUMHYecKnx jaGopaTopuii maxopmiach npn MonetHoM gBope.) Bpamar
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13y1ajd MbIOBAK 0 CrO COEMHCHAA, COAY W NOBAapEeHNYI0 COJb; Opra-
A030BaJ NPOM3BOACTBO MBEJCKOIl jarymnm Ha 0a3e MCCTHOFO IIIKA.
Ho mnanGonbmyio caasy Dpanary n0panecio, KOleIHO, OTKPLITHC
KobannTa,

N3 JHEBHUKA NEPBOOTKPBIBATEJSI. «Tak e, Kak ecTh MecCTb
BHIOB MeTaJJIOB, €CThb — i AUKa3aJ 3TO NOCTOBEPHBIMH 3KCOEPHMEH-
TaMf...— MeCTh BHAOB MOJYMETAJLIOB... fI MMen cuacTtbe ObITh OCPBO-
OTKpBIBaTeJCM HOBOT'O MOJyMeTalllia, HA3BAHHOTO KOQaJbT peryiyc,
KOTOpHIl panee MyTaJl C BHCMYTOM...»

KOMMEHTAPUN K JHEBHUKY. Becsma rapmonnunas cxema Bpang-
Ta — MeCTh METAJVIOB H IIecTh MOJYMeTaJIoB — TPOCymecTBOBaJa
vefioaro. Uepea 10 Jer mociie Toro, Kak OH chejaj NpOOATHPOBAHHYIO
BHIIIE 3aMHCh B JHEBHHKE, €r0 KoJjera mo Jjadopatopum MomeTHOTO
asopa Axcens @peaepuk KpoHncteAT OTKphul caelyomuit HOBLIA
3JleMEeHT — HHKeJb, HADYIHUB TeM CaMbLIM NPHATHYI0, HO HCKYCCTBeu-
HYI0 FapMOHUIO.

YnomanyTtsie BpanaTroM mecTb MeTaJuIoB — 3TO 30J10TO, cepebpo,
Mefb, ’Kejieso, OJIOBO, CBHHEN. A IIEeCTh «HOOJYyMETaJJIOBY» — PTYTh,
BHCMYT, OUHK, CYpbMa, KoGaabT, MpmbaK, [log momyMmeranjiamum yde-
Hblif NOHMMAJ BeINeCcTBa, N0 BHEMHEMY BHAY H Becy mogo0nble MeTal-
J1aM, HO B OTJNYHEE OT BUX He MOAJAIMueca KOBKe.

«HobaabT peryiyc» — aT0 KOpoJeK KoGaiabTa, T. €. YACTHIl MeTal-
amdeckuil koGaxnT. BpanAT ymorpeGua STOT TepMAH, 4TOOH OTJHYHTH
MeTa/uImiecKHii ko6aabT oT KoGalbTa-MAHEpaJia.

UTO TAKOE VYUYEHBIN. Korma Teopr Bpamar ymep, BeIAalomuiics
mBeacknii ecrecrBoncnbitatelb Kapn Jlmmmeit ckasan: «Koposs Mmo-
’KeT NOTepATh CBOI0 apMHIO,~ HO He NpOiileT W roga, Kak oOH MmOJy-
4AT HOBYI0, HHCKONAbKO He XxYy:xke. HKopoab MoskeT nortepATh cBOIl
¢noT,— HO He mpoiiiler m ABYX JNer, Kak OyaeT cHaAps:KeH ApYroii.
Ho ppyroro Bpasara KOpoJio He DOJNYYAThL 3a Bce BpeMsa mpeObiBanus
HA IpecToey.

YTo6bl DONHOCTHIO ONEHATH 3HAYeHHE ITHX CJOB, HAJO BCHOMHHTS,
4YTO KaK Pa3 Ha rofsl *KN3EM Bpamara NpUXOAMTCA KpYIMeEHAE BOEH-
poro Morymectna Ilsenun. EMy 6muo 15 sger, xorma mpomsomaa Ilos-
TaBCcKag OuTBA.

SJIEMEHT WJIN HE 3JIEMEHT? He Bago aymarts, 4910 noJydemme
BpamaroM MeTalamueckoro koGaanTa wuim, CcKaxeM, HKponcrearom
METAJNIMIECKOTO HHKeNA cpasy y6emuao BCeX B TOM, 9TO OTKDPHITH
nelicTBATENbHO 9JeMenTHHN® BemecTsa. OO0 anemenTHO#l mHpupope
K00anbTa XMHMHKH COOpHIM eme oueHb poaro. ONHHm [OKasLlBaim,
910 KOOaNbT COCTOHT M3 MeAH, skeje3a W «ocoGoii 3eMa», Aapyrue
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yBepsam, GyATO o He UTO HNOE, KAK COGMHEHHE JKeJe3a C MBIIIbAKOM.
Tounsli MeToj HONYIEHHA MerajiMIecKOro KoGanbTa H3 pyn
onyGauxosan B 1781 r. ¢pannyackmit xamuk Make. Ilocae aroro ymke
HHKTO HE MOKYLIAJICA HA 3JIEMEHTHYI0 IpHPoAy KoGanbTa.

®OPEJIN TOHKE HYMMEH KOBAJIBT. BeposarHo, He BCce 3HAIOT, 4TO
puify, BeIpamMpBaeMyl0 B NPYAaX, HAIPAMEp KapIoB, HY}KHO KOPMHATE.
mHavYe pasBefeHne ee GyJeT OPOCTO HEBLITOAHLIM. Pammonbl «pruibbe-
ro MHTAHHA» MOTYT OBLITH CAMBIMH Da3JHYHBLIMH, OJHH H3 HHX JAIOT
Goapmuii addext, apyrne Mensmuit. Ho B mobom caydae mobasienme
B KOPM MHAKPO3JIEMEHTOB, B YaCTHOCTH Ko0aJsIbTa, MPHUBOAUT K NOpasm-
TeJbHBIM Pe3yJbTaTaM.

B mByx mpypax pnidHoro xo3ssiictBa «Humsa» Boponemckoit obia-
CTH KapnaM-IBYXJeTKaM CTaJil [AaBaTh XJOPUCTHI KoGanbT — Mo
0,08 Mr B CyTKH Ha KWJOIDAaMM 3KHBOro Beca puiObl. K KoHIy oTKOp-
Ma 3TH Kapoel Becuwsad B cpegHeM 530 r, a KOHTpOJbHBIE, IIC MOJydYaB-
mue KoGaibTa, B TeX Ke YCJIOBHAX — ToJbKO 450 r. Eme nosesnee
oKasajica KoOajspT JJA KapmoB-TpexyieTok, B CmHioxmuckoM pniGonm-
ToMHHEKe HpacHOZapcKOro Kpasg pasHHIA B Bece ONBITIBIX H KONUTPOJb-
HBIX pbI6 coctaBmwia 170 r; 3aTpaTHl KOpMa HA KHJOTPpAMM MNpHpOCTa
Opin mouTH BABoe Mmenbile, OueHb mojeseH KobGaabT m openn, 3rtoi
moucTure Iapckoit puibe. Ilosyuaa ero ¢ BuTaMmHoM B,,, oHA Jyume
ycBamBaeT KopM, GBICTpee pacTeT, Memblle Gojeer M XOPOUIO mepe-
HOCHT 3HMOBKY.



HUKEJIb

Huxenn, Bmepssle nonasBumili B PyKn
uejioBeKa,— HefecHOro  IPOHCXOM[ie-
HUS: Cofiep:;Kamiee 3TOT 3JeMEeHT Hmpod-
HOE ¥ CTOlIKOe K PIKaBI€HHIO METEOPUT-
HOe jKelie30 INJIO He TOJBLKO Ha Talu-
CcMaHBl, HO W Ha OpyKue. A UMA K
amementy Ne 28 ppHmIo cKopee H3
npeacrnofHeil, uem ¢ Heba.

dt0 Gouto B cepennue XVII B.,amo-
aer Opith m panpme. Crapmit Huk,
HACMEIIJIUBHI U JI0GOUBITHBI I'HOM, TOTAA eINe NpOKHBAaB-
muil B ropax Caxcomnu, M00uJ NOAAPa3HATh FOPHAKNB U IIe-
PeAKO MOACOBBIBAA HM BMECTO MONHOHNEHHOH MeAHOH Dy
NOXO0KUil Ha Hee MUHEPaJ, U3 KOTOPOTo, OIHAKO, He YAAaBalOCh
BHIIVIABETH HH MeAH, HM MeTallia BooGuie. [lo MMeHH 3TOrO
rHOMa U GblJ1 Ha3BaH 9J1eMEHT, OTKPLITbI MOJOABIM MIBEACKAM
metasayprom AxceneM @pemepurom Kpomcrearom B 1751 .
«Kyndeprukenb — pyma, KoTopas copepxuT Haubojbmee
_KOIHYECTBO... OHHCAHHOrO0 mnoJdyMerasia,— mucal Hpomr-
CTeAT,— HO3TOMY § MAJ €My TO Ke HMA, IR, JIA yAoOCcTBa,
A HasBanx ero HukeileM». (HamomumM, 9To mosymeraiaMn
Ha3LIBAJN MPOCTHIe BELIecTBa, CXOAHBIE H C METAJUIAMH, B C
HeMeTaJIaMH, HallpuMep MBIOIBAK).

OTkpBITHE [0JTO OCIIAPHMBAJIOCH: COBpEMEHHHKH NOJAraln,
9T0 HUKEJb — 3TO He CAMOCTOATENBHBIH MeTasl, a CILIAB yike
H3BECTHHIX METAJJIOB ¢ MBIMbAKOM U cepoit. Kpomerenr Ha-
CTanBaJ Ha WHAMBHAYAJbHOCTH HHKeJs, CChIIAACH B KauecTBe
«BeIIeCTBEHHBIX MOKA3aTEJbCTBY, B HAaCTHOCTH, HA 3EJIEHYIO
OKPACKy €ro COeIHHEHNH M JIETKOCTh B3aUMOJEHCTBHA 3TOTO
«monxymertaina» ¢ cepoii. Kporcteary mpuxoamioch Goporbes
He TOJBKO ¢ PUBMKO-XUMUTIECKUMH, HO U ¢ ACTPOJOrHICCKUMA
[OBOAAMH CBOMX ONNOHEHTOB. «UMC/IO MeTalsioB mpeBOCXORHT
yiKe UHCNO NJAHET, B CONHETHOM Kpyre HAXORAIMUXCH,—
oucan HKpoHCTenT,— mosToMy HbIHe pasMHOKeHAMS UHCHA
MEeTAJJIOB OHACATHCA HE HAJICHATY.

Ho HKponcrear ymep B 1765 r.,, Tak m He HoIaBmIHCD
Opu3HAHHA cBoero oTkpeiTua. W mame uepes 10 ner mocxe
ero cMept Bo PpaHnyscKoil sSHOIHKIOmEANH, BHICIIEM CBOMO
sHaHNA amoxW, Obiio HamedaraHo: «Haskercs, 9T0 eme gossk-
HBI GHITH IPOBEJeHk! JlajbEEHINNE ONBITHL, 4To0H yGennTh HAC,
€CTh JIN 9TOT KOPOJNEK «HHKeIA», 0 KOTOpuM rosupst T. Kpomn-
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Akcenb ®pepgepuk ICpo H-
cTenpT (1722—1705) — wBeACKNiA
XUMUK U meTannypr. B 1751 r. oT-
KpbIN «KyntepHukens» — Pyay, Ko-
Topas, MO cnosam Hpo7lcTenTa, <Co-
0ep>KUT  neboNbIMOC  KONMYECTBO...
onucaHHoro nonymeTannaa. [log
«nofymeTaniome nojpasymesancs
HUKeNb — OYeHb Ba>XHbI B Hale
BpemMsa meTann

CTeAT, 0COObIi MonymeTann WAM ero ckopee cnefyet CuMTaTb
COefIMHEHMEM >Kefe3a, MbllbsKa, BUCMYTa, KobanbTa M gaxe
Meau C cepoii».

B Tom >xe 1775 r. cooTeyecTBeHHUMK KpoHcTeaTa XUMUK
n metannypr T. beprmaH ony6/1vMKoBan CBOM WCCNefOBaHUA,
KOTOpble y6eannn MHOrMX B TOM, YTO HUKeNb LeACTBMTENbHO
HOBbI1 MeTann. HO OKOHYaTeNbHO CMOPbl YNErfuchb JWLb
B Hauyane XIX B., KOrga HECKOMbKWM KpYMMbIM XUMWUKaM
BMepBble YAanocb BblAeNNTb YMCTbIA HUKenb. Cpean HUX 6bin
XK. J1. MpycT, aBTOp 3akoHa MNOCTOAHCTBa COCTaBa XUMUYe-
CKUX COefUHEeHWA; WHTEPeCHO, 4TO BaXMblM aprymeHTOM
B MOMb3y WMHAWBMAYANbHOCTM Hukens [lpycT cumTan cBOeob-
pasHbllii CnafKoBaTbli BKYC pacTBOpa HWKENeBOro Kymnopoca,
Pe3Ko OTAMYHbLIA OT HENPUATHOIO BKYyCa MEAHOro Kynopoca.
[Opyroin  dgpaHuysckuii xumuk, J1. XK. TeHap, OKOHYaTeNbHO
BbISICHW/T MarHWTHble CBOCTBa HMKensa (na wx CBOeobpasve
yKasbiBan ewe beprman).

MonyBekoBble ycunmsa uccnegosateneit 6binn NOAbITOXEHDI
Vepemueli PuxTepom, KOTOpbIi 6Gonee W3BECTEH B UCTOPUM
XUMUWM KaK OfUH U3 OCHOBOMO/IOXXHUKOB CTeXMomeTpuu. YTto-
6bl NONYYNTb YUCTLI HUKeNb, PuxTep nocne o6xura Kyngep-
Hukena NeA3 Ha Bo3gyxe (gna yganeHus 6onblieil vacTu
MblllbAKa), BOCCTAHOB/IEHUS YINEM N PacTBOPEHUSA KOPOSbKa
9 kucnoTe npogenan 32 nepekpucTanin3auum HUKENEBOro



Kymopoca H 3aTeéM M3 THX KPHCTAJJIOB BOCCTAHOBNJ YICTHII
metaii. [lonydennsli 9TEM «BecbMa MHOTOTPYAHBIM INYTEM)»
HEKeab 6pl1 onucan Puxtepom B 1804 r. B cratbe «06 aGceo-
JIOTHO YUCTOM HHKele, 6IaropogHOM MeTajlle, eT0 MOJyYemni
H 0coOBIX cBOMCTBaX».

B ucropuio anementa Ne 28 crarba Puxrepa Bomia Kak
opopodeckas: B Heil GBIIM YKa3aHBI DOUTH BCe XapaKTepHBIE
0Co0EHHOCTH HHKelsi, ClejaBIne €ro OJHHM H3 IJaBHelmmx
MeTalJI0B COBPEMEHHOH TEeXHHUKH,— GOJNbIIasg COMPOTHBIse-
MOCTh KOPpO3HH, KAPOCTOMKOCTh, BBICOKAsA MJIACTHYNOCTH U
KOBKOCTb, MAaTrHATHBIE CBOACTBA. JTH 0COGEHHOCTH H oIpefe-
MU OyTH, 10 KOTOPHIM HAKeJh GblI HAaNpaBlieH 4€JI0BEKOM.

MeTanau4yecKuii HAKEIb...

IlepBbie mpumMeHeHHs HUKeldl0 mpupymanu losexnpbl. Coo-
KoiiHBlii cBeTsblil Gmeck Hukean (BcmoMHEEM MasikoBckoro:
«O6ana Gy IpKHAKH AYHHBIA HAKEJIb») He MepKHeT Ha BO3NY-
xe. K Tomy ke HuUKesb CpaBHHUTEJBLHO JETKO 00pabaThIBaeTCA.
ITosToMy ero crannm DpUMeHATH NJIA M3TOTOBJECHHs YKpalle-
HUiA, DpeIMeTOB YyTBapH M 3BOHKOI MOHETEI.

Ho u »sT0o BecbMa He3HAUHTENLHOE MOJEe HREATEJBHOCTH
anemerT Ne 28 mosyuma He cpasdy, MOTOMY 4TO HHKEIb, KOTO-
pHIdl BHIIIABIAIN METANIYPru, OB coBCeM He MOXOk Ha Oua-
TOPOAHBIN MeTauna, onucadHbl PaxtepoM. O Gblr Xpymok u
OpaKTHYECKH HeOpHrofeH s o6paboTku.

Ilo3ke BBISICHMJIOCH, YTO HUYTOMKHOH (IO HOpMaM CTOJNET-
Hell fnasHOCTH) npuMecu cepsl — aumb 0,03% — nocraTouno,
910651 BKOHEN UCOOPTUTH MeXaHHYeCKHEe CBOHCTBA HHUKEJ,
OPOHCXOAMT 3TO M3-3a TOTO, YTO TOHYAIIMAsA NIeHKA XPYOKOTO
CEepHHUCTOTO HUKeJNA pa3beinHAeT 3epPHA MeTajjga, Hapymaer
ero cTpykrypy. IlpuMepHo Tak ke JelicTByeT Ha CBOICTBa
3TOTO METAJLIa W KACJIOPOJ.

ITpo6memy noNydeANs KOBKOTO HHUKeJSA PEIINIO OMHO OT-
kphiTue. Ilpucagka MarHNA B pacmiIaBiIeNHBI METANT Hepef
pasnEBKOH ocBOOOKIAaeT HUKeJb OT IpuMeceil: MAarHuii ak-
THBHO CBS3BIBAET, «IpHHAMaeT Ha ceGaA» cepy 7 KICIOPO..
A10 orkphiTHe OBUIO chenaHo eme B 70-x rogax MpPOMIIOTO
BEKa, M C TeX TOp CIPOC Ha HUKEJh CTAX PacTH.

Bcxope BoiscEHmIOCH, 49TO 3deMeHT No 28 — He TOJBKO
JAeKOpaTHUBHLIA MeTaji (XOTA HHOKEJHDOBAaHMEM KaKk CpencT-
BOM BAIIUTH APYrHX METAJJIOB OT KOPPO3HY U JJIA JTEeKOPATHB-
HBIX Henedl nonbayoTes yie oKodo crg jer). Huxenp oka-
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3aycs W OJHNM M3 CaMbiX NEePCHEKTHBHLIX MATEPHANOB M
IIBrOTOBJEIIIsT XHMIIYeCKoll ammapaTypsl, KoTopas JoJKia
BBIAEP/KNBATL pasbefalonlee [eificTBIIe KOHIEHTPHPOBAHHBIX
paccoioB. TOpPAYHX Liejioveil, pacmiaBieHHBIX coielt, $Topa,
xjopa, OpoMa II JPYLHX AarpecCHBHBIX cpefl. XIIMHUECKYIO
NAcCIBHOCTh 3TOT MeTaJI COXPaHseT I NpH HarpeBe; jKa-
POCTOMKOCTD NPOJIOIKINIA HIUKENIO JOPOTYy B PEAKTHBHYIO TeX-
HUKY.

YINKaXbnylo COBOKYNHOCTH CBOMCTB yBHAENM B HHOKele
KOHCTPYKTOPHl 3JIEKTPOBAKYYMHBIX upiGopos. He cayuaiino
GoJblle TpeX YeTBEPTEH BCErO0 METAJIA, PACXOMYEMOro 3JJEKT-
POBaKyyMHOl TeXHNKOM, IPUXOXUTCA HA WICTHIA HIKENb, U3
HETO H3TOTOBJAIOT IPOBOJIOYHBIE NEPIKATENH, BBOMBI, COTKH,
aHOMIBI, 9KPAHBI, KePHBI [UiA OKCHAHBIX KATOXOB M DA APYTHX
aeTajei.

3mech HapAgy ¢ KOPPO3HOHHON M TEIIOBOM CTOMKOCTHIO
HIIKeJsS, er0 NJIACTUYHOCTHIO U TPOYHOCTHIO OYeHb HEHUTCA
HH3Kasg YIOPYrocTh mapa: mpu paboueil TeMmmeparype OKOJIO
750° C o6beM 2JIEKTPOHHOM JAMIIB HACHILAETCS HHYTOMHBIM
KOJIIYeCTBOM HuKejsa — mopsagka 10~'? r, xotopoe He Hapy-
maet rIy0GoKoro BaKyyma.

Bo MHornx oTHOmeHHSAX 3aMedaTeNbHB MAarHUTHBIE CBOIM-
CTBA HUKEJA.

B 1842 r. Iix. II. Jlxkoynp omnmcan yBelmdYeHHe [JIMHBI
CTAJILIBIX UPYTKOB Mpu HaMarEm4upaHuu. Yepes 35 jer ¢n-
3uUKH [o0paliich M 0 XUMAYECKHX cobpaTheB jkede3a — KO-
fagpTa 11 HiKeas. N TyT oKasaloch, 9TO KOOAIbLTOBEIE HNPYTKH
TOMe YIJIHAIOTCA B MAIHUTHOM TIOJIe, 4 ¥ HUKENA 3TOT 3aMe-
qareabHBIT 9¢pPeKT He o6HapYKuBaeTcsa. Eine uepe3 HeCKOIb-
ko ner (B 1882 r.) BmIACHWIOCK, YTO HUKeJNb HEe TOJIBKO HE
VIUIIHAETCS, 4, HA060pOT, azke YKOPAaYMBAaeTCAi B MATHUTHOM
none. flsnenne Gruro HazBaHO MarHmTocTpnKmueil. CymuocTh
ero COCTOHMT B TOM, 4TO HPH HAJOKEHNH BHEIIHET0 MaTHUTHO-
ro moas GecrmopsAfOYHO PpAaCIOJOKeHHbe MHKPOMATHUTHKN
meraiuta (AOMEHBI) BBHICTPAMBAIOTCA B OAHOM HAHpaBIeHNH,
neopMIIpys 9TUM KPHCTAIUINYECKYIo pemeTky. Iddext obpa-
TIIM: TPIUIOKeHIEe MEeXaHMYEeCKOTO HANPAKEHNS K MeTaay
MeHAeT ero MarHNTHBIE XaPAKTePHCTAKH.

ITooromy MexaHuveckne KojneGaHMA B ¢eppoOMarHATHBIX
MaTepHajJax 3aTyXaioT ropasfo ObicTpee, ueM B Hedeppomar-
HATHBIX: Heprus KojeGaHIN pacXopyeTcd Ha N3MeHeHNe CO-
CTOAHNA HamarmmdenrocTi. IloHiiMaHIle IPHPOXLI 9TOTO «Mar-
AUTOMEXaHHYCCKOTO 3aTyXallifA» NO3BOMINIO cO3faTh He Gos-
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wnecs ycTanocTn cCnnaebl ANs N0MNaToK Typ6WH N MMOrMX
APYrux feTaneii, NoABepralwowmuxcs subpauum.

Ho, noxanyii, ewe BaxHee gpyras 06nactb NpuMeHeHUs
MarHMTOMEXaHHYECKHX ABNEHWIA: CTEPXKEHEK M3 HUKeNs B ne-
PEMEHMOM MarmHTNOM Mosie fOCTaTOYHOM Y4acTOTbl CTAHOBMTCA
MCTOYHMKOM YNbTpa3ByKa.

PackaumBas TaKON CTepXeHeK B pe3onaHce (ana 3Toro
nof6upatoT COOTBETCTBYIOLLYIO A/IMHY), AOCTUratdT KoMoc-
CaNbHOW [ANA YNbTPasBYKOBOW TeXHUKM aMnauTyfbl Koneba-
HUA —0,0 1% OT AAUHbBI CTEPXHSA.

HwukeneBble MarHUTOCTPUKTOPbI OblM MPUMEHEHBI, MeXAy
NpoYvM, NpPW HWUKENMPOBaHWM B YNbTPa3BYKOBOM none: 6na-
rogaps ynbTpasByKYy MOMy4YyaldTCs UPe3BblYaliHO NIoTnble
1 6necTsaliMe MOKPbITUASA, NPMYEM CKOPOCTb WX HamecenHs Mo-
XeT 6bITb ropasgo Bbille, yem 6e3 03ByuUMBaHUA. Tak «HUKeNb
cam cebe nomoraeT».

Mukenb 06HApYyXeH B >ene3HbiX MeTeopuTax. «Macca CaMOpPOAHOro >enesa
B 71 BEHCKWI (yHT BecoMm, KoTopas BbifMana n3 BO34yXa Ha rnasax y HecKofb-
KUX OYeBMALEB B LIECTb 4acoB nononyaHu 26 mas 1751 r. 61u3 gepesHu [pa-
WwuHa B XOpBaTWM W 3apblfiacb B 3eM/II0 HA TPW CaXeHW Ha He3ajonro Ao
TOro BCMAaxaHHOM Mofne»



YnpTpasByK HMeeT I MHIOMKCCTBO JAPYTIIX TPHMeHeHHI.
OpgHaKo HIIKTO, [O-BHAIIMOMY, He ICCIAef0BAT BO3JACIHCTBUA
ObICTPOTIEPEMEHIIOT0 MariMiTHOrO IOJA 1la peakuil ¢ y4acTi-
€M MeTaJuUNIuecKoro HIIKeJsA: BBI3BaHHAsA MAarHATOCTPHKUME
HyJbcanlisa MOBEPXHOCTH AOMKHA Obla GBI CyMiecTBEHHO HO-
BINATH Ia XIIMIYeCKoe B3alMojelicTBHe, TaK 4TO IH3ydelne
peakmi «3Byualllero» MeTajja MOMeT BBIABHTL HOBBIE
HeokngaHnsie 3 PeKTsl.

- ero CrjiaBnl

O6parnMca Teneph K crutaBaMm Hukens. Ho ayume ckasath
BepHEMCA: Beflb ICTOPIA NPUMEHEeHHA IHIIKeNs nadajach CoO
CIVIABOB: O HII — }KeJIe30HIKeJeBbIle — UeJIOBEK  MOJYydImI
B TOTOBOM BIIfie, ApyTlie — MeJHO-HHKEJEeBBIe — OH Hay4IlICA
BHIIIABIATL 113 MPHPOAINBIX PYH, ellle He 3HaA, KaKHe MeTal-
JBI B HIX BXOOAT.

A ceituac NPOMBIIIEITHOCTh HCIIOAB3YET HECKOMALKO THICIY
CIUIABOB, B KOTOPbHIE BXOJHT HIIKEJb, XOTA H B Hallie BpeMs
coveTanns jKexe30 — HIKeJb H Medb — HUKeXb, HpPeaocTaB-
JieHOble HaM CaMoil HpHpPoJoi, OCTAIOTCS OCHOBOW IIOMaBJIAIO-
mero GoJNbIIITHCTBA HIIKeJdbcomepskamix cmiasoB. Ho, nasep-
moe, caMoe BajKHOE — 3TO He KOJIYeCTBO N pasHoobpasiie
3THX CIJIaBOB, a TO, YTH B HIIX YeJIOBEK CyMeJ YCIUITH 1 pas-
BHTH HY)KHBI€ HaM CBOMCTBA HIKeJ.

MNsBecTHO, HampiiMep, YTO TBEPHABIE PacTBOPH OTIMYAIOTCH
Gosbuieil MPOYHOCTLIO I TBEPAOCTHIO, deM HMX KOMIIOHEHTBI,
HO COXPAaHAIOT HX IJIaCTHYHOCTb. Il03TOMYy MeTasnmgecKie
MaTepHajbl, HojicKaifine o6paboTKe MOCPEACTBOM KOBKH,
MPOKATKI, NPOTSKKIL, MTAMIOBKHI H T. I., CO3JAI0T HA OCHOBE
CHCTEM, KOMITOHEHTHI KOTOPHIX 00pa3yioT Memmy co0oii TBep-
aple pacTBOpbl. VIMCHHO TaKOBBI CIUIaBBI HHKEJIA € Me[bIO:
o6a MeTaJJIa MOMHOCTHIO CMEIIMBAIOTCH B JIOOBIX NPONOPLUUAX
KaK B JKIJIKOM COCTOSHNH, TaK M WpPH 3aTBepAeBaHHH pac-
mnaBa. OTcloga — mpeKpacHble MeXaHHdYecKue CBOHCTBA Mefi-
HO-HIIKeJIeBBIX CIUIABOB, H3BECTIHble eme APEeBHIM MeTal-
Jypram.

IlpaoTen, MHOTOUMCIEHHOIO pOJA 3THX CIJIABOB — (MAKT-
xoHTY (manm «mexk{oHT»), KoTOpHIl BHINaBIAIN B Hurae,
BO3MOJKITO 10 HamIei 3pHI, OMKILI Ko HamuX pHeir. OH coctout
n3 meqn, Hiukeas (20%) n yuuka, npuYeM LUHK UTpaet 3fech
B OCHOBHOM Ty 3Ke pOJIb, YTO M MAarHH{ IPH MPHTOTOBJCHHH
KOBKOI0 HHKEJA. JTOT CIIaB B HeGOJLIDHUX KOJHMYecTBaX Ha-
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yann moxayiaTs B EBpome emte B mepsoii mososnne XIX B. mop
Ha3BaHHAMII apreHTaH, Hemenkoe cepebpo, mciisnbep (1o-
Boe cepe0po) M Maccoil APYTIIX, NpHYEM DOYTI BCE HTII Hassa-
HIIT TOQYEPKIBAJI  KpacuBblil — cepeOpsAnblil — BHemii
BIj ciiaBa. Hukenpb ob6mamaer mHTepecnoli «oTGemiBaouiein
cnocobHOCTLION: yike 20% ecro mosmocThio racAaTt KpacHbI
[BET MCII.

«HoBoe cepebpo» ycrnemmno KOHKYpIPOBAJO €O CTapbIM,
3aBOEBAB MONYJAPHOCTh y 1oBesnpos. IIpumeniunt ero m mis
gekaEKkH Moner. B 1850 r. IllBeiiuapua Beinycriia mepsbie
MOHETH! H3 Heii3mibbepa, W BCKOpE ee NpIliMepy IOCIeA0BaIII
HOYTII BCe CTPalbl. AMEPIKAHIB JajKe Na3bIBaloT CBOI HATI-
neHnToBeleé MOHeTKII «nickely. Macimra6u aToro mpiMeHeHus
MeXHO-HHKEJEBBIX CIUIABOB OTPOMHBI: CTOJONK N3 «HIKeJe-
BBIX» MOHET, KOTOphIe usrorosijens B mipe 3a 100 ¢ HeGonn-
muM JeT, goctur Ob1 JIyHbr!

Hune meiismnnbep 11 poacTBenupiii cMy MenbXnop (B MeJh-
Xmope HeT WIHKA, mo mpucyTcTByer okojio 1% mapramma)
TOPUMEHAIOTC He TOJBKO I HE CTOMBKO AJISA 3aMEHBI CTOJIOBOTO
cepebpa, CKOJIBKO B ITH;KCHEPIBIX IEJISAX: MEJBXIOp namdoiee
croex (113 BceX H3BECTHHIX CIIABOB!) MPOTHB ymapuoil, mimn
CTpYyeBoil, KOppo3il. 9T0 OTIIYHBI MaTepnan MIA KPaHOB,
KJIanaHOB N 0CO0EHII0O KOHIEGHCATOPHBIX TPYOOK.

- A BOT Gojlee MoJIOOIf CIUTAaB MeAN W HIIKEJNA — OITH CIy-
gasg n BaxogunBocrh. B nmagame XX B. BOBHIKIN OCHOMHEIH
npn nepepaboTke OoraThIx KaHAACKIX PYyX, COAepP:KaBIIIX
BaBoe Ooiploe HIKeJs, 4eM Meqll; paspesieHile 3THX ABYX
MeTamIos ObLIO TBEPABIM opemKoM ausa Metamaypros. Ilox-
Kok Am6po3 Monesb, Tormammumii npesngeHT Memxayna-
ponmmoil HHKesjeBOll KOMNaHIII, TMOJAJ CMeIYI0 MBICIbL — He
paspeisaTb MeAb II HIIKeNb, a BBILIABJIATH IIX COBMECTHO B
«HATYPAJBHBI criaB». Mmxeneps! 0CyINecTBILUIN 3Ty 1IAEI0 —
H DOJyumjics 3HAMEHIITHI MOHENb-METaJI — OfIIH 113 TIJaB-
Helflmnx CcINIaBoB XIMIYeckoro wamrHoctpoennsa. Ceitvac
CO3XaHO MHOrO MAapoKk MOHEJBb-MCTAJJIA, Pa3JIIYAIOLNIIXCs
Opaponoil 1 KOJIMeCTBOM JeTHPYIOUIX /06aBOK, HO OCHOBA
Bo Bcex cayuasax npemusag — 60 — 70% muxens n 28—30%
menn. Bricoxas XnMmdeckas cToiikocThb, OJjiecTsmlire MexaHHO-
gyecKile cBoiicTBa 1 CpaBHUTEILHAA AemeBI3Ha (ero 1 ceiigac
BHIIABIAIOT Ge3 MpeaBaplTeLHOTO pasfesienis Meqn n Hi-
Kelisl) CO3MAJIl MOHENHh-MCTAMIY ClaBy CPejul XIIMIIKOB, Cyi0-
cTponTeeil, TEKCTIUIBIIIKOB, NedTAHNIKOB I Aae mapdome-
poB.
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Ecnn  mowvenb-meTann —«HaTypasibHbIA CMiaB» H3 Cy/lb-
(OUAHBbIX Me[HO-HHKeNeBbIX pyh, TO (PeppoHUKeNb —ecTecT-
BEHHbI MPOAYKT MNaBKW OKUCMEHHbLIX PYA HUKend. OTanuue
COCTOMT B TOM, YTO W 3aBUCMMOCTK OT YC/IOBWIA N/aBKW B 3TOM
NPOAYKTE MOXHO LUMPOKO MEHATb COOTHOLUEHWE HUKensa wu
Xenesa (60NbLIYKO YacTb XXefesa NepeBoAAsT B Wak). dep-
POHVKENb Pa3fIMYHOro COCTaBa WUCNOMbLb3YIOT 3aTeM B KayecTse
nonynpoaykKrta Aaas nofyyeHus MHOrMX Mapok CTanv U Apyrux
YKeNe30HMKeNeBbIX CrMiaBoB.

Taknx cnnasoB Be/IMKOE MHOXXecTBO. Bcem xopowio u3Be-
CTHbl KOHCTPYKLMOHHbIE HUKENIeBble W HepXXaselLline Xpo-
MOnMuKenesble cTanu. Ha HWMX yxoAMT NOYTW NOS0BMNA BCEro
HUKensa, [0ObIBAEMOr0 4es0BEKOM. VIHKOHe/b —«apucToKpa-
TUYECKUIA POACTBEHHUK» HEPXABEILWMX CTaneil, B KOTOPOM
Xenesa noyYTW He OCTanocb, 370 cnsae (TOYHee, rpynna cnna-

BugmaHwTtcTtToBa CTpyKTypa. B 1808 r. gupekTop [1pOMbILWNEHHOTO My3eq
B BeHe Anous (oH BHAMaHLWTCTTEH, NOMYYNB OT CBOEro Apyra obpaslibl xenes-
HbIX MEeTeopuTOB, OTMNONMPOBaN WX U NPOTPaBWA a30THOW KWCNoToW. BO3HMKAW
M3AlHbIE NMHWW TpaBNeHWUs, OTpaxaloljme XapakTepHYK CTpPYKTypy cnnasa



BOB) Ha OCHOBe HWKena U Xpoma ¢ gobaBKamu TUTaHa W Apy-
rMX 3/1eMeHTOB. VIHKOHeNlb CcTan OfHUM W3 [/aBHbIX Mare-
pUanoB pakeTHOW TexHukuU. Huxpom (20% Cr, 80% Ni) —
Ba)XHEWLWNA 13 CNNaBoB COMPOTMB/IEHUS, OCHOBA GOJbLUNHCT-
Ba 3/1IEKTPOHArpeBaTesibHbIX NpubOpoB, OT AOMALLIHUX 3MEKTPO-
MAUTOK 4O MOLLHbIX MPOMbILIAEHHBbIX Neyeil. MeHee U3BECTHbI
anuHBap (45% N1, 55% Pe; nerupytowue podaskn —Cr, Mo,
\Y), COXpaHALWMA NOCTOAHHYK YNPYrocTb MPU PasfnyHbIX
Temnepatypax, u nnatuHut (49% N1, 51% Pe). MocnegHwii
He COLEPXMWT MAATUHbI, HO BO MHOTMX C/yyasX 3aMeHseT ee.
Kak u nnatnHy, ero MOXHO BMasTb B CTEKNO, W cnai He
TPECHET, MOCKOJIbKY KO3(PMULMEHTbI TEMJIOBOr0 pacLiMpeHuns
CcTeKna u nnatmHUTa coenafalT. Y uHBapa (36% Neo, 64%
Pe) KO3((UUMEHT TenjoBOro paclwmnpeHns 61M30K K HYSHO.

Ocob6blii Knacc COCTaBAAT MarHUTHbIE CMasbl.

Moxanyi, HambonbluMe 3acnyrM 3fecb MpuHagiexart
nepMannow Pene 3—cnnaBy ¢ (henomenanbrnoil MarHUTHOW

[Buratenb amepuKaHCKOW pakeTbl «ATnac», paboTatwuii npu 3200° C, Bbigep-
XuBaeT 3Ty Temnepatypy 6narofapu COTHAM MaleHbKUX HUKeNeBblX Tpy-
60K TonwMHOW Bcero 0,3 MM, o6GpasyloLlMUX CTEHKU Kamepbl cropaHus. [lo
3TUM Tpy6Kam MPOXOAWUT XUAKOE TOMAUBO, OXNaxjaloliee CTEHKW M caMO Mnpu
3TOM nojorpesatoLleecs



NPOHANAEMOCTBIO, MEepeBepHYBIIEMY TeXHUKY cJabblXx TOKOB.
Cepieynuxy um3 mepMaJUIOfn e€cTh B JI0G0M Tenedonunom am-
papare, a TOHKHe NepMaJuloiHble IUIEHKH — IJIaBHBIH 3Je-
MEHT 3aMOMHHAIOMMUX YCTPOHCTB BEIYHCIUTENbHBLIX MAIINH,

Huxear riasaMu Xumuka

«Ceill momymeTany coxpaHdeT B OTHE TOpPIOYHE CBOH 9aCTH
AOBOJILHO [OJIO, a €CJIH OHBIX M JIHIIATCA, TO IOCPEICTBOM
MaJiefimero OHBHIX YacTe€ll NPHUCOeAUHEHUA ONATH JETKO BO3-
BpaliaeTcay,

B Taxux cjioBax — CMBICA MX CTaHeT NOHATEH, €CJAH YH-
Tareap BCOOMHAT 00 smoxe ¢iorucTonHON xumun,— Kpon-
CTEAT OMHCAJN TPYAHYI0 OKUCIAEMOCTb H JIETKYI0 BOCCTAHAaB-
nuBaeMocth HuKens. Ou ke HOAYEPKHYN U «BEJIHKOE CPOJI-
CTBO» HHKeJd K Ceépe — TO XHMHUYECKOe CBOMCTBO, KOTOPOMY
00s3aHBl CBOUM DPOHMCXOMKACHHEM Cyab(umuble pyasl HUKesA,

B Tpymax mocieayommx NOKOJEHHH YIEHBIX XHMHYECKOE
JANO HUKeJA mpocTynano Bce Gojiee OTIETIHBO.

HMypnaas mupa ememecauno myGauxyior Gomee 100 cra-
reil mo xummu Hukensa., CloKeTsl HX BechbMa pa3noo0pasHbl,
HO fiCHEee JPYrUX YCMATPHBAIOTCA TPH TEMBI: CINIABHI, KOMII-
JEKCHBle COeHHEHNS, KaTaJna,

CnnaBel HUKeNs 00pasyer He TONBKO ¢ MEIbI0 M KeliesoM,
HO TOYTH CO BCEMH METAaJUIAMU NEePUOXHYUECKOH CHCTeMHl M
Iajke He TOJNBKO ¢ MerajlamMu. XapakTepHas OCOGEHHOCTHL
XHMHH HHKeNd — CKJIOHHOCTL K O00OpasoBaHUI0 coequHEHHI
nmepeMeHHOro cocTaBa, HanpuMep B cucremax Ni— H, Ni—C,
Ni— O, Ni—S. Tak, ¢ xuciopogoM o00pasyTCd OKHCIH
NiQ,, rge r, mo-BUAMMOMY, COBEPIIEHHO HENPEPHLIBHO MOKET
MeHATbCA OT Bennuun Memvme egununs (0,97—0,98) npu-
GansureavHo o 1,7. ITH OKHCJIBL MOMKHO paccMaTpPUBATL KAk
cnoxasle  tBepable  pactBopel  Ni— NiO, NiO—Ni, O, u
NiO — NiQ,. Ilomo6msie TBepmsie pacrBoph (eme Gosee oc-
JI0XHEHHble NPHCYTCTBHEM BOJIb) — OCHOBA NOJOMKHTENbLHEIX
BIEKTPOIOB HUKEJNEBBIX aKKyMmyuaropoB. Ilomnmanme mpupo-
Abl U OpeBpameHnil TAKUX CHCTEM OYeHb BayKHO [JIA MCCIeo-
BaHNA M OpHMEHEeHNWS OKUCIOB HHKEJIA B KadecTBe KaTajlusa-
TOPOB, '

WnTepecHo moBeneHme OKHCIOB HHKeJA B CTEKJax M Idla-
3ypAX: B 3aBHCHMOCTH OT TOr0, KaK0o® dNCIO aTOMOB
KHCJIOPORa OKpYKaeT aToM (MOH) HHUKeNf, CTeKNo mpuoGpe-
Taer IBeT OT IYPHOYPHOIO [0 JKEJNTOro, MOKHO JOOUTHCA U
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TOro, YTOGBI CTEKJIO IPOIYCKAJNO TONBKO YIbTpaduoieToBHIC
Ay,

N3 Bcex coepunenuil anementa Ne 28 nanGoiee INHTEpeCHH
KoMmleKcuble (uam KoopamHauumouusie). JVIX moiydewo,
BEpOATHO, He MeHbIIe, a Jaske 0oJsble, YeM CIIJIAaBOB HUKed,
I H3y9YaloT UX He MeHee 