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I.BeeneHae 

CacTeMa JKeneao-an JOMHHHil 6brna o6beltTOM MHoro•ucneHHbiX ac cnenoeaHHll. TeM He 

Meaee uenhrll pS!Jl oco6eHHOCTell, Ha6nJOUa iO!llHXCH B o6naCTH cocTaBa 23-26 aT. % AI , no 

CIIX nop He HMeeT ynoeneTBOpHTenbHOrO OObHCHeHHH. <l>a30BaH JlBarpaMMa 3TOA CHCT9Mbl 

IICCnenoBaHa B pa60T8X Bpennll II JlJKen
1 1 

I ' T ailnopa H Jl lKOHca
12 1 

II noynll II K a Ha
13 1 

E c n11 uepBaH pa60Ta B HaCTOH!llee Bpe MH npeJlCTaBnBeT CKOpee HCTOpllqeCKH ll HHTepec, TO 

nee noc n enHae naJOT npOTIIeopeqlleble pe3ynbTaTbl e yKa3aaaon oonaCTH KouueaTpauaa 

anJOMIIHIIH. Opaeen eM eKpaTue pea ynbTBTbi aTnx aeTopoe. 

Cornacao T ailnopy a Jl JKoacy (pile . I), B o6nacTII TeMnepaTyp cebrwe 550°C cyme-

CTByeT ~a3a c nce enoynopHJloqeHHOA CTpyKTypoil THna Fe AI [(B 2), o.u.K peweTKa] , 

B KOTopoil ynopS!Jloqeabl 2 / 3 aTOMOB )l<eneaa, 3aHHMBIO!llHe eepwanhr Ky6a. Y 3nbt B ueaTpax 

Ky6oe c paeaoll eepoHTHOCTbiO MoryT Ob!Tb 3aHHTbl KBK ocTaB!l!HMHCH aToMaMH )l<ene3a, 

T8K B 8TOMaMB anJOMBHBH (pH C. 3). 

Cor naCHO noyna B Kaay ( pac. 2)' nceenoynopH)loqeaHaH c~·pyKTypa UOHBnHeTCSl TOnb

KO aaqaaan c 25 aT. % AI • K B03MOJKHbiM npaqaaaM aToro pacxolKJleHHH Mbi eepHeMCH ae-

CKOilhKO fl03}Ke. 

MarHHTHb!e CBOliCTBa 3TOll CHCT9Mbl TaK lKe OKa3anBCb BeCbMa aeooblqallHb!MH. CallKC 

H 3BaHc
141 

H nanee nan H TapHOUH
151 

JlOKa3ana cymeCTBOBaBRe TaK Ba3b!B8eMoll • JlBOil-

aoll TOqKa K10pa' B cnnaeax c cocTaBaMH B BBTepeane 23-25 aT. % AI (pac. 4). Ylccne-

noeaHRe aToro <IBneaHn, nponon)l{eHHoe Waaoxapa
161

, npneeno K cyruecTeoeaHRJO neyx 

ranOT83 1 KOTOpb!e OObHCBHIOT aBOManRH MBitpOCKOJlBqeCKHX MarKHTHb!X CBOliCTB. 

Cornacao ranOTe3e nana a TapHoua, B pailoae 590°C aaxonaTCB ToqKa KIOpl' nceeno

y nopanoqeaaoro c nnaea. npa npoxoJKneHHB TOqKa Kypaaxoea (oKono 550°C) npoacxonHT 

pacnan ~3bt aa Menr,qa l!rnae o6nacTa, KOTOpbre e aaeacHMOCTB oT c TeneHH ynopHnoqeH-

H OCTH R 83- 38 MHKpOCKOnllqecJtHX ~KTYBUHil KOHUeBTpBUHH l!<eneaa MOryT Ob!Tb naoo 

<jleppoMarHIITHbiMB, nu6o napaMaraaTHbiMH. Bonnaa 490°C aaxonaTCH ToqKa KIOpH ynopnno

qeaaoil lj>a31W Fe 3 AI , llllll<~ I<.OTO>poil uac TynaeT o6brqHhtli .P.,ppoMaraeTH3 M, 
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ranOT638 llJBHOXBpbl of5'bSICHH6T OCOf56HHOCTB M8Kp0CKOHH"'6CKBX MST'HBTHblX CBOllcTB, 

.llOnyCKSSI H811B"'B6 M6XBHH"'eCKBX HBHpH~<eHBli HB rp8HHU8X M6lK.llY 3BpO.llb!W8MB ynopSI.llo-

"'eHHOA cjJaabi Fe 3 AI B ncesnoynopSI.llO"'eHHoli cjJa3bi TBna Fe 
3 

AI • YMeHbmeaae aTHX 

H8DplllKeHBA, COT'ITBCHO llJHHOXapa, npOBCXO.llHT nyTeM Of5p830B8HH!I 180° .llOMeHHblX CTeHOK, 

"'TW B npBBO.llBT K UOTepe MBKpOCKOITH"'6CKOli HBMBT'HH"'eHHOCTB. 

B coanasmelicg CHTyanaa 6eaycnosabili BRTepec npencTasn!leT accnenosaaae MBKpo

CKODB"16CKoro noseneaaH aToro crrnasa. CTpyKTypa aneMeHTapaoli H"'eliKH ynopSI.llO"'eaaoro 

crrnasa Fe 3 AI rrpaseneaa aa pac. 3. 

nepBbl6 H3M9p9HB!I .llHcjJpBKUBH HeliTpOHOB B 3TOM CHITBBe npH KOMHSTHOli TeMnepaType, 

Bblnonaeaabie a HaTaHCOM H ap. 
11 1

, noKaaana , "'TO MaraHTHblll nopHJ:lOK cjJeppoMarHHTHbiA 

H "'TO MBT'HHTHbie MOMeHTbi lKeneaa B nayx nonpemeTxax paa nH"'Hbi. B A noapemeTKe, 

B KOTOpoli 8T0Mbl lK9IT938 IIM910T f5rrl!lK8liWHMH COCe.llHMB 4 8TOM8 8 ITIOMHHIISI H 4 8TOM8 

lKeneaa, MarHHTablli MOMe aT oKaaanC!I pasHblM I ,46 :t_O,I p. 8 • B D nonpemeTKe KHlK.llbll! 

8TOM lKerre38 BMeeT 6rrBlKBliWHMH COC6.llHMH 8 BTOMOB lKerre38 H Cpe.llHHl! MOM9HT H8 8TOM 

lKeneaa D nonpemeTKB aal!aea paBRblM 2,14 :t_O, I P. 8 • B 6onee noaaaeA pa60Te TiaKapTa 

B HaTaaca
181 

6biiTO ycTaaosneao, "'TO rrnOTHOCTb aecnapeHHbiX aneKTPOHOB B aneMeaTap

aoli Sl"'eAKe He of5naaaeT ccjJepH"'9CKOA CHMM9Tpaeli, 8 J:lBB THH8 8TOMOB lK6ITt)38 Of5ITBJ:l810T 

OJ:lHHBKOBblMB p8J:lB8ITbHblMH, HO p83 ITH"'HblMB Opf5HT8ITbHblMH OITOTHOCT!IMH HecnapeHHblX 

CDBHOB. 

nepsble accneaosaaasr aToro cnnasa c noMOIIlbiO acjJcjJeKTa M~cc6ayapa, Bblnonaeaabie 

Oao H np. lSI npa KOMRBTaoA B 6onee HH3KBX TeMrrepaTypax, o6aapylKHrrH paanaqae XHMH-

qecKHX C.llBHT'OB H MBT'HHTHblX p8Clll9HIT9HHl! M.:!Ccf5ayapOBCKHX ITHHHll BTOMOB JKeiT638 B llBYX 

nonpemeTKax. 

0 nepBbiX peaynbTaTaX accneaoBBHHSI aQxllexTa M~cc6ayapa npa BbiCOKHX TeMnepaTypax 

aaMB coo6manocb B pa60Te
1101

• Oaaaxo nnoxoe cornacae HB!llHX peaynhTBTOB c aaaHblMH 

MAipOCKODH'teCKHX HCCne.QOBSHHA 38CT8BHnO H8C BblDOnHHTb 6onee TW8TenbHbi9 H3MepeHH H , 

pe3ynhT8Tbl KOTOpblX npHBO.llBTCll HHlK6. 

2. 3 K C n e p H M e H T 

11aMepeHBsr aQxjlexTa M.:!cc6ayapa npoaasonanacb aa ycTSHOBKe c caaycoananbHbiM 

aaxoaoM nsalKeHBll, onacaaaoA B pa60Te
111 1

• 11 CTO"'HHKOM cnyJKHn Co 
57 

B M8Tpaue xpoMa. 

Q(5pa3eU B BHJ:le cjJonbrH TOITIUHHOli 40 MK HOM91ll8ITCll B B.C.KYYMHYIO neqb C f5HcjJHITS1pHblM 

H8rpeBBTerreM. nnll yMeHblll9HH!I rp8J:lH9HT8 TeMnepaTypbl of5p839U 3 KpBHHpOB8ITCH 

Dn8CTHHK8MB M9T8nnH't9CKOrO 6epHnnRH. 
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MaKCHManhHBll HeCTa6HnbHOCTh H HeOJlHOPOilHOCTh T eMnepaTypbl o6pa3ua so speMll 

K3MepeHHA He npeBbiWanH 1 °C . I13MepeHKll npK pa3nK'IHbiX T e MnepaTypax, KaK npasHno, 

BbinOnHllnHCh nyTeM HOHHlKeHHll TeMnepaTypbl HR 10-15° qepe3 KR lK)lble 5 '1 8COB. flpll 3 TOM 

nepBbie 2 'IOC8 of5pa3eU Bbi)leplKHBanC.ll Dpll 3a)laHHOfi T e MDepaType )ln ll ycTaHOBneHBll pasHo

BeCHbiX ycnosali, nocn enyiOwKe 3 qaca - H3Mepl!nc ll M~cc6ay3pOBCKHli c n e KTp. 3Ta nocne

nosaTenbHOCTb H3MepeHu li , ahmonHeHHall HaMH nn11 scex KccnenosaswKXC.ll o6pa3uos, nasana 

'paBHOBeCHbie' 3Ha'leHHll napaMeTpOB, ODHCbJB8 IOWKX M~CCf5ay3pOBCKHA CDeKTp. 

KpoMe Toro, nn11 o6pa3ua :.!4,3 aT.% AI HSMH 6biii8 HCCJiellOB8H8 KHHeTHK8 .UOCTH-

lKeHHll pasaoseCHbiX ycnosa A. B 3 THX H3MepeHH.liX o6pa3eu BbiJleplKHBanc.ll npH TeMnepaType 

700° C B Te'leHHe 1 'laC a, 3aT eM T eMnepaTypa o f5pa3 Ua pe3KO ( B Te'leHHe 3 MHHYT) CHH

lKanaCb 110 HOBOro 3Ha'le HHll H qepe3 KalK)lbie 7 MHHYT CHHManCll CKOpOCTHOI\ CD9KTp. Qf5pa-

60TK8 BCeX 3 KCnepHMeHT81IbHbiX .llBHHbiX BblnOliHSinSCb MeTOllOM HBHMeHblliHX 1{88Jlp8TOB HB 

3 BM-M-20 no nporpaMMe, COCTasneHHOA OllHHM H3 RBTOpOB (JO.M.O) • 

3. Pe3ynbTaTbl H3Mepe HKA 

Ha pac. 5 npllaeneHhi TPH Tana CKopocTHbiX cneKTpos, Ha6niOnaeMble s pa3 Hb!X T eM

n.,paTyp HbiX o6nacT liX • .Lln11 onpeneneHHOCTH Mbi HHlKe 6yneM rosopHTh o c nnaae 24,3aT. % AI 

B of5naCTH T eMnepaTyp BbiWe 650°C c neKTp COCTOHT H3 OllHHO'IHOA nKHHH (pHC. 5a), COOT-

BeTCTBYIOWeA napaMarHBTHOMy COCTO.liHHIO aewecTsa. 

B of5naCTH T eMnepaTyp OT 650 110 510°C cneKTp pac nanaeTC.ll H8 JlBe KOMDOHe HTbl 

(pHC. 56). UeHTpanbHbin nHK, no-BIIIlRMOMy, no-npeJKaeMy cooTseTCTsyeT napaMarHHTHOMY 

COCT OliHB IO BeWeCTBa. 4 DOfJO'IHbie nHHHH Mbl COllOCTaanlleM C Of5bi'IHbiM 3eeM8HOBCKHM paC

wenneHHeM Ha 6 nHKOB, TBnH'IHbiX )lnll M~Ccf5ay 3pOBCKRX cneKTpOB JKene3a S MRrHHTo-yno

pllllO'IeHHbiX CIICTeMaX. (.!loa UeHTpanbHbiX DHK8 KnaCCII'I9CKOI\ 'WGCTepKK' HaXO)l.liTC.ll DOll 

napaMarHHTHOii niiHBeli II He BH)lHbi). 0f50CHOB8RHe TaKOA HHTepnpeTBUHH CDeKTpa f5ylleT 

flpo T e MnepaType oKono 500°C Ha'laRaeTCll MarHHTHOe pacwenneHRe ueHTpanhHOro 

DHKa CHOBa H8 6 KOMDOHeHT, H CKOpOCTHOl! CDeKTp CT8HOBHTCll O'leHb CnOlKHb!Mo flpH KOM

HaTHOA T eMnepaType (poc.5s) ylKe MOlKHO C ysep e HHOCTbiO CK838Th, 'ITO B CneKTpe COJleplK8TC.ll 

JlBe MarHHTHbiX 'wecT epKH', 'ITO HaXO)lHTCll B cornaCHH C pe3ynhTRTaMB 0HO H np/
91

• 

Ha puc. 6 npi!Be)leHbl T e MnepaTypHbie 38BHCHMOCTH XHMH'IeCKOrO C)lBI!ra H nnowaJlH 

napaMarHBTHoro cneKTpa nn.H o6pa3ua 25,1 aT.% AI 113 3Toro p11CYHK8 BHilHO, 'ITO 

npB TeMnepaTypaX 780-900°C XRMH'IeCKHA C)lBHr (pac. 6a) HCDb!TbiBaeT pe3KHe H3 MeHeHH.ll, 

a T eMnepaTypH8 ll 3aBBCHMOCTb 3 TBX B3MeHeHRii HOCHT 'rHCTep93 RCHbiii• xapaKTep. flo-BH

IlHMOMY, 3 TH H3MeHeHR.ll cnenyeT CB.ll3bJBRTb C <j>a30Bb!M nepeXO)lOM H3 non!IOCTbiO Heynop.ll-
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ll0'18HHOll cjla3bl B UC8BllOYU0pSUI0'18HHYJO THUa Fe AI , sns, KBK Mbl ee 6y.neM .nan&me 

Ha3blaan., c aepltHell TO'IKC'll KypHaKoBa T K 1 

nnomallb napaMarHHTHoll nnHHH (pac. 66) npn sTOM nepexone cnerKa B3MeHHeTCH. 

0llHaKO STO H3M8H811H8 nelKHT Ita rpaHHU8 OIUH60K Hawero SKCnepHM8HTa. lliHpHHH UHHHH 

C TO'IBOCTbJO ;t_0,Q5 MM/CeK He M9HSI9TCSI. 

Ha pncyuKax 7 H 8 npnaelleHbl 'paauoaeCHbie' 3Ha'!eHHII napaMeTpoa .nayxKoMnoueHT

aoro cneKTpa nnH o6pa3ua 24,3 aT.% AI • Ha pucyHKe 7 BH.!lHbl TO'IKH KK>pH MarHHTHOll 

KOMnoaeHTbl (npu TeMIIepaType 650°C), TO'IKa cjla3oaoro nepexona H3 ·ncea.noynopSUIO'IeH
o 

aoro cocTOHHBH B ynopSUIO'IeHHOe Tana Fe 
3 

AI ( TK 
2 

590 C) H BTOpaH TO'IKa KK>pH npn 

TeMnepaType OKOUO 520°C, HHlKe KOTOpOH npOHCXO.!lHT MarHHTHOe pacmenneHHe BTOpol! KOM-

noHeHTbl cnexTpa. 

Ha pnc. Sa npnaeneao OTHomeaue nnomanell napaMarHBTHOfi R MaruuTHOI! KOMnoaeHTbi 

CneKTpa. Ha pHC. 86 - OTHOIUeHHe UUOIUanefl uapylKHbiX R BHyTpeHHRX UHKOB MarHHTHOll KOM-

UOH8HTbl cneKTpa. ¥13 pncyaxa BH.!lHO, 'ITO S / S ocTaeTCH nocTOHHHblM B llOBOUbHO wupo-
P m 

KOM HHTepaane TBMnepaTyp H H ~"'> RCllblTbiB89T 38MBTHbiX H3M9H9HHA B OKpeCTHOCTSIX TOt:tKH 

ynopH.!l0'18HBII. Hao60pOT, OTHOill8HBe nnoutanefi UBHI!li MarHRTHOll KOMUOHeHTbl CU8KTpa H3-

M8HH8TCH npH npOXOlK.!l8HHH TO'IKH ynOpll.!l0'18HHII. 06a STII pe3ynbTHTa B .!l8nbH8HIU8M HaM 

UOHHll061!TCH llU!I RHTepnpeTaUIIH HaOnJO)laeMb!X s<M>eKTOB . 

Ha pnc. 9 npellCTaaneHbt pe3ynbTaTbt nccne.noaaHHR KHHeTHKll llOCTHlKeHHII paanoaec

Hb!X yCUOBHfl B BHll8 3aBI!CHMOCTH COOTB8TCTByJOIUHX xapaKTepHCTHK M~CC6aySpOBCKHX UHHHI! 

OT apeMeHH nocne pe3xoro CHHlKeHHR TeMnepaTypbt. Hauoonee pe3KYK> 3aBHCHMOCTb Mbl 

H86UJOllallll llUII IUHpHHbl napaMarHHTHOil KOMUOH8HTbl (KpHBa!l 9ll), KOTOpa!l nepBOHH'IanbHO 

OK83btBaeTCH aeCbMa 6onhwoH. K c o>t<aneHHI0 1 npH 7-MHHYTHbiX H3MepeHHHX CT8THCTH'l9CKBSI 

TO"'HOCTb OK83biB89TCSl He 0'19Hb BbJCOKOfi , fi0:3TOMy LtnH OCT8nhHbiX nap8M9TpOB Mbl CKOpee 

MO>K9M rOBOpHTb 0 T9H.ll9HUHH K Bp9M9HHOA 38BHCHMOCTH 1 1.19M 0 KQIIHqeCTB9HHblX H3M9He

HH!IX. TaK, XHMH'I8CKRH CllBHr napaMarHUTHOH KOMUOH9HTbl (KpHBa!l 9r) HMeeT T8Hll8HUHJO 

B03paCTaTb 0 a OTHOlU8HHe nnoma)lel! 5 p/ Sm 

'18M B paBH088CHblX ycnOBHIIX (KpHBall 9a). 

SIBHO BH8ttane HM99T 6onbwee 3H8"19HH9 1 

Hauoonbwuil HHTepec a s Tol1 cepn11 H3Me peauii npencTaanReT noae)leaue mupHHbi 

napaMarHHTHoll nuauu. Ha puc. 10 npnaeneaa nonywHpuaa SToll nHHHH a 3HBHCHMOCTu oT 

TeMnepaTypbl B pa3Hbl9 MOMe HTbl BpeMeHB. Mbl XOTHM 06paTBTb BHRMHHHe Ha Ka'leCTB8HHOe 

nono6ae noaeneHRR s Toli wnpRHbi H Maxpocxonu'!ecxoli HaMarHH'IeHHOCTU (pnc. 4). BpeMe-

H8 Jl.OCTH)f{9HHSl p8BHOBGCHR B H8WHX H3M" P9HH51X T8K>K9 OK83biB810TC51 B9CbM8 nOXO>KHMH 

aa apeMeua ycTaaoanean<t e MaxpocKonuqecxHx accnenoaaHuRx nana u Tapaoua
151 

u 11aa

aoecxoro1 13 1 . no-al!nRMOMY, Mbi 3necb RMeeM neno c onauM u TeM lKe npoueccoM. 
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CnexTp npa KOMHaTaon TeMnepaType accnenosaH 0Ho a np. 19 1 
B Mbl MO>K9M nBUib 

coo6mHTb 6onee Toqahle 3HaqeaHH napaMeTpoa aToro cnexTpa (o6paaeu ~4,3 aT.% AI ). 

nonpemeTKB 
BMn XHMH'I. caaHr 

1<3 MMICeK 

A 
~15 :!:.3 0,18 ±_0,02 

D 
296 :!:.5 0,34 :!:. 0,02 

3aBHCHMOCTb nonyqeHHbiX HBMH T9MHepaTyp ljJa30BblX nepeXOJ:lOB 

noaaHHoA o6naCTH npHaeaeHa Ka pRe. II. 

4. 06CylKJ:{9HHe p93YJlbTBTOB 

OT COCT888 B B CCne-

4A. noaeneHHe c nnaaa B oxpeCTHOCTH T K (aepxael\ TO'IKH KypHBKOBa) 

nepexon H3 nonHOCTbiO paaynopHJ:l0'19HHOH <f>a3bl B nceaaoynopHJIO'Ie HHYIO THna FeAJ 

npBBOilHT K yMeHblli9HBIO XBMH'19CKOrO CJ:lBBra M~CC6ayapOBCKOA J!HHHH. noc K OJlbKY B nceaao-

ynOpKa0'18HHOM COCTORHHH y>Ke CyWeCTBYIDT aaa H8 3 KBHB8n8HTHb1X ITOR0~8HHH 8TOMOB *8n838 

(A H D yanbi), aoo6rne roaopH, cnenyeT OlKHJlBTb, 'ITO a CKopocTHOM c n e KTpe nostBHTCH 

.nee nHHHH. O.a.aaKo OHH uaMH He 6hinH o6aapy>K8HhJ1 no-BHJJ.HMOMY, Ha-aa HenocTaToqHo 

XOpOmero pa3p8ll18HHH. J.1MB101U8My M8CTO H8 38BHCHMOCTH XHM1P-18CK0f'O C,llBHra OT TeMnepa-

Typhl rHCTepe3HCy MOlKHO COllOCTBBHTb cyrneCTBOBBHHe ABYX<f>B3HOH o6naC TH B OKpeCTHOCTHX 

<P830BOrO nep8XO.!l8 1 'ITO, B CBOJO O'l8p8llh 1 HBnBeTCH YK838HH9M H8 T01 'lfTO B ,ll8HHOM cny

'IBe Mbi HMeeM neno c <f>aaoahlM nepexonoM nepaoro poaa
1121 

npa HCCJ19Jl0BBHHH napaMarHBTHOl! BOCllpOBM'IHBOCTH illHHOXapa/B / 06HapylKHJl 0 'ITO 

nceaaoynopano'leHHOll o6nacTH cooTaeTCTayeT 6onbrnee a<!><l>eKTHBHOe 'IHCno MarHeTOHOB Eopa 

HB ATOM lKeJleaa, '19M llOJ!HOCTbiO paaynOpBJ:lO'IeHHOll. llpyrHMH CJ!OBBMH, npH n e pexoae H3 

HeynOpHJ:lO'IeHHOrO COCTOHHHH B nC9BilOynopHil0'19HHOe llpOHCXOJ:{HT H3M9H9HB9 COCTOHHHH 3d 

o6ono'IKB BTOMOB JKeneaa. PeaynbTBT Wauoxapa B o6HapylKeHuoe HBMB yMeHbllieHH e XHMH-

'lf8CKOrO Cll.BBra H8XO.O.HTCH B K8'18CTB8HHOM COrnaCHH 1 eCnH .a.orryCTHTb, 'ITO H3M8 H8HH8 

XHMH'I9CKOrO CJ:lBHra HBJlH9TCH peaynbTBTOM YM9Hblli9HHH nnOTHOCTH 3d 3JI9KTpOHOB 

HB BTOMBX lK9Jl938 0 o6pB3YIOUlBX 0 llOilperneTxy. npa aTOM BllOJlBe B03MOlKHO H9KOTOpOe 

yaena'leKse nnOTHOCTH anexTpoaoa a A nonpemeTxe. Taxoll npouecc, c onaoll CTopoHbl, 

cornacyeTCH c cymeCTBYIOWHMH npencTaaneBHHMH o aaceneHHH cao6oaBbiX d op6HT JKeneaa 

anexTpOHBMH aniOMHHHH a paaynopano'leBBOM cnnaae
121

• C apyroll CTOPOHbi, 3d op6HTbi 

BTOMOB, 06pa3yiOIUHX • 0 llOnperneTKy, J:{OJllKHbl HM9Tb CTpOeHH9, 6JJH3K09 K M9TBJ!JlH'19CKOMY 
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JKeneay, T8K K8K 6nH~<aliWH MH COCeJl!IMH JlnH HHX (B HC9BJlOynOpHJlO"'eHHOII <jlaae) !JBnliJOTC!I 

BOCeMb 8TOMOB JKene3a 
11 1

• K COJKaneHBJO, Mbl He MOlK9M Rp0B8CTH I<OnH"'9CTB9HHOrO cono

CTaBneHHR H8WHX Jl8HHbiX H peaynbT8TOB llJHHOX8p8, T8K K8K H9H3B8CTHbl Apyrae B9nH"'HHbi 1 

BnHRJOWIIe H8 XHMH'!eCKHli CllBHr (H3M9R9HHe nnOTHOCTH 4s sneKTpOHOB 0 Ae<j>OpM8UH!I pe

WeTKH H Jlp.). 

4E. ~HTepnpeT8UH!I llBYXKOMHOHeHTHOro CneKTpa 

PaccMOTpHM TPH B03MOJKHOCTH HHTepnpeTallHH aa6nJOA8eMoro cocywecTBOBaHH!I B cxo

pocTHOM CneKTpe napaMarHHTiiOII nHHHH H MSrHHTIIo-pacmenneHHOII W9CT9pKH. nepB8!1 B03-

MO~<HOCTb - HHWH o6p83Ubl He !!Bn!IJOTC!I OJlHOpOilHbiMH, 8 Hp9JlCTHBn!IJOT C 060II KO&rnot.tepaT 

llBYX ¢>a3 (HallpHMep, HC9BilOY110p!IAO"'eHHOll H H9YIIOp!lllO"'eHHOII). 3Ta B03MOlKIIOCTb H03BQ

nHeT TpHBHBnbHO 06bHCHHTb H8nR~He MBrHHTHOA H HeM8rHHTROA KONnOBeUThl CU8KTpa B pa3-

nH'!H8 XHMH'I9CKHX CJlBHrOB AnR STHX KOMH0119HT. 0Jlii8KO cneAyJOUlH9 3KCH9pBM911T811bHbl9 

ll,811Hbie rOBOpHT npOTHB 3TOH: B03M O>KHOC TB : 

a) OTHOIUeRHe nnomaAell MarHHTHOll H napaMarHHTHOll KOMnOH9HT OCT89TC!I HOCTOIUIIIOII 

B WllpOKOM (- 7Q°C) HHTepaane T eMnepaTyp, CM. pHC. 8. ( aa6nJOA89M08 OTKHOH9HJI9 OT 

IIOCTO!IHCTB8 H 8 KOHUHX 3 TOrO HHTepaana, IIQ-BBJlBMOMy, CB!I38110 C II9COB9pW9HCTBOM TeX

HHKH p83JleHeHHR ClleKTpa H8 KOMIIOHeiiT~, XOTOpOe OC06911110 CHHbHO npO!IBH!I9TC!I B CHY"'89 

Manoro pacmenneHH!I H a6naaa BTOpoA TO'IKH K10pa); 

6 ) s T o OTHoweHHe cnamxow aenaxo ~tnll Toro, '!T06~ roaopaT~ o uanwx npauecRx 

Jlpyroil ¢>aabt . '-IHcno a TOMOB JKeneaa, yqacTByJOUlRX B o6pa30B811RH MarllaTIIOA a 118MarRHT

ROli KOMIIOHeRT ClleKTpa, OTHOC>ITC!I npHMepHO K8K 1,3· : 1, Ha B OAHOM H3 CTpyKTypHWX 

IICCneAOBHHHH COCy!lleCTBOB8HB8 T8KRX <j>a3 He 0611apylKeHO; 

a) o 6e KOMIIOHeHTbl C119KTpa npHHHM8lOT y'laCTHe B npouecce ynOpHJl0"1911HII, O.llllllXO, 

pa3HH'!H btMH cnoco6aMH. MarHBTHaa KOMHOHeHTa 113MeHHeT p8BHOB9CHhte aaa"'911BH xapaxTe

pHCTRK (none, XHM. CllBBr) • napaMHrllHTII8!1 KOMHOH9BT8 B9CbM8 CH11bll0 H3M9H!IeTCII II 

Req,pBHOBeCHb!X yCH OBH!IX, Oll118KO paBHOB9CIIbl9 3H8"19HII!I "XapaKT9pBCTHK na60 B006Ul8 He 

HMe!OT o co6eHHOC Tei\ (xHM. CJlBar), na6o MeHHJOTCR aec&Ma cna6o (wapalla). Hau 11e npe.II

C T aanReTCR B03MOlKH~M 061>RCIIRTb TBKOe HOBeJl9HBe CHCT8Mbl C TO'IXH 3p911HJI Cylll9CTBOB8-

HH !I JlBYX <jlaa • 

.[lpyraR B03MOlKH8!1 HHTepnpeTaUH!I - penaKC81lH!I 8TOMIIOrO MOM8JIT8 C Bp9M9H9M penax

CHilRH, 6 nua xH M K nepaoJly npeueccua RJlepaoro cnaaa. Kax He.llaaao 6~no noxaaa11o 

nanoM/lS/ , npH BbiHOnHeHHR H9XOTOpblX y CnOBHll MOlKHO nony"'HTb CKOpOCTIIOll CD8KTp, B9CbM8 

noXOJKHJl Ha nony'!eHH~ll H8MH. O.IIHHKO Haw c nexTp o6na)laeT oco6eaaOCTIIMR, RBHO 11e yina

UbtBa!O!llHMHCR H B STY HHTepnpeTHilRJO. H ana'!He pa3HH'IIIbiX XHMH'!eCKHX CJlBHrOB y MarHB TIIOII 

8 



H D8p8M8rHBTHOll: KOMDOHBHTbl, HX He3aBHCHMOB H3MBHBHBB DpH CMBHB TBMDepaTypbi H, H8-

KOHBU, cnoco6 pacmenneHH!I neaTpanbHOll: nHHHH npa npa6naJKeHBH K BTopoll: TO'<Ke K10pa -

T8KOB HBDODHblll: nepe'IBHb 3KCDepHMBHTaDbHblX ljl8KTOB, 3aCT8BDIIIOWHX HaC OTKa3aTbC!I OT 

penaXCaUHOHHOll: HHTepnpeTaUHH, 

TpeTall nyTb TomwsaHHH aa6nJOnaeMbiX pe3y1IhTaToB ocaonaa aa cTpyxTypHbiX oco6ea

HOCTrut cnnasa. HaM xaJKeTCH B03MOlKHbiM CB!I3biBaTb nee aa6nJOnaeMbie oco6eHHOCTH Mtlcc-

6ay9poecKHx cnexTpoe c HanH'<HBM neyx He3KBHeaneaTHbiX nonpeweToK, conepJKawllx aTOMbi 

JKene3a, B '<8CTHOCTH, MaraaTH8H a napaMarHHTHaH KOMnoaeHTbl cnexTpa MoryT 6b1Tb OTHe

ceabl K D H A nonpeweTxaM, cooTeeTCTeeHao. 3Ta IIHTepnpeTaUH!I xopowo cornacyeTCH c 

H86DJOllaeMbiMH 3H8'leHHHMH XHMH'IBCKOrO CllBHra JlD!I M8rHHTHOll: H napaMarHHTHOll KOMDOHBH

Tbl CDeKTp8 H ll8eT BDODHe npaeMDBMYJO OUBHKY llD!I OJKHilaeMOro OTHOWBHH!I HHTBHCHBHOCTeli 

3THX xoMnoHeHT, B cnyqae aneanbaoi! c TpyxTypbi Fe 
3 

AI 'tacna aTOMOB >Kene3a e A a D 

nonpeweTxax OTHOCHTCH xa:x :l : 1. OnHa:xo CTpy:xTypHble accnenoeaHHH cnnaeoe, MenneHuo 

OXJ18>K.09Hlfb1X JlO KOMH8THOfi T9MnepaTypb1 1 llOK838mt:, qTQ 8T0Mbl aniOMHHHSI HM910T TeH.IleH

/3/ 
UHIO 3aHHMaTb 'laCTb y3noe B A nonpemeTxe. H3 pe3y1IbTaTOB H3MepeHHll: noynH H Kaaa 

MO>KHO onpenenBTb, 'ITO npa cocTase 24 aT.% AI TODbKO 80% aTOMOB AI H8XO.Il51TC51 

s D nonpeweTxe. 0cTa1IbHbie 3aaaMaJOT MecTa aTOMOB >Kene3a s A nonpemeTxe n TeM 

CaMbiM H3MeHmoT COOTHOWBHHe Fe A: Fe 0 al ,8 : I ,2 a I ,5. 3xcnepHMBHTanbHOe OTHomeane 

s./sm • 1,3 (eM. pHc. Sa) (6e3 eseneHHH nonpasoK ua Tonmnay nornoTHTenH) uaxonuT

C!I e pa3yMHOM cornacHH c 3Toll oneuxoll (eeeneaae nonpasox ero TOnbKO ynyqmaeT). 

npHMBH8HBB llaHHbiX, DOny'IBHHbiX DpH KOMHaTHOH TeMnepaType, K BbiCOKOTBMnepaTyp

HOll: o6nacTH He MOlKeT 6biTb o6ocHosauo enonue CTporo, Onuaxo nocxo1Ihxy pacnpeneneaHe 

anJOMHHHH MB>KilY A H D nonpemeTK8MH B OCHOB!IOM npOHCXOilHT B nepxaeil TO'IKB KypHHKQ

ea, MOlKHO HallBHTbCH, 'ITO B 06HHCTH 6onee HH3KHX TBMDepaTyp 31'0 pacnpeneneHHe CHHb-

HO Be K3M9HSI9TCH. 

48. npapona MarHHTHOro pacwenneHH!I 

B cany aana'IHH oco6eaHOCTell: Maxpocxonaqecxax MarHHTHbiX ceoilcTB o6cyJKneuae 

M8rHliTHOrO pacmenneHH!I Ml'!CC6ay3p0BCKOH DHHHH UpBilCTaBDHBT HeCOMHeHHblH HHTepec, 

.Qae 'lepTbi cym.eCTB9HBO OTnH'IBIOT llOB9Jl9HBe M8rHHTHOro pacwenneHBSI OT M8Kp0CKOIIH1.{9-

CKOJI HaMarHH'<eHHOCTH. Bo-nepBbiX, TeMnepaTypa K10pa no HHWHM pe3ynbT8TaM (cnnas 

24,3 aT,% AI ) neJKHT aa 60-70°C eblwe TO'<KH K10pa, o6aapylKHBaeMoil npa Maxpocxonaqe

CKHX H3MBpBHHSIX llalKe B CHDbHblX DOHSIX / B / , 3TOT pe3yHbTaT BpHil HH MOlKHO 06'bHCHHTb 

OWH60'IHbiMH H3MepeHHHMH TBMDepaTypbl, TaK KaK H8WH 3Ha'IBHHS! TeMnepaTyp liDS! HI!~<Heil 

TO'<KH K10pa a eepxueil TO'IKH KypaaKosa npeKpacao cornacyJOTCSI c pe3ynbTaTaMH npy-

rax aeTopoe, Bo-sTOpbiX, noeeneaae euyTpeuuero nonst noH noHHlKBHHH TeMnepaTypbl B 
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o6max qepTax cornacyeTCH c o6hi'<HhiM noseneaaeM B MaraeTaxax. Hcxmoqeaae cocTasnReT 

o6nacTb TeMnepaTyp, aenocpencTseaao npBMbiKBJOIUaH K HHJKaell. TO'<Ke Kypaaxosa T K
2 

B To JKe speMH B Maxpocxonaqecxax B3Mepeaaruc MaraaTHbiX csoilcTB B cna6biX nonHX aa

Maraaqeaa~cTb o6paana BMeeT TeHneauaJO CTpeMBTbCH K ayn10 npa npa6nHJKBHHH ycnosHA 

3KcnepHMBHTa K pasaoseCHbiM ( pac. 4). Cornacue MeJKUY M8 KpOCKOJlHqeCKHMH H3MepeHHQ-

MH H HaWHMH pe3ynbTaTaMH HaCTynaeT, eCnH UOnyCTHTb, 'iTO Mar'HHTHOe ynopHilO'IBHHe B lJ 

nonpeWeTK9 HOCHT aHTH$eppOMar'HHTHblfi XapaKTep, a MaKpOCKOllH'I:BCKaSI HaMar'HH'lBHHOCTb 

B Hep8BHOB9CHbiX y5nOBHSIX HnB B CHnbHbiX BH9WHBX nonSIX o6ycnosneaa UpyrHMH npB'lHHa

MB, KOTOpb19 Mbl 06CyllHM HBCKOnbKO n03JK9, 

PaccMOTPBM B03MOJKHOCTH cywecTaoaaHHSI a~TB¢eppoMaraeTH3Ma aD nonpemeTxe 

C TO'I:KB 3p9HHSI 3neKTpOHHOll CTpyKTypbl aTOMOB )K9ne3a, nl06bl9 UBa aTOMa lK9ne3a B lJ 

nOUpemeTKe (a ynopllll0'<9HHOM COCTOliHHH) pa3UeneHbl aTOMOM anJOMHHHSI 0 KOTOpblii o6na-

naeT llOCTaTO'lHblM KOnH'1:9CTBOM p -opfiHT UnH 06ecne'l:eHHSI KnaCCH'lBCKO!'~ KOCB9HH0r'O 
/14/ 

o6Meaa. Cornacao ¢eaoMeaonoraqecxoll Teopaa fynuaa¢a , CBSI3b MeJKUY aToMaMll JKene-

aa ll anJOMHHBSI B D nonpemeTKe ocymecTanSieTCSI nepexpblTHeM e 
0 

-op6aT JKeneaa c p -

opfiHTaMH anJOMIIHHSI (pHC. 12), nocKDnbKY MarHHTHblll MOM9HT aTOMa JKene3a B lJOOUpe-

meTKe Mana OTnH1i89TCSI OT MOM9HT8 B M9T8nnaqeCKOM >Keneae, MO>KHO O>KB)l8Tb, t.tTO 38ITOn-

H9HHe e -ypOBHel\ TaKJKe OCTanOCb 6e3 cymeCT£19HHbiX H3M9H9HHII H Ha HHX HaXOilSITCll 
• / 15/ 

usa 3nexTpoaa c napanne11bHbiMH cnaaaMB (eM. TaKJKe pa6oTy Bonnaaa ), TaKHM o6-

pa30M, UnSI cymeCTBOBaHBll aHTH<jJeppoMarHeTH3Ma B OTUenbHO B3SITOl\ D nonpeme TKe . 

HMelOTCSI see aeo6XOARMbie ycnoaus. K CO)f{aneHHID1 npHMhiX 3KCnepHMeHT81lbHblX llOKaaa

Ten~>CTB cymeCTBOBaHHll aHTH<jJeppOMarHBTH3Ma noxa H9T, (J13MepeHHll napaMar'KHTHOA BOC

npHHM'<HBOCTH B pa60Te Waaoxapa
161 

no HBl!CHbiM npH'<HHaM o6opsaHbl npu TeMnepaTypax, 

COOTB9TCTBYIOIUHX o6aapylK9HHbiM HaMH TO'lKBM Mar'HHTHOr'O ynOpS!IlO'lSHHll), 

.[lpyrHM HKTepeCHblM p93YnbTaTOM HBnHeTCll llO'I:TH nonaoe OTCYTCTBHe Mar'HHTHOr'O 

saaaMoneACTBHSI MBJKilY A a D nonpemeTKaMa, Mbl ero CTaBHM B npl!MyJO CBll3b c aanon-

H9HH9M d -op6HT JKeneaa B A nonpemeTKe 3nexTpoaaMH a{IJOMHHBH, .!ln>~ aTOMOB A non-

pemeTKH Cp911B 6naJKal\WHX COC9Uefl HM910TCSI 4 aTOMa anJOMHHH!I, KOTOphle, B CHny M9Hb

mefl 3neKTp00TpHUBT9nbROCTH/
161

, CKnOHRbl OTUaBaTb CBOH BaneHTHbl9 3neKTpOHbl, 3TH 

3nexTpOHbl noxanaayJOTCll aa d -op6aTax JKeneaa, o6paay10mero A nonpemeTKy, B 

ll0nb3Y TaKOl\ TO'lKH 3p9HHSI r'OBOpHT Pllll 9KCnepHM9HTanbHblX <jJaKTOB: XHMH'l9CKHl\ CllBHr' 

M{!Cc6ay3pOBCKOfl nHHHH (pa60Ta/IJ/ R HaWK UaHHhle), yMeHbWBHHe Mar'HHTHOr'O MOM9HTa 

a A nonpemeTxe, o6aapyJKeaaoe npa na¢paxuaa ael\Tpoaoa
17 1 

a, aaxoaeu, napaMaraaT

HOe paccel!HHe Hel\TpOHOB npH 33-50 aT,% AJ 
/8/ 

MOJKHO npennonaraTb, '<TO npa sToM t 2 op6HTbl JKeneaa a A nonpeme TKe 
Q /14/ 

oxa>KyTCll nonaocTbJO aaceneRKhlMH. Ho, cornacao fynaaa¢y , a o.u.x. pemeTKe Mar-

KHTRoe B3aHMOU9JiCTBHe C 6nuJKal\WHMH COC9USIMH OCyWeCTBnl!eTCSI HM9HHO C nOMOWbiO 
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t 
2 

O op6HT, KOTOpbie npH UOilROM HX 38Ce/leHIIB He BMeiOT 31l8KTpOHOB C HecnapeHHhiMH 

CITHHRMK K, eCT9CTB9HHO, He MOryT Y'I8CTBOB8Tb B MRrHB THOM B38BMO/leflCTBHB, llpyrse 

BB/lbl B38HMO/leflCTBHR (nonsrpii38UJIR 31l9KTPOHOB npOBO/lJIMOCTH H /lllllonb-llHUOilbHOe B38HMo-

Jl9l!CTBBe) llOillKHbi 6hiTb cHm.uo ocna6ne11hl a cnyqae aHTHcj>eppoMarHHTHOfi CTPYKTypbi D 

UO/lpemeTKJI, 

KaK 6biiiO ycTaHoaneHO HaT&IICOM 11 /lp/
71

, npH KOMH&THol! TeMnepaType cnnaa 

Fe 
3 

AI cj>eppoMarHHTeH. B CBSI311 c 3THM HRAO OlKIIABTb, 'ITO HHlKHR!l TO'IKB KIOpH (TK
2 

B Hei<OTOpb!X OTHOil!eHHRX AOillKH8 OTiiii'I8ThCH OT 06bi'IHOfl TO'IKH KIOpH. 3neKTpOHH8H 

CTpyi<Typa CUil8B8 llOillKH8 nepeCTpOHTbCH TRK, 'IT06b! UOHBHiiOCb MBrHHTHOO B38HMO/lelt-

CTBHe MelKJ1Y UOApemeTI<AMH, 8 MBrHHTHBH CTpyKTypa 0 UO/lpemeTKH llOillKHB npeapaTHTb-

CH B cj>eppOMRrHIITHy!O, Qf5aapyJKeHH09 H8MII CHnbHOe B3MelleHIIe XHMH'IeCKRX CllBHrOB 

MAcc6ay3pOBCKIIX cneKTpoa A a D no!lpemeTOK B OKpeCTHOCTHX T K
2 

HBilH9TCH nep-

BbiM 3KCll8pHMeHTRnbHb!M YK438JIIIeM 118 3TH OC06eHHOCTB. 0Jlii8KO B CBny H 3 BeCTHOl! HeOA-

H03H8'1110CTII BIITepnpeTBUBII npB'IIIH, Bbl3biB8IOIItBX 113MeHeHRe XBMH'IeCKOrO C llBBra, Mbl He 

MO~eM npe/lllO~Tb 6onee AeT81lbHOrO 8H81lB38 3TBX HBil9RBlt, 

4r. Ha6niOAeHHII a6M3B HBJKHell TO'IKH KypRaKoaa 

(ycT&IIOBIIBWBliCH peJKBM) 

Q6cyAIIM cnepaa UOBS/leHBe 'paBIIOBeCIIbiX' 3118'18HHfl napaMeTpOB, napaMarHHTHBH 

KOMUOReHT4 CU8KTp8 118 11Cilb1Tb1B8eT pe3KBX 113MelleRBll B6nH3B TO'IKH ynopH/lO'IeHBH 0 

no/lpemeTu. EABIICTBeiiHOll ocotSeiiiiOCTbK> RBnsteTCII MBI<CHMYM aa 3BBHCHMOCTB mBpHHhi 

OT TeMnepaTypbl, S03MOlKHbl8 npll'lllllbl UOS!Bil811HR 3TOro MBKCBMyMa Mbl of5Cy/lBM npH pac

CMOTpeHBB HepaBHOBeCIIOro UOBeAellll!l CU/l8B8, rAe MBKCHMyM CTBHOBBTCH O'leHb f5onb

IDJIM, OTcyTCTBHe pe3KBX H3Mellellllll 114 38BBCBMOCTII XHMB'IecKoro CABHra OT TeMnepaTy-

phi B 0Kp8CTIIOCTHX TO'IKB ynopll/l0'1911BH RBillleTCII UO/lTBepJKll9HB9M npBIIHTOJ! Bblille 

HRTepnpeTRUBB, COrllBCBO KOTOpOl! U8p8M8rHIITIIOlt KOMUOIIeHTe CII9KTpa COOTBeTCTByeT 

JKene3o a A no/lpemeTxe. llellcTBIITem.so, np11 ynopiUIO'IeRHB D no!lpemeTKSI cpeaRee 

OKpyJKeHHe A JKene3a OCT89TCH 6e3 B3MeseBBlt 11811 B nepaolt, TBK B BO BTOpOii KOOpllB

HBUBOIIHb!X ccj>epax. Ell11HCTB9RHOe B3MeHeHBe, KOTOporo cne/lOBRnO 6hl 3/leCb OlKH/lBTh, -

yMeHbmeHJie mHPBHbi llHIIHB H3-3a HC'Ie3HOBeHBH ljlnyKTyanHll oKpyJKellHH, no-BHllHMOMy, 

38M8CKBpOB8HO UpB'IBHBMB, UpBBO/lHIItHMH K cymeCTBeHHOMy ymHpeHHIO llHBHH, 

B D no/lpemeTKe npH ynopH/lO'IeHHH BCnhiTb!BBIOT H3MeHeHHe llBR napaMe-rpa: 

XHMII'IOlCKBil CABHr H BHyTpeuaee none. nnH D lKene3a nocne ynopH/lO'IeHHSI OK83b!BBeTCSI 

H3Meii9HHOil BTOpBSI KOOp/lHHBUHOHH8!1 C<jJepa: B Reynop11/l0'19HHOM COCTOHHHH, B CpeAReM, B 

Hell R8XO/lllll0Cb 3 8TOM8 lt<ene38 II 3 8/l!OMHRHII, nocne ynopiUIO'IeRHSI BTOpaSI KOOp/lHHB-
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IIHOKHBSI c<j>epa COCTOHT H3 6 8TOMOB 81l!OMHHHSI. Kax YlKB OTM9'181l0Ch Bblme, aenocpaACTBaH·· 

HO C BTOpoA KOOpAHRBIIHOBBOA c<j>epoA B38HMOAeACTByiOT 3d 31lBKTp0Hbl, R8XOARillHBCSI 

HB eq ypOBHa. 06a H8611JOA89Mb!X a¢<j>eKT8 YAOBIJBTBOpBTBilhHO MOlKHO HRTepnpeTHpOBBTh, 

ecnu aonycTHTh, ~To e 0 op6BTbl OK83blB810TC!I 6011ee BbiT!IHYTbiMB, KOrA8 BTOpHSI KOOp-

ABHHIIHOHHBSI c¢epa 

aec napeRRbiX 3d 

a aaSITa anJOMRHBaM. Dpa aTo M npoacxoAHT yMaRhmaaae nnOTROCTH 

31laKTpOROB BHyTpH HOHHOrO OCTOB8 K, O'laBRARO, YMBHblll8aT<;SI XHMH-

'IBCKHA CABKr K BRyTpeaaee nolle R8 RApe. DpapOA8 3 TOA p8AK81lhROH Ae$QpM8UHH CBOAHTCSI 

K TOMy, 'ITO aecnapeHHhiA eQ aneKTpOH *p83Ma~~B8eTCR* Me~ay d -ypOBHSIMK lKBil9-

aa H Re3anonaeHHblM p -ypOBH9M 81l!OMKHBR, BOilROBbie ¢YHKIIKR KOTOpbiX nepexpb!BHIOTCSI 

(pac. 12). DOA06Kb1A M 9X8RB3M 8BTH<j>eppOlll8rBKTHOA 06MeBROli CBSI3B K8'1BCTB9HHO p8CCMOT

p e R BonnaaoM
1 151

• 

8 ABHHOM Clly'lae HBTepnpeTBUHSI X8p 8KTepa npH'IHBbl, Bbi3BHBmel! H3MBBBHH9 XHMH'IB

CKOrO CABHra, o6ner'I89TC !I OTCyTCTBHBM BKARMbiX H3MOK9KH A CABHra B A llOApemeTKe, 

'ITO YK83b1B8BT B 8 HBB3MaBBOCTh COCTOSIHH!I S - p Op6HT, CBSI3biB8101llHX 06e pemeTltH. 

B ueynopHAO'IeRaoA D nOApemeTKe B llOilOBBHB Cny'I89B BMOCTO 81l!OMHHKSI BO BTOpOI! 

KOOpAHH8llHOHROll c<j>epe BCTpa'I8BTCSI lKOil930 (a Rao60pOT), 'ITO IIOJilKHO npHBOAKTh K aapy

lllBHHRM B.HTa¢epp oMarHBTROl! CTPYKTypbl. B aTOM Cll)"'Be AilS! nap Fe- Fe caopee ClleAyeT 

OlKHABTh ¢eppOM8rRBTBblll xapa&Tep CBSI3H, KOTOpBbiA llOK81lR3Y9TCSI 61JHlK8illllBMH 8TOM8MK 

AI • O'leBKAHO llor.allaaauasr d - 31l9KTpOBOa BB BTOMBX Fe 6yAeT Bbipa lKeaa callhaee 

AllR ReynopHAO'IBRHOA 0 llOApenreTKB, '19M AilS! ynopHAO'IBHHOA. 

Bnaaaae npaMecell anJOMKBKR aa noeeAeHae M6cc6aya poecaax cne&Tpoe lKelleaa 6blllO 

accneAoeaao CTapac
117 1

• Ee a xcnepaMeBTallhBbie peayllhTHTbl aaxOAHTCH e yaor.lleTeopa

TallhBOM cornacaa c aamaMK (xOTR KHTepnpeTB.IIKR peaynhTBTOB s
1111 

coaepmeaao ApyraH). 

B 'IBCTBOCTH, aa6JJIOAaeMoe R8MB yMeRhmeaae aaaqeaasr BRyTpeaaero nollR aa 15 KHilo

apcT eA XOpOillO cornacyeTC SI C B B IJB'IHHOII 13 ltBil03pCTBA, IIOily'IB.BMOII K3 peayllhTHTOB 

CTapac AilS! 3-x Ao6aeo'IRblx aTOMOB AI ao _eTopoA &oopAKRauaoaaoli c<j>epe. Bb!A!IKayTHR 

CTHpHC KRTepnpeTB.IIKSI B aameM Clly'lae OK83b!B80TCSI He npKMBHHMOA, TBK K8K, Bo-nopBbiX, 

Mbl OlKHAHOM 8RTH<j>eppOMBrBeTH3lll R D noApemeTKe, eo-BTOpbiX, aa A noapemeTKe a 

'paBBOBBCHbiX ' yCilO!IHSIX none He np9Bbllll8eT 5 1<3pCT, XOTSI 4 611HlK8lllllKX COCBA8 - lllB.r

BHTOYIIOpHAO'IORHble aTOMbl JKeneaa aa 0 noApemeTI<K, c orllacao CTapac, AOillKBbl A8Th nOJia 

ot<ono 240 aapcT. noaTOMY BaM t<aJKeTcsr, 'ITO yAosneTeopaTallhBoe cornacae enaRBHR &To

poll aoopAHBauaoaaoll c<j>e pbi e aamax aaMepeaa!IX a a aMepeRH!IX CTapac yKaab!BaeT aa cyme-

CT!IO!Iasae Apyroro M9X8BH3M8 MB.rBKTHOrO B38HMOA9llCTBHR1 IIOM HMO llOilapH3 8UKH 3 1leK-

TpOROB npoBOAHMOCTH, pacCMOTpeHKOA CTapac. 
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4n. Ha6niDaeHHH a6naaa aamaea ToqKa KypaaJ<oaa 
(KHHBTBKA) 

Ka&: y>Ke OTMel:Janoch Bhlme. a nponecce ycTauoeneHBH pBBHOBeCHH a6nH3H BHa 

CKopocTaoro cneKTpa 3 8BHCHT OT apeMeHH. HaH6onee cymeCTBBHHble H3MBHBHHH npeTe pn e-

888T *nap8M8rHHTH8H' K0Mfl0H9HT8 Cll9KTpa, lliHpHH8 KOTOpOA ~3M9HH9TC H B 3-4 p830 

(pac. 10), BepoHTHOll npHqHHOll ywHpeHHSI aToll nHHHH Mbl cqaTaeM nosrnneHHe MarHHTHor o 

B38HMOaeilCTBHH, npyrne B03MOlKHbiB npHqHHbl YWHpBHHH (<jlnyKTyBUHH XHMH'IBCKOr O C/1 8Hra 

OT 8TOM8 K 8TOMY HI1H aH<I><!>Y3HH 8TOMOB) ensa liii MOryT 06ecneqHTb )'WHpeHH e H8 611!0JlBB-

MO!t BenH"'HHbl. 

06paiU89T HB C96H BHHMSHHe TOT ¢l8KT 1 t.tTO M8ltpOCK.OflH1.f9CK8SJ H8M8rHH"l.f:9HHOC Tb 

cnnaaa B cna6hlx nonHx aeneT ce6SI aaanorii'!HbiM o6pa30M (cpaaHHM pac. 10 n 4), n p H'IBM 

B 060BX cny'ISHX Mbi HMeeM Lleno C npHMepHO OJlBHSKOBbiMH llOCTORHHbiMH Bp9M9HH. 

Mo.nellb, 06'bHCHHJCW8H llOB9Jl,9RH9 KSK MBKpOCKOJIHt.t9CKHX, TBK H M8KpOCKOOH1.f9CKHX 

CBORCTB, 3BI<mO'I8BTC!l 8 cneayiDlllBM, nonyCTHM, qTo 8 npOUBCCe ynop>.AO'IBHH!l [' n on -

peweTKH HenocpeJlCTBeHHOe yqaCTHe npHHHMaeT TBK>Ke B A nonpeweTKa. TaKoe asne Hee 

6brno 6bi enonue ecTeCTBeHHhiM, TBK KBK aTOMhi A no.a.peweTKB smnmoTCH 6nH>KllHmKMH 

COC9llSIMB D nonpemeTI<H, npa aTOM ynopaao'leHHOCTb A nonpeweTKH OK83bi88BTCSI 

napyweHsoll 1e no cyTB nena Mbl BMBBM CBOBa aeynopaao'leHHblll cnnaa FeAI E c T eCTBe H-

H01 npH 3TOM B3M9HSUOTCSI H MarHBTHble caoAcTsa cnnaaa H y}l<e secb cnnas MO>KeT 

CTBTb <jlep)Jo- HJUI <jleppHMArHBTHbiM, T8KOB COCTOHKHB Cnnasa B OTCYTCTBHB BHBWHBf'O Mar-

HRTHOrO nona HeyCTOAqusO H penaKCHpyeT C H9KOTOpOA flOCTORHHOH BpeMeHH 1 3 8BHCSll.ile l't OT 

nponecca aa<l><!>yaaa aTOMOB H npyrax npH'IHH, 

HaurH pe3ynhT8Tbt no speMeHHOA 38BHCHMOCTH cxopocTHbiX cneKTpOB 1 noMHMO ot.teaHn-

HOro ITOB9.Ll9HHH 111HpHHbi napa.MarHHTHOA nHHBB 1 llBIOT PRil KOCB9Hllb1X flO.llTBep>K.ll€HH11 ::>TOH 

Mo.nena. 

TaK1 XHMHqecKuA c.naHr "'napaMarHHTHoA• nHHHH a nepBbie MOMeHTbl apeMe HH 3B HH

~eu a nHWh nocne .nocTaToquoA swnep*KH .llOCTHraeT aaaqeHRH 1 csollcTaeHHOro A noape

weTKe (pHC, 9r). HanoMHHM, 'ITO s aeynopHnoqeanoil <jlaae XHMH'IeCKHll c naer MBHhwe, '!eM 

B nceaaoynopHJlO'IBHHOll, B npouecce •paaynopaJloqenaa• A noupeweTKH 'IBCTb a TOMOB AI 

nOKHHBT CBOH MBCT8 B D nonpeweTKB H HX MBCT8 38HMYT aTOMbl >Keneaa H3 A noupe w eTKH, 

npH 3TOM MOlKHO OlKHU8Tb, qTo HeKOTOpb!e Y'18CTKH D nonpewe TKH 6ynyT s e CT!! ce o .. T B K 

>Ke, KBK A noapewe'TKa. Ha6n10aaeMoe yaeniPieHHe nnoma.nu "'napaMarHHTHoH" KOMnoneH Thl 

H yMeHbrneHue cpB.naero snyTpeHnero rronSI a neps&re MOMeHTbi speMeHH nocne 6poC'Kll 

TBMnepaTypbl nonTBBp>KnBIDT 3TH COOOp8lKBHHS! ( pHC, 9a H 6), Yf HTepeCHOe np05IB/1 eHHB l TOf'O 

M9X8HH3M8 Mbl H86JUO.ll89M HB TeMnepaTypHOfi 38BHCHMOCTH OTHOW9HHSl HHTeH C HBII OC T eH 

RHXOB M8f'HHTHo-pacm enneHHOi1 KOMITOHeHTbi, pH C. 86 ( "'paBHOB9CHb!e" H3M e p e HH ri ) • K ;lK 
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H3 B 9 CTHO, B cnyqae OTCyTCTBBB rrp9BMYW9CTB9HHOro HanpaaneHBB H8MBrBBqeHHOCTB B n o nB

KpB CT 8 nne qeCKOM B9lli9CTB9 OTHOW9HB9 BHT9HCBBHOCTea nH HHA 399M&HOBCKOA W9CT9pKH 

llOn >K so Ob!Tb 3 : 2 : 1, B JlpyroM cnyq8e, xor)l8 npeHMymecTBB.RHoe H 8 np8aneuBe HaMaruu

'IBHHOCTH 00p83U8 n e pneH)lHKynspHO H80p8Bn9HHIO ny'IK8 r8MM8-K88HTOB, 3TO OTB0lli9HH9 

p8 e so 3 : 4: 1. B xosxpeTHbiX a xcnepHMeHT8X MeTollsqecxse npB'IHBbl ( TOnruHH8 o6pa3ua, 

yrnoBBB paCXOJlHMOCTb ny'IK8 H Jlp, ) B C9r)l8 HCK8lK8JOT STB COOTHOlli9BBB, 8 H8lli9M cny-

q ae 1 nOM HMO 06bi'lHbiX BCK 8 >K9HHi\ 1 cne.nyeT O>KHJl.8Th DOHBneKBB' CH CTeMSTB't8CKHX norpeWHcr-

c T e ll a a -38 8nnpoKCHM8UHH <j>opMbi nasal! nopeauoacxol! x p seoA B '18CTHqaoro nepexpbiTHB 

naHa l! , nos TOMy M b l He npHJl8 9 M <j>H3 Bqe CKOr O CMb!Cn8 H80nJO)l89MOll B9nH'IHH9 OTHOW9HHB 

S
6

/ S 
5

, 0JlH8KO HOB9)l9 HH9 STOrO OTHOlli9HHfl npB H3M9H9HHH T9M09paTypbl B01UI3 H TOqKH 

ynopRllO'IeHBB a pBJl na MOJKeT ObiTb OO'bBCHeao K8KHMa-ns6o MeTOllH'IeCKHMH norpe mHOCTBMH, 

Mbi npeJlnon8raeM, 'ITO npa TeMnepaTypax CBbiWe T K
2 

B9KTOpbl H8M8rHH'I9HHOCTH 

B9Cb M8 M 9 nKHX <j>eppOM8rHHTHbiX o6n8CTell, CymeCTBYIOWHX H 3 -38 OTCYCTBHB 8TOMHOll 

y n opR.ll0'19HHOCTH 1 MoryT OK838TbCSI 1:f8CTH'IRO OpHeHTHpOBBHHblM BO ape MB 

cyme cTaosaaaH Hepasaose cHoA c noaTBHHOA HSMar uaqe aaoc Ta. EcTeCTBeaao, 'ITO 

e c n y 'l8e a awero o 6p83 U8 (TORKH il llHCK ) a e KTOpbl cnoaT8HHOll aaMarRa'leHHOCTB o y Jly T 

npeHMYill 9 C TB9HHO p 8cnonar8T bCSI B nnOCKOCTH oop 8 3U8, npa TeMnepaTypax HB lKe T K 2 

p e W9 TK8 CTS HOBHTCSI y nopH.ll O'I BHHOR H senBt.tHH8 '38MOpomeHHOA' 8HH 3 0TpOllHH YMBHbWS BT-

CSI 1 T8 K KSK y MBHbWHnOCb K OnRt.tBCTBO $eppBM8rHRTHblX OOn8CTe ll, KOTOpble MOryT 0 0 9-

cne 'IHTb aasa oTpons JO , 3TOT M e X8HH3M a npa6 nalK89T OTHomeaae nnom 8Jlell s 
6 

/ s 
5 

K 3 H8-

t.teHH!0 1 COOT BBT CT BYlOlllB M Y H 3 0TpOnHOMJ C n y 'IB JO . 

Y1 HTepnpeTSUH SI BpeM B RHOfi 3 8BHCHMOC TH M8KpOCKOllHl.JBCKOA H8M8rHHl:J.9HHOC TB C TO'IKB 

3p9 HIH I aawe ll MO)lenH 0'19 BHllHB. Pe3ynbT8Tbl nana H Tapaous
15 1 

(H 3 MepeHH B H 8M8l'HH'I9H

HOC TH BO BH9WHHX n o nSIX pa3 HOH CHnbi ) nony'I 810T Bn OnHe YllOBneTBOp HT9 nbH09 OO'bSIC H9 HHe, 

e CnH llOn yCTHTb 1 'ITO p aayn op HJlOtt B HH OB M 9 T BCT8 6 H1lbH0 8 COC TOHHR 8 M O>K8T 6bi Tb " 3 8MOpo

)1{8HO" a o c TaTOY HO c anbHJJIM D HelllHH M MarHHTHbt M none M .. E c T eCTB8 HH01 paauoaecHaH 

c T e neHb y nopSUloY e nnocTH a a ToM cnyqa e onpeae nSJe T C H a e nH'IHHo R: BHewHero non51 H T e M

n e p a T y poH .. Hawa Mouenb , no-BHLlB M OMy, c y c nexoM M O>KeT 6brTh npR Me He Ha e: AII st o 6bstC

He HnH p H!l8 ApyrHX H806bP.I H biX MBrHHTHbiX CB Oti CTB 3 TOrO C JTII8B8 ( H3 M e p e HB 51 K03 pUHTHB

HOfi c an hi , npoBe lle HH b i e 11 e a uoecxaM
1 18 1

, H M 8rHHTHoA BB3KOC TH - T eneCHHHbi M /
191

), 

O)lHBKO C n 9 pB8 Tpe OyiOT CSI Jl8nbH9liWH9 HCCn 9Jl OB8HH H, H OJlTB 9plKJl8 10lUH 9 np8BHnbHOCTb 

C Ji e 1l8HHbi X H8MH .ll.Ofly lU8HH R . 

OTMeTH M m iwb , 'ITO n p o TH a ope'IHR a <j>a3 0 B bi X llH8 rp a MM8X Jloyna a Kaua
13 1 

a 

1'2. / 
T 3 l!nop8 a JllK OHC8 MoryT ObiTb n erx o ycT p au e H bi c nOMOWb JO Ha mu x npellCTaaneRa ii . 

A a Topbi ua3a 8HH biX paooT a cnonb30aana pa3nH'IHbie o 6 pa3 U bi , HaonJOJl8 B m eecH Jloyna a K a-

HOM a c '!e3 aoae Ha e c eepx c T pyKT ypHbi X nuusil A n oJlpemeTKH a 6 nu3 a T K
2 

MO>Ke T 

6 b1 T b C BH3 8 HO C T 8M 06C T OS1T 81Ib C T BOM 1 'l T O OHU H C J1 0 1Ib30B81IH M 8CC H B H bi A o 6pa38U 1 B T O 
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apeM!I JtaK TaAnop 11 JllKoac pa60TanB c M&nKKM nopomKoM. BoaMolKao, 'ITO a oKpecTKOCTJIX 

TO'IKK KypaaKoaa nn11 paaaoaecaoro paapymeKKK nanbaero nopKnl[a a A nonpemeTKe no

cTaTO'IBO OCT8TO'IKOA K8MArKK'I&KKOCTB M8CCK&KOI'O o5p83U8 linK cna~hlX noneA Cny'18AHOI'O 

npoi!CXOlKneKKK. 

Jlpyree pe3ynbT8Tbl Jloyne • Kaaa Kocaeaao nonTaepli(JiaiOT npaaenbKOCTb aameA Mo-

nene. Ilps cocTaaax cablme 25,o aT.% AI OKH Be aa6nronan11 HC'I&3KOB&HKH CB&pXCTPYKTyp-

Hblx nea11A, coOTB&TCT&YIOIUHX ynopgno'leKBoA A nonpemeTKe, a TaJClKe OTM&TKnH cymecTsea

aoe yM&KhlU8HK8 IIOCTOKKHOA Bp&MiilHK nocTKlK&KHil pa&KOB&CHK. 3TK pe3ym.TaTbl nerltO 

IIOHKTh, ecn11 y'I&CTh, 'ITO &6n&3H KOKU8HTp8UB 25,5% AI n&KH!l TO'IeK Krops nepece-

J<SeT nHHIIID TO'IeK KypHaJ<oaa (p•c. 11). Ilpa aTOM cnpaaa OT aT oro nepece'leKH!l cnnas 

a6n11311 TO'IKH KypHa!toaa ocTa&Tcll napaMarKBTKhiM np11 acex BBUax aToMaoro nopAAKa, 

a CUOHT8HH811 H8M8I'HB'I8HHOCTb O~p83U8 p8&118 HyniO H He TOpM03HT npouecc ynop~ 

4E. HeKoTopbre a<P<J>eKThl, He o6cylKnaawsecH Bhlme 

B oKpeCTHOCTIIX aepxaell TO'IKK Krops ( 630°C pHc. 7) aa6nronaeTCII 38MeTm.Jit CKa-

'IOK XHMH'I&CKoro CllBHra napaMarH8T8oA n8H88. Oa MOlKeT 6biTb o6ycnoanea cnenyiOW8MB 

np8'IHH8M8. ilp8 B03H8KHOB&H88 8HT8~eppOM8I'88T83M8 cneuyeT OlKBJl8Tb ll&~OpM8U88 peweT

K8 Kp8CTanna 8 CBII38HHOI'O C Hell H3MeH8HHII nnOTHOCT8 aneKTpOHOB 88 gnpe. 3aalt CK8'1Ka 

( OTPH naTenbHbill np8 noBb!W&H88 TeMnepaTyphl) yKa3bi&aeT aa yaenH'IeHHe nnOTHOCTII 

aneKTpoaoa np8 nepexone B napaMarHHTHoe cocTOHH8e (8ne aa yMem.meaae nnOTHOCTH 

d -aneKTpoaoa). Mbr ae pacnonaraeM caeneaa!IM8 o neAcTaaTenbaoll aen8'1HBe ne~opManH8, 

noaTOMY aam pe3ynbT8T ocTaeTCII 6e3 nanhaellwell 8HTepnpeTaU88. HeKOTOp811 'ISCTb a Toro 

CK8'1Ka MOlKeT 6biTb o6ycnoaneaa MeTonH'I&CKBM8 npH'IHHSMH. B o6nacT8 T&MnepaTyp, coOT-

B8TCTByiOIU8X CKH'IKY X8M8'1eCKOI'O cna8ra, 83 nepBOH8'18nbHOll on8HO'IHOA nHBII8 np08CXo-

JlHT BbJ.QeneHH9 MSrHHTHOA KOMROH9HTbl 1 KOTOp8H HM99T H9CKOnbKO .MeHhWHil XHMHqeCKRfi: 

CJlBBr. QqeBHllH01 OCT8BW8HCSI nocne 3TOrO BbiJleneHBSI R8p8M8rHHTH8SI KOMROH9HT8 !J.OnJKH8 

6b1Tb H8CKOnbKO CUB8HyT8 B UOnOlK8TenbHyiD CTOpOHy U8lK8 B OTCyTCTBH8 K8KHX-nH60 H3Me

H8H8A ee CBOllCTB. K COlKaneHHID, H8W8 pe3ynbT8Tbl HM&IOT H8llOCT8TO'IHYIO TO'IHOCTb nnst 

yaepeaHoro cylKneHHII o np8pone aToro a~<jleKTa. Ilnomana naaall, onpeneneHHbre HSMH npa 

o6pa60TK8 3KCU8pHM8HT8nbHbiX C118KTpOB B nop&HIIOBCKOM llp86nHlK8HBB, T8KlK 8 , UQ-BHJliiMQ

My, COU8PlK8T CHCT8M8TH'18CKH8 UOrpeWHOCTH, CBII38HHbl8 K8K C HCIIOnb3 0B8HHblM npe6nBlK8-

HH8M nn11 annpoKCHMauaa ~opMbi n&HBA, TSK H c 6onbwHM nepe!tpbiTHeM naaell. B CBH3H 

C 3TBM Mbl He MO>K9M onpe.nenHTb, 'ITO smnHeTCSI npH't{BHOA ROBbiW9HH51 OTHOill9H.HSI nnowa-

H8 Kp8!1X HHTepaana TeMnepaTyp, COOTB8TCTBYIOlU8I'O UpHMepHO UOCTOliHHOMy 

OTHoweHHIO ( pac. Sa). 
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YiHTepnpeT8IUUI M8XCHM}'M8 H8 WHpHBe 1I8p8M8I'HBTHOII KOMIIOHeBTbl ClteKTp8 BOJ1B31! 

T KZ Tpe6yeT Jlallbaellmax accneJloBaaalt. BoaMoJKao, 'ITO aa6nJOJlaamal!cg aaMB MaxcaMyM 

CBI!38H C HeiiOnHblM Jl0CTBlK9HB9M p8BHOB9CHII. nonb1TX8 81I1IpOKCHMHp0BBTb BpeMeHayJO 

38BIICHMOCTb WBpBHbl JlBHBH IjlyHKUHIIMB THII8 3 8TyX8JOW9ll 9KCIIOHeHTbl K ycnexy He npRBena. 

Bnonae B03MOJKHO, 'ITO npouecc JlOCTBJKeaal! paaaoaecHll B HameM cnyqae HOCHT llBYXKOM

noaeaTablll xapaKTep, npa'leM Mbi Ha6nJOJlBnB TOllbKO ObiCTpyJO 'IBCTb npouecca. YKa3 BHIISI 

88 JlBYXKOMIIOHeHTRbill XBpBKTep nepeXOJlB BCTpe'!anHCb B nHTepaType
120 1

, 0JlH8KO H8M 

ae snonae RCHbl B03MOJKHOCTH ox npaMeHeHHll B cny'lae aij>IjlexTa M€!cc6aya pa. 

4)1(. KoHUeHTPBllHOHR8ll a aaacaMOCTb caol!cTB Ha6moJlBBlliHXCSI nepeXOJlOB 

npBB9Jl0HHbl9 HB pBC. 11 xpHBble 3BBIICHMOCTH TeMnepaTyp nepeXOJl8 OT KOHUeHTp8UHH 

anJOMBHHR HBM npeJlCT8BnSieTCSI RHTepeCHbiM CpBBHHTb C CyiUeCTBYIOIUHMH Ij>B30BbiMR JlHBrpaM

IIIBMH pa3nH'IHbiX 8BT0p0Bo 

Kpasasr 1, OTROCm:uagcg x sepxaell TO'IKe KypHaxoaa, O'leHb xopowo cornacyeTCR c 

121 /6/ 
pe3y11hT8T8MB Tal!nopa-.lllKOHCB R Illaaoxapa • npa 9TOM Mbl HMeeM B BHilY corna-

cae TeMDepaTyp nepexoJla, onpeJlen>teMbiX npa MeJlneaaoM nOBbimeRHH TeMneparypbl o6J!aaua. 

HanB'!He 6onhmoro TeMneparypHoro rBcTepeaaca noaaonaeT TBKlKe roaopaTb o cornacaa 

c peayllbTaTaMB Max-Kyaaa H Ky'UIHCKoro
121 1

, ecJtB JlOnycTHTb, 'ITO ax peayllbT8T Obin 

IIOJI}"IeR 1IpB Me)lneHHOM OXn8JK}l9HHR 00pB3U8., (}rcyCTBHe KBKHX-IIBOO 38M9THbiX B3MeHe-

liB II xapaxTepBCTBK nepeXOJlB OT cocTaaa 25,1% no 24,3 aT. % AI noaaon~eT yTaep~ABTb, 

'ITO npapoJla uepexona B KOHe'IHO~ cocTORHBe cnnasa BPRil nB npeTepneaaeT cymecTaeHHbie 

H3M9R91IBII B 9TOM JlHBII830H9 KOHI19HTp8UBli. 

KpBB81! U COOTBeTCTByeT KOHll9HTp8UROHHOll 3BBHCHMOCTH Bepxael! TO'IKH KIOpH. 

(Mbl ee ae aaabiBSeM TO'IKoll HeenR Kax c uenbiO coxpaHeHall TpaJlanaoRHoro HaaaaHBR, 

T8K R BBRJly OTCyTCTBHR ltpRMbiX Jl0KB3BT9nbCTBO CyWeCTBOBBHRR TOll HJIB HHOll M8I'HHTHOli 

/ 22 / 
CTpyxTypbi). nJOOOIIbiTHO OTMeTHTb, 'ITO B pRJle paOOT (eM. ) 9TB nHHHll Oblna OOHapy-

JKeaa a HHTepnpeTnpoaaHa B xa'leCTBe nBHKH TO'IeK K10pa Heynop!!JlO'!eaHoll Ijlaabl, Torna xax 

Jlpyrae BBTOpb/ 
4•5 •6•21 

/ ae OOHapyJKBIIH MBKpOCKOIIB'IeCKOII HBMBrHH'IeHHOCTB B OOnBCTB 

MeJKJlY xpBBbiMR II a Ill • 3TH pacxo>KneaaR MOJKHO o6'bRCHHTb o6cylKJlBBmellcR BbiWe 

~yacTBHTenbHOCTbiD COCTOBBBH cnnaaa K aenHqBHe u cnoco6y aano~eHHR aaewaero MarHHT-

Horo noJIR. 

Kpasag Ill , coOTBeTCTByiOW8R HHlKHell To'lxe KypuaKoBa B uamax H3MepeHRliX, 

xopomo cornacyeTCR c peayllbTaTaMR noyna a Kaaa a o6nacTH cnnaaoa, conep>Kamax 

6onee 25% AJ • npa COCT8B8X, COJleplK8WBX Meaee 25% AI , HBIU8 KpHB8R npOJlOnlKaeT 

IIOBbiW8TbC!! ltpB yMeHbweaBB COJlep>KaHBR AI • B TO BpeM!! KBK y noyna H KaHa Ha6mo-

,[18eTCSI CDS.ll. flpuq:&Hbl p8CXP:>K.ll9HHR1 no-BH.llHMOMYr CUOBB Te >Ke , qTQ B BbiWe. 
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CorrocTaBils15r xon KpHaol! III c KOHUeHTpauHoHHoll aaaHCHMOCThro >IBnermsr 'nBoii

HoA TO'IKII KropH', IIOily'IeHHOll nanoM H TapHOIIH
151

, Mbl o6HapylKHB89M BIIOilHe YIIOB/19TB<>

PBT91lbH09 cornacse. TaKoe cornacHe ecTeCTBeHHO a paMKax H3 1lO)f{eHHOH Bhiwe MOnenH 

B MO >K9T paCCMBTpHBBTbCH B KBqeCTBe KOCB9HH0f'O ll0.ll.TB9p>K.ll9HH51 npaBHllhHOCTH npnHSI-

TOll H8MH HHTeprrpeTAUHH. 

KpHBBSI IV , srnngroruaSICSI Kpuaoi! neikTBl!TellhHbrx TO'leK KropH crrnaaa, a HCcnen<>-

aaHHofi 06/18CTH BIIOIIHe YIIOB/19TBOpl!T91lhHO cornacyeTCS! C pe3y/lhT8T8MH Jlpyrl!X 8BTOpOB. 

H3 JlpyrHX CBOl!CTB H8611!0Jl8BWHXCS! 119p9XOAOB HBM K4lK9TCS! HHTepeCHWM 06CyJlHTh KOHU9H-

Tpau HOHRYIO 38BHCHMOCTb X8p8KT9pHCTBK XRMHqeCKOf'O C.ll.BRf'a. 

BellH'lHHB XHMH'I9CKOrO CABHra IIpH IIOCTOHHHOH T9MII9paType 06HapylKHB89T HeMOHO-

TOBHYIO KOHil9HTp8UBOHHylO 38BHCHMOCTb KBK B o61l8CTH ll8p8M8f'HBTH0f'O COCTOHHIHI1 TBK H 

B o6naCTH ABYXKOMIIOHeHTHOrO CII9K1'pa (puc. i36,a). nocKO/lhKY T al!nop H .QJKOHc/
2

/ He 

06HapylKHilH H9MOHOTOHH09 IIOB9A9HH9 rrapaMeTpa peW9TKH B YK838HHOH 061l8CTH 0 Mbl MO-

>K9M C'IKT8Tb, qTQ H8t51liO.ll.89Mbl9 H3M9H9HBH U911HKOM o6yCil0Bil9Hbi H3M r~H9HH9M X8p8KT9p8 

aarronHeHasr aneKTpoHHbrx op6HT JKeneaa. 3nech Mhr HMeeM neno c nayMH npoueccaMH, K<>-

TOpb19 OK83biB8JOT npOTBBOIIOilOJKHOO )leACTBHe HB XBMHt.{9CKBii C.llBHf'. ilpH yaellH"19HHH 38-

Cell9HHOCTH 4 S Op6HT XHMHqeCKHfi CJlBHf' CT8HOBHTC51 6onee OTpHU8T91lbHbiM 1 TOf'.D.B KBK 

ysellH'I9HHe aaceneHHOCTB 3d op6HT H3M9HH9T XHMH'l9CKHii CABHr a nono>KRTeJlbHYIO 

CTOpoay. !13 HB!UHX peaynhTBTOB BHIIHO, 'ITO IlpH KOHU9HTp4UHHX AI M9HhW9 25% rrpe-

o6nauaeT nepawA npouecc, Torna KaK rrpz KOHUeHTpauHHX cswwe 25% - BTopoll. ( Och op

llHHaT Ha pzc. 13 HarrpaBileHa B CTOpOHY 0TpBUBT91lhHbiX 3H8'l9HHll C)lBl!ra). 3TOT peaynh

TDT IUIXOIIHTCH B IIOilHOM cornaCHH .C peayllhTaTaMH CaKCMHTa
1231

, B r<OTOpb!X, HB'IIIHBS! 

c 25% AI, Ha6nronaeTCH pe3KHA crran aaMarHH'leHHOCTH crrnaaa. 

TeMnepaTypaaH aaBHCHMOCTh XHMH'IeCKoro cnaara a accnenosaHHoll o6naCTH TeMnepa

Typ H COCTBBOB' B9ChMB XOpO!UO MOJKeT 6b!Th OIIHC8H8 llHH9HHb!M 38KOHOM {_,a HCKil!O'l9HH

eM TO'l9K ljla30Bh!X rrpeBparueHHll, B OKpeCTHOCTSIX KOTOpbiX Ha61l!O)l89TCS! 6onee HllH M9H99 

pe3KHA nepeXOA C OIIHOH IlpHMOJ! HB npyryro). J1HTepec 11p9ACT8BilSI9T H8K/10H 3Tl!X IlpHMbiX 

H 38BHCHMOCTh HBKIIOHa OT COCTaBa cnnaaa . Ha pHC. 13r IIpHB9Jl9Hbl peayllhT8Tbl 0 !10ily

'l9HHW9 )lllH napaMarHHTHOA llHHHH B HHTepaane 7QQ-5QQ°C (a 06/laCTH cyrueCTBOBBHHH 

OIIHRO'IHOA llHHHH DC9X COCTBBOB) • 

KaK arrepawe 6b!ll0 IIOK838HO nayHnoM
1241 

• HBKIIOH TeMrrepaTypHoro CMerueHHS! 

Mecc6aya poacKofi /lHHHH, o6ycnoaneHHoro KBanpaTH'!Hb!M a<P<;'leKTOM .Uorrrrnepa, np11 Bbrco-

KHX TeMnepaTypax IIOCTHraeT rrpenellhHOrO 3H8'!9HHH ~~ =- 3RE/2MC 2
, KOTOpoe B cny-

aE o 
qae Hllpa >Keneaa paaao (-aT)m:. 0,724 MHKpoH/ceK C. 

KaK BHJ::tHO H3 HBWHX pe3ynbT8TOB 1 Ha6nJO.naeMbitf HBKIJOH HeCKOJlbKO npeBblWBeT 3Ty 

BenHYHHY H 38BRCHT OT COCT8B8 cnnasa. ilpyrHMH CnOB8M H 1 XHMHY6CKHH C.llBH P npH no-

17 



HHJKeHHH TeMnepaTyphl eoapacTaeT 6biCTpee, 'leM c neayeT OlKHJlBTb R3 oueHoK, y'lHTbiBBIO

max TOnhKO KBBJlpBTH'lHblli acjlQJeKT Jlonnr.ep a, 

HaM c el!qac aaeecTHa TOnhKO pa6oTa X aHHB a np/
251

, B KOTopol! HMeeTCII y noMHRa

HHe o Ha6niDae HHH noxolKero acjl¢eKTa B MeTanna'leCKOM lKeneae npa ewcoKHX TeMn epaTypax. 

O.naaKo aaTOpbi 3ToA pa6oThi ae rrpasenu KonaqecTaeHHbiX aaHHbiX 1 a TaK>Ke ue .nanu HHTep

npeTBUHH aToro IIBneHHII. BbmonHeHHwl! HBMH aHanaa p11aa B03MOlKHbiX npH'lHH yeenH'lBHIISI 

Ha6niDaaeMoro HaKnoaa (aaMeHeHae cTeneRII aanbHero nopi!JlKa, 6nH30CTb ¢aaoehiX rpaHHU, 

H3Me HeHHe napaMeTpOB pelllBTKH 0 JlH¢¢y3HII BTOMOB) TBKlKe He ll03BOnan Jl8Tb YllOBnBTBOpH

T enbHOe 06'biiCHBHHe Ha6moaaeMOMY a<I>Q>eKTy, 0TMeTHM nlllllb, 'ITO a<!>Q>e KT Man B M8CillT8-

6ax B03MOlKHbiX 1!3Me HeHHll nnOTHOCTII an eKTpOHOB, EcllB npHHI!Tb, 'iTO aonnnepoecKoe 

C MBW9HHe p8BHO IIpB.O.BllhHOMY 3 H8'1BHHIO , T O D.068B01:fHOB H3MeHeHH9 XHMH'lBCKOrO CllB Hra 

np11 noHHlKBHIIII TeMnepaTyphl Ha 200°C cocTaBHT npaMepHO + 0,04 MMICeK, 'iTo, cor nacHo 

Y onKepy H ap,
1261

, MOlKeT 03H8'l8Tb yMeHbllleHHe 3&CeneHHOCTH 4s COCT OSIIIHII BCerO HB 

0,02 S aneKTpOHB, 

Benl!'ll!HB CKB'lKB XBMB'leCKoro caeara B HBlKHeli TO'lKe KypRaKoea o6naaaeT eeCbMa 

HHTepeCHOii KOHUeRTp8UHOHHOii 38BIICHMOCTbiD (puc. 13a), npH yeenB'leHHH COaeplK8HIIII aniD

MIIIIIIH B cnnaee llpOHCXOJliiT CMeHa 3H8K8 3 TOrO CKB'lK8, YnopiiJlO'leHIIe B MBrHIITHOJ! ¢a3e 

npiiBOJliiT K OTpiiUBTenbHOMY CKB'lKY CJlBHra, ynopHJlO'leHB e B napaMarHHTHOn ¢aae - K nona-

lKHTenbHOMY , 

H aa6onee ecTeCTBBRHhiM o6bHC HBKHeM 3 Toro peaylibTaTa sranHeTCSI npBMe HeHBe KOH

uennBB aaceneHRH 3d op6aT >Kene3a anexTpoHaMH aniDMHHIIll/
21

• nocKOnhKY nponecc 

3aCeneHHH 6 biCTpO yCKOpHe-t'CII npH llOBWllleHIIH KOHUeHTpBUBH aniDMHHBll B Cnnaee 
12

•
23 1 

MO>K HO npe.anOJI8r8Tb
1 

CJTO BMBCTO H3MBHBHH:A 1 IIpHBOJlSllllRX K YMBHbWBHHlO C.ll.BHra IIpH yno-

p11JlO'leHHH0 o6cy •<a8BillHXCH an<! 24,3 BT,% AJ , npeo6naaa!OlliYID pOnb H8'1HII8BT nrpaTb 

38Ceneaue 3d cocTOHHBii lKene3a, npoacxoalllllee npa ¢a30BOM nepexone. 

Onaa~to TaKast TOl{J{B apeHBH ocTaBnHeT OTKpbiTbiM aonpoc, cnyqaA:ao na cKattoK XHMH-

qeCKOrO C.llB Hra o6pamaeTCH B aynh B TO'IKB nep eceq eHHH KpHBMX MBrHBTHOrO A BTOMHOrO 

ynopllJlO'leHH<l 0 IWH Mbl 3aeCb HMeeM aeno C 38KOHOMepHOCTbiD0 BbiTeKBIDillefi 113 npHpOJlW 

o6onx npoueccoe. 

T eopeTH'lecKnil aHanH3 aToll cnTyauna, no-BHJlHMOMy, B CKopoM epeMeHH 6yaeT Bhl

nonKeH (flallBHC H <l> ep6eHK /
271

), H H8M OCTBBTCII nHlllb UOlKenBTb 0 'lT06bl B TeOpeTH'leC-

KOe paCCMOTpeHH8 6bJnH BKnJO'IeHbl H MHKpOCKOllHl.I8CKH e X8p 8KT epH CTHKH 1 H3MepSI8Mbl8 

c noMOillbiD a<!><l>eK TB Ml';cc6ayapa. 
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5. B bl 8 o a bl 

I. B o6nacTa <jlaao8oro nepexo11a FeAJ -aeynopHl!O'IeHHaR- FeAI - nc e8 .lloyn opH-

AO'IeHBaH' o6aapyJKea TeMnepaTypHb!ll racTepeaac XHMH'IeCKoro caaara Mi!!cc6ayapoacKoll 

n&RHH 1 8 T810K9 pe3KOe H3M8H8HH8 XHMH'19CKOI'O CJlBHI'8 B TO':IK e nepeXOJl8. J13M8H8HH8 

XHMR'IBCKOrO Cl!8Hr8 HHTepnpeTapyeTCSI HB OCHOB9 peaynbTBTOB H3MepeHHII napBMBrHHTHOII 

BOCRpHBM'IHBOCTH. 

2, 06aapylKeHa o6nacTb TBMnepaTyp H COCTBBOB, BHyTpH KOTOpol\ CKOpOCTHOH c n eKTp 

COAeplKHT l!8e KOMUOHeHTbl - MBrHHTHyiO H ll8pBMBrHHTayiO, .LlayM KOMUOHeHTBM Cll9KTpa 

conocTasneHbi aae STOMHbiX noa.pemeTltH , co.o:ep*amae He3KBHaaneHTRbie aTOMbi »<eneaa . 

3, H a OCHOBe COUOCTBBnBHHSI HBWBX peaynbTBTOB C pe3ynbT8T8MH M8KpOCKOllH'I9CKHX 

H3MepeHHll H8M8rBH'I9HHOCTH 11enaeTCSI npe/1UOnOJK9HH9 06 BHTH<jleppOMarHHTHOfi npap011e MBr-

HHTHOrO nopHAKa 8 D noapew eTKe, 

4. B paaaoaecabiX ycnoaaHX a6naaa TO'<KH nepexo11a • FeAI - nce8AoynopHI10'IeHHBH 

Fe 
3

AJ' 06HapylK9Hbl H3M9H9 HBSI XHMH'IBCKOrO Cl18Hr8 B BHyTp9HHero MBrHHTHOrO nonS! 

MBrHHTHOII KOMUOHBHTbl Cll9KTp8, KOTOpbl9 HHTepnpeTHPYIOTCSI C TO'IKH 3peHH SI ynopMO'Ie

HBH Ol!HOII llOl!perueTKB, 

5. B6na3 H aToll JKe TO'IKH <jlaaoaoro nepexoaa accneaoaaaa KHHBTH KB aocTaJKeHa H 

pa8H08ecaoro COCTOHHHH. 06aapyJKeao Ka'IecTaeaaoe noao6ae apeMeaaoro noaeaeaaH MaKpo

CltOnH~ecKoa HSMaras'leHHOCTB cnnasa a MHKpocKonaqecKoa ~HaMarHu qcHHOCTn· A noape 

me-r~a. 

6, .Lln H HHTepnpeTBUHH 3THX pe3ynbT8T08 npeanOJKeHa MBKpOCKOllH'I9CK8H MOl!Bnb TIOBe-

aeana cnna8a, Cornacao aToll Moaena, ynopHaoqesa e D noapeweTKH conpoaoJKaaeTCH 

aepa8HOaecHblM paaynopsmoqeHHeM A noapeweTKH. B 3TOM coCTOHHHH cnnaa CTBHOBHTC H 

<jleppHMBrHHTHblM, 

7 • .LlonycK.aa, 'ITO pa8Hoaecaaa cTeneHb paaynopHl!O'IeHHOCTB cnna8a a6nnau T K 
2 

aaeacaT OT aenaqaBbi np.ano>KeHHOro saemaero MarHHTHoro nons, y.a.aeTCH B paMKSX npeano

JKeasoll Moaena yaoBIIeTBOPBTenbuo o6'bHCHBTb caollcTaa aanesHH 'aaollaol! TO'IKH K10pa' H 

npOTHBOpe'<HH a pa60Tax paana'IHbiX aaTopoa, accneaoaaawax <jlaao8yiO AHarpaMMY c acTeMbl 

FeAI • 

8. Onpeaeneaa KOHueaTpauaoasaH 

nepexoaoa. 

38BHCHMOCTb aa6niOl!88WHXCH TO'IBK <jla308b! X 

9. 06aapyJKeHo aaoManbHO 6b!CTpoe CMeweaa e Mi!!cc6ayapoacKol! naauu npu H3Meaeaaa 

TeMnepaT)'pbl, BenH'IHHB 3TOII BHOMBnHH o6aapylKHB89T 38BHCHMOCTb OT COCT8B8 c nnaaa, 

10. XHMH'IeCKHII c asar npa nOCTORHHOfi TeMnepaType a 8enuqnaa 'cKB'IKa' XHMH'Ie -

CKoro Cl!BHr8 B T K2 06HapylKH88IOT KOHU9 HTp8UHOHHyiO 38BHCHMOCTb, KOTOpBS! HHTep-

npeTapyeTCH C TO'IKH 3peHHSI 38CeneHHSI d op6HT JKene38 an e KTpOH8MH BUIOMHHHSI, 
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Pile. 4. HBlleJme ABOAaoA TO'UtH KiOpH cornacao nany B Tapaona.OKpBBble I, n. Ill 

cOOTBeTCTByiOT CKOpOCTHM oxnalKaeaHH 0,96; 1,93 a 3,7 C I MHB a none 

N 

1,12 3pCT ( o6pa3ell 24,9 aT,% AI ) • 

~r 
.. . · .. 

0. 

i .. 

~~j . .,rvf.;"": 
· ~ 

~ f 

\~f-AA !~ 
lvJ v' UYv 

v + 

'P•c. 5, M!!cc6ayspoacKsg cneKTpbi cgnaaa Fe 3 ~ (24,3 aT,% AI ) npH TeMnepaTy pax: 
a) 700 C; 6) 550 C; c) 20 C. 

23 



5(~·· •9-l 
0,35 

0, 
-~ . . . . . .. . . J 

0,25 Ll ---~,------:~---.-:-::-:,..-----:::-:: 
100 aoo 'soo T ·c 

T., 

J .. z.. 

-0,3 // 
-0,1 

a 

-0,1 
JOO 800 ~ T "C 

r •. 

Puc , 8. napaMeTpbt M!'!cc6ay:aposcKoro cneKTpa cnnasa Fe 3 AI (25, 1 aT . % AI 
B OKpeCTHOCTHX T K I , a ) XBMH'IeCKBil CIIBB!'; 6 ) IT1IOIU811b 1IBHHB 

nornoweHR "-

dMfo I 
u 

H, ro 

I 
1u 

-0,1 ~ ~ 
200 

- 0 !1-__?..lt .... ..,j 
!la-..... A{, \_,--

100 

- O,f ~ 

T -( 
00 0 

100 T •c 

Puc. 7. T e MnepaTypHaH aaBHCHMOCTb napaMeTpos CKOpOCTHbtX c neKTPOB cnnasa Fe 
3

AI 
(:t4,3 aT.% AI ) , 

I - XBMB'teCKIIll CIIBH!' napaMB!'HHTHOll KOMTIOHeHTbl cneKTpa; II - XHMB'IeCKIIll 
CIIBBT' Ma!'HBTHOll KOMITOHei!Tbl cneKTpa ; II I - BHyTpeaJiee MB!'HIITHOe none 

( npasa st mKana). 
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Pac. 9. 3aaHCBMOCTb xapaJ<TepRCTRK Cl<opOCTnobo cnei<Tpa OT apeMeBH nocne p e3Koro 
CBRlKeBHSI TeMnepaTypbl OT 700 AO 630 C (o6paa en: 24,3 aT, % AI ), 
a) OTBOmeBRe DDOmaneA napaMarnRTBOA R MarHRTBOA KOMTIOBeBT CDei<Tpa; 

6) BHyTpennee M&rBHTBoe none; B) XBMJI'IeCKRA CllBHr MarnRTHOA KOMDOBeHTbi ; 

r) XBMJI'IeCKRA cnasr napaMarKRTnoA J<OMnoneaTw ; n) nonymapana n:enTpanbnoro 
DHI8e 
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nonyWHpHH8 n:eHTp8DbHOrO DHK8 CKOpOCTBOrO CDeKTpa 8 pa3Hbie MOMeHTbl 
apeMeHH . I *Paaagaecnwe. H3MepeHHst; II • nepawA '18C nocne nOHHJKeHH!t 
TeMnepaTypw na 20 C; Ill • 3na'<eHH!I mHpHHbl, nonyqeHHbi6 npn aaMepe cnycTSI 

5 - 12 MHHyT nocne peaJ<oro CHHlKennst TeMnepaTypw OT 700 C. 
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Pac. 11. KoaueHTPBUHOHHB!I aas BCBMOCTb aa6moaaB!DHXC!I TO'IBK <!>aaosbJX nepexoaos. 
I. JlsHB!I sepXHBx TO'IeK K ypaaKosa; II • JlsHH!I sepxasx TO'IBK K10pu; 
III • JlHHB!I HHJKHHX TO'IBK KypaaKosa; IV • JlBHB!I HHJKHBX TO'!eK K 10pa . 

Puc. 12. CxeMaTaqecKoe aao6paJKeas e nepeKpbtTB!I d -op6aTaneii . 
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Pac . 13. KoaueaTpauaouaa!l a asaCHMOCTh xapaKTepBCTBK XHMH'!eCKoro c asara. 
a) Bena'!BHa CKa'!Ka ~MH'IeCKoro casara s T K2 ; 6) XHMH'Ie CKBA ca~ar 
nps TeMnepaType 700 C; s) XHMB'IBCKHA casar npH TeMDepaType 530 C; 
r) HBKnOH TBMnepaTypBOA 38BBCBMOCTH XBMH'IBCKOrO C.QBHra. 
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