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HccnenoaaHHe eo3 neiicTei!SI HnepHoro H3llY'iCHJISI Ha ceolicTna MeTannue 11 cnna

eoe SIBnSieTCSI aKTyan&HoA 3anaqeli coepeMeHHOli $113UKII Tnepnoro Tena. YIHTepec 

K 3TOli npo6ne Me, C CJlHOil C TOpOHb!, Dbl3B811 pa3BHTIICM peaKTOpOCTpOCHIISI, H C06-

XOJlllMOCThlO yPny6JlCHIISI 3H81IIIi\ 0 nOBCJlCHIIII KOHCTpyKTIIBHbJX MBTCpHaJlOB, Il0Jl

BCp!'810Uli!XC!l B03Jl&ikTBHJO I!HTel!CIIBHblX IIOTOKOB 1!3JJy'iCHHSI. C npy!'Oil CTOpOllbl, 

SIJlCpHOC 1!3lly'!CHI!C SIBJlHt!TCH MOlllllblM CpCJlCTBOM lfCCJlCJlOB8HIHl TBepnoro TCJ18, 

npOHIIK810UlCQ !i3lly'!OHI!f' CO:JJl8CT B Kpi!CT8llJl C p83lli!'-!HOrO COpT8 ne<jleKTbl, 1!3 -

MCHS!lOUlH C ero crpyr<Typno-qyeCTBifTOlloHbiC ceolic·rea . OcoGeHHO B8)1(HbiM llOCTOHH

CT&OM Ilpll 3TOM SIBJlSICTCSI B03M.O)KH0CTh Jl031!p088Th BHOC!iMbJC HapymeUHl! Kpii C TllJl

JlH'iCCKOft CTpyKTypw . Yl3 ncex BI!UOB H3ny'!eHHSI HBH6onec CIIJlhHOe BJlHSIHI!e Ha caoi\

CTBa Tnepnoro rena, e 6on&mHH C TBe cny'!aen , oKa3biB8CT neliTpOH H B H 6oM6apnH

poeKa. 

Pcq.epHpyeMaH nHccepT BUHH nocsSJUleHa HCcnenonaHHIO eo:JneilcTsl!fl HeltrpoH

Horo 0 6Jly'!CHIISI H8 K03 plli!TIIBHY10 CIIJlY II 3<jJ<jJeKT 6apKray3CH U B MOJlll61lCHOBOM 

nepMannoe. B btoop Monn6neHonoro uepManJJOSI MllTepnanoM nn11 H ccnenoaam!li o6yc

nooneH TCM, 'iTO C!'O M8ll811 K03pUV.TIIBI!8SI C!Hlll IlO:JBOllHCT 06Hapy lKIIB8Th H C 60Jlh

WII C ll6C OJ110THLIC li3MCf/e HII 11, CBSI3llHHbte C B03 /lCIIcTBHeM OTilOC HT Cllhi!O M8ll!>IX no

TOKOB HeliTpOIIOB, H~t3KI!O 3Hll'!CII I!H KOH CTOHT 8HII30Tp0111111 If "arHUTOCTp!iKUIIH MO

lJH6JlOllOBOl'O nepM8JlflOH llaiOT B03MO)I(HOCTh Ilpll C06lliOilOilHU HCKOTOpL!X rrpeno

CTOpO~<HOCTeli IICKJl!O'ii!Th 113 pllCCM OTpCHIISI 3<jJ¢leKTbl, CB5J38HHbJC C llllllll'ii!OM BHyT

peHHHX nanpH)KCHnli. HenocTaTKOM MOJlH6neHoaoro rrepMnnno5I B naHHOM cnyqae 

S!BllSICTCH eepOHTIIOCTh JICKOTOporo paaynOpS!JlO'lHB8HIIH BO BpCMH o6ny'!Ollllfl II 8KTII

BHpyeMOCTb nOll llCK<.:TaHCM HCiiTpOHOB . 

HeKOTopoe ennMa nne a nnc:cepTaUHH yne:teno onHCBHHJO nonLJTKH o6!!apy)I(I!Th 

B031lCftCTBIIC HCi!TpOHHOl'O o6ny'!CHH51 Ha SIBllOHIIC SlllCpHOI'O $eppOM8!'HIITHOf'O pe-

30H8HC8 B HIIKCJlC, 
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llnccepT8UHH H8llHC8H8 Ha OCHOB8HHH pe3yUbT8TOB HCCUenOB8HHA, BblllOUHeHHWX 

s 1963-1966 r.r. s HncTHTyTe aTOMHolt 3Heprnn HM. H.B. KypqaTosa. 

llnccepT8UHH COCTOHT H3 6 ruas. 

B nepsolt ruase npnseAeH KpaTKHA o6aop nccueAOBannA, Kaca~mnxcs soaneA-

CTBHH HeitTpOHHOrO o6uyqeHHH H8 MarHHTHbie CBOACTB8 >Keue3HO-HHKeUeBbiX CllU8BOB, 

6uH3KHX no cocTasy K Moun6nenosoMy nepMauuo~. B 6oubmHHCTBe ony6unKOBBHHbiX 

pa6oT neitTpOHHOe o6uyqeHHe 38MeTHO H3MeHHUO MarHHTHble XapaKTepHCTHKH npH Ao-

38X nopsAKa to17 neATp.lcM
2 

s TOM cuy'fae, Korna o6uyqenne nponasonnuocb npn 

TeMnepaTypax o6paauos Bbiiiie 100°C. PeayubTaTOM nocueAy~mero OT>KHra Hsusmcg 

06bi'!HO MOHOTOHHbllt B03Bp8T MOrHHTHbiX X8p8KTepHCTHK K TeM 3H8'leHHHM, KOTOpbl-

MH o6uanaun o6pa3Ubi no o6uyqenns. 

0AH8 H3 3KCnepHMeHT8UbHbiX KpHBbiX, npnseneHHbiX B pa6oTe illHHAUepa H Ap_f l ~ 

yKa3biBaeT na To, '!TO o6nyqenne )l{eneao-nnKeuesoro cnnasa noTOKOM nopnnKa 

I 018 neitTp. / CM2 , npOH3BOAHMOe npH HH3KOii TeMn epaType, B006Ule He BUHHeT H8 Mar

HHTHble xapaKTepHCTHKH. nocneny~mHil OT)I{Hr llpHBeU K H3MeHeHHIO K03pUHTHBHOit 

CHUb!, K8K 6bl llpOS!BHB 'cKpblTOe H306pa)l{eHHe' • 

nposeneHHe 3KCTiepBMeHT8 C nono6HbiMH yCUOBHHMH SIBHUOCb nepBblM IIIOrOM 

na111HX nccnenosanaii. 

Bo sTopoii rnase onncan MeTon npnroTosuennH o6paauos H OBTOMBTH'!eCKHii 

BH6p8UHOHHbiH M8rHeTOMeTp, C llOMOIIlb~ KOTOporo npOH3BOAHUHCb H3MepeHIISI MarHBT

HbiX xapaKTepBCTIIK o6pa3UOB, a T8K>Ke naHbl HeKOTOpbie 3KCnepi!MeHT8UbHble peayub-

T8Tbl. 

Bo speMs npnroTosuenHH o6paauos 11 nposenenns HaMepennlt oc o6oe BHHManne 

o6pamaUOCb H8 38llil!llieHHOCTb o6pa3 UOB OT MeXaHH'leCKIIX H HeKOHTpOUI!pyeMblX TeM

nepaTypHbiX soaneiicTsnA. nocue oT>Knra o6paauos npn TeMnepaType 1200° s Teqe

nne 2 'l8COB B OTMOC$epe BonopOAa HX K03pUHTHBH8H CHna paBHHnaCb llpHMepHO 

70 M3. 06uyqeHI!e npOH3BOnHUOCb pa3UI!'!HblMII HeitTpOHHblMH ll0TOK8MH OT 6•1016 

no 2,9·10
17 H~itTp./cM2 llpH TeMnepaType,6nH3KOit K 30°C. 

HaMepeHBH K03pUIITHBHOit CHUb! npOH3BOni!UI!Cb llpH KOMH8THOil TeMnepaType C 

noMOllib~ sn6pauHonnoro MarneToMeTpa, noAo6noro onHcannoMy <l>ouepoM/2/. Paa-

pa60T8HHOe ycTpOitCTBO 8BTOM8TH'!eCKOit KOMlleHC8UHH H perHCTp8UHH CHrHaUa ll03-

sousuo BeCbMa TO'lHO 11 onepaTHBHO seCT!! nenpepbiBHY~ aanncb neTeUb rHcTepeanca 

1!3MepHeMbiX o6p83UOB. 
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Pe3ynhTBTbt lf::JMepeHI!il Marui!THLtX xapaK TepncTI!K MOJIH6£tclHoaoro nepMannoH: 

lfll!lYKUHSI HBCbtlUBI!HSI (530 rc/cM3), T CMnepaTypa Ktopn ( 379°C) I! KOflCTBHTB Bl!li3Q

TponnH (J,7·J0
3 

3pr/cM3) COl'JlUCYIOTCH C T86Jlll'!l!b1Mil UUHHbiMH. Yf3MBpBHI!ll llOK83a-

Ill!, 'iTO K03pUHTHOI!BSI CUJIB o6pa~UOB llOCJl e OGJiy'iel!Hll OC TUBTCR HBU3MBHHOA C TO~ 
HOCTbiO AD UBCRTKB npOUBflTOB. 

Yl3oxpoHflNA OTIKnr o6ny'!ePnwx o6pa3uoa, npon3aonn a wuAcn a Te'!BHI!e I qaca, 

U p llBOUifll K YBBlllf'!BHHIO KO a pUHTHBHOil CllllW , HB'!IfHllBWBMYCR Dpll T&MnepaType 

100- 150°C (pnc. 1 ). MaKCnManhnoe 3Haqeutie KoapuHTIIBHoil CHllLI (ao 200% oT 

na '!al!uHoll aenH'!HHbt) nocTHranocb npu TeMn epaTypax 250- 300°C. OpH T eMnepaTy

pax 450-500° npOIICXOUHJl llOJlHbtlf OT>KHr 3~JqJOKTOB 06Jty4eHHH. 

B rnaae liJ 
06cy >KUBBTCH OUHU H 3 MBX8Hif3MOB, CllOC06HbiX 06bHCHHTb llOJly-

'iBHHhte aKcnepHMeHTBllbHbte pe3ynhTBTbt. Ha ocnoaaHHII uMeiOwnxcn nnTepaTypHbiX . 
UBI!Hb!X / 3 / llOK838HO, 'ITO OCiiOBilbiM COpTOM ilB<jJBKTOB, o6pa3yiO!UHXC>I flOil ae!\CTBH-

BM HBJlTpOHH OrO 06lly'!BHHH 0 M8TBpH8ll8X Tlifl.:l MOliii6UeHOBOrO llBpMBllilOH, HBllHIOT-

en TO'!B'!Hble neqJeKTbl THna nap <l>penxcnn, n e Bl!HHIOWHe na MarHHTHbte caoiicTaa. 

Opoueccbr xoary;r SIUHII H KoanecueHUHII TO'ie'!Hb!X nef, BKTOA, nponcxon Hl!!H e npn OT>KH 

re 141, npHBOART K pOCTy ne<jleKTOB /J.O pa3Me pon, C01!3MBpl!Mb!X C TOlllUilliOA MBIKUO-

MennbtX rpamru. 

no Monenn KepcTeHa - Heenn
15 1 

upooeaeUbl OUBI!KH npllpOCTil K09pUHTHBHOJl 

C l!ll bl , llOJlY'IlllOIIJeroCSI 38 C'ieT D381lMOUeilcTBIIS! MB>KUOMBI!llb!X rpannu C o6pa3yiOIIJH

MHCSI B pe3yllbTUTB OTJKI!ra UCQ'BKTBMII, p83Mepb1 KOTOpb!X HBCKOllbKO M BHbWB TOlliiJII

Hbl MBlKUOMBH!IOil rpllHIHlhl. 0 0K83BHO, 'ITO npHpOCT K09pUHTHBHOft Cl!.'lbl B 9TOM 

2/3 3 
cny•we 1\ H k oo a p 3aeCb a , p - OTHOCHTBllbl!blfl 06bBM H n HHei1Hblli p83Mep 

ne<jJBKTOB, COOT!lBTCTBBI! HO. flnH Cl!)"'fllSl xpyllHbiX .QeQJ~K TOB, BOKpyr KOTOpbiX o6pa 3y

C1'CSI llTOpH41!8SI UO~IBHHDSl C TpyKTypa , flO MOUBllH flepHnra IIOJly'!BHll 3B BHCHMOC Tb 

1\H~ ool/p 

OpoaeneHHbte H3MepeHH11 naMil!"HH'ienHocTH nacbrureHnfl, KOHCTBHTb t aHH30TponHu, 

T B MnepaTypbl If KOIICTBI!Tb! J<IOpH ll03BOnll llll npODBCTH llOIIYKOllll'!eCTBeHHble OUBHKII 

MUKCHMBllbi!OrO npnpOCTa K03pUIITIIBHOA Cnnw, HOllY4810IIJBrocH 38 C'!BT OT*Hra pa

UiiUUHOHHWX ue¢cKTOB, 06pU30BDIIIIWX HeATpOHHWM IIOTOKOM !!OpHQKB JQI7 IIBlfTpfCM2 . 

nony'!BIIO YUODJl OTDOpHTBilbHOe cornacn e c 3KCI1 B p11M C IITOM. 

2/3 ., 3:JDIICIIMOCTb nplt nponnonox~n tiiiH, qTo a nponopuHDIIBnb-

HO U03B 06Jly '! CHI!Sl 

ma z 
MOCTb .\ lJ 

D , xopowo o6bi1CIISicT oGHapy>t<enHyiO axcnepnMBHTBllbHO 38BHCI!-

oo "2/3 2 
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3KcnepHM9HT81lbHO o6napy )K0HO, '{TO K0:3pUHTHBH8SI CHII8 npeTepneaaeT OCHOB

l-Ib19 113MeHeHII li npnMepno a T e 'lenne nepBbJX I 0-20 MHHYT OT)I{Hra ( pac. 3), :3TO 

Bp9MSI COrl1acyeTCSI C OU9HKSMH ;J IIHT(WbHOCTH npouecca KO&Il9CU9HUHH. 

YeTI>OpTaSI rnaaa nocasnneua ormc an:a1o peayn&TaToB :3KCneprt !A enTan&aoro naMe

pennS! cneKTpoa I{Mnyn&coa 5 apKrayoeua s o 6nyqeanoM Mom>6aenoaoM nepMa;moe, 

npcanpHHSITOMy C U9Jlbl0 HCCJ191lOBOTb HHllHBHllY81lbHb19 8KTbl B38HMOUel!CTBllSI M9lK)I.O

M 9l! HoiX rpannu c pallllilUHOHI!bJMR Aet\JeKTSMH. B aToA J'l1aae onncana <>KcnepnMeH-

Tan& aaH ycTanoaKa, noanonSIJOillaH perncTpapoaaT b pacnpeAelleHiut HMnyn&coa EapK-

rayaena no aena<JHHBM CKa<JK.:>B naMarau<re!lnocTH t. M a 38BHCHMOCTH OT aenn•tHHbl 

npnnoJKennoro MarnnTnor·o nonn. KpaTKO o6cy)i{JJ.9Hb! anJHlHHH Ten: IOBblX myMoB n 

cnyqal!n&tx noMex na nonyqaeMbie c n e K Tpbi. Onncanbi npeABapnTen&H&Ie !iccneAOBa

HRSI pacnp9ll9/19HHSI HMUY!IbCOB 5apKray3 9 H8 riO ll11HT9JlbHOCTSIM H BJIRSIRHSI CKOpOCTH 

H3M9H9HHSI BH91UI!9T'O UO!ISI He :3$1p9KT 5apKray3ena. rJpOB9A9H 8118!!113 COOTB9TCTBHSI 

Cli9KTpa HMUYJlbC OB 5apKray3el!a Cli9KTpy H9M8T'HHT I!b!X ll9QJeKTOB M8T9pH8118. 

06HapylKeHO H3M9 H9HH9 KO!Ili'I9CTB8 HMnyn&COB J3apKray39H8 B npouecce OT>KH

ra 06lly'leHHbiX o6pa3UOB (puc. 4). rJpn aTOM M8KCHM81lbH09 KOIIH'I9CTBO HMnynhC OB 

acex aenH'IHH na6nJOAaeTcH nocne OT>KHra npa 250- 350°C, T.e. a TOM ananaaone 

TaMnepaTyp , T'll9 o6aapy)l{eH MllKCHMYM KOS pUHTHBIJOA CHI1bl. Ilpn TeMnepaType 

450- 500°C :;~<P<j>eKTbl o6ny'l9l!HS! ITOIIHOCTbiO OTlKJ!ranHCb. 3KCnepHMeHT811bHYIO 38BIJCH-

MOCTb KO!IH't9CTBa HMnynbCOB 5apKray3eHa N OT HX BenH'IHHbi fl M , H3Mepen-

HYIO nocne OT>K.Hra lipH p831IH'IHbiX T 9 MliepaTypax ( pnc. 5), npu6JlH)i{9HHO MO)I{HO 

OliHC8Tb $OpMyno~ 

1 N .,.( ---)2 
/1 M 

rJpH HCCJ19)1.0B8HHH 31lBIICHMOCTH nonnoro 'tHCJ18 HMnynhCOB 5 apKray3eaa, UfJII

XOilS!UlHXCSI 118 91lHHH'tHbil! HHTeJ;BS!I nOnH, OT ero B9lllf 'IHHbl, KpOM e xapaKTep!IO;\ 

TeMnepaTypaol! 38BHCHMOCTII , 06H a py1KeliO TIO SIBJ19HH e MHIIHMyMO C'l9T8 B6!IH3H HYIISI 

UOII SI (pnc. 6), KOTOpb!l! MO>KeT 6btTb 06'bHCH9H Blll!SIHH9M MClKilOM9HHbiX rpaHHU 118 

npouecc KoarynHUHH TO'le'IHbiX ne$eKTOB. 

I1stT8~ rnaaa llHCCepTaUHSI UOCBS!Ill9H8 HCCII9A OB8HHSIM 6on&WHX CKS'IKOB Ha

MilrHH"l9HHOCTH, UOS!Bil9HH9 KOTOpbiX 6 &1110 06HapylK9HO D XOile U3MepeHKl! MBrHHT

HblX CBOi!.CTB o6ny'leHHbiX o6pa3UOB MOIIH6,QeHOBOf'O nepMallnOSI ( piiC . 7) . CpellHSISI 
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BellH'IHHB T BKIIX CKB 'I KOB H3MeH51118Cb npH OT lKHre, AOCTHrBSI B MBKCHMyMe BellH'lH

Hbl nop51AKa 10-
2 

raycc nocne OTlKnra np11 T e MnepaType 2 50-300°C (pHc. 8) . no-

K838HO , 'ITO UOllbutHe CKB 'IKH H8MBrHH'I8HHOC TH MOlKHO C 'IHTBTb BHOMBllbHO UOllblllHMH 

CKB 'IKBMH EapKray3eHa. 

B UJecTo~ rna a e aaHo KpBTKOe onHCBHH e nonwTKH o 6Hapyli<HTb B03AeAcTBHe 

n elhpOHHoro o6ny'leHHSI Ha SIBneHHe HaepHoro pe3oHaHca na SIApax Ni 
81 

. OmtcaHbt 

M8TOAHK8 npHrOTOB118HH SI 0Up83UOB H 3KCnepllM 8 HT8llbH8Sl yCTBHOBKB , C llOMOWb~ 

KOTOphlX B HI!Ken e C eCTeCTB e HHOA KOHU8HTp8UI!eR Ni 6 1 
6bt11H HonyqeHbt cneKTpt-.t 

.HMP C OTHOUJ e HHeM Cllrnana K lllYMY n pHMe pHO paBHblM 20. npoBeAeHHbte OUeHKH 

B811H'lllllbl CH rHana 51MP B nopOlllK006pa3HOM H M OHOliHTHOM o6pa3 U 8 X HliKeli Sl C O

rnacytOTCSl C 3 KCnepHM8HT811bHblMI! p e3yllbT8TOMH. Vl3MepeH K03cjJQJHUH8HT 8C l!MM8T 

p llR cHrnana .H MP B 3UB itCHMOCTH oT aenH'I HHbt paaHo'laCTOTHoro non51. Bo3aefl

cTa He OUliY'!Cli!Hl n pi!BCllO K H3M8H8HH!O BeliH'IHHbl C HrHalla .HMP Ha 8% H 1!3MeH e HH !O 

K03~>~ll!UHCHT8 OC H MMeTpHll, lle)KlJIUC MY B npenenax 3 K C n e pHMeHT811bHOA OW iiUKH , 

Bbt BO Dbl 

Pa3pa6oTaHLI MeTOilliKB npHroToaneH H51 T O HKHX npoaonO"iHbiX o6pa3UOB, 3a-

WHWe HHhlX OT MeXlJHH'IeCKHX llOUpe lK):IB HilH , llBTOM B Tii'l eC KHA Bl!Up8 UHOHH W H M Br He TO-

MeTp llllSI H3MepeHl!SI l!X C TBTH'!eCKl!X MarHHTHWX xapaK T e pH C THK, a TBKlKe YCTBHOB-

Ka anSI HccnenoBaHl! SI c neKTpOB H M n ynbC OB 6apKray3ena . H3Mepe HHSI noKa3a11H , 'ITO 

o6ny 'l eHHe HeHTpO!iHLIM llOTOKOM 1 017 HeilTpon /C M2, np0113BOAIIMOe npH T eMn epa

Typ e , 6nH3Koli K 30°C , no'I TH n e H3MenSieT Ma rnHTH u>x x opa K-repu c T uK o6pa3UOB 

MOnH 6aenoaoro nepMaJt/I OSI n n e BllHSie T ua ux c n e KTpbt HMTIYllbCOB E apKray3eHa . 

0TlKnr 06Jty'leHHbl X o6pa a UOB B llHBTI830He · T er..me p a T y p OT 250 AO 300°C npHBOAilll 

K 3Hll4HTellbHOM Y (no 200% ) yBeJil! 'l8HH!O K0 3 pU11THBIIOA Cllllbl II llOAOUHOMy H 3 Me-

11CllH!O cneKTpa I!Mlly:tbCOB EapKray 3 ena . npll a TOM ll3 Mel!eHHe K 03pUHTHBHOA CHllbl 

n pon c xonHno npuMepno 30 10-20 MHHYT OT~mra npn aaHH OH TeMnepaType, a MllK

CHMOJibHhtil rtpnpOCT K0 3 pUHTilB H OJ1 C H/I bl 6ulll rtpOrtOpUHOHBlleH A03e OU11Y"i8Hil51 B 

c T enenn 2 / 3 , T epMH'ICCK B H o6pa 60TKa npn 6onee BhlCOK HX T e Mnepa Typax aena K 

n onHoMy OTiKHry aljlcjJeKTOB paa HAUIIH. OTlKH r o6ny•1eHHhiX o6pa3UOB npttaoan n T OK:il<e 

K ll3Me HeH H IO Bl!AO !18Tllll rlfCTC pe31!C8 - !1 0SIBll e HII!O 60llblllllX CKfl'IKOB H 8 M ltrll ll"i 8H-

HOC Til. 
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npeJlllOlKeHHOe o6'bBCHeHH e nonyqeHHbiX 3 KCnepi!MeHT BllbHbiX pe3yllbTBTOB !!CXQ

JlHT H3 npennollOlKeHHB 0 TOM, 'ITO HeA'l'pOHHOe o6ny'!eHHe C031lBeT BHyTpll o6pa3UOB, 

B OCHOBHOM, TO'le'!Hble n e ¢>eK1'bi , He Blli!BIOWHe HB HX MBI'HHTHbie CBOliCTBa . nocne

JlYIOWHA OT lKI!r rrpHBOili!T K KOarynSIUI!I! I! KOanecueHUHH TO'Ie'!Hb!X n e <l>eKTOB, yK

pyiTHSISI HX JlO p83Mep OB, CpRBHHMbiX C TOllWHHOl!. MelK)lOMeHHOil: r pBHHUbl , KBK 6bl 

rrpOS!BllBB * CKpb!TOe H306pall<eHI!e *, 

Pe3ynbTaTbi rronyKOlll!'!eCTBeHHblx pac<teTou K03pUHTHBHo{). Clillbi, npoaen eHHhix 

ITO TBKOil: CXeMe , YJlOBlleTBOpHT e 11bHO COrnacyiOTCSI C ~KCITepH MeliTOM . 

OcuoBHbie pe3ynbTBTbi uccnenoaaauil: U3 l!OlKeHbi a pa60Tax16-9/ , 
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