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LlnH o5ecneqeHHSI cTa5HnbHDfi pa5oThi r.:pynHhiX cBepxnpoBDAHlllHX coneao.:.· 

HADB IIpH MaKCHManbHO BD3MOIKHh!X C08AHHX IInDTHOCT5IX TOKa B HX o5MOTK8X HC

non~~YIDTCH KOM5HHHpOB8HHbl8 IIpOBDAHHKH/ l, 21 
t COC.TOHUlHe II3 CBepXIIpOBOA5Illl8I'O 

MaTepHana n aaxongmerocg c HHM B TecaoM sneKTpn~ecKOM·n TennoaoM 

K6HT8KTe HOpManbHOI'D MeT anna C. Man hiM ynenbHbiM. aneKTpH'leCKHM conpo

THBneHHeM npn renneBbiX TeMnepaTypax. CTeneab cTa5nnnsaunn TaKoro 

npoaonanKa onpenensreTcH napaMeTpoM a , aaeneHHbiM CTeKnn121 : 

rne: 

I 
2 

R 
c 

a 
., (I) 

h A (Tch -Tb) 
~ ' 

KpHTll'l8CKHH TOK CBepxnpOBOAHRKa B A8HHOM M8I'HHTHOM 
c: 

none; 

T ch KpnTn~ecKaH TeMnepaTypa npn ayneBOM ToKe a naaaoM 

·MarHRTHOM none t 

T - TeMnepaTypa renneaofi BaHHhij 

R conpoTnaneane aa ennanuy nnnHbi npoaonanKa; 

A nnomanb, npnxonHmaHCH aa ennanuy nnnHbi .npoaonanKa; 

h - Kos!}!!}!nuneaT TennooTna~n oT noaepxaocTR K :JKRAKOMY 

rennro. 

YcnoBne a <I xapaKTepnsyeT CTa5nnbHOe CBepxnpoBOAHUlee COCTOHHHe 
~. 

KOM5HHllpOB8HHOI'O IIpOBDAHHKa npH TpaacnopTHDM TOKe, p8BHOM KpllTll-

qecKoMy. EcnH a :> I , .To npoBOAHHK HBnHeTcS! qacTR'lHO cTa5nnnsnpoBaa

. Hb!Mo B 9TOM cny~ae CT86RnbHOe. CBepxnpOBOAHUlee. COCTO.SIHHe B03MO:JKHO 

nnmb npn TOKax, MeHblliHX , . ~eM I ~ 
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Ba)!{ffefiiiiiiMII xapaKTepiiCTIIKaMn KOM6nHnpoBaHHhiX rrpoBOAHHKOB. SIBmi!oTCSI 

KpliTII~eCKIIfi ~OK Jc 1 TOK rrepexoAa B COCTOSIHHe HOpMaiibHOfi IlpOBOAHMOC

Tll ·I · t 1 TOK BOCCTaHOBII9HHSI CBepxiipOBOAHMOCTII . I r II MIIHIIMaiibHhlll TOK 

pacrrpocTpaHeHIISI HopManhHofi ~a3hl IP 
Benii~IIHa TOKa It OilpeA9IlSI9TCSI IIepeXOAO~ OT IlY3bipbKOBOI'O KIIII9HIISI 

K rrneHO~HOMY• OTOT rrepeXOA IIpOIICXOAIIT Ilp~ He3Ha~IITenbHOM POCTe TeM

rrepaTyph! IlpOBOAHIIKa ( "' 0,5 -+ 1° .K ) II MaKCIIManbHOM yAeiibHOM TeiinOBOM 

IIOTOKe Sn 1 AOCTIII'al01II9M AIISI IIy3blpbKOBOI'O KIIIIeHIISI B cny~ae OTKpb!TOfi 
. /3,4/ 

rroBepxHOCTII 0,8 BT/cM2 • ToK BoccTaHoBneHIISI I, COOTB9TCTByeT rre

pexony OT IIII9HO~HOI'O KIIIIeHIISI K IIy3bipbKOBOMy, KOTOpb!ll IIMeeT MeCTO IIpii 

6onee HII3KOM 3Ha~eHIIII ynenhHoro TerrnoBoro rroToKa, HarrpiiMep, gr 

0,15 BTfCM2/S/ II 3aBIICIIT OT KpiiTII~9CKOll TeMrrepaTyphl CBepxiipOBOAHIIKa • 

C TO~KII 3peHIISI AOCTII>KeHIISI MaKCIIMaiibHO B03 MO>KHhiX HIIOTHOCTeii: TOKa B 

~aCTII~Ho cTa6IInii3IIpOBaHHhiX cBepxrrpoBoLIHIIKax BamHo 3HaTb TOK I P t HH-

)!{e KOTOpOI'O He IlpOHCXOLlllT,paCIIpOCTpaHeHIISI cny~aHHO B03HIIKIIIeii: II3-3a 

· TerrnoBhiX ~nyKTyarmii: HopManhHofi ·¢a3bi BLionh rrpoBOLIHIIKa. BbrpaJKeHne ung I P 

HMeeT B~Ll/5/: 

I I =I (v-+ 
P c 4a2 

• 

2 

a 
_! a ) 
2 

( 3) 

rne a rrapaMeTp CTeKnii. Benii~IIHa yuenbHoro rroToKa q e 1 COOTBeT-

CTByromero IP 
ITII~Hbie 3Ha~eHIISI 

0,29t-0,48 BTfCM2. 

' oueRIIBanacb B pa6oTel31. OueHKII rroKa3ann, ~To TH-
. I 

AIISI pa3nH~HhiX KaTyiiieK · H8XOASITCSI B npenenax qe 

CymeCTByeT. pgg .MeTO/lOB ll3MepeHUSI nepe~ncneHHbiX Bbiiiie TOKOB II 

COOTBeTCTBYI01IIHX· liM ygenbHbiX TeiiiiOBbiX ITOTOKOB. 

ToK IP onpeAenSieTcSI no ·Ha~any pacnpocTpaHeHHSI BAOnb rrposo·AHIIKa 

HOpMaiibHOH· 30Hhl1 HCKyCCTBeHHO C03ll8HHOH C ITOMOIIIblO Mal'HHTHbiX/6/ HIIH 

TeiiiiOBb!X/7/ HMIIyiibCOB. OTa 30Ha MO>KeT 6b!Tb T8K>Ke C03AaHa IIyTeM 3aMeHbl 

Ha OTgenbHOM y~aCTKe KOMtsHHHpOBaHHOI'O IlpOBOAHIIKa CBepXIIpOBOllSIIIIHX '>KIIII 
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oohi~Hhi~. MeTannoM/81. PacrrpocTpaHeHIIe HopManhHOii: 30HhJ 

BOllHIIKy B ·aTOM cny~ae rrponcxol:tHT rrpn ToKe It 

3Ha~eHne ToKa I '• II COOTBeTCTByromero eMy TeiTIIO 

orrpegenSIIOT, ITOHH>KaSI ~OK B KOM6HHIIpOBaHHOM IIpOBO!lHHKe, 
,~ 

BhiBe]:leHHOM II3 CBepXIIpOBOASI1IIel'O. COCTOSIHIISI. 

HacToSimag pa6oTa 6bma rrpegrrpiiHSITa c uenbro co3gaF 

A.:.x THIIOB cBepx rrpoBoLISimnx Ka6enefi lliiSI 40-caHTIIMeTpoBoro 

·• Byromefi >KllLIKOBOllOpOAHOll IIY3blpbKOBOll KaMe ph/ 9/• 

KoHcTpyKTHBHoe ncnonnenne Ka5eneft 

KoRcTpyKunn Ka6e.ireii: rro~a3aHhi Ra piic. 1. ToKoBegy 

· Ka6eneii: Bhi;ronHeHa MeTOllOM IIpaBIIlrbHoii:·cKpyTKH CTpeHI' 

.cBepX:rrpoBOllHIIIIIX .u MeLIHhiX rrpoBonoK. Ka6enn NgJ II Ng2 liME 

19 IIpOBOIIO~HYIO CTpeHry, BOKpyr KOTOpofi YIIOJK9HO B IIpOU9CCE 

ce~urrposono~HhiX cTpeRr. Ka6enii N93 n N94 cocTog T na 7 c 

IIIIIX ITO 7 npoBOIIOK Kamgag. C uenbiO IlOBbiiiieHHSI. yCTOH ~IIBO 

IIpOMe>KyTKH ( ~epe3 O!liiH) . Memgy CTpeHI'8MII. BO BHeiiiHeM Ill 

MeLIRoii: rrposonoKofi. CKpytieHHhie .Memuy co6oii: cTpeRrn · 3&Km 

,~3 MellHOH IlpOBOIIOKII, KOTOpaH IIpegQTBpamaeT B03MO>KHOe· 

ll yny~IIIaeT CTa6HIIII38U~IO. 

B rrpouecce oTpa6oTKH TexHonornii H3I'OTOBne~ng Ka6en 

M8HIIe ygenSIIIOCb Bbi6opy IIIal'OB CKpyTKH, OT KOTOpbiX 38BIICJ 

Ilhl 1 9KOHOMII~Hb!H paCXOll CBepxiipOBOllSIIIIHX MaTepnanoB H 1 

rrpouecca npoii3BOLICTBa Ha. rrocnenyromnx cTaungx H3I'OTOBnel 

MHllHpoBaHne Ka6eneii: rrpoH3Bognnocb Ha crreuuanbHOii: : 

~ero IlOKpb!TIISI nocne T1II8T9IlbHOH rrpegsapUTe!JbHOii: IlOlll'OTO 

IIpOBDIIOK ( o6e3>KHpliB8HHe opraHH~eCKIIMII paCTBOpUTeneM, Tp 

6uxpoMaTa 8MMOHHSI II .cepHOH KIICIIOTbl C IIOCII9LlYI01IIefi IlpOMb 

Hcc'negoBaHne pSina ¢nrocos rroKa3ano, ~To Rauny~IIIue pe3yn 

IlliCb. IIpli rlpHMeHeHHH ~IIIOCa Ha OCHOBe COIISIHOKHCIIOI'O I'Hllp 

B Ka~eCTBe CBepXIIpOBOllSIIIIel'O MaTepHana HCIIOIIb30B81 

cnnaBoB 65-BT (Ka6enb N9l)H Nb+50%Zr( Ka6enH N9N92, 3, 4 
~ . . . . -
X apaKTepHCTHKH KOpOTKHX o6pa3UOB 9THX MaTepHanoB 6biiiH 
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( 2) 

BHHb!X IIpOBOLIHHKOB SIBmi!OTCSI 

ae HOpManbHOH IIpOBOLIHMOC

C;H I r n MHHHManbHhiH TOK 

)M OT IIY3b!pbKOBOf'O KHII8HHSI 

'83H8'1HT8nhHOM POCT8 TeM

~anbHOM ynenhHOM TerrnoBoM 

KHII8HHSI B cnyqae OTKpb!TOH 

m.SI I r · cooTBeTCTByeT · rre

o<KOTOphrfi HMeeT MeCTO IIpH 

)TOKa, narrpnMep, g r . 

IepaTyphl CBepxrrpOBOLIHHKa • 

-:o)!(HblX IInOTHOCT8H TOKa B 

1 HH-

:nyqafiHO B03HHKIII8H H3-3a 

)BOLIHHKa, BbrpalKeHne nnSI I P 

l 
- a. ) (3) 

ro IIOTOKa , cooTBeT-q ' 
e 

OueHKH rroKasann~ 'ITO Tn

~K:HaxonHTCH B rrpenenax 

eqncneHHhiX -Bblllie T,QKOB H 

KOB, 

:TpaHeHHSI BriOnb rrpoBo'LIHHKa 

)MOllibiO MBf'HHTHbiX/6/ nn'n 

9.K)!(e co3naHa rryTeM GaMeHbi 

:HHKa CBepXIIpOBOLISIIIIHX )!(Hn 

'' 

., 

o5hi'IHbiM MeTannoM/81, PacrrpocTpanemm nopManhHOfi 30Hbi no BceMy rrpo

BoilnnKy B aTOM cnyqae rrpoiiCXOLIIIT npii TOKe It 

3Ha'I8HII8 TOKa I r, II· COOTBeTCTBYIOIII8f'O eMy TeiinOBOf'O IlOTOKa • q ( 
. ' ~ . 

orrpenenHIOT1 IlOHII)!(8SI TOK B KOM6IIHIIpOBBHHOM IIpOBOLIHIIK8 1 rrpenBapiiTenbHO 

Bb1B8LI8HHOM II3 CB8pXIIpOBOLISIIII8f'O COCTOSIHHS!o 

HacTOSIIIIBSI pa6oTa 6bma npennpnHSITa c uenhiO cosnaHIIH II IICITbiTBHIIH 

· 4..:.x TIInoB cBepx npoBonmrmx Ka6eneil: nnSI 40-caHTHMeTpoBoro coneuonna neil:cT

' BYIOIII8H lKHLIKOBOLIOPOLIHOH IIY3blpbKOBOH KaMe ph/ 
9/, 

KoHcTpyKTHBHoe ncnonHeHne Ka6enefi 

KoucTpyKunn Ka6e.iieil: no~<;a3aHbi na piic. 1. ToKoBenyiuaH qacTb Bcex 

' .: . ··Ka6enefi Bhi!!OnHeHa Me.TOllOM flpaBHiibHO·ti· CKpyTKH C~peHr, COCTOHUIHX H3 

·· .. cBepxnpoBOLIHIIIIIX .II MDLIHhrx npoBonoK, Ka6enii Ng1 II Ng2 nMeroT ueHTpanhnyro 

19 IlpOBOnO'IHYIO CTpeHry, BOKpyr KOTOpOfi ynOlK8HO B rrpouecce CKpyTKH BOC8Mb 

' ce~mrrpoBono'IHhiX cTpenr. Ka6emr Ng3 n N94 cocToSI T ns 7 cTpenr, conep*a..: 

';UIIX ITO 7 IIpOBOnOK K8)!(LI8SI, C uenb!O IIOBbllli8HHSI yCTOH 'IHBOCTH. KOHCTpyKUIIII 

npoMe)!(yTKII .( qepe3 OLIHH) M8)!(LIY CTp8Hf'8MH BO BH81I!H8M IIOBHBe 38IIOnH8libl , 

Mennofi npoBonoKoil, CKpy'leHHhre Me*LIY co6oil: cTpeH~H s&KnroqeHbi B · ~rrneTKY 
. -,~s Mennofi npoBonoKII, KOTopa.H npenoTBpamaeT B03MO)!(Hoe IIX pacnneTe~_ue 

n ynyqmaeT cTa6IInn3aunro. 

B npouecce oTpa6oTKH Texnonornn nsroToBnennH Ka6eneil: 6onbmoe BHn

Manne ynemmOCb Bbr6opy lli8f'OB CKPYTKH 1 OT KOTOpblX 38BHCHT f'II6KOCTb )!(fi

nhl, 8KOHOMH'IHbiH p8CXOLI CBepxnpOBOLIHIIIIIX M&TepnanoB. H T8Xl!OnOf'H'IHOCTb . 

npouecca rrpoiisBoncTBa na. nocnenyromiix cTannHx II3f'OToBneHnH Ka6enefi, 
' ' 

HnniipoBaHne Ka6enefi nponGBOLIIInocb ua cneuiianhHOH ycTaHoBKe ropH-

qero ITOKpb!THSI rrocne Tlli8T8nhHOH rrpenBapnTenbHOH IIOLif'OTOBKII IlOBepXHOCTH 

npOBOnOK (o683)!(llpHB8HH8 Opf'8HH'I8CKHMH paCTBOpHTeneM, TpaBneHne B CM8CH 

6nxpoMaTa aMMOHIIH H cepHOH KHCnOTbl C !lOCnenyroruefi IIpOMbiBKOH H CYIIIKOil:), 

Hcc"nenoBanne pHna ¢nrocoB• noKasano, 'ITO Haiinyqmne pesynhT&Tbi nocTnra

nncb· npn ITpHM8H8HHH $nroca HB OCHOB8 COnSIHOKHCnOf'O f'HLip83HH8, 

B K8'18CTB8 CBepinpOBOLIHIII8~0 M&Tepnana HCIIO~b30Ba~a·ITpOBOnOK8 H8 

cn~aBOB 65-ET ( Ka6enb Ngl)II Nb+50% Zr( Ka6emr .N9N92 1 3, 4). KpiiT!:itJecKne 
•, . _. .. •, . ' 

xapaKT8pHCTHKH KOpOTKHX o6pa3UOB 8TIIX, M8T8pH8TIOB 6binH U3M8p8Hbl !lepen 
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Kr:De/b /Iff. J5 cbepxrpdJodRuux JKun 

UJ cnllDba ti5D T + 44 MBtJ
. fi:JJX JKU!l:JL Tc • fDOO a b . 

none 65 K ec 

KotJBnb N'2. 28 cbepxnpobotiRwux JKUII 
· UJ cnnabo Nb+50%Zr+5f MetJ

HOfl >KUlla. Ic = 000 a b no-
liB 60Kt.C. 

KatJellb N' J. 2 f cbBpxnpabollmJJ.aR ·>KUlla 
·llJ cnnaba Nb+50%Zr +J4 Mea-
Hb!X )KU!Ibl. Ic =fOOD a b no-

liB 50KlC. 

KofJellb N'4. f5. cbepxnpciJatlFw..Jx . :~Kun 
. UJ cnnaba Nb +50% Zr +40 MeiJ. 

Hb!X )f(U/1. Ic=OOOa b no-
118 45KZC. 

- - f"'EiJ.m £17/B7J(Q+uiJ..t:J; 

___, - fi1/liTl(Q UJ n:tco-a 

Put 1 C!JEJpxnpo!JodamuB i<atJonll, npotJHaJHG4BHHbtB 
· · ana conoHoutJa ' xutJKo!JotJopotJHoa nyJbtpbKoboa 

KDMBpbl. 
6. 
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KOMIIJI9KT8UMefi Ka6enefi CBepxiipOBO.U.HlliHMH 1IpOBOJICK8MII
1 

.Ka:m:.uoM TIIne Ka6en.sr aaTeM Bbi6n:panoch c y'IeToM pacrrpe.u 

rron.sr rr~ ce'IeHIIIO o6MoTKM/ 10/. Ha pn:c. 2 n: 3 rroKasaHhi 

KpliTH'I9CKIIX xapaKTepMCTHK CBepXIIpOBO.UHIIKOB1 HCIIOJih30 

N~ l n: N\4. 

C1-a6n:nn:sn:pyromnM MaTepn:an,oM cny:m:n:T 6ecKn:cnopc 

ME copT A (99,7%), rro.uBeprHyTa.sr crreun:anhHoii o6pa6oTK< 

BhlCOKIIX SJI9KTpli'I9CKHX H M9X8HII'I9CKIIX xapaKTepiiCTIIK.- DJ 

Y.U9JihHbiX COIIpOTIIBJI9HMii1 H3M9p9HHbiX IIpli. KOMH8THOfi H re. 

,PBX II HyJieBOM 3H8'I9HMII MarHIITHOrO IIOJI.H1 COCTaBn.HeT 

ynenhHoro corrpoTIIBJieHIIH cTa6n:nn:snpyJOmero ·. MaTepuana oT 

Horo MariiHTHoro rronH rrpe.ucTaBneHa Ha pnc. 4. 3Ta aaBnc 

neHa na BOJihT-aMrrepHhiX xapaKTepiiCTIIK o6pasuoB Ka6enefi 

11sonHunsi Ka6eneii rrpe.ucTaBnHeT co6oii ceT'IaTyJO orr; 

BOil: T9ChMblo DJIOTHOCTh OIIJI9TKII COCT8BJI.H9T 30%, a TOJIU! 

- 0,4 MM.· Dpenen rrpo'IHOCTH usonHUIIII a:a c:m:aTIIe, orrpe.ue.r 

HIIIO 8JI9KTpli'I9CKOro KOHT8KT8 Me:m:.uy COC9.UHHMH IIpOBOl 
0 

rrpn: 300 K , 100 TOHH Ha MeTp .UJIIIHhi Ka6en.sr~ B 40-caHT 

IIpOBO.UHllleM COJI9HOII.U e CHJI8 'rrpiiT.H)K9HII.H Me:m:.uy .UBYM.H Kl 

JI.H9T , 600 TOHH/ 11/, 'ITO COOTB9TCTByeT cpe.QHefi Ha: 

, 6,5 TOHHIMeTp • 

I13MepeHMSI xapaKTepiiCTIIK o6p83UOB K'a6e 

J13MepeHIIH TOKOBhlX xapaKTepiiCTIIK CTa6MJIII3IIpOB8HHl 

.UIIJIIICh B rrorrepe'IHOM MarHIITHOM none cBepxnpoBO.UHmero c 

mero Mai<cn:MaJibHoe rrone 50 Krc B pa6oqeM o6"beMe .UIIaM 

Dpii IIcrronhsoBaHMII KoHueHTpaTopoB n:s cTann: apMKo, ·IIMei< 

noJIIOC8MII. 5 MM 1 B9JIII'IHH8 MarHHTHoro IIOJIH .UOCTn:rana 6E 

JIHCh K8K KOpOTKMe 06pa3Ubl Ka6eJISI 1 yCT8H8BJIMB89Mbl9 

KOHU9HTpaTOpOB (piiCo 5a) 1 TaK H H8BliThl9 Ha T9KCTOJIIITOB1 

poM 9 MM He6onhmue o.uHocnoiiHhH~ KaTylliKM ( piic. 56), no 

pe.ucTBeHHO B pa6oqn:fi o6"heM coneHon.ua. 

Heo.uHopo.uHocTh MarHMTHoro.rron.sr B o6nacTn: pacrro 

cocTaBn.srna 2%. Ha He6onhllloii .UJIIIHe ( , 15 ·MM) Ka:m:.uoro 
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fffl[tlodRuJ.Jx. >KU/1 
a fi5DT+44 HlJii.· 
JL.Tc·fOOOa lJ. 
rtig 65KlC 

~nfJOlJOORUJUX >KU/1 
'aNb+50%Zr+5f NBO· 
'1. · Ic • ODD a fJ na-
7B 60K2C. 

npabaafiUJ(lR ·. >KU/lU ·· 
'a Nb+50%Zr +J4 NBO
bl. Ic ·fOOD a tJ na-
ng 50KtC. 
. ' ;. ,, .. 

npcixx1fl1J..JX . :«U/1 
1a Nb +50% Zr +40 Med
:Ic·ODOa 0 no- · 
118 45KZC. 

:H04BHHbiB 
YJbtpbKOboa 

,•' 

KOMIIlleKT8UHefi Ka5enefi CBepxiipOBO]l.IIIUHMH IIpOBOliiiiK8MH1 'IHCliO KOTOpb!X B 

.K8)KJl0M THIIe Ka5el!H 38TeM Bb!5Hp8li0Cb C yqE)TOM pacrrpeneneHI!H M8f'HIITHOf'O 

IIOliH IIC? ceqeHI!IO o5MOTKH/ 10/, Ha pn:c, 2 H 3 IIOK838~bl 05118CTH p~35poca 
KpHTH'leCKHX X8p~KTepllCTllK CBepxnpOBOJlHllKOB1 llCIIOllb30B8HHhlX B Ka5enHX 

Nd n N94, 

CTa5n:nll3llpyiOIUHM MaTepnanoM cny)!{llT 5ecKncnoponHaH MeJlb MapKH 
I . 

MB copT A (99,7%) 1 nonseprHyTaH cneun:anbHofi o5pa5oTKe JlliH o5ecneqemw. 

BbieOKIIX · ::meKTpn:qeeKHX· ll MexaanqeeKn:x xapaKTepneTnK.' Dpn aToM oTHOilleHI!e 

ynellbHb!X eonpOTllBlleHllfi, 113MepeHHhiX IIpll KOMH8THOH ll renl!eBOH TeMI!epaTy

,pax· ll HyneBOM 3HaqeHllll M8f'HllTHOf'O IIOliH 0 eoeT8BliHeT 100, 3a~llCllMOCTb 

ynenbHOf'O eonpoTllBlleHllH eTa5Hllll3llpyiOIUero, M8Tepnana OT BeliH'li!Hbl. IIOITepeq

HOf'O M8f'llHTHOf'O IIOriH npeneT8BlleHa H8 pne, 4, 3Ta 38BHellMOeTb 5blll8 H8H

Jl8H8 H3. BOllbT-aMnepHb!X xapaKTepn:eTHK o5p83UOB. Ka5enei1:, 

J130nHUll.li K'a5enefi npeneT8BliHeT eo5oii eeT'l8TYIO OIIlleTKY. H3 li8BC8HO

BOH TeCbMI>I, DnOTHOeTb onneTKH eoeTaBnHeT 30%, a TOli!UHH8 110 pannycy -

- 0,4 MM, · Dpenen npotiHOCTll ll30liHUllll a:a e)!{aTne, onpenenHeMbiH no noHBne

HHJO aneKTpH'IeCKOI'O KOHT8KT8 Me)!{]ly coee]lHHMll npOBOJlHHK8~1li 0COCT.8BllJ! 
0 . 

rrpn 300 K .. 100 TOHH Ha MeTp JlllllHhi Ka5enH~ B 40-caHTHMeTpoBoM csepx-
. .. 

llpOBOJlHIUeM coneHOHJle en:na IIpHTH)!{eHllH Me)KJlY JlBYMH K8TylliK8MH COCTaB-

nHeT "' 6QQ TOHH/ 11/ t 'ITO COOTBeTeTByeT CpenHefi H8I'py3Ke H8 Kaoellb 

., 6,5 TOHHIMeTp, 

113Mepemm xapaKTepncTHK o6pa3UOB K'a6enefi 

J13MepeHll.II TOKOBb!X xapaKTepn:eTl!K CT85llnH3HpOB8HHb!X ·~apeneii IIpOBO

JlllliHeb B nonepe'IHOM M8I'HHTHOM none CBepxnpOBOJlHilJero -eoneHOI!Jla, e03Jl810-

IU8f'O MaKeHM8llbHOe none 50 Kf'C B pa5otieM o5'beMe. Jlll8MeTpOM 22 MM/ 11/ .. 

Dp11 licnonb30Bann:n KoHueHTpaTopoB ll3 cTann: apMKo, HMeiOIUllx· 3a3op ·Me~:<ny 

IIOlllOC8MH.5 MM, Bellll'IHH8 M8f'HHTHOI'O nOli.II JlOeTHI'ana 65 Kre, J1CClle]lOBa

nl!Cb K8K KOpOTKlle o5pa3Ubl KaoenSI, yCT8H8BllllB8eMb!e Me)!(JlY noliiOC8Mll 

KOHUeHTpaTOpOB ( pHC, 5a), T8K H H8BHTb!e Ha TeKeTOnHTOBb!H K8pKaC JlH8MeT

poM 9 MM He50llbiiiHe OJlHOeliOHHb!e K8TYIIIKll ( pl!C, 55) 1 IIOMemaeMb!e. Henoe

peJlCTBeHHO B pa5oqn:fi o5'heM eoneaon:na. 
• I 

Heonl!oponHoCTb Marnn:Tl!oro non.H B o5naeTM pacnono)!{eHH.II KaTyweK 

eocTaBnHna 2%. Ha l!eoonhllloll: nnn:He ( "' 15 MM) Ka)!{noro o5pa3ua B o5nacTn 

7 

·' 



300 ~·. ,, 
{j 

5 
... 200 
li 4 
~ . 

1'1' tl 

b .3 1-f 

-~ 100 
2 

f 

0 0 
_ o ta 20 Jo . 40 . so 
. . K~ . . 

Puc 2. Dtinacmb Kpumu4BCKUX xapaKmepucmUK Kopomtalx o6/JaJ-
uob npobollOK uJ cnnobo .. Nh+5o%Zi- ,ucnollbJoboHHbiX b Katiene Jlf4. 

,.----.---or--~---.----, 200 . 
4 

"' . t:. 
~- J ... -
~ 2 
-~ 

100 

o a 
. 0 tO 20 . JO t,O 50 . 

Cl 
N 

. -:l. H.KtC 

Pu: v [)6nocmb Kputnu49CKUX xapaKmepucmUK KapamKux a6JjaJUD6 
. npa6anoK UJ cnna6a 656T, ucnonb.3a6aHHbiX b Ka6tMe N 1. 

3,0 .-----.--....-----.-.------.'~--, 

lj2,5 
~ ., 
~2,0 
c. 

~ 0 rJ 20 JO 40 50 80 
. . · .. ~~ . . . 

Ali: Lf JafluCUMocmb ytJe~bHOW canpoiTIJhneHUR cma6unuJu
pyvusuo MaooptXJI1Cl cbepxrpobotkliiQ.Jx Ka5ellea om 1-m
pr:~JKeHHocmu MaeuUITfiOeo nollR rpu eet1t..Eln1 meMnepoin!JR. 
Ka6enu: o-N"f, •-~2; A.,..fiJOJ; ~o-N'4 

8 

I . I 
' ! 
f 
i 

J 

0: 

·~ 
'Cl ~ 

.'8 . ~ 

~ ~ 
. ~ . 

....., -«" 

l 
t:i 

·t: 

~ 
'E 
...... 
::::: 

il - - C\,1 ..;r . " II) e 
~ 

II 

\ \ \ I \ e 
t 

'-1 
~ 

J: 
;} .. t 

Cl: 

r. 
Cl") ~ 

1(1 
t:::l ~ 

.I,, tl 

9 



300 

200 

100 

0 
SO;; 

·opomKux o6/laJ
~OHHbJX b KQOBIIe f'.f4. 

200 .. 

100 

0 so 

rpomKUX D6j;OJUO!J 
Ka6tMe Nl. 

:.60 

UR cma6UIIUJU

ienea om HDI1-

ll1 meMflepdm!PJ. 
' . 

9 



~~ ~ :·. 

. ·. 

MaKC!lManhHoro rromi ycTaHaBmmancH HarpeBaTenh; PHa rroTeHulianhHhiX BbiBO

go~ II03BOnHn KOHTpOnHpOBaTb HaiipH:IKeHne Ha pa3.iiH"'HbiX~,:Y"'aCTIHIX o5pasua. 

ToK li HarrpH:IKeH!le o5pasua perncTp!ipoBannch 2-KOOPJlllHaTHhlM caMorrnlllyiiiHM 

rroTeHunoMeTpoM Tnrra TIJlC-021. 

BBOJl TOKa B o5paseu OCYIII9CTBnHnCH "'epe3 OXna:IKA89MbJe IIOTOKOM HC

rrapliBIIIeroCH rennn MeAHbJe iieHTO"'Hbie ToKoBBOAbi ce"'eH!leM 60 MM2 Ka:IKAhiii, 

"'TO.II03BOnHnO IIpOIIYCK8Tb TOK AO 3QQQ a.-BepXHlie y"'aCTKH TOKOBBOAOB AOIIOn

HHTenbHO . OXna:IKAanHCb :IKHAKHM 830TOMo I1CTO"'HHKOM TOKa cny:IK·nn MOTOp-reHe

paTOp· AHJlM-1500, o5ecrre"'nBa!OIUHii B <jlopcnpoBaHHOM.; pe:IKnMe TOK no 3000 a. 

TinTaHne HarpeBaTeng ocymecTBnHnocb oT nMrrynhcHoro ncTo"'HliKa, cosnaromero 

TerrnoBbie nMrrynhCbi MOIUHOCThiD no 1 BT. 

, BonhT-aMrrepHbie xapaKTepncTnKn gng OJlHoro ns n:ccnegyeMbiX THIIOB 

Ka5eng npegcTaBneHbi Ha pn:c. 6. HanpH:IKeHn:e Ha KopoTKOM o5pasue Ka5eng, 

noMeiUeHHOrO B sasope KOHUeHTpaTopa, noHBnHeTCH npH TOKe I c H nnaBHO 

yBenn"'HBaercg go ToKa· It , onpegenHeMoro nepexoJlOM oT nysbiphKoBoro 

KHneHHH K nneHO"'HOMYo Tipn: YMEH biiieHHH TOKa H CHH:IKeHHH TeMnepaTypbl 

o5pas~ 8' HH:IKe T ch npoHCXO]:{HT BOCCTaHoBneHHe CBepxnpoBOJlHMOCTH npH . 

TOKe .I r 

Ha aToM :IKe pn:cyHKe npHBOJlHTCH BOnhT-aMnepHbie xapaKTepHCTIIKH gng 

O]:{HOCliOHHOll KaTyiiiKH, OT]:lenbHblll y"'aCTOK KOTOpoii nogorpeBaeTCH TennOBb!M 

n~riynhcoM. Ha pn:c. 65 npegcTaBneHa saBHCHMOCTh HanpH:IKeHHH oT ToKa JlnH 

nogorpeBaeMoro · y"'aCTKa, a Ha pn:c. 6B ~ JlnH Bce,ii ·KaTyiiiKH. Hs pn:c. .6B 

BH]:{HO, "'TO npH TOKe 740 aMnep HOpManbH8H·30Ha pacnpOCTpaHHeTCH no Bceii 

KaTyiiiKe n: He n:c"'esaeT, Korga TennoBbie HMnynhCbi. oT HarpeBaTenH npeKpa

maroTcH. 8TOT TOK onpenenHnCH KaK MHHHManhHblll TOK pacrrpOCTpaHeHHH HOp

ManhHOll soHbi I . . p 

3aBHCHMOCTb. OCHOBHbiX' TOKOB It t I c t I r H I p OT HanpH:IKeHHOCTH 
! 

MarHHTHoro nonH noKasaHa Ha. pn:·c •. 7. CpeJlHHH nnoTHOCTh KpHTH"'ecKoro 

TOKa CBepxnpoBOJlHIUero MaTepn:ana Ka5eneft · COCTaBnHeT B MarHHTHOM none 

HanpH:IKeHHOCThiD 50 Krc "" 1•105 a/cM2, B none 30 Krc - 1,3.•105 .a/cM2 Jll!H ~ 
Ka5e~H Ngl n,l,8•105 a/cM2 JlnH ~a5eneii N92, 3, 4. CnegyeT oTMeTnTh1 "'TO ' . . . 

n.s MepeHHoe sHa"'eHn:e KpnTn"'eCKoro ToKa I c gng Ka5eneii oKasanocb Hn- . 

:IKe CyMMapHOll BenH"'HHbl Kp,HTH"'eCKOro.TOKa OT]:tenbHbiX CBepxnpoBOJlHIUHX ~ 

npoBonoK npn:5nnsn:TenbHO Ha 20 - 30%. 

10 

oQ 
t 

::> 

10 

8 H=58KIC 

6 

4 

2 Ic 
0 

·8 H=5fKtC 

s 
~ 

2 Ic l.lr 
0 

8 
H=4aKIC 

6 

4 
I 

2 r 
a 

11I,. Ic 

~6 I ·-----r-·- --, I ·--. 

{,2 H=J7KtC 

01!3 

0,4 . 
Ip 

a 
8 

0 

4 

2 

0 
a 

.I, a 
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Plln noTeHunanbHhiX BbiBo

II'IHbiX yqacTKax o6pasua, 

OpJliiH8 THblM C8MOUIIlllYlllHM 

Xn8)K)l8eMb!e ITOTOKOM IIC

~eqeHHeM 60 MM2 K8)KJlbiH 1 

f'I8CTKII TOKOBBOJlOB JlOITOn

TOKa cny:>Knn MoTop-reae

>M pe)KHMe TOK llO 3000 a, 

ro l!CTO'IHHK8 1 C03Jl810lllero . 

o.- n:s n:ccnenyeMbiX Tn:noB 

:opoTKOM o6pasue Ka6enll, 
' , ' 

npn: ToKe I c n: nnaBHO 

pexonoM oT nysbipbKoBoro 

CH!i)KeHIUi TeMnepaTypb! 

CBepXUpOBOJlllMOCTll Upll . 

pHbie xapaKTepncTnKrr nmr 

nonorpeBaeTcll TennoBbiM 

H8ITpll)KeHllll OT TOK8 Jlnll 

e:fi 'KaTylllKH, Hs pn:c, BB 

JacnpocTpaHlleTCll no Bcefi 

1 oT HarpeBaTenll npeKpa

roK ·pacnpocTpaaeHnll Hop-

rr · I P · oT aanpg)KeHHOCTH 

nn9THOCTh KpllTll'IeCKOrO 

BnHeT B MarHHTHOM none 
1

K~~ _: 1,3.•105 a/eMf nnll ··· 

l,;, · CnenyeT oTMeTn:Tb1 'ITO 

Ill Ka6enefi oKasanoch an:- . 

mhHb!X CBepXUpOBOJlSIIIlllX , 
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ToKn BoccTaHoBneHne cBepxnpoBoanMocTn 1 6 .• 
KOpOTKHX. o6pa3UOB Ka6emi KaK C liMUyJibCHb!Mli HarpeBa 

TaK li 6e3 HliXo M3 pnc. 7 BHaH01 ~TO 3Ha~eHHR TOKOB BC 

~eHHbie sTnMii MeToaaMn; B ·npeaenax To~.iiocTn nsMepem 
:\~ . . 

ManbHhiii TOK pacnpoi::TpaHeimn HopManbHoii 30Hhi I P m 

• 6nu3 HTenbHO 750 aMnep amt Be ex Ka6eneii B MarHHTHo 

sToM aeficTBHTenbHaR Benn~nHa yaenbHoro .TennoBoro n1 

Ka6enR1 nony~eHHaR C HCUOJib30BaHHeM aaHHbiX ITO HOpME 

HHIO cTa6nnnGnpyiOmero MaTepnana, cocTaBnna 0,30 BT/ c 

0CHOBHbie BbiBOJlbl li peaynhT8Tbl 

Paspa6oTaHhi n nGroToBnenl,I cBepxnpoBoanmne Ka6e. 

KH 1000 · aMnep ann MarHnTHhiX noneii 65, 60, 50 n 45 Kr 

flpoBeaeHo ll3Mepenne K'opoTKnx o6pasuoB STHX Ka6en' 

M8JibHbiH yaenbHbiH TennoBofi UOTOK q n JliiR ITY3b!pbE 

HaiineH paBHhiM O,Bt-0,9 BTicM2, a MHHHManbHhifi noToK 

·KHUeHHR 1 COOTBeTCTBYIOIIIliH BO CCT8HOBneHHIO CBepxnpoB 
n . 

BT/cM"'o 3TH 3Ha~eHHR COrJiaCyiOTCfl ··C .Jl8HHb!Mll
1 

UpllBeaen; 

ToKn BOCCTaHOBJieHHR JlJIR BCeX TliUOB Ka6enefi, H8HJl 

nepHbiX XapaKTepHCTliK JlJIR KOpOTKliX o6pa3UOB1 nony~eHH 

li 6e3 Hero, cornacyiOTCR CO 3Ha~eHHRMli TOKOB
1

. Bbl~HCJIE 

(2) c ncrronhGoBaHneM JleiicTBHTenhHoii Benn~nHhi Jlnn YJ 

ToKn pacnpocTpaHeHnR JliiR OJlHocnofiHbiX KaTy.IIIeK, n 

nMnynhcHoro HarpeBa, MeHbiiie Benn~nH, nony~eHHhiX H3 

npeJlenax TO~HOCTH H3MepeHnfi 6nn3Kll K 3Ha~eHHRM TOKe 

onpeJlenneMbiM ¢opMynofi · ( 2). YKaaaHHbie pacxo)Kaennn, n 

HRIOTCR CpaBHHTeiibHOH M8JlOH Jl;.IHHOH ( "' 10 CM) li3Mep 

6enn. 

Ilony~eHHbie pe3yiihTaTbl U03BOJIRIOT Ha}leRTbCSI1 ' 

cMoryT o6ecne~HTh . pac~eTHbie xapaKTepncTnKn coneHo 

HOH Uy3blpbKOBOH KaMepblo 

' B GaKniO~eHne aBTopbi Bbipa)KaiOT> 6naroJlap.H~cTb rp: 

KoBa Ga 6ecnepe6oi1Hoe cna6)KeHne )KllaKHM renneM; . a Tal 

By n A.rr. MaHhi~Y aa noMomh npn npoBeJleHnn nGMepenni 
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70 

~npabatJRui.Jx 
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'fT1aK,Ic; · 
1/J'1DC-

Ip~ 

'•.· 

··: 

\' ,, 

ToKH BoccTaHosneHne csepxrrposonHMOCTH 6bmH orrpeneneHbi nmr 

KOpOTKHX.o6pa3UOB Ka6eng KaK C HMITynhCHb!MH HarpeBaTenHMH (12 R "'0,5 ) I 

TaK H 6e3 HHX, H3 pHC, 7 BH.OH01 ~TO 3Ha~eHHH TOKOB BOCCTaHoBneHHH
1 

rrony

~eHHbie aTHMH MeTonaMH; B rrpenenax TO~HOCTH H3MepeHHil: COBITa.QaiOT,, M llHH

ManhHblll TOK pacrrpOCTpaHeHHH HOpManhHOil: 30Hbl I p OKaaa.riCH paBHb!M ITpi!-

6nH3 HTenhHO 750 aMrrep nmt scex Ka6eneil: B MarHHTHOM none 40 Krc, Tipn 

aTOM neil:CTBHTenhHaH BenH~HHa ynenhHoro TeiTnOBOrO ITOTOKa C ITOBepXHOCTH 

Ka6enH, rrony~eHHaH c ncrronhaosaaneM naHHbiX no HopManhHOMY corrpoTHBne

HHIO CTa6HnH3HpyiOII!ero MaTepnana1 COCT~BHna 0130 BT/ CM2, 

OcHoBHhie BbiBO.Ohi H peaynhTaThi 

Paapa6oTaHbi H naroTosneHbi csepxriposonHmHe Ka6enu 4:.x TIIITOB Ha io
KH 1000 · aMrrep anH MarHHTHbiX rroneil: 65, 60, 50 H 45 Krc, 

TiposeneHo HaMepeane KopoTKnx o6paauos aTnx Ka5eneil:, Tipn aToM MaKcn

ManhHbril: yaenhHbiH TerrnoBOH ITOTOK q n anH ITY3b!phKOBOro KIIITeHHH 6bin 

Hail:neH paBHbiM O,St-0,9 BTicM2, a MIIHHManhHbill: noToK q r nmr rrneHo~Horo 
·KIIITeHHH 1 COOTBeTCTBYIOII!llH BO CCTaHOBneHIIIO CBepXITpOBOllHMOCTll - 0

1
4t-0

1
6 

' ' ~ . 

BTicM
2

• 3TH aHa~eHHH cornacyroTcH 'c naHHbiMII1 rrpiiseneHHbiMII. B pa5oTa/3·~/ 
. ToKH BOCCTaHoBneHHH . .OnH Bcex THITOB Ka6eneil:, Hail:neHHbie H3 BOnbT..::aM·

rrepHb!X xapaKTepHCTHK anH KopoTKHX o6paauos, rrony~eHHbiX c HarpesaTeneM 

II 6ea Hero, CornacyiOTCH CO 3Ha~eHIHIMH TOKOB1 . Bb!~HCneHHb!MII ITO lf>opMyne 

(2) C HCITOnh30BaHlleM aeil:CTBllTenhHOH BenH~llHbl anH ynenhHOrO ITOTOKa, 

ToKH pacnpocTpaHeHHH JWH onHocnoil:HbiX KaTy.meK, naMepeHHbie MeTonoM 

nMnynhcHoro Harpesa, Meitbme senn~HH1 rrony~eHHhiX ll3 4>opMynbr ( 3), II B 

npenenax TO~HOCTH H3MepeHHU 6nll3Kll K 3Ha~eHHHM TOKOB BOCCTBHOBneHHH 
1 

onpenemreMbiM !f>opMynoil: ( 2), YKa3aHHbre pacxo)KneHI!H1 no-BH.OHMoMy
1 

o6'bHC

HHIOTCH CpaBHHTenhHOH Manoil: nnHHOU .. 10 CM) H3MepHeMoro y~aCTKa Ka-

6eng, 

Tiony~eHHhre peaynhTaTbi rroasonmoT HaaeHThcn, ~To aaHHhie ~a6enn 

CMOryT o6ecne~HTb • paC'IeTHb!e xapaKTepHCTHKII coneHOII.Qa )KII.QKOBO.OOpoa-

HOH ny3b!phKOBOH -KaMepb!, 

B aaKnro~eHne asTopbi Bbipa)KaroT 6naronariHocTh rpynrre H.H. BanaHmr-

KoBa 3a 6ecnepe6oH:Hoe cHa6)KeHne )KH.QKHM renneM~ a TaKl!W lO,A, Ky3Heuo

sy n A.TI. MaHbr~y 3a noMOII!h npn nposeneHHH ll3MepeHnH:.· · 
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