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MHOT' OCJIOMHAS CBEPXITPOBOJIAIIAS JIEHTA
CIIJIABA Nb50Ti, HOJTYYEHHAS U3 KOMITIO3UTA Cu/Nb/Ti
TBEPJO®A3ZHBIM CIIOCOBOM

Hean: Co3nanue MHOTOCIOWHOW CBEPXIPOBOAIICH JIEHTHI M3 HUOOWN-TUTAHOBOTO
CIIIaBa.

Metoabi: Metogamu 1ud@dy3noHHONW CBapKHM W MAKETHOM MpPOKAaTKU 3a JIBa LIKKJA
W3TOTOBIICHBI OIBITHBIE 00pa3Ibl MHOTOCJIOHHON JIEHTHI Ha OCHOBE CBEPXITPOBOJISIIETO
criaBa Nb—50%Ti. B kauecTBe crabuiin3aTopa CBEpXIPOBOISIIETO COCTOSHUS TPOBOTHUKA
WCIIONb30Baslack Meab. Ha HawambHOM J3Tame w3 (oapr HUOOMS W TUTaHA COOMpaCs
MHorocsoiubii maker Nb/Ti. Meanbie cTaOMIM3UPYIONIUE CIOU 3aKJIaIbIBAIKCh B MAKET BO
2-M 1UKJIE W3TOTOBJIEHUS JIEHThl. B3aumopneiicTBue Mexay HHOOMEM U THUTAaHOM
MIPOKMCXOMIIO, B OCHOBHOM, 32 cueT Auddy3ur HIOOUs B CJIOU TUTaHA C 00pa30BaHWEM Ha UX
mecte crutaBa Nb—-50%Ti.

PesyabTarnl: l3MepeHus KpUTHYECKOTO TOkKa |c Tmpu mapamuienbHOW W
MEPIEeHIUKYIAPHON OpPUEHTAMd MAarHUTHOTO TOJSi OTHOCHUTENbHO IUIOCKOCTH CIIOEB B
KOMIIO3UTE TMOKa3alu OOJbIIYyI0 aHU30TPONHUI0 lc, 4TO OBUIO pe3ynbTaTOM 3aKperieHUsS
CBEPXIPOBOISAIINX BUXpEH mpermMyiiecTBeHHO Ha rpanunax NbTi-crmaa u Nb-tBepmoro
pactBopa. B 1enoM KoMmo3uT ObL1 criocoOeH MPOBOAMUTH OOJBIION ANEKTPUYECKHIl TOK B
MarHUTHbIX TONsAX 5—6 Tecna 0e3 UIMTEIBLHOTO HU3KOTEMIEPATypHOTO OTKHUTa IS
BBINIAJICHUS 0-(a3bl, KOTOPBIH HEOOXOIUM B ciaydae KOMIIO3UTOB M3 HHOOUI-TUTaHOBBIX
CIUIaBOB, MOJy4aeMbIX IO MU3BECTHOM TEXHOJOTHUHU.

Kniwouesvie cnosa: cBepXmpoBoOsIiias JIEHTa, MHOTOCIOWHBIA KOMIO3UT, cruiaB Nb—
Ti, tBepmodasueiii crocoO, B3auMHas Aud(y3us, MaKeTHas MPOKATKa, KPUTUYESCKUH TOK,
CBEPXIPOBOISIIIUIN BUXPb, THHHUHT.
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Rubric 2: SCIENTIFIC AND PRACTICAL DEVELOPMENTS
Field “Condensed matter physics”
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Institute of Solid State Physics, Russian Academy of Sciences
(Chernogolovka, Moscow Oblast, Russia)

MULTILAYER SUPERCONDUCTING Nb50Ti ALLOY TAPE,
OBTAINED FROM THE COMPOSITE Cu/Nb/Ti
THROUGH SOLID-PHASE METHOD

Aim: Creation of multilayer superconducting tape made of Nb-Ti alloy.

Methods: Using the methods of diffusion welding and packet rolling, for two cycles
the prototypes of a multilayer tape based on a superconducting Nb-50% Ti alloy were made.
Copper was used as a stabiliser of the superconducting state of the conductor. At the initial
stage, a multilayer Nb-Ti pack was assembled from niobium and titanium foils. Copper
stabilising layers were laid in the pack in the 2" cycle of tape manufacturing. The mutual
diffusion between the Nb- and Ti-layers took place generally at the expense of niobium
diffusing into the layers of titanium, with the Nb-50 % Ti alloy emerging in their place.

Results: Measurements of the critical current I, with a perpendicular and parallel
orientation of the magnetic field relative to the plane of the layers in the composite showed
large anisotropy of I, which was the result of the superconducting vortices fixing exclusively
at the boundaries of the Nb-Ti-alloy and the Nb-solid solution. In general, the composite was
capable of carrying large current in magnetic fields of 5-6 T without long-lasting low-
temperature annealing for a-phase deposition, which is necessary in the case of Nb-Ti alloy
composites produced by the known technology.

Keywords: superconducting tape, multilayer composite, Nb-Ti alloy, solid-phase
method, mutual diffusion, batch packet rolling, critical current, superconducting vortex,
pinning.

BBEJJEHUE

NHTEeHCUBHOCTh HMCCIEOBAHUNM CBEPXIPOBOASUIUMX CIUIABOB HHOOUIA-
TUTaH mnpuxonutcsa Ha nepuog 1960-1970-x romoB. B Te rompl mpobieme
cBepxnpoBoasmux cruraBoB BooOme u NbTi, B WacTHOCTH, TOCBSIIAIHCH
peryisipabie KoHpepeHnuuu, npoBoauMbie B UMET um. A.A. baitkoBa PAH.
Pa3Butre 3TUX UCCIENOBAaHUM MOXHO MPOCIEIUTHh B HU34AaBA€MbIX B TE€ TOJbI
cOOpHUKAxX CTaTel KOH(EPEHIH, a TaKKe IBYX COOpPHHMKAX CTaTed BEIyIIMX
HAay4YHBIX KOJUIEKTMBOB CTpaHbl MOJ pPEIakuueu wieH-koppecnonaeHra AH
CCCP E.M. Capunkoro u ero komer [1-7]. B CCCP 3Tu wuccnemoBaHus
BOIUIOTWJINCh B pa3pabOTKy MPOMBIIIJIEHHOM TEXHOJOTUU MOJy4YeHUSs
MHOTOXXWJIBHBIX CBEPXIPOBOASIINX MaTepuanoB Ha ocHoBe cruiaBa Nb—50Ti,
nepexusiien, yxe B XXI|-M Beke, cBoe HOBoe Bo3poxaeHue. Ho B Hacrosiiee
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BpEMsI HCCIIEIOBATEIIbCKHIE PA0OTHI 10 cBepXmpoBoasmuM cruiaBam NbTi moutu
HE BEIYyTCH.

Hccnenys uensii psa MHOIOCIOMHBIX MAaTEpPUAIOB, IIOIYyYaeMbIX C
MTOMOIIFI0 TTAKETHOH TMPOKATKH, HA MPEJAMET 3aBUCHUMOCTH MX MEXaHUYECKHX
CBOWMCTB OT TOJIIMHBI CJIOCB, HAMH OBLIM IOJYYEHBI KOMITO3UTHI HHOOHUS CO
ceepxnpoBoasmumu  cruraBamu Nb-31 u 50 wmac.%Ti — Nb/Nb31Ti u
Nb/Nb50Ti [8, 9]. Llenpro ObUIO U3MEPUTH KPUTHUYECKYIO IUIOTHOCTh TOKA | B
3apucuMocT  OT TommuHbl  ciaoeB  (Nb-Ti)-crutaBoB. Oxkazanoch, 4TO
3aBUCUMOCTh |c(t), Tie t — TonmuHa CJ0s CBEPXIPOBOJHUKA, MOAYUHSIACH
cooTHomeHn0 Xoyuia-Ilerya, eciaM TPOYHOCTH G 3aMEHUTh KPUTHYCCKOM
TUTOTHOCTBIO TOKA, a pa3Mep 3e€pHA — TOJITUHOW CBEPXIPOBOISIIECTO CIIOS.

Uro Kkacaercs CBEpPXIPOBOAUMOCTH BBIOPAHHBIX KOMIIO3UTOB, TO
M3BECTHO, YTO B CBEPXITPOBOJAHHMKAX 2-T'0 PoOjJa KpUTHUECKas IJIOTHOCTh TOKA |¢
3aBUCUT OT TOT'O, HACKOJIbKO 3((PEKTUBHO CBEPXIPOBOJSANINE BUXPU OYIyT
3aKpeIUIAThC Ha Je(eKTax CTPYKTYPBI, TO €CTh |¢ SIBISIETCS TaKOH K€, a MOKET
OBITh B OOJBINCH CTENEHU, KaK W TBEPJAOCTh WM MPOYHOCTH, CTPYKTYPHO-
3aBUCAIIEH  XapakTepuctukorl  Marepuana. B.B. IIImuar [10] npwm
TEOPETUYECKOM  PACCMOTPEHUM  B3aUMOJCUCTBUS  BUXPEHM €  IUJIOCKOM
MOBEPXHOCTBHIO  CBEPXIIPOBOJIHMKA TOKa3al, YTo Jaxke Oe3nedexTHbIe
CBEPXIMPOBOISIINE TUIACTHHBI ToimuHOM d >> A (A — rIyOuHA MPOHUKHOBEHUS
BHEITHETO MAarHUTHOTO TIOJII) B CMEIIAHHOM COCTOSIHUM CIOCOOHBI HECTH
sHaunTeNbHBIH TOK ~10° A/cm’. Terepb NpeICTAaBHM, YTO TOJNCTAs ILUIACTHHA
3aMeHeHa Ha0OpOM TOHKHUX CBEPXMPOBOMASIIMX IUIACTUH, HCKYCCTBEHHO
OTJIEJICHHBIX JAPYT OT Apyra clIOeM HOpPMallbHOTO MeTasuia. B aToM ciydae Tok
OyZeT Teub MO KaXJAOW U3 IUIACTHH, M B IIE€JIIOM [0 BCEMY CEUYCHUIO
MHOT'OCJIOHHOTO CBEPXIPOBOJAHUKA OyneT UATH OONbIIoi TOoK. VIMEHHO Takas
cuTyanus Oblla peajr30BaHa CHavajga B MHOTOCIOHHBIX Kommo3uTax CUu/Nb
[11], a morom Nb/NbTi [8, 9]. B mepBoM M3 HUX CIIOM M3 CBEPXIIPOBOIAIIETO
HUOOUSI Pa3AeNsUIUCh CIOSIMA HOpPMaIbHOM Meau. Pons HopManbHOTO MeTasuia
BO 2-M KOMIIO3UTE BBIMOIHSI HUOOMH, TaK KaK M3MEPEHUSI KPUTHIECKUX TOKOB
ceepxnpoBoasmux JieHT u3 (Nb—Ti)-crimaBoB mpoBogwimch B MarHUTHBIX
TMOJISIX, BO MHOT'O Pa3 MPEBBINIABIINX €r0 BTOPOE KPUTUUYECKOE MATHUTHOE TIOJIE.

JlokazateabCTBOM  3(PGEKTUBHOTO  3aKpEIICHUS  CBEPXIIPOBOIAIINX
BUXPEH Ha TPOTSKEHHBIX TPAHHUIIAX MEXKIY CIOSIMH HUOOWS M MEAW WA
cnossmu HuoOwWst m crutaBa Nb—Ti Obila aHM30TpOIUS |, W3MEPCHHAS MPH
napaenbHon (||) u meprneHnukyasipHO (L) OpHMEHTAnuMsAX IMIOCKOCTH CJIOCB
KOMIO3UTA U MAarHUTHOTO N0 Jof/jc;. B kommosute Nb/Cu jgfjc, = 410 B momax
0,5-0,6 T [11]. B Nb/NbTi B monsx 56,5 Tin aHu30TpONUs YBEIUYNBAIACH C
3—-5, mad KOMIIO3HUTOB CO CJIOSMH ToamuHoi ~140 ©vM, mo 235 i
KOMITO3UTHBIX JIEHT C TOJUIMHOW CJI0€B ~3 HM. B OTHENBHBIX XK€ Ciaydasx
OTHOIIEHUE j¢/jc; mpessimano 2000 [8, 9].
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B nmanHol paborte s modydeHus cBepxmpoBoaHuka u3 cruiaBa NbTI
npeajaraeTcsi 00XOAUThCS 0€3 HCMONb30BaHUSA IUIABMIIBHOTO  croco0a
TapHUCCAXKHOM IUIaBKM — JIOCTATOYHO JOPOTO0 U TPYAOSMKOTO MpOoIecca.
®opmuposanue cmaBa Nb-50%Ti Oyaer npoucxomuTs B mpolecce IBYX
[IUKJIOB, COCTOSAMIMX W3 IU(G(GY3UOHHOW CBApKU W TAKETHOH MPOKATKH, C
UCTIONIb30BaHueM Ha HadanbHOM dTtarne Nb/Ti-makeToB ¢ ¢oabramMu u3 4MCTHIX
METAaJUIOB.

Hano 3ameruTh, 4TO MNpOKATKa MAKETOB OKA3bIBACT IOJIOKUTEIBHOE
Biusinue Ha GopmuposBanue cinoss NbTi-cruiaBa. B mporiecce nmpokatku BHYTpU
CJIOMCTOTO KOMITO3UTa, KOTOPBIA BBITSATUBACTCS B JUIMHY B HECKOJILKO pas,
BBICBOOOXKIAIOTCS ~ ATOMHO  YHCThIE, TaK Ha3bIBa€MblC, HOBCHUIIbHBIC
MOBEPXHOCTH COTPUKACAIOIIUXCS OJTHOPOJHBIX U PA3HOPOIHBIX METAIIOB [12].
[lpu mpokaTke STH TMOBEPXHOCTH COJMXKAIOTCS HA PACCTOSHUS JCHCTBUS
MEKATOMHBIX CHJ, M B pe3yJbTaTe OOpa30BaHHUS METAUTMUECKUX CBS3CH
HNPOMCXOAUT WX cremieHue. [lpu mmacTuyeckux aedopMaiusx 3TO SIBICHUE
Ha3bIBaeTCs cxBaTbiBaHHEM. CIIOCOOHOCTh METAJNIOB K CXBATHIBAHHIO SIBJISICTCSI
(U3UUECKUM CBOWCTBOM FOBEHUJIBHBIX MOBEPXHOCTEH. B MI€aNbHBIX YCIOBUAX
TEPMOJUHAMUKHA CXBATHIBAHHE SIBIISCTCS BBITOJHBIM TPOIIECCOM M IOJHKHO
HNPOUCXOANTH CAMONPOM3BOJIBHO, TaK KaK SHEPTHsl CUCTEMbI U3 COCIUHEHHBIX
METaJJIOB CTAHOBHUTCS MEHBIIIE 3a CUET JIMKBHIAIIMHA CBOOOIHBIX MOBEPXHOCTEM.
[long wpeanbHBIMH — YCIOBUSIMH TIOHUMAeTcs COMMKEHHE TOBEPXHOCTEH,
CBOOOJHBIX OT OKMCHBIX M a/ICOPOMPOBAHHBIX IUICHOK HA PACCTOSHHE, PaBHOE
CyMMe paJMyCOB aTOMOB COEIMHSEMBbIX MoBepxHocTel. IlpeanpuHuMaemast
NpoKaTka W SBISIETCS OJHUM U3 CIOCOOOB TONYYEHHS FOBEHMJIBHBIX
MTOBEPXHOCTEM.

B namem ke cirydae o0pa3oBaHHE FOBEHUJIBHBIX MOBEPXHOCTEH IOJIE3HO
emé 1 TeM, 4TO Yepe3 HUX Oosiee OeCIpernsiTCTBEHHO OCYIIECTBISUIACH B3aUMHAs
muddy3us pa3HOPOIHBIX aTOMOB TI0 CPAaBHEHHUIO C TE€M, €CJIM ObI IIPOKaTKa HE
peIIpUHIMATIAC.

MeToauKa NMOJy4eHHS U UCCIAEAOBAHUA CTPYKTYPbI POBOAHUKA

ugppy3suonnan ceapka nakemos u naKkemuas npoKamka.

JUIs ToNydeHUsl CBEPXIPOBOJAIICH JCHTHI Ha OcHOBe cruiaBa Nb—Ti
ucnoias3oBanch nuddysnonnas ceapka ([1C) MHOrocnoiHbix naketos (puc. 1)
MoJ AaBJIECHUEM B BaKyyMe U moclienyromas ux naketHas npokatka (I1I1) mpu
KOMHATHOW TeMIeparype.

JIC nakeToB MpoBOJAWIACH B BaKyyMe€ HE HUXKE, 4YeM 10 Mm pT. CT.
CBapuBaeMblii MAKET pacrojiarajicss MexJy MyaHCOHAMH, MU3TOTOBJICHHBIMU U3
BBICOKOIIPOYHOrO Tpadura. Mexay MmakeToM U MyaHCOHaAMU MPOKJIAbIBATUCH
donbru u3 tepmopacuierieHHoro rpadura (TPI') tommwmuoit 0,3 Mmm. B 1-m
ke ceapka Nb/Ti-maketoB nmpoxoamna mpu 1050°C B Teuenue 10 MuUH mof
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nasineHneMm 16—17 Mlla. Bo 2-M nukie cBapuBagucCh NAKETHI, COAEPKABIIUE
Hapy>XKHbI€ U BHYTPEHHHE NPOKJIAAKHA U3 MEIM, U, mo3ToMy, Temneparypa [C
camxkanace 10 900-950°C npu npasnenun 17-19 Mlla, a Bpems cBapku
MOBBIIAIOCH 10 1,5—2 4.

iy,

l

nh wNPF

[y

P

Puc. 1. BzaumHoe pacrosioxxeHne 0OCHOBHBIX y3J10B ycTaHoBkH 1151 JIC:
1 — BoJtoOoXJIaXk1a€MBbIi KOpIyC KaMepbl, 2 — Ha0Op TEIUIOBBIX IKPAHOB U3 MTPECCOBAHHOM
rpa¢uToBOi BaThl U M0-(h0oJIbru, 3 — HEMOABMXHBIN ITyaHCOH, 4 — HarpeBaTesb U3
BBICOKOIIPOYHOTO TpaduTa, 5 — HCIIBITYeMBIN MMaKeT, 6 — OABMKHBIN ITyaHCOH, P — ycunue

Hedbopmanusi NPOKATKOW CBApEHHBIX [AaKETOB MPOBOAMIACH TIPH
KOMHATHOM TeMIlepaTtype Ha 4-X BAJIKOBOM CTaHE TOHKON mpokaTku. CTeneHb
nedopmanu 3a nmpoxoja cocrtasisia 2—3%. HampasieHue NMpoKaTKu MaKeTOB
COOTBETCTBOBAJIO HAMNPABICHHUIO MPOKATKH 3aJ0KEHHBIX B makeThl Nb- u Ti-
domer. B 1-m 1umkie JseHTa mpokaThiBajgach 10 ToiamuHbl 0,2—0,25 MM,
paspesanach Ha OTPE3KH HYXHOU JUIMHBI, U3 KOTOPBIX COOMPAIICS HOBBIM MaKeT
TpeOyeMoi KOHCTPYKIMH TS 2-ro 1ukia. [locie 2-ro 1ukia cBapeHHbBINH MaKeT
MPOKATBIBAJICA JI0 JICHThI KOHEUHOU TOIMHBI — 0,1 MM.

Hccneoosanue cmpykmypot mamepuana. MukpoCTpyKTypa KOMIIO3UTOB
HCCIIEOBANach C IIOMOLIBKD PAacTPOBOM JJIEKTPOHHOM MHUKPOCKOIMU H
peHTreHoBcKoro cnekrpanbHoro ananusa (PCA). MccnenoBanus, BKIIOYarouye
MOJIYYCHHE M300paKeHU 00bEKTOB BO BTOPUYHBIX M OTPAXKEHHBIX JIEKTPOHAX
u PCA, BumMonHSINC, Ha UUQPOBBIX DIIEKTPOHHBIX  CKAHUPYIOIIUX
mukpockomnax Tescan VEGA-II XMU wu CamScan MV230 (VEGA TS
5130MM). O6a mukpockomna umeroT W-kaTopl, ocHameHbl Y AG-aeTekTopaMu
BTOPUYHBIX u OTpPa’KEHHBIX AJIEKTPOHOB u PEHTT€HOBCKUM
MUKPOAHAIU3ATOPOM.

HccnenoBanns BBINONHAIWCH NMPHU yCKopstoumeM HanpsbkeHun 20 kB u
TOKe 3JIeKTpoHHOro 30H1a 200 mA Ha o0pasie kobanbTa. PazMep 37eKTpOHHOTO
3o1a — 0,16 MkMm. ['myOuHa oOnacTu XapakKTepUCTHUECKOTO PEHTTEHOBCKOTO
W3Iy4YeHus jgocturaiga S5—6 MkM. Ha ropuzoHTaJIBHOM pa3pe3e 3TO
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COOTBETCTBOBAJIO KPYTy, a B 00beM€ — TPYIICBUIHOM 30HE C HAMOOIBIIUM
auameTpom okojo 10 Mxm.

CTpyKTypa MHOTOCJIOMHBIX KOMIIO3UTOB

Coopka nakemos. CBEpXIIPOBOAIIYI0O MHOTOCIIOWHYIO JIEHTY U3 CILUIaBa
Nb-50%TIi, cTabuIM3upOBaHHYIO ME/IbI0, MOJyUaIH 3a J1Ba IUKJIA, KaKIbIH W3
KOTOPBIX COCTOST U3 MU PY3NOHHON CBAPKH M IMAKETHOU MPOKATKH.

COopka makeToB B 1-M 1ukie npoBoAwiach U3 3aeMeHToB U-oOpa3Hoit
(GOpMBI, N3rOTaBIMBAEMBIX 3apaHee U3 (OJbI HUOOWSI W TUTaHA, U OTACIBHBIX
donbr TuTana u HUOOUs [13]. Colmroast onpesieIeHHYIO TTOCIEeI0BATEILHOCTD,
MOKHO OBLTO OTHOCHUTEIBHO MPOCTO W OBICTPO cOOMpaTh MaKEeThl U3 JCCSTH,
JBaANATH U 00Jiee HUOOUEBBIX PJIEMEHTOB, YEPEaYIOIIUXCS ¢ Ti-poabramMu, Win
TUTAHOBBIX 3JIeMEeHTOB, depeayronuxcs ¢ Nb-ponsramu. Ilaker mpemcraBisii
co0Ol eAMHYI0 KOHCTPYKIIMIO, Onarojaps YeMy C HHUM MOXHO ObLIO
NPOU3BOJIUTh  HYXXHBIE  TEXHOJOTHYEeCKHWe  mpoueaypbl.  OTaenbHbIC
COCTABIISIOIIME UCXOIHBIX TAKETOB IIPUBEICHBI B Ta0. 1.

Tabmuna 1. Cocrasisromue Nb/Ti-nmakeros B 1-Mm mukine JIC u ITIT

OO011ee K0J1-BO

Oobo3HaueHne CocraBisomue MaKkeToB:
naKera KoJIu4ecTBO (1UT.) ¥ ToJmuHAa (t) poabr QJonbr;TnaKeTe,
13TiNb1 1. 20 U-anemenToB u3 Ti-dosbru t =45 MM 40
2. 39 Nb-¢ousbr t = 45-50 Mkm 39
13NbTi2 1. 20 U-onementos u3 Nb-doseru t ~ 50 Mmxm 40
2. 39 Ti-donsr t =45 Mmkm 39

1. 10 U-o6pa3ubix anementoB u3 Nb-donsru + 10 Nb- 20 + 10 = 30
13TiNb3 ¢donsr t ~ 50 MKkM

2. 11 U-o6pasubix snementoB u3 Ti-¢oasru + 9 Ti- 22 +9=31

donbr t =45 Mmxm

1. 10 U-o6pa3susix snemenToB u3 Ti-donsru + 10 Ti- 20 + 10 = 30
13NbTi4 donbr t =45 Mmxm

2. 11 U-o6pasubix smemeHtoB u3 Nb-donsru + 9 Nb- 224+9=31

donbr t = 50 MM

B 1-M mukne maketsl coaepkanu mo 31 u 40 cioeB u3 HUOOUS U HA OJIMH
MEHbLIE CJI0€B U3 TUTaHa Wik 1o 31 u 40 cii0eB U3 TUTaHAa U HA OJJUH MEHBIIIE
ciioeB U3 HUOOMWS. HapyKHBIMU CITOSIMH TTakeToB ObLTH TOJIBKO ND- mim Tombpko
Ti-cmon. Tommuua makeTos cocrasisiia 2,9—3,0 u 3,7—-3,8 MM COOTBETCTBEHHO.

Bo 2-m nukiie makeTsl cCOOMpaNUCh B OMPEICIICHHON MOCIeI0BATEIbHOCTH
13 HECKOJIBKMX OTPE3KOB JICHTBI, MOJYYEHHOMN NTOCE |1-To uKIa, IBYX UM TPEX
IUTaCTUH W3 Meau ToymuHor 0,15 MM 1 coorBeTcTBeHHO 2-X WiH 4-X Nb-dobr
TonmuMHOM 20 MKM, NOPOKJIAJAbIBAEMBIX MEXKJIY MEIHbIMU IUIACTUHAMHU H
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orpeskamu mocie 1-ro mmkia. Ot Nb-domerm Obutn  mudGy3MOHHBIMEU
OapbepamMu MPOTUB B3aUMOJCUCTBUSL MEIU M TUTaHA, HAXOJAIIETOCS B CIUIaBe
Nb-Ti.

Ecnim mmactun w3 mMenu, kak craOuinuzatopa, OBUIO JBE, TO OHU
pacroiarajuch CHapy>kH MakeTa, €ClI — TPH, TO OJ[HA IIACTUHA pacroJjarajiach
€lle U NMOCePEeINHE MaKeTa.

PacueTHble TONIMIMHBI OTIENBHBIX CJIOEB TBEPJOr0 pacTBOpa TUTAHA B
Huobun (Nb) m NDTi-crutaBa B MHOTOC/IOWHOM JIGHTE KOHEYHOW TOJIIHAHBI
cocTaBisiii ~150 HM.

Muozocnoiinaa cmpykmypa komnozumog nocie 1-2o0 yukna. 1locne 1-i
cBapku cTpykrypa ND/Ti-makera cocrosiia W3 YepeayrOIIMXCS CBETIBIX U
TEMHBIX TI0JIOC, TapauIeNbHBIX Apyr Apyry (puc. 2). Cpemyible MOJIOCHI
COOTBETCTBOBAJIU HUOOUIO, TEMHbBIE — TUTAHY.

Toynas uaeHTHPUKALMS CIOEB MPOBOAWIACH C MOMOIIBIO JIOKAIBHOTO
PC-ananuza. KonuenTpamuonsusie nmpo@uin BOJIMU3M TPAHULIBI MEXKIY CIOSMHU
HUOOUS W TUTaHa (puc. 3, a u 6) nokazanu, 4to B yciosusax JC mpu 1050°C u
OTHOCHUTEJIBHO HEOOJBIIOM JaBJICHUU OBLIO J0cTaTo4HO 10 MUHYT, YTOOBI Ha
Mecte  Ti-ClloeB  00pa3oBaJMCh  CJIIOM  HHOOWMH-TUTAHOBOI'O  CIUIABA.
Konmentparuss Nb B HMX B HampaBJIeHWH OT TPAaHHUIBI K CEPEIUHE CIIOS
yMeHbIIanach B uHTepBaie oT 44 pgo 27 wmac.%. KoHueHTtpanus Ti
yBenumuuBaiach oT 56 o 73 mac.%. Kpome Toro Ha camoil rpaHuIle MEXIy
CIIOsIMH OTMe4eHO mpucytcTBue nauddysHsix odpasoBanuii ¢ 75-85 mac.%Nb
(crrextpsr 7 u 8, cM. pHcC. 3, a).
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2 MM

Puc. 2. Makpoctpykrypa nomnepeuroro ceuenus makera Nb/Ti, cogepxkamiero 31 Ti-cioii u
30 Nb-cnoes nocie JIC B 1-m nukie (cm. tada.1, 13TiNb3)
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(Nb)

Ti-Nb

Ti

Nb

MpaHuLa Mexay cnoamm

e (Nb) n Nb—Ti

10 20 30 40
PaccTtosiHue, MKM
a o
Puc. 3. K pe3ynbTaTam JOKaJIbHOTO PEHTI€HOCIEKTPAILHOTO aHaau3a: (parMeHT
MUKPOCTPYKTYPBI (@) ¥ KOHIIEHTpAIlMOHHBIE MTPO(UIN TUTaHA U HUOOUS (6) Ha TpaHuIe
MEXIY CI0sMH U3 HHoOueBoro tBeporo pactsopa (Nb) u crmaBa Nb—Ti

o

70 MKM

Tutan ke B CJIOSX HHOOHMS PACTBOPSUICS COBCEM HE3HAUUTEIBHO — B
cepenune Nb-crost on comeprkaiicst B komuuectBe MeHbine 0,2 mMac.% (cM. puc.
3, 6). D10 03Hayano, 4Tto TBepA0oda3HOE B3aAUMOJICUCTBHE MEXKIY CIOSMHU
POUCXOIUIIO 32 cUeT AU Py3UH HUOOHUS B TUTAH M OKa3bIBAJIO MOJIOKHTEIHLHOE
BIMSIHUE HAa (OPMHUPOBAHWE B KOMIIO3HTE CIIOMCTON CTPYKTYpBI, OTHHM U3
CJIOEB KOTOPOU JIOJKEH OBITH CJI0H cBepxmpoBosinero cruiasa Nb—Ti, 6muskuii
Kk cmiaBy ¢ 50 mac.%Ti. Cmmae Nb-50Ti oOnamaer iydmiuMm codeTaHUEM
CBEPXIMPOBOAANIUX xapakTepucTuk B cucreme NDb-Ti. [lpyrumu crosmu
JOJDKHBI OBITh CJIOW U3 HUOOWS ¢ KaK MOXXHO MEHBIINM COJCpKAaHHEM TUTaHA.
Torma oHm OynyT HECBEPXMPOBOMISIIMMHU YK€ B MajbIX MAarHUTHBIX MOJISX.
N3BectHo [14], uyrto HecBepxmpoBosane aepeKThl SABIAIOTCA Oojee
3¢ (HEeKTUBHBIMU TICHTPAMHU 3aKpEIUICHUS CBEPXIPOBOSINNX BUXpEH, dYeM
CBEPXIIPOBOISIIIINE.

Ha puc. 4 npencraBieHa CTPyKTypa TMONEPEYHOTO  CEUCHUS
MHOTOCJIONHOM JeHThl ToamuHou ~0,2 MM mocie JIC u npokarku. McxomHoi
3arotoBkoit Ob1 Nb/Ti-kommoszut 13NbTi2, conmepxasmmit 40 Nb- u 39 Ti-
cioeB (cm. Tabn. 1). Csermsie ciom — 310 NDb-TBepawiii pactBop (ND),
colepKaluii TUTaH B KOJMYECTBE HECKOJBKUX JECATHIX JOJEH MpPOIEHTA.
Temnubie ciion — cruraB Nb—(70-80) mac.%Ti. Oka3anock, 94TO B HampaBICHUH
MOTIEPEK MPOKATKY JJAMUHAPHOCTH CIIOMCTOW CTPYKTYPHI BRIpaXKCHA JIyUIIe, YeM
BIIOJIb He€. B ceueHnnu, coBmagaronieM ¢ HampaBJICHUEM MPOKATKH (CM. puc. 4,
0), B cnosx NDbTi-crutaBa mpucyTcTByeT OOJBIIIOE KOJIMYECTBO 0OOpa3oBaHUI
JUH3000pa3HON (POPMBEL.

Pacuetnbie Tonmmuuel cioeB (Nb) u Nb—Ti B mpokaranHoii ieHTe mocie
1-ro muKIa paBHSAJIUCH COOTBETCTBEHHO 2,7 1 2,4 MkM. Ho B IeMCTBUTEILHOCTH
MX TOJIIIIMHA BapbHUPOBAJIACH OT HECKOIBKHUX 10 10—15 MukpoH (cMm. puc. 4).
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PeHTreHOBCKHI CHEKTpaIbHBIA aHAIW3 TONMEPEYHOrO0 CCUYCHHS JICHTBI
(Nb)/Nb—Ti moarBepami NpeabIAyIIME pPE3yiabTaThl. TeMHBIC CIOW HHUOOMIA-
TUTAHOBOT'O CIUTaBa coaepxkanmu ~34,5 Mac.%Nb — 3T0 cpeaHsIsi KOHIICHTpAIUs

HUOOMSI, pacCUMTaHHAsA MO YEThIpeM crekTpaMm 2, 3, 4 u 6, NpuxosiIuxcs Ha
ciion Nb—Ti (puc. 5).

T O R 7 I S il |

e VT o i |

100 mMKkm 100 MKm

a o
Puc. 4. Muxkpoctpykrypa Nb/Ti-kommosutHoii nertsl Tommunoi 0,2 MM nociae JC u ITIT
mociie 1-ro 1ukia momepek (@) u BAOJb MPOKATKH (6).

65,6Ti-34,4 mac.%Nb
100 4a %

\ —=

801 - //‘;\\‘

60 - N /9‘ - e 7 N A Ti
X< X

40 - /o Vo il g

20 ] / S ~_~| ©Nb

06] /

0,4 -

Mac.%

0,2

0 4 8 12 16 20 24 28
PaccTtosHue, MKkm

65,6Ti-34,4 mac.%Nb

Puc. 5. K pesynbraram nokansaoro PCA: KOHIIEHTpallMOHHBIE IPO(UIN TUTAaHA B HIOOUS
¢dparment mukpoctpykrypsl Nb/Ti-kommosura 13NbTi2 mocne JAC u I1IT 1-ro muxna
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2-11 yuka. Ha puc. 6 mpeacTaBieHa MakKpOCTPYKTypa makeTa, COOpaHHOTO
BO 2-M LMKJIE U3 9 OTPE3KOB JIEHTHI IMOCHE 1-ro LMKIA, U PE3yJIbTATHI
nokaneHOro PC-aHanm3a, mpoBEJEHHOTO Ha OJHOM M3 YYacTKOB €r0 CEUYCHHS
npu OonbIIoM yBenu4eHHU. PaccMaTpuBaemMoe ceueHe akeTa OpUEHTHPOBAHO
napajijiebHO HalPaBJICHUIO MPOKATKU (POJIBI HUOOUS U TUTaHA.

Nb Ti 2
= \ o
~50Nb-50Ti —. DZ.\D
M~
) I [8¢g
./ N Eh
> let
e Posee e %
J s § o
w1 |eg
s I & O
r,:lu)—d/ &
\/I 070
u ~o O

100 80 60 40 20 O
Mac.%

a o

Puc. 6. 2-1i nuKI: @ — MaKpOCTPYKTYypa MOMEPEUYHOT0 CEYEHUS MAKETa U3 9 OTPE3KOB JICHTHI
nocie 1-ro nukna; 6 — pesynbtatel PCA. J1C: 950°C mipu 19 MIla B Teuenue 2 4

[Ipu anammze npHUBEACHHBIX MAKpO- M MHUKPOCTPYKTYpP KOMIIO3UTA
BU3YyaJbHO BHUJHO, YTO CJOMUCTBI XapakKTep €€ OIpeeNsieTcs] CBeTJION
KOMITOHEHTOM MaTepualia, B KOTOPOH COJep:KaHue TUTaHA B JIYUILIEM CIIy4yae He
npesbimaeT 10—15 mac.%. 3HaunTENbHO Yalle ero CoAepKUTCs B HEH oT 1 1o
3-4 wmac.%. DTa KOMIIOHEHTAa CO3JaeT CBS3HYIO HEMPEPHIBHYIO CHCTEMY.
KoMmmonenTa ceporo 1Bera M3 HHOOMEBOTO CIUIaBa C COJACpP)KaHUEM THUTaHA
50-70 mac.% o0pa3yeT BBITAHYTHIE BKJIIOYEHUS, MPHOOPETAIONINE HEPEIKO
nuckooOpasHyto (GopMy U, TOITOMY, Kaxyluecs mnpepbiBUCThIMH. OTcroma
HaIpaluBaeTCsl ONIMOOYHBIM BBIBOJ, YTO CIJIaB HUOOWS, OTBETCTBEHHBIN 3a
BBICOKHI CBEpPXIPOBOASIIMN TOK MPOBOJHUKA, HE HMMEET CBSI3HBIX TOKOBBIX
IIyTEH.

B cpenneit o6macté HEKOTOPHIX YTOJIICHUH OTMEUEHO MPHUCYTCTBHE
BKJIIOYEHUH, OTIIMYAIOIINXCS OT OKPYKaroLIEero 00bemMa CBOMM YE€PHBIM IIBETOM
(cextpsr 16-18, cM. puc. 6, 6). OHu oOorameHsl THTaHOM. WX cocTas:
21-24Nb n 79-76 mac.%T].

I/I3MepeHI/Iﬂ KPUTHY€E€CKOI'0 TOKA
HI/I3KOTCMHepaTypHBIC HN3MCPCHUA ITPOBOAMIIMCH HA JICHTAX, IMOJYUYCHHBIX

MMPOKATKOW KOMIIO3UTOB U3 OTPE3KOB MHOT'OCJIOMHOM JIEHTHI MOCIE 1-ro nukKia,
Cu-mostoc kak crabmim3atopa u TOHKHX ND-osibr, mpokiIambiBacMbIX MEKIY
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oTpe3kamu mocie 1-ro nukia u Meabto. CTPYKTYphl JBYX TaKUX KOMITO3UTOB,
ené He MOJABEPraBIINXCS MPOKATKE, MOKa3aHbl HA puc. 7. [lepBslid cocTOUT U3
cemu MHOTocioiHbIX oTpe3koB (Nb)/Nb-Ti, nByx HapyxHbx CU-00KIaIOK U
aByx Nb-nipocnoek. BTopoii KOMIO3UT, KpOMe JIByX HapYKHBIX, COIEPIKUT €IS
BHyTpeHHU CU-CJIOM, JIB€ MayKh U3 CJIOKEHHBIX BMECTE 4-X MHOTOCIOWHBIX
orpe3koB (Nb)/Nb—Ti u yersipe Nb-npocnoiiku, KOTOpbIE paCIONIOKEHBI MEXKIY
Cu u (Nb)/Nb-Ti. IIpoBoasiiue CBEpXIPOBOIAIINNA TOK 00BeMbI ¢ 2-(ha3Hou

cioucroii ctpykrypoi (Nb) + Nb—Ti B 1-m u 2-M komno3urax coctaBistot 79,6
u 75,3 006.%.

=
!
(Nb)/Nb-Ti

500 MKm

a o
Puc. 7. Ctpykrypa komno3utoB nocie JIC Bo 2-M mukie:
a — 2 Cu-cnos, 2 Nb-pocoiiku u 7 otpeskoB sientsl (Nb)/Nb—Ti mocne 1-ro nukia;
6 — 3 Cu-cnos, 4 Nb-ripociioiiku u 2 mauku mo 4 orpeska (Nb)/Nb—Ti

Konnenrparuonseie mpo i HHOOWS U TUTaHA CBUICTEIIBCTBOBAJIH, YTO
B 00beme (ND)/Nb—Ti cimon u3 4yuCTOro THTaHa OTCYTCTBYIOT. Hambosnbiice
comepkanue TuTaHa, ~70 Mac.%, ObBUIO B JIUCKOOOPA3HBIX CTPYKTYPHBIX
obpazoBanusx (crekTpel 4, 5, 6 U 7, cM. puc. 6, 6). [Ipyrue y4acTKd CJIOCB
crutaea  Nb—Ti  BBIDISAST  CBETIO-CEPBIMH IO KOHTpPAcTy. OJTO  €CTh
JI0Ka3aTeIbCTBO TOTO, YTO COJIEP)KaHNE HUOOUS B HUX OOJBIIIE, YEM B CTIIEKTpax
4-7. U, nevictBuTEnbHO, CIIeKTphl 13 m 14 mokaseiBaroT ~50 mac.%Nb u ~50
mac.%TI.

B ciosx cBemiioro xoHTpacTta, HASHTHPHUIIMPOBAaHHBIX Kak ND-TBepmbrit
pacTBOp, KOHIIGHTpAIMsl TUTAHA B JIyUIIeM ciydae He mpeBbimaina 20, a 9acTo
OocTaBajlach Ha YPOBHE HECKOJNbKUX Mac.%. Pe3tomupys BeIieckazaHHOE,
MO>XHO KOHCTAaTHPOBaTh, YTO TBepAO(a3HOE B3aMMOEHCTBAE MEXKIY HHOOHEM
¥ TUTAaHOM TPOUCXOJHT, B OCHOBHOM, 3a c4eT nu(pdy3un HUOOUS B TUTAHOBHIC
CJION.

H3zmepenue kpumuueckozo moka. HuzkoremmepaTypHbIE W3MEPCHHS
MPOBOAWINCH Ha 00pas3lax JICHTHI, MOJYYCHHBIX MPOKATKONH KOMIIO3UTOB,
npuBeACHHBIX Ha Puc. 7. MIX MHKpOCTpyKTypa IMOCJIE€ MPOKATKH IMOKa3aHa Ha
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puc. 8. B otnmuume ot CTpyKTYypbl KOMITO3HUTA JI0 MTPOKATKHU, CIOUCTAsi CTPYKTypa
NPEJCTABISICTCS COCTOsIIeH W3 HenpepbiBatomumxcss cinoeB NbTi-crmaBa u
tBepaoro pactsopa (Nb) cooTBeTCTBEHHO CEepoOro u CBETIOr0 KOHTPACTOB.

(Nb)/Nb-Ti

50 MKkm

a o
Puc. 8. MukpocTpykTypa monepeyHoro CeYeHUss MHOTOCIIOMHOW CBEPXIIPOBOIAIICH JICHTHI Ha
ocuoBe crutaBa Nb—Ti ¢ qByms (a) u TpeMs (6) cTaOMITU3UPYIOITUMH MEIHBIMH CIIOSIMH

O6pasuamMu i1 U3MEPEHHUS] KPUTHYECKOTO0 TOKa | CIyXWIU OTpe3Ku
MHoOTOCHOMHON JiIeHThl Tociie 2-ro nukia JC wu IIII tommmuon 0,1 Mm u
mupuHo 1 MMm. M3mepeHus mpoBOIWIMCH B KPUOCTATE C JKUJIKUM TEIHEM B
MarHuTHoM Toje H, co3maBaeMoM CBEpXIIPOBOMASIIUM COJICHOMJIOM, IIpHU
nepneaukysipgon H 1 (ab) u mapamnensHoit H || (ab) opuenranusx
HAIpaBJICHUS MarHUTHOTO 1mojs H u miockoctu mpokaTtku jaeHTH (ab) (puc. 9).
Tparcnoptreiii TOK | yepe3 obOpasen B 000ux ciydasx ObUT TMEPHEHIUKYIISIPCH
MarHuTHOMY ToJTro costeHonaa: | 1 H.

O6pazel —
OTRE30K NEHTHI
|
g
— T

H | (ab) H L (ab)

Puc. 9. Z[Be OpHUECHTAlIUN 06pa3ua oTHOCHTeNbHO moias H CBEPXIIPOBOAAMIETO COJICHOU IA

Ha  Puc.10 nmpeacraBieHbl  BOJbT-aMIIEPHBIE  XapaKTEPUCTUKH
MHOTOCIONHON JneHThl B monsix 1, 3 mw 5 Tom uw H || (ab) m 3aBucumoctu
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KpUTHYECKOTro Toka |, or marauTHoro mojis H mpu H || (ab) u H L (ab). [dse
DKCHEPUMEHTAIBHBIE TOYKM CO ‘“‘CTpElIKaMu BBEpPX YKa3bIBalOT Ha TO, 4YTO
TPAHCIIOPTHBIM TOK TAaKOW CWIbl HE Pa3pyLIWI CBEPXIIPOBOISAILEE COCTOSHUE
oOpasna.

0,0010 ! L L L lc>180A
13NbTi41 2004 ~ ‘
42K
@ 0,0008 A I'LH 1504
% H Il (ab) 100 H |l (ab)
£ 0,0006 4 2
Y 5Tn < 50
g 3T -~ 71
i 0,0004 - n H L (ab)
= 10
[7]
0,0002 1
g 17 5
0,0000 - =2 - - 01— T ‘ T T T
0 40 80 120 160 200 0 1 2 3 4 5
TpaHcnopTHbIN ToK, A H, Tn
a 9]

Puc. 10. BombT-amnepHbie XapaKTEPUCTHKH MHOTOCIIOMHOM CBEPXITPOBOIAIICH JICHTHI U3
criaBa Nb-Tinpu H || (@b)u H=1,2u3 Tn (@) u
3aBucumoctH lc(H) mpu H || (ab) u H L (ab) (6)

[Tpu H L (ab) I pe3ko magan ¢ yBenuueHueM mosist y:ke B Auamasone ot 0
10 1 T (em. Puc. 10 6). B to Bpems kak mpu opuentaiuu H || (ab) on mmaBHo
NOHWKaJCcs, ocTaBasick mpu 5 Tn Ha ypoBHe ~30 A, 4YTO COOTBETCTBYET
WHXEHEPHON (KOHCTPYKTUBHOM) KPUTHYECKOM TUIOTHOCTH TOKa, pPaBHOM
3.10* A/em®, Anmotporus |, paBHas orHomenuto lgflc;, paccumranHas s
H =1 Tn, 6s1a >82. 3T0 CBUAETENBCTBYET O 3aKPEIICHUU CBEPXIPOBOISIINX
BUXpeH, Jokamm3yrommuxcs B cmmaBe  Nb—Ti, Ha rpaHMmax MeEXIy
HecBepxmnpoBoasuumu ciaosmMu Nb-tBepmoro pactsopa (Nb) u cmmasa Nb—Ti,
HECYILIETO CBEPXIPOBOISIINNA TOK.

BaxxHo oTMeTHTB, YTO Takue 3HAYEHUS TJIOTHOCTH TOKA JOCTHTAJIUCh B
neHTax 0Oe3 murenbHbIX, Topsaaka 300-350 yacoB, HU3KOTEMIIEPATYPHBIX
omkuroB npu 300-350°C. Takue omkuru TpeOyeTcss MPOBOAUTH AJIS IIUPOKO
UCIIOJIb3YeMbIX ~ MHOTOXWJIBHBIX U MHOTOCIOMHBIX  CBEPXITPOBOJISIINX
marepuasioB (Nb—Ti)/Cu. Dto nmemaercs s BbIIAACHHUS YacTHIl o-(a3bl, Ha
KOTOPBIX, B OTJIWYHE OT PACCMOTPEHHBIX B PabOTe KOMIIO3UTOB, MPOUCXOIUT
3aKpETUICHNE CBEPXIPOBO/ISIINX BUXPEH.

3akiIr0ueHue u BbIBO/JbI

1. Ha ocHoBanum npoBeaeHHoro PC-aHanmn3za MOXHO cCJenaTh
3aKJIIoYeHue, 4Yro B MHorocioidHom kommosute ND/Ti B pesynbraTe
TBep/10(h)a3HOTO B3aUMOJCUCTBUSL MEXAy ¢oibraMu HUOOMST W TUTAHA B
nporecce nu¢Py3noHHOM CBapKH 3a JIBa IIUKJIA, COCTOSAIMNX U3 TU(Pdy3nOHHOM
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CBapKM W MAKETHOW MPOKATKH, MOJy4deHbl ciiou cBepxmnpoBojsiero (Nb—Ti)-
craBa coctaBa Nb50Ti.

2. Cnou caBa Nb50TI, umes Hanbosee BBICOKOE BTOPOE KPUTHUECKOE
MarHuTHOE TMOJi€, CIHOCOOHBI MPOBOJUTH OOJBIION 3JIEKTPUUYECKUNH TOK B
MarHuTHBIX TojisAix 5 m Oonee Tecna. IIpocmoiiku NDb-TBepmoro pactBopa c
cozaepkanreM tutaHa 10 5—10 mac.% nepexonar B HOpMaJbHOE COCTOSTHUE YiKE
B MaJlbIX MarHMTHbIX moygx u co3gaioT rpanuibl (Nb)-NbTi, sersrommecs
3pPEKTUBHBIMU IICHTPAMHU 3aKPEIUICHHsI CBEPXIPOBOMASAIIMX BUXpEeH. ITO
MOATBEPIKAACTCSl OONBIION aHM3OTPONHEH KpUTH4ecKoro Toka: lgflc, > 82 B
MarHuTHoM mose 1 To.

3. B wmHoroxwibHbiX  cBepxmpoBonHukax w3 (Nb-Ti)-cruiaBa
MPOMBIIIIJICHHOTO U3TOTOBJICHHSI IICHTPAMH 3aKPCIUICHUS SIBJISIFOTCS YACTHIIBI O~
(a3pl, BBIICIAIONUECS MPH JUTMTEIBHOM HHU3KOTEMIICPATYPHOM OTXKHIC YXKE
rOTOBBIX M3aenuii. B komno3utHoMm cBepxmpoBoasiiem Matepuaie Cu/Nb/NbTi
TBepA0(ha3HOTO M3TOTOBJICHHUS, B KOTOPOM 3aKpEIUICHUE BUXPEH MPOUCXOIUT Ha
rpanunax (Nb)-NbTi, Beicokass kpuTHueckas IIOTHOCTh TOKA JOCTUTanach 0e3
OT)KHUTA.

ABTOpBI 3aIBJISIIOT YTO:
1. V Hux HeT KOH(IMKTAa HHTEPECOB;
2. Hacrosmas ctaTes HE COACPKUT KaKUX-TMOO MCCIAEAOBAaHUN C ydacTHEM JIIOACH WIn
JKMBOTHBIX B KQUeCTBE 0OBEKTOB HCCIICA0BAHUMN.
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