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HauioHanbHMin yHiBepcuTeT «3anopi3bka nonitexHikay, 3anopixcks

Memoio pobomu € ompumanns MameMamuyHux Mooenel, 3d AKUMU, MONCHA 3 6ETUKOIO
GIPOCIOHICMIO PO3PAXOBYEAMU GIACMUBOCTNI JHCAPOMIYHUX HIKENe8UX CMIasis, 6e3 NpoeedeHHs.
nonepeoHix docniodcenn. /s npogedenHs excnepumennty 0opano NPOMUCIO8i CnIa8U HanpagieHol
Kpucmanizayii imuyusHsano2o i 3apyoisxcno2o supoornuymea. Ooepoicani pe3yiomamu 00poOisIucs
MemoOOM HAlIMEeHWUX K8aopamie 3 OMPUMAHHAM KOPENAYIUHUX 3aNedCHOCmell | MameMamuyHux
PISHAHb pecpecilinux Mooenell, AKi ONMUMATbHO onucyioms yi 3anexcHocmi. Lle 0osgonuno enepute
3aNpONOHY8aAmMU CNIGBIOHOULEHHS J1e2YIOYUX eleMeHmie Ol CHlagie HanpaeieHoi Kpucmanizayii,
WO BUKOPUCMOBYEMbCA O OYIHKU MEXAHIYHUX GIIACMUBOCMEN, Md 8Pax0o8yiomb KOMNIEKCHUI
6MIUE OCHOBHUX KOMNOHeHmIi8 cnnagy. Yepe3 me w0, posmipHa HegiOnogioHicms napamempie
KpUcmaniuHoi epamku nos'sa3ana 3i cmynemem KOHYeHmMpayiiHo20 meepoopO3YUHHO20 3MiYHEHHS]
y- i y-¢ghas, egexmusnicmio OucnepciuHo20 3MIYHeHHS CHAA8Y, WEUOKICMIO NO0G3YYOCmi I
IHWUMUY  81ACMUBOCMAMU, OMPUMAHe CRIBBIOHOUIeHHS 003801A€ 38'a3amu yi enacmugocmi 3
bazamoxomnonenmuumu cucmemamu. Haeedeni opmynu oaiomv mooicnugicmo pospaxyeamu
PO3MIDHY HEeGIONOGIOHICMb, MIYHICMb, JHCaApOMIyHIiCmb, KINbKicmb V'-ghasu i cycmuny cniagie 3
GuUCOKOI0 moyHicmio. Bemanogneno sanexcnocmi éniugy ckiady HA G1ACMUGOCHIT HCapoOMiyHUX
HiKenesux cnnagie Hanpagienol kpucmanizayii. [lokazano, wo 01 0A2aMOKOMNOHEHMHUX
HIKeNegux CUCMEM MOJICHA 3 BUCOKOIO 8IPO2IOHICMIO NpocHo3yeamu micghim (8ionoutents nepiooie
KPUCMATIMHUX 2DAMOK V- [ Y'-ba3), aKull icmomHo NIUSAE HA XAPAKMePUCIUKY MIYyHOCMI CNiasis
0ano020 Knacy. 3HudicenHs 11020 3HaUeHHsL CYRPOBOOACYEMbCSL 30LMbULEHHAM POSYUHHOCTIT elleMeHmi8
6 y-meepooMy pO3YuHi Npu 3HAUeHHi cniggionoutenus nezyroyux enemenmis 1,5 — 1,6. Oonax
30ibULeHHST CNIBBIOHOULEHHS TIeCYIoYUX elleMeHmie Oinvuie 2 CYnpoBoOJICYEMbCS 3POCMAHHIAM
Micghimy, ockinbku y-meepouil po3uun 00Csieae MaKCuMyMy posuunents. [lokazano nepcnekmughuil
i epexmusHUll HANPIMOK Yy GUPIULEHH] 300a4i NPOSHO3YBAHHSI OCHOGHUX XAPAKMEPUCUK, ULO
GIAUBAIOND HA KOMIIEKC CIYAHCOOBUX GACMUBOCMET CNIAGI6 SIK NPU PO3POOYI HOBUX JICAPOMIYHUX
HiKenegux cniagie, max i npu GOOCKOHANEeHHI CKAadie 8i0OMUX NPOMUCTOBUX MAPOK OAHO20 KIAC).

Knwuoei croea: scapomiyni nikenegi cniagu, poamipna HegionogioHicms KpucmanivHux
epamox y i y'-ghasz, miynicme, sHcapomiyHicme.

P03p061<a HOBUX 1 ONTAMi3allig ICHYHOUMX  CIUIaBiB  [JIsT  JIUTUX
BUCOKOHABAHTAKEHUX BUPOO6IB, gIKUMU € poGodi Ta COILIOBi JIOMATKU
I'T/l, € akTyaJbHUM MaTepiajlo3HABUMM, KOHCTPYKTOPCHKUM i TEXHOJIOTiUHUM
3aBiaHHsAM. [lJis cydyacHWX TepMOHAIpYy:KEeHWX Ta30TypOIiHHUX [IBUTYHIB Taki
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CTpykTypa Ta (pisamko-mexaHiuHi BIacTUBOCTi
CKJIAHOTPOMITbHI JI€TaJi BUTOTOBJSIOTH 3 0OAraTOKOMIIOHEHTHUX >KAPOMIITHUX
CIJIaBiB Ha OCHOBi HiKeJI0, KO6AJbTY i 3ajida MeTofaMH CIIpsiMOBaHOTO a6o
MOHOKpHCTATIYHOTO JTUTTS [1-4].

Po3po6ku ocTaHHIX pOKiB MAlOTh TEHEHIIITO 0 BUKOPUCTAHHS JIOMATKOBUX
MaTepiasiB 3 HU3BKUM BMICTOM JOpPOTUX ejeMeHTiB. O/Hie0 3 TpobeM TaKkoTo
TUTy MaTepiajiB € MiJBUIIEHHS iX MirHOCTi. /[ 36iabIeHHsT KapOMiIlHOCTi
CIJIaBM JIETYIOTD IiIBUIIIEHUM BMIiCTOM XpoMmy, BoJbdpamy, MoJi6AeHy, PeHiio
Ta pyTeriio. OmHAK, BUCOKWI BMIiCT ITMX €JeMEHTIiB MOKe TIPU3BECTH IO TIOSIBU B
npolieci HAIpaIlOBAHHS B CTPYKTYPi TOMOJIOTIYHO IiJIbHONMAKOBAHUX (Pa3 TUITY W
Yu G i 3HMWKeHHS (a3oBoi cTabimbHOCTI AeTamei [5-8].

3minHenns  y'-¢asoio  3abesmeuye  TpuBaJie  36epeKEeHHS  BUCOKOI
TeMIlepaTypHOI Ipale3JaTHOCTi CIJIABIB [JAHOTO KJACy B IIMPOKOMY iHTepBaJIi
temrepatyp. HaiiBaxk/uBila poJjb B ONOpPi BUCOKOTeMIIepaTypHiil MOB3yUOCTi
JKApPOMITIHUX CIIJIaBiB HaJEXKUTh, TAKUM CTPYKTYPHO-(Pa30BUM XapaKTepUCTHUKAM,
K TIepiofl KPUCTATiYHUX PENTiTOK Y- i y'-asz i iXx po3mMipHa HEBiIMOBIAHICTD.

MeTo0 po60TH € OTPUMAHHS MATEMATUIHWX MOJeJel, 32 IKUMU, MOYKHA
PO3paxoByBaTU BJIACTUBOCTI JKAPOMIIIHAX HiKeJeBUX CIJIABiB CIIPSAMOBAHOI
KpHucTamizallii, 6e3 mpoBeJeHHS MOMePeAHIX TOCiKEHb.

Hnasa  gocnmigXeHb BJIACTUBOCTEN  JKAPOMIITHMX  HIKeJEBWX  CILIABIiB
CTIPSIMOBAHOI  KpucTamisarii cpopmMoBana pob6oda BubipKa TTPOMUCTOBUX CTLIABIB
BITUM3HIHOTO i 3apy6iKHOTO BUPOOHWIITBA, HacTymHUX Mapok: sKC-26, 7KC-
26Y, JKC6d, JKC-28, KC-30, ByKJI-20, GTD-111, Mar-M247, CM-2471.C,
Mar-M200 + Hf, Mar-M246 + Hf, U- 500, U-700, PWA-1 422, PWA-1426,
CM-186LC, Rene 142, Rene 150, IN-792LC, DS-16, Mar-M002, Rene 125,
Rene 80H. Bu6ipka cmmaBiB 6yma 3po6JieHa 3 MO3UIliT pi3HOMAHITHOCTI XiMivHUX
ckmaniB (cucrem ]IerBaHHH), dKi 3a BMICTOM OCHOBHUX eJIEMEHTIB MAaloTh
MTUPOKUH /Tiarma30H JIeTYBaHHI.

Orpumani 3HaueHHS 0OPOOGJSAINCS B TIPOrpaMHOMY KoMmiLiekci Microsoft
Office B makeri EXCEL 3 oTpuMaHHAM MaTeMAaTHUYHUX PIiBHSIHb PETPECiiHUX
Mojiesiell, SIKi OMTUMATbHO OMUCYIOTh 3aJeKHOCTi, i TOOYIOBOIO JiHil TPEeH/IiB.
3aJesKHOCTI MAIOTh JJOCUTH BUCOKMIT KoedillieHT metepminaitii R? > 0,85 i MoKyTh
6yTH BUKOPUCTaHi [ BU3HAUEHHS BJACTMBOCTEH  KAPOMIIHUX HiKeJeBUX
crrasis (JKHC).

OCHOBHUMYM  CTPYKTYPHUMHU CKJIQJOBUMH JKAPOMIIHUX CIJIaBiB Ha
HiKeJeBiit ocHOBI € y- Ta y'-pasu. OIHUM 3 OCHOBHHUX MapaMeTpiB, MO BU3HAYAIOTH
BJACTMBOCTI IMX CIJIaBiB € cIiBBigHoNIeHHd (HEeBiATOBiIHICTD) napameTpiB iX
KpUcTamiyaux rpatok (8 Micdit), Mo po3paxoByIOThes 3a (OPMYJIOKI0:

§=2((a,—-a,)/(a,+a,))100% (1),
ie 4, Ta a, — Mepiofn rpatok y- i y'-has, BiAMOBIAHO [2, 5]

Bci xommonenTn, 1o BUKOPHCTOBYIOThea mipu JieryBanHi sKHC, moxna
YMOBHO PO3JIiJUTH Ha TPU TPYIH: POZUNHIIOTHCS TOJOBHUM YHHOM B Y-TBEPAOMY
posunti (Co, Cr, Mo, W, Re), posunnsiorbes nepeBakuo B y'-dasi (Al, Ti, Ta,
Hf) i xap6igoyrBopiotoui enementu (Ti, Ta, Hf, Nb, V, W, Mo, Cr).
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CTpykTypa Ta (pisamko-mexaHiuHi BIacTUBOCTi

Jlo ckmany y'-dasu moxytb Bxoautu: Al, Ti, Nb, Cr, Co, Mo, W, V i
in. Ix Bmicr B y'-asi i BMB Ha i1 KigbKicTh B cTpyKTYypi pisnuii. lle mos'sisano
31 3[aTHICTIO eJIeMEHTIB YTBOPIOBATH 3 HiKeJeM CTAOWJIbHI iHTepMeTasliu TUITY
Ni,Me. Omxe Ha MicdiT i MexaHiyHi BJIaCTMBOCTI CILIaBiB BILIMBAIOTh He TilbKH
eJIeMEeHTH, SIKi BiTHOCATHCS N0 Y'-YTBOPIOIOYMX, a W Ti, SKi KJIACUPIKYIOTbCS SK
eJIeMEeHTH Y-TBeplopo3YnHHOrO 3MirtHeHHs [9, 10].

B pesysabrari 0o6po6KM eKkcliepuMeHTaJbHUX JAaHUX 1 HaBeJeHWX BWUIIE
ysBJIEHDb, BIIepIlie 3allPOIIOHOBAHO CIIiBBi/[HOIIEHHS, SIKE BPaXOBYE KOMILJIECHUN

BILJIUB OCHOBHUX KOMIIOHEHTIB CIIJIaBV:
ZAAL+Ti+ Nb+Ta + Hf)

K.=5:
7 YACr + W + Mo + Re + Co + Ru) (2)

ae 5 — KamibpyBaibHHII KoedillieHT O6yB BU3HAUYEHUI EMITIPUYHHUM ILJISIXOM
JUISL OIIiIHKM BJIACTMBOCTEHN, SKUN BpaxoBYye KOMILJIEKCHUN BILIMB OCHOBHUX
KOMIIOHEHTIB cIliaBy. B uucesbHUKY Ta 3HAMEHHUKY Ii/ICTaBJILIOTbCS 3HAYEHHS
MacoBOi YaCTKM Bi/[MOBiHUX €JIEMEHTiB, SKi 3HaxomsTbcd B ciiiaBi. KoedirieHT
Ky, 103BOJISIE 3B’g3aTW XIMIYHMP CKJIaJl Ta BJACTUBOCTI 6araTOKOMIIOHEHTHUX
cIUIaBiB Ha ocHOBIi Hikeso (Tadu. 1).

Tabnuusa 1
3anexHoCTi BNacTMBOCTEN XapOMILHUX HiKENeBMX CNna.iB Big napameTpy KV,

Kpurepiit [Iporuo3sytoui perpeciiini Mmozxeni
Po3mipHa HeBinnosinuicts 6 mpu 20°C &%, %= 0,107 (K"")2 -0,2956(K ) +0,4685
Po3mipHa Heianosiaxicts & mpu 1000°C 81000 04=0,1443 (Ky.)2 -0.4344(K ) +0,0852

MirgicTs 6, ipu 20°C G, MIla= 181,73 Ky. +690,2

JloBrorpusana MirHicTs npu 100 roarHax G0 MIla = 96,219 K, +15,975

JHosrorpuBana Mmitsicts npu 1000 roarHax G 00 s MIla = 73,647 Ky. +37,404
0O6’emua yacrka y'- asu npu 20°C Vh{,z‘}, %=10,813 Kﬂ/, +37,364
06’emua yactka y'- gasu ipu 1000°C V1%, %=17,686 K +11.45

306iJbIIEHHS CITiBBiIHOIIECHHA Ky, (2) pu3BOAUTH 0 3HIKEHHS MiciTy
i yTBOpeHHs1 eKcTpemyMy mpu 3HavenHax 1,5...1,6 K. Tle mnos'sazano 3i
36iIbIIIEHHSM PO3YMHHOCTI JIETYIOUNX €JEMEHTIB B y-TBEPJOMY PO3YWHi, SKi
Hali6iabm cuabHo 36ibinyorh nepiog rpatku (Mo, W, Nb, Ta rta in.). Ilpu
sHaveHHax K momaj 1,5...1,6 cnocrepiraeTbest 36iabIeHHs MiciTy, OCKiTbKI
TBEPANIl PO3YNH JOCAT TPAHUII PO3UYMHHOCTI. SHAUEHHST MII[HOCTi TpH 36iJbIIeHH]
TIOKA3HUKA CIIiBBiITHOIIEHHS Kv‘ MiIMTOPSAKOBYETHCSA JIiHINHOMY 3aKOHY i Mae
TEHCHINI0 /0 MOCTiHHOTO 3POCTAHHS (pI/IC. 1 B), OCKiJbKM 3i 36iJbIICHHAM
CTIiBBiZIHOIMEHHS KiTbKiCTh €JIeMEHTiB, IO YTBOPIOIOTH 3MIIHIOIUY (Dasy 3pocTae.

[Tokazano, mo npu temmeparypi 1000 °C, sanexxHicTb rpaHulli TpuBaJoi
MITTHOCTi Bijl Besmamun MiciTy (pMc. 2 a, 6) aJeKBATHO OIUCYETHCA MOJEJIAMU
(ta6n. 1). TIpu s6ipmenni koedimienta K, Tpusama MimmicTs criapiB spoctae
MIPOTOPILINHO, OCKiJbKM KiJBbKICTh y'-yTBOPIOIOUMX €JIEMEHTIB 3pPOCTa€, a, OTXKe,
361BIIYETHCS KiTbKIiCTD y'-a3u B CIIaBi.
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3amnpornonoBane crmiBBigHoments K, (2) kopenoe 3 06’€MHOI0 4acTKOIO '
(asu B crutaBax HampasieHoi kpucramizaiii (puc. 3). Bei i 3ameKHOCTI MAlOTh
JiHIHUH XapaKkTep 3 MO3UTUBHUM KYTOBUM KoedillieHTOM i MOXMOKOIO He 6ifblie
+ 3,8%. Ile MOACHIOETbCA THUM, IO 3i 36iJbIIEHHAM Ky, 361IBITTYEThCST 06'€MHA
KiJIbKiCTh BMICTYy OCHOBHUX 3MiI[HIOIOUMX eJIeMeHTiB, KOTPi YTBOPIOIOTH Y'-pasy
4K TIpM KiMHaTHiil Temmepatypi (puc. 3a), Tak i 3aJMIIKOBOI TIPU IiABUIIEHIX

TeMIeparypax ekciyaraiii (puc. 36).
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Puc. 2. 3anexHicTb A0BroTpuBanoi MiLHOCTI XapOMiLUHUX HiKeneBWX CnMaBiB Bif CMiBBigHOLIEHHS Ky, B iX
1000 MMa) Big BENUYMHKM CNiBBIgHOLUEHHS Ky,; 6) -
3anexHICTb AOBroTPUBaNoi MILHOCTI (G,4,,'"°, Mra) BiA BenuunHu crissigHOWEHHS K . (o - po3paxyHKOBi

cknagi:(a) - 3anexHicTb A[OBroTpuBanoi MiyHocTi (o

3HAYEHHSI; ¢ — EKCePUMEHTAaNbHi 3HAYEHHS).
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Puc. 3. 3anexHocTi 06’emy y'-cpa3u B KHC Big cniBBigHOLIEHHS Ky, B iX cknaai: (a) — 3anexHictb o6’emy -
dasn npu KiMHaTHIN TemneparTypi (VV,2°, %) Bif, BENUYMHM CMiBBigHOLIEHHS Kv,; (6) - 3anexHicTb 06’'emy y'-chasm
npu 1000 °C (V7,1°°°, %) BiA BENNYMHMN CMiBBiLHOLIEHHA K~/ (e - po3paxyHKOBI 3HAYEHHSI;, ¢ — eKCnepuMeHTanbHi
3HAYEeHHs).

Pesynbrat  po3paxyHky — TemsoisMYHUX  XapaKTepPUCTHK  CILJIABiB
HalpasJIeHoI Kpucraisamii B [10JaablIOMy IOPiBHIOBAJIN 3 eKCIlepUMEeHTaJIbHUMU
nanumu. [lng migTBep/KeHHST PO3paxXyHKOBUX 3HadueHb OOpaHO IPOMUCJIOBI
DSMGA1400 Tta crmaB 7KC32. Ha ocHoBi anHamidy ekcrnepuMeHTaJbHUX
MOKA3HUKIB MeXaHIYHUX BJIACTUBOCTEN [IOCTI/DKYBAaHUX CILIaBiB B TabJ. 2
HaBeZIeHO 3HAYCHHS PO3PaxyHKOBUX BJIACTMBOCTEH, OTPUMAHUX 3 BUKOPUCTAHHIM
AKTUBHOT'O €KCIIEPUMEHTY.

[Tokasano, 10 PpoO3paxyHKOBi Ta eKCIlepUMEHTATbHi Jani go6pe
Y3TO/KYIOTbCSI MidK cO00I0 MPaKTHMYHO 3a BciMa IapaMeTpaMu, MOXHOKA He
nepepuiitye + 3%. OrpuMani MareMaruuHi 3aJ€XHOCTI [JAI0Tb MOXKJIUBICTD
MPOrHO3YBATU BJIACTUBOCTI TIpU po3poOIli HOBUX CKJIA/IiB JKAPOMIIIHUX HiKeJeBUX
ciiasis QKHC).

Tabnuuga 2
Po3paxyHKoBi Ta ekcnepyvMeHTarnbHi BNacTUBOCTI XXapoMiLHUX Hikenesux crnasis
BnactuBocTi xapomillHUX crIaBiB
Mero orpuMaHHs
pe3y/bTariB
GBa MHa 820’ % GIOOIOOO: MHa Vy/ZO, % VVVIO(J(J’ %
DSMGA 1400
Po3paxyHkoBi 1090 0,26 180 56 42
ExcrniepumenTanbHi 1060 0,27 198 59 45
JKC32
Po3paxyHkoBi 1090 0,35 240 62 51
ExcriepuMeHTasbHi 1100 0,36 245 64 35
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BUCHOBKUA

1. Ha ocHoOBi eMIipu4HOro mi/[Xo/y OTPMMaHO HOBE CIIiBBi/IHOIIECHHS KY‘
32 BEJIMYMHOIO SKOTO0 MOKHA aJIeKBAaTHO ITPOTHO3YBATH PO3MipHY HEBiJIOBiAHICTHh
(v/y-MmicdiT), TpaHuUII0 KOPOTKOTPUBAJIOI MIlIHOCTi, 06'€éMHY KiJbKicTb y- ¢asn
B cTpyKTypi, a takox rpanuiio 100 - i 1000-rogmaHOI TpWBaIOi MIITHOCTI /151
GaratokomIiioHeHTHuX koMmmosuiiin JKHC.

2. YTBopeHHs ekcTpeMyMy npu sHavennax K. =1,5...1,6, mo symoBieno
CKOPOYEHHSIM KiJIbKOCTi eJIeMeHTiB B y-TBEp/IOMY pO3uUnHi, SKi Halb6iIbIIe
36iapiytoTp nepiog rparku. Ilpn snavennsx K, nonax 1,5...1,6 ciocrepiraerbes
36isbienHst MiciTy, OCKiJibKM 06’€MHA YaCTKA y'-yTBOPIOIOYMX eJIeMEeHTiB 3HAUYHO
3pocTae.

3. [Ilokazano mepcneKTWBHUN HANPSIMOK TPHW BUpINIEHHI 3aaadi
IIPOTHO3YBAHHA OCHOBHUX XapaKTEPUCTHK, fAKi BIUIMBAIOTb Ha KOMILIEKC
cJIy>K60BUX BJIACTUBOCTEH >KapOMIITHMX HiKeJEeBUX CIIJIABiB.
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0. A. Glotka, V. Yu. Olshanetskii

Predicting the properties of nickel-based superalloys directional
crystallization

Summary

The aim of this work is to obtain predictive regression models, with which it
is possible to adequately calculate the mechanical properties of heat-resistant nickel
alloys, without prior experiments. Industrial alloys of directional crystallization of
domestic and foreign production were selected for research. The values were processed
by the method of least squares to obtain correlations with the receipt of mathematical
equations of regression models that optimally describe these dependencies. As a result
of processing of experimental data, the ratio of alloying elements which can be used
for an estimation of mechanical properties taking into account complex influence of
the main components of an alloy is offered for the first time. Since the dimensional
mismatch of the lattice parameters is associated with the degree of concentration of
solid-soluble hardening of y- and y’-phases, the efficiency of dispersion hardening of
the alloy, creep rate and other properties, the obtained ratio allows to link these
properties with multicomponent systems. Regression models are presented, with the
help of which it is possible to calculate dimensional mismatch, strength, heat resistance,
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number of y-phases and density of alloys with high accuracy. The regularities of the
composition influence on the properties of heat-resistant nickel alloys of directional
crystallization are established. It is shown that for multicomponent nickel systems it is
possible to predict with high probability misfit, which significantly affects the strength
characteristics of alloys of this class. The decrease in the value of misfit is accompanied
by an increase in the solubility of the elements in the y-solid solution at a value of the
ratio of alloying elements of 1.5 - 1.6. However, an increase in the ratio of alloying
elements greater than 2 is accompanied by an increase in misfit, because the y-solid
solution has reached a maximum of dissolution. The perspective and effective direction
in the decision of a problem of forecasting of the basic characteristics influencing a
complex of service properties of alloys both at development of new heat-resistant nickel
alloys, and at perfection of structures of known industrial marks of this class is shown.

Keywords: nickel-based superalloys, dimensional mismatch (y/y’-mismatch),
strength, heat resistance.
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HauioHanbHUn yHiBepcuTeT «JIbBiBCbKa NoniTexHikay, M. Jlbsis

Jocniooiceno 3pasku mumarnogozo cnnagy mapku BT8 wo euxopucmogyemocsi 073
BUCOMOGICHHS eleMeHMI8 2a30MypOIHHUX O8USYHIG, ¥ GUXIOHOMY CHMIAHI ma nicis GunpobysaHs
HA MpiwuHOCMIIKICMb Memooamu MmpaHcMicitiHol enekmpoHHOi MIKpockonii ma ougppayiiinozo
aunanizy. Bemawnoeneno ocobnusocmi mikpocmpykmypu, mopghonoeii 6y0osu, xapakmepy po3nooiny
¢daz ma cmpykmyprux cknadosux. Ha mpancmiciiinomy enexmponnomy mikpockoni JEM-200CX
ioenmugbixosano degpexmu Kpucmaniynoi 6y008u, ¢opmysants OUCIOKAYIHUX HeOOHOpiOHOCmell
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