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UCCJIEJOBAHUE TPUBOTEXHUYECKHUX CBOVMCTB IIOKPBITUM,
HOJYYEHHBIX METOJAOM 2JIEKTPOKOHTAKTHOI'O OIIVIABJIEHUA

Jlokm. mexn. nayx BEJIABHH K. E., COCHOBCKHH A. B.

benopycckuii hayuonanvHbiti mexHuyecKull yHusepcumen,
Ob6vedunennviil uncmumym mawiunocmpoenus HAH Benapycu

Jiist 06paboOTKH MOYBHI MIMPOKO UCIIOIB3YIOTCS
MPYKUHHBIE 3yObsi POTOPHBIX MMOYBOOOpadAaTHIBa-
IOIIUX MAIIMH, KOTOPBIE BBIMTYCKAIOTCS CEPUITHO U
MPEICTABIISIOT COOOM CTEpIKEHb C BUTOH MPYKH-
HOM Ha KOHIIC, M3rOTaBJIMBAaeMBIM W3 CTaJilcH
60C2A, 50XT' A, 55C2I'®. JlanHoe u3acuue sSBs-
ercs OBICTPOM3HAIIMBAEMBIM, PECypC, Kak IMpaBH-
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710, MEHbIIIE HApaOOTKH OJHOTO TOJIEBOr'0 CE30Ha
(7 ra). Usnoc moBepxHoctu coctasmsier 10 %,
MpUYEM CPOK CIYKOBbI, OrpaHMYCHHBIA YCTalOCT-
HOW MPOYHOCTBIO 3y0a, B AECATKH Pa3 MPEeBOCXO-
IUT pecypc paboThl, JOMYCTHMBIH €ro JHMHEHHBIM
W3HOCOM, MTOITOMY B OTXOABI UAET OOJbIIas 4acTb
3y0a. B cBs3M ¢ 3TMM aKTyaJbHOH SIBIISETCS IMPO-
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OnemMa yNpOYHEHHsS] M BOCCTAHOBIICGHHS IPY>KHH-
HBIX 3yObEB POTOPHBIX IMOYBOOOPaOATHIBAIOIINX
MamvH [1]. CymecTByronye MeToIbl BOCCTaHOB-
JICHUsI W YNpO4YHEHHsS (HaMOpa)KMBaHHE, OHIIEK-
TPOAYroBasl HAaIUIaBKa M Jp.) HE YAOBJIECTBOPSIOT
TpeOOBaHUSIM, MPEABABISEMBIM K 3KCILTyaTalllOH-
HBIM U (PU3UKO-MEXaHMYECKUM CBOWCTBaM 3yObeB
MoYBOOOpadaThIBAIOIINX MAalIMH IO pPsIy mapa-
MeTpOB (TIPOYHOCTH CLEIJICHHS MOKPHITUSI C OCHO-
BOW, W3HOCOCTOMKOCTb, TBEPJOCTb, yJIapHas Bs3-
KOCTb U JIp.).

OpHMM M3 NEpCHEKTUBHBIX METOAOB IOBBIIIE-
HUS CPOKa CITY>KOBI JieTasel SBIsIeTCsl METO DJIeK-
TPOKOHTAKTHOTO OIUIABJIEHUS, 3aKIIOYAIOLINICS B
OIJIaBJIEHUU MOPOIIKOBOrO MaTeprasna Ha IOBEpX-
HOCTH pazorperoi neranu. IIpu atom nerans paso-
IpeBaeTcs IMMyTeM MPsIMOr0 POIyCKaHMs Yepe3 Hee
3JEKTPUUYECKOro TOoKa [2].

Jns peanuzanuy TaHHOTO criocoda ObLia pas-
paboTraHa TEXHOJNOTWs HAlJaBKH IOKPBITHH Ha
MOBEPXHOCTh JeTalell ¢ MCIOIb30BAHUEM MAINH
KOHTAaKTHOM CBapKu. JlaHHBIM TEXHOIOrWYEeCKU
MPOLIECC OCYIIECTBIIECTCA CIEAYIOLUIMM 00pa3oM
(puc. 1): Mexny BepXHUM | U HIDKHUM 2 3IIEKTPO-
JaM{ 3JICKTPOKOHTAKTHOW YCTAHOBKHM KpPEIUTCS
yhnpouHsemas IeTajb 3, Ipu 3TOM JeTajlb IoMe-
1IeHa BHYTPU €MKOCTU 4 ¢ MOPOLIKOBOHM IIMXTOU
5, Haxopsuelcs HAIpOTUB HAIUIABISIEMOW IIO-
BepxHOocTH. C TpaHchopMaTopa 3JIEKTPOKOHTAKT-
HOHl yCTaHOBKH 6 MOJAETCs HaNpsKEHUE Ha JJIEK-
TPOXBL, B PE3yJbTaTe Yero MpPOMCXOOUT Pa30rpeB
JeTand [0 TEMIIEpaTyphl, BBIIIE TEMIEPaTypHhl
IUTaBJICHUSI MOPOIIKA, HO HMXKE TeMIepaTypsl
IUTaBJIEHUsl MaTepuana aerand. YacTuisl mopoii-
Ka, Haxomsmuecss BOJM3U IMOBEPXHOCTH [ETaJH,
MOIPYKEHHOW B €MKOCTb, OIJIABJIIOTCS, 00pasys
Ha Hel MOKPBITUE 3aJaHHOM TOJMIIMHBL. B kauecTBe
MPUCAZOYHOIO MaTepHaga HCIOIb3YIOTCS IOPOLI-
KH Ha KEJI€3HOW M HUKEIEBOM OCHOBE, a TAKXKE UX
cMmecu. BpiOop 3THX MaTepuanoB OCHOBAH HA TOM,
YTO OHM MMEIOT HU3KYIO TEMIIepaTypy IJIaBJICHUS
(1040-1140 °C), a Taxke MO3BOJSIOT MOTYIUTH
MOKPBITHS, 00Jajaroiye BBICOKOH TBEPAOCTHIO
(62—69 HRC).

UT0oOBI ONpeAenuTh TPUOOTEXHUIECKUE CBOWM-
CTBa MOKPBITUM, TTOJIyYEHHBIX C MOMOILBIO TAHHOU
TEXHOJIOT' MU, IPOBOANIIOCH UCIIBITAHHE Ha yJapHO-
abpa3uBHOE M3HALIMBAaHUE. JONOIHUTENBHO IpO-
BOJWJIN MeETaJulorpa)uyeckue McciaefoBaHus I10-

JyYEHHBIX TOKPBITHH TSI ONPENENeHUus CTPYKTY-
pBl HamOollee TPHUEMIIEMON B YCIOBHUSAX yJapHO-
a0pa3WBHOTO M3HAIITMBAHUS.

MeTtoanka mnpoBedeHHs MCNBITAHWNA Ha
yaapHo-a0pa3uBHOe M3HamuBaHue. Vccrenosa-
HUE Ha yJapHOo-a0pa3uBHOE W3HAIIMBAHHUE ITOKPHI-
TUI NPOBOJAMIIM HA 3KCIEPUMEHTAJIbHOW YCTaHOB-
Ke JUIsl UCTIBITAaHUS 3aIIUTHBIX MTOKPBITHIA HA yaap-
Ho-a0pa3uBHOE M3HAIMBaHUE. J[aHHAs ycTaHOBKa
TMTO3BOJIACT MPOU3BOJUTH UCIIBITAHUA, COYCTAIOIUE
B ceOe aOpa3WBHOE W3HAIIMBAHWE C YIapHOU
Harpy3Kou.

Puc. 1. Cxema HaHECEHUSI N3HOCOCTOMKUX TIOKPBITHH

B kauecTBe abpa3nBHOr0 MaTepHraja MPUMEHs-
JIaCh MCKYCCTBEHHAsI IOYBEHHAs Macca, COCTOSIAs
u3 necka, rmuabl (12-14 %) u rpasus (6—8 %) npu
BAIaXXHOCTH 3—5 % u mmotHocTH 1,5-2,0 MIla, uto
MIPUMEPHO COOTBETCTBYET PEABHBIM YCIOBHUSM.
g mpoBeneHHs MccleoBaHUM AuaMerp KOHTp-
o0pasia, BBIMOTHEHHOro 13 uyryna mapku CY 35,
BeIOupaii ot 100 1o 97 MM, CKOPOCTH CKOJBXe-
HUA — 7,55 M/MUH. DHeprus €IMHUYHBIX yIapOB
KOHTpoOpa3na coctasisiia ot 1 go 3 Jx. s uc-
MBITAaHUSI UCIIONB30BAIN 00pa3Lbl, H3TOTOBJICHHBIC
n3 cTanu 45, ¢ MOKPBITUEM U3 MOPOIIKOB MapKu
[1P-X412P4C2®, III'-CP4 u mmxtsI coctaBa 70 %
IIP-X4I"2P4C2D u 30 % IIT'-CP4 TonmumHo#i 3 MM
HAIUTaBJICHHBIX METOAOM 3JIEKTPOKOHTAKTHOI'O OI-
JIaBJIEHUS.

Pesyabrarel m aHanu3 wucneiTanuid. Ilpu
HaJW4uM YAApHBIX HAarpy3oK OTHOCHUTENBHAs W3-
HOCOCTOMKOCTh HaIUIaBJICHHBIX MOKPBITUI 3HAYH-
TEIBHO OTJIMYAEeTCd OT HM3HOCOCTOMKOCTH MOIy-
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YEHHOH NP HCIBITAHUSX B YCIOBUSX a0pa3UBHOTO
V3HAIMBaHUs 0€3 YAapHBIX Harpy3ok (puc. 2).
Tak, ecnu OTHOCHTENbHAs M3HOCOCTOMKOCTH IO-
KpbiTHs U3 ciuaBa [1P-X412P4C2® Ge3 ynapHbIX
Harpy3ok Obla camasi BEICOKasi, TO IPU MOSBICHUH
yIApHOW HAarpy3KH H3HOCOCTOMKOCTH MOKPBITHSA
3HAYUTENBHO CHUXaercs (B 2—5 pa3). IT0O MOXKHO
00BSCHUTD BBICOKOH TBepaocThio (65-67 HRC)
MOKPBITHS, OIHAKO 00JaNaloIero BHICOKOH Xpym-
KOCTBIO, IPUBOJAIICH K HHTEHCHBHOMY BBIKpAILU-
BaHUIO NIPH HaJIM4YWU yrapos. HecMoTpst Ha MeHb-
myo TBeprocth crmasa [II-CP4 (61-63 HRC)
W B JIBa pa3a MEHbBILIYI0 M3HOCOCTOMKOCTBIO IPH
UCTIBITAaHUAX 0€3 yZapHOM Harpy3kd, BeIHYHHA
W3HOCA TIOKPBITHA MpPHU TOSBICHUH YAAPHOH
Harpy3Kku yBeIM4YMBaJIach B 2—3 pa3a. ITO CBA3aHO
C TeM, YTO MOKPHITHE 00JIaaeT MOBBIIICHHON BsI3-
KOCTBIO Oyiarojapsi HUKEIEeBOH OCHOBE, yMEHbIIa-
IolIell MHTEHCUBHOE BBIKpALIMBAaHUE. bBOJbIIyIO
H3HOCOCTOWKOCTB B YCIIOBHAX YAAPHO-a0pa3uBHBIX
WCIBITAHUI MOKa3allo MOKpbITUE U3 WUXTH 70 %
[TP-X4T"2P4C2D + 30 % III'-CP4, koTopoe obmna-
JAeT ONTHMAJBHBIM COOTHOIIEHHEM TBEPJOCTH
W YAApHOH BSI3KOCTH, YTO MO3BOJISIET MIPOTHBOCTO-
STh 3HAYHUTENBHBIM Harpy3kam NpH yAapHO-a0-
Pa3WBHOM H3HAIIMBAHUM.
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Puc. 2. 3aBUCHMOCTh BEIMYMHLI HM3HOCA A HAIUIABICHHOIO
TIOKPHITUS. OT 3Hepruu ymapa E: 1 — IIP-X4I2P4C2®; 2 —
II"-CP4; 3 — 70 % IIP-X4I2P4C2® + 30 % I1I'-CP4

JIONOTHUTENBHO TMPOBOAWIN CpaBHUTEIbHBIC
UCTIBITAaHUS HA YAapHO-aOpa3WBHOE WM3HAILIMBaHHUE
00pa3oB C MOKPHITHAMH, MOTYYEHHBIMH METOIOM
HaMOpa)XMBaHUA U3 paciuiaBa [3] 1 METOIOM dJIeK-
TPOKOHTAKTHOTO oriaieHus (puc. 3). Ucnbitanus
MoKa3ajaK, 4YTO TMOKPHITHE, MOIYyYEHHOE METOA0M
AJIEKTPOKOHTAKTHOTO OIUIABIICHHSA, 00Jamaer u3-
HococTOMKocThI0 Ha 10—-15 % BeIlIe, yeM MOKPHI-
THE, TOJIYYEeHHOE METOJOM HaMOpa)XMBaHHUS U3
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pacruiaBa.

IIpoBenenue MeTaIOrpapMUecKux uccjie-
aoBaHuii. OCHOBHBIMM 3aJayaMM HCCII€OBAaHUA
ObUTM: OIleHKa PaBHOMEPHOCTH paclpeneieHus
3JIEMEHTOB TMOKPHITUS MO 00bEMy; HaJlUYUE IIOp;
¢a3oBbIil coctaB MOKpBITHS. VccinenoBaHne MHUK-
POCTPYKTYpBI TPOBOIWIM Ha Merajuorpaduye-
ckoMm mukpockone POLIVAR-MET npu yBenude-
Huun ot 200 mo 1000 kpaT, peHTreHoda3oBbIii aHa-
3 — Ha anmapate JIPOH-3.
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Puc. 3. 3aBUCHMOCTH BEIMYMHBI HM3HOCA A HAIUIABICHHOTO

nokperTust cocraBa 70 % IMP-X4I'2P4C2d + 30 % I1I'-CP4 or

sHepruu yaapa E: 1 — HaliaBJIeHO METOJOM HaMOPa KUBAHUS

W3 pacIuiaBa; 2 — TO K€ METOJOM JIIEKTPOKOHTAKTHOTO OII-
JIaBIICHUS

B kauecTBe 00beKTa HCCIEIOBAHUS HCIOIB30-
BaJM 00paslbl C MOKPBHITHEM, MOITYYEHHBIM METO-
JIOM 3JIEKTPOKOHTAKTHOTO OIJIaBJICHHS, a B Kade-
CTBE MPHUCATIOYHOTO MaTepHala — MOPOIIKH Ha Oc-
HoBe xene3a ([TP-X4I2P4C2®D), nukensa (I1I-CP4),
a TaKkKe MIMXTHl U3 MPHUBEACHHBIX BHIIIE MOPOLI-
koB B nponopuun 70 % IIP-X4I'2P4C2® + 30 %
II'-CP4.

Merannorpadguueckue HMCCIeqOBAHUS TMOKPHI-
il u3 cocrasa IIP-X4I'2P4C2®, mnomydeHHBIX
METO/IOM 3JIEKTPOKOHTAKTHOTO OIUIABJIECHUS, MPO-
BOIWJIMCH HA oOpa3lax, HaljIaBICHHBIX MPU TEM-
nepatype 1150 °C (puc. 4).

Puc. 4. CtpykTypa MOKpHITHS, TIOIYICHHOTO U3 COCTaBa
[TP-X4I"2P4C2®D, x200
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[Tpu HamaBKe 00pa3yeTcst MIOTHOE TOKPHITHE,
UMEeTCsl YeTKas TpaHula CIUIABICHHUS MOKPBITHS
C OCHOBHBIM METaJUIOM.

PentrenodaszoBeiii. u  MeTayutorpaduyecKuii
aHaJN3 TOKPHITUH MOKa3bIBaeT HAIWYHE CIIETyIO-
mmx Qa3: TBEpAOro pacrBopa Ha ocHoBe o-Fe
u y-Fe co cmemannbiMu kapouausivMu (CrFe,Cy)
u OopunasimMu (CrFe;B), Cr,B Beinenenusmu pas-
TnaHBIX (GopM U pasMepoB. Taxke MPHCYTCTBY-
10T kapbobopunsl CrFe,(BC)y u sBTekTHKa TUMa
CrFe;(Si, B). IMetoTcst OKCHIIBI CIOKHOT'O COCTa-
Ba pasHbIX (opM M pazMepoB. MHKpPOTBEPAOCTH
MaTpUIBl JaHHOTO TOKPHITUS  COOTBETCTBYET
6130-6570 MIlIa; 6opumoB — 9820-14210; 3BTEK-
TuKH — 8580-9460 MITa.

JlaHHOE TOKpBITHE XOpoIIO paboTaer B ycio-
BUSAX aOpasWBHOro H3HOca M TpeHHs. OpHaKo
B TIpoliecce yAapHO-aOpa3HBHOI'O HM3HOCA MPOHC-
XOIUT WHTCHCHBHOE BBIKPAIIMBAHHE IOKPBITHS,
YTO CBS3aHO C HAJIMYMEM TBEPABIX BBIACIECHUI.
Merannorpaguueckue HCCIENIOBaHUA IOKPBITHI
u3 III'-CP4 mpoBoaunuce Ha oOpasuax, HaruiaB-
naBmmMxcs npu temnepatypax 7= 1050 u 1100 °C.
Hamnaska mpu 7 = 1050 °C He mo3Bonsger moiy-
YHUThH AOCTATOYHO KaueCTBEHHOE MOKPHITHE B CBSI3H
C HEMOJHBIM pacIUIaBJICHUEM Topoinka (puc. 5).
[lo Bcell MOBEpXHOCTH TMOKPBITUS W Ha TPaHUIIC
paszena «IOKpBITHE — OCHOBHOW METajll» MMEIOT-
Csl TIOPBI.

Puc. 5. CtpykTypa MOKpPHITHS, TIOIYICHHOTO U3 COCTaBa
Ir-Cpr4

[IpoBenenHbIi peHTreHO(A30BEIA M METaIIO-
rpaduueckuil aHaIM3 MOKa3aJl HaJu4yhe TBEPIOTO
pactBopa Cr u Fe B Ni. Kak u B npensinyniem ma-
TepuaJie, UMEIOTCA BKIIOYEHUS! KapOUIoB U OOpHU-
JIOB aHAJIOTHYHOI'O COCTaBa, a TAKXKe HaOIoaaeTcs
BbIIETIEHHE 3BTEKTUKHU. CTPYKTypa MOKPBITHSI, BbI-
SIBJIGHHAS! JJIEKTPOJIMTUYECKUM TpABIEHHEM, CO-
CTOMT M3 KPYNHBIX 3€pEH PA3NUYHON TPaBUMOCTH
¢ MmukporBeprocteio 1580-2430 MIla. ITomumo
3TOr0, UMEIOTCS OKCHJBI Pa3INYHON TUCIEPCHO-
ctu. [Ipy MoOBBIIIEHUN TeMIIEpaTyphl HAILJIaBKHU 10
1100 °C kavecTBEeHHOro M3MeHEeHUs (Pa3oBOro co-
CTaBa M CTPYKTYpPHI TMOKPBITUS HE MPOHCXOIUT.
Crpykrypa Ooiee OAHOPOAHAS C MEHBIIUM KOJH-
YECTBOM I10p.

Takum 00pa3oM, MpOBEAEHHBIE UCCICIOBAHUS
MOKa3ajy, YTO MOBBIILIEHUE TEMIEpaTyphl HaIUIaB-
ku o1 1050 1o 1100 °C He npUBOAMT K KaYECTBEH-
HOMY M3MEHEHHIO ()a30BOr0 COCTaBa U CTPYKTYPHI
nokpbITHsL. He MeHsieTcs Takke U MUKPOTBEPAOCTh
CTPYKTYPHBIX COCTABIJISIOIIMX. YIydliaercs pac-
TEKaHHE MaTepHalla OKPBITUS [0 OCHOBHOMY Me-
Tamly. B cBA3M ¢ 3TUM MOXXHO CKa3aTk, 4TO IO-
KpBITHE C TOA00OHOW CTPYKTYpOl OyAeT yCTOHYNBO
K yIapHBIM Harpy3kaMm, OTHaKO OHO UMEET HU3KYIO
W3HOCOCTOWKOCTh NPU MHTEHCHBHOM aOpa3MBHOM
W3HAIIMBaHUM, YTO CBSI3aHO C HAJIMYMEM KpYIHO-
3€PHUCTON CTPYKTYPBI U HU3KOH TBEPIOCTHIO (a-
30BBIX COCTABIISIFOILIUX.

Merannorpaguueckue HCCIeJOBaHUS IOKPBI-
Uil u3 coctaBa 70 % IIP-X4I2P4C2® + 30 %
[II'-CP4 npoBoxmnuck Ha oOpa3uax, HarIaBJIECH-
HbIX 1ipu Temnepatype 7 = 1150 °C (puc. 6).

Puc. 6. CTpykTypa MOKPBITHS, TIOIYICHHOTO M3 COCTaBa
70 % TIP-X4I2P4C2® + 30 % IIT'-CP4
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Merannorpaguueckue HCCIENOBaHUs MOKa3a-
JIM, 9TO TOKPHITHE XOpPOIIO CIJIAaBHJIOCH C OCHOB-
HBIM METaJUIOM. ['paHWIla CIUIABJICHHS POBHAS,
wiotHas (0e3 pakoBUH H 3a30poB). [IpoBeneHHbIH
P®A mnokazan Hanuuume TBEPIBIX PACTBOPOB Ha
ocHOBe Y- U o-Fe (mpemMymiecTBEHHO Ha OCHOBE
v-Fe), 6opuno tuna CrFe;B (nmm xap6obopumon
CrFe,(BC)y), kapounos tuna CrFe,Cy u 3BTEKTH-
ku tuna CrFe;(Si, B). [Tocie anekTpomuTiuieckoro
TPaBJICHUS YAAJIOCh BBIIBUTH CTPYKTYPY TOKPBITHS
(puc. 6). OHa COCTOMT W3 OCHAPUTOB, MPENCTAB-
JSIIOIIMX COOOM pacTBOp HUKEINS B Keje3e, MOMH-
Mo 3toro Gopounementur (CrFe,(BC)y) ¢ kapOu-
namu xpoma cioxHoro cocraBa (Cr, V, Fe);C.
Nwme-
ercs MHOTO »BTeKTHKH Mes(Si, B) ¢ Mukporsep-
noctero 4730-6570 MIla. MukpoTrBepiocTs Kap-
ounoB — 7374-10734 MlIla, 6opumoB — 11470-
15325 MIla.

Hcxons u3 cka3aHHOTO BBILIE OYEBHIHO, YTO
JaHHOE TOKpbITHE Oo0JIaZlaeT MATKOH MaTpulel
W TBEPABIMH BBIICICHUSMHU YIPOUHSIOMMX (a3,
PaBHOMEPHO pacHpeAeneHHbIX 1Mo o0bemy. Bce
3TO TOBOPUT O TOM, YTO TMOKPBITHE AOIKHO 00Ja-
JaTh BBICOKOW H3HOCOCTOMKOCTBIO B COYETAHUH
C YAapHBIMH HArpy3KaMH.

BBIBO [

[IpoBencHHBIC HCTIBITAHNUS HA YAapHO-a0pa3uB-
HOC W3HAIMBAHUE T[IOKA3aJld, 4YTO TMOKPBITHS,
MOJIyYCHHbIC U3 TMOPOIIKOBOW IIUXTHl COCTaBa
70 % IIP-X4I2P4C2®D + 30 % III'-CP4, umerot
B 1,5-2,0 pa3a OOMbIIyt0 H3HOCOCTOHKOCTH, YeM
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n3 nopomkoB [1P-X4I2P4C2® u III'-CP4. B 10
)K€ BpEMsl TOKPHITHE, MOIYyYEHHOE 3JIEKTPOKOH-
TaKTHBIM OIUIABJICHUEM, MMeEeT H3HOCOCTOHMKOCTH
Ha 10-15 % BbllIe, YeM MOKPHITHE, HAMIABIEHHOE
HaMOpa)XKUBaHUEM W3 paciuiaBa. Pe3ynbTaThl uc-
MBITAHUH TIOATBEPXKIAIOTCS METauIorpapuiecKu-
MU HCCICNOBAaHMUSIMH, KOTOpbIEC TIOKa3ajdd, YTO
HamOoliee TpPUEMJIEMBIM JUIS YCIOBHHA yHapHO-
a0Opa3WBHOTO WM3HAIIMBAHUS SIBISETCS IOKPBITHE,
MOJIyYCHHOE M3 MOPOMIKOBOM HIMXTHI, COCTOSAIIEH
u3z 70 % IMIP-X4I"2P4C2d u 30 % IITI'-CP4. 310
CBSI3aHO C TE€M, YTO OJiarojaps HUKEII0 o0pa3yercs
MsATKas MaTpuia, OOeCIeurBaroImas CTOWKOCTD
K yJapHbIM HarpyskaMm, a IOpPOLIOK Ha OCHOBE JKe-
Jie3a JjaeT Hallu4re TBepIoil (a3pl B BUAE KapOu-
JIOB U OOPHJIOB, MMEIOIINX BBICOKYIO TBEPIOCTh
Y CTOMKOCTH K a0pa3uBHOMY W3HAITMBAHHUIO.
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