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HCCJIEJOBAHHUE NMPOUECCA PE3AHHY NOJAPU3AHUOHHO-
ONNTUYECKUM METOOOM

M. @. TIOJIETHKA, M, X. YTEIIEB

(Ilpeacrasaeno mpodeccopom gokropom A. M. Posen6eprom)

OnHolt u3 TpyAHEHIIHX 3aJay TEOPHH pe3aHHs METaJJ0B SABAAETCH
3ajaya O paclnpeAe/eHdy HanpsAXCHHH B 30He pesaHus. DTo oObACHIETCH,
C OAHOH CTOPOHHI, CJAOKHOCTBIO Ae()OPMHPOBAHHOIO COCTOSIHUSA B NPOIIECCE
pesanusd, a ¢ APYrofl CTOPOHHI, TEM, YTO B 30HE CJIBUrd H B KOHTAKTHOM CJOe
CTPYXKu JeopMalusg AOCTHTAeT YPE3BBIUANHO BHICOKOH CTEIIEHH.

[Ipu monbITKAax pelleHHst 3TOH 3a7aud AHAJHTHYECKUM MYTEM METOMAMMU
MAaTeMaTHYeCKOH TCOPHH MJACTHUHOCTH BO3HHKAIOT GOJbIIHE TPYIHOCTH, TaK
KakK JJ/ig TJIyOOKHX MJacTHYecKHX AeopManuil 3Ta Teopus paspaboTaHa ellle
Hepoctarouno. IlosTomy ecTecTBeHHO O6blI0 NONPOGOBATL PEINHTH ITY 3a-
Jauyy SKCIepHMeHTaNbHO, JJsl yYero Haubojee NOAXOASIIHM M, NOXKaayil,
eJIMHCTBEHHBIM 00Jlee MJIM MeHee TOYHBEIM CIIOco60M HYXKHO CUMTATh IIOJSpH-
3aLHOHHO-ONTHYECKHE METOJ.

C aToil nenbio B nab6opaTopuu pe3anus Mmeraanos TIIHM 6Gwuta paspa-
0oTaHa W H3TOTOBJEHA MOJAPH3ALHOHHO-ONTHYECKAS] YCTAHOBKA, U300 aXkKeH-
Had Ha puc. 1. YcTaHOBKa MOHTHPYETCS Ha TOKapPHOM cTaHke Monean 1K62.
Ona cOCTOHT H3 ONTHYECKOH CHCTeMBL 115 HabJ/odenus H ¢pororpadupoBaHus
npolecca pesaHus B NOJSIDH30BAHHOM CBeTe M JAHHaAMoMeTpa JAJs H3Mepe-
HHUS CHJIBl pe3aHusl.

B xauecTBe HCTOUHMKA CBeTa HCIOAB30BANACh PTYTHO-KBAplieBas Jamia
JPI-250. [Ing nonydyeHHS MOHOXPOMATHUECKOTO CBETa MPUMEHSAAN JNHGOC
3esieHbI# cBeTOpuABLTP JK3C-9, Au60 BOAHLII pacTBOP CEPHOKHUCJIOTO HHKEJIS.
KpyroBasi noaspusauus cBeTa OO6eCmeYHBasach ¢ I[OMOIIBIO CJAIOASHBIX
IJ12CTHHOK,

[Tossspouabs nuamerpoM B 45 Mm OBIIH 3aKpeivieHbl B ClelHabHbIX
BTYJIKaX, KOTOpble MOTJIH NOBOPAUYHBATHLCS HA JIOOOH YroJs, OTCYUTHIBAeMbIH
mo JuMOy, 4TO MO3BOJMJIO ONPENENSITh HANPABJAEHUS TVIABHBIX HAMNpSKeHUN
TIPU CKpellleHHBIX Noaspusatopax. GoTorpadupoBanue npou3BOAKIOCE C TIO-
MoLLbIO (hoToOKaMephl 9 12.

Ias u3MepeHHs] CHJI pe3aHHs OBl H3TOTOBJIEH BLICOKOYUYBCTBHTE/IbHDBIH
YOPYFO3JIeKTPHYeCKUH JABYXKOMIIOHEHTHBIE AUHaMOMETpP, OCHALeHHBII TeH-
3o4aruHkaMu, IlpuMenenne B 3TOM npubope QoJabroBHIX [JaTYHKOB BMeCTO
IPOBOJIOYHBIX Jla/I0 BO3MOMKHOCTE OOOHTUCH Oe3 YCHAHTENd, BKJIlOUAst B H3-
MepHTeJIbHble JAHaroHAaNH MOCTOB HENOCpeACTBEHHO BHOpPATOPBI OCHHIIO-
rpaa. B kauectBe ocuuagorpada Ovt ucnoavsoBan npubop OT-24-51.
¢ BubGpatopom 'OM3-53 tun II. Poap uccrneayeMoro. 06beKTa BBINOJJHAM
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Prc. 1. Ontuueckas cucTeMa yCTanoBKH.
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JuGo npOo3payHblid pesell, U3TOTOBJAEHHbIIl H3 ONTHUCCKH aKTHBHOTO MaTepua-
Ja (npH HCcc/elOBaHHH HAaNpsSXKEHHH B pesle), JUO0 Mpo3payuHblil AUCK (OpH
HCCJAEeJOBAaHHH HalpAXeHHA B oOpabaTeiBaeMOH AcTaddn).

OnbITH NPOBOAMJNCD B YCJIOBHSX CBOGOAHOIO MPSIMOYTOJBHOTO Pe3aHust
C nomnepevHoH mojadeif KakK NpH OTHOCHTEJBHO BEICOKOH CKOPOCTH, Taxk U
NPt MUKPOCKOPOCTSX, [JIs 4ero CTAHOK IOJYYaJs ABHXKEHHe OT CIeNHaJbHO-
0 peayKTOopa.

ITpu mcemeloOBaHHM  HaNPSKEHHOTO COCTOSIHHS B pe3le Nocjae/HHl
U2 OTOBASJACS M3 IIPO3PAUHOTO OMTHUECKH-UYBCTBUTENLHOTO MaTepuaJsa.
e )MeTpHuecKHe mapaMeTpsl pesla: nepenuufl yroa--10° saauu# yrom—15°

O6pabaTbiBaeMBIM MaTepHaJOM SIBASJCA CBUHIOBHIH AHCK AMAMETPOM
187 ma v wupunoit 3 ma. /luck o6TauydBajcs ¢ TONEpPeYHOR mojaaueh
S =0,475 mn/0o6 u crkopocTbio pesanuda v = 1,6 mm/mun. Kaxkablii onpiT 10
ONITYUECKOMY ONpPEeAeJeHHI0 HanpsKeHUi MOBTOPAACT ABAazKAbl: MIEPBLIH paz
C pesloM H3 ‘ONTHYECKH MajO4yBCTBHTEIbHOrO MaTepuanda (IJeKcHLJaca) H
IIPH IJIOCKOH IOJASIPHU3alHY CBeTa AJS CHATHS H30KJAHH, BTOPOH pa3 — C pes-
I{OM M3 ONTHYECKH aKTHBHOH IJacTMacchl (Ha OCHOBE 3MOKCHIHON CMOJBI
D/1-6) npu KpyroBoH nosnsfipH3alluy CcBeTa AJs CHATHS KapTHHBEL NOJOC.

[IpenBaputenbHo GBLIO YCTaHOBJEHO, UTO M3MCHEHHe MaTepHaJsa pesua
(c coxpaneHueM, pasyMeercs, reOMeTPUUECKHX €ro 1apaMeTpoB) He BJMIET
CKOJIbKO-HUOYb CYIIECTBEHHO HA MPOLECC pPe3aHUs.

B Hauwiem cayuyae CBOOOAHOIO pe3daHU# IIPH JOCTATOYHO OObIIOH Be-
JHYHHE OTHOLIeHHd b/a mupHHBEL cpe3a K ero TOJNUIHHE MOMXHO HPHHSATH,
YTO 30HA pe3aHusi HAXOJAHUTCS B IJOCKOM HAaIpaXeHHOM COCTO®WHMH., Ha-
NPSIXKEHHs on U T B HCKOTOPOH TOUKE HA MOBEPXHOCTH KOHTAKTA CTPYIKKH
C PpesioM, KOTOPHE B COOTBETCTBHM ¢ OOIIENPUHATOH TEPMHHOJNOTHEH
ynobunee 0603HauaTh uepe3 9, U T, OYAyT NPH 3TOM BHIPaxKaTbca Gop-
MYJAaMH ' )

o, = oy =0, C08” & | g, sin*a,
TIe S; U Gy — [VIABHBIE HANPSKEHHST B paccMaTpusaeMoil Touke (o, > gy);
o — YroJ H4KJAOHA PacueTHOH IJIOIAAM K TJAdBHOM.

MetonoM mosoc Gblia KCHEPHMEHTAJNbHO ONpeleseia pasHocTh IJaB-
HBIX HanpsiXKeHHWH, a 0 KapTHHe HU30KJHH — HallpaBjeHus [JIaBHbIX HaNpH-
KeHui. MetoluMKa BbIUHCJACHHSl HaNpsiKeHHH IOApoOHO omnucaHa B paGo-
Te [3]. [loayuyeHHble pe3ysbTaTel NPEACTaBAeHbl IpaduxamMu Ha puc. 2 u 3.
Ha nepBoM M3 HHMX NMPUBOAATCS 3HAUEHHS PA3HOCTU IVIABHBIX HalpsiKeHHIT
‘01— Gp) U YIJIA HAKJOHA TVIABHOTO HanpsXeHHUs B pasHbIX TOUKAxX IG
JJIMHe KOHTaKTa, a Ha BTOPOM JaeTcsl pacnpejesedue HOPMaJbHBIX U Kaca-
TEJNbHBIX HaNpsAXKEHHH Ha nepelHell rpaHd. 31echb XKe MNpHBEJeHa KpHBas
H3MeHeHHst Ko3(Pp(uuHenTa TpeHUSs.

XapakTep NOJy4YeHHBIX HAMH KpPHBBIX pachopefeieHus HaupsiKeHuH
‘TAKOH Xe, KakMM OH I[OJy4aJCcs B paHee IPOBEACHHBIX HCC/eJ0BaHHAX
(B TOM ymcJe M HMHBIMH MeTOJaMH), U TIOTOMY He BBI3BIBA€T COMHEHHH.
B cBsism ¢ 3TUM HeoO0XOAUMO TOJYEDKHYTH HEKOTOpHIE BecbMa BaiKHble
CJEJCTBUS, BBITEKAOIHNE U3 aHaau3a puc. 3:

1) HOpMa/bHOe HaNpsI)KEHHEe HENpepLIBHO YMeHbIIaeTcs 10 Mepe oTna-
JIEHHs OT pexylledl KPOMKH pe3lla, NpHueM 34KOH €ro H3MEeHEHHUs CYIIecT-
BEHHO OTJAHYACTCSI OT TPEYTOJNLHHKA;

2) KacaTeqbHOe HANpPSIXKCHHE HAa HCKOTOPOM Y4YacTKe, NPHMEIKAIOIIEM
K pexyllell KpOMKe, OCTaeTCs NMPHMEPHO INOCTOSIHHBIM, 4YTO IOJATBEpIKAaeT
pakT CYIeCTBOBAHHA 30HBI IJIACTHYECKOTO KOHTAKTa MEXIY CTPYKKOH
M pesuom;
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Puc. 3. Pacnpenenenve HOPMAaJBHBIX M KacaTeAbMLIX Ha-
NPSIKEHHA HA Tepefled rpand pesua.



3) K03 QUUKEHT TPeHHs MepeMeHeH Mo AJHHe KOHTAKTa, B TOM YHCJe
M Ha ee YIPYIOM yyacTke. DTO nocjejHee ob6CTOATENbCTBO JHIHUN pas yKa-
3bIBaeT Ha TO, YTO KO3(MQHUIHEHT TPEHHA TIPH PE3aHHUT METAJJIOB He ABJIAETCH
CaMOCTOATENbHOH (DH3HYECKOH XapaKTePHCTHKOM.

st KosMYeCTBEHHOH OUEHKH TOYHOCTH TOJYYEHHBIX Pe3yJabTaTOB MBI,
o6paboTaB nokKaszanus THHAMOMeETpa, CNPEAENHIN CHJBI HA NepeiHeil u 3ai-
Hell TPaHsAX peslla H PAacCUHTAJH CPeJHUe HANpPSIKeHHS Ha MOBEPXHOCTH
KOHTAKTa CTPYXKKH C De3IOM.

B Ta6a. 1 3TH BeJHYHHBI NIPHBOAATCS B COMNOCTABJEHHH C MOJACYHUTAHHBI-
MH II0 JaHHBIM ONTHYECKOTo MeToAa (myTeM rpa(h)uyecKOTO HHTETPUPOBAHUS
3MI0p HOPMAaJIbHBIX M KacaTeJbHBIX HaNpAXKeHHH) AJS CKOPOCTH pe3anus

v=1.6 MM/ MuH.
Tabaunuwa 1

i N
CpelnHe HanpsikeHHsl Ha NOBEpX-
HOCTM KOHTAKTa e o
Ke/cum? Kelem?
[Moayuelnble ONTHYECKUM METONOM 50 76
[To nokazanusim aHHAMOMETPA 51 80

HeTpyano y6eauTbcs, 4TO COBHAJEHHE pE3YJbTAaTOB OueHb XOpollee,
YTO TOBOPHT O BBICOKOH TOYHOCTH (OTOYHPYTOr0 METOAA B MPHMEHEHUH
K HCCJAeJOBaHMIO HANPSXKEHHOTO COCTOSIHHS peslia.

06 31TO0M Xe He MeHee YOEANUTENBHO CBHJAETEJNbCTBYET CONOCTABJICHHE
VIVIOB HEHCTBHA @, HAWJAEHHBX pasHbIMu crniocobamu, [To nokasanuam jgHpa-

MOoMeTpa
p

wy = arctg =¥ = 20° 30",
9 g P

z

Tor xe yroua, moacuHTaHEBIE TpadOaHATHTHUECKHM CIIOCOGOM Ha OCHOBE
aHaJau3a ONTHUYECKOH KapTHHBI HATIPSA2KEHHOTO COCTOAHUA B TOJOBKe pesla,

OKa3aJjics paBHbIM
W, = QQO 50’

Hasa HccaenoBanus HanpsxKeHHH B oGpaGaTeiBaeMOoM MaTepHase Hepei
pe3woM OblIH MPUTOTOBJEHE! TPO3payHble JUCKH H3 Heaayiaouia. Leaayaon
Oblyl BEIOpAH MOTOMY, YTO OH HMHTHPYET IJIACTHUHbIE METaJdabl 10 CBOHM
MEXaHHYECKHM CBOHMCTBaM, Aa€T IIPH PE3AHHH CJAUBHYIO CTPYXKKY H, 4TO.
OUeHb CYUIECTBEHHO, COXPaHALT NOCTATOYHYIO NIPO3PAYHOCTb U YIPYTro-ONTH-
UYeCKHE CBOHCTBA IIPH MaJjblX IJACTHUECKHX Hedopmauusx. MexaHHuecKHE
XapaKTepHCTHKH HCIOJAb30BAHHOIO HaMM LeJayJaoupa: o, = 483  kefcm?,
6 =230%, E=2.10* ke/cm?, koapdunuent IIyaccona p=0,3.

Ha puc. 4 npuseneHa xapTHHAa H30XPOMATHYECKHX I10J40C M H30KJIHH,
[NOJy4YeHHas IIpU CKOpoCcTH pe3aHud B 0,8 m/mun u nopaue 8 0,475 um/ob.
M3 3Tofi KapTUHBl BUAHO, UTO yNpyras o6JacTh IO DPE3loM HeJHTCH Heli-
Tpa/JIbHOH (Hy/JaeBOH) JIMHHEH Ha JBe 30HBI: 20HY CKHUMAIKIMIHUX HaNpPSIKEHUI
nepejl peslOM H 30HY pacTArMBAIOUWIMX HaNpsXKeHHH nosamd pesua. Bee
KH30XPOMATHUECKHE NOJOCHl BBHIXOJAT M3 BEPIIHHBI pe3lla, KOTopasl sIBASETCH,
TaKUM 00pa3oM, TOUKOH, KOHLEHTPALHU HANpsIKEHHH,

Ha snunuu AB yupyrue fedopMalni nepexoaaT B iacTHUYECKHE, TO €CTh
HanpsxKeHus BLOJb 3TOI JIMHHH, KOTOPYIO MOXKHO Ha3BaTh IpPAaHHUHON, j0-
CTHTAIOT npejlefia TeKydeCTd Mareprana. Tak Kak 3Ta JUHHUSI COOTBETCTBYET
110JI0CE OJTHOTO NOPANKA, TO BCe JIeKalUlHe Ha Hell TOUKH HMeIOT MOCTOSHHYIO
paSHOCTI: TJAaBHBIX HaHpH}KeHHﬁ

5, — 0, = const Ha AB, (1)

11. Wazeectus TIIH, 1. 114 . 161
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YTQ ABJAAETCA BHIPAXKECHHEM YCAOBHA naactHuHoctd Tpecka-Ceu-Benana
3y — 9y = 2K = 2%max. (2)

O6paiiasick K puc. 5, Ha KOTOPOM TIDKa3aHBl TPAEKTOPUH TJ/IABHBIX
HanpsiKeHu, 3amMeuaeM, YTO 3TH JHHHU NPaKTHYECKH MOYKHO CUHTATh nps-
MEIMH. DTO 03HA4aeT, YTO B HallleM cJAVy4yae BTOpPOE [VIAaBHOe HaIlpsixKeHHe
HecylleCTBEHHO MaJjo M MOXKHO NPHHSITL ero paBHbIM HVJaI0. Toraa us (2)
OYIEeM HMETh

- —
fmax —

Cr
2

ST
Tmax = 7= K = - HA4 AB,

Ly

rpe oy —lpeje] TeKYUeCTH HCXOAHOIO (HEeHAKJIeNaHHOTO) MaTepuasa.
3HaueHUA HANpPAXKEHHSA oy, NOACYHTAHHOIO AJA TOUCK, PaCHOJOXKEeHHBIX
'1a JauHuM A B, 10BOJIBHO XOPOILIO COBMAJAAIOT C BeJIMUYHHOH Ipejesna TeKyde-
CTH LeaJYJOH[a TTPH UCHBITAHHHU Ha PACTsiKeHHe, UTO MOJATBEePIKAAEeT BhILIe-
H3J0XKeHHble coofOpaxenuda. UTo Kacaercs (GOPMBI M MOJOXKEHHS caMoll
AUHEH AB, TO BaXXHO OTMETHTb, YTO OH& BO BCeX UCCJEAOBAaHHBIX HAMH CJIY-
yasx siBJAseTCH KPHBOH C BBINYKJAOCTBIO, oOpauleHHON KHH3Y, C yBesH4YeHH-
€M CKOPOCTHU pe3anusi 0ObeM 30HBI NAACTHYECKOH AedopMaLHy cOKpalllaeTcs
u nuHug AB cMeulaeTcs BIpaBo. DTO HJJIOCTPHPYETCS pHC. 6, Ha KOTOPOM
TI0KA3aHbI NOJOXKeHUsI TPAHUYHON JUHHHE NPU Pa3siMUHBIX CKOPOCTSIX pe3aHus.

Puec. 6.

[ToMHMO TpacKTOpPHIl TJIABHBIX HampsxeHHil (puc. 5), HaMu Oblad pac-
CYNTAHBl U TOCTPOEHH! IPadUYeCKH TPACKTOPHH MaKCHMAJbHBIX KacaTelbHbIX
Hanpsixkennil (puc. 7). Ha obeux NPHBOAHMBIX CXeMaX HaHECEHbI 3KCHepH-
MEHTAJbHO TOJYUeHHBle SIIOPbl pacnpe/leleHHss HanpAxKeHHH BLoJb HX
TpaekTopu#i. HeTpyHO BHAeTh, UTO KaK KacaTeJblbe, TAK H HODMaJjbHble

1, . 163 .
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HanpsiKeHUst Mo Mepe OTAaJeHHsT OT FpaHHyHoH JHHHH AB HenpepbBHO
YMEHbBIIAITCA: CHayajJa OYeHb DE3KO, 3aTeM 3HAYHTeabHO cjaabee.

M3 puc. 7, kpoMe TOTO, ciaenyer, 4yTo JuHES AB, pasrpaHuddBaonias
YIPYro-HaNpsXKeHHYI0 W NJaCTHYECKYIO o0JlacTH, He COBNAaLaeT C TPaeKTo-
pueil MaxkCuMAaJbHBIX KacaTeJbHBIX HANPSKeHUd ¥ MO3TOMY He SBJAseTCH
JIMHHUCH CKOJIBXKEHHS (XapaKTePHCTHKOH), KaK CKJIOHHL CUMTATh HEKOTOpLIE
HceaeloBaTesnd. JTO 03HAYAeT, YTO MaKCHMAJ/IbHOE KacareJbHOe HanpskKeHde
B JI00OH TOUKe, pacnoJoKeHHON Ha camoil aunuu AB, He coBmajgaer IO
HanpabJ/eHUI0 ¢ KacaTedbHoit K AB B 3TO# Touke.

Yron Mexay TpaeKTOpHeHdl MaKCHMA/JIbHOTO KacaTedbHOTO HANPSKEHHS
UM TpaHWYHOH JIMHHeH HENPEPBIBHO YMeHBbIIAeTCs II0 HalpaB/JeHHIO OT Bep-
LIHHBl pe3lla K TOuKe B, jexaliell Ha ¢BOGOAHOH HOBepXHOCTH. [10CKOIBKY
2Ke, KaK 3TO Bblule OblJI0 YCTAaHOBJ/JIEHO, BENHUNHA MAKCHMAJbHOTO KacaTelib-
HOTO HANpAXKEHHUs NMOCTOSTHHA BO BceX TOYKaX JHHHH AB, TO KacaTejabHBIE
HanpsXkeHHus, NedcTBYIOUHE BAOAb AB, u HopMajbHble, AeHCTBYIOUIHe eil
HeprneHIHKY/AsIPHO, AOJIXKHEI TaKKe HeNpepPLIBHO MeHATbCA. CKa3zaHHOe WIO-
CTPHPYETCs] PUC. 8, HAa KOTOPOM /[aHbl 3MIOPH KACATEJBHLIX H HOPMAJbHBIX
HanpsXKeHUl Ha JuHUY AB 1 yKa3aHo ux HanpasjcHHe B KamJA0H TOUKe.
Mui yGexxaaeMcs, 4TO 110 HANPaBJIEHHIO OT TOUKH A K TOuke B HOpMajbHbIE
HanpsizKeHUs: HEeNPEephIBHO YMEHBIIAIOTCA, a KacaTeJbHEE — BO3DacTaloT.

M3n0:KeHHbBle Bbillle pe3yabTaThl UCCJAEAOBAHUSI MPOLECca pe3aHds NO-
JAPU3aLUOHHO-ONITHYECKHM  METOAOM IO3BOJHAKT CAeaath CJaeiVIoUHe
BBIBOJBL:

l. ¥npyro-onTHyeckuii MeTOA HCCA€JOBAaHUS HANPSIKEHHII B NPHIOKE-
HUH K TIpolecCcY pe3aHdss MeTaaJ0B [JaeT TOYHBIE KOJHYeCTBEHHBIE
pe3yabTaTHI.

2. ¥Yapyro-onTHuecKHMil MeTOoJ NOKas3biBaeT, UTO CYLIECTBYIOT JBe 30HBI
HanpAaXeHHH: 30Ha CKUMAKWHX HANPsSKeHUH BnepedH peslla U 30Ha pacTd-
THBAIOUINX HaNPAXKCHHA C3ald pe3ua.

3. I'pannunas JuHHsA, rle ynpyrue dedpopmauun nepexoisit B IJIaCTH-
yecKHe, SIBAAETCH KPUBOJUHEHHON, a HANPAMXKeHUA Ha HeHl JOCTHramoT npeje-
Jia TeKyueCcTH HeHaKJeNaHHOro MaTepHaJna. OTa JHHUA He ABJAAETCH Tpaek-
TOpHeH MAaKCUMaJbHBIX KacaTeJbHBIX HANPSXKEHHH, a NO3TOMY ee HeJAb3s
Ha3BaTh JUHHEH CKO/IbXKEHHUs1 MJM XapaKTepHCTHKOH.
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