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Crys6uH CA.l,I se4 JLB:, qanra I.C.3
I HrtrL,Yrara"G". YKpama, ItxeB.
? BfiriHllrwrii focyaapcrBe.Ebfi arpap$Iii yflBepcrner. yryanra, KIreB.
3 m KueBcKrfi aBna4rorffirii BaBo.q 'ABfl-AHT". yr.?anHa, KneB

I4CCJIEAOBAHITE TEqEHuq MET,d]LTIA B IEPEXOAHOI1 U YCTAHOBI,B IEfrC.fl 3OH,4X

IIPII BA,iIbUOBKE 3ATOTOBOK B OIL{TE,4E@OPMAI{IIU,
C YqETOM PA3BI4TI,Iq .IE(DOPMAUI4II BO BPEMEHI4

.l OnAqJr

y c1rLatufii orlltca%i ,reopemui i acaelru.uarmarb$r

aocnid,nnna nPtii n.nt r! s ncp?xiA4iit i cnniin rotta:
npu saab4rcsa+Hi ra..ono6ox a oecpedaz leQopna4il .t

lpaxlqaHHfl n porsunt^ ! Ae4,op a4ii s aari. npu ix
o6'€-MHiir dc|op,,aau ii. lrl ax cu.ua,twa pot6i,n nic nt
meopemuavrLr i arcneprL,tlanmanoaur 4ocniltaa u' npu

nepesip4i3anponanststo2o emoA! (nlaAac ao 10% attt
np"nrbo?o Ha6,11un otHs , w nitnaepdxye no wnaimt
3acrno.lsa#tt 4bozo ttemofu Ata 4oc,ti7:reH*a rcpe6izg

.venatg a ocepeaxy Scabop a4ii npu ea t'41oBaHHi

aazomoaotc a rca 6pax doqiibHoi Qopitu.

Abtb|ld

Indp arlicb are desaibedtheorelical and erperinental

reseaches ofJlou ofneal h the lrarsitional a dset arcas

at lolling billets in the point of deformation, taw hto
account .letlelopment ofdefonflation in time, at their bg

aolume ddotmation. The naimum deoi^tion of
theorcdcal a d erperinental reseatr'lrcsakle che&ngttu

afercd netltull nakes up to 10%fff ttu {htul appnach;rtg,

a)hat conlrltls the possibifu of sage ofthis methodfor

research ofJlau ofnetal in the hearth ofdefotnation at
nuiflg UIek in the cakbers ofarltibary fofln.

Cne4rQm{a aBraaqfionrlom ]Dor'EBotlcflra HopMar{ts_

nue rpe6osanru n ero lpoAyxqru rp€{ycMarpl'IBaor

lDrvroRrar entrpoxoiiHoMe.FKnaIJ?I,IIeruleiiirelare,I6llt'ix

,finap'oBBbrcoriorclarqs]rBac&uaInsl\fl 1i'fe{fixr'{eclcBrl

xapar."repln:rmcr,u{ n o6:renemroii xoucrpl,ruru. R mmr c

nrrprr':roqeii norpdnocrrmB rprn.lanelxtrrAopomcrofi4x{

x'rpy,'tEoAeQoprql'e\llx cne4raElsn c1arcii, r]llzlioBbnr,

i\tul teBtlx !t :LnlovJlHteBHx cnr'IrnoD, u3yr€H]lc r€ueutq

rErauiit u, coorBercBerfio, HeFBHoMepHoc[aAeOopMaryM

,u,r'g n3trimlJrelrrrr }cr9efl]BeEH6x r]polDrfieii lr 3arlroBoK no;I

1lrl:LvJroBly, oco6eHlo aI{1],:L,r6Ho.

,4i,,.]rir, ta6cr! sBrs-.q rl'o,rc t> pqvev /o | lolirHrlr
ortr,jcafiHrr,\ B or\,a,rlxoBamjr,x rcroqr cu [1, 2]. 3a ocHoly

lpxtoperxqecxoM uc!_Ie{oBaHntqrcIl€c:lTetler&'IMerurll<r

ryxo6r,erlrtovrerlrpMxloBaHtIsrrvroaornIcLr aopa\6Lrn

ts3rr Melort onficarr1 ii B orr{x pa6orari, r.€. 3arfa\a no

xccneIotsaH,llo p€uaeTcr nocTanHo: lmpyr"rs :a.da'ra tsa(

xepsoe upf6rrfixe re x yrDlrro rrTacrnqec(oii, ynp],ro-

. Ji irr4crji. \-4r\r 11, \|,1"Bo. .l.r1a,'r,,.rE'rr D, nslwp\lr Jrfli

Xrpaxr€p repeMeqeEns Mcra,r,ra B ra,ru6pax omrc:H c

norroqrrcMcroaaKoHc'rHbrxpa3Hocrer nepeMeHHoro

Arr perxeHtt oitF,vHoii 341a$r no onpe'Ietr-IeInl1o fipoqecca

re'ieHu, Merajr-r1a B oqarc /]e$opMarlnfi 6brrr,r [pxHtT

u rlxndrqec(or1 o6,.Iacr]r o.I:rI: ,c@plmIllu ,3MeHernre

-op"r arp Dl.ttrUI .-I.trL-vtj :s tax on o m.

reoopMlrpolJadr'Iorc c'Jot A, puc. 1, !i\te!rr BItr:

p!c. 1. Cx€Ma slnpexelxorc cocrotnm ! nepexoaloii

3one BubuyeMoli 3arorolm

da,!tLL!L,]t!I!!t!!lI1

dz r,ic\flin8rlr!!ocr

"ll : ;l

I

@ Crpa6un C.A., O IIIBe{ LB.. O rlai'ixa A.C.

6^

'b
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c'!7 - Hop\arsHoe oK arlll]r{lr€cKoe rruprrler'De :r 
,|o!i{.r

'! lnr,{{oM Aqnpfl4\'evo\,r oroe dz oear:r/'l(lop'varlllrj
Hi 

' 
rpt 

^e-'no'co4l 
oq{i6 \-1.1i'r pt l- . c nabFu,.il ryP.i n

c rperr{ cx(Maror4l}fl HarprxeHrsrff lq > 6, >la3 ;

B l]-raqlusec(oii o6,racnr o,rara A€QopMaran ynplTat
mcri$J'qirr4tr rlllac rqecKojl aedoprruunr He l"narBaeLca;

- ts Rararorr Ae4\rprtrpyeMo,v (rroe .L oqam rleoopMarqnr

rrra u.rec{ar,re4^rpNaqEq HalnnJael@'fo.,rEKo rryrAocr]r

xe|t l H:ulp,'tlcHll'I BertrFIIlHrl nle/'ler'Ia relilrrlecrlr;
- fi :urpff eHro-Aaloprneo&rilroe cocroj{rfl re Asioprr'r

pysuolr cp(l6r noarnfiserci{ 3aroH_v xecrno n"rrafllFrecl(om

'lrpoqe.c HaIpy,r{e}n'q ! x,r4pnT o.rrc o.}ta ae{DPrfr4]trr
\jp,.i.D.J. flor v. B P\roFolro:rLrB br\a,^i
reH3opo! Hanprxetfl ni n 

^eoqMal.ri|- rrpoqc.c na4r)Dl{s.tr1s r rorv!,loii 1o'rrc oqarnA(lop\Drlr.xr

llpol1oplEloH:Lr1a.r ueflrnrHe BtEpacmHfi, re] op:r HanpErc

}{,niHexmo]})rq.'i]ap:lverpy,r<rrcpuritsr ac|rJe(.(oiio6racflt

reooprrrrtr.lJ1 paBe! ylBoeHHoii Bc, .rxne }roAv"'r{ ctlrn)a
Eroporo pola, r.e. 2G*.

&l;r l'fi:lroBrm re,-!ca r{r{€fi)ran uorwr, npr o6rarnox

rorlx)prflrpoBrrxr ramroBku, ftrr3op /re(hpxa{nx T. 5}'rer
I^{ej}, rrl'rl (1), T,I( r EaI]paltleHrui Kooparua'l.l,r OZ nvercTct

r:lelpopMaU0ll yllulrcltrlljl tr, a cneAoBare.EHo lI cMcIIeHItl 1v.

IIpl{ r:rxoM oronro er {rernq4Aqnp',ruarnauwnn
crle rcHlts w A",rt c"rot dz, prc. 1, 6yer onpe4ourrcr
qnp\ryJro4

Jlocae ro4cr:norxu [paroii qac1x paBcHcrm ( 1 1 ) r
dropMyrY (10) no,ry.n r

$= t.r+, lj

a B qac1)jtrx upo!1rtsou ])i 6yre liuert

\v=-- 
-+- 

zr-'ld\ ,l /

(12)

(13)

3aMcHrs B +op y"rc (13).racrHir€ ryoll3BonHnlc x
KoHe'jHinflr pa3Hocnrr&\ ro.r,1,qa€M QopMvrry Ars oqre

,iereHnq fiepei{euieH iii nlojrr, ocn OZ r-Irr nepero;IHoro

, t^ ^ ^ - TE4-iOAOTrltlECKl,'1E

+/'toobt@cEryH
I4flr rtuvq Korftr I" b (Z) ,B q;c6|n"'{1om $,lJro f ,€

(1)

7t \4-i16!-lloi|);

(3)

)lt+!)
r" = F ," rlc z r\toay,r! rrHrai

P/ \v=- \6,+o!tz

]rrnl ts rcpe eilelflrn{:
)ll

r,=_ 
2c +2\€,+'")z

I4cxo.'r,3j'r rcoMdpric\rKre cooTrronietnr,r (7),

&t

" 
di:' "!

6u eD

'"Ate2^
fio.llJ,.]aev W - fiepeMerueurq lJ c-,]oe, p:iriHor tlarJ cenoi B

Fasr|']D,r,ewur <ttr OZ

" ' 1" ,'' l, {h,
20 1!. 

-r Jr/
rA€ 2 nocrorHHa, "llrrue; G - volyr6 cr'{r rai ,r r,/ -
fiePeifeqeHr'rs B nonepeqHoM cetreHfifi 3aroro!]dr; $,

ncpcrcqeHxs B oroe, prnHoM l|rly cerR-r D Hanparrrar n
u:xOZ

Iarcq3a.ycrre{ B @prane (8) !.ac1rsrc ryorBBo4{L'le
nx KoH€qHr,l]Ix pa3HocrrMr, oKoHrrarcrbHo ro,'ryqae,u

Ooprryrry /rrlJt riorryqelllr.i rtep€reurer{ti !:roju, ocr1 Z

r. _ -tl__-L :1___:: (9r
2G+.,.\. 'tl\ h:,, )

B nepexo;grori ioHe 4edx4mpyevoir3amroulsi (}xc. 1)

r c-roe d, paruoM u:ry ryocrpaHcBeHTroiii ce11{{ B HrrryaB

nc}{ff oclr Z cMerq€]nle Ho,op4r]jlr6r OZ 6qer or4lere,'Iflai]1
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Ans orpeAeneHr,rs reqeHfis Meranra npx HeycraHo-

BnB eMcr rrpoqecce lanbqolxr (nepexoaloit yqacrox)

lcnor*yercrr orl4carfiar B pa6ore [2] veroauxa pacqera c

fipe,paprrennlroi:i pa36riBKoii [epexo4roro ]qacxa t psa

3reMeFraprsB ce.{eEni /z (p,Ic, 1), B x2)r{{oM 113 Koropbl

[poqeccpaccvaT]Balcs KaIt ycraHoBr,rB[rqtcs.
qntruonpelonrr!xapaarep re.{eH:rlrrMeraulaBnepe-rQ4-

Hoiji 3oHe sa,nbr[te]roiji 3alvr'osrcr, o6pa:eq paccerca"lca nroc-

Kocl}Iq mpa"xnemroi XOZ {Buc.2) nacotaus (2;2), (4;4),

(6;6), (B;8), (10;10), (11;11), (prc. 3-s); n'ocxocrblo
napa,ue"rnofi VOZ (pr,rc .6) Ba cesenne (l:l), (2;2r, (4;4),

.6:6r. (8:8). { I0:10). pxc.7 9:ilro ro.rhro rrr,a'L c,r""oii

XOy rprc. I0r arnq"srrr4:4r.t5:5\.puc. l'.

pqc. 3. IleleNenlelle Nleruxa B]rorb ocu OX B ceqel"rx (2;2), (4;4) rapaqne-nBfilx nroc(ocr! XOZ

pnc. 4. Ilepe euenre Meraua BAor6 oc! OZ B ceeerrrrr (6i 6), (8; 8) nalmernndx n,toc(ocrn XOZ

Puc. 2. O6qlri Blll lrccrarpnxxe!d\ (ertrnrii

2,1
)1

. Prc. 5. [epeMerreHue MerMa B ceseHrsx (10i 10), (11i 11) laoiri ocn OZ nalunerbnblx lnocxocl XOZ
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Prc- 7.Ileperieuenle yerura B cesenqrx (1; 1). (2;2) BrorE ocr OZ laparreruoji nrocrocr! yOZ

P{c. 8. llepeMeqenre Meran,la R ce'JeH rx (4i 4) 11 (6j 6) lrron6 ocr OZ napa,rerbnoii mou{ocxlr yOZ
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1Ha prlc. 12, 13 llpeAcl:Rnena &pruHa reqeE { Meraua
B nccnelJeMori o6nacrlr B axarurlqecxoM (rz) r axcrepra

Mern"a,tonon (6) r4qa\.
I,b irrarnra x cpaBnenl{ naHHrx rrpeAcrrBnenHb[ Ha

pu, . J 2. I 3 BrlnHo. tro lp-xetlrap Jana'fl B r?e:{\'ep"oi nofli.
noexe n o6aamr Mamx ypyr-rracrJa.recl{n natopMaeel,
c rcrlollb3oBaHrfe,v MeToIoB rcHe*srx paiHocleil u nepsveH-

Horo fiap;L\leTp4 aaeT trencTBrrre,sr{,b rclpnfiy nepoveqe-
lnr.,I Melailna rQn r:ur,qoaKe 3afdrotsoK rQyHorc cetteHrs n

l{a prtc, 14 flpeAcusnen o6qnii n4,I revernn veratrra
npu o6r,evno,v 4eQopvrrpoBaHr,rrr 3arorololr B osatrrbnolr

r,:,'trr6pe Ilqaver4erure rcop4n:anox cail( corlocraBrnul c

r6rreHe.rrri\rr4 rrracnrre{ror{ Bo,nl Ieoop}fipoBarfl{s.
Ilepaveqemrexoop4marmxcercK(Ilrracll4qec}fl'xso,Tr)

npe4craBra.noe Ha pnc 10, 12 4 13 q m!al1r1cr6,'io c ocHoB

Hlrvlr trc.!'reAoB txrMr4 re.renlra ueraa,ra npn o6r,errnon

4{oprnpomxm::rorcnoxroraBHoMKarnfopqoqr{ere,.ro
c yqeroM pa3Burxr aeoopMaunx Bo BpeiveHn ("'rr.iHur.r:

(1;1) 0,0145 c; (2;2) - 0,0290 c; (3;3) 0,0435 c;
(4;4) 0,0580 c; (5;5) - 0,0725 c).

Prc. 6. O6ulii BUA 6orioBoro cpeaa rcc.resyevoro o6pa3qa

Ha npmeAemrbrx pficyffian fioxa3ax :rapar!"rep reqeHxt
Metr]tn npr a;LrrbrloBxe sar.clroBox a oqare na:Doprvalpiu B

tu-\r1"DHo: I oc-x HoBkc ( (16 u.rr.w J],ra.n). elmo,rrt"ro,oir
no Mero4y onrcaHflo,\ly B pa6ore [2] n no"ly'r]rB eMy
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P!c.9. IleleMeuentre Meruna BAor6 ocri OZ B ceqeH,irx (8i8) r (10; 10) nipaueibnoli n,rocRocrx yOZ

;3)

(4,4)

;5)

Iaibrr€rdrree p:[38]f[4e, 3a]crDortarorr€ecs B Jl]ere
pa3Blrrs A€4)op\arqrn Bo BperreH .

SxcneplDreHranbHas npoBepRa AocroBep-

Hocru PevrBraroB reoperrf rrecrilDi rr 3xcrl€pfi

M€Il1a,srsxmcneAonalnd:iT ereHrqMeI:amfip]r

Ba".llrloerc (rpoKaTl{e) 3arciroBox npu rx o6rcv-
HoM Aed)opMnpotsarrn e oqarc deoopMaufirr
fioAraep4r,[J, ,ro piBpaSora$r$tri \ercA ftBpn
r]-<rer pacqrirlb rcrpllrry nqn\{elueHlljl ver:Lir]ra

(aI{ Ins ycranoBr,ra erocr $eQopraqru llpr,r

rcc1offnllrNr.Sxinnr) rrxri HeycrrrmBrBrnerccn

(re0oprnrs'c mpacrarcltlff rrur'6mau+.m
o6xaft eM) rpoq€.coB roprqerc reooplvr.po-
Barfi rj{, onpe{e-rmb fi ep:BHoMeproclr, IeQop-
r{arl{]t B 3rnl{cr'ivocIu m coouuouet{ut rcoMel-

prvecxn Qopu xaau6pa u aeoopMeyeMon

Ptrc. 10. O6qqn BnA receHlr rverarra Ba nolepxxocrri rolqa nptr

o66ei{Hov aedopMrpoBanm saroroaor e oeanaorr ranu6pe
(nefBoe rrpr6xxxefile)

Prc. 11. IlepeMeuenrc MeTa aB cesetu /4:4/ n /5;5/ naparu€/bHHx n"rocKocn vOZ

ce.resne (4;4)

36
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Prc. 12. l,13Mere!re rootxrsmlrorli cerM na noRepxHocrD

xccienyeMom o6P3qa (Brn 6ePxy):
a - axarnrllecxoe ficcreaoBanre;

6 3K(netrMenrrn6soe

P!c.13. lftMerreHue (oo!$nrarroii ce'Lrr !a roBeplrocr!
ncoreayerioro o6t8r1n (Drr c6ory): /-
a antuIrf|qec(oerccneloBanne;

6 - :rcneplrremurroe
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3arrroBxfi , Eaiirx o6racr! Bo:rMoxBoii noHqcHrpaq![

MaficraMaJDHoe pacxoxleHne reopeTrqecxlr 14

3kcrepurreHTarbH6rx DccrtcloBaHni npr npoBepfie
flpearoxeHHoro Mcroaa cocraE.Lqer Ao 10% l|rr,r TpcT6enr

nl,16 l)ru{tt, \no fioAmepxiacr Bd]Mox'HocI! tel,rlleHcrxrs

Srolo MeToaa,r!n fcc{eloBaHrr<r TeqeHnt MeTa-ula B ot].Tr3

AeoopMaquu rprr Banr,uosKc aarorolo( B l{lrjm5pan
rpor3Bo,%Iron OoptrGr.

BbBo,qhr

1. B crarbe onncaHu rcoperlqecrue u 3fi.I1cplnfeH
anr HbrF . 1 telo8iltud .ip,/t]pa j, B n.r\o4Hoi

ycl-aHotsllBlner:ica 3orr1]r r1)u aajrr,tloBKe 3aroToaok ! oqale

AeQOpMaIryu, c lnrerci{ pa3&mnq Aeoopirar!,nr Bo BpeMo.x!

npr lll 06r,eMHoM ;IedJopMxponaH[[. Nlaxcuua.rrnoe
pacxoxaeHxe reopetxqecKxx r,t 3Kcrtepl'lrlcHrr_rrHltx
xccrlelloBaHnll npu qponepke npc;lnoxeHHoro MeTotra

coclair'rj1er Io 10% Arir Tperlcro ryII6ruxeHfis, qro

rloamep&Iagf Bo3voxHoclrllp] fa.relnrrsroroMeTola&'rt
ficir,reAoBa}xrq retleMq Mera[ra n osalr] {eoopvijllei rpfi
BarbrloBxe 3.:rirroBo( ! r.ir['6p:L{ nporl3tso,]rHon (Fpi6r_

P{c. 14. (l6r!!ii urn lecern, Mdd,a (rBMeEerjne

nracr!'recxd Born) npr o6re rHoM rregopMrpoeanM
!6pe (nep8oe nprr6,r!xen're),

c rcerorr }?3rUrl, leoopMarrr Bo rpeilefi,r.
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TpoQ os B. A.1, JI@peHro II. f.1, BacLresctui E. T.1, AHnoHnK C. J1.1, MoJttt? A. f.'
tm "AIITI{ rlM. O. It. AxroHoBa". yKDamra. KueB.

'zI][iV@ ]rlr. B. I. Kyp,qroMoBa. yKparna, HneB

OCOBEHHOC {IPIINIEIIEHIIfl BbICOKOIIPOTIHLX KOHCTPyKUIIOHHbX MATEP]IAIOB
B cAMoJlrrlIbD( ItoHcrP)'l{unfl( u3aE n4 ii {H

2. SKcnep[Mer ll.{bHar npoBep(a rocroBepliocr].I
p$yrlnTaToB TeopeftlecKlt( lI cKcfiep] fellral1lr]$)x rc(]"rrc-

IoBaHrri:i TeqeHnr Mera,rJa npla BanbqoB(e (fipokarKe)

3aroroloK npu iDi o6r,eMnov.4e<fopurpomnrt e o.rare

aeoopMarnn roArBepar,rnx,.rropa3pa6oraHHblii Meroa

rnrBonser pach?brl! xapnq/ rcpeMelqa'l'lJl Mer:Lr]JIa (a( &-t t

ycl:noBrGlnarecs (A4ropMarqrsrpunocro*nrovo6NaruI)

raK { He}(rafioBxBnenrr 0teQopMa4rs c HapacTaJoqri\f ]jtrnr

y6r,rauoqlrv o6x,anrerD fipoqeccoB ropir.rcro.4eqropM]I-

poBaHr.rr, orpeAcrljrT; HepaBHovepHocrr AeQopMa{fin a
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