05.03.05 /My3uuyx Bacune Isanosuu. — Binauns, 2006. — 21&. 15. Kupuys 1. FO. Y 10CKOHaICHHS

IPOIIECIB XOJIOJHOTO IJIACTUYHOTO J1e(OpMYBaHHS NMPH OTPUMAHHI BiCECUMETPUYHMX 3arOTOBOK 3

TJIyXUM OTBOPOM . JAHMC. ... Kaua. TexH. Hayk: 05.03.05 /Kupuys Inna FOpiiéna. — Binnuis, 2008, —
207c. 16. Ilangunroe ['.B. TeopeTnueckuii CHUJIOBOM aHAJINW3 MITAMIOBKH CTEPKHEBBIX

octpokoHeuHblX m3nenuit / I'. B. [langunos, /[. H. Hcaxun, C. C. I'pyzdes | B. c6.: UccnenoBanus B

00J1acCTH TEOpHH, TEXHOJIOTMH M 000pyIoBaHUs 00pabOTKHM MeTaiioB AaBieHueM. — Open—Tyna. —
1998. —C. 50-56.17. Xsocmos E. FO.Metoauka TpOESKTUPOBAHUS TMPOIECCOB MHOTOMEPEXOTHOU

XOJIOZHOW IITaMIOBKH OCTPOKOHEYHBIX CTepxHeBbIX neranet / E. FO. Xeocmos, Ianghunos I'. B. I/
Tes. pmoki. Bceepoccmiick. HaydH.-TexH. KoHG. <« CryaeHueckas HayuHas BecHa 2008:
MammuHaocTpouTenbHble  TexHomorum». Cekmuss «OO0opyloBaHWE U TEXHOJOTHS 00pabOTKH

naBineHuem», moc. 140sieturo MI'TY um. H.D. baymana, 7-9 anpenst 2008r. — M.: U3n-8o MI'TY

um. H.D. baymana, 2008. — C.61-69. 18. Cmupnos /].Il1. MonepHHu3aius yHUBEPCATbHON

ucnbiTatenbHo  MammHbl  YWM-100 1ist  mpoBeieHHMS  IUIACTOMETPUYECKHX — MCHBITAHHH

TpynHOAehOpPMHUpPYEMBIX ~MaTepHaIOB W BBIOOpAa TEMIIEPaTypHOTOo pexuma o0pabotku  /
M. II. Cmupnos, M.JI. Ilepsos [l Tes. mokn. Bcepoccuiick. HaydH.-TeXH. KOH(}. «CTyaeHUYECKas

HayyHas BecHa 2008: MamuHocTpouTenbHble TexHonorum». Cexuust «O00pya0BaHUE U TEXHOJOTHS

00paboTku nasienuem», mocB. 140seturo MI'TY um. H.D. baymana, 7-9 anpens 2008r. — M.: Uz n-

Bo MITY wum. H.D. baymana, 2008. — C.40-48. 19. Kyxapv B. B. KpurepuanbHblii aHanus3

OecitamoBoro GopMooOpa3oBaHus yYIUIMHEHHBIX TTOKOBOK C 3a0CTPeHHBIM KOHIIOM / B. B. Kyxapw I/
Bicauk XMeNnpHUIIBKOTO HAI[IOHATBHOTO YHiBepcuTeTy. — XMenbHulpkuii: XHY, 2010. —Ne 4. —
C. 7-11.20. /Juamanmonyno K. K. TexHOmorndeckue MPEANOCHUIKA TOJMYYCHUS yIJTUHEHHBIX

MOKOBOK € 3aocTpeHHbiM KoHIOM / K. K. Juamanmonyno, B. B. Kyxapwe, IO. K. Juamanmonyno I/

Bicauk XMenpHUIIBKOTO HalliOHAIBHOTO yHiBepcuteTy. — XmenbHuIbkHi: XHY, 2010. —Ne 2. — C.

41-45.21. Crioci6 ojepkaHHsI MOJOBXKEHUX BHUPOOIB i3 3aroctpeHuM Kinnem [Tekcrt]: mar. 55402
Vkpaina, MIIK (2009), B21J 5/00 / Kyxap B.B., Ilouynei B.M., [Jiamanmonyro K.K.,

Hiamanmonyno FO. K. (Ykpaina); 3asBHUK Ta NaTEHTOBJIACHHUK [Ipra3oBChKHIA AepKaBHUN TEXHIYHHN

yHiBepcuTeT. — Ne u201007561; 3assn. 17.06.2010; omy6n. 10.12.2010, brom. Ne 23. —
2c¢.22. lonyxun I1. 1. ConpoTHBIEHHE IUIACTUYECKOH JedopMalid METaJUIOB M CIUIABOB:

cupaBounuk [/ I1. U. Ilonyxun, I'.A. I'vn, A.M. Famkun. — M.. Meramnyprus, 1983. — 352.

23. Konmoeopos B.JI. Tlnactuunocte u paspyuienue |/ B.JI. Koamocopos u op. — Ilom pen.

B.JI. Konimoeoposa. — M.. Meramnyprusi, 1977. — 33@. 24. Ozopoonukos B. A. Jlepopmupyemocts u

pa3pyllieHHe METALIOB MpH IuactuueckoM (popmousmerenuu / B. A. Ozopoonuros. — K.: YMK BO,

1989. — 152.

YK 621.787.4-977

A.CAHHIIIEHKO, xaun. tex. Hayk, goueHt, [ BY3 «1I'TY», MapuynoJib
C.b.KAPI'HUH, actiupanT, ' BY3 «[1I'TY», MapuynoJib

COBEPHIECTBOBAHHUE TEXHOJIOI'NU PACKATKHA
KOJIBHEBBIX TUTAHOBBIX IIOKOBOK

VY coBepIIeHCTBOBAaHbI TEXHOJIOTUU PE3KH 3arOTOBOK M3 TUTAHOBOTO CIUIaBa DB, 0CaJku M MPOIIMBKU
OaHJaXel C COOTHOIICHHEM BBICOTHI 3arOTOBOK K JUAMETPY, MOCTHTAOIMMM 3,3, IBYXIIEPEXOTHON
packaTku OaHmaxeil Ha KojbllepackaTHOM craHe. [IpuBeneHBl TemrmepaTypHO-AedOpMaAIMOHHBIE
napamMeTpbsl (OPMOW3MEHEHHUsSI KOJBIEBBIX ITOKOBOK, OOECIMEUYMBAIOIINE WX BBICOKHE (DU3UKO-
MEXaHNYECKHE CBOMCTBA.

Knwuesvle crosa. TUTaHOBBIN CIUIAB, OCA/IKA, TPOIIMBKA, pacKaTKa.
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BrockoHaneHi TeXHOJIOTI{1 pi3aHHs 3arOTOBOK 3 TUTAHOBOTO CIUIaBy SB, ocajku i MpOIMBKY OaHIaXiB
31 CHIBBIJHOIICHHSM BHCOTH 3arOTOBOK JO JUaMmerpy, 0o jgocsrae 3,3, OBOXIEPEXiIHOTO
pO3KOUyBaHHS OaHIaXIB Ha KIJTbIIEPO3KOUyBAIBHOMY cTaHi. HaBemeHi TemneparypHo-aedopmartiini
napamMeTpu (OPMO3MIHEHHS KUIBIEBUX ITOKOBOK, $IKi 3a0€3MeuyloTh iX BUCOKI (Di3MKO-MEXaHiuHi
BJIACTUBOCTI.

Knrouogi cnoga: THTaHOBUH CILIaB, 0CAJKa, MPOIINBKA, PO3KOYYBaHHS.

Improved technology, cutting blanks of titaniumogll5B, rainfall and flash tires with an aspectaati
of height to diameter billets, reaching 3.3, rajlibandages in two operations on Ring rolling
machines. Shows the temperature-deformation paeasmet forming ring forgings, providing them
with high physical and mechanical properties.

Keywords: titanium alloy, precipitate, flash, reeling out.

IHocTanoBka mnpo0JieMbl. BOJNBIIMHCTBO KOJIBIIEBBIX MOKOBOK H3TOTaBIMBAIOT
METOJJaMU KOBKH, INTAMIOBKH WM packaTku. KoBaHble MOKOBKH C IHJIMHAPUYECKOM
OOKOBOI1 MOBEPXHOCTHIO XAPAKTEPHU3YIOTCS OONBIINM PACXOI0OM METallla Ha MPUITYCKH
u Harmycku. KosbIieBble TOKOBKH, IITAMIIOBAaHHBIE Ha Mpeccax Uiu Je(OpMUPOBAHHBIE
Ha pacKaTHBIX MaIIMHAaX, MOTYT HMMETb NPO(UIMPOBAHHYIO TOBEPXHOCTH, OoJjee
OJU3KH K (popMe TOTOBBIX U3JIETIH, HO OrPaHUYEHBI M0 TadapHUTaM.

Hcnonp3oBaHne B KadecTBE MCXOMHOTo marepuana (o+f)-TUTAaHOBBIX CIUIABOB
YCIIOKHSAET TEXHOJIOTHUIO TMOKOBOK M3-32 HEOOXOIMMOCTH A€(POPMHUPOBAHUS B Y3KOM
nauana3one Ttemmeparyp (a+f)-o0xacT, CTPOroil periiaMeHTanuu JIepopMaroHHO-
CKOPOCTHBIX YCJIOBUH (POPMOU3MEHEHMSI IO NIEPEXO/IaM U BBICOKOW UyBCTBUTEIBHOCTH
(U3UKO-MEXaHUYECKUX CBOMCTB TUTAHOBBIX CIUIABOB K BBIIIEHA3BAHHBIM IapaMeTpam
nedopMupoBaHuUs.

AHAJIM3 NOCJeIHUX HccaeoBaHui M myOaukanuid. OHON U3 ONTUMAaNbHBIX
TEXHOJOTHM KOJIbLIEBBIX THTAHOBBIX ITOKOBOK SIBJIIETCS WX TOpsidas packatka Ha
KOJIBIIEPACKATHBIX CTaHAaX IOYy3aKphITOro THMA [1l], TMO3BOJSIOMIMX OCYIIECTBIISITH
panuaIbHyI0 M BBICOTHYIO Je(hOpMallMI0 ¢ UUKINYECKUM MPUIOKEHUEM Harpy3Kud U
IPOrpaMMHUPYEMBIM PErYIHPOBAHUEM TEMIIEPATYPHO-CKOPOCTHBIX U Je(hOpMallMOHHBIX
PEXKHUMOB.

Pexxumpl ropsuer packaTKu KOHCTPYKLMOHHBIX CTaj€d Ha KOJbLEPACKATHBIX
CTaHaxX NpPeNOCTaBIsIOTCA (pupmoii-usroroButeneM. [lapameTpsl KoibliepacKaTKH
TUTAHOBBIX CIIJIABOB B JIMTEPATYPE NPAKTUUECKH OTCYTCTBYIOT.

Heabp cratbm — pa3paboTKka KOMIUIEKCHOM TEXHOJOTHMH KOJbIEPACKATKH
TUTAHOBBIX MTOKOBOK, O0OECIEUMBAIOLIEH TOYHOCTh MX Pa3MEPOB U BBICOKUN YpPOBEHb
IKCIUTYaTal[MOHHBIX CBOMCTB.

N3n0xeHnne OCHOBHOIO Martepuasja. B kadecTBe MCXOJHOrO MaTepuaia
IIOKOBOK HCIOJIb30Baan (a+f)-tutanoBbiii cmiaB 5B cuctemsr Ti-Al-V [2]. Cras
o0JaziaeT MOBBIIIEHHBIMU MPOYHOCTHBIMHU CBOMCTBaMH, KOPPO3MOHHON CTOMKOCTBIO,
HU3KOM TEXHOJOTHYHOCTHIO W  HCIOJB3YETCS B  KOPIYCHBIX  KOHCTPYKIUSX
cynoctpoenusi. [IokOBKM KOBaJid M3 CIUTKOB BaKyyMHOTO TyroBOTO IMEperiaBa H
00Ipany MOBEPXHOCTh JI0 MOJHOTO YJAIEHUS MOBEPXHOCTHOTO 1€(PEKTHOTO CIIOS.

Kommieke kombiepackatku coctosut 3 crana RAW 315/260 — 2000/400S, 5
KOJIBIIEBBIX M KaMEpHBIX Teueil, 4 TyCeHHWYHBIX MaHUIyJsITopoB «Andromat» u
ruaponpecca moaenu PStPO1Z-400§cumuem 40 MH [3].
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['unponpecc obecneynBajg TOYHYIO LIEHTPOBKY OCEH 3aroTOBKM M TJIABHOTO
THAPOLMIMHAPA 3a CUET LEHTPHUPYIOMIET0 YCTPOWCTBA, PACHOJOKEHHOTO MEXIY
KOJIOHHaMU Tipecca. B pesynbrare mpu ocajke ycTpaHsiach BEPOSTHOCTD MPOIOJIBHOTO
n3ruda JJIs 3ar0TOBOK C COOTHOIIEHUEM BBICOTHI K auameTpy Ho/Dg < 3,3.OmHako npu
TOM HENEPNEeHIUKYISIPHOCTh TOPLIOB OTHOCHUTEIBHO OCH 3aroTOBOK JIOJDKHA ObLia
6b61Th B rpegenax < 0,5 na 100MM UIHHEL

[Ipecc Taxxke ObLT CHAOXKEH cCleUUAIbHBIM MOBOPOTHBIM PYKaBOM, KOTOPBIi
NOJBOJIMI U IEHTPUPOBAJT MPOIIMBEHh OTHOCHUTEIBHO OCH 3aroToBKH. BcnenctBue
ATOro B 0OaHAaKax IMOCJE MPOIIMBKA CHUXKAJACh HEPABHOMEPHOCTh TOJIIMUHBI CTEHOK,
4yTO 00€creurnBalio P PACKATKE TOYHOCTh Pa3MEPOB KOJIEL.

[Ipouecc POLIUBKH Ha npecce XapaKTepU30BaICs OoJbIIei
MPOU3BOJAUTENILHOCTHIO BBHJY HAlMYUsli HA TPEThbel MO3MLIMUU TOJBHXKHOIO CTOJa
mpecca CKBO3HOTO OTBEPCTHs. 3aroTOBKa, MPOILIWTAass Ha IMEPBOM MO3MIMH CTOJIA,
MPUNOTHUMAJIACH LIEHTPUPYIOIIUM YCTPOMCTBOM, YCTaHaBIIMBAJIach 0€3 KAHTOBAHMS Ha
TPETHIO TO3WIHMI0 W MNPWXKUMAlIach MOABIKHBIM mnpwxuMoMm. Ilocie sToro
NpPOOMBOYHBIA IMyaHCOH, (DYHKIMOHUPYIOIIMM B Mape C MOPUKUMOM, MPOOUBal
«BBLAPY», KOTOpas 4Yepe3 OTBEPCTHE Iajajla Ha JICHTOYHbIM KOHBeWep. TommuHa
«BbIAPBI» cocTaBisia 20 MM HE3aBHUCHMO OT pa3MEpOB 3arOTOBKH, YTO 3HAUUTEIHHO
MEHbBIIIE PEKOMEHIYEMBIX pPACUETHBIX BeMUYHMH [4]. DKOHOMHS JOPOTOCTOSIIETO
TUTAHOBOTO CIIJIJaBa KOMIIEHCHUPYET 3aTpaTrhl, CBS3aHHBIE C BBIHYKICHHOW 3aMEHOM
MaTtepuasa npoiuBHei: BMecto ctanu SXHM — 6osiee npounas crans J[JU-23.

DKCNEPUMEHTATBHO-TIPOMBILIUIEHHBIM ~ IIyTeM OblIa co3daHa  CIeAyIoIast
TEXHOJIOTHSI KOJIBLIEBBIX TOKOBOK U3 CIljlaBa SB.

1. Pe3ka MCXOAHBIX TUTAHOBBIX MOKOBOK auameTpoMm 450-600MM Ha TOKapHBIX
crankax g0 auamerpa 300 MM (s oOecrieueHus: TpeOyeMOil HeMepIeHIUKYIIPHOCTH
TOPIIOB), Jlajiee — Ha TUCKOBBIX MUJIAX.

2. O0aupka MOBEPXHOCTH 3aroTOBOK Ha riayOuHy He MeHee 10 MM ¢
obecrieyeHneM epoXoBaTOCTH He HIKe /R, 40.

3. Harper 3aroToBOK B KOJIBIIEBOW MEYH 10 1100%° C B Teuenue 150-240muH.
3aroToBKH CakKaroT B TeYb HA MOJICTABKA M3 OTHEYMOPHOTO KHPITNYa, BBUIOKEHHBIC HA
MOy TIeYd, YTOOBI UCKIIOYUTh KOHTAKT TUTAHOBOTO CIUIaBa C KEJIE3HOW OKAJIMHOM,
MOTYIIIUN IPUBECTH K B3PHIBY.

4. Ocanka HarpeThIX MOKOBOK cO creneHbto aehopmaiuu 10-75%.I'uaponpecc C
HCHTPUPYIOIIUM 3aroTOBKY YCTpOHCTBOM mo3BOisT ocaaky ¢ He/Dy < 3,3 T.e. co
cTemneHpio nedopmanmu, OIU3KONW K BEPXHEMY MpeeNy, YTO YIydIlallo CTPYKTYPY
MeTauia U (HOPMHUPOBAIO B HEM OJIATONMPUATHYIO TEKCTYpYy Tepell pPacKaTKOM.
OnTumainbpHasi BBICOTa OCaKEHHOM U mpoiuToi 3arotoBku Obuta Ha 30-80MM Gombiie
BBICOTHI PACKATAaHHOTO KOJIbIIA.

5. Harper unu mogorpeB Oangaxeir ¢ TommuHod cteHkn 50-250 MM mocine
MPOIIMBKK B HATPEBATEIBHON Medn packatHoro craxa o 980-1008C B teuenne 30-
100 muH.

6. PackaTka KOJBIIEBHIX ITOKOBOK C TOJIIMHOW cTeHKH MeHee 100 MM B 1Ba
nepexojia ¢ AByX HarpeBoB. Ha mepBoM mepexone OaHmaX pacKaThIBalM Ha TOJIIUHY
crenku 200 MM, mocie 4ero Meraal MOJO0rpeBajiu JI0 1000 C u packaThIBaIud Ha
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rOTOBBIM pasmep. Bemnunna cymmapHoOi creneHu jaedopMany CTEHKH Ha
OKOHYATEJIbHOM CTaauu packaTku Obuta He 6osee 60%. Temmneparypa KOHIIA pacKaTKH -
ne menee 850 C. CooTHONICHHE PaaHanbHOR M BBICOTHOMN Ie(hOPMAIMH KOTBLEBHIX
MOKOBOK BBIOMpaNM TaKUM, YTOOBI MX IMONEPEYHbIE CEUEHHUS BIUIOTH JO TMOCIEIHUX
CTaauil packaTku uMenu Gopmy, Mo100HYI0 PopMe UCXOTHOTO CEUCHUST OaHTaKeH.

[Ipu packaTtke Kozien u3 cIjlaBa SB 0coOble CIOXHOCTH BO3HUKIH C
oOecrieueHneM TpeOyeMOoro YpOBHS KOPPO3UOHHO-YCTAJIOCTHOM MPOYHOCTH B
KOJIBLIEBBIX TIOKOBKAX, KOTOpas OIpeleNsach Mo MpeAeny BbIHOCIMBOCTH 00pa3IoB
IpU PacTSHKEHUM M CKaTHM B MOPCKOM BOJIE ¢ CHMMETPUYHBIM IIUKJIOM HarpyXeHHs
(uncno umkios — 10). LluKnuuecKyr0 Harpy3ky NpUKIAAbIBATH K IIOCKOCTSM
00pa3uoB, MEPNEeHAUKYISIPHBIM PaJAUyCy M KacaTelIbHbBIM K OOKOBOH IOBEPXHOCTH
KOJIBIIEBBIX IMTOKOBOK. DHUKCHpYEMbIE MPEeIbl BHIHOCIUBOCTH (COOTBETCTBEHHO 0.1R H
0.t ) 3aMETHO OTIMYAIUCh JPYr OT Jpyra Hu3-3a CHIBHO DPAa3BHTOW TEKCTYPHI
negopManMu B KOJbLIAX TPU OJHONEPEXOJHOW packaTke Wi (OPMOMZMEHEHHH B
HEONTHUMAJbHBIX TEMIIEPATYPHO-Ae(POPMAIIIOHHBIX PEKUMAX.

bruta pazpaborana TeXHOJIOTHSA, TIO3BOJUBIIAS O MUHUMYMa CHU3UTH TEKCTYPY
nedopManui B KOJbLIAX U TEM CaMbIM B 3HAUUTEIBHON MeEpEe yCTPaHUTh pa3jivyus B
3HAYEHUSIX 0.1r M 0.3t JJIs 3TOro ocagky W MPOIIMBKY 3arOTOBOK MPOBOAMIN MPH
temmepatype Ha 30-80 nmxe Temmeparypsl (a+f)—npespamenus crasa 5B (1040 C)
¢ xo3d¢unuentom ykosa K, =1,75-3,60 K, = H,/ H,,, tne Hyu H,— HadajbHas |
KOHEYHasi BBICOTA 3aroTOBKM mpu ocaike). [Ipy mocienyromeld packaTke B JBa
nepexojia OaHJaXHd HarpeBaiud Ji0 940-986C u packaThiBajJd C COOTHOIIICHUEM
ko3¢ dunuentos obxkarus B npepenax K,/ K,,=12-08K,=F,/F,, rne FiuF,—
IUIOINAAM TONEPEYHOT0 CEUEHUs KOJIbLA 10 U TOC]e PACKATKU Ha COOTBETCTBYIOLIEM
nepexoje). dopmonzMeHeHne Koyell B TAaKHX YCIOBHSX OOECIEeYMBAaET B3aHMMHYIO
KOMIICHCAIIMIO BIUSHUS TEKCTYpP OCAJKM M PACKATKU Ha aHU30TPOINUIO Ipenena
BBIHOCJIMBOCTH CIlJIaBa SB.

TexHUKO-?PKOHOMUYECKHI aHalMM3 TMOKAa3bIBA€T, YTO HW3TOTOBJICHHBIE HA
KOJIbLIEPACKaTHOM KOMILIEKCE MOKOBKU C LUIMHAPUYECKOW U MpoduibHOM OOKOBOIA
MOBEPXHOCTHIO B CPABHEHMH C MOKOBKaMH, KOBaHHBIMU Ha Tpeccax, UMEIT B 2 pasa
menbme mnpunyckd, Ha 20-30% wmenbie HOpPMY pacxona MeTaia, JYUIIyio
MUKpOCTpYKTYypy. Ha puc.l mpencraBieHbl cedeHHs] KOJIbLEBOW JETald M IMOKOBOK,
M3TOTOBJICHHBIX PACKAaTKOM Ha CTaHE M KOBKOW Ha Mpecce.

CylecTBeHHbI ~ HEJOCTAaTOK  TEXHOJOTMM  —  BBICOKAas  CTOMMOCTb
KOJIBLIEPACKaTHOTO KoMIuIeKca. [IpuBeeHHbIe 3aTpaThl HA €IUHHILY MPOIYKIHH IPU
packaTke IMIMHAPUYECKUX KOJell Majioro JUaMmeTpa, a TakkKe KpYMHOrabapUTHBIX
IIOKOBOK M3 PSIOBBIX MapOK CTajel MPEeBBIIIAI0T aHAJIOTUYHbBIE 3aTPaThl MPU KOBKE
KOJIBLIEBBIX NOKOBOK Ha TIpeccax, €clid T'0J0BOW BBHIMYCK MOKOBOK MeHee 500 mTyk
(n3MeHeHue ciTy’)KeOHBIX CBOMCTB B IIPUBENICHHBIX 3aTpaTax HE YUUTHIBACTCS).

[IpakTrka TmOKa3bIBaeT, 4YTO O0JACTBIO A(PPEKTUBHOTO  HCIIOJIB30BAHUS
KOMIUIEKCa SIBISIETCSI TPOU3BOACTBO CIOKHOMPO(PMIBHBIX WM KpPYMHOraOapUTHBIX
KOJIEL] M3 KOPPO3MOHHOCTOWKHX M >KapONPOYHBIX CTalel, TUTAHOBBIX MEAHBIX H
HUKEJIEBBIX CIJIABOB C CEPUHHOCTHIO CBBIIIIE MOIYTHICAYH IITYK TOKOBOK B TO/I.
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Puc.1. CeueHus KOJIBIIEBBIX JAeTallel ¥ MOKOBOK U3 ciutaBa 5B (ciieBa) u cranu 45:
1, 2 —oxoBKH, KOBaHBIC HA TIPECCE U PACKATAHHBIC HA CTaHE, 3 —ICTaJIN.

BoiBoabl. Pa3paboTana TEXHONOTHS HM3TOTOBIEHHUS KOJBIIEBBIX TOKOBOK U3
TUTAHOBOTO CIUIaBa 5B, Mo3BoJsioOmas 3a CYET OCATKA M TPOIIMBKA AaHOMAa-JIHO
BBICOKHX 3arOTOBOK C OOJBIINM KO()DPHUIIMEHTOM yKOBa U JBYXIIEPEXOA-HOM pacKaTKH
OaHgaxed ¢ TpPUMEPHO paBHBIMH Kod(duimeHtaMu oOXKaTus IO Mepexojam
o0ecrevnTh BBICOKYID TOYHOCTH pPa3MEpOB TIOKOBOK M ypOBEeHb UX (Qu3UKO-
MEXaHUYECKUX CBOWCTB.

Cnucoxk muteparypsl: 1. Kombrenpokatneie cranbl «Wagner Banning» JnexTpoH-Hbli
pecype]. — Pexxum mocryma: http://www.sms-meer.con2. Aybaxuposa P.K. CBepXIac-THYHOCTD
HEKOTOpPhIX THTaHOBBIX crutaBoB [Tekcr] [/ P.K.Aybaxuposa, A.A.Ilpecusikos, C.C.YVwxos,
A.H.bauioenvounosa.- Anva-Ata . Hayka, 1987.- 212c. 3. Anuwenxko A.C. T'opsi-uas packaTka
TOYHBIX KOJbIIEBbIX OKOBOK [Tekct| / A.C.Anuwenko, FO.B.@eopanos, A.b.bocyn.- Xumudueckoe u
He(dTssHOE MammHOcTpoeHue, 1992,Noll.- C.33-35.4. Coxonos JI.M. TexHoorisi KyBaHHS: MOCIOHUK
Uit camocTiitHOT pobotu crynentiB [Tekct| / JI.M.Cokonos, 1.C.Anies, O.€.Mapxos, JI1.1. Aniesa. —
Kpamaropcek : IJIMA, 2010.- 30C.
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OIIPEAEJIEHUE CHWJIOBBIX ITAPAMETPOB IIPU BbICAJIKE
BHYTPEHHUX ®JIAHLIEB

EnepreTHuHuM METOAOM OTpPHMaHI PO3PaXyHKOBI 3aJIEXKHOCTI MPUBEACHOTO TUCKY AedopMyBaHHSA i
THCKY Ha BHYTPIIIHINA CTIHIII MaTpHUIll MPU BUCAII BHYTPINIHIX (UIaHIIB 3 TPyOUacTOi 3arOTOBKH.
Bcranoneno BIIMB BUCOTH (praHIlsl, BHYTPIIIHBOTO pajiyca QuiaHIld, pajiyca ONpaBKU 1 TepTsS Ha
CHJIOBI TapameTpu Tmporiecy (GopMOyTBOpEeHHsS BTYJIOK 13 BHyTpimHIM (uannem. [IpoBeaeHo
CKIHYEHO-EJIEeMEHTHE MOJICJIIOBAHHS CHUJIOBOTO peXuUMy BHUcanku ¢uannsg B makeri QForm.
[lepeBuieHHs pO3paXyHKOBUX JaHUX HaJ €KCIICPUMEHTAIBHUMH CKJIANO JIUIsI eHEPTeTUYIHOTO METOTY
8%, 17151 MeTOly CKIHYEHHX eJIeMeHTIB 5%.
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