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CopTorpokaTHOE MPOU3BOJICTBO

O.H. Tyaynos, A.b. MoJuiep
®I'bOY BIIO «MaraHuToropckuii rocy1apcTBEHHbBIN

TexHU4YeCcku yausepcuret uM. ['.M1.Hocoa»

IBOJIOUNUA METOJOJOI'MYECKOI'O NOAXOJA
K MOJEJIMPOBAHUIO ITPOIIECCOB COPTOBOM IMPOKATKH
B HAYYHOM HIKOJIE KA®EJIPHI OMJI MI'TY UM. I 'M.HOCOBA

3apokIeHNEe M Pa3BUTHE HAYYHOH IIKOJBI COPTOBOW MPOKATKH Ha Kadempe
OMJI MI'TY navanoce co BpemeH ocHOBaHus kadenpsi M.M.BospimHOBBIM, YTO
OBLIO MPOJAMKTOBAHO HEOOXOAMMOCTBHIO CO3JIaHMS PA0OTOCTIOCOOHBIX HHKEHEPHBIX
MOJIEIIE pacyeTa TEXHUYECKUX U TEXHOJIOTUYECKUX MapaMeTPOB COPTOBBIX CTAHOB U
KaJIMOPOBKHU BaJIKOB JUIsl YCJIOBUI copTonpokaTtHoro nepeaena MMK.

PaccmoTpum 3BOTIONMIO METOIOIOTHYECKOTO IMOAX0Aa K MOAEITUPOBAHUIO U
VCCIIEIOBAHUIO TEXHOJOTMYECKUX IPOLIECCOB COPTOBOM MPOKATKH, & TAKXKE OCHOB-
HbI€ [IPUHLMIIBI MATEMAaTUYECKUX MOJEIICH, BOSHUKABIIUX B X0JI€ Pa3BUTHS HAYYHOU
IIKOJIBI TIO/ BIUSIHUEM SBOJIIOIIMU TEXHOJIOTHUU, KaTUOPOBKU BaJIKOB U Pa3BUTHUSI TPe-
OOBaHMI K Ka4eCTBY IMPOJIYKIIMHU COPTOBBIX M MPOBOJOYHBIX CTAHOB ropsiuei mpo-
KaTKH.

JTo 60-x rogoB XX BeKa B OCHOBE XapaKTEPHBIX JJIsl HAYYHOM IIKOJIBI COPTO-
BOW MPOKATKHA MHKEHEPHBIX METOJUK pacueTa PEKMMOB COPTOBOM IPOKATKH, Iapa-
METpPOB KAIMOPOBKU MpOo(riiel U BaJKOB JICKAIM SMIUPUUYECKUE MOJEIHU, CBS3aH-
HBIE C ONpEe/eNIeHneM YIIUPEHUs MeTallla B KaauOpax, Kak (YHKITUU BBICOTHOH Je-
dbopmaluu ¢ y4eToM psifia TeXHOJIOTHYECKUX TTapaMeTpoB, YTO B OOIIEM BUJIE MOXKET

OBITH MPEJICTABJICHO B BUJIC (PYHKIIMOHANIA:

B=f (K~0,3+0,4)HT_h1/R(H—h) ,

rne K —  AMIHUPUYECKUNA KOIDPUIUEHT;
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CopTorpokaTHOE MPOU3BOJICTBO

H-h
H

R,H,h — mnapamerpsl reoMerpuu ouara nepopmanuu;

— K03 PUIIUEHT BEICOTHOTO 00KATHS,

Tako# moaxoa ObUT MHOTOKPATHO YTOUYHEH B IIPOLIECCE U3YUEHUS U COBEPIICH-
CTBOBaHHUS PEKHUMOB MPOKATKHU Ha JCHCTBYIOIIMX COPTOBBIX CTaHAX U OBLI XapakKTe-
pen ainsa padot b.I1. baxtunosa, b.b. Jluomunona [1, 2], moiny4uB pa3BUTHE U CUCTE-
MaTHu3aluio B Hay4yHbIX padorax H.B. JlutoBuenko [2] mo npuHIMIaM pacuera TUIO-
BBIX KaJIHMOPOBOK BaJIKOB.

[ToBbimenre B 60-80e roapl XX Beka aKTyalbHOCTH HOBBIX TEXHOJOTUYECKUX
MPOIIECCOB COPTOBOM MPOKATKMU (IIPOKATKa B MHOTOBAJKOBBIX KanuOpax), a Takxke
Bo3pociias B 80-x rogax HEOOXOJUMOCTh MOMCKA PE3EPBOB BBITSXKHOU CITIOCOOHOCTH
JIBYXBAJIKOBBIX KaJIUOpPOB NIEUCTBYIOIIUX CTAHOB HAIUIA OTPaXCHUE B U3MEHEHHUU
MPUHLIHAIIOB MaTEMaTUHYECKOT0 MOJECIUPOBAHUS MIPOLECCOB COPTOBOM MPOKATKU B pa-
o6otax M.T'. [lonsikoBa [3], a Bnocinencteuu B.A. Kypatomosoit u C.A. Tynymnosa [4].
VYka3zaHHble NOAXO0Abl MPUHLIMIUAIBLHO OTINYAJ YYET 3aKOHOMEPHOCTEW U MEXaHM3-
Ma TeUEHHUs MeTajulia B KanoOpax.

Tak, nanpumep, B padorax TymynoBa C.A., koTtopbiii k 1984 rogy Bo3riaBumn
HAyYHYIO IIKOJIy COPTOBOM mpokaTku kadenpst OM/I, u ero kosier [5] Opu10 mpen-
JI0’KEHO pa3zesiCHUEe MOACIUPYEMOro oyara jaedopMaiyuy MNpy MPOKaTKe B BHITSHKHBIX
KamnuOpax Ha 5 XapaKTepHBIX 30H MO JIuHE (pHUC. 1) U y4eT BBITSKHOU CIIOCOOHOCTH
KaJIMOpa UCXO/sl U3 COOTHOIICHUSI 00KMMAEMbIX U HEOOKMMAEMBIX YYaCTKOB IMOJIO-
Chl IO JuIMHE KanuoOpa. Tak, mpu mpoxoxkAeHUU (PUKCUPOBAHHOTO CEUYCHUS MOJOCHI
BJI0JIb ouara jedopMaiiy ObIIO0 IPETIOKEHO pa3udaTh CIeAyIoue 3Tambl popmo-
M3MEHEHUS: KOHTAKT CEYEHHUs ¢ BaJIKaMU (FreoMeTpUYecKoe Hauvajao ouara jaedopma-
IIMK) — BXOJ B ouar nedopmariuu; JoKaibHas KOHTaKTHas aedopMaIius B YCIOBHIX
MJI0CKOTO JIe(hOPMHUPOBAHHOTO COCTOSIHUSI TIPU HAJMYUHM YIPYTUX BHEKOHTAKTHBIX
30H, SIBJISIOIIUXCS CBSI3BIO JUUIS IJIACTUYECKH Je(OPMUPYEMBIX YUYaCTKOB — y4aCcTOK
U, nedopmarysi oJIOCHI IO 0OBEMHOM CXEME C OTPUIIATEIBHBIM YITUPEHUEM KPOMOK
— yuactok OII; npoponsHas aedopMaius MoJOCk 0€3 OTPULATEIBHOTO YIIMPEHUS

KpOMOK — y4acTok I1; BeIxo u3 ovara nedopmariuu.
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Ab=0,70702h, =2 %—1 (7-1),
Ui

|
rae 0 = j—b =057-% + 0,08:0—”+ 0,414II—”;

h Iod 00 00
— TNPUBEICHHBIN JUAMETD;

D
h
1 — cremnenu aedopmanuy.

JIyist onvcaHusi 3aKOHOMEPHOCTENH (POPMOMBMEHEHUS MPU COPTOBOM MPOKATKE
OBLIT YCIICIIHO MPUMEHEH TOMOJOTUUECKUN MOJIXO0/, @ TAKXKE T UCIOJIb30BaHbI IKCIIe-
PUMEHTANIbHBIE NOJIAPU3ALUOHHO-ONTUYECKUE MOJIEIIH.

B 511 rogpl HayuyHasl 11K0JIa pa3BUBaIach B JBYX HalpaBJICHUSX:

— cosznaHue u pa3BuTue 3QPEKTUBHBIX MATEMATUYECKUX MOJIENIEeH KaTuOpoB-
KU BJIKOB, IMPOIIECCOB COPTOBOM MPOKATKU U MPOJI0THHOTO MPOGUIUPOBAHNS;

— pa3paboTKa HOBBIX U COBEPIICHCTBOBAHME JCUCTBYIOIIUX TEXHOJIOTHUYE-

CKHX IPOLIECCOB COPTOBOM MPOKATKU, KATMOPOBOK BAJIKOB U 00OPYJIOBaHUS COPTO-

BBbIX, MPOBOJIOYHBIX U MPOQPUIETUOOUHBIX CTAHOB.

( | Puc. 1. XapakrepHble ydacTku Je-

»” dbopmanuu: a — IOCKOCTh BX0/a; O
Abpro 48,2 '
b0 | 860G Bbp > R — TpaHuna Mexay 3oHamu | u Oll;

*i 6 — rpanuna mexay 3oHamu OIl u

II; 2 — ceuenue BBIXOJA M3 oyara

nedopmanuu; 0 — 00JIacTh TMOIIe-
7 pPEYHOTO  CCUCHHMS, IUIACTHUYCCKH
C)KMMaeMasl BajJKaMH; ¢ — OOKOBBIC
BHEKOHTAKTHBIC 30HBI B YNPYTOM
COCTOSIHUM; Joic — OOKOBass BHEKOH-

TaKTHasd 30Ha B INNIACTHUYCCKOM CO-

CTOSAHHNU
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CopTorpokaTHOE MPOU3BOJICTBO

[Iprmenenne yka3aHHOW METOZOJIOTMH B COYETAHUU C TPALULMOHHBIMU 3MIIU-
PUYECKUMU MOJAXOIAMH, a TAKKE MCIOJIb30BAHUE KBAJMMETPUUECKUX OLEHOK MO3BO-
v B 80-x rogax XX BeKa PEIINTh LEIbIi KJIacc 3aJ1a4, CBSI3aHHBIX C YBEIIMUCHHEM
BBITSDKHOM CITOCOOHOCTH KaJIMOPOB, OCBOCHHEM YBEIMYCHHOTO CEUEHUS 3arOTOBOK,
CHU)KEHUEM KOJIMYECTBA MTOBEPXHOCTHBIX J€(PEKTOB U MOBBHIIICHUS YPOBHS KayecTBa
3aroTOBOK, COPTOBOIO MPOKAaTa U KaTaHKW HAa 3arOTOBOYHBIX, COPTOBBIX M IIPOBOJIOY-
HOM ctaHax MMK, a Takxke pemmTh 3a/1a4u MOBBIILICHUS Ka4eCTBa MPH MPOU3BOJICT-
B€ THYTHIX Mpoduiiei. [lo uroram 3TUX TEOPETUUECKUX U MPAKTUUYECKUX PE3yibTa-
ToB B KOHUE &0-x—Hadame 90-X ydeHBIMU-TIPOU3BOACTBEHHUKaMu MMK
(B.®.PamnukoB, K.JI.PagtokeBuu, ®.M.Axmer3sHoB) um ydyeHbiMu MI'MU wum.
["'".Hocosa (H.I'.Illemmyposa, JI.M.Iyn, N.I".1llyOuH) Oblu yCHENIHO 3alUIICHBI
KaHAUJATCKUE JUCCEPTALNN, B TO BPEMs CYIIECTBEHHO YKPENUBIINE TEOPETUUECKUM
U TIPAKTUYECKUN PyHIaMEHT HAy4YHOH IIKOJIBI COPTOBOM npokaTku kadeapst OM/I.

B 310 BpeMs1 O3UTUBHOE BIIMSIHUE HA PA3BUTUE U DBOJIIOLMIO HAYYHOU IIKOJIbI
COPTOBOM IPOKATKH OKa3aJla Hay4yHas IIKOJAa KBAIMMETPHUM U YNPABJICHUS KAadecT-
BoM 1o pykoBoacTBoMm [.C.I'yna, taike chopmupoBaBmasica Ha kadeape OMJI.
B3aumopeiicTBue 3THX HIKOJA a0 CHUHEepreTudeckui 3¢ (dexT, odecrneynB B3auMo-
JICCTBUE HAYYHBIX KOJUICKTMBOB IPU KOMIUIEKCHOM PELICHUU 3a4a4 YIPaBJICHUS
TEXHOJIOTUEW U KaYECTBOM IIPU COPTOBOM MpOKaTKeE [5].

JlanbHeil1as 3BOJIIOLMS HaydHOU IKOJbI Kadenpsl OM/I o uccienoBanuoo u
Pa3BUTHIO IPOLIECCOB COPTOBOM MPOKATKM BO MHOI'OM OIPENEIIACh BO3SMOXKHOCTSI-
MU MaTeMaTH4YEeCKOTr0 MOEIMPOBAHUS MpoLeccoB aedopmanuu B KanuOpax ¢ yde-
TOM TEXHOJIOTMYECKUX PEKUMOB MPOKATKHM MU OCOOCHHOCTEH 00OpY/IOBaHUSI COPTO-
BBIX U IPOBOJIOYHBIX CTAHOB.

Crnenyer OTMETUTh, UTO OJTHUM M3 OCHOBHBIX (DAKTOPOB MOJEITUPOBAHUS COP-
TOBOW NMPOKATKU SBJISETCS CIIOCOO OMHUCAaHUsI FEOMETPUUECKUX MapameTpoB (opMo-
n3MeHeHus. C cepenrHbl 90-X roloB ¢ pa3BUTHEM BO3MOYKHOCTEMN BBIYHCIUTEIBHON
TEXHUKHU 32 pyOEeKOM IMOITYUYHIIO MOIIHOE Pa3BUTHE MPAKTUUYECKOE MPUMEHEHUE Me-
TOJla KOHEYHBIX AJIEMEHTOB B 33Jla4ax pacueTa U aHaJIu3a PasJIM4YHbIX ITPOLECCOB Jie-

dbopmany, TPOTrHO3UPOBAHUS MMAPAMETPOB HAMPSHKEHHO-e(POPMUPOBAHHOTO CO-
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CopTorpokaTHOE MPOU3BOJICTBO

CTOSIHMSI, JHEPTrOCHIIOBBIX MapaMeTpoB ipu OM/I, B TOM 4Hciie U IPU COPTOBOM IPO-
KaTke [6].

Pemenue 3amau aedopmanuu B KaauOpax METOJOM KOHEYHBIX 3JIEMEHTOB
MMEET BAKHEMIIEE 3HAYEHUE I BCECTOPOHHETO M3Y4YEHMS IMPOLECCOB, IIPOTEKAIO-
X B ouyare nedopmarnuu. BMecte ¢ TeM, bl psi IPakKTHYECKUX 3a7]a4 COPTOBOM
MPOKATKU TpeOyeT NMPUMEHEHUS MaTEMaTUYECKUX MOJIEeNIel COBEPILEHHO APYToro
XapakTepa. 3agayei Takux Mojaesiel pu pa3paboTKe M aHAIN3e KATMOPOBKU BAJIKOB,
OILICHKE BO3MOKHOCTEH 000pYJ0BaHHUS, COBEPIICHCTBOBAHUU PEKUMOB IMPOKATKH,
HACTPOIKE CTaHOB SBJSIETCS 0OecIeYeHHe OBICTPBIX U HAJICKHBIX PEIICHUN TP OJ-
HOBPEMEHHOM YUY€T€ BapbUPYEMBIX TEXHOJIOTMUYECKUX MAPAMETPOB.

Crnenyer OTMETUTBH, UTO Ul PeIM3aluy TaKUX IMOJIXO0I0B K MOJEIMPOBAHUIO
u pemennto 3anad OM/] noctatoyHo >PGEKTHUBHBIM SBISETCS aNapaT MAaTPUUHOU
anreOppl, KOTOPBIA JaBHO U IUIOJAOTBOPHO MCIOJNb3YETCS HAyUHBIMM IIKOJIAMU Ka-
deapsr OMJl MarHuToropckoro rocy1apcTBEHHOIO TEXHUYECKOTO yHUBepcuTeTa. B
YaCTHOCTH, yxe okoiio 50 net Ha kadenpe OMJ] MI'TY ycnenHo pa3BuBaeTcs Mat-
PUYHBINA METOJ OTMCAaHMSI HATPY30K U JAehOopMaIlHii IUCTONPOKATHBIX KIETEH KBapToO,
y UCTOKOB KoToporo crosuii B.B.Menbuep [7], B.M.Canranuk [8, 9] u ux y4eHUKH.
JlaHHBIN METOJI O3BOJIET UCIIOJIb30BATh paclpe/iesieHHbIe (MaTPUUHBIE) XapaKTepu-
CTUKU CUJIOBBIX YCTIOBUHM M nedopmaiuii mo niauHe 004Ky Baika U 3(h(HEKTUBHO pe-
maTh WIMPOKHUI Kilacc 3a7ay, CBA3aHHBIX C MOJIETUPOBAHUEM IpoLEcCOB (HOPMOU3-
MEHEHHs MeTaJula U JepopMalii BAJIKOBBIX CUCTEM IIPH JUCTOBOM npokaTke. Kpome
ATOr0, WCIOJb3Yys amnmnapar MaTpU4HOM anreOpbl, ydyenble kadeaper OMJ MI'TY
BHECJIM CYLIECTBEHHBIM BKJIAJ B METOAOJOTHI0 METOAA KOHEYHBIX AJIEMEHTOB IPHU-
MEHUTENIbHO K 3a7auaM 00pabOTKH METaJJIOB JAAaBJICHUEM, MTPEJICTABUB U PEaTu30BaB
METOJI KOHEYHBIX 3JIEMEHTOB B MaTpu4yHOM Buj€ [10], 4TO MOBBICHIIO KOMIAKTHOCTh
Y HArJSAHOCTh 3alIMCH OCHOBHBIX 3aBUCHMOCTEH MO CPABHEHUIO C TPAJAMIIMOHHO HC-
MOJIb3YEMBIMH YPABHEHUSIMU.

Bo BTopoii nonosune 80-x rooB annapat MaTpuIHON anreOpsl ObLT TPUMEHEH
YYEeHBIMA HAYYHOW IIKOJIBI COpTOBOM TpokaTku kadenpst OMJI, uto ompenenuio

YCIICHIHOC Pa3BUTHC IKOJIbI HA JOJIHUC I'OJAbI.
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B.H.3aBeproxa u C.A.TyiynoB NpeiokKUIM BEKTOPHOE (MaTPUYHOE) OMUCa-
HUE KOHTYypa Kainubpa npoctoit popmer [11-13], a 3atem C.A.TynynoB npu yqacTuu
O.H TynynoBa npuMeHHI MPEIOKESHHBINA ToAX01 [14] mist peleHnus TeXHOJIornye-
CKUX 3aja4 (DOPMOM3MEHEHHUsI COPTOBBIX NPO(UIICH, CBI3aHHBIX C OMpEICIICHUEM
KOHTypa KajauOpa mpocToil (opMbl U KOHTYypa CBOOOJHOM MOBEPXHOCTH METajlla B
kanuope. Crneayer OTMETUTh, YTO PEIICHUs 3a/iady Mo pacyeTy (HOpMOU3MEHEHHUS B
KanuOpax, MOJIy4eHHbIE C MPUMEHEHHEM JTaHHOTO METOa, XOPOIIO KOPPEIUPYIOT C
pemenusivu, monydeHHbiMA C.A. TynynoBeiM n E.H.Uymauenko [15, 16] momyaHa-
JUTHYECKUM METOJOM KOHEYHBIX 3JIEMEHTOB, XOTA OBICTPOJCHCTBUE MOCIEAHETO
IIPU pacyeTax CyIIECTBEHHO HIXKE.

B  kawgupmatckoW — aumccepranuu, — [PEACTaBICHHOM W 3allUILICHHOM
O.H.TynynoseiM B 1993 roay [17], moka3zaHa BO3MOXHOCTb HCITOJIb30BaHMSI 3aKOHO-
MEPHOCTENl KOHEUHOMEPHBIX BEKTOPHBIX MPOCTPAHCTB IS Pa3pabOTKU KpPUTEPUEB
OLIEHKH T€XHOJOTMYHOCTH (DOPMOM3MEHEHHUSI MeTalljIa B KalnuOpax.

B 1995 r. B MUCuC C.A. TynynoB 3amuTui JOKTOPCKYIO JACCEPTALUIO HA
Temy «Pa3paboTka Mozenel u anropuTMoB pacueTa GOPMOU3IMEHEHUS IPU COPTOBOU
MIPOKATKE € LEJIbI0 MPOEKTUPOBAHUS HOBBIX M COBEPILIECHCTBOBAHMS JCHCTBYIOLIUX
KaJIMOPOBOK», KOTOpasi CTaja MepBON JOKTOPCKON pabOTOM, 3aKpEMHUBIICH OCHOBBI
HOBBIX IPUHLHUIIOB MOJEIMPOBAHHS M COBEPIICHCTBOBAHMS IPOLIECCOB COPTOBOM
npokatku [18].

Pa3Butre nnei npuMeHEHUsI MATPUYHBIX METOJOB K 3a/1a4aM COpPTONPOKATHO-
ro npousBoacTea B nepuox 1995-2003 rr. mox pykoBoactsom O.H.Tymynosa npuse-
JI0 K AaJIbHEHILEH 3BOJIIOIIMM HAyYHOW IIKOJIBI, pa3padaThiBaolIeil MaTEeMaTHUYECKHUE
MOJIEJIA TEXHOJIOTHYECKUX CXEM COPTOBOM MPOKATKM M UX MPAKTHYECKUE MPHIIOXKE-
HUS Ha OCHOBE CTPYKTYPHO-MaTPUYHOIO MoaxoAa (puc. 2).

CoryacHO maHHOMY monxony, 3ammieHHoMy B 2001 rogy O.H.TynynoBsiM B
BUJIC JIOKTOPCKOM auccepranuu [19], B MaTpyHOM BHUjIe MOTYT OBITh MPEICTABICHBI
HE TOJIbKO Tpolecchl (POPMOU3MEHEHHUS, HO U CBOMCTBA MPOKATHIBAEMOI'0 MeTallia,
TEMIEPATYPHO-CKOPOCTHBIE YCIIOBUS, XapaKTEPUCTUKH AEPOPMHUPYIOLIETO HUHCTPY-

MEHTa W JIpyrue TexHonorumdeckue napamerpsl [20-22]. OcoOeHHOCTH TpescTaBIie-
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HUSL THPOPMAIUH PU TAKOM IOAX0]1€ TTO3BOJIMIN 00ECTIEYUTh IOCTATOYHO BBICOKYIO
CTETNEeHb YHUBEPCAIBHOCTH OINUCAHUSI KOHEYHOTO (POopMOU3MEHEHHs Mpoduiien pas-
JIMYHOW CJIO)KHOCTH, BO3MOXXHOCTH aJallTUPOBaTh MAaTEMaTUYECKHE MOJCIH K pas-
JUYHBIM TEXHOJIOTMYECKUM MPOLECCaM COPTOBOM IMPOKATKH, a TaKXKe JIEFKO WHTEr-
pUpoBaTh B pa3pabaTbiBacMble NPUKIIATHBIE MOJEIN 3JIEMEHThI APYTUX HU3BECTHBIX

MaTEMaTHYECKUX MOJEIEH U METOJIOB.

Meroasr pacuera
IHErO3ATPAT H Jp.
TEXHOIOIHYCCKHX
NAPAMETPOB MPOKATKH

KortypHsie
MOJCTH
Ka/mopos

Annapar
CTPYKTYPHBIX
MaTpHIL

CTPYKTYPHO ~-MATPHUHBII ITOJIXO/]
K MOJIEJTMPOBAHHMIO TEXHOJIOTMYECKHX
CXEM OMJI (COPTOBOM ITPOKATKH)

Kommnunexc
KPHTEPHEB OUCHKH
TEXHOJIOTHYCCKHX
cxXeMm

I'ecomeTpuyeckue
MATPIMHBIC MOJACTH
KATHOPOBKH

Marpuissie MOACTH
TCXHOJMOIrHUCCKHX
XapAKTEPHCTHE
COPTOBOI MPOKATKH

PHIOKCHHE K TEXHOJIOMHYCCKHM

CXCMaM NMPOKaATKH

C 2-X BATKOBBIMH
KaHOpaMu
[TPOCTOM
DOPMEI

C MHOI'OBAJI-
KOBBIMH
Kanubpammn

C 2-X BANKOBBIMH C ®JIAHLIEBBIMHA
Kanubpamu 1 xanmbpamu

BEUMETAJIJTA ‘

—_—
JIATITUBHBIE CTPYKTYPHO-MATPHUYHLIE MO/ETTP
TEXHOJIOTMYECKHUX CXEM  COPTOBOM ITPOKATKH

3ajgayum HacTpoiiKn
€ HJICMCITAME VIPABICHHS,

3ajaun asamsa
U COBEPIICHCTBOBANNS

Komnaexcnoiit ananus | |Hacmpoiika obopydosanusn Dnemenmut ynpasienus
HHEXHOM0ZUHECKUX CXeM napamempamu opmousmenenu

CITOCOBEBI

AHAJIM3A J] OBECIIEYE
A4 IPOCTHIX ANA YIJIOBOH HACTPOUKH C APYTHMH sdpexTuBHOCTH H

npoduneit cranu KJIeTeif CTaHa CHCTCMaMK TOYHOCTH

MPOKATKH

MMK MMM3 MMK MMK BEMK YM3 MMK ELPRO AG,
kamop | Cran 3200 Crau 250-2| Crau 300-1 Cran 150 | |Cran 300-2| | 6momunr| | DANIELI

61opo I
I OOBEKTHI peaTH3aIIHH I—

Puc. 2. Cxema copTOBOM MPOKATKU U UX MTPAKTUUECKUE MPUIIOKECHUS
Ha OCHOBE CTPYKTYpPHO-MATPUYHOTO MOAX0/1a
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CTpyKTypHO-MaTpUYHBIN MOAXO/ MMO3BOJISIET JOCTATOYHO JIEFKO aJalTUPOBATh
MOJIEJIA TEXHOJIOTHYECKUX CXEM K Pa3INYHOMY HEPAPXHUUECKOMY YPOBHIO PEIIaEMbIX
3amay. [Ipu sToM OI04HASI CTPYKTYypa MATpPHUIl «CBOPAYMBAETCS» U «Pa3BOPAYMBACT-
Cs» B 3aBHCHUMOCTH OT 3HAYMMOCTH HMH(OpMAaIUU, HEOOXOIUMOU AT MOAEINpPOBa-

HUsI OIIPEACIICHHBIX IPOLCCCOB U PCHICHU A OIIPCACICHHOIO BUIA 3a/1a4.

][] 3, - 3 TG
Cé _ 3)21 [HZ] 32m _C2_
_:Cr,n:_ _3m1 3m2 [Hm]__:cm:_
rae [Cm] | [Cr'n — MaTpulla, OMHUCHIBAIOIIAs HA4YaJlbHOEC M KOHEUYHOE COCTOSIHUE
OJIHOTO M3 CBOMCTB OOBEKTA;
[H m] — MaTrpulia U3MEHEHUSI COCTOSTHUS,
3 — 3aBUCHMOCTH MEXIY Pa3JIUYHBIMU MaTpUIlaMH HU3MECHECHUS

(HampuMep, cBsi3b MeXAy (OpPMOU3MEHEHHUEM M TeMIlepaTy-
poit).

Jist oueHkn S(PPEKTUBHOCTU TEXHOJOTUYECKUX CXEM COPTOBOM MPOKATKU
MPEVIOKEHO HCIOJIb30BaTh MPEJICTABICHUE UX B BUJE MHOXKECTBA 3JIEMEHTOB KO-
HEYHOMEPHOTO BEKTOPHOTO MpocTpaHcTBa. [Ipyn 3TOM OBUIM MpPHUMEHEHBI CBOMCTBA
HOPMHUPYEMOCTH W METPU3YEMOCTH IPOCTPAHCTBA. DTO MO3BOJWIO pPa3padoTaTh
YHUBEPCAIbHYIO CHCTEMY MATPUYHBIX KPUTEPHEB i1 KOMILIEKCHOTO aHalIW3a Ka-
JUOPOBKU BAJIKOB JIJIsl Tpoduieit Tr000# CIOKHOCTH.

Pemenne MHOTHMX TEXHOJOTUYECKHMX 3aJ7a4, CBA3AHHBIX C TMOBBIIMICHUEM 3(-
(EeKTHBHOCTH TPOIICCCOB COPTOBOM MPOKATKH, MOAPOOHO ommcaHo B padote [20].
B pabotax [23, 24] npencraBieHbl pe3yJbTaTbl pa3pabOTKU aIanTUBHOW CTPYKTYp-
HO-MAaTPUYHON MOJEM JJIsl PELUICHUS 3a]1a4 HACTPOUKH HEMPEPBIBHBIX IPYNIT KIETEH.
Bo3zneiictBue Ha (GOpMOM3MEHEHHE C BO3MOKHOCTBIO YIPABJICHHUS CTaHOM MPEIIo-
jaraer oObenuHeHWe WHGOPMAIMM MO BCEM OCHOBHBIM ITOKAa3aTeNIsiM IpoIriecca,
BIIMSIOIIMM Ha pa3Mepbl U KauecTBO MostydaeMon (opmbl (GopMy U pa3Mepbl MOJIKa-

Ta, TEMIIEpATypy MOJKaTa, MAPKy CTajH, XapaKTEPUCTUKH KIJIETEH, CKOPOCTh MPOKAT-
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Kd 4 T.A.). Bce HeoOXoaumble mapaMeTphl 3alMHMChIBAIOTCS B CIOKHYIO MaTpUIly Ha-
YaJIbHOTO COCTOSIHUA [A], MpH 3TOM MaTpulla MOXKET COCTOSITh U3 OJIOKOB, KOTOPHIE,
B CBOIO OYE€pEb, COJEPKAT CTPYKTYPHI JAHHBIX. 3a/1a4a HACTPOMKH C MTOMOUIBIO U3-
MEHEHHS 3a30pa MEXAy BajkaMu Obula pellleHa B KaHIUAATCKOW AuccepTaluu
A.B.Momiepa [25] B 1996 roay myreM HaxOXKIACHHS HEHU3BECTHBIX 3HAUCHUH BeEJIH-
YUHBI U3MEHEHUS 3a30pa KaKJI0M KIJIETH B MAaTPUYHOM YPABHEHUH, 3aMMCAHHOM IS
kieteil Bcero crana Kpome storo, A.b.Momnep BrnepBbie pa3paboTan MaTpUUHYIO
MO/IeJIb, OIMCHIBAIONIYIO H3MEHEHHUE (DOPMBI KOHTYpa KaauOpa Mpu U3HOCE BAJIKOB.

B mpouecc 3BoNIONMN HAYYHOM IIKOJBI U Pa3BUTUE AIAlITUBHBIX CTPYKTYpPHO-
MaTPUYHBIX MOJIENIEH BJIOKHJI CYHIECTBEHHBIN BKJIAJl KOJUIEKTUB YUYEHBIX, 3alllUTHB-
IIMX KaHAUAATCKUe nuccepranuu nox pykosoactsoMm O.H.TynynoBa u npu Hay4yHOM
KoHcynpTanuu A.b.Momnepa.

Taxk, B 1996-97 rr. A.A.3aiineB pa3padoTall MPUHIIUIBI MATPUYHOTO OTHCAHUS
(opMOM3MEHEHUS COPTOBBIX MpouiIel B Kaaudpax pa3InyHON CIOXKHOCTH, a TAaKKe
npu ydyactun M.D.CadpoHoBa amanthpoBai 3TOT NOAXOJ K OIMNMCAHUIO Ipolecca
(dbopMon3MeEHEHUs TIpU MPOU3BOJACTBE THYTHIX npoduiieid. B 1997 rony B auccepra-
i A.A.3alinieBa [26] Obu1 pa3paboTaH CTPYKTYPHO-MATPUYHBIA TOAXOJ, TO3BO-
JSIOLIMNA ONKCATh TEXHOJIOTMYECKUE MapaMeTphl Mpolecca NPOKAaTKU €IWHBIM MaT-
PUYHBIM YpaBHEHUEM, a TAK)Ke ObLJIa JOKa3aHA CBSI3b MEXKY BEJIMYMHAMH MaTPUUHO-
rO KpUTEpUS TEXHOJIOTMYHOCTHU U paboTel Qpopmousmenenus. CTpyKTypHO-
MaTPUYHBIN MOAXOJT, TPEIOKEHHBIH U 000OCHOBAHHBIHN IJI1 MOJIETUPOBAHUS IIPOLEC-
COB IMPOKATKH M KaJUOpPOBKHU (PAaCOHHBIX Ipoduiield, ObUT UCMOIB30BAaH MPU COBEP-
IIEHCTBOBAHMM KAJIMOPOBKM Yyrojika Ha AEHCTBYrOHIMX B TO BpeMs crtaHax OAO
«MMK», B ToM ymclie sl CTaOMIN3aIllid TEOMETPUUECKUX Pa3MEpPOB YTOJjKa B OT-
KPBITBIX KaTuOpax.

Pemenne koMmIuiekca HaydHbIX M HPAKTUYECKUX 3a/1a4 BBICOKOCKOPOCTHOIO
KOMILJIEKCA MO MPOU3BOJACTBY KaTaHKH Ha MpUMepe NpoBojiouHoro crana 150 OAO
«BMK» 0b110 mpeacraBieno B 1999 roay B auccepramuu E.A.EBteeBa [27], B pe-
3yJbTaTe Yero Ha OCHOBE HCIOJB30BaHUSl CTPYKTYPHO-MAaTPHUUHOTO MOAXO0/a ObUIH

YCTAHOBJICHBI PCKHMMbBI IIPOKATKH C IOHMKCHHBIM TCILIOCOACPIKAHHUEM 3aroTOBOK,
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pa3paboTaHa METOAMKA yueTa W KOHTPOJS HATSDKEHUH B UMCTOBOM OJIOKE, a TakkKe
CHOCOOBI CTAOMIM3alMK TOYHOCTH TMOJKAaTa 3a CYET KMHEMaTHYECKOTo Paccoriiaco-
BaHMSI CKOPOCTEHN MPOKATKU M HACTPONKH KaIMOPOB MO JUIMHE pacKara.

B mucceprammu B.B.Apmmbamesa [28] B 2001 rogy Obuio mpeacTaBieHO MaT-
pUYHOE ypaBHEHHE, OMHUCHIBAIOIEE KMHEMATHUECKUE XapaKTEPUCTUKU (hopMousme-
HEHHUs MeTaJlJla U JBMXKSHHs Tpouiist 1o JJIMHE ovara AedopMalinu, a HepaBHOMEP-
HOCTHh (DOPMOM3MEHEHHs MeTasla B KaJuOpax ompejaeleHa KOMIIOHEHTaMH JIeBHa-
TOPHOM COCTaBJISIONIEH MaTpPUIbl (POPMOU3MEHEHUSI U B pe3yJIbTaTe OllcHEHa WHTe-
rpajJbHBIMU TOKA3aTeNsIMU, YTO TO3BOJMIO pa3paboTaTh METOJIUKY COBEPILECHCTBO-
BaHMS KaJMOPOBKM BaJIKOB, OOECIEYMBAIOIIYI0 CHU)KEHHUE HEPAaBHOMEPHOCTH, H
IPUMEHUTH €€ JJIs PEeIICHUs 3a/1a4yll paBHOMEPHOI'O paclpeeseHusl MeHON 000104-
KH BOKPYT CTaJbHOI'O CEPJACYHMKA IIPHU MPOKATKE OMMETANINYECKON KaTaHK! B YCIIO-
Busix craHa 320 OAO «MMM3».

VY4er u MmogenupoBanue GOpPMON3MEHEHHS JTMKBALIMOHHOW 30HBI B HENPEPHIB-
HOJIUTOM 3aroToBKe npeacTanieHbl B 2001 roay B muccepranuu A.A.3aBbsuioBa [29],
I1€ I TEOMETPUYECKOIO CTPYKTYPHO-MATPUYHOIO ONKMCAHUS OCEBOW JIMKBAIMOH-
HOM 30HBI B IMONEPEYHOM CEUYEHHMH pacKkara MpesIo’KeH Coco0, OCHOBAHHBIN Ha JIU-
HEIHOM anmpokcuManuu Gpopmsl ¢ pa30MEHUEM €€ Ha OTJIEIbHbIE CETMEHTHI, a TAKKE
KpUTEpUH, XapaKTepusyrone (opMOU3MEHEHNE JIMKBAIIMOHHOW 00JacTH U BXOHS-
e B OOLIyI0 CTPYKTYpPY ONMHUCAHUs Mpolecca Hapsaay ¢ Marpuued GpopMonsMeHe-
Hus. Ha ocHOBaHMM IpeyioKeHHOro crocofa co3aH MpOorpaMMHBIN IPOAYKT, B KO-
TOPOM CTPYKTYPHO-MATpUYHAsi MOJENb TEXHOJOTMYECKOM CXEeMbl OblLja JOMOJHEHA
MaTPUYHOW MOJENbI0 (HOpPMOU3MEHEHUs! TUKBaMOHHOW 30HBI [29]. [Tpu momorm
KOMIBIOTEPHOTI'O MOJICIUPOBAHUS ObLIN CHOPMYIHPOBAHBI PALlMOHAIbHBIE PEKOMEH-
JalAd MO0 PEeXMMaM NPOKATKU I YCIOBHWA coprompokaTHoro mnepenena OAO
«MMK» ¢ y4eToM m1aHHpOBABIIEKUCS B TO BPEMSI PEKOHCTPYKLHH MPEANPUATHS, a
TaKXXe ONPEEIICHO PALMOHAIBHOE CEYEHUE 3arOTOBKH.

[Ipumensis MHPOPMATUBHOCTH U CUCTEMHOCTb CTPYKTYPHO-MATPUYHOTO MOJ-
X0J1a K OMMCAaHUIO0 TEOMETPUIECKUX MmapameTpoB ovara aedopmammu, [{.11.Kun3un B

2003 romy mpeacTaBWI U 3alIUTUI KaHIUaaTcKyro auccepTaiuio [30], B KOTOpoii Ha
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OCHOBE HCIOJb30BAHMS MPHUHIIMIA HAUMEHBIIETO COMPOTUBIIECHUS MOJTYYEHbl HOBBIE
METOJIMKU pacueTa rnokaszareneii popMOM3MEeHEeHUs TP MPOKATKe B KaluOpax U mo-
Jiell KOHTAKTHBIX HanpsbkeHUud. Pa3paboTka JaHHBIX METOAMK Jajia HOBBIM UMITYJIbC
Pa3BUTHIO MTPAKTUYECKUX MPHIIOKEHUH I pacyeTa U aHalIn3a KAIMOPOBKU BAJIKOB B
YCIIOBUSIX KaJIMOPOBOYHOTO OIOpO, a TakkKe JJIsl PelieHUs 3aJad ONTHUMHU3alUU Ka-
JMOPOB MO Pa3IMYHBIM KPUTEPUSIM, YTO HAILIO OTPAKEHHE U Pa3BUTUE B HOBBIX pa-
00Tax Hay4yHOH IKOJIBI BIUIOTH 10 2014 roma. 9To CBA3aHO ¢ KOPEHHOM PEKOHCTPYK-
nuei coproBoro nmpousBoactBa OAO «MMK» 1 HE0OXOTUMOCTBIO CTPYKTYPUPOBa-
HUS U COXpaHEHHUs HapaOOTAaHHOTO Ha CTapbIX CTaHaXx OmbITa (3PPEeKTUBHO ACHUCT-
BYIOIIMX KaIHOPOBOK Mpo(uiei), a TaKkKe aHalln3a U KOPPEKTUPOBKU HOBBIX PEXKU-
MOB IPOKATKH ISl BHOBb CTPOSIIIMXCS NpoKaTHbIX ctaHoB 170, 370 u 450. Oto npu-
BEJIO K COKPAIIEHUIO CPOKOB M MAaTE€pUaIbHBIX 3aTpaTr MpU NEPEHOCE U OCBOEHUU
COpPTaMEHTa CO CTapbIX CTAHOB Ha COBPEMEHHBIE cTaHbl pupMbl Danieli.

B pa3Butue u1eosoruu CTPyKTYpPHO-MAaTpPUYHOIO MOJAEIUPOBAHUSA (CTPYKTY-
PUPOBAHKE MAPAMETPOB TEXHOJOTHYECKOTO MpoLecca B BUAE OJIOKOB MaTpPHUIIbI U OII-
penesieHue cBsi3eit Mexxay HuMH) B aucceptaiuu A.B.Jlorunosa B 2004 roay [31]
ObLJIa MpEeAJIOKEHA 3aIIUCh MATPUYHOTO OJI0Ka, OTpaXkarollasi CBsI3b MEXIAY TEXHOJIO-
TMYECKUMU I1apaMeTpaMu TEPMOMEXAHUYECKH YIPOUYHEHHOTO IMPOKaTa U yYPOBHEM
MEXaHUYECKUX CBOMCTB, YTO MMO3BOJIMJIO YCTAHOBUTH U UCIIOJIB30BATh IIPU IPOU3BO-
cTBe apmatypsl B copToBoM 1iexe OAO «MMK» maremaTtnueckue 3aBUCUMOCTH Me-
Iy MPOYHOCTHBIMHM XapPAKTEPUCTUKAMHU TEPMOMEXAHUYECKH YIPOYHEHHOIO MpPOKa-
Ta, YIJIEPOIHBIM 3KBUBAJIEHTOM M TEXHOJIOTMUYECKUMU MMapaMeTpaMu MPOKATKH U OX-
JaXICHHS, a TAKXKE ONPENEUTh UHTEPBAIl TEMIIEPATyp, B KOTOPOM OXJIAXACHHUE MPU
IIPOKATKE OKA3bIBACT BIMSHUE HA IPOYHOCTHBIE XAPAKTEPUCTUKH, HE YXyJIIasi reo-
METPUYECKUX MapaMeTPOB pacKaTa.

Hcrnonbs3oBaHue CTPYKTYPHO-MATPUYHOTO MOAXO0/AA HAILIO OTPAXKEHUE B JIHC-
cepranuu J1.B.Komsicosa [32] u paboTax ero coaBropos B Hauaie 2000-x mpu ocBoe-
HUU U HEPOAODKUTENIbHOM dKcmtyaTauu B yciaoBusix OAO «MMK» crana ¢pupmsl
«KOCKS» ¢ TpexBalIKOBBIMH KaIHOpaMu M XapaKTEpHOW CHerUUKON IKCILTyaTa-

UMY JOPOTOCTOAMIUX ITPOKATHBIX BAJIKOB € PCTIIAMCHTHUPOBAHHBIM X MEPEMCIICHNEM
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[0 MPOKATHOMY CTaHy. TO CIIOCOOCTBOBAJIO TOPabOTKE MOJIEIN HEMPEPHIBHOTO CTa-
Ha JI0 «CKBO3HOTO» pacueTa BCEW KaaMOpOBKH KaK B JIBYX-, TAK U B TPEXBaJKOBBIX
KaJmOpax AJi1 KOMIUIEKCHOTO pacdyeTa reOMEeTPUUYECKUX U DHEPrOCUIIOBBIX MapameT-
POB MPOKATKHU, a TAKXKE PeaTnu3allii MPUHIIUIA OMMCAHUS U y4eTa COCTOSIHUS BaJlKO-
BbIX A0 B OJIOKaxX TPEXBAJIKOBBIX KaJIHMOPOB KaK OCHOBHOTO KPHUTEpHUs OICHKU
JaJbHEHIICH MPUTOAHOCTH MAHObI B 3aHUMaeMoi mo3uiuu [33].

BooOmie ¢ cepenunbl 1990-x — mo wavana 2000-x IT. MpU MOMOIIU JAHHOTO
MO/IX0/1a OBUI MOJYYEeH KOMIUIEKC TEXHUYECKUX M TEXHOJIOTMUECKUX PEIICHUN U pe-
3yJbTaTOB, OCHOBHBIMH M3 KOTOPBIX SBJISIFOTCS CIEAYIOLIHUE:

— pa3paboTaH W peaqn30BaH Ha MPOBOJOYHOM ctaHe 250-2 OAO «MMK»
Croco0 CTa0MIM3alMKd TeOMETPUUECKUX Pa3MEpPOB KATaHKU M0 JUIMHE OYHTa IMyTeM
nuddepeHIUPOBAHHOTO OXJIAXKICHUS;

— pa3paboTaHa, MPOMBIIIUICHHO ONMpoOOBaHa U BHeApeHa Ha craHe 320 mexa
oumetaimia OAO «MMM3» kanuOpoBKa BaJIKOB YMCTOBOW TPYMIIbI, MOBBIIIAOIIAS
PaBHOMEPHOCTH (POPMOU3ZMEHEHHUSI IPU MTPOKATKE CTAJIEMETHOM KaTaHKU;

— pa3paboTaHbl U BHEJIPEHBI B MPAKTUKY PaOOTHl KaTHMOpPOBOYHOIO OKOPO
OAO «MMK» nporpamMmHbI€ CpeACTBA U METOJIMKH aHAIIM3a KaTUOPOBOK BAJIKOB U
TEXHOJIOTUYECKUX CXEM COPTOBOM MPOKATKU; MAKET MPOTPaMM ISl pacyeTa, aHain3a
U COBEpIIIeHCTBOBaHM KannopoBku cranoB 300-1, 500, 250-1, 250-2, 300-3;

— pa3paboTaHbl U TIEPEIaHbl C EIbI0 TATBHEUINEr0 COBMECTHOTO HUCIIOIb30-
Banust pupmam Elpro AG (I'epmanus) u Danieli (Mtanust) snemenTsl MaTeMaTuye-
CKOW MOJIeJIU U MPOrpaMMHOr0 oOecrieueHusl NIl BHEAPEHUS Ha JCHCTBYIOIIHUX U
BHOBb CTPOSIIUXCSl CTaHaX W JJIsl MCHOJIb30BAHUS MPU AHAIU3E TEXHOJIOTUYECKUX
CXEM;

— peanu3oBaHbl B YCIOBUSX TpoBojouyHOro crtaHa 150 OAO «bMK»
(r.benopenk) KOMIOBIOTEPHAsT CUCTEMA-COBETUHK JIJI1 HACTPOMKH HEMPEPBIBHBIX MPO-
MEXYTOYHBIX T'PYII CTaHa U crnoco0 nud@epeHrnpoBaHHON HACTPONKU JJIsl OBbI-
HIEHUS] CTaOMJIBHOCTH Pa3MEPOB MoOJKaTa mepeia OJIOKOM, MOTy4YeHbl HOBBIE PEKO-

MEHJIAIMH [0 HACTPOMKE;
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— Ha OCHOBAaHMU MOJEIMPOBAHUS PEKUMOB Mpokatku Omomuura u H3C
630/530 B o6xxumHOM 11IeXe OAO MMK npennoxeHsl U SKCIIEPUMEHTAIBFHO OMPo0o-
BaHbI CIIOCO0 M KaauOpOBKa Ui MPOKATKU cisida ¢ pa3feieHUueM U MOCIeAyIoIUM
MOJIYYEHHEM COPTOBOM 3arOTOBKHU.

MHoroJjieTHee yCHEUIHOE Pa3BUTUE HAYYHOM NIKOJIBI ObLIO ObI HEBO3MOXHO
0e3 TEeCHOro B3aUMOJICUCTBUS, MOCTOSSHHOTO HAYYHO-TEXHUYECKOTO U METOJ0JIOTH-
YECKOT0 COTPYIHUYECTBA C KPYMHEHIIMMHU CIENHUATUCTAMHU B O0JIACTH TEXHOJIOTHH
COPTOBOM TMPOKAaTKM M MOJICIUPOBAHUS IPOLIECCOB IJIACTHUECKON nedopManuu
B.I'.IllepkynoBbiM, B.A.IllunoeiM, A.A.boratoBeiM, A.N.Tpaitno, B.C.FOcynoBbiM,
B.A.TpycoBbiM, O.M.CmupHOBbIM, H.A.Un4ueHEBBIM U IPYTUMHU KOJUIETAMM.

OnHOM M3 OCHOB CYLIECTBOBAaHUS M Pa3BUTHsI HAy4YHOU IIKOJIbI «MoaennpoBa-
HUE U Pa3BUTHE MPOLECCOB COPTOBOM NMPOKATKM» TPATULIUOHHO SBISETCA MOCTOSIH-
Has CBSI3b M AKTMBHOE B3aMMOJICWCTBUE C KOJUIETAMH M3 COPTOIPOKATHOTO IPOU3-
BoJcTBa MMK, a Taxke Apyrux npeanpusiThil.

B pa3BuTtne HayuHOM mIKOJBI ¢ Havana 1990-x cepbe3HbIl BKIIaJ BHECIH KPYII-
HBIE CIELUAIUCTHI-IIPOU3BOACTBEHHUKHU B.®.Pamnukos, M.®.Cadponos,
B.I''JlorunoB, A.B.TutoB, A.M.AnekceeB, O.ILIupses (OAO «MMK»),
A.H.JIynenko, B.A.Monug (OAO «Cesepctanb»), E.A.EBTeeB (OAO «bMKpy), a
TaK)K€ MHOTME TEXHUYECKHE CIIELIMAIACTHI COPTOBBIX U MPOBOJIOYHBIX CTAHOB.

Ocoboe MecTO B pacIIMPEHUU U IBOJIIOIIMM HAYYHOM IIKOJIBI BCEr/Aa 3aHUMAJIO
Y 3aHUMAET B3auMojeicTBUE ¢ KaMOpoBouHbIM 010po OAO «MMK». ['naBHbIE Ka-
auopopmuku I1.B.1upsie, B.I'.JlornHOB, a Takke Takue MacTUTHIE CIICIIUATIUCTHI,
kak P.I'.3aruros, B.M.Kynpun, B.A.ABnonuH u apyrue kanuOpoBIIMKK Bceraa Obl-
7MW y9acTHUKaMu Hay4yHOU mikoibl, a J[.M.Kun3ua no Hawana paGoThl HaJI JHOKTOP-
CKOM JMccepTanueil B TeYEHUE CeMU JIeT padoTal B KAIMOPOBOYHOM OIOpO, BHEAPSs
CTPYKTYPHO-MAaTPUYHBIA TMOJXOJl B MPAKTUKY B MEPHOJ KOPEHHOW MOJEpPHHU3ALUU
coprornpokatHoro nepeaena MMK.

Ceronnst kanuOpoBouHnoe Owpo MMK non pykoBoactsom B.A.Illlypsiruna,

MIPOJI0JKAs MHOTOJIETHUE TPAJUIUNHU, aKTUBHO M TIPO(HECCUOHATIBHO YYaCTBYET B pas-
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paboTke, ompoOOBaHUM W BHEJIPEHUH HOBBIX MPOTPAMMHBIX CPEIICTB OTTHMHU3AIUU
KaJIMOPOBOK, SBISISICh YaCThIO0 MHTEUICKTYaTLHOTO TTOTCHIIMAIA HAYIHOM IITKOJTHI.

Oco0o0#t 4acThio U MPOJIOJKEHUEM HAYYHOM IIKOJIbI Ha MPOU3BOJICTBE IO Tpa-
TN SIBIISUTACH U SIBJIAIOTCS PYKOBOJIMTENN U CIIEHUAIMCTBI COPTOBOI TabopaTopuun
[IJIK u coproBoro nexa OAO «MMK» (FO.B.Cumaxos, A.}O./[3100a, JI.B.Ha3zapos,
P.B.Hosuikuii, T.A.Myp3abaeB u zip.).

B3aumopeiicTBre ¢ TpOM3BOACTBEHHOM YaCThI0 HAYYHOM IIKOJIBI SIBJISIETCS OII-
peaensronuM GakTopoM aKTyaJIbHOCTU U PE3YJIbTATUBHOCTH MPOBOJMMBIX HAYUHBIX
MCCIIEIOBAHUM U MO3BOJISIET HAMETUTHh ONTHUMAJIbHBIE BEKTOPHI PA3BUTUS €€ HAYUYHO-
TEXHUYECKOTO MOTEHIHANIa. XapaKTEPHbIMU MPUMEPAMU SIBIISIIOTCS BBITIOJIHEHHBIC B
cepenune 2000-x rr. Hayunble paborel FO.B.CumakoBa (OAO «MMK») wu
A.H.JIynenko (OAO «CeBepcraliby), NPEACTaBICHHBIC U 3aIUIICHHBIE B KaUeCTBE
nuccepranuii noa pykosoactsoM A.b.Momtepa u O.H.TynynoBa cooTBeTCTBEHHO. B
nuccepranuu HO.B.Cumakosa [34] omnpenesieHo KOJIMYECTBEHHOE COBMECTHOE BIIHS-
HUE TEMIIepaTypbl, CKOPOCTH U CTENEHU Aedopmalnui Ha POPpMUPOBAHUE CTPYKTYPHI
MeTaJljla MPU BBICOKOCKOPOCTHOM MPOKATKE KAaTaHKU U MOCTPOCHA MaTreMaTU4yecKas
MOJIEJIb TPOTHO3UPOBAHUS YPOBHS MEXAHUYECKUX CBOMCTB Kak IIEJIEBOTO MOKa3aTelIs
KaueCcTBa B 3aBUCHUMOCTH OT pEKHMMa MPOKATKU U OXJaXJeHUs: kaTaHku. luccepra-
nroHHas pabora A.H.JIyuenko [35] pemmia 3a1a4u COBEPIISHCTBOBAHUSI ITPOIICCCOB
nedopMani HeMPEepPHIBHOJIUTON 3aroTOBKM B KaJMOpax Ha OCHOBE MAaTPUYHON MO-
nenu OPMOUZMEHEHHSI C 1IEJIBIO MOBBIIIIEHUSI KaueCTBAa COPTOBOTO MPOKATA.

O06a Hay4HBIX MCCJIEOBAHUS MOKA3aIu PACTYIIYIO aKTYallbHOCTh Pa3padOTKH,
UCCIIEIOBAaHUsI, anpoOaliid U UCIOJIb30BaHUS TEXHOJOTHYECKUX METOJIOB YIIpaBliie-
HUS KQYeCTBEHHBIMU MMOKA3aTEISIMU TIPOIYKIIMUA U HEOOXOJAMMOCTh Pa3BUTHS U IBO-
JIOIIMOHUPOBAHUS METOI0JOTUM HAYYHOM IIKOJIBI B HAMPABJICHUU CUCTEMHOM MOCTa-
HOBKH U PEIICHHS OOJBIIOTO KJIacca 3a/1a4 yIpaBJICHUS] KAYECTBOM.

TexHomOTMYECKHE METOBI YIIPABICHUS KAY€CTBOM COPTOBOTO IMpoKaTa ObLIU
MPEICTaBJICHBI U 3aLIUIIEHBI B OJTHOM U3 MEPBBIX KaHAUAATCKUX padOT M0 CIeraib-
HocTu «CranmapTu3anus W YNPABJICHUE KA4€CTBOM MPOAYKIHUHU (METaJUTyprusi)»

J.H.Tynynosemm B 2004 1. mox pykoBoactBoM B.M.Canranuka. B atoit padore [36]
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C HCIIOJIb30BaHUEM (P (HEKTUBHBIX METOJIOB OLEHKH KayecTBa YCTAHOBJIECHO MPUOPH-
TETHOE 3HaueHue (aKkTopa MEKKIETEBOIO HATSKEHHSI C TOUKH 3PEHHs BO3ACUCTBUSA
Ha IIOKAa3aTeJId Ka4ecTBa KaTaHKH 10 TEOMETPUYECKUM pa3MepaM HENOCPEACTBEHHO
B IIPOLIECCE TNMPOKATKHA, Ha OCHOBE JKCIIEPMMEHTAIBHBIX HCCIICIOBAHUM BbIABICHA
CBSI3b MEXK/y XapaKTEpOM BIMSIHHUSA HA TOYHOCTh PAaCKaTa paBHOOCHBIX M HEPABHOOC-
HBIX KaJIMOpOB U pa3pabOoTaHbl HHCTPYMEHTHI YIIPABJIEHUSI KAUECTBOM C HUCIIOJIb30Ba-
HUEM HATSHKEHHs KaK YIpPaBISIONMEro Gpaktopa Jjisl MOBBIIIEHUS TOYHOCTH TONEpey-
HOTO pa3Mepa packara I10 JJIMHE.

[Toatomy ¢ 2003 rona ¢ nosiBiaenneM Ha kadeape OM/Jl HOBO# cielIMaNTbHOCTH
«Crangaptu3zanus U cepTUUKalsa B METAJUTYPIU» B HAy4yHOU mikose «Moaenupo-
BaHHE U Pa3BUTHE MPOLIECCOB COPTOBOW IMPOKATKW» BBIIEIUIIOCH U YCIEIIHO Pa3Bu-
BaeTca noja pykoBojacTtBoM A.b.Moiiepa HayuHoe HanpasieHue «lloBbieHue 3¢-
(EKTHBHOCTH MPOU3BOJACTBA COPTONPOKATHOM MPOIYKUIUU HA OCHOBE CTPYKTYypUPO-
BaHMs U Pa3BUTHUSA JIEMEHTOB MEHEKMEHTA KaueCTBa», BKIKOYAs B3AaUMHYIO YBSI3KY
po0JeM yNpaBJIeHUS KayeCTBOM MPOJIYKLIHH, KAaYECTBOM TEXHOJIOTMYECKOTO MpO-
1ecca U KaueCTBOM MOATOTOBKH U MOBBILICHUS KBATU(PUKALIMU [IEPCOHATIA.

DBOJIIOLMS HAYYHOU IIKOJIbI B HAIIPABJICHUH MPOOJIEM yIpaBiIeHUs] KaueCTBOM
OTIpEEIAETCS CIEAYIOIMMU IpynnaMu (pakTOpoB:

1. VYpoBenb pa3BuUTHSl NPOLIECCOB MPOM3BOJACTBA COPTOBOIO MpOKaTa B Ha-
MpaBJICHUN T'MOKHX BBICOKOCKOPOCTHBIX TEXHOJIOTMUECKHX CXEM IPHU OJHOBPEMEH-
HOM YKECTOYEHHMH TPeOOBaHUH K MOKa3aTeNlsIM KauecTBa Mpoduieil akTyaau3upoBa
BOINPOCHI MoucKa 3((PEKTUBHBIX U PE3yJbTATUBHBIX METOAOB LEJICHANPABICHHOIO
YIPABJICHHS Ka4€CTBOM MPOAYKIIMH Yepe3 BO3JAEHCTBUE HA TEXHOJIOTHYECKUE (PaKTo-
pBI ITpoLiecca, OPraHu3aluio Tpyaa U KOMIETEHIIMU IEPCOHAIA.

2. CoBpeMEeHHbIE TEHACHIIMU YTMPaBICHUS MPOU3BOJCTBOM 0a3UpPYyIOTCS Ha
Pa3BUTHH OPraHU3ALMOHHBIX U METOJAMYECKUX OCHOB CTaHAAPTHU3ALMU U YIIPABIICHUS
KAaueCTBOM, IPUMEHEHUH aJalTHUBHBIX CUCTEM YIPABJICHHUS TEXHOJIOTHYECKUMH MPO-
1IeccaMM U Bce 0oJiee MHUPOKO BHEAPSEMOM CUCTEMBI MEHEDKMEHTA KaueCcTBa Ha OC-

HOBE MeXayHapoaHbIX ctanaapToB 1SO cepun 9000.
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3. OnbIT METaTypruuecKux MpeAnpusaTHil moka3an 3pGeKTUBHOCTh MPUMeE-
HEHUS JOCTATOYHO MPOCTBIX, YHUBEPCATIBHBIX, OBICTPOICHCTBYIOIINX, JIETKO JOIOJI-
HSEMbIX M  HAJIEXKHBIX MOJEJEH, OTBeyaloluX TpeOOBaHUSIM  OOBEKTHO-
OPUEHTHUPOBAHHOIO MAaTEMATHYECKOr0 OOECIEeUEHUs, PEaJTu30BAHHOIO I pabOThI
kak B pexxume ON LINE, Tak u B pexxuMe MOJIETIEH-UMUTATOPOB, OCTABJISIIOIINX pa-
BO MPUHSATHUS PEIICHUS MO YNPABISIONIEMY BO3JICHCTBHUIO 32 OMIEPATOPOM TEXHOJIOTU-
yeckoro ydactka. ClaemnyeT yYuThIBaTh, YTO TaKWE MOJCIN TaKKe SBISIOTCS A hek-
TUBHBIM MHCTPYMEHTOM MOBBIIICHUS] KOMIIETEHIIMNA MPOU3BOJCTBEHHOIO MEpCcoHaa
U, KaK CIIEICTBUE, PE3yJIbTATUBHOCTH €ro padoTel. BMecTe ¢ TeM, HEOJHO3HAYHAas
CBSI3b TEXHOJOTMYECKHUX MTapaMeTPOB MPOKATKU B KAIUOpaxX pa3IMyHOM CII0KHOCTH U
HEOOJIbIINE BO3MOKHOCTH 3a0YHOI'O TPEHUHIAa MOJIOJBIX CHEIHAIMCTOB OrpaHUYH-
BaIOT pa3pabOTKy, BHEAPEHHE U 3PPEKTUBHOE UCIOIb30BAHNE KOMIUIEKCHBIX CUCTEM
YOPaBJIEHUSI KaU€CTBOM MPOAYKIUH COPTONPOKATHBIX CTaHOB. [IpuMeHsieMble B Ha-
CTOSIIIIEC BPEMSI CUCTEMbI XapaKTEPU3YIOTCS MCIOJIb30BAHUEM THUIOBBIX (OpPM Ka-
JUMOpPOB, TUNOBBIX BAPUAHTOB M3MEHEHMSI TEXHOJOTMYECKUX MMAPaMETPOB, BKIIOUAs
pPEKUMBI HATSKEHUS packaTa Mexay kietsamu. Kpome Toro, 3aTpyiHEH MOHUTOPUHT
NoKasaTesield KayecTBa MPOAYKIMH OT CTaJMHM MPOEKTHUPOBAHUA 10 HEMOCPEICTBEH-
HOT'O TIPOU3BOJICTBA BBUY OTCYTCTBUS €IUHCTBA MATEMATUUECKUX MOJIXO0JIOB K OMHU-
CaHHMIO COPTOBBIX MPOQHIEH, C OTHON CTOPOHBI, U K METOOJIOTHH YIIpaBJICHUS Kayde-
CTBOM COpPTOBOTO IMpOKaTa Pa3jM4HbIX THUIOPA3MEpOB, ¢ Ipyroil. JlanHoe obOcCTos-
TEJIbCTBO YCIIOKHAETCSA YacTO BO3HUKAIOIIEH HEOOXOJUMOCThIO U3MEHEHHSI MPOEKT-
HO-KOMIIOHOBOYHBIX PEIIEHUI AJi COPTOBBIX CTAaHOB B MPOLIECCE UX MOJAEPHHU3ALUU
WIN CTPOUTENBCTBA, YTO MOAYEPKUBAECT BAXKHOCTh PA3BUTUS U NMPUMEHEHHs aaai-
TUBHBIX KOMILUIEKCHBIX MOJEJIC yIpaBJIECHUSI KaueCTBOM, PEIIAIOIIMX BOIMPOCHl KaK
CUCTEMHOT0, TaK M ONEPaTUBHOTO aHAIN3a aJIbTEPHATUBHBIX BAPUAHTOB TEXHOJIOTHU-
YECKHUX CXEM.

[Toatomy ¢ cepenunnl 2000-x rT. pazpaboTka U COBEPIICHCTBOBAaHUE METOJIOB
CKBO3HOTO HMHTETPUPOBAHHOIO M AJIalITUBHOIO YMPABJICHUS] KAa4€CTBOM COPTOBOTO
MpoKaTa Ha €JUHON MAaTEMAaTHYE€CKON OCHOBE M €IMHBIX MPUHIUIIAX MPEACTaBICHUS

uH(pOpMAIUU O KPUTEPUSIX KAayecTBa CTaja OJHUM M3 MPUOPUTETHBIX HANpPaBIICHUN
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JAIbHENIIIET0 Pa3BUTHUS COPTONPOKATHOW HayyHOU mikosbl kadgeapst OMI MI'TY
uM. I'.1. Hocosa.

B sBosonmoHnpoBanre HayyHOU MIKOJIBI B 3TOM HANpaBIECHUU BIIOXKHUII CYIIEe-
CTBEHHBII BKJIaJl KOJUIEKTUB YYEHBIX, 3aIIUTUBIINX KAHIUJATCKHE TUCCEPTALUU 1101
pykoBojactBoM A.b.Momnepa (C.A.JleBannosckuii, H.A.Pyuunckas, JI.B.Hazapos,
A.C.JIumapes) u O.H.Tynynosa (A.B.Hanugaiiko).

Hayunas pabora C.A.JleBanmoBckoro [37]s 2005-2006 rr. pemmna 3amaqy
OIEPAaTUBHOIO YIPABJICHUS B paMKaX CTPYKTYPHO-MATPUYHOTO MOAX0/a OOJbIIUM
00BEMOM TEXHOJIOTUYECKUX MapaMeTpoB, B CBsI3U C 4eM OblIa pazpaboTaHa MaTema-
TUYECKasi MOJIEb JJI LIEJICHAIPABIEHHOTO MOBBIIICHUS MapaMeTPOB KauecTBa Mpo-
OYKIUH IIyTEM ONTUMU3aLUU (HOpMbI KaTMOpOB 10 HEPAaBHOMEPHOCTH JehopMaliuu
IIPU MIPOKATKE KPYTJOro U KBaJApPaTHOTO MPOQUIIE U COOTBETCTBYIOIIAsA Uepapxuye-
ckast 0a3a JaHHBIX TEXHOJOTHYecKHUX mapaMeTpoB [38]. 3amaua cBogMIACh K OTHICKA-
HUIO U3MEHEHMH BEJIMYMH PaJUyC-BEKTOPOB, XapaKTEpU3YIOLIUX KOHTYp Kaiaulpa,
YMEHBIIAOIIUX 3HA4eHUE KOd(PQHUIIMEHTa HEPABHOMEPHOCTH JAedopManun K, 10
3HaueHust menee (0,25, a, 3HAUUT, U caMy HEPAaBHOMEPHOCTH JedopMaluu packara
IPU 33JaHHBIX YCIOBUSX.

B pamMkax CTpyKTYypHO-MAaTpU4YHOI'O MOAXOJa C PUMEHEHHUEM MPUHLHNIA KpHU-
TEpUAJILHOTO MOAX0Ja K ymnpasieHuto kauecTBoM H.A.Pyuunckoit B 2006-2008 rr.
ObLT pa3pabOTaH KOMILJIEKC HOBBIX MOKa3aTesield TOUHOCTH MPOKAThIBAEMOT0 Npodu-
as [39, 40]: pacnpenenennoe otkiaonenue npoduns (POIl) momepeunoro cedeHwus
packara, OTKJIIOHEHUE, BBIPAXKEHHOE OJHUM YHCIOM, — MHTErPATbHOE OTKJIOHEHHE
npoduis (MOIT) u nokazarens coorBercTBUs npoduisa (IICIT) normueckoro tuma,
OTpaXKaloIIUi COOTBETCTBUE OTKJIOHEHHUS AOMyCcTUMOMY nuana3oHy. Ha 0Gase paspa-
oorannbix nokazarenei POIL, MOIT u IICII mo opuruHaibHON METOIUKE IJI KaX10-
ro npogusepasMepa ONpeaessioTcs AOMYyCTUMbIE MPEeibl BApbUPOBaHUS TEMIIEepa-
Typbl HarpeBa 3aroTOBKH, MPEIENIa TEKYUYECTH CTalH, KOJIMYECTBO MEPETOUYEK, KOTO-
pble HE TpeOYyIOT NpeAYNpexRAAONINX AUCTBUN (HACTPOUKHU KJIETEeH CTaHa), a TaKkkKe

AUAIla30Hbl UI3MCHCHHA OCHOBHBIX IIapaMCTPOB IIPOKATKH, ITIO3BOJIAIOIINC CKOPPCK-

Kamu6poBounoe Oropo (www.passdesign.ru). 2014. Bemyck 3 21



CopTorpokaTHOE MPOU3BOJICTBO

TUPOBAaTh KAYECTBO MPOKATa MyTEM LEJIECHANPABICHHOIO U3MEHEHUSI MEKBAJIKOBOIO
3a30pa KaK OCHOBHOI'O HHCTPYMEHTA YIIPaBJICHUS.

Hayunble u mnpakTuyeckue pe3ynbTarbl, noaydeHHele B 2006-2009 rr.
J1.B.HazapoBeim [41], 6a3upyroTcs Ha alalTHBHOCTH CTPYKTYPHO-MATPHUYHOTO TO/I-
X0/1a U TIO3BOJIAIOT MOBBICUTH TOYHOCTh U OJTHO3HAYHOCTh MATPUYHOIO OINpPECICHHUS
TOYEK TepeceueHrs 0a3UCHBIX PauyCc-BEKTOPOB ¢ KOHTYpPOM KaluOpa MyTeM BbIHE-
CEHHUsS LIEHTpa ONMCAHMS KOHTypa KaJuOpa W3 IJIOCKOCTH caMoro cedenus. Hawu-
OoJpliee 3HaYEHUE TAKOE PEIICHHE UMEET MpU padoTe CO CIOKHBIMU (DIIaHIIEeBHIMU
npoUIsIMU TIPU TPEABAPUTEIHLHONW AMATHOCTUKE U (HOPMUPOBAHUH KOPPEKTHUPYIO-
IIUX MEeponpusATHN. 11epBbIi BapuaHT 3aKIIFOYAETCS B OLICHKE PACIIPENCIICHUS 3HAYe-
HUIl METPUK U ONpEIENICHUU TeX KJIETEeW CTaHa, B KOTOPHIX HAOIIOJAETCS BBICOKHUMN
MOMEHT MPOKaTKU. Bropoli BapuaHT sABigeTcs pazButremM nepBoro. K mogenu ouen-
KU pacrpeieneHusl Harpy3ku J100aBisieTcsl KOPpEeKTUPOBKA (GOPMbI KAIMOPOB B KpH-
TUYECKU Harpy>K€HHBIX KJIEeTsAX. Tak, MpU COBEPIICHCTBOBAHUH KaIMOPOBKY IIBEILIC-
pa Nel6 miig crana «450» OAO «MMK» 1o npenyioskeHHOM MeTOAMKE OblIa Moyve-
Ha HOBAas KaJIMOPOBKA YMCTOBOM IPYIIIbI KJIETEH, MO3BOJIMBILAS CHU3UTh TEMIIEpaTYy-
py HarpeBa B nieud Ha 30°C 1 o0ecrneunuTh TEMIEpaTypy KOHIIAa TPOKATKHU B AUANa30-
He 910-980°C, 4TO B CBOIO OYepenb 0OeCIeunIo Kiace mpodroctd 345 H/mm® mpu
npokatke mBesuiepa Nel6 u3 cranu mapku 0912C o I'OCT 19281-89.

B pabotax A.C.JIlumapesa [40, 42, 43] B 2006-2009 rr. BriepBbIe IpeICTaBICHA
KOMOMHAIIUSA TEXHOJIOIMYECKUX METO/0B YIPaBJICHUS KaY€CTBOM M KOMIIETEHTHOCT-
HBIX MoJienied. boimu pa3paboTaHbI:

— METOAMKA YNPABJICHHUS] KAYECTBOM IPOM3BOJCTBA (PACOHHBIX MpOuUieH,
CHOCOOCTBYIOIIAs] CHIDKCHUIO YCHJIMM MPOKATKU 3a CUET PallMOHAIBHOIO Moadopa
AJIIEMEHTOB KaluOpOB, OCHOBAHHOI'O HA AUCKPETHOM MPEJCTABICHUU UX KOHTYPOB;

— DJIEMEHT YIPABJICHHS] KaueCTBOM COPTOBOM MPOIYKIMU HA OCHOBE (POPMU-
pOBaHUS KOMIIETEHLIMI MEepCcoHaNa C NPUMEHEHUEM aJalTHUBHBIX MATPUYHBIX MOJeE-

JIEd HACTPOMKH CTAHOB;
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— METOAMKA OICHKH KBaTU(UKAIMK TEXHOJOTHYECKOTO TMEPCOHAja METall-
JypPTrAYECKOro MPEANPUITUS HA OCHOBE HOBOIO KOMIUIEKCHOTO IOKa3aTels, OTBe-
Yarouiero TpeOOBaHUsAM K CUCTEMaM MEHEPKMEHTa KauecTBa.

B urtore B 2011 romy B mokTopckoii muccepranuu A.b.Momnepa [44] npen-
CTaBJICHA CYTh METOIO0JOTHH, OTBEYAIOIIEH MPUHIIUITY CKBO3HOI'O HHTEIPUPOBAHHOTO
YIPABJICHHUS] KAYECTBOM COPTOMPOKATHBIX TEXHOJIOTHYECKUX CUCTEM Ha €AMHOU Ma-
TEMaTUYECKOW OCHOBE CTPYKTYPHO-MATPUYHOTO TOIX0/1a TIpeacTaBlIeHus nHpopma-
1MUY, €€ CUCTEMATU3allui U TPUMEHEHHS B KOMIUJIEKCE B3aUMOCBSI3aHHBIX MaTeMaTH-

YCCKHUX MOHGHCﬁ. DTO MOXKET OBITh MpcacCTaBjICHO B BHIC ynpomeHHoﬁ CXCMBI

(puc. 3) [40, 43].

TexHonorus Pe3ynbTaTuBHOCTH
COpPTOMPOKATHBIX TEX-
O6opynoBanue .
[Toaiop o ot o
ITapameTpsl 250-1, 250-2.
Kanu6poska | npouecca V, t 300-3 KOCKS
_ 170, 370, 450;

Pacnipenenenue BbITSHKKH

OAO «Cesepcranby:

150, 250, 350;
KoppexTupyro- OAO «BMK»
1€ IEUCTBUSA .
Moeni- | Tpeympex- craHn 150;
MMUTATOPRT Obyucnue arome Aeii- OAO «Mer.3aB0J
CTBHUS
uM.A.K.CepoBay
K .
Banupukanus Tloxymerter CMK 320, 450; }
nepcoHasa Kynebakckuii

JJIEKTPOMET.3aBOJ;
Kammpckuit met. 3aBoj

Puc. 3. Cytp MeTOIO0OTHH, IPECTABICHHAS
(dbparMeHTOM JuarpaMMbl «IIPUYHUHA-CIEICTBUE

PaBHouenubiM mipuHIMIoM TQM 10 CpaBHEHUIO C MPOLECCHBIM MOAXOJ0M
ABJISICTCSI BOBJICUCHUE COTPYAHUKOB. COTPYJHUKHU, BOBJIEKAEMBIE B MPOLIECC PEATTU-
3aliM [eJiel OpraHu3alud, JOHKHBI UMETh COOTBETCTBYIONIYIO KBATU(DUKAIUIO IS
BBITIOJTHEHHUS BO3JI0’KEHHBIX HAa HUX 00s13aHHOCTE. MoJiesib yrpaBiieHUs] KaueCTBOM

COPTONPOKATHOM MPOIYyKUUU (pUC. 4) COACPXKUT UENbIA P pa3iesoB, odecneun-
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BAarOmuXx KOMINIICKCHOC CKBO3HOC MOJCIUPOBAHUC ITPOHICCCA ITPOKATKHM HAa COPTOBOM

CTaHC C YUCTOM YPOBHSA TCXHUKH, TCXHOJIOTHUH 1 KOMIICTCHTHOCTHU IICPCOHAJIA.

Hactpoiika | | Texnomoruueckue
CTaHd mapameTpsI
1rC 1rC
MATEMATHYECKAS MO- FA3A TAHABIX
AEJb MPOLHECCOB COP- <: TEXHOJIOTMUECKUX TA-
TOBOU ITPOKATKHA PAMETPOB
J L J L
Pacuer Texuoso- Koppekuus
THYECKUX Mapa- (I)OpMLI
METPOB Kajauopa

CIIPABOYHASI, TEXHU-
YECKA 1 HOPMATHB-
HASA JOKYMEHTALIMA

1L

OBYYEHUE COBEPIIEHCTBOBAHUE
TEXHOJIOTUYECKOI'O /! TEXHOJIOI'MH
I[NEPCOHAJIA IMTPONU3BO/ICTBA

KAYECTBEHHAA MPOAYKI WA

Puc.4. Mogens ynpaBieHuss Ka4eCTBOM COPTONPOKATHOW MPOLYKIIHH

Pa3zpabotanHas Mol yIpaBieHHUs] KAUeCTBOM COPTOMPOKATHOW MPOAYKIIMH,
cHa0KeHHasl OJIOKaMU pacyeTa, HHPOpMaliK, 00y4YeHUs U IPOBEPKH 3HAHUM, MTO3BO-
JSIET pelaTh CICAYIONIUE 3a1a4l MEHEeKMEeHTa KayecTBa [43]:

— TIOBBIIICHHE KAayeCTBa BBITYCKAEMOW MPOIYKIUH U 3(P(HEKTUBHOCTH TMPO-
U3BOJICTBA,

— COKpallleHHE CPOKOB KaueCTBEHHOTO0 OOY4YEeHMsI ONEepaTOpOB, BAJIBLOBIIH-
KOB, KaJHOPOBILMKOB U MHKEHEPHO-TEXHOJIIOTUYECKOTO MEPCOHAIa COPTOBOT'O CTAHA;

— TIOBBIIICHHE MPO(PECCHOHATBHOTO YPOBHS M TEXHOJIOTUYECKOW TUCITUTLIH-
HBI JICHCTBYIOILIETO HKCIUTYaTaIllMOHHO-TEXHOJIOTHYECKOT0 MepCoHaa 1exa;

— obecnieuenne HeoOxoauMoON mpodeccuoHanbHOM 0a3bl U OBICTPOU mepe-

MNOATOTOBKHU KaJAPpOB BHYTPHU LE€Xa U MPCANIPUATHA,
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— TofyuyeHUue OOBEKTHBHBIX OLIEHOK KBaTM(PHUKAIMU U MpodeccroHaTbHBIX
BO3MOYKHOCTEM JJI OBBILIEHUS pa3ps/ia, MOOIIPEHUS U epepacupeiesieHus: KaapoB
Ha MPEIPUSATHH;

— HaKOIUICHHUE U Mepe/laya MPOU3BOICTBEHHOTO OIBITA.

B nmampneitmem A.b.Momiepom n A.C.JlumapeBsiM [45] Ha ocHOBe Komiie-
TEHTHOCTHOTO T0JIX0/1a pa3padoTaH KOMIUIEKCHBIN MOKa3aTeslb YPOBHS KBalu(UKa-
[IMM TEXHOJIOTMYECKOT0 MepCcoHalia, 0ToOpaxaromuii 6a30Bble KOMIIETEHIIMU, 00pa-
30BaHHE, OIbIT, MACTEPCTBO, JUACPCKUE HABBIKH, TBOPUECKYIO aKTUBHOCTh U 0a30-
Bble KOMMeTeHINH. Pa3paboTaHa opraHu3alMoOHHas CTPYKTypa (QYHKIMOHUPOBAHUS
MOJIEJIN-UMUTATOPA MPOKATKH HA COPTONPOKATHOM cTaHe. Ha OCHOBaHHM CTPYKTYpbI
MOJIEJIA U CO3JAHHOTO MaTEMaTHYECKOTo ammapara OblUl pa3padoTaH MpOrpaMMHBIN
koMiuieke «Cras 170», BKIFOUArOIIUI JIEMEHTHI YIPABJICHUSI HOPMUPYEMBIMHU ITOKa-
3aTeNIsIMU Ka4eCcTBa, ITyTEM ONPEEICHUs BIMSIHUS HA Ha3BaHHbIE MOKA3aTeI OCHOB-
HBIX TE€XHOJIOTMUECKUX (PaKTOPOB, YTO IMO3BOJISIET BBIABUTH U NMPEAOTBPATUTh HAPY-
IIEHHUs KayecTBa NMPOU3BOAUMBIX paboT. B kauectse I1]] corimacHo cTpykType Moae-
a1 pOpMHUPOBAHUS KOMIETEHUUN MPOrPaMMHBIA KOMILJIEKC COJEPKUT BCTPOEHHBIM
AJIEKTPOHHBIN yU€OHUK U CUCTEMY TECTUPOBAaHMSI, KOHTPOJIUPYIOLIYIO KaYeCTBO 00Y-
YEHUsl U OBJIAJICHUS HaBbIKaMU Oe3aBapUilHOM M Ka4eCTBEHHOUW pabOThl, YTO U ABIIS-
ercs nensto CMK. IIporpamMmmusiil komiuieke «Ctad 170» akTUBHO KCIONB3YETCs HA
OAO «MMK» u B ®I'BOY BIIO «MI'TVY», B TOM unciae B MHOTOIIPOPUIHLHOM KOJI-
nemxe (MnK) ¢ uenbro NoBbIIEHUST YPOBHS KOMIETEHIIMN CHELMAIUCTOB U PYKOBO-
JUTENEN COPTOBOrO LI€Xa M CMEXHBIX C HUM IPOU3BOJCTBEHHBIX MOIPa3ACICHUI.
Csrimie 300 ciymiatene, mpoueamux 00yuyeHne, MoJTyquiIn CBUACTEHCTBA O BBICO-
KOM YpPOBHE 3HAHUWA M YMEHMH IO IUIAHWPOBAHUIO MPOECKTUPOBAHUS U pa3pabOTKU
(CTO CMK 2-7.3-03-2010) u obecrnieueHnIo BhIMTYCKa KAYECTBEHHOM MPOTYKITHH.

Co3/1aHHbBIN KOMITJIEKC MOJIENEeN U METOJUMKH MX MPUMEHEHHUs, & UMEHHO: HO-
BBIE II0KA3aTEIM KadecTBa Ipolecca MPOKATKH, METOJHWKA OLUEHKH W TOBBIILIEHUS
KOMITETEHLIUH TEXHOJOTHYECKOTO EPCOHANIA U METOJOJIOTHS YIIPABIEHUS Kau€CTBOM
MPOIYKIMU Ha CTAAUSIX TPOEKTUPOBAHUS, BHEAPEHMSI, TPOU3BOJICTBA U COBEPIICHCT-

BOBaHUSI TEXHOJOTUYECKUX CXEM MPOKATKH COPTOBBIX Mpoduiieit - o0aaaaroT MoTeH-
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[UAJIOM TOJY4YeHHs] CHUHepreTudeckoro 3¢ @dexra B 00JaCTH MOBBIINICHUS KayecTBa.
OTO0 MO3BOJIAET B paMKax TEHICHIIMHA Pa3BUTHUS COBPEMEHHOTO MEHEKMEHTA — «pa-
yuTesnbHoe mpou3BoAcTBO» (Lean Production), peMH>XUHUPUHT-TIPOLIECC U PA3BUTHE
UH(GOPMAIIMOHHBIX TEXHOJOTUH — (POPMHUPOBATH CTPATETHIO MPEANPHUITHS O 0Oec-
MEYCHUIO KayecTBa IyTEM paCIIMPEHUs BHEAPEHHUS Mojenei-uMutatopoB. OHH
JOJKHBI OCHOBBIBAThCSI Ha €IMHOM MOJX0/I€ MIOCTPOCHUSI MOJICNIN YIIpaBJICHUS Kaye-
CTBOM TIpoIiecca MPOU3BOJICTBA U MOJIETH, (POPMHUPYIOIICH KOMIIETEHIIMU TIEpCOHAIa,
00JaaTh BO3MOXKHOCTBIO MOKCKA «OBICTPBIX» HETHUIOBBIX PEUICHUN U UX pealu3a-
1uu 0e3 CHIKEHUS YPOBHSI KaueCcTBa MPOAYKIIHH.

Crenyer OTMETHTB, YTO B PaMKax HAy4YHOM IIKOJbI «MoOAENMpoOBaHUE U pa3-
BUTHUE MPOLECCOB COPTOBOM NMPOKATKM» UMEETCS OMBIT PELICHUS] COBPEMEHHBIX 3a7a4
yIpaBiIeHUS Ka4€CTBOM MPOAYKIIMU COPTOBBIX CTAHOB C MCIIOJIH30BAHUEM KBAJIUMET-
pUYECKOro MOAX0Aa U perpeccuoHHbIX Moneneil. Tak, 3a1aun JOCTHXKEHUS 3aJaHHO-
ro YpOBHS IMMOKa3aTelel KauecTBa MpoKaTra Ha MpUMEpe apMaTyphl i pa3paboTKu
HOPMATHUBHOTO JOKYMEHTA, YIPOIIAOIIET0 OTIPY3Ky MPOIYKIIMH MOTpeOUTENIo, ObI-
mu periensl B 2009-2011 rr. B HayuHo#i pabore A.B.Hamupaiiko [46] Ha ocHOBe
NPEJIOKEHHOW UM CTPYKTYpPhl KOMIUIEKCHOTO TOKa3aTellsi KauecTBa TePMOYIpOd-
HEHHOI'O0 apMaTypHOIO MPOKaTa, OTIMYAIOLIErocs NPUMEHEHUEM HOBBIX, crienupuy-
HbIX g apmatypsel ASO00C nuddepennnansubix nokasareneit [47]. [Ipu stom Obuta
MOJTyuyeHa PEerpecCHOHHAas MOJIENb JIJIsl MPOTHO3UPOBAHUS MOKa3aTeNel KauecTBa ap-
MaTyphbl, a IpH olleHKe AuddepeHInanbHbIX MOKa3aTele KayecTBa apMaTyphl B per-
PECCHOHHOM MOJIEIH MCIOJIB30BaHbl YPAaBHEHUS ISl pacdeTa U3MEHEHUS TUCTIEPCUU
MPOYHOCTHBIX U MJIACTHYECKUX CBOMCTB FOTOBOTO Mpokarta. Pe3ynbpratel paboTh! ObI-
v BHenpeHbl B yenoBusax ['YIT «JITI3» (r.Apueso).

DBOJIONUS ¥ pACHIMPEHUE METOOJIOTHIECKOTO apceHala HayYHOU IITKOJIBI JIJIst
pelIeHus 3a/1ad COPTOBOM MPOKATKU CBSI3aHbI C akTyanu3anuen nocie kpusuca 2008
rojia npoOJeMbl CHUKEHHS PacXxojia YHEPrOHOCUTENICH B TEXHOJIOTHUYECKUX MPOIIEeC-
cax. [loaromy B 3ammmenHoi B 2013 roay nox pykosoactsom J[.M.Kun3una u npu
koHcynbranuu C.A.JleBanmoBckoro aucceprannorHoit padore O.b.Kamyrunoii [48]

Ha OCHOBE CTPYKTYPHO-MaTPUUYHOTO IMPEACTABIEHUs o4ara aedopmanuu pazpadora-
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Ha MOJIEJIb U pelIeHa 3a/laya ONTHUMH3ALUH JIJIs onpeaeneHus (GopMbl KOHTYPOB Ka-
auOpoB, 0OECeunBalONIel CHUKEHHE >HEpProsarpar npu mnpokaTke. B pesymnbrare
YUCJIICHHOTO PEUICHUS 3a/1aud ONTUMHU3AIMU (HOPMBI KaTHOPOB BBISBIECHO, YTO CHC-
TeMa BBITSUKHBIX KaJauOpoB, oOecreduBaroiasi MUHUMYM paboThl JedopMaiui,
JOJKHA COZIEpKaTh HEUETHbIE (HEPaBHOOCHBIE) KAIMOPHI C TIOCKUM JTHOM U BBITYK-
J0it 60k0BOM cTenkoil. Kpome 3Toro Obljia ycTaHOBIIEHA B3aMMOCBSI3b MEXKIY KOI(-
durmenToM 3(hPEKTUBHOCTH KAIMOPOBKM M PaBHOMEPHOCTBIO PaCHpeesieHus KO-
s duLrieHTa BBITSXKKY 10 KIIETSM CTaHa.

PaccmoTpeHHbple MyTH NPUMEHEHUs CTPYKTYPHO-MATPUYHOTO IOAXOJA IS
MOJEIUPOBAHUS ITPOLIECCOB COPTOBOM IMPOKATKU M €0 NPWIOKEHUW K Pa3INYHBIM
paHee NEePEeYUCIICHHBIM 3aJa4aM I0Ka3bIBalOT, YTO JAHHBIM MTOAXO0 JOCTAaTOYHO JIer-
KO aJanTUPYETCS K Pa3IMYHBIM YPOBHSAM TEXHOJIOTMYECKHMX 3a]ad, IO3BOJISIET BBO-
JIUTh B CTPYKTYPY MOJIEJIA HOBBIE JaHHBIE M yCTAHABIMBATh HOBBIE CBA3U MEXKIY
TEXHOJIOTUYECKUMHU MapaMeTpaMu M pPEllaTh B TOM YHUCJE aKTyallbHbIE 3aJlayd I10
IPOCIEHKUBAEMOCTH MPOU3BOACTBA M (OPMHUPOBAHUS NOTPEOUTEIHCKUX CBOMCTB
nponyknuu [47]. Kpome 3T0ro, JaHHBII MOIX0 OTKPBIT JIJIsl HHTETPUPOBAHUS C JIPY-
ruMu 3(PEKTUBHBIMU MOJENSIMU, B YaCTHOCTH, C MOJEJISIMH, ONMMCHIBAIOIIMMU (Ha3o-
BbI€ U CTPYKTYpPHbIE IIPEBPAILCHUS B CTASIX MPH AepopMaii. ITUM U ONPEAEIsAIOT-
Csl OCHOBHbBIC HANPaBJIEHUS JAJIbHEHIIErO Pa3BUTHSI MATPUYHBIX METOJOB B PELICHUH
CaMOro IIMPOKOTO CHEKTPAa TEOPETUYECKUX M TEXHOJIOTMYECKHUX 3a/1a4 IMPOKATKU U
YIPABJICHHS KAYECTBOM COPTOBBIX MPO(Hiiel U KaTaHKHU.

JlocTiKeHrS HAyYHOM ILIKOJIbI COPTOBOM mpokatku kadenpst OMJ[ Obuin oT-
MEYEHBI Ha TOCYJaPCTBEHHOM YpOBHE. 3a pa3pabOTKy HayYHBIX OCHOB U IpaKTHUYe-
CKHMX MPUJIOKEHUN aTalTUBHBIX CTPYKTYPHO-MATPUUHBIX MOJEIEH ISl MOBBIIICHUS
3¢ (HEKTUBHOCTH MPOIIECCOB COPTOBOM NMPOKATKH KOJUIEKTUB MOJIOJABIX YU€HbIX (3a-
BbsUI0B A.A, Kunzun [I.U., JlorunoB A.B., JleBangosckuii C.A.) nog pyKOBOJICTBOM
O.H. Tynynosa 0bu1 ynoctoeH npemuu IIpaButensctBa PO B 061actu HaAyKH U TeX-
Huku 3a 2006 ron.

[Tomy4yennsie u pa3zpabaTbiBaeMble HAyYHOW IIKOJION COPTOBOM MPOKATKU Ka-

benpet OM/J] pemieHHss UCTIONB3YIOT MPEEMCTBEHHOCTh U QIaITUBHOCTD MPUMEHsIE-
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MOTI'0 MaTCMAaTHUYCCKOTO aIlrapara 1 OCHOBHBIX IIPUHIMWIIOB €0 IMOCTPOCHUA KaK IIPH
PCIICHUN TCXHUKO-TCXHOJIOTMYCCKUX 3aav, TaK U 3a/ia4 B obacTn YIpPaBJIICHUSA Ka-
4YCCTBOM IIPOAYKIIHHU. DTO TO3BOJISIET AJalITUpOBAaThb MU IPUMCHATL CTPYKTYPHO-
MAaTpUYIHBIC MOACIN U UX MTPHUIIOKCHHUA B CMCIKHBIX TCXHUYICCKUX 001acTIX U OTKPbI-
BacCT MHUPOKUC BO3MOKHOCTHU I[ﬁJ'II)HGfIHIGfI 9BOJIIOIHMHN JaHHOI'O MCTOAOJIOI'MYCCKOI'O

moaxoaa.
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B.A. Xapuronos, U.B. Tapanun
®I'bOY BIIO «MarauToropckuii rocy1apcTBEHHbBIN

TeXHU4YEeCKUM yHuBepcuteT uM. I'.1. HocoBa»

HAITPABJIEHUA PASBUTUSA KAJIMBPOBOK BAJIKOB
IS ITIPOKATKU 3AI'OTOBKMU 110/ BOJIOYEHHUE

B cmamve npedcmasnenvl Hanpasienus nosvlueHus 3PoexmusHocmu npous-
800CmMBa NPOBOJIOKU HA OCHOBE COBEPULEHCMBOBAHUS MEMOOUKU NPOEeKMUPOBAHUsL
KAIUOpOBKU BANIKO8 O/l NPOKAMKU 3A20MO8KU N0 8oa0yeHue. Ha ochose pe3yib-
Mamos Uccre008anull, NOJYYEHHbIX C UCNONL30BAHUEM CPEeOCME KOMNbIOMEPHO20
MOOENUPOBAHUSE MEMOOOM KoHeunblx dnemenmos 6 cpede Deform-3D, cihopmyrupo-
8aHbL PEKOMEHOAYUU NPOEKMUPOBAHUS PENCUMO8 Oedhopmayuu U NPpUMeHeHUsl CUC-
mem Kaaubpos npu 2opauel npoKkamxe KamauKu U X0Ja100HOU NPoKamke nepeoeibHou
NPOBONOKU.

Kniouesvie cnosa: xanubpoexka 8anko8, HANPSAICEHHO-0ehOPMUPOBAHHOE CO-

CmosrRUue, pacnidcuearowue HAanpAdNCEeHUsd, nNpoKamrKa-npeccosarue, cosu208as oOe-

dopmayus

CBoiicTBa CTanbHOW MPOBOJIOKH U 3P(HEKTUBHOCTH €€ MPOU3BOACTBA BO MHO-
I'OM 3aBHUCST OT CBOMCTB U «CTENEHU TEXHOJIOTUYECKOM TOTOBHOCTH» UCXOJHOM 3aro-
TOBKH T10J] BOJIOYCHHE — KaTaHKH, K KOTOPOU MPEABIBISIIOTCS BHICOKHE TPEOOBAHUS
0 MUKPOCTPYKTYpPE, MEXaHUYECKAM CBOWCTBAM, TOUHOCTH T€OMETPUUECKHUX pa3Me-
pPOB U IpyruM mnokasarensM. Karanky mMpou3BOIAT Ha CIENHATM3UPOBAHHBIX HEMpe-
PBIBHBIX MPOBOJIOYHBIX CTaHaX rops4deu npokarku. [IpokaTka B UUCTOBBIX MPOXOJAX
MOKET OCYIECTBIIATHCS KaK B JIBYX-, TAK U B MHOTOBAJIKOBBIX KJIETSAX. MUHUMAIIb-
HBI JUAMETpP KaTaHKHU, MOJy4aeMOM ropsiueu MpOKaTKOW, cocraBisier 5 MMm. [lainb-
Helias ee nepepadoTka 10 TOTOBOM MPOBOJOKU OCYIIECTBISIETCS XOJOAHOU Aedop-
Manuel. B MaccoBoM mpou3BOICTBE OCHOBHBIM CIIOCOOOM M3TOTOBJICHUS ITPOBOJIOKU

SIBJISICTCS. BOJIOUCHHE B MOHOJIMTHBIX BOJIOKaX. Boiouenwne, kak ciocoo OM/I, nmeer
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HEJOCTaTKH,  CBSI3aHHbIE €  HEONArompusTHOM  CXEeMOW  HampsHKEHHO-
ne(hOpMUPOBAHHOTO COCTOSIHHSI B ouare nedopmariuu, 9To CymecTBeHHO OTpaHuYH-
BaeT BO3MOKHOCTHU XOJOJHOTO Je(OopMUpOBaHMS, TOITOMY TEXHOJIOIMUYECKHUI TMpo-
1[eCC MTPOMU3BOCTBA ITPOBOJIOKH, KaK MPaBUJIO, BKIIIOYAET JBa U OoJiee mepezena, pas-
JIEJICHHBIX OMNepausIMu TepMOoOpabOTKH, HEOOXOAMMBIMU I BOCCTAHOBJICHUS
MJIACTUYHOCTU METAJLIA.

Jlnst moBbIieHUsT 3G (GHEKTUBHOCTH MPOU3BOJICTBA MEPEACIBHON MPOBOJIOKH U
IIPOBOJIOKK OOJIBIIUX JAUAMETPOB PAIMOHATIBHBIM PEIICHUEM MOKET CTaTh 3aMeHa
crioco0a BOJIOYEHHUS B MOHOJIUTHBIX BOJIOKAX Ha XOJOJHYIO (TEIUTyr0) pokaTky. Jlis
ATOTO MOTYT OBITh MPUMEHEHBI KOMIIAKTHBIE JIBYX- UM MHOTOBAJIKOBBIC MPOKATHBIC
CTaHbl MOAYJIbHOTO THMa. CrIoco0 XOJIOHOM MPOKATKHU MPOBOJIOKU B HaIllEH CTpaHe
1 3a pyoOexxoM ocBauBaiu ¢ 50-x no 80-e roael npouwioro Beka. [Ipokarka mo cpas-
HEHHUIO C BOJIOUEHHEM oOecreunBaeT Oojiee ONaronmpusITHYIO CXEMy HaIpsiKEHHO-
ne(hOpMUPOBAHHOTO COCTOSIHUSA B ouare Jedopmaliui, CHUMAeT OTpaHUYCHHs, CBS-
3aHHBIE C KOHTAKTHBIMHU YCJIOBHUSMH W MPOYHOCTBHIO IMEPETHEr0 KOHIA 3aroTOBKH,
YMEHBIIIAET KOJIMYECTBO JOMOJHHUTENBHBIX ONEPAIMN TIPU 3allPaBKE MPOBOJIOKH, YTO
B COBOKYITHOCTHU MPUBOJUT K MOBBIMIEHUIO 3()PEKTUBHOCTA MPOU3BOJCTBA U YIIyU-
HIEHUIO KOMIUIEKCA MEXaHUYECKUX CBOWMCTB MPOBOJIOKU. MccienoBaHuio 3aKOHOMEp-
HOCTeW nedopmaruu B  MHOTOBAJIKOBBIX  KaauOpax  IOCBSIIEHBI  PabOTHI
[TonskoBa M.I"., Hukudoposa b.A., I'yna T'.C., bapkosa JI.A, Xaputonosa B.A,
[epxynosa B.I" u np. JlanHbiil crioco0 He HaIIEN HIMPOKOTO MPOMBIIIICHHOTO TIPH-
MEHEHHS U3-32 OTHOCUTEILHOMN CJIOKHOCTU O0OpYJ0BaHUS MPU COMOCTaBUMOM (hak-
TUYECKOW TMPOU3BOJUTEIBLHOCTH MO CPABHEHUIO C BOJIOUeHHEM. Ha ceromHsmHuii
JIeHb JaHHBIC MPOOJIEMbI HMEIOT PEIICHHUS.

O} pekTUBHOCTH MPOLECCOB TrOpsYEH MPOKATKUA KaTaHKU U XOJIOJIHOM (Terion)
MIPOKATKU TIEPEACIbHON MPOBOJIOKH 3aBUCUT OT MPUMEHSEMBIX KaTHOPOBOK BAJIKOB.
CoBpeMeHHbIE METOJIMKHN MPOEKTUPOBAHUS KATMOPOBOK BAJKOB OCHOBAHBI HAa HAKO-
IJIEHHOM ONBITE MPUMEHEHUS T€X WU WHBIX CUCTEM KaJMOpPOB W peIIaloT 3aJauu
MOJIy4eHHS] TpeOyeMO TOYHOCTU Pa3MepOB, CTAOMIBHOCTH TPOIIecca HETPEPHIBHOU

MPOKATKU, 0OECTIEYeHUs] HEOOXOAMMOM BBITSKHOM CIOCOOHOCTH KaJIMOPOB MPU MaK-
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CUMaJIbHO BO3MOXKHOI paBHOMepHOCTH (hopmomsmenenus [1]. [Ipu aTom TOT daxr,
YTO MPOKATKA B KaTMOPOBAaHHBIX BAJIKAX XapaKTEPU3YETCs HEPABHOMEPHBIM Hamps-
KEHHO-/1e(OPMUPOBAHHBIM COCTOSIHUEM, BCJIEICTBHE Yero B ouare aedopmaiii Mo-
YT BO3HUKaTh PAaCTATMBAIOLIME HAINPSIKEHUS, KOTOPBIE OKAa3bIBAIOT HEraTHBHOE
BJIMSIHME HA KaYECTBO METaJlJla M €ro IJIACTUYHOCTDH (AehOpMUPYEMOCTh), B HACTOSI-
niee BpeMs MpU MPOEKTUPOBAHUU KAITHOPOBOK HE yuuThIBaeTcs. [IpuHATO cuuTaTth,
YTO HANPSHKEHHOE COCTOSIHUE HE OKA3bIBAET HEraTUBHOI'O BIIMSHHUS HA Ka4e€CTBO COP-
TOBOTO IIpOKaTa MpU ropsyel mpokaTke, KOr/ia MeTaul UMEET JOCTATOYHO BBICOKHE
ItacTuYeckue cBoicTBa. OMHAKO B TEX Clydasx, KOTJa MpoKaTka B Kaaubpax ocy-
HIECTBJISIETCS. IPH MOHMKEHHBIX TeMIlepaTypax (peXUMbl TEPMOMEXAHMYECKOU 00-
paboTKH, XOJOHASL WU «TEIUIash MpoKaTKa) Wiu oOpabaTrbiBaeMblii MaTepuanl 00-
JaJaeT HU3KOM IUIACTUYHOCTHIO (BBICOKOJIETHUPOBAHHBIE MAPKH CTaJIM, CILJIABbI LIBET-
HBIX METAJIJIOB), HANPSKEHUS, BO3HUKAIOIINE B o4are JgeQpopMaliii, MOTYT MPUBECTH
K CHIM)KCHMIO KauecTBa IPOKATa, 3apOKICHHUIO0 B METAJJIE MUKPOTPEIIUH U €ro pas-
PYLIEHUIO.

[Ipouecc nmpokaTku B ABYX- U MHOTOBAJIKOBBIX KalHOpax TEOPETUYECKU XOpO-
10 M3YYEH C TOYKHM 3PEHHS MEXaHUKH Tpolecca U 1e(hOpMUPOBAHHOIO COCTOSHUS
MeTaJljia, OIHAKO JIUTEpPaTypHbIC JaHHbIE O HANPSY)KEHHOM COCTOSIHUM METAJlJIa B O4a-
re nedopmanuy HOCAT JIMIIb KaueCTBEHHBIM xapakTep. B nmuteparype BcTpeuaroTcs
OTJIeJbHBIE PAOOTHI MO U3YUYEHUIO HAMPSKEHHOTO cOCTOsHUS B npoueccax OM/I, Ho
CUCTEMAaTHU3UPOBAHHbIEC UCCIIEOBAHMS ISl IPOKATKU B KaMOpax B HACTOsILEE Bpe-
MsI OTCYTCTBYIOT.

C ydeTroM pa3BUTHUS METOAOB U CPEACTB KOMIIBIOTEPHOTO MOJIEIUPOBAHMS AK-
TyaJbHOM 3a/laueid Ha CETOJHAIIHUN JIEHb SIBIISIETCS UCCJIEAOBAaHUE BIIMSHUS Tapa-
METpPOB J1e(popMUpOBaHUS METalIa B KAJIMOPOBAaHHBIX BajKax Ha CBOMCTBA IpoKaTa U
pa3paboTKa Ha OCHOBE TMOJYYEHHBIX pPE3yJbTaTOB METOJIUKHU MPOEKTUPOBAHUS
«CBOMCTBOOOpA3yIOIIMX»  CHUCTEM  KaauOpoB €  y4yeTOM  HaNpsHKEHHO-
n1e(hOpMUPOBAHHOTO COCTOSIHUS METAILIA.

B nmanHOM cTaTbe NpencTaBlIeHbl PE3YyJIbTAThl HUCCICAOBAHUN HAIPSKEHHO-

ne(hOpMUPOBAHHOTO COCTOSTHUSI METAJIJIa IPU TOPSYe M XOJOIHOM MPOKATKe KPyT-
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JOro HpO(i)I/IJ'Iﬂ B IBYX- 1 MHOT'OBAaJIKOBBIX KaJ'II/I6pOBaHHLIX BaJIKaX, IMOJYUYCHHBIX Ha
OCHOBC KOMIIBIOTCPHOI'O MOJCIMPOBAHHA MECTOAOM KOHCUYHBIX 3JICMCHTOB C HCIIOJIb-

30BaHHEM MporpammHoro komiiekca Deform-3D.

OO0mmii xapakTep HANPSKEHHO-1e()OPMUPOBAHHOIO COCTOSIHUS

NPH NPOKATKe B KAINOpax

[To pesynbraram KOHEYHO-3JIEMEHTHOTO MOJICIUPOBAHUS OMPEICIICHbI 00IIre
3aKOHOMEPHOCTH paCIpeCIICHIs HAPSDKCHWA B ouare aeopManuu mpu mpoKaTKe B
KaOpax. YCTaHOBJICHO, YTO HAMpPsHKEHHOE COCTOSIHME MeTajlla KpaiiHe HepaBHO-
MEpHO, B oyare aedopManuu JEeHCTBYIOT KaK CXKHUMAIOIIWe, TaK U PaCTITUBAIOIINE
HaIpsDKEHUST BHE 3aBUCUMOCTH OT CHCTEM HCIOJB3yeMbIX KainOpoB. PacTsruBaro-
e HAIPsHKEHUS JOCTUTAIOT HAaMOOJIBIIMX 3HAYCHHH B IMPOJOJILHOM HaIlpaBIICHUM
npokaTku. JIelicTBUE JaHHBIX HANpPSKEHUH 00YCIOBIEHO HEPABHOMEPHOCTHIO TEYe-
HUS METajljla MEXJYy KOHTaKTUPYIOIIMMH C MHCTPYMEHTOM 30HAMH M OCTAJIbHBIM
o0BbeMoM MeTasuia. MOXHO BBIIETUTh YETHIPE 30HbI JICUCTBUS MTPOJIOJIBHBIX PACTSITH-
BAIOIUX HAMpsKeHU B ouare aedopmanuu (puc. 1):

— 30Ha | — oceBas 30Ha MeTaIa Ha MPOTSHKEHUH OT BXoja 10 20-90% nmuHbI
ouara nepopmaruu (MPOTsHKEHHOCTh 30HBI 3aBUCUT OT CXEMbl IPOKaTKM). [leficTBue
OCEBBIX MPOJOJBbHBIX PACTITHBAIONIMX HAIPSHKEHUN 00YCIOBJICHO HEPAaBHOMEPHBIM
ne(opMHUpPOBaHHBIM COCTOSTHHEM B MeTaiuie Ha pacctosauu 10-15% oT Bxoga B ouar
nedopmManuu. B 1aHHBIX CEUEHUSIX 3arOTOBKHU JieopMaliusi JOKaJIu30BaHa B IPUKOH-
TaKTHBIX CJIOSIX, COOTBETCTBEHHO B IIEHTPE MPOKATa BOSHUKAIOT MPOJOJbHBIC PACTSI-
rUBAIONIUE HanpspKeHus. Hanuuue 1aHHOM 30HBI XapaKTEPHO JJIsl BCEX MHOTOBAJIKO-
BBIX CHCTEM KaJIHOpOB, a TaKXe ISl JBYXBAJIKOBBIX CUCTEM IPH MPOKATKE MO CXe-
MaM «HEpaBHOOCHOE-PABHOOCHOE» UM «HEPABHOOCHOE-HEPABHOOCHOEY CEUCHHE.

B MHOroBajKOBBIX CHCTEMaxX Ha BEJIMUYMHY OCEBBIX HANPsHKEHUW OKa3bIBACT
BIIMSIHUE CXE€Ma BCECTOPOHHETo obOkatus metawia. [Ipu BcectopoHHen aedopmanuu
MPUKOHTAKTHBIX CJIOEB BO3HUKAET COOTBETCTBYIONIEE OTCTABAHHUE CIOEB MeETajla B

I_IeHTpaJ'IBHOI\/’I 30HC, KOMIICHCUPYCMOC pACTATHBAIOIINMHA HAIIPAXKCHUAMMU.
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—3ona |l — BHexoHTakHast 30HA MO BCEl OOKOBOW MOBEPXHOCTH MpPOKATa B
MecTax pa3beMoB KanuOpa. Hanuuue 30HBI XapakTepHO JUISl BCEX CHCTEM KalauOpOB.
JleficTBUE pacTATMBAIOIIUX HAIPSKEHUNW BO BHEKOHTAKHBIX OOJACTSAX Ha OOKOBOM
MOBEPXHOCTH pacKara sIBJIsieTcsl o01Ien3BecTHBIM (hakToM [2]. HekoHTakTHpYOIIHKE C
UHCTPYMEHTOM 00BEMBbI MeTajlia 1e(OpMUPYIOTCS 3a CUET BOZHUKAIOIIUX PACTITH-
BAIOIIMX HANPSIKECHUM.

— 3oHna |1l — BHeKOHTaKHas 30HA MO BCE MOBEPXHOCTH MPOKATA HA BBIXOJIE U3
ouara aedopmaruu. Hamuune 30HbI XapaKTepHO AJISL BCEX CUCTEM KaluOpoB. JleicT-
BHUE PACTIATMBAIOUIMX HAIPSHDKEHUM B JAHHOW 30HE CBSI3aHO C SIBIICHHEM «OIlEepexe-
HUSD» NPU MPOKaTKe. BHyTpeHHHE ClloM MeTajia CTPEMSTCS «BBIMTH» U3 oyara je-
dbopmanuu ¢ 60JIBIIEH CKOPOCTHIO IO OTHOIICHHIO K JIMHEHHON CKOPOCTH BpAICHUS
BaJIKOB, KOTOPBIE B CBOK) OYEPE/b «CAEPKUBAIOT» 3TO TeUeHUE. B pesynbrare B npu-
KOHTAKTHBIX CJIOSIX BO3HUKAIOT POJOJIbHBIE PACTATMBAIOIINE HANPSXKEHHUS .

— 3ona |V — BHeKOHTaKHas 30Ha Ha BXoJe B ouar aepopmaunu. Hamuuue 30-

HBI 3aBUCHUT OT CXCMBI IIPOKATKH.

b=
%
%
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”
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%
5
]

havs

Puc. 1. 30HbI nelcTBUSA TPOJOIBHBIX PACTATUBAIOIINX HANPSKECHUN

B ouare gedhopMaIivu Mpu MPO0JIbHON MTPOKATKE B KAIUOpe

JInsi OLEHKM BIIMSIHUSI HANPSDKEHUM HA CBOMCTBA MPOKATHIBAEMOTO W3JIEIIHS
UCIONIB30BaIM Kputepuil paspymenus Kokpodra-Jlatama, xapakTepusyronuii 3amnac

IIIaCTUYHOCTH METAaJljIa:

D=j%:kdgi,
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IJe & — MHTEHCUBHOCTHL JedopManuii mo Musecy; O * — MaKCHMaJbHOE IIABHOE
HAIPSHKEHUE; O — UHTEHCUBHOCTDL HANPsLKEHUH 1o Musecy.

AHanu3 pacrnpejielieHus MOJAyYeHHbIX 3HAUCHUH KpuTepus paspyiienus D mo
CEUYCHUIO MPOKATHIBAEMOM 3aroTOBKH IOKa3all, YTO HaWOOJIee MOIABEPKCHBI pa3py-
IICHUIO BHEKOHTAaKHAsl U O0CeBas 30HBI MeTaslia (pa3beMbl KaHOpa U IEHTP 3ar0TOB-
K1). 3HaUCHUsI KpUTepus paspylieHust D B JaHHBIX 30HaX B ACCSITKU pa3 BhINIE, YEM B
OCTaJIbHOM oOBeMe MeTaiuia (puc. 2). Takum oO6pa3om, HanbobIliee BIUSHUAE Ha 3a-
nac TUIACTUYHOCTH METaJlla OKa3bIBAIOT OCEBhIC HAMPSHKEHUS B 30HE | M1 BHEKOHTAKT-
HbIe B 30HE || ouara nedopmarum.

HedopmupoBanHoe coO-
CTOSIHUE MeTallJla  XOPOIIO
M3Y4YEHO KaK IS IBYX-, TaK H
JUISI. MHOTOBAJIKOBBIX CHUCTEM

kanuopoB [3]. TlomydeHHbIe

s
Ha OCHOBC MOIACIIMPOBAHUMA

00375
00163 I pe3yiibTaTbl  IIOATBCPKAAIOT
0,0 5 0.000

0000 M

0,24 M3BECTHBIE 3aKOHOMEPHOCTH.

) 260 Max

JIns mpoKaTKu B JIBYXBaJKoO-

Puc. 2. Pacnipenenenue 3HaueHUi KpuTepust paspy- BPIX CHUCTEMaX — XapaKTCpHA

menus D mo ceyenuro KBaapaTHoro npoduis, npo- BPICOKad — HECPaBHOMCPHOCTD

KaTaHHOT'O B YETHLIPEXBAIKOBOM KaIuope feopmanuy 1o Beemy cede-
HUIO TPOKATBIBAEMOM IOJIO-
Cbl, MHTEHCUBHOCThH Jedop-
Maluy MakCUMajbHa B IIEHTPAJIbHON YacCTH MPOKAaTa U MUHUMalIbHA BO BHEKOHTAKT-
HBIX 30HaX. [Ipu MpokaTke B MHOTOBAJIKOBBIX CHCTEMax JIedopManus pacripenemseT-
cs1 6osee paBHOMepHO. Ha puc. 3 mpencraBieH aHanu3 pacrpeaeieHus: 3HaYeHU N nH-

TEHCUBHOCTHU Jlehopmanuii Museca 1o BbICOTE U IIMPUHE NMPOKATHIBAEMOM B pa3iny-

HBIX CUCTEMax KaJIMOPOB MOJIOCHI.
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PaccrosAHNe 0 BEICOTE, MM

§
0 T T T T T 1
0 0.5 1 1,5 2 2.5 3
PaccTosHMe IO MIHPHHE, MM
—=—KBsaapar-kpyr —=— OQBaI-Kpyr
——ILtockuii oBaI-Kpyr —+— HeBBIIOTHEHHBIH TPEyTONBHUK-KPYT

—=— CTpenp4aThlii TPEYTOIBHHUK-KPYT —<—BOrHyTEIll TpeyroJIbHUK-KPYT

Puc. 3. Pacnipenenenrne uHTeHCMBHOCTH tehopmanini Museca 1o BeicoTe (a)
U mpuHe (6) MpokaTa B pa3IMvHbIX CHCTEMaX KaluOpoB

(cTenenp nedopanuu 0JIMHAKOBA)

AHau3 TPAAUIIUOHHO IPUMCHHACMbIX CUCTEM Ka.]'ll/lﬁl)OB

JUis BBISIBJICHUSI 3HAYUMBIX SJIEMEHTOB KaJUOpPOBKH, BIMSIOIMIMX HAa HamIps-
KEHHOE COCTOSIHME B OTMEUEHHBIX 30Hax oyara jaepopManuu, MOAEIUPOBAIHA TOps-
Yy U XOJIOJHYIO IPOKATKY IO MU3BECTHBIM TPAAULMOHHO IPUMEHSIEMBIM CUCTEMAM
JIByX- 1 MHOTOBAJIKOBBIX KajguOpoB. [Ipu 3TOM mapameTpbl IpOKaTKU: MaTepuan 3a-

TOTOBKH, CKOPOCTh O0OpabOTKH, YCIOBUS TPEHUS — OCTABAIUCH MOCTOSIHHBIMU. U3Mme-
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HsH (OpMy KanumOpa M 3aroTOBKH, CTENEHb 3alOJHEHHUS KaIMOpOB M CTENEHb Je-
dbopmanmm.

[To pe3ynbpTaTaM CpaBHUTEIHHOTO aHAIN3a JBYXBAJIKOBBIX M MHOTOBAJIKOBBIX
CHUCTEM KaJIMOpOB YCTAHOBJICHO, YTO BEJIMYMHA OCEBBIX IMPOJOJBHBIX PACTATHBAIO-
IIMX HAIPSDKEHUH B IBYXBAJTKOBBIX CHCTEMAaX 3aBUCHUT OT COOTHOIICHHSI OCEH TpoKa-
THIBAEMOW 3arOTOBKH. 4eM OOJbIlIe TAHHOE COOTHOIICHHWE, TeM OOJIbIle HEpaBHO-
MEPHOCTH JieOpMaIiH IO BBICOTE MPOKATa U BBIIIE PACTATUBAIOIINE HAMIPSHKCHUS B
neHTpe. [Ipu mpokaTke Mo cxeMe paBHOOCHOE-HEPAaBHOOCHOE CEYCHHME OCEBBIC MPO-
JIOJIbHBIE PACTATUBAIOIINE HAIMPSHKCHUS B METaie OTCYTCTBYIOT. CpaBHUTENbHBIN
aHalln3 CUCTEM OJHOPAINYCHBIM OBAJ-KPYT U IUIOCKUI OBAI-KPYyT MOKa3ai, 4To ypo-
BEHb OCEBBIX HAIPSHKEHUW MPH MPOKATKE IJIOCKOTO OBaja B KPYIJIOM KaluOpe Ha
40-60% HIKe, 9YeM IPH MPOKATKE OTHOPAINYCHOTO oBaja (puc. 4, a)

Bce MHOroBaJIKOBbIE CHCTEMBI KalHOpPOB MO CPABHEHHUIO C JIBYXBAJIKOBHIMU
XapaKTepU3yrTcsi 00Jiee BBHICOKUMHU OCEBBIMHU PACTATHUBAIOIIMMH HAMPSKEHUSIMU
(HampsioxeHus Beimie Ha 15-75%) u3-3a BcecTOpoHHEro o0aTtusi 3arotroBku. Coot-
BETCTBEHHO CHIDKEHHE 3araca IUIACTUYHOCTH B LIEHTPAIBHBIX CJIOAX METaula Mpu
POKAaTKe B MHOTOBAJKOBBIX CHCTEMax B MPOIECCE MPOKATKH MPOMCXOIUT WHTEH-
CUBHEE.

BrexoHTakTHBIE pacTaruBaromme HanpspkeHus (3oHa |l) gocturator HanboIb-
IMX 3HAYEHUH MPH MPOKATKE B ABYXBAJIKOBBIX CUCTeMax KanuOpoB. Bemnuwna nan-
HBIX HAMPSOKEHUM 3aBUCHUT OT «CTETIEHH 0XBaTa» 3arOTOBKHM BAJIKAMH IO BCEH JJIMHE
ouara nedopmainu. Yem MeHbIle 60KOBasi HEKOHTAKTHAsI TOBEPXHOCTh, TEM MEHBIIIE
pacTIrMBaOIIMe HANpPSDKEHUS W OOJIbIIE 3amac MJIACTUYHOCTH METajlla B JIaHHBIX
30HaXx.

[Tpu mpoBefeHNM CPAaBHUTEIHHOTO aHAIW3a MPOKATKU MO CXeMaM OIHOpaau-
YCHBIM OBAJI-KPYT M TUIOCKUI OBAJI-KPYT YCTAHOBJIEHO, YTO MCIIOJb30BaHUE TIIIOCKOTO
OBaJIa IPEMOYTHTENILHO. BennmurHa pacTAruBaronmx HANpsOKEHUH B 30HE Pa3beMOB
KaJIMOpPOB B JJaHHOM ciydae Hike Ha 15-30% mo cpaBHEHHUIO CO CXEMOU OJIHOpaIu-

YCHBIH oBaJI-KpyT (pHuc. 4, 0).

Kamu6poBounoe Oropo (www.passdesign.ru). 2014. Bemyck 3 41



CopTorpokaTHOE MPOU3BOJICTBO

OoHopaouycHelil oean-Kpye IInockuil oean-kpye

o

320 MIIa

Puc. 4. PactsaruBarorye npooabHbIe HanpsokeHus B 30Hax | (a) u I (6)
Y TIPH MOJICIMPOBAHUU TOPSYCH MPOKATKY TI0 CXeMaM

«OJTHOPAJANYCHBIM OBAI-KPYT» U «IUIOCKUHI OBAJI-KPyT»

BoJBIIMHCTBO MHOTOBAJIKOBBIX CHUCTEM ITO3BOJISIOT CHHU3UTH BHEKOHTAKTHEIE
HaIpsDKEHUS B 30HaX pa3beMoOB KanuOpa. biarogapss MHOrOCTOpOHHEMY O0XKATHIO U
OOJIBIIIEMY «OXBaTy» I10 IMIEPUMETPY MOJIOCHI 30HBI BHEKOHTAKTHOM Jie(opMaIiui M-
HUMAQJIbHBI,  COOTBETCTBEHHO  MEHBIIME O00BEMBbI  MeTaUla  MOJBEPraroTcs
PACTSIKEHUIO.

Ha npumepe npokaTku mo cxeme Kpyr-KBaJpaT B YETHIPEXBAJIKOBOM KalnuOpe
MIPOBEJICHO MCCIIEIOBAHKUE BIUSHUS CTENCHU AedopMallii U 3aMoJIHeHUS Kaauopa Ha
XapakTep U BEJIIMUMHY PACTATUBAIOIIMX HAMPSKEHUM B OCEBOM M BHEKOHTAKHBIX 30-
Hax ouyara aedopmaruu. [lo pesyapraram MOACIMPOBAHUS OTMEUEHO, YTO C YBEIH-
yeHueM cternenu aedopmanuu 3086 | 1 |l gelicTBust pactsruBarommx HanpsHKEHUN
YBEIIMYUBAIOTCS, IPU 3TOM MaKCUMaJIbHbIC 3HAYEHUSI HANPSKEHUW MPAKTUYECKU HE
n3MeHsroTes. [Ipyu 3ToM BepOsSTHOCTH pa3pylIeHUs MeTalljla BO3pacTaeT Ha OOKOBOM

BHEKOHTAKHOU MOBEPXHOCTH MPOKaTa UHTEHCUBHEE, YEM B OCEBOM 30HE (puc. 5).
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Kputepnii
paspvineHna

04 r
035 | )

03 - o
025 o
015 L o

0.1 -
0.05 - -
D I | | 1

1.15 1,25 1.35 1.45 ss
Y T T —

——IlenTpaneHad 20Ha —H—3oHa pazeemMa
Puc. 5. Bnustnue crenenu nedopmManuuy Ha 3anac miacTU4HOCTH MeTaslia

B 30Hax | u |l mpu npoxaTtke kpyrioro nmpoduiist B KBagpaTHOM KanuOpe

[Ipu ananu3e JaHHBIX PE3yIHTATOB HEOOXOJIMMO YUUTHIBATH, YTO MPHU HETpE-
PBIBHOM MPOKATKE BHEKOHTAKHBIE 30HBI METAJIJIa MOTYT OOHOBIIATHCS (UEPEI0BATHCS)
OT MPOXOJIa K MPOX0]1y, TOTJa KaK oceBas 30Ha AeOPMHUPYETCS B HEOIATONPHUSTHBIX
YCJIOBHSIX B KQXKJOM MPOXOJE.

[Tomy4yeHHbIE 110 pe3yabTaTaM MOJEIMPOBAHUS JaHHBIE COTJIACYIOTCS C DKCIIE-
PUMEHTAIBLHBIMU PE3yJIbTaTaMHU XOJIOJHOW TPOKATKH B CHUCTEME KallMOPOB KpPYT-
kBajapar. Ha puc. 6 npencrasien oopaser TpyaHoaepopMUpyeMoro MeTaiia, npoka-
TaHHOTO U3 MCXOJIHOW KPYTJION 3arOTOBKMU B KBaJIPAaTHOM YETHIPEXBAJIKOBOM Kauo-

pe. Kak BuAHO U3 pucyHKa, 00pasel] «u3pe3aH» MONepeuHbIMU TPEIIUMHAMHU 10 Peo-

pam KBajpara.

Puc. 6. O6pazen TpyaHoi€-
dbopmupyemMoTro MeTana,
MOJIYYEHHBIN [PU SKCIIEPU-
MEHTaJIbHOU MPOKATKE I10

CXCMC KPYyIr-KBaJapar
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AHaJIN3 KHOBBIX» CHCTEM KﬁJIHﬁpOB

C uenbl0  OmpeNeNeHHs  BO3MOXKHOCTH  YIPABJICHUS  HaNpsHKEHHO-
neOpMUPOBAHHBIM COCTOSIHUEM METajlla MpHU MPOKATKE MPOBEJEH CPaBHUTEIbHBIN
aHallM3 TPAJULMOHHO MPHUMEHSEMBIX U «HOBBIX» (paHee HENPUMEHSIEMBIX) CHUCTEM
KaOpoB (puc. 7) (misg yao0cTBa aHAIM3a U CUCTEMAaTH3AIMK MOJy9aeMbIX JaHHBIX
KQKJI0M 13 pACCMOTPEHHBIX CXEM MPOKATKU MPUCBOCH MOPSIAKOBBIN HOMED).

Cucremsl Ne 1-3 TpagAUIIMOHHO TPUMEHSIOTCS MPU MHOTOBaJIKOBOM MPOKATKE,
OCTaJIbHBIE CXEMBbI MPOKATKUA HE MOJIYYMIM MAacCOBOIO PaclpOCTPAaHEHHUS U3-3a Ma-

JIOW U3YYCHHOCTH M OIMCAHbI B aBTOPCKUX CBHJETENIbCTBax [4-10].

[SAVAR )¢

ii

Cuctema Ne 1 Cucrema Ne 2 Cuctema No 3 Cucrema Ne 4
Cucrema Ne 5 Cucrema Ne 6 Cucrema No 7 Cucrema Ne 8
Cucrema Ne 9 Cucrema Ne 10 Cucrema Ne 11 Cucrema Ne 12
N V4
7 N\
Cucrema Ne 13 Cucrema Ne 14 Cucrema Ne 15 Cucrema Ne 16

Puc. 7. AHanuzupyembie CUCTEMBI KaIuOpOB

Pe3ynbrarhl aHanu3a npeacTasieHbl B Tabauie 1. YcraHOBIIEHO, UTO XapakTep
pacrnpeiefieHuss pacTIrUBalOUIMX HANpsDKEHW B oudare nedopmainuu Mpu NpoKaTKe

0 BCEM PACCMOTPCHHBLIM CXCMaM AHAJIOIM4YC€H, IIPH 3TOM CPCIU PACCMOTPCHHBIX
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CXEM BBISIBJIEHBI CHCTEMBI KATHOPOB, BHITOJHO OTIMYAIOIIAECS TI0 OT/IETHLHBIM MOKa-
3aTeNsiM OT TPAJUIIMOHHO MPUMEHSIEMbIX KanOpoBok. Tak, cuctemsl No5, 14, 16 nmo-
3BOJISIIOT TIOJIy4aTh MPOBOJIOKY C BBHICOKMM 3allacoM IJIACTUYHOCTH B OCEBOW YaCTH
3aroToBKH, a cuctema Nel? — B 30He pazbema KamuOpoB. Cuctemsr Ne2, 6, 13, 15 06-
JaJat0T BBICOKOM BBITSXKHOM CHOCOOHOCTBIO Hapsily C OTHOCUTENIBHO OJarompusiT-
HBIMH MOKa3aTeIsIMU HAIMPSKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUSI.

Tadomuma 1

JlaHHbBIE CPaBHUTEIBHOTO aHAJIN3a CUCTEM KaTrOpOB

BuI- HpoﬂoanBﬁZﬁ{:HpﬂmeHm’ Kputepuii paspymenus D
KanubpoBka | TSKKa
U [enTp (3ona I) Pa%ei\ll)(SOHa Lentp Pazvem

Cucrema Nel 1,33 425 595 0,07 0,17
Cucrema Ne2 1,49 540 511 0,08 0,21
Cucrema Ne3 1,43 536 622 0,09 0,19
Cucrema Ned 1,29 237 1100 0,07 0,22
Cucrema Neb 1,43 320 930 0,02 0,26
Cucrema Neb6 1,42 610 739 0,10 0,22
Cuctema No7 [Tonoca HeycTOMUMBA B KaMOpe

Cucrema Ne8 [Tonoca HeycToifunBa B KanbOpe

Cucrema Ne9 1,42 380 928 0,09 0,30
Cucrema Nel0 | 1,41 527 600 0,13 0,18
Cucrema Nell | 1,42 517 847 0,09 0,26
Cucrema Nel2 | 1,29 535 520 0,07 0,07
Cucrema Nel3 | 1,46 517 528 0,10 0,21
Cucrema Nel4 | 1,26 277 1050 0,03 0,21
Cucrema Nel5 | 1,40 539 610 0,09 0,18
Cucrema Nel6 | 1,35 436 970 0,05 0,23

BennunHa HanpspkeHHM BO BHEKOHTAaKTHOM 30HE jaedopMalidd 3aBHCHT OT

(dbopmbl OOKOBOI MOBEPXHOCTU 3arOTOBKHU U, KaK YK€ OTMEUaNIOCh, «CTEIIEHU 0XBAaTa»
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MeTajuia 1Mo Bceu nimuHe odara Aedopmanmu. Hamnydmme ycinoBus aeopMUpOBaHUS
BHEKOHTAKHBIX 30H MOJIy4eHbI B cucteme Nel2 mpu mpokaTke 3aroTOBKU C BOTHYTbI-
MU TPaHSIMH U BCECTOPOHHHMM «OXBaTOM» Ha BCEH MPOTSKEHHOCTH oyara jaedopma-
nuu. Hamxynmue ycioBus nedhopMHpOBaHUS BHEKOHTAKHBIX 30H HAOJIOMAIOTCS B
cucrtemax Ne4, 5,9, 11, 14, 16 ¢ GonbII0# 30HOM «CBOOOTHOMY» MOBEPXHOCTH.

VYuuThiBas NpeUMYNIECTBA U HEJOCTATKU KaXKIOM CXEeMbl MPOKATKU C TOYKHU
3peHUs HANPSDKEHHOTO COCTOSHUS B o4are aedopMaIiui, MOKHO MMPOSKTUPOBATH 00-
nee 3(ppexkTuBHBIE CUCTEMBI KAIUOPOBKM BAJIKOB B 3aBUCHUMOCTH OT OCOOEHHOCTEM
000pyI0BaHUsl, TEXHOJIOTUH, 00pabaThIBa€MOro MaTepHralia u Ipyrux (hakTopos.

Uto kacaetrcsi ne@OpMHUPOBAHHOTO COCTOSIHMS, TO TMOCKOJBKY CIOCOO MIpo-
JOJIbHOM MPOKATKH B KaIHOpax OTHOCUTCS K MOHOTOHHBIM IpoIleccam, BO3ZMOMXHO-
CTU YIIPABJICHMS IUIACTUUECKMM TEUECHUEM MeTajla B TEXHOJIOTHYECKHUX Ipolieccax
MIPOU3BOJICTBA COPTOBOIO MTPOKATa, B TOM YUCJIE U KATaHKH, CYIIECTBEHHO OTpaHuye-
Hbl. [loTeHmman mactuueckoi AedopMaliu Kak crnocoda yrnpaBlieHUs] CTPYKTYPHBbI-
MU TIPe0Opa30BaHUSIMU B METAJIJIE MPU COPTOBOM MPOKATKE UCIOIB3YETCS] HE B TMOJI-
HOU Mepe.

JIns u3MenbueHusi MUKPOCTPYKTYPhl KaTaHKU WJIU TMEPEeSIbHOW MPOBOJIOKH
MOET OBITh MCIOJB30BaH CIOCOO MPOAOILHON MPOKATKU B JIBYXBAJIKOBBIX KaiuO-
pax, Hape3aHHBIX Ha KOHUYECKUX Bajkax (puc. 8).

AHau3 Tmojied CABUTOBBIX JAedop-
Malui B MONEPEYHO-BEPTUKAIBHOU
IUIOCKOCTH Yy, BBIIIOJHEHHBIA IIPH
MOJICTMPOBAHUH, TIOKa3aa, YTO MpO-

KaTKa B HCPABHOOCHBLIX ABYXBAJIKO-

BBIX KaJMOpax, BBIMOJHEHHBIX C yT-
jgom ckoca 30°, crmocoOCTByeT yBe-
Puc. 8. Cxomennbie KamuOpsl JMYCHHUIO CIIBUTOBBIX AedopMaIinii B
MIOTIEPEYHOM CEYeHHH MeTaia 0o-
nee yeMm B 3 pasa. Bwicokue 3Haue-

HUA Yy, ABIAIOTCA XapaKTCpI/ICTI/IKOI\/’I AOIMOJIHUTCIIBHOI'O MaKpOCABHUI'A OJIHOﬁ qaCcTu
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3arOTOBKM OTHOCHUTEIIBHO APYrOd MO IUIOCKOCTH, HAKJIOHEHHOW Ha ONPEACICHHBIN
yroj. IIpruMeHeHne CKOIIEHHBIX HEPABHOOCHBIX KaTMOPOB MPU COPTOBOM MPOKATKE
obOecrieurBaeT HaJW4YUe JOMOJHUTEIBHBIX CIABUTOBBIX JeopMaiiuii B MpoKaThIiBaec-
MOM 3aroToBKe 0€3 yBEIMUYEHHUS CTENEHUW OTHOCUTEIbHOU nedopmanmu. Beicokas
WHTEHCUBHOCTD AchopMallii CABUra BIUSCT HA U3MEIbUCHUE 3epHa MeTalljia, yiIyd-
HICHHUE €r0 CTPYKTYPhI U KOMIUIEKCA MEXaHMYECKUX CBOWCTB.

JlaHHBIA c1TOCO0 MOYKHO PEKOMEHI0BATh K MPUMEHEHUIO KaK B MPOIIECCax To-
psiYeil MPOKAaTKU COPTOBOTO MPOKATa U KaTaHKHU, TaK U XOJOJHON MPOKATKU KPYIJIOM

3aroTOBKH 1104 BOJIOYCHHUC.

Bansinue cmocoda moaBoaa 3HEPruu HA HANIPSKEHHOE COCTOSIHUE

JUIsL CHW)KEHHs IPOJOJIBHBIX PACTATMBAIOIINX HANpPsDKEHWM B METaule IpU
IIPOU3BOJICTBE MPOBOJIOKU MOXET ObITh IPUMEHEH KOMOMHUPOBAHHBINA CIIOCOO MpO-
KaTka-rpeccoBanue. [Ipu nanHom cnocode nedopmaiivs OCyIECTBISIETCS ToOUepe-
HO B IIPUBOJIHBIX, & 3aTE€M 3a CYET NMPOTAJIKUBAIOIIETO YCUIUSA B HEIPUBOAHBIX Ball-
Kkax. Cxoxuil cnoco0d MpUMEHSAETCS MPU ropsiueil MpOKaTKe COPTOBBIX M (DaCOHHBIX
npoduneii. [IpumeHeHHI0 JaHHOTO Croco0a MOCBAIIEHBI MHOTOYHMCIICHHBIC PaOOThI
YKpauHCKHX U oteuecTBeHHbIX yueHbIX (C.M. XKyukos, JI.B. Kynakos, 9.B. Cubak,
A.IlL. JloxmatoB, B.H. Ilepersatbko, A.P. ®acTeikoBCKU U Jp.). FIcnonas30BaHuE CO-
YeTaHUs IPUBOAHBIX U HENPUBOJHBIX KJIETEW MO3BOJISIET YMEHBIINTH YHEPro3aTpaThl
[0 CPAaBHEHMIO C MPOKATKOW CO BCEMU MPUBOJHBIMU BaJKaMH, YIPOCTUTh U yJelle-
BUTH IPOKAaTHOE 00OPYAOBAHUE U €T0 SKCILIyaTalllio, TEM CaMbIM CHU3UTh 3aTpaThl
Ha MIPOU3BOJICTBO MPOBOJIOKU U MOBBICUTH €€ KOHKYPEHTOCIIOCOOHOCTb.

[lo pe3ynbraraM KOHEYHO-3JIE€MEHTHOTO MOJETUPOBAHMS YCTAHOBIIEHO, YTO
npolecc MpPOKaTKa-NpeccOBaHWE (B KOMIIOHOBKE IMPUBOAHAS-HENPHUBOIHAS KJIETh)
oOecrieynBaeT 0oJiee OJArONMPUATHYIO CXEMY HAIPSKEHHOTO COCTOSIHUS METajlla 1o

CPaBHEHHUIO C TPAIAULIMOHHOM MPOJOJIBHOM MMPOKATKOW B MPUBOJHBIX BaJIKaX.
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bnarogaps nmpoTaikuBaHUIO 3arOTOBKH Y€pe3 HEMPUBOAHBIE BAIKH CHIKAIOTCSA
pacTIruBaroIIue MPOJIOJIbHBIE HANPSDKEHUS, IEHCTBYIOMINE B CIEAYIOMUX 00BbeMax
Metasa (puc. 9):

a) B OCEBOI 30HE B HEMPUBOJIHOM KanuoOpe (cHmxkeHue Ha 80%, B 4 paza);

0) B TOBEpXHOCTHOW 30HE MeTa/lla Ha BBIXOJE M3 odara JaedopMalldu Mpu
MpoKaTKe B MPUBOAHOM KanuOpe (cHmkeHue Ha 50%);

B) B 30HE pa3beMOB KaauOpa HeMpUBOAHOMN KieTH (cHIkeHue Ha 20%).

o, MIIa
700

600
500
400
300
200
100

0 1 1 1 1 T T

OceBble OceBble Hampsaaxenua Hampsakenna Hampsxenua HampaskeHus
HampakeHHs HanpsskeHnss B3oHeIl (1 B3omeIl (2 B3omelll (1  B3ome I (2
(1 mpoxon) (2 mpoxon) POXOJ) POXo) POXOJ) TIPOXOJT)
E]Ipokarka IIpokaTka-mpeccoBaHHE

Puc. 9. CpaBHUTENBHBIN aHATIN3 HANIPSDKEHHOTO COCTOSTHUS METaJlIa

B ITponecccax HpOI[OJ'IBHOfI IMPOKATKH U IIPOKATKHU-IIPCCCOBAHUSA

3HAUMUTENIbHOE CHI)KEHHE PACTATMBAIOLIMX HAINpPSHKEHUN B ouare aedopmanuu
MOKa3bIBACT, KaK CMOCOO IMOJBOJAA SHEPTUM B oyar jedopMaliyl BJIUSIET HA CXEMY
HaIpsKEHHOTO cOCTOsiHUA. [Ipr MHOTOBajKOBOWM MpOKaTKe MPOABUKEHHE MeTasuia
yepe3 ouar AepopMaliy OCYIECTBISIETCA 3a CUET aKTUBHBIX CUJI TPEHUSI CO CTOPOHBI
BaJIKOB, MPU 3TOM B METaJJIe BO3HUKAIOT JOTIOJHUTEIbHBIC HANIPSDKEHHS B TEX 00be-
Max, TEUEHHUE KOTOPBIX «OTCTAET» (OCEBasi U BHEKOHTAKHBIE 30HbI) OT MPUKOHTAKHBIX
CJIOEB MeTajula. 3a CYET MPUMEHEHHUS HEMPUBOAHBIX BAJIKOB U MPOTAJKUBAHUS 3aro-
TOBKHU 4epe3 ouar JeopMaiiii MEHSETCs XapaKTep TeUeHUs MPUKOHTAKTHBIX CJIOEB,
XapakTep TPEHUsI CTAHOBUTCSI peaKTUBHBIM. B pesynbTaTe B 00beme ovara nedopma-
MM CHUXKAETCS pa3HOCTh CKOPOCTEHN TEUEHUs METajula, COOTBETCTBEHHO CHHYKAETCS

BC/IMYMHA PACTATNBAOIINUX HaHpiDKeHI/If/'I.
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[Ipu nedopmupoBaHuM MeTaia MO CIOCOOY «IPOKATKA-TIPECCOBAHUE» TI0
cpaBHEHMIO ¢ 00bIuHOM mpokaTkoi Ha 100% (B aBa pa3za) MOBBIIIACTCS 3arac Iia-
CTUYHOCTHU IEHTPAJIbHBIX c0eB MeTauia U Ha 20% — MOBEPXHOCTHBIX, COOTBETCT-
BYIOIIIUX KOHTAKTHOW MOBEPXHOCTH TPU TIEPBOM IPOXOAC U Pa3zbeMy IPH BTOPOM.
HaunGonee moaBep>keHbl pa3pylIEHUIO MOBEPXHOCTHBIE CIOM METallla, COOTBETCT-
BYIOIIIME pa3beMaM KaauOpa B MPUBOJHON KJIETHU. 3HAs 3TO U YUYUTHIBASI OCECHUMET-
PUYHOCTD 3arOTOBKH (KPYTIIBIN MPO(WIIB), IPU CICTYIONINX POX01aX B MIPUBOIHBIX
KJIETSAX BaJKU MOXHO pacrioyiaratb TakKMM oOpa3oM, 4TOObI 30HBI MeTalia ¢ Haubo-
Jiee CHIDKCHHBIM 3aITacoM TUTACTHYHOCTH SIBJSUTHCH KOHTAKTUPYIOIUMH, T.€. Aedop-
MUPOBAJIMCh B 30HE OJIArONPHUATHOM CXEMbl HAIPSHKEHHOTO COCTOSIHUS. biaromaps
MOJI00OHOMY YIIPaBISIEMOMY CHIKEHHUIO TUIACTUYHOCTH 3aTrOTOBKH MOXKHO JOOUTHCSA
MIOBBIIICHUS CTEMIEHW MAKCHMaJIBbHO BO3MOKHOW CyMMapHOW aedopMamuu MpH XO-
JIOTHOM 00paboTKe.

JaHHbli crioco0 mpoMBIIUIEHHO ompoboBaH B ycnoBusix OAO «BMK» mpu

IIPOU3BOJICTBE MPOBOJIOKHU TUaMeTpoM Ooree 8 mm [11].

PexoMeHIaliuM MPOEKTUPOBAHMS CUCTEM KAJIHOPOB

H NMMpomeccoB NMPOKATKH 3aroTOBKH 1101 BOJIOYCHHE

Ha ocHoOBe noy4eHHBIX pe3ybTaToB MpU MPOESKTUPOBAHUU IIPOLIECCOB MPO-
KaTKM KaTaHKH U NepeieIbHON IPOBOJIOKK MOKHO JIaTh CJIEAYIOIINE PEKOMEHJAINH:

1. Jns MEHMMM3AIMHA BETMYUHBI PACTATUBAIONINX HAMPSDKEHUN B HEHTPAb-
HOW YacTH MPOBOJIOKU (KaTaHKW) palMOHAJIbHO MPUMEHSATH JABYXBaJKOBBIE CHCTEMbI
kamuopoB. [IpeamodTuresbHO HWCHOIB30BAaHUE CHCTEM C MEHBIIMM OTHOIICHHEM
Oceil HepaBHOOCHBIX KaJIuOpOB (Hampumep, CUCTEMa IIIOCKUI OBAJI-KPYT).

2. Jlna oOecrieueHuss paBHOMEPHOCTH ne(opManuu U MUKPOCTPYKTYPHI B
CTaJIi HEOOXOAMMO IPUMEHSATH MHOTOBAJIKOBBIE CHCTEMBI KaITHOPOB.

3. Jlns MUHMMM3AIMU BETUYMHBI PACTATHBAIOIINX HAMPSKEHUN B MOBEPXHO-
CTHOM CJIO€ BHEKOHTAKTHBIX 30H II€JIeCO00pa3HO MPUMEHSTh MHOTOBAJIKOBBIE CHC-

TeMbl KanuOpoB. [Ipu 3TOM JOJKHBI COOTIOAATHCS CIEAYIONINE YCIOBUS:
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— (¢opma OOKOBBIX IpaHel 3ar0TOBKU JOHKHA OBITh MPSIMOM MIJIM BOTHYTOM;

— KanuOp JOKEH MaKCUMalIbHO «OXBaThIBaTh» KOHTYP 3arOTOBKH IO BCEH
JUIMHE odara jaedopmanmu, IoniaJb BHEKOHTAKTHBIX 30H JOJDKHA OBITH
MUHHMMAaJILHOM;

— TpUMEHEHHE KaTuOpOB C BHIMYKIIBIM THOM HE PEKOMEHTyETCH.

4. J1ns NOBBILIEHUSA IUIACTUYHOCTH METAILIA IO BCEMY CEUEHUIO PAllMOHAIBHO
UCIOJIb30BaTh KOMOMHHMPOBAHHBIE CHOCOOBI MPOKATKM B JBYX M MHOTOBAJIKOBBIX
CHUCTeMax KaJMOpOB, a Takke CIocod MpoKaTKa-MpeccoBaHHE (B KOMIIOHOBKE IMpH-
BO/IHAs-HENIPUBOIHAS KJIETH).

5. Jlns momydeHHs] MEIKOAUCIIEPCHOM CTPYKTYpPBI B CTalsX C JIOCTATOYHBIM
YPOBHEM ILJJACTUYHOCTH, 11€JIeCO00pPa3HO HMCHOJb30BaTh MPOKATKY B JIBYXBaJIKOBBIX
HEPaBHOOCHBIX KajauOpax, Hape3aHHbIX Ha KOHMYECKHUX Bankax. IIpokatka B cko-
HIEHHBIX KanuOpax MOXET ObITh peaii30BaHa Ha HENPEPBIBHBIX CTaHaX ropsyeil u

XOJIOJHOM IPOKATKH.
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C.A. JleBannosckuii, O.B. Cunnukuii, H.A. Pyyunckas
®I'bOY BIIO «MarauToropckuii rocy1apcTBEHHbBIN

TeXHUYECKUM yHUBepcuTeT uM. [.11. HocoBa»

OIIBIT OIITUMHU3ALINUA ®OPMbI KAJIMBPOB
ITO KPUTEPUIO HEPABHOMEPHOCTHU JE®OPMAILINA

OonuM U3 camvix OCUCMBEHHbIX UHCIMPYMEHMO8 8030eUCMBUs HA Pe3ybmam
npouU3B00CMEa COPMONPOKAMHOL NPOOYKYUU A6AeMCsl KOPPEeKYUus Kaiubposox 8ai-
Kos. Ha cecoOHswnuil 0enb MOJNCHO Bbl8UMb MHOMCECMBO Kpumepues, Komopbie
Mo2ym Oblmb 835Mbl 3a OCHOBY O0Jisl CO30AHUSL MAMEMAMUYeckKux mooenet no Moou-
Quxayuu gopmol kKanubpos paziuunoeo HazHavenus. Paccmampusaemviii 8 pabome

NnO0X00 OpUEHMUPYEemMCs HA UCNONIb308AHUE 8 Kauecmee maKko2o Kpumepus Ko gu-

yuenma Hepasrnomeprocmu depopmayuu (Kep). Ocnoénvimu npuvunamu eévibopa

Knep KaxK Kpumepus onmumusayuil A6JHAMCA. NOMERUUATbHAA 603MONCHOCNIb CHU-

3UMb ycunue npoKkamku (3a cuém nepepacnpeoenenust 0oxcamull U 6apbUpOSaHUs.
NI0WAObI0 KOHMAKMHOL NOBEPXHOCMUL); NOBblUEHUE IPDeKMmUBHOCU KATUOPOBKU -
BIMSNCHOU CNOCOOHOCIU NPOKAMHBIX BANIKO8, COKPAWCHUE KOIUYECMBA 30H NOBbL-
WEHHOU NIACMUYecKkoll oeghopmayuu 6 ouaze 0eopmayuu,; CHUNCEHUE USHOCA NPO-
KAMHBIX BATIKOB.

Knmiouesvie cnosa: copmosas npoxamxa, HepasHOMepHOCMb Oepopmayuu, on-

mumuzayus hopmul Kamobpa, KarbpoeKa 6aiKos.

PaccMOTpUM  ONBIT NPUMEHEHUS CTPYKTYPHO-MAaTpPUYHOIO TMOAXOAAa IpU
ONTUMM3aUMU (OPMBI KaIHOPOB ISl TMOBBIIMICHUS] PE3YJIbTATUBHOCTH COPTOBBIX
ctaHoB [1]. Marepuansl ngaHHOW MyONHMKAIMM OCHOBAHBI Ha WCCJEIOBAHMSIX,
pe3ynbTaThl KOTOPHIX HAILIM NPUMEHEHHE B paMKaxX COPTOMPOKATHOTO KOMILIEKCa
OAO «Maruauroropckuii Mmetaiyprudaeckuii komounat» (OAO «MMK») B nepuon

¢ 2003 1o 2007 rr.
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HpI/I MAaTeMAaTUICCKOM MOACIIMPOBAHUN TCXHOJIOTHYCCKOIO ITPOHECCa HAa OCHO-
BC CTPYKTYPHO-MATPUYIHOI'O IMOAXO0AAa U 3JICMCHTOB OINITHUMH3AIMU PACCMATPUBAIOTCA

cienytomue kpurepuu [1, 2]:

KHep —  HEpaBHOMEPHOCTHU JehopMallnH;
Kenas CTaOMJIBHOCTH TIPOLIECCa;
K :
mour —  TOYHOCTH,
K
mex# —  TEXHOJIOTMYHOCTH.

[Toapo6HO 3TH KpUTEpUK paccMaTpuBaroTCs B padotax [1, 2].

VYrpaBiieHHE 3TUMH KPUTEPUSIMHU MOCPEICTBOM HU3MEHEHUSI (POpMBbI KauOpoB
OKa3bIBa€T MPSIMOE BIUSIHUE HA TEOMETPUIO TOTOBOTO MTPOKATA.

PaccmarpuBasi B3aMMOCBSI3M 3THX KpUTEpHUEB [l], MpUXoanM K 3aKIIOYEHUIO,

YTO JIMHUA HAcJIeJOBaHUSA MH(POPMAlMU BBICTPOEHA CJEAYIOIIUM 00pa3oMm:

Kiep € Koo € Kemas < K

mexh cma OTKyJla CJIEAyET, 4To (hopMa KanuOpa MM Ka-

MOYH?>
JAOpOB, CBA3AHHBIX B TEXHOJOTMYECKYIO LIEMOYKY, OKa3bIBAET HEMOCPEICTBEHHOE
BJIUSIHUE: Ha JBIKEHUE METajlla B o4are eopManuu; paBHOMEPHOCTh U paclpese-
JIEHUE MEXaHUYECKUX CBOMCTB, OCHOBAHHBIE HA JOIYCTUMON HEPABHOMEPHOCTH Je-
dbopMaruu; Ha paboTy, COBEpIIAECMYIO B Ipoliecce MpoKaTk [3, 4].

VYrpasisas popMoii KaauOpoOB, MOKHO JTOCTATOYHO 3(PPEKTUBHO BO3JEHCTBO-
BaTh Ha MPOILIECC COPTOBOI MPOKATKH M o0ecreunBaTh HEOOXOAMMOE KaueCTBO roTo-
BOU MTPOAYKLUHU.

B kauectBe kputepus ontuMuzanuu (1ieneBoil GyHKIIMNA) PpacCMOTPUM (PyHK-

oHan F 0 {)‘((a)), a)} KOTOPBIM HEOOXO0AMMO MUHUMH3UPOBATH:
Fo{x(w),0} = min f°(X(0)w). (1)
Takum 0Opa3om, 3aa4a CBOIUTCA K OTBICKAHUIO BEKTOP-(DYHKIIMH )_((a)), MH-

HUMU3HUpYIOLEH (YyHKIMOHANT FO{)_((C()),C()} IIPU HEKOTOPBIX OIPAHUYECHUSAX THIA

HepaBeHCTB. MuHUMU3aIMs (QYyHKIHOHAIA B 3TOM ClIydae O3HA4YaeT CTPEeMJICHUE K
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MUHUMYMY Kod(Qduuuenta HepaBHoMepHOCcTH Aedopmanuu K a OrpaHUYeHHUS

Hep °
ThIIa HCPABCHCTB €CTb TCXHOJIOTHUYCCKUC OI'pPaHUYCHUA, PACCMOTPCHHBIC JaJICC (33-

Jaya sIBJISIETCSl OJTHOKPUTEPHAIBHOM ).

Onucanue oepaHuquuﬁ

OrpaHnydeHus MOYKHO Pa3eNTh Ha JBE TPYIIIBI: OTPAHWYCHUS THUIIA PABCHCTB
Y OTpaHUYCHUS TUIA HEpPaBEHCTB. B kauecTBe orpaHWYeHUl THIA PAaBEHCTB BBHICTY-
UM 3arojHEHUE KaymOpa MeTauioM W JOMyCTUMas Harpy3ka Ha 00OpyIOBaHHE
[3, 5], a orpaHWYCHHUSIMH THITA HEPABSHCTB SBJISIOTCS BBITSDKKA U IIPEJIC BapbHPOBa-
Hus GopMel [6, 7]. 3amogHeHHe OIEHUBACTCS O CYIISCTBYIOIICH M XOPOIIO 3apeKO-
MEHJIOBaBIIEH ceOsl METOIMKE, pacCMOTpeHHON B paborax [1, 8, 9]. Harpy3ku, oxa-
3BIBAIOININE TMPSMOE BO3JIEUCTBHE HA OOOPYIOBAaHMUE MPHU MPOKATKE, BBHIYUCISIU TI0
U3BECTHON METOJMKE, MPEIOKEHHO! B padoTax [2, 9, 10].

B paccmarpuBaeMoit Mojenu onTUMHU3ANMK (DOPMBI KaauOpa HCIOJIB3YIOTCS
JIBa OTpPaHUYEHUS BHUJa HEPABEHCTB, UMEIOIINE (PYHKIIMOHAIBHYIO 3aBUCUMOCTD (OT

BapbUpyeMbIX (PaKTOPOB (POPMBI) THIIA:

y, = F(X, .00 X)), (2)
Y, = F(x, ..., X,), (3)
rae Y; — OrpaHMYEHHE O BBITSKKE, Y, — OrpaHUYEHME II0 MPEAEy BAPbUPOBAHUS

dbopmbl Kanuopa.

VYcnoBust HepaBeHCTB i 3aBUcUMOCTEH (2) 1 (3) MOXKHO 3amucaTh Tak:

/umin < yl = /umax’ (4)
Dmin < y2 S Dmax’ (5)
rac lumin' /leax —  MHHHMAJIBHO U MAaKCHUMAJILHO )IOHYCTI/IMLIC BBITAX KK COOTBCT-

CTBEHHO JIJIs pacCMaTPUBAEMOU CUCTEMBI KalTnOpOB;

D

min ? Dmax — MHHHUMAJIIBHO M MAaKCUMAJIbHO AOIMYCTUMBIM AMAMCTP ITPOKAT-

HOI'0 BaJIKa COOTBCTCTBCHHO B TOYKC BAapbHPOBAHHSA BCKTOpaA

hopMBI.
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MakcumanbHOe HMmax 1 MUHUMAJIBHOC (/... 3HAYCHUS BBITSKCK OIPCACIIAOT-

Csl UCXOMS U3 MCIOJIb3yeMOM CUCTEMbl KaIMOPOB, JUIS KaKJIOW M3 KOTOPHIX, KaK U3-
BECTHO, CYIIECTBYET JMAaNa30H BO3MOXKHBIX BhITsKEK [11-14] (Tabn. 1).

CrnenyeT OTMETUTH, YTO MO-
Taobmuna 1

JIeTb MpeHa3HaYeHa JIsl ONTUMH3a-

BrITshKHAs CTTOCOOHOCTH CUCTEM KaTuOpPOB
i (HOpMBbI KaTuOpOB, UCHOJb3Yye-

BRITSKKA MBIX IIpHU IIPOU3BOACTBC COPTOBOI'O

Cucrema kanuOpoB . .
MuH | vakc | HPOKaTa mpoctoil (popMbl («IpocToi

1.70 pOQIIbY, KIIPOCTOU KAITUOPY).

Osain-xBagpar 1,60
1,50 1,60 YroObl  aBTOMaTH3HMPOBAHHO

KBagpar-mecTurpaHHuk

ﬂIHI/I‘-IHBIG KaHI/I6pI)I 1.35 1.45 OnpcACIIsITb CUCTEMY KaJ'II/I6p0B JJIA

MPOKATKU MPOCTHIX MpoduieH, ObLI

Pom0-KBampar 1,35 1,45
Pe6poBoii oan-Oain 135 | 145 | Pa3pabOTaH airopuT™ OJIHOSHAYHOH
Osan-Kpyr 195 130 UJIEHTU(HUKALIMH CUCTEMBI KaJIMOPOB.

PabGorta Benércs ¢ maccuBoM
JaHHBIX pazMepHOCcThIO B 200 emu-
HUII, KOTOPBINA MPENICTaBIsAET COO0M TBYXCOTBEKTOPHOE OMUCAHNE YETBEPTH MPOCTO-
ro kanuOpa. C Lenpio onpeAesieHrs TUMA KaauOpa KCIONb3yeTCs JHIIb HeOOobIlas
4yacTh MH(GOpPMAIINH, a HE BECh MACCHB.

N3 AByXCOT CyIIEeCTBYIOIIMX BBIOMPAIOTCS MIECTh BEKTOPOB (HA30BEM MX BBI-
YJICHEHHBIMHU ), UMEIOITUE TopsiAKoBbIe HOMepa 1, 10, 40, 80, 120 u 160 (puc. 1). B
cllydae OIMUCAHUs YETBEPTH MPOCTOro KalnOpa BEKTOpamMH B KoiaudecTBe 50 mITyK
pexomenayercs Beioupats 1, 3, 10, 20, 30-p1it 1 40-0if BEKTOp COOTBETCTBEHHO.

[TonsipHbIe KOOPAMHATEI (¢; W @;) BHIWICHCHHBIX BEKTOPOB IIEPEBOMSATCS B
JI€KapTOBBIE:

x, =sin(e, )a,,

6

y; =cos(«;)a;, (6)

rae X; U Y; — IeKapTOBble KOOPAMHATBI, &; — YrOJ UIsl | -r0 BEKTOPA U3 €ro TOJISP-

HBIX KOOpJAHWHAT, a.i — JJIMHa | -I'0 BCKTOPA.
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Puc. 1. BekTopsl, He0OX01UMBIE JIJIs1 UASHTU(PUKAIIMN TUTIA KanrOpa

N3 BBIWICHEHHBIX BEKTOPOB V[i] B JICKAPTOBBIX KOOpAMHATaX (GOpPMUPYETCS

JIBa MacCHBa X[i] u y[i] (3HaueHust abCUUCCHl M OPAMHATHI) C UHIAEKCOM OT HYJIA J0

1sATH (MacCUBBI HA30BEM OTIPEICISIONINMHU ).

PaccMmoTpuM yciioBus, 10 KOTOPBIM ONPEAENSIETCS TUI KaauOpa U3 BO3MOXK-
HBIX: AIIAYHBIA, OBAJIbHBIM, POMOUYECKUM, MIECTUTPAHHBIN, KBAIPATHBINA, KPYTJIbIHA
WM peOpOBOM OBaI.

KanuOp siBasieTcs AUMYHbIM B IBYX CIIydasX:

(v[]-y[4) .
gt )

. (y[e]- y[4]) _
g 08 (®)

B ciyyae BeimonHeHus yciaoBus (7) Mbl UMEEM SIIIAYHBIN KBaApaT, JJIsl KOTO-

poro tgar >1,2 (puc. 2, a), Bo BTopoM ciydae (ycioBue (8)) — SIIMYHBIA MPIMO-
yroiapHuK, s koroporo tga <03 (puc. 2, 6). B ciaywae ycnoBus (7) Touka

(X[1],y[1]) nexuT Ha aHe KanuOpa, Touka (X[4], y[4]) — Ha GokoBO¥ cTeHKe Kanuopa,
a B ciydae (8) — 00e TOUKH JIeKaT Ha JHE Kanuopa.

B cnyuyae HeBbinosnHeHus ycinoBuid (7) u (8) xanuOp MMEEeT BOTHYTOE AHO U
MIPEACTaBIACT cO00i b0 poMO, MO0 0Baj, OO MIECTUYTOJBHHUK (KBaJpaT — 4acT-

HBIN ciTydail pom0a, Kpyr — oBaJa).
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. X4-x1
i 1(x1,y1) x4-x1
= e 1(x1,y1) 4(x4,y4)
>1 P elA(x4,y4) I
a) 0)

Puc. 2. Onpenenenue sIMUYHOTO Kanuopa:

a) — SIIUYHBIA KBaApaT, 0) — SAMIMYHBINA TPSIMOYTOJIBHUK

KanuOp sBasieTcss pOMOMYECKHUM, €CITU BBIMOJIHSAETCS YCIOBUE:

(210D o o
x[0]

B aToM ciyyae BeIOpaHbI BeIUICHEHHBIC BEKTOPHI 1 1 0. OBal SBHO OTJIMYACT-
csi oT pomba oTcyrcTBUeM mepernda B Touke (X[1],y[1]) (puc. 3, a). D10 03HayaeT,
YTO B TOYKaX, JexKalux B okpecTtHoctd Touku (X[1],y[1]) (B TOM 4uclie B TOUKE
(x[0],y[0])), kacaTenbHast K JTUHHH, ONUCHIBAIOIICH KAIHOp, OYAE€T CTPEMHUTHCS K HY-
o (tg()<0,1). Ycnoue (9) cOOTBETCTBYET ciy4aro pomba (puc. 3, 0).

JIns BBISIBIIGHUSI KBaJpaTHBIX CEUEHUU cpean pomoOudeckux (puc. 3, 0) uc-
MIOJIB3YETCSl YCIIOBHE OMPEIEICHHOTO yIila HakjioHa OOKOBOW cTeHkH kammOpa. Ka-

JUOp SBIISAETCS KBAJIPATHBIM MPHU BHITIOJHEHUN YCIOBHUS:

(214D 1 w0

(x[2]-x4)

OTO 03HAYaeT, YTO CTEHKA KaJuOpa HAKJIOHEHa K TOPU30HTAIM MOJ YIJIOM

okoJI0 45° 1 epes; HaMu Kaauop KBaaApaTHON (HOPMEL.
Jyist BeIIETIEHUS Cpey POMOOB MIECTUYTOIBHBIX KAIMOPOB, 1T KOTOPBIX YTOJ

HAKJIOHA JIHA K TOPU30HTaIM cocTaBisieT 30°, MPUMEHEHO yCIIOBUE:
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x0-x1 X0-x1

S .A}l(xl,yl) o 1(x1,y1)

a) 0)

Puc. 3. Onpenenenuie oBasibHOTO (a) 1 pomoOuueckoro (0) kaaTudbpoB

X|2

(v[2]-y[4]) 1 _
chEaii @

32  OCHOBY  YCJOBHS, OINPENCISIONIErO0  KPyIJblii  Kaaubp,  B3ST

['OCT 30136-94 [15] Ha xaTaHKy, JOIyCKAIOMUH €€ OBaJIbHOCTH B mpeaenax 2% ot

AuaMceTpa. 910 OIrpaHUYICHHUEC MOXKXHO IIPCACTABUTb B BUC:

A+ yBF —3F +yBF | oo

AP + P |

Jliist onpeneneHus pedpoBOTrO OBajia MCIOIB3YETCS CPABHEHUE BBHIWICHEHHBIX

(12)

BEKTOPOB, OJIM3KHUX IO MOJIOKEHUIO K €T0 MOJIYOCsM, a 3TO BEKTOpHI 1 u 5.

Ogaun siBnsieTcs: peOPOBBIM, €CIIH:

X + VI = /X5 + YI5F 13)

Hcrnionp3yst onmrcaHHBIA aITOPUTM OIPEACIICHUS TUTIA KaIuOpa W JaHHBIC, U3-
JIO’)KeHHBIE B Tabuie 1, MOXXHO 4€TKO chOpMUPOBATH OIPAaHUYCHUE THIIA HEPABEH-
cTBa, omucanHoe (opmysnoit (4). UToObl HANTH TpaHUIBI JTOMYCTUMOTO JHara3oHa
BBITSIKEK, HEOOXO0IUMO:

— OIpeAeNUTh THUIl KanuOpa;

— BBIOpaTh MOCIIEOBATEIHBHOCTh CUCTEM KAJIMOPOB;

— 3a/aTh I'PaHUIIBI JUana3oHa Ha OCHOBE Ta0. 1.
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OZDaHI/lLleHue no e6apvuposaruro (bODMbl

[Ipu mocTaHOBKE OTpaHWYECHHsS MO BapbHpPOBaHHUIO (OPMBI KanuOpa HE0OXo-
JUMO paccMOTpeTh (PaKTOpbl, 00YCIAaBIUBAIOIIUE MAKCUMAIBHYI0 U MUHUMAJIbHYIO
rIIyOUHY py4Ybs Ha TPOKATHBIX BaJIKax.

Bo-nepBbIx. J[1s1 mpokaTKy MeTala UCHOJB3YIOTCSl BAJIKH, CHATUE TTOBEPXHO-
CTHOT'O CJIOSl KOTOPBIX IPU IEPETOYKaxX BO3MOXKHO MakcuMyM Ha 30% ot paguyca
BaJIKa. JTO OOBSCHSETCS MOBBIIIEHHOW TBEPAOCTHIO U MPOYHOCTHIO BAJIKOB B 3TOM
JUana3oHe, TaK KaK TEXHOJIOTMYECKU TOJBKO 3Ta 4acTh Bajlka MpeJHa3HAueHa AJis
pabotel. Harmpumep, Ha cranax 170, 370, 450 OAO «MMK», no nundopmanuu pup-
mbl Danieli, MmakcumanbHass TIyOMHA TAKOTO CJIOS IS MOCICAHEr0 YMCTOBOIO Ka-
aubpa coctasisieT 26, 56 1 67 MM COOTBETCTBEHHO, HO 3TO IPH YCIIOBUHU YJAJICHUS
BCEro paboyero cjios Ballka, YTO HEAOMYCTUMO C TOYKH 3PEHUS MPUKIAIbIBAEMBIX
Harpy3oK ¥ u3Hoca. MO>XHO c/ienaTh BbIBOJ, 4TO 30-IIPOILIEHTHOE OTPaHUYEHUE SIBIIS-
€TCsl YCIIOBHBIM, @ B PEAIbHBIX CUTYALUsAX MPHU MEPETOYKAX U M3HAIIMBAHUU MAKCH-
MaJIbHO CHUMAaeMbIH cior cocTtaBuT 20-28% oT paauyca BalaKoB.

Bo-Bropbix. Koneunslii npoduis 00ycIOBI€H CTaOMIBHOCTBIO TE€OMETPUU
BCEX MPEIIECTBYIOUMX ceueHU. OTKIIOHEHNE reOMETPUUECKUX Pa3MepOB MeTaslia
MOJKET MPUBECTH K 00pa30BaHUIO Pa3IMUHBIX MOBEPXHOCTHBIX 1€()EKTOB UIIH JaXKe K
aBapUiHbIM cuTyauusM. [IOCTOSHCTBO ypOBHSI 3alOJHEHHs] KajauOpa 3aBUCHT OT
MHOKECTBa (PAKTOPOB, B TOM 4YHUCIE U OT (hopMbl KanuOpa. Kputuuecku cHuxkas wiu
NOBBILIAS TUIOIMIAb CEYCHUs KanuOpa, MOKHO MPEBBICUTh HArpy3Ku Ha 00OpyAoBa-
HUE, MOJIYYUTh HEYJIOBJIETBOPUTEIHLHOE CEYEHUE pacKara, HapyLIUTh CTaOUIbHOCTD
paboThI CTaHa B 1I€JIOM U T.J. Y YUThIBasi 3aKOH MOCTOSIHCTBA O0OBEMA U €r0 CIEICTBUE
— KOHCTAHTYy CTaHa, HEOOXOIMMO CTPOTO BBIIEP’KUBATH CKOPOCTHOM PEXKHUM U PEXKUM
BBITSDKEK. [103TOMY HMDKHEH rpaHuiell BapbUpoBaHUs (GOPMbI KaaTuOpa MOKHO CUH-
TaTh MUHMMAJIFHO BO3MOXKHYIO IUIOIIA/(b CEUYEHHUS, YOBIECTBOPSIONIYIO TapaMeTpam
IPOKATKH U YCJIOBHUIO CTAOMIIBHOCTH MpoIiecca.

[logBeass WUTOr CKa3aHHOMY, MOXHO ONPENETUTh Mpeleiabl BapbUPOBAHUS

dbopmoii kanmbpa:
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— BEpPXHUU Tpeaesl OTpaHUYMBACTCS MAKCHMAIbHO BO3MOXKHOUM IUIOMIAIBIO
CEYCHHS KaanuOpa, KOTOpast 3aBUCUT OT IKCILUTyaTaIlMOHHBIX CBOMCTB BaJIKOB
M OT TIPEJICTBHBIX BHITSHKEK KOHKPETHOW CHCTEMBI KaJTMOPOB;
— HWKHHHA Tpefes JOHKeH ObITh OrpaHWYCH YCIOBHEM IIONAJaHus B 3ajaH-
HBI TUAa30H BBITSIKEK.
Hcnonp30BaHrne MOJAENTH TOKa3ajo, YTO HaumOojee paluOHAIBHBIM CIEIyeT
CUATaTh OTKJIOHEHHWE (MPW ONTHMH3AIHMH) OT 0a30BOTO 3HAYCHHUS BEKTOpa
B nipenenax 15%.

Onucanue mamemamudeckou Mooeu

B nepuon 2004-2006 rr. npu BBINOJHEHWH HAYYHBIX HCCIEHOBAHUN WU OEA-
TEJIbHOCTH MO HAKOIUICHUIO U COXPAHEHUIO TEXHOJIOTUYECKUX CBEICHUU COPTOIPO-
kaTHOro npousBoAcTBa OAO «MMK» Oplna anpoOupoBaHa U 3(PGEKTUBHO MpUMe-
HEHa MaTeMaThuyecKasi MOJEIb M0 ONTUMU3AIUU (POPMBI IPOCTHIX KaTUOPOB.
B kadecTBe menn MoAEIMpPOBAHUS OMPEICICHO COBEPIICHCTBOBAHUE CYIIECT-
ByIOIIEH cucTeMbl MeHeKMeHTa kadyectBa OAO «MMK» Ha 0CHOBE CHM)KEHUSI He-
paBHOMEpHOCTH AehopMalluM, yIydIIeHUsI MoKa3aTejael TOYHOCTH TeOMETPUU TPo-
KaTa M pacIIMpeHHs OOJIACTH MPUMEHEHUS KaJTMOPOBKH 3a CUET MPOTHO3WPOBAHUS
Pa3IMYHBIX BAPUAHTOB TEXHOJOTUYECKUX CXEM.
Ha ocHoBe mocTaBiieHHOM 11e711 ¢hOpMHUPOBAHBI 33]]a4l MATEMAaTHUECKOTO MO-
JIeTUPOBAaHUS:
- COBEPUICHCTBOBAHUE CYIIECTBYIOIIEH CUCTEMbl MEHEI)KMEHTA KaUeCTBa Ha
ATanax NpoeKTUPOBAHUS U ITPOU3BOCTBA TPOAYKIINH;

- CHIDKCHHE HEPaBHOMEPHOCTH Je(opMaliuu B TEXHOJOTMYECKUX CXeMax Ha
OCHOBE IIPUMEHEHUS PE3YJIbTATOB MOJCTUPOBaHUS (POPMBI KATHOPOB;

- moBbimeHne 3QPEeKTUBHOCTH pabOTHI KaTMOPOBKH BAJIKOB 3a CUET CHIDKE-
HUS 3aTpaT PHEPTrUU HA MPOKATKY.

MaremaTudeckas MoJielIb ObllIa TIPEJCTaBlICHa B BHJE IMPOIPAMMHON peayin3a-
IIUM Ha OCHOBE ajroput™a (puc. 4), CTpyKTYpPHBIE COCTABIISIONINE KOTOPOTO OTpaKe-

HBI B Ta0IUILE 2.
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Bri6op pexnma
HPOKATKH

HAYAJIO

3ampoc

Ha UCXOOHBIC

JaHHBIC

Bribopka
HCXOTHBIX
nanHbeix u3 bJ[

O0paboTKa 1 MMOATOTOBKA UCXOMHBIX TaHHBIX
B COOTBETCTBUH C TPECOOBAHUSIMHU MOJICTUPOBAHUS

v

Bei6op miara
M YHucia KieTeu
JUISL UTEpaLui

Beraucnenne ucxonneix 3Ha9eHui K,

7

OnpezeneHye NPOMEXYTOUHBIX IEPEMEHHBIX
1 MacCHBOB, HEOOXOIUMBIX ISl pacy&éTOB

CoxpaHeHue
ONITHMHU3UPOBAHHBIX
BEKTOPOB I UX
MIOCJICYIOIIETO aHaIN3a

KIICTAM

\

CpaBHEHU

Pacuér nToroseix K, u
BBITSDKEK ISl HATJISITHOTO

[yt 1o BEIOpaHHBIM
JUISL OIITUMH3ALIIH

A

OmnpenencHye TUIIOB U CUCTEM
KaJIHOPOB, HCXOHBIX BBITSIKEK,
OTPaHWYEHUS MO BBITSDKKAM U
JMana3oHaM BapbUPOBaHM BEKTOPOB

uxn 3aBepuieH

Iluxn 3aBepiieH

romMm

JoTycTUMa?

L[I/IKJ'I 10 BEKTOpPaM,
OITMCBIBAIOIIIUM KaJ'II/I6pLI

Iy BappbUpOBaHUS BEK-
TOPOB C 3aJaHHBIM I1a-

Knep MUHHWMAJICH U BBITAXKA

Her
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Tabmnuma 2

KoMMeHnTapuu kK HEKOTOPBIM OJIOKaM ajaropuTMa

biok anroputma

| KomMeHnTapuu Kk 010Ky

«3ampoc Ha UCXOJIHbIE
JTAHHBIE)

Brinonnenue 3ampoca k BJ[ ¢ 1enbto nonydeHus He0OX01H-
MOH uHpopMamm.

«Bp100pKa UCXOTHBIX
JTAHHBIX)

[ToTox Tpebyemoi uHbOpMAaIK, SBISIONINICS OTBETOM Ha
3arnpoc K b/I.

«O0paboTka 1 MoaAro-
TOBKAa UCXO/HBIX JaH-
HBIX B COOTBETCTBHH C
TpeOOBaHUSIMU MO/Ie-

JUPOBAHUS »

Breimonnenue onepaum”I IIOATOTOBKH JAHHBIX — BHCCCHUC B
MOACJIb, UBMCHCHHC 3a30pa, CCIIN 3TO H€O6XOI[I/IMO.

«Bp100p mIara u yucia
KJIETEU JUJI UTEPALIAi»

[Iar nns urepanuu BIUAET Ha BpeMsi pabOThl U TOYHOCTh
MOJIEIU TIPU BHIIOJIHEHUU ONTUMU3AIUU.

JlocTaToYHyI0 TOYHOCTh OOECIEYMBAET IIar, COCTABIISIIONTUIN
10-20% oT momycTUMOro JIhana3oHa BapbUPOBAHUS BEKTOPA.
3amaya MOXKET CBOJIUTHCA K MIOUCKY ONTUMATIBLHON (POPMBI HE
BCEX KaJUOpPOB JUIsl UCCIIEYyEMOTO PEKHUMA, a JIMIIb TOJIBKO
B HEKOTOPBIX KIIETAX, HAIIPUMEDP, B KJIIETSIX YEPHOBOU TpyI-
bl CTAHA.

«IuKa1 mo BEIOpaHHBIM
JUISL ONTUMU3ALUN
KIIETSIM»

Cnenuguka 3Toro 010Ka COCTOMT B MPaBWIBHOM BBIOOpE
HaIpaBJICHUS TIporecca ontuMu3arnuu. s cimydas oOpa-
OOTKH BceX KJIETEH cTaHa HEOOXOAMMO 3aJaBaTh IIUKJI OT
MPEIOCIEIHEN KIETH 10 MEPBOM C LEJIbI0 COXPAHEHUS UTO-
roBoi (popmbl KanrOpa B NOCJIEJHEN YUCTOBOM KIIETH.

«OmnpexaeneHne TUIOB
1 CHCTEM KaJuOpoB,
HCXOJTHBIX BBITSIKEK,
OTPaHUYEHHUSI 110 BbI-
TSDKKaM | Ihara3oHam
BapbUPOBAHUS BEKTO-
POB»

biok npennaszHadeH s 00pabOTKM AAaHHBIX C IENIBIO BBI-
CTaBJICHHUS OTPAaHUYCHUHN JIJIs THaria30Ha BapbUPOBAHHS BEK-
TOPOB U TPEACIbHBIX BBITSHKEK BO BCEX HCIOJb3yEeMbIX KIle-
TSX.

«{nkJ1 mo BeKTOpam,
OIMCHIBAIOIINM Ka-
JTUOPBI»

CorylacHO TEOpWM ONTUMHU3AIMK HAMpPaBIICHUE JIBHKCHHUS
MaTEeMaTHYECKON MOJICIIM HE OKA3bIBACT BIIMSHUS HA PE3ylb-
TaThl. B MTaHHOM ciydae BBIOpAHO HANpaBIICHUE ONTHMH3a-
IIMM OT EPBOT0 BEKTOPA J0 MOciaeaHero (puc. 5).

«I{ukn BappupOBaHUs
BEKTOPOB C 3aJIaHHBIM
1aromM»

3amaua BbIOOpa METOJIWKH Tepedopa 3HAYECHUN BEKTOPOB C
3aJIaHHBIM IIarOM B JIOIMYCTUMBIX Tpejenax Oblia pelieHa.
[IpunsTO penieHne BapbUpOBaTh BEKTOPHI, HAUMHAS OT 0a30-
BOTO 3HAYEHUS, CHAayaja JI0 BEpXHEH TpaHUIlbI, a 3aTeM [0
HIDKHEH C ONpeACIICHHEM OINTHMAaIbHOCTH Ko3((dHUIMeHTa

KHep (puc. 6).
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BepxHss rpanuna

Hamnpasnenue
JBUKCHMSI LINKJIA

fl
iz

Hrxnsasa _|
I'paHuLla
Puc. 5. Hukn ontumusanuun Puc. 6. Ilopsa0ok M3MEHEHHs 3HAYEHUI
10 BEKTOpaMm JUIUH BEKTOPOB

PaccMoTpeHHBIN anrOpuT™M MO3BOJISET MOJTYYUTh PEKOMEHIALMN OTHOCUTENb-
HO oOnTuUManbHOM (opmbl KanubOpa. B nanbHelieMm pe3ynpTaThl MOAEIMPOBAHUS
JOJDKHBI  OBITh  QalTUPOBAHbl B COOTBETCTBUM C IMpaBWJIaMU IOCTPOCHHUS
kaauopos [11-14].

CogepiieHcTBOBaHME (HYOPMBI KAIMOPOB MPOBOIUIN UTEPALIMOHHBIM METOOM,
TO €CTh MepedOpPOM CYIIECTBYIOIIUX BAPUAHTOB M JAIBHEUIIMM BBIOOPOM M3 3TOrO
MHOYKECTBA PELUICHUI OJTHOTO, YAOBJIETBOPSIOIIETO YCIOBUAM 3a1a4H.

CpaBHEHHE pe3yJbTaTOB, MOJYYEHHBIX TAKUM METOIOM, C pe3yjibTaTaMu IO
MeTony HproToHa M MeToAy COmpspKEeHHBIX TpaaueHToB [16, 17] mokasano, 4yTo OT-
KJIOHEHHE Pe3yJIbTaTOB HECYIIECTBEHHO [3] 1 cocTaBisieT MeHee 1,4%.

Hcnonvzosanue modenu onmumusauyuu

[Tponenypa MpOEeKTUPOBAHUS U ITOCTPOCHUS KaJTUOPOBKH SIBIICTCS TOCTATOY-
HO TPYAOEMKOM. J[J1s pa3smuyHBIX PEKUMOB IPOKATKH (DOPMUPYIOTCS OTINYAIOIINECS
JPYT OT ApyTra 4epTeKH KaauOpoB. Jlake MiIs cirydast IPOKaTKH OJHOTO TMPOGUIIs, HO
pPa3HBIX MapoOK CTald HEOOXOIUMO MPOU3BOAUTH aganTaiuio (GOpMbl KaauOpOB H
(W1K) HACTPOMKY CTaHa.

N3BecTHO, YTO YHUBEPCATHHOW KAIMOPOBKH BaJIKOB HE CYIIECTBYET, TIO3TOMY
BCETJa MPHU PEUICHUU 3a7a4i €€ COBEPIIECHCTBOBAHUS PEKOMEHIYETCS YUUTHIBATH

MHOECTBO (PaKTOPOB, OKA3bIBAIOIINX BIMSHUE HAa BEIOOP KOHTYPOB KaJIMOPOB.
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Pazpaborannas Mmaremaruueckas monens [3,5-7,18] B kauecTBe Takux (hakTo-

POB pacCMaTPHUBAET BHITSKHYIO CITOCOOHOCTh CHUCTEMBI KAIMOPOB M CTETIEHb TOMOTe-

TUYHOCTH MHCTpyMeHTa u o0bekTa OMJI, BbIpakeHHyI0 uepe3 KorhGUIeHT Hepas-

HOMEpHOCTU Aedopmari. Tak Kak HEBO3MOXHO yYECTh BECh CIIEKTP BO3MYILAIO-

IIMX BO3JCHCTBHI, TO pe3yAbTaThl MOJICTUPOBAHUS TPEOYIOT aJaNTallMK K PeaJbHbIM

YCJIOBHAM U ITpaBHJIaM ITIOCTPOCHUA KaJ'II/I6p0BKI/I.

B xadecTBe OCHOBHBIX IIAroB pabOTHI C CO3JaHHON MaTeMaTHYECKOW MOJIEIBIO

CTOUT BBIACIINTD.

— (bOpMI/IpOBaHI/IC HCXOAHBIX JaHHBIX,

—  OIpejesieHre NapaMeTpOB MOEINH Mepe] ONTUMHU3AIUEN;

— TOPSAOK NPOBEJEHUS PACUETOB;

—  KOPPEKTHUPOBKY MOJTYUYECHHBIX PE3YIbTATOB;

— IHPOBCPOYHLIC paC‘-IéTBI Ha OCHOBC UTOTI'OBLIX PC3YJILTATOB.

OcobeHHocmu nPpUMeHeHUss MOOeIU

HpOFpaMMHaSI peajin3anusa MOACIUPOBAHUA IIPCACTABICHA TPCMSA OCHOBHBIMHA

daiiiaMu ¥ OTHUM JTONIOJIHUTENBHBIM. Cxema B3aumoaeicTBus (aitios ¢ b/ BITs-

JUT CIEAYIONUM 00pa3oM (puc. 7).

.| Monens(Microsoft

A

Excel)

A

[TapameTpsl pe:xuma npokar-

K4 (MOTOK MH(pOpMAIINN)

[Iporpamma juis pacuéra
JUIMH BEKTOPOB IIPH CMEHE
MEXBAaJIKOBOI'O 3a30pa
(Microsoft Excel)

[Tporpamma asst oTo-
OpakeHHsI KOHTYPOB

A

b/l

KaJuOpoB BCETro pe-

A

&

KMMa IIPOKaTKH 1e-
JIMKOM
(Microsoft Excel)

Y

Monynb 11 U3BJICUECHUS
JUTMH BEKTOPOB U3 UepTeka
dopmara AutoCAD(Visual

LIPS monynb)

Puc. 7. BzaumopaencTBrue MaTeMaTUIECKON MOJIENHN U €€ Moaynen ¢ b/

[TapameTpsl pekrMa MPOKATKH COJEPKAT B cede:

- I/IH(I)OpMaHI/IIO O Ha3BaHHWH CTaHa,
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—  KOJHUYECTBO KJIETEH;
— 4YepTeX U JAOMOJHUTENbHBIE XapaKTEPUCTUKU (POPMBI 3aTOTOBKH;
— YHUBEPCAIbHYIO CCBhUIKY Ha OYEpPEIHOCTb M XapaKTEPUCTUKY PYUYbEB Ka-
J1OPOB, UCIIOJIB3YEMBIX B PEKUME;
— YHHBEPCAJIbHYIO CCBUIKY Ha OYEPEIHOCTh U XapaKTEPUCTUKY BCEX HUCIIOJIb-
3yEMBIX B PEKUME MTPOKATHBIX KIIETEH;
— Ha3BaHue npodus;
— Ha3BaHME MApKU CTAIM U 0A30BbIN Mpeaes TEKy4eCTU U Ipyrue MeXaHuye-
CKHE€ XapaKTEPUCTHKU;
— TeMIlepaTypy Ha BBIXOJI€ U3 HarpeBaTeIbHOM Meuu;
— CKOpPOCTb POKATKU B EPBON paboueil KIETH.
JUis MOJeNMpOBaHUs, IOMUMO MapaMETPOB MPOKATKH, HYXHBI TakKe U LUP-
pOBBIE MOJENH (POPMBI KaTHOPOB.
[Tonyyenue ouudpoBanHor GopMmbl kanudpa u3 bJ] BO3MOXKHO ABYMs CIOCO-
O0amu: BBIOOPOM HEOOXOAMMBIX BEKTOPOB, COIJIACHO OIPENEIEHHOMY PEXUMY
(puc. 8), nnau u3BIeUEeHHEM MH(POPMALIMK O JJIMHAX BEKTOPOB M3 YEPTEXa MpPH TO-

MOIITU JOTIOJHUTEIIBHOTO MOy (puc. 9).

Bei6op pexuma u3 tabnuisl «Rezhimiy

v

Br160p unentudukaropa kaamuodpa

v

Br160p naeHTH(GUKAIIMOHHOTO HOMEpa
kanuoOpa u3 Tabmuisl «Kalibrovkar

Her
Kanu6p mpocroii?

A 4 \4

[Torck uaeHTHHUKAIIMOHHOTO HOMEPa B TaOJIHIIE [Torck naeHTUDUKAITMOHHOTO
«Matrica_Centrov» u (B 3aBUCUMOCTH OT CJIOXKHO- HOMepa B Ta0iHIle
ctn) B Tabmunax «Vectorsl» — «Vectors10» «\Vectorsly
Y Y
M3BneueHre HECKOIbKUXMAaCCHBOB BEKTOPOB W3Bnedenne MaccrBa BEKTOPOB

Puc. 8. Anroput™m noaydenus iudpoBex Mojaenei kaauopos u3 b1
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v

Br16op unentudukaropa kamudpa

v
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Bri6op ueprexa kanubpa u3 tadbmuimsl «Kalibrovka

v

Brigenenue BeKTOpOB 1O
4acoOBOH CTpeEJIKe Ha YepTexe

Y

O06paboTka 3HAYCHUN MaKpPOCOM
«Vectors.LSP»

v

CoxpaHeHue pe3yabTaToB B (haidi

v

JIro0oe manpHellee UCI0Ib30Ba-
HUE oI(pPOBaHHON HOPMBI

Puc. 9. [Ipoenenue onudpoBKu

KOHTYypa Kanubpa

B IIpoHecce pa6OTI>I C MaTeMaTU4eCKOn MOACIIBIO 9aCTO BO3HHUKACT HeoOXxo-

JUMOCTH BU3YaJIU3UPOBATh BCE KOHTYPHI (MJIK OJMH) KauOpos (puc. 10).

DEZd a8 - -
ansl O ERVEIE ]
[Dfnacn. ana = &

SLE]
-8

100

90

80 T

Kpyru
oBankl
AWWYHbIE

70
80
e 50
40

30

20 30 40 50 60

Puc. 10.

70 80 80

OKHO TIporpamMmsl, 0TOOpaXkaroeil KOHTYPhI KaIuOpoB

B monmenu moimKHBI OBITH MCTIOIB30BaHBl KOPPEKTHBIE BEKTOPHI, XapaKTepHU-

3yIOIIME KOHTYp KanuOpa ¢ OnpeaeseHHbIM (COTJIACHO PEeXUMY MPOKATKU) MEXBaJl-

KOBBIM 3a30pOM. J[J1s1 MOBBIIIEHUSI TOYHOCTH JAHHBIX O 3a30pe Oblja yCOBEPIICHCT-

BOBaHa MCTOJHKaA pacqéTa JJIMH BCKTOPOB IIPH CBCACHHUU U PA3BCACHHHU IIPOKATHBIX
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BankoB [10]. Meronuka mo3BosisieT ¢ onpenenaeHHon TouHocThio (0,05%) mpousso-

JUTh BBIYHUCIICHUS ¢ OTOOpaKeHHEM pe3yabTaToB (puc. 11).

MpotsewyTouHsif pacudt HeTEEPTE HTOrOBSrQ KOHTYPS KANHERS

e e LR

]
st

xann6ps no | MpouemyTounsii pacvet | el 3
ERCC Ty =y T S0 W s e Mo o (LT ar
e s s ™

Puc. 11. Oxna nporpaMMHOU peanu3aiuy CMEHbI MEKBAJIKOBOIO 3a30pa

[lepen HauamoMm MpoBEACHUS ONTUMHU3ANMHU (OPMBI KATMOPOB HEOOXOIUMO 3a-
JIaTh UCXOJIHBIE JTaHHbIE B MojieNb. K BXos1iei nnopMaiuu OTHOCSTCS:
— OCHOBHBIE JIaHHBIE O PEKHUME MNPOKATKU (TpoduiiepazMep, Mapka CTalu,
CTaH, pa3Mepbl 3aTOTOBKU U T.I1.);
— HUCXOJHbIE IMU(POBBIE 3HAUCHUS BEKTOPOB, OMHUCHIBAIOIIMX KOHTYPHI Ka-
JUOPOB U CEUEHUE UCXOTHOU 3aTOTOBKU;

— CBEIEHHUA O JUAMETPax BAJIKOB B MIPOKATHBIX KIIETAX PEXKUMA;

—  IIIar uTepalui, BEIOUpaeMblid HCXOAS U3 HEOOXOIMMOMN TOUYHOCTH;

— JIMamna3oH MPOXOJIOB, JJII KOTOPBIX OYJET MPOUCXOIUTH MPOIECC ONMTHUMU-

3aluu;

— HamnpapJIE€HUE ONTUMU3ALIUH.

Crnenyer OTMETUTh, YTO MU(PPOBHIE 3HAYCHUS JJIMH BEKTOPOB JTOJDKHBI OBITh
MPEABAPUTEIBLHO MOATOTOBIEHBI C YYETOM KOPPEKTHOCTH MEKBAIKOBOIO 3a30pa U C
00s13aTeIbHBIM TPAHCIIOHUPOBAHUEM B Cly4yae KaHTOBKHU. J[MamMeTphl BaJIKOB MO3BO-
JSIIOT TIOCTABUTh OTPAaHUYEHHUS] B BHJIE MAKCHUMaJIbHO M MUHHUMAJIBHO JIOMYCTHUMBIX

3HAYEHUU BEKTOPOB.
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[Ipu BbIOOpE 11ara urepanuil pEKOMEHIyeTCsl yCTaHaBIMBATh €ro 3HaUeHHE He
MeHee 2 u He 6oiiee 15% ot nquanazona BapsupoBanus. [Ipuemnemas tounocts (0,9%
OTKJIOHEHUH MO pa3HMIIe IUIoIaael ceueHuil) qocturaercs yxe npu 10%, cienosa-
TEJIbHO, 3TO 3HAYEHUE MOKHO MPUHSTH 32 HOMUHAJIBHOE.

N3BecTHO, UTO JelieHne BCeX KJIETel HEempephIBHOTO COPTOMPOKATHOTO CTaHa
Ha MOJTrPYNIbI BeCbMa yCIOBHO. [IpUHATO cUMTaTh, YTO CYHIECTBYIOT TPU THUIMA MOJI-
IPYII — YEpHOBasi, CpeHss U yucTtoBas. OQHAaKO BO3MOXKHO NalIbHEIIEE pa3erne-
HUE, HallpuMeEp, CpelHeW MOATrPYNIbl Ha MEPBYIO CPEIHION, BTOPYIO CPEIHION U
TPETHIO CPEHIOK. B KauecTBe MPU3HAKOB TAKOTO JEIEHUS MOKHO BBIAEIUTH CKOPO-
CTHBIE (OOIIMI PUBOJT UK Pa3/IeIbHBIN IPUBOJI HA IBUTATENb) U NeopMaIimoHHbIE
peXUMBI (BBITSKHBIE U (hOpMUpPYIOILHE CUCTeMBbI KanuOpoB). [TosTomy mpu BbIOOpE
JMara3oHa ONTUMHU3AIUU CIEAYET YYUTHIBATH JCICHUE HA TOATPYHIIBI UCCIEAYEMOTO
ctaHa. Tak Kak HYy>KHO MOJJIEP’KUBATh 3HAYEHNE CYMMApPHOU BBITSKKU B ONPEAEIEH-
HBIX MpejeNax, PeKOMEHAYETCsS MPOU3BOJUTh ONTUMHU3AINIO (HOPMBI KAITHOPOB IO
OTJIEJBHBIM Tpymnam kieteit (puc. 12). Takoit moaxos no3sossieT 6osee 3pPeKTUBHO

YUYUTBIBATh PEAIIbHBIE YCIOBUS MPOKATKHU.

3 kietu 12 xkneren 4 xnetn | 10 knerent
Y \ 4 \ 4 \ 4
UepHoBast Cpeasist rpyria [IpenuncroBas YucrtoBas
rpymnmna rpynmna rpymnma
SN—— —

N _

Pexomennyembie o6mactu
pa3eIbHOM ONTUMU3AIUN

Puc. 12. Ucnons30Banne Moaeiu ontuMu3aiiu Ha ctane 170

OAO «MMK» nipu pazzeneHnn Bcex KIETEN Ha MOATPYIIIIbI

Kaxnas w3 moarpynm kiereit crana 170 (cm. puc. 12) dopmupyeT Ha BhIXOE

U3 MOCJIETHEN KIIETH OIpeel€HHOE ceueHne MeTtautonpokara. I[Tpu nposenennn on-
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TUMU3AUU opMbI KanrOpa HEOOXOUMO HAaYMHATh C MOCJEIHEN KIETH B MOATPYI-
ne st obecneyeHus: TpedyeMoi reoMeTpun Ha Beixoje. TakuM oOpa3oM, TBUKEHUE
B CTOPOHY, NMPOTUBOMOJIOKHYIO MPOKATKE, HY>KHO CUMTATh IPABUJIHHBIM HaIpaBiie-

HHUCM pa6OTI)I OIITUMH3ALIMOHHOTIO ITponccca.

MOOQJZUDOGGHue PEHCUMOE NPOKANKU

[Ipu pacuére HOBBIX KOHTYPOB KaJIHMOpPOB ISl PEKUMOB MPOKATHBIX CTAHOB
OAO «MMK» nucxomHpIMHA JaHHBIMH SIBJSUTHCH TTOTOKH WHGOpPMAIMK U3 pa3pado-
TaHHOU B/l TexHonormyeckux mnapaMeTpoB COpTOBBIX cTaHOB (Tabi. 3). Cienyer oT-
METUTh, YTO pa3pabdOoTKa HOBBIX (JOpM KaIMOpPOB BeIach MapajjiebHO C BHEJIPEHUEM
HOBOro copronpokatHoro kommiekca OAO «MMK», crnemoBarenbHO, pacyéThl Be-
JIUCh Kak I BCE elé ACHCTBYIONMIMX, TaK U JJISI CTPOSIIIUXCS cTaHOB. Takxe Ha oc-
HOBE IPOBEJEHHBIX HCCIIEIOBAHMI MpeJIoKeHa HOoBasi (popMa KaauOpOB YEPHOBOIL

rpynmnsl kneteit ctana 350 OAO «CepepcTayiby.

Tabmuma 3
Nudopmarust 06 nccae10BaHHBIX PeKUMAX
Cran Tpodunepasmep KonndecTBo ONTHMHU3UPOBAHHBIX
IPOX0JIOB
250 Ne2 OAO «MMK» Kpyr 6,5 14
Kpyr 6,5 27
170 OAO «MMK» Py
Kpyr 12 19
Kpyr 36 10
370 OAO «MMK»
Ksampar 22 12
Kpyr 22 14
450 OAO «MMK»
Kpyr 60
350 OAO «CeBepcTaib» Kpyr 36 3

KonuuecTBo mpoxoA0B JjIs1 ONTUMH3AIMKU BHIOUPATU UCXOMAS U3 YCIOBHUS HE-
M3MEHHOCTH KaTMOPOBKH BajKa MOCiIeAHEro (OpMHUPYIOLIETO MPOXOa U MOCTOSHCT-
Ba KOHTYypa KaiuOpa B MEepBOM 3aI€MCTBOBAHHOM MPOKATHON KJIETH (TaK KaK T€OMET-

pust kKanuOpa B MEepPBOM YEPHOBOM KIJIETH CBsi3aHa C (POPMOIA 3arOTOBKH).

Kamu6poBounoe Oropo (www.passdesign.ru). 2014. Bemyck 3 69



CopTorpokaTHOE MPOU3BOJICTBO

Hns OAO «Cesepctanb» Obula pelleHa 3ajadya MPOSKTUPOBAaHUS HOBOW Ka-
JUOPOBKU JUUISl TPEX YEPHOBBIX KileTeil ctaHa 350 C LeIbl0 CHUKEHUS BIUSHUSA POM-
OOBHHOCTH HEMPEPHIBHOINUTOM 3aTOTOBKH Ha (POPMOM3MEHEHHE.

B kauecTBe MCXOAHBIX IMAPAMETPOB MPU MOJEIUPOBAHUHU BCEX paccMaTpHBae-
MBIX PEKUMOB OBbLIN:

— mar urepauui, paBabiid 10%;

— HarpasJIeHUE, BBIOpaHO JBH)KEHUE OT MOCIEAHEN KIETH K IEPBO;

— pa3OueHue Ha NOArPYHIbI KJIETEH, COrJIaCHO MPUHIMILY OOIIEro Wi pas-

JIEBHOTO MPUBOJA MPOKATHBIX BAJIKOB.

Pe3ynbpraTom nccneaoBaHus MyTéM ONTUMHU3ALUHA (POPMBI KAITUOPOB SIBJISIOTCS
KOppeKTUpOBKHU 107 ero KOHTYpOB JIJIs1 BOCBMH IpoduiiepasmMepoB Ha MITH cTaHax. B
KayecTBe MpHUMepa MoAUPUIMPOBaHHAs KaJUOpPOBKaA MPOKATHBIX BajkoB cTaHa 370
OAO «MMK» nna npokatku kpyra 36 npuBeaeHa Ha puc. 13-14 (kanuOpsl nepBoro

Y TIOCJIEAHETO MPOXOJI0B HE OTOOPAKEHBDI).

]

7

:

y

:

3 8

ﬁ/_’:\
T~
N

Puc. 13. Ilpennaraemasi Ha OCHOBE MCCIIEAOBAHHM KaTHOPOBKA BAJIKOB

ctana 370 OAO «MMK» nnst npokatku kpyra 36 (dacts 1 u3 2)

[Tocne mpoBeneHus: pabOThl HAJ MU3MEHEHUEM KaJUOPOBKH OBUIA TOJYYEHBI

HOBBIC paC‘léTHBIe 3HAYCHUA K d TaKKC paCCHYUTAaHbl YCUIINA ITPOKATKH.

Hep °

HpOHeHTHOG CHMKCHUC K AJIs1 BCETO pCiKMMa IMMPOKATKHU

Hep
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AR
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Puc. 14. HpennaraeMaﬂ Ha OCHOBC I/ICCHGIIOBaHI/Iﬁ KaJII/I6pOBKa BaJIKOB

crana 370 OAO «MMK» s npokarku kpyra 36 (4acts 2 u3 2)

il(xi;xi’)

i 1
E= 'Tl()O, (14)
rne K —  xonmuectBo KieTei, 3a1eiCTBOBAHHBIX TIPH ONTUMHU3AINK;
| —  HOPAOKOBHIA HOMEP KIIETH;
Xi — K, mmt =it kietn 1o ontumusanmm;
X — K, ms i-i xnetn nocne ontumusarmm.

AHanu3 kanuOpoBKH /Tt TpokaTku kpyra 12 mist ctana 170 OAO «MMK» Ha

a2 exTUBHOCTH pacmpeneneHust aedopmaruii mokasaji, 4To CYIISCTBEHHAs HEpaB-
HOMEPHOCTH Jiepopmariuu ( KHep >(0.25) nabmogaetcs B npoxonax 10, 11, 12, 14, 16,

17, 18, 19 u 20. 3MeHeHUs Ha OCHOBE MOJEIN ONTUMHU3AINH, BHECEHHBIE B KaJIMUO-

POBKY BAJIKOB 3TOTO PEKHUMA, TTO3BOJIMIIA CHU3UTh HEPAaBHOMEPHOCTH AchopMaIrivu

JI0 TPUEMJIEMBIX 3HaUYE€HHUM BO BCEX MPOXO0JaX, IJie BeJIUYHNHA KHep npesbimana 0,25
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(puc. 15). IIpoiieHTHOE CHUKEHHE KHep coctaBuio 21%, 4TO MO3BOJISIET YTBEPKIATh

00 3(peKTUBHOCTH BHECEHHBIX M3MEHEHUH B KaJTUOPOBKY BaJIKOB.

HEep

0,30

0,25

0,20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Mpoxoabl

|E| [o mogenuposaHus B lNMocne MoaenMpoBaHWst |

Puc. 15. lnarpamma pacnpeiesieHusi HepaBHOMEPHOCTHU AeOpMaLIHH
0 ITpoXo1am Ipu npokatke kpyra 12 na crane 170 OAO «MMK»

AHanu3 kanuOpoBKU A1 npokaTku kpyra 36 Ha crane 370 OAO «MMK» nHa
adPekTUBHOCTh pacmnpeneneHus aedopmaiuidi mokasajil, 4TO0 HEpaBHOMEPHOCTh Je-
dbopmanu Hanbosiee ApKO BBIpAKEHA B Mpoxoaax 7, 8, 9 v MpUCYTCTBYET HE3HAYU-

TenabHOe €€ mpeBbilieHne B mpoxoaax 1 m 10 (puc. 16). Ilocine KOppeKTUPOBKHU Ka-

miGposky nponentroe cumkenue K, , cocrapuno 13% u snavenus K, B mpoxo-

Hep
nax 7, 8, 9 u 10 ne npesbimaer 0,25, 4To MO3BOJISIET YTBEPKAATh 00 3P PeKTUBHOCTH
BHECEHHBIX U3MEHEHUH B KaJTMOPOBKY BaJIKOB.

AHanu3 KanuOpoBKH Tt TpokaTku kpyra 22 st ctaHa 450 OAO «MMK» Ha
a3 PeKTHBHOCTD pacnpeacineHus AehopMalldid moka3ajl, 9To B 3TOH cXeMe MPOKATKH
CYIIIECTBYET MHOeCTBO mpobiiem (puc. 17). B mpoxonax 5, 6, 7, 8, 11, 12, 13, 14, 15
npeo0agaeT BHICOKMN ypOBEHb HepaBHOMEpHOCTH nedopmaruu. HezHauutenbHbIC
OTKJIOHEHHUS OT PEKOMEHIYEeMOro 3Ha4eHHUs: Kod(DuimeHTa HepaBHOMEPHOCTH TIPH-
CYTCTBYIOT B mpoxojax 1, 4 u 16. [Tocne mpoBenenus mpoiiecca onTuMHu3auu Gopm
KIMOPOB U KOPPEKTUPOBKHU MOJYUYCHHBIX JAHHBIX HEPABHOMEPHOCTH B «IIPOOJIEM-

HBIX» NPOX0JIax CHU3MUIACh 10 TpeOyemoro ypoBHs. O0Iiee NMpOIEHTHOE CHUKEHUE

0
KHep coctaBuio 17,5%.
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HEp

0,30

0,25

0,20

0,10
1 2 3 4 5 [ 7 8 9 10 1 12
Mpoxoab!

|l [o moaenuposaHus B MNocne moaenvpoBaHusa |

Puc. 16. luarpamma pacnpeiesieHus HepaBHOMEPHOCTHU JedhopMaIiu

10 MpoXoJaM npu npokatke kpyra 36 Ha crane 370 OAO «MMK»

Tak kak pacnpenenenue nepopMaIiy Mo MUPHUHE KaTuOpa Mocie ero ONTUMH-
3alliM MEHSETCS, TO MOCJIE PACCMOTPEHHS pe3yIbTaToB 3 PeKTHBHOCTH pa3paboTaH-
HBIX KaJHOpPOBOK HY>KHO IMPOBECTH PAaCUYEThl HArpy30K IJsl OTKOPPEKTUPOBAHHBIX

PCKHUMOB.

Hep

0,35

0,30

0,25

0,20

0,15

0,10

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Mpoxoabl

Puc. 17. lnarpamma pacrnpeieieHuss HepaBHOMEPHOCTHU AePopMaliu

10 MPOX0aaM Ipu npokaTtke kpyra 22 Ha crade 450 OAO «MMK

Harpysku, oxaspIBaroIiyie MpsMOE BO3ACUCTBHE Ha O00OpYJOBaHUE TIPH TPO-

KaTKe,  BBIUMC/SUTA [0  H3BECTHOM  METOAMKE,  MPEIOKEHHOH B
paborax [3, 9, 10].
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JlomoHUTENbHBIE JaHHBIE, HEOOXOAUMBIE JJIs pacuéra yCUIIUs MPOKATKH, B3s-
Thl U3 pa3paboTaHHOi bJl TeXHOJOrHMUYECKUX MapamMeTpoB COPTOBBIX CTaHOB. YacTb
Pe3yIbTaTOB MO BRIYHCICHHUIO HATPYy30K MpeacTaBieHa Ha puc. 18-20.

OOmiasi TeHJCHIUS CHW)KCHUS DHEPrOCHIIOBBIX HapameTpoB (cMm. puc. 18-20)
OPUBOJUT K CYIIECTBEHHOM SKOHOMHHM 3JeKTposHepruu. [lo mpenBaputenbHbIM
OLIEHKaM BOCEMb pa3pabOTaHHBIX PEKHMOB ITPOKATKU MO3BOJISAT CAKOHOMHTD B Cpe/I-

HeMm 0,6 MuTH pyO. B TO/I.

280
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MpoxoAabl

|E| WcxopgHble B [MNocne nameHeHus kanbpos |

Puc. 18. Ilnarpamma pacnpenesieHus: yCHIHM MO MpoXo1am

rpu npokatke kpyra 12 na crane 170 OAO «MMK»
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|E| WcxoaHble B Mocne nameHeHns kanmbpos |

Puc. 19. JIluarpamma pacnpenesieHus: yCHIHM MO MPoXo1am

npu npokarke kpyra 36 Ha ctane 370 OAO «MMK»
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Ycunue NMPOKAaTKN, T
=N
N
o
-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Mpoxoabl

|E| McxopHele B Mocne nsmeHeHus kannbpos |

Puc. 20. IlnarpamMmma pacupenesieHus: yCHIHM Mo MpoXo1am

pu npokatke kpyra 22 Ha crane 450 OAO «MMK»

[ToMrMO MCHONB30BaHUSA MAaTEMaTUYECKOM MOJENH ISl PELICHHS 3aJa4u CO-
BEPIICHCTBOBAHUS KaMOpOBOK Ha ctaHax 250 Ne2, 170, 370 u 450 OAO «MMK»
Obly1a pellleHa aHaJIOTMYHas 3aja4a U JUIsl Y4epHOBOM rpymibl kieted craHa 350 OAO

«Cesepcranby. [IpolileHTHBIE CHUKEHUSI CYMM 3HAYEHHI OLICHUBAEMBIX [MapaMETPOB

(ycunus npokatku 1 K ) mpokaTku 10 U mociie MpUMEHEHHs pa3paboTaHHON MO-

Hep

JIeJ TIpUBEJICHbI B Ta0aumax 4 u 5.

Tabmma 4
CBojnas TabnuIa pacu€TOB 3HAUYCHUN HArpy30K
CymMmMma Harpysok, T
Cran [Ipodunepazmep hi () nocie A%
ONTHMHU3ALIUH
250 Ne2 OAO "MMK" Kpyr 6,5 3598,55 | 3085,26 | -14,26
170 OAG "MMK" Kpyr 6,5 4252,18 | 3759,61 | -11,58
Kpyr 12 1944,91 | 1831,61 -5,83
370 OAO "MMK" Kpyr 36 910,03 | 808,80 -11,12
KBagpar 22 1117,52 | 1023,60 -8,40
450 OAO "MMK" Kpyr 22 995,38 | 937,54 -5,81
Kpyr 60 1026,30 | 976,28 -4,87
350 OAO "Cesepcramp" | Kpyr 36 (3 xnetn) | 530,41 | 521,15 -1,75

Kamu6poBounoe Oropo (www.passdesign.ru). 2014. Bemyck 3 75



CopTorpokaTHOE MPOU3BOJICTBO

B pe3ynbrare npoBeeHHBIX UCCIEI0BAaHUN ObLIN MOTYYEHBI JaHHBIE HA OCHO-
BE MOJICTTUPOBAHUS BOCBMH PEXKMMOB Ha ISTH cTaHax. M3MeHeHue KaatuOpoBKH Ball-
KOB B 3THUX pEeXUMax MO3BOJIWIO 3HAYUTENHHO (B cpenHeM Ha 16,2%) cHU3UTH He-
PaBHOMEPHOCTH Jie(pOpMallii U YMEHBIIUTh HArpy3ku (B cpeaHem Ha 8%) Ha o0opy-

AOBAHUC IIPOKATHBIX CTAHOB.

Tabmura 5
Cojnas Tabmuia pacuéros 3Hauenuii K Hep
Cran IIpodunepasmep | Usmenenne K, , %

250 Ne2 OAO "MMK" Kpyr 6,5 -11,71
Kpyr 6,5 -17,10

170 OAO "MMK" P
Kpyr 12 -21,65
Kpyr 36 -13,79

370 OAO "MMK"

Ksampar 22 -12,62
Kpyr 22 -17,51

450 OAO "MMK" P
Kpyr 60 -6,79
350 OAO "Cesepcranp" | Kpyr 36 (3 knetn) -28,71

JIns1 yCOBEPILIEHCTBOBAHHBIX PEKUMOB MOJYYEHBI PACUETHBIC 3HAYEHUS BBITS-
KEK, JIOTapu(OMHUUECKHE CyMMbI KOTOPBIX OTKJIOHSIIOTCS OT HOPMHPOBAHHBIX 3HAYe-
HUW JTaHHBIX TMOKa3aresiei He OoJjiee yeM Ha 1%, 4TO CBUIIETENBLCTBYET O JIOCTATOY-
HOW TOYHOCTH UCITOJIb3yEMOM MaTEMATHYECKON MOJEIIH.

B pesynbraTe ucciaeqoBaHuii MOJyYEHbI CIECAYIOIINAE PE3YJIbTATHI.

Pazpaborana b/l TexHOJIOrM4eCKUX MapamMeTpPOB COPTOBBIX CTAaHOB, OTBEUAIO-
masi coBpeMeHHbIM TpeboBanusiM CMK mo aBTomaru3aiuu, aHaiau3y U CUCTEMaTh3a-
UM TIPOU3BOACTBA M MO COMPOBOXKICHUIO TOTOBOW MPOAYKUHMHU. OTIMYUTEIHLHOU
0cobeHHOCThIO B/l sBisieTcss BO3MOXKHOCTh aHalU3a U y4€Ta 3aKOHOMEPHOCTEH Tex-
HOJIOTUYECKOTr'0 MPOILIECCa MPOU3BOACTBA COPTOBOIO MPOKATA, BIUSAIOIIMX HA TEOMET-

PHIO U CBOMCTBA TOTOBOM IIPOAYKLIMH.
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VY COBEpILIEHCTBOBAHBI 3JIEMEHTHl CTPYKTYPHO-MATPUYHOTO MOJACIHPOBAHUS
TEXHOJIOTUYECKUX MPOIECCOB MPOKATKU (YYET M3MEHEHUs 3a30pa, BUJ ONHCAHUS,
pUMEHEHUE KpUTEpHs HepaBHOMEpPHOCTH nedopmanuu). [IpoBenén ananms pexu-
MOB copToBbIX cTaHOB OAO «MMK» u npenoctaBieH KOMILIEKC PEKOMEHIAIUNA 1O
CIeAYIOMMM MpoduisiM: Kpyrias ctaib 6,5 u 12 MM (cran 170); kpyrias ctaib 36
MM W KBaapatHas crtanb 22 MM (ctan  370); kpyrmas crainp 22 U
60 mmM (ctan 450). Ha ocHOBe pa3paboTaHHON MOJIeNIM ONTUMHU3ALMH 10 JAHHBIM pe-
KUMaM CMOJICIIMPOBAHbI HOBbIE (hOPMBI KAJTMOPOB.

B cooTBeTcTBUU ¢ OCHOBHBIMU MPUHIIMIIAMU YTIPABJICHUS KAY€CTBOM CTaHJap-
toB UCO cepun 9000:2000 mpeyiokeH OOIMIMI MOAX0A K YIPABICHUIO KaYECTBOM
COPTOBOW MPOAYKIIMU C MOMOIIBIO TEXHUYECKUX U TEXHOJIOTMYECKHUX TPYIIT BO3/ICH-
ctBusi. OH 3aKkiroyaercs B pa3pab0oTKe U MPOrpaMMHOM peann3alii MaTeMaTHdeCKOM
MOJICNIA TOJYYEHHUs ONTUMAIbHON (HOpPMBI KaauOpOB ¢ MUHUMAJIBHBIM 3HAYECHHUEM
koadduimenTa HepaBHOMEpHOCTH jaedopmanuu. COBMECTHOE HCIOJIb30BAHUE
CTPYKTYPHO-MAaTPUYHOI'O TOAXOJa U AJIEMEHTOB TEOPUM ONTHUMHU3AIUMU MO3BOJIUIIO
pPa3BUTh MHCTPYMEHT YINPABJICHUS KA4€CTBOM T€OMETPUU COPTOBOM MPOAYKIUU M
peanu3oBaTh €ro B BUJE MIPOrPaMMHBIX CPECTB.

[Ipy nomomK CO3JaHHBIX MPOTPAMMHBIX CPEACTB MPOU3BEAECHO MOJEIUPOBA-
HUE€ PEKUMOB MPOKATKH HA MATU pa3INYHbIX cTaHax. [loaydeHHbIe pe3ynbTaThl CBU-
JETEeNbCTBYIOT 00 2(()EKTUBHOCTH NpeasiaraeMbIX METOJIUK COBEPIICHCTBOBAHUS
KOHTYpPOB KaJIMOPOB, MO3BOJISIOT CHU3UTH 3aTpaThl dHepruu (B cpennem Ha 3%) u
MOBBICUTH PE3YJbTAaTUBHOCTh COPTONPOKATHBIX CTAHOB, YBEIUYUB CPOK CITYKOBI OC-
HOBHOTO CMEHHOro o0OopynoBanus. CHuxeHue Kod(ppuiueHta HepaBHOMEPHOCTHU
nedopmaruu (B cpeaneM Ha 16,24%) mo3BOIMIO YMEHBIIUTH A€(EKTHOCTh TOTOBOM
npoaykiuu. PazpaboranHas MaTeMaTuueckas MoJelb ONTUMH3aUU (GOPMBI Kalno-
pPOB SIBIIIETCSI IONMOJIHEHUEM K MHCTPYMEHTY YIPABICHUS Kaue€CTBOM MPOAYKIUU U
MPOIIECCOM MPOKATKHM Ha dTarax MPOCKTUPOBAHUS U MPOU3BOJICTBA. TakuM 0Opa3om,
coBepiieHCcTBOBaHHBIN MHCTpyMeHT CMK oOecnieunBaeT mojajaep:kaHue U TMOBBIIIE-

HHE KadecTBa corjacHo npuHiknam cranaaptoB MCO cepuu 9000:2000.
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Ha cerogusimHuii MOMEHT BpEeMEHH BEAYTCSl UCCIEIOBaHUS B HaIPaBICHUU
WHTETPAllUA TPEUMYIIECTB MareMartndeckux wmoxaenend [19-22] ¢ pasnmuyHbiME
KPUTEPUSAMU  ONTHUMM3ALUUU JUId TOJIY4YEHHs] MHOTOKPUTEPHAJIIBHOM  3ajauu
ONTUMU3ALIMU U, KaK cleAcTBHe, Oonee 3(hPexkTUBHBIX (HopM KaauOpOB MPOKATHBIX

BaJIKOB.
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O.B.Cununkuii, C.A.JIeBaHA0BCKHIH
®I'bOY BIIO «MarauToropckuii rocy1apcTBEHHbBIN

TeXHU4YEeCKUM yHuBepcuteT uM. I'.1. HocoBa»

COBEPHIEHCTBOBAHUME NPOLUECCA ®OPMUPOBAHUA
ITOITEPEYHOTI'O ITPOPUJIA ITPOKATA
HA HIIKPOKOITIOJIOCHBIX CTAHAX

B cmamuve npeocmasnen pazeuearowuiica u aKmueHo NPUMEHAIOWULICS HA Ka-
geope OMI] MI'TY um. I'"M. Hocosa mamemamuueckuti n00Xo0 K MOOEIUPOBAHUIO
Hazpy3oKk u oegopmayuil 8ankoswvix cucmem keapmo. C ucnonvzoganuem paspabo-
MAHHO20 MamMeMamuiecKko2o annapama Ovliu onpeoeieHvl Hacpy3Ku u oeghopmayuu
BANIKOBBIX CUCMEM, d MaKdce pazpabomansvl coOOmeemcmayuue NOnpasku K 6aso-
8bIM NPOPUIUPOBKAM BATIKOG O/ YCIIOBUL NPOU3BOOCMBA NOOKAMA 080UHOU WUUPUHDL
OJI1 JIceCmu U WUPOKUX NOJIOC 8 YCIOBUSX NPEUMYUeCMBEHHO20 NPOU3B00CIEA V3KUX.

Kniouesvie cnosa: keapmo, aucmosas npoKamkd, npo@uiuposanue 6aiKos,

nonepevHas pasHomojauuHHOCmMs, NJ1OCKOCMHOCHb, ()eqbopmauuﬂ BAJIKOBbIX CUCneEM.

MaremaTtuueckoe MOJEIUpPOBaHUE (PU3NYECKUX MPOLIECCOB U OOBEKTOB SIBIIS-
€TCsl OJJHUM M3 HamOoJjee ONnepaTUBHBIX U 3(PPEKTHUBHBIX CHOCOOOB peLICHUs psia
HAy4YHBIX U IPOM3BOJCTBEHHBIX 3a1a4.

MarteMaTnyeckoe MOJEIMPOBAHUE BAJIKOBBIX CHCTEM IOAPAa3yMEBAET OIpese-
JIEHUE B HUX BEJIMYMHBI U pacupeeiaeHus ynpyrux aeopmanuii no jiHe 004Ky BO
B3aMMOCBS3M BBI3BABIIUX 3THU Je(OpMalvy CIUIOUIHBIX HArpy3ok (MeXBaJIKOBBIX
JIaBJICHUH U JaBJIEHUM 00X)XuMaeMoi moJiockl). B camom o011ieM Bujie pellieHre Takon
3a/lauyu TpeOyeT ONMUCaHUsl TPEXMEPHOTO YIPYroro AeopMHUpPOBAHUS BAJIKOB U IUIa-
CTHUYECKOTO (popMoM3MeHeHUs mojockl. Takoe perieHne npu COBPEMEHHOM YpPOBHE
Pa3BUTHUSI TEOPUHU YIPYTOCTH, MIACTUYHOCTA U KOMITBIOTEPHOW TEXHUKH BO3MOXKHO,

OJHAKO C TOYKHU 3pCHHUA PCHICHHA IIPOHU3BOJACTBCHHBIX 3a/d4 PaCCMOTPCHHC JIMIIb
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KOHTAKTHBIX B3aWMOJECUCTBUN Ha OCHOBAHUM TEOPHUM YNPYTOCTH SIBISAETCS NOCTa-
TOYHBIM.

VYuuteiBas ckazanHoe, Ha kadeape OMJl MI'TY um. I''I. HocoBa yxe Ha
IPOTSHKEHUH O0Jiee COpOKa JIET YCIEIIHO Pa3BUBACTCS U MPUMEHSETCS MaTeMaTuyie-
CKO€ MOJIETMPOBAHKUE BAIKOBBIX cucTeM KBapTo [1, 2]. JlaHHas meTonuka 6azupyercs
Ha TUMOTE3€ O CUMMETPUYHOCTH HArpy30K M jJepopMaiuii BaJIKOBBIX CHCTEM OTHO-
CUTEJIbHO BEPTUKAIBHON OCH KJIETH. ACUMMETPHUs PACUETHONU CXEMBI OTHOCUTEIBHO
TOPU30HTAJIBHOM OCU OOYCIIOBJIEHA BO3MOXHOCTBIO PAa3IMYHON HavyallbHOM mpodu-
JMPOBKHU W Pa3HbIX IJIMH KOHTAaKTa BEPXHUX M HWKHUX BajkoB (puc. l). [Ipm stom
paccMaTpHUBAIOTCSI BEPTUKAJIBHBIE YIIPYTUE MEPEMEIIEHUS OCE U KOHTaKTHBIX o0pa-
3YIOLIMX BAJIKOB KakK OaJIOK € UCIIOJIb30BAHUEM TEOPHUU COIMPOTUBIICHUS] MAaTEpUaJIOB,
AJIEMEHTOB TEOPHUH YNPYTOCTH M IUIACTUYHOCTH. HEen3BECTHBIE MOTOHHBIE HATPY3KH
alIIPOKCUMHUPOBAHbI KYCOYHO-JIMHENHO. B KauecTBe MaTeMaTU4eCKOro amnrapara uc-
[0JIb30BaHa ajre0pa MaTpull, YTO IMO3BOJSIET MCXOAHBIC U PACUETHBHIC BEIMYMHBI,
pacnpezieJIeHHbIe 10 JJIMHE OO0YKH, ONMUCHIBATH C MOMOIIBI0 MHOTOMEPHBIX MaTpPHII-

CTOJIOIIOB (BEKTOPORB).

!
,| R=P+F

%
T T g
AT T
— Puc. 1. PacuetHas cxema Harpy-
L T
= KEHUS BAJIKOBOH CUCTEMBI KBapTO
T [TIrrd 'F
O ———
_J_I_I_I_LLJ_JJ.LLLJJ¢> .
T T
=
R=P+ F
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MatremaTtrdeckass MOJIeITh TIPEICTaBIeHa CUCTEMON ypaBHeHuUH [1]:

Yor = Vo1 + M pa(Zpy + Zog + Vo1 + Yor )+ Mg (Vs + Ypo — Zpy — Zpy — H );

Yoo = Ypa + Maa(Zpg +Zoy + Voo + Yoo )+ M (Ver + Yoo — Zpy — Zp, —H );

Yor = Yo1 + My(Zpy + Zog + V1 + Yoo

Yoz = Y02 + Mo(Zpy + 25 + Yp2 + Yoo ;
P _ _ - __\
p:B]-_B(yPl—i'yPZ_ZPl_ZPZ_é]_I)’
_ P+F = a 3 _ N

1= 1+A1(ZP1+201+VP1+)/01)1
_ P+F : _ _ _ _
2= I '1+A2(ZP2+ZOZ+yP2+yOZ);

— K _ _ _ _ K -
oh = E_K_QAE (yP1+yP2_ZP1_ZP2)+K—9AEa_|’
C C

, P+F; P =
Mu =TpA; Maz =1 Ay Mg =I'pB;

P+F. _

Yoi2 =1

[IpeacraBnenHas maTeMaTHdeckas MOJEib Obljla UCIOJb30BaHa /I PEIICHUS
JIBYX aKTyaJbHBIX MMPOU3BOJCTBEHHBIX 3a/1a4.

ITepBas 3amada cBsizZaHa C U3BMEHEHUEM CXEMBI MPOU3BOACTBA xecTh Ha OAO
«MMK»: B3amen npokatku Ha ctade 2000 y3koro mogkara mupuHoit 760-910 mm
OBLIO MPUHSTO PEIICHUE O MIPOU3BOJICTBE HA ATOM CTaHE MOJKaTa JIBOMHOU ITUPUHBI
(1495-1790 MM) ¢ MOCIIEAYIOIIKMM €ro POCITYCKOM II0CJIC TPABJICHHUS Ha arperare pes-
ku B JIIII-3. [Ipu sTOM HeoOXoaMMO OBIIIO 0OECIEYUTh MOTYYEHHE MUHUMATbHOU
nonepeyHoil paznotonmuHHocT nojkara (0,00-0,02 Mm) ¢ coxpaHEeHUEM ITOCKOCT-
HOCTHU Y YCTOMYHMBOCTH MOJIOC Ipu npokatke Ha ctane 2000.

Bropas 3amaua cBsizaHa ¢ HEOOXOIUMOCTBIO Tpou3BoAcTBa mmpokux (1800-

2300 mMM) moJIOC B YCIIOBUSIX MPEUMYILECTBEHHOTO MPOU3BOACTBA y3kux (10 1250
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MM) Ha ctaHe 2500 ropsiueit mpokatku OAO «MMK»y. Ilpu 3TomM ynop nenancs
MMEHHO Ha MOJyYE€HHE yIOBIECTBOPUTEIBHON MIIOCKOCTHOCTH IIPOKATa.

Meronuka pemeHrs 3a1a4 CBOAWIACH K IBYM OCHOBHBIM 3TaIlaM:

— a”anu3 npoduis — OThICKaHUEe PO BEIXOASIIEH U3 KIIETH MOJIOCHI 10
U3BECTHBIM MPO(UIISIM BaJIKOB M BXOJHOMY MPO(HITI0 — UCTIOIB30BANICS JJIs aJlarnTa-
MM MaTeMaTH4YECKOM MOJENIN K YCIOBHUSAM JEUCTBYIOIIETO CTaHA M IIPOBEPKHU €€
aJIeKBaTHOCTH;

— TPOEKTUpOBaHUE MPO(UIICH BAJIKOB — OTHICKAHUE TAKUX TEKYIIMX U Ha-
YaJbHBIX Mpoduieil BajIKkoB, KOTOpbIe oOecneunsii Obl MOIy4eHHe TpeOyeMoro BbI-
XOJTHOTO MTPO(HIIA MOJOCHI NPU 3aJaHHOM BXOJIHOM.

OO011en3BECTHO, YTO NIPU MPOEKTUPOBAHUU HOBOM CUCTEMBI MPOPUIUPOBAHUS
BaJIKOB HEOOXOJIMMO YUUTHIBaTh Psii (PAaKTOPOB, OKA3bIBAIOIIUX 3HAYMMOE BIIUSHUE
Ha (popMUpPOBaHHE MONMEPEYHOrO MPO(HIIA U TIOCKOCTHOCTH ToJIoc. C 3TOM LENBI0
Ha COOTBETCTBYIOLUX YYaCTKaX JIMCTOMPOKATHBIX 1IEXOB ObUI OCYILECTBJIECH Psij 3a-
MEpOB.

B Tabmmuax 1 u 2 npencraBieHbl pe3ysbTaThl 3aMEPOB TEIIOBOM BBITYKJIOCTH
BAJIKOB uKcTOBOM rpynnbel craHoB 2000 u 2500 ropsueit npokatku OAO
«MMK» [3, 4].

Tabnumua 1

TeruoBast BRIMyKIIOCTh pabounx BankoB ctaHa 2000 ropsideii mpoKaTKu, MM

Howmep knetn
7 8 9 10 11 12 13
+0,32 +0,29 +0,21 +0,23 +0,16 +0,13 +0,10
Ta0mura 2

TeruoBast BRIMYKJIOCTh pab0ounX BajkoB ctaHa 2500 ropsiueid mpoKaTKu, MM

Howmep knetn

8

10

11

+0,24

+0,24

+0,22

+0,20

+0,20

+0,18

+0,16
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3amepbl TeMIiepaTyp MOBEPXHOCTH OOYKH OMOPHBIX BAJIKOB HE BBISBUIIM 3HA-
YUMOTO TPAIUCHTA, COOTBETCTBEHHO MOYKHO TOBOPUTH 00 OTCYTCTBHH TEIJIOBOU BHI-
MYKJIOCTU Ha OTIOPHBIX BaJIKaXx.

B 10 e BpeMs 3HAaUMTENBHBIM SBIISCTCS BIUSHUE N3HOCA OTIOPHBIX BAJIKOB HM3-
3a €ro CWJIBHOTO BO3JIEHCTBHUS Ha paboTy (medopmaiivu, Mporuobl) BCE BaJIKOBOMN
CUCTEMBI, a, CJIeI0BATEIbHO, HA MPOPUIb U MIOCKOCTHOCTh. XapaKTepHble Mpoduin
W3HOCA  OMOPHBIX  BAJKOB  YHCTOBBIX  TPYIIl  CTaHOB  TIPEJICTABIICHBI
Ha puc. 2 u 3.

W3 prcyHKOB BHIIHO, YTO MPO(GUIN U3HOCA OMOPHBIX BAJTKOB IMOCIECIHUX KiIe-
Tell KAYECTBEHHO MOBTOPSIOT ApYT Apyra. M3HOC ke BaJKOB B MEPBBIX KIIETIX CTaHA
2000 umeeT MaKCUMyM Ha Kpasx OOYKH, B TO BpeMs Kak Ha craHe 2500 makcumym
HaOJII0AaeTCsl B LEHTPAIbHOM YacTU. DTO CBSI3aHO B MEPBYIO OYEPENb C Pa3InuUueM
YKECTKOCTHU BaJIKOBBIX CHCTEM.

C wucnosib30BaHMEM TIPEJICTABIICHHBIX JaHHBIX OCYIIECTBIISUIACH aJlanTalus

MOJIENIN K KaXJIOMY M3 CTAHOB C MOCIEAYIOIIEH MPOBEPKOI €€ aIeKBATHOCTH.
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Puc. 2. IlepBoHayanbHble U OJABEPTIIMECST U3HOCY MPOPUIN OMOPHBIX BATKOB

xiiereit Ne7 u Nel3 crana 2000 ropsiueit mpoKaTKu
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Puc. 3. [lepBoHavanbHbIe U TOABEPTIINECST U3HOCY MPOGUIN OMIOPHBIX BATKOB

xirereit Ne5 m Nell crana 2500 ropsiueit mpokaTku

YuclieHHbIE OKCIICPUMCHTHI C MUCIIOJIB30BAHHUCM a,Z[aHTHpOBaHHOﬁ MOJCJIHN ITI0JI-

HOCTBIO MOATBEPIUIIN HAOJII0IaeMYI0 KapTUHY pacipeiesIeHUsl BETUYUH NONepeYHON

PA3HOTOJIIOIMHHOCTH Ha COOTBCTCTBYIOIIUX JIMCTOIIPOKATHBIX CTAaHaX. I[aHHOG pac-

npeeieHue B KauecTBE MpUMeEpa MpUBEACHO M ycinoBuil ctana 2000 ropsueid npo-

katku (puc. 4).
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Puc. 4. I'ucrorpamma BETUYMHBI

MONEPEYHON Pa3HOTOIIIUHHOCTH

ropsiueKaTaHbIX MOJIOC ITUPUHOMN

1400-1798 mm no manuabiM 1IJIK
OAO «MMK»
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CrneayromumM 3TaroM BRIMIOTHEHHBIX Pa0OT SIBISUIOCH MTPOSKTUPOBAHUE HOBBIX
pPaIMOHAIBHBIX MPOGUIUPOBOK padOUNX BAIKOB MPH CPEIHUX 3HAYCHHUSIX YCTAaBOK
CUCTEM THAPOMEXaHUYECKOTo perynupoBanus npoduisa. Ilpumep pacmpeneneHus
OCHOBHBIX PACUETHBIX U UICKOMBIX BEJIMYUH MPEJCTABIICH HA pUC. O.

[Toy4yeHHbIe YKCIIEHHBIE 3HAUeHUs Tpoduieit ObLITN MPEACTaBICHBI B 3aBUCH-
MOCTH OT COOTBETCTBYIOIIEH MPO(PHIUPOBKU BAJIKOB JJII OCHOBHOT'O COpPTaMEHTa
ctaHa. Takoil MOJXOJ MO3BOJSET YYECTh COCTOSIHUE OIMOPHBIX BAJIKOB UYHMCTOBOM
IpyNIbl HA CTaHE HA MOMEHT MPOKATKHU MOJI0C, TaK KaK Mojao0paHHas mpoduimpoBka
Ha OIpPEICIICHHBIN MOMEHT KaMITaHWH TI03BOJISIET HanOoJiee TOJHO Y4ECTh CTEMEHb
WX U3HOIIEHHOCTU. TakuM o0pa3om, MPeIoKeHO MO (HAKTUUECKOW MPOPUITUPOBKE
pabounx BaJIKOB, YCIEIIHO HCIOJIb3yeMOW MpPH IMPOKATKE OCHOBHOTO COpPTaMEHTa
M10JIOC, KOCBEHHO CYJIUTh 00 M3HOCE OMOPHBIX BAJIKOB.

[TonpaBku OTHOCUTENHHO 0A30BOM CHCTEMBI MPOPMIMPOBAHUS MPEACTABICHBI
JUISl YCIOBUM MPOU3BOACTBA MOJIKaTa TBOWMHOW MIMPHUHBI 111 kecT (ctad 2000 rops-

4eit mpokaTku)(Tadu. 3) u mmpokux nojoc (ctad 2500 ropstueii mpokaTtku) (Tadum. 4).

Tabmuma 3
[Ipensiaraemplie nonpaBku K TPOPHIMPOBKAM pabOUMX BaIKOB

JUTS TIPOM3BOJICTBA MOAKATA JIBOMHOW IIUPUHBI IJIS1 )KECTH, MM

Knets
7 8 9 10 11 12 13
+0,45 +0,40 +0,35 +0,35 +0,35 +0,25 +0,20

Kpome Toro, B pe3yibTrare MpOBEICHHBIX WCCICIOBAHUI OBLTH MPEATIOKEHBI
JIOTIOJTHUTEIHHBIE PEKOMEH AT

— TIpU NPOU3BOJCTBE MOAKATA ABOWHON IIMPHUHBI I )KECTH B YCIOBUSAX CTa-
Ha 2000 ropsiueit mpokatku OAO «MMK» — 310 mpokaTka mojkaTta npu HapaOOTKe
Ha pabouunx Bankax kietu Ne6 — He 6omee 10000 T meTanna, HapabOTKe HA OMOPHBIX

Bankax kierer Nel2-13 He 601ee 50000 T;
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0
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Puc. 5. Pactipeniesienrie OCHOBHBIX XapaKTEPUCTHUK MPHU MPOKATKE TOIOCHI

2,5x1515 mm u3 ctanmm O08T1IC B 13-if KJIeTH Ha HEM3HOIIEHHBIX OTIOPHBIX BaJIKax
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Tabmua 4
[ToripaBku K mpoduIMpoBKaM pabovrX BAIKOB
py mpokatke nosioc mupuHou 1800-2300 mm, Mmm
[Ipn Kners
npokatke | 5 | 6 7 8 |9 10 11
tpyonout | O | O [+0,10{+0,10, O |-0,20 — Ha omopHbIe _
3arOTOBKH BaJIKM MPU HapaOOTKe
10 30 ThIC. T;
-0,10 — 1o e mo 50
TBIC. T;
0 — To ke ;1o 85 THIC. T
nmoakara wist| O (+0,10f O (+0,10| O +0,10 0 — mpu HOBBIX
aBTOJIMCTA OTIOPHBIX BaJIKax;
+0,20 — mpu
HapaboTke 10 30
TBIC. T;
+0,40 — 10 )€ 10
50 TeIC. T

— 1y npou3BoacTBa mupokux (1800-2300 mMm) mosoc B yCIOBHSX CTaHa
2500 ropsiueit nmpokatku OAO «MMK» — 310 mpokatka npu HapaOOTKe Ha paboune
Banku kieteit Ne2 (peBepcuBHOM) — He Oosiee 10 Thic. ToHH, Ne3 — He 6osee 4 ThIC. T
pPSAAOBOrO METaiia, a TakKe MpU HapaOOTKe Ha OMOpHBIX Bajikax kietd Ne 11 — He
6omnee 50 ThIC. T (7151 TOIKATA JIJIs1 ABTOJIKCTA).

Takum 00pa3oMm, ¢ UCMOJIB30BAHUEM OPUTHHAIBHOW MAaTEeMAaTHYECKOW MOJAEIH
Harpy3ok u aegopManuii BAJIKOBBIX CUCTEM KBapTO YAAJIOCh PELINTh aKTyalbHbIE 3a-
JA4H:

— CHHU3UTH BEIMYHHY IIONEPEYHON PA3HOTOJILHUHHOCTU IIOJKaTa JIBOWHOU
mrpuHbl 118 kectr Ha ctane 2000 ropsiueit npokatku 10 ypoBHa 0,00-0,02 MM ¢ co-
XpaHEHUEM BBICOKOH MIIOCKOCTHOCTH U CTAOUIILHOCTHU IpOIecca MPOKaTKY;

— 00ecneunuTh BBICOKYIO MJIOCKOCTHOCTh HIMPOKKX Tosioc Ha ctane 2500 ro-
psiuell MPOKATKH, MPOKATHIBAEMBIX B YCIOBHUSX MPEUMYILIECTBEHHOTO MPOU3BOICTBA

Y3KHUX.
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M.B. llIunToB
®I'bOY BIIO «MarauToropckuii rocy1apcTBEHHbBIN

TeXHU4YEeCKUM yHuBepcuteT uM. I'.1. HocoBa»

N3MEHEHUS HINPUHBI CJISABA BAJIKAMMU:
OBJIACTb IPUMEHEHUSA U HAITPABJIEHUS PA3BUTUA

Ha ocHnoge uzgecmmuvix mMemooux npeocmasienbl 02paHuieHuss 0ObIYHbIX 8al-
K08 0151 nosyyeHus bezoegheKkmuvix KOHYos csiba. Paccmompenuvl pasnvie sapuayuu
BEPMUKATILHBIX BANIKO8, KAK NPAKMUYECKU UCNOIb3YeMblX O] peOyYupos8anust ciioa
nO WUpUHe Ha OMeYeCmMBEeHHbIX U 3aPYOeNHCHbIX CIAHAX, MAK U MeopemuyecKu onu-
cannvix Haykou. 1loOpobHo onucanvl paznuumvie QYHKYUU, KOMOpPbvle BbINOIHAIOM
paccmompennvle 8aiKu U 001ACmu UxX npuUMeHeHus.

Kntoueswvie cnosa: pedyyuposanue cisaba, eepmukaivHbvle 8aIKuU, Kaiuopwl, 00-

pe3b, nonepeunas yCmoudugocme.

[Tocne MUKBUIAIIMN CBSI3YIOIIETO 3BEHA MEXKAY CTANCIIaBUILHBIM U MPOKAT-
HBIM TepesiesiaMd — O0KUMHOTO CTaHa (CJIIOMHT, CISIOMHT-OJIFOMUHT) - 3a/1a4a U3Me-
HEHUs IMUPUHBI Cisi0a OblIa BO3NIOKeHa Ha HUX. HecMoTpst Ha TO, 9YTO OHUM U3 D -
(EKTUBHBIX CITIOCOO0OB PEryJUPOBAHUS IMIMPUHBI ¢ MUHAMAJIBHBIM KOJMYECTBOM 00-
pe3u SABJISETCS Mpecc, MpobiemMa BBIOOpa COCO00B PeAyHUPOBAHUS I TOTO HJIN
WHOTO MPEIIPUATHS TIPOU3BOJIUTCA C YIETOM COCTaBa 00OPYAOBAaHUS, TEXHUIECKHUX,
TEXHOJIOTHYECKUX 0COOCHHOCTEN MPOU3BOACTBA, €r0 CIEHHUATU3ALNN U HE UMEET O/I-
HO3Ha4HOro peueHus [1, 2]. Ha caMux mpoKaTHBIX CTaHAaX M3bICKUBAIOT HOBBIE BO3-
MO>XHOCTH OIPaBJaHHBIX BPEMEHEM W TOJTBEPAUBIINX CBOIO 3(P(HEKTUBHOCTH, TIPH
OTPEeNENEHHBIX YCIOBUAX, BBICOKOPOM3BOAUTEIBHBIX CIIOCOOOB PpEAYIIMPOBAHUS,
7€ THCTPYMEHTOM 00KaTus cJis10a Mo MUPUHE BHICTYNAIOT MPOKATHBIC BAJIKH.

Ha mmpokononocHeix cranax ropsiueit npokarku (LLICT'TI) B HacTosiee Bpemst
OompIliee pacpOCTpaHEHUE HANUTM BEepTUKaNbHbIE Baku AuameTpoM 800-1200 mm

[3], XOTs 32 peAKUM UCKIIOUEHHEM 3TO 4urciio goxoauT a0 2200 mMm (ctan 1840 3a-
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Boia (upmbl «CUH HUIIOH COUTAIY» B I. Xupokarta) [4]. YBenuueHue nuamerpa
IPUBOJUT K BO3PACTAHUIO 00KATHUS 3a MPOXOJ, OOIbIIEMy TPOHUKHOBEHHIO IJIaCTH-
yeckol nedopmanuu mo mMpHUHE MOJIOCHl U, KaK pe3yibTaT, K YMEHbIICHUIO KOHIIe-
BOHM 00pe3u. Tak, npuMeHeHne BankoB AuameTpoM 2200 MM COKpallaer JJIMHY KOH-
1eBbIx HakatoB ¢ 600 1o 400 MM, npu oOxkatuu 1o mupune 10 350 mMm. Ilo apyrum
JIAHHBIM MPU YBeJIMUeHUHU auamerpa BaiakoB ¢ 1000 go 2000 MM cHmkeHHE 00pe3u

MPOUCXOIUT Ul Ha 25% [5].

IloBbIIIEHNE 3aXBATHIBAIOIIEH CIIOCOOHOCTH BAJIKOB

Jl1st TOro, 4TOOBI MOTYYUTh POBHBIE TOPIIbL, 00KATHE 33 OAMH MPOXO]T TOJKHO
COCTaBJISAITh OrpOMHOE 3HadeHue. Ha puc. 1 cornacHo paborte [6] npencTaBieHbl He-
o0Xoaumble 111 OOpa3OBaHUsl POBHBIX TOPLIOB 3HAueHUs oOOXaTwil g cistda
1150 MM npu ABYX yriax 3axBarta oTaeibHO s nepeanero (Aby) u 3agmero (Ab,)
KOHIIOB B 3aBUCUMOCTH OT OTHOIICHHS paJnyca BAJIKOB K Ha4aIbHOU IIMPHHE TOJIO-

ChHI (R/bo) 3IIGCI> KC IIPCACTABJICHBI 3HAYCHHA HGO6XOI[I/IMOFO o0KaTus L IIpoO-

HUKHOBEHHS IUIaCTHYECKOM AedopManuu Ha BCio mumpuHy nonockl (Aby;) paccun-
TaHHOE COIJIacHO paboTe [7] 1 MaKCUMaIbHO BO3MOKHOE BEPTHKAIbHOE 00KaTHE 1O
yray 3axBara ([Ab],).

W3 pucyHKa BHJIHO, YTO JIOCTUTHYTH MOJYYEHHUs POBHBIX KOHIOB Kak Mepes-
HUX U TeM 0oJiee 3aJIHUX JlaXKe MPU 3HaUYCHUSIX AuameTrpa Baika 2200 MM He moJryda-
eTcs, T.K. B 3TOM clly4yae Ui MepeAHero KOHIa HyKHOe 00KaTue JOJKHO PaBHATHCS
npumepHo 260 mm, 1ig 3agHero — 620 MM, a BO3MOXKHOE 00KaTHhe IpH yriie 3axBara
20° cocraBnsier Bcero Jmiib 130 MM. YBennuenue yria 3axBata Ao 30° ma€t Bo3-
MO>KHOCTb TOJIyYNUTbh YK€ BBITYKJIbIA MMEPEAHUI KOHEL, HO I 33JHEro KOHIA 3TO
HUYEro He pemraer. XoTs o0Iasi TeHACHIMS CHUKEHUS] KOHLIEBOW 00pe3u mpH yBe-

JUYCHUH 3HAYCHUH peylMpOBaHUs MUPUHBI csi0a Habmomaercs [6].
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Puc. 1. [IpoHMKHOBEHHUS MJIACTUYECKOMN AePopManiuu, 00KaTus sl OTy4EHHUS

POBHBIX TOPLHOB 1 MAKCHUMAJIbBHOC o0xaTHe BCPTHUKAJIbHBIMH BaJIKaAMHU

10 YTy 3aXBaTa B 3aBUCHMOCTH oT napamerpa R/Dg

Hecmotps Ha TO, 4yTO yBEnMYeHnE yria 3axBaTa B IIpeAenax OJHOrO U TOTO XKe
JMaMeTpa Bajika IPOTUBOPEUMBO BIMSIET Ha 00pe3b packaTa (00pe3b nmepeaHero KoH-
11a CHMYKAETCs, a 3a/JIHET0 CHavaJla pacTET U HAUMHAET CHUXKAThCS TOIJA, KOrja Ie-
peaHuil TOpel U3 BOTHYTOTO CTAHOBUTCA BBINYKJIbIM). [IOMBITKM TMOBBICUTH €ro
OpeINpPUHUMAINCH U3MEHEHUEM MOINEPEYHOro ceueHus: O0OUYKM Bajka. YTOJ 3axBara
OOBIYHBIX HUIMHAPUYECKUX BAJIKOB, B MOMEPEYHOM CEYEHHM MPEACTABIIAIONINX CO-
00l Kpyr, B 3aBUCUMOCTH OT MaTepuaia U3rOTOBJIEHUS, YUCTOTHI MOBEPXHOCTH, CKO-
POCTH TIPOKAaTKW M XMMHYECKOIO COCTaBa IPOKATHIBAEMOI'O METajla COCTaBJISET
16-22°. JInst Tex ke yCcIOBUIM MPUMEHEHUE BAJIKOB C HACEYKOW IMOBBIMIACT 3aXBaThI-
BAIOIIYI0 CIIOCOOHOCTH 110 26-30°, HO JMaHHBIC BaJKA HE MPUMEHSIOT K KaueCTBEH-
HBIM CTajisiM, TaK KakK BBI3BIBAIOT oOpa3oBaHue MOpokoB. YexkmapépbiM A.Il. Obun
MPEJIOKEHbl MHOTOTpaHHble Baiku (puc. 2). Banku co CKOLIEHHBIMU TpaHsSIMU
(puc. 2, a) UMEIOT MpeamoNaraemMeii yroy 3axsara 18-22°, BaJiku ¢ BOTHYTBIMHU I'pa-
HsMHU 10 3 MM (puc. 2, 6) — 20-24°, npu BOrHyTOCTH 10 5 MM — 24-30°, BajJKu C BbI-

ctynamu (puc. 2, B) 10 4 mm — 20-32° u nipu BeicTymax 70 5 mm — 32-38° [8].
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v
1
a a
a
! Puc. 2. PasgoBugHoctn
4-5 ol MHOTOTI'PaHHBIX BAJIKOB
-
B

ABTOp pEKOMEHyeT MPOU3BOAUTH 0OPAOOTKY BAJIKOB Ha OOBIYHOM BaJIbLIETO-
KapHOM CTaHKE C OCOOBIM CYMNIIOPTOM, HO B CBSI3U C OTCYTCTBHEM CHEI[HAJIbHBIX
CTaHKOB TO(ppHUpOBaHHBIE BAJIKH (PHUC. 2, B) ObUIM IPOU3BEAECHBI HAILJIABKOW C BBICO-
TOW BBICTYIIOB 10 3 MM M maroM 75-80 mM. OmBIT 3KCIUTyaTaldy MOKa3al XOPOIIYIO
3aXBaThIBAIOILYIO CIIOCOOHOCTh TAKWX BAJIKOB U BBISIBUJ CHJIbHBIE BUOpAlMM, BO3HU-
KaIOII1e BO BPEMs MPOKATKH, YTO BPEIHO OTPAKAETCS HA IIMUHIEIIX, IECTEPHIX U
rnaBHoM pasurarene. Ilociae 8 u paboThl MOSBUINCH TPEUIMHBI, KOTOPHIE POCIU U
MOTJIH BbI3BaTh MOJIOMKY BaJIKa, @ HA CAMHX OJIFOMax MOSBUIIUCH 3aMETHbIE BMSATHUHBI,
YTO YXYALIAJIO KA4ECTBO PENILCOB [9].

CrnenyromumM pernieHueM yBeIWYeHUs OOKOBOTro obOkatusi B 2-3 pasza WM B
1,5-2,5 pa3a OT TOJIIMHBI pacKaTta sBJIIETCS U3MEHEHHUE yria HaKJIOHa BAJIKOB J0 5° ¢
MIOMOILBIO YEPBAUYHBIX Map WIM TMAPOLUMIMHAPOB MO XOAY U MPOTHUB JBHXKEHUS MO-
jocel (puc. 3). JlanHbIit crioco0 mpeaoTBpaIiaeT BeITyYMBaHUS packara, 00ecrieunBa-
€T BBICOKYIO TOYHOCTb MPOKATKH 0 MIMPHUHE U YJIyYIlaeT NOJaTIMBOCTh MaTepHaa,
HO BO3HMKAET CMEIICHHE PacKaTa, KOTOPOE MPEIOTBPAIIAOT YCTAHOBKON POJIMKOBO-

'O MPOBOKOBOTO CTOJIA MJIM OMOpHOTO posmka [10, 11].
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Puc. 3. Perynupyemslii HAKJIOH BEPTUKAJIBHOTO Bajika [11]:

1 — cns16, 2 — BepTUKAIBHBIN BAJIOK, 3 — OMIOPHBIN POJIUK

Konnveckue BajiKv M X MOAU(PUKAIUA

N3BecTHBI Takke pa3iuuHble MOJIU(DHUKAIMN KOHUYECKUX BAJIKOB (puc. 4), KO-
TOpbIE HCHOJB3YIOT C LEIbI0 YBEIMYEHUS O00KaTUsi OOKOBBIX TI'paHed packara,
YMEHBIIICHUS HAILJILIBOB U CHIKEHUS KOHIIEBOM oOpesu [10].

N3HavanbHO KOHUYECKUN BaOK (puc. 4, a) ObLT MPEAJIOKEH I BEPTUKAIBHO-
ro BajKa CJIIOMHTa C 1IeJIbI0 MOBBILIEHUS 00KATUH, UCKITIOUEHUSI CKPYyYMBaHUS pac-
KaTOB, MPUBOJSILIET0 K UX BUHTOOOPA30BaHUIO, PA3HOIIMPUHHOCTUA TOTOBBIX CISI00B
C HaIJIbIBAaMM Ha IIUPOKUX TpaHsax. OOpasyromas 00YKH KOHUYECKOTO ydyacTKa BbI-
MOJIHEHA B BUJIE€ TOBEPXHOCTH BTOPOro nopsiaka. [{is mosydenust ykazaHHbIX 3P hek-

TOB H€06XOI[I/IMO CO6J'HOI[&TB OHpCI[@J'IéHHBIC OTHOLLICHUS pa3sMEpPOB BaJIKa.

0 5 D2 ﬁ; L
L3 L, L
U Jp., yKa3zaHHble B padote [12].
Ha HICITI ¢ uenpio MOBBIIIEHUS BBIXOJA FOJHOTO 34 CYET YMEHBIICHUS J€-
(GeKTOB Ha KPOMKaX PEKOMEHAYIOT MPUMEHSATh KOHWYECKUM BaJIOK, KOHUYECKas

4acTh KOTOPOTO OKaHYMBAETCS OYPTOM, COCTOSIIIIUM M3 KOHUYECKOW U UJIUHJpUYE-

ckoi yacreit (puc. 4, 0). Takoe UCHOIHEHHE TIO3BOJISIET YMEHBIITUTh HAIUIBIBBI Me-
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Tajula Ha IIMPOKUX IpaHsAX, YBEIMYUTh TEUEHUE METAJJIa B HANPABICHUU JIMHUH
IPOKATKH, 00ECHeUnTh ycTounBoe (popmoodpazoBanue. COriacHO OMBITHBIM JIaH-
HBIM, ITOJIyY€HHBIM Ha CBUHIIE, IO CPABHEHUIO C OOBIYHBIMU LIWIMHIPUYECKUMHU BaJl-
KaMi, 00bEM HaIUIbIBa B 00JIACTH JIOKAJIBHOM TIaCTUYECKON ehopMalui B KPOMOY-

HOI o0JyilacTu yMeHbImaeTcs B 2 pa3za [13].
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Puc. 4. Konnueckue Banku: 1 u 2 — MUIMHAPUYECKUN U KOHUYECKU1ydacTkH,

3 — OypT, 4 — mielika BaJika, 5 — Haceuka

B pab6ore [14] mpencraBiieHbl KOHUYECKHE BaIKK (PUC. 4, B—1), yMEHBIIAIONNE
00pe3b U MOBHITIAIOIINE TPOU3BOAUTEIBHOCTD TIpoliecca. (s MoBBIIICHUS 3aXBaThI-
BaroIIel ClOCOOHOCTH MPU HEOOXOAMMOCTH Ha KOHUYECKHUE BaJIKU MpejiaraeTcs Ha-
HOCUTh Haceuky (puc. 4, r). JlJis NOBBILIEHUS YCTOMYUBOCTH KOHUYECKHUE BAJIKU
MpeIOKEHO enath ¢ Oypramu (puc. 4, a). OTIUYUTEILHON 0COOEHHOCTBIO OT TIpe-
JBITYIINX SBISETCS TO, YTO BAJKHM YCTAaHABIMBAIOT IO YIJIOM M BO3MOXKHBI JIBA Ba-

puaHTa peayuupoBaHus (puc. 5).
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A

a 0
Puc. 5. Crioco6sI penynnpoBaHus packata KOHUYeCKUMH BajikaMu [ 14]:

1 — KOHUYECKUH BaJIOK, 2 — pacKaT

CornacHo mepBoMy BapuaHTy (puC. 5, a) NMPOKATHIBAIOT TOJCTHIE U TOHKHUE
packatbl, BTOPOU k€ BapUaHT MpPEJHA3HAYEH NPEUMYILIECTBEHHO JJI1 TOHKUX pacKa-
ToB. I B 3aBUCMMOCTH OT TOrO KakOW pEeXHUM IMPOKATKH MpeoOiasaeT B YEPHOBOU
rpynne IIICI'TI, MOXHO yCcTaHaBIMBAaTh CHa4ajla BAJKU B IEPBBIX MIPOXOAAX IO Iep-
BOMY BApUAaHTY, B MOCJIEJAHUX MO BTOPOMY — IIPH MOBBIIIEHHBIX 00XKAaTUSAX B Hayaje
IPOKATKU M MOHMKEHHBIX B KOHIE U HA00OpoT. Vcnonbp30oBaHUE JaHHBIX CXEM IO-
3BOJISIET TAK)KE€ CHU3UThH YCUJIUS MPOKATKH Mpu Aedopmalvii Ha OOYKEe BajKka MEHb-
LIEr0 JUaMETPA U MOBBICUTH NONEPEUYHYIO YCTOMUHUBOCTH packara [ 14].

[Tocnennuii Banok (puc. 4, €) nmo paxty npeacrapiseT coOO0M JIBa COCTaBHBIX
KOHWYECKHUX BaJiKa, MPU 3TOM BEPXHHUH BaJIOK PACHOJIONKEH C OOJIBILIMM TMaMETPOM
CBEpXY, a HWKHUN — OONbIIUM CHU3Y. [[aHHBIN Balok BCE K€ MPECTaBIseT COOOU
MOHOJIUTHBIN BaJloK ¢ V-00pa3HbIM pyYbEM, HO €r0 MOXKHO CUMTATh OMCUCTEMOU KO-
HUYECKUX BAJIKOB. VICKOMBIE BaJKM MPEAJIaraeTcsi UCIOIb30BaTh sl 00KaTus TOp-
LEBBIX KPOMOK packara B YEpPHOBOM CTaJWM IMPOKATKHU IEpEel TOPU30HTAIbHBIMU
MPOXOJIaMH C LIETBI0 COKpAIIEHUsI pacxoJa MeTalljia, UIyIIero Ha oope3b, U yMEHb-
LIEHUS] PA3HOTOJIIMHOCTH pacKara Io JUIMHE NPEUMYIIECTBEHHO ISl POM3BO/ICTBA
TOJICTOJIMCTOBOTO JucTa [15].

Jlist ymeHbiieHus: 1eekToB KpOMOK pa3paboTaHbl BAJIKK C BBICTYIaMH, KOTO-
pblIe SBISIOTCS JUAMETPAIbHO IPOTUBOMOIOKHBIMU BaJKaMu ¢ V-00pa3HbIM PYUYbEM.

BeprtukanbHOe MOJOKEHUE BAJIKOB PEryjupyeTcs ruapouwmHapamu (puc. 6). B
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NEPBBIX MPOXOJax packar aedopmupyercs MexXay BbICTynamu (puc. 6, a), 3areMm
BaJIKM MOJHUMAIOTCS U PEAYLUPOBAHUE NPOU3BOJUTCS LWIMHIPUYECKUMHU YACTAMU
BaJIKOB (puc. 6, 0) [16]. AHanOrHuYHbBIE BAJIKH TOJBKO JJIsI KPYITHOCOPTHBIX M 3ar0TO-

BOYHBIX CTAHOK MPEJIOKEHBI OTEUECTBEHHBIMH HccieaoBaTesimu [ 17].

/ 2

=
a O
Puc. 6. Pexxumel o0xaTHs packaTta BaJJKaMH C BBICTYIIAMU:

1 — packar, 2 — noaIep>KUBAIOIINE POJTUKU, 3 — BAJIKA C BHICTyIaMHU

KanuOpoBaHHbIe BAJIKH

[Ipumenenre KanMOpPOBAaHHBIX BEPTHKAIBHBIX BAJIKOB JaET BO3MOXKHOCTh
OoJpIIEro 00KaTHsl 32 MPOXOJ MPH Jy4ylIed MONEpevyHOM YCTOMYMBOCTU packKara,
npeaocTaBisier 0ojee rudkue crnocoobl OOPHObI ¢ HEKOTOPHIMU HEJOCTATKAMU TEX-
HOJIOTHH (HalpuMep, HEPAaBHOMEPHOCTh TEMIEPATyphbl MO TOJIIMHE WX IIUPUHE
cis10a) U, Kak pe3ysbTar, COCOOCTBYET YMEHBIIEHUIO KOHIIEBOM 00pe3u. CylecTBy-
€T MHOXXECTBO PA3JIMYHBIX KOHCTPYKIIMI BEPTUKAIBHBIX KaTUOPOBAHHBIX BaJKOB
(puc. 7).

[lepBbie Tpu BEepTHKAIBHBIX Balika (puc. 7, a—B) MOKHO Ha3BaTh BAJIKAMH C
«MHKpOKaNMHOpaMu», MOITOMY OHU TPEJCTABIEHBl yBEIHMYCHHBIMU JiA Oojiee Jie-
TaTbHOTO OTOOpaKEHHs MX OCHOBHBIX 3J€MEHTOB. [lepBhIif Banok, BaJIOK C BHHTO-
BBIMU TIPOTOYKAMU (pHC. 7, a), CIAYKUT i1 CTAOUITU3AIMH MPOIEcca MPOKATKU TIPH
pacIIMPEeHUH COPTaMEHTa MPOKAThIBAEMBIX CIII00B. BUHTOBBIE TPOTOYKH BBITIOJTHE-
Hbl mupuHor 0,6-0,7 nouHbl pabodero ydyactka Oouku, riayounout 0,015 pamuyca

BaJIKka C YI'JIOM HAaKJIOHa K FOpPI3OHT3J'IBHOI>i INIOCKOCTH, 3aBUCAIIMM OT AWMAMCTpPaA H
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UPUHBI 00Uk, Takasi KOHCTPYKIUS BAJIKOB CO3AAET MPUKUMAIOIIUE CUIIBI K TPaHC-
MOPTUPYIOIIUM POJIUKAM, KOTOPbIE MPEMATCTBYIOT JIbKEOOPA30BAHUIO HA MEpPEIHEM
KOHIIE packaTa U OOJIETaloT 3a/1auy packara B TOPU30HTAIbHBIC BAJIKHU, a TAKXKE CIO-
COOCTBYIOT YJEP>KAHHIO pacKkaTra B TOPU30HTAIBHON MIIOCKOCTH, YTO B CBOIO OUYEPEIb
HCKJII0YAeT BO3MOKHOCTh CKPYUYHMBAHUS packaTa Mpy MHTEHCUBHOM OOKOBOM 0O0>a-
tun. Banku ¢ mupuno# nportouek 150-175 mMm, rimyOuHoi 8 MM, yriom HakioHa 17°,
JTUaAMETPOM 1100 MM TS nedopmanuu cisioa TOJIIUHOU

250 MM npuMeHsIH Ha YepernoBeIkoM MeTauTypruieckoM komOunare [5, 18].
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Puc. 7. KanmnOpoBaHHbIE BEpTUKATHHBIC BAJIKH

BepTukanbHplii BaJIOK ¢ SUIUYHBIMU KanuOpamu (puc. 7, 0) CIyKHUT AJIs T0-

BBIIIEHUS TPOU3BOAUTENIBHOCTH HAa 10% M TOYHOCTH MpoKaTta Mo MHUPUHE IyTEM HC-
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KITFOUCHUST BHHTOOOpA30BaHMS packaTa Mpu MpokaTke. [Ipm 3TOM MakcHMaabHBIN
SUIUYHBIN KanuOp BBITIOJHEH Y BEPXHEro Kpas OOYKH, a BCE IMOCIEOYIOIIUE - C
YMEHBIIEHUEM ITyOUHBI U IIUPUHBI K HIPKHEMY Kparo O0YKH, YMEHbIIIEHHE TTyOUHBI
kanmnopoB coctasiser 0,028-0,006 paguyca 60uku Banka. [IpumeHeHne Takoi KOH-
CTPYKLMHU BaJIKOB MO3BOJISET NMPOUINTh KAMIIAHUIO BAJIKOB 3a CYET CHUYKEHHS U3HOCA
HEPaBHOMEPHOCTH 00kaTHi OOKOBBIX I'paHei mo BeicoTe [19].

Banku ¢ pydbsiMy, BBIIIOJTHEHHBIMU 110 BUHTOBBIM JIMHUSIM U 00Pa3yIOIIUMU 110
pa3Hble CTOPOHBI OT CEpeUHBI OOUKH BaJika MPaBylO U JEBYIO ciupaiu (puc. 7, B) ¢
marom Mexay pyubsimu 0,025-0,06 panguyca 00YKH BajKa U C IIUPUHON KaxKI0TO pPy-
ybs 0,04-0,06 paguyca Bajka, CiayKat sl MCKIIFOUEHHUsS] BUHTOOOPa30BaHUs U CBaJIU-
BaHMSI pACKaTOB U CIIOCOOCTBYIOT CTaOMIIM3aIMU Mpoiiecca npokatku [20].

Kanubp BepTukanpHOro Bajika (puc. 7, T') BBINOJHEH C COOTHOIIICHUEM XapaK-
TEPHBIX pa3MepoB pyubs: riayounsl (H) xk MunumanbHoi mupune (B), xoTopoe
N0JkHO ObITH OT 0,9 u Gosee, a OypT BBINOJIHEH ¢ yriaoM Oosiee 6°. Takas KOHCTPYK-
1[Ms 00ECIeUrBaET 3allEMJICHHE TI0JIOC, YTO CHUKAET MPOO0JIbHBIN U3rud [21].

Cpenu Bcex UCIOJIb3yeMbIX KaTHOPOB IMIMPOKOE MPUMEHEHHE KaK Ha OTEYEeCT-
BeHHBIX IIICTTI u ToncromucroBbix ctaHax (TJIC), Tak u 3apyOeKHbIX HAIUIM Bep-
TUKaJIbHBIE KAJIMOPOBAHHBIC BAJIKHM C BBIMYKIBIM JHOM (pHUC 7, 1). BBIMyKIOCTH BHI-
paBHUBAET pacnpeiesieHue BRICOTHOM JiepopMaluy 1o TONIUHE ciisiba U Mpu orpe-
JEEHHBIX 3HAYEHUSX BEJIMYUHBI BBITYKJIOCTU B XOJ€ NAIbHEUIIIETO TOPU30HTAIbHO-
ro 00kaTvs MOXXHO TIOJIYYHUTh IJIOCKYI0 OOKOBYIO IMOBEPXHOCTh packara. B Snonun
¢upma «KaBacaku ci3T311y» MCHOJIB3YET BaJKU C BBIMTYKIOCTHbIO 30 MM il cli100B
220, 190 u 165 mmMm, Ha TJIC 2800 OAO «HOCTA» (OXMK) — 25 MM miist ciisiooB
160, 180, 200, 220 u 270 mm, Ha IIICI'TI 2000 OAO MMK - 5 MM g7 cas6oB 250
MM [10, 22]. B To xe Bpemsi B pabote [23] cyliecTByeT peKOMEHJalus NPUHUMATh
3HaueHue BbITyKIocTH nHa kammbpa 0,05-0,06 tommuubl cisba. Beimykimocts aHa
CIIOCOOCTBYET TaK)Ke yACPKAHUIO TaKMX JEPEKTOB, KaK MOMEPEUHBIE W MPOIOTHHBIC

TPEIIMHbI B MPUKPOMOYHON 30HE, YTO OJIATOMPUSITHO CKa3bIBAETCS HA KaueCcTBE pac-

Kara [22-24].
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BepTukanbHblil BAJIOK C KOJIBLIEBBIM PYyYbEM SIIMYHOIO TUIa (pUC. 7, €), MU-

HUManbHas mmpuHa aHa kammopa (lp) xoroporo cocrasmser 0,05-0,25 ero makcwu-

manbHo mupuns (l1), a mpod s 6OKOBBIX BEITYCKOB OIMCAH MOMMTPOIHON KPUBOIA,
IPUBOJUT K CHIKCHUIO Je(peKTa «pblOMil XBOCT». DTO AOCTUTAETCS 3a CUET HepaB-
HOMEPHOCTU 00XKaTH MO TOJIIMHE, KOTOpas MpU TOPU3OHTAIBHBIX MPOX0Jax Mpu-
BOJWUT K BBIPAaBHHUBAHUIO BBITSDKEK IIEHTPAIBHBIX CIOEB MeTalla M Ha OOKOBBIX
KpOMKAax packaTa, Ipu 3TOM OOKOBbIE KPOMKH (DOPMUPYIOTCS TaK, YTO COXPAaHSIOT
CBOIO KOH(PUTypalHio 10 KOHEYHOM TONIIMHBI packaTa [25].

Cnenyromuii kauOp BOTHYTBHIM C BBIMYKJIBIM AHOM (puc 7, ). bouka Bamka

MMeeT KaauOp QyroobpasHoit ¢popmel paguyca Ry, ¢ BEIIyKIBIM yyacTKOM paamyca

R, ¢ nnasHO conpsxéHHBIME ydacTkamu paguyca Ri. Ilpu cootnomenun Ry/Rq B
npenenax 0,4-1,5 nocruraercs ynydmienre GopMbl KOHIIOB U KauecTBa KPOMOK, HUC-
KJIIOYas UX PACTPECKUBAHME, MOBBIIAETCS BHIPABHUBAIOMIASA CIIOCOOHOCTD U (P dheK-
TMBHOCTH 00KATHsI B BEPTUKAIBHBIX BAJKaX KaK MPU NPSAMOM, TAK U IPH PEBEPCHUB-
HOU IIPOKATKE, TEM CaMbIM YBEJIMYUBAETCS BBIXOJI TOJIHOTO [26].

OCcO00EHHOCTBIO BEPTUKAIBHOIO BajKa, LEHTPaJbHAsA YaCTh KOTOPOTO BBIMOJI-

HEHA U3 [WIMHAPUYECKOTO y4acTKa (DHeHTp), IJIABHO COMPSKEHHOTO ¢ KPOMOUYHOM

30HOM OOJIbIIIETO JUaMeTpa (DKp) (puc. 7, 3), 3aKiro4aercs B yuéTe ero reoMmerpuye-
CKOTO KpuTepHsi Mpo(GUIUpOBaHus NpU MOCIEAYIONIEH MPOKATKE B TOPU3OHTAIBHBIX
BaJIKAX M CO3JIaHUU ONPEAENIEHHON MPOPUINPOBKHU TOPU30HTAIbHOTO Banka. [Tpu Ta-
KOM MPO(PUINPOBKE BEPTUKAIBLHOTO U TOPU30HTAIBHOIO BAJIKOB JAOCTUTAETCS YIIyY-
LIEHUE KaYyeCTBA ropsYeKaTaHbIX MOJIOC ITyTEM MOBBILIEHNS TOYHOCTH X Pa3MEpPOB B
wiane [27].

CyIecTBYIOT Take BEpPTHKaJbHbIE KaTUOphl C MapaieIbHbIMU CTEHKaMU
(puc. 7, 1), KOTOpPbIE 3HAYUTEIBHO MOBBIIIAIOT NONEPEYHYIO YCTOWYUBOCTD PackaTa u
cMmeniatoT HaribiBbl Ha pacctosHue 100-400 MM oT kpomku cisiba, T.e. Ha TIIyOUHY
Bpe3a pyubs [5]. B cBsizu ¢ TeM, yTO TpeOyroTcs BajKu OOJIBIIOrO AUaMeTpa, 3HAUH-
TEJIbHO YBEJIMYUBAIOUIUE YCUIHS AedopMaliiu, XOTs IMUPUHA Pydbs paBHA TOJIIMHE

cisi6a, ObLITH TIPEJIOKEHBI KOHMYECKHE BAJIKU (pUC 7, M) [28], ciyKalliue TOJIbKO IS
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CMEILIEHUsI HAIUIBIBOB mocie aedopMaiiuu ciissda B BEPTUKAIBHON KJIETHU U 10 TOpH-
30HTaJIbHOIO MPOXO/A.
SInoHcKue uccieoBaTeN TakKe MPEIJIOKUIIN BaJIOK (puc. 7, K) JUisl 00KaTus

cIuTKa Uiy cisiba. ['myOuHa HIDKHEW CTEHKU Pyubsi pa30UTa Ha TPU KOHHMYECKUX

yaactka (S1, Sy, S3), KoTOpBIE MEXMY COOON CONPSHKEHBI IUIABHBIM IIEPEXOJIOM.
Iupuna nHa kamuOpa {; paBHA TONIIMHE KOHEYHOTO CJsi0a MPU MPOKATKE CIIUTKA

HJIX pacCKaTa IIPpH IIPOKATKEC CJ'ISI6a, a IIUPHUHA t3 paBHA PICXOI[HOﬁ TOJIIIMHC CJINTKa

win cisioa. CreruanbHO 0I00paHHbIE YIIIbI KOHYCHBIX YY4aCTKOB HAaXOoJATCs B Tpe-
JieJ1ax, UCKIIIOYAIOIINX MEePENoHEHNE KaauOpa U OrpaHMYMBAIOIIUX YTOJIIIEHHE 00-
KOBBIX KPOMOK CJIUTKA WIH ciisioa. JlaHHBIN BalOK MPUMEHUM MPU PEBEPCUBHOM MPO-
KaTKe ¥ MO3BOJISIET MPOKATHIBAThH CIIMTKHU WIH CISI0bI pa3IMYHON TONIIUHEI [29].

JUist ymenplieHust nedexra «pblOMid XBOCT» M MOBBILIEHUS 3(()EKTUBHOCTH
BEPTUKAIBLHOTO 00KaThs pa3paboran kamubp (puc 7, 1) ¢ mupUHOM Bpesa (S), pas-
Hoit 0,90-1,05 Tommuubl cnsba, u rmyounoit Bpesa 0,05-0,15 nuamerpa Baska,
MMEIOLIEro LUINHApHYecKyto 60ouky ¢ BbicTynoM (d) 0,02-0,10 Tommuusl cns6a u
paauycoMm, paBHbIM 0,2-0,4 Tonmmubl cisi6a. BypThl pacnonokeHbl MOJ yrioMm
45-75° ko nuy xkanuOpa. Takasi KOHCTPYKIMS Bajka 00eCIIeUnBAET JyUlllee yIaleHUe
OKaJIMHBI, CMENIAET HAIUIBIBBI K CEPEeIMHE CIIsi0a M MpeI0TBpalllaeT nepeTeKanue je-
(heKTOB Ha JUIEBYIO CTOPOHY ciisiba [30].

Cpenu BepTUKAIBHBIX KaTUOPOB MOXHO BBIIECTUTh ACCUMETPUUYHBIE KaTHOPBI
(puc. 8). HecummerpuuHOCTH HAOMIOJACTCS KAaK OTHOCUTENIBHO TOPU30HTAIN
(puc. 8, a—e), (croza e MOKHO OTHECTH PACCMOTPEHHBIE paHee BEPTUKAIbHBIC BAJKU
¢ MUKpokanubpamu (puc. 7, a, 0)) B OJJHOM BEPTUKAJILHOM KaJIMOPOBAaHHOM BallKe,
HO TMapa BaJIKOB CUMMETPUYHA OTHOCUTEIHHO BEPTUKAIU, TaK U OTHOCHUTEIILHO BEp-
TUKaIU (pUC. 8, —M), KOTJa JIBa BajKa, HAXOJAIIMECS B OJHOM TOPU3OHTAJIBHOU
IUIOCKOCTH M O0XHMMaroIIue ciasid B OJHO M TO K€ BpeMsl UMEIOT, Pa3inyuus MEXIy
co0O0H ¥ MPU 3TOM CUMMETPUH MEKTYy HUMH HET.

BeprtukanbHblii Ballok ¢ OypTamMu pa3au4yHOro AuameTpa, Ipu 3TOM pydyel Mo-

KET OBITh BPE3aH HAKJIOHHO WJIM MPSMO 10 OTHOIICHUIO K YPOBHIO TIPOKATKH, a Oyp-
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TBI U3roTOBJIEHBI ¢ pasaununbiME Beimyckamu (Hy # Hoy) (puc. 8, a), npu paGote B ma-
pE C TaKUM € BAJIKOM OHU 00OECIEYHMBAIOT 33JaHHOE HANPAaBIIEHUE MPOJOIBHOTO U3-
ruba nosocsl [21]. Janusnit 3hpekT MOKHO MOTYyYUTh KOHMYECKUMHU BaJKaMH, pac-
IOJIO’KEHHBIMH CTPOTO BEPTUKAIBHO MEHBIIMMU AMAMETPaMHU BHU3 WK CUMMETPHY-
HBIMHU BEPTUKAJIBbHBIMHM BajJKaMU C KanuOpamu wid 0e3 HUX IMOJ HAaKJIOHOM JpPYyT K
JpYTy B IUIOCKOCTH, NMEPHNEHAUKYISIPHON HAIPABIICHUIO NMPOKATKU, MEXKIY BaJKaMU
pacrnojarairoT ONOPHBIM POJIMK, B KOTOpBIM ynupaercs packar. [IpuHyauTenbHbIN

IPOAOIBHBINA U3THO MO3BOIISIET HA 3-5% yBENUYHUTH 00KaTUE MO IMUPUHE U MTOBBICUTD

YCTOMYUBOCTH packara [5, 10].
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Puc. 8. AccumeTpruyHbie KanuOphbI:
1 — KOHMYECKUI Y4acTOK, 2 — IMIMHIPUIECKUN y4aCTOK, 3 — CHMMETPUYHBINA pyden
C BOTHYTBIMH CTEHKaMH, 4 — y4aCTOK AJUTUNITUYECKON (DOPMBI C BBITYKJIOCTHIO

B CpeaHe yactu, S — Oypt, 6 — cns10, 7 — packar

JUIsl IOBBIIIEHHS] KaueCcTBA rOpAYEKATaHbIX I10JOC MYTEM PaBHOMEPHOW IpoO-
paboTKu OOKOBBIX IpaHEd packara ¢ y4€TOM HEPaBHOMEPHOCTH TEMIIepaTyphl IO

TOJIIIIMHE TPEJIOKEHBI KaTMOPOBKHU BAJIKOB, MPECTaBIeHHbIE HAa puc. 8, 6 — 1. Kon-
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CTPYKTHBHBIE OCOOCHHOCTH 3THUX BAJIKOB MO3BOJITIOT AehOPMHUPOBATH 00JIee TOpsiune
KPOMKH HHMKHEW MOBEPXHOCTU CIsI00B 0€3 00pa3oBaHMs HAa KPOMOYHBIX ydacTKax
3HAUUTEIBHBIX BBITYKIOCTEH MeTasla U CIOCOOCTBYIOT TEpepaclpeesieHuI0 Kpo-
MOYHOU nedopmanuu B Oosiee TIIyOOKHE IEHTpaibHBIC CJIOW ciisiba. JlanHoe Mepo-
NPUSATHE TIOCTUTAETCS 3a CUET HAKJIOHA JIHA BaJiKa MO/ yrioM () BBITOJIHEHHOTO MO
oOpasylollel, B CTOpOHY MEHEE HarpeToil rpaHu U pa3HbIX PaJNYCOB COIPSIKEHUHN

oypros u nna xamuopa (R # R») (puc. 8, 6) [5, 31], BOTHYTOCTBIO y4acTKOB JHA MO
MECTY COMNpSKEHHs C BhITycKaMu paauyca pasHoil kpususHbl (R1 # R») u riy6unoit
3TUX y4acTKOB pyubs apyr otHocutensHo apyra (Hy # H») (puc. 8, ) [32], pasusi-

MH yIJIaMH HaKJIOHa BCPXHCTO M HIMKHCI'O KOHHNYCCKHX BBIITYCKOB ((X]_ ;é (12) I10 OT-

HOIIICHUIO K pajualbHON IJIOCKOCTU cedeHus Bayika (puc. 8, r) [33]. [Ipumenenue
BCEX TPEX PACCMOTPEHHBIX KATMOPOBOK IMO3BOJSET MOBBICHUTH KAa4eCTBO pacKaTa W
CHU3UTh KOJIMYECTBO KPOMOUYHOM 00pEe3H.

Jlist ymenbIieHus 1e()eKTOB Ha KpPOMKAX U CTaOMIIM3alK IpoLecca NpOKaTK!
B BEPTUKAJIBHOM KJIETH 32 CYET YCTOMYMBOCTH MPHU BBHICOKUX 00XKATHUAX MPEIJIOKECHBI
JIB€ MPOPIINPOBKU BEPTUKAIBHBIX BalKoOB (puc. 8, 1, €). Jlocturarorcs AaHHbIE M1O-
JIOKUATENbHBIE 3(PPEKTHI 32 CYET KOHMUECKUX YYAaCTKOB, SJUIMITHYECKUX YYACTKOB C
BBIMYKJIOCTBIO MOCEpeuHe (pUc. 8, €) WIM CUMMETPUYHBIM PYUbEM C BBITYKIOCTBIO
(puc. 8, 1), KoTopble POPMUPYIOT JBOHHYIO 00UKOOOPa3HOCTh OOKOBBIX TpaHEel pac-
Kata. BepTukanbHbI BaJIOK MEPBOM KOHCTPYKIUU (pHC. 8, 1) 3a CUET IBOMHBIX PyUb-
€B MIPUTOJICH JJI TOJICTOJIMCTOBOM MPOKATKH, TJ€ M ObLI orpoOoBaH 11 CisiooB 365-
410x1540x6000 MM 1 ero MPUMEHEHHUE CIIOCOOCTBOBAIO YBEIMUEHUIO MPOU3BOIH-
TEJILHOCTH W TIOBBIIICHUIO BhIXOa ToaHoTO [34]. Bamok BTOpoit KOHCTPYKIHMH (pHC.
8, e), ABIsAACh OoJiee paHHEH pa3pabOTKON, MPEANOUYTUTENICH AJIi YEPHOBBIX MPOXO-
noB B IICI'TI, x0Tt MOXKET ObITh UCIIOJIB30BAaH U JJIsI POU3BOJICTBA TOJICTOTO JIMCTA
[35].

C uenpio yMEHbILIEHUSI KOHLIEBOW 00pe3u U PaBHOMEPHOCTU MPOPAOOTKHU pa3-
HOHArpeThIX T'paHel packara Mo IMIHPUHE, BEI3BAHHBIX OCOOCHHOCTSIMHU BbIIAYW CIIsi-

O00B M3 TeYell, MpeIOKEHbI TPU ACCUMETPUUYHBbIC MPOPUIMPOBKH BEPTHUKATHHBIX
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BaJKOB (puc. 8, x—u). B 3Tux Bankax oOecreunBaeTcs BhIpaBHUBAHHUE CYMMBbI TEM-
nepaTypHO-1e(pOpMaIlIOHHBIX YCJIOBUI 3a CUET Pa3sHOPOAHON MPOpPabOTKU IpaHen
packarta, KOTopasi IPUBOJUT K PaBEHCTBY BBITSKEK METajlla IO TpaHSAM U MOJyde-
HUIO CHMMETPUYHOM KOHILIEBOW 00pe3H. DTO JOCTUIaeTcs IOCPEICTBOM Pa3HOIO
npo(uis KOJbLEBBIX PYUYbEB, OUEPUEHHBIX MOJUTPONHBIMU WUJIU MapabOoIMYECKUMU

KPUBBIMU C Pa3IMYHBIMM MOKA3aTEISIMU CTENEHEH y Ka)KI0ro Bajka, U pa3HbIMH pa-
nuycamu conpsbkenus Oypra u aHa pyubs (Ry # R») (puc. 8, x) [36], pasHbIx Benu-
uyH Beimyknocteil gua pyunés (f; # f,) u ry6un spesa (hy # hy) (puc. 8, 3) [37],
MOJICTY’KMBaHWEM OOKOBOW IpaHu cisi0a Ha BEIMYMHY, MPSMO MPOMOPIUOHAIBHYIO
Pa3HOCTH BBITSKEK MO LIUPHUHE, TPOPAOOTKOIN MX Ha OOYKE BEPTUKAIBLHOTO BajKa CO
CTEHKaMH PYy4bEB, 00pa3yIOIUMH YroJl C TOMEPEYHOM OChl0 cuMMeTpuu cisioa 10-

45° ¢ ogHoit cTopoHsl 1 45-90° ¢ apyroii (puc. 8, u) [38].

KoMOuHupoBaHHbIe BepTHKAIbHbIE BAJTKH

Cy11iecTBYIOT BEpTHUKAJIbHBIC BaJKH, MPEICTABISIIONIME CO00M KOMOMHAIUIO
HECKOJIbKMX BaJIKOB U BBITIOJHSIONINE Cpa3y HECKOJIbKO (PyHKIMH. /[Ba Takux Bajka
npejcTaBiieHbl Ha puc. 9. Tak, eciin 00beAUHUTh TOGPUPOBAHHBIN BaJIOK [8] U Bep-
TUKAJIbHBIN KaTMOPOBAHHBIN BajloK [21], TO MOMYy4YUTCS MPOKATHBIM BaJOK C MOCTO-
SSTHHOM 3aXBaThIBAIONIEH CITIOCOOHOCTHIO, HE3aBUCHMOM OT M3HOCA B XOJIE €r0 MCIOJIb-
30BaHMS M CO 3HAYUTENBHO MPOIEHHBIM pecypcoMm skcruryatauuu [39]. Bmecto
ropoB mpeasiaraeTcsi MCIOJB30BATh BATUKH M3 M3HOCOCTOMKOTO MaTepualia, BHe-
npéunabie B 00uky Ha riyouny 0,4-0,7 ux BeICOTHI (puc. 9, a).

D¢ hexTHBHOE UCIIOIh30BaHUE BEPTUKAIBHOTO BaJIKa MPU PEBEPCUBHBIX IMPO-
X0J1aX BO3MOKHO TOJIBKO TIPH MPOTIAKABAIOIINX MPOX0/aX, HO TIPHU 00XKATUU TI0 TO-
PUBOHTAIM JayibHEHIIas MpoKaTKa BEAETCS YK€ Kak Ha riaakod Oouke. /(s moBwI-
mieHus 3Q(PEKTUBHOCTH PEayIIUPOBAHUS pa3padaThIBAIOT BAJIKU C HAKJIOHHBIMHU KO-
HUYeCKUMH OypTamu [29] muO0 OTKa3bIBAIOTCA OT KaJMOPOBAHHBIX BAJIKOB B TOJIB3Y
BAJIKOB C IJ1aJKOI OOYKOM MUK BaJKOB ¢ MUKpokaiauOpamu [18, 19]. Ho npu ucnosns-

30BaHMH BEPTUKAIBHOTO BaJIKa C MOJABMXHBIM OypTOM, KOTOPBIA PETYIUPYETCS OT
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MIPUBOJIA BaJlka B Tay3ax, 3Q(PEeKTUBHOCTH peayUPOBAHNS 3HAYUTEIHLHO MOBHIIIACT-
Csl KaKk M BbIXOJ] ToiHOTO (puc. 9, 0) [40]. AHanoruyHble BaJIKU C MOJBUKHBIMU BTYJI-

KaMM 3allaTeHTOBaHbI B SlnmoHuu [5].

6
Puc. 9. KomOMHHpOBaHHBIE BaJIKU:

1 — moaBMXHBIN OypT, 2 — HEMTOABUKHBINA OypT

3akJIroueHue

HecMoTpst Ha pa3BUTHE HOBBIX CHOCOOOB penyLUpOBaHUs CIsI00B, o0XaTue
cig0a MO IMIMPUHE B BEPTUKAJIbHBIX BaJIKaX OCTAETCSl BBICOKONPOU3BOAUTEIHHBIM
CrocoO0M, MOJJEPKUBAIOIIUM TMMOTOYHOCTh TEXHOJOTMYECKON JuHUU. [IpakTukoii
YCTaHOBJICHBI PAllMOHAIILHBIE Pa3MEpPbl OCHOBHBIX AJIEMEHTOB BEPTUKAJIbHBIX KaJlnO-
poBaHHBIX BaskoB: paauyc — 400-600 MM, rimyouna Bpesa pyubs — 7/5-150 MM, oTHO-
HIeHUE MIHUPUHBI Kanuopa k TonuuHe cisioa — 0,90-1,05, yron Hak/IoHA CTEHKU Py4bs

10-30°, Beimyki10CTh AHA 604KH Baika 5-30 MM. M X0Ts BCTpedaroTcsi HEKOTOPBIE OT-
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JI€TIbHBIE 3HAYCHMS TaHHBIX BEJIMYUH JJIEMEHTOB, KOTOPBIE HE BXOAAT B 3TOT MHTEDP-
Baj, Wi TpaguiuoHHblx HICITI u TJIC KOpeHHBIX U3MEHEHUN 3TUX MapaMeTpOB B
OnmoKkaiiliee BpeMsi CKOpee BCEro He npeaBuauTtcs. Mcnonp3oBaHne KOMOUMHUPOBAH-
HBIX BEPTHUKAJIBHBIX BAJIKOB IIOKA HE MOJIYYUJIO JOJDKHOIO PACIPOCTPAHEHUS B CBS3H
CO CJIO)KHOCTBIO HEKOTOPBIX MEXAaHU3MOB M OTCYTCTBHEM MOTPEOHOCTH B HEKOTOPBIX
(GYHKIUAX, XOTS JaHHAs 00JIaCTh SIBISIETCS MEPCIIEKTUBHOM Kak JJIsl pa3BUTHS Jallb-
Helmeld TMOKOCTH peAylUpPOBaHUs CII00B MO MIMPHHE, TaK U JId YCTpaHeHHs He-

JOCTAaTKOB TCXHOJIOTHH.
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Banku IMPOKATHBIX CTAHOB

H.I'. lllemmypoBa, B.I'. Autunanos, E.Il. Kuceaesa

OI'bOY BIIO «MarHUTOropCcKnidi rocy1apCTBEHHBIN

TexHn4uecku ynusepcuret um. I'.1. Hocosa»

CIIOCOBbBI YITPOYHEHUA ITOBEPXHOCTHU PABOYUNX BAJIKOB

B cmamwve paccmompenst cnocobvl ynpouHeHnusi npoOKamuulx 6aakos. llpeo-
cmaeniena XxapakmepucmuKkd HeKOMOpbIX MEXHONOSUYeCKUX Memooos 00pabomxu
NOBEPXHOCMHO20 ClI0s1 NPOKAMHbLIX 8a41K08. Onucamnvl MmexHono2us U pe3yibmanmbl
Oopuposanusl d1eMeHmos 8ankoe npogunecubounvix cmanos. llpedcmasnensvt pe-
3YIbMAmbl UCCIE008AHUS NEPCHEKMUBHO20 MeMOO0ad YNPOUHEHUs — C NOMOWbIO Oe-

MOHAYUOHHO-2A306020 HANBLIEHUA.

Knroueswie cnosa: npokanirnvle 6ajiKu, cnocoowl YNPOYHEHUA, 60pup06aHue, Ha-

novljlernue, OQMOHQZ/;MOHHO'ZCIS’OGOQ nokpsimue.

Banku SBIAIOTCS OCHOBHBIM WHCTPYMEHTOM IPOKATHBIX CTaHOB. KauecTBo
IpOKaTa, ero 3KCIUIyaTalluOHHbIE CBOMCTBA BO MHOTOM 3aBUCAT OT U3HOCOYCTONYH-
BOCTH, IIEPOXOBATOCTU U JPYTHX XAPaKTEPUCTHK BATKOBOTO MHCTpyMeHTa. [loaTomy
00bIII0C BHUMAHHE yIEISIOT BOMPOCAM MOBBIMIEHUS! UX U3HOCOCTO HKOCTH.

CylIecTBYIOT pa3iMyHble TEXHOJOTHMU OOecredeHMs 3aJaHHbIX I[apaMeTpOB
MMOBEPXHOCTHOTO CJIOS BAJKOB U MOBBIIICHUS UX U3HOCOCTOMKOCTH [1,2].

TexHonornueckue nokasareaud U QU3NKO-MEXaHUYECKUE MapaMeTphl OBEPX-
HOCTH MocJie 00pabOTKU BAJIKOB MPUBEICHBI B TabuIe 1.

Ha npodunernd6ounom crane 1-4x50-300 3aBoga «3anopoxcranby (YKpanHa)
UCIIOJIB3YIOT CIIOCO0 371eKMPOUCKPOBO2O B80CCMAHOGNeHUs 84Kk06 [3]. DTOT cmocob
OCHOBAaH Ha MEPUOJAMYECKOM BO30YXKIEHUU HCKPOBOTO pazpsaa Mexay oOpadaTbl-
BaeMOM JleTajbio (KaToJloM) U 00padaThIBAIOLIUM 3JIEKTPOIOM (aHOAOM), MaTepual

KOTOPOI'O INCPCHOCUTCA B INNIASMCHHOM COCTOAHHMH Ha KAaTOJ, HACBIIAsACh KOMIIOHCH-
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Tamu cpenbl. B pesynbrare Ha oOpabaTeiBaeMO MOBEPXHOCTH 00pa3yeTcs Cloi, 00-

JIAJAFOIINI BEICOKOW N3HOCOCTOUKOCTBIO.

Taomuna 1

XapakTeprucTrKa HEKOTOPBIX TEXHOJOTMYECKUX METO/I0B 00pabOTKH

MOBEPXHOCTHOTO CJIOS IIPOKATHBIX BAIKOB [1]

Tonmunaa | CreneHs | Makcum.
[IlepoxoBa- ToyHOCTB
MeTton MOAUGUIN-| yIPOY- | HAMpPs-
TOCTb MTOBEPX- o0OpaboTku /
00paboTKu POBAHHOTO | HEHHUS, |)KCHHE O,
HOCTH R,, MKM TBEPAOCTH
CIIOs, MM % MlIla
[ToBepxHOCTHOE TIIACTHYECKOE Ie(PopMHUpOBaAHHUE
HpobemeTHas 00-
pabotka (mpobe- |1,6-0,04 0,2-1,5 20-40 | 200-750 |CoxpansieTcs
CTpy¥Has)
v
APTPASBYROBEL 1 250,32 0,05-1,5 | 10-40 |200-500 |Coxpansercs
111
HaxareiBanue 1,25-0,04 0,1-0,5 20-50 | 500-700 |CoxpansieTcs
Brirnaxupanue
1,25-0,04 0,01-0,3 10-60 | 500-700 |CoxpaHnsercs
aJIMa3Hoe

[ToBepxHOCTHaAsA TepMuyecKas 00paboTka

3akajika c Harpe-

He uzmenser-

He coxpansiercs

0,2-10,0 - 900-800
Bom TBY csl / HRC 40-70
3akainka ¢ Harpe- |He uzmensier- 0.5-20.0 ] 900-800 He coxpansercs
Bom TITY csl / HRC 40-70
XUMHKO-TepMUYECKas 00padoTKa
He u3zmenser- He coxpansiercs
1-10 - 400-800
Hewentams | / HRC 60-70
He usmensier- He coxpansercs
bopuposanue 0,35-10 - -
cs | 225-385 HV
He coxpansiercs
X y 052-0,02 = =
pPOMUPOBaHUE XyIIIAeTCs 1 100-200 HV
Jlazepnast o6paboTka
Tepmoo6paboTka 1x107
VYxynmaercs 1 - - He coxpansiercs
(;rlermpoBaHwme) (1x107)
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VY cTaHOBJIEHO, YTO AIEKTPOUCKPOBOE BOCCTAHOBIIEHUE BAJIKOB IPOdriiern6o4-
HOTO CTaHa 00ecreynBaeT MOBBINMICHUE X H3HOCOCTOHKOoCTH B 1,8-2,0 pasa.

OnHuM U3 NEMCTBEHHBIX CITOCOOOB IMOBBIIMICHHS CPOKA CIIYKObI BAJIKOB SIBJISI-
eTcst ouggyzuonnoe bopuposanue. HacplleHne mMOBEpXHOCTH BAJIKOB OOPOM TMOBBI-
HIaeT UX TBEPAOCTb U U3HOCOYCTOMYMBOCTh B YCIOBUSAX a0pa3WBHOIO M3HAILIMBAHMUS,
KAPOCTOMKOCTh U CTOMKOCTH MPOTUB KOppo3uH. CyHIECTBYIOT HECKOJBKO MPHUEMOB
OoopupoBanus [4]: B mOpomKooOpa3HbIX cMecsax (TBepaodasHoe); B )KHIKOU Cpene;
ra3zoBO€; JIEKTPOITUTHUECKOE.

[Tpu BEIOOpE MeTO1a GOPUPOBAHUS PYKOBOJICTBYIOTCS €TI0 TEXHOJIOTHYHOCTHIO,
yI0OCTBOM OCYIIECTBIICHUS MPOIIEcca B MPOMBIIIICHHBIX YCIOBUAX, YKOHOMUYECKOM
PEHTA0EIbHOCTHIO.

bopuposanue 6 nopouikoobpasnvix cmecsax NO3BOISET MPOBOJAUTH HACKIILICHNUE
MOBEPXHOCTH M3JCNUN CI0XKHOM KoHuryparuu. [Ipu npaBuisHOM BeIOOpE GOpOCO-
JepIKallel MUXThI MOTYYaloT KAYeCTBEHHBIC TUIOTHBIE MOKPHITUS HEOOXOIUMOM TIy-
OWHBI 32 CPAaBHUTEIIEHO KOPOTKOE BPEMsl, XOTS CKOPOCTh HACHIIICHUS TIPH 3TOM He-
CKOJIbKO HIKE, YeM B KUJKOM BaHHE. Mcronbp3oBaHue B KauecTBe OOpocoepkaiien
cMmecH kapouaa 6opa ¢ oypoit (84 % B4C u 16 % Na,B,07) mo3BonsieT momydars pas-
HOMEPHOE U JIOCTATOYHO TUIOTHOE MOKpbITHE. MeTosl He TpedyeT CI0KHOTo 000py-
JOBaHUs (HarpeBareNbHas MeYb M [EMEHTAIIMOHHBIN SIIUK) U CTICIUATbHBIX 3alUT-
HBIX MEPOTPHUITHMH, JTETKO OCYIIECTBIISICTCS B MPOU3BOJICTBCHHBIX YCIOBHSIX.

HaunOonpmnii npakTuuecKuii HHTEpeC MPEeACTaBISET A1 OOpUpOBaHUS KapOuI
6opa (B4C) nimm cmech kapobuma 6opa ¢ 0ypoit (84 % B,C u 16 % Na,B,0O). Ilocnen-
HSS CMeCh Ipeanoututensaee. [Ipu aTom ueM Gosbiiie cymMMapHasi TOBEPXHOCTh Yac-
THII, TO €CTh YeM OHU MeJIbue, TEM MHTCHCUBHEE UJIET PEAKIIHs U BBIIIE CKOPOCTH Ha-
celieHus [S].

B MI'TY um. I''1.HocoBa BeimosiHunu TBepaodazHoe 6opupoBanue OaHgaxa
BankoB nipoduiiernoounoro crana (I1I'C) 1-4x50-300 B mopomike kapOuaa 6opa. Pa-
00Ta BBINOJHEHA IMOJ PYKOBOACTBOM 1.T.H., mpod. C.A. TymnynoBa u 1.T.H., Ipod.

A.H. 3aBanuuiuna.
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[TpenBapuTENBEHO OMBITHI MPOBOAWIM Ha TUIOCKUX O0pa3lax M3 CTA MapKH
9X, KOTOpbIE YKIAAbIBAINA B IIMJIMHIPUUECKUI KOHTEHHEDP U 3aIOJHSIM €ro 0opoco-
JIepIKaIIuM TIOPOIITKOM ¢ tobaBieHueM (roporuracta B kKadecTBe akTuBaropa. llepen
3arpy3Koil B Ie4Yb KOHTEHHEP 3aKphIBAIM acOECTOBOM MPOKIIAAKON, HA KOTOPYIO 3a-
CBITIAJIM TIECOK M HAHOCWJIM Pa3MEJbUCHHYIO CHUJIMKAT-TIBIOY, BBIMOIHSIONIYIO POJIb
repMETHYECKOro IJIaBHOTO 3aTBopa. Temmeparypy HarpeBa BapsupoBaiu oT 900 mo
1000°C. KOHTpOIIb TeMIIEpaTyphl OCYIIECTBISLIA ¢ TOMOLIBIO IATHHOBOM TepMOIIa-
pu1. bopupoBanue B kapOuge 60pa MpoOUCXOaUIIo B pe3yibTaTe B3aumoaecTsus B,C
¢ B,0s, cogepkanmiMcs B TEXHUYECKOM KapOuje Oopa B KOJIHYECTBE 2-3 BECOBBIX

nporieHTa. [Ipu 3TomM nMeno mecto BocctaHoByieHue B,0; kapougom 6opa o B,0; ¢

BEIZICIICHHEM aKTHBHOTO Oopa B,0, — B; o3+(B)FE, 9TO 00YCIIOBIIMBAET IMPOIIECC Ha-

CBIIIICHUS CTAJI OOPOM.

Konteitnep ¢ oOpaznamu oxsaxaanu Ha Bo3ayxe. [locne yero miaBHbIN 3aTBOP
paspymanyd v O0aHAaX M3BIEKAIM U3 KOHTeHHepa. Takas TEXHOIOTHS OTIMYAETCS
MPOCTOTOM, TOCTATOYHO BBICOKON CKOPOCTHIO OOpUpPOBAHMS, XOPOIIEH BOCIPOU3BO-
JTUMOCTBIO M MOXET OBITh JIETKO BHEAPEHA B MPOMBINIICHHOE MTPOU3BOJICTBO, HMEIO-
mee CTaHgapTHOE TepMHuUecKoe odopyaoBanue. Ciaeayer OTMETUTh, YTO Kapoua 00-
pa HE CIeKaeTcs, MOATOMYy oOJieryaeTcsi u3BjedUeHUEe oOpabaThiBaeMbIX AeTajiel u
BO3MOYKHO TMOBTOPHOE MCIOJIb30BaHUE IIUXTHl. MHOTOKpPaTHOE €€ HMCIOJIb30BaHHUE
(o 20 pa3) BeneT K HE3HAYUTEIHLHOMY CHIDKEHUIO aKTUBHOCTU. B CBsi3u ¢ 3THM naH-
HBIM MPOIECC IKOHOMHYECKH BBITO/ICH.

[Tocne oxnaxkneHust oOpa3loB U3rOTOBUIIN NUTH(BI, MPOTPABIIA UX B a30THOMN
KHCJIOTE W ONPESININ TyOuHy OopupoBaHHOro ciost (tadin. 2) Mccienoanue mmo-
Ka3ajo:

— C TIOBBIIIEHWEM TEMIEPATyphl CKOPOCTh HapacTaHUsl TOJIIMHBI OOPUPO-
BAaHHOT'O CJIOSI PacCTeT,

—  C YBEJIIMUCHHEM BPEMEHH BBIJCPKKH HAOJI01a€TCsl POCT IITyOUHBI CIIOSI.
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Tabmnuma 2

Brnusinue ycioBuii 6opupoBanus ctany Mapku 9X Ha riayOuHy cios

Bpewms Boimepkku,| [myOmHa OOpHPOBAHHOTO CIIOS, MKM, TIPU TeMIIepaTypax, °Cc
qac. 900 950 1000
2 22,4 39,2 95,0
4 44,8 55,8 156,0
6 45,9 63,0 164,0
8 134,4 140,0 -

BpemeHHOE CONpPOTUBIEHUE Pa3pbiBy MOJIYYEHHBIX OOpa3lOB COCTAaBHIIO
21,0 kH/MM®. CTpyKTypa GOPHIHBIX CIOCB HMEET XapaKTEPHOE HIOIBYATOE CTPOC-
HUE; Ha oOpasie, OOPUPOBAHHOM MPU TEMIIEpaType 1000°C, urmsr mocTHraot 60Ib-
mux pasmepoB — 10 112 mxm. Taxxke umMeeTcs B HUIMYNAHA «IIEPEXOHAS 30HA» C OT-
JMYHOM OT CeplLIEBUHBI CTPYKTYpOii, oboraieHHas yriepoaom u 6opom. Ee oOpa3o-
BaHHE OOBSCHSETCS BBITECHEHHUEM YTIJEpoJa U3 30HbI OOPUIOB U YBEIMYEHUEM 3a
CUET 3TOr0 €ro KOHILEHTpaIMK Moj O0puaHbIM cioeM. HaOmroaeHus mokasanu, 4To
XapakTep CTPOCHHUS MEPEXOIHOM 30HbI OKa3bIBAET CYLIECTBEHHOE BIMSHHE Ha pado-
TOCHOCOOHOCTh OOPUAHOTO CJIOSA, HA MPOYHOCTh CBS3M €r0 C OCHOBHBIM METAJLJIOM,
Ha pacnpeicsieHUe BHYTPEHHUX HAIPSIKEHUM U Pa3BUTHE YCTAJIOCTHBIX SIBICHUIA.
Haunyummii cinoii nony4aercss mpu OOPUPOBAHUM B T€UEHHE 8 4AacOB MPHU TeMIIepa-
Type 950°C: mOCTaTOUHO TIyGOKHii, HE OYEHB XPYIKHiA, C BBICOKOH IIOTHOCTBIO H
TBepaoCTHIO (05 = 21,7 kH/MM®).

Jlsist GopupoBaHus BHIOPAHBI TUIMHAPUYECKUE JIEMEHThI HUKHETO BaJlKa IS
dbopmoBku mBesuiepHoro npoduisa 80x50x4,0 MM, KOTOpPbIE UMENTH paUaJIbHBIA W3-
Hoc nipu npodunmupoBanuu 0,2-0,4 mm. BbInT M3roToBIEH KOHTEHHED, IUIHHAPUYE-
CKMH KOPIIyC KOTOPOI'O BBINIOJIHEH W3 XKapOIpo4yHOM ctanu. Ha gaHHOE ycTpOuMCTBO
NOJTy4eH naTeHT [6].

bopupoBanne npoBonunau B snektporneun comnpotuBienus CHO 3X52/10M12.

TemMneparypy KOHTPOJMPOBAIM C MOMOUIBIO IUIATHHOBOW TEPMOIIAPBI, BHIBOJBI KO-
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Topoi coenuuenbl ¢ moteHmuomerpom KCII3II. Pexum 6opupoBanus: Temmneparypa
980°C, Bpemst BBLIEPIKKH 7 Yac.

[IpoBeneHo onbITHOE TTpoduaupoBanue meesuiepHoro npodurst 80x50x4,0 MM
u3 ctanu mMapku Ct3nc Ha [II'C 2-8x100-600 OAO «MMK». CpaBHeHue pe3yibTa-
TOB 3aMepa M3HOCa JIEMEHTOB BaJIKOB, 3aKAJICHHBIX 110 OOBIYHON TEXHOJIOTMH U 00-
pUpPOBaHHBIX Mocie npoduiupoBanus 750 T mBesuiepa, Moka3ano, YTO CTOMKOCTh
OOpUPOBAHHBIX AJIEMEHTOB BAJIKOB ObLIa BhITIE B 4,5 pasa. [Ipu mociemyromei oopa-
00TKe BAJIKOB OOpUPOBAaHHBIN ciioi TosmuHo# 10 0,15-0,17 MM He BAMsAET HA PEKUM
paboThI PEXKYILIEro HHCTPYMEHTA (HE3HAYUTEIBHO YBEJIIMYMBAETCS BpeMs) IpH Nepe-
touke Oanmaxa (ms III'C 1-4x50-300).

B nocnennee BpeMst mOSBHIIOCH MHOTO ITyOJUKAIIMIMA 110 pa3IMYHBIM CIIOco0am
HaIbIJICHUS U3HOCOCTOMKUX MOKPHITUN HA BAJIKU IPOKATHBIX CTAHOB.

T'azonnamennoe nanvinenue. 110pOLIKOBBIA MaTepUall MOAACTCS B IJIaMsl alle-
TUJICH-KUCIOPOAHOUN TOPENIKU, PACIUIABISETCA U MEPEHOCUTCS CHKATBIM BO3AyXOM Ha
MOBEPXHOCTh U3JIENUs, T/I€, OCThIBasA, (GOPMUPYET MOKPHITHE. METOI MPOCT B OCBOE-
HUU ¥ MIPUMEHEHUH, MOKET MPUMEHATHCS KaK B PyYHOM, TaK U B aBTOMaTU3HPOBAH-
HOM pexuMe. C TOMOIIBI0 Ta30TUIaAMEHHOI0 HANbUICHUS! HAHOCAT U3HOCOCTOMKUE U
KOPPO3MOHHO-CTOMKHE TOKPBITUSI W3 KEJIE3HbIX, HUKEIIEBbIX, MEIHBIX, aJIOMUHUE-
BbIX, ITMHKOBBIX CIJIaBOB, 0a00OUTOBBIE TOKPHITHS MOIITUITHUKOB CKOJIBKEHHUS, DJICK-
TPOMPOBOJIHBIEC MOKPBITHSI, AIEKTPOU3OJSIIUOHHBIC MOKPBITUS (pUJICaH), AEKOpPaTUB-
HBIE TOKPBITHSL.

lInasmennoe HanvlieHue — MPOIECC HAHECEHUSI TTIOKPHITUS HA MOBEPXHOCTh U3-
JIeJvsl C TOMOIIBI0 TUIA3MEHHOM CcTpyW. B BBICOKOTEMIIEpATypHYIO IIa3MEHHYIO
CTPYIO OAAETCS paclbUIsIEMbIN MaTepuall, KOTOPbI HArpeBaeTcs, IJIaBUTCS U B BUJIE
NBYyx(ha3HOTO MOTOKA HampasiseTcs: Ha momioxkky. [lpu yaape u gedopmanuu npo-
HCXOJUT B3aUMOJEHUCTBHUE YACTHUIl C TOBEPXHOCTHIO OCHOBBI MJIM HAIBLISIEMbIM MaTe-
puaioM u GpopMupoBaHue MOKpbITUA. [11a3mMenHas 06paboTKa MO3BOJIMIIA YITPOUHSTh
MOBEPXHOCTh KOHCTPYKIIMOHHBIX MaTepuayioB. [[ma3MeHHOE HambUICHUE TMO3BOJISET
CO3/1aBaTh HOBBIE€ KOMIIO3UIIMOHHBIE MAaTEpUaIbl U MOKPBITHS, KOTOPHIE HE MOTYT

OBITH MOJIYYEHBI JPYTUMU METOIAMH.
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Hanvinenue ¢ onnasnenuem — METO, MO3BOJISIOIINN ITOIY4YaTh IIJIOTHBIE U3HO-
COCTOMKHE KOPPO3MOHHOCTOMKHE TMOKPBITHS C BBICOKOM aare3uer. Hambiienue mo-
KPBITHI BBIMOJIHSIIOT YCTAHOBKAMH Ta30MOPOIIKOBOTO HAIbUICHUS U3 caMO(IIIOCYIO-
IMXCS METAIUTMYECKUX MOPOIIKOB.

OnHUM U3 COBPEMEHHBIX METOJIOB MOBBIIICHUS U3HOCOCTOMKOCTH MPOKATHBIX
BAJIKOB SBJISIETCS 0emMOHAYUOHHO-2A3080€ HANblIeHue — MPOLeCcC HAaHECEHUsI TIOKPbI-
THUW HA TOBEPXHOCTH JIETANIM IMyTEM HANbUICHUS MOPOIIKOOOPa3HOTrO MaTepuasa mpo-
TyKTaMH CTOPAaHMS, BO3HUKAIOIIUMH B PE3yJIbTAaTE HAMPABICHHOTO B3pbIBAa ra30BOM
CMECH, TIPU KOTOPOM XUMHUYECKasi SHEPTHsI ra30B MEPUOJIUUYECKU OCBOOOKIAETCS B
dbopme JeTOHAIMOHHBIX BOJIH [7].

Mertoz 103BOJISIET NTOJIy4aTh HAMBBICIIEE KAYECTBO MOKPBITUI 110 CPABHEHUIO C
aJbTEPHATUBHBIMU CITIOCOOAMU HaMbLIEHUS (Ta30TUIaMEHHOE, TJIa3MEHHOE) — MPaKTH-
YeCKU OeCIOPUCTHIE MOKPBITHSI C BHICOKUM YPOBHEM /Ir€3UH C MATEPUATIOM OCHOBBI,
MO3BOJIAET YIY4YIlIaTh U J1a)K€ MOJHOCThIO U3MEHSATH ITOBEPXHOCTHBIE CBOMCTBA J€Ta-
JIEN, TTOJTYYaTh 3apaHee MPOTHO3UPYEMBIE CBOMCTBA IIOBEPXHOCTH.

J1Jisl TIOBBIIIEHHS] U3HOCOCTOMKOCTH PabOYUX BAJIKOB JPECCHPOBOYHON KIIETH
arperara HempepbIBHOTO ropsiuero nuHkoBanusi (AHI'TI) Mb1 mpeiaraeM HaHOCUTD
M3HOCOCTOMKOE MOKPBITUE JETOHAIMOHHBIM METOJIOM, TaK KaK MU3BECTHO, YTO JIETO-
HAIMOHHO-TA30BOE HamblIeHHEe Hanbosee 3PGEeKTUBHO YBEIMYUBAET pecypc pabOThI
JeTajeid MallH U MEXaHU3MOB, paOOTaOIMIMX B YCJIOBUSX MOBBIIIEHHBIX HArpy3o0K,
WHTEHCUBHOTO W3HAIIMBAHUS, BO3JICUCTBUS BBICOKHX TEMIIEPATYpP M arpecCHBHBIX
cpen. Hanocumenii cnont mmeer tBepaocts 1390 HVj3, 4TO MO3BONSAET yBEIWUYUTH
CPOK CITy’KOBbI MPOKAaTHBIX BaNKOB B 1,5-2,0 pa3a u TeM caMbIM 3HaYUTEIHHO CHU3UTH
ce0eCTOMMOCTh TTPOU3BOIUMOM TTPOTYKIIUH.

B LenrtpanbHoii nabopatopuu koHtpossi OAO «MMK» B Hacrosiee Bpems
MPOBOJASTCS UCCIECOBAHUS IETOHAIIMOHHOTO HAMBUICHUSI HA POJIMKHU JIMCTONPABUIb-
HbIX MaluH. MBI TipeasiaraeM aHaJdOTUYHOE MOKPHITUE HAHOCUTHh HAa BAJIKU JPECCH-
poBouHoii ket AHI'LI.

JIJist iiccrieroBaHus IPOLIECCOB JETOHAIIMOHHOTO HAIMBUICHUS BHIOpAIIM OCHOB-

Hble (aKTOphI, BIUSIONIME HA KauyeCTBO IMOKPBITUS: PACCTOSIHUE OT cpe3a CTBOJa
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NYIIKA 10 MOBEPXHOCTU JIETAIA U CKOPOCTh JBUKEHUS HambuisieMbix vacTull. [lep-
BOHAYaJIbHO HAIlbUICHHE MPOBOAMIINA HA CTEKJIO, KAUE€CTBO MOKPBITHSI ONPEAENSUIA BU-
3yaJIbHO C MOMOIIbI0 MUKPOCKOTA, Ha mpoduiiorpade u u3mMepsii MUKPOTBEPAOCTh
nokpbITHs. HambuieHue Ha CTEKIIO MO3BOJIAECT YBHAETh TPAHUILY pas3zelia, TITyOuHY
MIPOHUKHOBEHUS HAIBUISIEMBIX YaCTHUIl. A C MOMOIIBI0 MUKPOTBEPAOMEDPA OMPENAEIHU-
JIM TBEPJIOCTh TIOKPHITUS B BHIOPAHHOW TOUKE.

Hanbuienne npowmssBogunm  ammeputom  S517. Henmonbp3oBanu — mpomnas-
OyTaHoByt0 cMmech (0T 15 10 28%) ¢ KHCIOPO0M, KOJIMYECTBO KOTOPOIO BapbUpOBa-
mu B npenenax 22-28%. Ilopomok tpancnoptupoBaicst apronoM (ot 10 go 50%),
4acTOTa BBICTPENIOB paBHA 2,6 B CEKyHAY. Pe3ylbTaThl MCClIeNOBaHUI MTPUBEICHBI B
Tabm. 2.

Tabnuna 2

PGSYJIBTaTBI HU3MCPCHUA MUKPOTBCPIOCTHU

Muxkpotsepaocts, MIla
benas 30ona YepHas 30Ha
KOJIMYECTBO BBICTPEIIOB
1 5 10 1 5 10
12839 | 12839 | 13916 | 8762 | 16520 10510
7120 8574 - 8047 | 13916 11029
8955 8393 - 4746 - -
5706 - - 10264 | 7882 12508
9362 7882 - 5916 | 7882 -

Bu HanbuieHHOM MOBEPXHOCTH MPUBEIECH Ha puc. 1.

B pesynbprare uccnenoBaHus yCTAaHOBWJIM, YTO HA KAYECTBO HANbUICHUS BIIUS-
I0T Takue (PaKTOpbhl, KaK PEKUM padOTHI MYIIKH; CKOPOCTh HAMBLISEMBIX YaCTHIL;
CTEXMOMETPUYECKUN COCTAaB Ta30BOM CMECH, M3-32 KOTOPOTO KA4E€CTBO MOKPBHITHS

CHHIXACTCAA, paClIpCACIICHUC ITOPOIIKA B CTBOJIC ITYIIKH.
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Puc. 1. HanplnenHas moBEpXHOCTH

K HemocraTkam mMeTo/1a MOXKHO OTHECTH HU3KYIO MPOU3BOIUTEIHHOCTh METO/IA
— 32 OJIUH «BBICTPEID» TMOJIYIAeTCS] TMOKPBITUE TOIIMMHONW 6 MKM (TIPOM3BOIUTEIb-
HOCTh YCTaHOBKM 2-4 BBICTpelia B CEKyHAy, pabodasi TOJIIUHA TMOKPBHITUS
0,25-0,30 mm). M3-3a Gombioro myma (1o 140 n1b) obopynoBanue jis 1eTOHAIIMOH-
HOTO HAITBUICHUS MPUXOIUTCS YCTAHABIMBATh B KaMepe CO 3BYKOU3OIHPYIONTUMU
CTEHAMHU.

B pesynbrare mpoBeIeHHBIX UCIIBITAHWA HE JOCTUTHYTO HEOOXOIUMOE YIIPOU-
HEHUE TOKPHIBAEMON IMOBEPXHOCTH TPHU HCIOJIb30BAaHUU KapOUI0BOJIBPPAMOBOTO
MOPOIIIKA.

N3BecTen crnocod 00pabOTKHU POJIMKOB JMCTONPABUIBHONW MAILIMHBI, KOTOPBIA
BKJIFOYAET TMPEABAPUTEIBLHYIO TOJTOTOBKY MOBEPXHOCTH POJIMKA MyTeM O00yBa €ro
noJ AaBJ€HUEM YyryHHOU npoOnto ¢pakuuu 180-200 MKM 1 HaHECEHHUE NBYXCIIOMN-
HOTO YIPOYHSIOIIETO TMOKPBHITHS METOJOM Ta30[CTOHAIMOHHOTO HambuUieHUs. [lpm
ATOM BHYTPEHHHH CIIOH MOKPBHITHS HAHOCAT M3 TOPOIIKa Kapouaa Boibdppama ppax-
AU 955-65 MKM C MOJy4eHUEM TOJIIIHMHBI BHYTPEHHEro cjiosi 15-25 MKM, a BHEIIHUIN
CJIOW HAHOCAT U3 TOPOIIKA Meau ¢ mpumecsiMu He 6omee 0,6% c moaydeHueM ToJ-
IIMHBI BHENTHETO ciiost 8-10 mxMm. VMcnonk3oBanue abpa3uBHOTO 00/1yBa (KBapIeBHIM
MECKOM) MOJrOTaBJIMBAEMOW MOBEPXHOCTH, a TaKXKe MPUMEHEHHE MPH 3TOK omepa-

UM 4YyryHHOU npobu ¢pakuueit menee 180 u 6omee 200 MKM BBI3BIBAJIO MHOTOYHC-
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Banku IMPOKATHBIX CTAHOB

JICHHBIE CJIy9aHl OTCJIAWBAHUS IOKPBITUS MIPH €0 MCIBITAHUAX HA MPOYHOCTH CIICTI-
JICHHSI ¢ OCHOBOIA [8].
[TosTOMy JMaHHBIC MCCIIEIOBAHUS CIICAYET MPOAOIDKUTH, BApbUPys KO3 duiim-

CHTBI TPCHUA U PA3JIMIHBIC HAHOCHUMBIC ITOPOIIKH.
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CexkpeTtsl nnpodeccuu

JI.A. Kun3un
®I'bOY BIIO «MarauToropckuii rocy1apcTBEHHbIN

TexHU4YeCcku yausepcuret uM. ['.M1.Hocoa»

KOHTPOJIb ®OPMbI U PASMEPOB IITIABJIOHOB
C IIOMOIbBIO IIVTAHIIETHOT'O CKAHEPA

B nepuon paboThl aBTOpa BeayIIUM HHKEHEPOM KanubpoBouHoro 0ropo OAO
«MarHuToropckuii MeTayuTypru4eckiuii KOMOMHAT» B BaJIbLIETOKAPHOM OTACIICHUU
IOSIBUJIMCH HOBBIE CTAHKHU C KOMIIBIOTEpHBIM UIIY M y MHOTMX CHenMalnCcTOB BO3-
HUKJIA COMHEHHSI B HEOOXOAMMOCTH IIabJIOHOB, KOTOPHIE PaHbIIE HCIOJIb30BAINCH
IIPU U3rOTOBJIIEHUH (PaCOHHBIX pe3noB. Kpome Toro, 4to ¢acoHHbIE pe3lbl OOJbIe
HE MPUMEHSUINCh, TOYHOCTh CaMUX I1a0JIOHOB, U3rOTABIMBAEMBIX BPYYHYIO, OKa3a-
Jach CYIIECTBEHHO HWXKE, YEM TOYHOCTh HAPE3aEMbIX KalHOpOB, W HMCIOJb30BaTh
11a0JI0HBI 110 Ha3HAUEHUIO ObLIO HEBO3MOXKHO. HO coMHEHMs OB HEOJITUMHU, TaK
KAaK CKOPO BBIICHWJIOCH, YTO IPH NPOrPpaMMHUPOBAHUU CTAHKOB MOTYT BO3HHUKATh
OLIMOKH, a pe3lbl B Mpoliecce paboThl M3HAIIMBAKOTCSA M 3TO BIUSET HA pa3Mephl Ka-
anbpa. Takum oOpazoM, CTaJI0 OYEBUIHBIM, YTO KOHTPOJIb HAPE3KU KaIMOPOB HEOO-
XOJIUM U JIJISl 3TOTO HYKHBI IIA0JIOHBI COOTBETCTBYIOLIEH TOYHOCTH, KOTOPYIO MOMKHO
MOJIYYUTh IIPU MX U3rOTOBJIEHUM HA MPOTPAMMHUPYEMBIX CTaHKaX (HAIpUMep, HJIEK-
TPO3PO3UOHHOM), HO BO3HUKAET BOMPOC, KaK MPOBEPSTh CaMU IIA0JIOHBI MPH BO3-
pociIux TpeOOBaHUAX K TOUHOCTH.

Ecnu yeprexxu 1mabaoHOB M KalnMOPOB BBINOJHEHBI C MOMOIIBIO TaKUX IMPO-
rpamMm, kak AutoCAD wunu KoMnac, TO 171 BBIIOJHEHUSI TPOBEPKU MOKHO BOCIOJIb-
30BaThCs TUIAHILIETHBIM CKaHepoM. J[Ji1 3TOro HYKHO pa3o0paTh IITAaHTCHIUPKYJIb
(puc. 1) U oTcKaHUPOBaTh I1A0JOH BMECTE CO INTAHTOW INTAaHTEHIMPKYIsA (puc. 2),
Ipy TOM MIa0JIOH HE MOMeIaeT MOMbITh. CKaHUPOBAaHHE HYKHO NMPOU3BOJIUTH C
MaKCUMaJIbHbIM pa3pelieHnemM, kak npasmio — 3To 1200 Touek Ha mroim (~ 0,021
MM). I3-3a TOro, 4T0o 11abJIoH UMEET ONpPEIEIEHHYIO TONIIUHY, TP CKAHUPOBAaHUU B

YEPHO-0EJIOM peXuMe Ha N300paKEHUH MOSABIISIETCS] TEHb W TPaHUIIa MEXTy n300pa-
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Cekpetsl mpodeccun

YKEHHEM T1a0JI0Ha U TEHBIO MOXKET OBITh IUIOXO Pa3IMIMMa, TI0O3TOMY JydIlle BCEra
BBEIOMPATH IIBETHOW PEXKUM, a JJIs MUHIMH3aluu o0beMa n300pakeHus dopmar jpg.

[Tocse 3Toro BeI MOJIy4UTE CleAyIoIIee n3oopaxenue (puc. 3).

\

gl Tum»u\uumld'mmﬂlullﬁ

Puc. 1. llITanreHuupKyIb

Puc. 2. IImanmeTHbId CKaHED

T

Puc. 3. OrckanupoBanHOE U300pakeHue madioHa
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Cekpetsl mpodeccun

[Tocne atoro B mporpamme (Hampumep, AutoCAD) HauepTuM KOHTYp KaauOpa
B MacmTade 1:1 (puc. 4) 1 BCTaBUM PsIIOM ¢ HUM MOATOTOBIIEHHOE PacTPOBOE H30-

OpaxxeHue 1mabona (puc. 5).
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Puc. 5. U306pakenue mabdIioHa,

BCTaBJICHHOE B pabouee okHO nmporpammbl AutoCAD
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Cekpetsl mpodeccun

Jlanee HEOOXOAMMO MPHUBECTH MacIITad M300pa)keHUsl 1M1abioHa B COOTBETCT-
BUU C MacIITadOM BeIYEPUEHHOTO KOHTYpa. [y aToro BeiOupaeM komanny «llapa-
JeNIbHBIN pa3Mep» W, MaKCUMaJbHO YBEIMYMB H300paK€HHE IITAHTEHUUPKYJS B
palioHe HYJIEBOW OTMETKH, YKA3bIBAEM HAyajao IEPBOM BBIHOCHOM JIMHHUH CTPOro Ha
KOHIIE «HYJIEBOI» puCKHU (puc. 6), a Ha4ajI0 BTOPOW BHIHOCHOW JIMHU HA KOHIIE PHC-
KU, cooTBeTcTBYIOEH 150 MM (deM asinHHee BIOpaHHBIM OTPE30K, TEM TOUHEE yia-
cTcs mopoopate Macmtad). [IpoctaBneHHbIN TakuM 00pa3oM pa3Mep MO3BOJISIET HaM

CynuTh 0 MaciTade noopaxkenus (puc. 7).
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Puc. 6. Yka3anue Hauana nepBoil BBIHOCHOM JIMHUM TIPU MIPOCTAHOBKE pa3mepa

YBennuuBaeM nzoopakenne B 150/89,91 pa3. Bo3zMoxHO, TaHHYIO OTIEpAITHIO
MPUAETCS TOBTOPUTH €€ OJMH-/IBA pa3a, MOKa HE MOJYyYHMM TOYHOE COOTBETCTBHE
pazmepoB (puc. 8). Teneppr HEOOXOAUMO MOBEPHYTHh M300paKEHHUE TaK, YTOOBI «ILjIe-
YUKW I1a0JI0HA pacrojaraiich CTPOrO Ha OJHOM ropusoHTaiu. s ompeneneHus
yria, Ha KOTOPBIM HYKHO OCYIIECTBIISITH MOBOPOT, MPOBEAEM JBE MPSMbIE. OJIHY —
COEIMHSIONIYI0 KpailHHE TOYKH «IUIEYMKOBY» I1a0JIOHA, a BTOPYIO — FOPU30HTAIBLHO

(puc. 9, 10). Ilocne yero, MOBEpPHYB M300paXKCHHE B TOPU3OHTAIBLHOE IOJIOKEHUE,
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MOXXEM HAJIOXXHUTBb HA HETO BBI‘-Iep‘-ICHHI)II\(JI KOHTYP AJII OOCHKHU UX COOTBCTCTBHA (pI/IC

Bl Baeoume knrouesoe croso/dpasy [
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Puc. 8. U300paxkenue mabdiaoHa B Macimrtade 1:1

Jlsis Toro, 4ToObl BHIYEPUEHHBIN KOHTYp 1Ia0JIOHA OKazajcs MOBEpX HU300pa-

JKEHUsI, €r0 HY>KHO TTIOMECTUTh Ha MEPEIHUN IJIaH, a u300pakeHue Ha 3aIHUM. YBe-
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Cekpetsl mpodeccun

JIMYNB MaCHITa6, MBI MOKEM HPOCICANTb HACKOJIBKO OTINYACTCs peaHBHBIﬁ KOHTYpD

1ra0bJoHa OT YepTeka U U3MEPHUTh JaHHYIO BEIUYHHY (puc. 12).
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Puc. 10. IIpsimbie, onpenenstonire yroj mnoBOpoTa n3o0paxeHus
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B paccmarpuBaeMoM mpuMepe MCIIOIB30BaIU 11a0J0H, U3TOTOBJICHHBIN BPYyY-
HYI0, IIOPTOMY TIOTPEITHOCTh JOBOJBHO 3HAUYHMTENbHAS. JIJ1s 1mabiIoHOB, U3TOTOBIICH-
HbIX Ha crankax ¢ UIIY, coBmajgeHue KOHTYpOB OyJIET HJI€aIbHBIM, KOHEYHO, MPHU

YCIIOBUH, YTO HE OBLIO AOMYIIEHO OMIMOOK MpU MPOrPaMMUPOBAHNUN CTaHKA.

DeHORIXBEME G- - OQR%EE|0
P @l |21 Kac

o}
(o
=
1
<5
&
a

EEIE?

By e BB NANS 1'@@[&11 I PRWONIASHT AT

Daiin TMpaska Ban Bcraska Qopmat  UHCTpyMeHTb! Pucosanne AnnoTaumm  Pepakt  KomnoHneHtsl  [Mapametpuueckve  OkHO — Cnipaeka

[P ORBONIO L\

—
B

NI

& O0PSEHES SO
P 3 DADMNEENREY"N.

(| ¥ BB B[N b XS 'BIE!IEHEI&IT POYONASHT AT

4] <0 i T Layouti /

i obbekT(bl) unu [HacTpoiku] :

E-Te[O0l< [l [+]a [elstruct]

EHENEFRIEET

Puc. 12. U3mepeHne norpenHocT! N3roTOBJICHUS 11aboHa
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CexkpeTtsl nnpodeccuu

[Ipu Hanuuuu OMIMOKU B MpOrpamMMme CTaHKa, KaK MPaBUIIO, JIETKO MOXXKHO OII-
penenuTh, B YeM UMEHHO 3aKII0Yanach OIMOKa, U UCIIPaBUTH €e.

Bo Bpemsi KOpeHHOW PEKOHCTPYKIMU COPTOMPOKATHOTO MPOM3BOJCTBA Ha
OAO «MMK» enMHOBpEMEHHO M3rOTaBIMBAJIN COTHU MIA0JIOHOB (B HACTOSILEE Bpe-
Ms Ha MMK oxos0 1000 mad10HOB), KOTOpbIE HY>KHO OBLIO ONEPaTUBHO MPOBEPSTH,
U TPEUIOKEHHBIM aBTOPOM CIoco0 MO3BOJIMI PEHIUTh ATy 3amady. Kcratu cpenu
111a0J10HOB (hPaCOHHBIX KaTUOpPOB M3-3a OLIMOOK MPOrpaMMUPOBAHMS OTOPAKOBKA CO-
ctaisuia okojo 10%.

Jl7i yCKOpeHHUsl MpoLeaypbl MOXKHO 32 OJUH pa3 CKaHUPOBATh HE OJUH IIA0-
JIOH, a CTOJIBKO, CKOJIbKO TOMECTUTCS Ha MPEIMETHOE CTEKJIO CKaHepa. Taxke MOKHO
nevaraTh YepTexu KaauOpoB B maciuitade 1:1 m mpukianpiBaTh 1m1a0JOH K Hameda-
TaHHOMY KOHTYpY. Takoil crnoco0 3HaYUTENbHO MPOLIE U ObICTpEE, HO TOYHOCTH B
3TOM CIIy4yae CyLIECTBEHHO HUXE, KpOME TOT0, HYy’KHO IIOMHUTh, YTO OyMara npu us3-
MEHEHUH TeMIEpaTyphl U BJIAXXHOCTU BO3/lyXa MOXKET 3HAUUTENbHO U3MEHSTh CBOU
pa3zmepbl. OcoOeHHO 3TOT 3(PPEKT 3aMETEH MPH MeYaTy Ha JIa3epHOM IPHUHTEpE, KO-
TOpBIM CUJIBHO HarpeBaeT Oymary. [1o3ToMy aBTOp HE pEKOMEHAYET IOJIb30BAThCS

«OyMaXHBIMY CIIOCOOOM J1JIs 111a0JI0HOB C TA0APUTHBIMU pazMepaMu 0osibIie S0 MM.

P.S. He 3a0yapTe coOpaTh mITaHT€HITUPKYJIb!
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HayuHo-nonynsipHas pyopuka

JI.A. Kun3un
®I'bOY BIIO «MaraHuToropckuii rocy1apcTBEHHbBIN

TexHU4YeCcku yausepcuret uM. ['.M1.Hocoa»

3AHUMATEJBHBIE TEXHOJIOT TYECKHUE 3AJIAYMN.
PEIIEHUE BTOPOM 3AJIAYUH U YCJIOBUE TPEThEN

Hrak — peunrenue BTOPOH 3a1a4uH.

Od4eBUIHO, YTO JJIS OTPESICHUS IO (GUTYphI, BRIpE3aHHON u3 Oymard,
C MOMOIIIbIO0 BECOB HEOOXOAMMO 3HATh MAacCCy M ILJIOMIA/b YTAIOHHON (DUTYpHI, BBIpE-
3aHHOU W3 TOM ke Oymaru. Torja miomaam UCKOMOM U 3TaJIOHHON GuUryp OyayT co-
OTHOCHUTBCS TaKXKe, Kak U UX Macchl. OCTaeTcs TOJBKO BbIpE3aTh ATAJTOHHYIO PUTYPY
U OMPENENUTh €€ Maccy M miomans. llepBoe, 4To NpuXoauT B rOJIOBY, — 3TO HaUep-
TUTh KBAJIpaT B KAYECTBE TAKOro ATajioHa. OJHAKO MOCTPOUTH KBaJpaT C MOMOIIbIO
TE€X MHCTPYMEHTOB, KOTOPbIE UMEIOTCS B YCIOBUHU 3a/1a4d, HEBO3MOXKHO (€ClId IMO/I-
XOJIUTh K JIeJy ¢ MaTeMaTHUYeCKOW CTPOTOCThIO). 3aTO MOKHO HAYEPTUTh TPEYTOJb-
HUK U ONPENENUTh ero miomaas no popmyie ['epona.

Crnenyroiiasi 3a1a4ya TakKe CBsI3aHA C MCMOJIb30BAHUEM BECOB, HO IJIS €€ pe-
IeHUs TpeOyroTCs TITyOOKHEe 3HAaHUS TEOPUH MTPOKATKHU.

Bossmem mpokatHbiii ctan ¢upmbl «KOCKS» ¢ TpeXBaJIKOBBIMH KJIETSIMU
(puc. 1) (ObuLT KOTIA-TO Takol Ha MarHUTOropckoM komoOuHate). Cxema KaaTuOpOBKU
JECATUKIIETEBOIO YUCTOBOIO OJIOKA MOKa3aHa Ha puc. 2. OgHaxAbl pU MPOU3BOJICT-
B€ KaTaHKH JUAMETPOM 6,5 MM Ha cTaHe HaOJto/1aIachk CIeAyIolasi CTpaHHasi KapTu-
Ha. [Ipu mpokaTke HEKOTOPHIX 3aTOTOBOK (HE BCEX, a JIMIIIb HEKOTOPBIX) MPOUCXOIH-
JIO 3aCTpPEeBaHUE pacKaTa MKy 7-U U 8-U KJIEThIO YUCTOBOIrO OJIOKA, T.€. pacKaT Co-
Oupancs B KIIyOOK MEXIy KIETSIMHU, IIPU ITOM MEePEAHUIN KOHEI] packaTa POX0auI 8-

10 KJIE€Th, HO HE JTOXOJWJI JIO BAJIKOB 9-1.

Hauano uuTaiite B mpeapIAyIIuX BBITYCKaX XKypHaja
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HayuHo-nonynsipHas pyopuka
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HayuHo-nonynsipHas pyopuka
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HayuHo-nonynsipHas pyopuka

IIpu mpokaTke Ipyrux (OIATh K€ HE BCEX) 3arOTOBOK TAKOE K€ 3aCTpPEBaHUE
HaOJIFOIAJIOCh B CPEIHEHW YacTH packaTa, T.€. TEPEIHUN KOHEI| YCIEIIHO MPOXOIMI
yepe3 BeCh CTaH, HO OCHOBHAsI Macca 3aroTOBOK MPOKAThIBaJIach 0€3 HKCIIECCOB.

[IpoBepku NMpaBUIIBHOCTH YCTAaHOBKM M HACTPOMKH BAJIKOB U IIPUBAJIIKOBOM ap-
MaTypbl HUYETO HE JaJIH.

[Tocne ouepeaHoro 3actpeBanusi ObLUTM OTOOPAHBI U B3BEIICHBI 0OPA3Ibl HEO-
kaToB. Okazasioch, 4TO 00pa3zell HemokaTa U3 7-Ml Kieth AIuHOu 43,75 MM Becut
16,55 r, a obpazern Hegokara u3 8-i ket JmuHou 56,30 mm Becut 21,30 1.

MO>KHO JIM IO 3TUM JAAHHBIM ONPENEIUTh NPUUYHUHY 3aCTPEBAHUS?

Kamu6poBounoe Oropo (www.passdesign.ru). 2014. Bemyck 3 134



Ceenenus 00 aBTOpax

CBEJEHHUA Ob ABTOPAX

AHTHnaHoB Bagum I'puropbeBuY — KaHz. TEXH. HAyK.

Kun3zun /Imutpuii UBaHoBUY — KaHJ. TE€XH. HayK, JOLEHT Kadenpsl oOpa-
0otkn MetamoB gasiaeHueM PI'BOY BIIO «MarHuTOropckuili rocyaapCTBEHHBIN
TexHuueckuit ynusepcurer um. .M. HocoBay, r. Maruuroropck. O0nacTs uccieno-
BaHUI: TEOPHS U TEXHOJOTHS COPTONPOKATHOTO Ipomu3BojicTBa. Tein.: 89068722849.
E-mail: kinzin@mail.ru.

KuceneBa Exarepuna IlaBinoBHa — maructpant ®I'bOY BIIO «Marnuro-
TOPCKUU TOCYAApCTBEHHbIM TexHUYeCKHM yHuBepcuteT uMm. .M. HocoBa» mo Ha-
npaBiieHnio «Metayprus», npoduib «lIpokatHoe nmpous3BOACTBO», I. Maruuro-
ropck. E-mail: ekaterina-kiseleva-avon@mail.ru.

JlepannoBckuii Cepreii AHATOJIbeBUY — KaHJI. TEXH. HAYK, JTOLUEHT Kadeapsl
o0pabotku MetamioB gaBieHueM ®I'BOY BIIO «MarHutoropckuii rocynapcTBeH-
HBIM TexHuyeckuit yausepcuteT uM. I'.U. HocoBay, r. Maruuroropck. O61acth uc-
CJIIEIOBAaHUM: YIPABICHUE KAa4eCTBOM COPTONPOKATHBIX TEXHOJIOTMYECKHX CHCTEM.
E-mail: levandovskiy@mail.ru.

Moaiep Anexkcanap bopucoBu4 — J0KT. TeXH. Hayk, mpodeccop kadeapbl
oOpabotku MetamioB gaBieHueM ®I'BOY BIIO «MarHutoropckuii rocynapcTBeH-
HBIM TexHuyeckuit yauusepcuteT uM. I'.1. HocoBay, r. Marauroropck. O6iacth uc-
CJIEIOBAaHUM: TEOPUSI U TEXHOJIOTHS COPTOIPOKATHOrO IMPOMU3BOJCTBA, YIIPABIICHUE
Ka4eCTBOM COPTOINPOKATHBIX TexHomorndeckux cucrem. E-mail: moller@hotbox.ru.

Pyunnckas Hatanabs AjlekcaHApPOBHA — KaHJ. TEXH. HaYK, JOIEHT Kadeapbl
o0pabotku MetamioB gasieHueM OI'BOY BIIO «MarHuToropckuii rocynapcTBeH-
HbIA TexHuueckuil yHusepcuteT uM. .M. HocoBay», r. Marauroropck. O6nactb uc-
CJIEJIOBAaHUI: YIIPABICHUE KAYECTBOM COPTONPOKATHBIX TEXHOJIOTUYECKUX CUCTEM.

Cununkunii Ouner BanepbeBuu — KaHJ. TE€XH. HayK, JOIEHT Kadenpsl obpa-
6otku MetamioB gaBiaeHueM DPI'BOY BIIO «MarHutoropckuii rocyaapCTBEHHBIN
TexHuueckuit ynusepcurer um. I'.M1. HocoBa», r. Maruuroropck. O0nacTh uccieno-

BaHUM: TCOPHA U TCXHOJIOI'MA JIMCTOIIPOKATHOI'O ITPOU3BOACTBA.

Kamu6poBounoe Oropo (www.passdesign.ru). 2014. Bemyck 3 135



Ceenenus 00 aBTOpax

Tapanun UBan BaagumupoBuY — acnupanT Kadeapsl MalTHHOCTPOUTEb-
HbIX U MeTamutyprudeckux texnojoruit ®I'bOY BIIO «Marnutoropckuii rocynap-
CTBEHHBIN TexHuueckuit ynusepcutet uM. .M. HocoBay, r. Marautoropck. O6yacthb
UCCIIEIOBaHUM: pa3pabOTKa U COBEPIICHCTBOBAHUE METOJIMKU MPOCKTUPOBAHUS Ka-
JUOPOBOK BAJIKOB JUIsl MPOKATKA KAaTaHKKM M 3aroTOBKM MOJ BojouyeHue. Tei.:
+79080735008. E-mail: taranin.iv@mail.ru.

Tyaynos Ouier Hukos1aeBu4 — J0KT. TEXH. HayK, podeccop kadeapsl odbpa-
0otku MetamioB gaBieHueM OI'BOY BIIO «MarHutoropckuii rocyaapCTBEeHHBIN
TexHnueckud yauusepcuret uM. I .. HocoBay, r. Maraurtoropck. O6macTs uccieno-
BAHUI: TEOPHUSI U TEXHOJIOTUS COPTOIMPOKATHOTO MPOU3BOJICTBA, YIPABICHUE KAYECT-
BOM COPTOIIPOKATHBIX TEXHOJIOIHYeCKuX cucteM. E-mail: o.tulupov@mail.ru.

XapuTtoHoB BenuamMun AJjiekcaHApPOBUY — KaHJl. TEXH. HayK, npodeccop ka-
dbeapsl MaIMHOCTPOUTENBHBIX U MeTaurypruyeckux TexHosnoruit ®I'BOY BIIO
«MarHuToropckui rocygapCTBEHHbIA TeXHUYECKU YHUBepceuTeT um. I'.11. HocoBay,
r. Marautoropck. O065acTh UCCIEAOBAaHUN: pa3pabOTKa U COBEPIIICHCTBOBAHUE TEX-
HOJIOTHH MPOU3BOJICTBA IIPOBOJIOKH M M3sienuid u3 Hee. Ten.. +79028658994.

IlemmypoBa Huna I'eoprueBHa — KaHa. TeXH. HayK, npodeccop Kadeapsl
oOpabotku MetamioB gaBieHueM ®I'BOY BIIO «MarHutoropckuii rocynapcTBeH-
HbIM TexHuyeckui yHuBepcurer wuM. [.M. Hocosa», 1. Marauroropck.
E-mail: ybitut85@mail.ru.

MutoB Muxaun BukropoBuu — acrivpaHT Kadenpsl o0pabOTKA METaIOB
nasiieareM OI'bOY BIIO «MarauToropckuil rocyapCTBEHHbI TEXHUYECKUN YHHU-

BepcuteT uM. .M. HocoBay, r. Maraurtoropck. E-mail: mihailschitov@mail.ru.

Kamu6poBounoe Oropo (www.passdesign.ru). 2014. Bemyck 3 136


mailto:taranin.iv@mail.ru

