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CopTorpokaTHOE MPOU3BOJICTBO

H.B. KonbLios, K.B. Boakos, A.JO. Pomaaun
OAO «EBPA3 O6beaunennsiii 3anagHo-Cuoupckuit

METaUTypruyecKuii KoOMOUHATY

OCOBEHHOCTH CIIOCOBOB IMPOJOJBHOI'O PA3JAEJEHUSA
PACKATA ITIPU IPOKATKE APMATYPHBIX IPO®WUJIEN

VYBenuuenue nonu menkux npoduieit (NelO, 12) B coprameHTe METKOCOPTHO-
ro ctana «250-1» OAO «EBPA3 3CMK)» BbI3Basio HEOOXOIUMOCTh OCBOCHUS U BHE-
JPEHUS TEXHOJIOTUU MTPOKATKHU 3TUX NMPOQUIIEH C pa3/IeICHUEM.

3a mepuoa OCBOCHUSI ObUIM pa3pabOTaHbl U ONMPOOOBAHBI PA3IUYHBIE CXEMBbI
KAJIMOPOBKY BAJKOB I (DOPMUPOBAHMS OCHAOJIEHHOTO CEYEHHsI U CIIOCOOOB pasze-
JICHUS pacKara.

CnocoObl GpopmupoBaHusi OCIA0JEHHOTO CEUEHMS B 3HAYUTEIBHOW CTENECHU
3aBUCAT OT IIOCJENOBATEIBHOCTH PACIOJIOKEHUS NMPOKATHBIX KIIETEH, YTO CYLIECT-
BEHHO OTPaHUYMBAET peaiu3aluio mnporecca. [Ipumensemsie cnocoObl GopMupoBa-
HUS OCTa0JICHHOM MEPEMBIUYKHU B X0JI€ OCBOEHUS TEXHOJIOTUH MOAPOOHO M3J0KEHBI B
paborax [1, 2].

B nacTosimieit pabote paccCMOTpEH OKOHYATENIbHBIN 3Tan JIeJIeHUs] packaTa He-
MOCPEACTBEHHO B KaauOpax U ¢ MPUMEHEHHEM CIIeLIUaIbHBIX YCTPONCTB.

IlepBble 3KCHEPUMEHTHI NPOKATKU C Pa3JIEICHUEM MPOU3BOJIMIN C IPUMEHE-
HUEM JIeIUTENIbHOM BBIBOAHOW apMarypbl. Ho BBHIy HEZOCTaTOYHOrO KOJIMYECTBA
ATHX YCTPOMCTB, UX CIOKHOM KOHCTPYKIIMH, 3aTpyIHSIONIIEH €€ oOcCiIyXuBaHHE, a
TaK)K€ HU3KOM CTOMKOCTH Pa3pe3HbIX POJUKOB ObUIO MPUHITO PEIICHUE MPUMEHHTD
CXEeMY ABYXPYUYbEBOW MPOKATKH apMaTypHBIX NMpOuiIeil ¢ JeleHrueM packaTa Hero-
CPEICTBEHHO B Bajikax. VCIoOab30BaHHE 3TOM CXEMBI CYIIECTBEHHO YIIPOILAET KOH-
CTPYKLIMIO BBIBOJHBIX MPOBOJOK, OJHAKO MPHU 3TOM OBLIM BBISBIEHBI HEKOTOPHIE
OCOOCHHOCTH, KOTOpBIE, €CJIM UX HE YYUTHIBaTh, MOTYT NMPAKTUYECKH OCTAHOBUTH
BECh IpolLIecC MPOU3BOACTBA. B HacTosIee Bpems ¢ MPHOOPETEHNEM B TOCTATOYHOM

KOJIMYECTBEC ACIUTCIIBHBIX YCTPOﬁCTB, HMCIOIIUX JICTKYIO B O6CJ'Iy}KI/IBaHI/II/I KOHCT-
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CopTorpokaTHOE MPOU3BOJICTBO

PYKLHIO, U MPUMEHEHUEM POJIMKOB U3 HM3HOCOCTOMKHMX MaTe€pualioB B HACTOSAILEE
BpEMsI OCBOCHA W BHEApPEHA B MPOU3BOJCTBO TEXHOJIOTHUSI «CIUTTUHT-TIPOLIECCay IS
apmatypHoro npokarta Ne§, 10, 12, 14 co crnennaJbHBIMU YCTPOWCTBAMHU JICIICHHUS
packaros.

Peanuzanuio mporecca Mpo0JIbHOTO pa3feieHusl packaTa KOHTPOJIUPYEMbIM
pPa3pbIBOM B BaJlKaX OCYIIECTBISUIM MYTEM CO3/aHUSI B 30HE MEPEMBIUYKH PACTATHU-
BAIOIIUX HAMNPSHKEHUM MOJT ACMCTBUEM OCEBBIX CHJI CO CTOPOHBI OOKOBBIX MTOBEPXHO-

CTei rpebHei pa3pe3Horo kajaropa, BHEAPSIEMbIX B MeTasul (puc. 1).

6)
B) * %//,/{///{/:/{{/f’/ .:A

Puc. 1. Cxema npoaoapHOT0 pa3AesieHNs IBYXHUTOUYHOTO packaTa KOHTPOJIUPYEMbIM
pa3phIBOM: @ — MOMEHT 3axBaTa packara BajJkaMmu; O — BHEAPEHHUE pa3pe3HbIX rped-
HeH U 3apo’KJIaloleiics TPEIIMHbI B o4yare AeopMaliiu; B — pa3aeieHHble Tpoduin

MIPY BBIXOJI€ U3 ouara nedopmaruu
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CopTorpokaTHOE MPOU3BOJICTBO

J1J1s 3TOr0 pa3pe3Hoil Kanudp CIpPOEKTUPOBAH TaKUM 00pa3oM, YTOOBI BO Bpe-
Msl pa3pe3Ku NEPEMBIYKA OTCYTCTBOBAJI KOHTAKT METAJlJIa C THOM M OOKOBBIMH I'pa-
mamu kamuopa (h > H') 1u6o umencs MuHMManbHBIA KOHTaKT ¢ HE3HAYMTEILHBIM
obxatuem no Beicote (N < H). B Moment 3axBara Bankamu (puc. 1a) u B mepuos
YCTaHOBUBILETOCS MPOIECCa MPOKATKU OCYIIECTBIISIETCS] KOHTAKT METaula U BaJIKOB
TOJIBKO TI0 BCEW IMIMPUHE BHYTPEHHHUX TpeOHElN Kanuopa.

B CBS3M ¢ TeM, YTO OCEBBIC CHJIBI MEHBILE CyMMbI CHJI IIIACTMYECKOTO H3rHba
npouiell ¥ CHIIbI COMPOTUBJICHNS TepeMbluky pacTskenuio (Q < (G + F), rne Q

— oceBble cuitbl; G — cuita ruactuyeckoro u3ruba; F — cuma conporuBienus nepe-
MBIUKH PACTSKEHUIO), B Hadyalle oyara JeopMalii UMeeT MECTO IIacTHYecKas Je-
dbopmarus packata ¢ HE3HaYUTEIbHBIM 00XKATUEM MEPEMBIUKU — IPEOHIMHU KanuOpa.

ITo MCpPC YTOHCHHUSA IICPCMBIYKH YMCHBIIACTCA CHJIAa COIIPOTHUBJICHUSA IICPCMBIYKH
PaCTAKCHUIO U ¢ MOMCHTA Q > (G + F) HAaYMHACTCA PACTAKCHUC IICPCMBIYKH, CO-

IIPOBOXKJAEMOE B3aMMHBIM MEPEMEIICHUEM Pa3JeICHHbIX NPOPUICH B MONEPEUYHOM
HarpasieHuu. [loa neicTBUEM pacTArMBAIOIIMX CUJI YBEJIMYNUBAECTCS HHTEHCUBHOCTD
HaIIPSDKEHUM B NIEPEMBIYKE W MOBBIIIAECTCS BEPOATHOCTH MOSIBICHUS NIEPBON TpELIu-
Hbl HA OCHM CUMMETpUHU Mojaockl. [locie 3Toro moj packIMHUBAIOMIMM JCHCTBUEM
rpeOHeil BaJIKOB OHA pacIpOCTpaHsETCs K BepIIMHAM rpeOHel 10 pa3pylLieHus nepe-
MBIUKH. Tak Kak TpeluHa 3apoKIaeTCsl Ha OCU CUMMETPHUH, TO TIPHU €€ pa3pacTaHuu
K BEpIIMHAM IpeOHel pa3pe3Horo Kaimodpa HaOMoAal0TCd BOTHYThIE BHYTPb MOJIOCHI
NOBEpXHOCTH paszzeneHus. Cxema GpopMHpOBaHUS TaKUX MOBEPXHOCTEN MMOKa3aHa HA
pucyHnkax 16 u 1B.

IIpuBeneHHbIE paCCY ACHUS NOATBEPKIAAIOTCA IOJIYYEHHBIMU TEMILIETAMU
paznenéuubix npoduieit (puc. 2a u 20). Ilpoucxoaut pBaHoe BCKPHITHE 3€PHUCTOM
CTPYKTYpbl METajula B MECT€ Pa3esieHHs] 3arOTOBOK, KOTOPOE OCTAETCS 3aMETHBIM
mocJie 00’KaTus B MOCJIEAYIONIEM OBaJIbHOM Kajauope (puc. 2B).

JIJist yMeHbILIEHUsI BAUSHUS MECTa pa3JieJIeHUsl Ha KaueCTBO TOTOBOIO MPOuIIs
HEOOXOJMMO CBOJIUTH K MUHUMYMY IIMPUHY JTOPOXKKHU pa3pbiBa CO BCKPHITON 3€pHU-

CTOM CTPYKTYypOu. lJIst 3TOTO CiieAyeT YMEHBIIATh TOJIIMHY EPEMBIYKU 331aBaEMO-
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CopTonpokaTHOE IMPOU3BOJICTBO

ro packara B pa3pe3Hoi KanuOp W 3a30p MEXAY pa3pe3HbIMU TPEOHSMHU B 3TOM Ka-
auOpe. MUHUMAITBHBIN 3230p MEXIY Pa3pe3HbIMU TPEOHIMH (C YIETOM «IPY>KHHBI
BaJIKOB M UX PETYIMPOBKHU) JIOJDKEH COCTaBJISITh He MeHee (0,5 MM Ha HOBBIX Kajuo-
pax. OT u3HOCa KamuOpa 3Ta BenudrHa ObIcTpo yBenumumBaeTcs 10 1,0 mm. [Toatomy
rJIaBHAs POJIb B OOCCIICUCHUM TapaHTUPOBAHHOTO JCJIICHUS OTBOJMTCS BBIICPIKHUBaA-
HUIO OIpeNeNEHHON TONMIUHBI IEPEMbIUYKH Ha mojKkaTe. OMbIT IPOBEACHHBIX MPOKa-
TOK TOKa3aJI, YTO M3MCHCHHE OTHOIIICHHS BEJITUYHHBI 3a30pa MKy pa3IeiIsTIONUMU
rpeOHIMH Pa3pe3HOro KamuOpa K TOJIIMHE TIEPEMbIUKH Ha TIOJIKaTe MEHSET HE TOJIb-
KO YCJIOBHSI pa3JICJICHHs packara, HO U Paguyc KpHUBH3HBI NIEPEIHUX KOHIIOB pa3jiec-

JIEHHBIX TPO(HIIEH Ha BBIXOJE U3 BAJIKOB.

Puc. 2. Temruietsl ouyaros aedopmanuu:

a — pBaHasi JOpO’KKa pa3phiBa MOCIIe pa3AeiaeHus; O — MonepeyHoe CeYeHne ouara
nedopMaIui B MECTE pa3pbiBa EPEMBIUKH; B — BUJ TOPOKKHU pa3phiBa

nocJe 00XaTus B OBATLHOM KaJuOpe

C uenpio Moay4YeHHs] aHATUTHYECKUX 3aBUCUMOCTEH, OMPEAEISIONINX MPOLIECC
MPOJOJIBHOTO PA3AENIeHUs] JBYXHHUTOYHOTO packara KOHTPOJIUPYEMBIM pa3pbIBOM,
OBLITM TTPOBEICHBI SKCIIEPUMEHTAIBHBIE UCCIEA0OBAHMS Ha JIA0OPATOPHOM MPOKATHOM

craie 120. BpIsiBIEHO, YTO IIPU OTHOILIEHWU 3HAYEHUH 3a30pa MEXKIY pa3pe3HbIMU
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CopTorpokaTHOE MPOU3BOJICTBO

rpebusamu { k Tonmumue 3amaBaemoii nepemerakn S pasHom 0,25, pasneneHue mpo-
duneit TpoXoIUT HEYCTOMYMBO TOJIBKO Ha TiepenHeM Koure (puc. 3a). C ymeHsIIe-
HUEM BEIMYHMHBI OTHOIICHHS HAOII0JaeTCs yBEpEHHOE pa3/ielicHHe C OOJBIINM pa-

JIMYCOM KPUBU3HBI U3rH0a BIUIOTH JI0 MPSIMOJIMHEHHOTO BBIXOJA Pa3AeiCHHBIX 3aro-
TOBOK. I[Ipu nanpHelieM yMEHbIIEHUH BEJIMYUHBI OTHOIICHUS (t/ S= 0,15) pouc-

XOJIUT YMEHBIIICHUE pajuyca U3ruda pas3ieJIeHHbIX MPoQuiIei Ha BBIX0/IE€ U3 Kaauopa

C pa30pocoM MepeTHUX KOHIIOB B TPOTUBOMOJIOKHBIE CTOPOHBI (puc. 30).

Puc. 3. Pazaenenue npoduieit: a — pa3pbiB HE TPOU3OIIIET,

0 — pa3pbIB ¢ U3TUOOM pa3ACIEHHBIX MPOUICH

Ilpu IBYX KpaiHMX BeMHMUMHAX oTHOMIeHHs t/S mpomcxomut mu6o nopsiBanue
TIEpEMBIYKH O BHYTPEHHIOIO MEPEropOIKY BBIBOJHOM MPOBOAKK C 00pa30BaHUEM Ha-
apku Metaia (1/S > 0,25), 1u60o nepesHue KOHIIBI 3ar0TOBOK YIHPAOTCA B GOKO-

BbIE CTEHKU BBIBOJTHOM MPOBOJKU C 00pa30BaHUEM «KPIOYKay», CIOCOOCTBYIOIIETO 3a-

CTPCBAaHUIO paCKaTOB BO BBO,Z[HOﬁ ITPOBOJKCE HOCJ'IQZ[YIOHICI\/'I KJIICTH WKW HCIIPaBUJIIb-

HoMy 3axBaty B kamuope (1/S < 0,15).
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[TomyueHHble 3aBUCUMOCTH OBLIM HMCIOJB30BAHBI MPU KOHCTPYUPOBAHUU Ka-
AOpOB, YTO MO3BOJIMIIO HA HOBBIX KalMOpax MoJy4aTb MUHUMAIbHYIO IIUPUHY J10-
POXKKHU pa3pbiBa MpU MPSMOJIMHEHHOM BBIXO/E pa3ieNéHHbIX npoduieit. OT u3Hoca
KaTuOpoB B MpoIlecce MPOKAaTKU 00a KOMIIOHEHTa 3THUX 3aBHCUMOCTEH MOCTENEHHO
YBEIMYMUBAIOTCA, TEM CaMbIM BEJIMYMHA OTHOUICHUS MEHSETCS HE3HAYUTENIbHO U
Ipoliecc JeNICHUs HE HApYIIAeTCs, HO MPHU 3TOM YBEIMYMBAETCS IIMPUHA PBAHOM J10-
POXKHU C 36pHUCTON CTPYKTYpOH. YMEHBIIIEHUE 3a30pa pa3pe3Horo kaauopa 6e3 Kop-
PEKTUPOBKH 3a30pOB MPEAIIECTBYIONUX KAIMOPOB MPUBOAWIO K U3TMOY MEpeaHHUX
KOHIIOB TTOJIOCHI U TIOCTIEAYIOLIEMY «3a0yPHUBAHUIO» B MPOIIECCE MPOKATKH.

Peanuzanus nponecca npooJbHOTO pa3AesieHHsl packara pa3pe3HbIM yCTPOU-
CTBOM («CIUTTUHT-IIPOLIECCY») COCTOMT M3 JIBYX OIEpalMii: MOJArOTOBKa packaTa K
paszie’eHuto u camo pasaenenue. [IpononbHoe paszaeneHue packara, COCTOAIIErO U3
JIBYX KPYIJIBIX WA Jpyroi popMbl npoduiiei, COeTMHEHHBIX TOHKOU MEePEMBIUKOM,
OCYILIECTBIISIETCSI PAa3pbIBOM IEPEMBIUKH CHELMAIBHBIM YCTPOHCTBOM, YyCTaHaBIIH-
BaE€MbIM Ha BBIXOJI€ M3 BAJKOB, IO/ JEHCTBUEM BBITAJIKHUBAIOIICH CHIIBI, CO37]aBAEMOM
MPOKATHBIMH BaJIKaMH. Y CTPOMCTBO JUIsl pa3/ieNICHUs] COJIEPKUT OJHY WM JIBE Taphl
TOPU30HTAJIBHBIX POJIMKOB C TPEOHSAMU MOCEPEIUHE OOUKH.

Jlig peanuzanuu 3TOro mpouecca Kajiuop, GopMUPYIOIIUN TOHKYIO NEpEeMblIy-
Ky nopsinka 0,8-1,0 MM, CIIpOEKTUPOBAH TaK, YTOOBI Y 00KMMaeMOW B HEM TOJIOCHI
HEe MPOUCXOUIIO AeyieHne. B Hauane ouara gedopmanuu (puc. 4a) ocyuiecTBIisieTCs
KOHTaKT MeTaJljla C BaJIKaMU TOJIBKO MO BCEH MIMPUHE BHYTPEHHUX TpeOHEel Kanmuopa.

1o Mepe yTOHEHHs TIepeMBIYKI IPEOHAMHU BAJIKOB yMeHbIIaeTcs cuia F comporus-
JIeHHs IEPEMBIUKH PACTSKEHHUIO U ¢ MOMeHTa, koraa Q > (G + F), HAYMHAETCS Pac-

TSOKEHHE TIEPEMBIUKH, COMTPOBOK/IaEMOE B3aUMHBIM TepeMelleHneM npoduiei B mo-
nepeyHoM HampabiieHud. [loj neiicTBUeM pacTArMBarOIIMX CUJI YBEJIMYMBAETCS WH-
TEHCHUBHOCTb HAIPSKEHUSI B IEPEMBIUKE, YTO CIIOCOOCTBYET 3apOKIACHUIO TPEIIUHBI
Ha OCU CUMMeETpHuH 1oyockl (puc. 40). Jlamee mo xomy odara nedopmariii HaYMHaET-
csi oOkaTre npoguiist JTHOM KanOpa U OOKOBBIMU CTEHKaMM, TEM CaMbIM YpaBHOBE-

IIMBAIOTCA PACTATMBAIONIME HANPSLKEHUSA, NPEKPALIAeTCs 3apOKACHUE TPEIIVHBI B
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ouare nedopmaruu (puc. 48). Ha Berxone u3 ouyara aedopmanuu mpoduib 00KkuMa-

€TCsl IO BCEMY KOHTYPY U pa3pblBa EPEMBIYKU HE IPOUCXOJUT (pHUC. 4T).

a) mJ

6 - //////}/ .

Puc. 4. Cxema npo1onbHOTO pa3IeseHus IByXHUTOYHOTO pacKaTa Py «CIUTTUHT-

mpolecce»: a — MOMEHT 3axBaTa packara BaJkaMmu; O — BHEAPEHUE Pa3pe3HbIX rped-
Hel 70 KOHTaKTa 1Mo JHY U OOKOBBIM TpaHsIM KanOpa, Hauajio 3apOoxkKACHUS TPEUTUHBI
B oyare jedopmaliuy; B — BHEAPEHUE pa3pe3HbIX IPeOHEN B MOMEHT KOHTAaKTa C
JTHOM ¥ OOKOBBIMU TPaHsSIMHU KanuOpa, MpeKpaiieHrne 3apoKIeHUs TPEITUHBI B 04are
nedopmanuu; T — mpoduib IByX MOJOBUHOK, COSAMHEHHBINH TOHKON MepEeMbIYKON

IIPU BBIXOJIe U3 ovara jaedopMamnuu

HpOI[OJ'IBHOC pasaciICHUC 3aBCPIIACTCA B KIIMHOBUAHBIX POJIMKAX JACIUTCIBHO-

ro yCTPOMCTBA. YBEJIMUYEHHBIH Yrojl KJIMHOBUAHBIX POJIMKOB (OTHOCHTENIBHO YIJIa
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chOpMHUPOBAHHON KaHaBKU Tpoduiiss) oOecreynBaeT B3aMMHOE CMEIICHHUE COEIU-
HEHHBIX MOJIOBUHOK. [0/ meficTBUEM OCEBBIX CHJI MPOUCXOIUT PACTKEHUE U pas-
pBIB TIepeMbIYKu. Bua Mecta pasienenus nmokasaH Ha puc. Sa. KoHCTpykius kanmo-
poB U (opMa pa3pe3HbIX POJIUKOB JEIUTEIHHOIO YCTPONCTBA MO3BOJIIET Ha HOBBIX
KanuOpax MmojaydaTh MUHUMAJIBHYIO BETMYHHY IICHKH pa3pbiBa. [Ipu oOxaTnm Takoi
MIOJIOCHI B OBAJILHOM KaJIMOPE MPOUCXOIUT PACTSHKEHHE OCTPOM KPOMKH B TIONEped-
HOM HampaBieHuu 0e3 oOpazoBanus 3akara (puc. 50). [Ipu 3HauUMTENHHOM H3HOCE
pa3pe3HbIX rpeOHell KannOpa KIMHOBHIHBIC POJHMKH HAYMHAIOT BBITIOIHATH PaboTy
HE TOJHKO B3aMMHOTO CMEIICHHSI TIOJIOBUHOK MPOQHIIS, HO M TOPE3aHUs IEPEMBIUKH.
B sTtom ciydae BennumHa IMIEHKH pa3phiBa YBETUYMBACTCS M TIOABIISETCS BEPOSIT-

HOCTb 06p330BaHI/IH 3aKarta.

Puc. 5. Temriets! odaroB aedopmanmu:

a — TOpOKKa pa3fesieHus; 0 — BUI JOPOKKH pa3/iesieHUs MOCie 00KaThs

B OBAJIBHOM Kam/IGpe Ha «IIPOCBCTICHHOM) TCMIIIICTC

[Ipu peanuzanuu «CIUTTUHT-TIPOLIECCA» OOJIBIIOE 3HAYEHUE UMEIOT JBa (pak-
TOpa: TOYHAs 3a/laya packara B KaJuOp U MOJIOKEHUE BBIBOJHOTO ACIUTEIBLHOTO YCT-
pOICTBA OTHOCUTENHHO KanuOpa. BeimomHeHue 3Tux (HaKkTOpOB 3HAYMTEIHHO 3a-
TPYAHSET HACTPOUKY mnporecca. OMHAKO B OTJIWYUE OT ACICHUS MOJOCHl KOHTPOJIH-
PYEMBIM pa3pbIBOM HEMOCPEACTBEHHO B BaJKaX HaJW4UE ACIUTENBHOTO YCTPOMCTBA
oOecreynBaeT BHIOJIHEHHE 33JaHHBIX MapamMeTpoB IMPHU OCYLIECTBICHUHU Mpolecca
pazzaeneHust packara. [Ipu BbIKpalliiBaHUU pa3pe3HOTO IPeOHsS B KaauOpe KIMHOOO-
pa3Hble POJUKH Pa3pe3HOTO YCTPOMCTBA Jgope3aroT JAedeKTHBIA y4acToK. B Takom

PEKUME MTPOAOJIKATE IIPOKATKY HEC PEKOMCHAOBAHO, HO IMOABJIACTCA BOSMOXHOCTE 10
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OOHapy>XeHHsI CKOJIOB, HE TMoyydas «OypeHHiD» U HECOOTBETCTBHS TPEOOBAHUAM K
FOTOBOM NPOAYKIUH, JOKATaTh HAXOASIIMECS B JINHUM CTaHA 3arOTOBKHU.

[IpenmymiecTBa mpoluecca MpoJOJIBHOTO pa3/ielieHus packaTa KOHTPOJIHMpYe-
MBIM Pa3pbIBOM:

— YNpPOILEHHUE HACTPOWKH BAJIKOB B CIy4ae JEJIEHUs pacKaTa Ipu OOJbLINX
3a30pax MEXJy pa3pe3HbIMHU IPeOHAMU;

— OTCYTCTBME LIEWKH pa3pbiBa B MECTE Pa3JICICHUS 3arOTOBOK;

— HAaJIe)KHOE CAMOLICHTPUPOBAHKE pacKaTa B IByXpPYyYbE€BOM KaJIMOPE;

— TOBBILIEHUE CPOKa CIY>KOBI BAJIKOB B Pe3yJbTaTe BO3MOKHOCTH yBeEJINYe-
Hus yriia 10 90° y BepiiuH rpebHel AByXpy4beBOro Kaiuopa;

— NPOCTOTa KOHCTPYKIIMU BBIBOJHOM BAJIKOBOW apMaTyphbl.

K HenocTaTkaM MpoI0bHOTO pa3/iefIeHUsl packara ClIe1yeT OTHECTH:

— BCKpPBITHE 3€pHHUCTOM CTPYKTYPBI METAJIA B MECTE PA3JI€ICHUS 3arOTOBOK;

— HeoOXOJUMOCTb OCYILECTBISATh pa3JelIeHue packaTa B Y3KOM JUala3oHe
COOTHOILICHHSI 3HAYEHUU 3a30pa MEXIY pa3pe3HbIMH IPEOHSMU U TONIIMUHBI HEpe-
MBIUKH, BIUSIONIEH HA paJlyC KPUBU3HBI IEPEIHUX KOHLOB pa3eieHHbIX Ipoduiien
Ha BBIXOJIE U3 BAJIKOB.

[IpeumyiiiecTBa TEXHOJIOTUHU «CIUTTUHT-TIPOLIECCA:

— pOBHAasl MOBEPXHOCTh IIEHKU pa3pbiBa, pacTArUBaroLIascss OT 00XaTHs B
OBAJILHOM KanuOpe 6e3 0CTaBlIEHUS! BUAUMBIX CIIE/IOB;

— HaJW4yHue ACIUTEIBbHOTO YCTPOMCTBA, MOACTPAaXOBBIBAIOLIEIO MPOTEKAHUE
nporiecca paszziesieHus, Jope3as Ae(MEKTHbIM Y4acTOK OT BBIKPOIIEHHBIX TIpeOHEl
Kaymopa.

K HenocTaTkaM TEXHOJIOTUH «CIUTTHHT-IIPOLIECCA» CIENYET OTHECTHU:

— pasfesieHue B JCIUTEIbHOM YCTPOMCTBE MOJIOCHI, OJYyYEHHOW B KaluOpe
CO 3HAUUTEIBHBIM U3HOCOM pa3pe3HbIX IpeOHel, yBeIMUrnBaeT HIeKy pa3pbiBa U MO-
SBJISIETCS] BEPOATHOCTH 00OpPa30BaHUS 3aKaTa;

— HEoOXOIUMOCTh B (OPMHUPOBAHMM Ha packaTe OuYEHb TOHKOW (TMopsiaka
0,8-1,0 MM) mepemMbIYKH CHMXKAET CPOK CITYKObI BaJKOB (HU3KAasl CTOMKOCTH (hopMu-

pylolero kaauopa);
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— HaJIM4Yue Pa3JesIoNIer0 YCTPOMCTBA CI0KHOM KOHCTPYKLMHU TpeOdyeT KBa-
JTUQPUITIPOBAHHOTO 00CTY>KUBAHUS;

BoiBoabl. PaccMOTpeHbl OCOOEHHOCTH, MPEUMYIIECTBA M HEIOCTATKU TMPO-
JOJILHOTO pa3/iefieHusl packaTa B KanuOpax U pa3zielieHus packaTa ¢ MPUMEHEHHEM
CHELHMANIFHBIX YCTPOMCTB MPH MPOKATKE apMaTypHbIX mpoduseil. BeisiBiaeHs oTin-
4usi crocoda MpoI0IBLHOTO pa3/iejeHUs KOHTPOIUPYEMBIM Pa3pblBOM OT «CIUTTHUHT-

mponeccar.

bubianorpaguyeckuii CiucoxK
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J.A. Kunzun, O.H. Tyaynos, C.A. JleBaHa0BCKHil
®I'bOY BIIO «MaraHuToropckuii rocy1apcTBEHHbBIN
TexHU4YeCcku yausepcuret uM. ['.M1.Hocoa»

E.H. UmumernbeB

3A0 «KoucOM CKCx»

P.B. HoBuuxui

OAO «MarauToropckuii METAJLTypru4ecKuii KOMOMHAT

ABTOMATU3NPOBAHHASA NTHOPOPMAILIMOHHASA CUCTEMA
YIIPABJIEHUSA BAJIKOBBIM XO351HCTBOM
COPTOITPOKATHOI'O HEXA

B cmamve paspabomana cxema HCuU3HEeHHO20 YUKILA 8ATIKA, KOMOPAsL AGNIAEMCA
@dyHOaMeHmanbHOU 0CHOBOU 0N CO30AHUS ABMOMAMUSUPOBAHHOU UHDOPMAYUOH-
HOUL cUCmeMbl YNPAGIeHUs 8AIKOBbIM XO35UCMEOM COpmonpokamuozo yexa. Iloka-
3ambl cywjecmsyrowue npooaemsbl 8aIK08020 X03AUCMBA HA NpuUMepe COPMonpoKam-
Ho2o yexa OAO « MMK» u nymu ux pewienusl.

Knrouesvie cnosa: yuem 6anxkos, 8ankogoe Xo3AUCmeo, HCUSHEHHbIU YUK 8al-

Ka, asmomamusuposaHHia uHQbOPMaZ/}MOHHa}Z cucmema.

1. Beenenue

OddexkTuBHOCTh pabOTHI MPOKATHOTO CTaHA B 3HAYUTEIHHOU MEpe Ompees-
€TCSl Ka4eCTBOM M KYJbTYpOW DKCILTyaTalli OCHOBHOTO pabOdYero MHCTPyMEHTa —
MIPOKATHBIX BAJIKOB. [[JIs1 MMPOKOTO0 copTaMeHTa CTaHOB HEOOXOAMM 3HAUUTEIHHBIN
IKCILTyaTaIlMOHHBIN MTapK BAJIKOB W CKIIAJICKMX IUIONIAICH, 4TO TpeOyeT OONbIINX 3a-
Tpat. B To ke BpeMsi pacxo/i BaJIKOB 3aHUMAET CYIIECTBEHHYIO JOJII0 B c€0€CTOMMO-
CTH TIpoKaTHOU npoayKiun. COCTOSSHUE U CTOWKOCTh BAJIKOB OKA3bIBAIOT BIUSHUEC HA
KayeCTBO MPOKaTa M MPOU3BOJUTEILHOCTh cTaHa. OYEeBUIHO, YTO TIOBHIIICHUE Kade-

CTBa BAJIKOB, YJIIYUYHICHNC UX SKCILUIyaTallUM U pallMOHAJIbHAA OpraHU3alns BaJIKOBO-
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ro X034iicTBa o0ecreyar yBeJIMueHnEe MPOU3BOAUTEIBHOCTH, YIIyUllIeHHEe KauecTBa U
CHIKEHHE ce0eCTOMMOCTH MPOIYKIIMUA COPTOBOTO LieXa.

OcCHOBOI palMOHaIbHOM OpraHU3allMi BAJKOBOTO XO3AHCTBA SIBJISETCS Y4YET
IIPOKATHBIX BAJIKOB. BankoBoe X0341CTBO, CTOUMOCTh KOTOPOI'O MOYKET COCTABIISTH
COTHU MWJUIMOHOB pyOieil, TpeOyeT TOYHOIo yuyeTa Juisd pacueTa Mapka BaJIKOB, CTa-
TUCTHUYECKOIO OIPENETICHUS Pacxo/ia BaJKOB, IPABUJIBHOIO CIIMCAHUS BAJIKOB Ha ce-
0ECTOMMOCTh MPOKAaTHOW MPOIYKLWHU, aHaJu3a MOJOMOK BaJKOB U T.A. Ilpu 3Tom
CTapble METOABl yU€Ta HE OTBEYAIOT TPEOOBAHUSIM BPEMEHHU U SIBISIFOTCSI TOPMO30M
pa3BuTHs. B Hacrosmiee BpeMs CylecTByoT Oojee 3(ppexkTuBHbIE HHPOPMALUOH-
HbIE TEXHOJIOTUH, KOTOPBIE OTKPHIBAIOT HOBBIE BO3MOKHOCTH U MOTYT CTaTh OCHOBOM
KOHKYPEHTHOT'O PEUMYIIIECTBA.

PaccmoTpum npoOsieMbl U ciocoObl MX PELIEHUs PH OpraHU3aluyd BaJKOBOTO

X0351CTBa Ha ITpuMepe copTonpokaTHoro nexa OAO «MMK» [1, 2].

2. CymecTBYIOIIIHE MP00JIeMbl BATKOBOI'0 X0351iicTBa

U METOAbI UX PCILICHUA

Cpenu BaKOBBIX XO3SICTB Bcex mpokaTHhIX 1exoB OAO «MMK» cambim
CJIO’KHBIM TIO CBOEH CTPYKTYpE M KOJIMUECTBY BAJIKOB SIBJISIETCSI BAJIKOBOE XO3SMCTBO
coptoBoro 1exa. OOIee KOJMYECTBO COPTOBBIX BaJIKOB COCTaBiIIeT okoio 2500
MTYK HAa cymmy nopsinka 500 mutH pyOmeit u B OyIymieM 3TH MOKa3aTelid MOTYT yBe-
JUYUTHCS B CBSI3U C OCBOEGHUEM COpTaMeHTa. Bajku JIMCTOBBIX CTaHOB ropas3io Mac-
CUBHEE U JOPOXKE, HO U3-32 MEHBIIET0 UX KOJIMYECTBA YIPABJISATh UMHU TOpPa3/o Jierdye
(mnst cpaBHenus, B JIIIL[ Nel0 BankoB Ha MOpSAOK MEHBIIE, YEM B COPTOBOM LIEXE).
CH0KHOCTh COCTOMUT HE TOJILKO B KOJMYECTBE, HO U B Pa3HOOOpa3UM pa3MepoB U Ma-
TepuainoB. CyiiecTByeT 0kojo 70 pa3iauyHbIX 3arOTOBOK BAJIKOB, UCMOJIb3YHOUIUXCS
JUTSL Hape3Ku KauOpoB, a ¢ y4eToM KaluOpOBKM HacuUThIBaeTcs nopsaka 500 mo3u-
U, CYIIECTBEHHO OTJIUYAIOIIMNXCS IPYT OT Apyra.

Jluamna3oH pacxoja BaJKOB Ha OJIHY TOHHY MPOKATHOW MPOAYKIUU MOXKET CY-

HIECTBEHHO OTJIMYAThCSA B 3aBUCHUMOCTU OT IpoKaTbiBaemoro npoduis [3, 4]. B cop-
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TOBOM II€X€ J10JIs 3aTpat Ha BaJIkK B 2006 r. coctaBmiia okoso 15% ot Bcex pacxoaos
10 TepesieNy, YTO He MOXeT He oOpamaTh Ha cedst BHuMaHue. CTpyKTypa pacxofoB
10 Tepezeny, MoKa3aHHas Ha puc. 1, sBisercs cpeaneit. Ecnu Mb1 paccuntaeMm pac-
XOJI BAJIKOB Ha KOHKPETHBIE MPOKATHbIE MPOGUIH, COPTAMEHT KOTOPHIX B COPTOBOM

OCXC HACUUTBIBACT OKOJIO ITATHCOT HpO(l)I/IJIGPaBMepOB, TO IIOJIYYHUM OYCHb PAa3HOPOO-

HYIO CTPYKTYDY.

IIpoune pacxozsl o AMOpTH3aLHS Tonnugo
uexy, 2% OCHOBHBIX CpeJICTB, 11%

TeXHoJoTn4eckoe, 3%

Texymuil peMOHT U

comepxk. OC, 20% DHepreTudecKue

3atparsl, 5%

Pabora TpaHCTIOPTHBIX

BcnomorarensHbie exos, 1%

Matepuainsl, 2%

DOT, 7%

Enuublii coluanbHbIi
uajor, 2%

Banku, 15%

IIpouee cmenHOE
obopynosanue, 32%

Puc. 1. Ctpyktypa pacxonos no nepeneny B 2006 rony

Pacxon BajKoB npu MpoKaTKe paziInyHbIX NMPOoduUiIeii MOKET OTIMYATHCS B J€-
csaTKU pa3. OIHAKO MPOU3BOJUTCS pacyeT TOJIBKO CpeiHel ce0eCTOMMOCTH HECMOTPS
Ha TO, YTO Pa3IMYHbIC MPO(PUIN MOTYT IPUHOCUTH Pa3HYIO NMPUOBLIb, 3 BOZMOXKHO
OTJICJIbHBIE BUBI IPOAYKIIUH SBIISIOTCS YOBITOUHBIMH.

Pacyer ceGecToMMOCTH B 4acTH paclpeneseHus 3aTpaT Ha BaJKU MOKHO BbI-
IIOJIHATHL ropa3no TouyHee. I1o kpaliHen Mepe, paclpenennTb 3TU pacXolbl 10 Ipyl-
naMm npoduiiel BIoJHe BO3MOXKHO, T.K. PacCXO/bl HA BaJKU MO CBOEH MPHUPOAE SIBIIS-
I0TCS IPSIMBIMU Y IEPEMEHHBIMH |5 ].

JUis peleHus MOCTaBJIEHHOM 3a/auyl HeoOXOJUMO MMETh TOYHYH HH(OpMa-

MUK O TOM, CKOJIBKO BAJIKOB U Ha KAKHC BHUAbI IPOAYKIHNH HU3PACXOA0BAHO. 3Hanue
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pacxo/a BaJIKOB HEOOXOAMMO TaKKe A7 pa3paboTKu palioHaIbLHOTO Or0/IKeTa Ball-
KOB Ha CJIEAYIOIINNA 1ol paboThl CTAHOB.

OtcyTcTBHE HEOOXOAUMON HMH(OpMAIMU JieflaeT HEBO3MOKHBIM DPEIICHHUE U
JIPYTUX aKkTyalbHBIX Mpo0seM. B yacTHOCTH, HEBO3MOKHO MPOBECTH aHAIN3 MPUUNH
MOJIOMOK BaJIKOB, a, CJIEJIOBATEIbHO, U BBIPAOOTKY OOOCHOBAHHBIX MEPOIPUSATUHN TIO
ux cokpanieHuto. KpaitHe 3aTpyaHUTENbHBI YKCIIEPUMEHTAIbHbIE PaOOThHI MO H3Me-
HEHUIO KaJMOPOBKM M MaTepHalia BaJIKOB, TaK KakK MOJAOOHBIX 3KCIEPUMEHTOB MpO-
BOJUTCA MHOTO M JUJISITCSI OHU MHOTHE MECSIIbl, IO3TOMY PE3YyJIbTaThl MOKHO MOJY-
YUTh TOJBKO B BUJIE CTATUCTUYECKUX IMOKa3zaTesed. OTCyTCTBHE Takol MH(pOpMAaLUU
BBIHY/IA€T CTPOUTH BHIBOJBI HA OCHOBE KOCBEHHBIX U CyOBEKTUBHBIX HCTOUYHUKOB.

Baxxnoii 3anaueii siBisiercs 3¢p(eKTHBHOE KOMOMHUPOBAHUE KaTMOPOB Ha BaJ-
kax. Ha 3HauMTeNnbHON YacTy BaJKOB Hape3aroTcs paziudHble KanuOpbl. Eciu 3Toro
HE JIeNaTh, TO COKPATUTCS PacxXo/i BaJIKOB, HO B HECKOJIKO pa3 BO3pacTeT o0IIee X
KOJIMYECTBO, HAXOJAIEeCs B AKCIUTyaTauuu. Hamuio Bo3HUKaeT 3ajaya ONTHUMM3a-
1107078

bonpmias ClI0)KHOCTh BaJIKOBOI'O XO35MCTBAa COPTOBOTO 1I€XA JENIAET €ro Tpy.I-
HO YIPaBJISiEMbIM M MOPOXJIAeT OMMOKHU Mpu paboTe ¢ HUM, KOTOpbIE BEAYT K CHU-
KEHHIO TIPOM3BOICTBA U KayecTBa MpPOKaTa.

OcCHOBO# 7151 pellIeHUs] ONMCAHHBIX MPOOJIEM MOKET CTaTh AaBTOMAaTU3UPOBAH-
Has uHpopmamonHas cucrema (AMC) ydyera u ynpaBieHHs] BAJIKOBBIM X031HCTBOM
copToBOTO 1Iexa [6].

CoBpeMeHHBIH ATall pa3BUTHUS XapaKTEPU3yeTCs MEPEX0JI0M K TaK Ha3bIBaEMO-
My uHpopmarimonHomy oOriectBy [7]. Hu omgHa opranuzanus He MOXET OCYIIIECTB-
JISITH CBOIO JACSATENBHOCTh 0e3 mHbopmaruu. B mporecce HOpManbHOTO (PYHKITMOHU-
pOBaHUs OpraHU3alMH, YIPABICHUS €10 B Pa3IMYHOIO poAa MHPOpMalUU HYKIAK0T-
csl Bce ee pabOTHUKHU — OT MPOCTOro pabovyero Wi CIyKalero 1o aupekropa. [lpu
TOM HMH(OPMAIIMOHHBIE MPOIIECCHI SBISIOTCA HE CaMOLENbI0, OHU MPU3BAHbI B KO-
HEYHOM HUTOTre YIpPaBJSATh MaTEpPUAIbHBIMU MOTOKAMHM M MX B3auUMOJeHcTBHEM. B
CBSI3M C ATUM pEIlIeHHE MPoOJieM palMOHAIBFHOTO MCIIOJIb30BAHUS COBPEMEHHBIX U

NEPCIEKTUBHBIX METOJIOB U CPEJCTB 00pabOTKU MH(GOPMAIIMU B MPAKTUYECKON Aes-
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TEJILHOCTH MPUOOpETAET MepBOCTENEHHOE 3HaueHUEe. OTEUECTBEHHBIN U 3apyOeKHBIH
OTBIT YOSAUTEIBHO JTOKA3bIBACT, YTO PA3BUTHUE MPEANPHUATHNA METAILTyPTrHIECKOTO
KOMILJIEKCA, pelIeHre MpoOjieM KauyecTBa U KOHKYPEHTOCHOCOOHOCTH METaJLIOINpO-
TYKIIMA Ha MUPOBOM PBIHKE TPEOYIOT KOPEHHOTO COBEPIIICHCTBOBAHUS CUCTEM COO-
pa, XxpaHeHus, 00pabOTKH, Mepeayl U UCIO0JIb30BaHus uH(popManuu [8]. ITo eauH-
CTBEHHBII TyTh 3HAYUTEIBHOTO TMOBBIMIEHUSA 3(PPEKTUBHOCTU MPOdeCcCHOHATBHON
JIESITETbHOCTH.

[IpumeneHnre HOBBIX MH(OPMAIMOHHBIX TEXHOJIOTHI 3aCTaBJSIET MO-HOBOMY
OCYUIECTBJIATH OLICHKY 3(P(PEKTUBHOCTH JEATEIbHOCTH MPEAIpUITHS [9].

NudopmarnimonHbie TEXHOJOTUM TaKXKE HAXOJSTCS B OCHOBE ycrexa MpUMEHe-
HUS JIOTUCTUKH M HOBBIX MOJX0JIOB K OpraHu3aiiuu ouzHec-mporeccos [10].

OnHako caMo€ TIaBHOE MPEUMYILECTBO aBTOMATU3UPOBAHHON CUCTEMBI ydeTa
3aKJII0YAaeTCsl B TOM, YTO PYKOBOJICTBO B JIIOOOW MOMEHT MOKET YBUAECTh OOBHEKTHB-
HYI0 KapTHHY CBOETO OM3Heca U cpa3y Ke ee MpoaHaauzupoBaTh. Ha xommbroTepe
OyJeT BUJIHA TEKYIasi CUTYyalusi U UCTOpUsI Mpolecca. ITO MO3BOJISIET KOHTPOIUPO-
BaTh BCE€ ACIEKThI ICITEIBLHOCTH U YBUAETH TO, YTO PAHBIIE YCKOJB3aJIO OT HAILETO
BHUMAaHHUSI.

®dupwmoii DANIELI 6si1a npegocTapiieHa nmporpaMMma Jijisi yuera BaJIkoB, OJTHA-
KO OHAa UMEET Pl HenocTaTkoB. [Iporpamma Jiokann3oBaHa Ha TJIaBHBIX MOCTaxX CTa-
HOB M KakK MpEANnoJiarajioch, y4eT JOJKHBI BECTH omnepaTtopsl. Ho omepartopsl rias-
HBIX TTOCTOB SIBJISIOTCSI HOCUTEIISIMU JIMIIIh YaCcTH WH(OpMAIK, CBSI3aHHON C BaJKa-
MU, U (PU3NUECKH HE MOTYT OOECIEUUTh MOJHOIIEHHOTO y4eTa. A MmoTepsl 4acTH WH-
dbopmaluu CBOJUT Ha HET Bce ycuius. Kpome Toro, nmporpamma He MO3BOJISIET Mpa-
BUJILHO YYWUTHIBATHh BAJIKH C KOMOMHUPOBAHHOW KaTHMOPOBKOM, T.K. pacCUMTaHa JIs
CTAHOB C TrOpa3/l0 MEHBIIUM COpPTaMEHTOM. DYHKIIMU TPOTrpaMMbl OTPaHUYCHBI
TOJIBKO YYE€TOM, YTO CYIIECTBEHHO COKpaImiaeT TOT d(PPeKT, KOTOPHII MOKHO OT HEe
0>KMJATh IPHU APYrOM MOAXOJE K JIEIy.

Heobxoauma cuctema, koTopasi OyJieT yuuThIBaTh crieluduky paboTsl U cop-

TaMeHTa cTaHoB. [Ipu 3TOM Harpyska 1mo BBOAY MH(OpMAIUU MOJDKHA PABHOMEPHO
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pacnpenenaTbCs Cpeiau COTPYAHUKOB, SBISIOMIUXCS HOCUTEISIMH JTaHHOW HH(OpMa-
VM.

Hanee npennaratorcst 6a3oBele nojioxkeHust AVIC ynpaBiieHusl BaJIKOBBIM XO-
3ICTBOM COpPTOBOTO Iiexa. Takas cuctema JOJKHA CTaTh MHPOPMAIMOHHBIM (GyH-
JTAMEHTOM YIPaBJICHUYECKOW NEATENBPHOCTH, a HE OTPAHUYMBATHCA TOJBKO YYETOM.
BHezapeHne Takoil cucTeMbl HalPaBJIeHO Ha COKpallleHHe pacxol0B IO Mepeseny, co-
BEPILICHCTBOBAHKUE AJIEKTPOHHOI'O JIOKYyMEHTO0OOpPOTa, IOCTOSHHYIO OLIEHKY M aHa-

JIU3 pC3YJIbTATOB ACATCIIBHOCTH, IIOBBIIICHUC YIIPABILICMOCTH LICXA.

3. Pa3padoTka 6a3oBbIx noJioxkenuii AUC

yYunpaBJi€HUA BAJIKOBbIM X0351CTBOM

PaccmotpeB obmenpunaryio kinaccudukamnuio AVC [11], Mbl npuaeM K BBIBO-
ny, uto Hama AWC, ¢ ogHO# CTOPOHBI, TOJKHA ObITh aBTOMATU3WPOBAHHOW CHCTE-
MO yNpaBlieHHUs, a C IPYroil, — aBTOMaTU3UPOBAaHHOU HH(POPMAIIMOHHO-CIPABOYHOM
CUCTEMOM.

ABTOMATU3UPOBAHHAS CHCTEMA YNPABJICHUS MpEAHA3HAYEHA Uil aBTOMATU3a-
IIMU BCEX WJIM OOJBIIMHCTBA 3a/lay YIPABJICHHs, a aBTOMAaTU3HpOBaHHAs MHGOpMa-
IIMOHHO-crpaBoyHas cuctema (AMC) npenHasHaueHa s cOopa, XpaHeHHs, OUCKa
U BbIJIaUX B TpeOyeMOM BHUJIE MOTPEOUTENIM HH(POPMAILIUU CIIPABOYHOTO XapaKTepa.

Takue AUC coznarorcs ¢ MCTOIb30BAHUEM TEXHOJOTUU 0a3 MaHHBIX, TOCTa-
TOYHO XOPOIIIO pa3paOOTaHHOW U TOJyYMBIIEH MIUPOKOE pacmpocTpaHeHue. Jis
CO37aHMsI TAKMX CUCTEM HE TPeOyeTCs BBICOKOIIPOU3BOAMTEIIbHASI BHIYMCIUTEIbHAS

TEeXHUKA.
3.1. locTpoenne AUC Ha ocHOBe cXeMbl COOBITHI
C xaxapIM BAJIKOM C MOMEHTa MPUOOPETEHUS U 10 MOMEHTA CITUCAHUS TPOU C-

XOIAT pa3jINIHbIC COOBITHSI. HpI/I 9TOM Ka}KI[Hﬁ BaJIOK MOXXET UMCTh CBOIO YHHUKAJIb-

HYI0O UCTOPHIO Takux coObIThil. HecMoTpst Ha pa3HoOoOpasue, «KHU3HEHHBIA MyTh»
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JTH000TO BaJKa MOKHO YJIOXKHTH B OOIIYI0 cxeMy. B OJI0K-cxeMe BO3MOXKHBIX COOBI-
il (puc. 2) mpsSMOYroJbHUKaMH 00O3HAYeHBI COOCTBEHHO COOBITHS, a poMOaMu —
ATaIbl MPUHATHS PEIICHUS.

Tornma riaaBHBIM MPUHIWIIOM, KOTOPBIA TMO3BOJUT 3HATH HCTOPHUIO KaXKIOTO
BajIKa, Oymer obs3aTensHOe OTpaxkeHHe Bcex coorrtuii B AVIC.

PaccmoTpum kaxioe coowiTre 00s1ee MoApOOHO.
e TlocTymieHue BaJKOB HA CKJIA/

JlanHHO€ COOBITHE OTYACTH YXKE PEaTU30BaHO B KOPIOPATHUBHON HHGOpMAIIH-
onHoii cucreme (KMC) OAO «MMK» [12, 13]. B monyne «3anacel» MOXHO YBUJIETh
KOJIMYECTBO U TUIIOPA3MEPHI TEX BAIKOB, KOTOPBHIE HAXOAATCS HA CKJIaax.

Hac B nepByto odepenp HHTEPECYET KOJIMYECTBO BAJIIKOB TOM WJIA WHOM IO3HU-
MU. MOXHO y3HaTh 3Ty HHPOPMALIMIO U3 MOJYJI «3anackl», HO I€JaTh 3TO MPUIET-
Csl BpYYHYIO, UTO HEYJIO0OHO M3-3a TOr0, YTO BaJKU OJTHOM MO3UIIUU MOTYT HaXOJUTh-
Csl Ha pa3HbIX ckianax. HeynoOGCTBO Takke COCTOUT B MPEICTaBICHUN UHPOPMAIIUH.
YtoOb1 He BHOCUTH W3MeHeHus B KUC, nyume caenarts AVMC caMOCTOSITETbHBIM MO-
nynem KHUC. Moayns Oyner aBTOMaTU4eCKH MOJydaTh, 00pabdaThiBaTh U MPEICTAB-
JSTh B HEOOXOAUMOM BHJI€ MH(GOPMALIMIO MO CKJIaay BaJKOB. TakuM 00pa3oM, MbI
uHTerpupyem Hairy cuctemy B KMC kak camMOoCTOSTENbHBIN OJIOK, YTO 3HAYUTEIHHO

yIpOILAET MpoLecC ero pa3paboTKU U BHEIPEHHUSL.
* @opMupoOBaHUE NAPHI

[Ipu BBO/IE BAJIKOB B AKCILTyaTAIMI0 HEOOXOUMO BECTH YUET KaXKIOTO BajKa.
Bce Baiky MMEIOT YHHKAJIBHYIO MAapKUPOBKY, KOTOpas ¥ OyACT B JaTbHEHIIIEM HICH-
tuukaTopom Bajgka. Kpome TOoro, HeOOXOIUM MOKOMIUICKTHBIM YYET BAJKOB, T.K.
BaJIKK B COPTOBOM Iiexe Bcermaa pabotator B mape (komruiekte). Kaxxknas mapa, kak u
OTJICJIBLHBIA BAJIOK, JOJKHA UMETh YHUKAIbHBIA HICHTU(DUKAITMOHHBIA HOMED.

Ucxons u3 sToro, mporecc GopMUPOBaHUS Maphl OYAET COCTOSATH B TOM, YTO
HOMEPY Mapbl OyIyT MOCTaBJICHBI B COOTBETCTBUE JIBA HOMEPA BAJIKOB, a TAKXKE JaTa
ee popmupoBanus. DakTHUUeCKH 3TO OyAET O3HAUATh 3aMOTHEHUE TPEX MOoJel B Oaze

nmaaHbeIX AVC, 4T0 He SIBISETCS CIIOKHOM 3aJaueii.
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CopronpokaTHOE MPOU3BOJICTBO
e Hape3ka kaau0poB Ha BaJIKax

[Toutn Bce BaJKM SIBISIFOTCS KaTnOpoBaHHBIMU. Hapesky kanmOpoB Ha BajKax
MIPOU3BOAT Ha BasblieTOKapHbIX cTaHKax 3A0 «MPK» [14] o deprexam kanubOpo-
BOYHOTO OFOPO.

BBugy Toro, 4to uepTekeil BaJIKOB B HACTOSIIEE BPEMs CYIIECTBYET OKOJIO
650 mTyK, NpUYeM MOCTOSIHHO TOSIBJISIOTCS HOBBIE YEPTEKU M YCTapeBAIOT JEUCT-
BYIOIIIME, UMEET XOXKICHUE MHOXXECTBO OyMakKHBIX Bepcuid. Takas cuUTyanus HEW3-
OEKHO MPUBOAUT K 3aJI€P’KKAM U TOSIBJICHUIO OITMOOK B paboTe (HEBO3MOXXHO HAUTU
HY>KHBIM 4epTEXK UM Hape3Ka KaTuOpPOB MPOU3BOAUTCS MO YCTAPEBIIEMY UEPTEKY).

PazpemuTth gaHHYI0 CHUTYyalMI0 BO3MOXKHO IyTEM CO3JIaHUSI DJIEKTPOHHOTO
anpOOMa YepTexell BaJKOB, KOTOPBIA JOJHKEH BCErJa MOJIEP>KUBATHCS B AKTyallb-
HOM COCTOSTHUHU.

Takoit anp60M 0CBOOOAUT OT HEOOXOAUMOCTH MMETh MHOXKECTBO OYMaKHBIX
KOMIIJIEKTOB YEPTEKEH, YCIEeIUTh 32 KOTOPHIMA HEBO3MOXKHO, YTO M30aBUT OT MHO-
X OMMOOK U YIPOCTUT PadOTy TEXHOJOTMUYECKOMY MEPCOHANy CTAHOB, MacTepy 1o
BaJIkaM, KAJIMOPOBOYHOMY OIOpO U BasiblleTOKapHOMY y4acTKy 3A0 « MPK».

Hapeska kanuOpoB Ha Bankax HaijeTr cBoe orpaxeHue B AUC B Buge Homepa
YepTexka, MOCTABIEHHOTO B COOTBETCTBUE HOMEPY KOMILIEKTa, U IMAMETPOB BaJIKOB
MOCJIe Hape3Ku KaOpoB. Vcnonb3ys Takyro cucTeMy, BIIOJTHE BO3MOXKHO aBTOMATH-

3UpOBaTh Mpoliecc 0hOpMIICHHUS 3asBKU Ha HAPE3KY KaTuOpOB.
*  KoHTpoab Hape3Kku KaJInOpPoOB

KonTponp Hape3kn KanmuOpoB IpeacTaBisieT coboil mporecc MpoBEepKHU Ha CO-
OTBETCTBUE pa3MepoB U (HOPMBI Hape3aHHBIX KaInOpoB depTexy. [IpoBepka mpous-
BOJUTCA C MOMOIIBIO MIA0JIOHA — METAJUIMYECKON MIACTUHBI, TOBTOPSIONIEH KOHTYD
KOJIBIIEBOTO BhIpe3a Ha Bayke. [11abmoH mpukIaapBaloT K BaJIKy, YTO MO3BOJIAET OIle-
HUTH CTETIEHb COBMA/ICHUs KanuoOpa u 1mabdioHa.

Jlnsa oOecnedyeHuss MPOBEPKU KaauOpOB HEOOXOIUMO MMETh MOJHBINA HAaOOp

m1abJIOHOB, YTO cocTaBisieT 0kojo 1000 mTyk.
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C ocymecTBaeHueM AaHHON (QyHKIMU UMEIOTCS npoOsaembl. KOHTposb mpous-
BOJUTCA HE CUCTEMATUYHO, YTO MPUBOJUT K OLIMOKaM B paborte (MpokaTka Ha He-
NPaBUIBHO HApE3aHHBIX KaauOpax Wi KanuOpax, MpeaHa3HaueHHBIX AJS APYTUX
npo¢uieil), CHIKEHUIO KauecTBa MpoKaTa U MPOCTOSIM CTaHOB. EAMHCTBEHHBIM pe-
IIEHUEM MPOOJIEMBI TPEACTABIISIETCS CO3/IaHIE B COPTOBOM IleXe MIabJIOHHOTO OTIe-
nenus. 1 Xxota B 1exe uMeeTcs HEKOTOpPbI Habop mabIoHOB (Jaleko HE MOJHBIN),
MO’KHO C YBEPEHHOCTBIO YTBEPK/IaTh, UYTO MIAOJOHHOTO OT/IEICHUS HET U3-3a MOJIHO-
IO OTCYTCTBHSI CUCTEMBI PaOOTHI.

Jl7is co3manus IeWCTBUTENBHO MOTHOIEHHOTO IA0JIOHHOTO OTJEICHUS U MOJI-
HOIIEHHOT'O0 KOHTPOJISI HAPE3KHU KAIMOPOB Ha BaJIKax HEOOXOAUMO pa3padoTaTh MHCT-
PYKIMIO MO 3KCIUTyaTalluy MabJOHOB, KOTOpask JOJDKHA ONpPENEsTh U3rOTOBJICHUE,
XpaHEHHUE, PEMOHT, MPOBEPKY U IKCIUTyaTaIMIO MIabJIOHOB, a TaKXKE yCTaHABIMBAThH
OTBETCTBEHHOCTH 3a OCYLIECTBICHNUE JAHHBIX (QYHKIUH.

Kak u 1yt BankoB, HEOOXOAUM 3JIEKTPOHHBIM albOOM udepTekel KaluOpoB U

1a0JIOHOB I HUX.
e JaBaJjiKa BAJIKOB B KJIE€Th

B ciydae yaoBIETBOPUTENBHBIX PE3YIBTATOB IPOBEPKH KAUYECTBA HAPE3KU Ka-
AOpOB BaJIKM 3aBAJIMBAIOT B KJIETh M YCTaHABJIMBAIOT MPHUBAJIKOBYIO apMaTypy Ha
COOTBETCTBYIOIINIA KaHOpP.

B AUC B nanHOM ciiyyae HEOOXOJMMO OTPa3UTh HOMEP KIJIETH, MPOKAThIBAE-

MBI Tpo(UITH U TIOJIOKEHHE KanuOpa Ha O0YKe BaJka.
* [lepexoa nmo usHocy

[Tocne 3aBanKy BajJKOB B KJIETh W Havalla MPOKATKA MOXKET HACTYNHUTh JIt000e
U3 YeThIpEX COOBITHIL: IEPEXO/]I M0 U3HOCY, IEPEXO/] [0 CMEHE COPTa, MepeBajiKa HiIn
II0JIOMKA BaJIKa.

IIpn nepexone o U3HOCY BAJIKM OCTAIOTCS B KJIETH, a IPUBAJIIKOBAs apMaTypa
nepecTaBisieTcsl Ha TOYHO Takoil ke kamuop. B AUC oTmeuaercs moyioskeHrne HOBOro

KaJm6pa M KOJIMYCCTBO METaJljIa, IPOKATAHHOI'O Ha IMPCAbIAYIICM.
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* [Ilepexox mo cmeHe copra

JIaHHBIN ITEpEexXo OTIIMYAETCS OT IIEPEX0/1a MO0 U3HOCY TEM, UTO IPU CMEHE Ka-
au0pa MPOUCXOAUT CMEHA MPOKATHIBAEMOr0 MPOPMIIL, a 3TO JONOJHUTEIBHO HEOO-

XOAUMO OTPa3UTh B CUCTEME.
e [lepeBanka

HOI[ HepeBaﬂKOﬁ 3JCCh ITOHUMACTCA CMCHA KJIETEH B CTaHC, II0OOTOMY HaC 6y-
ACT MHTCPECOBATHh TOJIBKO KOJMYCCTBO MCTAJLIA, IIPOKATAHHOIO ¢ MOMCHTA HACTYII-

JICHUS PEJIBIAYIIETO COOBITHS.
e JlosioMKka BajIKa

Hu oauH npokaTHbIi cTaH HE 00X0auTcs 0€3 MOJOMOK BAJIKOB, HO UX 4acTOTa
3aBUCUT OT KadyecTBa M pa3Mepa BAIKOB, YCHUJIUS NPOKATKH, MMPOKATHIBAEMOTO IpO-
buns, pexxuma oxXnaxkIeHus U T.1. s kakux-1o npoduiieil npokara U CTaHOB IO-
JIOMKa BaJIKa SIBJISIETCSI UCKITIOUUTENbHBIM COOBITHEM, B IPYTHX CIy4asX — 3TO 3aKO-
HOMepHOCTh. Hanpumep, npu npokarke mBesiepa 16Y B deBpane 2007 roga Ha cra-
He 450 ObUIO CTOMaHO YeThIpE BaJIKa.

YroObl MPOBECTH MOJHOLEHHBIM aHAINW3 MPUYUH MOJIOMOK, HEOOXOoauMa CTa-
TUCTUYECKass MHGOpPMAIIHS 3a JOCTATOUYHO JUIMTENbHBIN nepuon BpemeHu. [loatomy
Ba)KHO BECTU CUCTEMATUYECKUN yUET BCEX MOJIOMOK.

B kadecTBe MH(OPMALIMOHHOTO COMPOBOXKJIEHUS IMOJIOMKU BajKa MOTYT IO-
CIIy’)KUTh: MECTO IOJIOMKH, BUJ HW3JIOMa, Pe3yJibTaThl aHajiu3a Marepuasa Bajka,

MPEAIIOJIAraeMbl€ TPUUYUHBI TTOJIOMKH.
e Hanaaska

[Tocne BbIpaOOTKM BajIKOM CBOETO pecypca B HEKOTOPBIX CIydasX BO3MOXHO

€ro BOCCTAaHOBJICHUE MTyTEM HaILJIABKHU.
e Chnucanue BajJKa

[Tocne Toro, KaKk BajJOK 3aKaHUYMBAET CBOW «KHU3HEHHBIN» MyTh, BCS HH(OpMa-

1A O HEM 3aIIMChIBACTCA B APpXHUB.
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3.2. KirroueBbIe MOKa3aTeJ M H CHCTEMA OTUYETOB

g oneHku 3(PPEKTUBHOCTH (PYHKIIMOHUPOBAHUSI BAaJKOBOTO XO3AHCTBa He-
00X0JIMMO MMETh PsAJl KIIOUYEBBIX MOKa3aTeNel, OTpakarolMX OCHOBHBIE XapaKTepH-
CTUKU CHCTEMBI.

B kadecTBe Takux mokazaresiel MOKHO MPEIJIOKUTD CIEAYIOIINE:

— pacxo/]l BaJKOB B €IMHUILY BpEMEHU (TEKYILIUIA 3arac BaJIKOB);

— CTpPaxOBOM 3aIlac BaJKOB;

— KOJIMYECTBO BAJIKOB, HAXOSIIIUXCS B IKCILTyaTalllH;

— KOJIMYECTBO BAJIKOB Ha CKJIAJIaX;

— MapK BaJIKOB (00I1Iee KOJIMYECTBO BaJIKOB);

— pacxo]i BaJKoB Ha | TOHHY NMPOKaTa;

— pecypc BajKoOB;

— KO3 PUIIMEHT UCTIOTH30BAHUSI BAJIKA,;

— HEJIMKBUIHBIN 3aI1ac BaJIKOB;

— 000pOT BaJIKOB.

Bce onucannbie mokazaTenu JOJKHBI BBIYUCISTHCS aBTOMATHUYECKH U TaKkKe
aBTOMATUYECKHU MPEACTABISATHCS B BUJIC €KEMECSYHBIX U €XKETOJHbIX 0T4eTOB. Kpo-
M€ TOT0, OTYETHI JOHKHBI BKIIFOYATh KOHTPOJIBHBIE CYMMBI, YTO TTOKaXET JTOCTOBEP-
HOCTh MIPE/ICTABICHHON MH(POpPMAIIUU, HAIPUMEP, KOJTUIECTBO MIPOKATAHHOTO METaJl-
na o naHHeM AVC 1 akTudeckoe KOJIUYeCTBO 3a TOT K€ MEPUOI.

Hapsiny ¢ aBTromaTndecku (popMupyeMbIMU OTYETaAMH CUCTEMa JOJIKHA JOIyC-
KaTh (pOPMUPOBAHUE OTYETA IO 3aMPOCy MOJb30BATENs ISl MOJYyYeHUsT HEOOXOU-

Mol nHpopmalu B y1oOHOH dopme.

3.3. bazoBbie nosaoxenusas AUC

Jist monyuenuss ot AUC yuera W ynpaBieHHs] BajJKOBBIM XO3SIICTBOM Hau-

oomnpero 3dexra HeoOX0IUMMO MPUAEPKUBATHCS HEKOTOPBIX 0a30BBIX MOJIOKEHUN

IIpH €€ CO3JaHNHN U SKCILJTyaTallhuu.
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B xauectBe 6a30BbIX MOJIOKEHUA MOYKHO BBIJEIUTH CIEAYIONIME.

AUNC pomxnHa O0bITh HHTErpUpoBaHa B KMC B kauecTBE CaMOCTOSITEIBHOIO MO-
nyis. [pu aTom cuctema J0KHA OBITH MOJHOCTBIO COBMECTHMA C JIEUCTBYIOIIMMHU
CUCTEeMaMH aBTOMaTH3aluu M obecrneunBaTh WHGOpMannoHHBIH oOMeH ¢ ERP-
cucTeMoi npeanpusatus [15].

Cxema coObITu#t (puc. 2) siBisiercs ocHOBoM i mocTpoenust AVIC, npu sTom
KaXJ10€ COOBITHE B 00SI3aTEIbBHOM MOPSAKE JTOHKHO HAXOJUTh CBOE OTPaXKEHUE B
CUCTEME.

OTBETCTBEHHOCTH 3a 3aHeceHue uHpopmanuu o coosiTur B AC HeoOx01uMo
BO3JIOXKUTh HAa €€ M3HAYAIIbHBIX HOCUTENCH.

Heobxoauma snexktpoHHast 6a3a TaHHBIX 10 KaJTUOPOBKE BaJIKOB, KOTopas 0y-
JIET COCTOATHh U3 aTbOOMOB YEpPTEKEH BAIKOB, KaJTUOPOB U I1I1a0JOHOB, a TaK¥kKe CO-
JepKaTh TEXHOJIOTUYECKUE PEKUMBI IPOKATKH.

Pacuer ycpelHEHHBIX KITIOYEBBIX MOKa3areiell u (popMupoBaHHe OTUYETOB He-
00XO0JIMMO OCYILECTBIIATh aBTOMAaTUYECKU. BO3MOXHOCTH Mosy4yaTs Oosee moapoo-
HYI0 MH(POPMAIIMIO JTOJDKHA OBITH pean30BaHa MPH MOMOIIM CHCTEMbI 3aIIPOCOB U
(buUIBTPOB.

Cucrema NopKHA MPENOTBpAIaTh BBOJ 3aBEOMO HEMPaBHIbHOW HMH(OpMa-
MU (HEAOIMyCTUMAsl TTOCJIEIOBATEIbHOCTh COOBITHM, HEMPaBWILHOE COYETAHHE Ka-
JUOPOB, BAJIKOB U MIPOKATHIBAEMOTO NMPOMUIIL U T.[.), YTO MO3BOJISIET U30€KaTh MHO-
T'UX OIHUOOK.

CoOmro/ieHre 3TUX MPUHIMIIOB SIBJISETCS 3aJIOTOM yCIieXa, a OTCTYIIEHUE OT

HHUX MOXKCT CBCCTH Ha HET BCC YCUIINA.

4. Ynpasienue Ha ocHoBe AUC

CymHocTb 110001 TeOpUH WM 1LieJICHANPaBICHHOM JesSTEIbHOCTH, B TOM YHC-
Jie yNpaBIEHYECKON, MPOSBISIETCS B UX (DYHKIHIX, TO €CTh B COBOKYITHOCTH 3aj1ad,
KOTOpbIE OHM Tpu3BaHbI pemarth [16]. Paccmorpum, uto maer Baenpenue AUC s

peanu3alnryu OCHOBHBIX (QYHKIUNA YMpaBlIeHUS U JOCTHXKEHUS €€ LieTiel.
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4.1. IlnanupoBaHue

['maBHOW QyHKIIMEH MEHEIKMEHTA CUMTACTCS TUTAHHUPOBAHUE, paccMaTpUBac-
MO€ B IIUPOKOM CMBICIIE ciIoBa. Peanu3ys ee, ynpapIsiolii Ha OCHOBE IITyOOKOTo U
BCECTOPOHHETO aHAJIN3a CUTYyal[uy, B KOTOPOM B HACTOSIIMNA MOMEHT HAaXOJIUTCS Op-
raHu3alus, U ee MepcrnekTuB GopMyIHPYET LI U 33]ja4K Ha MPECTOSIIUA TIEPHOI,
pa3pabaThIBacT CTPATErHIO JCHCTBUN M, HAKOHEI, COCTABIISIET HEOOXOAUMBIE TIAHBI
U MPOrpaMMBbl 711 UX peanu3anuu. O0pa3Ho roBops, peyb 37€Ch UIET O TOM, YTOOBI
ONPEAEIUTD, «TJI€ MBI HAXOJAUMCS B HACTOSILIEE BPEMs, Ky/la XOTUM JBUIAThCA U KaK
coOupaeMcs 3To Aenarb». [lnaHupoBaHne — 3TO MPEXIE BCEro MPOLIECC MPUHATHUSA
pelIeHn, MO3BOJISIIOIUX 00ecnieduTh dPPeKTUBHOE (PYHKIIMOHUPOBAHUE U PA3BUTHE
CUCTEMBI B OyAyIIEM, YMEHBIIUTh HEONPEAEIEHHOCTb. Penennsi, KOTopble MPUHATO
OTHOCHUTH K IUITAHOBBIM, MOTYT OBITh CBSI3aHBI C TOCTAHOBKOM IieJiel U 3a7ad, BbIpa-
OOTKOI cTpaTeruu, pacnpeiesieHueM U NepepacnpeieieHueM pecypcoB, ONpeselie-
HUEM CTaHIapTOB, B COOTBETCTBHM C KOTOPHIMH HEOOXOJUMO JIEHCTBOBAaTh B IMpeJ-
CTOSIIEM ITEpUOAE. B MPUHATUM TaKUX PELIEHUN COCTOUT MPOLIECC TUIAHUPOBAHUSA.

IIpennaraemass AVC no3BosisieT onpeaenuTh CUTYALMIO, CI0KUBIIYIOCS Ha Ce-
TOJHSAIIHUN MOMEHT. OHa SBIISIETCS OOBEKTUBHBIM OTPAKEHUEM MHTEPECYIOUIEH Hac
4acTu peaibHOCTH. TakuM oOpa3oM, Mbl MOXKEM CKa3aTh, IJI€ HAXOJIUMCS B HACTOS-
A MOMEHT BPEMEHH.

be3 3HaHus Tekyliel cuTyanuu MIaHUPOBAHUE MPECTABISETCS OECIONE3HBIM
3aHATHEM, T.K. MBI HE CMOYKEM IPUHSTH MPABUIIBHBIX PEIICHUH, KOTOPbIE MPUBEIYT
HAC B 3aJJaHHOE COCTOSTHUE, 4 TAK)KE HE CMOKEM ONPENEIIUTH TOCTUTIIN JIU MBI €TO0.

[TonoxwurensHas ponb AVC MOXKET NpOosSBIATHCS KaK MPU ONEPATUBHOM, TaK U
IIPU CTPATErM4YECKOM IIJIAHUPOBAHUH.

OrnepaTuBHOE YIPABICHHUE CBOJIWUTCS K NPHUHATUIO PEUIEHUN B KOHKPETHOM,
CJIO>KUBILIENCS B JAHHBIA MOMEHT CUTYallWH.

Hmest MecssuHyI0 IPOU3BOICTBEHHYIO IPOrpaMMy U peabHyI0 HH()OPMALIUIO O
COCTOSIHUU BAJIKOB, HE COCTAaBUT OOJIBIIOTO TPYAa OMPEACIUTD IPOrpamMMy JIeUCTBHM.

Mp1 7erko u OBICTPO y3HaeM, KaKhe BaJIKU y HaC UMEIOTCA Ui MPOKATKH TOTO WU
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MHOTO PO, HACKOJIBKO OHU BRIpAOOTANIM CBOW pecypc, XBaTUT JIM MMEIOLIETOCs
pecypca JiIsl BBIIOJIHEHUS IPOTPaMMBbI, KaKie BaJKd HE0OXOIUMO OTPEMOHTHPOBATH,
a Kakue Hape3aTh HOBbIE, KaKOM 3arac BaJIKOB HEOOXOUM C YYETOM CTaTUCTUKU TO-
JIOMOK JIJIs1 00ecreYeHHs BBIMOJHEHHUs 3aKka30B. OmMOKN B JaHHBIX BOMpOCax IMpH-
BOJST K CPbIBaM KaMIIaHWU, HEBBITIOJIHEHUIO 3aKa30B M BBIMYCKY Oe33aka3HOM Mpo-
TYKIUU.

HakornieHrne OMBITHBIX JaHHBIX MOXET CTaTh ()yHIaMEHTOM i pa3paboTKu
HKOHOMUYECKH 0OOCHOBAaHHBIX HOPM pacxojia BaJIKOB, CTOMKOCTH KaauOpoOB U HEOO-
XOJUMOTO 3amaca BainkoB. Hammune 000OIIEHHBIX OMBITHRIX JTaHHBIX M YCTaHOBIICH-
HBIX HOPM TIO3BOJIUT MPUMEHSATH dKCIIEPUMEHTAIbHBIE 1 HOPMATUBHBIE METO/IbI TTa-
HUPOBaHUS.

Ha ypoBne kitoueBbix nokazareneil AC moxer ObITh peasin3oBaHa (PyHKIUS
CTPaTErnyecKOro MIaHuPOBAHUS.

BripaOoTka cTparernu HeBo3MOXkHa 0e3 001alaHus IUPOKON HHPOopMaIei o
HanboJee CyIIECTBEHHBIX MOMEHTAX, BIUSIONIMX Ha MpUHATHE pemieHnit. KiodueBpie
MOKa3aTely, MPEJCTaBISIoNne co00i pe3ynbTaT 00paboTKH, TPYNIUPOBKHA U aHAIHU-
3a MEePBUYHBIX CBEJICHUH, B JAHHOM CMBICJIE SIBISIFOTCS 0a30i CTpaTerH4eCcKuX IaH-
HBIX. AHaNIU3 cOOpaHHOU CTpaTernyecko MHPOpMAIMHU MO3BOJIET ClIENaTh BBIBObI
O TEHJCHLUAX Pa3BUTHS U OYyILIEM COCTOSIHUM 0ObEKTA yIpaBICHUSI.

YcTaHOBNIEHUE KETaeMbIX 3HAYEHHWH KIIOUEBBIX TMOKa3aresiei OyIeT ompene-
JSTh CTpaTernyeckyro 1enb. [IpoBens aHanu3 HaKOIJIEHHON MH(pOpMAIU, BO3MOXK-
HO BBISIBUTH OCHOBHBIC MPUYHHBI, OMPEICISAIONINE CYIIECTBYIONINE 3HAYCHUS TOKa-
3arenel, a, CIe0BaTeNbHO, MOXKHO pa3padoTaTh NPOrpaMMy MOCIEI0BATENbHbBIX Me-

POTIPUATHIA, BHITIOJITHEHUE KOTOPHIX O0ECIIEYUT NOCTHKEHHE 3aJJaHHBIX 3HAUYCHUH.

4.2. Opranuzanus

HpaKTI/I‘-IeCKOG BOINIOICHUC 3aMBICIIOB, COJACPIKAIMIMUXCA B IUIAHAX, IIpOorpam-

Max, CTparerusix. Oeper Ha ceds opraHusanuonHas GyHkius. OHa peaau3yeTcs: de-

pe3 co3laHue camol opraHu3ainuu, GOpMHUpPOBAHUE €€ CTPYKTYPbI, CUCTEMBI YIIpaB-
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JeHusl, oOecrieueHne ee AesATEIbHOCTH HE0OX0AUMON AokyMeHTanue. C moMousio
OpPraHU3aIlMOHHBIX METOJIOB CO3JAIOTCS HEOOXOAUMBIE YCIOBUS (PYHKIIMOHUPOBAHUS
OpraHU3alMU: €€ IEATEIbHOCTh HOPMUPYETCS, PETJIaMEHTUPYETCS U 00ECTIEUNBACTCS
HEOOXOUMBIMUA UHCTPYKIMSIMH, PUKCUPYIOLUIIMHI PACCTaHOBKY IEpCOHala, ero mpa-
Ba, O0S3aHHOCTH, CHEIU(PUKY IMOBEACHMS B Pa3IMUHBIX CUTyalUsX. DTU METOJbI
CO3/1al0T CBOET0 pojJia paMKH, Harpasisitomue Oynymee GyHKIHOHUPOBAHUE U pas-
BUTHUE OPraHU3ALUN.

Breapenue cucremsl ydyera M YNPABICHUS BAJIKOBBIM XO34MCTBOM JOJIKHO
ChITPaTh CUJIBHYIO IETEPMUHUPYIOUIYIO poiib, a moToMmy AWC Oyaer MOIHbIM opra-
HU3AIMOHHBIM (PaKTOpOM.

B kayecTtBe  OpPraHM3allMOHHBIX  MEPONIPUATUNA  MOXKHO  IPEIJIOKUTH
CJIEIYIOLIHE:

— pazpaboTka MHCTpYKIMH 10 3Kciryatanun AVC, B koTopoii Oyner onucan
HOPSAZOK pabOThl U OIpe/esieHa OTBETCTBEHHOCTh 3a OCYILECTBICHUE TE€X WM MHBIX
byHKIU;

— pa3paboTKa MHCTPYKLHUHU MO 3KCIUIyaTallud, IIPOBEPKE, PEMOHTY U XpaHe-

HUIO 111a0JIOHOB KAJIMOPOB.

4.3. MotTuBanus

Kax mbl 3HaeM, HU OJTHA 3a7a4a HE OyJIeT YCIENTHO PelieHa C JOKHBIM Kade-
CTBOM M MUHHUMAJbHBIMU 3aTpaTamMu, €CJIM paOOTHUKH — PYKOBOJUTENIN U UCIIOTHU-
TeIn — He OyIyT B 9TOM 3amHTepecoBaHbl. OTCIO/]a BBITEKAET €IIle OJJHA Ba)KHEHIIIast
(GyHKIUS MEHEKMEHTa — MOTUBAIIMOHHAS.

MoTuBanus npeacTaBiIsieT co00l Mpolecc CO3JaHus CUCTEMbl YCIOBUW WITU
MOTHBOB, OKa3bIBAIOIIUX BO3JCHCTBUE HA MOBEACHUE YEIIOBEKA, HAMIPABIIAIOUIUX €T0
B HYXKHYIO JUJI1 OpraHU3aluy CTOPOHY, PEryJHUPYIOIIUX €r0 UHTEHCUBHOCTb, FPaHHU-
I[bl, TOOYXAAIOIIUX MPOSIBIATH JOOPOCOBECTHOCTh, HACTOMYMBOCTD, CTAPATEILHOCTD

B JI€JI€ TOCTYHKEHUS IEJIEN.
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CxeMa BO3HArpakIeHUs IO pe3yJbTaTaM JeATEILHOCTH PEaNTM3yeTCsl Clie-
ayromuM obpazoM. Ha mepBom aTame, UCXOsS U3 CTpATETHU OpTraHU3AIHNH, PYKOBO-
JICTBO OIpeNesseT Ied U 3a/Ja4d, KOTOPbIe JOJDKHBI OBITh TOCTUTHYTHI COTPYIHU-
koM. PaspabaThiBaeTcsl crCTeMa KITFOYEBBIX TOKazarened 3(PPEeKTHBHOCTH JEATEb-
Hoctu (KPI — Key Performance Indicators), KoMMuecTBEHHO W KaY€CTBEHHO OIHUCHI-
BAaIOIUX OTH U W 33a7a4i. Bo MHOTHMX KOMITAaHUSX CETOJHS 3Ta CHUCTeMa Mpej-
CTaBlicHa B BHWJE cOalaHCHpOBaHHOW cucTembl Tokaszareneir (BSC — Balanced
Scorecard).

[Ipennaraemplie KiItoUeBbIe MOKazaTeau F(HPEKTUBHOCTU JEATEIBHOCTH BaJIKO-
BOT'O XO35HCTBAa MOT'YT XOPOIIIO BIUCATHCS B CYIIECTBYIONIYIO CHCTEMY.

OpmHako XOpOIIO M3BECTHBI M HEJIOCTATKA YKOHOMHYECKHX METOJI0B MOTHBA-
uu. Peanu3anust 3TOH CXeMBbI MTPEMUPOBAHUS JACT XOPOIIUE PE3yJbTaThl JIUIIb B
KpaTKOCPOUHOM Tiepuojie. B moiarocpounoil nepcnekTuBe B KOMIIAHUYA HAYMHAIOT Ha-
KaruiMBaThbes MpoosieMbl. OHU BBIPAXKAIOTCSI B CMEIICHUH (POKYca:

— B CTOPOHY KOJIMUYECTBEHHBIX IOKa3aTeliel, KOTOPhIC JIETKO W3MEPHUTh, H,
KaK CJICJICTBHE, HUBEJIIMPOBAHUE WJIM UTHOPUPOBAHUE BOIIPOCOB KAUECTBA,

— ¢ 3a/1a4M B IIEJIOM Ha €€ OT/ACJIbHBIE XapaKTePUCTHKH;

— ¢ HUHTepeca K paboTe Ha MHTEPEC K JICHbraM;

— Ha MHIAUBHIYAJbHBIA PE3yJIbTAT C 0OIEKOMaHIHOTO;

— Ha KpaTKOCPOUHBIE, JIETKOpEeIIaeMble 3a7au C 3a1a4 0oyiee KOMIUIEKCHBIX
U JIOJITOCPOYHBIX, YeH Pe3yJIbTaT BCEr/1a MEHEe OYCBUICH U B OOJIbIIEH CTETICHH MO-
JKET OBITh TTOIBEPKEH BIUSHUIO HEONIPEACIICHHBIX (PaKTOPOB;

— C TBOPYECKOT0, MHUITMATUBHOTO MOJIX0/1a K paboTe Ha 00Jiee OCTOPOKHBIIN
¥ KOHCEPBATHUBHBIN B CBS3U C PUCKOM MOTEPSTH ICHBIU M3-3a HEU3OCKHBIX TTPU UHU-
[[MATUBE OIINOKaXx.

Buenpenune AVC Takxe MOXET CriocoOOCTBOBATh Pa3BUTHIO HEIKOHOMUYECKHUX
CIIOCOOOB MOTHBAITMH, YTO MO3BOJIUT, HAIPUMED, JIYUIlIe COOTBETCTBOBATh KPUTEPH-
SM MOTUBUPYIOIIEH OpraHU3alliu Tpyda, NpeiaracMbiM HEMEIKUMHU YYEeHBIMH

B.3ureprom u JI.JIanrom.
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— TIOSIBUTCSI CBOOOJHBIN M OBICTPBIN JOCTYI COTPYIHUKOB KO BCEW HEOOXO-
TUMOM MHGOPMAIIHH;

—  KJIFOYEBBIC MOKA3aTeIN IPEIOCTaBAT HHPOPMAIIHIO O Ka4eCTBE TPyaa U 10-
3BOJISIT OCYIIECTBIISATH CAMOKOHTPOJI;

— BHeapenue AMC BckpoeT Te mpoOJIeMbl, KOTOPHIC paHbIIE YCKOJIb3add OT
HAIICTO BHUMAaHHUS, YTO JO/DKHO CTaTh CHJIBHBIM CTUMYJIOM JUUIS PCIICHHS JaHHBIX
po0em;

— B JOCTHDKCHHUH IIEJIH, KOTOPYIO pabOTHUK ceOe MOCTaBUI WK B (POPMYJIIH-
POBaHUU KOTOPOU MPUHSIT y4acTHe, OH MPOSBUT OOJIBIIIE YHEPTHUH;

— pelIieHue HOBBIX 3371a4d Oy/IeT CIIOCOOCTBOBATH MPUOOPETCHUIO HOBBIX 3HA-

HHUU U OIIBITA.

4.4. KoHTpoJb

Pe3ynbTaThl HeATEILHOCTH 11€Xa U €ro COTPYAHHUKOB HEOOXOIWMO BpPEMS OT
BPEMEHU IPOBEPSITh, OLICHUBATh M KOPPEKTUPOBATh. DTO COCTABIISIET COJIEPKAHUE
KOHTPOJIBHON (YHKIIMU MEHeKMEeHTa. KOHTpOJIb Mpu3BaH 3a0J1arOBPEMEHHO BBISIB-
JSTh HAJIBUTAIOIINECS OIMMACHOCTH, OOHAPYKMBATh OITNOKH, OTKIIOHCHHS OT CYIIECT-
BYIOIIMX CTAHAAPTOB U TEM CAMBIM CO3/1aBaTh OCHOBY [IJII COBEPIICHCTBOBAHUA pa-
00THI. be3ycnoBHO, MO ero pe3yibTaTaM MOTYT JIEJIaThCS U «OPTBBIBOJIBIY, CBS3aHHBIC
C TTOOIIPECHUEM HMJIM HaKa3aHUEM HCIIOJHUTENICH, 0JJHAKO TTOMCK «MAJIBYMKOB JIJIsT OH-
TbsI» HE SIBJIISICTCS €ro 3aJ1adcil.

JlesiTeTbHOCTh OpraHu3aIi TpedyeT, 4UTOOBl KOHTPOJIb, KaK U IUIAHUPOBAHUE,
C KOTOPBIM OH TECHEUIIMM 00pa3oM CBsi3aH, ObLT HEMPEPHIBHBIM IpoiieccoM. be3 Ha-
JIEKHON CUCTEMBI KOHTPOJISI B HACTOSIIIIEE BPEMSI HE MOXKET YCIEIHO (HyHKIIMOHUPO-
BAaTh HU OJIHA OPraHU3alMs, B CUCTEME YNPABICHUS KOTOPOW OH PEIIAET HECKOJBKO
3aj1a4.

Bo-miepBBIX, ¢ MOMOIIBI0 KOHTPOJII MOXKHO 3apaHee OOHApyX HUTh (PaKTOPHI,
KOTOpBIE MOTYT OKa3aTh CYIIECTBEHHOE BIIMSIHUE HA JEATEIBHOCTD LI€Xa U, MTOATOTO-

BUBIINCH HCO6XO,III/IMBIM 06p330M, CBOCBPCMCHHO HAa HUX OTpCarupoBaTh. KpOMC TO-
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ro, ¢ MOMOIIbIO KOHTPOJII OTCIEKHUBAIOTCA HETOCTATOYHO YETKO BBIPAKEHHBIE TEH-
JICHIIMM B Pa3BUTHM, X HAMpaBieHHE U TIIyOWHA, 4TO MO3BOJISET CO3[aBaTh Oeiee
00OCHOBaHHBIE U HA/IEKHBIE IIJIaHbI AEATEIbHOCTH, OCOOEHHO HA MEPCIEKTUBY.

Bo-BTOpBIX, KOHTPOJIb TOMOTAET CBOEBPEMEHHO OOHAPYKUTh HEM30EKHBIEC Ha-
pylIeHus, OMMUOKH, IPOMaxyu U ONEPATUBHO MPUHATH HEOOXOAMMBIE MEPHI Ul UX
yCTpaHEHMUSL.

B-TpeTpux, pe3ysibTaTbl KOHTPOJISI CIY’KaT OCHOBOM OLEHKH pabOThl OpraHu-
3allid M €€ NepCcoHalla 3a OINpeAeNeHHbIH nepruoa, 3pGEeKTUBHOCTH U HAAEKHOCTU
CUCTEMBI YIIPABJICHHUS €1O.

B pesynbTaTe KOHTPOIb MO3BOJIAET M30€KaTh B OynylleM HEYIOBJIETBOPHU-
TEJNbHBIX PE3YJIbTATOB ACSATEIBHOCTH M CO3JaThb HEOOXOJUMbIE MPEANOCHUIKH AJis
CTUMYJIMPOBAHUS NIEPCOHATIA.

Ponp AUC B ocyuiecTBieHnN (PYHKIIMM KOHTPOJIS 1OCTATOYHO ovyeBHaHA. Kak
U B caydae tianupoBanus, AVMC 1o3BossieT OCyleCTBIATh KOHTPOJIb B CTpaTernye-
CKOM u omnepaTuBHOU (hopme. CTpaTernueckuii KOHTPOJIb UMEET B KAUECTBE OCHOB-
HOTO 00BbeKTa IP(HEKTUBHOCTH UCIIOJIL30BAHUS PECYPCOB (B HAIIEM CTy4Yae BAJIKOB) C
TOYKH 3PEHHUS JOCTUKEHUSI KOHEUHBIX 1iesield opranu3auuu. OnepaTuBHbIA KOHTPOJIb
OPUEHTHPOBAH Ha TEKYIIYIO MMPOU3BOJICTBEHHYIO JIEATEIbHOCTh: Hape3Kka KaluOpoB
Ha BajJKax; COOJIIOJEHHWE MPOU3BOACTBEHHOI0 TIpaduka; HajauuuMe 3amaca
BaJIKOB U T.J.

ANC xoporio cornacyercs ¢ IpUHLUIIAMU KOHTPOJIsA, 6€3 COOII0IeHUsT KOTO-
PBIX HEb3 JOCTUYD LIETH.

ANC oxBatbiBaeT Bce cepbl BATIKOBOI'O XO35HCTBA, YTO MO3BOJISIET MOIY4YaTh
JIOCTATOYHO TMOJIHYI0 U OOBEKTUBHYIO KapTHHY. XOTS KOHTPOJIb OCYIIECTBISETCS HE
paau BbIABICHUS NPOOIeM, KAKUMU Obl MHTEPECHBIMU OHM HU ObUIM, a JUISl UX yC-
NEIIHOTO PELIEHUs! M JOCTHXKEHHS KOHKPETHBIX pe3yibTartoB. [loaromy muHdopma-
s, HEe HYXXHas Ui KOPPEKTHUPOBKH NIEATEIBHOCTH, OeCIoie3Ha U cOOMpaTh ee He
cTouT. B TO ke Bpemss HEOOXOAMMO TOYHO 3HATh CTENEHb OTKIOHEHUS OCHOBHBIX

IPOLIECCOB OT HAYYHO OOOCHOBAHHBIX CTAaHAAPTOB, UTOOBI UMETh BO3ZMOXKHOCTH IMPO-
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BECTU TOYHBIA aHAJIN3 MPUYUH U MOCIEACTBUN U CHOPMYITUPOBATH aJICKBATHHIE pe-
HICHUS.

KoHTpoJsib MOXKET OCyIIeCTBIATh HE OAHO JIMILIO WM HEOOJbllIas TpyIma Jko-
7iei, a Bech MepcoHai, 00 JIydlInii KOHTPOJIb — 3TO CAMOKOHTPOJIb 3aWHTEPECOBAH-
HBIX B pe3yjbTaTax CBOero Tpyaa ucnojHuteneil. [losromy, yToObl MOJY4YUTHh Ha-
JIEKHBIA KOHTPOJIb, OT HETO HY’KHO OTKa3aThCs, «OTIYCTUTh MOBOAbS, MAKCUMAIIb-
HO PACIIUPUTH IMOTHOMOYHS JIIOJICH B TIPOIIECCE BHIMOTHEHUS CBOUX OOS3aHHOCTEHN U
IIPOBEPSITH JIUIIb CAMOE BaXKHOE — PE3YJIbTATHI.

Cucrema KOHTpPOJISI, IOCTPOCHHAS! HA KJIIOYEBBIX MOKA3ATENSAX, UMEET CTpaTe-
TUYECKYI0 HANPAaBICHHOCTh, 33JIaHHYI0 OCHOBHBIMH NPUOPUTETAMH PA3BUTHUSL Opra-
HU3ALIUU B LIEJIOM.

B 10 e Bpemss AUC mo3BOJIUT JOCTHUYB TJIABHYIO LIEJIb KOHTPOJIS — MPEAOT-
BpalieHue OmuOOK, a HEe MCHPABJICHHUE, YTO 3HAYUTENBHO JemieBie. [loaTomy KoH-
TPOJIb TPEJCTABISET COOOM HEOTHEMIIEMBIN JJIEMEHT Mpollecca TIAHUPOBAHUS Ha

BCEX €r0 CTaausX.

5. [IyT cHU:KeHU 3aTpaT U IKOHOMUYeckuii dPpdekT oT BHeaApennss AUC

AWC ydyera u ynpaBiaeHHs BAJKOBBIM XO35MCTBOM COPTOBOIO 1[€Xa OTKPHIBAET
HOBBIE BO3MO>KHOCTH Ha IIyTH CHUYKEHUS IPOU3BOJCTBEHHBIX 3aTpar.

OnHuM W3 MyTel CHUKEHUS 3aTpaT HA MPOKATHBIE BAJIKU SIBJIIETCS MOBBILIE-
HUe Koa(PuIMeHTa uX UCIoIb30BaHus. Banku HU Kora He BeIpaOdaThIBatOT CBOM pe-
cypc Ha 100%. D10 BbI3BaHO CIAEAYIOIMIUMU MPUYUHAMH:

— IIOJIOMKOH BaJIKOB;

— omMOKaMu MpHU Hape3Ke KaIuOpoB;

— KOMOWHHMpOBaHHEM KAIMOPOB Ha OOYKE BaJKa;

—  OTIpaBJIEHUEM BajJKa Ha MEPETOUYKY C HEMCIOJIb30BaHHBIMU KaIUOpamu.

[ToTHOCTBIO YCTPaHUTh JAHHBIE TPUYHUHBI BPSA JIM YJACTCS, HO YMEHBIIUTh UX

BO3/eiicTBHE Onaronaps 0osiee TOUHOW CUCTEME y4eTa BO3ZMOXKHO.
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B uvactHOCTH, HanMUYue NEKTPOHHOMN 0a3bl NaHHBIX MO KaTUOPOBKE BAJIKOB U3-
0aBUT OT HEOOXOJUMOCTH UMETh OyMakHbIe yepTexu. Tak Kak KaJIuOpoBKa MOCTO-
SSHHO MEHSETCS MO Pa3IMYHbIM MPUYMHAM, TO UMEET MECTO XOXKJIECHHUE MHOXKECTBA
BEPCUH YepTeXKEH, OTCIEIUTh KOTOPhIE HEBO3MOXKHO. JTO TAKXKE MO3BOJIUT MOIHATH
IPOU3BOAUTENBHOCTD TPY/a, TaK KaK OCBOOOJUT OT MHOTHX HEHYKHBIX JEHCTBUM.

KannbpoBounoe 6r0po, Kak pa3pabOTUMK YepTekKeH, HOKHO OyAeT moajep-
KUBATh 0a3y B aKTyaJIbHOM COCTOSIHWU, YTO HE yAAETCs CIelaThb C MHOXKECTBOM Oy-
MaxkHbIX Komui. Kpome Toro, 6aza morna Obl comepiaThb PEKUMBI MPOKATKU IS
ONEPATOPOB U BAJBLOBIINKOB CTaHOB. Hannune equHCTBEHHOM, NIPaBUJIBHOM, aKTY-
aJbHOM M JTOCTYIHOM JIJIsl BCEX BEPCUM KATIMOPOBKHU BAJIIKOB OyAET CIIOCOOCTBOBATH
HOPSAIKY U COKPAILIEHUIO OLINOOK.

Llenpr0 KOMOMHMPOBAHUS PA3JIMYHBIX KAIMOPOB Ha BajJKax SIBJISETCS COKpa-
[ICHHE NIapKa BAJIKOB M KOJIMYECTBA MEPEBAJIOK, TaK KaK HAa OJHUX U TEX K€ BaJjKax
MO’KHO MPOKaThIBaTh pa3inyHble npoguin. OIHAKO MECSUHbIE KAMIIAHUN MPOKATKU
OTIMYAIOTCA JPYT OT ApPyra U cOCTaBoM mnpoduiei, 1 o0beMaMu 3aKa3oB. DTO NpH-
BOJIUT K TOMY, YTO HE BCE KAIUOPHI UCIIOIB3YIOTCS B IaHHOW KaMIIaHUH, a OCTaBJIATh
UX JI0 CJIEIYIONIe HEpallMOHAIBHO.

OTka3zaTtbcs OT KOMOMHUPOBaHUS KaauOpPOB HE MPEJCTABISETCS BO3MOXKHBIM
U3-3a TOTO, YTO 3TO NPUBENET K YBEIMYECHMIO MapKa BAJIKOB B HECKOJIbKO pa3. Ho
MOKHO CJeJlaTh ero 0ojee pauuoOHAIbHBIM MPHU HATUYHUHU MOJHOW MH(pOpMaIuu 00
HCIIOJIb30BaHUHN KaTHOPOB.

Hpyroii, BO3MOXHO HaubOojee 3HAYUTENbHBIA, MyTh CHMXKEHHS 3aTpaT Haxo-
IUTCs B cepe yrpaBieHus 3amacamu Baiakos [10, 17].

Hcnonp30BaHne HayuYHbIX METO/IOB YIPABICHUS 3arlacaMu MO3BOJISIET BBISIBUTD
CKPBITbIE BHYTPEHHUE PECYpPCHI MPEANPUSTHS, YTO MPEACTABISAET cOO0M cepbe3HbIN
pe3epB MOBBILIICHUS] PEHTA0ENIbHOCTH XO3WCTBEHHOW NEATETbHOCTU MPEeANPHUSITHSL.
BonbIIMHCTBO cUCTEM ympaBieHHs 3amacaMu 0a3UpyeTcs Ha CTaTUCTHYECKOM H3Y-
YEeHUH 3aKOHOMEPHOCTEN MOTpeOsIeH s, €r0 pa3Mepa U CTPYKTYpbl. DTH METOJbI Ja-

IOT BO3MOXKHOCTh IMOJCYUTATh SKOHOMHUYECKU II€1eCO00pa3Hbli 00BbeM MapTHH IO-
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CTaBKH W YPOBEHbB 3amaca, T.€. ONPEAeNnTh, MPU KAaKOW MX BEIUYHHE CIPOC OyaeT
YAOBJIETBOPEH, @ COBOKYITHBIE U3JIEPKKHU Oy 1yT MUHUMAJIbHBI.

VYrpaBiaTh NpOU3BOJACTBEHHBIM 3allacOM 3HAYUT BCErJa OBITh B COCTOSTHUHU
YAOBJIETBOPATh TpeOOBaHMS MPOU3BOJICTBA. Eciu ympaBieHue 3amacaMu OCYIIECTB-
JIIETCSI C YYETOM ITOro TpeOOBaHMS, TO €r0 pear3alys BO3MOKHA UCKIFOUUTEIHHO
Ha OCHOBE OMPEJICICHHOTO0 YPOBHS 3amacoB. Uem OoJibIlle 3amacoB, TeM Jierde yaoB-
JIETBOPSATH CIIpoC HAa HUX. HO 3TO ycioBUE OTBJIEKAET B 3aMachl 3HAUUTEIIbHbIE 00bE-
MBI OOOPOTHBIX CPEJICTB M CHIIKAET MX 000pauMBaeMOCTh, T.€. CHIDKAET 3((DEKTHB-
HOCTb MCIIOJIb30BAHUS CPEICTB Mpon3BoicTBA. HO M Mamoe ux KOJIM4ecTBO NPUBOJIUT
K MOTEPSIM.

MeTtoabsl peryadpoBaHMs 3alacoB, KakK IpaBmwio, TeM 3(PQdeKTUBHEH, deM
Oosbiiie uMeetcsi nHpopmaruu o cropoce. Vcnons3oBaHue pekoMeHIAIUi TEOPUU
yIpaBJeHUs 3amacamMu TpeOyeT HaydHOro IOoaXoJa K M3YUYEeHHIO 3aKOHOMEPHOCTEH
cripoca.

B namem ciiydae, a Mbl TOBOPUM 00 YIPABJICHUU 3aracamMu BajKOB, MOTPEOU-
TereM OyneT SIBISAThCS MpoKaTHbIN crtaH. MH(opMmaiua o motpebieHnu MpoKaTHBIX
BAJIKOB JIOJKHA KOHUEHTpHUpOoBaThes B AVC, 4TO mOCTYyKMT OCHOBaHUEM JIJI OIpe-
JIeJICHNS SKOHOMUYECKH 000CHOBAHHBIX HOPM MPEICILHOTO YPOBHS 3ariaca BaJIKOB.

OTanyuTeIbHON 0COOEHHOCTBIO BAJIKOBOI'O X03siicTBa coptoBoro mexa OAO
«MMK» gBasieTcsi TO, 4TO CTPaxOBOM 3amac BaJKOB 3HAYUTEIBHO MPEBOCXOJUT TE-
KYLIMA 3amac. 9TO CBA3aHO C LIMPOTOM COPTAMEHTA, BBITYCKAeMOW MPOIYKIIMH, a
TAKX€ C BBICOKOM MHEPTHOCTHIO MPOM3BOJICTBEHHOTO MPOIIECCA, HEMPEPBIBHOCTh KO-
TOPOTO KpalHe Ba)KHA.

[TosTomy Hambombmwii 3PpPexkT MOXKHO OXKUIAATh UMEHHO OT COKpAIICHUS
cTpaxoBoro 3arnaca. OJJHaKO METOJI0J0TUsI UX 0OOCHOBaHUS, B OTJIUYUE OT TEKYIIUX
3aracoB, pa3zpaboTaHa HE CTOJIb XOPOIIIO.

[Ipu dhopmupoBaHuu 3amaca BaJKOB MBI JO CHX MOpP PYKOBOJCTBYEMCS MPUH-
IUIIOM — 4YeM Oosiblie, TeM Jydiie. M mpu 3ToM cchljlaeMcsi Ha COBETCKHE HOPMBI
[18], xoTopsie siBHO ycTapenu. [IpuMeHSTh JaHHbIC HOPMBI HEIb3s €IIe U MOTOMY,

4TO COBPEMCHHBIC CTaHbl UMCIOT BaJIKH, PECYPC KOTOPBIX 3HAYHUTCIILHO BBIIIC. HpI/I-
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OOpETEeHHBIN OMBIT 32 BpeMsi pabOThl HOBBIX CTAHOB CBUAETEIHCTBYET O TOM, UTO
UMEIOIINECs 3arachl BaJIKOB HE ONTHUMAaJbHBL. PealibHas CTOWKOCTh KalMOpPOB OKa3a-
JIaCh BBIIIE, YEM ITO IIPEATNIOIATAIOCH IPU CTPOUTEIIBCTBE CTAHOB.

OcoOblil MHTEpEC MPEACTABISAET HEIUKBHIHBIN 3allac BAJIKOB — 3TO BaJKH, Ha
KOTOPBIX Hape3aHbl KanuOpbl, HO OHU HE HCIIOJIb3YIOTCA. DTO CBA3aHO C TEM, YTO B
COpPTaMEHTE 1ieXa €CThb OYEeHb PEJKUE MPO(UIN MPOKaTa, KOTOPbIE MOTYT IPOKAThI-
BaTbCs OJIMH pa3 B HECKOJIBKO JieT. Kak nmpaBuiio, 00beM 3aKa30B Ha TAKOW MPOKAT HE
npesbitaet 120 ToHH. [ToaToMy Cpok City:kO0bl BaJIKOB JUIsl JaHHBIX NPOQUIEH MOXKET
COCTaBJISITh COTHU JieT. C TOUYKH 3peHus (PyHKIIHMOHAJIbHO-CTOUMOCTHOTO aHAJIU3a HE
paMOHAIIBHO UMETh BaJIKU, CPOK CIIYKObI KOTOPBIX MPEBOCXOJUT CPOK CITYKOBI cTa-
Ha. bonee Toro, HECKOJIBKO JIET — ATO CIMIIKOM OOJBIION CPOK, 32 KOTOPBIM MOXKET
MHOTO€ MIOMEHATHCS (MCUE3HET MOTPEOUTENH MPOKATA WIIM Y HETO U3MEHUTCS TEXHO-
JIOTHUS ¥ OTHA/IET NOTPEOHOCTH B IAaHHOM Ipoduiie).

Hcxons u3 ckazaHHOro, 60jiee palMoHaIbHBIM ObLIO ObI epeTaunBaTh TaKHUE
BaJIKM Ha Apyrue npodunu. pyroi myTe — Hape3aTh KaIMOpbl peAKUX mpoduiiel Ha
BaJIKaxX, KOTOpPbIE BbIpa0OTaIM YacTh CBOEro pecypca, a He KOHCEpBHUPOBATH UX pe-
Cypc Ha MHOTHe€ roabl. MoryT ObITh U JIpyrue peuieHus. B arobom ciiydae HeoOxo-
JUMO PaccMaTPHUBATh KaXkIbld KOHKPETHBIM CIy4ail MHIMBHIYalIbHO, a 0€3 TMOJHO-
[EHHOU MH(POPMAIIMK STO HEBO3MOXKHO.

AHanu3 ToW HE3HAYuTEeNbHOW MH(pOpPMAIMHU, KOTOpasi UMEETCA Ha CEroJHSIII-
HUIl J1eHb, MO3BOJISIET PACCUUTHIBATh, uyTo nociie BHeApeHnuss AC moxHo Oyner co-
KpaTUTh MapK BaJIKOB. DTO BO3MOXHO 3a cyeT Oejiee TOUHOTO ONpeNesieHUsl CTOMKO-
CTH KaJIMOPOB M pacxo/ia BaJKOB, a, 3HAUUT, U MEHbIIIEH MEepEeoleHKH prcKa o0pa3o-
BaHus Aeduiuta Baskos [19, 20], cokpareHus: KoaudecTBa OMuO0K U OoJiee paruo-

HaJIbHOTO KOMOMHUPOBAHUS KaTHOPOB.

6. 3ak04YeHne

B coBpemennom Mupe nH(popMalys M0 CBOCH BaXXHOCTU HE YCTYMAaeT APYTUM

pecypcam, a I/IH(l)OpMaHI/IOHHBIC TEXHOJIOTHUU — Hauboee AWMHAMHWYHO pa3BUBAIOIAA-
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cs chepa xu3Hu. OUeBUTHO, UTO O€3 pa3BUTH JAHHOU C(hephl y KPYITHOTO MIPEATPH-
ATHS HET Oy IyIIero.

[TokazaHo, Kak JOCTaTOYHO MPOCTasi B pa3pabOTKe U HKCILTyaTalluii aBTOMaTHU-
3MpPOBaHHAsA CUCTEMA YIPABJICHHS MOKET NOBJIMATh HAa MPOU3BOJICTBEHHBIN MPOIIECC.
[Ipu mpaBUILHOM NOJIXO0JI€ K JIETy UH(POPMAIIMOHHBIE CUCTEMBI MOTYT MIPEIOCTABUTD
CEpbhE3HOE KOHKYPEHTHOE MTPEUMYIIIECTBO.

[Ipensiaraemasi cuctemMa y4era U yupaBJIeHHUsS B BAJIKOBOM XO3CTBE COPTOBO-
ro 1eXa SIBJSETCS JIMIIb YaCTHBIM npuMepoM. [1oo0HbIe CUCTEMBI BO3MOXKHO U He-
00X0JIMMO UCIOJIb30BaTh B APYIUX MPOU3BOJICTBEHHBIX cepax KaKk COPTOBOTO, TaK U
JIPYrUX LIEXOB KOMOMHATA.

O6unue undopmaiuu, koropoe npenoctaBisiior AUC, mo3BoIsET UCTOIb30-
BaTh CTATUCTUYECKHUE METO/bI aHAIU3A.

[Ipenyaraemasi cuctemMa yIrpaBJeHUSI BaJKOBBIM XO3SMCTBOM B OYyIyIIEM I0O-
3BOJIUT TAKXK€ BHEJIPSATH JIOTUCTUUECKUE METObI ONITUMU3AIMU. B npukiiagnom 3Ha-
YEHUHU JIOTUCTUKA MPEANPUATUS] BCE B OOJIBIICH CTENEHU PacCMaTpUBAETCS KaK WH-
TErPUPOBAHHBIN TPOIECC, a UHTEerpanus 0e3 o0mei MHPOPMAIIMOHHON Cpebl He-
BO3MOYKHA.

VYmpaBieHre TECHO CBSI3aHHO C MOHSATHEM 00paTHO cBsi3u. MHbopmaiimoHHbie
TEXHOJIOTUM BBIBOJSIT 3TY CBSA3b HA HOBBIA ypOBEHb, a, CJIEIOBATEIHHO, HA HOBBIM

YPOBEHb BBIXOJMT U CaM IMPOLIECC YIIPABICHHUS.
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0.C. Kaneauna, A.C. Jlumapesn
®I'bOY BIIO «MaraHuToropckuii rocy1apcTBEHHbBIN

TexHU4YeCcku yausepcuret uM. ['.M1.Hocoa»

COBEPHIEHCTBOBAHUME TEXHOJIOIT'NHU PACKPOA ITPOKATA
HA COPTOBBIX CTAHAX

B cmamve paccmompenvt npuyunvl 00paz08anus HeMepHOU NPOOYKYUU HA
copmosvix cmanax. Ilpoananuzuposamnst pakmopsi, okasvleaoujue erusHue Ha OTUHY
20moeo2o npokama. A maxoice QYHKYUOHANbHO BbIPANCEHA 83AUMOCEA3b IMUX Na-
pamempos u OIUHbl KOHEYHOU NPOOYKYULU.

Knrouesvle cnosa: copmonpoxammnoe npouzeoocmeo, HeMepHas NpoOyKYusl,

pecypcoc6epeeaiou;ue mexHoJjiocuu, peska emaiid.

KauecTBO npoayKuuu — olMH U3 BaXXHEUIIUX (PaKTOPOB 00ECIEUNBAIOIINX yC-
HEIIHYI0 KOHKYPEHLMIO METAUTyPTHYECKUX MNPEeNNpUATHN KaKk Ha OTEYECTBEHHBIX,
TaK ¥ Ha 3apyOEKHBIX PBIHKAX METAIONPOIYKIIUU. HTEHCUBHOE YBETUYCHHUE 00b-
€MOB CTPOUTENIbCTBA KHJIOM U KOMMEPUYECKON HEABMKMMOCTH B IOCIIEHEE BpEMs
MOJIICPKUBAET HAa BHICOKOM YPOBHE BHYTpPEHHEE MOTPeOJIeHHE COPTOBOIO IpOKaTta
Ha OTEYECTBEHHOM pbIHKE. Pa3BuTHE CTpOUTENHCTBA MOTPEOOBATIO HOBBIX MPOU3BOJI-
CTBEHHBIX MOIIHOCTEH, OCHALICHHBIX COBPEMEHHBIMU OOOPYIOBAHMEM M TEXHOJIO-
THSIMH, YTO TTOBBICHJIO aKTyaJbHOCTh HAYYHOT'O HAMPAaBJICHHSI, PEHIAIOIIETO BOMPOCHI
MOBBIMICHUS KAYEeCTBA, MPOU3BOJIUTEILHOCTH W 3(PPEKTUBHOCTU PAOOTHI COPTOBBIX
craHoB [1].

B HacTosiee BpeMs TEpCIEKTHBHBIM HAMpaBICHUEM YIyUIICHHUS TEXHHKO-
HPKOHOMHUYECKHUX TIOKa3aTesiell COPTOBBIX CTAHOB SIBJISIETCSI BHEPEHUE pecypcocOepe-
ralolluX TEXHOJIOTUHM B MPOU3BOACTBO, K KOTOPBIM MO>KHO OTHECTH [2]:

— HKOHOMUYHYIO TEXHOJIOTHIO PACKPOS;

— YBCJIIMYCHHUC BbIXOAAd I'OAHOTO MCPHOTO ITPOKATaA,
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— CHW)XEHHE Opaka B pe3yibTaTe YMEHbLICHHS "Oypekek'" MexTay rpynmnaMu
KJIETE! TPOKATHBIX CTAHOB;

— yMEHBIIEHUE OTXO/A0B Ojaroaapsi 0Ope3Ke MUHUMAIbHOM JUIMHBI 3aX0JI0-
YKEHHBIX KOHIIOB PAaCKaTOB;

— IOJIyueHHue TpeOyeMOoro KauecTBa TOPLOB MPOKaTa MpHU pe3Ke U paciiupe-
HUE COpPTaMEHTa KaueCTBEHHO pa3pe3aeMbIX MpoQuiel ¢ MOMOLIbI0 HOXEH coBep-
LIEHHBIX KOHCTPYKINH;

— yMEHbIIEHUE NOTPEOIEHUS IJIEKTPOIHEPTUH JIETYUYUMHU HOXKHHUIIAMU U THU-
JaMu 3a CYET NPUMEHEHHS PEKHMMa 3allycka Ha pe3 BMECTO PEKHMMa HENPEPBIBHOIO
PAaBHOMEPHOT'O BPAILEHUS U UCIOJIb30BAHUS YCOBEPUIEHCTBOBAHHBIX TUIIOB HOKHHII
C YMEHBIICHHBIMA MOMEHTAMHU UHEPLIMU UCIIOJHUTEIBHBIX MEXaHU3MOB.

Kaxxnag u3 nepeuncieHHbIX COCTABIISIONIMX BHOCUT CBOM BKJIAJ B OOIIYIO J10-
JII0 OTXOJIOB IIPU NPOM3BOACTBE Mpokarta. IIpu 3Tom ciieqyer Takke y4UThIBaTh, U4TO
OCHOBHBIE NTOTPEOUTETN COPTOBOM CTanu TPeOYIOT BBIIIOJIHEHUSI CBOMX 3aIllPOCOB 10
JUIMHE, MOATOMY HaJIM4he HEMEPHON MPOAYKIMU CYLIECTBEHHO CHUXAeT 3(P(PEeKTHB-
HOCTb COpPTONPOKAaTHBIX CcTaHOB. COPTOBOI NpOKaT MOCTaBISAETCS MOTPEOUTEIIO
MEpHOH (CTPOTO perjaMeHTUPOBAHHON) U HeMepHOW miuHbL. [lockonbKy IieHa Ha
HEMEPHBII MPOKAT 3HAYUTENFHO HI)KE, YeEM HAa MEPHBIH, 3TO 00yCIaBIMBaeT CHUXKE-
HUE KOHOMHUYECKHUX IOKazarejaed paboTel ctaHoB. [103TOMY yMeHbIlIeHHE BBITyCKa
HEMEPHOIro MpoKaTa OCTPO CTOUT MPU MPOU3BOACTBE cOPTOBBIX Mpoduiei [3]. Cpe-
1 (HaKTOpOB, OKa3bIBAIOIIMX CYIIECTBEHHOE BIMSHHE HA OOpa30BaHHE HEMEPHOU
MPOIYKIHU, MOKHO BBIJICIUTH CIEAYIOIINE:

— HeNpaBWJIbHAs HAcTpoWKa OO0OpyIOBaHMs, YYacTBYIOIIEIO B PE3Ke
MeETaa;

— HapylIeHHE TEXHOJOTMYECKOIO peKMMa HarpeBa 3aroTOBKM U MPOKATKHU
MeETaa;

— OTCYTCTBHE Ha NMPOKATHOM cTaHe 3(PPEKTUBHBIX aJalTUBHBIX aBTOMAaTHU3U-
POBaHHBIX CUCTEM YIPABJICHUS MPOIECCOM PE3KHU.

HenpaBunpHas ycTaHOBKa ynopa, HECBOEBPEMEHHOE OTKIIFOUEHHE POJIbIAHIa,

a TaKk>Ke COCTOSIHME BCEro 00OpYyI0BaHUS PE3KU MPUBOIAT K 00pa30BaHUIO HEMEPHOMN
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MPOAYKIMU. Takke CYIIECTBEHHOE BIHMSHHE HAa KAadyeCTBO MPOIYKIIMU OKa3bIBAIOT
KOHCTPYKTHUBHBIE W TEXHUYECKHE OCOOCHHOCTH OOOpYIOBaHUS, YYaCTBYIOIIETO B
pe3Ke, HeYJOBJIETBOPUTEIHLHOE COCTOSIHUE KOTOPOTO MOXET MPUBECTH K 00pa3oBa-
HUIO TPEUIMH HA MOBEPXHOCTH MPOKATa. ITO MPUBOIUT K HEOOXOIUMOCTH OOpPE3KH
ne(eKTHBIX KOHIIOB, @ COOTBETCTBEHHO, K CHIDKEHHMIO MPOU3BOJUTEIBLHOCTH H
yYMEHBIIEHUIO0 Bbixoga roaHoro [4]. [TosTomy HeoOXoaWM THIATENbHBIA KOHTPOIb
BCEX TEXHUYECKHX TapaMeTpoB O0OpyAOBaHUS, 3aJCHCTBOBAHHOTO B MPOIECCE XO-
JIOJTHOM PE3KH MPOKaTa.

Hapyiienne TEeXHOJIOTHYECKOTO PEKHMMa HarpeBa 3aroTOBKH M MPOKATKUA Me-
TaJuTa IPUBOANT K CYIIECTBEHHOMY M3MEHECHHIO MapaMeTpOB (OPMOU3MEHEHUS, YTO
CKa3bIBACTCS HA TEOMETPUUECKUX XapaKTEPUCTUKAX MPOKATa, B TOM YHCIIE U HA JJIH-
He. Bee 970 co3gaeT 00BEKTUBHBIC YCIIOBHS I 00pa30BaHUS HEMEPHOU MPOTYKITHH.
[ToaTOMy Tpu MPOU3BOJCTBE COPTOBOrO MpOKaTa HEOOXOJUMO COOJIIOJACHUE OCHOB-
HBIX TEXHOJOTUYECKUX MapaMeTpoOB B JOMYCTUMBIX JUANa30HaX BO3MOKHBIX OTKJIO-
HeHuit [5]. B cBOIo odepelib, MOJHOE BBHIMOJHEHUE BCEX HEOOXOAUMBIX KOHTPOJIBHBIX
oTepaluii 3a COCTOSIHUEM 00OpYIOBaHMS, HECMOTPS Ha BHICOKHI ypPOBEHb aBTOMATH-
3allMF COBPEMEHHBIX COPTOBBIX CTAHOB, BCE €I CHJILHO 3aBHCHT OT KBaTU(UKAIIH
pabouero nepconana. Buenpenue 3(hPeKTUBHBIX METOJIMK OLIEHKH, T0JI00pa U TO/I-
TOTOBKH TIE€pCOHAa Ha OTBETCTBEHHBIX MPOU3BOJCTBEHHBIX YYaCTKaX IMO3BOJUT CY-
IIICCTBEHHO CHU3HUTH BBHIMYCK HECOOTBETCTBYIOIICH MPOMYKIIMA M TTOBBICHTH 3 (DHeK-
TUBHOCTh ITPOU3BOJACTBA [6].

CyIIecTBYOIIME CUCTEMBI YIIPABIICHHUS MPOIIECCOM PE3KH Ha COPTOBBIX CTaHAX
HE TI03BOJIAIOT PEaM30BaTh PAMOHAIBHBIN pacKpod MpoKaTa, MCKIIOYAIONTUN He-
MepHYI0 npoaykmnuio. ClenyeT yYuThIBaTh, YTO B MPOKATHOM II€XE OCYIIECTBISIOT
packpoii Ha KpaTHbIE MEpHBIC JJIMHBI C HEMEPHBIMU OTPE3KaMH HE MEHEE OJHOTO
metpa u 10 10% wmaccel Beeil maptuu. Mcnonab30BaHUE 3TOrO MPOKaTa MPUBOAUT K
00pa30BaHUIO OTXOA0B B O0JbIIOM KonuuecTBe [7]. IIpudrHOit 3TOMY SIBISETCS OT-
CYTCTBHE B aJITOPUTMAX PE3KH METaJlJIa MOJCIICH, YUUTHIBAIONIUX U3MCHCHUE TEXHO-
JIOTUYECKUX MMapaMeTPOB MPHU COPTOMPOKATHOM Tpou3BoaAcTBe. Kpome Toro, reomer-

PHYCCKHC MMAPAMCTPhI 3arOTOBOK MOT'YT TaKXKXC BAPpbUPOBATHCA B 3aJaHHBIX IIPCACIax.
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OTcyTCTBHE BO3MOXKHOCTH ydeTa 3TUX (aKTOPOB Ha JIEHCTBYIOIIEM IMPOU3BOJICTBE
IIPUBOJUT K TOMY, YTO OJTHH U T€ K€ TEXHOJOTUYECKHUE PEKUMBI PE3KU UCIIOJIB3YIOT-
Csl I IPOKATa pa3iu4HOW JUIMHBI. Pe3ysbTaToM 3TOro SBISETCS HAJIU4HUE HENpo-
THO3UPYEMOM HEMEPHOU MPOAYKIIUHA HA COPTOBBIX CTaHaX.

Pa3paboTka Moaenn ONTUMHU3ALNMU PACKPOs [TPOKATa ¢ yUETOM U3MEHSIOLINXCS
TEXHOJIOTMUECKUX (PAaKTOPOB U BHEJIPEHHE B aBTOMATHUECKYIO CUCTEMY YIIPaBJICHMUS
TEXHOJOTHUECKHUM TPOIIECCOM PE3KU obecredaT packpoil mpokaTa, KOTOPBIN MPaKTH-
YEeCKH UCKIIIOUUT 00pe3b, HE MPEAYCMOTPEHHYIO TEXHOJIOTMYECKON TOKYMEHTALUEH.
Cpean (hakTopoB, BIUAIONIMX Ha JUIMHY KOHEYHOI'O IPOKATa, KOTOpasi B UTOTe Ompe-
JETSAET XapaKTEPUCTUKN PACKPOsl, MOYKHO BBIJEIUTD CIAEAYIOLIHUE:

— TEOMETPHUUYECKHUE [TapaMETPhl 3arOTOBKU U TOTOBOM IIPOAYKIUY;

—  TEXHOJIOTMYECKUE PEKUMBI HarpeBa " NMPOKATKNA METAILIA;

— TEXHMYECKUE XapaKTEPUCTHKU OCHOBHOTO M BCIOMOIaTeJIbLHOTO0 000pyJO0-

BaHWS,

— MEXaHWYECKHE CBOKCTBA CTaJIH.

[Tpu BBIOOpE MapaMeTpoB packposi MeTajljia HEOOXO0AUMO 3HATh MOJHYIO JUTUHY
KOHEYHOI'0 MpoKaTa. ITO MO3BOJUT MPABWIBHO ONPEACIUTH apaMeTphl packposi Ha
JTanax NpeBapUTEIbHON PE3KU, UTO B UTOre 00ECIEeUUT pe3Ky MeTaiia 0e3 ocTaT-
KOB Ha OKOHYaTeJbHOM 3Tamne. B olmem ciyyae (QyHKIMOHAIBHYIO B3aUMOCBS3b

ATUX MapaMeTPOB U JIJIMHBI KOHEYHOTO MPOKaTa MOXHO BBIPA3UTh cleayrouien Gop-

MYJIOM:
L=f(K,G,T,S, M),
rne K — reomerpuyeckue mapamMeTpsl 3aroTOBKH;
G - reomMerpuyeckue mapaMeTpbl FTOTOBOM MPOTYKIIHH;
T — mapaMeTpbl, XapakTepU3YIOLIME TEXHOJIOTMYECKUE PEXUMBI IIPU MPOU3-
BOACTBC COPTOBOTI'O ITPOKATA,;
S — mapameTpsl, XapakTepU3YIOIIHNE TEXHHUECKUE XapaKTEPUCTUKH 000pY10-

BaHHS;
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M - napamerpsl, XapakTepU3yIOIIHEe MEXaHMYECKUE CBOMCTBA M XMMHUUECKHI
COCTaB MPOKATHIBAEMOW CTaJIH.

OCHOBHBIMM T€OMETPUUYECKUMHU IMAPAMETPAMH, ONPEICIAIONIMMU JIUHY KO-
HEYHOW MPOAYKIUH, SBIIIOTCS IIUPHHA, IJIMHA U BbICOTA 3aroTOBKH. [I0cKOIBKY ma-
paMeTpbl 3arOTOBOK MOTYT U3MEHSTHCS B 3aJIaHHBIX MpEJeax, TO 3HAHUE ATUX Ia-
pPaMETPOB IMO3BOJIIET MPOTHO3UPOBATh JJIMHY KOHEUYHOW NPOIYKIMH B IIHPOKHUX
npenenax. boiee TouHOe onpeneneHre 3TUX NapaMeTpoB JO Hadajga IPOKaTKH Cylie-
CTBEHHO IOBBICUT TOYHOCTh MMPOTHO3UPYEMOU JIJIMHBI MPOAYKIHH HA BBIXOJAE U3 MO-
CJIETHEN KIIETH.

3HaHWE FeOMETPUYECKHUX MapaMeTpOB KOHEUHOW MPOAYKIUU OINpPEAEIIeT He-
00X0MMOE KOJIMYECTBO PE30B Ha BcexX ATamax pe3ku. [Ipu HeoOxoaumocTu HEOOIb-
[10€ M3MEHEHHE TEXHOJOTMYECKH MapaMeTpoOB HAa MPEIUIECTBYIOLUIMX ATanax AaeT
BO3MOYKHOCTb ONTHUMHU3UPOBATh JUIMHY PACKpOs, YTO YMEHBIIUT BEPOATHOCTH BO3-
HUKHOBEHMSI HEMEPHOI'O ITPOKATa.

Biugaue TexHonornyeckux (pakTopoB Ha JJIMHY MNPOKAaTa HEOJHO3HAYHO, MO-
CKOJIBKY [1a’K€ HE3HAUWTEJIbHBIE W3MEHEHUS TEMIIEPaTypHO-CKOPOCTHBIX PEKHMOB
MPOKATKHA COBMECTHO C MapaMeTpaMH, XapaKTepU3YIOIMMHU MEXaHUYECKUE CBOMCTBA
CTaJly, MPUBOJAT K CYIIECTBEHHOMY U3MEHEHUIO (popMou3MeHeHus. B cBsizu ¢ atum
1eJ1eco00pa3Ho MpHU OMNpeNeeHUH apaMeTpPOB PACKPOs UCIOJIb30BATh JOCTATOYHO
TOYHYIO U OBICTPYIO MOJeib (HOpMOU3MEHEHUS. B HEKOTOPBIX ciayyasx 3TO Mpe.-
CTaBJIAECTCS 3aTPYIHUTEIbHBIM, YTO MOKET OBITh 3HAYUTENIBHO YIPOIIEHO 3a CYUET
MCITI0JIb30BaHUs MONPaBOUYHBIX Kod(dduimenToB. Hapsay ¢ aTum Oosiee BaxkHOE 3HA-
YeHUEe MMEET HaJIMuuhe TEXHOJOTMYECKOM o0pe3u Mexay kietsmu. Mcnonab3oBaHue
ATOrO pecypca 00ecredrnBacT BO3MOKHOCTh BapbHUPOBAaHUS UIMHBI KOHEYHOTO MpO-
KaTa B IMIMPOKOM JUana3oHe, YTO, B CBOIO Ouepeib, MO3BOJISIET Oosee paloHaIbHO
ONPEAENATh NapaMeTPhl paCKpOs IpoKaTa.

[Ipu ompeneneHnn napameTpoB PAcKposi HEOOXOAUMO YUUTHIBaTh XapakTepH-
CTUKUA O0OpYAOBaHMS, KOTOPbIE MOTYT CTaTh OIPaHUYMBAIOMIMMH (haKTOpaMu MpU
BBIOOpE 3HAYEHUH NapaMeTPOB PACKPOsA. ITO CBA3AHO B MEPBYIO OYEPEIb C OIPAHU-

YEHHOU ,IIJII/IHOfI 141 IIIPIpPIHOﬁ XOJIOAWJIbHHKA, Y4aCTKa PE3KH. COOTBETCTBEHHO JJINHa
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IIpoKara I10cCJic Hp@I[B&pHTCJ'IBHOfI PE3KH HE AOJDKHA IIPCBBINIATH 3aJIdHHBIX ITPCIC-
JIOB. HOCKOHBKy 9THU MAPaMCTPhI ABJIAIOTCA HCU3MCHHBIMH, TO OHHU CYIICCTBCHHO OT-
PaHUIHUBAOT BO3MOKHOCTHU IIO OIITHMH3AIKWU TCXHOJIOTHYCCKUX PCIKHUMOB PACKPOs
MCTaJl1a IIOCJIC IIPOKATKU.

Takum 06p8,30M, pa3pa60TKa MaTEMaTHYECKOM MOJACIIN OIITMMH3aIIMH TCXHO-
JIOTUH PC3KU COPTOBOI'O IIpOKATa M BHCAPCHUC €C B ABTOMATHU3UPOBAHHYIO CUCTCMY
YHpaBJIICHUSA TCXHOJOTHYCCKHUM IIPOHCCCOM PACKPOA MCTANIa Ha COPTOBBIX CTaHax
IMO3BOJIUT CYHICCTBCHHO CHU3HUTH KOJIMYCCTBO HeMepHOﬁ MMpOAYKIHH, YTO IIPUBCACT K
MOBBIICHUIO IIPOU3BOJUTCILBHOCTH WM COKPAIICHHUIO 3KOHOMHWYCCKUX IIOTCPb IIPHU

IMPOU3BOACTBC COPTOBOTO ITPpOKATaA.
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C.10. Capanua, A.b. MoJiep

®I'bOY BIIO «MaraHuToropckuii rocy1apcTBEHHbBIN
TexHU4YeCcku yausepcuret uM. ['.M1.Hocoa»

P.B. HoBuuxuii

OAO «MarauToropckuii METaLTypru4eckuii KOMOMHATY

HEMEPHASA JJIMHA B COPTOITPOKATHOM ITPOU3BO/JICTBE
N CITOCOBbI EE YCTPAHEHUA

OOHUM U3 2NABHBIX BONPOCO8 MEMANTYPSULECKO20 NPOUIBOOCMBA SBIISLENICS
CcoKpaujeHue Koauvecmsea opaxka u ygeauuenue eblxooa 200H02o. B copmonpoxammuuix
yexax Memaiiypeuuecko2o npousso0cmea cyujecmeyem 3a0aud, CeA3aHHAs co coa-
yell npokama no MepHuIM OIUHAM. B npoyecce npouszsoocmea npooykyuu mMepHou
ONIUHbL NO NpUyUHe HeoOXOOUMOCMU PACKPOsL 00pa3yemcs makdHce NpooyKyusi He-
MepHOU OUHbL, Komopas He saeisemcs mogaprou. Cywecmeyiom paziuyrvie Memo-
Obl OJIs1 YCMPAHeHUs: HeMEePHOU ONIUHbL, KOmopbvie 0YO0ym paccMompenvl 8 OAHHOL
cmamue.

Knrouesvle cnosa: mezakazuas O1uHa, Hemepa, HeMEPHBIU OCMAMOK, MEPHAsL

ONUHA, PACKPOL.

OmHuM W3 TIABHBIX BOIMPOCOB METAJLUTYPTHYECKOTO MPOU3BOJICTBA SIBIISAETCS
COKpAIllEHHE KOJIMYeCcTBa Opaka M yBEIMYEHHE BbIXoja rogHoro. Eciam xe mocmoT-
peTh Ha KO3 GUIIMEHT BBIX0J1a TOJHOTO B COPTOMPOKATHOM TIepeiesie, KOTOPhIN paB-
HSETCA B cpeaHeM okoio 98-99%, To, Ha mepBbIM B3I, BOMPOC BBIXOJA TOJHOIO
KOHKPETHO K COPTONPOKATHOM TIepefeay HE OTHOCHUTCSA. Eciu ke paccMarpuBaTth
ATOT BOIIPOC O0JIee AETATLHO, TO BUIHO, YTO IPH IIEPECUETe B ICHSIKHOE BHIPAKCHUE
KaXJas IecATast 4acTh MPOIEHTA BRUIMBACTCS B MUJUIMOHBI pyOsieit B roj. [IpuBenem
puMep.

Bo3bmeM KpynmHO-CpeAHE-COPTHBIA CTaH C TOJOBOW IMPOU3BOIUTEIIHLHOCTHIO

500 000 Tonn [1]. Ilpu Beixome romgroro B 99-99,4% [1] ato maet 3000-5000 ToHH
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HeToBapHOU mpoaykiuu uiau 60-100 muH py6sel (Mpu CTOMMOCTH OJHOW TOHHBI
PYTKOBOM copTornpokaTHoi mpoaykmuu 20000 py6eit) [2]. To ecTs kaxmas aecs-
Tas 4acTh MPOIIEHTa HeceT B cede okoiio 10 mMiH py6ueit B roa. Takum o6pa3om, 3K0-
HOMMYECKH IEIeCO00Pa3HO COKPAIIEHUE IaXe OJHOU JAECSITON MPOIICHTA.

CtouT 3aMeTUTh, 4TO peliaeMas 3ajiadya BOCIPUHUMAETCS JIBOSIKO, TaK KakK 3a-
TparuBaeT U BBIXOJ F'OJIHOTO, U KOJIMYECTBO Opaka. 3/1ech CIeAyeT MPOBECTH IPAHUILY
MEXIy TOHSTHUSAMU: €CIU PAcXOoJbl HECET MPOKATHBIA 1I€X, TO HEMEpHas AJNHA B
MIPOU3BOJICTBE — 3TO CHIKEHHE BBIXOJA T'OJIHOTO, €CIU K€ PAcXOJbl JIOKATCS Ha
npeanpusaTue — 3to Opak. B ar00oM ciydae, BONpoc HEMEPHOM JIJIMHBI OCTAETCS aAK-
TyaJbHBIM KaK JJIsl IPOKATHOTO 11€Xa, TaK U IS MPEANPHUITHS B LIETIOM.

VYrnyOnssce aanelie B Bonpoc Opaka, a MMEHHO B ITPOLIEHTHOE paclpeiesieHue
BUJIOB Opaka, 0OHapy»uBaeMm, 4To 0oJiee MOJOBUHBI UMEIOIIErocsl Opaka oOpasyercs
10 IPUYHMHE HETPaBHIBHOTO packpos. Ecim noctpouts auarpammy [lapero (puc. 1),
TO CTaHOBUTCS SICHO, UTO PELICHHE BOIPOCA MPABUIIBHOTO PACKPOS] CHU3UT KOJIMYe-

cTBO Opaka nmoutu Ha 50%, TO ecTh OOJBIIYIO YaCTh MPUYMH, BHI3BIBAIOLIUX Opak.
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pacKkpoit npoyue HeaoKaT reom. nyTaHKa fedeKTsl
pasmepsl NOBEPXHOCTU

Puc. 1. JInarpamma ITapero

Takum 0Opa3om, MpHU HEMPABUIBHOM pPAaCKpO€ B COPTOBOM MPOMU3BOJICTBE IO-

ABIACTCA NPOAYKIUSA, HC COOTBCTCTBYIOIIAA Tpe6OBaHI/I$IM 3aKa3a I10 JJIMHC. Takas
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MPOIYKITUS SIBISIETCSI OpaKOM B TIPOM3BOJICTBE M HA3BIBACTCS «HE3aKa3Has» WM He-
MEpHasl UINHA.

CokpatieHue notepb MeTajjia B BUAE HEMEPHOU JUIMHBI B POKATHOM IE€peie-
Je, a 3HAYWT, MOBHIMICHUE KOX(h(HUIMEHTa BhIXOAA TOTHOTO SBISAECTCS JOCTONHBIM
crioco0oMm mnoBbIIeHUs 3H(HEKTUBHOCTH U PEHTA0EIBHOCTH TPOU3BOCTBA.

JlanHas 3a/1aya packposi UMeeT Kak MUHUMYM 6 CIIoCOOOB PEIICHHUS:

— 0OecKkoHeuHas MPOKATKa: TEXHOJIOTUSI HETIPEPHIBHOTO JIUTHSI 3arOTOBOK [3];

— 0OeckoHeuHas MPoKaTKa: TEXHOJIOTHS CBApKU 3aroTOBOK [3-5];

— BApbUPOBAHME JJIMHBI 3aTOTOBKH;

— BapbHpPOBaHUE JUIMHBI TEXHOJOTUYECKON 00pe3u B mpenesiax I0MyCTUMbBIX

3HAYCHUI;

— BapbHPOBAHME IUIOLIAAN TONEPEYHOTO CEYEHUS 3aTOTOBKU;

— BapbUPOBAHHE IUIOLIAAU MOMEPEYHOTO CEYEHUSI TOTOBOW MPOAYKUIHH [6] B

Ipeesax J0NyCTUMBIX 3HAUCHUH.

beckoHeuHasi MpokaTKa (TEXHOJIOTHSI HEMPEPBIBHOTO JIMThS 3arOTOBOK) — 3TO
yCTpaHsitoliee mpooaeMy pelrieHue Borpoca MpaBUIbHOTO PACKPOsi U HEMEPHOU T -
HbIL. [10J0KUTETBHON CTOPOHOM TAKOrO MOJAXOAA SIBJISIETCS HEMPEPBIBHOE MPOU3BOI-
CTBO TIpoyKuu 0e3 fnedekra «HemepHast JyiuHa». OTpunaTeabHas CTOPOHA — CIIOXK-
HOCTh pe€ajv3ally U JOPOroBr3HA. B pamKax OIBITHO-NPOMBIILICHHOTO MPOU3BOA-
CTBa JaHHAsI TEXHOJIOTHS UCTIOJIb3yeTcs [3].

TexHo0THS CBApKW 3aTOTOBOK MPU OECKOHEYHON MPOKATKE — BEChMa PacIpo-
CTpaHEHHbIH croco0 MPOoU3BOACTBA. [100KUTENBHOW CTOPOHON AAHHOTO MOJIXOJA
ABJIIETCSI BO3MOYKHOCTD MOJTYYEHUSI «OECKOHEUHOM» 3aroTOBKU. OTpULIATENLHON XKe
CTOPOHOM SIBJISIETCS] IOPOTOBU3HA, HEOOXOIUMOCTh 3aKYIKH CTBIKOCBAPOYHBIX arpe-
ratoB. OCHOBHOM k€ MPOOJEMOIN TEXHOJIOTMH CBapKH SIBJISIETCS U3MEHEHHE CBOWCTB
METaJIa B 30HE CBAPHOIO IIBA, YTO OTPAHUYMBAECT COPTAMEHT MIPOKATHOTO 1€Xa, TaK
KaK CBapHOMW IIIOB B MPOIECCE MPOKATKU PACKATHIBACTCS HA OONBIIYIO JJIMHY W HE
oOecreynBaeT paBHOMEPHOCTH HU XMMHYECKOTO COCTaBa, HU CTa0MIIbHOCTH MEXaHU-

yeckux cBOMCTB. [lo (akTy, 1i1si yCTaHOBKH CTBIKOCBAPOYHOTO 000pyAOBaHUs HEOO-
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XOJUMa MPAKTUYECKH TOJHAs peopraHn3anus NpOKaTHOTO 1eXa, a 3To Oosbiine (u-
HAHCOBBIE U BDEMEHHBIE 3aTPATBHL.

BapeupoBaHue JIMHBI 3aTOTOBKM HE TpeOyeT KakuX-IH00 KapIWHAIbHBIX W3-
MEHEHUI TEXHOJIOTMHM MPOHM3BOJACTBA, HO TPeOyeT KOJIOCCAIbHON peopraHu3aluu
YIPaBIEHUs IPOU3BOACTBOM U CTPATErUH IIPEANIPUATUSA B LIEJIOM, TaK KaK [IPU TAKOM
IIOAXO0/I€ MIPOU3BOJACTBO HEIPEPHIBHOJIUTHIX 3arOTOBOK JOJDKHO UCXOIUTH U3 UMEIO-
IIMXCS 3aKa30B C HACTPOMKOI MapaMeTpoB JUTHS MOl KOHKPETHBIN mpoduis. Beidbop
3arOTOBKM MJET M3 pacyera IIOJYYEHHUs HAUMEHBIIETO0 HEMEpPHOIO OCTaTKa.
Takum 00pa3oM, Bapbupys JJIMHY 3arOTOBKH, MOXXHO COKPATUTh BBIXOJ HEMEPHOMU
IPOYKIUU.

MeTto BapbUpOBaHUs AJIMHBI TEXHOJIOTHYECKON 00pe3n B mpejenax JOMmyCTH-
MBbIX 3HAYEHUI MHTEPECEH TEM, YTO (PAKTUUYECKH HE TpeOyeT 3aKyNKH HOBOIO 000py-
noBaHus. J{1s ero peanuzanuyu HEOOXOAUM JIUIIb OH-JIAH KOHTpoJb 00pe3u. Ho Tak
KaK JMarna3oH JOIMYCTUMBIX 3HAUEHUW OOpe3u HEBEIMK, TO MOKHO JIMIIb HE3Ha4yH-
TEJIbHO COKPATUTh BBIXOJ HEMEPHOU ITPOAYKLHU.

Merton BappupOBaHHUs IUIOLIAZHU TOIIEPEYHOIO CEYEHHUsI 3arOTOBKU BECbMa MH-
TEPECEH, HO PETYJIMPOBATH IUIOWIAlb NonepedyHoro ceueHus B MHJI3 mMoxHO numib
CMEHOU KPHUCTAJUIN3aTOPA, YTO, B CBOIO OUEPE/lb, U 3aTPATHO, U TPYILOEMKO.

TexHosorus BappupOBaHUs IJIOMIAAN ITONIEPEYHOTO CEYEHUSI TOTOBOM IPOAYK-
LIMU B MpeJenax JOMyCTUMBIX 3HaYeHUH He TpeOyeT Kakoro-irudo riryboKkoro BMemia-
TEJIbCTBA B TEXHOJIOTHIO IPOM3BOJACTBA. BappupoBaHKe IUIOIIAAM MIET B IpEneax
JONyCTUMBIX 3Ha4YeHHI. TeM cambIM, BappUpysl MEKBAJIKOBBIN 3a30p [7], @ 3HAYUT, U
IJIOIIAb TONEPEYHOI0 CEYEHHsS] FOTOBOM MPOAYKIMH B OOJBIIYIO MM MEHbIIYIO
CTOPOHY, MOYKHO YIIPABJIITh JUIMHOM HEMEPHOI'O OCTAaTKa, CBOASA €r0 K MUHHMYMY.
COOTBETCTBEHHO, YBEJIIMUECHHUE IUIONIAAHN MOMEPEYHOIO CEYEHN TOTOBOM MPOAYKIUN
BBITO/IHO TIPY OTTPY3Ke MPOAYKIUU MO (PaKTHUECKO Macce, a YMEHbUICHHE 101
IIONIEPEYHOr0 CEYEHHMSI ITO3BOJIUT YBEIUYUTH KOJIMYECTBO IIPYTKOB, YTO BBITOAHO IIPU
OTIPY3KE IO TEOPETUYECKOMY BECY U KOJIUYECTBY IIPYTKOB.

Haubonee moapobHo paccMOTpUM METOJ BApbUPOBAHUS IJIOIIAAN TTONIEPEYHO-

ro CeUeHHUs TOTOBOM MPOIYKIMHU B Mpe/eiax JOMyCTUMBIX 3HaueHul (nanee Meton),
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TaK Kak 3TO HauOoJiee MPOCTON M HEIOPOro CrocoO, KOTOPHIA HE TPeOyeT MHOTO
BPEMCHH U PECYPCOB Ha BHEIPCHHE.

[Tpu GnuxkaifiieM pacCMOTPEHUH METOJA CTAHOBHTCS SICHO, YTO IUIFOCOBBIC U
MHUHYCOBBIC JOIYCKH IMO3BOJISIOT BaphbHUPOBATH ILIOMIA]b IMOMEPEYHOTO CEYCHHUS TO-
TOBOH TPOJYKIIUH B JJOCTATOYHO IIUPOKOM JTHAIa30HE, IIPU ATOM YJOBICTBOPSIS Tpe-

OoBaHus 3aKa3urKa (puc. 2).

BEepXHAA rpaHuLa

NCXOAHbIN AMAMETP

HUXHAA rPaHnNLUA

UHTepBan 4onyCcTMMbIX
3HaYeHUMn

Puc. 2. BappupoBanue mioimajay nonepeyHoro CEYeHHs TOTOBOM MPOAYKIIHH

Ha IPUMEPE KPYTIJIOro mpoQuiis

C ydyeToM MeTasuia, yXOAsILEro B yrap, B 00pe3b Mocjae Y4epHOBOW U YHCTOBOU
IpyIn KJIETEH, MOXKHO MPHUHSATH, YTO Macca TOTOBOM NMPOAYKIIMU M Macca 3arOTOBKHU
PaBHBI, T.€. MOKHO CKa3aTh, MAacca OCTAETCSI MOCTOSIHHOM, CIEN0BATENbHO, U3MEHSS
IUIONIA/(b MOMEPEYHOr0 CEYEHHs] TOTOBOM MPOAYKIMH, OyAeM HU3MEHSITh U OOIIYIO
JUIMHY pacKara.

Ecnu u3BecTHBI reomMeTpuyeckue pa3mepsl 3aroTOBKM, Macca 3aroTOBKH, BU
npoduiis, pa3Mepsl TOTOBOM MPOIYKLINHU, AJIMHA TPYTKA, TO Yepe3 3aKOH MOCTOSIHCT-
Ba 00bEMOB HaM HM3BECTHA M 00ILIasi JJIMHA TOTOBOW MPOIYKUMU. A dYepe3 OOILyro
JUIMHY TPOAYKIIMH, 3HAsl 3aKa3HYIO JUIMHY, U3BECTHA KPAaTHOCTh (KOJMYECTBO MPYT-
koB). Tem cambIM 3a/1aya CBOAUTCS K TOMY, YTOObI HAUTH TaKyO IJIONIA/lb, IPU KO-

TOPOM MM KOJIMYECTBO MPYTKOB OBLIO OBl MAaKCHMaJbHBIM U BBIPAXKAIOCH LIEIBIM
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YUCIIOM, a IPOAYKIMSA HAXOJAWJIACh B IPEAENaX JOIMYCKOB, WIA HEMEPHBIA OCTATOK
ObLT CBEJIEH K MUHUMYMY TIPU OTTPY3Ke MPOIYKIIUH MO (aKTUIECKON Macce.

I/ICXOILSI N3 3TOro, MOKHO COCTABUTH AJITOPUTM, MOKa3aHHBIN HA puc. 3.

Hauano

BBoj maHHBIX: Macca
3aroTOBKH; TTApaMEeTPhI
o0pe3u; Tin npodus;
3aKa3Hasl UTHHA

A 4
Pacuer konmuecTBa npyTKOB
U1 BCEX BO3MOJKHBIX IUIOIAAEH

A 4
[Tonck Takoy miIomaau NONEPEYHO-

l ro CEYEeHUs, NpH KOTOpPOl Hemep-
[Touck I'OCT u B/, urenue napameTpoB HBIH OCTaTOK OYJET BXOAUTL B Ha-
KaJMOPOBKU U YTEHHE KOHCTAHT CTpanBacMbIn JMaNa3oH AOIyCTH-

MbIX 3HaueHuu. [Ipu 3TOM Mckomas
L 4 IUIOIIAAb JNOJHKHA HAXOOUTHLCSI MakK-

— Pacger maccel ¢ yueTtom yrapa merain- CUMaJTbHO OJHM3KO K HMCXOTHOU (110
ma: My = mok (K — ko dpunment yrapa). YMOJT4aHHIO) MIOIa
— Pacuer maccel, yxoadiiei B 00pess 1o-
o o A 4

cie YepHOBOI TPYIIIBI KJICTEH:
m=S] fg S 26 BeiBoz pe3yibTaToB:

=JlpK (S - miomane NonepeyHoro HOXOMELIH, OLITI-
CEUYEHHUs T0CJI€ YEPHOBOM TPYIIIIHI; | - MaJIbHBIN, aJalTHPO-
JMHa o0pesn; O — mnotHocTh ctamm; K BaHHBII TUaMETp; 3a-
— K03 DUITUEHT TeMIIepaTypHOU yCaIKH). ka3Hai1 JUIMHA, ILIO-
—  Pacuer macchl, yxoasmei B 06pe3b 11o- [aaAp  MOHCPEIHOTO

cedyeHus (MCXOnHasd,

S OIlITHUMAJbHasdA, agall-
( — I1omaAab IIOIICPEUYHOro CCUCHHA I10- TI/IpOBaHHaﬂ); 3a30p

CJie BTOPOU T'PYIIIbI). (MCX., ONT., AJANT.);
— Pacuer ocTaTO4HOM MacChI. KOTHYECTBO  IIEJBIX

IITaHTI, JJINHa  I10-

v CJIEAHEH IITaHTH, KO-
Pacuer Bcex BO3MOXHBIX IUIOIIAAEH C 11a- JUYECTBO  TPYTKOB;

rom 3azopa 0,01 MM (HMKHIOIO TpaHUILY HEMEpHBIH 0CTAaTOK
ompeenseT MUHUMAaIbHBIN 3a30p U MUHH-
MaibHbIld Jonyck no 'OCT, a BepxHIO0 — v

MakcuManbHbIl gomnyck no 'OCT) ( Komem )

y
Ilonck onrTUMaNbHON MITMHEI
HITAaHTH

cie BTOpoil rpymmbl kierei: M= S|pK

Puc. 3. Anroput™ BapbupOBaHUs

TJIOIIA/IUA TTOTIEPEYHOTO CEUCHUS

TOTOBOW MPOAYKIIUH
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Taxum 006pazoM, Ha BXOJI€ B aJTOPUTM CTOST CIEAYIOUINE JaHHbIE: Macca WU
FEOMETPUYECKHE pa3MEpPbl 3arOTOBKH, THUIl NPOQuUs, KJIacC TOYHOCTH, pa3Mep Mpo-
buna, quHa npodwis (3akazHas JJIMHA), a TaKXKe ONMIIMOHAIBHO: JITMHA 00pe3u I1o-
CJIe XOJIOAWJIBHHKA, ITTMHA OOPE3H MOCII€ YEPHOBOW IPYIIIbI KIETEH.

BoixonHble naHHble: oOlasi JJIMHA TOTOBOM MPOAYKIIMH, KPATHOCTh PAacKpos
0 MMUHUMAJIbHBIM JOIMYCKaM, MaKCUMaJbHBIM JOIMYCKaM U MO YMOJIYAHUIO, JUTMHA
npouis Ha XOJOJWIBHUK, ONITUMAIBHBIN pazmep npoduis (AuaMerp, MUpUHA MOJ-
KM, BBICOTA U TaK Jiajiee), Macca roHoro, KO3 GUIIMEeHT BbIX0/1a TOIHOTO.

Ha ocHOBe mpeacTaBlI€HHOTO alropuT™Ma ObUIO CO3[IaHO MPOrpaMMHOE OOec-
neyeHne "Packpol MpOAyKIHUH COPTOINPOKATHBIX CTAHOB', MOJYyYHMBUIEE CBUIECTEIb-
CTBO O FOCYJIapCTBEHHOU perucTpanuu nporpammsl 1jist 9BM Homep No2013619897,
aBropamu kortoporo sBisirorcs Capanua C.1O., Momtep A.b., Kunsun I.U. u Ho-
Buukuii P.B.

Meron BapbUpOBaHHs IUIOLIAJM MOINEPEYHOIO CEYEHHsI TOTOBOW MPOAYKIIUH
ABJIIETCSI OJJHUM U3 PE3€pPBOB MOBBIIEHUS 3P(HEKTUBHOCTH U PEHTAOEIBHOCTH MPO-
U3BOJICTBA, IIPU 3TOM HE TPEOYIOMIMI 3HAUUTENIbHBIX BIOKEHUIN 1 BPEMEHHU.

Uto kacaercss mpuMEeHUMOCTH MeTtoaa, TO B JaHHBIM MOMEHT NPOTrPaMMHOE
o0ecrnieyeHre MOAJEPKUBAET Takue MpoPuin, Kak Kpyr U apmatypa. OnbITHbIE HC-
IIBITAHKS B COPTONPOKATHOM IPOU3BOJCTBE IMOKA3bIBAIOT MOJ0XKUTEIBHBIE PE3YiIbTa-
ThI — @ 3TO 3HAYUT, MOJIETb pPabOTaeT.

C 5KOHOMUYECKOW TOYKH 3pEHUS COKpallleHrue HeMephl Aaxe Ha 50% moBiedeT
3a co00#l AKOHOMUIO B paszmepe 15-25 muiH pyOiield B ToJl Ha CPEIHEKPYHOCOPTHOM
ctaHe ¢ o0beMoM Beimycka S00 ThIC. T B ToJ. ABTOPBI K€ CUMUTAIOT, 4TO Mojenb u
COOTBETCTBEHHO IMPOTPAMMHBIN MPOAYKT MO3BOJAT COKpaTUTh Hemepy Ha 80-90%,
4YTO 00ECreyuT eme OoNbIni IKOHOMUYECKUH 3P dekT. Takke CTOUT 3aMETUTh, YTO
BHEJpeHrne MeToia B MPOU3BOACTBO HE HECET KaKMX-TMOO0 OOJBIINX MaTepUualbHbBIX
3arpar.

[IpakTHueckoe NpUMEHEHHE JAHHOTO MOJIX0/1a MO3BOJISIET CAENIATh BBIBOJI, YTO
HauOosiee BBHITOAHO MPUMEHATH JAaHHBIA METOJ Ha (PACOHHBIX MPOPMISIX KPYITHBIX

pa3MepoB (HanmpuMep, paBHOMOJIOYHBIN yronok 125x125 unu mBemiep 18Y).
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Ha nanubiii momenT 110 "Packpoil npogyKuuym cCOpTONPOKATHBIX CTaHOB' ak-
TUBHO Pa3BUBACTCA M YK€ CMEHHJIO HECKOJBKO BEPCHM — MOAJEp:KKa (HaCOHHBIX
npo¢uieil HaXoAUTCs B MPOLIECCE pealnu3alli cO CPOKOM BbIXOJa ayb(a-Bepcuu B

2014 rony.
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O.H. Tyaynos

000 «METAJUTYPI'MAIL NaXxuHUPUHT»

A.H. JIynenko

OAO «Cesepcranby

A.b. MoJsuep, .. Kun3un

OI'bOY BIIO «MarHUTOropCcKuii rocy1apCTBEHHBIN
TexHn4uecku ynusepcuret um. I'.M1.Hocosa»

A.N. Tpaiino

HNuctutyt MeTamnyprum 1 MmarepuanoBeaenus uMm. A. A. baiitkosa PAH

COBPEMEHHBIE HAYYHO-TEXHUYECKHE ITOAXO/1bI
JIJIA IOBBIIEHUA Y®®EKTUBHOCTH IMPOIIECCOB COPTOBOI
IMPOKATKHU HA TEXHOJOI'MYECKUX KOMIIVIEKCAX DANIELI

BonbIIMHCTBO aBTOPOB TON CTAaThU COTPYAHUYAIOT ¢ KoMmnanued Danieli u ee
cnieruaniucTamu yxxe 6osee 10 et kak B 00J1acTU HAyKU M TEXHOJOTUHU, TaK U B 00-
JacTH COBMECTHOW MEXIYHApOJHON MOJATOTOBKM KaapoOB. AJANTHUBHBIE MPOTPAMMBI
MOATOTOBKHU KaJPOB JUIsl MyCKOBBIX 00bekTOB Danieli B Poccun, a Takxke 11st paboTh
B camoii komnanuu Danieli ctanu oguuM 13 HamOosiee ycnemHbix npoekto MI'TY
uM. ["."1.HocoBa u Danieli nox srugoii Mexnynapoanoro Coro3a «MeTaimyprmari
u «METAJUIYPI'MAIL UHXuHUPUHT».

Kommanus Danieli crana nepBoid KpynmHONW MEXIyHApOJHON KOMITAaHHEH, KO-
TOpasi CHCTEMHO 3aWHTEPECOBAIACh CTPYKTYPHO-MAaTPUUHBIMHU MOJIEISIMH IIPOIIECCOB
COPTOBOM MPOKATKH, pa3paOOTaHHBIMU MPHU OMPEACISAIONIEM yUYaCTHH aBTOPOB ITON
cratbu. [lepeBog u u3ydenue creuunanuctamu Danieli Begymux TpyaoB MO CTPYK-
TYPHO-MAaTPUYHBIM MOJIEISIM COPTOBOM MPOKATKU U KATUOPOBKH, OOCYKICHHE X Ha
COBMECTHBIX COBEIIAHUAX, a TAKXKE IMyCK Psiia COPTOMPOKATHBIX MOIHOCTe# B Poc-
CHH OIPEIETNIO MPUOPUTETHOCTh UCIIOJIB30BAHUS CTPYKTYPHO-MATPUUHBIX MOJENEH

IPUMEHUTENBHO K Pa3BUTHIO cTaHOB Danieli 1 MakcUMallbHOMY MCTOJIb30BAaHUIO MX
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TEXHOJOTHUECKUX BO3MOXKHOCTEH B YCIOBHUSX POCCUHUCKUX METAJUTypPrUYeCcKuX
PEAIPUATHN.

B wMmarepuanax mpencTaBIeHHOM CTaThU IIOKa3aHbl OCHOBBI CTPYKTYPHO-
MaTPUYHBIX MOJIENIEH U WX MPUIOKECHUI, a TaK)Ke MPUMEPhl PEIICHUH, MOTyYSHHbBIX
B pe3yJIbTaTe MOAEINPOBAaHUA. MHOTHE pe3ynbTaThl MOJAECINPOBAHNS U ONITUMHU3ALINU
OKa3aJMCh peau3yeMbl OJarogaps BbIIAIOLIUMCS TEXHOJIOTHYECKUM BO3MOKHOCTSIM
ctanoB Danieli, uX aZanTUBHOCTH U 3aJOKEHHBIM B HHX TEXHOJOTUYECKUM
pe3epBam.

OmneiT padoTsl ¢ Danieli B TedeHne nmociieqHEro AecATUIeTHs, COEIUHUBIIETO
WHHOBAIIMM U JyX BEKOBOW HCTOPUHM KOMIIAHUH, ITOKA3bIBAET, YTO BCET/IA OTKPHITHIC
JUIsL HOBBIX HAYYHO-TEXHHYECKUX HJAEH PYyKOBOJIUTENM M MHKeHepbl Danieli ¢ ux
CTPEMIJIEHUEM K MAPTHEPCTBY B MHHOBAIMOHHOM Pa3BUTUU 00OpPYIAOBaHUs, TEXHOJIO-
I'MH U KaJpOB — 3TO CTPaTErnYeCKUil MOTEHIMANl Pa3BUTHUs, OObEIUHEHHBIN B JIO3YHTE
komnanuu “INNOVACTION — Innovation in action”.

PaccMOTpUM BO3MOKHOCTH MOJENMPOBAHUSA MPOLECCOB COPTOBOM MPOKATKU
JUTSL BBISIBJICHUS M ICTIOJIb30BAaHMS TEXHOJIOTHUECKUX pe3epBoB cTaHoB Danieli uepes
IPU3MY COBPEMEHHOI'O COCTOSIHUS TEXHOJIOTUU U 000PYI0BaHUs AJI1 COPTOBOM MpoO-
KaTKH.

C Hauyana 3TOro JECSATHIETUS B COPTONPOKATHOM IPOU3BOJICTBE JTOCTATOYHO
SIBHO TIPOCJICKUBACTCS PAJ TCHIEHINH, CBSI3aHHBIX C MOBBIMIEHUEM dPPEKTUBHOCTU
IPOU3BOJICTBA, CHUKEHUEM TEKYILHUX W3JEPKEK U MHBECTHIIMOHHBIX 3aTpaT Ha CO-
BEPIIICHCTBOBAHUE JICHCTBYIOIIUX M CTPOUTEIHCTBO HOBBIX TEXHOJIOTHYECKHX KOM-
IJIEKCOB.

[Ipexxne Bcero ciemyeT BbLACIUTH (akToOpbl U (AKThl, CBA3aHHBIE C TEHACH-
IUSMH BbIOOpa 000pYI0BaHUS SISl COPTONPOKATHOTO IPOU3BOICTBA.

Bo-niepBbIX, NpoAOIKAaeTCs TEHIEHIUS CTPOUTEIbCTBA METAUTyPrHYE€CKUX
MUHHU-3aBOJIOB I10 MPOU3BOJCTBY COPTOBBIX MpoduiIeld U apMaTypHOro MpoKaTa B
pasnuuHbIX pernoHax Poccum u mupa. Ilpyu 3TOM CyIIECTBEHHO BO3pOC MHTEPEC K
KOMIAKTHBIM KOMIUIEKCaM ¢ 00beMoM mpou3BoacTBa A0 150-200 Teic. TOHH B TOA

tunma MIDA xommnanuu Danieli. HoBble perieHus ¢ ropssuyuM MocajaoM 3aroTOBKH U
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MUHUMU3AIUEN XOIO0IUIIbHUKA MO3BOJISIIOT CHU3UTh MHBECTULIMOHHBIEC 3aTPAThl U Ce-
0ecTOMMOCTh NPOAYKIMHU. B CBSI3U ¢ 3TUM B pa3HON CTENEHH MPOPAOOTKU U pealu-
3allMKM HAXOJUTCSI HECKOJIBKO HE3aBUCUMBIX MPOEKTOB MUHH-3aBOJIOB.

OpnHako ciieqyeT OTMETUTh, YTO HOBbIE MHUHH-3aBOJbI, 3aITyCK KOTOPBIX OCY-
niecTBisieTcst B 2013 r., SBISIOTCS MPOEKTAMU KPYITHBIX METALTYPrUYECKUX XOJINH-
roB OAO «Cesepcrans» (CoptoBoii 3aBon banakoBo) u «YI'MK-Crans» (MuHu-
3aBoJ B Tromenu). O0a ynmoMsSHYTBHIX MPOU3BOJICTBEHHBIX KOMILJIEKCA OCHOBAHBI HA
TEXHOJIOTHYECKHUX PeIIeHUsIX U 00opyaoBanun Danieli.

Bo-BTOpBIX, KpyHBIE METALTYPrUYECKUE MPEANPUITHS MPOJIOJKAIOT MOJEP-
HU3ALMIO COPTOIpOKaTHOro nepexaena. Hanbonee macmrabHbIM IPpUMEPOM TOCIIE-
HUX JIET SBJISIETCS KOMIUIEKC HOBOTO pelibcobanoyHoro craHa Ha YMK (Meuen),
TaK)K€ OCHOBAHHBIN Ha TEXHOJIOTMH 1 000pynoBanuu Danieli.

Crnenyer ydecTb TakKe TEHJECHLHUIO IIEPEOCHAIICHUS COPTONPOKATHBIX IPOU3-
BOJICTB Ha 3aBOjlaX CHEIMETALUTypruu. Tak, Hampumep, 0ObsIBIEHBI TUIAHBI MMOITAIl-
HOM MOJCPHHU3ALMU JINCTOMPOKATHOTO W COPTONPOKATHOrO mpou3BoAcTBa BM3
«Kpacupiii OKTSOpb», KOTOpPBhIE TaKKe OPUEHTHUPOBAHBI HA TEXHOJIOTHYECKHUE KOM-
miekcsl Danieli.

B-Tpetbux, BO3p0OC MHTEpPEC YaCTHBIX UHBECTOPOB K COBPEMEHHBIM HEAOPOTHUM
KOMITAaKTHBIM M THOKHM COPTONPOKATHBIM KOMIUIEKCAM C HEOOJIBIION MPOU3BOIU-
TEJIBbHOCTBIO ISl MPOU3BOJICTBA HEOONBIINX NMApTH apMaTypbl, KPyrioro, KBajapart-
HOTO U (haCOHHOTO MPOKATa.

Kpome 3Toro nenecoo6pa3Ho BBIAEIUTh TEHJICHIUU, CBA3aHHBIE C TEXHOJIOTH-
YECKUMU PEIICHUSIMH, BKITIOUasi KaTMOPOBKY BaJIKOB:

BO-IIEPBBIX, B KAUECTBE HOBBIX PEHICHUN B COPTONPOKATHOM MPOU3BOJCTBE
KPYITHBIX METaJUTYPru4eCKuX MNPEANPUATHUN pacCMaTPUBAIOTCS BBICOKOTPOU3BOIU-
TeJIbHBIC HEMPEPHIBHBIE KOMOWHUPOBAHHBIC CTaHBI, MO3BOJISIONINE OCYIIECTBIISITH
IPOKATKY LIMPOKOIO COPTaMEHTa MpOoQuiiell ¢ COBMEIIEHWEM B OJHOM CTaHE JBYX
i 00JIee TEXHOJIOTHUYCCKUX JTMHUM;

BO-BTOPBIX, 1751 HEOOJBIINX MO 00BEMY IMPOU3BOACTB XapaKTEPHO CTpeMIIe-

HHUEC K KOMITAKTHOCTH C MHHHMHS&HHCﬁ 060py,I[OBaHI/IH U IIPUMCHCHHUEM peBepCHBHOﬁ
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YEpPHOBOM TNPOKATKM, a TAaKKE BO3BPALIEHUEM K HCIIOJIb30BAHUIO YEPHOBBIX
KJIETEU TPHO;

B-TPeTbHX, JIJISl PA3BUTUS TEXHOJOTMYECKUX PEKUMOB XapaKTEPHO CTpemJie-
HUE K CHIDKEHHUIO Ce0ECTOMMOCTH IMpOKaTa 3a CUET CHIKEHHS dHepros3arpaT Ha Je-
dbopmaluio, UCIOJIb30BaHUS TEIUIa 3arOTOBOK IMPHU TOPSYEM Mocajie, ONTUMHU3AIUN
napKa BaJIKOB U MOBBIIICHHS pecypca UX UCIIOJIb30BaHUS;

B-4eTBEPTHIX, B KATMOPOBKE BAJIKOB COPTOBBIX CTAaHOB Kak B MHUpE, TaK Te-
nepr 1 B Poccun mpocnekuBaeTCs YMEHbBIIEHHE KOJIMYeCTBa MPOQECCHOHATBHBIX
KAJIMOPOBILMKOB HAa METAJUTypPTrUYECKUX 3aBOAAaX M, KaK CIEJICTBHUE, NOTPEOHOCTh B
Pa3BUTHUU CUCTEMbI ayTCOPCHUHTa (pa3paboTKa M COBEPILICHCTBOBAHHUE KaJIHMOPOBKHU
BHEUIHUMH CIIEHUATNCTaMU U KOMIIAHUSIMH).

BrlmensnoskeHHOoe MO3BOJISET CAENaTh ABa MPUHIMIUAIBHBIX BEIBOJA:

— MpUHMMAas BO BHUMaHHUE Ha3BaHHbIC IPOEKTHI, a TAKXKE JPYrHe COPTONpO-
katHbele 00bekThl Danieli B Poccun u CHI', cienyet npusHath, 4TO Cpeid COBPEMEH-
HBIX KOMILUIEKCOB I10 IPOU3BOJCTBY COPTOBOIO IpOKaTa Ha MOCTCOBETCKOM IIPO-
CTpaHCTBE HauboJyiee CYyIIECTBEHHBIM SIBISETCS CEMEHCTBO COPTOBBIX M IPOBOJIOY-
HBIX cTaHoB Danieli;

— HeoOXO0IuMBbl YHUBEpPCaJIbHbIC aJalITUBHBIE MOJIEIIN, TIO3BOJISIOLIUE pellaTh
BONPOCHI aJaNnTaluyd K KOHKPETHBIM YCIOBHUSIM PAaCUIMPEHUSI U KOPPEKTUPOBKH COP-
TaMEHTa, Pa3BUTHUSl TEXHOJIOTHH (BKJIIOYas KaJuOpOBKY BaJKOB) Ha craHax Danieli,
MaKCHUMaJbHO 3((HEKTUBHO UCHOIb3YsI BO3MOKHOCTH 3TOIO CEMEINCTBA CTAHOB.

CoBpeMeHHOE MOJAEIMPOBAHUE MTPOLIECCOB 0OOPAOOTKN METAJNIOB JIaBJICHUEM, B
YaCTHOCTU pelieHre (yHIAAMEHTAIbHBIX 33Ja4 METOJIOM KOHEYHBIX AJIEMEHTOB C
IPUMEHEHHUEM COBPEMEHHOI BBIUMCIUTENbHOW TEXHUKH, MOKAa3ajo, YTO B yIpaBie-
HUM Ka4eCTBOM IMPOKATHOW MPOAYKIIMHM W PEIICHUHU psila TEXHOJIOTHUECKHUX 3ajad
(mpexae Bcero, 3a7ad ONTUMHU3ANNKA KAIMOPOBKU BAJIKOB) BhICOKA 3()D(PEKTUBHOCTH
0osiee IPOCTBIX MAaTPUUHBIX METOJOB MoJeIUpoBaHus. [IpHHIMIBI 3TOTO MOAX0a K
MOJICJIMPOBAHUIO COPTOBOM MPOKATKHU, MOBBIIIEHUIO 3((PEKTUBHOCTU TEXHOJIOTHUYE-
CKUX TPOLECCOB AeopMalii COPTOBBIX Ipoduieit chopMynnpoBaHbl B padoTax

OCHOBOIIOJIOKHHKOB HaquOﬁ IIKOJIbI MAaTPHUYHOI'0 MOACIINPOBAHUSA ITPOUECCOB COP-
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toBoi mpokatku C.A.Tynynosa, u O.H.Tynynosa [1, 2] u B ganpHeiinem Ob11H yc-
nemHo pa3Butbl A.b.Momnepom, A.H.JIyuenko, JI.M.Kunzunsim, A.A.3alilieBbIM U
JIPYTUMU TIPEICTaBUTENIAMH YKa3aHHOM HaydHOH mmikoisbl. B paborax C.A.Tynymnosa
u B.H.3aBeproxu [3] mpemioskeH Moaxo K OmucaHuio (GOpMbl KOHTYPOB KaauOpOB
POCTON (POPMBI B BHJI€ MHOTOMEPHOTO BEKTOpPA, KOMIOHEHTAMH KOTOPOTO SIBIISIOT-
Cs JTMHBI Oa3WCHBIX PAJUYyC-BEKTOPOB, MPOBEACHHBIX W3 LIEHTpAa CHUMMETPUU
KOHTYpA.

Takum oOpa3oM, OCHOBHBIM IPHUHIIMIIOM OMKCAHUS MapaMeTpoB (opMousme-
HEHUs TpU MPOKATKE B KaauOpax SIBIAECTCA MPUHLHUI, KOTOPbIA MOXHO Ha3BaTh
"KOHTYp B KOHTYDP". D(PPEKTUBHOCTH PEIICHHUS] COBPEMEHHBIX 3a/1a4 COBEPILIECHCTBO-
BaHMs IPOM3BOJICTBA COPTOBOI'O MPOKATa BO MHOI'OM OIPEIEISAETCS HAJIUYHUEM IpO-
CTOr0, YHUBEPCAIBHOTO U MH(OPMATHUBHOIO MOAXO0/Aa K ONHUCAHHUIO KOHTYpPOB ceue-
HUM Pa3IM4HOM CIOXKHOCTH, B TOM YHCJIE HETUIIOBBIX.

OnHOM M3 OCHOBHBIX 1I€JIEH OIpeeIeHHs MapaMeTpoB (POPMOU3IMEHEHHS TIPU
COpPTOBOM MPOKATKE SIBISETCA PAacueT CXEeMbl KaaUOpOBKH BaJIKOB. KOppekTHO pac-
CUMTaHHAs KaJIUOpOBKa MO3BOJISIET MOJYYUTh HEOOXOIMMBIM YypOBEHb KauecTBa
pokara.

Cy1miecTByeT JOCTaTOYHOE KOJMYECTBO MHKEHEPHBIX (IMIIMPUYECKUX) U aHa-
JUTHUYECKUX METOJOB pacyeTa MapamMeTpoB TPAJAMLHMOHHBIX KaJIMOPOBOK BaJIKOB.
BOoNBIIMHCTBO U3 3TUX METOAOB TOCTPOCHO HA MPUHLUNE "KOHTYP B KOHTYp', HO IIpH
ATOM HeE JaeT BO3MOXHOCTHU YNPABJIATh MPOLECCOM (POPMOM3MEHEHUS, HE YUUTHIBAET
BIIUSIHUE BapbUPOBAHUS 3JIEMEHTOB KaJIUOPOB U IPYTUX TEXHOJOTUYECKHUX (PAKTOPOB
Ha (opmousMeHeHue. [pyrumu cioBaMu, OCHOBOM COBPEMEHHOTO MOAXO0Aa K Ka-
JMOPOBKE BAJKOB SIBIICTCS PEIIEHUE 3a/ad, CBA3aHHBIX C yOpaBieHHeM 3¢dek-
TUBHOCTU PabOThI KaJMOPOBKH 32 CUET €€ aHaju3a U COBEPUICHCTBOBAHUS C LIEJIBIO
MOBBILICHHS KauecTBa MPOAYKIUH.

KoMIuiekcHOe MHOTOJIETHEE PAa3BUTHE aBTOPaMU JAaHHOM CTaTbU CTPYKTYpPHO-
MaTPUYHOIO MOAXO0/A B HANMPABJIECHUU aAaNTUBHOTO MOJIETUPOBAHUS (OPMOUZMEHE-
HUSl U pacyera mapaMeTpoB KAITUOPOBKH C KCIOJIb30BAHUEM BEKTOPHOTO OMMCAHUS

[4, 5] xoHTYpa kamuOpa sBiIsIeTCss HauboJIee PAlMOHATILHBIM IS PEIICHUS 33a4 10-
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BBIIICHUSI KAa4eCTBA MPOAYKLUHUU COPTONPOKATHBIX TEXHOJOTHYECKUX cHCTeM. Pe-
mraromuM (HakTopoM B TOJB3Yy HAa3BAHHBIX MOJXOAOB SIBJISIETCS OONbIION U 00s3a-
TENBHBIA HA0Op pa3HOOOPa3HBIX MApaMETPOB, BCECTOPOHHE XapaKTEPU3YIOIIMX Ha-
psDKEHHO-e()OPMUPOBAHHOE COCTOSIHUE MPOKATHIBAEMOT0 METajlia JJisi UX MpUMe-
HEHHUS B PCIICHUM 3aJa4d YIPaBIECHUS KadeCTBOM IMPOIYKIIMH C HCIIOJH30BAaHHEM
MeTOJla KOHEYHBIX 3JeMeHTOB. Kak mpaBuiio, cOop mHpopmanmmu B HEOOXOAMMOM
o0BbeMe B MMPOU3BOJICTBEHHBIX YCIOBHSIX 3aTPYIHUTEICH.

['eomeTpuyecKUMU pa3MepamMH, 4Yalle BCETO IOJBEPTaloIUMUCI KOHTPOIIO
IIpU MPOKATKE B JABYXBAJIKOBBIX KalUOpax, sIBISIFOTCS BbICOTa (pa3mep mpopuiis 1o
BEpUIMHAM KaluOpoB) W mMpHHA (pa3mep npoduist B pazbeMe kanubpa). TOUHOCTh
pa3zMepa B OOILIEM Cilydae ONpEeNesieTCsl COOTBETCTBHEM (PAKTUUECKH IOJYyYEHHOTO
pa3Mepa HOMHUHAJIBHOMY, PETJIaAMEHTHPOBAHHOMY CXEMOM KaJrOpOBKH.

HecooTtBercTBUE (opM MHCTpyMEHTAa U 00pabATHIBAEMOTr0 MpOKaTa BbI3BIBAET
CYLIECTBEHHYIO HEPaBHOMEPHOCTb JedopMalluud NpU MPOKATKE, OTPULIATEIBHO
BJIMSIIOIIYIO HAa TEOMETPUUYECKUE pa3Mephbl METaNIONPOKaTa.

[Ipu copToBO# MpoKaTKe MPEBBILIEHUE JOMYCTUMOTO Mpefiesia HEpaBHOMEPHO-
cti nedopManuy OTPUIATENIbHO CKA3bIBACTCS Ha KadeCTBE TOTOBOM MPOAYKIIUUA —
IPUBOJUT K MOSIBJIICHUIO TTOBEPXHOCTHBIX AE(PEKTOB: pBAaHUH, TpeUnH, Ti€H. Cieno-
BaTEJIbHO, JUISl CHIDKEHUS KOJIMYeCcTBa AE(EKTOB U MOBBIIICHUS KaueCTBa MPOKATHON
IPOAYKIIMH HEOOXO0AUMO 00ecreynBaTh Kak MOXXHO MEHBIIIUI YPOBEHb HEPaBHOMED-
HOCTH Jiehopmaruu.

HecoBepIieHCTBO cxeM KaTMOpPOBOK BAJIKOB MPUBOIUT K YMEHBIIICHUIO CTETIe-
HU TOMOTETHYHOCTH (hopM aedopMUpyeMOro mpokaTa U MHCTpyMeHTa. [loBbIieHne
CTeNeHU TMOo00ust TUX (POPM MOXKET CHHU3UTh HEPaBHOMEPHOCTH JaedopMmariuv, HO
OJTHOBPEMEHHO TIPUBECTH K YMEHBIICHUIO BHITSDKHOM CIOCOOHOCTH KanmuOpoBku. Pa-
[IMOHAJIbHOE COYETaHHE HA3BAHHBIX XapPaKTEPUCTUK KATMOPOBKU MOKET OBITH Haid-
JIEHO B paMKaX MCIIOJIb30BAHMS CTPYKTYPHO-MATPHUYHOTO MOJXO0JAa K YIPABJICHHUIO
Ka4yeCTBOM IPOIYKITUH COPTOMPOKATHBIX CTAHOB.

YuuteiBas pa3sHooOpa3zue AEMCTBYIOLIUMX IMPOKATHBIX CTAHOB, BBICOKYIO 3(-

(1)CKTI/IBHOCTB I/IH(i)OpMaHI/IOHHI)IX TEXHOJOTUH B YHpaBJIICHUH ITPOU3BOACTBCHHBLIMHA
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nporeccaM U B MpopeCcCHOHaILHOM TPEHHUHTE CHEIMATUCTOB, Haubojee mpuemie-
MBIMH MTOJIXO0JIaMHU B IPEIMETHON 00JaCTH HACTOSAIIUX UCCIIETOBAHUI SIBISIOTCS:

— MAaTpUUHBINA croco0 onucaHus GOPMOU3IMEHEHHS B KATMOpax U MOJEIUPO-
BAHMS TEXHOJIOTHYECKUX MPOLECCOB C MPUMEHEHNUEM CTPYKTYPHBIX MATpPHILI;

—  CTPYKTYpHO-MaTpU4HBIN MOJXOJ K pa3paboTKe aJanTUBHBIX MOJEJIEH OI-
TUMU3ALUN TEXHOJIOTMUECKUX MPOIIECCOB U CXEM KAJIMOPOBKU JUIsl CHUKEHUS SHEp-
TOEMKOCTH TPOIECCOB M CTa0WIM3allMd TEOMETPUM U CBOWCTB COPTOBOTO
npokara [6].

[IpeayiaraeMplii OAXOA K MOJEIMPOBAHHIO Oa3HpyeTCs Ha CIEAYIOLIUX OC-
HOBHBIX ITOJIOKEHHUSIX.

Bo-nepBbIX, ¢ 1eIbI0 CO34aHU MAaTEMaTUYECKOrO almapara Uil peLICHUs
TEXHOJIOTUYECKHUX 3a/1a4 aHAJIN3a U YIPABJICHUS TEXHOJIOTHYECKUMU CXEMaMH IOJTY-
YeHUs Npoduiiell pa3muyHON CII0)KHOCTH, OTBEYAIOLIEr0 €IMHBIM MPUHIUIAM Mpe-
CTaBJICHUS, XpaHEHUs U 00pabOTKH MH(pOpMaLUH, NMPEeAaraeTcs Kaxaod TeXHOJO-
TUYECKOW ONEpAlMU U PE3yNbTaTy BO3JEUCTBHS TEXHOJOTMYECKOW ONEpALMHU CTa-
BUTh B COOTBETCTBHE MAaTEMATUYECKUN OOBEKT — MAaTPHUILy CIOKHOM CTPYKTYpBI, CO-
CTOSIILIYIO M3 OTAEJbHBIX OJIOKOB (KJIETOK). Pe3ynpTaThl BO3AEHCTBUSA OTOXKIECTBIIS-
IOTCS C HTAIIOM IIPOLIECCa, a cama TEXHOJIOTUYECKas OIepalnus — ¢ TEXHOJIOTUYECKUM
U3MEHECHUEM.

CTpyKTypHO-MaTpU4YHOE ONMCAHUE OTAENBHOTO ATara Iporecca [A] BKJIFOYa-
eT OJIOKH, cozepKalllue OJHOTHIHYI0 HH(pOpMaIUIo Mo (akTopam U mapameTpam
mporuecca.

JIns onucaHus mpouecca B €ro JUHAMHMKE IPEIaraeTcsl yYuThIBaTh CBA3U Me-

KAY OTACIBbHBIMH TCXHOJIOTUYCCKUMU COCTOAHUAMH B MATPUYIHOM BUJIC — MaTpUlIa-

MU TEXHOJOTMYECKHUX HM3MEHEHHUU [H ]

i_1 - Torma i-ii TexHomormyeckuii sram

IPOIIECCa OTHUIIETCS MATPUYHBIM YPAaBHEHHEM:
(Al x[C] > [A], (1)

a cam MpoIECcC — CUCTeMOM U3 N MaTpUUYHBIX YpaBHEHUMN:
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Al, x[Ch—[A]

JAl . x[C] = [A] . 2)

A]n—lx C n — [A]n

L

rac [A]O’ [A]n - MaTpHIbl, OIMHCBIBAIOIMNEC NCXOJHOC U KOHCYHOC TCXHOJIOIN4C-

CKHE COCTOSTHHSI COOTBETCTBEHHO;
[H ]1, [H ]n —  MAaTpHIIbl, OMUCHIBAIOIINE MEPBYI0 U 3aKIIOYMTEIbLHYIO TEXHO-
JIOTHYECKHUE OTICPAIIHH.

Takas (opma npeacTaBieHus mpolecca HanboJiee npuemiieMa i o0padboTKH
JaHHBIX U MojenupoBanus Ha OBM. Marpuiel onvucanus U3MEHEHU TEXHOJIOTUYe-
CKUX COCTOSIHUH [H ]i , KaK ¥ MaTPHIIBl TEXHOJIOTUYECKUX COCTOSHUMN [A]i , — CJIOX-
HBIE CTPYKTYPHBIE MATPHIIBI, COCTOSIINE W3 HEKOTOPOTO KOHEYHOTO 4Yucia OJIOKOB
(KJIETOK).

Bo-BTOpBIX, CTPYKTypa U CoAiepKaHHe BHYTPECHHUX OJIOKOB OMpeeseTcs Ha-

3HAYEHUEM MOJICTM U TUIIOM peliaeMoi 3agadyu. B o6miem ciayuyae 3To OJIOK omuca-

HUS (HOpMBI [@], OJIOK ONMUCaHUsI CBOWCTB [C ] (O6mox ommcaHUST MEXaHHUYECKUX

CBOMCTB), OJIOK OMHMCAHUS TEXHOJOTMUYECKHX MapaMeTpoB [17 ] JlanHbie OJIOKH, B

CBOIO O04YCPCAb, TAKIKC MOT'YT ABJIATHCA OJIOYHBIMHA MaTpugamMu, COCTOAINMMHA U3 OT-
JCJIBbHBIX KIJICTOK.

Nudopmanus o popme npoduiia a000il CoKHOCTU NPEACTaBIseTCsS B OJI0Ke
bopmbI [CD]i. st aTOro J1I000€ CIOKHOE CEUCHHE pa30MBaETCs HAa KOHEYHOE YHCIIO
31eMeHTOB K, KOTOpble MOKHO ONMMCATh 110 NPMHIMITY BEKTOPHOTO MpEICTaBICHUS
IpOCTHIX Tpoduieit. s CBA3HOCTH U OTHO3HAYHOCTH ONKCAaHUsI BBOJUTCS MaTpuLa
IIEHTPOB [ll ], cofiepkaiasi MWHPOPMAIIMI0O O PACTOJOKEHUU IEHTPOB OMHCAHHS

QJICMCHTOB OTHOCHTCIIBHO 06IHCFO LHCHTpa OIMHNCAHMA. I[J'IH OIIpCACICHUSA CBA3HN MCK-
Ay JOKaJIbHBIM U 06HII/IM OCHTpaMH OIIMCaHMWA BBOAATCA ABC BCIIMYHHBI: PACCTOAHUC

MCXKAY HUMHU U BCJIIMYMHA yIJla OT BEPTUKAIN N0 JIMHHH, COGI[I/IHSIIOHICﬁ ux. Koauue-
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CTBO 3HAYMMBIX BEKTOPOB [CD] i OyIleT 3aBUCETh OT CIOKHOCTH IIPO(UIA U BETUINHY

K MOHO HCII0JIB30BaTh KaK IOKa3aTelb CJI0KHOCTH TPOMHIIS.

MexaHnueckrue XapakTEpUCTUKU packaTra cojepkarcsi B OJIOKE ONMUCAaHMS

CBOMCTB — [C ] Kaxxmas marpuiia [C] i COCTOMT U3 HabOpa BEKTOPOB — Ci =1,...,p,

OTIPENETSAIOMX TOJOKEHUE U30JIMHUM MEXaHMUYECKUX XapaKTepUCTHK. Bwibop P —
KOJIMYECTBA Pa30MEHMI TNIOCKOCTH CEUYEHUsI Ha U30TPOIHbIE 00JaCTH MEXaHUYECKUX
XapaKTEPUCTHK — ONPENEAETCS KOHKPETHBIMU YCIOBHUSIMU 3a/layd ONHCAHMS, Tpe-
OyeMoil TOYHOCTBIO Y4eTa paclpeaeiieHUs] MEXaHUUECKUX XapaKTePUCTHK IO cede-
HUIO npoduiid. BmecTe ¢ 3TuM, BeIuurHa P 3aBUCUT OT CJIIOKHOCTH IpoLiecca U3Me-
HEHUsI CBOMCTB M MOJKET SIBJIATBHCS IOKA3aTEIEM CIOKHOCTH Iporecca. B ciydasx,
KOI'/Ia MEXAHMYECKHE CBOMCTBA JIOCTATOYHO OINPEAENATh YCPEIHEHHBIMU BEJIMYMHA-
MU, Npeasaraercs O0JOK OMUCaHMs CBOMCTB pacCMaTpUBATh KaK BBIPOXKICHHYIO MaT-
pully, a IOKa3aTeld MEXaHHMYECKUX XapaKTePUCTHK — KaK 3HaueHus O7, O JUId

JTAaHHBIX YCIIOBUH.

bnok onucanus napameTpos [17 ] MOJKET BKJIIOUATh MOJI0JIOKU: [T] — MaTpUILy
OIKCaHUsl TEMIIEPATYPHBIX YCIIOBHIA; [V] — MaTpHIly OMUCAHUS CKOPOCTHBIX YCIIO-
BUI; [8] — MaTpHILy ONMCAHUs YCIOBHIM Ha KOHTaKTe 00pabaThiBA€MOro MaTepuana ¢
pabo4unM UHCTPYMEHTOM; [HH] — MaTpUILy OMHMCAHUSA COCTOSHUS pab0UYero HHCTPY-

MEHTa (M3HOC U T.I.); [ﬂ ] — MaTpully, XapaKTepU3yIOUIyl0 pabounii HHCTPYMEHT.
OTtnenbHBIE MATPUIIBI TEXHOJOTHMUYECKUX MapaMeTpoB MPEACTaBISAIOT co00W HaOOp
KOHEYHOTO YHCJIa 3JIEMEHTapHBIX OyokoB. [IpuHIMI mpenctaBiaeHus WHPOpMaIUN
aHAJIOTUYEH OJIOKY ()OPMBI — 3HAUCHHSI KOHKPETHOTO TTapaMeTpa OMPEEIISIIOT B TOU-
Kax TepecedeHrs 0a30BbIX PaJNyC-BEKTOPOB ¢ KOHTYPOM CEYCHHS W 3aHOCSAT B MaT-
pHILy ONMCAaHUS JAHHOTO TMapaMeTpa, YTO MOXKET OBITh MCITOIB30BAHO TPHU 3arlojIHe-
HUU uHMOpMAIEH MaTpPHIL.

[Ipu pemrennn 3a1a4, KOTIa HEOOXOAMMO 3HATH 3HAUCHUS MTapameTpa B JTI000M

TOYKE CEYEeHHs (HampuMep, TEMIEPATYypHOE MOJE), MPUHUMUIT MPEACTABICHUS HH-
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dopmanuu B Takux OJoKax (Hampumep [T ]) WUJECHTUYEH IPUHLHUIYY ONMUCAHUSA

0JI0Ka [C ]
B-TperbuX, MaTPHIBI TEXHOJIOTHYECKUX U3MEHEHUI MMEIT CTPYKTYpy OJ10-

KOB U PasMCPHOCTb, COOTBCTCTBYIOIIYIO MaTpullaM TCXHOJIOIHYCCKHUX COCTOSIHUH.

broku matpuilsl [H ]

i MOTYT COJEPKaTh UH(MOPMALMIO BEKTOPHOIO THIa (YyHopso-

YEHHBIA MO OIIPpCACIICHHOMY 3aKOHY Ha60p qUCCJI, HAIIpUMCD, MaTpHUlla U3MCHCHUA

bopMbI — [H@]i), aHAJIMTUYECKUE WM AMIIMPUYCCKUE 3aBHCUMOCTH (Mojeiu). B

J000M Ccilydae HE3aBHCHUMO OT croco0a MpeacTaBlIeHUs MHPOPMALMH BCE KIIETKU

BKIIIOYAaIOTCA B 06[[[}11-0 MaTpU4IHYIO MOJICJIb.

CTPYKTypHaH MaTpuna i-FO TCXHOJIOTHYCCKOI'O HU3MCHCHMA [H ] BKJIIOYacCT

OJIOKH [H CD] i [H C ] i [HH ] i — MI3MEeHEeHUsI (POPMBI IPOGHIIA, CBOICTB U TEXHOJIO-

TUYECKUX apaMeTpoB COOTBETCTBCHHO: i) ,=[@], / @],
[Hc]i :[C]i/[c]i—l’ [HH]i :[H]i/[n]i—lsme I=1..,m.

CoryacHO TaHHOMY MOAXOAy (HOpMOM3MEHEHHE OMUCHIBAETCS Ookamu (op-
MOUM3MEHEHHUS, PEICTABISAIOMIMMU OTHOIIIEHHE MaTpHIl (hOpMBI Tocsie U 10 HopMo-
n3MeHeHus. biok (opmonsMeHneHus sBIseTCS AUaroHaabHOM Martpuiieid. Ee panr
OTIPEMETISIETCS Pa3MEPHOCTHIO OJI0Ka onucanust GopMbl. JJOCTOMHCTBOM Takoro mpe-
CTaBJIeHUS (POPMOM3MEHEHHUSI SIBIIETCS BO3MOXKHOCTh MAIIMHHOW 0OpabOTKH Tpo-
1ecca KamOpOBKH.

B-ueTBepTBIX, CBA3M MEXAY TEXHOJOTHYECKUMH IMapamMeTpaMu Ha KaXIOM
JTare IMpolecca MOJyYeHHUs] COPTOBBIX Mpoduiieii 3amuCchIBalOTCSl B MATPHUIIE TEXHO-
JIOTUYECKOTO U3MEHEHHMs B BUJIE €€ OOKOBBIX KOMIOHEHTOB (0s10k0B). [Ipuuem B Ta-
KHUX OJIOKax MOTYT COJIEP’KAThCS KaK YMCIOBbIE KOA(PDUIIMEHTHI, TOTyUYEeHHBIC IMITH-
PUYECKUM TyTeM (HAmpUMeEp, CBSI3b MEXIY KOJIMYECTBOM NMPOKATAHHBIX B KaInOpe
TOHH MPOQUIA W KOMIIOHEHTaMHU MAaTpPHIIbI, XapakTepusyroleld mpoduib H3HOCA
KOHTypa Kajauopa), Tak U [eJble MaTEMAaTHYECKHUE MOJIEIH, YCTaHABIUBAIOIIUE CBSI3b

MEXAY OTIAEIbHBIMH MapaMeTpaMu (HaIpuMep, MKy TEMIIEPATypPHO-CKOPOCTHBIMH
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yCIOBUSIMU JAeQOpMaIiK, MPOYHOCTHBIMH CBOMCTBAMHU CTaJld U YIIUPEHHEM B Ka-

auope).
Cl [Hl] 312 o 3lm Cl
G, 3 [H,] - 3o G,
= . . .. ' (3)
_Cm_ _3m1 3m2 [H ]_ Ch
e [Cm] — MaTpHIla, ONKCHIBAIOIIAS HAYaJIbHOE COCTOSHHE OIHOI'O M3 CBOMCTB
00BEKTA;
[Cm] — MaTpHIla, OMHKCHIBAIONIAS KOHEYHOE COCTOSHHE OJHOTO U3 CBOMCTB
00BEKTa;
[Hm] —  MaTpHIla U3MEHCHHSI COCTOSHHS
3 — 3aBMCHMOCTH MEXIY Pa3IMYHBIMH MATpUIAMH H3MEHEHHUs (HAIpH-

Mep, CBSI3b MEXTy (POPMOUZMEHEHUEM U TEMIIEPATYPOH).

DTO SBISAETCS BAXKHBIM JOCTOMHCTBOM CTPYKTYPHO-MATPUYHBIX MOJEIEH
[5, 6], mockoyibKy TO3BOJISIET yBsI3aTh B paMKax €IWHOIO KOMIUIEKCHOTO IMOAX0Ja
BO3MOXXHOCTH JIpyrux s¢ddexktuBHbIx Mojaeneh. Takol moaxoj clienyeT NpU3HATH
HauOoJsiee MEPCIEKTUBHBIM MPHU CO3JaHUU METOJaMU OOBEKTHOTO MPOrpaMMHUPOBa-
HUSI COBPEMEHHBIX CUCTEM aHAJIM3a U YNPABJICHUS TEXHOJIOTUYECKUMU MPOIIECCAMH.

Takum oOpa3om, MpeAsIOKEHHBIA MOIX0]] K MOJAECIMPOBAHUIO MPOLECCOB 00pa-
OOTKH METAJIOB JIaBJICHUEM U, B YACTHOCTH, COPTOBOM MPOKATKU MPpoduieit pa3and-
HOM CII0)KHOCTH, 00€CTICUNBACT:

— KOMIUIEKCHBIN y4eT (PakTOpoB, OKa3bIBAIOIIMX BIUSHUE Ha Tporiecc (op-
MOM3MEHEHHMSI, U BIUSHHS caMoro (POpPMOM3MEHEHHUSI HA COCTABJISIONINE TEXHOJIOTHU-
YECKOTo Mpolecca;

—  YHHMBEPCAJbHOCTH (€AMHBIMN CIMOCOO MpeacTaBieHus: HGoOpMaluu, ymoo-

HBI JI71s1 MAITUHHOU 00pabOTKN);
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— ajzantuBHOCTH K mpoueccaM OMJ[ (BO3MOXHOCTH ONMCHIBATH IPOLIECCHI
Pa3IUYHON CJIOXKHOCTH, IPOTEKAIOUIUE HAa PA3IMYHBIX TEXHOJOTHYECKHX OOBEKTAX,
0€3 U3MEHEHMsI CTPYKTYPbI ONIMCAHUSA);

— aJIallTUBHOCTh K PEIIAEMbIM 33Ja4yaM aHalIW3a M YNPABICHUS TEXHOJIOTH-
YECKUMH CXEMaMU;

— BO3MOXHOCTh 3((EKTUBHO BKJIIOUYUTh B €IWHYI0 HH(OPMALUOHHYIO
CTPYKTYpPY OTHEJIbHBIE MOJENH, CBSA3BIBAIOLINE PA3JIMYHBIE TEXHOJOTMYECKUE Iapa-
METpBI ITpoLiecca MPOKATKH;

— COOTBETCTBUE COBPEMEHHBIM OOBEKTHBIM MOJIX0JaM K CO3aHHI0 KOMIIbIO-
TEPHBIX CUCTEM MPOECKTUPOBAHUS U YIIPABICHHS TEXHOJIOTMYECKUMU MTPOLIECCAMH.

Ba)XHO OTMETUTH COOTBETCTBUE OIHMCAHHBIX NPUHLUIIOB MOJEIUPOBAHMS 3a-
JlayaM yIIpaBJIeHUs KauecTBOM. MeTtononornueckas uarerpanus cxemol Kaopy Hcu-
KaBa «IPUYHMHA — CJIEICTBUE» U CTPYKTYPHO-MATPUUYHOTO MOAX0JA ¢ UCIOJIb30BaHU-
eM 0a3 JaHHBIX U MHPOPMAIIMOHHBIX TEXHOJIOIHI 00ecreurnBaeT HaydyHo 00OCHOBAH-
HO€ 1 3(PPEKTUBHOE pEIICHHE MOCTABIEHHBIX 3a1a4 [7].

[TocTpoeHune CKBO3HOM aJallTUBHON U MHTETPUPOBAHHOW CUCTEMBI YIIPABJICHUS
KaueCTBOM CONPSDKEHO € pa3pabOTKON HOBBIX KPUTEPHUEB OLEHKU 3(PPEKTUBHOCTU
TEXHOJIOTHYECKON CXEMBI, HEMOCPEICTBEHHO CBA3AaHHBIX C IOKAa3aTelsIMA KadecTBa
IIPOKATHOW MpoayKuuu. [Ipym 3TOM MOBBIIEHHE CTENEHN OCMBICIIEHHOCTH BO3JEHCT-
BUS TIEpCOHAsa HA TEXHOJOTUYECKU OOBEKT yIpaBiIeHUs pean3yeTcsl MyTeM CO3/1a-
HUS U NPUMEHEHHS] MOJEJIEH-UMUTATOPOB (TPEHAXXEPOB) Ha NpUMEpax JEUCTBYIO-
IIMX MPOKATHBIX CTAHOB [8].

KoHTposib kauecTBa MpOAyKIMK MPOKATHOIO CTaHa BKIIIOYAET cOOp, apXuBa-
IIUIO0 U XpaHEHHE MHXKEHEPHBIX XapaKTEpUCTHK Mpolecca B 0a3e JaHHBIX. DTU JaH-
HbI€ IIUPOKO MPUMEHSIOT MPHU OMpPEAEIICHUH TPUUYUHbBI CHIDKEHHS KauecTBa MPOAYK-
MU U B LEJSIX COBEPIICHCTBOBaHUS npoiecca. Ha3BanHble 00CTOATEILCTBA ONpee-
JSIOT TpeOOBaHUS K COBPEMEHHBIM U MEPCIIEKTUBHBIM MOJEIISM YIPaBJICHUS KauecT-
BOM: 1) B OCHOBE JIOJDKEH JieKaTh HAYYHO 0OOCHOBAHHBIN, alpOOUPOBAHHBIHN, IIUPO-

KO TpPUMEHSEMBIH, "MpocToil" MHCTpyMEHT oOecledeHHsl KauecTBa; 2) CTPYKTypa

Kamu6poBounoe Oropo (www.passdesign.ru). 2013. Bemyck 2 67



CopTorpokaTHOE MPOU3BOJICTBO

JOJDKHA OTBEYATh MIPUHIIUIIAM JCKOMIIO3UIINN U HEPAPXUUECKOTO YITOPSIIOYMBAHUS C
COXpaHEHHEM €IMHCTBA MATEMAaTHUYECKOro anmapara [9].

Pa3paboTanHass Ha OCHOBE CTPYKTYPHO-MATpPUYHOTO IMOAXOAAa MOJENb Ha-
CTpOMKHU cTaHa [6, 7] MO3BOJSET ONpPEAEATh MapaMeTpbl HACTPOUKH 3a BpeMsl Mpo-
TEKaHMs MpoIecca UK JIaXKe orepekasi peajbHbli MaciiTad BpeMEHH, 4TO MOJTBEP-
KIACT 11€J1eCO00pa3HOCTh MPUMEHEHUS aBTOMATU3UPOBAHHOW CUCTEMbI YIPABIICHUS
HACTPOWKOM cTaHa Ha 0a3e ITOW MOJEIH.

Cucrema HaCTpPOMKH B pEKUME PEATBHOTO BPEMEHHU, T.€. 3a/IeHCTBOBAHHAS HE-
MIOCPEJICTBEHHO B KOMIUIEKCE CHCTEM YIPABICHHUS, COCTOUT W3 CICIYIOIINX
AJIEMEHTOB:

— MpOTpaMMBbI yIpaBiieHHs 0a3aMH JaHHBIX, TJI€ TMPOUCXOIUT cOOp U 0Opa-
0oTka mHMOpPMAIMHU, HAKOIJICHHOW NEPBOHAYATILHO, a TAK)Ke MOCTYMHAIONMIEH B TIPO-
1ecce paboThl CUCTEMBI;

— MOJENM  Tpolecca HACTPOWKH, TpUYeM  MOJeldb  OOMEHHBAETCS
nHpopmarmeit ¢ 6a3aMHu JTaHHBIX, MOJIy4as TEKyIIWe BXOJHBIC MapamMeTphl M3 CHC-
TEMHOM IIIMHBI;

— IMapaMeTPOB HACTPOMKHU — 3a30PbI IO KJICTSIM WJIM 3HAYCHHUS UX KOPPEKITUU
U PEKOMEHIyeMbI€ CKOPOCTH BpAIllEHUs DJIEKTPOABUTATENICH TJIaBHBIX MPUBOJIOB,—
SBIIIONINXCS PE3yJIbTaTOM (DYHKIIMOHUPOBAHUS MOJIEIN TIOBBIIICHUS TOYHOCTH
MIPOKATKH,

— aJlanTalMOHHOW MOJENH, LIeJb KOTOPOW — camoajarTalys MOJETu Ipo-
11ecca K yCJIOBHSIM KOHKPETHOTO COPTOTPOKATHOTO CTaHA;

— wuHTepdeiica, KOTOPBIM obecreunBaeT nepeaady WHPoOpMaIMu OT MOJICITH
mpoliecca Ha MCTIOJHUTEIBHBIC YCTPOUCTBA OOBEKTA YIIPABICHUS U OT aBTOMAaTHU3H-
POBAHHOM CUCTEMBI CIICKCHHS 32 TEXHOJOTHUSCKHUM IPOIIECCOM K MOJICTIH;

— 00BeKTa yrpasiieHus (COPTOMPOKATHOTO CTaHa) C UCIIOJIHUTEILHBIMHU YCT-
poiicTBaMu (HAXKMMHBIC MEXAaHU3MBI U DJIEKTPOIIPUBOJI KIIETEH).

PexxnM «ympaBiieHHsT ¢ BO3MOYKHOCTBIO TIPUHSATHS PEIICHHS OIEPaTOPOMY SIB-
JISIETCS TIEPEXOTHBIM OT «PEKHMa COBETUYUKA» K MOTHOIICHHOMY «PEKUMY aBTOMATH-

YECKOI0 YIPaBJICHUS. «praBJIeHI/IC C BOSMOXHOCTBIO IMPHUHATHA PCHICHUA OIICpa-
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TOPOM» TaKXe XapaKTepU3yeTcs HalIudhueM OOpaTHOM CBSI3U MEXIYy OOBEKTOM
yIpaBJICHHS (COPTONMPOKATHBINA CTaH) U aBTOMATUYECKHM YTIPABISIOIINM yCTPOMCT-
BOM (MOJ€JNb Ipouecca, 6a3bl JaHHBIX, aJalTallMOHHAs MOJIENb), 00eCIeUNBAIOIINM
camMoaJanTaluio Mojeiau mpoiecca. [lapamerpsl HacTpOWKH, BbIpabaThIBa€MbIe MO-
JIENBIO IIPOLIECcCa, HE MOCTYIAT HA UCIOJHUTEIBHBIE YCTPOMCTBA CTaHA HEMOCPE.I-
CTBEHHO uepe3 UHTep(eiic, MUHYs TEXHOJIOTUUYECKHUI NEpCOHAN, @ HOCAT peKOMEH /1a-
TeNbHBIN XapakTep. Takum obOpazom, "merns" momyudaercss He3amKkHyToM. Ha atame
BHeapeHuss ACY B IIpOU3BOJCTBO 3TOT MOMEHT JAET psif IUTFOCOB, OOECIIEUnBasi:

— TPOBEPKY ycTOMYUBOCTH padboThl ACY B LEIOM M €€ OTIEIbHBIX COCTaB-
JSOILUX;

— TPOBEPKY COOTBETCTBHUS pabOThl MaTEMaTHUYECKOTO OOECHEYEeHUs B KOM-
IJIEKCE € aAanTallMOHHOM MOJIEIIbIO peaJbHOMY IMPOLIECCY MTPOKATKH U HACTPOMKU;

— B ClIy4ae HE0OXOJIMMOCTH JOBOJAKY OTAEIbHBIX OJIOKOB CHCTEMBI U BHECE-
HUE KOPPEKTUB B (DYHKLIMOHUPOBAHUE CAMOM MoOJenH 0e3 KakuxX-JIMOO MpOU3BOJCT-
BEHHBIX H3EPKEK.

VYkazannbie Boiie BapuaHThl ACY HACTpOWKH CTaHa TMOBBIMIAIOT dPHEKTHB-
HOCTh pa0OThl TEXHOJIOTUYECKOTO MEPCOHANA (CTPaxOBKa OT CIYYalHBIX OIMOOK) U
TEXHOJIOTMUECKOro 000py/10BaHus, BJSASACH B3aUMOCBA3aHHBIMU 3TAallaMU BHEPEHUS
CUCTEMBI HACTPOMKHU B MTPOU3BOJCTBO.

Jlist noBbIieHUs 3(P(HEKTUBHOCTH CXEM KANMOPOBKHU MPEAJIONKEH U MCIOTIB30-
BaH KpUTEPUIN OLIEHKH M COMOCTaBICHUS 3(PPEKTUBHOCTH abTEPHATUBHBIX BapHaH-
TOB KAJIMOPOBKHU MpodUIIeH pa3IudyHON CIOXKHOCTH (KOA(PUIIMEHT HEepaBHOMEPHO-

cru gedopmanuu K ) [6, 10].

Hep
CHmwxkeHne HepaBHOMEPHOCTH JedopMalii packaTa Mpy 3aJIaHHBIX YCIOBHSX

CBOJUTCA K OTBICKAHWIO YMCHBINAOIINX 3HAYCHHC KHep W3MEHECHUHN BEJIMUUH pagun-

yC-BEKTOPOB, XapaKTEPU3YIOIINX KOHTYp KaauoOpa. B kaduectBe orpannyeHuit moado-
pa KOHTypa KamuOpa HCIOIh30BaHbI HOPMAaJbHOE 3aIOJIHCHHWE, HOMHUHAJIbHAs Ha-
rpy3ka Ha o0OpyJOBaHME W MUHHMMAJIbHOE M3MEHEHUE KOd(PUIMeHTa BBITSKKU B

Kanmope.
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Mopenb 1 METOAVKY CHUKEHUS SHEPTOo3aTpaT MpH MPOKATKE B KaTuOpax ObLIN
IIPOBEPEHBI HA PUMEPE YEPHOBOW I'pymIIbl AercTByroniero crana 350 Yepenoseuko-
ro Metajutyprudeckoro komounara [11]. Tak, mpu npokaTke Kpyrioro mpokara aua-
MeTpoM 36 MM B TPEX UYEPHOBBIX KJETSAX YAAJIOCh CHU3UTh HArpy3kd Ha KJETH Ha
1,75%. Ilpu sTOM cieyeT OTMETUTh, UTO KaTUOPOBKH JIEHCTBYIOIIMX CTaHOB 00Jia-
JAI0T OTPAaHUYCHHBIMU TEXHOJOTUYECKUMH PE3€pPBaMU B CBSI3U C IMapaMeTpamu 00o-
PYJIOBaHUA U TEXHOJOTHYECKHUMH BO3MOKHOCTSAMH.

Hccnenosanusi, npoBEAEHHBIE TPU MOMOIIHA KOMIUJIEKCA ONMHUCAHHBIX MOJETEH,
MOKa3bIBAIOT BBICOKYIO MPHUCIOCOOJIEHHOCTh cTaHOB Danieli Kk miaHoMepHOMY coO-
BEPIICHCTBOBAHUIO TEXHOJIOTMU U aJIallTallui K MEHSIOIIMMCS] TEXHOJIOTHYECKUM yC-
JIOBUSAM:

— ctanbl Danieli no3Bossitor 3¢ (heKTUBHO UCIIOIB30BaTh PE3EpBBI 000PY10-
BAaHUS IIPU OCBOEHUU HOBOT'O COPTAMEHTA;

— B KOMIIOHOBKAax CTaHOB 3aJI0KEHbI TEXHOJIOTUYECKUE PE3EPBbI I ONTH-
MU3aIMHU SHEPro3aTpar Mpu NPOKATKE;

— KanuOpOBKa MO3BOJIAET QJANTUPOBATh CTaH K YCIOBHUSIM MEHSIOIIETOCS
COPTaMEHTa U €ro CTPYKTYpPhI 0€3 CYIIECTBEHHBIX U3MEHEHUH €€ CXEM;

—  KanuOpoOBKM 00JIa/Iat0T BHICOKOW CTEMEHBIO MPUCIIOCOOIEHHOCTH K BHECE-
HUIO U3MEHEHUH TIPU ONITUMHU3AIMN KOHTYPOB KaTuOPOB.

OT1U QakTopbl A€7at0T BO3MOKHBIM MPU UCIIOIb30BAHNUU OMMCAHHBIX MOJIEIIEH,
MOCTYyIaTeNbHOE MOBbIIeHHEe dPPexkTuBHOCTH paboThl cTtaHoB Danieli, uto, B oco-
oenHoctu B Poccuu, SBISIETCS CYHIECTBEHHBIM TEXHOJIOTUYECKUM IMPEUMYILECTBOM
COpPTOIPOKATHBIX KOMILIEKCOB Danieli.

[IpuBenem npuMepsl.

Hcnonb30BaHue TEXHOJOTHYECKUX pe3epBoB ctaHoB Danieli ais kaauno-
POBOK npodguieit npocTou (popMsl.

Brimeonucannas MmaTeMaTrudeckass MOJAEINb ISl PELICHUS] 3a1a4d COBEPIIEHCT-

BOBaHMUA KaJII/I6pOBOK 10 KPUTCPHUIO KHep ITO3BOJIMJIA COIMMOCTAaBUTh YCHIINA B KIICTAX

JI0 ¥ TIOCTIE TIPOBEACHHOM 10 MOJENH IeJeHANPaBICHHON ONTUMHU3aluu (GOPMBI Ka-

au6poB Ha ctanax 170, 370 u 450 npousBoacTBa Danieli.
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B pesynbrare onTuMu3anuu KaauOpoBOK A mpoduieit mpocToit Gopmbl ycu-
JIMe IPOKATKU CHU3WIIOCH B cpeHeM Ha 8% (Tabm. 1).
Tabmura 1
TexHonornueckue pe3epBbl ONTUMHU3ALUN KATHOPOBOK U BOZMOKHOCTH

CHIDKEHHSI HEpaBHOMEPHOCTH JiehopMalliK Ha pa3iuuHbIX cTaHax Danieli

[Tpodunepas- CyMMa HArpy3oK, T N3menenune

Cran hi(o) \ 1ocJIe | U3MEHEHUE, 0

Mep Kiyepy %0
ONTUMHU3ALIIHU %

MenkocopTHo- Kpyr 6,5 4252,18 | 3759,61 -11,58 -17,1
poBoIOYHbIH 170 Kpyr 12 194491 | 1831,61 -5,83 -21,65
CpenHecopTHO- Kpyr 36 910,03 808,8 -11,12 -13,79
MenkocopTHbi 370 | KBanpar 22 1117,52 1023,6 -8,4 -12,62
KpynnocopTHo- Kpyr 22 995,38 937,54 -5,81 -17,51

cpeaHecopTHbI 450 Kpyr 60 1026,3 976,28 -4,87 -6,79

Hcnonb30BaHue TEXHOJIOTHYECKHX pe3epBoB craHoB Danieli nis kaauo-
POBOK (paCOHHBIX NPOPHJIeH.

B nocnenHue rojpl yBEIMUMBAETCS CIPOC HA NPOKAT C MOBBIMIEHHBIMHU JKC-
IUTyaTallMOHHBIMU CBOMCTBaMu. Ha HenpepbhIBHBIX BBICOKOCKOPOCTHBIX CTaHax 3a-
TPYAHEHO CTAOWJIbHOE MOJTY4YEHHE BBICOKMX MPOUYHOCTHBIX CBOWCTB IPH MPOKATKE
LIBEJUIEPOB U3 HU3KOJIETUPOBAHHBIX CTAJIEM, B YACTHOCTH IIBEJUIEPOB U3 CTAIA Map-
ku 0912C mo 'OCT 19281-89.

Bo03MOXHBIMU pecypcaMy MOBBIIIEHHS] IPOYHOCTHBIX CBOWCTB BO BpPEMS IPO-
KAaTKU MOTYT SIBUTbCA AU(P(DEepEeHIMPOBAHHOE OXJIaKIEHNE (PaCOHHBIX Mpoduiei mo-
CcJIe MPOKAaTKH U M3MEHEHUE TEMIIEPATYp HAarpeBa M MPOKATKU MeTaia. Peanuzanus
UJeHU OXJIAXKJEHUS COIpPsHKEHA ¢ 3aTpaTaMy Ha 00OpYyJ0BaHHE U COOTBETCTBYIOIIYIO
eMy TexHojoruto. Takum oOpa3oM, HauOolsiee TMOKUM M Majo3aTpaTHbIM HHCTPY-
MEHTOM JiJIs1 GOPMHUPOBAHUS KOMILIEKCAa TPEOYEMbIX MEXaHUUYECKUX CBOMCTB SIBIISIET-
Csl U3MEHEHHE TEMIIEPATYPHOTrO pEKUMa MPOKATKH.

[Ipyn noHMXEHUN TEMIIEpATypbl HarpeBa 3arOTOBKM HAa HENMPEPBIBHBIX CTaHAX
YMEHBIIAETCS MOTEPS TEIIa METAJUIOM B KJIETAX YEPHOBOM I'PYIIIbI, YTO CBUIAETENb-
CTBYET O PallMOHAJIBLHOCTH CHMKEHUs TeMIIepaTypsl Ipu Harpese. IIpu aTom yBenu-

YeHHE PAcXoja AJIEKTPOIHEPrHH Ha AePOopMaIMIO 3arOTOBKHM B UEPHOBBIX KIIETSX
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3HAYUTEIBHO MEPEKPHIBAECTCA CHH)KEHHEM pacxojla TOIUIMBA HA HArpeB 3aroTOBKU U
o0I1asi SKOHOMHUS PHEPruM coctaBiseT He MeHee 15%. Kpome Toro, ymenbiaercs
yrap Merajula B II€4H, T.€. NOBBIILIAETCS BBIXOJ] TOJHOTO.

[lonmwxenue TemmnepaTypsl MeTallla Ha CTaHe HEU30€KHO MPUBOAMUT K YBEJH-
YEHHUIO CONMPOTHUBIICHUSI METAJUIA IUIACTUYECKOW AeopMalvi U K MOBBILIEHUIO Ha-
Ipy30K Ha 000pyAOBaHUE TNIABHBIX JIMHUHM KieTeil. [l mpoBeneHusl NpOKaTKU Mpu
MOHW)KCHHOW TEeMIIepaType HEOOXOAMMO MMETh 3aIac M0 3HEProCHIIOBBIM HapameT-
pam, yTOOBI OH BHOBb ObLI 33JIEHCTBOBAH MU MPOKATKE C MOHMKEHHOM TeMIiepary-
poii. @opMUPOBAHUE FTOTO 3araca MPOUCXOIUT Yepe3 pacrpeaenceHue aedopmarum,
YTO MPU MPOKATKE MIBEJJIEPA BO MHOTOM OOYCIIOBJIEHO CXeMON KaIMOpPOBKU. B cBsi3H
C 3TUM IMOMCK MyTeH IIeJIEHaNIPaBICHHOT0 epepacnpeaeneHus aepopmani MeTauia
IIPU IIPOKATKE IIBEJUIEPOB SABISAETCSA AKTyaIbHOM 3a1auen.

OCHOBHBIMU 33JJa4aMU OLEHKU 3()PEKTUBHOCTH KAIMOPOBKHU IIBEJUIEPOB C IO-
3UIMN CTPYKTYPHO-MaTPUYHOIO MTOAXOAA SIBISIIOTCS CIAEAYIOIINE:

— CO3/IJaHH€ METOJIMKH COBEPIICHCTBOBAHUS KaJIHMOPOBKHU C PallMOHAIBHBIM
pacnpezeneHueM (HOpMOU3MEHEHNs, TO3BOISIFOIIEH MPOBECTH MPOKATKY MPHU MOHU-
YKEHHOU Temreparype ¢ LEeJbI0 MOBBIIIEHUS KCITyaTallHOHHBIX CBOMCTB LIBEJUIEPA;

— COBEpIICHCTBOBAHME KAJIMOPOBKHU LIBEJJIEpPA HA HEMPEPHIBHOM COPTONPO-
KAaTHOM CTaHe.

Hanuuue enquHoro neHtpa onucanus npoguiis cioxHou ¢popmsl (puc. 1) maer
BO3MOKHOCTh NMPUMEHEHHUS KPUTEPHUEB OLECHKU d(PdekTuBHOCTU (HOPMOU3IMEHEHUS
Ha OCHOBE paHee MOJYYEHHOI'O OIbITa HUCIOJIb30BaHUS KOA(DPUIIMEHTOB TEXHOJO-

TMYHOCTU U HEPABHOMEPHOCTH (POPMOU3ZMEHEHUS IPOCTHIX Mpoduieii [6].

Puc. 1. IlpuMeHsieMblil B MATPUYHOM MOIXO/E CIIOCOO OMUCAHUS CEUSHUS
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OnTuMu3upoBaHHAsl KanMOpPOBKa 3aTparuBaeT YMCTOBYIO Tpymmy kierei. B
IpOoIECCe ONTUMU3ALUU KaTUOPOBKU M3MeHeHa (opMa BTOPOTO M TPETHEro MPOTHB
X0Jla IPOKAaTKU KaJIMOPOB, YTOOBI 00ECTIEUNTh MPUPOCT LIMPUHBI CTEHKH, TaK KaK ec-
TECTBEHHOE YUIMPEHUE CTEHKH HE 00eCleuynBaeT Takoro mpupocrta. Takum oOpa3om,
B BEPXHEM pYyUb€ LIMPUHA pacKaTa I10JIyd4aeTcsi MEHbIIE IIUPHUHBI Kaauopa U 1mojioca
UMEET, MO0 KpalHel Mepe, OAHY CTeNneHb CBOOOABI Ui MEpPEMEIIECHUs B KaiauOpe.
WNubiMu cioBamu, KamuOp HEYCTOWYMBO AEPKHUT packaT. LleHTpupoBaHue packara B
KaauOpe MPOUCXOAUT 3a CUET YACPKUBAHUS MOJIOK. Pe3ynbrarsl pacuera 3HaUeHUN
YCWIHS TPOKATKH, KOA(P(UIMEHTA BBITSKKM M KOA(P(UIMEHTa HEPaBHOMEPHOCTH
nedopMaIu MpuBeacHBI Aaee (Tad. 3).

Tabmuma 3
CpaBHUTENBHBIN aHAJIN3 PACUETHBIX 3HAYCHUN YCHIINS IPOKATKH

JUTSL pa3JIMYHBIX BAPUAHTOB KaJTUOPOBKHU YUCTOBOM rpymibl ctaHa 450 Danieli

Ycunue B UMCTOBOM rpynie kineren, kH

Kamioposxa 9 11 12 13 14 15

Wcxonnas kamubpoka  |2103,27]1688,30]1367,27|1046,25|1233,30| 920,61

Onrumusanus KamuOpOBKH. | 1596 o1 | 1448 75157461 |1233,75| 88131 |1020.55
Bapuanr 1

Ontumuzanus KaTuOpOBKH.

1796,51|1448,75|1574,61/1030,01| 722,31 | 961,18
Bapuanr 2

OcHoOBHBIE OTINYHS pa3paOOTaHHON KAIMOPOBKU OT JICUCTBYIOIICH:

— yBENIWYEH paJnyc U3ruda CTCHKH;

— yBeJWYeHO 00kaTue cTeHKH B kiietu 13 Ha 4%;

—  yYMEHbIIEHO 00XaThe CTeHKH B KiieTu 14 Ha 3%;

— YMEHBIIIEH yroJl MEXAy MOJKaMH 3a CYeT W3MEHEHHs pajuyca H3ruoda
cteHku. Cxema KalmOpoBKU OoJiee MpUOIHKeHa K TPAIUIIMOHHOM, pACCYUTAHHOM Ha
YIIUPEHUE CTEHKU;

—  yIyYIIeHBI YCJIOBHS BXOJa packaTa B KOHTPOJBHBIM KaluOp 3a CUeT yBe-
JIMYEHUS BBICOTHI IOJIKU (B KPUTUYECKU HArpyKeHHOU kieTu Nel4).

[TonyyuB pamyioHaNbHOE paclpeesieHne HEepaBHOMEPHOCTU (HOpMOU3MEHeE-

HUS, MOKHO CKa3aTh, YTO 00pa30BaJICS «pPe3epPB» MO YCUIIMIO MTPOKATKU. Takum oOpa-
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30M, BO3MOKHO AOIIYCTUTb CHUIKCHUC TCMIICPATYpPbI MCTAJllIa, 4YTO IMPUBCACT K II0-
BBIINICHUTO YCI/IJIHﬁ IIPpH €T0 IMPOKATKE, OAHAKO 3TO YCHUIIMC HC CTAHCT M30BITOYHBIM U
OITaCHBIM 3a CUCT HCIIOJIb30BAHUA O6pa30BaBHIeFOCSI «PpEe3CpBaAN.

Ha INpUMCPC TCXHOJIOTHMH IIPOKATKH IMBCIIJICPA B YCIIOBUAX KPYIIHOCOPTHO-

cpennecoptHoro crana 450 Danieli ompeneneHa B3auMOCBS3h KHep U ypOBHA 3a-

Ipy3Ku KjaeTd. OnTuMu3aius KaauOpoBKH (BapuaHT 2) MO3BOJIWIIA CHU3UTh HATPY3Ky
Ha KJIETh (CM. TalJ. 3) U cO3/1aTh 3amac JUisl CHUKEHHUS TeMIepaTypbl HarpeBa 3aro-

0 2
ToBKH B 1eun Ha 30°C. ITo obecreunsio BBITIOIHEHNE Kiacca mpouyHocty 345 H/mm

u3 ctaym Mapku 0912C o 'OCT 19281-89 [12].
3akJ/Il0ueHue

1. Tloka3zaHo, uto Danieli 3aHMMaeT nepeaoBbie MO3UIMH B MUPOBOM METall-
JypPru4e€CKOM MAIIMHOCTPOEHUU KaK pa3pabOTYUK U MOCTABIIMK COBPEMEHHBIX BBbI-
COKOABTOMATU3UPOBAHHBIX KOMILJIEKCOB B IMPOU3BOJICTBE CTAIILHOTO COPTOBOIO MPO-
KaTa JjIsl IEPCIEKTUBHBIX OTPACICH YIKOHOMUKH.

2. PaspaboTaHHas 1oJl PyKOBOJICTBOM M MPH OMPEICIAIONIEM YIaCTHH aBTO-
POB CTaTbU CTPYKTYPHO-MaTpU4Has MOJACIbh (POPMOM3MEHEHHS MPU MPOKATKE COPTO-
BBIX Tpoduiei o0ecrneynBaeT BO3MOKHOCTh ONTUMHU3AIMN TEXHOJIOTUUECKOTO MPOo-
1ecca 1no Haubosee akTyaabHOMY KPUTEPUIO — CHUKEHUIO YHEPro3aTpar.

3. MHOTOJETHUI OMBIT NMPUMEHEHUS CTPYKTYPHO-MATPUYHOM MOJENH TpHU
pelIeHUH TEXHOJOTUUECKUX 3ajay, BKJIIOYas 3a/1aud ONTUMM3ALNKN KaTUuOPOBKU JIJIs
COpTOBBIX cTaHOB Danieli, mokaszan psii JOMOTHUTENBHBIX TOCTOMHCTB 00OpYI0Ba-
HHS U TEXHOJOTHU ATOM KOMITAHUHM, 3aKJIIOYAIOIIMXCS B BBICOKOM QJallTUBHOCTH K
U3MEHSIOIIEMYCSI COPTAMEHTY M OOJIBIIIOMY 3alacy TEXHOJOTHYECKUX PE3ePBOB, IMO-
3BOJISIFOIIMX ITOATAITHO TOBBIMATH A((PEKTUBHOCTH IMPOU3BOJCTBA B MCHSIOIIMXCS

IMPOU3BOACTBCHHO-3KOHOMHUYCCKUX YCIIOBUSAX.
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CeIbMOI0 KOHTpecca MmpokatdyukoB (r. Mocksa, 15-18 oktsa6ps 2007 r.). T. 1. M.,
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C.C. Pb1ukoB

OAO «MarauToropckuili METALTypru4ecKuii KOMOMHAT
JI.A. Kun3un

®I'bOY BIIO «MarauToropckuii rocy1apcTBEHHbBIN

TeXHU4YeCKuM yHuBepcuteT uM. I'.1. HocoBa»

CPABHUTEJIBHBIN AHAJIN3 TEXHOJOIT'MYECKUX IAPAMETPOB
IBYX BAPUAHTOB KAJIMBPOBKH BAJIKOB
YEPHOBOM I'PYIIIBI KJIETEN CTAHA 370 OAO «MMK>»

llposeden ananuz 08yx 8apuanmos KaiubpoKuU 0ecsimu 4epHOB8blX Kiemel
cmana 370 OAO «MMK»y». Hcnonv3oeanue kanubpos HoBoU (Popmvbl no3801UN 00-
bumuvcs 60J1ee 8blCOKOU CMOUKOCMU 8AIK08. MeHbuiull pacxoo 6aiKo8 no380aum C3-
koHomums 0o 800 meic. py6. 6 200. bBonee pasnomepnoe pacnpedenenue Ha2py30K NO
KIemsmM CHU3UM 8EPOSIMHOCIb NOJOMOK 000pY008AHUS 2NAGHBIX TUHULL Kilemell U3-3d
CKAYKO8 MOMEHMA 8 HauboJiee 3a2PyHCeHHbIX HePABHOOCHBIX Kemsax cmana. JIyuwue
yeaosus 3axeama u 601vuas cmadulbHOCMb packama Ha 6xo0e 8 PAGHOOCHblEe Ka-
qUbpul ymenvuwium uucio 3acmpesaruu. Kpome smoeo, usmenuswascs cxema Oe-
Gdopmayuu — ¢ 6onee 8vlcoKUM KOIPPuyuenmom d¢pexmusnocmu KaimoposKu —
HOBBICUM BLIKAMBIBAEMOCTb 0epeKmos TUmetiHo20 npou3e00Ccmaa.

Knrouegvie cnosa: memoo KOHeUHbIX INeMEHMO8, UZHOC BAIKO08, KalUubposKa

6AJIKO6, CMeNneHb UCnOJIb306ARUA 3anacd niacmuiHocmu.

BBenenue

N3MeHeHne kaauOpOBKU BAJIKOB MOKET YJIYUIIUTh YCIOBUSI MPOKATKUA HA CTa-
HE — MTOBBICUTh MEXaHWYECKHE CBOMCTBA MPOKATa, KAYECTBO MOBEPXHOCTH, TOUHOCTh
MPOKATKU, CHU3UTh DHEPro3aTpaThl, MapK M pacxoj] BaJKoB U T.A. [1-5]. [Ipuuem
0COOBII UHTEPEC MPENCTABIIAIOT TaKKE MOAXO0/Abl, KOTOPbIE CHOCOOHBI YIYUIIUTh Cpa-

3y HECKOJIPKO IMapaMeTpoB Mpou3BojicTBa. Ha xadenpe o6paboTku MeTaioB AaBie-
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HUeM  MarHuTtoropckoro rocyJIapCTBEHHOIO  TEXHUYECKOTO  YHHUBEPCHUTETA
uM. .. HocoBa Ha MpOTSHKEHUH TJIMTEILHOTO BPEMEHH pa3pabdaThIBAIOT M COBEP-
HICHCTBYIOT METOJUKY pacyeTa KaluOpOBKM BajJKOB B paMKaxX CTPYKTYpHO-
MaTpUYHOTO TOAXO0Ja, KOTOpas AEMOHCTPUPYET YHUBEPCAIBHOCTh U CIHOCOOHOCTH
TIOJIOXKHUTEIBHO BJIMATH HA MTPOU3BOICTBEHHBIC MOKa3arenu [4, 6-8].

JHannast paboTa npeacTaBisieT co00il MPoaOHKEHHEe HAYaTOr0 paHee UCCIeN0-
BaHUS BIUSHUS PA3JIMYHBIX TEOMETPUUECKUX COOTHOIIEHUH B HEPABHOOCHBIX Kaan0-
pax Ha U3HOC BAJIKOB M CTENEHb MCIIOJIB30BAHUS 3amaca MJIaCTUYHOCTH MeTajula Ha
BBIX0JI€ U3 PABHOOCHBIX KaJTHMOPOB.

[lenb paboOTHI: MpoaHATU3UPOBATH BIUSHUE W3MEHEHHOW (POPMBI HEPABHOOC-
HBIX KQJTHMOPOB HA TEXHOJOTUYECKUE MMapaMEeTPhI 10 UTOTaM MOJICTUPOBAHMS TIPOKAT-
KM METaJla B UCMHOJIb3YEMBIX U MpeJjiaraéMbIX KairuOpax 4epHOBOU IPYIIbI KIIETEH
ctana 370 OAO «MMK».

3agaun pabOTHI:

—  OMNpEIEeuTh YCIOBUS MOJCIUPOBAHUS;

— CpaBHUTb U3HOC KaguOpOB, CTOWKOCTh BaJIKOB, CTENEHb HMCIOJIb30BaHUS
3amaca mactuaHoctu (CU3II) packara Ha BbIXOJE M3 YETHBIX KaIUOPOB JBYX Ka-
JUOPOBOK; OIEHUTh SHEPTOCUIIOBBIC MMAPAMETPHI U MapaMeTPpbl 04aroB aedopMalnu;

— KPUTHUYECKHU OLEHUTH MOJIyYEHHbIE KAUECTBEHHBIE U KOJWYECTBEHHBIE pe-
3yJbTaThl. BRIIBUTH TOCTOMHCTBA M HEOCTATKU MPEIaraeMoil KaTuOpOBKH;

— OLICHUTh HEOOXOJMMOCTh JAJbHEUIIIET0 COBEPUICHCTBOBAHUS KAITMOPOBKHU

BAJIKOB 4epHOBOM rpynmsl kieter ctana 370 OAO «MMK».

ITapamMeTpbl MogeMpoBaHus npouecca B nporpamme «Deform 3D»

VY ciioBUs MOAECTMPOBAHUS B 1IEJIOM COOTBETCTBYIOT JAHHBIM MPEIBIAYIIETO UC-
cjeJloBaHMs u3Hoca [9].

[Tponecc: cuMMeTpUYHbBIN (UCMOJIB30BAHUE YETBEPTON YACTH MOMEPEYHOIO Ce-
YEeHHs! 3arOTOBKM M BAJIKOB); YCTaHOBMBIIMICS (IIpou3BosibHOE JlarpaHx-OitinepoBo

noBeneHue aeMeHToB ALE); Hen3oTepmudeckuii (pacuer TemrnepaTypHOro npoQuiis
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3arOTOBKM M BaJIKOB); KOHEYHBIE 3JIEMEHTHI — I€KCajJphl. 3aroTOBKA: TEMIEpATypa
nepe.1 KIEThIO 1000°C; 200 s1eMeHTOB B MIOIIEPEYHOM CEUEHUU; 72 €10 B IPOJOJIb-
HOM CeueHuH; 0oJiee MIOTHOE Pa3MEIIEHUE 3JIEMEHTOB B OKPECTHOCTH ovara sedop-
Maruu ¢ Kod(h(GUIIMEHTOM OTHOIIEHHs 6/1; nIuHa 3arOTOBKU COCTAaBIISIET HE MEHEE
CEMH JUIMH T€OMETPUYECKOro odara aedopManuy; nokasareiab Tpesus — 0,52; mate-
puan — ctanb AISI 1015 (crans 15).

Banku: abconroTHO xecTkue, HeckumaeMble; 100 31eMEHTOB B MPOAOIHHOM
ceuennn; 90 CIIOEB B pagMaIbHOM HampaBienun; Temmeparypa 50°C; TBepaoCTb 1Mo
PokBemty cOOTBETCTBYET JaHHBIM TEXHOJIOTMYECKON MHCTPYKIUU, IO CEYEHUIO TO-
CTOSIHHAsl, OT MU3MEHEHUSI TEMIEPATYPbl HE 3aBUCUT; CKOPOCTh BPAILECHUS BAJIKOB B
COOTBETCTBUM C YCTAHOBJICHHBIMHU PEKHMAMM IPOKATKH TP MaKCHUMAJIBHON IPOU3-

BOJIUTENHHOCTH (Ta0II. 1).

Tabmuma 1

[TapameTpsl MOICIUPOBAHUS

Howmep knetn

Hapamerp 1 2 3 4 5 6 7 8 9 10

Tsepnocts BanikoB, HRC 42,0 42,0 45,0 45,0 47,0 47,0 50,0 50,0 53,0 55,0

YacroTa BpaleHus
BaJIKOB, 00/MHUH

76 10,0 13,0 20,6 28,0 36,6 62,7 83,5 112,2 177,8

[upuna mpoduis
B YETHBIX KJIIETSAX, MM

115,5 95,0 70,0 51,0 38,4

PesyabTarsl

N3HoCc kaauOpoOB M IHEProcWJIoBbIe mapaMerpbl npokarku. Ha puc. 1
IIPE/ICTAaBIICHbBl OCHOBHBIE pa3MepPbl HEPABHOOCHBIX KAJIMOPOB MCIOIB3YEMOM U MpeI-
JaraeMoi KaJmOpOBOK, a TaKk)Ke MOIMEPEUHbIe CEYEHUs PacKaTOB, MOJyUYEHHBIE B pe-

3YyJIbTAaTC MOACIIMPOBAHUS.
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Puc. 1. CpaBHeHUE UCTIONB3YEMBIX (CJIEBA) U MpejiaraéMbiX (Crpana)

HEPABHOOCHBIX KaJTMOPOB YepHOBOU rpynmsl kiaetei crana 370 OAO «MMK»
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OcHOBHasi TEHICHIHUS — WCIIOJNb30BaHUE 0OO0Jiee BBICOKUX KalMOPOB, MpUYEM
BCE MpeJyIaraéMble HepaBHOOCHBIE KATHOPBI HMEIOT IJIOCKOE JTHO. DTO TO3BOJIUT MO-
Jy4uTh OOJIee TOJICTHIN pacKaT, CHU3UTh YIIUPEHUE W OTHOIICHHE IIUPHHBI K BBICO-
te H packara. Takum 06pa3zoM, 3¢(HeKTUBHOCTD MpeAiaraéMbIX Ha CTAHE CHCTEM Ka-
THOPOB OKA3bIBACTCS BBIIIE, YEM Y UCIIOJIB3YEMbIX HA JaHHBIH MOMEHT — PacTeT BbI-
TSDKHAS CITIOCOOHOCTh HOBBIX CHCTEM KaHOpoB [7].

Ha puc. 2 nmoka3zaHo m3MeHeHHe K03 PHUINEHTa paBHOMEPHOCTH pacrpesene-

HUA YCI/IJ]I/Iﬁ IMPOKATKHU II0 KJICTAM CTaHAa B 3dBUCHUMOCTH OT THUIIA HCHOHBSYCMOﬁ Ka-

JUOPOBKU:
»)
_ 2
1
rme P, — ycuiue npokatku B HEYETHOI KieTw;
P, — ycunue npokatku B 4€THOMN KIIETH.

B ucnone3yemoil KammOpOBKE yKa3aHHOE COOTHOIIEHHWE CHMXKAETCS IO XOIy

MPOKaTKU U gocturaeT 3HadeHus 50% B mape KauOpoB IEBATON U JECATOMN KIETEH.

75 -
B licno
IIpenn
O\o 65 T
z
N4
) I
45 n T T T T .
1-2 3-4 5-6 7-8 9-10

Ipynna Kierei

Puc. 2. CpaBHeHUE paBHOMEPHOCTH paCTIPECICHHUS

YCWJIMH MPOKATKH MO KJIETSAM JIJIsl IBYX BAPUAHTOB KaJTMOPOBKH
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W3menenue (popmbl HEPABHOOCHOTO KanuOpa CHU3UT YCHIIMS MPOKATKU B He-
YETHBIX KIIETSAX, a U3MEHUBIIasICs opma packaTa Ha BXOJI€ B UETHBIC KJIETH YBEJU-
YUT yCUJMS B HHUX 3a cueT OoyblIel IIom@aad KOHTaKTa MeTajljla U BaJKOB
(tabn. 2 m 3). OTO BBIpaBHAET YCWIMA NPOKAaTKW B Mapax HEPABHOOCHBIN-
PaBHOOCHBIN KanuOp. MakcuManbHas pa3HUIa MEKAY YCUIMSIMA HOBOW KaTMOPOBKH

He npeBblmaet 35% B MOCIEqHEN ITape KIIETE.

Tabmura 2
TeXHOIOrnYECKHE MapaMeTphl, OJIYYCHHBIC B PE3YNIbTaTe MOJICITUPOBAHHUS

MIPOKATKH B HCTOIb3yeMbIX Ha ctaHe 370 OAO «MMK» kannbpax

Howmep xnetn

Hapavierp 1 2 3 4 5 6 7 8 9 10
Ycunue npokaTku, T 114 77 89 57 60 38 4 24 30 15
MowmenT npokatku, KHm 301 198 210 132 111 74 66 38 37 19
JliHa ouara nepopmaruu, mm - 114 117 103 99 92 94 78 78 64 59
ITnomans KOHTAKTAa, MM 9713 6331 6307 4117 3592 2318 2196 1226 1389 716
Vron 3axBara, rpaj 37 38 32 31 33 35 34 34 27 31
W3HOC MaKCHMAaIbHBIH, MKM 508 735 980 1463 975 1092 1447 1790 1076 1440
H3HOC 0CEBOM, MKM 598 735 566 679 975 871 1282 1695 1040 1281

Tabauma 3
TexHoornYeckre mapameTpsl, MOJyUYCHHBIC B PE3yJIbTaTe MOACITHUPOBAHUS

IPOKATKHU B MPEAJIaraéMbIX Kanopax

Howmep kietn

Hapavierp 1 2 3 4 5 6 1 8 9 10
VYcunue npoxaTku, T 112 78 83 60 58 41 39 28 26 17
MowmenT npokatku, KkHm 300 202 194 131 100 75 54 43 30 19
JmmHa ovara negopmanuu, mm 113 115 89 92 919 91 75 75 62 57
[L10maas KOHTaKTa, MM° 9259 6631 5809 4595 3482 2750 2024 1715 1270 896
Vron 3axBara, rpaj 36 38 28 29 33 33 32 33 26 30
H3HOC MaKCcHMaIbHBIN, MKM 681 706 2070 1370 903 1156 1228 1411 867 1148
N3HOC 0ceBOi, MKM 534 696 370 468 903 1141 1228 1277 867 1030
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HepaBHoocHBIE KaIMOPBI ¢ TUIOCKAM JTHOM O0ECIIEUMBAIOT CHUKEHUE MOMEH-
TOB MpoKaTku oT 5 10 11% co BTOpo# mo mATyro napel kieteit (puc. 3). B nepBoii
rape KJIETel CyMMapHbIii MOMEHT Bo3pacTtaeT Ha 1%. ba3oBoe 3HaueHue nmapamMeTpoB

IIPOKATKU UCXOJIHOM KanuOpoBku coctaBigeT 100%.

105 -~

v

W cyMMapHbIT
=
o
S
|

MOMEHT MPOKaTKu, %
©
ol
|

©
o
|

OTHOCHUTEBHBI

1-2 3-4 5-6 7-8 9-10
I'pynma xierei

0]
o1
]

Puc. 3. OTHOCHTETEHOE U3MEHEHUE CYMMApHOTO MOMEHTA MPOKATKH

0 TPYIIaM KJIeTel Npyu U3MEHEHUN KaauOpOBKH

Pe3ynbTaThl MOJAEIMPOBAHUS MOKA3aJIH, YTO KAIMOPHI HOBOM (DOPMBI MOBBICHU-
JIM paBHOMEPHOCTh paclpeeseHns] yCuiaui npokatku Ha 3, 12, 12, 35 u 28% nns
COOTBETCTBYIOILIUX Map KJIETEH MO XOAY MPOKATKH. DTO CHU3UT BEPOSITHOCTDH IMOJO-
MOK O0OpY/JOBaHMS TJIABHBIX JMHUI pabodymx KJeTedl uyepHOBOW rpymmbl ctaHa 370
OAO «MMK».

NHTEeHCUBHOCTH U3HOCA MpejiaraéMbIX KaTuOpOB 3aMepsiiach B JBYX TOUYKAX:
Ha BEPTUKAJIBHON OCH KaluOpa W B IJIOCKOCTH MaKCHMAaJLHOTO OOKaTus MeTasuia
BaJIkaMd. ba3oBble 3HAUYEHUS] HM3HOCA MCXOJHBIX KaIuOpoB coctaBistoT 100%
(puc. 4).

B GonpimmHCTBE Clly4aeB MHTEHCUBHOCTH M3HOCA BAJIKOB YMEHBIIIAETCS 32 CUET
MEHBIINX 00KaTUH M YIIUPEHUN KaK B PAaBHOOCHBIX, TaK U B HEPABHOOCHBIX KaJinO-
pax (packarbl Ha BBIXOJI€ U3 MPEIJIaraeMblX HEPABHOOCHBIX KIIETEH YK€ U TOJIIIE UC-

XOJHBIX). OTHOCHUTENIbHBIN OCEBOM M3HOC YCHUIIMBAETCS B KPYTJIOM KaluOpe IIECTOM
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KJIETH, a B TDIOCKOCTH MaKCHMAJIBHOTO 00XaTHusl — B TIEPBOM, TPEThEH U MIECTOU KJie-

TAX.

- 180 - B [Tpeat maxc

3 [Ipenn oceBoit

OTHOCHTEIIBHBIN U3HOC
KanOpoB
[EEN
N
o
|

1 2 3 4 5) 6 7 8 9 10
Howmep xnetn

Puc. 4. KauecTBeHHOE CpaBHEHUE U3HOCA MPEJIJIaraeMbIX KaauOpoB

CroiikocTh BaJIKOB. BaXHBIM ITapaMeTpoM, BIIUSIIOIIMM Ha SKOHOMHYECKYIO
3¢ (HEKTUBHOCTH TPOU3BOJICTBA, SIBISETCS CTOMKOCTH BAJIKOB COPTOBOTO CTaHa ToOpsi-
Yyel MPOKATKHU.

Bo3bMeM 3a OCHOBY JaHHBIE TEXHOJIOTMYECKOW HHCTPYKIMHU: JOMYCTHMOE
YMEHBIIICHUE JUaMETPOB BaJIKOB, KOJIMYECTBO BO3MOXKHBIX MEPETOUCK, BEIUUYUHY
CheMa U 4YKCJIO KaIuOpoB Ha Ooukax BaJKOB (Tali. 4). CTOMKOCTh MCIOJIB3YEMBIX
KaJIMOPOB COOTBETCTBYET JIAHHBIM KypHaa MepeBasiok 3a BTopoit kBaptan 2013 .

Ha puc. 5 npencraBnena cxema AJig pacuera yrcia BO3MOXKHBIX MEPETOYEK Ha
npuMepe Tperbeil kietu. OT UCXOIHOW BEIMYMHBI cheMa R, ompenensiercs pac-
CTOSIHME OT BBIMTyCcKa KanuOpa mo HopManu N. 3aTteM, UCIONb3ys 3TO 3HaYCHUE, U3-
MeEpSETCs BEJIMUMHA ChEMa Ha IpeAIaracMoM Kamuope Ripeq.

Uucno BO3MOXKHBIX IIEPETOUEK BbIpacTeT Ha 10 B mepBoil U TpeThEN KIIETSIX — B
2,67 u 2,43 pa3za COOTBETCTBEHHO, M3-3a 3HAYUTEILHOTO U3MEHEHUS YIJIOB BBITYCKA
kanuopoB. [Ipu 3Tom croiikocTh kKanuOpoB cHusutes B 1,14 u 2,12 paza. CtolKocTh
KaJIMOPOB JIPYTUX BAJIKOB TMOBBICUTCS 32 CUET CHUKEHUS MHTEHCUBHOCTU M3HOCA TI0

BGpTHKaHBHOﬁ OCH, B IINTOCKOCTH MAaKCUMAJIbHOT'O 00>KaTHs 1o Bcei Ayre KaJ'II/I6pa
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Taomuma 4

I[aHHBIe JJI aHaJInu3a CTOMKOCTH BAJIKOB MOCJIC U3MECHCHMUS KaJ'II/I6pOBKI/I

[Tapametp Howmep kneru
HKCIUTyaTalliy BaJKOB 1 2 3 4 5 6 7 8 9 10
JlomycTimoe yMeHbIIeHHE| 44y | 100 | 100 | 85 | 85 | 85 | 70 | 70 | 70 | 55
JMaMeTpa Bajka, MM
Macca Banka, T 2,851285(285[199(199|199|143|1,43|1,43/0,78
KonmaectBo 6 6 7 8 8 8 8 8 11 9
MEPETOYCK, IIT 16 6 17 8 8 8 8 8 11 9
BLITVCK. Tpa 9 10 | 18 | 30 | 49 | 30 | 55 | 30 | 52 | 30
YO, TPalL 25 | 10 | 50 | 30 | 45 | 30 | 46 | 30 | 50 | 30
Cre. MM 16,7 | 16,7 | 14,3 | 10,6 | 10,6 | 10,6 | 88 | 88 | 6,4 | 6,1
’ 6,1 16,7 59 |106|11,1|106| 98 | 88 | 64 | 6,1
Kamubpor Ha 60uke, T 3 4 4 6 6 8 8 11 | 11 | 11
CTOHNKOCTH 196 1196 159159115115 73 | 7,3 | 3,1 | 3,1
Kanuopa, ThIC. T. 1721204 | 75 [170(1251109| 86 | 93 | 3,9 | 3,9
CTOWKOCTh BaJIKa 58,9|785|636|954|693|924 588|808 |345|345
710 TIEPETOYKH, THIC. T 51,7 181,8 |30,1|101,9| 74,8 | 87,3 | 69,3 |102,3| 42,8 | 43,2
["omoBoii pacxon 2,57 11931208 |123|1,70|1,27|2,00|1,46| 256 3,08
BAJIKOB, IIIT 1,18 11,85|1,96|1,16 | 1,63 |1,35|1,88 | 1,15 | 2,07 | 2,45
Pa3numna pacxona sankos | 1,39 | 0,08 | 0,13 | 0,08 | 0,07 |-0,07| 0,13 | 0,31 | 0,49 | 0,62
DKOHOMHUS BAJIKOB, T 3,95/0,22 0,36 | 0,16 | 0,13 |-0,15| 0,18 | 0,44 | 0,70 | 0,49
Hroro, T 6,47
[[BeTOM BBIJICIICHBI TAHHBIC JIS TIPE/JIaraeMoi KaJIMOPOBKY;
["'010BOI1 pacxoj BaJIKOB pacCUUTaH Mpu Npou3BoACcTBE 530 ThIC. TOHH B IOJ.
N
Rupenn
)
]
Puc. 5. Cxema i1 pacyeTa KOJUYECTBA BO3MOXKHBIX TIEPETOUCK BAJTKOB
IIPH UCITOJIH30BAHUH TIPEIaraeMbIX KaTnOpoB
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[IpensioxkeHHble U3MEHEHHS IPU YPOBHE MPOU3BOACTBA 530 THIC. TOHH B TOJ
CHU3AT pacxo] BaJIKOB Ha 6,5 ToHH. [Ipu cromMocTH OTHOM TOHHBI BJIKOB 125 ThIC.
py0. oxugaemblii rogoBoi 3¢ ekt coctaBut 6osee 800 ThIC. pyo.

CreneHp MCIOJIB30BAHMSA 3aMaca MJIACTHYHOCTH. MBI MPOBENH KayeCTBEH-
HOE CpaBHEHHUE BIUsHUA KanuOpoB HoBoul (opmbl Ha CU3II (Tabn. 3, 4), koTtopas
XapaKTepUu3yeT BEpPOSITHOCTh 00pa3oBaHusi AeHEKTOB MeTaula MPU IPOKATKE TOJ
neiictBueM pactaruBarommx Hanpsbkeruid. B «Deform 3Dy» CU3II ompenensercs
kputepuem Kokpodra-JIrrema [10]. B xanmubpax ¢ 6ojiee CTECHEHHBIMHU YCIIOBUSIMH,
MEHbIIEH HEPAaBHOMEPHOCTHIO JIe(popMali U MOHM>KEHHBIMUA a0COJIFOTHBIMH 00K a-
TUSMH BEPOATHOCTh 00pa3oBaHus aedeKkToB HUXKe [11], 4To Takke MOATBEPAUIIOCH B
paboTax, MOCBSILEHHBIX HCCIEAOBAHUIO MOBEACHUS MOBEPXHOCTHBIX TPELIMH IpPU
IIPOKATKE COPTOBOM 3arOTOBKM M HENPEPBIBHOJIUTHIX cisi00B [2, 12], a Takxke moe-
JeHus AeQEeKTOB JIMTEHHOTO pou3BoacTBa [4, 5].

3nauenuss CU3II B npornecce MOAETUPOBAHNS CHUMAIUCh HA BBIXOJE U3 YET-
HBIX KJIETEH, YTOOBI YCTAHOBUTH CyMMapHbIN 3(hPEKT B KaXKI0M U3 CUCTEM KaIHOPOB.
MogenupoBanue mnpoBEIM B IEPBOM MMApe KIETEH, 3aTE€M ITOJIYyYECHHBIE 3HAYCHUS
CU3II o ceueHHIO 3aroTOBKM OOHYJSUTMCh M MPOBOAMIIM MOJCIUPOBAHUE B CIle-
yromie nape kierei. Pesynbrarsl (puc. 6) MOATBEPKIAIOT YCTAHOBICHHBIE paHee
3aKOHOMEPHOCTH.

B ucxoanoit kanmuOpoBke abcomtorHbie 3HaueHuss CU3II mocturaror mMakcu-
MaJIbHBIX 3HA4Y€HUI B mape kiereil 7-8 u cocraBisitor 0,544. MuHUMalbHbIE 3HaYeE-
HUs B KJeTax 1-2 — 0,355. 310 00yCJIOBIIEHO T€M, YTO CyMMapHasi OTHOCUTEIbHAS
nedopMmaius B epBoii nape kierei paBHa 54%, a B ueTBepToit nape kietei — 72%.
Taxke B mepBoli KieTu HamMmeHbIee otHomenne B/H = 1,59, a B ceapMoli KieTu-
HauOosbee — 2,06. Cucrembl KanuOpoB ¢ MUHMMabHBIM oTHOHIeHWeM B/H oOna-
naroT HanbobIIe 3(HEKTUBHOCTHIO, T.€. OTHOIICHHE O0OBEMOB METalljia, CMEICH-
HBIX B HaIlPaBJICHUU NIPOKATKHU, K 00beMaM, CMEIIICHHBIM TI0 BBICOTE, MAaKCUMAJILHO.

B natu napax knereit CU3II no ceuenuto packara cHuzmiack. Ha BbIxoae u3
YeTBEPTOM M BOCHMOI KieTel HoBas ¢opMa KaauOpOB HHKAK HE MOBIMsIA HA MaK-

CHUMAJIBHBIC 3HAYCHHUA ,IIaHHOfI BCJIMYMWHBI Ha CBO60,ZIHOI>1 IMOBECPXHOCTHU IMPOMEIKYTOY-
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HOro packara. Bo BTOpoH, IECTON U IECATON KIETAX CHUKECHHE MAKCUMAJIbHBIX 3HA-
yeHui coctaBuwiio 3, 10 u 19% coorBercTBeHHO. CHUKEHUE CPETHUX 3HAUEHUM OT 2
1m0 15%. Boicokune HepaBHOOCHBIE KanuOpwl ¢ manbiM B/H u Bbicokas sddextusn-
HOCTh HOBOW KaJTMOPOBKH B COOTBETCTBUU C OTBITOM [4, 5] 1OIKHA CHU3UTH OOBEMBI

IIpoKarta € JINTCHHBIMU IMOBCPXHOCTHBIMHA ,He(i)eKTaMH.

105 1 B [Ipe 1 Mmakc
X
= 100 - [Ipenn cpenn
™
=~
O 95
3
Z
5 90 -
=
S
2 851
S
80 T T T T T -
1-2 3-4 5-6 7-8 9-10

I'pynna xierein

Puc. 6. Makcumanbubie u cpennne 3HadeHust CU3I1 mo ceuenuto packaToB
Ha BBIXOJIC M3 YETHBIX KJIETEH IpeaiaraeMoi KaauopoBKU

OTHOCUTEJIBLHO 3HAYEHUI UCHOIb3YEMOMN KaTuOpOBKHU

Vayumenne mnokazareneii CU3II ocoOeHHO aKkTyalbHO MNpU MPOU3BOJACTBE
KpYTJIOrO MpoKara B OyHTaX, Tak KaKk K HEMY MPEAbSBISAIOTCS KECTKUE TPeOOBAHUS
110 Ka4eCTBY MOBEPXHOCTU U MEXAHMYECKUM CBOWCTBAM, OCOOEHHO TMPH UCIBITAaHUSIX

Ha 0cajKy B 66%.
3ak/jI04YeHue
Pazpaborannas KaJIMOpOBKa BaJIKOB oOJagaer CIHEAYIOITUMHU

NpeuMynmcCTBaMm:

— CHHXKEHBI 00>KaTHS BO BCEX JCCATH KIICTAX,
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— yJy4llleHbl YCJIOBMS 3aXBaTa METala BaJIKaMU (MEHBIIIHME YIJIbl 3aXBaTa U
Oonee WHTEHCHBHAas paboTa OypTOB HA HAYaIbHOM CTAaIWM 3axBaTra
MeTaa);

— TIOBBIIIEHA CTaOWJIBHOCTH packaTa Ha BXOJE B PaBHOOCHBIM Kaauop, T.K.
MOJIy4yaeMble TJIOCKME HEPAaBHOOCHBIE PACKaThI MPOIIE YIEPKUBATH POJIU-
KaMH BBOJHOW apMaTyphl, YEM OBaJIbHBIEC PACKATHI;

— TPUMEHEHHE IIOCKUX POJIMKOB 0e3 KalnuOpOB B KOHCTPYKIIMHM MPHUBAIKO-
BOW apMarypsl;

— Oousbmias 3)PEKTUBHOCT KATUOPOBKU W MOHWXEHHBIC 3aTpaThl YHEPTUU
Ha MpOKaTky [6, 7];

— cHmwxkeHbl 3HaueHusi CU3II, 4To MOBBICUT BBIKATHIBAEMOCTh ACHEKTOB JIU-
TEMHOTO NMpOUCXoxkaeHus [2, 11];

— TIOBBIIIEHA CTOMKOCTh BAJIKOB 32 CUET MEHBIINX O0KAaTUH M YBEITUUYCHUS
VTJIOB BBIITYCKa B MEPBOM U TPETHEU KJIETSAX — MOBBICUTCS YUCIO BO3MOXK-
HBIX TIEPETOUYEK BAJIKOB — YMEHBIIUTCS PACXO]] BAJIKOB BO BCEX KIIETSX,
Kpome miectoir. OxugaeMblii skoHoMudeckuid dpdext coctaBut 800 ThIC.
py0. B rox;

— 32 CUET MepepaclnpeesicHUus BBITSKEK [7] yIamoch BBIPABHSATH YCHIHS U
MOMEHTBI MEXTy HEPABHOOCHBIMU M PABHOOCHBIMU KaJIMOpamu, 4TO MOHU-
3UT BEPOSITHOCTH MOJIOMOK BAaJKOB M3-3a CKQUKOB MOMEHTA NMPOKATKUA Ha
HauOoJIee 3arpy’KEHHBIX HEPAaBHOOCHBIX KJICTAX;

— BO BCEX Mapax KaJuOpOB CHU3WINCH JTUOO OCTAIHMCHh HA MPEKHEM YPOBHE
MakcuMalibHble U cpennue 3HaueHus CU3IT meranna.

OCHOBHOM HEIOCTATOK HOBOW KaJIUOPOBKM — HEOOXOAMMOCTH 00JIE€ YaCThIX
MEPEXO0JIOB M TMEPEBAIOK TPEThEH KIETH U3-3a JIBYKPAaTHOTO CHMXKEHUSI CTOMKOCTH
KaJIMOPOB.

Ha manHbBIiI MOMEHT coTJIacOBaHa TEXHOJIOTHS JJIsl IPOBEAECHHUS ONBITHOW IMPO-
KaTKd C WCIOJIb30BaHUEM KajauOpa HOBOW ¢Gopmbl B mATOM KjieTw craHa 370
OAO «MMK»y». [Ipu HE0OXOAUMOCTH TIO pe3yJibTaTaM OIBITHOH MPOKATKH OyayT

CKOPPEKTHPOBAHBI YCIOBHS MOJEIUPOBAHKS U IIPOBEICHO YTOYHEHHUE U3HOCA C y4e-
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TOM U3MCHCHHA (I)OpMBI KaJ'II/I6p0B B MMPOHCCCC IMPOKATKU MCTAJIJIa HA OCHOBC IIPCAbI-

IyIIero ucciueaoBanus [9].
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M.U. PymsinueB
®I'bOY BIIO «MarHuToropckuii rocy1apcTBEHHbBIN

TeXHU4YEeCKUM yHuBepcuteT uM. I'.1. HocoBa»

PA3BBUTUE METO/IUKU CUHTE3A
PEJXXUMA OBXATHI ITPU MTPOKATKE KPYITHOTABAPUTHBIX
JIMCTOB HA TOJICTOJIMCTOBBIX CTAHAX

Tlokazanvl npeumyujecmea cunmesa pexcumos oepopmayuu npu JIUCMOBOLl
npokamke ¢ npumeHenuem kodpguyuenma obxcamus. Ilonyuenvt 3asucumocmu,
KOmopbvle NOo360J510M GopmMaiuz06ams npoyedypvl 6bl00pa MOSUUHBL NPOMEHC) -
MOYHO20 PACKAMA, YUCIO NPOXOO008 HA HePHOBOU U YUCMOBOU CMAOUSX, A MAKICe
pacnpeoenerue Yacmuvlx 06x4camuli no nPoxooam Npu NPoOKamKe KpynHo2abapum-
HObIX TUCMO8 HA MOJICIOIUCTIOBbIX CIAHAX.

Kmiouesvie cnosa: kpynnoeabapummvie aucmol, MoJCMOIUCTIOBOU CMAH, Yep-
HOBAsl NPOKAMKA, YUCMOBAs NPOKAMKa, Kodpouyuenm obxcamus, oepopmayuon-

HBIU PEHCUM.

Kaxk HU3BCECTHO, ITPOKATKa prHHOFa6apI/ITHBIX JJUCTOB Ha TOJICTOJIMCTOBBIX CTa-

Hax (TJIC), He3aBuCMMO OT YHCIIa KJIETEH MOApa3ienseTcs Ha YEPHOBYIO U YUCTO-

BYIO CTa/IMH, HA K&kl u3 Kotopsix ocymectsustercs Ny u N mpoxomos coor-

BETCTBEHHO. IIpy M3BECTHBIX TONIIMHAX ciasda H ¢y Y KOHEYHOTO packara hK IS

CHUHTE3a pexuMa 00KaTUi He0OXOIMMO BRIOpATh TOJIIHMHY MPOMEKYTOYHOTO pacKa-

Ta (TocJie YEPHOBOM CTaJIUN ) hp , OIIPEACIIUTh YHUCIIO YEPHOBBIX U YUCTOBBIX MPOXO-

JIOB, @ TaKXe PacHpeeIUTh MO MPOX0JIaM YaCTHbIE 00KaTHsl.

OnbIT pa3pabOTKU PEKUMOB ropsueil MPOKaTKU JUCTOBOM CTajIu pazHOOOpa3-
HOT'O HA3HAYEHUS HAa CTAHaX Pa3JIMYHbIX TUMOB [1-3] mokaszan npeumyIiecTBa CUHTE-
3a pexUMOB AedopMalvK MPU JTUCTOBOU MPOKATKE C MPUMEHEHHEM KO3 (ullMeHTa

00aTHsi, KOTOPBI UCcoab30Bal B cBoux padotax H.B.JIlutoBuenko [4]. Koapduru-
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eHT OOXKaTHs 7] HPeICTaBisieT co0oil oTHomeHne ToumuH 10 (hy) 1 mocne (hl) ne-
dbopmaruu (77 = hy / hl)- B ornmmume ot ko3dduimenta BBHICOTHON Aeopmaliiu

(7/ =h / ho ), KOTOPBIN PUMEHSETCS TIPU aHAJIN3€ COPTOBON MPOKATKHU, KOIPDHUIIH-
eHT 00kaTus OOJIbIlIe €IUHUIIBI U C YBEJIMYEHUEM CTENEeHH J1eopMalliy BO3pacTaerT.
TpanguuMoHHBIE NJIi JUCTOBOM MPOKATKU XapaKTEPUCTHKU Aedopmanviv (OTHOCH-
TenbHOE £ M abcomoTHoe AN 06xarus) ceazansl ¢ kodpduEeHTOM 00XKATHS CIE-
JTYIOIIIUMHU COOTHOIICHUSIMU: & = 1—]/ nu Ah = ho (1—]/ 77). BaxxapiM npenmyriie-
CTBOM KOX(P(QUIMEHTA 7] SBISIETCS BOZMOKHOCTB €0 IPUMEHEHUS JUIsl BBIOOpA YHC-
Ja  TOPOXOJOB TMPU  PEBEPCUBHOW  TMpokatke. [lng  4epHOBOM  cTaauu
Ng =Inngs /IN7g, mns wucrosoit N =Ny /N7 . Kospdummentsr cym-

MapHOro 00KaTHS JJIsA COOTBCTCTBYIOIINX CTaHHﬁ: URE =H C]Z/hp )51

Nes = hp / hK :

[Ipu mpou3BOACTBE KPYMHOTaOAPUTHBIX JIMCTOB C MPUMEHEHHEM KOHTPOJIU-
pyeMoOl MPOKATKH TOJIIIMHA MPOMEKYTOUYHOTO packaTa COBITaJIaeT C TONIIUHOHN TTO-
CJI€ IPOKATKHU B 00JIACTH PEKPUCTAIIU3YIONIETOCS ayCTEHUTAa U B COOTBETCTBHUH C U3-
BECTHBIMHU PEKOMEHAIUSMU JTOJKHA OBITh B 2,5-4,0 pa3za Oosibliie TONIIUHBI TOTOBO-

ro JIcTa, T.€. Ny = 2,5...4,0 [5]. {nsa BeIOOpa NEpBOro NPUOIMIKEHHS TOJIIIUHEI

packara npu 0ObIYHOM M HOPMAJIM3YIOIIEH MPOKATKE C yUeTOM HAKOILIEHHOTO OIbITa
pa3pabOTKH TEXHOJIOTHYECKUX PEKUMOB U PE3YJIHTATOB PA0OTHI [6] MHOKECTBEHHBIM

PETPECCUOHHBIM aAHAJIM30M HAMU ITOJIY4YCHA 3aBUCHUMOCTD!:

Nes :13,691h7<_0'657 |:1,188, (1)
(R2 =0,924; F, =200,6053; Fy5 =3,2674),

rne B, =D, / LIO —  Ko3(HUIIMEHT UCHONB30BaHUS OOYKHM pabodero Bajika

JUTMHOU Lp.
Anmpoxcumanus (1) sIBASETCS CTATUCTUYECKU HAJCKHBIM OTOOpaKECHUEM HC-

CJIelyeMOI B3aUMOCBSI3H C JIOBEPUTEIBHONU BEPOSITHOCTBIO 95% (paccuMTaHHOE YKC-
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1o Pumepa Fp Oonbiie TabmumaHOro Fgp). Ilpu 3TOM mOMA AMCIIEpPCHH OTKIIMKA
Mgy, 0ObsACHAEMAas COBMECTHBIM BiusHUeM daktopos N, u [ , cocrasnser 92,4%

(R2 = 0,924). BbIBo/IbI MOATBEPKIAIOTCS TaK kK€ JUarpaMMON COOTBETCTBHUS IPO-

THO3UPYEMBIX U (paKTHUECKUX 3HaUYeHUH (puc. 1,0).

Mex | ' ' - | Mgz

X

aD—‘Nb—'l-hmﬂ'!"‘-lm

10 20 30 40 B,

Nex
a 0
Puc. 1. 3aBucumocts ko3 puiimenTa cyMmmapHoro o0katusi Ha YCTOBOUM CTauu
MPOKATKU KPYIMTHOTA0APUTHBIX JIMCTOB OT TOJIIIMHBI TOTOBOTO JIUCTA (2) M TMarpaMmma

COOTBETCTBHS TPOTHOZUPYEMBIX (77 Ex ) U (hakTHUEeCKuX 3HaYeHUi (0)

Jlist pacuera cpennero koadduienta o0xkaTusi panee [2] MPUMEHSIN 3aBU-

CHUMOCTDB

= _ ~0,061 50,049 _—0,256

rae | — cramus MpOKaTkyu (YEpHOBAs WM YKMCTOBas); N j1 — TOIIIMHA pacKaTa moce

CTaguu |; Oy — Ipelell TEKYYEeCTH MPOKATHIBAEMOIrO MeTajlla IPU CTaHIapTHHIX

YCIOBUAX IIIACTOMCTPHYCCKOI'O UCIILITAHUSA.

OnHako HAKOIJIEHHBIM OMBIT pa3pabdOTKU TEXHOJOTUYECKUX PEKHUMOB MOKa-

3ajJ, YTO BEJIMYMHA 7) 3aBUCHUT TakXke OT Kod(dduumeHta cyMMapHOro oOxaTHsl.

MHOXeCTBEHHBIM PErp€CCHOHHBIM AHAJIIM30M IMMOJYHUIIN CICAYIOINC 3aBUCUMOCTH:

77 _ 2,9660'50’232ﬁ|:0'05377%05; (2)
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(R? =0,647; F, =69,6487; Fo5 =2,6821);
77/772 — 1’38410_60,052]3[0,0177750.966; (3)

(R? =0,986; F, =2676,2857; Fog =2,6821).

O0e anmpoKCUMAaIUU CTAaTUCTUYCCKU HAJICKHBIE C JTOBEPUTEIHHOU BEPOSTHO-
cThi0 95%. Ho eciin B 3aBUCHUMOCTH (2) OTKJIMKOM SIBIIIETCSI COOCTBEHHO CPEIHUIM

ko3 durrenT nedhopmanuu 7] M A0y OOBICHEHHON AUCHIEPCHH cOocTaBisieT 64,7%,
TO B 3aBUCHUMOCTH (3) OTKJIMK MPEACTaBIIET COOOM OTHOIIEHHE CpeAaHEro Ko3ddu-
LIEHTA K CyMMapHOMY (77 / n 2) U 710711 OOBSICHEHHOW JHMCIEPCHUU BO3PACTAET 0

98,6%. JlnarpaMMbl COOTBETCTBHUSI MPOTHO3UPYEMBIX M (DAKTUYECKUX 3HAUEHHH OT-

KJIMKa OJIA 00enXx 3aBUCUMOCTEH IIPUBCACHLI HA PUC. 2.

1= 0.45
M ,

135 -

1,30 /

1,25 ,

.

0,40
0,35

0,30

0,25

{ ]

"

.

e AN

L]
danTHHECHHE ﬁ,-'rT]L

1,20 . t-:.“- te ea? 0,20
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et - 018
1.15 LA A

W 0,10

0,05

1.05 - 0,00
1.05 1,10 1.15 1.20 1,25 1.30 - 000 005 010 015 020 025 030 035 040 045

MNpepckasaHHbie T_lfﬂt

=i

a 7

Puc 2. JIlnarpamMmbl COOTBETCTBUS TPOTHO3ZUPYEMBIX M (PAKTUUECKUX 3HAUYCHUU:

a — 1o ypaBHeHHIo (2); 6 — 1o ypaBHeHuUo (3)

3 cpaBHeHus nokasateneii R2 u jmuarpaMM COOTBETCTBHS ClIEJyeT, UTO
MPEANOUYTUTENHHO HUCTIONB30BaTh 3aBUCUMOCTh (3). [IpeoOpasys yka3zaHHYIO 3aBUCH-

MOCTB, ITOJTYYNJINA

77 — 1,38410'0_0’052 E0,01777g,034. (4)
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JIucTonpokaTHOE MPOU3BOICTBO

Brinmonnennsiii Hamu panee [1-2] aHanu3 3aKOHOMEPHOCTEH pexxuMa 00KaTuii
IpU TMPOKATKE KPYMHOTa0apUTHBIX JIMCTOB HA TOJICTOJMCTOBBIX CTaHaX MOKa3all, YTo
BO BCEX CIIy4asX OTHOCHTEIIbHBIE 00KaTHs CHadajaa BO3PACTAlOT OT BEJIUYUHBI £; B
IIEPBOM IIPOXOZE 0 HEKOTOPOrO 3HAYCHHA ER, B MOCIECIHEM YEPHOBOM, & 3aTEM

CHWKAIOTCA 0 £, B mocienHeM uuctoBoM (puc. 3). Ilpu npotrskke n pa3OuBke

IMUPHUHBI MTHTCHCUBHOCTDL HAPACTAHUA o0KaTHs MCHBIIC, YCM IIOCJIC OKOHYAaHH 3THUX

onepaum”I N JaxXC MOXKCT HaGHIO,Z[aTLCH ITIOCTOSTHCTBO 00KaTUH B JAAaHHBIX ITPOXOJdax.

- lepHoBan YucTosan
J) NpoKaTKa npoKaTka
CRe TS ;
v i
= )
= )
[ )
x 1
= '
© g o---- Pa3bneka |
mMpMHbIE
]
]
)
€ f Qrmmmpmnmmmsanmaanas R i
i : i
1 ] i
et L O_
i=1 =N, I'Zf"nz-

MNpoxoab!

Puc. 3. TunoBoe pacnpenenenre o0xaTuii
IPU MPOKATKE KPYIMHOraOApUTHBIX JUCTOB

Jiist BBIOOpa mepBOro NpuOIMKeHHsI 00XKaTui paHee Obliia BBITIOJIHEHA opMa-

muzanus Meroga H.B.JIutoBuenko [7]. M3 mpeanosioxkeHus JIMHEHMHOTO pacupeesie-
HUSl YaCTHBIX KOd(hduurenTos ookarus 77; = N4 / h mo Ng 4epHoBBIM npoxoIaM

MOTYYNIIN

N\R/ HCJZ/hp —TIr1

N1 (5)

MRi =Mr1 t Z(i _1)
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rae gy — Ko3(p@UIMEHT 00KaThs B IEPBOM YEPHOBOM IIPOXOJIE, 3HAYEHUE KOTO-

pPOT0 MOXKET OBITH BRIOPAHO, HATIPUMED, U3 YCIOBUS 3aXBaTa.

W3 npenmnosioxkeHUs: JMHEHHOrO pachpeiesieHdss YacTHBIX KO3(PQUIIMEHTOB

00KaTHS TI0 N F YHCTOBBLIM IIPOXOJaM IHOJTYy4HJIA (HpI/I OTHOCHUTEJIbHOM O0KaTHH B

TOCJIeHEM YUCTOBOM HPOXoJe £, = 5%)

1,05-Ne/h h,
e :2,]__NF/hp/hK +(i—1) o/ . (6)

BrimonneHHbIN BIIOCJIICACTBUN aAHAJIMU3 IPOKATKH prrIHOFa6apI/ITHBIX JINCTOB

[9-10] mokasai, uTo peajbHBIC paclpelneieHuss 00KaTHi HauboJiee TOYHO OTOOpa-

ZKaroTCA II0Ka3aTCIICM 772i /772 , TAC 772i = H/hll - KOB(i)(l)I/IHI/ICHT HaKOIILICHHOTI'O
00kKaTHsI OT HayaJIbHOM TOJIOIHUHBI OO0 TOJIHWHBI hli . HJ’ISI YHCTOBOM craguu

i=1..,NcuH= h, . Il qepHOBO# cTajmy HEOGXOIMMO YUHTHIBATE CXEMY TPO-
KaTku. Hampumep, €ciM NPUMEHSIOTCS CXeMbl ¢ Pa3OMBKOM INMPHUHBI, TO
H=H_ (l— B.,/ bK), rae B, u b, — mmpuna cns6a u koneunoro packara. Ecnu
IPOKATKa BBINOJIHAETCA MO CXEMaM MPOCTas MPOIONIbHAS U ToNepedHas 6e3 pa3ous-
kn umpunel, o H =H_,. B nepsom ciuyuae 1 =N +1,...,Ng (3zecs N, —
YHCIIO MPOXOJIOB TIPH Pa3OuBKe mupuHLI), a Bo BTopoM — 1 =1, ..., Ng.

Hockonbky Ng u Np moryT mpunumars paznuunbie 3HaY€HHs B 3aBUCUMO-
CTH OT YCIIOBUH MIPOKATKH, PACCMOTPEIIH MOKA3aTeNb 7] 5 / 7]s B CBSI3U C OTHOLICHH-

eM HoMepa mpoxona | k uucny mpoxonos N . IlpenBaputensHbIil aHAIN3 MOKa3al,
YTO W Ha 4YepHOBOM (puc. 4,a), WM HAa YHUCTOBOM CTaaAUAX 3aBUCUMOCTHU
Nxi / Ny z(ﬁ(i/ N) BO3pacCTaloNiie, a WX HAWIYUYIIUM OTOOPAKEHHEM SIBIISICTCS
HKCTIOHEHIMAJIbHAS alllIPOKCUMAIHSI.

Anaimm3 110 pexumoB pgedopManuv TpU MPOKATKE JUCTOB TOJIIUHOMN
11-53 MM n mmpuHOi 1970-3890 MM U3 pasnmuuHbIX Mapok cramu (oy=78-102 MIla)

IIPU COBMECTHOM PACCMOTPEHUM YEPHOBOM M YMCTOBOM CTaJAMM IOATBEPAUI CIACTIAH-
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HBIC PaHCC BbLIBOJLI: 3aBHUCHUMOCTD 772i/772 = @(l/N) BOo3pacTtaromas M ABJISICTCA

AKCHOHEHIMANbHOM (puC. 4,a). YpaBHEHUE JIMHUU:
nsi /Ny =0312exp(1,622i/N);
(R2 =0,6652; Fp =2280,9128; Fq5 =3,8496).

Opnnako mapHas amnmpokcuManus (7) oObacHseT auiib 66,5% HW3MEHYHMBOCTH
IIOKA3aTeNsd 1] 5 / Ny (R2= 0,6652; puc. 4,0). CylecTBEHHO Jy4IIUN pe3yJbTar

6BIJI HOJIy‘—IeH HpI/I HUCIIOJIB30BAHUHU MHO)KeCTBeHHOI\/’I aHHpOKCI/IMaHI/II/I:
nsi /75 = (0688000060, —0171 /1 Jexp(L442i/N );

(R? =0,9095; F, =3838,9945; Fyg =2,6126).

1,1 '-;11.0
1,0 ;u,g
0,9 8 : A
' 5 8H A" =08
08 9 i3 Siwfgé ©or
o o8 o g o E '
£ 6 éo §u.s
= éﬂ,s
504
0.3
02
0.1 .1
00 01 02 03 04 05 06 07 08 08 10 0.3 0.4 0.5 0.E 0.7 08 0.8 1.0
VN NpenckasakHbie Ny Mz
a 7]
Puc. 4. 3aBHCHMOCTH OTHOCHTENBHOTO . '°
= 039 e
Sl oy
HAKOIUIEHHOro Kod(pduuuenta nedop- = os S [
0,7
MaIluy OT OTHOIIEHHUSI HOMEpa MPoXoJia K %
w06
@
YHUCIly MpoXoa0B 0e3 nuddepeHmanuu = os
4
T 0.4
0 CTaausM IPOKATKU (a) U AuarpaMMel © ‘
0.3 R*=0.0005
I I

o
(]
o Pl
o2
o
e

COOTBCTCTBUA  MCKIY (baI(TI/I‘-IeCKI/IMI/I 0, . 05 06 07 08 09 10

MpeackazakHble My / Mz
JaHHBIMU M PE3YyJIbTaTaMHM pacucTa:

0 — o dopmyiie (7); B — o gopmyie (8) 6
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3a cueT yyeTa B 3aBUCUMOCTH (&) BIMSHUSA MPOYHOCTH MeTajuia (mepeMeHHast

O() ¥ BEIMYMHBI KO3(QPUIMEnTa CyMMapHOro 00xaTusi 00bsACHEHHAs 01 JUcep-

CUHU BO3pOCJIa MpakTUYecKu 10 91% (R2=0,9095; puc. 4,8). Takum o0pa3oM, eciu

U3BECTHBI KO3()(HUIUEHT CyMMapHOro o0kaTus 7]y U KoaudecTBo mpoxogoB N, 3a

KOTOpOE 3TO 00kaTHe ocymecTsieHo, 3a | mpoxonos (i =1,...,N) xospdurument

HaKOIUICHHOTO 00KaTus JOCTHUI'HCT BCIIMYMHBI

15 =15(0,688—0,00060, 017177 Jexp(L442i/N),

a4 TOJIMHA I10CJIC | -I'o IIpoxoJga

hj = H/772‘i :

(8)

©)

Ha puc. 5 npuBenena 6;10k-cxemMa ajqropuTMa CUHTE3a peKuMa 00KaTUil mpu

yuctoBol nmpokartke Ha TJIC.

HAYAND

_I_]F: — 13:691;];':':55_?)11:135

Y
hp = Hc.:;"lllnFE

!

n,, =N (0.688-0,00065, - 0,171/, |

Ne= 1-‘33416;':'5351]3::'5:'1_']

0,034
FE

Y

Ny =Inng /In7;

Puc. 5. Anroput™m cuHTe3a pexuma 00KaTUi IIPU YUCTOBOM MPOKATKE

Kamu6poBounoe Oropo (www.passdesign.ru). 2013. Bemyck 2
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W CXOMHBIMM JaHHBIMU SIBIITIOTCS ToJmuHa cistba H . u xoneunoro packara

C

h., mpemen TexydecTn cTamm MpU CTAHJAPTHBIX YCIOBHSX IIACTOMETPUYECKHX HC-
MBITAHAN O U KOO(QGUIMEHT HCIOIb30BaHus 60UKH pabounx Bankos [ =D, / LIO :

Cnavana no ¢opmyne (1) ompenenstor kK03(QPHUIHEHT CyMMapHOro 0OXKaThs

77|:2, C HUCIIOJIB30BAHUCM KOTOpPOI'O BBIYHUCIIAOT TOJIIHWHY IMIPOMCKYTOYHOI'O

packata hp. Hanee no popmyne (4) pacCUUTHIBAIOT CpeIHUM KOIPPUIIMEHT 00KaTus

IIPU YUCTOBOM IPOKATKE n n onpeACIAI0OT KOJINMYECCTBO UHUCTOBBIX ITPOXOI0B N .
F F

Hepen Ha4daJIOM PACUCTOB XAPAKTCPUCTHK IIe(i)OpMaI_[I/II/I I10 IIPpOXOoaaM OIIPCHCIIACTCA

IMOCTOSTHHAS JUTS 3aJJaHHBIX YCIOBUI 4acTh 3aBUCUMOCTH (8)
7 =75 (0,688—0,00066 — 0171\ /7 ). Pacuer xapaxrepuctik nedopa-

nuy BeIonHsoT B mukie ot 1 =1 1o 1 = Ng, a utorom pacueros sBmsiorest 3Hade-
HUSL TOJNUMH Tonockl Ny, kosdduumentoB obxarus 77;, abcomorubix AN u

OTHOCHUTEJIBHBIX &; 00XKAaTHM, KOTOpPBIE 3aT€M IIPEACTABISAIOTCSA B BUJE TaOIMIBI 00-

JKATHH.
bubanorpadguyeckuii ciucox
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JI.E.Manaxosckuii u ap. // Tpynst 7 konrpecca npokarankoB. Tom 1. M.: OAO Yep-
metuHdopmarus, 2007. C. 556-560.
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mnuHbIX THHOB / M.U.Pymsuues, U.I'.11lyoun, A.O.ITonoB u ap. / UepHble MeTasuIb.
2012. Ne 7. C. 17-21.

4. JIutoBuenko H.B. Ctanbl U TeXHOJIOTHS JUCTOBOW mpokatku. M.: Mera-
nyprus, 1979. 272 c.

5. Kontpomupyemass npokarka / B.W.Iloropxensckuii, J[.A.JIuTBUHEHKO,
FO.1.Matpocos, A.B.MBauuuxkuii. M.: Metamtyprus, 1979. 184 c.

6. PanmonanbHble peXUMBI MPOKAaTKU ToycThiX JmcToB / HO.B.KonoBanos,
K.H.CaBpanckuii, A.Il.Ilapamomun, B.S. Tumkos. Kues: Texnuka, 1988. 172 c.

7. Pymsanes M.U. Meroanka pa3paboTKu peXUMOB JIMCTOBOM MPOKATKH U €€
npuMmeHeHue // BecTHuk MarHuToropckoro rocyJapCcTBEHHOTO TEXHUYECKOTO YHH-
Bepcureta uM. I'.M.HocoBa. 2003. Ne 3. C. 16-18.

8. O60cHOBaHHBIN BBIOOP pEeKMMa 00KAaTUM B YHCTOBOW TPYMIE HIUPOKOIO-
JocHOTO craHa ropstucii npokatku / B.M.Canranuk, M.U.Pymsunes, A.I'.CooBbeB,
J.C.1p10pos // TIpousBoacTBo npokata. 2010. Ne5. C. 16-20.
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H.H. Orapkos, E.C. lllemeToBa
®I'bOY BIIO «MaraHuToropckuii rocy1apcTBEHHbBIN

TexHU4YeCcku yausepcuret uM. ['.M1.Hocoa»

OIPEJEJIEHUE YIIPYTO KOHTAKTHOM JE®OPMAIINU BOJIOKH
C ATIMIPOKCUMAIIMENA PABOYEHN TIOBEPXHOCTH
T'NIEPBOJIMYECKOM 3ABUCUMOCTBIO

Asmopamu npeodnodxiceHo annpoKcUMuposams Gopmy paboiezo KaHaua 60J10KuU
eunepoonuueckou 3asucumocmoio. C ucnonv3osanuem peuieHus 0isi 08YX KPUBOIU-
HEUHbIX NOBEPXHOCMEN C PA3TUYHbIMU 3HAYEHUAMU KPUBU3HBL U NepeceKaouuMucs
0CAMU NOTYYEHbl hopMYTbL OISl pacyema Ynpy2ou oegopmayuu 80J10KU 8 0Ce8OM U
OUAMEeMPAIbHOM Ce4eHUsIX OJis PA3TUYHBIX MAMePUailos 80J10KU U NPOBOIOKU.

Knrouesvle cnosa: ynpyeas oepopmayus, 6onoka, eunepboruveckas pabodas

noeepxHocms, npoeoJioKd.

[IpakTrka TOKa3bIBAaET, YTO B MPOIECCE BOJOYCHUS YUAaCTOK COMPSHKCHUS KO-
HUYECKOM YacTy C NWIMHAPUYECKON M3HAIIUBAETCS HAanboJiee MHTEHCUBHO U MO3TO-
My MECTO COTPSDKEHUS MPUHUMAET KPUBOJWHEHHYIO0 GopMy. AHanu3 Gopmer pado-
4yeil 1 KanuOpyIoIIel YacTel BOJIOKM MOKa3bIBAET, YTO Hanboiyiee OJMU3KOM amnmpok-
cumareit popmel corpsikeHus 1eGopMupyromiel u KaaTuopyromiel yacTei B 0CeBOM

CCUCHMUMU ABIISICTCA mnep6onnquKa51 3aBUCHUMOCTD:

p 2

:2 2 2
I =Yy —Ctg — X, (1)
2
rae ,B — YIOJI IIpU BEPIINHE aCUMITOT anep6onH;
|  —  mocTosHHAs rUnepOOIbL;
Xuy-— COOTBETCTBCHHO TCKYIIMEC 3HAYCHUSI KOOPJAHUHATHI I10 OCSIM.

[IpumenuTenbHO K mpoueccy BojoudeHus (puc. 1) MOXKHO TPHUHATH

[/2~m/2—a,rne @ — noayyron KOHYCHOCTH BOJIOKH.
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Puc.1. Cxema AIlIIPOKCUMAITNN OCCBOI'O CCUCHUA pa60qero KaHaJla BOJIOKH

B Touke BX0/1a MPOBOJIOKHU B 0Yar JiepopMaiiuu UMeeM:

rac D, — ANaMCTP IIPOBOJIOKHU HAa BXOAEC B BOJIOKY,
0

D — ANaMCTP IIPOBOJIOKH Ha BBIXOAC M3 BOJIOKH.

[Toncrasinss 3HaueHus Yy B ypaBHeHHe (1) M pemias OTHOCUTEIbHO IOCTOSIH-

HOM TUrepOoIIbl, UMEEM:

2 _
iz—x tgzcz——Do D.

5D 2)

Alcmucca X ompenensercs MPOTSHKEHHOCTBIO 30HBI KOHTaKTa JedopMupye-

Moro Matepuana c¢ Bosiokoi L. Cormacuo pucynky L =1+l rae | — nporsen-

HOCTh 30HBI od4ara jedopMalud BIIOJb OCHU B KOHWYECKOM YacTH BOJIOKH; |1 -
MPOTSKEHHOCTh KaTMOPYIOIIEH 30HbI BOJIOKH.

Ioncrapiss 3Hauenne X = |+ |1 B ypaBHEHHE (2) U UCIHOJB3YSd COOTHOIICHUE

(D, —D)/(21)=tga, nmeem:

. ltgx
=11+ 2" {tgo. 3
1=l 1+ D ga 3)

0
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[Tockonbky Ha MpaKTHKE AJUMHA KaauOpyromend 30HbI OOBIYHO MPUHUMAETCS

paBHOU TMaMETPy, TO MOKHO 3aITUCATh:

i=D(1+ 9o jtga, (4)

Ju-1

rle 4 — BBITSDKKA Ae(hOpMHPYEMOro MaTepuaa.

Pannyc kpuBU3HBI TUNEPOONBI B PA3IMYHBIX €€ TOYKAX SIBISETCS BEJIMYMHOMN

MIEPEMEHHON U ONpeAeIsieTCs BbIpaxeHueM [ 1]:

VA
=LY (5)

y

’ "
rac y )51 y — COOTBCTCTBCHHO IIPOU3BOJIHLIC IICPBOI'O U BTOPOI'O ITOPAIKA.

Huddepennmpys ypaBuenue (1) u moacrasiiss B ypaBHeHHE (5), UMEEM:

0/ R

B Ttouke BbIXOna aedopMupyemMoro marepuaia U3 BOJOKH Y =1 U mosTomy

ypaBHeHue (6) TpUHUMAET BU:

1
R=D| ctga + : (7)
Ju-1
B Touke Bxoma nedopmupyemoro wmarepuasia B ouar aedopmaruu

y = (Do — D)/Z +1 wu, cemoBaTeNbHO,

) 2 3/2
D-ctga 11, 192 ] +(1+ctg2a (ﬁgl) +(\/;—1) tga+ig’a| + ()

£1+ tga jz [ Ju-1

Ju-1

rae Ry — HapyHBIH paniyc 060I04KH.

ROZ

Takum 00pazom, paguyc KpUBU3HBI paboueil MOBEPXHOCTH BOJIOKH B OCEBOM

CCUYCHHH B TOYKAX BXOJd W BbIXOJA IMPOTATHUBACMOI'O MCTAJlJIa U3 BOJIOKK 3aBUCHUT OT
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AUaMCTpa HpOT}IFI/IBaeMOﬁ IMPOBOJIOKH, yI'Jla KOHYCHOCTHU BOJIOKM W BCJIMYMHBI BbI-

TSAKKU. HpI/IMCHI/ITeJ'H)HO K IPOTATHBAHHUIO IIPOBOJIOKM AWMAMCTPOM 4 MM paanycChol

kpuBnsebel R u R, npusenens: B tadum. 1.

Tadomuma 1

Paanyc kpuBU3HBI pabodeil TOBEPXHOCTH BOJIOKH B OCEBOM CEUCHUU

B Toukax Bxozaa (Ry) u Beixozma (R ) mporsruBaemoro meranna

U3 BOJIOKU AUAMETPOM 4 MM

a, 2pao. y2
1,1 1,2 1,4 1,6 1,8
4 139.1 99.1 79,03 72,03 6891
139,4 99,8 80,66 75,11 73,1
6 120,0 799 29,89 231 49,76
120,3 80,6 61,31 55,50 53,16
8 1104 70,37 20,29 43,56 40,17
110,7 71,0 51,62 45,7 43,19
12 100,77 60,7 40,65 33,9 30,52
101,8 61,34 41,92 35,88 33,23

[Tpumeuanue: B Tabmuie yncnutens — Ry, Mm; 3Hamenarens — R .

N3menenue paguyca KpuBH3HBI pabodeil MOBEPXHOCTH BOJIOKH TpaduuecKu

WLTIOCTPUPYETCS PHC. 2.

5120 z 120
7100 & 100
80 80
60 \\—-..______ 60 ~
40 B S— 40
20 20
0 0
4 6 8 12 6 12
a.rpajy o, rpag
a

Puc. 2. I3meHeHue paanyca KpUBU3HBI pab0Udeil MOBEPXHOCTU BOJIOKH

B OCCBOM CCUYCHHH B TOYKAX: a) BXOJa MMPOTATUBACMOI'0 MCTaJ1JIa U3 BOJIOKH,
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BonouunnsHoe npou3BOACTBO

CormocTaBieHre 3HAYCHUN PayCOB KPUBU3HBI, PACCUNTAHHBIX 10 3aBUCHMO-
ctsM (7) u (8), MOKa3bIBaIOT, YTO NPH BRITSDKKE 4 =11 pacxoxieHne Mexay HUMU
coctaBsieT 2-3%, a npu BeITDKKe £ =1,8 sta BenmunHa — 6-8% B quana3oHe mM3Me-

HeHUIl monyyria Bojoku 4-12 rpan. CoOTBETCTBEHHO MpPH HEOOJBIIMX 3HAYCHHUSIX
BBITSUKKU PajiiyC KPUBHM3HBI KaHala R BOJIOKM B OCEBOM CEUYEHHUHM MOKHO PacCui-

TBIBATh IO 3aBUCUMOCTH (7).
3Hanue 3Ha4yeHnit Ry u paauyca npoBosoku Ha BbIXOIE I MO3BOJISET PACcCUH-

TaTh YOPYryo AehopMaiuio BOJIOKH (Tabil. 2) Mo paHee MoJy4eHHbIM 3aBUCUMOCTAM

B OCEBOM Ce€4eHUH [2]:

—_p2 2
a=ms Js(l—|-3in a)L(Dg_D2)§[(1 Vi )E2 +(1 VZ)EI]’
4sin 4 E,E,(R=+r)
—_ 2 2
b =ms|o(1+sin Q)L(Dg _ D2)§ [(A-v3)E, + (1-VvZ)E,]Rr |

4sin o 2 2E,E,(R+r1 )

rie  a, b — ynpyrue nedopmanun Bonoku BIOIb OCEBOTO CEUEHHUS H TI0 TUAMETPY;

O'¢ — HaIIPsKEHUE TEKYYeCTH J1e(pOpMUPYEMOTO MaTepuaa;

Vi, Vo, — koaddunuentsl Ilyaccona mMaTepuana BOJIOKH U Ae()OpMHUpPYEMOro
MaTepuana,

E,, E, — mMomynu ynpyrocrtu marepuana BONOKM U 1epOPMUPYEMOTO Mate-
puana.

W3menenue ynpyroit neopMaiiii BOJIOKM B OCEBOM CEUCHUH B 3aBUCHMOCTH
OT yrjla KOHYCHOCTH BOJIOKHM JIJISi Pa3jIMYHBIX 3HAYCHUH BBITSHKKU TPEACTABICHO
rpaduuecku (puc. 2).

[TomydeHHbIe pe3yabTaThl MOKA3BIBAIOT, YTO BIMSHUE yIiIa KOHYCHOCTH BOJIO-

KA Ha €€ YyOpyryo aegopMaiudio MeHee 3HAYUTEIHHO MO CPABHEHHUIO C BIUSHUEM

BBITSDKKH MaTCpurajia IIpru BOJIOYCHUU.
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Tabmuma 2
VYBenuueHne KOHTAKTHON TTOBEPXHOCT3a CUET yNpyroi nedopmanuy BOJIOKU

B OCCBOM CCUCHUMU IIP MPOTATUBAHHUU IIPOBOJIOKH TUAMCTPOM 4mMm n3 ctanu 08k

a, epao. M
1,1 1,2 1,4 1,6 1,8
4 0,1999 0,2548 0,3189 0,3656 0,4028
0,2284 0,2884 0,3643 0,4177 0,4602
6 0,2022 0,2556 0,3233 0,3711 0,4091
0,2310 0,2920 0,3693 0,4239 0,4674
8 0,2044 0,2586 0,3275 0,3762 0,4151
0,2383 0,2954 0,3741 0,4298 0,4725
12 0,2086 0,2642 0,3353 0,3858 0,4262
0,2383 0,3018 0,3831 0,4407 0,4869
[Ipumedanue: yucauTeNnb: MaTepUal BOJIOKKM — TBepAblid criaB BKS; 3HameHarens:
MaTtepuas BOJIOKU — ObICTpOpexymias ctaib P6MS5

z 0,5 g 0,6
0,4 0,5
03 0,4
0,3 -

0,2 0.2
0,1 0,1
0 0

4 6 8 12 4 6 8 12

a,rpaj o, rpag

a 0

Puc. 3. MI3MeHeHre KOHTaKTHON MMOBEPXHOCTH 3a CUET YIPYro# aegopMaiiuy BOJIOKU
B OCEBOM CEUYECHUHU MPU NPOTATUBAHUU MPOBOJIOKU TUAMETPOM 4MM:
a) MaTepuain BOJIOKHU — TBepAblii ciuiaB BKS;

0) MaTepua BOJIOKH — ObICTpopexyIas ctais POMS

N3MmeHneHune quaMeTpa BOJIOKM B pe3ysibTaTe yIpyrou aedopmamuu Jajsi aHajio-
TUYHBIX YCIIOBUN BOJIOYEHUS MPUBEIEHO B Ta0J. 3 M WLTIOCTpUPYETCs TpadukamMu Ha

puc. 4.
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Tabmuma 3
YBenuueHue auaMeTpa MpoBOJIOKH 3a CUET YIPYTroi KOHTaKTHOU AepopMaIiiu

BOJIOKH IIPpH BOJIOYCHHUU ITPOBOJIOKH JTUAMCTPOM 4 MM u3 ctann08Ki

a, epao. M
1,1 1,2 1,4 1,6 1,8
4 0,0636 0,0811 0,1015 0,1163 0,1282
0,0726 0,0926 0,1159 0,1387 0,1464
6 0,0643 0,0813 0,1029 0,1181 0,1302
0,0734 0,0928 0,1175 0,1349 0,1487
8 0,065 0,0823 0,1042 0,1199 0,1321
0,0742 0,0940 0,1190 0,1369 0,1509
12 0,0664 0,0841 0,1067 0,1228 0,1356
0,0758 0,0961 0,1219 0,1402 0,1549
[Ipumedanue: ynucauTenb: MaTepual BOJOKUA — TBepAblil criaB BKE; 3HaMeHarenb:
MaTtepuas BOJIOKU — ObICTpOpexymias ctaib P6MS5

0,2 0,2
0,15 0,15
g 01 g 01
0,05 0,05
0 0

4 6 8 12 4 6 8 12

a,rpag, a,rpag,

a §)

Puc. 4. 3meHeHne nuameTrpa IpoBOJIOKH 3a CUET YIPYTroMl KOHTaKTHOM
nedopMalii BOJIOKU U TPOBOJIOKU AUAMETPOM 4MM:
a) MaTepuain BOJIOKHU — TBepAblii ciiaB BKS;

0) MaTepua BOJIOKH — ObICTpopexKyIas craib POMS

Takum 006pa3zom, MOKHO CKa3aTh, YTO YBEJIUYCHHE JMAMETpPa MPOBOJIOKU 3a
CYET yIpyroid KOHTAKTHOU JeopMalriuu BOJIOKH U3 ObIcTpopexylei ctanu P6MS B
1,15 paza 6omblie, yem u3 TBepaoro cruiaa BKS.

[TonyueHHble pe3yiabTaThl PEKOMEHAYETCSI MCIOJIb30BaTh MPU pacueTax IMpH-
pauieHus IJMHbI oyara Jedopmaiuu, a Takke npupanieHus nuamerpa nedopmupye-

MO MPOBOJIOKH C yYETOM YHPYTo# aedopmainy BOJIOKH.
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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 MIEPBOM 3AJIAYH U YCJIOBUE BTOPOI

PaccMoTtpuM perenue 3aiaum, onyOIMKOBaHHOM B IEPBOM HOMEPE JKypHaJa.

Koaddumment temnepaTypHol ycaaku, TPUBEACHHBIA B YCIOBUU 33J1a4H, MO-
Ka3bIBAET, BO CKOJIBKO Pa3 U3MEHSATCS JIMHEWHBIE pa3Mephl pacKaTa IpU OXJIaXICHUU.
OpHako B yCIIOBUHU 33/1a4d CKa3aHO, YTO MPU OCTHIBAHUM pACKaT ObLI 3aXaT B IMpPO-
KaTHBIX BaJKax M, CJIE0BATENIbHO, JUIMHA PackaTa HE MOTJla CBOOOIHO YMEHBIIATHCA.
Takum o6pa3oM, Bce M3MeHeHHE o0beMa MeTaljla B MPOLECcCe OXJaXIEHUs Mpo-

M30IILJI0 33 CYET YMEHBIIICHHS TOTIEPEUYHBIX PA3MEPOB pacKarta.

Orcroa noy4aeM, 94To BeicoTa packata H = 200/ 1,015° ~195583 wmwm.

Tak kak BBICOTY pacKaTa BaJbLOBUIMK HE BBIUMCIIUI, a U3MEPSUI C MTOMOULIBIO
LITAHT€HIUPKYJIs,, TOUHOCTh KOTOporo orpannuyeHa 0,05 MM, TO npaBUIIBHBIA OTBET
coctaBut 195,60 Mm.

JlaHHBIN TIpUMEp MOKAa3bIBAET, YTO H3MEpssl HEIOKaThl HYKHO OBITb OUYEHBb
BHUMATEJbHBIM, TaK KaK OUYEBUJHBIC HA MEPBbIN B3I (PaKThl BOBCE TAKOBBHIMHU HE
ABIAOTCSA. OCOOEHHO ATO KAacaeTcsl HEJOKATOB, MOIYYEHBIX B PE3YJIbTaTE aBAPUNHO-
ro 3aCTpPEBaHUs packara B HENPEPBIBHOM CTaHE, @ UMEHHO: B PE3y/IbTaTe aBapuu U
IIOJIy4ar0TCs IIOYTU BCE HEIOKATHI.

Heo6xoaumMo mOMHUTB, YTO aBapUHHBIN peXUM pabOThl CTaHA MOXKET UMETh
CYILIECTBEHHO MHBIE TEXHOJIOTMYECKHUE MMapaMeTphl 110 CPAaBHEHUIO CO IITATHBIM pe-
KUMOM U TE€XHOJIOTMYECKOW kapTo. /[laHHOE 00CTOSATEIBCTBO MOXKET CTaTh MPHUUHU-

HOM JIOKHBIX BBIBOJOB M JAJICKO UAYHINX HOCHGHCTBHﬁ.

*
Hauasno yuraiite B IEpBOM BBIIIYCKE KypHAJIA
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Crnenyromias 3agayda mnpoie (BO BCIKOM CiIy4ae, TaK MpPEICTaBIsETCS aBToOpY),
HO HE MEHEE MHTEPECHAS.

Jlns dero kamuOpoBIIMKY Bechbl? Bbl ckaxkere: «[[ns m3aMmepeHus JTMHEHHOMN
IUIOTHOCTHU TpokaTa». M Gynere mpaBbl, HO HE TOJIBKO JJist 3TOro. Becbl MOTyT OBITH
MOJIE3HBI MPU PELICHUH PA3JUYHBIX 3a]ay, HalpuUMeEp, NMPU HU3MEPEHUM IUIOIIAIEH
reoMmerpudeckux ¢uryp. Ja, 1a, He yaAuBIsHTECH!

JlomyctuM, KanuOpoBIIUMK OTOOpasl HEJOKAT TMOC]e OJAHOM W3 KJeTe cTaHa
IIPU ONBITHOM MPOKATKE CHEIUATBLHOTO MPOQPUIISl CIOXKHON reoMeTpudYecKoi (pOpMBI.
OOpaboTaB Ha CTaHKE TOpEL HEJIOKaTa, KATMOPOBIIMK MPUIOKUI €ro K JIHCTY BaT-
MaHa ¥ 00BeJl OCTPO 3aTOYEHHBIM KapaHJIalmoM 1o nepumerpy. Kak Haszno y kanuo-
POBILIMKA MOJI PYKOW HE 0Ka3aJ0Ch HU IUIAHUMETPA, HU KOMIIBIOTEPA CO CKAaHEPOM U
JaKe MUJUIMMETPOBKHM HE HAIUIOCh. BBIIM TOJIBKO HOKHUILIBI, JIMHEMKA U alTeYHbIE
Bechl. Kak ¢ MoMONIbIO ATUX UHCTPYMEHTOB OINpPEACIIUTD IJIOMAab (GUTYpHI, BbIUEP-
YEHHOUN Ha BaTMaHe?

Komy-To nanHas 3agaya mOKaXXeTCsd HaAyMaHHOW, HE UMEIOIIEH OTHOLICHUS K
pEaNbHOCTH, HO ATO HE TaK. 3a4acTyIO0 BEChl — 3TO CaMbIi OBICTPHINA, & TO U CaAMBIii
TOYHBIA MHCTPYMEHT JJI ONPEEICHUS MIONaJAe reOMeTpuYecKux Qpuryp, uzoopa-

YKEHHBIX Ha Oymare.
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CBEJEHHUA Ob ABTOPAX

BoakoB KoncranTun BiiaiumMupoBU4 — TEXHUYECKAN JUPEKTOP IO MPOU3-
BOACTBY penbcoBoro mnpokata OAO «EBPA3 3CMK», r. HoBoky3Helk.
Ten. 8(3843)791256. E-mail: Konstantin.VVolkov2@evraz.com.

HNummerbeB EBrenuii HukoJiaeBUY — IOKT. TEXH. HayK, IIpeCEaTeNb COBETA
aupextopoB 3AO «KoucOM CKCy, r. Marautoropck. E-mail: eni@konsom.ru.

Kanenquna Oabra CepreeBHa — CTyACHT Kadenpsl TEXHOIOTHH, cepTuduka-
nuu u cepsuca aBromobmiet ®I'bOY BIIO «MarHutoropckuii rocyaapCTBEHHBIN
TexHnuecku ynusepeuteT uM. [.J. HocoBay», r. Maraurtoropck. Ten. 89525177698.
E-mail: eiename@mail.ru.

Kun3zun Imutpuii UBaHoBUY — KaHJ. TE€XH. HayK, JOLEHT Kadenpsl oOpa-
0otkn MetamoB gaBiaeHueM PI'BOY BIIO «MarHutoropckuii rocyaapCTBEHHBIN
texHudyeckuit ynusepcuret um. ['.M1. HocoBay, r. Maruuroropck. O0macTts uccieno-
BAaHWI: TEOpHsI M TEXHOJOTHUS COpPTOBOM mpokaTku. Tem 89068722849.
E-mail: kinzin@mail.ru.

KonbuioB Urops BceB01010BHY — TIIaBHBIA KaTMOPOBIIMK TEXHUYECKOTO
ynpasienuss OAO «EBPA3 3CMK», r. Hosoky3nenk. Tem. 8(3843)599212.
E-mail: Igor.Kopylov@evraz.com.

JleBannoBckuii Cepreii AHATOJIbeBUY — KaHJI. TEXH. HAYK, JIOLEHT Kadeapsl
o0pabotku MetaimoB gasieHueM OI'BOY BIIO «MarHuToropckuii rocynapcTBeH-
HbIA TexHnueckuid yHusepcuteT uM. .M. HocoBa», r. Marauroropck. O6nactb uc-
CJIECJOBAHUM: YIIPABJICHUE KAYE€CTBOM COPTOMPOKATHBIX TEXHOJOTMUYECKHUX CHCTEM.
E-mail: levandovskiy@mail.ru.

JlumapeB Anexcanap CepreeBuu — KaHJI. TEXH. HayK, JOLEHT KadeIphl TeX-
HoJlorui, ceprudukauu u ceppruca apromoomieir ®I'bOY BIIO «Marautoropckuii
roCyIapCTBEHHbIN TexHU4Yeckuil yHuBepcuter um. ['.1. Hocosay», r. Marauroropck.
OO6sacTh WCCIENOBAaHUMN: YMPABICHUE KAYECTBOM COPTOIPOKATHBIX TEXHOJIOTHYE-

ckux cucreMm. Teir. 89048040221. E-mail: aslimarev@mail.ru.
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Jlynenko Anapein HukonaeBuY — KaHa. TEXH. HAYK, JUPEKTOP IO MTPOU3BOJI-
CTBY — IJIaBHbIM MHkeHep auBu3noHa «Cesepcrans Poccuiickas crams» OAO «Ce-
BepcTaiby, I. Uepenoser. E-mail: severstal@severstal.com.

Mouiep Adexkcanap bopucoBuy — J0KT. TeXH. HayK, nmpodeccop Kadeapbl
o0pabotku MetamioB gaBieHueM OI'BOY BIIO «MarHutoropckuii rocynapcTBeH-
HBIM TexHuyeckuit yausepcuteT uMm. I'.1. HocoBay, r. Maruuroropck. O0nacth uc-
CJIIEIOBAaHUM: TEOPUS U TEXHOJOTHS COPTOBOM MNPOKATKH, YIIPABICHHE KauyeCTBOM
COPTOIPOKATHBIX TeXHOJOorHueckux cucreM. E-mail: moller@hotbox.ru.

HoBuukmuit Pyciian BuraabeBu4 — HauaibHUK copToBOro mnexa OAO «Mar-
HUTOTOPCKUI METAJUTYpTrUYECKUI KOMOHMHAT, r. MarauToropck.
E-mail: novitskiy.rv@mmk.ru.

OrapkoB Hukousaii HukosaeBu4 — JOKT. TEXH. HAayK, podeccop, 3aBeayro-
il kadeapoit texnonoruu mamuuoctpoenus ®I'BOY BIIO «Maruuroropckuii ro-
CylapCTBEHHBbIM TexHUYeCcKni yHuBepcuter uMm. I.JM. HocoBa», r. MarauToropck.
O6nacte wuccienoBaHui: Oumeraunueckas mpoBosioka. Ten. 8(3519)298469.
E-mail: mgtu@magtu.ru.

Pomagun Anapeit FOpbeBUY — HayadbHUK OTZAENA MO NMPOKATHOMY M CTaje-
npokaTHoMy mepenenaM texuuueckoro ynpasieHus OAO «EBPA3 3CMKy, r. Ho-
Boky3Henk. Tem. 8(3843)599515. E-mail: Andrey.Romadin@evraz.com.

PymsineB Muxauna UropeBuu — kaHJ. TeXH. HayK, npodeccop kadeapsr 00-
pabotku metaimoB aasienneM GI'BOY BIIO «Marautoropckuii rocy1apCTBEHHBIHN
TexHuueckuit ynusepcurer um. I'.M1. HocoBa», r. Maruuroropck. O0nacTh uccieno-
BAHUI: COBEPILIEHCTBOBAHUE TEXHOJOTHH IPOM3BOJCTBA JIMCTOBOIO ITPOKATa Ha OC-
HOBE PAa3BUTHUS METONOJIOTMU AaHAJIN3a JUCTOMPOKATHBIX TEXHOJOTHYECKUX CHUCTEM.
E-mail: mihigrum@mail.ru.

PoiukoB Cepreii CepreeBu4 — WHXCHEP-TEXHOJIOT 2-i KaTeropuu 1adboparo-
puu coproBoro mpokata [[JIK OAO «MarHuToropckuii METaJUTypruiecKuii KoMOu-
HaT», I. Marauroropck. O61acTb MCCIEOBAaHUN: TEOPUS U TEXHOJOTHUSI COPTOBOMU

npokatku. E-mail: serge.rychkov@gmail.com.
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Capanua Cepreii FOpbeBr4 — Hay4HbII COTPYIHHUK Kadenpsl 00pabOTKU Me-
tawioB aaBieHneM PI'BOY BIIO «MarHUTOropckuil rocy1apCTBEHHBIM TEXHHUYE-
ckuii yausepcureT uM. I'.. HocoBay, r. Marautoropck. E-mail: elf-jedd@yandex.ru.

Tpaiino Anexcanap MBaHOBUY — JTOKT. TeXH. HAayK, podeccop WHCTUTYTA
METaJUTypruu u matepuaniopefeHus uM. A.A. baitkoa PAH, r. Mockaa.

Tyaynos Ouier HukosaeBu4 — J0KT. TEXH. HayK, ipodeccop kadeapsl odpa-
0otkn MetamoB gaBiaeHueM PI'BOY BIIO «MarHuTOropckuil rocyaapCTBEHHBIN
TexHuueckuit ynusepcurer um. ['.M1. HocoBay, r. Maruuroropck. O0aacTs uccieno-
BAHMU: TEOPHS M TEXHOJOTHS COPTOBOM ITPOKATKH, YNPABICHUE Ka4€CTBOM COPTO-
IPOKATHBIX TEXHOJIOTHYeCKUX cucteM. E-mail: o.tulupov@mail.ru.

IIlemeToBa Enena CepreeBHa — acnupaHT, aCCUCTEHT Kadeaphl TEXHOIOTUH
MammHOCTpoeHuss PI'bOY BIIO «MarHuToropckuii rocygapCTBEHHBIA TEXHUYE-
ckuii yauBepcuteT uM. [.J11. HocoBa», r. Maruuroropck. O0iacTh ucCaeIOBAHUMN:

oumMerauinyeckas mposoiioka. Ten. 89630959467. E-mail: hellensh88@list.ru.
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