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NCrio0J1ib3OBAHVME COBPEMEHHbIX TEXHOJ/10I MYECKKX TNMPOLECCOB
OBPABOTKW OABJTIEHVEM B MALLUMHOCTPOEHIN

Mnapuyk E.A., )XpgaHoB .B.
(kacp. O, JoHTYIT um. M. TyraH — bapaHoBCKOro, YKpaunHa)

B HacTosiLLee Bpems B MPOMBILLIEHHO Pa3BUTbIX CTPaHaxX OTMeYeH CTabu/bHbIA pocT
MPOM3BOACTBA FOTOBbIX M3AENNIA MOMTyYeHHbIX 06paboTKON AaBneHnemM 6e3 fanbHelLein me-
XaHunyeckoli 06paboTkn. K HUM OTHOCATCA HECMMMETPUYHAsA NPOKaTKa, rMApPOPOMUHT, a B
CO3J@aHNN Hepa3beMHbIX COEAMHEHWI A CBapKa WM aBTOMAaTW4ecKas K/enka, BbINosHsemas B
npouecce 06paboTKN [aBfieHMeM MyTeM MPOLUMBAHWS 3akK/enkaMu LebHbIX AeTanein ans
obecrneyeHns BbICOKOW YCTOMYMBOCTM W3LeNMs B Le/IOM K BO3fAenCTBMIO BUbpaummn[l,2]. B
AnoHun 6onee 95% 3arotoBoK 1 A0 80% roTOBLIX M3AENNIA NOMYYatOT TONbKO 06paboTKOiA
AasneHvem. OCHOBHas NpUYMHa — LUMPOKOE BHeAPEHME aBTOMATUYECKNX MPON3BOACTBEHHbIX
KOMMNJIEKCOB, KOTOPble NOMYyYMnMN Ha3BaHMe «MWUHWN-3aBOA». PYHKLMOHMPOBaHME NMOCNEAHNX
HEBO3MOXHO 6e3 MCNO/b30BaHNsA aBTOMATUYECKOW CUCTEMbI YNpaB/ieHUs TEXHONOMMYECKNUM
npoueccom (ACY TI).

OnbIT pa3BuUTUA NPOMbIWNEHHOCTU nokasan, yto ACY TIT nmeeT HavboMbLIYHO
3(P(EKTMBHOCTb B YCMOBMAX MacCOBOr0 MPOW3BOACTBA, A/19 KOTOPOro XapakTepHO Herpe-
PbIBHOCTb W3rOTOBNEHMSI B TeUYeHWe [MTeNbHOro nepuoja OAUHAKOBOM MPOAYKUMM npwu
CTPOrovi NOBTOPAEMOCTM MPON3BOACTBEHHOMO NpoLiecca.

MaccoBoe Npov3BOACTBO OCHOBAHO Ha MOTOYHOM MeTOAe MPOU3BOACTBA. JTOT Me-
TOA, OpraHM3auumn NpPoM3BOACTBA, XapaKTepu3yHLWMIACA pacyneHeHNneM NPOM3BOACTBEHHOIO
npouecca Ha OTAe/IbHble, OTHOCUTE/ILHO KOPOTKME OnepawLmu, BbINOHAEMble Ha CrieumanibHO
060py0BaHHbIX, NOC/eA0BATEIbHO PACMONOXEHHbIX Pabounx MecTax — MOTOYHbIX IMHUSAX.
Ero ocobeHHOCTb — y3Kasi cneyunannsaums. Ponb paboyero npy aToM CBOAUTCA K a/ieMeHTap-
HOW (DYHKUMMW 3arpy3Ku-pasrpyskun TEXHOMOMMYEeCKOro 060pyAoBaHuWs, a TEXHONOrMYecKas
orepauus BbIMOHAETCSA B aBTOMATMYeCKOM pexknme (puc. 1 a). LLInpokoe BHeapeHWe aBTO-
MaTU4YecKnx NMHuiA B 30-x rogax XX Beka, MO3BO/NMI0 repMaHCKON NpoMblilneHHoCT Bo I
MwupoBOiA BOMHe 06ecnevnTb LUMPOKKIA BbIMYCK HOBEMLLUMX BOOPYXXEHWUIA C UCMNOMb30BaHNEM
NPUHYAUTENBHOTO TPYAA HU3KO KBA/IM(IULIMPOBAHHBIX pabouunXx.

PeanbHast BO3MOXHOCTb CO3AaHuna pabotocnocobHo ACY TI1 nosiBunack ¢ nosie-
neHnem B 1949 roay nepsoli pabotocrnocobHoin 9BM (BenmkobpuTaHus) U ¢ Ha4yaloM Npo-
MbILLIEHHOrO npoussogacTea OBM B 1957 1. mpmoit IBM  ans Hyxa BBC n BM® CLUA.
Ho, nepsas ACY Tl 6bina paspabotaHa upmoit Kuywy MauywmTa Inektpuk Ko., T4
ana mpmbl Toyota (AnoHus) B 1966 r. Brnepsble aBTOMaTUYeCKMe NOTOYHbIE SIMHUKX MO
MPOM3BOACTBY Ky30Ba /IErKOBOTO aBTOMOOWNA ObliM 06beAMHEHbl eAWHON KOMaHAHO -
YNpaBstoLe CUCTEMOR, YTO NO3BOMNIO OCYLLECTBUTb MOTOYHBIA TEXHOMOMMYECKWIA NPO-
Liecc 6e3 yyacTus YenioBeka B aBTOMaTUYeCKOM pexume (puc. 1 6). Brnepsble 3a BCHO UCTO-
pUIo YenoBeyecTBa OblNO LOCTUIHYTO rapaHTMpoBaHHOe 100% KayecTBO BbIMyCKaeMoi npo-
AYKUMW. ITO ObIN0 JOCTUTHYTO M 3a CHET NPUMEHEHNS 06paboTKM AaBneHMeM Npu MoIHOM
yCTpaHeHMN MexaHUYecKol 06paboTkn. O6paboTKa AaBneHneM obecreymna XecTkume Tpebo-
BaHWA K TOUHOCTU AeTanen u u3aenvin ans obecneyeHns cTporo GMKCMPOBaHHOIO U PaBHOMO
CpoKa WX aKcnayataumm n Maio mMaccbl. O4HaKo 3To NOTPe6oBasio MCNOb30BaHMe crewu-
a/TbHbIX 3/IEMEHTOB /15 06ecrneveHns XXeCTKOCTU U3aenuns.

JKOHOMUYECKME KPU3NCHI Ha pybexxe XX-XXI BeKOB MPOAEMOHCTPUPOBA/IN HU3KYHO
rMOKOCTb B YCOBUAX KONME6aHMIN Ha pbiHKE cnpoc - npeanoxerHne ACY Tl MUHK-3aBOA0B
MCNOMb3YHOLLMX YKECTKYHO MOTOUYHYIO TEXHOIOTUIO HEMpPepbIBHOr0 MacCcoBOro NMpPOV3BOACTBA,
4TO ABMIOCH NOGYAMO K pa3paboTKe HOBbLIX TEXHOOMIA YCTOMUMBBIX B JAHHOW 3KOHOMMYe-
CKOVi cuUTyauun.
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Ha py6exe XX-XXI BEKOB B CBSi3W C LUMPOKUM MPOMbILLIIEHHbIM BHEAPEHNEM HO-
BeMLUMX TEXHONOrMi B 06paboTke AaBfieHneM (HECMMMETPUYHasA NPOKaTKa, rMapooMUHS) v
CO34aHNN HepasbeMHbIX COeAMHEHWNIA (aBTOMATMYECKas Nla3epHast cBapka 1 poboTU3NPOBaH-
Has Krfierka), Oblfa co3faHa peasibHas TEXHOMOrMYeckKas 6asa MCnosb30BaHWs Cn/iaBoB ato-
MWUHWSA B Ka4yeCTBe OCHOBHbIX MaTepuanoB U3LeNiA MalIMHOCTPOEHUS, TPaAULUOHHO U3ro-
TaB/MBaeMbIX 13 ctasm [1,2].

OCHOBbIBasACb Ha 3TUX JOCTWMXeHMsAX KoHUepH Volkswagen pa3paboTtan MUHW-3aBO,
c rmbkoi ACY TIM (puc. 1 B) gns npounssogctea Audi A2 13 CNiaBoB a/IlOMUHNS.

KoHuepH Volkswagen BbinonHun gng Audi A2 B COOTBETCTBUM C HOBbIM TEXHO/0-
rMYyeckMM nporeccom (puc. 1 B) M3 NOAMPOBAHHOIO HEOKPALLEHHOro cr/jasa a/ltOMUHUSA BCe
HecyLLVe 1 [eKopaTVBHbIE KY30BHble AeTasn. CHapsXeHHas macca MoiHopasMepHoro (4/1uv-
Ha/lwnpuHa — 3,82/1,67 M) veTbipexmecTHoro Audi A2 — 895 Kr, 4To 0b6ecrneyvBaeT MUHU-
MYM 3HEpPronoTpebieHns U MakCMMyM YMpaB/iSEMOCTM B mpouecce akcnayatauuu. Mpu
3TOM [OCTUrHYTa BbICOKas XXECTKOCTb NPOCTPAHCTBEHHOM paMbl C 3arnporpaMmMmpoBaHHbIM B
TeUYeHVM BCEro CPoKa aKcnayarauuy NoBeAeHnem npu feopmaumsax 1 BbICOKOE MOor/oLeHme
3Heprun yaapa npounsaMmn 13 cnasa antommHmus. ObecriedeHa BbICOKas naccuBHas 6esonac-
HOCTb, YTO OCOB6EHHO BaXKHO /19 aBTOMOOWNA Masioro Knacca.

MmbkocTe ACY TI1 6blna JOCTUTHYTA 3@ CYET MCMO/b30BaHNA MPUHLMNA UCKPET-
HOW TexHonoruu. 3TO 06ecneynno CoKpalleHne KonmyecTBa NPOU3BOLCTBEHHbIX Ornepawuii
Ha 40% npwu rapaHTUPOBaHHOW MOKOCTWN NPOM3BOACTBEHHOM NPOrpammbl, YTO, MO MHEHWUIO
cneyunannctos Volkswagen, No3soanT AOMOMHUTENBHO CHU3UTb MPON3BOACTBEHHbIE U3JEPX-
KN 1N 06ecrneynTb BbICOKYH) KOHKYPEHTOCNOCOoOHOCTL antomuHuesoro Audi A2 c¢ Toyota
Youris B 60pb6e 3a pbIHKM CObITa. Kpome 3TOro, Mcronb3oBaHMe NpUHLMNA rMOKOW ANCKpeT-
HON TEXHONMOrMW AOMNOMHUTENBHO FapaHTUPYeT YCTOMYMBOCTb MapKETMHIOBOM MOMUTUKM
KOHUepHa Volkswagen B 0CBOEHWW HOBbIX PbIHKOB CObITa.

Kcnonb3oBaHye COBPEMEHHbIX TEXHOMOMMYECKUX NPOLECCOB 06paboTKN AaBNeHNEM
B npoLecce NPOMbILLIEHHOr0 NPOU3BOACTBA U3AENNIA U3 CNNaBOB a/ItOMUHUS NPeLbABNSET U
crneumpuyeckre TpeboBaHNA, Kak K OTAe/IbHbIM AeTanAM, Tak U K U3Je/INI0 B LIeNIOM:

1. YecToyeHune TpebOBaHW K TOYHOCTM pacyeTOB feTaneil n U3genuin Ha CTagum
MPOEKTUPOBAHNA C LieNIbI0 06ECNeYeHns X CTPOro (PUKCMPOBAHHOIO U PaBHOMO
3KCN/yaTaLnoHHOro CPOKa.

2. TpenMyLLecTBEHHOE CO3JaHne Hepa3beMHbIX KOHCTPYKLMIA Aaxke TpaguuMOHHO
pa3beMHbIX.

3. Peanusauns BO3MOXHOCTW MOSIHOMO OTCYTCTBUA AOMOSIHUTENBHOrO 3alMTHOrO
NaKOKPaCcOYHOro Unn LeKopaTUBHOIO MOKPbLITUA U3 NOMUMEPHBIX U APYTUX CUH-
TETUYECKUX MaTepunaos.

4. Wcnonb3oBaHWe B KOHCTPYKUMW [eTasneil cneynanbHbIX 3/1eMeHTOB Ans obecne-
UeHWs BbIMO/IHEHNS OMnepaLyy aBTOMAaTUYECKO KenKu.

5. Hannuue nnaBHbIX NepexofoB CONpAraeMbixX NOBEPXHOCTEA C 60MbLUIMMN paguny-
caMu COMPSKEHNSA N HETPALULMOHHBIX KPUBOMMHENHBIX 00pasytoLLmMX 06bEMHbIX
MOBEPXHOCTEN NPU OTCYTCTBUM OCTPbIX M MPAMbIX YT/10B.
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Puc. 1. TeXHONOrnyecKnii NpoLLecc N3roToBNEHNS Ky30Ba aBTOMOOUNSA:

a— Volkswagen (1936); 6 — Toyota (1966); B — Volkswagen Audi A2 (1998).

1- nony4yeHune maTepuana; 2 — pas3iMBKa; 3 — NPOKaTKa; 4 — WTaMnoBKa; 5 — cBapka; 6
— OKpacka; 7 — CMCTeMa aBTOMATUYeCKOro yrnpaB/ieHUA TEXHOIOTMYECKUM MpoLieccoMm; 8 —
rMAPOGOMUHT; 9 — aBTOMAaTUYeCKas cbopka.

BbiBoabI:

1. B npouecce coBepLUeHCTBOBaHMA CnocoboB 06paboTkn aasneHnem  ACY TI1
nony4Ymna TeEXHNYECKYH BO3MOXHOCTb 3BO/MHOLMOHMPOBATb OT XKECTKOM U HErMOKOW TeXHU-
YECKOW CUCTEMbI CO3[aHHOW Ha OCHOBAx >XECTKOM MOTOYHOM TEXHONIOrMU HEnpepbIBHOrO
MaccOBOIro MPOU3BOACTBA K CUCTEME BbICOKOM MOKOCTM CO3aHHOM Ha OCHOBE [MUCKPETHOrO
MPOM3BOACTBA.

2. Bce 60nee WwmMpokoe npuMeHeHne 06paboTKM AaBneHnem 6e3 nocneaytoLLlein me-
XaHN4ecKon 06paboTKM TpebyeT NOCTOSHHOIO 06HOBIEHMS MPUHLMNOB NPOEKTUPOBaHNUA U3-
AeNniA MalMHOCTPOEHUS.

Cnucok nutepatypbl: 1. HoBble TexXHOMOMMM 06paboTKN faBnieHeM pa3paboTaHHble
tupmoii  Thyssen Henrichshdtte // Stahl und Eisen. — 1999. — 109, Ne 3. - C. 14 - 16. 2.
Mnaguyk E.A., Oepkad A.B. NMporHo3uposaHne napamMeTpoB 06LLero ciyyas yHKLMOHUPO-
BaHMSI TEXHUYECKOW CMCTEeMbl NpoKaTHas KneTb// MeTannbl U NnTbE YKpanHbl. — 2001.- Ne
10-11. - C. 44-47.
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PO3POBKA TEXHOJIOTIT BUTOTOBJIEHHSA LUNI®YBA/IBHUX KPYTIB 3
OPIEHTOBAHMWN ABPA3BHMW 3EPHAMI

IweHko O.J1., Wenpsos 4.0. (kag. TM, JoHHTY, M. [JoHeLbK)

PesynbTatv fOCMIAKEHb BINIMBY OPIEHTYBaHHA a/IMa3HNX 3epeH Ha npoLec wnidy-
BaHHS TBEPLOro CrnJiaBy MOKasytoTh, LU0 KPYr 3 pPi3HUM po3TallyBaHHAM 3epeH MaroTb Pi3HY
3HOCOCTIMKICTb. IMpy HEBENNKINA Pi3HULI B NPOAYKTMBHOCTI 06PO6KM Y KPYriB 3 OpiEHTOBA-
HVMM pO3TallyBaHHAM 3epeH CrocTepiraloTb 3HaYHe 3MEHLLUEHHS MUTOMOro PO3X04Y aiMaso-
HOCHOrO Lwapy. Tak, NUTOMUIA pPo3Xif aiMasHUX 3epeH ANa Kpyra 3 OpPieHTOBaHUMMW 3epHamu
nig Yac 06po6bku cnnasy BK8 y 2, cnnasy BK15 y 2,5, a cnnasy BK20 y 2,4 pa3v MeHLUWiA,
HI>K [4/15 Kpyra 3 fOBifIbHMM po3TallyBaHHAM 3epeH [1].

MiABULLEHWIA PO3XiA aIMa30HOCHOIO LWapy Kpyra 3 HEeOpieHTOBaHUMU 3epHaMK Mo-
SCHIOETHLCA BENIMKMM PYMHYBaHHAM 3epeH Y NPoLeCi LWidhyBaHHA, a TakoX X HECrpUaTIN-
BMM 3aKpinaeHHAM Y 3B’A3Li; OPIEHTOBaHI 3epHa Kpalle onvparoTbCs PYiHYBaHHIO Ta BUPW-
BaHHIO TX 31 3B’A3KW 3aBAAKN NPaBUIbHOMY 3aKPIM/IEHHIO.

[Mig yac wnigyBaHHS OPIEHTOBAHI 3epHa BCTyNatoTb Y PO6OTY Nif NEBHUMU KyTaMmu,
IHLUUMW, HIXX NP LOBISIbHOMY TX pO3TallyBaHHI, KOMIM YacTMHA 3epeH, L0 3HAXOAATLCA Y KO-
HTaKTi 3 NOBEPXHEID, AKa LWNIPYETLCS, YTBOPIOE 3 HEKO KYTW, HECMIPUATAMBI ANa pi3aHHA. B
OCTaHHbLOMY BUMafKy BMHMKAKOTbL MIABULLEHI CUAW Pi3aHHA, Mif BMIMBOM SAKMX 3epHa MO-
XyTb OYTW CKoOpille 3pyliHOBaHi abo BMpBaHi 3i 3B’A3KK. OTXe, nonepeaHiMK AOCNIKEHHS-
MW 6yN10 BCTAHOBJ/IEHO, LLIO Mij Yac BUrOTOB/IEHHSA IHCTPYMEHTA OpieHTaLif aIMa3HUX 3epeH,
SKi MatoTb gosracty opmy (I/b>1,25), nigBuLLye Oro 3HOCOCTIMKICTb Ta NONINLYE pi3anbHi
B1acTMBOCTi. OfHaK CbOrofHi po3pobka TeXHOMON T BUPOOHMLTBA TAKOr0 iIHCTPYMEHTa CTpU-
MYETbCA BIACYTHICTIO TEOPIT OPIEHTYBAHHS 3€PEH.

[ns Toro, Wo6 B3arasi cTaB MOX/IMBUM MPOLEC OPIEHTYBAHHA abpasvBHUX 3epeH Y
MarHiTHOMY nofi, X HeobXiAHO NOKPMBaTK (hepoMarHiTHUM MaTepiasiom, 3aBAsaKn YoMy 3ep-
HO MOXXHa pO3rnsgatv fK MarHitTHy pamky. [ng ouiHKM aHi3oTponil reoMeTpii abpasvBHUX
3epeH, MOKPUTKX LIapoM (PePOMarHiTHOro marepiany, NpoBOAWIM BUMIPU ABOX rabapuTHUX
PO3MipiB 3epHa: HaibiNbLIOro i NepneHANKYNSPHOro omy. Bumipn npoBoAMaM Ha MIKpO-
ckoni MBW-1 ACT 5.188-69 3i 36inbweHHAM y 50 pa3iB. O6pobka pe3ynbTaTiB BUMIpPIB No-
Kasasa, Lo CMiBBIAHOLIEHHS MK [BOMa B3aEMHO NepneHAVKYNAPHUMU rabapuTHUMKU pPo3Mi-
pamun abpasmBHUX 3epeH cknagae b/a=1.33. TO6TO Lie [03BO/ISE OPIEHTYBATU AaHi abpa3vBHi
3epHa y CTa/IoMy MarHiTHOMY Mosi.

MpUHLUMN OpiEHTYBaHHA abpa3vBHUX 3epeH LWo40 PO60YOT NOBEPXHI LWAi(yBabHUX
OpycKiB nondrae B HacTynHomy. Ha 3epHa fie ctasie MarHiTHe nose, po3ropTaroyn ixX y340BX
AOro NiHin. YCcTaHOBKa CNPOEKTOBaHa TakMM YMHOM, L0 NiHiT MarHiTHOro nons cnpsamoBaHi
nepneHaNKyNApHO poboyoi MOBEPXHi BUTOTOBEHUX BPYCKIB. PO3rnsgHeMO YacTUHKY (abpa-
3VBHE 3epHO0), LLIO 3HaXOANTLCA B 30BHILLUHLOMY CTa/IOMYy MarHiTHOMY noni (puc. 1).
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Puc.1. [lia MarHiTHOro Nons Ha YaCTUHKY.
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Y CUNbHOMY MarHiTHOMY MOAi YaCTUHKA MparHe 3aiHATW Take MOJSIOXKEHHS, W06
BEKTOp i HamarHi4eHOCTi 36irca 3a HanpPsSIMKOM 3 BEKTOPOM Harpy>XeHOCTi MarHiTHoOro noss.
LlboMy nepelKompKae MeXaHiYHWIA  MOMEHT, OOYMOBMEHWI  BHYTPIWHIM  TepTam
HEMarHiTHOroO cepefoBulLa (3B'A3KM), B AKOMY pO3TalloBaHa 4acTtuHka. [lig Bnaveom
3Yern/IeHHs 3B'A3KM YaCTWHKA YCTAHOBUTLCA Mif AeAKUM MalMM KYTOM [0 HanpsMKy Ail
MarHitTHoro nons. Mpy UbOMY HACTYMUTbL PIBHICTb MOMEHTIB MEXaHiYHOro i MarHiTHOro
nonei [2Ha npakTuui 6yB BM3HaYyeHWIA CKNaf KOMMOHEHTIB CyMmilli Ans NpUroTyBaHHSA aob-
pasmMBHUX BPYCKiB, i 6yB po3po6ieHNiA cneyiaibHUA NPUCTPIA ANS OPIEHTYBaHHS 3€peH Yy
OpycKax, Lo CKnagatoTb wWnidyBanbHUiA Kpyr (puc.2). MpucTpii BUpilye ogHOYacHO ABa
3aBflaHHA: OPIEHTYBaHHA a/IMa3HWUX 3epeH i NpecyBaHHsA 6PYCKiB. Ha MarHiTo-eneKTpuyHii
CXeMi MPUCTPOKD: Y — caM MNPUCTPIin, Ha SIKOMY, BnacHe, i Wae OPIEHTYBaHHS 3epeH i
npecyBaHHa 6pyckis; MNP — npec-popma; YWI-1 — yHiBepcanbHe AKepeno nocravyaHHa. [o
YHIBEPCA/IbHOT O MKepena NocTaqyaHHs BXOAATb BUNPAMAAY, peocTaT R 419 3MiHM Hanpyrn Ha
eNleKTPOMarHiTi MPUCTPOIO, & TakoX aMmnepmeTp A Ta BOMbTMETP V 415 KOHTPOSIIO 3a Hanpy-
roto.
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MarHiTo-eneKTpuyHa cxema Cxema KOHCTPYKLiT NpUCTPOIO

Puc. 2. Cxemun NpuUCTPOIO [/1s OPiEHTYBaHHSs aGpasviBHUX 3epeH

KOHCTPYKLiT NpUCTPOO CKNafaeTbecs 3 OCHOBM 1 i3 3aKPinaeHO OMOPoto 2, Ha SiKii
3MOHTOBaHa MarHiTHa KOTyLlKa 3. 3a 0NOMOro CTiOK 8 40 OCHOBM NPWaLITOBaHWIA Nop-
Tan 7. Uepes nopTas NPOXoAuTb FBUHT 6, WO Tpumae nputuck 5. Mpec-thopma 4 po3TalloBy-
ETbCA MIDXX OMOPOIO 2 | MPUTUCKOM 5.

MpaLtoe ycTaHOBKa B Takumil cnoci6. Mpu NigKYeHHI MarHiTHOI KOTYLLKK A0 [Ke-
pena nocrtayaHHs YTBOPUTLCA CTasle MarHiTHe noJse, LWo NpoxXoAnTb Yepes onopy 2, nigcrasa
1, cTiiikn 8, nopTtan 7, rBAHT 6, NPUTUCK 5 i 3aMMKaAETLCS Yepe3 3a30p y npec-gopmi. Ans
CKOPOYEHHA BTpAT MarHiTHOro nosisi nepefbayeHe 3'effHaHHS OCHOBM 3 MPUTUCKOM CreLiasib-
HUMW MarH1ToBoZamu. Lle f03BONSAE 3MEHLLNTY HaNpyry, fKa NOLAETbCA HA MarHiTHY KOTY-
LLIKY, &, OT>Ke, 3MEHLUNTK Ti Harpis.
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[ns npecyBaHHA OpyckiB Gyna Bu-
roToB/eHa creljianbHa npec-hopma (puc. 3).
BapTo nomitTuth, WO npec-hopMa CcKiaga-
€TbCA 3 ABOX KPULWIOK i Kopnycy. Kpuiiku
BUrOTOBNAOTLCA 3 PepoOMarHiTHOro marepia-

8 ny (3i ctani 45), a KOpryc BUrOTOBMSETHCS 3

AiamarHiTHoro (3 gropantomidito [16). Lle

[03BONSE HABGMN3NTL MONKOCA efleKTpoMarHi-

~ Ta | 3a6e3neynTn HeobXigHY BENMYMHY Mar-
3 HITHOT IHAYKLUIT.

BignpecoBaHi abpa3uBHi  G6pYyCKK
nigaaBanmca po3KpUTTIO abpasvBHOIO LWapy
MeTOOM LuNipyBaHHA. PO3KpUTTA 6pYyCKiB
MPOBOAMOCA Ha NIOCKOLNI(hyBa/lbHOMY Be-
pcTati mogeni 3AM71. 3 enacTUYHUX BpPYCKiB
3HiMaBcs Lwap ToBLWMHOKW 0,5 MM i3 MeTol
BUKIOYEHHSA NepeKpyYvyBaHHsA po3noginy abpasuBHMX 3epeH Yy KpalioBMX 30Hax 6pycka, Lo
BWHWKAE BHAC/MI0K KOHTaKTyBaHHS 3epPeH 3 NOBEPXHELD Npec-hopMu. 3anuc penbeqy nosep-
XHi a6pa3VIBHI/IX 6pyCKIB nposo,u,mscn Ha npodinorpadi-npodinometpi mogeni 252 ACT
T \ T M‘ TRy 03007 (v )

HHH i ‘ ans NigTBEPLKEHHSA
T TEOPETUYHUX  MOMOXEHb MNP0
OpiEHTYBaHHA 3epeH 6yB MpoBe-
[EHWIA  eKCNepUMEHT, CYTHICTb
AKOro nonsrana B Tomy, Lo 6y-
N OTpUMaHI LWidyBanbHi 6py-
CKM 3 HEeOpieHTOBaHUMW 3epHa-
MU | BpYCKM 3 3epHamu, Opi€EH-
TOBaHWMM NpPW 3HAYEHHI Harpy-
rn 100B. llicna 3anucy Ha npo-
(hinorpadi-npoinomeTpi  MiK-
: : B S popenbedy NoBepXxoHb abpasue-
P|/|c 4 d)parlvleHTm npodpmorpaM Mleopenbedpy po- HWUX 6pyckiB mpoBogunacs 06-
6040i I'IOBerHI LLIﬂI(*)yBaﬂbHOI'O Kpyra p06Ka eKcnepuMeHTaNbHUX [a-
HUX, fKa nongrana B TOMY, LUO
cepeaHiii Npoginb 3epeH 6yno po3bUTo Ha piBHI, Yepe3 4 MKM, i 3a AaHUMK OOMipHOBaHHS
LUMPUHW 3epeH Ha KOXXHOMY 3 piBHIB 6yna 3pobieHa OLjiHKa CYTTEBOCTI Pi3HMLI MiXX ABOMa
CepefHIMM 3HAYEHHAMY LUMPUHM OPIEHTOBAHUX Ta HEOPIEHTOBAHMX 3€PEH, 3aCHOBaHa Ha BU-
3HaYeHHI KPUTUYHOTO 3HaYeHHs Kputepito CT’togeHTa [3].

MpoBeaeHi JOCNIMKEHHA MOKa3an, WO Ha BCIX PIBHAX 3epHa UA Pi3HULSA € CYTTE-
BO, TOOTO i He MOXXHA NMOSICHNTM fIMLLIE BUMAAKOBUM PO3KMAOM AaHNX.OTXE, MOXEMO 3 ne-
BHICTHO CTBEpMKyBaTW, L0 abpa3vBHI 3epHa AINCHO NignAraloTb OPIEHTYBaHHIO Yy CTa/loMy
MarHiTHOMY noni, a po3pobneHa KOHCTPYKLiS NPUCTPOK A5 OPIEHTYBAHHA abpa3MBHUX 3e-
PEH NMOBHICTO BMKOHa/A 3aBJaHHS, AKi Mepes Heto CTaBUINCh.

Puc. 3. Mpec-thopma

Cnucok nitepatypu: 1. 3aiiues A.I'. BAvsiHne pacrnonioXKeHmst anMasHbIX 3€peH Ha
npotiecc wangosaHnsa TBEpLOro cnsasa // BeCTHUK mMawmHocTpoeHus, 1977, Ne 8, c. 71-72.
2. AwepunupiH M.W., 3a6asckuii A.J1. Anma3Ho-abpasnBHas 06paboTka 1 yNpoUYHeHne n3ae-
NNIA B MarHUTHOM rone. — MUHCK: Hayka 1 TexHuKa, 1988. — 272 c. 3. Kaues IN.I'. Ctatuc-
TUYECKMe MeTOAbl UCCNeA0BaHUA PeXXYLLEero MHCTpymeHTa. — M.: Hayka, 1974. — 236 c.
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PASPAEOTKA IGBT-MIHBEPTOPA A/19 KOHTAKTHOW CBAPKMU

Mekke X. (OTTO0-(hoH-I"epuke-YHuBepcuTeT, r.Margebypr, 'epmaHus)
®uwep B. (OTTO-0hoH-I"eprke-YHusepcuTeT, r.Maraebypr, 'epmanus)
Cob6ones A.N. (kad. CMY, JoHHTY, r.[JoHeuK, YKpaunHa)

B TeueHve nocnefHero CToneTus CBapka ctasa O4HUM M3 Haubosiee pacnpocTpaHeH-
HbIX TEXHOMIOrMYECKNX MPOLLECCOB. TPYAHO Ha3BaTb KaKOM-1M60 Apyroi npouecc, KOTOpbIii
pa3BmBasICs Obl C TaKOW Xe MHTEHCMBHOCTLIO, a N0 pa3Ho0bpasnio U 06beMaM NPUMEHEHNS
Obln 6bl CPaBHMM CO CBapKOW. KOHTaKTHas cBapka COMpOTMB/EHVEM (TOYeYHas!, penbedHas v
PONIMKOBas) OTHOCUTCA K YMCy Hanbosee pacnpocTpaHeHHbIX cnocobos. Ee lwWnpokomy pac-
MPOCTPaHEHN0 CNOCO6CTBOBANO PasBUTVE aBTOMOOWNE-CTPOEHUS N BbITOBON TeXHUKWU. B
nepcnekTyee 061acTV NPUMEHEHNS 3TOrO crnocoba cBapku, No-BUANMOMY, COXpaHATCA. Bos-
MOXHO, KOHTaKTHYI CBapKy HEMHOrO MOTECHUT fla3epHas CBapka, B 0OCOOGEHHOCTW TaM, rae
MCNONb3YeTCH MeTasIN C MOKpPbITUAMU [1].

MPUHUMNMaNbHO ANS KOHTAKTHOW CBapKM pasnunyatoT ogHOMasHble UCTOUYHUKN nepe-
MEHHOr0 TOKa, Tpex{asHble UCTOYHUKWN CBapPKWM MOCTOSAHHBIM TOKOM U UCTOYHUKM NUTaHUSA
WHBEPTOPHOrO TWMa, MacCoBbIM NMPUMEHEHVMEM KOTOPbIX MOCNefHUe rofbl XapakTepusyercs
MVUpPOBOE CBapOYHOe NPOU3BOACTBO. [1aBHOE NPenMyLLEeCcTBO MHBEPTOPHbIX UCTOYHUKOB TO-
Ka COCTOMT B MX HebonbLIMX rabaputax u macce. Harpvmep, TpaHc(hopmaTop Kak ofHa u3
COCTaB/MIAIOLMX BbILLIEHA3BAHHONO WMCTOYHMKA TOKa, MUTAeMbl HanpsXKeHWEM C YacTOTOWA
10kl'y mmeeT Maccy B 10 pa3 MeHbLUYH, Yem TpaHC(HOPMAaTop, NMUTaEMbI HanpsXXeHUeM
MPOMBILLNIEHHON YacTOTbl. He MeHee BaXXHbIMU NPerMyLLECTBAMU UHBEPTOPHbLIX MCTOYHMKOB
MUTaHUA ABNAKOTCA OTHOCUTENbHO BbICOKMIA KT/, BbICOKas 3KOHOMWYHOCTb, a TakKXe BO3-
MOXHOCTb aBTOMaTU3aLuy NpoLiecca CBapKu.

BbinpsaMuTens CpeHeyacTOTHbI UHBepTop TpaHC(op- BTOpUYHbIA  KOHTYp CBapKM
maTop BbINPAMUTENb

Puc. 1. Cxema NCTOUYHMKA NMUTAHUA NHBEPTOPHOIO T1Mna
B pamkax BbINOMHEHHOW paboTbl Obl1 MOCTPOEH WHBEPTOPHBIA UCTOYHMK TOKA AJ1S

KOHTaKTHOM CBapKW, CU/I0Bas YaCTb KOTOPOro COCTOMT M3 [BYX MPOMbILLMEHHbIX MOAYNeW
(upmbl Semikron — ceteBoro BbinpamuTens u IGBT-nHBepTOpa C NMPOMEXYTOUHbIM 3BEHOM
MOCTOSIHHOIO TOKa. CpefHe4yacTOTHbIA TpaHC(OPMaTop C WHTErpUpPOBaHHbLIM BTOPUYHBIM
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BbINPAMUTENIEM MOAKNOYAETCA K BbIXOAHbIM 3aXMMaM MHBepTOpa. B KayecTBe CBapO4HOIA
Harpysku Mcnosb30BaIca MefHblii kabenb AnameTpom 35Mm. [ns co6CTBEHHOro notpebne-
HUS 3Heprumn (ppaiiBepbl, CXeMbl YNpPaBNEeHUS, CUTHa/IbHblE YCTPOMCTBa W Ap.) Gbian no-
CTPOEHbI COOTBETCTBYIOLME BI0KM NUTaHUA. Bce HeobXoanMMble N3MepPeHUs BbINMOHANNUCH C
MOMOLLbHO aTYMKOB TOKa, OCHOBAHHbIX Ha npuHUmMne Xosnna.

[na ynpasneHns MHBEPTOPOM Oblf BbIGpaH MPUHLUMN LUMPOTHO-UMMY/ILCHOW MOAY-
NALMUN, KOTOPBbI, HECMOTPS Ha BCE NPUCYLLME eMY HeOCTaTKM, a UMEHHO BEPXHEE N HUKHee
orpaHuyeHns 06/1acTu yrpaeneHus, ABISETCA Hanbonee Nerko pean3yembiM Ha MPakTUKe.
CxeMa ynpaBneHusi 6bina BbIMNO/IHEHa Ha 6a3e MHTerpanbHol cxembl SG3525.

[ns nccnefosaHMa MHBEpTOPa C MOMOLLbIO NporpaMmMHoro naketa Simplorer 4.2 6bl-
Nna nocTpoeHa MOAeNb, codepkallaa gnHammyeckue mogenu IGBT v gnogos. 3TO NO3BOIUIO
YYUTbIBaTb HE TO/MILKO CTaTUYECKME, HO U KOMMYTaUMOHHbIe notepu. Kak m3secTtHo, IGBT
XapaKTepu3ytTca BbICOKOW CKOPOCTbIO MEPeKIOUeHNS, BOSMOXHOCTLIO YNpaB/ieHWs Hanps-
YXeHWeM, nofo6HO MOseBbIM TPaH3UCTOPaM, W, B TO >Xe BPeMs, CMOCOOHOCTbIO YNpaB/ATh
0O0/bLUOIA MOLLHOCTHIO, XapaKTepHOW A/ GUNONSPHLIX TPaH3UCTOPOB. MakcuManbHas vac-
ToTa KOMMyTauun IGBT orpaHuumBaeTcs [AONYCTUMbIMA TEPMUYECKMMU noTepamn. Ons
4acToTbl KOMMyTaummn f=10kI"y, 66111 nony4veHbl 3aBucumocT K, nHeepTopa v BCero uc-
TOYHMKA NUTaHWA OT Harpysku (puc.2, 3).
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Puc. 2. 3aBucumocTb K4 nHeeptopa ot Puc. 3. 3aBucnmocTtb KM/ nCTouHMKa NuTaHns

Harpysku OT Harpysku

Pe3ynbTaTbl MOAENMPOBAHWSA MOKa3bIBAOT, YTO NPV HOMUHaNbHON Harpyske K1/,
MHBEPTOpPa [0CTAaTOYHO BbICOK. CyLLeCTBEHHbIE MOTEPU U KaK pe3ynbTaT HU3kuii KM, scero
MCTOYHMKA NMUTaHUA 06YCaBIMBAOTCS MPEX/e BCero noTepsMum BO BTOPUYHOM BbINpsMUTE-
Ne n B TpaHcgopmartope. Mpy UCNONb30BaHUU ABYX WU HECKONbKUX MapasifenbHO BKIIHO-
YEHHbIX AMOA0B AOMNOMHUTENbHbLIE NOTEPU BO3HUKAKOT M3-3a HEPaBHOMEPHOro pacrpejene-
HUS Harpysku Mexay HUmu. Bce 3To TpebyeT fa/lbHEMLWNX MUCCNef0BaHWUIA B HanpasieHUn
YMeHbLUeHWs NoTepb BO BTOPMYHOM MpeobpasoBsarese.

B pesynbTate MogennposaHus 6Obiia nonydyeHa BAX UCTOYHMKA MUTAHUSA, a Takxe
3aBMCUMOCTbL CBAPOYHOr0 TOKa OT CKBAXXHOCTW, U3 KOTOPbIX BUAHO, YTO MNPU 3HAYEHUK
CKBKHOCTW v1>0,37 He NPOUCXOAMT NpupaLleHre MOLLHOCTU. 3TO 06YC/IOB/IEHO TEM, YTO
IGBT BKntOYaeTCa Nvb TOr[a, Koraa TOK CO6CTBEHHOro 06paTHOro Anoda cnajeT Ao Hyns.
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Bpems npoTekaHust ToKa yYepe3 06paTHbIN AMof, nepecynTaHHOe Ha 3HaYeHWe CKBaXXHOCTU,
MOATBEPXKAAET 3T0. HMXKHee orpaHnyeHve 061acTy perynmpoBaHns 06bACHAETCA MAHUMab-
HO JOMYCTUMbIM BpeMeHeM, HeoOXO0AMMbIM NS HAAEXHOro BK/IKOYEHUA TPaH3MCTopa W1 co-
CTaB/NAET Ha npakTuke vr=0,05.

B HacTosLLee BpeMs MPUHLMNNAIBLHO PasnnyaloT HeperynnpyemMble U perynnpyemMole
WCTOYHWMKM NUTaHWS NS KOHTaKTHOM cBapKu. epBble Kak Hanbosee felleBble HaXOAAT LWn-
POKOe NMPUMEHEHUe BO MHOMMX 06/1acTX HapOLHOro X035iiCTBa. Perynnpyemble NCTOUYHUKN
MUTaHUA NPUMEHAIOTCA TaMm, re K CBapyBaeMol NPoayKLUMW NpeLbsBastoTCA 0cobble Tpebo-
BaHMA KayecTBa, Hanpumep, B aBTOMOOU/IECTPOEHMM. 3alaHHOe KayeCTBO CBAPHOI0 COefiMHe-
HUA [OCTUraeTca npu 3TOM NyTEM NOAAEPXKaHUS PerynnpyemMbliX NapamMeTpoB, TakuMX Kak
CBapOYHbIA TOK, CUMa CXaTWs 3eKTPOAOB, TemrepaTypa Ha COOTBETCTBYHOLLEM YpOBHe. B
pamkax paboTbl Oblf MOCTPOEH KOHTYP PerynvpoBaHus Toka ¢ nomowpto MU-perynstopa

(puc. 4).

BoinpamuTens WHBepTop  TpaHcgop- BTopuyHbii
MaTop  BbIMPAMWTESNb

P LHWH ¥ [P B

B-6 M-2 L ast

A

Harpyska

CKBaYKHOCTb

MW-perynatop LM

Ur

N OwnbKa I ' N
+

JaTtunk Toka

I 4 iL

Puc. 4. bBnoK-cxema KOHTypa peryinpoBaHns Toka

HacTpolika napameTpoB perynstopa npoBOAMIAaCh C MOMOLLbI FEHETUYECKMX aro-
puTMOB. B KauecTBe KpuTepus ONTUMU3aUMM Obl1 BblIOpaH MWUHUMYM WHTErpasibHO-
KBagpaTU4HON owmnbkmn [2]. OnTummsmposaHHol MA-perynaTop no3sonseT oTpabarbiBaTbh
3aflaHne 6e3 OWNOKM 1 NOAJEPXKMBATb 3HAYEHMEe TOKA Ha 3ajaHHOM YPOBHe He3aBUCUMO OT
N3MEHEHWNS NMapaMeTPOB KOHTYpa CBapKMW.

lMpoBedeHHbIe TeopeTMYeckne W npakTuyeckme uccnegosaHua IGBT-uHBepTopa U
BCEro NOCTPOEHHOr0 UCTOYHMKA NMUTaHNA MO3BONAKT NUCMOMb30BaTh MOMYYEHHbIE Pe3y/bTa-
Tbl MPY JaNibHENLWMX UCCNef0BaHMsAX B HarpaBneHuMn nosbiweHns KI14, nHBepTopa v BTO-
PUYHOTO BbINPAMUTENS.

Cnucok nutepatypsbl: 1. MNMaToH b.E. MNpobnembl cBapku Ha pybexxe BEKOB // SKOHO-
MUKa 1 Npou3BOACTBO, 1999, Ne2. 2. Lunze J. Regelungstechnik 1. Systemtheoretische
Grundlagen: Analyse und Entwurf einschleifiger Regelungen- Berlin, Heidelberg: Springer-
Verlag, 1999.
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BIVAHNE HA 3JIEKTPUYHECKYIO CETb MIHBEPTOPA [OJ1A
KOHTAKTHOW CBAPKW

Mekke X., ®uwep B. (OTTO-(hoH-I"epnKe-YHuBepcuTeT, r.Margebypr, N'epmaxns)
Cypkos J1. A. (kach. CIY, JoHHTY, r.[loHeuK, YKpanHa)

Ha cerofHAWHWIA AeHb KOHTaKTHasA CcBapka — 3TO Hambosiee 4acTo MCNOMb3YeMbIiA B
MPOMBILLIEHHOCTY METOZ CBapuBaHuA AeTaneidl. STO NPou3oLIo 61arogaps BbICOKOM Mpouy-
HOCTW CBapOYHOr0 COeAMHEHUA N OTHOCUTENbHO H3KOI CTOMMOCTY CBapKW.

KoHTaKTHasa cBapKa B3fna CBOE Hayasio OT [DKOYneBCKOro BblAeNneHua Tenna npu
MPOXOXAEHUN TOKa 60MbLUOM BEeNYMHBLI Yepe3 3aroToBkM (puc. 1) M 6blna OTKpbITa
E.TomcoHom B 1877 rogy.

Puc. 1. CBapouHblii npovecc

C 1933 rofa OHa cTana UCro/nb30BaTbCA B TSHXKENOM NPOMbILLIEHHOCTU (3N1eKTprYe-
CKWe KOHTaKTbI, pefie, flamnbl), NPy U3roTOB/IEHUN KY30BOB, ObITOBLIX NPMOOPOB U paamaTo-
POB. DNEKTPUYECKas KOHTAKTHas CBapKa 3TO OYeHb AUHAMWYHbIA CBapOYHbIA METOA Npu Ko-
TOPOM MOXHO NPOBECTW 60/bLLIOE KOMYECTBO CBapUBaHUIA BbICTPO, YETKO, aKKypaTHO 1 agé-
LLIEBO.

3afaHne Ha [daHHYK paboTy 6bino cobpaTb U3 MPOMbILLIEHHbIX MOAYNEA (GUpMbI
Semikron MHBEPTOP AN KOHTAKTHOW CBapKW, MUTAOWMIACA OT MPOMbILLMIEHHON ceTu. Mpu
MOMOLL COBPEMEHHOM M3MePUTENbHOW TexHUKM LMG 310 (puc.2) Heob6xoaumo 6b110 nony-
YNTb (DOPMY CETEBOr0 TOKa, KOIPMPULUMEHT MOLUHOCTU W ApYyrvue BXOAHblE MapamMeTpbl U
CpaBHWTbL C pe3ynbTaTamy MOAeNnMpoBaHKs.

Puc. 2. N3mepuTenbHblii npuéop LMG 310

MogennpoBaHue NposoAunacs Npu nomowy nporpamHoro naketa POWERSIM. [na
MoZenvpoBaHus Oblna nonyyeHa cxema (puc. 3). Bce BHOCUMble B Heé napameTtpbl Oblnv
npeaBapuTenbHO M3MepeHbl Ha COOPaHHON YCTaHOBKE.
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Puc. 4. BXxogHoii ToK (MoenmMpoBaHme)

B pesynbTaTte mMofennpoBaHus Obln NOyYeH BXOAHON TOK (puc. 4) npy MakcuMasb-
HOW ckBaxKHOCTU IGBT V1=0.47, KOTOPbIA MOXHO CPaBHUTb C 3KCMEPUMEHTa/IbHO NONYYeH-
HbIM rpy nomolum LMG 310 (puc. 5).
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Puc. 5. BXxogHoW TOK (M3MepeHns)

Kak MOXHO 3aMeTUTb TOKW MPaKTUUECKN UAEHTUYHbI MeXay COB0I M3 Yero MOXKHO
cAenatb BbIBO/, YTO NPOBefeHHast paboTa Gbifa ycrewHoi. s npuaaHis BXOAHOMY TOKY
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CUHYCOMAaNbHOM (OpMbl 6bIN0 CAENaHO MNPeSJ/IoXKeHVEe MOCTaBUTb B CXEMY aKTUBHbIN
unbTp (puc. 6).
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Puc. 6. CxeMa 1HBepTOpa C aKTUBHbLIM (DU/IbTPOM

CeTeBoWi TOK Npun aTOM OyaeT UMeTb (HOPMY B COOTBETCTBUM C PUC. 7.
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Puc. 7. BxogHoi ToK (MofenMpoBaHue)

K coxaneHuto, NpakTUYecKn ero He yaanoch pean3oBaTh K3-3a GO/bLLIOIA CTOMMOCTM
aKTVBHOIO (hvnbTpa. B ganbHelilem npeanaraeTcst NPOBOAUTL UCCMEA0BaHUS MO PasNNyYHON
ONTUMU3ALIMM aKTUBHOTO (UNIbTPA, UTO JACT BO3MOXHOCTb MOMYUNTb CUHYCOWAANbHBIA TOK
BHE 3aBICVMOCTU OT TOKa HarpysKku.
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NCCNEOOBAHVE B 3ABOCKUNX YC/IOBUAX PAOAVNATIBHOIO U
TOPLOBOI'O BMEHNA POJTMKOB NMPOKATHbLIX CTAHOB

Hocko A.U., KoBaneHko B.U. (katp. TM, JoHHTY, r. [loHeuk, YKpavHa)

B yCcnoBusix MexaHM4ecKoro Lexa 3aBoga “TaioH” Obln NpPoBefdeH CTaTUCTUYECKUI
aHasmM3 KayecTBa 06pabaTbiBaeMbIX AeTasleil - POSIMKOB NPOKATHOMO CTaHa (BbIMOMHEHHbIX B
BuAe BTYNOK). KOHTPO/IMpPOBasioch TpU NapTUM POSIMKOB MPOKATHbIX CTaHOB, NMEKLNX KOH-
CTPYKLMOHHblE OCO6EHHOCTW, OT/IMYAIOLLMXCA rabaputamy ¥ mMaTepuanom 3aroToBoK. ap-
™a A : matepuan - ctanb 95X18 MOCT 5632-72, 3aBOACKON HOMep uepTexa - 08-585A;
naptus b : matepuan - ctanb 95X18 FOCT 5632-72, 3aBOACKOV HOMep yepTexa - P-30-40-
20-00; naptus B : matepman - ctasb LLIX15 FOCT 2590-71, 3aB0oACKOM HOMep vepTexa - 07-
224B-3. B naptumn A cny4aiiHbiM 06pa3oM OblnM 0TOBpPaHbl A4/ KOHTPONS LWECTbAECAT 3aro-
TOBOK, B napTusax b 1 B - no TpuauaTth NATL 3aroTOBOK.

Bblna npoaHann3vMpoBaHa MocnefoBaTe/IbHOCTL TEXHOMIOMMYECKOro npolecca U Ans
napTUn A NPOKOHTPONIMPOBaHbLI HEKOTOPLIE U3 MapamMeTPoB Ha Pas/IMUHbIX CTafnAX TEXHO/O-
rMYecKoro npoLecca: BeNMUMHbI 4MaMeTpOB 3aroTOBKM M OTBEPCTUS A0 TePMUYECKO obpa-
60TKM 1 nocne Hee, a TakXe 40 YMCTOBON 00paboTKM 1 nocne Hee (y)Ke AN roToBbIX [eTa-
nein) pns [ecatn fetanei, a Takke BEMUMHbI paguaibHOro 1 TOPLOBOro GMEHNS TOTOBbLIX
[eTanein ons WecTuaecaTn getanein (BKIYas AecaTb AeTasieid, 0 KOTOPbIX rOBOPUIOCH Bbl-
we). Bce wectbaecat getaneii pa3butbl Ha NATb BbIGOPOK, KaXAas M3 KOTOPbIX COLEPXMUT
[eTanun, Npon3BefieHHble B O4HY U3 paboumx CMeH, C MepeHacTPOMKON CTaHKa B Havase Kax-
[0 HOBOW CMeHbl. Pa3breHne geTtaneli No BblIbopkam npmeegeHo B Tabnumue 1.

Tabnmua 1 - CBofHas Tabnmua KOHTPOMPYeMbIX feTasnei No BbibopKam
Bbi6opka 1 2 3 4 5
Yucno getanein B BbIGOpKe 10 10 15 10 15

MecTa KOHTPO/IS A1ameTpoB 3ar0TOBOK, OTBEPCTUI U pafnanbHbIX GueHnid npusese-
Hbl Ha puc. 1. iInameTpbl KOHTPONMPOBAIUCHL B NPOA0/ILHOM HanpasieHUn, B ceyeHnsax 1-1 n
2-2. B KaX[0M 13 CeYeHWn KOHTPOb NPOU3BOAW/ICS B HanpasneHMsaX a-a u 6-6. BennumHbl
paAnasbHOro 6MeHNs KOHTPOIMPOBA/IUCL B CeYeHUAX 1-1 1 2-2 Npu yCcTaHOBKe Ha NPOTUBO-
MONOXHbIN Topew,. PagnansHoe 6ueHne 1 - GueHmne Npu yCTaHOBKE 3ar0TOBKU Ha TopeL, 06-
paboTaHHbIN Ha TOKAPHOM CTaHKe, paananbHoe 6eHne 2 - Npu YCTaHOBKE Ha LLUNNGOBaHHbIN
TopeLw,

2 a

Puc. 1. MecTa KOHTPONS BENNUNH BUEHUS
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[ns naptvuin b 1 B ocywecTBsACA NWb KOHTPO/b paAnasbHOro 1 TopLoBoro 6ue-
HWiA. Tlocne KOHTPONA Tpex NapTuid YCTaHOBMIEHO, YTO KaXaas napTus MMeeT GpakoBaHHble
petann. [laHHble O MPOLEHTHOM COOTHOLUEHUI GPaKoBaHHbIX AeTasieil MO KaX40My U3 napa-
MEeTPOB MpeACTaB/ieHbl B Tabnuue 2.

Tabnuua 2 — KonmyectBo 6pakoBaHHbIX A€TaNei No KoMy 13 NapamMeTpoB

Bug 6reHuns PagnanbHoe 6ueHne | PagnanbHoe 6reHne | TopuoBoe 6reHune
1 2

% 6paka B naptum A 0 0 5

% 6paka B napTumn b 8,5 11,4 5,7

% 6paka B naptun B 8,5 5,7 0

Bce ganbHeiwve NOACHEHUA U pacyeTbl OTHOCATCA K napTum A.

3mepeHns BKNHOYaIM KOHTPO/Ib BEIMUUH PaguaibHOro M TOpLoBoro bueHus. Mpu
KOHTPO/Ie BENMUYNH BUEHUS UCMONb30Ba/ICA MHAMKaTop Yacosoro tuna NY10 MOCT 577-68
(ueHa geneHus 0,01 MM, Arana3oH nsmepeHns 0-10 mMm).

CxeMbl 3aMepoB BeNMUMH BUeHUs 41 BCeX NapTuil 6blIn O4UHAKOBbLI U NpeacTas/e-
Hbl Ha puc.2 1 3. Ha puc. 2 npuHATLI cnegytouime 0603HavyeHns: 1 - 3arotoBka, 2 - OnpaBka,
3 - MIHAMKATOP YacoBOro TWNA, € - SKCLLEHTPUCUTET OCEI 3aroTOBKWU 1 OMNpaBKK, S - 3a30p Me-
XAy OMpaBKOW M 3aroTOBKOM NpU AaHHOW cxeMe 3amepoB. Ha puc. 3: 1 - onpaska, 2 - 3aro-
TOBKa, 3 - MHAMKATOP 4acoBOro Tuna, 4 - MHAMKATOPHas CTOMKa.

Puc. 2. CxemMa KOHTPONSA BEIMYMHbI paAnasibHOro bueHus

B Tabnumue 3 npvBeAeHbl BENMUMHBI AYAMETPOB NPW KOHTPONE 40 TePMOOGPaboTKM
ANS AeCSTV 3aroTOBOK. TaKue e Tabnulpbl NonyyeHbl Ha APYrnx CTaamsx 06paboTKu: nocne
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TepMUYECKoin 06paboTKK, A0 YACTOBOM 06PabOTKM 1 NOCNE YACTOBOM 06paboTKM (AN FoTo-
BbIX M3genunii). B Tabnuue 4 npusedeH parMeHT TabnuLbl pe3ynsTaToB NPOMepOB pasfvab-
HOrO M TOPLOBOrO GUEHNI LLECTUAECATM FOTOBbLIX POIMKOB NPOKATHbLIX CTaHOB (ABeHaauaTb
[eTaneli U3 NepBoi BbIGOPKM 1 [iBe U3 BTOPON).

Tabnuvua 3 - BennynHbl grametpa D 3arotoBky 1 oTBepcTus d A0 TepMOo06paboTKM, MM

Ne fe- d D
Tanu 1 2 1 2
a 6 a 6 a 6 a 6

1 39,5 39,5 39,6 39,7 75,0 75,0 75,0 75,0
2 39,6 39,7 39,7 39,7 75,1 75,1 75,1 75,0
3 39,6 39,6 39,7 39,7 75,0 75,0 74,9 75,0
4 39,7 39,6 39,7 39,7 75,0 75,0 75,0 75,0
5 39,7 39,7 39,8 39,8 75,1 75,1 75,0 75,1
6 39,5 39,5 39,6 39,6 75,0 75,1 75,0 75,0
7 39,6 39,7 39,6 39,5 75,1 75,1 75,0 75,1
8 39,6 39,5 39,6 39,5 75,0 75,1 75,0 75,0
9 39,6 39,7 39,5 39,5 75,0 75,0 75,0 75,0
10 39,7 39,7 39,7 39,7 75,1 75,0 75,0 75,1

Puc. 3. Cxema KOHTPONA BENMYNHBI TOPLLOBOrO G1eHUs

Tabnmua 4 - dparMeHT TabnnLbl YNCNOBbIX 3HAYEHWIA KOHTPONMPYEMbIX BENYVH, B
COTbIX AONAX MM

Bbi6opka 1 2

Ne petanu 1 2 3 4 5 7 8 10 1 2
Pagmanet. | o5 | 5 | 5 | 25| 2 2 | 25 15| 15 | 25
oueHue 1

Paganed. |, | 9 | 1 | 1 | 05 1 |15 1] 2 |os5
oueHue 2

Topuoeoe 1|21 |15] 1 15 | 25 15 1 | 1
oueHue
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[varpamma, nocTpoeHHas no Tabnuue 4, npueefeHa Ha puc. 4. B Hell nokasaHbl 13-
MEpPEHHbIE BENNUYNHBI BUEHNIA BCEX LLECTUAECATM NPOKOHTPONMPOBAHHbIX U3LeNunid. Puc. 4a —
paguansHoe reHne 1, puc. 46 — pagmanbHoe bueHue 2, puc. 4B — TopLoBOe breHue. Mo Tpe-
60BaHMAM YepTeXxa BefiMUMHa pagnasbHOro 6MeHns He fO/MKHa npesbiwatb 0,04 MM, TOpL,0-
Boro — 0,02 MM. BbIX0/ KOHTPOIMPYEMbIX BEIMYMH 3a Npedenbl gonycka ana naptum A 6bin
06Hapy>eH NMLLbL MO NapameTpy TOPLLOBOro GMeHNs.

a) 0035

0,03

0,025 u
0,02 u

0,015 M M

0,01 M M

0,005

BennunHa 6ueHus, mn

0
0,025

ol M I |
il il

0,01 1 \

3

el

>
|
[ el
|

—3
e

BennunHa 6ueHus, mn

_
[ ——

0,005

0,03
)

0,025

0,02

0,015 u

0,01

BenununHa 6ueHuns, mh

0,005

O LI
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58

Puc. 4. Anarpamma UCXoaHbIX AaHHbIX
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[anee 6bina nposefeHa CO6CTBEHHO CTaTUCTUYeCKas 06paboTka pe3ynbTaToB MU3Me-
peHuiA. CTaTucTuyeckass ob6paboTKa MO3BO/MSET MO OrpaHUYEHHOMY OOBLEMY 3KCNEepUMEH-
TaNlbHbIX AaHHbIX C MOrPELLIHOCTAMY MOYUYUTb AOCTOBEPHbIE 3aBUCMMOCTH.

MpesnonoXxumM, 4To NPUMGop UMEET CNy4vaiHble MOrpeLHOCTU. VI3mMepum TakuMm npu-
6opom Kakyto-M60 BenuyuHy. MNMonyyeHHOe B pe3ynbTaTe TaKoro 3KCnepumeHTa MHOXECTBO
Ha3bIBAETCA reHepasibHOW COBOKYMHOCTbI. OCO6EHHOCTLIO 3TOM COBOKYMHOCTU SBMISETCA TO,
4TO OHa COAEPXUT B Cebe Ntobble 3HAYEHWS, KOTOPbIE MOXHO MOMTYYUTb NPU pearbHOM 3KC-
MepumeHTe.

Mpn NpoBeAeHUN 3KCMepPVMEHTOB KCCNefoBaTe/lb fenaeT KOHEYHOe YWCI0 U3Mepe-
HUIA. X MOXHO paccMaTpmBaTb Kak Ciy4aiiHyto BbIGOPKY M3 FeHepasibHOW COBOKYMHOCTW.
3asaya 06paboTKM AaHHbIX CBOAWTCHA K OMpefeneHWto No AaHHbIM BbIGOPKW MoKasaTesnen,
OLeHMBAIOLLMX NapaMeTpbl reHepasibHOM COBOKYMHOCTU. K TakMm nokasateniM OTHOCATCA
TOYEYHbIE OLEHKW YMNCNOBbIX XapaKTEPUCTUK.

TouyeyHbIMM Ha3bIBAIOT OLLEHKM YMCNOBbLIX XapakTepuCTUK 3aKOHOB pacripefeneHus
BEPOATHOCTM CNyYalHbIX YWACEN UM BENUYMH, N306paKaemMble TOUYKOW Ha 4McnoBoli ocu. B
OT/IMYMe OT CaMUX YMC/IOBbIX XapaKTepUCTUK OLEHKN SBNSIOTCA ClydYalHbIMU, NPUYEM KX
3HaYeHns 3aBUCAT OT 00BLEMA 3KCMepVMeHTaIbHbIX AaHHbIX (BbIOOPKM). OLEHKU LOMKHbI
YL0BNETBOPATL TPEM TpeboBaHMAM: ObITb COCTOATE/IbHLIMU, HECMELLEHHBLIMU U 3((EKTUB-
HbIMU. COCTOATENbHOM Ha3bIBAETCA OLiEHKa, KOTOPas CXOAMUTCA MO BEPOATHOCTU K OLeHMBae-
MOV YMCNOBOMN XapaKTepucTuke. HecMeLLEHHOW ABNSeTCA OLEeHKa, MaTeMaTUYecKoe 0Xupia-
HWe KOTOPOW pPaBHO OLLEHMBaEMON YMCN0BOW XapakTepucTrke. Havbonee athdeKT1BHONA cum-
TalOT TY U3 HECKO/IbKMX BO3MOXHbIX HECMELLEHHbIX OLEHOK, KOTOpas UMeEeT HauMMeHbllee
paccesHue.

CpepHee apuiMeTUUECKOe 3HaYeHVe pe3ynbTaTta U3MepeHus

n
)? =1|:zxi ,
n &

npy Nt06OM 3aKOHe pacnpesefieHns BePOATHOCTU pe3ynibTara U3MEePeHNs MOXET Cy-
XWTb COCTOATENIbHON M HECMELLEHHON OLEHKOW CpefiHero 3HayeHus. STM obecrneymBaeTcs
MpaBu/IbHOCTb pe3ynbTaTta N3MepeHus.

TouyHOCTb pesynbTara 3aBUCUT OT 3PMEKTUBHOCTM OLIEHKN CPeiHero 3HayeHus. Yem
OHa 3pdekTBHEE (Y4eM MeHbLLEe eé paccesiHue), TeM Bbille TOYHOCTb. Kputepuu apdexTrB-
HOCTW MOTYT 6bITb pasHbIMW. [1pn HOPMa/ILHOM 3aKOHe pacnpefeneHns BeposTHOCTU Hanbo-
nee NONynspHbIM ABASETCSA TaKON NokaszaTtesb 3PHEKTUBHOCTM (Mepbl paccesHns), Kak CyMma
KBaZlpaToB OTK/IOHEHWUIA OT CpefHero 3HaveHus (MeToj HaMMeHbLUMX KBafpaTos). 1o aTomy
MeTofy CpefHee apu(METUYEcKoe SABNSETCA Hambonee 3((HEKTMBHOM TOYEYHOM OLEHKOWA

CpeaHero 3Hav4eHuna pesynbtata USMEpPEHUA.
n

o 1 —\2
B KauecTBe TOUEUYHOWN OLIEHKWN ANCMEepCU MOXHO B3STb — (xi - X) )
n

1=
Mpu Nto60M 3aKOHe pacnpeeneHns BepoSTHOCTM pPe3ynbTaTa U3MepeHuns aTa
OLIEHKa SBNIIETCS COCTOATE/NbHOW. HO Takas OLeHKa SBNSEeTCS CMeLEHHOl. HecMe-

) . n
LLIEHHYHO OLIEHKY MOXHO MOMYYUTb, YMHOXUB €€ Ha KO3th(uLMeHT g
n —

Mpy N — oo 3TOT KOI(AULMEHT CTPeMUTCS K 1, Tak UTO HecMelLéHHas ToueyHas
OLIeHKa iucnepcumn

1 n —\2
Sy =—— (Xi - X)
n-1 &
npy N60M 3aKOHe pacnpefeneHns BEPOATHOCTU pesynbTaTa M3MepeHUs oCTaéTcs
COCTOATEILHOWN.
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KBagpaTHbIli KOpeHb 13 Heé

Sx :\/L n (x; - XY

n _1 i=
Ha3blBa€TCA CTaHAAPTHbLIM OTK/IOHEHUNEM.

OLIEHMB CpeaHee 3HaYeHVe U CpefiHee KBaapaTUYecKoe OTKIOHEHNE reHepasbHOiA co-
BOKYMHOCTU, MOXHO, MCMOMb3ys BMECTO 3TWX UMC/IOBbIX XapaKTepUCTUK TOUEUHbIE OLIEHKM

X 1 Sy, Mo Npasuny «Tpéx CUrM» MPOBEPUTL, HE ABNSKOTCA NN HEKOTOPbIE COMHUTENbHbIE
3HauYeHNA X; OLUIMOOYHLIMU. ECNIM OKaXKETCH, YTO OHU OT/INHAIOTCA OT CPeAHEro apupmeTu-
yeckoro X 6osiblie, YeM Ha 3S, , TO UX CNeAyeT 0T6poCKTh. Moc/ne 3TOro pacCUMThLIBAKOTCS

OKOHYaTe/bHble 3HaueHnst X U 3S, . MoydyeHHble XapaKTePUCTUKM N1 BCEX LUECTUAECATY
[eTaneil npueefeHbl B Tabnuue 5.

Tabnuua 5 — CTaTUCTUYECKME XapPaKTEPUCTUKN 13YYaeMbIX BENUNH, MM

CpegnHee CraHpapTHOe MonoBnMHa  [0- | [JOBEPUTENbHBLIA  WUH-
MapameTpbl | apudgme- OTK/IOHEHME, BEPUTENLHOIO TepBsar,

Thdeckoe | S, WHTepBana, 3S, ()7—38X : )T+3SX)
PagunanbHoe 0,021 0,0062 0,0186 0,002...0,040
6uneHune 1
PagunanbHoe 0,011 0,0046 0,0138 0...+0,025
6ueHune 2
TopuoBsoe 0,014 0,0046 0,0138 0...+0,028
oueHne

WTak, nosyyeHbl TOYEYHbIE OLEHKN 1N JOBEPUTE/IbHbIE HTEPBA/IbI A1 KOHTPOMpYe-
MbIX BEMIMYMH. OLINGOK (3HAYEHWI, BbIXOAALLMX 3a FPpaHuLbl JOBEPUTENIbHOIO MHTEpPBaa) He
00OHapy»eHo.

Takum 06pa3oM, 66110 NPOKOHTPOMPOBAHO TPU MapTUW feTasnei, NpoBeLeHO U3Me-
peHVe TaKmnx napameTpoB, Kak TOPLOBOE, paanasibHoe GueHre, BbINOHEHA NepBUYHas cTaTu-
CTMyeckas 06paboTKa (OonpefenieHbl CpefHVe 3HaYeHWs N CpefHeKBafpaTUYHble OTK/IOHe-
HWS). Y CTaHOB/IEHO, YTO HaMb0bLUMIA NPOLEHT Gpaka (4na napTum A) UMeeT MeCTO Mo BeNu-
YMHe TOpPLOBOro 6ueHus. MpegnonaraeTcs, YTO 3TO CBA3AHO C HeMepreHANKYNAPHOCTbIO OT-
BEPCTMS 1 O4HOIO U3 TOPLLOB HAa OHOM 13 MPeALLECTBYIOLLNX Onepauui.

Cnucok nutepatypbl: 1. CnpaBoYHUK MO TEOPUN BEPOATHOCTEN U MaTeMaTUYeCKOi
ctatuctuke / Kopontok B.C., MNopteHko H.W., Ckopoxoa A.B., TypouH A.®. — M.: Hayka.
"naBHasA pefakums n3mKo-maTemaTmyeckor nutepatypsbl, 1985. — 640 c. 2. lUnwkuH V. ®.
TeopeTnyeckas MeTponornsa: Y4uebHuk ans sy3os. — M.: 34-Bo cTaHgapTos, 1991. — 492 c.,
nn. 3. lWnwkuH N.®. KoHTponb: Y4eb. nocobue. — CI16.: C3MA. 1992. — 62 c. 4. Mukynuk
H.A., PelisnHa I".H. PelueHne TeXHUYECKMX 3a4a4 No Teopumn BEPOSATHOCTEN N MaTeMaTuye-
CcKol cTaTucTuke: Cnpas. Mocobue. — MH.: Bbiww. wk., 1991. — 164 c.: nn.
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YTPABJIEHVE LLIEPOXOBATOCTbBIO MOBEPXHOCTEW
NP MEXAHWYECKOW OBPABOTKE

Hocko A.U. (kad. TM JoHHTY, YkpanHa)

Bce mHOroobpasHble hakTopbl, 006ycnaBnnBatoLme LIEPOXOBATOCTb 06paboTaHHOM
MOBEPXHOCTU, MOXHO 00bEUHUTL B TPU OCHOBHbIE FPYMMbl: MPUYUHBI, CBA3aHHbIE C FEOMET-
pueii npouecca pe3aHus, NNacTUYeCKon 1 yrnpyrov gedpopmaumnsamm obpabaTbiBaemMoro mare-
puana N BO3HWKHOBEHMEM BMOpPaLMM PEXYLLEr0 MHCTPYMEHTa OTHOCUTENIbHO 0bpabaTbiBae-
MOV noBepxHocTH [1].

Mpeob6nagatoLiee BAMSHME Ha POPMMUPOBaAHME LLIEPOXOBATOCTM MOBEPXHOCTU OKasbl-
BaeT (Kak MpaBW0) ofHa 13 TPeX yKasaHHbIX rpyrnn npuynH, KoTopas 1 onpeaenseT xXapak-
Tep M BEIMYUHY LLepOXoBaToCTW. O4HAKO B OTAE/bHbIX CNy4asXx LUePOX0BAaTOCTb BO3HUKAET
B pe3y/fibTaTe OfHOBPEMEHHOrO M MOYTW PaBHO3HAYHOIrO BO3AENCTBUSA BCEX YKa3aHHbIX Npu-
YMH 1 3TO BO3LEWCTBME HE MMEET YETKO BbIPaXKEHHbIX 3aKOHOMEPHOCTEN.

BnvsHmne Ha o6pa3oBaHme LLEPOXOBATOCTU MPU MeXaHN4Yeckor 06paboTKe OKa3biBatoT
crefytoume (hakTopbl: Nojaya, reoMeTpus PexyLLero MHCTPYMEHTa, CKOPOCTb pe3aHus.

Mpy ToKapHo 06paboTKe 3a OfAMH 0O0POT 3ar0TOBKY pe3el), NepemMeLLaeTcs Ha Benn-
4yMHy nogaum S; (Mm/06) 1 NepexoauT 13 NonoXeHus 1 B nonoxexwve 2 (puc.l).

S1

Puc.1. BamaHne nojayn Ha LLIEPOXOBATOCTb

Mpy 3TOM Ha 06paboTaHHON MOBEPXHOCTW OCTAeTCA HEKOTOpas 4acTb MeTanna, He
CHATasA pe3LoM K 06pasyrollasi OCTaTOUHbIA rpebelok R,. BennunHa HepOBHOCTU MOBEPX-
HOCTM, COCTOSLLIAs U3 OCTATOYHbIX FPEBELLKOB, ONpeaenseTcs nogayven S; .

3meHeHne yrnoB ¢ u ¢; B NnaHe OKasbIBaeT B/IMAHME He TO/IbKO Ha BbICOTY, HO U Ha
(hopmy HEPOBHOCTEN MOBEPXHOCTH .

Mpy MCNOMb30BaHMN PE3LOB C 3aKPYr/EHHON BEPLUMHONM (hopMa HEepOBHOCTU CTaHO-
BUTCS COOTBETCTBEHHO TaKXe 3aKpyrfeHHOW. [pn 3TOM yBenuuyeHve pagmyca 3akpyrieHus
BEPLLUWHbI pe3lia NPUBOANT K YMEHbLLIEHWNIO BbICOTbI R, LLIEPOXOBATOCTH.

LLIepoxoBaTocTb 06paboTaHHON NOBEPXHOCTM CBA3aHa C AB/IEHNAMM HapocTa. B 30He
MasibiX ckopocTei (U= 2+5 M/MUH),Npu KOTOPbIX HApOCT He 06pasyeTcs, pa3mepsbl
MUKPOHEPOBHOCTe 06paboTaHHOM NOBEPXHOCTU He3HaunTeNbHbI. C yBeIMYEHNEM CKOPOCTU
pasmMepbl HEPOBHOCTM MOBEPXHOCTU BO3pacTaroT, gocturas npu 20—-40 M/MUH CBOEro Haw-
BbICLLEr0 3Ha4YeHMs, MHOTOKPAaTHO MPEBOCXOAALLEr0 pacHeTHYH BennynHy. danbHeiee no-
BbILLEHME CKOPOCTW pe3aHns YMeHbLUIAET HapoCT 1 MOHWMKAET BbICOTY LLIEPOXOBATOCTU 06pa-
60TaHHO NOBEPXHOCTMW.

B 30He ckopocTeit (U > 70 M/MUH), NpU KOTOPbIX HAapOCT He 06pa3yeTcs, LLIePOXoBa-
TOCTb MOBEPXHOCTYM OKa3blBaeTCA MUHMMA/IbHOMA.

* PaboTa BbINO/HEHa NOA, PYKOBOACTBOM foLieHTa IMosnbyeHko B.B.
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Kpome TpaguLMOHHBIX BbiLLENepPeUnCIEHHbIX METOL0B YNPaB/eHUs LLEPOX0BATOCTbIO
CyLLeCTBYeT MeTOZ AeneHns nogauu [2].

CyTb MeTofa COCTOUT B TOM, YTO A/11 06pabOTKM NOBEPXHOCTM YCTaHaBMBAIOT ABa
pe3La, HaCTPOEHHbIE HAa OAMH W TOT e pasMep D (puc.2) n paccTosHUe MeXAay BepLuMHaMu
pe3LLoB ONpeaenstoT Mo gopmyne:

L=n+0,5S,
rae n — noboe uenoe ymcno, S—nogaya, Mm/o6.

Mpn  TakoM MOMOXEHUM PesLoB

L=fmgsl 8 BTOPOM pe3el, yfanseT BepLUMHbI MUKPO-

i e w  HEPOBHOCTEN, 06pa30BaHHbIE NEPBLIM Pes-
- 7P A LIOM, 1 TeM CaMbIM YMeHbLUAET LLIepoX0Ba-

e AL ¢« S/ 71 1 TOCTb Rz1 A0 3HaueHMs Rz, Takum o6pa-

' ';‘L'—-/aé” - 30M, MOJay4a, YCTaHOB/MEHHas HOPMATMBa-
I N MU PEXWMOB Pe3aHus A [OCTUKEHWS
N I 3alaHHOI  LLIEPOX0BATOCTM, MOXET 6biTh

yBe/MYeHa, Kak npaswio, B 2 pasa, 4TO

[ npuBeaeT K NOBbILEHWIO MPOU3BOANTE b~
HOCTW 06paboTKw.

ABTOMaTMYECKN METOA [eneHus

nogaynm WCrosb3yeTcs Npy pactayvBaHUN

OTBEPCTUIA OMnpaBKamu, Ha KOTOpPbIX ycTa-
HaB/MBAKOTCA  [Ba pes3La, HaCTPOeHHbIe Ha Of4WH W TOT e pa3Mep W PacrnosoXeHHble Moj
yrnom 180° (puc.3).

Puc. 2. MeTopa fieneHns nogaun

Mpw ToKapHoIn 06paboTKe Me-
TOAOM [efileHnsi Nojayn B HacTosLee
BpeMS He NOMb3ykTcA. 3TO BbI3BaHO
PSALOM MpUYMH. Bo-nepBbIX, He pas-
paboTaHa OCHacTka [/19 YCTaHOBKM
pe3sLoB Ha 3ajaHHOe pacCTosHWe Me-
XAy BepLUMHaMW, BO-BTOPbIX, 3TUM
METOOM  MOXHO  ob6pabaTbiBaTb

S TOMIbKO NMOBEPXHOCTW Ha MPOX0[, UC-
K/toyaeTcs 06paboTka B ynop 1 T.1.
[na ycTpaHeHMs HEKOTOPbIX
He[0CTaTKOB Mpe//iaraeTcs Npu TOKapHOi 06paboTKe pacnonaraTb PesLbl B Pe3L0BOIA FOM0B-
Ke BHYTpW BTYNKM (puc.4) ¢ oTCTaBaHK1eM Ha yron 180°.

Pe3uoBas rofoBKa [0O/DKHa YCTaHaB/IMBATLCA BMECTO peslefepxarefii TOKapHOro
CTaHKa.

KOHCTpYKUMSA pe3Li0BOi rOM0BKM [O/MKHA 06ecrneynBaTb OTBOA pe3LoB OT 06pabo-
TaHHOM NOBEPXHOCTM B KOHLE paboyero xoja v yCTaHOBKY Pe3LOB Ha pa3mep B MCXOLHOM
MOMIOXKEHUWN. Y CNOXHEHNE KOHCTPYKLMUN TONI0BKU U ee YA0pOXKaHWe LO/MKHbI BbITb KOMMEH-
CYPOBaHbl MOBbILLEHWEM MPOU3BOAUTENILHOCT 06PabOTKM NMpPU COXPaHEHUWM KayecTBa Mo-
BEPXHOCTW.

T

Puc.3. MeTopg feneHusa nogay npun pactadymBaHnn
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B faHHOe BpeMms uaeT paboTa Haf, BapuaHTamMn KOHCTPYKLMIA pe3LoBbIX rofoBok. Of-
Ha U3 HUX NpuUBefeHa Ha puc.5.

— JaroTorka
= .

—_V ~=B T
=== Mropome-

—-— .I. Pezomr :f:;:ecm

[ Q
L |_ —F;_
Puc. 4. CxeMa pe3Li0BOii FoN10BKM Puc. 5. Cxema pe3L,0BOli ronoBku ansa 06-

pabOoTKM NOBEPXHOCTEN Ha NPOXOf,

[aHHasa pe3LoBas rooBKa MMEET KOpPMNycC, KOTOPbIA KPenuTca B pesuefepxxaresne To-
KapHO-BMHTOPE3HOro ctaHka. Ha Kopriyce pacnosioXkeHbl fBa pe3ua, peanunsytoine MeToq
AeneHnst nogayn, Npuyem nepsblid peseL, HeMoABUXKEH OTHOCUTE/IbHO Kopryca. 3TO NPOAMK-
TOBaHO YC/IOBUSMM YECTKOCTU Pe3LL0BO TOM0BKWN, Befb MEPBbIA WMHCTPYMEHT CHUMAaeT
6onbLWMA 06beM MaTepuana, a cnefoBatesibHO 6yayT BO3HMKATb OO/bLUNE YCUNUSA pe3aHus 1
6onblume aehopmalmmn oTXKaTUSA, YeM AJ19 BTOPOro MHCTPYMeHTa. BTopoit pesel, nveeT BO3-
MOXHOCTb NepemMeLLaTbCa OTHOCUTE/IbHO Kopryca (M HenoABWXXHOro pesua) no creynasnb-
HbIM HanpasNALWNM. YCoBUA ero paboTbl 61aronpuaTHee, Yem A8 MepPBOro pesua, CHU-
Maemblii 06beM MaTepuana Masi U YCUnus pesaHusi HeBennKN. HacTpoika pe3L0Boii ro/ioBKu
OCYLLLECTB/IAETCA MUKPOMETPUYECKMM BUHTOM [0 YCTAHOBKM YCTPOMCTBA Ha CTaHOK. KOH-
TPO/ib TOYHOCTU HACTPOWKM Pe3L,0BOM FOMI0BKN Ha pa3Mep BO3MOXHO MPOM3BOAUTL HA UHCT-
PYMEHTa/IbHOM MUKpPOCKone. [ns [aHHOro YCTPOMCTBA BO3MOXHO MCMO/b30BaTb CTaHAapT-
Hble TPeyrosibHble TBEPAOCM/IaBHbIE NIACTUHLI C MEXaHUYECKMM KpersieHneM. 310 obecre-
4MBaeT ObICTPYHO CMEHY PEeXYLMX YacTeld pe3L0BO roI0BKM HEMOCPeACTBEHHO Ha CTaHKe
6e3 CHATMSA YCTPOMCTBA.

3710 npucnocobneHne paspabaTbiBanoch ANA TOKAPHO-BUHTOPE3HOrO cTaHKa 16K20,
HO BO3MOXHO €ro MCMosib30BaHWe Ha APYrnx CTaHKax TOKapHOW rpynnbl Ans 06paboTku Ha
MPOXO0Z NPOTSHKEHHBLIX NMOBEPXHOCTEN HEXKECTKIMX BasIOB.

Cnucok nutepatypbl: 1. MatanmH A.A. TexXHONOrns MaliMHOCTPOEHUS: YUYebHMK
NS MalLMHOCTPOUTENbHbIX BY30B. - J1.: MalwumHocTpoeHne,1985.-496 c. 2.Akumos O.B., I'y-
capos B.C. un gp. TexHonorus asTomMatm3npoBaHHOro npomssoacTea. — K.:cpo,1994. - 400
C.
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OEPOPMYEMOCTbL 3AIOTIBKW KJITEMU KPULLKW PO3MNOAIJTbBHNKA
3AMAJIEHHSA B MPOLLECI XO/NO04HOT LLUTAMMOBKN

OropogHikos B.A., boryTo A.I". (kach. OMINM, BATY, M. BiHHULA, YKpaiHa)

MigBULLEHHS e(EeKTMBHOCTI BUPOOHMUTBA 3a PaxyHOK PO3BUTKY, YAOCKOHaIEHHS
iICHYHOUMX Ta pO3pPO6KK 11 YNpoBagpKEHHS HOBUX PECYpCo36epiratoumx TEXHONOTIN € BaXK-
BMMM 3afa4amMu Cy4acHOro mMallmMHo6yayBaHHA. OAMH i3 LWNAXiB PO3B’A3KY LMX 3afa4y Mons-
rac B NoOAaibLLIOMY PO3BUTKY METOZIB OUiHKM LedOpMYyEMOCTI 3aroToBOK, fIKi [03BOJIAOTb
MpWY NPOEKTYBaHHI TEXHOMOrYHMX NPOLLECIB NPOrHO3yBaTh PiBeHb MOLLIKOAXEHOCTI BMPOOGiB
AethekTaMn pyiiHyBaHHSA. TOYHICTb NPOrHO3yBaHHA SKOCTI Ta TEXHOMOTIYHOT CNajWmMHN 1o-
TOBUX BUPOOBIB Y 3HAYHIN Mipi BU3HAYAETLCA LOCTOBIPHICTIO Ta MOBHOTOK BUXIAHUX [aHUX
NPO 3a/1eXKHICTb NIACTUYHOCTI AehopMYEMNX MeTaiB Bif CXEMW HaMpPYy>XeHOro cTaHy, a Ta-
KOX ICTOPIEI0 HaBaHTaXKEHHA, 418 BU3HAYEHHA AKOT HeobXxigHa noBHa iH(opMalis nNpo Ha-
NPY>XeHo-AehopMOBaHWiA CTaH y NpoLeci POpMO3MiHMN.

B AaHuWin yac HalibinbLL NOLMPEHUM COCOBOM 06pO6KM MeTasliB TUCKOM € XO/10fHa
06’eMHa LUTaMMoBKa, fKa [03BOMSIE 3BeCTM [0 MiHIMyMy abo MOBHICTIO BUK/IHUAUTK
HeoOXifgHICTb HaCTynHOT 06pobKM feTanel pisaHHAM. [lofanblUMii PO3BUTOK METOZIB
XO/I04HOT LUTAMMOBKN Ta Oiflbll LUMPOKe BMPOBAMKEHHS iX Y BMPOOHULTBO MOX/MBE Ha
OCHOBI BMKOPUCTaHHA [OCArHeHb Teopil AedhopMyeMOCTi AK Npu po3pobLi HOBUX Croco6is
X0NOAHOT NNACTUYHOT (hOPMO3MIHM TaK i Npy pauioHabHOMY, i3 TOUKM 30pY AeOopMYyeMOCTI,
06’€lHAHHA ICHYIOUMX Orepaliii Ta CTBOPEHHIO Ha Uil OCHOBi HOBMX KOMGIHOBaHMX

npoLecis.
P TexHonoris  BUrOTOB/IEHHA  K/eM  KPULLIKM
@ po3nofifibHMKa 3anasieHHst nepefdavyae  MexaHiuyHy
06pobkKy  3aroTiBKM. MexaHiuHa 00pobka  He
3abe3neyvye HeobOXiAHY $KicTb BUMpo6Yy. Kpim TOro
AINCHO MOXHa No6aunTK HaA/IMLLIKOBY BUTpaTy MeTa-
ny. [ns BUrOTOBNEHHS KEM KPULLKWU PO3NOAINIbHMKA
3anajieHHs 3acTtocoByeTbca Migb M1. Tlpu ubomy
MOXHa BMEBHEHO MPWUMYCTUTK, WO 3aroTiBka 3 Migi
M1 BUTPMMAE TEXHO/OMYHY OnepaL|ito LUTaMnyBaHHS.

YXmepuHcbKuiA 3aBog, ,, CeKTop” NocTaBuB 3a-

Aayvy po3pobuTN TEXHOMOri0 XONOAHOI LUTaMMOBKA 3

natyHi J1 62, JIC 59-1. Ha puCyHKy nokasaHa cxema

P (hopMO3MiHM 3aroTiBkM BiporigHO po3aMBUTUCH NK-

TaHHA NPO MPUAATHICTb nepenivyeHNX Marepianis ons

Puc.l. Cxema chop- 3,u,iI7|CHe|-_|_Hﬂ TEXHOJIONIYHMX  onepauii  X004AHOT
06’€MHOT LUTaMMNOBKMU.

3agavero Ljiel poboTK € oLUiHKa aedopmyeMOCTi
3aroTiBOK 3 MiHMX Ta NaTyHHUX CMaBiB, PO3paxyHOK
BMKOPWCTAHOTO Pecypcy NiacTUYHOCTI B MPOLIEC] LUTaMMOBKM Ta po3pobKa MpakTUYHUX pe-
KOMeHfaUil, Ki N03BONAKTL BTI/IMT TEXHOMONIKO B YMOBax NMPOMMUC/IOBOrO BUPOOHULITBA.

Hanpy>xeHo gethopmoBaHUiA CTaH MpPU 0CECMMETPUYHOMY BUTUCKYBaHHI BU3HAYaIn
eKCMepUMEHTa/IbHUM  PO3paxyHKOBUM METOAOM, SKWUIA MNOELHYE METOL BUMIpHOBaHHSA
TBEPAOCTI Ta MeTOA AiNNNbHUX CITOK [1]

3 Ui€t0 METOK Hamu OyB 3adisiHUIA anapaTt heHOMEHONOrYHOIT Teopii AeopMyeEMOCTi
meTaniB [1], AKnin nepeg6ayae aHani3 HaNPY>XeHoOro CTaHy NpPY XONOAHINM LITaMMOBI, a TaKOX
eKcrnepvMeHTasibHa nobyoBa diarpaM nNiacTUUYHOCTI B KOOPAMHATAX : NOKa3HUK Harpy>XeHo-
ro craHy

MO3MiHW 3aroTiBKW.
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fe d - nouyaTkoBWiA [AiaMeTp nepepidy 3aroTiBku, d
nepepisy 3paska no LUNiAL.

MpuiAMaHHSA HOBMX (HEHOMEHO/OTIYHNX KPUTEPITB PYNHYBaHHA MOX/IMBO, KON MU
MaeMO Hanpy>keHo-aeOpPMOBaHWUiA CTaH Y NAacTUYHIl 0bnacTi AethopmMoBaHMX 3aroTiBOK, a
TaKoX nepeabayvaeTbes 3afaHVMM XapakKTepUCTUKX NAaCTUYHOCTI mMaTepianis aKi M1 LOCHI-
MKYEMO MpWY HaNPOCTIWMX BUMPOOYBaHHAX. IH(opMaLis 0 Hanpy)XeHo-AeopMOBaHOM
CTaHi MPeACTaBNAETLCA Y BUMNALI 3a/IeXXHOCTEN NOKA3HUKIB i CTyMeHa fedopmallii €; Yy He-
6e3neyHiin 30Hi geopmoBaHOro 06’eMy Bij 3HaYeHHS XapakTepHoi agedopmauii (06XKnumaH-
HA) Ta IHWKWX napaMeTpiB npouecy. TakMMu napameTpammn npu pisHUX npotecax 06pobKu
MeTaniB € ocagKa abo 0BXXMMaHHA NPU KOBLi, KyT pacTBOPY MaTpuLi Npu BTUCKYBaHHI, TepTi
Y KOHTaKTI Ta iHLUi.

TeopeTnyHe BU3HAYEHHS 3a/IeXXKHOCTEN, AKi 3B’A3YI0Tb MOKa3HWKN 77, , CTYMiHb fe-
(hopmauii e; (wnsaxis fehopMyBaHHA YaCcTOK MaTepiasny), Bif BKasaHUX (hakTopiB ans 6ara-
TbOX MPOLECIB NPAKTUYHO HEMOX/INBE. Y 3B’A3KY 3 LM BE/IMKE 3HAYEeHHS NpUMatoTh eKC-
MepeMeHTalbHO-pO3paxyHKOBI  METOAM,  SAKi  MO3BOMAKTb  BUAINATM  HanpyXXeHo-
AeopMoBaHuiA CTaH B LiIoMy 06°eMi NacTUUHOT 06/1acTi 3aroTiBoK. Mpu LboMy HagiliHa
OLiHKa FpaHWYHWUX TEXHOJOTIYHNX NapameTpiB MOLECIB 3a/1eXUTb, FOMIOBHUM YWHOM, Bif
TOYHOr0 PO3paxyHKY Harpy>keHo -Le)OpMOBAHOI0O CTaHy.

AKLWO Wsx feopMyBaHHA LeAKOT YaCTUHW maTepiany @ 77 =n(e;) NPeLCTaBNAETb-
€A TPaeKTopIAMMN Manoi KpuemHKU (77 CIconst), AethOPMOBaHICTb 3arOTiBKA MOX/INBO OLIHATY
CNiayHUMM YMHOM. Po3TallyBaBLLM AiarpamMoro NAacTUYHOCTI | iHopmaLiero 06 HanpyXXeHo-
[ehopMOBaHOMY CTaHi BUBYAEMOTO MPOLECY, PO3Pax0BYHOTh Y PI3HUX TOUYKAX 3aroTiBKU MO-
KasHWK 77 i CTYNiHb [eyopMyBaHHA €;. BUKopUCTaHWin pecypc NiacTUYHOCTI MOXXHa po3pa-

XYBaTW 3a JONOMOrOt KPUTEPItO :

- [AiaMeTp MorepeyHoro

w

e.
— <1.
e, ()
Y umncenbHUKY €; — IHTEHCUBHICTb AethopmMaLiii Hebe3neyHoi YaCTUHKM MaTepiany,

AKa 3a/1eXUTb Bif, PI3HUX TEXHOMOTIYHUX (hakTopiB. Mpu xonogHoMy AedopmyBaHHI Ha
3a/IeKHICTb €; Bif} PI3HWX TEXHOMOMIYHMX (PAKTOPIB MPAKTUYHO He BM/MBAOTL 3MiLHEHHSA

Y=

Pi3HWX MaTepiafiiB i WNAX AeopMyBaHsA 77=77(ei) 4aCTMHOK Mmartepiany, TOMY BUBYaEMI
TEXHOMOrIYHI MpouecM MOX/IMBO MOZENoBaTh, TOOGTO HanpyXXeHo-AehopMOBaHWUiA CTaH
BM3HAYaTN Ha MOAENI 3 IHLOro Matepiasny abo iHLIMX PO3MIpIB.

IHTEHCMBHICTb ethopmalii e, Ha KOXHIW cTagii fethopMyBaHHS BU3HaYan MeTo-
[OM TBepAocTi. [osefeHo, WO BAaCTMBOCTI AOCNIMAXKYBaHUX MeTasliB Majio BM/MBAKOTh Ha
WAAX AehopMyBaHHS, TakMM YMHOM LUNAX AeOPMYBaHHSA 3a OAHAKOBUX TEXHOMOMYHMX
YMOB € OJHAKOBUM [/15 PI3HUX MeTasliB.
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Hamu 415 BU3Ha4YeHHs BUKOPUCTAHOI0 pecypcy niacTUYHOCTI Mif, vac BUAAB/HOBaHHSA
BHYTPILLUHLOT pi3i 6yN0 BUKOPUCTAHO KPUTEPIN, AKWUIA 6a3yeTbCA Ha BU3HAYEHHI BUKOpUCTa-
HOro pecypcy NIacTUYHOCTI 3 ypaxyBaHHAM icTopii gehopMyBaHHS [1]:

]

€ e de,

w:£(1+f)mms1,

pe f = 0.2arctgd—77,
de;
ep(ei) - 3HaYeHHA AiarpaMu, NNacTUYHOCTI, LLLO BIANOBIAAE 3HAYEHHIO e, LUNAXY fe-
(hopmyBaHHs.
OcCKinbKK Wnsx getopmyBaHHS Mae ABi AiNbHULLI, TO | BUKOPUCTaHWUIA pecypc nnacTuy-
HOCTI [OL|iNbHO 3anucatu y BUrnai Asox cknagosux : W =W, +W, ne W, i W, - BuKkopu-
CTaHWi pecypc NNacTUYHOCTI BiAMOBIAHO B M'AKiN (77 < 0) Ta >XOpCTKiit (77 = 0) obnacTax:

1y, 50 e
W =(+f)a g Ao, +C
" 1+ f f O 1 0O
W, =(— 2 (2Cp+b)Cn2+bnp+a)?e™idy e f, =0.2arctg ,
? ‘gep(n:0)1.+ fl( )( ) ? ]}5077+b%

e, (7=0) - 3HaueHHsi HaKONMUEHOrO CTyMeHs fethopmalii 3 7 =0 (BU3HAYAETLCS 3a

Aiarpamoro naacTUYHOCTI).

Hamun 6yno 3anponoHoBaHO A/1 3MEHLLUEHHS BUKOPUCTAHOro pecypcy nnacTUYHOCTI
3MIHWUTW reOMeTPIt0 IHCTPYMEHTY Ta TUM CaMUM 3MIHUTW TPAEKTOPILO LWASAXIB AethopMyBaH-
HA.[2]. 3acTocyBaHHA MaTpWLi 3 BBITHYTOK TBIPHOK MPU3BOAATL [0 3MEHLLUEHHS BUMKOPU-
CTaHOro pecypcy niacTUYHOCTI.

Y HaBefeHilt poboTi 6ynu BMpiLLeHi HaCTYMHI 3a4avi:

1. Po3pob6nieH po3paxyHKOBWI anapar, AKWiA AaB 3MOry OLIHUTK Hampy>KeHo-
Ne)opMOBaHNIA CTaH Ta BUKOPUCTaHUI pecypc NAacTUYHOCTI .

2. OTpumMaHi NpaKTUYHI peKoMeHaaLlii, 3aBAAKM AKAM MOXHa BTISIMTA 3arpornoHo-
BaHY TEXHOJIOTi0 B YMOBaX NPOMMWC/IOBOr0 BUPOOHULITBA.

3. IHdopmanis 0 HanpyXeHO-Ae(hopMOBaHOMY CTaHi Ta BUKOPUCTaHOMY pecypci
NNaCTUYHOCTI fae 3MOry OLiHUTM TEXHOJMONYHY CnagWwunHy Ta NporHo3yBaHHS
AKOCTI OTPMMaHOT 3aroTiBKMU.

Cnucok nutepatypsbl: 1.0ropogHnkoB B.A. OueHka fethopMUpyeMoCT MeTaoB
npn o06paboTke pAaeneHvem. — Kues: Buwa wkona. nasHoe u3g-so, 1983. — 175 c.
2.0ropogHukoB B.A. ViccnefoBaHve NaacTUYHOCTYM U paspyLLEHNs MaTepraios B npoLieccax
06bEMHOI0 (hopMomameHeHus // uccepTalms Ha COMCKaHME YYeHOW CTEMeHM [0KTopa Tex-
HUYecKux Hayk. BuHHuua. 1978. — 426 c. 3.0ropoaHnkoB B.A. [ethopMupyemMocTb 1 paspy-
LLIEHNe METaNN0B NPV NAacTUYeCKoM hopmomsmeHeHnn // YuebHoe nocobue.-K.:YMK BO,
1989-152c.



