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YAK 677.1/2
BU3YAJIM3ALIMA MTPOLIECCA B3AMMO/JIEMCTBUS JIbHSIHBIX NPSIJIEN
C BUWJIAMU TPEITAJIBHBIX BAPABAHOB
C.B. Boiixo,
. A. Boakos, E.JI. I[lawun (Bcepoccuiickuti HUH no nepepabomxe nyosmbix Kyavmyp)

PaspaboTtaH meToq 1 anroputM pacuyeTa CUIIOBbLIX M KUHEMaTUYECKMX MapamMeTpoB npoLecca TpenaHusi, OCHOBaHHbIV Ha CUHTE3e
NOJIOXKEHUI TEOPUIN yaapa 1 MEXaHUKN HUTW, MO3BOSAIOLLMIA OCYLLECTBATL BU3yanusaumio 1 aHMMaLumio NnoBefeHus npsam B none

Tpenaxus

O eKTUBHOCTh MOJTYYEHHSI TPENAHOTO JIbHS-
HOT'O BOJIOKHA 3aBHCHUT OT OCOOCHHOCTEH €ro B3auMo-
JeiicTBus ¢ OWinaMu TpenaapHBIX OapaOaHOB B TIONE
TpenaHusi. YUUTHIBas, YTO OCHOBHAS Macca BOJOKHH-
CTBIX TIOTEph (POPMHUpPYETCS BCIEACTBHE OOPaOOTKH
KOHIIEBBIX YYacTKOB HpsAad [l], mpencTaBiseT mpak-
TUYECKUH MHTEPEC MCCIeI0BaHNE OCOOCHHOCTEH Tpe-
MaHMS UMEHHO 3THX y4acTKoB. OIHAKO M3-3a KPaTKO-
BPEMEHHOCTH MPOTEKAIOINX MPOLIECCOB IKCIIEPUMEH-
TaJIbHOE M3Y4Y€HHE OTAEIBHBIX €r0 3TAlOB OKa3bIBaeT-
Csl HEJOCTYIHBIM M MO3TOMY MaylondyueHHbIM. [lo-
MIBITKM TEOPETHYECKOTO M3YyUYCHUS C UCIIOJIb30BAHHEM
M3BECTHBIX MaTEeMaTHYECKHX MOJeJeld Takke He
o0ecreunBaOT JODKHOTO pe3yibraTta. [IpmunHOi
TOMY CHCTEMa JOIYIIEHUH, IPH KOTOPHIX OHU (op-
MHpPOBAJINCh, @ HUMEHHO, CBOOOJHBIH y4YacTOK IIpH
reperniere ¢ Omia Ha OWJIO MepeMemaeTcs U pacmoia-

raercst Ha MOJOWIIBHOM pelleTKe CeayIOIero Mmo Xo-
Iy BpamieHust OapabaHa MIHOBEHHO, a caM Y4acTOK
MIPHU 3TOM HMEET MPSIMOIMHEHHYIO POopMY.

Mexay TeM HaOFOJeHHs 3a IMPOIECCOM Tpe-
MIAHHSA C MCITIOb30BaHIEM CKOPOCTHON (POTOCHEMKH W
CTPOOOCKOIMH TIO3BOJIMIIM YCTAHOBUTh HEKOPPEKT-
HOCTB yKa3aHHBIX pomymeHui (puc.l). [Tocne morepu
KOHTaKTa Mpsigu ¢ OHJIOM ee CBOOOHBII y4acTOK pH
nepesiere ¢ Ouia Ha cieaylollee OWJIO He SIBISETCS
npsaMoiuHeitHpIM. CaM TepesieT MpoTeKaeT ompee-
neHHoe Bpems. [loaToMy cyliecTByoIMe TeopeTHye-
CKHE€ MOJENU CHUJIOBOTO HArpy>KE€HHUs HpsSAU MOTYT
MPHUBOANUTh K OMMOOYHBIM pesynbraTaM. CremoBa-
TEJBHO, OCHOBAaHHBIC HA HUX METOJBI pacdera Tpely-
0T YTOYHEHHs. DTO SBISAETCS BaKHOW 3amadeii, Ha-
MPaBICHHON Ha BO3MOXXHOCTH COBEPIICHCTBOBAHUS
KOHCTPYKIHH TPETaabHBIX MAIINH.

Puc. 1. PeasibHOe noBeieHMe CBOOOIHOI0 YYACTKA MPSAAU NPHU NepeJieTe ¢ 0u1a ogHoro 6apadana Ha OMJIO APYroro



ITo pe3ynbTatamMm KOMIUIEKCA TEOPETHISCKUX HC-
CIIeIOBAaHUM OBUT CO3/1aH YHHWBEPCAJIBHBIM METOJ pac-
YeTa CHIIOBBIX M KHHEMAaTHYECKHX IapameTpoB IIPo-
Hecca TpernaHus, 0a3UPYIOIIMICS Ha OCHOBHBIX MOJIO-
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JKCHUSIX TEOpHH yaapa u MexaHuku HutH [2]. [pemro-
JKEH aITOPUTM pacyeTa yCIOBHH M IapaMeTpoB B3au-
MozieicTBUsl O 6apabaHOB C JILHSHBIMH TPSAISIMHA B
npotecce Tpenanus (puc. 2).
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Puc. 2. Cxema aJiroputMa MoJeJJMPOBAHNUS TPeNaHUs NPsIH
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[pusater crepyromue oOo3HaueHwWs: m(/) —
pacrpezieiieHre MacChl HUTH TI0 ee JuinHe; Ly — jnHa
HHUTH B HEHANPSDKEHHOM COCTOsIHMHM; Npoints — 4ncio
OTpPE3KOB, Ha KOTOpbIE pa30OMTa HUTH; Tmax — M-
TEJILHOCTH mporiecca; Kurant — koadduipent amst pac-
Yera I11ara 1o BpeMEHH:

ml;
At=At g -Kurant=,|—— -Kurant, (1)
ES

rae ES — pa3pbIBHOE yCUIIHE;
m; ¥ [; —Macca 1 JUIMHa i-ro y4acTKa HUTH.

Co3/1aHHBI METOJ] YHUBEpCaJeH — I03BOJISIET
penIats 3a7a4 NPUMEHHUTENIBHO K pa3HbIM KOHCTPYK-
OUSAM  TpenalbHBIX 0apabaHoB. C €ro MOMOIIBIO IT0-
SBISIETCSI BO3MOXXHOCTh aHAIN3UPOBATH OCOOEHHOCTH
B3aMMOJICHCTBHUS TIpSayd BOJIOKHA W Owna. TodHee,
BJIMSIHUE 3TOTO B3aMMOJEWCTBHS Ha ABM)KEHHE TPSIIU
U Ha €¢ HaTSHKCHUE B YCIIOBMSAX KOMIUIEKCHOTO M3Me-
HEHUS TEOMETPUYECKUX IapaMeTpOB TPENaibHOro
OapabaHa: BbUIeTa pabodeil KpOMKH OwWIa; HMIMPUHBI
TUIAHKH TIO/IOMJIBHOW PEIeTKH, PAaCCTOSHUS MEXIY
IUTaHKaMH TOJOWMIIBHON pelIeTkd W ux (OpMBI, pa-
Jyca TpenajbHOro 0apabaHa, a TakKe €ro 4acTOTHI
BpAIICHUS.

3aMedaTebHOW OCOOCHHOCTBIO alTOPHTMA SIB-
JSIeTCST BO3MOXKHOCTh BH3yalIM3allid W aHUMAalu{
MPOUCXOIAIMINX SBJICHUH WM (UKCHpOBaHHE Tpelye-
MBIX TIOJIOKEHUH TMpsAauM B Tpolecce o0padoTKH,
B YaCTHOCTH, B TPOLECCE YNOMSHYTOTO BBIIIE IEpe-
Jeta U TOCIEIYIOIIero B3auMOICUCTBUSL C OWiamH.
Ha puc. 3 mpencraBieHsl OTe/IbHbBIE CUTYAIlUH MTOBE-
JeHusi cBOOOJHOro y4actka oOpabarsiBaeMOW Mpsian
rocJie TMoTepy KOHTaKTa ¢ OMJIOM U TIPH Tepesere ¢
6ua oxHoro Gapabana Ha OMJIO ApPyroro. AHMMaIUs
MIpOBeJIeHa NPUMEHHUTENIBHO K TPeX- M HMIECTHOMIBHO-
My OapabaHaM.

BHumarensHOE pacCMOTpPEHHE MOAEIBHOTO
MOBEZICHNUSI CBOOOIHOTO ydyacTKa IMO3BOJISICT BBIIBUTH
€ro CXOJCTBO C pPEAIbHBIMH HEPEMEIIECHUAMH (CM.
puc. 1). Hampumep, npu HCIIONB30BAHUH TPEXOUIIb-
HbIX OapabaHOB TOCIE TOTEPH KOHTAKTa MPSIbI0 C
TBUIBHOW KPOMKO# OMJa CBOOOJHBIH Y4acTOK MMeEET
KpuBoJIMHeHHYI0 (opmy. Ilpu nepenere Ha IBUKY-
meecst Bcaen Owino 3ta gopma MEHSETCSl M 3aBUCHT
(py HEM3MEHHBIX KOHCTPYKIHMH W PEXHUMax padoThI
Oapabana) oT uIMHBI 0OpabarkiBaeMoiil mpsiu. B om-
pEIeNeHHBIi MOMEHT NMPOMCXOANUT CONMPUKOCHOBEHHE
C IUTIOCKOCTBIO TONOWIBHOHN pemreTku. [locne mepe-
MEILEHHUS TI0 Heil KOHEII IPsIIH MTONalaeT Ha OCHOBHOE
O6MI0 ¢ MOCIeAYIOMMM CXOJ0M ¢ Hero. [lanmee muki
MOBTOPSIETCA.

O0paboTKa 3TOM JKe JBHSIHOW NPSIH IIECTH-
OuIbHBIMU Oapa®aHaMu NMPHUBOIUT K MHOMY XapakTe-
py ee moBejieHus B mosie Tpenanus. [locie morepu
KOHTaKTa ¢ OWJIIOM CBOOOJIHBIA Yy4acTOK UMEET MEHb-

IIyI0 JUIMHY W ACKPHUBIEHHOCTH. llepeneT ¢ Omma Ha
OmI0 mpoTekaer 3a Oosiee KOpOTKuil mepuox. Ilocie
MOTIaZIaHNs Ha TUIOCKOCTh MOAOMIBHON PEIIETKH CBO-
OOMHBIA Y4acTOK B OCHOBHOM B3aHUMOJEHCTBYET C
MCHBUIUM KOJIMYECTBOM IIJIAHOK PEIIETKH, KOTOPbLIC
pacmoyiokeHbl B mepudepuiiHbIX 30HaX OapabaHa.
TakuM 00pa3oM, ¢ TEXHOJIOTHYECKOH TOYKH 3pEHUS
MOBEJICHHE CBOOOJIHOTO ydyacTKa Ipu 00padOTKe mIiec-
TUOWIEHBIM OapabaHoM GoJiee BBITOIHO.
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Puc. 3. Bzaumopeiicteue 611 ¢ npsaabIo
npu o6padoTKe TPexOMJIbLHBLIMH (CJI€Ba)
U IecTHOMILHBIMY (cnipaBa) 6apaéaHaMu

3ameTnmM, 9T0 0COOBIH APPEKT JOCTHTAETCS, KO-
IJa yKa3aHHbIE B3aMMOJCHCTBHS M3Y4arOTCS B JIBHIKE-
Huu. IlosBisiercs BO3MOXKHOCTh HAOMIONATh 3a OCO-
OCHHOCTSIMHU TIepEMEILCHHs NPSIH, YTO BECbMa IIEHHO
OpH IPOBEICHUU HCCIIEJOBATENbCKOIO U y4eOHOro
npolecca.

C yd4eToM 3TOr0 MOXHO CJlieNaTh CIEAYyIoIue
BBIBO/IbI:
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1. PazpaboTan MeTon M aNrOpuUTM pacyera CH-
JIOBBIX W KHHEMaTHYEeCKHX TapaMeTpoB IIpolecca
TpernaHus, OCHOBAaHHBIN Ha CHUHTE3€ MOJIOKEHUN Teo-
puii ynapa ¥ MEXaHUKUA HUTH, TO3BOJISIONINI OcyIiie-
CTBJIATH Bn3yany13aumo U aHUMAallUK IIOBCACHUS Hpﬂ-
U B I10JIC Tpel'IaHl/Iﬂ.

2. YCTaHOBIIEHO CXOJCTBO MOJICIBHOrO IIOBE-
JICHUS CBOOOJTHOTO YYacTKa C €ro peallbHBIMHU Iepe-
MEIICHUSMH, KOTOpBIC 3a(UKCHPOBAHBI IyTeM Ha-

CITMCOK

Omto/icHHUsT C TPHUMEHEHHUEM CKOPOCTHOM CBEMKH U
METOOB CTPOOOCKOIIHH.

3. AJITOpPUTM U MPOTPAMMHBIN KOMILUIEKC ISt
€ro peagu3alMd PEKOMEHJOBaHBI JJISl HCIOJIb30Ba-
HHUS IIPU NIPOBENECHUU CPABHUTEIBHOIO aHAIN3a pas-
JIMYHBIX yCHOBl/Iﬁ TpelaHusd B XOAC HAYYHO-HCCIIC-
JIOBATEILCKAX M yU4COHBIX paboT, a TaKKe B MPOIIEC-
Ce NPOEKTHPOBAHUS HOBBIX KOHCTPYKIUN Tpemnaib-
HBIX OapabaHoB.
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