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PACHIMPEHUE TEXHOJIOI MMECKHNX BO3MOXXHOCTEM
I'PABUTAIIMOHHbBIX OPUEHTATOPOB JUIA IPEIMETOB OBPABOTKHA
®OPMBbI TEJI BPAIIEHUA

ActpaxanueB A.I'. (xag. I1I1, Tyal'V, e. Tyna, Poccus)

Jns  opHEeHTHpOBaHMS TPEIMETOB 00pabOTKM (OpMBI Tenm BpalleHHs, LIHPOKO
NPUMEHSIOT MEXaHWYECKHe TPABUTALMOHHBIC OPUEHTATOPHI, PpEATU3YIOUINe AaKTHBHbIC
KOHTAaKTHbIE CIOCOOBI OPUEHTHPOBAHHS IPEIMETOB OOpabOTKHM C HCIOJIB30BAHUEM
FeOMETPUYECKUX KIIIOYEeH OpHEHTAIlMW: aCUMMETPHHM IIEHTpa MacC WM T'€OMETPUYECKOM
dopmsr [1].

HenocTaTkoM M3BECTHBIX KOHCTPYKIHMI IPaBUTALMOHHBIX OPUEHTATOPOB, SIBISIETC MX
Masiasi Hal&KHOCTb MIPU OPUEHTUPOBAHUH MPEAMETOB 00pabOTKU (POPMBI TN BpAIICHHs TUIIA
CTaKaHOB C COOTHOIIEHHEM pa3MepoB //d < 2 THOM BHU3.

C menpio pacmIMpeHHs] TEXHOJOTHYECKHMX BO3MOXKHOCTEH pa3zpaboTaH OpHEHTATop,
CHOCOOHBI OPHEHTHPOBATh PABHOPA3MEPHBIE NpeAMEThl 0OpabOTKH THIIA CTaKaHOB, C
COOTHOIIEHHUEM pa3MepoB /d < 1,5 nHOM BHU3, HWMEHIOIIMHA BBICOKYIO HAAEKHOCTD,
MHUHHAMAJIBHOE BPEMsI OPUEHTHUPOBAHHE, MPOCTYI0O KOHCTPYKIMIO M OTCYTCTBHE 3JIEMEHTOB
npuBoja (puc.l).

a 0

Puc. 1. Cxema rpaBUTallMOHHOTO OpHUEHTATOPA
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Opuentatop (puc. 1, a) cocTOMT M3 BXOJHOTO KaHana 2, mpuéMHOro KaHama 11,
BEPTUKAILHOM 8, TOpM3OHTAIILHOW 6 W HAKJIOHHOM 9 CTEHOK KopIllyca opueHTtaropa. B
KOopIlyce ycTaHoBJeH pbiyar 10 ¢ 3axBaTHBIM KOHIIOM 1, 3akpernj€HHbIA Ha Oocu 7 ¢
BO3MOXHOCTBIO IIOBOPOTA, U IMOJIPYKUHEHHOIO MPYXUHOKW 5. B HCXOIHOM IIOJIOKECHHUH
ppluar yCTaHOBJEH IIOJI HEKOTOPHIM YIVIOM O K ropusoHTanu. IIpyknHa 3akpemsieHa Ha
KOpIlyce opueHTaTopa 4, Ha KOTOPOM CMOHTHPOBaH yrop 3, (UKCHpYIOUM BepxHee
II0JIO’)KEHUE phluara.

Ecnu npeamer 006paboTKy MOCTyNaeT BEPTUKAIGHO BHU3 10 BXOJHOMY KaHAIy JHOM
BHU3 (puc. 1, a), TO OH CBOUM TIJIyXUM TOPLIOM yAapsieTcsl O 3axBaTHbIM koHel | peruara 10
(mos. I). Peruar 10 mon pmeiicTBHEM CHIIBI TS)KECTH U KMHETHUECKOW SHEPrUM IpenMeTa
00paboTKU HAYMHAET OTKJIOHATBCA HA YION Ol,,,., PAcTAruBas NpPYKUHY 5, 0CcBOOOXKHas

npeaMeTy TPOXOJ M0 BepTUKaIbHOMY KaHaiy (ot IT). TIpemmer oOpaboTku mocTymaer B
npuéMHbIi kaHan 11 (moa. 1), a peluar noj AelcTBUEM NPYKUHBI BO3BPALIAETCS B HCXOQHOE
M0JIO’KEHUE, YIIUPAACh B yHOp 3, 3aKpEeIIEHHBII HAa KOPILyCce OpUEHTAaTOpa.

[Ipu mocrynnennu npeamera oOpabOTKM BO BXOAHOM KaHai AHOM BBepX (pwuc. 1, 0),
OH 3aXBaTbhIBAETCS 3aXBaTHBIM KOHIIOM pbryara (moi. IV). Ilox melicTBueM cuibl TSKECTU U
KWHETUYECKON SHEPTuH IpenMera oOpadOTKH phlYar HauYMHAET OTKIIOHSATBHCS, PAaCTATHBAS
NPY>KUHY, 3aXBaTHBIM KOHELl pblyara, 3aleNMBIIUCh 33 BHYTPEHHIOIO CTEHKY IpeaMeTa
00paboTku HaunHAET ero moBopot (moy. V — VII). dopma 3axBaTHOTO KOHIIA phIyara, JJIMHA
ppluara, pacrojioKEHWE HAKJIOHHOW CTEHKHM B KOPIyCE OpPHMEHTaTopa, yroj OTKJIOHEHHS
pelyara ¢~ OTHOCUTEIBHO €ro HayaJbHOIO IIOJIOKEHUS OO0ECIeunBaeT HanEKHOE

OpHUEHTHPOBaHUE MpeaMeTa 00padoTku B mpuéMHbIN KaHai (ros. VIII).
Ocp KperieHus ppluara pacnoJjiaraeTcsi Ha pacCTOsIHUE ¢ paBHOM ¢ = 2d.

2
! y
BricoTa 3axBaTHOTO KOHIA pblyara paBHa a =0, dgH +T ,TIe dyy - BHyTPEHHUN

JuameTp npeaMera o0paboTKu.

Paccrosnme ot BCPUIMHBI 3aXBATHOT'O KOHIIA pblyara B €ro Ha4aJIbHOM ITIOJIOKCHUHU 110
KOpITyca OopHueHTaropa b ynoBieTBopsieT HepaBeHCTBY b < 0,25/ —acoso, rie a — BbICOTa
3aXBATHOI0 KOHNA pblHara, o - HaYyaJILHBIN yrojJl HakKJOHa pblyara OTHOCHUTCIIBHO

TOPHU30HTAIILHOU OCH.
JlmHa pblyara 3aBUCHT OT pa3MepoB IpenMeTa 00padOTKU, HA4aIbHOTO YIJIa HAKJIOHA

dBH

2d -

0. pbIYara M y[0BICTBOPSICT HEPABEHCTBY [, >
cosa.

Pacroniosxenue BepTHKaIbHOW CTEHKH KOPITyca OPUEHTATOpa OTHOCUTENBHO ONMKHEN
CTCHKH BXOJIHOTO KaHaJa 3aBUCHT OT PACIOJIOKEHUsI OCH KPEIUICHUs] pbhlyara M BEIOMpaeTcs

U3 ycioBus e > 2d — %

JKectrocts mpyxunel C ¥ BENMHYNHA NPEABAPUTEIBHOTO HATSIKCHHS X, TPYIKHHBI

pbluara onpezesnsercsa no Gopmyiam:
05-d-mg-cos(Olpux —O)

- . s
R -sin( 0y —0) - [y - COSOL 5y - COSQL
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Y R -sin( 0y —0L) - COSO gy * (21, -cosa+1)

P d - cos(Uypax —O) ’

rje m — Macca npeaMera oOpabOTKHM; g — YCKOPCHHE CBOOOJHOTO MAaieHUs; [y,

JUIMHAa TIPYXKWHBI;, [, - JUIMHA pblyara; A — BBICOTA, HA KOTOPYIO OTKJIOHHJICS KOHEI]

p
3aXBAaTHOTO pblYara OTHOCHTEIBHO HAYAIBHOTO MOJIOKEHUSI.

BBICOTa, Ha KOTOPYIO OTKIOHHUTCA KOHCI 3aXBAaTHOTO pblHara OTHOCUTCIIBHO
HAYyaJIbHOTO TOJIOKEHHUA /1 = rSIn( Ol — O ), TA€ 7 — PACCTOSHUE OT OCH phlYara J0 MecTa

KPETUICHUS IPYKUHBI Ha pblyare.

Beum  pa3paboTaH MakeT TPaBUTAIMOHHOTO OPHUEHTATOpa IJsi OPUEHTHPOBAHMS
CTaJIbHOTO TpenMeTa 00paboTKU TUMA CTaKaHa ¢ COOTHOIIEHHEeM pa3mepoB //d = 1,5 (d = 10
mM). IlpoBenéHHBIE HKCHEPUMEHTHI B CTAllMOHAPHOM TIOJOXKECHHU OpHUEHTaTopa C
UCTIOJIb30BAaHUEM CHEMKH MpoIlecca OPUEHTHPOBAHUS IpeaMeTa 0O0paboTKu Ha IU(pPOBYIO
BUJICOKaMepy TOKa3aal HaA&KHYI0 paboTy opreHTaropa. PacummdpoBka sxkcriepuMeHTaIbHON
KUHOTpaMMBl  (puC. 2) MO3BOJIMIA OLICHUTh BPEMsI OPUEHTHUPOBAHUS IpenMera oOpaboTKH,
KoTopoe cocrasuiio ~ 0,125-0,13 c.

TTE WS WORIE  WOGNTES  WTER  WOGHTMI OG0 nes

BHGTRNT__ WOOUA0E)  ORORGS  WO0BeE  WODMGAITE _ DOOLBADES  COUOORIN BGOSR

Puc. 2. KunorpammeI niporiecca OpueHTUPOBAHKSA MIpeaMeTa 00paboTKH
B IPaBUTAllMIOHHOM OPHUEHTATOpE

CpaBHeHHE BpEMEHH OpHCHTHUPOBAaHHWA TpeaMera oOpaOOTKH, TOIy4eHHOTO
SKCIICPUMCHTAJIbHO, C TCOPCTUYCCKU PpPAaCCHUTAHHBIM BpPEMCHEM CBO6OJIHOFO maacHus1
npeamera 00paboTKu Oe3 ydera TpeHHs IMpeaMeTa O CTEHKH KaHalla TI0Ka3alio, YTO BeJTHIHHEI
BpEMEHH pas3nnyaroTcsi He Oojee ueMm Ha 25 %. Paznuuume Mexay SKCEepUMEHTalIbHBIM
BPEMEHEM BEPTHKAJIBHOTO JBHXEHUS MpEIMeTa THOM BHM3 (CM. puc. 1, a) u BpeMeHeM
opueHTHUpoBaHus (cM. puc. 1, 6) cocraBisieT e 6oree 15 %.

Takum o6pa3om, sl NpeIBAPUTENbHBIX PAaCUETOB BPEMEHU OPUEHTHPOBAHUSA Lop

npeaMera 0O0pabOTKKM B JaHHOM TPaBUTAIMOHHOM OpHUEHTATOpPE NPHU €ro NPUMEHEHUU B
cTpykrype potopHbix CA3  MOXHO  MCIOJIB30BAaTh  MPHUOIMKEHHYIO  QopMyiy

2H
top = |————» THe H — BenuumHa mnepemenieHus npeaMmeTa oO0pabOTKH; L -

g- MQZ R
ko3¢ dument tpenus; (- yacrora BpaweHus poropHoir CA3; R — paauyc pacnosoKeHUs
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opueHraropa (paccrosituue OoT ocu BpamieHuss CA3 10 MpoJ0dbHOW OCH BXOJIHOTO KaHaa
OpHEHTaTOpa.

Pe3ynbTarhl mpenBapUTENBHBIX HCCIENIOBAHUN IMOKa3alk, YTO pa3pabOTaHHBIN
OopueHTaTOp MOXeT 3()(PEeKTUBHO HCMONB30BATHCS B KOHCTPYKIMSAX MHOTOIMO3UIMOHHBIX
potopubix CA3 111 OpUEHTUPOBAHUS JHOM BHU3 PaBHOPA3MEPHBIX MPEAMETOB 00pabOTKH
THIIA CTAKAHOB ¢ OTHOIIeHueM //d < 1,5.

Cnucok smmrepatypsi: 1. IIpeiic B.B. Cucrempl aBTOMaTH4eCcKoil 3arpy3KH IITYYHbIX
npeMeTOB 00pabOTKM B POTOPHBIE W POTOPHO-KOHBEHepHble mmHUM // BecTHuk
MammHocTpoenus. Bem. 12,  2002. C. 34-38. 2. Actpaxanues A.JI. Amnanus
NPOU3BOAUTEIFHOCTH CIIOCOOOB AKTUBHOTO OPHMEHTHPOBAHHUS IPEIMETOB 00pabOTKH B
POTOPHBIX OpPHEHTUPYIOMHMX ycTpoiicTtBax // CO. TpymoB mexmyHap. koH(]. «ATTP-10».
Tyna: Uzn-so Tynl'V, 2005. C.42-44.

MPEJIBAPUTEJBbHBIN HATPEB JIBYXKAMEPHBIM ILTA3SMOTPOHOM
TI'aspumok H.H. (ka¢h. mexanuxu, TPTY, e. Tacaupoe, Poccust)

[lna3menHbIii HarpeB oaHUM U3 HamOosiee A(PQPEKTUBHBIX W YHUBEPCATBHBIX
MPOIIECCOB TEPMHUUECKON 00paboTKH. baromaps BEICOKOM TeMIieparype cTonba cxxaToi qyru
o0ecreynBarOTCsl BBICOKas MPOM3BOJUTEILHOCTh IPOLECCa, OCOOEHHO TPU Harpese
MOBEPXHOCTHOIO CJIOSI 00pabaThIBa€MOI0 METaula Ha Majble M CPEIHHE TOJIIUHBI, Majble
pa3Mephl 30Hbl TEPMUUECKOTO BIMSIHUSL, HE3HAUUTEIbHbIE HANIPSXKEHUS U 1ehopMalLii.

K HacTosmemy BpeMeHu pa3paboTaHO HECKOJBbKO Pa3HOBUAHOCTEH IUIa3MOTPOHOB,
KOTOPBIE OTJIMYAIOTCS BUIOM TUIA3MOOOPa3yIOMIei Cpebl, POJOM H TOJSIPHOCTHIO TOKA H P
[1].

Haubouee mmpokoe pacnpocTpaHeHHe MoJIydnsI HarpeB 00pabaTsiBaéMOTO MaTepuana
IUIA3MOTPOHAMM C IIOCTOSIHHBIM TOKOM MPSIMOM MOJIAPHOCTH, OCHOBHBIMHM 3JIEMEHTAMHU
KOTOPBIX SABJIAIOTCA IJIa3M000pa3yrollee COIUI0 U MEIHBIHN 3JIEKTPOJI C KATOAHON BCTaBKOM U3
pKoHus win raduus (puc. 1).

/ Bozdie
g
&

Puc. 1. Cxema mma3MoTpoHa ISl IPEABAPUTEIHHOTO HArpeBa TOKOM MPSIMOM TOJISPHOCTH:
1 — anexTpo; 2 — ia3Moo0Opa3yroIiee Corio

[IpeumymiectBo 3TOrO0 CcHocoba — BO3MOXKHOCTb HCIOJb30BaHUS  JICLIEBOTO
IU1a3MO00Pa3yIoIIEro ra3a — Bo3ayxa, a TakkKe JIPyTrux ra3oB U ux cMecu. OJHaKO Hapsay C
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NPEeUMYIIECTBAMU 3TOMY CIOCOOY TPHUCYII W HEAOCTAaTOK — HH3Kas CTOMKOCTh Karoia B
OKHUCJIUTEIBHOM CpeJie MPHU YaCThIX BKIIIOUEHUSX IJIa3MoTpoHa [1,2,3].

Hcnonp3oBanue B KayecTBE IUIa3MO0Opas3ylolel cpeibl MHEPTHBIX Ta3oB, Kak
MPaBWJIO, SKOHOMUYECKH HeleraecooOpa3Ho (pacxom raza MokeT mnpeBblmarh 40 1/MuH).
3HAYUTENBHO CHU3UTH PACXOJ JOPOTOCTOSIIEr0 MHEPTHOTO Ta3a MO3BOJIIIOT JBYXKaMEpHbIC
IIa3MOTPOHBI, 00eCTeunBaONe KOMOMHUPOBAHHYIO IM0JIa4y WHEPTHOTO U AaKTHBHOTO
(Bo3myxa) ra3oB. B sTom ciywae ucnosib3yercsi BOJIb(PpPaMOBBIA KaToOZ, pa3MEIICHHBIH B
Kamepe, B KOTOPYIO MOJaeTcs HeOOJbIIOe KOJIMYECTBO MHEPTHOTO ra3a JJis 3alllUThl KaTo/a
OT okucieHusi. Bo BTopyro kamepy nojaercst BO3ayX (puc. 2,a).

Takass KOHCTPYKUMS IUIa3MOTPOHA OOECIEUMBACT BHICOKOE O0XKaTHe cTojba AYrH U
HEOTPaHMYEHHOE KOJMYECTBO MOBTOPHBIX BKIIOYEHUH M1a3MOTpoHa. Pacxo nHepTHOTO Ta3a
B 3TOM CJIy4ae 3aBUCHUT OT MHOTHX (PaKTOPOB: KOHCTPYKIMHU IUIa3MOTPOHA, PacXo/ia BO3AyXa
U JIp., ¥ B psijie CIIy4aeB, B pe3yJibTaTe MOMaJaHus BO3/AyXa B IIa3M0O00pasyIoIlylo Kamepy
NPOUCXOJNUT OKHCJIEHHE BOJb()PAMOBOTO 3JIEKTPOAA, YTO YaCTO MPUBOAHUT K aBAapPHUHHBIM
pekrMaM — BO3HHUKHOBEHHIO JIBOMHOM AYTH U pa3pylIeHuto comnet. [ n30exanust ABOWHOTO
IyrooOpazoBaHusi HEOOXOJMMO TOBBIIIATH PACXOJ] MHEPTHOTO ra3a, YTO, B CBOIO OYEpPE[b,
CHIDKAET YIKOHOMHUYECKYI0 3((HEKTUBHOCTH MpoIiecca.

Ar Bozdix xfr Bﬂ.?ﬁy,r

Puc. 2. Cxembl AByXKaMEpPHBIX IIA3MOTPOHOB
a— npsiMas u 6 — oOpaTHast NOJSIPHOCTH; 1 — AnekTpos; 2 — ria3Moo0Opasyroias
Kamepa; 3 — crabmiIu3upylomas kamepa

3ameHa BOJLPPaMOBOTO KaTO/1a MEAHBIM TI03BOJIMIA OBl N30€KaTh 3THX HEIOCTATKOB.
OpHako TPHUMEHEHHE TPSMOI TONAPHOCTH BBI3BIBAET HMHTCHCHUBHBIH HW3HOC MEIHOTO
aJIeKTpoJa (KaTogHOE paclbUICHHE), Yer0 He MPOUCXOIUT NpHU paboTe Ha TOKE OOpaTHOM
noJsipHOCTH. [IpuMenenre o0paTHON MOJSIPHOCTH CYMTACTCS HEIeIeco00pa3HbIM, T.K. aHOM
1oJiBeprKeH O0JblIeH TEII0BOI HAarpy3Ke, 4eM KaToi, HO, 0j1aroiaps BbIOOpYy paloHaIbHOM
CHCTEMBI OXJIAXKICHUS 3JIEKTPOJa M BCEro IUIA3MOTPOHA YJNAETCS 3HAYUTENBHO TOBBICHTH
pecypc paboThI 37eKTpo1a Ha oOpaTHOM nodsipHocTu 0e3 cHkenus: KI1J[ mporecca [3,4].

[Ipn mma3mMeHHoi 00pabOTKE Ha TOCTOSHHOM TOKEe OOpaTHOM MOJIIPHOCTH
JIBYXKaMEpPHBIM IJIa3MOTPOHOM 00€CTIeUnBaeTCsl CTAa0MIIBHBIN MIPOIIECC U TUTEIBHBIA pecypc
paboTHl TEIUIOHATPY)KEHHBIX JJIEMEHTOB IUIA3MOTPOHA. BBICOKHE CKOpPOCTH Harpepa
JOCTUTAIOTCSI TIPH MEHBIIEH MOIMHOCTH CXKaTOW AYTH, YeM TPU TPAAMIMOHHBIX CrHoco0ax
BO3/yIIHO-TUTa3MEHHON 00paboTKH, YTO, B CBOKO OYEpe/b, CHIKAET 30HY TEPMHUYECKOTO
BIMSHUS, JAeQopMalui W HamnpsOKCHHs. 3HAYUTEIBHO MEHBIIEe BIHUSHUE OKAa3bIBACT
U3MEHEHHUe JUTMHBI AyTH. JimmHa gyru Mmoxket gocturats 50 MM u 6onee. TeruioBsie moTepH B
IUIA3MOTPOHE He npeBbiaT 25-30 %.
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N3BecTHO, 4TO HA OOPATHOM MOJIIPHOCTH KATOJHOE MATHO (HA JIETANN), B OTIMYUE OT
aHOJHOTO TsiTHA (Mpu 0OpaboTKe Ha OOpaTHOW MOJIIPHOCTH), TEPEMENIAaeTCsl MO BCE
TOJIIIMHE JIeTalu. B 3TOM cllydae TemIoBOW MOTOK pacmpesensercs mo (GPOHTY IIaBICHHS
JieTaiau paBHOMepHee (puc. 3).

Puc.3. Ilpouecc nia3MeHHOro HarpeBa TOKOM 0OpaTHOMI
MOJIAPHOCTHU ABYXKAMCPHBIM INIA3MOTPOHOM

CooTHoOIIIEHWE pPAcXOJI0B aproHa W Bo3ayxa cocraBimsger 1/5-1/8. Hampsiokenwue
X0JIOCTOTO XOJla ICTOYHMKA IUTaHUS ¢ KpYTOIaJaroliel BHEeIHeN Xxapakrepuctukoi 300 B.

Juamerp kaHana rmiazMooOpasyromiero cormia dm, ero BbicoTa hir; AumaMmeTrp KaHama
crabummupytomero coruia dc, ero Beicota he; paccTosiaue MexIy coruiamu hiic, paccTosiHue
OT 3JIEKTPO/Ia JI0 I1a3Moo0pa3yroriero coruia ham (puc. 4).

On

fn

b}
Ll

w 3
o e =

Puc. 4. KoHcTpyKTHBHBIE TapaMETPHI I1a3MOTPOHA

[Tpon3BOANTENFHOCTH M KAYE€CTBO TUIA3MEHHON 00pabOTKH JeTaleil U3 amfOMUHHEBBIX
CIUTAaBOB TOKOM OOpaTHOW MOJIIPHOCTH TIOBBIMIAIOTCA 3a cueT 3(PPeKTUBHOTO pa3pymIeHus
TYTOIUIaBKOM OKCHIHOM TJIEHKH (KaTOIHOTO pactbuienus) [ 3,5,6].

Beicokmii  skoHOMHMYeckHid  3PQeKT  JocTUTaeTcs  Oyarojaps — SKOHOMHHU
DIIEKTPOIHEPTHH, HU3KOMY pPacXojy MHEPTHOTO ra3a M BO3/yXa, BEBICOKOMY pECypcy padoThI
AIIEKTPOJIa KaK B HETIPEPHIBHOM PEKHME, TaK M TP YaCThIX BKIFOUCHHUSIX IUIA3MOTPOHA.

MaxkcumanbHbIi SKOHOMHYECKUH 3P (HEKT TOCTUraeTcsl IPU HUCIOJIb30BAHUM JAHHOTO
npolecca Uil NPEeABapUTEIbHOTO HarpeBa M MoOcieAyromeld o0paboTKH pe3aHueM
JICTHPOBAHHBIX CTaJICH, IBETHBIX METAJJIOB U CILIABOB.
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INPOI'PECUBHAS TEXHOJIOI' MTYE CKASA CXEMA U3I'OTOBJIE HUA
HIUWJINHAPUYECKUX 3YBYATBIX KOJIEC

JdembsinneBa JI.A., Kucaunckas E.A.
(LUK mexanuueckux oucyunnun, MMT, 2. Maxeeska, Ykpauna)

MexaHu3Mm, MpeTHa3HAYEHHBINA I HAape3aHusl BPAIATeIbHOTO JIBHKECHUSI OT OJHOTO
BaJla K JIPyTOMYy C IOMOINBI0 HAXOMSIIMXCS B 3alCIUICHHH 3yO0YaThIX KOJIEC, HAa3bIBAIOTCS
3y0Ouaroit nepenayei.

3y06uaThie mepenavyn KiIacCuPpUIUpyroTCs:

a) 10 KOHCTPYKTUBHOMY O(OPMIICHUIO: OTKPBITHIC, 3aKPHITHIE;

0) 10 OKPY’KHOM CKOPOCTH: TUXOXOHBIE, CPETHECKOPOCTHBIE, BHICOKOCOPTHEIE;

B) 1O B3aWUMHOMY pAaCIOJIOKEHHIO OCEH BaJiOB: C MapaUICNIbHBIMU  OCSIMHU
(LMIMHIPUYECKHUE, KOHUUECKUE, IIIEBPOHHBIE); C IEPECEKAIOIIUMUCS OCAMU (KOHUYECKUE)

[To mpuMeHeHnIO U PacTpOCTPAHEHHUIO B PA3IMYHBIX 00JIACTSIX HAPOIHOTO XO3IHUCTBA
3yOuaTsie TIepeiadyyl 1Mo NpaBy 3aHUMAIOT IEPBOE MECTO. B 1m000ii oTpaciii ManmHOCTPOCHUS
3yOuarele Tepefaud HaxOoMIT IIUPOKas NPUMEHEHHE: aBTOMOOWIHM, TPAKTOPHI, CaMOJIETHI,
Tpy0O03JIEKTPOXO/Ibl, CTAHKH U T.JI.

[TosToMy Tak BaXHO CO3JaHHE HOBBIX NPOTPECCUBHBIX METOJOB HW3TOTOBIICHHS
3y0uaThIX KoJiec.

AHanmM3 Ppa3NUYHBIX TEXHOJIOTUYECKMX CXEM HM3TOTOBJICHUS  IIMIHMHIAPHISCKHX
3y0uaThIX KOJEC Majioro MoAyss (m = 2...5) moka3aj, 4To HauOoJbIlee pacipoCTpaHEHHUE B
MAIIMHOCTPOUTEIFHOM  TPOW3BOJACTBE  IOJyYWiIa  TPAAWIUOHHAS  TEXHOJIOTHUS  C
UCTIOJIb30BAaHMEM TaKHUX IMPOLIECCOB 3yOOHApe3aHus Kak (ppe3epoBaHne YepBIIHBIMH Ppe3aMu
U 10J10JIeHNEe JUCKOBBIMHU TOJIOSIKAMH.

[Ipu sTOoM (opMooOpazoBaHue 3yOUaThIX BEHIIOB OCYLIECTBISIETCS 3a JIBE ONEpaIiu:
NpeBAPUTENILHOTO 3yOOHape3aHusi U OTAEIOYHO-YUCTOBOM 00paboTku 3yObeB Koseca. Ha
JTare TPEIBAPHUTENHFHOIO BBIPE3aHHMs BMAgUH 3y04yaToro Koyeca oOecredrBaeTCs
HeoOXoaMMasi TOYHOCTh JIISl YCIIEHIHOTO OCYIIECTBIICHHUS MpOIecca OTIIEIOYHO-YUCTOBOM
3y0000pabOTKH, JIi KOTOPOM B OCHOBHOM, HWCIIOJB3YETCS TPATUIIUOHHBIA TPOIECC
[ICEBUHTOBAHMS JVCKOBBIMH IIEBEPAMH.
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[lombITKM BHEIpeHUS B MPOU3BOJCTBO  IMIMHIPHUYECKUX 3yOUaThIX  KOJIEC
NPOTPECCUBHBIX 3arOTOBOK C O(GOPMIICHHBIMH 3yObSIMH, KaK MPaBUIIO, OBUIM HEyIauHBIMHU,
TaK Kak CTPYKTYpPHO-TEXHOJIOTHYECKass cucremMa 3y0000paOOTKM IMpH 3TOM OCTaBalach
NpeXHEeH, KOJTMYECTBO omnepanuid 3y0000pabOTKM HE COKpPAIIaIoCh, a SKOHOMUS METallla He
NOKpBIBaJIa TONOJHUTENBHBIX 3aTPaT Ha W3rOTOBJICHHE TOYHBIX 3arOTOBOK C O(OPMIICHHBIM
3y04YaThIM BEHIIOM.

W3 storo cnenyer, uto HEOOXOJUM MEPEX0] K HOBOW CTPYKTYPHO-TEXHOJIOTUYECKOM
cxemMe 3y0000paboTKu, IO KOTOPO# MpeaBapurensHoe GopmMooOdpa3oBaHie 3yO0UaToro BeHIa
OCYUIECTBIIIETCS HAa CTaJUM TOJYYEHHS 3arOTOBKH, a IMPOILECC OTHOKPATHOH OTHIEIOYHO-
9UCTOBOU 3y0000paboTku obecrieunBaeT TPeOyeMyr0 TOYHOCTH 3yObEB 3a CYET BBICOKOM
UCTIpaBIIstoNIeH criocoOHOCTH B Tipenenax 4...5 creneneit Ttounoct mo [OCT 1643-81.

Peanm3oBath Takyr TEXHOJOTHYECKYIO CXeMmy 3y0000pabOTKHM MOYKHO JHINb TPU
YCIOBHUM  CO3JaHMsl  TNPUHIMIKAIBHO  HOBOTO  TpoIlecca  YHCTOBOW  00paboTKw,
00ecneynBaronero BHICOKYIO NPOM3BOIUTEIBHOCTE M CTAOMJIBHYIO TOYHOCTH 00pabOTKH
3y04aThlX BEHIIOB, IIOJyYEHHBIX BBICOKONPOU3BOIUTEIBHBIMU IPOLECCAMU OOBEMHOTO
¢dopMooOpa3oBaHMs: JUTHEM, IITAMIIOBKOM, MOPOIIKOBON METaUTypTUeil, HE3aBUCHUMO OT
CTETIeHH TOYHOCTH MPEABAPUTENHHO 0(hOPMIICHHOTO 3y04aToro BEHIIa 3arOTOBKH.

[loBpimenne  TOYHOCTH  OOpaOOTKM  3y0YaThIX  3aroTOBOK  obOecreumBaeTcs
HETIOCPEJICTBEHHBIM IOJIyY€HHEM OIHOTO M3 HanboJee BaXXKHBIX MapaMeTpOB Hape3aeMoro
3y04aToro BeHIa — pa3Mepa JIMHBI 001meil Hopmanu. [y 3Toro B 3y0Ope3HOM MHCTPYMEHTE
B KAaueCTBE OCHOBHOTO KOHCTPYKTHMBHOTO TMapaMeTpa HEOOXOIWMO WMETh pabodHii
peryJIMpyemMblii  pa3Mep, COOTBETCTBYIOIIMH JIMHE o0O0Ieil Hopmamu 00pabaThIBaeMOTro
3y0uaroro koJjeca.

BaxxHo# 3amadell, BO3HUKAMOIIEW NPHU CO3JaHMM HOBOM TEXHOJIOTMYECKOM CXEMBI
M3TOTOBIICHUSI IIWIMHIAPUYECKHX 3yO0YaThbIX KOJeC W3 MPOrPECCHBHBIX 3aroTOBOK C
opopMIICHHBIMU 3yObsMH, sBisieTcsl 00pabOTKa NPEpBIBUCTHIX HAPYKHBIX IOBEPXHOCTEH
3ybuaroro BeHla 3arotoBku. [Ipm TokapHOU 00pabOTKE TaKUX MOBEPXHOCTEW BO3HUKAIOT
IWJIMHIPUYECKUE yJapHble HArpy3kd MEpEeMEHHOW BEIMYMHBI, YTO NPUBOAHWT K
MHTEHCUBHOMY B3HOCY PEXYIIEH KPOMKH pe3lia U BO3MOKHOCTH €r0 TOJIOMKH.

B cBsi3u ¢ 3THM 1IenecooOpa3Ho pacCMOTPETh BO3MOYKHOCTH JPYTHX IMPOIECCOB U H3
HUX BBIOpAaTh TakWe, KOTOpPBIE MOIJH OBl 00ecneuuTh HEOOXOIUMYIO IKECTKOCTh |
BUOPOYCTPOMYMBOCTD MU 00pabOTKE YKa3aHHBIX MPEPHIBUCTHIX MOBEpXHOCTEH. JlocTaTouHO
BBICOKYIO JKECTKOCTh M BHOPOYCTOHYMBOCTH TEXHOJIOTUYECKOH CHCTEMBI 00ECIeUnBAIOT
¢dpe3epHbIE CTaHKH, IMOTOMY OIHMM M3 BO3MOXHBIX BapHaHTOB OOpaOOTKU SIBISACTCS
poTtanmoHHOe dpe3epoBaHue. ITOT BUA 00paOOTKH MO3BOJISIET UCIIOIH30BATH MPOTPECCUBHBIC
KOHCTPYKIIMU PEXYIIEro HHCTPYMEHTA, OCHAIIICHHOTO COBPEMEHHBIMH WHCTPYMEHTAIHLHBIMHU
MaTepuaiaMH, 9TO OOYCIOBIMBAET BBICOKYIO MPOW3BOJIUTEIHHOCTh U TpeOyeMoe KadecTBO
00pabaTbIBa€MbIX MMOBEPXHOCTEHN 3y0UaThIX 3aTOTOBOK.

[lepexonq OT TpaAWIMOHHON TOKapHOH OOpabOTKM K TPOIECCY POTAIMOHHOTO
dpe3epoBaHHsT HApPYXKHBIX TTOBEPXHOCTEH 3aroTOBOK C TPEABAPHUTENHHO O(GOPMIICHHBIM
3y04YaThM BEHIIOM TO3BOJIET YCIEUIHO PEIINTh BAKHYIO 3a/1a4y B KOMILJIEKCE MEPOTIPUSITHIA
M0 pealn3alii HOBOW TEXHOJOTHYECKOW CXEMbI M3TOTOBJICHUS IIIMHIPUYECKUX 3y0daThix
KOJIEC, IPEJICTaBIICHHOM Ha PUCYHKE.

B urore u3noxkeHHbIE COOOpaKEHUSI O TEPCIIEKTUBHOM HAIPABIICHUH JTaTbHEHIIIETO
COBEpUICHCTBOBAHUS  TMPOMW3BOJICTBA  IWJIMHAPUYECKUX  3yOUaThIX KOJIEC  TIO3BOJISIET
cOopMHUpPOBATh CIIEAYIONINE OCHOBHOE IIOJIOKEHHS TI0 CO3JIaHHI0O HOBOW TMPOTPECCUBHOMN
TEXHOJIOTUH U3TOTOBIICHHS U3 UCXOJHBIX 3aTOTOBOK C 0()OPMIICHHBIMH 3y ObSIMH:
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3ATOTOBKA (C O®OPMJIEHHBIMU
3YBbSIMU)

TOKAPHAS OBPABOTKA BA30BbBIX
[IOBEPXHOCTEM

POTALIMOHHOE ®PE3EPOBAHUNE
HAPYXHBIX ITIOBEPXHOCTEI

OAHOKPATHAA UNCTOBAA
3YBOOBPABOTKA PE3LIOBbBIMU
I'OJIOBKAMU

OBPABOTKA TOPLHOBBIX KPOMOK
3YBBEB (I'PEFEHYATBIMU ®PE3AMN)

TEPMOOBPABOTKA

OTAEJIOUHAA OBPABOTKA BA30OBbBIX
[IOBEPXHOCTEM 3YBYATOI'O KOJIECA

OTJ/IEJIOUHASI OBPABOTKA 3YBbEB
(IIPUTUPKA)

Puc. 1. TexHonoruueckasi cxema U3roTOBJICHUS [IMJIMHAPUUECKUX KOJIEC MAJIOTO MOIYJIS

- s dPPexTUBHOW 00paOOTKM TaKWX 3arOTOBOK HEOOXOAMMO COKpaIICHUE
JUIMTETTHHOCTH  MPOU3BOJCTBEHHOTO IMKJIAa W3TOTOBJCHUS 3yOuyaToro Koyieca IIyTeM
UCKITIOYCHHUS OTIEPALNH MPEIBAPUTEIHHOTO 3yOOHApe3aHus;

- COKpaIlleHHe YKa3aHHOTO IWKJA JTOJUKHO YYHMTBIBATHCS 3a CUET CO3JaHMs IMpolecca
3y0000pabOTKH, TO3BOJISAIONIEr0 MPOU3BOAUTH OJHOKPATHYI0 YHCTOBYIO 0OpabOTKy BHaJAWH
SY6anOfI 3aroTOBKH B NIpCCIax 3aJaHHbIX HOPM TOYHOCTHU IPU COOTBCTCTBYIOIIECM Ka4CCTBEC
3y0uaThIX MOBEPXHOCTEN KOJIeca,

- HCTIOJIB3yEMbIi B HOBOW TEXHOJOTHM CHOCOO YHCTOBOM 3y0000pabOTKH JOJIKEH
OBITh BBICOKOIIPOM3BOJUTENBHBIM U 00J1a1aTh BBICOKOM HCHPaBIAIONIEH CIHOCOOHOCTHIO B
npexaenax 4...5 creneneit tounoctu ['OCT 1643-81;

- JUIA CTaOMIM3alud TOYHOCTH TMPOIECCa YHUCTOBOW 3y0000pabOTKM HE0OXOIUMO
npeaycMaTrpuBatb BO3MOXHOCTb IICPUOJHUYUCCKH HJIM HCIPEPBIBHOTO PLEryMpoOBaHUA
COOTBETCTBYIONIMX pab0OYHX MapaMeTpOB HHCTPYMEHTA,
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- 00pa0oTKa TPEpHIBUCTHIX HAPYXKHBIX TMOBEPXHOCTEH 3y0O4aToro BEHIA 3arOTOBKH
JOJDKHA OCYIIECTBIIThCA CHOCOOOM, OOECHeYMBAIOIIUM HEOOXOIUMYIO0 IKECTKOCTh |
BUOPOYCTPOMYUBOCTD TEXHOJIOTMYECKOM CHCTEMBI, Harpumep, POTAIMOHHBIM
dbpe3epoBaHmeM;

- Bce mporecchl (opMooOpa3oBaHUS IMOBEPXHOCTEH 3y04YaToOro Kojeca JIOJDKHBI
croco0cTBOBaTh 3()()EeKTUBHONH aBTOMATH3ALMM TEXHOJOTMYECKMX OIEepalnuii Ha OCHOBE
BHEJPCHHUS COBPEMCHHOW TEXHUKH C INMPOKHM NPHUMEHEHHEM IMPOMBIIUICHHBIX POOOTOB M
MaHHUITYJISI TOPOB.

W3noxeHHsle  NPUHOUIBI  TOCTPOEHUS  HOBOM  BBICOKOIPOU3BOJAMUTEIBHOU
MaJIOOTXOAHOH  TEXHOJOTMM  M3TOTOBJCHUS  IWIMHIPUYECKHX  3yO4yaThIX  KoOJec
00yCIIOBIMBAIOT HEOOXOJUMOCTh codeTaHust Hanbosiee F(PPEKTUBHBIX MPOLECCOB 00pabOTKH
Pa3IMYHBIX TOBEPXHOCTEW U MPOTPECCUBHBIX 3arOTOBOK C MPEABAPUTENHHO 0(OPMIICHHBIMHU
3yObsSMH.

B naHHOM cTarbe M3JI0KEH MPUHIUI CTPYKTYPbl — TEXHOJOTMYECKOW CXEMBI
3y0000paboTKH, HO KOTOpPOH mpeaBapuTelbHOEe (opMooOpa3oBaHue 3y0YaToro BEHIA
OCYUIECTBIIIETCS HAa CTA UM TIOJTYYCHUS 3aTOTOBKH.

Cnucok smmrepartypsi: 1. Yerioros .M. [leramu mamuns M.: Beicias mkosa. 1981,
394 c. 2. UBamun M.H. Jleramu mamun. M.: 1976, 324 c. 3. AAmuukeB A.C. ®enopos 10.H.
AHanmM3 TEXHOJOTUYECKMX CXEM W3TOTOBJICHUS IIWIMHIPUICCKUX 3yOdaThix Kojec. //
MexnayHnapoanas ¢6. HayuHbiX TpynoB. Joneuk JounHTY, 2000, ctp. 67 — 69.

BJIUSTHUE JIUAMETPA PABOYEW KAMEPBI
HA TEMIIEPATYPY AHOJHOI'O HAT'PEBA B BOJIHbBIX DJIEKTPOJIUTAX

Komapos A.O. (kag. ooweni pusuxu KI'Y um. H. A. Hexkpacosa, 2. Kocmpoma, Poccus)

AnHoTtanus. PaccmaTpuBaercs pacnpezesieHHe TeMIlepaTypbl II0 IOBEPXHOCTH
HarpeBaeMoil Jeraau B 3aBUCUMOCTH OT JuaMmeTpa pabouell Kamepbl, CKOPOCTH IOJa4yu
AJIEKTPOJIUTA U HAPSIKEHUS.

Beenenne. Bo Bcex ONbITHO-MPOMBILIUIEHHBIX YCTAHOBKAaX aHOJHOTO HarpeBa padoyast
KaMmepa TpeACTaBisieT co0oM ImmHAprdeckuii cocyn auamerpoMm 100—150 MM U nmuHOM
150-200 MM, "yepe3 THO KOTOPOTO MOAAETCA SJCKTPOIUT C MOCISAYIONUM TIEPETUBOM Yepes
BepxHMI Kpail. M3BecTHO, 4TO yBenuuyeHHe auameTpa oOpadaThIBa€MOW JI€Talu BbI3bIBAET
yMEHbILIEHHE €€ TeMIEepaTyphl, IPU 3TOM MAKCUMAJIbHOE 3HAYEHHE TEMIIEPAaTyphbl B HIKHEH
YyacTH JeTanu OyneT HaOiroAaTbhcs NMpU MEHBIIMX HampsbkeHusix. HemoctaTkoM mpumeHse-
MBIX KaMmep SIBJISIETCS HEpaBHOMEPHBIN HarpeB JeTajei o ux BhICOTE.

IMocTanoBka 3agaun. B nanHoi pabote paccMaTpuBaeTcsl BIMSHUE IUamMeTpa pado-
yell KaMepbl Ha XapaKTepUCTUKY HarpeBa CTabHBIX JETajel NPU pa3InyHbIX HANpsKEHUAX U
CKOPOCTSIX TEUEHHUs 3JIeKTpoiuTa. B xadecTtBe anekTposuTa ucnojb3oBancs 10 %-Helil BOJ-
HBI pacTBOP XJIOpHJla aMMOHMS, BEIMYMHA pacxXoja 3JEKTPOJIUTA MPHU MPOJ0JIbHOM O0TeKa-
HUM HarpeBaeMbIX IUIMHIPUYECKUX 00pa3loB U3 craiu 45 u3Mepsaach NOIIaBKOBBIM poTa-
METpOM, TeMIlepaTypa HarpeBa o0paslia KOHTPOJIMPOBaAIach XpPOMEIb-aTIOMENIEBON TepMoOIa-
poOii, NOMEIEHHOH B ITyX0€ 0CEBOE OTBEPCTHE.

Pe3yabTaTel. YMEHbIIEHHE AMAMETpAa KaMepbl, OJHOBPEMEHHO SIBJIIFOLICHCS KaTo-
JIOM, TIPUBOJMUT K 3aMETHOMY TOBBIIICHUIO TEMIEpaTyphl HarpeBaeMoro oopasma, (puc. 1).
[To HamieMy MHEHHIO MPU YMEHBIIEHUH MEKIEKTPOJAHOIO 3a30pa IyTeM YMEHbLICHUs Jua-
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MeTpa pabouell KaMephl YBEIMUMBAETCSA CKOPOCTh ABM)KEHUS MEPETPETHIX MACC JIEKTPOJIUTA,
KOHTaKTHUPYIOIIUX C IOBEPXHOCTHIO aHOJHOW Mapora3oBoil 0001049ku. Ha cMeHy UM mpuxo-
JAT 00Jiee XO0JI0JHBIE MacChl AJIEKTPOJINTA. DTO BbI3BIBAET YBEJIUUEHUE TEIUIOBOTO MIOTOKA U3
000JI0YKH B 3JEKTPOJIUT, YTO MPHUBOIUT K YMEHBIICHHIO TOJIINHBI 000JOYKH, U, KaK CIIEe/ICT-
BUE, YBEIMYCHHIO Temrmeparypbl Aetand. CpeaHuil MpUpPOCT TeMIepaTypbl oOpasua mnpu
YMEHBIICHUH 1uamerpa paboueit kamepsl Ha 40 MM coctaBnsier 61°C. Bennunna npupocra
3aBHCUT OT U3MEHECHHUS HANpPABJICHUS JBHKCHUS DJICKTPOJIMTA B BEpXHEH yacTu paboueil ka-
MEpBI, UTO MPUBOJIUT K €r0 NMEPEMEIINBAHUIO U YMEHBILEHUIO TEIIOBOTO IIOTOKA B 3JIEKTPO-
mut. [ToaToMy B BepxHeil yactu paboueil kKamepbl 30HAa TEPMUUYECKOTO BIUSHUS UMEET HaW-
OOJIBIIYIO TOJIIIUHY.

Kpome Toro, ¢ ymeHsleHneM auamerpa pabodeil Kkamepbl YBEIMIMBACTCS 3HAYCHHUE
CpeaHero 1o JuMHe o0pasia rpaaueHrta temmeparypsbl. [lo 3Toi nmpuduHe BBHIOOp IuameTpa
paboueii Kamepbl 3aBUCHT OT PEIIaeMOil B KOHKPETHOM Cllydae TEXHOJIOTHYecKoi 3amauu. Ec-
M mocae 00paboTKM HEOOXOIUMO TOTY4YHTh HanOOJee OJHOPOIHBIN ¢ TOYKU 3peHUst QH3H-
KO-MEXaHUYECKHX M XUMHUYECKUX CBONCTB MOAM(DUIMPOBAHHBINA CIIOH, TO TUaMeTp pabodeit
KaMephl HE CJIEeIyeT YMEHbIIATh HIKE ONPENEIEHHON BEIMYMHBI, COOTBETCTBYIOLIEH 3a30py
MEXly KaMepou U J1eTanbio 35 MM.

C npyroii CTOPOHBI, €CIU LEbI0 00pa0OTKU SIBISETCS TOJBKO JIOKAJTbHOE M3MEHEHUE
CBOMCTB 00pabaThIBa€MO €TaIM, HAIIPUMEp, YBEINUEHHE N3HOCOCTOMKOCTH TpYIIEHCs yac-
TH Baja, TO B 3TOM CiIy4yae HeoOXo/JMMa MakcUMajbHas TeMIIEpaTyphl HarpeBa jaerand. Jlis
peleHnst ATO 3a/jaud 11eJIeco00pa3Ho MpUMEHeHne pabodeil kKaMepbl ¢ MUHUMAIIBHBIM 3a30-
pom. Ilpumenenue 3a3opa meHee 10 MM CONPSIKEHO CO CIOHOCTBIO NO3UIMOHUPOBAHUS JiE-
TaJX NpU MOTPYKEHUH U MOXKET NPUBECTU K NpoOoro B cucteme. Kpome Toro, A NOBbILIE-
HUSI TEMIIEpaTypbl HarpeBa JeTajd CIEeAyeT YBEJIMUMBaTh CKOPOCTh PacXojia 3JIEKTPOJIUTA,
(puc. 2 u puc. 3).

1150 4
1100 -
1050 -
1000 4
o504

400 +

50 U B

T T T T T T
200 220 240 480 220 300

Puc. 1. 3aBucumocThb TemMnepaTrypbl HWKHEH TOUKH 00pabaTbiBaeMoil JeTaiu OT AMaMeTpa
paboueit kamepsl: 1 — 50 mm, 2 — 70 MM, 3 — 90 mm. Hanpsisxkenune narpesa 260 B, ckopocTh
pacxona siekTposmTa 4 n/MuH, guameTp neramu 10 mm
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B oOwem ciyyae pacxo[ 31€KTpOIUTa OKa3bIBaeT IBOMHOE BIUSIHUE Ha CUCTEMY: MO-
MHMO YBJICHCHUA MEPCTPETHIX MACC DJICKTPOJIUTA U3 HpHaHOHHOﬁ 30HbI ABM)XCHUC ) KUJIKOCTU
CXKUMAET Mapora3oByI0 000JIOUKY 3a CYET MEXaHHMUECKOTO JeicTBUs. B HMXKHEH yacTu nera-
JIi, TAC 30Ha TCPMHUYCCKOT'O BJIIMAHUA TOJIBKO HAYHUHACT (bOpMI/IpOBaTBCﬂ, OCHOBHBIM SABJISIECTCA
MeXxaHU4YecKoe BO3JeHCTBHE. B BEpXHUX CIIOSIX MEPETPETOro 3JEKTPOJIUTa U3-3a U3MEHEHUS
npoduiIs CKOPOCTEH MBIKEHUS JKUIKOCTU TIPU TIEpENIMBE pacTBopa depes Kpail paboueit ka-
Mepbl HanOOJIbIlIEE BIMSHUE OKa3bIBAET TEMJIO(PHU3NUECKOE BO3IEUCTBUE — OXJIAKICHHUE DJIEK-
TPOJIUTA C MOCJIEAYIOUMM YTOHEHHEM napora3oBoi 060104yku. [Ipu 06paboTtke OonbMX je-
TaJlen uiun IIpU MaJlbIX pacxoJax 3JICKTPOJUTA 3TO NPHUBOJUT K «PACTAKCHUIO» BEPTUKAIIbHO-
ro rpajuenra TemMIeparyphl.
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BriBOaBI

1. YMeHbIIIeHHE 3HAUCHUS CPEIHETO TPaJIueHTa TeMIiepaTypbl oopabaTeiBaeMoii neTa-
JIM TI0 BBICOTE JIOCTUTAETCS YBEIIMUCHUEM pauyca paboueit kamepsl 10 90 MM mipu 06paboTke
netaneit nuamerpom 10 30 MM. YMEHbIICHHE nuamMeTpa padodeil Kamephbl MPUBOIUT K BO3-
pPACTaHHUI0O MAaKCUMAJIBHO JOCTHTAaeMOW TeMIIepaTyphl IMHJIHMHAPHUUYECKOTo oOpa3ia B HIDKHEH
YacTH.

2. YBenu4yeHue pacxoja 3JeKTPOJIUTa CIIOCOOCTBYET POCTY TeMIepaTypsl 00pasia 1o
BCell ImHe 00pabaThIBaeMOi TOBEPXHOCTH.

3. CpenHee 3Hau€HHUE TPaJUEHTa YMEHBIIAETCA MPHU YBEIMYCHUM AuameTpa oOpada-
ThiBaeMoit getanu ot 10 10 30 MM 3a cUeT yBelWYeHHUsl TEIUIOBOTO MOTOKA BHYTPH JIETANU B
BEPTUKAIILHOM HaIlpaBJICHUU.

MOBBIIEHUE Y®®EKTUBHOCTH OTIAEJOYHOMU OGPABOTKH
3YBYATBIX KOJIEC 3A CHET IPUMEHEHUA IMTPOI'PECCUBHbBIX
CIIOCOBOB OBPABOTKH

Jlaxun A.M., Harumssanos L. (kag. TM, /[onHTY, 2. /loneyx, Yrxpauna)

UuctoBasgs u oTAenoyHas oOpaboTka TOBEPXHOCTEH 3yObeB SIBISIETCS OJHUM U3
OCHOBHBIX 3TalloOB IPOU3BOJCTBA 3y0YaTBIX KOJIEC, MOCKOJbKY KadeCTBO IOBEPXHOCTEH
3yObeB BO MHOTOM OMpenenseT pabdoToCmocOOHOCTh  3yOuaTol — mepemayu, ee
sKcIutyataioHHele  xapaktepuctuku W KIIJI nepemaum. Taxke kadyecTBO OTAEIOYHOMU
ONpeNeNsaeT JUIUTEIbHOCTh OOKATOYHOIO MEpPHo/ia, KOTOPbI MPOXOAUT, KaK MPaBUio, MpH
HU3KHX peXUMax pabOThI.

W3 m3BecTHBIX CHOCOOOB OTAENOYHOW M YHCTOBOW OOpAaOOTKM 3yOUaThIX KOJIEC K
OCHOBHBIM MOXXHO OTHECTH 0OKaTKa, IIEBMHIOBaHWE, MpUpaboTKa, HUM(pOBaHNE, IPUTHPKA,
MOJIUPOBAHKE U 3yOOXOHUHTOBaHUE.

[Ipu oOkaTke CHMKEHHE MUKPOHEPOBHOCTEH U IMOBBIIIEHUE MEXAHUUYECKHUX CBOMCTB
3yOBbEB JIOCTHTAETCSl 3a CUET IUIACTHYECKON AeopMamuy MOBEPXHOCTHBIX CIIOEB MeTaslia
KaJeHBIMU JTAJIOHHBIMH KOJIECAMU-OOKAaTKaMH TIPU OOKATHIBAHWM HWMHU TIOJ JIaBJICHUEM
obOpabatsiBaemoro kojeca. [1] 3yOomeBHHroBaHNE peaan3yeTcss PU COTPSIKEHUU 3yObeB
oOpabaTbiBaeMoro 3y0OuyaToro kosieca ¢ 3yObsIMM MHCTpyMeHTa — 1eBepa. Ocu
00pabaTbIBa€MOTO KoJieca M LIEBEpa — MEPECEKAIOTCs, YTO CO3AET B3aUMHOE CKOJIbKEHUE
npoduei 3yduaToro kojieca 1 HHCTpYMeHTa. 3y0onum(oBaHUEe MOKET OCYIIECTBISTHCS KaK
METOJIOM KOTIMPOBAHWS, KaK M METOJOM OOKaTKH. 3yOonumidoBaHue yCTpaHIET BCE BHJIBI
MOTPEITHOCTe TapaMeTpoB 3yObeB. [lpuTupka, Kak crmoco0 OTAENOYHON 00paboTKH
3y04aThIX KOJIEC, SIBJIIETCS WCKYCCTBEHHBIH M PEryIMpyeMblidi MO BEJIMYHMHE U3HOC 3yObeB.
[TonupoBanue 3yObeB MpH pa3IMYHBIX CIOCOOAX, 3HAYUTEIBHO YIIyUIIaeT MUKPOTEOMETPHIO
OOKOBBIX TMOBEPXHOCTEH 3yObEB M NEPEXOJHBIX MOBEPXHOCTEH y MX HOXeK. OgHaKo 3TOT
croco0 0OBIMHO HEMEXaHW3MpPOBaH, U peanusyercs pabouuM, obecrieuuBasi KpaiiHe HU3KYIO
MIPOU3BOIUTEIHHOCTh MeTOAA. [1]

Hanbonee mnporpecCMBHBIM W yHUBEpPCAJIbHBIM METOJOM OTIEIOYHOM 00pabOTKH
3y0OUaThIX KOJIEC B HACTOSIIEE BpPEMs SIBISIETCS 3yOOXOHMHIOBAaHUE. DTOT CIIOCOO MO3BOJISIET
MOBBICUTH KJIACC YHMCTOTHI MOBEPXHOCTEH 3yObeB A0 7-8-r0 M 3HAYUTENILHO CHU3UTH IIyM
nepenaun. Ilpum 3yOoXOHMHroBaHMM C OOKOBBIX HOBEPXHOCTEH 3yObeB 3 (HEeKTHBHO
yAAIAIOTCS 3a00MHBI, 3ayCEHMIIbl, ClIeAbl OKaIMHBI M aApyrue naedexrsl. Kunematuka
npolecca 3yOOXOHMHIOBAHMS AaHAJIOTHYHA 3yOOIIEBUHIOBAaHUIO, OJHAKO B KauecTBe
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MHCTPYMEHTa BBICTyHaeT aOpa3uBHBIN 3yO0daThlii XOH, MPEACTaBISIONIMN coO0i 3yOuartoe
KOJIECO, BEHEI] KOTOPOTO COJIEPKHUT B OOJBIIOM KOJMYECTBE 3epHa aOpa3uBHBIX MaTEepPHAJIOB.
[Tpu 5TOM MOXeT OBITh UCTIOJIb30BaHa OJJHA U3 IBYX CXeM 3yOOXOHHMHTOBaHMS: C PaAHaIbHBIM
U C TaHTEHIMAJILHBIM Harpy>keHueM. B mepBom cimyuae oOpabaTtsiBaeMoe 3y0uaToe KoJieco
HaXoJUTCs B 0€33a30pHOM (TUIOTHOM) 3aLEIJIEHUU ¢ MHCTPYMEHTOM (XOHOM). DTO MO3BOJISIET
MPOU3BOJIUTH OJHOBPEMEHHYIO 00pabOTKy ABYX mpoduieil 3yOheB, TO €CTh BCEH BIAIMHEI.
[Tpu BeImoOIHEHNN 00pabOTKHU A 0OECTIeYeHNs] paBHOMEPHOTO N3HOCA HHCTPYMEHTA ¢ 00enx
CTOPOH I1eJeCO00pa3HO MEePUOINYECKH MEHSATh HAlpaBJICHHE BPAIICHUS XOHA, a TaKXkKe I
oonee 3dexTuBHON 00pabOTKH, 3yO0UaTOMy XOHYy MOMHMO BpPAIIaTEIbHOTO JBUKCHUS,
COOOIIAIOT  BO3BPATHO-NIOCTYMATENbHOE, ¢ HeOoybmoW ammautynoi.[2] Cxema ¢
TAQHTCHIIMAIBHBIM ~HArpy’XKEHHEM IpelyCMaTpUBAaeT COOOMICHHE TOPMO3HOTO MOMEHTa
3aroTOBKE TPU TMOCTOSSHHOM MEKOCEBOM DPACCTOSHHUHM MEXIY 3aroTOBKOM W XOoHOM. I[Ipm
JAHHOM CIT0CO0€ TPOM3BOIUTCS TOCIEI0BATEIbHAS 00pad0TKa KKIOW CTOPOHBI TPOQUISL
3y0a OTIEeNbHO, TOCIe KOTOPOH MEHSETCSl HalpaBJeHHWE BpAIICHUs 30HA M 3arOTOBKH, YTO
MeHee (D (PEKTHBHO MO0 CPABHEHUIO C TIEPBBIM CIIOCOOOM.

B kauyecTBe MHCTpyMEHTa MpH 3yOOXOHWHTOBaHUM NMPUMEHsETCs adpa3uBHbIE 3yOua-
ThIe XOHBI. Hanboubiee pacnpocTpaneHre B MPOMBIIUIEHHOCTH MOJYYWIIM XOHBI, 3y0OuaThie
BEHIIbI KOTOPBIX COCTOSAT M3 aOpa3MBHOTO MOPOIIKa (IJMEKTPOKOPYHAA HOPMAIBHOTO 3epHHU-
CTOCTBIO 32-4, 3JIeKTpOKOpyHAa O6enoro 3epHUCTOCThI0 M28-M 14, kapOuga KpeMHUS YepHO-
IO U 3€JI€HOT0 3€pHUCTOCThI0 32-M14, MOHOKOPYH/Ja 3€pHUCTOCTBIO 2-8) U CBA3KH — AIOK-
CHIIHBIX CMOJI. B KadecTBe CBSI3KM NMPUMEHSIOT Takxke (heHOIbHO-(OpMabIeTHIHbIE TEPMO-
peaxktuBHBIe cMOibl Mapku HP-30 ¢ Gompmmm (10 30%) coneprkanunem Kaydyka ¥ ApyTHe
AJIACTUYHBIE MAcChl (IIOJIUYIPUTAHOBEIE CMOJIBI M T.JI.) B kKadecTBe HaMoMHUTENS Ui TIpUAa-
HUA 3yObsSIM XOHA IOCTATOYHON MPOYHOCTH, MHOTAA UCTIOJIB3YIOT MPECC KOMIO3UIMU CO CTEK-
JIOBOJIOKHOM. TBEp/IOCTh XOHOB 3€pHUCTOCTHIO 5 U KpyIHEe JT0bKHA ObITh B mipeaenax CTS-
T2. X0HBI 3¢pHUCTOCTHIO 4 U MeHEee T0DKHBI uMeTh TBepaocth CT1-CT2. [1]

B mamumHOCTpOoeHHH nporiecc 3yOOXOHMHTOBAaHHS HCHOJB3YETCS B IMPOU3BOJICTBE
3aKaJIeHHBIX 3y0uaThIX Kojec ¢ MoayseM 0,5...6 mm.

Takum o00pa3zoM mporiecc 3yOOXOHMHIOBAaHUS B OOJIBIIMHCTBE CIIy4aeB MOXKET
YBEIMYUTh MPOU3BOJAMTEIBHOCT M CHU3UTh TPYJIOEMKOCTh oOlepanuil 3y0000paboTku,
MOCKOJIBKY TIO3BOJISIET N30€KaTh IIMTENBHBIX U Maod()()EeKTUBHBIX YHCTOBBIX M OTIEIOYHBIX
omeparuii mo o0padoTKe 3y0UaThix KOJec.

Coucoxk autepatypbl: 1. I'ymuma 3. H. TexHonorusi OTIENOYHBIX OTEpaIHid
3y0000pabOTKH MUIUHAPUYECKHUX 3y0uaThiX Kojec. — JIbBoB: «Buia mkomay», 1977. — 168c.
2. Taiin b.A. IIpousBoacTBo 3y6uaThix kojec. M.: «Mammunoctpoenue» 1975 r.- 512c.

OCOBEHHOCTHU MAPHIPYTU3ALINUN
W3IEJWHN B PASBETBJISIOIIUXCS IOTOYHO-IIPOCTPAHCTBEHHBIX
TEXHOJOI'MYECKHUX CUCTEMAX

MuxaiisioB A.H., Kapabi6anckuii O.C., 'utynn Axmen
(xagp. TM, Jlonl TV, 2, [loneyx, Ykpauna)

OYHKIIMOHUPOBAHUE TOTOYHO-IPOCTPAHCTBEHHONW TEXHOJIOIMYECKOM cucteMbl [1]
MPEACTABIISIET COOOM CIIOXKHBIM MPOIECC, KOTOPHIN 3a7aeTCsl €€ CTPYKTYPOH U OIpeAesseTcs
KaK MHO>KECTBO MOCJIE€0BATEIbHBIX BO BPEMEHH COCTOSIHUH MHOXECTBA OJIOKOB TE€XHOJIOTH-
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YECKOTO BO3IEUCTBUS (97eMeHTOB). VX (pyHKIMOHUpPOBaHUE — 3TO CTAaOWUIIBHASI CIIOCOOHOCTH
K IeJICHATIPABICHHBIM TEXHOJOTHUECKUM BO3JEHCTBUSAM OPYIUM U cpeAcTB oOpaboTku (0110-
KOB TEXHOJIOIMUYECKOI'O BO3AECHCTBUS) HA U3/ENNUs, BBIIIOJHAEMbBIX B COOTBETCTBUM CO CTPYK-
TYpPOM TEXHOJIOTUYECKON CUCTEMBI 10 3aJAHHOMY AJITOPUTMY .

[ToToyHO-IPOCTPAHCTBEHHAS] TEXHOJIOTUYECKAsE CUCTEMa HEMPEPBIBHOTO JeUcTBUS [1]
OOBIYHO COCTOUT M3 OOJIBIIOTO YHUCA MOJCHUCTEM M TEXHOJOTUYECKHUX 3JIEMEHTOB (OJOKOB
TEXHOJIOTUYIECKOTO BO3JIEHCTBHA), CTPYKTypa KOTOPOil cpoutcs Ha 0aze MHOTOMEpHBIX Cy-
neprpyn (puc.l). DTo BbI3bIBAET CIOXKHBIN Mporece GyHKIHOHUPOBAHHS TAKOW TEXHOJIOTH-
YECKOW CUCTEMBI, KOTOPBIA IIPOSABIISIETCS BOSHUKHOBEHUEM CIIOKHOM CTPYKTYPbI MaplIpyTOB
JBHKEHUS M3/1€JIMH 10 MO3ULUSAM U NOACUCTEMAaM TEXHOJOTruuecKkoi cuctemsl. IIpu a3Tom on-
peneneHrue W yIpaBlIeHHE TOKa3aTelsiMH KadecTBa (DYHKIIMOHMPOBAHUS TOTOYHO-
NPOCTPAHCTBEHHON TEXHOJIOTMYECKON CHCTEMBI HEBO3MOXKHO 0€3 MCCIIEIOBAaHUS MMapaMeTpOB
MapupyTu3anuu uaenuid. [loaTomy B naHHOM B paboTe BHITIONHSIOTCS HCCICIOBAHUS, CBSI-
3aHHBIE C OMNpPEACICHUEM OCHOBHBIX IAapaMETPOB MapLIPyTH3aUUM U3IEIUA B IOTOYHO-
NPOCTPAHCTBEHHBIX TEXHOJOTMYECKUX CUCTEMAX C Pa3BETBIIAIOLIMMUCA NOTOKAMHU M MMEIO-
IIMX MHOTOMEPHYIO CTPYKTYpPY OJIOKOB TEXHOJOTHYECKOTO BO3ACHCTBUS.

B pabote [1,2,3] pemeHsl BONPOCH! ONpeneieHls mapaMeTpoB MapIIpyTH3aMU H3/EIUi B
IIOTOYHO-IIPOCTPAHCTBEHHON TEXHOJOTHYECKOW CHUCTEME, CTPYKTypa KOTOPOH OIMCHIBAETCS
MHOTOMEPHOW CYNEpIpynIol U HMMEKIIEH OJMH BXOJHOW M BBIXOAHOW IMOTOK W3IEIHM.
MoXHO 3aMeTUTh, YTO ONPEJCIICHUE NMAapaMEeTPOB MapIIPyTH3aLMU U3AEIUN JJIsI HOTOYHO-
MPOCTPAHCTBEHHOUN TEXHOJOTUYECKOW CHCTEMBI C TIOMOIIBI0 OOBIMHOM anreOpsl rpym [4] He
MIPE/ICTABISIETCS.  BO3MOXK-
HbIM. [ToTOMy B padore [1]
paspaboTraHa MHOTOMEp-
Hasi anreOpa TPYMIBI, TO-
3BOJIIIOINAS  OIPENEIUTh
napaMmeTpbl MapuipyTH3a-
LMY U3JEJMH, NPOXOAs-
IMX 1[0 MHOIOMEPHBIM
cymeprpynnamM M Ipea-
CTaBISIONINX COOON 3aMK-
HYTbIE pEKyppEeHTHbIE
MHOTOMEpPHBIE TPYIIHI.

Cyneprpymma (puc.1)
MHO>KECTBa Aj AJIEMEHTOB
(67IOKOB  TEXHOJIOTHYEC-
KOIr'o BO3/EHCTBUS) HOPsA-
Ka Vi COCTOUT U3
MHO)XECTBa p-TO KJjacca
nojacucreM  A;, mnopsaaKa
Vip, Kaxaas M3 KOTOPBIX
TaK’K€ COCTOMT M3 MHOXECTBA (p-1)-TO Kiacca MOJACHCTEM Ajp-;) TOpPAAKa Vip.1) (Oomee
HHU3KOI'O KJjlacca), KOTOPbIE TaKXKe COCTOSIT M3 MHOYECTBa IMOJCUCTEM elle 0ojiee HU3KOTO
KJjlacca, U TaK Jajee, MpUYeM MOCIEeIHNE MOJACUCTEMBI COCTOSIT YK€ U3 JIEMEHTOB (OJIOKOB
TE€XHOJIOTUYECKOTO0 BO3JEHCTBUS). 31€Ch CJIEIyeT OTMETUTh, YTO MHOKECTBO IMOJCHCTEM
KaXJ0ro Kjacca B IOTOYHO-NPOCTPAHCTBEHHOM TEXHOJIOTMUECKONM CUCTEME SBIISETCA
3aMKHYTOM PEKYPPEHTHOW LUKINYECKON IPYMIION, Ka)kaas U3 IMOJCHCTEM KOTOPOH B CBOXO
oYepeb SBIAETCS 3aMKHYTON pPEKYPPEHTHOM HMKIMYECKON IPYyIIION, U Tak aainee. To ecTh B

Puc.1. CtpykTypa MHOTOMEpPHOU Cyneprpy bl
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Cyleprpynmne CymecTByeT MHOIOMEPHOCTh IOCTPOCHMs 3JeMEHTOB. Ilopsaok moacucrem
MHOT'OMEPHOMU CyIIeprpyIIIbI ONPEAEIISIETCS MHOKECTBOM:

il,viz’...,vw},

e V;; HOPSIOK MOJACHCTEMBI Kk —ro Kiacc;

v, ={v

P - YUCIIO KJIACCOB IIOJCUCTEM CYIIEPIPYIIIILL.
MoOXHO 3aMeTHTh, 4YTO OTOOpaKCHHE OJHOMEPHBIX TIpymm, Hampumep A; Ha

A; Moxer ObITh Tpex THOB [5] (puc.2):

- HHBEKTUBHOE 0TOOpaxkeHue (puc.2, a);

- OuekTuBHOE 0TOOpaxenue (puc.2, 6);

- CYpBEKTHBHOE 0TOOpaXkeHue (puc.2, B).

OcHOBHBIE TMapaMeTpbl JTUX OTOOpPaKEHMH Ui OJHOMEPHBIX IMKIMYECKUX
PEKYPPEHTHBIX TPYIIT MOTYT OBITh HAWACHBI C TOMOIIBIO anreOpsl rpym [4]. C TOUKH 3peHust
MapUIpyTH3alMK  W3JENUHA B TEXHOJOTUYECKUX CHUCTEMax HEIMpPEpPBIBHOTO JIEHCTBUSA,
BBITIOJTHEHHBIX Ha 0a3e pOTOPHBIX WIM POTOPHO-KOHBEHEPHBIX JHHHUH [6], oTOOpakeHus

A: A A MHOKECTB  (pUC.2) MOXXHO BBIpa3uTh C
@ @ 0 MOMOIIBIO CIIEIYIOLUX BUOB MapLIpyTH3ALUH
W3 1EIHI:
- pocTas Mapupytuzanus (puc.2, a);
- HeToJIHas MapupyTuszanus (puc. 2,0);
- CJIOKHAsE MapIipyTu3ays (puc.2, 0).

: H Ecm  wmuoxectBa A, u A4,
. . ®/ @ MPEICTABIISIIOT coboit MHOTOMEPHBIE
9 ) £) pPeKyppeHTHble cyneprpynmsl [1], To Mexny
Puc.2. OrobpaxkeHus: MHO)ecTBa A; KOKIBIM  KJacCOM  TIOJACUCTEM  MOXET
B A JeicTBOBaTh ~ OAHO M3  TpeX  THUIIOB
a — UHBEKTUBHOE, 0 — OMEKTUBHOE, OTOOpa)KEHUM, YUCIO KOTOPHIX OyIET paBHO
B - CYPBEKTUBHOE KOJIMYCCTBY KJIaCCOB IIOACHUCTEM

cyneprpynnbl.  OOIee 4YHCIO BO3MOKHBIX
pa3IMYHBIX  KOMITO3UIMH  OTOOpakeHWH B
CyHeprpyIe o Kjiaccam MOJICUCTEM ONpeesieTcs no GopMmyJie:

— P
S =3,
rae p; - YHUCIO KJIAacCOB MNOJACHCTEM i — M CyNEpPrpymmbl MOTOYHO-NPOCTPAHCTBEHHOIO

TE€XHOJIOTUYECKOTO MOIYJISL.

MOXHO OTMETHTh, 4YTO KOTJa B3aUMOJCHUCTBYIOIIME COCEJHUE MOTOYHO-
NPOCTPAHCTBEHHBIE TEXHOJOTHYECKHE MOJYJIM MMEIOT TOJBKO OJHMH BXOJHON M BBIXOTHON
NOTOKM W3JIENUi, TO 3[eCh MapaMeTpbl OTOOpPaKEHWH OMPENeIIIOTCS Ha OCHOBaHHHU
METOJMKH MpHUBEIeHHON B pabdoTax [1,2,3]. OgHako Ha MpaKTHKE BO3MOXKHBI CIydau, KOrjaa
MOTOYHO-MIPOCTPAHCTBEHHAs] TEXHOJIOTMYECKash CHCTeMa MMEET CJOXKHYI0 CTpPYKTYypY,
BBITIOJTHEHHYIO B BHJIE CYTIEPTPYII, COJAEPIKUT HECKOJIBKO BXOJIHBIX WM BBIXOJHBIX TTOTOKOB
u3genni. OTo O0COOEHHO 4YacTO BCTpeYaeTcsi Ha MHOTOHOMEHKIATYPHBIX U COOpPOYHBIX
TEXHOJIOTUYECKUX CHUCTEMaxX. 3aMeTUM, YTO JJIsi TEXHOJIOTUYECKHX CHCTEM COCTOSIIMX U3
OJTHOTIMKIIMYECKHUX TPYIII ¥ UMEIOIIHX HECKOJIBKO BXOHBIX MM BBIXOJIHBIX TIOTOKOB M3/1EHI
napaMeTpbl OTOOpaXeHUH 3JIEMEHTOB IpyIn (MapaMeTpbl MaplIpyTHU3allMU) ONpEeeHbl B
pabore [7]. Ilpu 3TOoM ompeneneHue mapaMeTpoB MapIIPyTU3aLUH H3AEIUNA B MOTOYHO-



48 IIporpeccuBHble, cieNHAJbHbIE U HETPAAUIIUOHHbIE TEXHOJIOTHH

IPOCTPAHCTBEHHBIX TEXHOJIOTMUECKHUX CHCTEMax, C Pa3BETBISAIOIIMMUCS NOTOKAMHU H3ZEINi,
SABJICTCA KpailHe HEOoOXOAMMOHW 3amadeil IJisl W3y4YeHHs M YIPaBJICHUS WX MPOIECCOM
¢yskumonupoBanug. IlosTomy pmanee NpUBOAMTCS pEIICHWE 3TOM mpobiembl Ha Oasze
pa3paboTtanHo# B paboTe [1] MHOrOMepHO# anreOpbI TpyIIIL.

Ha puc.3 rmnoka3ana runorernyeckas MOJENb  IOTOYHO-NIPOCTPAHCTBEHHOMN
TEXHOJIOTUYECKONW CHCTEMBI C Pa3BETBIIAIOIIUMUCS MOTOKAMH M3JEIUi. 31€Ch IPEICTaBICHO:

V - BXOH W3IENuiA, WZ{WI,WZ,...WH}- 0000LIEHHBIM BLIXOJ H3Aeuil, A — BXOIHOI

MOTOYHO-IIPOCTPAHCTBEHHBIM TEXHOJIOTHUECKUM MOYJb (BXOJHAasE MHOTOMEpHasi 3aMKHYTas
peKyppeHTHas CyneprpyIa 31eMeHToB (6JO0KOB TEXHOJIOTHIECKOTo BO3ACHCTBHA)), B, - i-it

BBIXOJTHOU IIOTOYHO-IIPOCTPAHCTBEHHBIN
TEXHOJIOTHYECKUN MOAYJIb (i— BBIXOJHAsE MHOTOMEpHas
3aMKHyTasi PEKyppeHTHasi Cymeprpynmna 3JIeMEHTOB
(OJI0KOB TEXHOJIOTHYECKOTO BO3ICHCTBHUA)), 1 - OOIIee
YHUCJIO BBIXOJHBIX TEXHOJIOTUYECKUX MOJIYJICH.

3amaquM  MHOTOMEPHYIO  CTPYKTypy OJIOKOB

TEXHOJIOTHYECKOT'O BO3I[€I>10TBI/I$I BXOIHOTO
TEXHOJIOTUYICCKOI'0O MOAYJIA CIICAYHOIUM MHOKCCTBOM:

A=y, Ay s Ay Ay Ay . (1)
31ech:

Ap = {A(p_])] ’A(p—l)Z"“’A(p—l)up };

Puc.3. T'umoretuueckosa Mo-

eJlb MOTOYHO- — .
pi | . Ap—l {A(p_z)l,A(p_z)z,,A(p_z)u(pil) },
IIPOCTPAHCTBEHHOM TEXHOJO-
TMYECKOl CHUCTEMBI C He- e o o o o o o o o o o
CKOJIBKMUMH BXOJHBIMH HITH
= : 2
BBIXOJIHBIMU MMOTOKAMHU H3]IC- Ay {A(k—l)l’A(k—l)z’ ’A(k—l)“k I8 (2)

b))% 071 e © e o o o o o o o o
A2 - {All’AIZ""’Aluz },

4, = {all’aIZJ""alul },

rae A, — MHOKECTBO MOJIcucTeM (k-1)-To Kilacca B MOJACUCTEME k-TO Kilacca;

A(k—l)n - n-s1 moacucteMa (k-1)-ro Kjacca B MoJACUCTEME K-TO Kjlacca;

Uy - IOPSIOK MHOXKECTBA Ay;
ajm — m-1 DJIEMEHT MHOXKECTBA A .
MHoxkecTBO B comepKuT ciaeaywuue moacucTeMbl
B=1{B,.B,,...B,} 3)
31ech:
Bi = {Bipi N Bi(p[ _1) gesey Bl'k[ ,...,Biz ’Bil } , (4)
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Biy, =1Bi(p; -1 Bitp; -2+ Bicp, -1y, 13
Bitp,-1) = Bi(p; 21 Bip, =202+ Bi(p, -2y 1y 1
[ ] [ ] [ ] [ ) [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]

By = {Bi(k,»—l)laBi(k[—1)29'“9Bi(k,~—1)vkl. % )
[ ] o [ ] [ ] o [ ] o [ ] [ ] (] [ ] [ ] [ ]

B = {Bz‘ll’Bz‘12""9Bi1vkl. K
B = {billabilza---abilvi s

rae B; - i-s mogcuctema Muoxecta B ;

1 - YUCJIO BBIXOAHBIX TECXHOJIOTHYCCKHUX MOHYHGﬁ;

Bi(k—l)n - 1}~ - moJicucTeMa (k -1)-ro Kjacca B MOJICHCTEME K-T'O Kjacca MHOXKECTBa i—TO
BBIXOJTHOTO TEXHOJOTUIECKOTO MOJTY IS,

Vii- TIOPSIOK MHOXKecTBa B ;

b.

i1 - M-¥ SIEMEHT MHOXecTBa By ;
D; - YMCIIO KJIACCOB MOJICHCTEM MHOXecTBa B; ;

B cucremax ypasuenwit (2) u (5) oOmmii mopsiiok 6JIOKOB TEXHOJOTUIECKOTO BO3/EH-
CTBHUS MHOX€ECTB A U B,‘ OnpeaACIsICTCA BbIPpAKCHUSAMMU!

p
u= Huk, (6)
k=1
p
v =[Tvg- (7)
kl_l

MOXHO OTMETHUTH, YTO B ClIy4dae, KOTJa OJUH U3 MOTOYHO-NPOCTPAHCTBEHHBIX TEXHO-
JIOTUYECKUX MOJMAYJIEH TE€XHOJOTUYECKON CHCTEMBbl UMEET OJIHOMEPHYIO 3aMKHYTYIO CTPYKTY-
py, To Bolpakenus (1) u (4) npUHUMAIOT CIEAYIONIUE 3HAYCHUS

A= {Al }»
B; = {Bil }

I[Jlﬂ pCHICHI/Iﬂ I[aHHOfI 3aa4u 3a1aIUMCs HaYaJIbHBIMU YCJ'IOBI/HIMI/II

1.IToToYHO-TIPOCTPAHCTBEHHAS TEXHOJOTUYECKAsI CHCTEMa COCTOUT M3 OJHOTO BXOJI-
HOI'O TEXHOJIOTHUYCCKOTO MOIIYJISI " n BBIXOJHBIX, CprKTypa KOTOpL]X OHpeIleJIﬂeTCH MHOXC-
ctBami (1), (2) u (3), (4), (5) umm (1),(2), (3), (4), (5) mgactuuno (6), (7).

2. [IpoHyMepyeM 3JIEMEHTHI U MOJACUCTEMBI BXOJIHOTO TEXHOJIOTMYECKOIO0 MOAYJIS: B
nojacucremMe A; [-ro kiacca MO3UIMH JIEMEHTOB [,2,...,7y,...,u;; B TIOACUCTEME A, 2-TO
KJIacca Mo3uluu mnojcucrteM 1-ro kmacca /,2,...,12,...,u2;...; B TIOJICUCTEME A;-TO Kjacca Io-
3unmy noacucteM (k-1)-ro xmacea 1,2,...,1, ..., U, ..., B HIOJCUCTEME A, p-TO KJacca MO3HLIUHA
noacucteM (p-1)—ro xiacca 1,2,...,17p, ..., Up.

3. [IpoHyMepyeM BBIXOHBIC TEXHOJIOTHUECKHAE MOy 0003HAYaEMbIC
MHO’KECTBOM B ClIey IOIUMH TO3UIUsIMU 1,2, ..., 1, ...,1.

4. IlpoHymepyeMm 3JIeMEHTbl U MOJCUCTEMBI i—TO BBIXOJHOI'O TEXHOJIOTHUYECKOTO MO-
IyJIsl: B IOJCUCTEME B;; [-T0 Kilacca MO3UIHUU YJIEMEHTOB 1,2, ...,1;....,v;; B moJcucteme B;; 2-
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ro Kjacca TO3HMIMHU TojacucteM [-ro kmacca [,2,..,7,..,v2...; B moiacucteme By k—ro
1
Kjacca no3uiuu mojacucreM (ki—1)-ro kmacca 1,2,..., 7, ..., Vi, ..., B IOJCHCTEME Bl-p' pi—TO
1
KJIacca MO3ULMHU NojIcucTeM (p;i—1)-ro kiacca 1,2, ..., Ny, Vp, -
1 1

5. 3amagumcs TeM, YTO NEPBBIA MapLIPyT MNPOXOAMT IO MEPBBIM MO3ULIMUSAM 3JIEMEH-
TOB U IIOACUCTEM KaXKI0I'0 Kilacca.
6. [lo3unuy 1 NMoACUCTEMBI Ka)KJJOTO KJlacca SBJIAIOTCS 3aMKHYTBHIMU PEKYPPEHTHBIMU

noCiaca0BaTCIbHOCTAMU.
7. 3genus ¢ BXOJHOTO TEXHOJOTHYECKOTO MOAYyJId MOCJICAOBATCIIBHO IMOOYCPCAHO
MOCTYIIaroT B ],2, .., ...,71 BBIXOJIHBIC TEXHOJIOTUYECKHE MOOYJi, 3aTCM  HHKJIbI IOBTOPAIOT-

Ci.

Jns  HaxoXICHUS  MapamMeTpoB  MapUIpyTH3allMM  M3JEIMA B TOTOYHO-
NPOCTPAHCTBEHHBIX TEXHOJOTHYECKUX CUCTEMaX C Pa3BETBIIOMIMMUCS TIOTOKAMH WU3/CIUI B
paboTe mpeycMaTpUBAETCS BBITIOJHUTE CIIEAYIOIIEE:

- HalTH OOIIee YNUCIIO PA3IMYHBIX MApUIPYTOB JBM)KEHHS M3ICIHA 10 MO3UIHUAM TeX-
HOJIOTHYECKOM CHCTEMBI;

- YCTaHOBUTH YHUCIIO M3JIEJIUH, MOCIE MPOXO0KIECHHUS KOTOPBIX B TEXHOJIOTHYECKON CHC-
TEMe 3aBEPIIACTCS MOJTHBIA KMHEMATHIECKHUNA UK IBUKEHUS €€ DJIEMEHTOB U MOJACHCTEM, TO
€CTh CITy4aid KOTJla BCE TIO3UILNH U MOJICUCTEMbI TEXHOJIOTHYECKONW CUCTEMBI BO3BPAIIAIOTCS B
MCXO/IHOE T0JIOKEHHE;

- ONpEIENTUTh HOMEpa MO3UIHIA HJIEMEHTOB U MOJICUCTEM TEXHOJIOTUYECKON CHUCTEMBI
10 KOTOPBIM MPOXOIUT MAPIIPyT JFOOOT0 HOMEpa U31eIHs;

- OTIPEJICIUTH YHUCIIO TO3UIMK 3JIEMEHTOB TIOJICHCTEMBI 1-TO Kilacca BXOJHOTO TEXHO-
JOTHYECKOTO MOJYJISl, ¢ KOTOPBIMU B3aUMOJECHCTBYET (PHMKCHPOBAHHAS MO3HIHS JIEMEHTOB
MOJICUCTEMBI |-T0 Ki1acca i— T0 BBIXOAHOTO TEXHOJIOTHIECKOTO MOYJISI CUCTEMBI.

Pemrenne 3Tux 3amad SIBISAETCS OCHOBOW OMPENETICHUS MapaMEeTPOB MapIIpyTH3ALUH
U3/CNHA B Pa3BETBISIONINXCS TIOTOYHO-TIPOCTPAHCTBEHHBIX TEXHOJIOTUIECKUX CUCTEMax, 0e3
3HAaHUI KOTOPBIX HE MPEACTABISIETCS BOSMOKHBIM BEICHUE YIIPABIICHHS ITOKA3aTeNIe KauyecT-
Ba BBIITY CKAEMBbIX W3/ICIHH.

Hcnonp3ys mpemioxeHus, TeopeMbl U GopMysIbl MHOTOMEpPHOH anredpsl rpynm [1]
oOmiee 4HciI0 pa3IMYHBIX MapIIPyTOB JBIKCHUS W3ACTHS IO TMO3UIMAM TEXHOJOTHYECKON
CHCTEMBI C Pa3BETBIIONIUMHUCS MOTOKaMHU OyAeT ONpeAessiThCS HAa OCHOBAHUH CIIECTYFOIINX
BBIPAKCHUM:

n V4
N, =2 HOK| G, [ v |;
i=1 k=1
p (8)
HOK| [Ju,n

k=1
G= ,

n
ne — N; oO1iee 4HCiIo pa3IUdHBIX MapIIPyTOB JBHKEHUS U3EIHMA MO MO3UIMSIM TEXHOJIOTH-
YECKOU CUCTEMEI,

Pi
HOK| G,][v; |- nanmenbuee oGmee kpaTHOE ABYX 4HCENL
1
kizy
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IIpu 3TOM KOIMYECTBO M3IEIHM, MOCIE MPOXOKICHHUS KOTOPBIX, B TEXHOJOTUYECKOU
CHCTEME 3aBEPIIACTCS IMOJHbIA KMHEMAaTUYECKUN IUKJI JBUKECHUHN €€ 3JIEMEHTOB U MOJICHUC-
TEM, OTIPEICTISIETCS TI0 CIISAYIONIeH hopme:

Pi P2 Pn

N, =nHOK| G, HOK| [] vg, I1 viyors [1a |} )

k=1 ky=l k, =1

B nomnyuennoii popmyie (9) Benmmunna G BBIYHUCIIAETCS HA OCHOBAHUHU BhIpakeHHS (8).
Homepa no3unuii 31eMEHTOB U MOACUCTEM TEXHOJIOTMUECKON CHUCTEMBI, 10 KOTOPBIM

IPOXOJUT MapuIpyT S; JIOO0TO U3AENUS ONPEACISIETCd HA OCHOBAHMU CIEAYIOUIMX CHUCTEM
YPaBHCHHUI:

- JJI1 BXOAHOT'O TEXHOJOTHUYCCKOI'0O MOAYJIA

Sy=myu, +1,;
I”p
Mmy_1+ =M plp-1) TTp-1)>
p
Yot
Mp 1+ =M nUp-2) T p-1)> (10)
e

v
m2 +—2=m1u1 +7”1,
2

- JUIS1 I—TO BBIXOJHOT'O TEXHOJOTHUYECKOIO MOAyJid
S, =m,n+i,

[

mn +g:mpivpi +7"pi;
rp,
1 — .
mpi + 5 _m(Pi—l)V(Pi—l) +r(19i—1)’ (11)
Di

"
m2 +_:m1V1 +7"1,
2
rae S— HOMEp U3ENHUs MOCTYNAIONIEr0 B TEXHOJIOTHUECKYIO CUCTEMY;
My, My~ TeTbIe YUCIIA, TPECTABISIONINE TOBTOPSAEMOCTh IIMKJIOB MO3UIMKN moacucTeM (k-1)-
ro WM (k;-1)-Tro Kjlacca B MOJICUCTEME K-TO WJIH K;—TO KJIAcCa BXOJHOTO WJIM i—TO BBIXOHOTO
TEXHOJIOTHUYECKOTO MOIYJIS;
Tk, Vki - HOMEp TO3UIUHU TMOJCUCTEMBI k-TO JIM K;-TO KJacca BXOJHOTO WM [-TO BBIXOJIHOTO
TEXHOJIOTHYECKOTO MOJYJIS, COCTABIISIOIINI MAPIIPYT ABWXKEHUS S; U3ACIHS.
Crnenyer uMeTh BBHIY, YTO TPHU BBIUYHUCICHHM TAPAMETPOB IO CHUCTEME YpaBHEHUI
(10) Heo6x01MMO YTOOBI BHITIOJIHSIIUCH CIAEAYIOITUE YCIOBUS:
-JUJIS IPAaBOY 4aCTH ypaBHEHUH
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eci 1= 0, TO 7 = uy;
- U1 JIEBOM 4aCTU YpaBHEHUU

eciu 1, =0, T0E, =uy;
eciu 7, =010&, =a.

s cucrembl ypaBHenuid (11) He0OX0 MO, 9TOOBI TAaKXKE BBITIOJNHSIIUCH CIICTYOIINE
YCIIOBHUSA:
- U1 IPABOY YaCTH ypaBHEHUMN

ecim =0, T0i=n,

eciu 7, =0, 107 =V
- U1 JIEBOM 4aCTU YpaBHEHUU

ecmt i=0,T08 =n;

ecit i =b, 10& =b;

ecin 1, =0, T0S, =V ;

CCIH 1 =C,TOG) =C.

UYucno mo3unuii 31€MEHTOB MOJACUCTEMBI 1-ro Kiaacca BXOIAHOIO TEXHOJOTHYECKOTO
MOJIYJIs ¢ KOTOPBIMU B3aUMOJICUCTBYET (PMKCHPOBAHHAS MO3MIMS JIEMEHTOB IOICUCTEMBI |-
ro KJIacCa i—TO BBIXOAHOTO TEXHOJIOTMYECKOIO MOMYJIS ONPEAEIIEeTCsS Ha OCHOBAHUU HAXO0X-
JIeHUsI TOPsIJIKa HOPMAJIBHOTO AenuTens [1] u BepaskaeTcs cleayomuMu GopMyIaMu:

P
HOK| [ug,n
n
b
HOK| R, ] Vi,
k; =1
RZ = P, )
H"ki
kiz

rae Ri— 4ucio MO3UIMK AJIEMEHTOB MOJCUCTEMBI 1-ro Kjacca BXOTHOTO TEXHOJIOTHYECKOTO
MOJYJISI C KOTOPBIM B3aUMOJIEHCTBYET OJIMH BBIXOIHOM TEXHOJIOTHUECKUI MO TYJIb;

Ro-4ncio mo3unmi 31€MEHTOB MOJCUCTEMBI 1-r0 Kjlacca BXOJIHOTO TEXHOJIOTHYECKOTO MOJTY-
751 ¢ KOTOPBIMU B3aUMOJCHCTBYET (DMKCHPOBAHHAS TO3UIMS AJIEMEHTOB MOJCUCTEMBI 1-TO
KJIACCa i—TO BBIXOIHOT'O TEXHOJOTHYECKOTO MOJIYJIS.

Taxum 00pa3om, pa3paboTaHHBIN NOJIXOJ U MpeagaraeMblie pOpMyIIbl, OJTyYEHHbIE Ha
OCHOBE MHOTOMEpPHOW aireOpbl rpymi [1], MO3BOJSIOT ONMpEAeTUTh OCHOBHBIE MapaMeTPhI
MapHIpyTH3AIUN U3/ACIUNA B Pa3BETBISIONINXCS MOTOYHO-TIPOCTPAHCTBEHHBIX TEXHOJOTHUYE-
CKHX CHUCTeMaxX. A 3TO JaeT BO3MOXKHOCTh YIPABISATh MOKA3aTEIIIMU KaueCTBA N3TOTOBJICHHUS
U3JIeTN 1 (PYHKITMOHUPOBAHUSI TEXHOJIOTHUYECKUX CHUCTEM, MOBBICUTh YPOBEHb aBTOMATH3a-
[IUU TIPOM3BOJICTBEHHBIX MPOIIECCOB HAa 0a3€ TEXHOJIOTHUECKUX CHCTEM HETPEPBIBHOTO JEHCT-
BUS.



