HU3BECTHUI

TOMCKOT'O OPJIEHA TPYJIOBOI'O KPACHOI'O 3HAMEHHU MNOJIMTEXHUYECKOT®
HHCTUTYTA um. C. M. KHPOBA

Tom 155 A : 1968

MOJEJIUPOBAHUE BO3MYIZAIOHIUX CHJI

A. B. TPUXAHOB, B. M. PA3UH

(ITpeacraBnena HayyHBIM CeMHHApOM (aky/abTeTa aBTOMATHKH U BBIYHCJIHTEILHOH TEXHHKH)

AHanu3 B3aUMOCBSI3W BHYTPEHHHUX BO3MYLIAIOIIUX CHJ C JIBHKEHHEM
KOpIyca, yJlapHHKa, a TakKxKe HHCTPyMeHTa MHEeBMAaTHUECKOro MOJIOTKA IIO-
Ka3blBaeT, 4YTO B TeX CJyyasX, Korja pabouyuil HHCTPYMEHT MOXKHO CUHMTATh
HEeIMO/IBHKHBIM, TIPU H3yueHHUH BUOpaluM Kopnyca HeT 0co6oii HeoGXOAHMO-
CTH pacCMaTpUBATh JABHKEHHE yIAaPHHUKA.

JI1s1 MHOTHMX KOHCTPYKUHI B 3THX CJydYasiX BO3MYIIAIONIHE CHJIBI, Jei-
CTBYIOLIlME HAa KOPIYyC MOJIOTKA, BO3MOKHO 3a74aBaTh B BHIE MepPeMEHHbIX
nepuoaHYeckuX (YHKIHH, HE 3aBUCSAIINX OT JABHXKEHHUS KopIyca.

Becbma BaKHBIMH SIBJSIIOTCS HCC/AEJOBAHMSA JIBHXKEHHS KOpryca TIpH
pasuuHbIX GOpMax BO3MYLIAIOUIUX CHII.

[Ipun pemeHun HenuHeliHOrO Aud@epeHUnaTbHOTO ypaBHEHHS JBHIKe-
HHUsI KOPIlyca MEeTOJO0M MaTeMaTHYeCKOro MOJAe/JHMPOBAaHHUS BO3HUKAeT Heol-
XOJHUMOCTb BOCIIPOM3BEAEHHUsI Pa3JuYHBIX (opM BO3Myllawmux cujia. Heko-
TOpbie OrpaHHYeHHble BO3MOXKHOCTH B 3TOM HamNpaBJ/JeHUH UMeeT HU3KOua-
CTOTHBIIl TeHepaTop nepuoauyeckux kosaebanuil. Hanpumep, reHepatop Tuna
HI'TIK-3 [1] cay:kuT nnasi co3fpaHusi 3JEKTPUUECKUX KoJaeOaHHil TOJbKO cJe-

g
AyIOHIUX (OpPM: NPSIMOYTOJbHBIX (CO CKBaXKHOCTbIO, paBHOM 5 ), MHI1006-

PasHbIX, TPEYTOJNbHBIX, & TAKKe CHHYCOUAJbHBIX.

[Ipu mccienoBanusix TpeGyercsi peann3oBbIBaTh Gojiee MWHPOKUH KPyr
pasMuHbBIX (OPM BO3MYLLAIOLUIHX CHJI.

Hamu npeasmoxkeno Aas 3THX IleJeil HCHOJb30BaTh OJOKH MepeMeHHBIX
K03(ppuurenToB, 0ObIYHO BXOJSIIIUX B COCTAB 3JEKTPOHHBIX MOIEIUPYIOMIHX
ycranoBokK. OJIMH Nepuoj BO3MyILIAIOUledl CHJbl BOCNPOU3BOAUTCS MYyTEM
VMHOXKEHHS MOCTOSIHHOTO HANpPS2KeHHs] Ha NepeMeHHbIl Ko3(pQuIHeHT, rpa-
(UK KoToporo cosmnajaaer ¢ (GopMmoii Boamyllaiouleil cuabl. Kak H3BeCTHO,
rpaguk InepeMeHHOTO Ko3dhdulmeHTa anmnpoKCUMHPYETCSl C TMOMOIIbIO
CTYyIEHYaToll KPUBOH M HabHpaercs Mo ONOPHBIM TOYKaM HaOOpHOH CETKH
Ha IJIOCKOCTH, KOODJHHATHBIMH OCSIMH KOTOPOH SIBJASIIOTCS OCb BpPeMEHH
H OCb BeJIHUHH IepeMeHHOro koadduuuenta. HabGophasi ceTka mosayuaercs
nyrem pasbuenuss pabouero nuanazona Ha 100 paBHBIX HHTEpBaJoB T( MO
och Bpemenu U Ha 200 paBHbIX uHTepBasoB (oT — 1 mo -} 1) mo ocu Bemu-
GHMHBI IePeMeHHOro Ko3(pduinenta [2]. 1

JIBHKeHHe Kopmyca HeoOXOJHMO NpPOCAeIUTh TNpPH AEHCTBHH BO3MY-
Juaronled CHJbLI B TeUeHHe HeCKOJNbKHUX NepuogoB. MoxKHO Oblo Obl 3TH me-
puoabl HaOpaTh B TeyeHHe BPeMeHM NOJMIHOTO pabouero mukmaa 06J0Ka, COOT-
BercmByloulero 100 untepBanam T.
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OueBuano, uto ueM 6GoJibllle NEPHOJOB AEHCTBUSI CUJBl HabUpaeTcs, TeM
¢ MeHbIlIeii TOUHOCTbIO TIPOM3BOJUTCS CTyleHyaTasi anmnpoOKCUMALUsl OTAeNb-
soro nepuosa. Haunboapliasa TounocTh O6y/aeT AOCTUTHYTA, ecau OyaeT HaOpaH
OAMH NEepPHOJ, CHJIBI 32 NOJHBIN paﬁoqnu UK 6J0Ka.

OnHako HU B OIHOH CEepPUIHHO BbIIYCKaeMOMH eJIeKTpOHHon MOJLeIUPYI0-
Hieil yCTaHOBKE He MPeayCMOTpPeH pexXuM paboThl, KOrjga TMpH pelleHHH
MOXXHO OblIO ObI HCHOJb30BaTh 00K NepeMeHHBbIX K03 (UUHEeHTOB B Teye-
HHE HEeCKOJNbKUX IOJHBIX LHKJIOB ero paborbl. Becbma OAM3KUM K yKa3aH-
HOMY PEXHMY SBJSETCS MpeayCMaTpUBaeMblii B CEePHUIHO BBIMyCKaeMbIX
MOJIeJIIX PEXHUM NOBTOPEeHHs pelleHHs. B naHHOM pekuMe B KOHIE IMOJHO-
ro uuk/Jga paborel 6J0Ka MNepeMeHHbIX KO03(P(UIUEHTOB aBTOMAaTHYECKH
NPOU3BOJAUTCS Pa3psii eMKOCTell B IeNsX OTPHLATEJHbIX OOpaTHHIX CBs3eH
HHTeNPHPYIOMHX ycuJauTeJ el ¥ BOCCTAHOBJIEHHE HAayaJbHBIX YCJIOBHH pelrae-
Mol 3ajmaud, . e. cxema Monennpyxomeu yCTaHOBKH BO3BpalllaeTcss B UCXOJ-
HO€ COCTOSIHHE.

Buaumo, a/aa peanusauvd IpeasaraeMOro HaMu pexuma paboTh
MOKHO BOCIOJIb30BAaThCSl PEXMHUMOM IOBTOPEHHSl pelleHHs, ecaHu 3a0Jo0-

«KUPOBaTh BO3BPAILEHHE CXEeMBl YCTAHOBKH B HCXOJHOE COCTOsHHe. Pac-
CMOTPUM cxeMy OJi0Ka OnepaldoOHHOro ycuaureas tuna bOY-2 B pexume
uHTerpupoBanus (puc. 1). Paspsaka emxoctn C; nma 101 mare uckareas
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Puc. 1. Cxema BOY-2

6/10Ka TNepeMeHHbHX KO03(D(PHUUEHTOB NPOU3BOAUTCA uepe3 CONpPOTUBJE-
HHe R;, nojkaiouaeMoe K Hefi ¢ MOMOILIbIO HOPMAaJbHO 3aMKHYTHIX KOH-
TakToB 1P,, 2P, M HOpPMalbHO Pa3OMKHYTOTO KOHTakTa 2P B nanuom
cayyae pede PK BK/IIOYEHO, a pese Py u P, o6ecrouens. Ha 102 are
peae P, o6ecrouuBaercsi. Uepe3 HOpPMaJBLHO 3aMKHyTbn>’r KOHTaKkT 2Py 3a-
MBIKAETCS 1eNb 3aJaHMd HavyaJdbHBIX ycaoBuid. ITyreM mopaum wampsi-
xenus U,y NTPOU3BOAUTCS 3ajaHHe HAUAJIBLHOTO YCJOBHS HA BbIXOJe 610Ka.

Ha nepom mare BkaiouyaeTcs pese Py, BXO/Hasd Lenb yepe3 HOP-
MaJbHO PAa30MKHYTHIH KOHT¢KT 1P, W HOPMAaJ/bHO 2aVKHYTHH KOHTAKT 1P
MNONK/I0OYAaeTCs Ha BXOJ YCHJAHTENST NOCTOsHHOro Toka VIIT-4. ﬂpous-
BOJIMTCsl HHTEIrPUPOBAaHME BXOJHOTO Hampsxerus (/.

Paccvorpum paGoTy myJabTa YHpaBJAeHUS B PexHMe MOITOPEHWs pe-
HmeHHsA. YNpolLleHHas cXxeMa ny.abTa ynpasaeuus mo, enn MTIT-5 nmokasana
_Ha puC. 2, nuarpamma ero paGoThHl —- Ha pHC. 3.
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[Tpu nycke mojeau cpabaTbiBaeT H OJIOKHPYeTC uepe3 COOCTBEHHbIH
KOHTaKT 4P, nyckosoe pene P, Kourakr 2P; Bkaouaer B paboty peae P,
¥ IOArOTaBJAMBAET leNb JJas cpabarTbiBauus pesae P;,. Peae P, mosropsier
HMIyJAbCHl TpepbiBaTeas. Ueped ero KoHTakt 2P, nuraerca penae P,
KoTOpOe mnosropsier pabory peae P,. Uepes xonrakt 1P, 426 8 nonaercs
Ha KoHTakTop K. :

Bo Bpems wummyJbca cpabareiBaer pese P, n KoHtaktoMm 1P, BKJIO-
yaer B paGory pejae P, KOTOpPO€ CBOHM KOHTakTtoM 1P, OJOKHpyercs
Ha BeChb IepHOA paboTH cxeMbl. B HauaJse caeiylouleii mayssl, Korja pe-
Je P, ornyctur cBO# sKOpb, cpabarbiBaer peae P; u 0J0KHpyeTCs
yepe3 CBOH KOHTAKT 2P%;. : ;

OJHOBpPEMEHHO B Hauyajse mnay3bl CPabaThBAIOT BCe YIPaBJadIOLIHe
peae Py B GJIOKax ONepalHOHHBIX ycuauteaeit. Hepes xouwrakr 1P; — 26 6
NOJAeTCs HAa KOHTAKTOP, KOTOPHIH C MOABJAEHHEM CJEAYIOWEro HMIIyJbca
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Puc. 3. JuarpaMma paGoThl my/abTa yilpaBJeHHs

BcTymaeT B paGoTy u uepe3 cBofl koHTakT 1K mnojaer UMTyJbLCH Ha BCe
yckaTean OJOKOB IMEepeMeHHBIX K03 ppuuieHtoB Mmojaenu (3THM, B 4acT-
HOCTH, 006ecIlieynBaeTcss CHHXPOHHOCTh HX paloTH).

Ha 10)-v mare wuckareas BGaoku BOY-2 (Ha ob6moTky pese Py)
nojaercs —26 8, 4TO ob6ecTouMBaeT cpabaTeiBaHue peJsae Py, KOTOpOE
ceouM KoHTakTOM 1P oGecneuuBaer pene Py,. Pene Py u Py 3aMbKaoT
uens paspsifa eMkoctH C; depe3 He(OJbIIOE CONPHITHBJICHHE.

Ha 100-m wmare uckateas peae P, oGecrounBaercs. B BOY-2 Bkaio-
yaeTcs leNb 3a7aHus HAYaALHBIX ycaosuii. Ha myneBom mare nckareas U,
cpabarthiBaerT peae P, 6/oka ynpaB/ieHus M CBOUM KOHTakToM 1Py pas-
peiBaeT nemb —26 8, 00eCTOUMELAs TEM CaMbIM KOHTaKTOp K u pene Pr,
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Uepes koutakt 2P, cpabatbaer peae P, KOTOpOE CBOHM KOHTAKTOM 3P
HOJrOTAaBJAHBACT K cpa6aTmBaHmo pene Pr.

Kak rtosbko ormyctur pese Py, HauHyT IOC/EL0BaTE/IbHO OTI‘IyCKaTb
pene: Py, P, P; P, u, HakoHel, pe.ne Py, KOTOpoe CBOMM KOHTaK-
ToM 1P 3amkHeT nemb —26 8, mocse uero cpaGarbiBaer pese Py W IIpo-
1leCC HAYMHAeTCsl CHavaJa.

M3 paccmorpenusi cxembl BOY-2 u anaausda paGoTHl myJ abTa yHnpaB-
aeuuss monean HMIIT-5 caeayer, uto Bo3BpalleHHe CXeMbBl B HCXOJHOE
COCTOSIHHE MOKHO 3a6/I0KHPOBaTh NyTeM BKJIOUEHHs: penae P, (peae ocra-
HoBa) na 101, 102, 103 u 1-m marax. [aa 3Toro HeOGXOI[I/IMO c/leJsaTh
HE3HAUNTEJILHO® M3MEHEHHE CXEeMBbl Iy/IbTa YIPaBJICHHS MOJICH, 3 UMEHHO
A06aButh TyMOaep T u HCNOJB30BaTh OTAeAbHBIE pax (7PU,) maroBoro
uckareas U,.

[lepeBon cxembl B HpellJIO}KEHHbII/I PexKHuM OCYIIECTB/ISETCA YCTaHOB-
kofi Tymbaepa T B mouaoxenue ,Bkia.“

Co 2-ro mara mo 100-ii war cxema nyJabra pa6oTaer TOYHO TaK Xxe,
KaK- U B pexuMe IOBTOpeHHs pemenud. Hauunag co 101 mara c no-
momelo pajga 7PU, waroBoro wuckateas U, 26 6 uepe3 tymOaep T
noxaercsas Ha peae P, (B BOY-2), — 26 8 ¢ nmomousio tym6aepa T mo- -
CTOSIHHO I0jaerca Ha peJqae P,.

Peane P, Bkaiouaercs, kKak OBJIO OTMEUEHO, B TO K€ CaMOe BpeMmd,
KOTJa ,BKJwuaercs peJe Py.

CBOMM HOPMAJIBHO. 3AMKHYTHIM KOHTaKTOM 1Py OHO paspriBaer uemns,
no KOTOPOH mnojaercsd Hampshkenne -+26 6 na pene Py. C HeKoTopo#
3a/lePK KO OTHOCHTE/ILHO BKJAIOUEHHs pese Py, a CJIeILOBaTeJIb‘HO u peae P,
oTKJ10uaercs peJse Py. drta 3ajepxkka obecneyuBaeT ZOCTATOUHYIO HAJEN -
HOCTL paGoTst BOY - 2 B HauaJse 101 mara.

Pene P, nonxuo ObITL BKJOUYEHO A0 TeX MOP, NOKA HE BKJIIYHTCH
pene Py, Ha HOBHH pa6oyuit LUKJA 0/0KA NepPeMeHHBIX KO3()pHUUHEHTOB.

Kax BHIHO H3" auarpammbl (puc. 3), Heab3s 00ecTOuMBATHL peJe P,
IPU NepeKJIOYeHMH 11aroBoro uckaresas co ,103-ii Ha HyJaeBylOo NaHe/b,
TaK KaK HEKOTOpOe BpeMsi pese Py HAXOAUTCS BO BEKJIOUEHHOM COCTOSIHUH.

CaenoBarenbHo, peae P, MOJET GBITh 0GECTOueH0 B Ravaie BTOPOTr'O
ara CcJaeayiolero IoJHoro pabouero muk.aa 0J0Ka nepeMeHHBIX K03(¢-
¢unuentoB. Takum o6GpasoM, mepBblfi war 6.0Ka NepeMeHHBIX KO3(du-

 LHEHTOB He JO/KEeH B paccMaTpuBaeMoM pexume paboThl HCIOJAL30BATLCH;

MepUoJ CHJABl HeoOXoauMO HAOMpaTh co 2-ro mara uckareas. OueBHAHO,
YTO 3TO HE MOXKET NPHBECTH K CKOJbKO-HHOY/Jb 3aMETHOMY YBEJHUEHHIO
MOTPEeIIHOCTH Habopa rpaduka CHJBL.

B pexume HOB’I‘OpeHHH pemwenud tym6saep 7 JO/xKeH CTOATL B I10JIO-
wennu ,Boik.“

BCJIelICTBI/Ie atoro peae P, BkJaouaTbcsi He OYLET, YTO OTPAXKEHO
Ha puc. 3 wrpuxoBkoii. MuTterpupoBanue B 3TOM cayuyae Oy/JeT HAYUHATh-
Cs NIpH MOJOXKEHWH IIaroBOro HCKATeJsi Ha HYJAE€BOH JaMe/]u B MOMEHT
BKJIOUeHHs pese Py. \
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