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BbIBOP ACUHXPOHHBIX IBUTATEJIEM JIJISI PA3JIMYHBIX PEXKUMOB PABOThI

IIpononyemoca npamuii 6udip A/l ona pizHux pexcumis podomu, AKUIL 00360JA€ 6PAXYEAMU AK MEMNEPAMYPHI OOMENHCEHHA,
MaK i Maco-2adapumHo-6apmicHi i enepeemudni Kpumepii, @ MaKosc HU3KY ()yHKUIOHAIbHUX OOMEIICECHD.

Ilpeonacaemca npamoit 6v100p A/l Ona paziuyHbIX PEHCUMOB PAOOMDBL, RO3CONAIOWUIL YHECMb KAK MEMNEPAmypHble 02panuye-
HUA, MAK U MACCO-2a0APUMHO-CHOUMOCHbLE U IHEpZemUuiecKue Kpumepuu, a maKice pao yHKUUOHATIbHBIX 0ZPAHUYEHUI].

BBEJIEHUE

OCHOBHOI 3a1aueii mpy BbIOOPE aCMHXPOHHBIX IBU-
rateinedt (AJl) ans pa3HOOOPa3HBIX 3JNEKTPONPUBOIOB
SBJISIETCS MaKCUMalbHOE MPUOIMKEHNE IKCTUTyaTaloH-
HBIX XapaKTEePUCTUK ATHUX 3JIEKTPOMEXaHMYECKUX Mpeod-
pa3orareneil k 3agaBaeMblM TpeOOBaHUSIM MOTpeOuTENeit
npu o0ecTeuyeHNH HaJeKHOW W SKOHOMHUYHON paboThl B
TEUEHUE OMNpPENEJEHHOro pecypca Bpemenu. Ha Baiy aBu-
ratensi MOXKET ObITh Harpy3ka pasiudHas Mo XapakTepy
(MOCTOSIHCTBO MOMEHTA HArpy3Ku, MOCTOSHCTBO MOLLHO-
CTH HAarpyskH, CTeNeHHasl 3aBUCUMOCTb MOMEHTA OT 4ac-
TOTHl BpalleHWs), TIO BEJUYUHE, MO PEXUMY pPabOThI
(MPOIOKUTENBHBIN,  KPATKOBPEMEHHbBIN,  MOBTOPHO-
KpaTKOBpEMEHHbIH, nepeMexaroiuics u T.1.). B yactHo-
CTH OT pexuma padoThl, T.€. OT COOTHOIIEHUS AJUTEIb-
HOCTHM TIEpHOOB padOThl ¥ May3 MeXIy HUMHU WM Te-
prOa0B paboThl C MOJHOI MM YaCTUYHON Harpys3koii, ot
YacTOThI BKIIIOYEHHs MAIIWHBI U XapaKTepa NpOTEKaHUs
NEePEXOHbIX MPOLECCOB, 3aBUCUT HArPEB AJIEKTPUUECKOI
MamuHbel. Hapsiay co craHgapTHBIMU peKUMaMHu paboThl
[1], Bo3moxkHbl W HecTanmapTHeie [2, 3]. CraHmapTHbIe
XapaKTepU3yOTCsS PasNU4YHbBIMM BPEMEHHBIMU NOKa3aTe-
asimu (TTB — npoao/KUTENLHOCTBIO BKIKOUEHUst, [TH —
MPOAOIKUTENBHOCTBIO HArpy3KkH, MPOAOIKUTENBHOCTBIO
paboThI, 4ACTOTOM BKIIFOUSHUS U T.11.).

IIpaBunbHBII BEIOOP ABUTATENs A0JHKEH 00€CTIeunTh
BbICOKME JHEPreTUUECKUE NOKa3aTesld B MPOLECCE IKC-
MyaTallid, CBUAETENBCTBYIOIIUE O €r0 PaLUOHAIBHOM
ucnonb3oBaHuu. Kak npaBuno, Harpy3ka Ha Bajly JBUra-
Telsl U3MEHsIeTCS BO BpeMeHU (MOXeT ObIThb OTMUCAHO C
MOMOLIBIO HArpy304HbIX AWArPaMM WM LUKJIOrpamm),
BCJIEICTBUE YET0 U3MEHSIOTCA MOTEPU B HEM U, COOTBET-
CTBEHHO, TeMIeparypbl yacteil nasuraress. T.e., 1isl Bbl-
Oopa aBuratenst uesecooOpa3HO MPOBEAEHHE MOIHOTO
TEMJIOBOTO pacyera, B PeE3yJIbTaTe KOTOPOro ONpPEeNENsi-
I0TCSl TeMIepaTypbl HanboJee HaMpsKEHHBIX B TETIIOBOM
OTHOIIEHNHM OOMOTKH CTaTOpa M MOJIINITHUKOB, C Y4€TOM
3aBHCUMOCTH HArpy3kKud OT BPEMEHH, a TaKXKe C y4eTOM
MepexonHbIX TpoleccoB (Mycka, peBepca, TOPMOKEHHS,
nepexo/a OT OJHOW HArpy3KH K Apyro# u T.1.).

TIOCTAHOBKA 3ATAYN

Ha cerognsiiunuii aeHb metonuka BbiOopa AJl anst
CTaHIapTHBIX PEXUMORB pabdoTsl [4, 5, 6, 7] 6asupyercs Ha
KOCBEHHOU OLEHKE TEMIEPATYPHOro pekuma. s aToro
MCMOJIB3YIOTCS METO/bl JKBHUBAJIEHTHOIO TOKA, JKBHBA-
JIEHTHOTO MOMEHTA, 3KBHBAJIEHTHON MOIIDHOCTH. BMmecTte
C TeM MpU MPSIMOM BbIOOPE BO3MOXEH pacueT 3HaueHUi
TeMInepaTyp KOHCTPYKTHBHbIX 31eMeHToB AJl, u npu yc-
JIOBUU HE TPEBBIILICHUS UMW TEMIEPATYPHbIX OrpaHuve-
HUH, OCyllecTBIeHHE BbIOOpaA, KOrJa B KauecTBe KpUTe-
pYeB MOTYT WHCIOJIb30BaThCS Macca, rabapuTbl, CTOM-
MOCTb [JBUTaTeNsi, CPeIHELMKIUYEeCKUEe MpHUBEIEHHbIE
3aTpaThl Ha M3rOTOBJIEHUE M dKcruyarauuto 1713.,, cpen-

HeluKnnveckue sHepretudeckue nokazatenu (KIJ[ u
K03 (DULHEHT MOIIHOCTH), JTHOO MOXKET ObITh MPUMEHEH
0000MIeHHBIN KpUTEpUil, YIUTHIBAIOMNN B KadecTBE CO-
CTaRIISIOLINX BbILIENIEPEUNCIIEHHbIE KpuTepuu. Pesynbra-
THI BEIOOPA U3MEHSIOTCS TIPU PA3MIHBIX UCTOTH3YEMBIX
KPUTEPUSAX WM TPU Pa3IUUHBIX WX COCTaBISIOMIMX B
0000IIEeHHOM KPUTEPHUH, a TAKXKE 3aBUCST OT 3a/1aBAEMBIX
K03 (PULUMEHTOB 3HAUMMOCTH ITUX COCTaBisitomux. [Tpu
pacuete KpUTEPUEB MOTYT MPUHUMATHLCSI BO BHUMAHUE UX
3HAYCHMsA B MEPEXOAHBIX pexkumax padotsl. Takoi mon-
XOJI TIO3BOJISIET OCYLLECTBIATH BHIOOP KaK IJIsl PEXKUMOB
paboThl, B KOTOPBIX MNPOAOIKUTENBHOCTU TMEPEXOAHBIX
PEXHMMOB 3HAUUTENLHO MEHbIIE MPONOKUTENBHOCTE
paboThl B yCTAaHOBUBIUUXCSA PEXUMAxX, TaK U AJS PExXU-
MOB MPU COM3MEPUMOCTH BBIMIEYKA3aHHBIX MPOAOIIKH-
TenbHOCTel. [Ipu BbIOOpE ompenensercs, yIOBIETBOPSIET
Jv BbIOpAHHBIM BapuUaHT OTPAHUUYEHUSIM, ONPENENIEeMbIX
TpeOOBaHUSAMU CTAaHAAPTOB M TEXHUUYECKHUX 3adaHUM, K
YUCITY KOTOPBIX OTHOCATCS TEIMUIOBbIe (TemMreparypbl 06-
MOTKU CTATOpa W MOJIIMMHUKOBBIX IUTOB), MEXaHHYe-
ckre (nmporub Baja, KPUTHYECKAs CKOPOCTh BpAILCHMUS,
MPOYHOCTh Bajia, JIMHAMUYECKas TIPy30N00bEMHOCTh
NOAUIMITHUKOB), BUOpoakycTudeckue (YpoBHU BUOPOCKO-
pocTu oT HebanaHca NOAKUIHUKOB B OCEBOM U paiuaib-
HOM HampaBJIeHUsX, YPOBHU MArHUTHOW BUOPOCKOPOCTH,
BUOPOYCKOpPEHHS MU LIyMa, YpPOBEHb BEHTWJISALIMOHHOTO
yma), myckoBbie (KpaTHOCTH MyCKOBBIX TOKa U MOMEH-
Ta), nMHamMuveckue (MakcUMasbHbie OPOCKU TOKA U MO-
MEHTa MPU MEPEXOIHOM MPOLECCE, BPEMS MEPEXOIHOTO
mpoiiecca) MoKa3aresu, MoKa3aTelld MeXaHUYecKHX Xa-
pakTeprcTHK (OTHOCHTENbHAS KECTKOCTh XapaKTEePUCTH-
KM, Meperpy3ovHas cnocodHocts). Eciiu B kauecTBe Kpu-
Tepus BbIOOpaA MCMONIBL30BaTh TAKOM IHEpreTuueckuit mo-
kazarenb, kak KI1JI, Oynet obGecnedmBatbcsi 3HEprocOe-
peraronias KCruryaTauust IBUTaTes.

B cBsi3u ¢ BblllIeCKa3aHHbIM AJIS1 peaju3aluy aBToMa-
TU3UPOBAHHOTO BbiOOpa AJl 1uis pa3iuvyHbIX PEKHUMOB
paboTbl € YYETOM BBILLENEPEUMCIEHHBIX KPUTEPUEB U OT-
paHuueHuii TpeOyloTcsd KOMIUIEKCHblE MaTreMaTHYecKue
mozenu (MM), Bkirouaromue B cebs moueau AJl (s
YCTAaHOBUBILETOCSl pekuMa OCHOBaHHOW Ha T-o0pazHoit
CXeMe 3aMelIeH!s, 11l ANHAMUYECKOTO peXknma — Ha CHC-
Teme nuddepeHIMANBHBIX ypaBHEHHWI 0000IEHHONW Ma-
LIKHBL, Ul aHaJIM3a TEIoBOro cocrosinusg MM, onucas-
wbie B [8, 9, 10, 11, 12, 13]) u Moaenu Harpy3ouHbIX aua-
rpamm M(t) - uMKIOTpaMM W TIO3BOJISOIIMX BBITIOJHHUTh
aHaJIu3 3JIEKTPOMATHUTHBIX, IEKTPOMEXaHUUECKUX, SHEP-
reTUYeCKNX, TETUIOBBIX, MEXaHWUYECKHUX, BHOpOaKyCTHYe-
CKUX TIpolieccoB mipu padote AJl Ha pa3iUYHBIE 1O Xapak-
Tepy, BEIMUMHE W PEXKUMY Harpy3ku. Monenu aBurarens
MpeanosaraloT paccCMOTPEHUE MAIIKWH Pa3iHUYHbIX KOHCT-
PYKTHBHBIX WCTIOJTHEHWI, CTE€NeHeil 3aluThl, CUCTEM BEH-
TUISILIMK, TUTIOB POTOPOB U T.J. U YYUTHIBAIOT U3MEHEHUE
MapaMeTpoB CXEM 3aMEILEeHMs] OBUraTesl BCIEICTBUE Ha-
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ChILIEHWSA CTAJIM MArHUTONPOBOAA W BBITCCHECHHSA TOKOB B
oO0MOTKax JABUTaTENId, HAJTMYHUE OCHOBHBIX U ,Z[O6aBO‘{HI>IX
NnoTEPHL B CTAJIM B CTATUYECKUX U NJUHAMUYCCKUX PEXKUMAX
pa60TI>I JABUTATEJISA, HATMYUE BBICIINUX MPOCTPAHCTBEHHBIX
TapMOHUK MAriHuTHOI'O I10J14.

PE3VJIbTATBI UCCJIEJOBAHUIA

Ha kadenpe snexktpudeckux MamuH Ofecckoro Ha-
LIMOHAJILHOTO  MOJMTEXHUYECKOr0 YHUBEpPCHTETa Obli
pa3paborana nporpamma DIMDrive, npenHasHaueHHas
IJIsL aBTOMAaTU3MPOBaHHOro BblOOpa AJI sl pasiuuHbIX
pexuMoB pabothl. [IporpaMma oCHOBaHa Ha CHCTEMHBIX
npuHUMnax, aHajgoruuno nporpamme DIMASDrive [14],
MO3BOJIAIOIINX yYEeCTh B3aMMOBIIUSIHUE IBUratelsi U Ha-
rpy3ku (Mpu HEOOXOAMMOCTH MOTYT HCMOJIB30BATHCS
MOJEJIM COTJIACYIOLIEr0 HAMNpsDKeHUS CeTH W JBHraTes
TpaHcdopmaropa U pesyKTopa MEXIy ABUrartejemM M Ha-
rpy3KOi) W peain3oBaTh KOMIUIEKCHBIM aHanu3 paboThl
AJl, Ha OCHOBE KOTOpPOTO paccMaTpuBaIOTCs BCe HaWOO-
Jiee Ba)KHbIe acMeKThbl (yHKLIMOHUPOBAHUS JBUTATEIS.

Boliieykasanast nporpaMma Obula KCIOJB30BaHA 1Jis
ABTOMaTH3UPOBAHHOTO BHIOOpA JABHMraTesis MPH pelleHUH
TakoW MPOM3BOICTBEHHOMW 3ala4yn. AHaNIU3UpyeMble NBUra-
Tenu  (4A180H4, 4A1604, 4A160M4) paGoranu Ha Ha-
rpy3Ky, OMUChIBaEMYH0 criefytoeii unkiorpammoii: 600 ¢ -
150 H-m, 600 ¢ — 100 H-m™m. 3aBucuMoOCTH TIeperpeBOB
OOMOTKM CTaTopa paccMaTpuBaeMbIX IBHTaTesieii, paccuu-
TanHbie nporpammoii DIMDrive, npencrasnenst Ha puc. 1.

CornacHo TONYYeHHBIM 3aBUCUMOCTSIM JIBUTaTelld
4A180A4 u 4A160M4 npu pabore Ha 3adaHHYIO LMKJIO-
rpaMMy yIOBJIETBOPSIOT TeMIIEpaTypHOMY OrpaHUYeHHIO,
COOTBETCTBYIOLIEMY MCIOJIb3YEMO B IBUraTesisix W30Jsi-
uu knacca F, a npuratens 4A160S4 He ynoBieTBOpseT.

TTosTomy panbHeHMit BBIOOP OCYILECTBISICS W3
nmeurateneit 4A180S4 u 4A160M4. TlomydeHsle aHao-
rMUHbIM 00pa30M 3aBUCHMOCTH TEMIMEPaTyp MOALINITHHU-
KOBBIX IUTOB TPeX paccMaTpUBaeMbIX ABUraTenel moj-
TBEpXkIalOT obecredeHne B HUX, NpU padoTe Ha 3ajaaH-
HYI0 LHMKJIOrpaMMy, TeMmeparyp HOALIMIHUKOB HIUKe
JIOMYCTUMbIX. ABTOMAaTH3UPOBAHHbI BbIOOD C MOMOLIBIO
nporpammbl DIMDrive npoBoauncss mo 06001ieHHOMY
KPWUTEPUIO, pe3yJibTaTbl KOTOPOro MPENCTABJSIOTCS B
BHJIE SKCMIEPTHBIX OLEHOK B Oamnax [15]. [Ipu aBTomMatu-
3UPOBAHHOM BBIOOPE 3TH IKCMEPTHBIE OLEHKU BbIOMpae-
moro AJl ¢popmupyeTcs clienyroluM 00pa3oM: IUIs cpel-
HELMKJINYeCKuX dHepreTrdeckux kpurepues KI1J (M) ¢
KO3 punreHTa MOIHOCTH (COSQ,) — Y OBUTraTessi, KOTO-
pblii MMeeT HauOoJIbllIME [OKa3aTesid M3 HECKOJIbKHUX
IBUTaTENel, yIaCTBYIOIIUX B BEIOOpE, OHU MPUHUMAIOTCS
3a 100 GasnoB, a5t ocTaibHbIX OEPETCS MPOLEHT OT NpH-
Hsroro 3a 100 0ajnoB; mis CTOMMOCTHBIX, ra0apUTHBIX,
BECOBBIX KPUTEPHEB, a TAKKE KPUTepHUs CpeaHeLUKInYe-
CKUX TpUBENEHHbIX 3arpar [13., — Oep&Tca pa3HOCTb
OONbIIEr0 W TEKYIIETO 3HAYCHHUs] W OMpEeAeNeTCsl OTHO-
weHne K OosblueMy 3HaueHuto. CymmapHasi pe3yJibTu-
pytolLas olleHKa sIBIsieTCs Onpenestomleif npy BeIdope.

Pe3ysibTarhl aBTOMaTM3MPOBAHHOIO BbIOOpA MPH KO-
s(h¢unmeHTax 3HaYAMOCTH BCEX COCTABISIONIHAX 0000-
IEHHOTO KpUTepusi paBHbIX 1 mpencrarieHsl B Tabm. 1.
Ilpu 3amanHBIX TpeOOBaHUAX BbIOOpa nurarens 4A160M4
uMeeT Oosblylo cymMmMmy 0OajoB. B ciydae mcnosnib3oBaHus
Ipyrux Ko3(Q(UIMEHTOB 3HAYUMOCTH JUOO TOJBKO OT-
JeJIbHBIX COCTAaBJISIIOIINX O000OIUEHHOTO KpUTepus, pe-
3yJIbTaThl aBBTOMATU3UPOBAHHOTO BEIOOPA MEHSHOTCH.
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Puc. 1. 3aBucumMocTu rieperpesoB 0OMOTKH craropa Jyis
IPOIOJDKUTENILHOTO ¢ HOMUHAJIbHBIM MOMEHTOM (1)
1 33JIaHOTO TIEPEMEKAIOIIETocs (2) PeKUMOB:
a—4A180%4, 6—4A160M4, B —4A16034

Tabmmua 1
Pe3ylibrarsl aBTOMaTH3MPOBAHHOIO BBIOOPA

BUTATEC/IN 160M4 1804
llokaszareau
New 98,888 100
COSQ,, 100 97,96
[IpuBeaennsle 3arparsl /13, 20,796 0
Macca 25,03 0
CTOUMOCTE 22,04 0
O6peM 6,24 0
Pesynprar Beibopa (6ann) 273 197,96

Kak ykaspiBayioch Bbllle, 3agada BbIOOpA JOJDKHA
pelarscsi ¢ y4eToM M Ipyrux (PyHKUMOHAIIBHBIX MOKa3a-
Tenel paboThl ABUTraTens, a IMEHHO MEXaHWYeCKHX, BHO-
POAaKyCTUUYECKUX, IMHAMUYECKUX, [yCKOBbIX MOKa3aTeJleH,
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ToKaszaresiell MeXaHMYeCKHX XapaKTepUCTHK. Pe3ynbraTs
pacueToB 3THX MOKa3aresell, BHIMOJHEHHbIE C TIOMOLIBIO
nporpammsl DIMDrive, npencrasiess! B Tabi. 2.
Tabmuma 2
CpaBHeHME nokaszarelneit 1purareneit npu padore
Ha 33/IaHHYIO0 Harpy304HYIO JuarpaMmmMy

sararesm 160M4 | 18054
I lapamerpsl
113, AL, rpH 3593,7 | 4537,2
New AJL 0,8875 | 0,8987
COSQc AJL 0,8659 | 0,8449
Macca AJ], kr 147,269 | 196,427
Croumocts AJl, TpH 2041,53 | 2618,64
O6wem AJTl, M° 0,01332 | 0,01421
[Tporut Bana, % 4,2 58
PacueTHas kpUTHUECKasl 4aCTOTA BPALICHHU, 13500 9700
00/MuH
Tpebyemast nmpouHocTs Bana, klla 41 43
TpeOyemas auHaAMHYECKasi Py30MObMHOCTh 18,5 22
MOAIUTHUKOR, KH
YpoBeHb MEXaHHUECKOH BUOPOCKOPOCTH B 0,99 0,7
0CEBOM HarpasieHuu, (Mm/c)
YpoBeHb MEXaHHUECKOI BUOPOCKOPOCTH B pamu- 0,76 0,67
TbHOM HarpasjieHnH, (Mm/c)
OO61yit ypoBeHb MarHUTHOM BUOpOCKOpocTH, (1) 94 89
YpoBeHb MarHUTHOTO BHOpOycKopeHus, (1b) 93,8 88,7
YpoBeHb MarHUTHOTO 1yma, (16) 77 72
YpoBeHb BEHTHIIALIMOHHOTO MyMa, (15) 77 80
KpaTHOCTh MyCKOBOrO TOKa 52 5,88
KpaTtHOCTh MycKOBOr0 MOMEHTa 1,05 1,3
bpocok Toka npu nepexoaHoM npotecce, A 48 50
Bpocok MOMEHTa Mpu MEpEXOTHOM TPOIIECCE, 178 182
H-wm
Bpems mepexoaHoro npougecca, ¢, 0,35 0,4
OTHOCUTEITEHAA  KCCTKOCTh  MEXaHHUYCCKOM 1,7 1,68
XapaKTePUCTHKH, 0. €.
[leperpy30uHast cmocOOHOCT, 0.€. 2,6 23

Kpome BbllenepeuncieHHbIX ToKaszarteneil B Taod-
JIMLIE JAr0TCsl CPEeAHELMKINYECKUE MPUBEAEHHbIE 3aTpa-
Thl, CPEIHELUKINYECKHE OJHEepreTHYecKue TIoKa3aTelny,
Macco-rabapiuTHO-CTOMMOCTHBIE TIOKa3aTelu.

[Mporpamma DIMDrive mo3BossieT HCNONb30BATH
Npy aBTOMAaTM3MPOBAHHOM BbIOOpPE Kak OrpaHUveHHue
Jr000# M3 BbILLIEPACCMOTPEHHBIX (YHKUMOHAIBHBIX T0-
KasaTeleH.
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