H3BECTHA
TOMCHKOI'O OPJEHA OKTABEPLCHOH PEBOJIIOLIMH H OPIEHA TPYJOBOIO
KPACHOI'O 3HAMEHH IIOJUTEXHHYECKOT'O HHCTHTYTA
uv. C. M. HKHPOBA

Tom 200 ‘ 1974

NMCCJIEJOBAHHE H3HOCA NOAUWHWNHUKOB ACUHXPOHHbIX
JBHTATEJIEA B 3KCNJIYATAUWH U ONPEIEJIEHHE BPEMEHH
NMPOPHIJIAKTHYECKOHN HX 3AMEHDI

A. . BOP3ll, O. II. MYPABJIEB

ITpefcTaBieHa HayYHBIM CeMHHapoM KadeAp DAEKTPHYECKHX MaIlHH H 0O6led
5JIEKTPOTEXHHKU

HagexnocTe # OITOBEYHOCTh ACHHXPOHHEIX JBHUraTeseH olpefensercs
B OCHOBHOM HaJ€XXHOCTBIO H AOJNOBEYHOCTHIO OOMOTOK H IOAUIHIIHHKOBBIX
y3noB. OcHoBHEle paboThl B ofjacTu pacyera, obecneyeHusi ¢ IMOBBIIEHHS
HajeKHOCTH BeayTcs NPUMEeHHTeNbHO K oO6MOTKaM, a MOJIIMIHUKOBbLIM Y3-
JaM yjAeaseTcsl He0cTaTouyHo pHHMaHHA. Ha saBonax ¥ B MHCTHTYTaxX 10A-
HIHMHHKOBOH NPOMBIIIJIEHHOCTH NPOBORSATCA MeXaHHWJeCcKHe, CpaBHHTeJbHbIe
MCTIBITAHHA TIOMUHIIHHWKOB Ha JOJTOBEYHOCTb M HCIIBITAHHMS KOHCHCTEHTHBIX
cMma3ok. OCHOBHBIM BHIOM HCCIeXOBAHUH paGOTOCTOCOOHOCTH MOANIHIHH-
KOB SIBJSIOTCS CTeHJOBble HCNBITaHHsT RO MmeToquke [1], paspaGorannoi
BHHHUIIIL

MeToanKa HCNLITAHHH HMeeT PAN CYLIeCTBEHHBIX HEIOCTAaTKOB:

— NOJIIHNHHKH Ka4eHHsl HCHBITHIBAIOTCA BHe pabO4HX MeXaHH3MOB, B
KOTOpble OHH BCTPaHBAIOTCH;

— Ha CTeH]e HEBO3MOXKHO HMMHTHPOBATb MHOrooGpasue BO3IEeHCTBHI,
KOTOPLIM TIOMABEPTAIOTCS MNOAIIMIHUKOBEE y3/Jbl aCHHXDOHHBIX ABUTaTeseH
B 3KCIJIy aTaLHH;

— JJisI COKDAallleHHsl BpPeMeHH HCIBITAHHH MOXIHNHUKOB fo 200--500
4acOB HAarpy3KH BHIOHpAIOTCs BecbMa OoJibIIHe, TIOSTOMY HCIBITAHHSA HPO-
XOJAT B 30He MJacTHYecKoH aedopManuy (Cuen>400 xe/mm?).

PeayabraThl uenblTaRuil B IOCAEIYIOIEM pacOpOCTPaHSIOTCS Ha 06-
JIacTh yIOpyrux jaedopMmanui. YkazaHHblEe HEAOCTATKH METONHKH CTEHIOBBIX
HCMBLITAHHA NOAYEPKHBAIOT ee yacTHBHIE xapakrtep. [losTomy ans onpepese-
HHUSI HaJeXHOCTH M JOJTOBEYHOCTH NOAUIHITHHKOB HeOOXOJUMBI HCNBITAHHA
. TOJIIUMHUKOBLIX Y3/J0B Ha peaJbHbiX mBUratenasx. B kKauecTBe KpHUTepHS,
XapakTepH3YIOLero COCTOSHHE MOAIUMITHHKOBOTO y3Jaa, HauboJee ILeAeco-
00pa3Ho NPHHATDL BEJTHUHHY pajiHaJbHOTO 3a30pa NMOAUIRIIHAKA, KOTOpas Ofl-
pelessieT HepaBHOMEPHOCTh BO3LYIIHOTO 3a30pa B SKCIIYaTalHH.

Haa onpenenedus paGoToCnocOOHOCTH NOALIHTHHKOBLIX Y3J0B B pe-
aJbHBIX yca0BHsAX B Jaboparopun HajexHoctH CKb 3aBona «CuGanextpo-
MOTOp» ObIM TIOCTaBJeHbl Ha ucnoiTanud 24 psurarens cepuu A02 3 u 4 ra-
Gapuros. [Buraresu OBIIM H3TOTOBJEHBl C IaDUKONOLIIMIIHHKAMH KJIacca
IT 1 H u sanoanens cmaskoi 1—13 1 HHMATHMM-203. B xaxabplil momawum-
HUKOBBIA y3es nBHUTaTe el 3aKIa/blBajJoch CJeIYIOLee KOJHUECTBO CMasKu:
nna A02-32—14 2, nna A02-42—24 o, npuuem 50% omMaskn ObLIO pasHo-
MEepHO 3aJ0XKeHO B mogmunHukax 4 50Y% — B kaMepy NOMUIHIMHHKOBOH
KPBIIKKH. 3amep TeMNepaTyphl TIOAUIHNHUKOB OCYIUECTBJASNCA € HOMOLIBIO
TepMonap. B cayuae BospacTraHus Temneparyphl MOAIIMNHAKOB Bhille A0-
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NyCTHMOH CHHMAJIUCh MOAIIMIHAKOBbIE KPBIUKH W YCTPAHAIHCH TIPHYHHDBE
HPEBBIIEHHS.

Ha paGouuii komel Basja NOCPeJICTBOM TAr €03/1aBajacb pajHajblast
Harpy3Ka ¢ yCHJIHeM, yKaszaHHbmM B Tada. 1. HactoTa BKAIOUEHHH ABHraTe-
as Obl1a paBHa 2 sxkafxac.
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A02-32-2 72641 42 37,0 7,5 I 203 Y snektponsura-
A02-32-2 88827 68 37,0 7.5 IT 203 Tenss  Ne  8122%¢

. A02-32-4 81240 44 58,5 15,0 I3 203 HMEITCS  Caedbi

A02-32-4 81210 34 58,5 15,0 Il 203 3aleBAHHA  POTO-
A02-32-4 81206 , 48 58,5 15,0 1 203 pa 3a cratop
A02-32-4 81250 37 58.5 15,0 I1 203
A02-32-4 81259 38 58,5 15,0 I1 1—13
A02-32-4 81249 59 58,5 30,0 H 1—13
A02-32-4 81220 92 58,5 15,0 I 203
A02-32-4 81218 46 58,5 30,0 H 203
A02-32-4 81258 49 58,5 30,0 H 203
A02-42-2 81474 28 58,5 7.5 I 203
A02-42-2 41670 36 58,5 7,5 I1 203
A02-42-4 41952 30 74,0 15,0 Il i—13
A02-42-4 44896 34 74,0 30,0 H 203
A02-42i4 41936 68 74,0 30,0 H 203
A02-42-4 41951 46 74,0 15,0 IT 1—13
A02-42-4 ‘ 44895 29 74,0 30,0 H 113
A02-42-4 41935 28 74,0 30,0 H 1—13
A02-42-4 41938 29 74,0 30,0 H 203
A02-42-4 41947 35 74,0 30,0 H 203
A02-42-4 41949 86 74,0 15,0 Il 203

Tlo ycranosieHHomy perviameHTy, uepes 1000 yacoB HapaGOTKH HOX-
INHITHHAKOBbLIE Y3Jibl IIOTIOJMIHAJHCD CMa3KoH.

[locne wapaGorku mpurartejgsamu 10 000 uyacos oHu OBIH CHATHL C HC-
nbiTaHui. M3 24 mocTaBAeHHbIX HAa HCNbITaHUA HBHTaTeJeH NPHUATBHIH pe-
cypec HapabGoTku mpoiiin 22. JIBa asuraTens OblIM CHATBHL ¢ HCHBITAHHH IO
OpHUHHEe NOJOMKH cellapartopa, oaud — uyepe3 1100 wacos, a mpyron — no-
cie 9000 yacoB HapaOOTKH. ¥ BceX NOJALIHIHHKOB OblIH IIPOU3BENEHBI 3a-
Mepbl pafHaJbHBIX 3a30pOB, KOTOPbIe IpeAcTaBiennl B Taba. 1. Pesyabrare!
3aMepoB IIOKa3ajd BO3PACTaHHUE BEJHYHHBl PaJna/bHOrO 3a30pa, YTO CBH-
JeTeJbecTByeT 00 H3HOoce 0eroBbBIX AOpOXKeK. B cBA3M ¢ 3THM HepaBHOMep-
HOCTb BO3[IYHIHOTO 3a30pa TakiKe YBeJUWUMJIaCh H NOBLICHJACh BEPOSATHOCTD
3ajleBaHus POTOpPA 3a CTATOp Yy HCNBITAHHBIX aBHratened. [lons psurare-
Jel, Y KOTOPBIX pOTOp 3ajeBaeT 3a CTATOP, MOXKeET ObIThb HalifleHa Ha OCHO-
BaMMH 3aKoHa pacrlpefeseHHst SKCUeHTpucuTeTa [2]:

/ 2
) c :
f(s) = ——exp| — , I
(°) 552 P 25:—:2 ( )
rae & — IKCUSHTPHUCHTET ABHrATEA,
oy — MapaMeTp pacmpejeseHus.

[TapamMeTp oz paclnpeesgeHus 3KCHEHTPUCHTETA MOXKeT ObITb Onpe/e/eH
no yucay (oJH) 3aneBaHuii pOTOpa 3a CTATOP MPH 3aBOACKHX KOHTPOJBHBIX

HCIBITAHHAX
GE = V — _8“2}1&1 y (2)
2inq
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TAe gyon — HAUMEHbLIAs BENHYHHA  SKCIEHTPHCHTETA, IPH KOTOPOM
TIPOUCXOMMT 3aAeBaHHe pPOTOpa 3a CTaTop;
g — noJs 3ageBaHuil poropa 3a cratop no gamueivy OTK.
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KpuBas pacnpepenenns skcuenTpucuteta asuratesneit A02-32-4 mpen-
cTaBJieHa Ha puc. 1.

BeposTHOCTh 3ameBanyss poTOpa 3a CTATOp TOC/]e NPOBEdeHHs HCIIBLITS -
HHH

o
q(e) = exp(——eém“z.) = 0,022, (3)

y 3.

\

rae S’Jlon—zHa'HlM@HbUIa?{ BEJAHMYHHA 3KCHCHTPHCHTETa, IIPpH KOTOPOM IWpOHC-
XOoJHT 3ajeBadHe poTopa 3a CTaTop nocje NpoBeAeHHdA UCTIbITA-

o

HHH.

HMamenenue sepostHocTd Ge3oTKasHOH paGoTel npuratens P(f) uz yc-
JIOBAA 3ajleBaHHA POTOpa 34 CTATOp NMpHBELEeHO Ha pHc. 2. Xapakrep KpH-
BOH NOKA3LIBAET, YTO BEPOSATHOCTL 6e30TKAa3HOH paGoThl ABHTaTesell yMeHb-
[IaeTCs ¢ TeueHUueM BPEMeHH, TAK KaK BO3DPAacTAeT BePOATHOCTb 34AeBaHHS
poropa 3a CTaTop.

st noBbiieHUs BEPOATHOCTH Ge30TKa3HOW paGOThLl ABUTATEJEH B 3KC-
MIyaTaldd Uesecoo0pasHo 3aMeHsTh TOJIIANHUKH TOoc/Ae HapaGOTKH Ol-
peneesHoro pecypca BpeMeHH fiamene: <Iragm., A€ fragn — pacueTHass AOJ-
FOBEUHOCTh MOAIIMNHHKA. B 4acTHOCTH, Ha mOBbILieHHEe HAWEKHOCTH [JBHTA-
TelleH B IKCIUIyaTalMy MyTeM MepPHONHYECKOH 3aMeHBl MOMIUIHNHUKOB YKa-
seBan [3]. :

Paccyorpum omnpenenedue BpemMenu npoduaaKTHYECKOH 3aMeHbl [OJ-
IIHTTHHKOB.

Ilycth Cyn— 3aTpaThl Ha NPOQHIAKTHYECKYIO 3aMeHy MOAUIHITHHKOB
BK/IOYAIOT B ce6s1 CTOUMOCTD NMOMIUMIIHMKA W 3aTPaThl Ha pa3bopky u cBop-
Ky ABuraress, pyo.;

C, — cpenHsisl BelMuMHAa SKCIVIYAaTALHOHHEIX  3aTpaT, NPHXOAs-
UIMXCS Ha OJHH OTKa3 JBHraTtess, pyob.
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Beayunny C,; MOXHO ONpeIeNHTh BHIpaXKeHHEM
C9=Cy—l—»C-Hp+CB,_ (4)
rae Cy— BequuHHA yuepOa, BHI3BAHHOTO NMOBPeXKJAeHHEM OGOPYAOBA-
HUS M MEXaHH3MOB, INOJOMKOH HHCTpPyMeHTa, OGpakoM Tipo-
- AYKUHH, [IOpYeH CBIpbSi U MATePHAJOB TIDH OTKase, pyob.
Cnp — BesHynHa yuiepOa, 06yCaA0BISHHODO TpOCTORM o60pymo,Ba-
HHS H MallHH IIPH OTKase, pyo.
Cp — BenuuHHA 3aTPAT Ha BOCCTAHOBHTEJNBHBIN PEMOHT JBHTATE-
Js1 IIpH OTKase, pyb.
Torpa 3aTpaTel npu OTKase gBHTraTeNel

C1:C3[1—P(t)]N, (5)

rae P(t) — BepodamHocTb 0e30TKa3HoH paboTHl mBurateneil 3a BpeMsi £
" B ()YHKLHH OT BePOATHOCTH 3aJeBaHusl pOTOPA;
N — KOJHMeCcTBO BbIMYCKAEMBIX JBUTaTeJel JaHHOTO THIOPAas-
mMepa aJs AaHHOH OTpacau noTpebuTes.
OnruManpHoe BpeMs NPODUIAKTAYECKON 3aMeHBl IOLILHNHHKOB Oyier
[IpH PaBEHCTBe 3aTpaT, CBA3aHHLIX CO CMEHOH MOAWMNHHKOB Cyp, W 3aTpar
IpH OTKa3e ABHraTteJeH B skcmayaraunuu C;

Connmy =G5 [1 —P(ty)] N (6)

3nech

) — KOJHYEeCTBO 3aMeHdeMblX NOAIIHIIHAKOB.

CraTtucTHUeCcKHe NaHHBle 00 H3HOCOBBIX OTKA3aX MOALIMMHHKOBBIX Y3JI0B
B sKCIyaTauun # [3, 4] CBHAeTETHCTBYIOT O TOM, 4TO s ONHCAHUS OTKa-
30B CJeQyeT HCIOJAb30BaTh pacnpeneneHue Belbyana

P(t) = exp(—%), (7)

rae a u t, — mapamerpsl 3akoHa BeiGyana.
. Tonaa, noacrasasas (7) B (6) u cmenaB HeGosblixe Npeobpa3oBaHus,

MOJYYHM
/ ng:C
tg=| —t,In[ 1 — sn o, (8)
o= | e (1A
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Ha ocnose nmosyuentoro ypasHeHus (8) B kauecTse npumepa onpege-
JIHM BpeMs NPO(HIAKTHYECKOH 3aMeHBl [wapHKonoa ko Ne 60306 JBU-~
ratenein A02-32-4.

YpaBHeHne 06e30TKA3HOH pabOThl HAHHBIX JBUTaTeNel U3 YCJAOBHA 34--
'€BAHUSA pPOTOpPA 3a CTATOP UMEeT BUJ !

/ $1,483 ,
P(t)= exp (* m) ; )

Cpenuss BeNuUHHA 3KCIIyaTAUHOHHBIX 3aTpPaT, NPUXOAALIMXCA HA OAHMH OT-
Ka3 JBHraTe/d, paBHa C,=238,38. Pacxonsl, cBsi3aHHblE ¢ MPODHIAKTHUECKOIT
3aMeHON ABYX MOAUIMIHHKOB JBHraTess, cocTaBasiioT Cyn= 1,77 pyob.

Torna, noxcrasaas napamerpul o= 1,483, {,=3,98-107 4ac ypaBHeHuS
{9) n naiinessble BenuunHn 3atpaTt C, U Cy;n B (8), moayuum ;=16 600 4a-
cos. To ecth, 0 ucTeueHHH HapaGoTku aBuratensiMd 16 600 wacos, Heob-
XOQNUMO TPOHM3BECTH 3aMeHy MOAIIHIHHKOB, TaK KaK TpH TOBLIIEHHH 3TOTO
BPEMEHH 3aTpaThl TPH OTKA3aX JBUraTedeli MO MpHUWHE 3afieBAHUS POTOpPA
3a crarop Oyayr npeobnafaTh Haj 3aTpaTaMH, CB3aHHBIMU C 3aMeHOH
TTOTII HITH HKOB.

PeaysabTaThl mpoBeAeHHBIX HCCAeAOBAHUA IMMO3BOJSIOT C(popnMHpvoaaa'rb
cJAeyIUHe BBLBOIbI:

1. Hpn TIpOBeE€HHH HCNbITaHHI TIO/LIATIH HKOBBIX y3J0B aCHHXPOHHBIX
JABHTaTeJed Ha HaleKHOCTb W JOJNGBEYHOCTb TpejJiaraencs B KayecTBe
KPUTeDHS, XapaKTepU3YIOUlero cTefleHb H3HOCA NMOMNIMMHHKA, UCTIONb3OBATE
€ro paaHajbHBIA 3a30p.

~ 2. Pazpaboraia MeToJHMKa OmpelesieHHs ONTHMaJbHOTO BpPeMeHH np‘o»
qynnaxmqeomon 3aMeHBl TIOMUIMIHHKOB TO YCJAOBUAM OPOBEICHHBIX HCTBI-
TaHNni. T
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