
650 frasa 21. MeBedzrche,m sneqmpuxu: opHa &a(ux ynpasre u,

9rcleHnoctl nepcoHara rpaHcoopMaropHo_Macn.qHoro xo3qricrBa peKoMeHAy-
€Tcr onpelenrrb np.qMblM cqeroM no KorHqecrBy ycraHoBJreHHl,rx rpatc@oplraro_
pos I-III ra6apuroB (cu. ratu. 21.2).

O6qyn vnc.tenHocrt I-I3TJI onpeAers1or no 3Mnxp1,1,{ecKofi 3aB}rcrrMocr'

Nu"r, = 3,3KrK.dF, (2t.3)

rae n - KonftqecTBo ycTaHoBJleHHblx Maul,tH, Tbrc. lllT.
CoornorueHue I4Tp - pa6ovue Moxer 6brrb npHHrro B npeaeJ,rax or AByx Aorpex u uao6opor.
IIpl yr.ny6.nenulr cneulranfi3aufiu r,r a:rr KpynHbrx npoM6llrJre HHr,rx npeanpr,r_

Trri Ha nepcneKTr.tBy peKoMeHAyercg co3,4aHI4e Uexa oneparHBHOIO 3JIeKTpOpeMOH_
Ta, BblnoJlHrlourero cpe,4Hqfi l,t TeKyu[ft peMoHT qacr], o6opyaoBaH[r. IIIrar ero_ro uexa onpeaenrerc.s nepeaa,Jei 30-70 % peMoHTHXKOB t.{3 coorBercrBvrorrfix
uexoB k npox3BoacTB.

21,7, Onr uuusaqne crpyrctrpbt ycraHoBreHHoro
x peMOHTnpyeMOro o6OpyAoBaHHe c[cTeM gIeKTpr4K,

3@@exrnnxocrl gneKTpopeMoHTHoro npou3BoacrBa Bo MHoroM onperenqerc,
coorHoureHheM 3arpar Ha peuoHr (vtueuHocrfi greKTporexHuqecxoro nepcoHa_
.na) n ro.nuvecrea gKcrrJlyarr{pyeMoro gJreKTporexHuvecKoro o6opyaosaHr,ts. Tpa_
,4Hr.ll,roHH6ri Meror onpeAeJIeHI,r, qHcJleHHocrlt npeAnonanaer Harr.rqfie nepeqHrr(cnncxa) a.nexrpoo6opy4oaaHu.s, cocraBreHHoro B coorBercrBlrH c aelzcrByrouericHcreMofi nnaHoBo-npeaynpe,&r{reJrbHoro peMoHra. Arq xaxqor; KoHKperHoi e.[H_unqu aaexrpoo6opyloBaHr4q xMeroTcr HopMarxBbr TpyAoeMKocTl4 Z, onpeAeles_
Hlte.qn.rr reKyuero, cpe.aHero Kan[raJrbHoro peMoHroB. Cncreua IIIIp cyuull-
pyeT TpyIoeMKOCTI' BceX BI,i^{OB peMoHToB, OAHO3HaqHO OnpeAen.ss cTpyKTypy }rqltcneHHocrl e.nexrplrvecxofi cnyx6br no HopMnpyeMofi crpyKrype peMoHrHbrx
UI-{K]IOB, NPOAONXITCJII,HOCTI,I MEXPEMOHTHhIX NCPXOIOB H I-II.{KJ'IOA:

7= isi$$,'- 
- 

4 z- z)zJ, q, k, I, d, n, (21.4)
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rAe / - TpyloeMKocrb 4-ro nr.r4a pa6or, k_ft rpynnu slerrpoo6opygon aHus npu
BbrnoJrHeHr,tlt /-ro auqa o6crlxuganlrq m-ro npox3BoAcrBeHHor o uexa n_ro pe-
MoHTHoro noapa3aeneHl.{r (eupnaexHue, perHoHaJrbH},re r{ 3aBorcKHe gneKTpoue_
xa, I4Meoufie cBor.r HopMr,r, rcx, jrcT T (21.4) Iaxe Mfl o.qHoro eJ,reKrpoo6opylosa_
Hua pasllvHoi).

Moau@r.rxautefi BbrpoKeHr.lr (21.4) nanxerct pacr{er rpyAogMKocrn no raK Ha_
3bIBaeM6rM ABHraTeJrqM-npeacTaBuTeJ,I flM U npT HcnoJrbSoBaHr4It ycnoBHbrx e.qr{Hr,ru
peMoHTa.

KorAa pacclrarpuBaerc.s KoHxperHbr lt gznraren , To BpeMr, Heo6xo,{uMoe lr.sero o6cry)ctBaHuq KaK Br.[a, HopMxpoBaHo Bnnorb ao orAeJrbHbrx onepaur.rfi. B
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%r4ut ynpa&leHut

|Ba peKoMeHAy-

rpaHcoopMaro-

Bl-tc|,lMocTl,

(2t.3)

lax oT .4Byx ao

rbrx npe.4npr49-
)JIeKTpOpeMOH-

rt{q. IIIrar 9To-
rTBeTCTByrOIIll,tx

ro
puKu

o n peaejrreTc'I

KOrO nepcoHa-
loBaH}{t. Tpa-
,!.rxe nepeqH.s

AeiicTByrouei
rKpeTHoi ea}{-
I, onpe.qeleH-
IIIIP cyr'lvu-
I crpyKrypy 

'r|e peMoHTHr,tx

(21.4)

yaoBaHvfl rrp}{
uexa n-fo pe-
le sneKTpoqe-
poo6opyloBa-

TH flO TAK HA-

TBHLIX e.{HHI,tU

5xo,{HMoe .{r.s
orepauHft. B

9ToM cnyt{ae ecrb npH'{HHHas 3aB cuMocrb. Ho yxe npn pacqere rpyroeMKocrh Ha
ypoBHe qexa hcqe3aeT oaHo3HaqHocTb 3aaHcHMocT'.r: KoJrr{qecTBo 3neKTpx,{ecKHx
Ma[rrH - qr{c;reHHocrb 3neKTporexHxqecKoro nepcoHiula, 9ro cootnetctryer re_
opI4H Cl.{CTeM: ee CBOTZCTBa He CBOATTCTI K CBOiICTBaM 3JreMeHTOB. HO CUCreltHUe
npe,{craBreHt-.trl Aon)<ur,r 6blrb AonoJlHeHbr rleHororuqecKuMI.{ nonoxeHu{M}l, Ko-
Topbre yrBepxaanr, vro pa:uoo6pa:|He ycraHoBJrenaoro (r.r peuoHrupyeuoro)
crporo onpeaeneHo 3aKoHoM nn0opuauuoHHoro or6opa. H arot gaxon roBopltr o
cyuecTBoBaHHr.{ ycToriquBblx oaHopo.qHHx fpynn (capaH'ioBbrx s4qos), ucnonb30_
BaH[e KonriqecTBeHHbrx xapaKTep].tcTr,tK KoTopbIX .{aeT Bo3MoXHOCTb rroBhrcr,rTb
eQQexrurnocrs 3neKrpopeMoHrHoro [pox3Bo.[crBa na 12-25 Vo

Ecrn orpeuonrNpoBaH .4B[mreJIb KaKoro-rfi6o BHAa, 3areM cpa3y xe peMoH-
THpyercs Apyroii Toro xe BH.ua, To rpyAoeMKocrr, peMoHTa BToporo BcefAa MeHb-
rue (.aoKyMeHTauk A, 3aKa3, Hanuxlr). Tax uoxso roBopr,rrr, o naprulr ABl4rareneft
(oco6eft-uryx) o.qHoro Blr.(a. Ygetwtat rpyAoeMKocrb peMoHTa oAHofi gr,reKTplrqe-

croft uaurHu fi3MeHtercr no 3aKoHy runep6o,ru L4 3aB crr"t or nop.sAKoBoro Ho-
Mepa MauIrHbr B napTHr.r:

(21.s)

rae To - Berr,{qnHa, coorBercrBynuat rpyroeMKocrr.{ peMoHTa (Br,rnonHeHHe or-
^4eJrr,Hbrx 

pa6or) olHoi (nepoofi) gneKTpHvecKoft MarxxHlr; jr - Korru{ecrBo eAr.t-
Hnu B naprxx (noplaxoaurl noruep); B - noKa3areJrr,, flBrnronJr4ircl xapaKrepr,rc-
THKof nHTeHcxBHocrH TexHoJrorHqecKoro flpouecca gJIeKTpopeMoHTnux pa6or
[yursepcarrHaa KpARatr olqeHvs Pafua, (1922 r.)]. ,

floxagare:ll B onpeae.nrer, HacKonbKo cHr{xaercq rpyaoeMKocrb BbtnonHeH}.tg
peMoHTHbrx pa6or nplr o6c,tyxtranut BToporo H nocJre,4ylotrlHx o.[HopoAH6IX x3-

^{enuft 
(ecrr npe,qel). IIo c}rx, p - noKa3are;rb ypoBHr opmHu3aur{}r npoBe^qeHx,

pa6m, tx aBToMarr{3aunr,r H MexaHu3aqr{}.t. Ha tstencr.ranocrb cHr,rxeHl.rq rpyao-
euxocru pa6or (xplnusHy rr.rnep6o.nu) rrpt yBerse*n cepufrHocrr4 (nennvllurr
o6c,rlr<lrsaevoft naprnu) a,rufior MarepnajrrlHo-TexHHt{ecKne, opraHH3auHoHHbre.
BHeUHHe fi Cy6beKTIBHbre Sarroprr. LtasHbn,t MoxHo cqHTaTb <(npr4HOpOBJIeHrre)>
pa6otlero K npox3BoAcrBeHHori oflepaunli, ocBoeHHe :@eexrunrttx lplreuor. [,u
gJleKrpopeMoHrHbrx uexoB cpe.rlHemgeueHHurl noKa3areJrb 8"" : 0,14 (rexuo,ronr.a
l-l crteun@HKa MeHqror noKa3arerb B npe.lerax 0 : 0,01+0,40).

Eyaer.r c,*rrars noa Be,,rlr.txHofi peMoHrrpyeMofi o,4Hopo.{Hoti naprHu qucreH-
Hocrb Br.rla ,s,. Ha ocHone ycroftvnnocrn Br.uloBoro pacnpeaeJreHH, (2.5) u zasu-
culrrocru (21.5) Mo)(Ho rrpeAnoxlirb rleHonorHqecKyro oUeHKy cyMMapHofi rpylo-
eMKocrI{ peMoHTa MHoxecrBa gneKrpogBurareJrefi. flycrt ulreercq ^S 

: LIV(|
BluoB, pa3lr.rrtHbrx no rpyroeMKocru peMoHTa H crpynfl poBaHHHx e (xact, o6l,-
e,qxHqnul,Ix rpynnbr B].raoB c o.qxHaKoBofi q]rcJreHHocrbto. Hopurt rpyaoevrocru
peMoHTa paglHqHbrx Brr,qoB pa3Hble, qro uenser u T^.

flpuueu oqr.rH noKa3arenb B npr.r pevonre pu:lr"no,* Br.laoB, Ho Kax.{brtr }l3
KOTOpbTX O,4HHaKOBO' qHCneHHOCTH - npelcTaMeH ojtHr4M KOnr{qecTBoM oTpe_
MoHrxpoBaHHr,rx uryx-oco6efi (16 MTB u I ApII s ra6n 2.4). Toraa no (21.5)



TpyaoeMKocTr, peMoHTa 3JreKTpr.tqecKhx aBHraTeneft, o6pa3yr.ou[x BH,{ qHcneHHoc_
Tbro ,r cocTaBHT

7;(i) = 4vi4i, (2r.6)

me Tiw - TpyaoeMKocrb peMoHTa e,rIHHHqHoro (nepBoro) gJreKTptiqecKoro aBHra-
Tert (oH Moxer raK M l.r ocrarbc.s, ecrt4 B3rrb H3 HoeBofi Kacrr,r K= I (cu. ra6n.
2.2); r : 14-24 (cu. ra6n. 2.3).

Tpyroelrxocrr peMoHTa BH.qoB o.(Hoir Kacrbr

v( ir wt,\
f*(il = Z,tT,ita| = it-o lTy..

(2t.9)

(21. l0)

TpyAoeuxocru peMoHTa Bcex greKTpHqecKHX ABr,rareneft, oOpasyrourlrx qeuos,
oflpelenreTc.s cyMMltpoBaHr{eM TpyaoeMKocTlt rro KacTaM Br,rloBoro pacnpeaeJre_
H fi:

(21.8)

B npaxrnry npoeKTllpoBaHr.t.s peMoHTa BBe,{eHbr ocHoBHbre Kpnrcpun - KoJrH-
qecrBo 3rercrpuqecKHx ABurarenett A Bern.tr4Ha cpe^qHerz MoulHocru. Crarucruqe_
cKH onpeAeneHHoMy 3reKTp[qecKoMy ,4BHmrer,rro cpeAHefi Mou.lHocrr.t coorBercr_
Byer cpe.4Hr.s rpyloeMKocrb ero o6cllxnnaxts l{ peMoHTa. vCpeaHnn rpyloeM_
Kocrb peMoHTa MHoxecrBa 3neK,rpxqecKnx ABHraTenefi B uen(^,r, MoxHo 3anl{car6
OopMyny ofipe,{eneHug rpyaoeMKocrt{ c }tcrIoJrHoBaHHeM ocHotsHbrx KpnrepueB,
HO C ytIeTOM CTpyKrypbr MHoxecTBa:

4-=it-u4,-w1iy
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= r"orfi'a w(i),

rAe 4p.* - cpeaHtq rpyaoeMKocrb peMoHTa sneKTpr.tqecKr,tx aBr.rrareneft K-fi, xac-
ru; {o - TpyAoeMKocrb o6clyxnnanu.s oneKrprrqecKoro ABrrrstens. cpelHeft (no
MHoxecrBy B uenoM) MoulHocrr4; r : xf2t.r - xos@@r.rqNenr, y,{r.rrr,rBarounfi
npoueHTHoe coaepxaHHe B paccMaTpr,rBaeMoM MHoXeCTBe sneKTpHqecKhx aBr.rra_
Tenen pa3rHqHbrx rareropufi cJroxHocrlt, no cpe.4Herz MoulHocrr,r r{ B 3aBI,tcHMo_
crl,( or npoueHTHoro co,uepxaHHs Koropbrx BBolrrcq noflpaBoqHbre xoe@euqn-
eHTbI: Tr = 0,003Kr + I - Ar" aclHxpoHHbrx ABqraTeneii nepeMeHHoro ToKa c
@asHrru poropou, t2: 0,003K2 + I - .qne KorneKTopHbrx MalultH r.{ Mau}rH no-
cro.sHHoro roKa, tr: 0,003(3 + I - 4;tr BbrcoKoBo,{brHbrx uarutH (r4e Kp K2, K3

- Ko;rl{trecrBo coorBercrBylou}tx Maur.tH B npoueHTHoM orHoueHr,tu K o6rueMv
KOnr,rvecTBy.

+ =if"Y n)

(2r.7)
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t! qHcJIeHHOC-

(2t.6)

rcxoro llBHra-
= I (cM. ra6r.

(21.7'
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1 lEnpelene-
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21.7. OnmuJawa4ut cmpygmypu ycmaqo1teflHo?o o6opyAosa\us cucme.M 3teKmpugu 653

Ecru crpyrrypa Br.rloBoro pacnpeAeneHuq npe.{craBJreHa fl-pacnpeAeneHr.reM,
ro, 3aMeH.{r B @opMyne (21.10) ra6nuvuoe 3HatreHxe l4/(i) Ha \enyrc qacrb qr{cJra

O(r), no.nyunn

r": = T,f(i' -o outt = q,i[ y 
Y -)=-\ 

xt+d )

r,/ u,t \ k

=GIl x'-o ,:t'- l=r*uiLt-"-u\ x -,/
(21.1l)

3auenrn cyMMy HHTerpzuroM, nonyqr,rM, frnTblBitq, \no Wo: Rt+d.

, 4 ^ T:-Rt-o
4. = f"r%lr-" pdx = .cp" - (R'-"-P - l).l l-d-p

.I[.u yrovueHnr x Z"'j ao6annleu cJraraeMoe do-tr'or-D, xoppexrupyp lee rpyAo-
eMKocrb peMoHTa gneKrpoABnmrereft o.[HopoAHbrx xacr. Ec.nra Heo6xoIHMo pac-
ct {Tarb cyMMapHyro rpyAoeMKocrb no BceM BxAaM pa6or, rceu c,ryx6au, ro $op-
uym (21.12) npr.rMer Br,t.{, aHaion4,{Hbrrl (21.4), no c } teroM crpyrrypu r(-ft
rpynnr,r gneKrpoo6opyAosaHus:

4 =ifzz(r,il'w(i). (2r. r3)

Vccteaozauut 6onee 500 ou6opox 
" 

aarap-o"",*'aoBoKynHocrer.{ noKa3irlrH,
qro cpeAHeKBalpar'.rqHar norpeuHocrh onpeAeJreHr4fl rpyAoeMKocrl.r no (21.10) -5-10%, Qopuytrau (2l.ll) n (21.12) - 5-20Vo.3rr 6oarure norperrHocru
tloplry.n o6ycloa.neHH 3aMeHoft AHcKperHoro prua HenpepbrBHorl OyHKuHeft (cyM-
Mbr - r,rHTerpaJrou), a raxxe Bapb[poBaHr4eM r{ HeroqHbrM onHcaHHeM TpyAoeM-
Kocrn oAHopoAHLrx xacr, Ho Bce BbrpDKeHHt MoxHo Hcnolrb3oBarb r,/'rs r4cc,ireAo-
BaHHt 3OOeKTl{BHocrr,r yflpaBneHrq, ocHoBaHHoro Ha Moaejrqx Da3Hocr[
crpyKryp.

OqeHxa onfi.rua.nbHocru nocrpoeHHq crpyKTypbl BHroBbrx pacnpeaeJreHnn 3ne-
KTpoo6opyloBaHus Bo3Mo)Ga Ha ocHoBaHrtI @oprray.:ru ueHonorx,{ecKotl TpyAoeM-
rocru \.

Onrrua.nlHoe perxeHtre - MrrHuMyM 3arpar Ha gJIeKTpopeMoH r, rronyeaeMoe M3
(2l.ll) ttrs Wo: Rt+e, ?]o: const n au4e:

rF:loex-
farf,caTb

(2r.r2)

(2t.t4)

{21.9)

ar_r0)

Ela-
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,: = + =,R'."ii-"-e -+ min

Ilpl,t cneayroulHx orpaHHqeHt,tsx Ha H3MeHeHHe napaMeTpoB

0<ct< 1; .0,01 <p<0,4; 5<R< 150; 1 <i<R, (2l.ls)



654 ltaea 21. Metedxtrenm opEaHu3qqut

rle R - noftHrep-roqKa, B Koropori OyHKur,rq (2.5) crporo paBHa O(x) = l; cr _xapaKT€phcrnqecK"fi aoKa3arerb; I _ onpeae.nexa no (21.5).
AltzurH3 noKa3ar, qTo rpl, M:ubrx 3HayeHu.sx R npuuepuo oII4HaKoBoe g.lIxrl-

Hr{e Ha yMeHr,ueHue Z"'ora:uaaor yBerHqeHue nupu""rpi B n cnr.rxeuue ct. Hoyxe npu yucne oco6efi-uryx peMoHTr{pyeMbrx sneKTpoABr.rmTeneft oxo.no 300, 6o-
l:.:."Xr:Tu."no cHhxeHne T! npu cuuxeuuu napaMerpa c[, treM rp]l yBenr.(qe_nlrn p. ro ecrh nplr onpe,[eJIeHHoM R cyrqecrsyer HeKoropa, tunun neperu6a,Korra npouecc cHDKeHr.lt pa3Hoo6pa3Hs Havr{Haer o*ra"ruur" 60rbuee N 4sHme
Ha cHHxeHr{e Tpyao3aTpaT, qeM coBepuJeHcTBOBaHI,re TexHono[ru 3JIeKTpOpeMoHT_
Hofo npol.r3BoAcTBa. CHfixeHxe pa3Hoo6pa3tls (cunxeHr.re (t) yBenx{HBaer Bo3_Mo)KHocrb npoBe.qeHtr Meponpxrr[ii no nHrexcu@uxaq]rn peMoHTH],rx pa6or, nocoBep[reHcrBoBaHr.rro ]rx rexHo;rorux (yBenx.reHue B). CxnxeHre d. Ha Z0 Vo MsT:: 32383 yBerurrHBaer Bo3MoxHocr6 50 %_ro @p 7!: iiOOO) 

"*r"*.r"" ,py-
aoeMKoCTr.{ :a cver Nutexcn@uKauHt rexHor,lofl4q""xoio rrpoqec"u peMoHTa.

Anr oqeHKx Benuqr{Hbr orK,roHeH , T" or T, (rpyoo""*o"ro B},rnor'tHeHH.f,
SneKTpopeMoHTHblx pa6or.qlq cryqar, Koraa rleHoJ,IoruqecKoe cHl,txeHr.{e ylenb_
HOft TpyroeMKOCTX He yvurueaerca) Moxer 6r,ITb cnoJIBOBaH noKa3arejrb
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Ha3BaHHbrfr noKa3areJleM HanprxeHHocrH BbrnorHeHl,tfl gneKTpopeMoHTHhtx pa6orno cTpyKrype MHoxecrBa 3reKTpoo6opyAoBaHHq. Iloxagate-Eo r_r"r"" or"o""_
TenbHofr oueHKofi onrfiMarbHocrl.t nocrpoeHm crpyKTypbl no Kpr{Tepr.rb 3arpar Ha9neKTpopeMoHT.

Teoperuvecxoe sHa{eHHe II, nsueus.erct B npelenax 0 < Hr< I (B = const).llpe e.nrHufi ctryuafr, H, = I o:uavaer, qro Z : Io, r. e. crpyxrypa MHoxecrBanpelcraMeHa roJ'rbKo pa3[HqHbrMl, BHIaMH, Her IB}4( oA"ru*o"",* (3OOeKT pac_cenuut) u Her naprHft, B Koropbrx npo[cxoArno 6u cnuxeHne rpyAoeMKocru npnpeMoHTe x o6c.nyxnaaHul (cauufi Hes@eerrr.ronufr c.nyraft nocrpoeHlfi crpyKTy_prt). Yuennuenre BeruqxHbr II, (yruexrueHue 4 no 
"iu"narrto 

c 4: const rn,paccuarpumeuofi cl6rer,.ru; cBr,tqerenbcrByer o 6o,ree soeexrnBHoM nocTpoeHxlc?pyKTypbr, cHr.{xeH}tr.t pasuoo6pa:nr, norlBJleHHH MHoroqncJIeHHbrx gulon. [Ipe_,&erbHbtr cnytair Hr--+ 0 comaercrayer 3OOeKry KoHueHrpauuu, KorAa Bce gJre_
KTpHqecKHe aBl/rarenu Ha npeanphrrHH l4nr{ B peMoH?e a6co:lprno oat{HaKoBbr(oaHoro Blraa).

Kax npaauo, ee@exr or cHHXeHu, TpyIoeMKocrH npl-{ o6pa3oBaHHx KacroA"HaKoBoro 3neKTpoo6opyAoBaHxq He orpe1enqercrl BB Ay croxHocr, frera, or_cyrcTBr,tt cBeAeH[fi no crpyKTyper cooraercreyouleft MeroAHKI4, Eo3Bonr]ouerl Ko_nuqecrBeHHo oueHr..trt rB,IeHlie- Oeeerr Bce paBHo nporBrrercq B pa3Hofr Hanpr_xeHHocrr.{ paoorbl .4Byx 6pnrAa, xoraa B oaHy cMeHy np[xolHrc, peMoHrr.rpoBarb
BCe pa3HHe sJleKrpnqecK e .&Bl{mTenM, a B apyryb (npu ollrHaxoson pacvernofi
rpyaoeMKocrl.t Br,rnonHeHn, pa6or sa cueuu) npoucxolxT cnwaftHoe oopa3oBaHrre
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at48 ynpaqrcHut

Qx) : l; cr -
BAXOBOE BJII-I'-
n<exue c[. Ho
o<o:lo 300, 6o-
r trplr yBeflxqe-
lr neperu6a,
EtrCE BJII.I'HNC

trrpopeMoHr-
xqxBaeT Bo3-
rfi pa6or, no
,, Ha 20 96 Ms

-x€HHg rpy-
lErroHra.
I IAmO' HeH l.l_g

EHXe ylenb-
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naprr.In, qro lr rroBbtlrraer npor.l3BoaxreJlbHocrb rpyra. Ilpaxtuvecxr,r Bceua 3Haqe_
Hxe 4 MeHbue, velt 7r, uto rro3Bojrrer cllenarb BbrBoa, qro B c,rpyKType MHox(ecr-
na ererrpoo6opygonaHrur (ycranooleHHoro H peuornnpyeuoro) cKpbrr pe3epB no_
BbrrreH[fl gOOeKrr,IBHocrn gneKTpopeMoHTHoro npolr:soAcrsa (Zo):

(21.t7)

floxagarels 3" (orHocurelr,uarl oueHKa onr[MaJlbHocru nocrpoeHu, crpyKTy-
pbr rto Kpr4Tepxlo earpar) no:toraer onpe.4eJlr,rr],, Ha cKonbKo .rcoperHqecKl,r 

Mo_
xer 6urr, cHr.lxeHa rpyroeMKocrb npn.rlaHHofi crpyKrype (sluosoM pacnpe^qere-
nuu): I.lrt cpeaHeB3BeueHHoro noKa3areJrr F"" : O,t+ ,iurr ycraHoueHHhrx
oneKTpoABr.rrarenefi 9, = 35 %, lls peuonrupyeMbrx 3a rot 27, za 6 Mec.queg _
20, :a xnapra.n - 14, :a Mecru - 8 %. pesepz O" onpeaelrerca B ocHoBHoM o.4_
HopolIHbrMI,t KacraMr,t H .(ns peMoHTHofi au6oprr.r npaKTr,rqecKx secb rroxer 6Hrr,
peaJl H3OBaH.

floxagarelu H, u 9" n orJII,tqHe or noKa3arerrl f,. otxocNte.nuue H no3Bo;tr_
ror o6o6qeHHo cpaBHr.rrb no onruMaJrbHocrlr crpy,irypo, pasrHvHr,re npernplr.f,_
Tr{q, pa3JIH{aroulr{ecn geluqunottr r,r KornqecrBoM peMoHTxpyeMorc s.nexrpoo6opy_
AoBaHHt. Moxno, He 3Har TpyloeMKocTl..t oTAeJIbHr,tx onepaunfi, cpaBHHTb,{Be
crpyrcrypbr no onrr{MaJrbHocrn: onpe.lenrror ct n B, noxa:are.irr B npuHur*lanr grn

Bo3MoxHocrH cpaBHeHHrr oaHHaKoBbrM; paccqhrbrBanr 11ln _ fr-"rl, f frn ,
k ,k

Hl' =Zi-"r-!,/Zi-o,, Koropbre 3areM r cpaBHHBanr. Onrunugauu, crpyKryphr

no KpHTepI{n 3aTpaT Ha gIeKTpOpeMOHT 3aKrrro{aeTc, B MIHXMH3aUHI,T pa3Hoo6_
pa3r.r.s BllaoB oKcnnyarupyeMorc 3neKTpoo6opyaoBaH[.q B rpaHHuax napaMeTpoB
cTpyKrypH, onpe,[emeMbtx COCTOflHrjeM BH.qoBOrO pacnpeaeJreHn, _ HOpMa.ynpaBreHHe Br.taoBofi crpyKTypoft 3Kcnnyarr.rpyeMoro 3neKrpoooopyaoBaHuq
no KpxTepl{p Mr,rHHMr,l3auHr,t TpyIoeMKocT[ gJIeKTpOpeMOHTHbtX pa6oT ocHoBaHO
Ha cneaybu.lttx noJloxeHl,rrx,

flycn [/ = const (o6uee KonuqecrBo 3.[eMeHToB MHoxecrBa), R : const (na_
paMerp pa3Mepa MHoxecrBa), W,, Wo" c[r, ct2 _ t{ucJreHHocrb nepBoft Kacrbr t_r

xapaKTepncTnqecK[fr noKa3arerb cooTBercTBeHHo Ao r.{ nocne }r3MeHeHH.,t crDvK-
rypbl.

Yqurugaq Wo= pt+tt, MoxHo 3anncarb

(*tlw 
= t'W,,

(21.18)

r. e. npn nog.leftcrgnu Ha crpyKTypy napaMerpoB Wn u a lo H rrocne H3MeHeHH,
oKa3brBabrcrl OyHKuHoHanr,Ho cBfl3aHHbrMlj: npu nsueHdluu napaMerpa c(, 3Haqe_
HI{e napaMerpa lYo lonxno MeHrr},cq raKr.rM o6pa3oM, vro6sr $ynxqul C)(:r) a
.no6ov c.nyvae npoxojlnna qepes roqKy c KoopIr.{HaraMH (R, l). Moae,lr ynp;e_
HHr crpyKrypofi o6opyAoBaHHr npercraBJreHa na ouc.2l.4.
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AHanla: (21.20) noKa3brBaer, t{To npx yBenHtIeHH}l {Hc;reHHocrr.r Bmaa Ha nov'
pocr rh (npu @uxcuponauHou x) orHocxrerbHbrfi cna,( KorgqecrBa uraou, aoaru"_
nawl:Jr4it -y;r-tdr. Ilpolo.lrx:rq yBenuqHBarb dx Ha raKytu xe BenliqllHy, 6yaeu no-
nflaTb MeHb[HIl B rrpoIIeHTHoM oTHouleHr.t cna.q, tIeM npr{ nepBoM rlare, T.e.
oTHOCXTen6HbIft <(OTCeD> BI,I,(OB nO Mepe pocTa HX qI{CJIeHHOCT}I Bce MeHb[Ie H
MeHbue coKpaulaercrl nponopqfioHarbHo qucJ,reHHocru anga. flepexo.{ x ggcuefi
qrrcJreHHocrr,r (oaHopo4Hue xactu) .nerve Ms BuAoR, yxe Aocrfirtrrl.rx BbrcoKo,
qI,ICJTeHHOCTT.{, qeM aIr MaJ'IOWiCJ'IeHHbIX. -IIerKocTb nepexoaa B MHOTOT{[CreHHbre
KacTbr pacTeT nponopuHoHitJrbHo l,rlrlenqerica qHcIeHHocTH.

AnrcpnrM, nony,{eHHbrri crarrcrHqecKu, noKa3brBaer, rlro B cny{ae coKpaqe_
H q BL'uIoB HeoaHopoaHbrx Kacr (npeacraaleHublx M:l.,lbtM uuclon saeveHrol) npn
HeL{3MeHHoM o6ueM KonH,{ecrBe gneMeHToB MHoxecrBa Bce 3JreMeHTr,r coKDa[a_

(2r.t9)

(21.20)

eMbrx BHAoB, coxpaula @oprr,ry
runep6olu (ycrofivnrocrl
crpyrrypu), c 6onbrxei Bepoqr-
HOCTr,r.O nepepacflpeaeltroTcq B

coce.qHlie KacTbr, cABufagcb no-
creneHHo K o.[Hopo,[HHM (3a_
nojrHrr Bl.{trbr co cpe,[Hetz . .tc-
reHnocrsn). fi c MeHbrxefr Bepo-

'THOCTbI,O - Cpa3y B O^qHopojt-
HtIe KaCTITI C qlCneHHOCTbtO,

6rr:xori x iy'o (carusrfi unoro-
,rr.lc,'leH riufi BH.a). AiroparM Or4-
:aqecxa o6r,qcHsercr qacrrq-
HbIM COKpaUIeH}{eM qHCreH HOC-
TI4 HeKOTOp6TX Br,r{oB }t Bo3Bpa-
TOM HX B HeOAHOpOAHLIe KaCTr,r

MeHr,uefi t{rcjreHHocrr4, a raKxe

o(r)

n'z

wo,

wo,

R

act=_L

Py,c. 21.4. MoAerb ynpaBneHxe crpyKrypoi s(cntyarr_lpyeMoro gneKpoooopyAo8aH|,e
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rayccoBblM pacnpeaeneHneM BI,JIOB B KaCTaX, qTO npe.4onpeaeJlreT oTHocr{Te,rrbHo
paBHoMepHoe coKpauleHue qxcna Bl,uoB B HeOAHOpO.{HbrX KacTax npH Bo3.[eHcT_
BULI, Hanp Mep, B HanpaBjreHur4 coKparleHH, pa3Hoo6pa3l.t.,r.

Taxulr o6pa:on, crarr.{cnjqecKr.{ nory.leHHbrfr anfopr4Trrt llMcer crporoe Mare_
MarfivecKoe o6ocHoBaHr.{e x onnpaercq Ha $ustvecryn cyruHocrb npouecca. B
cnyqae pocTa qncna peaKHx BltaoB c oaHoBpeMeHHbrM yMeHh[rcHr.reM qr{cjreHHOC_
Tr.r MHoroqHcJreHHsrx xacr (pocrou pa:uoo6paour n clcreue) MoAerb r.rHTepnpern_
pyeTcr B o6parHou noprlAKe aHaIorr4,lHHv o6oagon.

HuutaquoHsag MoAenb ynpaBneH*" uroouoft crpyKTypofi ueHo3a B r{HTepaK-
TT,TBHOM pexhMe no3Bo,TreT H3MeHrTb cocTorHl.ie cTpyKTypbr h H3yqaTb BJlHsHne
9Toro tr3MeHeHrl Ha rroKa3are,r[ e$SexrnrHocru B npeAenax cocrotuna H_pac_
IIpeleneHxr <<HopMa> - n3MeHeHl.{q xapaKTepxcThqecKofo noKa3aTeJrq B npeaenax
0 < cr < l, c t.rlaroM, paeHur,.r 0,1. B pesy,rlrare nonyqeHbr HoMorpaMMbr, Aarour4e
KonriqecrBeHHyr,o oueHxy gooexra, Koropbrfi peurv3yercs npl.{ 3neKTpopeMoHTe 3a
cqeT coKpauleHfis B cTpyKType qncna peaKltx Bl,r.4oa r.{ oaHoBpeMeHHOM yBenHqe-
HrrH KoJr qecrBa gJreMeHToB MHoroq[creHHr,rx Kacr, T. e. npu yHr.r$nxaquu. Ho_
MOrpaMMbI nocTpoeHbl B OTHOCI.{TeJIbHbIX e,.VHt4\aX V HaXOA'ITCTT B 3aBHCHMOCTIj
Jll.trrr, or 3HaqeHltr napaMerpa p, npu yc,rotnn coxpaHeHuq U: const. AHanH3
cTaTLtcTHqeCKOIO MATepUana noKa3aJI, r{TO KaqecTBo MoaeJIk no,{HocTSIO Onpeae-
Jlsercq norperxHocrbn @opMyn onpeAeJleHrra rpyAoeMKocrl.{, Hcnon}fyeMblx npt.t
MO.[enHpoBaH hH.

Ha puc.2I.5 npercrameHa oaHa H3 HoMorpaMM A,,t, cJryqa, B : 0,1. flepno_
HaqaJbHr,rM 3HaqeHl.trM noKa3aTeJ,lfl c[r cooTBeTcTByroT caM}r Kpt.rBbre; Ha ropx3oH_
TanbHori ocl-{ orMeqeHr,r 3HaqeHHg ct2. npl.l n3MeHeHxr{, HanpriMep, c ctr = 0,g Ioctr: 0,2 ToqKa flepeceqeHnrr coorBercrBylorlu4x Kpxgbrx cl'r c ncpneHAuKynspoM,
BoccraHoMeHHblMl..t r.{3 ToqKr.{j coorsercrgyl.oueri 3HaqeHkn o-2, aacr 3HaqeHHe
9KoHoMHqecKoro s@@exra, coorBercrByloxlee H3MeHeHrre qHcJla BH.qoB neprofi xa_
crat A,Wo, {HcJreHHocrb BnpryanbHofi xacrs A,(J u q[cro Bu,qoB, floABeprlufixcq
M3MeHeHun npu yHr@uxaqnn, A.!.

3aslrctrrvroctr rpyaoeMKocru peMoHTa or crpyKTypbr BlraoBoro pacnpeaereHHrl
aeJIaeT aKryaJrbHr,rM Bonpoc ynpaBleHx.s pa:uoo6pasreu cTpyKTypbr npx opmHfi_
:aunu flflP, npoeKTxpoBaHltr.t, crpoxrenbcrBe, TexHI.rqecKoM lrcpeBooplareHlru
npolt3BoAcrBa B uerrrx yBenltr{eHu[ pe3epBa [oBr,lrreH]l, g6Oerrtlenocrtr peMorrr_
Ho-sKcnnyaraur,roxHlrx pa6or. flpaxrrlvecxu MoxHo, Bo3Aeficruy" ," arpy*rypy u
npeaenax crarr.tcrrlqecKlr paBHo3HaqHblx u paBHo3OOeKT}tBH;lx no rexHorofuqec-
KHM H gHepreTHqecKHM Tpe6oBaHx.aM BaplaHToB, cHr.r3l.lrr, B ABa pa3a {r,rcJlo pel-
KXX npfi O,{HOBpeMeHHoM yBeII4qeHI,tx rIHcneHHocTI,r qacTo Bc'rpeyaK)u{rxc'l Br.{noB
Lr3nenldir.

Ltrs cl^sura qpoxoa flflp c rleJrbro cHtDKeHtx paetoo6pasur peMoHrHpyeMbrx
3neKTpuqecKhx ABHraTenefi B [peAenax paBHoonTI,rMaJIbH6rx gxa.reHr,ti nepxoAl1.l_
HocTH peMoHTa Kaxnoro 3jreKTp qecKoro lBrrraTerq OTpyKTypy n:rau_rpa$nxa
MO)KHO npeacTaBHTL B B Ae MaTpt{rlbl
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9uc,ro crpox MarpHull I coorBercrByer KonuqecrBy sJreKTpheecKHX aBt,lrare-
Ieri, HaMeqaeMbtx K peMoHTy B paccMaTpHBaeMoM nepuoAe, pa:6nrolr Ha n Bpe_
MeHHbrx nHTepBirJroB, KoropblM coorBercrByror cro.n6uu uarpruu.

S,reveHru MaTpltUbI onpeAeneHbt cneAyroulr,tM o6pa3oM: b,,: r, eutn y U-ro
3neKTpoAB[rarenr, rBrsroqerocq r-M BHAoM (r: 1,2,...., J), eHavenne uexpe_
MoHTHofo nep[oAa H3,qHana3oHa onrr.{MarbHbrx 3Ha.reHr,tri nepHo,4hqHocrH nDo-
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np|,4 ynpaBneHnu
sxao8ox crpyKrypot SnefiouqecKoro ueHo3a
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Be^qeHH.q peMoHTa coBna,aaer c /?_M BpeMeHHbrM IHTepBiuroM; b,,: 0, ecnu y (J_rogneKTpoABHrarenq ,[Harra3oH onrHMaJrr,Hbrx 3HaqeHxii fiepHoAuqHocTH He coBna_
AaeT c nnaHHpyeMbrMr.t cpoKaMH peMoHTa. B K ({brr? n_fi fiepuo| MoxeT 6r,rrr, or_peMoHTl.rpoBaHO O[pe,{ejreHHoe paBHoe Konr{qecTBo gneKTpHqecKr.! x aBl{farercir kflpu ooureM KoJ'llrqecrBe IJ: kn, Marpuua on"r"rarpy"r"" no ycroBlrro, r{To cpe-
.4u /< :,terrpuvecxHX nBurarenefi, o,4HoBpeMeHHo BrjBoAIlMr,tx B peMoHT, t{hcr,ro BI4-
AoB 6YAeT MHHI,tM:llIr,HbrM.

CyuecrneHHa ueHo,{on{qe(
reH !r H o6r,e iaos ".*r roo"n"fj :::ffifi'# Hffifi i:[:#ffi ":r"ff "Hbrx, cpe^qHtx rz MeJrKl.tx npelnpusr\ , KaK yHlBepc:urbHbrx, TaK fi pa3,,II.l'{HOfr
c fi e \uaJt n3allwtt. Ko,rnqecreo
Aenenufi (na npeanpnsr,4., 

" 
;i;"xxilTx:H:H:T ;l;JilTnil;:T.fffH:

MeHKnaTypbI l.{ oobeMoB pa6oT, ypoBeHr, rleHTpaJrr&ar\L\n Heo6xoAnuo olpeAeJrrTb
Ha ocHoBe ycroir{HBocrrz crpyKTypbr MHoxecrBa ycraHoBr,IeHHoro H peMoHTHpye_
Mor-o 3neKTpoooopytoBaHus. Toua ff_onruuaqbHoe pacnpeAeneHxe ooleMoB pa_6or uexay c''eq,{a,rH3xpoBaHHo'vn e,,pvavlr, orpu"rauo,", no.qpa3aeneHx.sMx HBH)'Tpu3aBoAcKr,rM 3neKTpopeMoHToM peuaercq cne.4yroqr,tM o6pa3oM.

flposoAurcq aHa;rr{3 crpyKTypbr MHo)KecrBa ycraHoB,TeHHbrx, HanpuMep, gneK_
TphqecKHX Maur4H Ha npoMbruneHHbrx nper.npnATLflX peltroHa, Hyx4alouxxcfl B3JleKTpopeMoHTe (crpolrrcn H-pacnpegeteune). Onpe^qerqorcn qacro Bcrpeqab_ufiecq (capaH.roBue) sNAr,l, onrrc;rBaeMr,re HeKoropoi OyHKur,reri Z(x). lnx uxpeMoHTa B perxoHe HyxeH oaAH c et\Aaru3upoBaHHr,lli Mexo.tpacreBoH 3aBoa cTexHororhefi noroqHoro peMoHTa, npuoluxarcueiics K TexHoJlofHH 3aBoAoB_143_roroBHTeneri [o6lenu peuoHra, ocyruecrBnqeMbre cneqhaJ[r3HpoBaHHbrM]r no.{_pa3,eneHKsMt4 3reKrporexHHr{ecKoii npoMbrruneHHocrH, ,4j, {TeJrr,Hoe BpeM, HenpeBbnxiul, 10-12 %, qro KaK pa3 t..t coorBercrByer nplr6,uxenxouy coorHofire_
HHro Kor'ltqecrBa greKTpHqecKr.rx MallrHH, onlcbrBa eMbrx eyHKt.|lrei Z(x)|.3areu nporoanrc.s aua,u: II_pacnpe4ar"nrR 

""o*.lrui'rr.-*1pr".a*r* "ut11"r1rpynn rexHoJrornqecru,r 6.nu:xyr
xoropue6u,u"o.o,.ou",o"*JJl#jffiKffi ffi :.;lff :."TX"#T;:::paHqoBbrMl,r, orpaxa.q cneuHor,rKy orpacnli (,{epHas Merannyp .rrr, Ma[xHocrpoe_xue). B srolr cnflae uenecoo6pa3Ha opraHfi3auH;r cneuuaJrlt3xpoBaHHoro orpac,re_Boro 3reKTpopeMoHTHoro npe/.npusrlirr, Koropoe x 6yayr ooc,ryxuaart
xapaKTepHbre ro,ir6Ko.4,r.q cBoeii orpacnx capaHqoBble Br..r!br 3,qeKtpuqecKr{x Malur.rH.HaxoHeu, ocraBurec.q 3neKTpfiqecKre Ma rr.tHbr pe.qKux BxlloB, xapaKTepHbre
TOnbKo.4rq aaHHoro 3aBOAa, He3aBucHMO OT OTpacnl.l H TeppHTopuaJrbHoro pacflo_roxeHn.q .qorxHbt peMoHTr..tpoBarbc, B cBoHx co6crBeHHr,lx gneKTpouexax. flepe_Hocxrb xH.qxBrl 4ya,'rbHbrfi peMoHT B cneunarx3hpoBaHHr,re MexorpacJreBLre Ii or_pacreBr,re nolpa3^qeneHHq Hes$@exrlreHo, TaK KaK KaXAbrfi SreKlpo,{Burarenr, BcepaBHo yHxKaJreH, a peMoHT OCTaHeTCq UHAZIBU!y'UJHbTM,

OnucauHaq veroIlrxa II-onr
MoBnxpeMoHran'rnercs"u"ufi :il:x:T::Tr"nff ff J.X.ff :ffil*",..ff _
KperHbrx yc,'roBtii, yB.q3btBarr, c ]DKe cyxtecrByloulefi uatepna,rsxo-TexHuqecKofi
6a:oli peuorlra H TpaHcnoprHr,rMl, pacxonaMH.



Ltaeo 21, Menedctcuenm opHoHu3aqut

Bonpocu aJrr caMonpoBepax

L Ha:osr,rre BapltaHTbr opraHx3zlull, ynpaBJreHr,r, cxcr€MaMr,r sneKrplrKrr.
2. Yrcaxure ocHoBHf,re ceMefisrBa gKclulyarl,rpyeMoro B npoMl,mure HHocrx gneKTpo_

o6opyrosaxnq H coorHecnre r.lx peMoHT c pa6oraM{, BbrnoJrHreMbtMr,r 3neKTpopeMoH-
THbIM UEXOM.

3. Paccvmpxre OyHxqnn I{ Ha3Hat{eHr€ flo.4pa3aeneHxfi uexa (fracrKa) cerefi lr
noAcraHunf noMbrlureHHoro npe!.npnsrvs no ypoBHsM cr.tcreMbr 3JreKTpocHa6xeHrrq.

4. IlepevncJrr,rre gJleKTporexHrqecKle naodparopHx, Bo3MoxHbre Ha KpynHoM nDe.a-
nputTl,tx.

5. Karonu ocHoBHbre $yHxunx 3reKTporexHr{qecKoro nepcoHara uexa?
6. Ilplraeanre Bo3MoxHbte Bap[aHrbr opraHx3aunx peMoHra 14 o6cnyx[BaH]r, uexo-

Boro clrJroBoro 3neKTpoo6opyAoBaHnr.
7. C0opMynnpyfiTe ocHoBHbre npuHunnlr, KoropHe .qonxHbr 6Hrb r,rcnornoBaHbr

npl-I onpeleneHl,t qIlcJIeHHOCTU gJIeKTpOTeXHLtqecKoro nepcoHaJla no 3aBo[y B ueJIOM H
qeHTp:ulr3oBaHHhrru clyx6au sneKrpopeMoHTa.

8. Ha ocHose aHiurHsa crpyKTypbr ycraHoMeHHoro H peMoHTr4pyeMoro 3reKTpoo6o-
pyloBaHlft no Kp[TepxqM H-pacnpeaenennt (no nonropreuocrN) noacnnre $xsr,rvec_Kltt cMbrcr orcyrcrBhq cpeAHero (MareMarn,{ecKoro oxl{.qaHtrr) H Teoper[,recKyr,o 6ec_
KOHeqHOCTL AHCnepcn1-|.

9. yKaxnre rpaHr.trlbr ynparureHH, crpyKTypofi npoeKTHpyeMoro! ycraHoBJreHHoro tl
peMoHTl{pyeMoro o6opyAoBaHxr, o6ecneqlBaroqlHe noBbr[eHr4e rrpon3BoAr{TenbHocTx
Tpyaa 3nercpoTexHr{qecKoIo nepcoHajla 3aBOIa.
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