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cFreAxnx H qacr '  r (pynHbrx  perc  cccp ,  

"a ror tayeMoM 
'nano l t  rH .qpo3Hepre .

rp:rccf i  '  f ipoose.qeHbr peKoMe 'EaL.' '  nO npoeKTHpOBaHHrO, crpo'TenbcrBy
Lt o 6oci-ros a:H6ro 3K oHoMnqecrcoE scp@ercrNnHocrx coBpeMeHH brx aBToMarH-
3HpcBaHHbIx lviarlblx f  3C, npHMeHeHHIo pa3nHqHbrx rHnoB rr4gpocHJroBoro
o6opygoaar iNs .  PaccMorpeHbr  oco6ennocrH BoAoxpa H l 'n . l i rg  MaJrbrx  t ,3C uHx BITHq,Hlae Ha oKpylratorr lyp npHpoAHyio cpely. l lpNee.qeFr aHants
: iapy6e-xuofo  onbr ra  npoeKTHpoBa.HHs,  H c rpoHTenbcrBa Marbrx  f3c .

Kxr . t ra  paccqHTaHa Ha HHxeHepoB-rH,qpoTexHHK oB H ra [po3HepferH_
KoB:  f ipoeKTHpoBrr {HKoB,  c rpoHreaeE H 3KcrTnyaraLIHoHHHKoB,  a  TaKXe
Moxer  6ur rs  no le3Ha npenoAaBareJrgM H cryAeHTaM By3oB.
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BBEIIETTI.E,

B 70e forlE'I Bo MHolHx gpaHax fiotsbic i4iir^;fl. MHTepec K ocBoeHr4roaoso6Hoerr.fleMbrx sr_repropecypcoB, KaK Herp aIrarJfioHHbrx _ conr_leqnorZ,reoTepM;tJrlHofr, eerpoeofr 3HepfHH, TaK H Tpaw[rJJ.roHHbrx, K KoTopbrM BnepBylo oqepe,& orHocHrcq rr,rrgpaBxH,.lecKa, 3Hepr-H, peK. ero oOfJo"_rerro nocroqHHo pacryrrwM4 3aTpaTaMH Ha .Uo6r'ruy MHHeparbHofoTOnnHBa V COKpau-reHueM efo 3anacoB, yBenHqeHHeM norpeon eHHnw4HepanbHofo TonnHBa He3HepfeTHqecKHMH OTpacnflMr4 HaporHoroxosslZcrea' yxecToqeHHeM rpe60saHuh rc o*pu"" oKpy)KaroqeE cpe.arr ucBt3aHHbIM C HHM OI-p aHkrqeHueM BO3MO)KHOCTeT pasrrleqeHH, TefrJlo-eutx (T3C) r arortnrurx (A3C) snercrpocraHuarZ, oco6eHFro B HacerreHHbrxpafiorrax.
BtrcorcaE ypoBepb ocBoeHH s, tort uacrl ra.qpo3HepreTaqecKux pecyp_coB' KoT0p;ur MOXer 6rrrs Hcnonb3oBana nyreM COOpr)KeHHs KpyrrH.brxf3c, 3a.'t,'B'n o6param *rrr.r* L-'i"" Ha3brBaeMyro ManynrH D'po3HeprerHKy. K erofi o6nacra 

"rqpor"-F;;, mvrenu_1eficBoH TexrlororHqecKHe ocofurulogra' oTHocsrcr{ rgc *rror Mou+-rocTH,Ha3blBaeMbl€'MilJlbtl"ar f3C. B Hacroturee BpeMq npH3HaHHbrx Bo BceM|/J4W eII'rHL'Ix KppITepHeB npHllHqrleHHe f3'C 
" ""t"""p'upr 

r,.4z"Jrbrx Hecyulecreyer. Eonee TO|O, B HeKOTOpbrx cTpaHax 3TH Kpvrre,p4L CO BpeMe_HeM MeHqlorcs' Tax, a CUIA B pa3nar{Hbre ro4br K M;LrrbrM orHocrr f-3cycTaHOBnegHOE MOLLIHOc-Tnn no l5 , ?o',:r . -^.ttr
ao 30 nrc. rc Br . r"i;"" 

-vil"",1J"i"""'*;"?;;r#3JHX?"J,:.H
foc B KaTeropHro \4aJrbrx, B pa.Jr'r{Hbrx cTpaHax.qoclaTorrHo ,,trrpoK - oT2 no 30 rb!c. rcBr.

B cccP e 
"lro"rqee 

BpeMq npe.qnoxeHo cr{HTarb MarTbrMu focMou+rocrbro oT 0,1 ao 30 rrrc. rcBr, rrpH groM BBeAeHo ofpaHaqeHr,re noIJHaMerpy pa60vero Koneca r,Apo]ypluu',r ao 3 M H no Morrurocr'o'qHofo rH[poarperaTa ao 10 ruc. rcBi.-fOC ycTaHoBnerrsoft Mou{HocrbroMeHee 0,1 rulc. rcBr ssrnerreHbr B KaTeropHro MHKpofBC.
Ilverourraficz vrrpoeorZ onbrr ocBoeHus rH.uposHepreTuqecKrrx pecyp-COB MAJIbIX' CPE.&IHX [4 qAq'H KPY'IHbIX PCK MANbIMH r3C 'IO3BONHN

'qoBonbH' .rrcrpo nepefira rc Hx frpaKT'qecKoMy ocBoeH'ro H !a)Ke
"?:: 3,, J-iT:.^1Tl ". lpyr,ux s os o 6H oBr'e Mbrx 3H epf ope cypcoB.

r. .v l={vJ rrt I t\J r E|lr-ll4ij.J Ia f 14 nnr)ar{pr.rFpTrrr f 6 ^f . I

F71ff ::1.'1r'".1f 39,.,o**-;;;;;;;;";;r=#{fi.l##fr
vvvr rs^Hl1qeut(HH noTeHUHaI BCex fHllpo3HepfeTHqecl(Hx pecypcoBcocraBntlet 2l-45 I"LIlp.!. t<Br'v, i,is KoTopbix MzrJr brMr4 i--3C rexH,qecKH

*o-*tt 6s+ ocBeIC 500 i'atp.q. icBl.u, 'r.e. ?3Jio.B Hercoropbrx cTpaHax nocyrqecrBy Be1 rr,rgpogHepreTHqecKafi norerru;zran Mo)Ker 6r,rrt ocBoeg' 
\lalrbtIvlu f3C.

Masas rr.ryogHeprerHKa - o6'acrr 3neKTpo3Hepre r?t<H, rrepe )K HBarc -rt\4s' yxe rpeflafi eI4ToK B ptcropHu cBoefo put.:BHT'zls B Haure; crpaHe.CrporrrenbcrBo nepBbrx Ma^rrbrx fgc HaqaJrocb €ure B [poLUroM BeKe,Korga r,a( crpoHlrH p.nfl. 3neKTpocHa6xeHas oT..qerbHbrx fipe gnpnaruir
unu ue6o'nbulo( nocenKon. gprcro TaKr.rx f3C 6uuro ,r"""nr*o. 3arevOHH CrAnu BbffeCFISlTbCg N{effCt:I1vl}I TenjtOBbIMH 3J]eKTDOCTa Hrr..t4r7Mt4,BO3MQ)KHOCTTC nOBCeMeCTHOTo pa3MeuleHHq KOTOpUTx 6sur H tx4pe.

Bropoft 3Tan MaccoBoro crpoHTerrbcTBa npl{xo.uHTcs Ha KoHeu 40-x _ na_r{aro 50-x rr', Kor.qa n cccP, clxA, oparrur,*r , !1nonuug g.pyrHx crpaHaxcrpo*Jl*Cb y)Ke Tbrcsr{H MaJrL,rx r3c. flocrre 3TO'O _ BHOBb cnaA, B pe_3ynbrare KoTOpOtlO npaKTHqecKH BO BCeX grpaHax corlJH H Tbrcrr\tr IMaJIbIx roc 6'-u BblBe.qeHot 
ry 

gKcnnya rarr4. u nu6o 3:rKoHcepBHpo-BaHbr, lr,16o rrwKBnwrpoBaHbr. frraeHoE nppr\ruHo fr cnana 6annu 3HaqH_TerIbHbIe ycnexH B 9a3Bl/rT:H:/, 6olrurofr 3neKTposlrepreT?rKH Ha 6ascKpyrIHbIx rerlnoBblx' rIaApaBnI4\IecKHx H aroMi{blx 3rreKrpocraHruzfi H3neKTpOCeTeBoro cTpoHTenbcTBa.
I{ sor B nocnels.'e rolrbl HaqaJlcfl rperufi3Tar MaccoBofo c--rporJ.rcJrr,-

CTBA M,JIbIX f3C HA KAI{ECTBEHHO HOBOM TCXHHqECKOM YPOBHE.Kax.qbuU 
lo-_:om 

sran xapaKTeppcyercq 3HaqHTerrbHbrMH AosrH)Ke_',HflMLT B noBbnlle'.wu rexrut recKor! ypoBHq Manb* rpc, B rlpeoAorre-Hwu HeAoqraTKoB, cBq3aHHbIx c oco6euHocrtMH npoeKTr.r poBaH1tl,
crpoHTeJrbCTBa H 3K.''rryaraukr* 3THX O6rercroe. Tax, Ha BTopoM 3TaneHb cvesy npe)tHHM npHMHTHBHbTM rHApoMexaHHqecKHM ysraHoBKaivl
npo[L[ono BeKa npwuJnu grE,,]L coBepiijeiiHbie f.HApaBnHrjecKr4e ryp6v-HbI' qro MHorHe I'I3 Hprx Eax<e ceroAHfl' no npo.,,esrB.'' 50 ner 3Kcnnya-

lffilit^cyu{ecrBy 
ortseqarcr coBpeMeHHbIM rpe6oeau .urnM no rco:dren-irHeHTy- none3H.ro trefrceserq (K[In), go*oapeMeHHo Cf., H Ha'e)r(HocrH.@arcr, rcotopurfi, no)Ka[yfi, He HMeer .aHaJroroB B ApyrHx o6lacrsxTe*HHKH' o'r+raxo TabilJkr', o6opyaoBaHHbre cTorrb co'epu-,er,r rb*.ir rrl{.qpoarpefaTaMH, 1.fr\4e|7u etl!' HeAOCTaTKOB, ftraBHbrMH r43 KOTopbrX6atnu BbrcoKarr ytrenbHarl cro,MocTb crpo,TenbcrBa, npHcyulaq BC.N,1MeTIKHM aHeproo6'beKTaM no cpaBHertHn c Kpynrb lvl, L1 oTr ro'.rrcJ rr,r roMHofor{Hcresr*uZ o6cnyxasarcutJafi [epcoHaJr r€-3a HH3KOfo ypo'r'MexaHH3AL\ytr4.

Ha HoBoM' TperbeM 3Tane coBpeMeHHbre .qogrrlx(eHLrq B o6-rrac:.rraBTOM;\THKH VI CWDCTB ynpaB neHHrr no3BorrrT npeoAoneTb HeKoT0pbrerre'qocTarKH - cAenaTb Ndarlble r3C [orlHocTbro aBToMarH3r.rpoBaHHr,rMH,
oAFraKo ygenbHbre 3arpaTbr rur rfi crpoHTenbc.TBo Bce )Ke 6y4-fr BbrLUe,qeM Ha KpynHble aueproo6beKTbl. Ec-m ocHoBaHHt nDennorrpr-2rl yrm
.qa:urrerZ[lee coBepujeHcrBoBaFii.e TexHHqecKp{x p" -"rr"t 

"; 
;;;;,, ;;lHApocoopyx(eHHtlM H nOBbItueHHe ]HHr-rvc:.r):,/t2 rtw22ttt^', m^

fIo3BorItIT u 3.qecb uafiru np,eMneMbre p"-.ir"":''"*-'r' 
r v I vv^ twr rt)u I LJZ'

Karc rlorc€BblBarcT HccJle.qoBalr4r^, e CCCp HMerorcfl 3HaqHTenbIrL.r€BO3MO)KHOCTH A,J-I.fl OCBOE HHN IVEPO3HEPIETHI{ECKHX 
PCCTPCOB fIP HMEI] H-



TeilbHo K Millofr fu.trDo3HeprerHKe. B 40-5(.)e !rr. erpogTe-rybcrBo ;.,4:Lr-!blx
f3C s CCCP ocylqecTBtlqtrocb.qoBonbHo BbrcoKHMH TeMnavpr. K 1952r.
B 3KcnnyaraLJt4u Haxo.uHnocb .qo 7000 MaJrblx f3C, a reMnbr rtx crpou-
rerlbcrBa !.ocfl4ranN 1500 B ro,q. Bulr HaKouIeH 3HaqHTe nurtutfr onbrr no
Hx crpovtrenbcrByr a raKxe 6ttlo co3.trarJo coBeplrJeHHoe rHrqpocHJroBoe
o6opynoe anue.

B rconue 60-x u :aa.uatte 70-x rr. 6oree 90o/o uannu f3C 6trlo BbrBege-
IJo H3 3KCnIyaraLII'rH H qacrb lo( 3aKoHcepBHpoB aHa, Ho ooluuHHcrBo
pa3pyuJeHo, B ocHoBHoM MetIKHe f3C voulHocmr,o 50-100 rcBr, rrpvrian-
n e xaBrulie KoJuo 33'\," Li coBxo3aivi.

B Hacroqulee BpeMrr e CCCP treficre1'er 6oree 300 valtrx fOC o6rqeft
Mou-lHocrblo oKotlo 1300 TbIc. KBr. 3rl,t I-OC pa3nr,rlrHbr no KoHCTpyKTT{B-
I J I - l M  n . o r r r o u l / o l ,  r ,  r c v r  r r n , ^ ^ r - ^ ri':Du'vi P"vtttYr-ri'i>'tiv1 n iE.tr,ll?lquuKuMy i,?oBHiO 

- OT ynpaBilf,eiWbtx t;pyqHyru

.qo norlHocrbto aBToMarH3HpoBaHHbrx, pa6oTar,onuix 6es ;1e)KypHofo
nepcoHaJul. Hercoropble Marbre f3C 3Kcnnyarapyrorcq 6olee 50 ler,
AeMoHcrpvrpyfl BbrcoKyro Ha.qe)KHocrr, pa6oTbr o6opyaoeaHnfl,. Marule
rcC o6ecneqnBalor 3Heproclra6xeHae or.qenbHbrx norpe6r renen,
?BonHpoBaHHbIx or 3HepfocHcreMbr, Ho 6olunraq Hx qacrb nolI<nroqeHa
K MecrHbIM 3HeprocHcreMav. SrconoMHqecKH it auanu3 pa6oTbr 3Kcrtrrya-
rHpyeMltx MiIJIbtx f3C noKa3btBaer, qro Bce or-lu peHra6elbHbr. Ce6e-
croHMocrb eutpa6arolBaeMofi r-rN{kr sneKTpo3HeprHu B 6onsnuHcrBe
crrfqSgs coorBercrByer ypoBHro rroKa3areleE no TerrnoBbrM 3neKlp6r
CTZIHtl}lgt\,,L

B noclegnHe ro.&r e llrEponpoeKTe wMeHu"r C.fl,. xyrca 6wn Bbrnor-
HeH KoMrlrlerc pa6or no o6ocnoBaHuro qenecoo6pasHocrr,r pa3BeprbrBa-
HH9 HoBorc crpoHTenbcrts& M&[bx f3C n CCCP, ocHoBHbrx HanpaBrre-
uvrit u ruracrura6oB srofo paar,rrufl,. Paspa6oTala.uoJroc^Dor*Jafl, rrpor^DaM-
Mrr cTpoHTenbcTBa HOBbrx H peKoHcTpwrJyrkr paHee froqrpoeHHbrx MaJrbrx
fOC;. OcHoeHeIMH H€trI paBnerraflMH pa3B HTvrn lvrarroir rHrlpo3HeprerraKu
na lnux<aiuve 15-20 J-rer sB.r-rerorcq:

TexHHlrecKoe nepeBooppKeHHe H peKoHcTpyKqHs Bcex .qeft cTByroLr.IHX,
3aKoHcepBnpoBaHHbrx H qacru cnncaHHr,rx f3C;

c1-pioHTe-[bgrBo Horrbrx rv{aJlbrx r3c, B nepB}'ro oqepe.& B pai.ioHax
.qelleHTp anv3oBaHHofo sHeprocH a6xeuus B uerfrx coKpau-leHua norpe6-
TlEHHfl XH'4<OI.O TOTIJ]^H,BA.qH3ENbHbIMH SNEKTPOCTA TilJJ4'LMH:

coopy)KeHHe lvratttrx f3C e pafioHax qeHTpanHsoBaHHoro oHeprocrla6-
;{KeHHs frraBHL,rM O6pasOv rryTeM npizcrpoirKr K BogoxpaHnrturJfaw v
nepena,naM Ha KaHarlax HegHepferHqecKofo HasHaqeH],/lfl! Hcnonb3ye-
ML,rx ,qnq pa3rurlrHbrX uelerZ (noaoo6ecneqeHkr.s,, opoLUeHHfl vr W.)

Peanuzan4tn Ka)Kgoro H3 3THx HanpaBn esuFt aMeer cBotr oco6eH-
HOCTH.

BunoreHHoe fnnponpoeKTov o6cre,qoBaHHe noqrH 390 valorx f3C,
B -ruM t{HC)Ie 224 nefrcty_ytol.Lt!4x H 3aKoHcepBl4poBaHHbtx u l.!0 C[t.!caH=
I-ibrx, no3aorrH,rro Bbr.rrBHTb BCrO CTO)(HOCTb pa3BHTkrfl. l'/.aJ]l}fi.rprnpoeHepfe-
THKU. Orcyrcreue ueo6xoAuvofi TexHar{ecrcolZ EoKyMeHTZTJHV\ pa3Ho-
T r r n r ; n f f i  ^ K ^ ^ . ' - ^  ^ E - ^ ,1'rr rr rvL.rD' wvvyyl-{\rba.nvrTt vL Mrlul (ruupa:)L4e lerulHr{gcKHx petugHHH,

rpe6yloutux wurltren4yalbHoro notrxolla, ocrox(Ftflror rrpoBeAeHue
(,

peKoHc-Tp-y-rciilrm3-T'i4x cT.antJJrtit Ha ocHoBe BHoBb co3.qaBaeMoro vHraonrlJ,i-
poBaHHoro ofupyi1oBanun v rpe6yror r,rFrtrr,rBr,u0rarusofr pa:pa6orrcn
npoeKToB peKoHcrpyKrJJ.er MS.Jtlrx f3C, oco6eHHo cnucalrHbtx, He LrHcJrrr-
tq}Ixcst na 6anaH'CF.. V Bce xe sra fgC ocralorce uau6onee 3KoHoMr,r-
qecl( H s@QercrnnHofi qac-rblo MaJIorZ rHJIposH epre rr4K H. floero l,ry op ra H H -
3arJt le D4rrbr{reFwrro( o6cle .qo a aauEr, B br.tr B rI eH He cfl H caH H bu MaJr urx f3 C
H co34&r{He EJ79 Hloc o6opypLor,aHr-Ig. Aon)KHbr oco6o KoHTponupoBarbcq.
Heftsq AonycrnTbr vro6ur H3-3:r oTcyrcrBufl o6opyuoe aHVfl vr Aanee
ocraHaB"[HB armcb aQQercrnaHbre MirJrtre f3C.

Ffnp^p r'rnrrr.r.rprrt-/lTrlrr lrr rtr-lv f"1f- b ^nnh6\v^yv ' rLvJuvLuv ta,gLu4 I  vv p rv \JDyt- Iv l { t r r lnoruL JrwJtv lJy l ta^ nJv l ( - : ( t l

Ba)KHoe 3HarreHHe NE pafioHon H3onHpoBaFrnoro 3HepfocHa6xceHnn,
TaKHx, KaK Kaprqatcrag, MaranaHcKafl, Apxar-renbcKas o6larrrr,
flrcyrocaq ACCP, fopHo-Ea.qaxuaHcKar rr fopHo-A;riaircx afi aBTo ioM-
Hbre o6nagtu, ropHbre pafroHbr Kaerca3a, Cpe.ryrefi Asuu H Ap., r.qe 3rrep-
rocsa6xeHHe o6ecler{,rBaercq ApBerrbHr,rMH 3neKTpocraJfrJvltl]M4,
paCXO.qyIoUry r*1 AOpOfocTOqI-Uee u EeQw4aTHoe x(p{JIKoe MHFrepanbr ioe
TOfINHBO.

B 3Tltx paftorrax npv He.qograrKe rpy,aoBbtx pecypcoB, ce3oF{ubrx
nepepblBzrx B TorlIlHBoctta1xettuu coopy)KeHHe aeToMarr434poBaHr lbrx
MaJIIru I-OC no3Botlur 3HaquTenbHo noBbrcHTb 3KoHoMHr{ecKyro eQ6er< -
THBHocrb H HaEe)KHocrb gHeprocHalxeuus, ynyqluuTb couH&Jrr,ru>ro
ycJIoBwI rpyAa u 6arta ruoAefi B crlo)KHbx KnHMarHqecKHx ycrroBrJqx,
6yaer crloco6gmoBarb ocBoeHuro organeHH brx pafi ouo a srpaH bi.

OrrrogrreJrbHo BbIcoKatI croHMocrb rIpH cyuregrByriourHx TexHH qe cK Hx
pelrreHutlx c yqeroM noBbIcHBLUHxct rpe6oaauHiZ K orpaHurjeHuro :.z.3'ba-
T?ItI 3eMenb H BbInotIHeHHro npr4po.qooxpaHHTerrbHblx MeponpHstuit ue
no3BoJIgeT B HUtCTOqUIee BpeMq TOBOpHTb O MaCCOBOM gfpOHTeJbCTBc
MaJIbIx fOC c cG3llSHHeM crrer.rzaJrbHbrx BoAoxpaHunkruJ B pafrouax
rleHTpaJu43oBaHHoro sHepfocH a6xertus,. 3gecr B nepcrreKTnBe rrelecooO-
pa3Ho cocpeAoroqrTb Btfnlr,aHne Ha npl-rcrpolZxe N{&rrbu fOC K cyuiccr-
Byrou{Hr4 crpoqurpIr\,res v TeM, KoTopbre 6yryr srpoHTbcs, nepefralaM Ha
KaHaJIitx H BoAoxpaHl4nldrlax pa3nr,FrHoro (HeeHeprerpr\recrcoro) Ha3Ha-
qeHus. Orcyrcreue Marrbu f3C npa MHo.&ecrBe rosrpoeHusrx r roAo6
HbIx coopyxeruffi o6oparruBaercs ex(erogHofr norepelZ coreH NrurrrHorloil
KHIOBaTT-I{aCOB 3neKrposHepf HH.

B CCC B Hacroruree BpeMrr cyrqecrByer 14 crpoHTcs oKono 2000 Bo.uo-
xparrvrnvrrl eMKocrbro cBbr[re 1 vlH.l,,f Kaxquoe, npH KoropL,rx Moryr 6r,rrs
nocrpoeHbl MaJIbIe f3C. Yxce BbtlIBJIeHbt Bo3Mox(HocrH Hcnonb3oBaFiHr1
r{at}{ TaJ<of! lHApo3HepteTHqecKoro noTeHrIHaJTa) qTo cograBnqeT
5,5 vlpq.rcBr'q. I(pove roro, 5,4 unpa,.rcBr..{ N.{ox(Ho nonyq}irb Ha 3Hepre-
THqecKoM Hcnonb3oBaHHH nepena.qoB KaHanoB. B CyMMe 3T1.1
1019 rumpa.rcBr..r Moryr 6urrs rlonyqeHbr rrHrrrh nyreM npracrpofrKq Ma;rbrx- -  -  - - -  - - , -
I J\- K 3'l'11N1 OLrbett'laM. .:7'IU DaBHOII,eHHO eX9!-OEHOH 3KOHO\,4I4I4 TOnnH-

Ba, rrro B nepecqere Ha ycnoBHoe rontrnBo cograBnaer 3,5 MrrH.T. Ocsoe-
HHe aroit s,acru rulpo3HeprerHqecKoro noTeHuHarra HN{eer cBoH
n n ^ A a r r r t  A , . ? r  t .  - - ^ 6 . -\ J \ ,v (Jer rnwwLvr  v t  LPewyvL tJ r rv rNrd l ( ' J rb r lL . r lU  pd 'UUMUf ' l JCHl4X t '  KaX( l lOM

cnyqae.



llverorcg TaKxe H ocJlo)KHfllourae MoMeHTbr - 6o6 uta,-, a'r\Jrr,o',t,,^
rco.ltg6aruaq vnonrrefi Rorrr--! E EAnyL,4! t o.-, n-r-.^- - " *!Y4-)tttiil

( 'n or.qa " o*-orl B;;";;ilfr ";ffi #;Tr ;,, "y###?ffirgc B s,rurecrBlnongoe 
'"oopy*. 

Hr-rt{ np' npoeKTr'poBaHHH H Henocpe'-crBeHHoM crpor4Terbclpe Ha aeftmayroulerr_o6oeKTe H T.F, O.q1arco, rcarcnoKa3bBaIOT AeranbHble npoeKrFrbre npopa6orrcu, p"-u-ril" Moryr 6urrrHalZ.qeHr'I pr, KaK npaBlur o, .qocTaTo.6ro e eSe KTHBHbre.
Peatusawtg, nporpaMMbr pa3Bl';rTas, t.tanoit flaApooHeprerHKr nplBceM ee MHoroo6paanu rpe6yer HoBoro no.ryo.qa K npoeK Taporraluro HcTpoHTenbcTBy lvrztJrbrx f3C.
Heocxo'glt'io Fia ociioBe tiiynrcq,oHaJrbHoro aHaJrlr3a co3,garb npw,,rJJ4-nHaJIbHo HoBbIe KOHCTpyKTHBHbTe pelueHHq Mzlrrbrx f3c, oxBaTbrBarG

ff::ftr:a3oH 
yc'oeufi uo< pa6orur. Tpe6yercq pu.puoor.rb MHo)Ke-'v i Ev ! n nq) IluJI.IpOBalrHbIx peU:eHAri nO 3g.ArryraV fOC, 

"O.qOrp"eMHHKaI4forIoBHbIM COOpyxe.HP.9.od, EepvBaryr45,M H T.A. nJ75- pa3rrur{Hbrx HurnopoB(or 2-3 ao 300 ru) u pacxo.qo",u t**e feonor'qecrc'x u K'r,'\r,.r,qecKrdyarcavrir.
BaxgeEuprv B pelueHuu npo6neMbr MaccoBofo crpo,TerrbcrBa MaJrbrxr3c ffBJrseTc' co3ga-Fl,e coBpeMeHHofo Ha,r{e)KHoro TexHonor'qecKon,ofopyloearru;- H cpe.qcTts aBToMarH3iurna. OcnoBHbrMH rpe6onar*uMH Ko6opyaoaaHpxo fl Brrrrrorcs nonHarr aBToMarr.{3 arJ*rg-ll3c H KoMnn€KTFrarrnocraBKa ofopygoe amr'7r.. Oco6er+ro BaxcHo cHHxeHHe cro'Mocr,ofupyAoedrrr4fl.rT€rr( KEIK oHa nopoft Aoctlcaer 30_50% o6rqeft cToHMocrHfipoHTeJlbcrBa MaiIbD( f3C. flpe.rylpra fiTkrfl, 3Hepfer?rqecKoro N{aurHHGflpoeHHg paapa6ararBaroT HoBbre rHnbr fuJlpoarperaToB, a r€u(x(e MoEr-Qta+rpyror [ttBecTHbre paHee r!{nbr rHgporyp6pur. O.+rarco HcqnegoBa-HHq noKa3brBanr, wro rpe6yercs o.trHoBpeveE o n paapa60TKa npHHrrH_IIHaJIbHO HOBbIX THIIOB fHlTnoernenaly.rD nnaAar

HanOpOB (AO l0 V). 

-r -- rv' *^vet vv\'\-'!vrarrv E l'JyI^rra^JOHe H'*KHX

Pa:aeprrm ar*re pa6or no npoeK T'poBaHuro H crpoHTenbcrBy MuurbrxfO C rpe6yer perueHHrt MHorHx opraHr.Bar.ryroHHbrx B onpoco B, pa^:pa 6orrcr,rHopMaTHBHo-Mer'.qprtrecrcolz 6asur, noAroroBK' coorBercrB)norqrcrHHXeHepHGTe)crHr{ea<Hx KaApoB, *r$opvauuu o6utecTBeHHOCTH. ilnnf i O M O i i I H  ; 1  n - r r r o r r r r r  - - _ - - - = _ ^ ^ _ 'o i)E;t"yr1v7vr 3-r'x BonpocoB H npelrFla3HarrgHa Hacroqurrt lKHT,ITA.
B rn. 1 nan rcparrcufi o6sop 'cr,,p'u pa3Bo,Ton,_ uanorr rHApo3Heprc_Tvrr<H e CCCp usapyloKoM.
o'rHolz H3 Bax(HbIx 3a.qart B HaqzrJre HoBo,.o grana pa6or no paJBHTHronaanoit rHApo3HeprerHKH cocraBnqer oL{eHKa [oTeH LrJ4ana rl,I,qpo3Hep-rer'qecKHx pecypcoB crpanlr. Bo ur6exaH'e BbrrorrHeH'r orpoMHofoobleva pa6or no nprMorwy ero no.ucqery aBTopbr coqrrH qenecoo6pas_HbIM H AOCTaTOqHO AOCTOBepHT,TM OnpeAenHTb efo M9TO.EOM l.nCKnloqe_HHfr H3 o6ugo( sHarreHafi 3anacoB fH,qpo3Hepr€T'qecK'x D..vnenR

OilD€. t r€ l - IgHHbI1 '  nr tsrpp t  . . .nr rar /h,h^r-  -^-  - : -  
-  i ' - - ' - ' ; - l - - - - ' - ,

HeceHcKo"".-"f;;;;";;;;;#;"#'#?TH"":T##,fi ;f; j,:.
sT"8:T..r3l?*onny r4 rexHprqecKoMy noreHrjH any npr.BeAeHbr B. J " '. U L JI. J I'LJJTU}KEHbI OCHOBHbIE NPHHTIHNbI H NPHBE.qEHbI PEKOMEH.qA-
8

WIIT fiA npoeKT?ipotsaHi'iio iviaiibH il3c. B rn. 4 npe4etaBreH z*zt!t43
npHMeFltlBrxerocs paHee o6opyno"aHr4s trJtfl MaJrbrx f3C, r.a3rro)KeHbr
npw!{uklf,rl'-t gog6opa HoBoro rnryocHnoBoro, 3neKTpoTexHutrecKoro H
Irplroro o6opynosaHr'tt, AaHo €ro orHCiHHe. 6 rn. 5 piccworpeHbr KoHcr-pyKqHH oco6o llanblx no MouIFIocrH rHgpoa-rperaroB, *u*poieC ,.u.--
HbIx paHee KoMnoHoBoK' a raKxe pyKaBHbrx H rHpnqFr.Frbrx Ml{Kpof3C.
B r.tr. 6 onucantr ocoderuocrH 6oprwapoBartt4;- BoAoxpaHlutraul Marr__rx
fOC, Io( aBoruolJwr B npouecce ex.rrrryararral, a raKxe L{x BnHflrrHe na
oKPyxarouryro npHpolu-rIo cpeIry.

Baxlbna B pa3*larvu r',,erati rl.gpo:Frepieri-iiii.i craiioBr.rur Me)K'yrra-
po.4{oe corpy.erHqecrBo. B rr. 7 npHBeAeH aHanr43 COBpeMeHHOTO
sapyoexHoro onbrra frpoeKT'upOBAH.,', crpo'TenbcrBa H co3,qaH,'
o6orpynon aHufl .qJrrr Ma-rrbrx l3C.

KH*a noltroToB'eHa K H3.qaHHro aBTopcKHM KorLreKTHBoM rrope3ynbraraM MHorcnerHkr pa6or noA o6uu.rv pyKoBoAcrBoM K.T.n.I.n. Mtaxaitnoea, BbrnorrHeHHbrx B :.zrHcruTyre ;Turgpo.,poeKT,, 
r4M.

C.f,. Xyrca.
lnaau !-3 (rcpor"re S 3.6) Ha.'uca.'rr T.K. MaprcaHoeoil, H.A. llorurr,

IoBcKHM,8.H.fu*qfa_Hoy,$ 3.6 K.r.H. E.Ji. naOyprrii., fr. 4B.A llunro.reBbn4 u. 5, 6 - B.H. OenravanoM np' '*acruuB.A. Ilr+r,oqe_
ea- oou$-q peEaxrrr.re rcHHrH H BBe.qeHr" - rc.t.r. I.n. Mpuafiroea.

Anropsl Bblpaxaor 6larogapHocrb II.H. Toponoay 3€r ueHHbre 3aMeqa_HUfl U PeKOMeHIil-llM, cIlerraHHbre npH peqeH3Hp oBaF|yfH pyKonHC H, &
larcKe_cr.H.c., 

K.T.H. E.M. Haraprycy 3a pegaKTHpoBaHHe, cnocoOcra o BaB -ulee ytryLlueHHIO KHI4rH.
B css3rr c MHoronerHHM nepepbrBoM B npoeKTHpoBaHHH ManL,H f3c rrHeAocTaroqHocrblo @BpeMeHHbIx npopa6oroK rro K9HKDeTTJ hrM l,a-rrrlr,{r-3c KHlu'S He npereH,q/er Ha norrH ory .'3no)KeHnorr Bcex BonpocoB,

oxBarblBalourl4( PD( npoeKTHpOBaHHe, Crpo4TenbcrBo H 3KcfrnyarauHro.
Bce saMevilttts, H no)KenaHus no KHr.Ire npocr6a HanpaBnqrb ,o

aApecy: ll3114, Mocrcaa, M-l14, lllrlosoeaa na6., 10, OHeppoaroMrr3.u3r.

K r r P r l  ' r ' o Y u  u n r , t /  f l  r l  ^  t -  .r  v ^ ,  . .  t  t u ) / r \  J  t . t  t ,  t v l u A u L l J l ( ) ( l



lnaea 1

HCTO,PT4'I PA3BI TH'I MAIIOIZ ryIIP@HEPTETI,IKH B CCCP

r.I. STAIIbI PA3BH'[Ug, MANOI1 r}INPOSIIEPIETHKH B CCCP
Iloc;:e Be;:iarcoft Ox.rx6ptcrcol.i. corruarwrctra.{ecKorz peBonror_lHH

Hapo'qy AocTanacb B HacTeACTBO CTpaHa c 3KOHOMHqeCKH paSpyuJeHHbrM
xosi{rzgrBotv{.

R  n a ^ ^ t  r ^  1 ' . ^  ^ ^ - -  -  ^ -. i r'irlrble iKe ro.qbl Coeercrcofi enacrH oco6oe BH.'ztMarfue 6bllno ygene-Ho yKperuIeHHIo 3HepreTHqecKofi 6assr crpaHbl, cfloco6crByroulep pa:]BH-THto BCex oTpacrerz HapoArroro xo3srzgfBa: Baxuaq ponb B 3T0M OTBO.qH_nacb rtupo3neKTpocraHrlHnv (Il3C)' BblpaoarblBarcu.iuM gneKTpo3Hep-
rHIo He3aBHcHMo or .qo6blarn To|IJlHBa u pe[xeHHq c-rlo)KHbrx rpaHcnopr-Hbrx npoorreM TOr0 BpeMeHH.

K 1917 r' MourFlocrb Bcex 78 foc Poccun cocraBnsna oKorro 16 Tr,rc.rcBr (ns Hr'o( TonbKo 2 HMenH Moullrocrb 6oaee l rsrc. xBr - Araeep4aHc-Kafl, l,l rsrc.rcBr, ua p.ne6e.u u lmr.uyrcyrucKas, 1"3 ::,lc.rcBr, Ha p. Mypra6 [26)' Kpove roro' B cTpau,e Hagl{HTbrB€urocb DdzTbrc. MeJrrcpD( rg.up6.ryp6urublx ycraHoBoK o6qefi lvroxrFrocTbro oKorro 90 rrrc.rcBr, pa6oraa-
urld( Ha MexaHp{llecKHe npHBo.&I' PI oKorlo 40 rarc, MenbHurf c Bo!.FrHbrMHKonecaMH co cpe.uHelZ vorqnocrbro oKono l0 n.c. Ka)K.qarr.

B anpene l9t8 r. B.H. IIeHprs yr€3bfBarr, r{To Heo6xolpruo o6pararroco60e BHHr\4zrHHe"--, Ha 3re.Ktpu$l*ariljro',fipoivfbiiiineHHocrn H.r,,a*c-nopT4 H npHMeHeHHe sneKTpHlrecrBa K 3eMrre.qenaro ... Bogqubre caJrbreooOrqe H B npHMeHeHvrHK 3eM-neAerruro ...,' [l].PasaHrl4e rua;iolZ r,u,.posHepreT,KH uepasprmHo cBr3aHo c orpeAe-
IIEHHL,IMH NEPHOAAMH CTAHOBNEHVIa, 3KOHOMI,IKH CTPAHbI. IIEPNUTE

,,:i[-XY::!_-:l_11 Hl'vrana* l?c. 3a lete.. oo-o nocrpoe-
r:v i'i 

"c'-r..'.1\r iJ 3Kcntiy aTalJI4w 4'i l'rrenrcux f3c1 o6rqelz MOUIFIOCTbIO
l,6rutc'rcBr' oru-roI ry nepBblx Ha cere 6uuta nyqeHa fpononer-IKas
f3C MorlFrocrbro 48 rcBr a cocraBe KacKaAa H3 nnrv fOC Ha p. Ilave sflogMocKoare [26].

fleper-,rE B MI,Ipe Hayqle o6ocHoe arruutit HapogHoxosslZcrseHuupr rura'pasB}J'rvn sKOHOMHKH CTpaHbr^ r:1__6a:e pa3B]ylTr,lfl ,rr"rp"6*1";^",yrBep)qqeusaffiZ9 trerca6pa 1920 r. VIII Bcepoccnficrcuu sbq3.uoM Cose-roa (ruraH losriPo), npe.qycN{aTpHBan coopyxeHHe B TeqeHHe 10-15 ner30 pafroHHL,Ix 3treKTpocraHquft o-$ufefi vouU-rocrbro lZ50 rarc.rcBr, B ToMq]ffcJTe 10 I-OC o6uiefi MourHocrbn 640 rr,le rcR'r (lnpn' rrrr- Rnnvnh^?,^-
r / n r y r r  , n  

.  v r v 4  r . . . 4  u v J a : t \ / , o v a \ c l ) . 1
rvr\_/r-r,{'-r\.,Lrr)ru JU 'rblC.t(DT, 

HH)KHeCBHpCKafl MOU+IOCTbI,O 40 TltC.rcBf,

' '3aecr H Eanee MeJIKHe, cerbcKHe' MexKoJrxo3Hbie, pai-loaa;ie ioc g Hacro.Elr{eeBpeMff orHeceHbr K Karerop r4H Manbrx u vlzrpol3C (cv. rn. 2, 5).
l 0

f-^pr-x_ecerycts-Lq l-.{ou+loc?rr:c 60 ialc.rcBr vi Erienpoijci{a}i MoulHc)crrbK)
200 MBr H pfltrApyrlo( B pa3-IHqHtu palzoHax cap€rHr,r. perueuae BorrpocoB
SneKTpH Qt'xatlwe cenbcKoro xosqlzcrBa npeAyc Maapknlnocb Ha ocH o Be
ul'{poKoro HcnoJL3 o BaHHe M ggIILg 3 H e prope sypcoB, B qa crH ocrr4 rHlTp o-
3HeprHH M€IJIbIX perc. flnaH lOSnPO paccMarpvgaJt MirJrbre peKH KaK
ocHoBHyro 6asy elercrpuOw<arJr.ryr cenbcKoro xosqrZcrBa: "... Ha rpovag_
HbIX paBHHHHbD( TeppHTOpHflx eeponerigcori r{acrr.r crpaHbr u cu6wpu
BO3MO)KHO rrrHpoKoe Hcnonb3oBaHHe eogFrorz 3HepI*ldH An' Hy)Kn MerrKHx
ycrzlHoBoK MouFlocrbl'o, He npeBbturarourefi 1-2 rsrc. rr.c., a n 6oimruHHcr-
Be cr-i-y-qaeB - orpaHHqHBarouteficg coTHrrMH H EA)r<e.qecqTKaMr4 n.c.,"
npH STOM "-.. Ii,ff{olne pa6orr,l (no yctpolicrey nJ-roTHH, KaHarIo a, z1auntl
Cfl'aniflryfit) voryr 6rlrl BblnonHeHbr caMHM HaceneHueM B Tal<oe BpeMq,
Kor.ua eerbcKoe xogqlZcrso He rpe6yer 6olturoro qHc.na pa6ornu py,Kr;
[24].

D,ltg, p a3r;aTt rg l.zta:loit r.HApo3 H e p rerHKH xapaK Tep Hbr .Fa K a qe crB e H _
HO pa3ru{\IHLIX gTana: OCBOeHHe 3HeprHu Majtbtx BOltoToKoB fr,rApocTarJ_
U.H.flt0'H MOIIFIOCTbI,O B HeCKOTTbKO AeCqrKoB KHJrOBarr (191g-1g45 r-r.),
flpoHTeru'cr]3o cenbcKl,rx Me)KKonxo3Hbu u rocyAapcTReHHr,rx rca
yKpynHel+loft Molqocru (or I ao l0 rurc.rcBr), pa6oraroulr,fi B Mec-rr{brx
sHeprocHcreMa( (l 945-1 969 m.).

RcrynarourHe a crpofi MeTIKI-Ie fgc npHBneKarr B Te ro&r eceo6rrlec
BrJwMaIJue u 6annu nepBbIMH tuaraMH Ha rryTH enercrpn$w<aLil4t4 coRerc-
rcoft ,qepeBHH. Ha IX Bcepoccafrcrcov sbesAe coeeroa B.I{. Jle,-,nrr
foBopHll o 3HaqeHHH nepBbtx cerrbcKux f3C: "HevalroRa)Klryo ponb
cbqpaJro pacnpocrpaHeHue MerucLD( cmrrurluZ B trepeBHe ... Ort,o'ca MerrKH-
MH crar{qHtupl 6srna cos,qzlHbl B .uepeBue ueHT?br coBpeMeuHofr Hoeofi
rcpynnoft npoMbmrneHHocrH', fTl.

flaptuz H npaBnTenbcrBo paccMzlTpvaara4 crponTenbcrBo Marbrx I13C
Ha cere KaK cpeAcrBo yKpenneHnfl yHepferHqecKofi 6a:u cenbcKoro
xoesrZsrna. K Ha.rarry nepaoli ntruJlerKu Q9?A r.) eHeprera\recKas 6asa
cenbcKoro xosglzcrea norlHocrblo cocror na r43 MecrHbu srauts*tF1 cpegH
KoTopbtx Aons altpa6orKH 3neKTpo3Heprqru Ha MaJrbrx I.OC cocraBrrffJra
oKono 26aio. C yeeluveHHeM norpe6Hocru B oneKTpo3FrepruH a Haprcorra-
Te 3eMne!€nvfl e 1930 r. 6utla co3.qaHa opfaHH3auns fnaBcerrr,3neKTo,
pyKoBoAI'IBLLrafl pa3BHTHeM cenbcKoxosqrzcrseHnofi enercrpl.rer,rKallt.Jr.t.

B 1934 r. XVII sbesA BKn(6) HaMerrzrr ',... npoAorrxr4T_b narrLrro ni1
6olee u?rpoKoe Hcnotlb3oqaHue trnfl sneKTpocHa6xenlrq M€crHr,rX
BHltoB TOfrrrHBa 14 0co6esHo fHApo3Heprvttr,, 126f. B lrrc-ric lg34 r.
nocTaHoBrleHpie Conera Tpy&a H O6opoHtI o pa3BHTvrv 14 ynopsgoqeHrlrr
crpoHTenbcrBa MaJrr,lx f3c noro)KHno HaqaJro HayqHorvry no.qxoAy K
onpe.qeneHHlo fHApo3HeprerHqecKHx pecypcoB Marrbrx peK. B r{Fo,rlc
1939 r. npHHgro -nocraHoBrleHre 3KoHoMHqecKoro coBera nnr4 ClllK
(\(\r\D 

"t-\ 
-vvvr \_, rvrEp.1 . rru A.lJrbHcr4lueMy pocry crpoHTgnbcrBa M;LrbIx rcc"

[4]. OaHaKo reMrIbI crpoHTerbcrBa oTCTaRanH or pocra norpe6uocrer-.r
cenbcKoro xogqilcrea B srreKlpo3HepfprH. Bcero 3a nepHOrI no lg4l F.
6rtlo nocTpoeHo oKono 950 r"ra-rrurx f3C cyvo{apHofi voutro.iuo o*or-,o
32 ralc.rcBr (npa cpe,urefi MorprocTll t3C 35 rcBr).

'| 
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IJr ro -^  -  m t-4lut wLP\)rtLeJ rbut'5a MZUrbtx l.9u B cenbcKoH MgeTHOqt'H l,leflO_rE3oBa-
'[]Jcb MecTHbIe peCypCbr, r{agro B yr.qep6 KarreCTBy: He xBaTaJro qeMeHTa,
gtaJrK' KBa-nHQI4qIAoBaHHofi pa6oveft currbr. .f3C nopofi Bo3BoAH n:yr6
no He.qocraloqHo pa3pa6oTaru{blM rIpoeKTaM c Hr43rcHM KaqecrBoM
crpoHTenbHGMoHTa)KHbD( pa6gr, ocHttqanucb HeKoMnrleKTr{brM o6qpy-
AOBaHHe\4 Hepe.4(o nepeoqeHHBaJrHcb 3Heprerr4\recKHe BO3MOXHOCTH
Bo.qoToKoB. CtrequaJrbHbre 3aB_o.Ebr fro npog3Bo.qcTtsy o6opygo Bar{ufl FlTe
rvrzlrlblX fgc orcyrcrB oBana. OO"pygo u'ii" lcroraBrrprBaJrocb MecrHbr-
MU 3aBODANrr4 B nopq.qKe IUe@crBa. Msorne \,rarrbre r3c, nocrpoeHHbre
3a funbl nol'?tut- 6t'tnu ocHau-leHl'! o6opi'rgoBaHlret"f, tj3iroi\OBJ'ieHHbiM Ha
Mecre cnrrar\ltr4 xosqfisre, - Bo.q.flHbrMH AepeBsHHbrMH ryp!:yr:aar,aa (np@.
D'.n- corcoroea), lypbw*a\/kr H3 aBTo'eranefi (npoe. H.M. utanbaa H
I{'8. KoreHeea). [L:c coopy)Ka-qr4(h cLTJtarv&r Kolxo3oB 14 flBitfl,nHcb rfi
co6creenHocrbro. Hs-sa oTcyrcTBHr rcaalueuqr.rpoBaHHbrx KaApoe
ypoBeHb r,o( sKcrt.rryararJr.ru 6urn HeebrcoK.

EoruruaHcrBy MzrJrbrx fOC 6atnu npxcyulH HenocraroqHoe Hcnorrb3G
BaHIde croKa peK B cPerureft nonoce crpaHbl (ogtff roqHbre f3C pa6oraswr
npH loKa3arene Hcrlonb3oBaHufl' BHerutBolrcoBofo croKa, paBHoM
0,3-0,4, u np:g. rcosQQntu4eHTe o6ecne.reHHocrH norpe6rrerefi no 3rreKT-
po3HeprHH, paBHoM 0,6-0,?, norffis ocruuroBKa f3c I nepuog naBors(oB
H3.3A BbIPABHHB&I*1fl, YPOAHEft BOAbI B BEPXHEM H HH)KHCM 6IEQAX,
HeycrotZvnnble pe)KHrurt pa6orbr c pe3KHMH H3MeHeHHrrMH Hanp fl)Ke;.;1vrn
H qacrorbr roKa rrpH Kone6awasx Harpy3oK.

3TLl HeAocrarKu orpaHp{lrHBaJu Hcnorrb3oBaHue Manbrx f3C B
ocHo B Hbrx qpoqe ccax cerrbcKox osgrzcrBe HHoro npoH3BoACTBa.

Bce sro rlo3Bonqer paccMarpHBaTb nepnr,ui 3Tan pa3BaTlls, vanort
ruAposHepreTlr(H - ocBoeHne ly,aJtbrx BoAoroKoB Merr(HMH fgc MoLuHG
crblo B HecKorlbKo .qecgrl(oB Kr4rIOBaTT - KaK BpeMeHHOe, BCnOMOr.aTerIb-
Hoe cpeEcrBo B sneKTpu$vr'cauwu ctpartbr.

B nocneaoeHHble roAbl porb r"rarriu f3C eogpocna. nns BoccraHoBrre-
}{H-fl pa3pyueHHoro xosaftcrBa Ha cene pa3Beptsryrrocb crpourenbcrBo
Marblx I-3C. Torn'rco sa 1945 r. 6urra nocrpoeH a' 6+t r"alaq f?C o6urefi
MourHocrblio 18 rsrc.rcBr. B "3arcoue o nrITHrrerHeM rrnaHe pa3B:aTlrfl,
HapoEHoro xosqrZcrBa ua 1946-1950 rr." HaMeqaJroct "o6ecneqnTb Macco-
BOe CTpOHTenbcrBo B cerrcrofi MecrHocrH ne60ftrurac f3c" l4l. K
1950 r'. Ha cetle^AeEcrBoBaJlo yxe oKono 6 Tbrc. MaJrrrx f3C cyrvrvapuoi.r
MourHocrbn 243 rsrc.rcBr (npn cpegHefi Mor.qFrocrr,r f3c 40 rcBi). cnycra
,qBa ro.ua (1952 r.) HasqaTblBatlocb krx Mrlr(cl,rMaJrbHoe r{Hcrro - 
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Marrblx l3C cy\,ouapHolZ vou{Hocrbr.o 322 tuc.rcBr, KoTopbre eurpa6arur-
Barr4 24o/o norpe6lraeprofr cenr,crcHM xo3qrZcreov 3neKTpogueprlaa. Oro
onpeAenl'ulocb' ftIaBHbIM o6pa:ov, Hafrpqx(eHHocrbro o$111ero aHepro6a-
naHca B 3KoHoMHqecKH p;t3BHTbtx pafioHax crparJbr. Y.qentHtrfr eec fOC
D  n r n r l  , o h t r n r * t  .u vJrvuvrcPLL\)rL rvrLlqnv\-LYt Jt rEI\rU9glab'tL.l14H, OOCJIyX(HBaI,OfqL,!-X Cenbgl-Oe
xosqEcrBo, cocraBJlffJr B 1950 r. 78o/o, B ToM rucrre Manbrx rcC 3g"/, LZ1l.OErrarco HaqaJIoM KaqecTBeHHo HoBofo araila pasrlvrl'zrn uano1t
rHITnc)3He.nr€TI4T(L gIRI,r nr\nt. /!T'r\^rr,m nr ^mA .- .-- Tart/a_r  __ .vvu v^yvrr rvJrDr lv lEr \J  lv t ( r /T\  LrJI / \uJ l : lD lX I  \ - rU l fUIJbl -
rueusofr MoqHocrH, KaK 6olee 3KoHoMHr.rHbrx H Ha.qexHbrx B pa6ore no
1 1

qpaBHeHHIo C MeHee Morrtr{brMu. Heo$xo&ur1zoglE _lTgr\o 6y,;tz Cxpc.Aene_
Ha B nocr€rHoRneHHH cosera lgl".lpos cccp ,,o rrrranr e pa:lBlrTlrn
cerucrorZ srreKTpa$tlr.ar*u rra 1948-1950 m." t4]. B 3Tor nepuoA pacluu-
pHJIocx' crpoHTeJrbcrBo 6onee Kp)rnHblx cenrctirox fgc o6urero nonb3G
Barlr'lfl, HaxoAtul4(ctl B BeAelHP.kr CelrgreKrpo, a rar(x(e Me)<r(olxo3Hbrx
fgc, no3BoJrarorqlo( o6ecne.rnrb gneKTpo3HepfHeE rcortxosbr H coBxo3br
uenoro pafrou4 HanpHMep e Pg3aHcrcofi olnastu Paccr,rnyxHHcKa.a rcrj
Moulrrocrbro 2 ranc.xBr; a Ys6erccKofi CCp Kyaaurcrcas fSC MourFrocrbro
5 ruc.rcBr, n CraBponorrbcKotv{ Kpae Hoeorpo wJx.as f3C i.lorru rocTr,io? O- -  ' ^  r rE l -  tD  tnEr  1 I \ . -v ' l  I 'Erv.^L)L n L\P. D L>JI-L>JJ l l l - .  ObIJIO nOgIpOeHO l l l  CetIbCKtIX [-3C
o6qero norlh3oBaF*Lfl' cperuefi MourFrocrbro ++O rcBr u l16 vexKorxo3-
ssu f3C cpe.rgtelZ Morru{ocrbro 300 rcBr rcax.qaq [6].

flocne oTMeHbr e 1954 r. orpaH'.u,e'urt ro 3neKTpueurcaul.r, ce,rbcKo-
xosqlzcatseHHblx parZouoe u rfi noAKnr,oq '',fl K focyAapcrBeHHbrM
SHeprocHcreMaM MHOTHe lv{irlrbre Konxo3Hbre f3c 6atnu BbrBe.qeHbr H33KcruIyaraur4r-l H .qeMoHTHpOBaHbr. Hercoropbre H3 Hr4X qlr,,fl4 Bbrxo.qHrrH
H3 CTpOs, TaK KaK BbrnorrHsrrHcb no cra6srM npoeKTaM, seo6xo.u.rN4bre
H3bIcKaHHtI He IfpOBOII4[zcb' BBoAHnHcb B 3KCnnyaTaqHIo c 6ortlu-r wMHHeAo,qeru<aMr4 U npH ruroxoM KaqecrBe pa60r. Han_pr,rvep, e Eero pyccl4u
Ha EenuurprqcrcorZ r?g npu pacLrerHoM pacxoAe g ,ir;;;;; H Ha eH,,rr,r-pauHro @craBn-sru_rr8 w3/c, rrro npHno.qHno K noTepe 30% nsrpaoorrcH
3neKTpoSHeprwu- npyrue MaJIL,Ie I-3C pa6orastu c nepe6oxvrz H3-3aruIoxoN) o6ecnerrelHr49.,3afIacHbIMI4 r{zlcrrt\,tur H MzlJroKBaJru$raqr.rpoeari-
Horo o6cnyxraeapu{ero nepcoHana. OgHoepeMeHHo npoAonxarocb
crpoHrenbcrBo 6onee Kpynl{blx cenbcKr,rx fgc: e Craepono*.r.oM Kpae
Opnoecrcat Mou{FlogTb}o 2,4 rurc.rcBr, e Basuaurcofi o6aacru geprrarr.rr{c-
I{aq MoUIFIOCTbIO 1,4 rulc.rcBT, a fpyslzHcrcolZ cl(lp rcc "tVf^nk[)e)) ,, -^

B uaqare 50,x fogos 3anaqa ,rr.*rpr6urcauiu;;"";;;^;"##;
peuanacb pauHoHaJrbHbrM coqeTaHHev ueHTpanH3OBaHHOfO H MeCTHOT_O
SHeprocH a6xelHu1 OcHosl-Ibuv{ I lanpaBireHHeM cerrbcKofi snercrp uQtvtrca-
LJr'ru flBIjtIOCb CTpoHTenbcrBo MecrHblx 3Hepfocr.rcreM, B COCTaB KOTOpbrx
BxOEunr: MrlJrr,re fPC yKpynHensOfi Mor.UHocTH H DuSeJTrHbre sneKTpo_
craHrtJ4K' I-Ipa pa6ore uanofr I-3C B Mecrrryro 3Hepr-ocHcreMy rargjr)
HEAOCTATI(H, KAK NOJIHAg OCTAHOBKA B NABOAOK, UCYCTOfrVHBOCTI, PCXH.von pa6orbl' y)Ke He HMenH oco6oro sHaqeH us. Manaie f3C Bbrrorrllrrrr.J
B MecTHofi aHepro_c_lacTeMe Sy+rrcUl.rH CyroqHofo, a Hgor Da H 1legeJr-lr,r tor.operynHpoBaHufl,. Ha MaJIbIx f3C qacTo pacflonaf ancn oneparr,rrrr,rii
pe3epB vectgoE 3HeprocHcreMbr, KpoMe rofo, oHH Hcnorrb.3oBafrgcrr n,nr1perynHpoBaHnfl r{zrcToTbr.

Coznauue MecrHblx 3HepfocHCTeM no3BonrJro coqerarb Hane)Kr iocrr)
3HeprocHa6xeunz c 6orree estcoxofi crener{bro Hcnonb3oBaHr.rr 3} reprrJr i
f-*n _T,T1 TiHTrIbHoro 

cr{HXeFrHq ce6ecror.rMocrr.J 3ueprr rr r rL.A. v\.'cr{<rnna.n b rTJJ r'- lrepBaq B clparJe t<.opci,'rla-iljea-qeiiKoijuKaq
MecTHafl 3HeprOCHCTelv,ra o6r,efipfirqla fopr<Ou_Crcyro naporyp66grr\,.K)
craHuHlo Mou{Hocrbn 2 rstc.rcBr H HecKorlbrco f3C ro,rt,loatorcl, rr,rc.xllr:
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3a i953-1957 r'r. aurpa6orKa 3neKrposHepraa oruMt yraHrJJ4flMH 3a
cqer o6leEqHeHyls B 3Heptoclrrcl".ry irBgirii.-{tiilacb a !,7 pasa, o6c;yxi,;-
aapurytft nepcoHaJl coKparHncfl Ha 30o/o, ce6eceonMocrb sHeprHH cttr43a-
nacb ua2lo/o.

Dln MHorHx MecrHblx 3HeprocncreM HcroqHHKoM perynHpyrouqelZ
Mou_tHocrn nBilfl,nlacb He An3errbHble erreKrpocraHquu, a f3C c Botroxpa-
Hv nwt | \a\/fl4 ce3oHHoro pe rynH poBaHHfl (OxaHcrcaa n I-IepvcrcorZ o6nacrn)
HnH r-oc 

"v lapcrBeHHas gHeprocHcreMa (larvuHcKas B -l-IearzHrpancxorj
o6,rracrn).

PaseHrHIo uanofi l-HtrposHeprerHKn B nocrreBoeHHbre ro.q,br co,qeficr-
BOBaiLr Hay--LrHO-l,lCcJrel{oBaTerrbcKHe, [poeKTHO_KOHCTpyKTOpCKHe H
yue6rrute l/.HcruTyrsl. B 1945 r. Bcecoro3HbrM HHCTHTyTSM rHrq)oMzLLrrHH
(BH|M) 6r;nu npoBeAeHbr Hccre,uoBaHn fl H pa3pa6orirra HoMeHK rtarypa
fHltporyp5uu Dnn Marrbrx f3C. "ypalruApovaur,, (r. Curceprb) ra llten-
tcoscrcHlz (a floAvocrcoese) 3aBoAbr HaqaJly ocBoeHre rrpoH3BoAcrBa
o6opyaoeartnfl D,rrtr Marbrx I-3C. 3HepreruqecKHM HHCTHTyToM HM.
f.M. KpxH)r(aHoBcKofo npoBo.uunHcb HccrreAo BaHvrfl. no co3.uaHnio
MecTHbrx 3HepfocHcTeM.

B 1948-1950 rr. fnaaFroe ynpaBneHne cerncrcorz sneKTpneurcauuw
pa:pa6oralo "Cxerwy Hcnonbso BaHue MecrHbrx 3HepropecypcoB Dnfl
cerucrcolZ 3neKTpH@arcauaH", KoTopar co.uepx;..na IIaHHbre o HaJwrwrkr
fHgpo3HepfopecypcoB MecrHoro 3HarJeHr.rq H Bo3MOXHOCTT.T Hx OCBOeHUfl,.

B gror fiep,og 6urro co3.qaHo cnelu.raJrbHoe nol]pa3AerreHne rro npoeK-
THpoBaHHro MaJbrx f3C - HHcrHTyr "lunpocerrb3rreKTpor' (n Hacroruree
BpeMri wlc;fKryT "c€JtbgHeprcnpoeKT,,) C Q:Hnilanatwt B pa3rMr{Hbrx
coro3Hbrx pecrry6nHKax.

B 1954-1955 m. HHcrHTyr "lranpocenb3neKTpo" paspa6orarr (e 1956 r.
yroqHHn,) "llpp'rHrrgnHa-rrbryro cxe],ry cHa6xesl.rg .3xeK?po:nepru:el1
ceilbcKoro xosq*crea CCCP na 10-15 ler". B r-refi 6uua o6ocHoaahra
Heo6xoAaMocrb ueHTpanu3oBaHHoro gHeprocHa6xoHafl, H Hcrronb3oBa-
rllHrr MecrHblx 3HepropecypcoB (crpoxrerrbcrBo r,lexpalZoHHbrx f3C ra
TennoBblx 3neKTpocTaHLU4fr c .qoleBblM l/qacraeM Konxo3oB n coexosoe)
An fl 3n eK rp rQHrca L\HH ce nbcrcoxo:sfi cTB eHHbrx pafr oHoB, He oxBatreHHbrx
Kpyn rrbrMH 3HeprocHgTeMiiMH.

HcoreAoBaHnfl'vit4 e o6racru vanofi rHApo3HepferHKH 3aH:a:vaJTHcb B
50e ro.qtl MHorHe aBTopbI. BonpocaM sHeprel'H\recKoro H KoMnJreKcrrofo
t{clrorlb3oBaHntt MaJIbIx peK r-rocBsureHbr pa6orsi n.C. Xrlo6oqeHKo,
Iu.l'I. rlacuscrcaca, A.v. TlorrnaHoBa, I.A. Hunurt.:apflna, M.r. KpacHa-
Ka u ap., o6ocHaE aHVfl u nr.'r6opa ocuoBHbrx napar\{erpoB lv{&'rbrx f3C -
paOorur C.A. CrpenrcoBcKoro, tr.I. flIaua, B.B. Cbverroea u Dp., ynyqrue_
HHtl TeXHHKO-3KOHOMHqeCKHX norcasarereE Marlbrx I.3C - p860rur
:O_. Xpoea, I3.8. CrcyfapeBa, O.T. MapKoBcKofo rt Ap., pa6orsr Marrbtx
f3c B cocTaBe MecrHbrx oHepfocllcreM - A.r. 3axapusa.u-.A. Kapavroua_
l - l  i l  r - ^ , ' , ^  I )  r t  n ^ - v -u ' r r '  r \a . rJd '^d t l -uu ,1- t r t )  L ) .v1 .  DeHUa,  r l . )1 .  l lHpXaBKH V Ep. t  gKCnnyaTaI t ]HH

Malr,rx l3C - fl,V. @rerccepa, B.i\4. Iloranoe z v Dp.t yutoaufi pa6orur
N.{arbrx r"HAporyp6ut-t - IJ.M. lllanoea, A.B. I{sqrKoBcKoro, X.f. Corcorona
u Dp.

t d

O;a:a.<o, Heci"ioip fr i:^a p acu:,-,l,pel. ne HccjT€ltoeaHr,riz. sroHMocr crpo H _
Te,TbcrBa 6ollsruprHcrBa Miiiiblx fgc ra ce6ecrouMocrb npoH3Bo ,.u-ota
IdM'J SneKTpO3HeprzIu OCTaBaJIHCb OTFIOCHTeIbHO BL,ICOKHMH. OCsoasul-
Mu np}/niu/;Hat1drt 6annu 6oruurHe 3arparbr Ha coAep )Kan:ae o6crryxHBaro-
ulero nepcoHaJrzt, orcyrcrB ue cepuituof o npoH3BoAcTBa o 6opyao B aHyr rl,
IjI43Kag creneHb €lBToMttrH3aL\vrr4 pe)KHMoB pa6omr. Konupoe aH;2,e onbrra
npoeKTupoaawnfl H crpoHTenbcrBa Kpyr-rHbrx I-OC npuBo.qHno K pacrri_
THBaHHIO CpOKOB npoeKTI4pOBaHHn H CTpOHTerrbcrBa MaJrbrx f3C. Heo6oc-
H oBurHHoMy ycJr o)KHe H Hro KoHCTpyK ttl,rit.

flo Mepe pasBtrr:zrl I{eHTparII43oBaI-rHor-o -lHeprocHa6xeuaa cTpotl-
TenbcrBo MzlJIbIx fOC B cTpaHe coKpaqanocr,. gasrs MaJrbrx rcC 6srrra
sa6porueHa H3-3a estcorcolz ce6ecroprMocru esrpa6arsmaevofr 3neKr?o-
3HepfHH H Tpy.ryIocrelZ 3Kcrl-[yaraLr4n. Bonee coBeplucLrHbre Il3C 6r,i;ir,
no.qKnoqeHbl K KpyfIHblM 3HepfocHcreMzlM, MHOfHe 6r;nu aBTOMar n3H.
poBaI{bI. 3rawareItbHafl vx qacrb geficrayer lt B Hacrorulee Bpe}v1rr,
nltpa6arblBaq SneKTpo3Heprnr.o no ce6ecroHMocrH, 6lusrcofi rc cebcmor r-
MOCTH SneKTpO3Hepruv KpynHbrx f3C. 3ro ceHAereru,crBo TOMv. trl\o
Her nperpa.q &nr co3AaHHq 3KoHoMHr{Hbrx M;LnL,x f3C. Duttivurcy,
BBoAa Marblx 

l?9_-o)r(Ho npocre.qarb no ra6r. l.l, cocruor"rr"oil rr9
AaHHbrM UCy CCCP.

PasgltTlae varrolZ ratrpoeFrepreruK6 6srlo cBq3aHo He rorrbKo c 3rreKT_
pH@lrrcaUueit cewcKofo xosqrlcrea. CornacHo nnaHy fO3IIpO 6o,nuuroc
3rut\.reHHe HapqIIy co crpoHTejbgrBoM KpynHL,rx D,Jts TO|O BpeMeHr.J
eneproobbeKToB (Bonxoacrcoft f3c, .[Henpoecrcofi I-oc u trp.) rpHnaea-
nocb crpoHTenbcTBy ne60ruruux no MourHocrH I-3c (or- 2_5 to 30
ruc-rcBr) B SKoHoMHqecKI4 orcranblx Har.IuoHaJrbHr,rx pafioHax, He HMero-
qpo( cBoto( TonJIHBHbrx 6as. B nepBbre AoB@HHbre rrrirHrrert<H 6r,rlu
nocTpoeHbl TaJ<He I-3C, Kar(: lr{orq.xoci;,

rnc.xBr

BoluuruHcrBo MaJIbtx f3C B cHCTeMe Muneuepro CCCp 6urro I roct.-
poeHo Bo BpeMsI BenrarcoiZ Ore.recreeHnorz eorZHbr e Cpenn eft Aa.ryt IJ l ri1
Ypane trrfl, cHa6xenun 3neKTpoeHepraeE sBaKyupoBarlHbrx npe;1splie-
tuit. CrporarenbcrBo rgc Benocb cKopocrHbrMr4 TeMnaN,{H, r-!c[o,rib3or]a-
IOCb sBaKyHpoBaHHOe O6Opyno^e aH:/,e, HanpHMep B cpeauer A:rilr
Canapcxaq [*3C MouJrlocrbro 10,8 rsrc.rcBr 6uina rrocrpoeHa :a l4 r,,rcc. I]
aroT nepnoA 6anu nocrpoeHbr raKHe fgc. KaK:

ileamgaxaHcKat
fnsenrgoHcKas .
,[:oparercrcaa
3evo-Ae'{aJrbcKas
Eos-Cyficrcaa

ArcrcaaaK-II
AxtenHncrcag
V . . R ^ ^ : - ^ . - ^  -
r\  rruP4tlut(alx

5,28
22,94
) s  1 )

12,8
4

9
1 5

ll ,2
8 ,4

I \ { ^ , . , , , ^ ^ - -
lY rv !4nU !  t  t t ,

rurc .x  B r

IIe6egNFroBcKarr.
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iav . '  vvv- ,

l lorpe6aeune
9neKrposHep-
rHH CenbcKu}"l

I  oA xo3qficrBoM,
M'IH.KBT.q

9ncno MoruHocrs-
I JL g9rrl&91 cpe4H,fl,g,,

flponsaogcrno
sneKpqaHeprHH

9acno t{acoB
HCnOJrrfoaa-

Tbrc.KBr rcBr MrrH. %n-rpeG
rcBr..r nerrlr.fl,

HHs, ycTaHoB-
neHHofi Morrl-
HOCTH B roA, q

1 9 1 9
1924 13,2
1928 35
1932 86
1937 380
1940 542
l A t r
l v 9 )  J  / )

1950  1300
1952  2000
1954 3000
r955 4000
1956 4840
1957 5800
1958 6907
i959 8442
1960 9970
1961  11  928
1962 14 080
1963 16 130
19?0 38 552
1980 110 884
1985 145 665

ag,a ; '
69,2 1g
305,8 23,5
466,1 23,3
56't 19
586,3 L7
786 15,5
805 14
922 13
1025 lt
920 9,5
998 9,5
901 7
247 1,5
LL2,2 0,29
l l , 1  0 ,01

0,011

47
135
190
207
520
943
109 r
6073
661  4
6571
5818
5679
5615
4't65
4062
3544
2939
2655
r928
360

:

1,6
3
7 1 5

8
22
3 1 , 6
48,9
243
332,3
397,'l
410 ,4
427,9
443,L
446,5
481,5
410,6
410
384,6
162,3
64,'l
10,1

34
22
39
38
42
33,5
44,7
40
50,2
60
70,5
I J

79
94
r06
115 ,9
136
145
84
L"19,7

11',

.rarl

::"

1544
139s
1431
1481
r430
1599
1840
1860
2060
2L38
2240
2430.
2s00
L520
1750

1:'o

,,K

Ta6nuua 1.2. DwtatmxaBBoga uarrbrr f3C Mrd{sHeprp CCCP

I - n n I - J ' , n  n^  I - ?1 -  ( \F  , , , .r . t l LJ i u  I  \ - i r u  \ Ju r r l a . f l  MOU{ -

HOCTb,  Tb lc .KBT
9ucno l3C O6"taa Mour-

HocTb, Tbrc.KBT

foa

r920
I  930
1940
1 950
i  955

2
1 i
22
.+L

62

1 960
1970
1975
1980
1 985

177
398
305
250
243

2,05
65
184 ,1
358
105

965,5
L267,9
1250,8
1236,7
1250,3

l - i n n a  ! r r r r t  t f f i  uvJLD"'vlrrvrcrv vrJ nvrx l_lyylurr jyc' t  AO cHx l top. l lHHalwrKa BBoEa
Il3C MHHeHepro CCCP noKa3aH a B Ta6l. 1.2.

O.qHaKo B nocre wtrye 20 ner srpoHTenbcrBo MaJrbrx f3C u
BOACTBO O6opyaoBaHufl nJ7fl :Hr.aB cTpaHe npeKpaTHnHcb.
16

MAJIbIX

npoH3-

\

I

iJ. COBPEMEHHOE COCTOfriiIiE
MAIIOIA TTIPOSHEPIETI.{KH B CCCP

B nacroqqee BpeMtl 6onee 90% panee nocrpoeHHbrx B Haueg crpaHe
Manblx fgc cnHcaHo. B ocHoBHoM cnucaHL,r MerrKHe t:)c MouFrocrbro
50-100 *Ft, npw.eanexaBur'e Konxo3€rM 14 coBXo3€rM. cnyrcsrBar'cr,
TaK)Ke a 6olee Mor.qFrbre l3C.

flo cocroflrll4ro Ha 1.1.88 r. B cr.rcre&{e N{nHsHepro Haxo.qrrcr B 3Kcrr-
ilyaTa$tkt243 uarctx I3C eprHmrtl;ioir Mou_U;ocrblo MeHee 30 rurc.rcBr
npu cyt\,ft,{apHorz Mor_rlFrocrH 1L503 Tbrc.KBr., Lr3 r{Hc.ila KoTopr,iX lg5
M;Lrrbrx i:3c cyN{MapHorz MourHocrbro 4ll rurc.rcBr uveror errHHrrruryro
MoulHocrb MeHee l0 rsic.rcBr. Ma-rrble f3C qucrqrcfl Ha lanance u u
ApyrHx MHHHcrepcrBax H BeAoMcrBax (MaHao.i1xo3 CCCP, \{ unpev(rrror.
PCOCP, MxHueerMer H Ap.).

B 1984-1987 rr. MaueHepro CCCP rpoBo.quno o6crc-AoBaHHC 3g7
Manblx fOC pa3Hblx _BeIIoMcTB, B ToM r{Hcre 219 Aeficr"yri.,r,r* lr 3aKo'_
cepBHpoBaHHbrx H 168 cnHcaHHbrx.

"Kaxaag gl.aHultq o6cneAoBzLrlacb no 126 napaMerpaM, BKrrcrrar.
ASHHute no o6opyAoBaHHIo (ocnoar-ro W H BcrroMorarenrHbr,,ry), coopyxe-
H,H.flM' TeXHHKO-3KOHOMI.IqeCKHM noKa3aTelrrM. Oqeruca o6crreAoBaFr_
Hbrx Manbrx f3c no rexHr4qecKoMy cocrosHHro npHBeAeHa B ra6r.
1.3.-1.5.

T a 6 n u qa J. 3. Orrerrra Terr{r,rlre.cKono cocTosHr.rq
rsanrcr f3C

TexHnqecrcoe cocrosHHe 9Ncro  f3C

RCe I .  o  nF  i i c rp  r r n - L r  r r t v e n r l D t l

| \J-IX H 3aKOH-

cepBHpOBaH-

HbIX

YgonneraopHTenbHoe, npHroAH H Ens
Aansue fi rue ft erccn-ny arau,Hn
HeyEoenerBopHTenbHoe, npHroAHr,r  Anq
Aanruefr urefr arccnny araLl:'z:,z- TolbKo nocJre
peKoHcTpyKUNN H TexHHr{eCKoro nepeBoopy-
) K E H H g :

o6opygoaauua
rHAporexHHqecK.Hx coopyxeHuft
o6opyaoaa:r.;z-fl H rHAporexHHqecK Hx
coopyxeHufr

He npnroA:r.bt Anr. 3KcnJryarauHH

I 4 r o r o

*I log-nexar 
nHKBHAaLIHw B cBfl3a

rexHHqecKof r  cxevu KacKaI Ia .
c  3 a T O n r e H H e M  T e p p H T O p H H  r 4 r r H  H 3 M e H e r l H e M

5858

1 6 8

8 9

65

387

98

46

1 0 .

219

,14

43

55

1 6 8

2 -6862
t 1



Ta5nuua J.4. Crene+o aBTorrafl,aarrrrx rranrrx FOC

Cre neut aBToMar Hat aLJ,HH tlacno f3C

Bcero Mnnerrepro
cccP

npoqH.:( Be-

AOMCI'B

f loanocrsro aBroMarH3HpoBaHHure (6es
AexypHoro nepcoHana)
flon yaa ror"ra rra:r r.rp oBaHH bre (np u aanw-
UHH EerxypHoro nepcouaaa)
l J ^ -  ^ ^ ^ - ^ . - . - - - - r
t  r9 t  vlJcl. tcr lytyt

H r o r o

1518

288

141
387

204

r3 l
3s0

24

1 0
37

' f l pNaeAeHbr ,qaHHbre  
no  cnHcaHHbrM MaJrbrM fgC.

Ta1nuua I.5. Cnssr c sHeprocHcteuofr xanrrr fOC

Halrpnxenue, xB gncno l3C

"a 
a 

""ap""a"ar""a

0,4 x Huxe
6,3
l 0
? (

1 1 0
Her cee.qeHplF
I , l r ^ - ^

3
35
86
66
1 6
180
1 4 1
J O I

36/ -
63/14'6s/L

L6/ -
1 < l  t 1 ' 2
L J L '  L J

J J L I  1 6

3/ . . .

5/4

L L l )

Leie

l Ip  Nveqa'HHe. B ' * ' rc lHreJre -  r rHcno MaJrbrx l3C s cHcreMe Mnnenepro CCCp,
B 3HaMeHaTeJre - B CHCTeMe npoqru( Be.qoMcTB.

Pac'{ert'l s@QexruBHocrn DarrbHenLuefi sKcrrJryaraLrr,rq MaJrbrx fOC
Ha ocHoBe conocraBlTe:H:H9. exero.qHbrx cyMMurpHbD( H3.qep)KeK no f3c c
cyN{MapHbIMH H3Aep)KKaMH nO aJrbTepHaTHBHOMy HCTOr{HHKy SneKrpo-
3HepfHH noKa3brBaror, qro npaKTHqecKH BCe OoCne.qOBaHHbre treficrByro_
utl4e Mailbre rcC qBrrrrroTcs peHTa6eJrbHbrMI,I H .qon)KHbr 6rrrTb coxpaHe_
Hbr B 3Kcrlnyar&Lfl,l;nt a 3aKoH@pBr4poBaHHbre MaJrbre I-OC _ pacKoHcep.
BHpOBaHbr.

Ha 6oruruen uacrr o6cneAoBaHHbrx MaJrbrx fOC H3 Lrr4crra Aeftcreyro-
rlJJ/.x H 3aKoHcepBI'rpoBaHHbIx 3:LTpaTbI Ha I rcBr. MorrIFroCTH CocTaBnrnT
^ -  z { A A  I  < n n  - - - d  / -\ r . r ' "vv r { \ . ,  rJvv uvu t l j  l lcuecL{e ' re Ha coBpeMgHHbIH ypOBeF{b ugH).  c
pocroM Mou+rocrH f3C y,uenbHble 3arparbr ctuxar,orcs: Hx Ha4lo.ribruee
cHHXeHHe Ha6notraercq np:H yz',nuuettuu Mor_r_lFrocrH oT 100 Ao
I  0 0 0  r R t .  n r r n n p  r n / n t r r o a  6 ^  r h n  n v , , , ^ , , t , ^' 'vw 'v^-^J rvu+vv '-rv J E eJ Lrtltvr-1vrv Uylf{egf 

'tJgHHO 
Hg CHH)I(aQT

1 8

e ' t ' r . t 1 a . t  f ) r u o r ^  - r 1 6 r w ' M n ,  y , ^ -w^yq" vHr^s\\, ora4:rtr(iJLDrLcL>r (laulb y/{gJUrHbIX 3at-.|Jaf 3€IBHCI4T TaK)+(e H
oT HcnOJIbSyeMonc Hanopa fPC, rnoUaIIH 3epKarr; BoAoxpaH:'z^Jrantl \4
ApyrlD( Qarcropoe.

CFF=w{o/re YEe^nbrr1e 3aTparLI no o6cJreAoBaHHbtM MaJrbrM f3C cocTaB-
rlqlor oKoJlo 700 u 500 py6/rcBr lt.ns f3C, pacronox(eHHr,rx B eBponerzc-
Kpfi H a3HarcJ(olz rracrqx cccp cooTBercrtseHHo. cpearrue e>xerogrrbre
H3'qepxKH nO sKCflJryaTalJr'rvr cocTaBJIsIoT oKorlo 15 r,r 13 py6/rcBr co6r-
BercrBeHHo- Cpernree oTHoru eH:ae exefoAHbrx H3,qep)r(eK no 3Kcrur y ara-
LJHH cao.WMoC'TH OCFTOBHbU QoHAOB 32 H 3r7o/o COOTBeTSTBeHHO. Tarcwe
BbIcoKHe I43reP-xJ<H o6,bgCl-I-qlorE-q L{Ftoio'-i}icirciiHocf-oio nepco*aJ-La tta
fOC, HeyAOeIeTBopHTeIIbHbIM TexHHqecKHM cOcToqHHeM O$opygoaa-
Hr-19'H 60rburHM yEeJrbHbrM BecoM CTOHMOCTH Ofupy.qoBaHHq B OCHOB_
rrlrx QoHgax.

CeoecroHMocTb npoH3Bo.qcrBa aneKTpo3 gepral Ha 2lgo6crre.qoBaHHbrx
tul;tJlrilx f3C r43MeHrrercs B creAyrou$o( npeAenax:

Ce6ecroawocrs
sneKTpo3HePr''{Il
r c o n / ( r B r - v ) . . . .
t{ncrrb fgC . -'. .

0 ,1- { ,5  0 ,51- l
s8 54

1 , 1 - 1 , 5  I , 6 - 2  2 , L _ 3  3 , L 4
2 2 ' t 4 7

> 4
4 6 3

Ha l4l vraflolr fOC ce6ecror,rMocrb npon3Bo.qcrBa 3JreKrpo3HeprHH
cocTaBJrger O, I -2_rcon /(rcBr'q), a qHc.ro Manbu fPC, HMerorudx ceoecroH-
Mocrb 6onee l5 ron/(rcBr.v), ireeerr,tr<o. cnelosarerrbHo, cpeArfi'
ce6ecronMocrb cocraBJrrrer rpnMepHo 0 

"5 
rcon/(xBr. v).qactr Nzl&nbu f3c, HMeroqr.D( BbrcoKyro cefucronraocTb rrpoH3BO.UCTBa

3neKTpogHeprur.r, Bxoru4T B cocraB KoM[neKcHbrx rr,upoygnbB, rto KoTo_
pbIM Bce 3arparbr oTHe@Hbr Fra fr4AposHepreTuKy. Husrcas ce6ecr.orr_
l  r n f f i  A d r A ^ ?rvr\.rwrD \rlrar\r\..r1r\,rl !\ u\rulJylKcH.r4xM lparI3HTHbIx CTyngHeIz KacK&los r3c
c 6orbllJl4l"t qI4cJroM qacoB HcIIgrIb3oBaHHs ycrurHoBneHHorz MourHosrp1.

Illrarslte K@mruIHeHTbI f3C Bapbnpyrorcrr B uprpoKoM .qr,rana3oHe
or 0 qer,/MBr .4ns noJrHocrbro aBToMarLBHpoBaHHbrx Marrbrx f3C Ao22uett/NlBr prrg HqrBToMrITI43I,tpoB€tHHbD( - H B cpegFreM cocTaBnqror
oKono 4 .renoeeK Ha I rsrc.rcBr ycr€rHoBneHHorl MoulFrocru fDC.
_^Cjpy*Typa- 3KcruIyararrxoHHbrx 3€lrpar Ha o6cnetroeaHHbrx Nl;urbrx
f3C npHBeAeHa B Ta6n. 1.6.

Ha o6crrerroBaHHblx EelzcrBylo[u{x, 3aKoHcepBHpoBaHHL,rx 14 cn1car r
HbIx MtuIbIx f3C ycraHoBrleHo o6opyuouaHue KaK oTeqeqrBeHrJoro
npoH3Bo.qcrBa, TaK H HMnoprHoe (no 30"/") (ra6n. 1.7).

OcHosHsle THnbI KoMnoHoBKH arperaTHbr.x drorcoe cyurecrByrcLrtHx
Marbrx fOC cJregyrourue:

l) c nonopoTHGJromcrHbrMH Hnv nponeffrepHbrMH rn.qporyp6l.ruaMH B
BepTHKaJIbHoM HcrIonHelHlH]H, ycraHoBneHHbrMH B cnHparbHor; vn+
npgMOyrOnbHOIZ KaMepax, C KOHHqe.CKOTZ \4nV npfli"{Ogci iot-i oTcacbiBaio_
$?fi Tpydofr' paccqprraFrHbre Ha Har-ropbr ao 20 M, MourF{ocTbro or 0,06 .qo7,5 MBq

2) c aeprHK€ulbHb rt.rg"r p aDkraJIbH o{ceB brMH f Hrpo1-vp 6 uu ar,an, ycTaH o B -
neHHbIMH B MerajlnHqecKofr cnHpanbHofi KaM€pe, c H3ort{yTol-r or-c.tcr,r-

1 9



T a 6 n uua 1. 6. cxpyxr-ypa oKcnnya"arrHorrHb{r saroar- 96

MoruHocrs fgC,
ruc.rcBr

AwoprN:ai-lHoHHr,re 3apa6orxa.q nna- flpovrae
OTI{HC'IEHHS TA

.[o 0,5
0,5-1,0
7 , I - 2 , 5
2.6-5.0
5  -10
L0-20
2U_JU

5?
53
44
33
26
2L
1 ( l
L )

33
36
43
52
58
62
6 4

l 0
l 1
13
l 5
1 6
I'I
i 7

Ta6nuua l -7.
xantru f3C

Brrq ycraHoBnerrHEc( ra4toryp6 w, *r o6cne.qoBarrHF[

Paultantuo-
ocearre (PO)

Ocessre

lloeoporHo- flponennep-
rlonacrHbre Hare (I-Ip)
(nn)

Koeuloerre Bcero

f 3 c

MnHeHepro
CCCP

.[pyrae ee-
A O M C T B A

H r o r o

r30/36

6/2

136/38

36/15

2/. . .

38/ts

38/7

9/L

47 /8

t4/7

L4/7

218/6s

t7/3

23s/68

f lp r , r rue  qaxHe.  B  .JHcrHTeJIe  -  Ecefo ,  B  3HaMeHaTeJre  _
H b I C .

B TOM qHcne HMnopT-

Pqrotqg{ Tpy6oft, paccqllTaHHble FIa Hanopbl or 20 no 150 v, Morttrrocrbro or0,9 ao l0 MBr;
3) c ropaeoHTaJIbHbrMH panr4aJbHo-oceBbrMH r!{Ap oryp14HaMu, ycta-

HOBIIEHHbIMH B METAJLrIHqECKOfr CNHPANbHOIZ KAMEPE; C H3OIHYTOIZ
MerarlrrHqecKorz orcacbrBarcqer 

TlyQoft, paccqnTaHHbre Ha Hzlnopbr or 20
.qo 150 M, N,roulHocTbro oT 0,2ao 1,6 MBr;

4) c fop,3oHTaJ-r''brr'"r pa$o,a',"Ho{ceBbrMH fHlrpoTyp 6un,at*t cKox(yxoBsrv QpoHTaJrbHL,rM no.qBo.qoM Bo.qbr K pa6oqe-y' 
"o"bcy, 

paccr{H_
TaHrrbrMH Ha Hanopbr oT 4 no 55 v;

5) c rconruoBblMH ru.qporyp6naat*t, paccqlzTaHHbuv&r Ha Harlopr,r or l l0
so 560 v.

O6cneaoBaH4e.qelZcrayuqnx MaJrbrx IOC [oKa3aJro, r{To 50o/o Hs Hlrx
3Kcrl[yarHpyr,orcrr 6onee 30 ner, go/o _ 6oree 50 ner. l/r.-sa ^qnaTenbHorlf,
cpoKa clyx6ur ofupyaoBaHue ycrapeno H r3HoLUeHo. nrs nonneD)K ''r'q
e - I - O  R  n 2 6 r t r r p * ,  n n f f i d r  r t t r z  * ^ Firqv'vlti/iv'i uu'vt\i)'lHk1'vl TpeoyeTct fIpoBeAeHHe KanHTaJIbHofo peMoH_Ta H TexHHqecKoro repeBoopy>Ke%vrs,. flpnvevr na 60 MaJrbrx fOC artvl."u
:Pj.n: :?u*".qo',KHa 6srrl 

- 
npoBe'e H a a 6 nuxafiutue ro,qbr, vHase oHu

^4ur y i tjbrnTyt H3 cTpofl.

2 0

' ? z E a , ! . , -  l  I  n - : = - - - = = = = =. v v'. s L/.s r. e. \rur\rtrll.H,E r u1pa|'.Lc-.qpbl oocneAOBAI{HbIr

cngcar{rrLrr xa-llur t3C

Hanop, v 9xcno f3C vorrlHocrbro MBr

0 ,1 -1 ,0 1,0-10,0 Bcero

148

19
I

168

Te:a*ruecKoe nepeBoopy)KeHHe Nranbu f3C .qon)igo npeHN{y-rqec-r_
BeHHo ocylqecrBJrtlTbcfl Ha ocHoBe 3aMeHbr npe)KHerc o6opy,qoBaHHrr Ha
BHOBb CO3,qaBaeMOe yuuovnlttpoBaHHoe. Taxaq 3aMeHa Bo3MoXHa c
lvd}{IlH'ivIii-ITbHbIMH nepeAeJIKaMH CTpOHTenbHoIZ vagtr Cyr.qecTByrou_U.ix
M€ulbtx fOC H coxpaHeHHeM BeprHKaJIbHoir un+ mpr43oHTaJrbHo; KoM;o-
HoBKH o6opy.qoB&trv.rfl,. X.tts, HeKoropbrx craHLIr.dZ norpe6yercs Lr3foroBrre-
HlJe ratEIaBI'I.q/:uIbHorc o6opyAoBaHHs. Ifelecoo6pasHa 3aMeHa MaJ'ro-
3KOHOMHITHbD( rHgpo'ryp6HH c KoxyxoBbrM SpoHra_ruHbrM ro[BoAONl
BoAbI HoBbIM THnoM o6opyuoaaHr4fl, HanpuMep fopH3oHTanbHorz rpy6r toii
ryp6uHofi c So6pa3Hofi orcacbrBaroqefi Tpyfofi.

llo npe,qBapHTenbHorz oueHrce fugponpoeKra (Ha l.0l.19gz r.) 3arparr,r
Ha TexHtrqe*gg nepeBoop)a(eHue AeftcreyroupD( H 3€tKoHCepBHpoBar t_
HbrX lvtsJrbD( fgc cocraBrr B cpetrHeM oKorro 150 py6lxBr1.

HHxe npHBetreHbl tr&HHL,Ie no 168 cnncanHbrM MuLnbrM [-OC (ra6n. l.g),
KOTOpbIe HaxoAtrcfl B pa3nH\rHoM cocroqHHH: or xoporrro coxpaHr4Brrrr4x-
cfl o6'be.KToB go no-rlHocr-Io pa3pyueHHbrx. rlaci-o cnitcaHHbix Niajri)lx
f3C Moxer 6rrm BoccraHoBrleHa, 3arparur Ha Hx BoccraHoBrrerude r rr)
npe.QBapHTenbHbrM pacqeraM B cpe4jreM cocraBqr 500 py6lrc8r.

Us 168 paccMorpeHHblx cnHcaHHbrx Marrbry f3C 
-HanopHufi 

epoi r.r.
coxpaHl4rlcJa tIHIrrh I{a 113 o6tercrax. CoopyxeHafl ua 25 MaJrL,rx- rc('
HaxO.qBTe-fl B yAOBneTBOpHTeIbHOM COCTO 9JHr4v| x rpe6yrOr 11e6Olb ulor-(-)
peMoHTa (pne 1.1), Ha 45 ortu rpe6yr,or KarrnraJrbHoro peMoHTa (puc. 1.2).
na 43 Heooxo.qrMo qzrcrHqHoe BoccraHoBneHHe Hx (prr. l .3), ; rra 55
coopyxeHun pa3pylxeHbl H BOCCTaHOBTTeHHe HX paBHO3HaqHo HoBo\{\,
crpoHrenbcrBy (pac. 1.4).

Bcero H3 paccMorpeHHblx cnHcaHr-rsu f3C coxpaHHrrHcb H Morv1.6r,r.rr,
BoccTaHoBIIeHbI 144. BeoAy nx B 3Kcmyaraugro creAyer ygOnum oco6oL,
BHHMAHHC.

I'byuetl.ue paHee nocrpoeHHL,Ix MaJrr,rx f3C noKa3brB&cr, r11p Bo3Nrox\

:lrl 
peKoHcrpyKtlHs H BoccraHoBrleHHe qac r4 H3 HHx, npHqeM 3arpa.r.t,r

UVIIV'I'CVLUeCTIIeHHC) MeHI-IIIe- tIeN/ I-r2 Lrr\rrr\p /!rY\nrr.r\onr /'"hDA f\ -^-v r y v r r  t v J  r D \ v l  D \ J .  \ /  I  l \ r N , l \ J L l U ) K )

3aHHTepecoBaHHbIx MecTHbIx opraHnsaUvrFt H npw xopoluo opfaHr-i3oBal r-

rB caggu c nepexoAoM Ha HoBbre ycnoBH.rr
Hoe H3MeHeHHe cronMoc?H o6opygoaaHua.

>20

20-75
>75

/  H t o r o

138

l8

ts5

10

I
1

t 2
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Pnc. f . i. Kacrcag flpas,quncrcNx l3C Ha p. J]aae. Bng Ha 3AaHHe f3C-3 H BoAocnHBHyro
nnor'.tHy

Pwc..  7,2. l - Iponerapcxag 13c xa p.  Maxsrv.  Bng co cropoHbr HHxHero 6re$a

PNc. 1.3.  Tepnoecraq 13C Ha p.  Cxnrc;<e.  Brzg Ha BoAocn vB H suatrree f  OC

a r f
F 6 *  f l

l l
:
F-r

t
i$
r l

ffi

Puc'  1.4.  f9c l laar ' rcH'c Ha p.  Ducua. BNg co cropoHr,r  BepxHefo 6ledra



rrnii na6nr6 r rnrr- A, *
"v.t yqvv rv ivr\.,l' J r vDrrD ,,Dr.TLEuLyrl'DL n ApyL'r4g lroAJtglKaIIJl,4e BoCCTaHOBIIe-
HHto Manble f3C, H 3To oArlo H3 nepBooqeperprbrx HanpaBn eHr.ffi pafoTbr
n o .UanbHeEiuerwy pa:rB HTHro t /.anron f HApogHeprerHKH B cTpaHe.

lnaeo 2

IIOTEHIIHA]|I M.{IIOIZ N,IJIP@HEP|ETI,IKH

2.1. THWO3FIEPIETI{TIECKHE PEC)rPCbI CCCP

fi,rgpoeHeprerHqecKHe pecypcbr sBrrrrrorcs o.qHHM r43 Hay6onee
H3f-IeHHbIx' rlocroflHHo Bo3o6HoBrItIeMbD( vctowluKoB 3Heprt*t. Ha rep-
pr4Topvvr CCCP cocpe,qoror{eHo 12% uupoBbrx 3anacoB rHApo3H epruvl
(ra6n 2.1).

Pa:nH.{arcr rpn Karefopau raApoeHepferHqecKoro noreHuu ana:
Te o p erw 'r e c rc u fi ( a a n o n o ft) fHtrpo3HeprerHqecKr4fr norer{-

LJkran -' |IorlHaq reoperHqecKat cyrloda sHeptHH TOnbKO per{Horo croKa;
Te X H Hve crcuFt rHgpo3HepfeTHr{ecKuil noTeHUHan - qacTb Teope-

THqecKofo f HApo3HepreTHqecKofo noTeHqHaJra peqHofo cToKa, KoT0parr
TexHHqecKH Mo)Ker 6uru Hcnonb3oBaHa Hnv y)Ke Hcrrorrb3yeTcs; TexHH-
trecrcHE noTeFrrrHan .qocrarot{Ho nocroqHeH H Mox(er v3Metlflabcg nurttb
B 3aBHCr{MOCTH OT CyUreCTBeHHbrx H3MeHe:Hvtit cnoco60e npoH3BOACTBa
3neKTposHeprnH ua f3C;

3Ko HoMHtrecrc nft rHApo3HeprerzlrecrculZ noTeFrUH€lJr qacrb
TeXHHqeCKOTO rHApo3HepreTHr{ecKofo noTeHqHLJt21, HCnOnb3OBaHHe
L n r Y r n n i i  c l D n c t o r ^ o  ^ r r n " ^ r  .  - l l ^ - - -'-v'vvv" 

"eJ"'vLwtL J^\rn\rl,vl,LlYsur\r(r i,qJqjef(rl4ljHblM. iTTa KaTgropHtl vI
ilP€gc-IaarifleT Hal,{6orrrlU-twFt HHTepec DJlfl orIeHKH BO3MO)KHOCTeT
f Hgpo3HepferHqecKoro crpoHTenbcTBa. 3rcOHOVrAqeCKHfi rr4,qpo3Hepfe-
THqecKlIfi noreuuJ4aJl H3MeHterct Bo BpeMeHH, H Hcfrorrb3oBul,Hye ero B
pa3nHqHblx palZoHax crpaHbl 3aBlzrcuT or sHepfernqecKvu( H gKoHoMuqec-

T a 6 n u u a 2. I - Ilorelgqlriurbr.r bre 3anacbr rHtrU)o3HepnHH
(re operrlqecK fi norerilIltan) perruoro croKa

KonrNrtenr unH crpaHa

KLd( yeJroeufr paitoHa. (:)qHqBHbtr\={t4 R-IrH-qrog+.n.+: *ax:'rcp?i"Ett rBji=Forcji
cTeneHb H3)n{eHHoCTH fHApo3HepropecypcoB pairo:Ha, TexHHr{ecxHil
nporpecc B npoeKTHwB,aH}{IH H CTpOHTenbcrBe 3Heprerp{rrecKp{x o6-r,erc-
TOBI I43MeHeHHe Te)CFIHKO-3KoHOlvfl{qeCKHx nOKa3aTeneE anbTepH aTwB-
HbIx SrleKrpocraHlJr,ril, ypoBeHb pa3BHTHtr 3KoHoMHKH pafroHa, a raKx(e
?BMeHeHHe ypOBHs H pe)(HMa sneKTpOnOrpeoneHHr{, CTpyKrypa acex
Moulrrocrelz B 6anasce 3Heprerl,IqecKorz cucTe|,{br pairor:a, olicriKa
Bnr4rrF{r-ln nHApoSHepferr.{qecKofo crpoHTenbcTBa Ha OKpy)Karou{yrc
npllpoAllylo c.De.qvr KoMl-lneKcptt-,tE xapaKTep Licnonb3o:eat$^,>t rjoiitrr,tx
pecyPcoB, H3MepeHHe xo3sfi creeFrHoro ocBoeHHq peqHbtx .qonHH.

Hau6olee rtotlHag ouenrca fHApo3HeprerHqecKHx pecypcoB crpasr,r
6t,uta ocyurecrBneHa s 1947-1951 rr. B utrcrv-ryre "fH.qpo3r{epronpocKr."
aBTopcKHM Ko[[eKTr,rBoM (A.A. Eec.*rHcrcuh, M.A. BorovonbHbp.-r.
n.u.Bacnreruco, B.vr. Bos,qBnxencrcnrZ, r4.A. TepvaH npH yqacrr-rrJ
B.lI. IIqcKoBcKoro) eo rnaae c A.H. BosHeceHcKHM. Bsurr,r no.ucr{rJTanr,r
TeopeTHlIecKHe noTeHTqHaJIL,I peqHofo H noBepxHocrHofo crorcoe. flprr
STOM TeoperHqecrcnfi' noreHuHan peqHoro sfoKa onpe.uen flrrc:l. KaK
cyl!{N(a noTeHqHatIoB scex 6es HcKnroqeHgq peK He3ap;76vMo or rexHrj-
qeCKHx H SKoHoMHrlecKHx Bo3MoxHocreE Hx ocBoe:H:afr, T.e. no sceii
trJlWHe BOAOTOKa MeTOAOM nHHefiHOrO yqeTa. Kourcperr,rbrMH noAcqera_
uu 6eiro oxBaqeHo 1477 peK, B ocHoBHoM KpynHbrx H cpe.uHbrx. B rulgpo-
rpaQrvecKu cra6o pr:f{eHHr,rx paft oHax rH.qpo3Hepr€Tr4qecKHe pecypcr,r
6uutpt nogctrraTallbl Mero.qoM o6o$uleHHoto y.rera. Buura AaHa raKxc
oqeHKa rexHHqecKor-o fHApo3HeprerHt{ecKoro noreHuHana peqr{oFo
CTOKaT XapaKTepH3yloqero TexHHqeCl<H BO3N.{O)KHble K HCnOnL3oBaHLrK)
fHtrposHepropecypcbr.

Pq6n.r . l r  f - r , r r rnnar .anta^nnn6v+o n lQA1 lOAr - -.  q v v ^ Q  ^  r r r { l / v r r L v y L  v r r p v v l \ L C . L  D  L J 1  t _ L - / \ J L  r L .  l J a . J t d  r r \ , r J r r l y r u  u i J u / l } ( y  l _ 1

xapaKl€put;l'-t4Ky rl4Apo3Heprerur.recKnx pecypcoe CCCP. Ee pe3yrrbral.r,r
6annu npeAc'raBrleHbl Ha V Muponofi 3HepferHqecKoii rcor-r$eper tr rr rr r rl
Bese a 1956 r.

B nocneAylouee EecqrHnerHe 6srr HarconneH Marepnarr, colrcpx(il-
ul*tFt 6olee o6ocHoeaHHL,te HCXoAHF,T€ rrasgure lrrr noncrrera r-r rrpo
3HeprerHqecKPrx pecypcoB (cocraen fl nr4cb HoBpre cxeMbr Hcnonb3oBar-r r 1r r
BO.qOTOKOB H OTAenbHbix yrlacTKoB, yroLlF{tlr4cb npe)Kt rr{e npe.acl.iiB.rrc-
HHfl 06 pD( tHlpo3HepreruqecKHx pecypcax, onpe.ue nfln1cb rHApo,rtol.r r
qecKHe H Tonofpa$uvecrcHe xapaKTepHcrHKH no peKaN,{, BrrrnoJlFlHJrrJCr,
Ka.qacTpoBble noAcqeTbl no oT'trerIbHbIM pecny6rua<aly-u r.n.). flo:rorry n
1958-1961 m. lnapoeHcpfonpoeKroM 6ana u-porrepeHa pa6or.a rro 1r.per1-
HeHHro Ka.qacrpoBL,rx notrcqeroB l95l n.

3ra pa6ora BHecna oTHocaTertbHo He6orsu-rHe H3MeueHHq B rror-o.
Bbre r-roKa:lareJr}.r fHtrpo3HepfernqecKHx pecypcoe cccp, necn,lorpq r ta
3HAqHTC'IbHOC \BCIIHqCHHC LILTC-NA VIJTEHH}AIY R f[r ' \Nr-rIA'rq\|  NAr /6.NNO'-

v e v e r p o e ) .  

-  J  -  v v r \  \ \ / v J r ! ! '

B 1967 f. KorLneKTHBoM aBTopoB noA pyKoBoltsrBoM A.ll. Bossecerrc-
Koro 6annu BcecTopoHHe pacclloTpeHbr r-r.rEpo3rrepr-errjqccKi.ic pccypci,i
CCCP no sau6oree norHofr g.lcreMe floKa3arerreir, noABeAerr r{Tor rrccr\l

i{
a'

4.
tr
h .
iT
i t
' !

I

t :
J r
l l

I

t

TeoperuvecrNf i  noreH-
rJ:aan,  vnpg.rBr.v

I-Ipoueur MHpoBbrx
sanacoe, 7o

3evHofr  ruap

B rov qucrre:

Azus, (6es CCCP)
IOxHas Avepurca
a  . h ^ , , v  -:  ! * / y r r . \ 4

CeeepHax AvepNrca
CCCP
Eepona (6es CCCp)
ABcrpan:ar. c Oxearrraefr

34 921

9620
6810
5650
s620
3942

' 2510
709

100

2'1,5
19 ,5
1 h  ' )

1 6 , 1
I  1 ,3
7,4
2

25
24



rlpolroAHBtulrMct paHee noEcr{era M H ,ccreEoBaHp!-qM no r!4.qi}ogHeplE-
THt{e(lKWLt norrr.rrr^,>rt ('(\l'\f,t ,. --

l/wrvr vvvr. r,l ErDltrLrJu_leH ytx llgpecqgT [JyJ.Eorruruoe BH'*ra'ue B gTofi pa6oTe 6auo o6pauleno Ha Naurou3)rueH-ur;e paFtoHbr crpaHbr, no KoTopbrM paHee He 6ino llo"ruroqHbrx Hcxo.q_Hb'r'x 'uaHHsx (Ha l95l r.), a r€u<)Ke ua pafioubr, pJtfl Koropbrx Outnu BbrrrB-IeHL'I HOBbIe 'CIaHHbI€, 3Har{HTenbHO OTnHqapu-U.reCg OT CTapbIX. flOsrOr.rycnrorut{orz nepecqer rHrrposHeprerHqecKro( peclpcoB no Mero.qHKeI95l r. B ocHoBHov 6un_npbeea& no Cu6upu, ilatwHeMy Bocrorcy H no3Haq,TenbHoi qasr' cpeg'erz Asuu. flo eeponerzcxofi .,,a'r' cccp
::.: :: - ::ry*? 

r 
_6unu Bbrno-rrHeH br rcrrbKo iro oraeribHrlv paioHaM.

16r r\4r! r,t-tesb rro oolbruHHcrBy peK no.qcqerbl l95l r. ocHoBblBztracb HaAosraroqHo Ha.uexHbrx HcxoAHbrx AaHHbu. OAnaKo, HecMorps Ha r.xapGrcHlZ oxeaT peqHoFt ceru, a raKxe 6olunryro .qocroBepHocrb Hcxo.uHbrx
ltaHHbrx, fionyqeHHbre pe3ynbTaTbr no.ucqeTa fHtrpogHepfeTHqecKHx

T a 6 n u u a 2. 2. t raqtoeHeprerr.nrecKHe pecypcbt CCCP

3rcorrovN.{  ecrcui l  pafroH

pec-y.DcoB t(pynHblx t{ epeEH!.tx peK r43l',reHll-r-Il.1cb B cropoHy y-tsejii4qeiiijri
Bcefo Hzl l2o/" no cpaBHeHH[o c noKa3:lTe nfl.,un, ygraHoBrreHHbrMH B
l95l r.

B f'391 6:.;tn rnrcxp FII-rFr.\nHAu nn nfrr^sL-- r Y--- rvrr rrv,L4u"l\ ,  I  I  YtAPwJnvpr EIf4qe:Cl(HX peCy?COI.l
ManbD( peK. K r(arefoprn MaJIbu 6annu ortreceHbr peKH c MourHocrL,K)
MeHee 2 reic.rcBr trrfl, paBHHHHbrx H MeHee 1,7 rr,rc.rcB'' gna ropHr_,rx
ycnonvrFt. Hcwtcileune rroreHqnrl_[bHbrx rH.lpogHepfefl.lqecKprx pec.ypcoB
YaJIblx peK npoBo.qHnocb MerOAoM o6oouteHHoro y.reTa (veroloNlt'cpegHetZ" 

pgrcu), 3aKrrcqarculHMct{ B TC)M- Lrrn nn., v'rr!r/-\r-.1 r.rr no,-r...
r r n ^  -  - ^  a _  

-  - ' - - ,  " '  ' \ s / r \ c { v r  v  r r J  l ) < f - y t w 'rr\''Er rr4 ^\rrwPbrY ubuLit IJd3AeJIeHa npv noAcqgrax reppHTopun CCCp, n
D.Jtfl rcaxaoft rpy[nbr peK no npoTfl)KeHHOCTH Bbrl]erqnacb pcKa co
cpetrHvIlald D,Jts' EaFlHofr rpynnbl peK eogoc6opol4 croKoM H yr(rrorror\1.
flo erHv napaMerpav "cpegt-t eFt" percu onpe.qen flilacb ee noreHur4arrb-
Haq MOLUHOCTb, KoTopatl npla]Hl/rMaJracb 3a lAenlHylo .qnq Bcero pafiorra.

B ra6l. 2.2 npHBe.qeHbl rugpo3HeprerHqecKHe pecypcbr CCI(ll) '
pa3p$e 3KoHoMHqecKHx palZouoe.

2.2. KIIAc;ftIoWK/.i-II4r MAIIbIX f3C

B nactogrrlee-BpeMl Her o6qenpHHsrofo Bo BCex crpaHax ^4L4pa r roitr-
Tr'7s }rznofi f3C. llpegnararorcs rclaccuQwKaw4u no pa3rrr{r{HbrM napa-
Merpar4 orpaxaloulHM oco6esHocrn 3TI-rx crasrlzlZ: no Mou],rrocrlr,
Hanopy, pe)Kl4\,{y pa6oTbr, cTeneFrH aBTOMUITH3€LUHU, nO Cnoco6y co3la_
HHs,HAnopa H '4).

Bo pmorax crpaFlax B KaqecrBe ocHoBHofr rconr,r.resrBeHHoE xaparcrc-
p} { ( .TwK] ' {  t . / .anof i  f3c  r lpHHqra ee ycraHoBrreHHar{  MourHocrb.
HaU6Onee qacrD K Manbtl,t Il:3C OTHOC=T [:3C, i"iOii-FiOCTb-*orgp,,,^ ,,.
r r n A D l r t r r o a +  (  -  ' ^  t - D -  /  A ^ - - - -  t t  --'vvuuLlllLrvr -,, r.Dr\,-Nur (fll:vLpn>r, ylcrlaHutr, ytl,Er4g, KaHalr,a, (DpaHrpu,
oPlH ry.). B He5oropbrx crpaHax MarrbrM, Ha3brBaror r3c Morrrr-{ee-p611-y
.qo 2 rsIc.rcBr 

_(Hranua, Hopaerna, Illnsqlila, lfieeitrtapHrr). IOIIH/IO
(rcolwrrer ooH no npoMbIIruIeHHoMy pasBraTr,to) ornocrrr rc KareropHrJ
MaJrbrx f3C Mou{Hocrbro Ao 5 rorc.rcBi. 

-

- MHoroo6pasrae rclaccueurcauyrt MaJrbrx f3C Bbr3BaHo crerg/rou$rN{n
$arcroparrna: p€l3rHqHeM npHpoAHbtx yutoewfi, ypoBHeM pa3Bt.trH'
SHepreT?IqeCKOrO xo3rfi mBa cTpaH br, oco 6eHHocTbro npoqe.Uyp br c o rrr a c o -
BaHrafl H frBep)K,qeHue npoeKToB MzLJrbrx fOC u trp. HHoraa npoHCXoArJ.r
H3MeHeHue npwriflToE Knaccueurcar4,tr.rr. Tarc, e CIIIA, rAe 6srr H r.rpr4ug-
TbI Mepbl .qIIt clvrllfynkrpoBaHHq pA3BvrTvrfl. rvralOrZ rHIpOer repfcTlrKr r,
.qBax.UbI' 3aj<oHO.qaTenbHo H3MeHqrlocb orpaHHqeHHe no npene-rtsl rctii
MourHocTH ualsrx_f3C: nepeoHar{aJlbHo K MiL[brM ortsrocprrrH 1-3C N{orrt-
HOcTbro.qo 5 rurc.rcBr, 3aTeM sror npeAen 6urn yrenHr{eH Ao 15 rsrc.r<[].r, ae^ 1980 !. MaKcHMutJIbHafl MourHogrb Malrbrx I-3C 6srna ofDar urrrc*;l
{l | 'rr-rn rr R.n

v v  - y . v . . \ s l .

lnpegnaraeMbre 
xlaccueN Katfuu.qocraroqHo

ypoBeHb npoeKrHo-KoHcrp yKropcKHx pa:pa6ororc,
6urr  H3MeHeHbt.

ycnoBHbt  H oTpaxanT COBpeMerrH l [ "1
n o 3 T o M y  s  A a r r H e f r L u e M  o H l l  M o r y T

rfi
I : J

M
IJ
DS
t l
t '
I
I
J
l :
f . '
I

l "
I

I
I

Teopernvec- TexxH.{ec-
xrafr noren- xuit noreH_
LlHaJI, MnpA. Ll:HaJi., MnpA.
rcBr'q xBr...r

Sxorrowrflrecxuli no-
TEIIIIHA'

MnPA.
xBr.q

aonj{ TeopeTH-
r{ecKoto no-
tettl.vtara, o/o

Eeponef icKas qacrb CCCp

B rov qHcJre:

Ceeepnrrfi N Ceaepo_
3anaaxtrfr
flpH6anru ilcrcuir
Be,ryopycc:<::;-:
I n F ^ - " ^ - - - - 8 , ,. v r  v  e4 r  r 4A rLb ty I ,  l { oHeu -

xo-llpngxenpoacrcrai,
IOxsr'rfi
MonAascrcHfi
UeHrpansuafit n Ueur_
palruo-9epHosevurr f t
Bbnro-Bqrcrcufi,
I - IoeorxcrcHfr
Ceaepo-KaercarcrcHrZ
3arcaercagcxNf i
Ypanscxaft

A:Narcrcaq r{acrb CCCp
B row qHcre :

Ka:axcran cxnFt
CpeaHeas uatcxult
3anaAHo-C u6upcxuFt
Bocro.rso -Cu6upcxuFt

I i-a nr x e n o c ro t{Hbrt-r

l ' l r o r o
HeyureHHsre
D ^ -  - ^ - -
uL>7 t

755,4

1 1 6 , 6

t4
, r 0

44,i

2 , L
19 ,5

L5,7
72,6
L2' l
224,7
I  10 ,9

3075,6

198 ,6
554,5
185 ,4
997,6
I  l  t n  r
L L J J , J

3831
1 1 1
3942

355

55

7,4
3, i
2L,5

1 ,2
8,4

8,9
47,3
53,4
92,5
56,3

1751,2

6 t a
249,7
92,9
663.6
b d 4 ,  I

2106,2
39
2145,2

23L,E

43

t a
u t L

0,9
1 7

0,7
6

41
25
45
40

863

27
146
46
s0

294

1094,9

30,7

36,7

44,3
1 1 , 9
38

33,3
30,8

44,6
56,5
19,7
20
36,1

28,r

r J r o

26,3
24,8
? < r

25,9

:,u

I

I
i

zb
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"*-ltglo.3tjj$Ty^::3-:.torZrcorczccua^c3BnooncKiposHeFFvrys. re^ \4,,r-, prrt\uMer{qye-rrfl OTHOCHTb l3c MOuIFIOcrbIo MeHggl0 rurc.rcBr rc yllrbrM, a Mor.qHocrbro MeHee 0,1 rrrc.xB;-: ; KaTeropHH
Hf""fl,:::^:a:="19 j:,c.rcBrnp*r^iulvmKcnlv{arrbHarrMourrocrb
v+ 'vr v L rLAv\raL wt cL Ldt a sgr r Ftfl ycrtlHoBneHH€ttl MolqFlocrb uanofr, recMO)Ker cocraBnqTb 30 ruc.rcBr, nocrconbKy Ha TaKno cr*.Hr,orflx, KaKnpaBHno, ycTaHaBrlHBaroTcrr He 6olee lByx-Tpex rH.UpoarperaToB. BseAe-HO JrOnorrHHTeJ-rbHo orpaHlf-reHHe no Er4aMerpy pa60vero Koxeca rHApO_
ryp_1wuur, DJ7fl Manbu I-OC oH npHHqr He 6oree 3 v.

B C99l H srpaHax COB npaHrrra qjregyrorr{aq KraccH(h r.rr<AttuqM a n b r x I J U n o  H a n o p y :

HN: rcoHanopHbre  H<
CpegrreHanopHbre Lf  _
Brrcoxosa'o i r r" , "

B crparrax c3B peKoMeH.qoBaHa cneAyroqarr K*cc ueurcarJufl MaJrbrxI3c. f lo pe)K.,My pa6orur: pa6orirourHe naparrJrerbHo c oHepro.cHcreMoit, ua H3onHpoBaHHofo norpe6nrerrq, Ha woJrllpoBaHHonc noT-pelurena nap'nne.[bHo c Apyfr,tr\,{ 3HeprDHCTOr{HHKOv (HanpHMep, C,qnselruolZ HJW| BelpoBor-r sneKTpocTawsusrwt); no crefr eHHABTOMATI{3AIJ]HT4: NOIryABTOMATI43HPOB€IHHbIE "(PAOOTATOUT4E 
rIPL-HaJ-Ivrrr4H .ue)KypHofo nepcoHarra), aBToMzrrn:pouarurtre (pa6oraro[$4e

6eg ne*)rpHofo nepcoHaJra); 
5_o ycJr oBHnM co3.qa HHfl,: crau,o-HapHbre, r"ro6prIlrHr,re (vcarcpof3C). 

-

, ilpyrne npelfno)K eHHs no Knacc ubvrr<aulra MaJrbrx fOC _ no xapal(Te-py HcnorbsoBaHHq sroKa (Ha 6urroBoM HrrH 3aperynHpoBaHHoV CrOrce),yqacTHro B rpasrrce Hafpy3.r< (n*<oBbre, nonyn'K.Bbre, 6asucHsre),pacfiono)KeHHlo tl cocraBe fHnpoy:ura (gryc-[oRb!e, npr:n-lroTirruibie, ;1eppi-BauHoHHsre) - He olpa,.-arcl ocoocHiOCreiz co6srreHHo MaJrbu I--3c.
Dns Hrur'ocrp &tJt,',t Bo3Mo)KHofo npr,IMeHeHHq Ma-,,blx fgc HHxenp!{BeAeH np}{wepurrfi nepeqeHb norpe6urerefi sneKlpo3HepfHH,cor3MeprlMbrx no MourHocTH c MaJrbrMH f3-C:

CenrcrcNft  nocerroK c HacerreH ug- 200 qer.  .
Xre6osasoA npoHsBo.qHTeJrbHocrsro 25 rbrc-T.  BbrneqKH B
r o A .  .
Ieconalsu rr f i  sae o,q npoH3ao.qHTerbHocrbro I  00 rsrc.  r , r  3 re_
( - 2  A  n n  n

3aeoq xele:o6eroHHErx us,enm'tnpoHsBo.qHreJrbHocrbro
100 rlrc.v3 B rog (unu caxapnrrfr eaeog npoH3BotrHTeJrb-
HocTbro 30 r l rc . r  caxapa e ro,a)
l r {atr rNtrxoe opoLUeH:r ,e Ha rrrorrr ,aqq 4 r t rc.  ra a pai loHax
Cpegner l  Azuu

20 u;
20+75 M;
7 5 v .

100 rcBr

250 rcBr

500 rcBr

1000 xBr

10 000 xBr

w
ft
I{r
tl
I
I
I

I
I
I
I

I
I

2.3. CTENEI{b .IT3YIIEHHOCTI,I PEC}?COB
Mr1.JIUII r -rUlPO9tlfrf I'g'I'I,lKt l

ocnosFrbrM MeroAoM H3yqeHHs fn.qpo3HepferHqecKux pecypcoB
qBrlflerca paspa6orKa cxeMbl KoMnreKcHoro HcloJtbso*aHr4;., td oXp&Hr,r
Bo.ryIblx pec)?coB (per-uoua HilH Bo4ororca). C nosHllraft paser,rr Hrr Manoy-l
rH.4)O3HepreTHKH 3TOT BOnpOC B nOCneAHee .qBaAuaT:HreT:He He paccN{aT-
pwBane5., a HMelouJkrecf- 6onee paHHHe cxeMbr norrHocrbn ysfape rry1.

nE onpe.qeneHr4s, sosvoxHofi ponu lzranofr rHJfpo3HepreruKl.J rl
3Heprer!'lqecl(oM xossficrse crpaHbl Heo6xo ItkrMa o6ur,aq oueHKa rrorel r-

I v l f \  l t -  - -  - ,  r v \ ^qytcLJLDr-LDr per-ylrLut, rwiT,JrbL L v\_. tvtuJtblMu I.11-. MoweT oblTb ocaoell euo-
posHeQeru\ecrcurt noreH\uan Manbtx u cpedHrJx peK, a raK6e ordc.rtt,-
HbIx yqacTKoe KpynHdx peK. Boru,ruaq qacrL, 3Toro noTeHqHarra cocpclo-
TotIeFIa Ha cpel+iHx peKax, no3'ToMy pti3B:aT;:,e valofi fHgpo3HepfergKtd u
ocHoBHoM CBSI3aHO C OCBOeHHeM fHllposHepreTHqecKofo noTellltrlaJra
cpeAFIHx perc. B HH)KeHepuofr nparcTuKe Aeneuae peK Ha MaJrbre, cpe/t-
HI/re u 6otrurtae cBo.quTcs rc pa:6r,raKe Lrx Ha rpynnbr c o4Hr1arcoeol:i
-1Orrlfl,r -Io Bolloc6opa vnvr AI7anrofi. K KaTeropHH Marbrx oTHocsrcq
peKH c rlrlorrleru-ro BoAocoopa Ao 5 rsrc.rcvt, cpe.Grnx - Ao 100 n rc.r<N.{2*.

Cornacso Kmccu$rzrcaunH MmraoAxo:ra PCOCP K Karer-o pHV MaJu>tx
orHocqrcs fleKH npoTr)KeHHocrbro .uo 200 xv. B pa6orax I-aaposr repfo-
npoeKTa 1947-1961 m. [39]_ npu onpegeneHar4 rr,rgpo3HeprergqcCIior.o
rloreHuHa[a perc CCCP rc rcarefopHn MaJItIx orHeceHbr peKtJ c norcrr-
uuaJlrHofr vougrocrrrro Ao 2 ruc.rcBr, cpe.q,Hvrx - or 2 ao 100 rr,rc.r<Br.

HseecrHlr rc-rraccn$vn<alr,ru peK H no Apyr-HM npH3HaKaM, npeAno;Ker r-
HbIe A.B. OrueBcKHM, M.I4. Ilreoeu.{ev, fI.C. I(y.qr,rHurv H Ap.

llpamavecKHrz HHTepec npoAcraenser rclaccucpHKaqHq peK, pa3pa_
6orauuag H.H. OaaopllHblM c vqeroM Ro.3MoxHr-r-x N,lacrrrra6oe rrx xo::ii-
a" f 'QA lJL t / \Fn  r r ^nn  l . f L -nDou r ro  t ,  nh ' ' , h  ^  - ^A -  a  t  f a l - lu r v^  v  r r v r r vJUJvpq ! t t L t t  r r  LLyy I t r ) l -A1 - t1 r1a . r7  l : t  1d , ( JJ l .  a . J  

LLL  J .  ,

B ra6n. 2.4 u 2.5 npvne,qeHbt xapaKTep ucrlK.;- yqreHHbrx H;r rcppyr()-
pvru CCCP perc no rlnorqa.qH Bogoc6opa H nporaxeuHocrH.

CorhacHo npHBeAeHHbrM .qaHHL,rM oKono 80% yvreHHbrx peK cocran-
rrqroT lv{ztJrblg H oKono 15% - cpe.qHHe peKH.

Monuuu I3C Mower 6wru LJCnonb3oBaH eudpoauepeerulrr,y\L/1./
noreHuuall He TonbKo HeocaoeHHblx peK, Ho u ywe 3opeeynupo]arttlbr.y
eodoroKoe. Lbaeercq B B:atry Bo3MoxHocrb crpor,rrenbcrBa Ma,rrbrx I'3Cl
npn BoAoxpaHlt^Jtw r{ax r{e3r{eprerHqecKofo Ha3rraqeul.ra (gnx oporrrcr rrrn.
Bo.qocHa6xenua,put6uoro xogttlzcrtia u r.g.), Ha yqafl'Kax cocpello-r'(')rrg r
HbIx nepeflrngs Ha KaHanaX, TpaKTax nepe6pocr(t4 cToKa u Dp.

B vupoaofr npaKTHKe H3BecrHbr npHMepr-,i nonyrr-roro fioJrylrcnrjl
3neKTpo3HepfHI4 Ha MaJIblx f3C, npvcrl)ar4lt;&t:MbrX K pa3JrHqlJr:rl,r t)o;,lr)-
[poBo.q,qu{HM coopr/KeHKtlM rr CHCTeMaX BOItOnpOr]OAa L.1rU4 Cyuoxol]l{r,t\
coopyxeHnrtx, Ha orBo.q,tulHx TpaKTax cHCTeM oxJrax(nerrHff A3C lr.rrrr
ot{HcrHbtx coopyxeHHflx. '- fax, e Ct. l lA (u:rar Ka..nrrQoprivtx) Di i i -  i rui i t) , i i r-

* locr  
L9L'19 -73.  f  uAporor Hf l  cyuL4.

naproa,  1973.
T e p v n H t t  H  o l t p e . r t e n e H r . t r r .  N l . :  1 4 - . r t t - l 1 1  c t i y l
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Tadnu.aa 2.3. Knacc*rgwar;uropex no HJL Oaaopwwt2ll

Kareropua pex

Bogoc6opHaa Cpegxaanpo- CpegHnsray- CperseroAosoE
nJrlorr[rr lb,

r"tc.r^r2
TqxeHHocTb 6uua nv .ne  r_ r  na .y^F- -  - -  r  J  ys^v^vA 9vADl ,

peKH, KM us/c

Maarre:
1-x rpynna
2-n rpynna

Cpe,qHHe:
1-n rpynna
2-a rpynna

6oltruNe

.t

< 8
8-23

r5-60
.[o 80
> 8 0

< 250
1s0 -400

.IIo 400
,[o 700

< 0,5-1
0,5-1,5

0,7 -2,5
1-3

< 8
> 8-50

> 10-80
> 50-200

BoavoxHoe xos.aficrseHHoe HcnoJrb3oB alr.lre
Kareropua perc

f3C (wouluocrr,
rurc.rcBr)

Opourenae
(naorriegl,

rbrc.ra)

Cygoxogcrao (rny-
6una Bo.qHofo
nyrx, v)

Manue:
l-a rpynna
2-zrpynna

CpegHr,te:
I-a rpynna
2-a rpyr,,na

EonsruNe

<0,1
0,1-1

l-5
5-25
25-2s0
> 250

< 1
1-5

s-25
25-100
100-250
> 250

<0,4-{,5
0,54,7

0,?-1
1-1,5
L,5-2
> 2

Tajnuua 2.4. XapaxrepncTrlKa yrrreHgbrx pex no
rrpot'IIeHHOCrH

Hurepnal  no npor.s-  gxcno pex
xeI{HOCTH, KM

nor.q o6u{ero r{Hcna y\r-
TeHHbtx peK, o/o

< 1 0
1 1 - 5 0
st  -100
101 -200
201 -300
301 -500
s0 l  - 1000
I  001 - rnnn
>  ? n n n

H r o r o

187
1538
8 1 7
92s
39',l
298
t67
J I

L'l
4483

4,2
36,5
L8,2
20,6
8 ,9
6,7
3 ,7
U ' 6

0,4
100

n
t l

II
t,l

l*
l i

J'
I

i s o fi UUa zt. J. .6,a{xiu(TepI,lCTI,IKa fffelIHtII pet(
no rurorrEl.E{r pogocfopa

llnrepaal no nJIorrlaAH tlraclo perc
aogoc6opa,KM4

nons o6rqero qxcrra
yr{TeHHblx pex, ah

< 5 0
51-100
101 -s00
501 -1000
1001-5000
500i-r0 000
r0 00r-s0 000
50 001-100 000
100 001-500 000
s00 001-1 000 000
> I 000 000
H r o r o

344
477
927
410
1 2 a n
J . J U U

423
425
60
45
5

4483

n n

10 ,6
1 n 7

9,2
a n  a
J U , J

9,4
9,5
1 , 3
I
0 ,1
0 ,2
100

3oBaHlt9I sHeprHH Bo.&I, c6pacr,raaeMolz cyulecrByrouleft o6orarure-n6 I l o fi
Sa6pru<oft, nperycMorpeHa yc'raHoBKa Ha orBo.qe HanopHofo rpy6or rpo-
Bo.qa pa&1,arbHN@Bofr rugporyp6r.rHtt Mou-trrocrbro 1325 KBr npH Haflo-
Fe-Ai M. B fP H:r nepena.qe oTBoArulefo KaHarB cHcreMbr oxnaxquerl'irr
AAC nocrpoera 4arperarHaa Nlarras, fPC Mou+rosrblo 14 Tbrc.KBr..
3nercrpo3HepfHrr, Bbrpa6arbrBaeMarr MaJroft f3C, Hcr-ron6yercrr .qne
co6cTBeHHbD( r{frqq A3C.

2.4. [OTEI{II!{Ar! M 4-rIOf f H.UPO3I{EPpETr{KH CCC'

B 1985 r. HHcruTyrov "lnqponpoeKT" vxurerm c.fl. xyrca 6auul npoBe-
AeHbI pa6oTbr nO Onpe,qeneHHro noTeHur,raJrtr lilar)n rH.qpo3HepreTHKt.r. B
OCIIOBy paCqeTOB 6nr.na nOnO)KeHa o6ulaq oUeHKa noTeHuHzrJrbHbrx
r!{,qposHepreTH\IecKlo( pecypcoB, BbInoIIHeHHaa B 196'7 r. [39]. DJtfr 3rofo
6ana Hcnotlb3oBaHa KnaccHSHKauN.s ecex peK no MorqHocrH, TL,rc.KBr,
npwrTnra.n a [39]:

Mesee 2.  .
fpynna

I
2

4

Or 2 no 100.

Soree 200 . .

Teoperu\IecKr{fi noTeHr.IHan peK I-fi rpynnbr (varrr,rx) cocraBrqer
493 200 t*arnr.rcBr.rq B ToM rrlzcre no eBponerzcKofi .qacrl cccp
95 500 vls.rcBr.q, no a3HarcKofi 3q'7 ?00 NauH.rcBr..: [39].

crenert r€XHH\rocKH Bo3Mo)KHofo Hcnonb3oBaH'fl, fHrlpc3Hepfer,-
qecKoro noTeHIIHaIa 3THx peK HeBenHKa H cocTaBrsreT 10407o t39].
Tarcrv o6paaorr4 TexHuqecKr,rrz noTeHuuan peK nepBoft r-p)/nnbr npr.r
cpeA,r{eM Kosool{ll}teHTe HClOnb3oBaHHq BaJTOBO|O nOTeHUHana O.tZ

Or 100.qo 200.

J I



cosraBrlger 83 800 lux.rcBt'v, H3 HrD( B eBponelZcrolZ !last1 CCCPi6 2AA vlrH.xBr.q, B _t4arcrcolZ eZ eOA r,l,,u:.rcBr.,q.
lagpoeueprcTuqeacrafi noTeHur4aJr pex 2-fi fpyrrnbr r;lKxe orFrec€H B

aKTHB wanoit rHAIlo3HepreTHKH, TaK KaK aHan^s pazpa6otasrru paHee
cxeM Hcno,[b3oBaJ.lHF., noKa3t t66^h _ ̂ F_.,^_-- _ ._

MeHee I 00 rsrc.rcBr ""ro6;;;J#;.iffi".T##H:rffiffiXnoTerJl{Hara cocraBnrrer 0,35, T.e. Ha TaKHx BolloToKax Bce I-OC or*roor_
cfl K KaTeropHH Ma^[brx.

_ Teoperr,r.recrcHrz noreHrraaJr peK 2-h rpynnr,r cocraB ne,er 5g 3g0 MJIH.rcBr'v, B ToM qacJte no eBponeficrcofr .rusricccp 182 130 rrrrH. rcBr.u, no
a3t{arcKovl 'qact',i 4Al 25A M;iH. rcBr'.r. TexHH.re cxurt noTeHugaJr per( groft
rpynnbl npn 

_- rcosOOLqHeHTe Hcnorrb3oBaHafl 0,35 cocraBnser
200 540 MIIH. rcBt'u, I't: HHx flo eBporreficrcolZ vacrl 60 100 pur1.rcBr.q, no
l ' 2 t z q f f v ^ r " z ,  1 A n  A A A  -  - - - .(a ' ' r i4  j .L r \v l r  qd ,UI i . l  I+ t i  ++U UlH. rcBf .U [39 ] .

llonro Marrbu I-OC e o6uev rroTeHuuaxe peK 3-Fr u 4-h rpynn saa6o_
rlee ror{Ho MoxHo o[peAenHTb rorlbKo B p$ynbrare Henocpe.ucTBeHHOrO
cocraBneHHs CXeM H [pOeKTOB HCnOrb3oBaHHq BCeX 3THX BO,UOTOKOB C
onpeAener'rHeM BO3MO)KHbrx napaMerpoB I-3C c yqeroM KacKa.qHofo
aQSercra. o;rrarco npoBeleHae rar<Hx pa6or tpe-6yer 3rurqgTerrbHbrx
3aTpaT H BpeMeLIH' uTo B HaCT0ttl{ee BpeMx Bps;1 nH MO)KHO CqHTaTb
onpaBAaHHbrM.

floarorwy Eiln ortpellen eH+rt rexHaqecKofo noTeHtwa_rya vanoit
rHApoeHepferr'IKH no 3THM rpynnaM peK 6urra rTp41nra MeroAHKa,
3al<rroqalourarcfl B BbrAen eHHH prs o6qeco,osHHx 3anacoB rH.qpo3He p,.u4
AonH f3C Mou+rocrbro tro 30 rorc.rcBr (varu,u).

Bce pacuerbl npoBoAHnHcL yKpynHeHHo &rr rpex sKoHoM'rr"a*ri

B1T::: 
sfpalrbr - eBponeficrcoE qacrH cccp, iu6upvt H .[3r511s..uocroKa, upeglreir Asuu u KasaxcraHa c RhEe[eHaerr Ha eBponer-jcKoi-i

TeppHToplal"z. paBHlarrHbtx 14 fopHbrx pa*ouoa.

.crorir KpynHoe EeneHHe cBs3aHo c TeM, qro rro peKaM, Hanp,Mep,
paEonoe cpeaHeri Asuu npaKTHqecKH orcyrcTByror npoeKTHbre npopa_
6orrcH. cxevst Hcnonb3oBa'afl, cocTaBrreHbr rorrbKo no KpynHbrM peKaM,
v B HI4x Ire npeaycMarpnBaJtr4cb I-OC MorilFrocrbro MeHee-30 rtrc.rcBr. d
Cpeguerz Asuu H KasaxcraHe MaJIbre r3C npoeKTupoB€Lrrucb B ocHoBHoM
B np'4B^sKe K peanbHbrN,t KOHKperHbrM 3Hepfonorpe6aren flM, V CyrrHTb
no HHM O nOTeHUI{arlbHbIX pecypcax BoAoTOKa Henbsq. B eeponeficrcorZ
\tacrw sfpaHbl npoeKTHpOBaHHe H CTpOHTejrbcrBo MaJrbrx I-3C 6annw
6o,ree MaccoBbrN{H, Ho oHH qacro 6t tnu oqeHb MenK'Mt4 (r00 rcBr a
ve uee), vix nap aMerpbr B OCIJOBH oM onpeA e ilfl n Acb 3Heprpnorpe$r,rrela-
MIj, a He Bo3MoXHocTbro Bo.qOTOrca. fla H AaHHbre no MHOTHM pa3pa6Orarr_
I-tbrM CxeMaM HCflOJ-rb3OBaH:HF]- peK Tenepb )rrpaqeHbr. I-IOerOrr.ry, UrOour
ua1pata locraroqHoe qHcno poK, HMerourHX rpoeKTHbre npopa6orrcH,
paccMorpeHL,r KpynHbre 3HepferHqecKHe palZoutr B uenoM, 6es 6olee
rvr\- J rNLrrt pd4rukl ut!t4.

Lnn Kaxnofo peft.roHa no BceM rpynflaM Bo.aoTOKon-(cornacHo Knac-
cwQurcauuu) noA6uparucl peKH, no KoropbrM HMerorcq npoeKTHbre
n n o n r 6 r t r t r r ^  ( r s c  o - n  n r , , ,  ^ r . ^ !  , ,  ,^ ' \ r ' l  \ r 'a  wLe'uvtn L^, '^r 'brr  r lpoeK' I 'a v r .E.) ,  npHqgM paccMarpHBa-

? )

0 0 ,2 ur4

d)

Pnc. 2.1. fpaQr.rrcN saBHcHMocrN k, = f(3/L) Enrr ropHbrx
eeponeiicroE tracrN cccP Mor'lFiocrbro 100-200 rarc.xBr

x  . a
Y

\ 2 1
1
t -  4 R

€  t u
Y

€  t 2
f  

' -

S d

,2  0 ,+  k )
6)

(o )  u  paeHHHHr , rx  (O perc

Jrv(b peKH' HMeIou{He 6o,ree vnv MeHee 3aBepluerrHbre KacKarli,r I*J(,.
llo nartnslM llttsl rcax.qoii peKH 6trr aulqgcJreFr 3Mrr'pHqecrcnif rcorr!
Qzr-1ueut' xapaKTepu3ylollrar"r creneHb H crrcnb3o B a,,l,fl Mu.Jtbrr ^vr I-J c.
oouqero reoperHqecKoro noTeHUH?!a peK]H, k, : O}..'i3c/Or, r.ne 3r.rr. _
TexHu\Iecrcnfi noreHr{.taJi MaJrbrx f3C, paeHnrz rrx iyi,6oapHor1 uo,pu6or-
Ke; 9r - TeoperurrecrcHfi floreHquan peKH. K*6]Sr,IHeHr k, noseojtricr.
nonyr{Hrb rexHHr{ecrculi noreHUuaji KaK Aonro r€operHqecKo ro.
. IIo pe3ynbraraM pacrreroB nocrpoeHsr rpa$r:rur saeiici.ii\4ocTi.i Ko3e-

Pff:-":iu !, 
or noreHrtxanbHofi eHeprHH _BoaoroKa k,, : /(O) (prrc.

z.t) H or ero y.ueltHolZ 3HeprHH k3 : e/L) (puc. i.Z),- .a" 
'1,

p.nu}{a BO.qOTOKa. llpu FraHeceHHH Ha rpa$arcu ToqeK c K oopArr -
Har?Y (kr, 3), (k s, 3/ L) npocre)KaBaercq qerKafl 3aBHCHMocrb \re){..r,{\,
rcoe$QngreHToM K3 H noTeHUHanbHorZ exeprHeft so.qoToKa !), u ,rnr",,,,,,
c yBenI4qeHHeM noreHUHarrtHorZ 3HeprHH Bo,qoToKa 3HaqeHH€ k" \,\.ler rt
Luaercq, a c la4eHbr_ueHHeM ee yBenHqnBaercq. CnelosaTerrbHo, 

-a*r,",,,,

Hcnorlb3oBaHnn peK ManLIMH I-3C yt\leHbluaercfl c pocToM r.ix qo.r-rrrorr
sueptnvr, rr nao6opor.

Dnz perc cu6wpw H,tlaltnero Bocrorca, a raKx(e eBponerrcxopr r]acrir
crpaHbl uau5onee qerKo yKa3aHH afl 3ar;acHMocrb npocre)KHgaercs Ha
rpa0mce k, : f (3/L) (pac. 2.D. nns perc Cpean efi Asuu H Ka:axcfar,.l
6onee cnpaBe,rl[tmofi qBrrqercq 3aBHcHMocm k, : .f (o), TaK KaK r]
.qaHHbIx patZoHax HMeercs runDoKafl cerh opocgTe--rrbHbrx KaHa_qoil. i ia
nepenaAax KoTopbrx nocrpoeHbr MaJrbre fOC. tsoaa sa6r,rpaercfl 113 prrl<Ir rr
olso.qaTci{ B 3TH KaHarrbr, rro3ToMy rroHqrHe yAenbHorz 3r{eprHr.{ peKrJ
3,qecb reptercg H B Kar{ecTBe XapaKTepr4ctrr<v Bo,uoToKa Hcno-Ih?verr-rr
norrHasr sHeprurr @uc. 2.2).
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Pnc. 2.2.  fpaSNrN 3aBHcHMocrH k3 = (3/L) ,  k .  = / (3)  An.q peK Cu1upu ra .nalssero
Bocrorca (o) n Cpeanefi Aznu 14 Kaeaxcraua (C)z

,l - perN Motr]Hocrbro 100-200 rbrc.KBr; 2 - pe.xu Mou{HocTbro cBbrlue 200 rurc. rBr

TexHu.re u<I4rtrIoTeHr1H an 14anux fOC 9r.rr. : 3r k' onpegenqercg
trng KaxAofr percu B 3aRHcHMocrH or 3Har{eHr.fr 3 wnw 3/L npu cootser-
crByrouleM 3HaqeHHH k, (pr,rc. 2.1 u 2.2).

IIo paccMorpeHHofr MeroEr,rKe onpe.ueneH rHgpogHepreruqecKr.{ft
noreHuHan peK a3HarcKoil qasru CCCP H peK 3-fi rpynnbr eBponeEcrcofi
qacrH. flo eceld peKaM 4-fi rpynnbr (MorrlHocrbro 6oaee 200 rsrc.rcBr)
eBponelzcKoft qaqrH CCCP HMerorcs npoeKTHbre npopa6orrcu, B p$ynb-
Tare aHLnn3a KoTopbrx BbrnerreHa ilona noTeHr]Haira \/lai7ofl rHIpoSHep-
le.1^r l{rA I-Iarnrrarer-rur-re rtqrJur-rp rlrt naraqrr cmri rnrrr-rrtt-t nr.trrr.pan.,rarrttv-\.r.- J  r v .  F A . . a ^  . v  y v ^ \ 4 r v .  J ^ v t r  L y J . v t u r  . . v J l L e v l / r r \ * 4 4 v ^

3aKOHOMepHOCTT, CHH)KeHHq rcOSsQr,rqHeHTa k3 C pOCTOM yAenbHoft
3HepfHH BOAOT0Ka.

[Iepexo.q or onpeAeneHHofo no AaHHofr MeroAHKe rexHHqecKono
noreHllHaJl.a K TeoperHr{ecKoMy trnrr peK 3-rt u 4fi rpynn eBponeftcrcoft
qasrH CCCP npoH3BeAeH c yqeroM Ko3O$HuHeHTa Hcnonb3oBaHHrr
rranorrot'o noTeHuHatla k1 : 0,6 (0,5 Ans a3narcKortqe:qu CCCP) [39].
Te ope ruv ecKuir v rexHlaqecKHlz floreHun a rrbr MaJtorZ f HApoeHeprerHKH
fillo paccMorpeHHbrM fpynnaM Bo.qoToKoB npeAcraBrreHbt B Ta6il. 2.6.

B cpeaHeM no cccP 670/o Tex]HHqecKofo noreHqHaJTa rvranorz r-ra.upo-
oHepfernKr4, v3 Koropbrx B0% no eBponeficKorz qasrv CCCP u 64/o no
a3HarcKoil, la,rot peKH MorrlHocrbro MeHee 100 rurc.rcBr. lloreHwran 3TtD(
peK norHocrbio orHeceH B aKTHB MaJrorZ rngpooHepreruKu H 6arrr
onpe.qeneH B [39]. Ha Aonlo rexHur{ecKofo H TeopernqecKor-o noreHrlua-
noB Marofr rxgpoaFreprerHKH peK CCCP MoulHocrbro cBbuue 100 t rc.rcBr
npr{xoArlrcta 33o/o. lr{oxno npe.q,nonoxHTb, r{To roqHocrb. onpe.qeneHnrl
I lorelluHatla ManoIZ rHIIpo3HeprerHKH peK grorz rpynnbr .qocraroqHo
BeilvKa,, nocKoru,Ky oHH nau6onee H3ya{eHbr.

B ra6n. 2.1 norcasaHo coorHoLUeHHe o6utero noreHqHaila ruqpo3Hep-
rerHqecKHx pecypcoe CCCP c reoperaqecKvru H TexHHqecKHM noTeH-
r fL1 a nar\{t4 }'/latolt, I- HJ]p oeH epreTHKH

a

o

t.
; "h 1 .

, 2 o

T o a 6 n uu a 2. 6. fiotelggJJ/.zn rraao ii rHrU) o3Hep rerHK H
(perx CCC")

3xoHov.ylrrecrcxE pafi oH Teoperrvecxnfr  TexHNqecrcr , l f r  noresuH-
nor€HuHar,  an,  MlH.KBt.v
wnH.rBr. . {

Eaponelicxas r{acr6 CCCP
B rov qrcJre peKH Mor.rrHocrblo, rurc.rBr:

ceurue 200
I 00 -200
2-100
ao2
HeyqTeHHbre

A:narcxag qacrb CCCP, B roM r{Hlre
peKH Mou$tocrbrc, ruc.KBr:

caugre 200
100-200
2-100
ao2
HeygTeHHbre

Bca teppuropnr CCCP

l I p r . r veqaHHe.  B  . r rac lp r rene  H  3HaMeHare r re
Hocrbro 30 N l0 rarc.xBr coorBercrBeHHo.

99 t20/81 240

7800/780
L Z  U  I U /  L I L U

60 100/60 100
16 000/16 000
3150/3r  50

76 650/6030
72 850/6430
140 440/r40 440
676t0/61 610
35 700/3s 700
492 310/337 450

-  noreHuHal .  va ls rx  f  3C l  r , lo r r : -

319 74C

13 000
L U  I I U

182  130
9s 500
9000

153 300
145 700
40r 250
397 700
102 000
I  519  690

T a 6 n u ua 2. 7. O6,4lfi norerqlraJr rH.qpo3Hep r€ T H\recKri[
pecylrcoB CCCP

Teppnropua Teoperuvecrcxii noreHuHan TexgN.recxufr nore rr u rra;r

Bcefo, MnpA.

rcBr.rr
B TOM r{Hcne Ma-
rurx l3C Morrt-

HOCTbrO.qo

30 rrrc.rcBr,
vnpE.rcBr..J

o/o

BCero, Mnp.q.

rcBr .q
B  T O M  q H C I I C

va-nux f3C
MOUIHOCTbK) I to

30 rurc . rc I l r ,
vrrp.q.rBr..{

o/o

CCCP

B rov 'cncne:

enponefrcxaq qacTb

a:]HaTCKaq qacTb

HeyqTeHHbre

3942

756

3075

r 1 1

t520
39
? r o

4T
r200

T_

2r05

355

1751

492
z 5

99
? q

393
-i-
L L

. r l n r , - o - o u u o s  n r  1 6 r  t r l o  n n  , * r. ^y"uvt-^vr 4 rq.' vqvr u\cr ! r\J L\2r1LJyro.J Lo, IwiT) Lvyl l.l 'ullJ()3Hgpl.(j.IHKH He oxllai-
TbIBaer cnerrnQnqecKHx clyLlaeB npHMeFrcHHq N{aJrurx t"JC B ctJc.ir:N,lax
BO.qOCHa1XeAnan, Ha cy.qonponycKHtsrx coopyx(eHuflx H Dp., TaK KaK 3TO
TDe6VOT H3v(re-Hr/ r9 l  I ( r t I { r {nATTJT-rv r€vrr r ry ,6^r . t , \ ,  ^^ , r r .^ , , , . r -  . -  ^E^-'  -  -J  -  -  - -J  ^v4 rvruurYetsr \ t lA PV,- l )VnyWl 1,1 UUUOUICHI ibI -

MH MeTOAaMH He MOX(er 6urm ouerreHo.
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3rcoFrovpr.J ecrcnfi paitou

T a 6 n u qa 2. 8. P acrryeAeJreHne norerilIlraJut rrarrofi
. rll{lrurrtsprrrrrr(tt no gKOHOltrI{qeCKHfa pafr OfIaX Hcxoaa ii3 Toi-\-f' qro ocHoBHbIMH HaI-IpaBn eHr4-fl,,ltu pulr4Tr4-<l rv.LaJlay;-i

rr,{Apo3HepferHKH B onHx(afiutue 10-15 ner 6yayr pacKoHcepBaurrq H
BoccTaHoBneHHe BbrBe.qeHHbrx H3 3Kcruryaraun H MaJtbrx fDC, TexHHqec_
KO€ nepgBOODV)KgHlr{le H DeKOHcTnvI{! r!,fsr r-rpi.rr-r.r,:..--^!! !!,,-,

Mzrrrbrx-reci"panoaa*"ri"""tpu-i;;;;.";#,ffi;#ffi ;:'iffi'":
TenbcrBo M'rrbrx r3c np, BOAOXOSsficrseHHL,rx oorercrax luoao*pu,-,iinj,Iruil( He3HeprerplllecKoro Ha3HaLreHr4fl, Ha nepensAax Kar ra-riots pa3nrd\IHofo Ha3HaqeHHn), 6srrra npoBe.qeHa rrurrrr' oueHKa qacTH3KoHoMH-
qecKH e$$ercrraHblx MzlJIlu f3C. T.e. pacnonaraeri,{blx pec}?coe i,ra,ioii
FrrrrnnaupnFA.Frffrz ff'vyr v's\'. r\ rTvrfvt u[HUcx'Icq 3KoHoMHqecKH aosercrl.lBrlarlr{acrb Marblx fOC, nphgtpaHBaeMblx rc o6tercTaM He3HepfeTHrlecKor()
Ha3HaqeHu.a (aOgOxpaHpurarr{aM, nepeflagaM KaHa,.roe) eo Bcex pagonax
crpaHbl; 3KoHoMLIqecKI'I e$Seicrr,rtsHbre MaJrbre I-OC Ha He3aperynrjpo-
BaHHbIX BOAOTOKztx B paiJoHax AeqeHTpanr.BoBaHHoro 3Hep r_ocHa 6x e r r u q .Hprxe np,Be.qeHbr oqeHKH pacnorafaeMbrx pecypcoB no rca>xroz cocraR_nqIotIIefr.

Marule I3C npH BoAoxpar{r4rruuBl B CCCP B Hacroqulee Bpe\{q 3KC-ruryarKpyercs H coopy)Kaerctl oKono 200 soaox17a16n4ul eMlcocTbro cBL,r-rue I ltnn'v3 Kaxgoe. BorururzltcrBo Hencrrorrb3yeMbrx 3neKTpo3HeprlerH-
Kofi Bo,qoxpaH"uefir{ nocTpoeHr,r 6es fOC H npe.Ela3HaqeHbr Artrr opolue_Hug' 3eMeJIb' Bo.uocFla6xeuus HaceneHus, H rrpoMbrlurreHHocru. Co:''-BaeMbfr nnoTHHaMH rH.qpoy3noB TaKrrx BolroxpaHHnHru Hanop H fronyc_KH B r*Lx}*fi 6re$ MoryT 6trrr Hcnorlb3oBaHbr .qnrr BL,rpa6orrcu 3neKTpo-eHeprru [37].

flpr,rcryofr'rca MaJtlrx fgc K BoAoxpaH r4nknuaM He3Heprerr.rqecKor_o
Ha3HaqeHHq no3BOtiHT CyUIeCTBeHHO ynrfqtIlHTb TeXHHKO-3KOHOr..4IJrJCC_
KI,Ie noKa3aTe.[p! l,!a_[bl.x IIJC 2r .r!.\.!. -^. i-
, ,o ' r ,d  E ^  -_^_ , -  

r4  wYU I  r - \ ' , I rPc l r  |  | .g l -1Ln} t  l4 t lL l  I  IOJIHO|O I , |CKJ IK)-y.vr:_r'r ra.|pa.L, rtsyrJus2Kllbtx IIpH coopyxeHHl.I fHApo3HepfeTHqecKLIx o6r,_eKToB Ha co3.qaHae HanopHoro cppoHra, BoAoxpaH r4ilHr | \a, eo.uocOpocr Jbrxcoopyxenuit, lepeycrportcreo HHXHefo 6leQa, ocBoeHHe crpolanJro uIaA-KH' ycrpotzcreo Aopor' ooecne.{eHHe 3neKTpocua6xenHo r.ptrrrr:rr l,c.l-' ',
Bo'uocHa5xeuug u trP.3ra 3arparbt coH3MepHN \br, a qacro 3raqHTc-rrrrr rc)flpe Bbrr r rarcT croHMocrb 3Hepf erHqecKof o TpaKTa vanofi rc c.

HcnonrsoBaHue 3HepfeTaqecKoro noreHuHana xorocrbrx c6pocon
Bo'qbl H3 Bo.qoxpaHKn%rtf He3HepferHqecKoro Ha3Haq eH4rj o6ecncqiJT r l
6OIEC KOMruICKCHOE HCNOIIb3OBAHHC BO.qIJbIX PEC}?COB.

B ra6l. 2-9, 2.I0 npnBeger-rbr cBeAeHr4F o cocTaRe pogoxparrrr_fr lrrr i
HC3HCPTCTH\IECKOTO HAsHAqCHH' C P 3ACNEHHEMI,IX IIO CMKOCTI,T H IlC-norrb3oBaHuro [36].

Car"ryro 6olruryro (70"/o) cocraBrrfler rpynna MenKHx Boloxpanr rJrrrrr ieMKocrblo,uo l0 vlH. M3 - 1358 o6r,ercrou, u rot,a qHcJre B enpor rcliq<clfi.-ractkT CCCP ll42- OcHoerroe Ha,-?HaqeFII4e -.Tr.rx Bo.qoxpaHi-iiri.iii-i - (rpt.rrrrc-

".,,e) 
BO'qOCHa6)KeHHe, plr6uoe xo3rrzcrBo. lpynny cpeArHX LrOAOxparrr r-nwut,eMKocrbro 10-100 M'IH. v3 coctaBrtlor 464 o6r"u.tu. B- ocrroBrioNl

3T0 BOAOxpaHIjnHIr{a KoM|IrIgKcHofo Ha:]HaqeH:Hqf, r,{ r,rr-n.\Frl-rrrp'r r,r nrf.,
o p o u e H H t l  

' v ! ' u r J  v r v r r ) r u  l l J r ) r

Teoperrvecxuit TexHa.{ecrcuitno-
noTeHqHanr TeHUHarr, Mnpg.
MrpA. xBr.q rcBr..r

EaponeEcKas qacrL,  CCCp
B rov  gucne :

Ceeepntr f r  N Cenepo-3anagsr, l f i
[7pu6antvtficxuh
B e  n o n v c c r  r z  f i- ' - - r J

iOro-3ana.qHrrfr , .[oseurco-I lp HgHen-
poncxNi, IOxsrrfi
Moraascr! . r f r
Uen rpa:r t  :Ht t i t  u I lesrna_nrno-Uepnc_
sevulr f r
Bo.nro-Bqr crcul t
f IosorxcrcNiZ
Ceaepo-Kaaxa:crNfr
3axaarcascrNf i
Ypanucrcni

A:Narcrcaq qacrb CCCp
B rov qHcrre:

Ka laxc ras  cxu l t
Cpegxea:N a-rcxwZt
3arraEHo-C u6npcrcwlr
BocroqHo-Cu6wpcrcnFt

.nanlHeeocrorrurrfr
Bcr reppNropH.a CCCp

301 ,9

4 R 6

6 , 1.)
18,3

0r8

6 , 1
28,9
50 ,1
89,'l
42,6
L218,2

l  l , 5

219
74,5
395,2
452
ts20

95,1

15 ,1
2,4 \

U ' )

5,7

0 ,2
a n
L r )

2 ,4
9
15 ,5
27,q
13,2
396 ,9

25,6
72,3
24 ,6
129,4
116
492

Ccr-r. ncuo Ta On. 2.'7 rexuaqecKnit nbreHuuaJr r'rzrJror,i rur.ooeHepferH-
KH cocTaBrttter 492 lvotpr.-rcBr.q np4 coBpelleHHorr{ ero r{g-ro,rrb3oBaHL,[r7 Ha
)?oBHe I vnp.u.rcBr..r (0,2%o). OceoeHae 3Kor{oMH\recKH aeeercraaHo6
qacTH 3Toro noTeHuHaJta no3BorIHT cMrrfqHTb r-ranpq)KeHHocrb rorrrruB-
Ho-3HeprerHqecKofo oanaHca crpaHbr (KaK 3TO HMeer Mecro, HanpHMep,
B KHP, IAe BbIpa6oTKa 3neKTpo3HeprHH MaJIbIMI,I [-3C AocTgfnaI I wnpa.r<Br.v).

P: r-Ttne np ner .4vr rpvAv,.vFlI'I€ TeOpeTHqgCKOlO H TeXHHqeCKOfO nOTeHfIHaIIOB
M aJToFI rHlpoauepreri,tK H rlo 3K oHoMHqecKHM pafi oHaM crpaHbr np HBe.qe-
iro s t-a6n.2.8.

OcuoeHorz xapaKTepr4crvKolr, oflpeAenqtortlerz Macrura6br pa3Burprfl
Manorz i-HEpo3Hepferr4KH, flBn''er,ca fHApo3HepreTHq e(x<Hn noTeHqHaJr
peK- B nacrogulee BpeMq ycraHoBHTb o-6uratr 3KoHor'rr{.."a*rr1 n-o;;-
rrKaJr Manoh r-HApo:uepferHKa cccp npaKTH\iecKH HeBo3Mox(Ho H3-3a
o'rcyrcrBHq AoCTOBepHbIx rexHHKO-3KOHOMr,rlrecKr,rx [oKa3areneft no
BceM np HpoAH btM _H crpoHTenbHo-xo3flIzcrBeHHblM ycJIoB vtflM coopy)Ke,
r t Y t -  r  T v - \ f \  n ^ ,LLnrl lvrdJ rbrr I \-'l\-. Dtlil-le'r'cH IIOHCK 3KOHOMHI{HbIX T€XHHqeCKHX pglugHHfi
no Ma-rrbrv f3c, HecoBepluerrHa H Tpeoyer pa3pa60TKH Mero.qHKa o60c-
HOBAHlH-fl I,IX 3KOHOMHI{ECKOfi ESQCrcTHBHOCTH, NPAKTHqECKH OTCYTCTBY.
I f )T  ( -YP \ r k I  au r )n r . o .T . r  t r  I  o  ^v   nn , , ^n^v r, | :u L,r\\,rr \J ylL_r r\rJ tbJuba Hmy, Mie) lbLX pg K.

. )o

I
I

3 l



. 7 \ - < - - . - . -  a  n  - _i u u i. Li u Q z. i. rt o AoIp an'.IitJTt'Jtry, He{t}tepneTr{qecKono
HA3HSTIC}IH'I

T a 6 n t t r t n  ?  l O  V a n a t r l l ^ a t p u p  D A r ^ 6 o r -evAv^ls@rn!{

HegHepneTH\recKoNt Ha:rHaqeHl,rq

HasHa.reHr{e 9Hcro so-
nC)Ynn  Hr , ( -

n}1uJ

B rov  r {Hcre  eMKocrb lo ,  MJrH.1e13
SxonolaN*recKHfi  pafroH 9 u c a o

BO.qoxpa-

tt',INldUJ

B rn r . , r  l Ju^np  p l r r an^T lh  r l r u  . r 3

1 -10 10-100 100-1000 >1000 I  - 10 l0 - i 00  100 -1000  >  1000

Eaponer i cKas  qac rb  CCCp
B rov r{ } rcre:

Ceeep r:u!-: tz Ceeepo-3ana.q=
rrur l i
[Ipu6anrm|rcrcuir
6elopyccrcNfr  |
IOro-3ana.q a r; 'Ft,,[on eurco-
fIp naHe np oB cKwi1 IOxHtifr
MorAascrcafr
Ueurpalu :aurt u UeHrpalu-
r io-9epuoseprHsrf i
Boaro-Bqrcxyt i t
f loeonxcrc14fr
Ceaepo-KaercaecrcNft
3arcaarcascxNfi
Ypalscxufi

A:Narcrcag qacrb CCCP
B tov rrHcne:

KasaxcraHcxmlt
CpegHeasmarcrcuit
3anagno-Cu6npcrmir
B ocro.{ H o- Cvt6 np cxuit

.[anrHeeocrour-rurfi,
Bca reppNropH,q CCCP

rr42/2s 285/43 50/17

' r1  / A n  I  t
, t t - - / -

1566

i +

94
126
5 1 1

60
429

6
5 t

95
1 0 1
38
409

141
11?
92

I
58
I  q?<

3i7
37 / - L2/3

3/L

3/L

L4/6

4/-
r0/6

1 1  / 1

I  058
) i C)

1 1 8
1-s8
25
8
n
4
3
8

t9't5

l6 / '7
1 /
t l  -

7 7  / 1

65/21 6/2 -/ -
t03/- t9/- 4/-
43't/L 62/7 4/-

48/2
37't / -

1 / -
2/-
55/ -
27 / l

216/2

96/-
L6/L
72/-

32/L
\358/2,1

Kovnnexcrtoe
Opnruertue
Prr6noe xossficrno
BogocHa6xeHHe
n - - - - ^ ^ - -
rs|lPsar!l[,tx

OxnaxreHxe fP3C
Oxpa::a nplapogbr
Censcrcoe xosgficrso
Bo.qHufi TpaHcnopr
Ilecocnaae

H r o r o

' t06/r5 
222/24 43/2s

4 i5 i 10  64 i  J i  4 r / r 4
108/- 9/- t /-
8512 53/8 !0/ -
t . t / -  L / -  - / -

2/-  5 / -  t /_
16/ -  t / -  - / -
a l  ^ l
L t -  L / -  - / -

-/-  3/ - - /-
-/-  8/- - /-

1358/27 368/63 96/39

l lp  uM e qaH H e.  B . l , rcnurele
3HaMeHaT€ne - npoeKTi{pyeMbre.

- AeficTayroulHe H cryogulHecs BoAOxpaHHJrHrrla, B

Ognarco He Bce BogOxpaH]HJt]HrtVL He3HepfeT?r\recKofo Ha3HaqeHHrr
nepcneKTHBHL,r Anq CO3DAIH:Hfl Marbrx f3c. flo.qaensloulee oolilur,IFr_
crBo (orcolo 80%) He6oriburHx Bo,qoxpaHr4nHu.I eMKoqrbro MeHee 10l,lriH.
v3 o6na,nator 3HepferuqecKuM rroTeHlu4aJror\4 MeHee 0r5 larur.rcBt.u, vtc
cooTBeTCTByeT ycraHoBrleHHofr vougocTH I.3C MeHee 100 rcBr. Tarcue
rOC orHocirrcq K KareropHH "Mlli<po" u paccwarpnBarorcfl orEenbHo.

Kpove rofo, H3 o6qefo qacra BolloxpaHarrw\ He3Heprerr.rqecKoro
Ha3HaqeHI,lsI Aonx(HbI 6urrr HcKrrcqeHbr fngpoy3Jrbr, Ha Koropbrx ocHoB-
uoft o6.leM Bo.rtbr 3a6vpaercs H3 BepxHefo 6ue$a, c notrHocrbro 3aurreH-
HbIMH BolloxpaHv[JlKrr\al'/*1, Bo.qoc€nex9aHun[tt\a c Heonpe,qe-.neHHblM
cpOKoM pa6oTbl H Ap. I,lccneAOBaHVfl faApOnp@KTa noKa3brBaroT, r.rTo
TexHr4\recKH BO3MOXCHO nOCrpOHTb MAnbrg f3c np:,/l 432,qefiqrByrould,
cTpoerrlHxcs, v npoeKTHpyeMr,rx fHApoy3ru[x r43 rrHcJra paccMoT.DeHHbrX
1975, B cocraBe Koropbu I-3C He npeAycMorpeHr,r.

38

f I pxMeqaHHe.  B . {Nc rNrene  -ge f t c rBy roug . re  H  c rpoqu lHecq  Bogoxpar {HJr r j t r t a ,  r }
3HaMeHaTeJIe - npOeKTHpyeMbre.

TexHnrecK:an ruApo3HepfeTuqecKnfr noreHur4ar Boltoxpalltjrrnr.tl
He3Heprerl'IqecKoro Ha3HaueHl4fl., npH KoTopbrx rlenecooopa3Ho crpoi.l-
TerlbcrBo f3C, npel{craBrreH B Ta6n. 2.11.

Srorr€)Glrairo?J<r4fi noreHrjuaJr AocTaroqHo BerrHK (5,8 vnpa. rcBr.q), r.t
efo ocBoeHHe npeEcTaBntleT 6oruruofr HHTepec trrta Hapo.U-rofo xo3flr.-rrr-
Ba. Creryer oTMerHTb, trro 55% ero np?rxogyTcq Ha Aonro 88 xpynrrr,rx
BoAoxpaHHJIHIq eMKocrblo 6onee 100 rrarrx.M3, cocraBrqrolur..D( 20"h o6ne-
r() qI4cIIa p amM:ITp HBae MbLX B O.qOX p aH tLrrHUJ.

flepe.reru' :anapaMerpbr MaJrbrx f3c npu 3Trfi BoAoxpaHvrJTnu\ax npr.l-
Be.qeHbr B npHiro)KeHwu l.

Malule fgc, coopy)KaeMbre npn BoAoxpaHHnHU{ax He3HepferHqecKo-
fo H€t^3Hr[Iq.eHI,i.fl, 6y4ru pa6oTarb B pexHMe nonycKoB B HH>r<HHr4 6secf ,
nogqHHgHHbrx rpe6oeau HflM ocHoBHbrx BoAononb3oBaTe neh.

Bo.qoxpaHvrJtnt I rA, npeEHa:lHar{eHHb re Drrfl, KoM O/HanbHo-6brroR or-o I r
npoMblluneHHoro BoAocHa 6xertun, xapaKTepusytorcq Kpyrn of o.[t1er I br N 1
pe)KHMoM nonycKoB B Hu)r<rlr4ir 6ueQ. Malste fOC, npvcrpar4BseNlr,rc ri
TarcHM BO.qOXpaHpUIHrtr,4s4 6ygyr HMerL, orHocHTerrbHo Bbrcol<yrc, rapar i-
THpOBaHHyTO B 3lHr\/ft1l'.lir ne p H OA MO r I lFr O CTr,.

Bo.qoxpa t*nvr I V, npe.qHa3HaqeH Hb rc Dilc opo LUe HHtr, o cy Lqecrgrr rr rc.i-
nOnyCI(H B ll.n)r<|7ufi 6te$ trHLUb B BefeTaUHoHHbrrZ nepHo.q H B,rrafo3aprr:I-
KoBbIe KparKoBpeMeHHble nonycKu B BeceHHe{ceHHHrZ nepHoA. 31.o xi1,
par(repHo trJlg. 6oru'u[aHcTBa BoAoxpaHvrr?4u\ Cpe.qHeft A3pil.r, Ka::rxsra-
Ha, 3alcaBKa3bfl. OcHoaHaq qzrcrb f3C npH Bo.qoxpaHHnHulax, npeAr ra3-
HaqeHHbrx DJ7fl opolueHHq,6yAer HMerb tll4rub ce3oHHyro obrp&6oTKy, nrl
fapaHTHpOBaHHyrO 3nMofr. llO.{rpr BCe TaKHe BO.qOXp aHr4rtTu:\a Haqllr iaroT
3anoIIHqTbC9 OCeHbIo, v npv ocTpoIZ Heo6xogl,rMocrH qacrb sroro croKa

5/- -/-
26/- 4/-
27/4 9/-
22/23 10/14
3L/ -  7 / -
83/20 46/22

L6/6 L8/L
34/12 22/L6
LL/L 3/5

L/- -/-
zl l t  3/-
368/63 96/39
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i"io)KeT 6aiTD ?iciloiib3oBai{a &rL'-, Bbr.[orrHeHHfl nDVcTT]rr,tBaer,-aofi r\-ifl=a
Qyrrul,lrZ p€epBa.

r4syuer*re wran'3oHa H3MeH'''s ypoaneft BepxHefo 6nesa Bo'oxpa-
HIdJIIdU{HgSHgpfeTltqgCKOfO Ha3HaqeHHtI. a CnenonnTe nr-Hrr t^ uqnnn6 r'o
np:ffc:rpanBaeMbD( fOC noKa3brB?€T, q13 l" p"""-il;;;;t; ;;";;;;
Hanopa no oTHor.ueHHro K M€rKcHM;rJrbHoMy AocrHraer-70o/". croru, 3Haqr{-TenbHoe rcone6aHrae ypoBHefr xaparcrepHo Anq MHofr{x Bo.uoxparJr.lrtrlnt,
NPEIIFIA3HAqEHHbIX DJlg. OPOTUCHH'I. 3Q6EKTHBHOE HCNONb3OBAI IHC
|HAPO3HEPTETHIIECKOTO NOTEHUHAJIA TAKHX BOAOXPAH HIII4Uf BO3N{ON(I{O
no cnelyrourJ4M cxeMaM: ycral-IoBKa fl'Lqporypf,na c i.i3MeHeHHeM rramo-
TbI BpaUlellhg, cOe.qHHtlrcqHxce qepe3 lvrynbTHftrtnKaTop C r-HApor-cl rcpa-
ropoM c nocrosHHorZ qagncrorZ eparqeHnr.; ycraHoBKa AByxcKopocrrrnrx
fH.uDoreHeDaTonoR: V('T2HrrEl| .  2 rro^'r l lnr rrtu h'._^-b<- -- -'  -  - r  r r v u \ v J r D R r L \  I  y t 4 p v L y p u n H . ,  p a c c q H T a l l l l l , l x
Ha pa3HbIe w7arla3oHbr pr3MeHeHHs Hanopa.

Bce paccMoTpeHHbre Bo.qoxpalananr4 B ocHoBHoM pycnoRo-
f o Twila, T.e. B Kar{ecTBe Hx qaLUH Hcnonh3yroTc, peqHbre AOrrHgr,l,neperopoxeHHbre rlnoTHHavu. He6orrbruyrc rpynny (no I0%; cosranlrrcx.
H a JI kI"BPlbI e Bo.qoxpaH%Jfi4rrta, pacnoloxeHHbre B noHH)KeHHrrx Denbe-

T a 6 n u u a 2. I 2. Bo no{paHr,Lrrdqa, pe.KoMeHgy€rrhre
A,rr-s sHepretl'{qecKoro Hcnorrb3oB arlHs.

Hanop, v t{Nclo BoAo-

xpaHHnHUl

B rov  qHcne eMKocrb lo .  u ls .  M3
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npoeKTHpyeMbre.

T a 6 n u q a 2. I 3. Bo aoxp arrvornr I v, peKoMeHgyeMbre AJrrr
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o  4 , ,  ^  1 a  Ituultuqu z.Ir. tr'.a,Jr}'|e r JU lU! nepenan2r KagI!,JrOB H pe)tr}{l{bf rt[ pa6OTbI

I {anop  9Nc lo

naae ,  M f3C _  
3 -5  5 -9

. { - ^  . . a f f i r ^ f f i

vrcl rvrer,rrrllrl,lra t' ur\rpur-lE u'l' pgKyl, a TaIOKg Ha
lv{afHCTparlbHbD( KaHaIUIX.

OcHoeHoe r{znHaqeHHe raKlu BoAoxpaHHnHr\ - BTopH\rHoe Br_ryTpH_
cHgreMHoe nepeperymdpoBal*te qroKa. Hx HanorureHpre ocyrqecTBrrre11c
B OceHHe'sHrdrltffi, a cpafuTKa - B BeCeHHe-neTFrHfi nepHoA. BOgOxpaun_
JlwilJA HafIoJIFIgIoTCfl H3 KaHaJIoB rlo 6ulCrporoKaM, 3aKaHr{HBaroul14Mcq
KOHCO'IbHbIM BOAOC6pO@M, a onopo)KHgrorcg r{epq3 .qoHHL,re BOAORL,rnyc_
I(H, BCTpaVBAeMbIe B TenO rLnOTHFrbr. flpu HarlLrRHbrx Bo.qoxpaHHnHulax
Mz,nbl€ fOC Moryr coopyx€Tbcs KzrK Ha nepena.qax onopo)KH erl'zrflrTaK H
Ha nePerEqax Hano-rll{eHt4-a. Bpel'in paSoTbi Ka)K.qoiZ 'r,az,i-to-lr 

il3c orpanH-
r{HBaercg o6unno \)e\,4',, MaKCHMyM qerr,IpbMrr Mec;il\ MH, a Hanop 3a
sTOT nepHOA H3MeHseTcq AO 90% uaxcHMaJrbHoro.

R  t e 6 n  )  l )  v t  )  l ?  n a v q a a u ^  r , ' _  r Y ,r. L. ^J i i\rr\cuJ4rriir'{.i-U qPiQ iO Bo.qoxpail-A':_ti,iuf He3I IepfCTl I
qecKofo HiBHaqeHr'Lfl, Hanop H pe)r(HM 3KcnnyaraulrH KoTopbrx no3Borr-
IOT HCnOJrb3OBaTb r{f.. Dfig. norrfqgHr,lrr 3rieKrp@Hepfr4t4, D}ciraroqHo Be_
IHKO. fIO Hanopy, co3,qaBaeMoMy N{ZLJrbrMH f3c, ,o ,*3;r" paccMorperr_
HbIx BotroxpaHnnwilloKono 65% HnsKoHanopHbre (f/ ( 20 rra), 30% cpenr,"-
HanopHble (H:20 + 75 M) H TOnbKO OKOIO 57o BbrcoKoHzrnopr{bre
(H > 75 u).

B ra6n- 2-14 npvnerleHbl 3KoHoMH\recKH ae$ercrnaHbre no oqel{Ke
fugponpoeKTa ManbD( fOC npu Bo.troxpanwu4utax HesHeprHqecKofo Ha3-
rutr{eHHt.

Ma-ru'rc tAC Ha nepenaAa( Kar-urnoB. Ha repp :yrTopyia CCCP BbuiBrret {o
60aee 40 rcpyrurux KaHaJroa (e ocHoBHOM MafHcTpanbHr,rx), HMeriouu.rx
nepena.@I' Ha KoTopbD( Moryr 6urm nocrpoeHbr \,rurJrbre fOC.-Bce rcaHal.li,r
(sa ucrcruor{eHaeM Tpex npoeKTr,rpyepoD(t HaxoA,fl Tcs B 3Kcr-Lrry/araunn. I{:
Hrut 80% pacnono)KeHbt a pafronax c pa3BHTbrM opotUeHHev (cpegrrarr
A ^ - . -  r - r ^ - ^ - - - -  - - -  t f  ^ _  - - -r-IJrtur, \-/tEsPrrbrre f\ilIJKa3, J€l,KaBKa3bg] H HMeICT KOMltfleKCHOe Ha3Ha-
qeHl4e. flo npoercTHblM MarepatutaM Ha gTptx KaHarrax BbrqBrrerro l 25 coc-
pe.qoTOqeHHbtx nepenaAoB C pa3Hutleit BbrCOTuL,rx OTMeToK oT 3 lo 130 v.

9-t2

Bo.nsurascrBo N4arrbrx l-JC, co-
r \ l l \ r l l o O r a L r u  r t o  n 6 n ^ rvyJ .L\qv!vIJ4 r r4 I  rvl jrvl  ,4l  t l7.x t \dHal l()R

oporueHHq, 6y4rr HMeTb rrHiIb
cq3oHHyro neTHrorc etrpa6orxy. IIa
KaHaJIax Kor.,{rLneKcHoI-O Ha3Harre,
Hvlfl. MUtJrL,re f3c 6yuyr pa6orari,
rcpyrrtuZ ro.u. o6ecner{HBaq rreo6xo_
AprMbre pacxo.ubr Bo.&r B .oeKa6pe_
tHBape. He6ormuryro 3HMHrorc fapaH_
TI{IO MOryT HMeTb Majrbre f3C, p3s-
nonaraeMbre Ha KaHanax nPe.u-
Ht ?ur l  r  raurr l  tu-  €r  ^s avr  u ru^ l4  L la uuul l le)HHq ! I
BbrrorrHsroqprx SyHrcr_uu nepe6poc-
KH CTOKA.

B ra6n.2.l5 yrcasauo r{Hcno N{a_
ruu l3C Ha nepena,qax KaHaJroD B

qHcJre  c  pacxoAoM,

T - < ^ - , - - -  4 1 '  h - -iaonuqa i.i4. -9n<oHor,a{qecKH 
oe@rnaaHrre rra"mre F3C

npti Bo.qoriiaiiiir:i{Iq!-- i{egHepreflqecf Ot\O HasHaqer{t4g KDVTIHbIX I,{ EnLfl{HbIx

3 rc osornrr.r e crcufi pa fi oH Hncao Morqrrocrs,
ngC rsrc.rcBr

Brrpa6orrca 3neKT-
pogHeprHu,M'nrt.
xBr.q

Eaponeficrcas qacrb CCCP
B rou vficnei

CenepHurfi r Cenepo-3anagHxfi
fipulanruficxult
EelopyccrNfr
iOro-3an a.qrr ua, .U,oneuxo-llpagxen -
poacxuit, IOxHurff
MonAascrcNft
L[e H rpalr' aanit u. I-{e H r"pa.nsx o-9epHo-
seMHarfr
Borro-B.srcrcuit
f loaonxcxNf i
Ceaepo-KarrKa3cKHt-l
3arcaercascrcHi
Ypanacrcult

AeNarcrcas qacrb CCCP
B rov qHcJIe:

KagaxcraH cxwit
CpegneasNarcrNfi
3ana.qHo-Cu6mpcrulr
B oc ro.rx o -C u 6 r.rp cx rrfi
,[anbHesocro'rnufi

Bcn reppNropne CCCP

!r7
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1 2

:

:

l 0
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1 6
6 l
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I
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MAJII ,U W3/C
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T a 6 n u q a 2. I 6. T entrqecroal rr{.w)osHeprerrqecr u}i
noTe H I I!.!&t! !roTo!._a B !r_e.ggj::l: H:! rieper:F ;-ia?

3 rc o n o w N.r e crcnFt pafi or-r CpeqHevlrorotrer-
nRx aurpa6orra
3neKTpoSHepr,{u,
vnH.rcBr..r

B rov r{HcJIe Ha KaHaJrax c
pacxonaMH - u3/e

10-100 10010

EeponefrcKas qacrb CCCp
IJ rov qHcrre:

IOro-3an agr-r 5rfi , .[,o n eqx 9-l-1py-
AHenpoBcrcNfr ,  IOxHuft
Ceeepo-Kaerca :c rN f r
3arcaexa:crcNfr

Asrrarcrcas r{acrb CCCP
I )  -

r )  l o N , t  q H c J t e :

CpegHeas na.rcxuit
Ka:axcrau crcul t

Bcx reppurop+s,  CCCP

r402

l l l , 3

300
990,7
4002

3893,5
108 ,6
5404

69 t284,6 49,4

2,7

53,8
12 ,5
42,9

78,7

z z t , t
9'19,2
3584,2

29 ,g

1 8 , 5

:^-
5 t J

':'

423,3

34,5 3494
8,4 100,2
l t 1 ,g  4g6g ,g

Ta6nuua 2.I7- 3rcottoMH\recKH se@ercrlcHbre MaJrbre IOC
ruI nepenaAar KaHaJroB

3x oHoli.rpr.{ecrcuft pafr oH 9rzclo Mou{socrt ,  Bsrpa6orKa aneKT_
f3C rblc.KBr posHepfHa, MJrH.

xBr..r

Eaponef icrcas l racrb CCCP
B rov qnctre:

.[,o n e qrc o -fl p lrgxe np os crcraft
Ceoepo-K aaxascrcHi i' )^ , . -^ , .^^^. . - . : .
J 4 ^ A p A 4 J L A n n

AsHarcxas qacrb CCCp
R  - ^ . ,
v  r v r v r  Y y t L J l L .

CpegHeas ua.rcxui l ,
Bc: i  reppnropH.r i  CCCP

24 296,9

16,2
64,3
2L6 ,4
506,3

5C6 ,3
803,2

T I73 , I

81 ,4
287,7
E04
2607

2607
3780,1

3
L2
v
39

39
63

3aBr4cvIMocTH or pe)KHMoB pa6oTbt H HanopoB. I{s Hux Manbre f3C MofyT
6rrm pacnonox(elbr na 76140/o fiepena.uoB KpynHbrx KaHaJroB c pacx o&ar\lrl
l0-100 u3/c. Ha 54,5"/o paccMo-TpeHHbrx nepefraAoB Bo3Mo)KHo coopy)Ke-
HHe F{H3KoHanopHbrx Ma-nbrx f3C (H < 20 w) H Ha 45,5o/o neperaAoB
\ 4 2  n t , l y  | Y J C  r y ' r p r r r r A r - ^  L r r n n ^ 6  ( L I  -  . ) n .  ? < .  - \. ! : 4 - . : L ' : r a  r  . J v  u y € . t r H € I ' O  H a n o p a  ( r ,  -  , J v .  t J  y t ) .

TexrJ4re cKr4rt ruApogHepferaqe cKun [oTeHqHarI noToKa B KaHanax
IJa BbltIBtleHHbIx nepenatrax cocraBJlfler 5r4 Mnp.u.KBr-q, rrpHrrev 907o ero(4'87 MnpA-KBr'q) cocpeAoTor{eHo Ha nepena.qax KpynHr,rx KaHarroB c pac-
xoAaMH 10-100 u3/c. Torrrco 25,9o/o 3roro rroreHugaila (1,4 vnpa.rcBr.q)
cocnenr)Tnr jPHr. t  L{ t  npnarre r - rov r .or  f  ̂  f t  h  ^h-^__ _r  ___ . .v t ,v . .q*r iq^ r \anc| 'JrvE,  gErpt j r lgy lUt(Ula l  qaCTkI  U\_(_t r ,  /4r4r /O(4 v:rpa.rcBr..l) - Ha KaH aJrax CpeanerZ Asnu(ra6-r:. 2.16).

3rcouowHqecKH eer$ercruBHbre no oqeHKe fH.qponpoerca MaJrbre fgc
Ira nepenalTax KaHarroB npHBeAeHbr B Ta6n. 2.17.

t t
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l : .
I
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I

' T n R n t r u a  
2  | I  Q z ^ " ^ .  - : r ^ - . - - - - - - - ^. evl.sqs !. .v. vr\vnvryysn Jvjr lrst l ,rhlt l l .blc MaJrble I JU

Ha He3apery[4poBit ]r]rbrr BoAoroKar n paff oHar Ae rteHTpa_
Jrrl3oB:trrHoFo gHeprocHa6xer-rxq

3Korrnr . r r r -  ecr  uf r  ne i inq I J , , ^ - ^  l r ^ - - - . - ^ ^ -  n  ,  .r t r l r r v  l v r U u _ L n U L  I  b ,  D t l p a U O T K a  3 t l e K T

f 3 C  r r , l c . x B r  p o 3 H e p r H H ,  M J r H .
x B r . . l

EaponefrcKar rJacrb CCCP
B rov qHcJre:

CenepHuft
1 _ - - ^ _
.JAl( '1lJKA3CK HI,1

AeNarcxaq qacrb CCCP, B roM LrHcne:
Cpegnea: uatc*uit
3anannO-C u6uoc*-ul t_  _ _ _ _ - - ,
.ILalsnesocroqHbrr"r

Bca repprrropHq CCCP

t a
L Z

j g 6

27,0
i2,ts

3 l  , 8

l 6 s  )

2 4 3 , , q

173,1

1 0 4
6 9 , 1
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4 1 5 , 1
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9
J
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6
34

B nparro xteHr4r 2 npvte e s1e HL,r nap aMeTp br MaJr brx rc C, HaMe qa e N{r,r x K
CTpOHTenbCTBy Ha nepena&ax KpynHLIx KaHaJIOB. llpu Bst$Ope nepiloorlc-
peltrrbrx o6tercroB 3THM I-3C cneAyer yAenHTb ocoooe Br-rHMaHrJe-

Ivlaru're f3C B pafioFla( AeqeHrpalrr43oBar{Horo 3Heprocru6)Ker rp1r. Ir.
HacroflLrreMy BpeMeHH HaKOnrreHL,r HeKOTOpi,re npopaooTKH no noA6op),
K CTpOHTenbCTBy nepBOOqepeAHL,Ix 3KOH OMHqeCK H :QQe icrn R H btx N.laJr r)r x
I-OC Ha He3€Lperynr4poBaHHr,rx BoAoroKax B pa3nHqHbrx pafiorrax rcuer r-
TpaiII'BoBaHHofo 3Heprocl-{tl6xesusr. Lls paccMorpeHHbrx 75 o$r,crcTo3
t{HcJIo MaJIbIx fPC, peKoMeH.qyeMr'tx K crpoHTerbgrBy, }{x pa3}"terrterrrie
v napaMerpbr [peAcTaBrreHbr B Ta6n. 2.18. 3rr,J 3Haqenriq no N{cpc ri;1,iit,-
lso. I i l t t lzv  nganl  6nrnrr  6r r rnrr  \ /Tnrrua.^nq

" J A J  
1 L " L ' D e t r .

flocrpoeHHbre rv!:uIL,Ie f3C. K Hcrrorrb3oBaHHlo Bogrt,rx pecypcorr
r  ro  r ln i i  r t rn in^r  r6nr6rr r r /n t - r  ^  nn - -LvLuLvrr  r  t r l t - {y \ rJnvyr  vrYr^\ - rYr  LJ le l . {y{Jr  \J l r1gulv l  11 t la l 'U l  b  IJaHge I  IOC' lpOe} l l  l l r lx

NraJlbrx rcC. Ouenrca Uerecoo6pasHocrH AanbHel.iujeil 3KcnJtyilraur{rI
AefrcrByloull4( H 3arcoHcepRHpoBaHHbrx tvlaJrbrx I-3C noKa3brBaer, qfi)
3KcFnyaTarJHn Hx gKoHoMrdqeCK H on paBAarja. 3K oHo MHqecK H Ue-rt ccoo 6 _
paSHo u BoccTaHoBrleHae r;.acrn cnucaHHbrx Marbrx I-3C, Hatifo-rrcc
COXpaHHBUJVxCfl.. CeeAeHtlz OO 3KOHoMHqeCKr{ a$QrercruBni,rX N{aJu,r_\
f3C npnBe!.eHbt B Ta6n. 2.19, rtre yqreHbr Bb[rrBrreHHbre i{ oocre,for]au-
HbIE CNHCAHHL,IE M JIbIE I3C.

o6rjree nPeAcraerleHHe o pacnoxaraeNlr,rx pccypcax MaJroi{ r'r1rpo,ir le p-
ferHKH .Uaer ra6n. 2.20.

OnpegerreHHe 3KoHoMHqecKor"J eQcf e rc riaB uocrt4 Marrbrx f :f C n po'o r l -
)I(aeTCfl, H pecypcL,r ManOrZ 3HepreTrlKH 6y!)/TpaCTH. [oAO6rrsrN{ o6pa3oNl
HE9T npoqecc onpetreneHKfl pecyDcoB Nlanofi l-Hl-(po3Hepr-erHKri B Oo,rtL
iijp{HcrBe stpaH, y.qeneroulHx BHHMaHhe 3ToMy Bonpocy. I lo_cyrricc.fr.i\.
I IH B OAH9fi CTpalJe IJe OnpeAg,terr rrOJrrrLl l t  :)KoloN{rj({eCK1l.,  r  rp.tct rr t j  l . . l
MaIIbIX fgc, a BbISlBJleHa nHLUb qacTb efo, llaN{eqaeMaq K OCrJoCr ri.1() r]
6 nuxafirxerz nepcne KTHB e.
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3rcoxovu.recxNfi pafiou 9ucao
f3c

Moruxocra,  CpegneMHoroner-
rurc.xBr uxa narpa6orrca

3neKTpo3Hepr|dll,
vnFt-rcBr..r

EaponeficKas qacrb CCCP
B rov qHcJIe:

CeaepHr'rfi N Ceaepo-3ana.qH urft
flpu6antuitcrcuir
Beropyccrnfi
IOro-3ariaAnuft , .I[oseuro-llp HAHe n -
poecxuir, Ioxssrfi
MoxnaecxNfi
IJexrpa nu r.urir u IJenrpa nuHo-
tIepHoseranufi

Bolro-Bsrcrcufr
l losoaxcrHft
Ceaepo-Kaerca3cxr-rfr
3araerascrcHfi
YpanscrcNi

Asaarcrcas r{acrr, CCCP
B.ropr qHcne:

KasaxcraHcxafi
Cpegne-Azuarcrcuir
3anagHo-Cu6vrpcxuh

Bocro.rno- Cu1upcxuit
.[,ansHesocroqttufi

H r o r o
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r l c y  g l  E H H . b r c  [ H c u ( ) { - J r c l { u r j a H H b r €  M a -

nsre l3C):
np  i - l n rp  r r n r r r r r e.vry.v

3aKOHCepBHpOBaHHbre

Bcn reppr r ropHq CCCP

38t

J I

65
1 l
69

8

;
56
108
1 9
235

28
136
6
2
O J

6 1 6

1158 ,5

49 ,5
27,r

L57,3

io,,
218 ,9
600,8
84,5
1638 ,5

175,5
1261,4
't,3

12 ,8
l 8  1 , 5

z t v t

7 1  1  A

t 8
J I 3 2 , 4

8
650

4557,I

239,3
88 ,6
25,8
657, ' l

l (  R

*,.,
968 ,5
2223,6
283,4
7309,9

n  / ^  1
t l L r l

5893,4
43 ,6
'7 4,5
555 ,2

1 1 8 6 5 , 9

Q < t  1

54
12612,1

lnaea 3

IPOEKTI,TPOBAHHE MA'tbIX T3C

3.r. oEuII4E nOTOX(LTIHq

flpoercrrapoBaHHe MaJIbrx f3C ua coBpeMeHHoM 3Tane nN,rcLrr pzr,r 1
xapaKTep H bix oco6eHHoc'l e r"i.

I-Ipexcge Bcefo, ctteAyer orMerl{Tb orcyrcrBr4e npeeN{crr,}cr ri JC)L-r'r r
onblTa npoeKTHpoBaH[fl s 50e rogbr. I4cnorbsoBaHr.re IrpotrrJtolo olrr,l' lu.
Bo3Mo)KHo IIHIITb I-Io AaHHblM, npptBeAegilv B nHTepaType, H HeN{r,or-trN1
ocraBluuMce B 3Kc[nyaraLfvr4 Malblvr f3C. CneuacbHKa npoeKTgporri]-



iivifi tvil.itr,rx [13C He oi?ax(er r4 a coBpet leHHbix Hop],{ttTI4BHblx It }leTo/q!4-
qecKHx pa3pa6or(ax, a Dils co3AalrHtl TaKlfx pa3pa6oToK t{eo6xoA,}rM

a'Ij.a rrvl3 npeArx€ cTBylotqero onblTa.
Dnn co3AaHHq MaJrbrx fgc HoBoro noKoneHHt Heo6xo.qzM HoBbIIZ

no.u.xoA, He oTqrouleHHbrrz npaKTHKoft flpoeKTupoBaHnfl npoulnblx IIeT.

Lns AocrH)KeHlz.g. rJeJua ueo6xo.u,HMo npoAonxarb Hccne.qoBaHHfl H no

|lepe HaKonneHHs HoBoro onL,ITa BHocHTb onpeAeneHHble nonpaBKH.

OcnoaHtre HcxogFrbre noro)r<eHwfl npr npoeKTHpoBaHnvr MaJIbIX f3C

cne.qyl.oull4e.
l. Malue f3C lfonxHbr 6rrra nonHocrbro aBToMnrn3prpoBa:e^bI vr pa-

6oraru 6es nosroflHHofo 3KcnnyaraunoHHoro nepcoHana. 3to cnoco6-

crByer noEbrLUeHHro Hx 3KoHoMHr{ecKolZ aQSeKTHRHocTH KaK 3a cqer

crjlHn<eHr4fl 3KCTUIyaTaUHOHHbIX H3.nep)KeK, TaJ( H 3a cqeT yN4eHbrueHufl'

KanuTaroBno)r(eHkfi e pe3ynbrare oTK€Ba or 6umoeutx rr qrry)Ke6nrtx

nove.uteHufr.
2. flpoercrupoBaHue KoHKperHblx o6rerci'oe .qon)KHo BecrHcb, KaK

npaB Hn o, Ha ocHoae yHuS HLtt4poBaHHbIx npoeKTHblx pelue uwit.

YHnSrrcau*rv Moryr nognexaru ln6o Bce coopy)KeHrJq 3Heprernqec-
Koro rpaKTa, no.q,nopHbre H nogoc6pocHble coopy)KeHnfl, rntr.poy3rla, ll.16o

rr H rr rb o rAeIIb HbIe coopyn<eH'r-Lfl vrJLkl cp4cTel|r{.bl.
YuuQvn+tpoBaHHble perxeHus no coopyx(eHr.rsM aHeprerHqecKoro

TpaKTa, BKrloqaq gDar*rn Manblx f3C, ryp6uHHble Bo.qoBo.u,bl H BoAonpH-

eMHHKH, uenecoo6pasHo pacnpocrpaHflTb Ha Manbre f3C c egrHn rrtofi

MolrlFrocrbro rH.qpoarperara lro 3-5 Tbrc.KBr, npu 6onsuteir Mou-FtocrH

neo6xoguMo HcKarb 3KoHoMr4rrHbr€ r4tl4qtr.ugyaJlbHble peLUeHH s. O pqa-

Ko v B 3ToM cnyqae ueo6xoAl,tvo Hcnotlb3oBaTb yHHQIaIHpoBaHHoe

rr,ltrpocHnoBoe c 6opyaoBaHue H cHcreMbl aBToMutrnlc'{.
3. flpu Hcnorrb3oBaHnvr yHrzOurcaunr npoeKTHpoBaFIHe ManF,Ix f3C

AonrttHo BbrnorFrflTbcrr B oEFry cra^Hro. flocre o6ocHosaHnq ueJrecooG
pa-3Hoera cqoouTenbcrBa Marrbrx fOC rexHHKo-gKoHoMHr{ecKHM pacqe-

ToM BbrnorHrrerca pa6ot*tfi npoercr, B KoropoM ocyurecrBtlttercq npuBq3-

rca yHlrcirnl-InpoBaHHoro rrpoeKTa K KOHKpe'r'HblM ycrlrolu;z,flNi, A paapa6a-
mr  rDoo r^o  nq6n r roc t  r t r t t . - \ r t  r o r J .Tq r l l t c l
l l ) l D o v  L v t L  y a v v w t  a - 1 v ^ \ J  t r L v \ L L 4 t 1 t r . ^ .  /

B rex cnyqasx, Kor,ua MaJrbre rcC BXoE rr B cocraB npoeKTHpyeMoro

fHtrpoy3na KoMtrJreKcHoto Ha3Har{eHr4fl, Hx npoeKTHpoBaHHe Be.ueTcg

oAHoBpeMeHHo Ha rex xe craEHgx, t{To H fH.upoy3na B uenoM.

3.2. CXEMbI MATIbD( I3C

llo cnoco6y co3,uaHnfl Haropa MaJIbre I-3C roJrpa3Aerqr,orct Ha

r r r I o T v t H H b I e  t  E e p v B a u H o H H b I e ,  c M e L r a H H L ' I e  ( n l o r m r u o -
noy.'rrcqrTrr.\LnJr-Tp) r,r rrqnr-re T-3C nng rn.ry'rp.nt.,{ LrrnnnHrt\,{ rhnnr+re- (r-ln
. L \ v y t p s l - \ , r v r g  - - - - - - r ^ - - . . ^ . f r - - - - -

nepena,q,ax KaHanoB, B cHcTeMtLx BoAocHa6)KeHVs v !p.).
flrrorr+rrme sxeMbl. 3ro Han6onee pacnpocrpaHeHHble cxeMbr 3Hepre-

THqecKoro llcnorlb3oB,ari^Idfl MaJIbrx peK, oHH MofyT npHMeHqTbct Bo BCex
pafroHax crpaHbl, ga HcI(nrcr{eHHeM ropHblx, a B oTEerbHblx cn) rafll( H TaM.

4 8

PNc. 3.I. firorlangare cxeMbr Ma.nbrx f3C:
o -6ea Bbrxo.qa orl"feroK Hny Ha nofivy;6 - c 3aronJreHHev nofrwrr; J - 3Aal{r ic

f3C; 2 - noaoc6pocHas nrorHHa; 3 - rnyxaanrrorHHa

Illoragrtafl cxeMa 3HepferuqecKoro Hcnorrb3o r,alH:,z,tl Mox<er ocyrr tefl '-

Btlgrbcg B 3aBncvMocru or rHna pevHofi AonHnbr paBHHHHoTZ percrr v tvL-
n o p a  B  I F y x  B a p u a H T a x  6 e s  B b r x o A a  n o g r t o p H o r o  y p o B r { e  r i i r
n o l Z l y . y  v  c  B b t x o A o N r  H a  H e e .

Wrr. peK c uruporcofr nofivofi u uy6orco Bpq3aHHbrM pycroM ue;recooet-
pa3Ho Ha3Haqarb orMerKy noArlopa raK, .{To6ur HopMaJrbr-rsrrZ noAnop-
Hotfi ypoBeHb Bo.qbr npu Bo3BelleHlz;z. rutoTHr-rbr He BL,rxo DJ4n H3 ocnoRnor-o
pycJlaper(H(perc.3.l, o). Dlts rarcofr cxeML,r xapai(TepHL,r pycnoBafl KoN,r-
fIoHoBKa snari^tfr f3C c ne6onrutvur4 HanopaN,lr (or l,5 ,uo 4,5, pexe go
6-10 v) u se6olru:afl Mou{Hocrb craHtr4v (or Hecrcor^rbKHx coren KrJJro-
BaTT Ao l-2 rurc.rcBr).

W-sa ue6olru:oro Hanopa oTAenbrrbrx I-3C xapaKlepHor."t oco(xlr l-
HOCTbIO 3HepreTHrreCKOfO HCnOnb3OBaHHfl Marlbrx peK gBllsrorcr{ N,{r lor'()-
cryneHr{arble KacKa.qbt (6-8 u 6onee I.3C B KacKaAe) npr.r ueSorsurorr

^  d -  - ^  - ^ -
yavv LwrrrlYrvrYt rvrelr\l-{J L r rf vP4r\4}ar, 9l\J uuyLJ tvtjJ Lytbd.c r tJ()3ML),iKf toc'I'I,

HcnoJrb3oBaHne eyMMapHoro Halopa KacK-a.rtoB .qo 20-50 r.a.
Ha paeHHHHL,Ix peKax c orHocuTenbHo HeuHpoKorZ rny6oKo Bpe3al r-

sofi nofrvoit u cna6opa:BHTbIM pycnoM qenecoo6pa3Ho co3.q,arlue lra,ror:r
3C (nnm KacKarI,a MarbIx l3C) c BoAoxpaHvurr4uJeM HeAerrbHoro lj-,uI

ce3oHHoro peryJupoBaHne,, c BbrxoAoM Ha nofil.ry' (saronnenrrerr)
(perc. 3.1,6).

Tarcoe peueHHe no3Botlqer nonHee Hcnorb3oBarL, ecrecTBenr{bnJ
cToK peKH ,qa)Ke npH 3HaarHTerbHOM rco,re6asuv pacxo,troB B TeqenlJc
loAa. He.uocrarKaMu grolz cxeMbr lzratoit tPC qBrrqrorcq 3aronrenr rd
nofrMeHHblx 3eMetlb, npe.qcraBlsrc[u{x qacro 6onuruyro xogqirgrr]cur ry Kl
I IeHHoeTh t  ?Hatr [ , l rp-nI -FIoe nr ]Rt- I r r teLIL{p r r6rer , rnp r ' ry \ . ' \ r r . r ,pr r lLr l rv  na6n-  r r- -  _ - _ t  l  r v r r u r  r p r ^  

l / s v v  l J  I

cToHMocTH coopyx(esult. H3-3a yBenHr{eHHfl BbrcoTb,r H npoT'lxerrFtoct't I
(no nolZve) mornnu.

OcHoarrylo perynapyrorqyio eMKocrr, KacKaAa Marbrx
pa3Ho pacflonatraTb B BepxHeM TeLTeHHH peKH, f,qe yulep6

4  - 6 8 8 2

tI]C ucrrecoo6-
O T  3 A T O N I I E I ] I 1 ' I

. t . ,
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.3HaqHTe-nF.Ho MeHbl.l-ndg,, a nocqerqircrr.Vje cTirrerfr KacKaiia oc-{iiiecT_
BJrrrrb no cxeMe, usoOpaxer*rofi Ha pHc. 3.1, a

fuc'nonue H npwvrornHHble KoMrroHoBKH 3.qaHHrZ l3C B cxeNcrx c
BbIxoAoM orMeroK HfIy rra noftL,ry' t-IplrHnMzrrorcr B 3aBHcHMocrH or
Haflopa. llpu nanopax .qo 10-15 M npHMeFrsrrorcs pycJroBbre 3.qaHraq fgc,
npra.6o&urr.D( Flrlfiopa,\ - npwuroTuHHbre. flpnaepbr pycnoBoir u rrrrorHH-
noii varuu I3C noKa&?.Hbr Ha pHc. 3.2,3-3.

KounoHoBKH coopyxienrfi . B cocraBe uroTHHHbu rr4rqpoy3noB B b1rr o Jr -
Htllorcg c ) {eroM ycnoeruZ nponycKa naBoll<a, yAo6crea BbrnontreHt.rg
crpoHTeJrbrrx pa6or. B HnsrcoHartopHbrx rntrpoy3nax 6es perynupoBaHHq
croKa oco6eru-lo BenHKa croaMocrb aogoc6pocutrx coopy)K euufr, raK KaK
Anq nporrycKa naBolKoBbtx pacxoEoe Heo6xoAuva 6oruurarr npoTu)Ker r-
HOCTb AOgOC6pOCnOro Qpoura. llogroMy Marrbre f3C Fra peKax c urHpo-
rcoft nofrvofr - npel&ryl{ecrBeHHo pycroBoro rHr-ra c npo[ycKoM qacrg
pacxo.ua noroBolbfl no nofrr"re B o6xog fu.qpoy3na (pHc. 3.4,
o). B cxeMe r'apuc.3.4r o (c perynupoBaHueM croKa) 

-noxva 
nepeKpL,rra

uyxorZ nnoTHHo it u Nts nporrycr(a naBoIu< oBbrx pacxoltoB n pe,qycM orpe r _t
nogoc6poc.

Diln o6fler.reHur npoH3BoAcrBa crpozTenbHru pa6or, oco6eHHo npr{
HeruHpoKHx pyemx, [noTLrr{f H 3trAr*re ItJC BbrHocsr rc 6epery. llo
oKoHqaFI}IlJ l.D( cTpoHTenbcrBa npoBoALrrcr cpe3Ka fupera H pacluHpcrple
pysla B eropoHy nocTpoeHHbrx coopy)Kenuit. cyu{ecrByrouee pysro
o6sr.rno nepeKpblBaercq 3e\ansuort r.iryxoft nrrornHoil tlpu raxofr cxeMe
crpoHTenbHbre pacxo.rbr nporrycKarorcr qepes ocFroBHoe pyuo perue. Ec_
nv rJtutpwla pycJla ,qocraroqHa D,J7n pa3Meu]eHHs nnoTr4Hbr, 3[Ali.ylrl I-Sc
H nponycKa crpouTeJrbHbrx pacxoAoB, y3en coopyxeHr.rtr pacnoraraercs B
pysle.

rr^. --. -r\vrrLrPJr\r-lvrLl uL:rlubrubrx |hllpOI€XHl{r{eCKI4X COOpyX(eHI4n Vi SEA:H}..II
fOC Anrr [noruHHbrx cxeM, coBpeMeHHurft no,ryog K Hx npoeKTgpoBar{Hru
H srpoHTer-rbcrBy tr3Jro)KeHbr e $ 3.4,35.

,[epugarrnortFnre H et"te[IzlHHale rl[cyrklHHq>trep.Lrp-a1gror{F,^He cxcMirl
.[epraearlxoHHble H cMeLxaHHbIe cxeML,r LrMpoKo npaN{eHsrroTcq B nDaKTr.J-
Ke crpoHTenbcrBa MaJrbtK f3c B OCHOBHOM B fOpHL,rx H npe.gfopr rr,rx
paEoHax.

Cxevur ELepwBat rJ4oHHbrx cr ar,tst rir Moryr 6sn:, creAyroru,rMu.
nepy.BaL\Hs B.qonb peKu. Tarcue cxeMbr rrpaMeHrrror rra pcKax

co 3HaqHTenbHbrMH yKnoHaMH H CKOpOCTT;tvfH TeqeHHrr (pac. 3.5, o). Ilo
erotZ cxeMe nogrpoeHbr He ronbKo orAenbHbre craFrr.IHH, Ho 'J KacKa.&br
f3C (rcacrcag Astvaarwtctclo( I.3C Ha p. Doruuraq Anl,aa-Ar.r rr rKa,
KacKa,r{ AtauerwtcrcHx f3c ua Bornruov gyftctcoM TpaKre u np.). Ilttsi
KacKaAa H3 HecKonbKl,rx I-3C Bo3Mo)KHo Hcnonb3oBaHHe orriol-o r-o;roiJ-
HoI'o eoAosa6opHol'o coopy)KeHrn (rax nocrpoerr KacKaa H3 rurvx r\j;Iln,r\
l3C Ha p. Hccrx e Knprasur,r).

n e p u B a u r f l ,  H a  c 1 - t p f l M r I e  H t 7 r 4  p y c n a
6). Cnpnv.;lry.,s DepvaawreE orAenbHbre H3nyqr{Hbr
ril,rrb 3HaqaTenbHbre Hanopbr I-3C Aa)Ke Ha peKax
HOM.

p e K H  ( p r r c .  3 . 5 '
peKH, MOX(r{O nOJr}/-
c He6orrr[rHM yKno-

) 1
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Puc. 3.4. Cxer.ra nponi'cKa
naBo.q,K&:

o - trepe3 aogoc6poc n no
nofive; 6- uepes aogoc6poc;
7  _  n w a v r z o  F ? l ^ .  ? -  - ^ - ^ ^ <
4 -  O A e . r r r  &  D v a v l v -

p o c ; 3 - s a v 6 a ;  4 - r n y x a n
N'IOTHHA

Puc.3.5. Cxevu Eepr.BauuoHHbrx Marbrx l3C:
a -  c AeprBaqHef i  sAoru peKH; 6 -  sa cnpqMneHtl  pycna peKH; e -  nepe6pocl i : r

croKa Hs otrHoi peKH B Apyryrc; J - rorosFrofi ysen; 2 - gep:y.aauHq; 3 - rranopnr,rn
6accef iu;  4 -  nanopHare rpy6onpoBoAbr;  i  -  s t rasue f3c;  6 -  xorocrof f  c6ooc
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e). l'axue cxeMbl oc)rulecrBtlqror, KorEa ,me coc€Nfne peKH pa3.qeneHbr
HEBbICOKHM H KOPOTKHM BOtrOPA3EEIIOM H HMEIOT PA:}HOE BbICOTHOE
nonoxeHHe. 3To l.aer BosMoxcHocrb Ha KoporKorz EepwBaL$4H, coepJ4-
HtrIouIeE o6e peKH, norqn4615 3HaqHTenbHbrfi Harrop. Tarc rrocrpoeHa
CropoxeBcKat fgc a CraaponorlbcKoM Kpae Mou-Frocrbro 0,88 Tbrc.KBr
Ha KaHaJrQ, COQ'UY TttflIOU{eM peKH KAQap u Enxron. flpre DJTkrrte AepHBa-
uHH oKono 3 KM nonyqgH Hanop fgc 3l v.

B cveuraHH blx (uorrarnr o - Depr.BauHoHHbrx) cxevrax Bo3Mo)KHo co3.qa-
HVe peryJMpyrolqlx Bo.qoXDaHHnHttt. cOS.qaBaq Bonoxpasylryfitta B
BepxoBbflx peK vnv Ha npHToKax, lIoIrHHbr KoTopbrx ocBoeHbl He3HaqH-
Te rl b H o, ocyulecrBrlslor perynHpoBaHHe cToKa. Ha suxene )Kau{eM f{aCT-
Ke peKH Ila 3apefYnHpoBaHHoM BepxHHM BO.UOxpaHHtrHuIeM eTOKe COOpy-
xaercfl KacKaA Depr.BarFoHHbrx l3C.

OAHarco npH sroM HeoOxoAHMo oco6o o6paularb r;graMa:r.ue Ha pa3pa-
Oorrcy Meporrputrrnn, npe.qorBpaqaloul,fi 6arcrpoe sanneHne Bo.qoxpa-
Hr4ILvuJ. Png nocrpoeHHbtx paHee MaJrbrx I-3C 3Kcr-ryarHpyercq c 3aHrreH-
ItbtMId Bo'uoxpalf!4nl']J.lfat'/n4, HanpHMep 3evOag.{a-'IbcKaq, t{LrraxeeH H
Cyxyvn I-3C. Bce HaseaHHble f3C HMeror Bo.qoxpaHnnvnw c He3HaqH-
Ten L, H o rZ o rHocrdrenbHoft eMKocrbro (wreuee 0r0 I %).

flpnvep DepwBalrJ.roHHofr cxeMbr fOC noKaJaH Ha pnc. 3.6.
THnut H KoHcrp1rr-rJtrvr ocHoBHbrx rorroBHtsrx coopy>KeHvrtrl, pLepw:,aLryztu H

3DaHVfl I-3C AepHBaLIHoHHbIx MaJIbrx I-3C, a ralcx(e coBpeMeustrE
ro.[xoA K Hx npoeKTHpoBaHnro H crpoHTenbcrBy H3noxeHur n $ 3.4, 3.5.

Cxer'or lv{:Lrlbrx fPC rrpH roToBoM FutrlopHoM Qporrre. 3.qecb pacc\,rarpH-
Batorcq cxeMbl MaJIbIx f3C, coopy)€eMbD( B crBopax c nlroBbrM Harrop-
I-IL,IM SpoHrou. B rcaqecree raKHx crBopoB MoryT Hcnorrb3oBaTbcs Bo,uox-
p aHH ru4llla H q? H e p fe rHqecK oro Ha3Haqe 1M9, nepena.&l KaHanoB p a3nHq-
HO|O Ha3HaqeHr4',., rpy6onpoBo,ubr cHcTeM BoAocHa6xenus. (fcor,,arr,ryHaIr-
r-r o - 6 srtos oro, npoMblrurleHHoro, cerbcKoxo3fl fi grtseuHoro). I'a4poeHeprc-
Tr{rrecKHfi noresupra-n. B TaKHx crBopax cocraBtrser cyulecTBeHHyrio Aonro

t ' . . . . ^ A / A \ ! -

ooulel'() l loleHl-Il4a)La, HclIOJllr3yeMofo MaJIbIMH I JU (cM. rn. .zr. rlo cno-
nr't6rr nr\? n2t{I/91 I-{2flr\nq 'rawrip r\rt rlkrp Iv.](.' rrrr lar-rrr rr,TlJArvru rtrtF,,n v

v v r /  i l ^ . .  . - .  t f  L w  . e . v

n,rrorHHHbrM, nu6o K .qepHBaLIHoHHbrM. O.*rarco r.D( pac[onoxeHHe B
cocraBe He3HepferuqecKHx futrpoy3noB HMeer cBoH oco6eHHocrH.

Y.{I4ruB ag MHof oo 6pasue yKa3aHHbrx crBopoB, orpaH v.{krMcfl noKa3oM
BO3NIOX(HOSIH HX HCnOIb3OBaHHfl Ha OTAenbHbrX npHMepax.

Ha puc. 3.7 nprme.qeHa cxeMa pacnoxo)KeHns uanofi f3C npH Boao-
xp at lH.nHuIe H e3H e p leTH qecK of o H a3Har{eHufl , ocyulecTBnqro uIeM n otre3-
I'tbte nonycKH B HH)KHHfi 6ueQ. I4cnoftsoBaHHe 3THx nonycKoB Ha I'3C
n o 3 B OIIHT non yrj HTE' AOnOnHHTeIib HyIO 3neKTpOSHeplHIO.

B cocran coopy)Keuwit 6oruu:nscrBa HegHeprer!.rlrecKux BoAoxpaHH-
n r r r r r  Dv r1  nc t1 .  r r n r \ . n r J l ; t a  r rD  r r t . t \ r l - tmDL tv  r . o ,mnr16  nnb  n6bn  f f i r an r  r i - r  r r ana^A

J  r r r ! r+  u^v / -4 t ^  a  . ! r v l r r l  r 4  t LJ  L  yJL  r l vDe t ^ ,  LvLqLvyy tqJ  r \ J f : r ,  l r c t . o t_ r l _J r l \ \ - rE )u t y r  l f \ . r l _ { v t v ( J -

poc H BoAoBbrrrycK Anq nponycKa B HHXHT,ilZ 6seQ pacxoAoB B 3a.naHHoM
pe)KHMe. 9acro BoAoc6poc H Bo.qoBblnycK coBMeu{eHbl B oAHoM coopy)Ke-
ttLlq- B rnnpoy3nax Ha cKatIbHoM ocHoBaHHH BoAoBbrnycK yg rpavBaercs
B BHAe Tyt{Henefi n oeperoBblx cKIoHax Ha yq4cTKe npHMbrKaHvrfl ruro-

5 4

2208,J
/500 u

Puc. 3.6. Kol,a-ronosra ocHoBHbrx coopyxeHNfr

AepHBauHoHHoE v.anon I3C:

o - nJraH rH,Epoy3na; 6 - paspe3 rro HanopHoMy
rpaKry; i - rorogFlofi yse:r; 2 - uanopHas trepHBa-
uun; 3 - ypaBHurersnrtfi pe3epByap; 4 - ryp6Ns-
nrrfi rpy6onpoBog; 5 - s4a:r.ue f3C; 6 - oreoEq"raq
n a n r r D 2 l t r r q
A e y z u q \ t v .

rJTl!

TrllI. BoEOBbIfIyCKH rI,{npOy3nOB Ha HeCKanbHOM OCHOBaHHH ycTpatlBaK)1'-
cTpyOqaTbtMH B TerIe rpyIJToBbIX utorlru. f lplr raKrix KoMnoltoBKitx
rHApoy3na npucTpofrrcy N,IaJIbtx f3C UenecooopasHo ocyruecrBltnt,
nyTeM no.4cnloqeHHtl K rcoHueeol'1 qacTH BoAoBbLnycKa oT.Qe,r1r:rri,rX
HHToK noIFoIlgu{I,rx rypoHnHbtx Ro.UoBo.qoB. flprr cylrtecrB\;K)lrUrx H
CTpO9U$fiCq rHfipoy3nax TaKOe peUeHHe IO3BOJ'IHT OCytI[CCTI]t{'l 't, C'rpot1-
TenbcTBo l'/laJlofi I]3C 6es rcopeHHot".r peKoHcTpyKuHH Bo,!oBr-r[],c](a I r uc, I
r]pnpnl-IElq lJr\nr\, fa nLL-Ir\T-r\  t tA)Lltr. f t  aL/-n n\/2'r i I  rr /rJ* . t v y L r w  v  y v . t r t . r v s  v r ! v . p . J s t v 4 t t t t .

tlpu npoeKTHpyeML,rx BoAoxpaH;z.lir4ukax npucTpot-iKa 11a.rn,rX I".](
MOXeT BbInOnHqTbCq nyTeM yCTpoIZmBa COOCTBeHIrbrx C'far{Lt}torr}r},r . \
coopy)Ke:Hlli|il B cocTaBe BoAonpHeMHHKa, floEBoArrulefo Tyr rr rerbr (l r-ru r
rpyfunpoBo,qa) H 3+aH:an Manofi f3C (cv. przc. 3.3).

6)



{  sr
a  g g
F  , s o

Y L

$  F 8
E  N ?
5  t s g
* v a

{  6 a r
x  X E i

B  g F
;  E I
b  i n
V  |  . a

(J St \.,
,X  . - rD
E  S L
o  F o
I  o t r t

{  f lH
i  * ;
F  E f i Tg FE F
( '  

h x  6
S l  A s  o

$ ? H'5
E  - H d

B FBE
o H k 0 )

$  3 s {
r , f i r ;
!  1 : :
E ;  FE
5  * p  e
I  3 . S  io  

l . c *

I  : q ?
g  P  E a r

$  r i  q
e  f ? H '
i  $ g  i
\ J A t 4

2  s ; 3
5  r Q H
t r  g ? o R
6  Y L ' ]

\  3 6  x
c a  l o d

; i j " f ; Y
s l  s  I

+ 5 6

Pprc.3.8.  ixeva pacnono)KeHvLe varofr  f3C na nepexoAax HanorrHeHHti  I . r  oropoxF{e-
HIlg. r{aJIH.BHOTO BOAOXpAHHnHT4a :

J - varncrpamruslfi KaHan; 2 - pacnpeAenxrerrbnulfr rcaHa n; 3 - HaJrrlBHoc Rolto-
xpannnHlqe;4 - BoAoBblnycrc; 5 - HanopHrtfr rpy6onpoaon; 6 - 1y1anas. f 3C na pepe-

naAe onopoxHeans.;7 - orBoAqulnfi rcauan f 3C; 8 - r"rara.q l3C Ha repenage r{anor-
HeHHTI;9 -  noAeoAauuair  KaHan; J0 -  6ucrporoK; I l  -  eosoaa6op

Flapuc.3.8 nprzneAeHacxeMil l'rrastoir f3C, pacrono)ieurlolZ np+ttar-rLlt3-
HoM BogoxpaHwrnute. Tarcue BotroxpaHntrr4tt\ npe.u-ra3HaqeHbr 1Jrrtl
BHyrpHcncreMHoro nepeperyrlupoBaHHq croKa. Hano,rH eH He B o4ox pa r I r.i -
nHUl ocyulecrBrlqercfl no 6r,rcrporoKaM, 3a-KaHr{HBarou{HMCs r<orJCoJrbr n.r-

Puc. 3.9.  Cxeutr  pacnono)KeH:af l  valofr  f3C r-ra KaHane opouleHHq:
o -  g cocraBe roJroBHoro ygna H Ha nepena[ax MafHcrpanbHoro KaHana; 5 -  r ia

nepena.qax pacnpeAeJlgTeJlbHbrx KaHanoB; I  -  Marraq f3C; 2 -  MaI-r tcrDa;rurrr , r  i r
KaHan;3 -  xonocroir  c6poc;  4 -  pacnpe,qe.rrHrelrbHul f t  rcaHan
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MH Bo,qoc6pocar,tn, ofIoDo)KHeHHe - qepe3 /loHHbre RolonbrrlycK-vt, Bgrpar4-
BaeMbIe B Tetlo riiiorHHbi- I-lpn Harlr4BHbrx BoAoxpaHr,rJTHUJax Bo3Mcxrra
npnc4pofi'rca vattovi fgc KaK Ha nepenaEax HanorrHe14tt, TaK H Ha nepe-
naEax onopoxHeHr-7s.

Ha prac. 3.9 nanul cxeMbr pacnonox eH.lrfl MfgC Ha KaHanax oDorue-
HH,fl.

PacnonoxeHHe praloft l3C B rcroBHoM y3ne H B HaLranbHo!-I qacrr.r
MarHcrpanbHoro KaHaJra qBrrqercs Han6olee yAaqHL,rM (pHc. 3.9,
a).Tarcuo MZIJIbIO fOC Moryr pa6oTarL, rcpyuurrZ ro.q, He rrapyluasr pe)Krr-
Ma aKcnryaral\uu opocl,rrenrHofi cHcreMbr. I-Io .uauuolZ cxeve nocrDoer ra
ly.anan tl3c Ha KaHaJIe l>xofi-Bop Baxrucrcofi opocuTenunofi cHCTeMr,r rr
Ta.qxurcHcraHe.

Bo3MoxHo coopyx(eHHe Marrbrx l3C 14 rra rrepenanax pacnperr.crrJ
TetlbHblx KaHaJIoB (prc. 3.9,6). OtrHarco HX 3HeprerHqecKoe Hcnorb3os:i-
HHe He |IFeACTaSntler raKofo HHTepeca, KaK r4cflonb3oBa{He N{afHC,l-
panbHblx KaHaJIoB, nocKorlbKy B oTBOAbr no.uaercfl TonbKo 9&cTb pacx()-
.qoB r"naBHoro KaHaJIa. Oreo.ubr qacro pa6orar,or B nopqAKe oqepeAnoc-
TH- BOAa nocTlr[aer B oAHH paCnpeAeITr4TeJTb,3sTeM B ApyrOr,"J r.r r./1.
floarortry pacnoJulfaeMble Ha HHx f3C 6ygyr r.rMer[, 3HaqHTerbuo rr{cr{rr-
ultit 3HepfeTHqecKHiZ o6tev.

Crponrenbcrao MaJIbrx I-3C Ha nepen aaax KaHarroB uenecoo6pasr rcr
ocyrqecrBJrqrb rlo rHfry AepHBatrHoHHbIX. Ha rcauale nepe.u Bxoaolv{ r]
Oucrpororc (unu nepenaA) nporzcxoAuT nepeKnroqeHue pacxoAoB r.r:l
KaHaruI B napaJlnerbHoe pygro c no.qBo.qoM BoAL,r K HanOpHOM)' 6accerr-
Hy vr rypomrHun'a BoIloBo.UaM. cOnpqraoulHe coopy)KeHHfl npr.r 3ToN.{
MOryT HCnOnh3OBarbCq KaK xonocrbre c6pocsr (prac. 3.10). Ha crponu{HxcH
KaHaJrax Uenecoo6pa:Ho grpouTenbcrBo MaJrbrx f3C BMecro nepenagr jo-
fo coopylKeHKfl,.

'l'arcvrv 
o6pasov, HMeercs 3HaqHTerIbHoe r'auoroo6pa:He. tso3MOXsr,rx

cxeM coopyxeHr4fl, Manbrx I-3C. Bur6op onrHMarruuofr cxeMbr rDe6_v-c.r
coorBercrByloqero rexHHqecKofo vr 3KoHoMr,rlrecKor-o o6ocllonArnrt.

3J. ONPEIIEITETTI4E OCHOBHI{X NAPAMETPOB MAIIbIX f3C

OcHoeFIslMI4 gHepreraqecK vMr4 napaMerpaMH Marrbrx f3 C H nJ r r K)r.cr r
y c r a H o B r I e H H a f l  M O t r { H O C T b  U  r l H c n o  r : H t r p o a n p e r - a t . o B ,
r o , q o B a q  B b r p a  6 0 T K  a  3 r r c K  T p o 3  H e p l  H L ' r ,  p  a  c q  e -  T r l , r  i i
H a n o p ,  p a c q e r r t s r r Z  p a c x o n .

B o6rqev cnyqae ycraHoBneHuyrc Moultocrb varrofi f3C Brr6hpa1)'i.
Ha ocHoBaF{H'u 3Hep|O3KOHOMHqeCKHX pacqeToB, B KOTOpr,rx onpcle,trrK).t.
BblTecH.fleMyn MouIHocTb renloBbrx oneKTpocrauuui.,t, o6ocrrosr,rBaK).r
pa:lMerueHne Ha fPC pe3epBHoh ^ ay1nrrpy'rou1efi Mou]tsrocrefr, ocyrrlcc.r.-
c t  t r c t n r  o r r 6 n ^  l r r r ^ r o  r ' n ^ n  ^ h ne J L r r L v L  e u r w \ J P  1 ' v t w J ^ c . L  L  v t l J L ) w d L  y v l c t  l U u  l  t p L l  p d J J  1 l 1 t l l  t b l X  I ) ( . j l K l l N { : l X  P i l t ) ( . ) ' l ' l  , l

f3C :a'r.8.'YcraHoe 
IleHHafl, Mol-qHocrb fOC onpegenqercq c yqeroN{ rapar1.sp(')-

BaHHorZ (o6ecneueHrrorZ) MoulHocru N.uo , pe3epBHofi vorrp rocrr.i N1,.,, :,
Ay6nupyrsuefi (cesoHuofr) voulHocTH N.o.,.

i ( )



tf.anSonec ^-'---^^- -r' U-YII[gUIrJCf{HC) HA BbIOOP YCTAIIOAJIEHFIOIZ MOI'HOCTH IAIOfif3c u aanpa1orrc-H 3neK'poeHepl-l*i Bii'rior xapaKTe pucr*r<a 3H€DFyreur--TeMbi, ar-ir 
lta6orbr B rcoropofi npe.qHa3r,u.r*r. _"";-i€C &ffii'*;pe)KHMbr 3neKTpmrecKro( Harpy3oK, eyHrcqvra, Bo3naraeMbre Ha Hee BoHeprocHcreMe, yla_rreHnocrb ee oT qeHTpoB HarpysoK H trp.) H creneHbperyillrpoF,aH}lrt cToKa.

B cessH c sTHM OnpeAeneHHe ocHoBHbrx napaMerpoB MzlJrbrx f3cHMeer cBoH OCO6er+rocr, npH npoeKTHpoBaHALr f3c s'piao u* ueHTpa_rIH3oBaHHoro 3HepfoclJ a1xe.'us HrrH H3oJrHpoBaHHbIx oT gHepl.ocgcreM.
lvlar^,e I3c B 3oHax ueHrparr,3oB:lHHoro 3HeprocFra 6xet*rs- An,- pas-BHTH^ 3HepfeTHrrecrcolz 6a:ur cccp xaDaKTenHo .n{n'Frl,aurr6

HbIx MorqFroT_=y rH'poarpefaToB ,rr"*rpb*u 
"iia." 

rvr rr'\' vAvt''vl\1-

Eatu B 1966 r. yaeruHtuZ 
"".:"""rpo 

c.raauyfir c aHepro6loKaMucRbtLUe 300 rrrc-rcBr cocra,.nfln rr.3%.oG""..Lr aHennn.r..rrct,, .
i975 r.30,5o/o, e 1985 r. 60"/o.

HsaecrHo, qro 3KoHoMHqecKH HauBbtfollneftruee pacnpeAerreHHeH arpy3K H Mex.ry 3neKrpH\recKHMtr cTaHLJJ4flMH C]HCteMbr cooTBe TcTByeT
YCNOBHIO PABEHCTB A HX OTHOCHTCIIbHbIX NPHPOCTOB C Yqg6M NOTEPb Bcertx. 3anaraa pacnpetr eneHzfl 

la_rpy3Kra N{e)KAy 3neKrpocr a11rJkre,MHcHcreMbr peuaerc.rr c roqHocrrrc 2_5% (n onpegeileluu nepcneKTHBHbrxrpasarcoe sneKrpnqecxofi Harpys*,r), a yaensHrrrz Bec Marrbrx r3c(aaxe \'{olrlFlocTbro 30 rt'lc.rcBr) cocraan""r 
" 

gHepfocucre]vre ueuee 2o/o.lloarorwy H3MeHeHHe Mo[I{HocrH MaJrbrx I-oc npaKT'qecrcH He cKa3brBa-e rcr Ha 3KoHoMlt\rHocra pa6ou,r gHeprrocHcreMbr.
3ru saxrrcpur cH'xaror rpe6oear*ra sHeproc,creMbr K pex(HMypa6orr'r MaJrbrx l3c. Hcxoas H3 sToro, flpH npoeKTHpoBaHHH Manbrx fpcB 3oHax 3HeprocHcreM pe)KHM ee pa6ori, aorrxeH eur6 uparbcq u3y  c n o B * f l  n o r y q e  H u s .  H a  u a n o f i  r 3 c  H a H 6 ; ; r u r e f i  ( cy  q e  r o M  q S  O e  K T  : y , B : r . o c T H  )  e  u p a  6 o r * ,  3  n  e r c  . . n ^  a  u a  ^  F , , , ,
Ha varlo f39, HMelou{prx uoao*pir. ynt4rr\a. orrru#"""r"','ffiff;

pelynHpoBaHP'f l  (cesoHHrtv. MHofoJlerHlzl-r_'r r .no!-! !r ! !^!! ! ,^ -,  =-, E

::?: T:: :.:ra .Yo T "' o rrra ;;;;;6 :; i;;;';;; #' ";;H3:; TXr rvJreJ,vc)a.r1yr.r ur\.,r\.tr peKI4 IIyTgM eutbopa OnTHMaJ,IbHO|O pgXHMa Cpa6Or_KH H HanorrHeHHq BoAoxpaH4n4rq. Ha-valurx f3c 
" """6*p 

un n^r.,r^*c KopoTKuM rJJ''r<J70ru (cyro.nrrv) peryn'po Ba',,n yBenHqeHHe Bbrpa60r-KV BO3MO)r(HO 3a cqer froBbrrueHH, cpe,qHecyloqHofo Hanopa f3c.CyrovHoe pefynapoBaHHe HaKnaAbruaei onpeAeneHHbre orpaHHq eHrfl,Ha pe)KHW pa60rur uarorz f3c, np,Bo^qrr.ru4e K yrueHbrueHHrc cyrovHoriarrpa60rK, 3neKTpo3HepfHH 3a-cqer cpa60rrcr,r BepxHefo 6ue$a H ,o3Me-HeHHfl ypoBHs B HH)KHev 6leee. CnegosarelbHo t EJrfl MaJrbrx fOC cBOAOXPAHHNHLI-{CM C KOPOTKHM TIHKNOM PCIYN HPOBAH,fl MAKCHMA-NbHA,aorpa60rKa 3neKTpO3HepfHH 6yaer npH orcyrcrB'kr pefynHpo ,,aHoofl, T.e.npu pa5oTe Ha 6urroeov croKe c norr,r(epxaHHeM MaKcHMaJrbHoro ypoBHqB BepxHew 6seQe.
oAHano rHApoy3nbl TotIbKo 3Heprer,qecKofo Hasua ueH'n

ueHTpanH3.BaHHOro 3HepfocHalxeuus MOfyT COOpy)€Tbc,
ocoOurx cnyqaqx.
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Kar orver{aJlocb paHee, ocHoRI-IhI}4 HanpaB.fieiiiigivi pa3Bi,irHr Maiiur.i
rHApo3HeprerI4KH a palZouax qeHTpanl43oBar{Hofo 3HeprocHa6Nc ,t.n rta
6ttuxafiurts'o nepcneKTHBy qBnqercr ocBoeHHe crBopoB c roroBb,rN.{
HanopHbna $poHrov (r.e. npucrpofiKa N€_ribu fOC * uoao* paHuJrL4LrtaM
He3Heprerr4qecKoro Ha3HaueHnfl, nepena.qaM KaHaJroB ra r.a.) HnLr rl
cocTurBe BHOBb CO3AaBaeMbIx KOMnneKCHbrx fHApoy3noB c fio.qr{HH€Hrrrrrtr,{
3HaqeHHeM 3HepreTwKH.

Pexnv pa6omr raKHx MaJIL,Ix f3C noAqHHeH rpe6onaH1p,M ocFrogrio-
ro Bo.qononb3oBaTenq. YcraHoBJIerIHyro Morrurocrb 11nq HHx np rrl ir rN{ax)r.
n / \  F t l n t u t [ r ^ n b a Y E r n ' - .  ^  ^ a ^ ^ -
"v Lqyql 

"rrPvE)er-tr:r\/Ll e \ru\JuflulJij^H.r'1eM U9J-I9COOOpa3HOA yCTaIlaB,rIHBiIe-
vofi .4y6n}rppouleft MoqFrocTH p^rrfl norryr{eHi,rrr cesoHHofi ntrpa6oTK}J
SneKTpo3HerHH. B eToN{ cnyqae ycraHoBneHH€Lrr Mor,qHocTb l"€-'rol-l rcCl
cK'rlaAbBaercfl prs o6ecneqeiii-toiZ BbrrecHqrouterl Mo[u-rocrn (rapanrrrrp()-
eaHHoft) n gy6ruapyrou1eft (cesoHr-roft ):

Nr.t : At up * N.".,

npH 3TOM fapaHTHpOBaHHyro MoqrrocTb onpeAenqr.oT no cTOKy rranprt.
xeHHofo .unrr gHeprocHcreMbr Mecqr Ia (o6sruno aerca6pa) a rony pacqer_goE o6ecflerreHHocrH Anrr ocHoBHOrO BOAOnOnb3.Bare',.. Danee Betry'pacqerr'I no noBbltueHHlo ycraHoBnesHofi MoulHocrH, paccMarpHBarr r rpr r
3ToM 3KoHoMHqeclcylo uenecoo6pasHoct ystaHoBKH Ha f3C ce:oruriii
MOIUFIOCTH.

DJls Onpe.qen eHir49- ocHoBHbrx frapaMerpoB Manbrx f3c, n p H sfpa r.rBa c _
MbIX K BO.qOxO3trzcrBeHHbrM O6rerctav, Heo6xo.utrvrur c,.re.[viourrJr]
OCHOBHbIE HCXOEHbIE AAHHbIC:

MHofotleruuFt pzI]. ma6,nngeilutZ 3a croKoM B HHxcHeM oredrc ll;rrr
BHyrpHfo.qoBoc pacfipetrener.ue nonycKoB B pacqerHoM -aro,ro^,,on,
fogy H fogy 5}o/o-aoil o6eCne.{eHHoCTH:

ypoBeHHiiiZ pex<iaM BoAoxp aHanvqia;
KpHBarr cBt3H pacxoAoB H vDoBHefr R Hu>xnevr 6nerhe () _ f(t\
OcHoaH.bre napaMerpbr ruror" I-OC o"p"i"";;;;& 

"o; 
AHCro,,rr,_

3OBAHHff UA I3C NONYCKOB B HH)Krrr.rE 6rCQ H YCTAHOBKH HA I-3C YI]IJ-
suurzpoaaHHofo ofupyaoBanafl. Hanopor rdc Hir., ,, e rca)qi,*: i\{o_MeHT BpeMeHH OnpeAenqlorcq KaK pa3Hocrs ypoiHelZ eepxrrero (yBB) lrHH)KHero cyFIE) 6resoe sa BbrqeroM norepb Hanopa B nporoqHoM TpaKre
A h :

Hrr .  :YBE-YHE-Ah.

i . ' "
l ) ,

. l :

't

,

( 3 . 1 )

B 30Hax
ITHIl]b B

YpoaHr,r Bo.qbr B BepxHev 6re@e B KalKrbrfr rroveur BpeMeHH onpe.r!.ngrorcq no rpaQHKy HsMeHeHVrj ypoeHeE B BoAoxpaHnrrrlr{e, ypoBrll
Rf) f fk l  F l  u l rar .LtArr  6r  a.k^' v r v r  v u v \ + J t -  -  

l - r c t L A ( J l t d M j - 1  l - J ( ) / l l . l -  I I O C T V I - I r I l \ r f  T T r f , r r r  n  r

6reS (HesaeacHMo oT rofo, r.rAyr ,," o*.,"'u;;;.'fi;;;;'i5i:';;;",,
Bo.qoc6poc Hnu trpyrr,re coopyxeuun) rro KpxRo n e : jb).

3a pacuerHuuZ Hanop I^3C lln, u, npaHaMaercr cpear reB3Beureur rr,iiiHanop HeTTO: 
' I



\ r  L t . x r . r .
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H :-  - C D . B 3 B  
s  rzN;t ; (3.2)

3Ha.reHL{. %_ry"sHrercrr npn Br,r6ope rHgpo ry p6w*.
Morqnocr r3c, xBr, B Ka)K,qbrft vowesr aperureHlr f, onpe.uerlseTcs no

Sopl,,ryre

Ni : 9,81 Q;H;r1u, (3.3)

rge q - ruilop, 14 B MoMeHr BpeMeHHi ei - pacxog F3c, u3/c; rla -
cpetrrie3Kcrlrryaralrl4oru-u$l Knn rl,IApoarpefaTa, Diln MaJrbu fgc
(9,81qu) npur*naaercrr panHuna 8.

B rca t{e c:ts e napa}rrl'IpoBaHH o fi pe rc ove H,qye rcs npkrawMarb Mo u-tH ocrb,
coortsercrtsyroqrc croKy EeKaopn B ldaJroBo.FroM rc.qy pagqerHofi o6ec-
ner{eHHocru- Ilpmua,ralor ee B KaqecTtse npe.Bapr4TenbHoro 3Harr erfr,rs,
ydraHoBnerurori Mou-Frocru.

Dan*, noAct{r,rTaB ro,qoByro errpa6orrcy gneKrp@Hepf?rH, ycraHaBrrg-
BaIoT KutrIHTaJIoBnoxeHHsI H I€Aep)$CH nO npoeKTHpyeMoit taanort I-OC
H COIIOCTaBTItIIOT Id( C KanHTaJIOBnOXeHHttMU H r€,qep)rKaMH no SaMeHrr-
eMoE sJreKrpocTaruryM.Fsu4 pacqerHbre 3arparbr no vdrrorz fOC MeHb-
rue pacqerrrbrx 3€lrpar no 3arvreHrreMoft sneKrpocraHqru (o"a $ 3.6), ne.q5rr
narrFleifllue pag{erbr no noBbrrxeHuro Mour{ocr?r, paccMarpr6as
npu 3ToM [Ie.necoo6pa3Hocrb pa3MeqeHwr r{a vanoit fgc cesoHFroft
MoLtIFIocrH nnq o6ecneqeHr'Is 6onee noJrHoro HcnoJrb3oBaHurr 3HeprrH
cToKa.

- f - - ^ -
\-'r\-\rrtulvlLlqeqJ.tLl paCrIeT IIO BbIOOpy OnTllMaJIbHOfO 3Har{eHHg Cg3OH-

HotZ tvtouFtocrl'l @croaT B conocTzlB neHlzirr pagr{errclx 3zlTpar no ri,ranofi
f]3c H 3aMeHrreuofi sneKrpocrar{rrHu Ha ruo6orvr HHTepB€ure A,lV.".. np"
yBenl{v.er{-vrJ{ .uonoJrHHrelrHoE Mo4,HOCTH Ha L4e-'loli I:=c aAJce3 vi
norr] ieHHH npr,pocra cesoHHofi earpa6orrclI sneKTpo3HeprHH A9.".
KanHTarroBrroxeHHfr B MrLrrFo I-OC Bo3pacTaror Ha HeKoroprnZ npnpo-d
AK.r., paaHlrfi yBenr'rqeHulo croHMocrH rHgpocunoBoro o6opyao B&g1\t5.,
pacLuI4peHI,IfI 3naHr,rq I-OC H .ApJ1rHx coopyxeHrafi (eo.qonpHeMH6Ka,
nollBogtu$fi Bo.qoBo.qoB H Ap.). Bospacralor H3.qep)Kr(H, cBr3aHHbre c
3Kcltryatautaeit co.oPPxeuvril u ofupy.qoBdt*1fl,, H orr{HcJr eHr.rsrur aMoprH-
3auHro H peMoHr Llrrcc. npraparqeHr.re e)Ker-o.ryrbrx 3arpar Ha. l]ono rrHr4-
TenbHyro (cesortrryro) vou+rocrb cocraBHT

ASr. : E AK"r. + LAr"" = (4o + p)AK"r., (3.4)

nne Fl- - ! tnnr\rqT "LtraLJLrr; LrnrA,*rrr*r '^r 'Fr \ vv \irYrn r-{rrvrr r uPcr!'rlvl r v J r.br1ul4 3g)!p c)K'.t'I4B H ocTH;
p - AoJwr ex(ero.4{blx H3.qep)KeK B KAnl/lT&nOBrrOXeH:a'IX.

YwesrureH^e 3arpar no 3aMeHrreMoft 3neKTpocrarilJyru GOc) cBs3a-
HO C 3KOHOMHeE 3arpaT rut TOTIHBO:

6 t

A " - ( F v J - ' , \ A F l
"vTgC 

- tgF{rlT t uTl "uTs
/? <\

lge K"r Ur - yAeJII'HbIe KanI'TTaJIOB[OXeHl4rt U exef0.t[{ble pBAep)KICH Ha
TonnHBo (ra I r exeroglroft ao6uwa B nepecqere Ha ycJroBHoe ron-ruco)
coortsercTtseHHo; ABr - aKoHoMHs roruIHBa (e nepecqere Htr ycrroBHoe) a
sHeprocrcreMe 3a gqer BBeAeHHS cq3oHHofr uou$rosrlr, r/rog:

a9ce3agr
N R  : /? K'\

a - rcosQQHuHeHTr )ruTbiBarculafi noBblruenuuuZ pacxo.q 3ner<rpo3nep-
rww Ha 3zrMeHrrer'aofi T3C no cpaBHeHHlo c fPC u paauluZ L,02-1,04i Qr -
ygeruHruZ pacxog TonrHBa (e nepecr{ere Ha ycnoBHoe) na I rcBr..l
aspa6aruBaeMofr gneKrpo3HepraH, r,/rcBr.q.

KprarepraeM uenecoo6pa3Hocru noBbr[re Hus, y crartoBrreHH orz Mo u$lo-
cTH CJry):(l{T paBeHcrBo A4r. : A4r.. Srovry paBeHcrBy 6y.qer coorBer-
cTBoBaTb onTHMarIbHasI ce3oHHas volrFrocrr fOC. .[larrsnelZluee yBentr-
qeHHe cegoFtr{olz Mor.rFlocru f3C npHBo.qprr K ToMy, r{To sarparbr Ha ee
noqrqsruae He oKynaroTcrr,qono.;tFrrTenbHbrM 3Heprerr.rqecKnM a$Qerc-
TOM.

CpearrerogoByro eurpaborKy sneKrpooHepfHu g.p."oo Haa6onee roqHo
nOACqHTbIBanT KaK Cpe,ryIeMHOrOneTHloIo 3a AJ-MTermru'uZ pflJI Ha6nn,qe-
HI{s 3€l norrycKaMH BoIFI B HPDKHI4IZ 6rcS. O'ryrarco c Aocraroqrofi lln-rl
MaJrbIx fOC ror{Hocrblo (ywrrsmaq px He6onsruoil ytreJrbHbuZ Bec B
3Heprocumeve) oHa Mo)Ker 6rrrr onpegeneHa no rcAy 50o/o-.nofr o6ecne-
qEHHOCTH.

Pac.rerHarfi pacxo,q fOC Bbnilzcnqercr no $opr,,ryne

1 0 6

N-- _yu1'
Q p : 9,81 H^ n.

y a

N-- _y c]':
8H^ '

v

'  
(3.?)

Nrlarrrre fOC B 3oHax l43ortrdpoBaHHoro 3Heprocrta6xer*ln- OHpr o6br.t-
Ho npe.qHa:]HaqeHbl A.ng 3HepfocHa1xeuus oT.qetlbHbu noTpe6p[e,'rer:r
vIrH pJlfl, pa6orr'r B MecrHrrtx 3HepfocHcreMax, rpaQarcH Hafpy3oK KoTo-
pblx npaKTHqecrCH onpe!,enflIor pe)KHM L7 rapaMeTpbl r'a;rofr f3C.
YcraHoereHHaq Mo[siocrb varrofi l3C BrcJ'uoqaer rapaHTnpoBar{Hyio
(o6ecneueHHocrbro He HIr;Ke 95/"), pe3epBiryto H ce3oHHyro (gy6rrHp)'K)-
u{Fo) Mou-FrocrH:

Nr.t : N.up * No". + N.".'

^ . ,^ . , :
vA\rlvld' rlDtwwlJa, &fl.\Ju-{nuulrr NTd,JtVyl I vU lJ IJaf4UHtr l,lJOJfHP()FlaH}-i()l!

3HeprocH a1x9Hus BKnloqaer Bo.qHo3Hepr€ THrlecKHe H 3He p fo3 K o H o N.{r.J-
r{ecKHe pacqerbr no ooocsoBaHHro orMerKH noAnopHofo }?oBHs, Br.{,qa
peryrMpoBaITr'Lfl' qToKa, none3Hofr el,acocru Bo.qoxpaHnJtnrtFr, raparlTn-
posarrHofr 3Hepfoortraqfi, conocraBnenns, BapHaHToB crpoHTenbrlor't

b J



uasrw H ofupy.uoBaHHl [:3C, onpeneneHne crouMocTHbrx noKa3are,nei H
xapar(TepHcTHlc npoeKTr.IpyeMofr vaJrcfi fgc H 3KoHoMHtrecKyro oUeHKy
Brrr.Terljr'7fl, ee ycf,€tHoB.neHHorz vouIHocTH Ha pa3,BylT,{l€ MgCTHOfr eHeprO-
cHcreMbr (BbrflBneHiue H oueHKH 3aMeHseMr,D( Bapr4aHT,OB H T,n.). MerO.
Et4Ka H nOCJIeAOBaTqTIbHOCTb STHX paCqeTOB BCJIe,qCTBHe COfrOqnaBHMG
crH ycra-HoBneHHoft vou-FrocTH MarIbIx f3C H MOCTHofi 3HeprocncreMbr
HnH noape'vrre,ns Hrc\reM He oTrlHqarorcs or npHMeHrreMbD( npH npoeK-
r:'irwBarHr-Ir,r KpynHbrx f3c B KpynHbrx gHeprocHcreMax. Bonee nogpo6Ho
cM. B [5, 9, 12,25).

3.1. COOP)'XEHH'I 3HEPTETI,IIIECKOIO TPAKTA MAIIbD( T3C

3pawtg MaJrb[ f3C. Iilrporcufi gr4ana3oH entttwwtort Mou.Frocru
rr.r.qpoarperaroB (or 100 rcBr no 10 rslc.rcBr), npr.arrrruZ e Hacroflrqee
BpeMsr trJls,lvrurJrbrx f3c, npHBoAHT K 6onbulop{y pa3Hoo6paszuo KoHcr-
pyKTHBHbD( peuentdt .qaxe B npe.qenax oIHorD Twta rluporyp5w:.
Hanprarurep, \.4aIrafl f3C c rngpoarpefaTaMH Mor.qr{ocrbto 100-300 rcBr
Mo)Ker 6urrr BbInoJrHeHa B Br,IAe MoHo6noKoB, pacnonaraeMbD( Ha rpy6o-
npoBoAe 6es sraHr4g Boo6ule. B ro )Ke BpeMrr M&rraa, fgc c nlr.qpoarpe-
raraMH MoLI-FIocTbrc 5-10 trtc.rcBr no cyulecrBy FrHr{eM He oTrrHr{aercs oT
Kp)rrrlt,u fOC, A B rren peanrcForct re )Ke KoMnoHoBoqHbre H KoHcrpyK-
THBHbIe pellleHHrl

Asa-runa rurpaMerpoB nepcneKTHBHbrx MSJrbrx fPC, FraMeqaeMbD( K
mpoHTenbcrBy B Ter{eHHe ornaxarilrr.D( 10-15 rler, no3Borrr4n cBeCTH Bce
uroroo6pa3He Bo3Mo)KHbD( Bapr4rrHToB MsJIbu fOC c pa:lHbrMH Tr.trraur
rHtrporyp6prFl rc HecKoJIbKHM, o6ecner{,mapiru,rM AocraroqHoe roKpbrrHe
rpe6yelc'Ix Ha nepcneKTr.IBy 3oH nortl yHnBepcanbHoft xapaxrepHcruKu
rHlporyp6wt Q-H.

Dtts rttzsKprx HanopoB (H < l0 r'a) H pacxogoa (5-20 u3 /cl qenecoo6pas-
Ha KoMnoHoBKa va^rrofr f3C c nponerurepHofi rnlrporyp6wtoit B npqMo-
r r m n r u n i r  u o r  r 6 n 6
J r L/J ur rvrt rsrvlvyv.

nrq nanopoB or 10 go 20 M B HasBaHHoM DJ4artaaoHe pacxotros Har46o-
ree 3KoHoL,pr.nofr sBrlflercs KoMnoHoBKa vastoit fOC c fopH3oHTanb-
Hofi ocesofr reuporyp6rctoft H etrreceHHbrM B MELr.rHHHruZ gan Beprn-
KaJrbHbrM reHepaTopoM.

HnsrcoHanopHbre \,raJrbr€ l3C c pacxo.qoM fHlrpoarperaTa 2040 u3 /c
uenecoo6pa3Ho co3,qaBarb c ropu3oHTa-rlbHbtrnca "rpy6rluna4" rerlporyp-
6wtat*r.3oHa HanopoB or 20 M H Bbrrue nepeKpbrBaercs ManbrMH f3C c
p aana;rbH o.o ce B brMH rHgpo typ 6vrn atwr.

Bonpocur pa3pa6oTKu yHHOHuHpoBaHHbtx afpenaTHbtx 6rorcoe NB
onpeAeneHHoro AFana3oHa Hanopa v pacxo.qa _ruAporyp6t+tut !^nn
NNHNIIOTT4HHhIY I4 NE.NI,TRATII,c)HHT-IY LfzNI-TY T13C f,,,Trl-V.F 6r-Nr I.IpTITAIJI-T

r - -  y v u v l l v l

orHocHTerlbHo npocTo, Ta^[c KaK ra6apuru Hx onpelensrrorcq rlHr.[b
seo6xoEprMocrblo pa3MeuleHHl ocHoBHoro H BcnoMofarenbHoro o6opy-
D}BaHIH'.. flogpoa BoIFr no ryp6ffiHbrM BoAoBo.qaM H orBo.q no oTKpbr-
TOMy OTBOEqU{eMy KaHarry no3BoJrsrroT B eEHFroM KJrrcqe NE BCex
( .A

r  r ^  r r  r . r  f v f l - -  h n r r r r r d  t / n y r f f i a n r c r , - r  t n  t t n n n h r r d  n n r ^  n  r r a 6 r t a r a  n t 6 n n  - r r r r '
fV f4J I "D IJ \  L  v r \ ,  l J ^ ' t t t yLL t>  

r \ \ . r nv rPJ I \ r t l c r r l v  J \ t L \ )DyL r r  r rP t I I vU f r  4 ,ny l z r  r l \ J reJ lg l _ l r r l r l ^

K 3.qaHHiO lvttlJlblx fOC.
flpIrnasrc a ytuSwlt rpoBaHHofo np oeK Ta Aep HBauHoHHo ir lr,astoFr f3 C

cBoAr4TCs K oqeHKe 3oHbI pa6ol'L.r rHApoTyp6r{Flbr npH laHHbrx KoHKper-
HbIX napaMeTpax v'-noil r3c, Ha3HaqeHHX) qHcrla fH,qpoaryefaToB 14
BeprHKarII'Hofr npues3Ke arpefarHoro 6norc a, vcxo4fl r-I:} ycnoByuT 6ecxa-
BHTaquoruofr paOorbl rH[poarperara. Kpove roro, neo6xortralo oller rHTr,
AOCTaToqHOCTb HecyUe fi cno co6HocrH ocH o BaHr451. D,ns pyctroB r,D( MaJr b r x
|OC g€&a.-ila oo3r.aH],ilfl yHHonlHpoBaHr{orc arperarHoro 6norca 3Haqr{-
TenbHo ycno)c{tleTcg, TaJ< KaK [IoMr.rMo nepeqHcneHHbD( Bbrrue acfreKToB
Heo6xoI[,IMo raK)Ke o6ecneqnru ycrofrurznocrb 3ilaL:;"E varofr f3C anq
txupoKoro 4rrarta3oHa HH)KeHepHo-teonorr.rqecrcnx ycnool.uZ B cor{erar {H}{
C p a3JInVru>IMH 3ruIq eHVIfll,lfl4 IOp H3OHTOB B epXH erO H HH)rrH e fO 6r,e Q o n.

flpo6neua o6ecnetr eHr4l vcrofr-quBocTH pycloBbrx eryaJildt M;Lrbrx fp C'
ocnox(Hqerct reN4 qTo .qnI,IHa arpefarHoro 6notca B.qonb noroKa, onpL--
AenrleMarr, KaK npaBHtro, paiMepaMH nporoqHorz sacrv fngporyp6unur,
6rmaer HeAocTarowoli.

Ycrotiqraeocrb ral<oro 6norca Mo)KHo o6ecne.un, rrpoBeAelri.reN,t
cn€qraeJlbHblx r4HXeHepHbIx Meponp Hq rurt: oTCbrnKH fpyr{ToB orZ np rl3vr,r
co cTopor-rbl HH)KHero 6reQa c oTBo.qoM Boru-r no farepee, Bpe3lcH afpe-
farHoro 6lona B ycrou ulra 6st.ucu Bogoc[r.IBHofr rt,rorH]rbr, yc,rporlrrna
aHKepHOrO floHypa, HCIOIIi]3OBaHH9 ynopa B ConpqranulHe Coopy)KeHlrq
HH)KHero 6ueQa.

Kax.qoe Lts nepeqHqrteHHbtx Meponpnsrufi npHMeHHMo B coorBercrBy-
Iou$fi yq[oBH'x, HH OJIFTO Lr3 HHX He sBnsIeTCtI yHPrBepCaJibHtlNE qTO rrc
no3BoJtrrer co3trarb elllrt-ryn yuuQruvpoBaHHyto KoMnoHoEKy arpefar-
Horro 6lorca pycJloBoft rvlarofr l3C.

Zlcrrrro.reHHeM qBrtlercs KoMfror-ioBKa M;r:-Iol"r I-3C c ropr43or{arru,rroii
"rpy6uofi" rn4rorypSvrsoii. PacmacrarsHocro arperarHoro 6lorca [ero
DJtwa cocTaBntler (8-10) D1, r.Qe Dt - A,}{aMerp pa6ove.ro Koneca fl{Ipo-
ryp6nnu] nosnonner o6ecneqxTb co6crBei-rH]'ro ysrofrtu.rBoqrb 3riaHH tr
MfU fuf4 t v,\/ PJ l-r r\,ltvr \/ .t Yrr r4'

Pexoueqgar-uan no KoMnoHoBKe arperarHbrx Ororcoa c ocFIoBHr,rMH
THnaJ\,tr4 rHlpocrrJloBoro obopyAoBaHHq. KoNgIoHoBKa H ra6apurur arpe-
raTHoro 6-ltorca . c BeprHKanbHbIMH peaKTHBHL,IivM rHAporrr)6nl lar.l r
onpe.qeJr-sroTct B ocHoBHoM pa3Mepar\,4t't npoToqHolz qacTa ftilTDoryp6Htr.

lllupwua arperarHoro 6lorca 3aBHCI4T or pasMepoB ryp6HHHotl t<avepr,i
H Tonrldrl{ur 6nru<oB, noroNry TaK Baxes o6oenoBs.riHbrft nst6op ee rr.rna Ll
fa6apHroe. X[sHanopoB H < 6 M Lul,rpoKoe pacnposrpaHeHue B 50e ro;i,i
non1n44nH orKpbrTbre rypoauHute KaMepbr (npeurwyrqecrBeHHo npqMo-
yronbHble B nnaHe). Ha ocHoBe Hcc|IeAoBa*trfr, 120) rrHpr.{r{y rarcol.i
i(aMepbr npunnuaror B : 3,5D1. lt{r.ruvt"raJ7b*a;. rly6HHa KaMepbt oprlerr-
THpoBor{Ho npHHuMaerci4 (1,6-2) pt.

llpn Hanopax H > 6 v eaJt rHAporyp6r.rt-ttt noJ-Iiqaercq ripq3N.{epHo

AIIHHHbTM, nO3TOr\{y UeIeCOO6paSHblM flBIIqeTC'l nepeXOA K 3aKpbrTr,rM
ryp6nnHrrv KaMepaM. 3arcpsrraa 'ryp6nrulaa KaMepa BblnorHqercrr
TaK)Ke npqMoyfolusolZ B nrlaHe no ra6apr4TaM orKpblTofr rcavepbr. rrHrrrb

s  -6882

A (



Ta6nuua 3.I. IlaparrerpEr 6eror+rlu cmqlarbHrrr Ks,r.ep

Hanop, w Ynon oxBara, rpaA Tun rxqporyp6nHsl B"n/D1

5-15
10-30
30-45
40-'t5

I l p  n  Meqa  r l . r . e .

180 nr15
210 nJI15,20,30
240 PO4s
270 PO?5
B"n - r:lwprz.rl'a cnHpanbHofi xavepu.

2,6-2,61
2,65-2,59
2,78-2,8L
2,83-2,9L

'l'a 
O n ulla J. Z. lla,gtayerpbr raeraJurr{qecKr,f,r cnl{paJrbHbrr

KAyep

Hanon- r"r Yron oxBara, rpaE TNn rngporyp6rnnr,r Bc-,,/Dl

40-115
1 10-230

345
3s0

PO75,  PO115
PO170,  PO230

3,93-3,65
3,37-3,L

BepxHee nepeKpbrTHe CTaIIoBHTCS HanopHblr!4. Tffa'. KOrrCTpyr(IIHq
Mox(er 6r,rrs npHMeHeHa npr Hanopax .qo 8-10 rvq 66nrurue Hanopbr rpe-
6yror nepexoAa rc 6erormblM cnHp€IJIbHbrM KaMepaM. OcHoeHbre mpaMer-
pbr nocre.&rru( npHBeIIeHbr B ra6l. 3.1.

Heo6xororvo or\derl{Tb, qro BbInoJrHeHHe 6erorrrso< cnapaJrbHbD(
KaMep ,4rs rHlporyp6rulst npN D1 ( 1,6 M qBrrtrercs qno)KHofi satraqeii c
Tor{KH 3peHwl rrpolttBotrcTBa pa6oT. B sro}ur cry^Iae Heooxo4dv{o orpaHH-
qHBarb 6norc 6eroruapoBaHHrr BepxoM cnupantHofr rcarraepur e ueJrsx
o6ecneqeHr'r9, Bo3MoxcHocTH ctrerrL-rfl onarry6rcu creHoK vr ycrpoficrtsa
r{egbeMHofr onarry6rcH nepeKpbwr'te cru4paJrH.

flepexo,q ruL MerarlnlnrecKHe cnHpaJrbHbre KaMepr,r Bo3Mo)KeH rrp4
Hanopax 6,onee 20 u. 

-WLe 
Bbl6opa ocHoBHbrx napaMerpoB Merartirmrec-

Kr,D( cnnpaJrbHbD( KaMep cM. peKoMeH,qauHu ta6n.3.2.
,[arurure ra6n. 3.1 u'3.2 voryr 6srre Hcnonb3oB€rHbr rrpu orcyrcrBHH

atf Er^rratar.,rv a;pnle'rrraii rtnr\.rrrrrr-lrt; rromrt rrr' '..*^dhRtntt t ma6.ro'A*ryvHss. .4 .  - . l /v rvarvrr  aavarr  L r t l  . t ' \ rLJ yrJyLI l ]c)L ryv\JJvt  \ , l  L ,

THn Opa3 Mep a Arnr npelFapHTenb Hbrx npoeKTHbD( npopa6ororc.

Ta6nuua 3.3. K pacqery 6erorrxrrr Kardep

H , M

V"*, tt lc 2,'3

Ta5nuua 3.4. K pacqery MeraJuu{crecKrar cn}rpaJrbHErr
KaMep

H , M 150 200

't0605040302010

6,45 g
Y , .

5 , i- t -4,6j R
- t -

i 0050

11
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Vu*, u/c

40

6 1 1 9,4 L2

- f . .

it_:

tr
r t ,

..- t

B npegB&prTonbHblx pacqerax cEe,u{-sfl cr(opocrb Bo Bxo,qHoM ceqe-
t t r r r r  l fr1,.rtn Y Bx fvrLr^\(tl tlrllD rLlrvrn>7La 6 Sid.tJkT(Jylfvlugl'r4 (_)'l'HiUtt_tpa la (TaL)-Jl. -1.-1 H

3.4).
la6apaml arperaTHoro 6lorca 3aBHcsr He TonbKo oT ryp6anuorZ

KaMepblr HO H OT THna OTcacblBaloqefi rpy6ut. Wtr. arpenaToB M2rrbrx
f3C npeAnoqreHue AoJDKHo orEaBaTrcq npflMoocHbrM KoHHqecKHM
orcacbrBarorqHM Tpy6aM, 3Har{HTe"'rbF,ro ynpou{arcur.4},r reoMelpHn QyHAa-
MeHTHofr uacrr gI.arrnr,, \laJloft I.OC. OHa Moryr Hcrtonb3oBarbcq KaK
trJrfl BeprHKaJrbHbD( (pHc. 3.ll), TaJ< u trJIl ropH3oHTarrbHsrx (puc. 3.12)
fHApoarperaToB.

KprrepueM npuMeHlrMocrH KoHHqecKHx oTqrcbrB€irouryrx rpy6,qntr
BeprHI{aJIbHbrx ru.uporyp6prH qBJtrreTcs BosMo)t<rrocrb noltrrqrb pa6oqee
KOIIeCO Hatr MHHHMaJIbHbIM TOpH3OHTOM HH)ICHeIO 6oe$a (nOlOx<HTerb-
Haq Bbrcora orcacbrBaHus, h > 0). flpw h < 0 npnveHeHHe TaKofr rpy6r,r
noTpe6yeT H3nurrrHe 6orsurpD( 3arny 6 neaufi SyH.qaMeHTHorZ nnrr rur. [J
3ToM c.rryLlae qenecoo6paseH nepexoA Ha H3orrryrble oTcacbrBarou{He
rpy6u vrJrvr, ecJrH Bo3Mo)KHO, Ha rOpH3OHTaJrbFryro KoMTroHoBKy fHApOar-
perara c coorBercrByro ur.{M pacn ono )KeH HeM OTCaCbrBarO IIle fi r?y6sr.

flpnveneHae npsMoocFlblx K oHuqecKrax oT(z,cbrBarouro( rp yb o 6 ycrr o B -
nHBaer Heo6xorl,nvocTb ycrpoffcrBa oTBotrrrqeft KaMepbr rx}fpHHofr 81, N{,
Koropaq Bbl\IHcnseTcfl rlo 3:tBHcHMocrH Bl : (2+2r4)D, + D5, r.tre .D. -
cetreHHe ropnoBHHut.- Ds - Bbrxo,&roe ceqeHHe oT(Scrmarorqelz rpy6ur.

flpu orcyrcTBHH 3zLBoACKLrx qeprex(efi ragporyp6nHrr voxso npu6nu-
)KeHHO npHHsrrb D3 : Dl, T.e. npaKTH\recKH paccToqHHe or creHKH
or(zcblBalou{efi TpyObI Ao 6oKoBbIx creH KaMepbr Ha ypoBHe BbrxogHoro

+ 6,2 Qng

PHc. 3.11.  Kol tnonosrca 3AaHHs uanoir
f3C c BeprxRaJibHofr  oceeorZ rNAporyp6N-
noi

_d6,9

4 n
_{ 

'-.



Pnc.3.l2. KownoHosKa s!'a:r.wfl varofi f3C c ropH3oHra.nunofr KancynbHofi ra.qporyp-

'waoit H BbrHeceHHbrM B MaruHHHbtit san BepTHKaJIbHbIM feHeparopoM

ceqeHHq r-opnoBHHbr troruKHo 6um He MeHee ![4aMeTpa pa6oqero Kone(x,
tt"Tlilo.uffit 

*"r*o KoHr.rqecKro( orcacbrBarourr.D( Tpy6 Mo)Ker BapbH-
poBarbcs o; 2 D1 Ao 4 Dt [10], npnuevr 66rurue 3Har{eFrla t(}4) Dil
oTHocJ{Tcs K oceBbIM ryp6wan't. .Ulg paAHanbHNCeBbIX rHgpoTyp6t+t,
HMeprryfi MeHburyrc 6ucrpoxoltrIocrb vr coorBercrtseHHo MeHbruee
3Har{eHHe KHHer?r\recKorz 3HeprHH no'roKa Ha f{acrKe nocJle pa6overo

KoJreca, gr-:ull-ra npsMoocHofr KoHLr.recKorZ orcacblBaloqefi rPy6st Moxer

6srrb cHlaxeHa no (2-2.5) Dy
O,ryraKo coKpauleHue IL[]rHbr orcacbrBaroqefi rpy6ut recHo cBfl3aHo c

e - - -

He)ooxo.4,I\{QcTbI() ooecllcqgHlll>r yglur4q.l4rruulvl t'(' PdtlJLrlDl E lnt.6\vrru"ctrtt

ortlHqaroql.o(cq oT onrHManbHoro, r{To ocooeHHo Ba)KHo ArIt ryponH
otrgHapHorc perynvrr,Bannfl: patri]/.aJtbHo{c€BbH H nponetlJlepHutx. Ha
H3orHyTbre oTcacblBaloqple rpy6ut HeO6xO11lwo nepexoIg4Tb, KaK yxe
yKa3blBanocb Bblrtrg, npu h,
orcacbrBanqefi rpy6sl Arrsr noBoporHo-nonacrHblx rHtrporyp6w npwu'
rronr (1 Q-1 ?\ D. nrrct nqnrrqnLr{nr.rnpRl-ry ) 6 f),  I ' rnIrHv rnnHaOHTaIII-HO-
r v 4 v r  \ r t l  - r 1  u  L ,  P t  " .  , ' w . e  H - . L  - r Y  -  L ,  F  - r - - ' - -

rc ) -racrKa rpy6ur (4,0-5,5) D1, ulagaHy (2,5-3) Dt
Bolcora ycTaHoBKH fntrpoTyp6rru 3aBHcHT oT cnegyou-ga( ycnoanfi:
l. flpu pa3Meu1ellira:ara4poryp6uHbl B oTKprtrofi KaMepe AoDKHo 6rtm

o6ecnetreHo Heo6xoru,naoe samy6neHne noA MHHtaMAnbsruZ ypoBeHb
Donvlrar-rr 6r-orhr fTnq nnnnpnnenrJr-rv nLrrrnalrvrr6Lrr-{ 

".9rnv6ne.rrpre. 
nnrrHrr-

D V V N  r v r  v  V u v Y / q .  a - - ^ r v .  
- - r - - - - - -

Mzrror paBHblM wraMerpy paooqero Koneca.
2. Pa6o,'ree Korreco rHAporyp6aHur no orIIoueHHIo K l''rkTHVMA-rrbHoMy

ypoBHro HH)cHefo 6ueQa .qon)KHo pacnonararbcfl c yqeroM gonycruvolZ

B bICOTbI OTCACbIB AHH^.
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PNc. 3.13.  KovnoxoeKa 3EaHHq valo i  f3C c BeprHKanbHof i  oceeof i  rpr .qporyp6Nrroi i  c
ea6opor',r BoAbr Henocpe.qcrBeHHo e ryp6NxHylo KaMepy

3. Bauo.qHoe ceqeHne KoHHqecKorz npqMoocHorz orcacbrBaFoLrler-r
r?y6st .qon)rcHo 6lrrr 3arny6neHo no.q \,fl4HvMalrluluZ fopH3oi1T HH)KH ero
6t'e6a He MeHee qeM Ha 0,3 M; ilnn 'r3orHyrofi orcacirBax)rr1cr-r rpy6r,r
3arrry6neHHe. Bepxa Bbrxoln{oro cer{eHr4e lu4eqy3opa .qon)KHo cocTaB_
nflllc- He MeHee l/4 Bbrcorbr ceqeHHq.

Ha puc- 3.13 u 3.14 npuee.qeHbr frpHMepbr KoMrroHoBKH arpefaTHoro
6lorca nponefl-nepHblMH ru.qpo Typ luuavu..tlanrr ure K o N,rrr o Ho B K H n p e.qy c-
MarpHBalor pacnoJlo.xel{I4e 3!a?.,u,,,,,F, i,,"a-noi7i [l-.c B BepxHerur 6ue{;e rllrpo_
y3na LiruT Ha nepena.qe KaHaiia. flpocruTa reoMerpHqecKHx Sopv zrpt,
faTHonf, 6norca o6ycrroeneHa npHMeHeHr,reM nprMoyrorusorZ ryp6r-rgr io rr
KaMepbr H npqMoocHofr KOHHqecKofr orcacbrBarculefr rpy6r,r. ornog Bo.ru,r
ocyu{ecTBneH no oesHanopuolz fanepee.



Puc. 3.14. KoLanoHoeKa 3AaHHtI wanoft f3C c npHMeHeHnev c6opnor.o xeJre3o6erona
(eap lraHr xoncrpyrcuuu)

Ta6apvrcu arperaTHoro 6rorca B ffraHe npo.quKToBaHbr pa3MepaMH
npqMoylronbHoE ryp6utu:ofr KaMepbI L! rreHeparopHorlo noi'ieiiie -ri-ifi, r1e
KpoMe reHeparopa pa3Meu{eHbr pefyJrrrrop c }v{acJroHanopHofr ycraHoe-
rcotZ (MHY)' cHcreMil eos6yxg eqvre, u:rca$ll aBToMar?[cH H cofurBeHHbrx
HY)Kiq.

Mali,le fgc c BepTHKaJIbHbIMH paIly.,arTbHooC€BbrMH rrdrrporypoaHa-
MH Moryr 6rrrr co3.qar{br Erre, p|4arla3oHa HanopoB or2A Ao 150 M B ocHoB-
FIoM B npHruIoTHHHoitu.qepuBauHounofi KoMnoHoBKax. .Ilarrn npu Di (
( I v B cpe.qHe- H BblcoKol{anopHbrx Marbrx fOC nperFoqreHue cneAyer
orAaBarb ropl€oFrraJrbttoir pawrarrbHoocenofi raqporyp6urre.

$1fy:j.15 *pr*egeH npuMep KoMnoHoar<r,r s1ar:rne, MfpC c ryp6u_
uofi PO45BM Ha Hrrnopbr or 20 no 45 u.

Kovrnor;oBK-a ar?efarHorro 6;:ora npo.ulrKToBaiia, iiSK .y?Ke oTMe-.ia-
rlocb' pa3MepaMH npoTot{H oFt luac:tw rH.rlpoTyp 6wtan, ra6apraru BepxHero
crpoeHE onPegeneHbl no ycnoBHsM pa3MeuleHr,rrr rHAporeHeparopoB H
npoqero o6opyAo Ba:grr.Ifl. (raqpovexaHaqecKore, 3neKTpoTercrHqecKoro,
cpeAcrB aBToMar?rrcH u r.n.).

I U

Pxc. 3.15. Kol,qtoHosKa s.qaHarr valofr f3C c BeprHKanbHofi panraanbHo-oceaorl
rugpor)'_p6 mxoFt

Butcora Bep)crenc crpoeHHsr nofifr{gHa Hcxo.qs rc m6apHToB 3Kcnjrya-
TaUHOHHOTO MOCTOBO|O KpaHa vt ycnonvrlt MoHTilKa nau6onee Kpyrrr tbrx
y3noB MIpoarperaTa.

Becrva nepcneKTr,IBHofr npeAcTaBnrrercs KoMnoHoBKa N{zLrolZ f3C c
npsMoocHoft oTcacblBanuleft rpy6olZ. flpu HeKoropoM yBenHqei {}ri.l
e e r n v 6 n e . r + r , r q r T o n n r I ' E t } - t r h r r r r n e x , r p u r r : r r i i n n | , T L r I l n ' ^ , 6 l t d t ' l , n-  r * / J . n r _ . A . . r v . v r r 4 ^ r v t t  r u L t t L D L  r r p f l l i v l L _ f l \ i l - a r l \ i  r 4 l \ u i l

orcacblBarculefi rPY6t'I no3BoJlsler 3HaquTenbHo ynpogrr{Tb reoMe rp vK) L.,r
ycKopHrb crpoHTenbcrBo \tanofi I-3c (ws MrpoTyp6rur c .gHaMerpo1{
paOovero Koneca Dt I 2 u).

flepcnercT?rBHbre KoMnoHoBoqHbre peueHurr stra*ffi Mzurbrx foc
CBg3aHb! C nOgB-[eHp!e].{ I{OBbIX KOHCTpi/KIlt{t-{ I]Opri.3OiiTa-IIbHL,iX OCetsbiX
rHIporyp6wt. K !D< r+rcny orHocHTc;- ryp6vrria c So6pasHofr orcacL.,rna,'{)-
geft rpyfufr. B TICCP ee Ha3brBaror "Korerrrrarolz", e CIiIA - ,'rpy6Horl".

flocleluree Ha3BaHHe npuHaro 14 B CCCP. 3acrryxuaaer BHHMaHilq
BblnycKaeMtll HeKoTopbIMH sapy6exHbrMH Qnpvarrna oceBasr Fcarrcyrrb-

I
I

1 l



PNc' 3'16- KovnoHoaKa 3.qallruI vanofr l3C c ropH3oHTanrsofi "rpy6nofi ', rnEporyp-
5wnoit H BbrHeceHHbrM B MarrrxHHbrft san ropx3oxra.rrbHbrM reHeparopoM

ruuI rrurporyp6HFla c BbIHeceHHbIM BepTHKaJrbHbrM reHepaTopoM, coe.qg-
FreHHbrM C ryp6r.{ror7 uepes Kor{u\recKyro napy. npemrryrqecrBaMg TaKrd(
rHllpoarperaroB tBrI'IOTC,s 3Har{HTerrbHoe ynpouleHHe CTpOHTeJrbHofi
saqw HHx(Hero 6nora 3traHr'frt t'tznofi f3C, yrv{eHbrrreHue 3afJry6ne ;g1r.rs
QyHgal"{eHTFlofr rLnHTbI H yrvleHblxeHue ra6apnroB reHeparopa ga cqer
r-roBbrrueHr4rr 144}t7a O60poron. Tarcue f?IrpoarperaTbr BKn1gqeHbr B
Kar'ailofi'I BeAyu{ru( sapy6exa+rx <ilxpvr, sbrnycKarour.d( rHqpoTyp6prstt.

Paspa6oTKa noAo6nr'x rHrpoarperaToB Benercs H e CCCp. Ilprarraep
KoMnoHoBKH arpefaTHoro Onorca c ropruloHTarrbHoit "tpy6aor;,' ingpo-
ryp6ru:ofr, u zvuteceHFlbli'i B i'iaiii?iHa;lX 3aJ-i i'op?i3oHTarrbHbrM r.eHeparo-
poM npHBeAeH \la pl4c. 3. 16.

I-Ipoercr spavvlP. r'aa-rrolZ fgc, naeroqld 3HaqHTenbFryro rrpoTr{)r(eH-
Hocrb B.qonb noToKa 3a cqer pacnnacTaHHocTH rn,qpoarperaTar pa:pa6o
ravt' gls' pycJloBoro Bapy.ArTTa KOMnOHOBKH B COCTaBe Hlr3KoHanopHonl
fHJlpoy3na HJLH Ha nepenale MarHcrpaJrbHoro KaHarra. llpeur,ayu_lecTBa_
MH foDH3oHTaJIbHofo fHq)oaI?el'ara gBn-qlorcg pa3l"{€iri€ruie Bcex ei-oy3noB B npe.qenax o4{oro flpya, }rx .qocTynHocTb H ylooqreo sKcruryara_
rJvM, se6oruruarr Bbrcora Bep)cFrero crpo a]tsir4'., seo6xo,4arraag DJlg yc';a_
H OBK H MOCTOBOTO 3Kcrury araLwoHHofo Kp arla.

B crryvae pa3Melr{eHr.rs NraJtofi f3C n npr n,v<alwr4 rc eo.qoqn6BFro6
nn orHHe nogBrqercg Bo3MOXJ{OCT- HCnO,rIb3O B?-u,Ltfr KOSJIOBO|O KFraiia,
o6cnyxailalourefo 3arBopbl ruIoTHHbr. flpz 3ToM ueJrecoo6paserr oTKa3 oT
N.rogroBoro KpaHa u nepexo.q K MttrrrHHFioMy 3arry MeHbruefr aurcomr,
HMEIOUICNfY B BEPXHEM NEPCKPbITVTLI MOHTA)KHbIE NPOEMbI HAA IHAPO.
a rp e fa Ta r'or. fl poe Mbr nepeK p brBalorcq gbeMHbrMH KpbrrrrK aMJ.I.
1 2

rrl
'4i
! \ .

.tu.;
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t ,.\'
t
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Fia n-Oemap!{TenbHbD( cra.uHHX r rpoeKTt,tpoBaHrat np H on pelleJ-I eH H } j

ra6aprmon gDAHlz.r. nogobHonc Twl.a pyrcoBo,trcTByloTcfl cneA)'rorlulMrl
COOTHOI.UEHH-flII,fYI:

[Naverp npe.qryp6r{HHono 3arBopa (L,2-1,4)D1

Paccto.snne or ocu pa6overo Koneca Ao sFleurHefi KpoMKH

o6ararlosrcH orcacbrBaprr1eft rpy6u (3,1-3,7)D1
BucoraBbD(oAHorc ceqeHHJ{ orcacbrBaroruefi rpy6rr. . . . . . (1,25-1,5)D1

IllupnnaBbIxoAHoDo ceqeHHq orcacblaarculeft rpy6ll . . . ., (2-2,2)Dl

Balcora or ocn arperara Ao Hl,t3a orcacblBaroureft rpy6ar. . . (2,2-2,8)D1

Donee .qeraJlbHo pa3Mepbl rl{Apoarpefara H efo npoTor{Hofr qacrH

IJQHITkIIaIAIOTC9 nO rIepTe)I(aM 3aBOAOB-PI3|OTOBHTe nen.

Arpera*u'1ft 6norc c ropH3oHTa-[bHofi rcanrynbHofi rntrporyp6rlHon u
BbrHeceHHbIM reHepaTopoM Mo)KeT 6arTb [pI,IMeHeH KaK .u,nfl p]'sfloBoll,
TaJ( H ArIq nnoTTmnoft HJM trepHBaL-U4oHHoIZ vanofr I-3C. B nepBoN.{
c-rr) {ae B ueIrgx noBbrrxeHHtl oTMerKH Bo,qonpHeMHH}ca v tr.na pasMerue-
HHrr ru,ryoarperara HaA ypoBHeM HH)KHero 6seQa Moxer 6urm l.{cnorr'-
3OBaHa BO3\{OXHOCTb Ha}CnOHa OCH fHApoarperaTa B CTOpOHy I{}IXHeI-O
6i,e$a Hti yron l5-?5" (puc. 3.17). Bo eropoM cnyqae no ycnoBnfllv. norlBo-

,qa BoAr-r no rpy6onpoBo[y uenecoo6pa:ueft npwil.\tarb fopu3o F{Tarb Ir oc
noJro)KeHHe ocpt rHlpoarperara (cv. pl,/tc. 3.12). D,tts' fr,I.qporyp6rfitt,t
og4HapHoro perynlrpoBaHHl (c $zr<*rpoBaLIHbIM HanpaBnqioullTM an-
napbrov) rarna.ue npeglyp6r+trtoro 3arBopa B KaqecrBe rrycKoocraHaB-
nHBaroulero ycTpoft cTBa sBrslercs oos3areI[bHblM.

DJlo*la raruoryp6r+mr (6es sareopa) npHHltMzlercq paeHofr 3,5D1,
tr}{aMerp KaMepbI lr7Dy .qnI,IHa orcacblBaroulefi Tpytbl 4,5.D1.

flpnueHeHue KoHr,rqecKofr napbr AJrl nepo.tr;uaa Kpyraqefo MoMenra
Ha r€Heparop ofpaHr{iruBaer Bep}Grr,rrt npeilen Mou-FIocrI4 rl,{,qpoarpefara
tro i4, rr,tc"rcBr.

Plac.3.L'l . Kor,rnoHosKa 3&a:g:ag. valoft f3C npn HaKnoHHoM noJioxeHHH Kancynr,Hol-r
rNgporyp6nHst
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OrE^rr ra-? ne.pcneKTHBHbLx Ha,npaBrI e.td Ha coBFle-Me.HHoM ?Tane.
pasr,wtrifl, lrratrcfi r?IgpogHepreruKr flBrrnercfl co3JraHne ceKuHoH-
HbIx Manblx f3C, co6rpaeu'u ne 6norccercruaZ nornroft gaso.qcKorz
roroBHocrr,r, Brcruoqarr KoMrtneKTHyro nocraBKy o6opygoBarl.r.rr., HanpH-
Mep KoHcrpyKr{r4s tqatoit fgc, neo6paxeHHafl rur puc. 3.18. B arperar-
Hofi 6noK€eKLrHH ycranoBneH rnApoarpenar MourFrocrbro 600 rcBr. Kpor',re
If Upoarperara e 6rorc{€RIJeM ycraHoB.neH aBToMzIrHr{ecKI,rfi peryJrgrop
LIaCTOTbT Bparr{eHl4rr, BbrnoJlHeru-u'rfi B eAprHoM 6lorce c MHY. Bce cr,rcrevlr
ynpan.neHingl aBToMarHKH, eos6yx,qe:e.nfl rcHepaTopa BbrHeceHL,r B
ceKrlHro yflpaB[eHufl v aBToMarHKH, ol+ry Ha .@a rHgpoaryeraTa.

Hecyrryre KoHcrpryKuJ.'il4 6norccercqma H3roroBrIeHbI r43 MeraJrrra, a
orpaK,qarc:nwe - w3 nefKHx naHeleft. Crepnraq KpbrrrrKa no3Borrfler
Bb[]ottFrtrrb Mo[rra)KHble onepar \HH c o6opynonaHueM rrpv noMoul]l
aBTOKpaHa.

Ha vecre crpouTenrcTBa Bo3Bo,rynca QyruaMeHTHaq r{acTb va-noii
fPC, BKruorras no.uFo.qsur'n1 H orBoAtu\r4ir rparcrbr. Brorccercwrv ycra-
HaBTHB€trorcs FIa QyrtqaveHT, Bblrloflrrnercs cTbrKoBKa rpy6onpoBogoB,
orrycKaercs B oTBo.q,qu{Fo KaMepy orcacblBa}orllaq lDy6a, H paua rHl]po-
arpefara Kperu4Tcs aHKepaMH. flocrre 3Toro \ aJtas, f3C roroBa rc pa6orc.

flpnueHeHue ceKuHoHHbtx fgc 6onrmolZ Morrs-rocrH orpaHr,&reHo
rabapnrarw rnApoarperara, a raK)I(e 6lorccercLtklz,, rrro o6yclooretlo
BO3MO)KHOCTqMTA TpaHCnOpTHbIX CpeACTB.

Flanorprnrc rpy0orryosoel llpn npoeKTHpoBaHHH AepHBauHoHHbrx u
rrnorIaHHbD( l"ranbD( fPC 6oru,ruoe 3HaqeHHe HMeer [paBHJIbHurfr err6op
rcoHcrpyrulrZ HarIopHbD( rpy6onpoBo.qoB KaK B l€nopHofr geprra arJwn,
TaJ< H e qp6ltn*u Bo.qoBotrax.

H a n o p H a e, tr,ep HB a q H fl r.Blrfrercq coopyx(eHHeM troporocroqlul4M,
_ ,  - -__-_-_-_  -'Ipeuyrufr{4rvb t\iilt rIp.tBktJIn, yUrPU}lUl bd ypd,tjn}4 lEJrbHur\J IJs-JtJprJyapd) L'l

no3ToMy Ha \,faJroft I3C Moxer 6rrrb npHMeHeHa tlHurb B HcKrIror{HTe,rIb-
Hbrx cryqasx, HanpuMep Ha Tpacce nepe6poxu croKa as o.qHoii peKH Il

pyrFo. B arolra e[,rrqag. HanopHaq !e-pHBatr4e RF,InoJrHqerfq B RHnc
ryHHeJrsl.

Typ6l,tru+uwt BoAoBo,qaMH npHHtITo Ha3L'IBarb ) {acroK llanopllllx
TpyfunpoBoAoB oT Bo.qorrpHeMHHKa vJM ypaBHHTeJIbHoro pesepBvapa Ao
rLrIpoTyp6mrei.

f lo cxeue Bo.qonotra. l ; " r  pa3n: ' l - lator pa3Ael luut f t ,  rpynnosol" t  I I
o 6,r eD,uHeHHuttZ noIrB oAbr BorFrK rHAporyp6wau.Ilpepnoureur{c
toituttcrtwlolt cxeMe M)Ker 6urg or.qaHo lroc.fle Hx rexHr,rKo-3KonoN{r.{q(-..c-
Koro conocraB nele^r-rr, c f-IeroM KoHKperHbIx yc[osufi,. O.4rarco N{oxt'io
csoprr,ryruzpoBaTb pq,q o6uryo< noloxeHnZ, no3Boll'l]oulrD( o6rerulln,
raxofi nu6op. Pas,4etmssdl notFoA BoIFr uenecoo6paseH:

l) nppr ne6onru:oit nttvrrle BotroBoAoB, Kor.ua r.D( o6'belx{HeHHe 6yner
cBt3aHo c yurpolZqrBoM .qonoJ-IHr4TeJ-rbHbrx KoHgrpyKTHBHbrx 3,rIeN{eHToB.
3aIFH)KeK, pa3BHJIOK H Ap.;

2) npn Bo3Mo)KHocrH Hcnonb3o BaHt4fl crdri,qaprHbtx Tpy6 (cra-lu n i, rx
unra c6opHbrx xen€o6eroFlFluIx), eclu o6,tero+reHHan gxeMa HcF(rnolraer
TaKyn Bo3MO)KHOCTb; 

a(
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PHc. 3.18. KovnoHosKa 3I.al;as uanoit l3C prs 6-nox-cexqaE:
o - pa3pe3; 6 -nnaw; I _ a.rpergrHas 6.::cx=cexuua;2 _ceKiil ix_ yilDaBrreHl{,
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3) npa or?aH!,rJeuprr pa3l,{epoB ojieMeFiroB T-p}6or-ipoBo.qa rro vcJroBH.r M'rpaHcr lopr!{poBrcH.
o1'en'te*u'ufr no.@o.q Bo.qbl npHMeHrrror B crryqae Hcnorrb3oBzu'Hq

B KaqecTBe ryp6aruroro BoAoBo.qa nu6o Tyr_rHeJrrl, tut6o 6eronrrofifulnepen, a raK)Ke ecrw TonuIHHa crarrbHoro TyfunpoBo.qa oflpegen rer-
cq He npoqHocrrrbrMH pacqe ry, a KoHcrpyKT?lBHbrMH coo6pax eHr4ilr,,*r,r{To npHBorIHT K 3Har{Hrenrsofi gKoHoMHu Mera;nna

Tlp6tarurure rpy6onpoBo.ubl @BpeMeHHbD( lvraJrbrx fOC BbrnorrHrrrorcq
tru6o H3 )KeJre3o6erosa, nu6o w3 c;rarra. trpu He6onrul.o< Hanopax H
pacxo.qax Bo3MoTI(Ho npHMgHeHHe BonoRonnR r^-t n/\rrrx'onl,r rv i,n,,
ac6ecrorleMeHrHblx rpy6, BbnrycKa"-oifo-,il-rr,il;;;. 

v'Dru\ nJ r vt

cra-rmsule rpy6onpoBoAbt rtauOoree yHuBep(z.rrr,Hbr H npe.u-rasHaqe-
HL'r .qn-rr .''orpoKoro .rlHafra3oHa HanopoB H pacxogoB n{EpoT}?6rrsrr apa3ruxrHbD( npprporFrblx yqroBHqx. c.qep)KrGaer'.D( npm,reHeHr,re aesn_
UraT MeraJtDa (n ocrroBHoM JrHcroBoto Me'raJrJra D\Jrfl cBapHbrx rpy6onpo'
e ogos), Heo6xo.4.o,rocrb npoBeAe HUfl aHTr.rKoppo3r4oHHbD( Mepo npuant+fr,
KaK npH crpoHTeru'CTtse, TZtr( H B frpoqecce 3Kc[nyaruJwr.-crarmHue
rpyoonpoBol&I Moryr 6rrrt rrpono)KeHbr KaK oTr(pbrro, TaK H 3aKpbrro.

rlpu orKpbmoft nporc'aro<e tpy6onpoBorFr Bbrnom{srrorcs pa.pe3HbrM,,
T.e. cocrosuJ:.nvp r H3 oTAeJrbnrx cerqruZ, coe.qHHeHHbIx KoMneHcaropa-
tvfl4 (rer''rneparypHbrM, H{M TeMneparypHoocaAoqrrr,urq). KaNAas
ceruryIq HMeer olr{y aI{KepHyIo onopy, BocnpHr-rHMarousryo @eBbreyc*1t7r'1e', H npoMe)KyroqHble onopbL He npenrrrcrtsyroqHe oceBbrM nepe-
MetueHH'M H BOCnpI4HHNraroupre TorrbKo yc*rfir.lat, HopN{rlJrbHbre ocH
TpyfunpoBo,qa (cocraefiarouMe coOcrser*roro Beca rpyfunpoBo.qa Hao'mr). Ar*<epnr're onopbl HaMerrarorcrr K ycrzlHoBKe B MecT€tx noBopora
oca rpyOonpoeoga. B npetrenax ceKr1r,tla rpy6onpoBotr npqMoJrHHeeH.

- TeLalepaT)?Hble KoMneHcaropbr Ha rypolaruttrn Bolro^onny A/r rTAr\r
rl)c npxHuMarorcs o6rnno ca-rrurrpuco"o- ,*. B:6;;;*ffi;
BoAonpHeMHHKy, 3AaHHlo fOC HttH R Mecrz1x o.xgtrael,{brx 3Ha,_i}irejib-
HbD( ocaAorc Heo6xo,4'aao rrpeAycMoTperb TeMnepaTfpHo{ca.AoqHbre
u n v n a l r A ^ M - r  t
r\vlvu rvn\.4I \JPDI.

3arcplrrr rc (wu 3scbln&HHbre) rpy6onpoBo.qbr rle Hcru,rrbrB:lror 3HaqH-
TerIbHbIx reMneparJapHblx eos.qeftc'rB uilr u BblnonFlrrrorcg Hepa3pg3HbrM6i
HepaepesHbiM Bi,rnorrHrrercrr raK)Ke H orrcprnruz rcpr..mornrrelznrrfi
r{acToK rpy6onpoBo.qa' rre reMneparypHrte gLSo ptrarJyrvt KoMneHc Hpy-rorcq s€r cqer H3MeHeHHfl KpwBH3Hbr ocH BoAoBO.Da. flpz onpe.qeneHHH
,UHaM€TD a rvn6w:HH.)rn Errl rrrrDl.r no ua nA.,nr _J r ______ _y- v ev;+vpvt4, rrv\r\J:LlrltylrvlrJ pyKuriul_lqfBoBalbcg 3KOHO_
Mr.rlrHocrbro npHHrrroro pe[xeHHs H Heo6xoAl,woctblo orpaHuq eH:alt
cK opocrH e o H3 6e)KaHHe rr,{.qpaBrru\recKoro ytrapa.

wlfl craJrbHblx rpy6 npe.qBap'TerlbHoe onpeAeneHae 3KoHoMr,rqecr(H
HaHBblforHelZu:ero l]LlaMerpa Mo)Ker BbmorrHqrbcir no npa6ruxernrolZ
$opv,w-ne:

Dr* (3.8)

D - - ^  t  l ( l  F - -  ar i  c. 5.Li.  i  pa(prtK JaEHcHMocT:H z: i@n)

(3.e)

/00

MasnuaruHo .qonycrarrolfi truaMe-rp
rpy6onpoBo.qa no yqnoBasM pa6orul 6e;
ypaBHHrerrbHonf, pe3epByapa

F--
I 'v*uxrL

,/ -kruort
D
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rAe_Ovaxc - Mrrr(crdMirJrbHblfi pacxog rpy$onpoBoga, w3 /c; L _ Errlrr{a
rpy6onpoBo,qa, M; Ho - srarHqecrcafi uanop, M; z: - npolorirrt"ro, rocrL
nonHoro 3ulKpbrrr,rrr perynHpyroqefo opnaHa rHApoTyp6rutr, c:

y: f t .3Ntr InpuqeaCHIzrcoe@$r,a.gzeHT;g-ycKopeHHeceo6oAHo-
t / L + z

ro naAeHHrI, tt/C'; Z- oTllOCHTenbHOe .qonycrHMoe npeBb[ueHHe Aar]re_
Hufl, npu rHgpaBnHqecKoM yAape.'B gaBr,rcarvtogra or crarnqecKoro runopa 3HaqeHHe z onpeAer.qior no
rpaQr,lq (puc.3.19).

Bperur:r noJrHoro 3aKpbrrnrr qgrynupyrourefo opfaHa rr,uporypOrrnur
npr4r{r.{Mrrror paBHbrM Or 3 AO 8 C. rIpH pa6ore Manbrx |-3C B 3HeprocHqfe_
Me B UeJrsx orKa3a oT ypaBHHTerIbHOrc p$epByapa Bo3MO'KHO )rBerlrjqe-
Y" Tt.go 

30-a0 c- Ec.rrre wraMeap, onpe.qelentrtrr no eopvy.rie (3.9) irprr
'rs : J7o c' 3HaqIZTenbHO OOnbtUe 3KOHOMH\IeCKH HanBblfogHeliruelO,
cJleAyer yBe&rwdBana Tr, npu6eraa K .qononHaTenbHbrM MepaM, orpar{H-qlIBaIouIHlv{ pa3roH rHnpoalperaTa (yeenr,rveHHe wuroBor.o MoMegra 3agqer ycraHoBKu ttu6o fe_-Heparopa c irr*(ereHHbri"r poiipoM trilri Beprri_
KanbHblx rl4lpoarperaroB' na6o MzLXoBHK a trJtfl, ropr,r3oHTaJrbHbrx rr1;tpo-
arperarca).

To&rltd{a o6onoqcu craJrbHofo rpy6onpoBo.qa N{o)Ker 6urrr orrpeAen e -
Ha no "KoreatsolZ" Sopuyne:

/? ]n)

lAe p - BFryTpeHHee,qaBneHHe, rcr,/cvr; D - BHyTpeHHvtl.t gnau.terp .rpy,6o_
nPgloAa, cv; R - pacr{erHoe conpo T:HBreHue crajrH, rc/cM2 .

Tonrqru-ra o6olo.rrcH crarrbHoro rpy6onpoBoAa no r(oHcrpyKTHBilbr^{
coo6pa-xe.HHgl.t EonxJ{a 6ur- i ie ivi€Hee l

6  r# ,

t I p u D ( 1 r ' a
f I p N l < D < 1 , 6 v .
r T ^ , ,  1 < < r \  / t - -L t y n L r v  \ I /  \ . t M . .
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rpyfunpoBoga AaFrbr B [13].
Xeneso@ToHHr,re rpyfunpoBotrbr Moryr npHMeHrrrbcs Frz M&rbu6 fOC

B OCHOBHOM B Br.{ge CTaFIAapTfrbrx C6OpHUX pacTpy6Hr,rx Tpy6, rd3roTaB.rrH-
BaeMbDC B coortsercrtsHu c |OCT 12586.043*. Tarcue Tpy6u BbrnycKarorcrr
npoMbrrrneHHocrbro E{aMerpoM 500-1600 rvtrr Ha Hanopbr;lo 200 v: OHn
yrualbrBaroTcrl Ha no.qroToBKy n3 rT'ar{r4fl, rlr6o 6eroHa.

Brnonneuue ryp6mu-oD( Bo.qoBo.qoB H3 MoHToJMTHoro )Kene3o6erG,
tra, a rar<)Ke cTarlex(eJI*o&ToHHbIMH erea JrH qeJrecooopmlHo BcJreAcT-
B-e rex_FronorHr{eeK,I.4( enoxxocre_-E= I4rcrno.re-HHeM Motyr or_a:-?ar_cq
Tpy6onpoBogbr Oormuoro .q,raMerpa (D > 2 u). .

BogQrrpnel,cutr(rr lvdaJrbrr( fgc. BoAonpn€MHHKH pycrloBblx lvnlrrbrx
[€c qB.ntllorcg q€lcrbto 3Ear{LLq rI-3C, BogoryueMHHr(H ruroTuHHbrx H
AepHBatrry{oHHbD( MuLnbrx fgc {loHTHirHbr, no cxeMe BoAo3€tfupa vD(
pas,qersuoT Ha FuuopHbre H 6e3HanopHbre.

flo rcoHcrpyKrluH HarropHble BoAonpue\/ftryrr<H MoryT 6ulrr nro TvrH-
H l , IMH, 6eperoBbIMH vrI :o i .  6ameHHbrMH. fhorpn-rrsre Bo.qonpH-
€MHHKH, p€I3werrneMble B Tene 6eroHHolt wlorwttw, xapar(TepHbr AJrtI
6onrnrra< nnoTHHHI'D( f3C, a nnr. MZrnbrx fOC raJ(oe peureHHe flBJrrrercrr
Aocrarow{o pell<lrM, nocKoJlbKy .qnq MZrJrbrx f3C Bbrcor(He 6erorurrle
I-InOTHHbI COOpy)KaroTc'I pepg(O. BepercBbre BoAonpHgMHHr(H ycrpar4BaroT-
cs B cn) rae co3tral{H,I lv{iLIrbIX l3C npH Bo'qoxpaHl4nHrrie c BbrcoKofi
TLnoTHHO Ft WS fpyHTOBbrX N4aTepH€L[OB.

F[au6oree pacnpocTpaHeHHbrMu flBmrorce 6aruessrle BoAonpHeMHH-
tcvt. Ytx ocr{oBHofi 

' 
npnenax - orAgrlbHocroqrqatr 6aru-ua c BoAonpHeMHbr-

MH Oreepcrnfiwa. Bepx oTtsepsp.rrz 3artry6neH noE MI4HHMaJibffiuz
ypoBeHb Bep)<rlero 6re@a Ha 0,5-1,0 rur. [InoTr\afF orBepcrHr1 Ha3Haqerra
rr2 lrr.nnp.r,rq o6ernecre.Hwgl cl{nnrrr-Tu Rrrn+-r Ha r-Ip-rtrrr,{trrae.r,rnii nerrrF"rt{e He.
. 4 J v - Y - - . - g . - v . ! . v

6onee 0r5 tdg Ha oqHrr{aeMorz l-12 r"r,/c" BarueHHbIIZ Bo,qonpH€MHHI(, KaK
nnoDt rnn  rn raa . f  f - r i ! . t  no l r ^L t ,T runm oo tmovndT : t r r e  n t / r n r . \ t r o raaa tnn " ,  oo
rLycLE) ruLv ,  r uv rvv r  . 9  yv r v r v r l r r r v l \ . ,  ! gyq l r \ + ] v tL rL rL ,  yas rvJ r ' { aQv l vu l r r  \ ) ca

pernerKoft. B erryuae orcyrcTBkre B 3&aril.kr NraJIorZ fOC npeATypopfrsoro

3aTBOpa peMoHTHOe 3arpax,qeHHe BblrlorlFlgeTcfl B Br.r.qe 3aTBopa, npHroA-
HOrO DJT'a OrryCKaHVTe B FlaKyut).rtrcfl rtOTOK.

Mn MaHeBpr4poBaHHr peMoHTHbrM 3arpa)greHueM H perrrerKofr (ecrna

oHa HecTaqHoFrapHa) Ha BoAonpHeMHHKe EoxxHu 6urrs npeAycMoTpeHbr
rpy3ono.q'beMHble MexaHH3MbI B BHtre KpaHoB, re6e.qoK vlJlu BHLfToBbIX
noA'beMHHKOB.

lutr. oq?rcrr(H peluerrcn or lvrycopa rrepe.q sefi voxer 6srrr npegycMor-
peH nas fpefioepHoro h{exaHr43Ma.

Bq:HanopHble BoAonpH el'r.ltr-fr<u o6snrrt o rlBtlttrorcq cocraBH olZ qacrblo

fonoBHoro y3na trepr.'E,arryloHHoii vaJlolz f3c.
OcHoeHaq npo6leva, croqllr,aq nepetr npoeKTupoBttiriKaMH npH

pa3paSorKe raK-ltx coopyxe.uvtfi, - 6opl5a- c nona-.qaJ{L{erv! loHHL,Lx HaHcr

* fOCT 12586.0-83.  Tpy6rr  xereso6e:oHHbre HanopHbre nu6porrgponpeccoBaHHbre.
TexHNqecKHe ycnoBHl.

't8

coB B SHepfeTr4qef]|g,fr lpar(T. oHa peuraeTcfl frpHMeHeHHeM KoMrLneKCa
KOMnOHOBOqHbD( H KOHCTp)TKTHBHbU MepOnpH g.rv'frr.

K xor"rtoHoBorIHIrIM MeponpHtITI4flM cneAyer npexAe Bcero orHecrH
pa3MerqeHue BoAonpHeMHHKa Ha Bornyrrov 6epery peKH, KyIa B pesynb-
TaTe flonepgrl1ofi qaprcynflJwl noToKa ycTpelv{rsroTcrr cBofu.ryrble oT
AOHHbIX HUIHO@B nOBep)GrOCTHbre CrpyH. BOgOnpueMHHK npH 3TOM
peKoMeH,qyeTcs pacnoJlaraTb HHxe cepe.qFrbr KpHBoru4HerzHoro )rtracrrca
pycjla- flpu oTcyTcTBHH no.ryoAqu{ero noBopoTa pycra MoryT 6srrs
HCnOtIb3OBar{bI HruKeHepHbIe CnOCO6UT CO3.qaHHq HCTCyCCTtseHHOT; frone-
n o r n r n i r  t n l n l a l t r t c r t r r n r  n / \ m l t o  D  r o r r o m D o  n  r r r n r n  r r -  r r r J v  r . n u / r r n  ^ n  r r n
y\/ 'a,r lUrft  L+FLyt\JJvLt+LrL rrvlvl \qt D r\4avvlDv vl4l rvl  \- ,  rL) I  l rrrt  lYl\- /nl rV 

f,wf\L/-

MeFUIOBaTb CTpyeHanpaBJIsnuIHe cHcTeMLr M.B. lloranOsa.
K rcoHcrpyKrHBHbIM MepaM cneAyer orHecrH peueHHs, o6ecnequBap-

rrrr e,rTnnr.fl-Tnl(v rv-qxnpI-rFII-Iy I-r2Flrv-rtFl 3rrr pnnrtnnrrpf,flJurlr t:'rL{nnnLr.L-rr-
. l { r . v  v  - v  v v H

ro" THna c troHHorZ Bo.qo3tr6opHorZ ftulepeef, 3ar.tu,ru{eHHorZ or nonara-
H:/le, HaFrO@B perueTKoft. HetrocraTKoM enf, qBrfleTcs perynspHoe

3acopeHHe peueTKH KpynHbr!fl4 HaHocaMH. Boree HaAe)rGyro paoory
floKEt3brBaloT [ra)(TFIbIe BoAoIIpHeMHHKH. B HpO< BepTHKatrbHbre peueTK H
He norBep)KeHbl 3acopeHuro .qoHHbrMH HaHoe.wr4, otrHaKo ga6naarorct

nnaBaroury.rM MycopoM H Tpeoynr nep Ho,uHqecK o fr npoMbrB K H.
flpra rnnw{uu 6ormurero .q"rura MeJrKHx Sparcunfi HaHocoB cyulecrBy-

er orlacHocrb Hx Bblnagerl:afl B oTBoArrufeft rarepee H ee 3acopeHHq,
no3ToMy BecbMa oqB€TcrBeHHbIM qBrflercq o6ecneLreHne crcopocrcir
Bo&L npH KoropbD( 3a!{reHue He npou3or,i.qer.

35. OCOEEHHOCTII OPTAHH3AIIHH CTPOI,TTEJIbCTBA
U IPOH3BONCTBA PAEOT

Yqnoerrq cr.DonTeru,crBa Matlbtx l3C B pa3nHqHttx Daiior-t&X crp&Hr,r
ornHqilJoTcsl MHoroo6pasnew. floerovy H noAxo.q K opraHH3aUHH crpor{-
TerrbeTBa He Moxer 6smt e.uHHbIM, oH .IIorI)KeH vqHTbrBaT oco6errHocrrl
pa3MeuleHHq fOC. flpa opraHH3aUHH crpoHTeJrbcrBa KoHKpcrrtoii
Manofr fOC Bo3Mo)KeH o.uI4FI H3 Tpex BapHaHToB ee Bo3Be.qeHHq:

lyraila9. f3C cTpouTcs B cocraRe ru.qpoy3na KoMnneKcHor! Ha3r laqe-

\iana.s f3C npusrpawBaercs K y)Ke cylqecrByroqeNry rHgpo)'3rr)'.
Haxo.qsuleMyct B 3Kcfltry aTauuv;

\ anafl I-3C aBJrtercq ocHoRHutv o6reKToM crpoHTembcrBa rra r iogoii
iljlorI'raiiKe.

flpu coopyrKenuu MaJtotr f3C B cocraBe Bo.qoxo3qusrBeHuurx o6r,er-
ToB Bce crpouTeJrbHtte padoTbr no f3C .uol)KHbr Becrhcb ferjepanr,r rr,r\1n
noAps{IulblMH OpfaHH3aIJJ4flM[4 npH ]/q.ACII!'H CneuHanH3HpOBailtlr)rx
opfaHH3€r uult s MoHTa xe o 6op yaoa aHt4tl.

B cegslr c orHoct{TertHo geCoruuiil"i o5-lei"foivi pa5or oprarii::liii i iri
CT-DOHT8IbCTBa MaJIO ft f3 C Onpe.qen fleT crt o 6 uie fr cxevoil CT^Do HTe,r I b cf '-

Ba rHgpoy3rla, er! npoH3Bo.ucrBeHHorz 6asofr . 3ro Aorx(Ho f{r{TbrBarbcl
npH Bbloope KoHcrpyKTHBHo-TexHoIonr.rqecKHx perxer ult no lularofr f-lc.
far, HanpuMep, eclu Ha rutrpoy3ne B ocI-IoBHoM ItpHN,reHRercrI MorioJtHT-
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HLilZ 6etou, a qHqno la4elrlrTu:+rblx lv{zrJlbrx fPC B rrpHtrefapuryrx pafroHax
r  t 6  n n  K n n a a  r r a f r d ^ n a A - ^ ^ t r r  r '  r
LvL.Lr L\)t t-rvJrvt/ r{lvJlrvtv\J\r\/yck)nrJrA lvl\,r/ ,91 \,l\CLf<LtDli'r vv\JyJ./t\Vf-lytg lJd.'f|fLVyl

MaJIorZ.fPC npu rHtrpoy3Jre B MoHonHTHbrx KoHcrpyKrJuflx,
flpn pa:r'aeu{eHHH crposu{ertcs vanofr l3C r,lnugu npoH3Bo.acrBeH-

Lrofr 6a:ur .UocraroqHo KpynHofi rH.qpocT'poaTerrbHofi opraHH3alpru B
noqrelrHelz uerecoo6pasuo csopmapoBarb creqHalbHyro 6pnra.uy,
cvnar,rt4 KoTopofr H Beqru coopy)KeHue l'zrattoit l3C. flpn MiLccoBoM
crponTenbcrBe N{nJIbD( fOC B KaKoM-JM6o paftoHe, fge Her raKHx Kpyn-
Hbrx KoILIeKTHBOB, 6Onee UeneCOOopa3HO COsAaHHe CrreUHarL]Hg;iIpOBaH-
Hoft opraHraarJwt. B .racrHocrn, sro Mo)Ker norpe6oBarbcJa ua DatuHeM
Bocrorce trxq grpoerrexbcrBa MaJIbIx f3C rra KaNaqarKe u a flpurrlopbe, B
TaaxenccKofr CCP vr r.D,.

flpn pa:Meu{eHHu crpofi-s1grrurrutH ly,anoit fOC Ha 3HaqHTerrbHoM
ytranenlrr or KpyrIHbIx rut@JIeHHbIx nyHKToB H cnox(Hofr rpaucnoprHofi
cxeMe 6olee uenecoo6pasHo BecrH crpoHTenbHbre pa6oTr,r 3Kcne,qHuuoH-
Lrr,rM HrrH BaxroBbrM MeroAoM c 6nHxafiuseFt npoH3Bo.ugl.BeHHofi 6a:sl.
AHalorxqHo .qonx(ruI opraHl,r3oBbrBarbca pa6ora no npHcrpofixe MaJrL,u
I-3 C K cyurecrByrou.$4l,{ 3K cnnyarupyeMbrM rH.qpoy3naM.

Baxsefiurav ygnoBHeM co3,qaHns aKoHoMHqHbu Ma-rlrrrx f3C qBrrser-
cs L4x crpoHTenbcrBo B KpaTqaitwue cpoKH. Tax, Marrbre I-3C MorrlFro-
crbro I ruc. rcBr Eol)KHbr crpoHTbcs a npenelax I fo.ua, Mo[u-rocrr,ro
l-5 rurc. rcBr - 3a 2 roEa, 5-30 TbIc.KBr - 3a 3 roga. Hx eosee,aeHue B
KoporKHe cpoKH noJrHocrbn 3aBucnr or npaBurrbHoro au6opa KoHcrpyK-
THBHO-KOMnOHOBOTJHbTX peUreHUfi, CXeMbr BO3BeEeHHs COOpy)KeAVtFt,
o pf rrHH3ar.$.{oHHGTexHrqecKoil nollForoBK H cTpoHTenbcTBa. ocHoe H brMH
HanpaBneHHq.MH COKpauIeHHt CpOKoB CTpOHTenbCTBa MaJILtx fOC
'BJI'IIOTCq:

1) crpora'renbcrBo ol+IorHrIHbIx MiLJIux I-3C Ha ocHoBe ytuQur-tHpG
BaHHbrx npoeKT0B;

2) crpor,rrenbcrBo lvctJtblx f3C, ytraneHHbrx oT lrpon3Bo.ucrBeHHbrx 6aa,
cH IIA.rvfJft nepe,uBH)KHbIX CneIIHanH3r4pOBaHHbIX 6pnra.U, MeXaHH3HpOBaH-
HF,rx KonoHH e npHMeHeH_ueM BaxrcBofo Me-ToIra npuR_[e_-qe_.Hng. pa6ovetr

CHIbI;

3) npuveHeHue rotrbKo BpeMeHHoro )r(Hrbq (o6qexr,rrufr), Murrepa-
anbHblx cKnaEoB u trpwH.x npoH3Bo.ucTBeHHbrx H HenpoH3Bo.ucTBeHHbrx
obtercroB B ocHoBHoM B BHIe nepeIFHXHbIX, KoHTeITHepHbIx a c6opno-
pas6opHrrx KoHcrpyrcuNfr ;

4) r.aarccnMaJlbHoe npHMeHe*ue B KoHcrpyKrJvrflx c6opHsrx 3neMeHToB
H 6norcos, 6lorccercqufr 3€rBotrcKoro H3roroBneHHff;

5) KoMrlneK'r::^ar. nocraHoBKa TexHorlofHr{ecKoro o6opygoBaHHq
6,rorcaprpr 3aBogcKofo H3foroBneHuq;

6) gneKTpocHa6xespre crpoHTenbcrBa or cerw vnv nepe.mH)Kru,rx

AH3erlbHbrx 3rleKTpocraHuHfr, eopocHa6)KeHHe or Bogonposo.uHoil cerH
HJIH Bpevesnoft HacocHofi craHunv, v3 peKH HJIH cKllax(HHbr) Ito3.uyxo-
cl ia6xesHe oT nepe.q,Bux(Hbrx KoMnpeccopoB;

7) HHeprl{bre M;LTepnar.bt no-Bo3Mo)r(Hocru Aorr)KHbr 3aBo3HTbcs vt3
cy ule cTB ylo tlllo( pafi o rur ulx Kap bep H IrIx x o35I it cra ;
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paftonax crpol,rrenbcrBa M&rlbix f3C, ueo6xo.uuMo Hcnoi-ib3oBaTb Bpe-
MeHHbIe AoporH, SBTo3HMHHKH, Bo.ryrbtit u asuarpaHcrropr 6es coopyxe-
HUfl, Cneqt|aJlbHblx .aIHHHbIX no!',be3l+rblx aBTo.uopof nocroqHHol-o
nefrcrBus'

flpra coopf)Ker:rru'r 34&Lilae. l'zratoit fOC Ha cyulecrByroueM BoAoxpa-
HHJTHU{e gTnaAaer Heo6xoIu4Mocrb B crpoHTerlbcrBe )KHrbn B norrHoM
o6reve (s.qecb Bo3Mo)r(Ho nonHoe uJtH qzrcr!{lrHoe Hcnorlb3oBaHHe
nocerlKoB), o6rercToB cor$(yfibr6brra, HH)KeHepHL,D( rcorurr.rysmcaunfr H
a-BToMO6HnbH!,Ix IoPOl. BCe-- gTtr, a TaKXe Bo,?Mo)KHoCT- qacTHrIHoI'o H-[H
norrHoro Hcnotlb3oBaHHq cyqecTByrorqifi noAco6Hsx coopyxeHrztr
3HarruTeJrb Ho ycKo ps r crpoHTenbcrBo 3AaHHq 13 C.

flpra Bo3Be,qeHHu 34&rl.taq [l3C B cocraBe crpo-qur,rxoa rHnpoy3-rrorr
OAHOBpeMeHHO C npOr{HMH COOpf)KeHH'flrv*r HCflOIIh3yIOTCS IOCeIIKH L1
nogco6Hr'te npegnpnflTvrfl rHgpoy3Jra, a raKx(e Bo3HHKaer seo6xogH-
MOCTb B HeKOTOpOM pD( paCr.UHpeHL4V.

Cxertaa Bo3BeEeHwI ocHoBHbIx coopyx(eawit Manbu l3C onpeAenqer-
ca KoMnoHoBKo ft H KoH crp )rK THB HbrMH pe ixe Hr4trr, rv coop y)K e anlt.

3eun*u're pa6otil CoopyxeHHe nepeMbrLreK, BbreMKa KornoBaHoB r.r
BOgOOTIHB B HI4(, BO3Be,UeHHe 3eN4nqHOfr mOTHHbr .qOJDKHbr OCyU-legrB-
nsT-bcfl noApq,uHbIMH oplarlH3auJ4flillr4 B cooTBeTCTB HH C K ajr eH,[ap H F,rM
rpaQurcoM crponTenbcrBa.

YrcopauteKToBaHHocrb crpoHTerlbcrBa Mi[xaHH3r\AaMr4 gcn]rcHa coor-
BercTBoBa$ o6qefi cxeve npoH3Bo.UcrBa 3eMJIsHbx pa6or u npw{nTrrrM
croco6aM paapa6otcH, TpaHcnoprr,rpoBKu vI yKla:+cH rpyH'ruB. lIpH
eut6ope runoB Mexz,Hr,r3MoB, r.D(. wrcJta cJle[yer J/r{HTbBaTb pacnoJro)Ke-
HHe KapbepHbx rpyHToB e pafroHe crpouTeJrbcrBa, ycnoBHr 3anefarrHt{
rpyHToB B Kapbepax, vrx Sxsr4rco-MexaHHqecKHe ceoi.Jcraa H HHTeHCTTB-
HOCTb yKnaISs rpyHTOB B nnoTr,rFry.

llpa npoH3Bo.ucrBe 3eMrlqHbrx pa6or Hcnonb3yrorcii 3KCKaBaroDr,r c
eMKocrbro KoBrrra 125-2,5 M3, aeTo(zMocBarbr tpy3onoA'beMHocTr,K)
i}-iz T, aBTocr(penepbl c eMl<ocrbro KoBr.ua i0-i5 v3, 5ynt.uo3epL,r c EBri-
rareJlsNo,r MoulFlocrbro 100-180 1.c., nepe.uBr.rxHbre KoN{flpeccoprrr, KaTKrl
uaccofi oKono %'t, Hacocbt tt 6yponspbrBHbre MexaHH3Mbr, a raKx(e 3cN,t-
cHapryrbr npoH3Bo.rprrenbHocrbro 40-100 rurc.v3 B Mecsq npn uenecoo6-
pa3Hocrn yKnaIIKH rpyHToB B Terlo nrlorHHbr cnoco6oM fH.upoMexai{rJ-
3auvt{.

E ^ - ; - -  ' ^  - ^ A e .  T J ^
r-r9l\rnntrrg lr4r,-f,r| 'Dr- lrdl rrJl(Jr I l<1 , r.\g t-t u\Jtall\;Jr-b\-llrd, Ml.dJt\Jl1 I \_./r\u ui1l,]

,qon)KHbI 6omr cBeAeHbI lro MuHnlvfyr\4a npHMeHeHHeM rcoucrpyruuan
3aBo.qcKoro H3rproBrle:Hlar.: KpynHbrx 6rorcoe, 6r,rcrpovourHpyeN{r)rx
naHerreft, 6lorcceKrlr,fft H .up.

CoopyxeHHe 3.uaHus f3C, eo;loc6pocHbrx coopy)Keuuf,t, Kpenirrer ule
^ 6 r t ^ ^ A h  A ^ * t  t a r  ,  r  1 6  n  n ^ r t r ^  n r . ^
L ' IN \ ,U \JE  | Jg l \ JnL rM r7 ,A  r r J ! \ - r ! - - l { 4 . r l \ s  \ J l - _y l r l gL l r t J r , . r t L ,  l LJ t  t \ \ J t v l l r l J lE t \ Ln l ) lN1 f1

MexaH !{3HpoBaHHbIMra 6pura a l,z.u.
Bnugy MaJIofo o6relta 6erotrnurx pa6or no 3AaHHro f3C !{ trp\/r-rrN{

o6rercraM gru pa6oTbr BblnorlHqror B ten.lturfr nepno.u fo.qa, qro 3r raLl t-
TeIIbHO ynpoIILSeT CTpOHTenbHyIO qacTb oerOHHOrO V apMaTypi'lono

r4i
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xo3frfifrB L', anatryt&qHor: iv{acrc\-pci<oi:. B nonHoM o6'ae*ie iieoSxoiii.i'",io
Hcflonh3oBarb ea)mosudA Mero,q. Xa-rrer'a ,4ng pa6oqlD( Moryr qny)KHTb
NEPE,qBHX(HbIE Cfl EUHANW3VTPOB,AHHbIE B€ITOHI{HKH.

Ayrrulc,t ona-rry6orryofi L{acrepcKofi e ocHoBHoM cBo.qgrcJ{ K peMoHT-
HbIM pa6orav H l€roroBneHuro npocroft ona-rry6rul. Crar+aouapua.a,
onanry6rca H3roroBtrrrercs na 6eroHHbD( 3€lBoAax H .qocTulBnrrercg Ha
crpofrn-nonIart*t.

B rca.rec:ae ocHoBHbx OeronoyKnagoqHbrx MexaHrd3MoB rrJrrr Bo3Be-
AeHr4s coopyxeruafi uenecoo6pasHo Hcnorrb3oBarb aBToKpaHbr rpy3o-
norbeMHocrbro 10-15 T, pa6orarorqqe e 6awit elzr(_ocr_to !,6 u
0,8 u3. flo.wos 6eronnofi cMecu ocyrqecrBrrflror aBTocaMocBanaMH.
H eo6xo.uat'ao BHe.upsrr, .qnfl crpouTenbcrBa MaJrbrx f3C 6erouoHacocbr H
MHKcepbt, r{To no3BonHT Ha HeKoTopurx f3C noJrHocrbro orKa3arbcfl oT
6eroHHoro H rpaBHecoprHpoBoqHofo xosarzc'TB c Hcnonb3oBaHueM
cyulecrByroq.o( n pafrormbrx ueHTpax u 1nnsnexaula( roporax.

Ha crponrenbcrBe MaJIbIx f3C e y.qaneHHbrx r,r rpyarroAocryrrHbrx
par"'IoHax Moryr }i.aircu npHMeHeHHe 3EaHprs f3C la HanrraBHbtx KoHcT-
py]{.uvrir, H3roraBtrHBaeMbrx B AoKax Ha 3Har{HTenbHoM y4aileHwu or
crpoltrutolln,r[<H H AocTaBJrteMbD( K Mecry ycraFroBKH c y)Ke cMoHTHpo-
BaHHbIM O6OpygOBaHHer\,4 nO aHaJTOTWH C nOCTpOerU:Olz KACnOryocXOfi
|ISC Mourrocrrlo 500 rcBr.

Morrrareue pa6otlL BaxHefrultla yqloBHeM coKpau{eHnq cpoKoB
crponTenbcrBa H noBblrxeHal KaqeqrBa ycraHoBKr{ o6opygoBaLrkrfl,
sBIIseTCg ero KoMnneKTHatI nocTaBKa c FOnoBHoro npe.qnpvflrnfl-u3r0=
TOBHTENq.

MoHraxy ru MaJrofi f3C nognex(HT rHgpoMexaHp{qecKoe, ra;1pocn-
rr oB oe, gneKTporexHn\recKoe H MexaHr,r\recKoe o6opy,uoBaHHe.

3ro o6opylloBaHue lIoJDKHo nosrvnarb KoMnreKTI{o s 6no.{HoM BH,ue
3:rBO.qCKOrO H3rOT0BJTeH'r-Is HenOCpe.qCTBeHHO l-la MeCTO CTpOHTenbCTBa C
nocneA_ylourefi ycraHoBKort u MoHTaxoM 3Trrx 3rreMeHToB B slfaHuu Y3C.
Mourax o6opy.qoBaHnfl npoH3Bo DI4T:cs,, crporTenbHbrMu KpaHaMH rpysG
r roA'beMHosrbrc iA:25 t

,LrIg euno"r-IHeHHq gTHx pa6or npr.rB.r-IeKarorcg sleurra-rrn3r{poBaHHbre
opraHn3€rqHu lrurpoMoHTax, Cneuru.qpo3HepfoMoHTax u I-u.qpo3HepfG
MoHTax( c KoMarLuHpoBaHHev pa6oveit cunt t K Mecry pa6orm, a raK)Ke
c Hcnonb3oBaHHeM BaXTOBOTO MeTO,Ua.

D,ns, I.OC He6olsurofi MourFrocrH (oco6e*ro c nopH3oHTaJrbHbrMH
nL{rrnnat^ t lpnqT' r t \ f l r \  n^^nrnrraor .n-r ' i  D Err rna 6nt : ' t r - ro t t t t rs t - ,  D^-r .nvuo

t / v !  e . e L f u L . r ,  v v v y J  r r \ s v f v r J 4  D  p a a l l v  v J r v ^ \  v v r \ r - A r r l r t  p v a ) l v l v z \ r r c l

n orlHaq ycraFl oBKa o6opyA oF,a:HHfl Ha f o rIoB HoM npe trITpvnr:HH -H3roroB H-
Tene o6opyUoBat*tfl,r r{To npaKTHqecKH HcKnnr{aer pa6orbl no MoHTaxy
o6opynonaguq Ha crpofrrtnorrtarKe H cy[IecTBeHHo coKparrtaer cpoKa
crpoHTenbcrBa.

f-nprnrer n,T.rrp'T'r.{ .r ' r-  rrrrt  r lTna\rrrpr-r lrr .E r. .  rro rrr-rv fvf/-a D r ro^^nDLrvv J . v . a - { J  v .  v l r v ^ v . z t L p ,  z r v  v r y v l l l v J ^ { J v t p v  l v @ r u r ^  I  v v  D  l v l ( I v v \ J D u r t L

ruacutra6ax conps)KeHo c opfaHH3ar tHoHHbrMH T-Dy.uFrocTgMH. uraBHr,rMH
H3 Koropbrx qBrri{rorcq y.qaneHHocrb or npoH3Bo.qgrBer{Hbrx 6a: MHofHx
Manbrx f3C, pacnono)KeHHbrx e cna6oo6xnrru pafioHax, Heo6xo.qHMocrb
nepe6pocrcH Ha 6onrurpre paccTogHHt MexaHH3MoB ,U.[q BL,rnoJIHeHHs
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Ms,nbD( o6reMoe pa6oT, HexeJlaHr4e crDor,rrenbHblx opraHr.rsauufr v
BeAoMcrB HegHeprerH\rerKono npoQuna BbrrIotIHgTb . HecBofrcrseHuyrct
Nv pa6ory.

3.6. SKOHOMI{IIECKA'I 3<DOEKTI{BHOCTb MATIbD( T3C

llenecoo6pasrmle vacuna6br BBotra MAlIbrx fOC B Tor-TJIHBHo-3HeprE-
TH\recKI,{IZ KoMnneKc qrp€rHbl, KoHKperHbre o6rercrur srpoHTerrbcrBa
onpeAeJrqiccrcs B pesynbrare 3KoHoMr.{qecKofo aHanu3ur pacrleraM}{
3r(oHoMuqecxofi arixirercrrcHogru Hx'crponTenbcrBa. Ocrroer-rbrr'.,{ }.{errJ-
.uoM oueHKH sKoHoMpr\recrcofr sQSercrneHocru cocpy)KeHnfl Manou f3C,
KaK H gla o6u\rHblx fHgpo3HeprerHqecKHx o6rercroB, qBrrqercq M c -
T o l r  c p a B H H T e l r H o r Z  3 O O e K T H B H o c r H .  l i o s r o r " r y  M e r o A ) /  c G
nocTaBIItIIoTcg 3aTpaTbr, cBg3€I-FrHbre c coopy)r(eHHeM H nocreAlrlotqet"r
SKCrL[yaTaLIVen paCCMZrTpHBae MO|O 3HepreTHr{eCKOro O6tercra, c aH ar o-
IHI{HbIMH 3€LTPATAMI4 NO AIbTEPHATHBHOMY NPOEKTHOMY PCtUCi IIIIO,

o6ecne.aaeapqeNry o.enFls.Koebtfi 3Hepferrz'tecrcnrZ aOQercr npu co6;rxt-
Der:'wvt Hatre)KHocrH H KarrecrBa 3HepfocHalxe:Hus B coorBercrBnrr c
rpe6yem'IMu Hoplv{arHBaMH. SxoHoMu\recK-pr onpaB.qaFrHL,rM qBrrrrercrl
BapHaHT, uruenug.aZ HaHMeHb ullae 3:rrparr,r.

B o6u.rgblx 3KoHoMHqecKHx pacqerax Hcnorb3oBaHHe Mero.aa cpaBr ir.r-
teltnofi a$@ercnoHocra npegnonafaer o6ssareruHoe BbrrrorrrrenHe
ycloentr gKoHoMulrecrcofi H TexHr.r\recrofr conocraBaMocrn cpaBHuilae-
M b L K  B a p H a H T o B .  Y c r o B H s  3 K o H o M H . { e c r c o f r  c o r r o c r a B r . J -
MOCTH npeAyC\4aTpHBarOT npHBeAeHHe K COIOCTaBHMONiT BHAy, C
o,+toft cropoHlrl, pa3Hblx no xapaKTepy npoH3BoAcrBa 3€LTpar - e,u,HHorrpc-
MeHHbD( KannTanoBrro)KeH uit u trnHTenbHo npoAon)Kar,orrpfi crr e )K clo/t-
Hbtx H3llep)KeK npou3BoAqrria, c npyrofi - pa3HL,rx Bo BpeMeHn aScorrcT-
HbIx 3Haver*rn arlt< 3€rrpar. B npnveHert:ra K MaJrbrM f3C, Koropr,rC
xapaKTeprcyloTctl He6Ormurh\/*r cpOKaMH qrpoHTenbcTBa (Ao i -2 ncr) I r
6r'tcr.osttul @B@HHeM pD( MonlFlocrH 14 asloa6orrclr 3neKTpo3r-repnlrr.t,
npHMepHo TaKHMH )Ke, KaK H B aJIbTepHaTHBHOM peLUeH WV, pa3H,OB peMC r r -
Hocrb 3arpar Mox(Ho He yqnTbrBarb, T.e. gKoHoMr{lrecKoe o6ocuoBauur'
3arpaT npou3Boryrrb 6es yrera Saxropa BpeMeHH.

Y c n o B H q  r e x H H q e c r c o  f i  c o n o c r a B H M o c r H  B a p n a r t r a  u a , ' r o i r
I-OC H anbrepHaraBlloio perueuHq o6ecneqnBarorcq BbrpaBHHBar rr rL.Nl i ix
sHepreruqecKoro e$Sercra c co6ruoAeHaeM HopMurrHBoB r{alexr:ocrr.l t1
K.aqecrBa 3Heprocna6xeHns.

B grpfx ycJroBnl* 9$9$rrl,aloqefi 3KoHoMu.{ecrcofr xapaKTeprrsrur.toir r r
BapI/,aHTa cTpOHTenbcrBa vranort l3C, H anbrepHarHBrrofo perrrel{rri ri
coorBergrBHH c TLrnosoft vero.trrzrcofi aSQercrnBHocrH KanlJTarrri lLrX
sroxeHl,Ifi [33] gBrqlorcq npHBeAeHHbte 3zrrparbr) paccqrirarrrrr,tc n()
- t - ^ - -  - - - ^
tpuPIvryJl\,

3 : E,.K + H, (3.1 1)

rge K - e.4,IHoBpeMeHHbIe Ka.I-IHTaJIbHbIe BJIox(eHHl no AaltHoMy Bapll-
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aFiTi clpoHTeiibcTBa; Ii - f€r.qoBbie 3Ksr-ulyalar.IHoHHrrre H3.qep)KKH: E" -
HopMzrr"rBHblfi KoeS$ru.vrerm aQQercrHBHocrH KannTanonloxenrafi,
npwrnMaer,c;frt p€t BHbrM 0r0H, I 2.

Kpnrepnev oKoHoMlrlrescofi qenecoo6pasnocra crpoaTenbcrBa
KoHKperFIofi ruarrof fgc qBntlercr coorFrorueHHe npHBeIIeHHbrx 3arpar
B F,aprdarlTe lritzlJlolU fgc H a[brepHarT.IBHoM per.ueHv*t. CtpoprrerrbcrBo
.qal-rnolZ vanofi I-3C cquTaercg gKoHoMH\recr(H o6ocHoaaHHbrl4 ecnu
npHBeAeHHbIe 3aTpaTLI B anbTepHaTHBHOM peIUeHHH npeBbltxaloT ZIHaJIG,
rHqHbre 3arparbr npn cooprye:e.nu 'l.z.astoir fOC, r.e.

3e  E^Ku+  Hu

3"..
) l, (3.12)

fAe 4r. v 3u - npHBeAeHHbIe 3arparbl coorBercrBeHHo B BapHaHTe
crpoHTenbcrBa r3c H aJrbrepHaTHBHOM pelueHr.rlr; Krsc v Ku - e.ulfHoBpe-
MeHHbIe KanHTanoBnoxeHnfl B BapHaHTe crpoHTenbcrBa fgc H anbrep-
HaTHBHOM peirreHllo/.l Hrsc H Hu - ro.qoBble 3KcI-LnyaTaUHoHHbre l€.aepxKu
B BapH€rFrre I3C n arIbTepHaTHBHOM per.ueHHH.

Konn.recreeHHo oueHHTb roAoBofr gKoHoMr,rqecKufi ee0ercr 3.oo or
coop}/)Kelts.ufl. MaJrofi f3c MO)KHO pa3HHrlelz nplcegeHHbrx 3arpaT:

9"oo: 3u -3*. :E^(I( .  -K.r . )  + (Hu -  Hrrr) . (3.13)

3rcoHoNrur{ecKylo e$QercnaaHocrb coopyx(eril.rs, t\uraJtofr f3C Mo)r(Ho
TaKXe OTIeHHBaTb nOKa3aTeJIeM cpoKa oKynaeMocTH IIonoJrHHTerrbHbD(
KafIHTatIoBrIo)KeHvrFr. Tar, 3:l cqer 3KoHoMHH Ha ro,qoBbrx H3trep)KKax
frpoH3Bo.ucTBa

7o*
Kr.. - K"

Hu- Hr.,
(3.14)

rAe TH - HOpMzLTHBHbITZ cpoK oKynaeMocrH Kar-rHTaJroBrrox(eH uit, paa;g1afit
o 6parHo Fr ee nuq,$te H opMarHB H oro rc os S fr pnr HeHT a e$$e.r< ran H ocrra E, .

KanuraloBrlo)KeHnfl, B cTponTenbcrBo f3C B KoHeqHoM HTore onpe-
trenqlorcs BbIcoTolZ no,qnopHblx coopyx(esurt u qHcroM ycraHaBnvgae-

r  ro  r  ra i i  / - \<^ ^ ,rvrDLL ncl Et'vrr tvt' \Ywa,L y('l 4I\J5. \-rUUUnUbbllJilKJ'1 3'L'yl llaPaMe'fpbl A.ll5t

Kpy[Hbtx H cpeAFll{x fOC AoBonbHo crlo)KHbIMH 3KoHoMurrecrcHMpr
pacqeraMH, nocKoJlbKy .Uaxe He6onbr.uoe. Hx r,r3MeHeHHe Brleqer MHoro-
r,ivI JTnHoIxlbIe 3€ITpaTbI, 3HaqHTeIIbHbre H3MeHeH Vfl B CrpyK Type Mo[-FIo-
cretr 3HeprerHqecKolz cncreMbr H oKa3brBaer cyulecrBeHHoe Bnyrrlg1ue Ha
^ r / n  n n  r r r a  a 6 F r a i n   ^ ^ *  tJN\_,Jr \ . r r  vry ,vur \ -yr \J  Lrvrv lc l . ravE! \y  Ltvy lJ tyLd. ' tu t t tc ,y l  LvuunLwunkl .

Malutg fOC. KaK tn""rta,. He. aa"olrrtn ,r m cr{rl n,-rr^-rru6rzrrr-

cyuesrBeHHyro porrb HH ; paserarr.r; r";;;;;;;;;;.;- 
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;ilr#
rrecKofr cHcreMe. Uelecoo6pasnocm vx crpoHTenbcrBa Bbr3brBaercs
npe)KAe BCefO CTpeMJIeHHeM K BOBneqeHHIio B TOnJIHBHO-3HepreTI,IqeC-

il4

Kr4n GaJI,aHc gIpaHbI KaK l"ioxi.t{o boraruc Bo3o6HoBrrieMF,ix 3HepioFC-}T-
COB B Uenqx 3KOHOMHH opi'aHHqecKor0 Trlr-ull,tga. Br"reqre c reM, KoHeqlro,
HeJrb3t npeHe6peraTb u r-D( TaK Ha3brBaeMbrM MorqFrocrHr,rr.,r aQQeKToM.
BesycltoBHo, npH ycraHoBle HHo ft vourHocrH 3HeprocHr oBoro o6op ynooa -
HHfl B coBpeMeHHbIx 3H e p focH qte M;Lx, H3Mep q eMo fr .uecq rK aMu *fl4 nr wl o -
HOB KHTIOBATT, MAJIbIE I3C Mou{FIocTbIo .tra)Ke B HecKoTTI,Ko TbIcrrT]
KHJIOBaTT He Mofyr BbrfIOJrHqTb Te Xe QyurcrJJ4H, r{TO H O6snrgr,re Kpyr r_
HbIe H CpeIFrHe SneKTpOCTaHL\Hr4, a HMeHHO perynHpoBaHHe ez.CTOTr,r
TOKa H }{Anpflx.eHr.r''. B ceTH Me)KCHCTeMHbTX nepeToKoB MOUIlrOc1rr1 H
3HeprHH, o6ecneqeHHe $ytt*ttprN cHCTe.MHor! pe-?epBa r.lougtocrr.t 1
3HeprHH. Tev He MeHee MaJIbIe fOC Moryr cbrrparb norro)KH'reJrbt ryK)
ponb B nOBbIIUeHL&r Ha.qexHocrH sHeprocrra6xeHHrr MecTHoro palior ra, n
r{acTHocTH npw BHe3anHbrx H_[H npe.q]/cN1ol'peHHblx 3apaHee oTKjtrc,-jc
Hll.flx oT SneKTpocerefi ortrerllHbtx 3HepferrqecKax pafroHo9 vrrLr noTpe-
6ureneEt.

HcxoAq H3 grorot AIrfl MaJrL,u fOC AonycrHM 6o,ree y.npou{errrir,rii
no.qxoA npH Bblbope Hx napaMerpoB no cpaBHeHHro c o6lqenpHHrrrl,rM
llrlq KpynHr,rx H cpewrux rHApo3neKT-pocTutrtult. B .racrsocTr.r, rJopN{&rb_
nufi nognopur'rfi ypoBeHb Hx BoAoxpaHHnHrJl, rcoropurrz onpeAenqer
Bbrcory noAnopHbtx coopyxet]trrit, qenecoobpa:Ho B o6u{eM crryqae lre
eut6npart, a Ha:]Haqarb H3 ycnoB;z.fl rwl4tvtvryi\ia 3arorrneHuil u orprltla-
TenbHoro B'I'Jr9.rrIj.q' Ha y)Ke cno)r(HBrueecs npHpoAononb3oitaHr4e. Il
Ka)K'qoM KoHKperHoM cryqae Bcef.ua cyulegrByror $amopur, orparlHrrr.r-
Balou{He Bo3Mo)KHorfi ypoaeHb nolnopa - Bbrxo,q ua norZr,..r-y, 3arorlDer r}je
H nO.qTO[neHHe Ba)KHbLX TpaHCfIOpTHL,lx KoMlvfyHHrcaql-rt7i, l{age-rter{}rr,rx
nyHKToB, o6lerctoB Hapolgloro xo3qEcraa. B npe.ue.nax 3Tr,c( orparg.{qe-
ti.ufr , r{T06r,r norryqHTb, M;rKcHMaJrr,Huuz 3Hepr€THqecrcHfi s(>eercr, uer e-
coo6pa3Ho cTpeMHTbcq K cos.traHHlo uaH6oruuefo Hanopa.

YnporqeHHo cJleAyer noAXo.qHTb 14 x atr6opy ycraFroBrreHHolr vouu to-
CTH Manbtx fPC. BosnoxeHHe Ha Mairt,re I3C 6y+xUplH pe-.3e.pBa MoLr$rL)-
ffn H 3HepfHH MecrHoro paltoua [petrnonafaer nonHoqeHHoe Hcrrorrr,3o-
E.a.rtyry yrx wluu+leL-l'r4 rJ ljacr{e1'Hbtx, KaK npaBHtlo, 3HMHI,NK fpaQHKaX
3neKTpHr{ecKoIZ Harpy3KH grofo par"JoHa. I4cxoacr }13 ojfrrHaKoDi,ix
rpe6oeaHnfr Ko BceM SneKTpoCTaHUt.tflM K noKpbrrHro Harpy3KH
MeCTHOTO 3HepreTHqecKofo pairoHa, rrcfionb3yeN{arr N{ouUl()(,t.n,
N".r, KoHKperHoft valolz I-3C, HanpuMep, c BoAoxpaHr4narurelvl clroLrlo-
rc peryJrHpaF,ar].:H9. 6yner onpeAentrr-bcfl B 3roM crryqae rai(:
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rleNcyr - cpeuHecyroqr{aq (cpeguesuuunn) Mou_tHocl, nrarol-r IDc'; t' -
rItIoTHocTb pacqeTHoro rpaQurca 3neKTpHrtecKorz Hafpy3Kr,t NrecTr roi r)
paLloHa (l lpH u'r1-v-ItrllL4w lJa.HIjh!-X Mox-Ho npHHv!I..4aT- paBrIOIj Ur)).

ftq l la:rofr I=C, He r4r..{elouieli pefyxrjpi/iouicio cTOK tsoaoxpaiii,rj ir i-
rria, T.e. pa6oraroqer7 Ha ecrecTBer{HoM croKe.
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natee, vg eraHpptr{oFo ru4)ocu-rloRorto o6oprrgoeanHg no Bo.q{cL
3HepIETmrecKHM xapaKTepucrwr<aM KoHKperHoro crBopa no,q6npaercrr
THn f?I.q)oarperaroB, qHqlro Koropbrx AoJDKtro 6onr raKr,tr\4 qro6t'r ux
cyr\dMapH;rrr Mou.Frocrb 6ri.tle- He MeHbure \.r.,. OrcoH..areJlbHo tJHcJro
rH,qpoarperaToB, T.e. ycraHoBneHHaq Morrrrocrb tqanoit f?C, onpe,qeJ]rr-
ercs gKoHoMI4\recKHM pacqeroM nyreM @nocT€lBneH'lz.g 3arpar Ha
ycraHoBKy .qononHnTenbHbrx rHApoarperaroB, cBepx Heo6xolll,n rsrr. DIs,
noKpbrrHrr N".r,, c 3KoHotWtefr,3zlTpar no rorlnBy lgl'- KoMneHcaIrHH
cesoFrFrofr aurpa6orrcH sneKTpo3Hepraa l.z.atofi I-OC no Qoprwyne

E'Karv * Ho* ( A?r.3, (3.1?

rge K6^l n rl6p - KanHTaJrQBno)KeHHs H e)KefollHbre HsAep)KrcH Ha
AononHnrermHrrfi rHrpoaryeraT :l.zranofi fOC; 3.". - npnpocr espa6orrca
3neKTpo3Hepr2ru rta r'ra-rrofi f3C . npH ycraHoBKe trononHprreJrbHon)
rH.qpoafperara;3, - 3aMblKalo{lHe 3arparbr no rorlnvByr B 3HeprocHcre-
Me, B rcoropofr HaMeqaercs Hcrtorib3oBarr, Marrpo fOC.

I-locle aur6opa Hfry H ycraHoeJ:reHHorz Molr-FrocrH uanofi l3C npou3-
Bo.qHTcq oueHKa 3KoHoMHqecrcofi e$QercrnaHocrH ee coopyxeHwr
n ocpeAcTBoM conocTaB neHH'fl, 3aTpaT Ha grpoHTeIIbcTBo H 3KCrL[yaTar.IHrO
uanofi fOC c 3arparaMH B anbrepHaTHBHoM per.ueHnn no 3HeprocHa6xe-
HHro. llppr 3ToM KanHTaJIoBJIo)KeHVs B cTpouTenbcrBo Krr. arclloqalor B
cebs 3arparbr B ocHoBHbre nog[opHbre coopy)KeHHrr 34arrvfl, f3C, Ha
npuo6pereHHe H MoHT&)K cHJroBoro o6opyAoBaril.rs H no.qcoelu4FreHae K
3HeprocHcreMe, a TaKxe 3€ITpaTbr Ha co3AaHHe BoEoXpaHr4IMrr\ - eJ'Iju-
TapHatI oqucrKa tlo)Ka, nepeHoc orAenbHbrx coopyxertui,t, xLr.nbu. ;1oMoB,
nepeceneHue ruogeE, veponpnrrrvrn rlo 3aurHTe'oT 3aronneHr'7e vr nog-

u  n _ _ - _ _'lururHr4>1 ttpwwt'auqr4x'rEplJrl'r'opk7L4. r,)t\e|oIl.Flble ?€/{ep.d{.Ke1 rlo MzutblM

f3C H Hn, B o6ureM crryqae cocroiar H3 aMoprH3auzoHHblx or.nacrennrZ
H pacxo,qoB Ha 3Kcrlfiyaraunro. ilnn Manbrx I-3C, cooppKaeMbrx npv
.uefirreyiorqr4x Bo.uoxpaHr4JtHLrJax ne3HeprerHr{ecKoro Ha3Haqelnl,z.e.,
Kof.qa ripeo6na.uaror 3arparbr na o6opyAoBaHHe, e)Kefo.qHbre H3AepKH
6ygyr cocraBrsrrb npHMepHo 4o/o K&fT]'1LTaJroBrroxer*tit B Manyro l3c, a
D,Ittl cneu*raJlbHo coopf/KaeML,rx MarL,rx I.3C co cBoHM Bo.qoxpaH vlnvu\eM
roAoBble H3,qepxKH Mo)KHo npwlr.lManr orcoro 37o.

B aasrepHaTr,IBHoM perxeHw npv Bo3Mo)KHoM Hcrrorlb3oBaHupt vtanort
|3C B KaqecrBe HcroqHkfi<a aBapaiZHoro 3HeprocHalxeuvts MecTHoro
pauoHa, B 3oHttx ueHTpaiIH3oBaHHoro 3HepfocHaox(eHl4ti D\ilfl 3TOf0
cneAyeT paccMaTpr4BaTb cTpoHTenbcTBo cpaBHr4TenbHo HeAopofHx
ra:oryp6nHHbrx aneKTpocraHqHfr (ff3). Mou+rocrb fT3 Aon)KHa coor-
BercrBoBarb Hcnonb3yeMofr vou+rocra MaJIbrx f3C, KoTopbre B HopManb-
Hbrx ycrroButrx 3KcnJlyararJr'ru 3HeprocncreMbr 6yuyr HaxoEHTbce B

r l , : ^ l - ^ - - -  . - -  t v l r \  - ^ ^ a ^ - - - ^
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!3arparsr  sa Harr6onee aoporoe ronrHBo

AaHHoro paEoxa.

8 6

B TonJrHBHo-gHepl 'eruqecKoM 6anance

crnnlee 6vnet RFfDax(arhcg 3KoHot"rqeil rouIHBa. 3aMblK&roluefo roflrtt'lB-- J ^ - -  - - - r

HG3Hepr€TI,rIecJ(Hfr Sarranc 3He.procuc.TeMbl. Eltg H3otlHpL)BaHHbrx

3HepreruqecKHx parZoHon, o6oruro oTEaneHHbIx H TpyIHo.uocrynHbu, B
KaqecrBe aJrbrepHarHBbr MZrJrbrM f3C crleAyer paccMzlrpHBaTrr coop)'xe-
y;ae AvL3e;IbHbIx gneKTpocranrrulZ, no MourllocrH TaIOKe paccqHTzH H F,t X

Ha Hcnorrb3yeNfyro N,rolqFrocrb Malblx I-3C c coorBercrByrotrlHM pacxo.uoN{

TOTLNHBA.
florwanao oqeHr(H cpaBHuTenuHofr 3KoF{oMH.{ecKofi eQQerclr{t;l rocl'r1

crpouTeJrbcrBa MaJIbIx l3C o6ur.rr ro rpe6yercq onpe.uenqTl H L4x a 6 -

C O n T O T H y T O  g @ O e K T H B H O C T b ,  T . O .  n p O e K T H y t o  p e H r a 6 C J I L -

tsiocrb. B oTrrvvve oT xo3pacqeruolZ peura6elbHocrH B ycJlorirulx

oKcnnyaraLJnvll KoTopaq yqHTbrBae'r croHMocrb o6veHa MoLIIHocrttMn n

sneKTpoeHepruefi Me)K.qy oHeprocHcreMaMH H ApyrHe Sarcropt't Kot l< pc't'-

rroE 3Kc[nyaraukrvr, npoeKTHafl peHra6eabHocrb 6olee ynpoulcr u to

onpegengercfl orrroueHuel.{ npH1snu or pe&rIH3aLlHH 3.[eKTpo3r replt rr r

K KatIHTanoBtIo)KeHHflM Ha flpoHTerlbcrBo MaJIbtx I-3C:

.a - H-^
P :  - - , { . i  1 0 0 ,  ( 3 . 1 S )

. .  f3c

rae P - [poeKTHatl peHTa6eluHocrs; X, - rogoeofr AoxoA or peanH3arnl]r
3neKTpo3Hep|PII4-

foaoeoff .qoxo,qZpercoveHAyercq onpeAenqrr, no npHMeltlicMl)rN,1 rl
xo3pacqeruofi npaKTHKe rapraQaM Ha oneKTpntrecKyro 3HepI-Hro c yqercM
orqHcrle:evfi ga AocraBKy ee or 3neKTpocrarfrJJ4v.uo norpe6Hre-rtq.

Eng npegBapHTerlbHofo onpeAeneHL,tfl KanHTaJIoBrIoxeHut-.r no nral tt'rr r
f3C MoxHo Bocnorb3oBarbcq Sopray-nofr , ocHoeanuoti Ha crarrJgfu ( {(-' L--
rn i i  n6na6otrce n2FrHr-ry r ro lv{anF,IM I-3C ceReDa CII IA 9 ' r  Kal lant , t  ( r '

-  -  r  - _

KoppeF.Tt4poarcofr 3MnHpurlecKoro rcoaSQur{HeHra Ha ycrIoBt.itt CCC'I'):

w  I r n n  / I \ I [ J 0 , 3 1 0 , 8 2
, . f 3 c  r 4 v w  \ r  ! r  r  )  I

rae N - MourHocru f3C, xBr; 11- pacusTlJl 't i l  I lanop, N.{.
Lng ofipeAeneHr4rt ex(efo.qHt'tx 3Kcnlyaral]LloHtJbtX H3Aep)Kcti \Io,'rrr].r

6urs peKoMeH.uoBaHa dtopuyra

LIrr, -- 996 ,\'op4-i ( . 3 . : ( ) i

rge Hrr, - r,rsAepxrcr,r, py6,/rog.
Clen-ver no.uqepKHyb, qTo 3TrJ coorHolueHr4rr 3MnrlpHrrecKr.re, ocr r()-

BAHHbIC I]A CPCEHHX AAHF{bIX IIA YPOBIIC UCH i985 T.

flpr.o"rep pacqera- OnpeAerrr.rv 3KoHoMHqecK)'lo :QQer<rurrri()c'r'1.
crpoHTenbcrBa .vanofi I.3C npli uogo*p'a.tnnrJule He3HeprerrrLrecKor'o
Ha3HaLrelg.Hfr , npe.qHa3traLreHlroM Anq I tpoMbuu.ner II Jofo Bo,llocr ur6>r..e r u r', r.



flocryroeHuafl Mzrtzs Il-?C 6yger pa6ora:r B cocraBe Kpi/nHoi.l sHepic,-
cHcreML,l, B KoTopyto B Hacroqqee BpeMsI BxoAJaT HeCKOJIbKO TennoBbrx,
aroMHbrx u rpr,ulp€lBrrraqecK?D( enexrpocraHruaft 6orruuofi Mou_llrocra.

_ ̂  [3 pesylrrare coopy)KeHat Bo.uoxpaHanHrrla co3.qaercs Hanop oKono
10 v, rcoropurfi Mo)I(er 6urm HcnonbsoBaH D,nn errpa6orrcH 3neKTpo3Hep-
I HH Ha rH.q)ogneKTpocraHrlnpr. flomo st*tanir nonycK H3 BoAox p aHwnur | \a
no rpe6oBaHnflM BolrocHa6xeaug. c pacxo.qou2p, u3/c o6ecne.uaBaer
cpe.uFrecyroqHyro Moiltrrocrr zvwtolt ManoBoAFroro ro.qa B pa3Mepe
170 rcBr. llo n-rrorrrocru rpaQarca 3nerpH\recrcoft Harpy3KH npaneranute-
fo K uatofi fOC partoHa, paaHofi 0-5, ncrronb-?yeMaq Morr+-rocT- l,ra-qolZ
l3C B pacqerHol"r rpaQHKe cocraaur 340 rcBr. Srlnur yqrloBaflM Hcnorrb-
3oBaHHrr H3 HMeroqerocs pg.I.a craFrJ]aprHonf, o6opy.qoe aHwfl, y.qoBner_
BopflIor rHApoarperaTbr eErurprtrrolZ vou$-rocTbro 180 rcBr. llo scnonb3ye_
r"rofi rvrou{socTu 340 rcBr npwnril\iaercr ycraHoBKa 'ry1rx rn.qpoarpefaToB
cF,{MzrpHofr vougrocTbio 360 rcBr. YcraHoBKa Tperbero rH.qpoarperara
3KOHOMHT{eCKH He OnpaB.qbrBaeTcg H3-3a He3Haqr4TerlbHoro npHpocTa
cesoruori nurpa6otrcH sneKTpo3HerHH. Tarcuu o6pasov, ycraHoBrreHHas
Mou-FloclDb naru{olZ r"ra-nofi f3C npwrgrra paeuofi 360 rcBr. flpu erofr
MouIFIocrH cpell{eMHororlerHrrq aarpa6orrca 3neKTposHeprwr 1y1ano;t
f3C cocraBuT 216 l.r;lrtxBr..{.

flpn pacvere 3KoHoMHlrecKofr aeeeKTuBHocru vanoft I-OC B .qaHHoM
Cnyqae CJIe.qyeT rIpIjIil.\\[ZTb BO BHaMaFIHe JIHrrrh Te 3aTpaTbr, KOTOpbre
cBq3€tHL'I C sKruO.{eHHeM fI,lApO3neKTpOCTaHrIHVr B COCTaB COOpyXreHnft
rHApoy3na. B cBorsloM pacr{ere croHMocrv 3T:H 3arparr,r onpeAeneHbr B
pa3Mepe ?5119 mrc.py6., npH\reM Aonq o6opy.qotsaHnfl, B Hpo( cocTaBHrra
567o.

AvoprH3auuoHHbre oTqucrtenng. no grofr r3C, noEcquTaHHbre no
npvMeHeeMbIM B Hacroflulee BpeMrr HopN4zrM, eoeraBunu 6,33 rr,rC.pyb.r
T.e. npHMepHo 2,5/o KarluTaJToBrlo)KeHuii s ee cTpouTerrbcrtso . iflcxopi us
aHant{3a exel'oEIIEIY pt3,qep)KeK 3KcnnyaTaLft4r4 no clTIecTBi'roi_iilrivl
MarbrM fOC u seo6xo.quMocTn norHofr asror\.r arv3aLlna ynpaB neHag.,
3Kcr-L[yarauHoHHbre ro.qoBbre H3AepX(KH nO l-,]c OnpeAeneHbr B pa3Mepe
5 py6. rra I rcBr ycraHoBleHsolZ MoqFiocTu. CyraraapHbre roAorlbre H3Aep-
)i(KH B sTOM C-nyqae oueHHBarorcs B pasMepe 8,13 Tbrc. py6.

B rropvanbHbrx ycJroBaE.x 3Kcnny araur4u DaHr,afl Manafl I-OC 6yaer
palorara He rlo rpe6oeaHrzflM gHeprocucreMr,r, a no rpe6oearr HflM norpe-
1wteneit Bo.q.bl, H Irnrr:r^ a aeapultHbtx cHTyar*rnx AonycKaeTcq ee Hc-
iionb3oBaid'',-ie D,fifr 3HepiOCHa5xeiiug, uau1onee C)TBeTc-rEreHHrrrx no1-nedn-
rereF MecTHofo paftoua.

B KaqecrBe aJIbrepHaTHBbI coopy)KeHar'o vanolt fOC Mo)i(Ho paccMar-
p HBarb crponTenbcrBo rasoryp6 ur+toir 3neKTpocraHuuu (fT3), ucnorm-
eyevofi B KaqecrBe aeapufitoHoro pe3epBa 3HepfocncreMbr, c ygenbHbrMg

- - .  l 1 A ^ - - a / . " n ^r\crl ryr Lo.J t\)rtJ rLr.ir\\rnyl--lr\41-r I L* v y vl KD I k] r ulluublMu nl!.epxl(aMH 3Kcn-[ya-

TaL\r4H (6es ronnr4Ba) Ll,4 py6hcBr. Y.lp.rrbreaa rcpafrue pe.qKoe Hcnorbso-
tsaHr4e aoapvtltaofo pe3epBa, 3arpaTbr no TorrrruBy, pacxogyer\.lorvfy Ha
3 ne K TpocT aFIUt tflx 3HeprocHcTeMbr trnr KoMne rr caqna a urpa6oTK H OrreK T_
p o 3 H eprH u vastoit f3 c, crreAyer oueHHB aTb n o cronMocru 3AMbrK&rclrrlero
88

Tn6  n t  t t  r n  i  5  K  n r rnpnpnFHsn  ? r ^s^vwcan r  n i  r+w+prm-
-  e v , . e q e  v - - r v A - - Y

Hoqru crpol{TenbcrB.a va;rorr f3e

floxasarens t3c lT3

YcraHosreHHag MolrlHocrb, KBr

f oEogag a urpa6orrca 3leKTp o 3Hep rH H, NtrtH.rcBr..{

fo,qoeofi pacxo,q ronJIHBa, T ycrloBHoro ronJrHBa

Kanr.rranoB JroxeH HtI, rrrc.p y6.

Exerognue sKcnnyarauHoHHbre pacxoqbr,  r l rc .py6.
r . ^ - n o r t o  a r r n a r t - t  n n  ? n n n t J D r ,  r r r n  n r r 6
-  v A v p y . v  J ,  

^ p L v . r / t v .

f lpueegexHbre 3arparu (0,12 K + kf) ,  ruc.py6lron
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2100
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6 4 , 3

TOfIJIHBHO-3HepleTHqeCKHh oanattC TBepAOfO TOn,rrHBa B pe3NlepC Or' 45 (H

6nuxafittHe roAbr) .uo 60 py6. (e orlla,'IenHoil nepcneKraee) 3a rorrrry
ycnoBHofo TonrIHBa.

Pesylrrarbr pagrera 3KoHoMHqecKou aQ$ercrHB HosrH crpo I 1rc r r t,c'f tr i r
AaHHorZ rH.qpo3neKrpocraH uw np e DcraBle H br e ra6,r. 3. 5.

Hercoropoe oTnv'uve B ycraHoBneunofi Mo[$rocrH L nr,rpa6ori<c
3reKTpo3Heprvrr4 B BapvaHrax f3C r.r [-T3 o6ycloereHo pa3rrorl anaplrii,
HOCTbTO OSOpyAOeAHrkl',, pa3HblM paCxO.qOM N,TOUITOCTH Pr 3rreKTposrrepr'lilt
Ha co6creeHHble FryxiJlbr 3neKrpocrarrui.rfi H pa3rir,rvu rco:$(tl tunLrr rraN{l l
foroBrrocrt t o6opyaoBaHuq.

.Vs npHBeAeHHIrIx,qaHHL'Ix cJlegyer, qro HapogHoxo:nrzgrurcrlrr,rL,
3aTparbr B BapHaHTe Manofr rcc e 1,7 pa3a HHxe, qeM no Rapr.J:urr)'c
fT3. AononnprrerbHbre KanHTanoRnoxeHnsi B rcC no cpaBlrcnrrK) c
f'TO oKynarorcq 3KoHol/tnefi fo,qoBbrx H3.qep)KeK I IpoH3BoAcrBa c }..rcroNl
3aTpaT TOnTIHBa 3a 4ri ro.qa. lipr,r oUeHKe .qoxoAa or peaJlLl3at-IHtt 3-rleK'l'-
po3HepruH y norpe6Hrenq B cpe.rurelvr rlo 2,2rcon/(rcBr..{) perrra6e.rrbr rosll,

3KcnnyaTaLJw f-3C cograBHT iZ,9oio, t{To noqrvt e 2 pasa BblLUe, ttcN{ Il
cpelHeM no BCe--M npelnpHq;rvE,w N{asanenro CCCP ea- 1985 n. 

'I'a-tlnt

o6pa:ol,r, coopy)KeHHe rHApo3neKTpocraHLVtu MoIIlHocrbrc 360 xllr rrprr
3ToM BoAoxpaHnnr4ule npeAcTaBJlsercfl BnonHe eQ$ercrr{Brrbr\{ N,tcpo-
nplHflTIleM.

flprz arcoHoMuqecKux pacqerax adtrfer<ruBlrocrH MaJIbrx I-3C naihr roc

3 H a q e H L { e  H N { e e r  o u e H K a  y H l , l ' Q i r r c  a u t l v r  n p v H : i r b r x  n p o c K i ' -
H b I X  P C L U E : H l a N  H  C T A H A A P T H 3 A U , L I V  K O I i C T P Y T I I I I i i
o6opygoBaHHq .  B  3ToM o r t - r o l ue r rHu  B  ua rue r " r  c rpane  noKa  nc ' r '
coBpeMeHHofo ot-tblTa, Ha ocr{oBanr.;z.r4 Koropono N,lox(no 6srro 6r,r ,'larr, r rc
TorbKo KaqegfBenHyro, Ho 14 Korr.rlrecroerlnyrc ouerrKy :cf(lexra t,rlrtfu
KarJr4vr H craH.qaprn3aLlr4v. Il,ns oprieHTHpooourrofi ouenKH lrprrN4cr.rL'ru rl
yuuQturcaguu coopyxeunil v craHAaprv3aLtrlv o6opynoeaHuq N{oi$.r r()
B3trrb upHMep crpor.rrerrbcri la ruecrH NlaJrblx rcC a i ' iugorre3l lr1 (rrogpotr-
Ho cM. 57.2).

O6rqee yMeHbLUeHl,re croHMocrH 3TtIx urecrrd [-3C B pc:l\,.,rr,'r'ltT'e
yHnQHrcauHH npoeKTa cocraBHno oKono 25Yo.



Tarcerv o6p8oM, 3FIaqHTenbH@ cHHxeHHe 3arpar Ha eTpoHTeJrb,crBo
ManF,rx Ill(-) Mo-xJ{o rlo-u1n-s1r= sa cr-ier np}iivieHcaiin.yaueai*.p.ieaHHbu
npoeKToEl H OpraHy€,aukr4 noToqHoro cTpoHTenbCTBa OEHOBpeMeHHO
HecKotlbrcnx (rcycra) rarcHx f3C ogHofi crpouTenbHoE opnauvtsanluefr,.

Tnaea 4

OCFIOBHOE TDGIOIIOII{IIECKOE OBOPYJIOB /.JIUE
MA-TIbIX r3C

4.I. KPATXI/.fr HCTOPHTIE CKI4il OE3OP

K ocHoerloNty re,sonortlqecKoMy' o6opyEoBaHaro rcC orHocrr rugpo-
ryp6auy c opraHalvel ynpaBnetvrfl,, neFreparop c cncTevofr sosSy)queH;r,
ilorririluarcuu'ttZ rpauc$opMttrop, aveihcy ei,riorcosorrbrHofo Bbir(rroqare-
Iltl, T.e. To o6opygoaaHne, KoTopoe o6ecne.{wBaer rexHonorur{ecrcHrz
n poUeCC npeO6pa:_O BalH:afl rutpaeruqeCrcOrZ 3Hep f HH B 3neK TprlrecKyro H
Bbrgatly ee noTpe6ilrelrc.

Pa3autue r"ralofr ftr.qpo3HepreraKH H co3.qaHae Heo6xo[HMbr x u7s
uoe rx,apoarperaroB npoHcxo4krJtL4 no cneAyr,oqeMy nyru. B poccprr,r e
cepeAHHe XVIII B. c pa3BHTHeM ropHorZ Meraruryprau HaYpane u Anrae
Haqanocb MztccrBoe npHMeHeHHe BoIIrHbrx Korrec. OHu Hcnonb3oBaJrncb
B KaqecrBe npHBoAOB tr\JLn Ky3r{errHofo 14 rryfyHonurefiHoro npoH3-
BoAcrB- B 60e io*t XVIII e, K.Ii. @poloa sa Anrae nocrponn Aepr,B aut-
oHHyro cHcreMy p,tLtttoFt2Q,xu c Bo.qrHbrMH Korree'M]H trHaMerpov lg v.
B rcoHue XIX eerca Hzrqanocs 6ypHoe npoH3BoAcrBo Manbu iH.qporyp6uH.
Bt'tnx co3.AaHLI rl{trpoTyp6aHur @ponoea, @ypHeripoHa, XHHaarr,-d:pe"_
cL4ca1 flelsroHa. I4Hrepeeuo oTMerI4T-, qro, Hecl,{orps Ha .uotsojibHo
cKpoMlroe MecTo ,Poccuu B pnIy npoMb[xrreHHo pa3BHTbrx crpaH B
Haqa-ne XX n  rc  l9 l0  n  1 r  r ra r .  uq^r ' r r , *  rDo nn^? /<  nnn..sv rr4v.grLDLD<LJ r\,^vr, _rJ vvv I vl l . lpid' tJJlklqecKplx
finnrarereft o6rqetr MoulFrocTbro 500 rsrc.rcBr. Toar,rco o.qHH 3€rBo[
l>ararcuprHa Ha Anrae BbrnycKarr B roA go I00 rlr,qporyp6un.

ratu'uepiuree pa3BHTHe TexHorlorau fipwBeno K ToMy, qro 3KoHoMH_
LIecKafl eS$ercruBHocrl nonylsHlaq 3HeprHH cMecrr4rracb B cropoHy
r.lcflortb3oBaHp''fl 3HepfHH TOnrrHBHbrx pecypcoB 3evlH. Matas rH.qpo_
3HCP|CTHKA PA3BHBAJ]ACb HC3HAqHTEIIbHO. BCC :AEOET]I MAJIbIX f},IAPOTYP.
6utt IlepeA Bellrc<ofi Ore.{ecrseHHoir aorzuofi BbrnycKaJrH He 6onee
^ n  T I  t t r  r  r ^  n l  t r r  h t  t F - ^ E !  ' - A -  - -\,\r I r ryr lvl4J lf)l^ L yt! t\1)u I v pul4rT lJ r Lu].

BosporrcaeH}{e N4z}ccoBofo crpoaTerrbcrBa MaJrbrx I-3C c 1943 r. norpe-
Ooealo oprarrn3aL\Hv KpynHocepalZnoro npoH3BoAcTBa MaJrbrx rypluu u
rHrlpofeHeparopoB. Buulo co3.ttaHo KoHCTpyKTopcKoe 6ropo npr Bi"coro3-
Ir oM HHsrHTyre rHApoMrlr.uHHocrpoeHHr (BHfN,l), B .uaJrbHefi ruev npeoGr  r ^ -  - - ^
l-lcrJwrfcLrar-r\Jr- rf L_ttr,l1 I uilJ tbHUe K()HcTnvKTnncI{np hr^n^ rrrrnh^r

(l II(B|M). 3rnr *o-me*tru He ro"Ji" 
-;;;;;;";'"J;,;*'.:j:::::

. vJ rur\v L ryvA\JJ L4J L rrELbrvlzt uuJ tbl_uylo
paOory no yur(lvKarJ*rv v grart4apru3ar.IHH MaJrbrx faApoarpefaroB, Ho H
rrpoBen opraHH3tLuHoHHyIo pa6oTy no co3r{aHuto vr KoMrrneKTaLrvrH Bcero
90
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npHMeHeHHq rHtrporyp6 vrHr, I  0300- lQ:

Dt
H r = h r -

900 I  ,  rAe I { ,  -  E N{;  h,  npNHNuaercs no rpa$Nrcy:  hr= / ( I tJ  u;

v - oTMeTKa Ha,q ypoBHeM MOpq, lvr

TexHonorHqecKoro o6opygoe aHvrt Marbtx f3C: rHApoI-eI Ieparopon.

nepe.u,aq or rHgporyp6lrHur K rH[pofeHeparopy, cHC-reN,r perynl4por]ar ntlt,

BcnoMofarerlbHoro o6op1'AoBanHfl. O.qr-ror:peNreruro )'vonl'tNrlr r.r Konc'r-
pyKTopaver BHfMa H TecHo c uHN4H cBl3arrHoro reHeparopHoro 3.rrioi lr
t t \ / - ^  ^ - - ^ - ^ - ! ,  C . , , n '  F ^ ^ ^ ,

J  L )AJL9J r \ tN lP \ r cu  
u rc lPcL I  U rE l J r r / r  PCLJP4L \J ICL r l nL  

v t  DneA lPs raD t  P r tA  n \ J l j r ) r , \  l t

opHrI4HZUrbHbrx KoHgrpyh.ulr i i  l ra: l t , tx l ' l l l lpoi l .r ' l . lel-a'rur.J. Bo.nr 'r trot"t ; i t t .r t i i , i i i

tsKna,q B co3AaHHe MaJrbrx fHApoarpefaToB BHecIH H3BecTIlL,le coBercKHe
yqeHble H KoHcrpyKTopt'r: B.C. KeqrKoBcKHrt,I4.B. KoreHee, I I.i\'{. ll[atron,
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Puc. 4.2.  O6nacrt  npHMeHeHHq rHgporyp6Nutr  O13-fM:
r z D t

. v tHs=  i . s  -  
900  T ,  rAeHr -B  M ;  h " -npNxHMaercsno rpa$n rcy :  hs=  f  (m ,

M; V- orMerKa rNgporyp6:aHbrHaEypoBHeM Mopq, M

l1.lr{. opaxenau-rB*rr*, Iu.H. Ke'rrco, f.o. crpoee, H.A. Kor,rHccaooe.
i (  cb  Knr . ,n r , v r r  R  l J  L ra i i . , ^ , ,  11  y ,Y  r r - - - - - - - - - - -  -  r \  ^  n  

-  - - r  - - '
^ ' . ; :  

: : :^ : . .^ :^ : : : :_: : : ' - , * - -1_r. I r .  
r \ ! ,yurrrcHr((r ,  D. . f \ .  EaxpaMeeB H !p.

uDLttl L Lrd'l1AilprHblx MzuIblX fHApoafpefaToB 6ull opraIJH3oBaH Ha
I lecKorlbKHx 3aBolrax CCCP: YpallcKoM 3aBoAe rH.qpoMaLUHH (r. Cur-
cepTb), E,peaaHcKoM HaCOCHOM, MOCTOecKoM HaCOCHOM HM. M.rL'l(anu-
o,)

Pnc. 4.3. fxgpoarperaT MHKpol3C rcoHcrpyK-
umuH.B. Koreueaa:

I - orcac-s4rorrl2.rr rpy6a; 2 - xauepa
ryp6rxrr; 3 - pa6ovee KoJrecoi 4 - uunuy.a-
pNvecrufi 3aTBop; 5 - xanpas ns,nulul't anna-
par;6 - r"ryOra \ta,:r.rrl.nna;7 - ueurpo6ex-
nrril vaqraux; 8 - r€Heparop; 9 - Koxyx;
10 - uttypBan pyqH616 yrrpae.ne:awr.: 11
rIHnHHApH..recrNil rurJrpBan AJrs H3Me:ae:a:ar^
qracna o6oporon; 72 - cnta:r.ax rpy6a

4

J

2

Hwlra, Pnxcxov ryp6vtt+toM, IqenKoB c-
KOM 3aBOEe V.Up. feHepaTopbr Arrq Ma- /
nblx f3C H3roroBrrc.nvcb Ha 3aBotre
"YpaasleKTpoannapaT" (r. Ceepg-
noBcK), JlutcsneHcKoM ryp6oreHepa-
TOpHOM, 3AercrpOMeXAHHlreCKOM 3aBO-
Ae HM. M.I,I. Kanprnma (r. Bapariua).
O6utee qHcJIo BbirrycKaeMbrx Manbu
rHl]poarperaToB .UocTHrno I 000-1500 n
ro.u.

nna npervepa HoMorpaMM p.nfl e.bt-
6 n ^ o  r r a n l r v  F t r f f i n f i h ( t n t  , r n  n a i - , n -
v v y a  r Y r . l p r ^  L r t l \ P v L J y \ J L u r  r r J  ! { v y r v l ' -

BoBaBruefi a 50e rollbr HoMeHKnary-
pbl .qaHbl Ha pHc. 4.1 u 4.2. HoweHKrIa-
rypa Marblx rl,tllpoTyp6r,rH Aonorulq-
nacb HoMeHKlIaTypoF cooTBercT-
ByIOUrr-\ fHgpofel{eparopoB, a raKxe, B HeO6XO.UHN{brx Cnyrtarx, K,rllirr().
peMeHHofi (nnu peMeHHoii) nepetrarrer1 K r-r-rnpoieireparoDly. IJ iicjrri.{
yAeLxeBnelHl'l,n ofupyAoBaH:asl Ii yttpoulerrurr ero o$cryx6rrat grtr 0r,r.'ll r
pa3pa6oTaHbl HoBbIe cxeML,I ynpaBnertzsi rr4gporyp6l.ruorl, riar rprlNrep c
NPHMEHEHHCM U}4NII''FI'DPHqECKOI-O U]HTA BMECTO HANPABN'rcTIICI'O ANTIA-
para v perynflTopa npflNloro .qeiicrBr4r c rrpHBoAoM or Bana r-Hltpor-),p6t j
Hsr (JrHc.4.3).

llo Mepe pa3B:aTlz'tt 3HepfocHCTeM c 50-x ro.aoB Haqarc;1 rrp()qccc
KoHcepBaur4vManurx I-3C. OAnarco s 70-x roAax Hurepec K lruN.{ n():rpoih_
Aaercs noBceMecrFlo. C 1983 r. e CCCP eF{oet HaqaJIHcb n-rlaHoN,r€pnrrlt-
pa6oTbl no H3yqeHnto H npaKTHqecKoNdy Hcnorrb3oBaHt{tc Maribrx I-3C, a
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c\

c:

A
ffiDw
\ l  - ,



ilil
H t t

lii
lli
llt
Il]
l'l
i l '
j l

; i
[ ,
i l i

i,
I
I

!

i

I
f'
l

::"_i:1Y1T::"*i"HrerhHbre 3€po.qllrrpHcii.Trl Lnii K pa:pa.5or-xe rri.qpo_
uvrJrub\rr\r u(rupyAc)Bat-u'7tl D,Jlfl MaJlutx I UU Ha coBpeMeHHoM TeXHotIorH-qecKoM ypoBHe.

4.2. TVUJPOCHJ]OBOE OEOPY.UOBAHHE MAJIbD( r3C

onpe.ueneHue "rnqpggplrroBoe o6opy.qoBalae,, o6:, ewrtser ro o6o-py.aoBaHHe' KOTOpOe cny)r(HT D,JL'., npeo6pasoBaHnfl rHApaBnuqecrcofr
3II'eprHI{ B 3neKTpHqecKyro (c sanaHHbrMH napaMerp u*^j. Hcxoafl ;o
3Toro K rHApocpIJIoBoMV o6oov-uoeaHz{) ptanofi IE(- ^*^..o- F,,r^ fr,-
6uuy c perynrrropoM 

""r-# "puu1"r" i, ,iip";6;;;;'; ;;i;;i;
aos6yxaeHnfl, y,cKopqrcLqylo nepenat{y Me)K.uy rHAporyp 6uuoir H reHepa_
rop o M, npe,qryp 6wuuanrt,3a TBop.

42.1. furym5rp6urrbr

fr,raporyp6wua, npeobpa:yrculaq raApaBnuqeci(yrc 3Hepfnro B MexaHH-
qecK ylo sHepfl'Ilo Bpaula0u-lerocq BaJta, xapaKTepH3yercr cneA).rour4NlH
ocHoBHbrMH 3HepferHqecKHMH pacqerHbrMH napaMerpa\er: HanopoM
(aaererrHev) Bogbr nepe.a BXoAoM_ B rypfiuuy, qacrorolZ BpauIeHHr,
coorBercrayoqefr onrHlvrarbuoMy KI-I.[, H pacxo.qoM BoAbr, cooTBercr_
B y Iou{HM nepB bIM,m yM flapaMerpalr. Moq,nocTb rH.qpoTyp6aHrr Bbrpa)Ka-
eTcq qepe3 Hanop H pacxo.q, T.€.

N, :9,81QHq., (4.1)

fge l/, - Moutrrocrb Ha Barry rHApoTyp6nuur, rcBr; Q - pacxo.q Bo.qbr , u3 /c;
H_ - sanop Herro, Mi Ir - Kntr fHlpoTyp6rzuur npu coorBercrByrorqnx
ii,Q u qacrore BpaureHtrrr.

clacrora BparueHnq n, o6/wua, coorBergTByroulafi onrHMaJIbHbrM
ycnoBHqv pa6orur rnnpoTyp|uut t, 3aBuq71T or reoMe.rpwkr ee npoTor*rofi
uzcrv (6srnpoxo.r,nocrt4 ft.t.uporyp6vt;t'-t) i-i onpeEe;:rierc, no rcoupci:u_
uHeHry 6trcrpoxoAHocrr,i ns. KoTopurrz no cBoeMy $nenvecKoMy c\,rbrcry
nPeAcraerlffeT qacTofy BparUeHHq reoMeTpaqecKa no.Uo6Hofr rngporyp_
6ur:ur Mou,lFrocrbn N: 1 rcBr [pr4 Hanope H: I M, pa6orar,oqerz c onrH-
MarrbFrr,iN,r KfI[, o6 / ut ru:

n  :  n A . / 0 , 5  g - 1 , 2 5
" s t 4  ) l

KoaSQr'rLMeHT 6srcrpoxoAl rocrH He qBrrqercq nocTorHHt rM, a 3aBl,er4T
or rHna rHnpoTyp6nHur H c nporpeccoM B Texi{ororvrr4 MalrrHHocrpoeHus
6yaer  nocTeneHHo yBenL4qvrBaTbcq.  orpauuveHHeM K npHMe_
lleHI'lI'J ll4llpoTypSlilr ci,icorcoi,l Oi,icrpoxoEHocrli rrrrtxc'lcfl Hx KaBHTa-
u'Yt'1. uup4-t\rt d'HI1e I ly3b'lllbKoB llapa B 3OHe BbICOKHX CKOpOCTeE eOAlt A
nporoqHolt 'aactu rk:ApoTyp6ussr c nocJreAyiolrruM r{x 3axnonbrBaHueM H
conyrcrByrolrJHM pa3pyueHneM Meranrra fuAporyp 6nsau l-Iosrorwy c
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P\.rurvrvr rLdttvpa. \rtrrvllvlilJrbHb,lPl KO3QqIHUHeHT ObIfIpOXO,IIHOCTH yMCI IL-
r.xaercs. iltl.'. opHeHTHpOBOrrHb,rx pacqeroB npH OTCyTTBHH 3aRO[CKrrx
xapaKTepuc'rvrK rPurporypoprHur Mo)r(Ho nonb3oBaTbctr cneAyroutcir
cpeAFlecra'rucrkrvecrc olZ aas HcptMo crb Io rc oaQ Q auHe H Ta 6 s rcrp o x oAr r o cr r r
oT Hanopa:

ns : (32004100) H-0,t (ono ll,rl ryp6nH);

tr" : (2350-3500) H-0't (olo pO ryp6nu).

?ac.rerHlrfr uanop - 3To MHr-{r.rMarbur,rrl rranup a
KoropoM 6yaer o6ecne qeua ycral  roB reH Ha.rr  Mou_tHocTb.

(4.3)

( 4 . 4 \

B cccP npr,r arr6ope rngporypoHH D,nn KorJKperHbrx ycro'r rr r r rx
ycraHoBKH, KaK npaBtJno, rcos$euUHeHToli.r 6i,rcrpoxol_lHocrl.l nc rroJrr,:J\,.
Iorc9. Koraa npoeKTHpoBuIHK pacnonaraer KorlKperrrbrM14, a rrc cper/l
HecrarHcrtJqecKLIMH xapaKTep HCT:r,Kaly;a n raporypbprn o.rtrlcc,t.ucn t u,rx
3aBOlloB, ropa3Ao yqooHee nollb3oBaTbcs napaMerpaN{r.J frJrp().r.}rp,
6utt, npHBeAeHHbrMH K ycnoBHoMy _ Ar4aMerpy paOoucro Ko,rrccrl
D1 : luuHa"ftopy H - I  l r :

n l  :  D tH-o 'S ;

Qt : QD{zfl-o,s

(4.s)

( 4 . 6 )

B Koop.u.{Harax 3THx AByx npHBeAeHHbrx napaN{erpoB crpor.fcrr
yHHBepcanbHble xapaKTepucrHK H rHApoTy p6uu, norqru3gMl,re r ja oq { ( ) rr e
AocraroqHo ror{Hbtx la6oparopHblx HcflbrraHuil wa fnapolrJuJrrccritrx
MO,UenflX, C ll"lalyrerpoM pa6ouero Koneca oKono 500 vv- B Karrce'r'ltc
npr{MepoB Hzt puc- 4.44.8 npaeeAeHbr yHHBepcanbHL,re xapaKTcpi rclr rrl l
flII tr PO rlrnporyp6tru: flII15/101946 npenHa3HaqeHa 4ra pa6or.r,r rt

.wtaila,soHe Hanopoe 2-15 v, I]II 30/80046 - l.nc. pa6orur npn II: l0 -
'  2 n  . .  f T T l f n / < A a  A E  ^ a ^ - -  r r  '  - A  h  , -  / ^ A / a'  Jv . tv r r  L rJ tvv /  \ r ' t z<+u -  l+ )L>t  pauutb t  l l i J l4  f7  \  /u  Mr  t 'U+J /  d lu - -qb  -  J l . i  i t l

H < 45 v u PO|70/8A343 - ann H < 170 u.
Ha puc. 4.94.11 u B ra6r. 4.14.3 AaHbr ycraHoBorrr{brc pa3Nlcpr,r

cepufiHux MaJrbrx rHtrporyp6r-rH (no Hor'reHKJ'rarype i950 r-.).
OnpegeneHHe ocHoBllbtx napaMerpoB lHAporyp6r.lr-rr,r Ha ocuonc ) r 'rr\

yHHBepcaJrbHbrx xapaKTepHCTHr< npor,l3goAHTcrr o-r eAyrcrurl M o 6 pa I t, r r :
n n 9 l  ? r n 2 l { t { n r a \  n r r q n q 2 n u ?  u e r r ^ n n n  n r  r A '  ^ - . / - : . - -v w .  4  ' q '  r w v r  r q  r  ^ 4 r  r v y v u  L > D r \ ) t  t | ) a v  t v r t  l . l  l l  I  l , ( 1 1 , 1 \ ) l { L ' l  (  )

Koneca (gv nepeKpbrBaeMbx !.4arra3otroB Mox(rro cpaBliHlr,  JlBi l  .r . trrr.r),

ycraHaBnHBalorcq pacqerHbrfr Hanop Flo *, pacxoA, H rro nr-JN,i onpeilcj rtit,'r.
cq pactterHuuZ Dr4aMerp pd6ouero Koneca:

n 0 . 5 4 ' - O 5 r r - O ? (
l J  t  :  L , t  

- ' -  ( ) .  - , -  
n  

v ' - r
I  !  - l  

D
/  1  - \

( + ' /  /

3 a A a H H O N {  A } 1 a n a 3 o } r e ,  r r l 1 1

9 \
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Puc. 4.9. Cxevrt ycraHoBKH

rHE)oryp6HH cePHLt 0300-fO

T a 6 n u ua 4. I. Oc*rosHbre ycralroBoeHbr€ pa3 Mep br rurporyp6 r4I

aep'Ir! O3fiL'FO, ran

Mapxa rp6w- A
Hbt

nr ilH fl

- t )

ro-35
L rlr-+z

fo-50
ro-59
ro-71
to-84

3s00
J  ' U U

4000
4800
5400
6000

1600
J.  /UU

2000
2500
3000
3300

550
/ o u

860
1000
1 120
1250

220
224
220
260
260
260

600
o n n
O U U

1000
1000
1200
1600

' t  55 705
o n a  n a n
t  t J  7 L U

LL75 Lt20
1 1 7 5  1 i 2 0
1390 1320
1790 t ' t30

lvlapxa ryp6H- ,41
Fibi

n2 )I{ L lv{acca, rcr

ro-.35
TO-42
ro-50
ro-59
t ' ( D - ' /  I

ro-84

115s
L320
1560
1775
z tJvu

2400

570
645
740
880
I  I , ,UU

1  140

785 225
890 215
1000 255
1140  225
l  - 1 1 u  t v u

1480 3s0

800  1350
900  1600
1000 2250
I  150  3200
i300 4300
1450  5800

f l p r , r veqaHpg .  Q$r r lag  Macca  yKa3aHa 6e :  o rcacbrearcu {e i {  rpy6 l r ,  LUKr ' r { . - ! ,
KoHueBoro noAruHnHrt.Ka H vyQrtr.



\ a l  \

PNc. 4.10.  Cxeval  ycraHoBKH
rNgporyp6NH cep:y,il O82-fM,
o13-f I { ,  o15-fM

3aencvrMocrL, MarccHMztrbHofo flpugeAeHHoro pacxo.ua oT pacqerHoro
ijanopa Da:Ha Ha p^c. 4.1,2. Ecnu 3aJa]Ha rpeoyeMas MorllFrocrb ryp6uHur,

- ^ A ^ - - ^ -  - ^  a
Lw  J_Ly ra ,NLv  r , p  pcL t J \ Jy . ( i l \ J  r \ r JJ l r ' ua .  ( J l l pE l l cJDdc tu> t  t l u  (+upM) i J l c

D L - Nl ' t  qo,tt ; t ' tnJ,t , (4.8)

I..Ee llr - Kn[ rypr6r,u-rsr, KoropF,rrZ voxso o[pe..qe.nuT_ no )/HHBepcanb-
HOl,r xaparrepHcTHKe c nonpanrcofr Ha MZLcLUra6HurZ aQQercr sa cqer
ytsenHqeHl/.n DJ4aMerpa pa6overo Koleca fnAporyp6unur. ilnn Matrbrx
rnaporyp6nH c rl4alv'erpaMH pa6owax Korrec 0,5-2,5 M ory nonpaBKy
l"{o)r(Ho rIpHHHMarb panHofi 04r2/o. Cne.uyer yqecrb, qro npH 3ToM

r.02

Pmc. 4.11. Cxeuu
rn4rotyp6t*t ceprdl
flpK245-BO

ycTaHoBKI.I

flpK70-BO, Mxr r .  Y

H xua .

Huu.9H6

Prrc. 4.L2. 3asrlcnvocrH pacr{erHoro

npHBeAeHHOrO paCXOAa OT MaKCHManb-,  -  . - -
Horo Hanona a) ;  = t  IHl  H KDr. {Tr{ rJecKn-.  y L

ro rcoeOQNrlprenra KaBHTar-lHH or
npHBeAeHHOrO pacqeTHoro pacxoAa
or =.f (Qi) anr. PO u IIII rn4>oryp6nx

H,H
210

nyrKH0l,t
nnK

I

2
/ . 1

7 , 6

1 2

I

n , l

N A

0 , 4

0 , 2

0

200
/E0
i60

/00
80

60
/.0
20

li
P

rr:'

i - 8

6

C

f f i ,n
K

0 0,2 0,/r 0,6 0,8 | 1,2 l,/, 1,6 1,8 2 2,2 7t,n'i C

t 0 3



Ta6nuua 4.2. Ocrrogrrue Jrcra.lroBotrr{bre pa:lxepDr rypfiwtoepHH Og2-fM. Ol}fM-

Mapra ryp6x- A
HbI

K

082-fM42
o82-rM-50
o82-rM-59
o82-rM-71
o82-I'M-84
o1-?-tl,{-35 550
ol3-f M-42 600
ol3/15-rM-50 ?00
o13l15-fM-59 820
o13/15-f M-71 950
or3/1s- tM{4 1100

850 1100
1000 l5s0
L200 1100
1400 1500
I 6nn l  Rnn
nn, '  ,4 "  nr v v  l u J u
750 950
850 L250
1000 1100
1200 1580
1400 1780

2100 950 1820
2500 1100 2100
2750 1300 23s0
2900 1500 27s0
2 < n n  I  t n n  r r  n ^J J V V  l '  ' L , ( ,  J I U U

i  950 9-50 i570
1800 1100 1900
1800 t250 2210
2100 13s0 2450
2500 1s00 2750
2750 1700 3100

700 900
800 950
1000 t2s0
1100 1300
I  A O n

TI6U IJUU

ssO 8c0
600 800
700 900
800 snn
900 1100
1050 1250

700
800
950
1100
1300

520
570
630
700
800
{ - - ) t ,

500
550
630
700
750

f lpHweqaHHe- o6rr lar  Macca yKa3aHa 6es orcacs*a'qef t  1py6br,  3aABH*KH H

Tainuua 4.3. ocrrosHbre ycranoBorrHbre pa3rdepbr ryp6wr cepr{i'
IIpK?GBO, fIpK24$BO, ror

Maprca ryp6xNsr A Hmin K Mac-
C6,, Kr

npK-70-BO-60 2300 2300
fIpK-70-BO-80 3200 3200
rlpK70-BO-100t 3500 3500
IIpK?0-BO-120 4000 4000
IIpK24S-BO-?1t 2800 2800
rlpK245-BO-84 t 3000 3000
IIpK245.BO-100 t 3400 3400
llpY245-BO-120r 3500 3600

i i  p N ve r{a H Ne . rJtiura-s

?80 900 800 1080 450
1400 980 1000 1320 615
1500 1100 1300 1650 ?00
1390 1390 1500 2000 750
1000 900 900 12s0 600
r25g 1100 1000 14s0 650
1400 1200 1-300 15s0 7aa
1900 800 1500 2000 750

600
890
1000
1200
700
800
I  n n n

1200

1200 850
1600 1600
r?s0 2q00
2000 3600
1400 2000
1500 2800
1  ? n n  2 r n nl  ,  v v  J  ,  v u

1800 5000
Macca yKa3aHa 6es sara ryp6uHu, pefynHpoBorrHoro

BaJIa, tuKHBa H orcachrBarorqe* 
"py6br.

MOUIHOCTb rypbauur Aon)KHa npwnnt\tarbcq 60ruurefi, tleM Morr$rogrr)
feHepaTopa c r{eTOM noTepb B feHeparope:

A I  A . r  . - - i

" T  
:  ' l Y r  l l r  ,  ( 4 . 9 )

r.Ue lr : 0,96+0,97 - KnXreHeparopa.
flonyreruroe 3Har{eHHe DrraMerpa pa6oqefo Koneca oKpyrnsercs ,qo

6 r t n r - r r r p n . \  / ! T a u n o h * r n M  n n  ' r ^ rvv,uuv' v v^QutIELPLtr\.rrv IrLr n\Jrvlsr l trJr<ltYUc MaJr.bIX I-Hl '{PoL-vpoHH. r{acT+

ra BpaqeHlHn r:|.ltrlpoT)?6HHbr onpeEerflercfl H3 OopMynbr

n  :  f i ' l D t H - 0 , 5 , (4.10)

61 9l'M rnr

o ronaK l f l pN6rN: r r -
T E I b H A q

M a c c a ,  T

850 1700
1050 1900
t200 2400
1250 2800
L'I6U JUJU

650 1300
550 1400
850 1600
850 1820
1050 1900
1200 2400

MAXOBHKA.

650 850 1600
?00 1000 2000
900 1200 2200
1100 1400 2300
L/ ,ZU IbUU I )UU

s00 1200 1800
600 2000 2000
700 2600
900 3000
i000  3900

I  ( ( n
I  U J V

1700
1800  1800
2000 2000

2600
3000

450
500
600
730
6UU

'7
q 5

1 3
i 7  5

, C A
J J V

400
450
450
500
600

1  ( n n

1500
1500
1500
1800
2000

2 ( n

400
450
500
600
?00

c n n  t n n
J \ , r v  , v v

650 850
700 900
900 1200
1100  1400
1200 150C

I J

A
a

5

7
1 0
7 A
l i

npg oroM Hanop H npwtuMaercq paBr-rbrM cpe.qHeN.{y no npoEor)K}JTLtJtt,-

Hocrr,r. OnpeneneaHafl. no 3ToH Qopuyle qacrora Bpau-leHt'Iq rtpllBoAtJ't-

cfl K 1nu>xafiusefi cHHxpoHHorZ nc, coorBercrB)'Iouleitpnly qzlcroT BpaUtc-

Hrdfl crfiFg;laprHbu rHApofeHeparopoB (cv. n. 4.2.2).

Oru,1r w3 napaMerpoB t'H.qporyp6tzHt t Bbtcora oTcacl,ulat tl'ttl

H s 
- onpe.uenter pacnorox(eHHe ropu3oHTallbHolZ nlocrcocrH, rtpoxol-ttt-

urbfr qepe3 Bbrxo.qr{bre KpoMKH rlonacrelZ pa6ovefo Koneca oTtIocHTerLIIo

ypOBFre HH)KHero 6ueQa, cooTBeTcTByIoUero pacxogy ol$-Iofr rt'tAporyp6l l-

Hbr. EcnH nonacrH tHllporyp6uHur pacnono)KeHbt Bbttue ypoBHq ltH)Kilcro

6seQa, Bbrcora oTcacbrBaHurr Ha3brBaercs notlo)KHTerlbHoal, a cciltl

:HVrx\e - OTpHLIaT€ nbHolz.

D;:rq onpe.uen et1vfl Bblcorbr orcacbrBaHnfl,,) o6ecne.{HBarouieil Ha.qex-

nyrcr pa6or-v rH.rl.Doryp6uHur no vcJIoBHtIu KaBHTaut4r4 Bo BceM ltnat la3ol tc

pa6or{Hx MoqHocreit u ganopoB, Hcnonb3yrorcq KaBHTauHoHHbte xapaK-

TepHcrHKH rnllporyp6uHu, nonyqaeMble B npouecce MoAerIbHbIx HCrI trt-I'o.-

HVrt. flpu arnx HcrbrraHtt:.x onpeAenflercfl 6espasvepHbllz rcolS$rtt ttt-

CHT KABHTAU.H.H:

o : ( H s  -  H 6 ) / H D ,

r.qe Hs - BL,rcora oTcacbrBatr4fl)u: Ha - 6apor.aerptrLlecKoe rraR,rlenLlc Il

Mecre ycraHoBKH, Mi Hp - pacqerl{buZ Hanop fHxporyp6uttt't, v.

Ecnu npuHqrb' qro 6apoverpuqecKoe AaBneHHe Ira )?olrlle Nloptl

paBHo 10,3 v, c y.rerow nonpaBKa Ha a6corlorHylo orMerr(y MemIlocrt't

pacno.rlox(e:a lx i=C Bbrc(l'l'a orcacbrBa'rrizfiriirrDol:vD6i'.iHbi 6-v.aer oltiicnt'-

JlflT:rcfl nO oopMyne

Hs:  to ,3  -  
#  

-  ka l l r .

( 4 . i  i )

(4.t2)

i 0 5



I { n a r h r h r n l r r o r t r  ^ ^ - ^ ^ ^  , -  - - -- rvv.'/y/,ru'rvrr.r. r*r' r4\d ^ rtpvtt|,uNvLe'tctl paBHbIM rl_l,5. Ko_e++HI+r4gHT
KaBHTaUHU B pacr{erHori ro.rrce pa60Tbr rHJrporyp6HHbr MoxHo onpeAe-nw'b no yHHBepcaJrbHbrM xapaKTepHcrHKav (cv. p4c. 4.44.A1 nau ?oo6o6u-lenHorz xapaKTepHcruKe Ha pac. 4.12.

HcrormsoBarue eplenu rtacocoB B KaqecrBe rzUpor:rpOr+r EJsr'4aJrbrx fOC' flpu eospocrueM HHTepe€ K cTpoHTeJrbcrBy rvcL,:rbrx f3C neBCerAa Mo)(Ho 6ucrpo yAoBneTBopsrb norpeouocra L n{ApocHnoBOM
o6opyaoBaHnu.qrsil Bcero wrarTa3oHa pacnoraraeMbD( HanopoB H pacxo-
AOB. B erov Moxer noMoqb Hcnorr6-oBaHr4e B KaqecTBe l-lr.qpo ryp6i.m
Cepnfiut IX OC€BbIX H lleHTl-'lo6e>r<rrr-rr. tja!-\11.r11D nn^r,r

Koropbrxel000nasnp1n;il;;';"-y;;;"ffiofiH|t;=ff;H:il.7
'rcq B 3HaqHTenbHo 60rru:ev .qHana3oHe HanopoB H pacxo.qoB. npu
3TOM B Kar{eCTBe feHepaTopoB N.{O)i(HO HCnOtrb3OBaTb re xe acHHXpOHHbre
EB HraTeJrH, K OTOpbTMH KOMfLn eK TyroTcrr Hacocbr.

ue n lpo 6e x(Hble rop H3oHTaJIb HL,I. Hacocbl, B brrrycKae rvrbre oTe qecTB eH -i-IOfi NPOMbILLIJICHHOCTbIO, trP€trCTASIEHbI UA .qBIX HOMOIPAMMUTX (PUC.
4'13, 4.14). 

- Beprara^Hure ueHTp:ooe)KHbre Hacocbr BbrnycKaloTcq Ha
Hanopbr no 90 M H pacxoAbr go 20 ru3 /c.

flpu pa6ore n o6parHoM pe)K've (rypOarurovr) Hacoc 6yger HMerb
XapaKTepHgTL{Ku, OTtIHiIaIouIPrec9., OT yKa3€IHHbIx B KaTaJIofe. TOwtaq
xapalcrepucTwKa Hacoca o ryp6aHHoM pe)KHMe MO)Ker 6um rollfr{sH4
TONbKO HA OCHOBE AOCTATOI{HO AOPO|HX MOAENbHbIX VIM HATYPHbIX
HcnbITaHHr\. Dns rtpe.rpapuTenbHblx pacqeroB Mox(Ho ;1pw1uM2Tb Arrrr
on rHMaJIbHOro pe)Kra,4a pa60rar HeKoTopbre qpe,FrHe nepexo.qFrere xoes-
Q,oqrreHTr,r B 3ilB'cuMocr?r or rcoessl.ruHeHTa 6urcrpoxo.cpiocTH. np;
3TOM rcOa$@ruaeHr 6ucrpoxo.&rocr? E^rrs HaCoCHOro pe)KHMa onpeAen r_
ercs no @opuyre

tr"' : nQJ't H4'75 (4.13)

!-l1e n - rragrycTa Bpauiei*'rfi, O6/-"aimi Qn - ngAaqn Haco(A, u3ic;F|_ nOl_
ut tFt Hanop, M.

flepexolwale rcoa$Quilaenrut Dnfl nepecqera HacocHbrx xip€lKTepHc-
T,,K B ryp6uHHbre IU7fl, pacxo.qa Q, j Qyke, D,JtflHarropa Hr : H^kn u niKn.[ rlr : rl"kn npwarn\4aroT no ia1n.n.q.='

3Ha.rer'aq 
-ToqeK xapar(Te pucTHKL{ Hacoca B Koop.q,HaTax

Q - H (pnc. 4.15) Dnfl pae.{e-THori qacrorbr Bp&uiesprfi Hacoca yLrHo)Ka_
rcT Ha eru rcoe@0uquenrr'r. flprz orriHqarcrqeficg qacTore BpaqeHHq,

r{To 6yger HMerb MecTo lrpa uc_
T a 6 n u u a 4. 4. Ilepexorsrbre
rosQQr,crrrerrru

nsH kg kr. kn

24 1,42 L,24 0,926
L4 2,20 2,02 0,940

fIonb3oBaHWH acHrD(poHHbIx .@Hra-
rerefi B KaqecTBe reHeparopoB,
rr IJA ]firarw rvA-y v r l.{vr rvJ u:lyl lyJ lbHU I lgpe.cr{H,

TaTb xapaKTephcfr.fr<r4 Hacoca Ha
qacrory BpauleHaq rHqpoTyp6u-
Hbr. Tarc KaK HoplvrzlrtbHoe cKorrb-
xeHue acHFD(poHHbrx Aaurareaefi

1 0 6
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rHC. 4.1). IapaKTepHCTHKH qeHTpOoe)K-

HO|O HaCOCa

COCTaB-rItIQr_ 3a/o, TO npH nepeBo.qe

rewralerre B reHepaTopHbrrz
pe)KI{M HeO6XOIU,TMO trIe BbrEaqra
MOII{HOCTH B CeTb rrOEHrTb ero
pacrreTrrfro r#rcTory Bpau-ieHHfl
npHMepHo Ha 60/o.

flepecuer xapar(TepvcrwK
Fracoca Ha .qpyryro qacToT"y Bpaue-
IjL.7s. CJreAyer npoH3BoDUTb nO

$opuyrau:
p.nfl Hanopa

1 a

HL - n' t  n-zH;

.qnfl pacxoAa
, ^ - 1
Qt  :  f t r f l  

^Q;  
t

.4[q MOU-UTOCTH

N '  :  n ?  n - 3 N .
r l

H , H

a n

40 60
0, n7c

'1., -/"

{n

4 0

1 n

t n

1 n/ U

n

4 x E r
4 0

JO

20
10

(4.14)

(4 .1s)

(1 .16)
llprveHeHue acHiixpoFlHblx feHeparopoB coBMesrHo c npeo6pasoaa-

TeJIqMI{ quLcTOTbI no3BoIIqeT Bbr6r4par-b oflTHr\4zlnbHbrrz TypOHl+rbuz
pe)KHM HaCOCa 3a CqeT H3MerieHHs qaCTOTbr Bpaute{r4tr.

PerylzpoBaHne ycraHoBKH c ueHT.Do6e)KHL,TMH HacocaMH RMeqro
rutrpoTyp6rH (ecrua oHo Tpe6yeTcs) nPegcraanrrer /f ocTaroq{o c-ro x(Hyp
:td-uaqy, TaK KaK HaCOCbt He HMeru.I peryl}4pyeMor-o rranpaBJrHtoulefo
annapara. D,ns oqeHb MaJIbIx rxgpoarperaToB r\{oulFrocrr,ro Ao 50 rcBr arrc
perynHpoBaHHe B cnyqae paooTbt Ha H3orlllpoBaHHyro Harpy3Ky BL,rcoKo-
HanopHbu ycTaHoBoK Mo)KHo ocytuecTBrrrTb craH.qapTHbrMH perynqTopa-
MH .qaBneH%9. (ntts AHaMerpoB HanopHbIX Tpy6onpoeogoe Ao 400 r"u)
VnH CtaH,qapTHbIMH KIIHHOBT IMH CTaIbHbIMH 3a.UBH)KKal\,1H C 3neKTpO-
n f f l r E r A n / \ f ' ,  l r m o U O D  f r l J D a o r  r L r r l r t  U q  n f D n n d  r - A '  

"  
r '  '. . y . . p v l - l v r v r t  

J v ^ ( a r t q r ) J L r t D q v l v l u l l v l r l  r r q  v l p v l - { \ /  D \ / 1 . - { - D M ,  f  f r l l P \ J f y y \ J f , ] I - t b l

(Hacoca). Illts HacocoB 6olrutotZ MoutHocrH TaKoe perynHposaruie
HeSKoHo\4Ht{Ho I43-3a 6olrurprx noTepb g:Heprulv Ha ApoccenHpoBar rHc
Hanopa. B arnx cryqarx )KenarerrbHafl ycraHoBKa perynsropa Hafpy3Kt{,
KOTOpb,rrz o6ecneqr.rBaer pa6ory" rHtrporyp6nHL'r B onrnN{yMe xapaKTepLlc-
' 1 ^ l , l i . l ,  a  f , f t 6 r - f f r \ r f L J r c I  ^ r r \ r r r L J r \ m  n n r r  o l f r t t r a t r r r r t  r  r 4 ' . _ r ' ^ r r ' ,^ r r . \ . . t  q  f t J v u L L v 2 L e t t  l v r v r r ' r ' r v v r u  t L t / r L  v r r r l ^ \ v r r f t l l  r r c l t l r - y J I \ l , r  l 4 L t ] l L > l

6anacrHofr Harpy3Korz, Harr pHNrep Bo4oHarpeBaTe n flMH.
I'lprenrcs npHMepbt Hcnonb3oBaHHti v Apytvrx rHnoB HacocoB R Kar{c-

crBe rHApoTypSvrt Dns MzlrlL,tx f3C: oceBblx FrH3KoHaflopHbrx H apre3r{i}Fr-
cKHX nofpyxHutx (nocnegl{Hx B Uenqx rH.qpoaKKyMynHpoBarJ6fl). KnJl

t 0 9



yc-TaHoBoK e _Ta-}(Jzl'-{r.t o6par-t+.ablltx fl4ipoaiperarai,nri 3Ha-.i}irenbHo
Ht{xe' qeM c o6al.ffiuwt uenrpo6e)ICHbTMH Hacocan\lu (pln norppKHbu He
Bbrnre 30%), a raJ<x_e Tpe6yercn o6ssarerrbHaq npoBepKa KOHCTpyKT{r.4,r
rHApoarpefaTa ra o6partloe Bpau-(enue H pa3roHHyro r{zrcrory BparrreHgrr.

Croavocrr 3a999? no cpaBHeHuro c ryurporypluuo[t 6yo", HH)Ke
npHMepHo Ha 10-20"/", oEFraJ<o oTcyrcTtsHe peryffiTopa H npwMeHeHHe
acrcuporu-ioro reHeparopa BMecro cuHxpoHHoro MoryT cHH)Karb o6u5rro
croHMocrb o6opygoBailr.Tfl trlr-noft fOC npr ycraHoBKe l{acocoB BMecTo
nnqporyp6uH npHMepHo Ha 50o/o. flpra sKoHoMHlrecKoM c?aBHe_HHH cycruIHoBKorZ odrr.rrbrx rpl.r4loryp6un Hap-qIJv co cHr4,xertr4eui croriMocTi_i
o6OpygoBaHhe, cne4yeT yr44n rBaTb cHH)KeHHe K||n rHtrpoarperaTa Ha
2040"/o.

4 22. I).g4nreaeparorpsr

fu,uporeHepaTop crpKHT x.n;- npeo6pa: orra'tl;rs MexaHr,r\recrcofi aHep-
fHH Bpar.qer{Ijs BaJla rHApoarpefaTa B 3neKTpH\recKyro 3HeprHro rpe6y6_
iv{L'H napaMerpoB no qacrore ToKa H Haflpq)KeHHro.

Kax npaawTorruI Mailbrx f3C npHMeHrrroTcq cHHXpoHHbre qBHonon1gc-
HbIe fHAporeHeparopbl c BeprHKarbHbrM, foplBoHTaJrbHbrr4 a wjHor$a u c
HaKnoHHbrM pacnonoxeHueM BaJrrL. B nocJreAHee BpeMrr non)^il,urrr,r
pampocrpaljellKe ycTaHoBKH c acHHxpoHHbrrwr n4ApofeHeparopaMH,
BKnIoqurrcUIHe crleqpranbHbre npeo6pacoeaTeru4 qaCTOTbr u 6a.rapeu KOH-
.qeHcaropoB .4['r o6ecne.reHns, pa60rtr rHApoarperaTa Ha w3}nupoBaH_
Fryro Harpy3Ky.

ocHosHurMu napaMerpaMu raApofeHeparopa sBnruorcfl 3neKTpnqec_
Katl MOUIH@Tb, t{zlcrora BpauleHHtt v Hanpfl)KeHHe Ha ero BrrrBo.qa.x.

rI orunsa 3neK TpHlrecKa'z Mo r'ur ocrb rH.qporeHeparopa, rcB.A
S :1,73U1, 

( 4:I7)

rge U- luser?roe Harrpfi)Ketae HaBbrBoAax, rcB: I _ 6a:ntirZ rtcrc crarn_
Pa, A.

AxrlreHar MoLrIHocm raAporeHeparopa, KIIT,
N" = ,Scosg, (4.18)

rAe cos9 - rcoeQQHuHeHT MoltslocrH faAporeHeparopa, npaHr.b^aevrrrft
DJ1fl MaJTL,rx rHgporeHeparopoB paBHurv 0,9.

O  n r - l f r r r r p  r \ r n y r r u f f i r  r r r f f i ^ M , , ^ ^ ^ - ^ - ^  A I  a  ^  1  r rrvrv! '  l ' |  rvvrrr L rt ' r I t \)L ( 'n( 'P4r\Jpa lY- uM.l l .  .+.2.r.  YacTory Bpalqg-
Hr.rfl rvr[poreHeparopa eu6rpanT r,13 qHcna cHFrXpOHHbrx qacTor Bpaqe_
HHfl., o6/t*ru, KoTopbre .4[rr qacrorbr roKa 50 fu onpeAerrrrror rro eoprrry-
ile

n c 
-- 3000/2p ,

L'Ae p - qHcJro nap nonrccoB rH.qpofeHepaTopa.
3ra .racrrrra Bpaure Hufl. Don)KHa 6rim Bosrvio)KHo Onusxorz

ru,Hofi qacTore BpaureHr,rrr rHAporyp6unur gna o6ecrreqeHnq
l t  l l t a l  r ^ r . t E drr JR vrrvrvr y t ar-rv 14 p4urJ I bl I .I4l-lp()al 

pgfaTa.

1 1 0

(4.re)

K ONTHMA-

HaAexHorZ

futs pa6orr'r ,l.r.arroii il3c Ha cerb MecrHoro DairoHa Hanpq)KeHHe
rHAporeHepaTopa eu6npaercs paBHbrv l0r5 unu 6,3 rcB, n ronbKo x.l]l'._
oqeHb MzLrtblx rpl.qporeHeparopoB (r'aouprocrrK) MeHee 250 rcBr) r.aoxHo
npwrtarr*arb HarIpfl)KeHHe 0r4 rcB.

KoHcrpyrcTHBHo fugporeHeparop cocToHT H3 nflTla ocFroBHbrx y3noB:
poTopa c norbcaMH, craropa c oOvorrcoft, onopHblx KoHcrpyKLIHfr, nog-
TTtnrIHHKoB H cncreMbr aos6yxaoaue' B saeucle4ocrH or pacnoroxeHHs
Batta (ropnaoHTanbHoe HnH BepTHKaJIbHoe) eru y3Jibr nprHr{Maror coor-
ppTrvrRlrrnrrrt P rhnnrnr |tr-r.r r-InrJr\rpnLr l.lrnnrtnPrjPn2Tnnr\a nnl,rQpnpurrLrFr rl
e v  - v ^ e J  . v s a ' . v

in.T.
flpu aut6ope pa3MepoB H KoHsrpyKTHBHorD rrcnorlHerrns, rHqporcHepa-

TOpOB CJIeAyeT OpHeHTHpOBaTbCt B nepByro Oqepe.& Ha HC[Onb3OBaHr.e
cepptr;Hblx reHeparopoB .&[q .qi.BenbHbtx 3tleKrpocraiuriafr, Tar( KaK 3To
no3BorlqeT, Bo-nepBblx, nonyqHTb ocBoeHHbua reHeparop H, Bo-BTopbrX,
cHH3HTb ero cror,rMocrb 3a cqer cepuiiHoctu. O.unaKo npH TaKoM er,rCrcpe
qne.qyeT yqecTb Fa Ba)KHbIx oTIIHT{HS fr,r,qpofeHepaT0poB oT reHepaTo-
poB .4rtg .q,r,8enbHblx 3neKTpocrasuxfr :

1) 6onee BblcoKyro pa3roHHyro qacrory BpauleHurr, T.e. T"y qasrory,
Koropylo .qocrHrHer r€Heparop nocre BHe3arlHofo norrHoro c6poca
Harpy3K H npv coxpaHqlo u1efi cq Mo u-lFlocr u ty p6u:e^ut. Ecnu Am craHlta p r -
HbIX CHFIXpOHHbIX reHepaTOpOB npeBbIrUeHHe qagroTbr BpalrleHHq np]H
cOpoce Harpy3ICH npnHaro 20oh, To Arq rHgpofeHeparopoB 3To npeBL,rrie-
HHe cocraBtlfler 50-80% npH coeAHHeHHH c pa44aJrbHrcceBbrMn rrillpo-
ryp6wif";twt u .uo L20o/o r-rpkt coeAHHeHHH c noBopoTHo-nonacrHbrMt4.

3ro o6moqrerlbcrBo rpe6yer 6onee npoqHbrx MarepHanoB H Kperlne-
gvtFt DJts poropa rutPoreneparopa H 6olee crporalZ ero 6araHcHpoBKr4;

2) 6oree BbIcoKHe oceBb,re yc;r4nvfl or pa6ovefo Korreca rr,urporyp6r.lrr,r.
Ecnu ryp6nua ue HMeer cBoefo rto.qrflTHnKa, To 3To AononHHTerrb-
HOe ycunl,Ie loIi)KHO BOCfIpHHVMaTbCfl nOATxHnHHKaMH rHApOfe-
r{Pnarrrn, |

Cepuirr*te ropr,BoHTa-rlbHble rHAporeHe.paropbr H\{eror rramorbr

BparrreHHn 250,500, 750, 1000 u 1500 o6lr.,rr,rrt. Croru BbIcoKHe e&crorr,r
Bpar.rleHntr npHcyun TotIbKo nurpoTyp6unav ue6olru-rofi vorqsoqru 11
npH BbrcoKHx Hanopax. HuaxonanopHbre rH.uporyp6r,rnur HMeror qagrorbr
Bpar.rreHuq 125-300 o6/rwru. I"qs raKHx cryqaeB craHoBnTcfl BecbNra
saMaHqueofi uneg ycraHoBKH Me)K,uy rznporyp1uuoh H rHnporeneparo-
poM noBblLuarcluefi nepenavlr (rurynbrHnrlHKaropa). 3ro voxer 6ulru ur.r-
.r-rHtsrJfpHr{ecrcui ktrv nraHerapHbtft ruy,rturHl IJrHKarop .u.ns rugpoarpera-
Ta c ropr,r3oHTaJIbHbIM BaJIoM (cv. pl,rc. 7.5, a) vlrv Kotr.rqecrcufi Anq ropr.r-
sorrrarrusofr rugporyp6prr-rut v BeprHKanbHofo rHtpofeHeparopa (crtr.
puc. 7.6).YctaHoeKa MyxbrvnnvKaropa Kpolvle coKpaluerlHq pa3MepoB r r
crouMocrH rHgporeHeparopa no3Borqer eat6parb onrliNranbHlrlo qacrorv
RnAnreHHq r-HrrnorvD6unr,r  I lvTe,M rro l r6<lna DanH()uai lhH()r( )  r reDenATrl r r -- r  - - -  t -  J  L  J  .  -  L  I  '  

r

Horo orHolueHna. llpu pacqere MoLuHocrH runporyp6lzr-rut R 3TI4x er)'r1;i-
x Heo6xoAHMo yqHTbrBarb norepv B WnbrHuIHKarope: oKo,ro 3oio s1n>t

TrrtraTeIIbHo H3toToBIleHHbIX nIlaHeTapHblx 14 oKoIIo 5o/o gnfl, qHnHH.qpiJ-
qecKHx.



Pxc. 4.15. fa6apNru rHApofeHeparopa

illts BepTHKaJIbHbIx Hu3KoHanopHbrx rHApoTypoHH npHMeHrrlorcjl
rHlpofeHeparopb,I MeJrKocepnifHoro H3roroRrl elltnfl., noxo)Kge Ha reHepa-
Topbl cpeln-Il{x rlo Mou{FrocrH f3C. 3ru reuepaTopbr HMeror, KaK ripaBg-
lo' fiognecHoe HcnonHeHHe c onopofi nogr]tTHr.il<a Ha BepxHroro KpecTG
B%rry. OcHoeHllM kD( oTnu\rreM or r€HeparopoB KpynHblx i3C eBJrrrercs
cHcreMzl BOHTHJl9rJ,r,rH, KoTopaq lurs MorrlHocru MeHee 3 rurc.rcBr MoxeT
npwrrr4\rarbcg pa:omcrryrofi 6g3 ycraHoBKH crte[ua.1ss1,y16 Ro.u,rHbrx
Bo3AyxooxJlaAl,Ireneit. llpavep TaKoro feHeparopa tra*.- Ha puc. 4.16.

KoncrpyrcTtcBHoe HcnorIHeHHe coBpeMeHHbrx reHeparopoB nperepne-
ro Hq3HaqHTetIbHbIe H3MeHeHHs fro cpaBFreHHro c KoHcrpyKrJj'tfl''{r.r
50-x roEoe. OAHaKo coBpeMeHHag rexHonorHq no3B onuna 3Har{HTenbHo
noBblcHTb I& Ha.qe)KHOCTb 3€r Cqer npHMeHeHHr TepMOpeaKTHBHOfi
v3onflrvtw Ha 3noKcHE{bIX CBg3yroq}o( H Har{exHbrx froAnrrHHKOB C
3rlacrHqHblMll MeraJlrloiltulctrvlaccoBbrMu cerMer{TaM}r. flpnveueune
crarHqecKofi rupnctopHofr cucreMbr eosOyx gteHr4fl, BMecro Bpar r Rrou{Hx-- /vra rvr4LrJrtn rrLrul\JrlrurL[\)-luKa cHi4)KagT faoapHTbl reHepaTopoB, nOBITIIIIa-
er Ha.qex(Hocrb H Kar{ecTBo perynHpoBaHnfl HaRpr)KeHvrg.

flp rzvep coBpeMeHHorc KoHcrpyKTHBHoro HcnorrH e:rly,s, ropu3oHTaJrb-
HOrO fHllpofeHeparopa EIq conpfl.x<eH.ufl, c fopH3oHTarrbHolt pawanbHo-
oceBofr rHgporypluuoir Dar:. Ha puc. 4.17. B srold cnyqae rngpoarperar
HMeer ronbKo feHeparopHbre r-ro.uruunHw<H, pa6ovee Koneco ryp'u]Hb'l u
MULXOBHK (p,tts ltsenHqeH4fl kr:Heptluw BparrleHHq .{aCTerZ) pacnOnox(eHbr
Ha KOHCOIqX BaJra neHeparopa. Sror reHepaTop, KpoMe rofo, HMeer
ccBpeN'reHHyro oecqero.rFryro cHcreMy no:6yxaeH4fl,, q.ro B uenoM
noBblulaer HaAexHocrb alofr casreMbr.

OpuearupoBotrHo ol-Ipe.uen vrb xap aKTepHcrH Kkr H ra6apgrur cHHXpoH-
III)lx rHAporeHeparopoB c..Iacrorolz BpaLqeHHs cBbnue 500 o6lvuH Mox(Ho
tra ocHoBe KaranofoB Ha feHeparopbr lH3enb-3neKTpHqecKHx craHuuE,
H(^r  n nq I { r ) \ /n I - I I - I \ .  Dpn,Ff  . r r . .e  nr  r  t r  rv  nrJn- - -  - - r J  v v y r . r . \ 4 J ^ D r r u r : \  r  r r A l y \ _ r t  \ - r 1 e p c t r v p \ J c ,  u  \ - l a r , u l u . l a A  ! l  B I J a u l e ' -

ttus L?5-250 o6/r,*rH noKa Ta.KHx KaTaJror-oB Fre cyurecTByer. I-IoaroN{y Hx
pa3Mepbl H N{acca Aon)KHbr onpeAeJrflTbcn Ha ocHoBe AaLiHbrx 3aBoAoB_
H3|OT0BHreleu-

l l ?

l i i l t , , i , 1 1 1 1

l l l r r , ' 1 , 1 1 1 ; 1

t _ i _  
_ u f _ _  l _

I  I  l r : t
I I ,.., i l l--- s

s l  I  \ i t t l - s
€ l  3 i  t F S

I I lr ---]1
i  I  - ,

Puc. 4.17. fagpoarperar c pO nrgporyp6 uuoitMourl.rocrbrc 500 rcBr

rlns npe'q'BapHTerlbHoro onpe! eileHHfl pa3MepoB H Macc THxoxorlr rr)rx

lffiffiffitr:poB 
Morvr 6 urrt p eKoMe H.qoBaHbr qreryrou{ze 3M n Hp H q ec-

ocHoeHlIMH pasMepaM' fHtrporerrepaTopa qBrrrorc fl ,'r.raMe-rp Br{y-TPCHHCfr PACTOqKH CTATOPA Di, CM, H BL,ICOTA ;IKTHB TIOFT 'rZNU CTATOPA/1, cM. 3ra pasvepbr cBq3aHL,r Mexay co6olZ 3aB';1cp1Mocrbp

C :  D i  l ,  n .  s - ' ,
(4.20)

f'ue c - MaLrrHHHag rlocTo flr.,Hatt, DItfl feHepaTopoB rrra-irorZ L4 cpeTtHerMOU{HOCTH paB'.a 20; n, - c'FrxpoHHaq r{acTora BpauleH,q, o6/utttt;s- Morrujocrb reHeparopa, rcB.A-
Crreayer crpeMaTbcg K Ha3HaqeHHro r_laa6oatrrrefo !Hal"ro_^ ^!!!._

peHHetl pacToqK, craropa, TaK KaK gTo .taer gKoHor'rr,{rrrr^a n.tt'o 
iiHyT-

HgpaTopa H f lO.3norrqpr rr^r.!1' ! !rr-,  .-^--a^ - 
' -r \ \ ' rr \r t lar l :-* 

IJgtUgHHe fe-

'opa.oipan',ur","y;{#;ffi,Htf,Hfff ff #;#:,:Ti"liiqecKHe Hanpq)KeH*'. B o6one poTopa, rcoroptie KocBeHHo onpe.qenrioTcsluHelzsolZ crcopocrbro Ha BHeLUHeM DHAMerpe poTopa. B cansLr c MairbrM3a3OpOM Me)I('try poTopoM U CTaropoM MOX(HO npHHHMaTb erreiurrlri:IDHAMETP POTOPA PABHbIM .UHAMETPY PACTOIJKH CTATOPA.
fonycruMafl iluH€iFr]Han cKoDocrh nn' ne e!-.nurrn,-,iH,ap ory p 6 wuur (1,6 0.:2,2; n. r, p rrl ;; ;;';#ffi " - I ffi: i ;il ;r:". ?;; ; ;IiprlMeHneMbrx B Hacroru_lee BpeN4 n craneit), ,o.au

(1  60  +  180 )60
L . : - -

, flf1c

fIpH etrvnc,rreHr.lbrx no $opr,,.ryrra v D, vt /1 voxrlo orjpeIleJulTb opr rer tt.r r-
B"i:5:1T16"*: ;'ii":"il?'::nJ'y-f ".::-o ro)' b.-=" t,;b,+r' *,;
: i lD I . '  

- -  - '  - . - i  !  ruv ' ' v i i i '  i  Av  j j \ j 4aMerp  Luax ru t  r yp$aHb l  D- . ,  :
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tlofoB, opHeHTHpoBoqHo onpeAenrroT r-ro Qopuvne

GD2 : 32(D: - Dl|)tp g.?2)

2,0 
- BHyTpeHHHll nltllan,zrerp o69.qa poTgpa, M; D\nn MaJIbIX reHepaT.poB

Dio:Di - l,'7;trnq r<pynHbrx reHeparopoB Dio: Di -2,5.

r/oruFo Maccy r-MAporeHeparopa, T, npvHnMaror B 3€LBHCHMOCTH OT
D ; u i ;

G":24Di l f  (4 .n)
Maccy poropa feHeparopa cneAyer npvHnMarb paBHorZ norroBHHe

o Siqe ir MaccL,r rHAporeiJepaTopa
FIa vrarrurx f3C, pa6oralolrrux B 3HeprocHcreMe, B uergx y.ueureBrre-

trntT 3neKTporexHHqecKoro o6opyAoeaHns Mory'r ycraHaBnaBaT'bcs
acHHxpoHHble reHeparoput, 6olee npocTbre B H3roroBrreHHH H 3KCn nyara-
rrvl4.llpu ycraHoBKe acHFupoHHbrx neHepaTopoB Ha MaJrr,rx f3C, pa6ora-
Io ul,rx Ha .qocraroqHo Moltl,Flyro 3HeprocHcreMy, nx aos6y)KgeHae o6ecne-
qHBaeTCq 3HeprocHCrerrlOft. CneUyer It%fi]r'- )rqecTb, r{TO aCHHXpOHHuuZ
feHeparop nile ceoefi pa6oru rpeoyer qacroTy BpauleHHfl Ha24o/o Bb[ue
cuHxpor'u-tofr (ua 3HaqeHHe cKorlbxenHn), a raK)Ke neo6xo.ltlzMocrb
ycral:cBKu 6arapeft xoH.qeHcaropoB rrpa Bbrcorcrax rpe6oBaHuflx co cropo-
Hbr cHcreMbr K KoMneHcarrHH pearrHauofr Mou+rocrH. Kpove roro,
cre.qyer yr{HTbrBarb, r.rro Hanpqx(eHHe y acHHxpoHHofo reHeparopa
H3MeHrercq or Hat-py3Klz' (aa 18% or xorocroro xoAa ,qo nonHofr Harpys-
KH) .

B nosneFee BpeMsr (norca .qnr N.{HKpof3C) nonyaruna pacnpocrpaHe-
IlIae cxeMa ycraHoBKld acHHxpoHHono reHepaTopa c Heperynapyer.,rofr
ryp6uaofi u npeo6pa3oBaretteM qacrorbr, npacnocolneusas rc 

-pa6ore
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cnyqae Ang. cat\loeos6yxrt eHHfr acplFrxpoHrJofo reHepaTopa ycTaH aB JTnBa-
ercs Oarapen KoHAeHcaTopoB, a noAIep)KaHHe qacroTbr TOKa o6ecne.{H-
Raerct npeo6pa:oBaTetleM qacToTbr. Tarcne ycraHoBKH MoulHocrbto
1,5-10 rcBr loee.IreHbt .uo ypoBHs npoMbrlurreHHbrx o6pasr.1oB, B qacTHocrH
B CCCP raKue ycraHoBKH H3roroBneHbr B KuprHI4O3. 3rH cxeMbr
o6ecne.{HBalor yAoBnerBopHTenbHbre xapaKTepHcrHKH ToKa H Hanpqx(e-
t-I4tt )JJ757 6unoastx norpe6areneft. flo Mepe pasBvrrnfl elercr'ponHofi_ /_ -'ruxH()rr(-)t'An 

\tr qaL:I'H I tpeoopa3oBaTe-rleH qacroTbt ) TeK'4e cxetvibt galiEy"r

urHpoKoe frpHMeHe:Hl/le H gna 6onee MoulHsrx f3C. Hanprzvep, srzpva
"liopruHa" (AurlHa) eurnycKaer cepuhnr,re npeo6pa3oBaTerrH qacrorbr
Dnn pa6oTbr c acHHxpoHHbrMH reHeparopaMu Ao Mou+rocrH 500 rcBr. B
CCCP H3foroBrIeHbI npeo6pasoBaTerrH qacrorL,r (nnz nycKa reHeparo-
( )OIJ- ] , ITJHI 'A 'LVJICt1 I  . r \JL- I  MOII IHOCTTIK) I . )  ThI( -  K}- 'T

4.? 3. npemyp6llHHbr€ 3alBopbr

I-Ipearyp6nHHtte 3arBopbl npeAHa3HaqeHbr Anq [peKpau{eHHq noToKa
BO.Ubr qepe3 rHqpoTypduny, a raK)Ke D,iln ocy[xeHHq ee npoTor{-
Hofi q,acriH npr peMoHTHbrx pa6orax. D,nq BbrcoKoHanopHL,rx rcc
(11 > 200 v) npeATyp6prsnr,re sarBopbr Hcnonb3yrorcq B KaqecrBe
o neparHBH blx 3ztrBopoB, 3€tr(pbrBaeMbrx npH Kaxno lZ ocran oBK e rHllporyp-
6wuut B qenflx npeEorepsuleHlrq uleleeorZ KaB Hrau HH HartpaBn qro Luero
annapaTa.

ilnn MaJIbIx I-OC B KaqecrBe nperylvo6raurtsrx 3arRopoB Hcno-rrb3)rro:r-
cq nrocKHe 3arBopbr Ha BXoAe B BoAonpae\,ffiklK ruAporyp6aHsr (nnq
Ha3KoHanopHbrx I-3C), AHCKoBbre 3urrBopL,r Ha Bxo,ue B cnnparrbnyK)
KaMepy ryp6rauur (arq-[.3^C c LI :30:200w v npu.qHaMerpax H€rropHor-o
rpyOonpo BoAa cBbrrue 1200 w), craHAapTH bre craJrbHbre B oAon po B oAr_r r,r e
3a,uBH)KKv (nns fgc c H :30+200 r ,n .p, AHaMcrpax nanopuoro .rpy6t.;
rpoBo.qa 500-1000 vtu) u, HaKoHeu, LuapoBbre 3arBopbr Dnfl rca c
II > 200 u.

nr'rcxoeuuZ sareop (ptnc. 4.18. a) npeacraBrrqer co6ofr ncBopo.rr rr,rii
.uHcK o6rercaeworZ QopMr,r, pa3MerqeHnurfi B qHnHHnpHqecKoM crarbHoN,l
Kopnyce H ynpaBnnewt'tit tlri,flpaBnvqecrcuw HIH 3rreKTpHqecKHM rrpHBo-
.aoM. B cnyuae Hcrlonb3or,a:Hl4fl sroro 3arBopa .qnq aBapprfiHor-o 3€LKpbrrrJrr
noroKa on cua6xaercq fpy3oBbrM np!{BoAOw. B 3TOM C-rlyqae fHAponpH_
BOn UI\H 3neKTpOnpHBO.tr HC[Onb3yrOTCs rorrbKo Ans oTKpbrT4tl 3arBopa,
a npu 3aKpbrTr,IH oHH qBrrsroTcs TopMo3oM.

B erryLrae oTcyrcrBr,rfl y oy'atrcfi rarrporyp6prrtsr HanpaBnqrorqefo
arlnapara npe.qryp6uuuanFt 3arBop flBrlteTcq raKx(e H oneparHnur;rN{
opfaHoM, cnyxau{HM Enfl nycKa v ocraHoBKH fH.upoTyp6unsr. Ilycx
flrAporyp6utrct H BKJltoqe;:;,z'e ee B cerb npu orcyrc-rBat4 HanpaBniarculefo
aflnapaTa npe.qCTaBIqIOT O[pe.qeneHHble Tpy.qHOC TH, TaK KaK .qHCK On t,tl:i
3arBop npH Manblx oTKpbrrvflx He Moxer pa6orarb KaK Derynr{pyrcrrrll.g-r
opraH .qnq noEroHKH qacrorbt BpauleHafl afpenara noA r{acrory cerrl.

PHc. 4.18.  Cxeur,r  npetryp6raHHbrx
o - ,qHcKoB r,tFt; 6 - ruapoarru; e

8)
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I ioerou-v B TaJ<tD( qfl,yLrafix geo6xo.qra\br HJru vcraHoBKa oTJrenbHolro
perynHpylouefo opraHa Ha pacxo,q xoJrocrofo xo.qa rr,rAporyp6asu
(Hanpnwep, B BHl]e t'danoro 3arBopa B cepegr,rHe ocHoBHoro Dyrcl'<a), wrq
ycraH oBKa rH.qpory p6wtat c perynHpyeN&rMH nonacrqrvln, o6ecneqr.rBaro-
ur4Mvr ,uocraror{Ho nrlorHoe ncpeKpbrrHe npll cBepHyrbD( nonacrflx
pa6over,o Kotreca.

B cccP uapoBbre 3arBopbr (puc.4,l8r 6) nprMeHqrorcq Ha BbrcoKG
HanopHbrx f3C npu wraMerpax rpy6onpoBo.qoB or 1000 Ao 4200 rncu. Ha
Ma-rlbtx fiic oHH MoryT npr,lrueHsr-cq roJrbKo B 3KoHol,{r.r'{ecKu o5ocr r+
D q u u l l v  n  m n t o o v  b ^ r o n m r r 6  r r r t  E n ^ n h  - ^ -  - - -
D@Lr r  r u^A  wL f  1 r y l ^  Pv rv l {w lpvL t v  r r ^ ,  / { \ , r y \ . r f  u l t l z l J r - tE r ,  r : d l t l y y l I 'VP  l lPY l  yuLa l1u t 'KE i

K o B tu o B bu rHApory p6uu. llperar"ryrqecrBaMu 3THx 3€lrBopoB q Brq rorcrr . Hx
BecbMa MaJIoe fHApaBnHr{eCKOe COnpOTHBrreHHe B OTKpbTTOM nOnOXe-
tfLlLl, a raK)Ke rulortloe 3aKpblT?re HanopHoro rpy6onpoBo.qa, qro Hcrctrro-
LIaeT nonHocrbto LqeneByrc KaBHTaUHTO HanpaBnqrou{ero annapaTa
rr-rAporyp6rrnsl.

fhocrcaq 3anRHxKa Qmc.4.l8, e) npuveHqercs JtJte. HanopHbrx rpy6o-
npoBoAoe He6onb.ult{x .ql4aMerpon. OHa Mo)Ker HMerb oneKTpaqecrcHr]
14 Irr4 rHApaBrIHqecK urt npvmo,E. flo ycnoBuqv 6esonacHoc'TH 3ryarrvc. fOC
Kopnyc aa"trBH)KKI4 AonxeH 6srrr craJlbHblv. 3rn 3a.qBH)KKH, TaK )r(e KaK
v p.uc)<oBble 3aTBopbI, He npegga:rHar{eHbr Ans pa$orsr c qacTHqHbrMH
orKpbrrr,rs,t't1. orua Aon)KHbr ycraHaBnr4BaTbcs. npH Hanopax MeHee 200 V
TOnbKo B TeX Cnyqarrx, Kof.qa rpe6yerca npoH3BoAr.rrb peMoHT rHApoTyp-
6urur npn t:.atwrr-wrvr BoDbr B HaflopHoM rpy6onpoBoAe, HarrpHMep nprd
r.lHTaHVT]H HeCKOnbKHX rprApOryp6rH or o.qHorc HanopHoro rpy6onpoBoAa
vnv npv ycraHoBKe ryp6raHbr Ha oTBerBneHuvr or rpy6onpoBoAa trpyroro
ueIIeB ofo Ha3HaqeHr4g,.

O6uryre peKoMeFrJrauHH no ycraHoBKe npeETyp6rnxux 3arBopoB .q.nq
MaJIbLx l3C creAyroug,re.

l. Ecnw rto ycnoBvrflM 3ttu{HTbr or KaBHTaqHH HanpaBnrrroulero anruI-
n .2 - .  g  \ , r r - .F2 l J r \E t l { 2  ? , |Ta r \ t 1e  r ra . r . no6 \ ra ,T f r c r  m  ona  r rmouoDnr ,mon  naaA , , , ^  , , ^

* L e v v q  r . v  r y v v J v ^ w r ,  r v  v r v  J w r c a , r L ( . D J r r L . D ( * L D  E \ r \ . r \ / u { g  n g

lJ 2 nrf TqW W A If  l - In.\T'f , fErr\na ar\. ' \ IJl- tct a 2 ^r I  rr t+o rrrnr 'n.nmFrrrurr aAa,..qr{v, rs\,\*r\.IpoTr'IBop€BfoHHag 3€ttqlira ftl.qporyp6tt*n o$ecngwrgaet-
cn Dpw urvra, 6o,r e e 3 K oH oMH qHbtMH CpeAcTB aMH.

2.lTpu Heo6xoAnMocra Hcflotlb3oBaHnq 3artsopa B KaqecrBe o[eparHB-
HO|O OpraHa npH nycKeocTaHoBKe rHApoarpefaTa DIs 3alcpbrTHsr 3aTBG
Pa .qolxeH Hcnorlb3oBaTbcq rpy3oaofr npreoA, no3BorrsrroulHfr ocrano
BHTb rHApoafpefaT nplj OTCyTCTBHH HAnpflx.eHl'7.fl B 3HeprOCHCTeMe,
o 6e cne.rHe aro ule fi co6c-raeHHbre Hy)K.qbl fOC.

3. itns Hi43K()HanopHt'tx f3C (Halopi,r.qo 50 w), rcax npaBrlrro, ,qor)r(Hbr
ycraHaBnwBa'Ibcfl ToIbKo peMoHTHbre [-rrocKHe 3aTBopbr B BollonpHeM-
r{HKe f3C.

4. lTpu nrr6ope runa 3arBopa B nepByro oqepelb Aon)KHo oTAaBarbcq
npeAnoqreHHe cepnfiuo BblnycKael{oMy o6opy.qoeaHHro (I]lt'_ cHHxeHHrr
g | ( ) c'--r u H MoC-f H I/r I-l o B bl I I I e H H H H a n e )K H ocrra ) -
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4 24. Peryrrxroorr nar4poryprir+r
ll pacqer raparrnd peryru{poBanur{

Peryrrrropnr A-eroMztrHqecKue ycrpofr srea,qrq ynpaBrrer{r.r tr lr l11p o
ryp6aHofi - e uenex noA.qep)Ka Hun 3ln4HHbrx napaMerpoB rHApoarpe nal'a
no r{acToTe Bpau{eHKfl, MourrocTH H pacxo.qy, a TaKx(e DJ]ltl 3aUUJTl,i
rHIpoarperaTa or HeKoropblx aBapuituanx vilv onacHbrx Anq npoAorr)i{lt-
rensHofr pa6orur pe)KHMoB Ha:lbrBarorcq perynqropaMH qacTorr,r Bparrlrl
le.un (unu npocro peryrurropaMH rHgporyp6uu).

D,ttg ctrlrrx(eHnfl cToHMocrH H npocrortr o6crry x<trBatns peryrrqroDr,r
lv{aJlblx rHApoTyp6vttl, KtBaJIocb 6ut, AolxHbI HMerL, 6olee nptJN.{tJTrJRriy1)
KoHcrpyKLrHIo, qeM perynqropbl KpynHblx rnApoary)eraroB. Ogrraro cc_'u r
paccMarpwBaTb c erolz x(e roqKn 3peHr4tr He oTAenbr{o peryJlrrrop. a i.lch)
cHcreMy ynpaBneHr4fl varroft f3c, D, KaK 3TO rlw napaAoKcarrbi to,
perynqropbl D,rtfl MaJIbIx I-3C .qon)KHbr BbrnorF{qrb 6olrurec. Hnc;rt)
Qymwtfr, vev peryrqropbl KpynHbu ru.qpoarperaroe. 3ro o6r,ri q r qe'r'c, r
TeM, qro Ha KpynHblx f3C peryrlrop qBnrrercq rolbKo qacrbro Bccii
cHcreMbl aBToMitrr'r'sau.rl:,a v 3au1:4TL,r rurgpoarpel-aTa, a Dnfl Martbrx rc('
ycTaHaBnHBaTb or.qerlbHbte cHcreMbr perynupoBatfy.fl, rnEpol')'p6ur rr,r,
aBToMulrtaKH 14 3auJntst 6uIlo 6ur cnaurKoM Aoporc. XeriaTeJbHo Bce 3t.u
QyHrcutra orAarb roMy )Ke peryniaropy. Kpove roro, gra 6orbiur.lrlfl'rrr
MaJILIx f3C rpe6yer-ca perynsrop Mo[$locrr,r (pacxona) rro norroll tr roNjy
ypoBHlo BepxHero 6re@a (pe>rclrM pa6orur no BoAoTorcy), r..oropr,u.i raxNe
)KenaTenbHo coBMecrHTb c perynqropoM fH.uporypoxHtr. flpH paSorr:
raxoft f3C Ha ngonupoBaHHylo Harpy3Ky .qnq rroArlep>Karrl{q nocrlclr r-
HoE qacrorbl ToKa y norpe6rTe;tl. seo6xoAr,rvo arjrovarlrqecKoe BKrin-
r{eHne 6allacrnofi Harpy3KH. Ecnu frecrb, r{To Ha rlaarolZ I3C 6e:t
o6cnyxaBaroulefo nepcoHana Heo6xo.qnvo peLuHTb errle npo6;rcrl,r
aBToMa'fu3lJJHr'r no)Kapor"yu-teHns H oxpaHbr rcC, To oqeBHAHo, L1r.c)
Hau6olee HaAexHoe peLUeHHe Bcex 3THx Syr-rrcurzfi 3aKrioLracrcl r:r
eAHHoM ycrpoEcrae-ycraHoBKe Ha Marblx I-3C MHKponporreccopon (r r-r r r r

,-- rvl/^r
r tEf . l_ \ j /LDl /v t lcLJrDraD![  l ,+rLra wr l . l 'sJr .bnDr^ I  \ - , rv ,  YtJrYt  L pytu luublx  I  l i ) l . l  y l rpc l tJ , ,  lL t -

Hvr:a KacKa.aoM, HttH KycroM Malbrx fOC). 3ra sagaqa r-ia nepeurfi s3f-rir{,r I
npoTHBopeqHT ynpou{eHHro 3KcnnyaraLJl4vl vanofr fCC, a s Aeirc'r.ntrrtrrr,-
HOCTH ee ynpocTHT, TaK KaK peMOHT COBpeMeHHbrX 3neKTpOHFri,iX \.c t-
poficTB cBoErzTcq, KaK npaBano, K 3aMeHe 3lleKTpoHHr,rx 6,qoF(on :tantrc-
HbIMH.

flnarcrurcA vcr2HC)RI(I, , t  t . /2t{nclnnctr lrrccnnrrn }--r2 \rq T-rr-rv I--)(-- , ,  r  rr\ .rr,) ,  r- ' f - '  v \ 7  l ,  r t v g r ! / \ -

Hee BpeMrr flonyq4na uupoKoe pacnpocrpaHeHHe. Harrpr,rr'..rep, n liiil)
N7fl yl1paBnerl.r-rr. KacKa.uoM H3 qerbrpex Marrbrx f3C npi{Nrer rcr r Nrrriip()
npoqeccop 6upr"t't "BectaHfays" (ClllA), BbtnorHqrcutHl"i ncc yKa:r3i u rr,rr,
Bbltue QyHrurtau, a raK)Ke TerleMerpHqecKyro nepeAaqv rlrQopuaurirr o
pa6ore v aaapvflx o6opynoBaHHil. B I4cnar-rn\4 EnF. ynpaBner iiir l,iam,ri,iii
I.3C (.uo rpex rHtrpoarperaroe) Hcno,rirr3oBaH N{r.rKpoKoNlnr,K)Tcp I I'l'1..,
BKtlrcqatouJ;rtit Bce Bxol+Ible v Bbtxo.qHbte ycrpoilcrna. Bo-nurrrlrr rcl.no
BBollHMbIx B Hacroq[Iee BpeMq Malbtx f3C CIIIA o6opynon&rrr,r N4]rrip()
npor.-IeccopaMu B cHcTeMe perynHpoBaHHfl .



ilnnr-r:r'n. Trerrl:r1 nnnl{L{ Fl ElF,lrr-{anl{Tel-rF.Hot{ Tp.rHl{I{e 14 qnp.}{T'noHtIt{p-
r - - - - - - - -

AOnxeH Her46exfio npHBecrH K ycraHoBKe Ha MaJIbIx l'3c eAHHor,r

CHCT€MbI ynpaBneHufl,, BKIIOqatI peryIsT0p H 3AUtkrTIrI fHApOarperaTa, C

HCnonb3oBaHHeM MHKponpoqeccopoB.

Konc4p5ncwu peryJltropoB. Perynatoput qac'Torbl BpauJel:.ru.fl trr.fl
MaJrbrx f3C B H;rcrosulee BpeMrr p:xlpaoarbrBarorcs B BHJIe EByx npr4r{rlH-
. l r4AITbHbIX CXCM: MEX AH:HI{ECKHE V SNEKTPOHHbIE.  B VEXAHPT.
qecr(Hx peryJreTopax cHrHaJIbI ynpaBneHlde no qacToTe BpauIeHHt
f HApoarpefaTa nocTynaroT oT MexaHHqecKoro ueHTpo6e)KHofo t lt,,.flTlHyl-
Ka. npHBo.uHMofo Bo BpauleHue c noMoulbr,o MexaHHqecKoft Hnu sne:K7.rj:a-
qecKorz nepe.uar{H or Barla fHgpoarperara. B anercrpoHHoM peryntrope

cvrHalrbl ynpaBne:Hnfl nocTynaroT oT 3neKTpoHHofo Kone6aTetlbHofo
KOHTypa. nHTaeMOfO nepeMeHHbrM ToKoM, vrITH OT Hanpq)KeHktfl rilaBHo-
fo feHepaTopa, vJtr4 oT cneuHanbHofo feHepaTopa, )KecTKo cBq3aHHofo c
BanoM rHApoarperaTa.

Yculestae cHfHaJIoB ynpaBireHr4r B coBpeMeHHbIx peryJrirropax
npoH3BoAr4TCq C sgvQrr{bro rH.qpaBnHlrecKHx ycHnHTeleiit, flHTaeMbrx oT
MacrloHa no p Hofi ycraHoBKta (MHY) c MnctIoBo3AyruHbIM aKK)rMynqropoM
v MacJrrrHbIMH HacocaMpr. HcnonruarerlbHble 3rIeMeHTbr yfipaBneHufl -

cepBoMoropbr HanpaBnqroulefo ailrTapaTa, pa6ot{efo Koneca IIII ryp6HHbr
H nperryp6HHnoro 3arBopa - TaKXe Hcnorlb3yror Daener'vre MacJIa oT
MHY.

B Hacroquree BpeMl perynflTopbl Mrulbrx f3C e CCCP 6ygyr Bblnon-
HqTbcs TonbKo 3neKTpoHHbrMH, Tar( KaK oHH 6onee HaAe)KHbr 14 no3BG
rrrror BbrfronHrrrb 3brar{HTenbHo 6onuure Qynrcutaft aBToMaTnreCrcoro
ynpaBneHKfl,. llpnnrvn:HaJllb:Hafl, cxeMa raKoro perynsropa Dali.a Ha
puc.4.1.9.

KoHcrpyrcTHBHo perynqropbr Mzrnbrx f3C BbrnotlHqr'orcrr B BHge ,n6yx
6lorcoe : 3neKTpoHHorc v MexaHuqecKoro, BKtlroqaoqenc MttfHHTo3neKT-
pwqecKr.ilZ npeo6pa:oBareJlb, rH,upaBnpr\recKnfi ycHJrHTerIb, 6noK 3oJIoTHH-
KoB H cepBoMorop HanpaBnqroruefo arlnapara (cepaorvroropbr pa6ouero

PNc. 4.19. Cxewa pefyJrrrropa
- -  - -  - - -  r T l r T

trnf i  Manbix i  JU npoH3Bo.UcTBa

9K.[ '6raHcKo" (9CCP):

I - srercrporHgpaBnHrrecrcrafr
npeo6pa:oBarenb; 2 - cepeovo-
rop; 3 - Hacoc; 4 - npeaoxpa-
HHrerrbHbrf i  uanan;5 -  nepe-
n r r n u u n r T  r n e n a u .  K  -  - ^ . - t t t t t. : r . e r . e . . ,  v  D v o A J  . g -

urrft 6aqoK; 7 - MacnoBo3Aytu-
Hul i  auyMynqrop;  8 -  o6par-
Harf t  uanaH; 9 -  MacrooxJra-
N],{TEJIb

900

Pnc. 4.20.  la6apNrsr perynqropa H
MHY En.rr  Marbrx f3C npoNsso.q-
crBa qK.U 'BrarrcKo" (qCCP)

Koneca H npelTyp6HHHofo 3arBopa Bxolrrr B y3nbr paCtouero Kolteca I r
3arBopa). MHy Bblt-IorlHqercq B BHAe oTAenbHoro y3ra H ycra:r,aBirrtrBacr'-
cq oTAeJrbHo. Ha pHc. 4.I9 u 4.20 npuveAeHbl cxeMa 14 raf,aplzrrL,r 3ncK'lp()
rHApaBnHr{ecKoro perynqTopa u MHY Dnfl l./,aIl]slx f3C, paspa6oT&}rrrr,tC
3aBoAoM t{K,U "Bran:crco" (LICCP).

B ernx peryntropax a BToMarHLrecKoe pefynLrpoBaHr,re o6ecneL* r Ll ac't -

cq gneKTpoHHbIM 6lorcov (roloercofi) perylqropa no H3N{eileili.rKi rrrrc'r'r)-

TbI Bparqerrr4g, reHeparopa, nonyqapulero 3Ty qacTory or rpanccpopNlt'rrr.
pa Hanpfl,>KeHv'rs, Ha 3brxoAe feHeparopa. Ynpaenao[lHe HN.tnyrr,cr,r o'r'
r-oroaKa pefyJifi'=repa Bo3Aefrcreyrur Ha Mar-'Hr4TolJrcK'rpilrlccKrrii rrpccttI
pa3oBa'reJlb, Ko-IUputtZ C cBoru OqeBeAb qeBe:l |'/l&Da:8|||HqecKljc yctljll11'e
Itkt v 3oTIoTHHKH ynpaBneuklfl Bo3EerzcrByer Ha cepBoN,loropbr HaripaR-irlr
loulefo annapa'ra H pa6oqero Korleca (Uns flII ryp6rrH).

Perynarop no3Borqer HapqAy c aBToMarHqecr(HN{ oc}'rr lcc. l 'n,rrrr 'n,
pf{Hoe MegrHOe U DJ4CTaHUHOHHOe ynpaBneH%e. B rOrioeF(e per}'-n'Top:i

I^nfl Mansrx f3C npeAycN,nlTpnBaercq r-rporpaN.{Nfir tns ynpaBrerurr "r ltr
BOAOTOKy" c HcnOnb3oBaHHeM aHanofoBbrx cHrHarlots oT ,qarairrKorr
ynpaBxeHlafl  BepxHero 6ue$a i-IJ ' lpt pacxoEa. B NlcxaHi.r 'qccKoi" i  Ko.trr i  iKt '
pelynqropa npeAycMorpeHbl 3OIOTHr4KH c 3neKTpoNlar-Hrl ' foNr .r i .r i I
aBToMiLTHqecKofo nycKa H ocraHoerca ryp6vHL,r.

MHy D,rtg lv^a,nofi rcC orrHqaror KOMnaKTHocrl, KoN{norror}r{}r (rr;t
nonbllaq KOMnOHOBKa), a TaK)Ke :Hail:.jqLle HItIU.rBHAyanr)HOr-O N{itcrrOFoil-
m ' l ' l I ' n n ^ u n r . n ^ o ^ ^ A ^ o f i n ( f n A r . . ^ t t I ' ' ' ^ / \ ^ r ! ' r ' . r
l - 4J !u r v r \ J  r \ v l v l r rPvvu \Jyu  AJ r t r  r r \ J / r _4 r \ ( l a r \ f r  t f r . r J l _ { y , \ 4  t 1  I \ l d \ - J l LJ t . J t ' l J l l , \ ,  l l l l l l , l i l

KOT€II, IITO nO3BOnSleT He yCTaHaBrlHBaTL Ha f3C KoNlnpeCcopriCc xosrrir
CTBO BblCOKOlO .qaBIIeHHt. . [aalel lHe MaCIla R C]lgreN{e pery;rr lponat {nri
npnHgro paBHbIM 2r5 M[la, qro o6ecnellHBaer Aocrarort]lo r!.lalrr,rc pa:tNlu
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pbr cepBoMOTOpOB H
U T ' d  N A..rt.L L i\j vijCLl5rl!:tltlru

ryp5wH.

cH H-)KAe.T npOTeqK v M A CJ7A. B CI,lCTeL{e ne r{='-!-r -r..tn^tr_n -r - '  J '
c .uaBjreriHeM 4 n 613 MlIa .erfl KpyrrHbrx rHApG

Kporrae onucaHHoro Bbrr_ue perynflTopa qacrorr,r BpeuleHza c rH.qpaB-
nHqecKHM IjCrI,omtHTeJIbHbIM MexanIH3MoM, eogEeftc-rByroulprM Ha pery-
nKpyrour4e opnaHbl rH/uporypdvnt, B nocJle.qlee BpeMrr DJTtt MaJTbrx f3C
n onyqalsr pacfl pocTpaHeHze 3neKTpoHH bre perynrr ropbr c sneKTpoHHbrMH
HcnonHHTetIbHbIMH MexaHH3t\AaMH. Our,t paOoraror no cr(eMe HcrroJrh3G
BaH'{g 5antasntoFr uarpysrcu. B 3TOM qnyqae rcnoBKa perynsrDpa
3a4aer Heo6xo.4'avroe oTKpbITue HanpaBngrorqefo anna p aTa. coortsercr-
tsJioiiiee onrijlviaribHoNry HCnOnb3OBaHHrO BOAOTOKa, a BCe H3MeHeHHrr
Hafpy3KH norpe6urenfl (uHxe oI-ITHMaJIbHoIZ Harpy3KH fr,UpoTyp6rzHur)
norrolrlalorcs latmacmoit Harpysrcofi (r-ranprrvlep, 3neKTpHqecKHMH
co np o Tr{B ileHhflt\/tr,I trrfl HatJreBa B o.rlb I vrnW oroffr eHua ). peryngpoBaHHe
1annacrsofr uarpy3KH MoxeT npoH3Bolr'Tbcs nu6o .,o MeroAy peocrara,
nu6o no HMrrynbcHorvry BKrror{sHHn nosroqHHofi Harpy3KH-(rxpamop_
H brMH BKrIK)rIare ng.t *t).

Tarcue peryrslTopbl BecbMzr Heo6xo.u r4r'tbr nprz pa6oTe Maroft f3C Ha
H3OnHpOBaF+ryp Harpy3Ky u npH OTCTrcTB:H:g- y Hee pefyrrHpyroqero
BOAOXPAH.I4JIIdIJJA

Pac-rer rafnrrftfi peryru{poBa^rrHs. K fapaHTr4sM peryngp oBaHr.rtl
fH.qpoarpefaTa OTHOCTT rapaHTHpyervfbte 3aBO.qaMH-I.r3fOTOB ]HTe,n9II\,&l
npeAenbHble 3HaUeFlr4fl nOBbIUreHHq r{acrorbr Bpaul e:Hu'., fHlpoarpefaTa
H DaBneH'Ij'r B HanopHov rpy6onpoBotre ryp6ru-ru npv norrHoM H sasruq-
H o M ctrr^rr.ryr (c6p oce ) Frarp y3KH reH e p a ro pa.

Ilpu ortcrloqeHl-lrr feHepaTopa or cucreMbt triltr'lrrrrlercq 6rrcrpoe
noBbrlueHHe qacToTbr Bpallle:F.]lr'tfl, fHApoarperaTa, BbBBaHHOe TeM, qTO
3neKTpHqecrcxfi (ropvosaulttit) MoMeHT claudeprrcq paBHbrM Hyrro, a
Bpall\arcuvft MoMeHT or rurqporypbrHur coxpaHrrer cBoe [pe)KHee 3Haqe-
HI4E.

Eatu He surKpbrrb HanpaBnnrorslttit artnapaT rngpoTyp6nttan, To B
l€r{e-HHe- 10-15 c ru,qpoal?eraT .qoc"iiilicr pasioi+-ioiZ aaopoa:r Bparqe-
HHs., npeBbllrlanqefi HOpManbHyr.O B 116-212 p4a,

' 9ro6bl npe.qoTBpaTuTb He)KeraTenbHoe noBbrrrreHue o6opoToB, rrpou3-
BoAHTcs 6slcrpoe' B TerleHHe 3-15 c, 3aKpbrrue HanpaBnslou-lero afinapa-
Ta casrevofr perynHpoBaH vn rvtrporyp6HHsr.

c ro.+<H 3peH;zfl npoqHocrH H HaAe)KHocrH pa6orrr rnApofeHeparG
P&, & TaK)Ke o6ecne.{eHwtl sneKrpH.recrcolZ ymufiraaocru pi$orsl r-eHe
paTopa B cHCTeMe rpe6yerca o6ecneqer.ne MHHHMaJrbHoro BpeMeHH
3aKpbrrHq HanpaBnsrrcurero annapaTa fHrpoTyp6uHtr. onuarco 3TO
Bcrynaer B [poTHBopeqHe c o6ecne.{eHHeM npoqHocrH cnupantHolZ
KaMepbr H narropHofo rpy6onpoBol?r Tar( KaK npa 6urcrpoM 3aKpbrrarz
HanpaBnffIoUlero annapaTa Bo3HD{lCae--T Morr-lHnrrZ rugpaB-rlr4qecxytF. ygap.
Iioerortry npaBHnbHoe onpe.qeneHHe fapaHTr,rfi perynupoBaHr,ls Mo)Ker
6 r,rrr npoH3BeAeHo nyreM TexHHKo-3KoHoMHqecKofo aHal:rytrta.

ilnz npeABapHTerrbHbrx pacqeroB fapaHrlafr wrynupoBaHHff MoxHo
n o nb s oBaTb cr cn eAyro ulefi ynpoule rluo fr vero.ryax o fr .
r20

Ol4leirc;reHlle Bper'-!e,I-IH 3aKpI-lTIaq llanp3BJaaoglgIE .3lrnapara I-L!Err.->
r1ry6rcnr ilnr. npoBeAeHufl pacqera Aon)KHut Surm 3&.u^€rHt'I rurxlla rp)'-
6onpoaona L r.ttvt Dr.laubr or.qenbHbrx efo yq3qlKoB npH rIepeMeHnoN.I

EHaMerpe, Iu{aMerpbl Bcex YqacrKoe TpyfunpoBoA,a, cKopocrl BoAI,l
v Ha Bcex )nracrKax rpy6onpoBo,qa, pa3BepHyrble Dtr&1a cnnpa,ruttoii
KaMepbr H EJTl'{Ira oTcacr,rBarouleft. rpy6ur rH'qpoT)?6nsut (c cooraercrByK-)
uIPIN,U,I Crc OpOClat.aa).

a) DJtr. Bcex 1nlacrKoB rpy6onpoBo.ua H npoToqHofr .racrn ryp6llrr'r or r-
pegeJiaror LLv, u2/c;

6) onpegerltlror 6espas r'aepH yro x a paK re p vcr uKy Tp y fu n po e o.Ee I

o = 6rn ( l  -  Lro)-" ' ' ,  (4.2 '1)

_ _ ^ t  l f  f  L r  \  r j - l  ^t / fe$rp :  1 f l r .y  -  r t0) t t0  U ' I ' l lOULl ' lEJrbHOe I loElb l [ le l - IHe ru I I ] IL ' l l l | t l

npn c6poce Harpy3KuiH..u - MzLKcHManbHoe rIoBbILUeHVe DaBne:r:arl tipLl
rh,qpaBnHqecKoM y.Uape;HC - HaqarbHufr Harop ryp6HHrr repe.rt c6po-
coM Har?y3KH; npnHv4lv.aror,qnfl HanopoB 6oriee 100 v (- : 0,2; lnq ua-
nopoB l0-100 rr,r (.p :0,35+0,5;

e) onpegertllor .uonycrnMoe BpeMsI 3aKpbrrHrr HanpaBnflrotriero ar tntr-
para rHgpoTyp6rnu, c:

T. : LLv logHe)-r

;
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I
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t
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Orrpe,qe.lerilae fIoBb{rueHHtI rrZrcrorL,r Bpau{eHHtL Dls npoBcr]er u rr
pacr{era IfoDKHbI 6srm 3anaHbt vraxoeofi MoMeHT poTopa rer'iepax)prl
GD r't-l.a2 (vaxoeurM MoMeHToM poTopa typluHu npeHe6peraer'{ Bnrl,rt}-
ero orHocnTenbHofi r'aalocrn), uacrora BpaqeHHl reHeparopa go c6pocl
Haryy3rcH ngro6/twm, MoulHocrb Ha Ba-rly fr.lJlporyp6r+rsl Ac c6po..;l
Hafpy3KH \, rcBr.

L n / n n :  B  :  1 8 2 N n T J  ( G D 2 , A ) - ' ,

(4.2s)

(4.26)

nne T  -  anpr \ rg r  ?2r (n t - r r l z9r  H2nnrRng l r r r r r r . 'n . r  rnnAn2 ' r r  nL{nnc ' !T1" rn6r - lu . r  , ' r ' i '- ' J r

orKpbIT?ItI,,clcorBercrtsyrolllero Molrrlocrn Nr.n,,u*_., ,qo orKpbITLr,tl xoirroci'o-
roxotra;  ? i :0,9T. -anf l  PO r,r  KoBtuoBblx fHgporyp6LrH H Tr:0,8 7. ,  -

rurs |III ragporyplnu, T3 - BpeMl noJrHofo 3aKprrrrnfl Tvp6rrut,t: .f -

6espasuepnunZ rcosQOnrlzeur, y-r{HTblBarculafi BIIL'}IflHlz'e rHEpatrntrtrcc-
Kofo ,"Mpa Ha noBbl[reHue qacrorbr Bpau]eHHn ryp5nuut. 3asllc]lN{c)c'r'r,
grofo xoeQc^buul4eHTa oT xapaKTeDL4crHKH r.oy6onpoBo[a rlil] rzi r rii
puc.4.2L.

florry.lg1111oe orFlocHTerlbHoe noBbrLUeHHe qzlcrorF,r BpalueFulq rIoJrir.-
uo 6strs paBHo 012{,5. lTpu lv.antrx 3HaqeHzsrx [3 cnenyer yBc-]-lJrrr-r-r,
BpeMtI 3arcpblTl4tl HanpaBngrolqefo afinapaTa H TeN4 caN{L,rM yNle}.rbilt}t'r],
rHE-DaBnur.lecrcpuZ ytrap, eclu oH 6btrt npHHrar oqeHb 6olrluHl.r. rlitr.r )..e
cHH3HTb DJ4zMerp rpy6onpoeo.[E: T.e. ]tsent.IqHTb cKopocrb e HeNr. Jltr
no3BotIHT norry^44Tb 3 K OH OMHIO Ha rpy 6OnpOB Otre.

fipu sHaveHurx B ) 0,5 cne.qyer Hnv yBenll'rrTb vaxoaoir NloN{L-r I'r'
reHepaTopa, qTO npHBeAeT K nOBblLUeHHrc MaCCbI pOTOpa H rpy3olIoIll,Lrt\1-



Puc. 4.21. 3aDncNvocra rog66 HrJueqra
I or xapaKrepHcrnKn ,pi6brrpouosa

0,1 0 ,2  0 ,3  0 ,4  0 ,5  0 ,6
5  = r / l t r ) , / / n u  T  I

/  t y , , O  , - j l

floororta-y 3a4a'a onpeAen eHHfl rapaHTH rt peryrurpoBaHusr peluaerc,
I IV ] }PM.  r -T \g r tHpur ro  n - -  n r ' ,d , r  , - ,J - -.'- ,vLLrL" vcDJrrlynDu( bapkTaH.L'OB fHApaBnHqgCKOlO fpaKTa
g:::t"": ::1y"rra 

rpy6onpoBo.qa H ronuruHbr efo creHoK) H poropa
t '-r r\-Po Lwya ic pa3nI'Ir{HL'iMH MaxOBbIMH MOMeHTarr,ca). fIO pe3ynbTaTaM
cpaBHeHHfl npK.lHMaerct BapI4aHT, .qalou{H it :rrau.vet*-yto croHMocTb.

flprasegeHHlllz Bbrlue ynpouteH ut;rt pacrrer rapaHTn,rz peryJr'p oBa'Hfl,
AocraroqeH DJ7fl rlpetrBapHTetlbHblx cra.4ulZ npoercrtz poBa.-:tlzrfl H pacr{era
3KoHoMHqecKoIZ eQQercrnaHocru. Eonee ToqHbrrz pacqer rapap1Tkr1lpe rynHpo BaHr4s npoBo.44rcr ryp 6 :aH;:.brl.zir4 3aBo.qaiv{H H ;,a",r*lro-HccneAo-
B a Terb cK HMM lHtrgf HTy T aMr4.

fnn opueHTHpoBoqFrbrx pacqeroB cnyqafi rr,rgpaBnprqecKofo y1apa npvnr4TaHt4la HecKolbKr{x rH,qporyp6raH or otr}roro Tpy6onpoBoAa raK)Ke
MOXeT 6i,,rm paccuurarr no BbrrrrenpHBe,qeHHbrM qlop'l..rynara Ho npH 3TOMcreAyer paccMzITpHBaTb cnyuafi o.qHoBpeMerlHofo oTKnroqeHnfl TorrbKo
Tex rHApoarpefaToe, pa6orarcrrp,u oT o.qrloro rpy6onpoBoAa, KoTopbre
N{Ofyr orKrrroqHTL,Cq OTIHOBpeN{eHHO OT Cprc-Tevrr (npH aaprorrj. 

r

4.3. COBPEMEHHbIE PA3PAEOTKI4 CTATUTAPTHbIX
iviAniix fn.[poAfpEIATOB B CCCP

B cBtJl4 c orHoc,TerlbHo BbrcoKHMH yrlenbHbrM' noKa3ar eilflMu
M 2  n h r Y  l - 3 ( -  ( 6 A n - r ' ! 4 dryr(4Jru ' | ,a r  - / 'v  \Lr \ j i rb i r rzr>r ,  L ieM i ja KpynHblx craHuHf lx,  croHMocTb I  rcBr
ycraHoBneHHorz Moluiiocru u | rcBr.q oTnycKaeMorz 3neKTpoeHepruu)
ecrecrBensor)i rrBrtserc, Heo6xo.u4Mocrb MaKcHManbHo Bo3MoxHoro
crrw)KeHwfl KaK croHN,rocrra o6opylroBaH:afl, TaK H pacxoAoB Ha ero gKc-
IrI)/arauHlo. l{cxoAs H3 3TO|O ycnoBHr, MO)I(HO CQopr,ayrrHpoBaTb H
a l f - L l n A r J L t P  m o 6 ^ ^^t/! \-r\Jclo,r-tyrtr t \  IcxH()Jl(_)fHqeCKO\{y OOOpyECBaIl} l IO MaJ-jbiX
l3c: BbrcoKaq HanexHocrbH npocrora o6cny,*vBa*ufl. u .o.,!run1;'?
r:t.l3Korz croHMocrbro. OrH nea rpe6onaH Hfl, x-aK [paBHno, 

"u*og"Tc, 
Br-rpoTHBopeqlrr4, TaK KaK BbrcoKaq Ha.qe)KHocTb rpe6ygr' npHMeHeHHs

BblcoKoKaqecTBeHHblx MarepHaJIoB H xopoluelZ veia"t.r"a*olZ o6pa6or-
K t {  r J T n  n r ' \ D r - r r r r o o r  ^ E ^. .v .avuutlgcr\_.r e1\rr. tNl(Jurb uuopy.r-{()RaHHrl- ! lo3TOIry 3a.qarja i<oHCT_
pyKTopoB, TexllolofoB u rrpoeKTHpOBrru4KoB nO Bbrr-rorrHeHHio 3TOrO
npoTHBopeqHBofo rpe60BaHr4fl He MeHee crro)KHa, qeM npH CO3DAHUH
yHHKanbHbrx no MorqFrocTh H pa3MepaM rHtrpoarpefaToB.

r22

1 2 HOCTH KpaHa MaruHHHOro 3arla,
HnH yBenll'ry.Tb Aaaverp rpy6o-
npoBo.qa (nns yr"reHrru eHus,
BDeMeHI, f  ?2 I {nAI 'Frrc t  nn,u. - . . , .  L .yr r  L  \ r lv l  

_ . / l tv

2lJ tl tr aLtf tf ,v . . e - r v r u r r r  L n A p a T , t j J r l 4 q g c K o r o

YAaPa).

Har*tr.as c 1984 r. 6lurn Bo3oOHoBreHb! pa6oTbt no eo3.qaHHlo Ma-rlhrx

rH.qpoarperaroB e CCCP. TexHH.{ecKHe rpe6oBaHnr K 3TI'IM ft'IApoarpc-

rari"l 6annu paSpa6OraHbl HHcTHryToM "lttgponpoeKT", a pa:paOorrca

KoHcTpyK IJpla rn4poarpef aroe 6utrta ropf{eHa ColspaH cKo N,fy ryp 6ocrp o -

HTeJrbHoNry 3:rBorry (rugporyp6uHur H KoMrIrteKTauHq rHApoarperara),

BceconsHoMy HayqHo-HccneAoBarenbcKoNry vHgrvryry 3neKTpoN{all IIl-

HocrpoeHuq (reHeparopur), IIeHHHrpaAcKoNry MerattrlHr{ecKot'ry 3aBoa}'
(cucrerua perynHpoeaann) H XapurcoBcKoMy ryp6uHuoN{y 3aBoay (tlpcii

ryp6rrHHble 3arBopbl).
O$ufefi 3ag1lqieil fl B Hrrocb o cBoeH He K oH crpyi4 p oB aHwtl, H3roro B 17 e H r'1 rt

H gOCTaBKH KOM|IIIeKTHITIX, CTaHAapTHblX fl'l[poarperaToB AJIH lr'I&JIl-lX

fOC, orBegarculux coBpeMeuHofr TexHolorul4 H3roroBileHutl, N,lot I Ta)KZI I I

3KcnJr-yaraLlvu.llepaoovepegHL,re rH.upoafperarbt 6yuyr l,l3rorou,'lcitl,l Il

1989 r.
Huxe [rpHBo.UqTcfl KparKHe xapaKTepHcrHKr4 v raoapHTbl Ilcpl]ooLlc

pegHblx craH.qaprHblx f HllpoafpefaroB.

Beprurca-rrusufi rHApoarperaT C flponeruepr-lofr fLUIpoTyp6Httoii

flpl5l8ll-B-100- 3ra fr,rgporyp6urta c pa6ouuM KolecoM rHaNlerpoNl

1OOOrraanpe.q,Ha:tHaqeHa Wmpa6orbl I- lpH Hanopax or 5,rro 15 tt t ,  c ct l l l -

xpoHHorz qacrororz Bpau{eHHq 428,6 ra 500 o6/lv.urt v MaKcrl}\1:iJllllL)tt

MorqFrocrbro 450 r,r 800 rcBr coorBercrBeHso. FIa puc. 4.22 npe.ucTaBrlcilr,l

gKCnnyaTaUHOHHbIe XapaKTepvcTHKt4 3TOii rypOnuul npH LlacToT.rx

BpaueHHa4?3 ,6o6 /uuu ,aHapvc .4 .23upuc .4 .24  - ra6ap t ' i r l l l , l t l  p l l : ]N l cp r , r

H KOMIIOHOBKa rH.qpoafpef ara.

3ra naUporyp6nHHarl ycraHoBKa KpoMe .qByx Bapl4aH'tots Ilo tlac'i'o'l r'

EpauIeHHrI HMeeT TaK)r(e Dtr,a BapvaHTa cHCTeMbl ynpaBncill{t{: c IIit'

t00

P nc.  4.22,  3rccnlyatauHoHI{as

l-1 - nu:g^vtq orDaHHr{eHL7s'

200 300

xapaKrepHcrHKa r r r spo ryp6Nnr r  I I I I  l 5 l81  1  - l l - 100 :

MOLTTHOCTH

1 2 3
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428,6 o6/vrNH, N:500 rcBr)
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Puc. 4.24. YHr,rsrurPoBaHHblfi rHApoarperaT c nponennepHofi rHApoTyp6H}Ioi,' (// -.

= 15 M, n = 500 o6lvtlH, N = 800 rcBr):

I  -  rconsueBofi 3arBop;2 - snercrponpHBoA 3artsopa; 3 - cnycrcuo* Kn&nal{ KaMepl ' l



npaRJIaIotI+Zl-.{ afinapaTO}vt }i C .ikijl|.ri.a1puqe)K4.M 
3€1TBOpOM. Dlts BCeXBapHaHToB ynpaBneHHe rlonacTtrMH ( iar" cornacoB aHHfl c HanopoM)paOoqero Koreca rlpoH3Bo.qHTcfl HeaBToMarHqecKH c noMorru-ro aneKTpH-qecKofo HnLl pY4HOfO npHBo,qa.

Ynpaanenue HanpaBnqrourHM arrnapaToM HnH LTHJTHHEpHqe.KHM3arBopoM fIpoH3BOp.HTCfl C noMorrlLro peiynflTopa c MlIy I,' CepBoMOTO-poB. BoswoxeH BapHaHT ynpaBneuafl, L\urruHtrpHr{ecKHM sarBopoM cfroN{or r u-ro 3neKTp OrIq:aBOIIA.

Pa6orree Korlgco ryplvmu ]Pl,uleer r{erhrne n.\rr2..r.!, !!- !!^-r,-
cr aJ7H, K a Me pa p a 6o v ero K orr e ca ; ; ; ;;;; ;' ; :* 

"-: 
:,-:"- -1: Y:i ::5: "1a Ytr /{uyxuJroKHou cTanH cHepxaBelouruv cnoeM. floAruprnH:aK rypluuat HMeer pe3HHoBbre BKrra-rI'hrLUH H BoAqHyrc cN/6:]Ky. Mexasaivol HaflpaBnrrou{ero annapaTaBblnOr I I  leHL, I  C  CaMOCMa3bIBapr . r l l r . { ! r  n^ r r ! , ,  nBpzureHu n 428,6 .6/ ;;;;;;;"f: ;:ffiffi;$6^ffirff;;ffin:,

6.3 rcB' trls qa.rorbr BpauIeHHs 500 o6/uiu Mor,,Hocrb g00 rcBr, Hanpq_x{err4e 6,3 rcB. feHeparopbr HMeroT cTar,qecKyro cHCreMy eosoyxa eH'fl.. oxnax.qeHHe-reHeparopoB Bo3AyLuHoe c sa6opov uoaoy*u H3 Ma.'HH_rroro 3arra a esr6pocoM fopqqefo Bo3.qyxa B MaruHrtuanfi san. HeooxoaH_Mas rpy3ono.q-beMTgcTo 
.rcpaua .q.n, MoHTa)Ka rHApoarpefaTa (no vaccepoTopa reHeparopa) 5.104 H.

flaqpoarperar c ropnsorrrarm'ofr xarrryrr,,ofi r'EpoTyp fuwtoiru ymoaoE sy6.ralott nep,gvqeE rra reHepaTop- Oror ,ropo*peraTc pa6ovaM KorrecoM llaaMerpoM 1000 r"rv 
"p"g"*rraqeH 

gna pa6oTbr npuI,anopax 5-15 M' HMeer MaK^cHM€uIbHyro MourHocTb 500 rcBr, qacToryBpau-{eHHq rHEporyp6uHur 492 06/}/It4,t, a feHeparopa 1000 06/MHH.Ingporyp6uaa HMeer Heno.qBnxsuuZ HanpaBnqrouuafi annapaT H pery-nHpyeMbre nonacra pa6overo Koneca. DlsnpeKpaqeHafl, Ifl'itx;eHtq Bo_.qbr qepes rHApoTyp5uuy npu ee ocraHoBKe CJry)KHT flpe.qry pluuFlafit gn-crcoeurfr sarBop D:z.aMerlrov 1600 w (c rpy3oBbrM npHBoAoM Ha 3aKpbr-rue). Kor.,g:osoBKa u ra-6apurbr srofo rHapoarpefara rlaHbr Ha pHc. 4.25.
Pa6ot{ee Koneco fH.uyDol;vp6uHst H}4ger r-ie1-! lno -^r^^-!!

Mbr e H3 H ep x aB e,o ure h ct anu. D.n n' o, opor; #;:# ; 
";; iliii,i?r?ili_HHH HarpystcH Hcrrorrb3yercq ragpaer u\tecrcvh ."puoroi op' ̂  KonoHKaynpaBneHarr c MHy. Ora )Ke MHy Hcronb3yerc, D,nn ynpaBnertlrr:cepBoMoToPoM AprcKoBofo 3arBopa. llpuveHeHae yrnoeofi rconHqecrcorznepeAaqH MexAy rHnpoTypluuoit H reHeparopoM no3Bonser npoTor{Ho-My rpaK Ty rHApoTy p 6uuat npHHHMarb flpocrble f HnDaB_nHqe. r r,r.. rhn n ".,.,H )/npor r luru oooiy)Ki,rBaHHe r-eHepaTopa. Heao.ruil'u-" ;;il;ffi;;UHH fl'BIrqIoTCq }r'.anafl AOCTynHOCTb KOHHqecrcofi nep ela!Ir4 u MexaH {3-I'IOE .,YP6.'HbI BHYTPH KAI-ICYNbI Eilq AX O6CIYN<HBAHn,fl H PEMOHTOB, ATaKx(e ueo6xoAHMocrb cneurtanrsofi earHeceFrFrofr c'creMbr cMa3KH:y6varolZ nepe.qaqu.

i - c q e n a ' r n n  a . F ^ hLvy rt \Jr, r ytApvat l;er.a.ra _ o0blqllutff 6stcrpoxo,qurttZ c oTKpbl_rofi eeHrunsttueh Dnfl o*naxgeHr4fl,Hanpq)KeHHeM 6,3 rcB. Mo.qe*HrreIlcnbrrallafl rn&poryp6aubr r€iKofo runa eule He npoBoAH rrvrcb, no3ToMyee npetrBapHTenbHyro pa60uyro xapaKTep ucTVKy MOXHO nonyq'Tb
I l b

?t80/750

Puc. 4.25. lopNsoHralrHuft rancyllHt tfr rx'qpoarperar

reHepaTopy:

I - renepa'rop; 2 - cepBoMorop; 3 - 3arBop per"roHrHltF;

0,0 gH6-Fl*

c yuoeofr  nepeAa'{efr

4 - .qNcrcoert f r  sareop

nOcTpOeH:Hel;\i. Ha OCHOBe nponennepHblx XapaKTepHstVK Kancynblloli

ryp6rHut 
uii rurrrDoarDerar c D&trr{s.rl,H 

- 
)ryp6NrrofrBegrracamryt rH.qpoarperar c We'afil.Ho.oceBoH

B wetanrua.recrcofr cruapa.nsnofr KaMepe. 3ror a[perar c pa6tl'.tttt t

KonecoM nr4aMerpov 1900 MM npeEFra3llaqeu .una pa6orbl IlpH lial lopa.x

no 45 v c varccHMilrrbHofr vou+rogrblo .qo 7500 rcBr, .racroroii Bpalllcl llltl

L87,5 u 250 o6/wiiH. lagpoarpefaT HMeeT o6bt'luutf na6op y3-rlolr lr

KOMnOHOBKy, XapaKTepHyro .unq cpe.uHHX BepTHKanbHblx pa[l4anbtlo-oce-

Bbrx fH.qporyp6r,rH (pHc. 4.26). Fa6o.iee Koreco rHtrpori'p5i'iiii ' i ill i l 'oc l'!:i

Hep)KaBepU{et:r CTaJtL4rHanpaBnstr,uryfit flOnLuHnHHK Ha eO,qtlHoil c]rl:l:llic'

YnpaeneHHe HanpaBnflIougaM afrnapaToM ocyulecTlllfleTcq C floNtollll 'K)

MacrqHoro cepBoMoTopa.
feHeparop r loABecHo|o THna c AByMq HanpaBntlpl i , lHMH Ilo/ l l ] l l l l  l l  l l  I

KaMH r,r pa3oMKnyrofr cncrevofr BeHTHttfl rJVt4. i{anpaNet IHe rel lcparopil
L2.  , .D  ^ , , ^16r ,o  D, . \26 \ /vnor r r /c t  . ' ' rq ' r -L { r .Joc t {Ag TwnucTonHaq-  3XCt l ' l \a ' l ' a

u t . J  t \ l J r  \ , f l u r , u r v r ( l  u v J v j / r \ / - 4 v ^  '  "  r  -  - -  - f

Ur,toHHbte XapaKTep yr1TllrK:u- ryp6HHuI npe.qcTaBlleHbl Ila pLIC. 4.27 (it:t"t

qaflorbr BpaureHn z I81 ,5 o6/uuu).

fopnsoHraruu'rfi rHgpoarperaT c paAHaJbHNCeBofr rnnporyp6H-

sofr B Meraru&rqecrcoff cruaparmHofi KaMepe. Ha pnc. 4.28 rror:a:l:il I
^  E  - - - -
u u u - u 4 r 4  t j y l l l v l d r 1 l ] l a v L r l \ J l \ - '  l v P r r J v r t L u J L U t  r v r v  r  r " ' * ' . ^ )  " r '

qeHHofo Wn pa6orbt Ha Hanopbt no 70 M c MaKCHMarlbl lol ' - l  l \ lol lUiocl ' l ' l r ' )

Ao 74A rcBr npu qacrore BpauleHHrr 1000 o6lvntl .  3rcctrr lyaral l l lol  l t t i l t l

xapaKTepvcrvKa r!{Aporyp6u:Hat npHBeAeHa Ha puc. 4.29. 3ror Nla-rll ' l l l

fHApoatperaT AocTaToqtio KoMnaKTelJ H3-3a OTCyTCTBHtI no.el l l l l l l l l l i l i () l l

l 2 l



Puc' 4'26' Y'u6aurposa'Hrtlz rlrJpoarperar c Po ra4roryp6 wttohDl = 1,9 v

H , x
24
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22
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1500 ?000 2500 J000 3500 N7,KBI

Puc- 4.2 l .3xcnnyatauHoHHa.rr  xapaKrepHcrHKa rxnporyp6nHur pO 45lg20_B_190:
1-1 - nwunrr orpaHHqe:r;,z.r- MorllHocrx

Pnc.4.28. YunQNuupoeaHHttfi rxApoafperar c ropH3osrarsuoi PO rNApcryp6xnor.:r:
I - rngporyp6NHa; 2 - cepaovorop HanpaBrrrrrcul,eio a.nnapara;3 - reHeparop; 4

KOXyX MaXOBHKa

J00 100 500 600 /V, ,  xBt

Puc.4,29.3rcnryarauHoHHaq xapaKrepHCrHICa rNspoiyp6uHu PO 230-7916-f1"1-50:

1-l - nunuq orpaHHqe:.l.wr MouIHocrH

200

9  - 6  8 8 2



fvn6r,rr+tl t 'nn6nur.f> rar\fro.^.rr .r'rrn6rruLr rr r t-v^drrv r.-n6nd,*d r, ,,^r-J  r  - '  - - - - -  \ r * "  . \vr .vw LJ yvruLpt  r l  rvr< l^r t \ , r .c) r t^  r \ ! r \ / rn  rv t l  t \  t \vnuvJl> l tw

Bana rcHeparopa). feHeparop rHtrpoaryeraTa HMeer HanpsxeHHe
6,3 rcB.

Clrceer"ra yrrpaB.fle$Hs, cTaH4aprHbn,cf rvraJrbrMH @.
3ra cucreMa, BKrrroqarorrlaq ynpaBneH He ra$poTyp6HHoft-, npeEryp6rn-
HblM 3€ITaopoM H BcnoMoraretlbHbrMu cHcreMaMH rnApoarperara (uaco
cbl cMa3KH, CHCTeMbI perynHpoBaHHg, ApeHa)KHbre Hacocbr, KoMfrpeccopbr
N r. n.), pa:pa6orasa JlettHHfpa,qcr(HM MerarrrHqecKHM 3aBoAOM. cUCre-
N4a He BKtIIOqaer wryrHpoBaHHe HanpqxeH;/tfl, H SrreKTDHr{eCKHe 3a!nw-
TbI reHeparopa. B cocrae cncreMbr Bxo.qrrr Derynerop qaqrpTb! Bpau-{e-
Hr4fl,, MaCJrOHanopHas ycTaHoBKa, KOMTIJTeKT AaTqHKOB U yCrpoficta
aBTOMaTHKH BCnOMOrarerIbHbrx cHcreM H naHerrb ynpaBneHHq MarrbrM
rHApoafperaroM. Perynarop no3Bonter ocytqecrBnflTb perylHpoBaHHe
KaK no Lracrore npu pa6oTe Ha H3onHpoBaHHyro Hafpy3Ky, TaK U nO
pe)KHMy Bo.qoroKa npH pa6ore rHApoarpefara napannenbHo c sHepro-
cucrevoE.

_ u
- - -  d
. + < -  B
-><- 2

3*
K pezlnnmnpy u
nypbuanony nnfopg
K J/-n pe?ynsnLpa

t l

I

n n
l , l l , l-f

t0 l

llJ Cucmeuu
pezynupo0aaun

PNc. 4.30.  Cxewa MacJroHanopHofr  ycraHoBKH:
J - vacaoHacoc c 3neKrponpnBoAoM; 2 - xnanaH nycKoBolt: 3 - 6ecrcosraxrsrrE

d q r f  f  r r V  n a n a - . a , ' . , - .  /Aq^1' . . \  r .vr .v^enr l^r ' ]  -  AJrct r l ( r r1  r rPcl {u.x 'P i l f t r lTcJtbHbl l , t ;  J  -  peng ypoBHg MacJIa;  o _

AarqHK TeMneparyptr; 7 - Macnoao3AyusuytEt KoMnpeccop; g - pefynsrop ypoBHs
Macna; 9 - pe-ne AaBneHHs; 10 - craHqxs ynpaBneHx.rr H&cocavu; 11 - vacnsHuft
tpy6onpoeon; 12 - Bo3AytuHurff rpy6onpoBog; 13 - rctanaH HopMaJrbHo orKpbrt; 14 -
KnanaH HOpManbHo 3aKpbrT

1 3 0

\-
I L=J
I

MasJrouanopHafi ycraFioBi€ (iviHy) c o6leivioirii iviaaroElo3l-IyrlrHor\)
KorJur 0,63 v3 c pa6ovur'r ,qaBrIeHHeM 2,5 MrIa o.qHHaKoBa rnE-, Rcex
cTaHI&prHbrx rH.qporypoux. MHy HMeer .qBa MacroHacoca H MacJroBo3-
,ryrmrufi KoMnpeccop .qnq KoMfreHcaquv yrelcleK Bo3.qyxa. cxer,aa ycra-
HoBKH ElaHa Ha phc.430.

Ha puc. 431 npnBe.qeHa cxeMa pacnono)KeHnfl AarqHKoB H ycrpofrcrg,
Hcnotrb3yer\,rbrx E,Jln ynpaBneHHq Vlanoir rHAporyp6wroir H npe.rlTyp6r,u r-
HbIM 3aTBopoM, PSPa6oraHHas IIeHuHrpri-{cKI-lM MerarrHqecKHN{
.3aBooM. B cxeve- ynpaB neHVf HCno-rrb-?).nrcs, K-aK np?.Bt4rro, Secron-
T O r ' f f L l l - l A  f ' f t f r t l t l r f ,  r t l . \  n l / \ v a u l r a  I t  n h \ m r r v  n o n a l r o , ' h n b  ^  f 6 r l v . 6  ^ n r 1 ^ ; \
I g \ r r t u . v  l . - 4 g L  z r . r \ r r  ^ l v J r v l r \ v r r r t t .  t t  A y J L . t i  L L q y q L v L v L y v D ,  q  I ( l ^ / n v  v \ , r D y \ _ _

MeHHbIe 3neKTpoHHbIe HcnoriHHTerbHbre H cHrHalrbHbre ycrpofi sraa.

nalouertIrrllM pa3BuTueM cHcrelvr yflpaBne HHfl, MaJtbrMH craHpaprFr br -
l d ,  r r r n i n o m o n D T o t l v r  6 r z n 6 T  n o h d v n  n  r 1 6  r t ^ d t n t  ^ n h d y
lvlr.r  r  r tAyvctr yeLqLCLLYUT wJ,r.{vr 

.rrvyv^\_/A 
r1(t Yrul l \ .rJlr>rirvt)clnufg IVl-ylNP\Jl tP\Jr_{uL-

COpOB, KOTOpbIe O6le,q,NssIOT' BCe QyHrcUNvt aBTOMzrTHqecKofo peryrrdpo-

P Hc. 4.3 1.  PacnonoxenNe ycrpol-{crB Ans ynpaBrleH}{s rNgpo ryp6Nrr  o11 :

I  - .qarr l , rK ypoBHq Macna; 2 -  Ear, tvrK reMneparypbr noauHnHl lKa;  3 -  Aar. i l * :
TeMneparypbr l racna;  4 -  naHerb ynpaBneHHq rr . rApoarperara;  5 *  6ecrcol{ raKr}{r - l ( ,
AaTr{HKH noJIoxeHHfl ;  6 -  3ot IorHHK ynpaBneHH'. ;  7 -  KoHTaKTHbrfr  .qar. {Nx rroJlo.xe -

uua;8 -gxSvanoMerp;  9 -  D,arquK qacrorbl  BpauieHnq; 10 -  pene aracrorbl  Bpaule-
HH9

i l i l i l i l 1

+
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BaHIdfl MOU,GJOCT:H, :Hanpfl)KeiH4fl, qaerorbl ynpaBne.HHtr Benoltofare,rlb=

"oty 
o6opygoBaHHe\4 oxpaHbl f3C u cnrHanr.l:larr.ru o HeucnpaBHocrflx.

I-IpoussogcrBo H Wfl ooopyaolrran;/tfl rr{aJu,ix f3)c B
crpaHax CPB: CrpaHul COB r C@pO B HacToquree BpeMfl npon3Bo.qqr
Aocraror{Ho lolo-yr HoMeHKrr arypy fHApocHnoBoro OoOpyqo BaFrHn
nJTr Manulx f3C. OcHoeFmrMu nWH3BoAHTenfllrrla ofupyAoBaHan flBnfl_
rorcr Pyvrsrunn, Iorocnaeua, 

_Bonr apafl, gexocrouari"". B pyvrmnra
npoH3Bo trnrcs ^4 TrylgpaMepa po ragp oryp6uu c Hanopa twr l-120 v n
MourrocTs*t 

?9-1]00 rcBr, flp ra.qporyp6uHbt Ha Ha.nopbr l_10 M Morrr-' l  f  t a

"\rurbru 
r,J - +o KIJT (4 THnopasuepa). B ()rocJlaBuu npoH3BOAflTCg g0

Tr4nopa3MepoB KOBTUOBbTX rH.qpo ryp6wa. Eolrapas npoH3Bo.qHT KOBTXG
Bbre raAporyp6auar (4 rHnopa3Mepa) u po ryp6nHbr (7 runopa:wepoa).
flonepew-iocrpytrru'le rHtrpoly p6vtur't npo"s"o.qrr Ky6a ( I t runopa3Me-
poB' MorqHocrbr,o 0,5-1000 rcBr) u rJCCp (5 rnnopa:vepoe). Bonruroe
r{Hcro Turropa3MepoB ftp r-r IIII vanux fHApoTyplurt npeAnararoT npoH3_
BoAcrBeHHbIe npe trnpwflTr$r SCCP rz fIHp, npHqeM nHp _ B ocHoBHoM
npqMoror{Hbre (rpy6sure) naaporyp6uuu.

Mallte fHApoarperaTbr KoMrlrleKTyrorcfl npeAryp lusuantwt 3arBopa-
Mr,r, pefynnTopaMu r{acToTEr Bp&uegnn u cvlHxpoHHbIMH VnH ACiHHXpOH-
HbrMH feHepaTopat\,Ltt c KoHAeHCaTOpHbrMr,r 6atapearua.. B HacToflulee
BpeMq HaqaTbr pa6oror no craHtrap.rk&arJylr rrpoa3Bo.w,tMbrx B crpaHax
c3B fullpoTyplwu H pa3ReneH,ro Hx npovr3BoEcTBa no THraM B uensx
e.uHHcrBa KoHCTpyKTHBHbIX H TeXHOnOrHqecKHx peurennrZ B HHTepeCax
cHH)r(eHHn CToHMOCT}j HX npOH3BOACTBa H y.uoBneTBopeHHfl 3€IfrpocoB
norpe6r.rrenefr.

4.4. 3 JIEKTPOTEXH}IIIECKOE OEOPY]IOBAHI4E

K enercrpoTexHuqecKoMy o6opygon arturo MurJrr,rx fOC orHocrrcs
reHeparopbr c cHcreMolZ nos6yxa eHnfl, BbrKrrroq are, nu reHeparopHbre H
rHuefrHare, rroBbrrualourue rpaHc$opMaropbr, q.{erzrca reHeparopHoro
Harlpq-xeH-r,{g co cSopHuLlb ,,iJLiiiai,fvi np,ri -lcraHoBKe Ha i€c 

-t*yi 
^n,

Tpex fHEpoarpefaToB, urrcaQrr ynpaBnetvtfl v gneKTpnqecKgx, a raKxe
MCXAHHI{ECKHX 3AI.IIHT.

6o*ruoe qHcrro M"rbrx I-oc HMelor .AHH f,ApoarperaT, nosroMy Anq
HHx cxeMa 3neKrpHqecKHx coeAHHeuun secbMa npocTaq: 6norc reHepa-
rop-TpalrcQopwarop - BII c ycraHoBKofi o.qHoro HnH trByx BbrKrrroqare-
nefi. [Ipu pa6ore Ha :a3onnpoBaHHyro Harpy3Ky ycraH aBnaBaercr{ TorrbKo
feHeparopHbru Br,rKrrorJarenb. I-Ipu ycraHoBKe Ha l€C rlByx_Tpex reHepa_
TopoB BblnorHqerct c6opHaa cucreMa IJJVH reHeparopHoro Ha[pr)KeHHq
c o,qHHM noBbltuaroqHM rpaHcSopMaropoM H reHeparopHbrMg BbrKrrroqa-
Teilq,"qL4 y Kaxquoro I'eHeparopa. flpu ycraHoBKe acHHxpoHHbrx reHeparo-
pon K c6opHstv trlHHaM npveoeByHqercrr 6a.rapea KoHlleHcaropoB E,t^
KON{ITeHCaUH,Ij peaxrHar-rofi MourHocru u o1ecneqeHHs caMoBo36yxae_
HHfl feHepaTopoB.

lJ,ns nuraHzfl norpe6a reneft co6creeFrFrlrx Hyxqq B cnyqae, ecilvl
feHepaTopHoe Hanpflxe:Hne npktHflTo 6 vrTvr 10 KB, ycraHaBnHBaerc,
132

i

.,
3
4

i

I
!

Puc. 4.32. Kovnonoerca o6opygoBaHHq va.nofi l3C:
I  -  rnrporyp6nxa; 2 -  reHepaTop; 3 -  peryaqrop;  4 -  nanenH ynpaBnerrxa;  -5 _

sq.eitxu PY 6,3 KB

'rpancpopMarop co6creer-IHbtx HyxJl, rro.qKrrroqaevulZ x coopurrrlrl rrrnrra\.r
reHepaTopHonc Hanp q)KeHHq qepe3 |lp e.qox p aHvlTe ilH.

Bce norpe6urentl co6creeHHblx Hyxr Aon)KHur csa6xiarbctr r1Cpt \1r.r r
HbIM ToKoM Hanpq)KeHHeM 380/220 B, erclrcv av cHCTeN.{r,r yflpaR.ncr 15r r r
3au{HTb'I, KpoMe nycKoBblx ycrpolZcrB arper ara v anapurlr roii g ' l 'r j1 r1 r r, r
IJIjId, KOTOpbIe .qOII)KHbI n]HTaTbcfl nocToqHHblM ToKoM oT lie-6o,'rr,1rplr
aKKytv{yxrTopHor"r 6ar apeu Fianp q x e H t4e M 24 B.

f lpu ycraHoBKe Ha Manofi  I"3C MHKponpoueccopa cro 3neKT.pol r l())rrr,
Hue ooecne.rprBaercq cneuHaJlbHbrt\.{ 6noxov nHTaHHrl, rroji}-rraK)rrrrJ\I
aHeprHlo KaK oT cerH co6craeHHblx Hyx(A, TaK H or aKKyr\.i\,_rrfl.rqrpi ioi r
6a'rapeu24B npu nycKe I-oc c Hyns H B nep,oa ocraroBKlr.

n ^  _ _ _  -  _
raul lDgi IeJ IHTe nhH(.. ie vcTnnr,{r. .rErn nor-Jonq r^nr

" o,.ro'n "*." "u'" " o" il ; ;;;";;;ffi;; ;;;r^ r,5;T ;; i, ;^ i I ;lj, i
ycraHoBKpt- l locrreAHee no ycnoBHtn\r OesonauiocrH npeArro(r ' I . iq.Crrr,1t, t , .
llpuveHeHHe cneul'IanbHofo Hecepr,rfi Hof o 3neKTpoTe xH r.r qecK oro o tr,p r, -
AoBaHHfl lJlfl lr',aJlbtx l3C He)KenaTerlbHo, TaK KaK 3To N4o)r(er B Jta,;rr,-



HeIZueM co3.qarb rpynHocru c o6ecneqeHueM 3anacHbrMu t{aerq14u vr
saN{eHofr Br,rueAruvrx Hg crpoq qqeeK HnH wx ooopy.qoBaHHr. 3ro xe
orrJocHTcn u K cHcreMaM aBToMarHKr4 H 3neKrp!{\recKHx 3€Iurtfr. IIpo-
rpecc B 3neKTpoTexHHKe, no-Bt{.qHMoMy, nogBotrrr s 6nHxaiutery. 6ygy-
ureM pa3MerrtaTb 3neKTpHqecKHe ruxaeur u 9.ueftrcu B 3traHHqx MaJrbrx
l3C 6es sna,{arenr,Hofo yBennqeHHs rurorrtaryr4 noMeuleuwfr, onpele-
r fl e Mbrx ycraHoarcolZ ocHosHoro FzApocr,rrroBono o6opyno BaH:.zrfl .

Ha pr,rc. 4.32 npwaeAeHa KoMnoHoBKa B 3naHu+ uanoit fOC 3neKTpo-
Te x H HqecK oro o6opy4o BaHlafl H r.qHToB ynpaBne HVs..

4.5. OCHOBHbIE npHHUltrIbI yTIpAB nEIJ.Hfl
H ABTOM ATH3AIJ*IH

B ceqsH c reM qro 3KcMlrararlHoHHbre pacxogbr Manofi f3C cyulecr-
EIeHHO BrrlJflror ria ee a$sexrNeHocrb, a 3apnnaTa nepco{ana.qocrHraer
50%o BCeX 3KcnrryaTauHoHHbrx pacxolloB, To ocHoeorz Qopr"rr,rpo rJaH].i1n
npL4rJJ4noB ynpaBneHufl TaKHx I.OC .qonxHo 6urrs coKpau_leHr.le aKCn nya-
TauuoHHbtx pacxo,uoB. OcHoeHure npnHuHnbr ynp aBJteHHfl, H aBTCIN{ aru-
3aLrwr{ M;IJIbIX I'3C creAylou{He: orcyrcrBue Ha f3C Ae)i(ypHoro nepco-
HAna; nepHotrr4r{ecKHe ocMolpbr npoBollflTcn I pa: B Mecsq, a reKyqHe
peMoHTbr cooppKeuvrFt H Ooopy.qoBajH:Hfl Bbre3ru-rbrMH 6prraqauu
3HeprocHcreMbt HIIH HecKottbKHx Manbrx f3C; nonHas aBToM;l.T;y,3au.,n
paOorrt c o6opyaoBaHut KaK B yqnoBHax pa6orrr B sHeprocgcreMe, TaK
H Ha H3OnHpOBaHHylo Harpy3Ky

HcxoEq H3 3THx .Byx ocHoBHbrx npHHuHnoB ynpaBne :lyrr., Mo)KHo
cQoppryrypoBarb vt cooTBercrByrotrlue rpe6oeaHun K o6opyaoBaHHr(c
Marrbrx f3C: o6opygos aque .qonx(Ho 6urru rrpocrbrM B ynpaB neH:a:.a u
o6cnyxaBaHwH; BcrroMorarenbHoe o6opyaoBaHvre, Heo6xoAHMoe D,Jtfl
pa6orol rHtrpoalpefaTa H efo 6esonacnocTH, .qon)KHo pa6orars ronbKo
ARTf i lw{2TI , {UPAkIA lA r tur \ r l ( \  ar \n  nanvrra A '  ' *  - -  - -  -. .  _r . .v .v  vr  v . ru(vJrNv \JDl tD tv ly t l : l , . t lvLd,J lbH\J,  p t :MUHI.  ooopy-

,qOBaHHq .UOnXeH CBOTILITbCfl K 3arvleHe CTaHEapTHbrX H3HaLUHBaeMbrX
y3noB 3anacHblMH, H3fOTOBtreHHe KaKHx- nw6o 3a[acHbrx rracreE Ha I.3C
He npe.tlycMaTpnBaeTcfl; BMecTO IIOpOTOCTOflUIeTO pesepBHpOBaHHs
ocHoBHL'lx SneMeHToB H qacrelz BcfloMorarenbHofo o6opygoBa*:afl u
cl o )K Fi L,rx 3a UIHT cneAye r npnMeHfl.rb aB apu lZuyro ocraHoBK y f HApoarpe _
I'ara c BblAaqefi curaana Ha ueHrpa-[bHsrtZ nocr ynpaBneHan; perynqro-
pL'l rlrAporyp6nH .qorlxHbl BbtI-IorIHsrb Bce $yHrcuuH aBToMarnqecKofo
-Y"Il paBneHHfl rhtrpoarperaToM, BKrIIoqa tl B Ce Bcn OMoraTenbH Oe O6Opy'aO-
BaHHe; ,qns oxpanur f3C AorI)KHbr 6ulrr npeAycMorpeHbr crreuHaJ,rbHbre
aBToMarHqecKHe oxpaHHble ycrpofrcTBa.

C yveroM 3THx rpe6oeanufi uoxrto ce6e flpetrcra rlkrrb cne.qyroqrlZ
o6aev opraHoB ynpaBneHHs u aBToMzrru3aLrua Anc_ Manoh lgc c
n  n t  t t r r\Jl_g'rrrlvl,-r yrJrvrn L yruvvc.t ucL a'|aMH:

l. Perynnrop ryp6r,rHbr c eynrcun nMp- pefynsropa qacrorbr Bpaul eHvrfl
npw pa6or€ Ha H3onHpoBaHHylo Harpy3Ky u eyrrrcurz fl\.lyr perynqropa no
BO.qOTOKy np:H pa60re B 3HepfocHcreMy.
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2 MacnoHafloDHaq ycraHoBKa KaK aKKFlrJvxrrrcp _lHepr-r.!r{ tr+jifi aB.yo_
Iv{arHqecKoro 3anycxa f3C npH orcyrcTBnrrv Hanpq)KeHr,rr Ha ruHHax.

3. SaexrpoHHas naHerlb ynpaBJreH:y,fl, c BbinoJrHeHHeM Bcex @ynxruafiperynHpoBaHld5a r{acToTbr, pe)KHN{a no BotIoTOKy, pacnpe l(eneHufl Harpy3_
KH MeX(Ay n'UpOaryeraTaMH' B bIIIOIIH eH Hfl nOcIe.qOBaTeIIb H OCTH O n e pa -
t*tfi npu 'nyQ<eocraHoBKe 

arperaTa, a raKx(e ynpaBnep;.7,n Bc11oMor.a-
TenbHbrM o6opyrroBaHHeM.

4. YcrpoEcrro EJIE. aeapufinofi ocTaHoBKH rHlpoarperaTa npL4 ne_
HcnpaBHocrtx cHcreMbl ynpaBn eHHe, (ae apuitn t tff sororH HK nD r4''H anlr -qHH MacnoHanopHofi ycraHoBKH HrrH rpy3oeofr npHRo.r Ha[Dr R-rr q K) ! ! r{a r.( -)
annapara rtpn ee orcyrcraura).

5' Oxpanurte H rlpoTHBonoxapHbre aBToM:rrHqecKHe ycrporlcrHa,
BKIIOqanulJ4e npe.qynpeAHTgnbHylo C]HIHAm]H3aI rHK) u nw cr)lr rr.*rrr.r
B O.qfl HOrO no)KapoTyue HHq.

6' 3nercrp'lavecKl4e 3a[uzTbl reHeparopa, rpanoeopMzrropa 14 orxor]r-rqr.o( Qurepoe.
I4cnorureHHe yKa3aHHbIx opraHoB ynpaBneHns Mo)Ker 6urru o6sn+rr,rr,r

c Hcnotrb3oBaHHeM orAenbHbrx ruKaeoe ynpaBlte:g.afl c Tpa"qraulzoHHbrMH
pelefrtrurraa H KOHTaKTHbIMH 3leMeHT avtr HJIH coBpeMeHHbrM c HCnoJrr,-
3oBaHHev vII{rcpo3BM c BH€LuHHMH vcnonHlTerrbHbrMu ycrpofrcrBaMlj
na .OecI(oHTaKTHbrx gneMeHTax.

B gBJa3H C pa3BHTHeM 3'IeKTpOHHKH HCnOrrb3oBaHHe Vrrcpo3l3N,l
nonyqaer 6oruuroe pacnpocrpaHeH He D,Jtn ynpaBneHHq coBpeMeHrtbrN.s j
l{anbrlfu fgc' 3ro sHaqnrenbHo coKparrner ia6ap"ro, .".i=Mbr ynpaB-
neHl,l,fl H no3BorlqeT He "cKynuTbcg" Ha co3naHl4e Aonorlrrjrerrbur,rX
3aJfaq no orrrt4^rtr-BaLrLtt4 ynpaBfleHHs MarbrMH l3c;. Ecrb npHMepr,r
yCraHOarcu rnaacpO3BM ofU-lOapeveHuo Ha HecKorrbKo (xycr) HrH KacKa.a
MaJrbrx f3C, H egrb npaMepbr ycraHoBK:a vrl1l4B:y,Eyanbrrbrx MHKpo3lll\{
Ha Ka)K.uofr f3C.

- cxeriaa ynpaBneHHs M'uILIMH rHtrpoar_pefaTaMH HeCKOnbxNx I-J(l
(oasuv rpeMs rHlpoarperaravrz) c uinonusoBaHHeM vNxpo3llfrl
RI {FT I ( ) I JAFT  T l ' t r ,  a l l ^LJ l . \DULr -  An^ ' . ^ .  R - ^ - -.vurru.^ vJr\-/^cr. \JJr\rN rtYtr iT,t tnx, l tpt)oopzl3ylou{I jH no-
cToqHHbuZ rorc Hanps)KeHHeM 125 B e r-leo6xoArzvsilZ nepeNreHlrulr:i iui;ipa3Hblx norpe6arelelZ, rleHTpanlsuuZ MHKponpoueccop, o6ecneqnBaK)-
utuFl aBToMaruqecKoe ynpaBne HHe H Bbrnaqy nneopva LJH';', Ar.rcnJrei.-l r i
neqaralouree ycrpoficreo. BcnovorarerlbHbre ycrpolZcrBa Mr1..po3il1\1
BKrlloqarcr MynbrHntleKcoP plt9. pa:vrroxer:afl curHa,toB H gcnor\Ior it.
TetIbHbIe pene D,ilfl pea-Jl.'.,3au%Vl KOMaHA ynpaBneHr{q. I{Nreeic' pa;i
3alqltr' Aefr_creyloultx Ha ocTaIJoBKy rHApoarperara npu orKa:ax n 3i]lri.

MurcpoSBM ocyrqecTBrrqer creAyrorque aBToMarHqecKHe eyrricr11l11;nocne.qoBarerrbHocrb onepar.rH fi npw nycKe H OCTaHOBKe rHEpoarper-ara ;Bbl,r{aqy KoN{aH.q ynpaBneHun: perynHpoBaH4e) cMa3Ka norrrrHnrjHKoB,
BKtIIoqeHHe cgcreMbl oxna)rcueHHs u T. n.;:aulr{Ty ryp6lzurr r.! iEi iepaTo-
pa Ul'HeHcrlpasFlocTei'i c Bblxo.qoM Ha pene ocraHoBKa (anercrpHqecKrJe
3aurHTbr Ha oourr$Jbrx pene); HarconreHHe, nepepa60TKy H Elbr.uaqy nrjSop-
Martuu o pa6ore rupoarperara; BbrnorHeuae $yH Kl\r4it perynHpoBalirl rl
Hanpfl )Ke Hufl' u pacnpe.q e JreH:/,fl Harp y3K H Me Xro/ f HApoaf pe I. aTa N4r4.

I  a a
1  J - _ )
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PNc. 4.33. Enor-cxeva sneKTpossofi qacrx perynsropa:
J - cNFraa )apoBHs BD; 2 - cHrHaJr o6patioir cBfl3rt perylqrop a; 3 - cHrrtrn qacTo-

rblBparrreHnrr; 4 - arraaoroBbre BxoAbr; 5 _ gncrcperHbre BxoErr; 6 _.qxcKperHbre
BbrxoAbU 7 - voaynr MuKponpoqeccopa; 8 - cNrnarro ra pene; 9 - rouangu nycKa_
ocraHoBKH;10 - uu{rynpaBneuuz;11 - AorrorrHHTeJrbHbre MexaHurrecKHe 3aur'Tbr;J2 -rcovaHAbr ynpa'ne'..,'.; IJ -rconrpoJrb KoMar{A ynpaBngH''i 14 -pywaasasapr.r*_
Ha'q cHcreMa ynpaBneHY.5i 15-cHnoerre Qugepa4 15 -K MexaHH3MaM ynpaBneH1{q

B rca.recrBe np'Mepa Hcnonb3oBaH,r vurcpor?BM nno ynpaBneH'rr
BceM o6onvnoRqlJrJAv TE(- b n nrrn' r , f f inr vv D vr-r.fr\r.(vr Jr-rPvr.lurEs rvlu.2itgl ulyx.l4'Ib pefyIlfl-
rop Ql{pr'at "@olff' (Aecrplra). Bnoiciet"ra sneKTpoHHorz qacTr sroro
ycrpoHcrBa Ear.a Ha pnc. 4.33.

I{cnonssoBaHue MaJrora6apHTHbrx v Ha.qexHbrx vrarcpo3BM DJts.ynpaBneHuv ManbIMH fOC B KoHeqHoM cr{ere cHz3ur Hx cToHMocrb H
3KCTINYATAUHOHHb]E H3.qEPXKH, TAK KAK PEMOHT 3BN{ CBO.qHTC,I K
3aMeHe noBpe)K.qeHHbrx 6norcon 3anacHbrMH.

4.6 CTOHMOCTHbIE NOKA3ATEJIH OEOPYIIOBAHH'I

, Kax y)Ke yKa3bIBaJIocb, o6opyuoBaHHe MaJrbrx I.3C 3aHHMaer BecbMa
6olrulyio Aonlo B ee o6qeE crouMocrpr. 3ra Aonq DJ7fl. MaJn rx fOC
npv cyu{ecrByloun'D( BoAoXpaHHnHuJax u nnoTHHaX EOCTHraer 50%.I - r ^^ -^ -
r IUJ LUIVIV I lUI4 RFrlO()ne ()nOnVnt.\R2 r-rrrcl  r  rrt  nnrl  I  "- l f  '  onmff in.^'  " ,^

.tp"rrt."no'y.nl;;;;t;t;;;;;;;^;;"-;;;;;;d;;;;Hi=",
c reM rno6sr He HMerb rrJ4uJH:ax pacxo.qoB Ha vHnvBa1yanaHoe npoeKTH_
poBaHHe H HCCneAOBaH]/Ifl .
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ciolil'loc::, Bcefo ofu pi' aoe aifriti i ia cTa,qp i yi facT a,itbHoiif, fi poeK Ti.i paEi a -
HHrI OrTpeAeJIqeTCg nO KaraJIOraM 3aBo.qoB-H3roTosr,rTerefr , a qfoHMocTr,
MoHTa)Ka H TpaHcrropra - Ha ocHoBe HMeroury.ucs npefrcrcypaHToB.

nu oueHKH croHMocrr o6opyaoBaHHr u f3C B uenorvt npH paccMor-
p€,Hwu 3KoHoMu\Iecxofi Uenecoo6pasHocra crporenbcrBa Marrr,rx f3C Ha
paHHI,I,x ffawlsx fipoeKTI,IpoBaHHs Moryr 6rtrl Hcnonb3oBaHbr nposri,rc
3MnI4pH\IeCKI{e 3ABHCWMOCTH, OCHOBaHHITIe Ha Cpe.qHHX CTaTHCTHVeCKHX

.qaHHbIx c Hcnorlb3oBaHneu (4.27) u @.28). OHu yr{HTbrBaror cnegy}orru-lc
HCXOAHbIe nOrO)t(eHHs: CTOHMOCTb OCHOBHOTO r-HApOCHTOaO|O O6OnyaO-
Bart]Hfl (ruaporyp6nr-l H runporeHeparopoB) va-nsrx f3C cocra-B nq(,'f
90-927o o6urefi croHMocTH Bcefo o6opyaonaHryfl; cpoK cnyx6sr o6opyao-
E,aHHfl, npHHsr paBHL,rM 25 ner; cpe,rtHee qHcno nepcoHaJra D,r]ttl o6clyNlr
BaIJuq t'alolZ f3C - | sen/ron; cpe.ut-Ifl.fl ylfeJtbHaq eroHN,logrb r-trAporrlr-
noBoro o6opyaoaaHnfl no ypoBHro ueH 1985 r. npn:HflTa300O py6/r.

flpennapnTerlbFloe onpeEerleHHe Maccbr feHeparopoB .uaHo e n. 4.2.2, it
DJ79, Onpe.Uenewnfl Maccbr furpoTypluu, T, MoxHo Bocfronb3oB&TbCn
Qopuylalwr r43 cnpaBoqeurca [32];
.4ns IIII ryp6rH

Mr:2,88 D?,r  I { ,4 ;

rrrq PO ryp6rn

Mr - l7r4 e0,49 DLH 0,16

.Ilrar'rerp pa60vetro Kone ca ryp6uur't D 1 onpcAerrsercq no sopvyrre
(4.10) c onpeAerleHueM pacr{erHoro npHBeAeHHofo pacxoaa rurgporypOr.r-
Hbr or Hanopa Ha ocHoBaHvrv rpacprrca, npuBe.ueHHoro Ha pt.tc. 4.12.

Yprsoxaa Maccy ryp1nu H reHeparopoB Ha Hx yAenbHyro croHMocr-r,,
onpeEenglor o6uryto crouMocrb o6opyaoeaHnr. Croauocm MoHTaxa
nphHvrNlarror paB H o Fr llh o6 ute lZ croH Mo cra o 5o pyAo B aH H s .

lnaea 5

MI{KPOTSC

B Hacroquree BpeMfl B CCCP u Bo MFrorr.rx ,qpyrHx cr.pauax ri
K a r e r o p a H  L t  H K  p o  f  3 C  o r H  o c  q  r  r : a D , p o  3 - r !  e  F :  T p  1 4 , r  e  c  r :  I r  c
C T A H I T l , , i , H  M O I I I H O C T b I O  M E H E C  l O O  r c B r ,  f r P V  3 T O M  M O U I I I O C ' I ' I ,
o.qHoro rHtrpoafperara, KaK npaBnrro, ,qo 50 rcBr. fpaHHUs s 100 xFl'r
Me)K.qy MarbrMH H MHr(poI-3C onpeAeneHa )'crroeuo. B .qanbnefjrileN.{ no
Mepe HaKontleHHt flpoeKTHbIX H KoHcrpyKTopcKux pa:pa6croK orra 6yac r'
KoppeKTHpoBaT_ es.

I'uapoeHepDerHqecrcufi fioreHuHal, Hcnorusyevsrli rrar,tcpof3C r,]
CCCP, cnequ€LJrbHo He onpeAensrrcfl. Karc noK;Ban npoBeAenusll.i rl
lngponpoercre a:e,aIrr,t3 TexHHqecKHx Bo3MoxHocrerZ 3HepreTr.rLrecr{or()
HCnOTIh3OBAHVfl CTOKa MHOTHX Marrbrx perc (panHHHHbtx peK N.rotqF{osrr,x)
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Eo I,7. a r..,opHbrx .tlo 2 *te. xBr), B ocHoBHol,,{ !!r.{eHHo 3Ta qacTr^
3Heprefl{qecKoro noreHuHana rexHHqecKH Moxcer 6urTb ocB@Ha
f3c.

n t r n 6 n

MHKpO-

Murcpofoc - oallH us Hauooree paHHHx BHAoB fgc B HcropHH pa3Bu-
rHfl rHDW3HeprerHKu. Onu 6anu:,u npoo6pasoM KpynHbx rHApooneKTpo-
ctaanJuFr H 3aqacryto BbtnorHnnu ponb voEelefi KpynHbrx rHtrporypfiurt.
flo vepe HHTeHcHBHoro pagBHTHs rHApo3HeprerHK H ee ocHoBHbre rexHH-
qecKHe peuteHH,fl granJ"t nepeHocETbcfl B Mturylo rH,qpo3HepferHKy.
Crc:gasn afl B 40e roabr HoMeHKnarypa MnKpornaporyp6HH BKrrro qar,a
BCe OCHOBHbte rH,nbt, npHMeHflBtUHeCg B fHApOSHeprerHKg, - nponenneD-
rJbte, palJyarbHo{ceBbte, KoBL[IoBbIe.

B CCCP crponTerlbcrBo vrzrcpofSC e 50e ro.qL,r ocyulecrBJrrrnocb B
KpynHblx vacurra6ax. kls nocrpoeHuurx 6000 Marrbrx I-OC 6orsruaa q:rcrb
orHocHTcq K KarefoprH "MHKpo". Onr,r o6ecne.rnBanu KoMlvfyHaJIbHo-
6uroaure H npor3BoAcrBeHHbre florpe6Hocru B gneKrpogHeprHH cerrbc_
KHX HaceneHHbrx nyHKToB, MeJrKHx npoMbrlurreHHbrx o6tercroB H np.

B nepcneKTuBe coopy)KeHne M:aKpofSC Bo3Mo)KHo D,nfl, aueprocua6-
)dKequfl H3onHpoBaHHbrx or 3HepfocHcreMu (wnu rpe6yrorqzx pe3epBHpo-
aauun) norpe6ureneit, qucro KoTopbrx B crpaHe eule BerrHKo. Hanpawep,
Naurcpof3C proul-locrblo 100 rcBr Moxer o6ecrre.rr4Tb gneKlpo3HeprueFr
celrcrcuE nocerloK c HacelleHueu 200 qer. httv )KHBorHoao.aqecrcHrz
KOMnJTeKC Ha 300 r'oloB KpynHoro poraToro cKora. MuxpolSC woryr
6urrr He ronbKo Hcror{HHKoM 3neKTpo3Heprw, Ho npqMbrM npHBoAoM
pa3nHqFrbrx MurruHH. cavoe ruHpoKoe npHMeHeHHe MHKpof3c Moryr
ualtru D,17fl o6ecne.{eHufl gneKTpooueprvrr4 crauHoHapHbix cerrbcKHx
norpe6are neh u o6rexroB oTfoHHofo xHBorHoBo.qcrBa, fopHo-Ao6urearc-
uIHx H reonoropa3Be.qor{Hotx o6reKToB, crartuafr H nocToB r"L{trpoMer-
cryx6ut, ry pncrrqecKHx H .upyfHx peKpear IHoHHbrx KoMrrrreKcoB, rreco3€l-
foroBHTetlbHblx H oxorHHr{bHx xosqficre, npe.Enp ugruVt no npoH3Bo.qcrBy
H nepepa6orrce pul6rr, BoeHHbrx o6tercroB H MHorHx .qp.

flo srccnepruorZ oueHKe KupluscKoro H&yr1119-rccne.qoBaTerrbcKofo
orre-rla 3HepferltKl4 (Kl:prF{!{O3) r{}.renri}ixcr7 3azBoK opraHlisaui-ifr
ronbKo B cHCTeMe ArponpoMa KupruscrcolZ CCP exefoltrto Moxer 6srrr
BHe.rrperro Ao 1000 rH.qpoarperaroB Ha MHKpoISC. B uenov no crpaHe vx
exeroAFrafl noTpe6Hocrr Moxer npeBbrcurr 8 rurc., & c yLreroM 3Kcnop-
Ta -.qo l0 rr,lc. rHApoarperaroB. Hnrepec K Hcnorb3oBaHHro Mur(porcC
nporBnqror MHor:,z,e crpaHrr (Mouronvrfl, Ky6a, LIttDur., Brersav H Ap.).

B uacrosuee BpeMq .4rlt 3Hepnocrra6x eHHfl MenKHx paccpe.noroqeH-
Hblx norpe6urelefr B ocHoBHoM npHMeHqrcTcq .a?r3enbHbre v 6esso-
3neKTpH\tecKHe arpefarbr, BbtnycKaeMbre oTeLrecrBeunofr npoMbnurreH-
Hocrr,ro. Hapa.uy c Ba)KHbrMH npeHlvryulecrBaMu no TpaHcrropra6eru-
riocrH, aFlTOMaTHqecKoMy perynHpoBaHHro, npocToTe nycKa H ocTaHoBKH
3TV1 AI*P)EIATbI HMEIOT CVII{ECTBEHHbIC HEIIOCTATKH HCNO-IIb3OBAHVC
neclnurlrHofo Au3etlbHofo H ocoOeuuo 6eFlst4uoBofo rontrHBa y1 1y12g-frz,
3arpq3HeHHe oKpy)Karoqeft npnpo,qHofr cpe,qbr BbrxrronHbrMH rasar\,r4 H
TonrlHBoM, Heo6xoEuMocrb co3.uaHHq 3anacoB TonrruBa v BbrcoKag
noxapHaq onacHocrb, cno)KHocTb .qocraBKu TontIHBa Ha 6oruurue pac-
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cTofiH-r4fi, rieo5xo.qHMocib llocluriHH<-ii-c; o6uiylKviF,aHir'lff, abicorci4ri ypcl
BeHb urytvra.

3avesa unu IrorIorIHeHHe nu3elbHbrx H 6ensogneKlpulrecKHx arpera-
ToB TaM, rEe gro Bo3MoxHo, MHKpofSC Mo)Ker cyurecrBeHHo ynyqurHrt,
gHeprocHa6xeHae H noBbIcHTb eQ$ercruBHocTb MHo)r(ecrBa MerKHx
norpeOrrenefi.

Har6onruee qrcno H3onHpoBaHHL,rx 3rlepronorpe6lrreneii s CCCIP
cocpegoroqeHo ua Das:i',uev Bosrorce, Ceeep€, B fopHbrx pafroHax Cpel
l:eft AzuH H KaBKa:Ia. B KasaxcraHe. AnrarZcKoM KDae H'r. D.

^ . ^ '\J(rupyrKeHkTe MkTKIJUTJ\- TJUSMUIKHU rrljrl paJMeuleltHr4 HX Il COCl'atlC
pa-3nwwlblx rH,upoTexHnqecKHx o6tercros D,nfl norryrHor-o noryqeFrrltl
gneKT?ogHeprHH (Ha eoAoc6pocax, B cHcreMax BoAocHa6xeHna, na

-  - .  ' - \KaHiu rax).

illts npHMeHeHHtr vrnrcpofSC oco6o repcneKTnBHtt oO.rercn'r co
3HaqHTerrbHbrM npeo6lanaHHeM 3Hepronorpe6neHnsa B rerHuFt nepuott
Ha.q 3HMHHM, nOCKOIIbKy MHO)KeCTBO MaIblX peK B Zl}/.tvtttlHi't IlepHO/l
npaKTHqecKH He HMeeT cToKa, a ce3oHHoe ero pefynHpoBaHHe cyutecl'-

BeHHo cHHx(aer sKoHo MHqecK ylo eQ$erc rnB H ocrb wrax pof3C.

B HeKoropbrx c[y.raqx uelecoo6pa3Ho npHMeHeHHe vrrxpol3C r]

KoMnneKce c Berpo3HeproycraHoarcofr, rennoycrarroercorZ 14,trplrHN{rj
gHeproHcrorrHr,rKaMu. CosllaFrlae raKnx 3HeproKoMnleKcoB qBrqercl

oAFf HM H3 nepcneKTHBH blx H anpaB neuuit pa:paboro rc.
flpnueuurenbHo K pa3nHr{HbIM rlpHpor-IHtrrM ycnoBHflM Mox(Ho r}trr/l('-

nldTb EBa THna r"4PrKpofSc: peanu3yloulHx noreHuHanbHyro 3Hepl-ljlo HIIJ
KHHer?FrecKyro 3HeprHn Bo.qoroKa.

Ilpnr"repaMu nepBofo rHna flB,ustorcfl MHKpofOC c rpaAHUl.rolrrl'rNj
o6opyno r,a;.l.vteNr, pycJloBbr e nu6o AepHBauHoH H bre, a raK x(e pa:pa6aurr r ii r -

eMble B nocne.4-rHe fo,ubr TaK Ha3brBaeMbie plrKaBrjr,re f3c (pasriollHil-

Hocrb AepHBauHoHHutx).

Murcpof3C BToporo rkrna ycraHaBnHBarorcq Henocpe.ucri.renuo rl
Bo.qoroKe. Ilprwepa\tv vx l.aItrlorcq pa:pa6oraHHbre y !-tpytr.,,erJHnurlJe err
B CCCP r H p n f lH D,H t ' t  e f3C KoHcrpyKuHH E.C. Ert lHoea tr Ap.,
T p l a J r n e K c H a f l  B e p r H K a r b H a r r  I O . N , { .  H o n u r c o n a ,  r r r r a r i r o R a n
n r o c K o n a p a n i l e r r b  H a f l  v  n n o c K o n o A l , e M H a a  I \ , { . H .  j l o r - r . l r o

n a ,  I O . M . H o s a r c o e a ,  T O p u e B a f l  M e M 6 p a H : e a q ,  p o r o p H o r o  r H r r a
u  K a n c y n b H b l e  r u D , p o a t p e f a T b r ,  n p H M e H H e M b r e  3 a  p 1 ' 6 e x o r . r .

B 50e ro.qbl e CCCP cepvrfiuo npor.r3BorL4ITL4cb r-Htrpoarperal'r,r .urr)r
vuxpofSC na Hanopb'r or 1,5 M, pacxor BoAbr or 0,49 ur /c npH N{}.rr ur-
MaJIbHofr MouIFIocTH rHtrpoTyp6antr 6,7 rcBr. B HacTorulee BpeN.{q r}
CCCP BHoBb Har{aro npoH3BoAcrBo o6opyaonat:afl Arrrr MHKpoI-3C.

BonpocaMH nepcneKTuB Hcnorb3oBaHr4tr, TexrlHqecKoro ocHar r lcr rr Jr r r
paepa6orxH He.Tpa,r'tnuuossst>i rcoscrpyxuuir l,+.rrcpol'-?C B Hacrorlttc,.'
BpeMq 3aHHMuLIoTcq B r. @pyu:e Kupnrscrcufi nayquo-Hccre.qoBaTL)Jit,.
cs<uir or.qen aHepfernrcu (KraprHLIOS) MrusHepro CCCP v Hrrclrr\rt'
"Bo.qoasToMarHKa v Merponorvs," MHHeoAxosa CCCP, a raKx(e ri
IIeHUHI-pa.qe BHHI,ll Hv. 8.E,. BeneHeeBa er Il[\V nv. N{.1{. Karurnrira.
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Texnra-qecKHe penieiitit, rlpi4MeHqelvibie fiplr, co3zaifnt4 iwrrcpoli]C,
pa:rroo6pa3Hbl. 3ro n apa&flJvroHHbre: npHMeHeHHe npaKrlalrecKH B@x
rntrpoTyp6un, Hcrrorrb3yeMbrx B fnlrpo3Hepr€THKe (paaHalrHooceBbrx,
nponennepHbtx, rcoauroautx); MHoro' HerpaApruHoHHr,rx npe4no)Keuuit,
Har-rpHMep rrpnrlHJlFrbre f3C.

|upnaHgnure f3C co3rlaBarHcb l.J7fl pa6orur ua 6oruuHx H Manux
Bo.uoroKax, KaHalax. YcroeuqMu Egtfl Hx Hcnorlb3oBaHnfl sBrrqrorcq
B 03 MO)KH OCTb CBO6O.qHO|O O6rercaH Un rH Dp}ry p6:H:HAI BO.qH brM nOTOKOM
r r  n r ^ r r r , m D r r o  ^ r r a r r t r o  n L u n i r  n n n o u f r - 6 r r r t u  n n r n y a  n  n n r r n r r n  h  n r r n n n ^ A
f  t  v L  v J  r v r u r r v  v r r v r - { | ' r g a t t v r t  \ J P L q t t r r J t c L L \ r t r r  r r v r v r \ q  v  r r v r v l v l l ' r r v  r r r A { y v v L r -

opyxeuaiZ. li:eecriii'i n o n e p e --i H bi e -vi ro p Uo B bi e ri.ipnqsilutie
fOC KoHCTpyKrrnu B.C. BrHHoea, E.C. Buprcrcoaa. flonepeqHar KoHcr-
pyKuHtr npHMeHgeTcq rra peKax c LUHpOKHM pycnoM, TopuoBas - Ha
peKax rviajlovl inr4pkliibi. i ionepeqHat rinPilfiri4lf?.fi r JL COCl'Oi,tT v13
HecKonbKHx rr.uporyp6uH, )KecrKo 3aKpenneHHbrx Ha cranbHoM Tpoce
(aurnornsroueM ponb rH6Koro eana), pe.uyKTopa H rHAporeHeparopa.
Tpoc c rnApoTyplwuatwt pacnonarastcfl B Bo.qe [onepeK peK]r u ynepn<v-
Baercrr Ha o6oHx fuperax qKopqMH Hnv aHKepFrbrMr.r o[opaMH. Aana
lo6oaoro conpoTnBneHnfl, rr.tprtflla4br rHgpolyp6au npu o6reKarrvu ee
BO.qHblM noToKoM HaTATHBaeT TpOC. EnarOgapa 3Tol"ry rnpr'nr:ena He
oflycKaeTcq Ha lIHo peKH H co3,rlaroTcq ycnoBws Dnfl nepe.uaqH KpyTslrle-
ro MoMeHTa or rHApoTypOuH rc Tpocy, a or Hero K pe.ryKrcpy, pacnono-
xeHHoMy Ha 6epery. B nporrloM npHMeHqrIHcb rupnflH.qi;l,re fHJrpoTyp-
6usan .u,HaMerpou 20-50. cv. Mouwocrr b.uHorr,rprsrsItnofr vr,ricpof3C,
cocraBneHHof{ H3 nonepeqHbrx fHlrporyp6uu, onpe,uen qercs no Sopr"ryne

N: DL + , " tp r  n (s.1)

r,qe N - Mou+rocrb Ha KrIeMMax ru.qporeHeparopa, rcBr; D - wtaMerp
fHllporypouHur, Mi L - EtlryHa aKTHBHofi ,tactu fHpnrHllbr, v; V - cKo-
pocrb Bo,qHoro noToKa, u/c; rlH - rcoaQSuUHeHT, xapaKTepnsyrouUaft

- - ^ l - -  ^ - - ; d - - - - -  -  / - - -  - - - F -  - - - -  -  f :  / / - !  f \ - - - - ^ - - ^ - ^  n
f r . lYUI r rU r rPUtpr .J r>r  rnApvLypr .J t lHb l  t l_ ! r> r  Lypvnnbr  LJ . \ r .  Dv tprKUba l  , lH

:0,46); rlD, rl,, - KIII, paeHnrfi.axr pe.qyKTopa 0,7{,9 H reHeparopa
0,75{,9 coorBercrBeHHo.

B saelacnMocra or coorHoLUeHHs Heo6xo.uututoit MorrrHocrv H napa-
MerpoB Bo.aoroKa aur6npaercs qzcno ycraHaBrr,IBaeML,rx rHrporyp6aH.

f lpuveHgrorcq  raKxe cxeMr , r  MrJoro t .  Hpnf lH ,uHbrx  l 'u -H: rcpof  SC
c  n a p a n n e I I L , H h r M  v  n y . { e . B b r M  p a c n o I I o ) K e H H e M  r H p n f i H . U .

Ha ysxux Bo.uoroKax oT6op MourHocTH nonepeqHbrMa rHpnrHAr-rbrMH
I-3C 3arpy.qrJeH, no3ToMy Korga noqBnsercq F,eo6xorrHMocTb ycraHoBKH
6oruruono qHcJra rHpnrHA, npe.qnaraercq ycraHoBKa ropuoBbrx rH.qpo-
ryp6wtt. B orrIp.r.{He or norrepevHofr rHApoTyp6r.rgur, B KoTopofi ar.rvtp,Han
NNC)CKOCTF,-  ROCNNI4HI4M2NII12gT ( ] IJ f IV NRL{}(VI I IEI - r )C9I  RONHr) I 'C\  Nr)Tr \ rC2,  - -  - - - r " - ' -

pacnonaraercfl napannenbHo ocH Tpoca, TopuoBar fHlpoTypluua opueH-
rupoBaHa erofi nrocKocTbro nepeneH.uHKynqpHo ocH Tpoca. 3QSercrun-
Ilocrb Hcnorb3oBaHtfl rlorqHocrr noroKa ropuoBbrMH rH.uporyp6nuavu
3FIaqHTeIIbHO HH)Ke, r{eM nOneper{HbIMH.

t.40

! t Y -  - _  ^ - - ^ -  Y - v 1 / - .iiiHpOKOfO npi{Meiierri4fi lHpntHEFibie i .-l\- He nony-i{Ufin. iipl4 tJlielii'
Hetr npocrore nonyqgHHa 3reKTpo3Heprvrv oHH HMeror H HeJIocrarKLr,

OCnO)KHfllOuIHe HX 3KCnIyaTaUHI,O: He3aLqHuIeHHOCTb OT noBpex\neHKrl
nnaBaloulltMH npe.qM er at.'/[rl, HeBo3Mo)KH ocrb pafu Tbr n pH 3H aqH Terb H bl x
cyToqHbu Kone6aHuax rny1vrgbr r-roToKa, qTo, KaK npaBHno, Haoarcl]aet-

cg Ha M:Lnbrx nopHbrx peKax lo)rqreBoro H neAnHKoBofo n:aTaH:arl, Heo6xo-

Ar4Mocrb o6ecneqeHHt nocToquFrofi fiepenpaBbr c 6epera Ha 6eper t't
co,uep)KaHHsr 3Kcn Jry aT ar \HoHH of o nepcor Ja na H np.

KraprracKnM Qnnwanou BHL4I.13M 6alna pa:pa6oTaHa H r4.3roroB neHa
r rncr  r rnnrr?pal t r r - r t ler r r - rnr7 r1nr \ r t rJn lL{  r - I tnr . r rc l  nr t } - r t -gLrv n6na- : r r^r :  r r r {L,nrr -

v v H s r q v u  r ! r '  r r \ l / v

fOC KoHcrpyKLrla:,z, A.C. N{ereu:rco MoutHocrblo 0,6 rbrc. rcBr. I.r.rnpo-
arperar cocroHT PI3 ruAporyp6rHut rL4na "EaHKH", rHEporeHeparopa,
ne.Fv nt lTon2 Hanntl)KeHwg' - nonor: 6onHt4Ka v, l  ru6rcnnn r-{2 nrnnHrr '- . \  r  r  r  rr a r r  r- ' r
r - - J -  - - _ - - r -  - - _ r -  r r J r 4 l t r ( .

Hs KanpOHa. ilplrBOA rn.qporyp6uHul vilrcpof3C ocyrUecTBrlfleTcs 3a cqer
CO3EaHH9 HanOpa BOllbI B pyKaBe, yKna.UblBaeN{Ot\.{ nO }'KnOH}' pc-t{}lOfi

.uorlHHbt. O6ufufr Bec MHKpofSC cocraBnfler Bcero 50 rcr. Ourrarco or ra
vrMeila HeKoropble KoHCTpyKTHBHbTe HeAocrarKH, B IraJrbHe Furer,l 661-rra
ycoBepueHcTBoBaHa.

B KrprHI{O3 co3.u,aHbr 3KcnepuMeHranbHnte o6pa3ubr p y K a n ir },r X
nepeHocnux f3C enfSc), paccvr,traHl'rbre. ua er,rpa6orKy nepeN{eru ror-()
rpexSasHoro roKa qacroroi 50 fu, Hanpri)KeHHeM 380/220 B + lOozb:

PT I | 3C  I , 5
MourHocru, rcBr. 1,5
N{acca suepro6aoKa, Kr 90
.[rtnga nz6xcro Bo,q,oBo.qa, M. . . 100
PacxoA BoEbr B BoAoroKe, n/c '70

Pa6ora 3THx PnfSC o6ecnetrylBaercq oT MaJrrbrx peK H pFrscn c
tvTLlHlr|,l,/.z,JTbHbrM yKIOHOM 3,5". B HaCTOrlUlee BpeNta pa:pa6arbrBap-fcti
aHarorHqHbre KoHcrpyKrlt.tH MolqHocTbro .qo 1 0 rcBr.

.IllrrenlHafl npoH3Bo.ucrBeHHat 3KcrrnyarauHrr onr,rrHbrx o6pa3uori
PnI:'QC ltotl.l.riocrbrc 1,5 rcBl noxa3aJ-,a, '-jro otiti ilpocrDr B i/fipats jiei]i.ii.i Li
Ha.ue)KHbr B 3Kcnry ar auvr4. ue rpe 6yror nocTofl HHof o o6cn yx HBa nluef o
[repcoHaJla, MonyT 6tnu cNloHTHpoBaHbr H nyi.rleHur e pa6oTy nHuarrH 6e:
cneuHajlbHofi no,qroroBKI.t, o6eCneqliBaror 3neKTpo3ueprueii BCCI, r ra6op
6elroautx H npoH3Bo.qcTBeHHbrx greKTporrplrelvrHr.{KoB N,taJIL,rx o6r,exron,
Molyr 6lnl Hcnotlb3oBaHbt B ycnoBHqx c nepe.u,Bn)KHbrN,r (rco.rcer,rrr)
xapaKTepoM pa6orst. Ka.-lecrBo nupa6arntsaevoft Ha Pll[IfC g.rrcxrp,,r
3HepfHH o'fBer{aeT rpe6oaaH vflhi.) npell} fl Bn fl eMbrM K TaK HN4 r.'.ri.i x po I-3( ).

flpnvenesne PlIf3C orpaHzuvBaercq Bo.qoroKaMH t-opHor-o rrJna c
AOCTaTOqHO 6OIULUHM yKnoHoM. B ornelbtJL,tX Cnyqaqx nprJ ira,rrrrLrlJl i
BoEonoAnopHotZ nIorI4Hbt He3HeprertJr{ecKofo Ha3HaLreHHr PIII :X'
MO)KeT HCI-IO'Ib3OBaTb Hanop Ha frtrOTHHe.

ICHrepec K npt- lMeHeHl4to vt lrcpol3C, pa:pa6orrce H npor, l3Bo.qcrBy g-rr l
HI/x o6opynoaaHnfl uJHpoK. 3ra Bonpocbr paccrvlarpzBaltacb na 2 it
EeponerZcKolz rcouQepeH:u:.z:'z no Nrarbrr"r I€C e 1986 r. flo pe3\'-rrr,rAraNj
o6pa6orrc u Marepvaro B pa3 -n HqH urx Snpr'a r< ou Qepe suuefi 6sr r a pa rpa 6o.

PT I ] ' 3C ]  3
3
1 0 0
1 0 0
1 2 0

L r 1



N:100 x?r
o - 5  - - 9
+ - d  o - 1 0
A - 7  c - l l

U=/0xBi

Q, nr/c

0 0 1
r  tu JU taU 500 H,M

Puc' 5'l '  Hor'rorp?MMa ,qnq onpeAeneH',-, o'nacru npHMeHeHHJr r'Aporypoan Mou{-Hocrblo MeHee 100 rcBr:
I  -  nponennepHbre;  2 -  reyKparHbre (nonepevuo-crpyirnrre) ;  J  -KoBruoBvte;4-

KancyrrbHbre HrrH "rpy6H'e" rNgporyp6Hxsl; 5 - asyrparHbre; 6 - qeHTpo6exxare
H&cocb l ;  7 -xoauoBb le r 'Aporyp6ur ru ;8 - rNqporyp6 'Hu t rop ro ;9 -po rn .q ro ryp6a-
nu; J0 - BoJIsHbIe Koneca; -lJ - ocesrle Hacocbr; a-a, 6-6 - ,parro,ror o6lacrr.r npHMeHe-HHc fH.qporyp6utt

TaHa HoMorpaMMa .urq onpe lleneHfiffo6nacreE tprrt"ra Hkrfl, pa3nr4lrHbrx
THnoB rHrporyp1wu,trrq f3C r..{ourHocTblo MeHee 100 rcBr B 3€rBHcHMocrH
or pacxo,aa, Hanopa, MourHocrH (pprc. 5.1). I,Is HoMofpaMMbr BHJrHo, r{To BKaqecrBe MHKporyp6ua raKx(e Bo3Mo)I(Ho Hcnotrb3oBaHHe cepulZHr,rx
ueHTpo6e)KHr.,rx HacocoB (cv. $ a.l).

It{norr're sapy6e>xHbre eapvrr, Hanp,Mep aecrpuircKHe ,'orHH, 
v

"Keccrep", rrrnegcr(afl "Crcan.qa a" (yluc.' 5.2) u .up., Br,rnycKaror KoMnaKT- .L r t . r a  r  r r . r r ^ ^ faa / ' \r rl'rv rvrn^y\Jr. \-,'v, rtuJlHOL:'r-bIo H3foroRJlgHHbIe, cMoHTHpoBaHHbIe H
l , , l / ' \ f - t L I T o  r  t l  r r  r ^,ru.iurrcrrlrlDre rtd. JaBUIle. uTaHAapTHblg rHnpoafpel-aT I COCTOgT -Ll3
rH.qporyp6Hnr,r, rpaHceopMaropa, pacnpeAenprTerrbHbrx ycrporZcrB,
annapaTypbr pefynHpoBaH4fl H ynpaBneH4n H .UOCTaBnqnTCs K MecTyycraHoBKH e co6paHHoM BVDe.

Eolrruoe qHcrro r.rarcpof3C npoasBoIHTC, e KHp, f.qe H3 pa6orar.o_
LuHx 90 rsrc- Matlblx I-3C IlMeroT Mo[ItsrocrL, N{eHee 25 rcBr 60 rurc., r. e.
3TO MHKPOI3C. O6OPYAOBAHHC Dilfl HHX CTAH.UAPTV3L4WBAHO H |IPHME.
Hqercs, Haqr4Haq c tv{ouIHoctu 12 rcBr.

orcyrme r4e B Hacrofluree BpeMq s CCCP npoi'"lbrrurreHHbrx ycraHoBoK
vurcpofSC se no3Borrr€T.aarr peKoMeH ;1aLJ.'71,a no Hx npHMeHeHHr,o, xoTq
npelBapHTerrbHbre pacqeTbr noKa3brBaroT, r{To HCnonb3oBaHHe MHKpO-
f3c BMecTo .aH3ettbHblx u 6essoareKTpHqecKHx arperaroB r(aer 3Ha-qxre-rrr-Hx!!Z 3KOHOT!,U:'jecr<rjr1 sQQer<::. Ilorpe6uocrb ts HV;X BenHKa. a
vcnoBHfl np'/|}./leHeHH'. qpe3Bi,rrl airHo pasHoo6pa3Hbr oT o6rercroe,
pacnono)KeHHL'lx Ha 6olsruHx Bblcorax B fopHurx palZoHax Cpenn eil Asuu',
.ao MenKHx paBHHHHbrx BoAoToKoB B cypoBr,rx ycloBr.rqx flrcyruu. Eua_
r42
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P:ac. 5.2. fngpoarperar Srrpvu "CKaHrHa":
- o - ycraHoBor{H€Ls cxeMa; 6 - napraaur ycraHoBKH rHApoarperara B ycToe nnorrl}rr,r:

€ - pa3p€ no rHrpoarperary; e - rpaQuK .qnq orpeAeneHvrs. o6nacrH npHMeHelttl>{
rHApoarperara; J - cu$oHHulfr aogonpHeMHHK; 2 - eaxyylcrurfr Hacoc; 3 - rcnapau
cpblDa BaKyyMa; 4 - nnotur^a; 5 - typ6nHHtrft sogoaoa; 6 - SyHsaweur; 7 - nII
rngpo ryp6 uua c r€Hep aTop ov; 8 - orcacbrB aroupr rp y6a

[ra:]oH Hcnonb3yet/brx HanopoB or 21 no 100 r,l H pacxo.qoe or 0,1 /to
5,0 u3 /c.

PeureHre ullaqr4 co3AaHHs npoML,rluleHHbrx o6pa:uon Bo3N.1o/hrrc)
nn6o @3.UaHHer{ HecKorrbKHx rHnoB 6oriee npocrbrx rHlpoarperarorl
oI'paHHqeHHotO npl4|leHetlt4q, Il1,^,5a co3.uat 

"L,,?i,i 
o.u,Hoti trtsJx Koiicrp-vii-

LlP.rt, xoTfl H funee croxHblx, Ho nepeKpbrBaloulnx npaKTHrtecKt.r BCC1,
,ul4ana3oH I-IpHMeHeHVfl, C HCnOrrb3OBaHHeM 3neKTpOHHbrx pefyrfl Toporr
qacToTbr BpauIeHHr.

Mnrcpol-3C H3-3a Hx cneqtrQurcn B or.qenbHbrx cr):r{arx Ao.rrilc r,r
oAHoBpeMeHHo o6ecnetrvBarb norpe6nreleri Ten-no\4 14 3,reKTpo:lt rL.p
lltlell nnfl npvrroroBleHnfl nvuJn. floerowy co3raH He v Lur4poKoc I lci t().rrr,
3OBAHHC TEXHONOTHI{HbIX H IIPOCTbIX B O6CNY)KHBaHI,II-I MHKpoT-JC i-it'-
cKonbKHx pa3JIHt{HbIx MOAHOHKaUHIT no3Bonsr peLUaTb ne To-rtbKo
3HeprerHqecKHe, Ho H couHanbHbte 3a.qaqH: co3r(aslle 6olee rcor,rcflctp r.
HbIx ycnonufr rpyUa v 6L-tTa ,unq Mrior-Hx rbrcrrr xHBoTHoBortoB, fcc)Jror-or,.
MereoponofoB H nlo.aefr npyrHx npo$eccl,rr7. npo)KHBanu-Ll.lx B Tp\,/Jtt li.).
.UocTynHblx H y.UaneHHblx pai'IoHax, qro 6yAer cnoco6cTBoBarb 3&Kpcrrjrt,
HHI'O KaApoe H TIoBbILUeHHIo :SSercraBHocTH o6utecreeHHoro r rpolJ3nol i,
CTBA.

0)



I-noeo 6

BOXOKPAFIII,IIIUIA tv{AiIbIX f3C
H T,IX B'NVI'THYTE HA SKOJ]OruTN

C,oopyxeHneMaJtoy'r [3C, ecrwr oHa He npacrpavrBaercq K cyulecrByro-
uleMy y3tly Hnu KaHary, cHcreMe Bo.uocHa6xeHHfl vnu Bo.uoorBe&eHlHn,
cBq3€rHo c co3ltaH],/|e'l./l BO.UOXpaHVIHUIa. BCeCrOpOHHsq OUeHKa B npoeK-
Te Rr HqH He -TaKI,{X BOJIOXp aHU nur rr. Ha OKpy)I(aK)I r IyiO npHp,O.[-HyIo Cpe.n"v
rrnrrrr6not"a a'n Er rrrronat rotJt t l - tv rrr ' i  nz^rDrrctv Dr.a 6n rrr- r  rro a arJ A rt  o\Jr t  p
|  . Y r  t v v y v . 4 v  L  u  v v u | J v r Y r v l . t  t u t ^  

J  v . v D ,  r . . i  U v v  v v r . ! u v v  v . . 9  z v ^ a r . v .

Ivfanure tPC Moryr 6urrr co3!.aHbr He rorbKo Ha MaJrL,rx, Ho Ha cpen-
rtvx H KpylrHbrx peKax Toxe. cosnaH!,rro orHocHTenbrro KpynHbrx Bo.uo-
xp atJl4 ilvrrl y,qenqercs .aocTaroqH o BiJ HM aH:r.'. B cne uHanbH ofr nurep ary -

pe. 3necu noApo6Ho paccMorpeHbr oco6eHHocrH MaJrbIx BoAoxpa:Hunvui.

B ouH.rne oT KpynHbrx Bo.DoroKoB Manbre peKu recHee cBg3aHbI c
oKpyxanrqefr npHpolHolz cpenolt. Kax.uoe H3MeHeHue B naH,uruaore
BoAocoopa varofi peKH (ceeaer-rrae reca, pacnaluKa 3eMetlb pr trpyroe
xo3qrzcrBeHHoe ocBoeHHe) 6urcrpo orpa)Kaerce Ha noBepxHocTHoM criiKe
H, KaK Cne.trCTBHe, Ha pe)KHMe ee nHTaHHfl. HS-ga MeHbLUefi rny6UUAt
MZLJTbTX peK y.trenbHoe 3HaqeHHe Hx noIt3eMrJoro nHTaHVfl 3HaqHTerbHo
MeHbLUe, qeM y KpynHbrx peK. MeHuu:ee noA3eMHoe nvTa:H]l.le MaJlbrx
peK - o.qHa H3 npHr{HH 6onee HepaBHoMepHoro, r{eM y KpynHblx peK,
BHyrpHfoAoBoro pacnpe,qeneHHq croKa. Bonrurlno HepaBHoMepHocrb
sToKa MaIIbIX peK nopoxqu,aroT H IIpyfHe npHqr{Hbl.

HepanHoMepHocr6 croKa oKasbrBaer BruqHlz'e Ha rHApoxrt',tr.lecrcHfi
pex(HM MaJrbrx perc. flocKonbKy naBo.uKoBbrfr croK Haxo.uxTcq B pycne

lz.ar,oit peKH Henpo.aonxnTe-[bHoe BpeN{s - Bcero B TeqeHHe HecKonbKHX

cyroK Hnv 'ia>Ke qacoB, peKa He ycneBaer ot{HcTvrTbcfl oT 3arptsueuufi
norl BnHrH HeM ecrecrBeHHbrx 1uonorwqecKxx u xvtMvrLtecKnx npoueccoB.

Oco6eHso 3To cKa3brBaercr B N{e)r(eHu (nepnon rpyHToBorlc nrTaHufr\).

\4s-za 3Tofo 3€tlpq3HeHHocrb MarrL,rx peK. iraxe npn orHocHTertbHo He-

6ontiuux nogrynneHHflx 3arpg3He Huf't, Moxer npeBblcaTb lronycraMylo.

C pa3BHTHeM Hapo.uHoro xo39frcrBa cyurecTBeHHo H3N{eHHrlHcb

Synrcr:wr MaJrbrx peK H aHTponoreHHar Harpy3Ka Ha Hux.3saqmelbHo

yMeHbruHrrocb HX 3HepfeTHqecKoe Hcnorb3oBar-{He. B 191I r. na TeppI4To-
pvlw PoccHH HacqnTbrBalocb 144 TbtC. Bo,nflHbIX MetlbHHU, KoTopble

co3,:aBaJrtz 6raronpnaruanfi pe)r(HM peKH (yne;rnuelJHe rny6ut-tut, a3pa-

urro nororca). C nwrceu&auueh vx yxylLuHlocb cocrotiHtle ManbIX peK,

TaK KaK !,-rrq Hopvanosofr 3KcnnyaraLJvrw MetbHllu npnxollHnocb cne-

LtrlT'b 3a cocrorrrrHeM BoAoc6opa eo Hs6eNaH:ae 3awreHwtl no,uneprofo

yqacrKa peKH.
B sacrogulee BpeMq BaxHefituuuu dtarcropaMti, Hefarurltlo nos.ueft-

sfts)'ruull4uL4 Ha MaJ-lbre pcKr4, >ltrJ-]>-trur'Cfr CoKpaiiieHt4e Me)KeFiHOlo CTOKa
(rnaeHsrr',r o6pasow 3a cqer N{erHopauvr4 3averb. rtecocBo.DKH, ceritctco-

xosqlZgrseHHbrx pa6or) H 3afpq3Heuue r4x npoMbrLUreHHbtMH l. t  xo:qf-

crueHHo-6r-,rroeslvn crol(aMH. flo cyulecrBy, MHorHe M&fible peKH B
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npoMr,ruueHHo ocBoeHHbrx paHoHax frpeBpauaroTcs B cToeHble KoJr-
tIeKTOpbI.

B csqsH c 3THM )rMeHb[rHnocb pr-,r6oxosafrcraeHHoe 3HaqeHHe Marrbrx
peK, Ha MHOTHX H3[JI,{X B IIpOU.InOt{ HaXOET,TIIHCb HepeCTHnlHII\A He rOIr,KC)
TyBorrHblx, Ho H npoxolHurx par6.

CoxpaHaercfl peKpeauuoHHoe 3Hat{eHHe Mairbrx peK, qBrqrcul:axcv

MecroM orrbrxa. OaHarco MHorHe Marrbre peKH Hcnonb3yrorcrr KaK
BOIIOHCTOT+IHKV ,[ng pa3BljTljfl MeCTHOI'O OpOLUeHHfl H KOIJIeKTOpIT'I .trntl
c6noe: pton c oevlll.aer\4l-Iy trqacrl(on- " r -  -  - - J  - - - ' -  J

Ha noi+,reHHblx 3el.{Jl=x },{arrrrx peK pacfioJro>(erirrr J'ri^-iiutie cexLcr<o-
xossficrBeHHbte yro,ubq (nyra, nacr6ar I {a, naruHn). I4nresc laBHalH xo: q r.i

cTBeHIJaq IleflTeIbHOCTb npnBerru K TON.O/, qTO IJeKOTOpble Majlble peKlr
, - 6 ^ r r r r r t ! d - r ? r t  ^ A a - - n - r r n r r ^ r  n . a n 6 ^ n v n r ,  r r n r ,  - ^
r rPCL^ I fzf \ igrvf\vl  \J\. ,rq-JE \,r l- tvrJ rrr! , f ;r ,  I  rL.P\-\-\- ,r , \J lyt r tJ rt  I  JCLrtJ rrrLD.

Bce arn o6crotrrerlbcrBa neo6xolHMo npHHHMarb Bo Br{H}vlariHe nprr

co3rIaHHH Bo.qoxpa:e,unau\Marbix rcC. K coxarieHHio, Ha MHoTHX M&iii,i.r
peKax He BeJIyTcn u4Dpor..4eTpHLIecKHe Haolp.ueHHr 3a cToKoM, N.{rilie p:l

nv3aLJwefi, aarpa:HeHHocrbro Bo!F,r, Her yqera xosqfrcrBeHHoro HCI roJ rr,-
3oBaHLrs peqHono cToKa u c6pocoB croqHbrx Bo,a, qro ocno)KHser pa3pa

6orrcy MHorHx HH)i(eHeprJbIx peureHafi no MarrbrM BoaoxpaHHlHrrlaNt.
[lpu npoeKTHpoBaH HH Mailbtx Bo.uoxpaH v nL4uJ\ cneAye r ]' rr rlrb I B alb B cLl

prsoroo6pa3ve $amopoB, BrIHsroruHX Ha ycloBr4fl ttx Sopr"rHpoBaru.rri IJ

3Kcr-rnyararJvtv. 3ro ervflHue cr(a3brBaercr Ha QopvupoBaH:'z.u roxa r{

6eperoa BorloxpaHvtnvfit\, Ha npHpoIrHble ycnoBnfl fipHnefarolqeH Tepprl

TIJ_pI,|I,|, 3KOII OnHrO H H)KerIe X aUIefO r'raCTK a peK H.

Karc xe BrHaror pa3nnr{Hbre Qarcropur Ha npnpo[y o6pa:oeatrrrr
BO.UOX pa :e,Vr nnrr;. MaJIbIX perc ?

feoloro-vop$onorHr{ecKue ycnoBun pafroHa pa3MeureHHq Rorroxpa-
Hr4JTHuJa Onpe.Uenqror treororHro peqHorz norHHbI, ycroBHq o6pa:onar llr rr

TBep.uoto croKa, cocTaB lroHHbrx ouoxeHar.i, bHoreugslx 3rteN{eFrrorr,
rrn/1rrAn/rLr Kpnannpnfi e6naav+vt r1 rrn lln a'rrrx, \/annrtrrclv pr-rnF fMrr'\ 'r '
r  f  y v q v v v u r  v v y v .  v v v t  '  s v y w . . . .  a Y .

E , r n . r v r . r a L r r t f l r t r t r q  r i r u l n n r - l  l A  n p r . a \ 1 ' \ / I - r n n k r  n 2 p t r - r L { I - r t r t - r F  R n n r - \ r r n 2 I { I f n L { I r r , lp v l J v ^ y q t . r . J . ' . . - L + q  L  
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trecHolz, Jlecocrennoir 14 crensolZ 3oH, nycrbrHb H nonynycrtrHb, a raKx(c
ropHbre Bo.uoxpaHnnvufa. BaxHulv QarcrcpoM. BlusrorrlzM Ha {roplcrptr
BaHHe Bo.uoxparlHnHUl Marblx rcC, qBrqercq Mop$onorLtrl pc.rrroir
llorrHHbr, onpe.qersrculasr efo rnyooKoBo.uHocrb, cooTHoureH4e NleJrKo-
Bo.DHorZ H rny6oKoBo.nHorz gon. Onurr 3Kc[nyaraLfHL4 Marrbrx Bo.aoxpaiilr'
IHUI I-tOKa3bIBaeT, qTO OTrJOCHTerbrjbre pa3rvlepbr MellKoBo.qsofi 3oHr,r
gBrflIorca ttopofi o71lrnM H3 peLUaK-ruIHX :J.ner\{e.}-r1'(-)e nprH ebr6r-rpe I r;.rpetMr-- !
poB Bo.uoxpaHnnnLr\a, TaK KaK HefarHBHoe BnvrflHne ErolZ 3oHF,r r tr
rv Dpo1vrolorHqecrc r tZ pe x( H M B ollox paH L4 rr:HLrl o 6 rue Hs ee crH o.

Ha cpopvrzpoBal:He npHponbr r\4aJlbrx BoIroxpaHHnnru cyulecrBeun()
cKa3brBaroTcq rHtrponofHrrecKHe ycnoBHfl, onpe.aentrc[lHe fHj]poDJ4t ra
Mrrr{e(:K()e. pa3sr,rrt4e EJH,v'r p}4r-rollc)eMHhtx itl)()r rricc()Fl: so.r-rclo6raeH l;c)r-rc)xn:r

H]H[!4TJJA, pe)KHM re.rerilzlZ, go.uriulrZ H TenxoBolt 6ananc, TepN.lrjqecrclrii
pexHM B HHxHev 6ueQe, ypoBer * ln' t i t  vr BonHoBofi pexnvur. I I :  :rr  rx

cparcropoB cneltyer oco6o Bbr[€nHrb BoaooON{eH, 3HaqeHHe Koroporo r]
ycnoBHflx culbHolZ sarpasHeHHocrH Matrbrx peK BerrHKo. I Ia yc;roRr-rr
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tso.uC{'6M eH a B r-ri4frIor H Mop$oMerpHqecKHe oco6eHHocTH Bo,DoxpaH u nH -
lrl3. EcrecTBeHHo, r{To qeM HH)Ke cTeneHb 3aperyrHpoBaHHocrH croKa
Bo.uoxpaH H nlju-\e'}/, TeM B bltue aouoo6veu. OauaK o ycno BH g rroBbr LueH:afr
eo.aoo6weHa B Bo.uoxpaF runnu\e npoTaBopeqar crpeMne HHro JrBenHqHTb
rapaHTr4poBaHHyio 3Heproorlaqy r3c, nosToMy VX yBrr3Ke raKxe
cneAyer y.qenqrb BHHMaHHe. Ha KaqecrBo Bo.qbr B BoltoxpaH vn4uJe
Bnnqtor ao.qoo6veH H npoueccur ecTecrBeHHoro luonoruqecKoro caMo_
ot{HrtieHHli. Enn He6naronoflyr{Hbrx no KaqecrBy Bo"ubr Bo.rloroKoB,
oco6euHo pacnofloxeHHbtx B 3oHax c Ha3Kvrrrt4 Tel,{nepaTip&ivi}i, riro
CHH-XaeT aKT!4BHOCT- npOUeCCa CSi.iOO'.ii.iCTKii, peiIaioi.iii,iM.rl,r-ifr KaLieCTBa
BOIII]I BO.qOX PAHH'IHUI MAJIbIX I'3C fl BII'CTCq BOIOO6MC IJ.

BaxHstr'a npv o6patoaanwu Bo[oxpaH vnvl\ Mzlrrbrx I-3C flBnqercs
6 o n e n n p q q  a 6 n a r r r o  L J ^ r , 6 ^ n ^ ^  ^ ! ^ - ,  -  ^ a - - - - - - - -v'vi,v^ vuq.. avP.2.rr ' .7t- r  td, i luui ius ci i \  Lr,tLjHiJ i i l juuEuubl uupyul-eHPlf l  H t lgpe-
qbopt''tHpoBaH4fl. 6eperon HEyr B npHnnoTHHHoir \.tacTz. Ha6nron eH:.ziflMr4
ycral] oBnel t bl rpw cr a4yv pa3B:al"l,fl, 5epel-oBorz a6pasuu: craHoB neH4e,
cra5wnv3aLrHfl vr oTM:apaH:ae. Ha nepBorz cranvu HHTeHcliBrio Hner
npouecc o6pyrueHHa 6epenoe, qbopvrzpoBalue npr6pexHsrx orMerrerz,
BbrpaBHHBaHHe 6eperoaoft nuuuu (cpearca MbrcoB H 3anonrJeHHe npo.uyK-
TaMV a6pasuu H HaHoc:,M:a 3anaeoe). WteucvtBHocTb 3Toro npouecca
SaBHCHT or rluTorlornqecKofo cocraBa nopoA r,r vopQoMerpnr4 Bo.uoxpa-
HL4nHUJa. .lassure 3KcnnyaraL\r4+ [39] noKa3brBaror, r{To craFroB-r-reHHe
6eperoa Marrbrx Bo.uoxpaHzrrvuJ B ocHoBHoM 3aBepluaercq K 15_20
ro.uaM, B uenoM )Ke 3Tor npouecc Moxer npo.uon)Karbcr 100 er 6olee ler.

ArcrHeFtocTL, 6eperoaofi a6panuu Mzlrbrx Bo.qoxpaHailr4uJ\ Mo)Ker
cyuIecTBeHHo BtlHRTb Ha HHTeHCHBHOCTb VrX 3an,/.IleHklfl) a OTllenbHbte
)n{acrKH 6eperoeolZ nolocsr, nepcneKTHBHbre Ha o6pasoBaHne KpynHbrx
onon3HetZ, wolyr rpe6oaars rlpoBe.qeHHr cneuHaJlbHbrx Meponpgs.rufr
rlo Hx cta6unu3auwvr H 3aKpenneHHro. BtrsaleHaro raKnx yqacrKoB
Heo6xo.qHMo y.uenflTb BHHMaHHe Ha gt4ryHanpoeKT?rpoBaHHq Marrbrx
f-"c.

l - l n r z  r \ 6 n t  ? 6 r r q  L r t ) t ^  o ( \ r : ^ v n o  u r r  n r r r  t  r  r  , ^  n r  , -  I - Q f -  n ^ n  '  , ^ . , ^  . - .r rHrr  vu 'pa. :v33Ff I4I . , I  BC,qOXp&tt t t i i ' t i j (  iv lz [ r rb lX r  \ - . / \ - ,  r ry \ ryruA\r l_ lHT npoueCC

aKKyNrynflJJW HaHocoB. He.uocrarKr nporHo3upoBanzq 3Tofo npouecca
npHBenL| K 3auneHlHlo I\{HOI'HX paHee noCTpOeHHbtX BO.UOXpaH:'/,|]l:H:l\
Marbrx f3C, oco6eHHo B ropHbrx H npeDropHbrx parzoHax, Ha peKax c
BbicoKHM co.qep)KaHueM HaHocoB, HanpzMep f3C c TaKr4MH Borroxpa-
rIunrluJavfi'r 3evoanqaflbcKafl, fyvaru-1, gu.raxean, Cyxyvw, tlaplcpr-
cKafl v IJp\rrve I-3C. Bce onn HN{er.oT orHocHTenbHyro eMKocrb MeHee
n  n 1 o . /
u- t . t  I  70-

3auneuue Nrarrrrx BotroxpaH:afir4uJ npoHcxo.uHT or 3oHbr BbrKrrHHHBa-
HHn no&rropa K nrrorHHe. B aepxoBbe Bo.qoxpaHznvuJa 3avneHae Haur4_
Flaercq He B pycnoeotr, a B norzvegr-lorZ qacrH; pycnoBarl LracTb 3avnvBa-
ercfr oT nrlorrlrlF,l. Ila ul:,reHcHBHocrn 3al4lteHlu,r- cKa3brBaercfl TaK)Ke
u ( j u u r  ( J f J a \  a ( ) n a : \ v g .  R o n l j o R 2 9 I  t I { T t { R L { n ( - T ' r -  F r p r T \ n a 2 c r  1 n ^ a r r r r  o n  n u o o
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BoAoxpaHIjIvIl-J. B MerlKoBoAHoIZ 3oHe, nopofi nocreneHHo flpeBpa'uJa:fl vx
s 6ororo. D.tts BoAoxpaHHnHrJJ MarrL,rx I.3C, f.qe npoueHT MerKoBo.qHrZ
(uy6raHst no 2 v) aurrue, qeM y KpynHbrx Bo.uoxpaH:y.r;y;u\, v oHV 3aHHMa-
I  { O

ror 25-90"k nnott\e,^r';r', v !445% G5:,ei"ia, ofiaciiocTb 3apacTaiiiifi Bcliii<a,
H Tovry HMeercs MHo)KecrBo nprMepoe [39].

Ilpu npoeKTrpoBanuv Bo,uoxpaHnnnru, M;Lrrbrx f-3C Hx 3:rHrreHHK)
cne.[yeT y.uentTb oco6oe BHl,r',MaH;1le. O.{eeLr,UHo, He BCer,Ua 3KOHOMr4qe-
cKH orlpaB.uaHo 6yAer co3.uaHHe seo6xoaraMofo rvrcprBoro o6teva B
Bo.AoxpaHHnHUle r'ralorZ rcC c ,UnHTenbHbtM nepnogoM ero 3anoJtHenHl.
B gercoropblx cnfraqx MolKHo nepno.quqecKH B npouecce sKcnrya'raurlrl
npoH3Bo4vlT'b orIHcTKy oT HaHocoB, flpeAycM:rTpHBafl DIs 3TO|O B npoeK-
1p ;1nQrr{artKy pa3MeuleHKfl OTBa'IOB, a raK)Ke H xOsstZcrseHHoe Hcnorrb-
3oBaHHe HaHocoB. .I[ogHrte oTrloxeHaa Bo.qoxpaHaltr4rrt Mol'yr 6r-r'rt, par-
tIHqHbIMu. B zasucHMocTH or Hx xHMHqecKoro cocraBa u QH:urcc-N,{exa-
HHqecKHx cBoIZcrB oHH Hcnonb3yrorcq Ha y,uo6p eHvrfl , crpolZw,arepnan br

t-3e1.
Mnoroo6pa3Ho BrlHflHVe Bo.uoxpaHr4rlnu\ Marbrx rcC Ha 3KoJrorro.

Btul;g*trzre Ha rH.qponorrqecKr.{fi pe)KH}t{. Cos.uasue Bo,qoxpal r.:Jr}-!r r I
Malbrx I.3C Be.uer rc rpar-rcQopMauHH peqHoro croKa B 3aBHcHMocl'u oT'
xapaKTepa pefynHpoBaHHt - cyToqHofo, HeAerbHofo, ce3oHHol-o, N{lloI'o-
rrerHero. D.nz raKHx BoAoxpaHnnr4uJ xapaKTepHbr nepBbre .qna Brlrra
pefynHp oBa]Hufl . B 6oailuHHcTB e cnyqaeB 3TH Bo.uo xpa14 nnr]-la He3lJ arll l -

TetrbHo H3MeHtrroT BHyTpHfo.qoBoe pacnpe.qefleHHe per{Horo cToKa, xorri
HMeIoTcq npxMepbl Bo.uoxpa:g,nnn:n\ .qocraror{Ho rly6orcoro peryJtl'lpo-

F,aH]r'n [39].
B paftoHax HeycrofruHBoro )Bna)KHeHHs BrHaHHe peryJu-Jpooar rrlri

peqHofo croKa Bo.qoxpaHnIrvln\lly,r Marrbrx I-3C 6onee oluyruMo. Br,rno;r-
:Hfl,fl CrroqHoe pefynHpoBaHHe, Marrbre f3c yBenHqHRaror clr-r'orrr r\'I()
a}.,[lITl1lry.qy Kone5auusl }'poeHefi Ha HH)Kere)KauIeNr yrracrKe peKtj F
MexeHb. B uerov Ha Me)KeHHbre cpe.uHecyroqHbre ypoBHH il.ii(erc>hir'
uleto yqacrKa peKH Marrbre f3C 3HarrHTerbHoro BrHqHHq rle oKa:rr,r-
Baror. lloroxttrerbHaq xe ponb co3naHHr{ nognopHL,rx yponrrcl:r uir
MaIIbrx peKax onpeaeneHHbrx pa3MepoB .uoKa3aHa BceM nDout-[r,ri\1
onbrToM coopy)KeHufl MerbHHtrHblx nIIOTHH.

liclrepN Ha !{cl tapeHne H3 Bor-loxpaHt4J uz,u\ r43MeHHur t:c l\jeri.}e r r} il ,rr r

Bo,uHbrrz lanaac Bo.qoroKa.
lleveHerrne ypoBHt fpyHToBb,rx BoA. B ornlr.rHe oT Bo.qocNlor'r n[]u-

po,UHoro o6pa3oBaB|4n vcKyccreeHrible Bo,[oxpaHHnHLUa rJ Kopo]'lir re e p()
KV Hapy[Ialor xo.tr ecrecTBeHHofo pa3BHTHn npr4poEHbrx KoN{nJrcKCorr. l:l
3OHe B0.f,OxpaHtj.nlr|].l-]..a B pe3)'IIbTaTe nO.ATOn neHH^ npOHCXO.UllT I I ORI'li I lt' '
I* Ie ypOBIIf l  fpyHTOBL,lX BC.q, iJ3i"{el lel l tJe VX pexti ivla. Xi- l i ! . l i ' lLicci iOi ()

cocTaBa, xapaKTepa nr4TaHwfl H cocTaBa nor{B, MHKpoopraHH3NlorJ, pacl'il-

Telbllocla. Pa:nnrHe noAnopa rpyrtToBt,tX BoII npoHcxo.ut'tr tl /llt. Lt't'i i '

EHV: :a:e.rel:cl4Bi-rofo (5-10 ,rer) H 3aMeAreHHoro (15-20 rrer') Irorr,e \iir.

Pa:vepst nolrroni le:H:afi  3aBacnr or vopcitoverpL4rl peunoii  i loJlt t t t l , l
T _ I  - -  . , ^ ^ - n ^ m n ^ t  r . n  r , \
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vofi  r 'epptlTop:zrz.,  oco6eHHo I lnr paoFrtJl I I lLrtX pcK, I  teo6xont tN,ro n I lpr)ct i  Ir '
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llel,rerrerore Mr,rKpoKru4Mara rlpuepexron 3oHbr. c co3.qaHHeM Bo-
.qoxpaHHtlHu{ e npla6pexsotZ 3oHe npoHcxo.q,HT H H3MeHeHHe pa r{HauHoH-
HoI'o 6alanca, TeMrrepar-Ypbl H BtIaxHocTH Bo3.urxa, BerpoBoro pe)KHMtr lI
ocaln<oB.3rla lasr,reHeHan saBHcrr oT pa3Mepon (nnoulaIrlr, rrpoTrxeH-
H ocru, o6t ev:a) B o.qoxpa HH nwr r \a. oco6e sHo crefi oK p yxa19 uJeFr npgpollbr.
BonoxpaHunaLrre BJ-rufler KaK oxJra)Kr,arcqe (6onee ,rrrrarroHo), rarc rnorenrrrpute. Pesyltrarbr HccJre.qoBaH H fi ua, Bo.qoxpaH v rrut r lax pa.rys _
crcolZ, carcoaulHr-lcrcofr H trpwax M€rJrbrx foc noKa:an", .rro 3oHa ux
npffMofo B,rlnflHy,fl Ha MHKpOKIHM€|.T npu6pexHorZ repp]//Tr,}:H:ff B OXna)K-
nat{ l t t t ' t i i  nAnr fn n -4r  r r r r  ^  . t ( l . \  ar t r t

r;;:;.;_:::::__::",,u^o, 
EUEr(,, 

::u:uu y, B nepHorr norenrreHHn
u-Jw wt. LtpLl ttJtutt\itt)yt BoAoeMa.qo oU_ lU KM" n ooleve .qo 250 untl. MJ
3oHa npqMol-o 

^F.Ill]flHla:a Bo3pacTaer .qo 600-1500 M B oxlralqqarculu1t
nepHo.a H tro 100-250 M B nepuog rioren reHafl,. Ha orrcpbrrbrx, He 3ane-
n 6 r  r r  t lul-Hiibix y'qaCTKaX 3Ta 3oHa MOXeT }}'enl1lr{rirTbcq.

C cosnaHHeM Bo'qoxpaHHnau{ Moryr rrpou3o irru sercoropbre H3MeHe-
tIwfl B aerpoaofr AearenbHocTH. B paEoHe aKBaTop!4H MoryT H3MeHqrbct
HanpaBneHhe Belpa H ero cKopocTb, qTo cne.[yeT yqHTbrBaTb fIpH pacqe_
Tax BonHoBoro pex(HMa.

PerynupoBaHne cToKa Bo.qoxpaH :y.nuLrJa\,&r MiL[brx fOC r43MeHqer
q9)KLrM peKH B HH)KHew 6ue$e, r{To HMeer HeKoropbre nocreqcTB'n.
llpr cy:ror'IHoM H HeAenbHoM perynHpoBaHuH croKa rtocToqHHbre rcoreoa-
HHfl ypoBHeE eoEI'I B HHXHev 6re6e ycr4nnBaror ne$opvauxro 6eperoe
Ha )^{acTKax peKH, oco6enHo B rtepBbre fo.ubr. B aarr*reftu:ev 3Tta npouec_
cbr 3aTyxaroT.

CesoHHoe peryn,poBaHHe croKa npwBoDJ4T K coKpau{eH,ro pa3MepoB
nofrl.or H trJvrre,rrbHocrH ee 3aron reHvrfl, qro Hapflgy c norro)KHTerbHbrM
oQQeffior.a e 6opu6e c naBo.uKaMH ocno)KHfler cenbcKoxosqficrBeHHoe
Hcnorlb3oBaHHe nolZvrr - coKpaularorc, nnoula/IH 3anaBHbrx nytoB.

B HH)KHeM 6ue$e MaJIbIx fOC npoHcxo.qzT TaK)Ke aK'rvrB43auyt9-,
pycrloBblx rlpoueccoB - Henocpe.qcrBeHHo 3a nrroTHHofi pa":vrurBbr pycra H
efo yfny1neuue, Ha HH)Kene)€UreM yqacTKe pycna o6pa:oeaH6e 3oHbr
aK I() 4Jv rI q\L\4\4 I-IaIJOCOB

I4sveHsercn v reMneparypa Bo.qbr B peKe HH)r(e nrorHHbr - snwolZ oua
noBblluaercq' reroM noHH)Kaerct. HsveHeH:afl TepMvrqecKoro pexHMa B
HH)r(HeM 6ueQe saBHcflT Or rny6uHbr H o6r,eva Bo.uoxpaH Hn4ufa, partoaa
efo pa3luelqeHr4fl,. Ogxarco Enfl MaJIbIx BolroxpaH HnHrJ\ u3lvreHeHufl
repMr'rqecKofo pe)KHMa B HH)KHeW 6re$e HecyrqecrtseHHbr.

l{ccneaoBa]HHvMu [39] na OcHFroeH.rcrcolZ va;roli I-3C ycrarroBjisHo,
qro Manble BoAoxp aH.I/.nHtr \a BbrnorrH qror ponb 6uo noruL{ecKoro oqHCTHo-
fo coopy)r(eHHr H CnOCO6CrByloT yBenHqeHHO COAepX(aHHq B BOAe
HH)r(Hero 6teOa KHcnopo Ea, asoTa, yMeHbLUeHHrlc coAepxa Hvrrt yrneKHc_
rrorbr. YlyvrueHHro KacnopoAHoro pex(HMa cnoco6crayer v a3paLllfl
D n  n r  r  n h r r  - ^ ^ -uvl - r rnr  t  tVr t  t  rp \JA(J.2Kl-1Cb- l l , l .n  qeDe3 | . l4nnOTvnf l t  HV I  l f tpr - r r r to l r r ra ^n nah\r .^r  " , -
KHcrropo.q,a B Bose HHxe laurr* fdC ;;i;;^";;;;";;;;;;;;;;:r;,
yMeHbIUafl Bpe.q,Froe eo:AerzcrBHe Ha Hr4x, cHun<afl, 3u1y1Hyp 14 ,erH^e
3aMOpbr.
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T a 6 n u u a 6. I . *las*r.aqeH rre B o,qo r-D aHr/lru{rrl o6e-ne:IsBar{H},rr
xanr,u f3C

Hasrra.rerrne 9nclo BoAo-
xpaHHnHuI

B rou rrHcrre B BeAeHHH

M r . r t t a H e p r o  f l p o v N x s e -

CCCP AoMcrB

3HeprerNqecKoe
Kovn:rexcxoe
f t  ^ ^  - ^
, J U C I  U

HaranluBan 3HaqureJrbHoe qHCJ-lo 6uoreaHbtx 3reMcHToe, ilo/loxpa
:.l.Hnurt\a Marrbrx f3C o6nararcT AocraroqHo sutcorcofi psr6onpo.rlyK rrrB-
HOCTbTO.

Tarcnv o6pa:ov, r'Irr4r;r,z,e Botroxpallnnuut, Miurbrx f3C Ha oKp)/)Kal()
u{yto cpe.qy raK MHoroo6pa3Ho, qro yqer BCex QarcropoB l-ipe.ucTaB,rlqcrcl

.uocTaToqHo cJloxHr'rv. Karc noKa3brBaer o6cleAoBaHHe N{HorHx Bollcxpa-
H[{TII-{UJ, LA BIIIjflrtHe- B UCNOM NOIIOXHTEIbHO.

HcnorrsoBaHHe BoAoxpaHHJrlflr rv{:IJIbx fOC. O6cneeoFraHrJe 388

|,ffLnbrx fOC noKa3ano,qTo Hx Bo.uoxpaHnJTail\a HMeIor pa3nuqHoe Ir, KaK
npaBHno, KoMflrreKcHoe Ha3Haqeril,re (ra6r. 6. l).

Onrm noKa3brBaer, r{To xapaKTep Hcnorlb3oBa,:,nfl MaJIbrx Bo.uoxpar tt,J-

nHuI B npouecce 3KcrlnyaraL\vrv H3MeHsercq. Tarc, MHofHe BoEoxpault

nHU{a nepBoHaqaIlbHo HcK[roquTenbHo 3HepfeTHqecKofo Ha3l-raqer r Hq co

BpeMeHeM efo yrparHJIV, T.e. fOC rtpu HHx 6ut,rtn ttHKBHAHpoBaI]bt, ito
pe3Ko Bo3pocna Hx poxb rcax o6r,eKToB peKpeaul'tu, Eogoo$ectie.icggl(
pur6oeoacTBa, TpaHcnopra. Cefrqac nocraBneFla 3arr,aqa \4aKcHMarlbit()
rrrHpoKoro 3HepfeTHqecKolo prcnorb3oBulHHfi BolloxpaHHrIHLrI, co3AaHHr-,rx
-tulfr 

trpyTldx Ueneft n B fiepBy-io o.iepe.U,b .qiiq opoixeHi.fr. Ece 6o,,ree
BaxHoe 3HaqeHHe npno6peraer peKpeauHoHHoe r rcnoJ-Ib3oBaH r{e,\lr-fi rrr.\

BoEoxpaHHJtvuJ. Ha nux co3AarorcrT caHaropr4n, 3oHbl u 6asu orAt'rxa,
TypHcTcKHe v cnopTHBHble KoMrIIeKCbr tI T. A.

KortannerccHoe HCnolb3oBaHHe lJoloxparlriJrli 'rttl N4aJIbrx f3C - o/lno n )
eaxHer-rurl4x pe[ueHHIZ, npaR4IrbHafl pa:pa6orrca Koropofo no:]iroiu|t
noBbrcHTb 3KoHoN{HqecKy}o oQ$errrtrn}tosrb KaK pairee nocl-pocrJnr,r\ ,

TaK vr BHoBb HaMeLIaeMbrx K crpoHTe,rbcrBy f3C.
BonoxpaHHtiHLiIa Marbix f3c, RiiL,lafl Ija npi,tporly-, caMH i ioiiijei)i'ciio i'u>i

eos.qerzcrBHro oKpy)Karoulei'r cpeAbr. EygyuH Marbtrvt{, oHH 6oree q)'tscr'-

Br,ITerIbHbr K anrponoreHHor,"I  Hai 'py3Ke, oco6euHo K 3arpq3ne-rrrrK) lJrc-
llreHTaMI,I, He. rloEAaloulnMt4cn npoueccana 6rrolofuqecKofo caNroorit.r-Ll., ,

Hl.rn. Ll:eecrrrur npr4Nrepbr, Korga Bcero olt i .ro npoMbrlureHrioe npeiurpl lr l
-  - E - ^

I L l €  U u U I 4 N l r l  U U p \ J L a N l v t  V r U 9 l l r f t A  t r \ J A  l _ { t i J r d . J r \ , ,  r l s r l P l , l q i N t J l g N l b l i \ 1  t \ u i \ l l l J l u t \ L -

Hoe Hcnorb3oiunr" Nlaroro Bo.[oxpaH P.itr4u\a. Ilogrorrry carillTapHo]l
oxpaHe N{arbrx Bo.troxpaHI,IJII.tu{ cleAver ylJenrrrb oco6oe BuHrraHLle npr j

npoeKTH por,aH:r,L4 Marbrx t'3C.
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lnaeo 7

COBPEMEHHbIE TEH.IIEHTIZU B PA3BI{THH
, MAIIOfr TU.ryreHEPTETHKIT 3A PYBE)I(OM

crpo'renbcrBo Ma[brx l-gc Bo MHorHx crpaHax HMeer .qaBH]oro
HCTOpHIO.

B Ha'{ane XX aerca Hx wHTeHcHBHoe crpoHTenbcTBo Betrocb a Ceaep-
uofi AvepHKe, Eepone, Azvru. B cepeau:He 20-x fo.qoB nslpa6arbrBaeMafl
a  nAv 'T . ' rMn r  rohn r r -vJrvr\LyvJuvPLrt 'r  v(JsLlw.4vtt3i Jla OKOJIO 4U"/o MkIpOBOnC 3HgpfonOfpefl le-
nyif i .

3arev B pa3BHTHH ManoE rprnposHeprerzK H Hacrynalt DJT.aTe,ltur,nZ,
Ao cepegHslt 70-x ro.qoB, cnaq. Bo rranorHx cTpaHax 6ulro He rorrbKo
npi{og-raHoBJ-IeHo clpoHTenbcrBo HoBbrx Mitrrbrx f3C, Ho u 3aKoHcepBgpo-
BaHL'l MHofHe AelZcreylou{He. Hanpuvrep, B Hopeeruv H3 l8l8 aeftir"yr-
ulHx a l9M r. MuLJIbIx f3C MorErocTbro 1 mrc. rcBr rc 1g7g r. B 3Kcn rTyara-
LJHH ocranocs 250. B clllA c 1930 no l9z0 r. 6rrro BbrBeAeHo H3 3Kcrrnya-
TaLJHU 3009 MaJrr,lx I-OC. B ero )Ke Bpelvtq B prAe crpaH, oco6eFlHo e
Eepone (AecrpHa, tFgEt apafl, oPf), ocBoeHue ruAposHepferuqecKux
pecypcoB MarlirMu f3C npogolxarocb, r.{ro 6ul1o oflycnoBrreHo np6po.q_
HbrMH, couHaJrbHo_3KoHoMHqecKH Mvr v p1pyrvrMr oco6eHgocTrMu. Orcono
90000 MaJrbrx rcC 6ullo nocTpoer-ro 3€t nocre.qHHe 30 ner B Karae
1434e).

C cepelrnHbr 70-x roAoB BCneACTBHe MnpoBoro 3HepferuqecKofo
KpH3Hca llyl.anafl, rHlpoeileprerHKa Haqr,rHaer npHBneKaTb K ce6e Bce
6oluruee BHHMaHHe. Kpove pe3Kofo noBbrrueHHr croHMocrH ueerr,r
3ToL{y cnoco6crByroT:

y)KecTor{eHHe rpe60aarruil rc oxpaHe oKpyx(arcqerz npHpo,qHofr Cpeglr,
qro npHBeno K CyUrecrBeHHoMy pocry 3arpaT Ha fipoHTerrbcrBo T3c u
A3C, ocJro)KHeHVflM s no.q6ope nnorrlanoK H cllaqe B 3KcrrJryaraLJaro
nocrpoeHHbrx A3C (a CIIIA), a B or.uerrbHbrx cnyqaflx (Hanpuvep, B
Eent't:Hu) naxe K BbrBon.y v,a 3Kcn_rtyar;-r?tet ps.qa le:Zcreygq]rx ,qgC;

ocBoeHHe orAaneHHblx u rpy.qHoAocrynHbrx pafioHoe H seo6xo.u,n-
Mocrb Hx 3neKTp uewrcatluu;

HcqepnaHHe Bo3Mo)KHocTeE oceoesHq KpynHbrx Bo.qoToKoB (Aecrpua.
llleerZuapun,Kaua.qa, lllaertun, Hopa ervrfl, A-nouus v trp.);

noBblLxeulle rpe6osalfuFt K KoMrrreKCHoMy Hcnorrb3oBaHHlo Bo.qHbrx
pecypcoB;

coBeplue H crtloBaH He TexHo iloruly.. npoeK TpH poBaH:,i.fl5 CTpOHTetrb crBa H
3Kcnnyara].I/.lH Marlbtx I.3C, noBbrrueHae ux gKoHoMHqecrcofi aesercrue-
HocTH- Pocr pracrura6oB npoeKTHpoBaH vs H crpoHTenbcrBa MaJrbrx 1-OC
npHBen K pacruHpeHHro Mex.qyHapotruoro coTpy.qHHqecTBa B ,qaHHOM
Bonpoce. Paslpt.rnble acrteKTbr coopyxeHHfl varrux fOC DaccMarn wr.,A-- r - - - - -
J'l.run rla rvrJ-lurllx Me)KAyHapo.qHbIX KoHQepeHuHrx H cHMnO3pIyMax,
caMbIMH npeAcTaBHTetlbHbttvtkr u3 rcoTopbtx 6annu EaponelZcKafl rconQe-
peHLtJ4fl e 1982 r. (N{oHre-Kapno) pr MexayHapolFrc,re rcoHSepeHr-IHH no
ManbrM I-3C e 1984 r. (Canraryp) u l9g5 r. (rcHe; J+t1.
1 5 0

Mrrorge erT)aHbr Koonepup\ftorcn B perueHHla npaKTkrqecKoro pu]RVTHt

r"ralofi rHJIpogHeprerHKH. Tarc, B nepcneKTHBHbIX nnaHax 3HepferHrrr

crcofi opraHllsaullr ilarLTHoaN{eprrr*aHcK}{x crpaH (OIAI3) sua.urre,'tr,

Hoe Mecro orBe.ueHo crpoHTenbcrBy N,I^zrlblx I.3C. B mo-aoctowrotl Asl-'ttt

(r. XaHuxoy, KHP) cosnaercrr perHosaruusrfi Lrs.yqH6-HcctteAoR&T€lt,-

crclrft ueHrp no npo6leMe HC[orIb3oBaHHfl 3HeprHH Manblx peK.

MexayHapoauoft 3HeprerHqecrcorZ KoMHccHefi (lt{3K) e TexHr,rqecKoNr

KoMHTere no rHApaBnHqecKHM ryp6rzrraw co3llaHa pa6ouaa fpynna, ii

3a.qaqy- rcoroporZ BXoAHT pa:pa6orrca oOulax rexHHr{ecKHx rpeOcr:aurrii

trrfl frpoeKTupoBaHan. H crpoHTerlbcTBa Malbrx f-3C Ha ocHoBe o6o6rrtc

Hr fl HMerolqerocff onbrra. Pa6o.raq rpynna paspalarbtBaer o6trtl.rc

TexHHqecKHe rpe6oaaHnfl 14 foroBHT pyKoBoAcTBo rto npoeKTupoaatitlK)

MzrJrbrx l3C, cTpoHTenbcrBy, ynpaBxeHnto, 3Kcl-Inyaraulrn v peMoFir)' c

yqeroM MecrHbrx ycnozurt pa3Hbrx crpaH, cocraBrleHrlo cnequQNKaulf I"'l

Ha o6opynoaaHue [41].

?.I. NOTEHUHAJI MANO'I |I4,UPO3TUPTETHKH 3A PYEEXOM

Bo vHorHx cTpaHax Mr.rpa onperenqercq nclreHuHal valon rtitipo

3HepI.erHK:a u pa:pa6arblBarorcfl HauHoHarrbHbte npofDaN{rubt ero oco(\'
Hufl .  B ra6l.  7.1 U7,43-48] npHBeAeHbr cBeAeHHq o noTeHuHare va,rt tr ir

rHgpoSHepfeTHKH H BO3MO)r(FlOlv{ efo HCnOIIb3OBaHHH B pa3Hblx CTpaUaX.
Pa6ora rro oqeHKe norenunana B pa3Hblx cTpaHax Be,u,ercq llo-p:t3i rc)-

w, u He Be3Ae OIIHHaKOBbII,"I CML,ICTI BKlanFrBaercfl B 3TO nOHaTHC: -nlt6rr

noTeHuHaJr onpeAense,rcs [yTeM Br,rtBtIeHHfl oTAelbHt'lx saucorcc

rrepcneKTuBHbrx o6r,ercroB npHMeHHTerIbHo K KoHKperHL,IM 3HepronoTpc "

6prrelqv, nvt6o era pa6oTa r.rMeer 6oree vacrura6nutE xapaKTep. Ilarrprr

M€p, a CIIA BbrrBrreitHe Bo3N{oxsocrei.t crpor{TenbcrBa N{aJIbtx I'JC nplr

cyulecrByror.unx urorHHax 6orro opraHHsoBaHo Koprycorut BocI r tl,r):

HHXeHepoB, KOTOpi,rfi Sa rpH Mecflqa o6cneAoBaJl 6onee 40 rsrcq.l rrc-
D  r r l l t  A  ^ ^  - ^ *gHc]pr t i ' Iy l l tc iu t ty lx  t I4AIJ\JyJJtL ' ts t .  IJ  \ / r r r r .1  tsrg, t_{g l \ - } l  Er-E\J(JbsrvrJr l \ r l - r - lgs r jDr>l r1-

rreHue Bo3Mo)KHocreiZ coopy)i(eHw+ MaiTuix f3C Ha cHCTeMax oporrieijiiti,

KoMlvfyFrarrrso6uToBoro H npoMbrlllneHHof o Bo.qocsa6xegu8, cyAox oli

Frbrx coopyx<eHnsx vI T. D\. O6ruupr-roe u nraHoMepHoe llccrleAoBatrttc

fIoTeHUHana Manbtx I-3C BeAeTcq Bo QpaHUnH, f,nottnt'r, KIIP. Iiati

IilpaBllj'no, B lrHTeparype npHBo.uflTct AaHFIble o TexHHLrecKoM nol'cl il ltllr
rre MarolZ rngpoaHepferurcr,r. B Hercoropsrx crpaHax, Halrpr.IN,{ep H CI:1.^'.

efo oTo)KJlecTBtrrrrcT c 3KoHoN,rHqecKHM, xorq oAHoBpeMeHHo npllBoj ttlr
cq ocTopo)KHbte oqelrKll e$QercrrlBltocrt{ Nia.nblx rcC.

flpa onpe4eneHvrH BosMo)Kuoc'reE coopyx(eH:afl MaJturx f3C B IIcpIlYIr)

oqepe,ub ygenflercq BHHMaH;z,e BoccraHoBreHHro paHee sa6por-ueuiri,iX.

Tarc, e CUIA HaMeqaercrr BoccraHoBHTb 2150 H: 3000 BbrB€Ae unsrX r r:l

3KcnnyaraLJvrv Marrbrx [3C, e UJoelulapuu 3700; BoccraHaBrliBaolcl
i.ia-rLre I-3C I ll-lP, Spalruxrl r{ Epi/rl.tx crpaHax.

B purBHBarourr4xcq crpaHax Hcl-ronb3oBaHr4e 3HeprHlJ M;LJIIIX flx'
paCCMrITp HBaeTCfl KaK B a )KHa q, COCT aBHafl, qaCTL nporpaMMi,l 3n e K Tp u $ t ;

Ka11HH OT.qaneHHbrx H Tpy.qHogocTynHbrx pafroHoe. B uacToqulee LlpeNlil tt

l - s i



Tadnuua 7.l.Iloletu]u{at xarrofi r}r.qpogHepnertlK}t H ero (rcaoer{He B pa3HF
B

tI

r
t '

I
I

{
I

I
I'rl

q
4l

I

I
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I

l 1

ctpal{ar rro{pa
Crpaxa flpeaerunaa

MOTIIHOCTb Ma-

aoft  f3C,
tuc.  xBr

florenuuan vanurx f3C

f lpNvevaxrar

,[eiicreyprrtne

IlpoexrupyeMbre H crpor-
uIHecq

Have.raevbre K crpoHTeJrb-
cTBy

N, 3,
ruc. xBr MlpA.

- - D -  -
r 1 'D r  .  q

9xcao N, 9,
fgc ruc. r.Br M:pA.

K l t T .  q
9Hcro N,
f3C rurc.  rBr

3, 9Nclo N,
Mnpa. l3C rurc.  rcBr
r B r . . {

q

M N P A .

rcBr - .{
CIUA 30

a  _  _ -  - _  _  _
rL | | t  J tyTH Z)

Flonaq 3enattnns 25
K H P  1 1

7455 13 465 3000-  35 000-
6000 68 000
500
100 s0

45 ,1 85 -160

t.t

i , 4

? n n n
60 56
89 000 8300 23628

*""oo*o BB ar qHTCTI MaJr br( '
f  3C  cyuvap i ro i  Mou t - t ro -
crbro Ao 300 rurc.  xBr u n
n e p c n e K r r l B e  H a M e q a e T -
C g  B B O , q } I T b  M O T T I H O C T H

a o  3 0 0 0  r u r c .  x B r  B  n q r r l -

n e T K  y

l lpo lpavva paccq r { raHa

so 2000 r.

tOo.nu.^rra paccrl HraHa
ao 1996 r .

1o 
*u.qo 2000 r.

_
f lporpawvE paccq H ra n l1
ua 6nuxai t ruNe 10 rer

CPP
qCCP

AacrpNr
OpanuNa
Lltanun
lUaeftqapnl

lUseul.rs
Hcnalg^ns,
Hopaeru-a
Ifopryrarna
Qranns,uEun
fl.nouus 1350

*  3Harc OOc3HaqaeT,  IJTO aBTOpbI  ceeAeFrNf r  He HMeroT.

ooH paspaoar-brBarorcs npoeKTbr crpoHTenbcrBa Marbrx I.OC D,J7fl, 42
pa3BHBaroru.o(cr clpaH. Yxe noEforoBrreHbr npoeKTbr 4l \taroft f3c
Mollurocrblo 100-150 rcBr gns ManaFrsuH, co3.qaercs nporpa.MMrr coopy-
)KeHlafl MaJIbIx f3C D,J7fl Q:an:ann:ar u TaunaH[a. Y.rxrunasa 6onuubE
oilbir KiiP B c-rrc)H'fer-IhcrBe- Ma-rIbrx [3C, OOH 3aKrrorr4t!a c Her-.t corxa
LUeHHe O CTpOHTenbcrBe B f. Xanqxoy Mex(AyHapoAr-roro qeHrpa no
HccreEoBaHHlo H pal.BKTl'/'ro MaJTbIx f3C, r.qe raJ(xe 6yger o6yvarrca
nepcoHan DJ-rfl, HX o6Cny)KHBaHHfl,.
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926,59 2,97

150 o,'z'
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1350
1 1 3

l 1  1 6 0

7 .2. TEXH.HKO-3KOHOMrITIECKHE IIOKA3AT EIIy. MA]IbTX T3C

'?t<oHovraqecKue noKa3arerl4 l.{aJrsrx I-3C 3aa}lcrr or i,iHoii-ix eai<ro-
poB - ycraHoBneHHoIZ viotuHocTn, Harwqr4fl foroBofo HanopHor-o SpoHra,
ypoBHq cTaH.qaprH3aLJW 3HepferHqecKoro o6opynoeaHnfl (wulwou\y-
anbHoe HnH cepP'tZHoe H3I<)ToBII eH He), THn H3auHH npoe K TH r,rx pe tu e rJ H r.1,
cTeneHH aBTOMaTH3aLIHL4 ynpaBneHKfl H I\p.
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! r ^ - -  - _  _  _KaK H AJ-Itr Kpyrrlblx I--3C, nepBoHavzurbHbre 3arparbr npn coopf)KeHHH
\{urJrbD( r3c B Cpe,urJeM Bbrrue, qeM .q.nq gneKTpocraHqr,fr Apyf}fx rHnoB.
P 9gA y.qeJrbHbre KanHTaJroBJro)KeHHfl B va-rrire fgc .qocruraror ll00-
1400 .Eor/rcBr, n lllneftqapaH 1800-2300, Anraan .qo 2s00, flnosnu
2300-3000 non,/xBr.

flo .uan*rulv Qe.qeparrbHofi sHepreraqecKoE rcolcac cuu CIIIA, yAenb-
Hbre 3arparbr Era sneKTpocTaHr-u.trrx trpyrHx rHnoB cocraBnsror, AollrcBr:

T3C na opraHHqecKoM TonrrHBe .  .
A 3 U . 2000
KpynHbre  l ' 3C  .  nSA

ExeroAHble H3.qep)KKH no Malbrv I.3C conocl.aB vwbr, a noporz oHH
I IHII(e, qeM Ha TenlloBstx CTaHLIHflx, rlfp O6rgcngercg OTcyTgTBt{e}"f
pacxoAoB Ha ronnHBo, 6olee Hw3KHMH paclto4awu Ha sKcrrrry arauyuo,
peMoHT H o6crryxnBaHne, a rar(xe 3Har{HTelrsofi AoffoBeqHocrbro
Marlblx I-3C. Tax, e CUIA B Hacroqufee BpeMq ce6ectopnrocTb I rcBr..{
3neK Tpo3 Heprlan cocraBrr q ar t ueHT/ (rc B r . v):

f3C (N (10 rrrc.  xBr) .  l ,g_2,4
.[HsenuFrrre sJreKrpocraHuxx l0
T3C (N = 100 rrrc. rcBt) 3,4_S,s
T3C (N = 1000 rrrc. rcBr) 3,1_4,3
A3C (N: 1000 ruc.  xBr)  2,g-3,g

illn wanorx f3C xapaKTepHa wnafl,, qeM A.rr KpynHbrx rgc, crpyKry-
pa 3arpar Ha crpoHTerbcrBo. 3arparar Ha rexHoJlotrHqecKoe ofupylloBa-
H]ae MaJrstx f3C conocTaBuMbr co cTouMocrbro crpoHTeJrbHo-MoHTa)KHbrx
pa6oT, a HHorAa H npeBbIIIIatroT'ee. 3ro noK€r3€rHo ua prac. 'l.l s cpaBHeHHH
crpyKrypbr sarpar rcpynuofi u wanoir fpc rro EaHntrv Merr.qyHapo.ryroff
3HepreruqecKof KoMHccHrz (MOK) [51 ].

Ha pac= 7.? npwee.rreHbr cpeEHr.le ,qaHHbre no pacnpe.qeneHpiio 3arpar
Ha cTpoHTe--rlbcrBo Ma-rIbIx f3C trnt c"rtyqan L7x cocpylKeHrrr- B cocraBe
foroBofs Ha[opHoro QpoHTa vnv crpoHTenbcrBa HoBoro rH"qpoy3na c
vanoir fOC.

Crpyrcrypa 3arpaT, onpe.qerreHHaq no 25 MarrbrM f3C, nocTpoeHHbrM B
KHP, MorrlFrocTbro 150-1200 rcBr npzHanopax 4,5412 M cneqyle'r{aa, yo:

C r p o N r e r r x s r e p a 6 o r b r . .  4 2 - 4 5
O6opy .qoeaHHe. .  3 l -48/---^.urpo i4Te i rbcrBo J rH i iHE s lexrponepegar {H 4_ I4

crpyrcrypa 3a'rpar, noryqenHafl, B pesyJrbrare rpoeKTHbrx npopa6ororc
no 50 N{irnbrM f3C @rzHrqHEr.rvl,rrpHBe.qeHa B Ta6n.7.2,

Tarc xe KaK H y KpynHblx f3C, TexHHKo-3KoHoMHr{ecrcHe noKa3arerr6
Maflblx Ii-3C cyurecrBeHHo )/nyrluarcTcg npii Kol,{IrJreKCHoi,i ?icnoiibsoBa-
HHH rHtrporexHHqecKHx coopy)Keunn. ilo pacqeraM aMepuKaHcKofr
Qnpvu "ArnHc-Harweps" ygeruHbre 3arparbr Ha MaJrbre fpc, Bo3Bo.qH-
Mbre npH foroBoM HanopHov $poHre, cHH)Karorcr Ha 30-50o/o u ADKe
6onee.

1 < A
L J l

Puc. 7.L. CpaaHeHue pacnpe.qeJreHHq croHMocrH:
o -KpynHoilr f3C (N = 625 turc.rBr, H : 16 v); 6 - r ,aalofr f3C (N = 1,5 rurc.rcBr-,

H - 1 4 f f ' l ' l - c t T l . " ) l r T c n h H r | - v n H T 2 v r { L t p n a 6 n r r r ' ? - n 6 n n r r n ^ D 2 s r r a . ? - r r n a o - - , r ^ , .-  .  . - - ' ,  . . . ' v ,  J  . . t , v U I \  r  ' l l / v

BaHHe H pyKOBOACTBO CTpOHTenbCTBOM

Puc.7.2. Crpyrcrypa 3arpar Ha r' lalue 13C:

a'npr roroBoM HanopHoM Qpoure;  6 -  n HoeoM crBope; I  -  crpoxrerrbnaf l  qacr. l , ;
2 -  rugporyp6NHa-reHeparop;  3 -  ecnovorareJlbHoe 3neKTpHqecKoe o6opyAoaar l r t , ;
,  -  F h ^ " ^ -  ^ A ^ - . ' - ^Y - r r y v : e e r v v v P J / { v D q n n e r J - r r y u c : I r n v - v l J b l L r \ d , l c J I b L t ( y l E P d U ( - . } l ' b , I ;  O - y I ] e J l I { r { e l  { l l l '

3aTpar 3a nepHo.q, cTpoHTe-rrbcrBa

Ta6nuua 7.2. flpuuep crpyKTypbl 3:rrpar (Oxn-nqnaNs)

Mourxocrs
f3c,
rric. rcBr

Cronvocrb crpoHTen :octsa, o/o

3uasue f3C I-laor:y.tra H
B O A , O B O A b I

O6opyaoeaHuc

M e x a H H q e c -  3 n e K T p H q e c

K O e  K O e

f l p o , t t r c  p r r ,

X O A b I

< 5
5-10
> 1 0

l 9
25
2 l

29
1 9
l 8

T1
L1
l 5

1 A
I t

1 n

t 6

2 I
22
r 8



flpur'aeneHue cTaH.qaprHbrx Lr l1tu*wU!{poBaHHhrx petrre_ spttZ 3Har{t{=
rerrbHo cHHXaer 3arpaTbr Ha luaJrbre f3c: as$ercr or BHe.qp eHnfl, craH-
naprHoro obopygoBaHnfl no AaHHbnv{ cneuHarr}JcroB CIIIA Moxer cocra-
Brzft or 10-15 no 30-50o/o oduryrx3arpar na o6opyaoBaHHe.

Baxsutw HanpaBtIeHHeM noBblnreHraa e$SeKTHBHocrH MaJ\brx f3C
rBrflercrr coKpauleHHe cpoKoB npoeKT?rpoBaHHrr H CrpoHTenru.ea. flpu
tuHpoKoM HcnorlbsoBaHia'{ yuuqnWtpoBaHHr,rx npoeKToB MHorHe 3apy-
6e>xsure Qrzprvrsr o6ecrre.rrBaror BBo.q B gKcnnyarauuro Ma-[brx loc
cnycrs 12-15 Mec. nocne nonyqeHnn 3aKasa. rlpuMeHeHue yuugnrytpo-
BaHHbIX npOeKTOB no3Bonqer raK)Ke yr\deHbulHTb croHMocrb Hx clpoH-
renbcrBa. floeror',ry yuu$HrcaLJua npoeKTHbrx peruenuft Marrbrx f3C
qBnrercg ocobeuHo aKTyaJtbsofi. B ra6n- 7.3 no.qaHHbrM enpvrr "@orZr,,
(Ae rrpn a) npr'raeaeHo conocraBtleHHe 3arpar Ha crpoHTenbcrBo no wrt DJ4-
BH.qyanbHoMy u yuw$wuwpoBaHHoMy np@KTav ruaroE I.OC c rH,qpo_
arperaroM Mou+IocTblo 500 rcBr npu Hanope 18 v (npr,r roroBC)M Hanop-
How gpoHr€).

cHitxesHe cTor,rMocTu crpouTenuciaa :varloit foc 3a cqer yuu$wca-
UHH COOpyXeHUfi H O6Opyaoe a:Hnfl MOX(HO paCCMOTperb Ha frpH\{epe
crponTenbcTaa 6 valurx fOC a I4n.qon e3HH, rra Koroprrx 6urlr.{ ycraHoB-
reHbl o.uHHaKoBbIe rHApoarperarbr MorqFtocrbto no 750 rcBr c ropg3oH-
TaJIbHbIMH PO ruaporyp6uH atwt. Crpoare nbHafl, r{acrb 3rux Il3C 

'*r"nu

o.u?rHaKoeuuz cocTaB coopyxeuvril: Bo,qonoA.ber{Frafl ruroTHHa, ue6onr-
u:oE AepHBauuonHltft BoAoBo.u n 3Ira:;lle l3C w3 staHrraprHbrx uogynefi
ua I vtstu 2 rraupoarperaTa.

3xoHorwrqecKarZ aS@ercr or yHr-r@uKau:zm rraaroli fOC 6sur no;qn{sH
B pe3ynbrare yHuQurcaLw4 veprexefi (6tno BbrnyrqeHo Bcefo ll5
rrepre)Kefr aa ece 6 f3C, BM9CTO 450 npn o6urqnou npoeKTHponaHuu),
cHuxeHHs obuteft croHMocrra o60pygoB::r1ufl ua 2Qo/" 3a cqer coKpaule-

T'a6nu4a 7.3. Ilpuuep crpyKrypbr sarpar CIIIA

HaNveHosa:E.ly,e Ctosvocrb crpoHTerrbcrBa

Hngmen[yanrHlrfi rrpo- Y ausuutaposaHHrrfr
eKr  npoeKT

Ht4fl, croHMocTH MoHTa)Ka H o6yreuua o6cnyxuBanruero nepcol ta.aa.
Croprvocrt, co6creeHHo ItocraBKH o6opyaoaa;Hnfl, cHHxeHa Bcer-o l-la lolo,
crouMocrb crponTenbcrBa cHH)KeHa 3a cqer BbrnorrHeHua pa6oT r{a Bcex
fJC o,q-loft crponTenunofi opraHn3auueh c ognoft crpoHrenbsoft 6asr,r.

O6rqee cHHxeHHe c'roHMocrH crpoHTenbcrBa no 6 MarrbrM f3C cocra-
BHJIo oKotlo 25o/".

CnegosarenbHo, 3HaqHTetIbHoe cH H)Ke H He crouMocrH crpouTerb crB a
MarIbIx 3C MoxHo noly14a6 3€r cqer npHlvreHeHun rwroBbrx yuNQHurr,
pOBaHHbIX npOeKTOB H Op|aHH3AIJI4H nOTOqHOfO CTDOHTeJ'IbCTBa OIIH OBpc -

MeHHo HecKotIbKHx MaJIux f3C ousofr crponTenruolZ opfaHH3aurter-l.
,-\- -^
\-r ! lHd.r\\r  rvrnvr nY J4Pyvs^\r lr)rE LPrlPvrbl urrvlgYarut, YIU l lul luJrb3uBaHtlc

ytuSut*tpoBaHHblx npoeKToB Bo3MoxHo "ILILUb trnfl NlaJrrrx f3C ]"-rorrl-
Hocrblo IIo 5 mtc. rcBr. CrpourenbcrBo MaJIbrx I-3C Mou{Hoclun 6orec
5 rrrc. rcBr percoMeHAyercq BecrH no vHEHBHAyaru,HbrM npoeKTav. I Io
laHHbIN,l aN{epHKaHcKHX CneU'IdanHCTOB CTOHMOCTb CTpOrJreiu)cf 8a
Marlbrx f3C Bo3pacraer c yMeHbLUeHHeN4 Haropa. Ha pvtc.7.3 nplrncrcri
tpa$rrc, orpa)Kalousyth H3N{eHeHHe. croHMocru crpotrre-rtbcrBa r..r3,,rti.rX
f3C co craHAaprHbtM o6opynoaaHucM B 3aBHCHMocrH ol uarr()Da rr
Mou+rocrn l3C.

HsueHeHue cToHMocrH c'rpoHTerbcrBa B 3aBHCrJN,rogrH or Hanopil
TaKxe no,qrBepxlaercq .qaHHL'rMr-r no Ma-[brM f3C, nocrpoer-rr rr,r]rr n
Hnnpenr,rv+ (m;r ' l  A\^ . v y e v L
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7J. NO.NP(O/I K IIPOEKT}!POB=AJ!!{P, qTPO.T!?E jiihCTB:/
H CO3IIAHHTO OEOpyIoB/.JIIyIfl, /{ltg uenbD( r3C [16,17l

73.1. O6urele npru{rnu-u npoeKr4poBar*ls rr crponreJrbcraa

OcFloaHure rpe6oaaHra K rHAposHeprer?r\recKrM _ coopyx eHlrflv
Matlblx rcC, cTpoqulHMc'l B Butre CaMocToflTetIIrHbIx rHEpOygttOB, noMH-
MO Bbrrro nHeF{I,''fl. Hr\rkl TexHoJrorHqecKHx syurcua fi npu,-grcoHolnfl{.Jecr(H
onpaBAaHHbIx noTepax Hanopa, o6ecne.{eHnfl EocTaroqHofi npowocTH
H Heolxowrvofi ycroftwmocTH 3aK-rlnqarorcq B vJ.rlaMerrrbHolz cro'-
MOCTH Hx l-lpoeK THpoBaH Hg.. gIf-loI4lE__rfI]CTRa w ?v e n trr! 2.?? r 1 r,,

B coorne'rsrB Hu c sr,.'r.r tp. 6.;;;;; ;;;A ii 
"il;" et tpvarwr u acr aw4w npoeK TH poBa:HH9. coopf)Ke uuit lvranr;lx f3C r.unpoKo Hcrrorrb3yroT-

c a y'u Hs HUHDO BEIHH bre K oMnoHoBoqHbre pe lxeH 14 g r cratsI,EaprH oe SHepre-
Tl4qecKoe H rK4poMexaHHqecKoe o6opyaonaHue, cepulttto nur.rycrcaeMr,re
npoMr,rlurreHHocTbr,o .qeranv H :a3lJervc.. tlpu onpe,qen eHu]H KoHcrpyK-
rHBHbrx pa3MepoB COOpyxeHutr [pHMeHsrorcq ynpou{eHHr,re pacveL,,
fio3Borlqnu{Ple 3a Cr{er He3HaqHTerrbHofo wenwqleH:Hfl rreoorurno,
rrpoHTenbHatx o6teMoB CyuIeCTBeHHo cOKpaTHTb CTOHMOCTb [pOeKTHO-
H3brcKaTerrbcKHx pa60r. Dna yrvreHbu'eHHs HCnOnb3oBaHHs rroporo_croqurrx N,rarepHanoe (verallr ueMeHr) e npoeKTax oTEaercs npetr-
noqreHHe coopy)KeHKflM H3 fpyHTa, KaMHt, ,qepeBa, pa:lfiHr{Hbrx no-
nHMepoB.

I-lpoercr npoH3Bo.qcrBa fa[porexHHqecKux pa6or paspaoarr,rBaercs
TaKHM o6pasov, vro6st HcKJIIotrHTb Heo6xo.auMocrb BosBeAeHHr{ nepe-
ME rqeK, clpoHTenbHbrx eonoc6pocoB, crro)KHoro nepeKpbrraq pycJra peKH.
cT ponrerbcTBo, KaK npaBHJro, ocyu{ecTBJlgerct Herlocpe.qcrBeHHo rrc
Korec", 6es opra H:a3aLrr4H KaKHx-rrH6o cneuuaJrbHbrx npoH3Bo.ucTBeHHbIx
npe,unpHsrurt u 6as, c HcnoJIb3oBaHHeM o6or.rnr'rx clpoaTeJrbHbrx rv{ttrrrgH
H MexaliH3MoB. TexHolofus crponTenbcTBa saqacryro no3Borqer uc-
n o n-b3 O B a rr O a 6O.{ Hx H lzr3K_Vx r e a.n u $ ux a1r,,i,r.

. . . 3^ : :l\?: 
au^n,ilrbrx foc He rpe6yer nocrosHHoro o6cnyxaBaro-

rr{sr\r rr-uuuHaJta. I lo3Tol\4y B npoeKTax Bcex coopy)Keuuit npellycMalpH-
RACTCff ABTOMATIH3ATJI/|fl H DYCTAHUHOHHOE YNPABNCHHE BCEMH TEXHONO.
rHrlecKHMH npoueccaMa c ,uoBe.ueHaeM Eo MHHuMyMa qucrla pa6ouax
onepauHfi ' K oHcrp Y Krluu coopy)Ke uurt Donx(Hbr ooecne.ruBarb 6o,c.rp1,ro
3aMeHy OCHOBHL'IX 3II€MeHTOB fHlpOrrleXaHHqeCKOfO H BCnOMOfaTeITbHO_
ro o6opyaoBaHafl Marrbrx loc ang ux nepuolr4r{ecKofo peMoHTa Hacneu;la-l vt3vpoBaHHblx npe,anpH flTaflx. PewoHr ocHoBHoro 3Hepr€Tr{qe-
cKofo o6opyaoBaH?s' (rnnporyp6uu H rHrporeHeparopoa) rarcKe npoH3-
BOAHTCq nyTeM 3aMeHL,r OT.qenbHsrx 6'Iorcoe.

732 Coopyxcennr. lv{zrnbD( fpc

I-rrrorr+mr- B rcat{ecTBe noAnopHbrx coopy)Ke uvfit wastru f3C e 6orb-LUHHCTBe CrrywreB npHMeHJaIOTCs [nOTHHbr [€ rpyHToBbD( r4arepHaJloB.
o6ecnetr eHue BoAoHenpoH'rraeMocrH 3eNorrHbD( H KaMeHHe3eh,[rrrIHbD(
nloTHH ltocTHraercr ycrpolZcreoM oKpaHa (.raqe Bcero a@arrrro6eron-
158

Horo UJM w noJrnMepHofi nnerucu) HrM c.p.pa (rnrmrHoro anu 6eron-
Horo B 3EtBHcHMocTH or rHna ocHoBaHun). IIIrpoKo npHMeFirrrorcs raJ<)Ke
u ra6noHoBble [noTHHbI c AepeBsHHbrMH sKpaHaMHl ueH'rp&rbHofr
6er,orurofr ma0paruoft wM r.rryHroBoE cremcofi, AonycKarou$.re npH
co6ruoAeHwr pflFg. KoHcrpyKTHBHbD( Meponpurrrufi nepenHB Bo.&r qe pes
rcc rpe6err.

Fopaano pe)Ke B KaqecrBe noltrropHbD( coopyx<er-ruft MaJtbrx rcC
Hcnonb3yrorcs 6erorrrsre rLnorHH br uJrH !€ KaMeHHofi rclarucn.

Boggnpue.I\,cu,ffq{ H orrcrofrruaca. llpra aur6ope BoAonprJe}vflrr{KoB
--- wlr'r

IVrZUrbrJ, I' vrvr l.ruytqt7ulltJl>rsA bLJ( Lrv Acpytttar{yluH.Hu!{ UXgI\4e, IllJtil,Ulull'l\-l-

HHe Bcef.qa oTtraercsl KoHcTpyKrr.rsM, HcKrrroqarcul{M Heo6xo.qHMocrr)
crpoHTerlbcrBa nognopHorZ nJIoTHHbr. Hau6oree qacrbrM per.xeHHeM

-  a ^ - ^ ^ ^'lBnSiIOTC.a CreFroBbie OerHanopHbie BO.qOnpHeMiii,iKH. ij 3aBHCHMOSTH O't'
HaJtvtr*rs H KoHqeHrpaLW4 HantocoB oHH HMeror rrryxofi nopor, npoMr,rB-
uorZ rcapM&H, rpaBueno BKy HJrLr .qoHHbre npoMbrBHbre ralrepen.

Ha ropHrur f{acTKax peK, .4rls KoropbD( xapaJ(TepHEr pe3Kae rcole6a-
Hlz,n pacxoEoe Bo,qbr tz 6onruroe co,qep)r(aHHe HarlocoB pa3nHqHofi rcpyn-
HocTH, npuMeHalorct,qoHHbIe peluerr{arbre Bo.qosa6opu raK Ha:brBae Mo-
ro THponbcKofo TI,Ina.

fu.qpovexaHHlreg(oe o6opy.qoBaHue Bo.qonpHeMHHKoB craHrapr-
Hoe, cepufuto BblrrycJ<aeMoe npoMb[uneHHocrb]o . Wlfr BoAonpHeNGrHKoB
M&[bD( fOC xaparTepHo pyqHoe ynpaBneHHe ocHoBHbrMH H peMoF{T}{br-
MH 3aTBOpUtMH, HO OqHCTKa COpOyAep)KHB€IrOU[4( peLUeTOK aBTOMaTT€H-
poBar{Harr c Hcnonb3oBaHHeM 3neKrpo- HrM rvw)onp HB o.u,a.,

. flpu ueo6xo4araocrr4 y4arre:r,;nq FuIHocoB H3 per{Hofo noroKa npeAnoq-
TeHHe orgaercs coopyxeHnro orcroFru4[<oB HenpepbrBHofo gelicreHa c
HeIIpepbrBHbrM rH,qpaBnprirecKHM rrpo MbrBoM HaH ocoB.

.4eproarg,rorccre BoAoBo.&L .[epraaryroHHbre BoAoBoAbr nprJ r{x
3Haql,rrelrgofr npoTq)KeHHocTH onpe.qenqror croHMocrb He r'orrbKo
6n  r rmnr ,m6  un  r r  ^ t , - nnmra ro r ru f  t  n r Jnn / ' \ anaL "Tn . \ r ! ,T tu t  t t 11 ,
w r P \ r r l  J ' v J u , \ , r D c . t  r l v  r r  r T ^ v r u l J Q t g . . ! + t x L  L  z L A y v J J ^ v r \ r y v v r o r r r - { r r t r r

nepvle,uwoHHble rJrHllerur, KaK Sesrranopuure, TaK Ll Hafioplir,ic, F
cxeMax Nd&rIbD( f3C Bcrpeqamca rcpafuie pe.q<o. 3apy6exHbrMH crporl-
TeJrbHbrMH Qllpvar'or reM He MeHee xopoluo ocBoeHbr Mero.qL,r MexaHLr-
suponarurolZ npoxo.ucH ry:nelefr He6onrurprx ce.reuHfr nrrotrla,r1Lro
3 4 u 2 .

B rca.{ecrBe AepHBaqHoHHbrx BoAoBo.uoB MaJIL'rx f3C Hcnorb3\'K)Tc5l
r!y6r,r craJlbHble, ac6ecroueMeHTHbre, AepeBsHHbre v v3 apMupoBarrr ror\)
flrutCTH}CA.

Ypasrurre.rmmte psepByapnu Ypaeul,ITerlbHbre pe3epByapbr B Harrop-
HbD( cHcreMa( MZuIbu l3C npnMeHrrorcq rcpaiiHe peAKo. ills 3arr[rrr.i
nolFoAqulr4( AepHBauHoHHbrX BoAoBo.qoB oT rHApaBnHqecKOfO )'Aapa
HcnoIrb3yroTcr xoJrocTbre BbII-rycKI,I H perynHpyrou{He KJranaHbr pa3nHq-
noE rcogcTpy-rcJ+!4H, cepuir:oe [poH3BogCTBo KoTopslx ocBoeFlo 3aplrtln*'-
HbrMla Qnpvaua.

CnequarmHaq HoMeHKna.Typa xonocrbrx B b[IycKoB .qnaMerparrcr 400,
600, 800 n 1000 MM c pacxo,qoM go 26,3 u3 /c npH Hanope 120 v paspa6ora-
Ha e KHP.
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Puc. 7.7. Tr,rnoaEre KoMnoHoa-
KH alperaTHbrx 6aoros Hr,BKo-
HarropHbr:c MaJrbrx 13 C:

o -BePTI{KAJIbHA.E C oTKpbI-

roft qryEuruofi ravepofi
(N=0,5+ 5 ralc. xBr, H =
= 4-J0 M); d-BepTurcaJrrrlae"s. e
6erorrnofi cnHpaJrbnofi rcarae-
pofi

3gargafl Marrblx B 3aBHcHMocrH or o,.'Da
OCHOBHOFO n4lpooHepFeTl4tlecKOro o6opyAOe artns, H cxeMbr pa:lMeul e;g;y1fl
sDAHI4fl lv{aJlblx fOC B cocTaBe cooppKeavr't rH[poy3Jla sapy6exHbrMH
@lapva n paspa6omHo 6oruuroe qHclto rHnoBbu peurenufi la rcoucrpyrc-
r+fi. B crporateJlbHblx KoHcrpyKrrusx spanufi MurJrbrx fPC qarqe, qeM B
trpl,Tl4( coopPl(eHLrelx, npHMeHfl Iorcs c6opt-tlte )Keneso6eToHHbre orreMeH,
ral Tnnl4.l'ru peureHus slranurt 6es nepxHero cTpoe;rtnfl. gacto coBN{err{a-
Ior 3naHwl MaIIblx fOC c norvleule:anfll&r 3aKpbrroro pacnpe.qennTerbFro-
ro ycrpo itc:lg,a H noBbrcurelurofi TpaHccbopMrrropHoft noEcraHuplelZ. D^ns
BbInoJrHeHHrr noEcoonror pa6or qHcno HcnoJrb3yeMoro noE-beMHo-TpaH c-
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Pac. ?.8. Tnnoabre KoMrroHoBKH arperaF
nux 6noroB rvraJrbrx fgC cpegHoDo'Harre.
pa:

d - c 6eronnoft cnlal)arbgofi ravepofi
(N= 0,5+10 ruc.rcBr, H = l0+S0 u); 6 - c
MeraJrJrurrecrofi cnlq)aJrbHoft ravepofi

162

7.3.3. O6opynonarue Marrbrx fPC

fuapoarperarbl Ftrfl MEuIblx fOC H3noraBJruBaror Qrapvtr CIUA,
flnouuu, IIIneWu, Ancrputt, Illnefiuappru, @panrrnra, @nulflH1vr4,
Armma H .4pyrtrx pExrBHTIrIx KanuTaJlHcr!flrecKa cTpaH, B pflJfe crpaH
C3B (9CCP, Boanapua, Pyr*a,nraa) H HeKoTopbrx pa3BHBarourHxcfl
cTpaHa)L

Ctar+prFloe o6op,vtroBaHae npoH*?Bo,EHTcfl B rrrHpoKoM gr4ana3oHe
H3MeHeHHrr XaptucTepHcrHK: Harropa or I .qo 1000 M, pacxo.ua tro
75 u3/c,-MourFrosra oA2.qo 15000 KBi, .u,,raMerpa pa6overo rcoreca or 190
.tlo 3000 r"t"r. CmrxpoHHble H acvrrfxpoHHble rH.aporeHeparopbr npoH3Bo-
l1flTcs, Ha Hanpn)rceHns or 380 .qo 6300 B npra qacrore roKa 50 u 60 fq.

OcHosHarM npougBoArrrenev o6opyaoBaunfl, N{aJrbrx fgc e Aecrpnr,r
sBtlqeTca $apr"ra 

tt@oiidt, BblnycKarorrlas.craHAaprHbre rHapoarperarbr,
cpewr Koropbtx 12 uonenefr uou$rocrbro or 25 Eo 1000 rcBr paccr{HTaHbr
FIa Hanopu tro 12 u H t0 twotreletZ MoruFrocrbro or 100 no 1000 rcBr - na
Hanopbl .qo 30 v. B HoMeHKJrarypy usprenwft Snpvtr "3rccel nxoncos
HH.UX(HH tapvt:Hr'" @enrarco 6put auug) sxogar rHApoarperarbr MorqHocrb ro
or l00.qo 10000 rcBt c PO, fII H KoBruoBbIMH rHtrporyp6nHavn. O6opyao-
BaHHe (ercarouas SarBopbl, peFyJrgropbr, MyJrbrHnJlHKaropbr, rH.qpofeHe-
paropbl, naH'erru ynpaB.neHrlfl , pacnpeEeJluTerrbHbre ycrpolZcrBa, TpaH c-
$opr"raroput) nomaBJlflIoTcs $uptrtatwt KaK B KoMfrrreKTe, TaK H B BHAe
oTEeJrbHbrx y3JIoB.

Kpyrmaa KoMnaHHs t'@ecr-Anrnune" (Aecrpun) npou3Bo.qHT rHltpo-
arperarbl or l0 Ao 5000 rcBr c BeprHKarIbHbIM H ropn3oHTaJrbHbrM BanoM.
(9apr',ra t'Keccnep" (OPl) npoa3Boryrr rl,rgpoarperarur c IIII H rrponennep-
HbIMH ra.qpoTypflwatwt, paccqHTaHHurwr Ha Hanopbr ,qo 20 u H KoBruo-
aue ryp6wmbr (pa6ouee Koneco ornnBaercs BMecTe c KoBruarwr), a raKx(e
craHllaprHoe o60pyaoBaHHe ruraporcoE HoMeHKnaTypbr. flpavo-
TOrrHbIe rHtrpoafperaTbr ropH3oHTatlbHoro, HaKrroHHoro u
BepT!{KaJrbHOro wcrtOnneaufi H3noTaBJrHBaIoTcfl B 6 BapHaHTax c 15
TnnopapMepaMu (pr : 500 + 3000 w) ana Har-ropoB l-30 M, pacxoAoB
l:75 *f /c, Mour{ocrs 50-5000 rcBr, KoBruoBbre ryp6zrHbr - MoutHocrbro
10-15000 rcBr g-rlg HanopoB 20-1000 v.

Manue rHtrpoarperarbl, He ornHr{arcuJkrecfl rro npHHuHny cBoero
BHyrpeHHero rexHonorHqecKofo npouecca npeo6pasoaaHHfl rHqpaBra-
trecrcoft gHeprHH B SneKTpHr{ecKyro or KpynHbrx rHtrpoarperaroB, HMeror
HHOTEA 3HAqHTETTbHbIE KOHCTPYKTHBHbIE OTIIIr'I.IHfl H KOM|IOHOBKY, T]TO

orBer{aer rpeM, ocHoBHbIM rpe6oeaHnflM 3aKa:}rrHKa: lyrlztHnMalbHbre
51nQrrlaflr{ n o6revu crpoHTeltHofi LracrH trnq pa3vreu-IeHHfl o6opyaona-
Hrzfl B oD\aHuH fPC, MaKCHMarrbHoo yKpyrHeHHe rpaHcnoprHbrx H
MOHTAXHbIX Y3JIOB trJlN COKPAI-qEHH,a. CTOVIMOCTH MOHTA)KA, MHHHN,TYM
BHHNTaHH fl npu gKcnJryararJnu o6opyaoe aHufl .

Vlcxoaa H3 grux rpe6onauut-I KoH crpyKTopbr f H.qpoarpefaTo B r\4arr brx
fgc npeIl"flaralor pg.u opHrHHa-rbHbrx KoHcrpyKqH rt, p azpa6a rureaevurx
HnH yxe npaKTHr{ecKH ocyu{ecrBJreHHbrx B HacTorrulee BpeMfl. Huxe
npHBoArTcrr HecKoJIbKo xapaKTepHbrx npHMepoB TaKHx f HEpoanperaToB.

q{
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pY6ar nnn rar<H;;;6;:
rHr(aTopa MexAy rltapo-
nbrJo 9HH3HT uueur"rre
Itqp_oarperaroB MoxHo)C (^H < 15 ,i" ,'r"i
Her orpaHaqeua6t no)rqero HanpaBnHrou{efo

peraTa Hcno.[b3yeTcfl
,. puc:Ji9: g.OH paepa6oraH pa4oM aMepHKaH.rvrwzrf, r'! u vcft u-raBrr'Barb 3t#;;ilffiffiTrTff f* Xiii fri:ocrbro ; ero

K'-nLLl.r ?,F" -^-- v'rrYlvul-yl OT VCl ...^-i&-i.-.U&iilOHOIrKH 
BgpTH-

1T l'"gpoarperaroa (sa
n ra5aparop raApore.
qHoM HcnorHe HHvr,
axe.

rMH lwlrrbrvx fgC: ne

Pac' 7'10' onur*rtttr 'a'.fi varn,oroo.'beA'HeHHrrfi rNApoarperar ans Hano pa 7,s u'pacqerHcft ruou+rocrrn 136,5 rcBr a nepeMeHHofi qacroroft rora or 40 .qo g0 ru

ffifffi I"X.r3FXri.":::::3.1.T.:?:\.r1 jgK'x_tru*ocepb".Hbrxpa6ornnu
crBy .uor""J"-#;l;?' H:#:::::ife; BCe pa6orut no crpoH'",ii.
v3{oB r€c, r. e. crpor*;;#;';;;;il''#;;,;^"::,:1." rpex ocHoBHbrx

ua*urooorrrou'un"auz' ru4poarperaT (pug: 7. I 0). I(or_rcrpyrc rH B Ha ncxeMa TaKofo rHApoarperaTa rrBrfl ercrr .qalsHeft tuHM pa3BHTHeM npqMo-TotrHblx rHApoarperaToB, y K oTopbrx poTop f Hztporerrepa Topa pacnonoxe Hsa o60'tre nonacrelz pa60uero rcoaeca, ,,anpaBrrsrour'rZ annapaT Heno_ABHXHbTft 3' OcuosHbe oT-rrHqHe - 3TO Cnoco. nepegar{H M€lrHHTHOfonoroKa K noflIocaM poropa. o6voil;;dy*o""" a 2 pacnorafarorcsBHyrpH Bpl'rr{apgtrerocs gJreMeHTa Kancynbr, BHyTpH )Ke Kancyrrbr pacno-rroxeH U 6eculeroqHurrz eos'yaurena 4. MarsarHr'z noroK nepe.qaercsqepe3 Meranr flonacTerz paOovero rcorlecu * t"paeqHgKaM norrccoB. OracxeMa no3Borrfler oTKa3arbcr oT KaKHX-A'60 yrrorrr"r ^i nu poTopereHeparop&,r' e. o6vorrcH poropa r ;;;;;; j u sroM cnyrrae Moryr 6rrrrnorIHOCTbn H3.rr,poBaHbr oT BOAbr 3a cqer pacnonox€nsofi Mex.qypoTopoM H cTaropoM HeMafHHrrrofi LJvrn4Hgpaqecrcoft o6oror{xr.t. He-'uocTarKov grolz K.H.TpyKIJI'IH flBrt'ercn ueooxo.qHMocTb cTpoforo cooT-BercrBHfl t.vrcna nonacreri pa60vero ;";;;u q'cny norpcoB poroparatrporegepaTopa' 3ro uogro*n o npaKTHqecKH TOrrbKo A/rfl Marrbrxr'ApoarperaTo', TaK KaK rQnacrerZ pa60vero Koreca tn rHgporyp.nHurcloa'oHO qerbrpe - BOCeMb, r{To cooTBercrBe,,H' rpeoyer cHHXpoHHyioqacryory BpaureHHn f'trpor-eueparopa 1500_750 r67;;;'(rp" qacroreroKa B cer, 50.ru). rloeior,ay rrnn HaropoB 
{Jfi,il;":lo paoo.renoKOJreca no.uoo'Oro 

"nrapoarp" 
raTa cocTaBHT 0,5_l M, 4 MOUITJocTb _ AO2000 rcBr. IlpaveHe uue npeo6pasoBaTenefi qacrorbr Moxer pacrx,pHrb

HilT"HXtff T::"#:X::;"xr,'qpoarperaroB3acqerpa6oru,rHnpo-
MHBHrbcs c nosnxeFrHriM Knnl?rtff,ffri?Xi;. "" 

np4 sroM lrPHtrercs
AtcuoHure rqrpoTyp6mrnr. paOoqee Korreco Hx Haxoru4Tcrr noA arrroc-Qepnutv .qaBreHH eu) , ,-r*p"auou rHtrpaenHqecrcorz eHeprHH noroKa

Puc.7.g, Crerra nnaayuefi lgC (eHepreTar{ecKa.s 
6apxa)
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;fi il:T#ff ,,fi #H;ffit".i?|j;"xff"l#?,"1y=^y::,rr.3c
c ' } i n r - r r : ' u " ^  r r n_ - t, r ,. r., Er e D a H KH,, (perc. 7.ll), u"rry.*iil;;; ;";;il:u ll*?;Wfr "z?iit#,:E'^ffii:"e*ru"::ii-.r;,,:":dild;ff 

'J
ryp5uu HBJIaerct 

"poatorli' 

vvv'vs.'-eu'I'blo none_peqHo-crpylZHblx rH.qpo-
runporyplun e a0,; 

"o"",1 
:refrtuae oopasuur raKHx

t"racrepcierx. npyruioa--' 
' CCP gaxe B KoJtxo3Hbrx

HHfl no Hanopy (or 2 ar 
Iana3oH Hx Hcnoflb3oBa-

$[n B IuHpoKoM .UHan, 
'Jloras xapal(Tep HcruKa

OHH flBnfleTcfl cpaBHHT( )TarKoM ?THx rngpoTyp-

- ruapo'ryp6uua"can6v, cn^eutrarb:{; ;:;;jJj;""" n nn Hcnorrb3o.BaHHfl B BecbMa ruorporcono 
TTaon".nunopoB r{ pacxo,eoa. Ona aveerABa cMeHHbrx poropi (pa6o** *ol eca) uuJ" .ruHHbrx HanpaBrrsrcu{axannapara ("oT1urra cona)' qonnou;;# K conrraM ocyu{ecrenrrercnKorrreKTopoM c ceMbro *a{iunar*t, npaGv xax.qulZ H3 HHx HMeerwlDJ4BHEyaarHUfi 3arBop , 
-rornu" 

orrcnpqarbcfl np' per ynupoBaH*Hpa cx o'EIa' t0"",T,:li""p" ungl-" ;; ; ;il;;H e p a ropy o cyqe crBn a e rc Ril:lt#TJ;f'""osarM' pu'J"ut' a"u"i.o",-^'opoB, np, KoropoMMourHo*","""ilil3..ldHi#xrT;:#f*jj"r,m"*r,m#
rerbrpex rr.qpoTyp 6uu.
rogHcrreHHbre KOHCrpyKrlHH MaJrbrx fHlpoTyp.

l{f:#"rtwr 6upuai^, noKa3brBaror, rrro sro,, "" "i;;:J'ff##,ffi1#f trfif ffi i #**:Hfl KaKnx.aa6o nprHr{Hnroaarrlrix usNreueuun.d npel.nararb npoBepeHHoe o6opynoBaHne HlKH B troc"TaToqHo cxaTbte cpoKH.
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Iuaporcoe pasB'rHe ru::-l r-Htrposrrep::rHr(H B coBpeMeHHbrx ycno.BUnx conprDKeH' C KOMnJreKcHbrM'pu'oJr"eM 
B.npocoe opfaHH3ar_IHOH-Hofo' TexHHqecKoro' gKoHoM'vecrcoro, 

-uno'o"r.rei*o"o 

H coLrHaJrrrHoroJi3ffi:K"?#ff ?Hil,firi ****j J1:..":,ir 1?lp uu n e H H n
'FIJI ronrrr .Jj''' a vrv'\4r.r I loret|qHu' *"::I 

_f "oRpl"p:_"i .:i.-; ;;;;;;##"ildJ',Hocrb n o6opygoBaHapr D,nn Mano,x i_oc J6r,r*u nwuL*^r, parpaoora.
ff:ffi:?Tc*He 

rpe'oaaHr: 
Iu ero ooopv.uoBaH'e. lpoae.aeHo o6cre.

raK u .J[""1H "|#l.Iree nocrpo"""r* fu'C; ;i'aurcruyrcu$4x,pasnHq'r,,x-q1,zod;;rn;l??;.i.,"#1il!ll,l.ffi ,f rry!-ml.?#lST'M HanpaBneHul4 pa'6o'o, yrJHTbrBaroT onbrr npo'.,rlbrx noxonesp'zBE-"#lHH?:",i;#illT:f **:1,"i;hwreneni.oi.ilu*,*Marrbre
X:::":,y::::aypoueiri"i"*n"uecKHxo.,rIiJ"?T?&?XT#*"tr:J

Paspa6orrc a yHud)uuHDoFra r{r_rr_rv n^^npoHcio.q,,ff ;;;il;il";:.F[,iE#::#ffi;1*;.*"f :mi;ff:'*3"#?T:]|ffi##8 Manbrx '-oc H avo,,fry'-,fr* ocHoBHbren o H HMaH uu o cu ou " uo ;;{1 "tri? #y T#f",,.#ffffi l:l_r,u JcTBe, c \4€rKcHV'arsofi 3aBo,ucKofi roroeuoaroa r(oHCTpy KLIH, H KOM-
;fi:ffiXJffiff 5."J, m; : 

*b Io aB ro Ma rH3 HpoB a H H oro "o 6op yao B aH H nrrs,sapv6exHbrx*rrp',,-,onu;,iid"ffi :fi ffi f f ;:ininiyt#3OBAHHbIMH' B TOM IJHC,.'E H B CCCP, ;;;;i""MH BO3MO)KHbI H NPUHLJH-n'arrbH. Apyr'e, tr.rorque *opo-"" pu.yr,rrarbr, ocooeHH. no ynpoiqe_HHro MOHTa)Ka H COKpaureHHlo cpoKoB U.i"uq" HHfl, Marurrx f:)c.cneayer oTMerHTb, qro- Bps.q nH seo'xoAlyo^ npe.unp,HHMarbcepbe3Hbre yc*n*fl no HCnorb3'BaHHro Ha vanux,fSc *acocoe. TaxHenpe'qJloxeH*fl' oqeBHAHO' MOryT 6s*a uenecoo6pa3HbrMr4 JrHrub KaKnpoMexyToqHbre,10 ,u *i* juarnarbHoe 
f"r"n"". B qenov npoorrevracos'qaH'fl HoBoro .ru"aupr"6ro o6opvoo"uiiifl nBrrflercrr BaxH efirueh, uff "" 

t"?ff#i""#:i; e " 
t ;;t 3 aB H- c Hr vcn e x p a sBHrH no rono H a n p a B r e.

flo vepe pea/ru3aur4H fipeeKroB HoBblx *i:r] fOC 6yayr coBeprueH-cTBOBaTbcs Mero.q", op"a"" tiu^, crpo'TenbcrBa , .rpo"i"oo*"u pa60r,orpa6oraercs c1Pvrcrypu .u*u.unrc _ nogpqiqgK _ oKc,,,, ya.ruJ.oHHaflopraHusarJnn. Caoxaau, ui"inpaKT,Ka -noKasbrBaer, 
sro crponrb HeKcnnyarupoBarb Marrbre rec_-*u"y"1ffi".uur" 
pa3r,rIHbrx Be-"qoMcTB, a He TorrbKo MaHeHepro c"cCp." rio-BH.qHMoMy, B ycrroBHflx

;nffi:H?::t[J:ff:Eicnpocrpa",r., rx'pe e ceos,o c e'coxon
Hgo'qHOsHaqHbrM gBrfleTcs tsorpoc Brrun*Un BOAOxpar .MnnrlMaJrbrx rec Ha oKpy'*uo,,ry[ npHpo.qHyr .puay. MHor"Juo.qoxpaHH.

P uc, 7,!L, Ilonepevxo-crpyrZxa.a rHAp o ryp 6uHa, E aHKH,,
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rrr'rwra nocTDOeHHbrx N4arbrx tpc qraJrn o.g::Ii3MH peKpeallaoHHofo,Pbl6oxogsft ctae'H oro HcnoJIbBoBaHHfl , MecTa twt o6u,r aFrHR' B o,qon,na Ba Io-rr{prx H nepenerrrbrx nTHr.r, wpacarru aanaulaor. Hu ;;* nofipoeHbrsoHbr orsHxa' e6 '^u 
""i :r?-y€urbHo "iro""i;,;;il; rvpHc-rcKHeN{aprupyrbr. Ora aHTponor€HHbre oorercit fapMoHuqHo AononHf,rorc.noxaarunecr npapodnbre KoMnJreKcbr. B ro xe BpeMs .o.qHocTopoHHee

!3i""1fr 
'x"",'ff#:ffi?g*;:i::x;:::::y:gHr:l*ruscrB'e

sHeprerl'rK€' r' €' o saMeHu tipy"ni;-i5a r*n-ffi5;,ffi:tTli3.puarlbt cBl'ttlereJrbcrByror o p,,vrg ll:nbHbre saron neHua[ral(rcBr. u)HnH ralrcBr] Ha l.anbrx r3c, KaK npa B.rno, B HecKorrbKo pa3 (3_r0)
lTH,ful?I"lra 

KpvnHblx' B:jy 
" vtrenbHoM Bbrpax eHHH tr o6reurr

-cJrrrd;re* .^.#oll?T::1" -:10o", '' *.urii*oBrrox(eH*s, KpoMe rex

""i.G;ffi .fr ""i"i'iffiH:Hffiffi ,i;"#,:""y":njru;uru*aeHepr€T'qecKo_ff npoipalarr,rsr, paccq'raryHolz Ha Kpynnue fEC, noTpe_'yrorca sHaq'TerrbHo a6ruutyte MarepunJ*Hbre pecypcbr. Maaure fgc,
ff::-?ftT$1lle Moryr rbOur""iio pJ*u"" Bce nno6nF*Lr F,,F_^
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BI{HMAHHIO qATATENEfi !

H o sHe KoHcrpyKrn4H Bo^onpony",(H brx Han opHbrx coop y xeuwrr,HcnoJrb3yroug4x e$Sercr 3aKpyqHB at tlrlrr noroKa
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SQserr  3aKpyr{HBaHHs noToKa uerecoo6pacxo HcnoJrb3o'arrr  npH conpe-XCHHH BEPTHKAJIbHOTO IUAXTHOTO BOAOC6POCA CO CTPOHTC-NbI{bIMH TYHHE,, , IMH,K o ropbre sa rg lorc,  g l teNjeHTaMH ocHoBHoro sKcn f l  yarauHoHHoro s o.qoc6poca.luaxr ' r r f i  aoaoc6poc Moxer 6urrr  o6opy^o'aH 
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f lof lo6uue KoH-crpJKrHBHbre peu;eHHrr paspa6or.ahrbr Arr{  r {anopoB ao 300 vH pacx.aoB ao 3000 u5/c u vxe Hcf loJ]b3yrorcrr  B npoeK'ax rpynuetrurrx foc.oAxarco oHH Moryr 6uru r$Ou*r""r rbrN{H '1 r7nf l  MaJrbJX f3C, s qacrHocrprAepf iBauHoHHbIx '  Ang KaHan,3aqproHH brx H nvtBH er ib ix BoAoroKoB npH ropo,q-
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