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B ce11bCKdxoa11AcTBeHHOM npOK3BOACTBe MHOrHe TeXHonorH~eCKK 

11poQeCClil Bl.lnOIUUlklI'CJI npH TIOMOUUI MO(ll.tnbHhlX uanrnH c 6KTHBH•&K pa-

60llUMH opra.HEWH. llay11tto-TextUC11ecK1t1t:I nporpecc cnoco6cTByeT ,:taJlb­

HeAme.uy pacornpeHIUO Al6C1DTa6oe H o6nacTeA nplWeHet HJI, C110l!QiOCTK II 

OTBeTCTl'\eHHOCTK Blilll011H.ReA!hl)( T8.KOI'O POAa MSU:l1H8.Mlt <f>YHKQV.A. no3TO­
wy, nOBNWeHMe Kl( ~KTKBHOCTK paCCMaTpltB6eTCJI xax B8JltHhlA ¢e.x­
T0p TIOBblllleHHJil ~eKTKDHOCTH BCeR OTpacnH. 

BSJ1tHe~eA \IElCTbJO wo6unbHliX c e11bcv.oxo3aAc Teett1rux wa1!UlH, He­

nocpeACT eeHHO ll11H.RJ)IJ1eA HI\ X6110CTBO TeXHO.'IOI'H\leCKOI'O npoQecca 

JIBnJleTCll npHIOA pa60'UIX OpI'at!OB. IlpK npoeKTHpOB6HIUS CKC'l.'eM npw­

llOAOB Ma11olt MOlllHOCTK, ecerAa 803HHK8M anbTepHaTHBHhle sapKaHTlil, 

cpeAH KOTOpux KOHKypeHTHOC!lOC06HlilMH JIB 11Si\'.l'l'CJI 3neKTpH11eCKHe, Me­

X8HH40CKHe H I'KAP8B11HlleCKKe CKCTeM!il. HanpHMep, B CeJlbCKOX03SiA­

CTBeHHOM M8111KHOCTpOeHHK BCTpe11a¥JTCJI cny11aK, KOrAa arperaT!il c 

OAJ(tt8.K08b1MK npuBO,llHblMK xapaXTepKCTHKOJO( IUleJOT pa3t'.lile Cl1CTew 

npKBO)lOB. TaJ< 1Dl!pOK036XB6THhle cew116pyCHhle XOCHnKK paapa68TlilB8-

11HCb c wex8.HKlleCKKM, aneKTpKlleCKWM K I'H.np<>06'&e~ npKBOAOM pa-
60llKX oprB.Hoe. fu>yruww c11oeaww npr.t npoBeAeHKK ii1P K OKP He CTpe­

MKnUCb K OT!ilCKaHHIO o61138Te11bHO OTITKM811bHOA CMCTeMbl. 3a,o.a11a KOH­

CTpyKpo88HHSi C\.lKTanacb ycne:11Ho pemetmoA, ec.11H yAa11a11ocb HllATH 

XBJ<yo-nH60 CTporo AOTIYCTHM}'IO CHCTewy no 116CTHOM'J XpHTepHIO ~ 

~KTKBHOCTll, y,noaneTBOPJOO!lzylO COBOKYnHOCTK KCX0,11HWX A8.HHhlX II 
orpllliMllettHA. 

Cne,no11aTenbttO, ttaapena tteo6XOAJCMOCTb a o6octtoe8.HYH weTo,noa 

CKHTeaa CTPYKTypw aBTOHOMJWX CHCTew nepe)UlQll aHeprHK x pa6011ww 
opraHaw wo6HnbHblX cenbCKoxoaaRcTsemwx wamKH. Tpe6yll'l' A&.~btteR­
weA paapa60TXM aonpocw OnTKMM38.QKH napaweTpOB CKCTeM 6BTOHOM­

HOI'O 3neKTponpMBOA8 pa60QHX opr8.HOB Ha 6aae M8T8M8THQeCKHX uo­

AeaeR. TI03801Uil011UU paCC'iKTWB8Tb Bee pelltKM!i CYCTeMbl c y•ieTOM 

11aa11wocsaaeR BXOAJllWIX a ttee an~MeHT011:.ne~raTenb BHYTpettttero 

croplUiHR - CMHXpoH~ rettepaTop - acatapoHHJ.1e .IUIMraTexw - pa-
601nce opraHlil. 

Bee 3TO CBHneTenbCTBye~ 06 aaTyaitbHOCTK npo6neMY BYReneHR.I 
38XOHOMPpHOCTeA ew6opa pa3nMllHUX THnoe npMBO~OB a nocTpOeHHR 

Oll'PKM8RbHlilX CHCTeM aneKTponpHBO)lOB H p.a KX OCHOBe noBWQ6HlUI 
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3<f>'f>eY.TH8HOCTH M06HJihHblX ceJibCKOX03Jll:\CTBemrux MauJ~H. 

fiOCTaBJieHH~C 3aAal.IH B H8CTOJl~el:\ pa60Te p~meHlil Ha OCHOB0 

npM!II.l'moe CMCTe.MHOI'O nO,D.XOAa. 06'beKT HCCJieAOBQHllJI - aeTOllOMliaJI 

CHCTe,ia nepeAatrn 3HeprH~1 OT eaJia OT6opa MO!ll}lOCT': TpaKTOpa K 

pa6c4eMy Ofratty, cocTORl®JI B o6~eM cny1.1ae H3 npeo6pa3oeaTen11 

MexaHHl.leCKOl:\ 3Hepl'HH B .n.pyroR BHA 3HeprHH . ycTpORCTBa nepeA84l~ 

&HeprHH, o6paTHoro npeo6pa3oeaTen11 3Hepr11H H annapaTypw ynpae­

nettv..fl M 3aUlHTbl. 
060CHOea11a CHCTe .. a noK838Te11eA K81.10CTB8 HCfiOJIHeHH.fl HpHBO­

AON rnaettoA ~Y•~Q~H. OnpeAeneHbl 30Hhl onTHManbttoro npHMetteHHJJ 

M0XaHHl.leCKOA, I'H.Jl.P8BJ!ltl.leCKOR H 3.'lCKTpHl.leCKOA CHCTeN npHBO,l),QB 

pa6o~mx opraHOB B 3ae1tCKMOCTK OT rf>YHKQl!OHQJ1bHOI'O HS.3Ha4emu1, 

eenM~MHW nepe.o.asaeMoft MOWJiOCT~, paccTO.flHHR nepe.o.a1.111 K l.IHcna pa-

6oqHx oprauos. IlpH 3TON CHH'l'03 CTpyKTypw CMCTeMW npoBO,D.HJ!C.fl no 

,D.BYM peay111>T1tpyllQU{M nOK838T0JIRM Kal.leCTea HCfiOIIH0HH.fl CHCT0MaMH 

I'IIQBHOl:\ ~HKltHH - ~KTHBHOCTH H CTOKNOCTH. 

Pa3pa60T~Hbl Knacc~HKWIHJI peiratMoe TexuonorHl.ICCKoro QHKna 

HCfiOJlb30BlUUJSI M06HJibHblX 31leKTpH~HQMpOR8HHb1X arperaTOB H MaTeMa­

THl.l0CKaB MO,l),0Jlb CHCTeMlil QBTOHOMHOI'O 3Jl0KTponpMBO,!J,8. 



I. OSOCHOBAHHE 30H OimUWihHOfQ IIPHYEHE!Wl 
PA3JJH.'llillX CHCTEM IIEPE'J\A'ii 3Hr:PM1 K PABOtlEMY 
OPfAHY B MOSKJ11HOM CEJlhCKOX~"TBEHrlOll 
AfPEI'ATE 

I. I. CHcTeM~ no.nxo.n K o6oCHO»&Hllll aou OnTMM&Jl.bHOro 

npHMeHeHIUI paaJ111'lHWX ycTpoAcTa nepe.naq11 8Hepr1111 

H&H6onee ~XTHIHWM IOiCTpyMeHTOM ,D.11B pemeHHJ! OOCTaBAeHHol 

3&,D.&QH ••nReTCR CHCTeMHWI 00,ll.XOA - H8Jl6onee 06~ R8Terop1Ui B 

CllCT8MJQIX RCCJl8,D.O»&HMRX,KOTOpaJI llCXO,D.ltl' I rJ188HWM o6pasow, HS 

KOMJ1J18KCHOCTll &H&Jlll3& 06'MlKT8 M CTporol CHCTeM&TH38qHH 11ccne­

,D.Ol&HHR. Ha116onee B&llHOA XOHQeru:("eA CY.CTeMHOro DO,D.XOA8 8BJl8eT­

c.c QeTJt08 np8,D.CT88Jl8Hlle 0 TOM, QTO CllCT8M.8 HllltOHM o6pasoM He 

,D.OJUllH& p&CCM&TpllB&T.bCR xax npOCTaJI C)'MM& CBOHX 3JleMeHTOB, Heo6-

XO,D.IOIO MCXO,ll.lft'.b 113 DPllHQHil& 13&JOIOCBJl311 M 13&10l006ycnoaJ1etfJ:IOCT• 

••.neHd. llCOJ18)zy• olj'Mn He TOJl.bJCO Ka.JC C&MOCTOSTeJI.bif,}'ll CllCT8W)'. 

NCil • aax 1:1act.a. HeJCQ'topol c11cTeMW 60.11ee awcoxoro ypoB.HJr IS~ I. 
OcwoaHWM11 npllHLlJlr.&M• C•CTewaoro no.nxo.na nan.RllTca xaTerop•• 

qeaOCTHOCTH, C.BOKHOCTM II opr&KM301&HHOCTH . IlpK~Hll qenoCTHOCTll 
ap•,D.llOJlaraeT HCCA8,D.Ol&IOI• H8JtO'rOporo KOt1Xp8THOro o6'LeKT&, MM81>­

~·ro cneqlflf>11qecx11e 3&JtOHOWepHOCTH ~YHX~OHMpOB8Hl!JI, 06oco6J1eH­
wo OT ,QpyrllX Od'MKTOB, H• yaycxaJI 113 8111cy C5R3M MCCJle)zyeMoro 

od'MKT• c ,o.pyrJA111. B coOT1eTcT11111 c np11HQJ1now CJIO:IHOCTH, •HYT­
peHHKe npoQeccw CllCTtNlil AO.llQIW paccwaTpHl&T.bCR B XOMOJleXCHOR 

M8JIC1'MOC'l!X Jt&JC OT IHQlRHlfX, TAK II OT BffYTpeHHHX ~KTOpoa. ~o 
• OT~ll~&tT CllC'l'QMUWI UO,ll.XOA "OT M8X8HllCTHQ6CKOro (3neweHTap11cT­

cxoro). DO XQTopowy •NyTp•Wiee COCTOftKH8 061'eXT& MO~eT aonHOC­

T.b~ oapeA•nRT.bCR IHemHllMll ~TOpaMll II 11MeHHO 003TOMY apxao,11,11-

lll.•MJ 11t He CTporo OnTKMU•HWM pemeHKRM. Kateropu opr&H1tS01&H­

HOCT• nO,o.pa$yMtB&8T AH&JIM3 CTPYJtTlPHOft ¥nopn.no~eHHOCTll 11cc~e­
Jl18MWX CllCTiW. /S6,GO I . 

.68JIHWN RPQMMY••CTIOM CllCTeMHOro no.ioco.na RBJUleTCR TO, 'lTO 

OH He T9R.bXO nG88QJIR8T 1wnOJ1Hll'l'• 8.HaRM3 06'M!KT&. HO • OCl~ec­

Tl!llft.b ClfHT83. ,. ••• H&llTll CllC'l'ewy. OllTllMaJl.bHyll AM 3a}\&HHllX ¥C­
nOBKA. Ho B TO •e BpeMll CKCTeMHWR 00}\XO,D. He RBJIReTCR MeTO,D.OM 
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ymc11epCaJ1bHOJ'O pemeHJUI npo611eMW. OH RB1ll!eTCI! MeTO,Xl.OW paspe.60'1'-
•• IJOHCX& Ol'iTHM&1lbHOro pemeHHR • rapa~TMl-'Y8T yqeT ecex cy~eCT­
BetOOIX ~l<Topo~ I 2!. St; , Bd, 11 I. 

MamKHHO-Tp&l<TOpHWR arperaT (Ml'A) npe,Xl.CT&B~ReT co6ol C~O•• 
H;)'D MCXYCCT89HffYIO M&T8pK&JlbHYJO CHCT&My - COIOKYOHOCTb MHO~eCT­
B& 061.eJCTOI, 06'1i.eAKHeHHWX BWll01!HeHKeM PJ1A& aa.u.aq. PaccwoTplDI 
.u.11arpaMM}' ~y~1dt Jll'A cosuel!letutyJO c ee cxeamA (pKc. I • I ) , · coc­
TasneKH)'JO 110 up~IW&M COOT11eTCfBIUI CKCTeL!hl QeJJff. B 061Q.eM cny­

qae M"TA cocTOICT K3 Tp&KTopa Tp K ce11bCKoxoa11RcTaeHHo« MallJKHW 

CY..11. ~YH~OH&Jl•Hoe H&3H~qeHHe TpaxTopa, swpa6oTKa aHeprHK no­
cpa.u.cTBOM nepawqHoro .u.a"raTe;ui BtiyTpeHHero cropaaws .ABC 11 Tpa.H­
cnoprKpoexa 1ce1•0 arperaTa ape noMOllUI csoeR Tp&HCMKCCHK 11 xo.u.0-
102 qacTw TKXq. CXM o6ecneqweaeT .u.ocTa1ay pa6oqero opr&Ha x 
011pa.u.ene1moA roqxa apocrp&HCTBa OTHOCKTen•Ho TpaxTopa qepea 
cqe11JCy x Hecygzyo xowcTpyJUµOl Cq 11 HK, npueo.u.ow Ilp nepe.u.aeT 
•Hepr110. CHJftYD c aana OT6opa MOIUiOCTK (BOW) Tp&XTopa K pa6o­
Q8M}' opratiy PO, npe,nHasH&QeHHOJ«Y )'.UIR npoBe,X1.eHKJ1 TexHonoraqecxo­
ro npoqecca - qeJUC ~HKllKOHHpOBIUilUI All'A. 

r----~----------1 

I CXftf 
l flP 
I 

flepeiJamb -

I 
I 
I 
I 

r I 
I I 

__________ _J 

HTA 
JHepZUHJ 

I I 
I I 

Tp 

II.BC TuX'I Cq u HK PO 

: I 
TpaHcnopmu- "- Jlocma6u1111> pa5ovuo flpo6ecmu 

81>1pa5omamb '- ~ 

po6am1> OPWH K JadaHHOU m&HOAOZU~ec-
JHep2u10 

I I azpezam mOYKe npocmpaHcm8a Kf/NJ Ofll!/JO(JUJ(J 

I I L __________________________ J 

P11c.I.I. ~&r~ ~~ All'A 
co1we~eHHBJ1 c ee cxewoA. 
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B cooTBe1'CTBHH c npHHQHDOM QenoCTHOCTH, rpa.HKQ.W Mccne,nye-

uoro 06'Ml1tTa o~peAenJ01, pa3AenHB lll'A wi ABe qacTtrf, o,D)ia K3 xo­
yopwx,npHBOA flp pa6oqKx opraHOB, CB.Ma M03f?T paccMaTpHBaTbCll 
xax HeKOTOpaJl CQMOCTOJl'!'enbHSJI "cHCTeNa nepeAQQK 3HeprMH", p.py­
r&R - xax BH8WHSUI CpeA• HSM MeTaCKCTeMa. 

~enb ~YH~HOHHpOB&JtK~ BWAeneHHOA CKCTeM!il s nepeA&llH 3Hep­
PMM saxn~qaeTCJI • nepeAaq& 3HeprwH OT nepaHqHoro HCTOqlil!l[a,BOM 
TpalCTOpa, x Henocp&ACTBeHHO pn6oqH~ oprana.M M B COOTBeTCTBK• c 
•epapxKeA qenelt no,nqMIUH!TCJI qenK MeTaCHCTeMW. 

CwcTewaS nepeA&QM 3HeprHH B o6~eM cnyqae COCTOHT H3 npe­
o6p&308&T0.tll MeXAHl4qec1toA 3HeprMH B p.pyroA BMA 3HeprHlf Il,ycT­
poACTBa nepe,naQM 3HeprMH Il3, ABHraTen11 A, ocymecTen11~~ero od­
puHoe npeo6pa30BaHKe 3HeprHH K annapaTypw ynpasneHHll A:J (p1rtc. 
1.2), T.e. B COO'l'BeTCTBHH c npM~KnOM KepapXHH CHCTCM, B CBOD 
oqepeAb llB~lle1'Cll COBOKYIUIOCTb~ sneMeHTOB c lrf3B8CTHWMM CBOACTBa­
MK M c ynop•,noqeHHWJim CBll311MH Mel!t,lJ,Y 3neMeHTaMK ff CBOACTBaMlf, 
OpM0HTHpOBILHHMMlf H& DWOO.llHeHtrfe r.118.BHOR ~YH~HH. 

Ha BXOA CMCTeMW nepeAaqH 3HeprHH no.n,aeTCll wexBHHqecR8.Jl 
8Hepr11.1, K& BWXOA• T&JC&.e CHKMaeTc• wexaHHqeCKall 3HeprKR, ClfC­
TeM& opraIDCqec1t11 ca11satta c )lBuraTenew .nBC 11 pa6ol'lHM opr8.Hou 
PO, axo,1V1aucM1t a cocTaB ueT&CMCTllWLI. Truuo.t o6paaow. BMAeRenttu 
qaCTb All'A o6na~~ •C•MK CWCTewoo6pa3yDllU4MH npK3HaJC8.M)I. 

<>ri11l'l11TenbH&J1 oco6eHHOCTb &H&JUISHpyeworo o6'LeKTA - nORHaJI 
A•TepwllHllpOBA.HHOCTb HOMeHJCn&Typ~ II QKCn& s aeMeHTOB II CBS3el 
BHYTP• CMC'l'8WW, a Tax&e OCHOBHblX CBR3eR c BHemHeR CPBAOA, QTO 
cnoco6cTByeT ~KTKBHOMy pemeHHD nocTaaneHHOR S•AAQM. 

r- - - --- ----- ----, 
I I 
I JIY I 
I I 
I I 

Mex. n fl3 P. IMtX 
JHepzuR I I 3Hep2U11 

L_ -- -- - -- ______ J 

PHc.I.2. Cxewa CHCTeMW nepeAaqw 3HeprMH. 

1- i vl 
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CKCTewy cne,nyeT aHanKaHpoaaTb ao epeMeH~ H npocTp8.ttcTBe. 

,i\Aa onHcaHKa ~KCTeMW a npocTpaHCTBe MW onpeAe1KnH e e rpatt~ 

M BHemH~D cpe,ny. ,!Via OilKC&HHR CKCTe.Mlil 80 apeweHH He06XOAJIMO 

••eCTK DOHRTHe, OTpaJKB..Dmee nepKOA cy~eCTBOB8Hlla CHCTeMW. iltiK­

HJITO KCil011h30B&Tb Ana aToro DOHJfTHe "llll3HeH.HWR QKKn". IlocneA­
Hldl yc1108HO KCIH(C1!ReTCJI OT H81l8na pa6oT 120 C03)48HUD 8Ha.'IOI'8 

I( TelOUllleCKOI'O aa,:;,aHW? Ha CKCTeMy AO DO.IIHOA 14erpa,1<~~m t KOTO­
pall aasepmaeTca CHJiTKew CKCTe ari.i Bh&llaneccep~ i:!Horo npOH3 BOACn ia, 

a aaTeM c axcnnya..-~1uc I Sfi I. 
PaanHQa~ ;~sa reHepanhHWX nepKOAa llH3HeHHoro QKKna: paa­

JHTKe CKCTE:MW H Qeneaoe <liYH~HOlilipOBaHHe. Kai!t.ni»R K3 HAX xapax­
TepHayeTCR cneqK~KlleCXKM KOM!lJieKCOW npoqeccos, 113 KOTOpwx CK118-

].l,WB8.ll'l'C8 OCHOBHWe 3Tartw ~K3HeHHoro QKKna. IlepHOA pa3BHTKJI coc­
TOYT 143 Tpex OCHOBHWX 3T8nOB: H8YllHO-HCCneAOB8TenbCkKe pa60TW 
(Hrl"..P), OIIWTHO.tCOHCTpyKTOpCKHe pa60TW (OKP) K ccpKRHOe apOH3-

•0ACTBO. IlepKOA Qenesoro ~YHkQKOtrnpOB8HKJI COCTOHT H3 3T8DOB 
TpaHCDOpTKpOaKK K ~eCTY op11weHefUla, ayCkO-H8n8AOqHWx pa6oT, 

KC0011h30B&HKJI no H83H&lleHKD, qepe,nyDmerOCR c HHM TeXHHlleCKOI'O 

o6cny:&HBl1HKS K peuoHTa, xpaHeHHJI II WOA0PHH3~HK. 0KOHllaHHe ne­

pll0A8 ~YHKQHOHKpoaanws onpeAenaeTCR no H&CTynneHHD npeAenbHOro 

COCTOllHKR o60pyAOD8HKJI, KOTopoe xapa.KTepHayeTca B03HHKHOBeHKew 

HeycTp8HHML1X HapymeHKA Tpe60B8HKA 6e300&CHOI'O KnK ~KTHDHOI'O 
npeweHeHKR. 

KalltAWA K3 nepKOAOB BHOCHT CBOR ~KnaA B ~PMKposaHKe CBORC'Dl 

CKCTeMW nepeAaQK 3HeprKK. 06ecnelleHHe CBOACTB H8QKH80TCR Ha 

aTane fl1P H OKP. HMeHHo no aToR npKQIDte H&MH nocTaeneH& 38A&lla 
onpeAeneHwt 30HW ODTKMAnbHOI'O npKMeHeHJUI CKCTeM oepeA81lK 3Hep­
I'HK pa3r.KQHWX npWitµ!DOB nocTpOeHlilJI, c qenbD A&nbHeRmero HCDOnb-

3088.tiKS peaynbT8TOB Ha H8QanbHWX 3T80&X paspa60TXK wamHHW, QTO 

o6ycnoBnKB8eT HAHBWCmyE ~K'l'KBHOCTb CKCTe MW B nepKOA ~YHK~H­
OUHpOBaHKJI. 

B TO lie BpewR He CTporaa OIJTKM8.JlbHOCTb KOHCTpyXTKBHOI'O pe­

meHJUt, AOny~eHHOI'O Ha CT8AKH paspa60TKH CMCTeww nepeA81lH 3Hep­

r~li. AOCTOBepHO woaeT 6WTb awaeneHa TOnbXO B aepHOA ~YHKQHOHK­
pOB8HKft Mru! 3KCDJl)'8TSJlKH MB:l!KHW, nOCX011bXY KM8HHO B STOA Q8CTK 
llH3H8JiliOro QJDtn& HeonpeAeneHHOCTb K~pMSllKK 0 CKCTewe CHMMa­

eTCS ~O'liTH DOIDiOCTbD H pesynbTKpyllllUfe noxasirrenH CKCTeMbl woryT 
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6WTb onpeAeneHW c AOCTOTOQHOR TOQHOCTbJO CneAOBaTenbHO, Aii.Ji pe­
meHMJt nocTaBne~.ttoR aaAeQH, Qenecoo6paaHo paanHqi-n.:e THllW CHCTeM 

nepeA&QH 3HeprmK cpaBHHB&Tb AJlJI OTpesxa Bpe MeHH , COOTBeTCTBYl>­
lllero CTtl)UfK L!CD011b30BaHHJl no ~IS.3HaQeHHIO. 

Kpoue Toro, ec nH cpaBHHTb ece cT&)J.HH lltH3HeHHor o QKFn& wa­
mKHW ao saTpaTaw K nonyqaewoR OT He ro OT~aQH, TO npKAeM x ew­
BOAY 06 MCKnJOQHTenbHOM 3H8QeHKK CT8,il.11H KCnOnb3088.HHR, eAHHCT­

eeHHOR CT&AXK JtHSHeHHoro QKKna, HMelJllleR nonolOl'ren&H)'JO ~1"1'••­
HOCTb, T.e. H&PRAY c 38Tp8T8MK Ha arperaT npOKCXO,D.HT OTA&Qa OT 

enoMe!UlWX cpeACTB. llo 3TOM)' xpKTepMIO CTS,ll.MJI HCnOnb3088.HlCJl JlBJIJl­
eTCJl CB.MOR BIUQiOR B ~K3HeHHOM QKKne /23 /. 

Hcxo,11)1 Ma ewmenpKBeAeHHoro noKcK 30H onTIDA&nbHOro Hcnonb­
aoeaHKR paanKQHWX THDOB CKCTeM nepe A&QK 3HeprKM 6aaMpyeTCR H8 

cneAYJOlllMX npKHQKII&X K AOrtylll8HlUIX: 
- 06'!.eKTOM MsyqeHHJI nenJ1eTCJ1 CKCTewa,cocTOJllll8JI e 0611leM CEY­

qae K3 npeo6pasoea'l'enR wexa.HMQecxoR sHeprKK a APYl"OR BJIA &tteprH , 
ycTpoRcTea nepeAaQK 3HeprMK, ABHraTenR pa6oqero opra;ia ~ annapa­

Typw ynpaenettwr; 
- 4enb CMCTeww - nepeA&Tb 3H0p1"MIO OT nepBKQHOl'O MCTOQHKIC& 

x patSotiHM oprattaw; 
- cpaetteHMe THno• c•cTeww npowseo}UGI A11R 0Tpe3xa •peweHM, 

COOT•eTCTBYIJlllero CT&AJ'M KCnOAb30BllHMJl no H83HatieHKJO. 

I.3. Cmrres orrrJCManbHoR cTpyxTypw CHCTeww nepeA&QH sHeprwH 
1.3.I. 06oCHOBaHKe HCXO)lHWX A&HHW'X AMI CKH1'038 

OnpeAe11eHMe 30H OnTMMa.11.bHOro MCDOJlb30B&HJfR pa311MtalWX TM­
DOB CHCTeM n~peA&QM 3HeprKM CBO)U(TCR IC CKHTe3y OnTKM811bHO" CTpy­
KTypW CMCTeww, T.e. OTWCX&HM~ OllTWM&n•HWX npMHQMDOI nocTpOeHNR 
CMCTelGI AnJI 38AaHHWX ycnoexl ~HJCqMOHKpOBAH•R. 

CMHT03 CTpyKTypw CHCTeMW COCTOJl'l' W3 A•YX OCHO•HWX ~Tanoa : 
o60CHOBlll!Me •CXO.Jl,HWX A&HHWX M CKHT83& CTpyJCTypw ASR ~pMHpo­

•&HHWX BCXO.!UiWX Aa.H.HWJ. 
HcxOD.H!Je AB.HHWe o6ocHoeweaJOTcR ayTe~ ececTopoHHero pac-

CMOTpeHHJl ycno•KA pa60TW CKCTeMbl " Tpe60B&JiMA, npeAbRBnJleMblX K 
CMCTewe, KCX0,11)1 K3 ee QenM . YCT8.HOBHM OCHOBHWe ~Topw, XO'l'Opwe 
ASACTIJJI H& CHCTewy 8 pawxax ee 11pOCTpaHCTll6HHo-1peweH.HWX xapcu<-
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TepHCTHK. onpeAeJ!RIO'r ~aqecTBO swnonHeHHR eD QeJ!K ~YHKQ~OHHpoBa­
HMn. IlpH 3TOM ~eo6xo,D.KMO o6ecneqirrb HaK6onee nonHl>IA oxsaT. 

OnHCaHHe H pacnpeAe;1ett11e HX no npM3H8.K8.J.I 06UUiOCTM H no BJ!KllHlllO 

Ha AOCTH~eHHe 1.1enH I 23 I. 
Bee MHO~eCTBO <l>aKTOpOB, BJ!HllDUlKX Ha K8.QeCTBO CKCTeMbl no 

npH3HaKy OTHOmeHKll K HeA , p8.3AeJ1HM H8 TpK cosoxynHOCTH: BHyT­
peHHHe, OTHOC.RllUfeCR Henocpe,D.CTBeHHO x CMCTeMe, BHemHne. xapax­
TepK3YDW.He oxpyl!IADUIYD cpeAY. H orpaHHQeHK.R H8. CTpyKTypy H na­

p&MeTpY CHCTeMbl. 
BH}'1'pe!'.HMl.IH <l>a1<Topru.1K ewcTynam 31CcnnyaTALIMOHHYe csoAcua 

CHCTeUbl s nepe,11.aqlf 3HeprHK. BYp8llteHHYe seKTOpOM l<=<Ka,C> noKa­
saTeneA J(8.Q0CTBa CKCTeWbl . r.ne K~ - 34xfleK'I'HBHOCTb CHCTeMbl, xapa­
XTepM3YD~HA ~aqecTBO swnonHeHM.R CMCTeMoA QeJlM ~YHKl.IMOHHpOBllHH.R; 
c - 3KOHOMMQeCKHe CBOACTBa. xapaxTepH3yi>tQ.Me 3ATpaTW, pacXOAYe-

MWe Ha swnonHeHl1e qenH. 
~l(THBHOCTb .RBJlReTCR ~YHXQHeR rpylUlOBWX noKa3aTeneR xa­

Q0CT l!a CHCTeM!il 

(I.I) 

I'pynnoswe noKa3aTenK s csoo oqepeA• onpeAeJUIDTC.R e)lKHMQ-
.HlilMM nOK&38.T0Jlm4M XaQeCTBa: 

H&AelltHocn KH = { p (i)j; 
'l'eXHHQec101e noKaaaTenH Kr = { lrlp, nc1, r,.} ; 
31iepreTuqecK11e no1<a;aTen11 I< iH = { t, f'ln , f'I,,.} ; 
TeXHOJ!OI"HQeCKHe noKa3aTeJ!M I( TH = [ 6, • 5. J ; 
3pI"OHOMHQ0CKMe nOK&38T6J!H K,_ = { n, 1 . 
Ha A e ~Ho c T b c11cTeMbl,npM oqeHKe ee ,11.nn onpe.nenett­

Horo speMemt WHJ<QMOHHpOB&HK.R arperaTa1s paccwaTp11saeM011 cny­
qae B TeQeHJde CT&,ll)fM HCnOJ!b30BaHK.R no H83H8QeHHD,ucqepnWB&llalMM 
06pa3011 woMeT 6W'l'b npe~cTasneHa O,D.HHN no1<asaTenew, sepoRTHOc­
TbD 6e30TK83HOR pa60TW p{t)- BepOll'?'HOCTbD Toro, QTO npOAOJllQl­
TenbHOCTb pa60Tw H3AenMa ,AO OTK8.38 6yAeT He MeHbme 38,11.&HHOI"O 
11peweHJC I S'i I. 

T e x H K q e c x ~ w H noKa3aTenftMH asn111JTc11 pa6oq8.JI 
uacca m, , CTeneHb c11060,D.Y pa6oqero opraHa na H THIIOpa3wep­

~ PJIA ~ . 
flOHllT Me "pa6oqeA waccw"tnp .11ae.neHHoe s A&HHoR pa6oTe, a 



- .:3 -
OT11K4Ke OT nacnOpTHOrO 3HaqeHKR Maccw KOMI1JleKTyDIJU1X aneMeHTOB 
CKCTeM.bl nepenaqK 3HeprKK. yqwrwaaeT ace AOnonHHTenbHble ~accw, 
HeK36eMHO nORB11JIDUU1CCR B CBR3K c ycTaHOBKOA K o6ecne4eHHeM 
~YHKqHOHHpoaaHHR o6'beKTa K no3so11aeT oqeHKTb AeAcTBHTenbHYD 
Macey cHcTeMlil. HanpHMep. A11R o6ecne4eHKH pa6oTw r1ti-1POHacoca HnM 
reHepaTopa. KX cne,ayeT ycTattOBK'l' b Ha cneqHnnbHOA nno~a;u<e. 06-
naAalOl!leA onpeAeneHHoA MaccoA. Knit pa60Ta rH.a,ponpAaoaa HeB03MO'­
Ha 6e3 pa6o4eA MKAKOCTK, 3811KB8eMOA B CKCTeMy, Macey KOTopoA 
T8KMe Heo6xonwMo y4HTWB8Tb. 

""' CTeneHb cso6o,ll.bl pa6oqero opraHa xapaicTepH3yew yrnow noao-
poTa OCH pa6o4ero opratta. AOnycKaeldb/M CKCTeMoA nepeAa4H aHeprv.H, 
OTHOC>rreJlbHO Heno,r:.BHlltHOA OCH COOTB0TCT!lynateA cpe,a.Heuy OOJIOMe­
mm pa6o4ero opratta. 

T\!nopa3Meplil>IA pa,r:. T,. onpe,r:.enaeT swnycKaewyD npoMlir.!lneHHoc­
T•D HOMeKKR8!'J'PY o6opy,r:.OB&HMR no MOllUiOCTH . 4eM qa~e mKana TIU':O­
pa3Mepo11. TeM TOqHee MOlltHO no,r:.o6paTb o6opyAOB8Hlt0 K ycnoBHm.I 
3KCnnyaT~l1H. 

3 H e p r e T H q e c K H e nOK838T0JIK BWp~allT cnoco6HOCT• 
o6'beKT8 . nepe,r:.aB&Tb 3HeprH~ c 8WCOKOR a<!QeKTHBHOCTbD H OpKcno­
co611eHHOCTb K nepexo)UiWM pe~KNaM pa6oTw. CoOTBeTCTBYDllUIMK eAM­
HK4HWMK noKa3aTeJIRMH asnmoTCR K.n.n. t .KpaTHOCTb nycKonoro MO­
MeHT8 JI{,, It !<paTHOCTb MaJCCKM811bHOro MOV.eHTajlt_,. 

T e x H o n o r • 4 e c K K e noKaaaTen1t xapaJCTep1t3yvr co­
OTBeTCT81te o6opy,r:.oaaHHR arpoaJn'ponoTeXH011orH'1ecKHM Tpe6osaH1t.llM 
ft BK11~Q8J'.)T 6e3Bpe)UiOCTh s, M 6e3onaCHOCTb6 •• 

3 p r 0 H 0 .. M 4 e c K M e 110K838.T011K onpe,r:.enR1"1' COOTBeT­
CTBHe CHCTeM OCKXo4>K3K4eCKKM 803MO»IOCTJIM fll o6cnylDIB8.l'.llll.ero nep­
COH8Jta. 

3 K 0 H 0 .. H 4 e c x It e CBOACTB8. ~ xapaxTepHsyeu npHse­
neHHb™lt 3aTp8T8.NK. COCTORtllKMK ~3 cyMMW KanHT8JlbHWX B110~0HH~ K 
npKBeAeHHblX K 0,11.HO.MJ' ro;zy npK OOMOal,H KO~KtlHeH'l'a HOpMaTUBHOa 
~KTHBHOCTH EH H roAOBi.nc TeKytllHx 3aTpaT, T.e. M3AepaeK npo­
H3BOACTBa H 

c = EHK +U. (l.2) 

~Cn011b30B8HHe 3TOro KpHTepHR B )laHHOM CJIY1l8e onpaBJJ.8.HO, noCK011b­
Ky aH811K3Hpyellble sapH8HTW nOCTpOeHH.11 CHCTeM paBHOQeHHbl no BW-
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no11HReMoA QeJrn. 

Ilpv.ee,11.eHHtafe e)J.IUIH4:-i};le nOl<a3aTemi CB113attbl c Ka4eCTBOM CKC­

TeM!.I CTporo t.'OHOTOl".!iOR 38BMC~a.l.OCTbll, 4eM 60J!bllle ( 4eM weHbWe) 

noxa3aTe11b, TeM nytruie CKCTewa npK npo4KX paBHhrX ycnoaWJx, cne­

,11.oeaTenbHO OHK COOTBeTCTBylOT cy~eCTBYK>~ew.y onpe,11.enCHK~ llOK838-

Terul 1<aqecTBa I f9 I. 
Ha npaJ\TKKe c1<pyny11e3Hh1R y4e T B OT,11.e11bHOCTK scex BU!llenpK­

ae,11.eHHh!x e,IUUU14HhlX nOK838TeneR Ka4eCTB8 npK CKHTe3e CTpyKTyphl 

CKCTeMhl. T011bKO yC1!0l!(.'i119T MCC11e,11.0 BBJU1e. ,11.e11aeT H9B0 3MOlKHl>IM 

8Ham1·rK4eCKOe om1CaHKe 38.KOHOMepHOCTeA KX K3MeHeHKJt npH K3Me­

HJtXlUU1XCR yc11CBKllX 01<cn11yaT~KH (ttanp11Mep, nOK838Te1!H 6eaape,n.­

HOCTK, 6e~onacHOCTK Ii 3prOHOMK4HOCTK MOllHO OQeHKTb T01!bKO B 

6a1111ax) K He ,11.aeT peanbttoro BhlHrpbl!Ila OT noaumeHHll T04HOCTK 

plC4eTa. 

Il03TOMJ', CHHTe3 Qenecoo6pa3HO npOBO,D.MTb Ha OCHOBe cne;..yD­

llUIX no1<azaTe11eA K84eCTB8, KOTOpble H8H6011ee 48CTO KCilOJlb3ylOTCR 

npK cpaBHKTe1!bHOM 8H8JIK39 CKCTeM nepe,n.a4K 3HeprHK: H8,ll.9l!O-lOCTb, 

wacca,K.n.,11.. K CTOliMOCTb.OTK 4eTwpe noKa38T01111 o6na,naJOT CBOACT­

B8.MH 1<0Mn11eKCHhlX, noc1<01101<y ecTeCTBeHHblM o6paaoM y4KTUB8lOT He-

K OTopwe H3 OCT8BmKXCR e,nHHH4HblX nOK838TeneA, .n.pyrKe MOllHO BBec­

TM B HKX KCKyCCTBeHHO. 

IlOK838T9JlK TKnOp83MepHUA p11,11., ~p8THOCTb nyc1<oaoro MOM6HT8 

" Kp8THOCTb M8KC.IU48.JlbHOro MOMeHT8 Henocpe,11.CTB6HHO Y4KTUB8.:n'CR 

MaccoA, K,n,,11.. K CTOKMOCTbll CKCTeM, Hanpv.wep, KCil011b30BaHKe 

rH.n.pOMOTopa 3H84HTe1!bHO 6011bllleR MOlUHOCTK • 4eM Heo6xo;uu.io ,M3-

sa pe,11.1<0R m1<a.1W THnopa3wepttoro p11,11.a npv.eo,11.KT K pocTy MS.ccw K 

CTOKMOCTH CHCTeMlil rH.n.ponpwao,11.a K CHHlleHKKl ero K.n.,11.. TOT •e pe­
Sy11bT8T ,11.aeT Bhl60p 6011ee MOWHOR 311eKTpO- K11H rH.n.pOMSIDHHLI no 

KpHTepKK> ycnOBHA nycKa K11K neperpy304HOA cnoco6HOCTY. 

JU>yrHe DOK838T611K CKCTeMW - CTeneHb CB060,llJ:J pa6o4er o opra­

Ha, 6e3Bpe,1UiOCTb, 6e3onaCHOCTb K 3prOHOMH4HOCTb ' npeapaTHM 8 

KOHCT8HTW, T.e. npHee,11.eM K O)UiOMy ypoetoo nyTeM npoee,11.eHIUI Tex­

HHQeCKKX MeponpMRTKR: ycosepmeHCTBOB8HKR ycTpOACTBa OpHeHT&QMK 

pa6oqero opraHa 8 npOCTpattCTBe, 38.l<pblTKR KOJIYX8.MH H pemeTKaMH 

ep~8.llaUIXCR qacTeA CHCTeM, HCfi011b30B8HHR ycTpoRCTB 3811lHT~ 06-

c11y&HB8D~ero nepcoHana OT nopa.!teHKJI 3ne KTpH4eCKKM TOKOM ; noaw­

meHHR H8,ll.9lltHOCTK H repMeT H4HOCTK coe,11.HneHKA B CKCTeMe rH.n.ponpH-
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so,na, eusep.eHHJI nyJ1bTa ynpasJieHWl CHCTeMLI s Ka611tty Tpa!<Topa, 

HCOOJ!J>30Bam111 • Bl46po!"aCstllll'!X npoKna)lOX npH ycTattOBI<e MawHH K T. A· 

/62 /. 3TK MeponpK.FITHll npKBO)lRT }( noebl!lleHKIO M8CCW CHCTeM, 

H3MeHeHM() Ha,neJKHOCTK K pocTy CTOHMOCTl-i, c11e,nosaTeJli>HO, yt1KTWBa­

llTCll Bbl6paHHbl1'!H nOK83aTemnrn 

Ta1<11M o6pa3oM, KOMnJieKcHble noKa3aTeJIK tta,ne'.'ltHOCTb, w.acca, 
~ .n.p.. K CTOKMOCTb o6'be,D.KHRJOT see II e)lHHHt1HWX no1<a3aTeJ1eR. 

Tor,na 3iPI>eKTHBHOCTb 3anH111eM KaK 

K J = f { p(i), m,. , t). (I.3) 

Bttew11m.111 tI>axTopru.i11, BJ1HJ1100U-1MH Ha 1<a1rncTso c11cTeMbl, J1er.11cr­

c11 ycnoB1u1 3KcnnyaTaQKK !/ = {Yu,~, ~} .YcnoBHR 3Kcn.r.yaTl.l4HK 
onpe,nenRJOT: 

ycJIOBKR HCnOJlb30BattHR Yu = {cl>, P, l , h} ; 
)leCTa61rnH3KPY()1JJ.He so3,o.eAcTBM Y, = { Yst, Y,, , Ya1, ... YBI} ; 
pe11n1Mhl pa60T1>1 Yp = { YPI , Y,.,, !lp, ... Y1>11) . 
y c JI 0 B H R H c n 0 JI b 3 0 B a H H II xapaKTe~H3YDTCJI 

noKa38T0Jl.ltMK M0T8CHCTeMhl, onpe,o.eJIIOO!IU'.MV. napaueTphl o61oeKTa: ~H­

Klµ{OH8JlbHhlM H83Hat1eHHeMct> pa601:1ero opraHa no po)ly ,o.a~~eHHR 
( spactaTeJibHoe 4>,p KJIK soaepaTHo-nocTynaTenbttoe 4>_ 1 ) ; noTpe6JIJ1e ­
MoA pa6ot<KM opraHOM CXM MOCQHOCTbll P ; paCCTORHKet.1 l Mellt.llY pa-

6ot<KM op!"aHOM 11 BOM TpaKTopa; 1:111cnoM n pa601:111x oprattoa. 

~ e c T a 6 H n H 3 K p y JO m K e B 0 3 .0. e R c T 8 K R 

BKJI()tl!U)T COBOKynHOCTb ~XTOpOB BHemtteR Cpe,D.hl, KOT Ophle BW3WB81lT 

OTKJIOHeHHe noxaaaTene~ CBORCTB8 H8)lelltHOCTH CHCTel,Q,I nepep.atlH 

3Heprr.i~ OT .HOMKHSJibtWX 3Hat1em1A H npHBO,llRT K OTK838M o6opy,ll.OBa­

HHR, a T8Kllte BJIHRAJT Ha ycTOR'<HBOCTb pa60TW CHCTeM!il. K tlHCJIY 
nepBHtlHWX noKa3aTeneA 3TKX soa.a.eRCTBHA OTHOC.FITCSI KJIHMSTHtleCKHe 

ycneaHR !181 , 38Ilhl.1eHHocTb Y., , en~ocTb !111 , ypoeelib e116paqHn Y"', 
ycnoet111 xpatteHKR Y8~ , ycnoBHR nycI<a pa601<ero opra.tta !J1, ,pell01M 
pa60T1>1 pa601:1ero oprB.Ha !18 ., H peMM pa60Tbl ,ll,BC !111 • 

KoMnneKCHylO OQeHKY noKaaaTeneR ~1 , !I,,, , ~. , ~~ npOH3BOJl.MM 

no MeTo.a.~me BMOCX - yc1106HR Ct1KTamc11 nerJ<HMH, Kor~a OTCYTCTey­

DT yKaalUiHlole sos.a.eRCTBHSI, HOpM8JlblililMK - KO!"~a HMeeTCR 0)1.HO ~3 
HKX, TR1.le11blMH - npH HSJIHtlHH ,neyx K 6onee B03AeRCTBHA. 

p e lit H M w p a 6 0 T bl CHCTeMN - 3TO COCTOSIHHa CHCTeww, 
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onpe.ne.r.11JOU!JieCJ1 >.lHOl!leCTBOt.< pa3nw.mi.1x npo4eccoa , o6ycnoBJleHHblX 
nocne.noaaTenbHOCTbl'.l onep1U.11d?, tteo6xo,D>1r.t11x .nnR npose.ne111111 Tex­
ttonor114ecKoro npoQecca. B o6meM cnytiae, pc~HVlil pa6oTbl c11cTeM1o1 
nepe.nat111 3Hepr11H DKn1>t1aDT nycK c11cTeMIJ, npose.nett11e TeXHonor11-
llecKoro npoQecca 11 ai."Kn1>t1ett11e c11cTewJ.1.Ilo,npo611an Knacc~HKIU.IHR 

pel!IHMOB pa60Tbl 6y,neT npKBe,neHa HHJ!le . 
flocneJJ,HAA rpynna il>aKTOpOB, Bm!Jlw;au.lX tta KatteCTBO CHCT€).l.lJ -

orpam-111eHHR 05 , HaKna,!l.lileaeMble Ha CTPYKTYPY K napaMerpbl CHCTeM 

(I .4) 

Ilp11Hsrr1i1 cne.nylOllU4e orpaHHlleHHR H'l cTpyKTYPY c HCTeM nepe.na1rn 
3Hepr111c orpaH11t1eH11e D5., ' MHOl!leCTBa Mc.a CTporo .nonycTKMblX CHCTeM 
THna ,nHCKpeTHOCTH, paccMaTpH!!aDTCJI TpH !!HAS. CHCTeM - CHCTeMa 
3Jl6KTponpHBO,na s, (npOMbll!IJ16HHOA s~ H nOB!.llll6HJ-IOA 4aCTOTbl S1t) . 

r1r1,nponp1.rno.na Sr H a.iexaH;r4eCKM S,,. ; a CHCTevax Hcnonb3yvrca ce­
pHAHLle arperaTbl , MexaHH3Mbl H .neTaJU1 MamHH <Osc>; aBTOHOMHaJI 
CHCTeMa 3JleKTponpHBOAa nepeMeHHOI'O TOKa COCTOMT H3 CHHXpOHHOI'O 
reHepaTopa H ac1mxpoHHOI'O ABHraTenR (Ou): B CHCTeMe I'H,nponpH­
l!OAa 1r1cnonb3yeTc11 r11.npoo6'l>eMHaJ1 nepe.natia, Kax tta116onee np11cno­
co6neHHBJJ K 3aAaHHblM ycnOBHJIM 3KCnnyaT~HH (Osr>: B CHCTeMe 
3neKTponpHBOAa npe.nycMOTpeHO ycTpOACTBO ~opcHpOB8HHJI B036Yl!IA6-
HJIK reHepaTopa, !103BOn.fmlllee ocy~eCTBMTb 4aCTOTHblA nycK ABHI'aTe­
llJI C01g ) • 

OrpaHH4eHHR Ha pery1111pyeM1>1e napB.MeTpbl CHCTeM: HanpJl)!(eHHe 
K qaCTOTY CHCT6Mbl 3neKTponp11eo.na (Ocn1 ); .naeneHHe B CKCTeMe 
o6'l>eMHor o r1r1,nponp11so.na ( Osp ); perynHpoeatt11e cKopocTH pa6oqero 
opratta (0$(# ); nepe.naeaei.tyD MOlllHOCTb H paCCTOJIHHe, Ha KOTOpoe 
Otta nepe.naeTCR Osu ={P~ P""'"' l*l_,,J; llHC110 H ~yHHQHOHanbHOe H83-
HaqeHHe pa6otiKX opraHOB ( o" ) . TaKHM o6pa30M' COBOKynHOCTb 
MCXC~X A8HHWX MOlltHO 38!1HCBTb K81< JJ=[CK,Y,o,). 3.necb CHMBOJI 
Cl( 03H8tl&eT, "'1'0 peqb H,neT He 0 B6JlH4HHe COCT8B.IIJll>OUfX BeKTOpaK, 
a JIHW~ 0 COCT&l!e 3TOI'O BeKTopa. 

B paccwaTp11eaewow cnyqae ssecTH o6ocHoBaHHWA o6'l>eKTHBHLIMH 
MeTOAB.MH pe3y11bTHPYIX!tHA nOKa38Tenb 3Cflt>eKTHBHOCTH K,,11enRi>w.HAcJ1 
H3B6CTHOA ~YHJ<qHeA HK ... ) noKa3aTeneA KatiecTBa, He y.naeTCJI. noa­
TOi.ty, 38BHCHMOCTb (1.3) 6wna ~opMHpoeaHa 3BpHCTH4eCKHM MeTo-
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)lOM, B QaCTHOCTH, MeTO)lOM 3KCneprHblX OQeHOK B BHAe 4ene~oR 

~YHKQHK 

(1.5) 

I 
3AeCh K; - HOpM}{pOBB.HHhrlt e,nHHH"Hli!R noKB.3aTen& JtaqecTaa; Ki -

QHcneHHOe 3HaQeHHe noKa3aTenR KaQeCTae; Ki1 - ero 6a3HCHOe sHa­
Q0HHe; c,, - aecoawe KO~HQHeHTN HnH "aeca" e)lHHHQHlilX noKasa­

TeneR. 
B COCT&B 3KcnepTOB 6wnH BKn~QeHbl KpynHWe yqeHWe, HMelX!1)1e 

6on•moR orun paspa60TKH K 3KCnJIY&T8QHH CHCTeM, 6nK3KlifX K pac­
CM8.TpHBaeuoM}'. 3KcnepTH3a ocymeCTBnRnacb HH)lHBK.JlY6nbHO MeTO)lOM 
nonapttoro conocTaaneHHR noKasaTeneR. 

Cpe,D.Hee ap+eTKQecKoe sttaQeHne aeca i -R xapB.KTepHCTHKH 
no MHeHHJlM acex sKcnepTOB onpeAen~ no iP<>PMJlne 

"' L K(j,i) 
t 

111 
K(iJ = (1.6) 

r.ne K(j,i}- eeca HnH paHrH noKasaTeneR KaqecTsa; i - HOMep si<c­
nepTa( i = I,2 ... ,n1 ); j- HOMep noi<asaTem1 ( i "'1,2, ... , m). 
Ilonaraew, QTO HCTKHH00 3H6Q0HHe HCCne,nyeMoR aenHQHHbl H8XO~TCR 
BHYTPH p.HanasoHa OQeHOK H QTO o6o6~eHHoe KonneKTHBHoe i.meHKe 

RBnReTCR BnOnHe )lOCTOBepH!ilM. 
CTeneHb cornacoeB.HHoCTH sKcnepTOB OQeHHBaeTCR CTaTHCTHQe<r 

KHMH K 3BpHCTKQ0CKHMH noKa:saTenJIMK. CTaTHCTHQeCKHMK noKa3aTe­

nJIMH RBnRIOTCR )lKCnepcKa H KO~~eHT B8~H~H. 
Ilo K8.llt,llOM)' OQ0HHBaewoa.ty ¢a,KTopy j )ll4C00pCKR B0COB OQ0HOK 

&KCOepTOB 

' ~::: 

"' . a L [ K(j,i)-K(i)] 
t 

m 
(I. 7) 
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H K03~HqKeHT BapKattHH J -ro noKa3aTeM 

(i; 
tr:=-'-
I K(i) . (I.8) 

OxoHqaTeJibHble B~BOJlbl o cornacoeaHHocTH MHeHHR 3KcnepTOB 
~PMKPYDTCJI no o6~eR COBOKyrrnocTH X8paKTepHCTHK H ~Topos c 
nOMO~D 3BpHCTHQeCKHX noKaaaTeneR. 3spKCTHQeCKHM noKa3aTeJleM 
JIBJlJleTCJI KO~m.µteHT KOHI<Op)le.qHH (cornacOBBJiHOCTH) HnK KpHTepHR 
KeHAanna /117,68 I ,,, 

12£d, IN'= __ 1 _____ _ 

n:(m 1-m)-n1 ET; ' (I. 9) 

r}le di :i s,-s - OTRJlOHeHHe cyMMW paHrOB OT Cpe):tHero apHifil.leTHQec­
Koro 3HatJemm; St= E Pt - cy~a pB.Hroa no j -R xapawrepHCTKKe; 
s=ESi/m - cpe,[tHee apH41MeTH1JecKoe aHaQeHHe CYMMJil .PB.HroB no 
sceM noxaaaTeJIJtM; Pt - pB.Hr oqewo1 Bee a j -ro noKaaaTeJia; "TJ = ct ( iJ-il) - noxaaaTeJlh CBJl3.HOCTH paHrOB; i1 - QHCJlO CBJl38Ji­
Hlix p&Hros B I -R rpynne; L - t1Hcno rpynn PBJiI'OB. 

Pe3ynhT&TY o6pa6oTKH MHe!Udt aKcnepTOB AaHW s Ta6n.I.I. 

Ta611Kqa I.I. 
PeaynhTaTw paHlltHpOB&HHJJ noxaaaTeneR ~KTHBHOdTH 

CMCTe.Mll nepe}laQH 3HeprHH 

PB.Hr I 2 

"Bee" 0.381 0,333 

Tor}la qeneB8JI ~YHKQMJI (l.5) aanK111eTCJ1 KaK 

K1 = c,, p' f i) + c,, 't' + C11 m: = 
=0.J81p'fi}+0,!33't'+0,21Gm~. 

Mace a 

3 

0,286 

(I.IO) 

2- I3I 
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Pe3ynbTaTw p8.HllU!poBSHHH H K03(f¢K4KeHT KOHJ<OPA8J.IKH ':/./ •0.l'IJ 
noKa3WB&Xl'l', vro HH Ol\HH K3 r.oKaaaTeneA He o6na,naeT RBHlilM npeH­
My~eCTBOM nepe,n APYrHMH, trro coOTBeTcTsyeT cno~usmeAcR np8J<TH­
tce cpaBHHTenbHOro 8.HaJIH38 pasn1ltnib1X CHCTeM r.pHBOAOB. 

I.3.2. ~YHKl.IHOHanbHNR aHanHa CHCTeM nepeAaq11 
3Heprmt 

3KcnnyaT8J.IHOHHble CBOACTBa HBJIJllOTCR BWXO,nHhlMH napaMeTpaMH 
CHCTeMbl . Ann Toro, ino6w yqecTb np11 CHHTese yposeHb ~YH~Ho­
Han&Ho...CTPYKTYPHoro coeepmeHCTBa HnH opraHH3088HHOCTM CHCTeMbl, 
Heo6xo,D.MMO 04eHl!Tb M eeyTpeHHHe xapaKTep11cTKKH CaMHX CKCTeM 
nyTeM HCnOnb30B8HHH ~YHKl.IHOHanbHO-CTPYKTYPHOrO nOAXOAa. 

l»yHKl.IHOHanbHO-CTpyKTYPHblA no,nXOA c OAffOA CTOpOHbl KOHl.leHT­
pKpyeT BHHMQHH0 Ha 06!11,JiOCTK ~YHKI.IHA, noaeonneT B TeXHHQeCKHX 
CKCTeMax • HMel>UlHX ~YHKl.IHOHanbHY~ npHpOAf, OXB8Tbl68Tb pa3H006-
pas.He npoTeKalll!lHx e HHX npoqeccos, npH 3TOM o6'1>ElKT paccMaTpHea­
e-rca He B ero KOHKpeTHOA ~pMe, a KEJ< COBOKYnHOCTb ~YHKI.IHA. c 
APYroA CTopoHN, nocKonbKY ~YHKQHK peanH3YklTCR JIHWb e CTPYKType, 
noseonReT a6cTpar11pyHCb OT CBff3eA CKCTeMLI c BHemHeA cpc,noR, 
K3YQllTb cTpyxTypy CHCTevu, T.e. sneMeHTbl K HX eaaHMOCBH3K eeyT­
pH CKCTeMLI. 

)J,Jin npose,neHHR ~HKqHOH8nbHO-CTpyKTypHoro attanH3Q CHCTeM, 
B COOTBeTCTBHK c orpattKQeHHeM o,,,. Ha KX CTpyKTYPY.o npeAB8p11'1'enb-. ..,, .. ~,.-
HO paCCMOTpKM ycTpORCTBOCMCTeMbl sneKTponp.HBOAa,K MeXattHQeCKOR. 

CwcTeMa $1 aeTottoMHoro sneKTponpKeo,na npeACTaenneT co6oR 
COBOKynHOCTb ycTpORCTB AJlJI npeo6pa30BQHWI H nepeAaQK 3HeprKH 
nocpe,ncTBOM 3neKTpoMarHKTHoro nonn. OHa cocToKT K3 CKHxpoHHoro 
reHepaTopa aBTOHOMHoro nKT8.HYff, no,DJ<nDQeHHoro K TpaHCMHCCKK T 
Tp&K'!'opa, xa6enbHOA nHHHK !, CJtYllt&~eA ,nnR nepe,naQK 3neKTpKQeCKOA 
aHeprKK K acMHXpoHHOMY ,neKraTenD M H npKeo,na pa6oqero opratta, 
6noxa xownayHJJ)lpoBaHIUI ER, no~epl!CMB8.1Xllero Hanp.lll!teHKe reHepaTopa 
B ,nonyCTKMWX npe,nenax npK K3MeHeHHH eenKQKHW TOKa H KO~KI.1HeH­
T8 MO~OCTH ,nsyraTenJI, 8BTOM8Ta Q~ ocy~eCTBnJlllW.Q['O OTKJIDQeHKe 
qenH K MB.KCHMan&HJ'D TOKoeyo sam;rry, uarHHTHoro nycKaTena KM 
Anff ,IUICT&.HqHOHHOrO ynpaaneHHR sneKTponpKBO~OM H 38~T~ ero CT 
neperpyaoK, 3~HO-OTKn~QaDUJ.ero ycTpoACTsa 30YI1, o6ecneQKBax>-
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atero llBTOMaTKQeCJCOe OTKnDQeHHe aneKTPOYCT8.HOBlCll npH 1103HKKHOBe-
HHH ycnOBHA nop8llteHIUi ane~pKQeCKKM TOKOM, a TaJ<Jte aneKTpOH3Me­
pMTen~HYX np116opo» (pHc.I.3,a). 

CHcTeMa Sr 0611ewHoro rK,llpD.BnKqecKoro (rKAPOCT&THQecxoro) 
npKBOAa npeACT&BnneT co6oR COBOKYOHOCTb ycTpOACTB ,!VIR npeo6pa-
30Ba!U(R w nepeA&T.lK 3HeprKW nocpeACTBOM pa6oqeR g11,!U(OCTK llOA 
A&&neHKeM. B TaJCoro poAa CMCTeMax acnonbaya7r 06beMKJo1e rKJij)OMa­
mHHY , pa6oq11R npoqecc KOTopwx OCHOB8.H Ha nonepeMeHHOM sanon­
HeHKK pa6oqeA KB..Mepbl llJ.!)lKOCTbtl H Bh/TeCHeHIUf ee 1'13 pa6oqeR Ke.Me­
pw. ~na np~BOAa pa60QKX opra.~oe cenbCKOX03RRCTBeHHWX MamKH, 
KCOOnb3YIOT npOCT~e cxeldhl pa30MKHYTOro rKJij)006beMHOrO npHBOAa. 
COCTOR1Jlero· H3 Hacoca I, OOAKnDQeHHOro K TpaHCMHCCKH TpaKTOpa, 
aacacweallatero pa6oqyD ~K,!U(OCTb K3 rKJij)06aKa 13 no ecacweal)ateA 
l'KAPOnHHHH 14 H HSI'HeT&llatero ero no >1anop>10'1 rH,npOnHHHH 2 B rH­
Jij)OJlB•:raTem. 8 npMBOAa pa6oqero opr8.Ha, npeo6paay1>atero aHeprH1> 
noToica pa6oqeA ~JlJCOCTW B wexa.H11qecicy1> aHeprHll, OTKYAa oHa no 
CnHBHOA rH;ij)OnKHHH 9 B03Bpal!IPeTCR B 6aK (pKc.I.3,6).Mell,lcy Haco­
COM K l'H;ij)OADKraTeneM BKnl)qal)T rHJij)OpacnpeAenHTenb ?, Ha3H&Q0-
H.KeN ROToporo aenaeTca H3MeHeHHe cornacHo BHeUIHewy ynpaenlUXlle­
wy B03A€RCTBKtl HanpaeneHHJI ABH~eHKa OOTOKa l!GIAKOCTK, T.e. B 

,[laHHOM cnyqae AnR BKnDQeHKa H OTKTJJQeHHa rHJij)OMOTOpa. IlpeAOxpa­
HKTSJlbHLIR KnanaH 3 orp8.HKQKBaeT sepXHHR npeAeJI A&BJieHKJI B CKC­
TeMe. I'H.npaBJIKQeCJCKR &KJtYMYnaTOp 6 H&KanJIKBaeT noTeHI.tK&nbH)'tl 
stteprKD lllilAKOCTK, K ucnon&ayeT ee a cnyqae KpaTicoapeweHHoro 
nOBWllleHHa KHTeHCKBHOCTK pa60TW rHJij)OABKraTena K npH nOHKJteHKK 
pacxo~a Hacoca, a TSJ<Jte ywettbalaeT nynbCaqHK AaaneHHJI » CKCTeMe. 
06paTHLIA ·.KnanaH 5 cnylll'.KT Ana nponycK&HIU! pa6ooqeR &HJ!J'OCTK TOnb­
xo » O,!UiOM HanpaBneHICll. )J,na OQKCTKK pa6oqeR lltHAKOCTH OT aarpu­
Hel:ildt Ha cn11sHoR r11,npo1111H11K ycTaHaBnKBaeTca ~HnbTp IO. ,ll.na KOH­
TPOJISI 3n )48.BneHHeM B HaDOpHOA rHJij)OnKHHK Hacoca cnyJWT M8.HOMeTp 
4, TeunepaTypa pa6oqeA ZH,!U(OCTK B rM,npo~axe H3MepaeTCR AHCT8.H­
~HOHHWM Te~1oueTpow II, H&..1HQHe l!CH,AKOCTH ~now I2 /I, fJ, f".fG,'t1.U/. 

CHcTeMaS~ wexaHHqecKoro npKBOAa, aTo coBoKynHOCTb ycTpoa­
CTB Alla nepeASQK MeX8.HKQeCKOA 3HeprHH, COCToamBJt K3 KSPASHHhlX 
eanoe 3 AJUI nepeAaqw apalli,8.DQero uoweRTa noA nepeweHH!.IM yrnoM 
H DO,AKJI~qeffiililx MelKJl.Y TpaHCMKCCKeR T TpaKTopa K eanow 5, a TaK­
llte Mel!l,lly APYrKM eanow 7 K pa6o"tlKM opra.HOM PO, WPHJUlKOHHOA MY~ 
Tbl I }J,}la npeAOxpa.HeHKJI CKCTCMl>I OT paapymH'l'enbtWX HarpyaoK, ye-
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PMc.I. 3 . flpMHU~mwenbHble cxeMbl CKCTeM nepenaqK 3HeprKw. 

a- CKCTeMa 8DTOHOMHOro 3neKTpOnpKBOA8;6-cKCTeMa 
o6DeMHOro rMAPOnpKBOAS; B-MeX8HHQOCK8fl CKCTeMa. 
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TpoRcTea 6 cornacoBB.HKR CKopocTeR spa~eHHR BOM TpaKTopa H pa6o­
qero opratta (pc;;.yKTO~, peMeHHrut Hrrff 4e11Ha.R nepeAaqa), coe.D.HttK­
Teni.Hllx MY¢T 2 Y. no.D,lllKfllillKOB 4 , 06ecne1rna8..lllll.11x ~ .. 60Ty AJIHHHWX 
sanos (p11c .• I.3,s) / f,20,S2,53 / . 

KpoMe nepeQKCncHHhlx 3neMeHTOB CKC~lhl COAepllta.T nepeAaqy 
Mel!t.AY Tp8.HCV..Y.CCffeR T w MamHH!UlH, nnowa,n,1m AM ycTaHOBKH M&aHH, 
ma~ .o.nn npH6opoB K o6opyAOBSJrnR, ycTpOACTBa nOB~'tilax>t:Ufe 6e-
30naCHOCTb CHCTeM H HeKOTOpble .o.pyrHe anewettTbl. 

KoM!lneKCHhlA aHanHa npKee.o.eHHhlX CHCTeM nepeAaQH 3Heprww ~ 
wccne,u.oerurne HX CTpyKTYPhl K q,yHK411A npoBO,!U™ nYTeM npe.o.cTasne­
H~R ffX MOAeRSUJl4,nonyQaeMblY.ff c noMOtIU>IO p8.3DHQHlJX MeTO,ll.OB onuca­
HHR. Bocnoni.ayeMcn on11cattweM c11CTeM: cTpyKTYPHllM, ~YHKQHOHanb­
HllM ff ~YHK4ffOHanbHO-CTPYKTYPHb1M. ~oe H3 HKX nopOJK,[iaeT COOT­
BeTCTBY1JlllHe BffAbl wo.o.eneA: - CTpyKTYPJiYIO, WYHK4ffOHanbJiYIO ff ~YH­
K41toHanbHO-CTPYKTYPHYJO /fl,Zf,"'·'"/. 

CTpyKTYPHOe onHCB.HHe CHCTeMbl, opKeHTHpoeaHHoe Ha MaTep11a­
anbHOe cTpceHHe o6DeKTa, ocy~eCTB.KM nocpe,u.cTBOM rpatI>11qecKoA 
CTPYKTypHoA MOAenH - ynopRAOQeHHoro 11ao6plll!eHKB aneweHToe cwc­
TeMbl ff OTttomeHKA we~.;zy HHMH, AB.ll~ero npeACTasneHHe o MaTepwani.­
HhlX COCTaBnRIOllUiX o6DeKTa, ffX OCHOBH£1X B3affMOCBR3RX ff ypOBHRX 
ffepapxffff. CTpyKTypHan Mo.o.eni. CffCTeMbl aeTOHOMHoro aneKTponpHBO­
.o.a, COCTaeneHHaR Ha OCHOBe ee npffHQHnHanbHOA cxeMlil,npHBe.o.etta 
tta pffc.I.4. 0Ha HMeeT BHA CBR3HOro rp~ Tffna ,u.epeea, OCHOL8.HH­
eM KOTOporo nenRIOTCR KOMnneKCbl npeo6paaoBaTenn MeXB.HHQeCKOR 
aHeprs,rn B aneK'rputlecKylO, annapaTyphl ynpasneHHR H aa11U1Thl, ycTpoA­
CTea nepe.o.atlH aneKTpHtlecKoA aHeprHH H npeo6.,aaoeaTenn aneKTpM­
tiecKoi:t aueprHff a a.1exB.H11qecey1>. KoMnneKcbl e caolO ollepe)U> co,u.ep­
~aT KOMIIneKTbl ClUiXpOHHOro reHepaTopa, EOHCTpyitqHK AnR np11coe­
AHHeHHR reHepaTopa x Tp8.HCWHCCHH, nycKOSSCIWTHOA annapaTypw H 
KOHCTPYK4HH .o.nn np11coe.D.ffHeHHR ,o.e11raTenn K pa6ollHM oprBHaM,,Kow­
nneKTbl O,IJ,H03H&'ffio pacna.o.all'l'CR Ha c6opotiHble e,u.HHHQbl 11n11 aneMeHTW: 
CHHXpOHHblR reHepaTo~. 6noK KownayH)l,MpOB8.HHR, nnoma,11.Ka H .o.pyrKe. 
Kax BMAffM ' Mo,o.enb He co,11.epl!UiT KOHTypoB K nepeKpeCTHblX CB.fl3eA we­
'11'.JJ.Y aneMeHTawH paanHllHllx ypoeHeA K npe,11.cTaenneT co6oA "cKeneT" 
CKCTeM~ co CTporoA M OAH03HallHOA conO,U.llKHeHHOCT b~ MaTep11anbHblX 
aneMeHTOB , pacnonO'!K.SHHblX no ypOBHRM MepapxH~(KOMnneKC~ - KOMrI­
neKT~ - c6opollHble e,11.HHHQbl). 
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CTpj'l(TypHb!e MOAenK CKCTeM o6'l>eMHOro rKp.ponpKBOAa ~ Mexa­
HHqecxoR, TaK~e nocTpOeHHhle no HX npKHQKnhanbH!ilM cxeMruA, Aatw 
Ha pHc .I .5 K I'.6. KonK4ecTBeHHO CKCTeMa 311e KTponpKBOAa cocTOHT 
H3 26 , rH;i.ponpHBOAa - 28, MeXaHK4eCKaq - 7 311eMeHTOB. 

CTpyKTypHaf[ cxeMa OTp!ll!tB.eT HaH6onee ycTORBmKeCR, cTaTK4ec­
KHe CBJl311 B Cl-ICTCMe • .QononHHTellbHLle CBeAeHHR 0 CBORCTBax CHC­
Te).'.hl !.10l!CHO nony41iTb 4epe3 WfHaMH1lec1:rne CBR3H. AeACTBKR K B3aK­
MOAeV.CTBHR, KOT Opble npOKCXO)l.RT B npoqecce 4>YHKQKOHKpOBaHHR CKC­
TeMbl. Bo3MOlltHOCTb n03HaHM 3TKX ceoAcTe B 6onbllloA Mepe noRBnR­
eTcn npH ¢yHKQHOHallbHOM onHCaHHK CHCTeMbl, T.e . norHlle CKOM onH­
CaHHll, 4>oP~lJ'1U!pOBKe H onpeAenet111H B3aHMoce113eA WHKQHl:.\. ,!Vt11 
3THX ~eneA Ha rrpaKTHKe HCnOllb3YDT cneJ!Yllall1e MeTO)l,bl: npo4>eCCKO­
HallbHOro attan11aa,"11epHor'o ffilU'IKa", nor1111ecKoA qenollKH. 

OnpeAeneHHe ~YHKQH" MeTOAOM npo4>eccKoHanbHOro aHaJ!H3a npo­
H3BO)l.RT Ha OCHOBe onhl'ra, MH0HKA K n03HQKR rpynnLI cneq11anKCTOB. 
Ilptt MeTOAe "uepttoro RUUfKa" npeAnonaram , llTO lf!YHKQliR 11enReTCR 
npoReneHKeM noeeAeHKR o6'DeKTa B onpeAeneHHLIX rpaHliQaX B peaynb­
TaTe TpaHc~pMaQKH BXO)l.HblX B011K4KH B BblXO)l.Hble. IlpKHQHnKallbHUe 
4>YHKQHOHanbtwe cxew.bl CKCTeM nepeAa4H 3HeprHK, nOCTpOeHIWe 3THM 
M0TOAOM, Aalibl Ha pKC.1.7, OHH Aar.l'l' o6o6m.eHHoe npeACTaeneHKe 0 
npKHQHne pa60Tbl CHCTeM. 

B paccMaTp11eaeMOM cny11ae, AJIJI HaH6onee nonHoro 4>YW<QHO­
HanbHor o onKCaHHR CHCTeMbl, qenecoo6pa3HO HCnOllb30B8Tb MeTOA no­
rKll0CKOR qenOllKK, OCHOBaHHWR Ha nocTeneHHOM pacKpbl'l'HK BCeA qe­
nK nocneAOBaTenbHO cena8.HMbJX 4>YHKQKA, xapaKTepH3Yllall1X CTPYKTY­
py aHanK3KpyeMoro o6'1>eKTa. Ilpu 3TOM norK40CKOe onHCB.HHe H CKC­
TeMaTK3~HD 4>YHKQKA o6'beKTa BblnOllHReM Ha OCHOBe A}farpaMMW ~yH­
KQKA, npoqeJ!Ypa nocTpoeHKR KOTopbtX o6o6m.etta B MeTOAKKe FAST 
( Functiottal .Jnalgsis System r.cn,,igut) npeAllOl!teHHOA r .B3A­
Ty3eM. Ha116onee Ba&Hli!M npeHMym.ecTBOM 3TOA MeTO,[UfKK RBllRe'l'CR 803-
MOXHl)CTb npHMeHeH.M npmnvmoe ·,1teTepMHHHpOB8.HHOA norKJ:<K AJIJI 4>op­
MallH30BaHHOro nocTpOeR.HR ~HKqKOHallbHlJX ~O,JteneA CHCTeM c B03Moa­
HOCTb~ AOCTHlleHHR Tpe6yeworo ypoeHR a6cTparKpoeaHHR I t& / . 

)J.KarpaMMa ~HKQKA CHCTeMlil aBTOHOMHOro 3110KTponpHB OAa , no 
cTpoeHHa.ir no MeTo.izy FAST noKa3B.Ha Ha pKc.I.8. P8MKK HccneJ!Ye­
MoR CHCTeMW orpaHKqHBaew BepTm<&llbHLIMH nyHKTKpHhlMH llHHH.RMH. 
IlpaKTKlleCKHM KHCTpyMeHTOM onpeAeneHIUI B3aKMOCBR3K ~YHKQHR RB-
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05beMHblH rH)JPOflPHBO/l, 

flpeo5paJ06ameA1> 
1'fex. 3Hepzuu 6 JHcp­
ZUffJ nomo1<a JK uiJK. 

Pa5ovaR >KuiJ1<ocm1> 
11 ycmpoiicm6a ee 

xpaHeHUR 

KOHetnp!JK~UJI KOl<ln/IPKm MR npUUHUHl!HUR 6aKa zu8p111t1c1Ca 

finnapar gnpa6/leHul 
u npeooxpaHf!lfu.11 om 
a6aputiHblX pe>Ku1106 

ruiJpOH(ICO~ I 1-1 n11o~oiJ1<a I flllO"'a8Ka f?topacnpe-
6aKa e11Ume/11> 

My!pma PeigKmop 6aK j flpeiloxpaHum. 
anaH 

Ycmpoticm6o 
mpaHcnopmupo8Ku 
pa5oYeti )f(uiJKocmu 

I I 
Tpy5b1 I 

Py1<a6a 61>1co- I 
l<OZO 806/ll!HUJI 

KOJl<flX KapilaHHblU Ja11u6Hati ROKK!JMY- H 4 KpeneJK I Hytpmbl 6a11 tpU/lbmp mop 

/rO)l(!JX KapiJ. Pa5o'lu 05pam1t"1ii I 8(1Jla JllU8KDC/11& K/IGllOH 

TepHoHemp 1-Lf l#yn I 

npeo5pa306ame111> 
JHepzuu /IOTOKO )/(/JOK. 
6 f'lleXUHU~JHepzuJO 

11 l<oHcmpy1<uuR iJn.v npucoe8uHeHuR 
zu8poHomopa 

I ru8poHomop 

I fl1101J.(a81<a 

I flepeila'la 

I /(O)l(!i.X 
nepe uvu 

PHc.I.5 . CTpyKTYPHB.JI wo~en& CHCTeMbl o6i.eMHOro rH1i.ponpHBOAa . 
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MexAHlf4/eCKHH nPHBOP. 

BM fi08UJUnHUI( 

CmoiiKo 
noilwunHuKa Ko>Kyx 

PHc.r.6. CTPYKTYPH8.Jt MOAen& cHcTeMlil 
MexaHHlleCKOI'O npHBOAa. 

nepeOava 

nneTCn nOBTOpfieMe.R nOCTBliOBKa AByx OCHOBHl>IX aonpocoB "nolleMy?" 
H nKaK7", KOTOpWMH OnpeAennlO'rCfi HenocpeACTBeHHO npe)l,llleCTBYl>UlBJI 
K HenocpeACTBeHHo nocneAY~tUBJI ¢YHKQHfi!-qTo6w ewnonHHTb TeXHono­
I'HlleCKHR npoQecc He06XOJl)IMO npHBeCTH pa60llHR opraH.-KaK?- Ilepe­
AaTb K He.ay v.exattHllecKyD 3HeprHD OT BOM TpaKTopa.-KaK? ~ llpeo~ 
paaoBaTb AOCTaaneHHYD 3neKTpKlleCKYD 3Hepl'Kll B MeXaHHlleCKyD.­
Ka.K? - IlepeAaTb 3neKTp11lleCKYD 3HeprHD K npeo6pa30BaTenD.-K 81<?­
Ilpeo6p830B8Tb ~eXaHH'leCK}'D 3HeprMD B 3neKTpHQeCKyll.- KaK? -
CttnTb MeXaHHlleCKYJO 3HeprHD c BOY TpaKTopa . IlepellHCneHHble ~H­
KQKK o6naaTen&Hl>I JJJIR peanK38,QKl1 rnaBHOR ~HKQHH CHCTeM!il H RB­
nfiJOTCR OCHOBHb!MH, n11HHD, H8 KOTOpoR OHH pacnono~eHN H83~B81)T 
KpHTHlleCKKM nyTeM. Jlio6an ~YHK!tKfi, H8XOAfim,aJICfi H8 Aff8I'pB.MMe 
cnpaea KnK cneea OT attanH3KpyeMoR, RBnfieTCR ¢yHl<lµ!eR COOTBeTCT­
BeHHO 6onee BWCOKOI'O KnH 6onee HH3KOI'O ypoBHR. IlpaBHnbHOCTb 
pacnono~eHHR ~YHKQHA RpKTHlleCKOI'O f1YTH npoaepReM, 38.,IJ.aB8.Jt son­
poc "nolleJ.tY?" H ABKI'8.JtCb npK 3TOM B o6paTHOR nocneAOB8TenbHOCTH: 
-CHJ1Tb Mexatt11qecKyD 3HeprHD c BOY rpaxTopa.-IlolleJ.tY? - 4ro6~ 

npeo6p830B8Tb MeX8HHlleCKyD 3HeprHD B 3neKTpHlleCKyv. - IlolleJ.tY?­
qT06~ nepeAaT& 3neKTpHQeCKyll 3HeprHD Ha paccTontt11e, 11 T.A. Son­
poc "KorAa" no3eonneT e~nBHTb acnov.oraTen&>We ¢YHKQ1111, ewnonttn­
eMli!e O)l,HOBpeMeHHO c TOA HnK HHOR ~HJCIµleA KpKTHlleCKOI'O nyrH HnK 

2- I3I 



- 2? -

Hex flpeoopa;o6oHue 3.!lexrp. nepeilo'la JAeHrp. flpeo5paJ06011ue 

3HepzuR 
Mex.11<epwu 6 3HepZUll 

3Jlei<mpuYeCKoti 
JHepzUR 

3/lexrp. 11<epzuu 
311exrp. JHepzu!O 3Hepwu 6 Hex. JHepwlO 

a 

Mex. flpeoopa;o6oHue J11epZUJ1 flepeiJaYa JHtPZUR flpeoopaJoaaHue 
Hex. JH·ZU/J 6 Jllep- pa6cYeti JHepzuu nomoxa 

JHepw1 lUJO noro11a )l(UiJJC. notnaKa )l(UdKOCmu nomoxa ;Ku811.d Hex.3/lept 
)l(U0K. )1(1./ilx. 

5 

Hex. flepeilal/a Hex. 
11exa1<u11ecKoii 

JHepzu11 3Hepzuu 3HepzUll 

6 

PKc.I.?. IlpKHqMnManbHble ~yHJ<qMoHanbHble cxe'11i1 
CMCTeM nepeAaQM 3HeprMH. 
a - CHCTeMa aBTOHOMHOro 3neKTponpKBOAa; 
6 - CKCTewa 0611ei.moro rHAPOnpKBOAa; 
B - MeXattHQeCK8.JI CKCTeMa. 

Hex. 
JHepzUA 

f'tex. -3Htj)WR 

o6ycnosneHHHe eD. TBJ<, Kpowe s1i1nonHettMn ocHOBH1irx ~~HR, cHc­
TeMa BAOnb ecero KpHTMQecKoro nyTM, AOJll!Oia o6ecneQHTb 6e3onac­
HOCTb M YA06CTBO o6cnyl!tHB8.HHJI, ,IVIB nonyQeHMB 3neKTpMQeCKO~ 
3HeprHH He06XOAKMO ycT8.HOBHTb npeo6pa30BaTenb M ocy~eCTBHTb 
xownayH,Q.HpOBaHHe ttanplllleRHR, npM nepeAaqe sneKTp03HeprMH o6ec­
neQHTb 3a0Uf'l'y anexTpoo6opyAOB&HHB H KOwwyT8.QHD, a Ta.KJte cTeneHb 
ceo60A111 pa6oqero opr&Ha, H H&KOHeq, tno61i1 npeo6pasoeaT& 3neKT­
pHQeCJCl'D sHeprlCJ) s weX&JU1QeCJCYD cne.IJYeT o6ecneQHTb ycTaHOBK)' 
y pa6oqero opratta ABHraTena. 

,llKarpaMMW ~HKQMA APYrHX CMCTew, noCTpOeHHWe aHan11rHQHO, 
np11BeAeH1i1 Ma pKc. 1.9 K I.IO. 

Ha OCHOBe CTpyKTypHOR MOAenH M ,Q.HarpalOW ~ytU<.qMR CMCTeM 



np116eCD1u 
pofio'111iJ 

Op UH 

I KOK? 

nepe8am1> 
11ext/Hlll/tCKYIO 

JHepZUIO 

KpumuvecxJJJi 
nymb \ 

05ecnevum• 
!l_CJn(IJ(fl4K!/ 
16uzamuR 

flpeo5paJo6amb 
iJocma"llltHHYIO 1.11. 
31/epzwo ~ Hex. 

Koz8a? 

05ecneYumb 
cmeneH• c4o5oiJ1i1 
pa50YtZO opZDJIO 

nepe8amb 
JJreKmpU'll'CK!JIO 

3Hl'PZllJO 

llfil!ClleYllT• JQU{U-

1~ 311. oiopy"doloN. 
II KDlflf!Jm04JJJ0 

05tcllfllum• Haae)(JloCJfl., 

flO'lf!"1JJ? I -05ecnevum• 
!JC!TIOHOIKy 

npeo5pD.Jo6ameJJR 

flpeo5pa106amb ffi CHJ//Tlh Mf!XOHUll. 
11ex. 3Hepzwo 8 JHepw10 c 80"1 
JAeKmPJJ'feCK!J» • mpo11mopo 

j 05tcne¥um1> 
KOHnagHiJupo6. 

llOflPRJKeHUA 

-----t filJDlll1CllOCllJb, JKOHOHU'IH., t-------' 
yi!o5cm6o 3KCl/A!JOll10q/JU 

PHc.I.8. ,AMarpSMMa ~YHJ<QHH CHCTeMH aBTOHOMHoro 3neKTponpHBOA8 
(no weTo,ny FAST ) , 

I 

l\:> co 



flpu6ecmu 
pa50YUU 
opzaH 

KaK? 

flepeiJam1> 
HeXOHUYfCKJllO 

3HepZUIO 

l(pumu'ltCKUU 
HIJfllb 

Kozoa? 

05ecnevum1> 
y_cmaHOBK!/ 
iJ611wmeA11 

06ecnevum& npeiJoxpa11e-
1111e om a6apuiiHhlX pe­
:KUHo6 11 ynpa6.ne11ue 

flpeo6pa:106omb 
111. noTDKa iJocra41t. 
pai. Jl(UiJK. 6 Mex. 

C1111mb 
pa50YJllO 
JICUiJKOCPlb 

Tpa11cnopmupo-
8amb pa5oyy10 

)l(lfiJKOCmb 

05ecnevum& 
cmene111> c6o6. 

po5011ezo DpZOHQ 

OXAaoum1> 
paoovy/O 

}l(IJOKOCR1b 

nove"'!I? 

05ecnevumb 
ycma1106Ky 

ZliDpOHOCOCO 

fipeo6paJo8amb J==H (1111mb 11exa11u11. 
Mex. 3H. 6 111. noro JHepzulO c 801'1 
KO po5oYeii )l(uox. • mpaKmopa 

floiJ11JT11> 
po5D'IJllO 

Jl(UiJ1(1Jt;mb 

05ecnevunu. HaiJeJK11ocm1>, 
'------161!.IonacHOCmb, :JKOllOHUVH., 1-----J 

fllo5cm4o 3KCf1/1!/atnO/IUU 

PHc . I . 9. )lMarpaMMa WYHKI.lKK CKCTeM~ o6'beMHoro rH.n.ponpKBO~a 

(no weTo~ FAST ). 

I 

N 
<D 



Rpa6eCJT11J 
pa5ov11u 
opzaH 

I Ka1<' -05tcnevumb nepeia'I!/ 
f'(f!XQH/J'I. NOHeHma noi 

nepeHeHHblM !Jl!IOM 

Kozia? flOYelf!J? I 
.--------~ 
05ecne¥um6 J014, 
m!f onf o6apuu­

Hb/X pe:lf<U/'106 

CHRmb MexaHU'I. CoZJ1ac16amo 
I I • I cxopocm11 60Aa 

nepeilamb 
Hf!XOHIJYeCK!JIO 

JHf!{JZIJIO 
I I I JHf!PWJO c BOM 

II pa5o'I. OpZllHO 

06ecnev11m11 KpenAeHue 
nepeilavu Ha itecyw.eu 

KOHCfllP!JKIJ,1111 

05ecne¥11mb HoiJe)l(HOCmo, 
5eJonOCHOCmb o5CJJg­

)KIJ8UHll/I 

mpa1<mopa 

PKc.I. IO. ~Karpa.MMa ~YHKQKK CHCTeMbl MexaHKqecKoro npHBOAa 
(no MeTOAY FAST ). 

w 
0 
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CTpOHM ¢YHK4HOH8JlbHYD MOAenb CMCTeM CTp011l.1 ¢YHKl.lHOH8nbttyC ~o­
AeJib CHCTeM nepeA81.1M 3HeprHH - norHKo-rpa4}Ml.leCKOe H306pa..~ell!e 
COCT8B8 H B38HMOCBJJ3eA ¢yHK4HA o61'eKTa, nony11aeMoe nyTeM HX 
~PMYJIHpOBKM M ycTaHOBJleHHJI IlOpSl,D.K8 IlOAQMHeHMR . 

fnaBHhlMM npMH4J1Il8.MH ~pMHpOB8HHJI 4>YHJC4ffOH8JlbHOA MOAeJIH JIB­
J1100TCJI ! COOTBeTCTBMe BblAeJIJJeMOA ¢YHKl.lMM KaK qaCTHlilM qenJJM A8H­
HOA COCT8BJIJJKlaleA CMCTeMbl, TaK M 0601HM qen.RM CHCTeMbl; l.leTKaJI 

onpeAeneHHOCTb cne411¢HKH AeAcTaMa, o6ycnoanHaa~x ccAep~attMe 
BblAenJJeMoA 4>YHKQHH; co6nDAeHMe cTporoA cornacoaaHHocTM qe nen M 

38Aaq, onpeAeJIHBID.HX BWAeJieHMe A8HHO~ 4>YHK4HM, c ,n.eACTBHRMH, 
cocTaBnJJJOCUHMH ee co,n.epl!t8HHe / 'tS /. 

~yHK4HOH8JlbHble Mo,n.enH CHCTeM A8Hlil Ha pMc.I.Il •.. I.13. I -A 

ypoaeHb MO,D.8JIM COCT8BJ1JllC11' rnaBHaJI ¢YHKl.lMJI CMCTeMbl. 3aK/l;ul.l8.IJQrul­
CJI B nepe,n.aqe 3HeprHM K pa6oqHM opraH8.M, M COilJ'TCTBYIOOU1e e A 
BTOpocTeneHHble ¢yHK4HH - o6ecneQHTb 6e30Il8CHOCTb 06c nyJK.11B8HHJI 
M o6ecnel.IHTb y ,n.o6cTBO 06cnyl!tHsam1J1. OTY. ¢yHKl.lHH JJBJIJJIO'rCJJ BHetn­

HHMM. ~HK4MM, xapaKTepH3YKlalHe nocneAOB8T8JlbHOCTb np?06paaoaa­
HMR H COOTBeTCTBylOOlHe npMH4Hny AeACTBHJI CHCTe~aJ,onpe,n.enJJIOT coc­
T8B ocHOBHWx ¢YHK4HA, BX0,11.fll!UIX so II ypoaeHb wo,n.enH. ,IV1~peH-
4M~MJJ CJIO!IMWX OCHOBHlilX (MaKpo) lPYHKQHA H8 BCilOMOraTeJlbHhlS 
(MMKpo) ¢yHK4HH npoMCXOAMT Ha ill H IY ypoBHHX ,n.o Tex nop, noKa 
OHM NOryT 6b1Tb 0IlMC8.Hbl npocTeAmeA TpH8ACA (BBOA, npe06pa30B8-
HHe, BblBO,D.). 

Onpe,n.eneHMe 4>YHK4ffOH8JibHOCTH H none3HOCTM MaTepM8~bHWX 
3Jl8MeHTOB CHCTeM, KOCB8HHyD 04eHKy MCilOJIH6HHJI ¢yHK4HA M ypoaHJJ 
¢YHK4HOH8JlbHO-CTpyKTypttoA opraHH3~MM o61'eKTOB npOM3BO,D.HM no 
COBMe~eHHOA ¢YHK4MOH8JlbHO-CTpyKTYPHOA MOAeJIH, IlOCTpOeHHOA nyTeM 
ttanoxeHHJJ 4>YHKl.lMOH8JibHOR Mo,n.enM tta CTPYKTYPHY~ (Ta6n.I.2 ••• 
I. 4). B Ta6nH4ax 3H8KOM "+" yK&3blB8eTCJJ yqacTHe Kaxoro-1rn60 
3JleMeHT8 B Bbll10J1H8HMM ¢yH1t4im . 

BwJJaneHHe CBRaeA MeJt;IY 31leMeHT8.MM CMCTeMbl OCYCl8CTBJ1Jl8M no 
N8TpMq8.M CBJJaeA "aneMeHT-3Jie~eHT" (Ta6n.I.5 ••• I.?), B KOTOpblX 

JIBHble KOHT8KTHble (¢M aMqec1rnA KOHT8l<T) CBJl3H OT~eqeHLI 6yxaoR 

"~". HeJJBHble KoppenJJQHOtilible (xocaetilible aoa,n.eAcTBWI) - "K". 
BttyTpM KM.,n.oA paaHOBMAffOCTM CBJJaeA Bbl,D.eJJJtvr ape,ll.Hble (-) ,HeAT­
panbHlie (:t), noneaHble (+), a Tane npm.we "Il", o6paTnble "0" H 
BblilOJlHeHHe 4>YHK4HM cor.'IaCOB8HHR "C". 



l'llc . I.II. ~OHAAbHOJI MOAen• CKCTewM SBTOHOMHOro 3neXTponpM80)!8. 

Ft - o6ecne11ltl'• nepeA•"Y wex111tll'leCKOll 3ttepr101; Fa. - o!Secne1111Tb 1e3onacttoCTb oCSc.11y&MB&H11.11; F, - 06ecne111ra yno6cTao otlcny•Mae­
HKJl; F,, - o!Secne1111T• ape0dpa30ll&Hlle wexattMllecxoft 3uepr11M a 3ne1CTp1Necxyo:Fn - 01ecne11MTb nepenn"Y 3nexTp1111ecxoA 3He~~MM;Fo -
u!Secne1111T• np11•0A pa6011ero opr&Ha; F111 - o<!ecne11wrb ynpauettMe 11 3a11111Ty 3nc1CTpoo!Sopy;:.oaattMJ1; F,.1 - npi:coe!lllHMTb rettepnTop x 
BOii. Tpanopa; F,. - o!Secnet111Tb 1te11eCTBO HMp.lllleHM.11; 1=,,. - o6ecne1111Tb np11coe.:u1ttett11e aaexTpo~av.raTen.11 x pa1011e11y oprlllly; F,,., -
o6ecnellKTb AllCTtlHQllOHHoe y npa1neK11e 311e11Tponp11aono11; F,..- o~ecne1111Tb 3811111TY 3JICKTpoo6opy;ioaaH11J1;Flfl - o1ecnellMT~ _3all!MTy OT 
nopu:eHIUI ueKTpM'll!Cl!kW TOKOM ; Fua - o!Secne•mTb 3811U!TY OT BpBlll8llJCllllXC.ll llBCTeA; J11tt - nepenaTb KPYTllCll1R MOMeHT OT BOii x peJlYX­
Topy; J,,. - cornacoaaT• cxopocT• 1paciett11.11 BOii H rettepaTopa ; J..., - ycTattoa11Tb pe:cyKTop M rcttepaTop; Jui~ - COt'l!l<IU!Tb ret1epa­
Top c peJ!YKTOpow; f- - 3Uplll'b BP!llll&llCUCeCJI \lACTll ; J- - npeo6 .. 83088Tb MeXBHM\lCCXyll 31.eprllll 8 3JleKTp!QeCeyS>; f.ut - o!Secne­
llMTb 1townayH.11l1Jl0111LHMe H8llp.llllC1tlUI; IHu - o!SecaellllTb XOHTpO~b 3ll BeJIMllllHOA Han~eHMll; J,,u -odecnellMTb XOH':'pOJlb 38 "'08CTOTOA 
HanpneHMJI ; 1- - nepenaTb 3A811TJlMllCClcyll 3Hepl'Mll ; s .... - odecne'UKTb CTeneHb c10601111 DOl4Bl!lO!blX 3neMeHT08 Hecyiiu1x XOIJCTPYKllHll 
M pa!So11ero opratta; f- - 38xpen11Tb xa<Sen• M 3Blllll':'llTI> ero OT we r.aH1111ecx11x noapeJ11.111•1111A; ltNI - npeo!Spa3088':'b 3nexTpM\Jec1tyri 
311epr111i 1 weXBHl!lleCJ!Yll: *- -ycTSHOBllTb 3nel<TpolUIMraTeni.; lou. - nepe11&T• xpyr1111111A woweHT OT J1BMr aTen11 x pa!So11ewy opratty; 
foa - 381tpWTb •pau111U1ec.11 "8CTM nepe,u1111 : fi.tt - o!SecnellMTb xon"')'TBllHll 3;u~xrp1111ect.MX qeneA; li~u. - o<Secae1111T& ynpaanett11e 

llOIOl}'TatlMOHHOA annaparypoll; ,,..., - 06ecne1111Tb yCTAllOBlly llOICM)'TOUIKOHHOA anr.apaTypw; f ..... - o6ecaeQMTb YCT8HOIK)' llHODOX yn­
paueHK.11; l...s - nitteCTM IUiOmtM yapa1.neHMJ1 • xa6MH)'; J,., .. - KOHT ,von11po88Tb u.11l'UeHHe 3,1eKTpo.UMrareM ; l1U1 - olSecne'IMTb 38-
llKTY OT xopoTKoro 38MMX8HIUI; l..u - o6ecaet111T• 38l:il!TY OT neperp;y30x; J,~ - o<Secne1111T& xoHTponi. HBrpy31tW reHepaTopa ; J,.H -
06ecnell11Tb OTltJllJlleHMe qen• llP• CHllDHJIM CODpoTlllJlelUUI H30IUlllMM. ' 

~ 
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Piie I.!2. ~OK8Xbll6JI woAenb CMCTcww o6"M:NKOro rK;i.ponp~aona. 
F1 - nei;enaTb wexa11Mqecicy1J 311eprMll; F, - o<SecneqMT~ (Se3ons~11ocTb o1cny><KBllHKn 11 ~Konor11ucci<yll u11cTOTY; F, - o~ec neuMTb y;to<Sct­

ac 06c:y1DCaa11M11; F" - oi:secoeqMTb cMcrewy pa(SoqcJI :<Hll.l<OCTb"; F,t - o6ecnt1J1:Tb npeoepa3oaa11Me wexruiuqccKoA 311e;irv11 e 3herr;1r r:oTc­
Ka v.:xoc1'K: F,1 - ~ecnt·"MTb T¥a.HCnOPTV.?OBA.HMe paOO\lt~ JFH'lr.o::TM; ~f'f - o0£cnP''"'!'.!'b npc"'\Jtpa:.cB&iae 3J'Ppr~ '1 n.;.Totta '11.i:l!:"C:Y. a w~­
xaH11u•· :r;c; F,r - cY-ecna1J1<n ynrn1ne1111e 11 3a.arry OT &M'"rOilix f<:'lll:MOa; F:. - 06ecneu11n 3aci.;1ry OT ai;.a=·xc11 ur.crer; Fn. - o~ec-
:te'lKTb Ot'p.ICTK\lHOCTJa CM'CT•·ww; FM - o<Secneum-& AHCTRtW.tOHtL'0 ynf8Ei1elnt~ CHCTCMOf?; Fwf - o6ecnC'JHTb xr:nHeHJ1e .tl1.QKOCTH; ~.,-
o~ecnC\lM'Tb JCOHJJJWY.OHHpcl8&1h1e ~·lXOCTU; F 1u - n~.!coe,,n'fta,~b r ,,.:x.poHacoc K &:!.1 ~;;aK-:-~r•: ~.,, - r:o.c.aTb ~i1..::J(OC':'b no.n. ;;.ati -:cHi1ew a rv....c.­
p;tta"~c; F,., - 06ecm1,,.,.. nou~Luc1111e ~al!I'n:tiui K pa601<cwy o;:riiliy; F.r1 - odec:ie,;oca Klllf'"1'" .b :ia ;:aoou1:wY. ~a~aw•·Tp1-.• "' ;,OCMcn­
w:w; F~,., - 381:tKTKTb OT on11.c.a.;x. KoneC5e.ttMA A&BJh.:HnA a c~:c'!'cwe; ft+H - ycTa.H0 ... ~\7b csu; fw1 - OtlHCT':T~ 103.c.yx, ao~atwi J.C.M-WA a taK; 
ftttl - XplUU.Tb p&dOtJyll alUll<OCTb ; J,.,. - ywettbCll!Tb 8T.M11Hlle 0Kpy1".~'-Ur, cpeJaJ Hll xar'U<":"~l • GTllK'I par,oucA ;t<"llKOCTM; J,.,. - 06ecnetJMfb 

CMCTe .,.,; 11o~HTf'J1U• uexaHJC\lecttotl 3HeprMH; f,nf - O\lHCT HTb 3!lllHtsa.euy: ~,:xe;_·~i.; Juu - ithti,;-:'Hri- ~::.Y-ot.:-!a, OT&c.:::.emryi •~a "'ii::;c:.e;:rttTP• 
JUt; tint - OX.l&:Jrr• P.M;.)(Ocr .. ; .s.,.., - nl";:.aT .. ,,.~ ... ..1'0CTb • h'1COC ; fou - npco(l~S3081 l'!'t. Ml!'!UHM',eCXJC 3t:·~I:r;fL a 3EP.rr~tU n::O'f'OX8 .!'f1C.XOC!')o! 
,,~ .. - r.e~c;:&T~ spyrllCOH~ wowem OT BOll K :"'JlYKTO;;y ; t .... - YCTBHOSi'":'b pe,cyKTO>, • rlllij:Oll8COt : frsu - cor r.acoeaTb CKOpOC~b nrno=;et· ,, 
f.1il M r"M,e+.ouacoca; .ftt..,. - COCAJtH.KTb 1':4.Q;OHar.C>c: c pecyKTOpow; lftff - -:-p8JJC'['; .. f.':''1~84Tb ~$~;t.KOCTb snonb KOhCT~}'Ki.lilA ttenonBH!"jilJJ' tTt: .. 
~·!'ellbHO nt,c+0.1H.HK.lt:• ~ttU- 0.-Scrn~·Jifrb CTeneHtt cao6o::.u co-:.ra.-g.wx 3nPMeH':'o1 K011c-:r:;ruaA A ;:o6o~ero opratta; ,;. 1o - 3ar:;..~r:11Tb rv.os -
Y.hl:r ; f,,,. - ycT&HOaMTt. :'M.a;>o,t.11Mi ·a:.Te:1.t. ; lt"tfl - a;a~coe~.,:. b rH;ipo; s11ra:"e;u. x ~a~O!.I( "-Y oi,rru1:;; ft.of - n;: .. · ,l",;:a.1c&1.l":"b :lHe~r:A'?_ no 'CKA 

"".:Ka~-:- 11 e wexa1nncer;y1J; J, .. , - OTB~<'"!~ pa6ouy~ -.:M:J<OCTb M~ ;ieKra~eM; f,1" - xo11TpanK;><>e~Tb ypoee1<0 >".>1:.J<OC':'K a Oaxe; •d" -
K~:H':'~O-~;·~;)Bt..1' b AQJl ... 11He • C~C'?e.Me ; ftJtl - )(0hTPO.iY.p0!18Tb Tehl.Ile~TYrY '.!'Jt;it:ocTi.t: 1111" - o6ecn6~KTb ;3.M .... ~&HUAOHlWA kOHTp0.1b 38 napa­
V! ·~uc:~ i K:;:oc ,:C'T~ww: fd"H - 3am.nTlt'rb c .. cTeMy o..- noau;iep1;oro ~enet:M; fsu - aeco1rMT1t r-Y-:.ptwOTop O'Z' ;i:H5t.!.ehH1 .aea::.eMK.R; ltU.1 -
1!I -r'IJl,Yb ~o;:;.qy llllWOC-11 K3 rM.0.PV<.~l<"Jl'Y'JITOp& 8 rKnpeHacoc; J,.., - :iaxp."Tb •Pll::llUQ;l~CJI \18CTK •. ~ KB0ll8 HJlCOCa; ;f,,. - :ia1t;;UTb 
•~ac:., ·c::i1 ;CJI •:ac•;, rr;iKaon. pada'lero l)pra11&; 1,.., - o<:Secneu11Tb ynpaueHwe rMnp~wOTOp<'>< . 

'-1;,I 

e 
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CHcTeMA HeXAHHvecxoro flPHB0/1A 

Pim. I. I3. CyHKl.lJ'IOHaJibHaJI Mo,a.enb CHCTeMhl 

MexaHH\1ec1<oro n1mao,a.a. 

F1 - o6ecr.etiHTh nepe,a.atiy Mexatrn4ec1<0A 3HeprHH; 

F
2 

- o6ecne4HT h 6e3onacHOCTb 06cny'!l11Bam111; F,, -
nepe~aTb MexaHH4ecKy~ 3Heprw~;F1,- 06ecne­

tU1Tb nepe,o.a4y KPYTR111ero MOMeHTa no,a. nepeMeH­

HblM yrnow.; F13 - 3aJ<penHTb BaJI Ha Hecyi.<eA KOH­

CTPYKttm1; F11f - cor.ilacoaaTb CKopocTb aa11a H 

pa601.1ero opr1ma; F,~ - o6ecne4HTb aa0U1TY pa-
601.1ero oprruia OT neperpyaoK; Fa1 - o6ecne4HTb 

3ata.liTY OT Bpa1n,a~XCR 4aCTeR. 

CaR3H, ttaxo,a.R11U1ecR BHYTPH paMoK, o6ae,a.eHHblX ~HpHoR JIHHHeA, 

RBJIRIOTCR BHyTpeHHHMH, OTHOCRl!lHMHCR K .a.a1UiOA no,o.CHCTeMe (KOMnJieK­

Ty), HaXOAJitaHeCR BHe p8.MCK BHetllHHe, xapaKTepH3ylll!U1e CBR3b MCJKJIY 

3JI8M8HT&ili pa3JIYllIBIDC llO,O.CHCTeM. 

~HKQ>10HSJ!bHj'll opraHH30BSHHOCTb CYlCTeMbl OTp8.l!taeT ere COOT­

BCTCTBHe npHHl~llfilA SKT/SJIH38.4HH. cocpe.a.oT048HHR' COBMeCTHMOCTH 

H I'l-16KOCTH. )!,JUI OL!eHKH 3'1'0A xapSKTepl-1CTHKH ~!CnOJib3j'K.TC1! HeCKOJlb­

KO BH,D.OB KO~HLIH0h'TOB. KOTOpble pac1.mT1>1BSllTCR Ha OCHOBe aHaJIH3a 

CT{IYKTypHOft , ~yHKqYAOHSJibHOA, lf>yHKqHOHSJ!bHO-CTpyKTypHOA MOASJieA, 

a TSKlKC MaTp11Llbl CBR3eA CHCTCMhl . 

Ko::$f>}{QH8HT!il CiKTyaJIH38.4HH ¢yHKL!HR ka; , 3JieMeHTOB kaN H ce11-

3eR koC' onpe,1'e1!RllT l<aK 

3-IJI 
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Ta6mu,\a I.2. 

l!)yHKJ\l.fOHa~MtO-CTPYKTYPHaSI u o,ne11b CliCTeMbl aBTOHOMHOI'O 

:rneKTponprno,u.a 

J.11eMeHmb1, ~ 
F2 

M amep u a JlbH ble Fu 
F,~ 

F13 F,,, 
HO cume11u '- ~ -F111 Fm Fm f141 f1~z fzq1 Fu~ 

CuHxp. leHepamop + 
flnoU{OiJKa UHepomopa + 
l<apiJOHHb•U 6an + 
l<o>1<yx KOpilaHHOZO 80J1U + 
PeiJyKmop + 
Myipma + 
Ko)l(yX H1Jf1Jm1>1 + 
fiJIOK KOl1MIJHDUp08. + 
80111.mnemp + 
l/ocmomo11ep + 
Ko6e11b + 
Kpene)/( + 
311eKmpui18uzame11i. + 
flAOu;aiJKa 3A 84uzame.JIR + 
flepe"iJaYa + 
Ko)l(yx ntpe°doyu + 
Maz11um111>1u n!JCKameni. + 
KHD/IKU gnpa6ne11uR + 
UIKOrp + 
/JiUmDK gnpalllt/IUll + 
JllmoHam + 
Ten11oloe pet1e + 
11Hnep,.,emp + 
flpoloiJ HOHmO)f(Hl>IU 

CuZHa/lbHOR llOlfna 

30Yfl + 

F3 

ft~t 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
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~HKQl10BanbHO-;CTPYKTYPHa.R Mo,ne "b Cl1CTeMLI o6'beMHOt'O 

r11.nponp1rno.n,a 

311eMe1tmb1, 
r, Fz l r_, 

t -
MarneouaPbHble r,, ftz Fis F14 Fis flz FJ1 

Ho cu menu -- - - - .---.--- Fu - -
F111 F,12 FIZI F111 r,,,, fts1 f11z Ffll Fm 

Pa50Ya11 !l'UiJ1<ocmo + 
~-- - - - -
5aK + + 
flAOIJJ.QCKa 5aKa + 
Jc.11>16Haii rpu111.mp + 
BoJUgwHwii tpu11omp + 
[4yn + + 
TepttoHemp + + 
(/JuAomp + 
ruiJpOHOCDC + 
~--· 

flflO~OiJKO zuiJpDHOCOCa + 
J<apia111<wu 6011 + 
/iC)l(flX KapiJOHHOlD 6tIAa + 
PeilyKmop + 
11y(flma + 
J<O)l(!JX 14!/tpmbl + 
Tpy5w + + 
PgKa6a 601CDKDZD ila6A. + + + + + + 
KpeneJK + 
(uiJpommop + 
flno~aiJKa zuilpoMomopa + 
flepeOOYa + 
KD)IC!JX nepeiJn~u + 
(UOpOpOCnpeOe/IUmtAo + + 
flpeiJoxpoHum. K11anaH + 
fuiJpDQK(!/M!JAPmDp + 
05pamH1>1u IUlanaH + 
MOH01<1emp + + 
~umoK npu5opo6 + + 
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iJ').YHKI.1\IOHSJlbhO- CTpyl<TYPHM l.JO):.ellb CHCTeMbl 

MeXB.HMQeCKOro npHBO~a 

3.11eMeHmb•, F, Fz 
MUml'pUUllbHble 

HOcumenu F11 F1z Fn F14 Fis fzt 

8011 + 
Myipmn + 
floiJwunHUK + I 

l 

Cmou1Ca noiJwunHuKa + 
flepeDa~a + 
<PpUIH/UOH/fOfl Hytpmo + + 
KoJ1<yx + 

Fn Nn C,, 
kaF = r , koK = 7J , kac = - , 

r 11 1v11 Co{ (I.II)(I.I2)(l.l3) 

r ,11.e F=11 - Heo6xo,11.K>-~1:1e (no3V.THBHLle) ¢YHKWm; f:.s - o6ctee KOllKQecT-

eo )l.eRCT&HTenbH!lX ~YHI<QHR; N11 - KOJIHtiecTao no .. e3rJ>« (¢YHKI.1KO-

ttanbHhlX) 3JteMeHTOB; N01 -o6ctee Ko1111\JeCTBO 3JJeMeh"TOB; C11 - KO-

nKl.lecTao none3Hb1X (~YHKI.IHOHallbHLIX) CBR3eR; CDJ - o6Ulee trncno 

CBR3eR . 

Ko~.:¢1UU1eHTbl ~YHKQHOHallbHoro aonnoateHHR ( KOHQettTpB.QKM) 

cpyHKQHR kl(~ ' 3 1leMeHTOB k1ol H CBR3e R k KC 

Foc1t fVocH C1,., 
kKF= F.-, kKK : U°• kKc= C +C , (l.I4)(I.l5)(l.I6) 

~I '"' t.; "' 

r )l.e /:ot1t - KOllHQeCTBO ocHoam:x ¢YHKqHR; N°"' - Kon11tiec'l'BO MaTepH-

a n bllhlX HOCKTeneA OCHOBHWX cpyHKttHR; C~ H C111 - COOTBETCTBeHHO KO-

JTH46CTBO BHetllHKX H BHJ'TpeHHHX CBR3eR . 
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liaTpMQ& CllJ138l 3AeMeHTOB CMCTeliW 8.llTOHOIOIOl'O uenponp11110.-.a 
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Ta6mn~a 1.7 

!.iaTpKQa CM3e!:\ 311eMCHTOB CKCTeMhl 

~exaHH~ecKoro n~HBOA& 

I ~ l:! 
>: ~ 

)/IPMeHml>I, § 'I: 

f'famepvcnbHMe ~ 
~ ~ 
~ §! 

.. .. ~ HOCumeAU 
"' 

c:: .. ~ :::. 

~ 
:::. ·~ ::::r 
~ "' ~ t;; "' "' ~ ~ c5 "' ~ ~1 i:::: 

I' OIP Oll1 O'PC M 1C 
Ban ' (+) (;) . (+) (•) 

' 
Ngl1Jma 

flq:J 

" {>) 

' floiJw11nH11K 
flop " O'P 
(?) " (+) 

-
" Cmoi11<0 noiJwunHuKa flip 

" ,__ ( +) 

' 
flepeiJaya fl IP ' O'PC 

(>) ' , .. , 
IPpu1<quoHHa11 lf!Jtprna n<P fl'PC " (+) (+) 

' 
KOil<!JX n<P flip fllP flip 

(+) (+) (+) (+) 

~ 
I(' 

~ 
()tp 

( >) 

OlP 
(+} 

--

OlP , .. , 
DIP 
(+) 

' " ' 
Kos¢¢m,iKeHTw COBMeCTHMOCTM no <l>YHl':l.tKSiM kcF , MaTepKaJJbtlWM 

&.110MCH'l'8.M k,., K CBR3aM k:t:. 

Fe lie k Cc 
k,~=f-;=- ,k,,.,= t--;;- . ct:.f--c, 

,..ol ,~., ill 
(I.17)(1. 18) (1.19) 

r Ae F=c - QHCJIO 4>YHKt.tlCA cor nacoB8J-OHt ( KOMIIeliU81.tHM) ; ~ H Cc - co­
OTBeTCTBeHHO KOJIW~eCT80 3Jl0M0HT08 - nocpeA}iHKOB M CBft3eA, swno.11-

IUIEllUIX ~YHl<l.tMK cornacOBIUlHR. 
Ko3~~HEHT <l>YHKl.IKOH&JlbHWX aoswollOiocTeA (mMpoTw) 

(1.20) 
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Peay.JioTSThl p;;.c·~wrue no (I.!I) .. . (I.20), cpe,nHIH: 3Ht:l4eHIUI 

KO&lJP~ICeHTOB !iHTYl:lJ!K3~11, 'fYHKllJ'lOHl:lJlbEOl'O EOn.1JomeHKR' COBMe­

CTW.:OCT,1, ¢y1nu~..ioua11bHoA c~pOT!.I' a Tl:l!O!te 3Hl:l\OeHM 1<03¢¢11411eHTl:l 

¢yttKqKOHaJlbHOA opraHV.30Dl:lHHOCTK ' HaRAeHH.bl0 KSK cpe.iv1ee 4eT~­

p~x npe;u.r;:yt:U-lx, JIMI paccw.aTp11BaeMblX C!.'C."TeM x:prne,nenhl a T0.611. 

I.8. 1;·' -T~ .. !:leJlK1<11Hl>I, BXOJV1au1e B lf>op::ym.r, COOTBeTCT!leHHO AJJR 

CKCTeM Sit , 51.z , Sr K s ... ,cocTl:lBKJJK rrpK 4J .. 'Psp - F,,11 • ~nu . .. 26, 
Fo1., .. t=~,, • 26, Nn1 =IV,," "' 26, Nocr11 = ll161l = 26, C,,,, .. C nn "' 49, 
C~11 =Co111.= 5!,F"'"" =F.t:Jti.z = 4,#""'>1=NOC11u = 2C,C1..,,, =Ct.0 1.= 23, 
C:1,,,, ""C1...,1. = 2e, Fe,, =Fe"= IO, A'cu =Alen= IO, Co, = C,1J .. 2I, 
F,.11 = 2 , Fp11. = I, Fnr = 30, Fa/fr = 30, #nr = 2c;; floTr = 28, Cnr =46, 
Cl6r "'4?,FK,..r .. 5, N°"'r = 25, C1"'r = 2I,C111r = 26, Fer= I3, Ncr =13, 
Ccr = 25, !=pr == 0, FnM = 6, F.5111 = 6, N'nM =?,Nor"' = ?, C,,,.. = 
C-6,..= ?,Foe""'= 5,}/ot""' = 6,C,111,.. = IO,C,11..,=- O,l="cx=2, llc = 2, 
Co1 = 3, Fp,..= 0, 11p11 cp =<P,,OCT-F,,14 =F,,u, "'28,,c.,,,= Fo6u "'28, 
#n14 = N,,,J. = 28, N.,,H = #..,.1.z = 28, C,,11 = C,,11. = 50, C°''' = C.1n =52, 
.Co.,,11 = F00t,.z = 5, f:oh1 = Fo11.z= 28, #0('"' = k'ot;t1.z= 21, C1ta11 = C,,,,n = 
=23, C1HJ1 = c,,,,.z = 28, Fc 11 = Fc11. = IO, J411 = Af,z. .. IO, Cc11 =Cot = 
= 2I, l=n1 = 2 , Fp:n = I, Fnr = 3I , Fo8r = 31, Nnr = 28, N.,,, = 28, 
Cnr = 46,Col'r = 47,F-r= 6,N-r= 25,C,,..r = 2l,C111r == 26,Fc.r =I3, 
lfcr = I3, Ccr = 25, Fpr = 0, Fn# '"' ? , Fo1,.. = ? , Nn~ = 8, Nt111>1 = 8, 
C,u, % 8, C,,,. = 8,F-14"' 6,1{"",,.= ... ,C,.,,,. .. IO,C1.iH= 0, Fe,..= 3, 
flc 114 = 3, Cc,,. = 4, FpM = 0. 

Kallt,WJ~ 113 paccMoTpeHlililx Bhltlle npv.~~oa M noKa3aTeneA OTpa­
lltB.eT onpe,neJieHHWR acneKT KatiecTea TeXHMtJeCKKX pe:nem1A. Bi.;coK;~e 

3HatJeHMR KO~HllKeHTOB 8.KTYl:lJJM38.QHK CMCTeM, CBR31UIU c 11:1111\l~eM 

H0ATp8JibHlilX CBR3eA TOJlbKO B CKCTeMe 3JieKTponpHBOAa, B IJl:lCTHOCTM, 

K HHM OTHOCRTCR CBR3M CTl:lTOpoB 3JieKTpM40CKMX Ma!ll!Ui C KOpIJ.YCOM 

arperaTa, C03,D.8.ilUU!e onacHOCTb nopal!teHl!Ji o6cnYJKl1BIU)Qlero nepcoHa­

na 3JleKTpKIJ0CKHM TOKOM, XOTR c )l.pyroA CTOpOHW 3Ta CBR3b BW3Bl:l­

Hl:l Heo6xo,nMMOCTb~ ycTl:lHOBKM aneKTpv.11ecK1a: MamHH (cu.Ta6.JI.I.5). 

B ,D.pyI'MX paCCJ41:1TpiraaeMblX C>ICTeMaX HeRTpaJiblille KJ!li spew.we CBR-

31' OTC)'TCTByllr, TaKMe 8 Hl1X OTCYTCTBYIOT HeATpl:lJlbHble 11JIM Bpe,n­
HWe ~YHKQMM M 3JleMeHTw. 

H>i3KMe 3HatieHKR Koajxfl~MeHTOB cocpe,1toT04eHHR CKCTew. aneK­

Tpo- K l'MJl.POnp'1BO,D.a o6'h1tCHRIOTCR HaJJM4MeM B HMX 6onbllloro KOJIKQeC­

T Ba BCflOMoraTeJlbHl>IX lf>yHKQKR, 3Jie1AeHTOB " CBi!3eA, o6ecnel.lMBl:lJ.)­

v-LJl 



) 

Ta611KQa I.8. 

Koa<PI>uqHeHT1i1 ~YHK4Hotta11bHO-CTpyKTyphoro coaepweHCTBa cucTeM nepena"H aHe~rHH 

K o 3 ¢ ~ H q K e H T 1i1 

I B.KTya11113aqV.;t COCpe)l.OT01'e:mR COBM8CTV.MCCTH !¢yHK4H- l.fyHKl.lH-
I ! ! loHar.b- !0Ht1Ji b-

S 1 <P 1¢yHJ< 1 ane- 1CBR- 1cpeA- 1wHK 13Jie- 1 cBR- 1cpeA ·~yHK · 3,ic- ·cR.R- ·cpe.a jttot! m1-1-1 Ho~ op-
' l4>1A IMeH-!aeA lttee !4111A hleH-laeA !Hee 14111~ h.iett-laeA !Hee PDThl .rai-m3 • 

I ITOB I I I IToB ! I I !TOB I I I I 
lkaF I kotl I kac I ka I kKF I kK,, I kK~ I kl<. I kcF I kc11 I kce I kc I ku.i I koPt. 

S cP&p l l 0,96 0,99 0,15 0,77 0,45 0,46 0,62 0,62 0,59 0,61 1,5 0,89 
1' <PllOC'r l l 0,96 0 ,99 0,17 0,75 0,44 0,46 0,61 Q,61 0,5d 0,60 l,4 O,e.6 ~ 

S <Pap l l 0,96 0 ,99 0,15 0,77 0,45 0,46 0,62 0,62 0,59 0,61 l,25 0,8.3 
~1 <PfJltT l l 0,96 0,99 0,18 0,75 0,44 0,46 0,61 0,61 0,58 0,60 1,2 O,dl 

4>4' l l 0,98 0,99 0,17 Q89 0,45 0,50 0,57 0,54 0,47 0,52 l 0,76 
Sr ct>. ~ ~r l l l I 0 , 71 l l 0, 90 0, eh l l 0, 95 l 0, 96 

11«:r >PHr l I 0,98 0,99 0,19 0,89 0,45 0,51 0,58 0,54 0,47 0,53 l 0,76 

S. <Pa,, l l l l 0,8.3 0,86 ! 0,90 0,67 0,71 0,7 0,69 I 0,90 
1" M cp~ l l l I 0,00 0,88 l 0,92 0,5? 0,62 0,64 0,59 I 0,88 
H 
w 
H 
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UU1X BblnO:JHeH11e OCHOBHhlX ¢YHKQY.~. i.rro B CBOr.l 01rnpe,ub ~b13Ba!IO 

npupo,noA 3Tl4::r·cHCTeM, OC!!OBWiHO;\ Ha ,llBYXKf aTllOM rrpeo6ra30BaHHH 

3HeprHH. T!.l.K a c11cTeMe aBTOHOMHoro 3neKTponp~rno,ua no ct-aBHeHHl) 

c CHCTCMOA MeXllHlilfCCKOI'O np~so,na ,D.OflOJIHl1TeJibHO B03HHK8IO'l' O,IL.~a 

BCITOMOI'aTeJibHM H lfeTL1pe OCHOBHhlX ~YHKQH:t. l!hl3B8HHl.IX ueo6XOJl.H­

MOCTblO co3,uatt1HI y,no6cTea 06cnyi1rnsaH11R ( F3 ) , npeo6pa3osarnAR 

Mexa•rniiecKoA 3Hepr1111 a 3ne1<Tpw~ec1<yJO ( F11 ) 11 o6paTHO ( f1 3 ) , nepe­

,uaq11 3HeprHH ( F1a ) , ynpasneHHn 11 381IU'Tbl :.rne1<Tpoo6opyr.ol!amut 

( F1'i ) , KOTOpble ,llanee pacna,naJOTcR Ha lilHOJKecTao scnob.10raTeJibHblX 

~YHKQHA (cM.pHc.I.II H I.13). CooTse~cTBeHHO c11cTev.~ 3ne1<Tpo­

nr11ao,ua BKJIIOl.f86T B Ce6R OTHOCl1T6JlbHO CJ!OllUihle CTO,UCHCTeMbl,BKnJO­

l.falOl!U-le 3ne1<Tp1-1l!ec1rne ManrnHhl, annapaT /PY o6ecnel.feHHR 1<a1JecTHa 

.1-1anpmr.eHHR,p,11cTaH1.11-10HHoe ynpasneHHe, 38!1ll1TY 06opy,;tosaH11.R 1-1 06-

cnyi!rnBaJO~ero nepcottana (CM. p1-1c. I. 4) . 

lla.CTb OCHOBHblX ~YHKQl1R CHCTeMbl o6'beMHOro r11;:,ponpHBO,na aHa­

JIOI'l1lfH.bl COOTBeTCTBYlltlU-IM ~YHKQH.RM CliCTeMhl 3'!i.. KTponpueo.na, KpOMe 

Hl1X CKCTeMa co,ueplltliT .uonOJIHl1T8JlbHble :l>YttKll<Ht. CBR3aHHble c H8Jll1-

1rneM pa6ol.feA l!tli;'J.KOCTli - o6ecnetmTb c11cTei.~y pa6oi<eil l!tH,!l.l<O<'TbJO 

( F,, ) Ii o6ecnel.fliTb rept.1eT11lfHOCTb CHCTeMbl ( F;t ) • 3TH ~YllKQ~rn 
BblTIOJ!ll.RIOTCH p.R,:J.OM ,a.onOJIHHTeJibHhlX 3JleMeHTOB . CJIYlK8UU1X )l.JlR xpa­

HeHHSI' TpattcnopTHpOBWiliSI 11 KOH,[l,ltQliOH11pOB8HHH pa601JeP. l!.11,llKOCTH 

(cM.pHc.I.12). KaK cne,ucTBHe a 0601-1x CHCTet1.ax B03HHKaeT 60.~hnce 

KOJ!HlfeCTBO BttyTpeHHliX H BHe:IIHHX CBH3eA no,ucucTeM (cv. .Ta6n.I.5 

14 I.6) . 
.D.ocTaTOlfHO Hl13KH:! K03¢f:UQH6HT COBMeCTHMOCTH Cl1CTeM ce11;:.e­

TenbCTByeT 0 HaJIHlfl-111 D HHX 3HRlfHTCJibHOI'O 'l'HCJ!a 3J!eMeHTOB noc­

pe)l,li11KOB, ttanp11Mep, Mtlllt,izy BOM TpaKTopa 11 3neKTpo- HJIH r11.up0Ma­

WHHOA BCTpOeHbl KapASHHblA ean, pe,a.yKTOp H MYWra . HanH~He T8KH~ 

3J!eMeHTOB H CBH3eR COI'JISCOBlUUUi yxyJ11IJaeT Kal.feCTBO rliY~IOJll.lpO­

BSHWl Cl1CTe~ . 

B1i1co1<oe 3tta4eHHe Ko3rf¢HQHCHTa ~YHK1.IHOH8.J bHOA mHpOTbl CHCTe­

Mhl 3 ne1<Tponp11eo,ua npoU1J111neHHoA 4aCTOTbl S1 , 06ecne1J11saeTcS1 B03-

MOlltHOCTb~ HCnor.b30B8HHR ero reHepaTopa B COCTane ADC:!) 8 Ka­

lfeCTBe nepe,UBHl!tHOA pe3epBHOA 3Jl6KTpOCTaHQHH, np11 nepep1i1sax 

3JI6KTp0Clla6l!temm; 2) ,UJISI 3J!eKTpOCHa6JKeHHJ'! oneKTp;:qi11411poBal!HOM 

Manora6ap•1THOI\ TEoXHHKl-1 11 py4HO!'O liHCTpy1.~eHT8 B none BblX ycnornnx. 

re11cpaTOp Cl1CTe~:bl 3nEl<Tponp:rno r:~n .. 'llJCHllOA IJUCTOTbl Sn. ..:rum-
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CTO.RTCJlbHO He MOl!tCT 6b1Tb 11Cfl01lb30BaH B KaqeCTBe pe3cr i'lliOI'O 11C­

T04Hl!Ka AJIR 3JIOKTpo,na11raTe11bHOt:! Harpy3KX . 06naCTb 11cnOJ1b30B8Hl1R 

c11cTet..•1i1 r111u>onpxao,na Sr H MexaH11qecKoP. S,., ~l 11x 3,1et.:emoa orpa­

h111l11aaeTcn 11X r:pm.'.b:M <!iYHKQl10Ha11bHh.'M H83HalleHl1eM. .50.r:ee H113Kl1C 

3Ha4em1n K03!¢~11Pt-!TOB ;l,Jlst Cl1CTeM ' np1100.nRZ1X pa6otrnt:! opraH c 

~ = l:'nccT' 067>RCHSICTCst BBC;J.CHl1eM B HHX, KpOMe Cl1CTCMbl r11;i.ponp11-

Bo,na, ycTpOt!CTBa npeo6pa3y10l.llCI"O Bpat:taTCJlbHOC ,llBl!l!tetrne B B03B­

paTHO- nocTynaTeJibHOe (BHHTOBOI'O MCXaJil131v.8). B CHCT€Me I'l1APOnp11-

DO,ll8 ,UJlft 3Tl1X 1.1e.1eP. 11Cfl0Jlb 3Y€TCR r11.npo1.1:11111H.np. KOTOpL:tl 11IJ11 

P ~ PHr , r.ne ~r-MOCJr.OCTb r11.npottacoca TpaHTopa, MOlKCT 6b1Tb . 
no,nK.1ioqeH ttenocpe,ncTBeHHO K I'l1Jl.POC11cTeMe TpaKTOpa , 4TO c y ll!eCT-

aeHHO ynpo1UaeT aBTOt!OMttyto c11cTeMY nepe):latm 3Her r1111 11 cne,noaa­

TenbHO 110Bbl!U8CT ee cPYliKQl10HaJibHYJO Op1"8Hl130BaJiHOCTb/31,J2, J'(, 3) /. 

B 1.1e110M Bb1We11p11ae,neHHble p11cyHK11, T86mH.lbJ 11 p8clleTu noKS3hl­

aaJOT BLICOKOe lf>YHi\QliOH8JlbHO- CTpyKTypHOe coaep:neHCTBO Cl1CTCMhl Me­

X8Hl14eCKOI'O np11BO):l8, 38 11CK1lll4CHl1CM rn6KOCTl1, 11 BCCbM8 BhlCOKYIO 

~YHKQl10H8JlbHYIO Opr'aHl130BaHHOCTb CllCTeMbl I'l1Jl.POrip11BO):la np11 Q4110CT 

11 p~ plfT· 
3Han K03Q:l>l1Q11CHT ¢YHKQl10H8JlbHOt:! opr8Hl13088HHOCTl1 CHCTeMbl 

kopt • CKOppeKT11poBaHHhlA 110K8 38TeJib ~KT11 &l0CTl1 Cl1CTCM I(; 
HSX0.11.lfM Y.llK 

1.3.3 . XapaxTep11cT11Ka 38,D.8411 Cl1HTe3a CTP YKTyphl 

CliCTCMhl 11 pe3yJlbT8Tbl Cl1HTC38 

(l.21) 

B cooTBeT c Ta1111 c 11cxo,l].HlilM11 ):laHHhlMH, CTPYKTyp a aBTOHOMHOA 

CHCTeMbl nepe;i.a 4 M 3HeprMM MOllteT n p UHl1M8Tb Jllrolb KOHC4 HOe 4MC110 

µ.HCKpeTHWX 3HaGCHM~. T.e . IO.l€0T M0 CTO o r pa.HMGCHl10 TMna ,D.11CKpCT­

HOCTIC Ha MHOJl(ecTao CTporo AOnyCTHlAlJX c11cTeM M,. Y.UClBneTa opttlOl:ll4X 

COBOKyrutOCTW 11CXO)l.HlilX ~aHHi>IX M orpa.~wGeHwt:!, 110 3TO"J' MHOllteCTBO 

OK83bll!aeTCR tteCBst3HblM M 6y;..eT npe .'\C r aBJtsiTb c o6on COBOKYllHOCTb 

KOHe4 ttoro 411cna waonwpoaSHHblx T04eK . Cne,noeaTenbHO, KMeeT MecTo 

npe,nenbHWR cnyGaR CMHTe 3a CTPYKTypw aaTOHOMHOA CMCTCMhl nepe .IJ.8-

4 V. 3Heprw11 - ~MCK~eTHhlA Bhl6op CTpyKTy pw CMCTeMlil ,untt p 8311MllHhlX 

yc11 o s11R Yu = { <P, P, f , n} . 
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Tor.a.a 3aAa11y r1106anbHoro cv.ttTeaa c.:ioPMY~Hpyeu cne;y~.:utM 

o6pa30M: V.3 AWCl<peTHOrO KOH64HOro MHOllteCTSa TOtlCK, O~pl:l30B&H­

liLIX v.3 cosoKynHOCTM CTporo .uonycTv~\WX cr.icTeM Mo. ,y,no11mn&opsnJ­

lllUX v.cxo,nHhlld Tpe6osmnH!M { Y, Og, CK) , DbH'.5paTi. Taxyn cncTeMY S , 
KOTopan o6na,naeT ttav.11y1<mi.u.i 3Hat<eHv.eM seKTopa K . Ilp~ 3TOM Kf!.1-

Tepv.eu npe.nno11TeH1U1 ( onT1U1811bHOCTV.) JACKOMOR CHCTeMbl S €E Mc4 

6y ,IJ.eT 

K; = (c,, p'(~) + c,, ~'+Cu m~) K., = tmn, } 
C :::m in , 

(l.22) 

T. e. CHHTe3 npo eo,IUIM no KpwrepHIO "3.l¢eKT1u1HOCTb CTO>™OCTh". B 
(l.22) ,nnn y,no6cTna cpaettettv.n, HOpMv.poeattHWe noKa3aTenw 3Qf>eK­

THBHOCT H npv. eeACHhl K CTaH,ll.aprHOMJ' ew.ny - QeM M0Hb:lle &e:utllMHa, 

TeM nytmie CMCTeMa npH npOllHX paBHblX yc11o&W1X . 

p'(t): f-p (t) I 'l'= 1-'I. Im;= m,, I 

p,.(i) t. m, 
(l.23)(1 .24)(1.25) 

r.ne p6 (l)= l , tT = I,m~= 103 
Kr - 6a3HCHhle 3tta1<eHJ.1R sepoRTHoc­

Tl4 6e30TKa3HOR pa60Tbl , K . n • .n. 14 Macchi CHCTeMU . Tor ,na ~KTWR­

HOCTb CUCTeMhl CTpOf'O MOllOTOHHa 14 noswaeTCR c yueHbWCHHCM 1(8.J!(-

.nor o 143 noKaaaTeneA . 

A!iamrn noKa3rut. 4TO np11 pn,ne yc11os11R HCilOllb30BatUUl CHCTeM 

Yu ={IP, P, l,n} MHOl!teC'!'BO Hexy,n,c:m x c1~cTeu Bblpol!t,!leHHOe 14 cocTOl1T 

s cer o H3 O)U-loR cv.cTeMu, Hanpv.wep S1 , Tor .14a cv.cTeMa S1 6esycllo&­

HO nytm1e OCTa.1bHblX CHCT0M s,, ... s,, • T . e . HlJeeT MCCTO 6e3yCJIODHb1R 

IClJl.fTepv.n npeJJ,Il01lTem1S1 H xy,nnme Cl.fCTCMbl MOf'YT 6L1Tb HCKllKillCHW H3 

.nan&HeV.mero paCCMOTpeHHR 6e3 yQep6a A.rut pe3ynb~aTOB CHHTC3a. 

B ,npyrHx cnyttanx eeKTOp3 cosoKyrmocTv. K(S) OKa3blllam'CR He 

cpaaAv.ML."l.'H H 11cn onb30Bllliv.e 6e3ycnoeHoro KpHTepv..'I npe.nno1.1TeHv.S1 

nossonReT onpe.nenKTb TOJibKO HexyAUJv.e CHCTeVH. Tor .na JJ.nn JJ.OBe­

.neHv.R 38J).atm CHflTe aa 11.0 KO~a &BO~HM YCilOBHWA Kpv.Tep 1rtt npe.n­

noi.rreHHH - noKa aaTellb KHTerpanbHor o 1<a11ecTsa KE , .HBlliDJlllHAcn 

~YHK~v.en O<fr.>eKTHBHOCTH H CTOHMOCTH 

(l.23) 
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Bee,a.eHHe Ta1<oro KpHTepHR enonHe .nouycTHMO npn CTporoP. 1•01.0TOH­

HOCTH ¢YHlCQl1H G¢Qo1tTHBHOCTl1 c YMCl!bmeHH8M Ka"t,a.Oro H3 onpeAeJIJU:>­

tllKX ero n0Ka3are.'lei:t K1 , •• Km , np11 ¢l1KCv.poarui1-11i1x 3Ha1Jemmx 

ecex OCTa/lb!-lblX A CTporoP. MOHOTOHllOCT}I l13M0H0HIU'I CT011t.!OCTil .nn11 
pa3/IHl.IH!i1Y. ycJIOBHi:t :.'\KCwyaTattHH. 

CKa3aHHOe npoH111100Tp111pyeM Ha npm.1ep"' p111c. I. 14 , r,a.e TOIJKa, 

coo'l·eeTcTBYIOllU!e K; H C ,a.n.li ,a.'flyx CHCTeM $, H Sa , CBil3aHbl no pac­

CTORHHll nepe,o.airn 31-1eprm1 l np111 P= canst . h 0Tpea1<e l ~ !, 6e-
3yc110BHblM npe,o.not<TeHHeM o6na,a.aeT CHCTeMa S1 , nocKOJlbKY o6a no­

Ra3aTe/lil 3~0R CHCTeMbl nytrme COOTB0TCTBY~CllliX OOKa3aTeJleP. $,.no 

3Toi:t lite np11'.lv.He npH l?, l1 onTHI 1aJlbHOR .1te11S1eTCil l.Y.CTeMa S1 . B 

0Tpe3Ke /, < t ( la o6e CHCTet.<bl IIBJl.F!Xi'l'Cil HexyJl,llll1MH, T. e. K;,(/} 
CHCTeMbl $1, nylJllle, IJeM K;; (l), HO C,(!) Cl1CTeMbl St ny'llllle C,(f). 
01.1ea11,o.Ho, B nocne,tT.HeM cnyqae Heo6xo,a.H?1.o np116erHyTb K ycnoeHOMY 

KP*TepHll npe.nno1.1TeH1111 (l.23),KOTOpblR H no3ao11neT HaRTH 01<0H1Ja­

Te11bttyll rpar •• .cy MCnOJlb30BB.HH11 CHCTeM - npH l~ !1 nyQUieR 11811.F!­

eTC.fJ c 111cTeMa S1 , np111 (. > !1 CHCTeMa S, . 
iloCJ<OJlbKY HHJ!(eHepHble paCIJ0Tbl npOBO,[J.i!TCil c TOllHOCTb~ t5%, 

B03HHKaeT Heo6xo,tT.HMOCTb oqeHKH ycToP.1Jv.eocTH I'pru!Hl.I Mel!':,o,y :loua­

MH I 78 I. flycT& B npe,a.e.r.ax n.onycTH?AOP. n orpe11IHOCTl1 4lYHKQHil Krtf l) 
nel!l'.MT a 30He o r pa.HH1JeHJ-10P. 1<p11ablM11 Krdl )'"°x H Krdl),,,u, ,a.1-1a110-

r111.mo l<n(l) B npe.uenax Mell\,a.y KE1(tJ,,,;,x .11 Kr1.(!)6fCJt . Tor.a.a rpaHHqa 

30H CHCTeM S, 11 t1 ,o.oID!tHa 6b1Tb paCCMOTpeHa ,a.mt HaHMeHee 6naro­
npMTHOro cotleTamut norpemHOCTei:t onpe,a.ene~.F! Kr1 11 Kzi • B tlacT­

HOCTl1, nyTeM CpaBH0Hl1.Ft KEtf!),,,.x H Kr1f l)Min ' a TB.Kllte Krdl),,,u, 11 

Kri(l)lnttX , ,n.pyrHM11 cnoBB.MH, npH 1-1a111xy)Jlllet.1 B03MOllHOM 31-1atleH1111 Kz, 
11 Ha1111y1Jt11eM B03MOll\HOM Krt 11 Hao6opoT. Ha p11c.I.I4 s11.n.Ho, tlTO a 

nepsoM c11ytlae rpa.HHI.la ca.1e111.aeTC.F! a11eao ,a.o / 5,,"·" , pacm11prut 30HY 

OnTHMWI LHOCTH s, . 110 BTOpOM - Bnpaeo .no t, 1'f(I)( • cyir.a.Ft 30tty 

s, . 
,ll,Jt.11 npoae,a.eHIUI CHHTe3a He06XO)J.HMO pacnonaraTb COBOl<YnHOC­

TbJJ yc11os11P. 3KCfil!YB.TattHH. 0 ,tT.HaJCO B ,a.e~CTBl1T0JlbHOCTH He ece 3TH 

.0.8.HHhl6 H3B0CTHlil anp11op11, T.e • .RBJl.F!llTCil Hecnyqa.P.HblMH ¢>111<c 111posa.1-1-

Hh1Ml1 napaMeTpaM11 H no1<aaaTe'lJtMH, 11aaeCTHhlM11 c onpe.ne11e1-11-10P. TOtl­

HOCTbll , HRnpHMep, MOlllHOCTb, nOTpe611.F1eMrut pa60IJl1M opraHOM JtBJ!.F!­

eTC.F! CTOXB.CTHIJ0CKOP. ¢iyHKQHeP. c H3BeCTHLIM 38.KOHOM pacnpe,a.enem1S1, 

KJll1'MB.THIJCCKl1e ycnOBH.F! . 3allblJl0HHOCTb. BJ!W!<.HOCT b' ypoaeHb e116pa-
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PKc. 1.14. K onpeAeneHK~ rpaHKQ Kcnonb30BaHKR CKCTeM, 

QHK - HeonpeAeneHHUMK aenK4KHa~K. AnR XOTOp~x K3BeCTHbl TOnbXO 
o6naCTb B03MOJIUillX 3HSQeHHR. 

B CBR3K c 3TKM, CKHTe3 CKCT eMLI nepe~a4K 3HeprKH npOBOA'HM 

Ha OCHOBe npKHQHDOB CTOXaCTH4eCKoro AeTepMKHK3Ma, KOTOp~R coc­

TOKT B TOM, trrO cny4aRuyn ~YHKQK~ 3aMeHSleM HX MSTeMaTH4eCKKMK 

Ol!GfAaHHIDH! I 2 3 • '15 / . 
HeonpeAeneHHOCTK B npoQecce CKHTe3a J'4KT~BaeM r.yTeM peme­

HKR MKHHMaKrttoA 38.,IJ.S4K, KOrAa OThlCKKBaJOTC.R HaH;.ieHee 6naronpmrr­

H~e ycnOBHR pa60Thl CKCTC~ H OfITKMaJibHaJI npK Ta.J<KX He6naronpK­

STHhlX yc110BKS1X CKCTeua I f'J, 23 /. 
IlpK CKHTe3e CKCTeMbl paccMaTp~BaJIKCb ADa HaKOOnee pacnpOCT­

patteHHhlx cnytm.R i!>YHK~lWnaJ!bHoro HS3Ha4eHHR npHBO;u1MOro pa6o4ero 

opraHa no po,o.y ABK~eHKR, KOrAa OH cceepmaeT epawi,TenbHOC AB~e~ 

HKe cp = <Pip (AffCKOBBJI nHna, npKBOA}-IOR 881! TpaHCnOPTepa, KpHBO­
mHn pel'cymero annapaTa KOCKnKK H APYrHe}, K B03BpaTtto-nocTyna-
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TeJJbP.Oe )l.BV.'-!leH11e <P= q>flON' ( BHJU.I norpy31lHKOB TIOKOB' tl.t..XaHH8M 

f10,ll.b6).1a H onyc1<8.1U1.il ~OTOB» 'Id JP:l.l.Tl<l!. ycTpO~CTBO pa3,1J.Bl.1ltt!Hl!Jl H 

no.o,beMa pa601J11x ·oprattoa 1:0HTyp11oro o6pea'-lmm KfOH ,a.epeai..ee H 

~yrvie)' npii 3TOU Q> • .no pR60QY.X opraHOB OI'~nHV.\iHBanoCb BOC6Mb!O 

- Os~ = { c:P =<Pt,., <P,,ocr ; n • 8}. 
IloTpe6HM MOUlHOCTb pa1olli•x opPattos CXM, a1i1nonHJ1lltJUiX Havi-

6onee 3tteproea.:K11<~ TeXHonor11qecK1-1e npouecc1i1 He npea1..'11laeT 150 Kt r, 
AaJibHOCTb 11X pacnOJl0l!l6Hl-!.FI OT nepBlfllJluPO 11CTOll!UiKa 3Hel'I'1111 )J.OC­

TK!'l.l.eT 400 M (AOJ!\,!J.ePanbHble arper~Tbl), HCXO,ll.H H3 CKU38.HHOI'O 

Osp={P~f50K8m, l~~00111} /51,70/. 
Ycnos11.R pa60Tbl c11cTet.11 nf:HHJITbl 'l'Itl!teJ::blMH, pery1rnpoea!:m.R c1<0-

poCTH ;:i.s~~I'aTeiI..1 (pa6oqero opraua) He npe.nyc1.1aTp11aa11ocb d,.,=f';•<llM}, 
aHaJJH3HpOB&.JIY.Cb CHCTeMbl aB'l'OHOMllO!'O 31JC:KTponpl1BO,!l.a c C'l'att.n.apr­

HIJMK BeJIHQl1Ha.Mli HanpRir.eml.fl H QaCTO'rbl - S" !1pH Osn11=f "" "'300/22013; 
Ju .. 50 ~} vi S1, npvi 051111 .,.{UN"' 220/!2? B; J,. = 400 ~} , a 

Truute CHCTeMa oi"'"LeMHOI'O r11~onpHB0,11.a c O!'fati11QCHl1 CM Ha HOMl1H&­

JlbHOe ,11.aeneu11e Os1 =- [ P11 .. IO ; 14 Ml1a} . 
3qJbeKTKBHOCTb H CTOH?AOCTb KB.ltAOA 113 CHCTeM samfUleM K&X 

Km= c,, p~(i) + C1a t~ + C1J m;11 , 

Km = c,, p;,_ (t) + Cti t~, + C1s m~N. ; 

K3r = C1, p; (i) + Cu tt; + C15 m;r ; 

K1,,, = c,, p~ (i) + C11 ~~ + C1s m;M ; 

(I.24) 

C11 = 'f.{c:P,P, !,n); C11 = ~ (ti>, P, f,n}, Cr= ~:f ¢.P,f, n); C~s'fy{<P, ~ t, 11). J 

3a11lCKMOCTH p~(i),t:m;,C='P(</J,P,t,n) ,BXO)l..R1iU1e B (I.24), 
•w•eCTM QH&JU(TllQ8CKff c AOCTaTOtlHOA TOtlHOCTbO He y)laeTCR, Il03TO­

wy OHK 6wn11 llOJI}'QeH&I B 111.0.e rpa~11KOB , nyTeM paCQeTa K8JK,D.Oro 

M3 CKCTeM nepe)l&llK aHepri!H JJ)IR HeCKOJlbKHX 3H&Qemdt P, l u n B 

npe)lezax 38J11UiHOI'O )U1ana30Ha. IlpH 3TOM CTOHMOCTb c paCQHTl1Ba­

Jl&Cb no 11s11ecTHOA ueTO)l.HKe I '2 I . 
IloxaaaTeJIH CHCTeMU wexaHKQeCKO!'O npHBOAa n o B03MOl!CHOCTH 

xoppetcTvipoaanucb nyTeM attan11aa npKBOAOB pa6oq11x opraH011 cy~ecT­

zyii!IlHx CXM c paanHQllhlMH noTpe611.ReMhiMH V.OlllHOCT.fll.111 11 pacCTO.flH111lMH 

nepe,D.aQH 3Hepr1-111 . IlpHMepbl paclleTon cvicTeM np1rne,D.eHbl B nf!J1J10-

it:e111rn I. 



- 49 -

HMllte npr.1Be,D.ettbl pesyr.bTSTbl annpoKC11M8.l.lHH nonyqeHH!ilx ~pe4i.11-

Ko• noKaaaTeneR. i-:aqecTBa cr.1cTeM S11 , Sn, Sr . 9,,, . 
BepoRTHOCTb 6esoTKa3ttoR pa6oTbl c.11cTeM 

p;,ro =P~(l.J= 1-p,(tJp1"0J.t7 P!toJ; 
t •( ,, 

p;(i) = f-Pu(t) P2~(0 fl p}/'(f); 
i·( 

P~ m = ( - P"' r i) , 

(I.25) 

(I.26) 

(I.27) 

r.o.e p,(i) = 0, 730 - aepORTHOCTb 6e30TKa3HO;\ pa60Tbl CHHXpOHHO!'O 
reuepaTopa; Pg (t) - 0, 986 npH c/>=t:Ptp H p1 ( 0 ., 0, 983 npH ¢=c/>_; 
TO lite acHHxpo1rnoro )J.P.HraTe11if; p",( 0 = 0, 9998 - I N cunosoro xa-
6enR; plH(i) = 0,924 - rr.1.o.pottacoca;p,Mf'J= 0,992 npH4's<P,,'AP1>1({) .. 
=0,982 npH 4>=4>nocr- l"H,D.pOMOTopa; p11 (i)= 0,9998 - IM rr.1.o.ponr.1-
HHn; p"'(i}=(a,+c11 P)l npr.1 4>• tPtp .11 p,.,(t)=(a,•a,P;lnpr.1 4'•4',,,cr -
CHCTeMbl MeXaHHQeCKOR nepe.o.ai:rn; p - cyMMapHSR l!OTpe6n.ReMM MO:ll­
HOCTb pa6oqHx oprattos; t - cpe)l.Hee paccTORH.He OT BOM TpaKTopa 
,D.O pa60QKX opraHOB; n - QHCnO pa60QHX oprattOB; l, - paCCTO.R-. ~ 
HHe OT BO~ )J.O L -ro pa6oqero opratta; a,= 0,978, al x 0 ,54·10 ' 
a, • 0. 977 - noCTORHHble KOo¢;lm.tY.eH'"'bl. 

K.n . .o.. K8Jll,:l.OR CHCTeM!il 

(I.28) 

(l.29) 

(l.30) 

llh 1 l 
?;/I( :S f - a,S t, I (l.31) 

r.o.e ~l>f • 0,95 - K.n • .o..pe,oyKTopa; fr=01t+OsP
6
' npH P' ?5 KBT H 

fa= 0, 7I npr.1 P > 75 KBT - TO lle rettepaTopa; ~. =I npK 4> = 4'1,. 
r.1 f 1 .. 0 , 85 npK 4> = 4>11«1 - BHHTOBoro Mexrurn3Ma; ~Ii = a, +a, P;, 11 

npH P, ' 22 KBT H f1;, = 0 , 90 npH P, > 22 KBT - t -ro 3J1eKTpo­
ABHraTen.11; fll'I = f-a, ll- Ka6enbHOR mrn1rn t -ro 3neKTpO,D.BHraTeJ1J1, 

'1-bl 
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tp, = 0,82 - pe,nyKTOpa CHCTeta» 3neKTponpHBOAa noa!illlleHHOR qaCTO-

Tbl; ~ZH •Qg+a,, P8~ npH P ~ 35 KBT H f~ = O,t33 npH P > 35KBT-
I'HAPOHacoca; 'l,,.,, =Ou+a1,P;,"' np11 Pl~ 35 KET H <P=4'1,., teHi = 
,,. 0,7? npH PL> 35 KBT H cP=cPBp .'!,"'t== 0,95 npH ct>=cPnocr -
- i. -ro I';iAPOMOTOpa; ~Ai=""·~.!;- I'HAPO»HHHH i -ro I'HAPQMOTOIJ4; 
p, - MOtlUiOCTb nOTpeCSMelt.aJI i -t.! pac501J11M opr8.lioM; a,, .. 0 , ?5, 

-3 8 -3 6 as- .. 43,81·!0 ' f =0,3, a, =0,80, 0-,=Il,49·!0 ' , =0,?, 
a,== 0,125·10-3, a1 = O,?I, at,= 0,041, fi,"' 0,3, a,t= 0,65, 
a,a = 0,041, !J,, = 0,3, a,s = 0,93, Ot11 = -0,525·!0-3, a,~= 0,958-
nocTORHHble K031xl>HQHeHTbl. 

PaCSoqan Macca 

m;, =(mat +mlt + m,a)- 10-
3 = 

"'"k " =Cl" p tC'lt1 LP, +O" LP, t, 
i•I i•f 

(l.32) 

(l.33) 

npu <P= 4>1,, m;:. (m"'' +m,"' +tnAN + m1c +mMI + tn/11111 +m,,,,)·4D-'= 

P'' .{! p 11 .{! ,,811 ~ IN, =a,, + a15 f- , +a1,,, f- ,,, 'Ii + a,6 ~ ~ ,, + ,,,, ,., '"' 
P

ita ,, ,,, ,, 8111 
+a" +a1~:E Pt t; + a11 LP, li CI.34) ,., ,., 

npu c/Jc<l>n«r m/ = ( mu1 + tnr4 + mA + m,..)-10_, = 

• ar a,, P1" +a.-/:. P, !, + ,., 
,, ltt ,, '" + a11 L Pt !t +au E. P1 1, , ,., ,., (l.35) 

4-131 
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r,ne mzt , mg1, mKf - Macca I'eHepaTOpa, AB:.II'aTeJIJI 11 Ka6eJIJI CliCTe­
Mbl 3neKTponpY.Bo,na npoMbllllneHI10R qacTOTbl; ma1. , m62 , l'T11ti - wacca 
reHepaTopa, ,ns11raTeJ1J1 11 Ka6eJ1J1 c11cTeMbl 3neKTponp11BOAa noBblt:leH­
HoR 1mcToT1i1; m1111 , mzltf, 111,11 1 m,c, m1116', m11111 , mMc - Macca r11.npo­
Hacoca, I'HAPOMOTopa, HanopHOti nl1Hl111, CJTl1BHOtl nl1Hldl1, iiacna II 6a­
Ke, Macna B ttanopHoR 11 cn11sHotl r11,o.pon11HWIX npH <1> • 4'1, ; mu1, mr,,, 
m,.' m,., - Macca I'11.a.pOH8COCa, _§11.D.POI.lHnHH,D.pa, I'l1,D.pOJIHHHH H 

wacna np11 4>=<1>~; a11 = 76,6•IO , 8" = 0 ,6, a,,. = Il,9 H81 =1 
npH P, ' IO KBT H 4'= <P1,., a,,. = 2? ,8 H 8s =0 ,? npH Pt > IO KBT M 

<P=4>i,, a" = 34,2 H 8s =O,? np11 <l>=cPn1t:r• a,,= 64,14·I0-6, 
a19 = I4,2·I0-3, 81 = 0,6, au = 5,&I0-3npH 4'=4'1, H Ou= lQ6·I0-3 
npu ¢>=4>110C1 , a,, .. O,Ill·I0-3, a,,= 26,14·10-3, 81 = 0,6, 

-3 -3 8 Oz1 = 3,83·10 • 8g = 0,6, a,I( = 0,!4·10 • (D .. O,?, OIS" =j,24" 
I0:....:3 SH,. 0 ,3, a" = jO, ?·IO -3, 8,2 .. o,8, a" ;; o,0?2 .. 10 • I,,= 

=O,?, Oza= 0,14 ·10 , 8111 = O,~ Oag = l?,D·l0-3, 8,s"' 0,?, 
a,_ .. 12,99·10.:.:3, aJ, .. 0 ,31·10 , !J,1 =j,6, a,, = 0,49·10-3, 
811 =O,?, a,, = 20,3·10-3, 0 1, =4,50·10 , 811 = O,?,a11 =20·l03, 
B,,=O,? - nOCTORWWe Ko3¢ll111.µ1eHTbl; Or= 0 npH p~ PHT 11 Or a l 

np11 P >PHr ; a" = O np11 ¢=4>1,, 11 a111 = l np11 4'= <11_,- xo:$I>11-
QHeHT1i1; PHT =2 ,2 KBT - l.!Oll1HOCTb r11.a.p0Hacoca TpaKTOpa, T-25; 
PHr = ?,O KBT - TO lie TpaKTopa T-40 Y. f..T-?b; PHT= 12,3 KBT -
TpaKTopa MT3-00; PHT = 19,0 KET - Tpa.KTopa T-150; PHr .. 25,2 
KET - TpB.RTOpa K-?00. 

IloKa3aTeJib CTOJ.!MOCTl1 

c,, = C,, + Ci"' = 

•a,. Pi,,i> a0 f. P1. '"+a,, i p/ult +aJ,f:. P/"ti; CI.3?) 
l•i ,. , l•I 

Ci.r = c,L + C1"a = 
.,. a"' P'''+ °'*' f:. P'"• a,,, t P,'-t, + a"5t {{1

" ~ ; CI.38) 
i •I ,., ,., 
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Cr= CH+ qM• = 
1.1 " 111 " I,, " " . ( l 39) = ara1t11 P 1 +a1t1'L f{ +a416L. P, '4. +a,.,l.P, +Q"12. P;, ll, · 

,_, ,., .:sf i•4 

(I.40) 

r,ne C,, ,eg,<1- CTOJ.\MOCTb KOMnJieKCa reHepaTopa K OCTaJibHOA '!JaCTH 
CHCTeMlil 3ll0KTponpHBO)l.a npOMbllllJl0HHOR '!JaCTOTbl; Cu, cfK2 - TO lite 

CHCTeMJil 3JieKTponpHBO)l.a OOBblUleHHOA QaCTOTbl; CH , cftl,, - CTOH-
MOCTb KOMIIJieKCa I'K~OHacoca K OCTa1!bHOR qacTH CMCTeMbl I'l'!)l.pOnpH­
BO)l.a! a~ =~?,?•IO • Bzo = 0,2, Bat =0,4, B13 = 0,35, 821 = 0,4, 
0110= 48,5 ·IO • Ba,, z: 0,1, a"" = 48,12·IO , Ba, =0,2, Ost = 
.. 2? ,35, BJ, .. O,b - nocTORHHl>le xo3!W>HQHeHTbl; a,,. = 16,2· I0

3 , 
-3 a,s = 259,l, 039 = - 161,2, G1u = 13,1·10 ' 8u- = ~3, a'll =233,8 

82~ = 0,35, a415 "' - 132,?, 8,.,. = 0,3!..3a41s= II,2·IO , Bar= 0,2,
3 a41, "'?83,6, 811 .. 0,2 , 0 41. = l,6·10 , a,,1 = 9,5, al{g .. 15,8·10, 

3 a10 .. 0 npH cb = "''' H a,.,. = 26, ?·IO , a18 .. 385,5, Ozg = - 268,6, 
aw = 22,l IO~ Bu= 0,35~ 01tz "' 344,4, Ba, = 0,35, Q'IJ .... 221,2, 
Bn= 0,35, 041s= II,4·IO , 8~ =O ,~, a"'= 559,3,lJo =0,3, 
0 411 "' 199,l,O'la= 8,5, Ol(g .,. 63,2·!0 , Oso .. 2,3·!0 npH cl'=<P,_r 
- KO~HQHeHTbl. 

,ll,1IR CHHTe3a CTpyKTYPbl CKCTeMbl no 3KCnnyaTaqHOHH1>1M CBORCT-
118.M K OT)l.eJibliblM e)l.HHKtlHblM noKli3aTenm.t, I COOTBeTCTBHH c (l.22) 
.•• (l.40), 6blnK pa3pa6oT8.Hbl anropHTM H nporpe.MMa pactleTa Ha 
I13BM (npHno~eHHe 2). IlporpaMMa 003BOJIReT OTblCKaTb onTliMaJibHY~ 
CTpyKTYPY IlOCTpOeHHR aBTOHOMHblX CHCTeM nepe)l.aQK 3H0pI'HH B 3a­
BHCKMOCTK OT ~yBK41'10HaJlbHOI'O ttaaHa'!JeHHR pa601Jero opratta, BeJIH­
QKHlol nepe)l.aBaeMOR K pa6otlet.iy opratty MOlllHOCTH H paCCTORHHll nepe­
)l.aQH )l.JUI CXM, MMelllllffx )l.O BOCbMH pa31!HtlfliiX pa601JHX oprattoB, a 
TaKl!te Ha9.TK 30Hbl OilTHMaJibHOI'O HCOOJlb30BaHHll pa31!HtlHblX CHCTeM B 
npe.nenax .npmurri,nc OI'paH"!leHHA. 

Pe3ynbTaTbl CHHTe3a no KpKTepHD (l.22) "3<lxl>eKTHBHOCTb -
cTOHMOCTb" npH n = l,3,8 npHee.neHbl Ha pHc.l.15 H l.16. 3~ecb 
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np1nurro, QTO npK n = 3 K 8 , ace pa601me opr8.Hbl mt.em ti,'.U!Ha­

KOBYJO noTpe6eyll MO!llHOCTb 11 y;i.a:ieHbl Ha paaHLJe paccTOffiiHR OT BOM 
Tpai<Topa. ~fa p~c. I. 15 BK.uHO, npK n = I K t:P = cPep ,ec1rn pa601rnll 

opratt a1i1tteceH tta paCCTOSIHKe AO l = 2, 8 ... II M OT neprn1moro 

KCTOYHHKa atteprKK, ttaKnyllt1H1M 11enReTCS1 MexaH¥JlleCK11A np11BOJJ.. SM , 
Ha 60nbWHX paCCTO.l!HK.l!X qenecoo6pa3HO 11cnonb30BaHHe Cl1CT6Mbl 

aneKTponp11aoJJ,.a noablllleHHOA qacTOTbl S]t 11 TOJlbKO Ha 3HallHTen&­

HblX pacCTOffiiHRX l > 230 ••. 400 M OnTW.~8JlbHblM 6y;J.eT 3JleKTponp11-

BOA npOMb!lllneHHOA qacTOTbl. c yaen114eHHeM 'QHCna pa60llV.X O~I'aHOB 

aoHa 11cnon&30B8.HH.I! S,,, pacm11p11eTCS1 , JJ..OCT11raa np11 n =8,,i:.anb-

1:ocTK l =5 ,2 ... I? v., TaKl!te HeCKOJlbKO pacm11pReTCR 30Ha 11cnonb-

30B8.HHSI s~ . Il!JJ,.pon pV.BOJJ.. B JJ..aHHOM CJlyllae SIBRSleTCSI xy.mneA no 

cpaaHeHMIO c JJ..PYI'MMl1 CKCTeMaMH. IlpeAen1i1 ycToAlll1BOCTH rpaHI~ 

30H np11 n =I noKaaaHbl nyHJ<T11pHblM11 n11tt11.11M11, ttanp»Mep, 30Ha 

ycToAllHBa neeee nyHKT~pHoA n11H11H, ttaxoAS1meAc11 cneea OT cn~oQ­

HoA Jll1HHl1, orpatt111lHB8JOuteA $"' 11 Sit • B cnyllae, Kor,u.a yc,ioe11R 

HCnOJlb30BaHl1SI c111cTeM1>1 nepe,11.allH a Hepri.i11 pacnonoaeHbl e a oHe $14,,., 

OI'pattHlleHHoA nyHJ<TJ.fpHhlMH Jll1H~.JlMH, B03MOl!CtiQ npw.1eHeH11e 06e11X 
c11cTeM S,., 11 S1i , e 30He Sizr - cv.cTeM Sit 11 S,. H,Hai<OHeQ, e aotte 

S1i - Cl1CTeM Sn. 11 s i{ • KaK BH,ll,HM. I'p8Jilll.la Mel!t,11.Y 30H&1l1 s~ H S31 

06na,11.aeT ,11.ocTaTOllHO 6onbWoA ycToA411BOCTbJO 11 HeJ\JJ,.eHa c T04HOC­

TbJO t 0 , 3 ... 0, 8 M, rpa.tt~a Melll,ey cv.cTeMaMH S11. 11 S3, 3HallwrenbHO 

Mettee ycTOAll11aa H npH P~ I l<BT B03MOl!:HO 11cnonb30ea.Hv.e o6emc 

Cl1CTeM Ha paCCTO.HHJ.fl1 l OT 9 ... II M ,11.0 400 M,llTO o6'hlICHReTCSI 

6Jll13Kln:H 3HalleHl111Ml1 noKaaaTeneA ::$!>eKTl1BHOCTl1 3Tl1X Cl1CTeM B 

yKa38.HHblX np~,a.enax . YcTOAll11BOCTb I'pa.Hv.q c yee1rn4eHl1eM n npaK­

Tl11leCKH He l13MeHJteTCR, noaTOMY npeAeJlbl ycTOAllKBOCTH rpaHHQ 

AJl.I! n > I Ha rpa¢111<ax He yKaaaHhl . 

0TMeTl1M, QTO 30Hbl c B03MOl!UiblM HCnOJlb30BaHHeM ABYX KJlK Tpex 

CliCTeM npKBO,llOB 3,[lCCb K Aanee OTW.e4eHbl 6y1:eo:! $ c COOTBeTCTsy­

XlGl.HMH ' pattee npKHRTblMK ' 3Ha~Kw.m CV.CTCM. 

IlpH nocTynaTeJlbHOM .:i.int,;er.;rn pa6o q e :--o opralia c/> = .:P-rC cw . 

pKC . I. 16), n =I, arpeI'a. 11p oa8.H11K 3neKTpn¢~KpoeaHHOR CXM TpaK­

Topou T-25 c MOl!UiOCT acTpoeHHoro I'l1,D.pOHacoca PH',. c 2,2 KBT H 

P~ PHr Ha pacn·rOSIH1'11f AO l == 200 .• . 220 M onTl'.MaJlbHOA SIBJ'J!eT­

CJI c11cTeMa I'HJJ..POnpi1B0,11.a Sr . IlpH P>P,,rHa paccTOStHHlf ,11.0 ! =I ,6 ..• 
. . . 3 M onTKMaJlbHOA CTaHOBlfTCR CKCTeMa M8)(8JilfQeCKOrO npHB0,!1.8 s,,.. 
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3oHa HCUOJ!b30~8.HH.R CHCTeW. ~JleKTponpHBOAa nosbl'.:leHHoR QaCTOTb1S1a 

nocTeneHHo pacc;1p.f!eTc.R c l = 220 ••• 400 npH P = I KBT .no 
l • 4 ••• 400 M npH P = 150 KBT. Hcnonb301'aHHe CHCTeMhl S,, 

qe:n:ecoo6pa3Ho, TOJib!<O npH MOlllHOCTJlX P > 20 KBT H paccTOffiiHH 

! > 250 M.flpH arperaTHpOBaHHH CXM p,pyrH}.111, 6onee 3HeproHac1i1-

~eHHb!MH TpaKTOpaMH 30Ha Hcnonh30BaHH.f! CHCTet.lbl Sr pacmHp.f!eTc.f! , 

DOCKOJlb!CJ' pacTeT MOlI1HOCTb rHP,POCKCTeMhl KOTOPYD MOl!OiO nO):lKJIX>­

\lHTb K r~.!J.POHacocy TpaKTopa. CoOTBeTCTBYIOOlHe rpaHK4bl 30H ,nn.f! 

pa3JIHQHblX cenbCKOX03.ffRCTB0HHhlX TpaKTOpos noKa38.Hbl ropK30HTaJib­

HhlMH JIID!H.f!MK . Ilp11 PHT.> 2,2 KBT rpaHHqa Mew Sr K Sn. npoxo):lMT 
no npasoP. BeTBH KpHBOR ,noKa3aHHOR Ha rpatl>HKe. c pOCTOM n 30Hbl 

SM 11 Sn. pacmHpRJOTCSI. 
Maor11e 3KCnepHMCHTapbHb!e Ma!lll'IHhl pa3pa60Tatt1i1 c Ha116onee 

pacnpocTpatteHHh.'M Ha npal<T>iKe 3JieKTponpHso,noM npm.wmneHHOR llac­

TOTbl, no3TOMY 60JibWOA HHTepec npeACTaBn.f!eT CHHTe3 CTpyKTYPbl 

6ea ylleTa cv.cTeMbl 3JieKTponpHBOAa nosb'UleHHon qacTOTbl. Pe3ynbTa­

Tbl TaKOI'O CHhTe3a np11BeAeHhl Ha pHc.l.I7 H 1.18. 
flpl-1 4J= 4>tp H n cl (CM.pHc.I.17) Ha paCCTC.RHHl-1 ):lO / = 

.. ? ... 12 M B 3aa1o1CHMOCTLI OT MO!!UiOCTH OrtTWdB.JlbHOR .fl'.BJlReTCSI CHCTe ­

Ma SM . CHCTeMY rHp,ponp11BoAa Sr qenecoo6pa3HO wcnonh30BaTb npH 

P ~ 34 KBT K AaJibHOCTH nepe,naQ11 3Pe pr Lrn OT l = ? .no ! • I? w. 
B OCTaJibHblX CJIYllaSIX OnTHMaJibHOR .RBnReTCR CHCTewa 3JI0KTponpHBO):la 

s Jf • c pOCTOM n 30Ha OnTKMaJibHOCTH Sr cyJitaeTC.R K npH n = 8 
nonHOCTbD Bblpollt,D.aeTCJI . I'pa.ttHQa Mellt,lJ.Y Sr H Sa1 )lOC'raTOllHO cKnbHO 
pa3Mbl'l'a H MO~eT 6h1Tb C):lBHttyTa OT OCHOBHOR JIHHHH Ha +9 M. Cne.no­

BaTeJibHO, cy~eCTByeT 6CJibWaSI sepO.RTHOCTb ttaXO~)leHHJI ycJIOBHR 

HCflOJ!b30BaHHSI CHCTeM B 30He HeycTOR\lHBOR rpaHHQbl , B 3TOM CJiy\lae 

onTKMaJibHYD CHCTeuy qenecoo6pa3HO yTO\lH>frb no ,nonOJIHl-!TenbHhlM 

ycnOBHRM, HanpHMep, no OAHOR H3 BJ<TyaJibHhlX a paccMaTpHsaeMoM 
sapHattTe QaCTHl:JX noKa3aTeneR KaQecTsa. 

B CJiy\lae 4>·~H n =l (CM.pHC. I. 18) 30Ha OrtTl1M8.nbHOCTH 

CHCTeM!il MeXB.HH\leCKOI'O np11BO)la s~ OCTaeTC.fl TBJ<OR ~e K8K Ha pHC. 

I. 16. 30H1>1 HCnOJib30BaHHR CHCTeM Sr H SH cy~ea- s eHHO pac m11p.RDT­

ca 38 ClleT 30Hlil CHCTelJbl 3Jl0KTponp11so,na nOBbllDeHHOR \l8CTOTbl 

TaKKM o6paaoM, onTHMaJibHaR CTpyKTypa nocTpoeHHJl Hccne.ny­
,,.,..~o vtL_i 

eMoR CHCTeMi>I nepe.naQH 3HeprHH B OCHOBH0~1 38BHCHT OT pacCTORHIUf 

3Hep~Kl-I, nepe,naaaeMoR MOl.llHOCTH. ~YHKQHOHaJibHOI'O Ha aHalleHKH pa-



t 
H 
VJ 
H 

Ii 

2 b£.-,.L._.,£-,L .,<) 7 < 7 < ,< 1 < j,< 7 c 7 < 

0 2 Ii 6 8 10 20 J,O 60 80 100 150 200 e, M 

PKc.I.I?. 3oHlJ orrrlo.!anbttoro npKMeHeHHR pnanH4HhlX CKCTeM nepena4K 

3HeprHK npK cp = <P1p 6e3 yqcTa cr.tcTe>thl aaTouoi.moro 

3neKTponpHao.ua nOBl:ilUICHHOA 1mcTOT1-1 Sn. 

~ 



t ,_, 
w 
H 

0 

- -' - •-----·------l- l 

Sr 

n•f n=J 

2 " 6 8 10 20 40 oo eo too t50 200 e, ,., 
PHC. I. IO. ~OHbl 0IlTl1MallbHOI'O np11MeHeHlill pa3Jil1QHblX Cl1CTeM ner eAaq11 

3Heprm1 np11 4> = cPnocr 6e3 yqeTa c11cTeMbl aa·roHOMHoro 

3neKTponp11BOAa noablllleHHoR qacTOTbl $3,. 

~ 



- 59 -

6ollero opraHa no pOP:f Jl.BUl!teHM H B MeHbmet! cTenem1 OT . lll-!Cna pa-
601n1x opraHOB. CymecTseHHoe smunrne Ha cTpyKTYPY noc~poemu1 
c i<cTeMhl oKa3~BaeT TV.n TpaKTopa, arperaTv.py~mero CX.:A, 3Hepro­
HacJJmeHHhle TpaKTOp!i!, Hanp.u.1ep , Tmia K-?CO, T- t50, oc11atteHHl1e 
r1•,o.p0Hncocru.rn 3HallHTenbHOA MO!lU-IOCT:i , pacmv.p.R ~ 30H'J HCnO]Jb30lla­
Hl1SI I'l4,D.pOnp11ao,ua. IlpK O)J.HOM pa6olleM opratte CY.CTeL:a llB'rOHOMHOI'O 
:rneKTponp1tBO,IJ.a npi< <P=- t:Ptp o6na.o,aeT o6mKpHoA so~10n 14cnonbsoaa­
HliR, HalllfHM c l • 2 , 8 .•. II t.! 14 npli cp = c/>nocT c f =4. ••• 225 M 
ll 36BHC14MOCTH OT p . rKAP006'beW.HhlA np\iBO,ll OflTHManeH )lO f "" 
4 • •• 225 M K MOllUiOCTH P ~ P.,1 npH ¢= <Pn,cr / MexaHHlleCKHR 

npl!BO)l Ha pacCTORHIU! t < 2 ,8 .. . II M npH '1>= 4'1, I! /< 1,6 •• 

. . . 3 M, npH ct>= <Pnocr· 
IlonylleHHble onTr.iMa-!lbHble 301-'.!> npHMeHClll1.fl pa3Ml4Hb1X Cl1CT eM 

nepe,nalll! 3H0pI'HI! He .RBJUIKlTCR "saCTblBIDlllMl1 11 
Ii 6y,zyT J.<jMCHJIToC.R 

no Mepe BHeAPeHIU'I ll np0113BO,UCTBO )J.OCTHll\0Hl1~ Hay4h0-TCXHl'll0C.KO­
I'O nporpecca H no.n DnlUIHKeM .cneQv.anbHO AJIJI 3TOI'O rianpasneHHblX 
HayllH0-11CCnejl.OBllT0nbCKl!X 1r'I KOHCTpyK'.l'OpcKV.X pa6oT. ,Apyr8JI KOH­
~HI'YtiaQ~ 30H MOll\0T 6b1T b nonylleHa npH CH.RTHH H H3M0H0HKH orpa­
HHllCHHR, npHHJITblX ll XOJl.0 o60CHOBaHIUI 11CXO)J.HblX jl.aHHblX ,nn.R CHH­
Tesa, HanpHMep , ecnH Tpe6yeTCR perynHpOBaTb CKOpOCTb pa6ollero 

opratta. 

B pRAe cnyllaes , MOll\eT 6b1Tb nocTasneHa sa.n.at1a paspa 6oTKK 
CHCT0Mhl nepe.n.allH 3Heprv.H, HanpHMep, c H8HBb1Cmea s4xl>eY.THBHOCTb~ 

BblilOnHeHKR rnaattot! ~Ytu<qHH , Ha)J.elltHOCTbD HnH HaHMCHbme~ Maccoa, 
Ta101te , K8J< 6~no noKasB.Ho a n.l.3.3 npi< OTJl.enbHblX y cnos11.Rx HC­
non&soaattMR CHCTeMW , ee Oil'l'HM8.nbH8Jl CTPYJ<Typa .n.onJKHa 6h1Tb yToll­
HeHa no O)J.HOR M3 ll6CTHl>IX IlOK638TeneR K6ll0CT&a CHCT 0Mbl. Ilo 3THM 
npKllKHaM npoae.new CIUrl'e3 CTpYJ<Typw CHCTeMN no llaCTHlAI noKaaa­

TeJIJDI.. 
PesynbT&T~ CKHTesa cTpyKTypbl no ~KTHBHOCTH ~YHKQHOHH­

poeaHHR CHCTeMhl, T.e. Kor.n.a Rp11Tep1&eM OnTHManbHOCTH KCKOMOA 
c1&cTeNL1 SE Mel!. 6yJJ.eT K;=min, npHBeJl,eHW H& pHc . I.19 •• I.22.fipM "'= 4'1,,n= l H l < ? ••• 15 M onTHManbHOR .RMJieTCR CHCTeMa Mf'X&­
HlllleCKOro npKBO)J.8 s .. . npH t > ? .. . 13 .. K p > 3,? iiliT - c;ic-
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Teua 311eKrponp;iso.na noB~"l!eHHoA llacTOTLI S1a , B µpyrHx cr.yllastx 

cne;:,yeT HCno~b30B~Tb c~cTei:y 3JieKTpor::punoAa npo~u:~neHHo~ llaCTO-

TLI $if (cM.pHc.I.19). C1-1cTeMhl Sat, S11• H Sr ctS::u):am 6Jil-!3KHMI-! 

3HalleHIUIMll 3~"ieKTHBHOCTH Ha P,OCTaTOllHO ol<urnpHO~ ni:oi::aAH, B npe­

AeJiax KOTOpotl Bbl60p O;l,}IOA 1-13 CHCTeM '!pe6yeT yTOllHeu:m . 

Ct~HTe3 npv. TllKHX ;r;e ycnos1-1Rx, HC 6e3 ylleTu c1-1CTCMbl Sn no­

Ka3L1saeT (cM.pv.c.I.20), llTO np1-1 3TOM , ecmi l< 15 ••• 17 M,OnTH­

Mar.bHO~ RBJIReTCR CHCTeMa SM • B OCTa::bHblX CJIYllaJIX - s~f .rpaHH-

1.1a M€1"\AY HX 30Hru.ll!I .nocTaTOllHO ycTOtlll!1.Ba, 0,11.1-taKO QaCTb 30!Uil $)( 
nepeKpLIBaeTCR npocTpaHCTBOM B03MO:!<Horo HCn01tb30BB..H1HJ cucTeMbl Sr. 

Ilpu nocTyr::aTf'JibHOM ,ns1-11.".eHHH pa6ollero oprB..Ha ct>= cP,_.H n = l 
cwcTeMa Me~aHHlleCKoro npusop,a SM RBnReTcR nyllt!leA .no t =5 ••. 9M 

(CM. puc. I. 21) , CHCTeMa Sr RBJIReTCR npe,nnollTHTeJibHeA Ha paccTOR­

HllRX t ( 18 • • .400 ~~ B aaBHCID:OCTH OT MOIUHOCTl1. 3oHa OnTWJ.laJib­

HOI'O ucnonb30BaHHP. CHCTeV.bl $3l HaXO,ll.HTCR npasee 30HLI Sr . M 
T OJlbKO npH t > 230 M npH P > 40 KBT uenecoo~pa:JHo 11cnonb30Ba­

H11e 3neKTpor:· ·•so,:i,a npollhltll.lleHHO~ QaCTOTLI. 

Ilp1-1 CHHTe3e c1-1crev.1i1 6ea S1l aoHa c11cTeML: r1-1.::.ponp1-1so,:i,a Sr 
H0CKOl!bKO pac~upReTCR, ,nocTHI'aR l= l ••• 400 M, na 601tbi!IHX pac­

CTORHHRX OnTIU!aJibHOtl 6y1J,€T CHCTeL:a Si{ (CM.pV.C. l.22). 
3oHhl onTW1.aJ1bHoro 1-1cno1tb30BaHl'!R cwcTeM S € Mc.I!. , a c1:yllae 

Cl!HTe3a CTpyKTYPLI no KpHTepl!IO npe,nnotJTeHMR p '{l):: min v~iH 

no oepo.RTHOCTH 6e30TK83HOA pa60TL1 p,nn c/J = <:Ptp 11 cP= 4',,1er A~ 
COOTBeTCTB€HHO Ha puc. I.23 H I.24. B nepBOM cnyqae AO l =4 ••• ?w 
6one~ Ha.o.elltHOA RBJIReTCR CMCTeMa Mexruu.ttJeCKOI'O npHBO!J,a s,., • Ha 

6011bm11x paccTORHHRX - CHCTeMa I'HAPOnpuso,[la Sr .Bo sropoM cny­

llae 30Ha Sr pacm11pST0'l'CJl .o.o l =4,6 ••• 7L1. CwcTeMbl asTOHOMHoro 

011eKTponp11so.na no Hap,elltliOCTH ycTynavr o6eHM p,pyrHM. HaAelltHoCTb 

CHCT0M npaKTHlleCKH He aasucwr OT MOtUHOCTH. c yseJIHll0HHeM n 30HaSr 

cylltlleTCJl aa cqeT pacm1i1peID1R 30Hbl s,.. J( OTHOCWT01IbHOI'O ynyQ1ll0ffi(Jl 

Ha,neJKHOCTY Cl4CTeM!il s M • np1CBO}l.Rlll.0I'O K TO.MY. llTO Ha 60JibmMX pac­

C'l'ORl!MX Otta CTB.HOBHTCJI OnTKMaJibHOR. 

flcMCK CHCTeMiil Se Mu, 0611ap,alll!leA ttaw6onbWHM K. n.,n. it'=milr 
JJ,JIJI 38.,ll.aHHhlX ycnoawt lfCOOJlb30B8JUUI .o.an 30Hhl, nOKB.38.HHble Ha pMC. 

I.25 IC I.26. flpH 4':c/J1, HatJHHM c l "' 5,5 • • • !3 M HaM60nbl!lw.I 

K.n.~. 0611ap,aeT CHCTeMa SH (cM.pHc.l.25), Ha MeHbmHx paccTo.11-

HWJiX G!CT€Lla MeXB..Hl<qecKOI'O npMBO!J,a s., ,o6na~aJXD.M Ha1rnytJmeA 



er 
H 
VJ 
H 

10 
~ v:--z-22 .............. zz,__,,,_2.,._..._az__..,._,%%, 

" 
2~7' 

f " 6 8 10 20 40 60 80 fOO f50 200 e,11 

PHc.I.23. 3oHhl onTHManbttoro npHMeHeHH.R pa3n~4HUX CHCTeM nepe~a4H 
3Hepril:' no eepO.RTHOCTH 6e30TK831iOA ra60T!ol npH cp =~Sp. 

O'> 
CJ1 



Y1 
H 
VJ 
H 

2 v c c c '1 / / / 1 / / / Ytf-t>N } 1 1 > ".!> " " t " 1' "k''P l k' "' "'{'" ~ >>>> >777''' ' ' ''~ \:'\\:\:V < \: \J\J 1' 

20 40 60 Bo 100 1so 200 e.,., 

PHc. I.24 . 3oHbl onTHManbHoro npHMeHeHHR pa3nH4HUX CHCTeM nepena4H 
3HeprHH no aepOJrrHOCTH 6e30TK83HOA pa60Tbl npH <P:: 4'nocr· 

g 



- 6? -

0 
i::.. ~ 
0 c :i:: 
..0 
~ II: 
co 
~ 0 

t: 
E-< c::: :s: 
0 :s: 

i::.. 
:a 0, 
:x; Q> 

~ :.c 
(') 

I{) 
C\l 

H 

0 

if 



tt 

- 68 -

""' >f--\.~-+---+--+ _,...... _,f---+---+-----1 ~ 

-..., 
~ 

I 
I 

I 

I 

i---_.,...-t---t--~·--i----t-----1~ 

-r---1-i--i--i----t----t----;~ 

V---+--t-+--+---t---t-----1 :;g 

.,,. I 

() 

:s: 
p., 



- 69 -

<f>Yl!Kl..llWHallbHOt! opraHV.30BaHHOCTb!'.l . C11cTeMa or5i:.e1tJi0ro rv.t:,porr;1rno­

,11.a Sr c HK3K;!1'l1 3na1.;em1ru111 K. n. ,u.. rv.,c.po~:amv.H v. 3Ea1:n1Te .1b!U.:1.'.11 

noTepRMl'l ,11.aB11eH11!'! B rv.;_;>01111: nm, TaK'!le c:~cTew.a 311Cl'Tpor:p1~Bo;i.a 

noebll!leHHOP. 1.4aCTOTbl c 60J!bl1!11Mli noTepm.111 B Jll1Hl111 ilBV.,D.y nOHV.:lleHHO­

ro HOtll4Ha,1bHOf'O Ha:1p5r.leH>1!'! O~Jla,!:.a!OT JCY,m:ll1M14 3HaQeHV.ffi.'.l1 K.n.)J .• 

eo eceM pacct.mTpv.sae1.~oM npocTpaHcTee. 

Ilpv. 4>=4>_,.napru.1eTpb1 rv.,n.pocv.cT eMbl Sr y11y1<1:1a'C'!'c11 H ee Hcno11b-

3oea1me CTaHOBliTCR 8 03MOJrJ-lblM OT l > 4,8 ... 9 AO l= 120 ••• 400 M 

(cM.pv.c.l. 26) . BMecTe c TeM, c11enyeT oT11.eTV.Tb, QTO Ha 6onbwv.x 

paCCTORHV.IDC BDV.,D.y 611H3KV.X 3HaQettv.n K.n.,n. . CHCTeM , qeTKY!O rpaHH­

tzy 30H onpe,n.eJJHTb Tpy,11.HO , I1 03TO~:y 1..1e11eCOO~pa3HO IlfV.6er.HyTb K 

,n.pyrw.1 no1<a3aTe11RM xaqecTea cv.cTe1.a:.1 . B o6ov.x CJ!ytia.'!x q;ic110 pEs-

6oq:.ix opraHOB cyrueCTBeHHoro BJIV.RHHR Ha K.n.,n.. CV.CTCM He 01ca::ibl­

BaeT. 

Cv.HTe3 CTpy1<Typ1>1 CHCTeM no MV.HID-1YMY t.!accbl m; =min .n.a:: c;ie­

,D.ylOIJU;le pe3y11bTaT1>1. Ec1111 pa6oqHA opraH BpB.UlaeTc11, npv. 6011b~11x 

MOUUiOCTRX ,:i.o l = 3,5 }.1 Ha11MeHbWe P. t.mccoR 0611a,11.aeT Cl1CT6l.!S lt.!6-

XSHV.QeCKOl"O np11ao,ua S,., , HaQV.hB..R c P = IO KET no Mepe CHHr.;eHMR 

MOlllHOCTH 30Ha S ~ cyruecTeeHHO cyJr.aeTCR ( p11c. I .2?). Ha 60JibWl'lX 

paCCTOffiiliRX OnTmt.llJ!bHOt\ .f!B,1.ReTC.fl CHCTeMa s~t 11 TOJ!bKO np11 t > 
> 340 M H P > 60 KBT c11cTei.1a 531 • ~:cirnio10eH1t1e c11cTeMbl S12 cymec-

TBeHHO pacm1t1p.ReT 30HY S,., , ee11.ny 3Haqv.TenbHOR y,n.enbHOA 11.ucc1>1 

3JieKTpv.qeCKHX Ma::JY.H npOML'llllleHHOP. qaCTOTbl Ii 6o~b00n i.~aCCbl pa6o­

qe'1 llrn,11.KOCTV. a rv..::.poc11cTei.1e (pv.c. l.28). Il~m 3TO>J cv.cTe:.iy Sr t.te­

necoo6pa3HO wcnollb30BaTb np;i l = 9 ••• 78 M. 

Ilp;i nocTynaTeJi hHON ,UBID!leHHH pa6oqe r o opra!-la, npv. P~PHr. 

oc5"beMHb1P. rv..n.por:pirno,n. nerqe ,n.pyr-;ix T11noe npHBO,n.oa Jl.O l = 18 M, 

'4TO B 0 J.~HOI'0,1 oc5yc110BJICHO KCnOJib30BSHV.eM np11 Mam.ix MOUUiOCT~X 

l'H,11.pOCHCTe>!bl TpaKTOpa (pHC. l.29). fipH c50llbl.lll!X LIO'.JlHOCTSiX H e ~ 'i l/f 
orrrUMaJJbHa Cl!CTeMa s1'1 . B OCT&Jlb!WX c11yqa.qx - CHCTeL~a Sat I( 

TOJ!bKO npv. e > 350M 11 p > 100 KBT - s~1 . Ec;i11 "Pl! 3THX r.ce yc­

JIOBV..f!X He y1mT1i1eaTb Su , ee 30HY .n.o t =IIO ... 135 M 31Uim:.aeT 

CHCTeMa Sr ,ocTaJ1bHOe S1, p11c.I.30). 

TaKHM o6pa30M, 3aK0HoMepHOCT11 onT11MaJ1bHoro 11crroJ1b30B&rn!'! 

pa3JIHt.IHblX CIWTeM nepe)J.8'411 3Hepr11H np;i CKHTe3e no Kpli'repv.ll 39PeI<­
TV.BHOCTH npHMepHO COOTBeTCTByeT 3aKOHOMepHOCTRM pacnono~eHHR 

30H npH CHHTe3e no eexTopy a1<cnnyaTatµ.10HHblX ceoAcTn. Pe3y11bT8Tbl 
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CllHTeaa no p.pyrvJ.i qacTHUM no1<aaa'J'eJIJiM 3¢:!iexn:aHOCT ;i CJACTeM 
noKaablBaJOT: 

- CiiCTet.la aBTOHOMHOI'O 3}J'eKTpcnp11BO)l.a 1-0!.eeT nytrulee K. n. A· 

1-1 MettbWYIO v.accy no cpaatte1m10 c rKr..poo6DeMHbl?.t npr.ieo,11.0L1 np11 4': cl>1, 
HO 06}J'a,o.aeT MeHbWe~ Hap.el'OiOCTblO no cpaBHeHIO) c p.pyrHMll CHCTeMa­
Mll j 

- Cl!CTeMa I'K)l.p006Del.!HOI'O np110op.a o6nap,aeT npeKMyinecTBOM 
B noKaaaTene Ha)l.8~~0CTll Hap. CllCTeMOA aneKTponpKBO)l.a BO BCeM 
,1t1Aanaaotte f. 11 o6nap.aeT nytrulHM K.n.p.. IA ManoA v.accoA np11 4'=¢__,, 
HO l!MeeT Hll3KOe K.D.)l.. II 6onblllyJO Macey np11 4'=4'1p; 

- MeX8J-l114eCKM CllCTev.a o6nap.aeT 6onbllleR Ha,nelltHOCTblO II 
K. n.,n., MeH&weA MaccoA no cpaaHeH1110 c p.pyrm.111 c11cTeMaM11 Ha He-
6onbwoA p.an&HOCTll nepep.a4r.t aHeprr.ir.i, HO ee noKnaaTenw peaKo 
yxy.muaKYl'CR c ysenr.i4eHKeM l . 

I.3.5. PexoMeH)l.8.Qr.tll no s1i16opy onTr.tM8.J!bHO~ Cl!CTeMbl 
nepep.a~r.t aHeprr.ir.i 

B1i16op onTHMaJ:bHOA c11cTeMbl nepep.aq11 attepr1111 no ~bllllenp11s e­

AeHHL1M rpa¢r.tKaM npo11aeop.RT cnep.yllUU!M o6paaou. B aasr.iCKMOCTll OT 
HS3Ha4ettr.tR pa6oqero opraHa 11 paccMaTp11saell.blx T11nos nepep.aq11 
a1i16r.ipaev. OAllH r.ia rpa¢r.tKOB p11c . I.I5 ••• I.I8. Ilo p.pyrm.1 ycnoar.iRM 
11cnonb30B8.Hr.IR - noTpe6nReMOA pa604r.tM oprattOM MOinHOCTI! H OTp.a­
neHHOCTH ero OT BO!J TpB.KTOpa, pacc4r.tTB.HHOR no nyT11, npoxo)l.RUle­
v,y 4epca ttecyin11e KOHCTPYKl..11111 pa6o4ero opr8.Ha, Ha nr.ocKOCTll P,t 
HaxO.D."M COOTBeTCBYllteylO T04KY II BblRCH.ReM, K 30He omin:anbHOI'O 
npl!MeHeHl!R KB.KOI'O npl!BO)l.a Otta OTHOCllTCR. 

Ecnw HaR,11.eHHaR TOl:flea HaxO)l.llTCR B qaCTI! rpa¢11Ka c HeyCTOA-
41fBOA 4'patt~ei.t l.1el!C,O.j' 30HB.MH CTp?iMeHeHr.tR CllCTeM, r,11.e Hexy;::ll'.Mlf 
RBnRIYI'CR ,ll.Ba wn11 Tpll Tima CllCTeM,OKOHQaTen&HhlR Bb160p c~e;;yeT 
npo11aaecTl.i no OAHOMJ' 113 4aCTHhlX noKaaaTe.'ieA Ka4eCTBa c11cTe\tbl. 

B cnyqae npep.'l>Rsnettl!R noBbl!!leHHblX Tpe6oBB.HllR K Ka4eCTBY 
a1i1nO}J'HeH11R TeXHonor11qecKoro npoqecca 11 KaQeCTBY c11cTeMbl np11ao­
,11.a , cne,11.YeT aocnonbsosaTbCR peayn&TaTB.Ml! CHHTeaa no noKaaaTenJO 
a.!xfleKl'HBHOCTHC!t!CTeMbl. 3-ro. Hanpm.:ep . OTHOCl!TCR K ).latlll!HaM no 
yxo;ry aa Bl!HOI'p8.,II.Hr.tKaMl'! II ca,nau11 • QYBCTBHTen&HblMll K K84CCTBY 
nposen.eHl!R TexHonor11qecK11x npo4eccos 11 I',ne B03MOl!tHO 11cnon&ao-

5- I3I 
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Bai-me aneKTpmpv.Q11pOBaHHoro py4ttoro ilHCTpyt-eHTa. 

Ilpli npi!BO~ patS01rnx opraHOB. BUHeCCHHblX Ha HC60.1bllllle pac­

CTORl!i!Jl, AO e = 4 •.. 6 M, KOl:'}l.a Macca Ka"1(,nO!! 113 Ci!CTeM ~'.a;:O 3a­

Bi!CliT OT paCCTOJlHHR. cne,a.yeT B nepeyX> 04epep,b o6paTl1TL DHi.u&a­

Hlie Ha Ha,a.elltHOCTb CHCTeM (HaBeCH!Je KOCi111KH, r.pecc-no;i.6o~t!IHKli, 

onpblCKliBaTenli). 

B CUCTeMax npi!BOAOB nepe,a.aY.l!IUIX 3Heprul0 Ha paCCTOIDHiJl CBbl­

me l = 4 .•. 6 M B KalleCTBe .a.onOJIHlrl'eJibHOr'O ycJIOBl1.l npe,nnoqTe­

Pl(Jl Qenecoo6paotto npi!P.RTb Macey, so3pacTaH11e KOTOpo!! c ye~nil­

lleH11eM t CTaHOBHTCJl cy111ecTBCHHblM ( urnpOK03liXBaTHbl'; KOCi!JIKil 

H ~aTKil, AO'!UJ.0BaJlbHh!0 arperaTbl H T . n.). 

K.n.,n. Ci!CTeM s~ Ii s, i:ano li3MeHJteTCR B 311Bl!CltMOCTH OT 

YCJIOBHll HCnOJlb30BaHHR CHCTeM, no 3TO!! nplill!iHe OH MO~eT 6b1Tb 

HCnOJlb30B8Ji B Ka4CCTBe ,nonOJIHHTeJlbHOr'O KPHTepHR OnTIU1aJlbHOCTil 

Ha paCCTO.RHIUJX e > 9 ... 15 M, a Ta.Kll:e BTOpOr'O ,liOfiOJJmrreJJbHOr'O 

KpUTep~U!, ec1111 nepBblA He Bbl.RBHJI nyqmylO CHCTe~~-

B KatleCTBe npv.Mepa Bb16epeM onTID~anbHhlfi np11so,n pa6oll11x op­

rattoe KOHTyp11oro o6pe3QHKa KPOH nno.a.oablx KynbTYP !J:\0-3. 3aao.a. 

3TY M8!llliHY BblnycKaeT c r11.a.poo6'!teMHblM npliBO,nOM prl!cyl!U1X annapa­

TOB u r11.a.pasn11qecKliM np11so,a.0M ~exatt113v.a paa,a.awtteHHR 11 no,1U>eva 

pa6ollHX oprattoB . MotllHOCTb Kruit,noA 113 BOCbMH peJ!\Yi:n1x annapaTon 

o6peallHKa cocTasnneT P = 3,8 KBT,cpe)41ee paccTORHHe nepe,a.all11 

3HeprHH l ::il4 M, pe60Ql(e opraHbl npe,D.CTQBM&.'T cor'oA JlliCKOBble 

nHnbl coeepma!Ol!Ufe spa111aTeJ1bHOe ,usm1teH11e '1'• tl>tp. ha pi!C. I. 15 tta­

xo,a.wM TOllKY COOTBeTCTBYIOIIJYlO 3a,nattHW.I ycJIOBHRM pa60Tbl 11 y6el!\,O.a­

eMCJ'I, llTO OHa HaXO.lJ.i!TCJ'I B 30He OnTHMaJlbHOr'O HCnOnb30BaHHR CllC­

TeMbl aneKTponpHBO,na nOBblllleHHOA QaCTOTbl s,, . 
EcnH He yqHTblBllTb CHCTewy S11 H socnonb30B8TbCR p 11c .I .I? , 

TO MOlltHO y6e,D.KTbCJl, QTO OnTHMQJ!bHblM npHBO.lJ.OM o6pe3qHKa JlB,1Re'J'­

C.it CHCTewa 3JIBKTponpHBO,D.8 npOMblllJieHMOR 48CT0Tbl /33,36,3&-~f/. 
)J.n.R paa,a.1ume11Hn Ii no,D.beMa peJllYaunc annapaTOB tteo6xo,a.ww.i 

.a.sa npHeo.a.a nocTynaTenbHOI'O .p.sm:eHld.R 4>=<:PMc:r c MOll1HOCTbKl 

P = 3,4 KBT " cpe,D.HHM paccTomrneM OT BOM Tpa.KTopa l = 6,9M. 

no p11c.I . I6 " I.Ia HaxO~HM. QTO B 3TOM cnyqae onTHManbHblM .RB­

JUJeTCR CHCTeMa r11.nponpKBO~a. 

Onpe~e11eH11e onT1WanbHOA CT~YKTYP~ nocTpoettv.R CX!d c ttec­

KOnbKHMU pa604ID.lH oprattaMli pa31!llQHOA MOUUiOCTH H y,a.a11eHHOCTl>lO 
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OT BO:A cne.n.yeT npoBO,r:;iT b c 11cno11&3oerunwM Il3BM no npeJ1,11araeMoA 
nporpa.J.11.1e. 

PexoMett.n.yeMble c11cTevJi1 np11eo,o.os Tl.Jlff HeKOTopux arperaT11pye­
MblX TpaKTOpru.•11 3KCnepKMeHT8JlbHliX 11 cep11AHO BbmycKa.eMblX V8lll11H 
np11oeJ1,et1L1 e Ta611. I. 8. 

Ta6m~qa I . 8 

PeKoMett.n.ye~'.ble c11cTeML1 npHBOJJ.OB HeKOTOpblx 
CeJibCKOX03ffncTB0HHblX Mailll1H 

!~HKLiHOHaJib-I C11cTeMa CTEHBO~a 
Cenbcroxo3RRCTBeHHWl M8lll11Ha !Hoe Ha3Ha- lcyiuecTBYJO-l peKOMeH-

!1:1et111e lwM l;t,yeMIJJI 
! ! !c l6e3 
I ! !Su! S,a 

I 2 3 4 I 5 

I. OnpblCKHBaTenb nt11QenHoR ~ep SM s. SM 
eel!Tl1J!RTOpHb1'1 0 lli-l~OOA 

2. Ji{aTKa BIUlKOBaR np11QenHaR 
iiIBU-6A s,.. S,.. - pa601:111e opraHbl lj?Bp s,.. 
- CTO,ll.b0M MOTOBHJla, np;mo.u. <1/nOCT Sr Sr Sr 

aapimTopa 
3. Koc11nKa poTopHaR HaaecHaR 

KPtl-2,IA ~Bp SM SM s,.. 

4. ilpecc-no,ll.6op~K ill1~-41-I, 6M <1/Bp SM SM SM 
5. Iloly31:11-1K T101<or. 11 pynot1oa QnOCT Sr Sr Sr 

HT =-500 
6. lJ:1w11Ha ,ll.!lff cn11omt10R ~6opK11 

Kal:laHHoR KanycTu YKM- <11Bp Sr S,a Sr 

?. 1Aaw11t1a ,ll.J!ff KOHTypHoA o6pe3KH 
nJIO,ll.OBblX 'AepeBbeB Ut<0-3 
- pa601:111e opraHh! ~Bp Sr Su s" 
- paaJ1,aHJKet111e 11 no)J.beM ~nOCT Sr Sr Sr 

pa601:1v.x oprattoa 
8. Mam11Ha ,ll.Jlff l:leKaJiKH CY.JlbHO-

pocnux BKHOI'pa,!lHKKOB liSC 
~Bp Sr s" s,, - pa601:111e oprruru 

- IIO,ll.b0M pa60QKX opr&IOB ~IIOCT Sr Sr Sr 
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I 2 3 4 I 5 

CJ. 3;u.!KT< ::~;:· •11.ponaH!lM ,no;r,nesanbl!M 
~·a:::imhl JH'·~ ".n.y6aHb

11 ...Jl" 
~sp S.u s~2 Si, 

IO. 3r.eKTJlll.Qv.I.\•1POBaHHbltl JY.6TBeHHbltl 
o.l"pCN\T c-::ia 11llp11.nouc1<ii1tl

11 

s~, Si, - pa6otrne opra\w ~Bp s~, 

- no;::.beM .MOTOBHJia, npJl.BO)J. sap1-1a-

~nOCT Sr Sr Sr TOpa 

I I. ~11.pOK03axsaTHblA JttaTBeHHbltl 

arpero.T ~lCXO:J ~Bp S1, S11. Si, 

!2. ~06111lbH.bl0 ce11bCKOX03.FlncTBCHHbltl 0
sp 53, S1a s,, 

a:'pf:I'aT MO.D.YJ1bHOI'O 11cr:om1eH;i.F1 
\1¥1:.iJCX 

---

B bl B 0 ,11. bl 

I. 06'DeKTOl.I 1-13y1.1em.m .FIBJI.ReTC.R CMCTe1.~a nepe;i.a1.1u aHepI'HH, 

cocTO.F11aM e 061Ue~1 c11y1.1ae ;i3 npeo6pa::ioeaTe11.F1 ~1exam11.1eci<otl 3Hep­

I'Jl.H e ,o.pyrotl s11.n 3Hepr;rn, ycTpotlcTea nepe,na1.111. 3HepI'l'!;1 , ,nsuraTe-

11.FI pa6ol.lel"o opraria 11 annapaTyp1i1 ynpasneHH.FI. Uenb c11cTeMbJ - ne­

penaTb 3H€pI'l!IO OT nepBHl.lHOI'O HCTOl.l}UIKa K pa601.lHM OpI'SHaM. Cpan­

H€HJl.e THilOB CJl.CTeM npOH3BO,IJJIM ,D.11.FI 0Tpe3KS Jl".M3H€HHOI'O 4:1Kn3.,CO­

OTBeTCTBYJOmeI'O CTa;:.111-1 v.cnonb30BWU1.FI no Jia3Hal.leHmJ. 

2. CTonHB.Jl 06'hCKTWBH8.Ji 04eHKa CHCTeM nepe,nal.lV. OHe~I'V.11. K pa-

601.lHM opratta.M M06lrnbHblX Mru:JHH .MOl!leT 6b1Tb ocyl!leCTBJICHa no KOMn­

.:teKCHOMY Kp;rrepmo "3Q'!JeKTJ.lBHOCTb-CTOID.!OCTb "Kal<eCTBa Bblnonuem1R 

CHCTeMotl rnaaHotl ~YHKI.\>IV. . ~KTHBHOCTb .RBnReTCR ¢YHK4Hetl HS­

,nelKHOCTH, TeXHJl.4eCKJl.X , 3HepreTJ.lQCCKJl.X, TeXH0110I'V.l<eCKJl.X, 3pI'OHO­

MJl.4€Cl<lilX CBOtlCT B JI. n03B0.1ReT y1<eCTb c.1e.ny;~1e C,!iJ!HJl.l.lHble noKaJa­

Te11111 CJl.CTeM : sepO.FITHOCTb 6e30TKa3HO~ pa60Tb1, Macey, CTeneHb 

cao6o,Ubl pa601.1ero opraHa, Tv.nopaaMepHbltl pRA, rv.6KOCTb,K .n.A ., 

Kp0.7'HOCTb IT'JCKOBOI'O ii. ~aKClfMaJlbHOI'O MOMeHTa , 6e3spe,UHOCTb, 6e-

30naCHOCTb H 3pI'OHO~~~ltJHOCTb. 

3. µna nOBblllleH11a a<lxPeKT11BHOCT JI. IlOJl.CKa OnT11MaJ1bHO~ CTpyKTYPbl 

c11cTeMbl nepe,na1<11. 3Hepr1111. npeAno~etta ~eneeaR <PJ'HKI.\Jl.R pe3ynbT11pyio­

iuero noKa3aTeJJR ajxpeK'!'l1BHOCTtl , nocTpoeHHa.R Ha OCHOBe 3KCIT&f'THUX 

04eHOK. Ilpu CJl.HTC3e ytrreH yposeHb ¢YHKI.\Jl.O}i8.JlbHO-<:Tpy!<TypHOI'O 
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coaepneHCTBa CHCTCV., JJ,JliI t<ero npoli3Bf'A0H a.Ham13 CTpyKTYP!iOR, 

cPYHKl..IHOHaJ!bHOP. I( ¢YHKI.tl!CP.8JlbHO- CTPYKTYPHOR ~1c,i:.e;:en H onpe.o.eneH 

K03¢!lm_t11eHT ¢yHKU;tOHa.'lbl-!Ot1 opraHY.30BB.HHOCT 11 CHCTeM . 

4. y CTa.HOB.'leP.O . tlTO 30r:U on-nu.~aJ!bHOI'O npnMeHeHIHI KOHKyp11-

PYli.l!lll!X aap11aHTCB nepe,na1<11 aaepr1rn K pac3o1<1W opra.HSM ceJibCKoxo­

a.RACTseHJlblX arperaTOB aaBHCiIT OT <f>YHKW!OHa.T:bHOI'O HaaHatleHY.iI 

pa6otJero oprru1a, n.an:.HOCTH nepe,o.a1rn, nepe.nasaeMoR MOUJ.HOCTH H 

tlVC~a pa60tll1X opraHOB . 

5 . 3oHbl onTH~!aJibHOI'O np»MeHeHH1I aBTOHOMHblX CHCT6M nepe,n.a­

tlH 3H6pI'Y.H c pa3J!HtlHOA CTpyKTypo~ nocTpOeHMiI: 

- CHCTeMa aBTOHOMHOI'O 3Jl6KTpOnpl1BO,na nosuwe1rnot\ l.ISCTOTbl 

np11 spaotATenbHOM .ns1neH1-n1 pa6otJero opra.tta 0611a,naeT 06w1-1pHoA 

30HOR HCil0J!I>30BaHH1I. Hatlr.1Ha.R c e e2. 8 ... II M. Hanp11Mep. M8.IDHHa 

,D.J!St y6opKH KanyCTLI Yl\M-2. ~l81:111Ha ,UJIJI tl6K8.HKl1 BHHOI"pa,D.HHKOB lffiJI , 
np11 nocTynaTeJibHOM JJ.Bl1llteH1111 pa601<ero opf'aHll a oHa ee onTHMaJib­

HOCT H IlOCTer:eH!iO pacarnpSteTCiI, Hav1rna.11 C e > 220 M npH p = lK&r 
.no l > 4 .., r.t'11 P = I50 1<l3T ; 

- CHCTeMa aBTOHOMHOi'O 3Jl6KTponpHBO,D.a npo~~'lllJ!CHHOR l.laCTOTbl 

onT11ManbHa Ha .o.anb HOCTY. nepe.o.a1.111 l > 230 .. .400 M, Hanp11Mep, 

,D.Ol!t,11.eBar.bHa.R ~1am1rna O.rJJJ "Ky6attb..Jl"; 

- npH P< PHr r11A,ponp1rno.n RBJISteTCSt Jiyt.m1eR Ha paccTOJiHMx 

,D.0 l = 2CO ••• 220 M )l.J!St C03,D.aHIUi nocTynaTeJibHOI'O ,ll.BHJ!l;0HH1I, 

Hanp11Mep, norpy31.lHK TIOKOB H pynOHOB nT-4-500, no,nt.eMHblR M6Xa.HM3M 

MOTOBHJ!a lltaTOK; 

- M6Xa.HHtl6CKHR npHBOJJ. OnTKMaJieH Ha paCCTOiIHHiIX .no l =2,8 
••. II M np11 spaotaTeJibHOM JJ.BHllteH1111 pa601.Jero opra.tta, Hanp11Mep, 

npecc-no,n6oplllJ.IK ill1Jl4-I,6M, pOTllQ110HH8Jl KOCHJIKa KPH-2 ,IA; 
- eCJIH He yqwr1i1saTb aneKTponp11so.o. nOBbllIICHHOR 1.JaCTOTbl, c11c-

TeMa aneKTponpHBO,D.a np0Mhl!!IJ!0HHOR l.laCTOTbl np11 spainaTeJ!bHOM ,D.Bl1-

llt0Hl1H pa6oqero oprSHa CTaHOBWTCSt Ol'lTIU.lanbHOR Ha paccTOiIHMH ne­

p e,na1.J11 3HepI'Hl4 l >? ... I? M, HanpMMep, KOHTypHblR o6pe31.llffi KpOH 

,nepeebea l&\0-3. 
Ha11e1i1cm11R 3¢4>eKT MOlltHO OlltH)l.llTb OT 3J!0KTp11~HKllQHH CJ!Ol!UiblX 

pa601.111x V.81lJHH c BblHeCeHHblMll pa60tlHMH OpI'attru.lH I HCilOJ!b3Y 6Vb1X B 

can.oeo,n.CTBe. BKHOI'pa.o.apcTBe H OBOm,eso,ncTBe c HHTeHCHBHOR ll8xaHH-

3aQKel\ T8XHOJlOI'lltl6CKUX npo 1.1eccoe "' EUCOKmfr.i Tpe6oeaH11Jnrn K HX 

Ka1.1ecTsy, a TaKF.e m11poKoaaxsaTHblX y6opotJHux MamHH. 
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6. Ilp11 MaJWx paccTO.liH11x nepe,o.a1rn 3Heprirn rpB.H111.µ,1 ~OH m.•e-

KlT ,O.OCTaTOQHO BblCOKy!O YCTOAQl1BOCTb 11 MOI"YT 6b1Tb onpc,o.eneHhl c 

TOQHOCTb!O :!: 0;3 ... 6,8 M no pacCTOJIHl1IO nepe,o.aq11 3Hepr1111. c yae­

Jll1Q0H~leM ,o.anbHOCTl1 rp8.Ht..tqbl 30H pa3ll.hlTbl Ha 3HaQl1T0JlbHblX ,11.11ana-
30Hax paCCTOJl~JI nepe,o.aq11 11 Tpe6yJOT yTOQH0Hl1R no ~OnOJIHl1T0JlbHhlM 

ycnoa111m1 npe,o.no4TeH11a. 
? . YTOQHeH11e OJU'KManbttOA c11cTe1w no qacTIDAI noKaaaTenmc 

KaQeCTBa peKOM0HJJ.Y0TCJI npOBO,IJ.11Tb cne,o.y!Ol!ll™ o6pa30M: np11 npe,o.bR­

BJl0Hl111 nOBblUleHHblX Tpe6oBaHHH K yaqecTBY BblfiOJIHCHHJI TeXHOJ!OI"J..IQOC­

KOI"O npo4ecca, 4e11ecoo6paaHo 06paT11ThCJ1 K peaynbTaTB.M Cl1HTeaa 

no noKaaaTenro.s ~KTKBHOCT11 c11cTeM1i1; np1-1 np1rno,o.e pa601rnx op­

rattoa, BblHeceHHblx tta He6onbm11e paccTOJ1H11J1 .no l = 4 ... 5 M, 

cne,o.yeT a nepayJO oqepe,11.b 06paT11Th BHKMatt11e tta Ha,o.el!\HOCTb ct..tcTeM; 
npH f ) 4 ••• 5-Ha 11accy . 

8. Ilp11Be,o.eHa lleTO,O.HKa Bb16opa OllTl1MaJ!bHOA CTpyKTYPhl c::CTeM 

no paapa6oTaHHblM rpa¢111<aM 11 ,o.aHhl peKOMett,o.a41111 no Bb16opy T11na 
np11BO,O.OB ,O.Afl pa3Jtl1QHUX M81l111H. 

9. Cne,o.yJOQeA CTyneHblO c11ttTe3a c11cTeMu aBTOH011l!oro 3neKTpo­
np11ao,o.a JIBJIJteTCR OnTHMl13~11JI napB.).leTpOB Cl1CTeMbl no qaCTHhlM no­

Ka3aTerun1 KaQeCTBa ,o.nR pa3n11QHhlX pe~11MOB pa6oTbl . Twuce pe3ynb­

'l8Tbl onpe.neneHt..tJI 30Hbl orrr1n~aJ1bHOI'O npKMeHeHM CWCT0Mbl Tpe6yiar 
3Kcnep11MeHTanbHOro no,o.Tsep~,o.ett11J1 . 



2. 1'£0?.'..i !.!Dbt:.".1.>Jl\..\ C8..'"U:Cl.J.\O::.i ....... ;l "" 
C ASTC.{-..' lilll 0.lli\frL; .. ~~lbCJ,~C~ P.A~ 

2.1. K:-~ccit~;:!o ~ rn pel".~!/Cle i;a60Thl aeTCH u : c.:~rc:~·bl 

3i.Cl'7~ r:;a~?o~a. r.:or.;:.~bHO:l l'a::m1-1:.i 

B c(')c.;1>1<: cr:yt;3.e uc6v..::bPbl!i cen!>CYoxo::i.R!\CT seHH!J.: nq. raT c 
OJT -Krponpirno.noi.: ;io.6otmx op re.Hoe (pie. 2. I) , coc-ro.·r v.::i nq:.e;n­
HOC'o .r.:.~»:C'8T"."'.R nHyT;.eEHeC'O crop:u .• :P. ~ Tp!IKTOpa, 'IJ..nf!C'l.'CC;:;i 

T TpaKTOp'l, r'e!ie;:aTopa o,~eKTp:i.;ecxo~ ;nwrir11.1 r' no l<Ja ~· .HHO!'O 

1< B1 !l Tp: KTOf'll, an:i<->pnTyp; ynpaBJ!tJPl!R ;i 3&,Z1Ti.1 A:/113, Kfl,;eJl!>liOC! 

m.uiz;1 KJI Y. 3r.e1<':'~0.c.rim·aTer.en ;.J; 1I •.• '.J,.,.n r~ '1!W,C.tl l a6o':iv.x v fTa­

HO~ POI. . . PO n 3r."1tTp::~i>.1.1;.ipo0aHHOH cer.bc1<0xoo.Rt!cTuc!'HO.I Md:!:l!Hhl 

3CX!l, Tf'iHCr.OfT~:pycMO~ l~JC. C /_J!l:, CHV.~'E11C!l'C.R ,'1,Dll. r:OTCl<a MOllhOC­

T:.t, 1-;a onc1<Tp1i.;ccK1-1'1 rem:paTop I' 1-1 p.11;1w1-1Te:rn '""'Ii Tt-8K'l'Opa. Onera­
Top MOl!\t T o:; 3!.188Tb 803,...e!\cr BV.e Ha pev;;!i!.1 ! ufiOTLI ,rJ3C, r!JITC:M ne­

peME:l!<Ch:.tR pc!httt TOnnrnJ-:OC'O P.acoca, TlJUHC~lV.C(;ll,;I - Bb:K .. X:t;C~V.CM 

'l.'J' !>Thi c4en::em1.R 11 nel-'er.,;Xi4eHv.t::M nei e;:a4 , 3JJeY.Tf ;:qecr.;:x lllltll~H -

qepe3 anr.apa~ypy ynpae~eHv.s . 
.!._LJOJKeCTilO 3J:CKTpi!4J:t.!.lllPOBaHHb:x 11.oC)J.1.;bHblX lw'H..:lrn, HeCl:O':";_JJ'I 

Ha pa3JJl-l4Hhl!\ xapaKTep BblnO.r.HRei.·i,:x 11.MV. Tt.'XJ!Q,WI'l14CCK.~X one, 'ltlttR. 

cyU;.t:!CTBeHHble OTm1<t;,1.R B KOHCTPYK4HV. pa6oq11x OpC'81!0B a on;:Cu!la1 .­

ua1x HX npt-180,:DiblX xapaKTepHC':'l-IK . Y.M€1(11' C)l.HHblR r.pm~tt!l paC:OTbl v. 

Pt!C. 2. I. CTpyYTYfHa.R cxeMa MC ;·.~.o! oro ;:i:iel:~p;1!-m~Y ­
poaattttoro cenbcKoxo:rn:!crac1 HOC'O a!'[CI"Il' a. 
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MOry'l' 6UTb 06'l>eAl1H01!hl no o6iaevy np11:maKy - pe11U1M&C pa60TU aB­

TOHOt.IHOA Cl1CTevbl 3Jl0ltTponpHBOJla npH 113MeHSIIOIJUiXCJt ycr.OBll.RX GK­

cnnyan41114 Y = { !111., !Is, YP] . 
Pa6oTa CHCTeMhl aBTOHOMHOl'O :rneKTpOnpHBOJlS s3 RBnReTCR Qlf­

KnlftlHO-nOBTOPJIIOUleAcJI ( pHC. 2. 2) 14 co,11.epl!HT CJieJl..VDl!Ufe pe11uu.tW: 

B036yic]leHHR l'eHepaTopa Ypf , nycKa ,ll.B11raTeJ1R YP: ,TpOrWiKR ar­

pePaTa c MecTa Yp~ , npoae,ll.eHH.R TexHonor11t1ecKoro npo4ecca Y"", 
BWKJillt1eH1M1 ABHl'STeneA YPr 111 roameHHR nonR reHepaTopa !IN • ~,ll.ecb 
pelltHMhl eo36yl!U(eHHR l'eHepaTopa YPf 111 nycKa ,D.Bl1raTeneq YP, pea­

JIH30Bueaf.lrcR np14 HeflO,ll.BHlr.HOM arperaTe, B OT,ll.eJlbHblX ~Jiy~aRx 3TH 

peJKHMH MOll\!10 OCylUeCTBl1Tb np11 ,ll.BWftYi!leMCSI arperaT(;, T.e. npa JJ:PY­
I'OM COCTORHl111 BHewHeA cpe)l.br, Tor.a.a 11X COOTBeTCTBeHHO 06oanat11:M 

~ 11 !Ip: • np11 GTOM peli(l1M ~~ l1CKJllOtlaeTCSI (CM. BHeWH;~e ceKTO;'W 

p11c. 2. I) . TaKlf:e , B o6w.eM c11yt1ae, npH npoBe,ll.eH11111 Texuonor,,t<ecKo­

ro Q11KJIS !/pl/ ,pa6oTa aneKTpOnp11BO)l.a IlO)l. H81'py3KOt.l !/,::, tlepe.c.yeT­

C.R c xonoCTblM xo.noM Y~ , ttanpHMep, np11 pa3aop0Tt.X arpera·ra . 

P11c. 2 .2. Cxet.ia 38.MKHyTOl'O QHKna pe:KW.WB pa6oTw 

Cl1CTeMbl 8BTOHOMHOl'O 3Jl0KTponp;1ao.c.a. 

G- L.H 
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!la ycToR1<11eocTb 1t Ka1iecTeo pa60T1i1 cr.icl'eMbl e pe.J1t11Me Yn. 

nyc1<a ABHraTena amu1Xl'r JleCTa6HJnt31!f y10U1He B03AeRCTRl!SI Y,, , ce11-
aaHrni1e c oco6eHHOCTRMI! xapaKTep1-1cT111< pa6o"IHX opra11oe H ac11Hx­
po11H1i1x AB11raTene~, a pellt.KMe Y,, Tporattl!SI arperaTa c MecTa- JJJ'; 
o6ycr.ODJieHHhle BK.1r.;1w1-111eM B Cl1CTeMy nocTynaTeJibHO )lBK.J1tYmeAc11 
waccbl arpera•ra, 11, Ha1<0HeQ, e XOAe TeXHonor11\.lec1<0ro .1poqecca Y,, 
B03MOll\Hbl B03AeilcTBHSI Y., co CTopOHbl pa6o"lero opraHa a e11ne 
TeXHOn01'11\.leCKHX neperpyaOK I! y;, co CTOpOHbl XOAOBOR \.lllCTl1 arpe­
raTa, H&.npHMep, np11 npeoAoneH1111 npensrrcTe1111 no xop;y .ne11l!teH1111 
arperaTa. Bo ecex cny"IBJIX pa6oTa c11cTeMbl 6y.neT aan11ceTb OT pe­
ltHMOB pa6oTbl AH3enn. B pelltmiax !Ip~ K YP~ .mrnenb TpaKTopa pa6o­
TSeT H&. APYI'l1X xapa1<Tep11CT111<ax, \.leM npH !J"' 11 YP~. 

IlpHSe)leHHaJI KJIBCCl1~11K~HSI pClKHMOB pa60Tbl Cl1CTCMbl aBTOHOM­
HOI'O 3JICKTponp11eo.na fl03BOnSleT CHCTeMaTH3HpoeaTb ee 8Ji8JIH3 11 
cnoco6cTByeT BblRBJieHHXl OCHOBHblX Kp11Tep11ee 011THMH3~1111 napaMeT­
poe. 

2.2. C1tcTeMHoe MOAenHpoeatt11e npoqeccoe 
B llBTOHOMHOM 3JieKTponpHBO)le 

Ilo.n BJIKSIHHeM BHemHHX B03M'J!ll,IUllllMX eoa.neRCTBl1R B CHCTe-
Me 8BTOHOMHOI'() 3JICKTponp11eo.na HapymaeTCSI paBHOBeCHOe COCTOSIHHe 

' :rneKTpOMeX8Hl11:leCKHX H 3JieKTpOMarHl1THblX npo4eccoe ., napaMeTpbl 
pel!t:.rM8 - CKOpOCTb, MOUIHOCTb, TOK, Hanp.Rl!teH11e - H8\.IHH8Jal' 113MC­
HSITbCSI, T.e. B03H~K8IOT nepexo,11.JUJe npo4ecc1i1. B CBOD O\.lepeAb, 
nepexo,11.JUJe npoqecc1i1 01<aa1i1eall'l' ttenocpe.ncTeettHoe en1111H11e Ha yc­
TOA\.IHBOCT b CHCTeMbl, lfrO npllMO CK83blB8eTCll Ha J<aqecTee TeXHOJIO­
r114eCKOI'O npoqecca. Ta1<11M o6paaoM, eruio10 yMeTb pacc\.111TueaTb 
nepexo.ll,Hble npoqecc1i1 e CHCTeMe npH paan11\.IHblX pelltl!Max pa60T111, 
TOJlbKO I:. 3TOi1 cny"lae MOlltHO ocymecTBl1Tb onTHMl13~11D ee napaMeT­
poe H npo113eeCTH Ha.n11eJKatnHR e1i16op 06opy.noeaH1111. Ilp11 3TOM tteo6-
::r.on11uo y11ecTb xapaxTep11cT11K11 ,11,BC, oco6eHHocT11 ycTpoAc·rea aeTo­
HOMHblX rettepaTopoa M&JIOR MOUUiOCT11, na.n.eH11e ttanpIDteHH.R n 1<a6em.­
HOA nMHHH, 311eKTpoMarHATHHe nepexo,nH~e npoqecc~ H tten11HeAHOCT11 
n 311eKTp1NecKoA M MarHKTHOA 4eru1X 3neKTpM\.lecK11x M8JIIHH. Ta1<~e 

c11ep;yeT 11MeTb BB11p;y. \.!TO npHBO)l pa60"IHX opraHOB MO~eT 6WTb 
MHorone11raTenbHhlM /li11/. 

6-I3I 
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IlOCTSBJleHllYIO 38)1.81.lY Q6 ~ecoo6p8!3HO pemHTb Ha OCHOD·e CHCTOM­

HOro MO)l.em~popB.!tHH, n03BOJISllOQero nocrpOHTb YHHBepcanblljlO MO­

p.eJib CHCTeMbl aDTOHOMHoro aneKTponpHBOAa. 

,11,nn OnHC8HHH nosep.eHKH CKl.:Tel.W B :m6oA MCMeHT epeMeHK, KC­

nOJib30B8H8 e)l.KHaJl MSTeMaTKtleCKaJl xapaKTepKCTKKS - ncpeMeHHbJl 

cocTORHHH. OnHCWiMe npK ee noMOl!l,H no3sonneT npeJI.CT8BV.Tb pac­

cwaTpKBaLuylO CKCTeMy COOTBeTCTBYIOIIUIMM COBOKynHO TJtMK JI.H<PI>epeH­

QHSJlbHhlX ypaeHeHKA nepsoro nopRJI.K8 H <l>YHICQHOHSJibHhlX COOTHorue­

HHA (8nre6paHl.leCKKX ypaetteHKA) BK)l.8 

dX =f(K(t),U (i},0; 
dt. 
g(IJ=1(.rOJ, u(I.), i), 

(2.I) 

(2.2) 

r.o.e X{i)- nepeMeHHble COCTOHHHR,U(t)- BXOA!ible nepeMeHHbie, y(O­
BblXOPHhle nepeMeHtlhle, i - epeMSI. KaK 6yneT nOK838HO H~r.e, 8 

p8CCM8TpHB8eMOM cnyqae B KSl.leCTBO nepeMellHhlX COCTORHJ~f{ Qeneco­

o6pa3HO Bhl6p8Tb llOTOKOCQenneHl!R H JI.8Jiee TOKH B 06 .. '0TKSX 3JleKT­

pHl.lOCKl!X MSIDHH. 

2.2. I. Yp8BHeHHR nepBHl.lttoro .n.ri:raTeJIR BH,YTpeHHero 

crop8HIUI M06HJibH0('0 3HepreTKl.leCKOro CpeACT~8 

.YrasttettKR perynRTOPHhlX xapat<TepKCTHK. Peryn'lTopHPA x8p8.l(­

TepHCTHKoA )l.BHraTeJIR H83blB6eTCR 388HCKMOCTb ero K~YT ~ero ~c­

MeHT8 OT yrnoeoR cKopocTK ero KoneHl.laToro eana M'= j ( S2) npH 

H3MeHeHHH BHemHeA H8rpy3KH OT ttyJIJI )J.O >..aKCl1M8JlbHOA H npH nepe­

Me~eHHH opr8H8 ynp8BJieHHR TOnJIHBHoro Hacoca 8BTOM8TY.l.leCKHM pe­

ryn.wropow npK HeK3MeHHOM nonolKeHHH pb1ti8ra ynp8eneHKR I 21, 1'1 /. 
IlpH ycTSHOBKe Ha )l.BHraTene acepel!mMHoro perynRTopa np8.JC­

THl.leCKH ace B03MOmil,le pel!CKMbl (3a KCKJIDt/eHHe> pa60Thl no BHem. eA 

X8paKTepHCTKKe) pacnonararrCR Ha TOA KJIH KHOA perynRTOpllOA X8-

p8KTepHCTKKe, 003TOMy OHH RBT.Rl11'CR OA!UfM K3 88.JP'~eAmHX no~a3a­

TeneA pa60Tbl )l.K3enn. 

06tllKA BKA xapSKTepKCTHK AH3eJIR co ecepel!lHMHblM perynRTCpOM 

H KOppeKTOpoM no.v.a~H TOflJIKB8 nOK838li H8 pHc . 2.3. JAeCb OCH t.'.v­

MeHTOB H CKOpOCTeA 0603H8t/eli~ TaK, KaK 3TO npHHRTO B TeOpKH 

::rneKTf!Onp!1BOA8. 
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'ilmax:flm 

Rzxx 2 

QJXX 
B(M;;S?x) 

3 

C(M;0 ;Q.J(Q) 
E(Hmax;Qm) 

Q4XX 5 

M' 
PHc . 2 . 3 . XapaKTepv.cT11K11 AY.3en.R 

co acepe)l{l-!MHbll~ pery .~.RTopoM. 

Tol.lKH A,B,C t.f J.l BHemHeA xapaKTefHCTH.'<v. 5, RBJ!.RJOt:u-iec.R ua­

•1anbHblMH TO\lKaJ.rn OCHOBHO~ I H \lUCTH4HblX: 2 ,3 H 4 pt.ryn.R'!'OpHblX 

xapaKTep11cT11?c , npe.ucTaBJl.R.10nu1x co6o~ npmt.ble Jll1HHl1 , onpe,.'.J.e.~nmc.R 

ELICpaH!"",,o1l BOJlHTeneM nonoJKeH11eM p1i11<ara a1<cenepaTopa. Yron Me~­

W npm!h!>'H I. . .4 11 CCblO CKCpOCTl1 co CH~lKeHHE'll CKOpOCTHOI'O pe­

l!CltMa '1Mee-:- TeH,a,e:-fllHIO I{ HeKOTCpouy yMeHbmemff• J.1 > .1... >tl..J '>.l,. .• lo B 

;.11ana30He CKOpOCTeA, paCCtll1Ti>1BaeMOM HliMl1, 3TOT yr on n,t.·aKT w1ec -

1rn HeHaMeHeH H paaeH "-• • 

PaccMOTpm.1 pa6oTy ,n.113en11 cc acepe:ltllt.:HblM peryn.RTopoM. CTycTb 

,1113enb 1Jlt60TaeT B YCT8.HOBHBl:Ie).~C.R HOWHHaJJbHO\~ pClKl1Me B T04Ke 

A( M~ ; QH ) .Ilp11 nn6oM K3MeHeHKK .1-10Y.eHTa cor:poTv.aner.'111 nOTlJe­

~HTenR OT HOMl1HaJlbHOPO AO HYJJ.R, yrnOB81! CKOpOCTb ABKraTen11 B 

COOTBPTCTbHH c ll!J.RMOA I no;..Aep~.HaaeTCR D npeAenax OT Hor..o;rnanb­

HOA QH .a.o CKCfOCTl-1 XOJJOCTOI'O xo.n.a Qf.(I( , KOTOpaP. !'I ..:,aHHOt.' c.iy-

4ae 6~· ..;eT paBHa !AaJ<CHMan::.HO ;::.or:ycTllMO~ ,Ii.;1.R Alf3CJ!R CKOpOCTH Qtfl/U• 
B cr.y4&e H3~eHeHV.R ~o~eHTa conpOTKBneHH.R H CTOpOHY JBe­

T. H"CRH1! OT H0!.\11HanbHOI'O, KPYT.RUJ.!A MOlleHT ABK!'aTCJl.R TaKJr.e ysc­

Jl~llHBaeTC.il no rtpv.s0A 5, noxa He ypasttoeecwr MOMeHT conpoTHBne-
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1rnR noTpe6wrcnR. Ila y43.CTKl. AF ,::.11;.ii>,1b pa(ic,·raeT ycToA•rnflo, a 

To•mc E MO~'PllT r-i13en11 ;i.ocTll.l'u ·T MaKc 11MaJJbHOl'O 3!iaqt:Hl1R M:m,1< 11 . , 
nu µacTamie MOMeHTa conpoTv.Rr.eP.i-lfl cmJ1ue MmQJI. nIJHBOAHT Y. ocTa-

HODl<iJ ABHl'aTer.R. AHa.,oPnt;HO ;:.11;;e.,b I.ia6oTS.eT tta APYl'HX perynR­

TO{ llblX xapaKT6FilCTl11Cf.1X. 
B , 11Te;i1:.tType !!f 1100,aw:-c R c.re.n,yu aaR 3Mn~1p114cc1<a11 ·"flop!Ay na 

)lJIR p a c4eTa 11 nOCT,POCHl1.R BHt!lllHel1 CKOpOCTHOA xapa1<Tep11CTl1:<H ;:.ait­

raTCJIR c eocrrnruAClleHllE!M OT C'"'.111';JR co CTpylhthlY. pUCflblJIHB8H}l€M 

I o, 112, '<4 I 

(2.3) 

YpaeHeHllR pcPynRTOpHblX xapa1<Tep1cT~:1< W.OniO ncny41'Tb, sHWi 
ICOOpJl11HaTbl ,neyx ni06blX TOllel<, "Cl'illUU1X Ha HHX. Hanpwep, nrru.:a.R, 

npoxoJVIl!iaR 4ei:ea T041<11 F(M,';Q,) 11 G(~',~)npe.o.cTaen11eTc11 yra!'r 

HCll11CM 

KCl'rOpOI:? >tOJ!OiO 31i.!1'1C8'f b B a11.ue : 

M'- u,' ,.,, S2 -Q, 
=---

M;-M,' Qz- Q, ' 

M
1

= M/ -+ (~' -M,'J(_!l__ - ~) 
Q, -R1 121. - Q, (2.4) 

Ta1<:w o6pa:iow' ec.rn 1<er·e3 QKI o603Ha411Tb CKOpOCTb COOTBCT­

CTBYIO\llYIO TOtl)(C c nepece4elit1R BHE:WllC~ 11 perynRTOpHon xapa.K·re­

pm:T1m ,:..nn :ia;iaHHOl'O no.'JOJl(eimR pb14a:·a a1<cer.epa·r1'>pn, TO co.:iT­

aeTCTSYKJC:•!e ypaeHehM p 13e.111 ~·a:;;~y':'CR KB.K 

J (~.5) 

13 HeCl<OJlbXV.X cny4MX np011:lBO!liiT HCl<jCCTSeHP.Oe fcl"ynv.posa-

1111e CKOpOCTV. ,!lll3CJIR, h8ilfil11o.lep, c:raSHOe el"O YPCJ\U'l61lM6 c 1.!6JlbX> 
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nonyqeHIUt paanHqHblX qac10~ 11anp.sacettwa reHepaTopa. PaccwoTpuw 
ypaeHettwa xapaKTepwcTwK ,1U1aena .rvrn 3THX ycnosi.Ut. 

~On;}'CTHM perynwpOBaHICeM Il088ql1 TCanwea np0113BOAl1M nepeXOA 
OT npRMOA 3 K 2 (CM.pwc .2.3). fiycT b 113M0~eHJie CKOpOCTH npw 
BTOM npOMCXO,IUIT B npOMCJKY'l'Ke speMeHM OT t1 )1.0 t.,_ c yrnODblM ycKo-
pemceu E , TOr,o.a 3a 3TO BpeWl TOqKa nopece40Hl1JI perynR'l'OlJHOlt 
xapaK'l'epHCTHKK c BHellUieA CKOpOCTHon 6y,o.eT nepeMetnaTbCJI B,O.Onb 
KpHiOA 5 OT TO\lKH c 80 B K CKOpOCTb,COOTBeTCTBYWl,EUI 3TOA Toq­
Ke onpe.11.enll'rCJI KaK 

Qx = Q xo npu t < i, ; } 
Q x = QXI + E (i - i,) npu l, ~ i < t., ; 
2 x =!2x0 +E(tr t1) npu t ~ti. 

(2.6) 

YpaeHeH11e npoweJKYT04HblX cKopoCTHblX xapBJ<TepuCTHK 
,IVl1IUIX qepea Q x IC napannenbHblX npm.&olt 3, 6y ,o.eT HMOTb 

, npoxo­
BICA 

M' I I M' 
M'= ,.-M, Q- M,- 'Q +M' 

QrS2, Q,-Q, x x . 
B aocne)l.HeM Bblp8.llett1111 M; H&AAeM, uocnonbaoeaem11cb 

M'. M'[ Q)( (rlx )a] 
X : H 0,$ +f,5 QN - .QH . • 

(2.? ) 
(2.3) 

(2.8) 

Taxw.t o6paaow, ypa1meH1CJ1 xapaxTepHCTHK )J.IC3eJIJI npw perym1-
po1att1uc ero cxopocTIC c ycKopeHHeM E s npoMeJli'TKe speweH.i OT f , 
AO t,, ape,o.cTaBnJWT co6oR CKCTewy 1(3 (2. 5 ) ••• (2. 8) • I( Il03BOJUllOT 
,ll.OCT8TO~HO IlOJIHO yqecTb CBOACTB8 ,IUl30/UI npw wccne,o.OB8JiHIC nn-
6wc pellKMOI pa6oTs Yp cwcTeliW as'!'OHOMHoro 3neRTponp1i110,o.a. 

~epeHI.tKanbHOe ypaBHeH1i1e ABMlleHIUI nepB114Horo ,o.e11raTenR. 
BpaQlaJJIIllleCJl Q&CTM ~ tta 6aae Tp8.KTopa, npe.11.cTaBJIJIDT co6oR c11c­
Teuy aneMeHTOB, ,ll.BKJl;8HH0 KOTOPYX onpe,o.eJIJleTCJI HX MeXaHAQeCKWMH 
CBR3JIMI( I( BHellUiMMH B03MY~ cwn&MM. B 38BACHMOCTM OT ycno­
a11A pa60Tbl, 98.JI 8K38nR M9C MO&eT ycKOPJITbCR IC.III( 38M0,0.n8TbCJI, 
H&npKMep, COOTB&TCTBeHHO np11 yMeHbmeHMH (c6poce) HnH ysen11qeHMH 
noAJ(n~40HHOA K ttewy HarpyaKM. il03TOMY, ,o.nR aHanusa ,IUIHSMK-
Q0CKHX npoQeCCOB npoTeKaJXllKX B CHCTeMe 8BTOHOMHOro 3neKTpo-
npMBOA&, He06XO,ll.HMO COCT8Bln'b ypaBH0HHe, YCT8JiaBnMB8llln06 COOT-
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HOWeH11e Me~,a.y MOMeHTaMl1 Bp<tUeHHR ,1Ul3€JIR 11 MCMeHTaMH conpOTHB­

J1£!1U111 no,nKJll04eHllblX K ,nHae1110 3JieMeHTOB CHCTeMbl. ,npyt'HMH Cr.088.Mli­

ypaBHCHHC ,nam1<eHl.UI nepm14HOt'O p.av.raTeJIR llX. Il{Jltl BblBO,ne ypae­

HeHl1R nonaraeM, 4TO MexaHH4eCKHe C'BR3H Mel!l:,ay 3,1eMeHTB.MH CllCTe­

Mbl a6COJIKlTHO l!l:eC'TKltle H aaaopbl B nepc,naT04HblX aaeHbRX OTCjTCT­

ayllT. 

PaccMoTpKM o6W,HA cnyt.1a~. xor,na 3neKTp1t1¢~1t1poaaHttaR pa6o-

41Ul Maw1t1tta np111~en11eHa K .t.13C, ,na~ett111e arperaTa HOCltlT HeycTa-

11oa11am>1AcR xapaKTep H noeepxHOCTb aeMnH HMeeT HaKnoH K rop1-

30HTy. Ha pHc.2.4. noKa3aH TaKOA a!'peraT c HBHecetttteM .ne~~TbY­

IOllll1X Ha Hero B rpo,nOJibHOA nnOCKOCTH CHJI - )lBH"\(llVIX 11 conpoT111i­

neHHR )l.BHJP:eHHIJ , a TSXllte OCHOBHblX KPYTlllltHX MO:MCHTOB Ha ea.ax 

M::>C. Ha p11cyHKe npHHJJTo ,trro ,ne 1t1~eH>1e npo1t1cxo,n1t1T ycxopeHHO A 

yron no)l.beMa, npeo,noneaaeMoro arperaTOM paFeH J.. I al, 11 /. I 
Ha cxeMy HaHec eHbl: 

I. TonKa~llllUI CHna ~, ,KoTopaR RBnReTCR paBHOAeAcTBYJl!len 

KaCaTeJlbHOA peaK4HR , 803Hl1K8IO!lll1X MelK,Jl.Y !'YCeHl14HblMH ABltl~~eJlllMH 

np111 HX pa6oTe 11 noeepxHOCTH aeM.111. 3'ra cHna Hanpaeneua no p.a111-

MCH111> M8Ull1Hbl H RB nReTC~ )lBHJl(J'uten; 

2. ropH30HT8JlbH3R COCT8BJIRJOWM Tn pam10,neACTBYIOutCA peaK-

411H notrnbl. .ueACT By!OllleA H8 ncpe.c,~rne J!060Bb1€. BeTBH !'YCeHHq np11 

P,BKl!l:eHHH M3C H D03HV.KBlll!leA ecne~CTBHH ~e'1>0pM8QHH fl04Bbl no.n 

,neAcTBHeM CH.1bl aeca if.JC. T
0 

Har:pae.r.eHa nfOTHB .n.a11~eH11R; 

3. C111.~a eeca t.GC ~T ; 

4. C11na 1111ep411111 MdC F0 , , eoan11Karxnrur ecne,nCTBHe ttepaeHo­

Me~ HoA CKOpOCTl1 np11MOJ1HHeAHO-nocTynaTeJ1bHOt'O ,O,Bl1J!!;0H~.Jt a!'peraTa . 

B paccMaT~1t1eaeMOM cny4ae ycxopeHHOro ,ne~eHHJI , CKna 11Hep~KH 

npenRTcTsyeT AB~~enH~; 

5. CK;;a conpoT11nneHl'.R eoa.nyxa Fl4'r ,CRHY.eHHll !.43C; 
6. CK11a TRrosoro conpoTHBJieHM Ha Kf.lOKe FKP , co3.naeaei10e 

pa6o4eR Ma:DY.HOR; 

? . C11mi1 ~al<'-l;~111 Tr.:.,B03HilY.s.Del€P. Me;!,ey noRepXHOCTblJ no4s~ 

11 KOJJeCB.MH Mai:n:Hbl no.n }l.t!ACTBV.C~1 -onK8J)meA ClOW , np~JIOllteHllOR K 

Koneca.M co CTOpOHN OCTOBa MamHHbl. C11na Hanpaenetta npOTV.B ~BK­

JK!'HKR; 

8. C111na :eeca pa6o4e::l MlUlllUIN G,.. ; 
9. C1-1na 1t1Hep~11H pa6o4eA MamHHN ;;;,~, B03HHK810tll8Jl ecne,ncTe~e 



PHc.2.4. CxeMa CKn, Ae ACTBYK>II!.HX Ha arperaT c ryceHH4HhlM TpaKTopou 
B npOAOnbHOA nnOCKOCTK. 

I 

er er 
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ttepaeuowepttoA c1<opocT11 npmcon.-.He t:\tto-noc1·ynaTer.bHOro p.e1tJ11emU1 

arperaTa; 
10. C11r.a conpcrr11enettK11 a~ 3eyxa ~ .. p.aHJ1teHHXJ pa6ot1eA MBIDHHlil ; 
II. C11na coni:;oTJAB.1eHK11 F,. paC:oQMX opraHOD MamHHhl, e1i1nonHJ1-

Xl!IU1X TeXHOJ!OrHQCCKHA npoQecc, ABMJY.eHKXJ arperaTa. 
IlpeHe6peraJI, KW< 61i1no CK838HO euwe. BJIKRHKeM HeycTaHOBKB­

weroCA pelllHMa pa60T1i1 Ha npoTeKaHKe pa6oqer o npoQecca )l.H3enJI 
U3C, ypaBHeHHe )l.IHmeHKJ'I KO.'leHQaTOI'O BaJla )J.Bi11'8TeJIJI npli HeycTa­
HOBKBtDeMCJl )l.BHJKeHlili LiOlKHO npe)J.CT8BliT b B cnep.yKlllleM BK)J.e 

M' _ M..a _ Mr = 1r dQ , 
4,t~ ,_ t..., dt (2 .9) 

rp.e Mee - uoMeHT conpoT11sneHK11 ee.a,y11U1x 1<onec TpaKTopa. CD~a 
BXO)J.HT H )l.HHaMHQeCKHt:\ MOMeHT, B03HliKaXlal11A no.r. )J.ellcTBK<;M npm:o­
m!HeAHo- nocTynaTeJlbHO p.BHJ!tYlilHXCJI H apainaK>l!UiXCJI wacc arper aTa , 
38 HCKJmQeHlieM pOTOpa reHepaTopa; iTJI H 'tr, - COOTBeTC'TBe HHO ne­
pep.aTOQHOe OTHOmeHKe H K.n.,a.. TpattCLtKCClili TpaKTopa; Mr - Mo­
MeHT conpOTHBJleHKJI rettepaTopa; l .. H f,,.. - COOTBeTCTBeHHO ne­
pep.aTotrnoe OTHOmett11e H K.n.p.. np11 BOJJ.a BOM; Jr - MOMeHT 11HepQHl1 

I pOTopa r eHepaTopa. 
MoMeHT conpOTHBneHKJ'I Be)lYllll1X KOnec TpaKTOpa MOlKHO ,npep.c-

T8BHTb B BK)J.e 

(2. IO) 
r p.a Rte - TeopeTMQeCKHA pa)J.Hyc ae.a,ym.Mx Konec TpaKTo pa; MRI -Mo­
MeHT , 38Tpaq11eaeMblA Ha npeop.onettHe BHyTpeHHHX noTepb B ~BHlltH­

Tene, Kyp.a BXO)VIT noTepM H8 TpeHMe B 38QenneHHH Be'A)'llUfX KOnec 
co 3BeHbAMl1 ryceHKQ, B maptt11pax 3BeHbeB, B flO,ll,IDHflHHK8X onopHbl ' 
KBTKOB, noJJ.AepllHBB.llUUfx ponMJtOB 11 ttanpaanAKllr.lfX Konec 11 JJ.PYI'Ke; 
M,

1 
- JJ.HHaMwqecK11A woweHT, B03HKK&llll!HA nop. p.eAcTs11eM ~B~lllKX­

ca ,a.eTaneA ryceHHtlHOro )J.BHl!IHTeJIR H KKHe~aTHQeCKH c HHM CBJl3811-
HLIX ,U.eTaneA TpaHCMHCCHH 11 )l.BHraTeJIR BHyTpeHHOI'O c ropaHKil (,ll,BC). 
np11sep.eHH1i1A K sany se.zzy~ero KOr.eca. 

OTttomeHKe r- _ M1ta 
r11. - Rt< (2. II) 

H830BeM KaCaTP,JlbHOA CHJIOR conpOTUBJleHHJI np11 yCTllHOBHBllleMCJI 
}\Bl1JKeHKH. 

G- I3I 
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c yqeTOM (2.Il) ypaaHeHKe (2.10) 3anlfllleM K8K 

~ RK = r... R" + T,,RI( +MR, + M,, I 
OTKy,IJ.a 

(2.12) 

Bocnonb3oaaamKCb pHc.2.4, ttanH111eM ypaetteHHe npoeKQHA tta 
noaepxHOCTb nyTH CKn, ,ll.BHllcyllll1X K nperurrCTBylO!IU1X ,Il.BHJ!teHKD uoc, 
T.e. ypaatteHKe, a~pagacm.ee Taroa~A 6anattc "3C 

7j• = F,,r + ~T + F11T t- F1tp • 

flo,IJ.CTSBKB e nocne,a.Hee e~pEl)l(CHHe BMecTo cHn~ TA8 ero 3Ha­
qeHKe K3 (2.12), nonyqKM ypaettettHe TJlroeoro 6anattca a cne,IJ.yD­
m.ew BK,IJ.e 

HnH 

(2.13) 

PaccMoTpHM a~pB.lltettKe, cToam.ee a nepe~x CK06Kax ypaetteHKJl 
(2.13). ConpoTHBneHKe KaqeHHD ryceHKqttoro TpaKTopa CKna~aaeT­
ca H3 ABYX KOMnOHeHToe: K3 BttyTpeHHero conpoTKBneHIUi ryceHHq­
HOro ABKlltKTenJl MR1/ Rt< H ettemttero conpOTHBneHKJl Tn• e03HKKaio­
m.cro ecne,IJ.CTBHe Ae9<>PM8QHH noq~~ npK nepe,IJ.BK~eHKH arperaTa. 
Tor,IJ.a, CHna 1=,r o6m.ero conpoTKBneHKJl KaqeHKD ryceHKqHoro TpaK­
Topa npH ycT8HOBKBmeMCA ,Il.BH~eHKK MO~eT 61:.1Tb B~pa!teHa B BK,IJ.e 
cne,IJ.ylll!lCR cyMMhl 

(2.14) 

ConpoTKBneHKe KaqeHK~ nponopQKOHanbHO Harpy3Ke, npKJ«HMaD­
m.eR Koneca K ~opore. OrttomeHKe cKn~ l)T K yKa38HHOR ttarpy3Ke 
Ha3~saeTCJI KOajxpKQneHTOM conpoTKBneHKJl Kaqem110 5 r • B o6m.eM cny­
tiae ,Il.BKAtKTenK ~ npKJmM8KlTCJl K ,l\Opore CK.llOR r;.; = (}T cosJ.. B co­
OTBeTCTBKK c qew 

6-131 
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~T =fr~; = !r Gr cosJ. . (2.15) 

IlpocyMMHpOBSB conpOTHBneHHe KSQeHYI) f:,r c co~p07KBneHHeM 
no,o.beMJ' Fn7 =fTr SinJ.. onpe,o.c.1HM o6!llee <:onpOTKBneHHe .o.ar1~eHH1>, 
OKS3~B8eMOe rpyHTOM 

fir +Fnr =JrGr cosJ. +f;rsi11J. = 

= Gr (fr cosJ.. + sinJ.) = rTr Y'r , 
r.n.e 'fr =fr ctJ1J.+rt'11J.. - npKBeJJ,eHH!ilR Ko~m.~HeHT conpoTKBneHIUI 
rpyHT8. 

TaKKM o6pa3oM, 

(2 .16) 

Bb1p8.llteHKe, CTOR~ee B ypaaHeHHH TRroaoro 6Sll8.HC8 (2.13) BO 
BTOpblX CK06Kax, npe,n.cTaBnReT co6oR cyWAy CHR , yQHTblBel)(IUIX KHep­
QHI) JJ,BHJIYUUIXCR MaCC arperaTa, H MO•eT pacCMaTpHB8TbCR KSK pe-
3YRbTKpyK)(UB..R CHna HHepQKH 

M,, 
F. -F. +­ar,.,. - ar R K (2.17) 

CyMNapH8..R cKna HHepqHH acex JlBHJ!\YIIUfXCR npm1onHtteRtto-noc­
TynaTellbHO qacTeR wogeT 6i.rrb no,n.ctiHTaHa no ¢opMJlne_ 

!=. _ Gr 1Jr 
or - j cN ' (2.18) 

r.n.e g. - ycKOpeHKe cao6o,D.Horo na.o.ettHJI; V - nocTynaTenbHM cKo­
poCTb M8lDHHli . 

llpHBe~eHH!ilR K ae.n.yOUIM KOnecaM MOMeHT CHR HHepQHH MOl!tHO 
npe,n.CTSBMTb B cne.n.yllOleM BH}le 

u l dQ · r,, dQ" · ,,, dQ1 1"1" : 'I df l-r, + L JK d' lie +Ji d' (2.19) 

r.n.e 1, - MOMeHT KHepQHH MSXOBHK8 H )l.pyrKX Jl.B~"KYUU!XCR .n.eTaneR 
JJ.BHraTeJlR. npHBe)J.eHHli~ K ero KoneHtiSTOMJ' aany; :flt - MOMeHTbl 
HHepQHH OTJJ,eRbHblX apama1>11U1XCR ,o.eTaneR TpaHCMHCCHK, pacnono~ell-
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HblX Mel!UJY )l,13C H aepy~HMH KOJieCa.MH , OTHOCHTeJibHO HX oce~ apa-

~eHM; QI( - yrJIOBaR CKOPOCTb yKa38.HHbiX ,n.eTaJieP.; ii( - nepe,n.a­

TOqH~e qHcJia nepe,n.aq , coe,n.HHR~~HX paCCMaTPHBaeMYD ~eTaJib c Be­

AY~HMH KO T[eCa \lH; :1; - CYMMaPHblA MO~·eHT HHep4HH ryceHltllHOro ,ll.BH­

lltHTen11 , npl-'&e,n.eHHbO!l K ocH sp~eHlrn ae.nY111ero Koneca; QI - yr no­
BaR CKOPOCTb se~ero KOJieca. 

8~pa3HM yrnoa~e YCKOpeHHR BPalllall~HXCH ,n.eTalleA qepe3 JlH-
HeAHoe YCKOpe HHe arperaTa 

dQ = dS21 i = df;1 RK _ d-r. ir, 
dt d.j rp di: RK - di R11. I 

(2 .20) 

Of21( dU iK Of'JI dtl' f 
d~ =di RK , d~ =di: RI( . 

(2 .21J(2 .22J 

no,n.cTaBHB B (2 .I9J y paBHe HHR (2 .20J,(2 .2IJ H (2.22J no-

B CBOD oqepe,n.b , 00,ll.CT8.BHB (2.19J H (2 .23 } B ypaBHeHHe 
(2.l?J Oy~eM HMElTb 

"i •l T"'F • • I 
F,. = ~ drT JI /.Tf' + "- olK /.K + 1t . dtr : 
OTpt1 v- dt + RK d t 

- Gr dtl' l f 2.. ( .11 i.:,, + E J" L: + YJ.)j- r .l'I - -- +- - '"ar 0~r. 
~ d~ Gr ~ . R" C2.24J 

(2 .25J 
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OTpruKaeT BJIK.RHHe, OKaa~eaeMoe HB npo~ecc HepaBHOMepHO-flOCTY­
naTenbHOI'O )lBl!J!(CH~.R MaIDHH~ ee apamaXJ11U1MHCJI MaCCaMH1 K TJ\'.l3TOMY 

Haa~saeTC.R xo~~H4HeHTow ylleTa apawa.AlUIKXC.R Mace. BaeAe'HMCM 
K0~'M>H4HeHTa O't,r Bpamallm;,ec.R ll8CTH MamHH1'1 yc110BHO nepeBOJVITC.R 

K )lOnonm1Te11b110P. nocTynaTeJtbHO JtBITTIJ'l!leRc.R Macce. 
Tol!Hoe onpe)le11ettHe c5'4,T 3aTPYAHHTenbHO. ~11.R npaKTHlleCKKX 

paclleT08 B TeOpHK Tp8KTOpOB npHM~H.ReTC.R C116P,YDl!l8JI 3MilKpHll6CKa.R 

iI>oPMY11a I 17 I 
Ofpr = f, 15 +O,OOfi~ . 

(2.26) 
Ilepa~R llneH 3ToA iI>orwynw yllHT~aaeT BJIH.RHHe )lBHlltlfreneR K apa­

ma1JUU1Xc.R )leTaneA TpaHCMHCCHH, Henocpe)lCTBeHHO c HHM CB.R3aHtWX, 

BTOpoA l!J16H - B,1H.Rlme JlBHi!cyUlHXC.R Mace )lBHI'aTe11.R H OCTaJ!b~X 

apal!laJOUUtXC.R )leTaneA TpaHCMHCCHH. 

~OPMJ'118 ,[J.11.R onpe;1e11eHH.R CHJI~ conpOTKBneHHJI 803..'.cyXll Klo'eeT 

(2.27) 

r.ne K.,.,- KO~J.14KeHT conpoTim11eHH.fl eoa,oyxa; ST - nno111a;i.b 11060-

e oA noeepXHOCTH TpSKTopa. T.e. npoeK4KH KOHTypa TpaKTopa Ha 

nnOCKOCTb, nepneH,nHKyn.RpHyll noaepXHOCTH ,[J.BHl'tetrn.R. IlpK Ma11wx 

CKOpOCT.RX ABHJl(CHH.R CH118 conpOTHBJICHH.R eoanyxa H63h8llKTeJlbH8 K 

ee MOl!tHO npeHe6pellb. 
CKna T.Rroeoro conpoTKeneHH.R, coa)laeaeNIUI M8UIHHOA Ha xp~Ke 

B COOTBeTCTBHK c pHc.2 .4 paeHa 

(2 .28) 

r Jl.C Fn11t - cttna conpOTKBneHHll pa6olleR MamHHbl no)lbewy . 

IlroaHSJIK3HpyeM K~ll H3 CKJI conpOTHBJICHWI pa6olleR MllmHH~ 
B OT)leJlbHOCTH. 

PeaK4H.R, .neACTBYlllll8JI co cToroHbl noaepXHOCTH aeMnH Ha .ne11-

J!(}'l!lKec11 K011eca, Mo~eT 6~b onpene?eHa A3 yc11oe1111, 4To otta .0.011-

JKHa coa.naeSTb OTHOCl!TCJlbHO I'COMeTpHllCCKOR OCH K011ec MOMeHT' 

cnoco6HHA epau~Tb 3TH xoneca. YKa3aHJioe ycnosHe MOll!HO a~pa3HTb 
c~e,r.yvau-iM ypanheHHeM 

(2.29) 
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r.a.e Ric"' - pll,c.Hy c Kat.1eHMR KOneca MamMH~;M,a - MOMeHT coni;oTHBJte­

HMII K&llCHMD Konec; M,n - ,ny.Hrut.ulleCKMA MOMeHT c1rn ..iHep4MM Ko nee i 
M~ - MOMeHT c'onpoT11aneH11R TpeHM.R a no,llll!HnHHKa,x Konec • 

.Gpe~e6pera.R M-. .. H3 (2.29) nony1.1m1 

T. _ M~n + M~n 
na. - R"*' R1r111 • (2.30) 

Ilo,a.cTaBMB (2.30) B (2. 28) M c,a.enaa rpynnMpOBKY llJICHOB, 

nonyllHM 

(2.3I) 

Ilepsyo CK06Ky (2.3J) , npe,a.cTaBnRIOUIYIO co6oA 06azy10 CMJIY co­

npoTK0B1'.CHHlf. OKaa1irnaeMy10 nosepxHOCTbl) 3e.1.1JJH. npe,a.cTaBl'..M KaK 

Min -rFn,.. = G.,(f"cos.l+Jinol) = G-44 lflltf, 
RKM (-2.'32) 

r.a.e If..,= 5" ~sJ.+silt~ - np11ae,a.etuWA Ko34xf>HQKeHT conpoTHBJ1eH1m 

noaepXHOCTK 3eMJIK pa60lleA MauJKHe. 

&ropyo CK06Ky (2.32) npe,a.cTaBJt.ReM KaK peaynbTKPYIOllJYD CKJIY 

KHCpQHM MauJKHbl 

M,. @M dtT~ 9 '" ') ~-F(/"'""-:a Fa-.+ R11M = Id~ l' + 6-.., R:,,, = Fa., vs, .. , 
I • (2.33) 

r.a.e s~ .. =I+* ti -K034xf>MitHCH'l' y11eTa epainax>mHXCSI wacc M8.alMHW. 

B OTJlHlllie OT (2.26)~... He co.a.e,plltHT ISJteHa , 38BHCH!llero OT iT,. 
IlOCKOJlbKY y 3JieKTPMll>HqHPOB&HHOA pa6olleA MamHHhl HeT Bp8C!UilllllHXC.R 

Q8CTeA, M0X8HHll0CKH CB.R38JiHWX c nepBKllHWW ,11.BKraTenew, KpOMe 

CaMMX ICOJtec. 

CHnoA conpoTKRneHH.R eo3,cyxa F,..,,. woJDto npette6pellb BBKJJ.Y ero 

M8Jl0CTK. 

CKny conpoTKBneHH.R nepe,a.sHJ1teHM1> arperaTa pa6ollero opraHa 

M8111KP.W, ocy~eCTBJt.RXllllero TCXHOJIOrKllCCKHA npoqecc, paCCllHT8Tb B 

o6~eM BK)J.e He npe)l.CT8BJl.ReTCR B03MO'-Oib31, OHS MO~eT 6~T b onpe.a.e­

JleHa TOJlbKO )I.JI.fl KOHKpeTHOro BK)l.8 MaaJKHbl . 
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HTaK, nOACTaBHB B (2.13) qiC>pMJlnbl (2.16), (2.24), (2.32) , 
(2.33) 11 y'l'rn (~. 28) , nony411M 

F,,. = 'frG-r +6'1prfor+lf_.,G-"' +<!,,_ fa//4 +Fp . (2.34) 

HMeSt ee11,ny (2.Il) 11 Aanee no,a.cTaB11B B ypaeHeH11e AB11~eH11St 

~ 1'X: (2.9) eti1pruiteH11St (2.34),(2.18),(2.33) 11 c.nenae npeo6pa-
3oeatt11n, 3anMllleM 

(2.35) 

Ilo,a.CT8811B 8 (2.35) 3H84eHl1R tfr 11 Cf_., nony411M OKOH48Te.1bHOe Bbl­
prutteH11e ypaeHeH KR )l.Bl1l!leHHR ~ M3C 

(2.36) 

3.n.ecb 3Hl\l( nnoc nepe,a. Sin,{.- Ami cny4aR ,ne11J1teHHR Ha no)l.beM, Ml1-
Hyc - nO,ll. yKnOH. 

B c~yqae arperaT11poea.H11Jt pa6o4eR Maml1Hbl M.3C Ha 6a3e Konec­
Horo TPBJ<TOpa (p11c.2.5), MOMeHT conpOTl1BneH11St BeJJY;n;fX KOnec 38-
mmJeTCJI KaK 

R TnRrcn u u M 
M1t~ =~ "' + - . - + M1s + ,.,,,, +,,,~, + 'n, 

'n. (2 .3?) 

r .ne ~ - TOnKai:;U\aJJ .ne11..,;y::;a.Jt c1111a 38,:J,HKX ee;iym11x Konec ; 7; 
30HT8JlbH8Jl COCT8BnR~8Jl peaKQ1111 n04Bbl ~eRCTBY~~eR Ha nepe~HKe 
Kor.eca;RKa 11 RKn - cooTBeTcTeeHHO pa)l.11ycti1 38AHMX 11 nepeJJJi11X 
Kor.ec; ln1 - OTHomeH11e pa,P1ycoe nepeAH11X 11 38AH11X Konec;AfRa 11 
MRn - MOMeHTbl TpeHKJI B nO.lllllKnHHJ<ax cooTaeTCTBeH.liO 38AJ!~X 11 ne-
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pe,n)rnx Ko nee; M,1 it M'Jn - )l.KHSMH4ecKitA MOMeHT OT epaateHKfl -cooT­
eeTCTBeHHO sa,nHHX Konec, KKHeMaTH4eC KK c HKM CBfl38JiHUX AeTaneA 
TpaHCMKCCKK K Aec. K nepe,nHKX Konec. 

Aanee, npoBeAfl PflA npeo6pasoaattKA, attanorK4HUX npeo6paso­
eatt1UtM npK BWBOAe ypaBHeHKfl ABMXeHKfl )l.K3eJIR M3C Ha 6a3e ryCCHM-
4HOro TpaKTopa, nony4HM 

(2.38) 
Kax BKAMM, ypaBHeHKe ABMXeHHJI AK3eJI~ M3C Ha 6ase KOJleCHO­

r o TpaKTOpl Mano OTJIK48eTCR OT ypaaHeHHJI (2.36), 4TO eeCbM8 
YA06Ho AJIR npat<TM4eCKMX pac4eToB. 

Ha pel!tHM pa60TW ,!l,BC ~. CJleAOB8TeJlbHO, K CKJIOBOro 3JleKT­
poo6opyAOB8JiHJI arperaTa, cy~eCTBeHHoe BJIHJIHHe oKaawaaeT npo-
4ecc TporaHHJI arperaTa c MeCTa, xorAa K )!,BC, ttarpy~eHHOMY npe­
ABapKTeJlbHO sany~eHHhlM BBTOHOMHNM aneKTponpKBOAOM pa604KX op­
r&HOB, nocpeACTBOM a.y.prw c4enneHHJ1 },(! IlOAKJID48eTCfl Tp8HCMKCCWI 
TpaxTopa,npKBOAJt~A ABKl!U!TenH As Cr1tc.2.6). IlpK 3TOM tta-eany 
,!l,BC 803HKK8eT )l.KH8.MK4eCKKA MOMeHT, o6ycnOBJleHHWA waccoA arpera­
Ta K MOMeHTOM KHePQKK nOAKJID48eMblX K ABHraTeJID epa~al)GUfXCR 48-

1 - CTeA , a T8K~e MOMeHT conpOTMBJleHHSl arperaTa nepeABHllteHMD. 

ABC 

, 
HC 

PKc.2.6. CTpyKTYPHBR cxeMa TpaHCMHCCKM 
TpaxTopa c wytroA c4enneHKR. 

?-IJI 
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C1.1MTaR , ~o t<o3~111~1rnHT c1.1ennc11111n ~IY¢'rhl c spe1.1eH1( Hallan a 
ero BKn~lleHKR , t3 ,no speMeHH nor.Hora eKn~lleHHR t~ Ho1.1e1111eTCSi 
nKHetbio 

ypaBHEHIHC ,O.BHJKeHHSi (2.36) /JJ3C Mae MOl!OiO aanHcaTb B en.a.e 

M'- i:;t,_ -[(frcos.t. ±sin~)Gl' +(ficets~:t•in.l)GM+F;] )( 

x R," KC!i =[Jr...+ o 001~ R"' +(usr; ... cr., G:) R"'' ~ lx 
/rp fr, . if. 1 i 1 

T It /Ill j l~ J 
dQ ( ~ ) R:, .Q )( dt + 1, 15(;.T ~ u1,,,. G-M -:-; -- KQI i Lrp tlf-tl 

Q~=K~Q; 

Ke14 = 0 f1PU ~ < i, ; 
t t, 

K~ •-- - -- npu t1 ~'' '•; t,, - tJ t" - t, 
Ko, = f npu t > t,, . 

(2.39) 

(2.40) 

~aHHNe ypasHeHHSi noaeonnvr H3YllHTb MHOr He pe~m.n.: CHCTeMhl 
aBTOHOMHOrO 3neKTponpKBO,D.a, CBSi3aHHhle c TporattHeM arperaTa c 
wecTa H soa,a.eAcTBHeM ,a.pyrKx soawy~eHK~ Ha ABC Tp8.KTOia. 

CKopocTb nepe~BID!teHKR arperaTa HaA,a.eM KaK 

tr=Q,RI( =~"'RH. 
Tft (2.41) 

B cr.yqae, Kor.a.a pa601.111J1 uamHHa ttasem11saeTCR Henocpe.o.cT­
eeHHo H&. MX, a ypaeHeHHjlX (2.36),(2,38) H (2.40) GM cTattoa:n-­
cn paeHblM Hyn~. a Macca Tpat<Topa yeenHllHB&eTCSi Ha Macey Haee­
ll!CH~oR M3111HH~. 

Cne.izyeT OTMeTHTb, llTO B pacqe-rax HaMH He yqTeHhl 6yKcoea­
HHe UBKlKHTeneA H noTepH MOlllHOCTH Ha 6yKCOB~He. 3'ro snonHe .a.o­
nycTHMO, nocKonbKY 3 eK?pH~;!4MposaHHble wamHHhl, ~aK npasv.no , He 
coa,a.a11. T 6onbmoro TSiI"OBorei conpOTHBJieHHSi v. aenH1.11rna ~yKcoeaH11.1t 
Ha OCHOBHhlX pa604HX pel!rnMax TpaKTOpa HeeenHKa, COOTBeTCTBeHHO 

7- I3I 
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HecyutecT aeHHbl 11 nOTepH Ha 6yKcoaaJrne ,naHJr.l!TeneA . Kpow.e Toro, 
BeJJHllHHa dyKCOB8JH1fl HemrneAhO CBH3aHa c T.RroeoA Harpy3KOA TpB.J<­

TOpa , no::>TOMJ' ee ylleT np11aen 61i1 K H3nl1!llHeMy ycnoJWeHHK> ypasHe­

HHA. 

2.2.2. ,A11¢pepeHL1HaJ1bHhle ypaeHeHHfl CHHXpOHHOro reHepaTopa 
M06HnbHOro 3HepreTH4eCKOI'O cpeACTBB 

B M06HJJbHblX 3neKTp114lHttHPOBIUiHblX MSlllHHBX WHpOKO HCnonb3Y­
DTCH HBH6onee np11cnoco6neHHble ,11.llfl pa60Tbl B 3THX ycJJOBHHX .:.rn;e­
pOHHble Tpex~3Hble reHepaTOpbl npOMbllllneHHoA QQCTOTbl c CB.MOB03-
6yJ[,ll.eHHeM qepe3 nonynpOB0,11.HHKOBble Bblnpi!MHTeJJH H CHa6~eHHhle 
annapaTypoA aBTOMaTHlleCKOI'O perynHpOBBHHH HanpageH.1fl Tl-Ula rAB 
MOQUiOCTbKl ,11.0 8 K&r,ECC H ECC5 MOllUiOCTb Kl 5 • •• 75 KBT H rco MOll4-
HOCTbKl 100 ... 200 KBT /4,25, G! / . 

CyUleCTBYIOOUfe npHHQKnKanbHble cxeMhl CHCTeM 0036yJt,11.ett11fl reHe­
paTopoa np11se,11.eH1>1 Ha p Kc . 2.7 ••• 2.9, OHH xapaKTepHbl COOTBeTCTBe­

HHO ,11.n>. reHepaTopoa ManoA (,11.0 8 KBT), cpe,D.HeA (,11.0 50 KBT),cpe,11.­
HeA H 6onbmoA (cswe 50 KBT) MOlllP.OCTH I 3, 1, 25' I. 

Ilo.n.po6Hb1A BblB0,11. ypaetteHHA paCCMOTpHM Ha npHMepe re~epaTOpa 
THna ECC5-82-4 c P11 = 30 KBT - O)l.Hor o H3 HBH6onee pacnpocTpa­
HeHHWx e cenbCKOM X03HACTee (cM.pHc.2.8)/ J7 / . Oco6eHHOCTJIMH 
ycTpOACTBa reHepaTOpa f!BJ!flllTCfi HaJJHQY.e ,11.ononHHTeJJbHOA o6MOTKH 
OJJ., BJJO~eHHOA B naabl CTBTopa COBMeCTHO c OCHOBHOA 06MOTKOA 00 
H cny~aUleA ,11.n.11 IlHTBHHJI CHCTeMbl B036yllt,lleHKfl, ycTpOACTBB KOMna­

YH,11.HpOBBHHJI HanpnettHJt SKTC H Tpe*31;oro nsyx!lo .iynepHoJ!HOro 
e1i1npJ1MHTen.11 VD B QenH o6MOTKK so36yllt,lleHHJ1. PoTop rettepaTopa He 
HMeeT ,11.eMJl~HPYllllleR o6MOTKM. 

JJ.n.11 OilHCBHIUI 3JJeKTpOMBI'HHTHliX nepeXO,IJ.HblX npoqeccoB nklCSoro 
3JJeKTpOMeXaHHQeCKOI'O npeo6pa30BBTe1JJI 3HeprMH. tteo6xo,nK~·o coc­
TBBKTb ypaBHeHKJI 3JJeKTpHQeCKOI'O H wexaHHlleCKOI'O paBHOBeCH~. a 

TBK~e ypasHeHIUI npeo6pa30BaHY.H 3JJeKTpOMBI'HHTHOR 3HeprHH B Me ­
XBHHlleCKyK>. IlpK Bl/Bo,11.e BBe,11.e~ c ne,QYlll!lHe ,11.onymcHHfl : MBI'HHTHBJI 
npOHHQBeMOCTb cep,11.ellHHKOB MBIDHHbl npHHHMaeTCJI paBHOA 6eCJ<OHe4-
HOCTH j pacnpe,11.eneHHe noneR CBMOHH,QYKQHH Tpe~3HblX o6MOTOK Y. 

B3aHMOHH.QYKQlut o6MOTOK CTaTopa H poTopa a,11.onb oKpyl!UiocT n Mamit­
Hbl C4HTBeTCR CHttyCOH,11.anbHblMj MaPHHTOnpoeor H 06MOTKH MaWitHbl 
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PKc.2.7. IlpHttqHnHanbHaJl 3neKTpHqecKSJ1 cxeMa 

reHepaTopOB .ManoR MOIIUiOCTK THna fAE. 

CHMMeTpHqHl>I. 

YpaBHeHHJI Hanpa~eHHR OCHOBHl>IX lf>a3HblX o6MOTOK CTaTopa B 06-
meM BH)l.e 31lI1HmeM ,11.JIJI MI'HCBeHHJilX 3HaqemsR TaK, wro6bl aKTHBHa.R 

MOl!UiOCTb, OT,11.aeaeMa.it 3THMH o6MOTKB.M:M, 61i1na nonol!Ul'renbHOR 

(2.42) 

r,11.e UA , u8 , Uc - lf>aaHWe HanpneHKJI Ha aa111KMax octtOBHblX o6woToK 

CTaTopa; lfA. Y'•. Y'e • i.A' ia. ic - noTOKOCQenneHHll H TOl<lf 
OCHOBHbl"X 06MOTOl<i t, - aKTHBHOe conpOTKBneHlfe :pa3Hbl OCHOBHOR 
o6i.tOTKH. 

AnJ1 COCTaeneHHJI ypaBHeHIDI )l.OflOnHHTenbHblX 06MOTOK Heo6xo-
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AIOIO OflKC&Tb pa6oTy XOMil&YHAKPYD~ero ycTpORCTBa, COCTOSllllElrO M3 
Tpattc~pwaTopoB TOK& K conpOTHBJieHMR KOwnayH,IUCpOB&HHa H CJl}'~&­

mero JVIa CT&6HAH3~KH H&.IlpR.lEeHMR rettepaTopa npH K3MeHeHHM TOK& 
H XO~MQHeHTa MOlllHOCTH Harpy3KK . 

KownayH,1UCpy1Xllee ycTpoRcTeo c yxa38JiHblMH no.110J1J1TenbH1o1MK H&­
npaenetuoo•K TOXOB B BeTBJIX fl0K838Ji0 Ha PKC.2.10,a. BiropKlllilile 
o6MOTKK Tp8HC4>0pM&TOpOB T&J( flO,IU(JlDQeHJil x KOMil&yH,11.HPYIOllUIM conpo­
THBJleHIDIM 1K ' vro6w KX TOKK 6wnH corn&CH!il c TOK&MH AOflO.llHHTenb­
HliX o6woTox rettepaTopa. 

I1peHe6peraa BHY'l'peHHHM 8JCTKBHWM conpOTKB.lleHWeM K KH.11YX­
TKBHOCTbD BTOpHQHOA o6MOTKK TpaH~pM&TOpa Toxa, BBKJIY KX wa-
40CTH, Tp&H~OpM&TOp TOK& 38.MeHHM H,D:e&JlbHblM KCTOQHHlCOM TOK& 
(pKc.2. 10,6). IlpH 3TOM AOJL'!Uibl YAOBne TBOpllTbCR ycnoaKA I J1 I 

•I iA • I '· •I '~ ' = - - . ' c - - • '~ • - -A K ' I K'" K' (2 . 43) 

., ., ,, 
rAe LA • '• • ,, - wrHOBeHHWe 3H&QeHHa TOXOB KCTOQHHKOB; I( -

xoa<W>MQHeHT Tp&H~OpM~KK Tp&H~OpM&Topa TOK&. 
Cxewy MOlltHO ynpOCTKTh, 38.MeHKB HCTOl:IHKKM TOK& 3KBHB&.lleHT­

HWMJI KCTOllHIOt&MK s.A.C. (pKc.2.10,s) I &1 I 
1 • I I •I 1 • I 

eA = 1'.IC' LA i e,: ti( L4 ; ec • 't'IC' 'c ' 

HJlK C yqeTOW (2.43) 

I 'tK ' I 'tir ' ' °tK ' 
eA=-i('A; e,=-1<'•; e,=-K''c · (2.44) 

rettepa­
&Ha.110-

06MOTOX 

Cxewa aawe~eHKa O,D.HOR ~sw AOnoJlHWl'enbHOA o6MOTKH 
Topa npKBeAeHa Ha pKc .2.II. Cxeww saweQleHKR APYrKx ~s 
rMQHW. TorAa ypastteHIUI H&npJlllteHKR ~enx AODOnHlil'l'enbHWX 
samllllYTCR K&K 

d'fg I ' ti( • 
-Uo s dt + 'lj I.a+ Kt, 

d'fl I • °?K • -u, =at + i, ,, • I< 'c , (2 .45) 

- U. - ci'l'c I ' """ ' ~ - dt + 'tf Le + K LA ' 
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flt 112 iA 

Hf 
., 

lA 
112 

lit 112 i, -Hf iii 
le 

H2 

2 la ~ u 
J l, ~ u 

le 
I 

5 ~ a u: a 

Pwc.2.10. Ilpeo6pa30BaHHJI cxeMl:l xoMnayH,IUCpyJ:llllero 
ycTpoAcna. 

rAe uQ, "', u, - ~3HHe ttanp.RaeHJUl tta aUHMax AOno.llHM'fe.llbHYX 
o6MO'l'OX cTaTopa; Y'o , «P1, 'Pc , la, la , i, - n0Toxocqem1ett1CJ1 M TOXK 
AOfiOJIHllTeJlbHWX 06MOT01t; i; = "f.1+ tK + "t~ - cyMMapttoe aKHBHOe 
conpOT11snett11e ~3~ AOfiOJOiMTen&ttoA 06M0Tx11 ; "I - conpOT11s.11etu1e 

~LI AOfiOJIHIC'l'eJlbROA o6MO!'KK; "'' = -i' ;· i, - conpOTKBJleHKe pery­
JIKpOBOl'lHOro peocTaTa. 

,IJ,nSI 06MOTICM ~pa, lJOTpe6JUWllest &X'PllBHyll MO!llHOCTI>, ypu­
HeHKe H&llpllll8HJUI 6yAe7 OTJUltUlTbCSI SH&XOM Jl0BOA Q&C711 

d.,, ' 
u* • di + " 1 ' 1 ' (2.46) 

rA8 U~ - H&IlPJDl8HKe, npll.110&8HH08 IC 88JUCM&M 06MOTICll •Oa6~ettaa; 

"'• II i, - OOTOKocqen.11eH11e • TOlt o<SMOTKK B036~emu1; i, - u­
'l'lllHOe conpOTHJl9HJ1e oCSMOTJtK •os6yJ(AeHJU1. · 

Ha OCHOB&HMK nprourroR 11Jle&JIJl88QllK MamJIHll OOTOICOCQenneH.Ke 
.111lCSoA 06MOTJtll MOJKHO BliNMCJUI'!'• • •KAe C)'MMW DOTOICOCQen.11eHKA ca­
MOKH,Dyl(QMK II B3&KMOMHAYKIV4K co BCeMK OCTa.JlbHJ.IMK o6MOTK&MK. Tor­
~& noToxocqen.11eHKJ1 o6MO'l'OJt paccwaTp11aaei..oro c11ttxpoHHoro reHe­

paTopa B o6~eM BllJl0 npeACTBBJUO)TCJI BLlpalleHKJDilll 
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~"· 
n 

Plilc.2.Il. Cxewa saue~etUUt ~3N AOnoJUU1TeJ1bHOR 

06MOTKll. 

(2.4?) 

(2.48) 

ru L 11 M - llHJIYl'TllBHOCT11 11 Bs1U1Mo14H,11YkTMBHocTw o6wOTok. n.p11-
Ha,11Jl~OcT• KOTOpYX K AllHMOR o6MOTKe OTweqeHa npllHJITWMll B 

(2.42).(2.45) II (2.46) 6yx11eHHL1Mll ~eXCaMW. 
CoraacHo npH~wny 1131u1MHOCTM MAl=MIA; M01 =Mio; /11".MM llT./. 

CllHXpOHHWe reHep&Topw &BTOHOMHoro rurr&Hlila, • TOM 11WCJ1e Tll­
na EX;C5. sax npa•11J10, ninoJUUXl'lca c nttonoliA>CHWM pMOpok. C.ie­
AOB&TeJlbHo • • (2.4?) II '2.48) OOCTOJDiHO~ 6yAf:'r TOAbKO ~X'r•&­

HOCTb o6MOTKK poTopa Li , ocT&JlbH!ile IDiJIYl"THBHOCTH 11 11saHMo~­
TllBHOCTK 6yTJYT H3M0KJITbCa B 3&B~CHMOCTH OT nonozeHWR pO'l'Op& B 

npoCTpaHCTBe. 
IlOJIO~eHHe pO'l'Op& B npocTpaHCTBe ycnOBHMC8 onpeAenftTb yr­

JIOM ( , H& KOTOpNA npOAOJlbHBJI OCbdpOTOp& OTCTOHT OT M&rlil!THOR 

?- I31 
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OCM ~aw A (pwc.2.12). IlpMMew, 'ITO nonepetmaa ocb ~ poTopa OTC­

T&eT H& 90° OT• nOnO~KTeJlbHOR npo,D.OJlbHOA ocw. MarHMTHYe OCM o.a.­
HOIOoleHHWX OCHOBHYX H ,D.OflOJIHMTen&HhlX ~StwX 06MO'l'OK ~T&Topa COB­

Il&,Il&JOT. 

A,a 

Pwc.2.12. K onpeAeneHIUl IUf,Q)'JCTMBHOCTM o6wOToK 
CT&Topa M81DHHY. 

AHaJlH3 nOK&3WB&eT, 111'0 KHJJYXTKBHOCTM OCHOBHYX M AOilORHJf­
TeJlbHWX ~3J:IWX o6WO'l'OX CT&Topa •B1UlllTCa nepMo,llll'leCXKWM ~~WI­

'°'" yrna M8lltJlY M&I'HJl'J'HOR OCbO ~3W M npoAOnbHOR OCbO pOTopad 
c nepMOAOM, p&BHblM fi 

L~ = t .. +t,, C~I.'( ; } 

J.1 •l,. +l1, cos(2¥ + flO•); 

Le •l,. +l,, COJ (21- ftO"); 

(2.49) 

L" • fOf + t,, cos .a1; } 
L1 = !_, -+- t,1 cos(a¥+110•); 

Le= f°I + t,1 cos (2¥- mt), 

H 

(2.50) 

r.a.e f .o M t., - nOCTOJUUWe COCT&BMllllUle HH,llyXTHBHOCTeA OCHOBHOR 
M .a.ononttirren&HOR ~HYX o6woTox; I,, H t,1 - aMllJIHTYJl,lil B'l'Opwx 

7- 131 
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rapMOH11K 11HJlYKTl1BHOCTeA OCHOBHO~ 11 ,11.ononHl1TenbHOA cpa3H~X o6Mo-

TOK. 

B3aKMHUe 
0

l1HJJYKTl1BHOCT~ pa3HOl1MeHHhlX cpa3HhlX o6MOTOK cTaTo­

pa JIBJIJllOTCJI QeTHOA nepKOAH~ecxoR ¢YHKQl1eA yrna Mel!tJJY OCbD d. 11 

n11trneA, npose,11.eHHoA Mellf,llY MarttuTHmtl1 ocRMl-1 paccMaTp11sae!.'~X I>a3. 

B COOTBeTCTBl111 c 3THM 93a11MOl1HJlYKTl1BHOCTl1 Me~.ay OCHOBHhlMl1 cpaa­

HWMK 06MOTK8.M11 11 Me~.ay A0flORHl1TenbHWMl1 cpa3HhlMl1 o6MOTK8.Ml1 CTaTO­

pa 6y.ayT 

MAI= m., +mu cos { 2¥ - 120•) 

M,i = m-o + m,, co£ (2¥ + 120) 

Mat = m,. + m,, cos 2 t ; 

Ma, =m., + m,, CDS (1¥-f20) 

"10 , = m.,1 + m;g cos { 2 Y + tJo•J 

(2. 51) 

(2.52) 

r,11.e ~ 11 m,1 - flOCTOJIHHble COCTaBnRIXIUle B3aKMOl1HJlYKTHBHOCTeR OC­

HOBHblX 11 ,11.0flOJIHKTenbHWX <Pa3Hb1X 06MOT01\ CTaTopa; "1# 11 m3, - IU1-

nnHTYAW BTOpwx rapwoHKK Tex ~e B3811MOl1H,li.YKTKBHOCTeA. 

Cornactto I ff I Mel!tJJY B.Mnn11Ty,11.aw11 BTopwx rapwoHKK co6cT­

BeHHwx 11 B3811MHWX MHJlYKTMBHOACTeA cpaaHblX 06MOTOK CT8TOpa eCTb 

npoCTBJI CBJl3b 

''" = ma1 , 1,1 = m,1 . (2.53)(2.54) 

B (2.51) 11 (2.52) m .. < 0, m10 >0, m,, < O u m31 >0. 
AHa.11or11"1io ttaA,1tew saa11Mo11Hr,YKTKBHOCT11 Mew pa3HOKMeHHLIMH 

OCHOBHlilMl1 11 AOnOnHHTenbHblMK 06MOTKBMH CTaTopa 
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MA• = m,,, + m,116 cos ( u - 1ao•J ; } 
M4c = m.o1 + m3og cos (2¥+120"); 

Mse = m"°' + m3D<J cos 2 t ; 

M0s=mo"'I +/11601 co.s(2(-f20"); } 

M0 c = m~ + m,Df cos (a¥+ (JO); 

M1c =moo, + m,01 cos 2 Y, 

(2.55) 

H O)l,HOHMeHHblMH !f>a3H.bJMH OCHOBHhlMH H ,a.ononHHTel!bHhlMH o6MOTK8MH 

MAa = m0 + m, CDs2¥; } 
Mu = m, + m, eos {Pr+ fJO') ; 

Mc, = mo + m, cos {Pl' - 1201 , 

(2.56) 

r ,a.e m.., H mo - nocTO.fffiHble co~aBll.IUl(llHe B3aWIMOHH.:J.YKTHBHOCTeR Me-

1fo.JJS pa3HOY.M€HHblMH H O,ll.HOHMeHHhlMH OCHOBHlJMH H ~onOllHHTellbHh/MH 

o6MOTK8.MH;m;, H rn, - aMnnHTY,ll.hl BTOphlX rapMOHHK Tex lite B3aHMOHH­

JJSKTHBHOCTeR. 
AHanH3 noxasan , trro 

tn"f,. m,, m,06 =m,. (2.5?)(2.58) 

B (2.55) 11 (2 .56) m,,, >0, m,,, >0, m0 > 0, m, > 0 . 
BaaKMHble HHAYKTHBHOCTH cpa3Hb1X OOMOTOK CTaTopa H o6MOTOK 

pOTOpa }!3MeHJrol'Cll r:pH npaa:eHHH poTopa no rapMOHHlleCKOMY 3aKOHY, 
.r;ocTHrll.ll tta116onblllero sttat1ett1111 npH cosna,a.eHHH MarHIITHhlX oceR 

paccMaTpv.aaeMhJX 06MOTOK. Ilc3TOMJ', asar.o.uwe HH,r.yKTHBHOCTH w.e~­

JJS O~MOTKOR B036YJK,a.eH11R, OCb KOTOpoR cosna,a.aeT c OCbD d , H 

OCHO llHhlMH cpa3liliMH o6MOTK8Jf.H CTaTopa HMeDT BH,ll. 

r.ne 
HHSI 

MM = MMa cos ¥ ; 
M,, =Maid cos((- fJO•); 

Mc, .,. Mc~J cos ( ¥ + 110•), 
} (2.59) 

MAfd =Mi.-= Mcftl - ssaHMHll.ll mi,a.yKTHBHOCTb o6MOTKH aos6yJ1t,ne-
11 OCHOBHOR cpa3HOR o6MOTKH npH cosna,a.eHHH HX MAI'HHTHhlX oceR. 
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AHa11orHqHo 3am1U1eM ssam.•OKH.nYKTHBHOCT K Me~,ny o6MOTK8MH 

B036ylll,ll.eHHR 11 .,a.ononP.HTenbHliMH o6MOTKB.MH CT8Topa 

Mu = Muo ~os( ¥- 120°); 
(2.60) 

/r1 cf = Mcu cos ( l + (30) ; 

Mal =Mau cos I ; } 

r,11.e Maw= Maw.,,. Mel</ - s3am.mBJ1 HHJlYKTHBHOCTb o6MOTKH sos6y.JtAe­

HHR K ,11.ononHHTenbHOR ~a3HOR o6MOTKH npH cosna,11.eHHH HX M8I'HHTH~X 

oceR. 

Ilo,a.cTaBHB B (2 .47) H (2. 48) 3HaqeHHR HH.nYKTHBHOCTeR H3 

(2.49) ... (2.52),(2.55),(2.56),(2. 59) H (2 .60), no11yq11M 

flA c (t00 + ~o cos21)i4 + [m .. +m,, cos(21-l20/] 1.1 + 

+ [m00 +m60 coc{21+120")] ic + {m. +ma cos 2 ¥)iq+ 

+ [m..,+m10f cos{2Y-120~i1 +[m,_,+ma11 cos(2(+fllf)]i.c• 

+MAfJ cos(i1 ; 

If', =[meo +m11 cos (2¥-f!O"J] iA + [ l,. + !.u cos(2t +120•)] i, + 

+(m .. + m,, cos2() i, +[m,_, +m.10, cos(at-120")] i,, + 

+ [ m. +m,cos(U+tao•J] i1 + (m_, +m1'1 cosJl) ic + (2 .61) 

+ M1*" cos( 1-fJo•J i1 ; 

Vic =[m,.+m,,cos(2l+f20'] iA + (tn,,+ m~ coa2i') i, + 

+[I,,+ l10 cos(Jl-12o?] ic + [m_, +mlOf cos(JY+fllf}],~+ 

+ (m.,1+m1.,cosil)i1 +[m • .,.m, co1(2f-12P")] ic + 

+ M,1, cos ( Y + f20•) i1 ; 

'fa=(m, +m,cos2¥)iA + [m.,,+m1,1 cos{.1Y-IJO-)} l 1 + 

.,. [m..1 +m3,,cos{2l+f20'}] i, +(I,+ l,1 cosai') i" + 

+ [m., +m11 cos(2Y-IJO.)j l1 + [m.,+m., cos{l(+f2Q)] ;.+ 
+ Mo1d coil i1 ; 
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II'& =[ m.., -rmao, cos (2¥- f2D,]iA + [ "'• +m1 cos(J¥+fJD')] i8 + • 

+fm.., +·m,.,cos U)ic +[m.,+m,1cos(U-tao')] i.0 + 

+ [t., +t11 cos (U +f1D'] i1 + f m., + m,1 co1a¥) i.c + 

+ 1r11~ cos ( ¥- 11o•Ji, ; 

Y'c =[ m,., +m111 cos(U+flD')]iA + (m.., + m,., c1s U) i, + 

+ [nt, + m, tOS(a(-faO•J] i.e' + [ m'f +ll11I Ct>1(2ftia0')] i.0 + 

+ (m., +m,1 cosR1)i, + [t., +~11 us(a¥-taoj] i, + 

+ Meld cos{¥ +fJO-J t1 ; 

'li=MAucos(l~ + M1JO cos(r-12o•)i1 + 

+ Mctt1 CDS { ( + f20•) ic + M0 Jll cu¥ La + 

... Mnd cos{¥-flo•)i1 +Mc§dcos(f+IJO•)L.+ 

+Ls i.l · 

(2.62) 

(2.63) 

Ilp11 epameH1111 poTopa co cKopoCTbl> W , 113Mep.11eMoR e 3nel<­
Tp11qecK11x pa,n11attax B Cel<YHAY. K np0113BO~bHOMY MOMeHTY epe,.1eH11 
! yron ( COCT8Bl1T 

(2.64) 

r.n.e ¥. - 3H8Q€Hl1e ¥ np11 I a a 
Bb!BOJl.LI .n.ononH11TenbH1i1X o6woToK re!U!paTopa no,l!.l(n1>Qa10Tc.11 K 

Tpe~pa3HOMY .n.syxnonynep11o)l.Hoa.ey ewnpRM11Te111>, 06ecneq11ea1J111.ea.iy n11-
TaHY.e o6M0TKK B036~eHM.ll noCTO.llHHLIM TOKOW. 3ap.aqa wo.n.en11poea­
Hl1Jl e1i1npm111TenJ1 ceo,n11Tc.11 K onpe.n.eneHKD no lfla.3HhlM TOKaw .n.onomrn­
TenbHoR 06MOTl<11 reHepaTopa TOKOB 11 HanpJll!teHMR e 3neweHTax ewn­
pRMKTen.11 11 B 06MOT Ke eo36yl!t,ll.eHl1.ll. 

B COOTBeTCTBK~ c nor11KOA pa60TW, .n.n.11 C~IMMeTp11QHOR Tpex­
~3HOR Cl1CTeMw, 3neKTp11qecxoe COCTO.llHKe ewnp.RMwren.11 113MeH.lleTC.ll 
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trnpe3 K8.l!tAble 60° cPa3bl HanpSO!teHKA ,O.Ol10JIHKTeJibHOA o6MOTK11 B on­

pe,o.e11eHHOA l10C'1e,O.OBaTeJlbHOCTK , HaIJpHMep, npv. 30°< (' 90° H 

H,neaJibHblX BeHTHJIRX cxeMa 1..1en11 )lOl10JliHiTe1!bHblX o6MOTOK H OCSMOTKl1 

so3CSy111,o.ett11J1 BblI'MlJ.HT TaK, KaK 3TO noKa3aHO Ha pHC .2. 13/ 30, S9 I. 
,ll,11J1 KOHTypa I, noKa3aHHoro Ha 3TOA cxeMe, 6y,o.e-r cnpase,um~­

BO BblprutceHHe 

OTKy,n.a 

TaKJite BH,ll.HO, l.lTO B ,n.attttOM c11yt.1ae i1=-i.0,L,=0, i1:i.. AHano r11t.1HO , 

paCCMaTpHBaJI COCTOJIHKe 1..1en11 )lJJJl .n.pyr11x 3H8t.leHV.~ ( K Y~•R 

(2.46), no11yt.1KM 

m 

i, ·i,, 

~J i, 
6 e,. 

u, 

c 
u, 

,, 

Puc. 2. 13. CxeMa 4en11 .n.ono:1H11TeJJbHblX 06MOT01< 

11 06MOTK11 B036Ylr.J4€HKJI 11p11 30° < 1 ~ 90~ 
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• • • dY11 . . . . . 
i(AIJ 0 ~t,3Q mo 't' Lt +di= Uc.-u,, L,=-L1, La=O, l,=Lc; 

• " • . dtf1 . . . . . 
1e1u 30<1~90 MD 't1La+di"° =1Ja-U1, 1.4 •-t.1,1.c:O, '1"'Lq; 

• • . d,,,,, . . . . . 
ec.u 'JO < (' 150 mo 'tl La + - = IJa -Uc, La= -1.c, L' = O, LI= l,i i 

di 
• • . dij . . . . . 

ttlU f5' ~1'2fD mo 't1 I.I+ '(j['": t.J,-U,., LI =-Le 1 Lo :::.0, '1"' LI; 

. " . . ""'' . . . . . ltlll 210<•~210 mo t, L& +di'= .U,-L/a, 4 =-I.a, Le• 0, LI"' LI i 

. . . "'""* . . . . . tUU a10 <(' 330 mo 't1Lc. + df =tJ,-lJ., Le =-La, L,:::.O, L1 =Le ; 

·~i\· 'I • . d(f,_ . . . . . 
ft.Iii n" < '3'0 ml t,,, +-=Uc -U1, 'c =-L1, 'a=O, Ls= l.c • 

d~ 

(2.65) 

Bblae.n.eHHble ,!J.ajlepeHQHaJlbHble ypaaHeHHfl Hanpfll!tCHHA o6MoTotc 
W.WllHHbl (2.45) f (2.42)' (2.65) pe!llHTb BeCbJ.la 3aTpypurTeJtbHO. OH.11 

BblcoKoro nopR,ll,Ka H co~epl!taT He1111HeAHble ypaeHeHHfl c nep11op.11qec­

Kr.u.111 KOmixpHQHeHTB.MH. noCKOJlbKY noTOICOCQenileHHfl (2. 6!) .•. (2. 63) 
3QBHCflT OT apeMeHH He- TOJlbKO BCJ!e,ll,CTBHe H3MeHeHHfl TOKOB B 06-
MOTKax, HO H 3a cqeT HHJlYKTHBHOCTeA, RBJ!fl~UU1XCR ¢YHKQH.f!MH epe­

MeHH. Il03TOMy, np116eraeM K J!HHeAHblM npeo6pa30BaHHflM, KOTOfble 

no3BOJ!.llJOT cyinecTBe~.HO ynpoCTHTb p.11¢:>epeHQHaJ!bHble ypaBHeHWI Ha­

npoeHHi-:. 

]HHeAHble npeo6pa30BaHHfl ypaBHeHHA COCTOflT 8 TOM, QTO HC­
xo,n;-we nepeMeHHble B ypaBHeHHflX 3aN.eHfllOTCfl HOBblMH nepeMeHHblMH, 

JIHHeAHO C£lSl3aHHb™H C KCXO,ll.HhlMK. Ilo cyineCTBY, 3TO H3MeHeHKe 

CHC~el(hl xoopp.11HaT, B KOTCpblX npOH3BOp.HTCR OTcqeT sen11q11H - ne­

pexo.n. OT Tpex KCXO,ll.HblX oceA (a,e, c) K ABYM (x,y). ~H3HqeCKH 

3TO 03HaqaeT 38MCHY Tpe~pa3HOA MaWHHbl .n.syx~a3HOA , B KOTOpoA 
Mat'HKTHble OCH <!>a3HblX o6MOTOK CJl.BKHYTbl Ha 90°3.1 /11,17, 21(, 'tJ,SJ,r1,Gf.fl/. 

B cooTBeTCTB1rn c coape1~eHHoA TeopY.eA 3:ie1CTpHi<ecK11x M&nl!H 

nepexo,n.Hble npo1.1ecc1i1 B CKHxpoHHOA .11.a:n11.tte 1.1enecoo6pa3HO 11ccne~o-
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D&.rb B c11c·rei.ie KOopr,>rna-r. llf>S~!H:lll~:IXCSI llLlCCTe c pOTOJ:Of.'' ]'µ,t. Hll.6-

eT a:ecTo MSl'Hl1Ttt1m 11.111 3.neKTp111.1ec1<M Hec111.1~:e'l'l·l1S1. Och X 1;p11 

31'Ct.! COBtl.elUllm l: w o.nonbHOll OCba'.l poTopa - 3TO Tai< Ha3b1BaeMa.H 

c11cTet.ta oceR d , 9- • Ilpeo6paaoaam~e x oc.RM d , q, .RBllRtTC.FI npaK-

1·111~ec1<11 e).\HHCTBelUiblM. npl-lBOMLOIM A~t¢.!>ePt:Hl.111anbHHe ypaB!lCHl1Jl 

c11ttxpo1moR t1.8!1111Hh: c nep11o)u~4ecKY.M11 1<03'}'!>1U11teHTnMl1 1< ypaet1eH1UIM 

C IlOCTORllHbll.IH K03·i1~"1Q11CHTl1Ul1. 

3a.MeHy 11\!XO,llJ-!blX nep13MeHHblX, HanpKMcp, io. i, . ic. B OC.RX 

a,B,C Ha llOBble nepeMeHl!hle B QC.RX d .q.. np0113b01l.11M no ypaBHCHH.IJM 

l4 = i [i0 cost +i1co1(1-tao•)+ lcCM((.+fao')]; } 

i." = ~ [ ~" si~ (+.~'sin (¥-f20? + i, COJ(( + llOj], (2.66) 

'• = i ( '" + '' + tc ) ' 

I'.n.e '" 11 i,_ - npop.OJlbHbll! 11 nonepe4Hblll TOKl1 B OCJIX d • ' ; i, -
HY neha.R COCTaB ~.RJO:uast TOKa . ,!l.Ji.R "'peX<fa3Hb1X olSMOTOK. coe,nlil!E:HHhlX 

B 3Deao,y c H30n11poBaHHoR Hel!TpanbHOI! TO'lKOn,11 Cl1V.MeTlhlHOR 

Tpex:>aaHOI! Cll!CTeMlJ i,: 0' 003TOMY B )J,flnbl1el!in11x paC4€rax i, BO 

BH11Mrurne He 6epeM. 

06paTHble COOTHOmeHl1.R llMCIOT BlllA 

i" = Lei cos 1 + iq. SLIJ Y ; } 
L1 = i0 cos(¥-f20•) + i,_ sin( ¥-t2o•J; 

i, = it1 ~l ( r + f20') ~ i.,. sin( l + fJD'). 

(2.6?) 

Ilpeo6paaoe&rne 11CXO,Ulll.IX ypaBHCHl1A l< OC.RM d • 'I npOK3BOJUU' 

c noMOOU>kl ~OIJMYII JIKHeAHOI'O npeo6pa3oeatt11a (2.66). IlOACT8BKfl B 

0,11,HO K3 ypaeHeHKR Cl1CTeNbl (2.42), HanpHMep, B nepHoe , UMeCTO 

'A• UA, IPA O,ll,HOTl1nHhle BblpruKett11.R e11,na nepeoro )D8DHeH11.>1 c11cTe~ 

(2.66), B~nontt11a .n11rt¢epe~11poaatt11e K tteo6xonrua.:e npe Ooa~osclHHJt, 
nony4KM 

(2. (,(]) 

I 
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r ,ne U4, u u90 , 'lldo u "'°,id, u itµ - cco· seTCTBeH110 r:po.no11bHble H no­

nepe\lHble COCTail i:RIUJl:.le H8Pfffir\emrn , nuTOKOCQ€1i.ilf>Hl1R II TOKa OCllOB­

HOA 06MOTK11. 

luiaJJOf'l1\lHO npeo6pa3yeM ypaBHl'Hl1fl 11anp.Ft-.;e1!H'1 JlOnOllHl1TellbHOil 

06MOTKH CT8TOpa (~.40) 

dyttJ, 1 • 'tK ( • .r.;" • ) • 1 - ud, = d~ ~wlf',1 + r., '"1 -JK '"' u• ,,. , 
(~.69) 

U c/lfJJ t ' fK (.r.' • , ) 
- 9f :. (it -W l.fd1 +'ti ''II + 2 K rHJ, - ,,, , 

I'Ae u,, u u,, ' 'I'd, 11 "" • id1 ;1 t.,,. - COOTBCTCTBeEHO npo 10JlbHhle 11 

nonepe\lm1e C:OCTaB:tRt;t:U1f' Har.pm:r HV.JI. IlOTOKOCqen,H.'HHfl 11 TOK!.i )lO ­

no11m1TeJ1bHOl1 06MOTKl1 . 

l.lenb o6LIOTKl1 B036yx,;~eHl111 !.;e.r.e::.,,c6I183HO tiacci.1:"'1JBRTb '10 

(2 .65)' noCKOllbt:y oarmcarb 3Tl'. ypa&HGl!Hfl B CUCTeMe d. 9- B llB­

l iVM lil1Ae He npe;lCTP.El11fleTCfl B03M.)J!"JlblM. ;),;.ecb pa3Hble HaIJ{JJ'l>Kemrn 

H8XOA)1~1 nyTeM o6~aTHblX npeo61'830B8.Hl1A (2.6?) 

Ua = Udj cos¥+ u~1 sin¥; 

u, = u01 cos (¥- tao•)+ u,, sin ( ¥ - '40') ; 

u, = Ut11 cos ( 1 +lao•J + u,, st'n( l + rao•J . 
(2.?0) 

Ilp0>13Be,!VI lll1He AHble npeo6pa30B8Hl1fl H8,4 pa:31-!blMl1 nOTOKOCqen­

neHl11™11 (2.6!) 11 ('-. .62) OCHOBH!>X 11 /1000.~hl1TellbliblX o6MOTOK' noc-

ne Tp11roH0MeTp1.1\leCKHX npeo6pa3oaaHHl\, Ha ~;.er.: 

¥'Jt = L90 i,, + M90 i<JI ; 
<'-.'11 

'l'dt = Md,11 ido + Ld1 it11 +Mad,. ij ' 
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1').le Ldo =I,,, -m,. -ft,, ; lrldo14 = MaiM = m, +m~ + t "'~ ; 
•3 3 

L~0 = !"' -m,. -2 lu; M91 =Mi;,= m0 +m1o6 - T m2 j Lt11 = !'S -

5 3 - m~g + i t,9 ; L,_, = t,1 - m°' - a t,'i . 
bee,ll.ft a (:.:'.. 63) npo.non bHb:i-1 11 nor.Ppeta:bl:i TOKH c1•aTopa , cor ­

nacHo (G .66) , nony411M 

3 ( . M . ) . 
'II, = a MAd" '"' + ad,. Leif + L, ,, . (2. n) 

3neKTpOMaJ"HHTHhlR MOMCHT .f!Bn.fleTC.fl r.rnsap11ahTHhlM H11H HO H3Me­
H.f!CT ceoero 3HQU€HH.fl np11 nepexo,n.e OT 0)1.HOA CHCTeMW KOOp)IJ1HBT I( 

wyroA. Tor,ua 113 H3BCCTHoro Bhlpruitett1m I (Jf I 

Ms11 = : p,, Cf,,, I,,, COi If, 

nyTeM npeo6pa30BBHKR nony411M 

(2.?3) 

r ,n.e p. - 4HCRO nap nonlOCOB reHepaTopa; Y'M - M&l<Cl1ManbHOe noTOKO­
c4enneH11e c <f>a3ttoR o6MOTKoR; I~ -aMnnHTy,n.a <f>a3HOl"O TCKa; If -
lPa30BhlR npocTpaHCTBCllHhlA yron C)l.BHl'a nepBblX rapMOHHK HH)lYK411H 
88 H nHHCAHOA Harpy 3Kll. 

flony4eHHble ypaBHCHH.fl (~.o5) , (2.f>tl) .•• (2.73) Cy~CCTBCHHO 
npome HCXOJJ)ihlX H He co,n.epllt8T nepeMCHHblX K03'1xl>H4HCHTOB 3a HCKn~-, 
4CHHCM CHCTCM (2.65) H (2. 70) .YpaBHCHllJ'I 1103BOJIJIDT C BblCOKOR TOll­
HOCTbD wo.nen11posaTb nepexo,ll)ihle npo4ecc1>1 B reHepaTopax THna ECC5 
co CTaH)l.8p'I'HOR CHCTCMOR CaMOB036yJK,D.eHH.fl H paCC4HTb1BaTb see pe­
~ltMhl pa 60Tbl CHCTeMlil aBTOHOMHOl'O 3RCKTponpHBO,n.a. 

OcTaHOBHMC.fl Ha oco6eHHoCT.flX wo.n.en11posBH11.fl nepexo)l..Hhlx npo-
4eccos B .npyr11x THnax r eHepaTopoe . 

Cxe•1a O)l.HOA cl>a3hl reHepaTo a I'AB-4-T/230 np11se.n.eHa Ha 
pHC.~.14. rla CXeMe conpOTHBRCPl1e KOMnayH,11J1pOB8HH.fl 'Y,r( cw.p11c . 2 . 7) 
npe.n.cTasneHO B Bii.UC JJ.BYX conpOT HBnCHHA - perynHpOBaHll.fl TOKa 
B036YJlt.UCHH.fl "t1 H KOMnay11,nHpOBaH..t.fl Hanp.f!JKCHH.fl -t, . 
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N 
a UA A 

PHc.2.14. CxeMa O.D.H0'1 qiaa1i1 reHepaTopa fAE-4-'r/230. 
CocTaem.i ypa1meHH.R no nepeoMy 3aKouy KHpxro-pa )1.Ml y3na

11m• 
tPa3U A H aH8110I'H4HblX Y3110B JJ.PYI'HX cf>a3 

iAa - i A - i 0 = 0 ; } 

~Bl - ~tJ - ~8 = 0 ; 
I,:.: - Le - 'c = 0 1 

rp.e iAa I i81• i.c, - TOKH B HepaaaeTBlleHHOR ll8CTH .pa3, 
YpaeHeHH.R HanpSDiCeHHn 4enH ocHOBH!ilX qia.3HblX o6MOTOK 

-IJA =di + f., LA + 't, Lk 

(2. 74) 

di/IA • • } 

-u, :s ::• + 1.,i6 + t,, i.11 ; (2.75) 
dt;lt: . . 

-l/c - di: + 'tot.c + it:~ Lee. 

fuia110I'H4HO aamnneM ypaaHett11.11 .u11.11 4em1 1LononHHTenbHblX 06-
MOT OK 

d~a . . . 
- Ua =di: +'(I l.q + 't, 'a + 't1 'Ao ; 

df{lf I ' ' 
-Li1= +-C,i..1 +"t,Lt +'t,'-11 i 

dt 
-Ui:. = dl/'c +'rt ic +'I:., i.t: .,. '(J ice . 

di; 

(2.?6). 

llOTOKOC4en11eHW1 06MOTOK rettepaTopa, 3anHC8HHble D o6~eM B~­
,r.e, aHanorHllHlil (2.47). rlo e )laHHOM c11yqae, c Qenbli 06ecne1mH11.11 

i>a30BOI'O KOMI18YMA>1POBaHM.ll ~cnor.HHTenbHast 06MOTKQ reHepaTopa 

C)lOHHy~a Ha 90° CTHOCHTellbHO OCHOBHO~ o6MOTKH, llTO npHBOfJ1T K 
H3MeHeH~~ BblpruP:eH~R Jl.11.11 KHJl.YKTY.BHOCTeR p.ono11H11TellbHOfi 06MOTKH 
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11 1'S:.CTl1 a:1aiu.10KHr,YKT»!'HOCTei1 t.'el'!..;zy 0611.oTKaM11. B tJ8C1'110CTl1, 1m­

JcyKT1111ttocT11 }l<t!lOJ!HHTCllbllblX ~3HblX 06MOTOK 3a1rnwyrc>1 KEU< 

La= fo1 +l1~ cos(2¥+f80.);) 

L1 = f 01 + la1 cqs ( ~r - Bo•J ; 

Le = t,1 + l,1 cos (21 +ro•J. 

(2. 77) 

B3aKMOl1HAYKTl1BHOCTl1 11.el'!..ny ,nono.nH11Te:JbHW1.11 .pa3HblMl1 00MoT1<aM11 

Ma& = m~ + mlf cos (2l +6o•) ; ) 

Mac= m"1 +m,1 cos(2¥-6'0•) ~ 

Mic =mo1 + ma1 cos(2¥-f80•). 
(?.. ';6) 

83a11Mo11Hn,yKTl1BHOCT11 MeiK,ny pa3HO>:MCHl!blMl1 octtoa1wM11 11 AOnor.­

HirrenbHbD/111 0611.0TKaMH 

M,8 = mDI + m2, cos (2¥-30) ~ 

Mac =m,, +m2,cos (U+go•); 

Mca = m,, + m3, cos ( 2¥- ff OJ ; 
Maa=m,2 + m1 , cos (2r-ao·J; 

Mc1 = m0 , +mai cos (2¥ +go); 

MAc = m,.+ m,2 ccs { U- 1;01, 

(2 . '19) 

f' }le mff • m., - nOCTO.flHHNe COC':'8BJ!RL.IZ!e B3aHMOl!H,cyKTV.BHOCTeA; 

m" • m.u - ll.VJl."UITYJ:a BTOp.'X I'8pMOWIK ll331U!OliH.nYl<T116HOCTeR. 

Ali8J!l13 nOK8~lb1BaeT, l.ITO 

m°' > 0, moa < 0, m,4 >0, m32 >0 " Im"/= /m,1 /, m,, = mzi. 
14eir.r.y O~l>l011~~eHHL:M11 .pa).~ :J. 1 :CHOBHbl~lH 11 )J.Ono;rnv.renbHblUH 

06MOTJ<&:11, MB.."liHTHble OC~I KOTOpblX •• nepnett;mKynRpHbl, B38HMO.llH­

AYKTHBHOCTb npaKT~qecK~ OTCYTCTByeT 
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MAQ = Ms, = Mee~ a. 
l33a HMOi1HJl.YKTHBHOCTH MeJK,,;y O(MOTKOP. B036y;!l,lle Htlll H AUllOnlm­

TenbllblMH lf>a3HblMH 06MOTKUM H CTaTo}Ja 

Mat= MaJd cos(K+9o·) ; } 

M1s = Mafd cos ( t -30•) ; 

M,1 = M,,~d cos ( i' - fro·). 

(2 . bO ) 

Bocnonbao eal!U:HCb (~.G6) , npoH3BeAeM nHHe'1Hhle npeo6pa aosa­
HHH (2 .74) • • . (2 .76) 

~do1 - ~di> - ~di ~ 0 ; } 

L'/.Oj - L~0 - L'f = 0 ~ 
(2 . tjJ) 

. ""d• . . . - ud, = d ~ + w <P,. .... t. Ld1 + t, 1.r1,, , 

d1f9, ' ' -tJ,0 = -W<Pdo + f, ,,, + 't1 'IJ•I ; 
d~ (2.tQ) 
d'f~, . . . . 

-ud, =di +<P'f11 +( fi +t,) ' '1 + t, 'r1,, ; 

dlf,, I , 

-tJ,1 = ;;;- -Wlf'dt +('ll + 't,) l.IJI + t, Lpf, 

r.o.e i.,., ' ,·,.,. - npo,a.onbHhlA H nonepel.lHhlA COCT6BRHJOUU1e TOKa B He ­
paa eeT BneHHOA l.laCTH <Paa r eHepaTopa . 

iloTOKOCQenneHHR B CHCTeMe KOOp,D.HHaT d , ~ 6y)l.YT 

Y't1o = L,, it1, + Md°" i91 +Mu,, i1 ; 

Y',, = L9, i,, + M,_ i r11 ; 
(2 . U.3 ) 

<Prir = Mr11 i 9, + Lr11 i r11 ; 

cp,1 = M,,, LrJ1 + M'lfl 'di+ L,, t.,, +Ma111 '~, 
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r,n.e Lao = l 110 -m00 +fl,, ; Mdol't = m,, - fl m.,; L94 = !H-m,. -1 t,. ; 
M10 = -(m01 +ni2,); Md1 =ma, ; Lt11 = !01 -m.6 -m,1 -f1,1 ; 

Mn,= -ma,; Mw = -mo1 ~ L11-1 = t~ + m1.1 + J t,1. 
)J,pyrye ypasHeHHI!: aHanorHQHbl pa.Hee Bblse,n.ei!HlilM ,D.Jtl!: rettepaTo-

pa THna ECC5~-4. 
PaccuoTpKM ,n.Hilxl>epeHUH8.JlbHWe ypastteHKJI reHepaTopa TIUI& 

ECC..(j2-4Y2, cxewa O,D.HoA cpa3bl KOToporo noKaaa.Ha Ha puc.2.15. 

N 
UA I 
A 

Uo 

a 

"41 l,.1 LA{ ~ 

t-01 

PHc, 2, 15, Cxe~ta O,D.HOA cpaaw reHepaTopa 
THna ECC-82-4Y2. 

TpaHc~pMaTopw TA (cM.pHc.2.9) o6na,n.al0'1' HeaaeMCHMWMM war­
HMTHblMH CHCTeMaMM. IlpM pa6oTe reHepaTopa no,n. HarpysKoA no 06-
MOTKe l 11 TpaHC~pMaTopa npoTeKaeT TOK M so BTOpic~oA o6woTKe Li 
TpaHC<f>OpMaTopa nORBnReTCR ~ononH11Te1IbHblA TOK, KOTOpwA o6ecneqw­
eaeT Tpe6ye~IWA xapaKTep H3MeHeHHR TOKa B036yllJleHBR B 38BMCKMOCTM 
OT eenHQHHlol H ¢aabl Toxa reHepaTopa. a~~ pacqeTax nonaraew, trro 
ft( = cons t. 

CocTaBKM B03MOJ!Oioe QHCno ypaeHeHMA no nepuowy awcotty KKp­
xrcxpa . ,!J.nR yanoe " m " H " K " <I>aaw A II 8JianorMQHWX Y31IOB ~ B 
H C aamm1ew 

(2.84) 

H 

(2.8.5) 
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• • · · • • "'" 6 "PJ' rcttc-r,Ae 'At' LAJ, Lat."°'. LaJ, La" - TOKI( ll '*""3H!JX 0 JJOTKD.X 

paTopa 11 TPB.Hc¢opMaTopa. 3,uecb If Aflnce BeJU(\lHHt.1,oTttocsrm11ecn K 

.npyrMM ¢>a38M ~ek!l' HH,AeKCbl "B". "n" H "C"' "c". 

YpaBH8HIUI .ILJISI 1..1en11 OCHOBHO&l 06MOTKH COCTaBHM n o BTOpo1.1y 

3rutouy K11pxroif>a, npeHe6perasr aKTHBHblM conpoTwsnemww o6MOTOK 

TpB.Helfi0pM8.TOpa TOYa "A• = o. 't11t c 0 II y1rr11, tJTO flOTeHQIC811W 
TOQeK II M n paBHW V'N = 'f11 

dY'M dcpAI. 
- UA : di" + d[ + t, lAI 1 

-Ua =dlfa1 +dll'u. + 'l.,i11 ; 
d' dl 

(2. 00) 

- Uc = <i:r" + d'l'ca + t, let , 
di d'- . 

.UJUI 1..1enw .npoccensr BTOPl1QHO~ o6MOTKK TpattcqiopuaTopa nonyl.lllM 

dY'o'I d'10 1. dt;ta1 ( ) N • • -U - - + - + - ~ ta+ t, Lal+ "If Lal 1 ,.-dt dt dt , 

_ u, = d~1111 + d"''' ... d If ls+ ('ti + 't3) i,11 + t" ;.13 ; (2. lfi) 
dt di:. di:. 

-u d</lc' + d Y'ci + dtJle1 + cir:,+'!.) i " + t'1 LcJ I c ,,. di dt di • c .. 
.unsr KOHTypa KOH,n8HC8TOpa 

0 = d lfa1 -11 + " i 3 . di:. l(Q " Q I 

o = d'l'11 -1J1<1 + ~ lu; (2.88) 
di 

0 = """ - (jlft: + "" ic1 1 di. 
,AnSI qemc mrraHIUI 06MOTKH B036y~enHll 

_ U _ dt1at + dt;'~ ·. 
Q - di:. dt ' 

-u, = d(f" ... di/I,. ; (2.00) 

""' dt -u = dV1c1 + dlfca , 
c di. dt 

r,Ae 'l'At, Y'AI, 1/101, 'i'o1, CJ!o1, <l'q1 - nontt.we noTOKoc1..1en11em1a lf>a3HWX 

o6MOTOK rettepaTopa, .npoccensr 11 Tp&HcqiopwaTopa; UA, IJa, U Ko -4>a3-

HWe Hanp.Rl!t0HIUI OelMOTKK reHepaTopa, Qenw flHTBJiMR 06MOTKM B036y~­
,D.eHHSI M Hanp.fOll:eHKJf Ha KOH,ueHCaTope; i. '1,. 1,, 't" - aJCTHBH!ile co-
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11poTMBJl€HIUI <l>a3HOR 06MOi'KM reHepaTopa Af'OCCeJUl I! o6MOTOK Tpa!fC-

.t)pwaTopa. 

Bupuet,ILJI ·AJIJi noT0Koc14en11eHl-fll KMt:ll'l' BM!l 

8-131 

"'" = LA1 i,,, +Mm i11 + MAC, ic, + MA1 i~ 
'I'~ = M1A1 i1,1 + L., i.., + M," ic1 + MH i, 

lfc1 •MUI i,,, +Mm i,, + Lc1 i" + Mt1 i1 ; 

'141 = L,,, iAi + MAit Lat +MAU i111 ""MA11 i 111 ; 

Y'u .. L,, i,, + M811 i11 + Mui i,, + M111 i1~ ; 

'IC.a =L11 Le, +Mm ict + Mu1 i,, + Mcu ics ; 

'l'a1 =L1 id 

Y'1g =L, iu 

~Cf a 1., icl 

~' • L, i"' + M1A1 i4A + M1111 i.i + 111111 i111 ; 

cp1, = L, i,, + M,., i,1 +M1,, i&1 +Mt,, i,, ; 
cp,, = L, id + lftci i.~ + M,,, itt. +M,,, lei ; 

Y'.a =Lai°'+ M.w i" + M1111 i11, + M,,,, i., ; 
Y'u • L, i1a + "'* i., + ftf 011 i1' + M1a1 i,. ; 
yt,1 =L1 i,. +M.tti ic1 +Me.11 Lct + Mc11 lea ; 

"°' = L1 i01 +MIA.! i" + M0 ., i., + M0 ., i., ; 
!fu = L, i,. + Mua i,. + M1,, i1, + M1., i.81 ; 

Y'c1 =L, id +M," le.a+ M,,, i,, + M,,, ic1 I 

(2.90) 
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rµeLA1•L1 - HHIJYKTV.BHOCTH tPa3HOP. o6MOTKV. NlHepa7opa H .ii.Poccer.R; 

L,,,L,,L,,L~ - V.llJ\.YKTV.E HOCTM o6MOTOK TpaHcpotara-:-opa; M.w,M«1 -aaav.­
MOllHJISK'l'MBHOCTH cpa3HhlX 0611.oTOK reHepaTopa; MAI - eaaHMov.ttµyKTMD­

HOCTb ~3HO~ o6MOTKV. v. o~MOTKV. noa6yi!l,li.eHwi rehepaTopa; M,1,= 
• M141. = M,,, , MA1i = MlAI =Mui , •t,,. = M,Al "'Mu1 , Matt = Af 01• = M,,, 

Mau= Mou= M,., M111J •M11ii .. ,,,., - eaattMOHHA)'KTMBHOCTK o()a.wToK TpBHc­

tl>OIJMllTopa. 

IlpOM3oCJVI nHHC~tible npeo6paavB8HHR CKCTeM (2.84) ..• (G.09) , 
nonyqHM 

it1u - idu - id1 = 0 ; 

'•" -'·" - ,,, = 0; 

id, - idl - id" = 0 ; 

ii!, - ;.,, - "'·· = 0 ; 
dlfd4f dlfdtJ . 

- ud, = ~ + ~ +<J~, +w~,, t-'t1ld1; 

d,,,,, d'l'J,, . -u,, •di + ~ -Wlfdt - Wtfdfl + 1, ''' ; 

d""' d""' d""' ·Ud, = dl + ~+ ~ +<J~I +<J~1 + 

+wcp,1 +('t1 +'t,)it11 + r,i,1 ; 

dy1,, ""'' """' Uff = dL + d~ +°di- WlfJ1- "'"' .. ' -

-u>lfds +('lj + t&) i1, +'t1 ig1 ; 

d"'"' 'J· di . , 
0 = ~ + "'""'' - c, '"" ... + t, '"• ; 

d~,, I r · d · 
0 = ~ - Wlfd1 - C, J L9lf t + t, ''' 

dlfd( dp1~,, 
-U.u= '(ji + ~ +W'f,, +<Jql'" 

d~, d'1'111 -u,,: di +ti' -Wlfdt -W"''" , 

(2. 91) 

8-!31 
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r.ne ii1t1, l,,,, i;11 , i,,,, id,, i,,, i;,, i,1 , i.11,, i.11, t.';11, t.',11 - • npo;i.011b-

HWe It nonepe1.1Hble COCTaBnR~e Tpel<l1>a3Hb1X TOi<OB c TOKaMK cpa3b1 

"A", COO'l'BeTC;BeHJ-lO '"·'"· i.a(,ia1,i.a,io11i'lldlf1V~N. ll'dt61ll'ft81 

"'''' '1111' t;'t111 "'" ~, ll'tll, 'Jlt1, "'" - npO,C.OJlbHLle H nonepe1.1Hble C'OCTaB­
JllOOUUH:l Tpex!f>a3HhlX OOTOKOC4en11eH..tM c n0'!' 0'.{0l':1rn 1 .~eHHSiMH !f>a3H "A" 
COOTJleT CTBe HHO ~'' ~ • • '11011 "'•'• "'•'• ~·; Ut1,,t.1,,,u.,,u,r llf>O)l.0JlbHH0 K 
nonepe1nihle cccTae11.RJCUU1e mmpmr.eHMfl o6MOTOK r~HepaToi;a H 1.1eru1 

n1tT8HH.fl o6M01'KK 9c36ylK;::.cH11.11; ( 1=3tr eMxocT& l'OH,n.eHcaTopa nocJla 

npeo6pa30B8HKR CXCMbl ero coe,:i.1rne HHli H3 TfeyrOllbHHKa B 3Deaµ.y. 

3Ha4CHHR flOTOKOC~enJieHHA no OCSUI- d,i 

ll'dH = LdH i,u + M,,d i, 

"''" = L," 1.,, ; 
flldtt"' Lu id11 + frfut i111 + Mw id,+ Miu ida ; 

If,,,= L,. i1,, + M,,, i91 +Mw i.1, +M,,, i.1, ; 

If d1 = L1 id1 ; 

"''' = L1 i,, ; 
lfdt = L, i."' +Mm i.r1u + M,. i,, + M,. i11s 

Y',, = L, i.,, +M.,, i,,, + M" i,, + M11 i.11 ; 

'l'd2 = L, i.;, + M,,, i.,,, .+ "'" id, + M,, ~cl, ; 

¥',a= L, i,, +Miu i.,,, +Mui,,+ M,, L,, ; 
"'"' = L, i,o + M ,., i.c111 + M,. it1 + ltf11 Ld1 ; 

• "'•• :aL, ,,. + M, .. i,,, .. M,. ,,, + Mta it• I 

(2.92) 

r,ne ... - TOK BOa6yia;i.eHHJI; l.i,. • '"'" - HHJzyKT HBHOCTI! ·}a3Hb1X 06.:0-

'fOK reHepaTopa no ocru.1 d,f. ; M1u- e3amtnM HH,cyKTHBHOCTi. o6wOT­

JCM eos6yll,l!,eHKJI H l}>aaHOA 06MOTKH reHepaTopa nlJK cosna;i.eHKH ~IY. 

warHMTHblx oceit. 

IloTOKOCL1en11eHHe 06MOTKH B036y~eHKJi B ,D.IUiHOW CJiy\Uie sanH-

meTCJI KaJ< 

(2. 9J) 
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ene1<TpoMaJ'HKTHhlA MOMeHT reuepaTOpa 

.k 3 . . ) 
,,, .,. = "i P. (fl/di( '•' - II', ti Ld/ . (2.94) 

YpaeHeHHJI Ile:rn l!030y1K,11eHi,S1 c yqeTOM e1i1npJ1M11Te11R ocTaJJTCll 

C5t-a K3MeHeHKJI. 

Bb1111enpH11e,n.e11HLJe ypaeHeHHJI CHHXpOHHYX reHepa•ropoe, e cooT­

eeTCTBllH c npHHllTblMH ).lOnyUleHHJIMH, He YtiKTblBlillT Hac~eHHJI MarHMT­

HOR qeuH Maw.MHhl, llTO npHBOAKT K Cy!lleCTBeHHblM norpewHOCT.RM npH 

pacq~rax HeKOTOpblX pel!CMMOB pa6oTbl. 

Heo6xo).lK~oc~& yqeTa HacblQleHHJI MarHHTHoR uen11 no nyTK ooHo­

Bttoro MarHHTHOI'O nOTOKa BO!)HHKaeT npK 11cc,1e,noaOJIHH rpopCHpOBKH 

8036,Ylli,D.emur ClifHXpOHHOJ'O reHepaTopa, pel'y.rnpODaHHJI HaUpJll!teH.KJI 

HQ 30.lUDlliX no OnI£J1,eneHHOMy 3aKOtty, noMepnHHH HeH:lMeHHLIM H&­

np.Rl!leHKJI npH nepeMeHHOR QaCTOTe epaateHHJI po-ropa H HeKOTOpblX 

,a.p3rKX pelltMMax. Op11 3'1'0~ HaCbl!lleHHe onpeAen11eTCJ1 HanpJtJ1teH11e1o1 

Ha BblXOAe reHepaTopa H npHBOJl,HT,B OCHOBHOM,K yMeHbllleHHll 838KM­

HOR MHJlYKTHBHOCTK. 

HaCb1~0HHe yqacTKOB M8.I'HHTHO~ qenH noTOKaMH pacceJIHHll yqH­

TWB8l>T npH MO).leJIHpOBaHHH J:IHe3at1HblX KOpOTKHX 3D.Mh'l<aHifA c,mxpoH­

HWX Ma!llHH, BO ' DpeWI' KOTOporo 3HBQHT0JlbH8J'I •mCTb M8I'HHTHOJ'O no­

TOK& yc·rpeao111J1eTcJ1 no nyTHM IJOToJ<oe pacceJ1H1111. 

TaxKM o6pa30M, ).lJIJI 11cane,ayeNJi1X pelltHMOB pa60Tbl CHCTeMl:il ae­

TOBOMHoro 3110KTpcnpHBO).l8 AOC~6TOtiHO yqecTb HaCblateHK0 MBI'Hl!THOR 

uenH CHH1tpCHHOI'O rettepaTopa no nyr11 OChOBHOJ'O ~8I'HKTHOI'O nOTOJ<a. 

IlpHlleM, npH MOJ!.ePHpOl:laHHY. StBHOilOJIOCHhlX MfllllKH HaCLICileHHe Marmrr­

HOR qenK 06L111HO yqMTYBOll'I' TOnbKO JJ.JUi npo,nOnbHOR OCH. 

CTeneHb HBCWW.eHHSt MarHHTHOR 4em! CMHXpOHHOR wamMHbl onpe­

Ae:meTCJI BenHqJ4HOR pe3y JlbTMP.}'llllleR npO,ll.O.llbHOR M' A. c. B B03JIYlllHOM 

3830pe,nponcp41fOWQ.llbHOR se~H~HHC pe3y.11bTHpyll!lleI'O TOJ<a no npo­

~OJlbHOR ocn "'~ , KOTOpblN cooTEeTcTBJliT pe3yni.T11pyll1llee npoAon&­

Hoe flOTOKOC4en;ieHHe B BOSJIYlllHOM 3a3ope ., np1:.nop4HOHQJ!bHWI eMy 

npH HOM11Han1>HOR CJtopocT;i o. A· c. ToI').la saBHCllMOCTb MH;J.YltTHBHOc­

'l' M OT pe3ynbTHpy•1114ero npo).lO.'lbH01•0 T Ol<a M4,t(;..,,.}woJ1Hc nonyQH'l'b H3 

:~apaxTepv.cTHKK xonocToro xo.n.a waml!Hlil E.,,l i1) I 59 I. ~ sTOI'O 

no 3KCnep11M8H'l'OJ!bHO CHJl'TOR xapru<TepHCTHJ<e XOJ!OCTOI'O xop.a (pHC. 

Z.16), cTpOHM 3&BHCHMOCTb ~o34¢~qHett~a ttac1i1meHMR M&rHHTHoR 4e-



- 125 -

nu, onpe,!1.enseworo Kax oTHoweHHe a.)l..C. HaRJJ.eHHc.ro K3 cnp11Mnett­

HOR xapaKTepHCTMKH XOROCTOI'O X0,!1.a, K 3.)l..C. H3 J1,eACTBl1T8.'lbJiO~ 
xapaKTepHCTMKlf, OT TOKa B036y~eHKR K,.rli~. HanpKMep, .Dnil T04KH 

COOTBeTCTRYIOUleA HO.MHHaJlbHOM}' HanpJDKeHHJO 

AC 
1<14,. = AB ' 

Aance, BsaMMOIU!,IJ,YKTMBHOCTH Mel!(,!ly o6MoTK8.MH M&nlf!ihl no npO'AOJI~-
HO~ OCH HaXO)\MM Kru< 

~ -
Md,.= u I 

"NI' 

r,!l.e Md - aHa4eHMJf soamtOHH..D.YKTHHHOCTE?lt .O.rui HeHaChrt11eHtto&I w.ar1-1wr­

HoA CHCTeMDI. 

Cne,u,yeT OTMeTMTb, 4TO s o6weM cny4ae 

(2.95) 

Ha pKc.2.16 noKa3aHbl .rp~KKit KO~HQKeHTa H&C~~eHHR uar­
HKTHOA Qen11 k,.. -, soa~OKH,nyJ:TKBHOCTeA no npO,UORbliOR OCH Mew 

octtOBtn.IMK o6MOTI<a.MM K o6MOTKOH B036yJK,neHKli MAdl't , Meli\A)' .11,cmon­
HKTenbHblMif 06MOTKaMK K 06NOTKO!\ B036Yl!tA8HKR "'°""' H Nel!t;ly OCHOB~ 

HlAIK M ,l!.onoJtHKTeJ!bHJAIK oCIMOTKaMM Ma.,. s cI>YHKl.\HK ·roKa i1 , OTHo­

cRl!Uteca K .reHepaTopy THDa ECC~-4. TeMHh!MK T04Ka.NK uoKaa.<.lHLI 

peaynbT8TW annpoKCKMB.QHH KCKOJ.WX 38.BHCv.MOCTeR. 
AHanKa noKaaan, trro KpKB~e B3aKMOHHf.YK~KBHOCTeA ).l.OCT8T04-

HO TOQHO annpOKCHMMpymcli ypasHeHMeM I'K11ap6om.1' TOI').1.8 

(2.96) 

npK 

.r,!l.e ,.,.. - 311a1'eHMe peaynbTHPYI:!!lef'O TOKa no npo,D.OllbhOR OCH, COOT­

BeTCT9yX>QJ.ee nepexo.n.y K Hacw~eHHo~ tiac~~ xapanTefKCTH~v. xonoc­

Toro XO,D.a;MJ,,flfM,.M,,u- HeHaC1>1CleHHhle 3Hatiemt1' B3aKMOl1Hll.YK'IHBHOC-

Te.A; a,,., B,,.., a~,.. 6~,.., a,,. I &,,,. - i:.ocTORHlihle KO~Kt!HeHTw. 
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lfad.li(il) '11:141i{i,J 

0 to c 20 JO 40 so i.hll 

PI.ac.2. 16. K onpeAeneH100 a3aHMOllH;llYKTKBHOCTeA 
o6MOTOK CMHxpOHHO~O reHepaTopa c y qeTOM 

H&C~HllJI warHMTHOR CMCTeww. 

k..,r, 
0.1!. 

JS 

J,O 

2,5 

2,0 

f,5 

f,O 

0,5 

0 
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2 . 2 . 3 . Ai-1 f•pep~iiQlian1>Hble y paeHenl!.FI acKHx~OHliblX 

.c,111u•aTe11eA pa6o•rnx opr ai1oe 

,ll.Jt.FI HCCJleAOB~iAa COB~eCThOA pa6oT~ 8CHHXpOP.Ml>IX ADlir aTeneA 

pa 601JHX opr attoB H c•:Hxpottttoro rer;e~aTopa , .nt14¢EVtJH.4Mli1lbHble 

y paB!leHH.FI a c HHXpOHHblX ,UBH!'8T CJleA Y,l!06HO 3am1caTb B CMCTeMe KO ­

Op A;tHaT x,y . Bpa!J:al'JU1'1X.:'.FI OTHOC:.tTeJl!>HO CT8TOpa ABKra TeJlJI co 

CKOpOCTb~ ero nonnc..J .3Ta Cll!CTe~a OKa3~888TC.FI xeCTKO CB.Fl38Y.HOA 

c nOJtOlite HHeM poTopa CHll>'.pOHHOr O reHep&TOpa KJlM e r o x oop,IU!HST­

HOA cMcTewoA d , ~ , 11ro y np o mae·r pac1.1eT1i1 I 6f I . 
AM<Jxf>epe~uan &hble ypaaheHi' • .R ABHr a TeJIJI neps o r o pa601.1ero op­

raHa B CHCT eMe KOOp )U1H8T x,y 3anHl!lyTCn K8K 

d ( f ) 

u11
> - v1

" + 4J 1u ''' + i 'd i " ' · Xf - d t T l # f XI 1 

U (fl d If::' - (JJ IJI {II 'f (4} L (d • 
¥f • dr TJC( ... f , , , 

0 = d11/t +(w-w'f)J u1 <•l+-t ''' i'f). di f Tf' ,, X& ' 

d ,,, 
0 - :.!H_ (W w'"J 1u<4l t 1

'
1 i.'41 • - d' - - i T .(& + ,, If t 

MM- a pMM 111(t<tJ i''' i''' LM) . 1-a1 '/'XI fl-XS fl I 

"'"' d "' M''' u{f} - "I ~ f - "'C - Pf" at ... 1 

!lOTOKOCl\811/lf.H~lst 06)t0T OK ,l!.BH!'8T en.FI 

,,, "> - L''' ,· '" .u ''' · "' Txf- Slf x1+ir1,,.c.x1 

w"' - L'" i '
11 

M ''' i ''' TVf - S14 VI + /4 I S. 

/U (1) - L ,,, i {f l + M (t) i ,,, 
TXI. - fl4 n IA Xf 

/ti (f) - L'41 i if) M {I) i ,,, 
T'ft - f14 fl. + ,. ~' , 

(2. 9?) 

(2.98) 
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(2.99) 

rAe M~'', Nl;1 
- HallaJ!bHhlP. K HOJirnHanbHhlq woweHT pa.6011ero opr&Ha; 

Mi;> - npeeLl!!leHHe MOMeHTa TpcraHMJI pa6oqero opr8.ii8 HaA HallAnb­
HIAI MoMeHTOM; MJ0f4)- cocTaBnRlllltllfl woweHTa conpoTMBnettfrUI, 3aAaX>­
lll,llJICR B COOTBeTCTBMM C AOnOnHMTenbHblJ,IM ycnOBM.RMK; w/2 -HO/JHHanb­
HIUI CKOpOCTb pa1011ero opr&Ha; X{I) - noKa3aTenb CTenelttl; C - K03<fi­
~HltK0HT xap&..KTCpH3YIOIIlM" KHTeHCHBHOCTq cnaAa MOMeHTa Tpor!Ui~A 

YpaeHeHIUI ABv.raTeJ!eA K wex&HHlleCKHe xapB.KTepKCTHKK .11.PYI"KX 
pa60llMX oprattOB 3anKlllyTca aHanOl"MllHO (2.97) ••• (2.99), HO co 

CBOIUlll KHAe1'CaMK K03<pt>MQHeHTOB M nepeweHHLJX. 
IlapaweTpY ac~P.XpOHHOl"O ABKraTenn D o6~eM cny11ae RBJlRl1l'CR 

nepeweHhblMH, TB.K Kax:npM nepeeo36y~eHKH CHHxpoHHor o rettepaTopa 
H&npllJleHMe Ha 3aJIUOolaX ABKraTeJUI MO•eT BYpD.CTM,llTO npMBeAeT K 
yee~MllSHM~ OCHOBHOI"O Mal"HKTHOl"OnOTOKaMHac~eHH~ WS.rHHTHOR 4enM 
M8lllHHY, B pe3ynjT8T& 11ero yweHbWKTCR B3&HMH8JI MH~KTKBHOCTb 06-
MOTCK cTa";"opa M poTopa M14 , K, ttanpoTHB, npK yweHbllleHHK ttanpa­

a~HIUI ~BHl"&TaJJb nepeXO,IUIT Ha pa60Ty B nKHeAttyD ll&CTb KpHBOR tta­
M&l"HKQHBIUiKR MM,. 6yAeT 6onbme Ho•1HHa11bttOro 3Ha11ett1U1; c yeenH-

11ettHew TOKOB B o6MOTK&X npv. nycKe RJ!K neperpy3Ke ABKraTeJIJI, 
BCJJeACTEMe B03paCT8JiH~ flOTOKOB pacceRHWI npoHCXO,IUIT Hacw~eHMe 
xopottoK K Tena 3y64oe, e pe3yn&TaTe MHJlYKTHBHOCTK pacceRHKK L.,, 
M L.,14 y~de!-ibmamca; npH nycKe c yeenK11ett•eM CKOJlbllteHKR H 11acTOTY 
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BTOpwtiHOro TOKa no.n. B1!KilHKeM noaeplOIOCTHOro ~KTa con90THBBe­

I 
ttue ir,, yue11w1:.rna»w:n:, a L-c,,. yMer.bmaeTCll. 

Y11ecT1t >!3MeHPHna napruie'Ipoe aechMa HenpocTo, nocKonbKY DT­
cyTCTB.Yll'l' peaBhHHe 3aBKCHMOCTK HX B ~JHKQHK TOKOB, noTOKOB HRH 
tiacTOTW BPEllllE:HKR, Kpoue Toro, K3MeHeHKe r:apaweTpoa, JlllK 1.paaK­

.110, npOKCXO,JJJfT 0,11.tiOBpeMeHHO no.n. ,n.eRCTBHelA HeCK01lbKKX <!>aff'ropoe . 
Il03TOM)' y11eT HenHHeAHOCTClt napaMeTpOB ,ll.BMraTenst npOK3He,n.ew OllH 
cne,D.ylJC!UtX ,n.onywemmx: HeCMOTpR Ha HaCbluteHHC CTllJIH. MaI'HMTHble 

HH~'J<.QKK B B03JlYlllliOM 3a3ope MawKHW pacnpe,n.eJUUJTC.H CKH;yCOH,::.anb­
HO, M&I'HHTHaJI npOBO,ll.MMOCTb no BHyTpelilieMY ,ll.MaMeTpy CTaTopa no­
CTO.HHHa M He aaBMCKT OT nonol'teHHst poTopa; Hacw111e1m.11 no rnaeHou,y 
nyrK MaI'HKTHOI'O nOTOKa K no nyTHM pacce.RHMJJ He B1!MJUJ'l' l![l,Yr Ha 
.n.pyra K woryT y11KTWBaTbCR pa a,n.enbtto; K3MetteHKe naps.MeTpa,Bblaaa­
ttHoe ttecKonbKKMK q,utcTOpaMK, npeµ.cTaenaew a ®'~HK eeAMllimW, 
01<aawea.-i111eR ttaHCSOnbwee BJIHllHHe I 50 I. 

Y11eT H3MetteHHJI naaKMOHH.n.YKTKBHOCTHM~ npoae,n.ew e ~yEKqHK 
H8IIpSllleHKR H8 38llm.:ax MWllHHW, KCfi0Jlb3YR npK 3TOM xapaKTepKCTmty 
X01!0CTOrO XO)\S. ,llBKraTe.IUI J, ( U,) . lfa 3TOlt xapat<TepHCTKKK, CHK?OA 
3KcnepKM0HT8.JlbHO. H&XOJl,HM KO~KeHT H&ClilllleHH.fl Mal'HMTHOR qemt 

K~1 (u.), nO,llOCltto TOM)', KaK onpe,n.eJIJ111K attaJior1111hdlt Ko3<fx1>HQKCHT 
)\JUI CKHXpOHHOrO r e ttepaTopa. ~anee B38HMOHH,D.yKTKBHOCTb c yQeTOM 

H8Cbllll.eHHJI Mal'HHTHOA qen11 ,llJIJl K~OI'O 3Hatie HK.fl HanpsmeHH.fl u. 
ttaR,n.ew KaK 

"' - f;f,_, 
,. - K,,.I . ' 

r.n.e M,,., - ttettacblllleHHoe 3HaqeHKe eaaHMOKH,D.YKTKBHOCTK. 
PactieTw noKaaa.nH. ll'l'O B Kccne,n.yewow µKana3otte H3MeHeHHJl 

HanpneHKJI B CKCTeM~. M,,. npK Hac wuteHHH MarttY.TUOit ClmTeMlJ H3Me­
H.H9TCR np1o.teptto no nHtteAttowy oaxoey. Tor,n.a ypaekePHR a c KttxpoH­
Horo ABKraTen.H tteoCSxo)UUilo AononHKTb c ne,n.yllllU!MH y~noeKmtK 

ti (IJ u.(I) U (I} - (I) 'ff) II (f} , npu 1 > " , ,,,,. - a, + , "'' , l2.IOO) 

U(I) _ i. vj((J (d)I (tJ (tl)f 
f - (j' II + ~I r 

9- iJI 
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r,ll,e U/1) - MO.a.YJtb H306p8.llt8Kl!Uero Be KTOpa HMp.lt'\eP.11R HB 3WMBX 

Jl,SHrBTeJtJI; U,~IJ - 3HB\ieHHe HMp.R;,;;SHHJI , C KOTOi~Of'O H814HHBeTCJI 

HBClilDleHHe uarHHTHOA CHCTeMbl MamHtw; M~! - Hettacb1111eHHOe aHaqem1e 

B3Bl™OHH.a.YKTHBHOCTt.! nepsoro Jl.SHraTen.n; a/11 
K 8~11 - nOCTO.flHHhle 

K03<WKQH0HTbl. 

XapaxTepHCTHKa xonocToro xo,ll,a Jl.BHraTe;IJI Ti.ma 4A90L2Y3, 
38BHCKMOCTH KO~H€HT8 HBCblOleHH.11 H B3aKMOIUi.a.YKTHBHOCTH 06Mo­

TOK 3Toro ~BHI'8T0Jl.llf!OT HanpilllteHHJI npHBe,ll,eHbl Ha p Hc . 2.17.TeM­

HNMH TOQKaMH noxaaattbl peayn&TaTbl annpoKCHM~HH aaBHCr.tMOCTH N,,..(U.). 

Mjlf, I,, k./lfl• 
flt A 0,1! 

0,f 

50 100 150 200 

PHc.2. 17. K onpe,ll,eneHHv eaaKMOHHJl.YKTHBHOCTH o~MOTOK 
,ll,BHraTen.11 c yqeTOM HaCbllll0HHJI MarHHTHOA itenn. 

S-I3I 
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PeaxTHBHOe conpoTHBneHHe pacceRHHll o6MOTKH poTopa 'X~ B 
60n b1DeA CTeneH~ 38BHCHT OT ~acblllleHHR B ay6QOBOA 30He, qew Ctr 

llBJieHHR noeepXHOCTHOro 3<PI>eKT8, fi03TOMJ' B pacqeTax HCilO~bayew 

aaeHCHMOCTb X~ (I,.) HJIH L~ (I.a) . ,!Vl11 sToro, no MaaecTHhlM H3 nac­
nopTHblX p.8.HHhlx p.BHra'i•e n11 napBMeTpaM JC1 , Xj H Xa , onpep.em1M aa­

BHCKMOCTH x,,.(I,)H xl,.(I,)' npHHllB rpa¢HK X1<14(I,)=(X,,.+x),.){Jf) 
nHHeAHblM H BJIHlltiHe H8CbltU0HHll nyreA pacceRHHll Ha H3MeH0HHe HH­

Jl.YKTHBHhlX conpOTHBJleHHR CT8TOpa H poTopa OA}!HaKOB!JM. flpH 3TGM 

3Ha1'eHHe X0 Heo6xoA}1Mo paa,c.enHTb nponopQHOH8.JlbHO aHaQeP.HRM x, 
H x; I SO I. Tor.o.a , 38.MeHHB peaKTHBlfile conpOTHBJJeHHR coo·reeTcT­

BYllllUtMH HHJlYKTHBHOCTRMK, nonyq1iM 

L''' - a'iJ ''or.'''. L'd - a'''+ ''''r''' . } I/If - .t + 01 f 1 ll' - J 01 I I 

(2.IOI) 
1 ti1_ 4 {i'"J"+(i'fl)S, J'"- I .l(i'")'+(i''')'' 

1 - v'f ~t If 1 .l - {j' VI Al II 1 

I {fl I (IJ 
rp.e , • l - Mo.nymt H306paiitall<IUlX eeKTOpOB TOKa CT8TOpa K poTO-

pa nepeoro p.e1traTen11; ttJ", 81°, aj", I I'' - nocTORHHhle KOajxf>HJ.¥teHTbl. 
Cf) 

Pac11eT aKTHBHoro conpOTKBJieHHll Zil o6MOTKH pGTopa c yl4eTow 
BblTeCHeHHll TOKa B CTeplllHJiX npoeop.KM aHaJIHTHQeCKH, OCHOBblBaRCb 

Ha HOBeCTHOA aaBHCKMOCTK npHBep.eHHOA BblCOTbl CTeplllHJi pOTOpa OT 

CKOJiblKeHHR l (S )/ 2 /. Coo'l'BeTCTBYIXllBJI MeTOAHKa npHee)l.eKa B 
npKJIOJKeHKH 3. 

YpaeHeHHJt p.BKraTeneR H wexaHKQeCKHe xapaKTepKCTKKK 'APYrK:< 

pa60QKX opraHOB aanHDJYTCR B.HaJIOrH~HO (2.97) ... (2.IOI), HO co 

CBOHMH HH)l.eKCaMH KO~HQHeHTOB H nepeMeHHhlX. 

IlpHeep.eHHble ypaeHeHHR Il03BOJl.fDJT MO)J.OJIHpOBaTb ace pelKIGW 

pa60Tbl a CHHXpoHHoro ,ll.BHraTeJIR B CHCTewe aBTOHOMHOro 3Jl0KTponpH­
BO)J.a M06KJlbHOA Ma!IKHY . 

2.2.4. yqeT COeA}iHHTeJlbHhlX Ka6eneA H ypaBHeHHll CBff3H 

Pa60QHA opraH MOJKeT 6b1Tb OTp.aneH OT reHepaTopa Ha 3HaQK­
TeJlbHOe paCCTO.llHHe, HanpHMep, B Jl.Oll,lleBaJlbHblX MWDKHaX p.o 400 M. 

B 3THX ycnoeH11x, oco6eHHo npH KC Cnep.OBaHHH peiDtMOB nycKa aCKHX­
poHHblX p.eHraTeneA Heo6xo,u11Mo yqHTblBaTb na.n.eHKe 11anpRJl(ellHff e 
CKJIOBOM Ka6ene. 
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~&.3m;e Har!p~.eHHJt Ila ::ia-.:H 1ax J<BHre.TCJ!ll nepaoro paOo1'cro 

opr&.Ha C5yJJYT 'MeHbUte nanpAAC'llHJl reHcpaTopa Ha EeJIHl4HHY Tltl)leHHR 

HMPJL'I !HR sa aKTHBHOM co1.110THB1!CHHH "UllW Ha6eJl.ff M 3.,u.c. ca­
lil>HHJ.IYK4HH 

u (1) = u - '(, ,,, ,,,, - d'f~f} . 
A• 11 A A dl 1 

U {f) - u ..,,,,,.{f) dtf/;1 

.. - • - •• 8 - dl 
" ,,, (2.1C2) 

• ,., Cfl 1,' {f) r,11fe1 uf,1 = Uc - '"• e - -­dl 

tll U {I) (f) • • (tJ l HJ, i !') -
l',D.e u~ I •• ' Uc. - HBllplD!tCHM B KOH!4e .i!HHlfH. ,,, ' •• .. 

~3m:e TOKH ~lfI'BTCJl.ff; i, - aJ<THBHOe coni:;oTHBJleHHe 4Ja3Y KaCleJIR; 

'1'11a, <l'a11, lfc, - noTOKOCJ.lenJiemt.ff lltHJI KaCieJI.11. 

IlOTOKOCQenneHHJI B (2.IG2) H&XO,IU!M KaK 

Cf11A = L, i,. i 'fu • L, i, ; tft1 ,, LA ic , (2. 103) 

r .ne L, - 1.1H,o.yK1·MariccTb cpa3Y 1ta6cn.R. 

3A.NeHHB no (2.23} HCXO)lHYe nepeweH.Hhle Ha HODYe B OC.llX x,y, 

nOJIY4HM 

U
{f) - II 1o1ff),•{f} d11::; 

,lff - .,, .. - ., "' - --d' 
d,,,,"' 

U 
(f) - u .,,,,,.{ti - -1.!! 
~1 - ,. - .• , 1' rU 

111 ,,, L ,,, i. "1 
'f'/111 :a A >'t 

Ill ,, , 2 J. ,,, i. (f} .,.,,, . ,, ' 

(2. 104) 

(2.105) 

Ill "' ,,, r,11.e rxlA , ¥'111 - nOTOKoc4ennett1ut lltHJl KaCieJ1..11 no ocJDt x,y. 

~nn p.pyr1.1x ,11.a~raTeneR (2.104) H (2 . 105) 38.nHlllYTC.ff T8.KlKe, 

HO CO CBOKMH HH;:,eKC8MH. 

CHCT9)1a (2. 104) npe.ncTae1111e-r coc>on CB.ff3b MPl!!,ey ypanueH1rn­

MH rer.epaTopa H ,li.BHraTeneA 110 Hanp1meHHXl. YpaBHCHIUI CBSl3H no 

..-oKY 38I!H!llCM B COOTBeTCTBHH c nepBblM aa.'<OHOM Kv.pxr$ 
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f
l . . '~ La. = lxt ; 

It•' 
. J:. ""' LJI = '11 , 

I(•( 

(2.106) 

r.o.e n - 1'HC.no )l.BHI'aTeJ!eA pa~oqeil LtSllllUlbl. 

B pst.ne c.ny1'aee, i<or.~a cenbcJCoxoastAcTBeHHa.R M811IHHa HMeeT 

H0CKOllbKO O,IJ,HOTHl1Hh"'X ,o..anraTeJieA. MSTCM8TH1'eCKl1e .l.10,lieJ!l4 .IJ.Sl4t'a­

TeneA, pa6oT~X B OJl)IHaKOBb!X pe~ax H yc.nOBMRX, q~r.ecoo6pa-

3HO 3aMeHMTb 0,11.HCR, c noc.ne,n,yrwo.: y•ieTOM aTOR aaMellbl II (~. 106) 
KaJC 

• • (IJ • U) } Lu = 'x' -+ n, '"' ; 
• • (f) . (aJ ,,. = ,,, + n, ,,, ' (2.107) 

• (JI . U) 
r.ne Lxt , t-,1 - TOKM eToporo ,11.sKraTeJIJI a ocmc x,y; n1 - \lMcno 

,11.BMraTe.neA 0,11.HOI'O THna, paf50'rar.lOU1X B O,itHHaJCOBhlX pe;,w..iax M yc­

nO!IKJIX, tlTO H BTOpoA, 

YpastteHM (~. 107) noseo.11Jtl!7l' 11ay1'aT& nepexo,nHi,;e npoqeccu 

nycKa 0,DJiOI'O ,D.BHI'&TeJVJ npH "n," pa60TD.JlQUtX napaJIJleJlbHO. ,11.llJI 

qero He06XO,ll,HMO BblnO.nHHTb ycnOBH~ 

J 1 .(fl 0 . ,,, " . ltJ Q • (fl Q } Qc•u ~ < ~1 mo 1.A, ,. , L1, = 11, Lu = , '~' .. ; 

n1 : o, 1,2,3, ... n-s, 
(2 . 108) 

r,11.e l,. - woMeHT nyc;ca nepeoro ,!l.BMra'l'eM. 

,ii.allHb!A npHeM fi03BOJJRe '1' cyw,eCTBeHti O yMeHblllHTb 061ieN Ma'l'e­

M8TM\leCKOA Mo.o.enH aO'l'OtlOKHOA MMOI'O.IJ.BKraTenbHOA CHCTell"~ . 

2 .2.5. YpaBHeHv..R CMCTEWW aBTCHOMHoro 3~enTponpH~OAa 
B OTHOCMTenbHlolY. e,ll.Kl'!}fl4ax 

Ypaettettu.>1 CMCTeww a&TOHOMHOro aneJtTponpHeo.c.a o6bl'lHO aaim ­

CblBlillT B OTHOCHTe.nbHblX e,ll)IHH4ax. Ilepcxo,a. K CHCTeMe OTHOCMTer.~-

Hl.iX e.o.1mM11 ynpOu:\BeT san Mc b y paaHem1A, o<Snel"l&eT BN'lHCJ1et111J1 
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K A8JlaeT B03MOl!tHWM Cpa8H8HK0 pe3y1lbTaTOB, nonyqaeuwx ~R MamKH 
pasn11qHoR MClllJ{OCTH. 

,llJtJI uepeXOA& K CHCTeMe OTHOCH'r01lbHWX 0ANHHI{ onpe.n.enllM BC~ 
COBOKymiOC'i'Jt 6&3KCHUX B0JIHqlUi. JJ.1111 qenH OCHOBHOA o6MOTKK CT8TO­

pa C•HXPOHHOR M&lllHHbl nplfMeM C110AYll!!Ufe 06UlElnp1ourrue 6&3MCHYe 
aenwqMHW : I, =I"'" - 6&3HCHYA TOK CT&Topa, pas~ rumnacTyAe HO­
MKH&JlbHOro lf>a3HOrO TOK& OCHOBHOA 06MO'l'ltll CT8TOpaj U~ = IJ.,,,, - 6a­
SMCHOe H&nplllleHHe CTaTopa, paBH08 aMnJIMTYA8 HOMHH8JlbHOr o q,&sHoro 

H&npRllte H•ll CT&Topa; (A),.=r.uc :62ff},, - 6&311CHU yr.nOBIUI qacTOT&, pa•­

H&.11 CRHJCPOHHoA; 'Ir= '"l W1 - ·6asiCCHOe nOTOKOCqenneH11e; ~,. = 
= Ur/ I, - 6asaccHoo conpoTacenaHace CT&Topa; ~ =SH = 3l/H111 = f,$ t/1 Ji -
6&311CHaJI MOl!D{OC'l'lt, npMHIGC88M&JI paBHOA OOJIHOA HOMHH8JlbHOA MO~­
HOCTll ( SH ) M&lllHHW, 3AOCi., UH ,-111 - ·.n.eAcT&yllllUle HOMHH81lbH!ile q,&a­
HWe Hanpoemce 11 TOK 'CT&Topa; M,-= Pr P./f.1)1 - 6asKCHblA NOMeHT; 

L1 = lr/'4)1 - 6&3HCHU KH.nyKTHBHOCTb cTa'l'opa; i 1 -=- f /we - 6a­
a11cHoe speMJI, COOTB8TCTBYlllll08 noBopoTy poTopa ClfHXpOHHOA M81Dlf­
HW npw 6asHCHOA yrnoaoA qacTOTe Ha l ~.s11. BpeMR BWp&KeHHoe 

• AOJlllX h 06oaHaq1GC xax 'r' = t. /t 1 = t We . 
Ba3HCHLl8 BeJ111qwH1J ,ll)IJI pOTOpHoA qen11 CltHXpOHHOA MaUIKWW K 

qen11 A0ll01lHJITeJlbHOA o6MOTKK CT&'l'Opa npHMeM T&J<HNH, npH KOTOpwx 
ypaBH8HKll H&npllllteHHA COXp&HJIJIK 4'oPMY npw nepeXOA8 OT ~slfqec­
KHX B8JIKqHH K OTHOCKTeJlbHMM, II ypaBHeHiUl nOTOKocqen11etu1R MarHK­

THO-CBR38.HHWX xoHTypoe YAOBJ1eTeop11n11 np11~1my B3&HMHOCTK. Tor.n.a 
6as11cHWe eenwqacHW qen11 poT~pa x .n.onomurrenbHoA 
,IUOIO no,D.QHHH'l'b cne.nylll!lKM yc.noe11.RM I fl I 

u11 s w6 <Pgr ~ IJ61 = L11 1,, ; · 
111 = L1r W6 ; P, = ~,. = LJ11111 ; 

U11 = Wr 'l1r; ~' = L11 111 ; 

111 11 i.11 w, ; P, = P11 = 1111 I~ . 

o6MOTKH Heo6xo-

(2.109)(2.IIO) 
(2.lII)(2.II2) 

(2 . II3) (2.II4) 

(2. II5)(2. II6) 

JpaBHeHMJI (2.109) ... (2.116) nosBOJIJUlT ycT&HOBMTb CBR3~ 
Mes,ay 6&3KCHWMK BeJIKQIUl&MJI o6MOTOK CT&TOpa K pOTopa 

u,, • l/11(1 ; 

"'' = "'' 1(1 ; 

L1, = L11<: ; 

z11 =Zr Ki; 
(2. II7)(2. IIS) 

(2. II9) (2. 120) 
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Uu=.f,SIJ1K1 ; Lu=f,!L,K," ; (2.121)(2.122 ) 

Y'Jl=f.5'1',K~ ; lH =f,Sl, K/', (2 .!23)(2 . 124) 

r .ne Ks:a Ir/;*1 , x1 = 11;166 • 
Pa3,nenHB ypaeHeHHR peryn1rropH1i1x xapaKTepHCTHK ,ll,lt3eJIJl 

(2.5). (2 . 7) . (2.8) H8 Mr H (2. 7) HB w6 H ,, nonyqMM B OTHOCN­

TeJihHWX e,IUIHH!l8X 

M' =M~ [o,S+f,5~ -( 1~ t] npuW<f!lx; 
S!JH~IC '="#IMC 

I M
1
- M

1 
M

1
-"

1 
I 

M .. - ' - ' .Q - -• !!It n + M """ f6l .... w . - Q .Q - Q Q ~X -X I' ¥ IC r -l--' _,-_, 

u'="' [os+f5.& -(~" )'] · 
!:/Jt !!IN ' ' '·' CA) I 

141t~IC -HUC 

(2 . 125) 

~;c = !!Ju npu 't' < 1:, ; 

!!Jx = Wx1 +{ ('!- 'l',) npu r, ~£'<'Li ; 

!tlx = {g"" +~ (£1-f1) npu 'i' ~ 'r.a , 
I I I M' " 

r,11.e "''=.!!!.... · u' = ~ . M' = !!fL . M' = M, · M' = -l · 1., :1!!..b· 
!.:I "'' , !:JH M1 ' -x ,,,, I - ' "'' • -a. M, , - w, , 

,., -~ . '·' _Q;cp,,. ,., _ Q,p,, . 1.1 -&.&. . 1.1 =Q,,p,,, 
D'lfAI( - ' ll!lt)( - ' '°'f - - - ' ~I - ' :::rM --, 

W1 W1 W1 W1 W1 

i: £ p,, . " - l , . f t , 
.la : <.t>l 1 t - t 6 I I :: Ti , 

Pa3 ,D.eJIHB ypaeHeHHJI ,D.BKlltelOOI ,ll,BC wac (2 . 40) H8 M1 ·~Milli 

onpe,ne11Rllt11.Ke K~ e TOR lite c11cTewe Ha t,. ttaA,neu _ 

I - ( ) d<N ~ , M-K,.Mr-KC4' McflfP - H,.,, + Kcs. H.,,, d'r + Kcu)I.,,, 'L,,-T, , 
~C44 = K~ !:!} ; 

K«c = 0 npu '( < 'L1 , (2.126) 

f( £", 
K =-- - -- npu f{ ''L~'t · 

C44 'l'lf - 'l"1 'l''i - 'lj I "' If ' 

~ = 1 npu r;: > G ' 
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rA• " _ Nr . Mc W~ w' 
?!Ir - , M~,,,, i: ::E!!llr1 ; H,,, = 1,, ;;- ; H"' = j,, ~; 

M1 ' ,.,, p,, I'll Pn 

K,,,,. = . f f. ; Mc,,,,= r (Jr ~OSJ.. ± SinJ.) (}r +(JI( CDIJ. ;t si1J.)G,, + . ,,,_ ,,,, lJ 

3Aeca. H 'lrt Ha3oaew 1me~oHHoA noCTO.llHHOtl TpaHcw11cc1U1 • np•­
Bop.a rettep&Topa, H1n - npwaoAa ABKllHTeneA. 

CKOl)OC'l't. ne~ABH&eHK.11 arperaTa a O'l'HOCMTeJlltllWX e,IUIHXQ&X 
HaAAaM, pa3A0J1118 (2.4!) HA W~ M CAU&JI i:q>e06pa30118.HIVI 

J!:~C*o I 

rAe V' c ~ • v..; = W1 R~s 
- tr,. , ., p,, lr, 

(2. !2?) 

llo,llerurn (2.68) Ha U1x'll1W1•1.1I~ , ypuHeH.U (2.69), 
(2. ?0), (2~65) Na U11 = ~1ec>1 = Ztl' I,r , (2.65) HA llH = Cf11<.c>,= 

:a i 11 I 11 YPllllHeHHe (2. ?3) Ha Pr = (, S" fl', 11 Pn nony'llDI AM 
c1napoKHoro reHepaTopa TKil& ECCS-82-4 ypaaReHu wanp.1111eHldl • 
e.ner.TpOM81'Klft'HOro MOMeHTa • O'l'HOCKTen.HWX e,IU(HJIQ&X 

-Yd,= ::d• + !N f't• + 1..111, i } 

-Y,. • d~,. -~ !f t1, ~ .t, it1 ; . 
dC 

(2.128) 

. ·-Yd1 =;{!'I +(IJ'fn +J/i"t - i,di-.+fl.i,,); 

d'f u I ' ('r.' · 1 
) • -f,Jflj:at -Sie!fd1+1.1J.J/°~JK r'JJ.d1-Jip, 

(2.!29) 
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(2.I30) 

(2.~l) 

9-131 
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IlO'l'OKocqenneHHR • OTHOCHTenbHWX O)UfHHqaX HS.A.new, p&3AenKB 

ypasHeHKB (2. ?I} lia 'f1 =L1 I 6 u 'f,1 =LpI11 11 (2 . 72) Ha ~1=L111R, 
(2.95) M (2.96) Ha 111 U L1 

'fdo = l:<1olr4 + Maol' .i.d1 + M4d,.i1- ; 
'/Jo= ~,o1Ja + !!!,,, .1,, ; 
fda =Mao~ lao + !:r11i.d1 + Mad,,,i $ ; 

'!Jt = !!~, .!:.i, + I:: 'II .i II ; 
fl = MA<J,.i.d, +!1ad141t11 +f,lj.I ; 

(2.133) 

Hai<o11eQ, pas,11.eAH (2.64) H& ¥1 = CU6 t1 , aammew 
I( 

{ = J ~ d't + .fo 1 ( 2. 135) , 

9-131 
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rAe f"' /' , J. = ~ . 
r1 ¥1 

JpaBHeHWl · (2.ll?) ••. (2.I~?) K e CTb COBMeCTHble ypaaHeHK.11 

,1.1,UC K CKHXpOtlHOro rettepaTopa .M3C B OTHCCHTenbHblX e,D.KHHl.\aX. 

ba3KCHble BeJJK4KHN nepeMeHHblX o6MOTOK CTaTopa aCKHXpOHllOro 
,D.BKraTen.11 npKpaBHKBaew K 6a3KCHblM eenK4HHaM OCHOBllOA O".iMOTKK 

CTaTopa reHepaTopa, noCKOnhKY 3TK 06MOTKK COCTaemnll' OAHY 4enb. 

Pa3KCHblA TOK poTopa aCKHXpOHHOro ABKraTen.R npKHiwae111 TaKKM' llT0-

6~ OH C03AaBan B B03JJYlllHOM 3a3ope TaKYD ~e nepeyD rapMOHKKY 

non.11, KaX H npo.a.onbHB.Ji peaK4Kli CTaTopa npK 6a3KCHOM TOKe. JJ.py­

rKe 6a3KCHble eenH4HHhl poTopa np11paemrnaeM 6a3KCHblM e e JJK4KHa.M 

AJUI CTaTOpHblX KOHTypoe. 
IloAeJJKB ypaBHeHKJt CHCTe M!il (2. 9?) Ha u, = w,. 1/11 = l1 l1 u 

M1 = t,rL, r,' P. HaAAeM ypaaHeHltR mi.npmteHKA. 3J!eKTpCi ar.lHTHOro MO­
Me HTa K ypaaHeHHe JJ.BKlK0HK.ll aCKHXpOHllOro ABHraTenli B OTHOCY.T0Jlb­

H~X 0AHHK4ax 

d M !J ft> _ !fxt + W 'II''' llf,,, i (1) • 
xi - dt' - _ 111 +.kt -xt , 

dwfd u (f) = ~ -<N (JI,,, + t''' i. (#) • 
-111 d'l: -XI f Ill ' 

d ,,, 
0= 'i'xi +('·'-w'd•w'''+z'~ t.'''. di lCr' -J 1zv1. 1, -xi.' 

d111"'' 
O= ~-<~-~'''•If''' z'., i.'d . d IC I I - d + I~ Ill 1 

M ,,, - u '" '" ( i ''' .1."" - i '" .1.· "' ) • -I - !!!..-. Pi :::.x~ J11 ix1 111 , 

M{t) -M''' = H'~' d~i' 
-i -C 11 d't 

(2. 136) 

td (f) ff} M • Cf1 

t ae JI,,, - Uxt • JJ ,., - u,,, . l1I ,,, - lflxt • Ill"' - ~¥' . i''' - '". 
14X4 - u, ' Ji:~ ( - U, I .LX{ - 'fl ' ~YI - 9f, ' Xf - !, I 

• ,,, ,., {I) (I) <fl '(t) 

-tll L11t • l (IJ - -"-' • w ttl - ""x1 . td 1/1111 • ({} Lx1 
!..rt c Ii • / - .,_, • ;r XI - cp1 1 'Pv1 = Pi ; l:xt = Ii ; 



- 140 -
'Y ,,, t,. 
~··: l; I 

M'd M'd M''' = _.!. · M'"= _c · _, M,. • -C ,,,,, I 

M M Am 2N~1. 
M ''' /1 

• p '6 - 1 · H ,., - 'I '6 
- ltl c T; ' I - Pn ' ' I - P,"' M6 ' 

H 
(t) . 

3,necb - ,6 - KHepqHOHHrut nocTORHHrut aana poTopa nepaoro ABK-
raTenR, conpcrrKanettKeta1qenecoo6pa3Ho pac4wrwaaTb no pattee 
np1tBe,neHHOA MeTO,ll)!Ke B aenK4KH8X c <l>K31t4eCKKMH pa3MepHOCTllMK. 

AttanOI'H4HO 38fiH11JeM MeX8.HH4eCKyD xapat<TepHCTKKY pa6o4ero 
oprruia 

( 
w"'i )""' , ''' M '" = M tfl + ("!" -M'") =L + "''' it. w, + M'''(') -C -~ !!!CH -et 1, 1(f} !Jr, -c 1 
':!:lfll 

~ .13'l ) 

u<t> u ''' /ff ttJ M"' W 
r ,ne M <•> ~ u (fl - !::!!!.. • M ''' = ~ . M ,,,(,) = -'- . 

!:}.Cf :: • !!!CH - M • - rp ,,, , -C M , 
(tJ ,,,, , , ' 

Cd <Njii 
"1gH = W'i ; ~ = CW8 . 

YpaatteHKSI noT0Koc4enneH1tA (2.102) nepeee,neM a OTHOCHTenb­
Hble e,nHH~. pa3)1.eJIKB HX· Ha 'P1=L,I,, Tat<:.te 8 OTHOCKTe1lbHWX eJ].K­
HK~ax 3anH111eM (2.104) H (2 . 105) 

w<d - L''1 i '" + M'" i '" :rx1-_,,._,, -llf-XL 

Ill ,,, - I ff} i ,,, M ,,, . ff) 
r v1 - '"'" -rt + _,, i_, 

ff) 

f XI - L ,,, i ff) + M ,,, ,· '" . 
- -f/lf .r.rt /1' 1'Jt( I 

tu Cd - I ltJ i ft) Al fd i (d • 
'rP -1=c,ai •VI. + J!.lflf .r.rt • 

(,2 .• 138) 
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i ''' = N ''' + L''' · l Cd = M'd + L ''' • ti:s,i -/II _,,,,, , -~ -If -I/II, 

'1CAU u'"" uW mo M(f) = M (f) • 
-f "-H -If !:!Jllo I 

fe141 Uw>IJ<d mo N'''=g'"+l'11 11<d. 
-f -ff -I' f !ilf !If , 

g<•I = I .!(u ''')' + ( n''')" . 
f fi' rl -XI lil~f r 

L'" = a'41 -r 8MI''' · L''' = a<0 +&<•J I'''· - ,,, _, -1. ' • -11' _, -· _, , 

Im=_!_l(i'''J'+(i'''J' . L'''= t .l(i'',)' (i't))' _, t'f f I""' A¥1 1 t Vj'Vl-xt + -11 , 

c2 .O}) 

} 

(2 .140) 

Lm J. M '" L'., hl I'Jl.e · Lu> = -1!!. ''" =~ . /..(f} = L1". '<d = _.!!!. n<tJ_ U, , 
-S/11 L, , &'r/lf l , ,,,, l1 ' .,,, L, ~ :ff - 7Ji • 

''' M'11 6 I.'" L''' 
11 (I) . Uu · M ''1 

- -!!! · I ''' - _!. · I'"= -.! · '1 ''' I''' "'"' 8 ,., a''' 1 M 
ll!" = U1 '_,,., - 1.1 ' ' - 11 '-' I,,_,' '•••' • •-" 1 1!•-
nocTOIHH.ie K01fJt/>Ul4UtllT•I. 

IlonyQeHHble CKCTeMbl (2.128) ••. (2.132) onHCYB&Kn' aneKTpOMe­
X&HK~eCKHe nepexo~e npoqeccy &CKHXpOHHOI'O JJ.BMI'&Tena B CHCTeMe 

OTHOCKT CRbHYX e,nHHKq. 
YpaBH6HHR CBR3H (2.104),(2.105),(2.10?) H ycnOBHe (2.108) 

B OTHOCKTeRbHYX €Jl.HHHqax 3am1111yrca TB.K 

dUICd 
y (I) = 11 - I''' i ((} -~ 
"' :rdo ' "' d'l' 

cJ1¥fd 

IJ (f) II - ""' 1 (() -~ • *' = • P .11, ~' cir ' 

lJI (tl _ J (t} 1• (() , } 
.I xiii - ltr• axt • 

tu Cl) I (t) i (I) • 

:r "'" = t:11 - "' , 

(2 .141) 

(2" .142.) 
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ec1u 'r < 'l's mo 
• (f) • ,,, •.(f) • "' 0 

l:x1 =0,.!Jlf =-D,1ri =0,f• = ; 

ns = 0, f, 2, 3, .. : n- f , 
• (41 if) Id 

Ill {f) Y'Jtl• • Ill (41 - tfy11 •. l '" = i_, . 
I,,. :s "'' ' I"'' - "'' . A z, , 

/.
,,, 

L '"= _, 
-• L1 . 

(2.143) 

(2.144) 

TaxMM o6p&30M, CMCTeMW (2.125) •.. (2.144} RBJIJIDTCR y~we- , 

NJUIMll nepexo,D,HWX npoQeCCOB CMC'l'eMW &ITOHOMHOro 3.11exTponp11IOA& 
• aoaBOJIJD)T Y3YQKTb ,llMH&MMKY CKCTeMW • p&3.llKIUAIX pelU4M&X pa6o­
TW c yqeTOM 838.KMHOr.O anKJDUUl 3JleM8HTOI - ,IU!C,Cr, &CKHxpowwwe 
A••raTenw M pa6oque opraHW. 

IlpM He06XOAHMOCTK CKCTeMa ypaBHeHlll AODOnHReTCft ypaawewKJJ­
MK ,lij)yrux aCKHXpOHHWX ABllr&TeneA • MeXAHJIQ8CKKX xapaxTepMCTIUC 
11X pa6oqux opr&Hoa, &H&norwtmWX (2 . 138) • .• (2 .140}. 

Ecnw cwcTowa anexTponpM•OA• axn~qaeT • ce6a reHepaTop PJ}Y­
roro TKilA, TO COO'l'l8TCTBYllCIUIMU ypaaweWJUIMU, npeA&apUTenbHO ne­
peB8A8WHWMY • CKCTewy OTHOCllTiJlbHWX 8,llMHlllQ, 38MOMJDJTCR ypaawe­
HUJI (2.I28),(2.I29),(2.I33),(2.l34). 

PaanKQHWe pelUIMW pa60Tw c•cT...w MOA81U1pyll'l'ca nyTeM noA6o­
pa H806XO)UOIWX H&Q&JU.HWX yc.1101KA II SHAQeWJtA i • ... 'r,. 

)J,na JCOHKpeTHWX p&CQ8TOI yp&BH8HJUI C•C'l'&MW OOA•epraew DP9-
06p&30a&HIUIM D1'f8M MCJCJil>'l9HllR 118 HJ(X n<>ToxocqeruuiWMA. T... 3& 
DIP9MilDl)'I> COC'l'OJDUUl CllCT•MW np-•M TOK, DOCICOU.K)' ,llpYrKM 
IJ)'TeM aalllle&T• CUCTetq • JllHOM IJIA8 H8 )'A&ffCJI. ~nee OnTKMKsa­
Qllll napaMHpo• H8MIW'l'OI c•cTeww IJPOIO)UIM, p&CCQllTWl&ll )'CTOAQ•­
IOCT• C•C'l'•IGI paa.uQICoro poA• 1oawyll8HICJIM !111 ... Y13 , np• 
pellUIMax pa6oTw !J,, ... V..,. PesynH&TW HOA pa60Tw 1 xwury we 
IOIDJIM llM,lcy orpAHUQeHHOCTM ee 061.ewa. 
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I. Pa6oTa CKCTeMH aeTOHOMlloro 3neKTponpKBOAa M06KnbHOR 
cenbCKOXO:JRACTBeHHOR M&DKHhl KBnReTCR QHltnHqHo-noBTOpRDU.leRcn 
M COAep~MT pe1'UIMH B036yllt,IJ.eHKR reHepaTopa, nycKa ABHraTeneA, 
TporaHKR arperaTa c wecTa, npoaeAeHHR TeXHonorK4ecKoro npo-
4ecca, BHKn~qeHKR ABMraTeneA K rameHKR nonn reHepaTopa . 

2. BHBeAeHH ypaBHeHKR nepexoJl,Hlfl( npoQeCCOB CMCTeM!il aBTO­
HOMHOrO 3neKTponpKBOA& B peanbHOR CKCTeMe KOOp,D.KHaT M B CKC­
TeMe KOOPAKHaT Q ,4 ,yq.KTHBallUlHe: xapaxTepMCTMKK JU3C; pa6oTy 
MYiln'H cttenneHKR TpaKTopa npK Tpora.HKR c MecTa; oco6eHHocTK 
ycTpo.AcTea OCHOBHblX THnOB reHepaTopOB aBTOHOMHOro uKTaHKJl -:: 
CaMOB036Y~AeHHeM - HanKqffe AOnonHKTenbHblX o6MOTOK, KOM..,BYH~Y.­

PYIX!lero ycTpoRcTaa K Tpc~3Horo ~HnpRMUTenJl B QenK aoa6~e­
HKSl i HaCHmeHKe MarHKTHOR Qerut 3neKTpK4eCKKX Ma:nHH K BblTeCHeHHO 
ToKa a CTepMHBx poTopa acKHxpoHHoro ABKraTena; na,[leHKe Hanp~e­

HKR B CKnOBOM Ka6ene . YpaBHeHMR noaBOnRXlT MOAenHpOtiaTb ace pe­
~MH pa60TH CKCTeM!il aBTOHOMHoro 3neKTponpKBO)J.li. 
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IIFliJlOJi{E'JIUi 

IlpHno1teHHe I 

Ta6n~a Ill . I 

PeaynbT&TW pacqeTa CHCTeww 3neKTponpHBOAa 
npoMWlllneHHOA qacTOTW $,. npH Yu .. { d> =<Pa,, 
P= 3K8m, I= G,S"', n = J} . 

' . ~ il(t), I 3neMetrr, I t" KOJ1mJ1eKT 

' 
TK_Il I fO-# y-' I ll'1a1' J<I 

I I 

reHepaTOp rAB-4-~-MI . 200 0,00 50,0 
My!ftra 8 2,4 
Kap,11.aHHLIR nan ? 4,5 
Pe.a,yKTop 2,4 0,95 I5,0 
IIJIOl!lllAK8 

I5,0 reH~paTopa 

MarHMTHLIR 
nycKaTem. llME-I22 O,I I,8 
KHonxH ynpaaneHiUI KUE 4I20 Y3 0,4 
Dpono,D.Ka DB I 0,5 
3<1YII 3QYD...25 0,9 I,I 
Ka<Senb. KPIICH~3x2,5+ 0,553 I,00 4,9 

+Id, ) 
3J1e1'Tpo,1!.BHI'&TeJ11t 4AIOO 4CXY3 IO 0,82 35,5 
I1Jto111,a)J.l(a 
3D0KTp0,11.BHr&Teu 8 

. HToro: 228,953 0,62 I39, I . . -
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Ilpo,o.onllettHe 

IlpHMeQaHH.11: 
l. CeqeHHe Ka6en.11, npe,o.sapHTen&Ho Bw6paHttoe no ,o.onycTHMO­

wy TOJCY, npoeep.11eM no ,o.onycTHNOA nOTepe HanpoeHwt AU,.,, • 20B, 
Ha~eHHOro H3 B03MOlKHOro ,o.Hanaaotta perynHpOBllHMR HanpRl!CeHH.11 
rettepaTopa 

AU= fl('t, rosV+x, sin'f)lp tf0-1=0, 1(18, 

AIJ•0,'11< AUfM =JOB, 

(ill.I) 

(n!.2) 

r,o.e 'r, • 7 ,41 OM/KM, x • .. 0,0979 OM/KM - aJ<THBHoe K peai<THB­
ttoe y,o.en&HWe conpoTHBneHK.11 llHJlY Ka6en.11; Ip • 6,? A - pa6oqff1l 
TOK ,O.BHr&Ten.R; 'I = 33, 9° - yron c,o.eHra ifaqani.Holl cl>a3W TOKa 
K ttanpoemur ,O.BKraTen.11 I !i, iS /. 

2. HHTeHCKBHOCTI> OTK&30B CHCTeMIJ /la, '18/ 
it.,(0 =°LAdl.) = Jt8,9SS·I0-1 '1-~ . 

BepO.llTHOCTb 6e30TK&3HOR pa60TW 

( ) -t11J11(') 
P1t i = e = 0,73, (Il.I.3) 

r,o.e t~ .. 1440 q - QHcno qacos Hcnon&30B8HKJI CHCTeMY s ro,o.y. 
3. K.n.,o.. Ka6en&ttoR nHHHK 

11.U 
~"=I- u, :r f,OO, 

r,D,e U, ... 380 B - ttanpilll(eHHe B H&11aJle nKHHH. 
K.n.,o.. CHC!eMY 

(Il.l.4) 

en. r. s> 
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Dpo,110JIJ1teHKe 

Ta6JIHqa Il. I.2 

Pesy.11hT&T1i1 pacqeTa cKcTeuw 3neKTponpKso,11a 
nosblllleHHoA Q&CTOTl\I S1.1 npH 1/14 ={ 4> = ct>,, , 
P=31<8m, l=G,SM, n= i) . 

3.11eMeHT , l'HIJ . I A,. (i), I it iJ 
I 

KOMnneKT I 10-' 1.1· t I 1 m,, , Ke 

reHep&TOp Coewt~.11Ks11poa . 200 0,?4 4,4 
M)'tra 8 1,6 
Kapp.8.liHlilR ' sa.11 ? 4,5 
PeJIYKTop 2,4 0,95 25 
Ilnoata,11Ka 

3 reHepaTopa 
M&.I'HKTHWR 
nycKaTe1111 IlME ... 222 0,I 2,8 
KHomca 
ynpae11eHHJ1 KME 4120!13 0,4 
Ilposo,11Ka IIB I 0,5 
30YI1 30YI1..25 0,9 I,I 
Ka6eJlb KPilCH (3x2,5+ 

+IxI,5) 
0,553 I,00 4,9 

311eKTp0,1tBK1"8T8Jlb CneLtHaJUl3Mpos. . IO 0,?6 3,3 
llnolllQ,11Ka 

I,5 311 . ,148Hl"&T0JUI 

HToro : 228,953 0,53 53,0 
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fipo,IJ.OJill(eHr.te 

Ta6mu~a Il. I. 3. 

PesynbTBT~ pacqeTa CKCTeMbl o6'beMHoro 
rH,lij)OnpHso.na $ r npK Y" = [ cP:: ct>,, , 
P= 3K8m, f ::G,51t1, n= J j . 

3neMeHT, TKIJ 
I 11.,.(~) , '2r I 

KOMilJleKT 'w' v-1 Im,., Ill 

rK,lij)OH&Oj)C Hlll-32Y 13 0,78 5,3 

Mytirra 8 2,4 
Kap,11.aHHhlA san 7 4,5 
Pe,IJ.YKTop 2,4 15 

Ilno111,a,11.Ka Hacoca ?,O 
rK,lij)OaKKYMJ'JIR'rOp 50-4609065 2,4 1,2 

AiaHOMeTp Mll4-Yl 3,5 0,5 
rH,lij)Opacnpe,11.enKTeJib P20I60-20-0I-30 2,6 12,8 

Ma.cJIJIH.WR ~KJtbTp I.l.32-55 0,4 9,? 
3ne.:eHT642-l-05 

rH,lij)06B.K 1,5 6,3 
~HJibTp scacwBakllll,JfA C4l-I3 2,3 
~MJlbTP aaJIKBHOA I. I.25-25 8 

3neweHT640-I-05 
CanyH OCT 22-1289-00 - 0,5 
BcacwB8.ll"'8JI JiftlUUI :yKaB IJI~OQ-

f'OCT 62~ 2,56 1,2 
Hanoptt9.11 JlliUUIH Cla l5x0 5 

9,02 2,1 

C.nllBHaR JUIHJUI 

- 8,48 2,5 iB IJl-20-
- 55 y f'OCT 

rH,lij)OMOTOp 
6286-73 
MHID-32Y 4,3 0.'72 5,3 

lli!OtllB.)J,Jta rH.o.po-
MOTOpa ~o Maeno _Mr-=-30(neT1:1ce ) ,I 

l1Toro: 65,I6 0,51 !?6,7 
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IlpHMCQaHKR :• 
I. ,1.VtaMeTp HanopHoro Tpy6onpoBOAa 

d = /i,6~ = f3,9 ,,,,,,, (Il.I.6} 

r,11.e Q • 36,4 JI/MMH - no,11.aq~ Hacoca; U1011 = 4 M/c - ,u.onycTHMM 
cKopocTb TeQeHKR rK,lijl8BJIKQeCKoA JUl,!1.J<OCTK. BnKl!.8RmKR cTatt,n.ap'l'­

md\ ,11.KaMeTp Tpy6w dt.r :z I 4 MM I'· 9, to, Ir, 79 I. 
'bscno PeRHonb,11.ca 

Re = U/CT fO-J = 19&5, en. I.?) 

r,11.e u • 4,~0/d~T= 3,93 w/c - ,11.eRCTBKTCJlbHaJI CKOpOCTb M8Cna; 
~ - • 2,8 IO w/c - BR3KOCTb wacna. KpHTKQecKoe 3RaveHKe QKCna 

PeAHOnbp.ca ,11.na KpyrnoR rna,!1.J<oA Tpy61:i1 RQ", .. 2300, TOr)l.a Re< Re., 
K K03~KQKCH'l' conpOTKBJlCHKJI 

rs -a J.. = - = 38,2·10 • ·Re (11.I.8) 

IloTepK )l.&BJ18HKR no )l.JlKHe rK,ll.pOJlKHHK 

/ui 
"P""" =A 2 dcr J> = o, 1aa Mfla, en. I. 9) 

r,11.e jJ = 890 Kr/w3 - IlJlOTHOCTb I'K,ll.p8BJlHQCCKOR JOf,!1.J<OCTK. 
Tonw;rna cTeHKK Tpy6w 

0 = PNOt dcr n1 = fl If B 2 q;, I MM. 
I . 

(II. I. IO) 

r,11.e P•"' IO Ulla - HOMKHaJibHOe ,a.aaneH.He Ha a1:i1xop.e Hacoca; tl1: 
~ 3 - KO~KQKCHT aanaca npoqHOCTK; ~ z 436 Mila - )l.Orryc­

TUMOe HanpJtlleHHe CT8JlbHOA Tpy6y H8 pa3pWB. c yqeTOM B03MOllHOC­
TK BHemmnc Mex&HK'4eCKHX nospeJK,AeHKA Ber -= 0,5 MM. 

IloTepH ,11.aaneHHR B rK,ll.pOpacnpe,11.enHTene 

"Pr = llPrH ( ~ r = 0,086 ltf fla, 
lfrH 

(Il. I. II) 

r,11.ellprH= 0,065 Ulla - HOMKH8JlbHW8 noTepK p.asneHKH Bl:il6p8HHOI'O 
I'H,ll.pOpacnpe,11.er.KTeM; QrH = 100 n/MKH - HOwtHanbHUA pacxo,11. rK,11.­
popacnpe,11.enKTCJUI. 

Il-I3I 
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Ilpo.a.011JteHH~ 

HoTepH .a.aen~HH11 Ha wecTax ~oe.a.~.HeHWI o6paTHoro Knanatta ~ 
rH.IJ.POaKKYMYJ!RTOpa 

A Pc = ~p ui = 0, 001 Nfla, (Il. I. !2) 

r.a.e s .. 0. 1 - KOaiW~HeHT conpOTKBneHH.fl. 
MecTHWe noTepH A.p111 =AP,.+l!.Pc'"" 0,08? Mna, 

noTepK B H&nOpHOM Tpy6onpoeo.a.e 

p. -p,, =A.P11<1n+AP"' = O,J09MflrJ. 

AonycTMMble noTepH .a.aeneHHH s ttanopnow Tpy6onpoeo.a.e 

r.a.e Pt1tr"" 7 - HOMHH&nbHOe .a.aene.me Ha sxo.a.e rKAPOMOTo~. 
Cne.a.osaTeJlbHO 

(Il . I.!3) 

(Il . l.!4) 

(Il. I. ! 5) 

Ana npHC00,D.MHeHKR Tpy6onpoeo.a.a K ttacocy H rH.IJ.POMOTOpy 
HCOOJ!b3yeM pe3HHOBWe pyKaea. 

Cnwnttaa H scacwsaJOUtaJi rH.a.ponHHHK pacc~KTwsa10TcH lll!anorK\lliO, 
cooTeeTCTBeHHo npH u,.,. z 2 K I,2 w/c. 

2 . 061'eM ~OCTK B rK.a.po6axe onpe)lellJleTCR KaK 

en. r. I6> 

3. Bepo.RTHOCTb 6e30TK83HOR pa60Tii1 CHCTeMW 

) -tu ~rM 
p,.(I: :: e ,. 0,910. (Il. !. !?) 

4. K.n • .a.. rH.a.ponKHHH 

" = f- ~p,, = 0 91 • APt I I 
en. r. re> 

r.o.e APn=AP,..+APc +AP• .. 0,335 Mn.a - cyuwapHL1e noTepK .a.aueHKH 
B CMCTeMe; A Pc • 0 , !22 Mn.a, A Pl "" 9, 004 .Mila - noTopH .a.aaneHHR a 
CmlBHOR Ill BC8CL1B8MlUleR nMHHHX; Ap~=Ap_,+ APn• 7,335 Mn.a ..nepell&A 

.a.aeneHKR a rK.a.pOHacoce. 
K.n • .a.. rK.a.pocKcTeMbl 

'fr : f/lf fc11 fp ~A f!I 0,50 9, (Il. l.19) 
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Ilpo.o.o.ueHKe 

Ta(Sn:KQa D. I. 4 

IloK&3aT8Jl:H ~KTHBHOCTK NCX8HK\leCKOft 
nepep.a1'M S,,, , Ha npHMepe KOCKnKH KPH-2,I 
c ':/" =£<I>• <1>1,, P=37K8m, I., I, '11t1, n =ii}. 

KoMnneltT A,. (4), t ... Im,,,, U to-' r.rt 

Kapp.&HH.blR B&.Jt ? 6,5 
PeMeHH8JI nepe,n.a1'a '77,5 0,93 32,8 
HToro 84,5 0,93 39,3 

IlpHMet1aHMe: BepoJITHOCTb deaoTKaaHoR pa6oTbl p,,, (') = 

-tu if.,(-4) - 0 sg = e - , . 
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Ilpsrnol!teHwe 2 

A11ropKTM CKHTeaa CTpyKTYPlil CKCTeW 
nepe,o.a"l4 attepI'KK 

Haya no 

2------'-------......... 
86oiJ gcnotJua ucno111>Jo6aHuR 

P1 , P1 , P,, P., , Ps. PG, P1, P1 , 

f, , fz , e,, ,ff, ls, eG, er, e,, 
P, l , (/J, PHT 

J __ .._ ___ __ 

8blYucneHue 

6;,, 6;,, 6~. li;.,, 

m;,, m;z., m;., m~, 

!~,, 'l~z, ~~. i~. 
C111 Ciz , Cr, C,. 

~---'-----
8blYUCJleHUe 

K;,, K;2 , K~, K~ 

5--~---
8bl'lllCAeH11e 

1<;.,, K~12 , K;r, K;,, 



8 
10flT=Kn1 
20flT=Krn 

fO 
fOflT=-Kn1 
2onr=K:cr 

Hem· 
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ba 

ft 
fOflT=Km 
20flT=Ku.1 



20 
tonr•K1 , 

20flT•Kc11 

Hem 
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Ilpononl!leHM~ 

oa 

2onr 
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Ilpo,11.onl!lettwe 

Ilpor~a CKHTeaa CTpyKTYP~ CMCT0Uhl 
nepe,11.a11M 3Heprm1 

Proc:'1d~ire I.off 1 
Labe>l E;:it1 
B&91n 

-<-·••i'*:••••*••i'i'i""······ ........... **~ 
{* "'0PMYJ1A HOMEP 1 •} 
<•**************"****•*********} 
ff Fat th&n PGT1~0.~8b els• 
B1291n 

If f-u2 then PGTam0.903 <>l6G 
Bs:gin 

End1 

GotoXY<3,2~> I 
RoadLb11 

Wrj tee ·o~oESo-.111.u:i F • • ,F, • 
Goto E:o t; 

End; , 
rab 11-ST (P~; l T ,Ll >•ST <PK1 T, L2l •ST CPK1 T ,L3> •ST CPIO T ,L4> 1 

rab1: crabl•ST<PK1T,L~)•ST<PKIT,Lb>•ST<PKIT,L7>•STCPY.1T,L8l1 
r•b2a a N•1. 01 
P\~IT:~1.0-P2r•ST<PGT,rab2>•rabl; 

<•••**¥•~········•******••••••*> 
H q-QPMYJlA HOMEP 2 •> 
<•*****"""**""*""*""*****"*****> 
P132ra=P131T; 
'********************•••••••••*> 
<• •f•OPM!.IJlA HOMEP 3 •) 
<*****•***********•••••*****•••> 
If F=1 th&n PNT1=0.992 olsa 
B1o191n 

If F=2 than PMT:=0.982 &lse 
Ba91n 

GotoXY(3,25) I 
ReadLN1 

End1 
End 1 

Write< · oa.,.160 ... '4ln F 
Goto E::1 t I 

a • ,F, . H011o:1MT £' seo.a. · • 

r ab 11,.ST (PL1 T ,2<tL1) •ST <PL1 T ,2<tL2l *ST <PLI T ,2•L:::J •ST CPL! T, 2•L4 ); 
rab 11 =ra.bl •ST CPL! T , 2•L5> •ST CPL! T . 2•L6) •ST CPLl T, 2•L 7> •ST CPL 1T,2•L81 ; 
rab2a=N,..1.0; 
PlGT:•1.0-PHT•ST<PMT,rab2l•rah1; 

<•••*·~······················••} < • 'J•OPMU/IA HOMEP 4 *} 

<*•••·························•> If F -' 1 then 
.Bo')in 

rab11=0.970+0.0000~4•P1 
PNT1=ST(rabl,L>1 

End 11la11 
E<e91 n 

If F=2 th&n 
Bogin 
. r-b1 1 =0 . 977+0.0000~4•P1 

PMT:=STCrab1 ,Ll1 
End1 

End1 
P1MT:"1 . 0-PMT1 
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{*****•********•***** •*********} 
<• 'l•OPMY/lA HOHl::P 5 • ) 

<••························••••> If F=1 then RN1=1 ,0 elae RN:=0.B51 

Ilpo,o.om1teHHe • 

If P>7~.0 than RR:c0.91 el•e RR1•0.75+0 .04381•ST< P,0.3)1 
If PH1 >22,0 then RGl1=A3 el~e RGl1=Al+A2•ST<PMl,0.7>1 
RKl 1=1.0-A.,.•Ll !__ 
RG21=0.0; RK2:•0.01 
RG51=0.01 RV.51•0.01 
RG81=0.01 RK8:~0.01 

If N>m2 then 
E<1?9 in 

RG3 1,.0 .01 
RGb1=0.01 

RK31=0.01 
RKb1=0.01 

RG4:c0.0; 
. RG7:~0.01 

RK4:z:0.0; 
RI 7:=0.0 1 

If PM2 >22. 0 than kG21o:A3 elaa RG2t,.A1+A2•ST<PM2 ,0.7> 1 
RK2:=1.0-A4•L21 

End1 
If N>=3 then 
B119in 

End1 

If PM3 :>22.0 thliin RG31c:A3 olao RG3:=Al+A2•ST CPM3,0.7>1 
RK31z1.0-A4•L31 

If N>•4 then 
Begin 

End1 

If PM4 >22.0 than RG4a=A3 elaa RG41=A1+A2•ST<Pt14,0.7>1 
RK4::1.0-A4•L41 

If N:>=::i then 
Begin 

End1 

If PM5 >22.0 th1m R651•AJ alsa RC351=A1+A2•6T<PM5,0 . 7> I 
RY.5t"'l,0-A4•L51 

If N>=b then 
Ba91n 

End1 

If PM.!> >22. 0 then RGb:=A3 el•e RC3b1=Al+A2•ST<P!1b,0.7l; 
RKb1s1 . 0-A4•Lb1 

If N) •7 then 
B119in 

End1 

If PM7 ) 22.0 than RG71=A3 alse RC371=A1+A2•ST <PH7,0.7 >1 
RK71=1,0-A4•L7 1 

If N>=B thon 
Bogin 

End1 

If PM8 >22.0 than RG81•A3 alae RG81=Al+A~•ST(PMB,0.7'1 
RK8: •1.0-A4•LB; 

r •b 11 =RKl +R~'. 2+ftl".3+'<t: 4+RY.5+R1<b+RY7 +RKB I 
r•b21 =RC31+RG2+RG3+RC34+RG5+RGb+RG7+RGB1 
r•b31:r•bl•r~b2•RP1•RR1 

R1311a1.0-r~b3+RN/CN•Nl1 

<••··························•·> <• ~OPMY/lA HOMEP b • l 
<••*******************••·······~ 
rab31 =r ab1•r a b 2 •RP2 •RR1 
R1321•1.0-rab3•RN/(N•N>1 

lC-131 
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<*******•••················· .... *>­<• 'J•OPMIJ/lA HOMEI-' 7 0 
<•••«•~*.******••••••**********} 

Ilpo,o.011.item1e 

If P 7-~.0 lloon RH1c0.83 irli;" RH:=0.71+0.041•ST<P 0.:. ) 1 
RMl:=-0.0; RN!1c0,01 RM2: .. 0.01 RN::?1c0,01 RM31=0.01 
RM4:c0,0; Rtl4:=0.0; RM51=0.0; RN51.,0.01 RM6: .. 0.01 
RM71=-0.01 RN71=0.01 RM81n0,01 RNS1m0.01 
RNl: =A'l'-A10•LJ I 
It Fsl than 
Be9in 

if Pt1L>35. 0 then RN! 1 =A7 else RM1z aAS+l\b•ST (PM! ,0. 3> 1 
End e!&E! RM1:=A8; 
If N>=2 thon 
Be91n 

RN2t"'A9-A10•L2t 
lf F'*I then 
Ho91n 

RN:31=0.01 
P.N6s ,..0. 01 

if PM2>05.0 then RM21cA7 elso RM21mAS+A6•STCPM2,0.3l1 
End elne RM21=Ae1 

End1 
If N :>:3 then 
£•egi n 

RN31=A9-A10•L31 
If F .. l tha>n 
Be91n 

if PM3>35.0 th~n RM31•A7 elgc RM31•A5+A6•BTCPM3,0.3>1 
End else RM31•A81 

End; 
lf tOu4 then 
9e91n 

RN4:=A9-Al~•L41 

If FaJ then 
Beg 1 n 

if PM4 >35.0 then RM4saA7 els11 RM4 t"'A5+A6•STCPM4,0. 3>1 
End elsoo RM41.,A81 

End; 
If N.>"5 then 
Begin 

Rll5: =A9-Al0•L51 
l f F=I then 
Ba91n 

if PM5>35.0 then RM5: .. A7 &lso• RM51=A5+A6•STCPM5 ,0.~> 1 

End; 
H N>=6 then 
Bogin 

. RN61=A9-A10•L61 
If F=l lhen 
Begin 

1f PMb>:.S.O thc·n RM61,.l\7 elae RM6:.,A5+A6•ST<PM6,0.3>; 
End elsoEI RM61=A8; 

End1 
I0- 131 



if N>-=7 th~n 
Begin 

RN71 =A9-A111J•L7 ; 
If F=l then 
s .. 91n 
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IlpOAOJillteHHe 

if PM7 >35.0 th&?n RM71,.A7 al»e RM71,.A5+A6•ST <PM7,0 . 3); 
End el»& RM71=A81 

Enc11 
If N>=B th&?n 
809ln 

RN81,.A9-A10•L8; 
If F=l then 
Bli91n 

if PM9 >35.0 then RM81=A7 .. 1 se RM81=A5+A6.-ST<~·:1S , 0. : > · 
End al»e RM81=AB1 

End1 
r ab 1 : =RM! +RM2 +-RH3+RM4+RH5+RM6+RM7'·RMB1 
rab21=RNl+RN2+RN3+RN4+RN5+RN6+RN7+RN91 
rab31=rab1•rab2•RP1•RH1 
Rl61•1.0-rab3/<N•N>1 
(*•*************•*******•******> 
<• 'l00PNi.i"11A· HOMEP a-·-- •> 
{*****••***********************} 
R1M1•1.0-RN•ST(0.958,L)1 
(******************************> 
<• 'f•OPMY/IA HOMEP 9 •> 
<•*******•*****************••••> 
M211=76.6•ST(P,0.6>1 
rab11=ST<PM1,0.7l+ST<PM2,0.7l +ST <PM3,0.7l+STIPM4,0.7)J 
r i'b2 r=-ST <PM5,0.7>•ST<PM6, 0.7l+ST<PM7,0.7)+ST<PM8,0.7)1 
811 •rabl+rab21 
If F=>2 thRn 
Begin 

Al11=34.21 
M611=A11•B11 

End El»e 
Ba91 n 

If PM1>10.0 then Begin 
Ela .. Begin A11lt,.11.91 
If PM2 >10.0 then B119in 
El!i& Begin A1121•11.91 
If PM3 >10.0 th&>n 8Q9in 
El5e Begin A1131•11.91 
If PM4 .> 10.0 then Begin 
El»e Begin A1141•11.91 
If PM:5>10. 0 then Begin 
Else Begin A115t•11.9t 
If PM6>10.0 then Begin 
El5e Begin A1161"11.91 
If PM7 >10.0 then DQgtn 
El»e [<egin A1171~11.91 
If PM9 >t0.0 then Begin 
El s;e Begin A1181&11.91 

A1ll1s27.B1 EHl1=0.71 End 
8111•1.0 End! 
Al 121 .. 27.81 B12ts0.71 End 
B12t at .0 End; 
A1131a27.81 IH3t"'·0. 71 End 
B13t•l.0 End1 
A114:•27.81 814:~0.71 End 
8141•1.0 End1 
All:51•27.B1 Bl5:n0.71 End 
8131-=1.0 End; 
A1161a27.81 8161•0.71 End 
816:=1.0 End! 
All 7 : =27. 81 8171;:0. 71 End 
81 7: =1.0 End; 
Al1 8 :=27.Bt B181=0.7t End 
818: = 1.0 End1 
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Ilpo.o.011JKeHKe· 

MG11=Al11 •ST !PMl ,Bl 11 +A112•ST !Pt'!.2, B12> +Al 13•S T <PM3, E:13> +Al 14 
*ST O-•M4, Bl· 

~~-MG11=MGl+Ai15iSflPM~,Bi5f+nit6*ST<PM6,B16l+A1f7•ST<PM7~B17> 
' ' ~' " - ' - · . .. ,, . . .. " . - •.. 'l too- +Al 18•51 <PMI 

"En"dl 
r01b1:•ST<PM1,0.6J+ST<PM2,0.6)+ST<PM3,0.6l+ST!PM4,0.6>1 
rab21•ST<PM5,0.6>+ST<PM6,0.6)+ST<PM7 ,0. 6l+ST<PMB,0.6J; 
BB:,,,rab1+r .. b21 
r01bl1=PM1•Ll+PM2•L2+PM3•L3+PM4•L41 
r 01b2:,.PM5•L5+PM6•L6+PM7•L7+PMB•L81 
B21=rabl+r;.;b21 
t1K11 =0. 0641 4•B2; 
M1 311=0.001*<M21+MG1+MK1 )1 
{******************************} 
<• ~OPMYnA HOMEP 10 •> 
<**.**••••*******•*************> 
M221 u14.2•ST< P , 0.6)1 
If F=1 then A12125.6 olse A121~10.61 
MG2 : =A12•B1: 
MK2:=0.117•B21 
M1 32:~0.001•<M22+MG2+MK2)1 

{**********•*******************) 
<• ~·OPM!.lnA HOMEP 11 •> 
{*****~*•**************•*******> 
rabl l'=ST <r•Ml , 0. 7> •Ll+ST <PM2,0. 7> •L2+ST (PM3,0. 7> •L3 +ST <PM4 ,0. 7> •L41 
r•b21=ST<PMS 1 0.7l•LS+ST<PM6,0.7J•L6+ST<PM7,0.71•L7•ST<PMB,0.7l•LB1 
.03 ~ =r ab l +r ab2 i 
r,;,o.bl:=ST<PM1,0.3>•L1•ST!PM2,0.3l•L2+STCPM3,0.3l•L3+ST!PM4,0.3J•L41 
rab21 =ST <PMS ,0. 3) •L:5~·ST !PM6,l!l. 3) •Lb+ST !PM7 , 0. 3> *L7+ST !PMB ,0. 3) •LB: 
[111: ~rab 1 +rab21 
If F=l th'm 
Be') in 

MH1:=26.14•STCP,0.6>1 
J1M: .. ;:,;. B:!>•BB; 
MM81=30.7•ST!P,0.8)1 
MLH1=0.14•83; 
MLC1=0.24•B4; 
MMH1-=0.l!l72•B31 
MMC1=0.1 •1•83; 
M 1G1 ~0. 001*<MH1 •MM+MLH+MLC+~1MB+MMH+M~1C > : 

End alse 
Begin 
if P >PM1G th~n AG1=l.0 else AG:=0.01 
MH2:=AG•17.1:.•ST<P , 0.7) ; 
NGS:.,t2,9q•B3; 
rab1:=ST!PM1,0.6>•L1+ST <PM2,0 . 6)•L2+ST<PHJ,0.6 l •L3+ST!PM4,0.61•L4; 
rab:21 =ST <PMS, 0. 61 •L5+ST !PM6 ,0. 6) •L6+ST lPM7 , 0. 61 •L7~·ST <PMS, 0. 6) •LS; 
ML:=0.31•(rab1+r~b2>: 
MM:=0.4q•B3; 
M1G1:~.001•<MH2+MGS+ML+MMJ1 
End; 

< •~**••*··~~~········••*•***•~•) 
{ It- 'J'OPM!MA HOMEP 12 . *} 

<••*****************••••·····*~} 
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if F=l then AM}=0.0 elGe AM: = l . 01 
rab1:=AM•< 2 0.0*N+2.0•B1l; 
M1M:~0.001+ < 20.3+4.50+ST<P , 0. 7) ~L+rab1l; 

<•·~~···•*•****************·~••J 
< * 'T'OPMY/lA HOMEP 1 3 * ) 
<******************************) 
if F=l then 
Be9 1n 

A131=51.31 
End &l 5e 
Begin 

A13:=84.611 
End 1 

Al:51=-0.511 

A151=-0.851 

rab1:.,ST<PM1,0.35)•L l+STIPM2,0 . 35l•L2+STIPM3,0.35l•L3+ST <PM4 , ~ .:~ 1 

rab21=ST<PM5,0.35>•L5+ST(PM6,0. 35l•Lb+ST<PM7,0.35l•L7+ST<~MS , 0 . ~5) 
B::i:=rabl+rab2: •L'I: 
C211=182.7•ST<P ,0.2>1 +LB: 
rabl1=ST<PM1,0.4l +ST<PM2,0.4l+ST<PM3,0.4)+5T(PM4,0.4 l 1 
rab21•ST(PM5,0.41+STIPM6,0.4l+ST<PM7,0.41+STIPM8,0.4) 1 
CGKl1cA1 3•Crab l+rab2)1 
r;abl1 =ST <PM1,0.41•Ll+ST<PM2,0. 4 1•L2+6T(PM3,0.4l*L3+ST<PM4,0.4 ) *L41 
rab21 =ST<PM5,0.4l•L5+6T(PM6,0.4>•Lb+ST<PM7,0,4 >•L7+ST<PMS , 0 . 4 l•LB; 
CGK1:=CGV.1•A14•B5+A15•<rab1+rab2>1 
C311=<C21+CGK1l•V.ofSt1 
{******•··············••*******} 
<• ~OPMY/lA HOMEP 14 • > 
<•••************************•••> 
C221=153.6•ST<P,0.1l1 
rabl:=ST <PM1 , 0.3)+STCPM2 ,0.3)+ST<PM3 ,0.3)+STIPM4,0.3)1 
rab2:=ST<PM5,0.31+ST<PM6,0.3J+STIPM7,0.3J+ST<PM9,0.3)! 
B6:=rOlbl+rab2; 
If F=1 then 
B&gin 

CGK21=41 . 52•B6+0. 74•B5-0 .42•B41 
End elioe 
£c&gi n 

rabl:~ST<PM1,0.35>+ST IPM2,0.35 > +ST <PM3 ,0.35J+ST < PM4,0.35> 1 
rab21 =ST CPM5 , 0 . 35) +ST <PM6 , 0. 35) +ST <PM7 ,0. 35) +ST (S:•t!B, 0. 351 I 
CGl'2r=69.92•Crab1+ri'.b21 +1.09•B5-0.7•B51 

End1 
C32 : =(C22+CGK2>•~ofSt1 

<********•*•*•****•••••••••••••> 
C * 'f•OPMY/lA HOMEP 1 5 U 16 *> 

<•*****•···~··················*> fl71 =PMl +~·M2+PM:::+PM4+PM5+PMb+PM7+PMB; 
If F=l then 
Begin 
CH1=152.29+ST<P,0. 2> ; 
rilbl:"ST<PM1 ,0.2)+ST(PM2,0.2)+ST<PM3,0.2)+ST <Pl14, 0. 2) 1 
rab21=ST<PM5,0.2>+ST<JJM6 ,0.2 J +STCPM7,0. 2)+ST <PMB,0.2l1 
CML:=35.53•<r;abl+r•b2>; 
r01bl:~STCPM1,0.2)•Ll+ST<PM2, 0. 2l•L2+STCPM3 ,0.2)•L3+ST< PM4,0.2)*L41 

rab21 =S11PM~,0.2>•L5+STCPM6, 0. 2)•L6+STIPM7,0.2>•L7+ST<PM8,0.2l*L8 ; 

CML1=CML+2.48+( r ~bl+r•b2>1 

CML:~CML+5+B7+0. 03+B21 
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CG:•CCH•CM~l•~ofSt; 

CM:•50.0•27.3~•STCP 0.5l•L; 
CM t rCM •Kof St I 

End els;& 
Begin 

End; 

CH:~~G•152.28•ST<P 0.2>1 
CML1~J~ . l *B6+1 . 77•B~+0.63•B7+0.027~B~1 

CG •~<CH+CML > •KofSt1 

CM·=200 .0+7 .3 •P+27.3~• ST<P,0.5l•L1 

CM1 =CM•KofSt1 

lF F=l th&n 
Bllg1n 

KF311c;0 . 891 
End Eln!l 
B&gin . 

flpO)l.OnlKeHHe 

~:F31: "'0 . 861 KF321~0.B11 KFM: =0 .BB 1 
If P , 7.D then 
Bo91n 

t:FG:c0.761 
End •lioe 
Begin 

KFi3:=0.96t 
End1 

End; 
K31:=CB1 •P l31T+CB2•Hl31+CB3•M1311 
K321=CB1~P132T+CB2•R132+CB3•M1 32 1 

KG1=CBl•P1GT+CB2•R1G+CB3•M1 G1 
KM1cCBl•P1 MT+CB2•R1M+CB3•M1M1 
Kl 31: =K31 II F31; 
K 1321 =K32/ l(F321 
K1G1=KG/KFG1 
K1M1 =KM/~:FMt 
Bufl.Fl~g:•01 Bufl.PR21•P1 32T1 
Bufl.Ptek1•P1 Suf1.PRJ: •P1GT; 
Bufl.Ltek1•Li Buf 1.PR4t=PIMT; 
Buft.KRl1•K131; Buf1.RR11•R1311 
lk1f 1. KR21:ol 1321 Buf1.RR21=R132: 
Bufl.~R3:•K 1 Gt Bufl.RR3:•RIG1 
Buf l. KR4: •t. IM; Buf 1. RR41 =RlM1 
Bufl. PRl 1 <=P131 r 1 Buf 1.MRl I =M1311 

Bufl. MR2: -=H1321 
Bufl.MR31.,MIG1 
Buf1 .MR4 : •MlM; 
Buf1 . CR11=C31•0.0011 
Buf 1. CR2 1 =C32•0.~011 
Buf l. CR~:=CG•0.001t 

Buf1.CR41~CM•0.001 1 

suf 1. KER11•Buf 1. KR t •Buf i:cRTi-····· 
Bufl.KEP.2 1=Bufl.KR2• Buf l . CR21 
9ufl.KER31•Buf1.KR~•Buf1 . CR31 
Buf1. KER41~Buf1.KR4•8uf1 ,CR41 

Wr1 te<Filel,Bufl)1 
E,;i t1 
End1 
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IlpMMej> pactieTa 30Hl>I OOTKMani.HOI'O npHMeHem1.R 
pa3nKtllUilX CKCTeM nepep.atiK 3HeprKK 

,. 
p L le E:;il I lr'E32 I KEr VEM I 1onT 20f1T 

~ 

1.00 0.00 22.303 20.682 22.838 0. 102 V.E11 V.E:;i:;> 
1.00 0.20 21.716 20.031 18.449 0.206 KEM I Er 
1.00 0.40 21.724 20 .03Q 18.503 0.329 KEtt ; Er 
1.00 0.60 21.731 20.047 18.5:57 Ill. 468 l' Ert l'.Er 
1. 00 0.80 21.739 20.055 18.612 0.62~ l'E11 ~ Er 

1 . 00 1.00 21.746 20.064 18.666 0.800 YE11 l'.Er 
1. 00 t. 20 21. 753 20.072 18.720 0.9Q1 I Ett Y.Er 
1.00 1. 40 21.761 20.080 18.775 1.199 r.Ert l'.Er 
1.00 1.60 21.768 20.088 18.829 1.47 4 Y,E•t I Er 
1.00 1. 80 21.776 20.096 18.884 1. e65 KEH I Er 
1.00 2.00 21. 783 20. 105 18.938 1 .923 Y.E" ~Er 

1.00 2.20 21 .7Q0 20.113 18.993 2. 197 IErt 1<.Er 
1.00 2.40 21. 798 20 .. 121 19.048 2.486 KEM !<Er 
1.00 2.60 21. 80~ 20.129 19.102 2 .792 l'EH l'Er 
1.00 2.80 21.813 20.137 19. 157 3.114 l<.EM KEr 
1.00 3.00 21. 820 20.146 19.212 '3.4~1 KEtt KEr 
1.00 3.20 21. 827 20. 154 19.266 3.803 KEtt KEr 
1. '110 3.40 21 .835 20. 162 1'~.321 4. 171 Kfa1 KEr 
1.00 3 .60 21.942 20. 170 19.376 4.!)~3 KE•t ~.Er 

1. 00 3. 80 21.850 20. 17q 19.431 4,q51 KEM KEr 
1.00 4.00 21. 8~7 20.187 lQ.486 5.363 Yett VEr 
1. 0'1 4. 2 0• 21.864 20. 19~ JQ,541 s. 790 l.Ett l<Er 
1.00 4.40 ~1 . 87~ 213. =ri:: 1q.5q~ 6 .. 232 I EM "'Fr 
1.00 4.60 21.87Q 20.211 lQ.650 6.688 ~ E11 KEr 
1.00 4.80 :.:1.e01 :.a.z2c 10.7c5 7.158 ~.E11 1;Er 
1.00 5.00 21.694 20.228 19.76!J 7.642 J<:EH YEr 
1.00 ~.=0 21.901 20.236 1q.016 8.140 ~EH YEr 
1.00 5. 40 21. 909 20.244 19.871 8.652 t..Ett KEr 
1. 00 5.60 21.91 6 2 0.253 10.92 6 9.178 KEtt ~Er 

1.00 ~.80 21.924 20.261 19.981 9. 717 ~:Ett ·Er 
1.00 6.00 21. 931 20.269 20.036 10.269 KE11 Er 
1.00 7.00 21.968 20.310 20.313 13.227 KEM t".E32 
1.00 8.00 22.00~ 20.352 20.590 16.51110 !':EM KE:;,:? 
1. 00 9.00 22.042 2 0.393 20.869 20. 0 72 t".E11 ~.E:;i:;: 

l. '-'0 10.00 22.080 ~lll.434 2 1.147 23.930 KE>2 ·.Er 
1.00 11.00 22.117 2 0.4 7:5 2 1.427 20.058 ~ E:;i:;: ·Er 
l. co 1:;:. 00 22.154 :;:0. 5 17 2!.707 32.44~ t'E:;:;: · Er 
1.00 1:.00 2:?. l'H 20.:!t~a 2 1. qg9 37.077 ~ E>:? ,;Er 
1. t"t'I 14.00 22.228 2 0.599 22.271 41.042 l".F.32 l<E>l 
l. Cl0 15.00 22. 266 2 0.641 22.554 47.0:!0 Y.E32 KE:;, 1 
l. 00 I 6. 00 :;:2.:03 :;:0 . 682 22.8:!-B :52.3=9 t:E>2 KE:;il 
1. 11!0 17.00 22. 340 20.724 23.122 :57.829 l<.E:o2 KE:;,1 
I. 00l 18.00 22.379 20.765 23.408 63,522 KE:;,2 KEl)1 
1. 00 19.(110 22.415 20.807 2~.6"'4 69 .397 KE:;,2 KE31 
1. Ol0 2 0.00 22.452 20 .849 23.981 7:5.44:5 KE:;,2 KE>l 
1.00 21.00 22.490 20.890 2 4.2bq 81. 660 KE>2 KE>l 
I. 0" 22.00 22.~27 20.031 24.558 89.032 KE:.i2 YE3l 
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IlpHnOll6HHe 3' 

Pacqer aKTHBHoro conpoTHBneHHR o6woTKH 
pOTopa c yqeTOM BWT6CHeHHA TOK8 8 CTepllHRX 

I . Cxo.11i..11eHHe poTopa ,., 
Id W - W9 s • w 

3AeCb H .o.anee ~pNyJUJ sanHc&iiw 1J)ISi nepeoro ABHr&TenR. 
2. Ilpue.o.eHHM swcoTa cTepwcHR I a. I . 

(Il. 3 . I) 

I• kth'"v'sw', cn.3 .2) 

rAC h"' - BW~OT8 CT8pmuli k1 -70~ AnR KneTKH poTopa sanwroR 8.Jll)­

NHHHeM npK pacqeTHOI pa6o'qeA TeMltepaType ?5°c H k1 "' 66,5! npw 
TewnepaType II5°c, B cooTBeTCTBKH c I'OC'f 183-?4 1J)ISi wamHH, npe­
.o.enbHO .o.onycxaewwe Teamepatypw 06MOTOK KOTOpwx COOTB8TCTBYl11' 
Knaccau Harpe~ocToRxocTH HaonaqHH E H B, npHHHM8eTCR pac11eTH8JI 
pa6011iul TewnepaTypa •. paeHaJt 75°C, ,llJIJI wamHH c npe.o.enhHO .o.onyc­
K&eMWM npeewmeHHeM TeunepaTypw COOTBSTCTBYllllUOI KJl&CCOM Harpeao­
CTOAKOCTH F H H - II5°C. 

HsonRQHJI uacca B npHMeHJ1eTCJ1 a ,1111HraTeJU1x cepHM 4A c aw­
coToR ocH BpatlleHHJI TJ.O 132 MM BKJ1llllln'eJ1bHO. HsonRqM.R Knacca F -

4. Yc.11011Hu rny6HHA npoHMXHOBeHHJI Tolta 

h
,,, 

L(ll 

f"l-t • lf(f ''') . 

132 MM /76 /. 

(Il.3.3) 

(Il.3 .4) 
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llpo.u.omtteHHe 
5. lllHpHHa. nasa cooTBeTCTBYUllM ewcoTe h" I 58 I 

8 (f) 8 (i) 8'd s:' = 8,"' - ' - a ( h~ - .....!. ) 
h(fJ - 8,(f) + &1° J. 

2 

8,., I''' 1 , , - paswepw naaa . 
6. Ilnoa&a,iu. ceqeHMa naaa, COOTB8TCTBYnnaJI BWCOTe h, 

If {&t;1 &t' +1:·1( id - 8/1
) aid• + ~i - • 7• 8 a a 

e. ilOAl:.CHOe .U.8Jl8HK8 no nOBepXHOCTH p<>TOpa 

·,...ul T(JJt,' -r24"') 
,, ::s • 

2P,"' 
(f) 

(Il.3.5) 

/ 5& / 

(Il .3.6) 

(Il.3.?) 

(ll.3.8) 

r.u.e Dt. - BH)'TpeHHHA AM&MMp CT&TOpa .... IU-IW; 8 - aos.eymHWA aa-
sop. 

9. Yroi cHoca 11&80B 
&:·' 

l''' = -- 'ii c ir,'1) , 
l ,,., 

r,11.e "- - cKoc nasoa. 
IO. Ko~KQHeHrw caoca nasoa 

1' (1) 

sin~ 

k. 
(I) _ 2 

Ot - ¥/'' 
2 

(ll.3.9) 

(Il.3.ICI) 

-II; · llMc.110 nocJle,lloe&Teni.Ho coeAHHaHHWX awrxoe B o6MOTlte ia-
31'1 CT&Topa 

l(}..131 
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s<•> z''' w; '') n 1 

' = Ga•> ' 
. (Il.3.Il) 

rp.e S~f) - QMC.1l0 ~KTKBHWX npOBO)UUUtOB B nasy i 
n&aOI CT8TOp&; Q(I) - QHCJIO napaJIJI0JlbtWX B0TBefl 

12. ConpoTHBneHHe cTepMHJt xneTKM pOTopa. 

Z ft) - QKCJIO 
' 06MOTKM ~3W. 

/.ft) 10-• 
~(t) = .a . 

c i' (tJ , 9c 
(Il.3.12) 

rAe " - .JVIMH& cepAetlHHKa poTopa; 1,. t, ,IVIR ABMr&Te11efll c BlilCO­
TOR OCM BpatlleHICll AO 250 MM BJ()!l)1UIT8JlbHO .t.. ~+5• CBWlle 250 MM; 

t, - ,IVIKHa cepAellHHlt& CT&Topa; I • 23 ~lllti - YA0JlbH&ll npo­
BOJUCMOCTb 11HTOA KJI0TKM K3 QKCTOro anJ:>MKHMR . 

13. HOMKHMbHblA, ilia3Hl>IA TOK CT8TOp& 

{f) 

I.M_ P,. (Il.3.13) 
H - vr u,, f£" cos"/' 

rAe P,."1 - HOMKH8.J1bHM MOllUiOCTh; U,, - HOMIDi&Jii.Hoe nMHefilHoe H&­
npllllteHHe; t.f/) ... HOMKRaJlbHWA 11.n • .u..; tos'f,J'' - HOMMHMbHWR JtO~ 
~KQHeH'l' MOllUiOCTK ,IJ.BKr&T0.1lR. 

14. Ilo11Hoe HOMHH&nbHOe conpOTKBneHICe cI>asw CT&TOp& 

id= u,, 
2H r:1) • (Il.3.14) 

15. 14:>MBe,D.eHHoe Bl<TKBHOe coopOT HB.1leHICe o6MOTJtM poTOp& 
N (4) - /j (f) :!11 (4} • 
"' - ,,., ~II I (Il.3.15) 

R!'' rAe • ~ npKB8,IJ.0HHOe Bl<TKBHOe COnpOTHBneHHe o6MOTXK pOTopa B 
o.e. 

16. IlpHBe,D.eHHOe aKTHBROe conpOTHB.1l6HKe o6MOTKH poropa c 
Y''eTOM BWTeCHeHlUI Toxa B CTeplltH1lx I l I 

,,, 'f (1tf. 1t1 ''( k''' a 't Cd : '( (f) ~ 't <d/ 9c - f) 1111 f I _!!) 
'' i c t"q~f' z;J ~~ , 

(Il.3.16) 

IC-I3I 
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