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B B E ,11. I!: H H E 

B HaCTO.llllleR pa6oTe ,ll.8HW ypaBHeHKR COCTORHKR CJ4CTeMbl 

aaTuHOMHoro 3neKTponpKso,11.a B cTaH,napTHOM BKAe. YpaaHeHKR 

yQKTb!BBDT xapaxTepKCTMKK ,ll,BC, pa6oTy MY<f>Tw cqenneHHR TpaxTopa 

PPH TporaHKK c wecTa, ttan;fC.140 B qenH B036y.p.eHKR acHHxpottHoro 

reHepaTopa ,nononHKTenbHhlX ortMOTOX, XOMnayHAKPYlllllero ycTpORCT

Ba If Tpex(j_la3HOI'O B!.IIlpS!MHTenR, a T8Klle na,neHK0 HanpRIC0HHR 8 

CKJIOBOM Ka6ene. 
c qen&D OrtTlfMH38QHM napaMeTpOB npose,neH aHanK3 ycTORQH

BOCTH CKCT0Mlil B nepex0,11.Hl:IX pellKMBX - nycKe QCKHXpOfUihlX ,11.BHra

TeneR c KOpOTXO~aMKHYTblM pOTOpOM OT reHepaTO~ COH3MepMMOR 

MOmHOCTH K Ha6poce Harpy3KH Ha nepBKQHhlR ,ll,BC K QCKHXpOHHWe 

,11.BHI'BTenK. 

Ha OCHOBe Ql4C110HHhlX eKcnepKMeHTOB onpe,neneHW COOTHOmeHKR 

MOmHOCTeR ABC. reHepaTopa K 311exTpo,11.a11raTa11eA npw pa3nMQHIDC 

ycnoBHRX aycxa aocne,11.HKX. TeopeTKQecxw ,noxaaaRa B03MOlKHOCTb 

HCrt01lb30B8HKR cnoco6HOCTM fl'PBMQHOI'O ,ll.K30nR TpaXTopa K3M0HRTb 

CKOpOCTb spameHHfl 8 WHpOKOM AKart&30He, ,ll.11R QQCTOTHOI'O nycxa 

QCHHXpOtlHOI'O 3110KTponpHB0,11.8 pa60QKX opraHOB c MOlllHOCTbl), 6JlH3-
KOR K MOmHOCTH reHepaTopa. 

,D.aHa MeT0,11.~lKB pitCQeTa CHCTeMbl QBTOHOMHOI'O 31leKTpOrtpHBO,ll.a 
MOClH1lbHb!X MamHH. 



I. YPABHEHUfl COCTOfilM.fl CUCTEMH ABTOHOMHOI'O 
3JIEKTPOilPl1BOAA B CTAH,!l.API'HOn OOPME 

B /6/ 6wnH nony~eHbl ypaaHeHHR cHc~eMW .ABC-Cr-A,A-PO • cKc

Tewe KOOPAHH8T d . 9 apam8.IlmeACR BMeCT6 c pOTOpOM reHepaTopa 

H 3&.nMCaHHWe • OTHOCHTenbHWX e~HHHQ~X. 

~RR XOHI<peTHWX pac~eTOi yp81H8HHR AOilORHReM ypa•HeHHRMH 

aToporo ,11.SHraTenR H no,B:aopraeM npeo6pa3oBaHH.RM rryTeM 11cKnK>~e

HHR H$ HHX DO'l.'OICOcqenneHHR, T.e. 38 nepeMeHHYKl COCTORliHR CHC

TeMli DpHHHMaeM TOK, IlOCKORbKY .npyrHM nyTeM 3artMC8T• CMCTeMy • 

R•HOM IH,11.6 He y,11.aeTCR. Tor.n.a ypa1HeHHR COCTORHMR CHCTeMw 81-

TOHOMHOrO eneKTponpHBO'Aa i CTBJIA8PTHOA ~OpMe 3an111111yTCR K8K 

di* 
d'C 

. ' (f) 
: CHJ:.~ + c,t lx4 

'(3) 
+ c,, !:.x1 

' f') 
+ c,11 lyf + 

• (J) c,s !:.¥( + 

• (4) 
+ cfl l: xa 

'(I) 
+ c,11xt 

'f4) 
+ Cf81ya 

• (t.) 
+ C,g .!:.ya ; 

d '(4) • '(1) •(I) ' (4) '(J.) _!xi = C"is + c,, !:.x, + C2s l:x1 + C211 l:.y1 + C2s l: 11' + 
d~ 

'(t) • (J) 
+ C1s lxt. + C21 .!: xt 

• (4) 
+ c,,lya '(l} 

+ c,, .f y1 ; 
di(t) . .,,, . (l) • (f) '(1.) 
_.1u == Cs, ls + C.ra .!:.x1 + C131x1 + c,,, i:.y, + CJS l:.y, + 
d't' 

• (t) • (t) 
+ c,, .!:ict + c,1 lxt 

'({) 

+ C.JB .f1a 
c '(t) 

+ JS l:.ya i 
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di''' ' '(t) ·{I) 
+ c .i"' c t(•J _xt: c~ 1, + c,,, 1,u + cff lx, + U'-ff + 

drr 
'Ill ,, 

l (f} • (i} • (f) 
+ c i''' . + c~-XI. + Cnl.xa + c" 11, ~ -11 , 

d. i''' . . {t} '(,I) •(I} '(a) 
_v• = c,1 "'' + C11. -'xi + C11 1.x, + c," 11, +Cu 1.y, + 
dir 

I ·r1> ·rv , (I) •(I) 

+ c" 1xa + c,,. .!::xt + c,, 111 + Cn l:.tt ; 

d'"' .,,, , (I) 1 ~· c . c . (t) c . w - = g1ls.,. 911x, + g,. lx, + c," 16, + C95 11# + 
cir 

+ C i. (I) + C j (I) 
"gt.a 91Xt + c L''' ,, _,, !.'') + Cgg fl 

( 1.2.) 
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ti = Cflf f!:} .+ C192 (Na + C115 npu fl}< rHx ; 

3Hal:leH1t1r Wx, !:1cn0), !f/tJ(i.), !11')(/) , a Tal<:'Ke BXO-

. )l..fllllHX ~ K03!M>HQ!-1eHTbl CHCTeM ( I.1) H (I. 2) - l(Cl4 ' n (<} tJ n<•! on

pe)l.en.flKlTC.fl cne,oy~mHMH AODORH!-1TeRLHl:JMH Y?ROBHllMH 

~JI = ~XO npt.1 fi:' < '['f ; 

~ x = fYxa + § ( 'l' - ~) npu 'r, ~ 'L ~ 'La 

~ x = ~xa + f ( tt'a - "') npu 'i > 'Li ; 

Kev, = 0 npu 'L < 'l'J ; 

'l' 'ij tr R' 
Kc14 = - - -- llPU LJ ' L ~ ~ 

~- ~., 'l'"'i -'ls 
K04 = f llPU "(>'(Ii i 

n''' = 0 npu 'i <f's 

n M = f 2 !> 111111 f' ~ Z' • , , >' •• , ''"'" 7 s 

nW= O npu 1:' < tt, ~ 

n <2> = f, 2, 3 . . . npu it~ ~ 

Men (tt) = 0 npu 't'8 < 't' < 'L~ ; 

Men ('l') = Mcnm npu '(, ~ 'l ~ 'i', 

M~41 ('1:) = 0 npu 'l'ta < 'i' < f(g ; . 

M '" ('t') = M ff1 nipu 't t 'L «- 1:' -c - cm 9 .. " fo 

M~t) ('r) = 0 npu 'l',, < '! < !"(,, ; 
M ~'' ('r) = M :! npu i" ~ 'l' ~ 1:',a • 

(I.3) 
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y !'Oil !K BXO,llROUdt • K 05iM>KllH0HTt.I CHCT0M (I. I) R (1. 2) 

onpe)l.el!ReM UK 

J1<. = 1 npu 0 ~ !. ~ 30 ; 

61< = 1 - 60 npu 30 < l ~ 90 ; 

!1<. = ! + 60 npu 90<1~150; 

( 1.4) 

¥1<. = 1 - 120 npu 2f0<1 ~ 270 ; 

QTO oClyCl!OB.TJeHO paCloToR Tpex(fla3HOI'O ,11.syxno11ynepHO).'l,HOI'O Bblllp R

MHTel!.fl. 

Peam.Hlie ~a~Hble TOKH H HanpR~eH~R HaP.,11.eM no cne,oy~lD.HM 

ypasHeH~UJM 

<tl • : co · ca.1 · M • <JJ 
Yx1 = C211 is + C.11a lx1 + Cm 1111 + C.111t !~ + Cit$ 111' + 

·M o(llJ -<tJ · W 
+ C.z,, lu + C211 lxi + C211111 + Cm 1¥~ ; 

M · C · m C · '1 ' • ''' • <zJ !J~, = C2at1, + .121.lx, + ''' lx, +Cu" .!:.v, + c,,s l:.y1 + 

I. (f} • (!} • (t} C . (I) 
+ Cn, -xt + Ca11lx1. + C.11s 1.vi + aig 111. ; 

(r) • · f') •(I) C ' M C '(ti Yx, = c,,111 + C11t lx, + C,aa !:.x, + .1J1t !:.11 + .111' 1~1 + 

'ft) c • (!} C '(I) C '(l) 
+ C.11, fxt + lH 1111. + lJS !:.y1. + l191y1. ; 

(I} C • C . (f) C •(I) . (t} • (l) Yv, = ll/I l~ + ~'II. ku + J1t3 l:.x1 + c2'tl/ !:.11 + C.11ts 1,, ... 
(1.5) 



i ''' = i ftJ cos¥ + i ''' Sin ¥ • -A -Jct - -jl -

L (IJ - / (l) COJJ + /(I) Sin j 
-A - "Xt l:jf 

; - (n <flj<tJ '*" nf"i'''') co sf + (nffJ/ M + ntlJ ,.ra>) sin 1 . 
~- ~ Q ~ ~ , 

uw= yM cos¥ + 11''' sin I 
-A JC( - -fl -

11 <•> = LI fl) cos ¥ + !J "'sin¥ 
»A -xt - Vt .-

y,. = f:!d. cos!+ Y,, sinl. 

(l.6) 

(I.?) 

3H&QeHHR K031fxt>HqHeHTO• CHCTeM (I.I.),(I.2) M (l.6) npH•e
,lleHW • npHnozeHH~ I. 

llpH MCCne~o•a!iHK HeKOTOpblX pemoto• padOTW CHCTeM!il eneKT~O
npHIOAa HeodxO,nHMO MOAenHpo•aHH6 ~OPCHPOl&HHR •03dyll,l\eHHR CKH
xpoHHoro reaepaTopa, KOrAa odwOTKa •osdy~eHHR nonyqaeT nMTa
HHe OT •HemHero H83&•KCHMOrO HCTO'lHHK& 3HeprHH, H&npMMep, 8KXy
yY111Pl'Opa H qen• AOncnHwren•HOR odMOTKK reHep&TOpa;1x11DQ8.J! Tpex
~~HWR •blilpstMK'l'811• H ycTpORCT•O KOMnayHAHPO•llHHR HanpsmeHKR, 
o•asw1aeTCR OTXnD'leHHOR . B 3TOM cnyqae, H3 ypuHeHHR a1TcH01.1Ho
ro ~118KTponpM•OA& •Wll&Aaxn' CKCTeMlil H cnaraeMJ.!e, OTHOCRUU1eCR K 
AononHMTen•aoR odMOTKe. TorAa ypa•HeHHR cocTOJDiMR cMcTeMW a•
TOHOMHoro eneKTponpK•OA8 • CT8HA8P'l'HOR ~opwe, A11R cnyQaa y~ • 
= co11si t rAe y f - HanpneHHe Ha 38JIHM8X OdMOTKH I03dyap,eHHJI t 
npHMyT IK,ll 

I-79 



,./ • (t) 
IJ .Ir.JC( - c I t' I • M c I • (ll c I • (t) c I ' (t.J - - "-s + c,, 1)(, + '' !:.x, + Jlf 1!11 + '~ 1:11 + 

' df' 

C' ·<,, c' ·<1> , '"' c' .,,, c' + "' lu + /1 l:x1. + C11 !:.11 + .19 l:p + ito i 

dJ'~' , . ' .,,, c' ·<1J c' ·w c' .,J, 
- J( = ell !:; + c,, f:.x, + Ja !:x1 + "'11, +- '~ J:,, + 
dr 

+ c~ i:l + c,~ 1;;i + c;, ~~1 + c;, if,",+ c;" ~ 
d L ({) { ) {. ) I ' (t) I '{J) 

-f{ = c' i + c.' i ( + c I i I + c..,, .f:.1p +Cu !:.11 + df /{I-~ ta -Xt 11J -XI .., ,. "'" 

d ·{l) 
I '{I} I '(t) , ' {J) L~{ I ' I '({) __:: = C" J:.s + Cs,!:.)(, + c$', 1x1 + Cn 1:.,, + C1sl:11 + 

d'I: 
I • {t) I '(Z) + c' i 1

'
1 I • {IJ 

+ Cs, lx1 + Cn !:..u !1-¥1 + Cn !:.11 ; 

d '(I) 
Lxz. I ' c I • (f) I • (IJ I ' (f} c I t {J} 

--=. = C11 i.t + 11 !:x, + C1s bx, + C~ 1:.,, + u -111 + 
d't 

I '((} I '{:) c I ' UJ I ' (f) CI , 
+ c1' !:.x1 + Cn !:.xi + 11 !:.111. + c,, !:.yt + 110 , 

d ·ru J 1r•- c',. +c' i''1 c' L'''+c' i''J + c ' i<• + 
- - ' ' .11.~ u-xt + u -x1 lt-11 as -ft d'l' 

1-79 

(f.8) 
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+ CI L (I) i (J) + c' i (I/ .i {I) + C, I L(J) L (J) 
1511-Xf -111 IU-x1 jf tu -XI -¥1 • 

(l. 9) 

ApyrKe ypa•HeHHff, cnyxa!llMe ARR pacqeTo• MexattHQeCKHX •e
RMQHH - cxopocTeR H MOMeHTOB, 8.HanorHQHW COOTBeTCTIY~lllKM 
ypa•HeHHJIM • (1.2) H (1.3). 

~ paccMaTpHBaeMOM cnyqae, T&Xllte H3MeHJITC8lCOa9l>HQMeHTW 
ypa•HeHHA ~ns onpe~eneHHff peanbHblX ~a3H.blX TOKOB H H&npltlleHHA 

''1 c' · c' .,,, c' .,,, c' ·w c' ·<I) Yx1 = Jtt i'- + JI& ix, + 1.1s !:.;u + Jiii Jk, + 11s !:. V' + 

(.a> c' . c' '(I) c' ·ti.) , .,4, c' . w 
l.1111 = m .!: I + 'Jll. .!:x1 + Ill !:.1u + CJl't !:~, + IJS !11 + 

( 1.10) 
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YpaaHeHHR (l.6) K (l.7) He K3MeHRklTCR. 3HaQeHHR Koa<fxPmiK

eHTOB (l.8) ... (1.10) npKBeAeH!il B npKno~eHKK 2. &rM KO~KQKeH
TW RBRRrlTCR ;OCTORHHlilMK, He 3aBHCR!IU1MK OT yrna ¥ ,cneAOBaTeJlb
HO CHCTeMa (l.4) TaKllte onycKaeTCR. 

IlpH nepeXO.D,H1"X npoqeccax napaMeTpw aCKHXpOHHOR M8ll!HHW 
( ii.~, 1:111 , MM ) MeHJ11JTCR c· KsMeHeHHeM CKOnbllt6HHR. ,ll,Hana-
30H K3MeHeHKR 0TKX nap8.MeTpOB CTaHOBKTCR oco6eHHO cy~eCTBeHHliM 
s Tex cnyqaRx, KOrAa npK nepexo,n.Hlilx npoqeccax cxopoCTb ABHra
rena H3M6HReTCR B mHpOKHX npeAenax, HanpHMep, npK nycKe, KOrWl 
CK0Jlb~6HH0 K3M0HR6TCR OT eAKHln.lf:il AO HYRR. 

B /12/ no~a3atto, QTO npH pacqere eneKTpowarHHTHWX nepexoA
HYX npoqeccoe acHHXpOHHOro ABHr&T0JI8 pesyJlbTaTY OKasLrSall'1'CR 
HaK6onee AOCTOBepHYMK B o6naCTH Toro CKORbllteHHR, ~JIR KOTOporo 
npKH.llTY ero napaueTpw. Tax, AJLR nonyQeHHR 6onee npaBHn&Horo 
OilKCaHHR xapa.KTepa nepeX0,11,H!iX npoqeccoe B paAoHe CKHXPOHH09 
CKOpOCTH AOCTaTOtniO B3RTb AnR pacqera napaMerpw, COOTB0TCTBYll
lllJ(0 pa6oqewy pe~ &CKHXpOHttOA M8lDHHY. Ann MOA0nHpOBaHHR rryc
Ka qenecoo6pa3HO BY6KpaTb napaueTpW MQDIKHY, COOTB0TCTByDlll.He 
CICOJ1bllt0HKD s = l. 

AttanorHQHO nocrynaew npa yqere HacwmeHMR warHHTHOA qenK 
no nyTH OCHOBHOro MarHHTHoro DOTOKa CHHXpOHHoro reHepaTopa, 

npHBOAR!llero x yMeHbmeHHIO MAdllf, Mad"', !!J<in" . Ilpti aTOM 
nepeM0HHW0 napaMeTpw aw6upaew no rp~HKaM HnK COOTBeTCTBYD!llKM 
KM BWpQll(0HH.RM, llpKBe..ll0HHblM B /5/. 



2 • .AHAJ1H3 YCTOWMBUC'll1 Cl1CTEM!i AHTOHOMHOI'O 
3JIEKTFOIIBIBO)J.A PAB01-01X OPI'AHOB 
CEJlhQ{OX03l!F1CTBEHHOYI MAlll1Hli 

2.I. XapaKTepHCTHKS aaAaq11 onTHMH3aQHH napSMeTpoB 

C}f'?'reMbl SBTOHOMHOI'O 3Jl6KTponpHllO,Jl.8 

~OCJie CHHT638 CTPYJCTYPbl CHCTeMIJ nepe,11.a4H 3ttepI'HH npHCTy

naeM K IlOHCKY OilTHMSJlbHblX 3HSQeHHA napSMeTpO• aneMeHTO• CHCTe

MW H HX lb160py. 
0nTHMH31lQHR napB.MeTpo• CliCTeMbl 3JieKTponpHllO)l.8 CBOAl1TCR K 

MHHHMH384HH MOllU'IOCTH 3Jl6KTpHY€CKHX M8lllHH - I'eHepaTopa H )l.BHI'a

TeoeR, np11 ycno11111 coxpatteHHR CHCTeMoA cnoco6ttocTH s1i1nonHf!Tb 

38,Jl.SHHble ~YHK4HH, He CHlmBJI 3KCnnyaTaqHOHHl>IX IlOK838TeJieA c H3-

MeHeHHeM ycJIOBHA ~YHK4HOHHpOBSHHR. 
llpH ~HKCHpOBaHHhlX ycJIOBHfiX 3KCnnyaTaqHH H HSAellaiOCTH, ueg

JJY seJCTOpou K noKasaTeneA xa1<ecTaa CHCTeMbl H ycTattOBJieHHoA 

MOOUiOCTbD 3JieKTpH1<6CKHX MamHH CHCTeMbl CY\IleCTByeT npHMB.R CBR3b

QeM MeHbllle CyYMapHBJI YCTSHOBJieHHaa MOlllliOCTb pycT' TeM nyQme 
EaQeCTBO CHCTeMbl, onpe,11.eJIReMOe BeKTOpOM /( ,nocKOJibKy c yMeHb

mea11eM pyCT yny'Qmax>TCR e~HHqable IlOK838T6JlH KaUeCTBa - K.n.,11.. 
H Macca t a TSJOl[6 CHmitaeTCR CTOHMOCTb. 

»Mea BBHP,Y CK83aHHOe, a TSR.lle TO, lrrO MOOUiOCTb 3JieKTpo

,Jl.BHI'aTeneA H reaepaTopa aw611paeTcR no HX ttarpeay H ycT0Aq11soc

TH pa6oTbl a nepexo)l.Hl>IX pellG!Max, sa,11.aqy OilTHMH3aQHH napaueTpoa 
MOJIHO npe,11.CTSBH'l'b Ta.K: H3 ,ZU.CKpeTHOI'O KOHeqHQI'O MHO~eCTBa CHC

TeM s,, COA6P~811U!X 3neKTp11uecx11e MSmHHbl c paaJIHQHhJMH ,11.onyc
THMl>JMH 3HSl"leHHRMH HOMHH8JlbHblX MOlllJiOCTeR, y,11.0BJieTBOpR~llU1X ycno

BHRM Harpeaa H YCTOAQHBOCTH, Bb16paTb 3Jl€KTpH4&CKHe MamHHbl 

TB.KOR MOlltHOCTH, npH KOTOpoR CMCTeMa s, 06na,11.aeT HSH.rtylltllHM 
3HSQeHH6M BeKTopa /( .COOTB€TCTB€HHO KpHTepHR OCITHManbHOCTH 

3&IH11leTCJt KaK 

PMn' =min. (2.I) 
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)J,a11ttaR 3a.n.a1.1a MO)l(eT 6b!Tb pemeHa )l.BYMR 11cnonbayeMblM11 na-

pannenbHO MeTOAaMl-1 - OnTl1M8JlbHblM Bb160pOM MOW,HOCTH 3JieKTPHl·leCltHX 

M8IDHH np11 pa3JI~QHhlX pel!G1Max pa60Tbl aBTOHOMHOA CHCTeMbl H paapa-

60T KOA BJ!HfIIOUU™H H8 Dbl60p MOl!lHOCTH MamliH ycTpOACTB H MeTO)l.OB 

ynpaanett11fl nepexo,ll.HblMH npoueccaMH a c11cTeMe. 

2.2. Oco6eHHOCTH attamrna ycTO;\QHBOCTH aaTOHOMHblX 

3Jl8KTponpHBO.UOB 

ABTOHOMHble CH€TeMhl 3JleKTponpHBO)l.8 c orpatt11QeHHOA MOl!lHOC-

T bKJ HCTOQHHKa 3HeprHH, COl13MepHMOA c MOUlHOCTbKJ n11Taet1.blX npHBO,l];

HblX aneKTpo.n.s11raTenet1 HMeKJT pH,o. oco6eHHOCTeA pa6oTbi, ~aRJIKJQ8.ll
~11ecn B TOM, 'ITO B03HHK8l:ll!U1e OTp;eJibHO B 3J!SKTponpHBO,l];e,reHe

paTope 11n11 JJ.BC c11cTeMbl nepexo,IJ.Hlie npoueccbl He noKan11ayJOTcn e 

HHX, a BJlHfllOT HS .n.pyr11e 3JISMeHTbl, Bhl3b1Ba.R B nocJie)\HHX TaK~e 

nepexo)Vlbl~ npoueccbl. 
B CBfl~H c 3Tl1M np11 pacQeTax T8KOf'O po.n.a CHCTeM B03HHKaeT 

pR)l. cneu11aJibHhlX Bonpocos, KOTOpble n1160 BOBCe OTCYTCTBylOT, n1160 

HMelOT BTOpOCTeneHHOe 3HaQeHHe npH n11TaH1111 )l.BHf'8Tenen OT MOUl,HHX 

3HepreTHl.1eCKl-IX CHCTeM/2, • .4,6 •.. II ,13/. 
• CneuHBJibHblMH aonpocaMH B pa6oTe c11CTeMhl asTOHOMHoro aneKT 

ponpneo.n.a pa6o•:rnx opraHOB M06HJ!bHOA C8JlbCKOX03fIACTBeHHOA MliIDH

Hbl flBJlfllOTC.FJ: 

- nycK 8CHHXpOH_HJJX ,'J,BHf'BTeJieA c KOpOTK038Ml<flYThlM pOTOpOM 

OT rettepaTopa c o11aMep111.1ot1 MOUUiOCTH ( pelltHMbl pa60Thl Y,2 11 Yp~) -

npe)l.eilbHaR MOlllHOCTb ,11.BHf'STeJI.FJ no ycnOBH.FJM npRMOf'O nycKa np11 

ueno)l.BHlKHOM 11 ,O.BH)f(J'~eMcn MTA, 11 npH arperaT11poBaH11H CXl~ TpaK
TOpa.M11 pa3Jil1QHOf'O Tflf'OBOf'O Knacca; rny61ma H np0,0.0Jll(l1T8JJbHOCTb 
npoaana Hanpn~eHHfl rettepaTopa np11 npRMOM nyc~e ac11HxpoHHoro 

.O.BHl'8T8JI.FJ; Q8CTOTHhlA nycK 8CmiXpOHHOI'O ,IA.Bl1f'8Te1!R;. 

- nepeXO,ll.Hhle npouecchl np11 tta6poce HarpyaK11 Ha nepBHGHhlA 

,[\BC 11 BJJHRHl1e 11X Ha ycTOAllHBOCTb np11ao,na (pe)l(HMhl pa60TbJ !:/p9 H 

YP., ) - Tpor•aHHe arperaTa c MecTa, npeo.n.onett11e arperaToM npe
nJITCTBH~ HJIH yaen11lleH11e conpOTHBJieHHR CXM nepeAB11~eH11~; 

- nepexO,ll.Hhle npouecc1>1 npH nepeMeHHoit ttarpyaKe Ha sa.11y 
,nm1raTenR l1 Bi!HJIH11e HX Ha yCTO~l4J.fBOCTb np11Bop,a (peJKHM pa60Tbl 

Yp,1) - Texttonor11t<ecKan neperpyaKa pa6ot4ero opraHa. 
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YcTo~Q11BOCTb c11cTeMbl aBTOHOMHoro aneKTponpKBOAa 1..1e11eeoo6-

paaHo .lfCCl!6AOB8Tb, nyTeM npoB6A6Hli.R Q.lfCl!eHHblX 3KCnep.1iME:HTOB Ha 

MaTeMaT.lfQeCKOA MOA61l.li,npeACT8Bl!eHHOA C.lfCTeMB.M.lf H61lliH6AHblX 

,nmp:pepeHQ.lf81lbHhlX ypaBHeH11~ (1.1) ... (l.?)H (I.b) ... (1.10). B 

pe3yllbT8T6 3KCnep~eHTa nonyqaeM rpa~HK.lf H3M6.HeHH.R ~li3.lfQ8CK.lfX 

Bel!.lfQ.lfH,· xapaKTepH3YlOlll.lfX pa6oTy CHCTeMbl 31!6KTpon~.lfBOAa (TOKOB, 

ttanp.R~eHKA, MOMeHTOB, cKopocTeA), a ~YHKQH.lf BpeueHK. AHanM3.lf
py.R nonyQeHHJJe ,U.lfarpaMMhl MOJ!IHO nposeCT.lf nOIIHYIO KaQeCTB6HHYIO .If 

KOl!.lfQeCTBeHHYIO OQeHKY nepexo,nttoro npo1..1ecca B cucTeMe. Cne,a,yeT 

OTMeTHTb' QTe reHepaTOphl' KMeI011U1e KOHCTPYK411ll CliCTeM.bl C8MOB03-

6y~,nett.lf.R OTl!.lfQHYIO OT Cl1CTeMhl Clll\40B036Y~A6HH.R paccMaTp.lfBaeMoro 

reHepaTopa THna ECC5-tJ2-4, .lfMeJOT npKMeptto o,n11HaKOBble c nocne,n

HHM 6blCTpo,neACTBl1e 11 KaQSCTBO KOMnayHA11pOBaHl1.R HanpRJKeHH.R, 
IIOSTOMY nonyQeHHble B ,na1tbHeAuI11x paC4eTax YCTO~Ql1BOCT.lf Cl1CTeMbl 

3ReK'rponpHBO,na 38KOHOMepHOCTH pacnpOCTp8H.RlOTC.R H Ha 3Tl1 reHe
paTOpbl. 

CooTBeTCTBYIOIUHe Bbllllenpirne,nettHblM ypasHett11RM aRrop11TM 11 

nporpaMMa octtOBHblX npo1..1e,a,yp pacQeTa nepexo~x npo1..1eccos B c11c

TeMe aBTOHOMHOro aneKTponp11so,na np110e,neHbl a np1111o~ett1111 3. ITpor

paMMa COCT8Bll6H8 Ha .R3b1Ke "IlaCK81lb". )].n.R pemeH11J'I ,CT,11q¢ep6HQl161lb

HblX ypaBH6Hl1A,11cnonb30B8H MeTOA 3Anepa, mar l1HTePp11poB~l1.R 
np11H.RTbltl no ycnos111J/f(x0)-f(x,)/<I0-3cocTaB1111 A. 'l' = IO :rn. c. 

Bb1COK11A nopsr,noK n.11·W>epeHQ11a1tbHblX ypaBHeH.lfA 06ycnos1111saeT Heo6-
xo,u11MOCTb 11cno1tb30B8Hl1.R All.R pacQeTOB 6blCTpo,neACTBYIOU111X M8Ull1H 
T11na BM PC/AT 486. 

2.3. IlycK ,nB11raTe1tet! B Cl1CT6Me SBTOHOMHOI'O 

ane1<Tponp1rno,D.a 

rla npaKT.lfKe BCTpeQalOTC.R ,UB8 'C.lfna CHCT6M 8BTOHOMHOro 3Jl6K

TponpHBOJJ.a Mo6111tbHblX ceRbCKoxo3nncTBet1HblX MalllHH: I) K reHepa

Topy no~Kll~QeH TORbKO 0,UHH Jl.BHraTenb 11}!.lf HeCKOl!bKO Jl.BHraTe1teP., 

pa60Ta~1IU1X B 0A.lfH8KOBblX pelilliMax; 2) K reHepaTopy fl0,ll.KR1046Hbl 
HSCKOl!bKO H63aBl1C.lfMblX npHDOJl.OB, HS CBR3aHHblX ,a.pyr c .npyroM no 
peJKliMY pa60Tbl. 

Ilepabln T.lfn np11sop.a c O)J.HMM p.s11raTe1teM,nop.Kn~~eHHblM K rette

paTopy BCTpeqaeTC.R,HartpKMep, B 3Jl6I<TpH~.lfl..111POB8HHOM ceHOCOl!OMO-



npecce. Ilp1rno,11., B KOTOpOM -BJ& ,iBIU'aTenH pa6oTavr B 0,11.H;lal<OBOM 

pe~KMe, xapaKTepeH ,11.nR npMBO,n.a X0,11.0B~X MeXaHH3MOB 3neKTPMWHl.lM

poBattHblX arperaTOB MOpYnbHOro THna, MOTOpxonec WHpOKOSaXBQTHJilX 

arperaTOB If ,n.pyrHx. ~BHraTenH 3TlfX arperaTOB 0,11.HOBpeMeHHO 
sanyc1<8JYl.'CR If pa6oTaJOT B 0,11.HHaKOBNX cKopoCTHhlX pe~UMax. B aToM 
cnyqae npe,11.enbHall MOllUiOCTb aCHHXpOHHhlX ,11.BHraTeneA c KOpOTK0-

38.MKH}'ThlM pOTOpOM BN6HpaeTCR M3 ycnOBHA nycxa, H938BMCHMO OT 

aenHqlfHhl npoeaJia ttanp.R)l(eHHR. 
&ropoA cnyqaA xapaK'repeH ,11.JIR a.1:eKTp1ti1JKllHPOBBHHNX o6pesQH

KOB, xor,11.a B 38BHCHMOCTH OT pa3MepoB RpOHlil ,11.epeBhSB no BNCOTe 

MOryT OTKnDQSTbC.R H BKJ:DQ8TbCR OT,n.enbHNe pa60Q1fe opraHN, a 

TBK~e 3J19l<TPHitiH~HpOB8HHhlX pyQHhlX lfHCTpyYeHTOB c IlHTSHHeM OT 

QBTOHOMHOro reHepaTopa. B TBKHX CHCTeMax ,11.or.J1CHa 6bl'l'b o6ecneqe

H8 ycToAQHBWI pa6oTa qacTM ,11.BMraTeneA npM nycxe ,n.pyrMx. 

HesaBHCHMOCTb pe~KMOB pa6oTN oT,11.enbliliX npHBo,11.oe a1i1,11.e1traeT 
Tpe6oeruutR H906X0,11.HMOCTH orpaHHQeHHR BenH\IHHlil npoaana HanpR

MeHH.R npH nycxe QClfHXpOHHOro ,11.BHraTenR c KOpO~K038MKHYTb1M pOTO

poM If CB9CTlf npo,n.onMHTenbHOCTb npoeana K 903MO~HOMY MHHHMJ'MY. 

HanHQHe ,11,onyCTHMOA aenH\IHHhl npoeana ttan~RJl(eH~~.R HaKna,D.NaaeT or -

paHH\leHH.R Ha MOlUHOCTlf BCHHXpOHHOro ,11,BHraTenR c KOpOTK03BMKHY-

TNM poTopoM no ycnoBHRM nycaa. • 
IlpRMOA nycK 08HH0\1Horo aCMHXPOHHOro ABHraTenR (pelOIM YP&) • 

,ll,aHHwA pe~HM M0,11.eJIHpyeM nyTeM pemeHHR CHCTeM (l.l) •.. (1.7). 
PaccMoTpHM nycx 0,11.liO~o ,11.eMraTeJUI 3neKTPlf4>KllHPOBaHHoro o6pesqmca 
KpOH IlJI0,11.0BlilX KynbTyp, pacqeTN OCHOBHhlX napaMeTpOB KOToporo npH

B9,ll.9Hbl B npHJIOM9Hlflf 4. 
ilpWd9M cnepYDIIU19 HCXO)J)ihle ,11.SHHlile 

n<"=f n<1J-o ~=o v=o ,,m_-r<"-o 1<''=L<" ... o 
r - 1 c; • Do 1 .Ir• - -A - • I= A - I I 

M,n(T)=O, MJ"(r)= !1J"f'l)=O, n=f. 
B COOTB9TCTBHH c T9XHOJIOrHeA pa60TN pacfoqJ.te opraHbl 3anycKaJOTC.fl 
Ha xonoCTOM XOpY. 

3ap,aam11Cb epeMeHeM nycKa aneKTpo,11.e1traTeM '£, = IO an. c. 

If MOYeHTaM!.1 Bp9M9Hl1 ~ ... ~.7; ... ~,= 5000 an. c. 6onhatHMlf Bp9M9HH ne

peX0,11.HlilX npoqecCOB nycKa, QTO COOTB9TCTByeT Heno,11.Blf!OiOMY arpe
raTy, 6es perynHpOB8HIUl CKOpOCTH ,L{BC,11 npMHRB cne.a,;y~~He Ha
\l8RbHb19 ycnOBHJ'I 
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i '0 1-1 if•1(0)=0 iMto)=O 1''110)=-0 f''1(0)=0 i<iJ(O)=O !st.fl'I- 1-Xf , 1.1<3il' •-.rtl• •-fl •-I« ' 

i<11(0'=0 i<1'(0}=0 i'11 {0)=0 w(O)=O cu (0)=0· Ct)t•1(0):::0 (J.)<11(0):::0 -1~ J 1-xa •-¥1 •- 1 -a1 '-6 1-1 , 
JM !rfM ultJ (A).ftl J("') nony1:mM Harpyaol.IHYJO ,D;farpaMMJ' -mA, _,1 , !!!c, ..:1 = ' ,11.BIH'aTemr H 

rp~HKH H3MeHeHHR HanpJOleHHJI, TOKa B036y:ot,IJ.eHl1.R H CKOpOCTH Bpa

cneHHJI reHepaTopa BO BpeMeHli Y~~J, i:f,W= 'f('i:) np11Bep,eHHble Ha 
pr.ic. 2.I, a TaKllte ,Il.11HaMHl.lecKyJO MexaHHQeCKYJO xape.KTep11CTHKY 

,Il.BHI'aTen.11 ,Il.8.HHYJO Ha pHc.2.2. ~nR y,11.oOCTBa nocTp06Hl1R H B.HanHaa 
KpHBble TOKa H HanpltlleHHJI (CM.p11c. 2.I) npe,11.cTaBneHhl or116axiweA 
nonO:'!';HTen&HblX aMTinwry,o. HX CHHYCOH,Il., T.e. JIDRJIJOTCR rpa!>11KaMll 
H3MeHeHHJI 8.Mnnwry,11. TOKa H Hanp11~eH11.fl BO BpeMeHH. 

~parMeHT peayn&TaToB pacqeTa npr.ieep,eH B np11no~eHHH 5. 
KaK BH,11.HO r.ia Harpyaol.IHoA ,11.r.iarpaMMhl, cr.icTeMa 06ecne1.1r.1BaeT 

ysepeHHhlA paarOH ,Il.aHHOI'O ,!1.BHI'aTenR, ycnOBHR rrycKa KOTvporo 
cpe,11.H11e, BBl1P,Y 6on&moro MOMeHTa V1He~11H ,IJ.11CKOBblX n11n. IlpH 3TOM 
epeM.11 nycKa cocTaen.11eTAln = 490 3n.c, MaRCIDoian&HhlA npoean 

HanpneHKR rettepaTopa ,11.ocT11raeT t.U,.A =0,09, ,nnwrenbHOCT& npo

eana HanplOleHHR A~"P :340 3n.c,cKopocT& reHepaTopa CHH~aeTCR 
Ha A~ =0,04, cne,11.oB&TenbHO, nponopQHOHQRbHO CHHJlaeTCR H Qac

TOTa HanpJ1JJ:eH11J1, TOK B036Yli,IJ.eHHR B03pacTaeT ,11.0 lf =1,5. MaKCH
ManbH8.R KpaTHOCTb nycKOBOI'O TOKa Kn =4,82, MI'HOBeHHOI'O MO

MeHTa B nycKOBOA l./QCTH MeXaHHQeCKOA xapaJ<TepJACTHKH KM =3,57, 
1.jTO B l,36 paaa npeBblmaeT MQKCHMan&HhlA MOMeHT, COOTBeTCTByJO

lllHA Kpwrr.iqecKOMY CKOnb~eHHJO. 

HaeecTHO csoACTBO acmncpOHHOro ,11.er.iraTen.11 peaKO yeenHl.IK
BaTb noTpe6n.lleMJ'lO MOlllHOCTb B MOMeHT nycKa, l.jTO BnMReT Ha yc
TOAQMBOCTb aBTOHOMHOA CHCTeMbl 3R6KTponpr.iso,a.a (p.ecTa6rinH3Hpyll
l!lee eoa,11.eAcTB11e Yu ). Cne,11.osaTen&Ho, npaKTr.iqecKr.iA HHTepec 
npe,11.cTaBnReT 3Hal.leHHe npe,11.enbHOA (Har.i6on&meft) MOlllHOCTH ,ll.BHI'8-
Ten11 no ycnoBHRM nycKa. QqeBH,11.HO, aTa MOlllHOCT!> oyp.e'l' aas~1ce0r b 

O'l' ycT&HOBlleHHOA MOlllHOCTH ~ Tp8.KTOpa, B nepey1> Ollepe,t.& onpe

Aen111Xlzyll era cnoco6HocTb npHHRTb peaKoe ysenr.1QeHr.1e uoweHTa 
conpOTHBneHHll HQ CBOeM sany npH nycKe ABHI'&Tenx, OT 3HaQeHl11l 

HHepuMOHHOft noCTORHHO~ Ha sany ,D;f3en11, nOCKOn&Ky npH nycKe 
MCl'leT 61>1'1'& HCnor.&30BaHa KHHeT11qecKQ1l 3HeprHR Bpa~alOl!lHXCll H 
ABH~IIU{XC.fl nocTynaTenbHO MB.CC arperaTa, H HSJ<OHeQ OT BHAQ Me-

2-79 
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KynbTYP npH nycKe; TQqKB.MH 0603HaqeHbl ASHH~e 3KCnepHMeHT8JbH~X 
HCcneAOBSHHA . 

H 
a. 
1 



- 19 -
XSHl'IQeCKOtl xapru<Tepl'ICTllKH npHBOJ].J.iMOro pa6oqero opratta,T.K. 

CBOACTBO pa6oqero 'OpraHa yMeHbUiaTb MOM8HT conpOTllBll8HHI! c na.a.e

Hll8M CKOpOCTl'I y11ylltll8.BT,yc110BHI! nycKa. 

3aBMCllMOCTb npe,ll.eJibHO;\ MOlllHOCTl'I PA ,!J.BllraTenII no ycnoBMffi.l 

nycKa OT MOUU-iOCTH P.1.st ,ll.ll38JIR TpaKTopa no11yllllM, 6npe,!J.eJIRR ny

TeM QHClleHHOro aKcnepllMeHTa a1-1anorllllHO npe,nbl,a.ymet.iy npimepy, 

B03MOlKHOCTb nycKa ac1rnxpmrnL1X ,ll.BKraTe11et1 pa31JllllHOtl MOlllHOCT}I OT 

CMHXpOHHOro rettepaTopa Tllna ECC5-d2-4 HCDOl!b3yeuoro s a11eKTpll

~ll411posaHHOM 06peall11Ke KpOH n110.a.osL1x KYllbTyp,no,ll.Kl!nlleHHoro no 

-0,05 

(I/ ' 
~g 

f,0 

0,8 

0,6 

0 0,05 0,1 0,15 H''J -i 

Pllc.2.2. ,ll,HHB.MllllecKaR uexB.H111leCKaJJ xapaKTepKCTm<a 

aCllHXpOHHOro ,ll.BHraTeJIJI o6pe3QHKa KpOH 
Ill!O,ll.OBLIX KyllbTYP np11 nycKe. 
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oqepe,11,HO l< pa3nHQHblM Tpa1<TOpa.M. Hmi;e np11ae,11,eHlJ BX0,11.RllU"e B 11c-
xo,nH1i1e ,11,aHHble,,11,nll pacQeToB napaMeTpbl pery1111TOpHhlx xapa1<TepHCTMK 
,IUl3e11ellt H HHepqHOHHaJl nOCTOJIHHBJr Tp8HCMHCCIHI c npHB0,11,0M rettepa
TOpa HeCKOJlbKKX THilOB Tp8KTOpoe, HaA,11,eHHble no HX rracno~THblM ,11,aH
HhlM /!4/ :T-25-.M~=0,4!,~HJ.ac=I,2,M; =0,W1 =l,04,M~ =0,41, 
~1 =!,~xi =l, Hm =43l;T-40 - .M~ =0,?4,W11,..:=-I,0'7, M; "'O, 

!:Y,, =l,06, M~ =0,?2, $:i>2 =l, ~10 =0,99, H,,.p "'533; MT3-80 - M~ = 
=0,97,<NH~ =l,47, M,' =0.~, =l,09, M~ =0,72, ~ .. =I, ~XO =0,99; 
T-150 - M~ =2,3I,W11-=l,4, MJ =0, <N, =l,04, M~ =0,72,~i =I, 
<Hxo =0,94, H,rp =1085; K-?00 - M~ =3,53 1 <YH,1e=l,2, M; = 0, !!.'1 = 
zl, OI. ~~ =0. 72, Wi =I. 9lx1 =0. 9?. H,,.p =1519. 
Hc1<0ML1e aaeHCHMOCTK ,11,nR paanHQHblX aHaQeHHft KO~HQHeHTa aarpya

"""' KH ,11.BHI'8'l!eJIR t'flt= !!.YM''' ,11,8.Hbl H8 pHC. 2. 3. r,11,e BeJIHQHffi,I MOllUiOCTelll 
-'I" 

,D.8JUO OTHOCHTenbHO HOMHHanbHOA 8KTHBHOlll MOllUiOCTH reHepaTopa, K&J( 
fi/ P,. = f (P,s.tc/p,.). 

Ha pKc. 2. 4 noKa3aHa 3aeHcHMoCTb rrpe,o.enbHOft MOlllJlOCTH ,11,BH
raTenn no ycnOBH.RM rrycKa OT HHepQHOHHOR ITOCTOJIBHOA eana ,11,H3eJIJl 
B MOMeHT nycKa ~/Pr=f(H1/H,,)npK ITOCTO.RHHOM 3H8QeHKK MOllUiOCTK 
,11,Kaenn 11 paanKQHblX me • IlpK pacQeTax B KaQeCTBe 6aaoeoro B311T 
MJC o6peaqv.Ka KpoH nno,11,oeblX KYJibTYP c HHepqKOHHolll nocTO.RHHoft 
Ha eany ,11,H3e,:n H..,1 = H,,, +ll1n :: 602,3+13,0?=615,37. 

AHanKa nonyQeHHblX KpHBblX (cM.pHc. 2.3) noKaa1i1eaeT eecbMa 
cymeCTBeffiiY~ 38BHCKMOCTb rrpe,11,enbHOA MO!llHOCTH 3anyc1<aeMOI'O 
,11,BHraTenn OT THIIa TpaxTopa arperaT11py.xa.ero MamHHy. TaK npH 
nycKe no,11, HOMHHanbHOR HarpyaKoA OT Mac Ha 6aae TpaKTopa T-25 -
P4/P,.= 0,2, Ha 6aae K-700 - ~IP,. =0,?,T.e. OTHomeHHe MOl!lHOCTeA 
aarrycKaeWblX ,11,BHI'aTeneA ,11,0CTHraeT 3,5. &ro 06bRCHReTCR He,11,ocTa
TOQHOA MOl!lHOOTbD nepe11QHoro ,11,eHraTenn TpaKTopa T-25 ,11,nll aanycKa 
6onee KpyrrHblX 3JieKTp0,11,BHI'8Teneft, trro npKB0,11,HT K pe3KOMY na,11,eHHD 
CKOpOCTH ,11,H3enR H K ITOJIHOA noca,11.Ke Hanpn~eHHR reHepaTopa. liepx
HP.R rpaHHQa npe,11,enbHOA MOIUliOCTH npH ~OCT8TOQHOM aarrace MOlllHOC
TH TpaKTOpa onpe,11,en11eTCJI B03t.'.OJIHOCTJIMH KOt.mayH,11,11pyi>mero ycTpol\
CTBa reHepaTopa He o6ecneQHBB.Kl~ero no,n.nepxaHHe Harrp~eHHR e ~o
nycTHMOM ,nHana30He npK 6onbmoR neperpy3Ke. HaMeHeHHe Ko3iMKQK
eHTa 3arpy3~H ~BKI'8TeJIR npHB0,11,HT K nponOpQKOHaJibHOMy CHH~eHHD 
HnH yeenHQeHHX> npe,11,eJibHOA MOIUHOCTH. 

Bo3pacTaHHe HHepqHOHHOR nocTOJIHHOR aana ,11,113enR H3 a 
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!1A 
Pr mc=0,75 

mc:1 
~751--~~-+-~~-+-+--~~-t-_...,_~~+--~~-t-~~---1 

D Z J 4 5 ".uc/Pr 
T-25 T-40 IOICJ-611 l'ITJ-80 T-fSO K-700 

PMc.2.3. 3aBKCH!.40CTb npeAenbHOR MOllUiOCTK ABY.raTenn no 
ycnOBK.FJM npm.ioro nycKa OT MOIJUiOCTH AH3enn 
Tp8KTOpa, 

~rc.2.4. 3aeHCKMOCTb npeAenbHOR MOll!HOCTK ABKraTenn 
no ycnOBKSW npnMoro nycKa OT HHepI.lHOHHOR 
nOCTORHHO~ arperaTa. 
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2,5 pasa npH me ~I, noeblWaeT npe,o.eJibHY~ MOOUiOCTb no nycKy a 
1,!6 pas, me ~0,75 - B I,26 paa Mme =l,25 - B I,O? pas. lioc
KOJibKY yseJIHQettHR H, a I,5 paaa npoTMB 6asosoro MOllHO ,o.ocTHr
HYTb npH Macce arperaTa OKOIIO IOO T HIIH noe1i1111e1111eM cKopocTH Iii 

4,8 pa3,QTO COOTBeTCTByeT nepe,D.BH~eHHD Ha CeAbMOl-BOCbMOft ne
pe,o.aQax, TO 11cno11bsosatt11e HHepQHOHHOA noCT011HHOR H1n npHBo,o.a 
,o.sig:HTeneA, yqHT~saxxu.eA nocTynaTelibHO ABffXYlll.Heca waccw arpera
Ta, ,o.n~ 3Tmc qeneilt npe,o.cTaBnReTCR Heqenecoo6pasHblM. Bonee a~
~eKTMBHO H, MO)[eT 6bl'l'b nOBbJllleHa 3a CQeT ceoeilt OCHOBHOl COCTBB
IIADCQ.eA - HHepqHOHHOA IlOCTORHHOA u,,.., ,o.eTaneA Tp&HCMHCCHH ff reHe
paTopa. TaK ,o.nR yeenffQeHHR H, B I,5 pasa ,o.ocTaTotn!o Ha BOM yc
TaHOBHTb MBXOBMK c MOMeHTOM HHepQHM B I,5 pasa BhllDe MOMeHT& 
HHepQHH rettepaTopa. 

YMeHbmettMe H7 OTHocwrenbHO #,, npaKTHQecKH He npHao,o.wr K 
CHH~eHHD npe,o.enbHOA MO[llJiOCTH - ,D.M3e1Ib MO~eT o6ecneQHTb nycK 
,D.BMI'aTelIR HCKJIDQHTeJibHO sa CQeT HM6DCQ.eroca aanaca MOCQ.HOCTH, 
r.ne,o.oeaTeJibHO, B ,D.aHHOM cnyqae HHepqHOHH8.Jl noCTOJIHHaJll B81I& ,D.H
sena, npH 111TaTHblX ,D.IIH ,D.BHHOI'O arperaTa T6XHMQeCKIDC napaMeTpax, 
cyCQ.eCTBeHHOro BII~JIHHA Ha npe,o.elibttyD MOCQ.HOCTb sanycKaeMOI'O 
,D.BHI'&TelIA He OKas~saeT. 

TaKHM o6pasoM (cM.pHc. 2.3) , npH npoeKT11posaHHH O,D.HO,D.BH
raTelibHblX ceJibCKOXOSAiltCTBe~x M81DHH, Heo6xo,o.HM)'D MO[llJiOCTb CHH
xpOHHOI'O reHepaTopa no M3BeCTHOilt pa6oqeA MOIJli{OCTM ,D.BMr&TelIH 
fipa6 tty)(HO onpep.eJIJi'l'b B COOTBeTCTBMH c YCIIOBHRMH nycRa Ka.K 

• P. = P ... ear 
r o,+ . (2.2) 

Ecn11 pa60QHe opraHhl sanycKaJOTCR Ha xonOCTOM xo,o.y (nerKHR 
nycK), MOOlHOCTb rettepaTopa cne,o.yeT HaftTH no ycnOBMllM "arpesa 
T.e. DO noTpe6HOilt MOCQ.HOCTH ~""" ,D.BHr&TelIA 

Pr = P4. n111P • 
I (2.3) 

H o6oKX CJIYQEUrX HOMl1H81IbHYD MOCQ.HOCTb reHepaTopa onpe,o.e-
r.JllO'f no ycnOBHJJ 

(2.41 
MOl!UiOCTb PAsc nepBHQHOro ,D,BC 06ecneq11sa~~ero s~nonHeH11e 

YCIIOBHll' ( 2. 2) ' ·raKli9 Haxo,n.HM. BOCDOJib30BaBml1Cb p11c. 2. 3 

(2.5) 



- 23 -B TO ae BpeMR ,ll,BC AOJIJlteH o6ecneQHTb npoBeAeHHe TeXHOJJOr'HtreCKOr'O 

npo1.tecca 1 Kor,a;a . 
Pr n 

~Bl.' : --- + "'t:Mp 
t, t,0/11 

r,a;e Pcnip = Mcnip <U - MOl!l.llOCTb 
raTa, .lViR ,a;anbHeAm11x pacQeTOB 
no (2.5)H (2.6) MOUUiOCTeA ,!l.BC. 

(2.6) 

Heo6xo,a;MMaR Ha nepeMemeHHe arpe-

6epyT HaH601lbIDYD H3 Haa,a;eHHhlX 

ilpH nycKe pa60QHX opraHOB Ha xonocTOM XO/JS MOCUHOCTb JI.BC 
onpe,a;eJJRIOT H3 ycnOBHR (2.6), COCTBeTCTBYDmero pa60Te B ycTatto':.. 

BHBWeMCR pe~HMe. 
HOMHHaJJbttyD MOUUiOCTb )J.BC HaXO,a;RT B COOTBeTCTBHH c ycnOBHeM 

IlpRMo~ nycK HeCKOJJbKHX ABHraTeneA op,ttoepeMeHHo. TaKoA 

nycK MO~en11pyeM attanorHQHO npe,ll.bl!JYmeMy cnyQaJJ• sa~aeaRcb sHa
Qett11eu nm. 

B cnyQae OAJiOBpeMeHHOPO BKRDQeHHR ,a;eyx ,ll;BH!'aTeneA o6pe3-

1UiI<a. epeMR .llX nycKa ,a;ocT11raeT A't'n = 890 3JI.c. • ttanpRl!teH>ie 
reHepaTopa na,a;aeT HaAlJmA =0.07 e TetleHHe ti'rnp = ?00 an.c., 
CKOpOCTb ,ll;r.!3eM CHHJl(aeTCR Ha AW = 0,05, MaKCHManbHaJ! BCJJH
QHHa TOKa B036yx,a;eHHR i1 = I,b, KpaTHOCTb nycKOBOPO TOKa ABH
raTenR Kn = 4, 18, KpaTHOCTb MPHOBeHHOPO MOMeHTa K,,,. =2, 98, 
QTO e I,19 pa3 Bblllle Ma.KCHManbttoro MOMeHTa no nacnopTHhlM ,a;aHHNM 
(p11c.2.o 11 2.6). 

TaKHM o6pasoM, no cpaatteHHD c nycKOM o,a;Horo ,a;a11raTenR, 
aospaCTBJOT rny611Ha na,a;eHHR Q8CTOTN H ,ll;11HT91lbHOCTb CHH*eHHR 
ttanpSilteHHR reHepaTopa, yMeHbmaeTCR nyCKOBOA TO~, 3TH ¢aKTOpN 
B COBOKynHOCTH, HeCMOTpH HS HeKOTOpoe ynylJUJeHHe KOMnaytt,a;Hpoea
HHR Hanp.fDltem1R I npHBOA.fiT K CHHllCeHHD MOMeHTa ABH!'8T€:11R B TeQe
HHe nycKa !.! COOTBeTCTBeHHO K pOCTY epeMeHH nycxa. 

Pa3pa60TaHHaJ1 MaTeMaTr.!tleCKaR Mo,a;enb no3eonReT a m11poKOM 
p;r.!anasoHe M0HRTb napaMeTpN aCHHXpOHHhlX ABK!'8Tenea H r.!X QHCJJO, 
QTO ,a;ano B03MOlltHOCTb ycTaHOBJ.!Tb 3aBHCl'IMOCTb npeAenbHOr'O QlfCJJa 
n~I 0,a;HOBpeMeHHO 3anycKaeMblX ,ll;BHPaTeneA OT HX MOCIU-IOCTK.n~~: 

•f(~)npK nycKe OT o,a;Horo H Toro ~e 6a3oaoro MOC (p11c.2.7) 

• 

' 
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PHc.2.5. Harpy30QHaR AHarpruoca ·acHHxpoHHoro ABHraTenn oope3QHKa KpOH 
nJIOAOB~x xynbTyp npH 0,11.HOBpeweHHOM nycxe ABYX ABHraTenea; 
TOllKa.MH o003HaQeH.W A8HHhl0 3KCnepldM0HT"&.'!bHlilX J.ICCJI0,11.0B8HirlL 

I 

~ 
I 
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f,O 

0,8 

0,6 

0,4 

nf',. H''' v," -I 

Pwc. 2. 6. )J,J.iHaMMQeCKM MexaHl~IJeCKaJI xapaKTep1tCTHK8 

8CHHXpOHHOro ,llBi!I'8TeJI1f o6pe31JHK8 KpOH 

W!O,llOBNX KynbTYP npH O,nHOBpe MeHffOM nycKe 

,nayx ,nBHI'BTeneA. 

2-79 
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O,f ' 0,2 0,J 0,.f 

PKc.2. ?. 3aa11c1-1MOCTb npe.nen&Horo trncna O,!J.l"JOBpeMeHHO 
3anycKaeMb1x )lBKraTeneR OT HX NOWJiOCTK. 

~ 

Uo.nem1poaaH11e npoH3ao.n11noci. )lJIR acHHxpoHHWX .ns11raTeneR c 
nc = !500 I/MHH npH H~1 = 2HJ: , r.ne H1': - HHepqHOHHa.11 

noCTO.RHHaR poTopa )lBHraTen.11. AHanH3 nonyqeHHblX pe3yn&TaTOB no
Ka31>1aaeT, qTo ecnH npH me -= I H P~ !Pr = 0,5 - n~'' =I, 
'1'0 - npH me = I H p~ I Pc =0, 036 - n~*' = I4 11 cyL!MapHa.ct MOW.
HOCTb Oll)iOBpeMeHHO 3anycKaeMblX )lBHI'aTeneR COCTaBn.ReT PAf = 
= !5 K H p.IJ.fl/ = 15,4 KBT. 

Vi3 rpa~HKOB BH)lHO, qTo H3MeHehl1e me oKa3b1BaeT B03paCT8D
m.ee BJIHRHHe Ha qHC110°0JUiOBpeMeHHO BKJl~qaeMblX )lBHI'aTeneR c 
yMeH&meHHeM HX MOl!UiOCTH, T8K yaenHqeHHe H1111 yMeH&meHHe me 
Ha 25% np1-1 P4 /Pr = 0, 036 npHBO,!tHT K coOTBeTcTay1>m.ewy cHmre
Hnll 111!1: pOCTy n/,'1 HS 28 H 21%. 

B 4e110M nycK ttecKon&KMx )lBHraTeneR OJUiOBpeMeHHo, no anH.11-
HHIO Ha pa601·y reHepaTopa npaKTHqecKH He OTJlHIJ89TC.R OT nycRa 
O)lHHOqHoro )lBHI'aTen.11, OTRy.na ~Ol!OiO 3aK111>qHTb, qTo nopR)lOR Bbl

Gopa MOl!UiOCTH reHepaTopa 11 ,ll,BC .nn.11 O)lHHO~oro )lBHraTen.11 6y.neT 
np11ro.nett 11 .nn.11 cnytJa.11 nycKa o)lHoapeMeHHO n .na11raTeneR, ec111-1 
no.n. ~par H e, nOTP HMeTb BBH)lY CyMMy pa6otrnx H noTpe6JIReMblX 
MOllUiOCTeR acex .nsv.raTene~. 

2-?9 
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Ilp.RMoA nyCK ABHI'aTeJI.R npH HaJ!lftlHH napaJIJI6JlbHO BKJil'Jlj6HHblX 

8BHI'aTeneA. PaccMOTpliM cnyqaA rrycKa ABHraTeJI.R o6pesqHKa KpOH 

IlJIO)J.OBhlX l(,.YJ!bTYP npH pa6oTal'JUlHX OCTaJ!bHhlX 7-H ABJ.II'aTeJI.RX. 3-roMy 
peiumy COOTBeTCTBYl'lT CJ!S)J.Yl'll!lHe 3HaqeHlA.R HCXO,!l.Hb!X ,u.aHHblX n W = 
.. 7, n<1» =I, rs = 0 H 'l, =IO, T8Kl!te np1™eM ~;> = 0,97. 
IlonyqeHHble B pe3yJihTaTe pacqeTa HarpysoqHhle AHarpaJ.1.Mhl l:,:!,~J~ 
rtJj''= f(tr) 3anycKaeMoro H J~~, ~#'', S!Jj" = 'P ('l') owwro H3 cew1 pa6o
Tal'llllHX napannenbHO ABHI'aTeneA o6pe3qHKa KpoH nno)J.ODHX KYJibTYP 
noK83aHbl Ha pHC .2. 8. Tru.1 lite npHBe)J.eHhl rprupHKl1 JI~~ , i l , !!l == Ill (tt) 
H3M6H~Hl1.R Hanp.Rl!teHH.R, TOKa B036yl!t)J.eHH.R H CKOpOCTH reHepaTopa. 

I'prupHKH noKa3h!BaIOT, ljTO B npo4ecce nycKa npOHCXO)J.HT CHH
llSHHe Hanp.!tllteHH.R reBepaTopa Ha f). /j,.A = 0. 09 H CKOpOCTH ero spa
~eHH.R Ha/).~ = 0,08, QTO CKa3blBaeTC.R Ha ycTOAljHBOCTH pa60Tbl pa

Hee BKJil'JljeHHhJX JlBHraTenen. CKOpOCTb KOTOphlX naAaeT HS "'f!l;' =0. II 
H conposo~aeTC.R 6pOCKaMH TOKa H MOMeHTa. IlpH npeBbJUl6HHH )J.Onyc

THMOI'O 3HaljeHH.R .'1 U,,,AaCHHXpOHHhlA ,ll.BHI'8T8Jlb MOJKeT OilpOl{Hl::fYTbC.R. 
MHHHMSJihHO ,o.onycTHMOe BanpmKeHHe Ha sruitHMax ,D.DHraTeJJ.R no 

ycJIOBHRM ycTOAQHBOCTH B pa6oqeM pel!O!Me B 4>YHK4HH K03~11QH611Ta 
sarpy3Kl1 l!mln=f(fnc) npH pa3JIHljHJ:.IX noKa3aTeJJRX CTeneHH x BXO)'l,.ll
~ero B ypaBHeHHe MeXSHHljeCKOR xapaKTepHCTHKH pa6oqeA MamHHhl 
npHBe)J.eHO Ha pHC.2.9. 

KaK BH)l,HO H3 pHCYHKOB, acHHXpOHHblR ,ll.BHraTeJJb BBH,D.y ,ll.OCTa
TOljHO 60JJbillOA neperpy30QHOA cnoco6HOCTH coxpaH.ReT ycTCAljHBOCTb 
npH rny6oKoA noca,D.Ke Hanp.RlleHH.R. Ta.K, npH X = 0 H HOMHHEL1bHOR 

Harpy3Ke, 11anp.RJ1teHHe MOlKST CHHl!t8TbCSi .no !/mtn :: 0,63, x = 2 ,n.o 
u.0= 0,5. B cnyqae neperpy3KH JlBHI'aTeJI.R ~pe60BaHH.R K K8QSCTBY 
Hanp.RJ1eHH11 yl!teCTOQB.IJTCR H npH me = 1,25 ypoBeHb MJ.1HHM8JlbHO 
}lonycTHMoro Hanp.FDteHH8 cTaHOBHTC8 Bblllle Ha 10 ••• 13%. HanpoTHB, 
eCJJH JlBHraTenb HeAorpyl!teH, HanpHMep, npH me .. . Q,75, yposeHb 
MHHIDdaJibHO AOnyCTMMOI'O Hanp.Rl!teHHR nOHlr1lf'..aeTC11 Ha l4,5 ..• I7%. 

Ilpu 3HSQHTenbHOM paccTORHHH Me~AY 3JieKTpO)J.BHraTeJieM J.1 re

HepaTOpOM AOCTHra10utHM HSCKOJibKlfX }leC.RTKOB H COTeH MeTpOB, cne
p:yeT npHHHMaTb BO BHHMaHHe noTepH Hanp.RJ1teH11.R B CH~OBOM Ka6ene. 
YqeT HX B pacqeTax, ocy~eCTBJiheM nyTeM BBeAeHHR B HCXO,nHH0 
JlaHHLle napru.ieorpos t, 1.1 L, 1<aOenbtton Jl!.IHHH. 3as1-tcmiocTb fl,,,,,,= J(t) 
nonyqeHHa.R Ha npHMepe 3JieKTponp1.1so}la c P11 .. 3 K&.r noARJIJOQeH-

• 
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ASliliWe 3KCnepMMeHTaRbHloJC KCCneAOBBJiUR. 
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- 29 -Hero k rettepaTopy nocpe,n;cTBOM Ka6ena TKIIa KPilCH npwBe,n;eHa Ha 
pMc.2.10. Pacl.leTw npoao,n;rnwcb npw pasm~\ffiHx 3Hal:Jemrnx me u x. 
Ilpw l • 100 M, B COOTBeTCTBJ.IH c rpaifiHKaMH, MJ.IHHMQJlbHO ,n;ony
CTHMOe HanpmteHH0 no ycJIOB~IJUI yCTOR'll!BOCTH CHID!Ui8TCH Ha .du,,..,. = 
• 0,01. •• 0,04 H npH t "' 400 M H& .4Umtn "'°· 05 ... O,IO B 3aBHCH
MOCTll OT me U X • 

Ilpat<THl.leCKHA HHTepec npe,n;cTaBJIHeT 38.BHCHMOCTb npe,n;eJibHOR 
MOatHOCTll P.4.s sanycKaeworo ,n;e1.1raTena OT MOUUiOCTH P4 p napanneJib
HO BkJIX>QeHttoro pa60Ta10~ero ,n;ewraTena no ycnoBMIO ycTORQHBOCTH 
nocne,14Hero P'1, I Pr= HP,,,/ Pr) , ,n;aHHaJI Ha plAC .2. II }l.Jist pa3JIHll
HYX me u P,,1e/pr . I'paifiHK nocTpOeH Ha octtoBe pesynbTaTOB IJHc
neHHWX aKcnepMMeHTOB npoee,n;eHHhlX ,n;nn pa:rnJAllHYX CO~le'l'aHHR MO!!!
HOC'l'eA sanyct<aeworo K pa60Ta1J~ero OT MOC ,n;e1.iraTena. ,ll,onycTHIAhle 
MOllUiOC'l'H ,D;BKI'aTeJieA pacnOJIO*eHY Ha \laCTH nnoma,n;K pHCYHKa orpa
HH\l0HHOR JIHHKeR npe,n;eJibHOR MOIIlHOCTH H OCJIMH KOOPAHH8T, ,[J..18 

Mc = l r.i P4,c/pr "'l,54 aTa qaCTb aaruTpwxoaaHa. 
IlycTb H3JleCTHa MOllUiOCTb no,m<nro11eHHoro K MOC c Ar•c/p,. =l ,54, 

,ll,BKraTeJUI'. P11.p/ P,. .. o,2 Hero Koa<Ixl>HQHeHT sarpysKH me =l, 
HaA,n;eN MOllUiOCTb )l;BHraTenn, KOTopyIO MOJKHO aanyCTHTb OT Toro ~e 
MOC, He ,n;onyCTHB onpoKr.tA1i1BaHHR pa6oTaJlmero ,D;BHraTenn. ,ll,nn 
&Toro, npoee,IV'I OT TO\lKH 0,2 Ha ocw P,,p /Pr BepTHKaJibHYX> JIHHHIO 
JlO kpHBOR 11'1c .. 1. P1.1c Ip r . sl. 54 H OT HaR,n;eHHOR TO!.IKH ropH30H
'l'QJlbHYIO JIHHHIO ,n;o OCH op,AKHaT, onpe,n;eJIKM HCKOMylO MOlllHOCTb ~•/p,.= 
• 0,41.,!J,eRC'l'Byn B o6paTHOM nopn,AKe, no H3B8CTHOA MOIIlHOCTH sa
nycKaeuoro )l;BHraTeJin MOl!QiO ycTaHOBKTb npe,n;eJibHYIO MOIUHOCTb na .. 
panneJibHO pa60Ta10Utero ,n;ewraTenn. 

Pac\leTY noxasyeaJOT, I.ITC e MOMeHT nycKa cauoro M0111Horo H3 
n ABMraTeneR npM pa~OTB.DUUJX OCTaJibHl>IX , KX CyuMapHaR MOUUiOCTb 
P~" 6y ,D,eT paBHa 

(2.8) 

rAe P.,,, - MOm.HOCTb ttaH60nbmero (sanycxaeuoro) ,n;a1.1raTenn; 
~,,.rpt - ll0Tpe6HM MOllUiOCTb i -ro )l;BKI'STCJ!R. 

Tor~a, c y1.1eTOM (2.2), MOllUiOCTb reHepaTopa, tteo6xo,n;HM}'X> 
,n;n11 06ecne1JeHK1l nycxa HaR~eu KaK 
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Ymin 

0,2.__ ____ ..._ ____ _._ ____ __.. ____ __ 

ll.5 0,75 1,25 

PHc.2.9. 3aaHCMMOCTb Mmn1ManbHO .nonycTHMOI'o HanpneH11JJ 

tta 3aJ!tIDdax )l.BHI'aTena OT KO~HqHeHTa sarpysKH. 

Ymin 

~2.__ _ ___ ...._ ____ _._ ____ __.. ____ __ 

0 too 200 300 i,M 

PHc.2.IO. 3aBHCHMOC'rb MHHHMSJJbHO .nonycTHMOI"O 

:-1anpillil'.€Hll.fi Ha aa;uw.ax l'BHI'aTenJJ OT pacc,;:oattl'R 

nepe.na1<11 aHeprm1. 
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Pr= 0,1 ~n ' (2.9) 

TO lie no ttarpeey 

(2.10) . 

K AnR Aanbtte"111Hx pacQeToB 6epeM HSH6onbaJYD H3 paCCQHTllHHliX no 
(2.9) H (2 .10) MOtllHOCTb. 

IlpH nycKe pa60QHX opraHOB Ha xonoCTOM XO'!fY He06XOAHMY~ 
MOtllHOCTb reHepaTopa HSXOAHM no ycnOBHD (2.10). ttOMHHanbHYD 
MOtllHOCTb r eHepaTopa Bli6KpaeM no (~.4). 

Heo6XO,JU1MYl? H HOMHH8nbHYD MOlllHOCTb ,ll.BC H8RAeM COOTBeTCTBe
HHO no (2.6) H (2.?). 

B KaQeCTBe np11Mepa B~6epeM rettepaTop 11 TpaKTop AnR 3neK
Tp11~11q14poBaHttoro o6pe3QHK8 KpOH nnOAOBliX KynbTYP· 

B cooTBeTCTBHH c npHBOAHYMM xapaKTepHCTHKSMH pa60Q11x 
oprattOB o6pe3QHK8, AnR HX npKBOA8 6~n B~6p8.H 8CKHXpOHHliR 3neK
Tp0,11.BHraTenb 4A90L2CY3 c HOMHH&nbHOV. M001HOCTbD~H s 3 KilT. 
Iloc~onbKY nycK pa60QKX opraHOB ocymeCTBnReTCB Ha xonOCTOM xo
f.JS, Heo6XOAHMYD NOtllHOCTb rettepaTopa onpeAenHM no (2 .10) AnR 
pa6oq11x MOlllHOCTeR ABHraTeneR ~"°' = 2,4 KBT 

,, ~ P~,.i;, l,'1 .. 2 B 
Pr: J ~ l • (- -- = B · ~ = J,.,.,tl' m. r.; ,,.,, ,., t.,, o,a., 

Cne,11.osaTenbHO s~611paew rettepaTop THna ECC5-82-4 c PH = 30 KBT. 
MOlllHOCTb ABKraTenR TpaKTOpa HaR,11.eN no (2.6 ) 

~•c .: 1.l · 11,J + 5, 0 .: J2,3 K Bm. 

TaKHM o6pasou, AnR arperaTHpOBaHHR 3i1eKTPl«flKllHPOBaHHoro 
06pe3Q11Ka tteodxoAffN TpaKTop TRrosoro Kr.acca tte Mettee 1,4. 

t!acTOT~ nycK. IlpK 06opy,11.0B8HHK 3ll6KTPH¢HqHpOB8HHOR Ma
mKHW OJViHM eneKTponpHB0,11.0M, ycnOBKR npRMoro nycKa no cymecTBY 
RBnRllTCR onpeAenRlll!lKMM B BN60pe MOlllHOCTH reHepaTopa H TpaKTOpa 
MOC, H ttaodopoT ycTattoanettHblR THn rettepaTopa 11 TpaKTopa orpaH11-
QHB&eT MOtllHOCTb acHHXpOHHOro ,D.BHraTenR no TeM ze ycnoBHRM. B 
pesynbTaTe, B HaH6onee 6naronpKRTHOM cnyqae MOtllHOCTb ,11.e11raTenR 
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PHc.2.11. 3aBHCV.MOCTb npeAenbHOR MOllUfOCTH sanycxaeworo 

ABKraTena OT M011UiOCTH napannenbHO BK11XlQeHHHX 
ABH;aTenea no ycnOBKE ycToAqHBOCTH nocBeWfliX. 

6yAeT COCTaB»J!'l'b ?Cffo OT MOllUfOCTM reHepaTopa, qTo npHBOAHT 
K HeAOHcnonb30BtiHHJO nocneWiero H CHHJKeHHE noKa3&TeneA xaqecTB& 
CMCTeMLJ B qenoM. 

IlpH MHOrOABHraTenbHOM &neKTponpKBOA8, no TeM xe npKQKHaM 
HeB03MOllHO 3aITyCTHTb Bee ABKraTenK OWiOBpeMeHHO, cneAOBaTe.lll>HO 
38TpaTN speMeHH Ha BBOA arperaTa B paOoqee COCTOJIHHe woryT 
OblTb 3HaqKTenbtWMl!. 

YqHT~Ba~ CKaaaHHoe, a TaKxe soaMomtocTb perynKpOBaHKa 
CKOpOCTH ,IU13eneA TpaKTOpOB B mHpOKOM AM&naaoHe H ycT&HOBKH Ha 

arperaTe AOnOnHHTenbHOrO HCTOqHHKa nocTORHHOro TOKa AllJf ~pCKpo
BaHHR B030YTi,IJ.6HHR reHepaTopa, HaMV. npeAnOXeH qacTOTHbrlt nycK 
&CHHXpOHH~X ABHraTP.neA, KOTOp~ HCKBEQaeT B03HHKHOB6HMe OOBbWHX 
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nycxoamc TOKOB ~ 3Ha.KonepeMeHHhDC 6pocKOB MOM6HTa ,nBHraTeJIR 
3Ha'QHT6JlbHO npeBbllll!W!llHX KpHTHlleCKWR MOMeHT H npHBO,[\JIOU1X K npelK
,o.enpeYeHHOMY M3HOCY )J.eTanet\ npHBOp.a pa6oqero opraHa. fnaettoe 
'QaCTOTHbiR nycK ,o.aeT B03MOJKHOCTb aanycTHTb no,o. ttarpy3KOR acHH
xpoHHb!A )J.BHraTeJlb c MOIJUiOCTbl) 6JIH3KOA HJIW paBHOR MOOUiOCTH re

HepaTopa. 
llpH 3TOM pa3pa6oTaHHoe ycTpoRCTBO ~opcHpOBaHHst B036YlltA6HHst 

nosaom:leT noAJI,epiKHBaTb aa,o.aHHOe COOTHOW6HHe MelK)l.y HanpSJ)!l;6HH6M 

H ~KOpOi';bl) ){BHraTeJlst B COOTB6TCTBHH C YCJIOBH6M IJ.: 1(1 '.!J: zle Y.= 
• JiJ. ·~ .. /{/. llTO paBH03HaQHO llOAJI.6p11taHHIO HYlltHOro COOTHOW6Hl!R 
MeJK.IIY MOMeHTOM ,o.e11raTeJ1st H ero cxopocTbl'.l. Ecm~ Y. ~ K1 ~ , 

TO ycTpOACTBO K o6MOTK6 eoa6y11t,neHHst reHepaTopa IlO)J.KJIIOQaeT CHC

TeyY Cat.10B030yl!t,D.eHHst. ec1rn u. < "* !!} - BH6WHllA HCTOQHHI< 3Hepr1rn. 
Ha pHc.2.I2 npHee,o.eHa HB.rpysollHast AHarpaM!-da aCMHxpoHlloro 

,naHraTenst 06pesll11Ka KpoH nno,noBhlX KynbTYP npH OAHoepeMeHHOM 
qaCTOTHOM nycKe ecex BOCbMH ABHraTeneA AJ!lt CJ16AYlllllMX HCXO,llHblX 

)J.8.JiHblX. 
,,,.1 = a, nta> = o, e 0;00152, K1 = r, !J,11 = o,or5, 

n "" 2, '(6 = 0, 'l, = 5000 H Ha'IJaJlbHblX YCJIOBHA 
i1<DJ = o, 1;:raJ= o, i~foJ= o, l':l<oJ= o,j~fa) .. o, wto)= o,os. 

~f'loJ~o. Ha p11c. ,o.nst Harnst,nHOCTH ttallano nycI<a CABHHYTO Ha 
IO an.c. Opoqecc nyc1<a B COOTBeTCTBHH c sa,o.attHblMH ycnoBMm.rn 
npOHCXOAHT B CJ16AYIJU1.6M nopR,11,Ke - I< npe,neapHT6JlbHO npHB6,D.E:HHOMY 
ao aparneHHe co cxopocTbl) !41 = 0,58 reHepaTopy MOC, qepes xoM
MY™PYIOlllHe annapaTN no,11,Knllll8.JO'l'Cst acwHxpo.HHble ABHraTenw H no~ne 
3TOrO Ha 06MOTKY aoa6yllt,ll.eHHst no,naeTCst Hanpst~eHHe OT BHemHero 
HCTOllHHKa nHTattHst. Aanee cxopocTb ,nBC nyTeM nnaeHoro nepeMeme
HHst TOilJIHBHOR peRKH yaenHqHBaeTCst )J.O 3Ha'QeHHR COOTBeTCTBY~mero 
HOMHHaJlbHOR CKOpOCTH rettepaTopa. 

AHaJIH3 nonyllettttoA ,o.warpaMMN noKaa1i1eaeT, l:lTO a MoMeHT 110-
,n.a1m aos6ylK,ll,eHHR B03HHKaeT OTHOCl!TeJlbHO Hel50JlbWOI! nyc1weol! 
TOK ,D.BHraTeJlst c KpaTHOCTbD Kn = 2,18 M MOM6H':' )l.BHraTenst )J.OC" ,,, 
TMraeT ::11 = 0,05, tiepea A't' · = 300 an.c. npo_HCXO,D.HT cTadrt.-

uW Jft1 11 11> • ,,1 M 
J1H38QlUi !:If M lrrA • H nJiaBHOe B03pac~aHMe •mA t "*' (!} u :e61 
AO HOMMHaJibHblX aHaQeHMA. B qenoM npoqecc nycKa ,o.nwTcR A~" 
1000 3JI.C. 

3-79 



~ 
<.D 

i, i YmA[~J--~-4--+--i--f--i·--r=t~j 1(11 
_mA 

w 
f Bi ,-:;111 
• ~g 

1,61 0.B I . I I I I I I L:--~ I "' I I 

I ,,c I ~~I I I 0.81 o,1i I I I I I..... 0 -

0 o L~ I 9 QI/ Q 1° / :a I Q $ Q I ? 0! g 1
0 f0020i JOO 400 500 600 700 800 SOD T,3A.C. Ts 

PHc.2.12. Harpy3o4Haa AHarpaMMa acHHxpoHHOro ABHraTenn oOpe3?HK8 KpoH nnOAOB~x 
KynbTYP np~ OnHOBpeMeHHOM tl8CTOTHOM nycKe Bcex ll,BHraTene"'; TOtlKaMH 
o603H8tle~~ A8.HHbl6 3KCnep1:1MeHT8nb~X HCCH6AOB8JiH"'. 
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Ha p11c.2. 13 no1<a3aHa aarpy3otiHaR ,D.11arpaMMa ac1rnxpo1moro 

,D.BMraTenR Tl.ma 4'.AIBOM4Y3 c PH = 30 KBT np11 11acTOTOM nyc1<e OT 
MSC Ha 6a3e TpaKTopa K-?00 c reHepaTopoM Tuna ECC5-82-4, nony

trnHHB..R ,II.Ml n<f) = I' Mi~'= Mc~fJ = O,f86, it, = IO J.I i,(O} = 
=0,86. OrH ycnOBJ.IR COOTBeTCTByllT ,D.pYPOMY nopRAKY 48CTOTHO- . 

ro nycKa - ,!l.Bl1P8Tenb IlO,D.Kn~11aeTCR K npe,D.Bap11TenbHO B036YlKA€H
HOMY OT IlOCTOpOHHero HCTOQHl1Ka IlOCTOHHHOPO TOKa reHepaTo~y 
epama~meMyCR co CKOpOCTbD !:!,} = 0,58 ' T.e. ocymecTBnReTCR npR
MOA nycK ,I1.B11raTenJi np11 noH111KeHHblX t.iacToTe 11 eeJrn411He Hanp.w<1e

H11R. Ilp11 3TOM KpaTJ-JOCTb nycKOBOPO TOKa COCTaa11na Kn = 5,8, 
Kp8THOCTb MPHOBeHHOrO M8KCJ.!ManbHOrO MOM9HT8 KM = 2 '93. IloCJ!e 
npRMOro nycKa, KOTOpblA AJIHTCR J't' = 200 3JI.C. npOU3BO,!l.11TCH 
co6CTB9HHO 48CTOTHblA paarOH ABHraTeJIR ,!1.0 HOMl1H8JibHOR CKOpOCTl1. 

TaKuM o6paaoM, npoBe,D.eHHble paclleTbl noKa3blBa~ B03MOJKHOCTb 
t.18CTOTHOro nycKa O,!l.11HOQHOro ,!l.BUraTenR c MOmHOCTb~ paBHOA MOm

HOCTJ.1 reHepaTopa un11 0,11,liOBpeMeHHO rpynnhl ,D.B11raTeneA c CJMMap
HOR MOmHOCTb~ 6JI113KOR K MOlUHOCTJ.1 reHepaTopa. ~aHHblR cnoco6 
nycKa , np11MeHl1T9JlbHO K 3JieKTp11¢~11poe8.HHOMY 06pea.11111<y, COKpa
maeT epeMR IlO,!l.POTOBKJ.I pa6011ux opraHOB K pa6oTe OKOJIO 6 pa3, a 
np11 OAUHOllHOM ABuraTene n03BOnReT CHH311Tb cyMMapHy~ ycTaHoeneH
HY~ MOlUHOCTb 3neKTpu11ec1<11x MamuH 11 ynyt.1ru11Th noKa3aTen11 1<a11ec
TBa ar~eraTa. KpoMe Toro , KaK 6hlno cKa3aHO BblWe, tiacTOTHhlA 
nycK 11CKJI~QaeT He;Kem~TenbHble 6pOCKl1 TOKa 11 MOMeHTa ,!l.BMraTeJIR. 

Ha OCHOBe pe3yJibTaTOB paclleTa, MO)!(HO C,D.enaTb 3aKJI~lleH11e 0 

l,lenecoo6pa3HOCTl1 11cnonb30BB.H11R nepeoro cnoco6a t.1acTOTHoro n:'c
Ka, KaK 6onee nnaeHoro. 

2.4. Ha6poc Harpy31<11 Ha nepeu4HblR ABHraTeJib 
11 ,D.B11raTen h pa6ot.1ero opraHa 

TporaH11e arperaTa c MecTa (pelK11MYp, ). PaccMOTpMM ycToA-
11uaocTb np11Bo,I1.a B npoQecce no,u.~n~lleH11R K ,D.113en~ nocpe,D.CTBOM 

MY<P'!'bl Cl,lenJieHl1R MaCCbl arperaTa, KOTOpoA He06X0,!1.11MO np11,!1.8Tb no
CTynaTeJibHOe ABIDKeH11e (,D.ecTa6un113upy~mee B03,D.eAcTs11e Y1~ ). 
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Pac\JeT sToro,pelltHMa npoH3BeJJ,eM Ha npHMepe o6pe3qHKa KpoH 

uno,n.oBHX KYJibTyp, npMHRB 
ntt>= 8, nf2> = 0, n =l, 1'3 o:l0 SJl.C, ""a: 167 :rn.c, -
'C's • 0, 't1 "' 5000 SJl.C. 

ToI',n.a BKJI1>l:leHffe cttenneHff.R AJIHTCll A 'L~ = 'l'" -
B COOTBeTCTBffff c TeXHOJlOI'HeR o6pe3KH, B MOMeHT 
llffe opr&Hbl pa60T8.JOT Ha XOJlOCTOM xo,zy. • 

'l.s =175 311.C. 
TporattH.R pa6o-

Pe3ynbTaT1i1 MO,n.enHpOBaHff.R npHee,n.elibl Ha pHc.2.14 a BH,O.e 
,n.HarpaMM 1::1,Mlf~ ~f":.f{'t) u Y!~.1,.!!.',!Yni=lf(<JM npoqecce Tpora
HH.R CKOJ>OCTb ,I:lBC KpaTKOBpeMeHHO n&AaeT AO ~ = 0,83, a Hanp.ir
•eHHe reHepaTopa ,n.o Y .. A=0.81, l:ITO npHBOAHT K CHHllteHH~ cKopocTH 
ABHI'&Ten.ir pa601:1ero opraHa nyTeM nepexo,o.a ero B Tel:leHHe 1003n.c 
B pelltHM reHepaTopHoro TOpMOllteHH.R. CKopocTb nocTynaTeJibHOro 
,O.BMllteHHll arperaTa l:IHCr.eHHO paBHa CKOpOCTff Be,O.OMOI'O Bana Ctten
JleHHJ! 1/'• ~CU.. 

3aBHCHMOCTb MHHHMaJlbHOI'O 3Ha'leHH.R HanpllJleHH.R H ClOpOCTH 
I'ettepaTopa, a T&Klle npo,n.oJIJKHTenbHOCTH npoe.ana ttanp.RllteHHJI OT 
µwrenbHOCTH BKJll>l:leHH.R CttenJieHHJI Tpat<Topa y,,,.,,, ~,.1'Z"np=;{d'la&) 
npH Tpor&HHK arperaTa c MecTa µa 3Ha1:1e1rnR H,n• =13,07, "''"' • 
143 H 1-1,., .. 304 AllHW Ha pHc.2.15. "3 rpwpHKOB BH,11.HO, l:ITO c .. 
yweHbmeHHeM apeMeHH BKJ11>'leHHJ1 cqenneHH.R ,n.ecTa6HJIH3Hpy~~ee B03-
,n.e~CTBHe npoqecca TpOI'8HH.R arperaTa Ha ycTORl:IHBOCTb npHBO,o.a 
B03pacTaeT. IlnaBHOe TpOI'&HHe c MeCTa cnoco6cTByeT nOBblWeHH~ 
yCToAqHBOCTH sneKTponpweo,n.a, HanpHMep, yeenHl:leHHe epeMeHH BKJIIO
qeHH.R CqenJieHHJI B 3 pa38 C .4 ~ "'157 3Jl. C ]J.O ~ rc14 =471 3Jl. C npH 

u., =304, no~BOJIJ!eT MHHHM8JlbHOe 3Hal:leHHe Hanp.IDl:eHff.R ff CKO
poCTff reHepaTOpa no BblCHTb JJ.O /:!.,A"' 0, 79 H fN = 0, 96 ffJlH COOT
B6TCTB6HHO Ha 7,5 ~ 6,1%. 

TaKHM o6pa30N, nocKOJlbKY Ha npat<THKe B03MO~OCTb pe3Koro 
(pblBKOM) TpOI'aHHJ! arperaTa c ).leCTa He HCKJll'.l'laeTCJI, B 06111eM 
cnyqae CHCTewy 88TOHOMHOI'O 3neKTponpHB0,0.8 M06HJiblibJX ceJibCKOX0-
3.llACTBeHHblX MatDHH cne,zyeT no,n.sepraTb npoeepKe Ha ycToR'IHBOCTb 
B Te'leHHe sToro npoQecca. 

BHe3anHoe so3pacTaHMe conpoTHBneHHll nepep,BHllteHHD. ·rat<oro 
poJJ,a B03MJ'llleHKJI ( YI, ) B03MOlltHbl e xoJJ,e TexHOJlOI'H4ecitoI'o npo
qecca (pelltHMY,.. ); npH pe3KOM 803p8CTIUlHH conpOTHBJleHHll cpeJJ,bl, 
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PHc.2.15. 3aBHCHMOCTb MHHHManbHoro 3HaqeHHn HanrJ'Dll:eHH.R, 
CKOpOCTH IA npO,!lOIDitHTenbHOCTIA nposana uanp111teHJA.R 
reHcpaTopa OT ~nHTenbHOCTIA BKn~qeHIA.R cuenneHHR 
TpaKTopa nplA TporaHIAIA arpcraTa c ~ecTa. 



- 40 -B KOTOpOM ABl1~eTCH ~a60411R opraH H1111 np11 npeOA01leHl1H anperaTOM 
npenHTCTBl1A. 

MoAe1111poeaH11e AaHHoro pe~11Ma 311eKTp11¢11q11poeaHHoro 06pe3Q11Ka 
npoeeAeM nyTeM BBeAeHHH AOnonH11TenbHOPO 6A11Hl1QHOro HMnynbca 

MOMeHTa e ypaeHemte ABIDKeHHH Aff3enn - ~"'" = I, ir, = IO, 
r, ~ I6?, QTO B peanbHOM M8CWTa6e COOTB6TCTByeT np11110~eHl1D 66 

KHC Ha Kp~K TpaKTOpa B Te4eH11e 0,5c. Ilp11MeM, QTO ,11.0 3TOro ar
peraT A811ra~c11 . paettcMepHO , co8epm8.S1 Textto11or11QecK11R npoqecc -
r, • 'l'• = o, r, =O. 

Y,3 Harpy304HOR AHarpaMMhl nony4eHHOA no pe3y1lbT8TaH pac4eT08 
811~0 (p11c.2.I6), 4TO np11 8He3anHOM 803pacTaHl111 conpOT1181leHl111 
nepeA811JKemlA'l c np11HHTOR lfHTeHCl1BHOCTbM>, CKOpOCTb 11 HanpHJKeHHe 
reHepaTopa 3aMeTHO naAa!OT - AW = 0,0? H Al/•A = O,I4, 4TO 
npH80Al1T K cyUleCTBeHHOMY CHHJ!teHl1Kl CKOpOCTH 11 MOMeHTa A811raTe11B 
AO CTeneHH,yrpo~aM>UleMY ycToR4v.eocTH ero pa60T~. CneAOBaTenbHO, 
B o6~eM cny4ae, A11B arperaTOB pa604He opraH~ KOTOpiix ABHJl(JITCH 
e cpeAe c nepeMeHHb!MH ¢u3H4eCKHMl1 napaueTpaMH (HanpKMep, nnoT
HOCTbM>) 111111 A1111 arperaTOB np11 B~nonHeHHl1 KOTOpb1M11 TeXH011or114ec
KOro npoqecca He HCKnM>48eTCB 803MOl!tHOCTb A8HlKeHl1H no Heno~OTOB
neHHOMY A11B TpaKTOpa rpyHTy (Han11411e npenRTCTBHR), cneAYeT 
npeAYCMOTpeTb npoeepKy YCTORQH80CTH CHCTeMH 31leKTponpH80A8 8 
npeAenax 803MOl!CHbJX H3MeHeH11A (no aMil1111TYAe 11 P,11HTenbHOCTH) con
pOTl18nemm nepeMeUleH111> arperaTa. 

l\paTKoepeMeHua11. neperpy3Ka nBHraTena. TexH011or11qecKB.B nepe
rpy3Ka ABHraTena (,11.ecTa6111111311py]()(!lee 803,n.eRCT8He Y,. ) B03MOJOia 
np11 cny4aRHOM xapaKTepe Harpy3Kl1 Ha eany, HanpHMep, np11 o6pe3-
Ke T011CT~X cy4be8 3116KTp11~11QHpOB8HHhlM o6pe34HKOM. 

IlpoeepKy AffH8.MH46CKOR ycTOA411BOCTK Op,Horo ,11.B11raTe11a o6pe3-
Q11Ka np11 ero neperpy3Ke H HanH41111 ceM11 napa1111e11bHO pa60TSJ:>UlKX 
nop, H8rpy3KOA A811raTeneR MOp,e1111pyew 3a,11.aem11Cb 3HaQeHHeM COCT8B-
1ll'!KlUle'1 MOMeHTa conpOTM8neHHB M~"f 4) ypaeHeH1111 wex&rntiecxoR xa
paKTepv.cT11K11 pa6otiero OpraHa 11 MOMeHTaMH BpeMeHl1 Hatiana f 1 11 
KOHQ8 r., ero 803Hl1KH08eHl1B, ~:'f'J. M::1. ,. 0,08'79, 1, IO, 
!11 =7211 n'''=I, nUJ=?, 'C1 ·'Z'~ =0,T1 ='t, =0. 

Pe3y11bTaT~ pactieT08 nepexop,HhlX npoqecco8 np118e,11.eHbl Ha p11c. 
2.I?. B ,11.8.HHOM cnyGae, ,11.aJKe np11 cyYMapHOM MOMeHTC conpoT11811eH1111 
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M~1> "' O, 121 :matJHTeJibHO npeBbllllSllllll-lM KPl-lTl41lecKl-lA MOMeHT .o.»m'a-

TenH, npl-lBOA pa6oTaeT ycTOAQHBO 3a clleT 3anaca aJieKTpOMarHl-lTHOA 

H KKH6TKQeCKO~ 3Hepr14"1, HSKOilJI6HHOR B KaTywKaX 14 BpWU81lOUfXCH 

3JI8M8HT8X npl-lBO,IJ.a. 

2.5. MeTOAHKa Db16opa MOl!UiOCTK 3JI8KTpHll8CKl-lX M8IDl4H 14 THil8 

TpaKTOpa 3JI6KTpl-l~KQHpOB8HHOR C8JibCKOX03HRCTB6HHOR 

M8WHHbl 

B COOTB0TCTB"1K c 38,IJ.allea OTITHMH3~HH napa.MeTpOB CHCT8Mbl, 
a TllKJK0 Ha OCHOB8HHH 8H8JI"138 p83YJibT8TOB npOB8,D.8HHblX Bb11118 pac

CQ6TOB ycTORQHBOCTH CHCT8Mbl 3JI8KTponpHBO,IJ.8 B nepeXO,IJ.HblX pemH

wax K cymeCTBYlll!UOC M8TO,D.OB Bb16opa MOl!UiOCTH 3JI8KTponpHBO,D.OB 
C6JibCKOX03HRCTB8HHNX MaIDHH,npe.o.naraeTCH cne.o.yDmaR MeTOAHK8 

Bbl6opa MOllUiOCTl4 aCKHXpOHHOI'O ,IJ.BHI'8T6JIJI H CHHXpOHHOI'O reHepaTopa 

CHCT0Mbl aBTOHmmoro aneKTponpHso.o.a pa601Jero opraHa Mo61rnbHOA 

cenbCKOX03HACTB8HHOA M8lDHHbl ff THna TpaKTOpa arperaTHpyDmero 

M8IDHHY! 
I. Hccne.o.ya:>T npHBOAHbfe xapaKTepHCTHKH pa6ollHx oprattoe 

0Tp~all!UH0 oco6eHHOCTH npOH3BO,D.CTB8HHOro npoqecca H ycnOBHH 

pa60Tbl M8IDHHbl - T8XHOJIOI'HQ€CKYll, KHH€M8THQ€CKYD, 3HepreTl4Q8C

Kyll, MexaHHIJ0CKyn, Harpy30llHYll H HHepQHOHHyrl. 

2. Bb16Hpall'l' THn acHHxpottHoro ABHraTenH no pe~HMY Harpy3KH, 

qaCTOTe BpameHHH, HCDOJIH0HHll H cnoco6y MOHTBJK& H CTeneHH 38-

0UfTbl OT OKpyJKall!Il.eA cpeAbl, a T8K~e THn 8CHHXpOHHoro reHepaTopa. 

3. B H3BeCTHON nopH,D.Ke, no npHBOAHbfM xaprucTepHCTHKaM, 

npe,D.BapHTeJibHO Bbl6Hp8.ilT MOllUiOCTb ,D.BKraTeneA pa60llHX oprB.MOB. 

4. OpKeHTHposollHO Bb16HpaD'l' MOllUiOCTb CHHxpoHHoro reHepaTopa 
B 38BHCHMOCTK OT ycnOBHR nycKa pa60IJHX opraHOB. 

a) Pa6011Ke opr8.Hhl sanycKall'l'cn. Ha xonocTOM xo.o.y. B 3TOM 

cny11ae, MOllUiOCTb rettepaTopa onpe.o.enR!CT no ycnOBHll ttarpeea {1epes 

llOTpeOHble MOllUiOCTH paOollHX opraHOB no WOpM)'ne (2.10). 
6)' Pa6011ue opr8.Hbl 3anycKaD'l'CH no.o. HarpysKoR. Ecnu OAHH 

HJIH H8CKOJibKO pa60QHX opraHOB npHBO,D.HTC.fl,O)l.HHM aneKTpO~BHI'STe

neM, TOr.o.a MOl!lliOCTb reHepaTopa HSXO)l)tT no ycnOBMll nycKa ABHra
Ten.fl (2.2). 
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Ilp11 MHoro,n.BKraTenbHOM 3neKTponpKBo,n.e c nooqepe)l.Hl>IM nycKoM 

3neKTpo,n.s11raTene!\ - no tta116onbWeMY H3 pe3ynhTaToe,nonyqeHHblX B 
COOTBeTCTBKH c (2.8) '(2.9) HnH (2.10) • 

HoMHHanhHY~ MOllUiOCTb reHepaTopa eo ecex cnyqamc ttaxo,n.11'1' 
no ycnoBK~ (2.4) . 

5. Ilpe,n.sapKTenhHO BN611pa10T THn TpB.KTOpa. ~nR 3TOA QenH 
opHeHTHpOBOQHO onpe,n.en.llIOT MO!JUiOCTb ABHraTenn Tp8.KTOpa HCXOAR 
H3 ycnOBHR nycKa paOoqHX opraHOB. 

a) PaOoQHe opraHN 3anycKaJOTCR Ha xonoCTOM XOAY. Tor,n.a 
MOIJUiOCTb .D.BHraTenR TpaKTOpa 6y,n.eT onpe,n.enll'l'bCR H3 ycnOBHR pa
OOTN a ycTaHoa11ameMCR pe¥HMe (2.6) • 

O) PaOoqHe opraHhl 3anycKa10TcR no,n. ttarpy3RoR. EcnK arperaT 
OCHalJleH TOnbKO O)l,HHM ,n.BHraTe11eM, TO MOllUfOCTb ABC Haxo,rvrr no 
ycnOBHRM nycKa 3neKTpO,n.BHraTenH H no ycnOBH~ paOOTN B ycTaHO
BHBmeMCH pe)l(l1Me (2.5) H (2.6) ' H ,n.nR ,n.anbHeRmHX pacQeTOB 
6epyT HaHOOnbmy~ H3 HKX. 

B cnyqae MHoro,n.e11raTenbHOro 3neKTponp11eo,n.a MOIJUiOCTb ~ 
Haxo,n.JJT aHanorHQHO n.ba. 

HoM11ttanbHJ~ MOIJUiOCTb ,n.e11raTenn TpaKTopa BN611pa10T no ycno
e11E (2.7) . T1111 Tp&KTOpa BN6HpalOT no HOMHH&nbHOA MOlltHOCTH .n.sc 
H ,n.ononHl1T8nbHNM TpeOoeaHHllM KOHCTPYKTHBHOro xapB.KTepa co CTO
poHhl pa6oqeA M8IDHHhl 11 ycnoeKA 3KcnnyaTSQl1H. 

6. Ilpe,n.eap11TenbHO BN6paHHble ,n.aHraTenH 11 rettepaTop npoeepR
JOT no ycnOBHRM Harpeea Ha OCHOBaHHH MeTo,n.a 3KBHBaneHTHNX eenH'l'HH. 
~nR 3Toro, 3HaR ,n.B.HHhle opHeHTHpoeoqtto BN6paHHhlX rettepaTopa, ,n.e11-
raTeneR H .D.H3enR TpB.KTOpa, a T8K¥e opHBO)l,HNe xapaKTepHCTHKH pa
OoqHx oprB.Hoa, nyTeM pemeHKR CHCTeMbl ypaeHeHKR (l.l) ... (1.7) 
Ha.3Bll,M .11.JIJI pa6oqero pel!U!Ma, nonyqB.JOT Harpy3oqHble ,n.11arpaMMY 
,n.e11raTeneR 11 reHepaTopa c yqeTOM nepexo)l,HblX npoQeccoe e c11cTe
Me. Onpe,n.enHB 3HaqeHHR 3KB11aaneHTHoro TOKa ,n.BKraTeneR IA 9r, 
11 rettepaTopa Irid ,y6e¥,n.aJOTcR B cnpaee,n.n11eocT11 ycnoe11R · 

( 2. II ) ( 2 . 12) 

~,n.ecb ~e npoaep~ npaeHnbHOCTb npe,n.eap11TenbHoro BN6opa 
MO!IUIOCTH .D.H3enR KaK 
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Pr111I p ' P.utH ~ + flM·, 
fa~ •• 

(2.13) 

rJJ,e P,,,1 : UH~'"' cos 'I - 3KBHBaneHTHast MOlllHOCTb reHepaTo~a. 
EcnH yKa3aHHhle ycnoBHst He co6nDJJ.awn-cst, Bbl611pa~T JJ.BH!'aTenb, 

!'eHepaTop, TpaKTOp B OTJJ,eJlbHOCTH HJlH B He06XOJJ.HMOM COQeTaHV.11 

Ha CTyneHb MOlllHOCTH BblllJe H IlOBTOpSllOT npoBepKy. 
7. HpoaepstlOT CHC'reMy 3neKTponpHBOJJ.8 Ha ycTOt\QHBOCTb B ne

peXOJl,HhlX pel!U1MaX nyTeM pemeHHSI Tex Me CHCTeM ypaBHeHHli JJ.ilSI 

COOTBeTCTBY~l!UfX HCXOJJ.HhlX JJ.8HHhlX H Hat.l8JlbHhlX ycnoirnlL 

a) IlpeJJ,BapHTenbHO Bb16pa.HHble HilH yTotmeHHble B n.6 JJ.BHI'aTe

nH npoaepsrnT no neperpysoQHOA cnoco6ttocTH. H cnyt.lae, KOI'JJ.8 
JJ.BH!'aTeJlb He npOXOJJ.HT no neperpy30QHOA cnoco6HOCTH Bb16MpaDT 

,n.pyrot\ JJ.BHI'8T8Jlb ~a CTyneHb MOlllHOCTH Bbl!lle 11 nOBTOpmoT pacqeT • 

. 6) Bb16pattHY~ CHCTeMy 3JleKTponpHBOJJ.8 npoaepR!OT Ha ycTOlit.lH

BOCTb npH nycKe JJ.BHI'aTenst, HJlH JJ.BHI'8T6JlSI c HaH60Rbfilet1 MOlllHOC

TbJO. ilpH ,n.pyrHX pa60T8DUU1X, KOI'JJ.8 HX HeCKOJlbKO. 

EcJrn atta1rn3 Harpy3ot.lttoA JJ.HarpaMMlil nycKa JJ.BHraTenst n0Ka3an, 

QTO JJ.BHI'8T8Jlb He 3anycKaeTCSI BCneJJ,CTBHe Toro, QTO MOMeHT TpO
raHHSI pa6ot.leA M8lllHHlil 6onbme nycKOBOI'O MOM8HT& JJ.BHraTenR, TO 

Bb16HpalOT JJ.BHI'aTenb cneJJ,yDute~ CTyneHH MOlllHOCTH H noBTOpRIOT 

npoaepey. 

H cnyt.lae, KOrJJ,a 3anyc1CaeMhl~ JJ.BHraTenb He pa3aopaqHsaeTCR 

HJlH napannenbHO BKJlDqeHHbl9 JJ.BHraTeJlH cnpOKHJJ.b!B8!0TCSI H3-38 rny-

60KOI'O CHHJIC8HHSI HanpRJl(9HV.R reHepaTopa npH H63H8t.ll1T8JlbHOM CHH
lll:emrn CKOpOCTH ,ll.H36JlR. cneJJ,yeT npHHRTb reHepaTop Oonbllle~ MOut

HOCTH 11 npOBepHTb yCJlOBHR nycKa elite pa3. 

IlpH HeB03MOMHOCTH nycKa no npHt.111H9 CHHJIC6HHR Hanpst~eEHR Ha 
rettepaTope BCil6JJ.CTBHe naJJ,eHHR CK~pOCTH ,[\BC, H8JJ.O Bb10paTb TraR
TOp c 6onblI!eA MOlllHOCTb~ JJ.l13enR 11 BHOBb npoaepHTb B03MOJ!UiOCTb 
nycKa. 

B) llpoBepRIOT YCTOAQHBOCTb CHCTeMbl 3JleKTponpHBOJJ.a np11 Tpo

NlHHH arperaTa c 1.1ec'!'a' HCXO)J.R H3 B03MO*HOCTl1 BKJIRJQ8Hl11I CI.JC'O

neHH.f! pblBKOM. IlpH HapymeHHH ycToAQHBOCTH c11cTeMbl Heo6xo.a.m10 
npHHRTb TpaKTOp 60JlbWeA MO!UHOCTH. 

r) Y6e11C,ua10TcR B ycTo~tJ11socT1-1 CHCTeMbl s11eKTponp;iao1!.a np11 
BEe3anHoM B03pacTaHHH conpoT1-1a.11emrn nepeMetQeHmo a.rperaTa. Ee-



n11 3TO np11BO,ll.l1T K onpOK11,11.blB~l1i°3neKTponp11ao,11.a,6epyT TpaKTOp 
6onbwe~ MOlllliOC~11. 

8. Bb1611pa10T a o6blQHOM nop.R,11.Ke nycK03a~11TttyJO annaparypy. 
Ilrrn 3TOM ::ineKTpOMaI'HMTHhle KaTywK11 MaI'Hl1THblX nycKaTeneA ,11.0lllKHbl 
6bln pacc1rn1·aHbl Ha no,11.KnJOQett11e I< CSoproaoR ceT11 TpaKTopa 11nH 
,11.onom-u.1TenbHOMY 11CTOQHHKY 3Hepr1rn. KOTOpblM oCSopy ,D.YeTCR arperaT. 

Cne,D.YeT OTMeT11Tb, QTO B n.7 , KpoMe Bb16opa 6onee MOtnHblX 
3neK·rp111qecK;1x Mam11H lrnH TpaKTOpa' ycTOR'llMBOCTb CllCTeMbl MOJKHO 
noBblCl1Tb, 1.1cnon::,3ya ,11.pyr11e 11saecTHl:le 1.1n11 BblTeKaJOlllJlle 113 paHee 
11p1-iae,u.eHHblX pactJeroa cnoco6bl, ttanp11Mep, nyTeM 113MetteHl1R 11ttep-
111110Httot1 nocTORHH0£1 aa11a ,11.a11raTenJl 11n11 rettepaTopa, noabllllett11.f.l 
Hnl1 CHl1~6Hl!l.R 1!1Hepq110HHO~ TIOCTORHHO~ nocrynaTenbHO ,11.BlfJKYlllJllXCR 
Mace arperaTa 11 ,11.pyrHe. 

Ilp11 Q8CTOTHOM nycKe 3neKTp0,11.B11raTenet1 c 11cnonb30B8Hl16M 
npe.a.naraeMoro ycTpoRcTaa <Popc11poaamtR ao36y:ic,1.teH11R rettepaTopa, 
MOUUiOCTb nocne,D.Hero Bbl611paur attanor11tJHO cnytJalO nycKa ,11.a11raTeneR 
Ha xonOCTOM XO)Jy. 

Ha npaKTl1Ke MO~eT CTURTb o6paTHaR 3anatJa - Ha 6a3e l13B0CT
HOI'O TpaKTopa cos,11.aTb MOC ,11.nR 11cnonb30Battl1R B Ka4ecTae pesepa
HOR 3neKTpOCTaHl..1Y.11, T.e. K TpaKTOpy no,11.06paTb reHepaTop 11 on
pe,11.en11Tb MOtnHOCTb 3neKTpo,11.a11raTeneA, KOTOpble MOlltHO K H0MY no,11.
!(}!IOQl1Tb. ~nR 3TOI'O: 

l. Onpe,11.en.RIOT op11ttT11poaotJHyD MOlllJ-IOCTb rettepaTopa 

P,::: ta pnc11 -Pm,,' 

11 Bbl611pa10T rettepaTop no ycnoa1110 

PrH ~Pr• 

(2.14) 

(2.15) 

2. Ecn11 K rettepaTopy no,11.KnJOtJaercn o,11.11H ,11.a11raTenb, TO 3H8.f.l 
OTHODJeH11e P41c I P rH 11 np111ma me = l no p11c. 2. 3 H8XO}J.JlT OTHO
me1111e P.4 I PrH , OTKy.o.a Pi, AAnee a1i1611pa10T ,11.a1u•aTenb a cooT
aeTCTBUU c ycnoBHeM 

(2.16) 



- 47 -B cnyqae HecKonbKIDC ,D.BHraTenen, 3Haa MOt:lHOCTbC ca.Moro 

6onbmoro ,D.B11raTe~rn, no OTHomeHHRM Pae11 / p,.,. 11 P.,,. I Pr11 

~ocnonb30BaBm11cb pHc.2.II onpe,D.enRJJT PAP/Pr,. .' OTKy,D.a ,D.onyc

THMJ'IO cyMMapHy~ MOmHOCTb napannenhHO BKJ!JOqeHHblX ,D.BHraTeneA. 

3. IlpoaepalOT. ycTOAl.IHBOCTb CHCT9Mhl B npoQec.:ce nycxa 3ll9KT

p0,D.BHraTeneA H npH 11x neperpy3Ke. 

Bb1BO)J,bl 

I. BB.l!(}ieRmeA ocoC!eHHOCTbD onTHMH3aQHH napa.MeTpoB CHCTeMbl 

8BTOHOMHOrO 3119KTponp1rno,a.a RBJ!RercR HeOC!XO,lJ.HMOC'rb yrny"5neHHOI'O 

aHaJIH3a ee ycTo~qHBOCTH BBH.llY B03HHKHOB9HHR C!OJ!bWOro l.IHCna ,D.9-

CTaC!HJIH311PYlOWHX ~BKTOpOB npH pa3JIHqttblX pe~HMax P,a60Tbl arperaTa • 

.b pR)J.9 cnyqaeB KpHTepHeM BblC!opa MOmHOCTH )l.BHraTeJIR 11 reHepaTopa; 

a T8Kl!t9 TpaKTOpa RBllR9TCR HM9HHO ycToAqHBOCTb CHCTSM~ B nepexon

HblX pel!tHMSX. 
2. Bweep,eHbl ypaBHSHHR CHCTeMN aBTOHOMHoro aneKTponfHBO,D.a 

B cTaH,D.apTHOA 1JopMe. Pa3pa60TaHbl anropwrM , nporpaMMa H MeTo,1JJ1Ka 

MO)l.9JIHpoBaHHR Ha Il3BM OCHOBH~X BCTpeqaJOUlHXCR Ha npaKTHKe nepe
XO)J.HblX pe~HMOB CHCT9Mbl aBTOHOMHOro 3JI9KTponpHBO,D.a. 

0. Ha ocHoBe l.IHCneHHbnc aRcnepHMeHTOB npoae,D.eHHblX Ha IlJBM 

- ycTaHOBll9HO, l.ITO MOl!UiOCTb )J.Bl1I'6T9JIR np11 np!'!MOM nycKe 
no,11. Harpy3KOA COCT6BJIR9T ?0% O'l' MOmHOCTH CHHXpOHHOro rettepaTopa, 

npH 3TOM MOmHOCTb ,ll,BC TpaKTOpa )l.OJiro-16 6b1Tb B 2 pa3a 6onbme pa-

6011en MOmHOCTH CHHxpoHHoro reHepaTopa. Onpe,D.eneHa aaaHCliMOCTb 

npe,D.9JlbHOti MOlllHOCTH ,11.BHraTeJlR no ycJIOBHRM nycKa OT MOlllHOCTH 

JI.BC TpaKTOpa; 
- ;iCCJie,11.oBaHa B03MOlKHOCTb HCilOJlb30B8HHR )J.JIR oCinerl.leI-:llR 

ycnoeIDI nycKa nocTynaTenhHO_ ,D.BH:!cyUll1XCR H apamaJOt!tHXCR Mace ar
peraTa. IloKaaaHa 60JibWaR aqxpeKTHBHOCTb lfCil0Jlb30BaHl1R M8XOBblX 

Mace DOAKJI~l.leHHblx K BOM TpaKTo~a; 
- no11y•wHa 3aBl1CHMOCTb npe,llenbHOI'O q11c11a 0,!J,,liOBpeMeHHO 3a

nycKaeMNX ABHl'aTeneA 01' me MOmHOCTl1. 38BHCID,OCTb npe,neJibHOi1 

MOUUiOCT111 3anycKaeMoro ,ll.Bl1raTeJIR OT MOt!UiOCTl1 napal!110ilbHO DIOJk,

qe1:1HblX ,ll.B111raTenel1 no ycnoamo ycToJ;ll.l11eocT111 noc11e,D,H111x. Onre.nc11e m.i 
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MHHW..anbHO AOnyCTMMWe HanpRJJ:eHHft H& 38Jll'.HM&X ABMr8Ten~ no yc-
nOBH~ ycToAQH~OCTH Al!Jf pasnHQHwx pellMMOB HarpyaKM H wexaHH
QeCKHX xapaKTepHCTHK pa6oQero opr&Ha. 

4. TeopeTHQecKM AOKasatta soswollHOCTb 0,11,JiOBpeweHHoro Qac
TOTHoro nycKa HeCKOnbKHX ~neKTponpHBOAOB pa60QHX opratto• 
HnK 0)1,JiOro 3neKTPOABHr&Tenft, c MOlllHOCTbm paBHOA HnM 6nM3KOI 
K MOlllHOCTM reHepaTopa, OT M::le Ha 6ase cenbCKOX03llACTB8HHWX 
Tp8.RTOpOB, noa•Onlll>l!lero yny1<1JIHTb noxaaaTenK K&QeCTB& CMCTeMW. 
Paspa6oTEUi npKHQKn AeAcTBHR cooTBeTCTBYDltero ycTpoRcTB& ~op
cHpOBEUiHR B036Y*AeHKR reHepaTopa. 

5. KaqecTBO H&np.tllleHMR reHepaTopa aaBHCHT 0'1' AnMTenbHOCTK 
BKnEQeHHft c4enneHH~ TpaKTopa • npoqecce ero Tpor&HIUI c wecT&, 
T&K yaenHQeHHe apeweHK BKnEqeHKR cq~nneHK~ c I5? AO 471 en.o 
nOB~'!D&eT H&npSllteHKe M CKOpOCTb reHep&TOp& B nepex0,11,JiOM peKHMe 
H& 7,5 M 6,I%. CHCTewy eneKTponpHBOA& He06XOAMMO npoaepllTb 
H& ycTOAQHBOCTb npu TpOraHKH arper&T& c wecTa H BHe3&nHOM 
1ospacTAHHH conpoTKBneHH• nepewe~eHMm arperaT&. 

6. Paspa6oT&Ha MeTOAffK& aw6opa M0111HociM acMmcpoHHoro 
eneKTPOABMraTerur M CMHXpoHHoro reHep&Topa. a T&RZe THll& Tp&K
Topa eneKTp~MQMpOB&HHOI cenbCKOX03.ACTBeHHoA M811HHW. 

• 
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Ilp11110JKett11e I 

Ko3qx:i11q11eHT~ ypaattett11A cocTORHHR · CHCTeMhl 

asTOHOMHoro 3Jl€KTponpHBO~a 

C - Coe • c,, c = c.IO . 
i1-c 'c,,,=-; " c , 

Ill c., °' 
coi = L 1 - 2 fl K1l M0i1,. sin ¥1<. + 3 Kt 0:.r; sin' ,/11 + !:,1cos•1") + [~,{fl 1<1~ x 

xM_rJo,.~inJ11 -MAd,.){Mu,.-Vft,1 M0.stnJ")- ~' 3t</j Mt cos2J11 ] x 

x ( n<,, Aa + n '''A 1 ) ; 

c,,, = ~G n Kif !!l cos JI( (M,,+Mdo,.){fl Ku Ma.,. si11_h-MAr111f)( n<''.1, + 

+n''' ll 1) + 1, ff K11 Mf, !!l e1q" [fl K11 sinJ11 {M,, - !!,,,.) + M Ad,.] x 

x [2 nM n<11 ( !:«. -/,,_.)- nt" Aa -n'"a1] + 2 fi K14 !10 c1,.. W cos Ji( + 

+ G K1: ( 1:,, -!:d,) !!} 1inJlf cosJK - a K~ ~; - ~I ~ 

c =~ n''1(n''1¥ +¥'0+t''1){M ,J~-flK. M,J tt'nY)+ Ll?- n'''n'''x 
03 ll, .k• Zt - h -A..,., II - "llf'I !lK e:., 

x 1, (YAd,.-Vf 1<1f .M,,,,. ''nl")- :; Vi K11 n''' nM it1, Id,,~ cos J" -
A l (M "' iZ W ttJ ] - J 13 K n <d M w cos(. _11t_i {-=I - f) + L '" + n ''' L + 
fl fl _,, - -K L"' (J) I - S/'f -"' ' _ ,,_ -

+fl K11 n'" M,014 $¥COSJ" - fi'Kg1 n(l)111 (sln,{" +fl cosf,J; 

c =.!1 n''11n<dz +i'''+ .ytaJ){M -fiK. M ~in"')+ Ll, n'"n'1' Ill/ ll1 1' _, _, .s, -At/14 11-ddf'I .f.11 ll, )( 

x '1:0 ( MAd,..-V11<9~ Mt10,.sinJic) - : 8 rfi Kg§ n'1'n"' ~d, !19-'I w cos fl< -
1 . 
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_ !l- fl K nro M ~ cosJ [ ( M':>'( ~;: t) +!/a' + n'0 J,.J0] + 
A ff - 94 " '"' t,N ,,. ., 

• t:TJ; 

+ t/f Ku n''' Mt1,14 W cosJ" - fl K1J n'" l" ($t'nf" - V'.f cosJ.) ; 

-' c,, = :: ni'' n'"' 1.,,, w ( !!fAd14 -Vi K11 Mt1,14 sinf")- :; n'1' r;" 

[ ( M:J'{f w:ll) L''1 <41L ] {M ,,., M · Y ) " /'i;j" - c;; - -SJf - n - ~ - Ad'4 - r 3 K11 -Jo,. Stn ~" + 
1:-r,. -

+~1 flK n'1'n'"M -t cosv +~1 fiK n<1>u cos.r. (nM1 + 
A, I~ -" -• .61t Ar If t.:lfl -" • 

+ X!ll + ,t~d) +fl Kii n<d !!ffl f!}Sinf" + Yi'K11 n''1%" (cosj"-fi'sin/"); 

c0, = :; n tll n <1l !:::,, (!J ( M Ad" -YI K11 Mt10,. 'in 1") - :: n '" W " 

"[(ML">'(1-§")-L''" -n<IJJ: j(M -tffK. M slirY) -t L ,., w - SI' t• Ad14 fl th,. JI.I( 

-1:,. -
+!I v'3' K n(I) n<" M 't cosl + ~1 fiK n<JJ"' cos 1. (n'

11

'" + A, ~ fJ :.:19• -· -K .ti, ll !!Ip J!K ... 

+ l~'' + ;.~') + fl K1, n <JJ M~ ~ fin jl( +fl Kil n <dt." (cos~-v'i silt!"); 

As <11 M!1 
r11 (',.. u . , 11 u } A, .r.o '" C0 = - n --;;;- lal rl K11 ::it1014 Wl.11e - !21J,. -- v3 K11 n " 

As L,~ A, 

>< M Mm w<•J cos¥. • 
-~-M -f -K' 

A' fiJ !!f J:' '" (',.. M . v M ) A" ,,.. t•> c,, = ~ n '''' -'at iJ K11 -d.,f 1117 .s" - - A"4 - :1 r'J K1* " >' 

$ -~ ' 
J( M M (IJ /.I(!) cosy • 

- , . !!.! /of ¥11' , . j/.I( , 

c°' = t n (d !!~" !!!;'1 ( !1AtJ,. -Vf K11 Mt1.,. sin J,, )- :: VI K11 n''
1

" 

Aif(f) 

" M El! "'''' co• ¥ _,. L"' .kll -" 
-"If 

C A? (aJ uiaJ . <IJ(u ,r;:t M · 11) LI, ,r:o (v 
tlO = A6 11 CJ If ~. ~Ad,.- r ~ K,, _tJ.,. SIAJ.lf - .1, r j K11- n )C • 
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Cn = C." C,,. + C,,, . ; C11 = c,,, C11 + C119 ; c., =- Cm ~,1 + c,~ ; 

c •• a ~1- ('li'1<14Mr1o .. ttnj"-MAt1,.); Coaz= A1 fl Kg& (Mtµ+ 
· ~ " ~ 

+Md,,.)~ co•l."; C0" = L. nttJ {Lc1,, (n''1:J,, + %~'1 + Z~'1)-LI, k•] ~ 
C : j_ rntlln(IJLL,. -A (n<&J11 +t<&J+,..l•>)J' C =-_!_nmx 

ltV /J6' L' · -oo ~, '-'f .so -t 1&11 ~ • Ol5 A, 



• 

C - - .!.. n''' L M'u w''' · 
OJI - '1, - fl - ("I - $ ' 

M'ai 
1' L ~ l'., 

-fo J(I) lf 
f:(/lf 



c .. w''' - w · 0S3 -j - ' 
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TI po ,ll. O lllKe l·JJA e 

t (t) 

c -- -ti . 11r,, - L ,,, , _,,.. 

• 
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c - tt:'· . c. = 0 . c = !!l': ('·''&)- (c)\ • 
0$'C - -,(&J ' 051 

1 
DS& I (JJ :otl - J ' 

r/111 "'t.flf 

c =CJ(l)_,_,. 
DIO ,.., ~ ' 

Ilpo,n.OJIJKeHMe 

c =- ~1.f 
019 '"' ' "''" 

= VI JC,§ n'd f!!Jt4tt -Mtµ) cos J" ~ c,,1aVf11'11 n(s}OJJ,,.- N,,) t:oJ,h ; 

c,,., = fi K'" n'''{M,,.-Me1,,,) sin/"+ nftJ MAt/11 ~ C1u-= Vi"'' n'''(M,; 

M ) "·,, v + n<1JM • C • 'n'"'111.J -l ) · c = n'''n'"" - -do,. •' !!.11 -"""' • '" l• J I: •o -fo • 151 ,. 



c ~ "'(f) • 
1'ff - ~ftf I 
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Ilpo.n.011JKeHwe 

C119 = ( n<»J' (!:ti, - !.:,, ) ; 

C - C · C. M'
1
' • 

"" - - '"' I l!f = -M • 

C = M''' · C - e-~ · C - MM· 
Ill - 'I)' I 1'S - , "" - -co I 

C -M'"· C C · C M<zl. 
1'U. - - TP • 1?1 = '" • (ff = -tit I 

CJ#t = C,1, ; c,,, = c,,, ; c,,. = C111 ; 

+ C011 C0 ; C,"' = C011 C1v + C011 c,,, + C01, ; C1,s = C011 C,s + Cn1 C,s ; 

c,,, = CDH c" + Co11 c" + c,~ ; c,'1 = CD'H c,,. +Cm Co ; C111 = 

s c,.,, C11 + Cm c,, + Cm ; C119 = C0.,, C19 + C,1, C,9 ; 

,, - ,,,, 
'-n1 - !:s,, 

Coll= 0; C M{f) 

01' = " f!' 

C 
- ly ,,, • 

01J - .!f:( I 
,, l('' '~' . 
'-01v = -s11 !:!:' ' 

C,., = C01, C"1 + C0u c,, C111 = C111 c,,,, + C"" C:z + c,,, ; 
Cua = C011 C"1 + C0u Cu Cz1.r = c,,, C"" + C011 C1" +Cu" ; 

C111 = C011 C"' + C011 c,, ; Cm = C111 C"' + C011 C" + C011 ; 

Cu1 = Co11 C"1 + C011 C11 ; C,,1 = Cou C"' + C011 C11 + Cq1s i 

C111 .. C,11 C"' + C01, c,, ; 

4-79 
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Ilpo,nom11:eH1i·e 

Cm = Co.,, c,. + Co,, C11 ; 

Cns =Co.,, Cu + Co10 C;s + c,,, ; c,,,, = c,,"H c," + c,,D c,,, ; 
C1u· = C019 C,, + C110 C" + C11u ; C11, =Cm C" + C,11 C" ; 

C131 = Co;g Co +C111,C11 +c,,.; c,,, =C1111 c,, +c,,, c,,; 
C119 = Con c,, + Co111 C11 + c,,,, ; 
,. I (t) • c - M (&} • c - "t (J) • 
'°01!1: f::Jf'I ' 010 - -114 • Dll - -4 ' 

C 0 C - M {ZJ '·' , OU = ; 01'# - !:lftf ~ I 

C,_"1 = C011 C$, + C010 C91 ; CJ.1/1 =· C1111 C51 + Cou C11 ; 

CJJ/J = C011 Cn + C011 C91 + C0u ; Cirr = C011 C5" + C010 C911 ; 

C1vs "' Co19 Css +Con C'JS + Ct111 ; C1w =Cm C" + C1110 C" ; 

Cm= Cm Ch+ C081 c,1 + C0" _; C"1 = C,11 C51 + C,1, C11 ; 

C11fg = C01, Cn + C01, C99 + C0,. ; 

c,u = - c,,, ; c," = - c"'" ; 
Cw = - ( MAd,., - fl K11 !!!do sinJ") c,, - n<ll hdo c,, -n'ZJ lztio C14 -

-Ii KfJ { M,. - ~t1.) f!i cos,L ;· Cm.= -(!!!Ad,. -r/!1(11 M"* si"l")t,, -

- n <1
' krJ, c,_1 - n '" !:r1. c,, -11t•J1, ; C1n = - ( .Y A<J,, - Vi K11 Met. " 

1< sin 1") c,. - n''' f::t1, c,1 - n <~ l:t1. C11 - n <&11, ; C11" • - 01 Ad"' -

- v'i K1~ Mc1, ~in J") c,. -n ''' l.:r10 c,., - n<11 '=•· C111 - n"' t 911 !di ; C 1u • 

= - (t~Ad,. -VI 1<'* !!!d, s1'111,) c,, - n''' '="• c11 - nflJ!:"* c,, - n"' 1,,, W ; 

c,." = - (Mu,. - Vi 1<11 l!!r1, •in JI() c,, - /1 (I} J. "' c16 - 11"' l:J, c,, ; 
Cm= -( MAd,... -ff Kt1 Md, sin,h) c,, -11<'1 '=•• c,, - n<£' bJ1 c,, ; 

c,,, = - (!!lA;14 -fi' K" !!td. st11.l")c11 - n<11/::,, c., -n<:111::;, c., ; 
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ilpo,a.omleH11Je 

c,rt = -( MAd,. - fl K,1 l!Jd, sin .!it) c,, - n<11!:t1. C1r - n(IJ f:t1. c,, ; 

Cu4 = -fl l<tf #,. cos J" cff - nm!:,, c," - n tlJ /,,_ c 6t - v'! 1<11 (Md,,,.

- M,. 5!J sill,h + MAdtf fY ; Cu1 =-VJ' 1<11 M~ eosLc,. - n''' i:,, c,,, -
-nflJ b,,cn +nl'''=••~; C111 =-Yf1<11 M,. t.osj"c" -11'''!:,, c"' -

-ntlJ I:,, c11 + n'"J,,11, ~; c,"' ::-fl K,1 M,, cosh c,,, - ,,_<1Jt,,, c"" -

-n'" I:,, CSll - n ''1 i. ; c," = -Vf "ri M,, cos/" c,, -n'''!::,, c111 -n'J'" 
"'=•• C16 -n"' l, ~ c"' =-Yi K11 M,, cos!,, c" -n"'i:,, c« -n'a.Jf:,,c~,; 
c • ., = - fl K11 M,. cos J" Cn - nm!::,. en - n''' !::,, C61 ; Cu1 = -fl x 

x 1<11 M,. cos J" c,, - n ''' 1=,. ctt -n ,., !::,, c,, ; c., = -Vi J<i1 !!! ,. " 

""°' 1,,. c,, - n1
'' t.,, c11, - n"1 !::,. Csp ; 

(Mw,a (M"')' 
A = L''1 + n'41 L + ,m - ..::..!!.!. · A = L'"' + n <l)L +L'" - _=..!!__ ' 

f _,,. -do f::1 L'-fl ' 1 -s,. -• -11 L"' • 
-'flf -Y~ 

(M 1'')' {MW)' 
A = L ,,, + n'" I + I r11 _ -=L ; A - L'a) n'J' I + L''' - ..=.!!.__ • 

J -Slf f::JI .. , L"' "- _.,. + 1:::,. _, L'•J • 
-~ -~ 

(M''''s. (M'"l 
A =(L''' +n{f)L_, + '''1- -"'-'){Lru +n'.,L +LtJJ_ ~)-n'f)n(l}L' · 6 Slit _.,, &A LuJ -s,.t -do -A J.m -lo' -,,. _ ,,. 
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Ko~HQH8HT~ ypaBHeHHR COCTO.IIHHR CHCTeMhl 

aBTOHOMHoro a11eKTpon:prno.n.a npH Ys =con st 

C , - A A N • c' - A (l)H [<n{<)"' ,.,,, m)(A 
ff--ug s.J:;• n.-ugn !!!Ad14 .J:•+Jrt +_lA u~-

Cl A '"M u(J) <d(.A n'''L ) .. 
(f : '-Jf n -Adlf !!J/lf f!}j Uf - -J1 I 

C I I I 
'Jt = Cot C,t ; c,' C.' c.' . ,=otu1 c~ = c,~ c,; + c,," ; 

Ct C1 C1 c' r' 1 C • c' c.' I u = °' (1 + C111 ; ,, = ""t1f c,, + HI , J.I = 01 c,, +C,,, j 

c~ • c~ c,~ C'-c'c' c 18 - 01 II + Oii ; c,~ = c,~ c,~ + Con ; 

C' c'c' c c'-c'c'" · c' c'c' c · l'I • 01. fl/ + OU j U - OJ 16 + ,_,,, t ~ s fa If + •1'1 I 

C' "' c' c · c' c' ' c c' c' ' c · n = "OL n. + 0.21 , n = 01 c,, + Oit ; ag = OJ, c,, + OSD , 
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Cl • f'> I c' , 
JIO ; 1..1,1 ffo ' 

Ilpo.a,onJl{eHHe 

c~ "' c011 c,~ ; c,~ ,,. Cn1 c,~ + Cos, ; c~, ::: C06, c:, ; 
C/ = CM,C~ +Cm ; C/s =Cost C,~ ; C,~ =~•st C,~ + Cos11 ; 

c,~ = c0$, c1'1 ; c~, = cffl c;, + cm ; c;6 = C,,s, c:, ~ 

c~,o = c,,. c;,o j 

C'-c c'·c'-" c'· c'-C c' c ·c'-c c'· ~ - on ., I ff - "osf JI I fJ - ISf IJ + on I 14/ - 45( JI/ ' 

c ;S' = c,1, c:S + c.51 

c;, = cO!'C c;g + ~ 
I • I 

C1«1 = Cosi C1t• 

c;, = c"4 c;, ; c,~ = c°" cou + c'" ; c;, = c"'' co,, ~ c;. .. c°'' c,16 + c°''; 
c;1 =C°"C0u; f!~=C"'1 Cm+c0,,,; C~=C,,,c,,,; c;,-c,"c,11+cou; 

c~, = c,.. c"'° ; 

c;1 = c0" c;, ; c;1 = c°" c,.,; c;, ., c," C0"' + c°'1 ; c;, ., c0,, Covs ~ 

Cg1 = C°" C,., + C,0 ; C~ = C0u Cm ; c;,_ = CouCo.1 + G,,, ; C1~ ~ C"' Cn1~ 

c:,. = n'" MM,. ; c~, = n(JJ MM,. 

c;u = Cn9 ; 
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I c' I I ' C111 .:: Co" 1.1 + Cou c,, ; C"' = CllH Cu +Con. c,, + Cou ; 

C~ = Ca11C1~ + C011 c:, ; C1~t .:: C011 C~ + C018 C~., + C0 ,, i 

c,;s = C0 Jt Cir+ C012 c:" i c;" = Ca11 C~ +Cm C~, +Cm ; 

c;,., = Co11 Cl,+ Col c;. ; C~1. =CHI c;, +Cm c~, ... Cm ; 

c~,9 -= c01, cJ, + c01, c~ ; c~N• = c0'H c;, +Cm c;,,, ; 

I I I . I 
C1n .:: C0.,, C,.. +Cm C11 ; C11y = C011 C0u.,. Cm C1,, + C016 ; 

c;,s = C011 C11" +Cm Cl5 ; c;" =Cm C11n +Ca~ c;, + C 111 ; 

c;t.,. =Cm Cou +Cm, c;,; CJ11 :: Cm C411 +Cm c;, + C01S ; 

Ci19 = C0u CDll0+C0u c;1 ; 

c;,1 = c,!, c~ + ca,11 c;, ; c~, =- c0~ c;,. + c,,,0 c:, ; 
c~u = c,11 cj, + c01, c;, + c011 ; c;,,, = c0nc~ + c11, 11 c~ ; 

I I I c' I I c,5'$ = Co11 c,5 +Calo C1s +Coii ; IK "' Co11C1e + Co10C1f; 

C~51 =C0~ C,
1
1 +Cm Cf~ +C111 ; C}11 = CmClf+C• C~; 

C~ = c,.,, c;9 +Cm C~ + Cogr i C1 ,,0 = C016 C1~, + C,1, c;.,,; 

cj,1 -= c019 c;, + c"" c;, ; c;lfl. = c,11 c,"J + Coao c;,. ; 
c;n = c011 cOI{,, + c,,, c;, + c,,6 ; c~ = c111 c,,,s + e,,, c ;., ; 
c;"' = C011 C""' +C,10 c;s rC0,, ; Ci«= Co1,c,., +C,u C~ ; 

C k1 =Cm C0,,1 + c,,, c;., + C," ; Ck, .: C011 c,., + C010 Cg1 

C~,, ° C011 Cm + Cou + C1~ + C1115 ; 
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ilpOA0JilJ8Hlf 8 

C' (c' u c' <''L c' <v1 ) • c' ( ' "" a5f=- . H!!!Adf!I+ 21n -do+ "n 1:::tio, Ul=- C11!!iAdl'f+ 

C, ml c' <JJL n'''" ) · c.' - (c' M ,.., n<111 + ,1 n _rJ. + u n .:..r1t + .!:1 • tsJ - - 11 -Ad,.+ ... ,,, 1:::t1, + 

r' n<"L n<v¥) · c' - 1c' M c' '"L "'' <21L + "'JJ -do+ .Jt• • lSlf --\ 1 l'l-Ad14 + '"" -"' + ... ,.n _J,+ 

C, '"L c' ,.,L ) · c' - (c' M c' <''' + J& n -d1 + 11 n -di 1 219 - - ff -Ad/II+ ll n lwdo + 

C' (IJL ) . c' (C' M c' {f)'L c' fa)L ) • + If n _,, , Hll = - HO -Ad/If + '" n - ,, + Jll n - "' , 

C, (c n<'1L ,, <•>, r•1 ) , ,,,. ,,> u1 = - '" - 9• + ... ,"' n ,,.,, + n .t, ; c," • -' .. ,., n + 

C n faJ} / ' c I - /,,. fl (t} C n (2)) I. ' c I -
+ on "''' ' 20 - - I c.111 + ••1 ,., • "' -

• 



.. 
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Anrop1'!TM pacQeTa nepexoJJ.Hb!x npoQeccoa 

B Cf.ICTeMe 11.BTOHOIAHOI'O 31!8KTponpHBO,IJ.a 

f------
HaYQJIQ 

to---4---L--'--~---. 
111 

- M' M' - M' M' - -Z _, CY - -1 _, w +M' 
u - {J}z - w, fez -Wt -~ -~ 

M' - M' fo 5+ 15 ~x -{-Wx_\J 
X - H L' • ' f!JH (,NH f 
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iJa Hem 

14------r r. 
Kcq=~ -r;% 

iJa Hem 

Da nem 

5-79 
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p 

5-79 
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r 
l= f YJdf +lo 

D 

Da Hem 

Hem 

Hem 

Ilpo~oueHHe 

u 
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Da Htm 

55---'---
cucmeHa $palHeHuu 

(1.f). ( 1.2) . 

56--..IL...----. 
Cucme1>1a gpalHeHull 

(1.5), (f.8) 

IlpOAOJIJr.eHHe 

u 

57 _ __. ____ __ 

Cucme!fa ypalHeHua 
(f.&), (f.9) 

51--""'----. 
Cucme/'fa ypalHeHuil 

(1.fD), (f.6) 
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IlpanoMeHHe 3 IlpOAOJlllteHHe 

Ilpo~pal.tMa OCHOBHblX npoQeJlYp pacqeTa nepexo)1.HJ:ilx 
npoqeccOB' CHCTeNe aBTOHOMHoro•aneKTpanpHBO~a 

Progr;;>.m PROCl (inpL1t , c:lutput) I 
{$M 9192,0,65530 ) 
u&ea . 

TPString,TPCrt,TPCmd,l:PWindow,TPMenu,Dos,ScreenTp1 

Lab al Eni t1 

procedL1re InitMenu<v<1r M I Menu)' 
!:cm st 
Col or 1 l MenL1Col or Array = <:tfllE, $2E, $03, $4E, $0El , 
Color2 MenL1ColorArray ($5E, :t:4E, $5F, $1E, :f::'iE , 
Col or3 MenL1Col or Arrey "' ($20, $20, $20, $71, $::?E, 
Color4 I MenuColorArray "' ($20, $2E, $20, $71, $2E, 
Color3 I MenuColorArr;ay "' ($5E, S2E, $5F, $1E, $5E,· 
C'olor6 MenuCol or Arr OIY ($10, $2E, $10, $6E, UF, 
Framal Fr<1meArr.ay :: ' 11 t!;i:!.1= II' I 

begin 

'.f:0E, $1 9-, $10) ! 
$0E, f19, $C!!Dl1 
:ffllE, $19 , $10! I 
$0E, $1Q , $10) I 
1:0E , $1Q , $10 l ; 
$0E, $19 , 1'10) : 

<Customize this ca~l for . speci;;>.l exit ch~racters •nd custom item 
displays;.} 

M 1~ Ni;iwManu(CJ, n~ll1 

SubMcmLI ( 15, 9, 1, V11rti c.al , Fr amirl, Col or2, '£.:«£AH£BHblE PASOTbl. e.bfXOA 
- ESC. ' )I 

MenuModw<TrL1e, True, F•lse>i 
Men LI It 1?111 < ' PEWEHME C\-fCTEMbl llPABHEHl.1M ( CloiCTEMA J l ' , 1 , 2 , 51 , ' ' ) I 

M!!nllltem!' nPOCMOTP 'iiA 3KPAHE !IXll M.T.A. CMCTEMA l',2,2 , 52 , ") l 
Mem1Item(' nPOCMOTP ~A 3KPAHE WA "1.T.A. CL1CTEMA I ',3,2 , 53 , ' ') 1 
M&nL1Item(' BblBOA TAS/lMUbl HA nPMHTEP < CMCTEMA I l ',4,2,54,"); 
Menultem<' ebJe.o.a. rPAfliii<A HA nPl>iHTEP ( Cli1CTEMA I ) ',5,2,55, "I; 
Menu I tern ( ' nP0.0.0/lXWl'I:- nPEAblAYld.M£'1 C'-IET < CL1CTEMA I > ', 6, 2 , 56 , . '1 : 

Menu Item< ' PEWEHf!IE CMCTEMbl YPABH£Hl>IL1 ( CL1CTEMA JI ' > ' , 7 , 2, 57 , ' ' ' ; 
Menultem( ' nPOCMOTP HA 3KPAHE <IX11 H.T.A.CHCTEMA Ill ) ', 8,2,58 , ' 'l ; 
Menll lt em ( ' nPOCMOTP HA 3KPAHE <LIA Li. T, A. C~1CTEMA I I I ) ', Q, 2, 5Q , " ) I 
Menuitem(' e.blBOll TAS/ll~Ubl HA nP~1HTEP < C"1CTEMA III l ',112l,2,60,'") 
Manu 1 tGm ! ' BblBOA rPA'l'Ml(A HA nP~1HTEP ( CL1CT£MA I 1 I ) ' , 11 , 2, 61 , ' ' ' 
Men Lil tem ( ' nPO,!\O.IJ:U1Tb nPE!l,blllYli!L1111 C'iET ( CL1CTEMA I 11 I ', 12, 2, 6 2 , ".> 
~lanultem(' PEWEH~1E niCTEMbl YPAe.HEHL1~1 < 1-: III> ',1 3 , 2, 63," l 

r•ooSub 1 eve 1 1 
Ren;;etMenLI <Ml I . 
SetMenuDel01y(M, 30/1 

1md; 
var 

M cManllt 
Ch 1Char1 
Attr 1byta; 
l<•dr : Ekr1 
Ki;iy 1 Menu Key; 
E~eFile 1string; 
ComLi~e :strin91 
Resul 1 byte1 



?O -
Be111n 

Window(1,1,B0,2S>1 
TextBackGround<Whit•>I 
ClrScr1 

InitMsnu<M>1 
repe•t 

:;i: 

59t 
601 
61 :' 
621 
631 

Key 1• MenuChoice<M, Chl; 
1f Ch~•27 then Kevi~01 
ExeFi 1&11• · · 1 
SaveScr<~adr,Attr>; · 
case Y.ey of 
Be91n ExeFile:='PROGRAM7.EXE'1 
B•111n ExeFile:='PROGRAM3.EXE'1 
Be~1n EYoF1le :='PROGRAM5.EY.E ' 1 
f<eg1 n · E:\eFi l &11 = 'PROGRAM2. EYE' I 
P~yln ExcFlle1•'PROGRPMB.EXE'1 
f.<c'J l n E:: 0F1 l &: =. f.'ROGRf\M9. El(E' I 
P.a91n ExeFile1='PROGR10.EXE'1 
Begin ExmFile1r'PROGRAM3.EXE' 1 
Ba<;in ExeFil&1~'PROGRAM,'5. EXE'1 
Begin ExeFiles 'PROGRAM2.EXE' 1 
Begin ExeFile1 'PROGR39.EXE'1 
Begin ExeFile1t'PROGR11.EXE'1 
Begin ExeFil&I 'PROGR710.EXE't 

End;-- -
ReGtoreScr<Kad~.Attrl; 
if ExeFile()' then 
Begin 

Swo.pVactor!f1 
Exec<ExeFi l e,ComLine>1 
SwapVoctor"I 

End; 
Ra~toreScr<Kadr,Attr ); 

Until Ch.,#271 _ 
EraseMenu<M, Falze>t 

E~itr 

End. 

W1ndow(1,1,90,2~); 
Te:·tBackGround <Bloocl:l; 
Cl rScr; 

ComLi ne: = • '1 
ComLin1n""' ·; 
ComL1ns1 c' '1 
ComLine1~·'1 

ComLina:"' '1 
ComL i ntt I"" ' I 
ComLine:,.. · ' 1 
ComLi na1=·'1 
ComLinei=' ' 1 
ComLi n111 = • · I 
ComLine1 = · '; 
ComL.i n•t"' · ·; 
ComLin111=<··1 

End: 
End; 
End; 
End1 
End; 
End1 
End; 
End1 
End I 
End1 
End! 
End• 
Endt 

Pr::ir.i r,;im Progr.am7 <inp~1t ,output> 1 
U!OCi!IO TpCrt,Opis;d.'.lnn,fr kof,Procbcpo,<Procserv,>Display; 
Label HET1,MET2,Ex1t 
Var Irab1,lrab21inteper1 

ar1,ar2,ar3, ~r4,•r5,ar6,ar7,ar81Typol1 
Begin 
ClrScr1 TextBackGround<Sin~)1 TextColor.<Bel'i") I 

Rcaet<Fil11t>1 
Rewri ta <Fil &2> I 
R11wri te <Fil 113) 1 
Read<File1,Buf1 >1 

A~aign(File1,'Filevh.od . DDD ') I 
Aa;ign(File2,'F1leRes.DOD'>1 
Aasi9nCFil113,'ReaFil~.DOD">1 
Seel: <Filsl ,GI> I 
UF1 .. ~.01 

• CONST1 Ir 1. 73'.:0:508 I 
PIA1•3.141~92b1 a~11•PIA/b1 
.ar41~7•~r11 a~~r•9•~r11 
or i z vhod 1 "11 

ar21•3•ar11 
ar61 •11•ar1 I 

ar!-: 'S::S•er 11 
•rQ: =4*<>r 1 I 



?I 
Ta =0. 01 GAMT• =0. 01 ' Irab2: =l 1 Pi:.l; Ilpo,11.oJ1J1teH11e 
For Irabl1~1 to ~2 do CClrablJ:=0.01 
IFV:=l.01 IX11:~0.01 lY11t=0.0l 
IX12:=0.01 lY12:=0.0; IX221~0.01 
WCS1=0.0; WG1t=0.0; WG~:=0.0; 
rabvvod:::0.0t 
Error:=01 VvodOanKL<Error>1 

IX211:::0.0; 
1Y22,.;0.0! 

Seek <Filel ,0); 
F1C1J1=lFV1 F1[2ii=IX11! 
F1C6J1°1X121 F1(7 1~1Y121 
F 1£ 11 J : =ll'CS I F 1 C i J 1 =WG 1 I 
If Error=l then Goto Exit1 

WritR(Filel,bufll; 
FIC3JJC•lY111 FH4J:=IX211 
FlCBJ1•IX221 -~1 C9Jt=IY22! 
FlC 13h=WG21 F:1[5J I =IY211 

F1Cl0J:=Wi 
Cl rScr; Nomsyso: '!' l 1 THr =<Eluf 1. HTAY1 
GotoXY < 1 , 2~> f 

IY21:,,.0.01 
~II =0. 50; 

Writs( "MAET OE".PA601KA AAHHl>IX • .tl/lR nPEPblBAHl-iE flPOrPAMt11J HAXM"1TE 
11Hl6YHl Kl1Ae.111i,11it. ' > • 

Metl: , 
T1=T+TH1 GAMT2=8AMT+W•TH1 
IF•GAMT<=arl then Bsgin GAM:•GAMT1 
IF GAMT<=ar2 ~hen Begin GAM1~8AMT-2••rl1 
IF GAMT<=ar3 then Begin GAM:=GAMT-4~•rl1 
IF GAMT<=ar4 then Begin GAM:=GAMT-6••rl1 
IF GAMT<=ar:5 then Begin GAM:=GAM.T-8•m1rl1 
IF GAMT<=ar6 then Begin GAM:=GAMT-10•ar11 
IF GM1T<=ar6+o7.rl th!iln Bi!gin' \3AM1 :<GAMT1 
GAMT: =I~• TH l GAN 1.=GAMT l 
MET2• 

rabs1n:=SIN<GAM); 
rabcos :=COS<GAMl; 

ar8:=1,01Goto 
ar81=2.0;Goto 
arB2=3.0;Goto 
ar8:e4.0;Goto 
~re: .. 5.0;Goto 
O\r9: .. 6.01Goto 
ar8:;7,0;Goto 

MET21End; 
MET21End1 
MET2!End; 
ME121End; 
MET?.1End1 
MET21End1 
MET21 End; 

Error: .. 0; P.:-omlmff 1<Error)1 
Error:=01 loffsysl(Error>1 
Error:c01 uncsys1<Error!i 

If Error•! then Goto Exit; 
If Error=! then Goto E~it; 
If Errors! then Goto Exit1 

For lr•b1:c1 t 13 do · 
F1Clrab1J:~F1C rab1J+FP£Irab1J•TH1 
F1C11J:=KCS*F1 10l; 
If Irab2=50 th n 
Begin 

B•..tf2.Flag1 -j01 
BLtf2. THt "'Tit 
BL1f2, GAMF1 ;GAMT1 
For lr..,bl1•p to 13 do 
Buf2.ZnFun~Ir•b1J:=FlCirablJ1 
Buf3,Flag:=0; 
Buf3.TH:=T; 
Buf3.GAMF:,,,GAMT; 
Buf3.ZnFun[1J:=F1ClJ1 
Buf3.ZnFunC2J:=IA1 
Buf3,ZnFunC3J 1•UA1 
Buf3.Zn~un(4J:BlAGl; 

Buf3.ZnFunC5J:=IAG2; 
Buf3.ZnFun[bJ:•M8l; 
Buf3.ZnFun[7J:=MG2; 
Buf3,ZnFunrl3J:•MC1; 
Buf3.ZnFunC9J:•MC2; 
Buf3.ZnFunt10J1•FlC10l1 
Buf3.ZnFuni11J:~F1r11J; 

Buf3.ZnFunt12Ji~F1r12~1 
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'Buf3.ZnFun[t3JrrF1[13J1 
Wr i tg (Fil 6!'.J Buf2) I . • 
WritG?<File3 Buf3)l 

Ilp0,D.011J19HH8 

Irab21=0t 
GotoXY(72,2,l l Write<T1812>1 

End1 
Irab21,.lrab2+11 
IFV:=F1C1J; tX~l1=F1[2J1 
IXl2:=F1[6l; Y12:=F1[7J; 
WCS: =F 1( 1 1 J I G 1 : ='F H 12 J f 
IF T ~20~0 then Goto .Ex1t1 
IF Not KoYPrG?»»ed then Goto 

Ex it 1 

lY111=FlC3J1 
IX22:,,F1C8J1 
WG2'r =Fl [ 131 I 

Metl I 

IX211,.F1C4l1 
I Y22: =F 1 [ 9 l I 

IY21:=F1C5J 
l~::-F1C10l; 

SeG?k (Fil gl , 0) l 
Cl OGG! (Fi 1Q1 ~ I 

Er.d. 
Close<File2>1 

Wri ta <Fil '11, buf 1) 1 
Clo!ile (Fi la3) 1 

Proced~tr6! Promkoff 1 (V-ar Error: Byte) l 
Labol Exit; 
Var rabl,rab2,rab3,rab4,NA:typg1; 

NAl 1 Integeri 
Begin 

With Bufl do 
)3egin 

IF <N<>0.0) ANO <T>T6> then NA1~N El'e NA1=0.01 
IF <tH< >0> ~NO <T>T5) then NAl1=Nl Elsos NAl1<=01 
if ·T<11 ther WX:=WX0 
olse if T>~l2 then WX1=WX0+E*<T2-Tl) el»g WX1=WX0+E•(T-T1l1 
if T<T3 then KCS:=0.0 • 
el»e if T >~4 thsn KCSi=l.0 else KCS:m(T-T3l/(T4-T3l; 
if WHDBC.,0. 0 th11n · 
Begin , 

Sl ovo.l 1i=. 3Ha'ieHH\'? WHDBC paseH HY/II~ . l 
6obZoro<Slovo1>1 RG?adLN1 Errorr:sl; 
Soto Exit1 

End1 
rabl 1 =~JX /WHDBC1 
MX1:~MH1*(0,5+1.5*rabl-rabl*rab1>1 
if W<=,WX thon .• 
begin 

rabl: =l!J / WHDEIC1 
Ml:::-MH~*<0.:5+1.5*r0lb1-r,;abl*rab1)1 

end sl 1>0 

b11gin 
rablt=~M21-Mlll/<W2-W1l1 
M11ttrat:ll•<W-WX>+!'1Xl1 

endt 
IDG1~-coNSll•KGF•rab1>in*IFV1 
ID01cNA1*1~11+NA•lX121 
if prizvhcd=l then 
BPgin 

MM21•M"102J 
UD01'=0 ~ ;zl1 

End: 

MM1t-=MM011 
UQ01=0.0; 

IDMt =tc0F•I00+2, IZl*I DG/ 3. 0 / Kl3F+IFV : 
if IDM<=IDM1 then 
begin 



MDOM1.,MD01 
snd el toe 
begin 
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l'!IMADM:oMMAFD1 

,t1BADM: =M_BAFD1 

r,;;bl 1 "'B11+IDM1 r•b21~B21+IDH1 rab3:=B31+IDM1 
If <roib1"'0. 0) OR (rab2°0.0l OR <roib3=0.0> then 
Begin 

Sl ovol 1"' ' nP~i Bbl'-IMC/lEHMM MDOH M/l~i MMADM M/lM MDADM 
3HAMEHATE.Jlb = HY/lJO. 'I 

Sobzero(6lovo1> l Re•dLN1 Errori .. l 1 Goto Exit1 
End1 
MDOMi =Al 1 /rabl I ~lMADM: "A21 /rab21 MBADMi=A31/rab3; 

1md1 
rabl: 2 IX11•IX11+IYJ1•1Yll1 
rabl1=1X2l•IX21+IY~l•IY211 
L1Mlt=A:511 
if prizvhod<>1 then 
BQgin 

rabl:~ux11•UX1i1+UY1 1•UY111 

if U1Sl>U111 then 
Begin 

MM1:=Al.11+~41•U1S11 

I1S1:=9QRT<r•bll1 
. 12s1'1=SQRT Crabl) I 
L2Ml I =A6l 1 

U1611..,SQRT<rabll1 

If MM1<20~.0 thQn MM1t=200.0f 
End El!Oe MM1:~M011 
rab1:=UX12•UX!!~+UY12•UY12t 
if U1S2>U112 the~ 

U1S2:=SQRT<rab1>1 

Begin 
MM2:=A42+B42•U162; 
If MM2<200.0 then MM~:=200.01 

End Eltoe MM21=MM02t 
End El~e pr!~vhod:=01 

LRM1:::<MMl+L2M1; 
roibl:=JX12•IX12+IY12•1Y121 
ra.bl:=IX22•IX22+I~~2*IY221 
L1M21=A521 
LRM21=MM2+l2f121 
R2F 1: :oR21; 
R2F21=R221 
if T<TS thsn 
begin 

IX11:=0.0; IY111=0;01. 
end1 
if T<Tb then 
begin 

IX121=0.0; JY121•0;01 
end~ 

IDG:=-CONSTl•KGF*f-abSIN+IFV; 
rabl I =MM1+MM1/LRM1 l 
AlR:=L6M1+L00•NAl+LL1-RAB1t 
A3Rc=LSM1+LQ0•NA1+LL1-RAB1; 
A5R: ..,A1R*A2R-NA-1'LD0*LD0•N?\1; 
A7R: ::0~:1R-NA1*LD01 

End; .. 
E·' it: 
End; 

~79 

.· 

LSMl 1 =MMl ~-Ll Ml; 
1152: "SQRT (rabl l; 
I2S21=SQRTCr01bll1 
L2M2z=A621 
LSM21:rMM2+L1M21 

I X:?ll ,.0. 0; 

IX221=0.01 IY22:=0.01 

r01b2r=MM2'MM2/LPM2; 
A2R:=LSM2+NAf-L00rLL2-RAB21 
A4R:=LSM2+NA•L00+LL2-RAB2; 
A6R: =A3R•·Al.1R-NA"-U;10..,.LOl.'li•Ml\1; 
A8R:=A2R-NA'1-L00; 
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Procedurs t'offcyst <yar Error: Bytel 1 
Var rabl,rab2,rab3,rab4,rab5,rab6,rab7, 

rabd ,rab><, raby, NA1 typQl; rati~, rabb, r;;i.bc" 
Begin NAl1Inte9or1 

With Bufl do 
Bug in 

IF (N(>0.0) ANO (f)t6>"then---r:ffi:=N ElGe NA:=0.0; 
IF (Nl<~0) AND <T>T5> thGn NA11~N1 Elss NAl1=01 
r ab 11=2•Com;t1 •l~GF•MMADM•rab;;i nt 
rab2:=LDG*rabsin*rabGin+LQG•rabcos•rabcos1 
rab2:=3*KGF•KGF•rab21 
rabx1•CONSTl*KGF•MDOM•rabGin+MBADM1 
r;:-by: :MBADM-CONSTl •~'.GF•MDOM•rabs1 n; 
rab5:eKGF*M00*rAbcog~ r~b5:~r~b5•r~b5*3/A6R; 
rab61m-(raby•raby/A5R+rab5)•(ASR•NA1+NA•A7R>1 

CC 1 l: '"LF-rabl+rab::?+r<«b6; 
r <1b 1 1 "'COMST 1 •KGF * < MCHll+MDOM > ,,.,. abc os 1 
r·«1b2: ::[.<.1MST l ·H'.GF*MQ0*riilbco£<; 
r.;1b5: ~t.'UNSl 1 •t<GF* (MQ0-.MDOM\ ·~-rcibi:;i n+MBADM; 
rabb:=W•<2•NA*ILD0-LQ0l•NA1-NA*A7R-A9R•NA1)1 
rab7:=6~~GF•KGF•<LQG-LDG>•rfilbsin•rabco••W1 
rabl1=-rabl•raby•WJ<NA•A7R+A9R•NA1)/A5R1 
rab2:~rab2•rab5•raQ6/A6R; 
rab:51 =-2•CONST1 •KGFfcMMADM•rabcos•W-RF-3•KGF•~'.GF•Rl31 ;· 

CC2 J1~rabl+rab2+rab5+rab71 
rcoba: oMMl 1LRM1 t rabb: =MM2/LRM2; 
rabct=raba•MMl•<WGl/W-1'; rabd1•rabb•HM2•<WG2/W-1 >1 
rabl:=NA•R0•A7R+ABR*'R0•NAl+Rll+RLl>t 
rab2:<=N•CONST1•KGFfM00•r;i.bcos*NA1/A6R1 
rab5:=ABR•<rabc+LSM1+LD01f-NA1>; 
rab6:=CONSTl•~GF•N~l*RK*(rabGin+CONSTl*rabco•>1 
r~b7:~CONST 1*KGF*MDOM*rabcos*W*NA1-rab61 
rab61=raby•rabl•NA~/A5R+rab7; 

CC3J 1 =r;ib6-rab2• <NA*LD0,.A7R+r·ab5> 1 
rabl:~A7R«INA*R0+R12+RL2l•NA/A5R1 
r ab 21 "'ASR,,.CONST 1 •VGF •t~A*NA 1 *LD0,.MD0•r abc os*W I A6R; 
rab5:~A7R•CDNSTl*KGF*NA,.M00*rabco&*W/A6R1 
rab6:~rabd+LSM2+NA•LD0; . 
r ab7: "'CONST 1 •l'.GF•N()·lf- <MDOM·•r abcofi.•l~-RI'"* (r;;1bai n-t-CONSTl *rabcoGl ) l 
rab 1: ..,,.. ab 1 •raby+AOR•NA•R©~r aby•NAl /A5R; 

C[~J1=rab1-rab2-rap5*rab6+rab7; 
rab11=A7R•NA•LQ0•r~by•W•NA1/A5R1 
rab21 =ABR•I~* (rabc+LSMl +LQ0*NA1) <tNAl /A5R; 
rab51~A7R*CDNST1*K~F•NA•MQ0•R0*rabcos•NA1/A6R1 • 
rab61•ABR•CONSTl*K~F•MQ0•rabco£•1Rl1+R0*NA1+RL1>•NA1/A6R; 
r' ;ob 71 •CONST 1 *KGF •NF\ 1 • < MQ0•r absi n•W+RK * < r abcoss-CONSTl •r absi n > ) I 

CC5J1=rabl+rab2•raby+rab5+rab6+rab71 
rab!1=A7R•W•<rabd+LSM~+NA*LQ0)/A5R•NA1 
rab~1=ABR•NA•L00•W•NA1/A5R1 
rab51=()8R•CDNST1•KGF•R0•NA1•NA*MD0•rabco!O•W/A6R; 
r ,;;b61 =A7R•CONST l *K.GF*NA•M00•r ab co•* (Rl 2+NA•R0+RL2 >I A6R I 

5-79 
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ra1b? 1 ::CONST! •KGF•Nt\_* <M00*r ab~i_n.:!t"!_!_RK* 1 

(rli\bcds-CONST1 •rabSIN>)' Ilpo~OJllleHHe 
CC6J1==rabl•raby+rao2•raby+rab5+rabb+rab71 
rabl1~-ABR•rw.ba•RZF1•raby*NA1/A5R1 
r ab2: =>ASR•CONST 1 *~;GF •M00•MM 1•WG1 •r «1bCOS•NA 1 /A6R; 
CC7J:=rabJ-rw.b21 
r•b1a=-A7R*rabb•R2F2•N•raby/A5P.; 
rab21~A7R+CONSTl•KGF•MD0*NA*MM2*WG2•r•bCOS/AyR: 

C~8)1zr01bl-r..,b21 
r "'b 1: ,..A9R•COtiST1 *Ll3F•MPIH-:-aba*R2F l*rw.bco•*NAl /A6R; 
C [ 9): ,..ASR+MM 1 .. ~JG 1 ~NA 1 *r aby I A5R-r w.b 11 
rabl:~A7R•NA~MM2•WG2*rw.by1A5R; · 
r &1b2: .,A7R*COl>IST 1 *f'.GF *NA*MQ0*r Olbb*R2F2*r lilbCOS/AbR; 
cr10J:=r~bl-r&1b21 · 
CC11J1•CC2J/CC1l1 CC12):rCC3J/CC1J; CC13J1=CC~J/cr1J1 

CC16J:=CC7J/C(1J1 
CC19J:=CC10J/CC1J1 

C~14~:=CC5J/CC1J; CC15J:=SC6J/CL1J; 
CC17J:~crsJ/C(1J; C(18J:=CC9J/CC1J; 
Ct20J1•-A7R*CON8T!*KGF*M00*r"'bCOS/A6R1 
CC21Ji=A7R*<CONST *KGF•M00*rabSIN+raby>*W/A6R; 
cr22J1=<A7R*LD0-r bc*LQ0-LSM1•LQ0l*W*NA1/A6R; 
rab 1: =A3R* (r&1bd+LSM2+NA*LD0>; . 
CC23J1=<rabl-NA*LP0•LD0*NA1l*W/A6R; 
CC24J:.,<A~R*R0+LQ~*<R11+R0*NA1+RL1ll•NA1/A6R; 
CC25J:=<NA•LQ0+R0rNA1-A3R*<R12+NA*R0+RL2ll/A6R; 
CC26J: "'-LQ0•MM1 *~IGl *i'IAl /A6R1 
CC27J:=A~R•MM;+wG21A6R; 
CC28J1•-L00*rabw.•R2Fl•NA1/A6R; 
CC29J:=A3R•rabb*R2F2/A6R; 
cr3011~cr201+cc111+cc21J; 
CC32J I :::er 21'1J 4·C[ 1 :::J+CC23J l 
CC34J:=CC20J*CC15J+C(25J; 
CC36Ji=CC20J*CC17J+CC27J; 
CC38J:=CC20l*CCt9J+CC29J; 

CC31J1=CC20l*Cr12J+CC22J1 
CC33Ji=CC20J•CC14l•CC24J: 
CC35Js=CC20J*ClJ6J+CC26J; 
CC37Ji:CC20J*CC18J+CC28J; 

CC3'?J 1 =>-ABR•CO~lST1 *l'GF*MCl0*rabCOS/A6R1 
C~40J:~A8R•ICONSTt~GF•MQ0+r ... bSIN+raby)+W/A6R; 
rab1i=A4R~<r~bc+LSM1•LD0•NA1>~NA*LD0*LQ0*NA1 ; 
CC41J:~rabl•W/A6R; 

rabl1•A8R•LD0-LQ0~<r•bd+LBM2>; 

Cr42Jr=rabl*N~*W/A6R; 
rabl1=NA*LQ0*P.0*NA1-A4R*<Rll +R0*NA1+RL1>1 
CC 43'J: crabl /A6R; 
cr44J: .. <A'IR*NA*R0!'"~1A ... LQ0* <R12+NA*R0+RL2>) /A6R1 
CC45J1~A4R•MM1•WGp!A6R 1 
CC46J:~-NA+LQ0•MM~•WG2/A6R; 
CC47Jt~A4R*raba*R~F1/A6R; 
CC48J:=-Nn•L00•rabb*R2F2/A6R; 
Ct49J1~CC39J•~(llp+C(40J; I 

CC~lJ:=CC39J*CCl:J+CC42J; 

CC~3J:~Ct39J•CC15J+CC44J; 

CC55J:=CC39J•CC17J+CC46J; 
CC57Ji=CC:.9J*CC19J+CC4BJ; 
CC58J: =-A7R4 r<lby/A5R; . 

CC50J:=CC39J*CC12J+tC41J1 
C[52J:~ct39l*Crl~J+CC43J; 

C(5~J:=CC:::9l*C[16J+CC45l• 

CC56J:=CE39J+CC18J+CC47J; 

CC59Ji=A7R•CONST1•KGl'•(MQ!ll+MDOM)*rabCOS*W/A5R; 
CC60J: ::- <Al R•f(Ql+MA! -LD0•'MA1"' <RO*NAl +Rl 1 +RLll l /~5R; 
CC61J1><\NA .. LD0•R0tNA1-AlR*<NA*R0+R12+RL2))/A:::iR1 
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CC62J:=-(LQ0*A1R*NA1-LD0*NAl*(ri!bc+LSM1+L0.0•NAl))*W/A5R; 
CC63J 1 = CNA•LD0•L00•NA1-A1R• !roi.bd+LSM2+NA•L00l) *W-'A5R; 
CC64Jc=-LD0•raba•R2F1*NA1/A5R1 
CC65J t "'AlR•rabb•R2F'.UA5R1 
CC66Jl=LD0•MM1.,,,WG1•MA1/A5R; 
CC67J:=-A1R•MM2•WG2/A5R; 
Ct6BJ:=CC58J•CC11J+CC59JJ 
C[70J:~cc58J•Ct13J+CC61J; 

CC72J:=CC58J•CC15J+CC63J; 
CC74J :~Ct 58J•CC17J+CC65J; 

CC76J:~Ct58J•CC19J+cr 67J; 
CC77J:=-A8R•raby/A~R! . 

CC69J:=CC58J•CC12J+CC60J; 
CC71J:~cc58J+CC14J+C[6~J; 

CC73J:=Cl58J•CC16J+CC64J; 
CC75Jt=CC5SJ•CC18J+CC66J1 

CC78J:=A8R•CONST1*f!:GF*(MQ0+MDOM>•rabCOS•WIA5R1 
C(79J:%(NA•L00•R0•~A1-A2R•<R0•NA1+R11+Rll>l/A5R; 

CC80J1=NA•<LD0*(NAtR0+R12+RL2l-R0•A2R)/A5R1 
erst J 1 = <NA•LD0*L00fNA1 ..!'A2R• <rilbc+LSM1+LC0•NA1 > > •W/A5R; 
CC82J1c-(LQ0•A2R-L~0•(rabd+LSM2+NA+LQ0))•NA*W/ASR1 

CC83J:=A2R•raba•R2fl/A5R1 
CC84J!=-NA•LD0•rabr•R2F2/A5Rt 
CC95J:=-A2R•MMl*WG1/A5R! 
C[86J1=NA•LD0•MM2•~G2/A5R1 
CC87J1=CC77J•CC11JtCt78J1 
creqJ:=CC77J•~C13J~C(80J1 

CC91J:=CC77J•CC15JtCC82J; 
CC93Ji=CC77J«CC17J+CC84J; 
CC95J1~cc77J•CC19J+C[86J; 

CC96J:.,.-r'abb; 
CC97J1=r~bb•!W-W62)1 
cr<>eJ1,,,0.0; 
CC99J: :;!>J-l•JG2; 
CC100J:=-R2F2/LRM21 
CC101J1=CC96J•CC30J1 
CC103J:=CC96l•C C32J+C[97J; 
C(105J:=CC96J•CC3~J+CC98Jt 
CC107J:=CC96J•CC3~J+CC99J1 
C[109J:=CC96J•CC3~J+CC100J1 
CC110J:,.-rabb; 
c [111 J: "0. 01 
Ct112J:=rMbb•<WG2~W>1 

C[ 113J 1·a-R2F2/LRM:;"l1 
CU 14J 1'=WG2-W; 
CC115J:=CC110J•CC48J1 
C[117J1=C[110J•CC7,0J+CC111J1 
C[119J:~cr110J*C[7i2J+CC112J; 
Ct121J :=CC110J•CC74J+CC113J; 
CC123J:=Ct110J•CC7,6J+CC114l 1 
cft24J1"'-r&1ba1 
er t25J 1=rab;a,io1w-µ1e1>1 
CC126Jpo0, 0; 
CC 127J: "'W-WGl 1 
~[!28J1•-R2Fl/LRM11 
CC129J:~cc124J•CC49J; 

CC131J:~cc124J•CC51J1 
r.c1331:~cr124J•Ct5:J1 

Ct l 35J 1 :>:CC124J+CC55J I 

CC88J1=CC77l•Ct12J+CC79J1 
Ct90J:~Ct77J•CC14J+CC6ll1 

C[92J:=Ct77J•CC16J+Ct83J1 
CC94J1=CC77J•Cr1SJ+CC8~J; 

CC102J1=CC96J•CC31J1 
Ct104J:=CC96j•CC33J1 
Ct106J1=CC96J•CC35J1 
CC108J1cCC96J+CC37J1 

CC116Jt=CC110J•tC69J: 
CC118J:=CC110J+CC71); 
CCJ20J1•CC110J~CC73J; 
CC122J:=CC110J•CC75Jt 

CC1!0l1=CC124J+CC50J+CC125J; 
CC132Ji=CC124J+CC52J+CC126J; 
CC134J:=CC124J+CC54J+CC127J: 
CC136J1=CC1~4J•CC56J+CC120~1 



C[137J:=C[124J•C£57P1 
C[ 138): =-r aba; 
cc 139]: =0. 01 
CC140J1=rab~*(WGl-W~1 
CC141J1=-R2F1/LRM11 

flpOJJ,OMSHJ.16 • 

CC142J:=WG1-W; 
CC143J:~C[138J•CC87D; 
C[l45J:=CC138J•CC89j; 
CC147J:=CC138J*CC91P; 
CC149J::CC138J•CC9~JI 
C[l51J:•C[138J•CC95P1 
er 152): =LSM1: 

CC144li=CC138J•CC88J+CC139J; 
CC146J:=CC138J•CC90J+C[l40J1 
CC148l:=CC138J•CC92J+CC141J; 
CC150J1aCC13SJ•CC94J+CC142J1 

Cd53J1::MM11 
CC154J:=Rll; 
C[ 155J: =L9M1 ·~~; 
cc 156]: =0. 0; 
Cf.157J:,,,MM1•1~; 

CC158J:=CC152J•CCB7J+C[l53J•CC143J1 
CC159J:=CC152J*CC88J+CC153J~C[l44J+CC154J; 

C[160J:~crt52J•C[B9J+CC153J•CC145J1 

CC161J:~cr152J•C[90J+C[l53J•C[146J+C[t55J1 
cr16~J:~cc1s2J•CC91J+crtsJ1•cr147J1 · 
CC16~J:=CC152J*CC9~J+C[153J•Ct14SJ+C~156J; 

CC164J:~crt52J•C[9~J+CC153J•C[l49J1 
CC165J1=CC152J•CC9~J+C[153J•CC150J+CC157J1 
CC166J:=CC152J•C[9~J+C[153J•CC151Jt 

C[167J:,,-LSMl•W; 
C[168J:=-MM1•W; 
C[169J:=CC152J•C[4iJ+CC153J•CC129J1 
CC170J:=CC152J•CC5 J+CC153J•CC130J+CC 167J 1 . 
CC171J:=C[152J•CC5 J+C[153J*CC131 J1 
CC172J1=C[152J•C[5 J+CC153J•C[132J+CC154J1 
CC173J::C[l52J•CC5iJ-+'CC153J•C[133J; 
C[174Ji,,,CC152J•CC5qJ+CC153J•CC134J+CC168J1 
CC175J:=CC152J•CC55J+C[l53J•CC135J; 
CC176Ji=CC152J•CC56J+CC153J*CC136J+C[156J; 
CC177J:=C[152J 4 CC57J+CC153J•CC137J1 
CC17BJ:,,LSM21 
CC 179): =Ml121 
C[180Jr=R121 
CC) 81 J: =LSM2*Wl 
CC192J:=0.01 
er 1s:-.J, =MM2•~1: 
CC1S~1:=CC17BJ•CC68J+C[l79J•CC115J1 
C[105J:"'C[178J¥CC69J+C[179J•CC1l6J1 
C(186J:=CC17BJ•CC7~J+CC179. J•CC117J+CC180J; 
CC187J:=CC178J•Cr7iJ+CC179l•C[llBJ1 
CCl88J1:C[178J•CC7IJ+C[179J•CC119J+CC181J; 
CU 89J: =CC 178J•C[7:ilJ+CC 179J ~c r l 20J 1 
C[190J:~cr178J•Cr7!J+C[179J•CC121J+CC182J1 
CC191Jr=CC178J•CC7fJ+CC179J•CC122J; 
C[192J:=C[178J•C[76J+C[179J•CC123J+CC183J; 
C[193J:=-LSM2'tW; 
CC194J:=--MM2•W; 
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CC19SJ1=CC178l*CC~0J+CC179J*C[10lJ1 
CC196J:~cc17sJ*CC~lJ+CC179J•CC102J1 
CC197Ji=CC178J~CC~2J+CC179J•CC103J+CC193lt 
CC 198) 1=CC178J•CC ,.33+-CC179l•CC 104) 1 
CC199J:=CC178l*CC~4J+CC179J*CC105J+CC180Jt 

CC200J::CC17Bl•CC~5J+CC179J•CC106J1 

C C201J1 ~cc17eJ•CC~6J+C[179J•CC107J+CC194J; 

CC202J:=CC178J•CC37J+CC179J•CC108J; 
CC203 J: =CC178J•CC38J+CC179l•CC109J+CCJ82J1 
r ab 11 =3<t-KGF ·•XGl"•r .. bs Hl*r O\bCDS* ( LQG-LOG) 1 
CC204J:.,rab1+CONSTl*KGF4MMADM•r .. bCOS; 
rab1:=CONST1*KGF•NA1*(MOOM-MQ0)1 
CC205J:=rab1•r.abCOs1 ' 
CC2 B6J :=CC205J.,.NA1 
CC207J: "'MBAD~l~NAl -rab l •r otb S IN*NAl 1 
CC20BJ:=CC207J•NA s 
CC209J:• ( L00~LQ0)~NA1*NAJ; 

CC210l:=CC209J•NAfNA1! 
CC211J1aCC210l*NA· 
rab2:"'CONST1•KGF*hD0*rabCOS; 
r .. b51=LD0•CC87J•N~1+NA4L00•CC68J1 
r ab6: =CONST 1 *KGF * I< MQ0-MDOM) *r abCOS*W! 
CC348J1~-raby•CCl~J-rabS-rab61 
rab51=LD0•CC88J•Np1+NA•LD0•CC69J+R0•NA11 
CC349J1=-raby•Cc1µJ-rab5; 
rab51=LD0•CC89l*N~1+NA*LD0•CC70l~NA*R01 
CC350J:=-raby•CCl~J-rabS1 , 
rab51=L00.,.CC9flll* NA1+NA*LD0*CC7ll+L00•W•NA11 
CC351J1 =-raby•CC1~J-rab51 

.- .. b5:=LD0•CC91J•N~1+NA*LD0•CC72l+NA*LQ0*Wl 
CC352J1~-r~by*CC1SJ-rab51 

r.ab51=LD0*CC92J•NA1+NA*LD0•CC73lt . 
C[353J:=-r .. by~CC16J-rab~1 
r.abS1=LD0•CC93l*NAi°+NA*LD!ll*C[74J1 
CC354J1=-r.aby•CC17J-r.ab5; 
r ab5e•L00•CC94J•NA1+NA*LD0~C[75J1 

CC 35~J:•-raby•CC19l-rah5• 

rab5: =LD!l.l•CC 95J >.Nf\1 +NA•H.DQJ•CC 7 6J ! 
CC356J1=-rabY*CC19J-r.ab51 
rab5:=CONST1•KBF~IMOOM-MQ0 ) •rabSIN-MBADM1 

rab6l%LQ0•C C49l*~A1+NA•L00*CC30J1 . 
C[357 J 1=-rab2•CC 1l-rab6-rab5*WI 
rab51cLQ0•CC50l* Al+NA•LQ0•CC31J-LD0*W•NA~I 
CC35Slr=-rab2•CC 2J-rab51 . 
r.ab5:=LQ0•CC51J4 A1+NA•L00•CC32J-NA•LD0*WI 
CC359J:=-rab2*CC 3J-rab51 
rab5:=L00*CCS2J•~Al+NA•L00•CC33l+R0t 

CC360J:=-r~b2*CC~4J-rab51 
rab51 =LOl<'•CCS3Ht~A1+NA*LCl0•CC34HNA•R01 
CC361J1=-rab2*CC15l-rab51 

,,r otbS1 "'L00•CC54 J *l\IA1+NA•L00•CC35) 1 
CC362J:~-rab2•CCi6J-rab5; 
r;abS1 ,,.L004CCS5 J•NAl+NA•L00•CC36J1 
CC363J:=-rab2•CC17J-rab5t 

fipO,ll01illeHpe 
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r;i.b:S1o::L00•Cf56J•NA1+NA*LQ0•CC37J1 
CC364J1•-rab~*CC181-rab51 

rab:S1=LQ0•CC57J•NA1+NA•LQ0*CC39J1 
CC:!.65J r ;:-r ab2•CC 19J-rab5i 

r.ab3:=CONSTl•KGF•LDG•rabSIN-MMADM; 
r ilb2: =CONSTl *~'.GF •LQG•r ;ibCOS t 
r;ib:S:=MDOM•(NA4 CC68J+CC87J)1 
r;i.b61~CONSTl<tKGF•<LDG-LQG)*r•bCOS•W1 

Ilpo.n.0JIJ1temte 

r .._b 7 1 =CONST 1 *l';GF *RG 1 •r abS IN; 
CC:Sl:SJ1~-rab3•CC11J-rab:S+rab6+r;i.b71 
r;i.b51=MDOM•<NA<tCC 9J+CCBSJ>~RK1 . 
CC:Sl6J10-rab3•CC1 J-rab:S; 
rab:S1=MDOM•<NA•CC 0J+CC89J>-NA•RK1 
CC517J1=-rab3•Cr1 .. J-rab51 • 
r;i.b:S1=MDOM•<NA•CCY1J+CC90J)+W•HQ0-CONST1•RK1 
CC519J:•-rab3•CC14J-r;i.b5; 
r;i.b:S1=MDOM•<NA•Cct2J+CC91J)+NA•W•MQ0-NA•CONBT1•RK;; 
CC519J1=-rab3•CC1iJ-r;:1b:S1 
rab:S1~MDOM•<NA•CC 3J~ccq2J>1 

CC520Jt=-r;i.b3*CC! J-rab:S1 
rab:S1 =MDOM• <~'A•CC 4J+CC9'!.J > 11 

CC:S21J:"'-rab3•CC17J-rab5; 
rab5:=MDOM•<NA•CC75J+CC94J)1 
CC522J:=-rab3•CC18J-rab5; 
r;i.b'51=MDOM•<NA•CC76J+CC<>:SJ>1 
CC523Jix-r;i.b3•CC1~J-rab5; 
rab5:=MQ0<t(~A•CC30J+CC49J>t 

ra1b7':=COM9T1<tKGF•W•(LQG-LDG>•r;i.bSIN1 
rab6i=MMADM•W-CONST1•KGF•RG1•rabCOBt 
CC5~4J1=-~ab2•CC11J-rab'5+rab7+r;i.b61 
rab5:=MQ0<t(NA•Cr31J+CC50Jl; 
rab6:=MOOH•W-CONST1•RK1 
CC525J: =-r·ab2•CC 1ZJ-rab5+r01b61 
rab5r=M00•<NA•CC32J+CC51J>1 
rab61=NA*MDOM•W-NA•CONST!•RK1 
CC526J1=-rab2<tCClfJ-ri1b5+rab61 
rab5r~MQ0•<NA•CC3 J+CC52J>; 
CC527Js=-rab2•CC1 J-rab5+RK! 
r;i.b5:~MQ0•<NA•CC34J+CC53J>t 
CC528Jr=-rab2•CC15J-r~b5+NA*RK1 
rab5:=MQ0•<NA•CC35J+CCS4J>1 
CC529J:=-rab2+CC16J-rab5; 
rab5: =MC'0• <NA;c.CC'SbJ +CCSSJ > l 
CC530J1=-rab2•CC17J-r3bS1 
rab5:=M00~<NA*CC37J+CC56l ) 1 

CC531Ji=-r~b2•CC18J-r~b5; 
r~b5:=M00*(NA•CC38J+C[57J>; 
CC532Ji=-rilb2+CC19J-r~b5i 
End; 
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IlapaMeTphl ~H3enn, CHCTeMU 8BTOHOMHOro 3ne~TponpHBOA8 
H paOouero oprB.Ha 3neKTpHiflHQHposa1moro o6pe3UHKa 

KpOH nnOAOB~X KynbTYP 

I. Ba3HCHble BenHUHHbl Qenu OCHOBHO~ 06MOTKH CTSTO~a CHHX
~ OllHOI'O reHepaTopa 

[ 1 =Vi I,,= f.'d·5't = 70,37 A; IJ1 =Vi U,,, = f,'tf.23f = 3278; 

'4Jr"'21ff11 =2 ·1,flf·50=3f't Pa~c; ·~,.= l/i = !.!!.= f.0'186' w,. 3f'I , , 

~,.:: IJ,. = 311 = 'f,28 OM; P, = f,5ll1I1 =f,5·91.7·TG.3T=37,'t6·1D 18m; 
16 rt,31 
p6 p" ~7, 'i6·101

· 2 l ~, lf,JS -1 
M1 = -- = = 2J8 G H·N ; 1 = - = --c fJ NO rH • 

W6 3f'I . w,. 9 f'f ' I 

I f -• f t, = ~ = - .: S,f8 ·f0 c ; (8 = (J)6 t,., (J)8 - = f. 
""6 Jf'I GJ,. 

Ba3HCHble senHUHHN QenH AOnOJIHHTenbHon oOMOTKH cTaTopa 

11 TG,3T 
I11 -= 36,0GA, K1 =- = -- • 2,fJ; IJ11 =111 11/ = J212,f2=G95,l't 8; 

I1, JG,OG 

Y'gt = ~,.Kl = f, 01/ 2,12 "'~.20 81; li1 • l 1 KJ = l/,28·2,fJ
1= 11,J't PN; 

11 TG.JT 
116 • 30, 6 A ; K1 • - = -- • 2,!0 ; U11 a tS U1 'fs = l,S· JJT-J,50• 12l&,Z58; 

Ia JO,& 

Y'11 • f,5'!',1(1 = f,!· f,01/.1,SO • J,90 81; i 11= f,5'11 1(/ = f,S·lt,21· 2.5/J~'fl,fJ/Jlifj 

a _, 1 -1 a !J!. I JM L1,. = f,!L, Ki .1,s. 1a,No ·t.5o • 11r,uo rH; K,1 = r "' 9 - ,. o.sr. 1,, ~ Jf," 
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Ea31Ac11aR sc11111nrna c1rnpccT11 nocTynaTeJJbHOl'_o p.BH118HH.R ar1'e-

r>aTa Ha I nepep.aq-e 

tTi= WaR"' = 311/•0,1J = 0.Sf M 
Pn irp 2·215,282 ' e . 

2. Ko::iqqrnL111e11T1:i1 ypasHeHll!A peryn.RTO!JHblX xapt1KTep11cT11K H 

ypaBHeHHR )l.Bi.t)l(ehHR )l.H3~Jl.R ).\62M, KO'rOphlM OCHBllleH T~aKTOp [M3-6!d 

arperaTHPYIOUlHA Mam1rny. 

H COOTIIBTCTllHH c pHC .IJ.l nOC1'pOeHH01'0 no nacnopTHUM ,l!SHl!hlll 

)l.H3eJIH /16/, 3Ha'4eHH~ KpyTnmero MOMeHTa H CKOpOC'!'lol OTHOCSl'lll1eC.R 

K x:apaKTep!lWM pe)l(HMaM pa(!OThl COCTaBJI.ftKYI': 

mo~1<aA· M' =-Ir{~ =' 253 = fOG· UJ ::QHpq= f83,3·~=f.fT · 
-H M6 2j8,6 , , -HJ.IC <..J,. 3f't ' I 

/1101/l(OF M' = M/ = 0. Ct)= Q, P11 = 1G8·2 =for .. 
_, M6 ' _, Ct)6 Jfl{ I I 

"1t>Vk0 G M' = M.' = .!.!!__ = 0 72 • (.,) = Q, p,, = f57,f·2 = f . 
1. M1 2$8,6 ' ' _, UJ,. 3f't ' 

mow<a C W :: Q~0 pn = 15f · 2 = O, g6. 
xo W6 Jf'I 

Koa }ll>1q11eHTbl ypaeHeHHR p.B11lltemm .u.11aeirn np11 nepep.BHlKeHHH 

arperaTa no I'Op1130111'8JlbHOMY CKOmeHHOUY Me)l(p.ypHp.blO CBJJ.8 HO. I-A 
CKOpOCTl1 H npette6~e)l(eHHH CHJIOA conpOTHBJieHHH pa6oq11x opraHOB 

nocTynaTe.1bHOMY nepeMememm 

[ ] 
RK1 f 

Mcnep = f" (G-T +G,_.) + F,, -. -,,,- M = 
lrp ·'rp I' 

= [ 0,08 (3"33S + f9 G20) + 0) 0,7J -
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5. Ko~MqMeH'l'w »exattMQecKoA xapaKTepHCTHKH pa6oqero 
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~' · Clt'i000 0.0C'IOC0 !ll.00670 0.00670 l . 121076 111.0000 0.000C 0.000 
'.1.C'.lm'<OIJ 0.t'.·11l00G 1<1.00670 0.00670 1. 0091 0.N.Wllll 0.11101<llll llJ. t'l;)(1 
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IJ.001l\01i1 0. 0~•1.me Pl. flll.'!670 0.00670 1.009~ ~.0000 "· 000!ll 0.001<1 
0.00000 0.00!ll00 0.00670 0.00670 1 . 0099 0.0000 0.0000 0.(')0 
0.0(!1028 0.01210001 ~.li.l06711l 0.00b70 i.0~02 0.0000 -0 . 0~~01 0.0 
0 . 0111460 0. 000001 :21 . 00670 0.00670 .I • 0t 0::.~ 0.0000 -0.0001 0.0 
0.02127 Ill. 00000' 0.00670 0.l'\067121 1. 0102 0 . 0000 -0. 0001 0.0 
0.05655 0.00000' 0.00670 0.00670 1. 0101 0.011100 0.000:? 0.00 
0. 10810 0 . 00000 0.00670 0.00670 1. 01"10 lll.0000 0 .11)008 lll.00 
0. 16433 0.1110001111 0.00670 0.00670 1.009q 0.0000 0.00l8 0.t"0 
0. 20907 0.000001 0.00670 0.00670 1.0099 0.0000 0.0032 0.00 
0.22889 0 . 0001i'101 0.li.l0670 0.00670 1.0099 0.·0(<)01i) 0. 0L~~9 0.li'l0 
!J.21672 0.000001 0.01'1670 0.\!10670 1.0100 111.01Z100 0.006" 0.t%:! 
0 ~ 17479 0.0000~ 0.00670 0.00670 1. 0111}0 "· 001::!0 " · 0.is:: 0.~0 
rte 11234 0,. UC'.100~ 0.1110670 0.00670 1. 0101 0.li'l00t'l PJ.f.)0~:' !?- • t'l[J 

I'!. l'M397 0.0000 0.00670 0.00670 1. 0101 0.lll000 0. 0098 0. l'O 
-~. ~1425 0 . 0000 0.00670 0.00670 1.0102 0. (%~00 0.llltW'l C). L~llJ 

-0.Pl4B47 Ill . n1100~ 0.00b70 0.1:'.10670 1.0HV Ill. 1.J( 11'11l ".1.,1,q::, l!I. 1)'1 

··0.0~·1J27 0. llllll00C1 t'l.110670 0.00610 1.0102 QI. l'l\1£31J IL ~':J91 0. i:J~1 
··0. 01403 0.0000!ll 0.00670, 0.00670 1. 0102 l'I. r,1~1l~0 1/1. kJV.87 0 . .-~1 
~- ~J:7~8 0. Vi0'2111' 0.006~0 . 0 . 00670 1.0HJ2 0.l'HiM0 o. ~~~!'17 C!J.•·•\·) 
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"· 2!914 l'.C'0:J00l I~ . £1'('1.,, ~:J IL 0Cb70 1.01111 (>..~!JC~!i) o.ri1::1 0.t'l!J 
0 . 19:-'·80 0.0e00~ 0.00670 0.l'l06711l 1. 010-1 IL ~Clt'll.' 0.0 5"' 0.00 
0. 14545 0."11iH'.l0~ 0.00670 0.00670 1. 01"5 l'I. ''''l~r.'i 0.01.'>3 0 .. C'e 
11!. 08017 0.0000~ l'. 00670 0.00670 1. 010:-, 0.f!llJQ\0 0.e172 Ii) . IJl.'l 
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