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c npoHaeonbHOH ~YHK~HeH Ka4eCTea. BTopoH anropHTM /Hc
nonbay~~HH pa3no~eHHe npOH3BOA~~eH ~YHK~HH narpaH~a B P~A 
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AOCTaT04HO ~eCTKHe orpaHH4eHH~ Ha BHA ~YHK~HH Ka4eCTBa. 
An~ HcnonbaoeaHH~ e nocneAHeM anropHTMe npeAno~eH cnoco6 
6~cTpOrO peweHH~ CHCTeMW ypaeHeHHH KHpxro~a. nonyTHO 
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pa3HOCT~X. 
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The paper is concerned mainly with the optimal electri 
cal network configuration searching. The developed ap
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too. The first algorithm proposed (relexative) is valid 
for the optimization of the arbitrary quality function net
works. The second algorithm (which uses the Lagrangian 
generative function to Taylor's series expansion) is highly 
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rithm is proposed to solve finite difference system. 
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1. 3nEKTP~4ECK~E CET~ 

3neKTPH4ecKa~ ceTb o6~4HO npeACTaen~eT co6oH rpa~ c oT
nH4H~M OT Hyn~ ~HKnOMaTH4ecKHM 4HcnoM. B OAHOH H3 eepwHH 
rpa~a pacnono~eH HCT04HHK 3neKTP03HeprHH, B OCTanbH~X eepwH
HaX - noTpe6HTenH c H3eecTH~MH xapaKTepHCTHKaMH. HanH4He 
~HKnoe e ceTH noaeon~eT AY6nHpoeaTb Ha cny4aH aeapHH 3neKT
PH4eCKHe ~enH, noABOA~~He 3HeprH~ ea~H~M o6DeKTaM. 0AHaKo 
H3 C006pa~eHHH HaAe~HOCTH 80 BpeM~ HOpManbHOH 3KCnnyaTa~HH 
ceTH ~HKn~ paap~ea~T, OTKn~4a~ 4aCTb nHHHH H npeepa~a~ rpa~ 
e Aepeeo. 3To AenaeTc~ An~ Taro ,4To6~, e cny4ae peaKoro oT
KnOHeHH~ pa6o4ero pe~HMa ceTH aT cTa~HoHapHoro,4epea Ka6enH, 
paCC4HTaHH~e Ha Man~e TOKH, He nOTeKnH 6onbWHe TOKH B~pae

HHBaHH~. Tpe6yeTc~ paaopeaTb ~HKn~ TaKHM o6pa3oM, 4T06~ no
TepH B CeTH npH CTa~HOHapHOM pe~HMe ee pa60T~ 6~nH MHHH
ManbH~MH H B TO ~e apeM~ HH B OAHOH H3 nHHHH TOKH He npeeoc
XOAHnH npeAenbHO AOnyCTHM~X 3Ha4eHHH *. 

B~4HCneHHe noTepb B CeTH, ~Bn~~eHC~ AepeBOM, He cnHWKOM 
TPYAOeMKO, H no3TOMY An~ onTHMH3a~HH nerKo Mo~eT 6~Tb npH
MeHeH anropHTM 111 nepe6opa ecex 0-rpa~oe /Aepeebee/ c e~6opoM 
onTHManbHoro. P~A peanbH~x ceTe~ YAaeTc~ onTHMH3HpoeaTb Ta
KHM o6pa30M. 0AHaKO An~ 60nbWHX CeTeH C 6onbWHM ~HKnOMaTH-
4eCKHM 4HcnoM nepe6op ecex Aepeebee HeeoaMo~eH aa AOCTynHoe 
ape~ /KonH4eCTBO pa3nH4H~X noKp~ea~Hx Aepeebee 
e rpa~e Mo~eT 6~Tb eenH4HHOH nop~AKa nn-2, rAe n - 4Hcno 
eepwHH e rpa~e/. 

rceTb C HeCKOnbKHMH HCT04HHKaMH MO~eT 6b1Tb npeACTaeneHa 
ceTb~ t OAHHM ~HKTHBH~M HCT04HHKOM, COeAHHeHH~M ~HKTHBHbiMH 

nHHH~MH C eepWHHaMH, COOTBeTCTBY~HMH peanbH~M HCT04HHKaM. 
OrpaHH4eHH~ no TOKY Ha 3THX nHHH~x onpeAen~~Tc~ MaKCHManbHbi
MH TOKaMH, KOTOpble MOryT 06ecne4HTb peanbH~e HCT04HHKH. 
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2. PEnAKCAU~OHH~~ METOA 

npoCTeHW~M MeTOAOM np~6n~meHHOH OnT~M~3aU~~ CeT~ RBnReT
CR aHanor MeTOAa nOKOOPA~HaTHOrO cnycKa AnR M~H~M~3aU~~ He
npep~BH~X ~YHKU~H.Anrop~TM uenecoo6pa3HO CTpO~Tb cneAY~~~M 
o6pa30M.B~6~paeTCR HeKOTOp~H Ha6op ~CKn~4eHH~X pe6ep,Aa~~H 
Aepeeo /Hanp~Mep, peanbHaR KOH~~rypau~R pa6oTa~~eH ceT~ ~n~ 
nepeoe Aepeeo, nony4a~~eecR no anrop~TMY 111 /, HyMepy~TCR 
~cKn~4eHHble pe6pa. Aanee n~TaeMcR nepeMecT~Tb pa3pe3 1 eo 
ace B03MOmH~e nonomeH~R Ha rpa~e, np~ KOTOPbiX He HapywaeTCR 
CBR3HOCTb. Ecn~ eCTb TaK~e nonomeH~R pa3pe3a, np~ KOTOp~X 
noTep~ cTporo MeHbwe, 4eM a ~CXOAHOM nonomeH~~ /cTporo 
MeHbwe - ~Ha4e cxoA~MOCTb penaKcau~oHHoro npouecca 
Henb3R rapaHT~poeaTb/, TO ~~Kc~pyeM pa3pe3 1 a ny4-
weM ~3 TaK~x nonomeH~H. TaK~M me o6pa3oM n~TaeMCR nepe
MeCT~Tb pa3pe3~ 2,3 .... 3aTeM cHoea n~TaeMcR nepeMe~aTb pa3-
pe3 1 ~ T.A. npouecc OKaH4~BaeTCR, ecn~ B 04epeAHOH 6onbWOH 
~Tepau~~ H~ OA~H ~3 pa3pe3oe He nepeMecT~ncR. Pa3nomeH~e 
rpa~a Ha KBa3~U~Knbl 111 no3eonReT o6pa~aTbCR K TecTy Ha CBR3-
HOCTb TOnbKO np~ nepeMe~eH~~ pa3pe3a ~3 OAHOrO KBa3~U~Kna 
B APYrOH *. 

06pa~aeM BH~MaH~e Ha TO, 4TO nonbiT Ka nepeMe~aT b KamAbiH 
pa3pe3 TOnbKO no ~~Kc~poeaHHOMY U~Kny pe3KO YXYAWaeT waHCbl 
HaHT~ xopowee peweH~e, TaK KaK np~ 3TOM 6noK~py~TCR 
HeTp~e~anbH~e nepeXOAbl C OAHOH KOM6~HaU~~ KBa3~U~KnOB 
Ha APYry~. K TaKoMy me 6noK~poeaH~~ MomeT np~BOA~Tb ~ y4eT 
orpaH~4eH~H Ha TOK~ npRMO a npouecce penaKcau~H. B~rOAHee 
cHa4ana HaHT~ onT~ManbHoe peweH~e 6e3 y4eTa orpaH~4eH~H. 
B npouecce 6e3ycnoeHOH onT~M~3au~~ MOmHo OTMe4aTb AepeBbR, 
YAOBneTeopR~~~e orpaH~4eH~RM ~n~ Hapywa~~~e M~H~ManbHOe 

4~cno orpaH~4eH~H, ~ 3anoM~HaTb Ha~ny4wee ~3 H~x. XapaKTe
p~cT~K~ peweH~R 6e3 y4eTa orpaH~4eH~H none3Hbl AnR aHan~3a 
CeT~, a TaKme B nep~OA OTnaAK~, KOrAa npae~nbHOCTb 

ecex napaMeTpoe ceT~, eeeAeHH~x a Maw~Hy, e~e He rapaHT~po

eaHa. 
Ecn~ e peweH~~. nony4eHHOM 6e3 y4eTa orpaH~4eH~H, orpaH~-

4eH~R OKa3~Ba~TCR HapyweHH~M~, MOmHO 3anyCT~Tb penaKCaU~OHH~H 
npouecc KaK 6~ B o6paTHy~ CTOPOHy: 6yAeM n004epeAHO CMe~aTb 
pa3pe3~ 1 ,2 ... , v e nonomeH~e, np~ KOTopoM HapywaeTcR M~H~
ManbHOe 4~cno orpaH~4eH~H, a np~ paBHOM 4~cne HapyweH~H M~
H~ManbH~ noTep~. 0KaH4~eaeTcR npouecc no TOMy me ycnoe~~. 
4TO OCHOBHOH anrop~TM. npouecc MOmeT 3aeepw~TbCR ~ C He-

*np~ ~cKn~4eH~~ n~6oro pe6pa, np~HaAnema~ero AaHHOMY 
KBa3~U~Kny, CBR3HOCTb rpa~a COXpaHReTCR, a np~ ~CKn~4eH~~ 

nap~ TaK~x pe6ep - HapywaeTCR. 
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YAOBneTeopeHH~M~ orpaH~4eH~RM~. AHanor~4H~H npouecc MomHo 
3anycT~Tb c Ha~ny4wero no orpaH~4eH~RM np~6n~meH~R, HaH
AeHHoro np~ 6e3ycnoBHOH onT~M~3au~~. 

PenaKCaU~OHH~H MeTOA He rapaHT~pyeT CXOA~MOCTb K a6co
n~THOMY onTHMyMy, XOTR ~ AaeT YAOBneTBOp~TenbH~e pe3ynbTaT~ 
a cny4ae peanbH~x ceTeH. np~ onT~M~3au~~ HenpepbiBH~x rnaA
K~x ~YHKU~H MeTOAOM nOKOOPA~HaTHOrO cnycKa npouecc MOmeT 
MeAneHHO CXOA~TbCR, ecn~ nepeMeHH~e C~nbHO KOppen~pOBaH~, 

Hanp~Mep, B cny4ae, KOrAa npo~~nb ~YHKU~~ B OKpeCTHOCT~ 
M~H~MyMa npeACTaenReT co6oH oepar, HanpaeneH~e KOTOporo He 
coenaAaeT c HanpaeneH~eM H~ OAHOH ~3 oceH KOOPA~HaT. B A~CK
peTHOM cny4ae np~ ~cnonb30BaH~~ penaKcau~oHHoro MeTOAa npo
uecc MOmeT COHT~Cb Aame He AOXOAR AO noKanbHOrO M~H~MyMa, 
B 3TOM nerKo y6eA~TbCR Ha np~Mepe Henpep~BHOH ~YHKU~~ ABYX 
nepeMeHH~X C C~nbH~M~ KOppenRU~RM~, orpaH~4~B AOnyCT~M~e 
3Ha4eH~R KOOPA~HaT A~CKpeTH~M~ MHomecTBaM~. Ecn~ AnR AB~

meH~R K .T04HOMY M~H~MYMY Tpe6y~TCR war~ MeHbW~e, 4eM 3TO 
AOnycKa~T MHOmeCTBa KOOPA~HaT, npouecc CXOA~TCR OKOnO OC~ 
oepara, HO BAan~ OT M~H~MyMa. 

AocTO~HCTBO penaKcau~oHHoro anrop~TMa - a npocToTe pea
n~3au~~. M~H~ManbHbiX 3anpocax Ha naMRTb 3BM ~. KaK npae~no, 
6biCTpOH CXOA~MOCT~ /HeCKOnbKO 6onbW~X ~Tepau~H/. 3aMeT~M, 
e~e, 4TO penaKCaU~OHH~H anrop~TM RBnReTCR, no-B~A~MOMy, 

eA~HCTBeHH~M anrop~TMOM, np~MeH~~M K rpa~aM C ~yHKU~eH Ka-
4eCTBa np0~3BOnbHOrO B~Aa /OHa MOmeT 6b1Tb Aame cy6beKT~BHOH/. 

3. YT04HEHHE PEWEHHH 

MomHo n~ yT04H~Tb peweH~e, HaHAeHHOe penaKcau~oHH~M Me
TOAOM? DA~H ~3 cnoco6oe - ~cKaTb M~H~MYM ~CXOAR ~3 MHOr~x 
cpaeH~TenbHO cny4aHHbiX Ha4anbH~x np~6n~meH~H. np~ onpeAeneH
HbiX CBOHCTBaX ~YHKU~~ Ka4eCTBa B03MOmHa ~ perynRpHaR npoue
AYPa YT04HeH~R. 

npeAnonom~M, 4TO pe6pa o6naAa~T ~HA~B~AyanbHOCTb~, KOTO
paR npORBnReTCR BO BCeX KOH~~rypau~RX ~CKn~4eHH~X pe6ep, 
B 4aCTHOCT~, cy~eCTBY~T pe6pa, ~CKn~4eH~e KOTOP~X np~ np04~X 
paBH~X ycnoB~RX n04T~ BcerAa YXYAWaeT Ka4eCTBO pe3ynbT~py~
~ero Aepeea. 6yAeM Ha3~BaTb TaK~e pe6pa . aKT~BH~M~. M~ ye~

A~M e AanbHeHweM, 4TO e cny4ae 3neKTP~4ecKOH ceT~ noHRT~e 
aKT~BHOCT~ ocM~cneHHO. AeHcTeyeM cneAY~~~M o6pa30M. B npo
uecce 6onbWOH ~Tepau~~ HaKann~eaeM 4~cno y4acT~H KamAoro 
pe6pa B KOH~~rypaU~RX HCKn~4eHH~X pe6ep H CYMMY Ka4eCTB Ae
peBbeB, He coAepma~~x 3TO pe6po. Ecn~ ~TepauHR oKa3anacb 
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nocneAHeH /He CMeCTHnHCb paa pe3~/, TO B~4HCnReM AnR Ka*-
AOrO pe6pa cpeAHee no 3TOH HTepa~HH Ka4eCTBO AeneHHe M CYMM~ 
Ka4eCTB Ha 4Hcno Aepesbes, He COAeP*atqHx AaHHOe pe6po. K "on
THManbHOMY11 MHO*eCTBY HCKn104eHH~X pe6ep A06aBnReM pe6po 
C HaHMeHbWeH aKTHBHOCTbiO cpeAH OCTaBWHXCR, H Ha 3TOM MHO*eCT
Be paapeweHH~x AnR HCKnl04eHHR pe6ep aanycKaeM npo~eAypy /1 / 

nepe6opa scex Aepesbes, aa~HKCHposas A06asneHHOe pe6po KaK 
nocTORHHO HCKnl04eHHoe. EcnH npH 3TOM HaHAeTcR ny4wee Aepe
so, TO cHosa aanycKaeTcR penaKca~HOHH~H npo~ecc, ecnH HeT, 
TO K MHO*eCTBy pe6ep AOfiaBnReTCR e~qe OAHO - C HaHMeHbWeH 
aKTHBHOCTbiO cpeAH ocTaswHXCR. Tenepb 3TO pe6po ~HKCHpyeTcR 
KaK nOCTORHHO HCKnl04eHHOe H Ha pacwHpeHHOM MHO*eCTBe 3anyc
KaeTCR npo~eAypa nepe6opa AepesbeB H T.A., noKa He HCTe4eT 
BpeMR, B~AeneHHOe Ha 3Bt1. 

4. YCKOPEHHblt-1 nOHCK A6COm:>THOrO OnTHHYMA 

EcnH Tpe6yeTcR HaHTH a6coniOTHO onTHManbHOe Aepeso H non
H~H nepe6op HeB03MO*eH, HY*H~ APYrHe npHH~Hn~. B 3aAa4ax 
AHCKpeTHO~ OnTHMH3a~HH AOBOnbHO WHPOKO npHMeHReTCR MeTOA BeT
BeH H rpaH~-t~ !2/, 3aKn104aiOtqi-1HCR B TOM, 4TO OT6paCbiBaiOTCR ~e
nble ceMeHCTBa KOH$i...rypa~~-tH, ecnH 6ea HHAHBHAyanbHoro aHanHaa 
Ka*AOro H3 npeACTaBHTeneH CeMeHCTBa MO*HO YTBeP*AaTb, 4TO 
BCe OHH He OnTHManbH~. 4T06bl HaHTH nOAXOARtqHH KPHTepHH, He-
06XOAHM TtqaTenbH~H aHanH3 KOHKpeTHOH pewaeMOH npo6ne~. HaM 
npHAeTCR 3aHRTbCR l-13y4eHHeM CHCTeMbl ypaBHeHHH KHpxro~a. 

~nR npOCTOT~ 6yAeM CHa4ana paCCMaTpHBaTb ceTb, B KOTOpOH 
BCe TOKH H COnpOTHBneHHR BetqeCTBeHHbl /npeHe6peraeM HHAYK
THBHbiMH conpoTHsneHHRMH H eMKOCTHbiMH yTe4KaMH/. CornacHo 
pacnpOCTpaHeHHOH nOCTaHOBKe 3aAa4H TOKH nOTpe6HTeneH C4H
TaiOTCR <I>H KCHpOBaHHbiMH, H, cneAOBaTen bHO, TOK HCT04HH Ka paBeH 
CYMMe TOKOB noTpe6HTeneH. 

CHcTeMa ypasHeH~-tH KHpxrO<J>a AnR ceTH c ~HKnaMH MO*eT 6~Tb 
3anHCaHa B BHAe 

m 0 . 
I. a .. I . =I. ; 1 = 1, 2, .•. , n- 1; 

j = 1 lJ J 1 /1/ 
m 
I. a iJ. I. R. = 0 ; i = n , ••• , m . 

j = 1 J J /2/ 

3AeCb n- 4Hcno 8epwHH, m- 4Hcno . pe6ep. Ko3~H~HeHT~ aij 

pa8Hbl 0, +1 HnH -1 8 COOT8eTCT 8HH C npa 8HnaMH KH px r o<J>a . 
Ypa8HeHHR /1/ ecTb ypa8HeHHR 8 sepwHHax /~-tcKn l0 4aR sepwHHY 
HCT04HHKa/, Ij - HeH38eCTH~H TOK Ha pe6pe j, Rj - COnpo
T~-t BneHHe pe6pa j, I~ - TOKH noTpe6HTeneH. Ypa 8He HHR / 2/ 
yp a8HeHHR AnR He3a BHCH~X ~HKnO B. 
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06paTHM BHHMaHHe Ha TOT ~aKT, 4TO ypaBHeHHR /2/ o6ec
ne4HBaiOT MHHHManbH~e noTepH 8 CeTH npH BCeX B03MO*H~X TO
KaX I J • ·YAOBneTsopRIOUV1X cHcTeMe I 1 I. 3To cnpaseAnHBO xoTR 
6111 nOTOMY, 4TO CHCTeMa ypaBHeHHH KHpxro<J>a MO*eT 6biTb no
ny4eHa H3 ycnOBHR HyneBOH BapHa~HH ~YHK~HH nOTep~ 

m 2 
f= .I.I JR j. 

J= 1 
/3/ 

~eHCTBHTenbHO , 3anHWeM nonHyiO AHCCHna~HIO 3HeprHH B CeTH 
/BKnl04aR nOTpe6HTeneH H HCT04HH K/ B <J>opMe npOH3BOARtqeH <I>YHK
~HH flarpaH*a: 

1 2 ] L = I. [J .o (U - U o + £ .n ) - -J .o R .o , 
(i, f ) E 0 lL I L lL 2 lL l L 

/4/ 

rAe J if - TOK Ha pe6pe, COeAHHRIOIJteM BepWHH~ i H f • Rif 
conpontsileHHe pe6pa, U - noTeHJ..IHah a sepwHHe i , £i f -
3 . A.C. Ha pe6pe , G - MHO*ecTso pe6ep nonHoH ceTH. npHpas-

aL aL 
HHBaR npOH3BOAH~e -- H --- HyniO, nony4HM 

au i aJ if 

~ a lj J lj = 0 ; (i , j) E- G ; 
J 

Ui-U r -JtfR if + £if -O; (i , f> E G. 

/51 

/6/ 

3AeCb aij paBH~ 0, + 1 HnH -1 . 
YpasHeHHR /5/ 3KBHBaneHTHW ypasHeHHRM /1/, ecnH y4eCTb, 

4TO TOKH nOTpe6HTeneH BKnl04eHW B CYMMy. 113 ypaaHeHHH /6/ 
/3aKOH 0Ma/ cneAYIOT ypasHeHHA AnA He3aBHCHMWX ~HKnOB /2/. 
noACTaHOBKa H3 /6/ B /4/ npHBOAHT K BHAY, COBnaAaiOilteMy 
C /3/. Y4HT~BaA, 4TO TOKH nOTpefiHTeneH <I>HKCHPOBaH~, HaXOAHM , 
4TO /4/ OTnH4aeTCA OT /3/ nHWb KOHCTaHTOH. 

Y4HTWBaA cKa3aHHOe paHee, BHAHM, 4TO HCKnl04eHHe no6oro 
pe6pa H3 rpa<J>a MO*eT npHBeCTH TOnbKO K ysenH4eHH0 noTepb 
/HCKYCCTBeHHO o6HynAeTCR TOK Ha HCKnl04eHHOM pe6pe, H Hapywa-
eTCA OnTHManbHoe pacnpeAeneHHe TOKOB/. . 

6yAeM YAanATb H3 rpa<J>a pe6pa no OAHOMY H, pewaA CHCTeMy 
ypasHeHH~ KHpxro<J>a, BW4HcnATb noTepH Ha 4aCTH4HOM rpa~e. 

TorAa e~qe AO YAaneHHA acex v a m -n + 1 pe6ep Mbl MOlkeM o6Ha
pyliCHTb, 4TO nOTepH CTanH CnHWKOM BenHKH /He MeHbWe, 4eM Ha 
HaHny4WeM H3 ylke HaHAeHHWXAepeabea/,H aa6paKosaTb ace ce
MeHCTBO Aepesbea, npHHaAne*a~qHx AaHHOMY 4aCTH4HOMY rpa<J>y . 
Hw MOliCeM cpa3y HCKni04HTb H3 paCCMOTpeHHA pe6pa, npH YAane
HHH KOTOpwX no OTAenbHOCTH nOTepH B03pacTaiOT AO ypOBHA HaH
ny4WeH H3BeCTHoH KO~HrypaqHH . 
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HCKn~4eHHe pe6pa C HyneB~M TOKOM He MeHfleT pacnpeAeneHHfl 
TOKOB B CeTH. HcKn~4eHHe pe6pa C Man~M TOKOM npHBOAHT K Ma
noMy B03My~eHH~ B pacnpeAeneHHI-1 TOKOB H, cneAOBaTenbHO, 
K ManoMy eo3pacTaHH~ noTepb. TaKHe pe6pa o6naAa~T Mano~ 
cpeAHe~ aKTHBHOCTb~ /eM. pa3Aen 3/. Oco6eHHO Mana cpeAHflfl 
aKTHBHOCTb pe6ep C Man~M TOKOM H 6onbWHM COnpOTHBneHHeM. 

AnR MaKCHManbHOrO COKpa~eHHR nepe6opa MeTOA BeTBe~ 1-1 rpa
HH~ Tpe6yeT xopowero Ha4anbHoro npH6nH~eHHR, T.e. xopowe~ 
rpaHH~~, 4T06~ OTCeB 6ecnepcneKTHBH~X BeTBe~ npOH3BOAHnCfl 
KaK MO~Ho paHbwe. Xopowee Ha4anbHOe npH6nH~eHHe nony4aeTcfl, 
eCnH HCKn~4HTb B HCXOAHOM v-rpa¢e CaMOe naCCHBHOe pe6po, 
3aTeM HCKn~4HTb CaMoe nacCHBHOe pe6po B Ha~AeHHOM (v- 1)
rpa¢e H T.A., noKa He npHAeM K Aepeey. AKTHBHOCTb~ pe6pa 
OTHOCHTenbHO rpa¢a G M~ Ha3~BaeM npHpa~eHHe nOTepb, B03HH
Ka~~ee npH HCKn~4eHHH 3Toro pe6pa 1-13 rpa¢a G. K co~aneHH~, 
nocneAOBaTenbHOe HcKn~4eHHe naccHBHbiX pe6ep He o6ecne4HBaeT 
Haxo~AeHHfl a6con~THO onTHManbHOro Aepeea. 

KaK H e cny4ae penaKca~HOHHOro MeTOAa, none3HO cHa4ana 
Ha~TH MHHHMYM noTepb 6e3 y4eTa OrpaHH4eHH~ Ha TOKH. np~-1 
CHnbH~X orpaHH4eHHflX MeTOA BeTBe~ H rpaHH~ npHBOAHT K cna-
60MY coKpa~eHH~ 4Hcna nepe6HpaeM~x eapHaHTOB. B Ka-
KO~-To CTeneHH nOMOraeT B03MO~HOCTb OT6paKOBKH CeMe~CTBa 
AepeBbeB, ecnH B 4aCTH4HO~ KOH¢Hrypa~HH HapyweHO orpaHH4e
HHe Ha pe6pe, cTaeweM nepewe~KOM. 

5. PEWEHHE CHCTEMbl YPABHEHHtl KHPXrO<t>A 

8 CBR3H CO CKa3aHH~M B~We B03HHKaeT BOnpoc 0 B03MO~HOCTH 
MHOrOKpaTHOrO peweHHR Ha COBpeMeHH~X 38M CHCTeM~ ypaBHeHH~ 
KHpxro¢a Anfl ceTH c ~HKnaMH. B pean bHbiX ceTRX 6b1Ba~T COTHH 
H Aa~e Tb1Cfl4H pe6ep. RCHO, 4TO CTaHAapTH~e anropHTM~ Anfl 
3TOrO HenpHrOAH~, TaK KaK Tpe6y~T naMflTH nOPflAKa m 2 enos 
H epeMeHH nopRAKa m 3 onepa~H~ 38M Anfl Ka~AO~ HHAHBHAyanbHO~ 
CHCTeM~. 

Ho H3BeCTHO, 4TO np~-1 peweHHH AH¢¢epeH~HanbH~x ypaeHeHH~ 
B 4aCTH~X npOH3BOAH~X MeTOAOM nporOHKH YAaeTCfl pewaTb CHC
TeMbl 6onbWOrO 4HCnC! nHHeHH~X ypaBHeHHH CO cna6o 3anonHeHHOH, 
HO CTPYKTYPHO npocTo~ MaTpH~ei1 131. CHcTeMa ypaeHeHH~ I 1 I, 
/2/ TaK~e o6naAaeT cna6o 3anonHeHHOH MaTpH~ei1. B ypaeHeHHflX 
/1/ He 6onee 3m HeHyneB~X K03<f>¢H~HeHTOB /BKn~4afl CB060AH~e 
4neH~/. B ypaBHeHHRX /2/ em HeHynee~x K03<f><f>H~HeHTOB, rAe 
C - CpeAHee 4HCnO BXO~AeHH~ pe6pa B pa3H~e He3aBHCHM~e 
~HKnbl. npH Bbi60pe CHCTeMbl HaH60nee KOPOTKHX He3aBHCHMbiX 
~HKnOB C <3. Anfl nnOCKHX rpa<f>OB, KOTOPbiMH 06~4HO RBnfl~TCfl 

8 

• 
1 

' 

3neKTPH4eCKHe ceTH, c <2. TaKHM o6pa3oM, npH YAa4HOi1 3anHcH 
CHCTeM~ ypaBHeHHH KHpxro¢a B HeH He 6onee 6m HeHyneBbiX 
K03<f>¢H~HeHTOB. 

EiyAeM Hcnonb30BaTb KnaCCH4eCKHH MeTOA HCKn~4eHHfl. 803bMeM 
HeKOTOpoe ypaBHeHHe, B~pa3HM KaKOH-nl-160 H3 BXOAR~HX B Hero 
TOKOB 4epe3 APYrHe TOKH, 3anOMHHM nony4eHHOe B~pa~eHHe, 
noMeCTHB era Ha MeCTO HCXOAHOrO ypaeHeHHfl 1-1 HCKn~4HB nocneA
Hee H3 AanbHe~wero paCCMOTpeHHR. noACTaBHM B~pa~eHHe Anfl 
TOKa e APYrHe ypaeHeHHfl. Ae~cTBYfl TaK m-1pa3, nony4HM Anfl 
nocneAHero TOKa 4HcneHHOe 3Ha4eHHe. Boaepa~aflcb o6paTHO no 
~en~-1 nony4eHH~x e npo~ecce nOACTaHOBKH ¢opMyn, Mbl nocneAO
eaTenbHO B~4HCnHM BCe OCTanbHble TOKH. Hawa 3aAa4a COCTOHT 
B TOM, 4T06~ B~6paTb TaKy~ nocneAOBaTenbHOCTb HCKn~4eHHH 
nepeMeHH~X, npl-1 KOTOpOH nOTpe6yeTCR Manafl AOnonHHTenbHafl 
naMflTb Anfl 3anHCH npeo6pa30BaHHbiX ypaBHeHH~. 

Henb3R 3a6~eaTb H o noTepRx T04HOCTH. KaK H3BecT-
HO, 06bi4HO HCKn~4a~T nepeMeHHY~ C MaKCHManbH~M /no MOAYn~/ 
K03¢¢H~HeHTOM. B ypaeHeHHflX eepwHH /1/ MOAYnH Ko3¢¢H~HeH-
TOB OAHHaKOB~, B TO BpeMR KaK B ypaBHeHHRX ~HKnOB /2/ - HeT. 
K TOMY ~e ypaeHeHHfl ~HKnOB o6~4HO ADHHHee. no3TOMY 3a~MeMCfl 

CHa4ana ypaBHeHHflMH BepWHH. 3TH ypaBHeHHfl COCTaBnR~TCfl nHWb 
ADR n-1 BepWHH~ /B HaWeM cny4ae OTCYTCTByeT ypaBHeHHe Bep
WHH~ - HCT04HHKa/. TorAa Ka~A~H TOK BXOAHT B ABa ypaBHeHHR -
ADR BepWHH, Me~AY KOTOpbiMH OH Te4eT, 3a HCKn~4eHHeM TOKOB, 
B~TeKa~~HX H3 HCT04HHKa. TaKHe TOKI-1 BXOAflT TOnbKO B OAHO 
ypaeHeHHe. B~pa3HM OAHH H3 yKa3aHH~X TOKOB 4epe3 ocTanbH~e 
TOKI-1. Era He HY~HO nOACTaBnflTb Hl-1 B OAHO H3 ypaBHeHH~ Bep
WHH, TaK KaK 3TOT TOK B APYrHe ypaBHeHHfl He BXOAHT. Eionee 
Taro, BCe TOKH, BXOAHBWHe B HCnOnb30BaHHOe ypaBHeHHe, nocne 
11 nOACTaHOBKH 11 BXOAflT TaK~e He 6onee 4eM B OAHO ypaBHeHHe Bep
WHH, noAne~a~HX paCCMOTpeHH~, H y HaC nOR Bnfl~TCfl HOBble KaH
AHAaT~ Ha 6e36one3HeHHOe HCKn~4eHHe. npOAOn~aR B TOM ~e 
AYXe, Mbl nony4HM nocneAOBaTenbHOCTb Bblpa~eHI-1~ Anfl n-1 TO
Ka, He npOBOAfl Hl-1 OAHOH peanbHOH nOACTaHOBKI-1. 

H3 cKa3aHHOro cneAyeT HeO~I-1AaHH~~ s~BOA. HaM eoo6~e HeT 
He06XOAI-1MOCTH B~nl-iC~BaTb CHCTeMy ypaBHeHHH /1/, a He06XOAI-1-
Mble e~pa~eHI-ifl M~ MO~eM nony4aTb no Mepe HaA06HOCTI-1, nepe
Me~aflcb no rpa¢y ceTI-1 e HanpaeneHI-1H OT eepwHH~-HCT04HI-1Ka 

K nepH¢ep1-11-1. 
Aanee Aei1cTeyeM cneAY~~HM o6pa3oM. EiepeM nepeoe ypaeHe

HI-ie ~HKna 1-1 nocneAOBaTenbHO nOACTaBnfleM e Hero e~pa~eHI-1R, 

nony4aeMble np1-1 ABH~eHHI-1 no rpa¢y. np~-1 npoMe~yT04Hblx npeo6-
pa3oeaHI-1flX AnHHa ypaBHeHI-ifl ~HKna MO~eT B03paCTH, HO He 6onee 
4eM AO m+1 4neHa. 0AHaKO B KOHe4HOM C4eTe OHa COKpaTHTCR 
no Kpa~He~ Mepe AO v + 1 3neMeHTa. Bblpa3HM TOK, K03<f>¢H~HeHT 
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npH KOTOPOM MaKCHMa~eH, 4epe3 OCTa~bH~e TOKH, 6epeM c~e
AY~ee ypaaHeHHe ~H~a H, aHOab CKaHHPYR rpa¢, nOACTaa~ReM 

a Hero ace a~paiKeHHR H3 ypaaHeHHH aepwHH, a TaiOKe a~paiKe

HHe, no~y4eHHoe H3 nepao r o ypaaHeHHR ~H~a. ~ T.A., noKa 
He no~y4HM H3 noc~eAHero ypaaHeHHR 3Ha4eHHe OAHOH H3 nepe
MeHH~x, a Aa~ee - CM . a~we. 

YpaaHeHHR ~H K~oa ~ TaKIKe MOIKeM no~y4aT~ noc~eAOBaTe~b
HO, no Mepe HaA06HOCTH, nO~b3YRCb, HanpHMep, a~ropHTMOM 
noHcKa ¢YHAaMeHTa~bH~x ~H~oa 121, To ecTb 6epeM HeKoTopoe 
Aepeao , no~y4eHHOe H3 rpa¢a CeTH HC~~4eHHeM v pe6ep, aa
~ee n004epeAHO A06aB~ReM K no~HOMY Aepeay OAHO H3 HCK~~4eH
H~X pe6ep , YCTpaHReM nepeweHKH H no OCTaaweMyCR ~H~Y co
CTaB~ReM ypaaHeHHe. Ta KHM o6paaoM, HaM noTpe6yeTCR naMRTb 
~~~ 3am1CH TpeyrO~bHOH MaTpH~~ nOPRAKa v /~H~OMaTH4eCKOe 
4Hc~o ceTH/ H pa6o4aR naMRTb ~~~ aanHCH m + 1 ~.~~eHa ypaa
HeHHR a npo~ecce npeo6paaoaaHHH. Y4HT~Baft, 4TO ~H~OMaTH-
4ecKoe 4HC~O o6~4HO He npea~waeT HeCKO~bKHX AeCRTKOB , o6ec
ne4HTb TaKy~ naMRTb He o6peMeHHTe~bHO, 

~~~ onTHMHaa~HH apeMeHH pa6oT~ a~ropHTMa no~eaHo npH 
nepBOM CKaHHpOBaHHH rpa¢a /~R no~y4eHHR awpaiKeHHH 8 aep
WHHaX/ 3anOMHHTb nOpRAOK HCn0~~30BaHHR aepWHH H HOMepa ~
paiKae~X TOKOa, 4T06~ 8 Aa~bHeHWeM nO~b30BaT~CR 3TOH HH¢Qp
Ma~HeH. 3aMeTHM , 4TO npH OKOH4aTen~HOM B~4HCneHHH TOKOB 
B~paiKeHHR 8 8epWHHaX noTpe6yOTCR B o6paTHOM nopRAKe. ~~~ 

yCKOpeHHO r o no~y4eHHR ypa&HeHHH aepWHH H ypaaHeHHH ~H~OB 
no~e3HO AOnO~HHTb OnHCaHHe rpa¢a a l l / CnHCKaMH pe6ep, HH
~HAeHTH~X aepwHHaM 1 , ... , n. TaKHe cnHCKH noaao~R~T TaKlKe 
yCKOpHTb TeCT Ha C8R3HOCTb, 

npeAe~bHaR onTHMH3a~HR a~rOpHTMa peweHHR ypaaHeHHH /l/, 
/2/ n03BO~ReT A08eCTH 4HC~O He06XOAH~X onepa~HH AO Be~H -
4HH~ , nponop~HOH~bHOH npOH3BeAeHHO 4H~a pe6ep, ~H~OMa
TH4eCKOrO 4HC~a H cpeAHeH CTeneHH aepWHH, T.e.m v p. 

6 . AnnPOKC~MAUHR ¢YHKUHH nDTEPb 

HecMOTpR Ha npeAnPHHRT~e YCH~HR, MHOtOKpaTHOe peweHHe 
CHCTe~ ypaaHeHHH KHpxro¢a ~R 6on~WOH CeTH KaiKeTCR o6peMe
HHTe~bH~M. b~~O 6~ XOPOWO annpOKCHMHp08aTb ¢yHK~HO noTepb 
npOH3BO~bHOro v -rpa¢a npOCT~M B~paiKeHHeM. npH 3TOM HaMAO
CTaT04HO xopoweH annpoKCHMa~HH ~R acex rpa¢oa c Ma~WMH no
TepRMH. Bo3MOIKHOCTb TaKol:i annpoKCHMa~HH coaepweHHO He 04e
BHAHa , HO 04eHb npHB~eKaTe~bHa, He~b3R ~H, HanpHMep, npeA- • 
CTaBHTb ¢YHK~H~ noTepb c~eAY~HM o6pa30M: 
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m i 
C = l l A .kx . x k + C , 

i=l k=l 1 1 

rAe Aik- noA6Hpae~e K03¢¢H~HeHT~. xi =1,ec~H pe6po i 
HCK~~4eHO H3 CeTH, a npOTHaHOM C~y4ae Xi=Q . 
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3KcnepHMeHT~ noKaaa~H, 4TO annpoKCHMa~HR /7/ pa6oTaeT 
nopa3HTe~bHO xopowo. K TOMY IKe, KaK ~ a~RCHH~H paHee, MOIK
HO HCK~~4HTb H3 pacCMOTpeHHR ace pe6pa, npH HCK~~4eHHH KaiK
AOrO H3 KOTOP~X a03HHKa~T C~HWKOM 60~bWHe nOTepH. no3TOMY 
HaM HeT He06XOAHMOCTH CTPOHTb MaTpH~Y A ik A~R nO~HOrO Ha-
6opa pe6ep. 

B~paiKeHHe /7/ HAea~bHO KaK A~R npH6~HIKeHHoro, TaK H ~~~ 
n04TH T04HOrO nOHCKa a6co~~THOrO MHHHMyMa noTepb. ae~O 
a TOM, 4TO Ha AOCTaT04HO npeACTaaHTe~bHOM Ha6ope KOH¢Hrypa
~HH HCK~~4eHH~X pe6ep MOIKHO O~eHHTb T04HOCTb ¢opMy~~ /7/ 
H 3aTeM HCnO~b30aaTb /7/ a MeTOAe aeTaeH H rpaHH~ C, HanpH
Mep, TpexKpaTH~M aanacoM T04HOCTH. Pea~bH~e IKe noTepH Ha 
He3a6paKOaaHH~X aa6~aroapeMeHHO AepeabRX MOIKHO C4HTaTb 
T04HO, B~4HC~eHHR no ¢opMy~e /7/ Tpe6y~T acero nopRAKa 
k (k + 1) v 

onepa~HH, rAe k - 4HC~O HCK~~4eHH~X pe6ep. 
2 
BHHMaTe~bH~H aHa~H3 CHCTeMbl ypaaHeHHH KHpxro¢a noaao~H~ 

06bRCHHTb XOpowee Ka4eCTaO annpOKCHMa~HH. ¢opMy~a /7/ Hano
MHHaeT o6p~aOK PRAa Tel:i~opa. 6 HeH OTCYTCTay~T ~HHeHHble 
~eH~ Ai Xi , HO a yc~OaHRX, KOrAa MHOIKeCTaO 3Ha4eHHH Xi 
HC4epn~aaeTCR Hy~eM H eAHHH~eH, 4~eH Aixi He OT~H4HM OT 
4~eHa Aiix~ H aowe~ a AHaroHa~bH~e 3~eMeHTbl MaTpH~~ Aik' 

noACTaa~RR a /3/ peweHHe CHCTeMbl /1/-/2/ ~~~ no~HOH CeTH, 
HMeeM: f= f 0 (Rl,R2, ... ,Rm)· PaccMOTPH~ ¢YHK~H~ 

o Rl R 2 R m 
f(x 1,x 2, ... , xm) = C (---, ~, ... , ----). 

1-Xt 1-X 2 1-Xm 

Ec~H ace xi =O,To f coanaAaeT c ¢YHK~Hel:i noTepb no~Horo rpa
¢a, Ec~H HeKOTOpble Xi paaHbl 1 , TO f Ra~ReTCR ¢YHK~HeH no
Tepb COOTaeTCTay~ero 4aCTH4HOrO rpa¢a /HCK~~4eHHe pe6pa 
3KaHaa~eHTHO yMeHbWeHH~ ero npoaOAHMOCTH AO HY~R/. PaccMaT
pHaaR /7/ KaK o6p~aoK paa~oiKeHHR a PRA Tel:i~opa ¢YHK~HH 
f(x t, x2 , ... , X m) a OKpeCTHOCTH T04KH (Xi= 0 ; i = 1,2, ... , m), 
T.e. aOKpyr peweHHR A~R nO~HOH CeTH, MOIKHO OIKHAaTb xopowel:i 
annpOKCHMa~HH ¢0pMy~OH /7/, ec~H PRA CXOAHTCR npH Xi=1 
~R KOH¢Hrypa~HH C HeHapyweHHOH CaR3HOCTb~. C~eAOaaTe~bHO, 

He06XOAHMO, 4T06bl aHa~HTH4eCKOe npOAO~IKeHHe ¢yHK~HH 
f (X 1' x2 , ... , X m) no KaiKAOH nepeMeHHOH He HMe~O o co6eHHO
CTeH a KOMn~eKCHOM Kpy re paAHyca 1 C ~eHTPOM a T04Ke Xi= Q 
npH yC~OaHH, 4TO CaR3 HOCTb CeTH He Hapyw aeTCR. 
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KoMnneKCHble npoBOAHMOCTH np~-1 HeOTPHl.laTen bHOH ae~ecTBeH

HOH 4aCTI-1 RBilR~TCR $H3H4eCKHMI-1 1-1 COOTBeTCTBY~T nOCileAOBa
TeilbHOMy BKI1~4eHH~ B pe6po, KPOMe OMH4eCKOro COnpOTHBileHHR, 
eMKOCTI-1 Hill-1 HHAYKTHBHOCTI-1. PeweHHR CHCTe~ /1/-/2/, acne
AOBaTeilbHO, ~ $yHK41-11-1 f - AP06Ho-pal.IHOHai1bH~e $YHK4HH CBOHX 
apryMeHTOB, n03TOMY H OC06eHHOCTH MOryT 6~Tb TOilbKO non~ca
MH. TaK KaK TOKH nOTpe6HTeiJeH $HKCHpOBaH~, TO, no Kpai:\HeH 
Mepe npH HeHyiJeBbiX conpOTHBIJeHHRX pe6ep, $H3H4eCKHe pewe
HHR He MOryT HMeTb 6eCKOHe4H~X TOKOB. npH CTpeMIJeHHH K HYil~ 
npOBOAHMOCTeH Ha KOH$Hrypal.IHI-1 HCKI1~4ae~X pe6ep, He Hapy
wa~eH CBR3HOCTH, TOKI-1 Ha 3THX pe6pax nponOpl.IHOHaiJbH~ npo
BOAHMOCTRM. TaK KaK B $YHK4H~ noTepb TOKH BXOART KBaApaTH4-
HO, a conpOTHBileHHR IlHWb IlHHeHHO, TO H npH HyiJeB~X npOBOAH 
MOCTRX nOIJ~C B f OTCYTCTByeT. TaKHM 06pa30M, nOil~Ca MOryT 
6~Tb pacnonomeH~ IlHWb B He$H3H4eCKOH o6naCTH, npH OTPHlla
TeilbHbiX Be~eCTBeHH~X 4aCTRX npOBOAHMOCTeH, 4TO H rapaHTHpy
eT CXOAHMOCTb PRAa Tei:\nopa. npo6H~e aHai1HTH4eCKHe pac4eTbl 
AIJR npoCTbiX rpa$oa nOATBepmAa~T, 4TO 3TO AeAcTBHTeiJbHO TaK. 

ECill-1 Mbl yMeeM pewaTb CHCTeMy /1/,/2/ AilR ceTH C l.IHK
IJaMH, TO B~4HCI1eHHe K03$$1-14HeHTOB B /7/ TpHBHailbHO. 

c = foo ' 

Aii =fi -C' /8/ 

Aik=fik-Aii -Akk" 

3AeCb f O - noTepH B nOilHOH CeTI-1, f i - noTepH B CeTH C OAHHM 
HCKI1~4eHH~M pe6pOM i, f ik - nOTepH B CeTH C ABYMR HCKIJ~-
4eHH~MH pe6paMH - i 1-1 k. Ko3$$Hl.IHeHTbl A ik AI1R nap i, k • Hapy
wa~~Hx CBR3HOCTb, He onpeAeiJR~TCR. 

BecbMa npocTo Bbi4HCI1HTb K03$$H4HeHT~ H AI1R pa3nomeHHR 
6onee B~COKOH CTeneHH, HO KOI1H4eCTBO K03$$Hl.IHeHTOB yrpoma~
~e pacTeT, a Ka4eCTBeHHO HOBOH HH$OpMal.IHH OHH He HeCyT. 
KeaApaTH4HOe me npH6nHmeHHe /7/ HeceT Ka4eCTBeHHO HOBY~ HH
$OpMal.IH~ no cpaBHeHH~ C IlHHeHH~M - y4eT KOppeiJRl.IHH. 

8. CETb C PEAKTHBHOCTb~ 

0AHH 1-13 nOAXOAOB K aHaiJH3Y nOTepb B 3TOM CI1y4ae - pa3Me
~eHHe a cepeAHHe KamAoro pe6pa c HeHyneeoA eMKOCTHOH yTe4-
Koi1 $HKTHBHOrO noTpe6HTei1R C 4HCTO MHHMbiM TOKOM H y4eT KOMn
IJeKCH~X conpoTHBIJeHHH pe6ep. B~BOA ypaaHeHHA K1-1pxro$a 1-13 
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npOH3BOAR~ei1 $yHKl.ll-11-1 /4/ coxpaHReT CHI1Y 1-1 AIJR peaKTHBHOH 
ceTH. YcnoaHe HYI1R npoH3BOAHOH aHaiJHTH4ecKoA $yHKLIHH /4/ 
COOTBeTCTByeT YCilOBI-1~ MHHHMyMa AI1R ee Be~eCTBeHHOH H MHHMOH 
4aCTeH no OTAeiJbHOCTH H, CI1eAOBaTei1bHO, - YCilOBI-1~ MHHHMyMa 
AI1R MOAYIJR. TaKHM o6pa30M, ace npeA~AY~He anropHTM~ coxpa
HR~T CHI1y, eCIJH B Ka4eCTBe $YHK41-1H 3$$eKTHBH~X noTepb B ce
TI-1 B~6paTb 

f=\~I 2 R .\ 
i = 1 1 1 

/9/ 

$i-13H4eCKI-1 Bei1H4HHa /9/ npeACTaBIJReT co6oi1 cpeAHHH nOTOK 
3HeprHH MemAY CeTb~ H ee OKpymeHHeM /HCT04HHK H noTpe6HTe
I1H/. HomHO npeAnOIJOmHTb, 4TO /9/ RBIJReTCR aepxHeH Ol.leHKOH 
nOTepb MO~HOCTI-1, 6onee T04HOH, 4eM o6~4HO ynOTpe6nReMaR 

m 2 
f= . ~\Ii\\Ri\ /10/ 

1= 1 

3aMeTHM, 4TO npi-1 B~6ope B Ka4eCTBe $yHK41-11-1 nOTepb /10/ HilH 
n~6oA APYroA pa3yMHOi1 $YHK1.1HH HCKI1~4aTbCR AOIJmH~ naccHBH~e 

pe6pa. 
HomHo npeACTaBHTb ce6e $yHKLIH~ noTepb AI1R ceTH c peaKTHB

HOCTb~, TaKy~, 4TO npH HCKI1~4eHHI-1 HeKOTOp~X pe6ep noTepH 
yMeHbWa~TCR. 4T06bl HCnOI1b30BaTb AIJR TaKOH $yHKl.IHH annpOK
CHMal.ll-1~ /7/ B MeTOAe BeTBeH H rpaHI-11.1, HymHO B~6paTb K03$$H
l.ll-1eHT~ Aik HeOTPHl.laTeilbH~MH, HHa4e $OpMyna He 6yAeT AaBaTb 
B03paCTa~~y~ Ol.leHKY noTepb AilR nOIJHOH KOH$Hrypal.IHI-1 HCKIJ~-

4eHH~X pe6ep no cpaeHeHH~ c 4aCTH4HOi1. T04HOCTb annpoKCHMa
l.IHH, eCTeCTBeHHO, HeCKOilbKO yMeHbWHTCR. 

Ha1-16onee T04HOH nocTaHOBKOH 3aAa4H o a~6ope onTHMaiJbHOH 
KOH$Hrypa41-11-1, no HaWeMy MHeHH~, RBIJHeTCR 3aAaHHe 3AC HCT04-
HHKa, KOMniJeKCHbiX conpOTHBIJeHHH noTpe6HTenei1 H IlHHHH, co
npOTHBileHHH eMKOCTH~X yTe4eK. HymHO Bbi6poTb TaKy~ KOH~Hrypa-
1.11-1~, npH KOTOpOH paCXOA aKTHBHOH 3HeprHH noTpe6HTei1RMI-1 MaKcH
MaiJeH H, CI1eAOBaTei1bHO, nOTepH B CeTI-1 MHHHMailbHbl. ConpOTHBIJe
HHe noTpe6HTei1R B~4HCI1ReTCR Ha OCHOBe i-13MepeHHH aKTHBHOH 
H peaKTHBHOH COCTaBIJR~~HX MO~HOCTI-1 3TOrO nOTpe6HTeiJR. npH 
YI1Y4WeHHI-1 KOH$Hrypal.IHH He CIJHWKOM niJOXOH CeTH BapHal.IHH Ha
npRmeHHH Ha nOTpe6HTei1RX MaiJbl H MOmHO npeHe6pe4b /C T04KH 
3peHHR Ol.leHKI-1 noTepb/ COOTBeTCTBY~~HMH H3MeHeHHRMI-1 conpOTHB
IJeHHH noTpe6HTeneA. 

PacnpeAeiJeHHe TOKOB Ha Aepeae B 3TOM CI1y4ae MOmHO HaHTH 
6e3 nocTpoeHHR cHcTeM~ ypaaHeHHH KHpxro$a. CKaHHPYR Aepeao 
OT IlHCTbeB K KOpH~, HCnOIJb3YR npaBHIJa B~4HCI1eHHR conpOTHB
IJeHHH AilR 4enei1, COCTaBIJeHH~X 1-13 napanneiJbHO 1-1 nOCI1eAOBa
Tei1bHO BKI1~4eHH~X conpOTHBileHHH, nOI1Y4HM KOMniJeKCH~e conpo-
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T~BneH~H /~MneAaHC~/ BeTBe~ Aepeea, a 8 KOHe4HOM C4eTe -
~ ecero Aepeea. Ae~raHcb e o6paTHOM HanpaeneH~~ /oT ~cTo4-
H~Ka K n~CTbHM/ ~ np~MeHHH npae~no pacnpeAeneH~H TOKOB no 
napannenbH~M npoBOAH~KaM e nponop~~~. o6paTHO~ conpoT~B
neH~HM, Ha~AeM BCe KOMnneKCH~e TOK~, 8 TOM 4~Cne TOK~ nOTpe-
6~Tene~ ~ eMKOCTH~e yTe4K~. 

B cny4ae nonHo~ ceT~ YA06Ho nepe~T~ OT ypaeHeH~~ AnH To
KOB K ypaBHeH~HM AnH noTeH~~anoe. noACTaB~M B~pameH~H TOKOB 
~S /6/ B ypaeHeH~H eepW~H /5/. 3AC ~CT04H~Ka C4~TaeM sa
AaHH~M. YpaeHeH~H Hesae~c~M~x ~~KnOB, KaK nerKo saMeT~Tb, 
e~pOmAa~TCH 8 TOmAeCTBa. c~cTeMa ypaeHeH~~ K~pxro~a np~o6-

peTaeT B~A 

I. Ui-U · 
a .. J 

jE- V IJ Z .. + IJ 

ui +Ojf 

zi 
= 0, i E V. /11/ 

3AeCb Z i - ~MneAaHc noTpe6~TenH i , Z ij - ~MneAaHc pe6pa 
0,j), £ - 3AC ~CT04H~Ka, een~4~Ha oi pasHa Hyn~ eesAe, Kpo
Me eepw~H~-~CT04H~Ka, Ha KOTOPO~ OHa pasHa 1. CyMM~poeaH~e 

npo~SBOA~TCH no MHomecTey V eepw~H rpa~a. KamA~~ noTeH~~an 

BXOA~T He MeHee 4eM 8 Tp~ ypaBHeH~H COCeAH~X BepW~H, Sa 
~CKn~4eH~eM noTeH~~ana B~CH4e~ eepw~H~, KOTOp~~ BXOA~T 8 ABa 
ypaeHeH~H. AnH peweH~H c~cTeM~ /11/ eocnonbsyeMCH npo~eAy
po~, aHanor~4HO~ np~BeAeHHO~ e pasAene 5. 

CHa4ana, c ~enb~ ynpo~eH~H c~cTe~, oTce4eM OT rpa~a ace 
APeeoo6pasH~e oTpocTK~, KpoMe npocTo~ ~en~, ~AY~e~ K ~cTo4-
H~Ky /ecn~ TaKaH eCTb/, ~ SaMeH~M ~X 3KB~BaneHTH~M~ nOTpe-
6~TenHM~. B~Aen~M Tenepb e oco6~~ Knacc ypaeHeH~H, KOTop~e 

Mewa~T np~MeHeH~~ npo~eAYP~ pasAena 5. C B~AeneHH~M~ ypaeHe
H~~M~ 6yAeM o6pa~aTbC~ TaK me, KaK M~ nocTynan~ c ypaaHeH~~
M~ Hesae~c~M~x ~~KnOB. Hs AanbHe~wero cTaHeT ~cHo, 4TO noA
rpa~, o6pasoeaHH~~ MHomecTBOM 11 Heoco6~x" eepw~H, ~BnHeTc~ 

AepeeoM. B KOHCTPYKT~BHOM ~snomeH~~ anrop~TM a~rn~A~T cne
AYIO!q~M o6pasoM. 

0THeceM K oco6oMy Knaccy ypaaHeH~e HeKOTopo~ aepw~H~ 
/Hanp~Mep, HCT04H~Ka/ H ypaBHeHH~ BCeX CMe*H~X C He~ BepWHH, 
KpOMe OAHO~. B OCTaawe~C~ CHCTeMe ypaaHeHH~ noTeH~Han 11HC
Knl04eHH0~11 eepWHH~ /T. e. aepWHH~, ypaBH6HHe KOTOPO~ HCKni0-
4eHO HS CHCTe~ H nepeHeceHO B OC06~~ Knacc/ npHCYTCTByeT 
OAHH pas - B ypaaHeHHH 11 HeHCKnl04eHH0~ 11 aepWHH~, CMemHO~ 
c AaHHO~. B~pamaeM noTeH~Han 11HCKnl04eHH0~ 11 aepw~H~ HS yKa
saHHoro ypaeHeHHH. Tenepb noTeH~Han aepwHH~, ypaaHeHHe Ko
Topo~ ~ TOhbKO 4TO HCnOnb30BanH, BXOAHT B CHCTeMy OAHH 
pas. nocneAOBaTenbHO a~pama~ noTeH~~an eepWHH~ 4epes ypaa
HeHHe CMemHOH C HeH 11 HeHCKn~4eHHOH 11 aepWHH~, M~ 6yAeM ABH-
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raTbC~ no npocTo~ ~enH, noKa He npHAeM K pasa~nKe. BepwHH~, 
ypaeHeHHH KOTOP~X M~ yme HCnOnbSOBanH, TaKme C4HTaeM 

11
HC

Kn~4eHH~MH11. Ecn~ ecTb APYr~e eeTBH, OTKP~T~e AnH ABHmeHHH, 
nocneAOBaTenbHO o6pa6aT~eaeM 3TH eeTBH yKasaHH~M cnoco6oM. 
EcnH HeT BeTBe~, OTKpbiT~X AnH ABHmeHHH, nepeHOCHM B OC06bl~ 
Knacc ypaeHeHHH ecex 11 HeHcKnl04eHH~x•• eepw~H, cMemH~X eep
w~He-pase~nKe, sa HCKn~4eHHeM OAHO~. Y Hac on~Tb noHen~~T
c~ noTeH~Han~, BXOAH~He B C~CTeMy no OAHOMY pasy, H, cneAO
eaTenbHO, OTKp~eaeTC~ BOSMOmHOCTb ABHraTbCH Aanbwe. B KOH~e 
KOH~OB Mbl OTCKaH~pyeM BeCb rpa~. npoAOnmeHHe npo~eAYP~ OnH
caHO e pasAene 5. 4Hcno ypaeHeH~~. nepeHeceHH~x e oco6y~ 
rpynny, He npee~waeT 11 + 1 , rAe 11 - ~~ KnOMaTH 4ecKoe 4~cno 
HCXOAHO~ ceTH. 

06a anropHTMa /pasAen 5 ~ pasAen 7/ ocHoeaHbl Ha o6~e~ 
~Aee. nepecTaHOBKO~ CTPOK H CTOn6~0B B MaTp~~e C~CTeM~ A0-
6HeaeMCH, 4T06bl 60nbWaH 4aCTb MaTpH~~ np~H~na CTyneH4aTbl~ 
BHA: cTapwH~ HeHyneeo~ 3neMeHT 04epeAHO~ cTpOK~ pacnonomeH 
npaeee, 4eM B npeA~AY~e~. noACHCTeMa ypaeHeH~~ CO CTyneH4a
T0~ MaTp~~e~ npOCTO paspewaeTCH OTHOC~Ten bHO nepeMeHHbiX 
C MaKCHManbHbiM~ HOMepaMH 8 KamAOM ~S ypaeHeH~~ /ABHraeMCH 
no MaTp~~e CHHSY eeepx/. 

AnH CeT~ C 60nbWHM ~~KnOMaTH4eCKHM 4HCnOM MOmeT OKaSaTb
Cfl BblrOAHO~ npo~eAypa, KOTOpy~ Mbl co6pan~c b 6blnO Hen on bSO
BaTb 8 paSAene 5 /KnaCCH4eCK~~ MeTOA HCKn~4eHHH/. nopHAOK 
nOACTaHOBK~ AOnmeH 6~Tb onpeAeneH HS C006pameHH~ MHHHMHSa~H~ 
naMHTH, He06XOAHMO~ AnH npeo6pasoeaH~fl C~CTe~ /He cneAyeT 
sa6~eaTb H o noTepe T04HOCTH/. Hanp~Mep, AnH peweHHH c~cTe

M~ paSHOCTH~X ypaeHeHH~ nannaca e npocTpaHcTee np~ npocTOM 
nocno~HOM ~CKn~4eHHH nepeMeHH~X He06XOAHMa naM~Tb Anfl SanH
CH He 6onee n(S+ 3) K03~~~~~eHTOB ypaBHeH~~, rAe ll - 4HCnO 
ysnoe, s - MaKC~ManbHOe 4Hcno ysnoe e OAHOM cnoe. nocKonbKY 
He BOSHHKaeT He06XOA~MOCTH 8 MHOrOKpaTHbiX npOXOAaX no BCeM 
ypaeHeHHfiM, naMRTb MOmeT 6b1Tb B~pTyanbHO~. AnropHTM nerKO 
pacnapannenHeaeTCR Ha MHoro npo~eccoe. Heo6XOAHMafl naMRTb 
H epeMR MoryT 6~Tb peSKO coKpa~eHbl, ecnH npeHe6peraTb eos
H~Ka~~HM~ np~ nOACTaHOBKaX 4neHaMH C ManbiMH K03~H~HeHTaM~. 

AeTOpbl 6narOAaPH~ c.c.ne6eAeBy H A.n.canomHHKOBy, KOTO
p~e CTHMynHpoeanH HHTepec K npo6neMe, M.H.rypeBH4Y, n.r.Ka
MHHCKOMy, E.~.Masene, H.P.P~6aKOBY sa noneSHY~ AHCKYCCH~. 
AeTop~ oco6eHHO npHSHaTenbH~ H.P.P~6aKoey sa op~rHHanbH~e 
TepMHHonorH4eCK~e HAeH. 
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