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I. B B e a e H H e 

3anaqa pacceHHHH Tpe6yeT peweHHH ypaBHeHHH WpenHarepa B qacTHWX 

rrpoH3BOllHbiX co cno:>KHbiMH rpaJ-mqHbiMH ycnoBHHMH . CoBpeMeHHaH BbJqHcnH

TenbHaH MaTeMaTHKa He pacrronaraeT anropH T MaMH aerrocpencTBeHHoro pewe

HHH T8KOI 38ll8ql{ , 0nH8KO B M8TeM8THqeCKOI ~H3HKe cyweCTByeT fpynrra 

npHMbiX ( B8pH8UHOHHbiX) MeTOllOB1 KOTOpble CBOLlHT peweHHe ypaBHeHHH B lJ:8CT

HWX rrpOH3BOllHWX K KOHelJ:HWM CHCTeMaM anre6p8HlJ:eCKHX HnH 06WKHOBeHH WX 

DH!fl!flepeHUH8nhHbiX ypaBHeHHii/ 1 , 2,3/ , 8 KB8HTOBOH MeX8HHKe ycrreUIHO HCITOnb-

30B8nCSI MeTOD PHTU8 npH OITHC8HHH CBH38HHbiX COCTOHHHH, 

B naaaoA pa6oTe Mbi paccMOTpHM rrpuMeaeaHe MeTonoB PHTua, Ey6HoBa 

fanepKHHa H aaHMeHbUIHX KBanpaToB ( M HK) nnH peweHHH 38ll8"4: pacceHHHSI, 

B aacToSiwee BpeMSI cywecTByeT pHn BapHauHOHHhlX !f>opMynHpoBOK 3ana

lJ:H pacceSIHHH ( XJOnhTeH, Koon, lliBHHrep/4/), HO ycnoBHH cxonHMOCTH rrpH-

6nH:>KeHHWX peweHHI K HCTHHHOMY H yCTOAqHBOCTH rronyqaJOWHXCH CHCTeM 

ypaBHeHHI OTHOCHTenbHO norpeUIHOCTeli, B03HHK810UIHX rrpH BbJ<IHCneHliH K09<jl 

~HUHeHTOB H HeODHOpOllHOCTeA ypaBHeHHI llpHMeHHTenbHO K 3THM MeTOll8M 

\ 

He HccnenoBaHbi , B rrpSIMbiX :>Ke MeTonax 3TH ycnoBHH lJ:eTKO c!f>opMynHpoBaHbi, 

K TOMY :>Ke BapHauuonawe rrpHHUHrrw/4/ ee rrpHMeHHnHCh nnH orrHcaHHH peaK

uHA c rrepepacrrpeneneHHeM qacTHu/3/. CnenyeT o T MeTHTh, qTo B qacTHOM 

cny-qae pacceSIHHSI 6e3 rrepepacrrpeneneHHH B MeTone PHTua H Ey6HoBa - fanep

KHHa rronyqaJOTCSI ypaBHeHHH , coBnanaJOWHe c ypaBHeHHHMH MeTona KooHa, a 

T8K:>Ke OK83biB8eTCH1 lJ:TO rrpH6nH:>KeHHbie nnHHbl paCCeSIHHSI HBnSIJOTCH BepXHHMH 

rp8HHU8MH llBH TOlJ:HblX 3H8lJ:eHHH, ilnSI rrpOCTOTbl H3nO:>KeHHH Mbl orpaHHqHMCH 

paccMoTpeHHeM 3anaq pacceHHHSI Ha npHMepe CHCTeM 2 -x H 3 - x Ten . 
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EyneT noKa3aHo, "'ITO H3BecTHaR TpynHoCTb MeTana KooH~, CBR3aHHaR 

C ITORB1IeHBeM He~H3H"<JeCKHX oco6eHHOCTeH B aMITnBTyne pacceRHBR ITpH "'IHC1IeH

HhlX paC"<JeTaX, He HMeeT npHHUHnH81IbHOrO xapaKTepa H MO*eT 6hlTb nerKO 

ycTpaHeHa. 

2. M eToa PHTIIB 

PaccMoTpBM HeonHoponHoe ypaBHeHBe B qacTHblX npoH3BOUHbiX 

A y =i ( 1) 

c onHopoUHbiMH rpaHH"'IHblMH ycnoBHRMB. CnpasennHBa TeopeMa/ 1/ o ToM, 

"'ITO 1 ecnH onepaTOp A n01IO*HTeneH, TO HaXO*UeHHe pellleHHR ( 1) 3KBHB8-

neHTHO OTbiCKaHH!O ~YHKUHH H3 o6118CTH onpeneneHHR D A onepaTopa A , 

coo6maJOilleH MHHHMYM ~YHKUHOHany 

F(yl= (Ay,yl-2(y,jl. 
(2) 

YpaBHeHHe WpenHHrepa onHoponHo , a rpaHH"'IHbie ycnoBHR B 3anaqe 

pacCeSIHHR HeOUHOpOUHbi. 4T06b! MO*HO 6hi110 BOCII01Ib30B8TbCR TeopeMOH, 

rrpoH3BeneM cneny10mee rrpeo6pa3oBaHHe. OpencTaBHM sonnosy10 ~YHKUHJO 'I' 

B BHne : 

'I'"' y +<I> 
0 (3) 

rne <II 
0

- IIaU8!0IIl851 B01IH8 BO BXOUHOM K8H81Ie. l-fcn01Ib3YR ( 3), MO*HO 

38IIHC8Tb ypasHeHHe WpetmHrepa cnenyJOillHM o6pa3oM: 

( E-H) <I> 
0 

(4) 
(H-E)Y = j '" 

rne Y yUOB1leTBOp51eT OAHOpOUHbiM rpaHH"'IHbiM yC1IOBHRM. lleHCTBHTenbHO, 

ITO HanpasneHHSIM, COOTBeTCTBY!OlUHM OTKpblTbiM KaHa118M 0 BbJn01IHReTC51 yc -

1IOBHe H31Iy"'leHH51: 

4 

• 

a 
(--
ar a 

ilr. l y 
a 

-+ 0. 
r ..... 

a 

H no OCTa1IbHbiM HarrpaBneHHSIM Y -+ 0 • 

EcnH OTCYTCTBY!OT CB513aHHbJe COCTORHHSI y CHCTeMbl C 

H, KHHeTH"<JeCKa51 3HeprH51 paBH8 HY11!0, a B cnyqae 3-x "'l8C 

3H napbl BO BXOUHOM K8H81Ie 601Ibllle H1IH paBH8 3HeprHH CBS 

KaHanax, TO onepaTop A=- H - E 6yneT nono*HTeneH. OoKa 

HOM cnyqae E =-l 
0 

, rne l 
0 

- 3HeprH51 CBSI3H naphi. I 

38Th, "'ITO (A y, y} > 0. Pa31IO*HM Y no co6cTseHHbiM ~Y · 
00 

00 

Y,. fa E 'I' Ed E B nony"'IHM (A y, y } = f ( E + l 
~0 -~ 

HTaK, ycnoBBSI TeopeMbi BbmonHeHbi. CTporo rosopg_ nnR cym• 

HB51 C KOHe"'IHOH HOpMOH Tpe6yeTC51 noKa38Tb BhliT011HeHHe Hep 

(eM. cTp. 213) \(Ay,j}~~C(Ay,yl. 

rne 

OepeiineM K nocTpOeHH!O ~YHKUBB 0 C006IU810IUeH MHHHMYM 

Opeo6pa3yeM F(yl, npH6aBBM H Bbi"'ITeM B (2) (A 

Yo 
pellleHBe ypaBHeHH51 (1): 

F(y)=(A(y-y l,y - y l-(Ay ,y l. 
0 0 0 0 

l-!3 (6) BHUHM, "'ITO nOCK01IbKY BTOpOH "<J1leH eCTb nOCTOSIHHl 

nocTuraeTcR, Korna nepBhlii qneH o6pamaeTCR B Hynb, ecTe 

6nH30CTH ~yHKUBB y K BCTBHHOH Yo B3RTb (A(y-y }, 
I) 

TeM cat.1hlM B o6nacTB onpeneneHBR onepaTopa A BB€L 

yUOB11€TBOpReT BC€M Tpe60B8HHRM, npeU'hSIB1IR€MhlM K I 

A nono*HTeneH. EcnB pemeHBe ( 1) OTblCKHBBeTcSI s BBne pRna 

N 

y ~a tP 
D .. D 

tPn (;DAI 

TO B3 CKa3aHHOrO Bbllll€ BBUHO, K8KO€ YC1IOBB€ HY:l!<HO HBIJ 
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ik l y 
a 

... 0. 
r ..... 

a 

H no oeTal!bHbiM HanpaBneHHSIM Y -+ 0 • 

( 5) 

EenH OTeyTeTBYIOT eBSI38 HHble eoe'i'OSIHHSI y eHeTeMbl e raMHllbTOHHaHO M 

H, KHHeTHqeeKSSI 9HeprHSI paBHa HYliiO, a B enyqae 3-x qaeTHU 9HeprHSI eBSI-

3H napbl BO BXOAHOM KaHane 60l!bllie Bl!H paBHa 9HeprHH eBSI3H nap B ApyrHX 

KaHanax, TO onepaTop A "'H - E 6yneT nono)!{HTeneH. floKa)!{eM sTo. B n aa -

HOM enyqae E =-l 
0 

, rne l 0 

3aTb, qTo (A y , y l > o. Pa3nO)!{HM 

9HeprHSI eBSI3H napbl. HaM HY)!{HO noKa 

y no eo6eTBeHHhiM lPYHKUHSIM H : 
00 

y,. Ja 'I' dE 
-lO E E 

H nonyq~~M (A y, y l = J ( E +l 
0 

l I a E 1
2 

dE > 0 • 
-lo 

BbliiOl!HeHbi. CTporo roBopSI, Al!SI eymeeTBOBaHHSI perne-VfTaK , yel!OBHSI TeopeMbl 

HHSI e KOHeqHOH HOpMOH Tpe6yeTeSI IIOK83aTb BhliiOl!HeHHe HepaBeHeTBa/2/ 

(eM. eTp. 213) j{Ay,jli~C(Ay,y). 

flepeiineM K noeTpoeHHIO lPYHKUHH 0 eoo6rnaJOIUe H MHHHMYM lPYHKUHOHally ( 2}. 

flpeo6pa3yeM F(yl, rrpH6aBHM H BbJqTeM B (2 } (Ay 0 , y
0

), 

rne Yo perneHHe ypaBHeHHSI (1}: 

F(y}=(A(y-y l,y - y l-(Ay ,y l. 
0 0 0 0 

( 6) 

Vf3 ( 6) BBABM
0 

qTo ITOeKOllbKY BTOpOH qlJeH eeTb noeTOSIHHBSI, B MHHBMYM F 

AOeTBraeTeSI, KOrAa nepBbiH 'IlleR o6pamaeTeSI B Hyllb, eeTeeTBeHHO 38 Mepy 

6liH30eTB !fJyHKUBB y K HeTBHHOH y
0 

B3SITb (A(y -y
0
},y-y O ):(y-y 0 )~ 

TeM eaJI1biM B o6nacTB onpeneneHBSI onepaTopa A ssenena aopMa. O n a 

yAOBl!eTBOpSieT seeM Tpe60B8HHSIM 0 rrpe)lbSIBl!SieMbiM K HOpMe, ITOCKOllbKY 

A IIOl!OlKBTeneH. EenB peweHBe ( 1) OTbieKHBBeTeSI B BHJle pS!na 

y 

N 

I. a cp 
n ., n 

( 7) 

TO B3 eKa38HHOrO Bhlille BBAH0 0 KaKOe YCliOBBe Hy)!{HO Hal!O)!{BTb Ha cp • 
n 
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'ITOObi MO:lKHO ObinO CKOIIh yroaao TO'lHO arrrrpoKCHMHpoBaTh y 
0

• T aKHM ycno-

BHeM RBIIReTCR IIOIIHOT8 CHCTeMhl 

IToacTaHoBKa (7) a (2) u 

I ¢., I C D .4. c aaeaeaaon aopMon. 

Tpe6oBaHHe MHHHMyMa F ( y N) ABeT cne -

AYIOIDYIO CHCTeMy anre6paH'leCKH'X ypaBHBHHH Ha K09~QlHUHeHTbl p831IO)f{e -

HHR a n 

I (A¢ 
m 

.¢ )a = ( j • ¢ ) 
n m n 

(8) 
m 

OrrpeaenuTenh I A I cucTeMbi ( 8) SIBIISieTcSI orrpeaenuTeneM fpaMMa cHcTe -mn 

Mbi nuaenao-.He3aBHCHMbiX <jJyHKuuit I ¢ -1 B MeTpHKe [ y]
2
-(Ay,ylu oTnH'IeH 

" OT HYIISI 0 Il09TOMY CHCTeMa (8) HMeeT OAH03H8'IHOe perueHue/1/, 

Ecnu B Ka'leCTBe rreoaoro sneMeHTa 6a3uca I¢ "I Bbi6oaTh cbYHKUHIO, 

OIIHCb!BaiOIDYIO aCHMIITOTHKY OTKpb!TOro KaHana: 

cpl = IJI ( p ) _1 ( 1 -{3 R 
o II R -e ) • (9) 

rae %{plj) - QJYHKUHSI CBSI3aHHoro COC TOSIHHSI I18p b! ( i , j) a R - paccTOSIHHe 

Me)f{AY ueHTpOM M8CC rrapbl H TpeTheit 'I8 CTI!Uei1:, TO KOsQJQJHUHeHT ITpH 9TOM 

sneMeHTe a 1 ~q SIBIISieTCSI 8MIIIIHTYAOH pacCeSIHH~H q HaXOAHTCSI Herrocpea

CTBeHHO perueHHeM CHCTeMhl (8), YpaBHeHHe (8) COBIIaaaeT C CHCTeMOH 

ypaBHeHHH Kooaa/4/, J1nniOCTpauHeH ObiCTpOH CXOAHMOCTH MeTOA8 B OAHOM 

'laCTHOM IIpHMepe MO)f{eT Clly)f{HTh p8C'l~T Illaapua/5/ paCCeSIHHSI 'l8CTHUbl 

IIOTeHuHaiiOM I0K8Bb!, 3aBHCHMOCTh AIIHHbl pacceSIHHSI OT 'lHC118 'llleHOB B 

cyMMe ( 7) aaeTcSI cneayiOmeit Ta6nHuen: 

N 

2 

3 

4 

5 

B 3aaaqe 3-x Ten anHHa oacceSIHHSI 

rro MeToay Kooaa. 

-q 

e± 

6 

7,92155 

7,91142 

7,91139 

7,91138 

7,91138 

+ H B oa6oTax/6/ . Bbi'IHCIISI118Ch 

Perueaue cHcTeMbi ( 8) 6yaeT ycTOH'IHBO rrpu ycnoaB 

M811hHOCTH I cp n /2/, ilnR yCTOH'lHBOCTH C8MHX KO~~HU 

HHR an , a, cneaoBaTenbHO , H q , IIO-BHAHMOMY 0 AOCTaTC 

MJliTb~<OC'I'R I cj> \. ,ll.iH! 3a,A/il'ilf 2-x Ten c ITOITQ)f{l''l'ellbRJolM rro 

1 
IOIDHM Ob!CTpee, 'IeM ""'R'2 • CHCTeMOH IIOIIHOH H CHIIhHO MHHHM 

R -t 

CTBYIOIDeH HOpMOH RBIISieTCSI CHCTeMa QJYHKUHH! cp (R). f _e_ 
k 0 k 

( L k - IIOIIHHOMbl nSirrepa) • 

IToKa)f{eM Terreph, 'ITO ~YHKuHoHan F (y ) aaeT aepx1 

AIIHHbl paCCeflHHR -q • 'ITO Ob1110 IIOIIy'leHO HeCKOIIhKO 0011 

TeM B MeTOAHKe Kooaa/7/, C TO'lHOCThiO AO KOHCTaHT H~ 

(6), (1): 

min F(yl=-(Ay ,y ),-(j,y l=(V~ ,y )=1..(-q+q ), 
00 0 0 0 2 B 

rne q - 6opaoacKaSI aMrrmiTyna . Aaanori!'IHO 
B 

. 1 
mtn F ( y N ) = 2 ( q B - q N ) • F(yN ) > F(y 0) 

q ~ q 
N 

PacrrpocTpaHHM H31IO)f{eHHbie BbiiUe pe3yllhT8Tbi Ha cny'la 

CBSI38HHbiX CO CTOSIHHH orr e p a Topa H BCeH CHCTeMb!, 

ITyCTh IJI 0 - ~YHKUHSI CBSI38HHOro COCTOSIHHSI CHCTeMb 

pHM CIIY'I8H eAHHCTBeHHOrO CBSI38HHOrO COCTOSIHHSI , 06o6u 

HX 'lHCIIO He rrpeUCTaBIISieT TpyAHOCTH), EyneM HCKDTh Y E 

y=Z:ta 1V 
0 

B sToM cnyqae orrepaTop A 

H811hHbiX 1JI 
0 

: (A Z , Z ) > 0. 

aeMy H3 IIPHHUHII8 PHTU8 

Z l. Ill 
• 0 

ITOIIO)f{HTelleH H8 MHO)f{eCTBe 

ITosToMy Z Mbi MO)f{eM 
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PerneHHe CHCTeMbl (8) 6yneT ycTOH'IHBO rrpH ycnOBHH CHflbHOH MHHH-

M8flbHOCTH I cp n I 21. llnSI ycToi!''IHBOCTH caMHX Ko9!P$HuHeHTOB pa3no)Ke-

HIHI an , a, cnenosaTenbH0 1 H q , llO-BHllHMOMy, LlOCT8TO'IHO llpOCTO MHHH-

MJ3:rrbHOC'I'H 11> \. AnH 38Alil'\H 2-x Ten c TT011QJKI"Te1l.bR~M TTO'~'eR~\fBITOf"'• CfT8AS-

l 
!OIUHM 6biCTpee, qeM -- , CHCTeMOH OOflHOH H 

R2 

CTBYJOIUei!' HOpMOH liBlllleTCll CHCTeMa «f!yHKUHH: 

( L k - nonHHOMbl nSirrepa). 

CHflbHO MHHHM~nbHOH C 
R -t/2 

cp (Rl•f e Lk dt 
k 0 I<! 

COOTBeT-

IToKa)KeM Terrepb, 'ITO $yHKUHOHan F (y ) naeT BepXHJOJO rpaHHuy nnSI 

nnHHhi paccenHHSI -q. 'ITO 6bmo rronyqego HecKOflbKO 6onee cnO)KHbiM rry-

TeM B MeTOllHKe KooHa/7/. C TO'IHOCTb!O UO KOHCT8HT HMeeM, 

(6), ( 1): 

min F(y)=-(Ay ,y l=-(j,y )-(V<I> ,y
0
l=l(-q+q ), 

0 0 ' 0 0 2 B 

q - 6opHOBCK8ll aMnnHTyLla. AHanorH'IHO 
B 

1 
min F ( y N ) = 2 ( q B- q N ) ' 

q ~q 
N 

cor nacHo 

( 10) 

( II) 

PacrrpocTpaHHM H3no)KeHHbie Bbirne pe3ynbTaThi Ha cnyqaii cymecTsosaHHSI 

cBH38HHbiX cocTOSIHHH onepaTopa H sceii cHcTeMbi. 

flyCTb 'l' 
0

- $yHKUHSI CBli38HHOrO COCTOSIHHSI CHCTeMblo ( Mbl paCCMOT-

pHM cnyqaH eUHHCTBeHHOrO CBSI38HHOrO COCTOSIHHSlo 06o6IUeHHe H8 6onbrnee 

HX 'IHCllO He npencT8BlllleT TpyLlHOCTH)o EyneM HCKDTb Y B BHne: 

( 12) 
z l. \.11 

0 

B aToM cny'Iae onepaTop A nonO)KHTeneH Ha MHO)KeCTBe $yHKUHH, opToro

HBnhHhiX 'l' 
0 

: (A Z , Z ) > 0. flo 8 TOMY Z Mbl MO)KeM HCK8Tb ITO npe)K-

HeMY H3 DPHHUH08 PHTU8 
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min F ( Z ) "' ( A Z , Z ) - 2 ( Z , j ) ; ( 13) 

a K09$~HUHeHT a MO~HO H8HTH, H8ITpHMep, H3 Tpe60B8HHR OpTOrOH8nhHOCTH 

HeBR3KH K ~ 0 (KaK B MeToae Ey6HoBa-ranepKHHa): 

( 14) 

(A(Z+a'l'
0
l-j, '1'

0
) =0. 

IlocKonhKY (A Z, 'I' 
0 

) = (Z, A 'I' 
0

) = E 
0
(Z, '1'

0 
l=O, cornacao ( 12) H 

a (A 'I' , 'I' ),.. (j, 'I' ), TO H3 ( 14) rrony'lHM: 
0 0 0 

1 
a=--

Eo 
(j. 'I' ). 

0 

( 15) 

AaanorH'lHO cny'l810 6e3 CBSI38HHbiX COCTOSIHHH rronyqaeM: 

q =qB-2F(Z
0 

)-2a(V'I'
0

,<l>
0

l = q B-2F(Z
0
l-2a(j, '1'

0
) = 

2 2 2 2 
q -2F(Z l--l!j.~0 ll >q -2F(Z l--l(j,'l' 0 ll 

B 0 E
0 

B N E
0 

( 16) 

- q 2 I ( 2 
- N- E j. '1'0) I 

B K8'leCTBe 'I' 0 MO~HO 6p8Tb ~yHKUHJO, HawaeHHYIO C ITOMOWbiO B8pH8UHOH

HbiX P8C'leTOB, ITPH 3TOM TOnbKO aon~HO 6b!Tb BbiiTOnHeHO yCnOBHe: 

E -t <O. 
BapHau. 0 

3. Mero.a Sy6Hosa-TanepKHHB 

flpH KHH9TH'l9CKOH 3HeprHH, OTnH'lHOH OT HynR, orrepaTOp A = H-E 

y~e He SIBnSieTCR ITOnO~HTenbHbiM, H Mbl He MO~eM HCITOnh30B8T.b anSI pewe

HHR ypaBHeHHR ( 1) MeToa PHTU8, B 3TOM cnyqae Mbl MO~eM HCITOnh30B8Tb 

8 

' 

MeToa Ey6HoBa-ranepKHHa (E-r), npHMeHHMOCTh KoToporo 1 

rrono~HTenhHOCThJO orrepaTopa A • 

B MeToae E-r/ 1,2/ peweHae oThiCKHBaeTcR TaK~e B BHal 

(7), HO yp8BHeHHR H8 KO~~HUHeHTbl a rrony'l810TCR H3 HOBt 

HHR: OpTorOH8nhHOCTH H9BS13KH Ay -j KO BCeM aneMeHT8~ 

(AyN -j, </>
0 

),.0, 

'ITO aaeT anre6p8H1JeCKHe ypaBHeHHR, ~OpManbHO COBITaa8JOWHe t 

ypasaeHHR rronyqaJOTCR B aaaaqe pacceRHHR 6ea rrepepacrrpeae. 

H H3 MeToaa KooHa/4/, cornacuo KoTopoMy ~yHKUHR 'I' 

ycnoBHR CT8UHOH8pHOCTH ~yHKUHOHana 

F('l'l•q =((H-El'l','l') 
st 

rae 
qst =a 

OTbiC 

ecnH IJI HCK8Tb B BHae ( 3), ( 7) • flpH 3TOM CT8UHOH8pHoe 3H8'1• 

oHana (18) aaeT aMrrnHTyay pacceSIHHR (rro Koouy). 

B pacqeTax/5,6/, BbmonHeHHhiX rro MeToay Kooua, 6bma 

cneayJOmaR TpyaHoCTh. EcnH 'I' Bbi6Hp8Th B BHaex/ 

'l'f =<Po+ qf</>t + ~ 8 n</>n; 
D'P' I 

(q f E a I ) 

H BH8'lane HCK8Tb a n( n /. 1) K8K peweHHe CHCT9Mbl ypaBil 

'l810WHXCR H3 ycnOBHR CT8UHOH8pHOCTH ~yHKUHOHana (18) 0~ 

a n~ I , TO OK83biB8eTCR, 'ITO aeTepMHH8HT /1 M8TpHUbi, COOTE 

oaHopoaaow cHcTeMe 
N 

I (A</> ,</> la "'o 
~I m n m 

(n f. ll
1 

x/ 
Lln11 IIpOCTOTbl paCCMOTpHM nByX'I8CTJJ'IHYJO aanaqy pacce!IHH!I nn!l 

napunanbHoii aonHbi '~'t ( qf - napunanbHa!l aMnnnryna), 

9 



MeTo.o Ey6HoBa-fanepKHHa ( E-r), npHMeHHMOCTb KoToporo ae CBHaaaa c 

rronmKHTenbHOCTbiO onepaTopa A • 

B MeTo.oe E-r/ 1,2/ pernenue OTbiCKHBaeTcH T8K)f{e B BH.Ue paano*eHHH 

( 7) t HO ypaBHeHHSI H8 KOa<jl<jJHUHeHTbl a nony'IBIOTCSI H3 HOBOrO Tpe6oBa-

HHH: OpTorOHBnbHOCTH HeBH3KH Ay -j KO BCeM aneMeHT8M cp ( n=l ••• N ) 
n 

( 17) 

'ITO .oaeT anre6paH'leCKHe ypaBHeHHH, <jlopManbHO coBna.oaiOmHe c (8). Te *e 

y paBHeHHH nonyqaiOTCH B aa.oaqe pacceHHHH 6ea rrepepacnpe.oeneHHH qacTHU 

H H3 MeTO.ll8 Kooaa/4/, Corna CHO KOTOpOMy <jlyHKUHSI W 

y cnoBHSI CT8UHOH8pHOCTH <jlyHKUHOHana 

F(IJI)•q -«H-E)IJI , 'I' l 
st 

r.ue q =a ' st I 

OTbiCKHB8eTCSI H3 

( 18) 

ecnH IJI HCK8Tb B BH.Oe ( 3) t ( 7) • 0pH 3 TOM CT8UHOH8pHoe 3Ha'leHHe <jlyHKUH

OHa n a (18) .uaeT a MnnHTy.uy p a cceHHHH (no Kooay). 

B pac 'l~Tax/5,6/, B bmonaeHHbiX no MeTo.oy Kooaa, 6btna o6Hapy*eHa 

cne.uyiOm aH Tpy.oHocTb. EcnH W Bbt6HpaTb B BH.uex/ 

( 19) 

H BHaqane HCK8Tb a 
0

( n -/. 1) K8K perneHHe CHCTeMbi ypaBHeHHH, nony

'18IOIDHXCH H3 ycnOBHSI CT8UHOH8pHOCTH <jlyHKUHOHana (18) OTHOCHTenbBO 

a n-/. l , TO OK83biBaeTCH, 'ITO ,lleTepMHH8HT fl. M8TpHUbi, COOTBeTCTByJOmeA 

O.llHOpO.UHO H CHCTeMe 
N 

I (Acp , cp )a .. o oJt m n m 
(n f. 1)

1 
(20) 

x/ 
Jln11 npocTOTbi pacc MoTpHM nsyxqacTII'-IHYJO aanaqy pacce!IHH!I nnR 

napuHanbHOil sonHbi 'l' t ( qf - napnnanh Ha!l aMnnHryna ). 
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-
IIpH HeKOTOpb!X 3H8'leHHSIX B8pH8UHOHHbiX rrapaMeTpOB H :3HeprHH o6pama

eTCSI B Hynb . 3TO IIpHBOAHnO K TOMy, 'ITO <fJyHKUHOHan ( 18) IIpH 'lHCneHHbiX 

pacqeTaX 06H8PY*HBan B6nH3H 9THX TO'leK CHHrynS!pHOe IIOBeAeHHe. 

OpHaeaeHHhiii aa pRe. 1 rpa¢ HK aaeT THilH'lHbiii rrpHMep TaKoro rroaeaeHHSI. 

f.JJ' 
I< 

, ............. 
p~ 

' ' 

~
' 

' -
7c~tHoe Pe""eHue 

K 

ToT ¢aKT, 'ITO aeTepMHHaHT 6. HMeeT ayneBbie 3Ha'leHHSI ( rrpH k 2 > o ), 
o6oSICHSieTCSI TeM, 'ITO orrepaTop A B rroarrpocTpaHCTBe c 6a3HCOM ! ¢ nl<=2 •• Nl 

SIBnSieTCSI CHMMeTpH'lHbiM H HMeeT N -1 BemeCTBeHHbiX C06CTB.eHHbiX 3H8-

qeHHHo flerKO BHAeTh 1 'ITO (20) COBIT8A8eT C CHCTeMOH ypaBHeHHH1 rronyqa

eMOH 06bi'lHO B 38A8'le H8 CBSI38HHbie COCTOSIHHS!o f1pH :3TOM HH*HHe H3 

rronyqeHHblX C06CTBeHHbiX 3H8'leHHH COOTBeTCTByiOT CBSI38HHbiM COCT05IHHSIM 1 

8 OCTanhHbie OK83biB8IOTC5I ne*aWHMH B o6naCTH Herrpepb!BHOI'O CITeKTpa H 

rrpHBOASIT K YK838HHbiM Bbi!lle TpyAHOCTSIM . 

0oKa*eM, 'ITO :3T8 TpyAHOCTh He HMeeT rrpHHUHITH 8nhHOI'O xapaKTepa 

H ee MO*HO TlpOCTO 060HTHo llnSI 9TOI'O A:)CT8TO'lHO pe1118Th CHCTeMy Cpa3y 

10 

AnSI BCeX K09<fJ<fJHUHeHTOB pa3nO*eHHSI (19), paCCMaTpHBaSI 81 

HapaBHe C OCTanhHbiMH a 
n 

noKa*eM, 'ITO COOTBeTCTBYIO!llaSI OAHOpOAHaSI CHCTeMa ani 

ypaBHeHHA He HMeeT peweHHSI , a , 3Ha'!HT1 ee AeTepMHHaHT BCE 

OT HynSI . 

Ha 

YMHO*HM CHCTeMy AnSI K09¢cjJHUHeHTOB am 

a* 
n ' 

N 

2 A 
m=l nm 

a =0 

a COOTBeTCTBYIO!llyiO CHCTeMy AnSI: a* YMHO*HM Ha 

OAHO H3 APYI'Of'O H IlpOCyMMHpyeM ITO n • Oony'lHM : 

2 (A a*a 
n,mf._ 1 ° m n m 

+ 2 ( 
n,: I 

A a* a 
nl n 

-A* a 
nm n 

a* ) + 2 (A a*a - A* a 
m mf:,t 1m 1 m 1m 

a * 
I m 

-A*
1

a a*l+A Ia 1
2 

- A*Ia J
2 

.. o. 
nnl nil Ill 

) + 

CyMMa 2 1 B ( 22) paBH8 Hymo B CHny BemeCTBeHHOCTH H CHM 
m,n,. 1 

A mn ( m , n 1- 1) : 

A* ~A ~A 
nm nm mn 

CyMMbl )!(e ~ H ~J B38HMHO CO Kp8IU810TCSI 6naroaapSI TOMy, 'l 
m"''l ~I 

A (m I 1 l . OocneaHee nerKo rrpoaepSieTcSI HHTerpHpoaaaHeM 
lm 

QCT8'BWUeC<I qneHbl -'1810'T': 

[(A</>,, <f>t )-(A</>,,¢>,>*] l a,l2 

= [ < - .p " .p > - < - .p " .p >* n a 1 2~ 1 a (J !""< .p <P * " - <P " .p * > d r • 
1 , 1 t ' J 1 t l 0 t 1 1 1 

200 200 2 

~ Ia I/(</> ¢>'1* -¢> 1'<f> 'P'dr =la 1 l f J'dr=la I (J -J l. 
1 1 0 1 0 00 
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AnR BCeX K09~~~UHeHTOB pa3nO~eHHR (19) , paccMaTpHBaR aMnnHTYAY q 

HapaBHe C OCTanhHblMH a 

iloKa~eM, qTQ COOTBeTCTBY~lliaR OAHOpOAHaR CHCTeMa anre6paHqeCKHX 

ypaBHeHHA He HMeeT perneHHR , a , 3HaqHT, ee AeTepMHHaHT BCerna OTnHqeH 

OT HynR . 

YMHO~HM CHCTeMy AnR K09<j$HUHeHTOB am 

N 

:£A a =0 
m=l 

nm 
( 21) 

a a a* 
n ' 

a COOTBeTCTBY~lliY~ CHCTeMy AnR a* YMHO~HM Ha a n • BblqTeM 

onao H3 npyroro H npocyMMHpyeM no n . nonyqHM : 

:£(A a*a -A* a a* l+:£ (A a*a - A*a a* l+ 
n,m" 1 n m n m nm n m m/: 1 1m 1 m lm 1 m 

( 22) 

A a* a 
nl n 

-A*a a*l+A \a \2 -A*\a \ 2 
.. 0. 

nl n I n II II I 

CyMMa :£1 B ( 22) paBHa Hyn~ B CHny BellieCTBeHHOCTH H CHMMeTpHqHOCTH 
m.n,- 1 

A mn ( m , n f. 1) : 

A* 2A =A 
nm nm mn 

CyMMbl ~e ~ H :£J B3aHMHO COKpama~TCR 6naronapR TOMy, qTQ A* 
m'l' I "'''I m I 

A 1m(m i 1) • nocnenaee nerKo nposepReTCR HHTerpHpoBaHHeM no qacTRM. 

0C'T'8SWUeC<I qneHbl -'\BTO'T': 

2 [(A </>1• </>1 )-(A <f>l,<f>ll*] \ al\ 

2 2 00 

= l <-¢ 1". ¢ 1 >- <-</>" ¢ >*l ra l· la I f<<t> <!>*"-</> "</>*> dr. (23) 
I ' I I I O 1 I I I 
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BenH'IHH8 J HMeeT <f!H3H'leCKHH CMbiCn rrnoTHOCTH IIOTOK8o 00CKOnbKY f/1
1 
(0) =0 r 

To H J 0 "'0. C npyroii cTopoHbi, J.., .. k f, o. TaKHM o6pa3oM, Mbi rrpuxonuM 

K IIpOTHBope'IHIO C H8IIIHM rrepBOH8'18nbHbiM rrpenrronO)f(eHHeM, 'ITO OllHOpOll -

H8SI CHCTeMa ( 21) HMeeT peiiieHHe, 'ITO H TpeOOB8nOCb. 

l1Horna MO)f(eT oKa3 aTbCSI 6onee yJIOOHbiM Jipyro:H crroco6 perneHHSI 

ypaBHeHH:ii, rro3BOnSIIOl1IHH T8K)f(e o6o:iiTH yKa3aHHb ie Bbiiiie TPYilHOCTHI7 I. 

B aToM rroJixone cuaqana HaxonSITCSI "orracHbie" co6cTBeHHbie 3HaqeHHSI 

E I CHCTeMbl (20). 3H8HHe E 1 II03BOmieT H8M 8H8nHTH'leCKH paCKpbiTb B 

Bbip8)f(eHHH nnSI 8MIInHTYJlbl HeorrpeneneHHOCTH THII8 ~ • KOTOpbie IIpH 'IHC

neHHOM p8C'leTe IIpHBOllHnH K CHHrynSipHOMY IIOBeneHHIO 8MIInHTYllhl pacceSIHHSI. 

OponenaeM aTo rronpo6aee. 

PaccMoTpHM qacTb cucTeMbi ( 8) 6e3 rrepsoro ypaBHeHuSI: 

:£ A a 
m/:.t nm m 

( 24) (j ,¢ )-qA ; (n ,{I). 
n n I 

(0 (0 - -
06o3H8'IHM ( a , ••• a ) COOCTBeHHbllf BeKTOp OllHOpOJlHOH CHCTeMbl ( 20) t 

2 N 

COOTBeTCTBYIOIIIHH COOCTBeHHOMY 3Ha'leHHIO E 1 • Terrepb Mbl MO)f(eM 38IIHC8Tb 

peiiieHHe CHCTeMbl ( 24) B BHlle 

(0 (0 
an (j,cpm)am 

a=:£ - q ·:£ 
nl,m"l E 1 -E l,mtl 

(I) (I) 
an Ami am ( 25) 

E 1-E 

0ollCT8HOBKOH (24) B nepBOe ypaBHeHHe 

A
11

q +:£ A
1 

a =(j,¢ ); (n,kl) 
~~ D D D 

( 26) 

rronyqaeM nnSI q cneJiyJOmee Bblpa)f(eHHe, rne B SIBHOM BHJie BhiJieneHbi oco-

6eJH(O,Tif t 
(I) liJ 

A 10 a 0 (j,<fl.,la., 
( j • .p ) 

D 
l: 

m,.,J t;l E -E 
q = I 

A Cl) A (1) 
ln 8 n m 1 am A - }: 

II m..,J 1;1 E 1 -E 

12 

( 27) 

N - 1 
YMHOlK8SI 'IHCnHTenb H 3H8MeHaTenb ( 27) Ha ll ( E - E ) , Mbl 

J=l J 
00 

8H8nHTH'leCKH pacKpbiBaeM HeorrpeJieneHHOCTb THIIa --, K01 
00 

Korna E 6nH3KO K OllHOMY H3 E 
1 

• 

B qacTHOM cnyqae, Korna E cosrranaeT c E 
1 

, !po pMyna 

B 

q(E I ) = -
(A <l>o ,IJII l 

IJ' = ~ B (I) cp • 
I n=/ t n n (A cp t' IJII 

B aToM qacTHOM cnyqae H3no)f(eHHaSI Bbiiiie cxeMa rrpHBOllHT 

3YnbTaTaM, 'ITO H rronxon, rrpenno)f(eHHhiii XappucoMI81 B s 

~OpMyna ( 28) YllOOHa TeM , 'ITO, peiiiHB OJlHOpOJlHYIO 

Mbl cpa3y rronyqaeM 3H8'leHHSI 8MIInHTYllbl B HHTepBan e 3H( 

EN- I ' B 3BKnJO'leHHe aToro pa3Jiena OTMeTHM, 'ITO oTcyTc 

IIOnOlKHTenbHOCTH OIIepaTopa A He II03BOnSieT BBeCTH 3lleCb 

aHanorH'IHO To My, KaK aTo nenanocb HBMH B MeTone PuTua, I 

roe 38KnJO'leHHe 00 ycnOBHSIX CXOllHMOCTH MeTOll8o J1cKniO'IE 

cnyqaii , KOPll8 OOn8CTb B38HMOJleii:cTBHSI BCeX 'l8CTHU CHCTeMbl 

MOlKHO HaiiTul7 I B 3anaqe rronolKHTenbHO orrpeneneHHhiii orreJ 

IIOHSITHe HOpMblo 0pH STOM CHCTeMOH IIOnHOH H CHnbHO MHHHM 

neHHOH MeTpHKe OK83biB8eTCSJ CHCTeMa COOCTBeHHbiX <flyHK 

KHHeTH'leCKOH SHeprHH CHCTeMbl o 

4. Mli!To.a H81fMeHE>W10< K.BEIP.~roa ( MHK) 

B MHK peiiieHHe ypaBHeHHSI ( 1) H ( 4) 3aMeHSieTcSI BBI 

ll8'Ieii 0 MHHHMyMe tflyHKUHOHana/ 1 1 

F(yl = (Ay - j,Ay - jl . 

0pH STOM B OTnH'IHe OT MeTOll8 PHTU8 He H8Kn8llbiBaeTCSI HI 

qeHHii Ha orrepaTop A • HerrocpencTBeHHoii rrposepKoii ( yqu· 

nerKo y6enHTbCSI , 'ITO <PYHKUHOHan F (y ) MO)f(eT ObiTb npe11c1 
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N-1 
YMHO~ag qHCnHTenb H 3HaMeHaTenb (27) Ha n (E 

J=l l 
aaanHTHqecKH pacKphlBaeM HeorrpeaeneHHOCTb THrra 

KOraa E 6nH3KO K OAHOMY H3 E 
1 

• 

-E), Mbl TeM C8Mb!M .. -- . .. KOTOpaR B03HHK8eT, 

B qacTHOM cnyqae, Koraa, E coarra.naeT c € 
1 

, tpopMyna ( 27) rrepexoaHT 

B 

11'
1 

= I a (I) ifJ • 
n-:/1 n n 

( 28) 

B sToM qacTHOM cnyqae H3no~eHHaR BbiiiJe cxeMa rrpnaoanT K TeM ~e pe-

3Y~bTaTaM , qTo H rroaxoa, rrpeano~eHHbtH: XappncoM/8/ B 3aaaqe 2-x Ten. 

Cl>opMyna ( 28) YA06Ha TeM 0 'ITO, peiiiHB OAHOpOAHyiO CHCTeMy ( 21) 
0 

Mbl cpa3y nonyqaeM 3H8'1eHH51 8MITnHTYllbl B HHTepBane 3HeprHH OT E t llO 

E N-l" B 38KniO'IeHHe 3TOro pa3aena OTMeTHM0 'ITO OTCYTCTBHe CBOHCTB8 

ITOnO~HTenbHOCTH orrepaTopa A He IT03BOn51eT BBeCTH 3UeCb ITOHRTHe HOpMbl 

aHanornqHo ToMy, KaK 3TO nenanocb HaMH B MeTone PnTua, u cnenaTb cTpo

roe 38KmoqeHHe 06 ycnOBH51X CXOllHMOCTH MeTona. YfcKmoqeHHeM RBn51eTC51 

cnyqaH: , Korna o6nacTb B38HMoneH:cTBHR acex qacTHU cncTeMbi KOHeqHa. Torna 

MO~Ho HaH:Tu/7 I B 3anaqe rrono)I(HTenbHO onpeneneHHbtl!: onepaTop, u BBeCTH 

ITOH51THe HOpMblo npu 3TOM CHCTeMol!: ITOnHOH H CHnbHO MHHHM8nbHOH BO BBe

neHHOl!: MeTpHKe OK83biB8eTC51 CHCTeMa C06CTBeHHbiX <!JyHKUHH onepaTopa 

KHHeTH'IeCKOH 3HeprHH CHCTeMhlo 

B MHK peweHne ypaBHeHHR ( 1) u ( 4) 3aMeHReTc51 BapHaunoHHol!: 3a

naqel!: 0 MHHHMyMe <!JyHKUHOHana/1/ 

F(yl'=(Ay-j,Ay-j). ( 29) 

npu 3TOM B OTnHqHe OT MeTOA8 PHTU8 He H8Kn8llbiB8eTCR HHK8KHX orpaHH

qeHHl!: Ha onepaTop A • HerrocpeacTBeHHoH: npoBepKoli ( y'IHTbiBa51 A y 
0 

.. j l 

nerKO y6enHTbC51 0 'ITO <!JyHKUHOHan F (y) MO)I(eT 6b!Tb npencTaBneH B Bone: 
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2 
F(yl=( A(y-y 0 l,A(y-y 0 ll :[y-y

0 
l · 

(30) 

Paccy:>KLiaSI aHanorn'IHO To My, KaK aTo aenaeTcsr s MeToae PnTua ( rrocne ( 6)), 

Mbl rrony'laeM , 'ITO B K8'leCTBe Mepbi 6nH30CTH (HOBBS! HOpMa) cneAyeT Bbl -

6p8Tb ( Y- Y o1
2 

• 0TCIOA8 c neayeT, 'ITO ecnH Y OTb!CKHB8eTCSI B BHAe 

(7), TO ycnosneM cxoaHMOCTH 6yaeT rronHoTa cncTeMbi I c/>n I c BBeaeHHOH 

HOBOH MeTpHKOH. iloKa3aTenbCTBO T8KOH IIOnHOThl Tpe6yeT CIIeUH8nhHOro HC-

cne.QOB8HHSI. 

Heo6xoanMhiM H aocTaTO'!HhiM ycnosneM cymecTBOBaHHSI peweHHSI c KO 

He'IHOH HOpMOH SIBnHeTCH ( eM . CTp. 213121) 

j(Ay,jlj<S_C(Ay,Ay). ( 31) 

(j' A ) s (j,j) (Ay,Ay Ma HepaseHCTBa Kornn-EyHHKOBCKoro 

n ( 31 ) cneayeT Tpe6oBaHne ( j , j l <"" 

Ma ( 7) H Toe60B8HHH MHHHMVMa F ( y) 

ypBBHeHHii : 

nnn HHa'!e (V$
0

, V$
0

) < ""• 

rronv'laeM cncTeMv anre6oan'!eCKHX 

l(Ac/> ,Acf> la =(j,Acf> ). 
m n m n (32) 

m 

CHCTeMa ( 32) O.QH03H8'1HO pa3 peWHM8 1 T8K K8K M8TpHU8 CHCTeMbl COBIIa.QaeT 

C MaTpnueH rpaMMa HHHeHHO-He38BHCHMbiX aneMeHTOB BO BBeAeHHOH MeTpHKe. 

KaK n B MeToae PnTua, ltnH ycTOH'IHBOCTH perneHHH Tpe6yeTCH BhmonneHne 

ycnosnsr cnnhHOH MHHHManhHOCTH I¢, I 121. 

Ecnn B 'IHcne aneMeHTOB 6aanca lcf>n I ncrronhaosaTb ¢yHKUHH, OIIHChiBa 

JOIIUie 8CHMIITOT HKY OTKpb!TbiX KaHanoB, TO HCKOMhle 8MIInHTY.Qbi paCCeHHHSI 

6yayT SIBnHTbCSI KO~HUHeHT8MH paano*eHHH (7) H OIIpeaenSIJOTCSI Herrocpe.Q

CTBeHHO peweaneM (32). 

14 

5. Cseo.enne 3BO.tl'lH K CHCTeMe o6biKHosenHbiX 

O.Hifx/JepeHllHBnbHbiX ypBBHeHHii 

ilo cnx nop Mhi npeanonaranH, 'ITO K0:3QxPHnHeHTbi pa3 

SIBnSIJOTCSI KOHCT8HT8MH. 

B MeToae KaHTopoBH'lal 1 I (eM. cTp. 98) MHHHMYM ¢YH 

( H8IIOMHHM1 'ITO 38.Q8'18 0 MHHHMyMe ( 3) HMeeT CMbiCn IIpH H: 

TH'IeCKO H :3HeprHH) OTbiCKHBaeTCH C HCIIOnb30B8HHeM BMeCTO (7) 

- N 
y (p, R l= la (Rltfl (p-, Rl. 

N lt=llt It 

Paano*eHne (33) HanHcaHo anSI 'IBCTHoro cny'laSI aaaa'IH Tp 

cp k (p; R) SIBnSIJOTCSI C06CTBeHHbiMH <jJyHKUHSIMH .QBYXUel!Tpo 

R - paccToSIHHe Me*.lly ueBTpaMH 1 a p - paanyc-sexTop 3-

0THOCHTenhBO ueBTpa Mace .QBYX Apyrnx. ilnH paananbHOH '18CTH 

TOB a ( R) nony'laeTCSl CHCTeMa 06b!KHOBeBBbiX AH<jJ<jJepeBIIHanbHbl 
It . 

3Ta CHCTeMa OTnH'l8eTCSI OT ypaBHeHHH MeTO.Qa EopBa-0nneare~ 
TeM1 'ITO HeO.QHOpO.QHOCTb rpaBH'IHbiX ycnoBHii nepeBe.QeHa B 

HOCTb CHCTeMbl ypaBHeHB:ii. MHHHMYM <jJyHKUHOHana ( 2) no-npe) 

<jJH3H'leCKHH CMbiCn !lnHHbl pacceSIBHSI H II03TOMY OCTaeTCSI CIJ 

BhlBO!I 0 TOM 0 'ITO F (y N -) !!BeT r paHHUy CBepxy !InSI HCTHHHO~ 

CeSIBHSI. 

rne 

«l>yHKUHJO y MO*HO HCK8Tb T8K*e B 'cMernaBHOM' BH!Ie 

N 

r=ao¢ 0 + lalt(R)t/1 
It= I It 

cp - eCTb <jJyBKUHSI1 OIIHCbiBaJOill8Sl 8CHMIITOTHKy OTKpbiT 0 

KOHCT8HT8 a 0 - !lnHBa p8CCeSIBHSI 0 8 B OCTanbBOii 'l8CTH paano; 

<jJHUHeBTbi · SIBnSIJOTCSI <jJyBKUHSIMH OT O!IHOH .Bbl!leneBHOH rrepeMeH 

Mep, B aanaqe pacceSIHHSI ~Knoaa Ha neifTpoae B xaqecTBe 

Bbi6paTb ., K -rapMOHHKH- ., I 101, Y'IHThiBaiOillHe TO*.llecTseaao 

B aTOM cny'lae anSI Koa<jJ<jlnuHeBTOB paanoMeHHSI nonyqaeTcSI c 
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5. CaeaenHe .:38/J.B'lH K cHcTeMe o6bi KHOBeHHbiX 

11.H¢¢epeHUH811.bHhlX ypBBHeHHH 

Do CHX nop Mbl npeanonaranH, 'ITO KOs¢qiHUHeHTbl paanoJKeHHSI ( 7) 

SIBnSIIDTCSI KOHCTaHTaMH. 

B MeToae KaHTopoBH'la/ 11 (eM. cTp. 98) MHHHMyM tflynKUHonana ( 2) 

( HanOMHHM1 'ITO aaaaqa 0 MHHHMyMe ( 3) HMeeT CMb!Cn npH nyneBOH KHHe

TH'leCKOH 3HeprHH) OThlCKHBaeTCSI C HCITOnb30BaHHeM BMeCTO (7) p a anoJKeHHH: 

- N 
yN(p, R l= Ia (Rl.f> (p-,R). 

k al k k 

(33) 

PaanoJKeHHe (33) aanHcaao anSI 'laCTHoro cny'laSI aaaa'IH Tpex Ten, rae 

cp k (p; R) SIBnSIIDTCSI C06CTBeHHbiMH tfJyHKUHHMH aByxneHTpOBOH aaaa'IH: 

R - paccToHHHe MeJK.Qy ueaTpaMH, a p - paaHyc-BeKTop 3-eif 'laCTHUbi 

oTHOCHTenbHO ueHTpa Mace aByx apyrHx. DnH paaHanbnoif qacTH KoatfltfJHuHea

TOB a ( R) nonyqaeTCSI CHCTeMa 06biKHOBeHHbiX aHtfltfJepe HUHanbHhlX ypaBHeHHH. k . 

3Ta CHCTeMa OTnH'laeTCSI OT ypaBHeHHH MeToaa EopHa~nnenreifMepa/9/. 

TeM, 'ITO neoaaopoaaocTb rpaHH'IHbiX ycnoBHif nepeBeaeaa B aeonaopoa

HOCTb CHCTeMbl ypaBHeHHHa MHHHMyM tfJyHKUHOHana ( 2) no-npeJKHeMy HMeeT 

tfJH3H'leCKHH CMb!Cn .QnHHbl pacceSIHHSI H ll03TOMy OCTaeTCSI cnpaBeanHBbiM 

BhlBOa 0 TOM0 'ITO F (y N .) aaeT r paHHUy CBepxy anSI HCTHHHOH anHHbl pac-

CeHHHSio 

<J>yHKUHID y MOJKHO HCKaTb TaKJKe B 'cMemaHHOM' BHae 

N 

y =ao¢> 0 + I a (Rl.f> • 
kal k k 

(34) 

rae cp - ecTb tfJyHKUHS1 1 OllHCbiBBIDmaSI aCHMITTOTHKY OTKpb!TOrO KaHana, 
0 

KOHCTaHTa a 0 - anHHa pacceHHHSI 1 a B OCTanbHOH 'laCTH paanoJKeHHSI KOatfJ-

tfJHUHeHTbJ · HBnHIDTCSI tflyHKUHHMH oT oaaoif .Bhiaeneaaoif nepeMeHHoii. HanpH

Mep, B aaaa'le pacceSIHHSI ~yKnoaa aa aeiiTf>OHe B KaqecTBe cp k yno6ao 

Bbi6paTb ' K -rapMOHHKH· 'I tO/, Y'IHThiBaromHe ToJK.QeCTBennocTb qacTHn. 

B aToM cnyqae anH KoatfltflHuHeHTOB paanoJKeHHSI nonyqaeTcSI cHcTeMa oa-
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HOrO anre6palPieCKOrO H N o6biKHOBeHHbiX LlH<I>¢epeHUH8nbHbiX ypaBHeHHit. 11 

aaecb ocTaeTcsr cnpaBeanHBhiM BbiBOLl o6 oueaKe cBepxy anHHhi paccesrHHsr. 

AaanorHqHO, HCTIOn b 3YSI pa3nO*eHHe THTI8 (34) , MO*HO MOLlH~HUHpOB8Tb 

MeTOLlhi Ey6HoBa- fanepKHHa H MHK. 
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