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l.BneLleuue 

KnauTonoMexann<~eCKBR 3BLlB'iB Tpex Ten npeLlCTaJmReT 6onhwyro TPYLlHOCTb KBK 

LlllSI· Ka<~ecTneuuoro uccneLlonaunR, TBK u LlllR <~ncneuuoro pewennR. 'iacTb :>THX TPYLll'to

cTeil CBR3ana c TeM, 'iTO cooTneTcTnyrowee ypanuenue WpeLlnnrepa. 

(I) 

RBJlReTCR B 3118'iHTeJlbHOil Mepe CHMBOJlH'ieCKHM, He COLlep)KillUHM B ce6e YKB3BHifil, KllK 

,PaKTH'ieCKH nailTH BOlltlOBYIO ,PyHKUHIO (npS!MBSI 3/lMeHa 3TOrO ypanueHHSI KOHe•mo-pa3HOCT

HblM npUBOLlHT K Dhl'iHCJlHTeJlbHO ueyCTOi!'iHBhlM nponeLlypaM H LlBeT pacTytUHe Ha 6ecKO

He'iHOCTH rewennR). nosT.OMY ypanneune (I) 06b!'iHO 3/lMeHRIOT ,PopMaJlbHO 3KBHB3JleHTHbl

MH .eMy ypllDHeHHRMH, HOCSIWHMH oonee KOHCTpyKTHBHblil xapaKTep, B 'illCTHOCTH, 6eCKOHe'i

HOil cncTeMoil CBR3BHIIhlX OLlHOMepnhlX HHTerpo-Lln<P,PepeuunanbHhiX ypannenuil (cM.1 nanpu

Mep, paooTh/ l-3/). BecKoue<~nyro cncTeMy 3/lTeM RBHO unu ueSIBHO o6phiBilJOT, 3/lMeHRR • 

KOHe'iHhlM 'iHCllOM ypannennil. C<~nTaeTCR, 'iTO o6phrnanne ne CHllbHO H3MeHReT nonnonyro 

,PyHKUHIO '!' , TllK KllK OT6poweHHbie ypanHeHHSI OTHOCHTCSI K Bb!COKHM BHpTyallbllblM COCTOSI

HHSIM CHCTeMbl, KOTOpbre no ,PH3H'ieCKHM COOopa)KeHHSIM He Ll0Jl)Kllbl HrpaTb OOJlbWOil pOllH 

.( TaK, B 'illCTHOCTH, liOCTynaJJH H llBTOpbl HllCTOSILUeil CT8TbH B paooTax
12

•
31 

). 

OnpaBLlllHHe oopb!BilHHSI CHCTeMbl ypannemril no ",PU3H'ieCKHM coo6pa)KeHHRM" SIDJJSieT

CSI TpeBO)KllblM npH3HilKOM, H60 (ne3aBHCHMO OT B03MO)KH0il npaBUJlbHOCTH OKOH'illTeJlbllblX 

pe3yllbT8TOD) CBHLleTenbCTByeT 0 neyMeHHH· <iJOpM8JlH30B8Tb 3TH CllMble "cooopa)KeHUSI" H 

HllliHCBTb ypanueHHSI B TllKOM BULle, 'iTOObl HX OCIIOBHble CBOHCTBa, BKJllO'illSI B03M0)1<110CTb 

' oopb!Bill!HR, cneLlOBilllH cpa3y H3 CllMOil nanHCBHHOil CHCTeMbl, KpoMe TOrO, npH HHTyHTHB-

HOM nOLlXOLle OCTBIOTCSI HepeweHllb!MH HeCKOJlbKO nenpHS!TllblX BOnpOCOB. 

Bo-nepBbiX, ue SICHO,, He SIBJlReTCSI Jlll 6eCKOHe'iH£lSI CHCTeMB CBSI3Bl1Hb1X ypanneHHil 

'iHCTO CHMBOJlH'ieCKOil, T,e, CytUeCTByeT JlH XOTSI 6bl OLlHB CXOLlS!lllllSICSI npOUeLlypa nony

'ieHHSI peweHHSI TBKOil oeCKOHe'iHOll .CHCTeMhl. Bo-nTO'PblX, LlB)Ke ecnn 6ecKOHe'iHBSI CHCTeMa' 

"xopOWBSI", He RCHO, BeJlHKB JlH OWHOKB, D03HHKBIOlUBSI npH 3£1Melle ee KOHe'IHOi! CHCTeMOl! 

ti He TepSieTCSI JlH npH 3TOM KBKHX-nHOO KB'ieCTBeHHblX s,P,PeKTOB • .[lei!CTBUTeJlbHO, LlB)Ke 

eCJlH K/l)I<LlOe BHpTyanbHOe COCTOSIHHe BHOCHT MBJlblll BKJlllLl B '!' , TO KOrepeHTHblH s,P,PeKT 

ncex nhrcwux cocTORHHll M·o)KeT o~ITb nenuK·. B TpeTbHX, ne RCu.o, ·uacKOllhKO cymecTne-

' . 
Hell npOH3DOJl

0 
KOTOpblll HMeeTCSI. B onpeLleJleHHH. BHpTyBllbllblX COCTOSIIIHll - TO eCTb B Bbi-
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6ope CHCTCMbl lPYHKUHR <!Jn , no KOTOpbiM pa3DaraeTCII nODHBH BODHOBBH lPYHKUHH 'I' - H 

S KBKOM CDy'!ae KBKBH CHCTCMB lPYHKUHR <l>n npellDO'ITRTCDbH8,. 

8 HBCTOHIUCR pa6oTe CllCDana nonbiTKB XOTH 6bl S npOCTCftiUeM '!aCTHOM CDy'!ae OllHO

Mepnoro llSH»<CHHH pacCMOTpCTb HSHO 6eCKOHC'IHyiO CHCTeMy ypasuennR H .SbiSICHHTb <lJaKTH

'ICCKOe noDo»<enue semen. B paaneDe 2 sblsonnTCst uayqaeMast cuc.TeMa ypasneanR s nn<P

¢epeuunaDbnoR u nnTerpanbnoR ¢opMe. B paaneDe 3 liDS! xonxpeTnoro noTenunaDa ~ 2 
H npOH3SODbHbiX noTeHURBDOS lj

3 
, V

23 
llBIOTCSI HBCeDenHOCTH Sb!ClllHX SHpTyBDbHbiX 

COCTOHHHR H norpeiUnOCTH, snOCHMOft OT6pBCb!SBnHeM 9THX COCTOSinRR. 8. p83l1CDC 4 llOKa-

3biS8eTCSI, 'ITO npu coxpauenuu scex 'supTyBDbHbiX cocTostnuR pemeuue 6 ecxone'!noR cncTe

Mbi unTerpaDbnbiX ypasHeHHR MO»<CT 6biTb DODY'ICHO MeTOllOM <l>penrODbMB, 8 npHDo:>KeHRH 

SbiSOllstTcst ouenxu xoa¢¢uuuenTos cucTeM nu<P¢epeuuuaDbUhiX u nnTerpaDbnhlx ypasueuun 

npH llSYX pa3DH'InbiX Sbl6opax noDnOft CHCTCMbl lPYHKUHR <l>n. 

2. YpasnenHH nsu»<enust s unTerpaDbUOR ffiopMe 

taMHDbTOH!faH CHCTeMbl Tpex 'IBCTRU, S3aHMOl1CftCTBYIOIUHX MC»<lly C06oft npH nOMOIUH 

noTenuuanos V ( x - x ) 
12 l ' 

~3 ( x2- x3) V
13 

( x
1

- x
3 

)I HMeeT SHll 

II = _p_f_ +-.!! . .L + _pj_ + V + V + V • 
2m 211 · 2m u u 13 

. l 2 3 

(2) 

.llonycTHM, 'ITO 'IBCTHUbl 1, 2 naXOllSITCSI SO S3aHMHO CSSI3anHOM COCTOSinHH, TaK 'ITO HX 

MO»<no paccMaTpHBaTb KaK OllHY CDO»<HYIO qaCTHUy, llSHraiOIUYIOCH B none '!aCTHUbl 3. 

06oana'IHM KOOpllHnaTy UCHTpa MaCC BCCX Tpex '!aCTHU qepe3 Z KOOpllHnBTy OTnOCHTenb-

nora llSH»<enHSI ·qacTHU 1, 2 qepe3 Y , 8 KOOpllHnaTy OTnOCHTenbnoro llSII»<CnHSI CDO»<noR 

H npOCTOR '!aCTHU '!epe3 X : 

Z= 
m,x,+m

2
x;+m

1
x 1 

m + m + m 
l 2 3 

y= X -X ; 
l 2 

X= m,.x:, + m2 .x: 2 
m + m 

l 2 

- x,. 

8 9THX KOOpllHnaTaX noDna!l SOnnosa!l <lJynKUHH ljl (X. Yr Z) HMeeT sun: 

'!l(x.y,z)=(c
1

e'"k• + c -bk e • J'l'(x,y). 

He aaaucstmast oT z .. q,ynxunH IJ' (X, Y) YllOSneTSOpSICT ypasnenHIO 

tp" 

- 2!1 
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·tp 
-- + [ V (y) + V ( x + Bv) + v ( x- Ay) J 'l' = E 'I' 
2!1 12 13 I 23 
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{3) 

{4) 

{5) 

rne IUTpHX oana'!aeT npOH3SOllnyiO no X , TO'IKB - npOH3SOllnyiO no y , npusenennbie 

MaCChi U , U u xoa¢¢uuuenTbl 
l 2 
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'Mi,I ·6yneM paccMaTpnsaTb aana'ly, xorna ua ..; .. nanaeT. noTox ~Do»<nbiX qac:rnu 
. ~ I . .- , , , . 

·S neKO'!'OP_?~ COCTOSI_niiH .no ~nyTpenneMy ll_SH»<.enuiO; S 06DaCTH,, rne. 1 ~ 3 + V
23 

'I OTDU'Ien 
- . . ' . , I ' ' 

' OT KOnCTanTbl, '!aCTb '!aCTHU OTpa»<aeTCSI0 a '!aCTb npOXOlliiT snepe!l,. npH'ICM' S. npOUCCCC , 

-· 'paccestnHSI. CD~»< nBS! 'IBCTHUa, MO»<e~ MeHSITb CBje BHy;peuuee .. COCTO!lHUe • .llnst lleTan~uoro 
. • . . ~ ' . . . • • . . i· . . . • 

uay~eHH!l ~THX npoueccoB BODHOBYIO q,ynxUHIO 'l' (x, y) HpH xa»<llOM nann oM X. noneano 

. pa3DO»<RTb .no nODHOli ClfCT~Me lPYHKUifll _..<l>n: (;) .,' c,OOTBeTCTBY~~llfX · p!13Dif'lnbiM. snyTpen-

HHM · COCTOHnlfHM CDO»<nOR '!aCT~ Ubi .(_ 

'l'(r.YJ,=,( ¢n (x) <l>t~(Y), (7) 

'.1 .. · ' *l . 
¢ (x) ~J'I'(r,y).<ll (y)'dy 
n. n . \ (8) 

u rne ¢ynxuuK <lln MoryT.aas'nceih OT x ·xax oT_napaMeTpa ·\1;~ =q;n(y;# B o6DacTK, 
• ' '!'- ' ' 

. rne · V' · + V' .f 0 ,. 'nonHTKe : 'anyTpenne~o coc'ToHHHH;,. · HBDHeTc~ · uecx'oDi,x'o ue~npen~Den:..: · 
u_ :__ 23_ · .: . . ; ·· . · · , · . ,· . . , 

~hiM ."/a Bbi6ope -c~cTe":fbi, q,ynxu~l! <!In (y;x) ·uMeel-cH ·uexo-i-opaH cno6ona •. npaxTK'I;.;CKK 

~C~ODb3YCT~!l 'anna H3 CDCllYIOIUKX llBYX ClfCTeM q,ynM:unA: I 

' < ·.' • 0 -~~ .~ 0 ,..-' 0 ',' • ' 0 F 0 ; 0 0 I. ,, 

\ . a)' 8 . xaqecTBe , <!J ' 6epyTC!l TaK naabJBaeMbiC• CB060l1Hble BODHOBbiC <lJynxium «l>0 , 
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· · · n 11 . '· • n , 
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YMnO»<aH :{ 10i. ila -<!J0 ·,If HnTerpupyH no. y 
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mn · m' .. n 
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:,··.., 

Q ,· = f ·<ll. <Ii' dy ,; O·, 
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[{ = 
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npn 
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3anai.lleM ypaaneunR · ( 11}, : ( 14)c' a ·ai;Terpan~aoil; ¢opMe •• 06oaita'!HM, .oaa qacTHbiX -
I -.. . - • .. , . 

· ·pem.eH·H~ ypaa~eaaSI: 
'g"- 2M (.E. + t.E ':.:. i ) g =:o 

-, .. I ·, m m ·. · 1,/ 

•' 

. \ <i7r 
_t'l 

,,, . 
,'lepea ·g.,' , · g.. a ycnoanMc~ ax,· abi.~npaTh TaK, .,'IT06bl . .onSI 't'e» ·m 0 ,.llll5! KOTOpb!X 

';,;~ ( 

• ' 1 2. ' • . . ' ' ,.E - E > 0 , . perneHae g · ( x) \ ·npa .x c> ~ y6biaano 3KcnoHeHullallbHO, a perneHae ·!l ( x)' ·. 
'.· ·"'. . . . . . . . m I - . ' . . . , ·- . : . . 1112 , -:.· , 

'' y6bJaano .npll X .. -- • JlnR ''I'ex m • .oitSI' x'oTopb!X E;,;...: E . < o,.6y.oeM C'IHT6Tb:.··'ITO '··· 

a· perneHKII g.., . . ( x) .. np11 . x .. - ... ,npncyTcTayeT T~n.~KO .aonHa, n.oyrnaSI a~ no~omaTenb-:- . , , 
I , , I , . ' • • ~ ~ 

II OM Hanpaan~!HHII, a BTOpoe pernenlle CaSI311HO· C f!epab!M' COOTHOllieHHe , i!.., ·= ig*.,,' ·• KpoM·e '.; ... 
. . ·. ., . , .. r 2. 

'TOrO ace pellieHKR IIO.ll'IHHHM ycnoaKIO.HOpMHpOaKif : ' 
~: ' ' . ' . . . "\ 

''g'~ gm-gm_~~~ .=.l;:· 
l . 2 1 ~ .. • 

(18) 
'-,/ . 

·.r 

• -v.:, 

·, 

.· 

-.( 

f-\ 

. '• ~ 

··."-· 
"',_, ~·, --· 

.·, 
,_· 

'·I 
,-1· • 

'· 

·, . 
' . 

,', 

·,· . ~. 
",\, 

': OT. cpyHKUHil <P' '; :. <P'' y.oo6aee nepei!Tn K IIX K~MGUHS~IIS!M 
, m , .· .; __ .... ~ \, .at . , ' . . 

.p· .. , g . (- 9 '!l'· ''+ <P '. i~ '. ' :: 
. m· .. m m ·· m m · ~ 

I 2 2 · f; 

... ·:· 

/' 
1;.. ...... · . ."•' :¢ •!l (¢ g':-.p~: g I 

m m m at · m m· · 
'. 2 ' 2 ~ ,. . l ' 

. ! ~ 
;( 19} 

(¢ ;.·~ ~.;, • ¢'· -¢ g~'+:¢ \.~· .. ~-) 
m 11'1 Ill m-m,a~ ·:-"'2·11' 

.;'· 2 "!i . • ~~ ' 
y.ooaneTaOpS!IOT CIICTeMe ~~¢¢':Pe!lUH6IIbHb!X ypaBHe~IIA nepao.;o <l>ynKUHH '. ¢,.; . , , ¢i., 

.; I 2 
IIOpS!.llKII /. 

( ¢;,, J'' 
c .. · 

. . I .. -~·. ·. . . 'j F ;:' ' . 
g.., 2 n ( •n19nl + .•n2_9n2J. ,. 

"",' ·~·-
:,\. . ,_,. ..... 

' . ~ ,• / 
( ¢m ,·) , . ·a- g ' :£': .( F · A + F · .i. · 

1
) 

m mnl';JnJ mn2.,..n2 
!l,.2 ·I .n · .-

\. 

. r.o'e .lliiS! 'paanomeanJ\.no. <lJ0 ::_ II 
. . . .. , _,· n . ~ n. ·.~ Co~Tae'TCTaeHuo, 

·I 

· 'F . W ' F · · v Q -g~ ,·':1- ;, = ' ,.. . .=-j\. -2 --:.......!!} • 
mnl mn mnl ·· mn ', mn 

, ~ .- ~-

·.-.:; 

•'1', 

:· - ' . . t_,, . ~nJ 
.. Cnc_Te~y' (2~)' MOlKHo nepe~11_caTb a. 'cne.oy101uea ~HTerpanblloi! ¢opMe: 

·y 

··:.· 

·:-;. ,9;, 

",I'> ,-t' \.,;' 

2', 

·x. 

J g :'i ( F ¢ + F ¢ 'j'clx + c g , 
,~1-~ m2n ·"!"1 nz .... ann2 ,n2 ... '/ mJ","'z·. 

. g;;,'.f 
~ 2~ 

.·.I "' 

• ! (F ··¢ +·F'· .1..· .. ) d~ +c .. • 6.~1 ~< . mnJ nl ·.mit2~n2, ,rn) 6 

I' .t ~ 

... 
2 

8 ·.cooTaeTcTBIIII _c rp~a~~~~w~ ycn6a11eM • I '¢' (:!: 

".: 

,'\'· 

.\ 
; (20}' 

, r: ' 

'~ 'i t 

. /, ~ .. 

,!· 

(21i 

:• -·-,.· 

'\~' 

(22} ; 

/ . 
. \ ,· 

,_· ,r 

·. OTIIH'IHbl OT . 

HynSI TOIIbKO npu', E~ < E · .• 8 CHCTeMe.ypaaHeHIIA (22} npe.oenhl HHTerpllpo'almKSI: Bb16p~

: Hbl TIIK, itT06bi'IlHTeqiupoaaa:e n~~aO~HIIOCb~Cer;na ·~ ~TOpo~y 'y6bJB~HII~ CTOR~HX ~~~~ . -. . . . ' . ·' . . . . ' ' ... 
3H8KOM ,IIIITerpana _cpY_HKUIIA'· ·. l!..,), -· 

:· \ 

( 

. '\, 3. 

. / 

I 

COCTOS!HIIi! 
. ' 
' 

I 

\' 

C11cTeM~· ypaaHeHIIA · i22}. HMeeT· -r·axoe CTpoea11e, >iTo a npaaoll "'SCTH ypaaaeimSI .c 
• • 1 ./ ' • ' • ' : ·• •• • '·, • • ' ~ ·, J.. -· • . . -. . . . . ' \ , . 

_.lliiS!, Ka:?K.llOr0'113. pea!lbHhiX COCTOS!HHi! CTOIITi CyMM~. 110 aceM B036ym.oeHHbiM COCTOS!HIISIM, 
, ~-.\ .• .::,:: .• ·. . '_' •, ~ • '.·_'.•c• ,',•,·.~ :.' r.'• ·,_. : . '·I' •~, ,'' ~:, ·· : 

.B TOM 'IIICIIe ·a· Bb!ClliiiM BllpTyanbHbiM COCTOS!HIISIM •. n pH o6pbiBe. CHCTeMbl aonHOabJe cpynK~- · 
' . . ,. ~ ' . ,.\' '• · .. , . . ',_· ... ' / . .. . . . . . . . ' ' -. 

Ullll ab!ClliHX C.OCTOSJHHi! ·nonaraiOTCsi paBHbiMII uyniO, 'ITO BHOCIIT' B• npaayiO 'qaCTb ypaaHeHIIH 
. . ' ' .· .,. . ·,. '/ ... · .. 

.:l, 

'· 

1

, '.'o~···.• _ ... ·-,,~"·~,·.;·,··,:· .. , .. 7·, •· .... C.·. 



.-' ,. 
:.. . . . ' \ .. 

ueKoTapyro norpewuocTh, B aToM paanene Mhl npnb!TaeMCH oueHH!h ,sepO>ITHOCTh, soa6y>Kne- · 

nuii :aHpTyanbHhtX cocTOHHHA 8 MBKCHMyM
1 

Monyn>I·norpewuocTu;· s'uocuMoA n npasyro qacTh 

ypaauen~A. (22} · .. npH. OTKHllbiBBll~!l BbiCWHX coc;o·slliHA; .: 
~~,; 

. Bep~siTHO~T·H ~o36y>Kne'uuH H -npyr~e c~oRcT'aa 'cucTeMbt (22} aasHCHT, paayMeeTc>I, 
.'· ?" • I' \ ,·. , ~ '._, • , '. • , > t"' :. . . 10 _ • . . < 

oT'nenH'IIIHbl KOacPcPHUI!eHTOB CBSt3H 'F ·(x) . H CKOpOCTH y6biB8HHSt cj:lyHKUHA g, ·. (x) , Mbl 
.'.' ·- . - ' ' , mnl ·, I ~ , • :. . •• ml , . 
paa6epeM nonpo6ua. qacTHbtA_ ,cnyqaA, Korna noTeuuuan· saaHMoneAcTt'lllll V (y) HMeeT · 

. . ' "' ' '· ' . . . _. _,'- 12 

I~ 

''t• 
. ]; 

I i !! 
'j(r 
.,. 

:-·t. 
I•· 

'tt' 

f,i;·· 
lr 
li\' 

v. 

· BHll 6eCKOli~'IHOA,_np>IMOyron,hHOU HMbl_ WHpH~OA ·. 2~: ·; ·•. t . ~ 
I, .• ·, -.;· 

~· f a· --npa. :·lyl<a 
(23} 

v (,y)=l 
12 • 

npH Ill 
J-

> a 'oo 

\ • 2 . 1 
Mhl noKa>KeM, .'ITO sepoltTHOCTb.BOa6y>KneHH>I 1¢ 1 6btCTpo nanaeT c pocTOM m (KaK __ ), 

~ ' -_ , ... ,_ ' .. ' . m .· .· ... ·I: J • ' ·-' • m6 

· EcTb ocuoaauuS. .nonaraTh, . 'ITO ·nnll·. noTEmuuaiJOa npyroA cj:lopMhl (nanpuMep, acuunn>I-
, ' . • :_ ~ ' • ' • ,._ 2 • -,~ • \ ' ' \ . • .. . ' • 'I ' ' • ' / • ' ' 

TOpHOro) 'cj:lyHKUHH l'i'>'·l T8K>Ke 6yllyT 6hiCTp0 nanaTb C rn_.,-COOTBeTCTBYJOWH·e· OUeHKH 
'1 ' • .- 1 , ·, m ~-.. . ~ _ , ._ , _ ~- , _ _ •/ , 

Mo~yT 6b1Th nony'leHhJ TeMH >Ke np11eM~Mii; 'ITO Jing no;eauuana (23) • . VIaMeneaue cj:lopMa-: 

~nHa,;w noTpe6ye~cg .~onhKO. a· npoTHBono;~>KHO~ • ( ~o cpaa~eH~~ .c ( 2;) l 'Kp:aAu~M cn~~ae, 
Korna noTeHUH8fl V . HMee'r' uenpepbiBHbli! cneKTp. 3TOT cj:lH3H<JecK'H 

\ 12 . . . . ' : . -
a~TYB,nbHhli! cnyqal! 

as Tophi j1pennonara!OT paccMOTpeTh ·a··n~nhHeAuhix'· pa6oTax.·. 
. ' ' ' ' 

BepaeMcsl'. K .noTeauuany (23). KaK' noKaaaao· s ,npuno>KeHHH·, paano>Keaue' no cucTeMe 

CB060ltHbiJc; cj:lyHKUHi! cl>0 (y) H no ~~KOflbaHW~l!",CHCTeM~ ct>, (y;x) ,_'npH~60~~IilHX m 
, , ._ ') . _ _ m ~ _· ; · .,, , , , . m . -_.· . . . , 

· naeT 

oqeHb 6nH3KHe. pe'aynhTBTbl II B' 060HX cnyqagx cPYHKUHi! 1- F (x). 'npHBOllHT K OUeHKe 
''. . . ' . ' , . I 

.. ' .. .\ ' :· 
l.f·'(x)J< 1 ' .,[a Vat 

. •. -~ ~, 
V (x'-Ay)+/3 Vat,. V (x+ByJ] 
23 I l<a' ·. '13 

\ .. 
(24) 

mnl_, lm-~~~ 1 _lyj<a ·,. y ' . ' .,· .. ~ 
·'I '1 

rne' a • f3'- HeKOTOpble KOHCTBHTbi;. O<JeBHllHO; :'ITO npu noTeHUHanax v'· • v c. orpaau.:. .< , , , , · , . , . \ , ', . . . ·" · I ·•, 1 3 . 7 3 , , 

.qeaaoi! sapuauueA_ cj:lyaicuuu Fmnl orpaHH'IeHbl ('!a.nOMIIHM,: 'IT? Fm.;l ,;I) ). Bson>I B nanbHel!-., 

Iii eM llfl>l' M8KCHMYM8 MOayng cj:lyHKUHi! · Kp8~KOe • :06oaHa<Je'!He···. 

.,.-
F e max 

. X' 
I F(x) I 

. ~hi ··llnll Fmni ··nony<iaeM . cooTHoweaue 

·' . . ,. 
'· 

-rne 

\ l 
'\: 

' \ 

·'F 
:.. mni 

= z _P_ 
lm--nl 

p =a v,;.· ,.~, + f3 
. ' 23 . 

Vat .. V 

lrl<•' 
13 

··.~ l.rl<· 

•'! 

'·r-

•, ,,· ~.' '. 

·' 'I ' I ~ 

. \ ' 

J!eKOTOpag KOHCTBH;a,, no MOllrnro __ MeHbWBH. ellHHHUbl,' -' • 1 a z a.necb H HH:ii<e 

:1 ,'" 

8_. 

\ 

. (25) 
~ ,L 

'·~-

(26) 

(27) 

~, 

• ~j 

,/ 

·.~¥~lr .. · '. 
J 

·,l·r··J ( 
' ' 1:' / 

•. : '.1 

' . ~ . \ 
·,·1\ 

.r 

l,··,' .. :j(\:).: 
· .... l . .-

r 
1': r ~ 
I; :~· 

' ' . I ., ~ . 

1,,. 

' '!1' .. ;· 
/ (~-~ 

._~J -. ·:. \ 
'I 
fl .. 

':t ;, 
A r 

, :J\in 
,1•;: 
1:1: y 

. _:\v. 
1!, • 

/I'C .. ;f,j" .. 

:!i 
:~ ,' 

.:1 
•(i' 
',\·. 

-- I' 

~ 

\ 

·, 

/' . . ~· .-
., 

B · npasbte · qacTu c~cTeMbt .(22) ax~ll-SIT T~K>Ke, unTer.panbt .oT: t. . . :. He.Tpy.l:uw y6en11Th-
- ; ., · · · · mz · · 

cH, • <JTO .npa'•.nce~ 1 Em>'E·: ~ c11ny HopMuponKu (!8) nn'il m~x- Cl,lpanenmiaa · oueHKa 
\ -\ ' . "l'f ' • • ' 

t' 

:, ~ 

rne_ I' 

.. · l gmt·(x') I f I g (x ) I dx = z 
. . m 2. "I, 

I g 2(x') 
m } 

' f J g ml (X) I dx =z 

I' , 
~~ , 

_ll_ 
:n2 

, .. 

_.-. 

.~'" ~ 

HeKOTOpa>I KOHCT8HTa, 6ni!3K8H K' '8 .':i 'a 2 rr"2 (eM: npunoiKeurt.el: 
. , - 2 I ' 

'( 

(28) 

'I ·.- ; : 

,. BepR o~. npasoll, a aaTeM u ·nesoi! :qacTH ypaaaelinl!. (22) MBKCHMY~ M'onyn>~ . ., . ' . . .. . 
II, Y'lliTll-

(26), (28), npn E.;;> E. nonyqaeM CHCTeMy 'mmel!Hb!X 'ypaBHElHHil . . ' . 

,. 
.. 88>1 

/ 
(29) 

'ch '= z I ~ ' _!_e_ __ P_ ·.;;, 
, .... , '.m • m n:f.;.. :?1; !In-n!: n 

''<.' r ' 1 I o • • ' ,• / ' ' '• \ ' ' ',, _: 

, .... '). 

'·' 

, (s(29) yqTeuo, 'ITO, cornacuo (19) u (1_8),·9 +9 .=9 ). Ha (29Lsanao, <JTo,~xont 
r.. , • . . · 1 • • • ; ml ,. m 2 m .' , , .• · 

1 

·. Koacj:lcj:lnuHe~Tb; csst311 ·, F-' - MBKCHMB~hHbt·. nn>I .cocenaux cocToimni! it· npH 'n .;m :;.1 .. He. y6br-
.. '' . . . .·... ' . . . -

' 

aatoT c., m·· , naauMuoe s_nnsnne cocToimui! y6bJBaeT c poe ToM m 

~~~~~ c~cTeM~· <h2 ), c~a~~~u~cst n~q;u pacuienneim~i!. , . 

U Ll.nH· BblCWHX .COCTOH.:_ 

:·/ 

rne 

. . 'i:htn~n~~ ~suo ~ocT'o5tau>I Bhtui~ aeKOT~poro ·E. ;> E: 
' ;.., \ . ·•·1 

. ! 

\, 

' 

/ 

',, -
~.~ "2 jl p 

¢, 
m

2·n=• 1m/.::.. nJ 
9 n + I 

.nf,m· · 

-::: 
. I .:: z· - ·~1 
'm-__1!1..
' · m 2 11c==1 

. ; tf.m 

2pp '¢ . ' 
lm-kl' " --' 

' '·· .. ~ 

n~na~aSI ,;,,:, ~s Mbl MO>KeM 3811HC8Tb_(3Q)>n M8Tpii<JHOJ! cj:lopMe 
I ' • • \ .. ; ' 

.... '• •,, I- ,'j ~ ·, ·zm·· 2 -. 1-D,;.,n., 
.-.o . = --.- I' p ·---.- • 

; 

r .. ! 

(30) 
,I • 

(31 ) . 

,(32) 

\: 

,,'• 
¢=Be;).+~;, 

__ m,n. :z.2 .• la.-nl 
Mo>Kao· noKaaaTb aepaseacnia Q:;:H:~CHTeflbHO CTeneHeft·· M8TpHUbl', i B ' ~.---

'· 

.1 ' . ..~ ' 
·.' . ,) 

,( B
2
), < 2p'j5 B~n 1 R. ( B

2
) ~ < ( 2 I'P /-1 - R 

' mm , · m2' :;n ,-; l •. • '. 

rne :. R 
~I 

= 1,1n; R
2

=0,392; .R~= 0,185; 'R 4= 0,118; 
~ ,r • ' ' 

.. , R ,.= 1,1135; 
a ripu"s,>> 1 

'I' 

R
2 

·= 0,,321 

I'· 

. R 3 = tl163 _; 

=::,' 

< 210. s ,R \\ R s2 

~~ = ,0,099, 

< , •. 
': \..1 g2 

... 
., 

•'. \ 

:.·, ,' 

1: 

11; :<as\ . • B \ . 
cnenyeT,' •'ITO nn11 p>Ina no~cTeJ!eHilM r;:npanenm!Ba Ma>KopauH>I 

' ; -· . 2 . - ' ··.·' . - ' ,·. _. :z .. . ·. ·,· 

··. r.ne' I 

11.' + B + ... < (B + v 1 ) + ( B + v 1 ) + ; .. < 
:··.'<(B +;, l)(,;+:N +~·2 + ... ), .. 

oaaaqaeT ·en~J!J!'~HY:o' Ma.Tpnuy u r:Oe 
''I 

9, 

(33) 

(34) 

t31) 



;·1, ,· 

'· 
I ·,' ',.· 

. ;· 
~-·· __ ( 

Na,4pp_:.j(·R2~)<R.;', v'.;.2pp[;;.ll..+:j(.~/+ k.•]';. 
· .•. s2- 2 ·-,:2 · :g2 . <36>. 

'lHcno 
' 
HcHo, 'ITO_. HB'IIIHBII c HeKOToporo. s "• N . CT~HOBRTCII- MeHbWHM- e)li!HHUbl H p11Jl;-. 

. . . 
. n!fc;n7ao~aT.;;nbl!biX •npa6n11meuHA :--. ~ I ,· 

,/ -. . ,-. 2 .:.· . 

(37) 

CXOJlHT~II. n~11 .. ;4pp In:'« i' . :_neps.wA qneH_ B (37) (:TaHOBHTCH rnaBHbiM;-'(uacrynaeT, 

y;,oMHHyToe pacwenneu~e cHcTeMbl (29) ),·· 11 Mbl nonyqaeM ouenKy 

-,, ¢ ={ l+.B+B +".)I' 

. . . . ' .. . . - . I 
- ••I . -

¢· <· 2pp. ·I~- < 2pp ,~ 
· m m2 k-=t·m~k m3 ~- 1 ·' 

), 

U38) :-'~ 
'\ 

.ra_e ,l_ 

/ r="i_' . ¢.s. 
.k~t .P.Is.~k 1. 

. I, .. 

,..-· 

<' _,; 
'. ,,-

' . ' ' .2 ' ' . '_- .. '. - '~ ,. ' ~ ~ ' . < - ;,. - ~ 
Mbl' BIIJliiM, 'ITO I¢' r -. aepoHTHOCTb npe6blBBHHH. cnomuoA 'lBCTHUbl B m. -,ollil BHpTy-

'. · · ·.~. ' _. . zn ~ f . 7 . . · · · ' : • • · • · •• • · • • . . - • 

anbHOM cocTOSIHHH;-,yobia~eT -He ~~ane~Hee, ~eM,KaK..!..- _.!_'. OueuKa'(38) Bbia'oaniiH~b 
. . . . · . , · : · · . -: • m6 E:, · . · , · 

6ea: orpaHH'leJIHl!' ua rnaflKOCTb· noTeuunanoB _.V13 •' V 23 • npu au¢¢epeHun_pyeMbix: ~:,·. 

anH·:~p' · ·, · ullileeT MecTd· on~HKa. . 
,~ tzrnl · , ,;;:,. 

_._,., 

~F' = z 
mnl-

p' 

(m-~l 
rJle, p~ B~IpamaeTCH -~epe3' aapuauuro npoH3BOJlH~~ a v,_;·: ~·,g aTOM · · · · -'· ~ · · · · · · · a Y . a Y 
no.nyqaeM ' · 

~. 

.¢ .. < 2pp' 
, ,._,, .· \·· ~ m , ----;-:;---

<,·_ 
r':.¢ ' 
' . ./; ,J ", 

r'~~i~'-i~s2 .... ·. I 

·.1(;.;1 . tP ( ~ -:-k)2 
1
· 

•J •. 
I 

'•\/ 

---~,): . . . : 1 

'' 

T.e. HaceneHHOCTb .BbiCWHX. COCTOIIHHA. naaaeT ~KBK _._ . 
.:- : - - ' > ' \ I' / . : . I E.f- :,J' 

'oueliHM ·Tenepi. ainaa Bbicwux cocT.OSIHnli B ·hpaayro 'lBCTb ypaaneHii.A\an>I ;¢ 
' . . ._,:. . . . • k 

B cooTneTCTByrowyio, .cyMMY .\...:' ., . , 

,. ~:•' z'>'z I, 

!'k ~- [ gkt_(x') j g (x), + g ( x')-J g (x)] I· (.F.· cp ;'F .. ¢ ')dx 
. ~ ··., •.. k2 ,k2 ! , kl _.kml_, ml .·km.2 m.2 .'· 

'·- \: ,,;_<, _-': '"" '~.:.": , \, :,. ,•· ,: • ·._ ,.-·.\~ c • :':·~=·.~ .'/ I l"'~. 1 

. BXOJlHT. HH3WIIe ¢yHKUHK pacnpocTpaHeHH!l ', g (X) , KOTOpble 1 BOOoWe roaop11; ne 
,. -' ·'' --',·- ... · . .' :'·,~ ,-. ~· _, ., kli; ' ' ' 

' 'c,. x • 05oaHa'lnM· qepea -· q. 'BbipameHI!e ·, · 
'., '"· ' ' . ' I' ' .. , ,~ ~. : · .. •· . 

. • ;; ,= max max 1 g · c~1 i'· (x> !: 
. \ , _, :_ kl . ; ·.k:J 

.k<e 11. ,-11. , ._.:,-~:;' ... 
---;:·-·:r· 

-\ 

'' H·: BOCnon~aye~CII 0 ueHKOl!. (24).·.~bl' nony'lHJ,·o~eHKy , . - . ....... . . ', .. ·.-.· .. , 

.. \. 
uk,< qm~s ·~~; :-(Ji~) 

,_. 

(43): 
1 

.I 

i.: 

' ·.~ : 

, .. ·i 

',• . ·r 
·v·l~ ,·, 

.: '~ •. - ' . :, ~ 

' ., ~ •. ~ . . ' . , ' .i .• ...._ .. • . :. 

.• 8enii'IIIHB. :: u . 'MomeT' paccMifTpiiBBTbCII 0 ·o'leBIIJlJciO;- KBK 'norpeWHOCTb0 BHOCIIMBII B ¢yH_K.,-- , :'._, 
I •. ·._, : '' ·• ". k_. _t __ - ', • . . '":. . ' • . • -~ . I' 

·. UIIIO. cp ',· np11 OTOpBCblBBHIIII' BblCWIIX COCTOIIHII_A • 
- . . k - . . 

~-·~. ~ / 1 < '_,._ :'r 
.'TaK KBK -

~- .. ' .. 

·•, 
'I 

, ... 
• r' . 'l . 

. f ' • '', / :r v;"" v (x+cy)~~~=fdx)dy IV(~+cy,JI,;lclfdxjd;l v:(x-t~YJI;,.;.'·' .• 

~ .·. 

'1~1<· •• - •• ,. i ·.- (45) v, ;:· 
. :' \ _..::... "" • ~--!.. •. '. <. 

,. • . ·,. r 

'-1 <. 5 ~i;-' .·: " ·- ..... · ·. \; ..,. 
··:<=:2alclfdir V'(x)=2alcl Var ... •V(;,), 

'- . . - . . • oo).,r;;- , , .... ,:-:: 

I • 

TO 'nHTerpan a· (44') BbipamaeTcH qepea nonHyro .aapnauuro noTeHunanoa:'·.V · u . V 
' , . ' ' . . ' . 13 23' 

' '• - ~I , I . • ':\• < 

··fp(x)dx .:.aA Var_ ~ 3 + ,BB Var V = R'. 
13 

J.1cnonb3y~ ouel!K! (38), an11 a6conroTHOA _norpeWHOCTH of5peaaHnH nonyqaeM 

- - • ,, - ' ,00 -' /' ~ .• • 1 
, o-k < (q,R 2ppr) ¢ I~ <: ( qR 2p'"'p r)_s/;_t .2._. ,·i. 

J4~) I 

(47) 
r . "" ,·' . '- ,-;,_ / ·. !m=• ;.mB(m_-k). ' ··-,.:Js3 s•k 
. LlnH OTHOCHTenbHOA' norpeWHOCTH HHTerpanbHoro qneHa B npaaoA' 'ISCTH,- O'leBHJlHO,- HMeeM· 

.._ 'I" • ' \·.,_'.,~' c - ' - ' •• -

/!',., , 
, 

I 

.,: I _u ··, '-· 

- -[4\jg +i-'(4 ]"I- 1(F ¢ +F.¢ ) cbc' 

,,~~ 
-, s' • 

(48~_:: .• 
~t ... 

_,.· 
kl . . ' ~z :.k2z'·"l_ e.;£'_ kft. _ez . kf2 e2 ... •' . --

?J.1TBK,';norp~WHO~~&. BHOCHMait B ¢yiiKUHH ¢ r~J.OTopac&n3aHI!eM B ypaa~eHH!lX (22); 
• • , , - • ·, ,, .. < , I ,• k\ ' . . • 

BHpTyait~HblX -COCTOslHHA·. if,·)'>--~: npH 'aHy:rpe~HeM noTeHunane- (23) ·naaaeT' KBK Jv's'.J • .. 
' •·· ,. ,. ,' .' .,1 ·, '. U1 ~·· ~~; ,' ·. ' .', ; ' , '' ' " ., • • - ' \,. •··.·· ' 

'• 

.·.~: 

i·· 

Ecnu BHeWHHe noTeHunanbf V·' 'V, -JlH¢¢epeHUIIpyeMbl,., TO, norpeWHOCTb ::·a -. .'co~--.,, 
~ . '. -· ~~ 23~,,- ;· ··. : ·./ k ··- ,• .... ~ 

rnacub ( 41). naaae; ~we OblCTpee.- ~aK .v s 5 .. . . . . ' .. ~. '·.-, :" 
,• .. . . . ., . •"\ 

. / . 
•\. I' ~ •,, ,· 

/4;· PaapeWHM~C1 b CHCTeMbl HHTerpanbHhiX ypaaHeHHA 
\'·. -' '. J· ... ·,· 

0THO~·KT~nbHO, ~a~~ll ·Hac~neHHOCTb Bbl~WHX BHp~yanbHblX CO.CTOIIHHA, .cTporo roaop>I,. 

'" •,ewe He IIB:'IIeTCII- aoKaaa-i-e~bCTBOM,KOpp~K-1-~o~;u cnc~e~bi: ~~~aieHnll (22): B ~aqecTae-
,- : ~aKor~ JlOKa~aTelibCTBil Mbl 6yaeM paccMaTp~aaTb TOnbKO . yKaaaHHe HeKOTopoA npoueny-:: 

. . ~~~. 6 ';IOMom~~ • ~oT~poa peiuei..~·e,cilc;e~~~ (22) ~~~Ho ~6l,mo obi. ~ony>iHT~ ·c ~-ro~on 'a~:: • 
~~ 1 •• :_·· :·. ·, • ·:-~.: •• , '1 ~·_ •. ,_ •• ~' .: ' '~··· .. ' ' ~~ /, .• '·., : .•. : 

paHee 3B)lBHHOA TO'lHOCTbiO. AKKypaTHOe )lOKB3BTenbCTB0 0 OCHOBBHHOe 118 npllMOM CTpeMne;-
\. "

1 
/_,_. I, , . , . " '. ; . . "" 

1
, t · ·-. .·. ~ , , , . . , :....-- ~ . 

HHH HOMepa o6pe3BHHII J S K 6eCKOHe'lHOCTH,' OK83blBBeTCH 'lpe3Bbl'IBAHO rpOM03JlKHM. 
- ' '"' • ' '; ' ' J , ! J ·, .• • ' - ,. - • ' 

. lopa:aao' npome'. O_KB3biBaeTCsl Mei..ee •¢n3H'leCKOe~ ~oiaaaTenbCT~O, KOTOpoe' onupaeTCH . ;.. ' 

,:. ;"~:Me.;oa . .Ppeil;:o~bt.ia:'J.1T~K~ ~~Ka~eM,- 'ITO 6ecKoHe'lHBH. cuc~eMa• (22)··~-~~ :aHyTp~~~~:M . 

' ,- :noTeHunan'e (2~) He ~~nHe'TcH CH~B~liH'leCKOA it~MO}K:T OblTb peweHa,, HB~~HMep, MeTOJlO'M 
. . ', ''. .' 

, <ppearonbMa • 
., 

\ i 

';· . ! 

B
. . . . . ( . • l4,5/). -

ME!TOJle <t>pearonbMa .. <?M., Hanpu~ep,, ... p_eweHue:uuTerpanbHoro_ypaaHeHKil: · 

· . .:._ ~ _.· 

/. 
., __ 

,, 
'->:. 

.. '. ~ 
:. ~ ~ :·,· 

5· 



' \ 

:..,' 

l -' '' ' # •,, / 

</> (r.') a).. f !{ ( r.' • x)cp (r.)dr.+ I (r.') 
,, . ' , .. ~ ' " . '• ' ' 

~. c49>'. / 

·npe~cTasnseTCs B BHne ... ' ' ~ 
! '# ,,· 

</> ( r.') ~ ~ f D ( i~ ~; >.) I (r.J dx, 
, D(A), . . (50) 

I 
rne aua~euaTenb. <l>penronbMa . ,D(>.), 

psnos 

~ <PYHKilH~ , D(x~ r. ;')..) 38DHCbiB8WTCH · B ·q,o.pMe 
\ 

oO ·n 

D(>.)-1+ l: (-A) f K (r.z •··~• "'n 
~• '_n!' x,,··~- ,xn. 

.,., ) ·' 

)diz"' dr.n, .(51) 

"' 
, .. . ·(-A)"·, . .x~-x·, ••• , x . . -

D(r.,·r.;>.)~K(x~·X)+ l:' -- f [{ ( z_ .. · ? I dxJ ..... dr. n' 
·· n=t nl .x, x1 , •••.. , xn· · . 

' / // 

(52) 

rne CH~BOD K ( "'1' ••• • "',;) oaHa'laeT 'onpenenHTenb sun a: ., ... .;·., . . . . . ' 
1.-- . n 

~I , 
-1' 

,.-r· 

(53) 

K (xz•Yz) 'K(xl,ynJ. ' X .,· 

K ( l' "' 1 Xn. ) :" 

",' -~.:,· yn 
,',' 

[{ (~n' Y n) ·.' K (" ' y ·z)' ... 
e ft < ' 

' . ··'. 15i ' ' . ;, 
'J.1asecTHO , 'ITO nnH 'cxonHMOCTH pHnOB, (51), (52) noCT8TO'IHO; 'ITOObl Hnpo 

OhiO~ KBanpaTH'IHO HHTerpHpyeMO, ,T'~e. 'ITOO~ ObinO BbtnO,nHe~o Hepa;~HCTB~ ,'.·, 

!{ex~~·) 

.. . ' ,21 

fiK(r.~l. Jl dx'·dx '=N<oo •· 
'·· .. 

(54) 
.· \ 

.. JaMeTHM, 'IT~,' ecnH ~· ypaBHeliHH' (49) cp:enaTb 3SMeHy HCKOMOll <i>YHKilHH 
' _, ' t::J' 

¢=A (x)¢ 
. . ' .. · ·, " J 

rne A(x) .-· ueKoTopas 3ananuas <PyuKtiHH0 Mbl DO/IY'IHM ypasueuue Toro me' auna, uo c 
· ,' . • I ' , 

. upeoopa,os~~M. snpoM • , · i 

~ ( r.~· r.} =A (i'}K ( x~'r.) A'1(x) •. 
• . ; . I ' ,:! I '·• 

'PHnbl' (51'f; (52) nnn·nnep ,[( H K., cosnanaiOT c TO'IHOCTbiO .no oomero MHO)I{HTenn H. 

,·," 

(55).· ·' 

. HMCIOT COBepmeHHO onlili8KOBble CBOliCTBa cxon'HMOCTH. noaTOMY rinn C.XOJlHMOCTH 3THX 
.r·· \ ' • •·. , 

p!IJlOB JlOCTaTO'IHO, 'ITOo~i cymeCTB~Bana TaKa!l <PYHKilHH. A ( x}. np.H .KoTopoll 

/-

J.• 

,_,· 

. 2 . ) .. • ··,.. -2 ·. . . . ~ . ~ ,, ' ' / \• 

<sal · 

I, 

f'l A (x')K 2 (r.~x)A (xJidx dx'=NA< ..,; '1: 

. ·---: '-' • 1' •• • ~ ' ' .·I f • ' 

CHCTeMa ( 22) aanHCbiBaeTC.!I 'B B.HJle 1(49). eclm DOll, ¢ (~}. DOHHMaTb ( O~CKOHC'IHOMepHbll!) 
\ 

BeKTOp~C K~M~OlleHTBMH, </>nj(x) , a 'noJi !IJlpOM,!{ (x~:x) MaTpHilY C 3D,eMCHT8MH 

J{ ( k 1m, x'; i, rl1~) = {)kl,gmfz;) 0 (ic' :.:%) /1'11./X) 

/\ ' '_· .. ' ~ '.- . ' ''- ''-..... ' ' . ' : 
+ o g (x') 8 k x ~ r.'') g (x) F fx) 

Jt:2 m2 - , ~~ · mnl'-

,_ 
Fmnl (x)+. (57) 

\ . 
,\ 

'' 12 

1 '~ \ 

\. 

J .'~ 

rae k,i=1,2; m,n=1,2, .. ,oo ,-a <PYHKilHH 8(r.) , KaK OObi'IHO, pasHa 'h(1+sig,r.) • Ycnoane 

(56) JlD!I HJlpa (57) TpeoyeT KOHe'IHOCTH BeDH'IHHbl 

2 
. N -~ 
A-~ 

.., 
l: 

lc,J=::t m,n=t 
I 2 • 2 , . · -2 I • 

A(x )K ( k,m,x; c,n,x) A (x) dx dx .• 

Ma)l{opnpyeM KOliCTaHTY N A • B cuny uopMHpoBKH ( 18) ann npoaaseneaas 

CnpaBeJlDHBO HepaBeHCTBO 

I g (r.')8(x'-r.)g (xJI<_Y_, 
rnl rn2 m 

rae Y - UeKOTOpas KOliCT811Ta. noJlCTaBOH!I B (58) OileHKy (59) H Y'IHTbiBas, 'ITO 

8(x)8(-x)=0 , nony'laeM 

N = l: f A2 ( r.'j. 
A 

2 

[g (x')O(x'-x)g (r.J]+ 
... w::::t ml •2 

+[g (r.')8(x -x')g 
1
(xJ) 2 J[ F 2 fr.J+F 2 (r.) ).A.,(r.) dx cJx'. < 

m2 m mn •U 

< l: 
m,n=t 

2y2 

m2 
f 

2 F 2 2 
F.,nz + •n2· dr. f A dx • 

A2 

BbtoepeM a Ka'lecTBe <PYHKUHH A
2 

( x) Bblpa)l{eHne 

A
2
(x) =mar. y F2 (x) + F 2 (x) • 

tnnl mn2 
m,n 

Toraa, cornacao (24), nony'laeM 

N A< ! 
m,d=l 

m.fn 

.4y 2 

n;2 

R2 

(m -n )2 

rae R aaeTCH <Popt.tynoll (46). CyMMa no m 

l: 
m,rt=t m2 

.,..j n 

__ 1_ < ! 
(m-n) 2 m=l 

1 
m:r 

.2 ! 
tFl 

n TaK)I{e KOHe'IHa 

" n2 18 

CneaoBaTeobHO, Jlfl!l liOTeHuHanos vl3 • v 23 c orpaHH'IeHHOll sapnaunel!, 

N < _2_ "4Y 2R2<"" 
A 9 

(58) 

tOg 

(59) 

(60) 

(61) 

(62) 

(63) 

(64) 

H pHJlbl (51), (52) CXOJlHTCB, T.e. CHCTeMa (22) MO>KeT ObiTb pe!UeHa MeTOJlOM <l>pen

rODbM8. 3aMeTHM, 'ITO Jl8)1(e B paMK8X JlOBODbHO rpyool! Ma)I{Op8UHH (59) HMeeTCH Ollpe

JleneHUblll "aanac• CXOJlHMOCTH H CXOJlHMOCTb pBJlOB (51), (52) COXpaHHTCH llpH KO<><P<Pn-

UHeHT8X CB!I3H F , yob!BaiOlUHX. uecKODbKO Meaneaaee, 'leM KaK __ 1_ , H npH aaep· 
mn l~·nl 

rnsx E , pacTylUHX ue CTOflb ObiCTpo, K8K JlDH DOTeHUHana (23). 

13 



C.ne.oyeT OTMeTHTb, 'ITO CXO.OHMOCTb npH p83JlO)I{eHHH no COCTOSIHHSIM BHyTpennero 

.OBH)I{eHHSI H M8.118SI H8CeneHHOCTb Bb!COKHX BHpTy8.1lbHblX COCTOSIHHl! B p8CCMOTpeHHOM H8MH 

cny'l8e ne CBSI38Hhl npSIMO c o6bJ'IHbJM ycnosneM 8.0H868TH'IHOCTH. H8npOTHB, p83.110)I{enne 

no 1> HJlH 1>';, • MO)I{eT 6MTb none3Hh!M H B 38Be.OOMO He8.0H868TH'IHb!X 38.08'18X, 

nPHnO)f(EHHE 

OueHK8 K09dJcbHuHeHTOB a yp8BHeHH!IX .gnH p 

Jln11 noTeHUH8.118 (23) cpyHKUHH <!>~ (y) H COOTBeTCTBYIDlllHe 

1 
<~': (y)=Ta sin [ n ..!!.:.. ( _y_+ 1) I.; 

2 a • 
Ees n 2

11
2 

n 8 U a 2 
2 

E p8BHbJ: 

.lln11 co6cTseHHhlX cpyHKUHl! yp8BHennl! (g), ( 13) HHTerpnpoB8HHeM no qacTHM nerKo 

3b!B8eTCSI p8BeHCTBO 

I ell ell I dy 
n ., 

f ( 1>n ell.,- <1> n <1> .,J I dy 

2!.1
2 

(En- E.,) 

(65) 

.OOK8-

(66) 

no.OCT8BJ1SISI (65) B onpe.oenenne ( 12) K03cpcpHUHeHTOB w .. n H HCnO.nb3ySI (66), nocne 

MB)I{OpHpOB8HHSI nO.OhlHTerpanbHOf'O Bb!pa)l{eHHSI no. MO.Oy.nro nonyqaeM 

. 4 fJ 
I W (xJI<-'- -.-'Vat 

mn ln-ml 11 lrl<a 
v

23 
( x - Ay J + ~/ x + By) 1 , (67) 

r.oe CHMBOn Vat V 03HB'I8eT B8pH8UHID cpyHKUHH v Ha COOTB9TCTBYIDllleM 0Tp93Ke 

a • 

Vat i=JI II dy 

I rl<a ·• 
(68) 

npH p83pbiBHbiX noTeHUHa.llaX V
23 0 V

13 
H 60JlblllHX 1li 0 n OTHOUJ9HH9 npasol! qaCTH 

HepaaeHCTBa (67) K nesoll MO)I{eT 6hiTJ, CKO.Ilb yf'O.OHO 6nH3KO K e.oHHHUe. T"8KHM o6p830M,. 

K03cpcpHUHeHTbl CBSI3H W 
mn 

CTOSIHHl!, Jlng f'.lla.OKHX V
13 0 

BBnBroTcH, aoo6me rosopg, nan6onblllHMH .ong coce.onnx co

~3 , HMeromHx orpannqennyro B8J'm8uHro npOH3Bo.onoll, no-. 

BTOpHblM HHTerpnpos8HHeM no qacTSJM MO)I{HO nony'IHTh 6anee )l{eCTKyro ouenKy .ong I W.,)" 
O.OHBKO, no-npe)I{H9MY, CBH3H 6y .OYT H8H60JlbllJIIMII .OJlSI COC9.0HHX COCTOHHIIl!. 

nepel!.oeM K oueHKe, KoacjlcjlnuneHTOB CBH3H K .. n(x) 

p83JlQ)I{eHHH no CKOJ1b3Hlllel! CIICTeMe cpyHKUHJI <l>n (y; x) 

(15}. JlncpcpepeHUHpyH o6e '18CTII yp8BH9HIIH (13) no X 

Q mn (x) , B03HHKaiDlUHX npll 

H onpe.oenenHhiX cpopMynaMH 

rpnpyH no y 

, .OOMH0)1{8g na ell n II HHTe-

C Y'I9TOM OpTOf'OH8JlbHOCTH -ellm H <f>n nonyq8eM 

1 

2!.12 
J ell., ell:· dy +fell.,,<!> n (V,'3+ ~i) dy + 

+ Jell.,ell',; ( ~/V13+ .~3 )dy En J ell.,ell';.dY • 

14 

(69). 

C .Opyrol! CTOpOHM, .OByKp8THOe HHTerpHpOB8HHe no '18CTSIM no y 

.08IDT 

11 yp8sHenHe .0.1111 ellm 

__ l_ fell·.i>· dy--__!_ I ell ell'-ely =-fell (V + v + v -E) ell'dy. 
2M '" n 2Jf m n m l2 13 23 n 

2 2 
(70) 

no.oCT8BJ1SISI (70) B (69), HMeeM 

Q -
1 

_ f <I> ell ( v•. + v•. J e1y 
E- E !" n t~ 23 
.. n v" v 

- _,_1_ f ell ell r _!.!- -E J e1y • 
E -E "' n B A 

Mo.ofnro,n no.nyq8eM 

(71) 

M8X<OpHpyg (71) no 

I Q 1 .( __ 1 _ max 
mn I E,.-EJ Y 

I ell ell I Vat (___!La_ ~3). 
., n frl<a B A (72) 

npn 60J1blllHX m n tPYHKUHH ellm n aneprHH E 6nn3KH K 3Ha'leHHBM (65), 
"' ll03TOMy 

8 A1 2 a 
I Q mn 1-< --::-;----:- - 21 Var 

!,-1<· 
V· V (---F-y ). 

(73) 

JlnH MBJlbiX m n H 60JlblllHX Bapnau~HX noTenunanos Vl3, v23. Kor.oa 

E , E < Var V , ouenKa (72) cnnbno 38Bhilllena • .llell.cTBHTenbHO, ec.nn Vat V H8-
.. n = I rl<~ lrl<a 

KannnsaeTCH 38 C'leT qacThiX Kone6annll noTenun8n8, TO npn HHTerpnposannn c rna.oKHMH 

sonnoshiMH cpynKUHBMH 3TH Kone68HHSI .oon)I{Hhi CH.IlbHO KOMIIencnposaTb .opyr .opyra. Ecnn 

)l{e B8pHaUHH sennK8 38 C'leT CK8'1Ka, pa3.oe.ngromero o6.nacTb 6o.nblllHX n MMhiX V , TO 

B O.OHOl! 'll3 3THX o6.n8<;:Tel! cpyHKUHH <l>m , KBK npaBHJ100 M8.1lbl H, B CHny YC.IlOBHSI ClllHB8-

HHH, Manhi H na rp8nnue p83.0ena, r.oe V senHKo. 11nTerpan a ( 71) a aToM c.nyqae 

TBK)I{e OK83biB8eTCSI He6o.llblllHM. EcnH He CTpeMHTbCSI HCIIO.Ilb30B8Tb acpcpeKThl n0,08Bne

HHS10 TO MO)I{HO npHMeHSITb OUeHKY (73) .0.11SI BCeX m , n • 

.llncpcpepenuHpyg ( 13) .OB8)1{.0hi no x yMHO)I{aH .oononnnTenbHO H8 ellm n HHTe-

f'pHpyH no Y , a 38TeM HHTerpHpyg •men C fell <!>'~- dy 
m n .OB8)1{,0bl no '18CTSIM H CHOBa 

nonb3yHCb yp8BHeHHeM ( 13) .onH ell m , nonyqaeM 

K =--1-[J<I> (V'~+V'~)ell dy+2Jell (V'-+V'--E')ell'ely)= 
mn Em-En 111 

J.J 23 n m 13 23 n n 

1 ·v,, VH "' 
[ J<I> (-- + --) "*' dy + 

m B2 A2 n E-E 

J ... Vi, v2, 
-2 '<'.,(-,_- +-;r Jell,:. dy - 2E',; Q.,.) 

r.oe, K8K HeTpy.OHO nOK83BTb0 cpyHKUIIH E'
n 

15 

pasua 

(74) 



E'~I <I> 
2 

n n 
( V' + V' ) dy-· I <I> 

2 
( V2s 

U 23 n A ~1dy. 
8 

(75) 

PaccMoTpHM (74) npn 6onbWHx m , n , xorJla JlJIR Em , <I>m MO:lKHO npH6nn-

:lKeHHo noJib30B8TbClt <lJOpMynaMH (65). nepBbiil qneH B KB8Jlp8THbiX CK06KBX TOrJla OUeHH

saeTClt cneJlytOWHM o6pa3oM 

v ·v 
1 a I f <1> r _y + - 2 _, If> ay I 

1 ., 82 ·A 2 
I I r <I> <I> + <I> ~ J r v1 3 + v2s J dy·l < 

m n m n B2 A2 

(n+m)lr Var < --. 
2 a 2 I,.J<. 

v v 
( ___!! +-23) 

82 A 2 

VfHTerpan C <1>~- MB:lKOpyeTCH Bbtpa:lKeHHeM 

J = I 2 I 
2 

" v 2 <I> <I>' ( _u._ ___ 13 )dy I<- max 
m n A 8 -V!l y 

I <~>:-I Var ( ~.!... ~3). 
I..J<. A B 

rpy6ytO OUeHKy MBKCHMyMa MOJlynR <1>~- MO:lKHO nonyqHTb0 p83JIO:lKHB 

no <I>m n, nonaran npn6nH:lKeHHO <I>m~ <I>~ , MB:lKOpHpys pnJl noqneHHo: 

I<I>:l=ll: <I>.,Q.,"I<.:£ l<~>.,llo .. J ~ .. .. 
< 8U '!/a 

17 2 
:£ 
' mFn 

1 • v v 
-- Var ( .....!..!..- _ 23). 

I ,Z.ni 1..!<• 8 A 

T aK KBK cyMMa 

1 
2n•1 

:£ -·-- = x- _1_+ _1_ :£ _1_ 
.,..f., I m2-n~ · 4n 2 n m=l n 

< ln{<;n-11 ---
n 

(76) 

(77) 

<1>',; B PHJl 

(78) 

(79) 

cTpeMHTCR K HYJIIO npu n-+ .. TO npH 60JibWRX n HHTerpan 12 Man no cpasneHHIO 

C } I H MO:lKeT 6btTb. OT6poweH. 

CTo.nwull s KBBJlpBTHbtx CK06Kax s (74) qneH c Q "'" no cpasneHHIO c ]
1 

HMeeT 

nopRJlOK 1 H 38BeJlO);(O MO:lKeT 6btTb oropowen. 0KOHqaTeJibHO, npH 6onbWHX 
(m+:1J1' :n•n) 

m • n HMeeM:-

I K I Co 4M2 
111ft '-.: " 

__ 1 Var 

In -miJ,.j<a 
( -~·-''+ v, ) . 

82 A 2 (SO) 

OneHHM aneMeHTbt MaTpHnhi F onpeJleJteHHOil BTOpbiM H3 Bbtpa:lKeHHil (21 ). npu 

60JtbWHX n. tPYHKUHH gnl npH6JIH:lKeHHO nponopUHOH8JibHbl KB83HKJI8CCHqecKHM 0 TBK qTO 

I a~, 
g 

I=.J2U (E +L\E -E J~ !!..!': -' !.lz. 
I n· ·,. 2a V /.1 

nl 2 

Vf3 (73), (80),(81) nO'JyqaeM 

16 

(81) 

.· ~ 

\ < 
...._; .. ' 

.... 

JF~~~ (x 1 I< 
~- ·,. 

·, ·, 

• 4ll· 
<~ 

ri' -
1
-: [:var<·r~+.:.!'itJ,+2V !.11 Var ( v,:, 

I . 

--..!ll) 
A. 

_;·· 

-·· 
. "";;.-"_. 

,.· .. (82)' ln-:n:l ,; 1-,l<a· •. 82. At M 2 (7l<a. ·-8 

' · B -cuny ynoMsHyTbtx. sbtwe s¢¢eKTo~ ~o~aaneHus css3ei!• npn Manbtx 

(78), ,BbtB;JleHlias Jlns Gonb~nx· m , · n cnpaseJlmrsa·npn acex:- ·m, 
m Hn_~ n _,, · oueaxa 

•• - j~ 

. . . .. . ' ' . ' ... ' ·. n ,. • < 

(73), '(80), (82) 
.[{ng rnaatilix BHewHiix no!ElHUHano.s · v;3 0 V

23 
OUeHK,U (67), 

HBJI~IOTClt 38BbiWeHiibtMH. VfHTerpHpOBBHiieM Bbtpa:lKeHHll (66) 

M8:lKOpHpOEl8HHeM no MOJlYJIIO Bb!pa~e~HH (74), BMeCTO (67) 
0 

,-:.,_ 
H .(71 ), no .qac':HM H npsMbiM 

H~, ·.: 
(82) nonyqaeM,' COOTBeTCTBeH"j 
~ ' - ' .. c - ··_, 

{W.," .(x} 1 < P0 (x), 
, (m-n)2 <83) 

'~ 

· .... : 
I F .. - •' ' p '(i} 

· mnl (xJ .f < .-1 -
1 

· (m;;_n) 2 · 

--~·· 

'. .--::~ 

rJle B. tPYHKUHH. p 0 p ·: BXOJlHT B8pH8UHH. npOH3BOtlHb!X : ·y•': 
0 

• V' 
. . . 0 ' 1 ' . .. . .. . ·. ' . . . ' ' 13 23 1.· 

Oue~HM Tenepb .Jlo6aBKH .,.. E.,~ x' ~<P<PeKTHBHOll SHepruu E .... -npil P83JIO:lKElHHH 
' I ..., • ' '. • I \' • - • 

·.: ¢YHKUHHM ; «l>.~ v• 3TH A068BKH orpBHHqeHbi 
. . tn .... ' .- -\ J· 

H npu 

,''t•' ; '•. ~<: ··.:",, ~·-'· ~-· '·:1· ~. 
I~E 

0 

l,;;l-f<I>02
(V +V ]dy 1<-'-'I .. 

..... m ,. ·~-~ · .. ts. 23 ·· 
1 

a -~ 3 (_xcf:By )": ~3 (~'~AyJ! ely, 
m-+oo ;CTpeMHTCJI K Bbtpa:lKeHHIO 

•r". ~- ,-,' 
'· 

'. ' ' ' " '. 1 .. ' ' • ', '' . 
,A .. eo ;(xJ =·-·. J ( v + v; dy. 

.. ~ ,. • '-·, __ oo __ .--:' _·2a: .. •• _13 2 ,· 
KOTOpoe MO:lKeT HMeTb,Jti06oll,3H8K., ''~ 

(841 
I 

npH' P83JIO:lKeHHH no tPYHKUHHM <I>m Jl068BKH K SHeprHH COrn~CHO ( 15) He OTpHua-

Ten~H~I H,~corna.cu'o\ (78), (79), C~peMHTCH K'Hy;~ ~e-~eJl~eH~e~; q~J (Jn m j2, 
·; -... . ' . . .. ., 
no noKa3BTb, ·· qTo :ans 1>'' cnpaseJlnuaa ¢opMyna 

M.O:lK-:' 
m~, 

,- . ~ . . - • -: ' ' __. . D1 ) ~ 

/ 

<IJ', · · 2-- At2 . · , ·' ~ ~ -. , . \ , _. , .· .. __,_ 

~ - [,<I> I <I>' <I> ( E -- v -- v . 1 dy -
·.~ ..... .,, ·. ~:·0 .. ' ..... · .. • .,,1 ... 23'. 

<I>' I. <I>~( e: 
'. '- (87). 

;;·:· ·-. ·' V', . 
-' ,-,-

. ·a· +. .· _., I.' 
BTopoe (pacTymee a _, ~ ·) 'pewenne 

x;3 J o/·+:c; .. <~> .. 1 
.t·.. ~ . . . ·,, . 
:p~BHeHHH .( 13), 

/;; 

,i 

;"' .. ; ·<I> -<I> <I> • 
m m m m (88) 

·, 

/ 

..... I 

17 ~-

.. , 

/:;:-

'\ 

.\ 

',t-"· 

·_,.,. 
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.:\ 

I 

\', 

·r,' , 
.' H 1'.09 'KOHCTSHTS.' c., .: onp,eJlenH;Tcll, H3 _ycnOBHSI J<ll',;, <ll., dy ;;_0', no.opTSBliSISI B (87) 

_ npu 6onbWHX. m :·.o~~ 'qjyH~uull • ~ ~ ' KBS3HKnaccli-lecKHe. Bhl'pa~euug·; ueTpy .on~· ;G,e.o·~Th-
-_cH, 'ITO- max ·!'41'.1 ae.oeT~b_e6si K~K-:.1/m. 

1;1<· .. 
, a· 

~· --

f. F..,~ L 
- .m 2 ~.' :. 

(89) .• 
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