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MoAenh Ami· onHcaHHH cTpyxcypbi Bbicoxoeoa6y)KAeHHbiX 

COCTOSlHHil B Ae4JopMHpOBaHHbiX HApax. TI. i1CKniO'IeHHe 

nHWHHX peweHHil 

npoBeAeHO ASnbHeilwee pa3BHTHe MOAenH AnSI ODHCSHHSl COCTOSlHHil 

npoMe)KyTo'laoil _H BbiCcixoil aaeprHH eoa6y)KAeHHH. Pa3BHT HOBbiil npH6nH)KeH

Hblil MeTOA peweHHH . ocHOBHbiX ypaeaeaHil MOAenH, noaeonnJOWHil HCKnJO'IHTb 
. -

nHWHHe KOpHH, DOSlBHBWHeCSI paaee npH yqeTe nHWb KOrepeHTHbiX qneHOB 

ypaeaeaail. Cpaeaeaae TO'Iaoro H npa6na)Keaaoro peweaHil noxaabieaeT,'ITo 

rnaBHbie KOMDOHeHTbl BOnHOBOil !l>yHKUHH npaeHnbHO nepeAS!OTCSl npH6nH)KeHHbll\.1 

pewEmReM. 3To noaeonHeT R3Y'IHTb 4JparMeHT8UH!O OAHO'IaCTH'IHbiX H MHOro-

'laCTH'IHbiX COCTOSlHHil no ypOBHSlM SIApa. 

fipenpHHT 06t.eWUieHHOrO HHCTHTyT~ B,QepHIIIX Hcc.ne,noBIUIHA. 

~6Ha, 1973 · 

Malov L.A., Soloviev V.G. P4 - 7639 

Motlel for the Description of the Structure 
of Highly Excited States in Deformed Nuclei. 
II. Exclusion of Superfluous Solutions 

The model for the description of states of interme
diate and high excitation energies was further developed. 
A new approximation method for solution of basic equations 
of t_he model was proposed which allowed- to exclude .super
fluous roots appeared earlier when taking into accountonly 
coherent members of equation. The comparison between exact 
and approximatiori solutions demonstrates that the main 
components of the wave function are correctly expressed 
with the approximation solution. This enables us to stu~y 
the fragmentation process of one-and many-particle states 
over nuclear levels in deformed nuclei. 

Preprint. Joint _Institute for Nuclear Research. 
Dubna, 1973 
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I. B B e ,1{ e H H e 

B/Il npe)ti!oxeHa uo.neJI:& MH onHcaHIIH CTPYKTYPH HepoTaUH

OHHHX COCTOHHHlt IlpOM6JKYTO~HOit aHepNlH B036yll;l{6HHH H BbiCOKO-., 

B036y~6HHbiX COCTOHHH!t B H6~6THbiX ~e!J>opi.lllpOBilHHHX H;l{p8X~ ra

MIIJ!l>TOHH8H M0,1{6JIH BllllT B Bll,1{6' IlOT6HUH8JI8, OllHCbiBBJOU(ero Cpe~~' 

Hee llOJie, B38HMO;l{eltcTBHit, llpHBO;l{HII\II:X K napHbllf. KOppemiUHHM 
' . -

c:sepxrrpo:so;l{RIIJ,ero Tina H MYJI:bTHitoJI:i-MyJiiTHnoJI:&HHX :saaHuo.net:t.;. 

CTBHll. Sa ycJIOlleHHe CTPYKTYPH ·cocTORHH!t c pocoroi ::mep;~H 
B036y~eHHH OTB6TCTB6HHH B38HMO~etlCTBKH_KB83H~8CTHU c-~OHO

HBioiH. B/2/ paccwoTpeHa Mo~eJI:&, B KOTopoll ~onoJIHHTeJI:&Ho BKJIIO- ·,_ 

~6HH cmiH-MYJil>THllOJII>-CllHH-IoiYJil>~HllOJI1.HH6 . CHJibl •• B/3/ 8H8JIOrH~
H8H M0~6Jll> CIJ>Oplo!YJIHpOB8H8 MH OllHC8HHH ,YCJ!OlEII6HHH COCTOHHH!1 

H6~6THHX C~epHqecKHX H~ep _c pOCTOM 3H6prHH B036Yll,lleinm.' B 

Hell npHHHTH BO BHHioiBHHe MyJil>THllOJil>-MYJil>THllOJ!l>HH6 H CllHH

MYJil>THilOJII>-CmiH-MYJil>THilOJ!l>HH6 C~IJ!hl. B/I/ T8Kll6 Kp8TKO H3JIO

:a:eH 0611J,Hit IlOJ!yMHKpOCKOllH~6CKH!t llO.ZOCO;l{ K H3y~eHHJO CTpyKTypbl 

BHCOKOB036y~eHHHX COCTOHHH!t, paapa60T8HHbllt /
4'-6/. 

Ha-o_cHoBe B8pH8UHOHHOro npHHUHll8 :sfl/ ~OJiy~eHH CHCT6W.· 

ypaBH6HHit MH ;l{BYX CJiy~aeB. B nepBOM. CJIY~ae BOJIHOBBH ~yHKUHH 
- . -

loi0,1{6JIH COCTOHT H3 O;l{HOKB83H~8CTH~HOrO ~JieHa H CYMMbl MHOrHX ~JI6HOB 

THll8 KB83HqaCTHU8 llJIDC ~OHOH H KB83H~8CTHU8 llJIDC ABB ~OHOHa7 Bo 
BTOpOM CJiyqae K 3TOR BOJIHOBOR ~yHKUHH AOdaBJIHDTCH ~Jl6Hbi:KB83H

~aCTHU8 IlJIDC TpH ~OHOHa.B OdOHX CJiyqaax yqHTbiB8JIHCl> TOJ!l>KO KO

repeHTHble- ~JI6Hbi,H CHCTCllbl ypaBH6HUit CB6A6Hbl K C6KYJIHpHOMY ypaB-
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HeHHD, KOTOpoe cneAYeT pemaTb ~HcneHHO. 0~H8KO no~y~eHHOe 

npH6nueii!Joe ceKynnpuoe ypaBHCHHe co;D;ep:mT nHmHHe pemeHHH. 

J!HWHHe peweH~IH Tpy~HO OT~enHTb OT HCTHHH!iX pemCHHJ.l. IlpOCTOC 

OT6paC!iB8HHe nHWHHX pemCHH!.t cy~CCTBCHHO yxy;D;maeT peaynbTa

Tii pac~CTOB. 3TOT HC~OCT8TOK SaTpy;D;HHCT HCnOnb30B8HHe UO~enH 

~nn BiiHCHeHHH OCHOBH!ix aaKoHouepnocTe!.t ~parueiiTanHH op;no~ac

TuqHux H MHOro~aCTH~HiiX COCTOHHH!.t no H~epH!iU ypOBHHM. 

UenbD HaCTOHmer.t pa60T!i HBnHeTCH Haxo~eHHe TaKHX npH6-

nH~CHH!iX pemeHHR OCHOBHiiX ypaBHeHHR MO;D;enH, KOTOpiie 6ii He 

cop;epxan;[ nHWHHX KOpHe!.t. Pac~eT!i BiinOnHeHH ARH cnjqan, KOr

~a BOnHOBaH ~YHKnHH CO;D;ep:mT CnCAYDmHe qneH!i! O~OKB83Hqac

TlfqHJiJ.l, KBaSHqacTHUa ilnDC·OAHH ~OHOH H KBa3HqacTHUa nnnc ~a 

~OHOHa. nnn BHRCHeHHH TOqHOCTH nonyqeHHOrO npH6nHXCHHH npoBe

~eHO cpaBHeHHe'c ToqHJiUH pacqeTaKH Ana cnyqaa He6onbmoro qlfc

na O;ll;HOqBCTHqHJiX ypoBHeJ.l cpe~ero nona H ~OHOHOB. 

2. CHCTCMa OCHOBI!l>IX ypaBI!eHHI.\ 

rBMHJ!bTOHH8H 1 OTIHCl>IBBDmHJ.l B3aHMO;zJ;CJ.lCTBHH Me~,liy HyKnO

H8MH B R~pe, aanumeu B CJieAYDmeM.BH,lie: 

H = Hav + Hpr.<z + Hq_ (I) 

r_ne lieu -cpe~Hee no.ne HCHTpOHHOH H npOTOHHOI.\ CllCTeU, 

Hpci.t. -B38HMO~ei.lcTBllfl, npHBO.lifiiiiUe K napH!iU KoppenHUHHM 

CBepxnpOBO.liH!llero TUna, lfa -uynbTHilOnb-MynuunonbHOe BSaH

MOAe£1c TBHe • 
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PaccuoTpHu BSaHuo~enc·TBHe KBaSHt~acTHU c ~OHOHBMH B He

qeTnou ·A· ~e~opu11po:Bai~oll nApe. C~HT~eu~ tfTo.B ae·t~.eTno/·i' 
H~pe !lJOHOHH. TaKHe · xe: KB~ . B q~;Ho.:_qeTHOM RApe c A -·l, 'Kouc~ 

~. ' - . 

TaHTll MynbTHilOnb-llynbTHnOnbHl>IX B3aHLIO~e!.tCTBI1R ·~lfKCHpOB8Hll . . . . "' --, . 

npH Bll'H'lCneHHH aHepru!.t' O~OllJoHOHH!iX COCTOHHHi.t B ~eTHO-qeT-

HiiX fl,lipax (cll.f?/).; 3TO n63BOmieT npep6pa30B8TL raMHnhTOHH- . · 

BH (I) K BHAY, ,liaBaeuouy ~OPuyno!.t.(2) B/I/. 

Bo.nHOBYD. !pyHK~Hio, Het~eTH'or~· N H,lipa, onlicuBa~;D CO?':" 

TOHHHe C ,llaiJHW aaaqeHHCK i1l ; aannmeM B,~-~H.lie 

i·- . • 
111 . n /d_ "· rrf.·~ ' I' -. Q~ · T: ( K ) = · ...... L :p~ ...... L D .... d,.,,_. IJ T 

L •. . 'It:. . IJ' ~ j,t> p ,'$ . "'" # 

+ ')'" "\ · r H· i J. + a ·a: }' II 
L . L_ r.P Ia- ";,.. i jz . ' . 0 . 
Mz 'J 

(2) 

-;·, 

B ,llaHHo!.t-cTaTbe,KaK H.li/II,Hcnon:bayeM cneAYDmue o6oaua

qeaim: lJf. · · -BOJIH<i~~H ~YHKUHH ocH~BHo'ro cocToa~HH t~eT~~~~e~. 
HOrO H~pa, i -Houep COCTOHHHH; a, . ' Ci)J. ' Y, ... - ~napa-
Top, aueprua H xapaitTepHCTHKB (~opwyna (3') afV) !lJoaoua; 

qepea j o6oaHa~!mo · AjL / ; · npHqeW' 9 .: ~JL •· , )" -ao¥ep 

KOPHH ceKy~RpHbro ypaBHeHHH ARH <lJOHOHa; ',fJ~· -:onepaTOp p;x
,lleHHH KBaa~qacTuuu, ·c(Y) = ~C"+(E_rvJ~ ~Y · ·, £tv) . -o~a·o-
qacTHqH~H aaeprFIH, [;- -~opp~JifttiHOHH8fl !lJYHKUHfl,. _,\ -XHMH- .· 

qecKul.l nooreuuuan. 'qepe~ ( )li · ) o6oaa~qeu~ co~;KynuocT~ " 

KBBHTOBHX qnceJI, xapaKTepnaymmHx o~aoqacT~qaun ypoBeHb cpe~- · 

nero nona, r_p'T)- TO xe. ARH ypoBHel.l. c )~aHH!iU. k'~ , a-_: ! I; 
llvJI' = Uy llJJ:-Vy ~', , __ r.ne lf)l , , v;. ,~Ko~W!lJHuae~o:ru 
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npeo6paaoBaHHH Eoronn6oBa. MaTpH~nun aneKeHT OT onepaTopa 

Myni>THOOJJ:bHOrO ll01l6HT8 ? :: Ap 0603H8~11M T8K: 

1
/Eti,JI~ J • 

f/'ti, Ji.~) = u fT.)I,J'zj 
ecnH K, :!~ = K2 

(3) 
6C.7IH K, + K2 = !jl. ~ 

r~e K -npoeRl{llH yrno:soro MOileHT8 H8 OCI> CHMMeTpHH H~pa. 
ll.na .nannux ana~eHHiit v, Jl" or.nHrrna OT Hyna nmr f'~r11,Y.z) 

llf.nn f r < », Jl, J , noaTouy YOliHo He JtenaT:& paa.nH~llH 11euy Hlf- · 

Mlf 1 a CBOMCTB8 !l8Tplf~HUX 3.716MeHTOB /'l(li,J'z)=ff(YzV,J., 

fry (~J, Jl,):- /"~(liz Jl,) MOlltHO y~eCTL nyTeM BBe,IteHJ.fii COOTBeTCTBYIJllle-

ro W830BOrO MHO~Tena. 

B/1/ BU~IfCJieHO cpe]tHee 3H8~6HHe H no COCTOHHlfll (2) .H 

C nOMOIIII>ID B8pH8l{llOHHOrO npllHUHna no.ny~eHa ClfCTeMa OCHOBHUX 

ypaBHeHHiit Mo~enn •. ITpeJK~e ~eM BunncuBau aTH ypaBHeHHH, 

npeo6paayeM HX. ~a ypaBHeHHH (2I) B/I/.BH)tllo, qTo 

JJ_p~'; = 0 , ecnH J} r p 1 j = 0 , no a TOlly MOJKHO conoc-

~aBnn \IlYHKUIIJKl nj; lIT) c WYHK~lfelit fYt.P i) • a clij'HKUHlo - ' . -, . 
D},. err J - c cliYHKUHelit I (J>Y) • HeTpyJtHo noKaaau, llTO 

.... . 
MOJKHO OT6pOCifTI> 38BHCHIIOCT:b OT a: (KOTOpyiD nerKO,BOCCT8HO-

BHTI>) H:· He )te~aT.b p83JIH~HH MB11JJ.Y. ,Dfi H iJ.PI: :·~ 3TO paa-
. .PII , 

nnqHe yqecTi, c noMOIIIl>IO tiJa~oBorci MHoliMTena S, • B ypaBHeHHn 

(2!) ii/ n~)t 3H8KOiol CJioii!U CTOHT nponaBe)teHHH BH)t8 
. . 

i f (yy J 1'~'r Y)J) .nt"iui) 
IT l jtr Z ;pJ • 

Onpe~emur ::ma~eHHe cpaao~oro unoxnena ~ , cneJtYIOIIIHM o6pa

aou: B YP8BH6Hlfll 1 r)te CB060)tHUit q.neH CO]tepliG!T J.'f(.PY) 
1 

- 6 

\r 

. 15; = f ;zum npoHa:se~eHHiit BH~a 

1'1 !'~' . , .• 
(JI}I2 J C.ll.)lz) ]).l'j 

1-l(yy F/~1(y·~ J J]l"i 
· z . . z .PI . 

./ i'<YY2 ) it'rfy,J iJj;" 
H oi =- I ~H npo.Ra:se:zteaHn :sH~a · 

19(~Y ) ,-9-(' -;•y) jjJ''i · 
/. l .P~ 7 

B ypaBHeHH~, ue cBo6o~nulit ~.nen co~eplEHT j 7 r.ro, 8,; I . 
~H npo.Ra:se~eHHiit BH;zta 

! ft JIY >f-1{y•y) ]JJ"i 
z z ;p:J 

1·~(11) Pi'(Y'Y. J..iJI"i 
•. r • .PI 

f-1 <Yv J 1-'l'o·n D- ~"' 
. l l 'J' }I 

H ~ : - I , ~H npOH3Be~eHHit BH~8 

\. 

. . ·'. . ~·- ~-

.Fr~) ~.f.(pJ.-}o· -.-L_: .. ,2:_ X!rP,niJI; =-:0~· ·: ,(4):''. 
' . . • . J 1 .· . .PJ . 

. _; ,• ·- ·- .', -_- . - .. . '- ~ - .- ~i :· -. .. ',. '0 

_·_., i 
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( . " ,, " ~ , [ <1 !· xh ,i 
t( J)) ~ WJ- l;.) n,PJI-~ ~ p(JJ,,N~H- o,·x "(JI,i,} (Y,~)'ol) ~~ .. . 

q.. ~. j l 

+ 8 ·X z(v Y. >X'(JI v.JJJ"•• =X1r.P.YJ 
' i . '] . . (5) 

1 *. :z. . ;Jt ... '.P iJ .. ~ ' 1 

FJj.z.i ( ·.'>[~ l.z. . Q' I '] 
.PI Z(PfJI,j.j',)-~J7' o;X ()Jz,>') n:f: + Dz'X ('1,/) n}:· ' (6) 

l 

r,lle 

1.J 
X I "' --!..!!. P 'I 

(JI,Yz)- 2JY: r (Jill.,) J 

'J 
(7) 

pO,,y,,y.!): cfJJ,)-+WJ• +w1,. (7') 

YCJIOBHe HOpMHpOBKH BOJIHOBOlt ~YHKUHH (2) npHHHM8eT T8KOlt BH,ll: 

(Cit[t+ ~L. (D1il+2 L L(F 11'il]=- I. 
;p ,P)I J·" ~ .P'I . / " .,. , . 

(8) 

.. , 
HeoClxoJ.\HMo oTMeTHT:&,.tJTO B ypaBHeHHH (4),(5) H (6) 

(TaK xe1 KaK H B cooTBeTCTB~IIlHe ypaBHeHHH :alii) c~e,llyeT ,llo~ 
ClaBHT:& tJJiellhl~ B KoTopux :auecTO O,l!Horo MaTpHttaoro aJieueaTa 

j1('1:1'} CO~epDTC!I npOH3Be~eHHe Tpex p83JIHtJHHX YSTplltJHHX 
. . 

anelleHToB. Pon:r, aTHx ttneaoB HeBemma·. OHH nOHBJIHIOTCH npH 

ytJeTe KOMMYTBUHOHHHX COOTH~meHHlt onepaTOpOB ~OHOHOB C onepa

TOp81lH KB83HtJBCTHU. ]loClaBJieHHe T8KHX tJJI6HOB ae·npHBO,llHT K 

· Aono~HHrenbHhlll TPY~OCTflll, ao yBeJIHtJHBaeT BpeMH c~eTa npH 

tJUCJI6HHOM pemeHHH. 
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\\' 

]lJIH aaxollt,lteHHfl aaepr11lt ?. ayxao peml!T:& ypaBHeHHe (5) 

OTHOCHTeJI:&HO ~~i H fiO~CT8BHTI>-~OJiyqeHHOe BUp8XeHHe B 

ypaBaeiiHe (4). PemHB ypaBHeHHe.(4), T.e. HB!tiJ.\H KOpHH 2, , 
HeTpy~HO, UOJI:&Sy!ICI> ~OpllyJimiH (6) ll (8), H8i1TH BUp8lteHllfl ].\Jlfl 

F.!fzi c" .n H .P. 

PemeHHe ypaBH6Hllfl (5) IIOXHO npe~CT8BHTb B BH~e . 

. Ai 
n~'- , 

}'P .- T '- (9) 

r~e B 3H8116H8T6Jl6 CTOHT onpe;l16JIHT6Jl:& CJ.iCT611H £l , 8 B "ilHC..: 

'iii!TeJie - onpe,lleJIHTeJII> A~: , KOTopult rionyttaeTCfl HS L1 ny

Tell 38MeHH K03~HUHeHTOB npH onpe;l16JIHeMOM H6H3B6CTHOII COOT-
, ' . . . ., ~ 

BeTCTBYIDIJlHIIH CBOClO~HbiiiH tJJI6Hm.IH. B peaJI:&HbiX CJIYtJ8fiX, KOr;zt8 
.- .. ': - ~ . . . . } . . . · ... 

yttHTHB86TCfl ClOJI:&moe tJHCJIO O~OtJ8CTHtJHUX COCTOHHHlt H ~OHOHOB, 

B (9) :SXOMT onpe~eJIHTeJIH OtJ6Hh BHCOKOrO nOpfi~K87 ll 38]18tJ8. 
' ~ . "' 

CT8H~BHTC!I rlp8KTHtJeCKH HepaspemHIIOlt. ll03TOIIY HeOClXO].\HilO Halt-

TI-l npHClJIHXeHHHlt Me To~ pemeliHii cHcreuu ypaBHElHHlt (5) ~ 

3.-llpHClJIHSeHHOe pemeHH8 

B/I/ HanAeHo npHClJIHxeaaoe pemeaHe xorepeHTHoro THna 

CHCTeWH ypaBHeHHlt (5). llO,ll SHSK81lll CyYM B (5) ytJHTHBSJIHQI> 

TOJII>KO tJJI6HH C RB8~p8T81lH O~OtJ8CTlltJHUX U8TpHtiHHX SJielleHTOB 

H OTC5p8CHB8JIHCI> BCC OCT8JII>Hiie tJJieHH. llOJiytteHHOe .pemeHHe, KO~. 

TOpoe OC503H8tJHM ttepes JO~i , MM66T BH~ 
. I 

~~, = -X (p,vJ 
.JJ_,JJ tcll}+:w.- tz.- S11 - · 

, • 'I 

'~ :~ <ror 
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rAe 

C:.?' = 2::: i x'~(~JI~luf~~~J 
t..)JI -

!2,Yz p(~l.!Jfz) ~2: {II) 

naHHOe rrpH6nHM8HHe He HBnHeTCH XOpomHY, T.K. ITOCne ITO)lCTa-
~ . . ~ 

HOBKH (10) B ypaBHeHUe (4) rrocne)UJee CO)l8.IJXHT~ JIHJIIHHe peme-

Hlffi. flOaTOMY ITOUhlT88MCH y.nyqu::o Si'O rrpu6nH:.I8HUe. 

flpH pemeHHH CHCT8MH ypaBH8HHM (4),(5) BB:.IHYD.POn:& Hrpa-
DT nonDca Tlllna 

P(Yz.?t,jz) - Z; -:0, 

t (1} + WI - z -= 0 . . ., (12) 

nna OITpe)leneHHOCTH H830B8M HX !}yH)laMeHTan:&HhiMH ITOnDCaMH • 'KaK 

oTMeqanoc:o B/1/, qucno WYHABMeHTan:DHHX nonDCOB THna (12) 

p8BHO qHcny KOpHe~ CeKynRpHoro ypaaHeHHR (4). 8TO 06CTOH

Ten:&CTBO HCITOR:D30B8HO B/B-!O/ rrpH B&qncneHHH nnOTHOCTe~ B03-

6y~eHaux cocTORHH~ 6on:omoro qucna a)lep. 

Hawa ~en:& - ynyqmHT:& npw6nH~eHHe (10) TaKHM o6paaou, 

qT06H ypaBHeHHe (4) He HMeno nHmHHX: pemeHHM. nnR STOrO ;s6nH-
3H Ka~oro ~YHAaMeHTan:&Horo rronDca aaM)leM cBoe npu6nu~eaue 

MR ypaBH8HHR (5), B KOTOpOM yqTell HeKorepeHTHHe ITOnDCHHe 
qneau. 

Ha~Aew rrpu6nuxeHHoe pemeHHe ypaBHeHHH (5) B6nuau WYHAa

MeHTan:&Horo nonooa p ( YcJ/,
1
/p).: E UcJ + w

1
., ,. u._;; .. Gliat~ana 

ynpOCTMK ypaBH8HHe (5). B ypaBHBHHH (5) OCTBBHM BCe KOre

peHTHNe qneH& H yqTew HeKorepeHTHHe qneau, coAepxa~ue nonDc 
1/ lp(o.,,j.,j.)- 2i .]. B peaynnaTe nonyqHM 

10: 

... 

.. 

... 

. 

[ctYJ fOJ3g_-_2 ~ __ L· . (~3t.v,_Y:JYCt:S~:~> J. s.i 
/z,)lt. --j>(Vz,$•,ffz) - i, . . , .. n.f'i 

(j.Yz) 1= ( j;Y,) . t (13) 

I ~ ~- s .xi·( . -xrc i 71t, ·X:J· ~· ;=i•J• _t . Y,Y.) . v,y,J J>Y' ~~- (JffY) ]>b(: •• ;.>-z· 
u aHanoruqnoe ypaBHeHHe MH IJ,f' · .. 3)le~:D (JzY./ lfj..Y.) 

. .~ 

oanaqaeT, qTo B-CYMMe rro 

qneH c /z ~ j.· H ~ ~ .Y. 

jz H Y2 . OTCYTCTByeT TOn:DKO O)lHH 

.,__ . 
BBe)leM o6oaHaqeHHe 

. . (X3• ,\z ~ . s,'•( Y,,j.) ·= E ('I)~ WJ• -pi.- L . (li,Y,); ( 
1
"'1·£.) 

· Jz,Yz h {j q q)- h 
Cfz'I,)I{JJ.) r z.,~,,z l i 

H ypaBHeHHe (13) nepenHmeu B BM~e · 

(H) 

]]~' _ f.: ~1. 0, xi·u,Y.) x{Y)0 JJJ,;~ 
J' j/<( -;r"( - . -I ~ .. ,~ Lf' Y..J~J-I-1,] ' -~. 

Xl•rn · 
;£ VJY) . 

~ 

(IS) 

i ... -
tj "(Y.j.) 

., 

PemeHHe ypaBHeHHH (IS).wo~o npe,n;cTaBHT:& ·B n~,n;e (9). B aToM 
' • <. 

cnyqae )leTepllHHBHT CH.CT8MH 6y)leT DO MHOrO pa3· donee HH3KOrO 
. : ;· .~~:. .• ·• - .: :,~·~-:··:··,. <.: ·--... '',;'': .., 

ITOpH,ll;Ka tto Cp8BH8Hifl0 C )leT6pllHH8HTO~OMCT81lbl ~.S) •' 

PaccllOTpHM CHCTeWy n ypaBHeHM~ 

" · · ·j;/o~j ~-~)~ = "~ .. · (16) 

MH orrpe)lem:nHi_.HeHaBeCTHhiX .x, , .x:l.. :. • ·:X,. • Ec~m K~_aifJ

~HUHeHThl a,j yAonneTBOPHDT cne,n;yD~eMy ycnoBHD: 

-:II 



aii ai~i' = a~;._,at.~- , (I6') 

TO 1!C6 ~e_T6pllHH8HTfl ,BTOporo ITOplJ~KB H J!Hme p81!Hfl HyJIJJ, T.e. 

det [a,, J:O. 
B STOY cny~ae ~eTepMHHBHT CHCT6Mfl paBeH 

- - - n 

dei[8 .. +au} = I+ 2 aii. 
<J " i-=1 

Pememte CHCTeMH npHHHUBeT BH~ 

I 

.X, = detJ8ij'"0 ijj 

:/t a,2 aiJ . . . . . a,n 
Vz Dzz~ I aZ3 ..... au. 

" • • .. • • c ..... 

/Ill a .. z a .. , an"'' 

:::- y, (I+ ~au)- ~ a,,JI, 

I+ f. a,i. 
i=l 

HJIH Mfl 1!Bl6oro aaatieHHR: ·i = io 
n 

(I7) 

= 

. ~ il; i fi' . y. -= u: _ ,,, • · (IS) 
t 0 d•" n 

1 + f, .aii 

Bocnon:oayeMcH 4opMynaMH {I7) H {18) ~nH aaxo~eHHH pemeHHM 

CHCTBMH ypaBHeH~- {IS) •. 

Koa~HnHeHTH cHcTeKH ypaBHeHHA {15) y~o:sneTBOPHBlT ycno

BHBl (16'). ;!lei.tCTBHT6JII>HO, 

s:- Xi" .·i u. · (Y,Y,) X (>'z,Y.) /. ~ p, 8, . X (V~Y.) X (~.Y.) 

r P(~··i·J·>-2i J c:·('J.,j .. ) [f(V.J•,t•ri.J i~ (v~Jo) 

12 

., 

l . 

7, 

0 _, 
~ x4· . x' , u, (.~Y.) (}'.,Y.) 

-~~ x: i· -~ - x·-r • 
D• (~, >'.) C>'z, Y. ) 

[ P<~•,3•J.J-~J E!·{"Y.j.J ·. -_'[ K1·,J·,Y·J-tJ #'f'l,j.J/ ' 
' . _·,. -

ITOSTO!ly))nOJII>.SyHC:b \POP~YJIBllH (I?) H _q:B),HeTpyAllo· BH•mcJi~TI>- _ 

AeTepr.UIHBHT CHCTeMH ypaBH6HHI.L(15) H HB£\TH \PYHKUHH- ];;' v.rf;'. 

;!leTepMHHBH'l' CHCT6MH- yp81!H6HHI.t (IS) ~JIH _pemeHHi.t- BCiJIH8H 

~Yfl~aueuTan:oaorn- noinoca · Zp = f. (J. ;J•J•). _paBeH -

1. _. -) _ I , ~ (X
1
(!1.v.J/-

.::.... ('1c1'$~~.3~ - 1 - - __ ._-. L- _ /__ . 'i. _ • (19) 
. /J(Y•,9•$).;.Zi J•J•,J• y -~ (Y.,J J - . 

nonmca ceKyJIHpaoro y_pa1!HeBHH (~) onpeAeJiaiDTCH ·Ha scnoBHH 

paBeHCTBB .HYJIBl ~eTepMHH8HT8 CMCT6MH ypa~nemtl.t- (5) •, 0tS03H8-

~HU -~epeS ipol T8K06 31J8tUlHH6 ~j npH ~OTOpOM Jl6T~pMHHSH'l': 
{19) oel:pam,aeTCH B Hyn~, T.e. qepea z,..e. oe5oaHa~H!l I_IOJIJJC 

y~BBHeHHlJ (4) :s61Il'J3H \PYH~Bll6HT8Jll>HOrO nOJIBlCB lp •£1!£).-WJ'~ •Wj.. 

il3 yp8BH6HHlJ 

L\ (Yo>Jo,j0 ) =.0 {20) 

cne,cyeor; ~T-O 

Pt~•,fo,j~)-t'''t=- -~ _ 2_ (j}cv.Y.JJ 
· I'I;J• _ 11 · !f (Y,.,j) _ 

(20') 

B ·BLipa~eHHH JUia C,J'(v •• j.) ~o~oxito --3aweHHTI> Kope~:o ceKy_

JIHpHoro ypa:sH-eHHii {4 ). '1i~ .BcSJIHal'! qiy~~BlleHTrull>HOti-O. noJIIIC8 

~;--.:;; ·c{V~J •.w,.,+ ll}. -.· · Ha no.JIJJc i_''"e ; onpe~ex~euua.."'· 
,. 
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'\ 

~opMyno« (20'). B peayn:LTaTe nonyttHK 

s:-('·J•J • E ( ;) •wv i ,.c ~ 2: : ( X't .. ~J /( ,.~.) . 

/zJI~- 0 fJ(.llz a,--0)-hpoC . (14')-
. : . flzJI"-lJ ·~· ~~~ ( 

3Ta arui:~Ha xpaHue iiaJio H3M~HH~T ~YHKUHD. .&/(Yo,~T , T.K. 
oHa He co~epllfHi' ·noJUlcHiix ttJieHo:a, a ;:aeJnitiHHa / ;, __ , pc..:; - · 

. ~ ' otteH:L wana. 

Bo3DMeW ~~(Y.j.) B BK,lle (14 1 ) H, fi0l'lb3YHC:L· qiOJlMYl'IO«' 

(20;), fiOJIYllHW ·.lll'IH .zteTeJNHHSHTB CHCTeM!i ·ypa:sHeiurft (IS) CJie

AYD~ee B!ipaxeHHe: 

.Ll- ( JJo,j67ffo) = 1 - . /J(l•,J•J..)-:- t p<~ 
/J(Jig,J,~)- ~. (!9•) 

(to 

~ 'Cne.eyH ~opuyJie ('18) 1tilfi \PYHKnHA 4~(- . c j= /# · Hl'IH ff.,. 
BCil'!H:iH ~yli)(alleHT8l'lbHOro llOJIIOC8 2~ = ·E(il.)• W;,+ Wj. 

nonyttHM ciie.ztyD~ee B!ipall[eiDfe: · · 

n'•i.o
.n -

{ 

t- i'.t -ito 

XJ(~~J 

·c:"<~J~) 
+ 

- . 
~ f. . l £ _ (2I) 
X <~~·J . " ~ 8 .xr~J X rJI.,.v.J, · · 
1l• - L.. L f 11 
Dy ("•J•) !'z ·I""Jo.J. . o~ (v.~) 

> • ~ 

Haft~eM pemeHHe ypa:aae'Hiur' c4>1 C-O~T:BeTCTByllll{ee ~Y~.lt~W~H
TBJI:LHO_wy !fOl'IDCY t I' ::_ E( Y.,) •wr .. "'J~ I' . H8XO.llli!J!eMyClJ l!CiJIJ{SH fiOJID

ca ~ '~ 1 onpeAenHeworo, !POJ*Y?IOlt (20~)., JlJI~ ~Hatt_~HHA, . .,. 

He paB~IiX J .. . H f. ,~wec:ro .lJ..C' no~c:r~w :jJ.~' "_.,on-: 

peAenHelloe qio~yJioA .(IO). a Ma aualleHHlt 1:: i• H j, no,lt-

14 

J 
' 

i 
I 

,. ·,): . 

cTa:amr ~~-~o, . B BHAe.(2I). B_peayn:LT~Teno_nyqHM 
. . J . ,,2 . > I; ',z 

. :. - .: ·- . . - (X (}'.'/), ... . '--~ 2 ·(X (Jl'J, 
J"(7i}-E(p) lio-f _£•t(7}<-W'J-l '-SI' 1"*•0. v G!CYoj) 

/i'/oJo ·~- JJ . ""'"''· - , 

·! 

·-~' . ., 

C ~- ,.xJ&,.,)xicY,v.>_ ~ . "- ~ · · X1t~,Y,J x!r . .vz.v.J __ <
22 

> 
;;· oe A L_ ;;,:::_ I L L Dr J · -0 · 
£

1 
- C.i~J=J4• '1 ~ (V.j') • /z~/.j;.i, •. . · CJf..' (>'.jz) -· 

z. 

__ •.. llpoile~eW.ABl'I:LHeftmee ynix>meHHe ypa:aHeHHH (22). Bo :scex 

~-~~HBX 1.;Kp~w~)~~l- ~to ., 38M6HKW to. H~·~pc~ .H B peayn.r:... 

Tare Mli } P·~-L noJJyqHW cne_.ztyDotee :supa~e·lf_He:. 
lD ·"· .. . . 

·· .. . . ·,x'a.~Jxf».~> 2:·:~ s.,x'(~,,JxfY;Y.),. 
. . E _L. li - - _L !?' - . . (23) 

1,e_ · _,1=/~1· 1 ·' .,(Y._3) f'"'I•J• Y' - :~:('Y.;J') ·. ,, . 

z i,o- !CP)i"t.. ._;. ' '(XIci,YJ)~ .· ·-·t 2 (XIY,liJyt" : -, . 
£.. L 'E(JJ)+t.JJ'_~,.-"-51' - >' /_I('' ii 1. ·-·" . . -~ , 1?-J• ' ,.., 

J Jo}•'' . :_ . 
PemeHHe (23) CJie.ItyeTpa~cwa~pH:BaTi. K~K nep:soe npHCiJIHJI6HHe 

. H, fiO,ltCl'8BHB. ero H6fi0JlDCH!le_ tlJieH!i B (22), fiOJIYllHl'D 
. - . ~ .-. ·~.- .. · . . ' . : -: ~ . ' : ~:· ,· . . - ' -. ' 

CIOJiee l'OtiH06 pemeHHe, T .e. UOJIHO HCK8l'D;. 3TO. pemeHHe " _ 
,_ \ . . ·. , ..... 

ll6TO,ltOK fiOCJI6,ltOB8TeJI:LHHX npHCIJIK.X6HHtt. 

KoHetlHO~ MOJ[IfO cpaay HCKSTi. }>emeH~e ypal!ljeHHH (22), He fiOJI:L-

aync:L npHCiJIHJieHHeK (23). . 

···raKml- ~cspaao~' cH'dTealy iPJBaeHHst ·<s> 11dnHau IPYH~aweHTan:L-
Horo no;c~· tri.).+ wJ>·';.;l· ·· · - 'i~·eHH~ -ypa:s8e~HHIIH . 

,! r· -, ~ ~ _- .: •. -•'.·· :~ :-··-._."~-.. ·. -·· .. -:·· . : .~. ~:. c .• 

(IS). OnpeAeJIHTemr :sbicoKoro nopnAJta B (9) W!i npeAc:ra:sxl'!H B. 

liH.lte cyCSonpeAeJIHTena j. , f.. _ H >'. , ·yz· H .JtHaroHau;;;. 

Hlie tlJIBH!i B BHAe (!0). jraJiee, CJI6;llyH fPOj:NYJI.~- (17) H (18) 
1 

cyCso,npe,ltemr'l'enH BlillHCl'IHK H:SH~-oCS~~OM • ... 
't" .. - • :- '-

''-,_ 
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Pacc!.ioTpill.l cnyqatt; Kor~a :BCimi3H ·wyu.n.aueuTaJI:DHoro no-

JIIOca p (Y~, Y•.io )" Hl}XO~TC~ Jtpyrott ilJyH]J.BJIBHTBJil>HHit _no-

JIIOC p(Y/j:,j.~) ~ np~qeM .Y,;;.Y~;~jo;:jc ;:/:~j;·. 
!13 ypaBHBHitll (15) BH~O, liTO B HBWBII npHCiJIHl!t~HHH ilJYHKUHH 

J]f; ~ · . 
1 

'. 7J.f. i ; He CBH3BHH. C ilJYHKUHRilH 7j.l; i 1 .7J,t.· i. • 
.P~ • fY · ' · . · • .1''1 . .1'>' 

B aTOM cmniae on,pe,lleJIHTeJii.- B (9) cne.nyeT ..iipe)tCT8B'HTi. 1!• llH..: 

.ne .llBJX cyCi~npe.n.emiTenelt j; -, :fo , Y, , >'2 • B . i•' ; j/ , 
~:~· · ~ y;. 1.1 ~HaroHait:bHmc q.JieuoB. Ms paccuaTpHBBEll.r · c-ocToHHKH 

' . : .· • ' -. . ' ... · 7t '. . . ·: . 
c OJtlllHBKO:miMH 3HBl!BHHHMH K , JUill KOTOpblx coce.nHKe iiJyu.na-

MeHTBJil>Hble ITOJIIOCB C f~ ~ ;: HJIH. /c ::-~' O"l6Hl> pe]J.KH. 'o,n

HBKO TBKH6 CJIY"'BU 38CJIYXHB810T OT]J.BJ!l>HOrO pBCCMOTpeHHR. 

Hatt.n.eM ~emeHHe ce~yJIHPH~ro ypaBH8HHH.{4) B6JIH3H ilJyH.D.B

MeHTBJil>HOro noJIIOC~ t (Yci .. w;. . B aTOM cnyqae iiJyHKilHJl 1!;.~; 
B03l>IIB!.I B BH]J.B (!0) 1 IIO]J,CTBBH!ol l! (4) H IIOJIY"lml 

c _ · < x1<N1f. 
r;)-t- f f f(Y)+Wr?--sr 

.I. 

= 0 (24) :F.(2)'f' 

il01IIOC ypaBHBHHfl (24) .B6JIH3H ilJYHJtBMBHTBHl>HOrO UOJIIOCB t ( YQ) +lLIJ• 

. HBXO)tHTCll HS ypai!HBHlUI 
:.}-;:Jf_ 

. [(.~~). wf"- 2 ,.e __ st·' ::.0 . 
_(25} 

Halt,lJ,ell pemeHHe (24) B 'l'OJI xe npHCiJiueBHH~ _B KOTopoll 
-- . . • ' .. • ~' • -; •. I' ~~ 

nonyqeuo iJemeHHB {23) ypaBHBHHfl (22). BsAeJIHJI B {24) llOJIDC-

HHlt 'liJIBH~ 8 B nc.;a·Jll>HHX llHCJIBX 38JIBHHK l . Ha lp"e ', ~ 
'' . • . . • '· . . . 1.0 • 

~eayn:DTaTe nonyqHII 

C x/r;,J,Jy · <X&Jf 
::-2._. t:(v)~(JJ.~pp•e'"-S'~' =0 

j'J'I 'l 'JI 

{26) f(p)- (•I!_ 

(jlljt:if.JJ.] 
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0Tcm.na HeTpy.D.Ho uaRTH, "'TO 
d 

J,PDe_ 2-/ = 
L l• 

( X1t.P,.v.J Y 
t (.p)-? PDe_ 2_- (X1CP:OY · . 

• ~JI [(VJt-W;~ iP•!sf 
(27) 

CHCTelly ypBBBBHHlt (4),(5) YO~O _CBBCTH K CBKYJillpHOl.ly 

ypaBHeHHD (24) B cnyqae, xor.n.a pemeuue·HueeTCH B6JIHSH o~o

KBa3H"lacTHqaoR SHeprHH .c(j) • B STOll CJiyqae HSXO.llliT "'HC-

Jl8HHO pemeHHB ypaBHBHHfl (24). .J 

4. CpaBHBHHe Toquoro H npH6JIHzeHuoro.pemeHuR aa npHMepe EecEUa 
. ) ' ' 

orpaHHqeuuoro CiaaHca 

TOtiHO pemHTI:. CHC TeMy _ypaBHBHHR (5) .l!Jlll ]}Ji. B peaJI:DHOM 
.. ,hu~ · J' }JJi , ,, 

CJiyqae TlllltBJIOrO .n.·eilJOPJ4HPOBSHHOrO ll]J,pa. itpaKTHqeCKH J;IB npe]J,CTBB-

JI_flBTCll B03MOJI!HHII. B STOM CJiyt~ae UOpH]J.OK,CifCTellbl (5) )tOCTHraeT 
' ' 

HBCKOJ!l>KHX THCflq. ilOSTOIIY. CpBBHBHHB TQqHmc pemeHHR C.HCTBMH (5): 

H CeKyJIBpHoro _ypBBHBHHll (4) C npHCiHHllt8HHbi!.IH ~emeHHlllllf npoBe

)tBM Ha Bec:DYa orpau.HqeHHOJI 6asuce. B pacqeTax yqTeM II ypoB

Hel cpe,nHero UOJ!ll B HBRTpo~HOit .. CHCTeMe H 9 ypOBHeM - B npo

TOHHOit CHCTBIIB. OrpaHH"lHMCll ilJOHOHBIIH C MY1Il>THflOJ!l>HOCTlliiH 

¥ " 20,22,30,32 H .llByYll KOpHlllllf ]J.Jlll KBJJr.AOtt MyJil>THJJOJil>HOC'l'Ho 

B paccuaTpHBaeMoM cnyqae BOHHOBBll ~YHKqHH (2) co~epli!HT 
"" OK01!0 !00 KOIIUOHBHT, T.e. liBJlllBTCfl ,llOCTSTOqHQ CJIOJI!HOR •. CHC-

'l'e!IB ypaBHeHHR (~) 6yAeT 14 nopHJUta,H ee IIH pemHII TOqHo. · Pe

mHB CHCTelly ypSBHBHHtt (5) H flOACTBBHB pemBHHB B (4) 1 HSlt,llBII · 

TO"lHHe pemeHHfl .li CeltyJIRpHoro ypaBHBHl'IH~ 3Hall KOpeHl> CBKy

JillpHOrO ypSBHBHifll, 2,. . , HS .YPBBHBHHtt {5},(6) H (8) HB!ii]J.eJI 
.., &G • • -- . 

KOsilJilJm.tHeHTH C/• , JJj,'• _z ;;Jh'• l!OJIHOBOR iiJYHKUHH (?). · 
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fioJiy'leHHNe TO'IHble pemeHHli Cp8liHHM C pemeHHHMH npH6JIHEeHH!lX·. 

ypa:BHeHH!l (20 1 ) 1 (23) H (25),(27). 

Cp8liHeHH!i liUliOJIHeHN ~li Tpex li03MOXHN~ THllOB·pemeHH!l 
- . 

ceKyJIHpHoro ypaBHeHHH '(4): · 

CJiy'la!.t 8), KOr;lla KOpeH:& ypa:sHeHHli ·( 4) H8XO;llHTCH :B6JIH3lf 

O;llHOKB83H'I8CTif'IHOrO COCTOHHHHi 

cnyt~alt B), .Kor.na xopHIO ypaBHeHHH (4) cooTBeTcT:syeT. WYHA8MeH

T8JI:&Hull·nonroc Tlfll8 KB83lf'I8CTHU8 llJIDC lf}OHOHi 

cJiyt~all c),· xor.na xopHIO ypa:sHeHHR (4) coOTBeTcT:ByeT lf}yH.na

MeHTBJI:&Hull ~OJIIOC Tlfll8 KB83lf'I8CTHU8 llJIIOC .llB8 lf}OHOH8. ~JIR 

aTHX Tpex cnyt~aeli noBe~eHHe WYHKtiHH .Frz) :s6Jma~ cooT

:seTcTByro~ero llOJJIOC8 ceKyJIRpHOrO yp8BHeHH!i (4) ,ll8HO H8 pHc.I-3 1 

KopeH:& olipe.nenHeTcn Ha ypaBHeHHH · JJ ~ :) :: o ·. 
\ t . 

Ha puc. I J npHBe.neHa HJIJIIOCTpauHH .nJiH CJIY'tl8H a). Cpa:s-

H.eHHe ·-liOK83l:ill8eT, 'tlTO B 3TOI4 CJiy'tlae ·TO'tlHOe peweHI~e·-tl'-" OT-:

JIHI!aeTca· OT llpi-IC5JIHlKeHHOrO ~ ap He3H81ilfTeJI'bHO, TOJI:&KO H8 

5 · 10"'"3 MaB •· EoJI:&mo!l HHTepec npe.ncTaBJIHeT cpaBHeHHe 'KoMno

HeHT BOJIHOBO!t ·lf}yHKUKW ,llJ!li TO'tlHOro H npa6Jil-!lleHHOr'O pemeHHlle' 

B Ta6JI.Ia) AJIR·aToro·xe cnyqaH·a) npHBe.neau rJiaBHHe xowno

HeHTbl TO'tlHolt H rrpH6JJH:ateHHoll BOJIHOlllliX· lf}yHKUirlll, l'la · T a ~JIHUbl 

BHitHO, ''tlTO BCe KOt.lllOHeHTbl BOJIHOBOll !lJYHKUHH; npeBHili81lutHe no . 

a6coJIIOTHott BimH'tlHHe O,I%, 'MH npH6JIHll!eHHoro pemeifHH 6JIH3KH 

K T8KOBHt.!:MH TO'IHOrti pemeHHH. 

Ha 'pHc. 2-· npoBO.llHTCR cpaBHeHHe :no~e.neHHH · .T(f) · · ~R 

TOllHciro lf npa6JIIIJJEeHHOrO peweHHII ypaBHeHHli (4 ): B' CJiy'tlae B). 

B aTOll cJiy'tlae · 77' OTJIIII'tlaeTCR OT. ~z.ex ·aa I0-3 MaB~ l'la 

COOTBeTCTByro~etf 3TOMY· p!r!CYHKY T86JI. !B) Blll;llH·o, 'tlTO B 3TOil 

18 

Ta6JIIIIU8 I. 
CpaBHeHHe·xoMnoHeHT BOJIHOBolt WYH~HIIl ~H-TO'IHoro 111 nplll6JIH
:ateHHoro ~pemeHIIlla 

K 0 M ll 0 H e H T H Tot~Hoe pemenite,%. ·· Ilpu6JI.pemeHIIle,% 

8) KopeH:&E6JIH3H O.llHOKB8311JqacTH'IHOrO llOJIIOCa• 

63!# 
631 t + a,(2o) 
620' + 11, (20) 
770' + 11,(30) 
63Il + Cl,(22) 
631 f + Q1{20) +' 11

1 
{20) 

6201. + 11~20) + G, (20) 
631 f + tlr{20) + Q1(22). 

81,9 
15,6 
0,50 
0,12 
O;II 
1,48 
0,!1 
0,03 

82,5 
!5,3 

0,32 
0,10 
0,14 
1,41 
O,IO 
0,03 

:s) Ko pea:& B6JIHaH noJIJOca- K.BaaH'tlac Tuua nnroc _ lf}oHoH 

631 I 17,3 
631 I + fJ., {20) 59,4, 
631' + a, (22) · · 2,o5 
633t + a, {22) o,42 
7521 + a,{32) 0,36 
6201 + a,(2o} o,r4 
63It + ll,(20) + Q~{20) !9,5 

620 f + a, (20) + a4 {20) 0,52 

c) KopeH:& :s6JIH3H noJiroca-x:saaH'tlacTHUa 

631 I· 
6331 + 
622J + 
7521 + 
6331 + 
63! t + 
6221 + 
734 f + 
770 I+ 

[l I (22) 
G,{22) 
a, (22) + apo> 
a, (20) -+ u,(22) 
a,(22} + a~22) 
a,(20) + Q.(22) 
a,(22) + 11,(32) 
Q,(20) + f\(30} 
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17_,0 
60,7 

-~ 0,64 

0,30 
0,10 
0,15 

!9,9 
0,54 

llJIIOC ,llB8 l.l)OHOH8 

l·I0-3 2·!0-4 
?,04 
3·10-4 

72,6 
13,3 

. 5;!. 
1,5 
0,16 
O,I. 

6,9 
0,0! 
71,8 
12,6 
.6,6 
1,8 
0,12 
O,II 

• 



~ 

o,z 
J{i) 

. 0,1 

0 
0,65 0,7 ~ 

-0,1 

-0,2 

Puc. I. IIoBe~eHHe {PylUtnmi Jf?) B6JIH3H ROpHR: Jfp)=tJ ,nJJ!! 

TOtrnoro pemeHmr ypaBHemm ( 4) lil_ ina: npuelmeHHoro 
pemeHM BelJIHsH o~HORBasHqaCT~oro no~ca 631~, 
np:a6.Jn.ulteHHoe ypa.BHeHRe B B~e (24) • . .. 

06osHa'!eHM: CITJIOmHaJi JIHHHSI - TO'!HaJi qJyHRUWI J 

iiJTpHXOBaJi JIHHM - npHClJIHllteHHrui ~ • 
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~ 

J"(i) 

3 

·2 

\ 

' I 
\ 
\ 
\ ' 
\ 

\ 
\ 

\ 

I I I 
0 J,J 1,35 

t. I .~..........., 

-f 

-2 

-J 

-f 

-s~~~------~------------------~ 

Pnc. 2. IIoBe.I{eHHe qJymmHH J{f) B6JIH3H ROpHR: .Jif.):tJJJ)IR 
Totrnoro pemeHmr ypaBHeHM · ( 4) H .lt1IIi npR6JIWI:emwro 
pemeHHH, COOTBeTCTB~ero ~aMeHTanbHOMY ITOJIDCy
_RBaSHtlaCTRna IIJIIlC tlx>HOH c(t3LI)..-w21J.l , npH6JmllteHHoe 
YJlaBHeHHe B ~e (26). 

· 06osHa'!emm Te xe~ 'ITO n Ha puc. I. 

21 



/ 

4,.:::: 

cny~ae cTpyKT,Ypa B0.7IHOB0!1 WYHKUHH, nony~eHHaH npn6nnxeHHUK 

MeT0):\011 1 HennOXO COBll3):13BT CO CTpyKT,Ypotl,' non~eHHOtl TO~HO. 

SaueTHM, ~To CTPYKTypa :BonHOBOlt WYHKUHH .nnH aToro KOPHH 

ypaBHBHHH {4) ):IOB0.7lbHO C.7IOXH8,H 3TO COCTOHHHe H8.7Ib3H C~H

T3Tb 6.7IH3KHM K COCTOHHHil KB33H~3CTHU8 + !lJOHOH. 

floBe):leHne 4JYHKUHH T ( i) .nnH cnyllaH c) ):laHo aa ' pnc~ 3., 

npnlleM aa BCTaBKe noKaaaao noBe]:leHHe Tf ~) B OKpecTHOCTH 

KOpHH CeKynHpHOrO ypaBHBHHH {uacmTa6 no .OCH a6CUHCC paCTH-
. . 

HyT B IOO pas). Bn):IHO, ~To B aToM cnyllae BB.71HliHHa KOPHH 

ypaBHBHHH { 4) 1 nonylleHH3~ npH6.7IHXeHHilll MeTO):IOII, 6.7IM~Ka K 
. . 

TOliHOMY 3H3liBHili0.-0,nuaKO LIOliOlO 381.1aTMTb 1 liTO npOH3BO):IH3~ 

T '( ~) B TO~Ke, r):le 7 (i) = o , aiJaliHTenbHO paannllaeTCH 

):11JlJ TOliHOro H npn6nHJKeHHOro pemeHH!1. nocK0.7lbKY. ( C_/) 2-{T'r'lj:' 
TO 3TO p83.7II!l1He CH1!bHO CK33UB8BTC!J'Ha BB.71HliHHe O):IHOKB83H

~8CTHliH0!1 KOMITOHBHTU C.Pi B0.7IHOB01t !f!YHKUMH {2)~ B Ta6n.Ic) 

cpaBHHBSJOTCH rnaBHue KounoneHT!l B0.7IHOB01t !})yHKUHH, nonyqea

uue ):lnH ):13HHOrO pemeHHlJ TOliHUM H npH6JIHZBHHblll MBTO):IOY. Ha 

T86.7IHU~ !c) BI!):IHO, 'iTO npH6.JineHHOe 3H3liBHHB (C;)z B.5 pas 
MBHbme TOliHOrO. Cne.nyeT OT!IeTHTb 1 liTO B cny~ae c) rnaBHble 

KOUITOHeHTbl BOJIHOBOI\ !})yHKUHH, H31t):leHH!lB npM6.7IHXBHH!lll ·r~eT0-

):10!.11 6RH3KH K KOIIITOHBHTaU, nony~eHHWl TOliHW KBTOAOII. B 

npn6nHEBHHOM pemeHHH M3.7Ible KOIIflOHBH7ll B0.7IHOBOft ~YHKUHH {B 
: ~~ . -. 

TOM ~HC.716 c; ) onpe,ne.71HilTPH C 118.7101\ TO~HOCTbllo 3TO 06~ 

HCH!IeTCH Teu; ~To Koa!MJHUHBHThl 4~•· MH f 1' I·~ j. onpe;zte~ 
.7In!OTCH !})Oplly)IOI\ {10)'~ T. e • 6e3 yqeTa H~KorepeHTHNX. tine HOB. 

no"aTOioly. C .~SHb~en ,TO~HOCUD onpe;ztenilllTC·~ H3. y~aBHBHMH {6) 

KOS!lJ!I>UUHBHT!l ~~/•i (.nnHjlf•l-f:,j;f.j~·f.iD. • }~Jl~H TO-

22 

\. 

' 

3 ~~----------,----, 
T(2) 

2 

lf?J I Tl 
I ' 

: I 
a l2,s I 2:ss ' k·f I I' ~ !}Ill 2JQI1 I Z,U!/ 

-I 

-2 

- 3 

f 

I 
I 
) 

~.·-- .·~t·l II :-----
.1 ---1· l-

Lfj 

! I 
-I I ' 

! I 
' 

-2 

' \ . 
-J .lJ 

PRe. 3. IIoBe~eHHe WHKUHH Jl?J B6nHaH KOpHH Jrr,)--tJJI,JIR 
. TO"ll!Oro pemeHHJI ypaBHeHHJI ( 4) H li,JIR npH6JIHllteHHOro 

pemeHHJI, COOTBeTCTBYJllllero lfurH;:ta.MeHTaJlbliOMJ ITOJIDCy
KB33~aC.Ttma IIJilOC ~Ba <.f!oHOHa c(l5Lf}+w,zu +l-VJl'./, 

npH6JlllllteHHOe ypaBHeHHe B B~e (22) • 
06oana~eHM re xe, liTO H Ha pHc. I. 
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ro, qT06U HaUTH Manue KOMIIOHeHTN BOnHOBOn ~yHKUHH C 6on:o

men TOqHOCTbJO, BH]\11MO, B ilpH6nHXeHHOll. pemeHHli He06XOI\lWO . 

HeKOTOpUe KOSif?t~HUHeHTH ~t Mll j t f" 1 j. BuqHCnliTb TaK

JKe no ~OpMynaM THna {2I} •. 

. _ B Ta6Jiuue 2 npoBe;zteHo cpaBHeHHe pesyn:oT~TOB npHC5nHJteH-. . 
HHX H TOqHUX pacqeTOB eme 1\BYX KOpHetl;ypaBHeHHll (4). B · 

nepBOM npHMepe IIpHC5nHllteHHOe pemeHHe ypaBHeHHll ( 4) .COOT;BeT

CTByeT ~yH;ztaMeHTan:oHOMY IIOnJOCY £(5J31}·. ~CtJ + w BO · . Jo; SZ( l 

BTOpOM npHMepe - nonJOcy E ( 6.3 1 1) ..-cii~;., .,.u.J2c 1 ·_, · . KaK H 

B. paHee paCCMOTpeHHUX npmLepax, IIOJ!OlltElHUe KOpHll H rnaBHUe 

KOMnOHeHTN BOnHOBOM ~yHKUHl1 onpel\enliJOTCll npH6JIUJKeHHNM MeTO~ 

]\OM C ;ztOCT3TOqHOM TOqHOCT:OJO ;ztallte B TOJ:' cnyqae, KOr;zta COC-' 

TOHHHe oqeH:O cnOJKHOe no CTpyKType,a B ero BOJIHOBOit ~yHKUHH 

HeT 01\HOti BH;zteJieHHOti KOMliOHeHTil. OJiHa!{_O · 113 BTOporo IIpHMepa 

Blll\HO, qTO ypaBHeHUll Mll JJf/ 'co ::maqeHHllllH /• = ltJI, .. 

~~:20/ H f:Azol 'u j,:=z2/ ,·coOTB6TCTBYIOU\H6CO-' 

ce;ztHHM WYH:ztaMeHTan:oHHM nonJOcaM E ( 6 2z I)+ Wz01 + w~H. 

a E ( 6 3 I 1) + w,
0

,_ + w
101 

, 1\0JiltHbl C5uT:O pemeHH COBMeCTHO. 

5. 3 a K n 10 q e H H e 

0CHOBHbiM pesyn:oTaTOM HBnlleTCll nonyqeHH6 1\0CTaTOqHO 

xopomero npH6JIHlteHHOrO pemeHHll CH~TeMU ypaBHeHHH (5) H H8-

XOl!!]\eHI-!e CeKYJillpHoro ypaBHeHHll ( 4) B flBHOM BH;zte • fipHC5nHJteH

Hbl6 CeKyJillpHb16 ypaBHeHHll (22) t (24) _H (26') OTJIHqaJOTCll ;ztpyr 

OT ;ztpyra IIOJIJOCHNMH qJieHaMH. 3Tl1 yp8BHeHHll He CO;zteplt8T JIHUI-
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.. 
Ta6nHua 2. 

CpaBHeHHe KOMIIOHeHT BOJIHOBOH ~YHKUHH AJiff TOqHoro 

H npH6nHJKeaaoro pemeHHtl 

KounoHeHTbl Bonao
BOI! ~yHKUHH 

a) Kopea:o ypaBHeHHH 

63! + 
752~ + a1(32) 
6201 + a, (20) 
7701 + a, (30) 
6331 + a, ·(30)+ a,(32) 
752 i + a,(20)+ a,(3Z) 
7521 + a,(22)+ a,(3o) 
7701 + a,(20)+ a,(30) 
6221 + a,(30)+ ap2) 
6331 + a, (20)+ a,(22) 

· 6221 + a, (20)+ a,(22) 

Toqaoe 
pemeHHe 

(4) c aaepruen 

'!"= 2,5258 il:m 

I,3·I0-3 

0,3 
0,27 
0,006 
86,0 
II,76 
0,2! . 
0,036 
0,005 
0,82 
0,3! 

B) KopeH:o ypaBHeHHff (4) c aHepraen 

f" = 2,683 Has 

63!1 0,4 
63! 1 + a, (20) 9,! 
6201 + a, (20) !,3 
6221 + a,(22) 2,2 
622! + a,{20)+ a,(22) 33,6 
63I 1 + a, (20)+ a, (20) 40,7 
63Il + a,(2o)+ a,(22) 9,9 
7701 + a,(20)+ a,(3o) 0,2 
752+. + a,(22)+ · n,(30) I,O 

_6201· + a,(20)+ a,c2o) 0,6 
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fipl16JIHJKeHHOe 
.pemeaue 

. fop= 2,5262 ilaB 

. -6 
7,6·!0 
0,32 
ro-6 

0,005 
86,3 
II, 72 . 

!,6 
0,025 
0,005 
ro-6 
4 I0-6 

-~""' = 2,66! Has 

0,38' 
9,3 
O,I 
3.!0-6 
46,4 
39,4 
2,2 
!,5 
m"""3 
0,3 
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HHX pemeHIIIt. PaapaC5oTaH a!MJeKTHBH!llt MeTo;ll tn;cJieHHoro peme

HIIR CeKy~HpH!lX ypBBH6HIIlt. 

B peay~bTaTe HCllO~b30BaHHH ¢opMy~ (17) H (18) Ha~eHO 

npucinu:a:eaaoe ceKy~apaoe ypaBHei!He,He co,~J;ep:ml!lee ~HmHHX pemeHHR 

,ll;~a C5o~ee ~~o:a:Horo c~yqaa,Kor.n;a BO~HoBaa ¢yHKI{H_a (2) iono~HeHa 
cnaraeumm: KBaauqacTHI{a nnDc TPH rpoaoaa. OcoC5eaaocTH peme-

nun 3TOro llpHC5JIHJK6HHOrO C{lKyJIRpHoro ypBBH6HHR C5y]J.yT OC5Cy:a:-

;lleH!l noa,ll;Hee. 

CpaBHeHHe Toqaoro H npM6JiltiJKeHHoro pemeHHl't B cnyqae ae-· 

C50JI:bWOro C5B31WB UOKaaaJIO, qTO llpHC51!Hll:eHH!le pemeHHR RBJIHJOTCR. 

,ll;OCTBTOqHo xopomHMII. rnaBH!le KOMllOHeHT!l npuC5nu:a:eHHOro .11 Toq-
",, - ., 

HOrO pemeHHit 61!H3Kltl ;llpyr K .n;pyry. !103TOMY ·;llBHH!ll't npH6JIH:a:eH-

Hhllt M6TO,ll; MOlleT 6b1T:b li!CllOJi:b30BBH ;llJIR lil3yqeHHff !flparUeHTBUHH 

O,ll;HOt{BCTI!t{HOrO, TpexqacTHqHoro .11 llffTii!t{BCTHt{HOrO COCTORHHit 

no M"!Orllu fl.ztepHhiM ypoBHml. ·HaqaTo lilayqeaue CTPYKTypu aepo

TBUHOHHUX COCT~HH11tl npOM6JKyT0t{HOlt 3HeprHH B036yxAeHHff B 
aeqeTHhiX .n;eiJJ9pMHPOBBHHUX R.ztpax B.06JIBCTffX pe,ll;K036116Jll>HUX 

3JI6M6HTOB'H BKTIIHH,ZlOB. 

}lccne.zto:BaHIIR no11aaanll, qTo npu6nHllteHHHtl MeTo)t .n;aeT 

nnoxoe onucaa11e_ ot~eHb Manux KOMnoaeHT BOJIHOBUX rlJYHKUHit.ITno-. . . . ' ...... z 
XO OllHCUBBIOTCR MBJI!le O,ll;HOKBB31!t{8CTii!qHUe KOMllOH6HT!l (Cf). 

!103TOMy C nOMO~l>ll npHC51!HmBHHOrO MeTO;llB MOKHO HayqHT:b OCHOB

HUe 38KOHOM6pHOCTH rlJparMeHTBU11H O;ll!IOt{BCTI!qHUX ·.COCT~RHidl .no 

R,ll;epHUM ypOBHRMi HO H6JI:b3R OllHCBT:b a~eKT!l, CBR38HHUe C 

OT.Ie~:b 148~.11 ~OMll~HeHTallU (l;_'·)~, T.e.~ HeJI1>3R, a'anpi-ru_ep~. 
, llOJiyqHT:b OllHCBHHe llOBe.n;eHHR CH1!0BUX :f/yHKUHl't Mff S - H p -
. HeltTpOHOB B aaBHCI!llocrn oT A • B/5/ oTMeqeao, T.ITO npe;ll-
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.CTBBJIReT IIHTepec l!ayqeHim noBe.n;eHHR cunoBolt WYHKUHiil OT aaep-
"'\ ·. . . 

rHn B036yl!t.lteHUH ,· nyTeM coqeTBHiiR ,ll;BHHUX no_ (dp J..peBKUIIH C 
-~ . . ---· - . 

. t ; 0 H f = '· ycpe.n;HeHHhiX no pa.n;y yponaen, c CliJIOBhiMH rp'y!IK-
. . 

Uli!RMH .IUIR s - u· p -·ael:tTpoaoB. B: paMKax .llBHHoro npue5nu-

xeuaoro ueTo;lla MOlltHO uayqnTl> pacnpe,lleneaue·cuJihl O;llHOKBB3ltl-. 
t{8CTHqHUX,KOMllOH6HT·B TeX npe.n;eJIBX, nOKB el!le 3TH.KOMnOHeH-

Thl He'oqeH:b MBJihl. 

. B .aaKnrot~eHltle 6naro.n;apl!l.1 H_.H.Eoronio6oBa aa oqea:b nones

Hue o6cyJK.n;€1!llm. 
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