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: I. BBe,n;emrn. 

i ~ :~, ,: "'," :·_,f'.a' 

0;I(Hffi4 113 B8JKHHX pe3yJII,T8TOB B TeOpI1~ MIO?HHOI'O R8T8JII138 .f!BJI.ff-
·. •·,. 

--·~ ''. .\, :._ '.• '/' ',. < .. ·:- ·: ~\··1_· t, ·:- '•. ·-. ,. ,·_,. • ;:. ·;.· \.\. :· •. -..,, ... \ ·. •· ., ;_ ~-. '. '.:,: \.°;i, 

eTC.ff q[1CJI0HHOe rrpe,ll;CR838HI10 cymecTBOBaHI1.ff CJI800CB.ff38HHOI'O COCTO.ffHI1.ff 

MesoMo~eeyJil,l d, t;<- . 8To · npe,ll;CRasaH11e · rrpe,n;wecTBOBa.iro a~a6aT11qec~PIM · 

pactJ:eTaM ypoBHeH :mepnm M030MOJieKyJI/I/ I'I 6HJIO OCHOBaHO Ha pa3Bl'ITO~. 

paHee BWII1CJII1T0JII,HOH cxeMe_ pactJ:eTa xapaRTepI1CTI1R _CB.ff~aHHHX I1 RBa~I1-

CT8Ul'IOHapm,1X COCTO.ffHI1H TpextJ:aCTl'ItJ:HLIX CPICTeM/
2/ • 

. B ,ll;aHHOi1 pac5oTe MH BOCilpOPI3BOMM He ony6Jrn.RoBamnie ,ll;O CIDC nop' 

pesyJII,TaTH, IlOJIYtJ:0HHHe -~ 1975 ro,ny, CB.ff3HB8.ff ix'c HOBOfi TpaRTOBROH, 

3@ieKTPIBHOI'O ,ll;By:icypOBH0BOI'O 8,ll;Piac5aTI1tJ:0CROI'O rrp0'.c5JII1]!t0HI1.ff B reoMeTpI1-

tJ:~C~l'IX ·Te.l)MI1H8X paCCJI00HHHX I'I1JII,(lepTOBHX IIPOCTpaHCTB/3- 5/_. 8TO Oc5-

CTO.ffT0Jll,CTBO ,ll;aeT B03MOJKHOCTI, BH.ffBPITI, I1CTOtJ:1II'IR pa3JI[1q[1.ff Me,K,Dy Bap11-

• a:o;I'IOHHHMI'I H a;rma6a;I1tJ:ecRI1MI1 pac'9:eTaMal6/ PI c~rJiaco~aTI, HX'. . , 1 • ' 

B 9ql!?0RTI1BHOM_8,ll;I1a6aTHqecROM rro.n;xo~e 88,ll;atJ:a pacce.ffHI1.ff C 38RPH-. 
'l",, •;: 1 . ,, :, • •. ' .. ·:l:• 0 ,.:•::,•;~\, I';• ·i·.,. :,•" •,;_:, ,,'_"',:_'·•' :·: ,.••, _,./,-_.-,'.;:•·,,~<:<· -1-' 

THMII R8H8JI8MI'I Oill'ICHBaeTCH CI1CT0M011 pa,ll;I18JII,HHX ypaBtieHHtt Illpe,ll;HHI'epa 

Ha _rr~pc11,. 0~ ff,1 00 . 
. . . . 

[ ~;1ji{1<)J;: ~il'f'(zO<tt}-1~.,; V(1t.Hi) ,- '(,~ }J<R,f) ~a.er.; .. · 
3,ll;ec1,}2=·21Uc - MaTp11n;a ·HMIIYJII,boB, Q(R,M) 11 Y.(R}M)~·HoBile. 

8,ll;I18 6a T0'.tJ:e cirn e IlOT0lIIJ,0'.8Jrn t ~ M = Jl,( / M :_ Mf:l'tPm:ia • non pa :SOR,· . YtJ:I'IT~~a

IOll18.ff pa3JII1tJ:He Me,K,Dy .ffR00HeBCKI1MI1 JU . I1 amta6aTPitJ:0CR!lii M 'MaccaMH 

B_ R8'"'1(0M BX~,ll;Ho~'i BLIXO)UIOM itaHaJie pea~I1~, a, i, ~ t, d,, f 

(af');. + B ~ 'a, :./(Aj-1)
8

° , 

@btCiH;~i.''iit1i·,1il 1mcnrryv 1 · 
fl!~!l§i:!ii .: !:lCC' .'Tf.1'0B7WG0 ' 

6WS/Jt,10TEKA _,_._,,,. ............... ,_. 

(2) 

\ 



. f( ( f?.) - acfxlleKTIIBHa.lI Mace a, saBHCffil\a.lI OT paccT~.lIHl1.lI. R , Y,JJ;OBJI8TBO-

pmomaH acIIMIITOTl1qecKOMY COOTHOill8Hl1ID I 

~ M ·j-t-f{R) /R_o0->- j/ (3) 

~pMUIJOBaHl18 3rf$3KTIIBHOH MaCCH 

U0:aJIOB Q (R,, M) 1'l V(R, fvf) 
j,l{R) 11 HOBWC 3(@8KTl1BHL!X IlOT8H-

,f . ., -1 . ,., . _,,, 

/4- {~) = 1/ +_(2H)L!.f{{~) ~ Q(t<,,M)= Q(!!)+{2M)A Q(~). 

~ -1 
Y(R_,M)== V(K,t1) + (2"1) LJY{R). 

(4) 

110_3BOJIHeT yqecTI. a;rmaelaT0:qecK11e nonpaBKH O (2M)-2...:. o. or K cTaH,JJ;apTHOMY 

. ,n;Byxy pOBH8BOMY Ilpl10JIWK8Hl1ID, Oilp8.I(8JI.lI8MOMY 11CXO.I(HhlMl1 8.I(llaela Tl1110CKl1MfI 

noTemijmJiaMn Q (R) II V(R, 11) c To~ocTI.IO 0(2M)-1---o.rl3/_. Ta-

KliM o6pasoM,.acixlJeKT0'.BHW1 a.I(IIa6aT0:qecK11ii IlO,I(XO.I( .naeT B03MOJ!tHOCTI, YM8HI,

ill0'.TI, norpeillHOCTI, oel~Horo. 8.I(1Ia6aT11qeczoro _Ilpli6JifIJ!t8Hl1.!I .I(O 0(2M)-3 ":' 

~ 0.00I, He YBeJI11q0:Ba~ q0:cJio N -ypaBHeH0'.H (I), peaJII>Ho cooTBeTCTBy-. . ·' ~ 

·romee q0'.CJIY Ha OTEpHTHX EaHaJIOB peaKUl10'. (2). 8Toro MOJ!tHO .I(OCTIIqI, paB-

JlliqHHM11 cnoco6aM0:. oi0:H ~s Hnx, TaE Ha3HBaeMhlfinpocTo:nrn.n:xo.n/7/, CB.lI

saH c saMeHoii acixlJeET0'.BHHX noTe!flUiaJioB (4) 0:cxo.I(HHM0: 0: BHIIOJIHeH11eM 

aC0'.MIITOT0'.qecKoro COOTHOlll8H0'..!I (3) Ha BCeH Il0JIYOC0'. o~. R < C>O _,,/ 
T.e. saMeHofi JI l R) ero aCIIMIITOTIIqecKIIM 3HaqeHII0M /!im .µ{/?)= $11 

/?~oo 

3. Il_E,me_xo.rt KB831ICT8 COC'l'O.lIH0'..fI d t J3 CB.fl38HHOe 

no CYTH .I(eJia IlOCJI8.I(H.ff.fIIIJOU8.IJYpa 0'.Cl10JII,30BaJiaCI, paHee 11PII aHa-· 

JI!Ise saB1Ic0:MocT1I aHepr0:0: E II rn0:p11HH r KBasncTaunoHapHoro coCTO.lIHll.!I 

I=:,,, ti:= 1 ) M830MOJI.8IeyJIH d:t_J-4. II M0~8JilipOB8Hll0'. 11epexo,I1;1(sTo-

ro COCTO.!IH0'..!I npn YB8Jiliq~HHll MaCCH MB COOTB8TCTBYromee CM38HHOe. 

·OcoeleHHOCTll 3TOH IlpOU8.IJYpH Ha IlpHMepe nepeXO.I(aKBa3llCT8U0'.0HapHOrO 

COCTO.fIHllJI M030MOJ18EYJIH cll;A C IlOJlHHM op60:TaJII,HHM MOM8HTOM :J . =2 

B CB~saHHoe ClHJin npe;n:cTaBJieHH B U~TnpyeMoii. Bwne paeloTe/2/ •. 
. . . 

B o6wmo~ aMa6aT0:qecKoM ~o.n:xo.ne MeSOMOJieEYJie d "tjf cooTBeTcT-

·ByeT suaqeuIIe 11p0:Be;n:eHHOfi M8CCH.Jmep M=I0.894 (B 8.I(!IH11U8X 11PliB8.I(8H-

2 

t> 
f 
j 

,( ~ 

} 

·1, 
I 

., 
),, 

Hofi MaccH MIOOHam~ =202.024-me ). M.ff aToil: MaccH M ClHJio nafi.neHo 

KB83llCT3UllOH8pH08 COCTO.lIHll8 C 3HeprIIeH C, =E=0,68 aB II illIIpIIHOM 

r=I0.87 aB. Ha 

qiyHKUflll _f ~4
) 

pnc.I II3o6paEeHH COOTB8TCTByromne paMaJII.HH8 BOJIHOBH8 
,1(-1) ' . . 

OTKPHTOro II J\2 saKpHTOro KaHaJIOB ynpyroro pacce.!IHU.!I 

(-tr)l1=f + c1 _,,. (tfl)n={ + d. (2a) 

Ha pIIc.2 ITOK838HO II3M8H8Hll8 aueprnu E II illIIPllHH r ITPII yBeJmqemrn: Mac-. 

CH M. Ilpll suaqeHllli MaCCH Iv!"' II. or no~aeTC.fI COCTO.fIHIIe C HYJI8BHMl1 

aHeprueH. c =0 II m!IpHnofi r=O. CooTBeTCTByromue pa;n;1IaJII,HHe CWHKUII1'l 

npe.ncTaBJieHH ua PIIC.3. Bn;n;uo, qTo qlYHKUH.lI 1 -OTKPHTOro KaHaJia 
r,/ (4) . . . ,/(") 

.A -1 3aTYxaeT 3HaqHT8JlI,HO Me,IJ;JieHHee, qeM qlYHKUI!.fI . .A 
2 

2-3aKpH-

TOro KaHaJI.a. Ilpn .I(8JIIiH8Hill8M YB8JIUqeH0'.ll MaCCH M (CM. pnc.2) . cl~ -
- cncTeMa nepexo;n;uT B. CB.fI3aHHoe cocTo.lIHHe, ypoBeHI> aneprirn:.YrJIYClJIB

eTC.lI H irpH 3HaqeHHH M=II.I2 11pno6peTaeT 11 CllMM8TPfiqffQ8 11 ,3Haqemrn 

aHeprnlI E=--0.68 ~B~. 0Tc~;n;a CJie,IJYeT, qTo np!I 6o;ee 8REYP8THOM ytJ:eTe 

Hea;n;t1a6aT1IqecKHX nonpaBOI\ C(ZM)-2 B COOTB8TCTB~I'I c ( 4) MOJKHO: 

OJ!tII.I(aTI> cymecTBOBaHII8 CJia6ocB.fI38HHOPO COCTO.lIHI'l.fI ( J ==- ,,f , 'if= 1 ) M8- . 

soMoJieKYJI.H c-lt_fl c. aHep;neii, 6JII'!3KOH R yKa~aHHo-ii. Ha' caMoM 'e'e Ba- ,, 

priaUIIOHHHe paC'l!8ThI ;n;aIOT 6Jm3K08 3Haqenne aHepr1'llI E=-0.66 aB 8 ' 'l!TO . 

OTBeqaeT 'B paCCMOTpeHHOM BHWe_ IlpOCTOM acixlJeKTIIBHOM a.I(IIa6aTIIqJcKOM 110.I(.:_ 

. xo;n;e Macce M=II.II. CooTB8TCTBYIOI1UI8 pa.I(IIaJI.I>HHe cf?YHKUIIII, aT~ro cJia6o

cB.fI3aHHoro cocTO.fIHII.fI npe;n:cTaBJieHH Ha pIIc.4, KoTophlfi ;n;eMoHcTpapyeT 
. ✓00 .... 

Tenepr, peaJIIiHOe }aTYX8HH8 qJYHKUIIH J, -1 .. Ha W()He 6HCTporo . 38TYXa-

HH.lI WYHKUIII'I Yi) ·, yquTHBaromeil 1!30TonaqecKIIH a@>eKT c¢,M)-I. ;IT.aHHHH 

pIICYHOK MOJKHo cpaBHHTI> c rpaqiI'!KoM He;n;aBHero Bapaaurrottnoro pacqeTa/9/. 

B OTJI.~IIe OT BapI'laUIIOHHOii qlYHK~I'I a;n;0:a6aTII'l!8CKa.fI HM88T npaBUJII,HOe 

aCHMITTOTIIqecRoe ITOBe;n;enrie npII · R- oo • BHIIOJI.H8HHH8 paC'l!8TH IlOK83H-
. . . 

. BaIDT, 'l!TO II3M8H8HH8 a;n;t1a6aT~eCKOH MaccH L1 M Ha ~ I% 3RBIIB8Jl8HTHO 

BKJI.roqeHuro ,_ IOOO a;n;t1a6aT1I'l!8CKIIX COCTO.fIHIDI/IO/, ITPIItJ:eM II3M8H8HHID . 

3H8prHII .d E Ha . ~ 3% OTBeqaeT II3M8H8H0'.8 M8CCl:l ,t::,. M Ha ~O.I%=0(2M)-3 

3 



4. IIorrpamrn B sgxlJeHTIIBHOM a,n:1Ia6aTIItJ:8CHOM rroµo,ue 

KaK II3B8CTHO, 06liI'IBJ:,IH a.n:11a6aT1ItI8CKIIH IIO,II;JCO,I( C KaIW}i:-JI1I60 Me.n:-

JI8HHOH rrepeMeHHoil: XE B CBO.Il:IIT ncxo.rmyro MHoroMepeyro sa,n:atzy K 

CIICTeMe 06.b!KHOB8HH1IX .TI:II(l):l18P8HIJ;II8JII,Hb!X ypaBH8HIIH ,Il,Jlff K0:3Q:xlJIIIJ;II8HTOB.f~ 
<"k )11 . - .• / • · { .f i. (X, f ~ , i. ==I' ••• ' JI ' ~ ;: 1, ... , JV O • 

[-(I®clx+ A(x)/:U(x)-p,. ]Y(x,p)=O C5) 

c IIH.IJY~poBaHHHM BeKTopHbiM iioJieM A(X): A~·(X)==<i.lolxlj>,IJ>E~. 
B .n:eiicTBlITemHocTII. TOJI:r,Ko rrepBble Hec1tom1w ypaBHeHIIfi i ==I~ ••• , N 0 , 

cooTBeTCTBYIOT J/0 -OTKPHTHM KaHaJiaM 'peam:i;mr (2), XOTJI B pactieTax 

- Heo6xo,n:IIMO lICIIOJII,30B8TI, cymecTB8HHO 60JIIilllee tJ:IICJIO ;paBH8HITT1 }/::$> Na ' 
.. H8IIl)llMep/II.I~/ HOBblli a.TI:lfa6aT1ItI8CKITT1 rro.n;x:o.n: IIl)IIBO.TI:IIT K :3qxp8KTIIBHOH 

cacTeMe ypaBHeHIIH . _ 
2 .- 2 

{- ( 1/©dx + A(x)) + m(x) ( '¥0<)- p )+ _ 
2. 

+ ( dx IA {X) + #1 ( X ))} ?p( x, 'f) = O 
(6) 

. v) 
/Jlr( ~ 

,WIJI .HOBHX K0:3~1IIJ;II8HTOB "f''-•()(, f) , i ==I, • ~., .;v;; . , CBJI3aHHHX C 

i;i:cxo.n:mrMl1 KaHoH~tJ:ecK11M rrpeo6pasoBaHlieM T= Tx : _ f -;,- ?jF / 3/ 

3aMeTHM, tITo cf,~ A(X') = -½ dx (tn, m-'(x)) 

HOBoro orrepaTopa CBJI3HOCTII A { X} cornacoBaHa c a<Ix~KTIIBHofi MeTplI-_., -

KOH m '(x) Ha 6ase B _,, 
m~:'r,x;· ~ ~ ... - 4 Z. A~·;{X )A,;i{X)(V:{x)-IJ;{x)\ 

u. 'd . . 'q - Q .. - : (/ ~(7) 
J*'-

Ilp1I~1Iammm MOM8HT COCTOIIT B TOM, l!TO rrpeMaraeMH:li rro.n;x:o.n: .n:aeT 

rrpaBl1JII,HYIO BepOJITHOCTH;yIO lIHTeprrpeTa~IO Bcex Ha6JIIO.I(aeMIDC B8JIIIl!lIH: KO- -

Ol).Il:IIH8TH, IIMJIYJIMa, s -M8Tl)IIIJ;H 11 T • .I(. Ero MOE:HO Cl)8BHIITI, C tI3B8CT

HHM npe,n:cTaBJieHIIeM <lX>JI.TI:lf-BOyTxyseHa MJl ypaBH8HIIJI .IlJipaKa BO BHeII!HeM 

IIOJie A(x/13/. Ilpe,n;cTaBJieHII8 ( 6), ( 7) .n:aeT IIP8BIIJII,H;yIO reoMeTplitieceyIO 

HHTeprrpeTa~ro s@)eKTIIBHHX ypaBHeHd (I) B TepMHHax paccJioeHHIDC rHJII,-
• - ~, -

6epTOBHX rrpocTpaHCTB ';ff ( ~. 9T,, B ) . · ·-
6 

~ ,:} 
:1,, 

! 
I 
)1 

f, 
( 

.):, 

\, 

,11 

I, 

ij 
i 

· B KatieCTBe rrpuMepa rrpoaHaJiusrrpyeM crrcTeMy ppff c eyJieBHM op...;. 

61ITaJII,Hh!M MOM8HTOM J =:O. Ha PlIC. 5 II 6 ll306paE:eHH· .n:uaroHaJII,HHe sqr-
1 · . -. 

qJeHTIIBHaJI Macca Yn ( X} II IIOT8HIJ;IIaJIH \l(X) 11 LJ (X) . B COOTB8TCTBIIII 

C o6osHatieHIIRMII ypaBH8HIIJI (I) s.n:ec:r, IIl)IIHJITH CJI8.I(yIOll11I8 rrepeo6oaHatieHII.!I 

X = F, _';L'rx)= ;i,,: {!~), ~., {x)= ~' (R..M ), v;.,(X)=Y(R,M). 
0TJIII'!II8 MeiK,n;y _fl (R) II npaBIIJII,Hh!M aCIIMIITOTIItieCR0'.M 3HatieHHeM 

jj'{oo) ~ { - {2!'f)~ 4/2, = 0.95- (8) 

cocTaBJIJieT ,...5% !a BceM IIHTepBaJie IISMeHeHIIJI R E B = JR! . 3qxpeKTIIB

HIDf. IIOTeHIJ;tiaJI ~ {l?>M) rny.6E:e HCXO,n:HDro 11 (R,M) Bcero. Ha ~ 0,05%, 

a B ocTaJI:r,HoM.rrpaKT1Itiecm1 coBIIa,n;aeT c HIIM. CooTBeTCTBYIOmee <Ha< =I) 

ypaBH8HIIe (I) .n:aeT 3Hepr1IIO CBJI3tI - C ==253~0 sB, COBrra.n:aI01I1YIO 

c peayJII,TaTaMII CT8H.n:aPTHOro .J./ >> Ha . "'.'a.n:rra6aTHtI8CKOrO npu6JIHE:8HIIJI 

THrra (5) co cTaH.n;apTHoil: 6a~on R '=· B. · / 3/_ MomHo om0:.n:aT:r,, tITO sa-

MeHa :3(1Xl)8K'.CIIBHO:li MaCCH M f< {R.) ee 8CIIMIITOTII'!8~1IM 3H8l!8HII8M _ 

M fl{r:,a-) = J/J , a sqxlieKTHBHoro rroTeHIJ;IIaJia "f.;1 0:cxonHHM "V;1 
T.e. TaK HasHBaeMHfi rrpocToil: rro.n;x:o,n; 

. Z I 

[i2- - tM{E.O{~i +V{R,M))+
0

p2 }.J (R,p)=O (Ia) 

o6ecrretitIT HeIJJioxoe eyJieBoe rrp1I6JIH~eH0:e .f nprr . 6 = 'f//gfll 
Jie:ifoTBIIT8Jll,HO, IIpOCTO:li IIO,II;lCOl( Mil l' ft' IIplIBO,I(IIT R :mepr1rn CBJI3H, · ,

- c ==252.5 sB/7/. 3TOT pesyJI:r,TaT JIYtIIlle, tieM B CTaH,n:apTHOM .n;BYX- , 
Y.PDBH8BDM rrpn6JIIIE:8Hll0'. 247.8 sB tI .n:ocTaTOtIHO 6JIII30K R 253.0 sB, rro-

JIY'l8HHOMY B 11IIOJIHOM11 .K>> .I(,=,{ a.n:0:aciaTlltJ:eCKOM pactieTe. 0,n:HaRo 

rrsBecTHo, tITO cetieHtIJI yrrpyroro pacce.HHHJI :J11 ==0.66·Io-21 cM2 npo:u;ec

capj<{fl)-t-f...,,./Jj-<{N-)+p npu 3HeprnlI CTOJIKHOBeHllJI E==0.04 sB 113M8HR

IOTCJI'Ha T.PH nopJI.I(Ka rrpu IISMeHeHRII icxo.n;Ho:li Maccu M==4.940 (B e.mmrr

:u;ax -e =-/; = ma. ;:, 1 ) B rrpe,n;eJiaX IO%. B tiaCTHOCTil, y.lKe B IIPOCTOM 

no.n;x:o,n;e c Macco:li M ~ JU Cl. ==5.203 yrrpyroe cetieHHe ~., paBHO 

35•10-210~/7/, l!TO ,n;ocTaTOtIHO 6JIH3KO R B~JIIltIHHe 4I·ro-21 c~, IIOJIY-

tieHHo:li B 11IIOJIHOM11 
( .Al>> Ya == .f ) a,n;rraciaTlitI8CROM pactieTe, C ytieTOM KIIHe-

MaTHtieCKOH cMSH itaHaJioB/II • 121. OTMe~HM, tITo ."rrOJIHHii" a.n;Ha6aTJitiecKHii 

·;1 
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Pac.5. 8qxlleRTl1BH8H Macca ft1rR) M63OMOJieRYJIH f' P/' ( .:T= 0) 

v-10-2 

0 

-1 
Vn 

-2 o'--. ----s~----10~-.......,R---~1s 

A,' 

Prrc. 6. ~:RTHBHHM • Y 0: a.n:0:a6aT0'.1Iecu0:i1 V • A ~OT8Hll;IlaJIH M83O~ 

MOJieeyJIH ffj-A- {:T== 0) 

8 

1•· 

I 
\ 

pac'IeT BRJllO'Ia8T "' 52 COCTOffiUiff .n;mrnpeTHOrO (.ll) 0'..., 300 COCTOffHf!H He

npepHBHoro (H) Cil8RTpOB sa,n:a'I0'. .n:~yx ll;8HTPOB. IfaBeCTHO, .'ITO -56% OT 

acm.mToTH'Iecrwro sHa'IeHHff I/2, ROTopoe .n:aeT npa:swro CYMM ToMaca:..PeH-. 

xe-I{yHa 

4 .. z 
i·ti 

0 0 -1 . . _-1/ ·. ' 
9 i r✓·.- ( E,~-:- ~-0) = ~ ,(; /r;;i! li><J / 2 I i)'iz (9 y 

' ' ' ' ' 

B np1rne.n:errny10 11mccy . (8), IlPlIXO,Il;HTCff Ha ,Il;OJllO .n:-COCTOffH0'.li H ~ 44% - Ha 

.n:OJllO H -COCTOffH[!li 38,Il;a'III .rr.nyx ll;8HTPOB. I{aR CJie.IzyeT 11'3 8ClfMIITOT0'.R 

MSTJ)I!'IHb!X 8.JI8M8HTOB .n;'..:.cner<Tpa, ac1rimTOTnlieCROe 3H8'I~mre ... o. 28 Ham,r

maeTCff c· TO'IHOCTI,IO .._ 7% n•prr Y'IeTe IIepBbDC 'I8THpex O60JIO'I8R ( 11 -=4) 

pas1,e.n;mre1rnoro aToMa. 0.n;HaRO OCTSTOH "- 0.22 H-cneRTpa H8Cl,lll{88TCff 

JIOr<aJr1,uo, T~e. neo6xo.n:m.me .'![1CJIO cocTommtl H-crrezTpa_ sa.n:atin ·,imyx 

J.:(6HTpOB pacTeT C POCTOM R. B COOTD.STCTBIH! C O'ISBI1,IJ;HI,IM COOTHOill8H[1eM 

I!.== k R , 'ITO Bt1.n;uo, Harrpmwep, na .. pnc.5. IIpn (l)HRct1poBaHHoM 'IHCJie. 6a- · 
<"'. . - ' ' ' . • 

3I1CHh!X rIJYHI<rmfr ~ .352 0'.X .I(OCTSTO'IHO ,JJ,)Iff H8Cl,lll{eH0'.ff rrpamma CYMM rnrra . ' ,. ~ . 
(9) B 06JiacT11· .n:eil:cTBU.!I s@leRTilBHoro rroTeHIJ;UaJia Y(R,M): 4 ~ R ~ 12 

~ R0 (01v1. ·puc.6), HO He.n;~cTaT~'IHo ,rr,JIJI Hacl,lll{emm B. acUMITTOTHtJ:ecr<oil. 

o6JiaCTU f? o <•Rm< R < = .. Terrep1, cTaHOBUTC.!I .!ICHHM CMHCJI rrpoIJ;e.n:ypH 
. . . 2. '~ 2. . ' . 2.. . ' . . ' ' ' 

rrepexo.n:a ·oT p I< p = f< (o0) P. , 1rnTopaH O6ecrre1I1rnaeT xopomee 

rrpt10JIHJK8H0'.e .n:mr s -MaTpUil,I:1 pacce.fIHU.!I H II03BOJI.ffeT 0'.3O8JKaTI, 38BUCl!MOC

T0'. 3@JeI<T0'.BHOH MSCCH ;U (R) n COOTB8TCTB6HHO 8@)6I<TIIBHOI'O, IIMIIYJIMaf, 

OT TotJ:mr cmuBm! R = Rm , D JIOIWJII,Ho IIOJIHOM a.n:ua6aTt11IecRoM oasuce •. 

Ilpu' cJiopi..mpmi1ni1rn rpa,HII'IHHX ycJioBufr .n:JI.!I cucTeMu # -a,;11a6aTn-

1IecR0:x ypaBHSH0'.H Ha l!HTepBaJie .0.:f. Rd= Rm B CTaH.n;~pTHOM a.n:1rn6aTl!'Ie

CROM " ' oas0:ce c rr0Mom1,10 HSBecTHHX ac~i,.1TITOT1U< B TOtJ:Re cmrrmm R= R.., 

,IT,JIJI HaJK.n;oro ·· i. =I; .N RanaJia BMecTo TO'IHHX sHa'!eii0::tr n0:dpa~t10Huo:tt 

J,< ( 00
) . '' Il POTSIJ;HOHHOii Mace '} ( 00) MO)KHO liCilOJI1,30B8TI, TaRJKe I1X 

rrpm'.)JIHJKeHHLie sHatJ:eHu.!I Ira rpaHIIIJ;e R,, ~ k~ R oc5JiacTI! .n;eiicTBIIH s@leK-
, ,., 

Tl!BHoro IIOT8HIJ;I1aJia ' T ., e / 3/ ' 

'-1 ·;. '. 
.LI .. :: C'. ()vt;,,2 
/"" ! t c} .. - ~ 'ii .. . 

0 

·o . )' JI .. . 
'M i 4t 2 ,g? > t/•il/iL:, 

· , '·· d =t-, · E, - E · J 
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,,-1 _ ,.., ( t1a2.. . 0 ) 4 < i,I f-+ tj ></Ip-Ii> 
1 · · - 0 + -1 /2 L-

'lt "<i O Mob · · E·-E· . d*'- ._ 'd' 
Tor.n;aHeo6xo,n;m.io yqeQTI, BKJI8,II; OT COOTB8TCTDYI0l!lero 3@)8KTHBHOro IIOTeH-

IJ;IIaJia A V{RJ M}Ha 1rnTepnaJie R0 < R.<ooc noMOll1I>IO Teopm:1 B03MYlll8Hllfi l'lJIII 

K8KOH-JIII60 UHOH IITepall;IIOHHO-Bapuan;l'lOHHOH npon;e,eypH, 06ecrreti:1rnaromen o,n;-

. HOCTOpomi0e~on;eHKl:l ,Il;Jl.lI S -MaTpl'llI,bI peaRn;u/
14/. Ha CaMOM ,n;eJie rro,n;cTa

HOBKa · npu6Jil!JKeHHWC 3H8'l:8HIIH 3(Wl8KTIIBHHX Mace B TOti:Ke cnmBim R =RM 

;CilOJ!I,30BaJI8CI, B pa6oT/II/, a B TO'l:Ke R= Ra<R,,, B pa6~T/
121. IIo

CJie,IJ;HIIH iHdop oKaSHBaeTCR npaKTl:l'l:ecKn 60Jiee y,n;o6HHM,rrocKoJII>KY nosBo~ 
, - r . , . . 

JIReT 1rn6eJKaTI, 38Bl'lCl:!MOCTlI OT TO'l:Kll CIIHIBKl:l Rm • KOTOpaR C,IJ;Bl!raeT-
. . ' ~2 

CR B cTopoey 6oJII>illllX R npu yMeHI>meHl:lll f';_ • Ilone;uemrn yrrpyroro 

C8'l:8Hl!R ff'{fl) + p~pj<(t-l)+f , BH'Il:!CJI8HH08 C Y'l:8TOM ll 6e3 yti:eTa 

. - · /12/ 
COOTB9TCTBYKJll9li s@)eRTHBHOil nonpaBKli A-:{ ( R J M) B pa6oTe • • 

·-- nosno.irieT y6e,Il;llTI>CR B TOM, -iiTo cnoficTBO JIORaJII,H:Ofi noJIHOTH a.n;Ha6aT11-. 
' • > • , ' ', 

'l:8CKOro 6asuca, KaR 'l:80Tll reoMeTpll'l:8CROll KOHCTPYKIJ;I!ll COOTB8TCTBYIOl!le-

ro rl!JII,6epTOBa pacc)lc:ie~IIR <If {JxJ ~ f3 ) , Heo6XO,TIJIMO Y'I~THB8TI, 

B npaKTII'IEiCRllX pacqeTaX npu ROH8'IHOM 'IIICJie COCTORHl:lll .Jf= .J/(/l0 ) • 

CBOliCTBO JIORaJII,HOK IIOJIHOTH COCTO.lllilili HenpepHB

Horo cneRTpa 38,Il;a'!II·,Il;BYX n;eHTpOB CJie,IzyeT Y'!IITHB8TI, II np11 pac'l:eTe 

. cJia6ocBR3aHHHX cocToRHnfi rro,n;o6HHX dd,µ · II di;< Me3oMOJI8KYJI, ,Il;Jl.lI 

KOTOpHX yrr..e npOCTOH no,n;xo,n; ,n;aeT H8ILJIOXIIe on;eHKII CBR31l 2 .• 3 sB II . 

0~58 sB COOT~eTCTBeHH/7/. 0TM8TIIM, 'ITO ,Il;Jl.lI T8KIIX COCTORHllli o6JiaCTI, 

,n;eHCTBllR 3@)eKTIIBHO~O IIOT8Hll;ll8J18 38 C'l8T BRJII0'!8Hl!R n;eHTpo6eJKHoro 

ITOTeHll;IIaJia yBeJil!'CJ:l!BaeTCR no cpaBH8HllIO C COCTORHll.ffMll C HYJI8BHM op61I

T8JII,HHM MOM8HTOM. B Ka'IeCTBe npm.iepa yKarr..eM B8Jl3'IIIHH cpe,n;HIIX pac-

. cToRHn~..{O M.a.e. B ~esoMOJie1cyJiax ddjl II d~ . IIosTOMY omrnaueyro 
. ' . 

BHme rrpon;e,eypy, Il03BOJIJIIOlllYIO YTO'!IDITI, 8CIIMITTOTII'l:8CKOe IlOBe)leHIIe sqxpeK-

TIIBHHX ITOTeHll;llaJIOB Y {R., M) Ha llHTepBaJie ~o < R < t>O, MOJKHO IICilOJII,30-

BaTI, ,JJ.JIR YTOtJ:HeHHJI a,n;11a6aTll'CJ:8CRIIX on;eHOR ypOBH9H 3Heprl!ll CJia6ocBR3aH-

HHX COCTOHHIIH dclr . II_ oft_;< · , BHITOJIH8HHHX B CTaH.n;apTHOM 6as1Ice 

np1I WllKCHPOBaHHOM 'll!CJie cocToRHirli. 

10 

,, 

AHaJIOfiI'!HOe YTBepi!Q:(emrn 6w10 CQjOIJMYJil:!POBaHO npll _cpaB

H0T8JII,HOM 8H8Jll13e BapnaIJ;IIOHHHX [I a,n;0a6aT11ti:eCKUX pacqeTOB B06sopel6/. 

HanoMmIM, ti:TO ;rr,JIH on;ernrn onm6oK perneHIDI sa.11ati:H c (!)nKcllpOBaHHOH 'mrcTe-
, · hW · ·. 

MOM sqx.peRTMBHHX noTeHn;aaJion B OpHrnHaJII,HOH pa6oTe 6h!JI BHilOJIHeH, MHO-

rorrapaMeTp11ti:ecm1fi aHaJms· Toti:uocTn perneirnR ucxo.n;Hofi sa.11ati:n. Tmc MR 

on;eHKU CXO.l\UMOCTll a;:ura6aTHtJ:eCKOro pa3JIOJK8Hl1R 6h!JI!-i npone,neHl,I cepmI 

pactieTOB npu paSJUI'CJ:HHX JI~ 884. HcnOJII,30BaJif!CI, 3KCTpanOJIJIIl;t11I no na;-

paMeTpaM .Jr--, oa , k,.,,;,. ➔ o II rro napaMeTpaM R,_x...,,&><J , A R➔ 0 

K(ttQ~ __,, ~ ' A k➔ 0 . 0.IIHSIW 3KCTpanoJIJmlIR 3Hepnm CJia6ocBR3aHHHX 

COCTOR:HUit doll" H °'3/'{ OT. s,,.,..,. =-(!, ~) rrpoBO,Il;[!JIBCI, rrptI 3Hati:eHUIDC 

Rm>>,R0 rpaHl11I,bI oOJiacTu ,nefrcTBllR 31¾XV8KTnBHoro noTeHn;naJia, r,n;e 

CBOMCTBO JIOIWJILHo:U IlOJIHOTbl CTaH.n;apTHOrO 6asuca npu m16paHHh!X 3Hati:e-

HHIDC s"1A,C ~ k R He BhIIIOJI!ffiJIQCI,. 3Hati:emrn s,,, .. )( BH611paJIOCI, l:!3 

ycJIOB[!R JIOK8JILHOli IIOJIHOTbI B o6JiaCTli 
1 

R 6:-
0

Ro ;n;efiCTBHR s@leKTHBHOro ,no.:.. 

TeHIJ;IIaJia V (R, M) /I5/: )J.JI~ Toro, ti:T06h! rpy6o on;eHl:!Tl> ,n;onymeHHYIO 

norpelllHOCTI, C IlOMOIItI,IO ll3JIOJKeHHOlil Bhllile CXeMbI YTO'CJ:H0Hl1R, .l\OCTaTO'IHO 

npl:!HRTI, BO BH[!Maime OTJI[!tme B sqx.peKTvIBHOM Macce ~ I% B OOJiaCTII 

Ro ~ R < oO. Tor.11a Mb! MOlKeM o~eH[!TI, C~OTBeTCTDYIOm11e norpelllHOCT[! 

-c (ddM)= 0.019 sB 11-c (JtM)=0.006 sB, Kt:JTopue cocTaBJIRIOT~I% OT no.:.. H / , ,t,f / , , . 

JIY'l0HHHX paHe/
10/. 3To 38MeqaH!-ie a'p'osterio:ri no,nTBeplK.Il~eT np11ne-

,neHHHe BHille on;eHKU TO'!HOCTU a,n;na6aTl:l'l0CKl1X "pacti:eTOB. 

5~ 3aKJIIOT.I9Hll8 

IIpe):(cTaBJieHHhtii Iio,n;xo,n o6o6maeT:pa3JIUti:HHe a,n;ua6aTuti:cicKne upe,n;

CTaBJieHM B sa.n;aqe Tpex TeJI. :a ero par.max HHTeprrpeT.11poBaHO np~.:.. 

CR83aHHe CYillSCTBOBaIDUI CJia6ocBJi3aHHOro. COCTORHfil! cttf-t-M930MOJI9KYJlli,, 

H . ycTpaHSHO pacx0Jii,ll;em1e M9,K,ey. B8pHrut,!OHHHMI1 ll 8,IUia6aTll-"' 

tJ:0CKl!M[! pacti:eTaMll. IlepcneRTl1BbI npl!MeHeHHR CBR3aHH_C pacti:eTaMII npon;ec

COB paccesmnR ll nepesapR;IUtu MesoaTOMOB Ha .II,Il;pax. usoTonon Bo,n;opo.11a. 

B cpaBHemm co cTaH,n;apTHHMl1 rpoM03.l\Kl1Mn MHoro1rnHaJII,HHMU a.11ua6aT11'l:e": 

CKUMII, pac'!eTaMn c .A-'.>> }lo .I(aJKe s<MieKTIIBHOe ,IJ;ByxypOBHenoe npu6JI1i-• 

JKeHl!e JI: #o =2 ua cTaH,n;apTHofi 6ase ., RE B Morr..eT o6ecrreti:UTJ:. TO'!HOCTI. 

pacti:eTOB ceqeHmi MesoaTOMHHX npo~eCCOB ~ IO%, BnoJIHe ,Il;OCTaTO'lHYIO \ 

,Il;Jl.lI onncannR s1rnrrep11MenTaJil>HHX .rmmmx. 

II 
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IlpocToe _3q:iq:ieKTHBHoe ap;I1a6aTIBiecKoe rrpep;cTaBJJeHHe 
B 3ap;aqe Tpex Ten u Mop;enupoBauue rrepexop;a 
' ' 
KBa3HCTa~uouapuoro COCTOHHHH 
B cna60CBH3aHHOe MR dtµ'-Me30MOneKyllbl 

IIpep;cTaBneu 3<pq:ieKTHBHbIH · a;::i;na6aTHtrecKHH rrop;xop; K 
auanH3Y TpexqacTHqHblX B3attMop;eiicTBHH, Il03BOll~IO~HH p;a
)Ke B rrp_OCTOM ABYXYPOBHesoM rrpu6nIPKeHHH OTpa3HTb BCe 
KaqecTBeHHble 0C06eHHOCTH, Me30aTOMHblX pe3oHaHCHbJX peaK-, ,' 
I.J;HH H rronyqHTb xoporne,e KOllHt!eCTBeHHoe cornacmi C pa:::i
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T~~ effective.adiabatic approach to analysis of 

three-particle inte.raction is presented; It gives 
possibility· to'. represent even in' a_ ·simple two-level, 
approximation all quality peculiarities ·of mesic ato:... 
mic resonance reactioris and to obtain good quantitati
ve agreement with different.cumbersome calculat{ons. 
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