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PeaKUUf! .:lByxcrynen1.:faT!IX nepe.Jal.J. 4aCTb - • Teopusr 

J.aH tj:op-.rilJlU3!1.1 npSI\IbrX peaKIHti! nepe.2a1.J o.u.Horo n nsyx HyKnoaoe 
C y'-!0TO\I 110;1B03Gy ,r,gemul KO.'WeKTHBHblX COCTOHf-IH.fl BO BXO£li{OM H. BbiXOilHOM 

K8H8Jl8X. nnH 3Toro H.COOJlb3yeTCH \teTOD ABOllHOrO 8llH868TH1.{eCKOPO ITpH-

6mOK9HHSlo BepoHTHOCTH no.cuwa6yJhA9HHft B KaHanax Bbi'iHCnsnoTeH B paMKBX 

nu6pauuoHHorl n poTaUHOHHOfi Moaenefi Hllpa. B peaynbTaTe ce1.:feHue peaKUHii: 

nepeA81.JH BLlra/KaeTCH 1.1epe3 H3B€CTHbl€ 8MITJ1HTY.Ilbl MeTOll8 HCK8}l\€HHbiX 

BOJlH, '-{TO IT03BOJ1HeT UCTIOJlb30B8Tb JlJlH p8C'l{E!TOB CT8H.Il8Pl'Hbl€ ITpOPp8MMbi 

C He6oJtbWOii HX \tO.'Ht:.G:H1K8UHeH, 

Pa6ora BbiiTOJlHeHa e Ila6oparopHH TeopeTH1.1eCK;Oil ¢tu:aHKH OHHH. 

Coo6weHae Q61.eAHHeaaor0 aaCTHTYT• •AepHJoll< accneJIOB&HHA. ~y6aa 1977 

vobesz .:. et al. P4 -10754 I 
I 

Two-ftep Transfer Reactions. Part I. Theory 

Direct reaction formalism is presented for the 
transfer of one and two nucleons taking into account 
underexcit~tion of collective states in entrance and exit 
channels. Tne double adiapatic approximation method is 
used. Probabilities of underexcitations in chanQels are 
determined in the framework of the vibrational and ro
tational nuclear models. As a result, a transfer reac
tion cro~s section is expressed via the DWBA known 
amplitudes, this gives the possibility to use in calcu
lations the slightly modified standart programs. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 

Communication of tne Joint Institute for Nuclear Research. Oubna 1977 

© 1977 ()6-.eciUNeNNWtl I'NCHI'a.)IH •c>ep!IWXI'CCAfU)088NUfl.llJI6NG 

I 

I. BBeJ19IDie 

llpRMHe ~epHHe peaKUHH THUS ~eiTpOHHOI'O CpHBS Ha qeTHOM 

~ A(a)p)!J SIBJISD1rCSI OltHHM HS npocmx cnoco6oB msyqeHHII cTpyR

TYPi O,ItHOqacTmqHHX COCTOJilml st,Itpa f3 , 0,ItHaRO eCJIH B ~pax .4 
H f3 Jiei'RO l!OS6y:I,IJ,B.I)TCSI ROJIJieKTHBHHe COCTO$IHHII KOJie6aT9JlbHOI'O 

HJlH BpamaTeJILHOI'O THna, TO o6sqHHI MeTO~ TeOpeTmqeCKOI'O aHanBsa 

TaRHX peaKQHI - MeTO~ HCK8&9HHHX BOJIH /I~ Tpe6yeT CBOel MO~~
RauBHo CyTb ee B Heo6XO~OCTH yqeTa RaHaJIOB BHPTY8JILHOI'O BOS6ya-

~eHHII lt0JlJl9KTHBHHX COCTOFIHHI R,Iq>a .A , Ha KOTOpHe MO&BT "ca-

~TLCSI" nepe~aBaeMHI Jl,'lij)y HyRJIOH, a TaRU aHMOI'HqHHX KaHMOB 

THna HyRJlOH + BOS6y-.neHHHI KOp ~pa /3 , IlpRMOI Cll0C06 TaROI'O 

yqeTa - pemeHHe COOTB9TCTBYEm&X ypaBHeHH! CBRSaHHWX KaHaJIOB /
2/, 

0,1UfaKO CJIOml:OCTb BGq.llJCJieHH! B paMKax TaKOI'O llO~O~a .1!1 9!'0 Tpy.n

HOCTH, CBRSaHHHe C ~.11J5.11JqecKol HHTepnpeTBUBel MeXaHHSMa npo~ecca, 

sacral!~ HHOI'~ o6pamaTLCR K OoJiee npocTYM npH6JIB&eHHHM cnocoOaM 

pemeHHR sa.naqm, 0~ ms HHX - reopHR ~yxcTyneaqarsx peax~KR/3/, 
B KOTOpOI npHOJIHEeHHO yqHTHBallTCSI BKJia,IijJ B aMnJIHTY.ItY CpHBa JIHmb 

o,!Uioro ROJIJieKTHBHoro cocToRHHII ~pa A H noCTpoeHHHx c ero yqacTH

eM COCTORHHI THlla qacTH~a + KOp R,Iq>a fJ , - H 9CTb npe,lOieT 

,II,!UIHOI Jll60TH, 3~ecb ,llaHii OCHOBHHe ~OJ»dYJlH TaROI'O llO~O,II.a, .IJ.oc

TOHHCTBO MeTO,II.a B TOM, qTo OR noqTH llOJlHOCTbD CBO~T aMllJIHTY.ItY 

peaKUHH K xopomo HsyqeHHol aMnJIHry~e B MeTo~e HCKa&eHHWX BOJIH 

(MHB). 3TO ~aeT BOSMOEHOCTb HCllOJlbSOBaTb B KOHKpeTHHX pacqeTax 

y&e HSB9CTHHe npOI'paMMii MHB .lUUI 3IJ.i C He60JlbmOI HX MO~~el. 

OllHCaHHe TaRO!'O cnoco6a MO~iplma!UIH HSBeCTHOI llpOI'paMMii .[j 1//UC!( 

H KOHKpeTHHe npHMepH pacqeTa ~aHH BO !!TOpol qac'l'H ,llaHHOI pa60'm, 
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2. AJm.u'!'l.Jl8 B Ce'leBBe llBJXC'l'lP8lA8TOf0 CJ!IB8 

AMn..lmTY.Jlli peaRQlDI A (a., t) B B pumax ue'l'O.JUi HcmaeBHHx BOJJR 

BMee'l' Blil,ll /I/ 
(-) (+) 

Tfi. = < 1ft IV I o/i ) . u> 
) I ,-(+l 1JF (-) 

rlle V - nO'l'eJ'IlUI,U nepexo,J;l, a '±' ~ H 1 J - :eo.moBHe ~ 
BX0,1lHOro Ill BHXOllHOrO K8BBJIOB • Kalr,ltaH B3 BBX Dpe,llC'l'8BJUt8'1'CII B Bll

,lle npozs:ee,lleBJIII lfJymaunJ omoclll'l'e.III>Boro llBBUHBII - JICKaaeHHol 

BOJIHH 1/J Ci) 111 ~ BlfYTpeHHero COCTOSUUIII H.JlPa, Y1f8C'l'BYJJilero 

B peaRQBll ¢(~) • Ilplll ytl8'1'8 D0,1lB036yz,ttemd B K8H8J18X JICKa&eHBaf[ 

BOJIH8. saBIIICIII'l' or KOJIJieKTBBHYX nepeMeHHHx ~ • B CJJY'I88 MSJIOCTII 

KOJIJI8KTJIIBHYX Dap8118'1'pOB 1' ('Z
1 
t) MO:IHO Dp8,1lC'1'8BB'l'l> B BB,lle o6H'I

HOro p83JIOQHJIIII B pii,Jl DO D8PQ1118Jll>HHII BOJIHSM ClQ)epiii'I8CKB-CIIIMII8'l'pB'I-
I\ 

uoro nomt c "38MopoaeHHYMB" yrJIOBHMB nepeMeHHYMB ~ 111 nepe.MeH-

HYMH BJIY'l'peHHero lll!IIIUHJIIII I 4/~ (:e CJJY'I88 cnm-op6B'raJil>Horo B38BMo

.JtelcTBBR: BOJIHOBH8 tliYJmQliiJJ Jll!JIIIIl'l'CII M8'1'pllll8MJI B DpOC'l'paHC'l'B8 CDJIH8 

HaJieTaDllel 'lac'l'IIQH) • Tor .Iii 

(+) ~'Jr [{ . I I I -y(: 1 = - ~La.Ma.Sq,tna-1 Ja..MCl+ma.)(L«Ma.'~"mtt-ma-~ma. I ')4 L m .. ma, K.. La, 
~~~ I 

L r,.: Mct-tM.._-m4 (2) 

M4~-mct)i Q.1L ... ":fc/K~t,to.,R .. c1+A(i,.JJ '(_~ (t.) YL4. ( .rc>.) /r" MAolA > , 
(

A • R ') 
A . ~~a.) tt.'dR 

npH'IeM ).LA.)a. (Ka1t.,., 1R,_(!-rt.(t4)))= e -~l._ {KaJ~a-,Ra.,). 

3nec:b :it... ":JA (Ka. /t. .... 
1 

RQ,..) - pi,D;IIaJI:bHaR: qacu IBpQB8Jil>HOI BOJIHH 

B ClQ)epnecKou normmm.ne pa.JV~yca Ra. J /IA MA t:i.A)- BOJJHOl!aR: WHK
uu Jl.lqla MBmeBB A co CDBHOM IA , ero npoeKQJ~el M A • llOUo..-

4 

HJIITeJlbHHM Ha60pOM KBaHTOBhiX 'IHC8JI X A, • 0CTaBJillf{ B flJopMyJie (2) 

TOJibKO 'IJI8HH rrepBOrO DOpH.ItKa DO KOJlJI8KTiifBHHM napaMeTpaM ~ Af 
( M-L,,)= [ ~.AM-Y~ ) lit pa3JJarM no noJIHOMY Ha6opy cocTOfiHRA R.npa 

ill'- I "/<-A , DOJIY'IaeM ,II.JI.II BOJIHOEOA qiyHKIUIH BXO.JtHoro RaHaJia BhlpaaeHHe 

Ill[+!- 4:r. ~- (·. l ·Lw 
't': ' - K--;;- L L.,_ /".(). \a- ma.l J,._ /I'll>- r rn:1) t 

L tn" lno. a La --· 
J~_CuMJ, \. 

r~ M~ o~.~l"-

( 1 
1 1) M -m) ( S 1 1 ' L,~M(J.-+ma.-rnc.. s,"'mr ..... ll. 0- a. IAHA-~AIIAMAd.A 

,l t'l 

C\, cir, + (3) 

d f'l. >f 1--(l t'IY.,,--,:; 

<I~M~d~! ~A/~/I;.MAcAA)R"a~ JL~1Jr.<r·t./t.)Yt)K,J 4.,.( iil.)/l><J~J 
AHaJiorHqHYm WDPMY HMeeT ~UHR :esxo.nHoro RaHaJia. lloncTaBJI.II.II 

BHpalleH:IH ,II.JI.II cWHRUHA RaH8JlOB B WOIJMYJIY (I) ;nJIR: aMDJIHTY.Dli, rrpe-

~A ~ 
He6pera.H 'IJI8HaMH BTOporo noplr.IU(8 c, , ~, 

1 
H IIOJib3Y.IICb TeopeMOA 

''I'- ')" IL 
BHrHepa-3RR8pTa B wopMe 

(Je. ~'-~s / ~ 1-f / J!+ MA) = <~B II tf!' II JA ) (J,q ~lA Aft /'1;; I~ g) 9 • 
A B 

r,ne ~ & ::: ~ 2. J S + 1 , IIOJIY'l88M BHpallteHHe 

<M~mg IT lfvlAma_>-= (In;)'- L~ (L.)\t .. set,mC{,IJ...,MG\.tn,"-) 
Kc. KQ. --· 

.'.t_la.Mct J~ LaMe ).. ( 4) 
I I I 1 I I 

IA MAc!A IgMe,d.g tL 
' I • La_ -l I! 

(La.Ne<.tfYl"'-rr. ... Sum"' I ~'t.M<t. +t))<t.)(Lr: Me$~. me I r:J1. /'·le 1 mt) 2 

I y Ma.* A v ~-~~* " f 3 L3 (L,Mg,_m,-meC.emgj'J~Mgtme) L (Ka.) 1L (l<e)~ dr." c 'Lt,• 
Q.. g '1: L.• 

' .2. '"' 

rJ I I I f 1 1 1 (\ (' f- 1 I I X 

l: IAMA"'-A,I~M~dA G IsM&as,Ist-Je.<iB O>.odt-o + OigHe,.A.e,Il\111'> -:/p, 
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4. 
I I ~A I M I) 1 V~" d (I I 

(lAJ.AjiS).fiJ,.cLA>(fAMAAf!II,. A ]; 1>, (tolaR~+ Dr11M11ri.,.;I~~ciAx 

<Tsctr,ll ~~ UI~d.18)(I~ M~Ap.IIsMa) f. Y! C~~~ ]l(J,r,L/K,/1e)?t) 
I a 

V,t4t +-~'~'( -t'r1g I I I I I I I I 

lu (1,g) J<IsMscJ.s,Sem&/VII4 MAc1.4,~""miV )x 
Ma. +ma, -m~ 

1"< L (~,C-a,,R..,) YL (t.,) . 
.J.., IL (L. 

3,JteCI> ~ - IIK00HaH npeo0p8.30Ba.HH.R X ltOOp,I{IIHaTIW 

"Z:. ~ H Z C • AwlJIHTY,Jta ( 4) CO,~tepDT B ce6e, UODXO 

o6H'IHOro o,ItHOC'rylleH'Ia'l'oro (np!Dio.ro) npouecca uepe,wi'llll• 'l'aRlle 

nyxc'rylleH'IaTwe npouecCH c nonoa~eHBeM JUep A 11 B l!O 

BXO.IlHOM II BHXO.IlHOM R8H~. 

Pas.nODM JUepHYI Ma'l'pii'IHHI a.neMeH'l' no IQ'.nl>'l'BUOJIIDI /I/, : 
I I I I ) 

1 1 , 1 1 1 1 1 ~ G{ A«~t,la oi.§. _ 
;}-<IsMsd..s, Sgme tV I I 11 MAd. A ,Stt.mtt-) = Ls.:lM ( 'ta.., 't,)~< 

'JM 

( 
1 I I I -I I)( I I / I 

IA MA 'J Ms-MA ll 8 Me. Su.mllJ Sg -me Is mcz.. -rnl) l( (5) 
I 

- L S£ - Pl g I 1 I 1 l (- f) ( L M S n'lo-- m t./ 'J M B - M A ) 

H, nepecEHSHEal! yr.noEHe MOMeH'l'H, no.ny'IBM ~ aun.nB'l'Y~ nepexo~ 

T: 
~ -;- • lmrngt'la. 

(M&rnr.ITI"-1~am.v)== L) ( IAMAJMB-MAIIsMs) 85 · (ki I:)<s> 
&j F 1 I • 

8.nec1> o6o6meBHHe npiiBe,IteBHHe aMJLDI'l'Y,IU:J }sj onpe,D;eJIIIIl'l'CJI: llilpaae

HHeM 

1\ le emmcma.. - - \(() I I I I 0 ) 
j Lj3s.· . (K&

1
1<a)==-L t.mSma-rn,jm-Wig+mQ.., }( 

J m:._mlm' ' 
. I 1 1 1 Sg -1'11g [ r d 3 cs~:~.ma-r.g-mgf~ma.-m,) (-1) j'eta- 'l~" 

6 

(-)If (T,Jft I Ir,·-J.p,) (+) 

1m~m, u:g Xe) GesJ ,..,· (i', I"(_) J'lll~ ll\t (Ku.; '2 ), ) t- Roo: 

(} 3 _, --to -.a_.< ......:._,. 
...., s l-)~ {1) (+-J 

~Ra d <-..._d. 'lt jml me (Kg' ?:.e) Fe,jm'('lt,""laJ Jm~m.Jt<o. .'Z._,) (7) 

) ( 1 1 V~(-Jif c- __. r(Z) ...., -+ (t-) -> J 
+R,~ Rg fh .. d 'tg ,)\m~m~ KLJ«) re~,) rr.' (t~:t,t) :!m~ma( KQ /La_) • 

r.ne 

F;:' (Yrr;,_,ift) =I_ <I:ct~~~~~ IIIAaA> ~ S c (--1lAt-Ir>.-:J~st e-.~ 
1 :t:~a.A~L>.. 4 

.l.-L{~!Ttl IAJ' {A~ j} (l:tt~,IRrii') 1'-* 
2 I>.; ,-vL L(LM>-~Iem)G (ie 1t) '( (i) (7a) 

A " > (. M ,._ Ls'J M 
1 

• >- a... 

F
(2) (~ _., ~< B A " I - ( 
l$jm "r,J.,'l() = L IsJ-Bii ~,\II I~ d~) I' I-ij.-:-'J" e"!_ t) A iLB t- -s· 

I I~'' ':t 0 ' 8 B . ' ,- " 
· 1\'-8 · Ll-

,(-L{~IIAJ~}{A"Jj}~( G(IA,;.A,l~o.~) r.* (76) 
l L\.LMAf<-lfm) (- -+)y (" 

_I&Aj _ se L Mr- L..,/N Ze,'l.a..- l>, 'Le). 

KaK BH.IlHO H3 (6), MaTpH'IHY~ 3JieMeHT aMll.ID'I'J'Y.Ilbl nepexo,na Elolpall!aeTCR 

11epea o6o6memwe npHEe.neHHYe aMll.JmTY.Ilbl TaKHM ae 06pa30M, 

KaK H E 06loi'IHOM MeTo.ne HCKaaeHHHX EORH. flCHO ll03TOMY, 'ITO ECe 

H3Mep~reMiole Ee.Jm'IHHH ( Ce'lemte, TIOJlllpH3a.QHII, acHMMeTpRR) Eloi'IHCJlll

llTCR no <lJopMYJiaM, aHa.JiorH'IHHM c.ny'laJO MMB. HanpHMep, .IlH®epeHQH

a.nbHoe Ce'!eHHe peaKUHH nepe.na'IH C HeTIOJlffpH30EaHHHMH ~aCTHUaMH 

.naeTCR ElolpaEeHHeM 

clo _ /iiLf-" B 
dQ. - (21ih2 )2. l<a 

~K \ 1 ~~ernm[lli.._ I 2. 
L;. ,?fl. L L s' • 

.; mint; flirt e !> • 'j 
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.!J.anee, H3 {7) BH,D;Ho, "'TO o6o6memllie np:aBe.JieHHHe aMllJIHTY.IUl Bblpalla

DTCR tfepe3 06bltfHble np:aBe.JieHHble aMITAHTY.IUl MHB H HX npoH3BO~e 

no ~CaM OITTHtfeCKHX ITOTeHQHaHOB. TaKHM o6pa30M, nporpaMMa 

pacqera ceqeHHA .!IBYXCT}TneHtfaTbiX npouecCOE MOKeT OCHOBbiEaTLCR 

Ha CYllleCTBYDmHX rrporpaMMaX MHB. 

B cnyqae OTCYTCTEHff CITHH-Op6HTanLHWX B3aHMO.!IeftCTBHH B KBHa

JiaX aMIUIHTY.Jia peaKIUtH ynpomaerca: 

n1,, (l'\; IT\ i"IAIH,,> = ) ' ( J ll '1 ~.J f-ls -M A I IsM g)( lm _c; (Y},_ -m~ljrn -m~ tt)la_) q 
A (,-,·, (9) 

(S,t YY\, \ e -n·.d S me.- me) e f sj 

r.Jie 
' (-)"' (: 'i 1 <i ~ l +-l 

A f l ,. J ~ d ' i (-. _. G :4 A' 4 11!.. - v /:~ -
[ i f:'~J = :t "( .. i..l • t ke,'i_~) fsJm ('(.(

1
'L,J J\e., U<a

1 
ZQ,) + 

-:'\ J ~ _->- - l' ··- _.. -_, __, f -~· ~ (~ 
R(~ ~ r.l !:, cl ·zr: .\ l (K(, le) ~s;n/ ~e 'z,J f ... ( Kl( /7:,..) +- (IO) 

- H~ ~;:) c..-1 ~) J ~ r~) ...... _- . ~--.. 
RJ . .;, jd !,) ~( J.e C c; -,; e., rn (z~),J J _L (K~,L.J. \, ,_ ''t ' ) • 

nH<P<PepeHUHaJILHoe ce'leHHe TOr.Jia npeo6peraer BH~ 

(l/;5 
JC:, 
-~ 

(~7it,2):!. 

A.L 
B. Is ) { t'Y11 2.. 

K r"L~ L r· 'I '' A 0c;_ -- c;j 
l-,)IYI 

(II) 

Bw'IHcJieHHR no STHM WOIJMYJiaM Ece eme .IIOEOJILao cnoEHH Ha-3a Han:a'IHH 
~ 4 

6 -MepHbiX HHTerpanoE no (.,_ i! 'ce • B 60JILIDHHCTBe CJJY'IaeB, KOr-

.Jia E peaKLUfH npHHHMallT yqacrae cna6o CEJI3aHHYe cacreMi d j L; r;, 
MOZHO orpaHaqHTLcn npH6JIHaeHHeM nyJieEoro ~ca ~elcrEBR noren

UIIlana nepe.Jia'l:a, TOr.Jia MYJILTHnon:a G HMeDT Bll.ll 

8 

·• 

{ II'') f.'' II) 
~ -~A Jll ~ p, lT4-~ 4 ,! 8 .), " ~>-tlf ')(lJ -> -'> 

(' { _., _, W , V ( A , (" 4 ..,_ ) 
Cl ,""'1 7~,Z,.)=J_;-; l'::c) LL 'L,~.) D lt:- ~ Cc _ (I2) 

~ 

HHrerpami no "["/ npeo6paayllTCJI B3-MepHWe, rrpH'IeM HHTerpnpoBaHHe 

ITO yrJiaM MO:IHO rrpOEeCTH aHaAHTH'IeCKH. Bbi6paB OCb 0= E HanpaE
--7 

JieHHH Ka , OCb 0 X - B IIJIOCKOCTH pea.KUHH, ITOJIY'IHM IT pi! OTCYT-

CTBHH CITHH-Op6HTaJILHbiX B3aHMO.Jie!CTBi!M 

l"' - f.rn m Psj ~'>~ t-»1 

P:-J,,(&)=L_I.L PL (co<:.G) P , -=(-1) }"-· {t-) ' ~ J e L,._. € t:. ~ _, ~ J , 
. L.;,L~ 

(I3) 

r.Jie 

em , La-Lc -C i 1-( L;; _,,,)' l~ 
~~L,v=2. L~ (tc 1 ,.,),_ (L,oec/L,u)(L,n,f-tr~)L,~u), 

"' c - (l, • ( Ji41A4 II 8 e~ 1 1. L- 0_-J 1 ."') <r3a> 
- ~. A a , I 

{Lale- k.tK«. A fc\/K€.~'t,~~)J[<,) (-L) A)Kc,~/:,),1?.. + 

' (1 \ 

R"h,( J ,YL/~<e., ~'r.frJ J£.,} ( ~) JLr. Ckt,, 7, l<c) .t:: + (I36) 

'"::\ s . ,:, l . -~ 
R"~o JL,(vr A~~~,) P, [-:);.L (7<" L

1 
!<"),/·~~ I • "' ""g ~ . '' F) I . t l' I fl. I -' 

J1! p(2) 
cJ.iopt.$KTOpbl h> H t;, _ Bbi'IHCJIIIJJTCJI no WOIJMYJiaM 

t J l!. .. -.- - "' . - L 
0 ~ -2 · 1 1 '>-4 . 1\1\ A/\ -~-Jf\·).-J>\rf-), t-

?, ('~l= .:;-,(lrr.) \~~~~''t,>-IIT;,~~>/'L')j(-1) I " 
- J IA<:I.A'JL), ( I I 

·.. - r -x r ?. ) 

{'JI~L(/A.,J}(Lc).i'{~c) C? __ A,_,A' r. •l(z) (I4a) 
IA >. J I L <, t L ('j _, -

p<~J (z) o:- \ (4r; f'l1. (Iil.J
8

ii ~:/II~~~)£: i;t; L ~J (-1/_.--:~ tf~-. (I 46 ) 
~ ts, 1 , 

T,_r~.,JL>. 
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.e-L) ~ .. 'A J I~ l {A ':1 J ( c· (r,. «A,I:J~) 
l L:,. ~J r .~c L) Lo>.ole[') f}Ls'": (''l) 

3 • .lleyxcTYneHllame npoqeccs B OOTauHOHHoA uo.ueJIB 

!PopMyJILI rrpeJ{IDeCTBYDI!ero pa3J{eJia MOliHO ynpOCTBTl>, npBHIIB 

KaJ<Y»-JIB6o KOHRpe'f'HYD MOllen .1l1lll OIJHcaHJill Jl,llepHHx cocTos:Hd. 

PacCMOTpHM CHaqa.na a;nHa6aTBqecK,YD pOTauHOHHYD M0ll6A~, B KOTOpol 

rrpHBelleHHile MaTpHqHile BneMeHTY KOAneKTHBHilX KOOpJ{HHaT paBHil/5/: 

I . A . " I A 
<IAKAII~>-IIIAKA>-::: IA(IA~A>.oiTA KA) }3;. , 

~ IS f A I I . p, fl. 
<I,Ksll<;),/11p,K,:,/~ Ip, (I~;Ks.Aojip,Kc,) r>-, 

(I5) 

rrpHqeM .A - qeTHoe qHcno, a .fo A - napaMeTp .uewopMaUHH • .li.Nr 

M,YAbTHllOJil,HilX MOM6HTOB,B CBOD oqepe.u~,cnpase~BO COOTHOmeHHe 

o;kA.r~k,) ~'"'1-i ft, _, GLi...tir..;( 
G Ls':1~1 -= lA I& tTAK/11<,-I(A/lBKB) lts)t'l Q=ke.-KA) +-

(!6) 
. r,:4-K4 1 i (j,.J;'l) ] 

f-1) (IA-KAJKr,+kAfisKs) GL~ 7,'1(_2_=Ks-t-ICA) • 

G
(Wk,) 

3llec~ L'!>'Jk ( Q) - MYJII>TMnOJJb nepexolla uew .u:eyw~ poTauH-

OHHHMB llOAocaMB, K KOTOpYM OTHOC.IiTC.Ii Haq~HOe B KOHeqHoe COCTD

HHBH. 0H He aaBBCBT OT CllBHa Haqan~Horo B KOHeqHoro a;nep. llpB 

OTOJTCTBBB cnHH-Op6BTaA~HilX CBA B Ka.HaAaX peaJU~d l!llpa&eHHe ( IJ ) 
pfs ~ 1 1 

1, npeo6pasyeTca c yqeToM (!2), (I5) B (I6) B one-
~" ~ t 

llYJJIIee: 
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..t 

1 ' 

;\ 
3 

is · ~ h L- · . (-dJ . . - 1. 

J 
1 = ~ AB lch.JL/t~,A8 !/{)Q(s/(1)J~_Jta,'Z,Rc.) ~ )_( f;/,• 

LnL~ tg l::o. w /}I ).. F 
(I?) 

~ tl, • d ) ( j . (-z...tJ ] 
Ra.~Ra + pAR,.of!.e Jdt. /.e(~<~,f"?;k.e)fe~1 {z).fL~(Ka.,?, 12<t) • 

rlle 1. J ) 

{?.,t.J "' 11-f ft , lt.IU'L ('?. kA riA 
~e~/·d= ~ Ie, L(IA t:A) Kg- villi~ ~::J R esj, 1..= K.~)-k:A + (- 1) .: 

( 
. · {Uik) ( l (I8a) 

Iri<Ajl<p,+K,/Ip,Kp,)gls;,:i..=f} .. ~:.A _ , 

(?...t) ) -ff/1 A-1/\/1"' j ... )..~-tC!).j If (-L 
fe. (?.)-= (_('tr,) 1A Ir, J..L '7f.t) <;, ~ i (u->.c/h-)J( 

s; ':JL ._ ._ • 

r; , {Zdt.} j•K (I86) 
L(IA~A) Kg-/(" II~k:p,)(:7 Kr,-t.:,)o/ }kB-KA) q Ls'J,1._ [~~-k'A +- (-t A \ 

. \~ ' (u...lt) J (TA-KA)k,+~,dlp,KP.I\.~k~+I':AAOIJK,.,+-1(~) ~ ("t) 
L s ~/ .2= K.(', ~K.A . 

B 11acTHOM c~ae qeTHo-qeTHoro Jlllpa A HMeeM 1A = (A ::: C 
TaR 'ITO QJOpMYJJ8 (!8) ynpotnaeTC.Ii: 

(zd) (oo) It,K,) ( ) 
1r); (d-= ~(~; . 7 ~ ' (I9a) 

( tJ Y,/l A ps.l e-L{\ "";'} 
; "lo ( ) _ ") (h 5 z L 'J (- .,) z I .j ( L v >. o t e o),. 
tt's} 7 - ~ S t L (I96) 

:JL C-\f',.l ~ r ~) 
YLs '7 (-z) 

Cne;nyeT HM6Tb B BHllY, qTo QJOpMYJILI (!9a,6) 0UJIM BllBe~eHU B ~Mada

TBqeCKOM ITpH6AHKeHBH, J{AR rrpHMeHHMOCTB KOTOporo Tpe6yeTC.Ii, qTo6H 

8HeprBB B036y-.ueHHH B pOTauHOHHOI IJOAOCe 6HAB ManY no CpaBHeHKD 

C OJ{HO'IaCTHqHilMB BHeprHRMB. STO 03HaqaeT, 'ITO Bee QJOpMQJaKTOpH llaH

HOI pea.KUHB HMemr OllHHaKOBYD acHMDTOTBJ<Y. 
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(i...tt) 
J1JIR: peaxumi O.ItHOlfYRJIOHHoii nepe.na•m MYJIDTHno;m y L~ 'J, 

2 
HMeKJT EH,l[ 

· t, 1 J- ~ -YL _\~~~-- \ 1 . . 
-' (r:; = -::;- Z.:: C~ (f+ 5~.: ~_.r[t c) ·ft; (-c), C2o) 
'-~·"..':. ~ t) A ~ 

z 
r.ne l:, - HOPMa.Jm3/lUHOHHasr nocTOHHHa.R: (HanpHMep, lJc;; 

BO;lHOBBJI 
~..Q. 

f,5IO" i,Isll 2· <PMJ ;\•1•1 peak,!'il (J.. p) ) , {ej(t)- ;Ja.I;liaJroiWil 

cPYHRI..lHR CER3aHHOrO COCTOHHM, HOpMHpOEaHHa.R: Ha e~HH!zy, (t? -
/ 

K09~HI..lHeHTH pa3JIO&eHHR ITO BOJIHOBHM ~RaM ccPepHqeCRH-CHMMeTpHq-

HOro noTeHI..lHaJia (H;m cneRTpocKonHqecKHe aMllJIHTy~). ITo.npo6Hoe 

06CylK,IleH>fe MeTO.IlOB BHqHCJieHHii (~~ ""il,(~ )co,neplli.HTCR B / 2/ 111 /?/. 
llplil yqeTe CllHH-op6HTaJILHHX CHJI B KaHaJiaX peaKI..lHH aJire6pa 

yrJIOEHX MOMeHTOE CyuteCTEeHHO YCJIO&RReTCR, HO llOCJie~OEaTeJILHOCTL 

EHq:Ji!CJieHHii OCTaeTCR npemHeii. llpH 9TOM .IlJijJ ynpomeHRff CpaEHeHHii 

C 9KCllepHMeHTOM l..leJieC006pa3HO EHHeCTH HOPMa.Jm3al..lHOHHYD ROHCTaHTy 

'Z',L 06lllHM MHOlltWI'eJieM E e.nHHH[laX I04 dsil'' •i>ll) • BupalleHHe 

.IlJifl ~~epeHL(HaJioHoro ceqeHHR npH IA = C HMeer BH.Il 

I ' 2 11 Z lh H1 1•.: 
c J'_ ( c ke (p,) I -- / - "-.;. ""•"":-KA •. l. - 71 - --- B ) 

cf .0 .. ,, II r.f_, Fr Ka. 4 (/ ~-- L 0 L€ l,e (e) I (IIa) 
· n,,,, <.r-r; L g ) 

= 7) .'- t' F) ( 8) . 
flpH'leM .,: := 1 t..' 'I .llJifl Ct 1: t Iii C 

:JI!epnu; 'laCTHI..l Q H f, /A 

f"'fV',,f"(. _ _.J11mmgst1,_., 

f) -=)II'' ,_ v. L--- (Jf L,_, l, 
7, )"L"' 

,:-.t?+1)-1 ~ a=g ,L"Hle-

(;,.} 

T I 

- 'J., L., J( L l 

(I3:e) 
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•f 

~ 

(;.I'"',;, e •'-.:; 
.lBJU; 'Uii!U r; (J t _"' ':'" __ onpe~eJieHH a~ecL :eupa&eHHeM 

rfl'l'"'"~·v._, Lq-L~-~1\z. r.l/\ /~A/' 
'-.~·r~. L., 'J. -= i L, ~ <;., ) ~g L,! ( L"' 1...' ~~., rr~_, I)-" mL.) " 

( Le ()1., -r'Yl-1''~ <;r n;{ { '.fe J'YJ_,- :·v)l ~.,n\,_-m )1111''1<, Hli,) (Li f U /1 .~ t') < 

' . - · · ( Le - I r11 .. - ~VI- ~M' I ) l .z.. 

{ 

L ~t 'J l l ..-- ~ 
e \. J 
!.., $, ~' j l (Le<-/,v,,-m-"'tl)!]. 

(I3r) 

2. 
0TJmqHe (Ila) OT (II),RpOMe BH.IleJieHHR Zc, COCTOHT eme E TOM, 

'ITO R09qqiMIIU!eHT 2r,he,/4Kr/G1 B (I3:e) BHHeceH 06U(HM MHOXWTeJieM, 

qro y~o6HO ~ COCTaEAeHRff llpOrpaMMH. B paMRax EHqHc~eHHR pOTa

l(HOHHOii MO.IlenM I!Hpa&eHHe .IlJijJ o6o6meHHHX pa.nlilaJIDHHX HHTerpaJIOE 

I l>) 
lJ.Q'ltLt HMeeT EM.Il 

{; 1 - J f ~(A,&) J . .._ ' ) l.UQ1&L~- d't, :'f£L;;(l1i~~R~) ;}- {s; ('?), J.,L,l (._~;~-. (1 -t- (I4E) 

- Y, /1 " f\ ':'-1 I+)...S•y A J }J . , L . 

LC4-r) lLJA) (-ll l_St~ / (LDAJ!c'c)(7«r.~c/.)1<~;) <z· 
LI'J 

s - f (j(A,I?! 
(r):R".£, + f",~Ke 'n J rh_j._ L (lle't R.g) +L_.1 6)~hL 1. {A~r,l!c:} r 0 ~a C' "'~ ·'C .~ I ' -4 ,, 

(4,KJ 
3,necL ,f'J(~. 1 - EHYTpeHHHii cPopM(flaKTop E npH6JIHJKeHHH HYJie:eoro 

pa.neyca ,l1,]lR: nepexo,l{a H3 Ha'laJibHOi.t no~ocu A :e ROHelfHYKJ B : 
\'I'(A· g) ~ . {J G4, &J( 
'f-L>'J = CL<;'J (A, g) -fLo;') ?) J 

vt ~ i<CL 

~ e >u.-

A- = { !\I = A. - cnu:e •• ' - ... [2, y- • 

1.1" = : 1 ilt = 1.. - no,IOUlaT • 
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CneRTpOCKOTIH'l8CKHe MHOJIWTeJIH C~_ cc'J l·--i' ,:, ) Heo6XO.IUIMO BH'IHCJlllT:b 

~OTIORHHT8RbHO, HaTipHMep, M8TO~OM, H3ROZ8HHHM E /B/, ~OpMqaRTOpu 
f ~,.:> .; ( ':) Bl:l'IHCJllliJTCR: E nporpaMMe CTaH,napTHHM o6pa30M (cM/9, ID1 

4. JlByxcryneH'!arue npogeccw E BH6palll!OHHOA MO~e.JIH 

YnpomeHHe ¢opMJn, Koropoe 6wno B031.10ruiO E c.n:yqae J1!eTa 

porauHoHHI:lX nonoc, y~aerCR: c~enaTh ~ peaRUHA Ha ~pax c EH6pa

UHOHHhiMH ypOEHRMH TORhKO TipH OC06hiX npe~ORO¥eHHHX 0 CTpyKType 

EH6paQHOHHI:lX COCTORHKa, PaCCMOTpHM, HaTipHMep, peaRQHIJ O~OHJRROH

HOI nepe~'IH Ha '16THO-'IeTHOM ~pe H EOCTianhsyeMCR: MO~enhll CRa60I 

CER3H .IlJLli OTIHCaHHR R~epHhiX COCTORHKa. Tor~a EMHOOOe qiyHRQHH co-

CTORHHit eCTh 1 / 
I I /·11!. I , I ! 1, 1 /L" , ll"'Mp,)-= J 1~ L), 

. ,.+ _ . , _ "~' -( (21) 
ii..\'->=Q.\ k>, /J~J~~.>· L\\f"'-11',N~Ilp,M~).;>~,1,(\,h>. 

t- f ~-~~ + i, 
3~ecb (,A - oneparop poll!,lleHM cpoHoHa, rJ.. r;_ - oneparop poll-

~eHM KEasH'IaCTHUI-1. Tor~a ~ MJRbTHnoneA cnpaEe~HEa cpOpMJna 

-lL,:!~) L(A,I~) 
q e _, ~ q • _, • (22) 

Slp,l1• t~lP,I'' 

a .IlJLli TipHBe~eHHI:lX MaTpH'IHhiX aneMeHTOE KORn8RTHEHI:lX ROOp~HHaT 

COOTB8TCTB8HHO 
I I 

. le,•.\·ls,..~-1 I,-I~"-,-1 
<r~niii~>=(-t) I~>\ <~,ll~Jc"'=E-1) If>,\ f;. (23) 

llo~craBHB (2I) H (23) B cpopMJJIY (13:a), TIOJIY'IHM /II/: 

ph I 2.1/L ll.. ~~( . . (c_, If!,) I 
t L,,L/z) = l-..f /,,_ A LYh JL/A: 2 J Kii) Jt·s / /?)} i.,_t ~'I_L:' ,() + 
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~ () d )~I -~"~ J+S+y~')J J;-(_-i)f>- Ro_ol<u. +Rg'OR, ft}4r.) L:l(-0 set (Lc).o/lo)x 

L-t. J If . 0.,Ia) J i dt t.A Lg (Ae Z , ~e) g Ls ~ ( ?-) j La. ( 11,/C, RQ) . 
(24) 

B CJJf'qaiiX, ROr,Jta M0,11;8Jll> c.m6ol CBR3H HenpHM6HHMa, CJie.u;yeT 

nO.Il>SOBa'l'l>CS: o6uMH qlopMYJiaMJI (!3) H (14), flpJI 8TOM ltJlll Bli'IHCne

BBII cne:Kt'pOCROnH'!eCRHX aMIIJDf'l'Y,D; CJie,DyeT BSII'l':& BOJIHOBJie \J}yHRQHH 

BCeX p8CCMaTpRBaeUHX COCTOHHHI Ba1fa4bHOro H ROH8'1HOrO ~ep B Ra

Roi-JIB60 MO,D;8JDI B HaiTH IIIX nepeKJ»lTHR. .ll11ll O,D;HO&yRJIOHHOI nepe,Jta1fH 

ara npoQe.u;ypa ~OBOJibHO oqeBH,D;Ha. B pa6ore /I2/ npe~oaeH Mero.u; 

J!ll1fBCJieHJJI B CJJY1fae .JO!YXftYKJIOHHYX nepe,Jtaq. llpJI 11f8T8 CnHH-Op6H-

1'8.1bHHX BBaiDIIO~eiCTBBI B Ra&a.mX peaRllD BYpa&eHHe ltJlll o6o6UleH-
fs J 

ox p8,11JI&Il>HHX nrerp!UoB I:Ma J<Le JDieeT BH,D;: 

I~~:r,L,-= fd't J,eLecL1~ 2~ RaJ Ftr'Y-z) J.Jo.La. (4a. "l, ~q) + 

f;;C't7i)fi!)..n:·//O)L5 it-Lt-1/tS-re{~/ ~} (Lo >.o(eo )x 

R,~ Jdt JL,;re~t'l 1 Rt) ~~~,.i?.) Jv1o.(lla."l 1 R.,) + c14r) 

-U K I A 1\ 11 "-1 i-f.-~-}- f-L{,\ 'J)j! 
L_(h) z<Isn)Jia""'tl)L 1 Jtj (-t) l. se L LLo>.o(fo} 

(o) r.:,, :;) 
Rgife jch JJ8Lt(p(z)~) F Ls'J (z) s~'k(Ac.'l, e"') 

~~~P 
Ls 'J 

- ~OpM(Jmt'l'Op nepeXO,Ila BS COCTOJIHBII ~ B COCTOIIHH6 j : 
&,~) (,;..,,) 

FL,; ('t) -= CLs'J (o<,j) JLs'J (~) · 
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Jl.nR: o~oeyKJIOHHoro cpuBa, HanpHMep, ( d, p) , (11-/e 
1 

d ) H r • .n. 
(.,1 f>J y, (J., B) 

r -=C.::'-(~) f' '( t-L~'"' ,_Lc,'l ol 11"'>. 1 L~'J c) • npH'JeM 

l".f' 
WHKUHR ~ L> 1 1?) HopMHpomma Ha e,llHHHtzy, a 

CKODHlJ8CRHa K09~HUH8HT. ~ O,llHOeyKJIOHHOro 

(c£
1 

f(C\) H T.,ll. 

'1z 
J~$)- o6YtJHUit cneKTpo-

no,llXBaTa (p 1 d) , 

I • T 1 ,.., - -. - 1/ (J. ' ~) 
<.) r ' E. - li --.1 + ~' f- >.',- > (. 11 /'- -1 /l. {, p 'J · ) 

FL<>) =(-1) rArE sln J,}) tL,;!J ('"- . 

B CJIY'lae peaKuHa .IlBYXHYKJIOHHo! nepe.natJH cneKTpocKonHtJecKaH HHqop

MauHR y'lHTYEaeTCR npH BY'lHCJieHHH .IlBYXHYKJIOHHYX ¢opM~TopoE , 

rrpH9TOM CLq(d,fo)-== -i E CJIY'lae Cp!:lBa 

H Jft-I,j.-Ji-'.,•'<+;;:GJ\ ~-i 
(L.;:J (d.,})-:;_~t) I_:J,lf n cny<rae rro)(xnara. 
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