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BBEJlEHHE 

HauepeHHe KOHCTSHT cna6oro B88HMO'A8llCTBHH ;«--M880HOB C H'A

paMH HSOTOllOB BOAOPO'A8 Tpe6yeT llP8'AB8pHTenLHOrO HayqeHHH T8KHX 

YeBOSTOMHliX npoueccoB, K8K o6paaoB8HH8 M8308TOYOB, nepeXBST we-

30H8 H'AP8YH 6onee Toenwc HSOTOllOB, ynpyroe pacceHHH8 Y8808TOMOB, 

o6p880B8HH6 M880YOneKyn, K8T8JIH8 HA8PHUX peSKUHi, nepeXOAU Y8XAY 

YPOBHHYH CB8PXTOHKOtt CTPYKTypu M8808TOYOB H T.'A./I, 21. B npeAN

'AY~HX p860T8X 8BTOPOB/7/ pemeHN ~8KOTOpue HS nepeqHcneHHNX 88Aaq 

H p88BHTN COOTB8TCTBY~~H8 M8TOAN peweHHH. 

B ABHHOll pa6oTe HCCH8AY8TCH ynpyroe p8CC8HHH8 Y8808TOMOB 

npa 8HeprHHX COY'ABPBHHll M8HbW8 nopora HeynpyrHX npoueccoB C 

yqeTOY BHHHHHH.88KPNTOro KSHana HS OTKPNTNtt. 
4 

C nouo~L~ Haxaraeuoro HH3e ueToAB 6uno BHqHcneHo ceqeHHe 

ynpyroro paccesHHH 

cJ;<+p - 3/ +p' 
a TBKJ:e ceqeHHH pacceaHHH 

p~ + p - p;« + p 
rAf' +ol - c0 + cA 

t;-i + t. - -t,,u + t 

(I) 

(2a) 

(26) 

(2B) 

B HUH8Y COCTOHHHH CBepXTOHKOK CTpyKTYPN npH BHeprHHX, He npeBN-

ma~HX aaeprH~ nepeXOA8 B BepxHee COCTOHHHe. 3KcnepHM8HT8HLHH8 

/ 4, 5/ H.TeopeTHqecKHe/6 , ?/ oueHKH STHX ceqeHHll B8CbM8 p83HO

p8tlHBN H B H8KOTOpHX cnyqaftX paanHqBfilTCH 6onee qeM 1!8 nopa~OK 

B8JlHqHHH (cu. T86n. I). 
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Ilpe,ACT8BJI8HHUe HH%6 peayJibT8TU BUtIHCneHlUt, ytmTUll81JlllH6 na

nHtIHe nopora HeynpyrHX nponecco» B peaKnHruc ynpyroro pacceHHHH 

{I, 2), nonyqenu HS OCHOB8 K6TO,A8 BOSuy~eHHUX CTanuoaapnux coc

TOHHHll {B.C.C.), p83BllTOro B pa6oTaxl7/ .itnH cnyqaa aneprlUt CTOJI

KHOB6HHH, npeBUW8D~HX noporoByD. IlpOB6,A6HO Cp8BH6HH6 C 3KCnepH

U6HTOU H peaynbT8T8wt npe:imnx pacqeTOB. 

!l_OCTQHOB~~ 38A8qH 

B ,AByxypOBH8BOM npH0JIU6HHH U8TO,A8 B.c.c. BUqHCJI6HH8 ceqe

HHU nponeccoB (I, 2) CBO,AHTCH K pemeHHIJ ,AByxK8H8Jll,HOU 38,AStIH pac

C6HHHH/7/ 

[ 
d2. z. 

-;iii-+ k.1 - L (L+
1> 1 r == ~/r; + ~/l R.2. i. 

{3) 

[ c1z. k2 _ L (l+1)] r.. = v r + v_ r. 
olf<,z. + 2. !(.Z 2 21 1 Z2 2., 

' 
r.ite k1 u k2. - HWIYllbCU B cooTBeTCTBYDlliHX xananax peaKnuH, 

v .. - 31M/6KTHBKU6 noTe~Hanu, BUpa:81>lllH8CH qepea CHMUeTpHqHJilt 
'J 
~ (R) H 8HHCHW6TpHqH!idt W,,,. (R) T8pJW aa.itnH ,AByx 

nenTpoB, a Tane qepoa uaTpHqm,1e sne1,1enTu H "'!3 (1<) H 

0.13(R), (.t,f)=(~,u), YintTUB81llllH8 BJIKHHHe ,lU!Hll8HHH ueaona H8 

OTHOCHT8Jl:&Hoe ,AB11lt8HH6 H,llep/8 ' I 4/. 

B H8TpHtIHOM BH,A8 CHCT6U8 yp8BH6Hd (3) HK88T BB.it 

LY=V'f, (4) 

r]te 
V = D ( ZHW + H + Q2 )Jf1 

+ P 

( 
k

2 o '\ ( k~ o ) -1 

P= ~~)-B 0 ~ B, 
(5) 

4 

\I 
i. 
1 
i 

,,,,.,;;,· 

a MBTPHitll W H Q , :, 

(
w .. o) 

W= o W~ , 

HM61JT BH,A 

(
H., .. H .. ~\ 

H = H5 .. H~~ }, (
0 Q .. j\ 

Q = a,\4 o) · 

3.it8Cb BB8,A6HU o6oaH8tI6HHH: 

D=BA M . > 

- M.1 NZ ( H,.. + Mj + H2.) 
- M,,.. (M1+ M2.)4 ; 

{Sa) 

M,.. - 11acca ueaona, M1 H M2 - uaccu H,itep, npHt1e11 Bes-

.ite B .itaJI:&neameu M1 ;::c M2 x). IlocTOHHHSH uaTpuna A nepe»o

.itH HB6op MOJieKyJIHpHUX qiyHKnHit Ya H .i,,,. 38,A811H ,AByx neHT

poB B HaOop /IJYHKnHit -'1 H -4 , KOTopue npH R - oo co

OTBeTCTBYDT npBBHJI:&HHM rpaHHtIHUM ycnOBHHM aa_itaqH pacceHHHH, T.e. 

nepeXO,AHT B BOnHOBU6 qiynKnHH HSOJIHpOB8HlillX STOMOB C 148CC8MH H.it6P 

M1 H NZ: 

(i) '= A (;;) • <•J 

Cxe»a ypoBnea sneprHH CHCT61lli (3) B 8CHWlTOTHtI6CKOit o6JIBCTH 

R - oo npe.J:tCTaBJieHa aa puc. I. 

x) IlpH cp8BH6HHH qiopuyn ,A8HHOI pa60TU C auanorHtIHUKH qiopuynaMH 

paOoTu/7/ CJI8,Ay8T HM8Tb B BH]ty, qTo B HHX npHHHTO o6paTH08 

ycno»He: M.1 ' 11.a • Bo .Bcex nocJie,ity1>11tHX pactieTax Hcnonbao-

B8HH cneJtY1>utHe anaqenHH uacc/I?/ {B e.itHHHnax uaccu sneKTpou~: 

Mµ = 206,769; Mp = I836,I09; M" = 3670,398; 

Mt = 54%,753·. 
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B.l!.lt uaTp~l:l A onpe,7.lelUieTC!l oco6eHHOCTHU.I! KOHKpeTHOR sa

.lt8'V4./7 / • CHCT8ll8 yp8BH8HHR ,7.lllll WYHKU.Hi .X, BKllHB81l8HTH8 CHC

Teue {3),o,l!H8KO C0,7.lepmtT tmeHU BH,lt8 Q '!tf , qTo H8Y,7.l06HO_ 

npH 'UfcneHHllX pacqeTax. MaTpm:~a B = B ( R.) oc~eCTB1l!leT 

nepaX0,7.l OT 8,7.lll868TH'l8CKOrO ( ..i1. H ~ ) K ,ltll868THqecxouy 

( Vj_ H 'I;_ ) npe,ltCT8B1l8HH./9/, B KOTOp0.11 rpB,7.lH8HTHl:l8 'll!8HU OT-

cyTCTBYIOT, a smmeKTHBHhle noTeHU.HBl!hl CHWleTpHqfffl V .. = V . 
';/YI 'ti JI, 

r = BX 

B(~) = (~5' si11~) 
- -Sirtf cmr , 

00 

~ = ~ 112 (x)olx 

R 

(7) 

( 'l,
1

2. .., cooTB8TCTBYllll!H'1 11aTpH'lHllff a11eueaT uaTpHJJ.Ii '/, = A QA-). 

M8TOA W880BlilX diyHKqt!I -
06~ee pemeHH8 CKCT8Hl:l yp8BH8HHl (4) n•e11 B Dll.,7.18/9, II/ 

r = ( u s1 + v 5z ) c = ( u + -ir T) s1 c (8) 

npH ycnOlllfH, 'lTO ,7.IJUI nepllol npOHBBO ,7.lHOit no R cnp8B8,lUIHBO 

BNp8:18HH6 

lf'
1

= (l.,('~+11"/S,Jc =(u'+v-'T)~c. (9) 

8,7.l8CL U H 1T - ,7.lH8rOH81lLHH8 H8Tpl!D,li, COCT8B1l8HHH8 HS l{Byx 

JIKHettHO H888BHCHMHX pemeHHA u. B ~ .ltH~P8HltJl81lLHOro ypaB-

HOHH!l 

L<r=O; (IO) 

C =C(R) - uaTp~a xoa\M~H8HTOB, onpe,7.leJUIDllUtX HOpllllpOBKY BOJI

HoBol (JIYHKJJ.HH. 

G 

IlpH ,7.lOil01lHHT8l!LHOK ycnOBHH 

ST S - 5_T S = Q 1. 2 2 i 
(II) 

( S.T OBH8'l88T Tp8HCnOHHpOB8HHyll MSTPHJJ.Y S. ) ll8TPHJJ.fi S. 
• I,, ' 

Y.ltOBneTBOpllDT YP8BH8BHD 

T / T / ( T 'T' ) ( s ) (I2) S.S -f; S = S u+S vV u~+v z, 
2, .J J 2, :1. 2 

8 B OCT8l[LHOK ,l!OnycxaJJT ,7.lOBOl[LH0°mHpOKHR npoHSBOn, KOTOphlR MOltHO 

HCil01lL30B8TL ,7.llIB BH6opa p831lH'lHUX nap81l8TPHS8JJ.Hl ll8TPHU.li paccen

HBH S • 
Hau6onee 'l8CTO HCnonLByllT nap81l8TpH38U.HxfID/,' npH KOTopoa 

If= ( u +1TT(R))CT(R) (I3) 

T(.R) = s s-1. . (I4) 
;?, .1. ' 

a HBTPHU.8 pacceHHHH S cBnsaHa c uaTpHu.el peaxu.HR T cooTHO-

m8HH8U . 
S 

,, ) -1. 
== ( 1 + i T (1 -,: T) • (IS) 

MaTp11u.a peax~H T = T ( 00) onpe,7.lenneTCH HS ypaBHCHHH 

(16) T(/:?) =-[u+ T(R)v-]V[u+ vT(R)] 
t 

T(o) = 0 
nocne qero napu.uanLHHe C8'l6HHH p8Sl[H'lHUX K8H8l[OB pea~H lll,l'lHC-

1lHIJTCH no ~opuyne ( ~ =I, 2): 
. tL 2 

o.~ = lf- (2l+1) 1 ~S.:,- + i i/ L \ 

'J k, (I>r-i)+i(t:1:+sz) 

{17) 

r,7.le 
D = J, t TL = t. L t L - It L ) 2 

T e :t:t 22. t1 .:tz • 

B cnyqae t:. > 4£ (»ep:nrntt K8H81l OTKpliT) B YPBBH8HHH (16) ,7.lJIH 
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onpeJteneHHfl T - uaTpJIIIUi B KaqecTBe ~a11eHT8JII,HOlt czcTe.lW 
L L . 

pememdt u, B V. H80C5XO]UIIIO B3HTI, cl>YJIKitHII PJIKK8TB-

Eecceml10/ 

-L) u~ = L J. (kJ.)---...Lsin (k,K - ~ • ff: L ff; 

1T.L= _ _j_ n (J:.-K' - ..LG&l(k.-K- -.L) • ,r;-s 1. • I .r.- · 2 • 
1 k.: fl.-oo 'f/ci · 

(18) 

COOTB6TCTBy~aH STOily cxyqao nporpaoa Bli'DICJI8W p88JIJISOB8H8 

B pae5oTef7I. 

IlpB E < A E mmync B 88KPYTOII K8H8Jie 'DICTO 11HBJUi1 

kz =• x, a C5asBCBH6 cJ.>YBKitHB U2 -✓~ (izR) • -v;=--n,.(.:~R) 
B l(8TpJlqJlll6 3JI8116HT1i t.1z B t £. - KOIIJIJ[8KCH1,18 , qTo 38-

TP~Wl6T H6llOCp«IJtCTB8HH06 BCBOXl>30B8HB6 BlipBKemdl (17). Kax.no

K888HO B IlpBJIOK6HBB l, B SfOII cnyqae B K8118CT;B6 cJ.>YHJt8118HT8JII,JfHX 

peaemdt Jitoe5ao »Ll(jpau iteitCTBHenHHe cJ.>ymmu . ( le :: k1): 

U1 = {f JL (k.K) , ~ =- ..L n (kit.) (k ,. 

c-·lH :i 1 ;it.f i7z= -'-[Jdix.R)-,tt(ix.R)J - .r:- e 
~:lX.

0 

f!,-+oo l2~ 

L+.1 . 
- i [ . ) )11 1. -~ ~ = .r:-- JL(ixR +in,_(,x.£ j - .r::-: e 

12% t_-+oo 'I 2;11! • 

(19) 

'IlOCT8HOBK8 aux cJ.>ymatd Bll8CTO (18) B JP8BH8HB8 (16) B03BO-

JIH8T HSllTB IIBTPIIItY pea~HH T{/:.) , 118TpHHll8 3ll8118HTY KOTOpol 

t:.;i CBH38HII C 118Tpnuwur 3lI8118BT8llll t,i IIBTPIIIUi T co

OTHOmeHBHIIJI (ell. IlpBlIOKeHHe I) 

8 

I 
i 

-z 
- ./;:IZ 
-[ - -- L t = ':It t- _ (-1) :1.1 22. 

l -
t:1.2. = - c-.:) vz?. _-l:_:12=----

~z - (-1.)L 

+2z = -i· 
£z + (-1)1., 

~2 - (-i)l 

{20) 

C yqeTOII COOTHOW8HHA (20) BupaxeHH8 JtIDl nap~H8libHOro C8Q8HHH 
L 

~1 ynpyroro pacceHHHH B OTKPUTOII K8H8lI8 ClI8JtY8T aenocpe]tCT-

B8HHO HS q,op11ynu (l7)x) 

. -z 

6 L = ;'ii (2L+i) · ~-z 

11. J/' 1. + -t:J;t 

(2!) 

IerKo Bl!Jt8Tb, qTo npH OTO~JteCTBJI8HHH ~1 = -13 SL 
BliP8lt8HH8 (21) COBll8Jt88T C C8'l81il!8U ynpyroro pacceimHH B OJtHO-

K8H8JibHOU cnyqae. STOT pesynbT8T ClI8JtOB8JIO OEH;l(8Tb sapaHee, no

CKOlibKY npa BU6ope C583HCHNX pemeHHtt (19) H3 onpe]t6lI6HHH (8) 
4 

ClI6JtY6T, 'ITO pemeHHH ~ YP8BHeHHH (3), YJtOBJieTBOPHET rp8HH'l-

llblll yCJIOBHHH 88Jt8'lH paccenHllH npH H8Jm'lHll 38KpUToro K8H8JI8'; 

~ = ji(kR) - it }1L (kt) - 5,',,, (kR. - ~ +~) 
l!.--+o0 

~ = i.12 ~ c~a) - l" e-ae..R. 
}:-'>co ~z t 

OTKYJtS cpaay cne~yeT YJt838HH08 Dume OTOiE'A6CTBlI6HH8. 

x) B pae50TO UCllOJibSYOTCH CHCT6118 C;l(HHH~ e -= 7i = /'n = d., 
1 :i i · 

npnqey ni = ,.,,,,.. + N:1 + M z B sToH cnyqae JtJIH :ewmcne-

HHH ceqemut B c,i q,opuynu {21) neoe5XO,'ltlll(O ;l(OllHOXllTL H8 

a; = ( !:k-)2 •6,55•!0-22 cu2 • 
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CpeAH paanHqawc napaMeTpHaa~HB uaTpHJ:Ul T oco6eHHO YA06-

HOA OK~anacr, T8K8H, npH KOTopoA Jl8TPHJ:Ul ~ H ~ H peme-

HHe 'f(Co1 ~e: :HA - s,·., ~ Sin£) - (Sitt SJ e,nf ~s:l SihE. ~ 
S = s S = .{ -bz -S <22> 

J. .J_ es;si11 f.. i__ e z~£ ' 2. '.fE e .s,'11E -.1,=:e .zc.6ll rz ~ ~z 

F. Silt f..) , 
:1.2 -

,_ C • 
rzz C-&-) £ ( 

F. C,&1£ 
.11 

lfl :::, G:1 Si11f.. 
(23) 

3Aecr, BB8A8HH 06oaa1qeHHH 

I 

f, == ~ U1 0:1 + ~ sin b:1. 
11 

Gz. = -U:1 si11'i>:1 + -v-;_ C-n b.1 (24) 

..L c- sz - -52.) F21 = -a u2 e -+- ~ e 
C' 1 c- bz - -3z.) r22 =- -rz Uz e - 1'z e • 

CHCTeua. ypaBHeHHI MH napaueT;POB $1., Sz. , E. 8KBHBaneHTH8H 

CHCT8Jle (I6), npHHHM88T Tenepr, BHA: 

I s = -
1 
~ [~

1 
(G:cv./t + ~:s;li) +t~z.CFa:+~:)si,l2H 

i+alZE :i 

+V, (F F. c.11/t. +E F. si1lt.'si112£] 
;1,z :H Z1 1Z. Z.Z. J 

I Z . [ (25) 

s.?. = - .1-t co-.22£ '½z (~: CAlvE- -~:s,·11"~ +; ~1 (r=;.,.2.- ~DSi,lZE+ 

+ °½z ( f;z ~2 co:,
2

£ - ~, £=;, s,·1-i2t)s,·t1 2 ~] 

10 

E
1 
= - [ k (~1 ~1 ~z + V:2. f;1 ~ 2)sil'l 2£. + 

+ 1T (F. r::- UY:/£ + F E Si112 £)1 
Y12 :11 rz.2 ::12. 21 • 

Bee B8JIHql4HLI, BXOAHUU18 B STY CHCTeuy ypaBH8HHA, HBnHRJTCH 

A81CTBHT8JI1,IWJl14. Ee oco6oe YA06CTBO COCTOHT B TOIi, qTo OH8 H8 

COA8PXHT,CHHI'YJIHPHOCT81 H8 BC8H HHTepBane HHTerpHpOB8HHH/ID/. 

IlpH HCllOJIJ,30B8HHH n8p81l8TpOB . 61 :, S2 , E.. ceqeHH8 p8C-

C8HHWI no-npexueuy Buq14cJiaeTca no ~opuyJie· (2I) c yqeTou CBH3H 

napaueTpOB 

{! = 
-CSli:1 - -4~ 
:i + -t/E.·fa '51. 

(26) 

KOTopaa cne)U'8T HS onpeA8JI8HHI (I4) H (22). 

llpH npaKTHqeCKHX pacqeTax xcnonr.aOB8HH o6e CHCT8lW ypaBHe

HHB (I6) ·H (251, npHqeu AJIH o6ecneqeHHH To~oCTH f"f-2
,,.., ro-2 

• 
npH BHllHCJI8HHH ceqeWII (2I) AOCTBToqao orpSHHqHTY, o6naCT7, HHT8-

0 ~ R. ~ /?. 0 ~ 1. 5"0 ~ 8 BKJI8A OT 06- . rpapoBBHHH HHT8PB8JIOM 

JI8CT.II R0 ~ 1' < 00 0~8HHT1, 8H8nHTHqecKH no qiopuyJiau, npH-

B8A8HHHJI B llp11noKeHHH-II. Tau Ke YK888H8 8CHJlllTOTHK8 ~30BHX napa

KeTpOB np.11 ·R- 0 , H80~XO,lUIM8H npH HHTerpHpOB8HHH ypaBHeHHB 

(I6)iH (25). 

B np~.i,;eJir.Hwc cJiyqamc · k- 0 H k - ~ 211 4 E' BMecTo 

~880BHX YPBBH8HH.lt (I6) H' (25) npe;nnoqTHTenr.uee HHT8rpHpOB8Tr. 
i .. 

yp8BH8HJIH ,l!;JIH nap8K8TPOB Q~. = - ,~ 
lk,ki 
' 

II 

(cu; IlpHnOE8HH8 ill) 



Ynpyroe paeeeHHHe dc1 + p -+ de + p. 
' i ' 

H80TOilHt1eeKaH paaaoeu ypOBHett aaeprHH A E 11eao8TOIIOB 

cf;« H ff" B ABY:IYPOBH8BOII npHdnzxeHHH 11eTOA8 B.C.C. B 8AH-

HHU8X 38A8llli p8BH8 A I= '" :M / 7 /, rAe d.. = H:r. - Mz • 3TO 
H~+Hz 

3H8lleHH8 OTJLl!t18eTell OT HeTHHHOrO A Eo = .!!!. J"f,,.. (M~ + H,.) 

2 ( 11,,. +M:,.)(H,,,. +Hz.) 
0AH8KO, npH Tott TO'IIHOeTH Bll'IIHeneHHtt ( ~ rn-2), KOTOpaa AOeT8TOllH8 

B don:&mHHeTBe paet1eTOB, STHII OTnH'IIH811 A£ -A £ 0 ::& cl.:} (~2 + ~z.) 
KOZHO npeaedpeq:&. 

MaTpuua A , oey111eeTBnllllD18H nepexoJ.t (6) OT 11oneKy11HpHL1X 

ipyHKUHtt K 8TOIIHl:lll, B J.t8HHOII enyqae H11eeT BHA 

A== k (! ! ) ' (27) 

npHtt811 npH R-+ 00 <PYHKUHH ~ npeAeTaBnHeT eHeTBIIY d;,<,+f' 

e 8HeprHeA E,1 (ell. pHe. I), 8 ipyHKUHll ~ - eHeTellY pr+cl 
e saeprxei E2 • Himyn:&Cll B KBHanax p88KUHH onpeAeJIHllTell 

ipop11yna11x: 

z z k = 21'1E.,. k 
:1 , k2 kz. ,z 2 = -K =-X z· :t o , 

2. 

k =2Mt.E=o(, {28) 
" 

rAe £,. - aaeprHH eT011KHOBeHHfl (ell. pHe. I). 

3ipip8KTHBH!le llOT8HUH8JIH V~f = V.:i (R) - ~-( oo) no 

4iopMyna11 (5) B!lpaaallTCH 11epea Tepw Wa (R.) , W.,_ (R) 

H 118TPH'IIHH8 ane11eHT!l H0,(R) H .. .,(R) H0 .. (R) Hu (R) Q (R) 
,,,, , , a , a , J .. 

38A8llH J.tBYX uenTpOB eneJ,tyllll!Hll odpaao11 (88BHeH11oeT:& OT apryKeHT8 

R B npaBott ttaeTH onyexae11): 

~1 (I?.)= 2.M [wasof (p+f) + w .. C<):/(f+f)} + 

+ 1 (H3.,+H.,3)~2S' - o": + ( Si1,Zr 

12 

~/R) = ZN[~ ~2(p+f)+V(si112(r+f)] -

l ( H3u + Hu:1) ~ 2 J' - 032

u - k: 5i~
2
f 

(29) v (R)=V,, (R)=M(.wQ-wv.)C&l2.f' + 2
1 (k~-Hq .. -H .. 4)s.-Hz9 • 

U U . d d .d 

r;zte 00 

,--.J 1. "'3,u = w~," (R) + 2M H33,""' (R) , ~ == - s Q3u(R)ofR • 
R 

PeayJII,T8Tll 'IIHeneHH!lX paeqeTOB npH p83nHllHl:lX aneprmu: 

CTOJIKHOB8HHll npHB8A8HH HS pxe. 2 H pHe. 3. IlpH aaeprHH CTOnKHO

BeHHH f. Z 0,6 3B eeqeHHe ynpyroro paceeHHHfl pe8KUHH 3/ + p 
Hll88T rnydoKHtt IIHHBIIYII, KOTOplltt·llBJili8TCH cneAeTBH811 aqiipeKT8 

PaMaayapa.,.TayaceUAa B S -cocTOllHHH. 3TOT peaynuaT no;nytten pa

nee B pado'lef3/' rJ,te JfflHHIIYII dun H8£1AeH npH t."' 0,2 eB. Cy111ecT

BOB8HH8 YK838HHOro IIHHJIHYU8 Bee:&ua B8JEHO ;ztJili HHTepnpeTSUHB·pe

ayn:&TSTOB OilllTOB no HayqeHHD K8T8JIH38 HAepHllX peaKUHtt CHHTeaa 

B e11eCH BOAOPOA8 H A:lTepHa/I6/. 

IlpH aueprHHX CTOJIKHOB8HHll E. > IO aB -saepreTH'll8CK8H 38BH ... 

eHIIOCTI,. napUH8ll:&Horo eeqeHHH (5 _c•> ( f.) COBll8A86T C BllllHCnea-

HOtt KoaHOK H Ap/3/. 0K838JIOC:&, 'OAH8KO, llTO,llOIIHIIO s -ipaau, 

eyuteeTBeHHHA BKJISJ.t B noJIHoe ceqeaze BHOCHT , d -ipaaa, nocKon:&Ky 

B eoCTORHHH C L ::, 2 paeceBHHe HOCHT pe30H8HCH!li xapaKTep. 

C11111apaoe eeqeane IlO'IITH HS IlOPHAOK OTJlll'll88TCll OT eeqeHHll paccea

BHll B S - eOCT'.lllHlU!. _ 

13 



Ynp;yroe paCC8lIHH8 B HHZH811 COCTOHHHH CB8px!tOHKOI{ 

CT~lt__ll88Q_S~ClllOB 

IlpH OnHCSHHH pacceHHHfl B CHll118TpHqHoll cnyqae (Mr=ll2) C 

aHeprHeff COYABP8HHit 118808TOIIOB, 6nH8KOff K TennoBoi (£-i= 0,04 BB), 

H806XO~IIO yqHTUB8Tb HanlfqHe CB8PXTOHKoro pac~enneHHH AE YPOB

Heff BHepr.iU! 1188081'0110B BOAOPOAB. llpH TSKHX 8HeprHHX CTOJIKHO

B8HH.II ( t ~ A E) OCHOBHOit BKnBA B ceqeaHe p8CC8HHHH BHOCHT 

S-BOJIHS. EcnH npeHe6peqb CllHHOB!ill B38HIIOA8iCTBH811 HA8P, TO, KPOll8 

llOJIHciro 110118HT8 CHCT8Mli :f = :r: + .r: + S :, YPOBHH CHCT8MH 

Ha ABYX HA8P co cnHHOII I,1 = Iz. H 11830H8 co CnHHOII s = 1 
npH R - Oo AOnyCK8JlT KJI8CCHqJHK8ItHIO no 3HaqeHHll nonHoro IIOll8H

T8 F = ~-+ S .aaoJIHpo:eaHHux 11eaoaT0110B p;«, c0 H T,1-t • Cxe11a 

ypOBHeR HS PHC. I OCT88TCH cnpSB8AJIHBOA H B STOii cnyqae, npHqe11 

YPOB8Hb EJ COOTB8TCTBY8T HHEH811Y COC1'0Hl:IHIO CB8pXTOHitOR 

CTPYKTypu c nonHu11 11011eHT011 ~ = IJ - ~ , a ypo:eeHb E2 -

B8PXH811Y COCTOHHHkl C lllll8HTOII Fz = I:1 + .1. . z • llpH E. .( A£ 

:eoa11ozHu TOnbKO npoiteccu ynpyroro pacceHHHH F - f: a 
.1 ~ ' 

npoitecc B036Yll,l!8HH.11 ~ - ~ ,rnepreTHqecKH H8B03110Z8H. DAHS-

KO 11anaa B8JIHqHH8 pac~erureHHfl Af npHBOAHT K TOiiy, qTO 38Kpu

T!iA K8H8JI Ez cy~eCTBIHHO BnHH8T H8 ceqeHH8 ynpyroro pacceH

HHfl B HHZH811 COCTOHHHH CB8PXTOHKOit CTpyKTypu 118808TOIIOB. 

CHCTella ypaBH8HHff AJIB OnHCSHHH 8THX npoiteCCOB nonyqeHa B 

pa60T8X repmTeffaa16/ H COBnaiaeT C CHCT8110A (3). IloCKOJibKY B 

cnyqae Ms == 1'12. ~~ (t:) = 0:, To 11aTpH1tB 5 paBua 8AHHHquoA. 

MaTpHita A , npeo6pasym~aH BAHa6aTHqecKHit 6aa.ac B qiHBHqeCKHii, 

BU6Hp88TCH TSKHII 06paao11, ~o6u npH R--,. 00 B paBeHCTB8 

(6) !llYHKitHH ..tJ COOTB8TCTBOBBna 1183O81'O11Y B HHJ:Hell COCTOHHHH 

14 

E2 (d +pJJ) 

AE 
! _l~------ E

1 
(dµ+p) 

P1w. I. Cxe11a ypoBHeA CHCTeMu .Tpex Ten npH R - oo. 

3HeprHH CTOJIKHOB8HHH £ OTCqHT!iB88TCR OT HHl!!Hero 

ypoBHH CHCT8MH E3 • 

,.. 10-2' 2 u11, CM 

10 
dJJ +p 

8 
I 

c,36 
...1 

0 0.5 1.5 2.0 

PHc. 2. CeqeHH8 ynpyroro pacceHHHR of;.<+ p npH MBJIUX SHep

rHRX CTOJIKHOBBHHR £ • TI pH t,. ~ 0 ,6 e v HMBeT IIBCTO 

rny60KHff IIHHHMyll. 

15 



E1 CBepxTOHKOtt cTpyKTypu c 110MeHTOll F; ,1 

I~-2' 

8 qiyHKUHH .Xz - B B6PXH6ll COCTOHHHH £2 C llOll6HTOll 

Fz = Ii + f , CHCT6W q>880BHX yp8BH6HHI (16) H (25) OCT810TCH 

cnpaBe.ztnHBHMH H B 3TOll cnyqae, O,ltH8KO B.H,lt 3!pqi6KTHBHIDC llOT6HUH8-

noB p83Jnill6H B 88BHCHltOCTH OT 3H8'16HHtt J H f • HBHLiit BH.zt 

ll8TPHU A H noTeHUHanoB V .ztnn pasJIH'lHWC cnyqaeB npHBe.zteau 

B pa6oTaxl7/. 

nnH pe8KUHH f)'< + f peSyJII,T8TH BH'IIHCX6HHtt llpHB6,lt6HH 

Ha pHC. 4. llpH £ :::: 0,06 3~ C6'16HHe pacceHHHH B s - COCTOHHHH 
{O) -. 22 :;> 

,ltOCTHraeT lt8KCHllylla, G;i ~ 2,1•1,o- c~, 88T6ll CT8HOBHTCH 

8HOll8HbHO M8nlill (IIHHHllYll npH G~ 0,16 aB COOTB6TCTBY6T 3!pqi6KTy 

Pa11sayspa-TayHC6H.zt8) H BHOBb paCT6T B no.ztnoporOBOI o6nacTH, ,ltO

CTHraH B TO'IK6 nopora CBoero ll8KCHll8XbHoro 3H8ll8HHH HS BC8ll HH

TepBane o ~ t. ~ 4 £ • BKna.zt f -BO:JIHH (xoToputt B npe:mwc 

pa60T8X H8 BHllHCnHnCH) OK838HCH cy~eCTB8HHblll. CneAY8T OTlteTHTb, 

'ITO BH'IHCX8HH06 H8MH 3H8'16HHe C6'18HHH 8HOll8JII,HO llano, Ha llOPHAOK 

BenH'IHHH ll6Hbme Blllll4CneHHHX paHee H H8 AB8-TPH nopH,lU(8 ll6Hbm8 

SKCllepHlteHT8nLHUX OU8HOK (cw. T86JIHUY 1). 
Ha pHc. 5 npa.ztCTaBneHa TaK11e BenH'IHHS Qsl = - -l.u. /k1 , 

KOTopaa npH kj _,,. 0 coBna;11aeT c .ztnHHol pacceRBHH B npouecce 

(2a). Ierno BH;ll8Tb, 'ITO B ,lt8HHOll cnyqae HCilOJII,30B8HHe llOHHTHH 

.ztnHHll pacceRBHH B 8H8'1HT6JII,HOtt 11epe 6ecnonesao, IlOCKOXLKY He cy

~eCTByeT o6nacTH SHeprHI CTOnKHOB8HHH, B KOTOpol BHilOnHH8TCH yc

noBH6 aH :::: COW>t. llOSTOYy BC6 OU8HKH np6llHHX pa6oT/6 ' ? /, .ec

ll0Hb8YID~He ;IIXHHll pacceHHHH, cneAYeT CllHT8Tb H6Y.ztOBneTBOpHT6nbHH-

14H. 

PesynbT8Tli pacqeTOB P68KUHH d;«+ol npe.ztCT8Bn6HH H8 

pHC. 6 H ?. Cp8BH6HHe C npell:HHIIH ,lt8HHUYH (CY. T86n. l) IlOK83!:IB8-
. ' 

6T, llTO BlillHCneHHH6 H8llH C6'16HHH p8CC6HHHH npouecca dj< + of. 

16 

PHC. 3. 

a, 10-uCMz 

4 

3 

2 

0,5 

L•1 
l.•O 

1.0 

-:;.:. 

,~-- C, 101J6 
~E1.5 

3aBHCHMOCTb napuaanbHllX H llOHHoro C6'16HHI ynpyroro 

P8CC8HHHH cl;« + f OT SHeprHH CTOnKHOB6HHH npH 

£ < A E (cneBa oT H'PHXDYHKTHpaott nHHHH) H npH E. >AE 

(cnpaBa). PacceHHHe B cocTOHHHH c L=2 HOCHT peso

Haacaua xapaKTep. . 
4 

o, 10~22c,,, 2 

8 

PJi-+p 
6 

-' 

1.0 

~; 
I 
I 

!/ 

f, ·10-136 

1s -,r: 

PHc. 4. C6ll8HH8 ·ynpyroro P8CC8HHHH p;,< +p B HHJIH8ll COCTOH~ 

HHH CB8pXTOHKOI CTpyKTypu. 
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xopowo cornacyDTCfl c SKCnepHMCHTOM/4/ H TeopeTHqeCKHMH pacqeTa

M.H/7 I. JlnHHli pacceHHHH a:1:1 -= - {,1 / k:1 B no.i:tnoporoBoll 06-

nacTH MCHflDTCfl MOHOTOHHO. 

Ha PHC. 8 np8,llCT8Bll8Hli peaynI>T8Tli pacqeTOB peaKI{IDf -f::_,µ-t-i-. 

06pamaeT H8 ce6H BHHM8HH8 noporOB8fl oco6eHHOCTI, B ceqeHHH npH 

aHeprHH CTOJIKHOB8HHfl l = .A. E. 

06Cp;.I18HHe pe aynI>T8TOB 

Ha cpaBH811Hfl PHC. 6 H 7 H T86llHI{U I cne,11YeT, qTo B Hepeao

H8HCHUX CHTY8UHflX (pe8Kl{Hfl ol,,µ + o(. ) , KOr,lla BUilOllHfl8TCfl 

ycnoBHe Q31 ~ C,,()-nl}-t (pHc. 7), B aeKOTopon o6nacTH aaepnl1 

CTOllKHOB8HHfl O "'£:. <. .A. E BliqHcneaHue Hauu ceqeHHfl xopomo 

COBll8,ll8DT K8K C 8KCnepHU8HT8llI,HJ,lllH aaaqeHHHMH,_T8K H C peaynI>

T8T8MH npeEHHX pacqeTOB. B STOU cnyqae OK88UB88TCfl B08MOEHliU 

HCilOlli>80B8TI, paanoE8HH8/IS/ 

_l= _ __i_ + 

l a.ii 
"$J 

31Tl:1 k + w_ J/ e,.,,. 9Nk2 

2a z. a 32. 
:I:! ~~ 

(30) 

H, BuqHcnHB ua Hero l~ , c xopomel1 ToqHOCTI>D aallTH no qiopMy

nau (21) ceqeHHfl BO Beel o6nacTH 0~£ ~ 6 £. 

B pe80H8HCHOl1 CHTY8UHH (p88Kl{lffl r,,u+f ), KOr,ll8 o6n8CTI, 

npHM8HHMOCTH paanOllt8HHfl"(30) B8CI,U8 orpaa1,1qena (cu. PHC. 5), 

peaynLT8Tli H8WHX BUqffCll8HHl1 CHllI,HO paCXO,llHTCfl C npelltHHM.H pacqe

T8M.H, KOTopue BunonHeHu B npH6llHE8HHH ,llnHHU pacceHHHfl/6 , ?/. Pe-

80H8HCHwl X8p8KTep paCC8flHHfl f/A +f npOflBllfl8TCH 1 B qaCTHOCTX 1 

B TOM, qTo yxe ae6onI>mHe nonpaBKH K 8!pp8KTHBHUM IlOT8Hl{H8ll8M cy

~eCTB8HHO CK88HB8DTCfl H8 ceqeHHH. HanpHMep, yqeT 8CHIIJ1TOTHKH 

20 

3 

2 

o 10_,9 2 , CM 

d}l +d 

3 o(J=y) __J ____ _ 

G"u=fo(-r=f )+ ~ o(r=¾) 
I 

---------,-----O(T=t) 
1 [ ·, , , , ~El. ,e.10-

2
36 

0 1 "2 3 4 5 6 

PHC. 6. 38BHCHMOCTI, ceqeHHH ynpyroro pacceflHHfl 

o(r= 3/z.) OT aneprHH CTOnKHOB8HHH: 

d,µ +J 
H O (:r='¼)-

C8'I8HHfl B COC'fOflHHflX C nonmn, MOK8HTOI! J = 3/2 H 

.J = I/2, °'1, - cy1U1apaoe ceqemie c yqeTOM CT8THCTH

qeCKHX B8COD ypoDHfl C HOl48HTOM ~ =I/2 B CT8THCTHqecKolt 

CM8CH COCTOllHHti J =3/2 H J = I/2. 

21 



Ou =-t11/k1 

5 

4 

3 

20 1 2 

J=l... 
2 

1 
J=2 

dJ-l +d 

3 4 

PHc. 7. rpaipHK ipyHKLIHH ~.
11 

(E) = - ~
1
/k 

~na peaxuHH cA;« + ol . Bo Bce'1 

C, 10•2 l , 3o ...___ 
~E 

00118CTH O < E < fl£ BllilOJIHli8TCH ycnol!He a,10::ccnst, 

22 

l't -20 u11,10 CMZ 

4 t1.r+t 

3 

0 05 1.0 1.5 2.0 

.. -

-, fl_ c. 10 3~ 

L1E 

PHC. 8. 38BHCHIIOCTI, napl.lH8111,HllX ce11eHH'1 peaKLIHH -1-:,,u +- t 
OT aaeprHH CT01IKHOBeHHH. IlpH £=AC H801ID~aerca 

noporoBaa ocoOeaaocTr,. 

23 



M8TPHtIHllX 8lI6M6HTOB H.ir (R) B ypaBH6HHRX (25) npH R >20 

(B npeEHHX p8Ctl6T8X STHMH nonpaBK8MH npeae6peranH) H8M6HR6T 

C6tl6HH6 pacceRHHR B I,5-2 pass. IlO-BH,llHMOMY, HM6HHO 8TB KPHTH

tl6CK8R 88BHCHMOCTJ, C6tJ6HHtt OT (popKhl llOT6HIU48lIB RBlIR6TCR OCHOB

HOtt npHtJHHOtt pacxoneHHtt 1,18:&,Jty 8KCnepHM6HT8llbHUMH H BhltIHClI8HHU-

11.H cet1eHHrurn npouecca f 1'< + F , llOCKOlil>KY, KBK H8B8CTHO 1 

B 11.eTO.lle B.c.c. aipqieKTHBHue .noTeauHaru,i V,i (R) onpe,llen.a1>TCR 
-.1. 

TOlIJ,KO C TOtIHOCTJ,ll "'H BKlilltIHT6lIJ,HO. TBKHM O6paao11., cp8BH6-

HH6 p8Ctl6TOB H 8KCnepHM6HT8llbHllX ,ll8HHUX (Kellt,lty KOTOpwm TBKl:8 

CYlll6CTBYllT cep1,esHU6 p8CXOE,ll6HHR, CM. TB6n. I) ClI6AY6T OTlIOXHTI, 

,llO Toro MOM6HTB, KOr,lla B 8q>q>6KTHllHllX llOT6HI.U48lI8X V.y(R) 6yAYT 

BKKypaTHO ytJT6Hhl BC6 8.llHB68THtJ6CKH6 nonpaBKH ,.-., J,rz. BKlilltJH

T6llbHO. 

~pyrHM HCTOtIHHKOM p8CXOJE,ll8HH'1 J,16:&.JtY BUtJHCR6HHhlMH H HSMe

peHHhlMH 8H8tl6HHRMH C6tl6HH'1 MOllt6T RBnRTl>CR CllHH-CnHHOBO6 B88WlO

,ll6'1CTBH6 Y88OHOB H M6P npH KOH6tIHllX 8H8tl8HHRX R , KOTOpoe He 

ytJT6HO B noT_6HIJ,H8nax v.l (R) (B HHX BKJilltJ6H TORl>KO KOHT8KTHutl 

qneH, CYlll8CTB8HHhlit npa R::: 0 H onpe,ll8JIRlllllH'1 B8RHtIHHY CBepXTOH-

KOro pacutennemrn ypoaaeit 4 E ) • 

88K}Ill1.!6HH8 

Ilp8,llJIOllt6HHU'1 B 'ABHHOi pa6OT6 M6TO,ll p8Ctl6T8 o6na,ll86T ,llOCTB

TOtJHOit O611UlOCTJ,ll H npHM6HHM ,llRR uenoro PR.ll8 88,llBtJ, B KOTOpux H8-

O6XO,llHMO YtIHT.blBBTJ, BJIHRHHe 88KPhlTOro K8H8lI8 HS npoueccu ynpyroro 

pacceRHHR. TaKott yqeT HBlIR6TCR OCO66HHO CYlll6CTB6HHhlll. B p68OH8HC

HllX CHTYBUHHX, tJTo xopomo annllCTpHpyeTCR aa npauepe npoueccoB 

f? +r a <»""+- F · 
ABTopau npHRTHo no6naro,llapHT1> c.c.repmTettaa, B.Il.)lxenenoBa, 

H.A.CMOPO,llWICKoro H B.B.~Hllbtl6HKOB8 88 noCTOHHHOe BHHH8HH6 H HH

Tepec K pa6oTe. 

24 

IlpHlIOl:BHHB I 

Ilepexo,ll OT Ha6opa (18) 688HCHUX pemeHHtt u. H ir. K 

;1.1pyrouy aa6opy 1.<, 11 'l{ B 0611101,1 cnyqae ocyuteCTBJIReTCR no 

qiopuynau 

« -= ua -t- 1Tf 

ij = UC + ?rof 
(II.I) 

r,lle 'I,( = { t.t, J H 11"= { 11; f - ,llH8rOH8Jil>HU8 118TPHUU 688HC-

HhlX 4>YHKud B o6oHx KBHanax peaKUHH ; a, 6', c H d - ,llHB

roaan1,aue tIHCJIOBhle MBTPHUhl, Bu6op KOTOpux ,llHKTYBTCR oco6eHHOCTRKH 

pemaeMott 88,ll8tlll H coo6pa1:eHHRMH YAO6CTB8. IlpH 8TOJI CBRSJ, Jl8TPHU 

T H T ocyuteCTBJIHeTCH no q>OpYyne 

T = ( C + d T) ( a + c T )- :1. . (II.2) 

ECJIH B K8tJBCTB6 688HCHUX pemeHHtt Bhl6paau ~YHKI{HH (19), TO 

( 1- 0 ) g = (: 0 ) et= O i,L+I{± L. i 
(-i) ff 

(II.3) 

C= ( : /~ff) . 
d = ( ~ .,~) 

t, z • 

lis (II.2) CJI6AY6T 1 tITO 118TPHtIHhl6 8JI6M6HThl t .. 
'J BhlPBXBllTCR 

qepea [ .. 
'J no q>Opwynau (20). 06p8THhl6 COOTHOW6HHR HMBllT BH,ll! 

t =1; +i -£;2 f .,.1..,)L,(I -1,~IZ. 
.t..1 .1.:1 :1-·t , ~z '-= V? J- ·t , 

' 2Z. ~ 2 Z. 

tzz. "'(~:1 )L+~ 
j +.: t2.z. 

1 -i iz;z. 
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McnonLaya onpeAe.lleHHH (14) H (22), YOJEHO T8KJ:e noeyqHTL Hll

Hlie B!ipallteHHH 11aTpH1JH!iX ane11eu'1'OB -ly 11epea napa1i1eTp!i S.t:, 

Dz. H E : 

- "ts 01 - ~zf. , f = - e - 2Sz (1 - -f3~ .-tj~) 

t.:1:1 - 1 + l/E ~ S-.1 
22 1 -+ -t{t:.-~ s.i 

rz e-~tgE. 
[:1Z. = ~s:1 (i+i/£-fgS.1) 

a T8Kllt8 o6paTHYD CBH3£: 

i) Z E".1 

-z 
= 2 D:,: + -t.12 - ] 

l)r i.1:1 + "t:zz. 
-2. 

• 

-z. 
; <'z 

e = 1. + -f.11 

2, -z. 
1f: + -t22. 

4 t..n. 
,.;f_,, t. - -----:::--;::============== 
vd I / 1f -z) ( 2 -z) 

l)T -C:.11 + -Z:-.zz + V (1 + -f:.tt ])T + -f:22. 

(II. 5) 

(11.6) 

B H0KOTOPllX cnyqaax YAO6HO HCK.l1D1JHTL U0HTpo6e:imutt qneu HS 

onepaTOpa cl, H OTHeCTH ero K awqieKTHBH!iM noTeuuHanaK V /7 ,IO/. 
B STOii cnyqae 6a3HCH!i8 WYHKUHH BlirJIBAHT 3H81JHT0.l1LHO npo~e: 

(
/r.k s,·11 kR. 0) 1f = ( k e<»kR O ) (11.7) 
· 0 L xR. · > 1 -zR . fiie O ffie . 

u= 

T8KOIIY BH6opy 683HCH!iX peme11Htt COOTB0TCTBY8T CBOH 118TPHU8 peaK-,,_, ,,....,, ,.._ ,.._ 

UHH T H CBOH napa11eTp!i f_li H.llH ~ 7 bz , E :, KOTOpue 

CBH38Hli 11ex;a;y co6ott COOTHOW0HHHKH (Il.5), (11.6) H llOryT 6!iT» Hal-

A0H!i H3 CHCT811 ypaBH8HHI THna (16) H (25) nocne 38118H 
t' L(L+i) ~ ,._, 

Vlfl.) - V(F?..) + ~ , (.,( - I,( v- .r. 
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I 

~· 

Ce1J8HHe (21) Bli1JHC.l1H0TCH npH 3'1'011 C Y118TOII ~OPMY.llli 

-;-' 7JL • 1iL 
T-.1:1C-O:IT + sm-z-
,.._, ' t: sin& - ~E:. 
:ft 2 2 

t.,1 = (Il.8) 

KOTOpaa C.l18.l{y8T H3 COOTHOW0HHH 'Tzna (11.2). 

B A81CTBHT8.ll»HOCTH Allfl COKpa~eHHH BpeueHH HHTerpHpOB8HHH 

llBTPHUY T YAO6uee uaxoAHT» Ha ycnoBHH cmHBSHHH norapHWMH11e

CKHr npoH3BOAHliX pemeHHli y1 = ( 'ii' ff,+ 1i\~)CH If'=(«~+ ~)l 
B Toqxe Ro>> j_, rAe noT8HUHano11 V (R) llOJEHO npeue6pe11L no 

Cp8BH8HHD C U8HTpo6eJEH!ill qneuo11. Ilocne H8KOTOp!iX npeo6p83OB8HHli 

OKOH118T8.ll»HO nony11Hll 

T = ( G if- v')-
1 

( u'- Gu) (11.9) 

rA6 
,..,,,/,..,-! - ✓-- -~ 

G = r.p <f = '// If/. (II.IO) 

IlpeACT8BH8HHli9 B H8CTOH~ea p86OT6 peayn»TBT!i IlO.l1Y116Hli npH 

BH6ope CHCT811li 683HCHWC pemeuHli B BHA8 (11.7) C noC.l18AYD~HM nepe

XO~OII K 118TPHU0 T no wop11yna11 (11.9). 
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IlpmmxeHHe II 

IlpH lIBCneHHOM HHTerpHpOBBHHH CHCT8MN YPBBH8HIUI (16) HnH 
~ 

(25) He06XO,llHMO 8H8TL BCHUllTOT.HKy MBTpHqHl,IX aneMeHTOB i(. HJIR 
~ ~ J 
b S, Z npR R ._ 0 H f< - oo • IlOCKOJILKY MBTPR~B 1, ... } ,...._, ,..,._. 

T BNP8llt88TCH qepea ~ , s2 & (CM. IlpmIOl!t8HHe 1), ) ~ 
TO npHB8,ll8M COOTB8TCTBYll~He ~OPMYHN TOJILKO .ztnH napaMeTpOB ~ ~ . , 
Sz, "i:. 

Ilpeo6paaoBaHHe (5) nepenHmew B BH.zte 

r.zte 

-.1 
U= DKD +P 

U(R) = V(R) + L(l...+1) 
R2. 

K = 2MW + H + Qz + L.(l...+1) 
R2. 

(Il.II) 

(Il.12) 

IlpH R- 0 xapBKTep CHHryJIHPHOCTH ~aTpHqHNX aneMeHTOB 

U,J (~) onpe.zteJIHeTCH acHMllTOTHKoli MBTpHqHNX aimteHTOB K.j: 
/7/ 

K 2M 
.H ~ - R 

+ 2+L(/...+1) /( = K _. Z Qd,.. 
~2. ) ;1.z. 21 f?. ) (Il.13) 

r.ne 

H 

K -- 2.M -+ L(L+J) 
22. J<.. f?.Z 

Q~" =' QQu (o). tOOTB8TCTBYll~H8 p88JIOJC8Hli!l ,llJIH ~ S 
a a .:J > 2. 

e HM81lT 

rv (-(1) ~ 2 "-) ~ (~c•> ~,,> "-) 
s1 = k 01 R + ¥/) F.. , 02 = ')(, 0 2. R-+ Yz R. (Il.14) 

( 
~(1) ~cz) z) . 

£=-{[;' '( 3 R+t3 /(. 
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,,...,,,, 
Koaifxl>H~H8HTN ¥- = Orn.tlt HBXO,llHTCH H8 COOTHomemrn 

{~) d~ D (~;) • (Il.15) 

8 TBKJte HS PBB8HCTB 

lf''<r-1 = J>(.t'.i-1 - Q)D-: (Il.16) 

. \ 
KOTOpNe CJI8JIYDT H8 ~opuyn {Il.15) H (7). 

IlpH pemeHHH CHCT8W .ztHifxl>epe~anLHIDC YPBBHeHHli (3) B 6B8HC8 

{ J/ :J, .. I auanorffqHNe Koai;WHitHeHTN "t ~•J HMellT npocToli 
d 

BH.zt; 
. ,.---;;-' . -1 .r.-7 

-L-J+'JL-+v v<1)_ -L-z+~L+1; v<1>_v<1>_ Y' (<I) 
OJ :: --"'--'---- 1 OZ. - --~---, ~~ - Oy -0 

· L+2 L 

-.,(z.} - /1 ( 1 + °' c,1\Z• 
of - - 1 I 

j + (L+Z) (J+'(/1
1
) 

y<z) _ 
oz. - -

11. (1 + 'oz°/)2 
1 +· L(:1 + oz'•') ' 

1 (Il.17) 

Q ( ,, W\ vM ~,\( i1i\ cz2_ 2 3'< :1 + 01 }Oz. I'{/~- Z&a .. (2.+o,') J+'('z I 

Or 2 -1- (L+2.)(1 + r}'l)-+ L{:1+rz<•1 2+(L+Z)(1+tt')+L(1+fi1' 

Ilpe.ztcTBBnim M8Tpwcy D = BA B \Popue 

(

C-0:) f s,·11 f) 
D = . - --s,np ~f 

B nonaraa 
~ =f+ A , A= c..h\,)t 

t 

,,._ (i} 

IICKOMNe K08ifxl>ll~BeHTY '(j KOJCHO BHPBSHTb qepea 

cneJcrlJlllJlll o6pasou: 
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~ (1) (1) . 1. - (') z - ,-v (.:t) (1) 2 - (.:t) , z. -
01. = 01. 5 '" .f' + 02. u-, f oz = O.:t c.&:> f + r.z s,n .f' 

• 7 7 

v<1> 1 (v<1J v<.:t>) 2-
0?> = z oz - 01 c,n j', 

,,,..,,. (Z) (2.) 2 - (Z.) • z - (, (1.) V (z.)) -
OJ = O.:t · = .f + Oz Sin f + i \!3 + o" c.o-:1 Z f', 

{ll.I9) 

v <2.> <2.J . ,. - (1.J - 1 ( czJ <i.>) _ 
oz = O.:t S,n f + 02. c,o-f-f --z 03 +'(v c..o-12.f, 

v czJ .{ ( v(z.> v .(z.>) 2y- v cz.) z. ii - v (z.>. z.f- Q ("+v<•~!'.1+ve.i) 
03 = 2, 02. - 01 w, +03 cm J qv Sok - 'J'< :! O.:t)\' Oz.j 

Y•HiT!iBBH IlOB8,ll8HH8 IlOT8Hlµ18JIOB f(,; IlpH J?_ -i'OQ 

K = K - l (L+i) 9H 
H z.z. - --R_2. 2Rt J 

K.:12. = K21 ~ o (Il.2UJ 

H8 CHCT8Mli YP8BH8HH.lt {25) MOZHO Ha.11:TH 8CHMilTOTHqecKHe P88JIOE8HHH 

.ztJIH napaueTpoB ~ , Sz. , £ . Cne,1.1yeT paaJIHqau, c.nyqaH L-:: o 
H L-:/: 0: 

npu L = 0 

S (K) ~ - ~/?.. + f» 2 ~ + 2 {...;)f:,K. -
•z 3~1M 

L 
-;e.R.. 

-t ,_, .L ~ ) ~(£) 
c..d t, (I<) - e,cJ t (K. · e i 

npH ltO 

,..,, e... 2 +t..-i;;eK. 
S,JR.) - - ~R. + ¥1.cL+.1) 

-t:1 f (,;:) - -t:; Z<~o) e Sz (R.) 

r,1.10 /<. >> Ro • 
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1. 
2Je.R. 

{Il.2Ia) 

{Il.216) 

KOK Bll,llHO H8 {Il.2Ia) H {Il.216),npH R-,. oo CHCTeMa ypaBHenH.11: 

(25) p8Cll8,ll88TCH HS H888BHCH!We ypa:BHOIIHH, qTo Il08BOJIH8T o~eHHTb 

BKJI8.zt OT 06JJBCTH Ko~ R. < 00 npH Bblqncnemm ~ 

5.:t = f (K.
0

) + _-J._ [l(l+1) + 3N ] + ~[L(t.+.:t)± 
9
~Js.-hZ(ke.~(t.)' 

i 2kf. 21:.2. 12kf" 2 "• ~ 
0 0 

\::: •/ {Il.22) 

+---r l(L.+1)::;: -z ~ ~(H . .... S.:t(e.) , 2 [ 9H] ~ ) 
(2kR.) R. 

. .. 
r.zte Ro onpe.zteJIHOTCH HS yCJIOBHH 2k £.. > i H 2.x £. >:i 

--'I .-;I. 
npn' .itonoJIHHTeJibHou Tpe6oBBHHH S'.1, (~0 ) ~ d O,. HHlltHHtt aHaK 

cooTBeTCTByeT cnyqaD L=O. 

# 
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'!r 

IlpHJiolleHHe Ill 

B npe.zteJII,HliX cJiyqaax k-,. 0 HJIH ~ - o .ztJIH cJiyqaa 

S - pacceHHHH BlleCTO 118TpH'lHl,IX 3JI8M8HTOB l:.i Ce'leHHH 

Y.zt06HO Blip8ll8Tb qepea napaMeTpli 

npH k--+o 

a .. 
'd 

l =--ka1, 
1.1 " 

-£2. = ~ 2.kk; C<1z. ; 

llpH -X- 0 

[ =-1-2.Je.ct Zz 2.Z l1.2. = fa ;ie.k: a.1.L 

(Il.23) 

(II.24) 

IIO,llCT8BJIHH 3TH pa8JIOll8HHH B ~880Bli8 yp8BH8HHH (16) ,llJIH 

napaMeTpOB MaK-Xeltna-Teltnopa H nepexo.ztH K npe.zteJiy k-+ o HJIH 

X ➔ 0 llOJIYllHII: 

npH k-o 

z z -2k.R -k.R 
QI = V (R.-a .. f) -f- V an e +zV.,~ C(.12. (R-a.11) e 

:11 .11 Z2. ..... 

(II.25) 

I 

C<..1.z 
--[V, a (Ra )+V 1 -k.R( 1c.,r - -k.R) 
- .11 :12. - H Z.2. a.12. - e.. e + fzz. e + 

2k. 

-/ 

t2.2. 

k ~ d I k K - - k.R)l 
+ ~z. (a:2.e-. + u-au)ziZ ,e 

O 

-+ -/;22. e 

__ [ :z 1. ( k.K - - k.R) Z 
- ~1. 2k.Q12 + ~z-,.- e + +22 e + 2 llo 

k R - -k. R)l 
+ 2'½z0.1z.( e. + -/;2.Ze . j 
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np11 x- O 

_/ i - )2 t , : - [ V -k ( Si11 k. £ + -lJ! U>:l k. f?. + \( k r, 2 + 
1~ 11 0 2.Z O Vl.12. 

+ 2 ~2. Cl.12 (si11 k.K + { 1 c.o., k. R)] 

a;z = -[v: a.1. 2 ..i.unk.R. f.sivik;R+tC-8-lk.R)+ °¼
2

(£-az.~a:tz+ 
11. k0 \.' (II.26) 

+ ¾z. ( ~~ =k.R + (12-tlzzc) :. (si11 k.R + l 1 ~koR)) 1 
a.:2 =- ~ 1a:2 c:.M(koR + ~z (i?.-a.z.,./ + 2½ 2 (K.-au)a:12. <=41 k.R. 

top11yJIN ,llJIH C8tJ8HHtt (21) npu STOii T8KE8 ynpOCTHTCH: 

~ 1 = ~ 1ta;1 npH k-+ o 

(II.27) 

• l.z. 
6 = !r, --4- npH -;;e. - o 

.1.t kz. 1+ i
1

: 

Ha ypaBaeaHa ~JIH 

'lTO npm 6oJibmHx k. 
3KCllOHOH~M8JibHO KBJIO. 

a.# (II .25) aenocpe,llCTB8HHO BH,llHO' 

DIHIWHe aaupuToro KBHana Ha OTKpurutt 
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