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1. BBEAEHHE 

B nocneAHee epeMfl Anfl on~caH~fl eaa~MOAeHCTB~fl 4BCT~~ H~a

K~x 3Hepr~H C flApaM~ ~HTeHC~BHO pa3B~Ba~TCfl nonyM~KpOCKOn~4e
CK~e nOAXOA~/1~ np~ TaKOM on~CaH~~ peanbHafl 4aCTb OnT~4eCKOrO 
noTeH~~ana /On/ ~ ~opM~aKTop~ Heynpyr~x nepexoAOB, e oTn~4~e 
OT ~eHOMeHonor~4eCKHX nOAXOAOB, He COAep*aT CB060AH~X napaMeT
poe H CTpOflTCfl Ha OCHOBe HH~pMa~~H 06 3~~eKT~BH~X HyKnOH-HyK
nOHH~X c~nax ~ pacnpeAeneHH~ ee~ecTea e flAPe ~ HaneTa~~eH 4ac
T~~e. np~ 3TOM OKa3~BaeTCfl cy~eCTBeHH~M y4eT 06MeHH~X HyKnOH
HyKnOHH~X KOppenR~HH, CBR3aHH~X C npORBneH~eM npHH~~na nayn~, 
a TaK*e MHOr04aCT~4H~X KOppenR~~H, MOAen~pyeM~X 06bi4HO 3aBH
C~MOCTb~ 3~~eKTHBH~X CHn OT nnOTHOCT~ pacnpeAeneH~R Be~eCTBa 
B RApe. 

CpeAH nonyM~KpocKon~4eCK~x noAXOAOB ceoeH npocTOTOH ~ YH~

eepcanbHOCTb~ B~AenReTCR ~onA~Hr-MOAenb /MeTOA CBepTKH//2-4/. 
3Ta MOAenb B paBHOH CTeneHH np~MeH~Ma ~ K C~epH4eCK~M, ~ K 
Ae~OpM~poeaHH~M RAPaM. ~OnA~Hr-noTeH~~an~ CTPORTCR KaK AnR 
npOCT~X, TaK ~ AnR COCTaBH~X 4aCT~~. B TaKOH MOAen~ B03MO*eH 

HOCT~. Bo MHOr~x pa6oTaX ynpo~eHHaR ~OnA~Hr-MOAenb /6e3 o6-
MeHH~X ~ MHOr04aCT~4H~X KOppenfl~~H/ np~MeHRnacb K on~CaH~~ 
ynpyroro ~ Heynpyroro pacceRH~R 4aCT~~ Ha RApax. Y4eT Koppe
nR~~H TaKoro T~na np~ aHan~ae yrnoe~x pacnpeAeneH~H ynpyro ~ 
Heynpyro pacceRHH~x 4acT~~ Ha Ae~opM~poeaHH~x RApax npoBOA~ncR 
TOnbKO e OTAenbHbiX pa6oTax /eM., Hanp~Mep, 15

'
61 I, 4TO CBR3aHo 

C rpOM03AK~M annapaTOM ~ B~4~Cn~TenbH~M~ TPYAHOCTRM~. 

2. ~OPMAnH3M MOAEnH 

PaccMoTp~M eaa~MOAeHcTe~e HyKnoHoB c Ae~opM~poeaHH~M~ RApa
M~. B cny4ae pacnpeAeneH~R Be~eCTBa B RApe, OTnH4HOM OT c~
p~4eCK~-CHMMeTp~4HOro, paA~YC nonoB~HHOrO cnaAa nnOTHOCT~ MO
*eT 6~Tb aan~caH e cneAY~~eM B~Ae IAnR KOHKpeTHOCT~ orpaH~4~M
CR aKc~anbHo-c~MMeTp~4H~M pacnpeAeneH~eM/: 

p 
R=Ro[l+ ~ {:lAOYAO(O.I/>)}, /1/ 

rAe 13 fo- napaMeTpbl Ae~opMa~~~ RAPa. nnoTHOCTb pacnpeAeneH~fl 
Be~eCTBa B flApe ~ noTeH~Han B3a~MOAeHCTB~fl HyKnOHa C flAPOM 

~-·-· ·' 

I 
I 



MoryT 6~Tb TOrAa paanomeH~ e P~A no MynbTHnon~M: 

p(r) .. ~ pA
0
(r)YA

0
(0.¢), 

U(r)= 1 UA0(r)YA
0

(0.¢). 

/2/ 

/3/ 

3Aeeb pAo(r) (A/= 0)- KO~OHeHTbl TaK Ha3b1BaeMO.:i nepeX~AHO.:i nnoT
HOeTH; Uo(r)=U00 (r)/y4rr. HMeeT eMblen Bel!leeTBeHHOH 4aeTH On, 
a U Ao(r) (A 1: 0) ~en~IOTe~ ¢lopM¢laKTopaMH HeynpyrHx nepexoAOB 
e nepeAa4e.:1 MOMeHTa A. B eTaHAaPTHO.:i KonneKTHBHo.:i MOAenH pae-
ee~HH~ 4aeTH~ Ha ~Apax 171 UA0 (r) He aaeHeHT OT nepeAaeae-
Moro MOMeHTa. TaKo.:i nOAXOA He eornaeyeTe~ e KOHe4HbiM paAHYeOM 
Ae.:ieTBH~ 3¢l¢leKTHBHbiX HYKnoH-HyKnOHHbiX eHn H npHH~HnOM naynH. 
ApyrHM HeAOeTaTKOM MaKpoeKonH4eeKoro noAXOAa ~en~eTe~ HanH4He 
6onbWOrO 4Hena nOArOH04HbiX napaMeTpOB. K HHM OTHOe~Te~ napa
MeTpbl on H napaMeTpbl Ae¢lopMa~HH noTeH~Hana {3 Ao . npH4eM OHH 
He eoenaAaiOT e napaMeTpaMH Ae¢lopMa~HH ~Apa {3~0 /eM. pa3Aen 5/. 
Bee 3TH napaMeTpbl He HMeiOT OAH03Ha4Horo onpeAeneHH~. 

noTeH"Hanbl U(r), noeTpoeHHble e ¢lonAHHr-MOAenH, nHweH~ 3THX 
HeAOeTaTKOB. HexoAHbiMH An~ HX noeTpoeHH~ ~en~IOTe~ 3¢l¢leKTHBHble 
HyKnOH-HyKnOHHble eHnbl H nnOTHOeTb paenpeAeneHH~ Bel!leeTBa B ~A
pe. noTeH~Han ¢lonAHHr-MOAenH, eOAepmai!IH.:i np~MO.:i H 06MeHHbl.:i 

3Aeeb p(~.~')- eMeWaHHa~ HnH 06MeHHa~ nnOTHOeTb, eB~3aHHa~ 
e y4eTOM aHTHeHMMeTpH3a~HH, nepeMeHHble ~ BKnl04aiOT B ee6~ KaK 
npoeTpaHeTBeH~~e KOOPAHHaTbl, TaK H enHHOBble H H30enHHOBble ne
peMeHHble, V 3<pql (~ ,~')- 3¢l¢leKTHBHble HYKnOH-HyKnOHHble eHnbl. 

TaKHM o6pa30M, B eOOTBeTeTBHH e /4/ peanbHa~ 4aeTb On 
H ¢lopM¢laKTOpbl HeynpyrHX nepeXOAOB B ¢lOnAHHr-MOAenH OAH03Ha4HO 
onpeAen~IOTe~ 3aAaHHeM napaMeTpOB 3¢l<lleKTHBHbiX eHn H nnOTHOeTH 
paenpeAeneHH~ ee111eeTBa e ~Ape, a TaKme MOAenHpoeaHHeM o6MeH
H0.:1 nnoTHOeTH p(~.~'). Bee 3TH napaMeTpbl onpeAen~IOTe~ H3 AaHHbiX, 
He3aBHeHMbiX no OTHOWeHHIO K paeee~HHIO HyKnOHOB Ha ~Apax, 4TO 
noaeon~eT pa3BHTb e paMKax TaKoro nOAXOAa noeneAOBaTenbHYIO 
exeMy onHeaHH~ 3KenepHMeHTanbHbiX peaynbTaTOB no paeee~HHIO. 

BeneAeTBHe y4eTa npHH~Hna naynH ¢lonAHHr-noTeH~Han ~Bn~eTe~ 
HenoKanbHbiM. XapaKTepHa~ eenH4HHa HenoKanbHOeTH HenoepeAeTBeH
HO eB~3aHa C paAHYeOM Ae.:ieTBH~ 3¢l¢leKTHBHbiX eHn, KOTOpble ~Bn~
IOTe~ KOpOTKOAe.:ieTBYIOI!IHMH. 6 eHny 3TOro MOlKHO OT HenoKanbHOrO 
noTeH~Hana nepeHTH K noKanbHOMy, HO 3aBHe~llleMy OT 3HeprHH, 
B eOOTBeTeTBHH e npo~eAYPOH, H3nOlKeHHOH B /S(Paanara~ Bee Be
nH4HHbl B /4/ no MynbTHnOn~M H npOBOA~ eyMMHpOBaHHe no enHHO
BbiM H H30enHHOBbiM nepeMeHHbiM, 6yAeM HMeTb B noKanbHOM npHfinH-

2 

D oo 2 
UL

0
(r) = V f p (r')f (r,r')(r') dr' + 

0 LO LO /5/ 

E oo 2 
+VI SL.u'f f(s)p, (r,s)J>.(k,r,s)sds, 

A>.' 0 1\00 

s ,=[(2>.+1)!2~'+1) }~C 2 (A0A'OILO), 
LAA 2L +1 

/6/ 

171 1 -+-+-+ d d p (r,S)=-= fp(r,r+s)YA
0

(w-+) w 1 w1' 
AOO V 417 r 

k2(r) = _gl!!.,[E-U(r)-Vc<r>J. 
1i2 

!8! 

3Aeeb f (r r ') p (r ') p, (r,s) H J~(k,r,S) - eOOTBeTeTBYIOI!IHe KOM-
LO ' ' LO ' "00 '3!pcjl -+ -+ -+-+ -+ noHeHTbl e paanomeHH~X V (lr- '1). p(r ') , p(r,r+ s) H e¢lepH4e-

eKo.:1 ¢lyHK~HH 6eeeen~ j 0(k(r)s) no M~tbTHnon~M; C(AO>.'OILO)-
K03¢l¢lH~HeHTbl Knefiwa-ropAaHa; V D H V - eOOTBeTeTBYIOI!IHe BKnaA~ 
3¢l<lleKTHBHOrO B3aHMOAe.:ieTBH~ B np~MO.:i H 06MeHHbl.:i 4neH ¢lOnAHHr
noTeH~Hana; V (r)- KynoHoeeKH.:i noTeH~Han. 

c " 6 06eyAHM ¢lopMyny /5/. BTopoe enaraeMoe e HeH Y4HTb1BaeT o-
MeHHble KOppen~~HH, ofiyenoeneHHble Ae.:ieTBHeM npHH~Hna naynH. 
AoeonbHO 4aeTo e ¢lonAHHr-MoAenH, oeo6eHHO An~ cocTaBHbiX 4ae
TH~, npHH~Hn naynH Y4HTb1BaiOT 3¢l¢leKTHBHo. B 3TOM eny4ae nona
raiOT V E =0 H K eaaHMonei:1eTBHIO V 0 f( s) no6aen~IOT nceenonoTeH
~Han Hyneeoro paAHyca AeAcTBH~ 14 ·91 . TaKoA npocToA y4eT o6MeH
HbiX 3¢l<lleKToe noaeon~eT nony4HT b aHanHTH4eCKHe BbrpameHH~ An~ 

noTeH~HanoB H ¢lopM¢laKTOpOB HeynpyrHX nepeXOAOB B ¢lOpManH3Me 
aHanHTH4eeKoA ¢lonAHHr-MoAenH 110 - 12~0AHaKo An~ onHeaHH~ ce4eHHA 
Heynpyroro paeee~HH~ npH 3TOM npHWnOeb 6bl BBOAHTb AOnOnHHTenb
HYIO >.-aaBHeHMOCTb nceeAonoTeHUHana. B HacTO~I!Ie.:i pa6oTe, e oT
nH4He oT npH6nHmeHH~ nceeAonoTeH~Hana, o6MeHHble 3¢l¢leKTbl pae
cMaTpHBaiOTe~ B ~BHOM BHAe. 

6 ¢lopMyne /5/ HeKOMble eenH4HHbl UL 0(r) BXOA~T TaKlKe B ee
nH4HHY k(r). TaKHM o6paaoM, An~ noeTpoeHHR UL 0(r) HYlKHO npH
MeH~Tb rpOM03AKYIO HTepa~HOHHYIO npo~eAYPY/S~ 3TO o6eTO~TenbeT
BO ey111eeTBeHHO 3aTPYAH~eT H3Bne4eHHe napaMeTpOB {3~0 npH aHa
nH3e 3KenepHMeHTanbHbiX AaHHbiX no pacce~HHIO, TaK KaK npH He6onb
woM eapbHpOBaHHH 3THX napaMeTpOB Be~KHH pa3 npHXOAHnOeb 6bl npH
MeH~Tb HTepa~HOHHYIO exeMy An~ Bb14HeneHH~ UL~~· I 13/ _ 

MeTOA pae4eTa MOlKeT 6b1Tb 3Ha4HTenbHO ynpo111eH , eenH He 
nonb30BaTb B BblpameHHH /5/ TeopeMy yMHOlKeHH~ An~ ¢lyHK~HH Eiee
een~, a TaKme CBOHeTBO KOpOTKOAe.:iCTBH~ 3¢l<lleKTHBHbiX eHn. TOrAa 
UL 0 (r) MOlKHO paanomHTb e P~A no cTeneH~M 13{0 • OrpaHH4HMe~ 
4neHaMH nepeoro H BToporo nop~AKa no 13{0 e peaynbTaTe nony-
4HM 
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D m D 
UL 0(r) = ULo (r)+l LO (r)+ 2 ~' ~ LM'I Al(r) I UA, 0(r)+l, ,

0 
(r) I, 

1i k0(r) "" " 
D D oo 

ULO (r)-V r p (r' )f (r,r' Xr') 2dr', 
O LO LO 

191 

/10/ 

--, E ~ 2 
ILO (r)=y4" V ( f(s) pL (r,s)j (k0(r)s)s ds, 

0 00 0 
/11/ 

E oo 3 
IL 

1
(r) = V ( f(s) pL (r,s)j (k 0(r)s)s ds, 

0 00 1 
/12/ 

2 2m D 
k0 (r) = -[E -U 0(r)-Vc(r)], 

1i2 
/13/ 

D 1 D 
U0 (r) .. -U00 (r), /14/ 

v'41T 
i 0(k 0(r)s) 11 j 1(k0 (r)s) - c<1>ep114ecK11e <I>YHK1.11111 6ecce11f!. 

06CYA11M <I>OPMY11~ /9/-/14/, KOTOp~e npeACTaB11R~T co60H 3aMK
HYTY~ CI1CTeMy COOTHOWeHI1H A11R nocTpOeHI1R noTeH1.111a110B 11 <!>OpM
<!>aKTOpOB Heynpyri1X nepeXOAOB C y4eTOM 06MeHH~X 3<l><l>eKTOB. no
CK011bKy /JA0(r) 11 p AoO(r,s) nponopi.I110Ha11bH~ t3f0 , nepsoe 11 eTopoe 
c11araeM~e a 191 1111HeHH~ no {3~0 , a l·A, coAePlKI1T KaK 1111HeHH~e 
no t3f0 /np11 A 111111 A' ,pasHblx HY11~/, TaK 11 KBaApant4H~e no {3~ 0 
411eH~. B OTJ111411e OT <!>OpMyJl~ /5/ BCe 11HTerpa11~, BXOAR~11e B /9/, 
He 3aBI1CRT OT f3fo• 3TO 06CTORTe11bCTBO Cy~eCTBeHHO ynpo~aeT 
pac4eT se1111411H UL 0(r), a TaKlKe no3B011ReT 113BneKaTb napaMeTp~ {3r n no ..... aHantA::Ie ~Kt"':nPniAMP ... T..:t nhMI-.JV n;:n.u .. U .. IY nn n~r,..Or'llH•ln I ....... ....... . - ,---,-·· .. --·- .. ·- ... ----.......... ' .. ..... 
11Cn011b3YR rpoM03AKOH 11Tepa1.1110HHO~ npo1.1eAYP~· H3 /5/ 11 /9/ C11e
AYeT, 4TO a L-KoMnoHeHTY noTeH1.111a11a Aa~T BKJlaA KOMnoHeHT~ 
n11oTHOCTI1 c A, OTI1114H~M aT L. C11eAOBaTe11bHO, 3a c4eT o6MeHH~x 
KOppe11RI.II1~ nORB11ReTCR AOn011HI1Te11bHaR CBR3b KaHa110B. Hanp11Mep, 
AalKe ec1111 f3fo,. 0, B MeTOAe 11CK_flKeHH~X BOJlH /MHB/ aMn1111TYAa 
pacceRHI1R A11R nepeXOAa I o+> ... , 4 > 6yAeT OT11114Ha OT HY11R 
113-3a Ha1111411R !, B /9/. 

HapRAY c p~}JlbHO~ l.leHTpa11bHO~ 4aCTb~ on, 11Cn011b3yeM~~ B MHB 
11 MeTOAe CBR3aHH~X KaHa11QB /HCK/, COAePlKI1T TaK!Ke noTeH1.111a11 no
rno~eHI1R 11 cn11H-op611TaJ1bH~~ 411eH. 4To KacaeTCR nocneAHero,To 
ero pac4eT B03MOlKeH 11 npOBOAI111CR Ha OCHOBe <!>OpMa11113Ma <!>OI1A11Hr
MOAei111/l4~ noTeH1.111a11 norno~eH11R 11MeeT A11HaMI14ecKy~ npl1pOAY/1&/ 
11 CBR3aH C BKJlaAOM B Ce4eH11e paCCeRHI1R KaHaJlOB, RBHO He pac
CMaTpi1BaeM~X a MHB 111111 t1CK. Ero pac4eT a no11HOM o6oeMe a Ha
CTOR~ee BpeMR 3aTPYAH11Te11eH, n03TOMy o6~4HO B Ka4eCTBe noTeH-
1.111aJla norno~eHI1R 11Cnonb3Y~T MHI1MY~ 4aCTb <!>eHoMeHonorl14ecKoro 
on. 

B 3aK11~4eHI1e OTMeTI1M, 4TO B 3Mnl1pl14eCK11H noTeH1.111a11 BBOA11T
CR cna6aR 3HepreTI14ecKaR 3aBI1CI1MOCTb. B HaweM c11y4ae 3HepreTI1-
4ecKaR 3aBI1CI1MOCTb <!>011A11Hr-noTeH1.111aJla 11 <!>OPM<!>aKTOpOB Heynpyri1X 

nepeXOAOB RB11ReTCR CJ1eACTBI1eM HeJlOKa11bHOCTI1 nOTeH1.111aJla, TO 
eCTb y4eTa np11H1.111na nay1111 BO B3ai1MOAeHCTBI111 HaJleTa~~eH 4aCTI1-
LI~ c RAPOM-MI1WeHb~. CpaBHI1BaR B~411CileHH~e np11 pa311114H~x 3Hep
ri1RX naAa~~e~ 4aCTI11.1~ ce4eHI1R c 3Kcnepi1MeHTaJlbH~MI1,onpeAe11ReM, 

HaCK011bKO XOPOWO npeA11araeM~H nOAXOA BOCnpOI13BOA11T 3Ty 3aBI1-
CI1MOCTb. 

3. OnHCAHHE YnPYroro H HEYnPYrOrO PACCERHHR nPOTOHOB 
HA RAPE 26Mg 

np11MeH11M nony4eHH~e a npeA~Ay~eM pa3Ae11e pe3y11bTaT~ K onl1-
caHI1~ ynpyroro 11 Heynpyroro pacceRHI1R npoTOHOB Ha RApe-MI1we
H11 26Mg. 0cTaHOBI1MCR Ha B~6ope Be1111411H, BXOAR~I1X B <I>OPMYil~ 
/9/-/14/. 3<1><!>eKT11BH~e HYKI10H-HYK110HH~e CI1Jl~ MOryT 6~Tb no
CTpOeH~ Ha OCHOBe B3ai1MOAe~CTBI1R, Oni1C~Ba~ero pacceRHI1e CBO
fiOAH~X HYK110HOB, B paMKaX TeOpl111 KOHe4HOH RAePHOH MaTepl111/1/. 
TaK11e 3<l><l>eKT11BH~e B3a11MOAeAcTBI1R 3aBI1CRT oT 3Heprl111, n110THo
CTI1 pacnpeAe11eHI1R Be~eCTBa B RApe 11 11Me~T C110lKHy~ CTpyKTypy, 
3aTPYAHR~Y~ nposeAeH11e 411C11eHH~x pac4eTos. B AaHHOH pa6oTe 
11Cnonb30BaH~ 3<l><l>eKT11BH~e c11n~, YAOB11eTBOPI1TeJlbHO on11c~sa~11e 
AaHH~e no H113K03HepreTI14eCKOMy NN- 11 aa -pacceRHI1~ 11 npi1Me
HRBWI1eCR AilR pac4eTa K11aCTepH~X xapaKTepi1CTI1K RAep/l&fB Ka-
4eCTBe paA11aJlbHOH 3aBI1CI1MOCTI1 p 0 ~) B~6paHO <!>epMI1eBCKOe pac
npeAeJleHI1e c napaMeTpaMI1, 113BJle4eHH~MI1 113 pacceRHI1R 311eKTpo-
una u'3 26u,..ll7/ """ ... ""•• ............................. - .. - ...... ---- ---- - _,. /1Q/ 
--- .. _ •••t::t • .,.._.t-" .... """''t-""" M"'""''f'"-'t-''"''U'-\rlrl ni-\6JGI D~ntDI 1'1~ iJdUUibl --·: 

{3~0 = 0,444 11 {3~0=-0,024 /B HaCTOR~e~ pa6oTe He Y411T~Ba~TCR pa3-
Il11411R a napaMeTpax Ae<I>OpMal.l1111 RAPa 11 3aPRAa/. KoMnoHeHT~ ne
peXOAHOA nnoTHOCTI1 npeAnonaraeM cocpeAOT04eHH~MI1 Ha noeepxHo
CTI1 RApa: 

P d Po(r) 
p, (r) • - {3 r --- • 

"o Ao dr 
/15/ 

,li11R 06MeHHOH nJlOTHOCTI1 p( f, r') 11Cn011b3yeTCR MOAI1<!>111.111POBaH
HOe CJ13TepOBCKOe BblpalKeH11e 113 ,pa60T~ /1 91. 

nocne Toro, KaK s~6paH~ y'l!IJ<P(i'.,r') , p (r) 11 p(l';f •. ), He oc
TaeTcR H11 OAHOro CBOfiOAHOro napaMeTpa B pac4eTe U~), TO eCTb 
peaJlbHOH 4aCTI1 On 11 <!>OPM<!>aKTOpOB Heynpyri1X nepeXOAOB. ,llanee 
C 3TI1M11 noTeH1.111anaM11 11 <!>OpM$aKTOpaMI1 paCC411TaH~ C 11Cn011b30Ba
HI1eM cTaHAaPTH~x nporpaMM onTI14ecKoA MOAe1111 /OM/ 11 MHB Al1<1><!>e
peH1.111anbH~e ce4eHI1R ynpyroro 11 Heynpyroro /c eo36YlKAeHI1eM co
CTORHI1R 121> , E (2i) - 1 , 805 H3B/ pacceRHI1R npoToHos. B~411CJleH
Hble yr11oe~e pacnpeAeneHI1R /cnnowH~e KPI1Bble/ A11R 3Hepri1A npoTo
Ha ~= 23,95 11 17,5 M3B np11seAeH~ BMecTe c 3Kcnepi1MeHTa11bHbiM11 
T04KaMI1 Ha PI1C. 1 11 2 COOTBeTCTBeHHO. 3Kcnepi1MeHTa11bH~e AaH
H~e B3RTb1113 pa6oT 121PfEp= 23,95 M3B/ 11 1211 /Ep= 17,5 M3B/. 
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PHc.I. YrnoBhle pacrrpegeneHHH 
yrrpyro H'Heyrrpyro lc B036~e
HHeM cocTOHHHH I 2i > I pacceHH
HhiX Ha 26 Mg rrpoTOHOB c 3Hep
rHeH 23,95 M3B, CrrnomHhle 
nHHHH - pac~eT C y~eTOM 06MeH
HhiX 3«Pcl>eKTOB d =0; WTpHX
ITVHKTHPHble - d • 525 ~bB $M6 ; 
rrpepbiBHCTaH - pac~eT B paMKax 
CTaHgapTHoro MHB, TO~KH -
3KcrrepHMeHTanbHbie gaHHhle. 

~ ~ 
8 

l'~:ff.S 

6 

5 

:r 

.2. 

~"· 4d .90 • IRO • I$0• 
61,. 

PHc.2. YrnoBhle pacrrpegeneHHH 
yrrpyro H Heyrrpyro lc B036~
geHHeM cocTOHHHH 121 > I pac
ceHHHhlX Ha 26 Mg rrpoToHoB 
c 3HeprHeH 17,5 M3B. lliTpHxo
Bbie nHHHH - pac~eT 6e3 ~eTa 
o6MeHHhiX 3«Pcl>eKTOB. OcTanbHhie 
0603Ha~eHHH Te xe. ~TO H Ha 
PHC,I, 

Ta6nHu;a I 

llapaMeTpbi orrTH~ecKoro rroTeHu;Hana, HCrronb3yeMbie 
B pac~eTaX ITO OITTH~eCKOH MOgenH H MeTogy HCKaxeHHblX BOnH 

Ep v rov av ws row aw Vso r so aso CCbLIIKH 

9, I -47,8 1,25 o, 770 II, 2 I ,25 0,501 -7,5 I ,25 0,47 1231 
17,5 -46,9 1,25 0,65 II ,0 I, 25 0,47 -7,5 I ,25 0,65 1191 
23,95 -44,3 1,22 0,52 10,2 I ,36 0,40 -8,6 I ,29 0,96 1201 

6 

KaK OTMe4anoeb B~We, B HaeTOR~eM nOAXOAe He paee4~T~BaeTeR 
noTeH~~an norno~eH~R. napaMeTp~ MH~MO~ 4aeT~ On /paeeMaTp~Ba
eTeR noeepxHoeTHOe norno~eH~e/ TaK ~e, KaK ~ napaMeTp~ en~H
op6~TanbHoro 4neHa, B3RT~ ~3 pa6oT 12°/ ~/21/ /eM. Ta6n. 1/.Ky
noHoBeKoe B3a~MOAe~eTB~e Y4~T~Banoeb eTaHAapTH~M enoeo60M, 
e B~Ae noTeH~~ana paBHOMepHo 3apR>KeHHO~ e()lepbl e paA~yeoM Rc = 

1 ,25 A113 <I>M. 
06eyA~M pe3ynbTaT~ pae4eTa A~<!Xl>epeH~~anbHbiX ee4eH~~. 

E 0 = 23,95 M3B. TeopeT~4eeK~~ pae4eT e y4eToM o6MeHHhlX 
3¢l()leKTOB /ennowHble n~H~~/ e ~enoM YAOBneTBop~TenbHO on~ebrBaeT 
yrnoBble paenpeAeneH~R KaK AnR ynpyroro, TaK ~ AnR Heynpyroro 
paeeeRH~R. AnR eoenpo~3BeAeH~R a6eon~THO~ een~4~Hhl ee4eH~R 

Heynpyroro paeeeRH~R He Tpe6yeTeR ey~eeTBeHHO~ nepeHopM~poe-
K~ napaMeTpa ~~o· xoTR yeen~4eH~e ee4eH~~ np~ Manhlx yrnax ~ He-
6onbw~e oe~~nnR~~~ e epeAHe~ o6naeT~ yrnoe on~ehlBa~TeR HeAo
eTaT04HO xopowo. B pa6oTel 201 npoBeAeH aHan~3 3T~x 3Kenep~MeH
TanbHhlX AaHHhlX, a TaK>Ke Heynp~roro paeeeRH~R B eny4ae B036ym
AeH~R PRAa APYr~x eoeTORH~~ 6Mg B paMKaX MaKpOeKon~4eeK~X 
nOAXOAOB /OM, HHB ~ MCK/. Ce4eH~e ynpyroro paeeeRH~R 6hlno 
on~eaHO AOeTaT04HO XOPOWO ~ np~ 3TOM ~3Bne4eHhl napaMeTphl On, 
OH~ np~BeAeHhl e Ta6n.1 /TpeTbR eTpoKa/. A~<l>()lepeH~~anbHhle ee-
4eH~R Heynpyroro paeeeRH~R 6hln~ Bhl4~eneHhl B MHB /npephlB~eTaR 

n~H~R/ ~ B ABYX eepe~RX MCK. H3 p~e. 1 B~AHO, 4TO pae4eT B MHB 
ey~eeTBeHHO 3aBhlwaeT ee4eH~e np~ 6onbw~x yrnax KaK no epaeHe-

T~LI' lA M'"' r"'r"'::IIDUOUIAII"'t r" TOr'\r"'OTIAIJOrLI'IAU n=triJO-
·-·· .. ··- -.---··-·····-- ---,..- ···--···--· r------

TOM B AaHHOM nOAXOAe. 0AHaKO np~ 3TOM XOpOWO on~ebiBaeTeR ee4e
H~e Heynpyroro paeeeRH~R np~ Manhlx yrnax. Y4eT eBR3~ KaHanoe 
ey~eeTBeHHO yny4waeT 1201 eornae~e e 3Kenep~MeHTanbHhlM~ AaHHhlM~ 

1201 v I 6 2/ np~ 6onbw~x yrnax. 3aMeT~M, 4TO e f32cr=0,387 eM. Ta n. , 
B TO BpeMR KaK 3Ha4eH~e {3~ 0 , 80ny4eHHOe B AaHHOH pa6oTe /eM. 
pa3Aen 5/, paeHo 0, 344. 

E0 = 17,5 M3B. Ha p~e. 2 npeAeTaeneHbl A~<l><!>epeH~~anbH~e ee4e
H~R ynpyroro ~ Heynpyroro paeeeRH~R,Bhl4~eneHHhle e AaHHOM noA
XOAe e y4eToM /ennowH~e n~H~~/ ~ 6e3 y4eTa /wTp~xoe~e n~H~~/ 
np~H~~na nayn~. MO>KHO B~AeTb, 4TO 06MeHHble 3()l<)>eKTbl BHOeRT ey
~eeTBeHH~~ BKnaA e ee4eH~e ynP,yroro ~ Heynpyroro paeeeRH~R Ha 
6onbw~e yrn~, yny4waR eornae~e e 3Kenep~MeHTanbHhlM~ AaHHhlM~. 
On~eaH~e 3Kenep~MeHTanbHhlX pe3ynbTaToB B ~enoM YAOBneTeop~Tenb
HOe, xoTR He on~e~eaeTeR yeen~4eH~e ee4eH~H Heynpyroro paeeeR
H~R np~ Man~x yrnax ~ HeAoeTaTo4HO xopowo eoenpo~3BOARTeR ~3-
MeHeH~R ee4eH~H Heynpyroro paeeeRH~R e epeAHe~ o6naeT~ yrnoe. 
Ha p~e.2 np~BeAeH TaK>Ke pae4eT ee4eH~R ynpyroro paeeeRH~R B 
OM e napaMeTpaM~ on ~3/21/ ~ Heynpyroro paeeeRH~R B paMKax 
o6~4Horo MHB/211 /npephlB~eT~e n~H~~/. B~AHO, 4TO onT~KO-MOAenb
H~~ pae4eT He AaeT yeen~4eH~R ee4eH~R ynpyroro paeeeRH~R np~ 
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6onbw~x yrnax, a a cny4ae Heynpyroro pacce~H~~ He on~c~aaeT
c~ yaen~4eH~e ce4eH~H np~ Man~x yrnax. 

noABOA~ ~Tor~ 3Toro o6cy~AeH~~. oTMeT~M cneAY~~ee. no co
aoKynHOCT~ np~BeAeHH~x AaHH~x /4eT~pe 3Kcnep~MeHTanbH~x yrno
a~x pacnpeAeneH~~/ pa3a~aaeM~H nOAXOA on~c~aaeT ce4eH~~ ynpy
roro ~ Heynpyroro pacce~H~~ a ~enoM He xy~e, 4eM MaKpocKo
n~4eCK~e noAXOA~ OM ~ HHB. B oTn~4~e aT 3T~X nOAXOAOB a AaH
HOA MOAen~ OTCYTCTBY~T B Ka4eCTBe noArOH04H~X napaMeTpOB na
paMeTp~ peanbHOA 4aCT~ on ~ napaMeTpbl {32VO. Hcnonb30BaHHble 
noTeH~~an~ norno~eH~~. KaK OTMe4anocb a~we, B3~T~ <j)~Kc~poaaH
HbiM~ ~3 pa6oT /20/ ~121 1. TaK~M o6pa30M, a pac4eTax, npoaeAeHHbiX 
B HaCTO~~eA pa6oTe, nonHOCTb~ OTCYTCTBY~T CB060AH~e napaMeTp~. 

Uenb npoaeAeHHoro ~ccneAOBaH~~ cocTo~na He a TOM, 4T06bl 
AeTanbHO on~caTb 3Kcnep~MeHTanbH~e AaHH~e, a a TOM, 4T06bl no
Ka3aTb 3$<j)eKT~BHOCTb nonyM~KpOCKOn~4eCKOrO nOAXOAa B BOCnp0~3-
BeAeH~~ Ha eA~HOA OCHOBe 6e3 CB060AH~X napaMeTpOB AaHH~X no 
ynpyroMy ~ HeynpyroMy pacce~H~~ np~ pa3n~4H~x 3Hepr~~x. An~ 
nony4eH~~ 6onee AeTanbHoro on~caH~~ 3Kcnep~MeHTanbH~x ce4eH~H 
a AaHHOM noAXOAe ~MeeTc~ P~A B03MO~HOCTeA. Bo-nepa~x. AOnycT~
Mo aapb~poaaH~e napaMeTpoa noTeH~~ana norno~eH~~. nocKonbKY 
oH~ AOn~H~ 6~Tb cornacoaaH~ c peanbHOA 4aCTb~ on. TaKoe aapb~
poaaH~e /KaK noKa3an~ npoaeAeHH~e pac4eT~/ no3aon~eT yMeHb-
w~Tb aen~4~HY x~in np~ on~caH~~ ynpyroro pacce~H~~. Bo-aTo-
p~x. cy~ecTBeHH~M ~an~eTc~ y4eT ca~3~ KaHanoa np~ B~4~cneH~~ 
ce4eH~A Heynpyroro pacce~H~~. HaKOHe~, ~3 TeopeT~4ecKoro pac
CMOTpeH~~ cneAyeT, 4TO 00 (~ AOn~H~ 6~Tb pa3H~M~ BO BXODHOM 
~ B~XOAHOM KaHanax. 3Ta pa3H~~a He y4~T~aanacb. OnpeAeneHH~A 
aKnaA a ce4eH~e pacce~H~~ MoryT AaaaTb ~ Henp~M~e npo~ecc~. 

4. Y4ET nnOTHOCTHO~ 3AB~iCHMOCH1 3$$EKTHBHbiX CHn 

B npeA~AY~eM pa3Aene OTMe4anocb, 4TO 3$$eKT~BH~e HyKnoH
HyKnOHH~e C~n~ AOnmH~ 3aB~CeTb OT 3Hepr~~ ~ OT nnOTHOCT~ pac
npeAeneH~~ ae~ecTaa a ~Ape /eM. TaKh~e /t. 2;4xP I. HccneAyeM ao
npoc 0 an~~H~~ nnOTHOCTHOA 3aB~C~MOCT~ V (r:r') Ha Ce4eH~e 
pacce~H~~ npOTOHOB ~ApaM~. nocKOnbKY TaKa~ 3aB~C~MOCTb npo~a
n~eTC~ B pe3ynbTaTe MOAen~pOBaH~~ MHOr04aCT~4H~X KOppen~~~H, 
a TaK~e Tpex4aCT~4H~X c~n, AeACTBY~~~X B ~AepHOH cpeAe, TO 
MO~HO CAenaTb B~BOA 0 Bn~~H~~ MHOro4aCT~4H~X KOppen~~~A Ha yr
noa~e pacnpeAeneH~~ pacce~HH~x 4aCT~~. 4To KacaeTc~ 3HepreT~-
4ecKoH 3aB~C~MOCT~ <j)OnA~Hr-noTeH~~ana ~ $OpM$aKTOpOB Heynpy
r~x nepeXOAOB, TO aHa a AaHHOM nOAXOAe ace~eno o6ycnoaneHa 3$
¢eKTOM HenoKanbHOCT~, CB~3aHH~M C npO~BneH~eM np~H~~na nayn~. 
3$$eKT~BH~e HyKnOH-HyKnOHH~e C~n~ C4~Ta~TC~ He 3aB~C~~~M~ OT 
3Hepr~~. BBeAeH~e TaKOH 3aB~C~MOCT~ noTpe6oaano 6~ AOnonH~
TenbH~X napaMeTpoa. 
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PHc. 3 . 0THomeHHe ,o;ml$epeHu;HaJibHbiX 
ceqeHHil ynpyroro pacceHHHH npoTOHOB 
c 3HeprHeil I 7, 5 M3B Ha 26Mg K pe-
3ep¢opp;oBCKHM ceqeHHHM, BblqHCJieH
HblX C yqeTOM o6MeHHb!X 3¢¢eKTOB H 
DJIOTHOCTHOH 3aBHCHMOCTH 3¢q,eKTHBHb!X 
CHJI. CnnowHaH JIHHHH-d-0, mTpHxo
BaH - d = 350 thB <PM6 ,mTpHXDYHKTHp
HaH-d = 525 M3B «DM 6 , npepbiBHCTaH 
d = 700 l'bB <l>M 6 • 

B Ha~6onee npocToA ¢opMe nnoT
HOCTHa~ 3aB~C~MOCTb 3$<j)eKT~BHOrO 

B3a~MOAeACTB~~ MO~eT 6~Tb Y4TeHa 
a n~HeHHOM np~6n~~eH~~ no p(r) 
~ B o-np~6n~~eH~~ no paA~anbHOA 
3aB~y~MOCT~: 

v34l<P -+-+, r f' .... 
P (r,r ) .. dp(-j-)o(r-1'), /16/ 

KOHcTaHTa d onpeAen~eTc~ ~3 ycnoa~~ Hac~~eH~~ ~AepH~x c~n. 

noACTaan~~ /16/ s nepaoe cnaraeMoe a~pa~eH~~ /4/ ~ pa3nara~ 
era no MynbT~non~M, 6yAeM ~MeTb 

1 
upLo(r)=--d2SuxP, (r)p, (r), ,rr; u- "o A o 

/17/ 

rAe SLA.~' onpeAen~~Tc~ /6/. Ecn~ cpaaH~Tb /17/ c /9/, TO He
TPYAHO B~AeTb, 4TO UpLO ~Me~T TaKy~ ~e CTpyKTypy, KaK ~ 

TpeTbe cnaraeMoe a /9/. TaK~M o6pa3oM, nnoTHOCTHa~ 3aa~c~MOCTb 
3$$eKT~BHbiX C~n np~BOA~T TaK ~e, KaK ~ 06MeHHble 3$$eKTbi,K AO
nonH~TenbHOA ca~3~ KaHanoa. 

C ~enb~ ~3y4eH~~ an~~H~~ nnoTHOCTHoro 4neHa Ha A~¢<j)epeH~~
anbH~e ce4eH~~ ynpyroro pacce~H~~ 6~n npoBeAeH pac4eT An~ He
CKOnbK~x 3Ha4eH~A napaMeTpa d : d1 = 0, d 2z350 M3B <i>M

6
, d 3 = 

= 525 M3B QM 6 , d 4 = 700 M3B <llM 6 . Ha p~c. 3 npeACTaaneHbl OTHo
weH~~ nonHbiX ce4eH~H ynpyroro pacce~Hiffili'PoTOHOB Ha 26Mg K pe-
3ep¢OPAOBCK~M ce4eH~~M, B~4~cneHH~e np~ Ep• 17,5 M3B. Mo~Ho 
B~AeTb, 4TO MHOro4aCT~4H~e KOppen~~~~. MOAen~pyeM~e nnOTHOCT
HOH 3aa~c~MOCTb~ 3$$eKT~BH~x c~n, cy~ecTBeHHO sn~~~T Ha ce4e
H~e ynpyroro pacce~H~~ a 3aAHeA nonyc¢epe. 

Ha p~c.1 ~ 2 np~aeAeH~ pe3ynbTaT~ pac4eTa ce4eH~~ ynpyroro 
~ Heynpyroro pacce~H~~ c y4eTOM nnoTHOCTHoro 4neHa /wTp~xnyHK
T~pHble n~H~~/ co 3Ha4eH~eM d = 525 H3B <l>M 6. H3 p~c. 1 ~ 2 cneAyeT, 
4TO y4eT nnoTHOCTHoA 3aa~c~MOCT~ 3$¢eKT~BHbiX c~n He yxyAwaeT 
a ~enoM cornac~~ TeopeT~4eCK~x pe3ynbTaToB c 3Kcnep~MeHTanbH~
M~ AaHH~M~. 0AHaKO 3T~ paC4eT~ MO~HO paCCMaTp~BaTb CKOpee KaK 
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MeTOAH4eCKHe, nocKOnbKy npH HCnOnb30BaHHH /16/ napaMeTp~ 
B3aHMOAeHCTBH~ nOABeprHyTc~ nepeHopMHpoaKe, An~ y4eTa KOTOPOH 
He06XOAHMO peweHHe OTAenbHOH cnOmHOH 3aAa4H, B~XOA~~eH 3a 
paMKH AaHHOH pa6oT~. 

5. KBAAPYnOnbHAR AE$0PMAU"R 
26

Mg 
" nPRMOq MEXAH"3M HEYnPYrOrO PACCEHH"H 

npHMeHeHHe pa3BHBaeMOrO nOAXOAa K aHanH3y 3KCnepHMeHTanb
HbiX AaHH~X no HeynpyroMy pacce~HHIO npoTOHOB Ha Ae$QpMHpoaaH
HbiX ~Apax no3aon~eT pewaTb cneAYKl~He 3aAa4H. EcnH a pacce~HHH 
npeo6naAaeT np~MOH MeXaHH3M, TO H3 aHanH3a 3KCnepHMeHTanbH~X 
AaHH~X H3BneKaiOTC~ napaMeTp~ ~fo, B 4aCTHOCTH, napaMeTp KBaA
pynonbHOH Ae$opMa~HH ~Apa ~~0 . EcnH me a ce4eHHe pacce~HH~ 
AaiOT BKnaA TaKme Henp~M~e npo~eCC~, HO npH 3TOM H3BeCTH~ na
paMeTpbl ~~0 H3 APYrHx 3KcnepHMeHTOB HnH TeopeTH4eCKHX pac4e
TOB, TO B paMKax AaHHOrO nOAXOAa MOmHO onpeAen~Tb a6coniOTH~H 
BKnaA np~Moro MexaHH3Ma. nepaa~ 3aAa4a o6~4HO pewaeTc~ npH aHa
nH3e 3KcnepHMeHTanbH~x yrnoa~x pacnpeAeneHHH a cTaHAaPTH~x 
M"B " MCK. BTopa~ me 3aAa4a a 3THX nOAXOAaX He MOmeT 6~Tb pe
weHa, nOCKOnbKy 8 HHX $HrypHpyiOT napaMeTp~ Ae$OpMa~HH noTeH
~Hana ~ Ao . a He napaMeTPbl Ae$0pMa~HH ~APa ~to . no3TOMY 
BKnaA np~Moro MeXaHH3Ma MOmeT 6~Tb onpeAeneH TOnbKO C T04HOCTbiO 
AO OTHOWeHH~ <~{0 I ~fo )2. KOTopoe MomeT 3Ha4HTenbHO oTnH4aTbC~ 
OT enHHHu~. oco6eHHO nnR 6onbw~x A 11 11. 

"3 aHanH3a, npoBeAeHHoro a pa6oTax 120•211 , cneAyeT, 4TO npH 
Ep= 23,95 H 17,5 M3B Heynpyroe pacce~HHe npoTOHOB Ha 26 Mg c 
B036ymAeHHeM COCTO~HH~ 12i> OnHC~BaeTC~, 8 OCHOBHOM, KaK 
np~MOH npo~ecc. Pac4eT~, npoAenaHH~e a AaHHOH paGoTe /pa3Aen 3/, 
noKa3~BaiOT, 4TO npH ~:O = 0,444 H ~:o--0,024 aenH4HHa Ce4eHH~ 
Heynpyroro pacce~HH~ aocnpoH3BOAHTC~ npH 3THX 3HeprH~x YAOBneT
aopHTenbHO. no3TOMY npeACTaBn~eT HHTepec npoBeAeHHe pac4eTOB C 
3THMH me napaMeTpaMH Ae$opMa~HH ce4eHHH Heynpyroro pacce~HH~ 
npOTOHOB npH 6onee HH3KHX 3HeprH~X, rAe cy~eCTBeHHbiH BKnaA 8 
pacce~HHe BHOC~T HenpRM~e npo~ecc~. 

Ha ocHoae $OpManH3Ma, H3nomeHHoro a pa3Aene 3, B~4HcneH~ 

yrnoa~e pacnpeAeneHH~ ynpyro H Heynpyro pacce~HH~x npoToHOB c 
3Hepr~-teH EP .. 9,1 M3B Ha 26 Mg /eM. p~-tc.4, cnnowHble H wTp~-tx
nyHKT~-tpH~e n~-tH~-tH/. MomHO BHAeTb, 4TO a 3TOM cny4ae ynpyroe pac
ce~HHe aocnpo~-t3BOA~-tTc~ xyme, 4eM npH APYrHx 3Hepr~-t~x. B cny4ae 
Heynpyroro pacce~H~-t~ on~-tc~aaeTc~ o6~a~ TeHAeH~H~ yaenH4eHH~ 
ce4eH~-t~ c yaen~-t4eH~-teM yrna pacce~HH~, 3a HCKnl04eHHeM o6nacTH 
yrnoa pacce~H~-t~ 110-115~ BenH4HHa ce4eHH~ Heynpyroro pacce~HH~ 
np~-tMepHO B 2,5 pa3a MeHbWe 3KCnepHMeHTanbHOrO Ce4eHH~. 

10 

to' 

to 

PHc.4. Yrnoehle pacnpeAeneHHH ynpy
ro-;-Heynpyro /c eos6~AeHHeM co
CTOHHHH I 21 > I paccenHHbJX Ha 26Mg 
npoTOHOB c sHeprHeH 9,1 MsB. llpe
PhlBHCTan nHHHH - pacqeT B paMKax 
cTaHAaPTHoro MHB c yqeTOM cTaTH
CTHqecKoro MeXaHH3Ma no MeTOAY 
XaHsepa-<llem6axa. OcTanbHbJe o6osHa
qeHHH Te ~e, qTo H Ha pHC.), 

06cyA~-tM nony4eHH~e pe3ynbTaT~. 

np~-t 3Hepr~-t~-t npOTOHOB Ep• 9 '1 M3B 
cy~ecTeeHH~H BKnaA a ce4eH~-te pac
ce~H~-t~ BHOC~T Henp~M~e npo~ecc~, 

B 4aCTHOCTH, CTaT~-tCT~-t4eCKI-IH Mexa
HI-!3M pacce~H~-tfl 1231. KpoMe Toro, KaK 
oTMe4anocb a pa3Aene 3, napaMeTp~ 
noTeH~~-tana norno~eH~-tfl a AaHHOM 

nOAXOAe AOnyCKaiOT aapb~-tpOBaH~-te /B paC4eTe napaMeTp~ MHI-!MOH 4ac
TI-t on B3fiT~ $1-fKC~-tpoBaHH~MI-t 1-13 1231 /. TaKHM o6pa3oM, y4eT o6o~-tx 
3THX $aKTOpOB MOmeT yny4WI-!Tb On~-tCaH~-te 3KCnep~-tMeHTanbHOrO Ce4e
HI-t~ ynpyroro paccefiH~-tfl. B pa6oTe 1231 noKa3aHo, 4TO np~-t eo36ym
AeH~-t~-t COCTOfiHI-tfl J2~ > B 26 Mg CTaT~-tCT~-t4eCKI-!H BKnaA B Ce4eH~-te 
Heynpyroro pacce~H~-t~ cocTaan~eT 50%. CneAOBaTenbHO, TeopeT~-t4e
CK~-tH paC4eT HaCTO~~eA pa60T~ /WTPHXnyHKTI-tpHa~ n~-tHI-1~ B H~-tmHeA 
4aCTH p~-tc.4/ B ~enOM YAOBneTBOp~-tTenbHO BOCnpo~-t3BOAI-IT BKnaA 
npRMoro npo~ecca. Ha 3TOM me p~-tcyHKe np~-tBeAeH pe3ynbTaT pac-
4eTa1231 a paMKax MHB c y4eTOM cTaT~-tCT~-t4eCKoro BKnaAa no MeTo
AY Xay3epa-Qew6axa /npep~a~-tcTa~ n~-tH~-tfl/. CpaaH~-tBaR o6a 3T~-t pac-
4eTa 1-1 l-IMe~ B BI-IAYt 4TO B HaCTO~~eA pa6oTe paCCMaTp~-tBaeTC~ He 
BKnaA cTaT~-tCT~-t4ecKoro MexaH~-t3Ma, a pa3n~-t4~-tfl a ~-tcnonb3yeM~x na
paMeTpax KBaApynonbHoA Ae$opMa~~-t~-t noTeH~~-tana ~; 0 /cM.Ta6n.2/, 
MOmHo CAenaTb B~BOA, 4TO npH Ep= 9,1 M3B pa3B~-teaeM~H nOAXOA 
on~-tc~aaeT np~MoA MexaH~-t3M Heynpyroro paccefiH~-t~ He xyme, 4eM 
MaKpOCKOnH4eCK!-tH nOAXOA. napaMeTp ~;O B AaHHOH pafioTe He ~B
n~eTC~ CBOfiOAH~M, n03TOMY B CBfl31-t C C006pameHI-t~MH, ~-t3nomeHH~MH 

a Ha4ane pa3Aena, MOmHo C4~-tTaTb, 4TO onpeAeneH BKnaA np~Moro 
MexaH~-t3Ma a Heynpyroe pacceRHHe npoTOHOB Ha 2tMg np~-t EP = 

9,1 M3B. 
CpaBHHM napaMeTpbl KBaApynonbHOH Ae$opMa~HH 26Mg, nony4eHH~e 

a AaHHOH paGoTe, c H3BeCTH~MH a nHTepaType. "cnonb30BaHHOe Anfl 
napaMeTpa KBaApynonbHOH Ae$opMa~HH ~Apa ~~ 0 3Ha4eHHe 0,444, 
KaK cneAyeT H3 pa3Aena 3, Tpe6yeT nHWb He6onbWOH nepeHopMHpoe
KH. A napaMeTp ~~0 a AaHHOM noAXOAe B~4HCn~eTCfl no cneAYKl~el:i 
$OpMyne Ill!: 
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13 v .!!, f 02o(r)r d~. /18/ 
20 5 ( U0(r)r 4dr 

rAe u20(r} 1!1 UJr~ Bb141t1C11RIOTCR no <!JOpMynaM /9/-/15/. B pe3y11b-
TaTe nony41!1M f32o· 0, 344 np111 EP"' 17, S M3B. 3To 3Ha4eH~t~e BMecTe 
co 3Ha4eHit1RMit1 {320 , nony4eHHbiMit1 e APYr~t~x pa6oTax, np~t~BeAeHbl B 
Ta6n.2. 

A~ 

r 
.ft.' £C. 

Ta6JIHL\a 2 

26 
napaMeTphl KBaApynOJibHOH Ae$opMal\HH Mg 

-~0 MeTo~ Ccwum 

0,39 ± 0,03 ~ 12/) /24/ 

0,37 ± O,OI 8fc2· o,+-2/J 
J /25/ 

0,42 ± 0,02 B lc2; o,'"-. 2;J /26/ 
0,40 ± O,I 0:. (2,-') /27/ 

0,444 MeTo~ X8.PT.PB4<>K8 /IS/ 

0,28 ± O,OI I04 MeB { ,1., , ,£
1

) MCK /28/ 

0,29 42 MeB { aL , .,( ' ) IIHB /29/ 

0,44 9,I II&B ( f , f 1
) MHB /23/ 

0,55 9,I MeB ( I' C> I ) • t MHB I 23/ 

0,387 23,95M&B { p 'p') t.MB /20/ 

0,367 23,95MsB ( p • p') MCK /20/ 

0,344 I?, 5 MeB ( p , f' 1 
) ~OJl.ItWf!'- HacTORilla& 

IIO~e.Jil> pa60T8 

0,26 20, 0 MaB { ol , "'- ' ) iP<>Jw!Hr- /II/ 
MO~eJI:& 

0TMeTit1M HeKOTOpble 3aKOHOMepHOCTit1 B lt13MeHeHit11!1 {320' napaMeTpbl 
Ae¢opMa~lt11!1 RApa, KaK npae~t~no, 6onbwe napaMeTpoe Ae<!>opMa~lt11!1 no
TeH~~t~ana. KBaApynonbHaR Ae¢opMa~lt1R anb<!>a-4aCTit14Horo noTeH~~t~ana 
MeHbWe KBaApynOilbHO~ Ae¢opMa~lt11!1 npOTOHHOrO nOTeH~It1a11a. 3TH <!>aK
Tbl HaXOART 06"bRCHeHit1e B <!>011Ait1Hr-MOAe111t1/tll. napaMeTpbl {3;0, no-
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11Y4eHHble B pa6oTe123: CytqeCTBeHHO 6011bWe 3Ha4eHit1~ {3;0 , Ha~AeH
HbiX np111 APYr~t~x 3Heprlt1RX, 4TO, no-Bit1Ait1MOMy, CBR3aHo c HeRBHbiM 
BK11aAOM B Hlt1X HenpRMbiX npo~eCCOB. 3aMeTit1M, 4TO, B OT111!141!1e OT 
APYrlt1X pa60T, B HaCTOR~e~ pa6oTe f3~o He RB11ReTCR"CB060AHbiM 
napaMeTpOM, a Bbl41t1C11ReTCR Ha OCHOBe lt1H¢opMa~t.-tlt1 0 f3{0 1!1 3<!>
<!>eKTitlBHbiX HYK110H-HYK110HHbiX c~t~nax. KBaApynonbHaR Ae¢opMa~lt1R no
TeH~~t~ana e ¢o11AHHr-MOAe111t1 3aBit1Cit1T OT 3Heprlt11!1. Ho 3Ta 3aBit1Cit1-
MOCTb, o6yC110B11eHHaR 06MeHHbiMit1 3$$eKTaMit1, 3Ha41!1Te11bHO cna-
6eel5,30/, 4eM 3HepreTit14eCKaR 3aBit1Cit1MOCTb {3~0 B <!>eHOMeH0110-
rlt14eCK1!1X nOAXOAaX /eM. ,Hanplt1Mep,IS1/ /. nocneAHee 06CTORTe11bCT
BO, KaK yme OTMeuanocb, CBR3aHo c HeaAeKeaTHbiM on~t~caH~t~eM Mexa
Hit13MOS pacceRHit1R. 

3AKJ1104£HH£ 

C<!>OpMy11HpyeM OCHOBHble pe3y11bTaTbl 1t1 BbiBOAbl pa60Tbl: 

1 • Ha OCHOBe <!>Q11Ait1Hr-MOAe111t1 pa3Bit1T npOCTO~ <!>OpMa111t13M y4eTa 
o6MeHHbiX 1t1 MHOr04aCTit14HbiX KOppe11R~It1~ 80 B3alt1MOAeMCTBit11!1 HyKno
HOB Hlt13Kit1X 3Heprlt1M C Ae<!>OpM1!1pOBaHHbiMit1 RApaMit1. 

2. Pa3Bit1TbiM nonyM1!1KpocKon~t~4ecKit1M nOAXOA, ceo60AHbl~ OT noA
roH04HbiX napaMeTpoe, np~t~MeHeH K on~t~caHit110 ynpyroro 111 Heynpyroro 
pacceRHit1R npOTOHOB Ha RApe-Mit1WeHit1 26Mg; 3KCneplt1MeHTa11bHble yr-
110Bble pacnpeAeneH~t~R A11R 3Hepr~t~M npoToHa 23,95 111 17,5 M3B eoc
npo~t~3SOARTCR He xyme, 4eM B <!>eHOMeHonor~t~4eCKit1X nonxopax /on
Tit14eCKaR MOAellb 1!1 MeTOA lt1CKameHHbiX B011H/. 

3. noKa3aHO, 4TO 06MeHHble 1!1 MHOr04aCTit1~Hble KOppe11R~It11t1, MO
Ae111t1PYeMble nllOTHOCTHOM 3aSt.-tCt.-IMOCTbiO 3$$eKTit1BHbiX Clt111, BHOCRT 
3Ha41!1Te11bHbiH BKilaA B ¢opM1!1pOBaHHe ce4eHit1H ynpyroro pacceRHit1R 
s 3aAHeM nonyc<!>epe. 

4. Bb141t1C11eH BK11aA npRMoro npo~ecca s pacceRHitle npOTOHOB c 
3Hepr~t~eH 9,1 M3B Ha 26Mg. 

5. npoaHa111!131t1POBaHa CBR3b MemAY napaMeTpaMit1 KBaApynOilbHOM 
Ae¢opMa~lt11!1 RAPa 111 noTeH~~t~ana 111 npRMb1Mit1 npo~eccaMH e HeynpyroM 
pacceRHit11!1 4aCTit1~ Hlt13Kit1X 3Heprlt1M Ha RApax. 

B 3aK11104eH~t~e aBTOPbl C41!1TaiOT ceo~t~M np~t~RTHbiM AOnroM Bblpa3t-~Tb 

6naroAapHOCTb <!>.A.rapeeey, n.n.3apy61!1Hy, B.K.JlyKbRHOBy 3a no
ne3Hble oGcymAeHHR sonpocoe, 3aTpOHYTbiX e pa6oTe, a TaKme 
B.B.6yposy 3a noMOtqb s pa6oTe. 
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TEMA TWIECKME KA TErOPm1 llYBJIHKAUJ1A 
OB~E~HHOrO MHCTHTYTA ~PHYX 

MCCJIE,llOBAIOOl 

Ma.aeKc TeM8TIIXB 

1. 3KcnepHMeHT8nbH8~ ¢"3HK8 BWCOKHX 3HeprHH 

2. TeopeTH4eCK8~ ¢"3HK8 BYCOKHX 3HeprHH 

3. 3KcnepHMeHT8nbH8~ HeHTpoHHa~ ¢M3HK8 

4. TeopeTH4ecKa~ ¢M3HKa HH3KHX 3HeprHH 

5 .. HaTeMaTHKa 

6. ~AepHa~ cneKTpOCKOnH~ H paAHOXHMHR 

7. tM3HK8 TR*enWX HOHOB 

8. KpMoreHHKa 

9. YcKOPHTenH 

10. AaTOMaTH3a~HR o6pa6oTKH 3KcnepMMeHTanbHWX 

A8HHWX 

11. 8w4HcnMTenbH8R M8TeM8THK8 H TeXHHK8 

12. XHMHR 

13. TexHHKa ¢M3H4ecKoro 3KcnepHMeHTa 

14. HccneAoaaHMR TaePAWX Ten H *MAKOCTeH 
RAepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ¢M3MKa RAePHWX peaK~HH 
npM HH3KHX 3HeprHRX 

16. ao3MMeTPH~ H ¢M3HK8 38~TW 

17. TeopMR KOHAeHCMpoBaHHOrO COCTORHHR 

18. Hcnonb3oaaHHe pe3ynbTaToa H MeTOAOB 
.YHA8MeHT8nbHWX ~3H4eCKMX HCCneAOB8HHH 
8 CMe*HWX o6naCTRX H8YKH H TeXHHKH 

19. 6H()Cj)H3HKa 

HBaHoBa C .II., KHH3bKOB 0. M., XpHCaHcl>oB l~.B. P4-82-396 
IlpHMeHeHHe cPOnAHHr-MOgenH K ODHCaHHro pacCe.!IHH.!I npOTOHOB 
HH3KHX 3HeprHH Ha gecl>opMHpOBaHHhlX HApax 

Ha ocHoBe cl>opManHsMa $QnAHHr-MogenH pasBHTa pacqeTHa.!l cxe
Ma,nossonHw~a.!l npocTbM cnoco6oM B~HCnHTb BKnag o6MeHHhlX H 
MHoroqacTHqHhlX KOppenH~HH BO B3aHMOgeHCTBHe HyKnOHOB HH3KHX 
sHeprHH c gecl>opMHPOBaHH&MH HgpaMH. BblqHcneH&J AHcl>cl>epeH~anbH&Je 
ceqeHHH ynpyroro H Heynpyroro /c Bos6~eHHeM cocTO.!IHHH 2~ / 
pacceHHH.!I npOTOHOB c 3HeprHeH 23,95 H 17,5 MsB Ha Hgpe-MHmeHH 
26Mg. IIonyqeHo ygoBneTBOpHTenhHOe onHcaHHe 3KCnepHMeHTanbHhlX 
yrnOBhlX pacnpegeneHHH. HccnegyeTCH ponb o6MeHHbiX H MHoroqac
T~HbJX KOppenH~HH B cPoPMHpOBaHHH ceqeHHH pacCeHHHH Ha 6onbmHe 
yrnbl. B~HcneH BKnag npHMoro MexaHHsMa B pacceHHHe npoToHoB c 
3HeprHeH 9, I M3B Ha 26Mg. AHanH3HpyeTCH CBH3b MeJKAY KBagpy
nonbHOH gecl>opMa~eH .11gpa H noTeH~Hana H MexaHHSMaMH Heynpyroro 
pacCeHHHH npOTOHOB. 

Pa6oTa BbmOnHeHa B na6opaTOPHH TeopeTHqecKOH cPH3HKH mum. 

TvSJnn1r.Q ~.?. :~ Y'.!!~":!Zk~" .... 0. T., ~ .. ::-~~u.~ .. fv-v Y.u.. Tv". £4-02-3;0 
Application of the Folding Model to Description of Low 
Energy Proton Scattering on Deformed Nuclei 

On the basis of the folding model formalism a calculation 
scheme is developed which permits to calculate in a simple 
way the contribution of exchange and many-particle correla
tions into interaction of low energy nucleons with deformed 
nuclei. Differential cross sections of elastic and inelastic 
excitation 21 state scattering of 23.95 and 17.5 MeV protons 
on a 26Mg nucleus-target are calculated. Satisfactory descrip
tion of experimental angular distributions is obtained.The 
role of exchange and many-particle correlations in forming 
cross sections of scattering to lange angles is studied.The 
contribution of the direct mechanism into 9.1 MeV proton scat
tering on 26Mg is calculated.The relation between quadrupole 
deformation of a nucleus and potential and mechanisms of in
elastic proton scattering is analysed. 

The investigation has been performed at the Laboratory 
of ~~i~li'f.Ii5f 1th~hJli~lsrns{W~fe for Nuclear Research. Dubna 1982 

Ilepesog O.C.BHHorpagosoA. 


