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WKTHitOB8 K.B. P4 - 10994 
Onacaawe MORODOJibHbiX aoa6y)l(Jl8HBA: ner~t•x SUJ.ep B pa-Mit8x · 

MeTOSla K -rapNoH•It 
Onea11eanocb anaRHRe MOBononLntx aoa6y»urea•l .llllpa aa pa3na:'IHbie 

<jlK3B'IeCKBe 3~KTbl. 
C 8TOI uenb~ paaH&nbR4H qaCTb BonHOBOA ~RKUHK 8 M8T0De rKnepc~ 

pa'leCKRX ljlyHitllBli 6bin8 pa3nO>KeHB ITO BOnHOBbiM ljlyBitllKIIM ( 3A-3 )-MepHOI'O 

rapMOHK~eCKOrO OCUHnnRTOp8, napaMeTp ltOTOporo DOJl6RpanCR DO OCHOBHOMY 
COCTOJIRRIO SUlPB B MSTOll.e K -rapMOHHK. PaanO)K88Be n03aon•T B HBHOM 

BHll8 OileHHTb aq,¢>elt.T CMeliiH88HKSI MOHODOilbHbiX B036y)I(JleB•I, JlOTOpbiA: XapaK 

Tep113f9T CJKBM89MOCTb Slllp8. B TSKOM DOllXOD.9 nony'llellbl cltoPMYilhl llllSI onepa 

TOpO!t p83liB'CJHhiX .B3HqeCJtHX B81lii"'HH 1 H DO HBM np0B8Jl8HW p8C'118Tbl MSI 
acex 51.aep 1 p· -o6ono11KH. HayqanKcb aonHOBbie ciJyHKilHB, aaepraa caSI3H 1 

cpellHRe KB8llp8TII1fRbie paJlHfCW 1 MOHODonbllhl9 R AHDOilbRhl8 rllf'8HTCKK9 pe-

30H8HCbi, Heynpyraft 3nei<TpOHHbili <jlopMcjlai<Top, cnelt1'pOCKODK'18CIIBII <jlopr.c<ji&K

TOp llnB a -anacTepa, napaMeTp CJKHM89MOCTH Mpa. 
OueRKK no~taaana. "''TO yqeT c>KaMaeMOCTH smpa npaBOllBT asoraa x Jta

qecT&eHKbtM ( MOKODOilltHble H llHDOilbHbl9 rHr8RTCJU19 pe30BARCbl) HIIH 80 BCR

KOM cnyqae K Jt01111'119CTB9HHblM :3¢¢9KT8M DOpH~8 ll9CHTKOB DpOil&HTOB B ODH

C8HIIR B036y•aeHHWX COCTOSIHBI RD.ep. nnsr OCHOBHOrO COCTORHHB RAPS 3~9KT 
H93H811BT8119H (nopsraxa H9CKOII~KHX npOU9HTOB). 

c ........ Olhe--ro -TIITYT& uepuu: ~~ec.a ... __.. ~ 1977 

Shitikove K.V. 

Monopole Excitations of Light Nuclei in tht! 

K -Hannonics Methods 

P4 - 10994 

The hyperrfldial_ wave function was expandt!d into the wave 
functions of the (3A-3) - dimensional harmonic' oscillator. The ex
pansion allows to estimate explicitly the mixing effect of the mono
pole excitations which characterizes the nuclear compressibility. 
The wave functions, binding energies, r.rn.s. radii, monopole and 
dipole giant resonances, inelastic electron form factor, spectres co
pic form factor for the a -cluster and the compressibility parameter 
of all 1 p -sryell nuclei were studit!d. The estimates have shown 
the important -effects of the nuclear compressibility {or the excited 
stateS of the nuclei. For the ground state this effect is negligible. 

The investigations has been perfonnt!d at the 
Laboratory of Theoretical Physics, nNR. 
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I . Cpe.D.l'l pa3Jllr'DIHX JtOJIJ!6KT11BHliX B036~eHHI MOHOllOJIDHHe, 11L1IH 

.. breathing mode ", ROJie68Hiill1 npe,ncTaBJIJmT ocoOhllt mrrepec. O!n! 
COOTBeTCTBYJ71' ROJie681DIRJI ILIIOTHOCTH Be1J16CTBa, TO 6CTI> xapaRT6pit-

3YJ71' ero CDMaeiiOCT:&. Homd li!HTepec R TaRHM B086Y3.nellllliM BOSHKR 

B nocne,nHHe ro~ B c~sa c o6uapyzeHHeM npH HeynpyroM paccen

mm 8JI6RTpOHOB • 81IJ>OHOiii/ Ha Jl.lUl8X I'HI'8HTCRIIX pe80H8HCOB ROJI

JI6R'l'HBHOI'O Tma, RoTopHe MODo OTPJQtecTBHT:& c E 0- a E !- nepe

xo,nBMH. ll!.D;po,IIJIHSIIIAecRall w,nem/2 ,:3/ xopomo BocnpoasBO.D.l'IT nOJio

.zeHHe IIOHOIIOJI:&HOI'O pe30H8HC8 cpe,wna: K TsmiiJIHx Jt,nep. 0.n;H8RO .D.11-

HBIIK'I6CKII6 napaueTpH uo.ne.mt { CDMae~cT:& a p8JU1Yc JI,Iij>a) onpe,ne

.rumrca ((leHoueHGI!Ol'Jil'lecKK. B pa6o'l'axl 4•5/ pasmmaeTCJJ ~cRoiiii!
'iecKall TeopJIII ".!OiXaTeJI:&HHX" ooa6~eHIII. He,naBH()/IO,II/ B pau:mx 

lfHXpOcxonmqecxoro noAXOAa ycnemHo onMcaHH noHo~eH~B ~ cHnH nepe

XOAOB KOROnORLRHX peSORaRCOB p~a NarHQeCRHX BAep. 3TH xeTOAH 

BCTpe'iam'CJI CO 8H8"Dl'leJ[l,HHMH BH'IB:CJD[TeJII>HHMII 'l'py.n;HOCTHMH! Heo6-

XO.D.11110 yqBTHBaT:& YHOI'O 'iaCTJI'iHQ-.nHpo'DIHX ROHitaryp~, H6Tpit

BB81IldDDI JfBll'JieTCJI BOnpoC 0 Bl:l,lte.leJDDI I{eliTpa 'l'U6CTll. 'l'py.nBOCTH, 

CM38BHHe C :IJII,Jte.ZeHB:ell .li,BKKeHB:a IJ!? TJmeCTJ! ,IIJliiHII:HIIIia.Jll,HO 

JCTP8Blle'l' IETO,n K -rapMOHJII{ 6 • 7. 3TO'l' rro,ItXo,n JIBJUie'l'CJJ 

y,no6HHII 6asKCOII .MJ1 IIIIKpOCltOIIIAeCROI'O ODCSIDIII MOHOIIOJil>HHX ROJI6-

6alml • .IleJIO B TOM, 'ITO B MeTO,ne l'BIIepc((lepJAeCKBX qJymanrl BBO

.D.l'ITCJI KQJI.l[eR'lBBBM rrepeMeHHM (I'IIIIepP8Jt111c f ) , ROTo~ c~sa-
&a co cpeJI;RIDI KB8,11Jl8'1'Jr'mHII pa,li;Q'COII JI,Iij>8 f .t = A < '1. .L > • 
TO eCTJ. CO cpe.n;Hel WIOTHOCT:&II JI,Iij>a. Bos6~emm no 8TOI rrepe

EHHOI COO'l'Be'l'C'fl5YIJ'l' IIOHOIIGI!ldDDI ROJie68BiliDI JIJ{P8 RaJt E.~OI'O, K 

MO'l'HOCT:& J~BJU~e'l'Cil ,IIJIHBIIIIAecxol rrepe~eHHof. B pa6oTe'8/ noKBSa

Ro, "1'1'0 OCBOBBiile pesy.nTaTH nlli;PO,nm1811K'16CROI W>.neJIII B OIIJ[C8BBJ[ 
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preathing mode KOReOaHHa ecrecTBBHHHK oOpasou noRyqamrcs 
c nouo~~m uero~a }( -rapMOHnK, M BUBe~eHHue ~opuynu npoan~mcrpHpo
BaHu Ha npMMepe ps~a s~ep. rros~Hee MOHonon~HUe pesoRaHcu B srou 
no~xo~e Ha Sl,l,pe or& HCcne~OBa~HCL B pa0oref9/ • 

B Hacros~ea paOore B paKKAX uero~a rnnepc~epKqeCKBX ~YHK~Ha 

nsyqaercs BRHSHMe CKHWaeuocrn s~pa Ha pasnnqHue ~nsnqecxme s~eKru. 
AHaJiliSlfPYDTCH BOJIHOBHe ifJYR~. aHepnm ooso~emm, cpe.AHBe ItBa,n

paTH1m!le pa.ztHYCU, MOHOIIOJII>HHe B .JI)mOJII>HHe I'KI'aH'l'CitKe peSOHaHCH, 
Heynpyl'ld!: SJIBKTPOHJJHit liJop!IJla.KTop, CII8K'!'pOCKOIDI'leCB:d: liJoPII).iaR'fop 
,l.\1DI J._ -RJiaCTepa, napaMeTp CDIIaeiiOCTH JJ,Iij)a. PaclleT' ~BO,w~TCH 
,l.\1DI Bcex Jl,ll;ep 1 p - oOOJIOllltK c nOTeHIU!aJIOM BOJIKOBa I I 7 B MHHB
MaiibHOM npH6Jnm.eHHH Me'l'O,Ita. _neJIO B TOM, liTO ,It83e B TaROII npB6Jm
:&eHHH 1\eTO,Ita Imiep<XlJepJAeCRBX ~Hltll)!l cpe,ItBBI KB8,1ij)a'l'B'm!dt pa-
]!)fy'C SIBlUIBTCSI .n;lmaMHli8CROli nepeMeHHOI, TaR liTO CDJIB.eiiOC'l'L Jl,ll;ep
HOI'O BBIIIBCTBa yqHTHBae'l'CH. B paclleTax BJil!lJDD[B CllBMB.eiiOCTB JJJij)a 

Ha pasRmqHue ~nsnqecKne s~exru o~eHHBaercs nyreu SBHoro yqera 
CMemHBaHRS MOH01IORLHUX B030~eHHI. 

2. B MeTo;n;e K -rapMOHHR BOJIHOBaSI ifJYRRrtWI S~;D;Pa A mneTCH 
B mr;n;e parurozeHHSI no rmxep<XlJepBllecltKII ifJYRICI:.\l'I11M: 

ltf 3A-V V 
r = r -r r:. 1 Kf ( n 1 KJ c ~- J I 

f ~ K,j 
r~e J Kj (f) tf = f 1 

(I) 

raMIIJil>TOHHaH SI)J;pa HMBBT BK;D; 

H t l. { 0 ( JA-If () ) t 1. 

K ::-lm. yJA-lf iff 'liT- Jm.fL/J.FJ+ V (2) 

H CHCTeMa ypaBHeHBI ~ Haxo~eHKH CoOCTBeHHHX ifJYRltLI)!I II C06CTBeH
HHX SHatreHBI Saiii!CHBaeTCH CJIB.IJYIIIIHM o6pasoy: 

( - ~ 2:_ -; f,/ ;tK ( :tK + 1) - E} J (P) :: 
J m "a fJ. m rt. K ( I 

:: L ~;'rnJK'rrfJ. (3) (/ I< 3 A - 6 K' l' K 1f 1 • 
3;n;ec:r. ct K = + -.~,- H Wq ecT:& MB.TpJAHHe 
3JIBMeH'l'H 81fxlleRTBBHOI'O BSaJIMO.IJ;eiCTBJm, 9Ta Sa,Italla liDI98'l' aHa.IDITll

trecKOe pemeHHe .~ noTeHIUtaJia rapuoHBllecxoro o~opa. .llelcr
BBTeJI:&Ho, r81.GJJII>TOHHaH SI)J;pa (2) NIX (3A-3)-:t.ePHOI'O rapyoHBli~C
KOI'O OCltHJt1lliTOpa SanHCHBae'l'CSI CJIB.n;yJJqi!M o6pasou: 

4 

lf 
4 

_ 1;_1. [ _1 d ( ~-1 p ) f LJ J _!_ /?1- !JJL fJ., r o - J m. ,~-~ if f 'Of f F ~- + .t , 

(4) 

r,n;e It = (~A- 3) 1 J a. - yrJioBaSI llaCT:& onepaTopa Jiawraca. 
I 

IIpH aTOM co6cTBeHHHe sHalleHHSI aHepnm sa.n;amCH lix:>PMYJIOii 

EN= (1X+ K+ ;)tw, (5) 

r;n;e 2<t+K:N IIOJIHOe liHCJIO RBaHTOB, a C06CTBeHHHe ciJyHroJ;mr 
:r.me llT mr;n; 

1( N J< r = f{ z K r 0 YK 1 ( ~- J • 
. (6) 

3~ec~ Yq ( ~-) -HeKOTOpaSI nmep<XlJepBllecitaSI rapMOHHRa c nmep-
MOMeHTOM K , y - Ha6op ocT8Jil>HHX ImiepuoMeHTOB, xapaRTepH-
SYJliiHX COCTOIDlBe 

Ru(fJ= 
• I I l I< I .. ~ . - i" f K L + T ( h -l) 

f(Z+K+ ~) . e f X ( fl) 
(7) 

L 

3;n;ec:& r )J;aHO B B)J;IrllDUl8X 'lo :: m;:) , npi!COB.n;lmeHHHe IIOJII!HOM!l 
ti 

Jiareppa onpe;n;eJieHH o6!i'IHHM o6pasou: 
ti n x (n+.t)! K 

Lh_Jx) = L (-1) rn-K)/(J.+KJ.' K! x • 
K=O (8) 

ParuroUM BOJIHOBHe 4Jyalll(lut ueTo;n;a K -rapuomm } Kf (fj no 
P8JOII8Jil>HHM BOJIHOBHM ~ (3A-3)-uepHoro rapuoHBllecKOro oc-
~opa 

J ~ (n = L. c;K R:lK co 
z (9) 

cnoco6ou, IIpe.Jr.IIO:&eHHHII B paclOTef:r;/. 
Koe~eH'l'H pas.ll~HKH ( OIIpe;D;eJIJDl'l'CH CJIB,eyD!liiM o6pa-

~K sou: 
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( f t .3A- v 
CXk = jk(f} R:t/rJfTdf, 

(IO) 

R 'taCTOTa oc~opa f:w aaxo,Itl!TCJI 113 yCJio:mm, "'T06H uaxCB-
MYM Hll3mel OC~Topaol ~YHR4KJI ~o« (f) COBnaH C MaRCHMYMOM 
HKamefi qiyHR4KJI JK {f) B MeTo~e X - ra:p~~omm. 

B &TOM CJIY'Iae Jiei'RO MomiO TIOJIY'DIT:& npOCTOe mq>a:&emte ~ 
3Hepi'Hl!! C'Bli3R, eCJIR BOCTIOJII:.30BaTLCJI peitYPPe~T~ COOTHOJDeHlL!Dm 
~ MB.Tp1!'mllX 9JieMeHTOB OT r .t R3 pa60TW I 3 : 

Ex, = \w{Zzl + 5"AL- 11) + ~w [ :::+t/(i'+t)(z'+ f~JJ)~ 

J 
C , C K' JA·Y 

+ 2.:__111:'{~' S/1-13) + L ~ I R {f) v ~;R [f)f rlj. c + t c I Z1 Kf z. (II) • 
~I Z l, 

3aeprHH nepexo~ Me~ ~ coce~ MoaonOHI:.Ho-BOa6~eHHHMK 
ypoB:wnm: aan:e:cHBaeTCJI CJie){yDIII![M o6paao•-;.=:__ _____ __, 

11 [ = hw + fiw { Cz·.t /cz 1+1Xil'+ 5"\- 9 )' t 
Ll l'd '1. 1 l C~,+ i 

, ( Cz• _' Cz'•l)/rz 1 +i){~'t 5~- II J _ /~ 1-1 ;;~ ( z '+ SA; ~~Jj t 
CZ'+I ~'l' ll 

oo ""' l (I2) L c ~. ( w l+{ - [ ~~ W 
+ CZ'<i l'ti t:o 8z' z' ' 

'ld=o 

r~e C z H K z ecn Koa~eH'l'H pasJioaemm: ( 9) NIB coCTos-
Hd I-' t f lii X 

1 COOTBe'fC'fBeHHo. BH.lte.mtM B JIBHOM mt,tte 'UI:e-
HH 6e3 Y'leTa CWliiDIB8.HJlll MOHOnOJILHHX B036~emtl. B &TOM CJIY'Iae B 
pa3JI?lleHD ( 9) c z I = 1 lii c" # c z I = 0 lii 9H8PI'HJI CMSK 

E 6es Y'li!Ta CMelllloiB8lDUl MOHonOHI:.HHX Bos~emd IIpJDte'l' mm 
l zl 

Eo _ h,w ( 1 !A-11)+ W 
- - t Z + .t Z' 

X' l 
(13) 

6 

... 

Cooraercraym~ee aupazeHze ~~R aHeprHH soaO~eHHR 
cne~ o6paaoM: 

.j [ 0 

l+i l' 
I 

;e' 
= t; t w l ';I - 1J 

l'+! tl' • 

aamrcuaaerca 

(14) 

Hue npRBO~TCJI ~PMYJIH ~ MB.TP1!'mllX aJieMeHTOB onepaTOpoB paa
JmTmllX qmall'leCKHX Be.7llf'DIH, ~ KOTOpHX 6YlfYT npOBO~HThCR 'lHC~eH
HHe pac'leTH. 

CpeaHeKB;;parwqgua pa&nyc a~oa 
Cpe,IJ,HeRBB,Iijla.Tlt'lHiil pa,ttHy'c H.D;Pa ~ cocTOJniKil y aan:e:cHBaeT-

CJI KaK 

-.~, !;, 1 [ r l <t) o:-·- [C (.lz+H-11)-r mw A z 1- ~ 

\ r r ~ -__,} -~ -i-' c£- ct+J (lo}(x + '~- ") • <r5> 
Cooraercraym~ee supazeBHe Oea yqera cKemzsaHHR KOHononhH~ soa-
6yz.nemtl IIPJIHKIIS.eT BB.n 

( tt ) = !_. _!__ ( 5 A- II + t ~ ) • 
r, o m (,) A J. 

(I6) 

0TCJ:Uta Jiei'RO TIOJcy"'aeTCJI TipoC'l'Oe ~Hlle ~ OTHOCliiTeJil>HOro lii3-
YeHeHIUI cpe.JtHeKBB,tU>a'l'lii'IHoro pa,D;Ryca ~e:a,ny .n;BYMJl coce.nmD~~~ MO
Hono.nHo-BOsd~eHHHIIH COCTOJIHliiDIIil 6es Y'leTa a@leKTa CMeWJIBaeMOc-
T:H: 

/). 'l.Ztl Z 0 
I I 

= 
( t ol. > 'fL - {._ ~ L /l-

Ilt!,• z,o 

( ii_L ?• = 
z,o 

-(fA -7+lf~ )YL- j 
!i A - II + 'IrE (I?) 

llapa.erp CZKMaeKOCt• a&pa f< 
OQeam nap811eT~ CUMaeiiOcn npo:a:sBO.ItHTCJI no ~p.qJie I"'Ut

pol!;D8111AecJtOI M01I.m81, ROTopag npBMemrreJI:&Ho K Me'l'O]I.Y' I( -rap
mHJ:Jt BaiDICIIBae'l' CJI B mme 
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K = tn- t.t ( !J E ).t 
:t h!' r.- 'Z,lt/ • 

(18) 

B HameM CJIY'lae aTo :mlpa&eHHe MOZHo nepermcaT:& cn:e,D3DIIHM o6paaou: 

k = _Ai [ L. c t (22! +SA-Il) -1 [ c,. c .. ,(rz,t){te + .fA-11) '}x 
l ;l r._ L ~ "- "-' ). 

, [ 1 + !_ { Cz'•'- frz'+~){ll'+ fA- 1 j'.,. ( !_£ _ lz•,, J/rz'•J){z'+ S"A-"/ _ 
1 C;z:, I J- CZ'•t T; L 

_ tz'-l{l'(l'+ SA~!3j'l f _!__(f Cz,11Jt+t_£ ~~vzJJ~ 
Cz, 'J "hw z,, cz•,, t'+' t=o tt' l' 

(19) 

ITapa~~:erp c~HMaeuocrm 6es yqeTa cuemHBaHBH MOHOIIO.li:&HHX Bos6yx

~emd!: HMeeT BB.n 

0 { it'+/ ~I 

K = - ( H- 11 + J. Z ){f t Wz·n - Wz' J J.. 
'~- A z trW • (20) 

BepOHTHOCTb MOHOIIOJibHhiX BOSO~eH.Hlt 

MOHOIIon:&HOe liSOCRaiDiPHOe IJPamt110 CyYM MOliHO SaiillcaT:& R8K 

[ ( E~- EJ IJt,J~ = !~. 1 < 2~:::, 
n.. (2I) 

r~e <( ~ ~ >. - cpe~eRBBJJ;PaTJri'DIHI p8,1I.liYC OCHOBHOI'O COCTOJDmll Sl,lt-

pa. M.~ -MaT:plil!HHI aner.teHT onepaTopa YOHOU01I:&Boro nepexo.na. 

EC1Ill ROa~eHTH pa3JIQzeBliSI ~ BOJIHOBOI if)yHR1G!li OCHOBHOI'O COc

TOSIHliJI J. 
0 

( ~ ) o60SHa'tH'rl> C 2! , COOTB9TCTBeHHO ~ BOS6p.IteH-

HOI'O-J 11. ( ~) -- g z, , TO aTOT MaTpJI'mlil aner.teHT saiDlllleTCII C.lle-

~ o6paaou: 

8 

'I 

"1 - ~. L ; [ c ! ( + SA -II) J Oh. - 1 I11.W L l l l 1 z -t- -
l:o 

C o ~ SA-13)' JJ rA-11)}1 

- z-,6~ ~(l+ -).,- - cz,1 b2 V('lt1Xzt -;r- . (22) 

COOTB8TCTB~ MaTp~ SXeMeHT 6ea yqeTa CMemHBaHHH MOHOIIon:&-

HHX BOS6~eHHI paaeH 

J1" 
00

_!_!_{5"A-1-;' 
ot '- lnW J.. • (23) 

To 8CT:& 6es yqeTa 3qxpeRTa CDMaeMOCTll .fi,l!Jla BOSIII)zeH Ton:&KO O_nm! 

IIepexo~ Ha nepBOe MOHOIIOX:&HO-B036~eHHOe COCTOHHHe. 

Marp.Hquult aJieMeHr JiilllOJILHoro oneparopa nepexoAa 

MaT:pi['DIHI a.lleMeHT onepaTopa .ItJDIOJIDHoro nepexo~ uoao rrpe~

CT8Bll'l':& CJie,nyDIIDI o6pa3o11: 
A ~ 

1J = e B ( 4) L cz 1a-· J I?.ZK (f) !?.z'K I r'A-4 
0~ Z2 1 o 

1 
' 

(24) 

1',11;8 8 {A) - KOBCTIIB'l'a, S8Bil~ 0'1' ~~accoBOro 11Kc.J:& A • Ees 

)"leTa CloleJIUIB8RM IIOHOIIO.li:&BHX BOS6~emdt MaTIJK"DDIii MeMeHT OIIe

paTOpa .ltiDIO.li:&BOI'O nepexo~ IJPDET BIIJt 

" .. ,-/.. J R JA-J 
'1Jo"'o=e8(A) Rzkro z'Kt/r tl!. 

I 0 (25) 
Cnexroocxoiii!qeC!JI 4/op!d!&!rop .llJIH aL- uacrepa 

JQu •To.Jta pac11l!Ta npne.JteBJDIX IIIIIJEI accolti&Qd a~
c. B CO'IIM'BBD •cnOU.SO:saBliJI l'8B8UOI'K'I8CKOl'O p&UODJIIIll C Ol'

Jl8.HD811 In -~ • npeocpaaonau TUialll:, JIOSBOJDDI!l8I'O nepel

ft O'f OJU(Oli8CftUIIX IIOOPJUIJIM QUOBOB B 0'1'JlU8BBOI &cCOQII8QD 

D m IIJDOBOB K KOOP.D:11B8'1'811 ~JI'!pa IIBCC • BJI1"P8RB!III mop.-.
s.a• &cCOQII8IUIII. 
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06mM q,opr,wJia npHBe.nemm! umpmm wm rL -'lac~ JD(ee:r Bl'l.lt 

v ( A )Y~. L \' 1 !VI* r)fx 11. ,,,1~ 
D J. ). :: ~ ,,-:- L. ( ~ ~ A f1L jo H. J 11 1'1. .(. '1 • 

VL}'I M, M~, I I )-.lf. (26) 

X) - BOJIHOBM <Wumnm ypomm J. -smpa, ~ 1'1, :a: Y.l _ ~-
IlHH KOH6'!JHOI'O smpa H J -'laC~ COOTBeTCTBeHHO. y A !'{._ ( £, - ~) -
- yrJIOBM 'laCTl> BOJIHOBO! tWHKI:lHH BSaliMHOI'O ,li;BltlleiDU! pasJieTSDitHX

CR: '!acTIDJ; c op6:a:TaJII>HIDI MOMeHToM A H ero npoeKD;IIIe! M .L 

fl -npHBe.neHH!le MaccH pasJieTaDIIHXCR: '!aCT~, 

(!)=r A! • 

ECJIH BMHOBYJl ·IPYHKUK!l smpa B MeTo.ne K - rapMOBHR pasJIODT:& no 

BCUTIIOBHM ~RUHffM MHOrOMepHOI'O rapMOBH'l6CROI'O OC~Topa IIpe,li;

JIOJt6HHHM BHllle CIIOC060M, TO B !lJoP"WJIY ,nJIJ! npHBe,li;EiHHOI IIIHPBHH 

BO~AYT reHeanorKQeCKHe K03~KqH6HTU B :rpaHCnS~HOHHO-HHB6pHaHTHOM 

MOAenH oOonolleK, Ko:ropHe csssaHu c rK B MeTOAe K -rapuoHmt cne-

AYJJIIIID.! odpasoM: 

( A N K cf J L S T I A- ~ A; Kl L f,J L, 51 t· n A, It 1\ fhl ~ sl ~ { :tJ > = 

(27) 

= r < N, K, N- tv: * 1 N I<)< tt A , ~ KJ. 1 N- ~ ~ > . 
,~A K [fJ t,sr 1 A, K,[u~.s,r, ;AI ~t~LiJLls .. ~ {Jet]>, 

r.ne < A K !.. j A, K, l, ; /1. 
1 

If K. tl [ ;!( l J >-reHeMoi'll"lecXHe xoaqqz

UHeHTH B M6TO,ll;e k -rapyoHHK. 

< J{. K · N- N. 1e / Jl k ) - o6o6memme 3 i - cJIMBOJIH c 'leT-
! l L II 

B6p:r:b~en:&HHMH MOM6HT8MH. 

B aTOM CJIY'Iae npHBe.neHHM IIII!PHHa J -pacna,na JD46eT BH,ll; 

)( 'i) :; [. < A K [ jJ L s 1' I A,~ [ f,H, ~ 1,; A I 'I~ [J)4 ~ ~ { :t t J )>, 

N N, ~ n. 1e!i 

. < N K J{- ]'( :/f 1 N K X n.A N. K. 1 N- N 1t )C N c N,c ~ R [ ~) <2s> 
I J I ~ .. I A 4, ~ IrA ' 

r.ne ~ - pacCTomme r.te:..DY neHTpru.m Mace '!aCT~ 
CII6KTpOCKOIIH'IecRJI ~op WlJ! J - RJiaCTepa 

A, ' a If J[ 

10 

' , 

\ 

I 

5 
.t 

A! 
'I! (A-If}.' ( f J."J.) • 

:: 
(29) 

4 3. B ora6JIHne I npBBe.neHH pesyJII>TaTH pact~eTa Roa~eHTOB 

c'lK. IIO !lJopyYJie (IO). HHTerpaJI II6p6Jq>HBaHRll K -raPMomfClec-

KO! <J!YHlOJ)Lll OCHOBHOI'O COCTOIDDIJI }K (f) C H6B036y3,I(eHHOI IIO 

MOHOIIOJII>HHM KOJie68HBSDI cWHKD;11161 MHOI'OM6PHOI'O rapMOHH'I6CKOI'O OC

~opa R0K(f) coCTaBJIReT 98 %. O~eBa,li;Ho, 'ITO npHMec:& MOHo

IIOJII>HHX B036Y'3,I(eH:HI WJ1[ OCHOBHHX COCTOJIHHI s,n;ep He SIBilJieTCR: cy

!lleCTB6HHOI JipJ[ OIIHcamut pB.8JIH'IHIDC SI1!JI6HHI. liTO RaCaeTCR: COCTOJIHHil, 

B086~emmx IIO f , TO l'IX CTpyttTypa SIBJIJieTCR: SHa'IHTeJII>HO 60Jiee 
CJIO.UOI B l'IX BMHOB8SI ~ He CBO,li;HTCR: R ~ O,li;HOI MO,ll;ll 

B086y3,I(eBBSI. llOBTO~ MOEHO O~aT:&, 'ITO yqeT CXKMaeMOCTR 6y,ll;eT 

CYJll6CTB6HHHM JipJ[ Oill!CaBHB B036y3,I(eHHHX COCTOJIHll! s,n;ep. 3TO npo

SIBJIJI6TCR: TaRE6 H B aHepi"'I.SSX B036yJr,IJ;eiDU! ( IJHC. I) , H B Cp6,li;Hl'IX 

KBa,IJJ>8.TlirnmX pa.ttHYCax ( 'l'a6.1.tJlna 2) • ,I(eiCTBBTeJII>HO, RaK BH,li;HO HS 

pllcyHRa I, IIOJIO&eHHe II6pBOro MOHOIIOJil>HQ-B086yJK,IJ;EiHHOI'O COCTOSIHIDI 

MeHSieTCSI Ha H6CROJil>RO ,li;6CR:TROB nponeHTOB rrpR yqeTe CEKMR6MOCTR. 

AHMOl"l!'UWM 06pa30M Be,ll;eT ce6JI cpe,nmdt KBa,Iij)aTH'IH!ffi pa,u;eyc ( CM. 

Ta.6Jnnzy 2) • Cpe,li;HH! RBB,~WaTH'IItldt pa,u;eyc ,li;JISI OCHOBHOI'O COCTOSIHHSI 

smpa JipJ[ yqeTe ClDDIB.6MOCTB M6HSI6TCR: BC6I'O JIHilll> Ha HeCKOJil>KO npo

neHTOB, a ,nJIJ! MOHOIIOJil>HQ-B086Y1lJ{eHHOI'O COCTOmmR: aTa pasHRna 

COCTQBJIR6T ,11;6CR:TRR nponeHTOB. ,UaJiee paCCMOTPHM PasJIH'IHH6 SIBJieHBSI, 

B KOTOpllX 6y.nyT npOSIBilJITl>CR: 9'1'1! B086y3,I(eHHHe COCTOJIHHSI. 

MOHCIICJihH!lE rm'AHTCK.IdE PE300AHCI:l 

KaR BH,li;HO HS pliO. 2 ,6es yqeTa aqxpeKTa CliHMa6MOCTB Jl,ll;pa BCR: 

EHTerpaJI:&H8SI MOHOIIOJil>H8SI CyYMa C0Cp6,li;OTO'I6Ha B o6JiacTH IIepBOI'O 

MOHOIIom.HOI'O BOS6Y'3,I(emm. Y'leT CliHMa6MOCTB smpa IIPHBO,li;RT K II6-

pepacupe,ll;eJI6BHil MOHOIIOJII>HO! Cyt.DIIl B o6JiaCT:& 60Jiee BHCO:Kl'IX 9Hep:rmt. 

llpBT.JeM WJ1[ BC6X s,n;ep 6,lti'IH!BI o6pasoM: 60-7()% MOHOIIOJII>HOI cyMMH 

npBXO,li;HTCSI Ha II6pB06 MOHOIIOJil>HQ-B036~eHHoe COCTOSIHH6 H OKOJIO 

IQ%-Ha BTOpoe. IIO.UO ,11JY8T::&, '1'1'0 9TOT pesyJII>TaT He O'leH::& ~CT
BII'l'eJI6H R BHCSopy BapllaH'l'a HYKIIOH-HYRJIOHHOI'O IIOT6HUHBJia H MO,ll;eJIH. 

B Ka~6CTB6 JIJL1IJ)CTP8llJDI B Ta6.JIBne 3 npoB6,11;6HO Cpaml6BH6 pesyJII>Ta

TOB pac~eTa MOHOIIOXI>HOI'O rBr8H'l'CROI'O p630H8HCa Sl,ll;pa 0 16 
B pas

JIH'IHHX IIO,li;XO,li;8X. 
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y 
Ta.6Jml.ta I. Koa~eHTH CU. (lo) ;!WI OCHOBHOI'O H nepBHX 

~yx MOHOll0HDHQ-B036~eHHHX COCTORHHft ~ep Jp - 060HO~KH 

(q TqiOKe COOTBeTCTBYIJitHe 3Ha~eHIDI hW ) C llOTemtHaJIOM BOJIROBa 
I/I5/. 

C'~~ 

A ~ lzr.J ~ E.,{c.,~~'{ctt) ~ ~ 
0 I 2 3 . 4 

5 I6,8 
6 I3,9 -88,6 -ffl '7 0 0,99 -0,07 O,IS -0,05 0,04 
7 I6,2 
8 I6,4 
9 I5,8 

IO I5,6 -65,3 -63,9 I 0,20 0' 83 -0,35 0,34 -o,2o 
II I6,4 
I2 I6,0 
I3 I6,6 
I4 I8,2 -4G,O -40,6 2 -o,03 0,47 0,26 -o,28 0,40 
IS I8,5 
I6 I9,4 

6E; I !!Jll " / 
/ 

/ 
/ 

..,./ 
25 L ....... 

................. , __,, 
.... / .._ __ _, 

I \ 
zo 

15 
·A 

4 6 8 10 IZ ~ fl 

Pile. I. 3aeprmt BOs6~eiDDI nepBOro llllROnon.Boro peaoBaRca 
KaK WRB:IUDI A o yqiiToM ( oMoiiiH88: !tpD81!) • 6ea yqe'l'a (eyilKfllP) 
~KTa cmo&aellllC'f][ R.lij>a. 

12 

f 

Ta.6Jmlta 2. Cpe,II;HeKBa,n;paTH'IHile pa,n;eyCH ~ep I p -o6nno~ ;zw:r 
OCHOBHOI'O COCTOHHRII 6e3 yqeTa aqxpeKTa c:&HMaeMOCTH ( BTOpoil CTOH-

6en;) , H3JieHeHlle BX B % rrpH yqeTe CDMaeMOCTH B OCHOBHOM ( Tpe-

Td CTOJI6en;) H B B036~eHHOM (rurrJd CTOH6en;) COCTOJUIWIX, a TaK-

3e rrpH nepexo~e K MOHOllanDHOMY pe30H8HCY (~eTBBPTHit CTOH6en;). 

A <t.1; 6r..~ 61;,, u;,%' 
s 2.2 6 32 23 
6 2.64 s 26 20 

1 2.55 ¥ 23 18 
8 2.11 4 19 16 
9 2.74 .3 11 tit 
10 U2 J 16 14 
11 277 3 JS 13 

12 2.1+ 3 H 1J 
1J 2.12 3 13 12 

H 2.75 3 !2 11 
15 2.70 3 12 11 
16 l.IS J 11 11 

61,1 
100 

I 

I ,f I :1 

I 

1 I 1' 
I 'I I I I 1 I 1 
I I 1 
I 1

1 I 

I : ll :I I I I I 
I I I 1 
'1'.' ri- --1 l J --~ 

·-I ---=----
0 

20ij)60 E (!.laB) 

I! ,, J 
I· 
I 
li 

li 
I 

A 

PHc. 2. Pacnpe~eJieHKe no saepnm B036~eHliJI MOHOITOHDHOI 

KHTerpaJ~I>Hol CYJOGI .11erJrHX JUep 6es yqeTa aqxpeKTa CDMaeMOCTH 

(nyHKT:a:p) H C ytiBTOM CMeiiiKBaHliJI UOHOllanDHilX B036p:,u;eHd (CWIODI

HHe Jll11DDI) • 
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~/ 

!<\' 

{a) 

50 

I I I E(MaB) I " , .. . . . WL (I) 

I I <(M•BI 
}(I 30 lrll. 50 bf/ 711 

PHc. 3. .fumOJILHHI I'KI'a.HTcRlrll peaoaa.Hc SI,JJJ>a 0 16 
{'J = I; f = 1) 

a) B MO;neJIH o60Jio"tJeK ( IIyHKT:Hp) H B MeTo;ne rmrepciflepJPiecKI'!X 
«lJYHKiniH 6e3 ytiEiTa CMellll'IBBHl!li MOHOITOJibHHX B036Ylr,Ilemfi! ( CILIIOIIIHlle 
.mnnm). 

0) B MeTo;ne K -rapMOmtK c ytieToM aqxpeRTa CDMaeMOCTll, JCilH-
BM - H3 pa60Tifii/. 

tJ' f~;---, , 1 -,- T --r---]

1 
' ' ~--,-

0• E / I I I 1 

~ 
'--- ', /---

,.{--...,~:(Jt ........... 
A8 1/ I ' I} ', \~ 1 

tu / / \ \ ', \~~ 
,11-, ' \ ' '"' {' \ \ \ \ ~ ,, \ \ \---<-~, ..... 

10~,1 
\ 1 ;\/'--,~ 

\ "'- ......1.,1. I I ..... v \1 ',11 .... 

~ 
' __ __, 

--.... \ / ~ 
1rf /,- I 'u_l -~qi,..1) 

I 2 3 • 

PHc. 4. Heyupyrd rrpo;nOJibHHI q,DpiiJlaKTop pacceJDOOI aJieKTpoHoB 
SI,JJJ>OM 0 ab ( :1:: t-, Td) c yqe'l'oM c~eDIIlB8.JIIUI MOaonOJIJ.ma: BOs6~e:a:d 
(cMOIIIHas: xpnas1). To'IKaMH ymaa.H xo;n q,DPIIIJatt'ropa 6es Y"JeTa cu
MaeMOCTZ SI,JJJ>a. IlYHR'fBP - B:Ma,Itl:l OT,lleJibHIIX .OROnO.atl • 

14 

.JUIIHJihHHE r!I'AH!CKHE PE3CHAHC!l ---- --
Ha pac. 3,4 IIOKa38BH pesynb'l'a~ pac11eTa ~ SI,JJJ>a 0~ uso-

BeE'l'OPBHX COC'l'OIHBI C J: 1 - : AHnO~bHOrO rHraH'l'CXOrO pesoHaaca 
(pac. 3) • Heynpyroro a~exTpOHHoro ~op~x'l'opa (pzc. 4). B MOAenH 
o60D:O'Ielt BCSI ,lliiiiiOJibHSSI CYMfrla CROHD;eHTpaPOBaHa B o6JiaC'l'H I'HI'aHTC
ROl'O pesoaaaca. B E'l'O;ne nmepccpep:neclGtX <Wam::udl rrpoHcxo;nwr ne
pepacnpe;ne.~~eHBe CBXK ,llBIIOJ!bHHX rrepeXO,llOB B o6JiacTL BHCOKHX SHep
rzi BOs6~eBBa. 3To aaxo;nwr011~ xopomew cor~acHH c pesy~b'l'a'l'aMH 
attcrrepJ~UeHTSJII.BHX KCCJie;noBEIHKI' IS/ , B ROTOpHX o6aapyxeao, 'ITO 

"" 50 % ,llBIIOJibHOI CyYM!i B DCJIOpo;o;e H8XO;nHTC11 sa I'HI'aH'l'CIG!MPI 
peaoR&RCaMR. PacqtirH des yqtira CKHM&ewocrx SAP& Aamr 
Ra'leC'l'BeBHO ,liJ;l1I'OI pesy.nTaT ( pac. 36 - Cll1lOIIIBHe JlliHHJI) - ReT 
crr8,lt811l{ero xo;na qe~ B o6JiaCTH BHCOKI'!X aHeprd:. Ha pac. 4 rro
K8.88H fiPO.It0.1IbHHI" 1 ae;ynpyxd q,DPII))a.KTop uelt'l'pOHHOro pacceJmHJ~ 
,Ir,U '!'eX 2 COC'l'OJIHBI 1: /- 1 'f = f , Pesy.JII.'l'B.T& pac'le'l'OB IIOKa3H
:aam , 1ft'O 1116'1' 9@1eRTa CDMaeMOC'l'H Ra'leCTBeHHO MeHJml' Heynpyrlle 
WC>IMflalt'l'op&: BC'Iesae'l' r.Q'6oDI IIBimiYll B o6JiacTH rrepe,llB.BaeMHX 
JDIIlY.U.COB ~ ~ I.~ F -t , sa~eTHo pa8JlFI8171'CJI pesynbTaTH pac11eTa 
B o6Jracu 60JildiiiiC[ nepe.;o;a.BaeMHX JDIIlYJII.CoB. 

RJIACTEPHiiti CIIEKTPOORCIIJIIIECKd ~OPII<PAKTOP 

B Ta6.1mQe 4 IJpBBe.IteHH pesynTa'l'& pac'leTa d -11ac'l'JAHHX 
CITeJtTpOCKOIIR'I8CBBX to~opoB OCHOBHOI'O H BOS6~eHB&X COC-
'l'OJmd JI,Itep 0 '• • C 11 

• PaccMO'l'P8HH nepexo;nH o,: .... C,! f cL , 
0 t• c u. I 0 16 t II- I •• v ~ - ,.., + ll(. , HAt - '1~ 7· <t. , 3,ll8Ci> IIO,ll BOS6~eH-

mriaf COCTOJDDDDIII IIO,ltp&arMeB&m'l'CJI HR81118 IIOHOIIO!IbHO-BOS6~eHHlie 
ypoBHJ[ 0 f s,;o;ep ( 

1 
K 0 II • Cor.mCHO paC'IeTSII B'l'H 

CIt 016 
BOa6~eBBa .lle&'l' B paloae 23 • 29 llaB ~ • 
COO'l'Be'l'C'l'B8HHO, 3,ItecJ. TaDe peay.n'l'a'l'& pac'leTa pa3JDI'I817l'C11 ~ 
T8X II8peXO,ItOB, B ltOTOpHX 111ac'l'BYJl'l' IIOHOIIOJibHO-BOS6~eBH&e COC'l'Oll-
BBa. 

IIAPAIIEi'P CIIIIIAEIOO'f.H .!WA 

Peay~I>'l'&TH pacqlra napaweTpa caJJ:Maewocrx SAep ooo~oqxx c yqe

'l'OM B 6es J118'1'8 CEIIIRB8HJIJI MOHOITOJibHHX BOS6~eHBI IIOKa38Hil Ha 

pao. 5 .Ia paoyuxa BJJ:,II;HO, '1'1'0 1118'1' CJieiiiiB8.HRJI III)HOIIOJ!bHIIX BOS6ylt
,1t8mrl O'l8BJ. BaaeH ITpa OIIpe,lleJieHD IIapaMeTpa cmomeMOCTH JierKHX 
s,;o;ep ( pesyn'l'aTH pasJDI'Iamos: aa 50 % MH S,Itep Ha'ISJia I p -o6o-
.ao'IKII,H pasmm;a yuem;maeTCJI c poCToM A ) • 0,1J;H8.R0 a'l'OT napa-
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AE 
(MaB) 

29 

52 

()% 
I 

59 

II 

AE 
(MaB) 

27 

50 

70 

/9/ 

0 % 
I 

68 

6 

I 

Ta6mm;a 3 

/IO/ 

AE 
(MaB) 

24 

6'% 
) 

56 

LIE 
(MaB) 

15-30 

29-35 

35-50 

/II/ 

t% 
' 

51 

31 

II 

TadnKua 3. CpaBHeHKe pesy~»TaToB pac~eTa MOHon~uoro r.w
raRrcKoro pesouaaca H~pa 0'6 , BHno~ueuuoro wero~ou rHnepc~epz
qecKRX ~YHKU~ ~~B IIOT8HUHana BO~KOBa H THna DxaBul9/, C COOTBeT

CTBJD~~H pesynhTaTaUH H3 paOOT /IO/ H /II/, nonyqeHHHUH C IIOMO~D 
~pyrzx uo~enen. 

TaOJIHua 4 

s 0,29 O,I9 0,02 . . . . 
..._ ____ .._.__ _ __ _t_ • . - -··-------.--------

s, : 0,29 : 0,23 : 0,009 

ci2:~t ; 0r6:~t 

Ta6Jml:¥1 4. CneKTpoCitOIDAecKlite tPoPMPaKTOPH d - IUiacTepoB . 
00 c I~ O" ~ OCHOBHOro H MOHOII~HO-B036~eHHHX COCTORHBI ~ep H 

C Y'ISTOII ( BepXH.IlB: CTpOltB.) H 6es Y'lii'l'a (HDHIIII CTpoltB.) CIEJIIIIBB.

HHH MOHOIIOJll>HHX B036~emdt. 

16 

K. !lsB 

10~ t 
I 

80 

60 

40 

8 

0 66(T:f} 

A 
10 12 14 16 

PHc. 5. IIaPSMeTP CJJtHMaeMOCTH ~erKHX ~ep c Y'li:iToM ( BepXH.fii! 

KPHBWI) H 6e3 Y'IEiTa (Hlll:lmml KPHBWI) CM6DIHBaHHH MOHOIIOJIMWX B036YJK

,Jtemd:. 

Me'l'p He Jm1Vl6TCJI ,ltOCT8TO'lBO HH!lJop118.THBHml. OH He OM8,ItaeT CBOi!:

C'l'BOM JHKB6pCan»HOC'l'H (O'l'~aBTCH B !,5 paaa ~ H30B6KTOPBHX 

H H30CR8nHPHHX COCTOHHJ!I). 3Hrui ero a6CORDTH08 SHa~eHHe,He~SH 

npe;n;clt8.3a'l'» C'l'8II6H» B1II'IJIHHII CDMaeYOCTH a;n;ep Ha paSJm'IHI:le qM3R

~eCKlit8 a<Pf!eRTH, a B ~ou: CJIY'lae HYXHO npoBo;n;wr» ;n;eTanJ>HHe Mlnt

pocxoiiJAecKlite pac~e'l'H. 

H'l'aK, npoBB;n;emme BHIIIB o~eHKlit rrolt8.3HB81l'r, ~To Y'IEiT Cl!liMae

MOCTR a;n;ep npHBO;n;JitT HHor;n;a K Ka'16CrBeHHHM (yY~THII~Hl:le rHra.HT

Cltil8 p830H8BCH) BJDl BO BCHKOM CJIY'lae K K~eCTBeHHHM aqxpeKTaM 
IIOpH.ltKa ~CHTKa rrpo~eHTOB B OIIHCSBRH B036~eHHHX COCTOHHJ!i!: a'l'OM-

HHX a;n;ep. 

C'DI'l'a.J) CBOHM rrpHII'l'HlDI ;n;OJiroM IIOMaro;n;apHT» I!p<XJJ. AJI. Easa 

sa pll,ll; ~emmx COBBTOB. IIPocP· B. r. COJioBDeBa H ,ll;OKTOpa qMSHitO

~eu:a~eCKBX HayK H.H. ~~alnoBa aa IIOJI83HU6 COB6TH R HHTepec 

x pa6oTe. 
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