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.. Oco6eHHOCTH noBeneHH!I aapSIJlOBbiX cpopM!jJaKTopoB anb¢a
KnacTepRbiX SJnep 

B anb!jJa-KnacTepaoll Monenn c npoeKT;IpOBKoll nccnenyeTC!I aaBncn

MOCTb aapSILtOBbiX ¢opM¢aKTopoB SJnep 12c n ~ 24 Mg oT ncxonHhiX 

napaMeTpOB npo6Hbl?' !jJyHKUIIll. YcTaHoBneHa KnacTepHo-cTpyKTypHa!I 

npnpona noBeneang ¢opM¢aKTopon anbljJa-KnacTepHbiX SJnep npn 6onbwnx 
nepet:~aHHbiX HMnynhcax. "'-
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Peculiarities in the Behaviour of Charge Form 
Factors of Alpha~Clustering Nuclei 

In the framework of the alpha-cluster pr0jection m0de 
(the Brink model) the dependence of the charged form 
factors of 12 C and 24Mg on the basic trial nucleon wave 
function parameters is investigated. An interpretation of 
the peculiarities of the form factor behaviour of the 
alpha-clustering nuclei is made. The cluster-structural 
nature of their behaviour at large momentum transfer 
q > 3 fm-1 is found. 
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1. Pauee 6Lino ,noKa3~Ho /I/, 'ITO noBeAeHHe 4JopM4Jax
TopoB npa ManLIX nepeAaHHhiX · HMnynLcax q a nono)KeHHe 
ux nepBI.IX MHHHMYMOB~ x·oporno- Bocnpoii3BOAHTCH AnH Bcex 
'leTHo-qeTHhiX HAep, Ha'IHHaH C 4He~ C llOMOll.\hiO liJeHOM~HO· 
noruqecKoro pacnpeAeneHHH nnoTHocnl 3apHAa / pna/ 

~ 'B BHAe ABYXnapaMeTpH'IeCKOH CHMMeTpHJOBaJUIOH 4Jepl.flf-

lPYHK~HH c '·· 

· R r ·-I 
p SF( r) ""p 0 ( ch 0 + ch b) , . ·' , /1,/ 

. - J .• 

.~·rAe R -. "paAHYC ' nonycnaAa " m~OTHOCTH, a'b'- napaMeTp 
~- ·{·; AHlPlPY3HOCTH llOBepXHO.CTHOro· · CJlOH HApa. 3Ta lPYHK~HH, 

'· HMeroll.laH raycconoAo6uoe noBeAeHHe- npli · r .... 0 H 3Kcno-. -. - . . ~- . .:_ 

. ueu~aanLHyro acaMnTOTHKY ,. YAa'IHO napaMeTpHJyeT. no Be- . 
•AeHHe pn3 B oGnaC~H llOBepXHOCTH HApa /AnH cpeAHH.X 

. ::~ 

H TH)KeJlhiX HAep OHa nepeXOAH.T B TpaAH~HOHHYIO 4JepMH- ·•. 
llJlOTHOCTh). ll03TOMY· ecTeCTBeHH~ mi.'3aaTL.nepBhiH MH-: : <;'' 

. · HHMYM B 4JopM4JaKTOpax . HAep ·. "pa3Me.pHLIM'\ •· CBH3aHHLn.f' 
c liJaKToM KOHe'IHLix· p~JMepoB HApa, II auiepnpeTapoBaTL' 

. . . I ·, . 

ero KaK peJynLTaT AHiiJpaK~HH 3JleKTpOHHOH'BOJlHhiHa HApe, 
HMeroll\eM xapaKTepHhiH · cnaA . pn3 ·:a paiioue .HAepuoii 
llOBepXHOCTH. KaK ,6hiJlO ycTaHOBJleUO /1/, paCC'IHTaHUhie 
AJlH /1/ 4JopM4JaKTOphi. YAa'IHO cor.iif:!CYIOTC.H c .. 3KCnepHMeH-: .. -
TaJlhliJ,IJ.n~ JlHIIlh B' 06:!1aCTH)IepeAaHUJ.IXHMllYJl~CO~ q<q0;. ' 
,7.,7 A ::- 1: 3 ,<1>- 1 • , 0AHaKo, B ... uacTOHII.lee BpeMH HaKonneu. 
6onLrnoii 3KcnepaMeH:ntnLHLiii: .MaTepuan npa .nepeAaiinLix · 
HMnynLcax 3a' npeAen~MH .yKaJaH~oii : oGnacTH. TaK, ,AJlH 
HAe~ p'- a: sd-;otlonO,'IeK B ,o6naCTH q' >q O -: ·Ha.6~:naiOTCH 
HiiTepecH~Ie OC06eHHOCTH B ,llOBeAeHHH.lPOPMiiJaKTOpOB:. MH~:· 
HHMYMhl "aiui HeOGbllJUOe nonoroe ,noBeAeHHe' .'ITO, ' no- Bll~. 

~·;-~· .., 'I, "' • • ' .· -,. :'.'- ~ ~ 

AHMOMY, CBH3aUo .· y)Ke C HHAHBH.IlyanhHhiMH AJlH Ka)I(Aoro 
,_, '. '.·f::: .. - ·-~ ;_~::c. < -.~ ~--. • ... ~ ~ ~ • ··-· -
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JI,npa ,neTanJIMH noae,neHHJI pn3.:. B npHHUHne · MO)KHO 
YCJIO>KHTL BH,IJ; liJeHOMeHOJIOrH'IeCI<OH (byHI<l{HH pna H ,no-
6HTLCJI Tai<HM o6pa30M cornaCHJI C 3I<CnepHMeHTOM ,IJ;JIJI BCeH 
o6nacTH q. O,nHai<o napaMeTpaM Tai<oii lilYHI<UHH y>Ke Tpy.n;Ho 
npH,naTL I<OHI<peTHLIH liJH3H'IeCI<HH CMLICJI. Il03TOMY 6onee 
ecTeCTBeHH~IM B 3TOM cJiyqae npe.nc~aBnJieTCJI pac'leT pna 
Ha OCHOBe I<ai<oii-nH60 MO,nenH JI,npa. 

B npe,nLI,nyll{HX pa6oTax 12•3/ ,nnJI 3Toii uenH ucnonL-
30BanacL anLiba-I<nacTepHaJI MO,nenL c npoei<THpoai<oii 
I AKMIII141.ELino nony'leHo cornacue -c 3I<CnepHMeHTanL
HLIMH liJopMiiJai<TopaMH JI,nep 12 C , 16 0 , 24 Mg, . 28 Si , 
32 S H 40Ca npH BCeX H3MepeHHLIX B HaCTOJIII{ee. BpeMJI 
nepe,naHHLIX HMITYJILCaX BITJIOTL ,IJ;O q ::: 3,75 cp- 1• IlpH 3TOM 
npHWJIOCL '0TI<a3aTLCJI OT 06LI'IHO HCITOJIL3yeMLIX- B 3TOH 
MO,IJ;eJIH rayCCOBCI<HX npo6HLIX liJyHI<l{HH HYI<JIOHOB H BBeCTH . 
BMeCTO HHX ,npyrHe, CHMMeTp.H30BaHHLie liJepMH-IiJYHI<l{HH 
C 3I<CllOHeHI{HaJILHOH aCHMITTOTHI<OH. 

U.enL HacTOJIII{eii pa6oTLI - BLIJICHHTL a paMI<ax AKMII, 
I<ai<He qepTLI CTPYI<TYPLI pJI,na JI,nep. iP-H sd--o6ono'lei<I 
OTBeTCTBeHHbl 3a yi<a3aHHLie BbiWe OC06eHHOCTH llOBe,neHHJI 
liJopMiiJai<Topoa npH 6onLWHX nepe,naHHbiX HMnynLcax. AHa
norH'IHaJI· nonLITI<a /5/ 6Lina c.nenaHa B paMI<ax 6onee 
npocToii, anLiiJa-qacTH'IHOH Mo,nenH JI,npa- I AqMI, I<or.na 
OC06eHHOCTH ·llJopMiiJai<TOpOB JI,nep 12 C H 160 CBJI3biBaJIHCb 
C liJai<TOM Cyll{eCTBOBaHHJI MHHHMyMa B 3I<CnepHMeHTaJibHOM 
liJopMiiJai<TOpe anbliJa-qaCTHI{LI npH q =' 3,3 «<>-1 • IlpH 3TOM 
B H3BeCTHOM Bbipa>KeHiiH /6/,nnJI liJopMiiJai<Topoa JI,npa a A tiM 
liJopMiiJai<Top anLiba-qacTHULI 6pancJI npJIMO H3 3I<cnepHMeii
Ta. 

HH>Ke MLI 6y,neM nonL30BaTLCJI 6opHOBCI<HM npu6nH>Ke
HHeM /TO'IHLie paC'IeTLI liJopMiiJai<TOpOB B BLICOI<03HepreTH
qeci<OM npH6JIH>KeHHH 6LIJIH c,nenaHbl B /~//. 0HO ll03BOJIJie'r 
'leTI<O npocne,nHTb OCHOBHbie qepTbl ITOBe,neHHJI liJopMiiJai<TO
pOB a· 3aBHCHMOCTB' oT u3MeHeHHJI napaMeTpoa AKMII. · 

· 2: OcHoBHLie npe.nnono>KeHHJI AKMII cocToiT a cne,nyro:' 
II{ eM I 4/. B JI.Iipe aLI.n.enJIIDTCJI r(eHTpbi pacnono>KeHHJI ani.lba: · 
I<nacTepoa R i (i = 1 , 2 .~: - HH,IJ;ei<c I<nacTepa, N - non:Hoe 

· 'IHcno I<nacTepoa a JI,npe c A '= :4N I. Xapai<TepHLiii npliMep~ 
BLI6opa · anLiiJa- I<oHil!Hryp,auuii noi<a3aH :Ha puc; 1 ,nnJI · JI,nep 
12 C 1i · 24 Mg. 0THocB:'i'enLiio I<a>K,noro H3 3_THX ueHi'poa 'leTLipe 
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Puc. 1. AnLiiJa- I<oHiiJHrypal{HH ,nnJI JI,nep 12 C ~ 24 Mg , uc
ITOJib3yeMbie B paC'IeTaX liJopMiiJai<TOpOB. 

HyKnoHa Haxo,nJITCJI a s - cocTOJIHHJIX c aon~oBLIMH lilYHKUHJI
··MH 

4 .... 

U 8 (;~Ri )=(< X _u(jr-Rif).· 
a . T. . 

.. 
/21 

3.necL a = i, a, r - HH,neKc o,nHo'laC:;H'IHoro cocTOJIHHJI. Ha 
OCHOBe. 12/ npo6HaJI MHOrO'IaCTH'IHaJI aHTHCHMMeTpH30BaH-
HaJI liJyHKI{HJI . 

4 4 -> -> A , ·. · 
U(r

1 
••• r ;\;R

1 
••• RN)= L c Il u

8
.(p'a),-' 131 

· p Pa=l · 

'H3 KOTO_pOH C llOMOII{blO onepaTOpQB npoeKTHpoaaHHJI ITO 'leT-
" "J ' . ' 

HOCTH PTT H yrnOBOMy MOMeHTY p MK H YCJIOBHH CHMMeTpHH, 

COOTBeTCTByiOII{HX Bbi6paHHOH anLiiJa.:KoHiiJHrypal{HH JI.zipa~ 
cTpOHTCB BoJIHooas cllYHKUHB s.npa c 3a,naHHLIMH KBaH'I:'OBLIMH 
qucnaMH I J MTT> •. .. 

· '06LI'IHO /2/ ahl6uparoTcs a au.ne rayccoacKiix npo6HLix 
. ~YHKI{Hif . . .. _;. -2 . . 

4 a~RJ -
u (lr -R .I )=exp[- i · ·L· . /4/ 

G I 2b2 
ai 

5 
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r):(e b • ~apaMeTp, xapaKTepH3yiOI.I~HH 6biCTpOTY y6biBaHHH . a. ·. . . . . .. 
. riJyHKUHH. · . 

B • pa6oTe 121 B Ka'leCTBe npo6HbiX riJyHKUHH /2/ 6~mH 
HCllOflb30l~aHbl CHMMeTpH30BaHHhie riJepMH·riJyHKUHH C 3KCDO· 
HeHUHan:bHbiM cna~OM ·-:-,.,_• 

. ~ .... R ........ 
"sF (!r-Hi !)=[ch~ + ch lr-.Rd ]-I 

.. b b . 
ai a 

/5/ 

3~ec~ napaMeTpbi Ra H ba onpe~ensiOT pa~ayc "nony~na~a" 
H wapHHY o6naCTH cna~a riJyHKUHH rrpu r ::: Ra . 

<l>opMriJaKTOpbl . pacceHHHJI 3fleKTpOHOB B · 6opHOBCKOM 
npa6na:>KeHHH 

2 . . . . . . 2 
F (q)=G(q) !477(2L+l)f 1 (qr)p (r)r2drl /6/ 

L L L · 

. ·.;;, 

I.Jbipa?f<aiOTC!f qepe3 pa~aanLHY~ nnoTHOCTb nepexo~~ pL (r ), 
KOTopaJI Bhi'IHCnJieTCJI c noMO~hiO nony'leHHbiX B AKMII 
JI~epHbiX riJyHKUHii I J M 11> , G( q) - riJaKTop, y'IHThiBarolnaii 
pa3Mepbi npoToHa a ~BH:>KeHHe neHTpa Mace JI~pa 17 l. TaKHM ' 
o6pa3oM, o paMKax AKMII rlJopMrlJaiCTo'p JI~pa 3aBHCHT OT 
napaMeTpoo . R . , . onpe~enJIJO~Hx neHTpbi pacnono:>KeHHJI 
~anLclia-Knac.fepci~ a'ixapaideipoo ·npo6ublx riJYHKUHii nyimdlioo 
'/bai ·- ·~nJI i!JyliKUi1H)4/ :H Rai'a .bai~ ~nJI riJYHKUH~ /.!fiJJ.~ 

3. Ha ocHooe riJyHKUHH /2/ MO:>KHO nocTpOHTh pn3 JI~pa.;, 
4He. B noM ·cnyqae' crte~yeT nono:>KHTh· R. =0 'u N "'1 , .· 

.. ·, . I 

Tor~a 

p (r)=c2u2(r ,R.z·O), 
4f1£'. ,._ 

~ ' ( . 

/7/ 

r~e C_ -: HOpMHpOBO'I}JaJI llOCTOJIHHaJI. , 
Bo~ie~ae _ :1l-oii · ~noTJ:Iocia. ~~Tepee_~ c) , J!o . c~e~x~~M 

llpH'IHHaM. · .. .. . . · . . 
. C rayCCOBCKHMH npo6HbiMH.riJyHK~HJIMH /4/npH ycno~HH 

b~ ·= bi =b · ·· 6opHooci<Hii ~o~MriJaxeTop .JI:npaa· AKM,II M«?~~io · · 
4JaKTopa3oBaTh, TaK :>Ke :KaK'H a AqM, Ha CTPYKTYPHhlii a 

· riJopMriJaKTop anLriJa-KnacTepa .• '~ · 

FG =Fa(q ,b) F A·(q ;R ,b)~. . /~/ 

I 
I. 

l 
l ; ... : ... 

'I 

i; ~ 

.,~· -'1 

·J: 

·- .,.; 

( ~H-. e 
uf ELASTIC 

·c. . -4 
10 

trf R:~ t.59 b"·0545 
"M't _, .... 

10 t f i + ·r 

trf ' ~ ' .:' ... 

tlf 
b ~t6 t.5 1.' 

...._". 

t 2- _q(fm-'J 
. Iff 

3 

Puc •. 2.· .. cl>opMriJaKTOpbi ynpyroro pacceJIHHJI 3neKTPOHOB .. 
Ha . ~,He ~J!H .npo6HbiX.rayCCOBC_KHX H CHMMeTpH30BaHHbiX ;. 
riJepMH • riJYHKUHH HyKnOHOB. 
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rayCCOBCKag !lJyHKnug /4/ .u;aeT rayCCOBCKOe ·pfl3 /7/ 
U npUBO.IJ;HT K rayCCOBCKOM)' ~e DOBe,IJ;eHUIO !lJopM!lJaKTOpa /6/, 
KOTopLiii B npuHnune He MO:>KeT onucaTL Ha6JIIO.u;aeMLiii Ha 
3KCnepuMeHTe MUHUM)'M 4JopM4JaKTOpa g,u;pa 4He npu q :::: 
= 3,3 <I> - 1 • /pile. 2/. B 3TOM cnyqae Bee oco6eHHocTu 
!lJopM!lJaKTopa g.u;pa .u;on:>KHLI 6LI · onpe.u;engT~ocg CTPYKTypHoii 
qacTLIO FA • O.u;HaKo Mhl y:>Ke OTMeqanu BLiwe, qTo 6e3 
BLI,IJ;eneHug flO.IJ;CTpyKTyp B !lJeHOMeHonoruqeCKOM pn3 BU,IJ;a 
/1/ HeB03MO:>KJio .u;o6UTLCjl cornacug C 3KCnepuMeHTOM npu . 
6onLWUX q · C .u;pyroii CTOpOHLI, U3 puc •. 2 BU.IJ;HO, qTo 
3KcnoHeHnuanLHag !lJyHKnug /5/ .u;aeT pn3 .u;ng an~o!lJa~qac
TunLI,. KOTopoe npu 3HaqeHuu _napaMeTpoB R a = 1,59 <I> u 
b a= 0,545 <I> npaBUnLHO 06'LgCHjleT "pa3MepHLIH" MUHUM)'M 

U BeCL XO.IJ; 4JopM4JaKTOpa CB060.IJ;HOH anL!lJa-qaCTUnLI. If XOTjl 
ycnOBUjl 4JaKTOpU3anuu 4JopM4JaKTOpa B BU,IJ;e /8/ ,u;ng 3KCDO
HeHnuanLHLIX !lJyHKnuii He BLIDOnHjiiOTCg, BCe :>Ke B ,IJ;aHHOM 
cnyqae eCTL OCHOBaiJ:ug cquTaTL, qTO Ha6JIIO,u;aeM_Lie B 3KCne
pUMeHTe ,IJ;OnOnHUTenLHLie MUHUM)'Mhl U OC06eHHOCTU !lJopM
!lJaKTopoB pg.u;a g.u;ep J 2 C , 16 0 , 24 Mg , 28 Si , 32 S , 40 Ca, npu 
q:::3,1 7 3,4 <1>-1 CBg3aHLI C HanuqueM B 3TUX g,u;pax· 
an~o!lJa-K,nacTepoB. B TO :>Ke BpeMg yKa3aHHLie oco6eHHOCTU 
HenL3jl UHTepnpeTUpOBaTL KaK TOqHLie "KODUU" MUHHU)'MOB 
B 4JopM4JaKTO?se anL!lJa,-qacTUULI npu q ::: 3,3 <I> - 1, KaK 3TO 
,u;enanOCL B S/. )J;eHCTBUTenLHO, MeTo,u;uqeCKUH pacqeT B 
.AKMII noKa3LIBaeT /Ta6n. 1/, qTo .u;ng o.u;uHaKOBLIX Ra u 
, ba MUHUM)'Mhl B 4JopM4JaKTOpax CB060.IJ;HOH anL!lJa-qacTUnLI 
U g,u;ep 12C U 24Mg He COBna,u;aiOT no CBOUM nono:>KeHUgM, 

1 
o.u;HaKo HanpaBneHug ux ".u;Bu:>KeHug" c U3MeHeHueM R u a 
b a COOTBeTCTB)'IOT ,u;pyr ,u;pyry. )J;ng g,u;pa 24 Mg pacqeTLI 

npou3Bo.u;unucL npu cne.u;y10~ux 3HaqeHugx CTPYKTYPHLIX 
napaMeTpoa_~R 1-=0,9 <1>, R

2
=2,0 <1>, 0= 0,314 . 

4. IIepeii.u;eM K o6cy:>K.IJ;eHUIO pe3ynLTaToB MeTo.u;uqecKux 
pacqeTOB !lJopMI}JaKTOpOB Ha npuMepe .IJ;B)'X g.u;ep: U3 P -
o6onoqKU g,u;pa 12C C anL!lJa-KOH!lJurypanueii BBU,IJ;·e paBHO
CTOpOHHero TpeyronLHUKa u U3 sd - o6onoqKu g.u;pa · 24 Mg -
6uTeTpa3.u;p U3 an~o!lla- KnacTepoB /puc. 1/. IlepBoe xa
paKTepu3yeTcg o.u;HuM cTpy:KTypHLIM napaMeTpoM paccTog
Hug OT neHTpa.g.u;pa .u;o neHTpoB a,n~o4Ja-KnacTepu3anuu.R .~ 
,u;ng 'g.u;ep S d - o6onoqKU npUXO.IJ;UTCjl · BBO.IJ;UT.L -y~e. TpU ·. 

· . ._ . - ~ --. 
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- . Ta6nuna 1 - - · -· 4 
cr,aBHeHue nono:>KeHUH MUHUM)'MOB 4JopM4JaKTOpOB g.u;ep He, 
1 C u 24 Mg npu __ 6on~owux nepe.u;aHHLIX . uMnyn~ocax - _ .u;ng 
O.IJ;UHaKOBLIX napaMeTpOB npo6HLIX 4JepMu-4JyHKnuii HyKnOHOB 
anL!lla-q_acTHnLI il anL!lJa-J(nacTepoB BHYTPU g.u;pa -· 

!2(; 
.. 

.•·•. 

PHCYHOK ? 
~ KPIIbO~ 

6 5 4 7 8 9 

q, . <I2c) 3.8 3.6 3.4 2.75 2.75 2.75 
m.n 

4 3.45 3.25 3.! 2.45 I 2.4_5 2.45 q, ; CHe) 
IIlLI\ '. . 

.. . 
24M -

c;r 
- ' 

·' 

3Ha'leHIIll RO\I ~ R~P.= I. 7 Ro<1 = Rot2 := I~?- R .. ,= R-<~.=r.8l 
aJII>~a- b..i = b =: 0.8 

.. I . - .. 
KJIBCTepHI>IX o.,.,= b.;;,_ =_o.9: _b .. ,= h>12"'o.8 
naDaMeTPOll - 1 O<J. 

... 
(24M ) q,,;l\ - ~- 3.!0 3.?0 3.30: 

q,m~J4He) 2.90 2~90 ! 2~75 
.. 

napaMeTpa: ' R
1 

u R 
2 

-paccTogHJ,ig - .zio BH)'TpeHHUX u 
BHeWHUX anL!lJa-KriacTepOB COOTBeTCTBCHHO u· yron 0 
nanpaBne~ug Ha BHCWHUe KnacTepi.I. BBO.IJ;JITCJI TaK:>Ke :napa-

MeTpLI -- npo6HLIX _ !lJYH!Cnuii. b .u;nx . /4/ u' Ra -- U b a .u;nx /5/. 
Ilocne.u;nue MoryT· 6LITL pa3HLIMU .u;nx BHyTpeHHUX u BHe_w
HHX _ KnaCTCpOB _ U, B006Jne rOBOpJI, He .IJ;On:>KHLI COBna,i:{aTL 
C UX 3HaqeHUJIMU ,u;ng CB060.IJ;HLIX _anL!lJa-qaCTUn. 3HaqeHUJI 
napaMeTpOB, COOTBeTCTB)'IOJnHX KpUBLIM-Ha pUC. 3-8, npUBe

,u;eHLI B Ta6n. 2 U 3. 
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5. BHai~ane paccMoTpHM pe3yJILTaTLI MeTO~HqecKHX 

pacqeTOB c rayccoBCKHMH npo6HLIMH !}JyHK~HHMH. Ha pHc. 3 
llOKa3aHa 3aBHCHMOCTL !}JopM!}JaKTOpOB JI~pa ~ C OT H3Me
HeHH.JI CTPYKTypHoro napaMeTpaR. Pa3MepLI .H~pa KaK ~e
noro pacTyT c pocTOM R, H · 3TO npoJIB.ii.HeTcJI B c~BHre 
nepBoro, "pa3MepHoro" MHHHMyMa !}JopM!}JaKTopa ynpyroro 

. pacce.HHH.H BJieBO - B CTOpOHyMeHLIIIHX q .. AJIL!}Ja-KJiaCTepHLIH 
napaMeTp b onpe~enJieT xapaKTep cna~a pn3 Ha rpaHH~e 

Ta6nH~a 2 · 
IIapaMeTpLI 'pacqeTOB !}JopM!}JaKTOpOB .H~pa 12 C H COOTBeT

. CTBYIO~He cpe~HeKBa~paTHqHLie pa~HYCLI 

Pac. ~ KPlfil8H 
II!! R R.;.. bo<, ·R(<X) R (12C) 

. I I.8 - I.3 !.59 2.425 
2· .. ;r'.6 - I.3 !.59 2.3I 

PHc.3 3 I.4 - 1.3 !.59 2.2I 

I I.o - I.6 1.96 2.4? 
: .· 

2 I.2 I.4? I.92 PHc.4 I.o -
3 I.o - 0.8 0.98 I.43 

I I.8 I.6 0.573 I.66 2.482 
2 r.5 I.6 OS73 1.66 2.32 
3 I.3 I.6 0.573 1.66 2.233 
4 I.o 1.6 0.8 2.047 2.53 

PHc.? 5 I.o I.5 0.8 . 2.0I 2.483 . 
6 I.o I.4 0.8 1.98 2.439 .. 
7 1.'7_ 2.0. 0.7 2.05 . 2.~30. ,. 

8 I.? 2.0 0.6. I.9I . _2.95 
9 I.? 2.0 0.5 I.?? 2.52 

·'.·, ._ 

: ... 
. ~-·-· -------
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Ta6JIHiia 3 
IIapaMeTpLI pacqeTOB. !}JopM!}JaKTopoB JI~pa24 Mg H cooTBeT
CTBYIO~He cpe~HeKBa~pa THqHLie pa~HyCLI 

-

PHC lpi!llBll 
N! N! R1 R""1 b0\1 Rr. R.,.2 b0\2. 0 R <"'•) RCa2) .R e~"}) 

I I.O - I.6 2.2 - I.5 .3I4 I.% I.84 2.9I 
2 I.O - I.6 2.2 - I.6 .3I4 I.96 I.% 3.00 
3 I.O - I.6 2.2 - I.7 .3I4 I.96 2.07 3•09 

Psc.5 4 I.O - I.6 2.2 - I.5 .3I4 I.96 I.84 2.906 
5 I.O - I.6 2.2 - I.5 • 628 1.96 1.84 . 2.890 
6 1.0 - I.6 2.2 - 1.5 .942 1.96 1.84 2.888 

I I.O - I.6 2.2 - I.5 .3U 1.96 1.84 2.9<16 
2 I.O - !.6 2.0 - I.5 .314 1.96 1.84 2.83 
3 r.o - 1.6 1~6 - 1.5 .3I4 1.96 1.84 2.71 
4 I.O - 1.5 2.0 - 1.5 J .3I4 ·• 1.84 1.84 2.79 

P11c.6 5 1.3 - !.5 2.0 - 1.5 .314 .. ,1.84. 1.84 2.82 

6 I.8 - I.5 2.0 - 1.5 .314 1.84' 1.84 2.89 
7 1.0 - 1.6 2.0 - !.5 .314' 1.96 1.84 2.83 
a· 1.0 - 1.5 2.0 - 1.5- .314 1;84· 1.84 2.79 
9 r.o - 1.4 2.0 - r.5 .314 I.71 1.84 2.76 

I , 1.3 I.4 .7 2.4 1.5 .7 .314 I.79 !.834 . 2~92 
2 1.3 I.5 .7 2.4 1.5 .7 .3I4 I.834 1.834 2;936 

3 1.3 I.6 .7 2.4 I.5 .7 .314 1.~,75 1.834 2.9.8 

P11c.a 4 1.3 !.5 .7 2.4 1.4 .7 .3H 1.834 !.79 2.91 

.5 I.3 I.5 g7 2.4 !.5 .7 .314' 1.834 I.834 2.936 
6 1.3 1.5 .7 2.4 1.6 .7 .3I4 1.834 1.875 2.% 

--

':3-.... 

II 
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Pac. 3. 3aBHCHMOCTb liJopMiiJaKTopoB s,npa C B AKMII, 
paccqHTaHHbiX C rayCCOBCKHMH npo6HbiMH liJyHKUHHMH, OT 
napaMeTpa .R /Ta6n. 2/. 
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s,npa; B rayCCOBCKOH MO,neJIH OH TaK)Ke CHJibHO CBH3aH 
c pa3MepoM s,npa KaK uenoro. Ba;iHo, qT·o c pocToM b aa
KJIOH KPHBLIX liJopMiiJaxTopoB yBenaqaBaeTcH /pac. 4/~ Ta
Kas 3aBHCHMOCTb liJopMiiJaKTOpa OT napaMeTpOB MO,neJIH 
R H b HMeeT HarJ1HAHYIO ~HTepnpeTau;aro, H ee MO)KHO 
Ha3BaTL "HopMaJILHoii". · HecxonLKo Heo6wqHo .nns rayc
coBcKHX liJyHKUHH noHBJieHHe BTOpLIX· "pa3MepHbiX" MHHHMy
MOB B liJopMiiJaKTOpax /pHC. 3, KpHBble 1,2/, KOTOpble, 
npaB,na, B03HHKaiOT JIHWb AJIH HepeaJibH.O 60JibWHX JQIH ,naH

HOrO s,npa 3HaqeHHH R • 
IIepeB:,neM K s,npy· 24 Mg. Ilpe)I(Ae 3aMeTHM, qTo y Be ex 

s,nep S d - o_6onoqKH B liJopMiiJaKTOpe · nOHBJIHeTCH eme OAHH, 
BTOpOH, MHHHMyM, KOTOpbiH pacnonaraeTCH: npH 3HaqeHHHX 
nepe,naHHoro HMnynLca HH*e o6nacTH anL!lla-xnacTepHbiX 
oco6eHHOCTeH liJopMiiJaKTOpa. qT06bl nOHHTb ero .npHpOftY, 
o6paTHMCH · K MeTOAHqecKHM pacqeTaM Ha pHC. 5 H 6. 113 
KpHBbiX 1,2,3 pHC. 5 H 1,2~3 pHC. 6 BHAHO, qTo C H3MeHeHHeM 
napaMeTpoB BHewHero xnac:repa R 2 H b 2 , xo,nliJopMiiJaxTopa 
CJie,nyeT cliJopMyJIHpOBaHHOH BbiWe HOpMaJibHOH 3aBHCHMOCTH. 

· 0,nHaKO HHTepecHee TO, '!TO HaH60Jie~ CHJibHO :na 3aBHCH
MOCTb npOHBJIHeTCH He B~ o6JiaCTH nepBOI:O MHHHMyMa, KaK 
3TO 6blno B s,npax p - o6onoqxa, a . B o6nacTH BToporo 
MHHHMyMa:. C pOCTOM 'R

2
BTOpOH MHHHMYM "nOJI3eT" BJieBO, 

C pOCTOM b2 HaKJIOH KpHBOH liJopMiiJaKTOpa yBeJIHqHBaeTCH. 
)J;anee mo6onbiTHO, qTo npH aHanoruqHbiX H3MeHeHHHX na-. 
paMeTp(>B BHyTpeHHHX xnacTepoB R I H 'ib1-.·. liJopMiiJaKTop 
B o6JiaCTH BTOpOrO MHHHMyMa CJie,nyeT "aHOMaJILHOH 3aBH
CHMOCTH": c pocToM R 1 BTopoB: .MHH~MYM :~i·c,nBaraeTcs 
BnpaBO no q /KpHBbie 4,5,6 pHC. 6/, a C pOCTOM hi HaKJIOH 
KpHBOH liJopMiiJaKTOpa yMeHbWaeTCH /KpHBble 7,8,9 pHC. 6/. 
3io cBs3aHo c nepepacnpe,neneHHeM 3aps,na BHYTPH s,npa 
npH 3a,naHHbiX 3HaqeHHHX napaMeTpOB BHeWHHX KJiaCTepOB. 
B TO )Ke BpeMH ABH)KeHHe nepBbiX MHHHMYMOB liJopMiiJaKTOpa 
cne,nyeT "HOpMaJibHOH" . 3aBHCHMOCTH OT .R ~- H b1-·: C HX 
·poCTOM, TO eCTb C pOCTOM pa3MepOB BHyTpeHHeH o6JiaCTH 
H,npa, MHHHMYM CABHraeTCH no q BJieBO. 3aBHCHMOCTb 
OT napaMeTpa 0 -yrmi "pa3BOpoTa"· BHeWHHX anLiiJa-xna
CTepoB oKa3LIBaeTCH BeCLMa cna6oB:, qTo cornacyeTcH c · 
BbiBOAaMH npOCTOH anLiiJa;-qacTHqHOH MOAeJIH !8/. )J;eHCTBH
TeJibHO, H3MeHeHHe 0' B TpH pa3a no:<ITH He. MeHHeT noBe-. 
_neHHH liJopMliJaKTOpa /KpHBbie 4,5,6 pHC. 5/. HTaK, BTOpble 
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Puc. 4. 3aBHCHMOCTh liJopMiiJaKTopoB JI,IJ,pa C B AKMII, 
paCC'IHTaHJibiX C rayCCOBCKHMH npo6HbiMH liJyHKUHJIMH, OT 
napaMeTpa b /Ta6n. 2/. 
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' ~P~c.· ·~. PacqeT ~~~M~a~T~p:: g~pa'·24·M; B A~M'k1~::~~3e 
rayccoBCKHx npo6HhiX lilYHKUHii. KpHBhie ·1 ,2~3 cooTBeTCTBY~ 
lOT H3MeHeHHIO napaMeTpa b 2 , KpHBhle 4,5,6 - H3MeHeHHIO 
yrna () /Ta6n. 3/. 
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MUHUM}';Mbl B 4JopM$aKTopax H,IJ.ep sd -o6ono'iKU ec'i'ecTseu
~o imTepn:QeTuposaTb KaK "cTpyKTypuble". Ouu cunbuo 
3aBUC.IIT OT OTHOCUTenbHOrO pacnono:>KeHU.Il B .ll,IJ.pe BHeWHUX 
U BHy;rpeHHUX anb$a-KnacTepOB U 3TUM OTnU'iaiOTC.Il OT 
nepBLIX ·- "pa3MepHbiX" MUHUMYMOB, KOTOpbie CB.Il3aHbl C 
pa3MepoM H.IJ.pa KaK nenoro u Mano 3asuc.11T oT ero suyT-

peuueii CTPYKTypbl. -

6. 06Cy:>Kna.ll Ta6n. 1, Mbl y:>Ke OTMeqanu, 'iTO B paMKaX 
AKMIT oco6eunocTu nose.u.euu.11 3KcnepuMeHTanLHblX 4JopM
$aKTopos p.ll,IJ.a nerKUX .ll,IJ.ep npu 6onbWUX q CB.Il3blBaiOTC.Il 
c uanuqueM B H.IJ.pe anL$a-KnacTepoB. ~eiicTBUTenbHO, u3 
puc. 7 .u.ng g.n.pa 12 C lxpUBble 4,5,61 BU)J.HO, 'iTO U3MeHeHUe 
napaMeTpa pa3Mepa ariL$a-KnacTepa Ra -pa.u.uyca.nony
cna.u.a ero npQ6HOH 4JyHKUUU 151 DpUBO)J.UT B OCHOBHOM 
K C)J.BUry B 4JopM$aKTOpe TOnbKO anb$a-KnacTepuoro MUHU
MyMa. C ,IJ.pyroii CTOpOHbl, U3MeHeHUe OCHOBHOrO napaMeTpa 
pa3Mepa g.u.pa - paccToguug R oT ero neuTpa .u.o anL$a.: 
KnacTepa - U3MeugeT nono:>Keuue TOnbKO nepsoro MUHUMyMa 
IKPUBbie 1 ,2,3 puc. 7 I. Boo6me :>Ke npo6Hbie CHMMeTpu3o
saHHbie 4JepMu-4JyuKnuu .u.aroT 6onee co.u.ep)l{a-renLuoeonuca
uue 4JopM$aKTOpOB. 3aBUCUMOCTb nocne)J.HUX OT U3MeHeHU}l 
R , R u b .u.ng g.n.ep p - o6ono'IKU cne.u.yeT uopMa!u.uoMy 

a a . . 
3aKouy: c pocTOM R u R a cooTBeTCTByromue MUHUMYMbi 
C)J.BUraiOTC}l sneBO, C pOCTOM napaMeTpa .IJ.U$4Jy3HOCTU ba 
uaKnou Kpusoii 4JqpM$aKTopa ysenuqusaeTC}l IKPUBble 7 ,8,9 
puc. 7 I. HuTepecuo, 'iTO npu .u.ocTaTO'iHO 6onbmux paJMepax 
g.n.pa, TO ecTb c pocToM R, y 4JopM$aKTopa nogsnseTC}l 
sTopoii · "paJMepHLiii" MUHUMYM l.u.ng Kpusoii 2 3TO npu 
q ... 3,8 <I> -I I. llpu -~TOM MoryT B03HUKaTb xapaKTepHbie 
oco6euuocTu B nose.u.euuu 4JopM$aKTopa, KaK uanpuMep, ua 
pUC. 7, KpUBag 1, KOr,IJ.a TpeTUH MaKCUMYM C)J.BUraeTC}l 
c. pocToM R sneso u uanaraeTC}l ua anb$a-KnacTepublii 

Puc. 6. Pac'ieT 4JopM$aKTopoB .ll,IJ.pa 
24

Mg B AKMIT ua ~ 
6aJe _ rayccoscKux npo6HblX 4Jyu_ Knuii. Kpu_ Bble 1 ,2,3 cooT
BeT_CTBYIOT U3Meueuuro napaMeTpa R 2 ; 4,5,6 .. - napaMeTpa 
R

1
;7,8,9_-.. ~apaMeTpa_bj-/T..~6n.-31. i · •. _:·. . : . _ 
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4 

0· f .. 
.. 

__ 2~M- :· 
,9 

Ua. GAUSS 
ELASTIC 

I I 

-n (Jm-1} 
7tll 

17 



~~ 
I 
I 
I 
b· 

!;. 
ii 
" i! 
I' :!-
,, 
II 

il : l ~ ~· 

I 
I 

l; :. -
::' L ·? 

li.-' 

1.' 
t: ·
ll 

: l ~: ... 
!;:-: 

' II 
I 
L 

··:: 

r,·~ 

• 

MHHHMYM, 'ITO npHBO,IJ;HT K 06IIleMy UOJIOrOMY XOAY 4JopM4J-. 
4JaxTopa B :noB: o6nacTH q • · _ 

. HMeHHO TaKoe nonoro"e noBe,neHHe B o6naCTH anL4Ja-·-· 
xnaciepHLIX oco6eHHocTeii 4JopM4JaxTopa· Ha6mo,naeTcH · mi 
3KcnepHMeHTe ,nn11 11,npa 24 Mg. Ha pHc. 8 noKa3aHa 3aBH
CHMOCTL TaKOrO UOBe,IJ;eHHH OT H3MeHeHHH napaMeTpa pa3-
MepoB 'BHyTpeHHero Ra 1 H BHewHero Ra anL4Ja-'KnacTepoB 
/COOTBeTCTBeHHO KpHBLie J,2,3 H 4,5,1>/. IlpH 3TOM UO:o 
JIO:lKeHHH "pa3MepHOrO" H "cTpyKTypHoro" MHHHMYM<>B UO'ITH 
He MeHHIOTCH, HO MeHHeTCH xapaKTep KpHBbiX B paHOHe 
anL4Ja'-K~acTepHoro MHHHMyMa q::: 3,8 cl» - 1 • H OUHTb, KaK 
H B cnyqae. rayccoBCKHX · npo6HLIX lilYHKu;Hii, yBeJIH'IeHHe 
napaMeTpOB Ra 

1 
H Ra 

2 
,IJ;eiicTByeT B npoTHBonono:a<HLie 

CTOpOHLI: B nepBOM · CJiyqae 3TOT MHHHMYM HC'Ie3aeT C 
pOCTOMRai• BO BTOpOM - C pOCTOM Ra UOHBJIHeTCH. 3,D;epb 

- u 2 .t. u 

npOHBJIHeTCH TaK:a<e OTMe'laBWHHCH y)Ke '!'aKT HeUOJIHOH_· ' 
4JaKTOpH3al(HH 4JopM4JaKTOpa H,D;pa Ha CTpyKTypHbiH H anL4Ja
xnacTepHblii ,IJ;JIH, npo6HLIX 4JepMH·4JyHKnHii. B caMoM ,nene, 
H3 KpHBLIX pHc._ 8 BH,IJ;HO, 'ITO anL4Ja-xnacTepHLIH MHHHMYM 
He MO)KeT npOHBHTb ce611 TaM, r,IJ;e HMeeTCH "cTpyKTypHbiH". 
HJIH "pa3MepHb1H", KaK B CJiy'lae H,IJ;ep p -o60JIO'IKH /KpH
BaH 1 pHC. _7 /~ MaKCHMYM 4JopM4JaKTopa. 

7. B 3aKJIIO'IeHHe. oiMeTHM, 'ITO aHanorH'IHLIM o6pa30M 
. Be,IJ;yT ce6H 4JopM4JaKTOpbl H -,IJ;pyrHX :KnacTepHbiX g,nep: 

16 0 _2Bs· s2 s H 40c · · 
, 1, a. 

Pe3IOMHPYH nonyqeHHble 3,IJ;ecL pe3-YJILTaTLI, no,IJ;'IepKHeM . . 
cne,nyrolllee: . 

a/ IlepBble MHHHMYMLI B 4JopM4JaKTOpax BCeX H,IJ;ep HBJIH-
IOTCH "pa3MepHLIMH", OHH 'IYBCTBHTeJILHLI JIHWL K pa3MepaM 
Bcero H,npa KaK nenoro H cna6o 3aBHCHT oT ero BHyTpeHHeii 

CTPYKTYPLI. . ... 
6/ BTOpble MHHHMYMLI B 4JopM4JaKTOpax H,IJ;ep sd -o6o

JIO'IKH Mo~o C'IHTaTL "cTpyKTYPHLIMH"; B Mo,IJ;eJIH AKMTI 
HX UOJIO:lKeHHe BeCLMa 'IYBCTBHTeJILHO K B3aHMHOMY pacnono- .. 
)KeHHIO BHyTpeHHHX H BHeWHHX anL4Ja·KJiaCTepOB H,IJ;pa. 

B/ Oco6eHHOCTH noBe,IJ;eHHH 4JopM4JaKTopoB npH 6onLumx 
'nepe,D;aHHLIX HMnynLcax q= 3,1 + 3~4 c~»- 1 AKMII CBH3biBa
eT ~ · :HanHiiHeM B 3THX_ Jl,npax .o6pa3oBaHHii'anl.4Ja-xmicTep-
HOB npHpo,D;LI; H3 ~ 3a 3Toro 3,IJ;eCL MoryT B03HHKaT~. xapaK:
TepHLie aJIL4Ja·KJiaCTepHble MHHHMYMLI /Ha 3KCnepHMeHTe 
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12 C ,B AKMII·Ha 6a3e 
. np~6HhlX CH.MM~TpH30BaHHLI£diepMH-:4JYHK~ii.KpHBbi.e 1;2,3 
· cooTBeTCTBYJOT· ·H3MeHeHHHM D:apaMeTpa R .; . 4,5,6 .- napa-

MeTpa Ra ; 7 ,8,9 - napaMeTpa b a /Ta6n. 2/; . ;; . , .: 
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~He. 8.~ Pacqe~ l}iopM«<lax"fopoB JI.Apa ~4 Mg B AKMTI Ha 6a3e 
npo6HLIX CHMMeTpB3oBaHHLIX cllepMB- cllYHK:UBii. KpBBLie., 1,2 ,3 
cooTBeTcTBYIOT H3MeHeHHJIM R · · ; 4,5,6.:. mipa.MeTpa R 
1Ta6n. 31. · · al · · · · · a 2 

.20 

oHB Ha6nw.AaiOTC11 B JI,Apax 16 0 , 32 S , 4° Ca I· HnH nonoroe 
noBe.AeHBe cllopMcllaxTopoB lxax B JI,Apax 1

.
2 C , 24 Mg , 28 'Si I, 

cBJI3aHHoe c ''Hano:>KeHJieM" pa3MepHLix unu cTpyKTYPHLix 
MaKCBMYMOB Ha anLclla-KnacTepHLie MBHHMYMLI. 

rl Bee ,AeTanu Taxoro noBe.AeHHll npu 6onLWHX q MoryT 
6LITL 06'bliCHeHLI H DOHliTLI TOllbKO npH BCDOllb30BaHHH 
npo6HLIX CHMMeTpH30BaHHLIX cllepMH-cPYHK:UHH C npaBHllbHOH, 
3KCDOHeH:UHanLHOH aCHMDTOTHKOH Ha 6onLWHX paCCTOliHHliX • 
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