


§ 1 . BBEAEHHE 

AHanH3 CTPYHHoro noBeAeHHfl BTOPH4H~x 4aCTH~ e MflrKHX aAPOH
aAPOHH~x B3aHMOAeHCTBHflX npH nonHOH 3HeprHH JS ~4 r3B H cpaBHe
HHe C aHanorH4H~MH AaHH~MH no e+e--aHHHrHnfl~HH H v(V)p -eaaHMO
AeHCTBHflM nOKa3anH, 4TO CTPYH aApOHOB B 3THX pa3H~X npo~eccax 
o6naAa~T PflAOM yHHBepcanbH~X CBOHCTe/1-6/.CoeMeCTH~H aHanH3 
paanH4H~x xapaKTepHCTHK CTPYHHoro PO*AeHHfl 4aCTH~ e TaKHX npo
~eccax n03BOnfleT YCTaHOBHTb o6~He 4epT~ H pa3nH4Hfl AHHaMHKH 
$OPMHpOBaHHfl aAPOHOB B pa3H~X THnax B3aHMOAeHCTBHH, 4TO 04eHb 
eamHo Anfl nocTpoeHHfl $eHoMeHonorH4ecKHX MOAeneH. 

B npeA~A~Hx pa6oTax/5,7/ HccneAoeanocb cTpyHHoe noeeAeHHe 
BTOPH4H~X 4aCTH~ B rr-p -eaaHMOAeHCTBHHX npH HMnynbce 40 r3B/c 
I JS = 8,7 r3B/ H 6~no noKa3aHO, 4TO Ha6n~AaeTCH o6pa30BaHHe 
ABYX CTpyH aApOHOB, KOTOpble MOmHO HHTepnpeTHpOBaTb KaK peaynb
TaT aAPOHH3a~HH KBapKoe IAHKeapKoe/, BXOAH~Hx e cocTae nepBH4-
H~x 4aCTH~ /pHC.1a/. npH 3TOM 3Ha4eHHH KOnneKTHBH~X nepeMeHH~X 
11 C$epHCHTH 11 H 11 TpaCT 11 H XapaKTepHCTHKH 4aCTH~ B CTPYHX B oc
HOBHOM Cornacy~TCH C aHanorH4H~MH AaHH~MH no e+e--aHHHrHnH~HH 
noH oaHHaKoe~x 3HeorHHX e c.u.H. CvwecTBeHH~e paanH4HH HMe~TCH 
nH~b e o6nacTH ~parMeHTa~HH npoToHoe. BepoHTHo, 3TO ceH3aHo 
C pa3nH4HeM Ha4anbH~X COCTOHHHH 3THX npo~eCCOB /B e+e--aHHHrH
nfl~HH npOTOH~ OTCYTCTBY~T/. no3TOMY npeACTaBnHeT HHTepec Cpae
HeHHe AaHH~x no rr-p -eaaHMOAeHCTBHHM c peaynbTaTaMH 3KcnepH
MeHTOB no rny60KOHeynpyrHM v{v)p -coyAapeHHHM, KOTOp~e HMe~T 

aHanorH4H~e cxeM~ $parMeHTa~HH /pHc. 16/. B nocneAHee epeMH noH
BHnHcb AaHH~e no 3THM npo~eccaM, noaeonH~He npoeecTH TaKoH 
aHanHa/8/. B HacTOH~eH pa6oTe cpaBHHBa~TCH xapaKTepHCTHKH $par
MeHTa~HH KBapKOB IAHKBapKoe/ e MflrKHX (rr-p)- H l!<eCTKHX v{v)p
B3aHMOAeHCTBHHX /§2/ H onpeAenHeTcH cpeAHHH aapHA CTPYH, neTH
~Hx BnepeA H Ha3aA B C.~.H. CTanKHBa~HXCH 4aCTH~ /§3/. 

§2. H3Y4EHHE $PArHEHTAUHH KBAPKOB H AHKBAPKOB 

Pa6oTa B~nonHeHa Ha CTaTHCTHKe OKOnO 14000 nonHOCTb~ H3Me
peHH~X rr-p -eaaHMOAeHCTBHH npH P = 40 r3B/c. 3KcnepHMeHTanb
H~H MaTepHan nony4eH nyTeM o6pa60TKH CTepeOCHHMKOB C ABYXMeTpo
BOH nponaHoeoH nya~pbKOBOH KaMep~. MeTOAHKa 3KcnepHMeHTa onHca
Ha a/9/. 

AaHH~e no $parMeHTauHI-1 KeapKoe 1.1 AHKBapKoe e "- p -coyAape
HHRX cpaBHHBa~TCH C nocneAHI-IMI-1 AaHH~MH no v(i7)p -B3ai-1MOAeHCTBI-1HM, 
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PHc.l. CxeMa rr-p.-/a/ H v(~)p -B3aHMOp;eilcTBHl'r /6/. 

nony4eHHbiMH c noMOIUb~ BOilOPOilHOH nY3biObKoeoili KaMeobl BEBC /S/ 
e UEPHe, rAe HCcileAOBailHC b HHKI1~311BHble npo'-!eccbl: 

;; p-+ ll+"± +X 
ll 

/1/ 

/2/ 

C 3¢¢eKT11BHOH MaCCOH BTOpi14HbiX aApOHOB W > 3 r3B H X s> 0,1. 
x 8 :Q2/2M(E"- Ell)- nepeMeHHa~ EibepKeHa, rAe QZ- KBaApaT 
nepeAaHHoro 4-1-'fMnYilbCa, M - Mace a HYKilOHa, E v, E 1-1- 3Hepri1H 
HeHTpHHO H M~OHa. 

CpeAHHe 3Ha4eHI-1~ 3¢>¢eKTHBHOil Maccbl Ailll vp- H vp -eaaHMo
AeilicTBHH COCTaB11Ill1: <W> = 5,43 r3B 11 4,63 r3B, a KOilH4eCTBO 
C06biTHH: 5538 H 164] COOTBeTCTBeHHO, 0rpaHI14eHH~ no W H X B 
BBOAHilHCb Ailll 1-1CKI1~4eHI1~ KBa3Hynpyroili pe3oHaHCHOH 06IlaCTH 3THX 
npO'-!eCCOB, B03MO>KHOrO nepeKpbiTH~ 06JlaCTeH ¢parMeHTa'-!11H ny4Ka 
H MI1WeHI1 H yMeHbWeHH~ BKilaAa OT MOpCKHX KBapKOB. CorilaCHO npo
CTeiliweil CXeMe /pHc.16/ KBapK-napTOHHOH MOAeill-1, 4aCTHL!bl, IleT~

~He B nepeAH~~ nonyc<!Jepy, B C.'-!.f.-1. BTOpi14HbiX ap;pOHOB V~)p -
B3aHMOAeHCTBH~ MQ}KHO C4HTaTb npOAYKTaMI-1 <!JparMeHTaL!HH ii(d) -
KBapKOB, a 4aCTI1'-!bl, JleTHIJIHe Ha3aA, peayilbTaTOM ¢parMeHTa'-!11H 
uu(ud) -A11KBapKOB. PacnpeAeileHI-'fll no xF e c.'-!.11. Aa~T HH<!JopMa
L!H~ 0 xapaKTepe ¢parMeHTa'-!11H KBapKOB H AHKBapKOB B 3ap~>KeHHble 
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m10Hbl. Xf:p* /p~max' Pti - npOAOilbHbiH 1-'fMnYilbC B C.'-!·~-'~· CTail
KHBa~~HXC~ 4aCTI-1'-!, 

B v~)p -eaaHMOAeilicTBH~x nony4eHbl ¢parMeHTal!I-'IOHHble ¢YHKL!HI-1 
D~<~><;F) H D~u±(ud)(XF), a TaK>Ke HHBapV!aHTHble <PYHKL!I-'IH F,7(~l)(xF) 

11 ~~(ud) (xF), KOTOpble onpeAeil~~TC~ CileAY~IJII-'IM o6pa30M: 
+ 

+ 1 dN 17 -
017- (xF):- -- 131 

Nev dxF ' 

+ 

F 17±(xF): _1_ [E da
17

-dp 2: * -~ 
aev d"" T ev"P* 

l' max 

/4/ 

rAe Nev - KOI1114ecTeo co6biTI1H, N 17 ± - 411CJ10 rr + -Me30HOB e 3TI-1X 
C06b1TI1~X, E* - 3HeprH~ 17 ± -Me30HOB B C.'-!. H. BTOPH4Hb1X 4aC Tl1'-! . 

B /5,7/ HaMH 6biilO noKaaaHo, 4TO e rr-p -eaaHMOAeilicTBH~x Ha6n~
AaeTc~ o6pa3oBaHHe ABYX CTpyA aApOHOB, KOTOpble MO>KHO HHTepnpe
THpOBaTb B OCHOBHOM KaK pe3yilbTaT aApOHH3a'-!I-1H KBapKOB /A11KBap
KOB/, BXOA~~I1X B COCTaB nepBH4HbiX 4aCTHL! /pHc.1a/. 8 nepBOM npi-1-
6JlH>KeHH11 MO>KHO C4HTaTb, 4TO B 17 p -cTOilKHOBeHI-'fllX npH X F'~ 0,1 
4aCTI1'-!bl po>Kp;a~TC~ B OCHOBHOM B pe3yilbTaTe <!JparMeHTa'-!HI-1 Henpo
B3aHMOAeHCTBOBaBWHX U- !-1Ill1 d -KeapKOB, a npl-1 X F <;_ -0,1 - B pe-
3YilbTaTe ¢parMeHTal!I-1H ~u) 1-'fill-1 ~d) AHKBapKoe. BKilaA oT eaaHMo
AeilicTBH~ MeAileHHbiX KBapKOB B aApOH-aAPOHHbiX CTOilKHOBeHHllX npl-1 
lxFI ~ 0,1 npep;nonaraeTc~ He3Ha41-1TeilbHbiM/'S,i,l!/*. ConocTaBil~ll 

AHarpaMMbl rr-P- H v(;:;)p -eaal-1MOAeilicTBI-1H /p1-1c. 1 I 1-1 npeAnonara~, 
4TO IlerKI-'fe KBapKI1 U 1-1 d B3aHMOAeHCTBy~T OAHHaKOBO, MO>KHO Ha-
niAl.:tTh rnpnVaflllllAP rf"V~TI-U'"'IIIPUIAO Ur\r"''t.JoiAr"''r'\0 ""'lU'--JliV IAUM '""'F"\ fA '""ll..JTlll IV 

- . ,- - -

!51 

+ + + 
F 

17 - 1 17- 2 TT-
- (xr):_.....F (xF')+-F- (xF,) Ail~ rr P 3 "P 3 vp 

X F ~ -0,1. !6! 

AHailOrH4Hble COOTHOWCHHll AOil>KHbl BblnOilH~TbCll H Ail~ <!JparMeHTa'-!110H
HbiX ¢>YHKL!HH D17 ± (X F). 

An~ npoeepKH 3TI1X cooTHoweHHH aHailH3HpoeanHcb HeynpyrHe rr p
eaaHMOAeilicTBI1~ ~± ~~ 6e3 AH¢JpaKL!HOHHbiX npO'-!eCCOB, KOTOpble 
HCKI1~4ailHCb cornaCHO AaHHbiM /11/c y4eTOM TOnOilOrHH C06biTI1H 
In± = 2,4,6/ 11 ce4eHH~ 3THX npo'-!eccoe e o6nacTH 0,4 S lxFI 'S. 1. 

+ 
a/ HHeapl1aHTHble <PYHKL!HH F"-(xF) 

CpaeHeHHe HHeapHaHTHbiX pacnpeAeileHHi1 nHoHoe e o6cy)l{p;aeMbiX 
npo'-!eccax /5/, !6! Ha4HeM c peaK'-!11111 6ea IlHAHPY~IJIHX 4ac-

*npH aHanHae AaHHbiX Mbl 6onee T04HO onpeAeili-'IM o6nacTb, rAe 
Cy~eCTBeH BKilaA OT B3aHMOAeHCTBy~~HX KBapKOB. 
~ 3p;eCb Y41-1Tb1Ba~TC~ H30TOnH4eCKH€ COOTHOWeHI1~ Ail~ <!JparMeHTa

LIHH KeapKoB F.:.."+(XF): F"-(xF), F~-(xF): F"+(Xf). 
u u u u 

3 



I I I I I 

• ~C~)p-'J;x 
o 'J""p-liX (~Belo) 

• : i 
()~ 

1:-- .... 
·~ 

~ 
$ 
~~ 

~~~ 
<i 

'h~ 
16'1--- tt 

a-) 

1i' 0 
l_ j_ _j_ j_ 

0.2 o.• Q6 0,8 
x, 

'"i ... 

zJ• ,.,-< "13~ lV 

0 ~ •• 
••• 

• ~ + + 
0 0 

~ ~ h 19 

-: 

-

i,O 

• v(\l)P-t:;x 
o r-p -:1r;x (4011B!cl 

' 
fl' 

e, . ~ ~ 
zJ,; <k_f -,..., 

~~ 
v 

?tr 
() ... - y y r 

1\j EJ 

f; ... 

-1,0 -0,8 -0,6 
x, 

+ 
PHc.2. I1HBapHaHT~e ¢YHK~HH F11-(xr): 

a/ F 11 (xr>O): •- ...!.Frr-+...!.F_rr+. 
2 vp 2 vp 

+ -
o - F rr • 6 I F11 (x < 0): • -n-p , F 

...!. F rr- + -~ F_rr- , o - F 11 ; 
3 vp 3 vp n-p 

"'- . 
I 7T 0) - ~I'' , + .1 it'., 

B F (x F > : • 2 vp 2 lip ' 

o - F rr_:- . 
7T p 

+ 
™1.1*. Ha pMc.2a M 6 npMBeAeH~ Frr-(xr) Anfl xr(rr+) >0 M xr(rr-)<0 
Anfl rr-p-M v(i/)p -e3aMMOAe~CTBMi:1. KaK BMAHO M3 pMCYHKOB, MMeeTCR 
xopowee cornacMe Anfl ABYX pa3nM4H~x npolleccoe, 3a MCKnl04eHMeM 
o6nacTM lxrl S 0, 1, rAe cy~eCTBeH BKnaA OT B3aMMOAeHCTBy~MX 
KeapKOB a rr-p -coyAapeHMRX. CpaeHeHMe aHanorM4H~x pacnpeAeneHMi:i 
Anfl 11+-Me30HOB (xr< 0) HeB03MO>KHO M3-3a Taro, 4TO B 11-p -
3KcnepMMeHTe npOTOH~ M rr+ -Me30Hbl B 3TOi:1 ofinacTM npaKTM4eCKM He 
pa3AenfiiOTCFI no MeTOAM4ecKMM npM4MHaM. PacnpeAeneHMFI flMAMPY~Mx 
4aCTMI.l rr-(XF > 0) B npeAenax OWMfiOK cornacyiOTCFI C AaHH~MM no 
v(i/)p -e3aMMOAe~CTBMFIM npM Xf~ 0,3 /pMc.2e/. HHTepeCHO OTMe
TMTb, 4TO aHanorM4H~e pacnpeAeneHMFI Anfl 7T ± -Me30HOB no Xf B 
rr-p -e3aMMOAei1CTBMFIX, onpeAeneHH~e OTHOCMTenbHO OCM CTPYH 
a npeAenax owM6oK coenaAaiOT c npMBeAeHH~MM pacnpeAeneHMFIMM. 

* JlMAMPY~MMM B aApOHHbiX B3aMI-IOAe~CTBMRX Ha3~BaiOTCR TaKMe 
BTOPV4H~e 4aCTMI.lbl, KOTOp~e MMeiOT Te >Ke KBaHTOBWe 4MCfla,4TO M 
nepeM4H~e, M neTRT a TOM me HanpaeneH~1M a c. 1.1. M. c I xrl ~ 0,2-:-D,3. 
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Ta6mm;a I 

TeopeTH~ecKHe 3Ha~eHHH fiT /¢opMyna /7// AnH ¢parMeHTa~HH 
KBapKOB H ~HKBapKOB 

KaapKH fiT 

u -+ 7T+ 

U-+rr 2 

d-+rr+ 2 

d -+ 7T-

,!J;HKBapKH 

uu -+ 7T + 

uu -+ 7T 

ud -+ rr'+ 

ud -+ rr -

3 

5 

4 

4 

/12-15/ B KeapK-napTOHH~x MOAenRx ~HeapMaHTH~e pacnpeAeneHMR 
F rr±(xr) o6bi4HO annpoKCMMMPYIOTCFI <)lyHKI.lMe~: 

171 

rAe A , fi - ceo6oAHble napaMeTpbl. TeopeTM4eCKMe 3Ha4eHMFI fiT Anfl 
<)lparMeHTal.lMM KBapKOB M AMKBapKOB, nony4eHH~e C nOMO~biO npOCTe~
WMX AMarpaMM KBaHTOBOi:i XpOMOAMHaMMKM, npMBeAeH~ 8 Ta6n.J/l3,14/. 
0TC10Aa Anfl <)lparMeHTal.lMM rr- (ii d) -+ rr ± nony4MM fiT= 2 Anfl rr+ -Me3o
Hoe M fiT= 1 Anfl rr- -Me3oHoe, a Anfl <)lparMeHTal.lMM p(uud)-+ rr- 3Ha-
................. _,.....,,......., •• ,...,..,....,...., ..,,......,""'"""' ,,....,."-~....,..,, • ..,.., ,......, n ,....h,..'"",.....,.,. n A.!..t:: 
·-··••- ,,.._.I'""..,.',_.' r"'_. M...,.,_,.,,,,.,.. ....... ~-M''' -- 4 • - --··--. -- 1 

B Ta6n.2 npMBOAFITCFI pe3ynbTaT~ annpoKCMMal.lMM no <)lopMyne /7/ 
3KcnepMMet-nanbH~x AaHHbiX Anfl rr- p- M v(ii)p -e3aMMOAei1cTeMi1, no
ny4eHH~x no <)lopMynaM /5/, /6/. BMAHO, 4TO 3Ha4eHMFI napaMeTpa 
fi Anfl 11-p - M v(ii)p -e3aMMOAe~CTBM~ 6nM3KM M He npOTMBOpe4aT 3KCTI 
TeopeTM4eCKM o>KMAaeM~M 3Ha4eHMFIM. Pe3ynbTaTbl v(ii)p -e3aMMo-
Aei1cTBMi:1 Anfl Xr(rr-) < 0 B o6naCTM X f < -0,5 CTaTMCTM4eCKM Mano 
o6ecne4eH~. no3TOMY npM annpOKCMMal.lMM MCnOnb30BanMCb 3KCnepM
MeHTanbH~e AaHH~e B o6naCTM: -0,525 S Xf S -0,225. + 

HHTepecHo TaKme oTMeTMTb, 4TO pacnpeAeneHMFI no Frr-(xr) a o6-
nacTM <)lparMeHTal.lMM KBapKOB MMeiOT nOKa3aTenb CTeneHM MeHbWe /pac
npeAeneHMFI wMpe/, 4eM a o6nacTM <)lparMeHTal.lMM AMKBapKOB. B KBapK
napTOHHbiX MOAenf!X 3TOT pe3ynbTaT CBFI3aH C TeM, 4TO BaneHTHble 
KBapKM B nMOHaX MMeiOT B cpeAHeM 6onbWM~ MMnynbc, 4eM B npOTO
HaX / 12/. 

+ 
6/ <!JyHKI.lMM <)lparMeHTal.lMM Drr-(Xr) 

B CAenaHH~x e~we npeAnonomeHMRX coOTHoweHMFI TMna /5/, /6/ 
AOn>KH~ e~nonHFITbCFI M Anfl HeMHeapMaHTH~X <)lparMeHTal.lMOHH~x <)lyHK
I.lMi:i orr±~r). onpeAeneHH~x no <)lopMyne /3/. Ha pMc.3 npMBOAFITCFI 
3Ha4eHMFI 3TMX <!JYHK1.1Mi1 B 3aBMCMMOCTM OT XF Anfl rr-P-M v(ii)p-
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41> 

~ 
D"\xr): a/ D 17 \xr>O): • 

~~ ()" 
_)_t 

~~ ~ 
.L D IT-+ ~D_:T+ • 0 - D 17_+ . 

0 .. 
t~ 

0 

~h 
~ +~~ 

10 o~-+.~~~a~~~o~.6~~~ 

~ • t"' G V}' :7 ;:: 

6/ D"-(x · < 0): •- .1. 0 17-+~-D"-
~ 3 vp 3 vp 

o- D~-; B/D"-(xr>O):•-
1T p 

.-!o"++.Lo_:r- o- o"..=-. 
2 1'1' 2 1'1' 1T p 

B3aHMOAei1cTBHi1, HOPMHpoeaHHble Ha o6nacTb I x F I 2: 0,1 *. ~13 pH
cyHKOB BHAHO, 4TO nony4eHHble pacnpeAelleHHR xopowo cornacy~TCR 

APYr c APYrOM, 3a He Kll~4eHHeM o6nac TH I x F i <_ 0, 1 , e KoTopoi1 AllR 
rr-p -e3aHMOAeHCTBHH cy~eCTBeH BKllaA OT B3aHMOAeHCTBY~HX KBap

KOB /pHC. 1 a/. 

* CnenyeT OTMeTHTb, 4TO cpeAHHe 3Ha4eHHR MHO>KecTBeHHOCTH rr -

Me30HOB, onpeAelleHHble no COOTHOWeHHRM THna /5/, /6/ npH 

! xL.I > 0,2, 611H3KH e 3THX npm-1eccax <n "= (xF. > 0,2)> = 0,50±0,01, 
r - 1T p -

- + + 
< n 17 (x, F > 0,2) > = 0,53±0,02; < n"_ (x F > 0,2) > = 0,29 ± 0,01, < n "c- (x F > 

1'(1/Jp - rr p - v v)p -

>0,2)>=0,26±0,01; <n~ (xF< -0,2)>=0,13±0,01; <n"-:_ (xr~-0.2)>= 
rr p - v(v )p 

= 0,14±0,01. 
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~parMeHTa~~OHH~e $yHK~HH, KaK ~ e/8~ annpOKCHM~poean~Cb e~
pa>KeH~eM: 

D rr± (x F) = A exp(-B lxr I ). /8/ 

rAe A H B - ceo6oAH~e napaMeTp~. Pe3ynbTaT~ TaKoro aHanH3a 
npHBeAeH~ e Ta6n.3. 3Ha4eHHR napaMeTpoe A H B oKa3anHCb 6n~3-
K~M~ AnR o6oHx npo~eccoe. 

§3. CPEAHHn 3APHA CTPYn 

KaK 6~no noKa3aHo, o6pa3oeaHHe aAPOHOB e rr- P -e3aHMOAer:icT
B~Rx, neTR~~x e nepeAHIOIO nonyc$epy (xr ?_.0,1), MO>KHO paccMaTp~
eaTb KaK pe3ynbTaT aApOH~3a~H~ OAHoro ~3 KeapKOB I u HnH d I, 
BXOAR~~x e cocTae nepBH4Horo rr--Me3oHa. AApoH~, neTR~He Ha3aA 
B C.~. H. (X F S -0,1), o6pa3yiOTCR B pe3ynbTaTe aApOHH3a~HH AHKBap
KOB /uu HnH ud /, KOTOp~e BXOART B COCTaB nepBH4H~X npOTOHOB. 
B CBR3H C 3THM npeACTaBnReT HHTepec onpeAenHTb cpeAHHH 3ap~A 
ecex aAPOHOB /HnH CTpyr:\ aAPOHOB/, neTR~HX B pa3H~e nonyc$ep~. 

EcnH e nepeoM npH6nH>KeHHH npeHe6pe4b pa3nH4HeM eo B3aHMo
Aer:icTBHRX ii H d -KeapKoe H C4HTaTb, 4TO eaneHTH~e KBapKH IAH
KeapKH/ $parMeHTHPYIOT He3aBHCHMO, TO B aAAHTHBHOH KBaPKOBOH 
MOAenH/12/cpeAHHH 3aPRA cTpyr:i, neTR~HX enepeA B c.~.H., 6yAeT 
paeeH: 

1 1 <Q>B = 2Q(ii) + 2Q(d) + <Qs > = -0,5. /9/ 

AnR CTpyH 4aCTH~, neTR~HX Ha3aA B C.~.H.: 

<Q>H = ~ Q(uu) + : Q(ud) + <Qs > = g ... 0,83, /10/ 

rAe <Qs>- cpeAHHH 3aPRA MOpCKHX KBapKOB, o6ecne4HBaiO~HX $par
MeHTHPYIO~HH KBapK H AHKBapK /16,17/. 6 3TOM cny4ae npeAnonaraeTCR, 
4TO AHKBapK B OCHOBHOM nepeXOAHT B 6ap110H. 3Ha4eHHe <Q S > npH 
$parMeHTa~HH ii- H d -KeapKOB paBHO HyniO. 4To6~ B~AenHTb CTPYI1 
aApOHOB, KOTOpble C 6onbWOH eepORTHOCTbiO HMeiOT KBaHTOBble 4HCna 
$parMeHTHPYIO~ero KeapKa IAHKeapKa/, ~enecoo6pa3HO onpeAenHTb 
<Q> e 3aBHCHMOCTH OT x = ~ I x f. I, rAe cyMMI1poeaHHe npoH3BOAHTCR 

1 1 

no BCeM 3apR>KeHHbiM 4aCTH~aM B CTpye, 3a HCKn104eHI1eM ~eHTpanb
HOH o6nacTH (I xr.l < 0,1). 

1 

Ha pHc.4 noKa3aH cpeAHHH 3aPRA CTPYH e 3aBHCHMOCTH OT eenH-
4HHbl x AnR nepeAHer:i /6/ H 3aAHer:1 /a/ nonyc$ep, 3a HCKnt04eH~eM 
4acTH~ ·c 1 x Fi I $. 0, 1. onpeAeneHHbiH cneAYIO~HM o6pa30M: < Q> = 
= ~(N+- N~ /N ,rAe N+H N_- 4Hcno nono>KHTenbHbiX H oTpH~a
TenbHbiX 4aCTH~ B CTpye, NcoB.-KOnH4eCTBO C06b1THH C MHO>KeCT
BeHHOCTbiO n ± ~ 4. 3Aecb >Ke AnR cpaeHeHHR npHBOARTCR 3Ha4eHHR <Q> 
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<Q>--~~------.-~ 

0,8 

-0,2 

-O,If. 

0,2 0,~ 0,6 0,8 i,O 
X=~ I xF,I 

PHc.4. 3aBHCHMOCTb cpeAHero 3Ha
qeHHH 3BPHAB <Q> CTPYH OT X = 
= ~I x F; I B co6biTHHX c n ± ~ 4 AJIH 
rr-p -B3BHMOAeHCTBHH: a/ B 3BAHeH 
rronyc~epe; 6/ B rrepeAHeH rronyc$e
pe; e - AJIH BCeX 3BpHJKeHHbiX qac

TH~ B C06biTHHX; 0 - AJIH 3apHJKeH

HbiX qacTH~ B co6biTHHx c 1 x Fj ;:;o. 1. 
I 

0.) 
0,8 

0,6 

0,4 

0 

-o,z 

-Q4 

-0,6 

-0,8 

-1,0 L.___.J.... __ ....I...,____,__-L.,____J 

PHc.5. To Be caMoe, qTo H Ha ~ 

PHC. 4, HO AJUI C06biTHH C n ± ~ 6. , 

0 0,2 0,4 0,6 0,8 

X = E I :x:Ft I 
1,0 

AnR acex aTop~4H~x 3ap.RmeHH~x 4acT~4· KaK B~AHO ~3 p~c.46, np~ 

x ~ 0, 5 3aPRA cTpyi1, neTRlii~X anepeA, He npoT~aope4~T om~AaeMo
My- <Q> =-0,5~nR CTpyi1, neTRlii~X Ha3aA /p~c.4a/, 3Ha4eH~e <Q> 
np~6n~maeTCR K om~AaeMOMy 3Ha4eH~IO np~ X ~ 0, 8, TOnbKO np~ ~c
Kn104eH~~ aAPOHOB c I x~l $0,1. AHanor~4HaR 3aa~c~MOCTb nony4eHa 
~ AnR C06biT~H C MHomeCTBeHHOCTbiO n ±;?: 6 /p~C. 5/, B KOTOpbiX HeT 
BKnaAa A~~paK4~0HH~X npo4eccoa. 3Ha4eH~R <Q> a npeAenax ow~-
6oK He OTn~4aiOTCH OT AaHH~X AnR co6~T~H C n±~ ~ 
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§4. PE3YnbTATbl 

np~BeAeHHOe cpaBHeH~e MRrK~X rr-p-~ rny60KOHeynpyr~X v(V) p -
B3a~MOAeHCTB~H n03BOn.ReT CAenaTb cneAYIOlll~e B~BOA~· 

+ 
1. HHaap~aHTH~e ~YHK4~~ F"(xF) AnR ~parMeHTa4~~ KaapKoa 

~ A~KBapKOB B rrp- ~ v( VJ p -a3ai1MOAei1CTBI1RX AnR Hen11A11PYIOlii~X 
4aCT~4 (rr+(xF > 0) 11 rr-(x F<O)) a npeAenax ow116oK xopowo corna
CYIOTCR np11 I x Fi ~ 0, 1, a AnR ni1A~PYI011111X rr--Me30HOB ( x F> 0) - np11 
X F ~ 0, 3. npea~weHI1e F"t X F) -~yHK411H AnR rr-p -a3ai1MOAei1CTBI1H 
a o6nacT~ I xJ<i ::; 0,1 o6oRCHReTcR BKnaAOM 4aCTI14 oT B3a11MOAei1cT
BYIOlii11X KBapKoa. CoanaAeH11e 3TI1X pacnpeAeneHI1i1 yKa3~aaeT TaKme 
Ha BblnOnHeHI1e CKeHn~Hra B o6naCTI1 W <?T 4,6 AO 8, 7 f38 AnR 3TI1X 
pa3ni14H~x npo4eccoa. AnnpoKCI1Ma411R F"1x~ ~YHK411H 3aBI1CI1MOCTbiO 
F"l xF) = A(l-1 xF l)n AaeT 3Ha4eHI1R napaMeTpa n, 6ni13K~e K omi1-
AaeM~M B KBapK-napTOHH~X MOAenRX. 

rr± 
2. <l>parMeHTalii10HHble ~YHKL11111 D ( xF) AnR rr-p-11 v(V) p -a3a11Mo-

Aei1cTBI1H a npeAenax ow1160K xopowo cornacyiOTCR np11 lxFI >- 0,1. 
AnnpOKCI1Malii1R 3TI1X pacnpeAeneHI1H ~OpMynm1 nrr±c XF) = Aexp( -BI XFI) 
AaeT 6n~3KI1e 3Ha4eHI1R napaMeTpoa A 11 B AnR ABYX Tl1noa B3ai1Mo
Aei1cTBI1H. 

3. AHan~3 cpeAHero 3aP.RAa CTPYH a rr p -a3ai1MOAei1cTBI1.RX a 3a
B~CI1MOCTI1 OT aeni1411Hbl x noKa3biBaeT, 4TO np11 x ~ 0, 5 AnR cTpyA, 
nrlTf"'tiiOI•'-1 ........................... n 0 --- ---···"" ---
-·-•••-,•••' _,,_.,... .... M, .. , 411. 4- ..,,..., M"'•n VI .... JI'I' JI'-IT1!4I'IA naUO~-J., IIUJIY""'CMMbiC 

3Ha4eHI1R < Q> COBnaAaiOT CO 3Ha4eHI1RMI1 -0,5 11 0, 83 COOTBeTCTBeH
HO, B~411CneHH~MI1 B aAA11TI1BHOH KBapKOBOH MOAenl1. 

nony4eHHble pe3ynbTaT~ n03BOn.RIOT CAenaTb 3aKnl04eHI1e 0 TOM, 
4TO ~parMeHTali~R KBapKOB 11 A11KBapKOB B MRrKI1X rr-p-11 rny60KO
Heynpyri1X v( ii) p -a3a11MOAei1cTBI1RX OA~HaKoaa np11 {8 = W=5-9 f3B 
11 o6pa3oaaHI1e aApOHOB a rr-p -a3a~MOAel1cTBI1RX np11 1 xFI z 0, 1 a oc
HOBHOM MOmHO 11HTepnpeTI1pOBaTb, KaK pe3ynbTaT ~parMeHTal.ll111 He
npOB3a11MOAeHCTBOBaBWI1X KBapKOB 11 AI1KBapKOB, BXOA.fllii11X B COCTaB 
nepBI14H~X 4aCTI1ll• 

HaM npi1RTHO a~pa311Tb 6naroAaPHOCTb H.C.AHrenoay 11 n.n.TeMHI1-
KOBY 3a nOMOlllb B pa6oTe. 
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