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B HacTosimee speMSI TBepno ycTaHoBneHo, 'ITO sinpa pemcoseMenbHoll 

( 150 <.A< 190) H TpaHcypaHOBOll ( 220 ~A~ 250) o6nacTell 06nana10T 

6onbWOH CT8TH'IeCKOll KBanpynOilbHOll necf>opM8UHell /320• BpamaTenb-

Hore cneKTpor STHX sinep H 6onbwHe sneKTpH'IeCKHe KBanpyrronb-

Hole MOMeHTor, H3MepeHHole O'IeHb TO'IHO pasnH'IHoIMH Me_TonaM11, 

B pan11yce sinpa. flo-BH/lHMOMY, CT8TH'IeCKaSI necf>opM8UHSI THil8 

/32; 2 < /32; -2 > · nnsi sinep cepenHHoI penKoseMenbHoll H TpaHcypaaosoll o6na-

cTell paBH8 0 [ I ] 1 B TO Bp_eMSI K8K nnsi sinep, H8XO£lSIIIIHXCSI Ha Kpasix 

STHX o6nacTeH H B "IIOBOH" o6nacTH necpopM8UIIH ( pallon Ba ) • B03MOlK-

HO, /3 2; 2 oTnH'IHO OT Hym,./2I. CymecTBYJOT n11 necpopMaUHH 6onee 

BoICOKOi! MynbTHnonbHOCTH? 

feKcaneKanonbHasi necf>opMaUHSI 6oma BBeneaa npH pasnolKeHHH cpopMoI 

sinpa no MynbTHITOnSIM pS1£lOM 8BTOpOB/3/ ansi o6~SICHeHHSI SKCnepHMeHT8nb-

Ho!X IIHTeHCIIBHOCTei! a -pacnana 'Ii:lTHolX sinep Ha ypoBHH, npHHannelK81I1He 

K onaoll H Toi! lKe poTauHOHHoi! nonoce llO'Iepaero sinpa. Cpasaeane peaynb

TaToB TeopeTl!'IeCKHX pac'Ii:lTOB 6ea y'IeTa /3 40 C SKcnepHMeHTOM npHBO-
• 
n11T K cHcTeMaTH'IeCKHM paanornacHsiM: B necKonbKO paa nmi nepexonos o+ ➔ 

➔ 4 + II B aecKOnbKO necsiTKOB paa - nnsi o+ ➔ , 6 + • BenH'IIIHol /3 20 H /3 4~ 

onpenenSinlICb II3 ycnOBIISI paBeHCTB8 TeopeTII'IeCKIIX II SKCnepHMeHT8nbHoIX 

3H8'IeHIIi! sepOSITHOCTeH nepeXO/lOB /lnSI o+ ➔ z+ II o+ ➔ 4 '!" TeopeTII'IeCKIIll 

aaanH3 a -pacrrana YK83oIB8eT H8 Heo6XO/llIMOCTb BBe/leHHSI /3 40 I 110, K 

COlKaneHIIJO, He naeT BenlI'IHHol /3 40 C /l0CT8TO'IHOH TO'IHOCTb!Oa 
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Mccne)lOBaHIIH BnllHHIIH /3 40 Ha C8'18Hlle pacceHHIIH HyKnOH0B 11 )l811To

H0B /4,5/, a - '!aCTl!U/6/ C B036ylKJl8Hll8M ypOBHeli 2 +, 4 +, 6 + IIHOr)la II 8 + 

OCHOBHOli apamaTenbHOli rron0Cbl H)lpa Il0K83b!BalOT, '!TO BKnl0'18Hll8 /3 40 

0'18Hb CllnbH0 M8HH8T Bll)l II Benll'IIIHY lllll?<pepeHunanbHblX C8'18Hllli pacce-

HHIIH U o+➔ 4 +, Uo+➔ 6 + , • • • B CTOpOHY ynyqweHIIH cornaCIIH TeopeTll'18CKIIX 

Bbl'IHCneHllli C SKCilepHMeHTanbHblMII llBHHblMII. no-Bll)ll!MOMY. Ha116onee yJ106-

llblM cpe)lCTBOM )lnH onpeL1ene1111H <popMbl H)lpa HBnHIOTCH a -'laCTIIUhI, T.K. 

01111 0'18Hb CllnbH0- nornoma!OTCH SlllpOM II B3811MO)lelicTBYIOT C HIIM, B oc

H0B!IOM, 11a noaepxH0CTII Hllpa/61. 

OueHKa a6con10T11oll aenH'IIIHhl /3 40 L1m1 Hllep peL1KoaeMenhHOli o6nacTn 

rrp0BO)lllnach rrpll paCCM0Tpe111111 IlpllB8)l8l!HOli aep0HTHOCTII E 4 -rrepexo)la, 

aoa6y)Kl1810!llerocS1 np11 HeyrrpyroM pacceH111111 )lel!ToHoB/7 /, HO a11aK /3 40 

STIIM nyTeM onpeL1en11Tb 11Elnb3H. 

Bbl'll!CneHIIH paBHOB8CllblX 3Ha'!el!IJli /3 20 II /3 40 
. /8/ 

rrpoBO)lllnllCb B 

Ha OCIIOBe CX8Mbl H11nbcco11a C L106aanea11eM B raMl!nbTOHHBll B3811MO)leli-

CTBIIH 'lnena, nponopu11oaanbHoro & 40 Y 40 / 10/. Cpaaaea11e peaynhTaTOB 

TeopeTH'18CKHX Bbl'IHCne1111l! paBHOB8CllblX 3H8'18Hllli /3 40 /8/ C llBHHhlMII, 

H3BneK88MblMH 113 o6pa6oTKH SKCil8pHM8HTa· 16, 71 • llBeT xopowee COBil8)l81!118 

STHX aenH'IH!I. 3na'l8HHH /340• nony'leHHbl8 Ilpll o6pa6oTKe SKC1lep11Me11Ta 

Hllep pe)lK038MenbHOli o6naCTH, HBXOllSITCSI B rrpeJ1enax OT +0,08 llO - 0,08 

np11 rrepexolle OT Hllep a6n11a11 Sm K HllpaM a6nH311 0 s • 

llenb STOl! CTaTbll COCTOHT B 113yqe111111 BnHHHHH reKCa)leKanonbHOli 

)l8!pOpMaUHH 118 CBOliCTB8 O)lHOKB8311'18CTH'lllblX COCTOHHHli B p8)lK03eMenbHOli 

06nacT11. 

§ 1. O6m11e COOTH0WeHHSI 

11CXO)ll!M 113 npeL1rronO)K8HHH, '!TO rroaepX!!OCTb H)lpa MO)KHO npe)lCT8BHTb 

B BH)l8 

R ( 0) Ro [ 1 + /3 o+,\l: /3,\o Y ,\o (0 l 
~2 

4 

(1) 

\ 

I 
.1 

j 
\ 
~. 
fl 

~ 

~ i: 
I 

\ 

t 
I 

··1 

{ 
l 
I 

I 

r)le Ro- p8L1HYC c¢epH'18CKoro Hllpa, ~o - IlOCTOHIIHBH, BB8)l8H!18H )lnH 

coxpaHeHHH o6beMa lt)lpa IlpH 113M8H8HHII )le<popMBUIIH. 

ilnst OL1HopoJ111oro pacnpeL1eneHHH c pe;Koli rpa111111ell 

{

P0 

p < rl ,. 

0 • 

ecn11 r $. R ( 0 ) 

ecn11 r > R (0) 

C HOpMHpOBKOl! 

IlpH'leM 

nonyqaeM: 

fp(r)d1 

Po= 3/411 R~. Ma ycnoattst coxpaHeHHH o6ceMa 

R(0J 

f dil f r
2

dr 
0 

411 

3 

3 
Ro 

2 3 l 2 /3. 
/3 + /3 + 1 /3 /3 = - - l ~ I /3,\ I < 1 + i 1 + 

0 0 0 411 ,\ 0 3 

Ii 2 

( 2) 

(3) 

(4) 

(5) 

+ _: ~ /3* {3 ( 2,\ '+ 1 ) ( 2,\ "+ 1 ) 
3 ,\,,\',,\" ,\o ,\'o /3,\,\i 411 (2,\+ll 

I Ci\'i\"001i\ol 1 • 

Coxpa11st11 a cooT11owe111111 ( 5) qne11b1 ll0 /3 Io BKn!O'IHTenbHO, nony-

'188M 

/3 .. -~ + ✓ _..!... - _I ~ I /3 12 
_-o • 2 4 411 ,\o 

(6) 

2 

Ecm1 ~ I /3,\o I < TT, TO ( 6) CBOllHTCH K xopowo 11aaecT11oll <popMyne 

f3:o 
2 

N l: I /3,\o I -~ ,\ (7) 
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rAe 
l l 2 3 l 

N = l +3<-;- 2 1f3A0 I ) +~(" 2 l/3A0 
2 2 

I > + 

II N ➔ l np11 2 I /3 AO 
2 

I ➔ o 

B o6meM cnyqae, KorAa /3 f 0 He MBnbl II 113MeHeH!Ie 061,eMa Be-

nl!KO AnH 6onblIIIIX Ae<l>opMaUllii, ypaa11e1111e ( 5) AnH f3o HYlKHO pelIIHTb TO'lllO. 

PaccMoTpl!M Bonpoc o coxpaae111111 o6beMa l!Apa npll 11aMeaemrn Ae<l>op

Mau1111 AnH pacrrpeAeneHIIH ~8KCOHa-ByAC8 

o( r ) 

l + exp 

n 
0 

r - R (0) 

a 

rAe R ( 0 > orrpeAen11eTCH COOTIIOllleHl!eM ( 1) II 

-1 
00 

oo 2 r - R -1 
~ 1T J r [ I + exp ( ___ o_ ) ] d r = 

O a 

-n--2:o.. a a 
4,r Ro 2 a 2 00 

:;: --- [ 1 + ,r (--) + 6 2 
3 Ro n=I 

(-l)n-1 e 

n R 3 
~) 

a 

IlOCTOHIIIIBH IIOpMllpOBKH pacrrpeAeneHl!Ho 

YcnoaHe coxpa11emrn o6'heMa: 

JdO Jo(1)r
2

dr = 47Tfo(r) r 2 dr 

(8) 

] -

( 9) 

PaanolKl!M o c:i no non11ol! c11cTeMe 

II OTIIHB Benl!'ll!Hy D ( r) : 

YA0(0) ' npeABap11TenbHO np116aBHB 

o(;) =n(;) -o(r) +o(r) =;(;) + o(r) 

= o Cr) +A;O 
0 

CA (r • 2 f3 vo) YAo<O) • 
V 

6 

( 10) 

( 
1 

l 

( 

i 

I 
( 

r: \ 

rAe 

0 
C (r, 2 

A V 
f3 ) = f[n (;) - o(rl] Y,\o(O) dO. 

VO . ' 
TorAa ycnoBlle coxpaHeHIIH 06beMa CBOAIITCH K ypaB11e111110 AnH /3 o 

0 • 
( 11) 00 0 

Jc,A(r,/3 ,2 
0 ,_, 0 V 

f3vo) ,2 dr 

'3To ypaa11emrn nerKo pe1I1aeTCH MeTOAOM nocneAoBaTenbHbIX np116n11lKe1111A, 
l 2 

np11 aToM HYlKHO B3HTb aa 11yneaoe np116nHlKea11e /3 0 = - -- 2 I /3 AO I 
47T,\=2 

Benl!'IIIIIB /3 O npll paBHOBeCHblX 3118'1Clll!HX /3 AO KpaA11e Mana (~-0,0l) 

II npeae6pelKHMO Mano Bn1111eT 118 OAHO'IBCTll'lllblA cneKTp. 3TO Bmrn1111e 11axo

Al!TCH B npeAenax 11eoµpeAene11ocT11 a11aqe1111ii napaMeTpOB II noaToMy rrpll 

paBHOBeCllblX 3ll8'leHIIHX f3 AO napaMeTp f3 0 MOlKIIO He BKnJO'l8Tb B ( 1). 

(B MOAen11,c pacnpeAene11HeM (2) HaMe11e1111e 061,eMa 

I!,. v -~ 2 I /3 AO -v-- 47T 

2 

= 0 ,02 npll /3 o • 0 ,3 ) • 

OnpeAenHM BllyTpe1111Hii MynbTl!IlOnbllhlii MOMeHT Bp81Il8101Ileroc11 aKCHanb-

11O-Cl!MMeTpll'IIIOro HApa 

47T 
QA= 2z V ~l 

1T 27T R (0) 

J J J 
0 0 o 

A ➔ 2 
r YA

0
(0)p(r) r drdO, (12) 

rAe p c:i ABeTCH <f>opMynoA ( 2). llnH OAROpoAJIOrO nocTOHIIHOro pacnpeAe

nemrn ( 2) KB8Apynonbllb1A MOMeHT HApa paBen: 

2 3 z R
0 

02 .. y'5ii" /320 (l + 0,36 /320 + 0,97 f3 tot 0,57 

feKCBAeKaITOnbHhIA MOMellT 

2 

/3 40 

/3 20 

Q I • 
4
--zR f3 ( 2 V" o 40 I + 1,32 {320 +0,72 ~ ) /3 40 • 

7 

) . ( 13) 

( 14) 



Mb! annnM, qTo OllpeneneHne neq>opMaunl! /3 20 n /3 40 naJKe nm1 

o1moponaoro pacnpeneneam1 ( 2) na aKcllep11MenTanbHbIX ana•ienul! MynhTH

nonbHbIX MOMeHTOB CTaHOBIITCSI cnOll<HOl! npo5neMol!. AHanua qiopMyn ( 13) 

H ( 14) ll03BOnSieT cnenaTb H6KOTOpble KaqecTBeHHbie BblBOllbl, ecnu nonaraTb, 

qTO B Haqane penKoaeMenbHOl! o5naCTH nec!>opMHp0B8HHblX sinep /340 > 0 , 

a B KOHUe /340< 0 • B Ha'!ane penKoaeMenbHol! o5nacTH aKcnep11Me11Tanb-

!Ible aHa'!eHHlf KBanpyllonbHOI'O MoMeHTa oqeHb CllnbHO MeHSl!OTCSI npn llepe

xone oT sinpa K sinpy, B KoHue o5nacTH ::iTo uaMeHeHue 5onee llnaBHO. 3To 

o5CTOSITenbCTBO MOlKHO llOSICHHTb TeM ( CM. qiopMyny ( 13)), '!TO BKnanbI 

/3 20 H /3 40 . B Q 
2 

( H B Q 
4 

) B Ha'!ane o5nacTH ne<j)opMaUIIII KorepeHTHbl, 

a a Kouue - HeKorepeJ1THb1. TToaToMy cnenyeT oJK11naTh, '!To naJKe lip!! on11-

H8KOBblX paDllOBeCllblX 3Ha•ICJIHSIX /3 20 H 1/3 40I Benu•mna reKcaneKa-

nonbHOI'O MOMOHTa B pal!one Sm 5yneT 6onb11Ie, qeM y rpyllnb1 Hf 

B CBSl31! C 3Tl!M SKcnepm.1e11TanbHOe o5HapyJKenue ycHneHHblX E4 -nepe

xonoB B Ha'!ane penKoaeMenbHol! 06nacT11 ne<j)opMHpoaaHHb!X 11nep 6onee ae

poHTHO, '!eM D KOHUe 3TOl!, o5nacTH, T.K. 

B (EA, 1
1 

K ➔ I 
I 

K ) = 5 
--- e 16,r 

2 KK 2 2 
( QA l < 1

1 
A K o I I r K > 

KK 2 
rne QA ~ <K IQ A I K >, H Mb! C'IHTaeM, '!TO ycnoane < /3 AO > =- < /3 AO 

BblllonHSieTCSI C xopolllel! TO'Il!OCTbID. KatJeCTBeHHbl6 BbiBOJlbl He H3Mel!SITCSI, 

_ ecnu npu paC'!eTe MynbTl!llOnbHblX MOMeHTOB ucnonb30B8Th pacnpeneneaue 

CaKcoaa-Bynca. 

§ 2. Bnm!HHe /3 40 Ha CBOHCTBa onHo'!aCTl!qHb!X COCTOSIHHll 

2 
> 

/9 11-14/ 
B pa5oTax ' B Ka'!ecTBe cpenaero llon11, ollpenensiromero onao-

qacTll'Illbie COCTOS!l!HSI ne:f>opMHpOB8llHblX nnep, l!Cfi0Jlb3QBancSI aHl!30TPOllHblll: 

llOTeHu11an CaKcoaa-Bynca, np11qeM pan11yc nnpa 6pam1 B a11ne 

R - R O ( I + /320 y 20 ) • a/9/ 5bm llOnyqeH onHO'I.1CTll'Illblll: aHepreTl!'!6CKl!ll: 

cneKTp, cornacy101I1llll:CS1 C SKCllepilMeHTanbHb!ll: aHa'!eHl!eM OCHOBHblX H llep

BblX BOa5yJKneHHblX COCTOSIHHH, npoTa6y1mpoaaHbl BOnHOBb!e <j)yHKUHH nn11_ He-

8 

f• 

) 
l 

\ 

J 

'IeTHblX sinep penKoaeMenbHOll: o5naCTll. HccnenoaaHHe onHOKB83ll'IllCTl!'Illb!X 

EA 11 N - aallpemeHHbIX II paapeweHHbIX /3 -llepexonoB/15/ noKaaano, 

'!TO B TeX cny'ISSIX, Korna onHOKB83ll'I8CTHqHpe npn5nl!lK8Hll8 cnpaaenn1100, 

pac'!eT C BOJIHOBblMII cpyHKUl!SIMl!/9/ Cl!CT8M8THqecKH naeT . nyq11Iee corna

Cl!e C aKcnep!IM6HTanbHblMH naHHblMH no cpaBHeHll!O C Bbl'Il!CJl8Hl!SIMH B npn-

5nHJK6HHII noT8HUHana HnnbCCOHa. 

BaeneHHe /340 , B llOTeHUHan B3al!Monel!cTBl!SI ll3M6HSl8T KOMnoHeHTbl 

OllHO'IaCTll'IllblX BOnHOBblX cpyHKUHll:, lip!! $TOM ll3M6HSIIOTCSI He TOnbKO a6con10T-

llble aenl!'IHHbl KoS<jiqiuuHeHTOB CMeWIIB/lHHSI, HOH HX 3H8KH. Oco5eHHO 

CHnbH06 H3MeHen11e HCnbITb!BSIOT Manbie KOMllOHel!Tbl BOnHOBOll: c!>YHKUIIH ( CM. 

Taonl!UY 1 ). 

HccnenoBaHIISI STIIX 113MeHeHl!H BSlKHbl, T.K, 5onbWIIHCTBO na5monaeMblX 

onHOKB83 ll'I8CTH'IllblX nepexonoB aanpe11IeHo no acllMllTOTH'I6CKHM .KBSHTOBblM 

'IIICnaM, llOSTOMY nn11 11ayqeHl!SI BepOSITHOCTell: TSKIIX nepexonoB neo6xon11Mo 

.YTO'IHeHlle ManbIX KOMnoHeHT BOnHOBbIX qiyHKUIIH, 

Halllll paC'IeTbl noK83blB8IOT, 'ITO SHepreTll'I6CKllll: cneKTp 'IYBCTBl!TeneH 

K aen11'!11He reKcaneKanonhHoll: necpopMau1111 /3 ,o • Ha pHc. 2 npHBenen <j)par-

MeHT HeliTpOHHOI'O ClleKTpa 11n11 A = 181 llpll /320" 0 nn11 pa3HblX /3 40 

BHnHo, 'ITO pac_menneHHe COCTOSIHHli npH /3 40" 0 TaKOBO, qTo np11 /3 .io > 0 

HaHMeHblllYIO sneprHIO IIMeeT COCTOS!Hlle C (}max= 13/2 , 38T8M (}min ,.1/2 

llpll /3 40 < 0 STII COCTOSlllllSI IIM6IOT naH5onblllYKl snepr11ro. TTpH ll3Me-

H6HHH /3 40 B Hl!Tepaane -0,1S/3 40 -s_ 0,l co5cT~ennoe anaqenHe nng coc-

TOSIHIISI c (l = s/2+ npaKTH'IeCKII nOCTOSIHl!Oe, J'.lnSI COCTOSll!Hll: )Ke c (l "'1/2; 

(l = 13/ 2 /'J. E = 2 MsB, 

Ha p11c. 3 II 4 noKaaallbl Hell:TpOllllbill: snepreT11qecKllli cneKTp npll 

/3 20 =0,28 II 0,214, Ha pHC, 5116 - npOTOllllblli cneKTp npH /320 = 0,28, ~.214 

nn11 A 181 nn11 paaHbIX anaqenHll: f3 
40 

B HHTepaane --0,1 :5. f3 
40 

S 0,1 

BnnHo, qTo c yaenHqemieM auaqeHJrn I f3 40 I MeH11eTc11 KaK llop11noK pac-

nonoJKeHHSI ypoanell:, TSK II HX nnOTHOCTb. HaMeHeHHe onnoqacTHqilol! nnOTIIOCTH 

ypoauell BSlKHO npH Bb1q11cneHHH paBHOBeCHblX a11aqenHll: neq>opMaUHH /3 20 H 

f3 40 • nOSTOMY 5bmO 5bI HHTepecno npoBeCTII TaKl!e BbJqHcneHIISI C naHHblMH 

cneKTpaMH. 
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l-13aecTHO, '!TO B cxeMe C noTeHu11anoM CaKCOHa-Byllca B np116n11ll(e!I

HHII/0/ 11MeeTClI ·cMewnaaHHe COCTOlIHllil C 0/lHHaKOBbIMII fl II C rnaBHblMH 

KBaH'l'OBblMH 'IIICnaMH N II N t. 2 • TaKoe CMew11aa1111e IIMeeT MeCTO 

npaKTll'leCKH )lnlI mo6b!X 3Ha'le1mi! 1320 II o6bl'IHO OHO Mano, '!TO H llOll-

TBep>KJlaeTClI Ha SKCnep11MeHTe ( Hanp11Mep, N - aanpemeHHble /3-nepeXO/lbl), 

HO 6onee cymecTBeHHo a6nnan KBaa11nepeceqe11HlI ypoaneli. O'!eHb cHnhnoe 

CMeWHBaHHe 0/l!IO'laCTH'lllblX COCTOlIHHil C 0/lHHaKOBbIMII n II C KBaHTOBbIMII 

'IIICnaMII N H N t_ 2 npOHCXO/lllT B aecbMa Y3KOM lll!Tepaane 3Ha'!eHHil 

ne,f>opMaUHH f3 20 , /'lf320 a 0,001 _. 0,005 ( CM~ puc. 9) 1 npll'leM COCTOlI

Hlle, 11MeJOmee llO KBaa11nepece'!eH11lI KBaHToaoe q11cno N , nocne KBaa11nepe

ce'!eHHlI 6yneT IIMeTb KBaHTOBOe 'IHCnO N ± 2 • B/16-18/ nony'leHbl SKcne

p11MeHTanbHble )laHHbie, CBll.i:teTenbCTDyJOIUlle D Cllnh!IOM CMeWIIBaHHII COCTO

HJ!Hil c N H N t. 2 (Jlo 40%). HcHo, '!To Ha6nJO.neHHe sToro s#eKTa aoa

MO)l(HO TonhKO Torna, Korna HHTepaan /32a rne npo11cxon11T c11nb11oe cMewn

BaHHe COCTOlIHHll, He_ O'le!lh Man, T.e. HY)l(HO, 'IT06bl B STY o6nacTb nona-

na paBHonecnalI ~e,f>opMallHlI ne'l~THoro H/lpa. BaeneH11e .reKCBlleKanon&Hoil 

ne4>opMau11n B ,f>opMy g,npa np11aon11T K yaen11'le~HJO 1111Tepaana 1le,f>opMau11H, 

nnH KOToporo xapaKTepHo CllnbHOe CMew11naH11e llBYX O.ll110'18CTll'IHbIX C0CTOS!

Hlll!. Ha p11c. 9 np:irneneHa CTpyKTypa B0nHOBOl! ,f>yHKllllH C0CTOlIHifS! n ( 2 d a/J 1/2 + 

nnH A= 157 B aaBIICHMOCTif OT ne,f>opMaUIIH 13,o np11 13,o= 0 (pnc.9a) 

11 f3 40 = 0,1 (p11c. 9 n). 

Ha p11c. 96 noKaaaHbI KpHBbie sneprni! JlnH KBaannepeceKaJOIUIIXCH ypoB

Hell npn 13·,o=O (nyHKTllp) H /340= 0,1 (cnnOWHble KpllBb!e), a Ha pnc.-9r

napaMeTpbI pa3BlI3blBaHIISI, COOTBeTCTBeHHO. Bbl'IHCneHHS! II p11cyHKII IlOK83bIBa

JOT, '!To na116on&wee c6n11ll(en11e KBaa11nepeceKaJOIUHXClI ypoBHell np11 f3 40 = o 

panno 0,04 Msn, np11 f3 40 = O, 1 - 0,25 Msa II nnTepaanhI ne,f>opMaunl! /'l f3 
20 

c11n&11oro cMew11naH11lI 0,001 -t 0,005 n 0,03 -f 0,05
1

cooTBeTCTBeHHO. PeaJO-

MIIPYH BbIWe11anoll(effH0e, MO)l(HO CKa3aTb, '!TO BBenenne )le,f>opMB!lHII f3 40 

IlpllBO.llllT K yBenn'leHIIJO ,KaK HHTepaana )le,f>opMallHII /3 20 , . rne HMeeT MecTO 

CllnbHOe CMewnBaHHe nnyx O.ll!IO'laCTll'IHblX COCT0lIHHll, TaK II snepreTll'!ecKoro 

HHTepnana na116on&wero c6n11ll(eHHlI KBaa11nepeceKaJOm11xclI ypoanell. Y'l~T 

B3allMo,nellcTBHlI KBa3H'laCTHll C ,f>oHo!laMII npHBOllHT K TaKOMy ll(e s<f>,fleKTy/191. 
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:, 

I 
J 

HnTepecno o6cy)l11Tb BnllSIHlle f3 40 Ha TBKYJO xapaKTepHCTIIKY onno

'laCTll'lllblX COCTOlIHllli, KaK napaMeTp pa3BSl3bIBaHlllI ,, a ,, • OKa3bIBaeTClI, 

'!TO napaMeTp ,, a ,, nnSI neKoTophIX cocTbSIHHli (HanpllMep, 1/l[411] 

Mano MeHSieTCS! B 3aBHCIIMOCTII OT Benll'!IIII f3 20 II f3 40, B TO BpeMSI 

KaK 1lpyr11e 'a "necbMa 'lyBCTBHTenbllbl K 3Ha'!eHIIIO f3 20 II f3 40 • Bo BC ex 

Jl3BeCT!lblX 0.llH0'laCTH'lllblX CXeMaxl 10, 11, 13/ "a " . nnlI C0CTOS!HHlI 1/2 - [ 510 ] 

oTpllllaTen&HO npn pSBHOBeC!lblX 3Ha'!e111rnx 1320• BKnJO'leHHe f3 40 IlpHBO-

.llHT K TOMy~ '!TO nenll'!l!Ha "a" nnH SToro COCTOS!HHlI CT8HOBIITC/J nonO)l(H

Ten&HOi! 11 6nH3KOll K SKcnep11MeHTanb!I0MY 3Ha'!eHHJO. 

. B saKnJO'!eH11e C'IIITaeM cao11M nplllITHhlM nonroM no6naronapnT& aa 
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