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BBEtlEHI-1E 

B HaCTOR~e e BpeMR , He CMoTpR Ha HeMHor04~cneHHOCTb ~ np~Gn~
meHHM~ xapaKTep 3Kcnep~MeHTanb H~x AaHH~X . ¢aKT pean~3aL\~~ KY

MynRT~BHoro rny60KoHeynpyroro nenToH-RAepHoro (f A) - p a c ceAHMA 
C4~TaeTCR YCTaHOBneHHWM . 

3TOT npouecc CTaHOB~TCR B03MomH~M 6naroAa pR TOMY, 4T O CTO YK 

Ty pHaR ¢YHKL\~R RApa Ft(x 2: 1) f- 0, B TO BpeMR KaK CTPY KTypHaA 2 
4>YHK L\ ~R cB060AHoro HYKnOHa F r(x ~ 1) = O. 3Aecb x ,- Q 2;2 mrf. Q -
KBaApaT nepeAaHHoro ~Mnynbca, 1/ ~ EO --E - p a 3HOCTb Me )f(AY ::me p r~ eH 

nepB~4Horo ~ pacceAHHoro nenTOHOB. • 

np1!j 4~HY pa 3n~4~A B nOBeAeHI-1~ FA(x) ~ F: (x) eCTeCT Be HHO ~CKa T b 
B npOABn eH~~ ¢nYKTyaL\l-1j;1 B RA e pHoM2 B e~ecTB e . np~ 3TOM B03 H~ K aDT 
cncAYIO~l-1e Bonpocbl. 

- KaK~e ~MeHHO ¢nYKTyaL\~1-1 OTB e TCTBe HH~ 3a KYMynRT ~ a HO 

rny60KoHeynpyroe fA -p~cceRH~ e ? 

- KaKoH Ben~4l-1Hbl nonpaBKY 0 11 ~ BHO CAT B Kapn1HY pO)f(AC H~1A Ky 

MynRT~BHbIX a APOHOB B hA - ~ AA-B3 a~MOAe~lCTBI1Rx / l : ' He Y4 11 TbiBa lOIllYIO 
I-1X Han~4I-1R? 

Pew~Tb 3TI-1 BonpocLI nblTanl1Cb aBTopbl MHO r l1X paGoT, n pCAJ1 <1 r a R 

pa3n~4Hwe ¢nYKToHHwe MOAenl1. nOAaBnRIO~aR 4aCTb 3TI1 X MOACJ1 CH OC 
HOBaHa Ha npcAn On O)f( eHI1I1 0 Hanl141111 B I xonOAHblx" rlA p aX CI1C l l!M ~1 3 

ABYX 1-1 Gonee HYKnoHoB, cjJnYKTyaTI1BHo C6nl13 11 BWI1 XCR Ha Mi:l n t.lC pac
CTORH HA ICM., Hanp~Mep , / 2 -6) . CneKT p I1cnonb3ye MWx n peACTJBneHM~ 
o BHYTpeHHeH CT PYKType 3TI1X CI1CTeM - I¢JlYKTOHOB" - BCCbM<J WI1 POK: 
OT AonYllleHI1R 0 TOM, 4TO OHI1 npeACTaBnAIOT c 060H c Gn l-1 31-1 BW I1 CCR 
HYKnOHW C 60nbWI1MI-1 OTHOCI1TCnbHWM~ I1Mnynbca M~ - MOAcnb 1'1 

nOHHWX KoppenR L\~H MHK ,'S/ , AO r~nOT e3W 0 nonHO~ YTpa TC I1MM HHAI1

B~AyanbHo cTI1 11 CnI1RH~1R B OAI1H MHorOKBapKOBblll /1 CWOK - MOAen l1 
MHorOKBapKOBbi X COCTO RHI111 t1KC ' 4-6 .' . 

tlaneKo He Bce n pe AnO)f(eHHble MOAenl1 Mo r y T 6~Tb ~cnon b 30Ba HW 

npl1 aHanl13 e 0 6CY )f( Aa e MOro npoL\ecca. npe AB a p MTCn b HO Heo6xOA~MO 

y6eA~TbCR B I1 X CT e n e HI1 c o rn a COBaHHOCTI1 C Ba lKHblM I1 n pOCT pa HCTBC It 
HO-BpeMeHHWMI1 cjJaKTOpa MI1 B K BapK-napTOHHO~ Kap TI1He CTpOC HI1 R aApo

H6B . 3T<l npo6neMa 06CY)f(AaeTCA B § 1 Ha n pl-1M e p e MOACnl1 / R1 0 6 cY)f(

AeHl1e nOKa3waa e T , 4 TO B03HI1KaCT He06x OA I1MOCTb paCCMOTpCTb c xeMw, 

Onl1palO~l1eCR Ha (jlnYKTyaL\11 11 ~Horo Tl1 na. no Haw eMY MHC III11O, 0 AHY 

~ 3 T aKI1X B03MOlKHOC Te H np e AOCT a BnRCT Mex a H~3M c!ln YKT ya L\ l-1i'! " L\8eTa" 
AAepH~X HYKnOHOB. OH paCCMOTpeH B § 2. T a M )f( e npoB eAe Ha 11 OL\e H
Ka ero BKnaAa B p O)f(A e Hl1e KYMynRH1BHbiX aAPOHOB B hA - B3 aHMoAei'!

CTB~RX. B 3aKnlO4eHI111 CcjJOPMY J1~pOBaHbl OCHOB Hble BblBOAbI 11 3 p e 3YIlb

TaToe , nony4eHH~x B AaHHO~ pa60Te. 
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§ 1. $AKTOP BPE ME H~ B KAPT~HE ~nYKTYA~~~ 
HYKnOH H~X CT E nEH E ~ CB0 60n~ HAEP 

B COO TBeTCTBl-1l-1 C 0 6 ute npHHH TblM p e 4 e nToM a Ha llH 3 npo BeAe M B CHC
TeMe , B KOTOPO~ HM n YllbC RApa Oye Hb BenH K , n o c KonbKY Ton b KO B Ta 
KO~ CH CTe Me MM e eT CMbl cn KBa p K- napToHHaH MHTepnpeTa4M H n p 04eccoB 
r n y6 0 Ko Heyn pyroro pacc e RHHR. 

Pacc MoT pMM BnHRHH e I~ Cn 0J1b 3yeMblx B MO,Qem" la , !JlnYKTYi1 4Hi1 Ha no
BeAe HHe F:Cx) Ha n p l-1Mepe c a Mo r o n po c Toro RApa, AeI1 TpOHa . bOJ1bWY IO 
ya CTb BpeMeH l-1 Ae l1T pOH n peACTa BnH e T c 06011 Cl-1CTeMY 1'13 ,QByX cna6o
CBR3a HHbiX HYKIlOHO B , B3aHMOAeAc TBHe MelKAY KOTOPblMH 3aMeTHo He OT
palKa eT CA Ha HX BHYTpeHHe~ CTPYK Type, TO eC Tb c xopoweA TOYHOCTblO : 

F~(X) '" Fi(x) t- F~)(x ). /1/ 

BCJle ,Q 3a ' 3, AonY CTl-1I~, 4TO C HeK oTo poi1 ManoA BUPORT llOCTb lO CHCTe
I~ a MOlKeT $ IlYKTya TI-1 BHo nepei1 TH B OAHO 1-1 3 B03MOlKHbiX C.OCToRHHi1, 
C. TPYKTYP HaR cpYH K4HA KOTopo r o CYuteCTBe HH O OTl11-14aCTCR oT / 1/. Ec
11 '1 Macc a (jJnYKTya 4 '1 H Mr ' TO 11 3 COOTHOW 8 HI1f1 HeOnpCAeIlCilllOCT e A AIlR 
ee B peMeH ~ lKI-13HH l-1M eeM: 

2fiP D 
T = t /(Er - ED )= - --- /2/
f M 2 _ M2 


j" 2 f D

r Ae Er - P + M - 3 HeprHH <lmYKToHa. 04e BHAHo , 4TO T r OCJII1KO no n 
c paB He Hl-1 1O C Bpe MeHeM T f '" ll / Q, B Te4eHHe KOTopor o n poHCXOAHT caM 
dK T pacceRHMR n enTOHa C nepe Aa4eA I-1Mn ynbca Q KBapKY ilinYKTOHa. 
3TO n 03BOJlRe T 3an'1CaTb aMnlll1TYAY pacceAHHR 6b1CTpOn) llei'1T poHa 
Ha cbo TOHe Ka K np0l13BeAe HI-1e aMnnl1TYAbl ne pE;x o Aa AC!1TPOH.J 00 (jJnYK
TO H Ha a Mnm 1TYAY B3al-1Mo ,Qe AcTBI1A cpllYKTo Ha C BIo1PTY;:]l1bHI;I/~ 1!IOTOHOM: 

A Y*D ... x= f "' D .. f • Ay*r ... X • /3/ 

B / 3/ CYMMHpOB a HH e npOl-1S BOAH TCA no Bc e M !JlllYKTya4HAM AuATpO Ha. 
Pa3f1M4 Hble <DJlYKTOHHbl e MO,Qe J1l-1 no- pa SHOMY KOHKpeTH3l-1pYIOT COCTOA 

Hl-1e C t~ acco~ Mr . TaK, B MOAell l-1 tlHK! 3/, l-1CnOIlb3YlOll\e~ ABYXHYKllOH
Hoe npJ;1611 I1J1(eHJ;1 e , AIlA BOIl HO B0I1 !JlYH K4HI1 Ae~ T pOHa Ha MaIlbiX P<lCCTOA
Hl-1 PX : 

M = 2 " 
( 

m2 + k 2 / 4/ f v . N . , 

rAe m - Macc a HYKn oHa , a k - I1Mnynb c OTHO CI1TeJ1bHO r O ABHJI(eHHR 
N " B ABYXHYKIlOHHO~ CHCTe Me . 

B COOTBeT CTB~H cn pe AcTaBlleHHeM 0 T~ne $IlYKToHa CTPOHT CR J;1 e r o 
CTPY KTy p Ha R $Y H K4J;1~. OAHaKo npl1 3TOM HH KaK He Y4~T~BaeTCH Ha
J1l-14I1e B napTOHHO~ c xeM e 0 4eHb BalK Horo $ a KTo pa .. Bpe~eHH lKI13H I-1 
na p TOHa MeJl(AY e ro ~ cnY C K a H'1 eM Hnorno~eH~eM : 

Tp '" x Ph ·t./Il~ . / 5/ 
3Ae Cb x - A OIlR I-lMny Il b c a aAPoHa Ph ' n pHXOAA utaA CA Ha napTOH, a 
lip - e ro Ma cca . Ha Han H4l-1f1 3Toro (jJaKTo p a cIle,QyeT, 4 TO npH BHew
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HeM B03Ae~ CTBI-1I-1 Ha aApOH n e pecTpo AK a e ro napTOHHoro cn eK Tpa 

AOllJl( Ha npo l-1 CXOAI-l Tb He Mr HOBe HHO, a B p e3YIl bTaTe MHorH X a KTOB 

Hcn YCKaHI1 R 11 no r n 0ute HHR na p TOHOB , T .e. 3 a BpeMA: 

T r » Tp 

6/ 
H e06xOA~MOCTb CYl11eCTBOBaHHA "H Hep4 l-111" BHYTpeHHero COCTOAH l-1 f1 

aAPOHa MOlKHO 111111IOCTp J;1 pOBaTb, nOIlb3Yft Cb TaKlK e ft 3blKOM MOAeIll-1 
MeWKOB . nOC KOIl bKY B3a J;1MOAeA c TS'1 e KB a pKOB , np l1 BOARll\ee K nepe
C T pO~Ke l-1X cneKTpa , o c YutecTBIlfteTCft nYTeM MHo r OKp aT Ho r o I-1 X OT
paJl(eHl-1R OT CT e HOK MeW Ka , TO B CHCTeMe, B KOTOpoA aAPOH AB M
Jl(eTCft C I-1MnYIlbCOM Ph : 

r Ph T » ~ _ 
re m h 17 

r b - paAl-1Y C MeWKa . 

MTa K, n p l1 113MeHeH Hl-1 rnoGa nbH wx xapaK Tep~CTl-1K aAPoHa, KOTopoe 
e XOJ10AHbiX CI1 CTeMaX oCYl!\e CTBJlReT C? r llaBHbl~\ ofipa30M B pe3YJl bTa Te 
o fiMeHa MRrKl-1MH napTOHaMI1, AIl? ne pec Tpo il l(11 CTPYKTyp HOI1 cf>Y HK4HJ.1. 
cooTB eTcT BYlOute~ HOBO~ Cl-1T ya 4 l-111, B KOTOPO~ o Ka 3 wBaeTcR HYKll0 H. 
TpefiyeTCH KOHCYHOe BpeMR p e JlaKCa4~11 Tr • TaKHM M3Me He HHeM B MO
AeIll-1 MHK RBll Re TCA np~o(j peTC Hl1 e HYKIlOHOM . Bowe,Qwl1l~ B CO CTaB Ma
1l0HYKno HHo~ Koppe llR4l-1H, 60 nbwo r o l-1MnYll bca . Xa p a KT ep npOABIle 
HHA (jln YKToH a B np0 4eccax rny6oK o Heynpyroro pacce HI1R peW a lOutlllM 
0 6 pa 3 0M 3aB I1CI1T OT Coo THOW eHJ.1 R B peMeH~ p e n a KCa 4J.1l-1 Tr 1'1 BpeMeH 
<Dll YKTy a 411l-1 T f ' Ecm,1: 

Tr /T T »1 , 
8/ 

TO , KaK 3 TO n pI1Hl-1 Ma eTCR 6 e 3 BCR KJ.1X ,AOKa 3 a Te JlbCTB B 11HK . cpnYKTOH 
x apa KTe pl-1 3y e Tc R npl-1nHC WB ae MoA CMY cn e4Hcf>~ 4 e cKo~ CTPYK T YP HD~ 
¢ YI;K 4I-1 eA . Ecnl-1 lK e COOTHOWe Hl1 e epeM e H 06pa THoe , TO CT p YKTY PI'lbl 
$Y HK41110'1 HYKn OHo e, BOllJ e ALUIo1 X 80 cpnYK TO H, n pa KTW~eC KJ;1 He y c neB a lOT 
11 3MeHl-1T bCR , oco fie HHO B 06naCH1 6 011b U,'I1X x (CM./S/ ) . Ka YC CTB e HHO 
3Tl-1 CI1 Tya 4101 H l-1nllIOC TpI1 PYIO TCH pl-1 c . l. 

F(X) 
1'11C. I. K il'lC CTHeIlJlaa HJJJ II.Jt:1·PilHl151 
nepcc TpoHKH CTPYKTyp llblX 4JYIlK J..tItt'! 

HYKJ1 0HOB B CTP YK TypHYlO ¢ YHKLl,H IO 
¢,!l y-K ToHa. 

" ) " . T r «r r - c TPYK'r ypa IIYKJTOH a 

H e yc n eBaeT 3 aMeTHO nep eC"J'pOHTb

C51 . 

" 2" T r » r r - n OJ1HOC YCTGHOn

n eHH C CTPYKTYPbl ¢,J1YK To li a. 
It 3" . 

T r - Tr - 3 a Bpe~15l c YuteC'P-

B OB aHHR cPnYKTOH a nepec'rpOIiKa 

nOJTHOCT blO H e ycneBaeT 3aBepllJHT b ClI . -- ,, ), ,,- . 
x 

3 

http:BCRKJ.1X
http:CooTHOWeHJ.1R


PMc . 2 . 3aBHCHMOCTb CTPYKTypHOA 
~W2 

lPYHKlJ,MM ,IJ;e j;'ITp OHa OT rrepeMe HHoA rJJ/' 0A!h 
BnYMa- r HnMa lla l a/. 

(O- t 

Tenepb pa ccMoT p~M Ae~CTB ~Tenb-!JI-
~ 

Ho e COO THOW e Hl1e BpeMe H T ( ~ Tr 

Ifl B MOAenlo1'3 : nOACTaBJlflfl /4/ B /2/ , 
nonY4~M:1(/' 2 zhPo ~,,--3 0......... , =as((38/cl 
 rr"" '-"'-----1- = /91 

k2cHrn 2.1. k 2 ) 4rn!..1.0 N N 
____ 1.5 

nanee , I1C nOJlb 3YR /9/, He pa BeHCT BO 

fOf 
 / 61 11 oqeHf: Y 151 AnR Tp • J.1 MeeM: " 1.75 , .......... 2.0 


t p llx p2.5 
r / r « _ H / ~ .. /l~ I x0 101 510 r r k2 /12 

P 
~, n Oc KOn bKY B KYMynRT~ BHO~ o finac
, ~ x ;;: 1, TO:'ll 

rr lTr « jJ.~ I k2 11 /
p 

10-71 ,,' - I 06CYA~M 111 I nOAPo6Hee . CHa4aJla 
o 2.3 paC CM~T pI-1M B enl-1~~HY I' p ' B KJlaCCW 

,_ 2A 2 4e C KO I~ na pTOHHO~ MOAe.n101 n pe AnOI1a 
W - f +- W q. r aeTcR , 4 TO MOlKHO n pcHc6pe4 b 6 0Jl b 

WIo1M~ Blo1pTy a Jl b HOCTRM Io1 KB apKo B , T . e . BOJl HOBaR $YHK~~n aApoHa npe A
CT aB neHa nerK ~MI-1 KBa pKaMI-1. 3 TO nOJlOlKeH~e KJlaCCIo14eCKO~ MOAen 
HaXOAMT Ofio c HOBa Hlo1 e ~ c n03101 4 M ~ KXA· B c~ny aCMMnTOT~4 eCKO~ 
c Bo60AW 3$¢eKT ~BHoe B 3a Io1MoAe~CTBlo1e n p~ 60nbWMX MMnynbcax HeB e
Jl Io1KO, 101 n p l-IMe Cb KBap Ko B C 60.rt bW I-1 MI1 BI1 PTyanbHOCTnMIo1 B BOJlHO BOH 
¢ YH KUMI-1 aAPOHa Ma n a . 3Kc ne p~ MeHTanb HO aTO npORBJlReTCR B c n a60M 
Ha pywe HMI-I 6 bepKeHO BCKo ro CKe~Jl~ Hra C POCTOMQ2 . KaKOBa ~e p e a
JlMC T~4eC KaR o~e H Ka Ben~ 4l1Hbl /L p Anfl KBapKOB-napT0I10B? B 171 y, 
BeplKAae TCfI, 4TO MaCCbl KBa p Ko B-napTOHOB 3Ha4MTenbHo MCHbwe Macc 
c ocTa BnRIOOIYlX KBapKo B IAnR nocne.A HMX c ei14ac npYlHI.o1M3l1lT '" 0, 3 r3B/. 
1.01 41 0 na p TOH~ c neAye T oT o~AeCTBJlflTb cKopee C TOKOB~M~ KBapKaMIo1, 
o 6n aAalOU\ I.o1MI-I Mac caM~ '" 0 , 0 I r3B . TaKYlM 06pa30M, II,.. 3aKnlO4eHO 

B n peAen ax: 
/12/0 , 01 r 3B ::; j.l. p ~ 0,3 r3B. 

HIo1l!ie AIlR OL\eHOK Mb' Bbl6epeM Halo16on ee 6naronpl-lflTHYtO An fl CIl nYKTOH

HblX MOAene(;1 BepXHlO1O rpaHIo1~y AnR lip' nOnOlKI1B: 

1'2 "" 0 ,1 r aB 2 . 113/ 
p 

aCCMOTPYlM Tenepb 06n a CT b 3Ha4eHYI~ k. KOTopaR ",Cn0I1 b3yeTcR 
B MOAenlo1 MHK/3 1 n p ..., Onl-l Ca HMIo1 KYMynflTMBH~X 3C1lC1leKToa. nnR 3 Toro 
Ha p~c.2 /M~ BOCnp0 \o13BOAIo1M pJ.1c.2 \013 / 81 I npeACT aBneHa CTPYKTYP

4 

Han ~YHK~~R Ae~TpOHa B 3aBMCMMOCTM OT nepeMeHHoi1 6nYMa-rJ.1nMaHa 
21 m

w'= - + ..=..N.. • Pac4e THaR KpJ.1BaR nonY4 e Ha B COOTBeTC T BJ.111 C ~OPMY-
X Q 2 'a 

JlaMJ.1 /6/ 1-1 /8/ B . 

F ~ (x . q2 ) = f F2N ( x/ a ,q 2 ) IJI ~ (k) d.\ • /14/ 

rAe 

a = 1 + ka/ Jk 2 + rn ~ 
H3 conocTaBneHI1R Ta6n . l 11 pl1c.2 BI1AHO, 4T O TeOpe TJ.14 e CKJ.1 e KPJ.1

B~e cooTBeTCTBY~T 3Ha4eHJ.1RM X BnnOTb AO 1,7 - 1,8. CTporo r OBO
PR, AI1R o npeAeneHJ.1R 06naCTI1 3Ha4eHI1~ k , Aa lO~I1 X AOMJ.1HJ.1PYIOU\I1(;1 
BKnaA B KYMynRTJ.1BHYIO 06n aC Tb x, Heo6xOAI111 4:.1CneHHbl(;1 paC4eT , Y411
TblBalOll\l1~ KOHKpeTHbl~ BI1A CIlYHKl\:.1~ F2 (x,q2 ) 11 1JI~(k). OAHaK O 3AeCb 
AnR npOCTOTbl Mbl OrpaHJ.14MMCR ABYMR rpy6blMI1 npI16JlI1)l(eHI1RMI1, Ka )!(AOe 
113 KOTOPblX 3a HI-I)!(aeT 3Ha4eHI1 R k 11 TeM ca Mbll~ "pa60T aeT" B nOn b3 Y 
MOAen~ .' 3 1 

Ta G.n Ii lJ, 

q2 I (Ll ' I I , I 1,0 0,9 0 , 8 0 , 7 

6 x 1,05 1 ,17 1, 33 1, 53 1, 8 

4 X 1,1 4 1, 28 1, 47 1,72 

3 x I ') /,_'I 1,41 1,6 5 1 , 97 

npI16n~ )!(eHl1 e 1. np~paBHI1BaeM k3 = k, T. e. 6YAeM C4I1TaTb, 4T O 
s e Cb J.1 Mnynb c HY KnOHa Ha n pasneH HaBCTpeyy sl1pTyaJlbHOMY ~OTOHY. 

npl16JlM)!(e Hl-1 e 2 . npl-lpaBHI-IBa eM <l ': x , XOT R 04eSMAHO, 4 TO OCHO BHO~ 
BKnaA AaeT o6nacT b a > x . nOCKo nbK Y F 2 (1) = o. 

npl-IHRB 3TI-I npJ.1GI1I-1H<CHV1R, n o nY411M HJ.1)KHl1e o4eHKI1 3Ha4eHI-I~ k B 3a 
BJ.1 CI1MOCTI1 OT x , npe AcT aBneHHw e B Ta6n .2 . TaKI1 M 06 pa3 0M , Aa)!(e fl B
HO 3aHI1)!(eHHaR o l\ e HKa k AaeT 3Ha4eH Io1 e nopRAKa 1 r3 B/ c . B pe3ynb
TaTe Ann MHK ' S ' M3 / 11/ 11 /13 / nonY4l1M : 

T 
r 

« 1" 
p 
2 .. k 2 '" 0,1 .-:,,- 1 , /15 / 

CneA o BaTenbHo, YC110SI-Ie BHYTpeHH eR HenpoTMsope4~BOCT J.1 8/ 
B cny4ae MOAem1 t,\HK OKa3bl BaeTCR pe3K O HapyweHHblM . 

TaUJli.ILI.a 2 

x 1,6 1, 7 I ,8 

K 0,88 0,92 1, 25 
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AHanorH4H~ ~ pe3ynbTaT nOnY4HM,0~eHHBaR BpeMR ~, H Ha OCHOBe 
/7/, T . e. no norHKe MOAenH MeWKOB . ne~cTBH T enbHo , conOCTaBnRR 

/7/ H /9/, HMeeM 

-\lp r P tcrn NT / T 	« __N_ I ~~ 0,2 « 1 . /16/r r k 2 mNe rb k 2 

§ 2. 	~nYKTYAUHH UBETA ~AEPH~X HYKflOHOB H rflY60KOHEynpyrOE 

PACCE~H~E B KYMYfl~T~BHY~ 06flACTb 

Bblwe Mbl YKa3anH Ha npH H~HnHanbHble TPYAHOCTH, B03HHKalOll\He npH 

non~TKax CBR3aTb oc06eHHocTH CTPYKTYPH~X $YHK~H~ RAep C $nYKTya
~HRMH HYKnOHH~X cT ene He~ cB06oA~. 06paTHMcR n03TOMY cpa3Y K $nYK
Tya~HRM Ha napTOHHOM ypOBHe. OHH CBR3aH~ HenocpeACTBeHHO C H3Me 

HeHHeM CTPYKTYPH~X $YHK~H~ 6e3 BOBne4eHHR Bcero Be~eCTBa HYKnOHa 
6 3Bon·IO~HIO. CneAOBaTenbHO, MO)f{HO paCCMaTpHBaTb AalKe KOPOTKO)f{H 
BY~He $nYKTya~MH TaKoro THna. HHlKe M~ HccneAye M B03MO)f{HOCTb on H
caHHR rny60KoHeynpyroro fA-pacceRH HR Ha OCHOBe MexaHH3Ma $nYK

TyaTHBHoro 3aXBaTa rnlOOHa H3 KaKoro-nH60 RAepHoro HYKnOHa KBap
KO M, npHHaAne)!{a~HM "coceAHeMY" HYKnOHY. 04eBHAHO, 4TO B 06naCTH 
60nbW MX 3Ha4eHH~ x HMeHHO TaKO~ MexaHM3M MO)!{e T npeTeHAOBaTb Ha 
ponb BeAy~ero: nOCKonbKY cneKTpanbHble nnOTHOCTH rnlOOHOB M KB a p
KOB npM 60nbWMX x Man~, BKnaA 60nee CnO)f{H~X MHoronapTOHH~X 06Me

HOB Aon*eH 6~Tb nOAaBneH. 
npeABapHT e nbHO paCCMOTpMM npOCTpaHCTBeHHO-BpeMeHH~e COOTHowe

HHR, xapaKTepH~e AnR TaKoro 3dXBdTd. B COOT Be TCTB MM C npHHRT~MM 

B HdCTOR~ee BpeMR npeACTa BneHH RMH 0 np,H9 0 Ae XPOMOAMHa MM4eCKoro 
B3aHMOAe~CTBHR Ha 60nbWHX paccToRHHRX 8 0 6Me H ~BeTOB~M 3apRAoM 
MelKAY HYKn o HaMH npHBoAHT K 06pa30BaHHIO CT PY H~ C nHHe~HO~ nnOT
HOCTblO 3HeprHM K . Pa3nH 4H~e o~eHKH 18 1 yKa3~BaIOT, 4T O 3Ta BenH4H

Ha HMeeT nopnAoK: 

K 1 r3B $M. 	 /17/ 

nOCKonbKY B x onOAHOM RApe Ta Ka R CTPYHa 0 6pa3yeTcR BHpTyanbHo , 

ee BpeMR )f{H3H H: 

' r '" 11. / 11: L , /18 

rAe L - AnHHa CTPYHbl. 
rnlOOH, HnM nerKH~ KBap K, ABHraRcb co CKOPOCT b ~, 6nH3Ko~ K CKO

POCTH CBeTa, MO)f{eT 06pa30BaTb Ta KYIO CT p y HY nHWb 3a BpeMR 

T r L / c . 	 19/ 

COOTHowe HHR /18/ M /19 / HaKnaA~BaIOT orpaHM4eHMe Ha An MHY BMP
TyanbHo~ CTpYHbl . ne~cTBHTenbHo, 4eM AnHHHee CTpYHa, TeM C 60nbWHM 
Hapy weHM e M coxpaHeHMR 3HeprHM CBR3aHO ee 06pa30BaHMe . 3TO Hapy
weHHe B03MO)!{HO nHW b Ha BpeMR /18/. OAHaKo 4eM AnMHHee cTpy Ha,Tf 
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TeM 60nbwe B COOTBeTCTBHH C /19/ Tpe6ye TcR BpeMeHH Ha TO, 4TO

6bl OHa 6~na 06pa30BaHa. CneAOBaTenbHO, coxpaHMTb npH4M~HOCTb 
M npM 3TOM He HapYWHTb 3aKOH coxpaHeHHR 3HeprMH , MO)!{HO, 06ecne
4HB B~nonHeHMe ycnoBHR: 

Tr ~ 	 r f ' / 2 0/ 

H3 KOToporo cneAyeT : 

L:s 	~ '" 0,5 C!lM /21/ 
H 

rr > 	 0,5 QM/C. /22/ 

PaCCMaTpMBaR HYKnOH~ KaK MeWKH C paAMYCOM rN '" 0,8 - 0,9 $M 
H Y4H T~BaR, 4TO cpe AHe e paCCTORHH e Me *AY HYKnOHaMH B cpe AHHX 
M TR)!{en~X RApax CO CTaBnR e T 2r ", /2 - 2,5/ $M., MO)f{HO Ha OCHOBao 
HHM o~eHKH /21/ npM~TM K B~BOAY 0 TOM, 4T O ~BeTOBO~ 06M e H B03 
MO)f{eH Ha cpe AHHx Me)f{HYKnOHH~X paCCTORHHRX, nocKonbKY: 

2r N + L ", 2r ' 	 23 o 

OTMeTHM, 4TO BenH4HHa Tf orpaHH4eHa He TonbKO CHH3Y , HO M 
cBepxy. Ae~CTBHTenbHO, ~Be TOBO~ oGMeH HapywaeT KOMneHca~HIO ~BeTa 

B HYKnOHe . 3TO HapyweHHe npORBHTCR 4 e p e 3 BpeMR nopRAKa rN / c 

B BHAe B03HHKHOBeHHR y HYKnOHa 60nbWO~ BMpTYilnbHO~ Ma cc~ . 04e 
BHAHO He06xOAHMO, 4TOGbl: 

Tr ::; 	 r N / c (0,8 -0,9 ) C!lM/C. /24/ 

TaKMM 06pa30M, npoBeAe ~H~~ aHanH3 npOCTpaHCTBe HHO-BpC Me HH~X 

COOTHoweHH~ AnR ~B e TOBo ro 06MBHa nOKa3blBa e T, 4TO BHYTp~1RAe pHbl~ 

HYKnOH MO)f{eT Y4aCTBOBaTb B TaKOM 0 6 MeH e c o CBOH MM 6nH )f{ a ~WM MH 

coceARMH, HaxOAR~HMHCR Ha cpeAHHX Me)f{HY KnOHH~X paCCTORHHR X. 
PaccMoTpHM Tene pb B03MO)!{H~~ BKnaA TaKHX 06MeHoB B rny60Ko

Heynpyroe KYMynRTHBHo e pacceRHHe, y 4HT~BaR nMWb ABYXHy KnoHH~e 
KOH$Hrypa~HH. 

nnR nOCTpoe HHR CTPYKTYPHO~ ¢yHK~MH RApa B 06nacTH x > 1 BO C
nonb3ye Mc R cn eAylO~HMH co06pa )f{e HHRMH. BepoRTHo CTb o6pa30Ba
HHR KBap Ka C 3aAaHH~M 3Ha4eHHeM x nponop~ HoHanbHa npo H3 BeAe HHIO 

cneKTpanbHb~X nnoTHocT e~ KBapKoB C2Q (Xl) M rmJOHOB ( 2 ~(X 2 ) ( x = 
= x + x ), a TaK)f{e c e 4 e HHIO norno~eHHR rnlOOHa KBapKOM. Cn eAOBaT e nb

1 2 
HO, npM x > 1 CTPYKT y pHaR C!lYHK~HR RApa MO)f{eT 6~Tb np e ACTaBneH a 
Bblpa)f{eHHeM BHAa: 

1 

F2(X) = X~ f dX/2Q(X 1) '!2 g (x-x 1 ) <h (xr ,x --x 1 )· /25 / 


.1 -1 


3AeCb (2 (x) = ~r u (x) + d(x) 1 - cneKTpanbHaR nnOTHOCTb BaneHT
q 18 , I 

H~X KBapKOB B HYKnOHe RAP a 2 , npH4eM 

u(x) = 2,25 d(x) = 	1,23 (1_x)4 

Vx 


rx- (1_x)3 , 	 /26/ 
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Cne KTpa I1 b HY IO nno THoCTb riliOOHOB t 2g(X) MO~HO npe ACTa BI-1Tb 

B BI-1 Ae: 

l+a af2 (x) = - -(l ,- x) 	 27/
g 2x 

3Ha4e HIo1e n apaMeT pa a onpeAeneHO nO Ka BeC bMa HeT0 4HO . OHO 3a KIl104e 
HO B III HTe p 8 a ne 3 ~ a ~ 9 / 9-'. P2 ~ N'/A , r Ae N' - 4 11 CIlO nap HYKJlOHOB 
RApa, CBA3aHHbiX l.I seT08 blM o6 MeHoM. <b(x l'X 2) - HOPMI1poB a HHaFi Ha 
eA~ H~~y BepORT HOCTb 3aX 8aT a KBapKoM C AOIle~ IIIM ny nbca Xl rniOOHa 
C gOIlei1 I1 MnYIl bc3 1 2 , 

nO CKonb KY 3 TOT n pOllecc p a 3811 sa eTcA Ha c pe AH I1 X Me~HY KnoHHw x 

paCC TOA H~RX (cM./ 23 /) , AIlH onpe Ae Ile HI1A cb (x1,x 2 ) He Il b3fl I1CnOIlb 30 
BaT b MeToA~ Teop lo1l1 s03My~eHI1~ 8 KX A. n03T OMY An A npH6nl1~e HHO~ 

o~eH KM M~ SOCn0 I1b3y e McA 11 3BeCTHoR nor lo1K o A KIlaCCI14e CKO~ napToHHot:1 
MOAeIll1' 10: S COOT 8 e TCTBI111 C KOTOpoi1 Ce 4eH I1e 83a Io1 MOAeA cTB~IH nap 

TOH 08 Io1Mee T 81-1A: 

0' nn -, exp( - 6 y) , 	 /28/ 

r Ae 6y - pa3 HocTb 6~CTPOT napTOH08 . 1-13 / 281 cne AyeT , 4TO 3TO ce 4e
HMe paC Te T C YMe HbweH lll eM OTHOC Io1 TeIl bHo r o ~MnYIlb c a na pTOHO B. 5~CT 
poe y CI1IleHl1e B3aMMoAe~c T BM R Me lKAY napTOH a MI1 1113 pa3H~X aApOHOS 
npIII nepe x OAe K MaIl~M OTHocM TeIlbH~M I1M nYllb c aM na pTOHOB cIleAye T 
Ta K~e M3 He AaBHO npO BeAeH Ho ro aH3Ill1 3 a npo~ecco~ ,~r?~eCTBeHHO'O 

OlKAeH Io1R S npOCTpaH CTBe 4eTwpeXMepH~X CKopOC Tel1 
n0 3TOMY 8 Ka4e CT Be nep Boro rpy60ro n plll6nl1lKeH III R nonO~MM: 

¢(x 1 ,x 2 ) ~ o (x 
1 

- x
2 

)· 	 /29 

n p l1 Gnlll~eHl1e /29/ n0 3so nFi eT no n Y4111T b F2 (x) B a HamHIII4eCKO ~ \ BIo1Ae: 

F2 (x) ~ 0,9(1 ,ti)· P
2 

(1- ' ~ )3+ a ! I t O, 547 (1-, ~ ) I. /3 0/ 

Be n M4 11HY MO~HO Oll e HI1T b, I1cnOIlb 3YR ~3 H H~e 0 CT PYK TYP HOt:1P2 
4>Y H K~11101 F., (x), no n Y4e HH bie B 3 KCn e p I1 Me HTe I 2 1 no B 3 a~MOAeAcT BIo1IO 
It - Me30H;B C HApaM~ 12C n pIII X".Q 212mN 

v ~ 1. 8 nocn e AHee 8pe MA 3K 
cneplo1MeHT .' 12 " np l1 l1 RTO C411 TaTb OAHt-1M vt3 CBMAeTenbCT B 8 n0J1b3Y 
KYMYIlRT Io1 BHoro 3 $ 4>eKTa B r ny6oKoHe y npy r o M fA - pa cceRHIo1I11. OAH3KO 
cneAyeT IoIMe T b B SIo1AY, 4 TO 3 TIo1 Aa HHbie c~nbHO 33BbUlJeHbl 11 HeT0 4 Hbl . 
KaK YKaabl8aIlOCb YlKe B '12 . n p l1 x'> 1 OTHOC IoI Te Il bHaH norpeW HOCTb 
on peg elleHIoIR x AOCT l1 r ae T 50%. n pl-1411HY CTOIlb 50J1 bWOH Heon peAeI1 e H
HOCTIII B 113MepeHlll Io1 x HeTpYAHO nOHRT b . nOCKOIlb KY nOAa8nA~eMY 4101C
I1Y C06blT MH np lo1 x '> 1 COOTBeTC TSYIO T 3Ha4eHMR Q 2 6 I-1H Te pBa n e 50 
100 1 38 2/c 2 ' 121 ,eeI1101 4I1H bl v AIl R TaKIIIX C06bIT lllt:1 HaxoAHTcR B III H· ' 

Te p Bane: 

v = Q
2 

/	 2mN x (25 - 50 ) r 38 . 13 1/ 

CneAOB3TeI1bHO, ~•• RBIlH~ Cb ManoA pa3HOCTb~ gBYX 60IlbWMX Ben~4I11H, 
onpeAellR~TCR C T04HOC T b~ 50%, Ta K KaK E 11 3MepReTCR c T04HOCTb~ 
+7%' 13~ TaKaH HeT04HOCTb 3KCnepl1Me HTa np~BOA~T K TOMY. 4 TO B PH
Ae c n Y4aes MIOOHbl C x < 1 pe n -1C Tpl-1pYIOTC R KaK KYMYllRT I1 BHble, T.e. 
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C X :> 1. Cpe AI1 MiOO rl OB, Ha6niOAa eMbix n pl~ x > 1 , I1 Me HHO TaKl-1 e 
COCTa BnR IQT 60nbWI1 HCTBO . Ipy6a H o~e H Ka YKa3aHHo~ pa 3Ma 3 KI-1 , CI1 MY
Ill1 pYiO~e~ KYMYI1RT M BH~~ 3$$eKT, n po s eAeHHaH HaMI-1 no Me To AY MO HT e 
Kapno B np eA noIlo~e HI1I1 HopManbHoro aa KOHa pacnpeAene HI-1H o WM60 K 
B 1-1 3 Me peH I-111 E C I1CnOnb30SaHI1eM CTPY KTypHO~ $YHK~ 1-111 cBo6oAHoro 
HYKnOH a B Ka 4eCT Be " I1 CH1HH 0 t:1", nog TBeplKg aeT cgeIlaHHblj:j BbIBOg . 
3 Ta o~ e HKa corn acyeTcR TaK~e c p e 3ynb TaT a MM, nOIlY 4e HH~MM 

Ha YCTaHOBKe t1HS/~ -H a KOTOPO~ p a CCeH Hl-1e MiOO HO S Y13Me pHe TCH C TOt:1 
~e T04HO CTb iO. Ha pl-1c.3 H306pa me Ha aa BI1CI1MOCTb HCTI1HHOr O 3H a 
4eHI1R x T OT 11 3Me peHHoro xM' nOIlY4 eHHa H B ' 14 ' BI1 AHO, 4T O npM 
x < 0,6 COOT BeT cT By eT . Ha npOT I1 B, B 06IlaC H 1 6 0 nbW I1X xX M X T 

COOTBe TCTB Me Me~gy X M 11 HapywaeTc A 3 a C4eT n e peKa 4KI1 co6 w
XT 
Tlllt:1 1113 Ma CC I1Sa C Manblt~11 X , 06 YCilOB neHHot:1 no r peW HOC TbiO onpeAe 
n e HIIIR E. 

nog4ep KHe~~, 4TO y s e Ill14eHI1 e nl1Wb CTan1CT I1KI1 C o5biTH~ He Mo~eT 

YIlY4WIIITb pa3peWeHI1 H, nOC KOIlbKY OHO onpegeI1R e TCR T0 4HO CTbiO 113 
MepeH IIIA 3 Hep rl111 pa c c e AHHoro MiOOHa . 

50n e e Ta ro, Ilio6 aH no nblTKa 11 3 BI1e 4b g eTallb HYIO "1H¢Op Ma L\ MiO 0 

F2 (x) 11 3 3Kc ne pMMeHTanbH~X Aa HH~ x , n oIlY4eHH~X B y CIl OBMHX TaKO 
ro nIloxoro pa3peweHMR no x /HanpIIIMep, C n OMO~biO MeToga MaTe
MaTI14 eCKOro MOA enl1po BaHI1A/, 6YAe T COOTB eTCT BOBaT b OT~ C KaHMiO 
AI1¢¢epeH ~lIIaIlbHo ro pac npeAeIleHMH no e ro I1 H T erpan b HO~ x apaKTe
p I1 CTIIIK e . OAHaKO 113BeCTHO, 4TO nOA06H~e 3aAa 4 M OTHOC HTCA K KIlac 
c y HeKoppe KTHO n OC TaBneH HblX 11 He I1 t~ eiOT OA H0 3Ha 4Ho r o pe We H"1 R. 

I-1 Ta K, F2 (x), nOIlY4eHHYiO B .' 12 1 MO~HO KBaIlIII$l1l1l1pOBaT b IlI1U1 b 

Ka K rpy6yiO Be pXHiOiO o~eH KY 3$$eKTa /3 TO np l1 3 HaHO a BT o p OM pa6o 
Tbl '1 2/ B e r o HeAaBH e t:1 ny6Il I1Ka~ l1111 ' 15 ' /. Cn eAOBaTeI1 bHO, 11 Haw a 
olleHKa P 2 6ygeT Ol.le HKoi1 c8epxy. Ha PI1C. 4 n pe p,C Ta Bne Hbt Aa HHbie 

' 12 
, 

a TaKllIe $ YH1ClI IIIA F (x) npl1 a = 5 ' 2 / 11 = 0 ,06 . YKa3aHHbl8 3 Ha 2	 P2 
4eHMA a 11 P9 n03BonHIOT cornaC OBa Tb F2 {x) C 3Kcne pMMeH TaIlbHblM I1 
Ol.le HKaMI1. i Ta K, 


P2 < 0,06. 

/ 32/ 

, X	 Donee T04Hoe 3Ha4eHVle P2 MO}!( HO 
t 

nOIlY4t-1Tb IlI1Wb Ha eCH OSS Ko p pe KT
HO B~nOIlHeHHoro 3KcnepMMe HTa. 
OAHaKO y~e 111 Te nepb BMAHO, 4TO0.8 

+ + 	 4>nYKTya~l1 vl Tl1na OAHorIl IOOH Ho ro 
ofiMeHa MelKAY I1YKIlOH3MIII, B n pM Hl.I lo1 

Q6 ne, Mo r YT 06ec ne411 Tb 803MOlK HYlO 
B eI1~4I1HY 3$4>eKTa KYMynR TIIIBHoro 

I 
rny60KoHeynpyroro fA -paCCe RHI1f1.o.~ l DO? 

I 
Q2 ~ ! 	 PJic.3 . 3aSl-ICJ1MOC'I'b Xl 0 '[' xM . ilPR 

MaR COOTBeTcTllye1' 'l'O<.fI\OMY o llpe
l14 :Aenemuo Be.Jll1'll1HbI,X, 0 - paC'Ie T 

I "+" - lIam paC'Ie'l'.
0 0./1 0.8 }(H 9 



PHc.4. CTPYKTypHalI IPYHK~H51 /30/ rrpHa=5
~(x) 11 p 2 =0,06 - Kpl1BalI, a TaKJI(e ee o~eHKa , 

B 3KcrrepHHeHTe /l+12C"'/l ' + X, E = 280r3il~! 

10-3 

B CBH3H C 3THM eCTeCTBeHHO B03HHKaeT 

BonpoC H 0 BKnaAe TaKHX $nYKTya~H~ B ce

4eHHe 06pa30BaHHR KYMy nRTHBHWX aAPoHOB. 
Ero peweHHe 3aBHCHT OT TOro, KaK B3aHMO

Ae~cTByeT HaneTa~~H~ aAPOH C AaHHO~ $nYK 
Tya~He~ H KaKOB MexaHH3M 06pa30BaHHR KY10-4 

!

MynRTHBHorO aAPOHa. 


nOCKOnbKY, KaK nOKa3aHO Bwwe, ~BeTOBO~ 


06MeH Mo~eT ocy~ecTBnHTbCR Ha cpeAHHx MeJl(


HYKnOHHblX paCCTORHHRX B RApe, HaneTa~~H~ 

aAPoH B3aHMOAe~cTByeT, KaK npaBHno, C oA 
HHM H3 HYKnOH OB $nYKT ya~HH . ECTecTBeHHo, 

1.0 1.2 l it X 4TO 06pa30BaHHe KYMynRTHBHO~ 4aCTH~w B03
MO)t{HO, ecnl1 3THM HYKnoHoM RBnReTCH HYKnoH, nornOTHBWHf1 napToH 
napTHepa . PO)!{ACHI1 C KYMynRTI1BHoro aAPoHa nocpeAcTBoM $parMeHTa~I1H 
3Toro HYKnoHa I1cKnlO4eHo, TaK KaK 3TOT MeXaHI13M HeCOBMeCTI1M C Hal1

60nee BaJl(HWMH 3KCne pl1MeHTanbHWMI1 ~aKTaMH 0 npo~ecce pO)t{AeHHR 
KYMynRTI1BHwX aAPoHoB, Hanpl1Mep, C A -3aBHCHMOCTblO I1HBapHaHTHoro 
Ce4eHI1R. OAHaKo HMeeTCR APyraR B03MO)t{HOCTb: HaneTa~~H~ aAPOH 
npl1 B 3 aHMoAe~CTBI1H C AaHHWM HYKnoHoM 06pa3yeT KOMnaYHA-cHcTeMY, 
KOTopaR, Ka K 11 B Mexa HH 3Me "c0611 paHI1R" ,I 11 pac naAaeTCR BHe RApa. 

O~eHHM DTHOW e Hl1 e BKnaAOB $nYKTOHHor~ Me Xa HI13Ma 11 MeXaHI13Ma 

"c06HpaHHR"npH x > 1 AnR KOHKpeTHoro cnY4aR po)t{AeHI1R KYMynR


THBHWX rr - Me 30HoB , orpaHH411BwHCb AByxHYKnoHHwMI1 KOH~l1rypa~I1RMI1 


11 BTOPblM nopRAKOM "c06HPaHH R" COOTBeTCTB e HH O . nOCKonbKY HHBa

pl1aHTHO e Ce 4eHI1 e 0 6pa30BaHHR rr -Me30HOB C ><o p o we t":. T04HOCTb~ 11 ' 


onHCWBa e TCR BWpa)!{eHHeM: 


¢17(X) - (l- x )4 . 133 / 

3TO OTHOWeHl1e MO)t{e T 6WTb npeAcTaBneHo B BHAe: 
1 
r ¢rr[ X / (l+x ' »). fl! g (x ' )dX ' 


Wr x-l'I (x) 
W 

2 ¢ (x /2) 
1 

x C.p - X/ 1+x')4 3 (1 -x, )5 dx ' Wf 


W
 34 
2 (1-x 12)4 

B /34/\\12 - Ce4eHI1e " c06I1paHI1R" AByX HYKJlOHOB RApa B KOMnaYHA-CHC
TeMY. PaC4eT no MOAeJlI1 ' li AaeT AJlR RApa yrJlepOAa W2 =1 2 1'16. Wr 
Ce4eHI1e B3aI1MOAe~CTBHR C HYKJlOHOM, nonY411BWI1M AOnOJlHHTeJlbH~~ I1M

nYJlbC, nponop~HoHanbHw~ K , 3a C4eT 3aXBaTa rJlIOOHa: 
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Wr '" 2 rr [ b db r exp [ - a in J p r (b,z ' )dt ' )a iTi pr (b,z) dz. 135/ 
0 -co 

B /35/ P -nnOTHOCTb TaKHX HYKnOHOB B yrnepOAe. \l!H TerpHPYRr 
B 135/ n o z H npHHHMaR BO BHH MaH He ManOCTb P f • nonY4HM : 

00 

W 217 J bdb \1 - exp f _ain J P f (b, z ' ) dz']!f o 

271'ain J b db ( Pr (b,Z')dZ ' = a in N' = a in. A · P2 136 o -00 

in 6npH a 32 t~6 H P2= 0,0 nonY4HM We = 23 1'16. 411cneHHoe HHTer pH 
pOBaHl1e B /34/ npHBOAI1T K BenH4HHe 1/ = 0 , 02 npH x = 1 , 1. 
npH 3TOM Ben H4HHa 17 6blCTPO y6blBaeT C POCTOM x . Ta K, npl1 x =1 , 3 
1/ = 1 O- a TaKHM o6 pa30M, $nYKTya~HI1, CBR3aHHbie C ~BeTOBbIM 

o6Me HoM, SHOCR onpeAenRIO~H~ BKnaA B rny6oKoHeynpyroe KYMynRTHB
Hoe fA -pacceRHHe, OKa3bIBa~TCR B COCTORHHH 06"bRCHI1Tb nHWb HH4TOJl(
HO Many~ 4aCTb ce4eHHR 06pa30BaHI1R KyMynRTHBH~X aAPOHOB. CAena 
eM ABa 3aMe4aHI1R: 

1. 04esHAHo, 4TO npeAnO)t{eHHaR MOAenb $nYKTya~Hfi "~BeTal' , 

06ecne4HBal,)~Hx pacceRHHe nenTOHOB B KYMynRTHBHYIO 06na cTb, rpy6a. 
OAHaKo ee T04HOCTb BnonHe COOTBeTcT ByeT YPOBHIO T0 4HOCT H , AO
CTHrHYTOMY B 3Kcne pHMeHTe . 

2. 06 paTI1M BHI1MaHHe Ha TO, 4TO Bwpa)t{eHI1R /25/ H / 30 / , OCHO
BaHHwe Ha npeAnonO)t{eHHI1 06 OAHorn~OHHOM 06MeHe, TepRIOT CMwcn 
B o6nacTH Manw x x , rAe cneKTpanbHwe nnOTHOC TH r n lOOHOB 11 KBap 

KOB BenHKH. a peanbHwe $nYKTya~ I1H onpeAenR DTcR cynepno3H~He~ 
aMnm1TYA MHoronapTpH HblX o6MeHoB. AIlfl aHanl1 3 a cH Tya~1111 B 3TOM 
cnY4ae cneAyeT Hcnonb30BaTb I1HWe MeToAw . B 3TOfi CBR3 H npe AcTaB
nReT HHTepec nony$eHOMeHonorH4ec K I1~ nOA XoA K oC~11nnR~I1RM "~Be

Ta"/ 16! RAepHwx HYKnoHoB, ycnewHo Hcnon b 30BaHHWf1 AnR HHTep 

npeTa~HI1 EMC-3$$eKTa. 

CPnYKT ya~HH ~BeTa RAepHblx HY KJlOHO B AOn Jl(Hbl npORBHTbCR H B APY
r HX npo~eccax : B ynpyroM H KBa311y npy roM pacceR ~ 1111 RAe p . K I1 X 
411cny OTHOCRTCR pe aK~1111 $parMeHTa~1111 ner KI1X RAep . B 43CT HOCT I1 , 

cpparMeHTa~HR Ae~TPOHa, KorAa npOToH-cne KTaTOp Ha 6JllOAaeT CR n OA 
ManblM yrJlOM / 17 / . Ec m .; CTpl1nnl1 Hr He~T pOHa npOI1C XOAH T B TOT MOMeHT , 
KorAa MeJl(AY He~TpOHOM H npOTOHOM HaTRHYTa CTpYHa AJl HHO~ L, TO 
npOTOH B C.~. H . AeGTpoHa nonY4aeT I1MnynbC: 

k = J m K L + (K L)2 / 4 . 37/ 
npl1 H3Bne4eHI1H I1H$OpMa~I1 H 0 nn OTHocn, Be p OR THOCH1 IIjl (It) 12 

- D611 3 AaHHW X 0 cneKTpe npOTOHO B-c ne KTaTopOB Ta KOM MeX a HI1 3M y~eT 

3$cpeKTHBHO AaBaTb BKnaA B 06naC Tb k < k lll:ix( L m&x )' YCT pa HR~H ~ 
HeCOOTBeTCTBHe MeJl(AY AaHHWMH 0 I ~D (~ 1 2 11 p a C4eT aMI1 3T0 f1 ¢YHK
~HH , OCHOBaHHWMI1 Ha peanl1C TI1 4eCKOM nOTeH~ Mane 117 / / CM.pMC.5/ . 
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---,. PHC. 5 . JKcrrepHMewranbI-Ible p,aHHble 0 rrOB e

.... 12 11 7 1 
,ueJfHH tPYHKIl,H11 l TD (k) · , ee paC tH~ T 
Ha OCHOBe IrrapI1J!CC K OrO" rroTeHu,Hana - KPH ,//" 
B ail . Ou,eHKI1 k ax ,k rrOJIYLIeHbl COrJIaCHO m 
~lO,L~eJlH (jlJIYKTyau,I1I1 L(BeTa fl ,uepHhlX HYKJIO

HOB. 

ttl ,1ei1cTBMTenbHO, nOACTaBnRR B 137/L = max 
= 0,5¢M, H aXOA~t-l, 4TO k =' 0, 6 5r3B/c.max 
3TO 3Ha4eHMe COOTBeTcTByeT BepXHeH rpa, 

,....." H~4e Q6naCT~ Ha6mo.qa e Moro pacxOlKAeH~R. 
'<\~ \ , BenM4~Ha L = 0,25 ¢M COOTBeTcTByeT 

{(f ~ ...... k= 0,46 r3B/c, T . e. 3Ha4eH~JOk, np~ 
'-' "10.. KOTOPOM paCXOlK,!:\ eH~ e MelKAY pe3ynbTaTaMM'" 

paC4eTa ~ 3KcnepMMeHTa MaKCMManbHO. OT 
~ 

Me TMM, 4TO pa3HOC Tb nno~aAei1 Me)l(.qy Teo
:;j' .a.... 

~ peT~4ecKoi1 KPMBOi1 H 3KcnepHMeHTanbHoi1 

I I , Ik"'~ "3aB~c~MocTbJO B pac.4eT e Ha 0A.IH HYKnOH 
Q2 O./j 0. 6 k,Ii>S/e .qe i1TpoHa COCTaBnReT Ben~4~Hy nopR.qKBI 

OAHoro np0 4 cHT a -. l ~G . np~H~~~aR BO BHL1MaHM e Be pxHIOJO 04 eH KY P2 
CM . 1321, nonY4e HHy~ An R 50nec nnOTHoro RApa 12C, 3Ty Ben~4~HY 
np~Mec~ ¢nYKTya4~~ 4B CTa 8 cny4ae Ae~TPOHa MO~HO C4~TaTb pa
3YMHO~. 

3AKnlO4 EHI1 E 

B ~ Tore npL1xoAf1H K cneAYl'JlI1fll~ BbIBoAa,~. 

1 . OTC Y TcT8~ e KoppeKTH oro Y4eTa BpeMeHH~X (jJaKTopoB, onpe.qe
nRJO~~ X ¢nYKT ya 4H ~, nO CT poe HH~e Ha C8R3~ HY KnO HH~X ~ napTOHHblX 
CTeneHei1 cB060A~, np~BOA~T K 8HYTpeHH~M npOTHBop e4~RM np~ KOHCT

pYHpOBaH~~ CTPYKTY PH~X ¢YHK4~~ xonOAH~X RA e p . np e Ano*eHHwe 
B n~Tep3Type cnocoG~ Y4 e Ta B03Ae~cTB~R ¢e pM~-ABM*e H~A Ha CTPYK-
TYPHble (jJYHK4~~ RAe p ICM . ,HanpHMep.:1·1B.19 · ~1 CCblnKf1 B H~ X 

HeYAOBneTBop~TenbHbI. OHM COQT Se TCTBYJOT aA~d6aT~4eCKOMY np~6nM

~eH~~ B Onf1CaH~~ CBR3H Me *AY HYKnOHHwM~ ~ KBapK-rn~OHHWMM CT e 
ne HAMI1 cBo6 oAW B BonHoBoi1 ¢YHK4~~ RApa . 

2 . CxeMa ¢nYKTyal1~i1 "4seTa" RAepHblX HYKnOHOB I § 21 He CTanK~ 
BaeTCR C 3TO~ TpYAHOCTblO. OHa n03BonReT 06bR C H~Tb nOBeAeHMe 

CTPYKTYPHOi1 ¢YHK4~~ xonOAHoro RApa B 06na CTH x > 1 ~ nonY4~Tb 
n p~6n~MeHHY~ ~H(jJopMa4HJO 0 TaK~ X BalKH~X xa pa KT e p~cT~Ka x 4BeTH~ X 
CTeneHei1 cB060Abl, KaK KoppC!nR4 V1 0HHaR .qm1Ha ( t\ = 2 r +L) ¢nYKT y a-

N
4Mi1 U/ BeT a B xonOAHOM RA e pHoM Be~eCT Be, ~X BpeMR lKM 3H~ (r ) ~ I1 H-
TeHCJ.1BHOCTb (P ). r2 
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3. BKnaA MexaH~3Ma ¢nYKTya4~H 4BeTa AAepH~X HYKnOHOB B po~
AeH~e KYMynAH1BHbiX aAPOHOB B hA -B3a~MOAeH CTB~~ Man InopAAKa 
1 - 2%1 no cpa B HeH~JO C BKnaAo M MexaH~3Ma "c06~paH~A" 11 ' . 

no MHeHMJO a BTopO B , B~BOAW B n.2 M n.3 MomHO paCCMa TpM Ba T b 
B Ka4eCTBe OT Be TO B Ha Bo npocw, nOCTa BneHHwe BO BBeAeH~ ~. 

~anb He~wee COBepweHC T B0 8aH~ e MOAenM ~ yT04HeH~e 3 Kc nep~MeHTa 

no rny 60KoHey n pyrOMY KYM ynATMBHOMY FA- pa cc eA HMJO, B03MO~HO, np~ 
BeAeT K HOBO~ ~H¢o pMa4MM 0 HeC~H rneTHwx no 4BeTy COCTOHHMAX 

HY KflOHoa B HApax, a TaK)I(e n03BonMT YT04HMTb CTPYKTYPHYJO ¢YHKU ~JO 

rnJOOHOB B HY KnoHe I napaMeT p .. a" B 1271 I , Aa HHbie 0 KOTOPOi1 , no
nY 4eHHwe M3 3neMeHTa p H~X np04eC COB , nO Ka a eCbMa rpy6w . 

B 3aKn J04eH Me OTMeT MM, 4 TO 11 3 HeaA~a6aTM4eCKoro Xapa KTepa 

CBf1 3 M Me lKAY ¢epMM -A 8 M lKeH~e~1 M BHYTpeHHM MM CTeneHRMI-1 CB060Abi RAe p 
HblX HYKnOHOB BblTeK a JOT Ae a SalKHbl X CneACT BM R M AnA HeKYMynRT~BHOI1 

06naCTH B paCCMo TpeH H~X np o 4eccax. 
nepsoe ~3 H~X YK a3w BaeT Ha npaBne HMe Ka4eCTse HHoro M3Me HeH MR 

CTPYKTYPHOI1 ¢YHK4M ~ HyKnoHoB B RApa x. B COO TBe TCTBMM C 06~MMM 
nonO)l(eH~R MM KBa HTo Boi1 MexaHM KM CnO)l(HW X CMC TeM TaKoA x ap aKT e p CBR

3 M Aom+<eH np Ml3eCT I-1 K B036 YfKAeH MIO HYKnOHa . 3TO ~10)!(eT npORB MT bCR B: 

- YBen~4eH~~ cpe AHero 4~cna KOHcT~TyeHToB HYKnOHa, 

- y BenH 4eH~M pa3Me po B HYKnOH a B RApe no c p aBHe HI-1 JO C pa3Me paM~ 
cB060AHoro HYKnOH a , 

- npMCYTCTBMVo B RApax He KOTOpo~ Aon M HYKnOHO B, HaxOAR~~XC R 

B HL1 H! HHX B036Y)f(Ae HHbIX COC TORHH RX 111 -M 306a pbl L-I ,- .A.I. 

04eB~AHO , 4TO Bce 3TM ¢aKTOp~ n pMBOART K CMRr 4eH MJO CT PYK TYP

HOi1 ¢Y H K4~M HY KnOH a . nOMe~eHHoro B AAep HYJO c peAY. 
TaKMM 06pa 30M , Y4e T snMRHMR Bo e MeHHwx ¢ aKTO POB YHle Ha Ka 

4eC TBe HHOM YPOBHe npHBOAMT K BMBOAY. AMaMeT panbHO n pOTMsononOlK
HO MY TOMY, KOTO Pbli1 OCHO Ba H Ha MCnOJl b30BaH~ M Bblpa)l(eHM i1 TMn a 114/: 
(jJe pMM -A BHlI<eHMe HYKnOHOB OTHJOA b He Aen ae T ~x CTpYKTyp HYIO $YHt<4HIO 
60nee nono r o l1. Ha n pOTMB, C POCTOM x ee n aAeHMe Ao nlK HO c TaT b OT
HOC L-I Te n b HO 6 0 n e e CHJl bHbIM. Ha6nlOAa e MbiM npORBJleHMeM TaKoi1 AHHa
MM KM RBnReTC R EMC-3(j)(jJ eKT 1 20 ~ 06Ha PY)f(e HHbl i1 B rJly6o KoHeyn py r OM 

pacceRH~M M'''OHOB Ha AApax D M Fe n pL1 x < 1 L1 nOAT BeplKAeHH bll1 
3 Kcne pMMe HT3 MM no paCC e RHl-I1O 3neK TpoHOB / 21 ' He YAI1BL1 Tenb HO n o a TO
MY, 4T O MHOrOYI1CneH H~e nOn blT KL-I 06l>RCHM Tb EHC - 3¢¢et< TbI, OC HOBa H
Hbl e Ha npeAnOnO)f(eHM M 0 peanM3aUHM KaKo A-nM60 H3 nepe4Mcn e HHWX 
B~we oc06e H HOC T e ~ B CBOI1 CTBaX He KOTo poR Aon~ RAe p Hbl X HYKnOHOB 
I CM ., Hanp MMe p . o630p/15~, OKa 3 a Jll1C b ycnewHblMM. KaK Mbi BHAenM , 

Ka)KAOe 113 3Tl1X n p eAn ().no~eH(.o1i1, 83f'lTOe B- Ka'-leCTBe OCHO Bb! 

p,Jl fl MHTe pnpe Ta 4 ML-I EMC - 3¢¢>eKTa, B Aei1c TB(.o1Ten b HOCTI1 MOllCeT 
6~Tb on p 3 BAa HO Ka t< 4 aCT Hoe npORBJleH~e HeaA~a6aTM 4eCKoro xa p aK

Tepa CBR 3M MelKAY $epMM-A BM)j(e H~eM HYKnO Ha B RApe M e r o napH)H 

HblMI1 CTe n e HRMM CBo60Abl. 
npL-lH I1 M3 R BO BHH MaHMe CK a 3aHHoe, n pH xOAHM KO BTOPOMY c n eACT

BHO. CMRr4eHMe HMnynbcHoro cne KTpa KB a pKOB RAepHoro HYKnOHa 
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AomKHO npOABIH bCR 11 B aAPOHHblX npOl.\eCCaX , KOrAa pOIt<AalOll\l1.::icR 
aAPOH AB11Ae TCA npOAY KT Ot~ ¢Jpa n -leHTal.\ l-tl-t HYKllOHa AApa - MI1We HI1 . C11e 
AOBaTenbHO, B Cne KTpe aAPOHOS n pl1 X < 1, Bbl11eTa lOll\ l1 X nOA yrnaMI1, 
5nl-t 3KI1MI1 K 180 ° , Aon*Ha Ha6nlOAaT bcR KapTMHa , Ka4eCT BeHHO aHa 
nOr l1 4HaR Ie T04Ho eTblO AO y 4eTa nornoll\eHI1AI EMC-3<tJ¢Je KT Y . 3 TO T 
¢J aK T OTMe4eH 11 I-1 HTepnpeT l1 pOsa H' B /22/ . 

ABT OP~ npH3HaTenbH~ A . B.illHp KOBY, B . A .Mell\epAKoBY, C. 6 .repa
CHMOBY , B. r .rpHW I-1 HY, A . B.E¢JpeM08Y. A .6. Ka.::iAano BY , r .A.J1e KCH HY, 
H. A. CasHHY. a Ta K>Ke Y4aCTHI1 KaM c eMH Hapos B JTr<tJ V1 JIB3 OHRH, 

HT3 ¢l AH eccp , H¢lB3 AH Ka3CC P 3a 06cY>l<AeHV1e paCCMOTpeHHbiX Bonpo

COB . 
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