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Teop!iH IIOMepoHa c a(O) > 1 rr03BOnl'!eT nony'lnTb xopowee OIIRCaHHe 3KCne

p!iMeHTanbHbiX naHHb!X IIp!i Bb!COKHX 3HepPI!SlX 0 6HH8pHbiX peaKU!iSlX I! rrpouec
cax MHOlKeCTBeHHOPO pOlKnelffiSl '!aCniU, np!i CBepXBbiCOK!iX 3HepPifSlX ( a(0)

-1)fns>>l¢opMa Teop!il! rronHOCTb!O MeHHeTcH. B pacceSTHI!If anpoHoB npM!iH!ipyeT 
BKnan HOBOPO 06beKT8 - "<jlpy accapOH8", rrpellCT8BnSl!OWePO C06oii IIOTOK IIOMe

pOHOB, 3<jJ¢eKTHBHOe 'IHCnO KOTOpb!X paCTeT KBK (s/ s0)a(0)-1 / frt(s/ s0) • nonHbie 
Ce'!eHHSl B 8C!iMIITOT!iKe paCTyT IIO <jJpyaccapOBCKOMy 38KOHy, a cpenHHSl MHO
lKeCTBeHHOCTb KBK (s/ s0)a(0)-1 / fn(s/ s0) • npoCyMM!ipOBaHa COBOKYIIHOCTb BCeX 

IIOMepOHHbiX Ppa!I>HKOB If rrony'leHO ypaBHeHHe nnST TO'IHOH !I>YHKU!iH fpHH8, Pe
WeHI!eM 3TOPO ypaBHeHHH !,IolKeT 6biTb !l>pyaccapoH. BKnan ycl!neHHbiX rpa!I>RKOB 

3<P<PeKT!iBHO yMeHbwaer aenR'ItiHY a(O). • EnaronapH 3TOMY npoHcxonRT CMeHa 
aCHMIITOTH'IeCKOPO pelK!iM8, 

P a6oTa BbiiiOnHeHa B Jla6opa TOp !iii HnepHbiX rrpo6neM OV!riVI. 

OpenpHHT 06be.[IHHeHHOrO HHCTHTyTa ll.[lepHbiX HCCJJe.[IOBaHHH 

,ll,y6Ha 1976 

~C===================~~====~ 

' I. Blle,~teHHe 

B TeopHH noMepoaa e ~(0)= I npe,~teRasHBaneH/I, 2/ poeT no~
BHX ee~eHBI B8aBMO,IteleTBHH a,ItpOHOB llpH BGeOKHX SHeprBHX sa e~er 

BHMHP8HBH OTpKQaTe~HOrO B~8,It8 TO~eR BeTRneHHH, eBHS8BHHX e 06-
MeHOM .IlBYWI 11 6o~ee nouepoHaMH. B np.Ii!6mmemm aiRoHaJia ~ RBaS~t
aiRo~a exopoeTL poeTa nomoro ee~eHHH ~ (s) MOmto eBHsan e 

,naHBHMB olll:lTa o napaMeTpe H~oHa B Cs) ,II,BippaRiniOHHOro ROIJYea l'I 

0 Be~~e ee~eHHH ,II,BippaKU.Ii!OHHO! reHepanEl'I ~8eTHU. ilpoBe,IteHHHe 
OUeBRl'J 3 Dpl'IB6XH R 3H8~6HHHM ()~ , Ann ROTOpHX eKOpOeTL pOeTa 
e SHeprBei (d (5-bit (s)/c( e.,(SISo)) / 6'tot(S) OR8SM8eL Ml'ISKOA 

K 2-3%. Pesy~T8TH axenepl'JMeHTOB/ 4• 5/ UOK838XH, O.II.HaKO, ~TO 3T8 

eKOpoCTL 6onbme(OKOHO 6-7%).ilOnHTKl'J yeTpaHl'ITL STO HeeOOTBeTeTBl'Je 

BSMeHeHl'JeM l}>opMH pe.»,aeBe~ BG~eTOB He npl'JBe~ K yenexy. Y~eT 

B~Slt8 yeueHHHX rpaiPJmoB G/ yxy,1011u nMO&eHl'Ie: oxasMoeL/7 I, ~To 
OHl'J saMe,IWD71' poeT ~tot(s) B 06JraeTB ,ItOeTJ!DMHX H8 yeROpFrMHX 

aneprHI (sa c~eT no~x x nouepoHHHM BepmBHSM). 
B pa6oTaxf8 •9 Ann yeTpaHeHBH aToro neeooTBeTeTBHH 6un BBe-

,.~teH n()JJI)C llouepaHVRa co sHatleHMeM o((O)=I+Ll > I; IlpOTl'IBOpe~a-
~ yHBTapaoeTH S-MaTPHUH eTeneHHOA sHepreT~eexH! poeT nomoro 

ee~eHBH eox~eT?¥ JPH y~eTe nepepaeeeHHHA. STo 6uno noRasaHO 
paHee ~eHrOM H B.y O , ROTOpHe paeeMaTp~ exe~ e ~HKel'JPOBaH-
BHM UOJIIlCOM DpB J = o< ( t) ;: I+ A B d. -MOeKOeTH, 0Hl'J BeUOJIL-

SOBSXH ~eT BB.Jla J'(K.l) = JO Ks;2 (Rox) /"x 3
/

2 
, r.~te K3; 2 ('Z) 

-ciJyBKnHH EeeeMH, 8 X = V K} + K~ ' • 9Ta MO,Ite~ UOSBOJIWI8 xopo

mo oUBean ASHBHe o nomoM a ynpyroM ee~eHl'IHX paeeeHH~IH, O.IJ.H8KO 
BOnpoeY MHOlteeTBeHBoro poa.JteHBH It S -~HOi YHl'JT8pHOeTB OeTa
ll'l'CS: OTRpY'l'YMB • 

BaaHO, 'l'fo6Ji UOJIIlCy iloMepalllJYKa MOmiO 6HnO eOUOCTaBBTL ~eeT

Hli'IBHe ~ ~imMaHa, T.e. UOJIIlC ,ItO.IIlleH 6HTL ,JllllilllcylltBMeH. 
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llpe~cTaaxeHHe o noMepoHe B ~e ~ecT~ noaBnKHeT coxpa
HHTh Bee ~OCTKKeHHH ~~TBnep~pxqecKOA MO~ani, a TSRZe yCTaHO
BHTh CBH3H Me~ paMH'm!DIH npo14eCC8MJI, K8R HaiipDMep t Me~ pacrr
pe~~eHHeM po~eHBHX ~aCTBn ITO MHOZSCTBeHHOCTH H ~~OM TO~eK 
BeTMeHd (rrepepacceJIHd) B 8MII.IIHT:y,ey- ynpyroro pacce.flHIDI/II/. 

He6o~mol c~xr B rro~ozeHHH no~a lloMepaH~ He BHSOBeT 
~~HHX HSMeHeHHI B TeOpHH B O~CTH ~OCTYfiBHX Ha YCROpHT&
JI.HX 3Heprd. ilO.IIBH'l'CH ~ MBJilie IIOIIpaBKH K aMIIJIHTy,il.e, IIOSBOJI.ID>
~e OIIHC8Th Ha~eMHa Ha ODHTe pOCT ITORHHX ce~eHHI. O~KO C 
YBe~neHHeM aaeprma ~CTHU BMa.zt no~a lloMepa.H'lyKa B aMIIJll!TY,ey" 

pacce.flHIDI pac-reT KaK (&/So)'6 , H npH orpoMHHx aHepi'HRX, xor,11.a 
en (S/SoY4>> I, Blm TeOpHH IIO~OC'l'hll MeHHeTCH. BloiaJt Hey

caneHHHX BeT~eHHI BOspaCTaeT HaC'l'O~KO, ~TO Be~HHa K~OrO H3 
HHX B OT,il.e~HOCTH IlpOTHBOpe~HT S -KaHaJD)IJ.Oii ygHT8pHOCTH. TeM 
He MeHee, CYMMS IIO BMa,naM BCeX BeTMeHHA 3HaKOnepeMeHHa, H B Hel 
rrpOHCXO,ii.HT SHa~e~BHe COKp~eHHH, B pesy~TaTe ~ero YH.HTSPHOCTh 
BOCCTaH~eaeTcH H no~oe ce~eHHe HaCHmaeT rrpe;n~ ~pyaccapa 

Gtot (!>) en eh2 (s/.so) • ~K'l'HBHaH oco6eHHOCTh, OTBe'WDJIM 
TaRO~ cy-MMe, C~Hrae'!'CH rrpH t = 0 B TOtmy d =I • Ee BM~ B 
aMMHTy,ey- 6y;neM HaSHBa'l'h "cppyaccapoaow:". B rrpe;ncT~eHHH npHUe~
BHX napayeorpoB c)pyaccapoH:y npH t'ri.Cs/.s,.)d>>I coOTBeTCTBYeT ,ii.HCK noc
TOHHHOI npospa~HOCTH C p~COM, pac~ KaK en(5/So). Ha H3H
Ke rpa~oB cppyaccapoH MOZHO npe;ncTaBHTh KaK pesy~TaT o6Mesa 
IIOTOROM IIOMepOHOB, ~KTHBHOe ~C~O ROTOpHX, K8R 6y;neT IIOK838HO 
HHZe, pacTeT c aaeprael xax (s/so'f' /en.2(s/so). 

Heo6xo;nHMoCTh ~eTa B acHMIITOTHKe B~ ycaneHHHX rpa<PHKOB 
BHOBD IIpli!BO,IUJT R IIpOMeMe S -ItaHaJil,HO' YHHT8pHOCTH. 9TOT BOil
poe paccMB.TpHBSJm EopHaaH/I¥ K Kap;nH/IS • Kap;nH saMeTan, ~o, 
npOH3Be,ii.H CYMMHpOBSHHH IIO ~cny IIOMepOHOB BH:yTpH ycaneHHHX rpa
lPHKOB, HX MOJKHO CBecTH R IIOC~e,ii.OB8Te~HOCTH rpacpHROB, IIOCTpoeH
BHX H3 cppyaccapoHOB. Ec~ AnH cppyaccapOHOB HCII~30BaTh npe~CTaB
JieHHe B cpopye ,ii.HCKa c peS!tlnd RpaeM, TO Kap,ii.H IIOK838JI, ~0 B38-
HMHM 3KpaHHpOBK8 ycaneHHBX cppyaccapoHBHX rpai{>.HKOB IIpHBO,IUJT K 
TOM,Y, ~0 HX BM~ B aMllJIKTY,ey' IIO~OCT!.Il C0KpaJII86TCHo O,ii.HaKO, KaK 
6y;neT BHltHO HHllte, 6oJiee peaJIHcTnecKM cpopMB. cppyaccapoaa ;n~aeT 
KOMIIeHC814HH Kap;nH aenoJIHHMH, H OHH He MOryT o6ecrre~ yaHTap
HOCTh B S - RaHaJie. 

B aacTo~el pa6oTe paccMOTpeaa cxeMB c nonDCOM lloMep~. 
HMeDIIHM o.t(O) > I. llacTh pesy~TaTOB, npee;neHBHX s;nech, 
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ony6JIHROBaHa paBeefi4,IS/. HanozeHHe IIOCTpoeHO CJie~ o6paSOM. 
B pas~eJie ll Ha~aeTCH aHepreTnecxoe noBe~eHHe paMH~ cpasnec
KHX BeJDiliJIH IlpH ~eTe Jimll!. H6YCH116HHllX rpap.HKOB. MoTHBOM AnH '1'8-
KOro IIpii6JnaeHHH HM.Ii6TCH ITO~eHHOCTl> ycaneHBHX rpacp.HKOB B ~OC
THrH:yTOI Ha YCKOpHTeJIHX O~CTH 8HeprHI H3-38 MaJIOCTH ROHCT8HT 
CBH311 IIOM6poHOB. llo~eCH IIpH 8TOM pesyJIDT8TH Ea~6CTBeHHO He 
M6HHDTCS npH ~eTe yczxeHBHX r~HROB H B 8CHMIITOTJ[q6CKOI odxac
TH aaeprd. IIpne;neBH BH~HHH ,li,IIJl no~oro H Heynpyroro ce'leHHI 
BSaHMO;nelcTBu, ,li,IIJl HaMOHa ltJBI>paro:nroHHoro xoeyca. IToxasaHo, ~o 
Maro,11.apg TOIIJY, ~o ol (O) > I, rroHMHeTca B03MOlmOCTh o6LscaeHH.!i 
HMeHBH reoMeTp~ecxoro cxeAnHHra (r.c.), Ha~eMoro axcnepH
MeHT~Ho B p-p-pacceHHHH B 06naCTH ,ii.OCTYfiHHX 3HeprHI. ilpH ,11.a.JID

HelmeM pOCTe SHeprHI ~8CTKI4 r.c. ,ii.OJizeH HC~e3H:yTh, HO SCHMIITOTH
~eCKH llOJIBHTCH BHOBh. 

llo~6HO paCCMOTpeBH nponecCll MHOllteCTBeHHOI reHepauHH ~ac
THI4. rroxasaao, ~o HHMD8HBBHI cnexTp HMeeT IIJiaTo B neHT~Hol 
06JiaCTH, BHCOT8 KOTOporo pacTeT C 3Heprnel CTeneHHHM 06pa30M, 
Hapy!IIM cpeiHMaHOBCKHI CKeAJnmr. llpaBHJIO Cy-MM, CBH3aHHOe C 38KO
HOM COXpaH6HHH 8H6prHH, npH 8TOM He HapymaeTCH, TSK KaK HHTepBaJI 
6HCTpoT, B KOTOpOM CYJ!IeC'l'ByeT IIJiaTO, COCT8.BJIHeT ( I-2 A ) en(!./So)• 

Cpe;nHHH MHOllteCTBeHHOCTh TaKllte pacTeT C SHeprneA no CTerreHHOMY 
38KOH:y. 

B paa;n~e m IlpOBe~eao CYMMHpOBaHHe ycRneHHHX rpa<PHKOB fpn-
6oBa-Kap,ii.H H paCCMOTpeH BOIIpOC 06 ycJIOBRH ymrrapHOCT:H B S - Ka
HaJie. lloxasaao, ~o npone,ey-pa CYMMHpOBaHHH cppyaccapoHBHX rpag)H
KOB, npe~ozeHHaH Kap;nH, He o6ecne~eT BHII~eHHJI·Tpe6oBaHHI 

S -RaHaJibHOI yaHTapHOCTH. llpe~OllteH CIIOC06 KJI8CC~HR814HH H CYM
MHpoBaHHH rpacpiiKOB, KOTOpwl npHBO,ii.HT K HHTerp~HOIIJY YpaBHeHHD 
,IWl TO~HOI qJyHRIUDI l'pHHa. Il0Ra38HO, ~TO pemeHHe B BH,il.e cppyacca
poHa MOllteT y;noBJieTBOPfiT:& aTOMY YpaBHeHHD. TeM caMHM cHHMaeTcH 
BOIIpOc 06 ygHTapHOC'l'H B S- KaHaJie. 

llOCK~KY SHS"'eHHe .6
0

, OTBe~aDilee TO~Oft qJyHIW,lDil l'pHHa, 
MeHDme Be.IIH'UIBH 3aTp8BO~HOro C~Hra B IIOJIOZeHHH IIOMepoaa, TO 
BKJI8,1( BCeX ycHJieHHHX rpacpHKOB CBO,ii.HTCH R nepeHOpMHpoBKe BeJIH'qHBH 
~ - ~ 

0 
• HlrrepeCHO, ~0 3'1'0 HMeHII!e MOllteT CR838T:&CH II pH 

ropaa;no 6oJI:&mHx aaeprHHX, ~eM Te, npH KOTopsx ;nocTxraeTCH ac~m
TOTnecRHI peZHM HeycHJieHHHX rpacpHKOB. B 8TOI O~CTH CBepXBHCo
KHX 3Hepral IIpoHSOI;neT CMeHa SCHMIITOT~eCROro pelltHMa H pOCT Ce-

5 



'!eHHI 3aMe;11,11HTCH. He HCltllll'leHa BOSMOJIHOC'l'l> 'l'Oro, '1'1'0 6 0 ~ 0, :H 

Tor~ HOBHI peXHM noBe~eHKH ce'!eBHI 6y~eT ae ~pyaccapoBcRBM. 

II. PoeT ce'l:eHHI. HaMOHa liJI!bpaltipioHHoro Roayca H 
MHOZI3CTBeHHOe pogeHHe "laC'l'!Il B Teopo C ol. (o) > J 

B &TOM pas~eJie MH ae 6y~eM Y'IHTHBBT:& ycxneHHHx BeTBJie-
HHiii. C 0~01 CTOpOHH 1 :HX BRJI~ 1 DO-BJUUDIO)(f 1 U8JI B o6J1aCTH ~OCTyD-
HHX &Heprzt, a C ~pyrol CTOpoHH-~06aBJieoe ycwreHHHX rpatpiiROB 1 

RaR 6y~eT noRasaao ,ll.aJll.me, JIJIIJil> nepeaopupyeT BeJill'lliBy 6 , ae 
MeH.Iili no ~pMe nOJIY'IeHHHx s~ec:& pesy~TaToB, 

B ~Helmeu y~o6Ho no~soBa~CR npe~cTasneHHeM 
napa.MeTpoB. IlapQB~HWI 8MIIJJ11Ty;zta paccemDU:I: 

np:ene~HHX 

g (~ b' 1. l: ~a<~ b) 
fAr. "('> '1:: - e (llJymanui npoipHJIH) 

CR ljlypi:.e-o6pasoM B.MIIJI:HTy,ItH pacceJ!HHI! 
onpe~eJmeT

"lB.CT:r.m 
A H B: 

p - g f ~;; b crl<-~. 
t As(~, 6) - t MAs<~) K.~,)e zqr · · (I) 

/) 1 -3,ltec:& 'f = U~(S/so) , S..=2H101 ; b - np:en~HHI napa-
Me"l'p, ~- nonepe'IHHil nepe~aHHHI JIMDYJI:&C, BKJr~ noMepoaa 

M(1) 
AS (~, t<.1.) B aMilJIHTy,lij' pacceHH:HH paBeH 

(t) A I B l 2. J 'z 2. J MA6(~,t<.J=~ tV1 exp ~.1Ll-(l< +o< ?-1 )KJ. ,1 
(2) 

I 2 
o( (f.) = j -+ /),. - o( IC ..L - TpaeRTOpHH 

./A z ./& .. ) A.JII ( o2. 2.) 
r~e ~ ~ .~ 

r1 :::. r -' 2 ' 
noJIIlCa IIoMepall'zylta; N1 (K .. )·N1 (k..L =tv; JV1 exp -" K.1. 

- BH'IeT IIOMepoHa, llpe~OJIOZI3HJle 0 8RCDOHeHIU!~HOl 88BHCHMOCTH 
BH'IeTa OT K! H JIHHelHOCTH BaKyyMHOl TpaeKTOpHI C~eCTBeHHH 
;D,1UI ~He:f!mero, 3'1'0 SaBe~OMO DpaB~HO B 06JI8CTH M8J.DoiX IC.1. 1 

T,e, 60JI:&WlJX b 1 KO'l'OpHe H 6y,!ij'T, B OCHOBHOM, paCCMOTpeHH N1JII>-

me. 

r~e 

BRJla,n, DOMepoHa ~(~,b) B 8.MIIJIHTy,!ij' (I) 
b2.. 

p(~, b)=~e..xp[- i/(Ra+ol'~)l' 

~ = 
MA t/.,8 TD. 
~· .. ~ e .. 

oeeT B~ 

(3) 

(4) 

3,ltec:&, ;D.1UI npocToTH, npeae6peaeao MaJIOI pe~Hol 'laC'l'l>ll noMepoH
aot B.MIIJI:HTy,ItH • .Bs (3), (4) B~o. 'ITO c YBeJIH'IeHJieM) BCJD1101B& 

6 

p (~,b) pacTeT 11 MOaeT npeBHCHT:& e,lU!HliiJy, HapymHB ycJIOBHe YHH
TapHocTH. O~axo c pocTOM ce'leHHA pa3J!li'IHHx RaHBJIOB pearo:um YBe
Jili'IHBaeTCH HX BSa:HMHS$1 8RpaHHpOBRa, 'ITO DpHBO~ R no~erum 
B.MIIJiny.zu,t, 3To B~o Ha npHMepe cyMMW aeycwreHHHx rpapHRoB, zso6-
paaeHHHX Ha pllc.I. 

A .JA .JA .1A 
~ /Vfl IVJ IVn 

:I+~ +I+···+ PBP +··· 
N.a j'l/,8 /1/.e N._B 

1 2 a "' 

PHc.I. 
8KpaHHpoBRa S~ec:& npoHBJmeTCR B TOM1 'ITO &TOT ~ SH8ROnepeMeHHHfi, 
H ero CYMMSPHHI BRJl~ B / () 1 I:.) ecT:& 

F(~,b)=.,.~(-1)~1GnAGhe [f(J,b)]n/n! A (5)8 

3,ltec:&GA=N'..A/(.V."') Ga- ./a/(·/ 8 )~'~ r~e tl.. HM 
1'1 tt 1 1 n - lVI'! IY1 ' H t1 

-Bepmli'HH HCfiYCRaHHJi n DOMepoHOB 'IBCTJmaMH A H B. EcJIH b=Const , 
a , - <>o , TO B (5) f(~, b)- '2AJ BeJIHRo z R~A 'IJieH B 
c:yMMe pacTeT c ., B o6JiacTH -, 6. >> I 6HcTpee npe.nHJlYIIIero. IIoa
TOJ.\V BamiH 60Jllo111He n - p- eA., I IIpHHHTOI ~pMe TpaeRTOpHH 
DOJIIlCa ITOMepaH'IYRS H BHpaae~ (5) OTBe'laeT CJie~ DJIOTHOCT:& 
JiarpaHDaaa noMepoHHoro noJm I 3/ :: 

L = L. T LJ (6) 
0 .. ' 

r~e 

Lo = -j- ('Y+-f- 'f/ ~+) + !f'(v 'Y)(r;nr+) -t- A· 'r + 'r (7) 

L1= L f ~A~[A;'t'n+ ('t'+tAJ (S) 
:. n-=1 • 

a poJI:& BpeMeHH HrpaeT pan~H) • IIepBHl 'IJieH B (6) /...
0
-ecT:& 

JiarpaHDaH CB06o~oro DOJIIl C MaCCOI -~ , BTOpol 'IJieH L..1 ODR
CHBaeT BSaHMo~elcTBHe noMepoaoB c 'laii:T:r.tnaMH A:. , KOTOPHM OTBe'IElll'1' 
HCTO'IHHRH A:. (.,) b). 

:Kap~ noxasaJIII3{ 'ITO npu ~-, >> 1 cYMM:Hpo:aaHJie B (5) 
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MOZeT 6HT:b BHnOJIH8H0 1 eCJni 1\1: , /'l'f\8 
~onycKavT o~osHaqaoe 

aHMHTH'IeCKOe npOllOJI&eiDie Ha KOMWI8KCHHe SHa'leHrur 

~mem oco6eHHocTeA no ~ H He pacTyT 6acTpee c" 

r~e C - H8KM KOHCTaHTa. B 8TOM c.nyqae BHpazeiDJe 

rrepenHcaHo B BH~e l'!HTerpana 3oMMepPeJI:b~-BaTcoHa: 

F(-,,b)= ), ;~cY\Ac:c~<~,b)J\'1 r<-n>. 

n , T.e. He 
npH n- .... , 

(5) MOlrieT 6HT:b 

(9) 

Snec:b l'!HTerpl'IpOBaHl'Ie Be~eTCS no BePTHKaJII>HOMY KOHTypy B KOMnJieKC

HOi n -ITJIOCKOCTH. ilO~HTerpaJILHOe EHpazeHHe B no~OCKOCTH 

Re V\ < 1. HMeeT e~cTBeHHyD oco6eHHocu - noJillC npH n =0. Ba-
'leT B HeM paBeH N/ t/08 

• ilpH 1- 0<> B 06JiaCTH 

b << 2../ci'6.., -~o1.1.1 en, BeJIH'IBHa f<1, b)>> j • ilOSTOJ.\Y 

OCT8BWHica BHTerpaJI no BepTHKaJII>HOJ.\Y KOHTyP,Y y6aBaeT KaK p-IRen/ 
npH CMelll8HHl'! KOHTypa HaJieBO. B o6JiaCTH b >"> f2 J o( 1.6, , - R72i ~ ~ 
Ben'IHHa p ( ~. b) <.<1 H F (~, o) ~ p (~) b) -0 n PH ., - e><::> • 

TaKl'IM o6paSOM ,IIPH D-1 » I npH6JIHlrieHHO MOZHO 3anl'!CaT:/I3/: 

F(~, b)~ t~o\/09 e ('-1<><'6."!
2- 6

2), <Io> 
r~e npeHe6pezeao MMOA nonpaBKOi nop~a &t 1/l K PMHYCY. 

Ha (IO) B~o, qTo F(r, b)~JnpH Bcex ,, h, ecu 

No A , NoS ~ j , T • e. YHHTapHOCTl> BOCCT8HaB1IHBaeTca sa C'leT 

8KpaiDipOBKH. 3aMeTHM TaKlrie~ 'ITO B 8CHMITTOTH'IeCROI ~~Jie (IO) 
HMeeT MecTo ~TopHsanxa/I I. B aiKOHaJII>HOM npHOnHzeHHH 

~A·~(N'iA,,nT.e. Q/ = G ..... 8 
= 1 . llpH &TOM CYMMS (5) EHtmcJUieTcSi 

npH Bcex 1 : 
F(~,h):1-exp{-f(1,h)}. (II) 

EoJiee TO'IHHM SiEJISieTCSi np~6JIHzeH.He KBas.HaiKoHaJia/IG/. llpocTelmel 
BOSMOZHOCTl>ll B aTOM c.nyqae .IIBJISieTCSi G .. A =.CA"-1 G 8 = C n-:1 

•• ' 1"1. 11 ' 

r~e CAC1f=CAB > I - ROS<fxPI!IUieHT ycueHM, Ytm:TliBaDIId BMM 

~Pa.KIUIOHHOI ~ccomramm: qacTHU A H B. llpH aTOM ~A =I/CA, 
8 

No =I/CB. 

BKJI~ B aMWIHTYlJY pacceliHHSi F (~, b) 6y~eM HasHBaTl> "«Ppyac
capoaoM", HM8Si BBHlJY 8CHMITTOTH'IeCKOe noBe~eH.He n~HHX ce-qeHHI 

BSaBMO~eAcTBHSi. 3aBHCBMOCTl> F(~, b) OT b npH 6,>~1 nomsSBa 
Ha pHc.2. 

B~o , 'ITO npocpwn. 1 OTBe"l8llllHI ~p,yaccapoay 1 COOTBeTCTByeT 

8 

F(f, h) 

,v. AJ ' : v:o(YA' 
0 o ~ I ~~ 

I 

PHc. 2 
pacceHHHD Ha ~CKe C nOCTOSiHHOI npoSpa'IHOCTl>D H ~COM, paCTY

IIU!M KaK 1 • Kpal ~CKa HMeeT p88MHTB8 1 llil'IpHay KOTOporo MOJtHO 

onpe~eJIHTl> HS noBe~eHHSi f C ~ , b) npB h - 2 .f;i7Zi HS ( 3) B 
(4) A B (2&'4 ,_b) 

~<,.b)~ ~~',./., e ~ . (I2> 
B ( ,. , K.1. ) - npe~CTaBJieH.HH cyMMa (5) HMeeT xopomo IISB8CTHHI B~: 

oo I'l-l n A 8 _ K~ (R1 +~'(~-~f)) 
M (-,, K.~.) = t 2. <-~-n~ Gn b"' Q n · (!3) 

h:1 • 

fJiaBHOe O'!'JIH'IHe OT B8pllaHT8 C o((O)=I, r~e ~ -0 npll , - e>e> 

COCTOJIT B TOM, 'ITO S~8Cl> Z 8KCnOH8HU118JII>HO pacTeT B aCHMITTOTHRe. 

llpll z >:>I B (I3) HaHOOJiee CYJleCTBeHHH saa'leHHSi n -.l • TaKHM o6pa
soM,~pyaccapoH t.OKHO npe~CT8BliT:b Kalt nOTOK nOMepOHOB 1 ~KTHBHOe 

'IHCJIO KOTOpHX pacTeT C 8HeprRel KaK e~'. 
:liM nap~aJII>HYD aMIIJIJITy.JtY pacceliHHSi (II), HeTp,y~o noJIY

'IHTl> BHpalrieHHii ~ no~aoro H Heynpyroro ce'leHHI BS8llMO~elcTBHii: 

Otot(~)= f2F(~,b)d2b =8'1f(R2+o<'f)'f(~) . (I4) 

6,1'\ <1> = r [2 F(~,b)- F 2(~, b)] d
2
b= 'ffl-(R2-tol'f)fc2~). (I5) 

Snec:b 060SHa'I8HO 

'f<~>= !(1-e-f)j'f:;;C + e~~ -Ed-2), (I6) 

r~e C=O, 5772. • - nocTOJUIHM !31Jiepa, E ~ ( - i ) - HHTerpaJII>HM no-
xasaTeJII>Ha.Si ~. E~ (-~ ) ~ 0 npll i!.- e><:> • Hs (I4)-(I6) 

nOJIY'I88M AnSi OTHOllieHBSi ynpyroro K nOJIHOMY Ce'leH.HI pacceSiHHSi 

9 



Gee<!J == 1[1- en.2+Et(-2)-E:.(-22)J (I?) 
G'rot (~) 2 C + tn z - E t (- z) ' 

r.zr.e 6et(~)=G't.ot") -o,,. <V. Hs (I?) BH,D.Ho, 'ITO G'et /c5tot 
cocTaBJIJieT-I/5 npH i! ~I H ,zr.oJilWo cTaTE> paBHHM I/2 npH z- C><> • 

B rrpH6JI11!:Ke!U!H KBas:aa!KOHBJia B mtpa.JteHWIX (I4) :a (I?) CJie:uyeT 38-

Me!U!T:b l!: -z·C "B , a CaMH :Blipa.JteiUIJI (I4) :a (I?) ITO,D.eJIRT:b Ha 

CAB" lis (I3) :a (14) H8XO,D.RM BeJI~ OTHOIDeHHR pe8Jll>HOA :a MHHMO! 

qaCTetl aMIJJI:HTY.llbl pacceRHl!ll: Brrepe.zr. e(r) 

f(~)=f ~ e~[Gt..t<t>]= F {R~~:,, + 'f/;2) (Ll-p.2~~.,)(1-e-,]. (I8) 

r:.<' 
KaK 6y,zr.eT IIOK838HO HHXe, B 06JI8CTH ,D.OC'cyllHHX 3Heprd ~ ~ 6. 
lloaTOf.\V BTOpoit tLJieH B (I8) 3,D.eC:b M8JI 14 ! q) ~ f ,ty. 06yCJIOBJieH(\ 

B OCHOBHOM, BKJia,D.OM O,D.HOro ITOMepoHa (H,p83YMeeTCH,pe,D.:KeOHOB 

Rrl P npH He cJI:amKOM BllCOK:ax :!meprm:rx). 

lloJI:bsyHc:b (9), nonyqRM mzpaxeH:ae .D.JIH napaMeTpa HaKJIOHa ~ 
paKUHOHHOro KOHyca B (~) (onpe,zr.eJIHeMOro TaR, 'ITO npH MaJll:lX t 
d.cf = dG/ oBC•H 
df IT t=o' · 

B<~>=2(R2-ro<',)X(~). CI9) 

r.zr.e i! 

-1 s d~ X (z) = 'f (2) 'f(x) T 
0 

(20) 

PaccMOTPHM :espaxeHRH (I4)-(20) npH llOCTYflHllX :a acHMITTOTH~eCKBX 
3Heprl'IHX. 3aMeTHM, npeJ[,Ile BCero, 'ITO 8H8JIH3 3KCITepHMeHTBJI:bHHX 

.D.8HHHX o p-p-pacceHR:aH B o6JiacTH aHeprd ycxopHTMeA F N A L -
Is R (, ~ 5' -:-g) llOK838JI, ~0 m raP.-B38HMOll,eAcTBl'!H 

HMeeT MecTo reoMeTp:aqecKHI cKeAJii!Hr (r.c.) I?, 87. Tpe6oBBHRH 

l'. C. npHBO,D.HT It TOMY, ~TO napD;148JI:bH8Jl: aMIIJIRTY.D.8 pacceH!U!H 

~OJIXH8 38BI!ICeT:b OT O,D.HOI rrepeMeHHOI 

/(~,b) =I (I} /B<,P . (2I) 

BKJia~ ~pyaccapoHa (II) B IIapUH8JI:bHYD 8MITJIBTY~ c ~eTOM (3) l'l (Ig 

Oy.zr.eT y.zr.oBJieT~OPfiT:b r.c. B ~pMe (2I) np:a YCJIOB:a:a, ~To ~ He sa

BHCRT OT '1 * • oTO Tpe60B8H:ae MO:KeT 6llT:b BHIIOJIHeHO TOJI:bKO llpl!l6-

*)BYpaxeHHe (3) llOJJY~eHO B npe,D.IIOJIOXeHl'll'! 06 9~CllOHeHD;H8Jl:bHOI 
lnpo,IlOJixeHHe CHOCKH CMOTpH H8 CJiel(.CTpaHHD;e) 

10 

JIHX8HHO, eCJil'! cneUHSJibHHM no.zr.6opoM napaMeTpoB .zr.o6XTE>CH Taro, ~To-

6ll B YK838HHOI 06JI8CTll 8Heprd llpH HeKOTOpOM 3H8~eiDIB ~=,0 i!MeJIO 

MeCTO paBeHCTBO c( 'il. /d "'=)o = 0 . 0rCil,D.8 H H3 (4) llOJJYtmeM 

A ::: (~o + R2/c(,>-1 • (22) 

Kcll0Rb3YH l'!3BeCTHHe 8KCITepHMeHT8JI:bHHe ~HHHe 0 pOCTe ITOJI

HOro ce~eHl'!H H HBKJIOHB ~~oHHoro xoHyca ynpyroro p-p-pac

cesme, MODO npocTo, He .zr.eJI8Jl .zr.e'l'aJI:baoro cTaTHcTnecxoro aaa

.usa, on;eiUI'l':D saa~eiUIJI napaMeTpoB ~ , C>(' , R i • Hs (22) H 

(I4) BH.D.HO, 'ITO npl'l ~ ~ Con.st cxopocn pocTa noJIHoro ce~eHl'!H 
p8BH8 

c<~ e~ ~{otcr> = A • (23) 

KaK OTMe~aJIOC:b BO BBe,D.eHl'll'!, 8KCllepHMeHT ,D.8eT ,D.JlH JieBOi qacTH (23) 

3Ha~eHJ4e OKOJIO 6%. Taltl'lM 06p830M , 

/::::,. ::::: 0,06 . (24) 

)J.aJiee, llOCKOJI:bKy B ,D.OCTYITHOI o6JraCTl'l aaepr:a:a B (I9) } ( ~ )::wi, a 

B ( ~o ) ~ IO(raB/c)-2 , .HS (22)-(24) HBXO,D.HM 

o<':: ~) /::::,. :::: 0,3 (ra&/cf2 
. (25) 

HaxoHen;, rraJIOQB ' 0 =6 , oeeM 

R2 ~ ~ -ol 1 ~o :::: 3,2(raB/c)-2 • (26) 

Hatneam.Ie TaRHM o6pasoM saa~eHHH napaMeTpoB (24)-(26) 6Jrzs-

KH K n~eHHllM K.r .EopecKoBHM, n.E.BoJIKOB:HUKHM, A.M. narrH,l(yc H 

Ol(HHM H3 8BTOpOB (K.A.T-M) B pesy~TaTe ,IleT8~HOrO 8H8JIR38 aKc

rrepHMeHT8JI:bHllX ,D.8HHHX. llprsreHHlle 3H8~8Hl'!H napaMeTpoB 6JI:as~ 
T8KKe K HalAeHBHM paHee B 8 :a He COBil8,D.8DT C pe3yJI:bT8T8MR 9/. 

3aMe'l'HM, ~To B ?I!! Kp-ynpyroM pacceHHHH npn Tex xe aHep

rHHX 8(,}::=:18 (faB/c)- • lloaTOMY sHa~eHHe R 2 .:::: 2,2 (raB/c)-2 

*) 38BHCHMOCTH ~(KJ.) OT Kf , ~TO llp8BHJI:bHO npH MaJlllX 3H8-
~eHWIX ~c;f , T. e. npH 6om.mHX b • B o6JiaCTIII K! ~ 1 
(raB/c)

2
, T.e. np:a M8JlllX h, 3KCllOHeHD;148Jl:bHSH ~pMa B~eTa, 

llO-BHAHMOMy,npOTHBOpe~HT 3KCrrepHMeHT8Jl:bHHM ll8HHllM, O,II,H8KO 

TO~HOCT:b, C KOTOpol ,D.8HHHe J'R83llB8JJT H8 r,C. ilpH 60JI:bmHX 

SH8~e!U!HX I<~,ITOK8 ~TO BeC:bMa HHSK8H/I8/. 
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M8HLWe, '18M B p-p-pacce.mrn:H. ITo 3TOii npH'IHH8 r.c. B STHX npouec
cax, KBK B~O H3 (!8), HBCTyTIHT npH ropaS~O 60~WHX 3HeprHHX 

~'ilp= _1_ - ~ ~ C\ (27) 
To ~ ""' .J •· 

PP 
TaKHM o6pasoM, B COBpeMeHHol o6JracTJI! aaeprn z ::: Co ... st, 

C8'i8HHH H HSKJIOH pacTyT JIHHe:AHO C , , TaR, 'iTO OTHOW8HHH 

OM(~)/B(~), 0ef(~J/8(f} , ci>el.('f)/Ot../~) OCT8JlTC.II 

llOCTO.IIHBHMH. fipH 60~WHX SHeprHHX il. HB'iHE!T paCTH, H .IIBJ[8HHe r.c. 
HctiesaeT. B o6JracTM e111e 6o.11ee BHCOKHX aaeprd 'f 6 >"> I cetieHHH 
H HSKJIOH BHXO~T HB YHHBepca~BHi peZHM: 

6'-t..t. (~) = 8'ir ex''~ ~ 2 
= 89f B (~) = 2 <5ee (f) • (28) 

.11HTepeCHO, 'iTO IIpH STHX aHeprHSIX r. C. ITO.IIBHTC.II OMT:& H 6y,IteT ~Ee 
TotiHHM. 3To cooTBeTcTByeT o6111e~ pesy~TaTy, noJIYtieHHOMY B /I I. 

Ha PHC. 3 l1p14'B8,It8H rpa<lJmt SBBHCHMOCTH 0 ~ ( 1) , Bli'IHCJ18H
Hldi ITO (!4). B~o, 'ITO npH 8Hepr14'H S ~ 109 ralf, r,Ite HM8JlTC.II 
,ItaHHHe H3 06JI8CTH KOCMH'l8CKHX Jly'left, E)~ ~OCTHraeT B8JIH'IHHH 
- !00 M6H. ABTOpli pa60TH/20/ CpBBHBJlli 3TO SH8'18Hl!8 C TeM, KOTQ

poe ITOJIY'laeTcSI npH rrepectJ:eTe Heynpyroro cetieHHSI BSaHMo,ItelcTBH.II 
npoTOHOB c ~aMH Bos~xa (cpe,ItHee A = I4,4) Ha o~ HYKHOH H 
npHWJIH K BliBO~, 'ITO 6HCTplii poeT BH,Ita (!4) npOTHBOpetJ:HT 3KCIT8pH
M8HT~BHM ,ItSHHHM. CneJIYeT, O,ItHSKO, SSMeTHT:&, 'ITO rnay6epOBCKaR 
MO,Ite~, B KOTOpOii JPOBO,IUIJIC.II pactieT, He Cllp8B8;11,1IHB8 npH CTO~ 
BHCOKHX 3HeprHSif2I , T8K K8K nonepe'IHHH paaMep IT8PTOHHOro o6Jra
K8 Blip8CT8eT HaCTOJI:&KO, 'iTO CTSHOBHTC.II Cp8BHHMHM C paaMepaMH .II.It

pa. fipH 3TOM HYKJIOHH ~a, naprOHHHe 06JI8K8 KOTOpliX OK831iB8JlTCH 
nepeKpliTHMB, He~sa y~e p8CCM8TpHB8TL K8K OT,Ite~HHe U8HTpH pac
ceSIHHH. ITpB orpoMHHx aaeprBHx,xor,Ita pa,ItHyc ~pyaccapoHa rrpeBHCHT 
paaMep H,Itp8, aqxpeKTHBHOe 'iHCJIO HYKJIOHOB B ~e CT8HeT p8BHHM 8.1Uf-
HHn8 B 6~ ~ <5:::. . 3To BH,ItHO Ta~e BS 3TOro, 'iTO 8CHMIITQ-
TB'l8CI<Oe aaatieHHe Otot us (28) He saBHCHT OT COPTS BSaHMo.IteAcT-
:eylllUfx "'BCTHn. B MO,It8JIB rJiay6epa r.o;: ~A2/3 6:.; ,Ita:ae rrpB 6'::- C>O 

2. ITepe!,IteM K peaKUBSIM MHo~ecTBeHHoro o6pasoBaHBSI tJ:acTEn. 
PaccMoTpHM BHKJIDSHBHHK cnexTp po~eHBH 'iSCTBU B neHTpa~aoA o6-
JiaCTH. CorJiacHo TeopeMe A6paMOBcxoro, I'pH6oBa, KaHtiemr II/ {AIR), 
H3 Bcel COBOKYllHOCTH HeyCHJI8HHHX rpa~HROB H8 pHc.I Tn~LKO paspe-
aaHBe ITOJIJlCHOrO rpa~ H8 pHC. 4 .ItaE!T BKJIS,It B rJ. 0 /d 11 , 

12 

120 

100 

-::r 
lA 

-3. 
......... 
)fl... 
'-J 

~:!! 
"\0 

60 

40 . -
10 

10 to• 1~; 

1 
Co I I I • I 

I ,11 I tO' I ,~·· E (r .. ~>) 
.A !I~ 

!'HC, 3. 3HepreTH'l8CK8.fl 38EHCHMOCTb IIOnHOrO C8'l8HI'l.fl 
pp - pacce.f!HH.fl, EH'lHCil8HHB.fl no ¢opwy11e (I4). 
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±: 
! s 

PHc.4 

r 
m=o 
1<=1 

PHc.5 

2 

=I 
m,rt=O J 1 1 Hf 

IC=J 

8TOMY rpa4>mcy COOTBCTCTByeT npH o((O)=I+!::.. HHitiiil3.HllHOe 
ce"'eHHe, cTeneaHHM o6pasoM pacTYmee c aaeprHe!/II~ 

cio - 8'1il MA J..B d ~.1' (29) r).!:l - 1 1 • 

BepwHHa d 060SH8"16Ha Ha pHc.4. ~3 (29) B~O, "'TO B neHTpaJibHO! 
o6naCTH HHKnDSHBHH! cneKTp HMeeT fin8TO H ci>eEHMaHOBCK.Hl CKeAnHHr 
HapymaeTCH. 

Paaee o6pamanocl> BHHMaHHe/II/ Ha To, "'TO .HHKnDS.HllHOe ce"'e
HHe B cPoPMe (29)npOT.HllOpeqxT npaBany CYMM, OTpazaJJmeMY 38ROH 
coxpaaeH.HH aaeprHH: 

-L r~~~s d\5 d !:i < e¥12 
G',n o a!{ 

(3)) 

(3~ecb 2 ~anee HcnonsyeTcH c.n.H.). Ecn.H BepXHHI npe•en HHTerpm
poBaH.HH ll (30) BUdpaTb ~OCTSTO"'HO 6nH3KO K Kp81l Cfi6RTpa: 
I -2 f:l < ~ < J. , TO HepaBeHCTllO ( 3)) ~eiCTBMT6JlbHO OK831>1Ba-
eTCH aapymeHHHM. PaspemeHHe aToro napo~oxca SaxmD'IaeTCH B TOM, 
"'TO BUp8EeHHe (29) cnpaBe~HBO He BO Bee! UeHTp8nl>HO! 06n8CTH. 
Ha KpaHX cnexTpa rpaci>HK KaaqenH-~epa (pHc.4) aenpaBHn»HO ne
penaeT BRJia~ B HHKJIIlSHBHoe ce'leHHe CYMMH rpaci>HRoB H8 pBc. 5. 
neACTBHT6JlbHO,B rex rpa¢HKax 1 B KOTOpi>IX paspesaHO R fiOMepOHOB, 
no~SH aaeprBn ~enHTCH ue~ aTHMB noMepoaaMH B cpe~eM nopoBay. 
lloaTOMY aa xa~l paspesaHHHA nouepoa npwxo~CH HHTepBan 6HcT
poT 1 - l2 &. K • Hatmeu <K> - cpe~ee 'll!cno paspesaaHHX 
Ha pHc.5 noM~HOB. Ce"'eHHe S.,_ poz,JJ,eiWI K paspesaaHHx noMe
poaoB paBHO 21 

5 = '-l'ff(R~ Q('~ eu l_ (.2 zf: 'lti(R~<J.'') f(:,2z) ' 
K I( n..;,.l< m. K, (3I) 

~z x 
r,n:e t (K,2l) = J '!- x"-1 dX - HenOJIHSH r-{Jy'HKIUUI. O'l'cD,n:a H8XO-
.D:HM < Jt>: 

14 

~ A 8 

<tc.> = L. K s /o. = u. - 2 ,v.; ,;v.; 
~~::o " .n 'f(2z) - <><'~ 

A'p'>j 

c<A'1 
p· (32) 

TaRHII o6pa30M, HRT6pB8JI 6HC'l'poT, ll RO'l'OpoM MOryT HaXO,I.UITl>CJi 
'ISC'l'BD,H Raz,JJ,oro .1!3 It paspesaBBHX fiOMepoHOll, paBeH ' - 2 ~ < K > 
= .., ({ - 2 ~) , lloaTOfo\Y BHRJIIlS.HllHOe Ce"'eime MOlleT 61>1Tl> san.HC8HO 
B qx>pue (29) He BO Bcel ocs.nacu (.l:t I <. ~ /2 , a TOJibRO ,J1.liii 

1.!:11 <. ,(:t/2 -~) • B aTOM c.nyllae B (30) i!£.=1-21::.,.1! 
aepaBeHCTBO BHno~eao. 

Hccne~eM Tenepl> ~~ BHKRDSHBHoro cnexTpa B6nEs.H ero rpa
Hl!IJ,H, T.e. npH I !II ~ -, (1 12 - ~) • 3e.ROH coxpaaeiWI aaepr:~m ~o
nycxaeT poz,JJ,eue nouepoHHHX Jll!BHel ,nmmol 2 · I y I , xa~ B KOJIH
'IeCTBe 

Ko(.!i) = 1i2Xp((f-21!:JI)/2] •. (33) 

O'l'Cil,Jt8 1 C y-qe'l'OM (3I) JJ (32), MOZHO Bll'iHGnB'l'l> (K (!I') ) - cpe,li,Hee 
ROJDAecTBO JI.HllHeA ~Dol 2 \ y I H 6onee: 

Ko~) 2i l<'o<9)C m-1 '\ Ko<!:l) m-1} 
(l<(ll))-=d~ ... f-1 IC SK ~~~) Q- t~1 (!-~~! :~~)+~! (2i!) • (34) . 
3e.Me'l'HM, 'qTQ C'l'OffiiUI6 B cPKI',YPHHX CX06R8X CYMMJi o6n8,Jtall'l' cne.I1YDIJDI 
CBOIC'l'BOM: ec.o ~ (y) - 2 ~ >) 2 i!. TO BRJI8~0M BTOpol CyYMI>I 
MOZHO npeae6pe'Uo 1 a nepBaH CyYMa paBH8 e~.? • EcJIH Jte(Qj! -1<'0 (~~>> 
>'> 2 i! , '1'0 BRJI8,J( ,JtaeT TOJibKO B'l'OpSH CyYMa, KOTOpaH B 3TOM 

cny'l8e p8BH8 K0 (y) ;2~ · e2
l • C y-qeTOM 9TOrO 06CTOHT6JlbCT

Ba BS (33) H (34) BH.lUIM, 'qTO cPoPMYJI8 (29) ~ MHR.IIIlSHBHOrO cneKT-

pa Bepaa npB I Yl < y 0 - S" Yo , r.n:e 

.!lo = ~ /z - fn. <12 Z) (35) 

bli = (2 zt1~ . (36) 

B o6JiacTH I Yl > Yo + S" Yo HHRJIIlSHBHoe ce<~eHHe (29) 

rrpHo6peTaeT ~ono~enHHI cPaKTOp exp ( Yo - I y I ) . 06naCTl> 
pasMepOM - 2 0 Yo 1 B KOTOpol Me KpHBUe nepeXO,II,R:T ,lij>yr B ,n:py
ra, cyllaeTc.~r c pocToM 1 , "'TO B~o HS (36). AcHMnTOTH'IeCKH ~p
Ma cneKTpa xapaxTepHsyeTCJi HMOMOM npH .!i = .!i , 0rrBC8liHld B~ 
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HHKnDSHBHoro cnexTpa cxeuaTKq6CKH noxasaH sa pxc.6 

~ 
I 
I 
I 
I 
I 
I 
I 
I 

. - !:/ 

-! 
PDc.s. 

3H8JI BH!tJD)SJIBHOe 0611608, MOm!O BIAJICJIJI'1':& ( n> - Cpe,IUIDl 

MHozeCTB6HHOCT:& po~eHHHX 118C'l'Bn 

J A.1B ~) 
(n> = (c + d') Rl_ ~ 2cu(t Nt g_ . . (3?) 

~(2 z) A 'p'>:1 o1. ..1 -, 
TaKHM o6pa30M, B 06n8CTH MBKCHM8n:&HG-BHCOKHX SHeprHI,~OCTHrHyTHX 
Ha yCKOpHTeHHX HHKHD3HBH06 CeqeHHe B U6HTpaHbHOI 00HaCTH ~OH~HO 

HMeT:& IIJlSTO, BHCOTa KO'l'Oporo paC'l'6'1' COrJlaCHO (29) K8K 6%p (A~ ) , 

Hapymas: !Pe:lmlaHOBCKHI CKeibnulr. Teu He MeHee, Cpe,lUISH MHOZ6C'l'

B6HHOC'!'l> (3?) He DOJJY1186'1' SSMe'l'HWX OTlt1IOHeHHI OT 061l'JHOI J!HHei

HOI ' -S8BBC...,C'l'B, IIOCKOJ!l>KJ DOJtf,O MSTO JtOMileHc-w8'l'CJI poe

TOM Heynp,yroro C8'118HHH (5Ln(,~ llpB ~HelmeM yaeJ!HqeHHH &HeprHB 

( \'\) H811HH86T paC'l'B 6HCTpee, 11'1'0 Ba,JtHO H8 PBC • 7 • 
3aM6THM, 11'1'0 OnKC8HHBJI 8,ll6Cl> K8.P'l'JIH8 IIOBe,ttelUISl HHRJIIl8HBHiiX 

CD6K'l'poB rrpH COBpeMBHHHX 8Beprxax CHn:&HO H8pymeH8 BKJ18,tt0M BTOpaq

HWX pe,ttEeOHOB. ECJUI C11HT8'1':&, 11'1'0 DOUpaBK8Mll OT p6ltE60HOB B 6't.t 
MOliHO apeHe6peqJ,, H811HH8.11 o , ~ 5, TO B uell'l'pe HHKJII)SJIBHoro cnex

Tpa BX BIUJ:a,tt BIDillpSe'l' JIJIIIIJt DPB ' ;!:: IO, 11'1'0 BUHO BB ,II,JI8rp&MMS 

KaH'I6Jlli-Miwl:epa Ha pBc.4. ~KT cyze!DIII CII6K'l'pa rrpo.IIBB'l'CJI B 

rroJ!Hol uepe npa AJ ~ I, 'l'.e. npB 1 ';!:::.IS. 3KcnepoeHTH B S'l'ol 

06J18CTB 8HeprBI CT8HYT BOBMO.a&MB H8 YCROpBTeARX J1lml> B 6y~eM. 
06cy,ttBM xpaTxo BOnpoc o pacrrpe,tteneHBB ce11eHB1 Grnno 1IBCJ!Y 

po~eHHWx 'IISCTBn. Ilpx .ttOCTDBIGIX aaeprux axcnepHM~~m.te .ttaH
m.te nO,llTBe~am CYJQeC'l'BOBaHBe K H 0 - cxeiJ!HHra 23 , 'l'. e. 

toro, 11'1'0 

G'·n (.1L) 
G'n = <n) 'fl <..n> ' 

r.tte 't'(.K)- ciJ.ymuum, ae SSBBCJIIQ8JI oT saepru. F..c.Jul npeae6peqJ, 
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<.n,.,f> 

so 

30 

20 

/0 

10 20 30 ~ 
10 103 lOs lOt 105 1011 10'~ E (ra&.) 

Ao.'li 

Pllc. 7. 3HepreTH'l8CK8H 38EIICIIMOCTb cpe,n:HeH !VHOJK8CT

E8HHOCTII sapHJKeHHHX 'lBCTHU E pp -coy.n:apeHHH. 

--- - {\'\}
1 

PH'liiCi18HHoe no ~opMJ'l18 (37); 
- KpHPSH ll3 pa6oT1/22/, OTE8'l9100\8H oC(o) = I. 
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TeM, '!TO ITOJIHSR 8HeprM ,I(eJIBTCH Me;z.Izy poz,u.eHHHMH JIHBHHMI!l Jil ClJJii

TST:b, '!TO B Ka~OM Ji!S HJi!X CO,I(epltli!TCH Q ~ lJ8CTHn, TO Ji!S (31) ,1WI 
<ne > nOJiy'DIM" I5/ 

<ne> = <a..1/ <:Pe<2z); (ffi) 

r,I(e 
c:>o 

¢ (2l) = + L. ,/SIC .. 
i Ocl'\ Kc1 

ClTCillt8 Blii,I(HO, '!TO ,eCJIJil B paccMaTpHBaeMOI o6J:raCTJil ~ ""'Const , 
TO BeJIB'JJi!Ha Me = ('r/) /<tt>t He 38BJi!CBT OT 9HePI'!,JI• 3TOT ze 
BHBO,I( CJie;~~YeT Ji!S KHO - cxelm!Hra, npneM M~ =~ 1/~(x)olx • 
3To HaBO.I(HT aa MHCJil>, '!To paccMOTpeaaag cxeMa npeo,I(Ji!T x K H 0 
-cxeAJIJi!Hry B o6J:raCTH aHeprldi, r,I(e z :::: Consi • BlRHCJieHJJ.R: pac

npe~eJieHHH no MHOZI3CTBeHHOCTH C>11 , npoBe,I(eHHoe D.illa6eJil>cKHM H 

O,I(HHM HS aBTOpoB (K.A.T-M) (CM, T8KZe / 22/) C yqeTOM nyaCCOHOBC-

KOrO pacnpe~eJieHKa no qmcny '!8CTHU B rpeOeHKax, a TaKze .I(eJie-

HHH ITOJIHOI 8HeprHH Me~ rpeOeHKSMH,npHBOAHT K XOpome~ COrJISCHD 

C OITHTOM B mHpOKOI 06J:raCTH 9HeprHI, ,I(eMOHCTPJi!PYH, T8KHM OOpaSOM, 

H8JilfqJile KHO - CKeiJnmra, 3a C'leT BKJI8,I(8 npOIJ;eccOB O,I(HOBpeMeH

HOro poZ,U.eHKR HeCKOJI:bKHX rpeOeHOK pacnpe,I(eJieHHe no MHOZI3CTBeH

HOCTH ~~~ CHJil>HO p8CIDii!pHeTCH C pOCTOM 8Hepru. llpli! nepeXO,I(e K 

O'leHI> OOJil>'HM aaeprHRM B &TJi!X pacnpe,I(e•eHKSX ~pMJi!PYeTCH PRA 
MBKCJiiMYMOB II/, OOyCJIOBJieH!WX BKJI8,I(OM ,I(H!JipaKIUIOHHOrQ poZ,U.eHKa 

'18CTHIJ;, a TaXKe O,I(HOI lii OOJil>Wero 'JHCJI8 paspesaHHHX rpe68HOK • 

B TeOpJiiJil c o( (0) > I ce'leHHe ,IU@paKIJ;HoHHoro poz,u.eaKa pacTeT 

KSK ~ 2 
• ilOSTO~ YSKHI .JUIPpaKIUIOH!W:l.i MBKC:HMyM B 6;_ B 06J:r8CTJI 

npH BHCOKHX 9Hepl'l!JIX CT8HOBHTCH O'JeH:b SBMeTIWM. KaPTii!H8 C llllilpo
RHM pacnpe,I(eJieHHeM UO MHOZI3CTBeHHOCTJil, Ji!Me~ PH,!( MBKC~B, 
KOTOpaJI ,I(O.uHa B03HJi!K&yT:b nplil O'leH:b BHCOKHX SHeprHHX ( E ,?! IOBi'aB) 

pesRo aapymaeT KHO -cxelmmr. 
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ill. YcuneHHue AHarpauMu 

I. CyuwupoBaHEe rpaillHKOB rpuOOBa-Kapnn./6•13/ Cno~y~~M rna

roM HBHHeTcff y~eT Bsauuo~elJ:cTBHff nouepoHOB. ITpocTelimue rpawuKn, 

CO~epXamHe O~HY BepmHHY B38HYOAencTBHH, llOK838HU H8 puc, 8a) H 
9a) 

,l 

r 
rn,n= :t 

fo 
F. r~. 8oo 

"'•"=1 
IC=O --t'S-..--8) 

puc. 8 puc. 9 

Ecnn BepliiUHhl o nepexo.ZI,a m nouepoHOB B n nMe~T sii\Ko-<:r 1711\ 
H8Hl>Hbltl BH~ .@ Yl'll\ = .8oo .§;'+n HHil ~onyCK8IOT O~H03H81UJ06 8H8HUTil-

~eCI\Oe npo,I(01DICeHHe no m. H "' ,To cyMMbl rpawnxoB Ha pr!C. 8a H 

9a MOl!HO 38M6HHT:b Ha WPY8CC8pOHHbl6 rpai!Jr!KH, ITOK838JIHLie H8 puc, 86 
H 96, ,l{elJ:CTBYll T8KilM o6pa30M, MOJKHO 38MeHHT:b CYMMHpOB8HH6 YCHHeH

HHX ITOU6pOHHbiX rpa~HKOB CYMMOii\ ~pyaccapOHHbiX rpaWHKOB./13/ 
Heo6xo~nuo aaweTHTI>, ~TO cyuuupoBaane Ha pHc. 8a H 9a BKHIO

~an 3Ha~eHHH m = rt =I, T.e. rpailJHK c BepmHHoi1 fi.n nepexoAa 

nouepoHa cauoro B ce6a. Ero BKHaA,OAHaKo,y~e y~TeH B narpaal!naae 

Lo (7), nociWHI>Ky .S11 'r+'r HueeT BHA uaccoBoro llHeHa. Teu 

He M6Hee, MO~HO nepetlTH K CYMMHPOBaHHIO WPY8CCapOHHbiX rpa@HKOB, 

T.e. HCllOXDSOB8T:b narpaHl!HaH BH~a:/13/ 
Q<;) 

L = L 4~", ('t't)n-t 't'n 
2 1'>1*1 'NI.I'\. ' 

(39) 

net 
I 1" 

ecnn nepeonpe~e1!HTI> L0 = Lo -~11'f 'f , T.a. B ('7) nponaBeCTH 

saMeHy 6 - b.o , r~e 
(40) 1:!.0 = 6--811 ,, + 

BbiAeneaHe na L 0 ~neaa <811 't' '+"' n BKHIOileHHe ero B L. 2 
He uoxeT, KOHe~Ho, noBHHHTD aa WH3H1leCKHe pe3yHbT8Thl, nocKOHI>KY 

npoue.I(ypa cyuuHpoBaana nouepoHHbiX rpa~JHKOB aMHTHBHa. IlociWXDKy 

qJpyaccapoau H8 pnc. 86 Jil 90 OTHH1l8~TCH OT (4) B6HH1lHHOU 6 , TO 
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OHH 0603 H8'le l!bl CHMBOJIOM Fo , a noMepoHhl Ha puc. 8a 11 9a -

'l8j)83 fo • 
B o6nacr11 .l{OCTyTIHhlX ce~'!ac ::mepr11H '!8CTI1U BKJia.l{ ycHneHHb!X 

rpaiJIHKOB H9B8Jll1K 1:13-38 M8JIOCTI:I B9pllli:IH g "'"- . B 8CI:!LliTTOTI:IK9 

Y'l9T 3TI'IX rpa~Jli\OB CT8HOBIIJTCil I:Ie 06XO;zJ;ll!JblM, T. K. I:IX BKJI8,l{ p8CT8T 

C 3Heprl:lei1 T8K 6blCTpO, 'ITO K8lit,l{hli1 I:IX HHX B OT,l{9JThHOCTH Hapyl!la9T 

YHllTapHocn. TaK, rpa\I)HKY Ha p11c. 86 B ( (J K.L ) - npe.l{cw B-

JIBHI:II:I np11 K~ =0 OTBe'!aeT oco6eHHOCTD- GU-t. IToaTouy ero BKna;n; 

B nOJIHOO C6'!0!lll9 paCTGT K8K 'S . ilpo6JIBIJ8 S -K8H8JThHOiil 

YHHTapHoc Til ;n;M yc~:~ne HJih!X rpaqmKOB paccMaTpHBa nacD Kap.l{l:l /I3 I. 
LiM 6blJIO llOK838HO, 'ITO B TipH6Jll1lKOHI:Ill (10) BKJ18,l{bl ,l{ll8I'p8M!J Ha pi:IC, 

86 1:1 96 llOlll!OCTDIO COKp8UJ,89TCil, T8K K8K I:IX CYMM8pHhlt1 BKJI8;zJ; paB9H 

BKJia.l{y rpa~I:IK8 Ha p1:1c. 86, YMHOJK8HHOMY Ha 

1-B(a~~ 2-b
2

), (41) 

r;n;e 
2. 11 I ao = I ol. A . (42) 

Kap;n;11 npHll!en 1\ 3armro'leHHIO, 'ITO aHanorliJ'lHhlM o6pa30M ;n;oJilltHbl 

CKOMTI9HCI:IpOB8TDCil JII06ble YCllJI9HHbl9 WPY8CCapOHHbl9 I'P8WHKH 1 KOTOpb19 

OTJI11'!8IOTCfl ;n;pyr OT ;n;pyra 11 ll8p8JIJI9JibHbiM 11 BRJIIO'I91!ll6M WPY8CC8pOH8 

Fo • Enaro;n;apH aToMy ocTaeTcH :scero o;n;HH HeycHneHHblit rpawHR 

1='0 , 11 T8M C8lJLIM p8lll88TCil llp061!81J8 S -K8H8JibHOM YHHT8pHOCTH, 

0;n;HaK0 1 K8K ll0K838HO Hlilit9 1 YK838HHb19 KOMTI9HC8UHH, l'lM9IOIIJ,H9 

Me CTO npll npH611llllt8HHOM npe;n;CT8B119Hlll:l wpyaccapoHa a - WYHRUH9i.1, 

He COXP8Hff!OTCff llpl:l 6onee TO'IHOM paCCMOTp8HHH. Bo-nep:sb!X, J'IBT 

pa3Mhl1'Hfl Ha Rparo ,l{HCR8 !J)pyaccapoHa llPHBO,l{llT K TOMy, 'ITO YHHTap

HOCTD Hapylll89TCff llpl1 llp0l.\9.l{ype Kap;n;H H8 K8lit,l{OW aTane CYMMHpOBBHll& 

~9ii!CTBIIJT8liDHO, paCCMOTpHM BK118,l{ rp8WllR8 Ha p110. 86 B napUH81ThHYIO 

aMnJII1Ty;n;y TIP!! 

6 =2~ot'~'' -Jot'/6'en~. (43) 

ilyCTD b l1 y - nplll.\611DHhli.1 napaMeTp H 6blCTpOTa, COOTB9TCT-

BY!OII(l18 B6pll!HH8 .fjoo . l!;cJI11 Bb16pau napaMeTp b
1 

.;;::: ao y, TO, CO-

r naCHO (3), (4) H (9), f:'o(Y, b
1 

) rv 1/y1 • ilpH STOll BTOpOi.1 

WPY8CC8pOH, H3 KOTOporo nocTp09H rpa~I:IK H8 pHC. 86, ,l{89T BKna;n; 

Fo ( ~ -,j , I b- b1 \) V'\ Co"'s{ , ecJII1 b1 ueHHeTCii B npe;n;enax 

06JI8CTH nepeRpb!Tllff .l{Byx ,l{HCKOB. ilJIOIIJ,8.l{D STOH 061!8CTH"" rr , 
ilOaTOl.!y l'IHT8I'pl1pOB8Hl19 no 6~ H y llpHB8,l{8T K TOMY, llTO BKJIB;n; 
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;n;HarpaUL!hl H8 puc. 86 6y;n;eT paCTH K8K V'f' H8 paCCTOilHHHX nopa;n;

K8 (43). q8CTU'!H8il KOMneHC8UHil 1 npOHCXOAH~8l'i npn ;n;o68Bll9HHH rpa

IJ;HKa aa pHc. 96, He IJ8Hff9T peaym,TaTa, nociWliDKY npH ycnoBHH (43) 
I- Fo C"¥, b)"' Co"st • I!Ta.K, yllte ;n;Jifl npocTeillllHX ([>pyaccapoHHb!X 

rpai.[>HKOB KOUn8HC8l.\Hfl Kap;n;H He o6ecne'!HB86T S-KaHBJIDHOH YHHTap-

HOCTH. 

BTopaa npH'lHHB, 113-38 KOTOpO~ H9JID3l'i orpaHH'lHB8TDCl'i npH6HH

llt8HHe/J (IO) ;ItJifl ~0(J,>),tloJiee cyUJ,eCTB8HHa. He60JThl!lOe OTJII1'!He Fo(~. h) 
OT 8;/tHHHl.\bl npH b <. &0 ~ WOJl6T npUB8CTH K HapymeHHIO YHHTBpHOC

TH B OKOH'l8T911hHOM OTB9T6, B caMOlJ ;n;ene, paCCWOTpl'IU K8KOH-nH60 

uenpHBO,l{lfllb!W no S-KaHany rpaifJHK, KOTOPOMY COOTB8TCTBY6T tlJYHKUHl'i 

rpHHa G (~. !.). 3;~tec:& 1'1 HHJE9 Hanpl'IBO,l{HIIbii.IH no • -KaHany 6y;n;eu 

H83~8TD ;n;HarpauuN, KOTOpble H911:&3l'i paa;~teJIHTD B9pTHK8JIDHOH JIHHHeil, 

H9 nepeceKaii npH STOll nollepOHHbiX JIHHHW llliH B6plllHH c8o• • HCHO, 

llTO HapHAY C paccuaTpHB86Ublll rpai.[>HKOW cyll(9CTBYJOT TaK~6 )tHarpaMUbl, 

B KOTOphlx G (f, b) no:sTopaeTca B s -KaHane. CyMMY :scex 

TBRHX HTepa~H~ rpaiJ.JHRa G (~.b) o603H8llHM qepea E tG (~.b)}. 
HanpHMep, B 3HKOH8JIDHO~ MO;It6JIH CYMMB BC8X STHX rpai.[>HKOB paBH8 

E { G(,,b)} = t- e)(p { G(~. b)} . (44) 

E CJII HaLlJtUCR !'SKOA rpa([>aK, liTO G ( •• !,) < 0 H no IIOltYJlll aKcnoHe H

l.\HBJI:&HO B9JIHKO (HHll6 Wb! YBHAHM, qTo HM9HHO TaKHM CBOHCTBOM o6na

A89T rpawHK C(1,b) aa pHc. 8), TO cneAyeT yqecu, liTo ([>yaKuHa 

(41) - H6C06CTB8HHBH (aCHIInTOTI'Ili9CKaH) H tlTO He06XO;ItHMO npaBHJIDHO 

nepei.1TH K npe,lleny. B CBMOII ,ll9JI9, llpH "napaJIJI91ThHOII11 BKJI!Oll8HHH 

wpyaccapoaa Fo<1.b) cyuuapHblH BKJia,ll nonyqaeTCii YUHOllt8HH9M Bb!pa

KSHHH (44) H8 Ha (4!), a HB ([>JBKUHIO 

exp{-fo(~,l>)}, (45) 

npe;n;enou KOTopoit HBJifleTca (41). TaRHII o6paaou, eclii1 G(-,,b) <. 0 

1'1 \G(~, I>) I> fo 'f, I»), TO YHHTBpHOCTD Hapylll89TCfl. 

flCHO, qTO )tiDI HCCJIEI,l{OBBHIIH BOnpoca 06 S -K8H8 JThHOit YHHTap-

HOCTH npH 8CHWTITOTHll9CKIIX SBOprHHX H906XO;ItHUO npOCYIJMHpOBBT:& BC6 

rpaifJHKH. BTa aa;n;alla pemeaa B/14/. 

AwnnHTY.lla ynpyroro pacceHHHH, npe;n;cTa:sneHHaH rpaifJHqecKH Ha 

pac. IO, nonyqaeTCH HTepauHe£t B s -KaHane G0~.1t)-coBoKynHocTI'l 
:scex aenpHBO;n;H.UhlX no s -KaHany rpaliJHKOB, onpe;n;e ne uue KOTOpb!X 

;n;aHO BblmB. PeayJIDTBT HT8p8UHH aanHm9M B BH.ll8 

21 



lA B(t /,) = NoANo8
/ (~, b) 

/C~, b)= E t Go(~.~>)} . 
(46) 

QqeBHAHO, qTo (46) y~oBneTBOpHeT ycnoBHD yHHTapHOCTH nHID~ 

B cnyqae, KOrAa G0 (~, b) HOOTPHU.aTe~Ha npH Bcex 3H8116HHHX .b 
H ' • B 3TOM nerKO y66AHT~CH B anKOH8~HOM rrpH6nH~6HHH 1 KOr~a 

/(,,b) paBHO ( 44) • 
~nH TOrO, qTo6~ HCCneAOBaT~ BOTipOC 06 YHHT8pHOCTH rrpH yqeTe 

yc11neHHhlX rpallJI1KOB, nonyq111o1 ypaBH6HI1e AnH aMrrnHTYAH /(,,b). 
~nH aToro BhlAOnHM B Go(,, b) i1JYHKU.I1D nowepoaa f.,C~, b) , a ocTaB-

IDI10CH rpaqH'IKH p83AOnHM H8 AB6 rpyrrnbl C q, b) H ~(~1 b) 1 

K8K noKaaaHO H8 pi1C. II 

I= 
PM'!C. IO 

-?
I 

Go I 
I 

-<>--

-F\ -n 
+ G f 1G +···+G{···IG + ··· o 1 1 o o\ o 

~ ~ 

l= ~+,i+1>I+···+~+I+··· 
pi1C. II ........... ./ .. ' ~ , 

llMeeM 
qj c 

G
0
(,,b)= fo<.~,b)+<l)(,,b)+C(~,b). (47) 

rpynna 9:) CO,li;OplEHT rpaifJHKM 1 HOTipi1BOAHiol~6 He TO~KO B S -Ka

Hane, HO H B t -KaHane. 3TH rpa~I1K:I'I Hen~3H p83AOnHT~ ropH30H

Tan~HOti nHHI'IOi1 1 nepeceKSIOllleli TD~IW BOpiDHHbl B38HMO.lWnCTBHH TIOMe

pOHOB. HcHo, qTo npoi'I3BOAH cyMMI1poBaHHH :11 yrrpomeHI'IH BHYTPH aTI'IX 

rpaciJI!KDB, MDlltHD CBeCTH rpynny Cj) K COB0l{YITHOCTI1 rpa~I1KDB rpi'I-

60B8 f 6f, TIOCTpDOHHb!X 113 TOqHbiX IJ!YHK!l,:l'll.t I'pi1H8 /(~,b) (44) l'l 

BepmHH ~00 , TipHqeu 113 K8~AD~ B6plliHHbl HCXDAI1T He Menee Tpex 

nHHH~ /(~,b). I1pocTe~mHe rpaifJHKM'I rpyniThl '1J npHBeAeHhl na pHc. 

II. 
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rpD<lJHKH rpyTITibl C HMeJOT BHA t -K8H8~HLJX ll,OTJOqeK C I<Dnll-

qeCTBDM 3BOH~eB He MeHbUe ABYX• 3BeHO u.enoqKH ~ TIPOACTbBITHOT 

C06Dl1 COBDKYTIHOCTI> AHarp8MM, l<DTOpb!O He ~3H p83ACllHT~ ropH3DHT8 .1llt

HO~ nHHHei-1, llPOXO;l\HIIIOll TOn~KO qepe3 BepmHlibl B3811MDACiiCTBHH TIO:Je-

pDHOB. B TO lite Bp8MH, B OTm1qHe OT rpa~HKOB rpyiiTibl CJj 
1 

H8 

A>l8rp8MMbl, BXOAHIIIHO B Z, oqe BHAHD, He H8Kn8Ab!B80 TCH TpC 60B8HHC 

HOTipHBO~HMOCTI1 B S-Kanane. ll3 CK83aHnoro cnoAyeT, qTo 

Zc~Jb)=/C~,b)-Cc~,~>>. (4s) 

Ecm1 nepet!TI1 DT (~,b) 

MDJKno cBHaan c Zcw, k;.) : 

K (l.J, K.~,)- npe~CT8llnOHI110, TO C ((.), 1<;.) 

C>Q Yl C (w, K.~.) = Z (w, K.~,) ~ [~ 00 .l(w, l<;.)j = 
2 

4oo Z. (W,I<;.) 

f -.,floo Z (w, I<..L) 

POIUOH (48) 11 (49) OTHOCI1Ten~HO C (W, K.l), HMOOM 

2 

C (w J<.l) == .8 oo I (UJ, KJ.) 
' . 1 + ~00 /(W, KJ.) 

(49) 

(Sli) 

BbipaJiteHHJO (50) MDlKHO conocT8BI1Tb 3HaKonepeMennyro cyMJJy 

rpailJHKOB 1 113 OdpaJKe HHbiX H8 pHC. 12 : : 7 
/ /i~oo I ~oo ~oo 

t I I + ... 
- t - I ~04 + I ~··- I ~0· ( -fu.!· I ~ J ~., 

P11c. 12 

TaKli!!A odpaaoM, npaByJO qacn (46) MDlKHO BLIP831iT~ qepea 

,(,,b) ,T.e.(46) HBJIHeTCil HHTerpa~HbiM ypaBHCHH8M ,ll,nH /(1, b). 
B KaqecTBe BD3MOlK!!OrO PCill6HI11l paCC!AOTplllM ~pyaccapoH (10) C 38MO

HOtl 4 H8 .6. 0 

/C1, b)= F0 (~, b)~ B(a.~ ~2._ 1>2.). (51) 
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IIO,!ICT8HOB!\Cl (51) B rpat1n11m rpyllllhl Cj) (/) llp>'IBO,!IHT K TOlly, 

qTo BC8 STH rpaQHKH COKpamaiDTCH, 38 HCKnroqeHH8M C8MOrO llpOCTOrO 

c .z~nyMH nep~HHSMH ~oo • BTo cne.z~yeT H3 cymecTBOBaHHH yrrouaHyTux 

Bbll!I8 KOIJIT8HC8IJ,Hll Kap,~~H. llpHMep T8KOrO COKp8Il(8HHH ,llnfl rpat1JHKOB C 

Tp6MH B8p~HH8MH <fjoo llpHB6,!18 H H8 pHC, 13, 

+ + + + + + + 

pile. I3 

BH,!IHO, qTo, 8Cn!l STil rpa~HKH ITOCne,!IOBaTen:&HO p830HT:& Ha rraphl, TO 

B 1\8~,!10~ !18p8 OHH ,llaiDT BKna,llhl O,!IHO~ B8nHqllHhl, HO C pa3HhlJAH 3Ha-

KaMH. OcTaBmlltlca B rpyTine 'Z> e;zJ;I'!HCTB8HHhlti rpatiJ~lK ,llaeT nonoxH-

TeJll>Hhlll BKna,ll llpH b <. ~0 ~ H paB8H HyniD llpH b >~o' 
PaCCMOTp8HH8 rpyiiiThl c H6CKOn:&KO CJIOJKHee. llpli! b >a.~ 

DKJia,ll K8llt,!IOrO rpaWHKa KJiacca C Ha pHC, 12, 8 CJI8,!10B8T6JI:&HO lii 

ncetl CYM1!hl, paBOH Hymo, IIOSTOI.IY paCCUOTPH.II o6nacu b <a.~ 
ll nepeli,!18M B (W, I<J.) -npe;ZJ;CTaBJI8HH8, !Iepe!IIll!I6M (50) B Blf,ll8 

p -i -1 
((W,K.J..)=f(<.J,k.J.)- [/(t.J,I<..J..) +<8oo). (52) 

~pyaccapoHy (51) B (W, K.L) !1pe;n;CT8BJI6HHH COOTB6TCTBY6T /II/ 
2. 

Fo (w, I<.J..) = G 2.. a.o2 2)~/2. r .• 
W+Q.oi<.J. (53) 

IIepBhlii qneH B rrpaBoti qacTH (52) rronolltHTeJieH. PaccuoTpliiM 

TOJI:&I\0 BTOpOti 11JI6H, liO;ZJ;CT8HOBKa B Hero (53) ;n;aeT 

C(~ 
cci.),KJ,)-/Cw,,<J.)= - c 2. " .. K .. )3/.2 cr , {54) 

W+"'-o.J. +o::::~oo 

""" l.. 
r;n;e .ffoo == ~o 8 00 • BhlpallteHHe (54) rrpn ~ 00 > 0 KweeT B rrpa:Boit 

CO -nonyTinocKOCTH ;n;na rronroca 

, , = [ '? afc ~> _ a.2. ~<2.] 1/2. (55) 
w1,:l (1>2. <::t ".J. o .L ' 
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" + . 'If: l~,z = e- (, .s • 

Ilpll 8oo <. 0 cymecTnyeT o;n;Hn rronroc c ReW>o 

[ 
,_, 2/3 1/2 

(..)1 == lg.
00

(Kf)) -C.\~ t<f] • (56) 

lipii 1- C>Q liOJilOCHOti 11JI8H ;ZJ;86T OCHOBHO~i BKJia,i\ B C (~, K.J.) 
T8K 11TO llpH .s OO > 0 

C <r, t<.J~-! Re 

a liPH 8oo< 0 

""'2/3 2 112 J Q! exp{ (.fl.oo ?~ -a~ K~) ! 
(J11311 ('32/3 2- 2. 2.)1/2. 
"!oo (1 <joo '?4 a.. K.1. ' (57) 

2 fl•....... 2/3 2. 2f/2 } C (~ 1(.2.)....., _ .d,_ ao exp 'J8oo/ - Clo K.J. ) 

'(> .L _, ,3 lgool 11d(lSooi 21~Q!K!t2 ,. ( 5S) 

BeJIH11HHa C(~,l>) nonyqaeTCH ns (56) H (57) c rroMOm:&ID npe

o6paaonaHHH ~ypne 

C ..L rc -t"'bK'.l. 2 
(~,b)= 2')[ J c~, k.L)e d ~<.l.. 

(59) 

Bhl11HCJI8HHe aToro HHTerpana BblTIOJIHeHo n npllJIOliWHHI1 I !.lOTO;zJ;OM rre

penana B KoMnneKCHOH K.J.. -IIJJOCKOCTH. B pesyJI:&TaTe TionyqaeM 

C(~,b) ~ -!- Re 

8CJIH 3oo > 0, H 

B<Q~~ 1-b2Jexe{i~Z<t·b~~~, c6o) 
8113 ( tl- b1 Ia.! /;z 

C(~, I>)~ -j B(a.~!~ hl.)e.xp{ ISo.,((f:. b2/a.~f
12

} 
l.Sool113 ( ~ 2- bz/ ct! //z. (61) 

ecJIH _g 00 < 0. 
EhlpaxeHHe (60) TIPH rj)HKCHponaHHO!J aHaqcHHil h OCIJ.HJIJIHpyeT 

C pOCTOM ) , a B8JIH11HH8 {6!) 0Tpllll,8T6JI:&Ha, ~JIH TOrO, qTOOhl 

Bbipallt6HH6 (46) OhlJIO H80TpHll,8T8JI:&HbiM !Ipll BC8X 3HaqeHHHX h H ~ , 

HYlltHO IIOTpec5oBaT:&, 11TOc5bl !I pH b <. £to~ 
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~o(~,b) ~ IC<~,b)L. (62) 

O.n;naKo aTo ycnonlr!e ffBHO Hapyllla6TCff BC5JIH3H Kpaff !lJpyaccapoHHoro 

,ll;HCKa, T.e. npH b- Q.o'r = Const • !Ip1r1 TBI\HX np~r~u;en:ciWX napaMeT-
-1 r I 

pax rc,q, b)'-"~ rra.n;aeT c YB6lllri'IElHir!ElW 3H6prlriH, a I cq. b) (n 

exp(AJt)/' pacTeT. TaM HEl 1.16!166 1 lr!3 (57) H (58) BH,ll;H0 1 'ITO llpr! 
,. - .:t 

yt~eTe 38BiriCir!IJOCTirl 8 OO OT K.1. B BH,ll;6 

0 (K1)=Q (O)-'t 2 K~ (63) (;Joo ~oo 
2 2 172 

B6liH'IHH8 Cl0 38!.18Hff6TCff Ha Clo -). ._ 1 r,n;e ). -H6KOTOpBff 

KOHCTBHTB. II03TOMY 1 6Clllrl 1Cf- 38BiriCIIJlJOCT:b 8
00

(tc!) - yCibiBBIOIII8ff 1 

TO C(~, b) lr!l.leeT M6H:D111Hil pa.n;r~yc, '16!.1 foq, b)~H ycJIOBir!El (62) 
MOmeT CihlT:b BUilOJIH6HO, 6CJ!H 

- 3 
8oo(o) < 8/J.o rrpr~ .&joo > 0 

\S
00

(o)l <. f1o llplrl ,8oo <. 0 . • (64) 

TaKIIJM oCipaaoM, peiiiBHirle (51) y.n;oEneTBOpffeT Tpe6oBBHirlffM S-KaHaJI:D-

Holl yul'!TapHOCTirl. O.n;HaKO B o6nacTH b > Q., ~ aTo peiii6HHe He 

HBJ!ff6TCH TO'IHbiM, llOCl-:DJI:DKY llpBB8ff '18CTb ( 46) HE! OCiPBIIIBElTCff pe3KO 

B HYJI:D rrpH b = Clo) , a llJIBEHO yweH:cwaeTCff KBK E t f0 ('> b)j 
MomHo, Teu He ueHee.,rrpr!BecTH apryMeHTbl B rroJI:Day roro, 'ITO yt~eT 
B (51) pa3Mb1Toro KpaH ne li3MeHHT peayJI:DTBTB. Boo6111e ronopff, B 

cyrme rpa\!JHKOB rpyrrrrbl C aTa paawuTocn rrpr~Be.n;eT K yBeJ!H'IElHr!IO pa

.n;r~yca (rrp1r1 g 00 < 0). O.n;HaKo, KaK OTMet~eHo Bblllle, poeT pa.n;~r~yca 
MOJI:ElT 6blT:D CKOMI16HCl1pOBBH Bhl60pOM 't 2 

B (63). qTO K8C86TCff rpa-

tPiriKOB (jJ , TO MOJKHO TIOK838T:& 1 'ITO BKJIB,ll; KBll,ll;OrO lrl3 Hlr!X llplr! 

b ~ Q.o ~ TIB,ll;86T C pOCTOU ' • !Ip1r1 STOLl CYII\0 CTB6HHO TO, 'ITO 113 

K8JK,ll;OM Bepllllr!Hbl g 00 B rpatlJ!tlK8X rpyTITibl {j;) BbiXO,ll;lr!T HO 14CH:&1116 Tpex 

JI!tlH!tlll. XOTH KOJIH'IBCTBO CI\6Jl6THbiX rp<JiiJiriKOB 66CKOH6'1HO B6lllriKO, HO 

r!X BKJI3,ll;bl JdMEllOT PB3Hbl6 3H8Kll, H MO.HO npe,n;TIOJIOJK!tlT:D, 'ITO TIOJIHBH 

CyMMa T8KJK6 6y.n;eT y6unaT:D c pOCTOM ~ npH b ~Gl.o~ • B o6naCTirl 

b • Clo ~ p83MbiTOCT:b Kp8ff liJpyaccapOHHOrO ,ll;HCKB He Hrpa6T HlriKBKOil 

pOlllrl, Jd Cinaro,n;apH KOMTIElHCBIJ;ltlHM Kap,n;lrl BKJIB,ll; rp8WiriKOB rpyllllbl ~ 
HMeeT a.n;ec:o uanocTL - ~C fo<r. b) • 
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2. !IepeHopMr!pOBKa Be lllrl'lr!Hbl A 115/. 06paTHM BH!tlMBHl10 Ha 

TO, 'ITO KBa,n;paT pa,n;lrlyca B3811MO,ll;6ilCTBirlfl 4~ 1t1 0 ~2 1 OTB6'131011\11~ 
pe!IleH!tllO (51), HB B8lllrl'!l'!Hy 4at'.g11 'z M8H:&III8 TOrO, ~;OTOpbiil 
JJ03HI1Kan npfl yt~eTe lllriW:O Heyc~r~neHHhlX rpac;mi\OB. BKna.n; ycHnEJHHbiX 

rpC:I,~!tlKOB llp!tlB8J! K 3';;(,eKT11BHOii ll6p8HOpMl1pOBK8 B8lH1'1Hllbl ~ B COOT

ll8TCTBl1l1 c ( 40). B oCinaCTirl aHeprHll ycKopMTenetl 6nH;;wtJme ro 6y.n;y

II\ero ) ~ 10 H81l:l'!HB6TCH Bil!XO,ll; TIOJ!HbiX 081!8!11111 B33>l!.!O,liCWCTBl!H !18 

c_ppyaccapoECKH!1 peJKHM. !IpocTe l<imHe ycHne Hllh!8 rpacimml .n;ocTnrHyT 

8Cl'!MilTOTHKH npw YAB08HH0!1 BClllrl'l!iHe ~ • Ton:oKo nocne aToro MOiKOT 

H8'!8T:&CH CMElHB 8Cl!MTITOTl1'18CKOrO pelltl1M8 B TIOBC,ll;6 HHirl ll011Hb!X CEl'!Elln'IH, 

KOTOPBff CBO;l\HTCH K li3M8H6Hirll0 B8J!l11l:l1Hbl A -~o• STy Cl1TY8U!tl!O 

MOlKHO llpO!tlJ!JllOCTpHpOBBT:b !18 YI1P01118HHOM llpMMepe, IWr,n;a yCH116HHbi8 

rp8Wl1Kl1 ytrHTbiB8IOTCff TOliLKO B rrepBOM TIOpH,ll;K8 110 ~OO' K8K TIOKB-

38 HO HB pl1C. 14 

I+I-;[ +I-1 
a) o) 8) ~) '()) 

pJdC, 14 

3,n;eC:b !tlCTIOJI:b3 OB8H JiarpaHlltlri8H (7) C 11 3BTp3BO'IHbiM 11 C,ll;BHrOM B TIOJ!O

JKEllllllrl TIOJIIOCa, paBHbiM 6, , 1103TOMY Bbl'll1T88TCH BKJ!8,ll; rpacjJHKOB B) 

Jd ,n;) liB p11C. 14. liOCKOJI:bKY B 06JI8CTirl ,ll;OCTYllHblX anepr!tl£1 B6lllri'IHH8 

Tp8XTIOM8pOHHOrO rpacjmKa (KOTOpl:lJ1 0Tp>;Ua18!!8H) II CiOJI88 CJIOJ,:Hb!X rpatp>i

KOB llp8H60p8lltr!UO MaJibl, TO BKJ!B;llbl rpa\lllriKOB 6) H B), r)" 11 A) TIOTiap-

!10 coi<pall\aiOTCff. Kor.n;a me rpaiJ)!tlKH 6) 11 r) .n;ocTMraiOT ac!tlMTITOT!tlK!tl, 

TO !tlX Cy!AJA8pHb!iti BKJia,n; B cSt.rt. paCT6T lllriW:& KBK ~S/2 1 T.e. 1/IMH 

MOJKHO npeHe6pe'II>. 0,n;H8KO Bl\J!8,ll; B ef~t CYMMbl rp8~;HKOB B) 11 ,n;) p8-

B8H - 87lal~11 ~2., T.EJ. llpi1BO,ll;l1T K ::JWW6KT!tlBHOW nepeHOpM!t:lpOBI\6 

A-A -o 
G11 

B llplriJ!OlK8Hr!ll 11 TIOK838HO, 'ITO B npOUBCC8X UHOiKBCTB8HHOrO 

pOJK,ll;6Hir!H BKJIB,ll; yCiriJI8HHblX rpa\(ll'!KOB T8KlK6 nepeHOpMHpyeT BBlHl'IHHY 

~- 6. B HHKJ!l031r!BHOM C6'18Hirll1 (29) l1 cpe,n;H8H MHOm6CTB8HHOCTfi 

(37), a ,KPOMB TOrO ,IWHCT8HTy d. 1 KOTOpa.R B HHX CO,ll;8pllt8T-

CH. ~lcKJ!IO'IB Hlrl6 COCT8BJ!ff!OT rp8\(ll1KH KaH'I8 lllri-MIOJ!JI8p8, B KOTOpbiX 

'18CTHu;a lri3JIY'I86TCH lrl3 paapeaaHHOU B8pWHHbl ~OO' KoK TIOK838HO 
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f; 
8 

~.t:- ~~~ 
pHC. IS pHC. I6 

Ha piW. !5. oTO ITpHBO,l.\HT K He60Jil>illOYy 11 HCKpl!BJI6ill!l011 IIHKJIJ03HBHOrO 

CIT8KTpa 

~~ = 8<K ft{AJ\{
8 

[doe
6 '+ h .!1 2Q-~l]. (65) 

BeJII!I!HHa d.0 orrpe,11eJieaa B npl!JIOJK8HHH II, a h - Ha pHc. IS. 
3aMe TH!.I, I! TO H6 HCKJIIOI!eHa B03MOJKHOCTI> TOrO, I! TO B8JIUI!HHa 

g.,.,~ A , a ,cJie,l.\oJJaTeJI:r:.ao ,L1.~0 • .3ToMy ae npoTHBopel!nT rpy6aJI 

01..\SHKa B8JIUI!UHbl 8-u , Bb!ITOJIH6HH8il B COOTB6TCTBHU C rpai)}HKOU HB 

pHc. I6. ilpH aTOM rroJiyqaeu 

W.to/ )2. 
(6'tqC (R-2 2f r~<,_R2.) 2 ) ~11,..,. 16'frac5;': -t - 2j( h y· 1 +}"\ • (66) 

2/. ~~ 
3].\eci> 1-1. -Mace a nHoHa; R1 2 xapaKTtlPI'l3YBT aaBHCI'lMOCTI> Ot~t 

I . · 2 -2 
oT KBB,l.\paTa uaccu Bl'lpryaJII>Horo rrHoaa. EcJill rrpHHilTI> R., =I(raB/c) , 

TO 113 (66) rroJiyqaau 8
11 
~ 0,08, r.a. BeJIHI!I'JHa O,l.\Horo uacmra6a 

cLJ.. 
ECHH peanHayeTCH B03MOJKHOCTI> L10~ 0, TO ~pyaccapOBCKOe ITO

B6].\6HI'J6 B 8CliMITTOTI'JK8 H6B03MO~HO. BTO Bll,l.\HO ll3 ypaBHBHH~ (54)
(55), KOTOpb!O ITO-ITp6JKH8YY CITp8B6,l.\JlliBbl. 0TpliUaT6Jll>H08 3Hai!BHH6 

C (~,b) Hl'li!BM HB MOlKBT 6b!TI> CKO.UflaHCllpOBaHO, T.K. fo(f,b)-0 
rrpl'l ' - c:>o • CJie,l.\OBaTSJII>Ho, pemaHHe B tiJop.ua F0 (~,b) He 

ITPOXO;!\I'JT, l'l ITOIIHOG C61!6ill!6 6y,l.\BT paCTII B BCli!.IITTOTJlK6 HB 6hiCTp66, 

'l8M 

r,l.\e 

G'tct (~) V") ~ \ 

?<2. 
B 3TO:r. CJiyqae HHI\Jl!03liBH06 

B8.1.\YT C86H C pOCT01l ~ KB!\ 

:: c./) .b'?(~-~)'; 

(67) 

(68) 

Cel!eHI'JB l'l Cp6].\HiiH MHOJKBCTBeHHOCTI:. 

<~> V> ~7+!. (69) 
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llarwHeu, 3cll.lenm, 'lTD l'l3B8CTHO KPL1TH'lec,we 3HCJ'lCHl!13 1:!. =~c., 
ilpll !WTOpo:.! OCJil\ElCTBrlllOTCH BB;.·HCJHT CL1Jll>HOW CBH3Hj'i •24/. J 3TO!.! 

CJiy'l86 ITpElBOi1 I!BCTll B (47) OTBO'l80T OC06eHnOCTI:. ll (.J -IJJ!OC::OCTI! 

B TOI!K8 6J = 0. ii03TOIJY l)JpyaccapOBClalii pc:i\VJI,l H8B03l.!Oli\8H, BBl,;IBHT 

C ~ = ~ e OTHOCl1TCfl I\ C Jiy'laiO ~If~ ~ , !;BCC!JOTjJC l!liO:.:y BciLIC. 

0TCKl,l\Cl, B 1!8CTHOCTll, Cl!e,l.\yBT, I!TO 

Ac ~ &u , 'I' (~U) 
'lTD HBXO,IIHTCH B COOTBeTC'l'BHVl C OU8HK8L!L1 ~'- 1!3/ I ~1 ~ff 1!3 ( o6). 

IY 3a::moqe l!l1C 

06Hapyl!(eHVIe Ha ycKop!lTBMX •l,C>B.:i, F/V'A L 111 ISR pOCl'D C 

3HeprVIetl f!Oi!Hb!X C8'l8Hll}\ B3811MO;liOiiC~BVIH 8.1.\POHOB r!pl1BQJIO K ITOHBJJe

HHJO B ITOCJIC].\!i>IG r07bl 60JII:.il!OI'O KOJIW:reCTBS T6 OpGT!1'1GCiUIX p060T 

(CM., HBITpHMGp /
25 ) , ITOCBfil!IOHHblX 3TOi1 npo6i!G!A6. B HBCTOHlJIGti pa

OOTG f!BJI6Hl16 pOCTB C6'lGHl1H 6h!JIO paCCMOTp8HO B p8MK8X 06bli!HOM 

pG,l\lKGBCKOiil cxeMbl c noMeponoM, l1M8IOl!ll11! o((O) >I. Beml'mna 

o<(Q) BBO,l.\!lJiaCl> \j)GHOM6HOi!OrVI1!6CKVI,K8K CBOOO,l.\Hhlil rrapaM8Tp, OAHBKO 

CJI8.1.\Y8T ITO].\'lGpKHYTI:., tiTO B T60p0Tl1KO-ITOJI8Bh!X MO,l.\8i!HX, B l\OTOpL!X 

ITOMBpOHy COITOCT8Bi!il!OTCH li6CTHH'lHbl6 ,l\VlarpaMMbl, HG3GBI1CH!.!O OT 1\0HI(

peTHOrO Bl1.z\8 11CXO,liHOrO JJ!lrpaHli\ll8ri8 l.IOlKHO IIOliJ'lHTI:. JH36Ji0 E8i!lltlHHY 

o/. (0), 11 3H81!GlillG o<(O) = I Hlll!GM H8 Hbl,l(GJIOIIO (CM., HBIIpHW.:p, 

/26/). 
IJCOOilbUJ0!1 O,ll;BVIr B riOl!OlKCH>1ll IIOliiOCa IiOM6p3H'lyKa B ".:)• -rrnoc--

KOCTI1 rrpanee G.l\l1H>ll..\bl fljJl1BO,l\l1T rrp11 COJJpeue l!HbiX 3IIC Pl'llHX !( l·JD :Ibll.! 

nonpanr:aM, I\OTOpb!e HGOOXO;II;l1Mbl ,ll;llH COl'j:iBC.JBal!Hff TGOpl1l1 C 3!CC!1Upl1-

MOHTOM. 0.1\HBKO B 06JIBCTI1 60JI88 BbiCOKl1X 3HBprHi1, KbTO~bl8 6y;n;yT 

].\OCTI1rHyTbl Ha 6YAY!OlJIVIX: YGKOpl1T8MX, T80pllil CliJII>Hh!X B3811!JO,ll;8tiCTBHH 

ITOliHOCTl>JO MGHHGTCH. BMBCTO ITOMepoHa, KOTOphlil ;liOUHHl1pOBDil B TOOpHH 

c o<(O) = I, HOBhlh o6:oeKT - .J!pyaccapon, rrpe;t~C1'3BMIOil\lHi co6o~i 

f!Ol'OK ITOMCpOHOB, OIIp8,liGi!H6T IIOB8il,GllHG rilJVl Bb!COJ\11X 3HCprllHX. itp8T-

KO IT8p61!HCill1M OCHOBHb!G CJW.I\CTBI1il T80pl1ll ITOM8pOH8 C o((O) > I 
ITpVI ].\OCTVllltVIMb!X l1 8CI1MHTOTVII!GCKI1X aHeprllilX. 

I. llOJIHb!8 CGI!CHllil ll H8KJI0Hh! paCTYT JlliH8WHO C ' ll COBpe:,!BH-

HOti 06JIBCTI1 3H6prlli1, T81\ I!TO Hl.IBGT liJGCTO IIpH6JIH);(8HH06 HBJI8IIH8 r.c. 

C pOCTOMfr. C • Hapylll86TCR H ITOHBI1TCH CHOB8 B 8Cli!JfJTOrV!Ii8, r,l.\e 

ll C6'l6HHH 11 H8KJIOHbl paCTYT K8I\ -,z. . 
2. 0THO!Il6HH6 yrrpyroro K ITOliHOIJY CB'lCHVIU IJ8JIO (- I/5) 11 IIOCTo

ilHHO ITpl1 COBpG!.!eHHb!X 3HGprl1RX, 11 CTBHGT 60JII>lllVIU ( -I/2) B BCii!MllTOTlll\6. 
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3. 0THOill6Hl16 peam,uotl H MHMMOtl 'i3CTetl 3Millli!TY.llbl paCC6HHI1fl 

Bilepe,ll IIOC!l8 TOI'0 1 K3K OHO CT3HOB!1TCH IIOJIOli\l1T8Jl:OHbll.l 1 ,llOCT!1!'aeT 3H3-

~eHI1H- f .Q l1 O'i8H:b ,llOJII'O c5y,n;eT ilOCTOHHHhlM. 

4. ~1HKJI!0311BHbltl CII81\Tp l1!A88T II!l3TO B U8HTp3ll:OHOl1 Oc5ll3CTH. 

BbiCOTa !Ill3TO paCTCT K3H eA} , Hapywafl \l.l6t\HM8HOBC!Ull! CK6Hlli!HI'. 

JTO II!l3TO l11J86T >!HTepB3ll Ob!CTpOT ~(I-2 a ) , IIOSTOMy rrpaB>!llO 

C:flAM, 0Tp8JK(Jl011\86 3aJ\OH COXp8HGlll1fl 3ll8pl'l1!1 
1
Bb!IIOJIH8HO. 

5. Cpe,llHHfl MHOlKGCTBtJHllOCT:O He IIOJiy'io8T 33M8THb!X OTKllOH8Hiili 

Ilp11 COBpCMGHHb!X 3H6p!'l1flX l1 p3CT8T lli!HGHHO ITO ' • 0,llH3KO !Ipl1 

ane Pl'l1f!X l ~ 20 IIOflllli!TCil 3H8'il'!TG Jl:OHOC OTJ:\llOHG Hl'l8 OT Odhl'iHOI'O .6~ ~ 
aHeprClTH•wcKoro pacTa ., acl'!MIITOTM'iecK>~ <n.> OYJleT paCTl'l KaK ~ 7f. 

6. KtiO- CK8Hlli!HI' B TOIIOJIOI'l'l'iOCK.I'IX C8'i8Hl'lflX IJOJKOT l1MOT:O 

MO C TO !Ipll C OBpeJJG HHb!X 3HGpi'l'!HX, HO Oc5H33T8 IThHO Hapylll>ITCH !Ipl1 60-
Jiee BLlCOKilx aHeprllHX. Pacrrpe,n;eneHMe no MHOJKeCTBeHHOC~M rrplil CBepx

BLICOKMX 3liepl'lilf!X OCI.I,l'l!lllHpyeT C M3HCli!A3JlbHOLi 3LI!IlliiTY.llOH B OOJI3CT.Il 

He OOIThlllOtl MHOJKOCTBGHHOCTI1, ToM, I',lle ,ll36 T Bl\ll3,ll ,1\H\!JpaKUHOHHOe pOllt-

,llGJ!J.18. 

7. BKna,n; yc>~nem!hlx rpaJmrwB MeHaeT ac>~MIITOT>~'iecimtl pelKllM 

np11 CBepXBbiCOKllX EH!Gpl'>'IHX, nepeHOpMupyH B8llil'illHY 

AOKaaaHa yHHT8pHOcT:o Teo_;:J>~n B s -Kaiwne. 

i:J. B C!ly'iae f:l~$j11 .;,;pyaccapOBC!~Oe IIOBfJ,l\GHll8 

HfJB03MOMH0 1 >I Caqe!f>'Jfl p8CTYT MC,ll!l8HHee, 'iGM ,~ 
BCHMllTOTHqecKOI'O p8liti1UB. 

6:..-110=/J, -;81t" 
B 3C!'IMIITOTI1!\S 

il0Cll8 CM8Hbl 

AnTopu OJiaro,n;apHb! K.l'.bopeCKOBy, n.E.B01!KOBilUIWMy, A.f.I.Jlarr>~
lJ.YC, E ... l.Jlen>~ny, B.;l.J!I1CIIHY, iA.l'.h.zcKuHy 33 none3Hhle oc5cyJK,lleHMH. 
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llpHJIOJKe H.lle I 

llpOB6,ll6W HHT8I'pHpOB3HH8 B (59) ,ll!lfl CJIY'i3H (57). BapH3HT (58) 
aHa norll'ie H. 

BbiiiOJIHHB B (59) HHTerp>~poBaHHe no yrny, c yqeTou (57), nony-

-qaeu 
00 213 

t4 

C(~ )--.2.0 a.! (~.KP{~oo~
2

-a!Kl)~} C't (I.I) 
( 1 b - ,3 1'\E: g113 J (Q 1.,2_ tl2 1<2.)1/2. ,J0(KJ..b)~cJK.L 

oqoo o qoo (of "'" .L 
B CllJIY p3B6HCTB3 

(1) (1) ry H
0
(x)- H

0
(-X+'-O)= :t.2J0 (x) (1.2) 

OT (I.I) MOJl!IO rrepeliTH K llHTerpa:ny 

(gl/3 2. 2 2~12.) ) 

C ) ,_ .J. o a.~ fexP~ oo ~.-a..,K.LJ !JH (~ JK (I 3) 
(~, b _.- 3 1\~ if1/.J) (0".21.3 2 2. 2. )112 0(K,~.b)"i .1. • ' 

CJoo C <;Joo ?1 - Q., I<J. 
KoHTyp HHTerpHpoBaHim C =Co H3o6paxeH Ha pile. I7. Ha 

aTOM lite pHCYHK8 IIOK333Hbl TO'il\11 B8TBlleHMfl ilO,llMHT8I'p81ThHOI'O BL!iJ8-

llt8Hilfl B (I.3), a pa3pe3hl !IpOB8,ll8Hbl T3KHM 06~330M, 'iTOOU B B8pXH6H 
f{{i213 2. ~ •)'~ :2 

IIOJIYIIJIOCKOCTH !Ipll 11<',~.1- oo Q.)(fl\qoo ?
1 

-Q,;KJ ] yc5b!B3ll8. 

!1'111< 

"! 

, •• -1/3 

K=-z~ 
1 Qo 

pv.c. I7 

-11.3 
1(: ~ S....oo 

1 Q.o 

Co 
l!o • • Re. K 

-113 
Q"C.§(Qot<+ ?18oo) = 0 

a:~(a.oK + 71 ~~
3 } = 2'i< 

(1) 
~3 8C>!MIITOTI/f'i8CKOI'O IIOB8,l\6Hl1fl tPYHI\UHH H 0 (l!.) 
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,., rr ., . ~ 
H 0 (:3) ~ Vlfi e \C - , 'I (1.4) 

38!\HIDqaey, llTO B B6pXH6a ITOHYITHOCKOCTH llO~HHTerpanhHOe BHP8X6HH6 

B (1.3) y6h!BU8T llpH IK.1.I- e>o, T8K llTO B HHTerpaHe (1.3) B I<:aqeCT-

B6 C MOJKHO B3HT:b 1\0HTyp C_, H llpOVJ3B6CTH I'IHT6rpllp0B3Hif6 YO-

TO,l\O!A nepeBaHa. 

llono~eHHO TOqKH nepeBaHa K 0 onpe~ennetcR 1'13 ycnoBI'IH 

06p3li\8HllH B HOJib HOr3pHtlJI>mll8CKOJ1 llpOI13BO,l\HOti llO,l(biHTerpaJihHOe 

BHP3lKOHllfl (I .3) 

-~ b (I.S) l<o = 2 "' 
Q.(a.~- b) 

,lJ,Bl'llK6H116 T04KI1 l<o B K.1 -ITHOCKOCTI'I C poCTO!J b ITOK833HO Ha 

p11c. 17. 33M643H, llTO H8 BepxHe~i 43CTI'I KOHTypa C1 ITO,l(blHTerpaJih-

1100 BUpOlKOHH6 3KCITOHOHl\Vl3JibHO M3JIO, Bbllli'ICJII'IM I'IHTerpaH (1.3) C 

yqexoM (1.5). B peay!IhTaTe rrpHXO:zll'lM K Bb!paJKeH>liO (60). Sauetl'lM, 

llTO ITpl'l b- Cl.o 1 11p8,ZUlKCITOH6Hl\118JibHb!J1 MHOlKI'IT6JI:O B (60) CTpe

MIITCfl K 6eCKOH64HOCTI'I. 3TO CBfl38HO C T6M, llTO llpl'l b- O.o~ 

BTOpaH J!Or3pl1i1JMllll6Cii8H llp0ll3BO;!IH8H ITO K.J. OT ITO,l\IIHT8rpalibHOro 

Bb!p3ll6HI'Ifl B (1.3), KOTOp3fl paBH8 ell= -a~(r~b'ia:rl<r.tt2.)' 

CTp6MllTCH K HYJIIO, TOr,l\a li8K ,1\nH BhlllllCJieHI'Iff -ITp6,1\3KCITOH6Hl\113JihHOrO 

MHOlKMtenn Meto,n;oM rrepeBana Heo6xo;ZJ;I1MO, 4T06hl lt'11
/ v:>!. 

:.lHm~HTelib B(a:!l-b2.) BBe,l\eH B (60), (61) rroroMy, llTO 

B I1pH6IDl;K6HlrHj (51) rrpvi b >ao' 11M6GT M6CTO TQqHQ6 paBeHCTBO 

cq,~>)==o 
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llp11HOllt6HH6 II 

ilOK8llt6M, llTO Yll6T yCI'IH6HHbiX rp3WI'IKOB 116 H3M6HHT ~OpMyH (27) 
H (37) ,1\nH HHKHl03HBHOrO CIT6KTpa H Cp6,1\H6J1 MHOlK6CTB6HHOCTll, a 

ITPHB6,1\6T J!Hllb K IT6p6HOpMHpOBK6 KOHCT3HTLI d.- ((
0 

H 33!J6H6 

6. -Ao • 
l1HKHl03l'IBHOIJY CIT6KTpy d.d/of.!i OTBeqaeT ,1\Harpau!Ja KaHlle JIH-MIOH

JI6pa, KOTOpaH CTOI'JT B JI6BOi1 ll8CTH ,1\HarpaMHOrO paBeHCTBa Afi{ Ha 

pHC. 18, 

'lit~ 
--r-

1 
I =-.. 
I 

_L_ 

f<~,!f) = 
=±+I+ I-I--i+··· 

,_ 
C(),Y) 

/'V 

G<~ . .!:i) = fo<~,!f) + 
PHC. 18 

+ """" <l>q.~ 

KOTopoe rronyqaotcH pa3peaaHMeu rpaWHKOB na p11c. I0-12. 
~!13 rrpaBI1H8 pa3pe3aH"R pe,l\XOOHHHX ,1\HarpaMM Bb!T6K86T, llTO 

~(f,~) = 0. Tor~a K3 ~HarpaMnoro paBeHctna na p11c. 18 cne:z~yer 
~ -"'# "' /<Y> = ~0(~) + C<~>, 

(II. I) 

r~e KCITOJI:b30B8Hbl 0603H846HHH, 8H3J!Orl1qllbl6 CRB.l\YID~CMY; 

f ~q.~)d~ = fo (~). 
0 

TaKHM o6pasou , 

r r dG"<tY> +q)::: J d..!i d!:J = <n> 6',"' (~) .. 

B ,l\8JI:bHOHmeu p8B6HCTBO (II.l) 6y,lleM HCITOJI:b30B8Tb B 

JI8HHH, 0603H8ll8fl, HanpHMep, 

c(w) = f C(~)e-w~ ci F. 

33 

(II.2) 

(II.3) 

(J -rrpe:z~ctaB-

(II.4) 



B (.-} -npe~CT8BJieHIHl IUo!OeT AfeCTO COOTHOWOI!JIJO 

""" I (w) , {II.S) 

KOTOpOe rronyqaeTCH CYM!.11fp0B8HJIJOM 'IJIOHOB re OMeTpll'lOCI\Oi.l nporpeCCIHf 
oo n n 
~{::1) [~oo/(w,o)] B uerro'!Ke no ode CTOponhl OT paapeaannoro 

3B6Ha. BTOpOl1. 'IJIOH B npaBOii '18CTI! {11.5) ~o6aBJI6H JIJ3-33 TOro, 'ITO 

B rpyrrne C HUT rpa~I!KOB C O~HIIM 3BOHOM, ilO~CT8BJIJB {11,5) B 
{11.1), H8XO~IIM 

"' 2-
((w) = [1 +,Soo/(Cc.l,O)] fo(w). (II.6) 

IIocrwnnKY ~(cu) =d. /(w -A 0 )
2 H jcw)o) =a~ /cl , To npl! 

(.)--llo 
"" .Boo C(.~ 2. d 
!(w)~ (1-fo A3o ) (w-Ao)z · (11.7) 

llepexo~R B ~ -npEJ~CTUBne n11e, naxo~JIJM 

<n) (3'~ Cp = do~ €Ao~' (Il.8) 

r~e 

d.o=(J-~o ~0~3a.!tcJ. • 
0 

TaKI!M oopaaoM ,y'leT yci!JIOHHbiX rpa(jJJIJKOB rrpllBen I< rroaBnenHBl 

~orronl!llTe JI:hHoro MHOlKI'!Te JIH ( 1 + .ff,o /63
0 y- B BhlpaJKemmx (27) ~JIH 

llHKJIBl3l1BHOrO C6'16HHH l1 (37) ~Jlfl cpe~H6ll MHOJ!(OCTBOHHOCTJIJ, 8 T8KliiEI 
Bbl3B8JI rrepeHOpl.ll'lpOBKY 6.- .6o B 3TilX Bblp3lKOHJIJffX, 
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Y CJIOBKll 06MeHa 

llpenpHHThl a coo6meuaa: OH.HH pacc.biJJaiOTcx6ecnnaTHO, ua ocuoBe 
B3aHMHOrO 06MeHa, fHHBepCBTeTaM, HHCTHTyTaM, Jia6opaTOpHJIM, 6H6· 
JIHOTeKaM H Hay'DihiM rpynnaM 6onee 50 CTpaH. 

fiOMHMO- peryJIJipHOB paCChiJIKH B DOpJI~Ke 06MeHa,H3~TeJIDCKHB 
OT~eJI elKero~O BWDOJIHJieT OKOJIO 4000 OT~eJibHhiX 3anpOCOB Ha BW· 
ChiJIKy npenpBHTOB B coo61QeHBi OH.HH. B TaKBX 3anpocax cne~yeT 
o6x3aTeJibHO yxa3hiBaTb HB,L\eKc 3anpaiDBBaeMoro H3~aHBJI. 

A~peca 

llBcbMa no BCeM BonpocaM o6Meua ny6JIBKaUIUMH, a TaKlKe 3anpo-
Chl ua OT~eJibHhle B3~aHHJI cne~yeT uanpaBJIJITb no a~pecy: 

lOiOOO MocKaa, 
FAaBHblii not~lllaMm, n/JI 79, 
HaballleAbCKuii omoeA 
061>eOUHeHHOZO UHCIIIUIIIYIIIa 
.ROepHbiX UCCAe006aHUU. 

A~pec MJI nochiJIKB Bcex ny6naxauai B nopx~e o6MeHa, a TaKlKe 
~JIJI 6ecnnaTuoi no~BCKH ua uay'Dihle lKypuanhl: 

101000-MocKaa, 
FAa6Hblii not~JiaMIII, n/.R 79. 
Jlay'IHO•IIfeXHU'IeCKa.R 6u6AUOIIIeKa 
061>eOUHeHHOZO UHCIIIUIIIYIIfa 
.ROepHbiX UCCAe006aHUU. 


