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RAepllhlx Hccne.lloBiliDfA .Ily6Ha, 1990 

1. BBE,[(EHHE 

ITo)]; Ko3¢¢HUHeHTOM noTepL YXH 11. npH HX OTpiDKeHHH OT nosepxao
CTH TBepAoro Tena 6yAeM noHHMaTL ycpeAHeHayro no yrnaM na)l;eHHH sepo
HTHOCTL rH6enH YXH. B 111 M.fl onpeAeneHHH Ko3¢$HUHeHTa noTepL 6l,mo 
npe.nno)KeHo HCn01Ib30BaTL AH¢$Y3HIO YXH B nopowKe. ITpH AH¢<PY3HH . 

. HeifrpoH HCilbiTLIBaeT PM nocne)l;OBaTeJILHLIX OTpa)KeHHH, 'ITO npHBO)l;HT K. 
ysenHqeHHIO qyBCTBHTeJILHOCTH H3MepeHIDI K03!fJ!fJHUHeHTa noTepL. 

B pa6oTe /2/ npoBeAeHo cpasHeHHe pa31I~Ix AH¢¢Y3HOHHLIX MeTO
AOB H3MepeHH.fl ll • B qaCTHOCTH, noKa3aHo, qTo MeTOA nponycKaHHH YXH 
qepe3 CJIOH .nopOiiiKa OllTHMaJILHOH TOJIIUHHLI .fiBJI.fleTC.fl 6oriee CBeTOCH1Ib
HhiM no cpasHeHHIO c MeToAOM oTpiDKeHHH. B 3Toii pa6oTe paccMaTpHsaroT
c.s~ TaK)Ke AHHaM~ecKHe MeTO)l;bi H3MepeHID!, none3Hbie MH HenocpeACTBeH
Horo H3MepeHHH speMeHHhiX xapaKTepHCTHK npouecca AH<P¢Y3HH. MeToA 
AH¢¢Y3HH YXH 6hm npHMeHeH )l;Jl.fl H3MepeHH.fl 11.. B nopowKax Me)l;H, OKHCH 
MeAH, rpa¢HTa if 6ep~HH 11, 3, 4~ B pa6oTe /4/ ·AenaeTC.fl BhiBOA o TOM, 
uo 3KcnepHMeHTaJILHhie 3HaqeHH.fl 11. )l;n.fl 6epHnmi.s~ if rpa¢HTa cornacyroT
CH C pacqeTHbiMH, OCHOBaHHhiMH Ha H3BecTHhiX ceqeHH.fiX 3axBaTa H Heynpy
roro .pacce.fiHH.fl YXH B 3THX semecTsax. 3ToT BhiBOA .fiBn.fleTCH npHHQHnH
anLHo Ba)l(HhiM, TaK .KaK paHee Ha cna6onornomaromHX semecrsax, KaKH
MH .IIBJI.fiiOTC.fl 6epHJinHH H rpa!fJHT, TaKoro COrJiaCIDI He Ha6nro)l;aJIOCL (CM. 
no 3TOMY nosoey pa6ozy /51). B HaCTO.fiiUeii pa6<rre, B p~MKax AH¢<PY3HOH
Horo npH6JIH)KeHH.fl, HCCJie)l;yeTC.fl BJIIDIHHe. nnoTHOCTH ynaKOBKH Ha npouecc 
AH<P¢Y3HH YXH · B cnoe. IToKa3aHO, uo ysen~eHHe nnornocTH ynaKOBKH 
)];0 )l;eHCTBHTeJILHO. peanH3yeMhiX 3HaqeHHH nnoTHOCTH ynaKOBKH 3epeH B 

. nopowKax Tsep)l;hiX semecTB ·npHBOAHT K yMeHLIIIeHHIO nornoiUeHH.fl YXH. 
ITo proynLTaTaM npo:BeAeHHoro a pa6oTe HccneAoBaaHH AenaeTc.s~ 3aK.Jlroqe
HHe, 'ITO · BLIBO)l; pa6oThl /4/ 0 COrJiaCHH 3KCnepHMeHTaJILHO H3MepeHHbiX 
3HaqeHHH K03cP$HUHeHTos noTepL YXH B 6epHllriHH ii rpa<l>HTe c pacqeTHhi
MH CJie)l;yeT, ,nO-BH)l;HMOMY, H3-3a OIIIH6oqao HCnonL30BaHHhiX TOOpeTH· 
qeCKHX COOTHOWeHHH TeOpHH AH!fl!fly3HH, nonyqeHHbiX ·npH npe)l;llOJIO)KeHHH 
He peanH3yeMhiX B )l;eHCTBHTeJILHocm ycnosHii. 

2. 11PE,[(BAPI1TEJibHblE 3AMEqAHHH 
0 ,[(I1<ll«l>Y3I111 YXH B CnOE qACTHU 

PaccMOTilHM npouecc nepeaoca YXH B cnoe qaCTHU BAOnL Hanpas
neHHH ocH z (B ni:IocKOCTH xy, nepnelmHKYJI.fiPHOH ocH z, npOT.fi)KeHHOcTh 
cno.fl npeAnonaraeTc.fl Heor~eHHoii) • CooTBeTCTByroiUee ypasHeHHe .... . 
M.fl HHTeHCHBHOCTH 1 ( Z , r) HMeeT BH)l; 
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dl(zr) .... a .......... 
cosO· ' =-xi(z,r)+-- fC(r,r')I(z,r')d!l, 

dz 4rr 
(1) 

r.D;e )(- K03cpcp1IIJ;IIeHT 3KCTHHKIJ;Irn,Onpe.D;eJUieMbiH Ce'leHIDIMII. rii6eJIII (3a
XBaT II Heynpyroe pacceHHIIe). II paccemnm YXH; a - K03cpcp1Iu;IIeHT pac
ceffiiiDI; .. f (r, f, ) - HH.D;IIKaT.PIICa pacce.HHII.H II3 HanpaaneHH.H -;' a Hanpaa-

-> 
neHHe r. 

· ,llmi YXH, . cyiiJ;ecrayroiiJ;HX a aii~e Kaa31IH30Tponnoro noToKa, yno6Ho 
llOJib30aaThC.H aenH'IHHaMII HHTerpanh~oro llOTOKa ¢ ( z) = r I ( z • r) cos 0 d n 
II IIHTerpanhHOH nJIOTHOCTII. N(z) =fn(z~)d!l, rne n(z 'r)- llJIOTHOCTh YXH, 

' ... . . 
JleT.HIIJ;HX a H~npaaJieHIIII r •. 

,lJ)JRN(z) abinOJIH.HeTC.H ypaBHeHIIe .D;1Icpcpy31III: 

2 • 2 . 2 
d N(z)ldz ·=NIL , (2) 

rne. L- MHHa .D;IIcpcpy31III. 
Haiine~ perneHIIe ypaaHeHHii (1) ,II (2) npii cnenyroiiJ;IIX ycnoaii.HX: 
1) nanaroiiJ;IIH Ha cnoii . .'laCTIIu; noToK YXH .HBJUieTC.H II3oTponHbiM; 
2) IIH.D;IIKaTpiiCa pacce.HHH.H OTHOCIITeJihHO HanpaaneHIIH anepen·Ha3M 

.HBJI.HeTC.H CHMMeTpii'IHOH; 
3) MHHa aoJ1Hbi YXH A 3Ha'IHT~JII>HO MeHI>llie paccTo.H!-!IDI p Me:JK,ll;y 

. 'laCTHimMII ( A «p) ; 
4) paCCTO.HHIIe Me:JK,ll;y 'laCTIIIJ;aMH .. P 3Ha'IHTeJII>HO 60Jibllie .D;HaMeTpa 

qaCTHIJ;hi d ( p »,d) ; 
5) noToK YXH a cnoe qacriiu; a nepe~roro nonyccpepy 6oni>rne noToKa 

a 3a,!Uiroro nonyccpepy Ha aenntiHHY, onpeneJUieMyro K03cpcpnu;neHToM nc>Teph 
/l (ycnoane HepaaeHCTaaJ;IOTOKOa anepe.D; II Ha3a.D;). 
. Torna M.{l K03cpcpni:iHEmTa OTpa)l(eHH.H OT CJIO.H 6ecKOHe'IHOH TOJIIIJ;liHbl 
noey'IHM 16.7/: · 

1- ~ VMI2 . 0 
· Roo= . "' 1 - ~O fi, 

1 + ~o vl!l2 
(3) 

rne (30 =4l.j3,.,2,31. 
llpn HH.D;HKaTpnce npon3aoni>Horo anna aMeCTo (3) IIMeeJ.Vi' 

R00 =l-f30 vkp. :,·l.} (4) 
•;t 

rne k= At I A '; At - Tpailcnopma.H nJIHHa; ·A - niiHHa pacce.HHIDI. 
r s r . s .. · 

';I 
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lliaecrHo 181 , 'ITo M.H YXH, nn¢¢yHnnpyromnx a np.HMOM HeiiTpoHo
aone k=kH = (2-g) lg , rne g :.......: aepo.HTHoCTI> nlicpcpy3Horo oTpa)l(eHIDI 
YXH oT creHKH HeiiTpoHoaoJia. . · · 

llpii nncpcpy31IH 6onee 3Heprli'IHbiX HeiiTpoHo:B, Hanr)iiMep TennoabiX 191 , 

k onpenemieTCH ·cpenHnM KOCHHYCOM. yrna pacce.HHIDI H3 coomorn~IDI 
k = 1/ (1-:- cos 0). ' 

,lln.H YXH, pacceHBaeMI>IX Ha llaCTIIu;e a ycnoaH.Hx nonHoro oTpa)l(eHIDI, 
yno6HO aaeCTH. JIOKaJihHOe 3Ha'leHHe k f = kH II ka IJaCTHIJ;hl. JlOKarThHOe 
3Ha'leHHEl ke xapaKTep1:13~eT 3aKOH OTpa)l(eHlUI (HanpJ:IMep, crelleHh ero 
.D;IIcpcpy3HOCTII) , Ho He y'IHTbmaeT reoM:eTpim 'laCTIIIJ;bi. llapaMeTp ka .HBJiii
eTC.H 6om~e llOJIHOH xapaKTepiiCTIIKOH IJaCrHIJ;bl a OTliorneHHH . npou;ecca 
pacceHHIDI YXH Ha Heii II onpenen.HeTC.H KaK 3aKOHOM o.fpa)l(eHIDI, TaK 1:1 
KoH~peTimii rooMeTpiieii. QqeannHo, 'ITO ka = 1 I (1 -cosO):. rne cos 0-
ycpenHeHHhlli no ceiJeHnro 'laCTHIJ;bi, nepneHnneymipHOMY HanpaaneHHlO na~ 
naroiiJ;IIX YX'H, Kocilliyc yrna pacce.HHIDI: B naJII>HeiirneM Ha npnMepe ccpe
pH'IecKoii 'lacrnu;bi. 6yneT nponeMoHcrpnpoaaHa ca.H,3h ke c ka. 

B pa6oTax /1, 3, 4/ nn.H n3ane'leHH.H /l 1:13 3KcnepnMeHTanbHO H3MepeH
Horo Ko3cpcpnu;neHTa oTpa)l(eHH.H YXH R OT cno.H ilopornKa' ~:~crtoJII>30aa
noci> a~Ipa)l(eHne (3), KoTopoe, :KaK 61>~~ OTMe'leHo; HMeeT MeCTO npn 
a~>monHeHHII. a~>IrneyKa3aHHbiX ll.HTH ycnoanii. Ha caMoM',Z:(ene, npn nncpcpy-
3HH YXH. a nopornKe He ace. ycnoaiDI a~>monH.HIDTC.H. PaccMoTpHM Ka:JK,ll;oe 

II3 3THX ycnoaiiH OT.D;eJihHO. 
llepaoe ycnoane, no-anniiMOMY, abinOJIH.HErrC.H .D;OCTaTO'IHO xoporno 

npii ToncroM cnoe nopornKa, Korna .Ko3(ficpnu;neHT oTpa)l(eHIDI YXH OT 
ciTO.H 6JIH30K K e.D;HHHIJ;e. B 3TOM cnyqae llOTOK YXH, cyiiJ;eCTayroiiJ;HH a 
HeHTpOHOaO.IJ;e, .D;QllOJIHHTeJihHO li30TpOnHpyeTC.H CaMHM nopOlliKOM, '.HaJI.HlO
. IIJ;HMC.H npn nonHoM oTpa)l(eHHH · YXtJ oT noaepXHOCTH 3epH~ c)ta6biM ';IO-
rnmHTen~ · 

BTopoe ycnoane (cos 0 = 0, k a= 1) a cny'lae 3epeH, HanpnMep, ccpepn
qecKoii cpopMbi, a~>monH.HeTC.H a cneu;nani>HOM cnyqae 3epKani>Horo oTpa)l(e
HH.H ( k e = 00) YXH. CxeMa 3epKanhHOro OTpa)l(eHH.H YXH OT ccpepii'IeCKOrO 
3epHa npnaeneHa Ha pnc. 1. 11:3 pnc. 1a annHo,. 'ITO Ha3an pacceHBaroTc.H 

PHc.. 1. CxeMa 3epKaJI&Horo oTpa:>KeHim: 

·a) reoMeTpim 3epKam.Horo OTpa:>KeHHHi ~) ce

qeHne nMaKJIUero noT~Ka YXH, IIITPHXOBKOH 

noKa3aHa 'laCT& noTOKa YXH, pacceHBaeMLIX 

HR311Jl;. 
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YXH, OTpiDKeHHl.re OT TOtieK noBepxuocrH, ,nnH KoTopLrx () :>135 °. KaK BH,D;

HO H3 pHC. 16, Ha KOTOpoM IIOKa3aHO ceqeHHe IIOTOKa YXH, qHCJIO pacceHH

HbiX Ha3~ YXH (IIoKa3aHO IIITpHXOBKo:H) cocrasnHer nonoBHHY oT n~aro

mero IIOTOKa. Ee3 npHHHTHH cneQHanLHbiX Mep IIO IIOnHpOBKe IIOBepXHOCTH 

3epHa pa3yMHo CtmTaTL, tJTO kf = 1, TO eCTL oTpiDKeHHe HBnHeTCH AH£l>£l>Y3-

HLIM. IJpH AH!l>£l>Y3HOM OTpiDKeHHH OT c£l>ep~ecKoro 3epHa COS() = -2/3 HnH 

ka = 0,6. 
B ~ae qaCTHQ npoH3BOJILHOH q,opMLI k a MO)I(eT npHHHMaTL caMLie 

. pa3n~re 3HaqeHHH. TaK, HanpHMep, _¥H nnocKoii TOHKOH qacTHQLI ka 6y

AeT 3aBHCeTh oT opHeHTaQHH nnocKoCTH qacrHQLI. EcnH HanpaBneHHe AH£i>£i>y-

3HH YXH nroKHI' B nnocKocrH qacrHQLr, To ka Mo)Ker 6LrTL cKonL yroAHo 

6onLrnHM; B npoTHBHoM cnyqae, KOrAa HanpasneHHe AH!l>!l>Y3HH nepneHAH

KynHpHo IInOCKOCTH qaCTHQLI, BLIIIOJIHHeTCH YCJIOBHe ka =1/2. 

YcnoBHe 3 BLIIIOnHHeTCH, KOrAa AHaMerp 3epHa d HaMHoro 6omrne 

,nnHHLI BOnHLI A. IIocKomey A= 1000 A, TO AOJI)KHO BLrrionHHTLCH d 2: 
?:: 10 MKM. B To )ICe BpeMH oqeBH,D;Ho, trro npH p ~ A AOJI)KHO 6LITL cymecr

BeHHLIM KorepeHTHoe pacceHHHe YXH Ha coBOKyiiHOCTH 3epeH. B 3TOM cny

qae ypaBHeHHH (1) H (2) HenpHMeHHMhi, a HY)KHO HCXOAHTL H3 CTOxaCTH

qecKoro ypaBHeHHH /g/ H HCCJieAOBaTL 3~aqy AH£l>paKQHH BOnH Ha CTaTH

CT~eCKOM aHcaM6ne qaCTHQ /10/. TaKHM o6pa3oM, HCCJieAOBaHHe npoQec

ca nepeHoca YXH B 3aBHCHMOCTH OT OTHOIIIeHHH d I AII03BOJIHT onpeAenHTL 

o6JiaCTL IIpHMeHHMOCTH ypaBHeHHH (1) H (2). 

YCJIOBHe 4 B cnyqae AH!l>!l>Y3HH YXH B nopoiiiKe 3aBeAOMO He BLIIIOJI

HHeTCH. Ha caMOM . Aene peanH3yercH ycnoBHe nnoTHOH ynaKOBKH qaCTHQ, 

KorAa p - d • TaKHM o6pa3oM, otieBHAHO, trro Heo6xoAHMO yqHTLmaTL peanL

eyro HHAHKaTpHcy pacceHHHH YXH Ha 3epHax nopornKa, a TaK)Ke nonyqHTL 

COOTHOIIIeHHH, OIIHCLffiaiOIUHe AH£i>£l>Y3HIO B 3aBHCiHMOCTH OT IInOTHOCTH yna

KOBKH qacrHQ. 

3. OIIHCAHHE IIO,ZU(O,ll.A. 

PE3YJibTAThl PACqETOB 

B copoKOBhiX roAax B.A.AM6apeyMHH /12/ , npHMeHHTemHo K cnyqaro 

.BhiiiOJIHeHHH ypaBHeHHH (1), c£l>opMYJIHpOBaJI npHHQHII HHBapHaHTHOCTH, 

I • 

_CBOAJ'IIQHHCR K yrBep:lK,D;eHHID, trro nponyCKaHHe T C£1 + £2 ) H oTpa)KaTem- .; 

HaR cnoco6HoCTL R( £1 +£ 2) napb! noCJieAOBaTe~HLIX cnoeB H,D;eHT~oro . 

BeiUeCTBa TOJIIQHHOH £1 H £ 2 COB~aiOT C COOTBeTCTBYIOIUHMH CBOHCTBaMH 

eAHHOrO COBOKyiiHoro CJIOH. IlpH 3TOM, npH H3BeCTHbiX IIpOnyCKaHHH CJIO-

eB T (£
1

) H T(£
2

) H oTp~TenLHOH cnoco6HoCTH R(£
1
) H R(£

2
) ,nnH T H R 

':?BOKyiiHOrO CJIOJt TOJI!UHHOH £
1 

+f
2 

BhiiiOJIHHIOTCH COOTHOilleHHH: 

4 

~ ( £ 1 + e 2 ) = R ( e 1 ) .;_ R ( £2 ) T 2 ( f 1 ) I (t·- R ( e 1 ) • R ( ~2 )) • 

T(£ 1 +£ 2 ) = T(f1 ) T(e 2)/(1-R(~ 1) R(£2 )). 

(5) 

AHanor~Lre cooTHOIIIeHHH (5) 6LIJ~H AOKa3aHhi B.K.HrnaTOBHqeM 113/ ,nnH 

cnyqaH BhiiiOJIHeHHH ypaBHeHHH (2). Heo6xoAHMO OTMeTHTh, tJTO (5) HMeeT. 

MeCTO npH yCJIOBHH, tJTO yrJIOBaH CTpyKTypa IIOJIH (B AaHH.OM cnyqae IIOTO

Ka YXH) coxpaHHeTCH HeH3MeHHOH BO Bceii Tonme cnoR H Ha ero rpaHHQax. 

Ha caMOM Aene HeH3MeHHOCTL yrnoBOH_ CTpyKTypbi AOCTHraerCH Ha AOCTa

TOqHOH rny6HHe CJIOH, a xapaKTep 3TOH CTpyKTyphi 3aBHCHT OT 11. H BH,D;a 

HHAHKaTpHchr pacceHHHH f . ByAeM npeAnonaraTL, qTo 3HaqeHHH 11. HeBenHKH,_ 

a noToMy noToK YXH B cnoe qacrHQ 6nH30K K H30TpoiiHoMy. IIocKOJILKY 

)Ke H IIMaiOIUHH noToK YXH RBnHeTCH 6nH3KHM K H30TpoiiHOMY, TO H3MeHe

HHH yrJIOBOH CTpyKTypbl IIOTOKa Ha rpaHHQe. H B IIpHi'paH~HOH o6naCTH 

cnoH 6YAYT HeBeriHKH. TaKHM o6pa3oM, 6yAeM cqHTaTL, trro ycnoBHH AJIH 

BbiiiOJIHeHHH (5) cyrueCTBYIOT. . . 

PaccMoTpHM KOHKpeTHLie MOAenH pacceHBaiOIUHX qacrHQ. 

Tmncue nn.ocKue llaCTUlJbl 

PaCCMOTpHM BHaqane cnyqaii: CHMMeTpHqHOH HHAHKaTpHCbi pacceHHHH 

(cos() = 0, ka = 1). IIycTL nnocKHe qacTHQhi o6pa3yroT coBo~ynHOCTL PHAOB 

qacTHQ (pHc. 2a). OAHH PRA o6pa3yercH qaCTHQaMH, Jie)KaiUHMH B nnocKOCTH 

xy, · nepneHAHKynHpHoH IIOTOKY YXH. EcnH nnomaAL qacTHQLI c OAHOH CTO

poHLI Sj , TO B BhiAeneHHOM ceqeHHH IIJIOIUaALIO 8 n qaCTHQ HMelOT COBOKYII

HYIO nnomaAL 2 S .. BBeAeM nnoTHOCTL ynaKOBKH p = 2 S J. IS qacTHQ B nnoc-
n J . . n 

KOCTH. TorAa Ko3£l>£l>HQHeHTLi oTpiDKeHim R H uornomeHHH M YXH qacTHQa-

MH OAHoro pHAa 3aiiHIIIYTCH TaK: 

R = (1 -11.) P • M=21LP• (6) . 

Pacc~TaeM K03£l>£l>HQHeHT OTpiDKeHHH Roo OT 6ecKoHeqsoro qHcna PHAOB 

qacrHQ.' Pacqer noKa3Lmaer, trro Ko3£l>£l>HQHeHT oTpa)KeHHH B cnyqae MMLIX 

3HaqeHHH 1J..:S10-3 MO)KeT 6hiTL IIpeACTaBJieH B BH,D;e 

Roo ( p) = 1 -· {3 ( p) fi. (7) 

11:3 cpaBHeHHH (4) H (7) CJieAyeT, tJTO f3 0y'iZ'= f3(0).B .KOHKpeTHOM cnyqae 

~ CHMMeTp~OH HHAHKaTpHChi, Ka3aJIOCL, AOJI)KHO BhiiiOnHRTLCJt . {30 = {3 ( 0 ). 

Ha pHc. 3 (KpHBaR 1) npHBeAeHa 3aBHCHMOCTL {3(p ); BHAHo, trro {3(0) = 2, 

B TO BpeMH KaK {30 = 4/ ya Pa3JI~He B 3HaqeHHHX (30 .H {3(0) 3AecL CB113aHO 

C TeM, tJTO. COOTHOilleHHH (6) peanH3yroT CHMMeTp~ HHAHKaTpHcy H 

RBnHIOTCH Heo6XOAHMbiMH, HO He AOCTaTOqHblMH yCJIOBHH~H • .l{eHCTBHTenL~ • . 

5 
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PHc. · 2. Mo.o;enH pacceHamomHx 'laCTHQ: a- TOHKHe 

nnocKHe 'laCTHLU>lj 6 - nepBaH Mo.o;enL c!flepH'!e· 

CKHX 'laCTH~; a - BTOpaH Mo,o;enL c!flepH'IeCKHX 

'laCTHQj r - TpeTLH MO,JJ;enL c!flepH'IeCKHX 'laCTH~ •. 

PHMCKHMH ~qlpaMH OTMe'leH HOMep pa,o;a; apa6· 

CKHMH - HOMep 3neMeHTapHoro cnoa. lliTpHxoa- J 

KOH OTMe'leHLI 'laCTH 'laCTH~, COCTaBnHID~e 

3JieMeHTapHLie CJIOH. 

..J. 

HO, B COOTHOIDeHHRX (6) He "3anO:>KeHO" 
ycnOBHe HepaBeHCTBa IIOTOKOB BIIepe,n: II 
Ha3a,n:, Kor,n:'a ,n:orr:>KHO BbiiiOrrHRTbCR {3 ( 0) = 
= 4/ ..;3. B 3TOM cnyqae, :KaK OTMetieHo 
B /6/, H .n:orrJKIJo 6biTL {3 ( 0) = 2. TerrepL 

paCCMOTpHM crryllaH HH.ll:HKaTpHCbl paCCeR
HHR Ha3a,n: (COS(} = -1, ka = 1/2). )lnR R H 
fl. B 3TOM cnyqae BbiiiOnHRIOTCR COOTHO
IDeHHR 

R=(l,-fl)·p, M = flP • (8), . 

IIocKo.JiLKY ka = 1/2, To c yl!eTOM HeBbi
rrorrHeHHR ycrroBHR HepaBeHCTBa IIOTOKO~ 

. Brrepe.n: H Ha3a,n: .n:orr:>KHo 6biTb {3 ( 0) = 2 I .fl., 
Ha pHc. 3 (KpHBaR 2) rrpHBe.n:eH pacl!eT 

{3 (-p) .n:nR 3Toii Mo,n:em!:.... BH,n:Ho, liTO, KaK 

II o:>KH.n:anocb, f3 ( o) =v2. .[(anee rrpii p .. 1 
{3 .. yjl, liTO IIpHBO.ll:HT K BepHOMY rrpe,n:eny 

R
00

(p=1)=1-{l 

PHC. 3. 3aBHCHMOCTL napaMeTpa {3 OT DJIOTHOCTH 

l] 
I 
I 

KHX 'laCTH~j 2 - BTOpaH MO,[J;eJlL DnOCKHX 'laCTH~j 

3 - nepBaH MO.JJ:eJIL c!flepH'IeCKHX 'laCTHUj. 4 -

'laCTHU OAHOro pH.o;a p B DnOCKOCTH, npoXO,o;HineH .

1
. 
f 

'lepe3 ~eHTpLI 'laCTH~: 1 - nepBaH MO,[J;eJlL DnOC• 

0 I 1 1 I I : 1 I . 1 BTOpaH Mo.o;enL c!flepH'IeCKHX qacrH~; 5 - TpeTLH 

0,25 0,5 0,75 p .1 MO,[l;eJlL c!flepH'IeCKHX 'laCTH~. 
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Ctfiepuqecicue llacr~t~bl 
PaccMoTpHM TpH M:o.n:rum (pH:c. 26-r) pa3rrWIHo ynaKOBaHHLIX c¢epH

l!eCKHX t~acnu~. Mo.n:enH oTnwriuoTcR 3Ha'leHHeM paccroRHHR Me)KJJ:y pR.n:aMH, 
KOTOpoe MR MO,n:eneii 1-3, COOTBeTCTBeHHO, paBHO .ll:HaMeTpy (pHC. 26) , 
pa,n:eycy (pHc. 2B) H rrorroBHHe pa.n:eyca (pHc. 2r) llaCT~. PaccTORHHe Me:>K
.n:y pR,n:aMH o,n:HoBpeMeHHo RBrrReTCR ,n:nHHoii ::meMeHTapHoro erroR (Ha pHc.2 
rroKa3aHo i:.uTpHXOBKOH miH 3aKpameHo) , rrocrre.n:oBaTenLHaR coBOKYIIHOCTL 
KOTOpbiX COCTaBrrReT CITOH l!aCT~. EcrrH MR rrepBOH MO,n:errii 3rreMeHTapHbiH 
CrrOH O,n:HOBpeMeHHO RBrrReTCR pR.n:OM, TO ,n:nR BTOpOH OH COCTOHT Il3 rrorro
BHHOK tiaCT~ ,n:Byx pR,n:oB (rroKa3aHO IDTPHXOBKOH Ha pHc. 2B), a .n:nR Tpen.
eii - H3 lleTBepTLIX t~acreii l!eTLipex pR.n:oB llaCT~ (3aKpameHo Ha pHc. 2r). 
Hama 3a,n:al!a TerrepL cocTOHT B TOM, l!To6LI paccliHTaTL R 9 II T9 .n:rrR 3rreMeH

TapHoro erroR, "rrocrre llero ,n:rrR paC'IeTa MO?KJIO BOCIIOrrb30BaThCR COOTHOIDeHII· 
RMH (5). 

,lJ)m orrpe.n:em!HHR R9 H T 9 HcrrorrL3yeM TaK:>Ke .n:mp¢y3HOHHoe iqm6rrH

meHHe, ero KOHKpeTHyiO peani13a~. paCCMOTpHM Ha rrpHMepe rrepBOH 
Mo,n:enii. Ha pHc. 4 crrnomHoii rrHHIIeii rroKa3aHa 3KBHBaneHTHaR cxeMa o.n:
Horo pR,n:a llacrm~. rrpe,n:cTaBnRIOI.QaR co6oii HeiiTpoHoBo.n:, .n:o rrorro:BHHhl 
t:BOeH ,n:rrHHbl cy:>KaiOI.QIIHCR (B COOTBeTCTBHH C yBerrHtieHHeM COBOKYIIHOH 
rrnoi.Qa.n:H. cet~e~HR tiacrm~ I S i) , a 3aTeM pacmiipRIOI.QHHCR. Ilnoi.Qa,n:L cetie

HHR HeHTpO~OBO,n:a (rrepmJkHeyrrRpHOrO HarrpaBrreHHIO ,n:H4J4JyiHH, TO eCTL 
ocH z ) · paBHa rrnoi.Qa,n:H cel!eHHR Me:>K3epeHHoro rrpoCTpaHCTBa (1 -p) S, 
,n:rrHHa pacceRHHR B cet~eHHH,. pasHaR. B cooTBeTCTBHH c 3aK~HaMH ra3o:Boii 
KHHeTHKH 4v IE , r.n:e v H ( - o6oeM H rrnoi.Qa,n:L rroBepXHocm Me:>K3epeHHoro 

·rrpoCTpaHCTBa, COCTaBrrReT ,\8 = d (1-p) /p_. qT06bi paCCliHTaTb .ll:H4J4Jy3HIO 

B HeHTpOHOBO,n:e C H3MeHRIOI.QHMCR Cel!eHIIeM, npe,n:CTaBHM .ero B BH.n:e CTY
rreH'IaTOrO HeHTpOHOBO,n:a C 6ecKOHel!Ho ManOH ,n:rrHHOH CTyrreHLKH (H3o6pa
:>KeH Ha pHC •. 4 3ar3arooopa3HOH rrHHHP-H) • CzyrreHl!aTbiH HeiiTpOHOBO,n:,. B 

PHc. 4. 3KBHBaJieHTHaa cxeMa (cnnoWHLie 

JIHHHH) H ee paC'IeTHaH annpOKCHM~ 

(3Hr3aroo6pa3HLie JIHHHH) nepBOH MO,[J;eJlH 

c!flepH'IeCKHX 'laCTHU. t £, t £ -:- K03lPlPHUH• Vl 

eHTLI OTpll)KeHHH H nponyCKaHHH AHa!flparMLI 

cneaa, r , t - cnpaaa. S - paccMaTpHBae-p p . . 
MaH nnomaAL B ce'leHHH, nepneH.o;HKynHp· 

HOM HanpaaJieHHIO AH~Y3HH, S j,M- nno

ma.o;L ce'leHHH ~acrim,. npoxo.o;Hmero '1epe3 

HX ~eHTpLI. 
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CBOJO 011epe,n;L, o6paayerca qepe]J;OBaiiHeM npRMbiX HeHTpOHOBO}J;OB H ]J;Ha

«!>parM. ,ll)m Ko3«P«Pmmemoa oTpiDKeHHa RH H nponycKaHHR T H npHMoro 

HeHrpOHOBO}J;a ,IVIlmOH' e H3BecTHbl /14/ COOTHOIIHiHHa: 

RH = r (1 - e 2 ) /(1 - r2e2 .) , 

(9) 

T H = e ( 1 - r2 
) I ( 1 -. r 2e 

2 
) 

1-q -
rAe r=--,q=vk.,JJ./3 ,e=exp(-f/L) , L=A. ..J-kei3JL • .r:vm Ko3«P«PH-

1+q t . ' s 
,.,; 

UHeHTOB OTpiDKeHHR RA H nponyCKaHHR T A }J;Ha«PparMhi HMeeM 

R A = (1-JL){1- T,q) , (10) 

rAe TA =82 /8 1 npH 82 /81 .<1 H TA =1 npH 82 /8 1 > 1, 82 - nnom;a}J;L celle

HHR cne}J;yrom;ero 3a AHa«!>parMoii npaMoro HeifrpoHOBOAa; 81 - nnom;aAL 

celleHHR npeAWecTayrom;ero }J;Ha«PparMe HeifrpoHOBO]J;a. · 

3Haa K03«!>«!>HUHeHTbl OTpiDKeHHR H nponyCKaHHR npHMbiX HeifrpOHO· 

BOAOB H AHa«!>parM, K03«!>«!>HUHeHTbl OTpiDKeHHR H nponyCKaHHR 3JieMeHTap

HOro CJIOR MO:>KHO paCC11HThiBaTb .no «!>OPMYJiaM/15/, aHaJiOrHliHbiM (4). 
qT06hi npo}J;eMOHCTpHpOBaTb B03MO:>KHOCT:b annpOKCHMaQHH HeHTpOHOBO}J;a 

C H3MeHRJOlll;HMCR CelleHHeM CTyneHllaTLIM HeHTPOHOBO}J;OM B npe,n;~e 6eCKO· 

He11Ho Mai:ioii AJIHHhi CTynemKH, 6LIJIH npoae]J;eHLI pac11erni Ko3«P«PHUHeHTa 

nornom;eHHR M YXH B KoHycoo6paiJHoM HeiiTpOHOBO}J;e. HapHc •. 5 npHBe

]J;eHa 3aBHCHMOCTL K03«!>«!>HUHeHTa nornom;eHHR M OT yrna a npH aepwHHe 

· KoHyca. KaK H Heo6xo}J;HMO npn· a =0, peanmyerca cny11aii npaMoro 6ecKo

He11Horo HeHTpOHOBO}J;a H M = ~oY~ npH a;, 90 ° KOHYC BblpOiK,Zl;aerca B rpa

HHQy paa]J;ena aaeyyM -Bem;ecTao H• M= JL. 

· Pacllerhi 3aBHCHMOCTH ~(p) }J;Jia c«t>epHllecK'Hx t~aCTHU npHae.n;eHni Ha 

pHC. 3. KaK y)Ke OTMellaiiOCb, Cpe.n;HHH KOCHHyC OTpa)KeHHR ~XH OT c«t>epnl 

-lr--r----~------------~---, 

::!: 
2 
-2 

-3 

}J = ltf'o 

~ (I:&> 
-4 I S t 1 =r=:-=:----.. I 
· w ~ ~ ro « 

npH AH«!>«!>Y3HOHHOM OTpiDKeHHH paBeH 

-2/3. 3TO }J;OJI:>KHO npHBO}J;HTb }J;JIR nepBOH 

MO}J;eJIH (KpHBaR 3 Ha pHC. 3) K 3Ha11e

HHlo ~(0) =~ol y5/3 = 1,789. Pac11er npH 

JL = 10 -4 Aaer 6JIH3KOe 3Ha lleHHe ~ (O) := 
=1,778. 

To11KaMH Ha KpHBniX pHc. 3 noKa-

3aHhi 3HalleHHR ~ npH o6'beMHOH nJIOT-

PHc. 5. 3asHCHMOCTL sepoHTHoCTH nornome

HHH YXH M · a Konycoo6pa3HOM ueiiTpouoso

·ne c JL=10-,4oT yrna a npH sepwH~e. 

8 
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38BHCHMOCTL K03!f>if>HI.tHeHTOB 

nponycKauHH I H oTpa)l(eHHH R npH JL = 

=10-4 OT. TOnlllHHLI cnoH qaCTHI.t f (B 

e,nHHHI.tax d) : 1 - pacqeT no if>opMynaM 

(9) npH ke =1; 2- pacqeT no Mo,nenH 3 

cif>epmecKHX qaCTHI.t. 

PHc. 6. 3aBHCHMOCTL napaMeTpa ~ · OT 

noKanLuoro napaMeTpa . qaCTUW>I k £ : 
a - Mo,nenL cif>epmeCKHX qacr~: 1 -. p = · 

= 0,01, 2 -·p=0,3, 3-p= 0,7, 4- p= 0,9; 

6 - Mo.nenL 3 cif>epmecKHK qaCTHtt: 1 - p = 

= 0,01; 2 - p= 0,1; 3- p =0,2. 

0 
2.5 5 7.5 

lgT 1\ I~ , R 

-1 

-2 

-3 

_, 
25 50 75 . 100 

• 

HOCTH ynaKOBKH p = 0,524. _nna MO}J;eJIH 1 clfjepHlleCKHX llaCTHU TaKaR 
v u u 

nJIOTHOCTb RBJIReTCR MaKCHMaJibHOH, a COOTBeTCTByrom;aa eH ynaKOBKa 

Ha3Lmaerca i:Ipocroii Ky6HllecKoii. B peanLHLIX nopoi:uKax o6n111H.o 

p~H3yercH o6'be~aa nnoTHOCTL nopEI.11Ka 0,5. KaK BHAHO H3 IIpHBe}J;eHHbiX 

KpHBLIX, npM TaKHX 3HaliElHHJIX ·p }J;JUI MO}J;eJieH 2 H 3 c«!>epHllecKHX llacTHU H 
· I V ' 
MO}J;eJIH 2 nJIOCKHX llaCTHU {j COC"laBJIReT - 1. 

11HTepecHO nOCMOTpeTb 3aBHCHMOCTb ~ OT 3HalleHHR napaMeTpa k f • 
Ot~eBHAHo, liTO npn k £ = co pearui3yerca cny11aii 3epKaJILHoro oTpiDKeHHR 

· YXH oT c$epHqecKoro ~- B caa3H c 3THM .IVIR nepaoii MO~eJIH CcPepH

qecKHX 3epeH. Aon:>KHo peanH3oBaTLca ~(·p .... o, ke = oo) = ~0 • Pact~eT noKa-

3LIBaer (pHC. 6), liTO ~ }J;aHCTBHTeJibHO paCTeT C poCTOM kf H }J;OCTmaer, 

npH Jl = 10-4, 3HalleHHR 2,25, 6JIH3KOrO K /30 = 2,31 {KpHBaR 1 HanpHMep 

pHC. 6a). 

B 3aKJIJ011eHHe npHBe.n;eM (pHc. 7) pe3yJILTaThi pac11era R H T no «Pop

MYJiaM (9) npH ke = 1 (Hcnonb3oBaJIHCL a ·/1, 3,.41 H no MOAeJIH 3 c«t>epH

llecKHX llaCTHQ B 3aBHCHMOCTH OT TOJilll;HHLI CJIOR. BH}J;HO, liTO npH HOBOM 

no}J;XoAe pac11era K03«!>«!>HUHeHT oTpiDKeHHR nonyt~aerca 6onLwe; a Ko3qxpH-

UHeHT nponyCKaHHR MeHLWe. 
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4. 3AKniOqEH11E. 

· ProynLTaTbi pa6oTLI YKa3biBaiOT Ha TO, lfi'O nnoTHOCTb yrraKoBKH 11acnu~ 
oKa3LIBaer 3H3:tiJITenbHoe Bmunme Ha rrpouecc .nn<P¢Y3HH YXH: B tiaCTHOCTH, 
IIpH peanH3yeMOH Ha rrpaKTHKe IInOTHOCTH yrraKOBKH B IIOpOUIKaX p ,0,5 ' v 
rrornomeHne YXH B cnoe 6ecKoHe'IHoii TOniUHHbi rra.naer rrpH6nH3HTenbHO 

B .IJ;Ba pa3a. 
.. TaKHM o6pa3oM, CTaHOBHTCH otieBH.IJ;HbiM, tfi'O BbiBOA pa6oTLI 

141 
o .no-

CTIDKeHHH paCtieTHbiX 3Ha'leHHH K03cPcPHUHeHTa IIOTepb Ha 6epHnnHH H rpa-· 
<Pn:re HBnHeTCH COMHHTenbHbiM. llpe,nCTaBnHeTCH Heo6XO)l;HMbiM 6onee 
imaTenLHoe H3Y'IeHHe rrepeHoca YXH qepe3 . .nncrreprnpoBaHHLie cpe,nhi H, 
B. tiaCTHOCTH, qepe3 IIOpOUIOK. llpH 3TOM He06XO.IJ;HMO HCCne.IJ;OBaTb xapaKTep 
rrepeHOca B 3aBHCHMOCTH OT rrapaMeTpa d/ ,\, a TaK:IKe IIOnH.IJ;HCIIepCHOCTH 
cpe,nhi. 3aMeTHM, 'ITo YXH rro3BOmiiOT H:ccne.noBaTb rrpouecc rrepeHoca B 
HeyrropMOtieHHOH Cpe,ne. 11HTepecHhiM B 3TOH CBH3H HBnHeTCH cnyqaft He
CTaUHOHapHoro rrepeHoca, Kor.na HMeiOTCH cnyt~aiiHo pac.rrpe.neneHHhie noByrn
KH. /16/ YXH. CH:nbHoe BnHHHHe rrapaMeTpOB cpe,nhi Ha rrporrycKaHHe YXH 
tJepro cpe.ny YKa3hiBaer ita uenecoo6pa3HOCTb Hcrronh30BaHHH B Hccne.noaa

HHHX MeTO.IJ;a rrporrycKaHHH 121. 
llpHBnetieHHe .npyrHx MaTeMaTHtiecimx orrncaHHii rrpouecca rrepeHoca 

YXH B .n;HcrreprHpoBaHHhiX cpe.nax TaK:IKe rrpe.nCTaBnHeTCH Ba:IKHhiM-
B 3aKniOtieHHe aBTOp Bhipmer 6naro.napHOCTb A.B.CTpenKoBy, 

IO.M.OCTaHeBH'IY H B.K.HrHaTOBHqy 3a o6cy:~K.IJ;eHHe HeKoTophiX BorrpocoB, 

paCCMOTpeHHhiX B .IJ;aHHOH pa6oTe • 

. flHTEP ATYPA 

1. roJUfKOB B.B., KynarHH E.H., HHKHTeHKO IO.B. - Ol1Hlf, P3-87-20, .Ily6Ha, 1,987. 

2. HHKHI'eHKo IO.B.- OlfHH, P3-89-663, .Ily6Ha, 1989. 
3.TonHKOB B.B., KynarHH E.H., HHKHTeHKO IO.B. - 011Hlf, P3c89-;42, .Ily6Ha, 1989. 

· ·4.TonHKOB B.B., KynarHH E.H., HHKHI'eHKO IO.B. - OlfHlf, P3-89c664, .Ily6Ha, 1989. 

5. HrnaTOBH'I B.K.- «llH3HKa yn&TpaXOJIO,nHLIX ueihpOHOB. M.: HayKa, 1986 . 

. 6. Po3es6epr r.B. -Y«<IH,1959, 69, c.57. 
7. lfrnaTOBH'I B.K., TepexoB r .lf.- Ol1HH, P4-1054_8, .Ily6Ha, 1977. 

8. BepllaHY H.,lfrnaToBH'I B.K.- OlfHlf, P4-7331,".Ily6Ha, 1973. 

9 . .Il3BHCOH B.- TeopWI nepeHoca HeihpoHoB. M.: AToMH31l:aT,1960. 
10. KJIHUKHH B.lf. - CToxacrll'lecKHe ypasHeHHH H sonHLI B cnyqafulo Heo,nHopo,nHLIX 

cpenax. M.: HayKa,1980. 

11. Bapa6aHeHKOB IO.H.- Y«<IH, 1975, 117, c.49. 

/,12. AM6apuyM1IH B.A.- AcrpoHOMHIJ. m., 1942, 19, c.l. 

10 

13. Ignatovich V.K.- uiNR Preprint E4-87 -326, Dubna, 1987. 

14.lfrnaToBHIJ B.K., HHKHTeHKo IO.H.- Ol1Hl1, P3-87-832, .Ily6Ha; 1987. 

15.l1rHaTOBHIJ B.K., HHKHTeHKO IO.B.- Ol1Hl1, P3-87-326, .Ily6Ha, 1987. 
16. MHxaiinoa A.M., YnopoB ll.B.- Y«<IH, 1984, 144, c.79. 

PyKOIIHCb IIOCTYIIHna B H3.IJ;aTenbCKHH OT,nen 
3 0 MaPTa 1990 ro.na. 

11 

• l· 


