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§I.Bseaeaae 

Xopowo aasecTao
111

, 'ITO anSI nony'leHHSI aacnepcaoHHbiX cooTHoweaali (a.c.) no s sa-

pS!Jly C 8H8nHTH'IHOCTb~, KOTOp8H KBnHH9TCH CIT9JlCTBH9M npHHUHIT8 MHKp~H~HHHOCT~, 

Tpe6yeTCH nonHHOMH8ITbH8SI orpaHIT'I9HHOCTb 8MITITHTYJlbl B OKpeCTBOCTH 6eCKOH9'1HO yaaneH

HOII TO"'KH. nocneaaee orp8HH'I9HH9 ( 38Jl8HH9 CTeneHH pOCT8) B TeOpHH Jl.C. BblCTynaeT V 

K8X H938BHCUMblll nOCTyiT8T H npHBOJlHT K TOMy, 'ITO cl>ypbe-o6p83bl 38IT33JlblB8~UilfX 8M

nnHTyJl 6yayT o6o6meaHbiMH cjlyaxnHHMH Meaneaaoro pocTa . 

803HHK89T BOnpoc; He KBIT!IOTC!I na Tpe60B8HH9 ITOITHHOMH8ITbHOli orp8HH'I9HHOCTH CITHUIKOM 

CHnbHblM. 'iT06bl OTB9THTb H8 9TOT BOnpoc, 38M9THM cneay~wee: npHHUHn npR'IHHHOCTR~ ra-

PHHTHpyg 8H8nHTH"'HOCTb 8MnnHTYJlbl B KOMnneXCHOll B rrnOCKOCTR, H8KnanbtB8e T T8K >Ke 

onpeaeneaaoe ycnosae sa ee poeT. nosTOMY MOlKHO 6bmo 6bi JlYMHTb, 'ITO aononanTenb

aoe npeanonoJKeane o CTenean pocTa aiv!nnHTYJlbi nannwae, oaaaxo, orpaHH'IeHae, cneayiO

mee H3 npnauana npa'IHHHOCTH, !IBn!leTC!I cna6biM H aorrycxaeT poeT 6onee MeaneHHbii!, 

'19M y n~6ol! naaellaol! sxcnoHeHTb/
21

• T axHM o6paaoM, an11 cyweCTBOOHHHH a.c. aaaa

HHe CT9IT9HH pOCTa !IBIT!IOTC!I He06XOJlHMblM. 

J.i3 B blUI9CK838HHOrO cneayeT, 'ITO npH B binOITH9 HHH ycnOBHH MHKponpH'IlfHHOCTH ('ITO 

o6ycnasnasaeT a HannTH'IHOCTb s KOMnnexcaol! s nnocKOCTH) cTeneHb pocTa Ha 

7 lK9T 6 b!Tb, B006We rosop!l, He nonHHOMH8nbHOli. 8 STOll CBSI3H MOlKHO BB9CTI! ITOH!ITH !I 

3 IT9M9HT8pHOll JliTHHbl B TeOpHB (aaJKe npH H8ITH'IHH ITOK8ITbHOll npll'llfHHOCTil), ITOCKOnbKy 

MQ-

npll 3 KCnOH9HUil8ITbHOM pOCTe 8MITITHTYllb1 BCeraa ITOS!BnHeTC!I BenH'IIlH8 p83M9 pHOCTH JliTHHbl, 

X8p8KTepH3y~W8!1 CTeneHb pOCT8 8MITITHTyJlbl H8 

0JlH8KO, 9CITH np9JliTOITOlKHTb, 'ITO oPH3H'I9CKH9 B9ITH'IHHbl H8 ll9liCTBUT9 ITbHOJ! OCH S 

H9 p8CTyT 6b!CTpee ITOITHHOMH, TO npH H8ITH"'HH npHHUBn8 ITOK8ITbHOll npH"'HliHOCTH B03MOlK

HOCTb 3 KCITOH9HUH8ITbHOrO pocTa 8MnnHTYll B KOMnneKCHOft nnOCKOCTil H8 ,P113H'I9CKOM 

nHCTe HCKn~~89TCR1 H B T90pHH aneM9HT8pH8R anHH8 He B03HHK8eT. 

CaTyanH!I TaKosa nawb B s -nnoc-.:OCTH. Ecna, c n e ay11 MaaaenbcTaMy, nocTynupo-

B 8Tb 8H8ITHTH'IHOCTb 8MITITHTYllb1 B KOMnneXCHOll nnOCKOCTH, TO B OTITH'IH9 OT npellbiJlyUlero 
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Cny'ISH, rae yc110BHe npH'lHRROCTH HBRO R8K118llblB8eT orpSRR'leRBe R8 poeT 8MnnHTYllbl, 

3lleCb T8KOrO pOllS orpSRH'leRHe nOK8 HeB3BeCTHO. B COOTBeTCTBHH C CHMMeTpHel! MelKlly 

u 8 unocKOCTHMH Mbl B nallbuel!weM ISyaeM npennonaraT&, 'ITO poeT a 

lt81t II B S n110CKOCTH, He 6biCTpee 11HHel!uol! 3KCnOHeRTblo 

nnOCKOCTB, 

, 
nycTb s > s • Torna 11HHRII pa3pe3a B t nnOCKOCTII liB11IDOTCst ue¢B3R'le CKH- I 

- nopor 

MHI R Mbl He 06st3aHbl Tpe6oaaTb n011HBOMHa11bROll orpaHH'IeRHOCTB 8Mn11HTYllbl Ra pa3pe 3aX. 

TeM caMbiM Mbl ue ucxmoqaeM uenonHROMHan&Hl4l! poeT aMn11HTYllbi no H 1 3H8'tfHT1 He 

MOlKQM HanucaT& n.c. c xoue'<HbiM qucnoM Bbi'<HTaHHll. Uen&IO uawell pa60Tbi stanaeTca 

pa3p8150TKa HOKOTOpOll TSXHHKH, OIS06Wa!OW9ll MQTOll ¢a30Bb!X npellCTSBJieRHl! CyraaapH 
/3/ . 

H Ta!Suc • OR npHBOllHT x npeacTaaneHBIOllna aMnnuTyllbl BHI!a (2.3), KOTopoe, c oauoll 

CTOpOHbl 0 I!OnyCKaeT Hen011HBOMR81lbRblll pOCT, COBMeCTBMb!l! C npBHilHnOM MHKponpH'lHHHQ- ..J 
CTR, a C llpyrol!, - HB11steTCH ya06HblM ll11H OnHCaBHH 3KCnepHMeHTan&HblX llaHBblX. 

§ 2. OnpeneneuHe xnacca ¢yaxnHll. CaollcTaa ¢opM¢aKTOpoa 

Hawe paccMOTpeaue saqaeM co cny'last sneKTpoa-npOTouuoro pacceHRHH. AMnnHTyna 

sToro nponecca B e
2 

npHI511RlKeHHB BblpalKaeTCH 'lepe3 311eKTpR'leCKHll R MarRHTHblll 

¢opM¢aKTOpbl HyK110B8, KOTOpble 3aBBCSIT TOIIbKO oT nepenaaaeMoro BMnyn&ca . 06o-

3H8'1HM 9TH ¢opM¢aKTOpbi '<epe3 G (t) l13aecTao, 'ITO G(t) ecT& ronoMop¢aaH <!>YHKilHH 

B -n110CKOCTH C p83pe30M Bll011b ll911CTBBTe11bBOJI OCH OT a ~ 0 ltO +eo 

nepeaeaeM 11110CKOCTb C nOMOWb!O KOH¢opMBOrO OT06palKOHHH 

' - 2 a - t - 2y~ ra -y-;;-::t 
..[8 +•Vi.=! 

(2.1) 

B 9llHHH'lHblll Kpyr (ol5p8THoe npeol5p830BaHHe HMeeT BUll t= 4a(/(1+' )
2 

) H 0603Ha'IHM 

o6pa3 G ( t) qepe3 f (() • 

nycTb f(()• A , rae A - xnacc acex <I>YHKilHll, auanHTB'IeCKHX B eaHHH'IHOM Kpyre ,__ 

u ynoaneTaopHIOWHX ycnoBHIO 

277 + 18 
lim fln lf(pe >I dO ~A < ~ • (2.2) 

p-+ 1 
rae + In a a ~1 

In a= I 
0 a < 1 

EcTeCTaeaao, 'ITO orpaBH'IeHHe (2.2) cooTaeTCTaeauo onpenenHeT Knacc G(t) ¢yaxnull 

B nnocKOCTH. KaK 6yaeT aanuo HHlKe, ana G(t) npB 3TOM1 C OllHOl! CTOpOHbl, aony-

CKaQTCSI llOBOIIbHO pa3H006p83HOe noaelleHHe Ha 6eCKOHe'IHOCTH, 8 C apyroll CTOpOHbl, 3TO 

4 

pac wnpeuu e no cpaaue a HK 

KOTOpOM C MbiCne M HHHMBn 

OTMeTH M OCHOBHhie 

I. nycTb f(() • A 

f(() = b ((} exp I i; 

rae b(() liB11HeTCSI ¢ YH K! 

BHll: 

b(()~ ·n 

1 = 0 

3aec& '· o6o3Ha'la iOT n • 

COOTBeTCTBY!OWHe KpaTBbn 

tO I HMeeM I b ( e ) = 1 , a ' 

THBHOM cny'lae 

2. <l>yHKilHH H3 K118C( 

max 

o :s e::; 

3To nerxo llOKa3biBaeTcH, 

In I exp I ¢ (I) I I - r a p 

(2.5} HBnaeTCH ueo6xoaH M 

xnaccy A. Ecnu Re¢(() 11 

T.e. ecnu ae BhrnonaSieTcst 

TO Torna e 
¢(() 

lim 

p-+1 

2J 

1 -

38BellOM 

flnH ycTauoaneHHH u e 

¢ ( () 

x} 
noapo6ao 3TH BOnJ 



B B poeT 8MllnHTYllbl, 

H C CHMM9TPH911 M9)1(llY 

) poeT B nnocKOCTH, 

1 RBnmoTC~ ae~aaaqecKH

aMnnHTYllbi aa paapeaax. 

;h i no H, 3H8'IHT 1 He 

1ell pa60Tbi ~an~eTc~ 

~acTasneHHll CyraaapH 

(2.3), KOTOpoe, c oaaoll 

aBUHllOM MHKpOilpllqHHHo- ~ 
HT81IbHblX ll8HHbiX. 

o pacceHHHH. AMnnaTyaa 

aqeCKllll H MBrHHTHb!l! 

MOrO HMnynbCB • Ot5o-

rb ronoMop~aa~ ~yBKUH~ 

0 .a.o +oo 

a )f{SHHSI 

(2.1) 

) H 0603HBq8M 

1 

:eCKHX B eaHHHqHOM Kpyre I. 

(2.2) 

.-r Knacc G( t) ~YHKUHll 

_., C OllHOll CTOpOHbi, nony

, a C apyrol! CTOp0Hbl 0 STO 

p8CU!HpeHHe UO C p 8BH9HH 10 C KnBCCOM cfJyHKUHif, .llnH KOTOp biX flH lll YTCSI n.c.
1 

HOC HT B n e 

KOTOpOM CMb!Cne MHHHMBRbHb!l! XBpBKTep. 

0rMeTI! M OCHOBHble CBOl!CTBB ~YHKIII!H H3 Knacca A x). 

I. !1ycTb f (() < A , Toraa oaa aonycKaeT npeacTaaneaae 

211 

f(()=b((} exp liA+ _1_ f 
2rr 

¢(() 
w(O) dO l = b((} e (2.3) 

rae b( (} RBn~eTc~ ~YHKUHeii 6n~ll!Ke. <l>yHKIIH~ 6nHIIIKe aaeT ace aynH f(() H HMeeT 

BHa: 

b(()= 'll (~) 
I =0 1 - ((I 

n c __i__:_ft_ > 
1=1 1-(~ (2.4) 

3aecb ( 1 o6oaaaqaiOT aellcTBHTenbHbie ayna, a (
1 

a ~ -KoMnneKCHhie. MHO)I(HTenH, 

I COOTBeTCTBYIOWHe Kp8'!'Hb!M HYRHM, HBUHCBHbl CTDnbKO pa3, KBK28B HX KpBTHOCTb. ilnH b((} 

HMeeM I b ( e
10 

ll = 1 , a ee xopaa yaoene TBOp>!IOT ycnoea10 I ( 1 -I(, I) <- ; a npo-

THBHOM cnyqae 

f(( h 0 • 

2. <l>yaKuaa H3 Knacca A nonycJ!:aiOT oueaJ!:y 

•0 
max lf(pe )I~ 

o~Osa 

~I) 

e 1 -p 

1'=0 

(2.5) 

3TO nerKO D.OK83biB89TCB 1 ecnH BCflOMHHTb, "'TO In I f(peiO ) I~ In I expi¢C(>n, rna 

In I exp I ¢ ( ~ I I - rapMOHHqecKaa ~YHKilH>I BayTpa ellHHHqaoro Kpyra. Ycnoa11e 

(2.5) RBn~eTCSI aeo6xoaHMbiM (~ Heaos:TaToqHb!M) ana npaaaane)I(HQCTH ~YHKUHH f(() 

Knaccy A. Ecna Recfi() HMeeT aa rpaaaue caaryn~HOCTb Bbiille, qeM 

T.e. ecna ae BbmonaaeTc~ aepaaeHCTBO 

lim 
2 A(f) 

> lim [ max 
1 - P ~>+ 1 0<0<2rr 

l . 
p-+1 

TO Torna e cfiO aaeeaoMo He exoaaT B A. 

lim~ 
p~ 1 1 - p 

(2.6) 

ilnSI YCTBHOBneHSI~ HeKOTOpb!X 061UHX CBOl!CTB ~YHKIIHH, Onpeaen~e~oii paBeHCTBOM 

2rr 
¢ ( () = i >. + _1_ f 

2rr 

x) !1oapo6ao aTH aonpoCb! H3nllraiOTcSI e 141 

5 

"' ( 0 ) d 0 (2.7) 



npe ucTa nii M ee n a nue: 

cp ( ( ) m icp (0) +-1-J 

21T iJ ·I"' ' 
w( z) dz • 

-----;--=z 
/ 5/ 

Ha ocHona Hlfll T e opeMbl HHTerpan TKna (2.7a) H3o6pa>KaeT <jlyuKUHIO Koacca H lJ 

(2,7a) 

rue 0 < ll ~ 1 • YnoMHHYTbt ll auecb Koacc H ll onpe.neoSieTC!I coeuy10mHM o6paaoM: roso-

pSIT, 'ITO ¢( (l t H ll , e cnH 

lim 

1
" !0 ,ll 
fi¢Cpe ) ; dO< Hll(¢)<oo. (2.8) .,...; 

DoH ~YHKURH Kneece 

max 

o.< 0 <., 

p+l 
0 

u8 cnpaseuollsa coeuy10maH onenKe 

¢ ( pe'o >I~ I 2 H 8 (~ 

1 - p 

Jill 
I (2.8) 

KOTOp811, K8K H COOTHOtne HHe (2 .6), )luSI K08CC8 A HBOII9TCH He06XOiliiMbtM, HO He)lOCT8-

TO'IH blM YCOOBHeM npHH8 )l09lKKOCTH ¢ ( () K Koaccy H lJ. 

HK>Ke KBM np1111eTCH socnoob30B8TbCSI IIHTerpallblloA ~opMyooA Korn11 .nn11 ¢•( t) 

KOTopaH HBDHeTCH o6paaoM ¢( () a t -noocKOCTK. Dn11 Toro 'IT06bi ¢ ( t) ynosoeTso

pHna ll.C. C D -Bbi'IHT8HKHMK, Ke06XOilRMO II llOCT8TO'IHO, 'IT06bi ~HKUIIR 'I' ( () m l 

• __!_:£[ b- 1-( l·n </J.O 6 b!08 npeaCTBBIIMB IIKTerpanoM KornK B e.niiKR'IKOM Kpyre. 

1+( 1 + ( 
3TO B03M OlKKO TOrUS K TOObKO TOr)l8 /

6
/, KOrllB yuosoeTsopHeT coeuy10m11M '!'(() 

orp8 KH'IeKHHM: 
liT 

I ,, < e'0 > I dO < .. (2.9) 

IT/ 2 

lim f z In+ I '!' ( -1 + 2 e Ia ) I cos a da • 0 • (2.10) 

z-+0 -tr/ 2 

npK STOM cp ( (} MOlK9T IIMeTb IIHTerpHpyeMble OCOfieHHOCTH 118 KOKType, 8 B TO'IKe ( c l 

)lll!l lm</J.() )lOilyCK8 e TCSI nos eueKHe Tllll8 (-1+p)·D • 0UK8KO n He MO>KeT 6 btTb 

npOH3BOnbKbiM, T8K I<llK 8H80HTH'IKOCTb B eUHHH'IKOM Kpyre )lOst </> ( ( ) 03H8'18eT, 'ITO 

lm ¢( ( ) II Re cp ( (} CBH38Hbt Me >K.ny co6oA ycoosHeM KornH-PHM8H8, 8 .nost Re¢( (} 

/ 

B03MO>KK8SI CKKrynHpKocTb onpeueoHeTC!I ycoosHeM (2.6). Mbt orpaKR'IIIBaeMCSI nouK08CCOM \J 

113 A, KOTOpbtA coOTseTcTsyeT n S 1 

Re ¢ ( () 11 Im ¢ ( ( ) ue Bbttne 

, II, 3K8'111T, UOnyCTHMbte CHHrYOHpHOCTb 
A 

1-p 

)lOst 

H8PRilY co csoACTB8M II, X8p8KTepllb1MII .no<~ WKKUHII xnacca A, Mbt Tpe6yeM T a K >Ke , -

'IT06bl f{ ( ) yuosneTBOPSI08 yCOOBHIO 

6 

-, 
i l 

7 

KOTOpoe SIBOSieTCst Coeuc· 

t*(()=4a,;*/(&,;*)2 "'t(,;*) 

( , f( ( ) .neACTBHTeObH 

YcooBHe (2.11) pa• 

~opMyooA (2 . 7) , ecn11 T< 

(2 .1 !) 0'19BIIIlKO, 0CT80 b 

o60 81l8IDT, ao BMecTe oa 

[( ,_,, )( (-t;j 
1-((* 1-(( 

I I 

0TCIOil8 llpiiXOiliiM K 3E 

§ 3. ' 

Hcxo.nao A .nog nony• 

o a ( 2.3). H8pltlly c ¢ ( f 

b( t) , IIBO'!"'meAc SI o6pa 

• B Bllll8 b(t )= B(t) exp 

b( t ) B -nnOCKOCTH, 

o e A 6ec t<oHe'lu o, T o B( 

To B(t ) - n onHHOM, Mbt 

"' lKIIM T8K>Ke , 'ITO b ( t) II • 

In b( t+ ic) 

Hcnollbaya ( 2.4) , a. 

2i lmg(t )O( t-a)=2 : 

m 

+I 
j = 1 

In 
( ..;; - ..,-a:::t 

(.../ a-~..;-;;-::; 



(2.7a) 

KUHlO Kll8CC8 H 8 • 

•nyJOIUHM o6paaoM: roao-

(2.8) vV 

(2.8) / 

;XOllHM b!M 0 HO HellOCT8-

oil KomB nnst ¢•( t) 

'IT06hr 4> ( t) ynoaneTao-

,, cPyHKUHSI 'l' ( (} • ) 

lOB!leTBOp!!eT cnenyJOIUHM 

(2.9) 

a ~o. (2 .10) 

n He MOlKeT f5b1Tb 

4> ( (; ) 03H8'18eT, 'ITO 

IH-PHM8H8 0 a llllSI Re¢( (;) 

r paHH'IHB&eMCSI llOllK!l8CCOM \J 
ble CIIHI'YllS!pHOCTb llllSI 

ca A, Mbi Tpe6yeM T&K >Ke , -

f*((;) = f(~}' 
(2 .11) . 

KOTopoe HB!lS!eTcH cnencTBI!eM paaeHcTaa G * ( t) = G ( t*) 

t*(()=4a~/(&~)2 = t(~} • Ycnoan e (2.11) 03H8'1aeT, 'ITO np11 aeliCTBI!Te!lbHbiX anaqennHx 

(; , f((; ) lleiiCTBIITe!lbHa, H BCe ee HyllH CIIMMeTpH'IHbl OTHOCUTellbHO peanbHOli OCH . / 

YcnoaHe (2.11) pacnpOCTp8HS!eTCH H Ha ¢( (;) <jlyHKUHIO, KOTOpaS! onpe·li~lllle:z'6'sr.._ 
/ 

<jlopMynoll (2.7), ecna TO!lbKO Mbi aoKa>KeM, 'ITO b*((;) = bl~} llnsr IJ( (;-(;i) csollcTso 

1-(;(i / 
(2.11) O'leBUAHO. 0cTa!lbHble COMHO>KHTe!lH B (2.4) B OTllellbHOCTI! COOliCTBOM (2 .11) He 

of5nanaJOT, HO BMeCTe OHH eMy YAOBlleTBOpS!lOT. lleliCTBHTe!lbHO: 

( ( '- 'j ) ( '-~ ) l * = ( '*-(;*I ) ( (;*-' j ) 

. 1-(;(;* 1-(;(; 1-(;j(;* 1-~~ 
l I I 

=(~ )( (;* -(;*1 ). 

1~ ~ 1- (;j , • 
j 

0TCJOAa llpHXOllHM X 38Knl0'1!9HHI01 lJTO 

¢*{ (;).= ¢ ( ,., . (2.12) "' 

§ 3. ~aaosoe npencTasneHHe s -nnOCKOCTH 

!1CXOAHOJI AilS! ll2llY'IeHIISI <jla30BblX npeACTaaneHHll B t - llllOCKOCTH S!BllS!eTCSI <jlopMy-

na (2.3). HapS!lly c ¢(t) HeOf5XOAHMO y'leCTb eme CKB'IOK, B03HHK810IUHli OT <jlyHKUHH 

b(t\ , SIB!l~IUeiiCSI Of5pa30M <jlyHKUHR 6!lSIIUKe b(Q • llnsr 3 TOli Ue!lll npeACTaBHM b(t) 
7 
• B BRAe b(t) = B(t ) exp( g(t)] , rae B(t) - uena H <jlyHKUHH, aaJOIUaH see aynn 

b( t) a t -nnocKOCTH, a exp [ g( t)] · HMeeT paapea OT a > 0 

nell 6eCKOHe'IHO, T O B(t) SIB!lS!eTCH <jlyHKUHel! BellepmTpacca , a ecnn ax q ncno KOHe'!HO, 

TO B (t) - llO!lHHOM. Mb! nanee 6yueM npennonaraTb, 'ITO 'IHC!lO Hyneli KOHe'lno. npennono

lKIIM TaK>Ke , 'ITO b( t) He HMeeT eynell Ha 6eperax paapeaa . T orna 

In b(t+i<) - In b (t-ic) =8( t-a)(g(t+i t )-g(t-i<)J,.2i6(t-a)lmg(t). (3.1) 

!1Cll0llb3YH (2.4), HallneM: 

2i lmg(t)8(t-a)=2ilm ri In <v'S-v'~-(;i(y-;-~ 
+ 

i=O 

m m 
(3.2) 

+l: 
i = 1 

<v'a-v'a-t-ul-(J· Cva+v'•- t-Hl ~ 
~ +~~ <va--!~q<va+v'&+=I<> Jo< t-a> . 

(y'; +v'a -t -i£) - (.(y' a - v' a-t-ic) 
J 

(y'a ~ v'•- t- i£) -(*_(y' a......; a-t -i<) i=1 
J 

7 



3 n ecb i = 0,1, ••• ,n - •mcno nel\CTBI!TenbHblX nynel\ B TO'!Ka X (j a j = 1,2, ••• , m 

"'HCTIO I<OMnnei<CHbi X nyneli Jm ( j > 0 ll Jm ( j < 0 B OTnenbBOCTII, 

Tai< Kai< l m In f(t )= argf( t ) Ba M Jzy ll<HO Bbi"'HCTII!Tb apryMeHTbl Bbipa>KeH!lA, 

I<OTOpbi e CTO!IT B (3 ,2) n on 3 B8 I<OM norapH<jiMa. 

arctg 
- 'h{Sy t::; O(t-a 

a l.d.L - ( t- a )1 + ( i 

arg[i) = arg <ia~)-(i(y'-;ty;+;() 

1+(i 1-(j 

Y'IHTbiB8li, "'TO 

(y' a+y'a - t-i<l-( i (y'a-./ a-t-il) 

~=v' a ( a -t;>O), HMeaM 

rAe 

1- ( i a-ti 
- 2x · 

arg[ i) ·= arctg 
1 

1-:1 :;J 
i 

-v' t=a xl - --
a-t . 

O(t-a). 

(3.3a) 

AsanorH'IHO MO>KHo ' noAC'IHTaTb apryMe HTbi hnSI Ap yrllx qneHOB cyMM (3 .2) . Mbi npHBeAaM 

TOnbKO pe3yllbT8T: x -sin.!J_ 
I 2 

-2 O(t-a) 
t/1 

[ 
(y' a-./ a-t-ic)- (/v' a+Ja·t·i£) ] cos :-f 1 + ( 1 

arg = arg tg arc tg --

((via+v'a-t - id - (*(y' a-./a-t-i£) x -sin oPI 2 1+(* 
I 1 -( I --z= ) I 

cos .!J.. 

(3 .3a) 

2 

(y' a-./ a-t-i£)~ (y' a+-y a-t-i£) -2 ( t -a) 1+( 1 (3.3c) 
co s + arctg ---arg[ ] ~ arc lg 

(y' a +v' a-t-ic) - (
1 
(y' a -Ja-t-ic) --4--f 1+~ 

~ 
3AeCb x1 =,f~. a'l'j = arg(a-t) • llpa BhiBOAe nocneAHero Bbipa >KeHHSI yqTeHo, 

I a -t ·l 
"'TO a rg ( a - tj ).J. 'IJ1 j 1 1!03TOMY B ( 3.3a) H (3.3c) 'I' i npHHI!MaeT 3H8'19 HHH B 

HHTepaane (0,") llnSI arctg x aa3Ae 6epeTCH ee rnaaHaSI aeTBb, T.e. -L< arctgx < .!!.. 
2- - 2 

flOilCT8BnHSI B ( 3.2) ( 3,3) , H8 XOAHM 

+ I 

l = I 

Im g(t) O(t-a) = [ I arctg ~+ 
1- x

1
2 

1 = 0 

arctg 

XI ./. 
-2( ---- tg-'~'-lJ 

cos Y,./ 2 2 

1 -(_x_l_ -tg ..!.J.) 2 
cos Y,,/ 2 - 2 

+I arctg 

1= 1 

8 

-2( _x_l_+ tg Y, 
COSijJL2 _-y> 

1 - ( _x_l_ + tg ~ ) 2 

cosl/1/'2 2 

(3.4) 

) .O (t - a) . 

v 

0rCJOJ1a A Till g ( t ) 

g ( t: 

a, cnenoaaTeJihn o, nn SI <P 

G(t ) = B( t ) exp [_!_ f -
" 

KOTop oe nanneTc SI nenoc~ 

To, 'ITO no np ennono>KeHll 

'!aMy nnSI ¢ (t) a 

Korna It I ~ ~ • 

flpeACTaanSISI G( t ) 

G ( 

r Ae B(t) - aemecTaesHa£ 

B(t) 0 ( t-a)= [1m g( 

.s, ( t ) = I I 

P a36HeHae <jla3bl 8( t ) 

B03Hl!Ka lOT H3 COBep weHHC 

CSI 3Jia "'aHHaM I<opselt G I 

§ 4. ACHMTIT01 

Ha"!HaM p accMOTpe . 

B
1
(t) = lmg(t) , KOTO 

KOrAa l t l ~~ 3aMeTHM, 

MeHTa, llalicTBHTenbHO, HC 

arctg 2x 

Ha XOAHM 1 - x
2 

8(t) =I -2 I 
1 

I = 



a j=1,2, ••• , m 

9.pryMeHTb1 Bb1 p8 lK9Hilil , 

(3.3a) 

M (3.2). Mb1 npHBeJleM 

1+(1 
_-arctg--- (3.3s) 

l+C' 
I 

-a) 1+( 
1 

( 3.3c) 
-+arctg---

_f 1+(.* 
I 

:> Bbip8 >K8HHSI yqTeHO, 

npHHHM88T 3HaqeHHH B 

-L< arctgx < ..!!.. • V 
2- - 2 

(3.4) 

~) 
2 

] O( t-a). 

0rCJO)la Jlnlt g(t ) MQ)K.HO H8llHC8Tb 

g(t) _L f 
Im g(t) 

dt'·, 
1T 

& t'- t 

a, cne.aoaaTeJibHo, Jlnlt <jlopM<!>aKTopa G(t) HM98M npeJlCTasneHue 

G(t) = B(t) exp [...!.. f 
1T 

lm g (t') 

t'- t 
dt'+ ~of 

" ~ (t'-aJ<t'-t) 

Im ¢ (t') 
____ dt' + ¢ ( a 

0
)] , 

(3 .4a) 

(3.5) 

KOTopoe smnlteTClt HenocpeJlCTBeHHb1M cneJlCTBHeM npeacTasneHHlt (2.3). 3aecb y'IHTbJBaeTClt 

T O, 'ITO no npe.Qnono>KeHB.IO B TO'IKe (~1 He HM88T OC068HHOCTH BblW8 ~, 

¢ (t) B nnOCKOCTII COOTBeTCTByeT fi0B9Jl9HH9 THna K1+ ( 
coost I tl , 

KOI'Jla It 1 ~ ~ , 

npeJlCTaBnltlt G( t) Ha sepxaeM 6epery paapeaa a BHJle 

G(t) = l G(t)le~p[i8(t)O( -a)], ·) 

I'Jle 8(t) - semecTseHHalt ¢aaa ¢YHKIIHH G(t) r H8XO.QHM 

8( t) 0( t- a)= [ lm g(t) + Im ¢( t)] 0 ( t- a)= 8
1 

( t) + 8 p> 
(3.6) • 

8
1
(t)=lm g(t)O( t-a); 8 ( t) = Im ¢ (t)O(t-a) J 

2 • 

Paa6HeHBe <Paab1 li( t) Ha JlB9 'taCTH Yll06HO anlt JlanhHeilwero aHanHaa, TaK KaK OHH 

B03HHKaiOT 113 COB9pW9HHO pa3HbiX HCTO'IHHKOB, a HM9HHO 8
1 

( t) nonHOCTbiO onpeJlenHeT-

Clt 3Ha'I9HH9M KOpHeil G (I) ¢yHKIIHH, B TO Bp9Mlt KaK 8 
2
( t) C HHMH He CBlt3aHa, 

§ 4. AcaMnTOTH'IecKoe noseJleHHe G ( t) pyHKIIHH npH 6onbmHx I t l 

Ha'IHeM paCCMOTpeHHe csoACTB JlHcnepcHoHHoro HHTerpana, csHaaHaoro c <PaaoA 

8
1
(t)=lmg(t) 

Koraa I t l~ ~ 
, KOTopalt JlaeTClt Bb1palKeHHeM (3.4), 11 BbJHCHRM ero BKnaJl a G(t) 

3aM9THM, 'ITO 8
1
( I) He BBnlteTClt Henpep~BHoA ¢YHKIIHeA csoero apry-

MeHTa, JleACTBHTenbKO, HCnonb3Ylt H3B9CTHYIO <jlopMYny 

HaXOJlHM 

arctg 2x 

1- x 2 
2 arctg x - 0 ( x - 1 ) " + 0 ( - 1 - x ) " , 

8 ( t ) = I - 2 I arct& X 1 + I 0 ( X 1 - 1 ) 1T - n: 
1 = 0 1=0 I= 1 

9 

arctg 
x1 - sio Y, I} 
cos y, I 2 

I 

./ 

• 



- 2 l: 
1= 1 

+ l: 0 

I= I 

x1-sin,P1I 2 _ 1 ) rr- ~ 0 ( -1- x -sin 1/J 12 
J "-

arctg 

cos .;,
1 

I 2 

x1 +sin .;,1/2 

cos "'I 12 

+ ~ 
J=l 

I= I cos "' 12 
I 

O ( x +sin 1/J 12 _ 1 ) " 1 0 ( t - a ) • 

cos .P
1 

I 2 

0TCIOA8 >IBHO BHAHO, 'ITO [j 
1 

(t) HMeeT CK8'10K B KB>KAOA TO'!Ke, KOrAe apryMeHT 0 

¢ yHKUIIII o6pamaeTC>I B Hynb. CKa'IOK no MOAymo paBH>IeTC!I rr 

(3.4a), nony'!aeM: 

flOACTBBn>l!l ( 4,2 ) B 

rAe 

-l: 
J= l 

J1(t)=-:t 

t. = 0 

J 2c tl 

3 

g(t) l: Jv(t), 

v= 1 

2 f 
dx" arctg 1 -

" 2 a-t 
0 X + --

a-t 

~ 2 f d x 
2 

[ arctg x- arctg(+oo)] 

I~ rr 

t+ t&_jj_ 
2 

:t _1_ f 

X + 
8- t 

8 -t I 

dK 2 

"' arctg (K- tg _.L)-
2 

j = t " 
K~ 

8- t 

I• -t
1
1 cos•...l.L 

2 

2 

(4.3) 

(4.4) 

(4.5) 

1-'·~ 1 2 
dK 2 m dK 

0 ( tg !J. - 1) f -l: 2_ j [ arcrg (K- tg~-!!.....] 

2 
0 

• J ( t) :t 
I= I 

K 2+ a -t I= I " K'+ ·- t 
,JL-1 2"' 

\a-t \cos .!I!..J \a-t I cos _j_ 
2 I 2 

2 
dK 

I· ta</1
1 

/2 

0 ( 1- tg -?> ! J 
K ~ __!_::...! 0 

I a-t I cos 
2i!J 

I 2 

d K 
2 

I 2 

"' arctg (K + tg _:_i ) 
2 

"' ' = 1 

e c 1 _ tg !._1 l _2_ 

2 " 
f "' " [ arctg (K + tg _1 ) -- l , 

2 2 
K 2+ a - t 

1-to.ll \ a-t I cos
2h 

I 2 

10 

2 2 

(4.6) 1 

r.ne, x:ax H paHhlile , 

11cnonb3Y>I MeTOA, p aa1 

rpanoB Jv ( t) : 

l: 

FJj J I~ t)\ :0 
I~ 

:t 
1=0 

l: 
1= 1 

I J 
2 

<t>l ~ 

:t 
I= I 

l: 
J= I 

IJ 
3

Ct> Is 

:t 
I= I 

rAe 6
0 

- !jJHKCHpOB8 HHb 

HeKoTopag nono~HTenhHaf. 

flony'le HHhtll p eaynb1 

K 8KCnOHeHTe !jlopMynbt ( ( 



( t- a ) . 

e, Koro:e apry MeHT e 
DoncTaBn!lll ( 4,2) 13 

(4.3) 

{4.4) 

I 

.!.. ) -

(4.5) 

2 

' [arcrg(K-tg.!4-..':...l 
--- 2 2 
~., 

: I cos2
_! 

J 2 

"' uctg (K + tg _J, l 
2 

+ tg 3_ ) - ..::__ J 
2 2 

{4.6) 

r.ae, KBX H pBHhlli9 , • z = t'- a 
H K2 = t'-a 

I a-t I cos 2~ 
J 2 

a - t 1 

171 
J1cnOnh3Y!I M9TOII, pa3 BHTbll! B pa6oTe , MO>KHO nony•UITb cnenyJOWH e 00:9 HKH lln!l HHTe-

rpanoa 1" ( t) : 

2 c 1~1 1 0 a-t " 

I> 

larg~I >O 
- 0 a- t

1 

2 a - tl ~~ a - t a - t I> a - t 
_ C 11--l [In ( Re __ g([ Re --l )) +constlil ••&--1 <0

0 " a-t a-t
1 

a-t
1 

a-t
1 

(4.7) 

l: 2. C I ~- II> cos .:!J_ ~I arg (a-t ) 

J= 1 " 
2 

a - t 2 ( a - t I co s 2 _jJ_ 
J 2 

l: .l...C 3 (ln[g(RetX Re(a-t) )
2
]+ln(a-tg-1!.1)+C) 

J=t" IRe(a-t)ll> ·'· 1 1 2 •1• 2 
---.,.---'----tg ~ a-t cos fl.. 

I> ,/, 2 J 2 
I a-t I cos -"'-1 

J 2 

a > tg..tJ. 
2 

~ 

l: ...!c I ~I cos.! . ...J 
J = l " • a-t 2 

a-t 
I arg I > eo 

l:~c 
j=1 " 

I a-t I cos.,.~ 
J 2 

~ .,J 
la-t1 1 cosz (ln[g(RetX IRe(a-t)l 

IRe( a - t) I ~ I a - t 
1 

I cos 

I arg a - t 1 < e , 
I a - t I cos 2 _!6_ o 

h. 
2 

I> 
)] + const) 

J 2 
I',!l9 il 0 - <jlHKCHpOBBHHb!l! yron,no a6COniOTHOJ! BenH'<UIHe M9HblllHJ!, '<9M "/ 2 , B g(Ret) -

H9KOTOp8ll nonO >KHT9nbH8ll <jlyHKO:Hll, 

nonyqeHHblli P93YnhT8T nDK83biB89T, '<TO npH 60nhlllHX I tl aucn e pCHOHHhiH HHTe rpan 

K 3KCnOH9HTe <jlopMynbl {3,5), KOTOpbi i! CBH38H C <jlaaol! (i I (t) , He M9Hl!eT CTen e HHoe 

11 



noaeaenne G( t) • EcTecTaenno nonaraTb, 'ITO noseaeaHe G( t) npH I~-- cymecTsea-

Hb!M o6pa30M 38BHCHT OT 8~ (t) H OT B(t) <jlyHKilHH, nocnellHSISI, KOrlla G(t) HMeeT 

xoHe'IHOe qncno nynell, SIBDSieTc Sl nonHHOMOM. Ecnn nynell 6ecxone'IHO MHoro, oueHKH ( 4, 7) 

TepSIIOT CMb!CD H BblCK838HHOe Bb!We yTsep>KlleHHe OTHOCHTeDbHO BDKSIHHSI llHCOepCHOHBOrO 

HHTerpana OT 8 1 (t) na acHMDTOTHKY G(t) , soo6me rosopSI, nesepno. 

B OTnH'IHe oT 8
1 

(t) , csollcTsa KOTOpOI! 6biDH H3BeCTHbl 'nonHOCTbiO', DOBelleHHSI 

8~(t) Mbi ne anaeM. noaToMy HaM npnaeTCSI caenaTb neKOTOpbie paayMKbie npeanono>KeHHSI, 

cnpasennHBOCTb KOTOpbiX MO>KHO nposepllTb, cpaBHHBBSI pe3yDbT8Tbl C 3KCnepHMeHT8DbHbl MH 

Jl8HHbiMH, 

CsollcTsa 8 ~ (t) ny'lwe acero onHCbiBBTb B ( -nnocKoCTH na Sl3biKe rpaHH'IHbiX .J 

3Ha'leHHll ¢( (} . 

nycTb ¢( (). .. 41 ( '){ 1 + ()-a 

¢(() He BbiWe, '!eM 

. B coOTseTCTBHK c TeM, 'ITO npeanonaranocb 1 

oco6eHHOCTb 
2>DSt , H D03TOMY 0 <a < 1 
1 + ( 

<jlyHKilHSI nnH HMeeT cxa'IKH nepsoro pone. Koraa 

>KeT KMeTb norapH<jlMH'IeCKYJO oco6eHHOCTb, 

a< 1 , TO 41( () 

, 41(()- rnaaxan 

B TO'IKe (=-1 

3aaaaaSI onpeaeneHBbie ana'leBHSI a H csollcTBa 41( () , BbiSICHHM noseaeane 

¢ ( t) H <jlaabi 8~( t) npH It 1-+-. 

1. llyCTb a•O 

T.e. lim 8 ( t)..O 
- ....- 2 I¢ (t)l S coast. 

EcnH 

lim [ 41 ( e'"-t< 
(-+0 

H rryCTb B OKpeCTBOCTH ( = - 1 

lim [ 41 ( •<~> 
t..O e 

) - 41 ( e ·•<,._..> ) ] .. 0 , 

Torna o6paa ¢( () = 41( () npH I tl-+-

) - 41 ( e ·llr+" ) ] .. oonst 

171 

lim 8 
2

( t)-+ oonst 

-.. 
H llDSI I cf>(t)l HM99M 

nonycxaeT oueBKy 

MQ-

const In ( Ret & (Ret))+ c I arg t I < 6 0 
(4.8) 

I¢ <t>l < 
oonst In I t I I arg t I ?_ 6 • 

3aecb H seaae 6 o no a6comoTnoA aenH'IHBe MeHbwe, '!eM JT/2 , a &(:r) - neKOTo-

paR nesoapacTaJOIJla!l nono>KHTenbRa!l <jlyRKilHR. ( 4,8) 03Ha'laeT, 'ITO noaeaeue G(t) npn 

I~- HMeeT cTenennoA xapaxTep, 

•-++-

<ll(e'6 
8 

2
(t) =lim [ Im __ _ 

0.." ( 1 + e 16 ) a 
2, llyCTb a f. 0 • Toraa lim 

12 

= lim 

o~" 

Ecnn lim lm ¢( e 111 l~o 
0...., -

T8K K8K COS 0/2 = V a/t 

I ¢<tll < 

ecnn a< l H lim lm • 

TO 
o~" 

8 ~(t)- oonsd ta/fl't 

c ,I 

I¢ <t>l < 

c ~I 

TaKHM o6pa3oM, np1 

paapeae - ocunnnHpyeT. 

fi0K838T91Ib 9KCnOH9HTbi E 

xapaxTepnayJOmero poeT 

HMeeM 

rae •-~ fJ../= <ll(() 

CXO.D.HTCH. 

Jlo CHX DOp Mbl BH'I! 

HMeTb Ha KOHe'IHOM paCCT 

<jla3bl He MeHRJOT DODHHOM: 

G (t) onpeaenReTCR ca 

§ 5, ct>aaosoe npe 

H 99 8CHMflTOTH11eCKI 

npellCTSBHM BMDDliT 

T ( s,t,u) = 
fl 

t-



•H ~~-- cymecTBeH-

KOrAa G(t) HMeeT 

HO MHOrO, oneHKH ( 4. 7) 

HaHHH AHCnepCHOHHOrO 

3B9pHO. 

'nonaocTblO", noaea.eHH51 

pa3 yMHbie npeAnonoJKeHHH, 

C SKCnepHMeHT8nbHblMII 

88 83biKe rpaaaqabiX 

qTo npeAnonaranocb 1 

, <!>(()- rnaAK8H 

~) B TOqKe (=-1 

BbiaCHHM noBeAeHHe 

AOnycKaeT oneaxy 

;t 

MQ-

(4.8) 

rr/2 , a &(x) - aeKOTo-

ro IIOBeAeBHe G(t) ups 

-1 
I a 

--a 10 
= lim [ 2 Im <]J ( e cos afJ/ 2 

cos a 0/ 2 

Re 11(e 10 
_s_in_a_!J_/_2 __ ]. 

cosa!J / 2 

Ecn11 lim Im <I>( e
10 )-.canst R 

o-r 
lim Re <ll ( e 1() 

o .. " 
) .. cons! , To 

T 8 K K8K COS !J/ 2 = ,j a/t H np11 I t 1 .. ~ Ana ¢ (!) H8XOAIIM: 

ecnH 

TO 

I¢ <t>l < 

a < l H lim lm<l>(e 
I!J 

0-.rr 
li 

2
(!)= consd ta/fJ3t 

a/2 

I arg t I;:: ()o 
a/2 

[In ( Ret g (Ret))+ cons! I I argt I < () 

fJ 
)= In t 

H OU9HK8 JJ.nSI ¢ ( t) 

lim 

() .. " 
Re <I> ( e '

0 

HM9 9T BB.ll: 

c 11 t l-2 - [ In ( Ret • g '( Ret )) + con st I I argt I < () 
0 

I¢ <t>l < 

( > 0 a+c < l. 

TaKHM ol5pa3oM , np11 It 1-. ~. G(t) AOnyCKaeT HenOnHHOMHanbHbtl! pOCT, H sa 

pa3pe3e - OCIIHnnapyeT. nna annpOKCHM8UHB 3KCnepHMeHT8nbHb1X LI8HBb1X YA06ao pa3nOlKHTb 

nOK83aTellh 3KCnOHeHTbl B (2.3) no CTeneHaM ( 

XAp8KTepii3YJOWero poeT G ( t) = f(t) np11 6onbwllx t • TaKBM o6pa30M, Ana f( () 

HMeeM 

I. an <;" 
f ( ( ) = b ( (} exp [ -="-=0=----- I , 

(4.9) 

rAe •=~ fJ../ = <I>((} • KorAa a= 1 , no npeAnonoJKeKHJO paA B l i•9) AOnlKeB 

CXOllHTCK. 

no CIIX nop Mbl aaqero He roBOpllnl! 0 CK8qKaX nepBoro POA8, KOTOpbte li 
2 

( t) MOryT 

HMeTb 88 KOBeqaoM paCCTOaBHH no • KaK nOK838HO B pa6oTax131, T8KIIe CKaqKII li 
2 

(t) 

<\la3bi ae MeBHIOT nonaaoMaanbHbt l! xapaKTep G( t) npa It 1 .. ~ , TBK qTQ 8CHMflTOTHK8 

G (t) OnpeAenaeTCa CBOliCTBOM lj 
2

(!) TOnbKO Ha 6eCKOBeqaocTH. 

§ 5. <l>a30BOe npeAcTaa.neaae aMnnHTYLibt p - p -pacces!Haa 

H ee 8CBMnTOTHqecKoe nOBeAeHHe no nepe.[l8B8eMOMY HMnynbCY 

npeACT8BHM 8MilnHTYAY pacceaHHR 

T ( s,t,u) = 
A B 

+ __ + F ( s,t) + F ( s,u) = 
u- uo 1 ~ 

T ( s,t,u) B BRAe cneuyJOmel! cyMMbt 

Ill/ s, t) <I> 2( s,u) 
··-- + ----· 

t- t u- u 
0 0 

t- t 0 

13 



<l>yHKUHH F
1 

(s,t) 11 F
0 

( s,u) 11, 3H8"tllT, <ll
1 

( s,t)= A+ ( t-t
0
) 'F

1 
( s,t) 

11 ¢2 (s,u)~B+(u-u0 )F2 (s,u) HMetoT no onRoMy pa3pe3y no t H u 

Bblll 11 neBblil pa3pe3 aMnnHTYJlbl T ( s,t,u) , COOTBeTCTBeHHO. S II 

11 natOT npa

u - o6bl"tHble 

M8HJlenbCT8MOBCKHe nepeMeHHble, ynoeneTBOp!!!OWIIe COOTHOWeHHIO 
• 

s+t+u~ ~ 
~I 

• m • 
I 

Paape3 <I> ( s, t ) [ "' ( s, u ) l H8"tHH8eTC!I OT a > 0 ( a > 0 H npOCTHpaeTC!I BJ]Onb 
I • 2 t u 

ae(tCTBUT9J1bHOH OCii .0.0 + oo 

ripennonolKIIM, "'TO ¢
1 

( s, () H ¢
0

( s,.;) . npHHBJ]nelKaT xnaccy A. 3necb nepeMeH-

Hble ( ~ Val ~ H ( = 18. -~ OCyWeCTBn!IIOT KOHtjlOpMHOe OT06pa lKeHHe paape-

ra. -+..J-;-;:t -/au -+.../au -u 
38UHbiX t H u nnOCitOCTell B eJ]IIHH"tHble KpyrH B ( H ( nnOCKOCTBX COOTBeT-

CTBeHHO. Torna xalKllB!I tjlyHKUH!I <1> 1 ( s,t) H <11 2 ( s,u) nonycxaeT npencTaeneHHH 

THna (3.5), a nn11 T ( s,t,u) HM9eM: 

T(s,t,u)= ~exp [ _!_ f lm g (t') , t -t 1, lm ¢ (t'} dt' + cf> (t ) ] __ ,_l __ dt+-1 1 

t - t 0 " .i 
t'- t 11 (t'-t )(t'-t) I 6

1 I (5.2) 

D,( ~) 
exp [ _!_ f 

lm g .J u' -) 
du' + 

u-a
1 

Im¢
2
(u' ·) 

f du'+ ¢ (u )] + 
u - u 0 " . 

u 

' u - u " 

8(5.2) D
1
(t), lmg

1
(t'), lm¢

1
(t') H D

2
(u). 

liMe lOT TOT lKe CMbiCn OTHOCHTenbHO <I> I ( s,t) H 

HMeeT OTKOCHTenbHO G(t) B tjlOpMYne (3.5) • 

•u (u'-u
1 
)(u'-u) 

2 I 

Im ¢ (u' ) 
• = 

lm g
2
(u') 

<ll
2
(s,u) , "'TO B(t)1 lmql(t') 

B nanbHellweM tjlopMyny {5.2) Mbi 6yneM npHMeHHTb un11 p-p -pacce!IHH!I 11 no-

aToMy npHcnoco6HM ee nn11 aToro npouecca. l13eeCTHO, "'TO aMnnHTyna p p - pacceHHII!I 

CHMMeTpH"tH8 OTHOCRTenbHO t R U (eM., Hanpi!Mep, B pa60Te/S/ <jlopMyny (4.6)). 

rJ09TOMY B (5.2) 

a-a=4m:~, 
I u 

u """t = m 
0 0 

¢ (t) ~¢ (u). D (t)~D (u). 
I J 2 1 I 2 

Im cf> (t') ... lm ¢ (u ') 
I 2 

, ' I ~u 

11, CJ1CLlOBaTeJ1bHO, 

-
u ~ t 

I 1' 

14 

• A= B = g 

lm g I(t') ~ lm g 
0
(u' 

, , 
t ... u 

I 
J 

I 

T ( s,t,u) ~ _E_ill 
t-m 2 

-+ D (u) exp [ • u. - m 

B nepeMeHHbiX ( 

BHTb B BHJ]e: 

D(() 
T ( S. (, () = t(( )-m : 

OTMeTHM, "'TO nnH n 

38MeHbl H8 U , KO 

eoo6me roeop11, HeonHHaK 

/ § 6. AnnpoXCHI 

B aTOM naparpatjle I 

nHM MHHMYIO "t8CTb tjlopMt 

HH-nono6Holl o6nacTH no 

CTaeneHHe (2.3) 6e3 <jlya: 
¢ (() 

e xopowo onHCbiBa 

Hap!l.tly c axcnepH M 

Horo GM(t) 

riycTb 

tjlopMtjlax~ 

a) G (0) = 
E 

b) GE ( 4 M 

c)G E( -~ 

GE(t) ~ exp[~ 
1+( 



H U 

H 

H nalOT npa

u - o6bl'!Hble 

• 
s+t+u= l: 

~ m • 
I 

1=1 
H npOCTHpaeTCR B)lOflh 

accy A. 3necb nepeMeH

:>e OTo6paJKeHRe paape-

nnOCKOCTHX COOTBeT-

:aeT npencTaaneaHR 

¢ (t') 

)(t' -t) 
dt' +<I> (t ) 1 

I 

I • 
-du'+ ¢ (u )1 

~ I 
) 

lm ¢ (u' ) 
~ = 

(5.2) 

'ITO B(t)
1 

lmcf>(t') 

p·p -pacceSIHHSI H no-

1HTYJl8 p p - pacceRHIISI 

r/81 
q,opMyny (4.6)). 

., 

I 

t'- t 

dt' + .J..=..ItJ lm ¢ (t'} dt' 

TT 4m"(t'-t 
1
Xt'-t) 

T ( s,t,u) = .E..ill exp ( _1 f 
t-m~ TT 4m2 

Im g ( t') 

.. 
+ --'D"-'(~u_,_) _ 

~ 
u.-m 

exp ( f __ I_m....:g::...(;_u_'....:) __ du' + u -u, 

TT 4m 2 U '- U 11 4m 2 ( u '-u 
1 
Xu' -u ) 

lm ¢ (u'} du' 

(5.3) 

B nepeMeHHbiX H .;, auanorH'!HO <\>opMyne (4.9) , T ( s,t,u) MOlKHO npencTa-

BHTb B BHll,e: 

D(() 
T ( s,(, .;l"' ___ exp 

t(( )-m ~ 

l: 
_n=_o ____ 1 + exp ( .::n:::=O~---- 1 • 

u(()-m~ (1+()fl 
(5.4) 

a=f> 
0rMeTHM

0 
'ITO JliTR np0Jl8CCOB, 8MfliTHTYJl8 KO'I'Opb!X H8CHMMeTpH'!H8 OTHOCHTBflhHO 

aaMeHhi H8 u , Koa<\><\>HnHeHTbi paanoJKeHHR nepen 'n H .;D t 8 T8K>Ke 

soo6me rosopR, aeonHHBKOBbl • 

/ § 6. AnnpoKCHMBJlHR aKcnepHMeHTBrrbHbiX JlBHHbiX H MHHMBR '!BCTb 

<\>OpM<!>aKTOp8 npOTOH8 

a H tl, 

B aTOM naparpa<\>e MBTOJlOM aKCTpanonRnHH 3K<;nepHMeHTBrrhHbiX naHHbiX Mbl onpene-

ITHM MHHMY!O '!8CTb <\>OpM<!>aKTOpOB GE(t) H GM(t) , KO'I'Op8S1 B03HHK8eT y HHX BO apeMe-

HH-fl0Jl06HOll o6naCTH ITO nepenasaeMOMY HMnynhCy. nnR 3TOll nenH Mbl npHMeHReM npen

CT8BITeHHe (2.3) 6e3 <\>yHKUHH 6ITS1111Ke. Tiocne)lHee npeJliTOITOlKeHHe OITp8BJlbiB8eTCSI TeM, 'ITO 

¢((} 
e XOp01110 OITHCbiB89T 3KCnepHMeHT8ITbHble Jl8HHbie . 

HapS!Jly c aKcnepHMeHTBITbHbiMH naHHbiMII/
9

/ nnR aneKTpH'!BCKoro G (t) 
• E 

H MarHHT-

HOrO 
<\>opM<\>BKTOpOB y'!HTblBBeTC R CITBJlylOmBR Jl0flOITHHTenhH8SI HH<\>OpMBUH R: 

TiyCTb 

a) G E (0) = 1, 

b) G E ( 4 M ~) = GM ( 4 M L 

c)GE(-~) =GJ-~l =0. 

rna M - M8CC8 npOTOH8 

b( 
GM(t)=exp[--+I bnCJ .. 

1 +' D 
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L 

Ta<lmma 1, :JKcnepi!Menta.nbHble H BblqHc.neHJJble 3HaqenHH )Uill GE(~) H G..,f.!.) 

t i Ge({) IG ... cf) G-E<t l - ~ -l , .l("' ~(<7e.) !•"<" s-(G. .. ) "'"' ... . e- (&«.) 
• '' ·••r· -'-"- · 

0, 30 i0,970 0 ,004 ! 0,976 0,0006 
0,49 0, 932 0,009 i 0,961 0,0009 
0,60 0,9'10 0,006 ! 0,953 0,0010 

I 
1,00 •O 885 0,005 ;2,508 0,038 0,924 0,0015 . ' 
1,05 ' 0,885 0,009 I o,92I 0,0015 
1,60 0,850 . o ,oro 2,394 o,o25 lo ,884 0,0019 
2,00 0,784 i 0,012 2,234 : 0,034 0,858 0,0021 
2, 20 :o,790 1 o,oo6 

2, 035 la,OI6 
0,846 0,0022 

2,98 ' 0,725 ) 0,021 0,802 0,0024 
4,00 -0,696 0,0:3; 0,750 0,0024 
4,60 0, 628 jo ,OD I, 731 0,025 0,723 0,0024 
6,00 !0,570 1 o,o19 1, 471 0,03! 0,665 0,0023 
7,0 :0,539 ! 0 ,021 1,383 0,028 0,628 0,0023 
7,50 0,520 0,020 1,335 0,025 0,6II 0,0022 
8 ,00 0,462 0,016 1,308 0,020 0,594 0,0028 
9,00 :0,427 0, 021 1,240 i0 ,022 0, 564 0,0021 
1o,oo ;o,417 0, 020 1,130 j0 , 022 0, 536 0,0021 
rr,oo ' o,4o9 0 , 020 ' 0 ,510 0,0021 1,075 10 ,020 
12 ,oo ;o,389 0,021 0,975 0 ,022 0,486 0,002! 
0 ,oo ' 0,374 I 0,037 0,913 10 ,039 0,464 0,0021 
[4,00 '0,350 0,029 0,887 0, 025 0,444 0,0021 
15,00 '0 ,326 I 0,055 0,831 0,048 0,424 0,0021 
16,00 .0,285 0,021 0,795 Jo ,014 0,407 0,0022 
17,00 :0,260 0, 032 0 ,7T.> '0 ,020 0,390 0,0022 
18,00 ,0,301 0,020 0,704 0,014 0,374 0,0023 
19,00 .0,274 0,032 0 ,691 0 ,017 0,359 0,0023 
20 ,00 10,203 0,072 0,673 0,031 10,345 0,0023 
22 ,00 0,155 0,075 0,633 0,020 0,320 0,0024 
25 ,00 0,447 JO,Ol6 
30,00 0,164 0,050 0,382 !0,014 0,241 0,0024 

35 ,00 l 0 ,314 0,012 
40,00 0,232 0,018 
45 ,oo o;124 0,040 0,238 0 ,022 0,152 0,0026 
75,00 0,035 0,035 0,131 0,014 0,072 0,0020 
100,0 0,032 0,032 0,098 0,012 0,043 0,0016 
125,0 0,040 0,040 0,040 0 ,020 0,027 0,0012 
175,0 0,040 0,050 0,030 0 ,015 0,012 0,0012 

16 

G~m 
I) (Gi<) G" <+l 

~- t....t.-
< ~p · M~ · .tw. . ~ f"· '"t 
0,965 o,oo1o 
0, 944 0,0015 
0, 932 0,0017 

0,891 0,0023 2,352 
0,886 0,0027 
0, 836 0,0027 2,159 
0,802 0,0029 2,050 
0,786 0,0029 
0,729 0,0032 1,829 
0, 665 0,0035 
0,632 0,0037 1,558 
0,565 0,0039 1,382 
0,524 0,0041 1,279 
0,506 0,0041 1,233 
0,488 0,0041 1,190 
0,456 0,0041 I,II1 
0,428 0,0041 1,042 
0,402 0 ,0040 0, 980 
0,378 0,0040 0,924 
0,357 0,0039 0,873 
0,358 0,0039 0,828 
0,320 0,0037 0,786 
0,303 0,0036 0,747 
0,288 0 ,0035 0,712 
0,274 0,0034 0 ,679 
0,261 0,0033 0,648 
0,249 0,0032 0,620 
0,227 0,0031 0,569 

0,504 
0,163 0,0027 0,418 

0,353 
0,301 

0,097 o,oo25 io ,259 
0 ,042 0, 0021 '0 ,0123 
0,024 0,0017 0, 0074 
0 ,015 0,0014 0,047 
0, 006 0 ,008 0, 022 

f!l (!;,.) "' ... 

0,0038 

0,0047 
0 ,0051 

0,0054 

0,0052 
0,0049 
0,0046 
0,0045 
0,0044 
0,0042 
0,0040 
0,0040 
0,0039 
0,0039 
0,0039 
0,0039 
0,0039 
0,0040 
0,0040 
0,0041 
0,0041 
0,0042 
0,0044 
0 ,0045 
0,0045 
0,0045 
0 ,0044 
0,0035 
0,0027 
0,0021 
0 ,0012 

G,.({J 
-t.."-
t T,.·ltQ 

2 ,5!!3 

2,359 
2,259 

2, 039 

1,742 
1,537 
1,415 
1,359 
1,308 
1,213 
1,129 
1,055 

ff {r. ~ 
~ ...... 

o ,oc 

o,oc 
o,oc 

o,oc 

o,oc 
o,oc 
o,oc 
o,oc 
o ,oc 
o,oc 
o,oc 
o,oc 

84 

95 
96 

90 

0,988 !""' 0, 928 o,oc 
0,873 o,oc 
0 ,823,0 ,00 

77 
69 
65 
63 
62 
59 
56 
54 
52 
50 
48 
47 
46 
45 
44 
44 
43 
44 
45 
49 
52 
55 
57 
55 
46 
•38 
25 

0,778 o,oo 
0,73710,00 
0, 699 0 ,00 
0, 664 o ,oo 
0,631 o,oo 
0,573 o,oc 
0,501 o,oc 
0 ,407 o ,oo 
0,338 o,oo 
0,284 o ,oo 
0 ,242 O_,QO 
0,109 o ,oc 
0 ,065 o,oo 
0 ,041 o ,oo 
0 ,019 o ,oo 

... 

"---

T aK KaK o6pa30M TO~ 

c ycnoaaeM (a) a G itl 
OT n = 0 , npaqeM exp[ 

ecnH TOllbKO 

d>O' b > 0 . lim C 
(-+-I 

a ycnoaae a) 9KBHBaneH 

ReIn G 

lm In G . 

rue k nenoe. 8KcnepH~ 

MOCTRO C ycnOBH&M (6,2) 

B Ta6nane 1 naHbl a~:cnep 

M&TPbl annpoKCRM8UHR Ani 

S;neKTpHtieciD!ti G 
<I>opM(flaKTOp 

d 1.1479 ± 0.021 
d -0.4960 ±o.m7 

I 

d 1.1659 ± 0.06 
d -0.2109 :t 0.05 

I 

-0.5275 ± 0.21 d 
~ 

d 1.0444 ± 0.19 
d -0.0625 :t 0.23 I 

d -0.3970 ± 0.35 ~ 

d 0.7800 ± 1.14 a 

Ka~: aanao H3 Ta6n 

qucno napaMeTPOB a GE 
/10/ ' 

nonHeHa B pa6oTe • < 

6blnO DOK838HO, l:ITO cor. 



I G,. (+) GH({) 
f.o<t. f!l ( &,.. ) .W.o.. ~t(r.~ 

! c t'· '"t t.. .. . 
'Tt'·'tCl Lkt. . 

2,352 0,0038 2, 5!!3 o,oo 84 

2,159 0,0047 2,359 0,009 5 
6 2, 050 0,0051 2,259 0,009 

1,829 0,0054 2,039 0,009 0 

1, 558 0,0052 
1,382 
1,279 
1,233 
1,190 
1,1II 
1,042 
0 
J 
) 

, 980 
,924 
,873 

J 
) 

) 

,828 
,786 
,747 
,712 
,679 
, 648 
, 620 
,569 
, 504 
, 418 
,353 

'• 301 
259 
OI23 
0074 
047 

0,0049 
0,0046 
0,0045 
0,0044 
0,0042 
0,0040 
0,0040 
0,0039 
0,0039 
0,0039 
0,0039 
0,0039 
0,0040 
0,0040 
0,0041 
0, 0041 
0,0042 
0,0044 
0,0045 
0,0045 
0, 0045 
0,0044 
0,0035 
0 ,0027 
0,0021 

1,742 0,007 7 
9 
5 
3 
2 
9 
6 

1,537 0,006 
1,415 0,006 
1,359 0,006 
1,308 0,006 
1,2D 0,005 
1,129 0,005 
1,055 0,0054 
0, 988 0,0052 
0, 928 10,0050 
0,873 0,0048 
0,823 0,0047 
0,778 0,0046 
0,737 0,0045 
0, 699 0 ,0044 
0,664 0,0044 
0, 631 0,0043 
0,573 0,0044 
0,501 0,0045 
0,407 0,0049 
0,338 0,0052 
0,284 0,0055 
0,242 O...Q057 
0, 109 0, 0055 
0,065 0, 0046 
0,041 0,0038 

022 0,0012 0,019 0,0025 

TaK KaK o 6 paaoM TO'IKH t = 0 SlBDSleTCll TO'IKa ( c 0 , TO B COOTB9TCTBHH 

C ycnOBH9M (a) B G E(t) CyMMa DO D IUI'IHHaeTCll OT n c 1 , a B G
1
,.< t) 

OT n = 0 , DpH'Ie M exp[b 0 ] •2,793. ABTOMa TH'IeCKH Y.liOBneTBOplleTC ll ycnoBae c), 

etna T01lbK O 

d>O. b > 0. lim ( ~ dn (
0

) ~ con s t H lim ( ~ bn (") ~ const, 
(~-I (~ - I 

a y CDOBH9 B) SKBHBaneHTHO 

(6.2) 

lm In G J: 4M '= lm In G,.. ( 4M~ + 2 k 11 , 

rne k uenoe. 3KcnepaMe UTanbHbte naaable nnll GE(t) a G,..(t) nonroagnacb coB-

M9CTBO C yCDOBHeM (6.2) H BO BCeX cny'lal!X MHBHMyM X 2 HaXOitHTCll DpH k c 0 • 

B Ta6naue 1 naHbl sKcnepaMeiiTa1lhHhle a Bbi'IHcneaaht e 3HB'I9HHll G E(t) a G,..( t), napa-

M 9Tpbi annpOKCHMBUHH nnll KOTOp biX npHBen eHbl B Ta6naue II • 

Ta6naua II 

Kos.P.PauaeaTbi SKCTpanonlluaa 

3JieKTpH1!eCKHt1 MarHHTHhlt1 G,..(t) 
2 

cpopM(paKTOp G .f:tl fPOpMqJa KTOp X 

d 1.1479 ± 0.0205 b 1.0543 ± 0.0205 1274 
d -0.4960 ±o.0370 b 

I I -0.5287 ± 0.030d 

d 1.1659 ± 0.06108 b 0.9725 ± 0.0618 
d -0.2109 :t 0.0597 b -0.2248 ± 0.0534 94 I 

I 

± b -1.6704 ±0.22s'4 d -0.5275 0.2121 2 
2 

d 1.0444 ± 0.1953 b 0.8378 ± 0.2006 
d -0.0625 :!: 0.2359 b -0.0086 ± 0.2802 I I 

d -0.3970 ± 0.3532 b -1.2809 ± 0.5242 93 2 2 

d 0.7800 ± 1.1461 b 0.9935 :!: 1.2800 a • 

Kax BHitHO aa Ta6nHUhl a 0 , HMeeTcll ynoBneTBopaTenbaoe cornacae, xorna 

'I.I!Cno napaM eTpOB B GE(t) a G,..(t) paBHO TpeM. Aaanoraqaall nporpaMMa 6htna Bbl-

/ 10/ 
DODB9H8 B pa60Te • 3xcnepBM9HTaDbBbl9 ltBHBbie annpOI<CBMBpOBBDBCb UODBHOMOM H 

6blno noxaaaao, 'ITO cornacae ltOCTHraeTcll, Korna ~acno napaMeTpoB paBBO 6. 

17 



TaKHM o6paaoM, Mbl nony><HnH npn6nH lKeHHhle BblpalKeHH!l JlnSI <jlopM<jlaKTopoe G 1!:(!) 11 G~(t) 

npocTpaseTeeHHo-nono6soll o!SnaeTH, EenH 3TH Bblpa JKeHHH npOJlOillKHTb eo epeMeaa-no)lo6soa 

o6naeTH, TO Qn!l <jlyHKilHH GE(t) H Gld(t) 6yJleM HM9Tb: 

rJle 

G (t) = exp[{ JL + d cos f3 +d cos 2fl) +i(i..tg.f!.. + d sin tl + d sin 2/3)] . 
E 2 I ~ 2 2 I 2 

G (t) = exp [( ~ + b + b cosfl+ b cos 2,8)+i(~tgt_+ b sinfJ+ b sin 2fl) ], 
... 2 01 2 221 2 

tg.!!...=E; 
2 

cos fJ 2a • t 
sin fl= ~ 

1111 flo)leTaBilSI!l 3TH Bb!palKeHH!l B JlH<jxpepeHUHallbHOe ee'leHHe peaKUHH p + p ~ e- + e+ 

da 

d(cos 0) 

nony'IHM 

rr 2 2 4M2 2 
a [ I G (t) I ( 1 + cos 20) + -- I G (t) I ( 1 - cos 20) l .. 

2./t(t-4 M2) M t E 

(6 .3) 

__ d_a_ = 

d(cosO) 

rr a 2 

2V t(t -4M2 ) 

m 2 m• 
[ ( 1 + cos 

2
0) exp (- 0, 7506 + 103,3088 -"- 414,2592 ~)+ (6.4) 

t t 

•. ? m 2 m• 
+ -=..( 1 -cos :10 ) exp ( 0,5327 + 30, 385 --". - 135,04 _.JL ) ] .• 

t t t 2 

flocne)lH!lSI <jlopMyna IlOK83biBaeT, 'ITO KaK JlH¢$epeHUHallbHOe, TaK H llOilHOe ee'leHHe llpH 

~~- e TpeMSITeSI K Hyll!O IlO 
-I 

3aKOHy t , 0THOW9HHe 

npH 

a(pp ~ e-e"') 

a o ( P p ~ e- e+ ) 

IG ... (tll
2 

+ ~IGJtll 2 
t 

(1+fL )\~2(1+_t_,., )2 
• t 4M2 • 

t ~ + ~ TaKJKe eTpeMHTeSI K HYiliO, 3Jleeb fL • 1,79 - aHOMallbHblll MarHHTHblll Mo
P 

MeHT npoToHa, a a 0 - nonaoe ee'leHHe nponeeea p + p ~ e+ + e- , KOrJla npOTOH e'!HTaeTeH 

T0'19'1BbiM, nn!l nonHoro ee'!eHHSI peaKUHH p ... p ~ e+ + e -. a TaKJKe JlllS! OTHOW9HHSI a I a 
0 

HMeeM eneJlyiOmee aaa'!esae (eM, Ta!SnHny III ), 'ITO HaXOJlHTe!l (Jln!l t =6,8) a yJloane-

/12/ TBOpHT9IlbHOM eornaeHH e 3KenepHM9HTan&HbiMH JlaHHb!MH, llpHB9ll9HBblMH B )l0Kil8ll9 

OTMeTHM, 'ITO lm. G E(t) H Im G"'(t) , KaK 3TO BIIJlHO H3 (6.3) H Ta6nanbi IV 

OCilHilllHpyiOT (eM, pHe, 1), 3TH OCilHnll!lllHH MOlKBO 06HapylKHTb, eenH H3M9pHTb llOil!lpH3a-

llHIO B peaxnH!lX p + p ~ e+(fL+) + e-(,.,-) 
B WHpOKOM HHT.epaane aaeprHH, 

§ 7, p - p paeee!lHHe npH 6on&wHx aseprnsrx 

/13/ 
3KenepHM9HT8n&HbiMB JlBHHblMH JlllSI p·p 

paeeeSIHHs no aaeprnu Mbl paenona-

raeM JlO 30 raa ( Ta6nnna v ) • KaK BHJlHO H3 Ta6nHnbi v • KB8Jlp8T nepe)laaaeMoro 

HMnyllbea llpH <jlHKeHpOBBHHOM S=2M 2+2Iolp o 
, rJle P0 - aseprHs llBJlBIOIUero npOTo-

18 

t(PJe..l' 

4,0 
4,5 
5,0 
5,5 
6,0 
6,5 
6,8 
7,0 
7,5 
8 ,0 
8 ,5 
9,0 
9,5 

10,0 
10,5 
II,O 
II,5 
12,0 
12,5 
13,0 
13;5 
14,0 
14,5 
15,0 



10PM~KTopoa Gl!:(t) 8 G~(t) 

on~HTb ao apeMeBH-nono5ao~ 

(6.3) 

98KUBB 

m ~ m• 
88!"- 414,2592-f)+ (6.4) 

5,04~)] .• 
12 

< H nonaoe ceqeaae npH 

<BflbBhiJ! MBrHBTHhl~ Mo-

' Korna DpOToH CqHT89TCH 

•e nnsr OTHoweaaa o I o 

(nna t • 6,8) 8 ynoa:e

:eaHhiMH B JlOKDane/12/• 

(6.3) H Ta6nHUhi lV 

ecna H3MepHTb nongpaaa

ne aaepraa. 

3Heprnax 

no aaeprnn Mhi pacnona

~anpaT nepenaaaeMoro 

aaepra" nanaJOruero npOTo-

t(PJ~.l 

4,0 
4,5 
5,0 
5,5 
6,0 
6,5 
6,8 
7,0 
7,5 
8,0 
8,5 
9,0 
9,5 

IO,O 
I0,5 
II,O 
II,5 
I2,0 
I2,5 
I3,0 
13;5 
I4,0 
I4,5 
I5,0 

I 

\GM(~f 

0,7835 
0, 740I 
0, 7075 
0,68I8 
0,66I7 
0,6447 
0,63699 
0,6307 
0,6I82 
0,6077 
0,5993 
0,5909 
0,584~ 

I 
0,578I 
0,5723 
0,5678 

I 
0,5627 

I 0,5588 
! 0,:>549 ' 
I 0,552I 
: 0,5483 
I 

I 0,5472 
' 0,5428 

0,5401 

'raOJIIIUa ID 

!GE(i)/'" 15(-1.) ·10\} 
(!'(t\ - -
e-,t~ ) 

1,9778 104 O,I5 
I,9445 66 O,I26 
I,9I94 46,6 O,II4 
I,8984 33,9 O,I05 
I,88I4 28,2 0, 097 
I,8664 22,55 :o.o9 
I,8608 20,69 10,087 
I ,8552 I8,I o,ua5 
I,844I I6,7 0,0804 
I,8349 I4,8 0,076 
I,8276 I2 0,072 
I,8203 II,68 0,068 
I,8I30 I0,67 0,066 
I,8076 ~.83 0,063 
I ,8022 8,82 0,06I 
I,7986 8,I57 0,0588 

l 
I,7932 7,4, !0,0567 
I,7896 6,98 lo,055 

I 
I, 7860 6,576 l o,o~32 
I,7825 6,097 i0,05I7 
I, 7807 5,8I7 0,050 

I 
I, 7771 5,5 10,0488 
I,'I?,I 5,22 10,047 
I, 7718 4,9 0,046 

l B 



Ta6m!ll8 IV 

t p·' f I ... Ge. Ct) r ... G .. <+) t r; ·t z;, Ge. 0-) l ... G,.. Cf) 

i 
2,0 I 0 I 0 II,4 2,2286 3,9084 

I 
2,2 -0,5293 I -2,1451 II,6 2,2108 3,7223 

I 2,4 -0,6741 I -4,7037 n,8 2, 1931 3,5477 
2,6 -0,6602 ' -8,0475 12,0 2,1753 3,3838 
2,8 -0,5218 1-I 1,0135 12,1 2,1576 3,2298 
3,0 -0,2968 i -12,2731 12,4 2 ,1400 3,0849 
3,2 -0,0217 , -II,20I5 12,6 2,1225 2,9485 
3,4 0,2738 i - 8,0388 12,8 2,1051 2,8200 
3,6 0,5681 ! - 3,5398 D,O 2,0877 2,6988 
3,8 0,8474 I 1,4470 D,2 2,0705 2,5843 I 
4,0 1,1036 ! 6,2399 13,4 2,0533 2,4761 
4,2 1,3332 • i 10,4000 13,6 2,0363 2,3738 
4,4 1,5352 I 13,7534 13,8 2,0194 2,2769 
4,6 1,7!04 1 16,2381 14,0 2,0027 2,1850 
4,8 1,8606 I 17,9278 15,0 1,9206 1,7908 
5,0 I 1,9882 i 18,9361 16,0 1,8416 1,4815 
5,2 2,0956 19,3918 17,0 I, 7654 1,2340 
5,4 2,1851 19,4186 18,0 1,6919 1,0321 
5,6 2,2590 19,1260 19,0 1,6208 0,8647 
5,8 2,3195 18,6052 20,0 1,5519 0,7236 
6,0 2,3682 17,9295 25,0 1,2328 0,2534 
6,2 2,4069 17,1560 30,0 0,9444 -0,0242 
6,4 2,4370 16,3279 35,0 0,6779 -0,2201 
6,6 2,4598 15,4773 40,0 0,4294 -0,3740 
6,8 2,4762 14,6273 45,0 0,1975 -0,5025 
7,0 2,4872 13,7941 50,0 - 0,0818 -0,6138 
7,2 2,4936 12,9887 55,0 -0,2178 -0,7!20 
7,4 2,4961 12,1282 60,0 -0,40II -0,7997 
7,6 2,4952 II,4868 65,0 -0,5681 -0,8783 
7,8 2,4915 10,7964 70,0 -0,7183 -0,9488 
8,0 2,4854 10,1476 

I 
75,0 -0,8532 -1,0117 

8,c 2,4773 9 ,5399 80,0 -0,9715 -1,0675 
8,4 2,4674 8 ,9719 85,0 -1,0741 -I,II67 
8,6 2,4560 8 ,4422 90,0 -I,I6II -1,1594 
8,8 2,4434 7,9486 95,0 -1,2332 -1,1959 
9,0 2,4298 7,4890 100,0 -1,2908 -1,2265 
9,2 2,4153 7,0613 no,o -1,3649 -1,2707 
9,4 2,4001 6,6634 120,0 -1,3883 -1,2937 
9,6 2,3843 6,2931 125,0 -1,3827 -1,2977 
9,8 2,3679 5,9484 130,0 -1,3665 -1,2970 
IO,O 2, 3512 5,6274 140 -1,3054 -1,2822 
10,2 2,3342 5,3283 150 -1,2!08 -1,2510 
10,4 2,3169 5,0495 160 -1,0882 -1,2049 
!0,6 2,2995 4,7893 170 -0,9433 -1,1456 
10,8 2,2819 4,5465 180 -0,8712 -1,0746 
n,o 2,2642 4,3195 190 -0,6070 -0,9936 
II,2 2,2464 4,1072 200 -0,4255 -0,9039 

20 

t "-' r ... c.,u) r.., GH r~ ) 

210 -0,2397 -0,8072 
220 -0,0545 -0,7047 
230 0,127! -0,5979 

240 0,3022 -0,4879 
250 0,4684 -0,3759 
260 0,6234 -0,2631 
270 0,7656 -0,1506 
280 0,8934 -0,0391 
290 1,0059 0,0703 
300 1,1022 0,1769 

·no 1,1819 0,2801 
320 1,2447 0,3790 
330 1,2906 0,4733 
340 I,3I97 0,5623 
350 1,332'6 0,6456 
355 1,3330 0,6851 
360 1;3300 0,7280 
370 1~3II5 0,7940 
380 1,2792 0,8585 
390 1,2334 0,9163 
400 1,1753 0,9672 
420 1,0261 1,0481 
440 0,8406 1,1013 
460 0,6282 1,1272 
470 0,5148 1,1302 
480 0,3981 1,1269 
500 0,1592 1,1021 
510 0,0392 1,08!0 
520 -0,0710 1,0545 
540 -0,3120 0,9866 
520 -0,5300 0,9005 
580 -0,7285 0,7990 
600 -0,9027 0,6846 
620 -1,0491 0,5600 
640 ' -1,1651 0,4279 
620 -1,2491 0,2907 
680 -1,300 0,1509 
780 -1,3192 0,0109 

-1,3189 0,0109 
720 -1,3064 -0,1270 
740 -1,2636 -0,26II 
760 -1,193! -0,3893 
780 -1,0974 -0,5102 
800 -0,9795 0,6222 

aa B na6opaTopaol! cucTeME 

li3MepeHHIO yrna paccei!Hil 

IlnR Toro, 'IT05bt nyTE 

K03<jJ<jJHUH9HTbl d• B (5.4 

X 
( ( 

( da' 

OyCTb I t I Mano ( s 

'IHCnO H U03TOMY e ~ - l 

dn nepell (
0 

H ~n Ol 

HO Man no cpaBH9HHIO C 'IT. 

I dn x n 
( ---- ) yMeHbwaeTC 

Cl+x)a 
xopowHM npa6na*eHHeM nn 

x) 
non 3HBKOM 3KCfiOHeHT bl 

nepeonpeneneHHbte K03<jJ¢un 

Torna 

d + 
0 

do + 

X npHRHMt 
~ 

W+ 2.:, An~ 
X = m 4 [ ____!;e'-------

( t- m 
2

) • 

3necb TaK*e onymeaa <jJya: 

Korna I~ pacTeT, 

pall B 3TO Bp9Mll yMeHbW8 

ace cnaraeMbte B npasol! 

HeHUH8JtbHO MBnbi. npH na. 

BHTCll qneH ~exp[~ 
u($-m 2 (1 

'laCTH <jJOpMyUbl (5.4) B O( 

p·p paccel!HBe a HHTepa 

KpHBOlt, OnHCbtBa!Otnel! ee 

x) 
OpEtllnonaraeTCll, 



t 1' "1 

~IO 

~20 

~30 

;O 
?50 
?60 
~70 

!80 
~90 

100 
110 
120 
.so 
40 
50 
55 
60 
70 
80 
90 
00 
20 
40 
0 
0 
0 

5 
7 
3 
)0 

0 
0 

0 
30 
)0 

0 

I.., Ge:U) 

-0, 2397 
-0,0545 
01I27I 
0,3022 
0,4684 
0, 6234 
0,7656 
0,8934 
110059 
1,1022 
1,1819 
1,2447 
1,2906 
I 13197 
1,332'5 
1,333'0 
1;3300 
1~3II5 
1,2792 
112334 
1,1753 
1,0261 
0,8406 
0,6282 
015148 
o,3981 
0,1592 
0,0392 

-o,ono 
-o,3I20 
-o,5300 
-0,7285 
-o,9027 
-1,0491 

. -1,1651 
!0 -1,2491 
10 -1 1 300 
10 -1,3192 

-1,3189 
0 -1 13064 
{) -1,2636 
;o -1,1931 
10 -1,0974 
lO -0,9795 

r.., GM r~ ) 

-0,8072 
-o,7047 
-o,5979 
-0,4879 
-0,3759 
-o,2631 
-0,1506 
-o,0391 
0,0703 
0,1769 
0,2801 
0,3790 
0,4733 
0,5623 
0,6456 
016851 
0,7280 
o, 7940 
0,8585 
0,9163 
0,9672 
1,0481 
11IOD 
1,1272 
1,!302 
1,1269 
111021 
l 108IO 
1,0545 
0,9866 
0,9005 
0,7990 
0,6846 
0,5600 
0,4279 
0,2907 
0,1509 
0,0109 
0,0109 

-0,1270 
-0 126II 
-0,3893 
-o,5102 
0,6222 

H8 B na60p8TOpHOH CI!CT8M8, M8HSI8TCSI B llOBOTibHO WHpOI<OM HHT8pB8118 0 'ITO COOTB8TCTByeT 

H3 MepeaHIO yrna pacce!laHst OT 0 ao 90°. 

nnst TOT"O, 'IT06bl nyTeM Cp8BH 8 HHSI C 3KCI18pHM8HT811bHblMH ll8HHblMH 011p81l811H Tb 

xos¢¢auueHTbl dn B ( 5,4), BB81l8M HOpMHpOB8HH08 llHq,¢epeHH811bROe C8'18HII 8 B Illllle : 

X 
< da I dl1) ( da I dt) 

( da I d!1) O=O < da I dt), = 0 

• IT I 

IT I 2 

t=O 

(7.1) 

nycTb I t I M8110 ( s »I ~ ) • , TOT"Il8 u=-s-t+4M - 60J1bW08 OTpHU8T811bH08 

"'HC TIO H 1103TOMY 

n 
dn nepea ( 

.; =- 1 • Bsuay Toro, 

,n 
H 1:. OJl.HHBXOBhi, qne H 

"'TC B <jlopMyne (5 ,4) 
0 ( " :k d .;. 

__ .,_:'-exp (n- o • 

K03¢<jlHUH8 11Tbl p83110lK8HIHl 

6yaeT 3 K CI10H8 HUH 811b-

u{~-m 2 ( 1+ .;la 
-a.,. 

HO Man no Cp8BH9HH~ C qneHO M D(~ exp (( 1+() l: d• ("J 
t(() - m2 n=O 

1 eCnH. TOnbKO 

I.dnx 0 

( --- ) yMeabwaeTcst, xoraa x H3MeH!IeTC!I OT 0 110 -1. rlos TOMy, KOrAa I tl = 0 
(1+ x) a 2 

xopowHM npu6na>KeaueM an!! IT I 6yaeT Bbipa>Keaue m •exp(2d,] • nanee, e cnu 

x) t-=0 
TIOil 3H8KOM 3 KCTIOH8HTb l B (5,4) Bb1Jl8111!Tb "'I18Hbl (/1+( H (1 1+.; , o6oaH8'1H B '!epea Ai 

nepeonpeAeneHHbte xos¢¢uuueHTbi , nonyquM AnSI cyMM: 

l: ( • dn 

d + 
0 

• =2 ____ = d o+ Ao ( + l: 

1 + ( n = I 

An C 

Tor11a X npHHHMaeT BI!Jl: .. 
W+ ·.:,A.,. 

( t - m 
2

) 2 

3Jl8Cb T8K >K8 onyrueH8 <jlyHI<UHSI 6n!IWK8, 

1 +' 
l: .; n dn 

n= 2 

1 + .; 

A ( 
do+_o_+l: 

1 + ( n=l 

An ( n • 

~+2i A ( " 
e l+r; t=t n ] . 

( u - m"t2 

(7.2) 

Kor11a I~ p8CTeT, TO .; yaenuqHB88TC!I H CT8 HOBHTCSI Cp8BHHMOI1 C ( 0 KOTo-

pa st s 3TO speM st yMeHbwaeTcst. B oxpeCTHOCTH ToqKn t = - .!...+2M 2 ,~ = ( , H noaToMy 
2 

see CI18f"88Mbl8 B 11p8BOJ! qaCTH (7,2) Jl810T 0JlHH8KOBbll! BKI18Jl, 11pH'18M 3 TH BKI181lbl 3KCTi o-

H8HUH811bHO MBTibi, rlpu Jl8 1IBHellweM ysenaqeHHH It I npeo6n aABIOWHM s T( s,t,u) c T ano-

D(() l:d (n 
BHTCSI qneH ___ exp( __ n __ ] , KOTOp bill nosTopsteT XOJl nepsoro cnaraeMoro nptwoli 

u(~-m 2 (1+,;) 
"'8 CTH <jlopMyTibl (5,4) B o6p8 THOM 110pS!JlK8, 3TO 03H8'188T, 'ITO KpH ilBSI, 011HCbl!l810W8>1 

p-p paccestHHe s HHTepsane 

xpaaol!, onHCbiBBIOWell ee npn 

yrnos!:.... < () 
2 -

0 < () ( .!!.... 
- -2 

x) 
flp<Ul110118f"88TCSI, qTO a= 1 , 

< " , smnReT CR 3epKanhHhiM OTpa ):: eHHeM 

21 



- t 
P.·~:tn 

0,052 
0,121 
0,2I9 
0,342 
0,524 
I,43 
2,I7 
2,28 
4,30 
6,00 
7,80 
9,90 

IO,OO 

f. =I5,63 

0,019 

0,086 
O,I95 
0,364 
0,563 
0,783 
2,80 
3,16 
6,00 

IO,OO 
I2,0I 

~ z;I8,76 

0,036 
0,134 
0,290 
0,520 
0,794 
0,925 
0,978 
I,U84 
I,I84 
I,206 
I,22I 

e, ..... 

2,66 
5,n 
8,72 

II, 75 
14,70 
17,5 
31,5 
34,t 
37,0 
51,5 
68,3 
72,I 
90,0 
78.4 

3,02 

6,40 
9,71 

13,25 
I6,50 
19,20 
36,70 
40,80 
55,40 
78,40 
81,40 

3,82 
?,.SO 

I0,7 
14,4 
17,8 
20,0 
i:!0,2 
20,7 
21,2 
2I,3 
21,4 

_.f.,..y. 
)\li.C.l'\ · 

0,0952 
0,0645 
I 110745 
1,83057 
2,86143 
4,5048 
9,I232 

10,4434 
I0,7780 
13,93II 
14,9318 
16,5030 
15,5469 
I7,i:!666 

0,0407 

0,8200 
I ,8306 
3,2665 
5,I269 
6,43J6 

Il,'/636 
I2,793I 
16,4505 
17,2666 
18,5861 

0,139I 
I,2714 
2,9725 
4,9852 
6,8048 
7,3457 
7,2463 . 
8,6701 
9, 7614 
9,2513 
9,7791 

Ta6n11ua ~, 

s-(-t..x) -L. X 
~ -
(. •t"· "-"-P 

o,o755 1 o,9204 
0,0645 I 2,7168 
o,0645 1 4,1988 
0,0645 i 5,4095 
0,0645 ! 6,4002 
0,0645 l 7,4133 
O,I761 i 10,0637 
0,1761 i II ,3092 
0,0969 i II ,4573 
0,0969 I 13,5235 
o,0969 I r4,5065 
0,0969 115,4734 
0,0969 15,5058 

: o.0969 116.3093 

0,07191 I,4II7 

0,0607 
0,0607 
0,0645 
0,0828 
O,I76I 
O,I76I 
0,0969 
0,0969 
0,0969 
0,0969 

0,0864 
0,0792 
0,0792 
0,0934 
O,I038 
O,I76I 
O,I76I 
0,1761 
O,I'16I 
0,1761 
O,I76I 

3,5882 
5,2123 
6,6232 
7,6967 
8,560I 

I2,4I07 
12,8288 
15,2095 
16,9314 
17,7077 

2,2II2 
4,5088 
6,2265 
7,6978 
8,8660 
9,3IIO 
9,4764 
9,'7871 

10,0!>90 
IO,II63 
IO,I549 

6' (.t. x) j-..f... X : t>(/,x) 
t...o.. . ~'X- . . .J... .. 

C t-4· .... p• I 

I o,ooo·t 
~,· 0,0029 

0,0060 
' 0,0096 
I o,o134 
1 o,OI8I 
I o,o35r 
I 0,0450 
I 0,0'165 

0,0687 
0,0855 
0,0985 
0,1036 

' O.III7 

0,0013 

0,005I 
0,0098 
0,0156 
0,02II 
0,0263 
0,0580 
0,0623 
0,0917 
O,I245 
0,1364 

0,0022 
0,0068 
0,0123 
0,0259 
0,0271 
0,0213 
0,0300 
0,03I7 
0,032I 
0,0323 
0,0'169 

22 

I 
0,6400 i 0,0081 
I ,6642 ; 0,0352 
2,36i:!6 i 0,0533 
2,9495 I 0,07I6 
3,5126 O,U842 
4,2123 0,0939 
6,8210 I 0,0994 
8,4471 II 0,0934 
8,6656 0,0924 

12;0543 I o,0802 
14,2279 0,0838 
16,2478 I 0,0986 
16,9870 0,1175 

I 
118.2929 0.1252 

0,9897 

2,2167 
3,0569 
3,90I6 
4,6833 
5,4197 
9,9504 

10,5586 
I4,4557 
18,2812 
I9,8909 

1,7831 
3,4537 

II,73I6 
7,0026 
7,4327 
7,5965 
7,90::11 
8,1879 
8,2473 
8,i:!879 

10,5597 

0,0128 

0,0416 
0,0656 
0,0833 
0,090I 
0,0979 
0,0938 
0,0922 
0,0936 
0,1302 
O,I52I 

0,0204 
U,0539 
0,0718 
0,0943 
0,0928 
0,0932 
0,0966 
0,0939 
0,0939 
0,0939 
0,0905 

: - J11 X 
~.,.. 

I e ,, . ,....~ . 

0,2582 
o,5385 
0,9890 
1,8228 
2,8784 
4,2564 
8,5855 

I0,6098 
10,8481 
13,8307 
15,0887 
16,0889 
16,1651 
I6,8524 

6'( 1.. )( ) 
4<~ . 

O,OI% 
o,r608 
0,0831 
0,0884 
0,0892 
0,0949 
0,1334 
0,1417 
0,1415 
O,II36 
0,0925 

! O,I038 
I O,II24 
0.1443 

0,3800 :0,0320 

0,8484 
I ,8060 
3,3309 
4,8560 
6,2274 

12,4476 
I5,0507 
16,0543 
I7' 7339 
I8,3539 

0,604I 
1,4587 
2,9863 
6, 7158 
7,4262 
7,6925 
8,I930 
8,6303 
8,7225 
8,7845 

II,9582 

. 0,0778 
:0,0887 
' 0,0876 
; 0,094! 
0,!070 
0,!550 
O,I532 
O,II74 
0,1333 
O,I66I 

0,0628 
O,II23 
O,II32 
0,0927 
0,0932 
u,0938 
0,0955 
0,0974 
0,0979 
0,09I8 
O,II68 

2,250 29,9 
3,860 39,5 
4,30 42,8 
7,80 58,8 

II,56 70,2 
!4,50 86,0 

f.= 21,73 

0,032 
O,I55 
0,564 
0,680 
!,055 
1,474 
1,590 
4,910 
6,00 , 

10,00 
13,94 
19,65 

i>. =26 

0,064 
0,268 
0,526 
1,042 
2,071 
2,68 
3,80 
7,80 

IO,OO 
12,46 

I5,06 
18,77 

3,29 
7,30 

II,I8 
25,30 
I9,0 
<!2,3 
22,6 
4I,8 
42,2 
62,I 
73,I 
90,0 

4,21 
8,60 

12,88 
I7,03 
24,2 
26,6 
33,8 
49,I 
52,0 
65,0 
68,1 
77,9 

II,8I30 
14,0808 
14,8458 
18,2346 
20,4932 
20,!462 

0,2873 
I,74II 
3,6848 
6,1125 
8,6128 

10,5248 
10,8588 
15,9178 
17,5465 
20,0226 
2l,3077 
22,0045 

0,4303 
2,,482 
5,4429 
8,2848 

II,%16 
13,395 
I4,7253 
I9,5045 
21,543 
21,899 
23,1 
24,7878 



2,250 29,9 II,8I30 0,1761 12,1%4 0,0469 10,5597 0 , 0905 II,9582 O,II68 
3,860 39,5 14,0808 0,1761 14,2564 0,0644 I3 , 0993 0,0845 14,8015 0 ,1217 
4,30 42,8 14,8458 0,0%9 14,7009 0,0686 !3,6801 0,0839 15,3571 0,1199 

• ~>(l.,x) - J11 X 
6'( /;.)( ) 

7,80 58,8 18,2346 0,0%9 17,3824 0,0973 17,3948 0,0%6 18 , 2626 0 ,1060 

' 4-.. 
~.,. II,56 70,2 20,4932 0,0969 19,3393 · 0,1227 20,3706 0,1300 19,9173 0,1398 

•P· J 'n· "-&~ · 4<~ . 14,50 86,0 20,1462 0,0969 19,9968 0,1379 21.7502 0,1625 20,3330 0,1700 

0 i 0,008! 0,2582 0,01% f.= 21,73 
2 : 0,0352 0,5385 0,0608 0,032 3,29 0,2873 0,0828 2,065 0, 0019 1,6II 0,0209 0,574 o , u578 
6 i 0,0533 i 0,9890 0,0831 0,155 7,30 I, 74II 0,0719 4,865 0, 00"15 3,532 0,062II 1,700 O,II35 
5 I 0,07!6 1,8228 0,0884 0,.)64 II,18 3,6848 0,0755 6,879 0,0142 4,974 0,0893 3,7469 0,1095 I 0,0842 2,8784 0,0892 0,680 25,30 6,1125 o,u792 8,578 0,0217 6 ,370 0 ,1044 6 ,176 0,1052 

0,0939 4,2564 0,0949 1,055 19,0 8,6128 0,12'/J. 9,905 0,0289 7,601 O,II03 8 ,267 O,II67 
J I 0,0994 8 ,5855 0,1334 1,474 <!2,3 10,5248 0,1761 II,OOI 0,0356 8 , 712 O,III6 10,003 0,1320 I 0,0934 10,6098 0,1417 1,590 2<!,6 10,8588 0,1761 II,262 0,0372 8 ,987 0,1II5 10,409 0,1356 

0,0924 10,8481 0,1415 4,910 4I,S !5,9178 0,1761 15,773 0,0721 14,364 0,0972 16,584 0,1531 I o,0802 13,8307 0,1136 6,00 . 42,2 17,5465 0,0969 16,730 0,0808 15,626 0,0957 17,657 0,1440 
I 0,0838 :15,0887 0,0925 10,00 62,1 20,0226 0,0%9 19,412 0,1087 19,373 0,1081 20,221 O,II71 I 0,0986 :16,0889 l 0,1038 13,94 73,1 2~,3077 0,1139 21,297 0,!323 22,240 0,1373 21,660 0,1471 
I O,II75 :16,1651 ' O,II24 19,65 90,0 22,0045 O,II39 22,515 0,1534 24,469 0,1804 22,399 0,2010 
0,1252 :16,8524 0,1443 P". =26 

0,064 4,21 0.4303 0,0864 3,171 0,0035 2,410 0,0385 0,767 0,10II 
0,0128 0,3800 : 0,0320 0,268 8.6o 2.~482 0,0828 6,228 0,0106 4,540 0, 0856 2,621 0,1391 
0,0416 0 ,8484 • 0,0778 0,526 12,88 5,4429 0,0864 8,395 0,0186 6,270 0,1085 5,297 0,1218 
0,0656 1,8060 : 0,0887 1,042 17,03 8,2848 0,1072 10,143 0,0268 7,881 O,II69 7,883 O,II6I 
0,0833 3,3309 . 0,0876 2,071 24.2 II,%16 0,1761 12,629 0,0408 10,494 O,II48 II,609 0,1300 
0,0901 4,8560 : 0,0941 2,68 26,6 13,395 0,1761 13,681 0,0475 Il,698 0,!103 13,105 0,1354 
0,0979 6,2274 0,1070 3.80 33,8 14,7253 0,0969 15,230 0,0582 13,563 0,1020 15,180 0,1372 
0,0938 12,4476 0,1550 7,80 49,1 19,5045 0,0969 18,983 0,0872 18,425 0,0920 19,563 O,II32 
0,0922 1~,0507 0,1532 10,00 52,0 21,543 O,II39 20,498 0 ,0999 20,492 0,1006 21,109 0,1064 
0,0936 16,0543 O,II74 12,46 65,0 21,899 O,II39 21,907 O,II39 22 ,51I O,II76 22,415 O,II83 
0,1302 17,7339 0,1333 15,06 68,1 23,1 O,Il39 23,241 0,1264 24,419 0,1391 25,~94 0,1479 
0,1521 18,3539 0,1661 18,77 77,9 24,7878 0,1303 24,704 0,1446 26.758 0,1754 ~4 . 738 0,2097 

0,0204 0,6041 0,0628 
0,0539 1,4587 0,1123 
0,0718 2,9863 O,II32 
0,0943 6, 7I5a 0,0927 
0,0928 7,4262 0,0932 
0,0932 7,6925 u,0938 
0,0966 8,1930 0,0955 
0,0939 8,6303 0,0974 
0,0939 8,7225 0,0979 
0,0939 8,7845 0,0918 
0,0905 II,9582 O,II68 
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Kos¢¢nuu eHT bt annpoKCUMaumr n x 2 
npn cpenHeM 3HB'IBHHH Po = 12,6 rsa, 

Po ~ 15, 63 r sll, Po=lts,76 rsa, P o=2 1,73 r :m, Po =26 r sa npnaen eHb! B Ta6nnue VI • 

lJ011)" '1BIIIII•Ie pe3yllbTBTb! 110 p-p paccestH!!IO n e O'leHb xopown, 'ITO o61>nCHReTCSI cxynno-

2 
C T b lQ 3 KC n epnMe HTnnhHbiX n aHH biX. npHeM neMblM no X >IBJI>IeTC>I BblpalKeHHe (7.1), 

C T!JC"I >I napaMeTpOMII, HO TB M lie MeHee K03QJ<jlHUHBHTbl annpOKCI!MaUl!H H 1!11!1 STOrO C11y

'-l .:l !l l!e y!lOBneTBOpHTenbHLI , T8K K8K OHH. onpeneneHbi C 601IhWHMH OWH6K8MH. 

3aMeTn ~ ' cn e nyJOwni! 11J06on&ITHb!i! <jlaKT: Koa<jl<jlnuneHT A
0 

npn (,/ 1+( H ~/1+~ 

3a M e THO MeHSieTCSI (B03pBCTaeT) npH yae11H'IeHHI! p
0 

, B TO BpOMII I<BK OCTB11bHbl8 

K03~~<jli! UI! e i!T bl, T.e. A
1 

H A
2 

a npenenax own6oK nocTOSIHH&t. Ecnn TennenunH pocTa A
0 

COXpllHIITC!I npn llll11bHBHW9M YBB1111'18HHH p 
0 

, TO MOlKHO llYMBTb, 'ITO npH 6011bWHX OTpHua-

T 91lbll b1X I M BX(IlY QlOpMQlBKTOpaMH HyKJIOHB H BMIIJIHTyllOil p- p 
/17/ 

npOCTa!l CB!I3b BllllB : 

In G ( t) 

In ( ~ ) ( 90°,pp-+pp) 
~ 

~ ~ . 

paCCBSIHHH IIOHBHTCH 

(7.3) 

OnHa Ko Taxoe aaxnJO'Ienne HaM xa JKeTCH noxa npeJKneapeMeHHbrM, TaK KaK npn H3Me.

paeMhiX B HBCTOsnnee BpeM~ 3HeprHHX H nepenaaaeMb!X HMIIYilbCall COOTHOWOHHe (7.3) He 

Bb!II011HS18TCH • .Uei!CTBI!TellbHO, KOSQlQlHUHOHT npn (,/1+( a T(s,t,u) paaen 0,34065+0,058715, 

a B G(t) ( CM. Ta611nuy II 1,1659+0,06108. 

HaKoneu, OTMB THM, 'ITO npn 6o1Ibwnx OTpnuaTenbHbiX 
v-t k IS 

t,(,/1+ (=--= ...::__r2(1-cosO)] 

( It - HMIIY11bC, a 0 - yr011 pacceHHHH B CHCTeMe U.M.) H Korna 

CH Jj>opMyna Opnp/
141

• 

§ B. 3 a K 11 10 q e a 11 e 

2./a '},./a 
0 HeaenHxo, nony qaeT-

8 IIOC110UHee BpeMH BO MHOrHX pa60T8~ 06CyJKUaeTCH BOIIpOC 06 SKCIIOHeHUHallbHOM 

y6hiBBHHH aMn11HTYilhl. TaK, HanpuMep, B pa6oTax
115

•
161 

npenno11araeTCH cTaTHCTI!'IeCKI!il 

MeX8HH3M OnHC8HHSl p-p paCCeHHHSI npH BbiCOKHX S HeprHHJ< H 11011Y 'IOHO SKCIIOHe HUif811b-

HOe y6&1BaHHO 8MII11HTYilbl p-p pacceHHHH npH 6011bWHX yr11ax, n pnqeM Y'II!TbiBa11HCb 

CTaTHCTH"'eCKHe at.P<t>eKThi. CornacHo sToA Mo.nenH, xor.aa cTanKHBBIOTCH 'IBCTHUbi , aoaMo>K

HO (OCHOBHOe llOIIyWOHI!e) o6pa30BBHI!B 'COCTBBHOi\' CHCTOMbl, KOTOpaH HeKOTOpOe BpeMH 

naxonnTC!I B 'TepMn'lecxoM' paaHoaecnn. B na11bHellweM npoucxonuT HapyweHne paaHo

aecHH H cocTaBHaH cncTeMa pacnanaeTCH. Bepo!!THOCTb o6napylKeHHH 'laCTHU a aananaoM 

yrne CyWeCTBOHHO 3BBHCI!T OT 'IHCna COCTOHHHil COCTBBHOJI CHCTOMbl, OllpeUeJIBHHe KOTOpOJI 

H COCTBB11HeT r11aBHYIO TpyllHOCTb. 8 pa6oTe
1151 

OUOHIIB8110Cb S TO 'IHC110 II 6h11IO IIOKa3aHO, 

24 

J~ 

p = 12,6 
0 

p ~ 15,63 
0 

p - 18,76 

p 0- 21,73 

p ~ 26 
0 

Ao 
t-

A 
0 

A 
~ 

0 

At 
1-

A 
0 

At 
A 

2 

Ao 

+-
Ao 

A 
t 1-

Ao 

At 
A 

2 

Ao 
t-

Ao 

A I +-
Ao 

AI 

A 
2 



-
<1111 P

0 
= 12,6 r ae , 

•Heen eHbi e Ta511Hne VI • 

qTo ooaHCHI!eTCII CKYilHo

eTCI! BblpBlK9 HHB (7,1), 

~IIMBUIIH H lln!l STOrO cny-

OWIIDKBMH, 

np11 (J 1+ ( 11 .;; 1+,f 

19MB KaK OCTanbHhre 

~Cnl! T9HilBHUII!i pOCTB A 
0 

qTo npH 5onhwHx oTpHua-

p pBCC911HHII llOIIBHTCII 

(7.3) 

1HbiM 1 T8k K8K npH H3Me,.. 

R COOTIIOW9HH9 (7.3) 119 

paeeH 0,34065+0,058715, 

v-t -k ~ 
(=--~ ...:..::.....(~1-cosiJ)] 

'A/ a 'A/ a 
{) HBB91lHKO, nonyqaeT-

00 :3KCilOH9HUHBilbHOM 

raeTCH CT8THCTJPieCKHfi 

IOTCH '18CTHll bi , B03MO>K-

opa11 HeKoTopoe epeMH 

lHT HapyweHne paaHo-

HR 'IBCTHU B 38a8HHOM 

hi, onpeneneHHe KoTopoll 

'I!HCnO H 6 binO nOK838HO , 

p = 12,6 
0 

p = 15,63 
0 

,., 
,., 
A 2 

~0 

Tadmm,a YI 

o,4347 !. o,o101 
1 1 4487 - 0 1 0316 

-5,3218 !. 0,1541 

-0 1 1035 + 01 0785 
-10,0751 !. 0,2702 
-16,4508! 0,7766 

+ 01 49II - 0 1 01IJ3 

1696 

488 

19,6 

1565 
~--~-----~--------------~--

Ao 1 1 3683 ! O,o292 461 

A, ~-----4~,~8~2~0~4~!~o2,~1~4~5~6 _________________ +--------
-o,o7o5 ! 0,0740 

A 1 -9 1 8187! 0 1 2814 17,7 

A 2 -16 1 5070!0,7979 -----4----=-:..!.:.__;_ __ !....:..:.....:...:....---- ------- r--------

p R 18,76 

p R 21,73 
0 

Ao ~----o~,_6_o_5_5 __ + __ o~,_o_1_0_5 _____________ +-----8-83_ 

Ao 1,1160! 010266 
A, - 2,8363 + o,IJ45 435 1---..;_ _____ :.._ ______________ _ _ ~-------

0,03243!. 0,05972 
-9,4127! o,3579 

-16,0739 !.o,81II 

34 

851 01 6768 !0,0103 +-----....:_ ____ :..._ __________ -4------------

1 1 18699!.0,02594 
-3,1989 !.o,14820 

Ao 010987 !.o,0618 
A, -~,4709 !.o,3580 

381 

9,9 

A2 -16 1 2051 !.o,8441 
--------~---~---~-----------------+-----·- -
p = 26 

0 
718 0,7767 !o,o096 1---_.;,. ___ _.;,. _____ ~-------+----·- -

Ao 1 1 2899 !o,0277 
A, -J,I718 !0,1598 

323 

1----...:....----~----------·----- - --- --- ----
o,34066:o,o587 

-9,B930 !o,4149 
15 ,4601 !o,8720 

25 

16,78 
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'ITO TeopeTH'I9CKHll peaynbTBT HBXOiliiTCll B XOpOWeM COrnaCHH C 9KCnepiiM9HTil llbHbi MH 

aa aa&IMII . Aaanoru'labil! MexaaH3M paccMaTpnaancR a pa6oTe
1161

, TOnhKO anll onpe.uenenug 

'IIICna COCTORHIIll COCTaBHOii CHCT9Mbl ( CHCT9Mbl <jlepMHOHHOrO H 6030HHOrO raaa , aaXO.JlR

werOCR B paBHOBeCC HII ) np1IM9H AAC!I T9p MOiliiHaMII'I9CKHll MSTOil, npn T8KOM OUHCBHHH n<>

RBnlleTCll x apaKTep abill sKcnonesunanhHhill <!>aKTop exp [ ~] , r.ue T . E l' , KOTOpbill 
T 

II 069CU9'1HB89T 6bi CTp Oe y6biBaaHe C9 '19 HHR, 

CTaTHCTH'IeCKoe onnca sne nponeccoa npu 6onhwnx t ncnonbayeTCll TaKJKe B pa 6o-

Te By n HHra
117 1

, B KOTopoll ycTanoaneao ac aMnTOTH'!ecKoe c oOTaomeHHe MeJKay aa<l>

<!>epeaunanbRbiMH ce 'leRHHMH paaahlx nponeccoa, s KcnepHMeHTanbsoe nollTBepJKaeHHe KOTo

pbiX 6hinO 6hi xopowaM npaaaaKoM B nonbay cTaTncTn'lecKoro Mexa aHaMa, 3Kcnosesunanb

aoe y6biBaRHe 8 MUnHTYilbl MOlKHO nony'IHTb, eCnH HCnonb30BaTb KBa3 HflOTeHUHanbHhlll UOJlXOJ] 
/ 18 / / 18 / 

B TeOpHH non!! • nellCTBHTenbHO, B pa60Te 6hinO UOKa3aHO, 'ITO npo6neMy paCCell-

IIHR B TeOpHH nonR MOlKBO OflHCaTb ypaBHeHHeM THna llJpeJlHHrepa C BeKOTOpbi M KOMnneKC-

• BhiM KaaaunOTeauuanoM. Tor11a npa BhiCOKHX saepraRx a aa 6onbmHe yrnhi nponecc pac-

ceHBHR JlOnlKeH HMeTb xapaKTep aaA6apbepnoro OTpalKeHHR aa KaaaHnOTeannane, a aMnna

TyJla TaKoro nponecca aKcnoaeRJlHilnbBO Mana. TaxaR B03MOlKBOCTb onacaaHR nponeccoa 

pacce!IBBR npa 6onbwax saeprHRX npeAnaraeTCR a 
1191 
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