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II I 
B pa5oTe Kepynyca n MapTHHa anepBbie 5bina Hal!neHa HBlKHHII rpaHnua 

y5biBBHBS! BMllllBTyJlbl pacCeSIHHS! B o5naCTH 50ilbWHX yrnoa. l1MH 5blll0 UOK83 8HO, 

'ITO HBlKIIHII rpBHHUB y5biBBHH51 onpenen51eTCS! TOJibKO XapaKTepOM H3MeHeHH51 HB'iB-

na pa3pe3a p ( s) ( B llllOCKOCTB ex>s 0 ) B 3 BBHCHMOCTH OT 3 HeprHH. 

8 HBCTOS!IIlel! pa50Te UOKB3biBBeTCH, 'ITO B pBMKBX llOK81lbHOi1 KBBHTOBOH 

TeOpHH UOilS! npn BbiCOKHX 3Hepl'H51X MOlKHO yCTBHOBHTb CBH3b Meli<Jly UOB9Jl9HHeM 

WHpHHbl JlHijlpaKUHOHHOI'O nHKB H HHli<Heli rpaHHUell y5bi BBHHH BMUilHTYUbl paC Ce51HH51 

B o5naCTH 501lbWHX yrnoa. npa 3TOM yCTBHOBil9HO, 'ITO HHlKH5151 rpaHHUB y 5 biBBHHH 

BMUilHTYJlbl onpeJlallHeTC51 He TOilbKO ljlyHKUHell p ( s ) , HO H UOB9Jl9HH 9 M WHpHHbl 

KBK JlHijlpaKUHOHHOI'O UHKB, TBK H UHKB paCC951HH51 H83 8Jl. 

nycTb BMllllHTyna T ( s. cos 0\ ynoaneTBOpS!eT npe n c Taan e HHIO MaHJle llbCTaMa, 

TOI'Jl8 OHB 5yneT BH8nHTH'i9CKOll ljlyHKUHell UO cos O BO BCel! KOMUileKCHOli Z 

llllOCKOCTH C pa3pe3BMH BJlOilb neliCTBHT91lbHOi1 OCH OT - oo no--p{s) H oT 

p(s) no 
(eM. puc. 1) H 5yneT B03paCTBTb HB 5 e CKOH 9 '1HOC TH no 3H e prHH 

He 5hiCTpee HeKOTOporo UOilHHOMa, T.e. 

I T ( s. cos 0) I< s N • (1) 

KaK H3BeCTHO, a o5naCTH 5ollbrnHX 3HeprHil pacces!HHe Ha 5onbwHe yrnhi 3 Kcno

HeHUHBilhHO y5biBBeT C pOCTOM 3H9pl'HII. n 03TOMy Mbl 5y Jl9M B Jl81lbH9 H111 9 M npen-

UOili\)"'BTb, 'ITO eCilH -a:: COS 0 ~ a 

H9p8B9HCTBOM: 

TO B MllllHTYJlB OI'p8HII'i9H8 Cll9UY IOWHM 

I T ( s, cos 0 \ I ;;; exp ( - ch ( s) ) , 

!'l].e </J( S )-llOilOlKHT91lbHBS! ljlyHK!-\HH • 

3 

(2) 



B o6nacTH nepenasaeMbiX HMnynhCOB t « s 
/2-4/ 

pacceHHHSI 06bl'IHO npenCT8BJ151eTC51 B BHile 

~ / ( ~) 
dl dt 1=0 

=e 

0Tcmna ll.RH MBJlbi X yrnos pacceHHHH nony'IHM: 
da 

a ( s) I 

df' -as0 2 

e 
(~) 

df' 0 = 0 

Ha ocuosaHHH (3) nerKo y6enHTbCH, 'ITO nnH o6nacTH yrnos 0 ~ 0 (s) , rne 

cfns cf x(s)=cosiJ(s)=l----, __ n_s_ « l 
sa(s) sa(s) 

llJl51 8MUJ1HTYllbl pacceHHHSI MOmHO H8UHC8Tb cnenyJO!llee HepaBeHCTBO: 

\ T(s,cos6)\ -as 6
2 

-c 
\ T(s,l)\ .;;e ;;;s ,c > O,O~O(s). 
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(3) 

(4) 

(5) 



/1/ 
Cm·. tv s1 Kepynycy H MapTHHy , c noMOIUbiO KOHcPOPMlioro OTo6pameHHH 

{6) 

nepeaeneM pa3pe3aHHYIO z TlJ10CKOCTb BO BHyTpeHHOCTb Kpyra panayca p 
1 

npH-

'!eM npH oTo6pameaua (6) o6nacTb D (eM. puc. 1) nepeXO.UHT BO BHyTpeHHOCTb 

1B ±f3~±L[p-v~J, 
a 

3aMe7liTh 1 'ITO npu 6oJ1b-

annHnca G (eM. pac. 2) 1 p nepexonHT a p , ±a 
p ---

:!- y( s) = :!- -- [ p- ,1 p 2 - x 2 ] HeTpynao 
x ( s) 

a ±x(s) a 

WH.X S 

1 In s 
y(s ).,J- r- ,/ 2(b+c--) 

vs a(s) {7) 

TaK KaK .unH 3Ha'leHHH w 1 nemamero Ha y'!aCTKe - f ~ w ~ f3, flMTlJ1HTyna 

paCCeHHHH orpaHH'!eHa HepaBeHCTBOM {2) 1 TO .UJ1H .UflJ1bHefiwero flHflJ1H3fl C TlOMOIUbiO 

cPYHKlllU! T = i r w + v w 2 
.:_ 13 

2
1 npeo6pa3y eM o6naCTb 3J1J1HTICfl G BHe yqacTKfl 

-.S~ w~f3 B KOJ1bllO. Opu aToM yqacToK (-(3, .Sl nepexonaT a enHHH'IHbifi 

Kpyr 1 rpaauua annnnca G - B Kpyr parmyca 

R ~ ~ r r + , 1 r 2 
- r 2 1 , 

a annanc c 6onbwofi nonyocbJO v ( s) nepexonHT a Kpyr panHyca 

Bae.ueM o6o3Ha'leHHH ~ 1 =sup I T{s,rl l , 

I r l =1 

M 2 = sup I T ( s , r ) I 
I ri=R 

n ~~ = sup ! T ( s, r ) I , 
I rl = F 

Tor.ua a cHny aepaaeacTaa AnaMapa HMeeM: 

(1-~~-1 ..!~ 
1\': < M 1n R ~' ln R 

2 

TaK KflK npa 60J1bWHX s 

5 

(8) 

(9) 

( 10) 



-(' 

TO 

rue 

f 

P11c. 2. Puc. 3. 

E~ 

R~ 
l+v'1-f!2 

{3 
(1+0(..i)) 

s 

1 + \1 1 -{32 ,· 2 ( b + c ~) {! [1-. a(s) l 

In f 

In P 

>. -( 

v's(1-,B
2

) ' 

1-7 

~) ,i7(r+c a(s) 

>.Jn~ [s 
1 -.\ 

2sin0a )y, 

1 ~ sin 0 a 
cos 0 0 = a . 

Y4~<TI,r13uH Hepaacncrau (I) 11 (2), a TaKl!<e (ll),nony'IHM: 

6 

@ 

( 1 1 ) 

M~e:rp[-
2¢(s)y'2(b+c 

.\ln~v' 1-.\ 

113 <j>opMyilhl ( 12) BHilHO, 'lTC 

¢ (s 
0 

TO a cany aepaaeHCTBa (5) , 

6yABT 9KCnOHBHUH8ilbHO B03p. 

( 1 ) • TaKHM o6paaoM, 

llOBTOpSISI paCCY>Kil9HHSl KHHO 

IT( 

TaKHM o6paaoM, Mbi yc 

paCC9SIHHSl B 06il8CTH 60ilblliM 

ao TaK>Ke a OT noaeueaaSI rn1 

Ecnn rnapnaa AHQ>paKua• 

~ 

TO HH>KHHSI rpaHHU8 y6hlB8HH 

ABHHSI llHQ>paKUHOHHOI'O nHK8. 

<P 

Ecna WIIPI.fHa lll.f¢paKunonnor 

(\ 

TO Hl!mHHA rpuHUU8 y6hlBUHI.f 

ro cny'IIHJ Mbl nonyqaeM ouE 



Pac. 3, 

(I 1 ) 

a. 

'IIOIIY 'IIIM: 

Ins 
?¢(s h / 2(h+ c 8TsT) 

M ~ exp [- ______ .;:;._;_.:...:...._ 

>.Jn~v-s-
1->. 

+N(1-2 

. 2( In s ) 
\1 b + c ---;;(";) 

I +A -A ln ---\1 s 
1 - >. 

) Ins ] • 

(12) 

113 cj>opMy11hl ( 12) BH!!HO, 'ITO eC11H d; ( S) B03p8CT8eT C 3 Hepraeii 6biCTpee 'I eM: 

¢ o ( s ) ~ d -==,;=-;=l=n =:s ==
v2(h+c ~) 

a ( s) 

( 13) 

TO a cany aepaeeacTea (5) aMIInaTyna pacceSIHHSI errepen I T(s, 1)1 rrpa 6onbwux s 

6yneT 3KCIIOH9HllH811bHO B03p8CT8Tb, 'ITO llpOTHBOpe'IHT HCXO!!HOMy rrpenrronomeHH~ 

{1), TaKHM o6paaoM, 

( 14) 

151 
noeTOpS!S! paccymneHRS! KHHOWHT8 t Mbl II011y'IHM 

-¢ ( s) 
I T ( s , cos (}a ) I ~ e 0 

, 

(15) 

TaKHM o6paaoM, Mbi ycTaHo;~;~ana, 'ITO HHm HSISI rpaaaua y 6 hiBBHHH B M II11HT YJl bl 

paCCeHHHS! B 06118CTH 6011bWHX yr110B 38BHCHT He T011bKO OT IIOBeJJe HHS! lj>y HKUHH p(s), 

HO T8Kme H oT IIOBeJJeHHS! WHpHHbl !lH!j>pBKUHOHHOrO IIHK8 p8C C9 S!HHS! I\ ( s) = __ J_ . 

Ecn11 WHPHHa .UHcj>paKUHOHHoro rraKa ynoeneTeopSieT aepaee acTey: 

/).(s) » !?_ 
c 

I 
TiiS, 

a ( s) 

(16) 

TO HllmHSIS! rpaHHU8 y6b!B8HHS! 8MII11HTY!lbl orrpenenSieTCS! TOIIb K O XapaKTe pOM IIOBe

Jl9HHS! JlHcj>paKUHOHHOrO IIHK8, .UnSI <noro cny'IBSI HMeeM 

¢ ( s) ~ const v ~. 
L\ ( s ) (17) 

E cna w a p aHa l lli cj>p a Kuaonnoro naKa 

!\ ( s ) « ~ . :-1-
c Ins 

(I S ) 

·ro HII IIUIII>! I~ ]J <JHHU8 y6h i B LlHH51 8MllJlHTYJ:Ibl Ollpen e JJSieTC51 <jly llKUH Cil p (s) 11 !l/1>1 3 T O

r o cny ' IEIII M bl nony q ae M o u e nK y K e p yn u ca a MapTuna : 

7 



¢ (s ) ~ con s! ...;-;, In s. 
0 ( 18) 

1 
B cnyqae , KOrAa 1"1 ( s ) = --, HH* HHH rpaaaua y 6hiB8HHH aMnnaTyAhi onpeAenHeTCH 

In s 
K8K UOB8A8HH8M ljlyHKUHH p ( s ) 1 T8K a UOB8A8HaeM AH<jlpSKUaOHHOrO naK8 npa 6ollb-

lllaX a aepra Hx. B aTOM cnyqa e aaaacaMoCTh OT aaepraa ljlyaKuaa ¢
0 

( s) onHTh 

a a eTcH ljlopMy noll ( 19). 
/ 2 / 

B pa6oTe K. <l>onell a a p. noKaaaao, 'ITO anH pac ce HHHH rr- + p ... rr-+ p 

wapHH8 aaljlpaKUaOHHOrO naKa /";. ( S) 

HH*Hell rpa aaUhi n onyqa eM: 

npa 6 ollbwa x s TIOCTOSIHH8. noaTOMY llRSI 

I 'f ( s' CDS e a) I£: e - con at ..;--;t;:;: 
(20) 

/fj/ / 3 / / 4/ 
B pa60Te 'Ia)!{8BCK Oro a up. (eM. T8K)!{8 n a aAeH6ayM ' Baa Xoa ) UOK838-

HO, 'ITO anSI p P a pp pacce gaa g wapaaa ualjlpaKuaoaaoro naxa npa 6ollbwax 

a aepragx TSK)!{e c TpeMaTcSI K nocTOSIHHOH. CneaoaaTenbao, a a a Tax c ny'iaSJx aa )!{

HSIH rpaaaua aMnnaTyllhi pacceSJHHSI aa 6onhrnae yrnbi onpeuen geTCSI ljlopMynoli (20). 

.llpy rHM ljlaKTOpOM, KOTOpbiH M0)!{8T CyiUeCTB8HHO ana SITh H8 TO, KaKOBa HH)!{-

HSISI rpaaaua y 6biB8HH SI a MnnaTyAhi aa 6 onhmae y rnhi , HBnSieTCSI pac c eSJHHe aaaaa. 

Ecna acxoAHhi e aaw a npeaiw no*e HH H, KOTOpbie Bbime 6binH cljlopMy napoaaRhi ung 

8MITnHTya bl B o6nacTa Man hiX y rnoa p8CC8SIHHSI~n epeHeCTH Ha o6na CTh p aCC8SIHHSI 

Haaaa , TO B cpopMyny anSI HHlKH8H rpaHHUbl y 6hiBaHHSI 8MllnHTYAbl pacCeS!HaSI Ha 6onh

ll1He y rnhl BoliaeT BM8CTO IUHpHHbl a a cjlpaKUHOHHOrO UHKa IUHpHHa ITHKa Ha38A. 

Ha lKHSISI rpaaaua y6hiBaHaSI aMnnaTyahi npa 6onhmax yrnax 6ya eT onpeaenl!Th

CSI Tpe MSI cjlaKTOpaMH: ljlyHKUHeli p ( S) , lliHpHHOH aaljlpaKUHOHHOrO ITHKa H IUHpHROli 

naKa pacce HHHSI aaaaa . 

"' Ecna anSI lliHpaHbl ITHKa p acce S!Hall Ha3aA /'1 ( S) 

paBeHCTBa : 
"' "' b 1 
/";. ( s) > /) ( s) ' /j. ( s ) » c. :TnS ' 

TO ang a MnnaTyahi p8CC8SIHHSI H8 6onbiUHe yrnbi HM8eM: 

- co n st V~ 
I T ( s , cos (;) a ) I ~ e ,:\ ( • 1 

BbinOnHHIOTCSI cneAyiOIUae He-

(21) 

(22) 

noKa)!{e M T enepb, KaK H3M8H SIIOTCSI nony'le HHbie Bbi iUe peaynhTaTbi, eCnH OCHOBbiBa Th

CSI Ha aaa naTa'iHOCTa,cn eAYIOIUeH H3 noKanhHOli KB8 HTOBOH Teopaa nonS!. 

8 

• 

YlaaecTao, 'ITO H3 npaauanoa noKanhiiOil KB8HToaoli Teopaa nonH BbiTeKaeT, 

'iTO aMnnaTyllhi ynpyrax npoueccoa aaanaTa'iHbi no z = cos (;) B annance neMaHa, 

Eollbwag nonyocb aToro annanca npa 6onhmax 

Pe 
r 

1+ - 2-
s 

s onpeaen~eTC H cpopMynoli : 

(23 ) 

.llnH u anbaeiimero aaanaaa Mbi KRK a paabme npeAnono)l{aM Bhmonaeaae aepa

aeacTB (I) H (2 ) , (5 ) • .llnH ljlyHKUHa RMeeM TO )1{8 Bb!pa)l{eHae ( 4) • 

n oaTOpSISI paCCY)I{ll8HHH, KOTOpble npOBOUHnBCh pa!fee npa npeo6pa30BaHHH an-

e 1 
nBDCa G B KOnbUO B npeAnOnO)I{8HHH, 'ITO /";. ( S ) » - · -- ~ nony'UIM An H RM-

C sIns 
nnaTyahi a o6nacTa 6ollbwax yrnoa cneay!OWYIO oueaKy: 

• - const--
IT( s,cos Oa)l~e l"'(s) 

(24) 

TaKH M o6paaoM, Mhi BHAHM, 'iTO a aToM cnyqae HHX<HHSI rpaHIIua y6hiBanaH 

onpecenneTcn TOnhKO noaeaeaaeM umpaHhi 

f 1 
B <'JI Y'!Re, ecn11 1\ ( s) «-;:--. ~, 

t:•\·;•~lll!<'· · fl :' ( s) II BMGCTO Qxlf!MY1Ibl (24 ) 

i T ( s , cos {I a ) I ~ e 

aaljlpaKUHOHHOro ITHKB . 

HJ.PKHHH rpamma 6yneT onpeaenHThC5! 

Mbl 6ync M KMGTb : 

- const s 2 ln 

3 Kc n e> p a Me HTanhaoe aayqe~rne N l>< paana'IHbrX ynpyrax npoueccoa noseneaug umpnHLI 

A!l cjJpaKUHO!HIOrO ITHK8, naKa pacceHHall H8381l H ITOB81l8HBH 8MIT1IHTY!lbl B o6naCTB 

6onhwax yrnoa . MO)I{eT cny)I{HTh TaK)I{e nposepKoli aaanaTIPmocTa aMnnHTYilhi pac

ceHH!IH IIO COS e . .lleliCTBHT8nhHO, KBK IIOK838IIO Bbllll8, p83Hb18 npeanoiiO:>KeHHH 06 

8H8nl!TH'iHOCTH 8M!Inl!Tyahl ITO COS (;) npHBOaSIT K cymeCTB8HHO pa3nH'iHb!M lj!OpMyiiaM 

UIISl Hl!)l{ff8H rpaHHUbl y6hiB81iHSI 8MITIIHTyAbl pacceSJHllll. 

noaTOMY ecna 6bl OK838nOCh, 'iTO llliH H8KOTOpb!X npoueCCOB aMnnl!Tyna• pac-

C8HHa SI B o6naCT!I 60nhWHX yrnOB y6b!B88T 6b!CTpee, '18M 3TO npeUITHCbiB88TC SI 

cjJOpMynaMH (20) !I (22) 1 TO STO MO)I{EJT CBiill8Ten.bCTBOB8Th, 'iTO npennonO)I{8HliH 

06 8H8IIHTH'iHOCTB 6onee WllpOKOH I '18M 3TO HM88T M8CTO B annHITCe neMaHa Hill! 

MaanellbCTaMa, aecnpaaennaabl. 

B aaKniO'ieaae aaTOpbi Bbipa)!{aiOT rny6oKyiO 6naroaapaoCTh H.H. Eoron106oa y , 

.ll.YI . 9noxaaueay, c.c. f epwTeliJIY, Hryea BaH Xbey, IO • .n. npoKomKHHy, P.M. Pb!F. 
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