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BBEAEHUE

ITopaTnuBbie MOBEPXHOCTHU CTAIU OOBEKTOM JOBOJILHO MPUCTAIBHOIO BHUMAaHUS C pAaHHUX 9KCIIe-
puMeHTOB (cM. [1]), B KOTOPBIX OBLIO ITOKA3aHO, YTO 3HAYMTEILHOE 3aTATMBaHUe IIpoliecca JaMuHap-
HO-TYpPOYJIECHTHOTO MepeXoJa MOXET ObITh JOCTUTHYTO MyTeM 3aMEHBbI XeCTKOI MOBEPXHOCTHU Ha Je-
dopmupyemyto. IlociaenoBasiiye UcCaeIOBaHUS B paMKax JIMHEMHOMN TeOpUU YCTOMYMBOCTHU (CM., Ha-
npuMep, [2—5]) mokaszanm, YTo THKPEMEHThI HapacTaHUS HEYCTOMUYMBEIX BOJIH B IIOIPAaHUYHOM CJI0€ Ha
MOJATIMBOM IIOBEPXHOCTHU ASMCTBUTEIBHO MOTYT OBITh MEHBIIIE, UeM Ha 3K€CTKOM IMTOBEPXHOCTH.

Hecmotpst Ha mporpecc, TOCTUTHYTHIN K HaCTOSIIIIeMY BpeMeHH (cM. [6—9] 1 cChUTKM B HUX), OCTa-
€TCSl HEMaJIO BOIIPOCOB M3-3a CJIOXKHOCTH YPaBHEHUM, ONMUCHIBAIOIIMX B3aUMOAENCTBUE TEYEHUS C TTO-
aTIUBOM MOBEPXHOCTHIO. [1epBasi CJIOXKHOCTh BbI3BaHa TeM, YTO XapakKTepHble ynciia PeitHonbaca, mpu
KOTOPBIX MPOUCXOAUT JJAMUHAPHO-TYPOYJIEHTHBII Nepexol, TOBOJIbHO BBICOKM, TaK YTO B YpPaBHEHUSIX
JIBVKEHUS TIOSIBJISIETCS MaJlIblii apaMeTp TMpU cTapliieil Tpou3BOAHON. BTopasi cl0XXHOCTh CBSI3aHa C
OOJBIIMM YHWCJIOM MapaMeTpPOB, XapaKTEePU3YIOIIMM CBOWCTBA MOAATIMBOU MOBEPXHOCTU, K YUCITY
KOTOPBIX OTHOCSITCSI €€ WHEPLIMOHHOCTb, AeMII(PUPOBaHUE, YIPYIOCTb, MPOAOJbHOE HaTsSXKEHUE U
U3rubHask XKEeCTKOCTb, TaK YTO TPYAHO BbISIBUTh XapaKTEPHble 3aKOHOMEPHOCTU TMPU TaKOM OOUIIUU
napaMeTpoB.

ITepBy10 CJIOXKHOCTH MOXKHO MPEOI0JIETh, UCIIOJIb3YsI KOHLIEIIIIMIO CBOOOIHO B3aUMOIEICTBYIOIIIETO
nmorpaHu4yHoro ciost (cMm. [10—12]), cnipaBemiuByto Npy BbICOKUX yncaax PeitHonbaca. YTo6bl 060itTr
BTOPYIO CJIOXKHOCTb, MOXXHO 3a(pUKCHUPOBaTh BCE MapaMeTpbl MOAATIUBON MOBEPXHOCTU (MU TIpEHE-
Opedb HEKOTOPBIMM 13 HUX), KPOME OTHOTO, MU CMOTPETh, KaK TeUeHUE pearupyet Ha U3MEeHEHUE 3TOro
nmapameTpa. B paMkax Takoro rnoaxoja B psiie paboT U U3ydyanachb HEYCTOMYMBOCTh HECXKMMAEMOTO T10-
IrPaHUYHOTIO CJ10s1 Ha 6a3e KOHIIEeTIUM CBOOOAHOTO B3auMoaeictus (cM. [13—17]). Hacrosas padota
SIBISIETCS JaJiIbHEHIMM pa3ButueM [17].

1. TIOCTAHOBKA 3ATIAYH

Paccmorpum aByMepHOe oO0TeKaHUE MOAATIAMBOM IUIACTUHEI paBHOMEPHBIM IIOTOKOM HECXKMMae-
MO1 KUIKOCTH IJIOTHOCTH P¥ M BA3KOCTH L co ckopocTbio UX. BBeneM opTOroHanbHY0 CUCTEMY KO-
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1566 CABEHKOB

opAauHarT, IOMECTUB €€ Ha4aJlIo Ha HEKOTOPOM paCCTOAHNU L* ot HCpC,I[HCI),I KPOMKM 1 HAITpaBUB OCb x*

o —1/8 o
BHM3 IO NOTOKY. BBemeM Maiiblii mapamerp € = R 8 cuuras uucno PeiiHonbaca R = PrUXL* /u¥
O4YeHb OOJIBIIMM. 31ECh U Jajlee 3BE310YKAMU BBEPXY 0003HAYAIOTCA Pa3sMEPHBIE BEIUYNHBL.

o 2 2
[MycTh Ha mMJIacTMHY JIOKATbHO BO3IAEHCTBYeT BHEIIHee NaBieHue Ap* ~ d'piUX" Ha yuyacTke
4 4,2
Ax* ~ € /8 L* ¢ xapakTepHBIM BpeMeHeM Ar* ~ £ /8°L* /U¥, BeI3bIBast TOKaJIbHbIE Te(OpMaIiu CTEH-

KU BbICOTOI Ay* ~ e*8L*, rne manblit mapameTp 6 TakoB, UTO € < O < 1. Torma Bo3MyIIEHHOE IBUXE-
HHME MOXHO OINUCATh ¢ MTOMOIIbI0 KOHLEIILMU CBOOOTHOro B3auMoaeicTeus (cM. [10—12]), pa3Butoii
NPUMEHUTEIBHO K JIOKAJIbHO-HEBSI3KMM BO3MYIIICHUSIM (CM., Harpumep, [ 18]). ComracHo 3Toii Teopuu,
BCSI 00J1aCTh TEUEHUS pa30MBaeTCs Ha CJIEAYIOIINe YeThIpe XapaKTepHbIC 00JIacTH.

1. 1. OchosHnas moaua NOepaHu4HO20 A0S

1/2

B oCHOBHOI1 TOJjllEe MNOrpaHUYHOrO CJOs, T.€. Ha paccTosiHusxX y* = R '°L*Y, OT CTeHKU

(Y, = 0(1)), TeyeHue B HOTPAHUYHOM CJI0€ OYIET JUIIb CIa0OBO3MYILIEHHBIM:

u* v * _ %
_:U0+8u1m+..., _:82V1m+..., uzszplm"'..., (11)
Uz Uz pEUX

e U, (Y,,) — Npoduib MpoaoabHO KOMITIOHEHTHI CKOPOCTU OCHOBHOI'O TeUeHMsI U (DYHKLIUU C UHAEK-
camu 1m 3aBUCAT OT 6e3pa3MEPHBIX EPEMEHHBIX
2 -4 -4
& e Ukr* g x*¥—L* g y*

p=— = x=&t I v, =
L* L* L*

Bpewms f 1 mpomoibHast KoopauHaTa X OyayT “CKBO3HBIMM ™ IJIsl BceX 00acTeil B3auMOIeAICTBHSI, TO-
Ia Kak IoIiepeuyHast KoopauHaTa MeHSIETCS IIPU Nepexone MexXay HUMMU.

ITocne moacrtaHoBkHM (1.1) B ypaBHeHUst HaBbe—CTOKCa M TPUBUATBHOTO UHTETPUPOBAHUSI UMEEM
du, 04,

b Vm = U Ym b m = m t,x b 1'2
v, 1 I o(¥) D DPim(t,X) (1.2)

rae pyHkunu A,(¢, x) v p,,,(t, x) 1oKa oCTaroTCs IPOU3BOJIBHBIMU. 3aMETUM, YTO QYHKIUS A (7, X) UMEET
dU3NIECKU CMBICI MTHOBEHHOTO CMEIIEHUST IMHUM TOKA B OCHOBHOM TOJIIIIE MOTPAaHUYHOTO CJIOS.

Uy = Al(ta X)

1.2. Heaumneiinwiii caoii

B cuty npenenbHoro nosenenust, U, = A,Y,, +... (A, = const) ipu ¥,, — 0, paznoxenus (1.1) Hapy-
1I1aroTCcsl BOMM3K CTeHKU: Tipu Y,, = O(d) TepBbIe IBa CllaraeMbIX B Pa3IOKEHUU JUTS u* CTAaHOBSITCS Be-

-1 —1_—4
JMYMHAMK ogHOTO mopsinka. [Toatomy B HukHeM moncioe ¢ ¥, =8 Y, =0 € y* /L* ~ 1 Bo3my1e-
HUSI CTAHOBSITCS HEJIMHEMHBIMU, a psaabl (1.1) TpaHchOpMUpYIOTCS B
u* vE p*—p
— = ouy, + ..., — = Ov,+..., —

m m = =8p, +..., (1.3)
o oo Pl

rae Bce (PyHKIMU C UHIEKCOM la 3aBUCSAT OT apryMeHTOB #, X, Y,. [lonctanoBka (1.3) B ypaBHeHust Ha-
Bbe—CTOKCa BeIeT K CUCTEME

%4.%_0 apla_o %4‘“ au1a+v au_l”:_%

= = 1.4
ox 0dY, (14

o9y, o “oax 9y, ox’

o o 2 2
B KOTOPOM, B OTJIMYHUEC OT KIIACCUYCCKOU CUCTCEMbI HpaHZ[TJ'ISI, OTCYTCTBYET YJICH d u,a/E)Ya .

CpammBanue pasznoxeHuii (1.1) u (1.3) ¢ yaerom pemeHus (1.2) BeeT K IIpeaeaIbHOMY YCIOBUIO

Llla - 7\‘1Ya —> }\’]Al(ti x) IIpu Ya —> 0o, (15)
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BIVAHUE JEMII®UPOBAHUA MOJATIMBOM MMOBEPXHOCTHU 1567

Ecin npeamnoioXuTh, 4TO MOrpaHUYHBIN CI0M ObLT M3HAYAJIbHO HEBO3MYIIICHHBIM, TO MOKHO BbI-
MmicaTh TOUHOE pelieHne cucteMsl (1.4), ynoBiaeTBopsitollee rpaHUYHOMY yciaoBUIo (1.5):

04 04 0A4 0
, = MY, + MA@X), v, = _a_tl - 7"1Yaa_x1 - MA a_xl _i% (1.6)

YuuTteiBas YCJIOBHE HEIMTPOTEKAHUA Ha CTCHKE

oF* oF* 4
* = + u* npu Y* = F*(*, x*) = € 0L*F(t,x),
or* ox* ( ) 15.)
peobpasytolleecs B 6e3pa3MepHBIX IEPEMEHHBIX B
~ w2 e Y, = R,

Via = U
“ ot “ 9x
13 (1.6) moayyaeM OIHO YpaBHEHME ABUKEHUS:

A+ F) 3 gy QAR 19p,
ot ox A Ox

CBSI3bIBAlOLLIEE TPU HEU3BECTHbIE QYHKUUU: A (4, x), p,(t,x) 1 F (2, x).

(1.7)

1.3. Baskuii nodcaoii

Hetpynnao BuneTh, 4to pemreHue (1.6) He yIOBIeTBOPSIET YCIOBUSIM NPUJIATIAHUS HA CTEHKE (IOJIK-

HO OBITB 1, = 0 ipu Y, = 0), U3-3a yero TpeOyeTCsI BBECTH BA3KHUIA MOACION CO CBOMMH aCUMIITOTHYE-
CKUMMU Pa3JIOKEHUSIMU CIeyI0lleTro BUaa:

u* v * _pk
ﬁ:6ull+”.’ ﬁ:63(%+u”%)+682v”+..., u:62p1/+...,

2
x pEUE

-6
rne GyHKIMM ¢ HYDKHUM MHIEKCOM 1/ 3aBUCAT OT MEpeMEHHBIX 7, X U ¥, = O¢ ( y*—F *) /L*. Tloacra-
HOBKa 3TOTo pasyioxeHust B ypaBHeHus HaBbe—CTOKCa BefeT K Kjlaccuueckoii cucreme Ipanaris

%4-%:0 %:0
ox 9y, oY,
%4_””%4_‘/”%:_%4__82“121.
ar o Ty T Toax Tor

CpamuBaHnue paznoxeHuii (1.3) u (1.8) naet

b b

(1.8)

p]/(f,X) = pla(ts X) nu ull(tsx’)//) - Al npu }Il —> 9,

OTKyJla BUIHO, YTO B JAHHOM CJIy4yae BSI3KUIA MOJICIION UTpaeT IMTacCUBHYIO posb: pelneHue (1.8) ¢ coor-
BETCTBYIOLLIMMU IPAHUYHBIMU YCIOBUSIMU (14,(2, x,0) = 0, v;,(t, x,0) = 0) onpenensieTcst 10Cyie HaXOXAe-

Hus GyHKUMA A (¢, x) 1 p,,(t,x). MBI OCTaBjsieM B CTOPOHE BONPOCHI CYLLIECTBOBAHUS U €AMHCTBEHHO-
CTU MOJIHOIM HEeJIMHEMHON 3amaun, hopMmyaupylolleiics Ha 6a3e ypaBHeHUit (1.8), MOCKOJIbKY B ajib-
HelleM OyneM u3ydaTh TOJIBKO JIMHEeapU30BaHHbIC YpaBHEHUS.

1.4. Buewnsasa obaacmo

B 3T0i1 obOmactn TCUYCHMUAI, HpI/IMbIKaIOLLICﬁ CBEPXY K INOIrpaHUYHOMY CJIOIO, BBEAEM CIICAYIOIINEC
ACHUMIITOTUYCCKHEC PA3JTIOKCHUA:

uw* vE * _p¥
_:1+62u1u+..., _:62Vlu+"'5 u:62p1u+.”’ (19)
Uz Uz prU*

¢ GyHKUMSAMU, 3aBUCALIMMU OT £, x N Y, = de y*/L*.

XKYPHAJT BEIYMCIIUTEIbHON MATEMATUKU U MATEMATUYECKOU ®U3UKU  Tom 63 Ne 9 2023



1568 CABEHKOB

IMoncranoBka pasnoxenuit (1.9) B ypaBHenusi HaBre—CTOKCa BemeT K ypaBHeHMIO Jlariaca ms
JIaBJICHUS
O p[0x> + 7, [V} =0 (1.10)
CO CIAeAYIOIINMU 3aBUCUMOCTSIMMU:
=~Du» O%,/0x =—0p,[0Y,. (L.11)

CpamuBanue paznoxeHuii (1.9) u (1.1) c yuetom (1.10) u (1.11) gaet TaKk Ha3bIBaeMoOe yCI0BUE CBOOO/I -
HOTO B3aMMOJIENCTBHS, CBA3BIBAIOLIEE AaBIEHUE p, (7, X) ¢ PyHKUIMER A (¢, x):

pu(t,x) = i J' %&, (1.12)

1.5. IlTodamausas nosepxnocmo

bynem cumTath, 4YTO mMOAaTAMBAasl MOBEPXHOCTh ONUCHIBaeTcs moneibio Kpamepa (cm. [1]), Torma
ypaBHEHME IBUXKEHUS TAKOM IMTOBEPXHOCTHU IMTPUHUMAET CIACAYIOLINM BUI:
4 2
9’ F* JaF* L OF* oF*
- B* - pS hS * b
ox*’ ox** or’ ot

rne K*, T*, B*, d*, p¥ u h* — koaddULMEeHT ynpyrocty, MponojibHOE HATSDKEHUE, M3TUOHAsT KeCT-
KOCTb, KO3 hULIMEHT AeMIT(UPOBaHUS, INIOTHOCTb U TOJIIMHA 00TEKaeMOM MIaCTUHBI COOTBETCTBEH-
HO, a p¢ — BHellIHee JaBieHue NoJ TiacTUHOoM. C y4eToM 3TOTo ypaBHEHWE ABUXKEHUS IJIACTUHBI B 6€3-
pa3MepHBIX MEPEMEHHBIX TPUHUMAET BUJT

P —pi = —K*F*+ T (113)

2
1%"’411%_ a F Bl 1+K1F = =D (t, %) + py(t, x), (1.14)

e 6e3pa3MepHble KO3(MMUITEHTHI OIIPEACISIOTCS CISIYIOINM 06pa3oMm:

L, d L T*
v=28% 2 P d =8¢ , o, =0 t—,
pEL* prUZ prUXL*

. 4 KA

B =8B g-5% .

prUZ LY prUz’

B nanbHelinremM OyaemM cuuTaTh UX BEIUYMHAMMU TTOPSIIKA €TUHUIIBI.
Takum o6pazoM, Mbl mOAyYuaIn Tpu ypaBHeHus: (1.7), (1.12) u (1.14) njist Tpex HEM3BECTHBIX (PYHK-
uuit F, A n p,,. Coenaem eie apduHHOE npeodbpaszoBaHue

_ 432 _n-5/4 _n-3/4 _ 4 -3/4 _al/2
t=M"T, x=M"X, A4=MN"A4 FK=MN"F, p,=\"P,
MO3BOJISTIONIEE U30ABUTHCS OT KOHCTAHTHI A, TOCJIE YeT0 3TU YPaBHEHUS IPUHUMAIOT CJICAYIOIIN I BUT:

2
I'F _ 8F+B8F

Y + KF = - (P(TaX)_I)O(TaX))a

ar>  ox’ (L15)
IALE) , (g4 )24t E)_ 0P P(TX)=1I—daA(T§)/a§§ |
oT )¢ ox’ ’ T &

e mapametpsl d = A d,, oo = A oy, B = AP v K = ALK,

2. JMCITEPCMOHHOE COOTHOIIEHUWE

M3yunm coOcTBeHHBIE Majble KoJeOaHUsI TeueHus, TMHeapru3oBaB cucteMy (1.15) mo mamomy am-
TUTMTYIHOMY TlapaMeTpy 8, — 0 ¥ MOJIOKUB BHEIIHee nasjieHue B = 0:

(F,P,A)=8(F',P,A). 2.1)

KYPHAJT BBIYMCIIUTEIBHON MATEMATUKU U MATEMATUYECKOU ®U3UKU  Tom 63 Ne 9 2023



BIVAHUE JEMII®UPOBAHUA MOJATIMBOM MMOBEPXHOCTHU 1569

BrlneuB B IBHOM BUIE TAPMOHMYECKYIO 3aBUCHIMOCTD
(F',P',A") = (F,P,A)exp (ot + ikx),
MOJIy4aeM cJeylollee ypaBHEHUE OTHOCUTEIBHO (O:

(0+ k) (vo’ + do+ A) k| =0,

me A = K + ok’ + Bk4 3aBHUCHUT TOJILKO OT BOJITHOBOTO YKCJIa k U SIBJISIETCS] TapaMeTpOM, €CJIU paccMar-
puBaTh k B KauecTBe IMapameTpa. PellieHus: 3Toro ypaBHeHUsI 001a0al0T CBOMCTBOM aX—k) = c.c.aXk)
(roe c.c. 03HaYaeT ornepaluio KOMIUIEKCHOTO COMPSIKEHMS), B CUJIYy Yero AOCTaTOYHO OrpaHUUYMTHCS
paccMOTpeHHEM TOJAbKO nuana3oHa k > 0. ITonaras nanee k > 0 1 nepexons IJis1 ynoOCTBa K epeMeH-
HOM ), = i, MoJlyyaeM KyOM4eCKOe ypaBHEHUE OTHOCUTEJIBHO @)

(00 — &%) (v + iday, = A) + kay, = 0. (2.2)

HetpynHo BuaeTh, uto npu d # 0 KOpHU ypaBHEeHUs (2.2) HE MOTYT ObITh BEIIIECTBEHHBIMU, OTKY/A CJie-
JIyeT, 4TO TpU yuyeTe AeMIT(UPOBaHUS B pacCMaTpUBAEMOI CUCTeME HE MOXKET ObITh HEMTPaTbHBIX KO-
JiebaHMi. 3HAYUT, KaXIblii U3 TpeX KOopHell ypaBHeHUs (2.2) MOXET ObITh TOJIBKO LIEJIMKOM (TIPU BCEX
k) yCTOMYMBBIM WY LIEJTUKOM HEYCTOMUMBBIM.

2.1. be3vinepyuonnas naacmuna

HauHeMm nccnenoBaHue HEYCTOMYMBOCTH C O0Jiee MPOCTOTO ciyyasi, Koraa Y = 0, 4TO COOTBETCTBYET
0e3bIHEePLIMOHHOM TU1acTUHE. B 3TOM ciiydae ypaBHeHuUe (2.2) BBIpOXAAETCSI B KBaJpaTHOE ypaBHEHUE

(@p — &%) (idey, — A) + kay, =0, (2.3)

B KOTOPOM 0€3 OrpaHUYEHUST OOLIIHOCTH MOXKHO CUUTATh ¢ = 1, TOCKOJIBKY OT MapameTpa d MOXHO 13-
-2 -1 -1 -1
6aBuTbhcs nyreM adduHHOrO mnpeodpaszoBaHus o, >d o, Kk >d k, A—>d A, K—>d K,

o—>do,p— d3[3. CuyuTas 3To mpeodbpa3oBaHuUe BLITTOJTHEHHBIM, UMeeM JBa KOpHs (2.3):

. . 2, .52 2 12
ik —iA+k il\/(zk —k+A) — 4iAk
O = : , (2.4)

e A = K + ok’ + Bk”.
HetpyaHo 1mmoyryuuTs ciaeayione aCUMITOTUKY KOpHeit (2.4):

— s B # 0:
W = KA1k I =Bk ... mpn k> oo (2.5)
B p
— s 3 =0:
W =K+ S @y =gk’ +... mpu k- e, (2.6)
o +1

HecMmoTtpst Ha pa3HBIil XapaKTep IMTOBEACHUS PELICHUS IIPU K —> oo, 3T AaCUMIOTOTUKY OOBEINHSIET O~
HO: MHKPEMEHT HapacTaHUs “TUIIOCOBOTO” KOPHS

> k) monoxutesieH B mpenesie 0o0abIIMX k, a 3HAYUT,
o +1
3TOT KOPEHb HEYCTOMYMB NPU BceX k (KaK ObIJIO OTMEYEHO paHee, BCe KOPHU UJIU LIEJIMKOM HEYCTOMYU -
BBI, WJIM LIEJIMKOM YCTOMYMBEI, TOCKOJILKY HEMTpAJIbHBIX pellieHUil He cyliecTByeT). [1o 3Toit ke npu-

(c=Imay, ~ élf w6 = Im oy, ~

99

o 4 2
4YMHE “MUHYCOBOI” KOpEHb BCeraa ycroiuus (Beab Im w,_ ~ —Bk" < 0 nam Im W, ~ —0k” B mipezese
OOJIBIINX K).
TakuM 06pa3zomM, MOXHO cpa3sy ceiaThb BBIBO OOIIEro XxapakTepa: Haluuue aeMIndrupoBaHus 6e3bl-
HEePUMOHHOM MJIACTUHBLI BCErIa BeIeT K ITOSBIICHUIO HEYCTOMYMBOCTU, IIPUYEM €OUMHCTBEHHEBIN He-
YCTOMYUBBIA KOPEHb HEYCTOMYNB BO BCEM AMAaria30HE BOJTHOBBIX UMCe K.
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1.0

Dur. 1.

Hanee, acumnitoruka (2.6) TOBOPUT O TOM, YTO MHKPEMEHT HapacTaHUs G ~ k MOXeT cTaTh

o’ +1

CKOJIb YTOIHO GOJIBIIIAM C YBETMUSHUEM k, €CJTU TpeHeOpeub M3rMOHOM XKeCTKOCThIO TUIacTUHBI (§ = 0).
Cka3zaHHOE WLTIOCTPUPYIOT 3aBUCUMOCTH MHKPEMEHTa HapacTaHusi ¢ oT k nipu o = B = 0 mwist psiga
3HauYeHU K, mpuBeaeHHbIe Ha ¢pur. 1. BumHO, 4TO G JOBOJILHO OBICTPO BBIXOAMT Ha CBOIO JIMHEHHYIO
acUMNTOTHKY (2.6). YueT nmpomonbHOro HaTsKeHUs (0 # ) MOXET TOJIBbKO YMEHBIITUTH CKOPOCTh 3TOTO
pocTa, HO He MONABUTh JIMHEWHYIO 3aBUCUMOCTD (cM. ur. 2 mist psina 3Havyenuii o ipu K =1, f = 0).
M TonpKo HaImuMe U3TMOHOM XKeCTKOCTH paarKaabHO MEHSIET CUTYaLIIO, YBOAS G Ha ajireOpanyeckoe

-3
3aTyxaHue ~L2k B Mpenese 0oJbIIuX k, cortacHo acuMIiToTuke (2.5). Hackoibko CUJIBHO TTOIaBIIsI-

eTCsI HEeYCTOMYMBOCTD YK€ MTPU MasIbIX 3, MOXKHO TPOCIeANTh 1o Gbur. 3 s psina 3HadeHuit B (mpu
K =1 a=0).

2.2. Obwuii cayuaii

PaccmoTpum o61mmit ciydaii ”THEpIIMOHHOM TTacTUHBI, Koraa Yy # 0. [lyrem addunHOTrO Mpeodpa-
30BaHUS

o, =7 ey, k—ov"k, dov"d, A—y'A,

(2.7)
K — y’mK, o — yl/3oc, B—vB
MOXHO M30aBUThCS OT KO3ddHUIIMEHTa ¥ B ypaBHeHUH (2.2), KOTOpOe TOTna MPpUHUMAET BU,
(09 — &%) (@5 + idey, — A) + ko, = 0. (2.8)

B manpHeiieM OyaeM cUMTATh TaKoe MpeoOpa3zoBaHME BHITIOJIHEHHBIM U UCCIIEIOBATh PELICHUS TUC-
MEePCUOHHOTO COOTHOIIeHUS (2.8), TIpeacTaBIsIOIIEero coboii Kyouueckoe ypaBHEHHUE.

HauneM usyuenue (2.8) ¢ ipeaeabHOro ciiydast BOJTHOBBIX YMCEN K, CTPEMSIIIIUXCS K OECKOHEYHOCTHU.
B TakoMm citydyae HeTpyaHO MOJIYYUTH CIEAYIONIMEe AaCUMITTOTUKM JUCIIEPCUOHHOTO COOTHOLIeHUs (2.8).

151 mepBOTO KOPHSI:

—npu B # 1:

0)0’1: 2_ 1 k+ld_(xék_3+
1-p a-p)
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(¢

1.5F

1.0+

0.5

Dur. 2.

Dur. 3.
—npuf =1:
.1 12 o—id
O, =k>+i——k"? 2=y opu  k — oo,
0,1 \/5, )

J171s1 BTOPOTO M TPETheTro KOpHeit:
—mnpuf} #0:

Wyp3 = iBI/zk2 + 25/2 —%id +... mpu k — oo
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Omax

1.2+

0.8F

0.4

el e

Dur. 4.

—npuf =0:
Wnas = 0%k —%id +... mpn  k — oo (2.12)

Kak BunHo 13 (2.11) u (2.12), MHKpEeMEHT HapacTaHus 6 = Im y,3 ~ —1/2d < 0 B ipezene k — oo,
3HAYUT, U BTOPOI1, U TPETUIl KOPEHb YCTOMYUBLI MIPU OONBIINX k U OyAyT OCTaBaTbCsl TAKOBBIMU MPU
Bcex k (Kak Mbl paHee 3aMETUJIN, KOPHU MOTYT ObITh TOJIbKO LIEJTMKOM YCTOWUMBBIMU UJIW LIETMKOM He-
YCTOMYUBBIMU).

[epBblii ke KOPEHb, HAITPOTUB, BeeTaa HeycToiumB (ipu Beex k # 0, K, o, Bud # 0), mpuuem co-
_d
2
a-p
MO€ MHTEPECHOE C TOUKH 3PEHUsI HEYCTOMYMBOCTH MMPOUCXOMUT IIPpH B = 1, KOTIa 3TOT KOPEHb COMNIACHO
1

V2

oOHapy:KeH paHee B pabore [17], B KOTOpOI1 He YYUTHIBAJIOCH AeMII(pbMpOBaHME IJIACTUHBI. YUeT AeMII-
¢dupoBaHus B HacTos1Iel pabOTe MOKA3bIBAET, YTO XOTS AEMIT(UPOBAHUE U HECKOJILKO MOJABIISIET 3TOT
poCT (Ha MOCTOSIHHYO BeJIMYMHY —1/2d), HO OHO He B cUJIaX CIpaBUThCsI ¢ HUM. CKa3zaHHOE UILTIOCTPU -
pyert ¢dur. 4, Ha KOTOPOI MPENCTABICHBI 3ABUCUMOCTH G, (B) = max (- < k <o) ipu K = lu o =0
nist 3HayeHuit d = 0, 1 (oTMeUeHbl COOTBETCTBYIOIIUMU LUDPaMU PSIIOM).

r1acHo (2.9) oH 3aTyxaet anrebpanyecku: 6 = Imw,; ~ k7B nipenesnie k — oo mipu § # 1. Ho ca-

(2.10) HeorpaHUYEHHO pacTeT: 6 = Im @, ~ kB npeneie k — oo. CobCcTBEHHO, 3TOT 3¢hheKT ObLIT

OTMeTUM ellle OTHY XapaKTepHYI0 0COOEHHOCTD, MPOCeKMBaroILyocs mo ¢ur. 4. Kak 0bU10 BbISIC-
HeHo B [17], B ciyuae 6e3nemrdepHoii ractutbl (d = 0) cylecTByeT moporoBoe 3HaueHue f = Py (3a-
Bucsiiiee oT K 1 0), P MPEBbIIIEHUH KOTOPOTO HEYCTOMYMBOCTD nponanaet (Bssx = 5.67 it K =1 u
o = 0 Ha ur. 4). [Tpu yuete nemnbupoBanus (d # 0) Takoe MOPOroBOe 3HAYCHUE Pixsx HE MOXKET CyILIe-
CTBOBATh, TTOCKOJIbKY TOT/IA TIEPBBIN KOPEHb HEYCTOMYMB BeeTna; U Ha ¢dhur. 4 BUAHO, YTO G, (B;d = 1)
TUIAaBHO 3aTyXaeT Mpu B — oo, HUKAK He “OliyIas” nepexos 4epe3 NoporoBoe 3HaueHue Pux = 5.67,
pu KOTOpoM G, (B;d = 0) pe3ko nmamaet 10 HyJsi. Takum 0Gpa3om, XoTsi neMiirupoBaHue MPU yme-
PEHHBIX [3 MOmaBIsieT HeYCTOMYNBOCTb, MPH JOCTHXKEHUN TTOPOTOBOTO 3HAYSHUS 3, Y BBIIIIE OHO OKa-
3bIBAET MPOTUBOIIOJIOXKHBIN 3(hheKT, MPUBOAS K MOSIBJEHUIO HEYCTOMYMBOCTHU (XOTS U cJ1aboii).

XapakTep BIUSHUS AeMIT(UPOBaHUS HA HEYCTOMUMBOCTD MPU YBEJIMUYEHU U d MOXKHO TTPOCIEAUTD MO
TUITUYHBIM (UT. 5 1 QUr. 6, Ha KOTOPBIX OTOOPakeHa 3aBUCUMOCTb MHKpeMeHTa HapacTaHus o(k) mpu
K =1u o =0 o114 psana 3HauyeHU d (OTMEYeHbI COOTBETCTBYIOIIUMU U pamMu psiagoM). Kak mokasbi-
BalOT pacyeThl, B “mormoporoBom” ciydae (cM. dur. 5 mist f = 2 < Bix = 5.67) MaKCUMaJIbHBIN MHKpE-

MEHT HapacTaHus G,,,, MOHOTOHHO CHUXaeTcs ¢ pocToM d (T.e., uem OoJblie AeMndupoBaHue, TeM
0OoJIbllIe OHO TIOJABJISET HEYCTOMYMBOCTh), TOLIA KaK B “3amoporoBoM” ciydae (cM. ¢ur. 6 mis

KYPHAJT BBIYMCIIUTEIBHON MATEMATUKU U MATEMATUYECKOU ®U3UKU  Tom 63 Ne 9 2023
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(¢

0.50

0.25

0.08

0.04

Dur. 6.

B =6 >Pswx =5.67) MaKcUMaIbHBII WHKPEMEHT HapacTaHWs G, CHayaja pacTeT, a 3aTeM IamaeT
(T.e. neMIippoBaHNe CHavyaJia IPUBOAUT K ITOSIBJICHUIO M POCTY HEYCTOMYMBOCTH, a 3aTeM HaYyMHAET
JIaBUTh €¢).

3. BBIBOJbI

1. Mtak, B paMKax TeOpUU CBOOOIHOIO B3aUMOACHCTBUS TT0KA3aHO, YTO B Mpeaesie BHICOKUX YHCET
PeiiHonbaca HeBsI3Kask HEYCTOMUYMBOCTh MOXKET CYILIECTBOBATh TOJBKO 3a CYET MHEPLIMOHHOCTU WJIU
JeMIIUPOBaHUSI TUIACTUHBI (€CJU MHEPLIMOHHOCTD U AeMII(UPOBAHKE MMPEHEOPEKUMO MaJTbI, TO TeUe-
HUe OyIeT yCTOMYMBBIM 10 OTHOIIEHUIO K HEBSI3KUM BO3MYILICHUSIM).

2. Ecnu nipy Hannuuu aeMnupoBaHUS MHEPLUMOHHOCTh U M3TMOHAs XKECTKOCTh IMMPEeHEOPEKMMO
MaJibl, TO 3TO IIPUBOIUT K KaTacTpOo(pUUIECKOM ITOTepe HEYCTOMYMBOCTU: MHKPEMEHT HapacTaHUs BO3-
MYIIIEHU HEOrpaHUYEHHO PACTET B KOPOTKOBOJHOBOM Ipeaeie (kK —> o).

3. Ilpyn HaTUYMM WHEPIIUOHHOCTH CYIIECTBYeT KPUTWYECKOE 3HAYeHWE W3TMOHON XEeCTKOCTH
B = B« =1, mpu KOTOPOI MTHKPEMEHT HapacTaHUsi BO3MYIIIEHUI HEOrPaHUIEHHO PacTeT B KOPOTKOBOJI-
HOBOM mpenene. JlemndupoBaHre He MOXET CIIPABUThLCS € 3TOi1 “KaTacTpodoii” (TOJIBKO YMEHBIIIAeT
WHKPEMEHT HapacTaHUS Ha KOHEUYHYIO BETUINHY).

4. Tpu Hannuuu aeMiipupoBanus Beerna (mpu oobix & # 0, K, oo 1 B) cyliecTByeT pOBHO OlHA He-
yCTOﬁ‘lMBaH Moaga CO6CTB€HH]>IX KO.HC6aHI/II7[ TCUYCHHA, B TOM YUCJIC U IIPU IIPEBBINICHNUU ITOPOTrOBOIo

3HaueHUs B = Pssx (3aBUCAIIETO OT K W /), KOTJa HEYCTOWYMBOCTD IMPOIIANaeT, eCIM MpeHedperaTh
IeMIi(prupoBaHNEM.
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