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IEPEXOJ OT BJIVZKHEN K JAJIbHEN 30HE
B PEHIEHUY 3AIAYY PACCESSHUA IITTIOCKOM BOJIHBI
CTATUCTUYECKN HEPOBHO¥ ITOBEPXHOCTBIO

[ns cryuas paccesanus niockol 601HbI CHAMUYECKU HEPOGHOU NOBEPXHOCMbIO HALIOEHb ACUMAIMOMUKY O8YKPATHBIX UHMe2pa-
7108 O OCYUTLTUPYIOWUX PYHKYUT, ONPEOeTAIOUUX 6PEMEHHYIO KOPPETAYUOHHYIO hyHKYUIO paccesnnozo noas. Ilpu yenax pacce-
SIHUSL MHO20 OONblle XAPAKMEPHO20 Yeila (PEeHeNedCKoll 30Hbl UCHONb308aH Menod cmayuonaphotl pasel (MC®). Ilpu uucmo
CKONb3AUWEM PACCEAHUU — KOMOUHUPOBaHHDbIt Memo0: MC® 0is nonepeurotl hepemerHol u npubaudxcenue ougpaxyuu Ppaym-
20¢hepa 0151 nPOOONBLHOU OMHOCUMENLHO NIOCKOCTNU PACCESHUS NEPEMEHHOU. YCman061ena cesa3b ¢ U36eCmHbIMU 8 TUmepaniype

pesyiemamamu pac4emaoe.

Kniouesvie cnoga: paccesHne BOJIH, HHTETPAT OT OCIMIITHPYIOMIeH (pyHKINHN, CTaHOHapHas (a3a, ppeHeneBcKas 30Ha, tudpax-

s Opaynrodepa

1. Beeaenue

VYenexu TeOpeTHUECKUX MCCIICAOBAaHUH paCcCesiHUS
BOJIH CTaTUCTHYECKH HEPOBHOM MOBEPXHOCTHIO BO
MHOT'OM 00ecIie4eHb! MPUMEHEHNEM METOa MaJIbIX
BO3MYILEHUI. B COOTBETCTBUM C 3TUM METOAOM pe-
IIeHUEe MPEJICTABIAETCS PSIIOM IO CTETEHsSIM Mapa-
METpa, MPONOPIIHOHATEHOT0 OTHOIIIEHHIO OTKJIOHEHHUS
MOBEPXHOCTH OT CPEIHETO 3HAUCHHS K JUTMHE BOJIHBI
A, a TpaHWYHBIC YCIIOBHUS JUIS KaXKJOT0 WieHa psijaa
MIEPEHOCSTCS Ha “CpeiHIoI” TOBEpXHOCTh. HekoTo-
pBIe BHUIBI “‘cpeiHel” MOBEpXHOCTH (OeCKOHEUHbBIE
TUTOCKOCTh ¥ KPYTOBOW IIWJIMH/P, chepa) UMEIOT SIB-
HBIE aHATUTUYECKHE BBIPAXKEHUS JJI1 COOTBETCTBYIO-
mmx GyHKIUA [prHa. 3TO MO3BOIISET 3amucaTh pe-
menwne (1o kpaiiHel mepe popManbHO) B BHIIE PSIIOB
WM UHTErPalioB, COACPIKALINX CTATHCTUUECKUE Xa-
PAKTEPUCTHUKH CIIy4aiiHOM IOBEPXHOCTH.

1 mpakTHueckux 3a1ad, Korjga paccesHue mpo-
UCXOIUT Ha GOJIBIIOM (10 CPABHEHHIO C A), HO Orpa-
HUYEHHOM Y4YacTKe MOBEPXHOCTH, MPEIINoararoT
JOIMYCTUMON MOIU(UKAILMIO PEIICHHs 3aJadd pac-
cestHUS] OECKOHEYHOMN LIIEPOX0BAaTOM IIOCKOCTBIO, KO-
TOpasi 3aKJII0YaeTcsl B 3aMEeHe OECKOHEUHBIX Mpeze-
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JIOB UHTETPUPOBAHUS KOHEYHBIMU. Takoi MeTo pac-
4eTa SBISIETCS 3BPUCTHUECKUM, aHAIIOTUYHBIM Me-
toxy Kupxroda ([1], c. 413) B Teopun nudpaknuu Ha
skpanax. ObocHoBanuii meroga Kupxroda B kaue-
CTBE TMPEAETHHOTO MEepexoaa B TOUHOM pElIeHHH He
nmeercs. OTHAKO €ro MPaKTHIECKOEe UCTIONB30BAHNE
OITPaB/IaHO OTHOCHUTEIFHOM MPOCTOTOMN pacyeToB U XO-
POIINM YHCIICHHBIM COBMAJICHHEM C Pe3yJIbTaraMiu
WMCIOIIMXCS TOYHBIX PEHICHHUH B ITUPOKOM JIHATIa30-
He yrioB audpakuuu ([1]; [2], m1. 5; [3], c. 186; [4]).

IIpakTHdeckas peanusanus BbHIIIEYKa3aHHOTO
MPHUOIIMKEHHOTO METOJ]a COTPSKEHA C TPYJHOCTSI-
MU aCHMITTOTUYECKON OIIEHKA MHOTOKPATHBIX MHTET-
PaJIOB OT OCIMJUTAPYIOMINX (DYHKITHIA 10 OTPaHUYEH-
HOW 00JIACTH MEPEMEHHBIX HHTETPUPOBAHHUS. ABTO-
PBI IMEIOIIMXCS UCCIIEOBAHUN 111 MaKCUMaJIbHO-
T0 YOPOILIEHHUSI PacuyeTOB HMCIONB3YIOT Pa3IUYHOTO
pona AomyeHus, 100 chopMYITHPOBAHHEIE B BUJIC
“ympomatomeii” padboueit runoressl ([3], c. 104),
00 TpUHUMaeMble Jie-(hakTo B PEeXHME “yMoIrda-
Hus’ [5—7]. Bkpartiie 3Tu TOMyTIeH s CBOMISATCS K AByM
MPOTUBOPEYUBBIM TpeanoioxeHusm. CornacHo
nepBoMy (aszy MoIUHTETPaTbHOTO BHIPAKEHHS KOP-
pEeNSIMOHHON (YHKITMH PACCESTHHOTO TIOJSI MOYKHO
MPEJCTABUTh JTUHEWHBIMUA YJIEHAMH Pa3JI0KCHUS
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M0 CTEHEHSIM Pa3HOCTH KOOPAMHAT ABYX pacceu-
BAIOIINX TOYEK MMOBEPXHOCTH. A COIIACHO BTOPOMY
NPEANONI0KEHUIO PEIEIIbl HHTETPUPOBAHUS 110 STHM
Pa3HOCTSIM MOYKHO CYMTaTh OECKOHEUHBIMU. B KadecT-
BE ONPaBIaTeIbHOTO apryMEHTA BBIIBUTAETCS MaJIOCTh
pannyca KOppeJsiiuUd ClIydYalHbIX HEPOBHOCTEH —
BEJIMYMHBI, KOTOpasi HE y4acTBYET B XOI€ IOCIE-
IYIOLIUX BEIYUCICHUH.

IIpoTHBOPEYNBOCTD BBIIBUTAEMBIX MPEATIONI0NKE-
HUU yCMaTpUBAaETCsA B TOM, YTO AJ “‘Malioil” pac-
CEHMBAIOLICH IUTOIIAAKH IEPBOE U3 HUX MOXKET UMETh
Mecto (nmpubnmwkenue nudpakiuu DpayHrodepa),
a BTOpOE BBI3BIBaeT cOMHeHue. Jliis “00ipioii” mio-
maaky (MHOTO OOoJbIIe pa3zMepoB 30HB DpeHens),
HECOMHEHHO, OLTMOOYHBIM SBISIETCS IEpBOE Hpea-
TMOJIOXKEHHE.

CrneacTBueM 3TOH NMPOTHBOPEUUBOCTU SIBISIETCA
HECOOTBETCTBUE PE3YJbTATOB pacuera s “manon”
TUTOIIAJIKY C TEMH, KOTOPBIE CIEYIOT U3 PUOITHKE-
Hus nudpakunn OpayHrodepa, HPUMEHUMOCTD KO-
TOPOTO BHE BCSKOTO COMHeHHs. MIMeHHO 3TO 00c-
TOSITENBCTBO NOOYIMIIO aBTOPA K UCCIICIOBAHUIO AaH-
Ho¥ poOiiemMsl. [lepBoHavanbHbIC OMBITKY 8] 1O-
Ka3ald, 9YTO IPH PEIICHUH TaKOW 3aJadul HapsAIy
€0 c(hepuYHOCThIO BOJHOBOTO (h)poHTa HEO0OXOIUM
y4eT KOHEYHBIX Pa3MEpOB IUIOMAIKH. JTOT MOIXO]
JIOCTaTOYHO YCIEIIHO OBl peain30BaH B padote [9]
M0 OOpaTHOMY PACCESHHIO H3IY4YEeHHS TOYEUYHOTO
UCTOYHHUKA. XOTS 3TOT (BaKHBIH B MPAKTUUYECKOM
OTHOLLICHMH) CITy4ail U UMEET BeChbMa 4acTHBIN Xa-
pakTep, OJTHAKO OH MTO3BOIIII O0JIee IITyOOKO OHSThH
MEXaHU3M PACCESHUS U NPOCIEANTD MPEACIbHBIN Ie-
pexon ot OIIKHEH K JTadbHeH 30He.

HccnenoBanme camoro oOIIero cirydas ABYXIIO-
3UIMOHHOTO PaccesHUsl He BO3MOKEH 0e3 IPOMEKy-
TOYHOT'O 3Tara — PacCesHUsI INIOCKOH BOJIHBI IIPH J0-
CTaTOYHO MPOM3BOJILHOM PACIHOJIOKCHUH TOYKH Ha-
OmroneHna. DTOMY M TIOCBAIIEHA HacToAMIas padoTa.

2. NHTerpajbHoe mpeacTaBjieHHe
KoppeasiunoHHOoM (yHKuuu B(T)
A YaCTOTHOrO crekrpa S(m)
pPaccessHHOrO MoJs

Kax 65110 IOKa3aHO B IIpeapIIyIIei padore [8], Bpe-
MEHHY0 KOpPeJISIMOHHY 0 GyHKIH0 B(T) mpu 3aBu-
CHMOCTH OT BpEMEHH £ B BHje ~ €' MoXHO mpes-
CTaBUTh KaK

B(t) = B,(1) + B, (1), (M

rIe “x
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3HAK KOMIIJICKCHOT'O COIIPSI?KCHUSA, a

B.()= [ 0% W, ()| () & ™0, 2)
—oo j=t
() = [dh £, (5 %,)e"™ @, 3)
S

- 6 JpJdu(y)
f(F7.) = 12 0 y) 4
2 (T3%) _2\/5—47'CR01R12 4)

@(1) =kRy; + kR, + %11 (%)

B otux popmynax Ry, = (T, 2, —2,) = R — R, —Bex-
TOP, COeIMHAIONIMI TOUuKy paccesHus R, = (1}, z, =0)
Ha cpenneii nosepxnoctn z =({(F,1))=0 (cm.
puc. 1) ¢ Touxoit nucrounnka R, =(Tj, z,); BekTOp
R, =R, —R; — Bexrop, coemmstonmii TouKy pac-
cessHuss R, ¢ Toukoil Habmopenus R, =(, z,);

2 2 . .
o =<C > — JUcrepeusl CaydailHbIX HEPOBHOCTEH;
W;(X;) —HECMMMETPUYHBIA SHEPTETUYECKHUI CIIEKTP
BOJIHOBBIX uncen [10] (mpocTpaHCTBEHHBIH CIEKTP
HEpPOBHOCTEH), a @ = M, (;) — 9acTOTa CIy4aitHbIX
KoJleOaHUi MTOBEPXHOCTHU, OTBEYAIOIIAsl BOITHOBOMY
BEKTOpY %,; MHOXxutean Jo (X;) u J;,, yuuThiBa-
IOLIME BIUSHUE OTpa)kaTelbHbIX CBOMCTB MOBEpPX-
HOCTH Ha Tpacce Rj, JUIs CpeHero noiis U Ha Tpac-
ce R, mna paccesnnoro nonas [11] paBHbI coort-
BETCTBEHHO:

Jor () =Jon (7(1; ﬁm) =
= (=K ) + k%0 ) (L4 Vgy) + KPor,mo (L= Vo) +

+ (—k&ﬁzl + ko +kZo,m, ) (1 Vo)W, (6)

Jp=Jp ( 12 ) = (1+Vy,) + 1=V, )W, (7)

Puc. 1. 'eomerpus paccestHUS
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3nech Vyy, V;, — abdexTuBHbIe KO3QOUIUEHTHI OT-
paxenus, a Wy;, W;, — MHOXXUTEIH OCITa0JICHUS TS
BBIIIEYKA3aHHBIX TPACC R01 u R12 COOTBETCTBEHHO;
Mo — MMIIEJAHC TIOBepXHOCTH; K =2m/A — BomHO-
Bo¢ uncno; O =Ty /Ry, oy =F T o, =2/Ryy.
[TpuBeieHHBIE BBIPAKEHHUS TTOYYCHBI ISl yCIIOBHIA
BOJIHOBOM 30HBI: KRy, kR;, > 1.

Cnektp sBisiercst mpeodpazoBanueM dypbe BbI-
pakeHus (2) U1 KOPPENIIUOHHON (QYHKIHH

S(w) = 2—1n T B(x)edr =

- j AW, ()| LGl 8(0—w - jon (), (8)

(j =sign(w—ay)).

TTocKOMBKY Ha4ano KOOPIAMHAT JISKHUT B CPEIAHEH
TIOCKOCTH Z; =0, YCIIOBHBII LICHTP IUIOIAIKH UMEET
pajyc-BeKTOp ﬁ =(r,, 0). Ilpu sTOM MOXHO cie-
JIaTh MpeoOpa3OBaHMUS: R01 ROc +1, R12 = R20 +1,
e R,,=R,-R,, F=R-R, R,.=R,-R_.

TTpenronoKuM, 4T0 HCTOUHHK YIAJICH OT TIOBEPX-
HOCTH S HACTOJIBKO J[aJIEKO, YTO BBITIOITHEHO MPHOITH-
JKEHHE TUTOCKOM BOJTHBI €' / Ry, = g KRoc HkGich / Ry, e

- I Z
O, = OC —0 |. Torma B BeIpaxkenusx (4) u (6)

Oc ROC

ClleyeT OrpaHU4UThCs NpubIKeHueM Ry, = Ry, u
O, =Ty /Ry, awust assl (5) — npubnmkeHnem

@ = kR, +kRy, +KO., T} + ;1. )

IToncraBus 310 3HaueHne @ B hopmymy (3), mpu-
XOJIUM K HEOOXOIUMOCTH aCUMITTOTHUYECKON OLIEHKH
JIBOMHOTO MHTETpajia OT OCIMUTHPYIOIICH (yHKITHH.
Oco0eHHOCTH 3TOH MPOIEAYPHI O0CYKIATUCH B TIPE-
neinymieM uccnenosanuu [9]. He ocramaBnmBasch
Ha HUX, 3aliMEMCs BBIYUCIICHHEM TJIABHOTO WICHA
ACHMIITOTHKH METOZIOM CTalioHapHOH (a3sl (MCD).

3. 3nayenue (a3bl O, B CTAMOHAPHOI TOUKE

CraunuonapHas Touka I =T, ¢assl (9) onpenenser-
Csl yCIIOBHEM

oD o
— |=k| -B+0, +2 | =0, 10
o (B 1 kl (10)
= oR, .-G _ [
:__:C—, a :_C’ 11
e P on Ri, N Roc (v
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Ry =|Ro — =2 + (5 —B), Bc=B—F. (12)

31mech 1 ganee HIHKHUN HHIEKC s’ OTBeYaeT 3Haye-
HUIO B CTallMOHAapHOM Touke. Ecnu Hadano xoopau-
HAT NOMECTUTh B TOUKy I, To I, =0, a T, =T,.

B o0miem citydae mpon3BONBHBIX 3HAUECHHUH pa3-
MEpOB MOBEPXHOCTH S, HaNIpaBIeHUH O, U F_é2c orm-
penenuts [, u3 ycinosus crauuonaproctu (10)
B aHAJIMTHYECKOM BHJIE€ HE IMpEICTaBIsAETCS BO3-
MOXHBIM. [lo3TOMy orpaHuuMmcs HmpuOIUKeE-
HueM nudpakmun Openens, pasnoxus O(f;) B psn
Teltnopa:

O(r) =P, +0,(x, y;) + ion(xll Y1),

n=2

(13)
@, =K(Ry, +Ry,),

rac
0,(%, Y1) = 0,(%) + Oy (¥,) = k(B + 6, +7, /K )T,
(14)

K< ~ivioni[ 9"R
)=—2 Coxy | =

0,=Y.0,(xy"

(15)

3neck C, — GuHOMHANbHBIE KOA(POHUIUEHTI.

Hwxuuit unnexe “0” B dopmyne (15) o3nauaer,

4TO MPOM3BOHAs Oepetcst B Touke T, = 0. [Ipu aToM

i _% _Y

B :(ch’ch ch_RC' ch_Rc' Ry =
2C

22+ %2, + Y5, KBanparuuubie 4ieHbl 0 (Xl' ylz_i)

BBITJISIIST CICAYIOMIMM 00pa3oM:

k x? z2+y?

2,,0

oz(xlyl)ZER_;%,
- Cc

k 2%y, X
0,(%Y,) =~ 1Y1 XocYac
2' RZC RZC

0, (X7 ) = 4 - B
2I RZC RZZC

Bocnoinp30BaBImKChE ATUMU BBIpAXKCHUSMU, I[TOJTYYUM!
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(17

IToncranoska (16) u (17) B ypaBHeHHE cTalno-

HapHOCTH (10) MPUBOAUT K TMHEHHOH CBSA3H X, U Y,

C KOMIIOHEHTaMu BeKTopoB O, u =%, /k. C yue-

TOM 3TOH 3aBucuMocTH (asa P, = D(r;) B crauuo-
HapHOW TOYKE MUMEET BU]L

D =D - K X
2R,,
2 2 2 2
22+ 22 +x
x| xZ =2 2y2°+ys2 2R2 2 42X, YsBoBy [+ (18)

2¢ 2¢C

Ortcrona cnemyert, 4to (ypeHeneBckoe NpuOImKeHne
Jutst dasel (13) B crarimoHapHON TOYKE UMEET KaHO-
HUYECKHUI BUJI KBaJpaTHYHON (hOPMBI, ECITH HAIIpaB-
nenne oceit Ox; u Oy, TakoBo, yro ymbo P, =0,
m6o B, =0. Kax n aBroper monorpaduu [1] (cm.
c. 464) Beibepem B, =0, T e. Y, =0. [Ipn sTom

2 2 2 20y k& )
RcZZZ2 + X5es 02(X1y1)=2R R_z,
2¢ Roc
k 2
O, (%, ¥1) =0, Oz(xf’ylz)zzgl :
2¢

U3 onenok uneHoB paznoxennst O; u O, cuenyer,
YTO JUI OrpaHUYCHUs KBAJPAaTHYHBIM (ppeHeneBc-
KUM Pa3NioKeHUueM (a3l HEOOXOJIMMO, YTOOBI YIIIbI
CKOJIBXKCHHSI TIPH PACCESHUU ObUTM MHOTO OOJbIie
XapakTepHOro (peuenesckoro yrma 6, =JMR,,.

Jlis 4UCTO CKOIB3AIIEr0 paccestHus, C0SO,, =
z,/R,. =0, xBagparuunas nobaska O, (X12 ) =0.
Ecnu B HexoTopoii oOnacTu 3HaueHui O,  u au-
HeitHas 4dacte O;(X) =0, To HeoOXOmUMO ydecTh
O, (lef ) — 100aBKy JIMHEWHYIO IO X;, HO KBaJjpa-
THYHYIO 10 Y.

JanbHeliee paccMOTpeHHE OyAeT MOCBSIIECHO
aHAJIM3Y 3TUX JIBYX CUTYaIlUH:

— JIOCTAaTOYHO KPYTBIC YIVIBI PACCESIHUS H

— YHCTO CKOJb3sIIee paccesHue npu z, =0.

4. Heckosb3sdinee paccesiHue
(7/2-6,, > JA/R,, )

HpI/I BBIYUCJICHHUN aCUMIITOTHKHU I[BOP'IHOFO HUHTETpa-
na (3) Bocronb3yemcss MC®D st 00eux mepemMeH-
HbIX UHTCTPUPOBAHUA.

160

Onpenenurens H marpuusl ['ecca (MaTpumsl
BTOPBIX MPOU3BOAHEIX @) , @7 @7 ) pasen
p p xo Pxyr Pyy) P

H = (@}, @, —(c1>;y)2)s =k?z2/R? >0, (19)
MOCKOJIBKY paccMarpuBaeM ciydai z, # 0.

HepasenctBo (19) cBUAETENBLCTBYET O TIOJOXKHU-
TETBHON ONpPEeAeNeHHOCTH KBaIpaTHIHOW (POpMEI,
noy4yaemoii pu paznoxkenun P (f;) 10 wieHoB 2-ro
MOpsiAKa 1O X, Y;, @ IOTOMY OHa MOXET OBbITh NpH-
BE€ZICHAa TIOBOPOTOM KOOPJIMHATHBIX OCei K KaHOHH-
YeCKOMY BHIY. DTOMY MOBOPOTY W OTBEYAET CJie-
naHHbli Hamu BBIOOD: Y, =0, B, =0. Ilpu sTom
BO (ppeHeneBcKOM MpUOMMKEeHWH Mmarpuia [ecca
JMaroHajibHa ((dD'X'y)S = O), 4YTO 00JIer4aeT mpoiie-
Iypy aCHMITOTHYECKOTO MHTETPHUPOBAHMUS CHadaja
10 OJTHOM, a 3aTEM I10 IPYTol IEPEMEHHOM C HE3aBU-
CHUMBIM IpeoOpazoBanueM coracHo MC® mo kax-
JI0i U3 HUX. YTOOBI MOJIHOCTHIO Pa3IC/INTh BIUSIHUE
MECTOPACITONIOKECHHI KaXXI0H B OTAETHLHOCTH KOOP-
IVHAT X, U Y, OTHOCUTENILHO IPaHMIIbI S, BBIOEpEM
WX TOI0OHO TOMY, KaK 3TO JieNlaeTcsl B KJlacCHUec-
KoOii 3amaue o qudpakuun OpeHens Ha TPSIMOYTOIIb-
HOM 3kpane ([1], c. 465):

_&S Xlgg

2 2

(20)

Baenem 0003HaYEHUS:

€ = _Sign(q):x)s =-1
21
g, =—sign(®},) =-1.

CornnacHo dopmyse (I12) (cm. [Mpunoxenue):

f,00) = 2H %" 1, (7 7)™ AQe™AQ,.  (22)

k (AxY 22
“Boabmas” miomaaKa — | =&->1,
5 2R, 2 ) Ry

k
ﬂ >1

2R, | 2
Jnsa “6onpioit” miaomanxku AQ,, AQy = \/E Vyu-
ThIBast 3HadeHue H u3 (19), momydaem

- -1 +T ==
fl(X1)z2ﬂ7(kzz/Rsz) ' /Z)fz(rs;h)-

(23)
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2 _2
, Kk (Ax] 5 g
“M b - | — 5 ]
kaﬂaﬂ :Momam(a 2R, | 2 Rzzc
ﬂ <1
2R, \ 2

B dopmymny (22) cnenyer noacrasuts AQ, u AQ,,
naBaembie opmynamu (I[120) u (I121) u3 Ilpuino-
KEHUS,

2 .
- R sin X, sin X
f,(%,)=e"%| — | Sf,(F,;% X A
100) (ch] (T3 %) X, X,

24)

rae yureHsl Beipaxenue (I119) u cBsa3p BS =BC +
0, +§. B dopmyne (24) ucnons3oBanbl 0003HA-
YEHHSI:

Xx :_Cx :(kAX/Z)(ch_a‘x_qx)E

E(kAX/Z)(ch_Bsx)' (25)

X, =C, =(kay/2)(a, +0a,)=(kAy/2)B,, (26)

S = AXAy.

5. IIpubdmmkenune audpakuum
®paynrodepa

Jis ““martoif” TUTOIa Ky YICHBI pa3ioKeHus B a3e
BEIIIIE 1-T0 TOps/IKa Mallbl IO CPAaBHEHHIO C €AMHU-
LeH, I0ATOMY
(1) =~ D +k (P, +0, +7)+.... (27)
Mmuoxwurens f,(f;%;) mpu skcroHente B ¢op-
Myne (3) Maio MEHsAeTcs B Mpeaeiiax IUTOMAIKH.
OrpaHMYUBIIKCH HYJICBBIM HWICHOM Pa3jI0KCHHS
f,(;%,) = f,(F;%,) +..., He 3aBHCSALMM OT [;, TO-
JTy4UM, BBITIOJTHUB UHTETpUpoBaHue B (3):

_ i L \sinX, sinX
() = eI(DCSfZ(rc;Xl)X—X X, L

(28)

Ycnosuem manoro ommnuns (28) ot (24) npu aHa-
autuyeckoit 3aBucumoctu f,(1;%,), 1aBaeMoi BbI-
paxenueM (4), sBusieTcsi TpeOOBaHUE

R glofp, Ky X B, Y
RZC i RZC 2R220 Rzzc ZRZZC

+../ k1,

(29)
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PaBHOLICHHOE YCITOBHSAM
2 2
L<<1, ysz <lu Z—§>>L>>L, (30)
RZC 2 RZc RZc AX RZC

T. €. TpeOOBaHHE MAJOCTH YIJIOB paccestHus. [Ipn
stom f,(1;%,) = f,(F,;%,) ¢ yderom cnaboii 3aBu-
cumoctu (4) ot .

6. Ckoab3smee paccesinne (z, =0)

CormnacHO 3aME4aHUIO 110 TOBOJY OLIEHOK ITPH CKOJIb-
3511IEM PACCESHUM CIIENYyET COXPAaHUTh B pas3yIOXKe-
HUM (ha3bl WICHBI TPETHETO MOPSI/IKA,

2 2
d)(rl)zq>c+k(—|3€+dl+q’)rl+2kgl + I;XFiél Bo+ oo
2C 2C

€2))
Ecmu OrpaHUYUTHECA HYJICBBIM YJICHOM PAa3JIOKCHUA

f,(0: %) = T (X, Yp5%,) +... Mo crenmensam (X —X,),
TO B pe3yiabTare WHTeTpupoBaHus B (3) moaydum

) Ay/2
f, (X)) = e'%Ax J dy; £, (X, Y1 %) X

~Ay/2

2
. N
L Sin X, e'kﬁ“k(“ﬁqym
X

X

) (32)
TI€ B 3TOM cCliydyac
Xx :(kAX/z)I:(xx+qx_ch (1_ ylz/(ZRZZC))} (33)

4
3aM€TI/IM, YTO C TOYHOCTBKO OO YJICHOB -~ [L]

2c
BBIpQKCHUEC

(X2e = Rye),

34

ch (1_ ylz/(ZRZZC )) = ﬁ,
2¢ 1

SIBIISICTCS X-COCTABJISIOLIECH OpTa B/IOJIb BEeKTOpa R,
COCJIMHSIFOIIETO B JJAHHOM CJIydae TOYKY PacCestHUsI
I =(X,,Y,) ¥ TouKy HabmoneHns R, =(X,,0).

Cranuonapuas Touka Y, ¢a3zsr O(y,)=
k 2
ko, +B,)y, + Zél HO/IBIHTETPAILHOTO BhIPaKe-

Hus B (32) onpenensieTcs U3 ypaBHEHUS
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@(y,)=k I%’—;+ocy+qy =0, (35)

OTKyza

Ys _

R—_—(ocy+qy). (36)
2¢c

IIpu aTOM

ky?

O =D(y,) =——=, 37
s =D(Ys) 2R, (37
” k

(@},), =——>0, (38)

2c

hy, =e™* /2/\q>;y =& 2R, /K. (39)

B3sB masHbIi wied acumMnTotTukd MC® g1 omHo-
KpaTHOTO MHTeTpaia B (32), NPUXOIUM K BBIPAKEHUIO

sin X,
X,

(40)

i(@e—ky2/(2Ry,))

f1 (Xl) ~ Axe f2 (Xc’ ys;il)hsyAQy

rae BeauuuHa X, ompeneneHa ¢popmysnoit (33) npu

Y1=Ys
2
K ﬂ >1
2R, | 2

B sToM ciywae Ui ToYek Y, BHYTPH “‘OCBELICH-

“Boapmag” mIOMAIKA

HOI” o0nacTu (|ys| <Ay/ 2), 3HAUUTENIBHO Y/IaJIeH-
HBIX OT TPaHMI TeHH Y =1+ Ay/2, MOXHO HOIOKUTH

AQ, = Jr, B pe3yJbTare Mmoay4um

f (X ) _ ei(n/4+q)c_ky§/(2R20)) %
1\AL) —

XAX|27IR,, /K T, (X, ys;Xl)S")](A.

2
k(A <1
Ry | 2

Cornacuo dopmysie (I121) us [punoxenus

(41)

“Majaga” miomaaka

i(ky? /(2Ryq)-/4) SIN X
AQ, = Ay KJ(@R,ye /¢ “)X—y, 42)
y

rae
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X, = (kay/2)(o, +3,). (43)
[Ipu sTOoM
_ i _.sinX, sinX
f,(%,) ~ Se' fa(Xe) Vsia) X X ’ (44)
x y

7. CpenHsisi MHTEHCUBHOCTh B(0)

Kak ormeuasocs B [9], cpenusts nareHcuBHOCTH B(0)
M 4aCTOTHBINA CTEeKTp S(M) SBIAIOTCS HHTErpa-
JaMH OT TOJIOKUTENILHO ONPEACICHHON (YHKIMH
| f, (7(1)|2V\7¢ (%), a moToMy pe3ysbTaT HHTErPHUPOBA-
HUS 3aBUCHT OT CTEICHH B3aUMHOI'O MEpPECCUcHHUs
objacTell “aokanmu3anyu’ KaXJI0TO0 M3 COMHOXMU-
TeNeil B 3TOM MpOon3BeAeHU . ECM UCKITIOUUTh Ba-
PHAHT OY€Hb Y3KOKOIMIOJIOCHOTO CIIEKTPa HEPOBHOCTEH
W, (%,), To pesyasTar GyaeT OIpeRcisThes obmac-
TBIO JIOKATA3ALIIHI | f, ()Zl)|2 . Jlnst “GombIoi” mioma-
KU S 3TO MHOXKECTBO 3HA4E€HUH %;, ONpEIeIoIIuX
MOJIOJKEHUE CTAMOHAPHBIX TOUEK I, B “OCBEILEHHON”
obnactu (BHYTpEHHHUE TOYKH S, IJS KOTOPBIX
|XS|<AX/2 " |ys|<Ay/2), TUIS ““Matoi’’ TIIOIIAI-
KU — IIOJIOXKEHUE TOUCK [, (B OCHOBHOM 3a Ipejena-
MH S — B “TeHEBOH 30HE”, IJI€ BBIIOIHEHO XOTS ObI
OJIHO M3 HEPABEHCTB |Xs| > AX/2, |ys| > Ay/2), xoro-
peie GOPMHUPYIOT HECKOIBKO MEPBBIX JEMECTKOB
sin? X, sin? X,
X:  X;
3aMeTHUM, YTO OTH COMHOXHUTEIH OIHUCHIBAIOT

“nuarpaMMHBIX” COMHOKUTENEH

M3MEHEHNE MHTEHCUBHOCTH U3ITyUEHUs, BHI3BAHHOE
HE TepeMelIeHneM TOYKH HaOJIONeHHs MpH HEeu3-
MEHHOM aMIUIATYJHO-()a30BOM OCBEIICHUH H3ITY-
garomei arneptypsl S. B Hamem ciygae Touka Ha-
OmroneHus F_é2c HEMOJBUXHA, a “U3Tydaromias’ arnep-
Typa S UMeeT Ha0Op CTATUCTHYECKU HE3aBUCUMBIX
CAy4alHBIX aMILUIMUTYIHO-(a30BbIX OCBEIICHUM.
HamnpaBnenue rmaBHOro MakcuMyMa IOJs U3JIyde-
HUS U1 KaKIOTO OCBEIIEHHUSI CBOE (OTpeaensieTcs
BOJIHOBBIM BEKTOPOM %, CIy4ailHON CHHYCOWJallb-
HOH pacceuBarolIEl PEIIETKH B CIIEKTPE HEPOBHOC-
Tei), @ MHTEHCHBHOCTH MPOIMOPIHOHAIbHA CTaTHC-
THYECKOMY BECY V\7j (%;). Cnoxenue Bcex “map-
[UANTBHBIX BKJIAJIOB PACCESHUS HA KaXIOU perieT-
K€ U NPUBOJIUT K JAUATPAMMHBIM COMHOXKHUTEISM,
OTIHMCHIBAIOIINM, HACKOJIBKO AAJIEKO OT HaPaBICHHS
HaOIIOICHNsT HaXOAWTCS HAlpaBICHHE MaKCHMyMa
paccesHUs Ha CIIy4yalHOH penieTke ¢ JaHHBIM BOJI-
HOBBIM BEKTOPOM ;.
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HpI/I HpOI/ISBOJIBHLIX 3HAYCHUAX BHCIIHUX IIa-
pamerpoB (Ry;, Ry, %1, AX, Ay, ...) 3amaga onpene-

~ 2 _
nenns | f,(%,)|" nns Becex —co <, <—co smnsercs

MpakTU4Yecku HeocymecTBUMo. [loaTomy orpa-
HAYUMCS CITy4aeM, Korma o0JiacTh “IoKamn3aiiu’
| f1(21)|2 ylajaeHa OT TpaHuIl 00JacTH 3HAYEHHH %,
MPUBOASIINX K (PU3UYECKH TOMYCTUMBIM 3Haue-
HUAM Bs B MC®, 1100 ciaydaeM 4HCTO CKOJIb-
3smero paccestHust (z, =0). B atux cutyanmax
POIOJIKEHHE |f1()*(1)|2 Ha BCIO 00JaCTh 3HAYCHHN
—oo <, < 4oo CYLIECTBEHHO HE BIMSCT Ha BEIHYH-
Hy uHTerpaina (2).

®usnyecku AONYyCTHUMBIMU 3HAYEHUSAMH
B MC® sBisitoTcsi T€, KOTOPBIE MPUBOASAT K Be-
MIECTBEHHBIM PEIICHHUSIM BS YpaBHEHUS CTAIIOHAP-
B
0., — cocTaBjfAOLIas €IMHUYHOIO BeKTOopa O,
B TIocKoCTH Z; =0, QU3HUECKH IOMyCTUMBIC 3Ha-
ueHuss § =%,;/K MOXHO H300pa3uTh Ha CXEME BEK-
TOPHOTO CJIOXCHUS BS =0, +0, nmpuBeIeHHOU
Ha puc. 2. 3aecb I' — KOHTYp, OTpaHUYNBAONIUIT
MHO>KECTBO BO3MOXKHBIX 3HAYCHUN (] TP TaKOM CJIO-
JKEHUH, TIPEICTABIISIONINI CO00# KPYT € AMHUIHOTO
panunyca. Touku 3a mpemenamMu 3TOTO Kpyra siB-
JSIOTCA 007acThI0 KayCTHYECKOH TeHH. YeThipex-
YTOJBHUK BHYTPH Kpyra OTBeYaeT ‘‘OCBEHICHHOM
obmactu. OcTanbHas 9acTh Kpyra — 30Ha “TeoMeT-
pUYeCcKoil TeHH — TepexoHas 00IacTh MEXIY “OC-
BEIEHHOW” 00sacThio U 3anpeTHoit B MC® 30HO#I
“KayCTUYECKON TeHU .

HoctH (10), mpuyuem ¢ MoyIeM <1. IMockonbKy

Y=

Puc. 2. Cxema BEeKTOPHOTO CIIO>KEHUS
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Jns mpubmmkenust qudpaknun OpayHrodepa B
cllyyae MaJIOH IUIOIIA/IKU BCE 3HAUCHUST —oo <)) < oo
(U3NUECKH IOITyCTUMBIE, OHAKO B CHUITY OBICTPOTO
yOBIBaHUS “‘IHarpaMMHBIX’ MHOXHTENEH peanbHO
3HAYMMBIMH SIBIIIOTCS T€, YTO JIEKAT B I0OJIOCE

| A% | ~ 2/ AX, |Ale|~2TC/Ay. BO3Jle 3HAYCHMUIA

Xiex = K(Bex —04) ¥ Yyy =—KOL,, OTBeuarommx rmas-
HBIM MaKCHUMyMaM ‘‘IHarpaMMHBIX” MHOXHUTEICH.

8. HeckoJb3siee paccesHue
(ZZ/RZC > \/}\'/RZC)

“BoJpman” mWiIomAIKA

OO6nacTh CTalMOHAPHBIX TOYEK I, B “OCBELIECHHON”
30HE ONPENENACTCA 3HAYCHUAMHU Y10 —AYy, <
Xix = Xiex AXlx' chy _Ale < le = chy +AX1y1
= k Ax z?
5 = _ 2
rne ch_k(Bc_aJ_)' a Ay, = 5 o2
2R, 2 Ry,
k Ay
Ay =77
2R, 2 )
3a mpeaegaMu “OCBEHICHHO#” 30HBI |f1(X1)|
OBICTPO YyOBIBAE€T W BKJIAJIOM ‘“‘TEHEBOH 001acTu
B o0Immee 3HaYeHHWE WHTETpaja B (2) MOXHO TIpe-
HeOpeus mpu ycaosun, uto W ();) n0cTaTouHo mias-
Has (QyHKIMS 1O KpaliHee Mepe B NMPUTPAHUY-

HOW oOmacT “cBeT—TeHb”. TpeOyemble MacmITaObI
| A%y |Axly|, na kotopsix Gpynkuus W ();) nomkna
MEHSITBCS Majo, M0 MOPSAKY BEIUYUHBI COOT-
BETCTBYIOT PAacCTOSIHUIO MEXIY COCEIHUMH 30Ha-
Mu @penenst B ypaBHeHHH cTarroHaprocta (10),
2k Z, | % 2k
ke 2 ly|:

R, R,

I[J'IH 9TOro Ciy4asa MOXHO HepCﬁTH OT UHTCIpU-

T e [Axy|=

pOBaHHUs MO ); K MHTEIPUPOBAHUIO MO [, B mpeje-
nmax “ocBeleHHOW” obsactu S, UCIONB3Ys JHU-
HEWHYIO CBA3b MeXAy I =TI, U Y%;, AaBacMylo
ypaBHeHHeM ctaninoHapHocTHd (10) B puOIrKeHuN
(l)peHCJ'IeBCKOIZI ,IZ[I/I(l)paKLII/II/I (16), (17), mpu xoTOpoOi
|dX1de1y| = I(Ri|dxldyl|. BzsB nna f,();) B “ocBe-

4
2¢

IIEHHO!N” 30He BhIpakeHue (23) ¢ yuerom npubnu-
xenus (29), nonyuum

B(0) = 2B, (0) =16m*x

xé[dzfs fz(rs;k(B—dl))ZVV(k(B—&l)), (45)
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rne pyukuus f, (f’s; k(P—a l)) omnpeneneHa Gopmy-
7a0i (4) npu 3HAUYEHUM apryMeHTOB =T, u
T =k(B-.), a WG =[G WG] -
CUMMETPUYHBIN 3HepreTuueckuii cnextp [10].

®dopmyia (45) 000011aeT oao0HYy0 hopmyiy (60)
13 paboTHI [9], MOCBAIICHHON HCCIICAOBAHUIO 00paT-
HOTO paccesiHHs U3ITyYCHUSI TOUEYHOTO UCTOYHHUKA,
Ha paccMaTpuBacMblli BApUAHT JABYXITO3UIIMOHHOTO
paccesHus 1 MOXKET OBITh ITOJTydeHa MPH UCIIOIB30-
BaHMH “‘ympoIiaromiei” runotess (cp. [3], ¢.105, dop-
myna (11)).

“Managa” mwiomaaka

Jns storo cnydas OyneM CUMTaTh BBITOIHEHHBIM
yciosue (30). Torma B kauecTBe mapiiuadbHBIX WH-
TEHCHBHOCTEH paccesHHsI |f1(7(1)|2 MOYHO B3SITh
BbIpaxkeHue (28), a mpeaensl HHTETPUPOBAHUS 11O
Xax» X1y TIOJIOKHUTH OECKOHEYHBIMH B CHJTy OBICTDPO-
ro yObIBaHUS JMarpaMMHBIX MHOKHTEIICH:

B(0) =4S [ [ ity |f, (53| W ()%

sin? X sin® X,

x> x T Y 46
T (46)

r7e aprymenram X, u Xy MOKHO TPUIATh BUJ

AX
== (X1cx = Xax)» 47)

Ay
X, = 7(X1cy —Xay)» (43)
OpUYICM Xy = k (Bc - aJ_) (ch - 0)

Ecnm mpocTpaHCTBEHHBIN CIIEKTp W(Xl) — Men-
JICHHO MeHsomasicss QyHKIMsS B Mpeernax [IaBHBIX
JICTIECTKOB JIMarpaMMHBIX MHOXKHTENEH , €ro MOXKHO
BBIHECTH M3 I0J] 3HaKa WHTErpajia MpH 3HAYCHUU
- a2 Y
Xl =X1c BMECTE C |f2(rc’X1)| :|f2(r07ch)| . B atom
Cllydae COOTBETCTBYIOIIME MacuITabbl MaJIOro M3Me-
Henns W(Y;) B npOCTpaHCTBe BOJIHOBBIX BEKTO-

2n
POB COCTaBJISAIOT |Ax1x|> ‘A ‘ —. Ecun
Ay
B IIPEJbIYLIEM U HacTosAleM ciydasx k, R;, z,
OJIMHAKOBBI, a CYHNIECTBEHHO Pa3IM4yaroTCs JHIIb
pasMepsl AX, Ay, TO OTHOLIEHHE 3HAYEHMH MaclITa-

60B |Ax1x|, ‘Axly‘ HpebIIYLIEro ciayyas “OombIIon”
164

IUIOIAAKHA K 3HAUECHHUSIM IS “‘Majoii” MEHBIIE

AX 2kz_2 2

6o PaBHBI COOTBETCTBCHHO — |— <— "

2r\R. R, =
Ay |2k 2
— [ <—.
2r\(R, =

OcTaBoiuics HUHTCIrpaJl OT AUarpaMMHbBIX COMHO-

KUTENel SBISCTCS TAGIMYHBIM U PaBHBIM T
(cm [1], ctp. 431).
B pesynbrarte mojgy4uM BeIpaKEHHE

s = TP
[ 01 (e ROc)] [ 12(R2c)]

8 ROC RéZC

KoTopoe obobmaer Gopmyny (64) u3 [9] Ha cnyyaii

JIBYXITO3UIIMOHHOTO PACCESIHUS K MOXKET OBITh TOJTY-

YEHO C MOMOIIBI0 “ymporaromieit” runoressl ([3],
c. 94, popmymna (16)).

B(0) = W (%,)S, (49)

9. Ckoub3diee paccesHue
“Bboabpman” miIomMAIKa

[IpeneOperas BkIIa0M NIEpEX0HON 30HBI HA TPAHU-
e “cBer—TeHb”’, Boipaxkenue mis B(0) moxHO 3a-
UCaTh B BUIE

2nR

B(0)=4—— 2° (Ax)*x

Xip X
XJ. dle J. Xmx | f (Xc1 yl X1)| W (Xl) Sm '

X il X

rae X, ompeneneno popmynamu (33), (34), a

A A
J ) X =[ —Oy + y
2R, 2R,

OTOM IIpEAIOJIaracTcs, 4To BOJIM3U HGpCXO}Z[HOfI 30HBI

(50)

ITpu

Xu = _Ocy -

W (%) —™MenneHHO MeHsttoNIasicst pyHKIUS HepeMeH-
HOM )y, .

Ecnu W(Xl)| fo(x., yl;)*(1)|2 MaJio MEHSIETCS C U3-
MEHEHHEM Y(;, B Ipeiesiax HECKOIbKUX OCLUILIALUN
“IMarpaMMHOTO MHOXHUTENS” BOU3H ITIaBHOTO MaK-
CUMyMa Y., €r0 MOXHO BBIHECTH U3 IIOJ 3HaKa
UHTETPUPOBAHUS, IPUPABHSB 3HAYEHUIO B TOUKE ;. »
U B pe3ylbTare

16m°R, AX

B(0) = "

= N2\ =
Xmy|f2(Xc’y1;Xl)| W (%)

A1x=Xacx !

1

Xal

TIe
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Xiex = k(ch - O(‘x)' (52)

Wcrons3ys cBasb ¥, C P, daBaeMyio (Gopmynamu
(10) u (16), B BHAE X3y = k[oc +F2/_1} nepeiiaemMm

2¢
B (51) K MHTETPUPOBAHMIO TIO Y, :

o2 M (%)
BO)="3 [ d “”Ri L' 'y W (%) (53)
—-Ay/2 0c’ “2c A1x=Xiex

X=X

Ota popmyna 0600IIaeT Ha paccMaTPUBAEMBIN CITy-
Yail ABYXIO3WIIMOHHOTO paccessHus Gopmyny (66)
13 paboTsI [9]. Bomee HATIATHO 3TO MOXKHO YBHUJIETH,
€CJIM BBECTH TIOJIIPHYIO CUCTEMY KOOPJIUHAT B TOUKE
Habmonenus, Yy, =R, tgo, dy, = (RZC/COS2 (p)d(p,
W BOCIIOJIB30BATHCSI MAJIOCTBIO yIiia .

“Managa” mwiomaaka

~ P2
B kauectBe |f1(X1)| B OTOM CJIydae CJICIYyeT B3STh
BeIpakeHue (44). [logcraBus ero B (2), moixyyum

B(0) = 4S° J dyax J. dxs, | fo (% Y1;7_61)|2 X

. =2
sin? X, sin® X,
2 2
Xz X2

W (%) , (54)

rae BenmuunHa X, ompezeneHa gpopmymnamu (33), (34),
— dopmymoii (43).

B cuny manoctu yrios paccesust (Y, /Ry, <1)

B |06, Vo) - Hos
JI0CTATOYHO H_II/IPOKOHOJ'IOCHOFO CrHeKTpa W()Zl),
MaJi0 MEHSIOIIErOCsl Ha MPOTSKEHUH HECKOJIbKUX
OCIIIILIAIINHN “THarpaMMHBIX MHOXKUTENCH, MOKHO
nonoxuts W (3,) =W (§,,) ¥ BBIHECTH 3Ty BEIHUH-
HYy 3a 3HaK MHTerpaia. B pesynbrare moiydum

MOXHO IMOJOXHUTb Y; =

2
c ‘ 01C| 12|C

B(0) = —t
O=% "z

W (%1.)S, (55)

e Y = k(BC -0 ) (B, =0). Huxuuit unnexc
“c” COOTBETCTBYET BBIOODPY T =T, %1 =Xic-

B takom Bune dopmyna (55) sBusiercs 06o0me-
HueMm ¢opmynsl (67) u3 [9] Ha paccMaTpUBaeMBbIi

CJy4aid ABYXITO3UIIMOHHOTO PACCESHHUS.
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10. YacToTHblil cnekTp S(m)

st 3akona qucnepcud [10] moBepXHOCTHBIX TpaBU-

TALMOHHBIX BOJIH Ha IITyO0oKo# Boze, 0 (X;) =~/9%;
IJIe g — YCKOPEHUE CHJTBI TSKECTH, O -QyHKIHs B hop-
myne (8) paBHa

\/ KX

Br

8[A0— joy ()] =——""-8(x, — Xas)- (56)

3neck Aw=0-0,, [j=SIgNA®, g =+/20k -

GpATTOBCKAs 4AcTOTa, a ;s = 2KES = 2K (Aw/ g, ) -
HYJIb O ~(DYHKIIHH.
Wmest 5T0 B BH]LY, IepeiiieM K Beraucienuo S ()

I KOHKPETHBIX CIIy4acB.

11. Heckoub3diee paccesiHue
“boabman” MIOMAIKA

Ecnu npeneOpeus BKJIaZIOM B PacCesiHUE OT CTaLMO-
HapHBIX TOYEK I, BHE OCBEICHHON IUIOMAIKH S, TO,
mo/ToOHO BEIBOAY GopMydbl (45), MOXKHO TepelTH
OT MHTETPUPOBAHMSA 110 ); K MHTETPUPOBAHUIO 11O T,
ncnonb3ys cBsa3b (16), (17) mexmy B ur:

fo(nik(B-a))

W (k(B-a., ))3[A0— jo, ()]

B Takom Buze 3Ta (opmyna MOXKET OBITH MO-
JydeHa M C MOMOIIBIO YNPOINAIOUICH THIOTE3bI
(cp. [3], c. 139, popmymna (10)). CnemyeTr HOMHUTD,
4yTO0 BBIpakeHue (57) oTBedaeT yactoTam, (HopMu-
PYEMBIM BHYTPEHHHMH CTAIllHOHAPHBIMU TOYKAMH,
JOCTAaTOYHO YJAJIEHHBIMH OT T'PaHHIl OCBEHICHHOW
obmactu S.

2

S(w0+Aw)z8nzjdzﬁ x
S

(57

“MaJjiag” miomaaka

AHAIOTUYHO BHIBOLY (GOpMyibI (46) MPOIOIKUM
sHaueHus f,(y,) u3 (24) Ha Bce 3Ha4eHMS ¥;, UTO
O3HAuaeT Mepexoy K MPHOIMKEHHUTO QpayHrodepoBoit
mudpaxiuu (hopmyna (28)). C yueroMm BbIpaxe-
Hus (56) 11st O -pyHKIMHU IOy InM:

2y2K3s o2F N2
(@, +A0) = =82 [doy | £, (170 W, ()%
0

Br
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) H
sin X_ sin“ X
XX 69
X y

X1=X1s

IToncraBus crona Beipaxenue (4) mna f,(1;%;)
npuseneM (58) kK BuAy

ez,

S(m, + Aw) =
(% )16 .

. =2
sin? X, sin Xy|
2 2
Xy Xy

21> . |2
><2-|1td(pl|‘]12| ‘*]01(361)c

\vl\7 H v
A

0 X1=Xas

(59)

Ora popmyna 06o0IIaeT Ha ciTy4yail IBYXIO3HLIMOH-

Horo paccestHust popmyny (71) u3 pabotsr [9], mo-
CBSILICHHOW OOPAaTHOMY pacCesiHHUIO.

HOCJ’Ie,Z[HSIH, K COXKaJICHUIO, COACPIKUT OICYATKH,
9TO MOXXHO YCTAaHOBUTH U3 CPABHCHUA C HaCTOHH.IeI?I

dopmymnoii (59).
12. Ckoub3gmee paccesHue

“Boapman” miomaaka

[penebperas BKIIQJIOM B pacCesiHUE OT CTal[MOHAp-
HBIX TOYEK Y, 3a MpejesaMy OCBEIICHHOI o0nacTu
S, mponomxum ) (;) 3a npenessl S HyIEBBIMH 3Ha-
yeHusmMu. [t storo ymuoxkuMm f,(¥,) B (41) Ha py=-
KIWIO €IMHUYHON CTYNeHbKH ((PYHKIMIO X eBrcaiiia)

A
?y—|ys|], paBuyto 1, ecnu apryment >0, u

HYJIIO, €cJi apryMeHT < 0.
®Dopmyna (8) mpu 3TOM OyZIET UMETh CJICTYOTIHI
BUJI;

21R T 3
S(0y +A40) = = 25 (80 [t [ dogg | o (6 Vi) %
0 0

W, (3 1)5'” al (%—|ys|)5[m—jwl(x1)],

(60)

rae BenuuuHa X, ompeneneHa Gopmyioit (33) npu
Y1=Ys, @Y, cBA3aHA C Q, =, / k dopmymoii (36).

BEINONHUB UHTETPUPOBAHHKE 11O );, TOTYIHM

S(my +Aw) =

167R,. (AX)°K|E3| 27
Zm ‘ [ACRAA

Br

166

) -2
sin® X, sin® X,

AW ) S A

(61

X1=X1s

ay _
(20

rae Y = (s COS®;, Y15 SiN@,). Hamomuum, urto
s =2k ‘&S‘ = 2k (Aw/ o, )2 — KOpeHb O -(yHKIHH B
paBeHcTBe (56).

“Masiag” nIomanka

B aTom ciryuae u3-3a ObICTpOTO yOBIBaHUS AUATPAMM-
HBIX MHOXHTEJEH B (44) ZOMyCTUMBI IPAKTHYECKU
no0ble 3HaueHUs ); (B TOM YHUCJIE OTBEYAIOLIUE

TOYKaM |ys| > Ay/2). Tlo 3T0ii e IpUYMHE MOKHO
nonoxuth (X, Ys: %) = (X, Ye:X1)- B pesynbra-
TE JUIS CHEKTpa MOJIydaeM

8 o

Br

S(wp +Aw) = —-18” Jd<p1|f( SRR

.2 -2
sin 2)(Xsm 2)(y 62)
XX Xy X1=%1s

Cesasb MeXIY Y5, (Xay)s» ¥s U X, Ta ke, 4TO U
B BeIpaxkeHnu (61), a Benmunna X, ompexeseHa
hopmynoii (43).

B BeIpaxkenusix (59) u (62) HECTIOKHO MPOCITETUTH
MepexoJ] K 00paTHOMY pacCessHUI0, UCCIIEIOBAHHO-
My B pabore [9]. B atom cimydae Bxopsmiue B Gop-
Myiy (5) BennuuHbl onpeaensdores npu Ry, =R

Bxc =0, Byc :(Xy =0.

13. O6cyxKneHue pe3yJibTaToOB

2¢!

[IpMEeHUMOCTH MOITyYEHHBIX B paboTe Pe3yIbTaToOB
orpaHryeHa 1o psxy npudanH. OHa U3 HUX — MPH-
OJKEHHBIN XapaKTep UCTIONb3yeMOro aCHMITOTHYEC-
KOTO METOJIa CTaI[IOHApHOU (a3bl, YTO yxKe 00CyK-
JAJIOCHh B TIPEABIAYIIeM rcciaenoBanmu [9]. Bropas —
HEBO3MOXXHOCTh OTNPENIENTUTH B aHATUTUICCKOM BHUJIE
paBHOMEpHBIE ACHMITTOTHKH BCIOMY C YYETOM HaJH-
YHst IPOU3BOJIHLHO PACTIONIOKEHHBIX 00TacTel KayCTH-
YECKOM U reoMeTpuyeckor TeHu. M3-3a 3Toro ananus
MIPOBEJICH B MPHOIIKeHNH audpakiyy Openens st
CHUTyallui, KOTjia BKJIaJJOM B PacCesiHAEe OT CTalno-
HapHBIX TOYEK, MPUHAIICKAIIUM 3TUM 00JIACTM,
MOKHO TipeHedpeds. st uatencusroct B(0) moss,
paccesHHOTO “OOJIBINION” TUTOIIAIKOH, TAKOW pacdeT
MIPUBOJIUT K OTHOCUTEIHHON TIOTPEITHOCTH TTOPSAKA
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OTHOILIEHUS TUIOIIA/IM MIEPEXOIHOMN MOrPaHUYHON 30HbI
KO BCEH TuToImazn S.

B ciyuae criekrpa S(®, + A®), KoTopbIi GpopMu-
pYeTCsl OMHOMEPHBIM MHOKECTBOM CTallMOHAPHBIX
TOYeK (M3-3a HATU4Usl O -(DYHKIMHU B paBeHCTBE (8)),
CUTYyaIus cioxkHee. s onpeieieHHBIX YacToT A®
Y TEOMETPUH 33Ja4U TaKO€ MHOXKECTBO MOXKET CO-
CTOSITh U3 TOYEK MOTPAaHUYHON WIM TEHEBOMN 30HBI,
BKJIaJ1 KOTOPHIX B paccesiaue Gpopmymnamu (57) u (61)
He yuTeH. Bmpodem aBTOpOM M HE CTaBWIIOCH B
KauecTBE OCHOBHOM LeiH OoJiee TOUHOE Ompezese-
Hue B(0) u S(w, +Aw), yuuTsiBas 10BOJIBHO aKa-
JEMHYECKHUI XapakTep MOCTaHOBKH 3aAa4H (BBIOOD
TIa/IafOIIEH BOJIHBI, CIIEIMATFHOM TreOMeTpHH IJI0IIA -
KM U T. IL.).

Lenbio uccnenoBanus SIBISUIOCH TONTyYEHHUE pe-
LIICHMS, TIO3BOJISIIOILETO BBISICHUTD (PU3MUECKUI MeXa-
HU3M (OPMHUPOBAHUS PACCESTHHOTO TIOJISI M OIICHUTH
CTETeHb JOCTOBEPHOCTH CYIIECTBYIOIIMX B JINTEpa-
Type pacyeToB, B OCHOBE KOTOPBIX JIeKaT JAOCTATOY-
HO MPOTHUBOPEYMBHIE MpenanonoxeHus. [Ipu stom
COOTBETCTBHE C pacueTaMu B NpUOIKEeHUH Tudpak-
uu @payHrodepa A cioydast “Manoi’” TUIOMaIKH
MOJPa3yMeBaIoCh B KaY€CTBE OCHOBHOTO TECTOBOTO
TpeboBaHMs K ICKOMOMY pEIieHHI0. B onpeneneHuoit
CTENEHH 3Ta LeNb Oblla TOCTUTHYTA.

Mexanu3m HOpMHUPOBaHUS PACCESTHHOTO TOJIS ITPO-
CIIC)KUBACTCS 10 XOAY MPOBEICHHBIX BBIYMCICHUI.
Crpykrypa Gopmyisl (3) yka3pIBaeT Ha TO, 4TO CTa-
TUYECKH HE3aBHUCHUMBIMU PAaCCEMBATENSAMH SIBIAIOT-
cst He amemenThl 0°F mmomaky (KaK 9T CYMTaeT
A. Ucumapy [7], c. 218), a Gpypbe-KOMIIOHEHTHI CITy-
YaifHOTO MMOJIsl HEPOBHOCTEH (“‘cryuaiiHble” CHHYCO-
UJaNbHBIE PEIIETKH), YTO SABJISIETCS CIECACTBUEM
Teopembl Bunepa—XuHYMHA JJs1 OJHOPOIHOTO
Y CTAI[MOHAPHOTO CIy4YaifHOr'O TOJIS, MOJO0KEHHON
B OCHOBY BbIBOz1a (hopmyisl (3). Bennunuy | fl()Zl)|2
MOXHO Ha3BaTh “‘HaplLMalbHON” MHTEHCUBHOCTHIO
paccessHUsI Ha “CIydaliHON pEIIeTKE ¢ BOJHOBHIM
BEKTOPOM %; W CTaTUYECKHM BECOM V\~/i ()

“JlecrpykruBHas” MHTEphEepeHns (110 TEPMUHO-
soruu aBTopoB [1] (cM. c. 421)) mpUBOAUT K TOMY,
YTO BeIWYMHA WHTErpana (3) oT OCHILINPYIOIICH
(YHKIIUH TIPH paccessHUH “O0IBII0N " TUTOMIAIKOH OTl-
penensieTcs: HeOOIbIIONH OKPECTHOCTBIO TOUKHU T,
rae ocumnsinun Gazsl O(1;) MUHHUMAIBHBI, T. €. OK-
PECTHOCTBIO CTAIIHOHAPHOM TOUKH. “DPPeKTHBHON”
TUIOMIA/IbI0 3TON OKPECTHOCTH COTIacHO (opmyse

hys

(T12) stBiIsieTCS IPOU3BEICHUE |hxs|

COOTBETCTBY-
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2R, R,

IOLUX Pa3MepoB 30HbI Dpenens [h |~ o
z
2R B, N

‘hys ~ kc' TMosoxkenue T, CTAMOHAPHON TOUKH

BHE KayCTHK COTJIACHO YPaBHEHHUIO CTAlMOHAPHOCTH
(10) u popmynam (16), (17) oqHO3HAUHO OTIpenEs-
€TCsl BOJTHOBBIM BEKTOpOM “‘pemieTkn’ %;. TeM ca-
MBIM NP ONPEAEICHHBIX YCIOBHUIX (CM. BBIBOJ
dopmyan (45), (57)) “napumanbHy0” HHTCHCUBHOCTh
|f()*(1)|2 MOXKHO TIPUBSI3aTh K DJIEMEHTY ILIOIIaIH

d°F, paccewBaromeit momanky S npuHTH K HOp-
MyJiaM, MOJTy4aeMbIM C UCIIOIb30BaHUEM “yIIpOIla-
fomei” runoressl ([3], ¢. 104), 0 KoTopoit peds muia
BO BBenenum.

IIpunoxenue

Ecan Bocnonb30BaThCst METOIOM HOCIIEIOBATEIBHO-
ro acuMnToTuyeckoro uaterpuposanus ([12], c. 33),
TO IJIaBHBIN YJICH ACHMITOTUKH JIBOMHOTO MHTETpaja

l, = yfdyxf dx f (x, y)e' ™y

(IT1)
Y| X
MO>HO 3aI1iucaTtb B BUIC
I, ~e'® f(x, ys)hAQ,hAQ,, (I12)

rne @, =d(X,,Y,) — 3HaueHue (aspl B cTariOHAP-
HOIi TouKe (X, Y, ), MPOM3BOIBHO PACHIOI0KEHHOM OT-
HOCHTENILHO KOHTYpa MHTerpupoBanus. B ¢popmyre
(IT2) ncmomb30BaHbI 0003HAYCHUS

hxs — e—iexxrt/4 /2/|(I)§x|s ,

(I113)
—ie m/ ” .

hys =e ) 2|((I)xx)/H|5’
AQ, =Q(i,) —Q(f),

(114)
AQ, =Q(,) —Q(ky,);
ﬁxl = eiexxT[/AMXI ’

(I15)
y =sign(x —X,) ‘(I)S _(D(leys)‘;
fy = eiewn/myl’

(I16)
1y =SON(Y; — Y, ), [0, .|
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A. C. Bproxoseykuii

Boipaxenus 11t [l,,, [, nomydarorcs us (I15), (T16)
COOTBETCTBEHHO 3aMEHOM X, — X, Y, — Y,. Bemu-
uuHbl H, €, €, OTPE/ICIICHBI paHee dhopmymamu
(19), (21). Bennunna Q([l) siBIsACTCS TOMOJHECHUEM
WHTETpaJia BEPOSITHOCTH,

Q)= fe ot =7
i

(1—erff1). (T17)

2
ITOCKOIBKY MOJY/H TIEPEMEHHBIX [l,, [i,, SBISIOT-
Cs1 KBaJpaTHBIMHU KOPHSIMH MOAYJICH pa3sHOCTEH ¢a3
B TOYKaxX Xy, X M X, X,, €CTECTBEHHO BBIOpATh
|ﬁxu —fLX,| B KaueCTBE MEphl BEIWYHMHBI TIOMIAKH
B HanpasieHuu ocu Ox, a ‘ﬁyu - ﬁw‘ — B HaIpasJie-
Huu ocu Oy.

Bennuunbt |hXS| " ‘hys SBISIOTCS 3P PEKTUBHBI-
MU pa3MepaMu 00JIACTH WHTETPUPOBAHUS IO COOT-
BETCTBYIOIIEH MepeMeHHO, x m100 ¥, HopMHUpYIO-
1Iel aCHMITOTUYECKOE 3HAYCHNE UHTETPalia 110 ITOH
nepeMeHHo. B 0011eM ciiyvae mpou3BOIbHBIX 3HA-
yeHui aprymentoB AQ, n AQ, MOXKHO BBIPasuTh
yepe3 mHTerpansl @penens (cm. [9]; [1], c. 465).

Ecnm Touka X, M3 OCBEIICHHOW 00IacTH HOC-
TaTOYHO yjlaJeHa OT KOHIIOB MHTepBana [X, X,]

“OONBIION” MJIOIAKH (|j.LX| | >1 |qu | > 1), TO MOX-

HO NoJIOXUTh AQ, = \/E , €CIIM JK€ X, NpUOIMKAeT-
Csl K OJHOMY M3 KOHIIOB, OCTaBasCh B IPEAEIax
[x,x,], To AQ, z\/E/Z. Jlanexo B 00yacTH TE€HU
|AQX|z(2|uxl|)_l 160 |AQX|z(2|},LXU|)_1 COOTBET-
ctBeHHO (cM. [9]).

Cirydaii “mainoit’” iomaaKu (|].LX||, ||,txu|<< 1) Tpe-
OyeT GoJiee IeTaNbHOTO PACCMOTPEHUS, Ha KOTOPOM
OCTaHOBHUMCS HMXKeE, NPEIBAPUTEIBHO MPOCIICIUB

npeaenbHbIe nepexoas B popmyne (I12) x u3BecT-
HBIM pE3yJIbTaram.

IIpeneannnie nepexoant B (opmyiae (I12)

1. Touka (X, Y,) —BHYTpEHHsI 1714 “O0JIBLION" 110~
TIaTKA (|ux||, ‘uy,‘, ||,txu|, ‘uyu >>1), Torna AQ, ~/r,
AQ, = Jr, u ¢dopmyna (I12) npuHMaeT BU

_ 27 ei[¢s—(exx+sw)n/4]

b=

B 3aBucumoctu ot KOM6I/IHaI_II/II/I 3HAKOB E,,, €

(X, ¥s)- (T13)

u
¥
H= [CI);((I);y - ((I)'X'y):lS soipaxenue (I18) nepexomur

B OfIHY U3 Tpex Gopm dopmyisl (21) Ha c. 824 MoHO-
168

rpadum [1]. B HamieM KOHKPETHOM ciydae, €,, = —1,
e, =—1, H >0, Boipaxenue (I18) coorsercTByeT
ciy4aro (1) BBIIEYyOMSHYTOH (OPMYIBI (CM. Tak-
xe popmyiy (7.1) B mpenpunTe [12]).

2. Touka (X ,Y,) HaxogWTCS BOJIH3U T'PAHUIIBI
“OombION” IIomAIKu (X, <K X, < Xy, Y) ~ Ys < Y,),
Torza AQ, -/, AQ, =Q(,) ~Jn/2. B pe-

synerare (I12) npuauMaer Bun
| , = 2 TE/| H |eiq)5e_i(€xx+€yy)7'(/4 f (XS , yS)Q(l:lye) (H9)

Ecmu ydects pasHuily B hopMe mpelcTaBIeHUs WH-
terpana @penens, To noxydeHHoe BeipaxkeHue (119)
otnuuaercst ot ¢popmyis (8.4) Ha c. 39 B [12] MHO-
XKUTEIeM 2. DTOT MHOXHTENb aBTopamu [12] ObuT
YTepsH B XOJIe MPEABIYIINX BEIYHCICHHA B GOPMY-
ne (8.2) ma c. 38.

Boruucaenne dopmyanr (I12)
IS “Masioi” TUIOIAIKH

Oo6patnmces k Beraucinennio AQ,, AQ, mis “mainbix”
x y
miomanok. [pencrasum

AQx = IIu = Ilc+ Icu’

e (C y4eToM 3HaKOB €

AQy =l =le+1g,

€y)

XX 1

o o
Ilu :e—mIAJ'elu dH: Ilc :e—m/4J'e|u dH:
gl My

My
—j iu?
I, =e™* [ e*du.
He

3nech Wy, We, Uy 9TO My, Kyey My, OHpeAesseMsle
s AQ, dopmynoit (I15) u coorBeTcTBEHHO |,
Uye, My, onpenensiembie st AQ, popmyioii (I16).

BBusy MaqoCTH MHTEPBAIOB MHTETPUPOBAHUS
MHTETPaJIbl MOKHO BBIYMCIIUTH NPUOIMKEHHO, ClIe-

naB 3amenbl: W=W,+AE, du=AdE, p’=p’+
2AE+.., A=w—u, aas b ouop=pc+Ag
du=Ade, 1 =P +2AL+..., A =p, —H st L,

B pesynbrare nomyunm:

[ = _e-m/4A1ei(Bl+c1) sinC,
Ic Cl

| =~ e—inIAAZei(Bz+C2) sinC,
cu CZ 1
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rie B =B, =4, Ci=iA, C=p A,

Cnoxus |, u |, momyuum
|, ~e i peR SINC. (I110)
rie A=, -y, B=po(u, +1y —1e), C=uA

[punss Bo Buumanue (npu B, =0) BepaxkeHue
(18) st @, ypaBHeHue crauuoHapHocTH (10) 1 BbI-
paxeHus s B, u By B (hpeHeneBCKOM IpHOIIHKe-
Huu (16) u (17), MOXKHO OTYYHUTH:

2

D, —D(X,y,) = ————2(X, —X)?,
s =P Ye) 2R,C R§C s~ %)
D —D(x,,y) = 2,
s —P(X, ) 2R -Y)
Eciu x — onHO 13 3HadeHmit X =—Ax/2, x, =0,
X, =AX/2, a y — oaHO U3 3HaueHUH Y, =—Ay/2,

Y. =0, y, =Ay/2, 10 cormacHo dhopmynam (I15, I16)
UM OTBCYAKOT CICAYIOIINC 3HAUCHUA “x )51 Hy .
W, =sign(x—x,) i|x —X
" ) 2R20 RZC
=sign(y -
W, =sign(y -y, ZRZC o 1YYl

He3aBucumo ot PACIIOJIOKCHUA Xs Ha ocu Ox nojiy-
qacMm:

ko7,
=u, —U = AX, 1111
Ac=1y —1y 2R, R, (IT11)
C, =LA =— K 22 XSAX, (T112)
" ¢ 2R2C RZZC
B, =, (1, +1y —11,) =K 2 (IT13)
X “c “u “I “'c 2R20 Rzzc S "
AHaJIOrH4HO IJIA HGpeMeHHOfI Yy UMECM:
S = XAy (I14)
AS/ uu MI 2R2C ’
CyzucAyz_ ysAyl (HIS)

2Ry
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Byzuc(uﬁm—uc):Fyf- (I116)
2C
Us ypaBHeHHﬁ cranmonapuoctu (10) cuenyer:
Xs ys
ch Rzzc Bsx ch X qx ch Bsy y qy
ITosTomy
C, = (kAX/2)(By —Bex): (I117)
C, = (kAy/2)B,,. (I118)

[Ipu sToMm, yuureiBas (18), (I113) u (I116),

(I>S+BX+By =d_ =k(R,, +Ry). (I119)
Takum o6pazom, i1 “Manon” TUTOIAIKH
AQ, ~ &g p SINCy (1120)
CX
sin C
AQ, =& ™" Ay (I121)

e A, A, B, B,, C,, C, onpernenens npusesien-
HBIMH BbIIIIE (hOPMYIIAMH.
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A. C. Bproxoseyvruil

[HCTHTYT pamiodi3nKu Ta eITEKTPOHIKH
iM. A. 4. YeukoBa HAH VYkpainu,
Byin. Ak. [Tpockypu, 12, M. XapkiB, 61085, Ykpaina

MEPEXIJT BIJT BJIMKHBOI 10 JAJTbHBOT 30HU
VY PO3B’A3KY 3AJIAUI PO3CISIHH A TJIOCKOT XBUJII
CTATUCTUYHO HEPIBHOIO ITOBEPXHEIO

JUnst BUnaKy po3CistHHS ILIOCKOT XBHITI CTATUCTUYHO HEPiBHOIO
MIOBEPXHEIO 3HAHICHO aCHMIITOTHKH ABOKPATHHX IHTETPaJIiB Bix
OCIIIITIOIOUNX (YHKIIIH, 10 BU3HAYAIOTh YaCOBY KOPEIALIIHHY
(dyHKIi0 po3cistHOro moiisd. Jns KyTiB pO3CisiHHS 3HAYHO
OLITBIIMX BiJ XapaKTepPHOTO KyTa (hpeHENeBCHKOT 30HI BUKOPHC-
TOBYETHCS MeTO/I cTatioHapHoi pazu (MCD). [Inst unucto KoB3-
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HOTO pO3CisiHHS — KoMOiHOBaHuU# MeTon: MC® anst monepevHol
1 HaOmmxeHHs nudpakiii GpayHropepa s HOB3TOBKHBOT
BiJJTHOCHO IUIOLMHY PO3CisSTHHSA 3MiHHOI. BCcTaHOBIEHO 3B’ 130K
3 BIZIOMHMH B JIiTepaTypi pe3ylibTaTaMH pO3paxyHKiB.
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NEAR-TO-FAR ZONE TRANSITION
IN THE PROBLEM OF PLANE WAVE SCATTERING
BY STATISTICALLY ROUGH SURFACE

For a case of plane wave scattering by a statistically rough sur-
face, the asymptotics of twofold integrals of oscillating func-
tions which determine the time correlation function of the scat-
tered field are found. At grazing angles much greater than the
characteristic angle of the Fresnel zone, the method of stationary
phase has been used for calculations. For grazing scattering, the
combined method has been applied, namely, the method of sta-
tionary phase for the transverse (with respect to the scattering
plane) variable and the Fraunhofer approximation for the longi-
tudinal variable. The correlation with the results known from
literature has been established.
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