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3AKOHH PO3HOALTY NOTYKHOCTI CUTHAJTY HA BXO/II TIPUMMAYA
B YMOBAX HEBU3HAYEHOCTI KOOPJINHAT

YV cmammi eusedeno 3axonu po3noodiny NOMYdNCHOCWI CUSHATY HA 6X00I nputimMaya OJsi Mpbox
OCHOBHUX 6UNAOKI6 YMO8 HEGU3HAUEHOCMI KoopouHam nepedasaya ma (abo) npuimada CUucHauy:
HAsL6HICMb NOXUOOK BUHAYUECHHSI MICYE3HAXOONCEHHS, HANEHCHICMb KOOPOUHAM Ne6HIll 30HI, 8i0CYMHICMb
6y0b-sK01 iHhopmayii npo posmiwenst 3acoois.

IMocranoBka mpodjieMun B 3araJbHOMY BHIJIsAAi. Y 0araTbox NPaKTHYHUX BHUIAIKaX KOOPJIHHATH
pamioenekTponHux 3aco0iB (PE3) Touno HeBimomi. OCHOBHUMH MPUYMHAMH TaKOi HEBU3HAYCHOCTI KOOPAMHAT €
HETOYHICTh iH(OpMaIil NMpo Micle3Haxo/pkeHHsT (y TOMY YHCIi BHACHIIJOK IOXHOOK TeJeHTyBaHHS) abo
HEMOJJIUBICTh BU3HaueHHs monoxkeHHs1 PE3 uepe3 fioro MoOiibpHiCTE. OCTaHHIM 4acOM HaBiTh CIIOCTEPIraeThCs
3arOCTPEHHS] JAaHOTO IUTAHHS BHACTIMOK MiABHINCHHA MoOuTbHOCTI PE3, 30imbIneHHS iX KIUJIBKOCTI,
3aCTOCYBAaHHS CKJIQJIHUX CHTHANIB, IO YCKJIQJHIOE TIEJICHTYBaHHS. Y TakUX YMOBax MOTYXHICTh CHTHAIIy Ha
BXOJIl MpHUiiMaya po3paxyBaTH TOYHO HEMOXIIUBO, OCKIJIbKM HEBU3HAUEHICTh KOOPAWHAT TPaHC(POPMYETHCS B
HEBM3HAYEHICTh BIJICTaHI MDXK IeperaBaveM i MpuiiMadeMm, a BOHA, B CBOIO 4Yepry, — y HEBU3HAUECHICTh CaMOro
3HA4YeHHs1 MOTYXHOCTi. CIpOUIeHUH MiJXiJ 10 BUPIMIEHHS NaHOI'O IMUTAaHHS Ha OCHOBI 3aMiHM HEBH3HAYEHUX
KOOpJIMHAT IX MAaTeMaTHYHUMH CIIOAIBAHHSIMU MOXKE IPHU3BOAMUTH O ICTOTHHX MPOPAXyHKIB Ta MPUHHATTS
XHOHUX pillleHb. BUkoprcTaHHs HMOBIPHICHOTO MiJXOAY JTO3BOJISIE OTPUMYBATH TOYHI PO3B’SI3KH, aJie UIS [IbOTO
HEOOXiTHO MaTH 3aKOHU PO3IMOJUTY IMOTY)KHOCTI CHUTHaJly Ha BXOJI NpHUiiMaya B yMOBaX HEBH3HAYEHOCTI
koopauHaT. [lin 3aKOHOM PO3IOIUTY PO3YMIEThCS OYyIb-SIKE CIIBBIIHOIICHHS, K€ BCTAHOBIIIOE 3B’SI30K MIiXK
MOXIIUBHUMHU 3HAYCHHSIMH BUIIQJKOBOI BEIMYMHHM Ta BIANMOBITHMMH iM iMoBipHOocTsMH [1]. Takum 4uHOM,
OTPUMAaHHS 3aKOHIB PO3IOALTY MOTYXHOCTI CUTHAITy Ha BXOZI NpHiiMada B yMOBaX HEBU3HAUCHOCTI KOOPAMHAT
Horo Ta (abo) nepeaaBaya € BXKJIMBUM i aKTyaJbHUM HAYKOBO-IIPAKTHYHUM 3aBIAHHSM.

AHaJi3 ocTaHHIX dOCTiMKeHb Ta myOsaikamiii. [IuTaHHS OLIHIOBaHHS B PI3HUX YMOBax IOTYXXHOCTI
CHTHAJTy YM 3aBaJId Ha BXOJI NpHUiiMada po3rsAaloThes B 0araTthox JDKepenax, Hanpukiaa [2—5], ane HaBeaeHi
TaM MiIXOAW HE CTOCYIOTbCS YMOB HEBU3HAYEHOCTI KOOpIMHAT. B3arami NOTYXHICTh CUTHaly Ha BXOJI
npuiiMaya B yMOBax HEBU3HAUEHOCTI KOOPAMHAT MOXE NMPUHHATH Oy/b-sKe OJJHE 3HAUEHHsI, Hallepe/l HeBiloMe,
IO BI/ANOBiZa€ BWU3HAYCHHIO BUIMAJKOBOI BENMYMHM [6], MpOTe CTAaTHCTHYHA paxioTexHika [7] BUMAIKH
HeBH3HaueHocTi koopauHaT PE3 He posrisigae. Po3B’s130k 3amadi OliHIOBaHHS €()eKTUBHOCTI pajiio3ariylieHHs
B YMOBax NMOXMOOK BH3HAYEHHS KOOPJAWHAT IepenaBaya [8] MICTUTh BUBEIECHHS 3aKOHY PO3IOJITY MOTYKHOCTI
CHTHaJy Ha BXOJ NMpuWiiMaya sl BKazaHUX YMOB. [IpoTe pemTy MOXIMBUX YMOB HEBU3HAYEHOCTI KOOPIUHAT,
HANpHKIaA, JONATKOBI NMOXMOKM BHU3HAUEHHS KOOPIMHAT MNpWiiMaya IpPH LbOMY HE JOCTIHKEHO. 3aKOHH
PO3IIOALTY TMOTY)KHOCTI CHUTHAJly Ha BXOJl NpHUiiMaya B IHIIMX MOXJIMBUX BHIIQJKaX yYMOB HEBHU3HAYEHOCTI
KOOpIUHAT HEBIJIOMI.

IMocranoBka 3aBaannsi. Mera. OTXXe OIHIEI0 3 HEBHPINICHUX pPaHIlIe YaCTHH 3arajbHOI MpoOJieMH €
OTPUMAaHHS 3aKOHIB PO3MOALTY IOTY)KHOCTI CHUTHajdy Ha BXOJl NpuiiMada B yCiX OCHOBHHUX BHIIaJIKaX YMOB
HEBM3HAYEHOCTI KOOpIWHAT (K TNpuiiMaya, Tak 1 IepegaBaya CHTHANTY): HasiBHICTh ITOXMOOK BH3HAYEHHS
MICIIe3HaXO/PKEHHSI; HAJIE)KHICTh KOOPJMHAT NIEBHIM 30Hi; BIIICYTHICTD Oy/ab-sKoi iH(popMamii mpo po3MimeHHs
PE3. BinmoBimHO MeTOI CTAaTTi € PO3BUTOK OKPEMHX HAlpalloBaHb 3 BHBEACHHS 3aKOHIB PpO3IOIITY
MOTY)KHOCTI CUTHAJTy Ta JIOTIOBHEHHS IX JUIS OXOIUICHHS BCIX MOXIIMBHMX BHIIAJIKIB HEBU3HAYEHOCTI KOOpPIMHAT
PE3. Hexaii y nekapToBiii cucteMi KoopauHaT po3risiaaeTbes PE3 yapTpakopOoTKOXBHILOBOTO Aiana3oHy, SIKHMA
3IIHCHIOE MPUIMaHHs CUTHANIB Ha (QOHI OUI0T0 (TayCcCiBCHKOr0) IIyMy P BEIMKOMY BiJTHOIICHHI CHTHAJ/IITYM.
AHTeHM mepelnaBaya Ta NpUiiMaya B a3sUMYTAJIbHIA IUIONIMHI MarOTh KpPYroBi JiarpaMH CHPSIMOBAHOCTI.
HeoOximHO oTpuMaTy 3aKOHM PO3MOALIY MOTYXXKHOCTI CUTHAITY Ha BXOJIi NpHUiiMaya B 3a3HAYCHUX BHIIE YMOBaX
HEBH3HAYEHOCTI KOOp/INHAT.

BuknajJeHHs OCHOBHOro MaTepiany ociifxeHHs. [IoTyXHICTh cuTHalTy Ha BXOAi mpuitMada P, s

BiJIOMHX KoopauHAaT (0e3 ypaxyBaHHS BIUIMBY pelbedy MICIEBOCTI Ta SIBHI PO3IIOBCIOKEHHS PaIioXBUb [S])
0OYHUCITIOETHCS BIZIOMUM YHUHOM [2]:
P GIL‘AL’ PIIL‘G A

PC — ne_n — , |
47[R2 (xlu" ync ; xnpa ynp) 47[R3 ( )
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ge P — HoTyxHICTh nepefaBaua curHany, Bt; G,. — koedillieHT MiJICUIEHHS aHTEHH IepelaBada CHIHAILY;

nc

e

. 2
A, — e(exkTHBHA IUTONIA aHTCHW NpUAMAayva CHTHATY, M”; (xnc, y,w), (xﬂp, yﬂp) — KOOpJMHATU TIepefaBaya Ta
NpHuiiMayda CUTHAIY, M; R(.;.) — BIJICTaHb MIJK JJBOMa TOYKAMH, M.

Amnani3 Bupasy (1) mokasye, mo oOYHCITHTH 3Ha4YeHHS P, 3a HEBU3HAUEHOCTi KOOPAMHAT MepeiaBada uu

npuiiMaya O6e3mocepeHE0 HEMOXKIINBO.

PosrisiHeMO croyaTKky HaWOpOCTIilli YMOBH HEBH3HAYCHOCTI KOOPAMHAT, KOJNH MAOTh MicClle MOXHOKH
BU3HAYCHHS PO3MIIIICHHSI JTHie mpuitMaya. Tomi foro Micue3HaXxo/pKeHHs (JUTs OJIHAKOBUX Ta HE3AJISHKHUX MiXK
c000r0 TOXHOOK 32 KOXKHOIO 3 IBOX KOOPJHHAT) MOXKHA OIHCATH HOPMaJIbHUM 3aKOHOM po3Ioniny [6]:

(e =, f by =,

filx |y )=—exp - (2)
np( np> Y np 2 2 ?
270, 20,
IS - m}, — MaTEMaTI/IlIHi CHOI[iBaHHﬂ KoopJauHaT HpHﬁMaqa, M, o-ﬂp — CCPCAHbOKBAAPATUIHE BiI[XI/IJ'IeHHH
Xnp np

KOOpJIMHAT MpuiiMava BiJIHOCHO (mxlw My, ), M

[oTyXHICTh cHUTHally Ha BXOAI NpHiiMada B TAKMX YMOBaxX € 3aJIEKHICTIO BiJl HOro KOOpAMHAT, TOOTO
P = go(xﬂp, yﬂp). Jlnst orpumanHs QyHKIIT posnioxniny F' (PC) CKOPHCTAEMOCH BIJJOMUM IIX0/IOM [6], sSIKuii Tomsirae
y BBEJICHHI IUIOMIMHY, mapajensHoi xOy Ta po3MillleHoi Ha BiacTaHi p, Bix Hei. JlaHa miomuHa mepecide

MOBEpXHIO P, = go(x ) 1o Aesikid kpuBid. Ipoekiist i€l KpUBOi OMUCYEThCS PIBHSIHHIM go(xﬂp,yﬂ,,)= p. 1

npo y np
nozinste mwiomuHy xOy Ha aBi obnacti. Ty 3 HuX, ae go(xﬂp, yﬂp)< P., no3HaunMo sk D . 11lo0 BUKOHYBanach

HEpIBHICTh p, < P., KOOpPJWHATU NMpHiiMayua MOBUHHI HajexaTu obnacti D , To6To [6]:
F(Pc)z P(pc < PL‘)= P(go(xnp’ynp)c D)= j'[f;zp(xnp’ynp) dxnpdynp N (3)
(p)

Bupaszy (3) BenuumHa P, HaleXuTb He $BHO, a uepe3 Mexi iHTerpyBaHHA. Jlns poss’ssanHsA (3)

MPOITOHYETHCS 001acTh D OMUCATH OJUHUYHOIO (YHKIIEIO 1[ ], y pe3yIIbTaTi Y0r0 OTPUMAEMO:

F(Pc ) ='[ j f;zp (xﬂp ’ yﬂp ) D(xﬂp ’ ynp ) dxnp dynp ='[ j f;zp (xﬂp ’ yﬂp ) 1[PL‘ - gD(xﬂp ’ yﬂp )] dxﬂpdyﬂp : (4)
00 00
[MincraBnsroun (1) 1 (2) B (4), MaTUMeMO:
_30 % 1 (xnp - m«\’n )Z + (y np - m}’n PncleAe
rie) _M 2702, T ] 207, R (oo 120, B O

Tomi rycTuHa WMOBIPHOCTI IOTY)KHOCTI CHUTHaJly Ha BXOAlI mNpuiiMada f (PC) 3HAXOAUTHCS IIIIXOM

mudepentiroBanns (5) 3a P, [9]:

_d TR 3 (xﬂp B mx,,p)z + (y np _m}’np)z _ £G4,
s1P)= dP £ £ om0, 207, I AR (%0 V5% Vi) Bl |- ©

Bupasu (5) i (6) 103BONAIOTH A1 KOHKPETHOTO 3Ha4eHHA P, 004YMcIuTH BenuduHy QyHKUii po3moxiny Ta
TYCTHMHH WMOBIPHOCTI TOTY)KHOCTI CHTHAIy Ha BXomi mpuiimada. [Ipote Oesmocepenne iHTerpyBaHHS (5)
HEMOJXJIMBE, W10 HE JO3BOJSIE€ OTPUMATH TPOCTHH aHATITUYHWUHA BuUrssy F (Pc) Ul TIOAAJIBIIOTo
nmudepentiroBanus (6).

Jns Buxomy 3 -IaHOI CUTYyalil HPONMOHYETHCS MiAXiJ, SKUM IPYHTYETbCS HAa TOMY, IO, 3 ypaxyBaHHIM
piBHOCTI MOXHOOK 3a 000Ma KOOpAMHATAMH, 3aKOH PO3MOAITY BiACTaHi MiX IepefaBadeM Ta HmpHitMaueM R,
TaKOX MOYKHA BBO)KaTH HOPMAJILHUM, TOOTO:

1 (Rc —ch)z

Sx (Rc)z an\/gexp - 2572 > (7

np

ne ch = R(mxnp’mynp;xnc’ ync) > M.
FyCTI/IHy ﬁMOBipHOCTi HOTy)KHOCTi CUTrHaJly Ha BXOI[i an/IﬁMaqa f(Pc) BXKC JId OJHOI'O BHIIAAKOBOI'O

apryMeHTy, IKUM € R, MOXHa OTPUMATH 3a TaKo (GopMyIoro [6]:
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/()= 1:(R(R)) [R(R.) ®
ne R ( ) ¢byHKIIisA, 0OepHEHA 10 P(R )

3anexHicTh R, (PC) BioBiHO 110 (1) MOXHA ONHMCATH TAKUM YHHOM:

P G A
R(R)= == ©)
Pc)| BU3HAYAETHCS TaK:
PG, A P.G,A
! — ZnenctTe =P nc = nc*’e .
RAE)=| b W (10)

incraBnsroun (7), (9), (10) y (8), orpuMaemMo BUpa3 Ajsl TYCTHHH MMOBIPHOCTI MOTY)XKHOCTI CHT'Hajy Ha
BXOJIi MpUiiMaya B yMOBaX MOXUOOK BU3HAYCHHS HOTr0 KOOpAUHAT [8]:

2
RnGnAL PG A
f(p)=prs NIneTnee v exp ( LneYnee. —R(mxnp,my,,p;x,w,yw )J 20,, ¢ - (11)

4\/_ 7r0' 4nk,

c
JlocTOBIpHICTE OTPUMAaHOrO 3aKkoHY posnofiny (11) 3abesneuyeTscs oOepHeHiCTIO 10 P, Horo omuHHII

BuMiproBanHs (BT') Ta BHKOHAHHSIM yMOBH IIOJIO IUTOMI 32 GYHKIHEO [ (PC) [6]:

[r(e)ap =1, (12)

Sk GaumMo, 3arpOIIOHOBAHUM MIJXiJl, 3aBASKU MEPEXOIy Bifl IHTETpPYBaHHS 32 JIBOMa (x, y) 3MIHHHMH IO
nvie ofHiel P, 103BONsAE OTPUMATH 3aKOH PO3MOALNTY B MPOCTOMY aHANITHYHOMY BUTIIAAL. 3a pe3ynbTaTaMu

MOJICTTIOBaHHs TIPUHLMIIOBO pi3Hi Bupasu (6) Ta (11) po3paxoBylOTh OMHAKOBI 3HAYEHHS, IO JOBOAMTH iX
MIPaBUIIBHICTb.

Jlns BUnaaKy, KOJM MaloTh Miclle TOXMOKHM BU3HAUYEHHSI KOOPJIWHAT 1 NpuiiMaya, 1 nepeqaBava, Ii MOXUOKH
MOJKHA BBa)KaTH He3aleKHUMH. Tofli 3arafnbHa moxubka oy BH3HAYEHHS BiACTaHi R, 3HaXOMUTHCA Tak [6]:

oy = ol +0' (13)

nc

3 ypaxysanusMm (13) ananoriuaum ymHOM (7)—(11) 3HailigeMo 3aKOH PO3IOALTY MOTY)XHOCTI CHTHAly Ha
BXO/Il IpUiiMaya B yMOBax IOXMOOK BH3HAYEHHS KOOPAMHAT i IiepeaaBaya, i npuiiMaya:

2
P.G A, PG A
f(P): P‘—I,S ne —nc‘te expl— ne = ne‘te _R(m S, m Jm, ) 2(6 +o ) s (14)
c c 4P *ne Yne *np Ynp np
4r 2(6 + an) ¢
ac m m — MaTeMaTU4Hi CHOZ[iBaHHH KOooOpJWHAT nnep€aaBada, M.

“nc Yne
Po3rnsiHeMo iHIN yMOBM HEBH3HA4YE€HOCTI KOOPAWHAT, KOJM BOHHM HajexarTh IEeBHIH 3amaHiii 30Hi. Jlms
TOYHO BiZIOMOrO pO3MiIlIeHHS TiepeaBaya Ta 3HaXO/KEHHs IpHiiMayda B 30H1 Zﬂp( X5 yﬂp) (GyHKIIIO PO3NOALTY

MOTY)KHOCTI CHUTHAJy Ha BXOMI NIpuiiMaua ciaig BuBomutH aHaioriuao a0 (3)—(5). V pesymprari 4oro 3

ypaxyBaHHSM PiBHOMipHOCTI fﬂp( Xops yﬂp) y 30HI Zﬂp( Xops yﬂp) MIPU OINHKCI OCTAHHBOIO OJWHUYHOIO (YHKIIIEFO

MaTHMEMO:
-1
oo PG A w0
FL‘(PL‘): _([_([ P, - 4 ”Rz(xwy,:;;,p,y,,p) Z”p(x,,p,y,,p)dx”pdy,,p (‘([‘([ Z”p(x,,p,y,,p)dx,,pdy,,p] ; (15)
-1
. T d |57 P.G, A,
fy(l)c):{_(l)._(l). an(xnp’ynp)dxnpdynp] d_PL _([_([ £ - 47rR2(X,,L.,ym.;x,,,,,y,,p) an(xnp’ynp) ﬂpdynp (16)

Bupasu (15) ta (16) € 3aranpHOI0 (HOPMOIO 3aKOHY PO3MOALTY IMOTY)KHOCTI CUTHATY IJIS 3HAXOMKCHHS
npuiiMava B 3ananiil 30Hi. Konkpernuit Burisin gyskuiit (15) i (16) 3anexuts Big GopMu Ta po3MillleHHS i€l
30HH.
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Konn xoopnuHaTH nepenaBava Takox HeBifgowmi, (yHkmii (15) ta (16) 3anexaTiMyTh BiJl IIMX KOOPIUHAT,
TOOTO MarOTh 3aNUCYBATHCh SIK F, ,(Pl,,xm,, ym,) i f;,(PL,,xm,, ym,). [Ipu po3minieHHi ¥ mepenaBava y MeBHIN 30HI

Z,w(x,w,y,w) 3 ypaxyBaHHSM DPIBHOMIPHOCTI PO3IONUTY HOr0 KOOPIUHAT B Hill (QYHKIIIO PO3MOALTY MOXKHA
OTpUMATH LUIAXOM ycepennenus F(P,x,.,v,.) 3a Z,w(x,w, y,w) [9]:

000 J. J. p‘ N 2 pml ml, - Z”p (x”p > y np) dxnp dy np
E@)=[[2 47R iwy ,xnp,yﬂp) Z, (%,0.3,.) dx, dy,, - (17)
b J. J. Z”P (xﬂp > y np ) dx np dy np
00

I'yctuny #MOBIpHOCTI /11 YMOB 3HAaXO/KEHHSI Ilepe/iaBaya Ta NpUiiMaya B 33/IaHUX PI3HUX 30HaX MOXKHA
oTpUMaTH IULIXoM audepeHiioBanHs (17) 3a P, [6].

PosrisiHeMo HaWOLIBII CKIaMHI YMOBM HEBU3HAUEHOCTI KOOPJHMHAT, KOJIM BiACYTHS Oyab-sika iH(pOpMallis
nipo po3MitneHnst PE3. AHami3 Takux yMOB OKa3aB, 10 BCE OHO KOOPJMHATH NpUiMada MaroTh HaJIeXKaTH 30Hi
panio3B’s3Ky 3 IepenaBadeM, TOOTO HEBU3HAUEHICTh HE € aOCONOTHOI, 00 Mae MEeBHI MIPOCTOPOBI 0OMEXKEHHS.
Juis orpumansst GyHKIT posnoainy F (PC) 3a HEBU3HAUEHOCTI KOOPANHAT IpHiiMada CKOPHUCTAEMOCH ITiAXOI0M,
aHasorivHuM 10 (3)—(5). Y 3a3HaueHHMX yMOBax I'yCTHHY WMOBIPHOCTI KOOpJAMHAT MpHUiMadya MOXKHA OIHCATH

TakK:
fﬂp (xnp’ynp)z ﬂk%l[Rse - \/(xnp - xfw)z + (ynp - ync)z :| > (18)

36

nae R, —paziyc 30HH pafio3B’ 3Ky, M.

3HavyeHHs R, 3HaXOIOUTHCA Uepe3 UyTIUBIiCTh NMpuiitMada P, BimoMum duHOM [1]:

o

R, = . (19)
3a maHuX YMOB 00J1aCTh [ € TaKOIO CaMoro, sK i B (4), y pe3yJIbTaTi Yoro MaTHMEMO:
T 4P G A PG A
F PL‘ = . 1 e — xll _leL‘ + n, - nc 1 PL‘ - Hene~ d'xll d np* 20
( ) !).'([ PHCGIZCAL’ 47ZP0 \/( " )Z (y " y )Z 47ZR2 (xlw’ylw;xnp’ynp) " y 3 ( )

I'ycTrHa HMOBIPHOCTI TIOTYKHOCTI CUTHAITy Ha BXOJIi pHiiMaya 3HaXOMUTheA TudepeHititopantam (20) 3a P, [6].

Amnauti3z Bupa3sy (20) noka3sye, 1o foro 6e3mocepeHe IHTErPYBaHHS, a TUM OUIBIII MOJAITbINE TU(EPCHIIIFOBAHHS
HEMOKJTUBI.

JI71s1 oTprMaHHS MPOCTOr0 aHAJITHYHOI'O OIMKCY 3aKOHY PO3IOJLTY MOTYKHOCTI CHTHAIy Ha BXOJIi IpHiiMaya
B YMOBax HEBH3HAUCHOCTI KOOPJIUHAT OCTAHHLOI'O MPOMOHYETHCS IMITH JCIIO IHIIMM NUIIXoM. B3arami ¢QpyHKIlisS
posnoziny F(P,) nopiBHIOE HMOBIPHOCTI TOTo, 1[0 3HAYEHHS p, MEHIIe 3a apryMeHT P, [6]. 3 ypaxyBaHHIM

HEOOXiHOCTI MepEBUILEHHs p, Haj YyTIUBICTIO P, MaTUMeMO:

o

F(P)=P(p.<P), p.2P,. 21)

0
Amnanisz ymoBu P, < p, < P,, orpumanoi 3 (21), mokasye, 110 BOHa BUKOHYEThCS B 30Hi, fka Mae dopmy
KiJIbIIA i3 30BHIIIHIM pajiiycoM, IO OPiBHIOE pajiycy 30HH pafio3s’s3ky, — R, (19) Ta BHyTpimHIM paaiycoMm
— R, (9). IInoma S 30HH, y sKiif BUKOHYeThCS yMoBa P, < p < P_, obuncmoeTbes uepe3 R, i R, :
_ PG, AP.~P,)
4P P, '

Jnst piBHOMIPHOTO pO3MOMITYy KOOpAMHAT MpuitMauya B 30HI pajio3B’s3Ky HMoBipHicTH P, Horo

S = 7R}, - 7R? (22)

3HAXOJPKEHHS Ha MUIAHI iomero S (22) MOopiBHIOE BiTHOIICHHIO S JIO IUIOIII 30HU PaIio3B’I3KYy:

S P G AP —P P, G A P
PS = 5 = nc nc (3( [4 0) nc nc e = 1 — 0 . (23)
7R, 4P P, 4rP, P.

Amnanis Bupasis (21) i (23) noka3sye, mo 3HaueHHd P, i € HMOBIPHICTIO TOro, IO MOTYXHICTh CUTHAITYy Ha

BXOJIi puiiMaya € MeHIoro 3a P, . OTxe 3 ypaXyBaHHAM BUMOTH p, > P, oTpuMaeMo Takuii Bupas aisa F(P,):

o
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P
F(p)=1[P. -P,] (l - P"J : (24)
Jlnst oTpuMaHHs IyCTUHH po3noxiny f(P,) obuucnumo noxigny F(P,) 3a aprymeHToM P, :
dF(P)) P
P)=——"*=1P.—-P > 2
fPy==p =P =P 33 (25)

Amnaniz (24) i (25) mokasye, 1o, okpiM aprymenty P,, ¢yskuii F(P.) i f(P,) 3amexaTb JUIIe Bil
YyTIAMBOCTI mpuiiMada. J{ocTOBipHICTE oOTpuMaHHMX 3anexHocTed (24) 1 (25) TakoX MiATBEPUKYETHCS
posmipHicTio f(P,), 00epHEHO 10 P, Ta BUKOHAHHAM Ul Oynb-KUX 3Ha4ueHb P YMOBH, fKa BHCYBA€ThCS

c
o rycTuHU ¥iMoBipHOcTi (12). 3a pe3yapraTaMu MOJENIOBAHHS NPUHLIUIOBO pi3Hi Bupasu (20) ta (24)
PO3paxoBYIOTh OJTHAKOBI 3HAUEHHSI, 110 TAKOX JOBOJAUTD iX MPaBUIILHICTS.
3 Bupaszy (25) BuAHO, 110 JaHUI 3aKOH 1HBAapiaHTHUH 10 KOOPAMHAT IepeaaBaya CHUrHAY, OCKUIBKY BiH 1X
He MicTuTh. I3 3anmexxHocTi (25) TakoXX MOXKHA OTPUMATH 3HAYSHHS MATEMAaTUYHOIO CIO/AIBaHHS MOTY>KHOCTI
CUTHAly m, Ha BXOJi NpHiiMaya CUTHAITy, KOOPAHHATH SKOTO HEBiOMi (PIBHOMIpPHO pO3MOMiJeHI B 30HI

pamio3s’si3Ky). Bemuduna m,, po3paxoByeThecs 3 ypaxyBaHHAM OOMEXeHHs P, 3BepXy 3HauYeHHSIM P TakuM

YHHOM [6]: ) "
P PIZL‘ P
5 dP, = j P.—% dP. = P,(in(P,)-In(7,)). (26)

c

My, =Ta AL Ta I[P.-P,]

c

Jlis BpaxyBaHHS BIUTUBY pebe(y Ta SBUIL PO3IIOBCIOPKEHHS PaliOXBUIIb B OTPUMaHHUX 3aKOHAX PO3IOILTY
MOTY)KHOCTI CHTHAITy Ha BXOJIi IIpUiiMaya HeOOX1THO y BiJIIOBITHUX BHpa3ax MHOXKHTH TOTYXKHICTh IiepeqaBaya

cHrHaly Ha KBajpaT KoedimieHta mocmabmenns V> [5]. Jlanmii koedillieHT 3aNeXuTh Bil KOOpAMHAT i

. o o : 2
nepefaBada, i mpuitMada, ToOTO Horo cmim omucatd sk V (x,w, Ve Xops ynp). Sk BUIHO, B YMOBax

. 2 . [ . .
HEBU3HAYCHOCT1 KOOPAMHAT BpaxyBaTu V (x,w,y,w;xnp,ynp) MOXXHa TUIBKHM B THX BapilallisdX 3aKOH1B PO3IOALTY,

SIKi MICTATh IHTErpyBaHHS 3a JBOMa KOOpJIUHATaMHU (x, y) , TO0TO
B (5), (6), (15)=(17), (20).

PosrnsiHeMo mpuKIamd OTpUMaHUX 3akoHiB. [IpM po3paxyHKax BHKOPHUCTAEMO TakKi BHXIIHI JaHi:
=100Bt; G, =5; 4,=1 M x,. =20 xkM; y, =20 km. 14 BKa3aHMX BUXiJHUX JaHHX 3aKOH PO3MOIiIY

nc

TIOTYXKHOCTI CHTHAITy Ha BXOJIi IpuiiMada B yMOBax MOXHOOK BU3HAYEHHS #oro koopaunar (11) wis o, =3 xm,

My = 25 KM, m,, = 10 kM Mae BUIIIsiA, 300pakeHUH HA PUCYHKY 1.

Xpn

»
>

Bt

=1
v
=

S 0 210 410 610 8.10 p
c? ¢

Puc. 1. 3axon posnodiny P, 6 ymoeax noxubox eusHaueHHs KOOPOUHAm nputimaia

AmHai3z pucyHka | TOKa3sye, 110 OTPUMAHUN 3aKOH PO3MONLIY € HECHUMETPUYHUM, HE 3Ba)KalOYM Ha
CHUMETPUYHICTD f, (Rc) (7). Jlnst obpanux BUXigHEX maHux Moma [6] mopisaioe 1,5107 Br, x04a MaTeMaTHUHE

crofiiBaHHA P, € Jemmo OimbImm (3,1'107 BT) BHAC/TiI0K HECHMETPHUYHOCTI | (P.).
Ha pucynky 2 300paxeHo 3akoH posmoainy P (15), (16) ans yMOB HaleXHOCTI KOOpIMHAT MpHiiMayua

IPSMOKYTHiH 30Hi 3 Takumu Mexamu: 20 <x,, <30;5<y,, <15 km.
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0 20107 410 6<10 | 8x10 21077 42107 6107 8107
P . Br 0 2x10 4210 6«10 8x10 PC,BT

¢

Puc. 2. 3akon posnoodiny P, 01 3Haxo0dicenHa npuimaia 6 npsamoKymHitl 30Hi

SIx BUIHO 3 pUCYHKa 2, 3pocTaHHS (QYHKIIT F (Pc) Ha JUTSTHKaX, PO3MEKOBAHUX 3HAYEHHSIM IOTYXKHOCTI
2,5'107 Br, BiaOyBaeThest 3 iCTOTHO PI3HUMH IIBHIKOCTAMH, IO 3YMOBICHO MONOKEHHSIM 30HH Z,zp(x,,p,y,,p)

BiTHOCHO TOYKH (x,w, y,w). HeBenuki ¢dmykryamii [ (PC) MoB’si3aHi 3 TUM, IO JNaHWi rpadik OymyBaBcs 3a
JIOTIOMOT'OF0  YHCJIOBHX METO[IB, OCKUIBKU IPOCTOrO aHAITHYHOTO BWIJISLY TYCTHHA HMOBIPDHOCTI B JaHHX
yMoBax He mae (16).

Ha pucyHky 3 300pakeHO 3aKOH PO3IOLTY IMOTYKHOCTI CHTHAJIY Ha BXOJII pUKMaya 3a BiJCYTHOCTI OY/Ib-
sKoi iHpopManii mpo xoopaurat PE3 (24), (25). Ilpu mpoMy 4yTiuBicTh npuitMaya 3agaHo Ha pismi 107 Br,
11O BiATOBiza€ pafdiycy 30HH paxioss’ssky (19) R, = 20 km.

F(P,)4 f(P.)4
1 110
0. 8107
0. 6x10°
0.4 410
0.2 2410
0 - - - - > y - - _ ; >
0 10 410 610 8<10 P, Br 0 20007 410 6x10 810 P.,Br

Puc. 3. 3akon posnodiny P, 3a éiocymnocmi ingpopmayii npo nonooicenns PE3

AHani3 pucyHka 3 mokasye, mo 3anexHicte f(P,) B obmacti P, > P, Mae HeniHifHMA MOHOTOHHMI

o
XapakTep i crajgae Bi CBOro MakcuMaibHOro 3nauenHs (P,'), ske jocsraethes npu P, =P, . Taka
BracTUBicTh GyHKIII f(P,) 0O3HAauae, IO CYTTEBE MEPEBUIIEHHS MOTYKHOCTI CUTHAIY Ha BXOAI MpHitMaua Haj
HOro YyTJIMBICTIO € MaJOMMOBIPHUM, OCKUIBKH JUIS IIbOT'O BiH Ma€ 3HAXOJUTUCH JOCHTH OJNM3BKO J10 TiepeiaBayda
(BimHOCHO R, ). TakuM YMHOM, OTpUMaHa 3aJeXHICTb A f(P,) He cymepednTdb (i3uuHii CyTHOCTI MPOIIECIB,

SIKI PO3TIISIAIOTHCS.

BucHoBok. Y pe3yibTaTi MpOBEAEHUX AOCITIKEHb OTPUMAHO 3aKOHU PO3IOALTY ITOTY)KHOCTI CHUTHAIy Ha
BXO/Ii TIpHiiMayda B TaKMX yMOBaX: HasBHICTh MOXMOOK BH3HAYEHHS KOOpAMHAT IepeaaBava Ta (abo) mpuiimMaya
(5), (6), (11); HaNeXHICTH KOOPIUHAT IepefaBada Ta (ab0) mpuitMaya no meBHoi 30HHU (15)—(17); BIACYTHICTH
Oynp-sikoi iHpopmanii npo posmimenns PE3 (20), (24), (25). OuiHeHo MaTreMaTH4He CHOAIBAHHS MOTYXHOCTI
CUTHAJIy Ha BXOHI MNpuiiMadya B YMOBaxX HEBHU3HAYEHOCTI Horo koopauHaT (26). OOIpyHTOBAHO MOPSIOK
BpaxyBaHHSl BIUIUBY pelbe(dy MiICHEBOCTI Ta SIBHII PO3MOBCIO/KEHHS DPalioOXBWIIb IPU OTPHUMaHHI JaHUX
3aKoHiB. JIOCTOBIpHICTh BUBEJEHUX 3aKOHIB PO3IOALNY 3a0€3ME€UY€EThCS: BiAMOBIAHICTIO OMHUII BHMipPIOBaHHS
TYCTUHH HMOBipHOCTI P, (0oOepHEeHa M0 MOTY)KHOCTIi); PiBHICTIO IIIOIIi Mij 3aJ€XKHICTIO TYCTUHH HMOBIPHOCTI

omuuuii (12); 30irom 3anexHOCTEH, oTpuMaHMX pizHMMH Iwigxamu — (6) i (11), (20) Ta (24). Onepxxani
pe3yNbTaTh IOBE/IEH] JI0 piBHS, KU JO3BOJISIE BUKOPUCTOBYBATH iX MPAKTHYHO.

[NepcriekTMBaMu MOJANBIINX JOCTIHKEHb Y TAHOMY HalpsSMKY € BUBEJICHHS 3aKOHIB PO3MO/LITY ITOTY)KHOCTI
CHTHaJy B 3MilIaHUX YMOBaX HEBM3HAYEHOCTI KOOPJAMHAT, KOJIM, HAIPHUKJIA[, NepeaBad po3MilleHO B 3aaHii
30Hi, a MpUHMaY MeJeHI'YEThCS 3 IEBHUMH MOXUOKaMHU.
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BilicbkoBoro iHctutyTy iM. C.I1. KoponsoBa HarioHanbHOro aBialliiHOroO yHiBEpCHUTETY.
Hayxkosi inTepecu:
— KibepHeTHYHa Oe3reKa;
— 3aBaJI03aXUIIEHICTh CKJIAHUX PadiOTEXHIYHIX CUCTEM.

YKYPABCBKHIA [Opiii BomoanMupoBHY — KaHIUAAT TEXHIYHAX HAyK, CTAPIIMIl HAYKOBHIl CITIBPOOITHHK
HayKoBOro neHTpy JKutomupcrkoro BitickkoBoro incturyty iM. C.I1. KopomsoBa HarrioHanbpHOr0 aBialiiHOIO
YHIBEpCHTETY.

Hayxkosi inTepecu:

— paioeNieKTPOHHA 00pOThOa B yMOBaxX HEBU3HAYCHOCTI.
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