yMeHbImatoTesl.  Takke, NpH VBEIMUCHWH VPOBHS 3HAYMMOCTH JE€BO- W
IIPaBOCTOPOHHHE IIOPOTOBHIE 3HAUEHMWS T, (yHKImoHana (1) Bozpacraior, o deM
CBUJICTEILCTBYET pHC. 3.

Ha puc.3 1mpuBEleHB 3aBUCHUMOCTH @) — JIEBOCTOPOHHHX U 6) -—
IIPaBOCTOPOHHUX KBaHTHICH GpyHKnuonana J (1) oT YpOBHS 3HATUMOCTH OL .

0.2 T 10
N Mo
0.15F =

ta
T

0 0.05 0.1 0.15 07 08 09 1

a) &)

Pnc. 3 — 3aBucuMocTh a — IEBOCTOPOHHETO U 6 — IPABOCTOPOHHETO KBaHTHIIEH 1|,

ot yposHs 3uaunmoctd o s ¢ =09, N =3, c=1

B npomn3BoicTBEHHLIX IIpoTieccax, B KOTOPLIX M3HAYANLHO 38/1al0TCs VPOBEHD
3HAYAMOCTH W KOO(PPUIMEHT KOPPESIIUN PE3yAbTaToB (HampUMep, IIpH
i OBaHun), HEOOXOIUMO 3a71aBaTh TEXHOJIOTHICCKIH KBaHTWID,
OTIpeIeIBIONTNH 3aBepIeHne nporecca. Ha OCHOBaHWM HONYICHHEIX PE3yIbTATOBR
MOXHO CJIENaTh BEIBOJ| O TOM, 9UTO YUET KOPPENSIUH IIPEICTABISIET HE TOJILKO
TEOpETMIEeCKnii, HO U IIpakTHICCKNi HHTEpeC.

BuiBoapl. llonyaennrie TaOMUIBl B 3aBHCUMOCTH CIIPaBE/UIMBLL IS JIFOOBIX
JIOIICTUMBIX 3HAUCHUM KOppeIsitopa ¢, B TOM 9HCIE U HyJEBHIX. Permenne 3a1aq

IIpUHATHA CTATUCTUICCKIX peH_IeHI/Iﬁ coJicpiKar 3aKIIOYUTCILHBIN ATall CpaBHCHUA
JABYX BCJIIMYUH — Ha6J’IIOZ[aeMOFO KpUTCprsda U HOPOroBOIG 3HAYCHUA (KBaHTI/IHH).
Yaer KOPPCIUPOBAHHOCTH OIILITHBIX JIAHHBIX MOKCT CYIIICCTBCHHO IIOBJIWATHL Ha
BUJ HPUHUMACMOI'O PCIIICHUA.

Crcor surepartypsl: 1. I'nedenxo B. B. Kype Teopun BeposatHoctelt / B. B. ['Heoenxo. — M. : Hayka,
1961. — 406 ¢. 2. Koponwx B. C. ClipaBOYHHK TI0 TSOPHH BEPOATHOCTSH M MATEMATHUSCKOM CTATHCTHKE
/ B. C. Kopomwox — K. : HaykoBa nymka. — 1978. — 584 ¢. 3. Masmanuweun A. C. KoHTHHyaJIbHOS
HHTeIPUPOBaHHE KaK MeTox pemeHus ¢usmdeckux 3amad / A. C. Masmanuwsunu. — K. : Haykxopa
nymka, 1987. — 224 ¢. 4. Kopx I'. CipaBOYHHK 10 MaTeMATHKE U1 HAYYHBIX PAOOTHUKOB U MH)KCHEPOB
/I". Kopn, T. Kopn. —M. : Hayka. — 1987. — 360 c. 5. Benmyens E. C. Teopus ciydaifHBIX IPOLECCOB H
ee umkeHepHble npwioxenus / E. C. Benmyenv, JI. A. Osuapos. — M. : Beicmas mkona. — 2000. —
383 ¢. 6. Cuoopenxo A. FO. llpuMeHeHHE METOJOB CTATUCTHYESCKOTO aHAJIN3a TIPU 00paGOTKE OTBITHBIX
nauublx / A. fO. Cuoopenxo, A. C. Masmanuwmeunu // Bicuuk HTY «XII». — 2012. — Ne 2(976). —
C. 114-121. 7. Tuxonoe B. . Mapkosckue npoueccsl / B. 1. Tuxonos, M. A. Muponos. — M. : Cos.
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ITOBBIINEHUE IMOPAAKA IBYMEPHBIX
HOPMAJIBHBIX MAPKOBCKHUX ITOJIEI

PosmisiHyTa 3a7jaua MOJCTIOBAHHS HOPMAJIbHHUX MApKIBCBKHX MOJIB 3 TMiABHINCHHSM IIOPSIKY.
TIpencTapiieHi aNropuT™MH reHepailii nmoiie 1-ro i 2-ro nmopsanakie. IlokazaHo, IO OTPUMaHI Pe3yJIbTATH
MOXKYTh OYTH 3aCTOCOBAHI B 3a71a4aX CTOXACTHIHOTO MOJICIIFOBAHHSI.

KimouoBi c1oBa: HOpMajbHE MapKiBChKe M0JIe, I'YCTHHA PO3NOJLTY, (PYHKINSA POIONLITY.

PaCCMOTpeHa 3aJja4a MOJCIHPOBAHUA HOPMAJIBHBIX MAapKOBCKHX mojiedl ¢ TOBBLIICHUEM Topsgka.
HpeL[CTaBJ'IeHLI AJITOPUTMBI TE€HEpAlTuu moje# 1-ro m 2-ro TIOPAIKOB. HOKaBaHO, UTO IIOJIYUCHHBIC
PEe3yIbTATEL MOTYT ObITh TIPAUMEHEHBI B 3aJa4aX CTOXaCTHICCKOI0O MOACIIUPDOBAHUL.

KmoueBnie cioBa: HOpMaJIbHOS MAapKOBCKOE IIOJIC, IUIOTHOCTE paclpeaciiCHu:d, (byHKI_II/Iﬂ
pacIipeacIcHUs.

The problem of design of the normal fields of Markov is considered with the increase of order. The
algorithms of generation of the fields are presented 1th and 2th orders. It is shown that the got results
can be applied in the tasks of acceptance of stochastic design.

Keywords: the normal Markov field, increase of order, density distribution, function of
distribution.

Benenmne. BoruciamTenbHbIE 337a9H  CTOXACTHYIECKOTO MOJETHPOBAHMUS
HaYMHAIOTCS ¢ CHHTE3a aITOPUTMOB T€HEpaNiH CIYIalHBIX BEIHIHH ¢ HEOOXOH-
MBIMH IS JTAaHHOHN 3aj1a9y cBoifcTBaMu. [Ipu MoaennpoBaHuy IPHHATO HUCIIONB30-
BaTh JIONYINIEHUE O JICKAPTOBOU CTPYKTYpe MPOCTPaHCTBA, B KOTOPOM pasBIIPHIBa-
I0TCs cIydalHEle COOBITHS. DTO JONYIICHHE PaclpOCTpaHseTcs W Ha caMH CIIy-
JalfHBle OOBEKTHI, KOTOPHIE pEalM3yIOTCs Ha OTPE3Ke, WIH B IPSIMOYTOIBHUKE,
WM, HAaKOHEIl, B MHOroMepHOM runepkyoe [1, 2]. M3BecTHBIE aJIrOPUTMBL OIIUpa-
IOTCsI Ha IPSIMOYTOJNLHYIO JEKapTOBY CHCTEMY JlaKe B TEX CIYUasx, KOT/ia hccie-
JIYEMEIH 00beKT Maso y100eH IpH ONMCAHUH B IPSIMOYTOJIBHOM cHcTeMe, HalpH-
Mep, TOp WIK IWIHMHJD [2].

AJTOpUTMBI T€HEpAIK JIBYMEPHBIX MapKOBCKHUX noieit [3, 4] mpucrocod-
JE€HBI [UISl TOCTPOSHMUSI TIOIIEH UM HYJIEBOTO WM IEPBOTO Hops/ka. Mexay TeMm,
B 3aj1a9aX MAIUHOCTPOCHHS [S] TEXHUUIECKOH DIIEKTPOJUHAMUKHA [6], HaBUraIlUH
[7] w mpyrux ciaydaifHBle MO JODKHBEL XapakTEpH30BaThes, IO KpalfHeit mepe,
BTOPBIM HOPSIKOM. OTO 00YCIOBICHO, IIPEX/IE BCEro, HEOOXOAUMOCTRIO HX IPH-
MEHEHHSI IIPH MOJICTMPOBAHUA JMHAMHYCCKUX 3a71ad, B KOTOPBHIX paccMaTpHBa-
1otest fudpepeHnnaTbHbIE Y PaBHEHNS, TOPSIOK KOTOPEIX BTOPOM HITH BEITIE.

B y3max BHyTpH 3a/]aHHOTO IIPSIMOYTOIBLHHKA OYAET CHHTE3HPOBAHO CTAIIHO-
HapHOE W caMOCOTTIacOBAHHOE MapKOBcKoe Tone. [locTpoeHne anropurMa reaepa-
ITH HCKOMOTO MapKOBCKOTO HOuIs OY/IET OCHOBAHO HA MEPapXUICCKOM IPHHITAIIE,
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Heapto ganHON palOTHL SBISCTCS IMOCTPOCHWE ANTOPUTMAa TOBBIITICHUS
mopsaaka  ciayuaifHoro  oOBeKTa —  HOPMANBHOTO — MapKOBCKOTO — TIOJSL,
peamn3yomerocs Ha INIOCKO# MOBEPXHOCTH.

AJTOPHTM TeHepaiyl MAapPKOBCKHX ToJeil. AJTOPUTMEI TeHEpaIuu
JIBYMEPHEIX ~ MapKOBCKMX TOJNeH TPUCIOCOONCHBl AN NpUMEHSHHS B
IPSIMOYTOJNBHUKE, CTOPOHEI KOTOPOTO MapalIeNBLHEL TIEKAPTOBEIM OCSIM KOO/ IMHAT
Ha IDIOCKOCTH. B paboTe CHHTE3WpOBaHA TOCIEAOBATCILHOCTE BIOKCHHBIX
ANTOPUTMOB TeHEPAITUH CIYIalHOTO OOBeKTa — HOPMAIBHOTO MapKOBCKOTO IO
BTOPOTO TOPSIKA, PEATH3YIOMErocs Ha MIIOCKOH MOBEPXHOCTH.

W3 Bcero MHOTOOOpasHS BO3MOXHBIX BAPWAHTOB M JIBYMEPHBIX CIydaifHBIX
Mojiened BermecTBeHHOoe HopManbHoe nosie (HM/-ione) H (x, ), noxanyi, daiie
BCETO HCIIONB3YETCS, €CIM OTCYTCTBYIOT JIOMOIHUTEIBHEIC alpHOpPHEIE (PaKTOPEL,
MOCKOJIBKY SBISACTCA VAOOHBIM OOBEKTOM aHalW3a W BaXHBIM B TIPUKIATHOM
oTHOMCHNU. JIfoOble €ro OpTOTOHANLHBIE CEUCHUS SBISIOTCS CTAITMOHAPHBIM
nporieccoM OpHinreiina-Ynentexa (OY -nporece).

OnpefensromuM CBOUCTBOM paccMaTpUBAEMOTO HOPMAITLHOTO MapKOBCKOTO
JIBYMEPHOTO TIOJIA SBISIETCS eT'0 KOPPEISIMOHHIM (YHKITMOHAT

ny :ny(x>y|x,>y') = M[Hl(xay)Hl(xray')] = quZ’ (1)

C IapIUaIbHBIMA KoppenstopamMu  p =exp(—v, [ x—x']), g=exp(-v,|y—=3']),
rae h=h(x,y) — pealmMsalusi IayccoBoro JaByMepHoro mois H,(x,y) B

mpsaMoyTonbHOM  obmactu  {x €[0,a], y<[0,b]} Ha  1IockoctH  xOy

c’ :M[le(x, )| — wuHreHcHBHOCT, HMJl-mons, v, W Vv, — JIEKPEMEHTEL

¥y
3aTyXaHWsI IIOJISL IO OCH X M} COOTBETCTBEHHO.

O0600meHneM H3BECTHHIX KOHCTPYKITMH — IEPEXOIHEIX BEPOATHOCTEH IS
HOPMAaJIBHOIO MapkoBckoro nporecca (OVY-mpoiiecca) — MOXKET CIYXUTh
HepexoHasl INIOTHOCTE pacllpe/IeliCHUs] BEpOSITHOCTEH Il aMITATY B /(X V)

HM/JI-ona H,(x,y)

S (hCe, ) | X, ), hCx, 3 B, 3)) = exp{-0O[n(x, 1)} (2a)

- pixi-¢H) &

IS Q[h(x, y)] — XBa/[paTudHasi popMa OTHOCHTEIHHO ITOIEBHIX IIEPEMEHHBIX,

ey = ph(d . 3) = gh(x, ) + pahx, O]
Q(x s y ) - 2 2 2 :
20-pHd—-g7)c
Verpemisas x' —>—0 WM Y —>—00, IONYYMM IPAHHYHLIE IIEPEXOJIHbIE
IIJIOTHOCTH paCHpeZ[eHeHI/IH BepOHTHOCTeﬁ
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_ [h(xay) _ph(xray)]z (2b)

, _ 1
=S P B )

o1 _ ey —ghee Nt
fH (h(x> y) | h(xay )) - mg eXp 2(1 —q2)62 > (20)

KOTOPHIE CITYXaT NEPEXOHBIMHI ITIOTHOCTSIMH JIISI HapIHanbHEX OV -Iporieccos, a
opu X' —>—0 ®u ) —>—0 MNOIYYHM BEPUIMHHYIO IUIOTHOCTH PACIIPEICTCHIUS

BepOHTHOCTefI PaBHOBCCHOI'O BUJA

2

5 05.99) =g - L2 Q)
\/g (e} 26

JUIsl caydaifHOM BenwduHBl — peanmmsanuu /1 =h(x,y) nons H, (x,)) B TOUKE ¢

KOOpJIMHATaMU (X, ), ¥ IODTOMY U3 COOTHOINEHUi (2) cie/lyeT KOppesIiuoHHAas

¢byuxumsa (1).

W3 sasHoro BMma xBampatwuHo#t dopmrer O(x,y) B dopmyne (2a) g
HEPEXOHON  IUIOTHOCTH ﬁ(h(x, WA, y),h(x, ¥, h(x', y')) nonst  H,(x,))
MOXHO BHJIETh, UTO CTATHCTHYECKas 3aBHCHMOCThL B BEHIOpaHHON Toduke (X,))
CBSI3aHA CO 3HaYeHWsIMH B Toukax (¥, y), (x,)’), HapaUleNbHBIX OCIM
KOODJIMHAT, & TakKe M CO 3HaUCHueM B Touke (X', "), Haxomqmieiicss B deTBepToit
BEpIUHE TPIMOYTOJLHUKA C BEPITHHAME ((x, WO, )Gy ) (x, y')). Taxum

00pasoM, IepexoaHas MIOTHOCTE B (2) MO3BOISIET YIECTh KOPPEISITUHA 3HAUCHIH
HOPMaJILHOTO TOJIST IIepBOTO mopsiika H,(x,y) IO HepeMeHHOH X, IepeMEHHOH

YV, a TaKXKe UX COBMCCTHLIC KOPPCIINN.

YpaBHenue aBukeHust Jasi amnamryasl HMI-noasi mepsoro nopsijaka.
PacmonoxuM Ha IUIOCKOCTH JIEKAPTOBY CHCTEMY KOOPJAMHAT ¢ HAYAIOM B TOYKE
(0,0). Jmuammky ciydaiisoro moiast H,(x,y)=H(x,)) B IpsAMOYIOJIBbHHKE
{xe[0,a], y€[0,b]} ¢ BepmmHOii B (0,0) MOKHO OIMCATE C TIOMOITIBIO VPaBHEHUS,
obobmarornero ypaBHenue JlanxeBena Juis rponecca OpHInTelina-Ynendexa

(@/x+v o/ ay+v,)h(x,y) = cu(x, ). )

rme  u(x,y) — ciuydaifHoe mone, oOxnajaroImee CBONCTBAMH TayCCOBCKOTO

JIBYMEPHOTO GEJI0TO IyMa ¢ eANHIIHON MHTEHCHBHOCTRIO.
B kadecTBe rpaHMYHBLIX VclIOBHE B (3) HCHOIB3YEM JIBA HOPMAILHBLIX
CTOXacTHYECKUX MIPOIlecca, ONMCHBAEMBIX YPaBHEHUIMH JlanKeBeHa,
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@/ x+v )h(x0)=cu(x,0), (@/av+v,)h0,y)=cu.y), )

peannu3yronmecs BIONL oceff X M Y COOTBETCTBEHHO, & HAYaIBHLIM YCIOBHEM K
HUM OyAyT 3HaueHus ciaydaifnoit Bemuaunsr #(0,0) =ocu(0,0).
Pemenue ypasaenus (3) ¢ yenoBusiMu (4) cuenyroinee

h(x,0) = exp(—v,x)h(0,0) + & jo “expl- v, (r—x)]u(x’ 0)ax’ | (5a)

h(0.y) =exp(-v,1h0.0)+ [ expl-v, (v =) |u 0. (5b)
h(x,y) =exp(-v x— Vyy)h(0,0) +
+y2v,o [ expl-v, (r— )l 0yt + v o [explv, (v =3 |u(y .00y +(5¢)
RN expl- v, (x—x) = v, (v = V) ju(x .y Yax' .

31echk BHJHO, YTO MapKOBCKOE CBOMCTBO Juid moist H,(x,)) coriacHo (5a) |
(5b) mmMeeT MecTo BIONEL TPaHWYHBIX ocel x W ), a Takxke, coryacHo (5¢), Ha
mwiockocTH ( x0y ).

Aaropurm resepanni HM/I-nos nepporo nopsaaka H,(x,y).

Ypauenne (3) BMecte ¢ perenueM (S5) onuchiBatoT JuHaMuky HMJI-mooss
nepBoro nopsiika H,(x,)), HOPOXAAIOIMNM IIOIEM JUIsI KOTOPOTO SIBISIETCS HOJE
Oenoro myMa («HyJIEBOrO» IOpsKa) u(x,y) .

Ha ocHoBe pemenust (5) MOXHO IOCTPOHUTDL YHCIOBOI alTOpPUTM TC€HEPAITIH
HMJl-nonsa H,(x,y). DTOT HepapxuW4ecKUH alTOpUTM TIeHEepallud 3HAYECHHA B

y3Iax CiIy4aifHOTO HOPMANLHOTO  CTAIIMOHAPHOTO MApKOBCKOTO —TIONS B
IpsIMOYTOJNBHOM 00JAcTH IIIIOCKOCTH CO cTOpoHamMu a uW b . PaceMmoTpuMm Ha
mwrockocT ( x0y ) IpAMOYTOJNBHUK ¢ BepinuHoil B Touke (0,0) . 3agamumes ceTkoH

y3moB {0< j<N _0<k<N } cmaroMm A, 10 OCH X H ¢ ImaroM A 110 ocu y,
COOTBETCTBEHHO, Tak, 4To0 N _=a/A_, N, :b/Ay.

Torna uckombIl nepapxudeckuit anroput™ remepamun HM/[-onsa H, (x,y)

y100HO TIPEJICTABUTD CIEYIOMUMHE 4 TTIaraMH.
Illaz 1. I'enepanus 3HaueHns B Beprmuae (j =0,k =0):

hoo =Cugyg- (6a)

Illaz 2. I'enepanus 3HaueHnit OY-mporiecca BAONb X -TpaHuItsl (j >0,k =0)
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By = Ph, +41- piou,,- (6b)

Illae 3. I'enepanus 3HaueHui OY-mporniecca BAONb ) -rpaHUlel (j =0,k >0)

ho,k+1 = qho,k +V1_q25“0,k+1- (6¢)

lllaz 4. TlocinenoBarenbHoe (Cl€Ba-HAIIPABO M IMOCIOHHO) 3allQIHEHUE
3HAYCHUSIMH BHYTPCHHUX V3JIOB IPAMOYToIbHUKA (f > 0,k > 0) !

B = PN+ qh —pah,  +4/( -pH-¢%) Ol g (6d)

B Bepaxenmwix (6) p=exp(-v,A), g=exp(-v A ), e v, u v, —
napiuaibHble JIEKPEMEHTB, A M A, — IIarM y3I0B 10 OCIM X H Y
COOTBETCTBEHHO. OTMETHM, UTO BEIOpaHHBIX A # A y (TO ecTh KOJMIMYECTBE IMaroB
N,, 'N,, COOTBETCTBYIOIMX 3a/[AHHBIM pasMepaM HPSIMOYIOJIbHHKA a U b)),
HHTCHCHBHOCTH B UHCIOBOM AalITOPUTME HEOOXOJMMO IEpPSHOPMHUPOBATh Tak,
qTo0Bl sHeprus HMJ[-nons H,(x,)), OpHXopAsdmasgcs Ha €IUHHUILY IDIOINaJH,

COBIIajIaJia ¢ 33JaHHON TpH JIFOOOM YHUCIIE TTATOB.
U3 (6) MOXKHO MOMYYUTD, YTO MaTEMATUUECKUE OXKIJIAHUS JJIs1 3HAUCHUS hj ‘

u hjz.)k B moboM  (j.k)-ysne momst H,(x,y) cocrapismor Mh,,1=0,

2 2 .
M[h_]k] =G~ =const , €CIU TNOCIEOBATEIRHO MTOHMKATEL 3HAUCHUA J -HHJICKCa, a

3aTeM k -MHAEKca W, HaKOHEIT, HalTH 6e3yCIOBHOE PAaBHOBECHOE CPETHEE.
TakuM oOpaszoM, anropurm (6) TeHepaluy 3HAYCHHH CIydallHOTO IIOJIst
H,(x,)) B IpsAMOYTOJIbHHUKE HA INIOCKOCTH SIBJIAETCS CTAllHOHAPHBIM.

Pesyabrarpl redepanmmun HM/{-noast 1-ro nopsjaka. Ha Puc. 1 npusejen
pe3yJbTaT TeHepallui JBYMEPHOIO MaccHBa 3aJlaHHBIX pasmepoB (50 x 50),
OTBEYAIOIHH IO HOpMAaIbHOTO «Oenoroy myMa H(x,)).

Ha Puc. 2 mpuBesieH pesynpTaT TeHepalul ABYMEPHOTO MacCHBa 3aJaHHBIX
pasmepoB (50 x 50), oreewatomuift HMJ[-momro mepBoro mnopsaka H, 1pu

v,=03, v,=03, 06=025. Ha Puc.3 mnpuBeeH pesynbTar IeHEpaIlun
JIBYMEPHOTO MaccHBa 3aJIaHHBIX paszMepoB (50 x 50), orpewaromuit HM/JI-nomo
nepsoro nopsyika H, mpu v, =1.0, v, =1.0, 6=0.25.

YpaBuenue aukenus amiiaryabl HM-niosist 2-ro nopsijika H 5 (x, y) .
[Tpmvenm, uro duykryarmmn HMJ[-mons mo obenmM TepeMeHHBIM sBIsmoTca OVY-

IIporiecccaMi BTOPOTO HOPAJAKA U HOAINHAIOTC YPABHCHUAM JlamxkeBena

(02 /ax* +28 81 0x + O Ynx,y) = cu(x.y) . (/o' +2B,0/ Ay +Q2 Jh(e) =ou(xy), (7)
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roe p.,O, u p ,0 - napuuanbHble AEKPEMEHTbl W 4acTOThbl, OTBevarouine
OBVDKEHUIO MO OCAM X W Yy COOTBETCTBEHHO. Torfa ypaBHeHue gnd HMA-nons

H, (X,y) MOXHO 3anucaTb B Buje
(#* [ ux® + 2p, il ix+ O*)(i* [ ay* +2p,5/ iy + O%,)b(X, y) = au(x,y). (8)

Mycts y.., Y.. U Y, , Y, - PeWweHus ypasHeHuit y° + 2P,y + 00 = 0,

y* +2P, y+0O, =0, Torga ypaBHeHue (8) MOXHO 3anucatb B BUAe CUCTEMbI
(Ahix +y,)(n/Ay +yl,, )bl(x,y) =an(x,y), (A/ax+y2xXilily+y 2y )bk vy =b"X,y) .(9)

Puc. 1- Mone «Genoro» wyma H,: N, =50, 4, =1, N, =50, a = 0.25 M3 (9 cnegyetr, uto k HMMA-nonw BTOporo nopsgka H, (x, Y)
npounssoadAwWwmMmM reHepatopom asnserca HMA-none H, (x, y) nepsoro nopsagka Tak
Xe, Kak K atomy HMA-nontwo H, (x,y) nepsoro nopsgka npou3BoAALUMm
reHepatopom sBnsetca nose 6enoro wyma H,(x,y) =u(X,y) «HY/eBOro»
nopsagka. 3TO CBOWCTBO WMeeT MeCcTO MpW YCNOBWW, 4YTO B POMM  HOBBIX
3(h(PeKTNBHbIX AEKPEMEHTOB OyayT 3ajeiicTBOBaHbl ABa Habopa (y..,Yy. ) u

(Y..,Y., ). Tenepb, conoctaBnsaf ypaBHeHus (7), (9) u ypaBHeHus (3), (4) c

peweHuem (5), nonyuynm peweHue ana HM-nong BToporo nopsjka

b(x,0) =exp(-y..x)b'(0,0) +a]0exp[-y..(x - x)]u(x',0)Cx’, (10a)
b(0, y) = exp(-yl,yy)b'(0,0) +a(" exp[-yly (y - y)u(y',0)Cy", (10b)
b (x,y) =exp(-yl,xx - y¥Y)b'(0,0) + (10c)
+4»,1yxarexp[-:lyxu"H“l*“U>Cx.+4;.1’yal'oexv[ /l,y“ Y'v]MKyI‘D)Cy._'_
F AL, XL,y ] O X Lyt ey s
b,(x,0) = exp(-y..x)b'(0,0) +a|,"exp[-Y..(x-x")]b"(x',0)Cx", (10d)

b2(0, y) = exp(-y 2,y¥)b'(0,0) +a(” exp[-y2y(y - y)Ib'(y'.0)<Y, (10e)
b2(x,y) = exp(-y 2,xx-y2,y¥)b(0,0) + (101)

Puc. 3- HopmanbHOe MapKoOBCKOe moJie nepsoro nopsgka H, .

+72710  exp[-  x(x- xy]u (x ,0)Cx +./2y2"a| exp[- -yY)b'(y' 0 +
Mapametpbl: N, =50, [, =1, N, =50, [, =1, V, =10, V, =10, a= 025 Pl 0=y (x.0) y2ralrexpl-y2 (v - y)le' (. OCy
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