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AJITOPUTM NOCTPOEHUA MOJEJIEH IBONYHBIX JTUHAMUYECKNX
CUCTEM B KJIACCE 2D- MOAVYJIAPHBIX JMHAMUYECKHUX CUCTEM

®EN3UEB ®UKPAT I'fOJIbAJIM orbi
CymeativimceKkuii 20Cy0apCcmeentblil yHugepcumen, npogeccop
MEXTUEBA MAPAJI P3ABAJIA kbI3bI
Bakunckuii cocyoapcmeennwiii yHusepcumem, 0oyenm
CAMEJIOBA 3AMUHA AT' AL kbI3bI
A3zepbatiodcanckuil yHugepcumem A3vlK08, CH. NPenoo.
e-mail: FeyziyevFG@mail.ru

Knrwouesoie cnosa: Jlsyxnapamempuueckue 080udhvlie OUHAMU4eCKUe cucmemsl, 2D - MOOYI-
ApHble OUHAMUYECKUe Ccucmemvl, MoOeiu 6 Kiacce 2D- MOOVIAPHbIX
OUHAMUYECKUX CUCTEM.
Paccmampusaemcsa eonpoc paspabomxu ancopumma nocmpoeHusi mooeneti 08yxXnapamen-
PUHECKUX OBOUUHBIX OUHAMUYECKUX cucmem, m.e. ounamuyeckux cucmem nao nonem Ianya GF(2),
8 K1acce 2D - MOOVIAPHBIX OUHAMUYLECKUX CUCTEM.

1. Bgeoenue. B cucremax aBTOMaTHU3allM U YIpaBieHUsS OOBEKTOB B Pa3IMYHBIX 00JIACTIX
JUIl ONHUCAHUS MX IOBEIEHHs 4acTO UCIOJB3YIOTCS JUCKpETHbIE MeTo]bl MojenupoBanus [1]. K
TakUM OOBEKTaM OTHOCATCS KOHEUHbIE JUCKpPETHbIE cucTeMbl. OIHUM U3 JAUCKPETHBIX METO/0B
JUIS  MOJEIMPOBAaHUS IIOJHOM pEakUMU JBOWYHBIX JUCKPETHBIX CHCTEM SIBISETCS METOM,
OCHOBaHHBIN Ha nonuHoMe JKerankuHa [2]. Mojenb ABOUYHBIX JTUCKPETHBIX CUCTEM, MOJIyYE€HHAas
Ha OCHOBe nosimHoMa JKerajikuHa, IpeAcTaBiIseT co00OH JBOWYHYIO HEMHEHHYIO MOCIeNoBaTeb-
HOCTHYIO MAIlIMHY MJIH MOJYJISIpHYO quHamuueckyto cuctemy (MIC) [3-5].

B paGore [5] ans onmucaHus MOJTHOM peaklMM ABOMYHBIX ABYXIApaMETPUUYECKUX M TpexIia-
pamMeTpuYecKuX AMHAMUYECKUX CHUCTEM HCHOJIb3YIOTCSI COOTBETCTBEHHO JIBYXIIapaMETPUUECKUE U
tpexmapamerpudeckie Hemuneinsle MJIC (2D- MAC u 3D - MJIC). Opnako ¢dopmysl,
MOJIyYEHHBIE B 3TOM paboTe, OYeHb IPOMO3JKUE M MOITOMY HUX HCIIOJIb30BAHHUE CTAJIKMBAETCS C
TPYAHOCTSMH, CBSI3aHHBIMH CO CIIOKHOCThIO 0Oo03HaueHMid. IlosTomy s oOnerdyeHus: paboOThI
HeoOxouMa pa3paboTKa CHEeIHAIbHOTO alrOpUTMa, OMUCHIBAIOLIETO MOCJIEI0BATEIbHOCTD 1Iar0B
HOCTPOEHUS MoJesell nBonunbix cucteM B knacce 2D- MJIC u 3D - MJIC. B pannoii paGore
paccMaTpuBaeTCs BOMPOC Pa3pabdOTKU aJrOpUTMa IMOCTPOEHHUS MOJAENEeH IByXImapaMeTpUUYeCKUX
JIBOMYHBIX JUHAMHUYECKHX CUCTEM B Kjacce 2D - MJIC.

2. Ilocmanoeka 3a0auu. PacCMOTpUM JIBOUYHYIO CUCTEMY, KOTOpask XapaKTEpU3YETCsl CIEay-
101UM (YHKIIMOHAJIBHBIM COOTHOILIEHUEM:

y[n,c]=G{u[m,c+ p]n-n, <m<n, pEP}, GF(2). (1)
3nece NET ={012,...}¢, ={...;101...}} =1,_2; y[n,c] € GF(2) u u[n,c] € GF(2) cyTb BbIXOJ-
Hasg W BXOJHAs IIOCJEN0BATEIBHOCTH CUCTEMBI, P={p®,....p(nN}, p@<...<p(r),

p(H<E{...;101...}, ] =1ru kpome Toro, p(l) u p(r) KoHeunsle menbie gnucna (i =12).
AcHo, uro (1) MoxHo 3ammucath B Buae  Y[N,C]= f(Xgq, Xg v Xo v X ), THE f(.) €CTB

Bynesa Qpynkuus u x; =uln-i,c+ p(j)l, i=1r, i=m.
[Tycth
X =fuln-i,c+ p(j)]i =0,...00; j =L...,13,
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F (i) ={(¢,m[m = (M, .., m,), im —i,m, el n, +1 @ =17, fefl... )}, @)
L(?) :{(jlv--’jﬁ)|lS jl <...< Jﬂ <r}, 3)

I, (m,) ={A, = (n (D). ny (r,m, )0 <y (@ ]) <...<ny(@,m,) <ng}, A, =(N},..., )

, (4)
anpu N, el[;(m),«a =1,/ MHOXECTBO BCEX GIIOYHBIX BEKTOPOB (HaGOPOB) n, 0003HauYeHO uepe3
r'(¢,m), t.e.

N(6m) = % 1y(m,). ©

3/1ech 3HAK x €CTh 3HaK onepaunuu /ekapToBoro npon3BeIeHUS MHOXKECTB.

Teopema 1 [5]. ITycts 2D-HM/IC ¢ (pukcupoBaHHOM NaMATBIO N, U OIPAHUYEHHOH CBS3BIO
P={p@),...,p(r)}onuceiBatorcsi (HyHKUIMOHAIBLHBIM COOTHOLICHHEM (1) U UMEIOT MECTO COOTHO-
menus (2)-(5). Toraa (1) MmoxkeT OBITH MPEACTABICHO B BUC MOJUHOMA

nd= 2 S S % n,rin] LITn-n(@0).c+ p(i,)] GF@)- 6)

=0 (LMSF() jeL() mer(nm) a=1o=1
3nech B (6) mpu i =0 sicHO, uto F(i) =@, mostomy hy, [...] 3amumercs B Buzge h.
[Tonuuom (6) mpencrapisger co0oi AByX3Ha4YHBIA aHanor noiauHoma Bonbteppsl. Koaddu-
wuentst Ny, h,.[,0,], A, ET(,, M), JELE), (,,M)EF®), ie{.. (n, +)r}, nomuHoMa

(7) ectb Hew3BecTHBIC KOA(D(GUIIMEHTHI U MIPH 33/IaHHBIX BXOJHO - BBIXOIHBIX 3HAYCHUSIX IOCIICI0-
BareibHOCTEH cuctemMbl (1) OoHM ompenenseTcss OAHO3HAYHO. 3ajaya pa3pabOTKU aaropuTMa
MOCTPOEHUS JIBYXMapaMETPUUYECKUX  JBOMYHBIX  CHUCTEM, KOTOpash  XapaKTepU3yeTcs
(GyHKIIMOHATBHBIM cooTHOIIeHHeM (1), 3akimro4yaeTcs B H3JIOKEHUHM MOCIEAOBATEIbHOCTU
BBIYMCIICHHH, MPUBOISAIINX K OTPEIEICHUIO0 HEU3BECTHRIX KO PuimeHToB B (6)

3. Pexyppenmmuvie gopmynvt 011 HAX0HCOEHUA HEU3BECHIHBIX KoIpuyuenmos nonu-
HoMmuanbHvlX npeocmaegnenuii (6) ona cucmemot (1). Ilycth, pu 3alaHHBIX 3HAYCHUSIX BXOHOU

Hocen0BaTenbHoCT U[y,c+ p], N-Ny <7 <N, P EP u3BecTHBI 3HAYECHHS BBHIXOJHOMU IOCIEI0BA-
TenpHOCTU. B padote [5] mpennokeHsl peKyppeHTHbIE GOPMYIIBI 111 HAXO0XKIEHUS KO3 (HUIIMEHTOB
hey i, x[1.M,]1, ansg Beex f, €T(¢, M), jE L), (¢, M)EF(i), i={l..,(n, +1)r}, B NOIMHOME
(6) COOTBETCTBYIOIIME W3BECTHHIM BXOJHOW W BBIXOJHOW TOCIIEIOBATEIBHOCTIM. OTH

pekyppeHTHble (opMynbl AensTcs Ha JBe rpynne. K mepBoi rpymnme OTHOCATCS CleAyHOIIne
(opMyIibl, KOTOPbIE MOKHO Ha3bIBaTh HauaIbHBIMU:

h, = £(0....,0,...,0,...,0) ©)
My [Cia), ()1 = hy + fuIn-iy,c+ p(j,)] = 1), GF (2). ®)

My o[ (Ber 1= FQUIN- B, ¢+ p(iy)] =1y =11y +
+ 2 2 ol (BB, )1GF(2). ©

k=0 (07,...,0¢)EQ (i)

s [ d (B BN F(Uln- e p(3)] =2 =10)+

P BB [y d )(8) (B, DGR (@) (10)

k=0 (Sy,...,S¢)EQ (i)
3neck uepe3 f(u[n-i;,c+ p(j;)]=1) obo3nauensl 3HaueHus pynkuuu f(..), B ciyuae, rae u3 X

tonmbko  u[n-i;,c+ p(j;)] wumeer swauenme 1. UYepes f(u[n-A, ,c+p(j,)] =]l7 =le) u
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f(uln-g,.c+p(j)]= ]Jt =1,i) o6o3HaueHbl 3HaueHus QyHkuuM f(.), B cOydasx, TAe U3
MHOXecTBa X coorserctBenHo U[N-A,,c+ p(j)] (¥ =1i) m uln-g.,c+p(j)] (t=1i) nmeror
3HaYeHUs 1, a OCTalubHbIC IepeMeHHble uMeioT 3HadeHus 0. MuoxectBa Q (m)u Q,(f) ects
CIEYIOIIE MHOXKECTBA
Qt(m):{(al,...,at)|1£01<...<0t <m}, (11)
Q,(0)={(s,--, 8, )< <...<s, </} (12)

Ko BTOpOI#i rpymnme oTHOCATCST (OPMYJIbl, KOTOPbIE N3J1aratoTCsl CIEAYIOIEH TeOPEMOI:

Teopema 2 [5]. Ilycts n, ET(¢, M), jE L), (¢,m) < F@G), €. (N, +*Dr} u onu
npousBonbHble. Ilycts uepes f(u[n-n,(«,0,),c+ p(ja)]=]l0'a =1,_ma, a=1,_€) 0003HaYeHbI 3HaYE-
uus ¢yskuum f(.), B coydae, rae u3 MHoxkecTBa X osnementst U[N-n (o, 0,).c* p(],)]

o, =ZL_ma, @ =1/, UMCIOT 3HAUYCHUs 1, a OCTAIBHBIC IEMEHTHI UMEIOT 3Hadenus 0. Torma s
h, ,=L1,M,] B (6) cipaBenMBO CrieTyIOMIEE COOTHOMIEHHUE:

hi mlim]= fun-n(a,0,).c+ p(ja)]zﬂﬁa =1,_ma, 05:37)““

MDY X X h,.li5).m@E)GFQ). (13)

k=0 (n.7)SR(4Mk) 5€Q,() &'EQ(v,m)

31ech
F(MK) = L7, 7)7 =0y v, )y + ot v, =k v, €{0,,mg L a=1n, (14)
nefl.. B (51,..5,3€Q,(0)
Q, () ={(sy, 5, 1SS, <. <5, <13, 1) =g e I
Q, (m,)={5, = (0,3...0,, J1<0,: <..<0,, <m }, (16)
Q@ i) = 5519'% (m, ). (17)
(@) = (M, (31), M,(5,)), W, (3,) = (@, 0 0) (@00, ) =177 (18)

4. Anzopumm nocmpoenun mooenei 06OUUHBIX OUHAMUYECKUX CUCmeM 6 Kaacce 2D -
MJIC. Tlpu 3amaHHBIX BXOJHO-BBIXOJHBIX 3HAYCHHUSX  TMociefoBaTeslibHOCTed cuctembl (1)
MOCIIEI0BATEIbHOCTh BBIUMCICHHUM, TPUBOIAIINX K OMPEACIEHUI0 HEU3BECTHBIX KOA((HUIIMEHTOB

ey hy,[0,0,] st Beex M, ET(,M), jE L), (¢,m) e F(i), 1E{L.., (N, *)r}s (6) moxuo
OCYILECTBIISTH MO CIEIYIOIIEMY aJITOPUTMY:
ar 0. /Ins xaxxoro me {L,..., ny + 1} MOCTPOUTH DIEMEHTBI MHOKECTBA
I, (o) ={n=(n(®),..., nl(a)))|0 <n (D) <..<n (@) <ny}.

IMar 1. Jns xaxaex { E{L.., N, *1} na ocroBe Gopmyms! (3) MOCTPOUTH HITEMEHTHI MHO-
KECTB COOTBETCTBEHHO L(/).

Hlar 2. [ng xaxaeix t=1..,m; m=1..,n, +1 Ha ocHOBe opmynsl (11) mocTponuts 37€-
MEHTBI MHOXeCTB Q. (m) . [lnsa kaxaeix 7=1..,/¢; ¢=1,..,¢, Ha ocHOBE Gopmyisl (12) mocTpouth
anemeHTs! MHOXeCTB Q, (/) .

Iar 3. i =1.

Ilar 4. Iloctpoutk 3nemeHTbl MHOXecTBa F(i). g kaxnmon (¢,m) < F(i) mocTpouTh
3JIEMEHTHI MHOXKeCTB /7(¢,M) 1o gopmyne (5) (IpH MOCTPOCHUU DIEMEHTOB MHOXKECTB 1 (¢, M)
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s kaknod o €{1,.../} B kauectBe MHOxectB 1,(M,) BeOMpaercs MHOKecTBO TI',(®),
KOTOpOE TocTpoeHo B miare 0 mpu @ = M),

IMar 5. i =i+1. Ecmu i < (N, +1)r, to nepeiitu k mary 4, uaaue — k wary 6.

Iar 6. h, = (0...,0,.,0,.,0).

Mar 7. Jus kaxaeix  j, €{L..n} u ) €{0,., 0+ Boramcnurs Ny, o [(),), ()] 1o

dhopmyie (8).
IMar 8. s kaxmeix j, ©{L..n} u (B B;) (roe 0<p, <...< B <ny +1) BbMUCIUTD

hi 1. [(J): (B Bi)] 10 pexyppentroit popmyist (7)-(9).
Mar 9. Jns kakmeix  (Jye Ji) (me 1<j,<..<ji<n) n B, €{0..n +1},y =1
BBIYHCIIUTh hi,i,(&;;,l) [Chyrees 3D ((B1)ses (Bi))] 1o dopmymie (7), (8),(10).

Iar 10. i =1.
Iar 11. BeiObpate nepsoiit (¢,m) u3 F(i) .

Ilar 12. BeiOpatb nepBbrit j u3 L(/).
Iar 13. BeiOpats nepssii fi, u3 7°(¢,m).

lar 14. k =0.
Hlar 15. [IpuHumats:

w0 M1= F @I -ny(e 0,),c+ p(J,)1=4o, =L m,, @=10), GF(2).
Hlar 16. ®opMupoBath 31eMeHTEl MHOXKECTB F, (/,M,k) no ¢dopmyne (14). dus kaxkabix
a €4,...;m}y Ha ocHoBe ¢opmynsl (17) ¢dopmupoBaTh 3J1EMEHTHl MHOXECTB Q'Va (m, ).
dopmMHUpoBaTh 3JIEMEHTHI MHOXKECTB Q(1V,M) Ha ocHoBe Gopmynsl (16). opMupoBaTh BEKTOPHI
n,(c") Ha ocHOBe (hopmyisl (18).
Iar 17. Ucnons3ys pexkyppeHTHbIe (hopMyIbl (7)-(10) BEIYUCIUTS:

s= X 2 X h,,[i(3).n(E)] GF2).

(1V)EFR(LTK)  §EQ,(¢) &'EQ(P, M)
Boruncauts:
hi,(,ﬁ[j! n,]= hi,z‘,m[j’ n,]+S.

IMar 18. k:=k +1. Ecan k <i-1, To nepeiitu k mary 16, nHaye — k mary 19.

Iar 19. Ecnu Bce aneMeHThl MHOXeCTBa /'(¢,M) BbIOpaHbl, TO nepeiTH K mary 20, nHaue
BBIOpaTh CIEAYIOLUH 35IeMeHT fi, u3 /'(¢,M) u nepeiitu k mary 14.

Iar 20. Ecnu Bce sneMeHThl MHOXecTBa L(¢) BbIOpaHbl, TO mepeiiTu K mary 21, unHaue
BBIOpATh CIICAYIOIIUH 2JIeMeHT | U3 L(¢) u mepelTH K miary 13.

Ilar 21. Eciu Bce snemeHThl MHOXKecTBa F(i) BBIOpaHBI, TO MEpeWTH K mmiary 22, uHauye
BbIOpaTh crneayromuii anemenT (¢,mM) u3 F(i) u nepeitu Kk mary 12.

Iar 22. i:—i+1. Ecom 1 < (no +Dr , TO IepelTH k mary 11, mHaye — k mary 23.

Iar 23. Crorm.

5. 3akntouenue. Takum 00pa3oM H3II0KEH aJTOPUTM IMOCTPOCHUS MOJENeH AByXIapamer-
PHUYECKUX JBOMYHBIX IMHAMHUYECKUX CHUCTEM, T.€. TMHAMHUYECKHX CUCTeM Haj mojem [amya GF(2),
B KJIacC€ 2D -MOJYJSAPHBIX TUHAMUYECKUX CHUCTEM. DTOT aITOPUTM MOKET OBITh peaan3oBaH Ha
anroputMudeckux s3bikax Pascal, Delphi u t.1.
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XULASO
IKiLiK DINAMIK SISTEMLORIN 2D - MODULYAR DINAMIK
SISTEMLOR SINFIND® MODELLOBRININ QURULMASI ALQORITMI
Feyziyev F.G., Mehdiyeva M.R., Samadova Z.A.

Acar sozlar: fkiparametrik ikilik dinamik sistemlor, 2D — modulyar dinamik sistemlar, 2D —
modulyar dinamik sistemlar sinfinda modellar.
Ikiparametrik ikilik dinamik sistemlarin, yoni GF(2) meydani i{izorindo dimamik sistemlorin,
2D — modulyar dinamik sistemlor sinfinds modellorinin qurulmasi alqoritminin islonmasi
masolosing baxilir.

SUMMARY
THE ALGORITHM FOR CONSTRUCTION OF MODELS OF DYNAMIC

BINARY SYSTEMS IN CLASS 2D - MODULAR DYNAMIC SYSTEMS
Feyziyev F.G., Mehdiyeva M.R., Samedova Z.A.

Key words: two dimensional binary dynamic systems, 2D - modular dynamic
system, model in class 2D — nonlinear modular dynamical system.
The question of the development of an algorithm for constructing models of two
dimensional binary dynamic systems, i.e. dynamical systems over Galois fields GF(2), in the class
2D - modular dynamic systems is considered.
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OZULLU MAYENIN HOROKOT TONLIYININ DOQIQ VO TOQRIBI HOLLI

QOHROMANOYV POLAD FORRUX oglu
Sumgqayit Déviat Universiteti, professor
QULIYEVA ULVIYYO ROSID quz1
Sumqayit Déviat Universiteti, dissertant
BAGIROVA GUNEL HOSON qiz1
Sumgqayit Déviat Universiteti, doktorant
e-mail: polad49@mail.ru

Agar sézlar: oziillii, maye, sixilmayan, stirtiinma qiivvasi, atalat giivvasi.

Isd> 6ziillii mayenin stasionar harakat tanliyina baxilir. Mayeya tasir edan xarici giivva Nazara
alinmadigina gora harakat tonliyi tam inteqrallanir va daqiq hall alinir. Daqiq halli almagq miimkiin
olmadigi halda toKlif olunan farqlar disulu ilo oziillii mayenin harakat tanliyinin taqribi halli alinir va
daqiq hallo miigayisa olunur.

Oziillii mayenin horaket tonliyi kifayot godor miirakkab formaya malikdir. Ona géra do onlar
tam inteqrallamaq ¢ox az sayda hallarda miimkiin olur. Oziillii mayenin haroket tonliyinin riyazi
modeli bir nega qiivvanin tasirinin naticasidir: 1) mayeys tasir edon xarici qlivve; 2) atalat qlivvasi;
3) tozyiq qiivvesi; 4) daxili slirtinmoa qiivvesi. Aydindir ki, bu qiivvalorin hamisini nazars almaq
miimkiin deyil, ¢iinki onda horokat tonliklorini integrallamaq va dogiq holli almaq miimkiin deyil,
ona gdra mayenin harakatino az tasir edon qiivvalarin birini atmaq olar. Xarici qlivvani ata bilmarik,
¢iinki onun lazim olan vaxt daxil edirik. Eyni zamanda tozyiq qlivvasini do ata bilmarik, ¢iinki o da
daxili qiivvaya tosir edir ki, bununla da digor qiivvalorin tarazlagmasini hoyata kegirir. ©gor daxili
stirtlinma qiivvasini atib atalot qlivvasini saxlasaq, ideal mayenin hidrodinamikasini alariq. 9ksina
otalat qlivvasini atib siirtlinma qiivvasini saxlasaq, 6ziillii mayenin harokatinin bir sira togribi hallina
yaxinlasmagq olar. Oziillii mayenin asas hidrodinamik tonliklorinin miixtalif formullar1 vo xassolori
molumdur. Lakin biz ayrica konkret 6ziillii mayenin harakatini todgiq edoacayik. Belo ki, bu halda
elo 6ziillii mayenin horakatine baxacagiq ki, homin harakot tonliyini dogiq integrallamaq olsun. Bu
halda sixilmayan mayeys baxacagiq.

Sixilmayan 6ziillii mayenin harokot tonliklarine baxaq:

ov, ov, ov, ov, 10p vadivo
+ v, +v +0, =X-——+4+—= +VvAv,,
ot ox oy oz pox 3 oX
ov ov ov ov i
Lo, —L+0, — 40, — = —l@+zadlvu+vAuy, (1)
ot OX oy 0z poy 3 oy
ov, ov, ov, ov, 10p v adivo
+0, +v +0, =Z-——+— +VAv,.
ot ox 7 oy oz poz 3 oz
Bu tanliklara kasilmozlik tonliyini do, yani
0 o(pv
ot Ox oy 0z

tonliyini do oslavo etmok lazimdir. Ciinki bu dord tonlik, yani (1), (2) tonliklori bes namalum
p, P, U,, v, v, funksiyalarin toyini ligtin kifayst deyil, bu halda baxilan prosesin termodinamik

xassasini do nozars almaq lazimdir. Sixilmayan 6ziillii mayenin harokat tonliyini miixtslif formada
vermok olar; bazi vaxtlar bir formadan istifado etmok olar, basqa vaxt iso basga formadan.
Asagidaki masalaya baxag.
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Iki hamar divar arasinda sixilmayan mayenin axinma baxaq. Tutaq ki, homin miistovilorin
tonliyi
z=-h, z=h
kimi verilib vo farz edok ki, xarici qiivve yoxdur, harokat stasionardir vo Ox oxuna paralel harokot
edir, bels ki,

X=Y=Z=0, vy=v,=0, vy, =0(X,Y,2) 3)
Bu halda hidromexanikanin asas tonliyi
0Uy + 0y 90y +0, 90y +v, %y _ X —la—p+vAux,
ot OX oy 0z p OX
ov ov ov ov
y-l—l)x y+uy—y+uz—y=Y—£@+vAuy,
ot OX oy 0z p oy ()
G G G G ’
- + 0y Uz + 0y Uz +v, Y1 _7 —l@+vAuz,
OX oy oz p 07
OUx + oy 90 =0.
OX oy 0z
(3) nazars alinmagqla ¢ox doyisacokdir:
2 2
@_ [0 o) @ @ o w_g -
OX oy: oz oy oz OX

Bu tonliklorin axirmcisi gostorir Ki, v funksiyasi ancaq Y Vo z-don asilidir. Umumiyyoatle, tonlik
gostorir Ki, p ancaq x-don asihidir, bels Ki, (5) tonliyinin sol torofi ancaq x -don, sag torafi iso Yy vo
z -0on asilidir. Bu iso ancaq o vaxt miimkiindiir ki, tonliyin hor iki torafi sabit kemiyyat olsun. Belo
ki,

P _ const
OX

olmalidir. v funksiyasi iso
2 2
Ap=2L, 0v_1dp (6)
oy>  or*  mdx
tonliyinin z =+h olanda torponmoaz divarlarla mohdudlanmis vo mayenin yapisqanliq tolobindon
alinan
v=0, z=+h (7
sorhad sartindon tayin olunur.
Asanligla (6)-(7) masalasinin z -don asili xiisusi hallini tapmaq olar:

dv_1op
dz?>  u ox
ifadasini inteqrallasaq, alariq:
1P peB (8)
241 OX
burada A vo B ixtiyari sabitlordir vo onlar1 (7) ifadasinin komayi il tapirlar:
ia—ph2 +Ah+B =0,
241 OX
ia—ph2 - Ah+B =0.
241 OX

buradan
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A=0; B= _Lopy,
241 OX
ifadalorini (8)-ds yerins yazsaq alariq:
1op 2
= z°-h7).
=2 ox (z° -h?)
Asanligla isbat etmoak olar ki, aldigimiz hall (6), (7) masalasinin hallidir. Hagigston do, agar
1 op 2
= z°—h u(x,
V= o (2> =h*) +u(xy)
gotiirsok u(x,y) funksiyasi
2 2
5_‘2‘ 5_;‘ 0. )
oy oz
Laplas tonliyini iki sarhod
u=0vaya z==h (10)

sortlori daxilindo 6domolidir. ©gar tolob etsok ki, v homginin u funksiyalart baxilan oblastda
mohdud olsunlar, onda (9) va (10) mosalasinin yegana halli u=0 olacaq. ©ks halda sorhad
sortlorinin gostorilon mohdudiyyatlori daxilinds u funksiyast 6ziiniin maksimum vo ya minimum
giymatlorini ala bilor.

Belaliklo, mayenin axini asagidaki miinasibatlo verilir:

v=-Ph7 72, (12)
2;16X

Basqa so6zlo, mayenin axin siirati parabola ganununa ssason paylanir.

Hamar divarlarla y =0 vo y =b miistovilori ilo ohato olunmus prizmadan vahid zamanda

axan Q mayesinin miqdarini hesablamaq iigiin (11) ifadosini |h, h -da inteqrallayag

h 3
IUdU: 1 ap I(h2 :_ﬂ@.
3u OX
Onda
2h°b op
__<hbop 12
Q 3 ox (12)

Bu ifadoni prizmanin 2hb en kasiyi {iglin vahid hacmi nozors alsag mayenin © orta siirati ti¢lin
alariq:
h* o
o=-%F
3u OX
Ogar Ox oxu tizarinda bir-birindon | mosafasinds yerlogon iki M, vo M, noqtalari gotiirsok va

homin noqtalordoki tozyiqi uygun olaraq p, Vo P, ilo isaro etsak vo nazars alsaq ki,

dp _ P1—Po
1
onda (12) ifadasindon tozyiqin diismasi ligiin asagidak: diisturu alariq:
Po — Py — S#Q .
| 2bh®

Buradan maye miqdari tigiin
2bh* (p, - p,)

Q= 3ul

diisturunu alariq.

Tom 14 «Hayunwie uzgecmusy Cymeatibimckoeo cocyoapcmeennozo ynusepcumema  Ne3, 2014



Oziillii mayenin harakat tanliyinin dagiq va tagribi halli 14

Indi (6), (7) masalasini forglor iisulu ilo hall edib dagigq hollo tagribi hollin miiqayisasini
vermoak olar. Ciinki ikinci tortib xiisusi téramali tonliklorin dogig hallini tapmaq ¢ox zaman g¢atinlik
toradir. Ona gora da bu tip masalalarin hallini an samarali {isul olan farglar tisulu ila hall edirlor.

Tutaq ki, hamar divarlar hor hanst D oblastinda yerlosir. Homin oblast1 diskret noqtoloro
bolsak, hamin noqgtalords (6) tonliyinin farglor analoqunu yaza bilorik:

I—h Uh = Uhyy + thz = i(po—;pl) (13)
Forz etsok ki, v e C(D), v, =0, z, =+h, onda Teylor diisturuna asason alariq:
AL — th)h = O(h)
Runge tisulunu totbiq etmoklo approksimasiya tortibini artirmaq olar. (13) forglor sxemini kanonik
sokilda yazmaq olar

Su, = A)u, () - 2 B, =
sl (t) (14)
v, =0, z, =zh.
Burada 177'(x) — (2p +1) noqtali sabakonin markazi x noqtesinds olan 2p diiyiin noqtoli xag
(krest), yani x noqtesi istisna olmagqla, sokilli sablondur vo & # x. III'(x) ¢oxlugunu x diiyiin
noqtesinin otrafi adlandiracagiq vo A(t) >0, B(t,£) >0, D(t) = A(t) — Z B(t,&)>0 vo f, (13)
Seul(t)
tonliyinin vy, (n, m) -0 goéra hallindon alman amsallardir [4]. Aydindir ki, bu amsallar monotonlug
sortini 6dayir. Onda (14) sxemi tiglin maksimum prinsipi dogrudur. Demali, (13) vo ya (14)
sxeminin halli var vo yeganadir. Gostormak olar ki, (13) vo ya (14) sxemini Zeydel iterasiya
vasitesilo hall etmok olar. (13) tenliyini vy m -0 (vp (Y, z) =v,(n,m)) -0 gora hall edok vo OY

oxuna paralel vo ordinati maksimum olan diiz xott {izorindaki diiyiin noqtalorini asagidaki kimi
nomraloyak:

Unh11, V21 Opn 1 DIFINCI Xott tizorindo
Eyni gayda il ikinci xatt tizarinds diiyiin noqtalorini némralayak:
UhN1+l,2 , 1)th+2,2 yees ’UhNZ,Z ikinci xott tizorindo.
Forz etsok ki, Dy, oblastinda comi P sayda paralel diiz xatlor var, onda P —ci xatt iizorindo alariq:

UhNp 3.1 YN 5,200 PhN ), p
Noticoda diiyiin noqtalori tigiin alariq:

Uni1sUh2,25UhNy,,p
Onda (13) tonliyini asagidaki kimi yazmagq olar:

n-1 Np
Vhnm = Zankuhk,m + Zankuhk,m + fhn,m
k=1 k=n+1

Beloliklo, Zeydel alqoritmi asagidaki kimi olar.

n-1 Np
i i i1
Ur(lln),m = Zankut(]:z,m + Zank‘)r(]L,nz + fhom
k=1 k=n+1
- T . k=LN,, m=1 p iigiin i o
Asanligla isbat etmok olar ki, ixtiyari k,m harada ki, ~~ pr M=LP UG
Vh(ll),m = Utglk),m ~—Uhk,m™ 0
Riyazi induksiya tisulu ilo ishat etmok olar ki, ixtiyari (k,m) diiylin ndqtesi ligiin

’\/rf;{m‘s(l—p)‘-m C<p<1
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giymotlondirilmasi dogrudur. Belo ki, i artdigca, yani 1 — o

Hollin verilmis £ >0 dogigliklo tapilmas: tigiin iterasiyalarin sayini hesablayaq:
Vi <M-@-p) <&

Demali, hallin verilmis dagiglikls tapilmast iigiin iterasiyalarin minimum sayr m,(g) =

max V)| < @-p)' -M -0

; &
In1l-p)' <In—
1-p) v
Ini
i>— M
In(1- p)

15

&
In—
M

In1- p)

mo ()

olmalidir. Bu halda hollin verilmis dogigliklo tapilmasi {iglin amoliyyatlarin say1 Q(g) = qu
k=1

diisturu ilo hesablanar, burada g, —ci1 yaxinlagsma ti¢iin odadi omaliyyatlarin sayidir.

Uygun forglor masalosi h=0,05 addimi ilo kompiiterds holl etsok, alinan notico asagidaki

cadvaldaki kimi olar:

Sobokonin dipiin | 1 o) Taqribi hall Miitloq xata Nisbi xata
noqtalari
Dre 0,0400 0,0395 0,0005 1,2500
or 0,0900 0,0896 0,0004 0,4444
Or 0,1600 0,1592 0,0008 0,5000
Oy 2 0,2500 0,2489 0,0011 0,4400
Orrs 0,3600 0,3593 0,0007 0,1944
Durs 0,4900 0,0008 0,0008 0,1632
Vv 0,6400 0,6395 0,0005 0,0781
Diro 0,8100 0,8115 0,0015 0,1851
Oy 1,0000 0,9889 0,0111 1,1100
Vs, 0,1639 0,1618 0,0021 1,2812
Vys 0,1586 0,1567 0,0019 1,1979
031 0,1901 0,1917 0,0016 0,8363
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SUMMARY
EXACT SOLUTIONS OF THE RQUATIONS OF MOTION OF VISCOUS FLUID
Gakhramanov P.F., Guliyeva U.R., Bagirova G.G.

Keywords: viscosity, sluid, incompressible, force of a friction, force inertia.

The work is devoted to obtain exact solutions of the equations of motion of a viscous fluid.
The problem is solved by finite difference method and the received results are compared with the
exact solution.
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VJIK 517.5
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Knrouesnte cnosa. cmamucmuyeckas CXOOMMOCI’I’Zb, p ~CUJIbHAA C.XOaMMOCI’I’Ib, mempuuveckoe

npocmpancmeo, Taybepesvl meopembi.

Paccmampueaemcss cmamucmuueckas cxooumocmv 6 MemMpUHUECKUx NpoCMpaHCmeax.
lokazana ee 9K6UBANEHMHOCMbL K CMAMUCMUYECKOU (DYHOAMEHMATbHOCMU 8  NOJHbIX
Mempuueckux npocmpancmeax. Beedeno nowsmue P -CUNbHOU cXO00UMOCmU U OOKA3AHA €20
9K8UBANEHMHOCb K cmamucmuyeckol cxooumocmu. Ilpusedenvr Taybepeswvi type meopemol
OMHOCUMENbHO CIMAMUCMUYECKOU CXOOUMOCMU 8 MEMPUUECKUX NPOCMPAHCMEBAX.

1. Beenenue

Wnes craTHCTUYECKOH CXOAMMOCTHM BHIMMO BIEpBBIE OblIa MPEIIOKEHA B HM3BECTHOM
monorpaduu A. Zygmund [1] nox umenem “almost convergence”. Camo MOHATHE CTATUCTHYECKON
cxomumoctu ompeneneno H. Fast [2] ' H. Steinhaus [3]. B mocneayroiem 3T0 MOHATHE OBLIO
0000I11€HO B Pa3IMUYHBIX HANPABICHUSAX MHOTUMU MareMaTHkamMH. OTHOCUTEIBHO 3TUX CBEJCHUN
Y TIPUMEHEHUS ITOTO MOHATUS MOXKHO PacCMOTPETh, Hanmpumep, paboTel aBTopoB [4-9]. Crnenyet
OTMETHTb, YTO METOJIbI HE CXOJSAIIMXCS MOCIIEeIOBATEIPHOCTEH TaBHO U3BECTHBI, U UK HUM MOKHO
OTHECTH, Harpumep: MeToj Yezapo, meron AGens M T.A. DTH METOABI UCHOJB3YIOTCS B Pa3HbIX
00J1acTsIX MaTeMaTUKU. J{J1s1 IPUMEHUMOCTH 3THX METO/0B OYEHb Ba)KHO, YTOOBI pacCMaTpUBAEMOE
MPOCTPAHCTBO MMENO JIMHEHHYIO CTPYKTYpy. [103TOMY M3ydeHHE CTaTUCTUYECKOW CXOOUMOCTH B
METPUUYECKUX MPOCTPAHCTBAX UMEET 0COObIM HayyHBIH MHTEpec. Pa3HbIM acniekTaM 3TOro Bompoca
nocBsieHbl padoTsl [4;5]. [loHsATHE CTaTHCTUYECKOW CXOAMMOCTH MMEET MPHUJIOKEHHUS B Pa3HBIX
o0yacTsIX MaTeMaTHKH Kak Teopusi cymmupoBaHuu [9-11], Teopus umcen [12], Tpuronomer-
puueckue panel [1], Teopust BepositHocteit [13], Teopust mep [14], ontumuzamus [15], Teopus
annpokcuMmanuu 16;17] u T.1..

Cnenyer oTMeTHTh, uTo moHsTHE Statistical gynoamenmanvrnocmu BniepBbie OBUIO BBEICHO B
padore J.A. Fridy [9] ans mocnenoBaTeIbHOCTH W3 JCHCTBUTEIBHBIX 4yucen. B aroit pabote
nokazaHo, 4To Stat-cxodumocms skBuBanieHTHa Stat-gpynoamenmanvrocmu. DTOT BOMPOC OBLI
noctaBneH B pabote [6] oTHocuTensHo Uniform space ;U . B meil nokasaHo, uTO eciu
10CJIeI0BATENLHOCTh X, ;‘;N c X stat-cxooumcs, T0 oHa Stat-¢gynoamenmanvna. B 310il ke
pabote, noctaBiaen Problem 2.16 o Tom, BepHO Jin 00paTHOE 3TOMY yTBEpXKICHHE?

B nanHo#t paboTe paccMaTpMBAaeTCS CTAaTHCTHYECKAash CXOAUMOCTh B  METPHUYECKUX
npoctpaHcTBax. OmpeneneHa cTaTUCTHYECKas (yHAAMEHTAIBHOCTh M JI0OKa3aHO, YTO B TOJHBIX
METPUYECKUX MPOCTPAHCTBAX OHA SKBUBAJICHTHA CTATUCTHUYECKOW CXOAMMOCTU. BBeneHO moHsTue

P -cUIBHONM CXOJMMOCTH B METPUYECKHUX IPOCTPAHCTBAX M JOKa3aHa €ro SKBUBAJECHTHOCTh
CTaTUCTUYECKON cxomaumocTu. [lpuBeneHnl Takxke HeKoTopele TayOepeBbl lype Teopemsl
OTHOCHUTEIJIHO CTATUCTHYECKONW CXOJAMMOCTH B METPUUYECKHX MPOCTPAHCTBAX.
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2. Heo0xoauMble cBeneHuoA
ITycth «; p(;- : METpHYECKOe NMPOCTPAHCTBO ¢ MeTpukoil o . Yepes O, Q: Oynem 0003Ha-

yaTh OTKPBITHIA map B X ¢ ueHTpoM B Touke a€ X u pamuycom &:0,€ = e X:pka <& . A°

o3nauaer nononnenue muoxkectBa AC N 1o N:A° =N\A, rae N —MHOKECTBO HaTypambHBIX
~
urcen. y, € - Xapakrepucthdeckas (QyHKUUsS MHOXKeCTBa A; = —KBaHTOP «CICAYET»; A —

n
<1 -
KBaHTOp «m». IlycTh Ac N nekoropoe MmHOXecTBO. [lonoxum J, Af—z 7, € . Eciu
k=1
. ~ ~ ~ o
3lim &, Af S@ , 10 @ Ha3BIBAECTCS CTATUCTHYECKOM IIOTHOCTHIO MHOXKecTBa A. IIpumem
n—0 - -
Onpedenenue 1. Ipeononosicum, 4mo nociedosamensHoCms %y SN c X cmamucmuvecKku
cxooumes  (St-cxooumcs) k Xe X, ecu 5@, X0, 200 A = §eN:p&€:;x >e, u smo

saknouenue 6yoem obosnauams kax St-lim x, = X.

n—o

[Tonoxum
=R N:6€K *1.
Hawm B nanpHeiiniem noHago0UTCsl CIIEAyIOas, JETKO TI0Ka3yemast
Jemma 1. ITycmo K; € 7, | =12= KinK, e .

3. Crarucruueckasi pyH1aMeHTAIbHOCTH
[Ipumem cnenyromee
Onpedenenue 1. I[Ipednonosxcum, 4mo nociedosamensHocms Ry SN c X cmamucmuyecku

pyuoamenmanvua (St-gpynoamenmanvua) 6 K; ,0:, ecau ons Ve >0, In_e N 6 ﬁn ;: 020e
A, = neN:pk;x, >¢.

st
IIycte x,—>Xx B X, u &>0—mnpousBonbHoe uncino. [Tonoxum
A=rp€;x>e .
c ~ ~ g
CoBepIIIEHHO OYEBH/IHO, UTO O (\g 2 =1.Bosbmem Vn, e AS,: P‘(n,, ;X < 3 HNmeem

~ N

{n:p(n;x}g}c npk,x, <e
Te. A, CA,,mIe A, = Re N ok, ;28 . Orcioma crenyer, uro 5S¢ ::1:>
s¢, =0.

Takum o6pa3om, cripaBeIMBa
st

Jdemma 2. Ilyemv x, —>x B €;p . Toeda nocredosamenvrocmo % ;N c X st- ¢ynu-
oamenmanvna ¢ € p .

[peanonoxum, uto ;o  mMOTHOE METpUUYECKOE MPOCTPAHCTBO, U MOCIENO-BATENBHOCT
R SN c X st-gpynoamenmanvna B €; p . Jlokasana cnemyromas

Teopema 1. ITyemvy €;p_ nomnoe mempuueckoe npocmpancmeo u % g C X

Hexomopas cucmema. Toeoa crnedyrowue ymeepicoeHuss IK8UBANECHINHbI.
1) 3st-lim x,;

n—ow

2) R sN saensiemces St- pynoamenmanvro,
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3) 34, L, X:3imy, AReN:x, =y, 3K.

N3 3101 TEOpEMBI HEMOCPEACTBEHHO CIEAYET CIEAYIOLIEE
Cneocmeue 1.  Ilycmo A 3 X wu 3st-limx, =x. Tocoa I/ 3, cN:

n—o

n<n, <., limx, =xn SO 3, =1

k—>o0

4. P -cWIbHasl CXOAUMOCTh

lycts €;p  MeTpuueckoe TpPOCTPAHCTBO, W P € Q+oo\ HekoTopoe umcno. Cremys
pabote [7], mpumem ciemyromiee
Onpedenenue 2. Ilocredosamenvnocms % SN c X Hazogem P -cunvHo cxooawelcs K

13
Xe X, ecau lim= Zp € X)— 0, u smom npeden 6yoem o6osnauams uepez P -lim x, = X.

I’]—)oo n—w
k =1

CnpaBennuBa cieayroimas
Teopema 2. Umerom mecmo: 1) Ecau P-limX, =X mo 3st-limx, A st-limx, =X; ii)

n—o n—o n—o

Ecnu Jst-limx, =x u 30, €, 3= X :x, €0, € ne N, mo Ip-limx, =X,

nN—on nN—w

Onpeoenenue 3. Dynxyuio |1 : ILOO}—) I),oo: nasosem modulus, ecru:(i) u€Q >0 x=0;
(i) u€+ y} ,u(} ,u((] X,y € I),oo:; (i) @ seisemcs monomonno Heyowvigaiowel, (iV)
u€0 >0.
B cootBercTBUH [§] npuMeM crieayroliee:
Onpeoenenue 4.Ilycmo € p: mempuyeckoe npocmpancmeo u M ecmv  modulus.

Iocredoeamenvrocmo ¥ ;N c X Hnazosem [ -cxoosuyetics k X€ X, eciu

u omy cxooumocms 0bo3nauum kak (- lim x, = X.

n—o
CoBeplieHHO aHAJIOTHYHO TeopeMe 2 T0Ka3bIBAETCs CIeAYIoast
Teopema 3. [Iycmy Fu-lim X, =X. Tozoa  3st-limx, A st-limx, = X.

n—o0 n—ow n—o
5. TayGepoBbI TeopeMbl B METPHYECKHX MPOCTPAHCTBAX
Mycts €;p  MeTpuyeckoe MPOCTPAHCTBO U 3y SN < X HEeKOoTopasi MOCIe10BATEIbHOCTD.

[onoxum Ap, = p€,; X, 4 ]Vn e N . Mmeer mecto caenyromas

1 . .
Teopema 4. [Tycme St-limX =X u Ap, = o( ) Tozoa Flimx, A limx, =X.

nN—w n—w nN—0

Nwmeer mecto cnenyromas Taybeposa
Teopema 5. Ilycmo ﬁ(}; c N so3pacmarowas nocredosamenvrocms, makas umo

..ok
lim inf, 1 \41 u nyemo % 3, C X coomeemcmeyrowasn gap sequence: Ap, =0 if K= k(

kO

for ie N. Ecau St- lim X, =X, mo lim x, =X.

n—w N—w0
ABTOpHBI BBIpaXKaroT riy0okyto OnaromapHocTs npodeccopy b.T.bunanoBy 3a BHMMaHuE K
pabore.
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