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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.

Tom 14 «Hayunwvie uzgecmusny Cymeaublmckozo 2ocyoapcmeenno2o yuugepcumema  Ne3, 2014



Aneopumm nocmpoenus mooeneti 080UUHbIX OUHAMUYECKUX CUCeM 8 Kaacce
2D - MOOYIAPHBIX OUHAMUYECKUX CUCEM 10

JIMTEPATYPA

1. bmromun C.JI., KopaeeB A.M. JluckpeTHOE MOJEIUPOBAHHE CHCTEM aBTOMATHU3ALMHU U
ynpaBieHusi: MoHorpadus. Jluneukwii 53KOJIOro-ryMaHUTapHBIA WHCTUTYT. Jlumenk:
JIDI'N, 2005. 124 c.

2. Slononckuii C.B. Beenenue B tuckpetHyro MateMatuky. M.: Beicias mkomna, 2010, 384 c.

3. ®apamxes P.I'. JIlunelnbie nmociaeaoBaTeabHOCTHBIE MaMHbl. M.: CoB.paauo, 1975, 248 c.

4. Oeitzue O.I'., @apamxesa M.P. MonynspHble nociaen0BaTeIbHOCTHbIE MamuHbl: Oc-
HOBHBI€ PE3YyJbTAThI 10 TEOPUU U MpUII0KeHUI0. baky: M3n-so DM, 2006, 234 c.

5. @I .PeizueB, 3.A.Camenona. [losmHOMHAIBHOE  COOTHOLIEHUE MJI IPEACTABICHUS
noHoM peaknuu 3D - HeMMHEHHBIX MOAYJISAPHBIX AWHaMuueckux cucrem// T. Kues,
Onekrponnoe moaenuposanue. 2011, T.33, No2, C. 33-50.

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
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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.
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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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XULASO
STATISTIK YIGILMA HAQQINDA
Hiiseynov Z2.Q., Nazarova T.Y.

Agar sozlar: statistik yigilma, P -giiclii yigilma, metrik foza, Tayber tip teoremlor.

Metrik fozalarda statistik y1gilma mosalslorine baxilir. Statistik fundamentalliq daxil edilir vo
tam metrik fozada onun statistik yigi1lma ilo ekvivalentliyi isbat edilir. Metrik fozalarda p -giicli
yigilma anlayis1 daxil edilir vo onun statistik yigilma ilo ekvivalentliyi gostarilir. Homginin metrik
fozalarda statistik yigilmaya nozoron Tayber tip teoremlor gostorilir.
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SUMMARY
ON STATISTICAL CONVERGENCE
Gusseynov Z.Q., Nazarova T.Y.

Key words: statistical convergence, p - forced convergence, metric space, Tauberian-type
theorems

In the article the statistical convergence in metric spaces is considered. Its equivalence to the
statistical fundamentality in complete metric spaces is proved. Introduced the concept of p -forced
convergence in introduced and proved its equivalence to the statistical convergence in proved.
Tauberian type theorems concerning statistical convergence in metric spaces are given

Daxil olma tarixi: ilkin variant: 12.11.2014
son variant:  28.11.2014
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Knrwuesvie cnosa: onucooxcuapuieHvl, o1uco 0-HAQMOon, oaueo-f-Hapmon, oaucoxuiopaisb-
Ganagpmon, onucoxnopbemarnaghmon, onueoxiopgenon

Co3llaHue HOBBIX TIMOJIMMEPHBIX MATEPHAIOB C TAKUMH BAXXHBIMH TEXHUYCCKUMHU
CBOMCTBaMM, KaK TeIUIO-, TEPMO- M OFHECTOMKOCTb, OTBEYAIOIIUX BBICOKMM TpeOOBaHUSIM
COBPEMEHHBIX 00JacTeli TEXHHKH M TMPOMBIIUICHHOCTH (MUKPOIJIEKTPOHUKH, KOCMHUYECKOU
TEXHHUKH, JIEKTPOMEXaHUKU U T.1.), SBJSIFOTCS OJHOM W3 ABMXKYIIUX CHJI YCKOPEHHs Hay4dHO-
TEXHHYECKOTO TPOIECCa XUMHUH BHICOKOMOJICKYIISIPHBIX COSTHHCHUM.

bnarogaps cneunduke XUMHYECKONH CTPYKTYPHl MOJIMMEPHI C CUCTEMOW apOMaTHYECKHX
COMPSDKCHHBIX CHUCTEM, HANPUMEp, OJIMTOAPWICHBI 3aHUMAIOT OJHO W3 BEAYINIUX MECT B
MONyYEHUU TEIJIO- U TEPMOCTOMKMX KOMIIO3UIIMOHHBIX MAaTEpUajoB, CMa30K, MOKPBITHIA,
CBSBYIOIUX, TpPaQUTOBBIX BOJOKOH, VIJICTUIACTUKOB W T.J. BBeJIeHWE B UX COCTaB
(GYHKIIMOHAIBHBIX ~ TPYIIN  3HAYUTENBHO pACHIUPWIO KPYr HX IEHHBIX TEXHHYECKUX
XapaKTePUCTUK H TO3BOJWIO TPUMEHATh IS  pa3pabOTKH TEIIo- W TEPMOCTOMKHX
MOJIMATIOKCHUIOB U X TIOJTMMEPHBIX KOMIO3UIIHH, CBA3YIONINX, KJIEeB aHTUCTATUKOB U Ap. [1,2]

B »T0i1 cBA3M 3amada CHMHTE3a OJUTOOKCHAPUIIEHOB C HOBBIMH PEAKIIMOHHOCIIOCOOHBIMU
3aMECTUTEIISIMU B MaKPOMOJIEKYJISIPHOM 1M, HallpUMep, TAKUMHU KaK TallOTeHBI, MPEACTaBISIOT
HEOCIIOPUMYIO aKTyaJIbHOCTb [5].

B cBsi3u ¢ TeM, 4TO coCTaB, CTPYKTYpa, a TaK:Ke OCHOBHBIE (DU3UKO-MeXa-HUUECKHE, TeTJI0-
U OJCKTPO(OU3WYECKHE CBOWCTBA TaJOWIUPOBAHHBIX OJUTOKCHAPHICHOB W CTENEHb WX
TAIONIUPOBAHMUS MEHSIOTCS B 3aBUCMMOCTH OT YCIOBUH TMPOBENEHUS OKUCIUTEIHLHOTO
TJIONTUPOBAHNS, HAMH, B IIEPBYIO OUYepelb, OBLJIO M3y4CHO BIMSHUC YCIIOBUH OKUCIHTEIHHOTO
XJIOPUPOBAHUS OJTUTOOKCHAPUIICHOB B MPUCYTCTBUU THIIOXJIOPUTA HATPHSI U COJISTHON KHUCTIOTHI HA
CTETICHb XJIOPUPOBAHUS, COCTAB, CTPYKTYPY U CBOHCTBA MOJyUEHHBIX MPOIYKTOB. XJIOPHUPOBAHUE
OJIMTOOKCHUAPHUIICEHOB OCYIIECTBIISIIA B TEMIIEPATypHOM HHTEpBAIe 30-60°C. [Tpu sToM, nms
BBISIBJICHHSI ONTHMAJIBHBIX IMapaMEeTPOB IMPOIECCa, BAPHUPOBATM MOJIBHOE COJICpPIKAHHE
PEAKIMOHHBIX KOMIIOHEHTOB B JIOCTaTOYHO IIUPOKOM HHTEpBasie. YCTAaHOBIEHO, YTO BBIXOJ
XJIOPHPOBAHHBIX MPOJYKTOB 3aBUCUT OT MPHUPOJIBI MIPUMEHIEMOTO PACTBOPHUTENIS, YTO BEPOSTHO,
OTIpefieNIsIeTCsl BKJIAOM ABYX (DaKTOPOB: MOJSPHOCTU PACTBOPHUTENS U CTEIIEHH PACTBOPUMOCTH
onuroMepoB B Hel. CremneHp xyopupoBaHus onuro-o-Hadrona npu [OHO]p — 0,021 monb.3B.,
[NaOClJo — 0,021 moms u [HCI]o — 0,023 mons u 30°C B cpelie BOABI, BOJAHOW IIEIIOYH,
IUXJIOp3TaHa W jauokcana cocramser 20,8; 224; 274 wu  17,4%, COOTBETCTBEHHO.
CrnenoBarenbHo, Hanbonee >¢G(HEeKTHUBHBIM PACTBOPHUTENEM JJIs JaHHOTO TMpoIlecca SBISETCS
auxJopaTad (Tadm. 1).

VBemuuenne MonbHOro coorsourerns [OHOJo : [NaOClJo or 1 : 1 mo 1 : 3 mpu 30°C
NPUBOJUT K POCTY CTENEHU XJOPUPOBAaHUSA onuro- o-Hadtonma ot 27,4 nmo 63,7%, a mpu
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mectukparHoM u30biTKe okuciutenss u HCl crenens xmopupoBanus nocruraetr ~ 90,5%. Ilpu
9TOM, HaWJIy4IlIKe PE3yJIbTaThl Moxy4atoTcs mpu MoibHoM cootHomreHuu [NaOCl]y [HCIl]p =1 :
1,1. Ymenwiienue conepxkanus onuro-a-Hadproma ot 0,021 mo 0,002 mons 3BeHO TpuU
[NaOCl],=0,063 mons u [HCI];=0,069 mMoas npuBOAUT K CHHUXKEHHIO CTCIIEHH XJIOPHUPOBAHHS
oJUromepa.

VBennueHne Temmeparypsl peakupd 10 50°C NPUBOIMT K POCTY CTEICHH XJIOPHPOBAHHS
onuro-o-Hadrona. OJHAKO, 3aBUCUMOCTh CTEHCHU XJIOPUPOBAHUS OJMIOOKCHAPUIIEHOB OT
TEMIIepaTypbl HOCHT JKCTPEMaNbHBIA xapakrep. JlaHHas 3aBUCMMOCTh OCOOCHHO 3aMETHa IpH
TPEXKpPAaTHOM H30bITKE XJIopupyroieid cMecu. CTENeHb XJOPHUPOBAHUS OJHMIO-0-HadTONIA MPH
30% 40% 50° u 60°C cocrasmser 63,7; 64,7; 82,6 u 59,7%, coorBerctBeHHO. CHM)KEHHE CTCIICHU
xnopupoBanusi OHO npu 60°C, oueBuaHO, 00yCIIOBJIICHO YCKOpPEHUEM Tpoliecca 00pa30oBaHUS
aTOMapHOTO XJIOpa M TMPOCKOKA YacTH €ro W3 PEaKIMOHHOW 30HBI, YTO HAONIONAeTCS Iaxe
BU3YaJIbHO.

13 Tabmn.1 Buano, uto Bpems momaun HCI| mpu mocTosHHON CKOPOCTH HepeMeIInBaHHs
TaKXe BJIMSICT Ha CTEIEHb XJIOPUPOBAHUS OJIMTO-o-HapTONa. MaKkcuMalbHOE XJOPHPOBAHHE TIPH
[OHO]0=0,021 mous 3BeHO, [NaOCl]y -0,063 moins, [HCl]o — 0,069 moas u 50°C mocturaercs
npu Begennu HCI B Teuenue vaca.

Brusanue ycnosuii okuciumenbHo20 X10puposanus Ha 8blx00 01ucoXI0patsganagdmona.
IIpooonscumenvrocms peakyuu nocie 0ooasku peazenmos — 0,5 u., pacmseopumens — 10 mn

Tabnuya 1.
Ne OHO Cpena NaOClI HCI T, Bpems | Cl, % Crer.
MOJIb MOJIb MOJTh o°C J00aB. xyopup%
3BEHO HCl,u
1 0,021 Bona 0,021 0,023 30 1,0 4,2 20,8
2 0,021 Bosm. 0,021 0,023 30 1,0 4,5 22,4
IEJI0Yb
3 0,021 Jlnokcan 0,021 0,023 30 1,0 3,5 17,4
4 0,021 JAXD 0,021 0,023 30 1,0 55 27,4
5 0,021 XD 0,032 0,035 30 1,0 6,3 31,3
6 0,021 XD 0,042 0,047 30 1,0 8,7 43,3
7 0,021 JAXD 0,063 0,069 30 1,0 12,8 63,7
8 0,021 Bona 0,063 0,069 30 1,0 7,4 36,8
9 0,021 XD 0,063 0,069 40 1,0 13,0 64,7
10 0,021 JAXD 0,063 0,069 50 1,0 16,6 82,6
11 0,021 XD 0,063 0,069 60 1,0 12,0 59,7
12 0,021 XD 0,126 0,139 50 1,0 18,2 90,5
13 0,011 JAXD 0,063 0,069 50 1,0 12,3 61,5
14 0,008 JXD 0,063 0,069 50 1,0 9,8 48,8
15 0,002 XD 0,063 0,069 50 1,0 10,2 50,7
16 0,032 XD 0,063 0,069 50 1,0 11,5 57,2
17 0,021 JXD 0,063 0,084 50 1,0 8,6 42,9
18 0,021 XD 0,063 0,095 50 1,0 8,1 40,3
19 0,021 XD 0,063 0,107 50 1,0 7,3 36,3
20 0,021 Bona 0,063 0,069 50 1,0 15,2 75,6
21 0,021 XD 0,021 0,023 50 1,0 6,2 30,8
22 0,021 XD 0,021 0,023 50 1,0 6,9 34,3
23 0,021 XD 0,063 0,069 50 1,5 9,8 48,8
24 0,021 XD 0,063 0,069 50 2,0 9,8 48,8
25 0,021 XD 0,063 0,069 50 005 11,0 54,7
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W3 T1abn.2 BHUAHO, YTO TPU MOCTOSIHHOM MOJIBHOM COJAEP)KaHUU OJMIOHA()TONIOB H
runoxjopura Hatpus pocT coxpepxanus HCl mpu onHOBpeMEHHOM YBETMYCHUH BPEMEHH €¢
N0JJa4¥ B PEAKIMOHHYIO 30HY 110 4,0 4acoB MPHUBOJUT K YBEJIWYCHUIO COACPIKAHUS SJIEMEHTHOTO
XJIOpa B COCTaBe LEJEBBIX MTPOTYKTOB.

OxucnurtensHoe XjopupoBanue onuro-pf-nadrona B npucyrcrun NaOCIl+ HCI umeer Te
K€ 3aKOHOMEPHOCTH, KaK 3TO MMEET MECTO IPHU XJIOPUPOBAHUH OJIMro-o-HadToma. [Ipu stom,
ONUT0-B-HaTON MPOSBIAET OTHOCUTEIBHO HU3KYIO PEAKIIMOHHYIO CHOCOOHOCTH, YeM OJIMIO-0i-
HadToa (Ta61.3). DTO BO3MOXKHO, OOYCIIOBIIEHO TEM, YTO HAXOJ/SCh B -TMIOJ0KEHUH HA(PTAIHMHO-
BOro kojbiia OH-rpynmnbl B MEHbIIEH CTENEHH 000TralaT 3JIEKTPOHAMU PEAKIIMOHHOCTIOCOOHBIX
IIEHTPOB 10 cpaBHeHuto ¢ OH-rpynmamu B a-moyoxenun. MakcUMabHOE XJIOPUPOBAHHUE OJIUTO-
B-madyrona nocruraercs npu temmeparype 50°C B TpeXKpaTHOM H3GBITKE OKHCIISIONIEH CMECH 110
cpaBHEHHIO ¢ osuromepamu, Bpemenun mnogaud HCl B TeueHum dvaca W UCIOJIB30BaHUM
JIUXJIOpITaHa B KAYECTBE PACTBOPHUTEIIS.

HecMmoTpst Ha TO, YTO C YBETMUCHHEM COJEPIKAHUS OKHCIIAIONICH CMECH MOXKHO YBEIHYH-
BaTh CTENCHb XJIOPUPOBAHHS OJIMTOOKCHAPHIICHOB, HO IIEJIECO00Pa3HO MCIIOIb30BaTh €e He OoJee,
4YeM B TPEXKpPaTHOM H30BITKE B OTHOLICHUHU onuromepa. JlanpHelee yBeIHYeHne Coaep KaHusI
OKHCIISIONIEH CMECH TPUBOJIUT K H3MEHEHHSIM B CTPYKType, INOHWXKAET PACTBOPUMOCTH M
IUIAaBKOCTh KOHEYHBIX MPOAYKTOB. Kpome TOoro, yBenndeHue KOJMUYECTBAa OKUCISIOIIMX KOMIIO-
HEHTOB NMPUBOJUT K CHM)KEHHUIO TPOU3BOIAUTEIBHOCTH MPOIIECCa.

Brusnue xonuuecmea ucxoonozo HCl na cmenens xnopuposanus
onuzoanvpa — (1-4) u onueobemanagpmonos (5-8)

Tabnuya 2.
Ne [OHO] XD, NaOCl, HCI, T, T, 4ac Cl,%sB
MOJIb*3B MOJIb MOJIb MOJIb o°c OJIMrOMepe
1 0,021 0,126 0,063 - 50 4,0 2,70
2 0,021 0,126 0,063 0,139 50 4,0 17,85
3 0,021 0,126 0,063 0,208 50 4,0 18,84
4 0,021 0,126 0,063 0,277 50 4,0 20,54
5 0,021 0,126 0,063 - 50 4,0 2,51
6 0,021 0,126 0,063 0,139 50 4,0 17,11
7 0,021 0,126 0,063 0,208 50 4,0 18,32
8 0,021 0,126 0,063 0,277 50 4,0 19,60

Takum 00pa3oM, ONTHMAJIBHBIMHU ITapaMeTPaMHU PEaKIUH OKUCIUTEIHFHOTO XJIOPHPO-
Banus onuronadrosioB B npucyrctBun  NaOC| + HCI senstores: [OHO]p 0,021 monb. 3BeHO
[AXD]o — 0,101 monb, [NaOCl]o — 0,063 mous, [HCI]o — 0,069 mousi, Temneparypa — 50°C u
Bpems nogaun HCI — 1,0 u.

YcTaHOBIIEHO, YTO ONMUTO(EHON MPH OKHUCIUTEIBHOM XJIOPHPOBAHWW B TPUCYTCTBHUH
NaOCl + HCl mnposBiasieT OTHOCHTENFHO MEHBIIYI0 PEAKIUOHHYI CIIOCOOHOCTh, YeM
ONMUTOHA(TONBL. DTO, BEPOATHO, CBA3aHO C OTHOCHUTEIHHO BBICOKOH JJIEKTPOHOAKIENTOPHOCTHIO
HaTaTMHOBOTO KOJIBIIA, ITO CPABHEHHUIO C OCH30JIBHBIM KOJIBIIOM. AHAIOTUYHAST 3aKOHOMEPHOCTh
ObUla yCTaHOBJIEHA NpHU XJIOpUpOBaHMM HadranuHa U Oenszona [3,4]. MakcumanbHas CTENEHb
xyopupoBanust onuroperona gocturaet 50,1%. Ymenbmenne comaepxanus kak NaOCl, Tak u
HCI B peakumoHHO# cpee cOnmpoBOKAAETCS CHUKEHUEM CTETNICHU XJIOPHPOBAHMS OJIUrodeHoIa,
YTO, B CBOIO OYepe/ib, CBSA3aHO C YMEHBIIEHHEM KOHIIEHTPAIMH 0Opa3yromerocst Xjaopa Mpu ux
B3auMoJieiictBuu (Tabmn.4). Ilpu sToM yBenuueHue coxepxanus onurodenosna g0 0,022 mMonb. 3B.
IPUBOJAUT K POCTY CTENEHHU XJIOPUPOBAHMSI OJIUTOMEpa, a JaJbHEHIIee YBeIUUEHUE COACPIKaHUS
onuromepa, CHmwkaer ee. Kak M B peakiMy OKHUCIMTEIBHOTO XJIOPHUPOBAHUS OJIMTOHA(TOJIOB,
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MaKCHMaJIbHOE XJIOpUpoBaHue onurodenona gocruraercs npu nogade HCl B peakunonnyio 300y
B TEYCHUU Yaca.

Brusnue ycnosuti okuciumensHo2o X10pupoeanus Ha 8blxo0 01Uu20X10poemanagpmoaa.
IIpooonsxcumenvnocms peakyuu nocie 006asxu peacenmos — 0,5 u. Pacmeopumens — 10 mn

Tabnuya 3.
Ne B-OHO, Cpena NaOCl, HCI, T, Bpewmst Cl, CreneHp
MOJTb.3B. MOJIb MOJIb °c n00aB. % | xyopup., %
q,
1 0,021 XD 0,021 0,023 30 1,0 3,7 18,4
2 0,021 XD 0,032 0,035 30 1,0 55 27,4
3 0,021 XD 0,042 0,046 30 1,0 7,2 35,8
4 0,021 XD 0,063 0,069 30 1,0 10,5 52,2
5 0,021 XD 0,063 0,069 40 1,0 12,1 60,2
6 0,021 XD 0,063 0,069 50 1,0 15,8 78,6
7 0,021 XD 0,063 0,069 60 1,0 12,2 60,7
8 0,021 XD 0,0126 0,014 50 1,0 17,8 88,6
9 0,011 XD 0,063 0,069 50 1,0 11,5 57,2
10 0,006 XD 0,063 0,069 50 1,0 7,3 36,3
11 0,003 XD 0,063 0,069 50 1,0 4,5 22,4
12 0,032 XD 0,063 0,069 50 1,0 11,9 59,2
13 0,021 XD 0,063 0,084 50 1,0 7,7 38,3
14 0,021 XD 0,063 0,095 50 1,0 8,1 40,3
15 0,021 XD 0,063 0,110 50 1,0 8,5 42,3
16 0,021 X5 0,063 0,069 50 1,5 10,5 52,2
17 0,021 XD 0,063 0,069 50 2,0 91 45,3
18 0,021 XD 0,063 0,069 50 0,5 9,8 48,8
19 0,021 Bogn.mern. 0,063 0,069 50 1,0 14,1 70,1
20 0,021 Jlnokcan 0,063 0,069 50 1,0 10,8 53,7
21 0,021 Bona 0,063 0,069 50 1,0 12,3 61,2

CrnenoBarenbHO, ONTUMAIBHBIMHE MapaMeTpaMy PEAKIMHU OKUCIUTEILHOTO XJIOPUPOBAHUS
onmurodenona spisores: [ODP]o — 0,022 mons, [AXD]o — 0,101 momst, [NaOCl]o — 0,063 Mo,
[HCI]o — 0,069 mous, Temmneparypa — 50°C i Bpemst mogaun HCI — 1,0 .

[Tpu nepexoze oT oauroeHosa K OJIUTOrHIPOXUHOHY CTENIEHb XJIOPUPOBAHUS OJIUTOMEpa B
npucyrcteur NaOCIl + HCI camxkaercs. JlaHHBIH (akT MOXXHO OOBSCHHTH JBYMSI IPUYMHAMHU.
Bo-mepBhIX,  AIIEKTPOHOJOHOPHBIE  THIPOKCHWIIBHBIE TPYIIBI  B3aUMHO  JI€3aKTHBHPYIOT
pPEaKIMOHHbIE LEHTPHl B IMOJIOKEHHUSIX OTHOCHUTEIBHO JPYroil  T'MAPOKCUIBHOM TpYyNIbI B
THJIPOXMHOHHBIX 3BEHBSX, BO-BTOPBIX, YACIO aTOMOB BOIOPO/Ia, CIIOCOOHBIX 3aMEIaThCs XJIOPOM
B OJIMTOTHJIPOXMHOHE, MEHBIE, M0 CpaBHEHUIO ¢ onurodenosoMm. Tem He MeHee, CTENEHb
XJIOPUPOBAHMS TMIPOXHHOHHBIX 3BeHbEB B onuroruapoxuHone B npucyrctsun NaOCl + HCI B
JUXJIOpITaHe Konebsercs: B uuTepBaie 5,94-47,5% B 3aBUCUMOCTHU OT YCIOBUH peakuuu (Tadi.s).
VYeenmunuenne monsHOTO comepxkanus kak NaOCI ot 0,021 go 0,105, rak u HCI ot 0,035 10 0,139
MOJISI COIPOBOXKAAETCSI POCTOM CTEMEHU XJIOPUPOBAHMSA THIPOXMHOHHBIX 3BEHbEB OT 8,47 U
22,6% nmo 47,5%, coOoTBETCTBEHHO. MakcuMaabHOE XJIOPUPOBAHHWE OJUTOTHIPOXHUHOHA
nocturaetrcs npu coaepxkanuu ero 0,028 Moinb. 3B. U NPUOTU3UTENFHO TPEXKPAaTHOM H30bITKE
OKHCJISIFOIIEN CcMecH, a CHIKeHue ero coaepxanus no0 0,009 Mons compoBokaaercs
YMEHBILIEHUEM CTENEHU XJIOpUpOBaHUA 10 5,94%. Coaep:kaHue pacTBOPUTENS TAK)KE BIMSET Ha
CTENEHb XJIOPUPOBAHUS OJUTOTUAPOXUHOHA; HAWIYYIIME pe3yabTaTbl  IOJIYYAlOTCS IpU
comepkaHun guxyopatana — 0,303 momsa. [lo-Buaumomy, Ipu TakoM COOTHOLIEHMH
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PEaKIIMOHHOTO KOMIIOHEHTa W pacTBOpuTens oOpasyeTcs HaumOosjee KOHIEHTPUPOBAHHBIN
UCTUHHBIHA PacTBOpP OJIUTOMEpA.

Bausinue ycnosutl okuciumenbHo20 X10puposanus Ha 8b1X00 01U20XI0ppenoa.
IIpooonsxcumensnocms peakyuu nocie 006asku peazenmos — 0,5 u.

Tabnuya 4.
Ne O, XD, NaOCl, HCI, T, T, Cl, Cremnenb
MOJIb.3B. MOJIb MOJIb MOJIb oc yac % XJIOPHP.3B., %o
1 0,022 0,101 0,063 0,0695 30 1,0 7,51 26,8
2 0,016 0,101 0,063 0,0695 30 1,0 4,47 15,9
3 0,011 0,101 0,063 0,0695 30 1,0 3,21 11,4
4 0,027 0,101 0,063 0,0695 30 1,0 6,43 22,9
5 0,022 0,101 0,063 0,0695 30 1,0 5,16 18,4
6 0,022 0,101 0,063 0,0695 30 1,0 511 18,2
7 0,022 0,101 0,021 0,0695 30 1,0 2,53 9,02
8 0,022 0,101 0,044 0,0695 30 1,0 4,65 16,6
9 0,022 0,101 0,084 0,0695 30 1,0 7,83 27,9
10 0,022 0,101 0,126 0,0695 30 1,0 9,11 32,5
11 0,022 0,101 0,063 0,0695 40 1,0 9,03 32,2
12 0,022 0,101 0,063 0,0695 50 1,0 12,67 47,2
13 0,022 0,101 0,063 0,0695 50 1,0 10,32 36,8
14 0,022 0,101 0,063 0,0695 50 1,5 10,13 36,1
15 0,022 0,101 0,063 0,0695 50 2,0 8,56 30,5
16 0,022 0,101 0,063 0,0695 50 0,5 6,63 23,6
17 0,022 0,101 0,063 0,120 50 1,0 14,07 50,1
18 0,022 0,101 0,063 0,094 50 1,0 13,15 46,9
19 0,022 0,101 0,063 0,054 50 1,0 10,03 35,7
20 0,022 0,101 0,063 0,036 50 1,0 6,51 23,2

Takum o6pa30M, ONTHUMAJIbHBIMH  TTapaMETpaMUu  OKHCIHUTCIBHOI'0 XJIOPUPOBAHUA

onmuroruapoxuHona B mpucyrcreur NaOCI| + HCI ssnsrores [OI'X]p — 0,028 mous. 38., [[IXD]o —
0,303 moust, [NaOCl]o — 0,063 mousi, [HCI]o — 0,069 mous, Temmeparypa — 50°C u Bpemst moauu
HCI-1,0u.
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XULASO
OLIQOOKSIARILLORIN XLORLASMA DOROCOSINO
SINTEZ SORAITININ TOSIRININ OYRONILMOSI
Agayev 9.09., Mammadova B.H., Bayramov Q.K.

Acgar sozlar: oligooksiarilenlar, oligo-a-naftol, oliqo-s-naftol, oligoxloral-fanaftol, oliqo-

xlorbettanaftol, oliqoxlorfenol.

Oligooksiarilenlorin natrium hipoxlorit vo hidrogen xlorid tursusu istirakinda xlorlasma
doracasine sintez soraitinin tosiri Oyronilmisdir. Miiayyan olunmusdur ki, xlorlu mohsullarin
¢iximina hoalledicinin tobioti, temperaturu, oligooksiarilenlorin miqdari, qarismanin siirati vo digar
amillor tasir edir.

SUMMARY
INVESTIGATION OF THE SYNTHESIS CONDITiON iINFLUENCE
TO THE CLPRINATION DEGREE OF THE OLIGOOXIARILENS
Agaev A.A., Mammedova B.H., Bayramov G.K.

Key words: oligooxiarilens, oligo-a-naphtol, oligo-s-naphtol, oligochloralphanaphtol,
oligochlorinebettanaphtol, oligochlorinepfenol.
The synthesis condition influence to the oxidation degree in the participation of sodium
hypochlorite and hydrochloride acid of oligooxiarilens is studied. It was determined that the
character, temperature, number of oligooxia-rilens, mixture speed and other factors of the solvent
influenced the output of chlorine products.
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IMPOHECC PA3JIOKEHUS AITATUTOBOI'O KOHLIIEHTPATA CEPHOH
KUCJIO0TOHU C HACTUYHOHU 3AMEHOMU EE THAPOCYJIb®ATOM AMMOHMUA

CAMEJOB MYXTAP MAME/] orJbl,
CymeaiiblmcKutl 20cy0apcmeeHHblil YHUgepcumem, 00yeHm
TFAXPAMAHOB PAHIN/ ®APPYX orbl,
CymeaiiblmcKutl 20cy0apcmeeHHblil YHUgepcumem, 00yeHm
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Cymeaiiblmckutl 20¢y0apcmeeHHblil YHUgepcumem, acCUCmenm
MAXMYOBA PATNJIA AMUPCYJITAH kbi3bl
CymeativimcKutl 20Cy0apcmeeHtblil yHugepcumem, 3a6.1a0.
e-mail: samedov-muxtar@mail.ru

Knrwouesvle cnosa. cynepgpocpam, unmerncugpuyupyrowue 00oasku, pasziodiceHue gmopanamuma,
2uopocyivpam ammonus

C yenvro noayuenuss cynepgocpama, 0602aujeHHO20 OONOIHUMENTbHBIM NUMAMETbHbIM
IIEMEHMOM-A30MOM, PA3N0NHCeHUe Pmopanamuma CepHoll KUCIOMOU OCYWeCmeasaiu ¢ 000asKol
euopocynvama ammonusi. Ilosmomy Oe3 CHUNCEHUsI CMeneHu Pa3iodCeHUsl anamuma 6 20moeoM
cynepgocghame, zamenunu 0o 15% (om noanoll HOpmbl) CEPHYIO KUCIOMY IKBUBATEHMHBIM
KOIU4eCmeom  2uopocyibama ammoHus. B pesyromame  nonyuennwlii  cynepgocgam
obocawjaemcs OONOTHUMENbHLIM NUMAMETbHIM dIEMEHMOM — A30MOM

Hmeronecs: B IUTepaType CBEIECHUS O BIUSHUU TUApPOCYiIbpaTa aMMOHHUS Ha IMPOLIECC
pasnoxeHus: NpUpoJHbIX (ocdatos, orpanndeHsl. [IpoBeaeHHBIMU paHee HaMU UCCIIEIO0BaHUSIMU
ObLIO YCTaHOBJIEHO, YTO MPHU pa3oKeHUH (hropanaTUTa CEPHOIM KUCIOTOM B MpoIecce MOTydeHHs
cynepdocdara B kauecTBe HJOOABKU MOKHO MPUMEHATH cynbdar ammonus [1-4]. OgHako, B 3THX
paboTax He M3y4yeHa BO3MOXHOCTb YAaCTUYHOHN 3aMEHbl CEpHOM KMCIOTHI PaCTBOPOM T'MAPOCYJIb-
(aTa aMMOHUS NPHU Pa3I0KEHUU MPUPOIHBIX PochaTOB CEPHON KUCIOTOM.

B cBsi3u ¢ 3THM, 11en1bl0 HacTosIIIEeN padoThl SBJISETCS UCCIEI0BAaHUE MPOIEcca Pa3ioKEeHHs
¢dTopanaTuTa CepHONU KUCIOTON C YACTUYHOM 3aMEHOM ee pacTBOPOM I'MIpOCyIb(haTa aMMOHHUS.

DKCrepuMEHTBI OCYLIECTBIISUIM HA JIaOOpaTOPHON yCTaHOBKE. B ycloBusX meproanyecKoro
CMELICHHUs pPEareHToB, TpedyeMoe KOJUYECTBO KHUCIOTHI Momemain B (apdopoBblil cTakaH
emkocThio 0,4L mogorpeBanu ee 10 TeMIepaTypbl 700C, MpU JOCTH>KEHUU 3aJJaHHOW TEMITEPATYPhI
IIOCTENIEHHO BCHINAIM B CTaKaH PAHEE IPUTOTOBJICHHBIN alaTUTOBBIA KOHIIEHTPAT B KOJMYECTBE
100r. 3acpinKy NpOM3BOAMIN B T€YEHUHU 2-X MUHYT MPH MEPEMENIMBAHUHM CMECH BEPTHKAIbHOU
AByxJjionacTHOM Memankoi. [lo okoHuyaHum 3aceiku B ¢apdopoBbIl cTakaH J00aBISIIN
paccuutanHoe KonuuecTBO 50%-ro pacTBopa  ruapocyibdara  aMMOHHS, HPEIBAPUTENHHO
pa3orperoro 10 TeMnepaTypsl 75°C. Hanee nporecc OCyIIeCTBIISIIN 110 U3BECTHOM MeTonuke [S]. B
KauecTBE MCXOJHOTO ChIPbsi U PEareéHTOB MCIIOJIb30BAJIM AlaTUTOBBIM KOHIEHTPAT CTaHJIApPTHOTO
COCTaBa, TEXHHYECKYIO cepHYI KHCIOTYy (92,5% H»SO4) m 50%-mblid pacTBOp rumpocynbpara
aMMOHHUA. B mabopaTopHbIX YCIOBUSX M3ydalld MEXaHHU3M B3aUMOJAEHUCTBUS (TOpamaTtuta CepHOR
KHUCJIOTON C YaCTMYHOW 3aMEHON ee pacTBOpoM ruapocynbdara ammonwus. [Ipennonaranoch, 4To
MPUCYTCTBHE B PEAaKLMOHHOW 30HE TUApocyinb(aTa aMMOHHUs OyAeT JeHCTBOBaTh Ha amaTHUT
NoJ0O0OHO CEpHOW  KHUCJIOTEe, TMpHUYEM OJHOBPEMEHHO OyleT NpOoIyLHUpOBaThCS aMMHUAK,
HEOOXOJUMBINM Ha BTOpPOW cTaauu mporecca. B ciyuae BosmetictBus Ha Cas(POg4)sF pacTtBopoM
NH4HSO, Takxke B KopHE MOTYT H3MEHUTHCSI YCIIOBHS UCIIOIB30BaHUs (TOpA.
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Peaknus paznoxxenust propanaruta CEpHOM KHUCIOTON MpoTeKaeT B 1Be crafauu [6-8]. Takoii
e MEXaHM3M MPEeJIoIaraeTcs U B Mpolecce pa3iokeHus MpUpoaHoro ¢ocdara cepHOil KUCIOTOMN
B MPUCYTCTBHU TUApocynbdara ammonus. OJHAKO, HA MEPBOW CTAIMH MPEATIOKEHHOTO CrIocoda
oOpasyercsi cBoOomHas QocdopHas kuciora, cyiabhar Kaiablus B (opMe MOJyruapara Hu
aMMOHHHTUTUApOdOCchaT.

Peakuust nepBoii craguu mnpoiiecca NpOTEKaeT MO CIEAYIONIEMY YPaBHEHHIO

lOC&5F(PO4)3 + 44H,S0,4 + 6NH4HSO,4 + 25H,0 —
—50CaS0, - 0,5H,0 + 6NH4H,PO4 + 24H3PO,4 + 10HF

[Tocne 1moJIHOro U3pacxo10BaHusl CEPHON KHMCIOThI HAUMHAETCS BTOpask CTaAMs Ipolecca, T.€.
pa3oKeHue OCTaBIIerocs anaruta HakonuBIieics GochopHoil kucnortoil. Peakuus BTopoit ctaauu
IIpolLecca MPOTEKAET 10 CAEAYIOLEMY YPaBHEHHUIO:

Ca5F(PO4)3 + 7 H3PO4 + + 5H,0—5 Ca(H2PO4)2-H20 + HF

Takum 00pa3zom, cyMMapHOE ypaBHEHHE B3aUMOJICHCTBHUsS (pTopamaTtuTa CEpHON KHUCIOTOU

MIPU YaCTHYHOM 3aMeHe ee TUIPOCyIb()aToM aMMOHUS, MOYKHO MPEICTAaBUTh B CIIEIYIOIIEM BUJIE:
94CasF(PQOy)3 + 308H,SO4 + 42NH4HSO,4 + 295H,0—
—>12OCa(H2PO4)2 - HoO + 42NH4H,PO,4 + 350CaS0O;, - 0,5H,0 + 94HF

C 1menpl0 TOATBEPKIEHHS  BBIIMICU3JIOKCHHBIX IMPEANOJIIOKEHUH, TMPOBOJWIH  CEPUI0
1abopaTOPHBIX OMBITOB MONy4YeHHs cynepdocdara ¢ 4YaCTUUHON 3aMEHON cepHOU KHUCIOTHI 50%-
HBIM PAaCTBOPOM THIPOCYiIb(ara aMMOHHS. 3aMEHY OCyHIeCTBIsUIM B mpeaenax 3-20% oT maccel
cepHoil kucnothl. Ilokazarenu cBexux cyneppocdaroB M 3aBUCUMOCTH CTEHNEHHU Pa3IOKEHUS
arllaTUTOBOTO KOHIIGHTpaTa OT BEJIMYMHBI 3aMEHBI CEPHOM KHCIOTBI PACTBOPOM THAPOCYIb(aTa
aMMOHHUS TIpe/icTaBJIeHbI B Ta0M. 1.

Hannvie o cocmase ceedicux cynephocghamos, noryueHHbIX nPU YACMUYHOU 3aMeHe CEPHOLL
KUCI0Mbl pacmeopom cuopocynvghama ammornus (nopma 70 macc. y. HoSO4 na 100 macc. u.

anamuma)
Tabnuya 1.

KomnuectBo, % ot CreneHn

TIOJTHOH HOPMBI Cocras cBexux cynepdocdaron, macc. % PasIoxK-
HZSOA NH4HSO4 P205 O6I_I_[. P205 O6I_I_[. P205 O6IJ_I. N Hzo CHU
100 0 20.29 16.95 12.01 - 14.02 83.54
97 3 20.23 16.89 11.92 0.62 14.08 83.49
94 6 20.19 16.87 11.85 1.18 14.19 83.55
91 9 20.12 16.75 11.69 1.53 14.25 83.26
88 12 20.05 16.69 11.41 1.75 14.36 83.24
85 15 19.93 16.52 11.23 2.00 14,54 82.89
82 18 19.78 15.83 11.07 2.15 14.50 80.13
80 20 19.69 15.57 10.90 2.27 14.82 79.08

Kak BumHO U3 Tabn. 1 npu 3aMeHe CepHOM KUCIOTHI THAPOCYIb(aToM aMMOHUS B Mpeaenax
3-15% ot nonuoit Hopmbl H2SO4, CHUKEHHE CTENEHM PA3JIOKEHHUs] HE MPOUCXOAMT, T.€. B ITHX
npenenax 3amenbl, NHsHSO, momo6HO cepHOl KHCIOTe, aKTHBHO pearupyer ¢ (hTopamaTuTOM.
OpHako, TpH YBEIMYEHUU 3aMEHbl CEepHOM KuciaoThl Oosiee vem Ha 15%, Habmomaercs
MOCTENIEHHOE CHU)KEHUE CTETIEHH PAa3JIOkKEHUsl alaTUTOBOrO KOHILIEHTpaTa. DTO OOBIACHSACTCS TEM,
YTO yBEJIMUYEHHE 3aMEHbl CEpHOM KHUCIOTHl Ha TUApocynbdar ammoHus Ooinee uyem Ha 15%
HelenecooopasHo, T.K. MPU  OITOM TIOHKMKAETCSI KOHLEHTpalus BOJOPOJHBIX HOHOB, a
CJIEIOBATEIbHO, MOHMKAETCS XMMHMUYECKas aKTUBHOCTh (OCPOpPHON KHCIOTHI, 0Opasyrolleiics Ha
NEepBOIl CTaguu peakuuu. TUTpOBaHUE €€ MIET0YbI0 M0 METUIOPAHXKY MTOKA3bIBAET, YTO CBOOOIHAS
KHUCIOTHOCTh (T.€. TUTPYEMBI MeEpBBI BOJOPOAHBIH HOH (ocOopHON KHCIOTHI) Mamaer ¢
MOBBILICHUEM TNIPOIEHTa 3aMeHbl cepHoi KucinoTel. Hampumep, mpu 6%-noit 3amene HySOq4
pactBopoM Tuuapocyiabdara ammonus 88-90% P,Os naxomutcs B BUIe cBOOOmHON ¢ochopHOi
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KHCIIOTBI, TUTPYEMOI IO METUJIOpaHXKYy, a pu 18%-Hol 3ameHe cBOOO/HAs KUCIOTHOCTh MaJaeT
1o 70-73% (tabm. 2).

PaccmoTpenue naHHbBIX Tabi. 2 TO3BOJISET 3aKIOYUTh, 4TO 3-15%-Has 3ameHa cepHOi
KuCIOTH 50%-HBIM PacTBOPOM JAUTUAPOCYIb(GaTa aMMOHUS SBISICTCS BIIOJTHE JOITYCTHMOM.

DKCrepuMEHTANIbHBIE JTaHHBIE MOKA3bIBAIOT, YTO C YBEJIUYEHHEM 3aMEHBI CEPHON KHCIOTHI
ruapocyibparoM aMMOHHS, HECKOJIBKO MaJaeT CTENeHb pa3JIoKeHHs amartuta. JlaHHble 1O
COJIEP>KaHUIO MUTATENIBHBIX JIEMEHTOB B FOTOBOM cymnepdocdare, B 3aBUCUMOCTH OT KOJUYECTBA
3aMEHBI CEpPHOM KHCIIOTHI TUAPOCYIh(ATOM aMMOHWSI, PEACTABIEHBI Ha puc. |

By
20,0 ] 23,0
\O P’)OCV.«\\A\ O\Oﬂ
o 195} ' ‘\ 220 &
05 " GE){
u::.% E _P’)Ol:+. g
Q 19,0 g . 21,0 g
(=W ) )
S 185 s
§ 1’5_ \ 20,0 E
S 1,0 g
18,0 > 19,0
05 »

[l L L
3amena cepHoii kucinotel ¢ NH4HSOy,
Puc.1. Cooeporcanue numamenvrulx s1emenmos 6 cynepghocgpame nocie 12-mu cymoynoeo
003UPOBAHUS 8 3ABUCUMOCIU O KOJIUYECNEA 3AMEHbL CEPHOLL KUCTIOMbL PACTEOPOM

cudpocyrvpama ammonus. (Konyenmpayus ceproti kucnomol 63% H,S04; t=70°C,
n=70)

Ilokazamenu no mumposanuio hocghopHoll KUCIOMbL 8 HCUOKOU (haze nyabnbl NpuU 3ameHe CepHOU
KUCTIOMbL 2UOPOCYTbhHamom ammonus. (Konyeumpayusi ceproul kuciomolt: 63% HoSO4 nauanvnas
0
memnepamypa: 70°C; nopma: 70 macc. y. va 100 macc. u. anamuma)

Tabnuya 2.
KonuaectBo cepHOii KHCTOTHI B % OT Ob1ee conepkanue HeiiTpanuzanus nepBoro
TIOJTHOW HOPMBI B BHJIE: P,0s B xkuakoi aze BogopoHOTO HoHa H3PO4
H,SO, NH4HSO, IyJbIbl B % B %
97 3 26.87 10.02
94 6 25.63 11.34
91 9 25.05 14.89
88 12 24.69 15.73
85 15 24.23 15.25
82 18 22.78 26.78
80 20 21.03 32.46
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Kak Bumno u3 puc.l, Hecmorpst Ha To, yro npu 10-15%-Hoil 3ameHe cepHOW KHUCIOTHI
rUApOCYIb(paToM aMMOHHUS CTEIEHb PA3JIOKEHHUs alaTuTa B FOTOBOM cyrepdocdare HECKOIbKO
najgaer, Ho cymma nutarelnbHbIX BemecTB (P2Osyc; +N) cocraBiser 20,65%, uto Gonblie yeM B
cynepdocdare, MosrydeHHOM OOBIUHBIM CIIOCOOOM. YBEIWYEHHE CYMMBI MHUTATEIbHBIX BEIIECTB B
nponaykre mpu  10-15%-Hoii 3ameHe cepHOil KHCIOTHI 50%-HBIM PacTBOPOM THUIApOCYIb(dara
aMMOHHUS OOYyCIIOBJIIEHO 00pa30BaHUEM HE TOJIBKO MOHOKaibluiidpocdara, HO U MOHOAMMOHHUM-
docdara.

Takum oOpazom, /Ui pa3oKeHUsl alaTUTOBOTO KOHIIEHTpaTa CEpHOU KHCIOTON B Ipolecce
noytydeHust cymnepdocdara, ONTHMAIBLHOW BEIUYMHONW 3aMEHbl CEepHOW KHUCIOTH 50%-HbIM
pacTBopoM Tuapocyibdara ammoHwus cienyer cuutath 10-15%-Hyr0 3aMeHy OT MOJHOW HOPMBI
CEpPHOM KHUCIIOTBHI.
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XULASO
SULFAT TURSUSUNUN QiSMON AMMONIUM HIDROSULFATLA
OVOZ ETMOKLO APATIT KONSENTRATININ SULFAT TURSUSUNDA
PARCALANMASI PROSESI
Samadov M.M., Qahramanov R.F., Adigézalova X.9., Mahmudova R.O.

Acar sozlar: superfosfat, intensivlasdirici alavalar, fliiorapatitin parsalanmasi, ammonium-

hidrosulfat.

Mogalads fliiorapatitin sulfat tursusunda pargalanmasindan superfosfatin alinmasi prosesi
todqiq edilmisdir. Klassik tisuldan forgli olarag, sulfat tursusu qismon 50%-li NH;HSO4 mohlulu ils
ovoz olunmusdur.

Aparilan todgiqatlarla miioyyanlosdirilmisdir ki, apatitin parcalanma dorocasini asagi
salmadan sulfat tursusunun pargalanma reaksiyasina sarf olunan miqdarin 10-15%-ni ekvivalent
migdarda NH4HSO4 mohlulu ilo avaz etmok miimkiindiir. Bu halda alinan superfosfatin torkibinda
monokalsiumfosfatla yanasi monoammoniumfosfat da istirak etdiyindon alinan mohsul slave gida
elementi azotla zonginlosir.
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SUMMARY
THE DECOMPOSITION PROCESS OF APATITE CONCENTRATION IN THE
SULPHURIC ACID SUBSTITUTING THE SULPHURIC ACID PARTY BY AMMONIUM
HYDROSULPHATE
Samedov M.M., Gakhramanov R.F., Adigezalova Kh.A., Makhmudova R.A.

Key words: superfhosfate, sulphuric, ammonium, hydrosulphate.

In the article the process of obtaining superphospfate due to the decomposition of
fluorapatite in the sulpfuric acid was investigated. Differing from the classic way? The sulphuric
acid was party substituted by the solution of 50% NH4HSO,.

According to the carried out investigations, it was determined that without reducing the
decomposition deqree of apatite, out of the amount spent on the decpmposition reaction of slphuric
acid one can substitute 10-15% by NH4HSQO, in the equivalent amount.
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NORBORNENKARBON TURSUSUNUN 2-[TRIALKIL(XLOR)SILIL]ETIL
EFIRLORININ SINTEZi VO KIMY9VI CEVRILMOLORI

CAVADOVA SADOGUL HOSON qiz1
Sumqayrt Déviat Universiteti, b/m
DUNYAMALIYEV OHMOD DUNYAMALI oglu
Sumqayit Déviat Universiteti, dosent
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Acar sozlar: norbornenkarbon tursusunun vinil efiri, trialkil(xlor)silan, hidrosilillasma,

katalizator, Farmer qaydasi.

Taqdim edilon moaqalo norbornenkarbon tursusunun 2-[trialkil(xlor)silil]etil efirlorinin
sintezina va kimyavi gevrilmalarinin tadqiqina hasr edilmisdir. Todgiqat isind> norbornenkarbon
tursusunun  vinil  efiri  rodium  dikarbonil-  asetilasetonat  katalizatoru  istirakinda
trialkil(xlor)silanlarla hidrosilillagdiril-misdir. Miiayyon edilmisdir ki, trialkil(xlor)silanlar tadqiq
olunan doymamis miirakkab efira yalniz —OCH=CH, qrupu iizro Farmer qaydasi ila birlagirlor.
Reaksiya naticasinda norbornenkarbon tursusunun 2-[trialkil(xlor)silil]etil efirlori sintez edilorak
Kimyavi ¢cevrilma reaksiyalart Gyranilmigdir.

Molumdur ki, silisiumun hidridlorinin  doymamis karbohidrogenlorin  karbo- va
heterofunksional téromolorino Katalitik birlogsmo reaksiyasinin istiqgamoti hom substratin vo
reagentin torkib vo qurulusundan, ham do istifado edilon katalizatorun vo katalitik sistemlorin
tobiotindon asilidir. Belo ki, trialkil(aril)silanlar platin katalizatorlar1 istirakinda qosulmus olagali
karbonilli birlosmalara, masalon, akril tursusunun alkil efirlorino 1,4-vaziyyatinds birlasirlor. Bu
zaman elektrofil hamla karbonil grupunun oksigenina, nukleofil homls iss CH,=CH- grupunun
konar karbon atomuna yoénalir. Odur ki, trialkil(aril)silil grupu karbonil grupunun oksigen atomuna
birlosir vo doymamis siloksitoromolor alinir. Bundan forgli olaraq, trialkil(aril)silanlarin ikiqat
alagolori tocrid olunmus doymamis miirokkab efirlora  birlosma reaksiyalar1 yalniz 1,2-vaziyyoatdo
gedir va silisiumiizvi miirokkab efirlorin alinmasi ila naticalonir [1-4].

Yuxarida deyilonlor nozoros alinaraq, movcud todqigat isindo todqiq olunan reaksiyanin
qurulus istigamatini toyin etmok, homg¢inin —-OCH=CH,;, -CH=CH- va >C=0 qruplarinin birgs
istirak etdiyi hidrosilillasma soraitinda nisbi foalliglarini tayin etmok moaqgsadils trialkil-, dialkilxlor-
vo alkildixlorsilanlarin norbornenkarbon tursusunun vinil efirino Katalitik birlosmo reaksiyasi otrafli
todqiq edilmisdir. Miioyyon edilmisdir ki, rodium dikarbonilasetilasetonat katalizatoru istirakinda
Vo reaksiyaya daxil olan komponentlorin ekvimolyar nisbatinds trialkil(xlor)silanlar silisium atomu
ilo birlasmis avazlayicilorin tobistindan vo qurulusundan asili olmayaraq tadqiq olunan doymamis
miirokkab efirs yalniz ~-OCH=CH; qrupu iizro Farmer qaydasi ilo birlasirlor. Reaksiya naticasindos
norbornenkarbon tursusunun 2-[trialkil(xlor)silil]etil efirlori amals golir:

/ N4
o OOCH=CH, + H-Si-R" >~

R
|
COOCHZCHZ—Sli—Rl (1)
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R R
R=CHjs, R'=C3H- (1), i-CsH (11), C4Hq (111), i-C4Hg (1V), CI (V); R'=CH3 vo
R=C,Hs (V1), Cl (VII); R=R'=C,Hs (VI11I).

Reaksiya mohsullarmin (I-VII1) torkibi elementlorin analizi ilo, gostorilon quruluslart iso
kimyoavi va fiziki-kimyavi analiz metodlarinin kémayi ilo toyin edilmisdir. Belo ki, fordi tomiz
madds olmasi naziktobagali xromatoqrafiya (benzol:heptan:metanol=10:4.5:3 sistemi; adsorbent-11
doracali aktivliya malik Al;Os; aydinlasdirici-yod buxarlari; R#=0.87) metodunun kdmayi ilo tayin
olunan VI birlosmonin iQ-spektrinds COOCH,CH,Si— qruplasmasinin >C=0 olagasinin valentlik
ragslorine maxsus, rags tezliyi 1735 sm™ olan son doraco intensiv udma zolagi aydin miisahido
edilir [5]. Vinil radikalinin —OCH=CH; qrupunun valentlik ragslarini saciyyslondiron udma zolagi
iso aragdirilan spektrin 1680-1640 sm™ sahosinds miisahids edilmir. VIII birlosmanin molekulunda
—~CH=CH- qrupunun olmasini spektrdo 1620 sm™ sahosinds miisahido olunan asag: intensivlikli
udma zolagi, hamginin hamin birlosmanin PMR-spektrinds miisahido olunan norbornen halgesinin
—CH=CH-— qrupunun protonlarina maxsus Kimyavi siiriismasi 6=5.76-6.15 olan multiplet signallar
tosdiq edir [6].

Todgiq edilon reaksiyanin istigamati kimyavi yolla da toyin edilmisdir. Belo ki, VIII
birlosmonin turs miihitdo hidroliz reaksiyasi aparilmis vo reaksiya naticesinds qurulusu
adobiyyatdan molum olan heksaetildisiloksan va norbornenkarbon tursusu alinmisdir:

2/ R + HOH — 2
(L — |
COOCHZCHZ—S}—R

R (2)
+ R,R'SiOSIR'R, + 2CH,=CH,

R=R'=C,H:.

Qeyd edok ki, heksaectildisiloksan hidroliz reaksiyasi soraitindo omoalo golon 2-
trietilsililetanolun “p-pargalanmaya” moruz qalmasi naticasinds alinir.

Beloliklo, hom spektral analizin naticolori, hom do norbornenkarbon tursusunun 2-
trietilsililetil efirinin turs miihitds hidrolizindan adabiyyatdan malum olan heksaetildisiloksan va
norbornenkarbon tursusunun alinmasi trialkil(xlor)silanlarin rodium dikarbonilasetilasetonat
katalizatoru istirakinda norbornenkarbon tursusunun vinil efirina yalmiz —OCH=CH; olagosindan
Farmer qaydasi lizro birlosdiyini séylomays imkan verir. Bu onu gostorir ki, gostorilon soraitdo
trialkil(xlor)silanlarla reaksiyada norbornenkarbon tursusunun vinil efirinin molekulundaki
—OCH=CH; qrupu —CH=CH— qrupuna nisbaton daha yiiksok reaksiya gabiliyyatino malikdir.

Miisyyan edilmisdir ki, reaksiya mahsullarinin ¢iximu trialkil(xlor)silan molekulunda silisium
atomu ilo birlogsmis avozlayicilorin tobistindon vo qurulusundan nozaragarpacaq dorocads asilidir.
Belo ki, dimetilxlorsilan vo metildixlorsilan norbornenkarbon tursusunun vinil efirino birlogorok
miivafiq olaraq, 71.1 vo 68.2% c¢iximla hidrosilillosma mohsullar1 amoalo gotirdiklori halda,
dimetilpropil-, dimetilbutil-, metildietil- vo trietilsilanlar gotiiriildiikdo reaksiya mohsullarinin
ciximi miivafiq olaraq 56, 55.2, 57.7 va 57.6% toskil edir. Dimetildiizopropil- Vo
dimetildiizobutilsilanlar isa comisi 51.3 va 52.3% ¢iximla birlosma mohsulu omala gatirirlar.
Beloliklo, todqiq olunan reaksiyada trialkil(xlor)silanlarin foaalliglarmin asagidaki sirasi toyin
edilmisdir:
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HSICH,Cl, > HSi(CHs),Cl > HSICH3(C,Hs), > HSi(C;Hs)s >
> HSi(CH3),CsH, > HSi(CHs),CaHg > HSi(CHa),i-CsH; > HSi(CHa),i-CaHg

Toadgiq olunan reaksiyada dimetilxlorsilan vo metildixlorsilanin nisbi reaksiya gabiliyyatinin
yiiksok olmasini fikrimizco, xlor atomunun elektronlarmin silisium atomunun 3d-orbitallari ilo
qosulma effekti ilo izah etmok olar. Bels ki, xlorsilanlarda silisium atomu 3d-orbitallarindan istifads
etmoklo valent imkanlarini artira vo xarici enerji saviyyasindo 10 elektron yerlosdira bilir. Belo
birlosmoaloardo Xlor atomunun p-elektronlar: elo yerlosir ki, onlarin silisium atomunun elektronlarla
tamamlanmamis 3d-orbitallari ilo Ortiilmasi miimkiin olur. Bunun naticasinds silisium atomu ils
xlor atomu arasindaki kimyavi alags gismoen ikigat olage xarakteri dasiyir. Belo kimyavi slags d,—p;
tipino aid edilir vo onun amalagalmo mexanizmini asagidaki rezonans quruluslarinin kémayi ilo
tosvir etmok olar:

NG N&=a
— 1 «— — 1 =

Belo qosulma effekti Si-H alagasini slavs olaraq polyarlasdirir va silan1 aktivlesdirir [7].

Tadqiq olunan reaksiyada saxoli quruluslu tigiizvisilanlarin aktivliyinin asagi olmasi isa Sterik
effektlo olagodardir ki, bu da dimetilizopropil- vo dimetilizobutilsilil gruplarinin reaksiya morkazina
homloasini ¢atinlosdirir.

Sintez edilmis silisiumiizvi miirokkab efirlorin bazi kimyavi ¢evrilmoalori  dyronilmisdir.
Miioyyan edilmisdir ki, bu efirlor kifayat gqodor yiiksok reaksiya qabiliyyatli birlosmalordir. Onlar
asanliqla mixtalif kKimyavi ¢evrilmoaloro moaruz galirlar. Bu reaksiyalar naticasindo silisiumun yeni
sinif tizvi birlogmalari amala galir.

Miioyyon edilmisdir ki, yeni sintez edilmis silisiumiizvi miirokkob efirlorin molekulunda olan
norbornen halgasindaki ikigat slage asanligla elektrofil birlosma vo epoksidlosma reaksiyalarina
daxil olur. Bundan istifado edorok norbornenkarbon tursusunun 2-dimetilpropilsililetil efirinin (I)
bromla qarsiligli tasirindon 98.3% ¢iximla IX silisiumiizvi bromid alinmigdir:

/ R + Br, — Br R
= - -
COOCHZCHZ—Sll—R Br COOCHZCHZ—Sll—R

R R

(3)

R=CHjs, R'=C3H; (IX).

TOCRUBI HIiSSO

Ilkin maddo olan norbornenkarbon tursusunun vinil efiri molum metodika iizro [8]
tsiklopentadienin akril tursusunun vinil efiri ilo dien kondenslosmasindon alinmigdir: Tgay, 61-62 °c
(0.5 mm c.siit.), N7 1.4882, d%° 1.0573. Cixim 72%.

Trialkilsilanlar iso dialkilxlorsilanlarin miivafiq alkilmagneziumbromidlarlo qarsiligh
tasirindon alinmisdir.

Sintez edilmis silisiumiizvi birlosmolorin 1Q-spektrlori ikisiiali UR-20 spektrofotometrindo
700-2400 sm™ (NaCl prizmasi) vo 2400-3600 sm™ (LiF prizmasi) saholarinds ¢okilmisdir.
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Norbornenkarbon tursusunun 2-(dimetilpropilsilil)etil efiri (I). Yeni qovulmus 16.4 q (0.1
mol) norbornenkarbon tursusunun vinil efiri vo 10.2 q (0.1 mol) dimetilpropilsilandan ibarat qarisiq
agzina oks soyuducu kegirilmis birbogazli reaksiya kolbasinda 0.05 q rodium
dikarbonilasetilasetonat katalizatoru istirakinda tiofendon tomizlonmis 50 ml susuz benzol
miihitindo 18 saat miiddoatinds qaynadildi. Reaksiya kiitlosindon halledici vo asagi temperaturda
gaynayan maddolor qovularaq ayrildigdan sonra qalan hissodon vakuum altinda distills ilo 14.9 q |
alindi va fiziki sabitlori toyin edildi: Tqay, 107-108 °C (0.5 mm c.siit.), N5 1.4839, di° 0.9848.
Cxam 56%. Tapildi: C 67.42, 67.71; H 9.72, 9.65; Si 10.22, 10.09%; MRp 77.40. Rs 0.81. C-
15H26S10,. Hesablandi: C 67.61; H 9.84; Si 10.54%; MRp 77.80.

Norbornenkarbon tursusunun 2-(dimetilpropilsilil)etil efirinin (11) 1Q-spektrinin naticalari (v,
sm™): 730 (3.1), 780 (3.5), 830 (2.2), 895 (2.2), 930 (3.6), 1005 (2.3), 1050 (4.8), 1100 (2.6), 1140
(1.2), 1170 (1.3), 1240 (4.5), 1320 (1.1), 1380 (1.0), 1405 (2.3), 1425 (2.6), 1625 (3.0), 1735 (5.0),
2880 (2.3), 2910 (2.2), 2935 (3.0).

Norbornenkarbon tursusunun asagidaki 2-[tialkil(xlor)silil]etil efirlori do eyni metodika {izro
sintez edilmisdir.

Norbornenkarbon tursusunun 2-(dimetilizopropilsilil)etil efiri (11). Tqay. 108-109 °C (0.5
mm c.siit.), N5 1.4832, d2° 0.9836. Cixim 51.3%. Tapildi: C 67.68, 67.52; H 9.86, 10.05; Si 10.37,

10.49%; MRp 77.40. C15H26SiO,. Hesablandi: C 67.61; H 9.84; Si 10.54%; MRp 77.80.
Norbornenkarbon tursusunun 2-(dimetilbutilsilil)etil efiri (111). Tgay 121-122 °C (0.5 mm

c.siit), N21.4822, d2 0.9761. Crxim 55.2%. Tapildi: C 68.42, 68.75; H 10.23, 10.02; Si 9.89,

9.35%; MRp 81.95. C15H28Si0,. Hesablandi: C 68.51; H 10.06; Si 10.02%; MRp 82.80.
Norbornenkarbon tursusunun 2-(dimetilizobutilsilil)etil efiri (IV). Tqay. 138-139 °c (1.0

mm c.siit.), N3 1.4818, d3° 0.9741. Cixim 52.3%. Tapildi: C 68.64, 68.55; H 9.89, 10.07; Si 10.08,
9.94%; MRp 82.06. C15H28Si0,. Hesabland1: C 68.51; H 10.06; Si 10.02%; MRp 82.80.
Norbornenkarbon tursusunun 2-(dimetilxlorsilil)etil efiri (V). Tqay. 97-98 °C (0.5 mm
c.siit), N2’ 1.4894, d° 1.0817. Cixim 64.6%. Tapildi: C 55.79, 55.71; H 7.33, 7.48; Si 10.62,
10.71%; MRp 69.10. C1oH19SIiCIlO,. Hesabland:: C 55.69; H 7.40; Si 10.85%; MRp 68.62.
Norbornenkarbon tursusunun 2-(metildietilsilil)etil efiri (V). Tqa. 106-107 °C (0.5 mm
c.siit), N3 1.4888, d2° 0.9911. Cixim 57.7%. Tapildi: C 67.72, 67.53; H 9.91, 9.98; Si 10.34,
10.46%; MRp 77.56. C15H26SiO,. Hesablandi: C 67.61; H 9.84; Si 10.54%; MRp 78.01.
Norbornenkarbon tursusunun 2-(metildixlorsilil)etil efiri (VII). Tgay. 113-114 °C (0.5 mm
c.siit.), n2D°1.4964, dio 1.1842. Cixim 66.8%. Tapildi: C 47.23, 47.39; H 5.82, 5.94; Si 9.86,

9.94%; MRp 68.93. C11H16SICl,0,. Hesablandi: C 47.31; H 5.78; Si 10.06%; MRp 68.25.
Norbornenkarbon tursusunun 2-(trietilsilil)etil efiri (VIII). Tgay 116 °C (0.5 mm c.siit.),
n:2'1.4868, d;’ 0.9760. Cixim 57.6%. Tapildi: C 68.64, 68.73; H 10.12, 10.19; Si 9.78, 9.91%;
MRp 82.62. C16H25Si0,. Hesablandi: C 68.51; H 10.06; Si 10.02%; MRp 82.52.
Norbornenkarbon tursusunun 2-(trietilsilil)etil efirinin (VIII) hidrolizi. Birbogazli,
yumrudibli reaksiya kolbasina 14.0 q (0.05 mol) yeni distillo edilmis norbornenkarbon tursusunun
2-(trietilsilil)etil efiri (V1I1), 40 ml su vo 0.1 ml qat1 sulfat tursusu yerlosdirildi. Kolbanin bogazina
oks soyuducu kegirilorok 9 saat miiddstinds qaynadildi. Reaksiya basa ¢atdiqdan sonra {izvi hissa su
toboagosindon ayrildi vo su tobogosi bir neco dofo efirlo ekstraksiya edildi. Uzvi hissolor
birlogdirilorak kozardilmis MgSO, tizorinds quruduldu. Reaksiya kiitlasindan holledici qovuldugdan
sonra qalan hissadon vakuumda distillo ilo 5.7 ¢ heksaetildisiloksan - Tgay. 83-84 °C (4.0 mm c.siit.),

Ny 1.4356, d’ 0.8583, odobiyyat gostaricilori: Tqay. 233 °C (758 mm c.siit.), N 1.4380, d7’

0.8590 [9] vo 6.4 q norbornenkarbon tursusu - Tgay. 105-106 °C (0.5 mm c. siit.), N ZDO 1.4960, dio
1.1399 alindi.

Tom 14 «Hayunwie uzgecmusy Cymeatibimckoeo cocyoapcmeennozo ynusepcumema  Ne3, 2014



Cavadova S.H., Diinyamaliyev O.D., Mustafayev M.M. 37

2-(2"-Dimetilpropilsilil)etoksikarbonil-5,6-dibrombitsiklo[2.2.1]heptan  (1X). Mexaniki
qarigdirici vo damci qifi ilo tochiz olunmus reaksiya kolbasina 6.7 q (0.025 mol) yeni qovulmus
norbornenkarbon tursusunun 2-(dimetilpropilsilil)etil efiri (I) vo 30 ml susuz dietil efiri
yerlosdirildi. Intensiv qarisdirilmagla vo duz-buz soyuducu qarisigi ilo soyudulmagla iizerine asta
damcilarla 4.0 q (0.025 mol) brom axidildi. Bromun hamisi reaksiya zonasina verildikdon sonra
kiitlo otaq temperaturunda 0.5 saat miiddstindo qarisdirildi. Reaksiya kiitlasindon holledici
govuldugdan sonra galan hissadon vakuumda distillo ilo 10.5 q IX silisiumiizvi dibromid alindi vo

fiziki sabitlori toyin edildi. Tqay. 179-180 °C (0.5 mm c.siit.), N 2’15151, d% 1.3595. Crxim 98.3%.

Tapildi: C 42.37,42.49; H 6.21, 6.33; Si 6.64, 6.39%; MRp 94.61. C15H2SiBr,0,.
Hesablandr: C 42.25; H 6.14; Si 6.59%; MRp 93.69.
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PE3IOME
CHUHTE3 U XUMHWYECKUE IMTPEBPAIIIEHUSA
2-[TPHAJIKNJI(XJTO0P)CUJINJI I TUITOBBIX D®UPOB
HOPBOPHEHKAPBOHOBOM KUCJIOTHI
Jlcasaoosa C.I., [lynamanviee A./l.,, Mycmaghaee M. M.

Kniwouesvle cnosa: sununogwlii 3¢pup HOpOOPHEHKAPOOHOBOU KUCIOMbL, MPUATKUTL(XIOP)CULAH,
euopocununuposanue, kamanusamop, npasuio Papmepa.

CraTbst TIOCBSIIEHA CHHTE3Y UM  MCCIEJOBAHMIO XHMMHYECKHUX MpeBpamieHui 2-
[ TpraNKUII(XJI0P )CUITWII |3THIIOBBIX ~ 3(UpoB  HOpOOpHEHKapOOHOBOH  kucioThl. ccnemgoBana
peakiys KaTaIUTUYEeCKOTO IPHCOSAWHEHHUS TPUAIKWI(XJIOP)CHIAHOB K BHUHHIIOBOMY 3(upy
HOpOOpHEHKapOOHOBOM  KHMCIOTHI B NIPUCYTCTBUHM  alleTUJIALCTOHATAMKApOOHMUIIA  POAMS.
VY CTaHOBIIEHO, YTO NMPH SKBUMOJSIPHOM COOTHOILICHUH pEarupyroliux KOMIIOHEHTOB, HE3aBUCHMO
OT TIPUPOABI W CTPOCHHS 3aMECTHTEJICH, CBS3aHHBIX C aTOMOM KPEMHHS, WCIIOJIb30BaHHbIC
TPUATKWI(XJIOP)CUIIaHbl CENIEKTUBHO NpucoequHsoTes uckimountensHo k' —OCH=CH; cBs3u
BUHIJIBHOTO pajKajia ¥ 00pa3yroT 2-[TpHaTKWII(XJIOP)CHUIIII |3TUIOBBIE (UPBl HOPOOpPHEHKAP-
60HOBOI1 KucnOTHL. I[lokazaHO, YTO TPOAYKTOM OpOMHMPOBAHHUS MOJYYEHHOTO HENpelelIbHOro
KPEMHHUHOPraHNYeCKOro 3(hupa ABIseTCs COOTBETCTBYIOIUI OpOMUI.
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SUMMARY
SYNTHESIS OF NORBORNENCARBON ACID
2-[THRIALKYL(CHLORINE)SILILAJETHYL ETHERS
AND CHEMICAL TRANSFORMATIONS
Cavadova S.H., Dunyamaliev A.D., Mustafaev M.M.

Key words: vinyl ether of norbornencarbon acid, thrialkyl(chlorine)silanes, hydrosilylation,

catalyst, Farmer rule.

Introduced article was dedicated to the synthesis of norbornencarbon acid 2-
[thrialkyl(chlorine)silila]ethyl ether and investigation of chemical transformations. In the research
work the vinyl ether of norbornencarbon acid was hydrosilylated with thrialkyl(chlorine)silanes in
the presence of rhodium dicarbonylacetilacetonat catalyst. It was determined that,
thrialkyl(chlorine)silanes are joined to researched unsaturated complex ether only by —OCH=CH,
group with Farmer rule. As a result of the reaction with the synthesis of norbornencarbon acid 2-
[thrialkyl(chlorine)silila]ethyl ether chemical transformation reactions were studied.
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Acgar sozlar: trixlorpropan, 2,3-dixlorpropen-1, hipoxlorlasma, oksixlorlasma, abgaz xlorid
tursusu, hidrogen-peroksid, 1,3-dixloraseton.
1,2,3-Trixlorpropandan alinan 2,3-dixlorpropen-1-in abgaz xlorid tursusu asasinda hidrogen-
peroksid Vo natrium hipoxlorid istirakinda  hipoxlorlasdirilmast  prosesinin  aparilmast
oyranilmisdir. Bu zaman 1,3-dixlorasetonun ¢iximi 70-75 % tagkil edir.

Epixlorhidrin (EXH) istehsalinin ¢ox tonnajli tullantilarindan biri 1,2,3-trixlorpropandir
(TXP). Bu birlosms allil xloridin (AX) xlorlu su ilo hipoxlorlasdirilmas: prosesinda dixlorhidrin
gliserin (DXQ) ilo yanasi alinir [1]. AX-2 gora onun ¢iximi bir qayda olaraq 10-12 % toskil edir.
Onun istifads sahasi olmadigindan ekoloji baximdan zarorli tullantilardan hesab olunur.

Digor torafdon, TXP va digar xlor-iizvi birlosmalor homin istehsalin cox tonnajli tullantisi
kimi praktiki olaraq istifadssiz qalir. Odur ki hamin xlorlu birlosmoalor straf miihit iigiin ekoloji
tohliiko yaradir. Toassiiflo qeyd olunmalidir ki, TXP-nin istifads sahasi olmadigindan yandirilir.

Olbotto, bu ¢ixis yolu deyil, ¢iinki xlor torkibli {izvi birlogsmolorin yandirilmasi olduqca
tohliikali bir omaliyyatdir. Burada ovvolkindon daha tohliikali birlosmalorin alinmasi miimkiindiir.
Bir sira xarici moanbalora asason xlor-iizvi birlogsmoalarin oksigends yandirilmasi naticasinds ekoloji
cohotdon daha dohsatli olan dioksin maddasinin amolo galmasi bas verir [2]. Bu faktor nozars
alinmir. Nozora alinmalidir ki, dioksin maddosi hiss olunmadan otraf miihito yayilir. Torpaga, suya
Vo yasilliglarin iizarina diison vo eyni zamanda havanin torkibinds yayilan dioksin canli organizmo
daxil oldugda immun sistemini pozur vo bir sira dohsatli xastaliklorin, o ciimlodon Xoargong
xastaliyinin amala galmasina sobab olur. Ciinki dioksin yanmayan va tabiatin tasirina garsi oldugca
davamli birlosmadir. Onun tabistds Va canli orqanizmds yasama miiddoti 10-50 ildir [3] .

Biitiin bunlar1 nozars alaraq, xlor torkibli tizvi birlosmoalari (tullantilari) utilizo etmok ti¢iin
onlarin tokrar emal olunmasi daha mogsadouygun hesab edilir. Bu magsadlo todgigat obyekti kimi
epixlorhidrin istehsalinda olavo mohsul kimi alinan TXP-n1 tokrar emal etmok ti¢lin onun istifado
oluna bilacok sahalordon birini miiayyan etmokdir. Odur ki, avvalca onu monomer soklina salmag
lazimdir.

Miioyyan edildiyino géra, TXP har hansi galovi reagentlorin tosirindon asanliqla HCI itirir vo
torkibinds ikigat rabitasi olan birlosmays - 2,3-dixlorpropen-1-o gevrilir.

NaOH
CICH, - CHCI - CH,Cl — CH, = CCI - CH,CI + NaCl + H,0

Miiayyan edildiyina goérs, 2,3-dixlorpropen-1-in vo digar cox tonnajli tullantilar asasinda
alinan doymamis birlogsmolorin xlorid tursusunda oksixlorlagdirilmasi reaksiyast homin tullantilarin
utilizo olunmas1 baximindan perspektivli hesab olunur.
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Tullant: abqaz xlorid tursusu va 1,2,3-trixlorpropan asasinda 1,3-dixlorasetonun sintezi - 4

Xlorlu olefinlorin oksixlorlagsdirilmasinda oksidlasdirici kimi hidrogen-peroksid va yaxud
natrium hipoxloridin sulu mohlullarindan istifads edilmisdir [4,5]. Bu tisulun asas mahiyyati onunla
olagodardir ki, oksidlasdirici istirakinda xlorid tursusundan molekulyar xlor regenerasiya olunur vo
onun alinmasi aninda xlorolefinlo reaksiyaya girorok onu sulu miihitdo oksixlorlasdirir. Homin
reaksiya bir gayda olaraq nisbaton asagi temperatur soraitinds aparilir.

Miiayyan edildiyino gors, 2,3-dixlorpropenin oksixlorlasdirilmasi zamani xlorhidrin avazino
dixloraseton alinir.

0]
n
CH, = C-CH,Cl + H,0, (NaOCl) —— CICH, - C - CH,ClI
cl

Hesab etmok olar ki, 2,3-dixlorpropen-1-in oksixlorlasmasi AX-in  homin soraitdo
oksixlorlagmasi mexanizmi iizro bas verir. Daha dogrusu, hipoxlorid tursusu ikiqat rabitoyo
asagidaki kimi birlogir:

Cl Cl
i |
CH,= C-CH,CI + HOCI — |CICH, - C - CH,CI
|
OH
Araliq kompleks davamsiz oldugundan pargalanir vo naticada xlor-keton amolo gatirir:

Cl 0

|
CICH, - Clt - CH,Cl| — CICH,- C-CH,CIl + HCI
OH
Bu birlosmalarin amalo galmasinin ilkin marhalasinds xlorid tursusu ilo hidrogen-peroksid vo

yaxud narium hipoxlorid arasindaki reaksiya naticasindo molekulyar xlor alinir, o da su miihitindo
hipoxlorid tursusuna ¢evrilir:

H>0,
— > CIZ + Hzo

H,0
2HCI — ., S HOCI + HCl
=== cl, + NaCl

Sonraki marhaloda hipoxlorid tutsusu ilo doymamis rabito arasinda elektrofil reaksiya naticosinda
avvalco “xoponueBslit komruieke” omala goalir:

Cl Cl.
," \\ : ~\\\‘i'
CH, = (IZ-CHZCI + CI" —> CH",- C- CH,Cl —> CH,—'C_, — CH, —>
| L~
Cl Cl Cl "~
X CH, - C - CH, —= CICH, - C-CH,CI +HCl

|
Cl CI
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TOCRUBI HISSO

EXH istehsalinda amalo golon TXP-n1 utilizo etmok magsadilo onun tokrar emal olunmasi
daha mogsadouygun hesab edilir. Bu moagsadlo todgigat obyekti kimi TXP-nin dehidroxlorlagsma
mohsulu olan 2,3-dixlorpropen-1-in hipoxlorlasma reaksiyasi 0yronilmisdir. Miiayyan edildiyina
gora, TXP golovilorin tasirindon asanligla HCI-u itirir vo torkibindos ikigat rabitasi olan birlogsms -
2,3-dixlorpropen-1-o gevrilir.

Reaksiyan1 aparmaq iiciin asagidaki sorait secilmisdir. U¢bogazli kolbada TXP yerlosdirilir vo
60-70 °C-do 20 %-li natrium golovisi reaksiya zonasina qarigdirmaqla slave edilir. Alinan 2,3-
dixlorpropen-1 su buxari il birlikds govulur va soyuducuda kondensloasdirilir.

Reaksiya naticosindo alinan kondensat iki tobogodon ibarotdir: su vo iizvi toboge. Uzvi
toboagoni sudan ayirdigdan sonra qurudulmus Na,SO, vo ya CaCl, iizorindo bir ne¢o saat
saxladigdan sonra tokrar govulur.

Alnan 2,3-dixlorpropen-1-in fiziki xassslori asagidaki kimidir: qgaynama temperaturu 94 °C,
d2 — 1,212. Ddobiyyat gostoricisi [6]: gaynama temperaturu 94 °C, d?- 1,236, d* — 1,205.
Reaksiyanin ¢iximi 80-85 % toskil edir.

Asagi temperaturda 2,3-dixlorpropen-1-in oksixlorlagdiriimasi

Ugbogazli kolbada miixtolif gatiliga malik xlorid tursusu vo 2,3-dixlorpropen-1 yerlosdirilir
Vo oksidlogdirici reagent 60-70 °C temperaturda reaksiya zonasina yavas-yavas olavs edilorak, 2,3-
dixlorpropen-1-in oksixlorlag-dirilmasi proses qarisdirlmaqla aparilir. Reaksiyanin sonunda su
fazasi1 vo iizvi fazadan ibarat tobago alinir. Uzvi tobage su fazasindan ayrildigdan sonra quruducu
tizarinda qurudulur.

Qovma {tisulu ilo avvalca yiingiil fraksiyalar vo reaksiyaya daxil olmayan 2,3-dixlorpropen-1
konarlasdirilir. Qalan fraksiya vakuum altinda asagi tozyiqdo qovulur. Bu halda gaynama

temperaturu 63-65 °C/15 mm c.st-da fraksiya alinir. Onun fiziki gostoricilori asagidaki kimidir: n2’ —
1,4850, dfo—l,3845. Cixam 70-75%

Alinan maddonin infraqirmuzi spektrinde 1738 sm™-o borabor olan intensiv pikin olmast
karbonil grupuna moxsusdur. Maraqlidir ki, homin maddsnin spektrinds eyni zamanda 999, 1610
sm ikigat rabito iigiin vo 3550 sm™ hidroksil qrupu iigiin xarakterik qruplar mévcuddur.

Alman naticalor asas verir ki, homin molekulda ola bilsin ki, keto-enol qruplagsmasi vardir. Bu
fakt1 tosdigq etmok ti¢iin alinan maddonin gaz-maye xromatoqrafiyasi ¢ixarilmigdir. Bu zaman alinan
maddonin iki piklo xarakterizo olunmasi onun keto-enol formadan ibarst oldugunu gostorir:

@ OH
CICH,- C-CH,Cl === CICH, - (IZ - CHCI
Cl
keto-forma enol -forma

Onlarin nisbati 5,7 : 4,3 kimidir. Bu onu gostarir ki, keto-forma iistiinliik toskil edir.

Bu fakti tosdiq etmok ti¢iin 1,3-dixloraseton, eyni zamanda, qarsiliqh sintez tsulu ils, daha
dogrusu odobiyyatda molum iisulla da sintez edilmigdir [7]. Burada xammal kimi 1,3-DXQ
gotirtlir. 42 g xlorhidrin, 92 g kalium bixromat, 46 g gat1 sulfat tursusu 460 ml sudaki mahlulun
tizorino damci-damci olave edilir. Reaksiyanin temperaturu 40-50 °C. Reaksiyanin sonunda
soyudugdan sonra mohlul benzol ilo ekstraksiya edilmisdir. Ekstrakt quruducu CaCl;, ilo
quruduldugdan sonra qovulma yolu ils 9,5 q 1,3-dixloraseton ayrilmisdir. Qaynama temperaturu

65-67 °C/ 16 mm c.st.,, n3’—1,4800, d° — 1,3895. Odobiyyat gostoricisi [8]: qaynama temperaturu —
173 °C, n2’-1,4814, d2’— 1,3826.
Alinmig birlosmonin xromatoqrafiyast gostorir ki, burada da iki izomerin garisigindan ibarot

olmusdur. Ancaq kimyavi tisulla alinmis maddanin keto-enol torkibi 4,6 : 5,4 ibarotdir. Maraqlidir
ki, burada enol torkibli tistiinliik taskil etdiyindon fiziki gostaricilari gismon do olsa forglonir.
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PE3IOME
CHUHTES3 1,3- INXJIOPAIIETOHA HA OCHOBE OTXOJIOB
ABI'A3HOHM COJISTHOM KUCJIOTHI U 1,2,3-TPUXJIOPIIPOIIAHA
Auwypoea H.J]., Axmeoosa P.P., Mypaooe M.M.

Knroueswie cnosa: 1,2,3-mpuxniopnponan, abeazuas consinas kucioma, 2,3-ouxiopnponen-1,
2UNOXTIOPUPOBAHUE, OKCUXTOPUPOBAHUE, NEePeKUCb-8000pooa, 1,3-ouxiop-
ayemoH.

W3ydyeH mporecc THUNOXJIOpUpOBaHUA 2,3-muxiopnponeHa-1, mpomxydensHoro wus 1,2,3-

TPUXJIOPIIPOIIaHa, Ha OCHOBE aOra3HOM COJITHOH KHCIIOTHI NMPU YYaCTHUU IEPEKUCH BOJOPOJaA H
runoxyopuaa Harpus. [Ipu atom Beixoa 1,3-auxnopanerona cocrasui 70-75 %.

SUMMARY
SINTHESIS OF 1,3-DICHLORINE-ACETONE ON THE BASIS OF WASTE
ABGAZ OF HYDROCHLORIC ACID AND 1,2,3-TRICHLORINPROPANE
Ashurova N.D., Akhmedova R.R., Muradov M.M.

Keywords: 1,2,3-trichlorinpropane, 2,3-dichlorinpropane-1, hypochlorination, oxychlorina-

tion, abgaz hydrochloric acid, hydrogen peroxide, 1,3-dichlorine-asetone.

The hypochlorination process of 2,3-dichlorinpropane-1 obtained from 1,2,3-
trichlorinpropane on the basis of abgas hydrochloric acid with the hydrogen-peroxide and
hypochlorite sodium participation is studied. And the output of 1,3-dichlorine-acetone composed
70-75%.
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[To manueiM ®@AO (Food Agriculture Organization) 3a mocieaHue TOAbl HACEICHHE 3eMIIH
BBIPOCIIO TIOYTH Ha 1/3, 9yTO moTpeboBao yBeIuueHUss OMOTOTHUYECKON POYKTUBHOCTH TIAHETHI.
B 10 e Bpems, Hauanmo 21-ro Beka 03HAMEHOBAJIOCH OONBIIMMHU MPUPOJHBIMU KaTaKIM3MaMU,
KOTOpbl€ TPUBEIH K  DKOHOMHUYECKOMY KPH3HCY. YUEHBbIe BCETO MHpa JOCTUTIU OOJIBIINX
YCIIEXOB B XUMH3AIMU IPOJYKTOB IUTAHUS, MBITAACh JIOCTHYh H300UIUS B OOCCIICUCHHH
HACEJICHUs TUIAHETHl MPOIyKTaMH TuTaHus. [losBHiach HEOOXOIUMOCTh MPPHUTAIUU  ITOCEBHBIX
noyB [2].

B crpaHax ¢ cyXuM KIMMaTOM HUppUTalys TaeT BO3MOXXHOCTH  OPOIICHHs JTOCTaTOYHO
OOJIBIINX MaXOTHBIX 3eMeNb. [Ipu 3TOM clenyer yd4ecTh, 9TO MOCTYIUIEHHE OOTBIIOTO KOJNYECTBA
BOJIbI, KOTOpasi UCIIONB3YETCS MPH UPPHUTAIIH Ha TEPPUTOPUSIX CO CIONKHBIIUMCS BOTHO-COJIEBBIM
OanmaHCOM, BEJIET K MOBBILICHUIO YPOBHS TPYHTOBBIX BOJ M BTOPHYHOMY 3acoiieHni0. OTMETHUM, 4TO
MIPU OPOIIIEHUH MOCEBOB BOJOW C TOBBIIICHHON KOHIIEHTpAIMEH CoJiel, MPOUCXOTUT MOBBIIICHHE
COZIepKaHUsI JIETKOPACTBOPHUMBIX MHUHEPAIILHBIX COJIEH, 32 CUET KOTOPBIX MPOUCXOIUT BTOPUIHOE
3acoJieHHe. YUYHTHIBas 93TO, BOIPOCH MPAaBHIBHOTO BEIOOpa TEPPUTOPUU TIOJ OPOIICHHE,
MPOTHO3UPOBAHUS M MPEAOTBPAICHUs BTOPUYHOTO 3aCOJCHHsSI, PAIMOHATHHOTO HCIOIB30BAHHUS
MOYB UMeET OO0JIBIIOE 3HAYCHHUE.

3aconeHre TOYB SBISIETCS OJHOW M3 OCHOBHBIX IPOOJIEM, PEIICHHEM KOTOPBIX 3aHSTHI
yUeHBIE BCETO MUpPa B Pa3IMYHBIX 00JacTAX Hayku. boprOa ¢ 3aconeHueM TpedyeT TIaTeIhbHOTro
M3YYCHHS TIPOUCXOXKACHUS NaHAmadTa, HCTOPUIO €T0 PA3BUTUS U CTPYKTYPY B3aUMOCBSI3H MTOYB U
¢dopm penbedall,2].

Haunbonee nOCTYmHBIM Ui COBPEMEHHOW HAYKH SIBIISTIOTCS MTPEIyNpeaIuTebHbIe MEphl Ha
OpOIIaeMBIX TI0YBAX ¥ MPEIOTBPAIICHHE BTOPHYHOTO 3aCOJICHHUS.

PaboTel B 3TOM HampaBieHUH OOJbIICH YacCThIO MPOBOAATCS HA OCHOBE OOPabOTKU
CIYTHUKOBBIX U CAMOJIETHBIX CHUMKOB[2,3].
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[Io CHyTHUKOBBIM U CaMOJIETHBIM CHHUMKaMm, METOJOM LH(POBOro aemudpupoBaHus,
COCTABIISIFOTCS KapThl (hopM pernbeda, TUTOIOTHH U ITOYB M3ydaeMoro paiiona. [lomydeHHbIe KapTh
Beogarcss B I'MIC wum wucmonb3yroTcss B KauecTBe 0a30Boi HMH(OpMAnuu A BBIPAOOTKH
MHOTOYPOBHEBOW CXeMbI cOOpa JOIMOJIHUTENbHBIX HA3€MHBIX JaHHBIX M B KaueCTBE MAacKu B
nporiecce KiaccupuKaruy n300pakeHui|2].

CnyTHUKOBBIE CHUMKH MOTYT HCHOJb30BaThCS Ha JII00O0H TeppuTopuu. JlaHHBIM CHUMOK
(puc.1) sBisercs 6ojee KOHKPETHBIM T.K. 31eCh TeppuTopus A3zepOaiikaHa BUIHA B HAWITy4IIeM
pakypce, Kak yacTb OeperoBoi 3006l Kacmuiickoro mopsi.

Puc.1 Cnymnukoswiii chnumox Kacnuticko2o mopsi.

B paGotax, npoBenennbix (2012-2014r.r.) UKUIIP HAHA 1o usyuyeHuto 3acojieHus
MaXOTHBIX 3€Mellb Ha TeppUTOpuu A3epOaiipkaHa, MCIOIb30BATINCH PA3HOBPEMEHHBIE aPOKOC-
MHYECKHE CHUMKH, noiydyeHHble ¢ Landsat TM. Koppekuus u xinaccupukanus 3TUX CHUMKOB
npoBoauiiack B cucreMe ERDAS IMAGINE ¢ ydyetom xapakTtepuctuk mno4yB u ¢opm penbeda,
JTAaHHBIX MOJIEBBIX U JJAOOPATOPHBIX MCCIIEI0BaHUN, IPUBS3aHHBIX K Te0rpapuuecKuM KOOpAnHATaM
¢ ucnonb3oBanuem cucremsl GPS. Ilo nanHbIM 00paOOTKM COOTBETCTBYIOIIMX CHUMKOB OBLTH
COCTaBJIEHBl KapThl 3aCOJICHHBIX MOYB KOHKPETHBIX TeppuTopuil AsepbOaiimkana (IllupBaHckas
crenb, ArjpkedeauHckuil paiion, Kapabaxckas crens, Illexkn — 3akaransckas 30Ha). BusyanbHoe
CpaBHEHHUE IMOJIYUEHHBIX KapT W pPE3yJIbTaTOB aHajIM3a MOYBEHHBIX MPOO C YYacCTKOB C OIpene-
JIEHHBIM BPEMEHHBIM MHTEPBAJIOM, a TAKXKE BU3yaJIbHOE CPABHEHHME CIEKTPAIBHBIX CHUMKOB JIA€T
NPUOIN3UTENIBHOE TOHATHE 00 N3MEHEHHSX 3aCOJIEHHOCTH.

[IpenmyIiecTBOM 3TOro crocoda SBJISETCS TO, YTO W3MEHEHUS MOYBEHHBIX KOMIIOHEHTOB
BBIJICJSIFOTCS  CBOEM spKOM OKpackoil. Bocmpustue mnBera W ero sApKOCTH 3aBHCUT  OT
WHIMBUYAIIbHOTO BOCTIPHUATHA HMHAUBUAyyMa. Jlns Oojee TOYHOTO ONpenieneHus IBeTa
(oTpaxkarenbHash CIIOCOOHOCTB) MCIOJB3YIOTCS I[BETOBBIE INKAJbl M aTiachl, COCTABJICHHBIE 10
JUTMHHOBOJIHOBBIM MTOKA3aTEeIsIM XUMUYECKUX JIEMEHTOB.

OneHka NpUPOCTAa 3aCOJCHMsI  IyTEM CpPaBHEHMs SBISETCA JOBOJBHO HETOYHBIM. Jlis
NpeIyIpexIeHUs 3aCOICHUS TI0YB, CIeyeT MPUOETHYTh K 0oJiee TOUHBIM MeTo/iaM [2,4].

3aconeHne 0OyClaBIMBAET PE3KOE W3MEHEHHE CBOICTB IOYB U BbI3BIBAET OOEIHEHHE WM
MIEPEPOKACHUE PACTUTEIBHOTO MOKPOBA, YTO BBI3BIBACT M3MEHEHHE SPKOCTHO - CIEKTPAIBHOTO
OTpa)KeHMsI JaHHOTo y4acTka. [lo cTemeHn npupocTa 3acONEHHOCTH IOYB LBET( UIMHA BOJIHBI)
MEHsIeTCsl 0X0oAs 10 KpacHoro (puc.2). Creayer OTMETUTh, UYTO PACTUTEIBHOCTH JYTOB Ha
LIBETHOM CHHTE3UPOBAHHOM CHUMKE TaK K€ UMEET KpPAaCHBIN LBET. [2].
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Puc.2 Kapma OonacHocmu 3acolerHusl node

OmnbIT CTpaH co CXOKUMH ¢ A3epOailkaHOM KIMMAaTUYECKUMHU YCIOBUSMHU IOKA3bIBAET, YTO
U3Y4YECHHE MOYBEHHOIO IOKPOBA JUCTAHLIMOHHBIMH METOJAMH OCHOBBIBAIOTCS HA PA3JIMYUHU
CHEKTPAJIBHOIO JHarna3oHa OTPAKEHMsI, MOMVIOMIEHU W M3JIY4YEHMs 3JIEKTPOMArHUTHBIX BOJIH
[IOYB PA3JIMYHOI'O IMPOUCXOXKIECHUS U CTEIIEHU BTOPUYHBIX U3MEHEHUI. Pa3nuyHble 30HbBI ClIEKTpa
COOTBETCTBYIOT pPa3jIMYHBIM  COJIsIM, cojaepxamumcs B nouse|1,4,5,6]. [lpumensiss paznuunbie
METO/ABI 00pabOTKH a9POKOCMUYECKUX CHUMKOB, MOYKHO MIAEHTH(PHULIHPOBATh pa3iMyHbIE MOYBHI U
UX OTAEIBHBIE XapaKTEPUCTHKHU.

Pa6otsl, mpoBenennsie B UKUITP HAHA 1o cpaBHEHUIO KapT, COCTaBJICHHBIX BO BPEMEHHOM
uaTepBaie (1998 — 2012 r.r.) pacrurensHoctu Illexw - 3akaranbckoro u ['eOeTMHCKOTO paiioHOB
Azep0aiikana Ha kapte ouB AsepOaiikana (puc.3). COCTaBICHHON MO CIYTHUKOBBIM CHUMKaM
BBIJIEJICH U3y4aeMbIid y4acTOK.

Puc.3 Kapma nous Azepbatioscana
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HazemHble wccnenoBaHus, TPOBEICHHBIE HA HMCCIEAYEMBIX IOYBaxX, MOKa3bIBAIOT, YTO B
pPacTUTEIILHOCTH, CBOMCTBEHHOW M3y4aeMOW TEPPUTOPHH, TIOCTEIICHHO HAuyWMHAET MpeodsanaTh
(1996-2012 rr.) pacTUTENBLHOCTH COJIOHYAKOBBIX TOYB. PacTHTENbHOCTh (€CTECTBEHHAS WU
KYJIbTypHasi) SIBJISIETCS. HHIIUKATOPOM JICIIH(PPUPOBAHHUS.

CrekTpanbHble CHUMKH, CJICJTaHHBIE BO BPEMEHHOM WHTEpBAJlC, OTPAXKAIOT BapUAIUU
W3IYYCHUST PACTHTEIBHOTO IIOKPOBA, BBI3BAHHBIC HM3MCHEHHUEM OKOJIOTHYECKUX  YCIOBHU
(ocBemieHus], YBIaKHEHHs, 3aCOJICHUS, MOYBEHHOTO IOKpoBa, (GopM penbeda, MOACTHIAIONINX
MOPO/I, TPYHTOBBIX BOJI, 3aCOJICHUS U T.1.) [2,7]

Ilo u3MeHeHUAM JJIMH BOJIH B CICKTPC OTPAKCHHUA PACTUTCIIBHOCTU HCTPYAHO CYAUTH O
U3MCHCHHNH 3aCOJICHHOCTHU ITIOYB.

YA
0.9

0.8

8 A 380 0 : : 3 : - >
0.0 0.1 g 0.3 0.4 0.5 0.6 07 0.8 X

OX — u3meHeHne koHueHtpanuu; OY —BbIcOTa paCTCHMI;
Puc.4 HUsmenenue apkocmno - CheKmpaibHo20 OUANa3oHa ¢ UsMeHeHuem
C0Ne6020 COCMABA NOYEbL.

Pesynbpratel 1abOpaTOpHBIX aHANWM30B MPOO TIOYB C Pa3HOM CTEMEHBIO 3aCOJEHHOCTH,
IMOKa3bIBar0T, 4YTO C USMCHCHUCM CTCIICHHU 3aCOJICHHOCTU MMOYBBI MCHAIOTCA BUABI PACTUTCIbHOCTH,
CBOWCTBEHHBIC JTAHHON MECTHOCTH. J[pyruMu CJIOBaMU - yBelnnueHue KoHIeHTpanuu coned Ca, Na,
Mg, Cu, Zn u HEKOTOPBIX APYTUX METAIJIOB, IPUBOANUT K U3MEHEHUIO BuAa Mo4B[6]. duarpamma
(puc.4) mocTpoeHa Mo AJWHAM BOJIH M3JIy4eHHUs (IJIMHA BOJHBI yKa3aHa Ha JWarpaMMe) ColeH,
CBOMCTBEHHBIX COJOHYaKaM. PacTBOprMbIe COJM, IPUCYTCTBYIOIIUE B F€0JIOTMYECKUX MOPOJax U
€CThb OCHOBHAas IpPHUYMHA BTOPUYHOTO 3aCOJEHMSI, YTO SIBISETCSA CIIEJCTBHEM aHTPOIOTE€HHOTO
BMEIIATENbCTBA (CTPOUTENbHBIE Pa0OThI, OTXOABI MPOU3BOJACTBA, WU.T.JA.), KOTOPOE MPUBOAUT K
HKOJIOTHYECKOMY JIUcOaIaHcy

C yuerom (QuU3NUECKHX, XUMUYECKUX, OWOJOTHYECKUX HWCCIEeOBAaHUN, 00pabOTKu
a’POKOCMHMUYECKHUX CHHMKOB, a TaKe aHAJIM30B MPOO, B3SATHIX HEMOCPEACTBEHHO C HCCIEAYEMBIX
paiioOHOB, MOXHO TOJIBKO TMPEAYIPEAUTH 3aCOJICHUE MAaXOTHBIX 3eMenb [4,6,7].

KocMmudeckue caumku ¢ paspemenueM 6omnee 10 m nepenator 100% urdopmammu o popmax

3JICMEHTAPHBIX MIOYBEHHBIX CTPYKTYp. Ha oTocHMMKax c¢ Oosiee HU3kuM paspernrenrueM (20—30 m)
n3zoOpaxatorcs He Oosiee 80% MOYBEHHBIX apeajoB.
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Jlig mpenoTBpallleHuss 3acoJieHUS! MOYB CIIEAyeT MPUMEHSTh MOJEIH, MOCTPOEHHBIE IO
pe3yabTaTaM aHAJIM30B HAa3€MHBIX ONBITOB U 00Pa0OTKE KOCMUYECKHX CHUMKOB.

W3 wMHOXkecTBa MaTeMaTHYeCKHX, (PU3NYECKUX, XUMUYECKUX, OMOJIOTHUYECKUX MOJeNeH,
IIPUTO/IHBIM K 3aCOJIEHHBIM IIOYBAaM, CUUTAIOTCSA MATEMATUYECKHUE MOJIEIIH.

Cpenu pacCMOTPEHHBIX MaTeMaTHYECKUX Mozeneu [4,6,7] mpueMiaeMbIM B UCCIETYEMbIX
paifoHax AszepOaiikaHa, C y4eTOM KIMMAaTUYECKHX YCJIOBHUH, ABJIIETCS MOJIeNb, KOTOpas
BKJIIOUAET XUMHUYECKYI0O U (U3NYECKYIO COCTABIISIIONIME, KOTOPBIE CTPOSITCS IO pe3ylibTaTaM
00pabOTKN KOCMUYECKHX CIIEKTPAbHBIX CHUMKOB.

Hcnonb3oBaHne MoOJENIM 3aKIIOYAETCs B 3aMEHE H3y4aeMOro OOBEKTa €ro aHajoroM,
IIOJIyYEHHBIM Ha OCHOBE pE3yJIbTaTa COBMEIICHUSI TEOPETUUYECKUX MCCIEAOBAHUNA M aHAJIN30B
MPAKTUYECKHUX PadoT.

[IpumeHeHne MaTeEMAaTUYECKUX MOJIEIEN J1aeT BO3MOXHOCTh YaCTUYHOI'O MPEJOTBPAIICHUS
pacrpocTpaHeHus 3acoicHus. [9]

BuzyanbHblii IPOCMOTP KOCMUYECKUX CHUMKOB, Ha KOTOPBIX  BMIHBI U3MEHEHHSI LIBETOBOM
raMMbl, 4YTO SIBIISIETCS CIICJICTBUEM W3MEHEHHUS JJIMH BOJH UW3JIy4eHUs, ObUIM COCTaBIICHBI
MaTeMaTHYECKHE MOJICIH, C YIETOM PE3yJIbTaTOB 0O0PaOOTKHU CITyTHUKOBBIX M HA3EMHbBIX TAHHBIX [7].

Haubonee npuemiemMbIM 175 KIMMAaTHYECKUX YCIOBUN A3epOaiikaHa, SBISETCS MOJIEIb
SMIUPUYECKON TpyHIbl, KOTOpas OCHOBBIBAETCS Ha OINPEAENIEHUH CBS3yolIero (akropa
OKpY)KaroIlel cpefbl M IMONYYCHUS aHAJUTHUYECKOTO BBIPAKEHHUS [UISl CBA3M C M3y4aeMbIM
coiictBoM o0bekTa[10,11].

1

X=an+Zaz-vz-

=1 (1)

X — HceaenyeMoe CBOMCTBO; @ — KO UIIMEHT perpeccuu; Vi -pakTop cpesl; N —KOJIUIECTBO
aHanu3upyembix (akropos[ 8].

Beipaxxenue (1) MOXHO Ha3BaTh MPOCTEHIIEH MaTEMaTHYECKON MOJIENbIO.

Hanpumep, B mousax IllupBaHCKON cTENM NPUYMHON 3aCOJECHMS SBISIETCS YBEIUYEHHE
coneii Takux merauioB kak Na® ,Ca?*, Mg?*, ciemoBarensho, o6bekToM m3ydenus (X) SBISIOTCS
CBOMCTBA JAHHBIX METAJJIOB.

JInsi OICHKM TOYHOCTH BBIYMCICHUH wucnoib3yeM koddduimment Teina (U), xotopsiit
BBIUHUCIIIETCS 110 (popmyiie:

Ly(y,-v,)

U: Ni:'l
1 G 1 oo
—D>Y.  + [—)D>Y,
N% pi N% Mi

)

rae Ypi 1 Yymi — pealbHble UM MOJEIBHBIE 3HAUEHMsS COOTBETCTBEHHO; N — KOIMYECTBO
OonpoOOBaHUH.

Koapdumment Teitma wusmeHsercs OT HyAs A0 €AuWHUIBL. [Ipu TONHOM COBMAAECHUU
peanbHbIX U MonenbHbIX 3HaueHud U =0, a npu Oonbmmx pacxoxaeHusx- U =1

OTtmeTnM, 4YTO YyBEIWYEHHE 4YHCIA T[IOKa3aTeledl  YCIOXKHSIOT pacyeThl, NpPHU OTOM
YBEIUYUBACTCS HMX TOYHOCTH (pPHCS).
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Hucno NnapaMeTpos

Puc.5 . 3asucumocmv mounocmu mooenu om yucia napawempoe

[IpoBeneHHBIE HA3eMHBIE HCCIIEOBATENbCKUE pabOThl, a TakKe pe3yJabTaThl CpPaBHEHUS
CHEKTPOB MOJy4YEHHBIX 0 a’pOKOCMHUYECKMM CHMMKaM BO BPEMEHHOM HWHTEpBaje, JaeT
OCHOBaHHE MCIOJIb30BaTh MPOCTEUIIYI0 MAaTEMaTHYECKYI0 MOJCNIb Uil TPEeAyIpeKIeHuUs,
3acojieHus TouB. Takke CIeayeT OTMETHTh, YTO CBOEBPEMEHHOE MPOTHO3UPOBAHUE MOXKET JaTh
OOJIBIIYI0 SKOHOMHYECKYIO BBITOAY B CEIbCKOM XO3SHCTBE M HKOHOMHIO 3aTpaThl Ha Meluopa-
TUBHBIE PAa0OTHI, MPOBOJUMBIC IO YIYYIIEHHIO XMMHYECKOTO COCTaBa MOYB HCMOJIb3YEMbIX B
CETBbCKOM XO3SICTBE.

((I[I/IaFHOCTI/IKa» I104YB HCO6XOI[I/IMa npun  AO0JroCpoOYHOM  HUCIHOJB30BAHUH IIOYB  JJIA
BbIpallluBaHHA ONPCACICHHBIX CEIIbCKOX O3S CTBEHHBIX KYJIBbTYp HUJIN KE HaCT6I/IHIHI)IX HJ'IOHI&I[GI\/'I
JJI XKUBOTHOBOACTBA.

[TyTem onpeneneHus MpeapacioioKeHHOCTH BRIOPAHHBIX MOYB K ONPEAEICHHBIM XUMHUYECKUM
WU3MEHEHUSIM COCTaBa, JIETKO ONPEJECINUTh 0] KaKHe ITOCEBHBIE NOJIE3HEE MCIIOJIb30BAHUE TAHHOIO
yuactka. Mcmonp3yss MareMaTH4ecKylo MOJAENb, MOXHO MPUMEHUTh M 00paTHOE — [0 MOceBa
MPOBECTH HEOOXOAMMOE oOoraiieHue MOYBBI B HY)KHOM HampaBleHWH, 4yTo AacT d¢GdekT B
SKOHOMUKE HapOJIHOTO XO351CTBA.
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XULASO
AEROKOSMIK SPEKTRAL COKIiLISLOR 9SASINDA QURULMUS RiYAZI
MODELIN AZORBAYCAN TORPAQLARINDA GEDON SORANLASMANIN
QARSISININ ALINMASINDA iSTIFADOSI
Axundova T.9., Hacwerdiyev A.Z.,Yuryeva E.L., Knyazeva V.Q., Zakircanova L.F.

Acar sozlar: irriqasiya, spektr, soranhq, riyazi model, areal, relyef,  landsaft , rang

qgammasti, disbalans.

Mogalodo aerokosmik spektral tosvirloro osasen, Yer Kiirasinin miioyyon rayonlarinda
torpaqlarin vo bitkilorin giialanma spektrindoki doyismolorin osasinda todqiq olunan torpaqlarin
torkibindaki duzlarin qatiliginin doyigma istigamatinin toyinetms yollar: arasdirir.

Hor kimyovi element 6ziino moxsus dalga uzunluguna (miixtolif ronglor ) malik oldugundan,
spekrtal tosvirlordo duzlarin qatiligindan asili olaraq, ronglor, yoni dalga uzunluqglar1 doyisir.
Spektral diapazon doyismasindo miioyyan duzlarin doyismo spektri onlarin doyisma istigamatini
toyin etmoys imkan verir.

Zaman intervalinda (3-5 il) torpaq niimunalorinin laboratoriya analizlorinin tadgiginin
naticalari va elaca do, aerokosmik tasvirlorin emalinin naticalori asasinda tartib olunmus xaritalorin
miiqayisasinin naticalori asasinda alinmis hesablamalar sads riyazi modelin qurulmasina imkan
verir. Bu modellor Azorbaycanin rayonlarinin sorlasmaya meyilli torpaqlarinda istifads oluna bilar.

Aerokosmik spektral tosvirlor asasinda qurulmus modelin istifadosi tokrar duzlagsmanin va
okin sahalorinin gqisa miiddotds yararsizlasmasiin garsisin1 almaga xidmat edar. Bununla barabar,

blr rav hallarda faxrda vrarmAvian Aranai vareclarinin Aaarcicr Aa alinar

Hcnonvzosanue mamemamuyueckoi Mooeiu, NOCMPOEHHOU No pe3yibmamam
AIPOKOCMUHECKUX CNEKMPATbHBIX CHUMKOS, 8 NPeOYNPEHCOeHUU 3ACONCHUL NOYE8
Asepbaiiodcana.
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SUMMARY
USING OF MATHEMATICAL MODEL CONSTRUCTED BY RESULTS
OF AEROSPACE SPECTRAL IMAGES FOR PREVENTION OF SOILS
SALINIZATION OF AZERBAIJAN
Akhundova T.A., Hajiverdiyev A.Z., Yuryeva E.L., Knyazeva V.G., Zakirjanova L.F.

Key words: irrigation, spectrum, saline, mathematical model, areal, relief, landscape, color

scale, disbalance.

In the article changes of vegetation and soil cover of certain territories of Earth, fixed on
aerospace spectral images, are described. Color on images is changed as result of changing of salts
in composition of soil.

It is known that each chemical element corresponds with certain range of wavelengths of rays,
which corresponds with certain color. Increase of the concentration of salts on given territory is
determined by color scale of spectral images.

Change of composition of the soils is registered by carrying out of ground surface research for
definite period of time (with interval 3-5 year) and analysis of obtained samples of soil. Also
aerospace spectral images in the same interval of time are compared.

On the basis of the obtained numerical values, simple mathematical model is constructed for
using on areas under crops of Azerbaijan, which predisposed to salinization and resalinization.
Using a mathematical model, constructed on the basis of aerospace spectral images, will help to
avoid superfluous expenses for drainage, that doesn't give positive result always.
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CEVIK ISTEHSAL SISTEMLORININ IDARD EDILMOSININ AVTOMATLASDIRILMIS
PROQRAMLASDIRMA SISTEMININ ARXITEKTURASININ ISLONMOSI

HUSEYNOV AQIiL HOMID oglu
Sumgqayit Déviat Universiteti, dosent
e-mail: agil.55@mail.ru

Acgar sozlar: Cevik istehsal sistemi, idaraetmoa sistemi, avtomatlasdirilmis programlasdirma

sistemi, produksiya sistemi, garar gabulu.

Moagalada cevik istehsal sistemlarinin (CIS) idaraetma sistemlorinda cevikliyi tamin etmak
maqsadilo idaraetmo  sistemlorinin  avtomatlasdirilmas: masalasing  baxilmisdir.  Idaraetmo
sistemlarinin toskili iiciin miixtalif yanasmalar analiz edilir va CIS-larin va onun elementlarinin
idara prosesinin siiratli reallasdiriimast iigiin avtomatlasdirilmis programlagdirma sistemi toklif
edilir va onun arxitekturasi iglonir.

Miixtalif 6lgiilii vo miixtalif toyinath mohsul istehsali miiasir ¢evik istehsal sistemlorinin asas
mogsadi olub, onlarin istehsalatlara vo texnoloji proseslora totbiq olunmasini giindon-giino
aktuallasdirir. Istehsalatin ¢evikliyini artirmaq ti¢iin miixtalif intellektual vasitslorden, o ciimlodan,
intellektual vo mobil robotlardan, manipulyatorlardan, texniki gérmo sistemlorindon, yiiksok
informasiya emal1 gabiliyyatine malik miiasir kompiiterlordan va s. qurgulardan genis istifads edilir.
Istehsal prosesinin somoaraliliyini vo dayanigliligini artirmaq moagsadi ilo, homginin bir mohsul
noviindan digorino kegid prosesino sorf olunan miiddotin azaldilmas: {iciin CIS-lorin idaroetmo
sistemlorinda gevikliyi tomin etmok zoruroti miitoxassislor qarsisinda duran asas masalalordon
biridir. CIS-lorin idarsetma sistemlorinin toskili {i¢iin miixtalif yollar va yanasmalar mdvcuddur.
Ononavi idaroetmo sistemloarinin toskili vo onlardan istifado etmo miiasir, genis imkanli qurgularin
bir istehsalat vo ya texnoloji proses ¢argivasindo koordinasiyasini holl eds bilmir. Ona goro
texnoloji proseslarin idaroetma sistemlorinin 6ziiniin ¢evikliyi tomin edilmalidir ki, o idara olunan
qurgularin voziyyatino uygun adaptasiya olunsun, idarsetmo sistemi texnoloji prosesin vaziyyotino
uygun qgabul edilsin. Texnoloji prosesds bas veran istonilon doayisikliys uygun hamin prosesi idara
edo bilsin [1, 2] .

Bu problemin hall edilmasi iigiin idarsetma sistemlarinin 6zlorinin avtomatlasdirilmasi, yani
texnoloji prosesin movcud vaziyystino uygun idaroedici proqramlarin alinmasi prosesinin
avtomatiagdirtlmasi1 olduqca zoruri mosoladir vo yiiksok ohomiyyato malikdir. Idaro edici
programlarin avtomatlagdirilmis islonmasi vo ya alinmasi moasalalorine ododi programlarla idars
olunan dozgahlarin idars edilmasi tiglin baxilmigdir vo bu saha kifayat qodor dyronilmisdir vo ¢oxlu
miqdarda islor vardir [3, 4]. Ancaq qgeyd etmok lazimdir ki, CIS-lorin idaro sistemlorinin
avtomatlasdirilmas1 masalasi, o ciimladon idaroetmonin avtomatlasdirilmis sistemlarinin iglonmasi
mosalalari lazimi saviyyada Syronilmomis vo todgig edilmomisdir. Baxilan isdo CiS-lorin idars
sistemlorinin avtomatlagdirilmis programlasdirma sisteminin islonmasi masalalari Gyranilir, tadgiq
edilir vo CIiS-lorin idaroetmo sistemi ii¢iin avtomatlagdirilmis proqramlasdirma sisteminin
arxitekturasi qurulur.

CiS-lorin idaroetma sisteminin avtomatlagdirilmis proqramlasdirma sisteminin (IS APS)
arxitekturasi sokil 1-do verilmisdir vo arxitekturaya osason informasiya emali altsistemi,ekspert
sistemi, situasiyalarin analizi altsistemi, qorar gobulu altsistemi vo intellektual interfeys daxildir.
Arxitekturadan goriindiiyli kimi sistem modulluluq prinsipine uygun toskil edilmisdir vo miixtolif
modullar (altsistemlor) arasinda informasiya miibadilasinin yerino yetirilmasi miimkiindiir.
Informasiyanin emal1 altsistemi ¢evik istehsal sisteminin torkib hissssi olan is¢i orqanlardan, o
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ciimlodon aktiv elementlordon, robot vao manipulyatorlardan, nagliyyat sistemlorindon, geyri-
standart qurgulardan, miixtalif texnoloji proseslordon vo s. qurgulardan informasiya gobul edir.
Qabul olunmus informasiyalar toplanaraq analiz edilir. Bu informasiyalarin bir-birini inkar
etmomasi xiisusi alqoritmlor vasitesilo yoxlanilir. Informasiyanin emali altsistemi, homginin, analiz
edilmis molumatlar ssasinda g¢evik istehsal sahosinin tam halda vo ayriliqda ayri-ayri miixtoalif
qurgularin vaziyyatini dyranir va istehslatin va texnoloji prosesin movcud real soraitini tayin edir.
Yani, yerino yetirilon islor vo analiz noticasindo texnoloji prosesin vo ona daxil olan miixtalif
qurgularin isgdérma qabiliyyatlori, miixtalif catismamazliglar, texnoloji prosesds olan problemlar va
mohsul istehsalinin miimkiin olmasi ilo alagsli digor mosalalor aydinlagdirilir. Emal prosesinin
naticasinds qurgularin vo timumilikds texnoloji prosesin idarssini toskil edon asas parametrlor real
soraito uygun qiymotlondirilir. Bu parametrlor idaroedici parametrlordir ki, onlarin aldigi giymatlor
osasinda texnoloji proses idaro olunur, qurgularin yoxlanmasi prosesi yerino Yetirilir, test
programlari yoxlanilir, texnoloji prosesin vo ayri-ayri qurgularin monitorun ekraninda imitasiya vo
grafik tosvirlori canlandirilir. APS-nin arxitelturasina daxil olan osas komponentlordon biri do
ekspert sistemidir. Ekspert sisteminin osas mogsadi CIS-in vo ona aid olan aktiv elementlorin
idarasini toskil edon biliklor bazasmin yaradilmasidir. CiS-lorin idarasi iiciin toskil olunan ekspert
sistemlorinin ortitylinii osason produksiya tosvir modelli biliklor, qaydalar ardicilligi toskil edir.
CiS-lorin idars sistemini yaxs1 bilon yiiksok ixtisasl miitoxassislorin biliyi produksiyalar soklinds
formalagdulir, ekspert sistemino daxil edilir. Bu zaman produksiyalarin adinin, sort vo naticonin
sistema daxil edilmasi vacib masalalordandir.

Produksiyalar idaroetmo sistemindoki miixtalif voziyyatlori 6ziindo oks etdirir. CIS-in idaro
olunmasi tigiin zoruri olan biitiin produksiyalar vo parametrlor, onlar arasindaki miinasibotlor
ovvolcadon ekspertin imkanlart daxilindo Oyronilir vo dogiglosdirilir. Ekspert sisteminin
produksiyalarla doldurulmasi, produksiyalarda diizalislorin, o ciimladan redakts iglorinin aparilmasi,
yeni produksiyalarin bazaya daxil edilmasi, monavi kéhnalmis produksiyalarin bazadan ¢ixarilmasi
Vo digor oxsar iglor ekspert sisteminin xiisusi proqramlarinin komayi ilo yerino yetirilir. Ekspert
sistemina daxil olan digor asas komponent etalon situasiyalar bazasidir. Bu bazaya daxil olan
informasiyalar bir qodor forqli xarakter dasiyur. Etalon situasiyalar bazasi Dbiliklorin
timumilagdirilmis formasi olub ekspert torafindon biliklor bazasindan segilon produksiyalar coxlugu
osasinda texniki sistemin, texnoloji prosesin vo ayriligda aktiv elementlorin avvolcadon nozards
tutulmus realliga uygun idars sisteminin miixtalif variantidir. Bu bazan1 alternativ hallor bazasi da
hesab etmok olar. Hor bir idaroetmo variantinin 6ziino aid produksiyalar ¢oxlugu bu bazada
saxlanir va ya idaroetmonin qurulusuna (torkibina) uygun produksiyalar biliklor bazasindan torkiba
uygun ardicilligla segilir vo nizamlanir. Qeyd etmok lazimdir ki, etalon situasiyalar bazasinda
saxlanilan nizamlanmus biliklar ardicilligi va ya variantlar garar gabulu prosesinin yerina yetirilmosi
tictin ohamiyyatli rol oynayir. Onu da qeyd etmok lazimdir ki, biliklor bazasinda biliklor iyerarxik
saviyyalara malik qurulusda tosvir edilo bilor. Bu zaman ierarxiyanin oan asagi saviyyasinds ancaq
bir aktiv elementin idarssi ticlin zoruri olan bilik, yuxari saviyyalords iso aktiv elementlordan
toskil olunmus qovsaqlarin vo yaxud texnoloji prosesin ayri-ayri miixtalif iglor yerina yetiron
hissalorinin idarasini toskil edon biliklor, on yuxar1 saviyyada isa texnoloji prosesin vo ya CIS-in
tam idarasini tomin edon biliklor, produksiyalar yerlosdirilir. Iyerarxik quruluslu produksiyalar
bazasmin toskili texnoloji prosesin analizini eyni zamanda produksiyalarla islomo prosesini
asanlasdirr [5].

IS APS-nin on osas altsistemlarindon biri do gorar gobulu altsistemidir. Bu sistemin yerina
yetirdiyi islorin naticesindo CiS-in qurgular1 vo texnoloji proses idars olunur. Is¢i orqanlardan, aktiv
elementlordon gobul edilon informasiyalar emal prosesino daxil oldugdan sonra texniki sistemin vo
onun ayri-ayri torkib hissalori olan aktiv elementlirin real voziyyati toyin edilir. Real vaziyyot
osasinda idarsetmonin ardicilligit miayyanlosir vo bu ardicilliq etalon situasiyalar bazasindaki
variantlarla miiqaiso olunur. Etalon situasiyalar bazasindan real voziyysto uygun  golon
variantlardan biri  segilir. Variantlardan birinin se¢ilmasi, hamin idarsetmo variantina uygun
produksiyalarin biliklor bazasindan se¢ilmasi, produksiyalarin miiayyan olunmasi naticasindo basa
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catir. Produksiyalarin biliklir bazasindan se¢ilmasi Vo idarsetma prosesine uygun olaraq
produksiyalar ardicilliginin miioyyanlosdirilmasinin avtomatlasdirilmis yerino yetirilmasi idars
sisteminin avtomatlagdirilmis proqramlasdirilmasit hesab oluna bilor. Produksiyalarin 6zloarinds
saxladig1 parametrlorin giymotlori miioyyon olunmus vo ya gobul edilmis ardicilliq esasinda CIS-in
elementlorinin idarasi tiglin otiirtliir.

Cevik istehsal sistemi

Aktiv elementlor, is¢i orqanlar, robot vo manipulyatorlar

1L

Informasiyanin toplanmasi Ekspert sistemi
i7i spert sistemi
vo analizi Q P
L
o —
R ) : c Etalon situasiyalar
Real soraitin dyronilmasi = b
I < azasi
Va tayini «— = A
3 ¥
Informas1.yan1n. emal1 % Biliklor bazasi
altsistemi =

—)

Moévceud situasiyainin etalon situasiya ilo miiqaiso prosesi

Qorar gobulu altsistemi

Idaroetmonin avtomatlagdirilmis programlasdirma sistemi

il

Texnoloji prosesin idarasi

Sokil 1. Idaraetmonin avtomatlasdirilmis programlasdirma sisteminin arxitekturasi

Qeyd etmok lazimdir ki, bazi hallarda sistemin real vaziyystino uygun idars strukturu etalon
situasiyalar bazasinda olmaya bilor. Bu zaman, bazada yerlosdirilmis etalon idaroetmo
strukturlarinin miixtalif modifikasiyalaria, vo yaxud yeni idara strukturunun iglanma masalalaring
baxila bilor. Ikinci halda ekspert biliyindoan istifado zorurati qarsiya ¢ixir va yeni iglonmis struktur
etalon situasiyalar bazasina daxil edilir. Goriindiiyii kimi, CIS-lorin idarasi {iciin variantlarin
secilmosi prosesi miirokkob prosesdir vo idaroetmo prosesi zamani qarsidurmalarin yaranmast
probleminin yiiksok doaqigliklo holl olunmasini tolob edir. Bunun iiglin se¢ilmis variantlarin
giymatlondirilmasi yerina yetirilmalidir ki, bu da, garar gabulu altsisteminin asas funksiyalarindan
biridir. Se¢ilmis variantlarin giymatlondirilmasi, hamin variantlara daxil olan parametrlorin goki
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funksiyalariin vo eyni zamanda, somaralilik kriteriyalarinin qiymatlondirilmasi naticasinda yerinoa
yetirilir.

Texnoloji prosesin, texnoloji qurgularin vo onlarin yerina Yetirdiklori islor ardicilliginin
tosvirlori grafik elementlorin komayi ilo ekranda modellosdirlir. Imitasiya modellorinin komayi ilo
secilmis variantin osasinda texnoloji prosesin idarasi izlonir, texnoloji qurgularin islorindoki
catismamazliglar, bir-birini inkaretms hallar1 6yranilir va sinxronizasiya vo kordinasiya masalalori
kompiiter modellasdirilmoasinin komoayi ilo hall edilir. Qarar gobulu prosesinin yerina yetirilmasi
zaman1 kompiiter modellosdirilmasinin totbigi CIS-in vo onun ayri-ayr1 qurgularmin etibarli
idarasing zomin yaradir.

APS-no daxil olan asas vasitalordon biri do intellektual interfeysdir ki, informasiyanin qabulu
Vo otiiriilmasini, altsistemlor arasindaki qarsiliql slageni, bazalara miiraciati, istifadagi ilo iinsiyyati
Vo s. islari yerino yetirir.
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PE3IOME
PA3PABOTKA APXUTEKTYPbI CUCTEMbBI ABTOMATU3UPOBAHHOTI' O
MNMPOI'PAMMMUPOBAHUSA AJ151 YITPABJIEHUS TMBKUX
MMPOU3BOJACTBEHHBIX CUCTEM
TI'yceiinos A.I.

Knrouesvie cnosa: cubdkas npous’eodcmeeHHaﬂ cucmema, cucmema ynpaejieHus, asmoma-
Mmu3upoearrnasl npozcpammupyemas cucmemda, npOOyKquHHa}l cucmema,
npuHamue peuteHusl.

B cratbe paccMaTpuBaACTCA aBTOMATHU3AllUA CHUCTCMBI YIIPABJIICHUS C LICJIBRO obecneucHUs
T'HOKOCTH B CHCTEMaX YIIpaBJICHHUA THOKHX IMPONU3BOACTBCHHBLIX CUCTEM. I[J'ISI opraHu3alnu CUCTEM
YIIPABJIICHHUA AHAJIMU3UPYIOTCA PA3JIMYHBIC MOAXOABI W Ui pealn3allui IMpOoHccCa YIIPABJICHUA
THOKHX OPOU3BOJACTBCHHBIX CHCTEM, W €TI0 DJJICMCHTOB. Hpe)maraeTcs[ ABTOMAaTU3HWPOBAaHHAA
nporpaMmmupyemas CUCTCMa U pa3pa6aTLIBaeTc;1 €T0 apXUTCKTYpa.
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ABSTRAKT
DEVELOPMENT OF ARCHITECTURE OF SOFTWARE FOR AUTOMATION
OF CONTROL SYSTEM OF FLEXIBLE MANUFACTURING SYSTEM
Huseynov A.H.

Keywords: Flexible manufacturing system, management system, automated programming

systems, production systems,the adoption of the solution.

In the paper for supporting flexibility of control system of flexible manufacture system the
problem of automation schema of control system is conciedered. For organization of control system
different ways are analyzed and realization of control proccess of flexibility manufacture system
and its elements computing software system is proffered and its arcitecture is worked out.
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Stiriison rejimli  miisahidogurun tatbiqi ilo benzinin pirolizi qovsaginda sobanmin  ¢ixis
temperaturunun tonzimlamo sisteminin sintezino baxilir.

Texnoloji proseslorin idars olunmasinda istifado olunan icra orqanlar1 vo habelo obyektlorin
ozlori otalotli oldugundan tonzimlayicinin néqtovi siiriison rejimdo islomasini nozoardo tutan
giymatlondirms algoritmlorinin sanaye tatbigi mahduddur. Buna sabab noqtavi siiriison rejimdos adi
stirlison rejima nisbaton idara signalinin sigrayislar tezliyi asagi olsa da (1 khers tortibindo), hor
halda texnoloji proseslorin idarasinds realizasiya olan deyil. Bu sabobdon sonaye tatbiglorinda
tonzimlayicisi finit rejiminds, miisahidoedicisi iso siiriison rejimdo isloyan sistemlordan istifado
olunmusdur. Miisahidoedicido vaziyyat sigqnalinin yiiksok tezlikli doyismolori idara konturundan
konarda bas verdiyindon vo bu sobobdon obyektdon kegmodiyindon obyektin yiiksok tezliklora
meyilli olan elementlorinin dinamikasinin oyadilmasi tohliikasi yaranmur.

Hazirda texnoloji proseslorin tonzimlonmasinda standart P, Pi vo funksional imkanlar1 daha
genis olan PID tonzimlayicilorinden istifads olunur. Lakin kiiylonmis tanzimlonon kemiyyat halinda
PID tonzimloyicinin  totbigi mohduddur. Buna oasas sebob PID tonzimlayicinin torkibindo
differensiallayici qurgunun olmasidir. Differensiallayicidan kegon kiiylonmis signalin torkibindo
olan kiiylor «giiclondirilorok» tonzimlayicinin yekun signalin1 idaro igiin yararsiz edir. Bu
catismazligit meyl €=0—Y signalinin de/dt téromasinin bilavasito diferensiallayict qurgunun

komoayi ilo deyil, miisahidoedicinin komayi ilo giymatlondirmak yolu ilo alinmasi naticosinda
aradan qaldirmagq olar. Umumiyyatlo, bu problem xata signalinin téromalarindan istifads edon biitiin
idara qanunlariin realizasiyasina xasdir.

Piroliz sobasi etilen-propilen istehsalinin (EP-300) on vacib obyektlorindandir. Cixis
mohsulunun torkibinds etilenin vo ya propilenin qatiliginin {stiinliik toskil etmosi asas etibari ilo
sobanin temperatur rejimindon asilidir. Obyektin sadslosdirilmis avtomatlasdirma sxemi sokil 1-do
gostorilmisdir. Benzinin pirolizi forsunkalarina yanacaq ve hava verilon 1 sobasinda aparilir. Ocaq
qazlar1 konveksiya kamerasindan ¢ixdiqdan sonra 6z istiliyini 2,3 vo 4 istilikdoyisdiricilarine verir.
Piroliz mohsullar1 borulu sobadan 850-870°S temperaturda cixir. Olefinlorin polimerlasmasinin
qarsisini almaq iiciin mohsulu 500-700 °S-ys qodor soyutmaq lazimdir. Bu smaliyyat gazoturbin
tipli 5 gazan-utilizatorunda aparilir. Piroliz mohsullar1 bdyiik Xatti siiroto malik oldugundan bark
hissaciklorin borularda ¢okmesinin qarsist alinir, istilikkecirmo omsali artir vo 350-400°S
temperatura godar tez soyuyur. Ayrilan istilik hesabina su kondensatindan yiiksok tozyigli (11-13
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MPa) buxar alinir. Buxar 6 buxarlayricisinda ayrilir vo 1 sobasmin seksiyalarmimn birinde 450 °S-yo
gadar qizaraq, trubokompressorun intigalini harokata gatirmok tigiin istifads edilir.

Qismon soyudulmus piroliz mohsullart 7 ilkin fraksiyalagdirma kalonuna verilir. Sobada
temperatur asirim divarinin istiindo Vo ¢ixisda tonzimlonir. Sobanin ¢ixisinda mshsulun
temperaturunu tonzimlomok {igiin asirim divarmin {izorindoki temperaturun doyismasindon
korreksiya alan kaskad sxeminin totbigi daha yaxsi tonzimlomos keyfiyyoti gostorir. Sobanin
cixiginda temperaturu 6lgmok tigiin TXA-0279 tipli ikigat termociitdon istifado edilmisdir. Burada
miisahido algoritmi kompiiterin resursunun bir hissasini mosqul edir. Pnevmatik signala g¢evrilon
%, =dg/dt téroma signali PID tonzimloyicinin diferensial blokuna verilir. Bu vaxt mévcud blok

diferensialama vaxtin1 Tp=0 (doyison drosseli baglamaq yolu ilo) gobul etmoklo sxemdon konar
edilir. Lakin hazirda temperaturu tonzimlomak iiciin pnevmatik IIP 3.35 tipli PID tonzimlayiciden
istifado edirlor. Todgiqgatlar gostarir ki, bu birkonturlu tonzimlomo sisteminin ¢atismayan cohati
ondan ibaratdir ki, kecid prosesinin otalstliyini azaltmag mogsadi ilo diferensiallama sabitini
artirdiqda gorarlagsmis rejimda mohsulun temperaturunun kiiylonmasi artir.

Piroliz mahsullar1

Buxar FRC =
7 kalonuna

PN
v,
+

-
N 300350 +

7 T T T
4 - s

S L]
Yanacaq  |] E RC t
’ / '
SR ¢ — g
‘N ’ :
o L T* [
s FE 7 a
r
L |

o —
2 3 =
Buxar I
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Xammal TRC Kondensat
|| Miisahidagi 1]
ARC EHM RAC

Sakil 1. Sobanin avtomatlasdirma sxemi
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Tonzimloma keyfiyyatini yaxsilasdirmaq moqgsadi ilo obyektin ¢ixis komiyyati olan
kiiylonmis temperaturun téromasini tonzimlayicinin torkibinds olan diferensiator vasitasilo deyil,
miisahidoedicido  giymotlondirmo  yolu ilo alib tonzimloyicinin girisine vermok olar.
Miisahidosedicinin asas moduluna obyektin modeli daxil oldugundan obyektin modeli malum
olmalidir. Bu mogsadlo sobanin «yanacaq qazi-mohsulun temperaturuy» kanali lizro &tiirmo
funksiyasi aktiv tocriibs tisulu asasinda alinmisdir.

Yanacagm serfinin nominal (16 nm*saat) giymatin 0,15%-i godor artirilmasi naticesindo
alinmis isoburaxma oyrisini grafoanalitik tisulla isloyarok approksimasiyaedici otiirmo funksiyasi
asagidaki sokildo alinmisdir.

N Ko
W(J)TlTZp2+(1+T2]+1 @

Burada zaman sabitlori T, =3,2 dog., T,=18 doqg., giiclondirmo omsali Ky=48,75 Og/
(nm°/saat).

Otiirmo funksiyasi (1) -0 asagidaki: natural migyasda olan diferensial tonlik uygun galir:

T, y(} (+T, E’ (} y (} Kol +77 (: (2)
Burada y- tanzimlonan kasmiyyat, temperatur, °C; u -idars tasiri, yanacagin sorfi, (nm*/saat);
1(t) -riyazi gézlomasi M[5(t)]=0, M[72(t)] = D = 4,2 olan markazlosdirilmis kiiydiir.
Dispersiya

N
Y YCy,
D — i=1
7 N -1
diisturunun osasnda N =100 qiymeti iigiin hesablanmisdir. Burada y,=780 °S temperaturun
nominal giymatidir. Tonlik (2)-ni 6l¢iisiiz miqyasa gatirmok ti¢iin yeni dayisonlor
y*:y_yo , u*:u_uo ’ 77*:77_770
Ay AU An
daxil edok. Burada

760<y<800°C, y, =780 °C, Ay=20°C;
12 <u < 20 nm¥saat, Uy =16 nm®/saat, Au = 4 nm®saat;
-2<n<+2°, An=2°;
Yo, Ug-nominal giymatlordir.
Parametrlorin adadi giymatlorini nazar o alaraq yazmagq olar:
111,6 y*+98,0 y*+20y" =195u" + 27" € (3)
Burada biitiin kamiyyatlor [-1, +1] intervalinda doyisir.
D,.=D,/An* =105.

Istehsalatda idaro tosirini formalasdirmaq moagsadi ilo dlgiilon yegana Komiyyot
temperaturdur. Demali, miisahido tonliyi y;=y.

Yeni doyisonlor X, =Y, , X, = »* gobul edorok (3) tonliyini voziyystlor koordinatlarinda

yazaq:
X1 =X,
X> =—0179x, —0,878x, +1,75u+0,0187 ( 4)
y, =% +&C
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Burada sadalik iiciin u vo 1 isaralorinde «*» buraxilmigdir. Tosadiifi i(: komiyyatinin statistik
xarakteristikalar1 M I](:: 0, M 'fz (:_z D, =02.
PID - tonzimlama ganunu

t
u:KTg+TiIS(Eit+TD de/dt (5)
uo
& =g —x, tonzimlomo Xatas1; g = const - }1,+1_intervalinda doyison tapsiriq signalidir.
t

Xotanin ifadasini (7.5)-do nazors alib z = IQ - X Ejt inteqral vaziyyati daxil etsok, yazmaq olar:
0

u=-Kx, +K;z-K x, +K.g
{ - (6)
z=0g-X, 20 =0,
Burada K, =1T,, Ky =T,
Ifads (6)-m1 obyektin (4) tonliyinda yerino yazsag, qapali tanzimlomo sisteminin tonliyini
almis olarq:
X =Xy,

x2 =—Q179 +1,75K, 3, — Q878 +1,75K, 3, +1,75K,z +1,75K,g + 0,087, (7)

Z:g_xl, )
Y1=X1+§‘:’
0 =x,0 =20 =0. 8

Burada K., K;, K -tonzimlomo sisteminin sazlama parametrloridir.

Yazilis formasi (7)-do integral voziyyatinin hesabat sisteminin tortibi bir vahid artdigindan
(n=3) miisahidaedicini sintez etmak tigiin tortibi n=2 olan sistemdan istifads etmok alverislidir:

X, =X,

X2 =—0,179x, —0,878x, +1,750 +0,0187 € ©)
Yi=%+ f(»
U=-KX +K;X, -K,;Z+K,g

. i (10)

Z=0—x ,

0 1 0 K ~
dg/dt = R+ G+ ™ [signL,, (11)
-0179 -0878 175 Ky,
|:1 =Y, - ),Zl

% Q>1Lx€3>2€Q30, %, €3 %, Q0.
Burada X = &, X, 3-veziyyat vektorudur.
Miisahidoedici (11) idarsedici kompiiterds realizasiya edilorok, kiiyden tomizlonmis %, = x,

toromoa sigqnali RAC ¢eviricisindon kegorok, 20+100 kPa unifikasiya olunmus pnevmatik signal
soklindo moveud tonzimloyiciys verilir. Bu tonzimloyicinin osas girisino dlglilon x; = y; +e€_
temperatur  signali  verilir. Sokil 2-do kompiiterdo realizasiya olunan miisahidogi olan
tonzimlomo sisteminin texniki strukturu gostorilmisdir. Miisahidegi (11)-in k,,,k,; sazlama

parametrlorini  verilmis metodika osasinda tapaq. Ovvalco €, =0=>C—>o oldugundan
q=0878c—c?-0179 — —oo tapiriq. C>0 halinda cky; +K,, > —ode,|. Siiriismo xatti L, =e, =0
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oldugundan bu xottin iizorindo ck,; +Kk,, >0, ¢ — oo, sorti istonilon k;, >0,k,, >0  qgiymatlori

tiglin - odenilir.  k;, =k,, =1secirik. Kompiiterdo

K, =2 K, =5K, = 415 .

realizasiya zamani Sazlama parametrlori:

y "
Pnevmatik R Piroliz Olgma
tonzimlayici IV sobasi sistemi
A 7 ) 1=
X, | i u(t)
Normal Normal
gevirici gevirici
A
RAC 5 ARC
Xl
A
L
Miisahidagi
EHM

Sokil 2. Tonzimloma sisteminin texniki strukturu

Tapsiriq signali g=1 gobul olunmusdur. Sokil 3, a-d-do Ky=4, sokil 4, a-d-do ise K4=15
giymatindo miisahidagida Vo tonzimlayicids bas veran kegid proseslori gostorilmisdir

Sak. 3. Sistemin kecid prosesi
(Kq=4) oldugda

Sak. 4. Sistemin kegid prosesi
(K4=15) oldugda
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SUMMARY
SYNTHESIS OF TEMPERATURE REGULATION SYSTEM OF PYROLYSIS PETROL
UNIT OBSERVER USE WORKING IN ZERO-OVERSHOOT RESPONSE
Agayev U.Kh.,Atayev Q.N., Talibov N.H., Khalilov S.A.

Key words: ethane, ethylene, pyrolysis, fractions, recovery algorithm, convection, injectors

In the article the sunthesis of temperature regulation system of pyrolysis petrol unit with
observer use working in zero-ivershoot response is studied.
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Giris. Kompiiter texnikasinin meydana golmasi rogomsal idarsetma (tonzimlomo)
sistemlornin (RIS) yaranmasina sobob oldu vo uygun olaraq RIS-in noazoriyyasi, o ciimloden
dayanigligin tadqigi tisullar1 hazirlandi [1-3]. RiS-in dayanighginim todqiq edilmasi magsadi ilo hom
fasilosiz xatti tanzimloma sistemlorinin mévcud, ham do maxsusi ragomsal sistemlar ti¢iin islonmis
dayaniqliq kriterilorindon istifads edilir. Birinci halda miixtalif ¢evirmolordon istifads edilir. Ikinci
halda iso heg bir ¢evirmodan istifado etmodon RiS-in diskret &tiirma funksiyasi vo ya xarakteristik
tonliyindon istifads etmoklo onun dayaniglig: tadqiq olunur. Malum oldugu kimi, [4] fasilasiz xotti
tonzimlomo sistemlorinin dayanighgmin todgiginds asason Raus, Hurvis, Mixaylov vo Naykvist
dayaniliq kriterilorindon istifado edilir. Raus, Hurvis vo Mixaylov dayanigliq kriterilorindos
dayaniligin todqiqi ligiin onlarin xarakteristik tonliyi, Naykvist dayaniqliq kriterisindo iso agiq
sistemin 6tiirmo funksiyasi ilkin molumat kimi gétiiriilir. Mogalodo RIS-in diskret &tiirmo
funksiyasina vo ya Xarakteristik tonliyino geyri-xotti (Myobius) ¢evirma totbiq etmoklo onun
dayanmiqhigmin homin kriterilorin vasitsilo MATLAB proqramlar paketi miihitindo todqiqi
alqoritmlari va programlarina baxilir.

Qeyri-xatti ¢evirmanin mahiyyati. Molum oldugu kimi, RIS-in dayqnigliginin zaruri va kafi
sorti onun xarakteristik tonliyinin koklorinin vahid radiuslu ¢evro daxilinds, fasilosuz Xatti
tonzimlomo sistemlorinin  dayanmiqhiginin  kafi sorti iso xarakteristik tonliyin koklorinin sol
yarimmiistovido yerlosmosidir. RIS-in

_ n n-1 n-2 _
D(z)_aOz 3z T +a,z tota gZ+al =0 1)
xarakteristik tonliyinds vo ya diskret 6tiirmo funksiyasinda
1+v
Z="—- 2
Ly )

ovozlomasi z oblastindaki vahid radiuslu ¢evranin daxilini V oblastinda sol yarimmiistoviya inikas
etdirir (Sokil 1).
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IraZ Irny;
1

Ak

-1

Sakil 1. Qeyri-xatti ¢evirmanin handasi tosviri

Belaliklo, geyri-xatti ¢evirmadon sonra alinan V-don asili ifadeya  Xotti tonzimloma sisteminin
dayaniqliq sortlorini va Kriterilorini totbiq etmak olur.

RiS-in dayamqhgmmin Raus Kkriterisi ilo tadqgigi algoritmi. Forz edok ki, RiS-in D(V)
ifadosi
D(V)=d,v' +d, V" +..+dyv+d,=0 (3)
soklindadir. Dayamqligin zoruri sortine gore d, >0, d,, >0,...,d, >0, d, >0olmal: vo (1.3)
ifadasinin amsallarindan tortib edilmis Raus codvalinin birinci siitununun biitiin elementlori sifirdan
boylik olmalidir.
Raus kriterisinin alqoritmi asagidaki kimidir:
1. (3) xarakteristik tonliyinin amsallar1 xiisusi birdl¢iilii massivo daxil edilir
D=d,,d,,,.d,,d,
2. Cadvalin siitunlarinin say1
(n+1

el 2
FH: agar » ciit adaddirsa
,}

al

agar n tak adaddirsa

ifadasi ilo, satirlorin say1 iso n+1-0 borabar tayin edilir.  Cadvali ifado edon massiv R(n+1, k)
kimi tayin edilir;
3. R massivinin birinci vo ikinci sotir elementlori D massivinin elementlorindon ¢advalo
uygun olaraq diizoldilir. Ugiincii vo ndvbati satirlorin eleientlori iso
R(G,j))=R@i-2,j+)—-r()R(@{-1 j+1)
r()=R@{-21)/R(i-11), i=34,..
ifadolari vasitasilo doldurulur;
4. R massivinin birinci siitununda isars doyismalarinin say1
n 1,R(@1)-R(+11)<0
e m < [LREDREHD)
1 0, R¢.,1)- R@+11)>0
ifadalori ils toyin edilir. Eyni zamanda cadvalin birinci siitununda qiymati “sifir” olan elementlorin
sayl kn miioyyen edilir.
5. m vo kn komiyyatlorino géro sistemin voziyyati haqqinda molumat agagidaki kimi toyin
edilir:
m > 0 , sistem dayanigsizdir vo xarakteristik tonlik m odod sag kdko malikdir;
m=0 va kn> 0, sistem neytraldir;
m=0 vo kn=0, sistem dayaniqlidir.
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Raus kriterisinin MATLAB proqrami agagidaki kimidir.

% Raus kriterisi ilo dayanigligin tayini
n=3; %xarakteristik tonliyin tortibi
a=[1 2.0 1.1 2.2];%xarakteristik tonliyin omsallar;
sa=0; as=0;
foril=1:n+1
sa=sa+abs(a(il));
as=as+a(il);
end
if sa==abs(as)
if as<0
foril=1:n+1
a(il)=abs(il);
end
end
end
k=fix(n/2);
if n==2*k
m=k+1;
else
m=(n+1)/2;
end
nl=n+1,
r=zeros(nl,m);
foril=1:m
r(1,il)=a((i1-1)*2+1);
if 2*il<=n+1
r(2,il)=a((i1-1)*2+2);
end
end
for j1=3:n1
foril=1:m
if il+l<=m
r(j1,i1)=r(j1-2,i1+1)-r(j1-1,i1+1)*r(j1-2,1)/r(j1-1,1);
end
end
end
disp(['Raus cedveli]),r
pk=0;nk=0;
foril=1:n
if r(il,1)*r(il+1,1)<0
pk=pk+1;
end
end
nk=0;
foril=1:nl
ifr(il,1)==0
nk=nk+1;
end
end
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if pk>0
disp(['Sistem dayanigsizdir.Sag koklarin sayi=",num2str(pk)])
end
if pk==0
if nk>0
disp(['Sistem neytraldir])
end
end
If pk+nk==0
disp(['Sistem dayaniqglidir])
end

RiS-in dayamgh@min Hurvis kriterisi ilo tadqgigi aloritmi. RiS-in (1.3) ifadesinin
omsallarindan Hurvis matrisi tortib edilir:

d, d_ d. d_ .0
d, d_, d_, d, .0
0 d, d, d. .0
H=0 d d_ d_ ..0.
o 0 d, d, .0
o 0 0 0 d,

RIS-in dayaniglt olmasi {igiin
d r >0, d r—1>0,.., d1>0, dO >0
sartlori 6donmoali vo Hurvis matrisindan tortib edilmis biitiin bas diagonal minorlar1 (toyinedicilori)
sifirdan boytik olmalidir.
Minorlarin giymotini hesablamaq iigiin MATLAB-1n det funksiyasindan istifado etmoklo
Hurvis kriterisinin MATLAB proqrami verilmisdir.

% Hurvis kriterisi ilo dayanighigin toyini
n=3; %Xarakteristik tonliyin tortibi
a=[-0.1 -0.6 -1.8 -2.2];%Xarakteristik tanliyin amsallari
sa=0; as=0;
foril=1:n+1
sa=sa+abs(a(il));
as=as+a(il);
end
if sa==abs(as)
if as<0
foril=1:n+1
a(il)=abs(a(il));
end
end
end
h=zeros(n,n);
%determinantin qurulmasi
foril=1:n
for j1=il:n
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K1=i1+1+2*(j1-i1);
if kKl<=n+1
h(il,j1)=a(kl);
end
end
end
foril=2:n
for j1=il:-1:1
K1=i1+1+2*(j1-i1);
if k1>=1
h(il,j1)=a(kl);
end
end
end
[h] %Hurvis codvali
%Minorlarin qurulmasi va hesabi
pk=0;
nk=0;
foril=1:n
dil=zeros(il,il);
for j1=1:i1
for k1=1:i1
dil(j1,k1)=h(j1,k1);
end
end
d1=det(dil);
if d1<0
pk=pk+1;
end
if d1==0
nk=nk+1;
end
end
if pk>0
disp(['Sistem dayanigsizdir'])
end
if nk>0
disp(['Sistem neytraldir])
end
if pk+nk==0
disp(['Sistem dayaniglidir])
end

_ RiS-in dayanighgmin Mixaylov kriterisi ila todqiqi algoritmi. Mixaylov kriterisi ilo
RIS-in dayanigligini tadqiq etmok {igiin alqoritm agagidaki kimidir.
1. (2) ifadesindov = jo ovozlonmasi edilir ;
2. Alnan ifadonin ciit qiivvatli toplananlarindan ibarat haqiqi hisso R(®) vo tok qiivvatli
toplananlarindan ibarat xayali hisso | (®) alinir;
3. o- ya sifirdan sonsuzlugadok qiymaotlor verilorok (R(w), jl(w))koordinat sistemindo
hodograf qurulur.
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Mixaylov hodoqrafina gora sistemin dayanigligi bels toyin edilir: hodograf o = 0qiymatinds
haqiqi oxun miisbat torafinds a, ndqtesindon baslayaraq, miisbat (saat aqrabinin oksi) istiqgamatinda

novbo ilo xayali vo hoqiqi oxlar1 kosorok, n—1 riibii tam kecib, n-ci riibdo sonsuzluga (® = o
giymatindos ) getmolidir.

MATLABIn nyquist funksiyasindan istifado etmoklo Mixaylov hodoqrafini qurmaq olar.
Homin funksiya sistemin (manganin, obyektin) verilmis 6tiirmo funksiyasina géro onun amplitud-
faz-tezlik xarakteristikasinit (AFTX) qurmaq tgiindiir. Xarakteristik ¢oxhadliya gora, Mixaylov
hodografin1 qurmagq ti¢iin onu (xarakteristik ¢goxhadlini) MATLABIn tf funksiyas1 vasitasilo 6tiirma
funksiyasinin surati, moxrac kimi iso “1” (vahid) vermok lazimdir:

W =tf([d, d.,..d, d,].1)

nyquist(W)
RiS-in dayamiqh@gmin Naykvist kriterisi ilo todqigi aloritmi. Naykvist kriterisini geyri-
Xotti gevirmaya totbiq etmok iiciin ovvalco agiq RIS-in W ( z)é&tiirmo funksiyasinda Z::]L_+V
-V

ovzlomasi apararag W (V) ifadosi alinir, sonra iso W (V) ifadesindo v = jo ovezlonmasi edilir.
W (jw) ifadasi hogigi R(w) va xayali I (@) hissalors ayirilaraq, o -ya 0-dan oo -dok giymat verarak,
o -dan asil1 xarakteristika qurulur.

Naykvist kriterisino gors, gapali RiS-in dayaniqliq sorti asagidaki kimi ifado edilir:

Aciq sistem dayanigsizdir vo onun xarakteristik tonliyinin r adad kokiindon modadi vahid
radiuslu ¢evra daxilinda yerlogir. Qapali sistemin dayaniqli olmasi {igiin agiq sistemin W ( jo)

xarakteristikasinin hagigi oxu (—o0,—1) intervalinda miisbot (yuxaridan asag1) vo monfi (asagidan

yuxari) istiqamotlorda kasmo saylarmin fargi m/ 2-yo barabar olmalidir.
W (jw) xarakteristikasini qurmaq ticin MATLABin nyquist funksiyasindan istifado etmok

olar.
Natica. Toklif edilon algoritmlor vo programlardan rogomsal tonzimlomo sistemlarinin
dayanigliginin tadqiqi tiglin elmi axtariglarda istifads edilo bilar.

ODOBIYYAT
1. Ristomov Q.O. Avtomatik tonzimloma nazariyyasi. Il hissa. Baki, “Nasir”, 2006
2. Jlxypu O. IMITyibCHBIE CUCTEMBI aBTOMAaTHUECKOTO peryaupoBanus. .-M.: TUDOMIL, 1963
3. Nzepman P. Lludppossie cucremsl ynpasienus. —M.: Mup, 1984
4. Riistomov Q.O. Avtomatik tonzimloma nazariyyasi: Matlab/Simulinkds modellagdirmo. |
hissa. 2-ci nosr. Baki: “Elm va tohsil” nosriyyati, 2012,

PE3IOME
AJITOPUTMBI UCCIIEJOBAHUSA YCTOYUBOCTH
NUAD®POBBLIX CUCTEM YIIPABJIEHUA
Aneknepau ®.A., I'aoxncuesa .M., Kynueea H.A., Ackeposa C.D.

Knrouesvie cnosa: Lugposvie cucmemsl ynpasienus, Kpumepuu ycmoudugocmu, Kpumepuu
yemouyugocmu Payca, kpumepuu ycmouuusocmu 1ypsuya, kpumeputi
yemouuueocmu  Muxaiinosa, Kpumeputi ycmouuusocmu Hatikeucma,
HeluHeliHble NPeoopPa308aHusl.
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SUMMARY
THE ALGORITHMS OF STABILITY ANALYSIS OF DIGITAL
CONTROLLING SYSTEM
Alekberli F.H., Hajiyeva E.M., Guliyeva N.A., Asgerova S.F.

Key words: digital control systems, the stability criterion, the Raus criterion, the Hurvis
criterion, the Mikhailov criterion, the Naykvist criterion.
In this article the algorithms of investigation of stability of digital controling systems in
surroundings of packet applied programs MATLAB with application of nonlinear transformation
are considered.
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MoOenuposanue OUHAMUKU NEPEXOOHLIX PEeNCUMO8 MEeXAHUYECKUX
cucmem, mpubonocuueckue mpebosaHus.

Ha ocnoge memooa mamemamuueckoco MOO0eIupo8anus uUcciedo08ansbl OUHAMUYECKUE
Xapakmepucmukyu mexanuyeckux cucmem c¢ eapuamopom. Illoxazano, umo npumenenuem
ynpexcoarowei 00pamHol C8A3U MONCHO YIYUUUMb YAPAGIAEMOCMb NPUBOO08, BKIIOYATOUUX
@pukyuoHHble nepedauu ¢ MoOUKU 3peHUss mpuboI02UYeCKUX Mmpebo8aHULL.

1. BBenenme. B mocrneaHee BpeMs B 00JaCTH TNPOEKTHBIX PEIIEHUH KOHCTPYKIMM
YIOPABISIEMBIX MEXaHUYECKHX CHCTEM CTajla 3aMETHOM TEHJEHUUs LIUPOKOTO HCIOIb30BAHUS
OeccTylneHuaThlX mnepefaad - BapuaTopoB (puc.l). Bapuatopsl SBISIOTCS HMCTIOTHUTEIHHBIMU
OpraHaMu LEJOro Psiia CUCTEM YIIPABICHUS IBIXKEHUEM B Pa3IUYHBIX 00JIACTSAX MAITUHOCTPOCHUS,
pOOOTOTEXHUKM W JPYyrux cpeactB aproMatusarnuu [1,c.61; 2,c.101; 3, c.42]. Cucremsi,
WCIIONB3YIOUIME BapUaTOpbl B KAuyeCTBE >JIEMEHTAa IIE€pelaud yIpaBlIIeMOro JBUKEHUS B
pPa3IMYHBIX MEXaHW3MaX, 4acTo o0Jafas JY4YIIMMHU XapaKTePUCTUKAMH YIPABISIEMOCTH, B TO ke
BpeMsl JIMIIEHBl BBICOKUX TMOKa3aTeneil HM3HOCOCTOMKOCTH (OCHOBHOW  TpHOOIOTHYECKUI
nokasatesnb). [Ipudyem, U3BECTHO, YTO HOMUHAIBHBIE PEKUMBI Pa0OTHl MEXAaHU3MOB C BapUATOPOM
JIOMYCKAIOT KPaTKOBPEMEHHbIE TPOCKAIb3bIBaHUS (PUKIIMOHHBIX KOJIEC, a YIpaBIsiomue GpyHKIuu
COBPEMEHHBIX MEXAHU3MOB JOBOJIbHO Pa3HOCTOPOHHHUE.

VHTEHCMBHOCTh M3HOCA MOBEPXHOCTEH (PPUKIIMOHHOTO KOHTAKTa 3aBUCUT OT OOIIMPHOTO
KoJim4decTBa (paKTOPOB, HO TIIABHBIMHU CPEJIM HUX, HECOMHEHHO, SBISIIOTCA JUHAMUYECKUE YCIOBHUS
JKCIUTyaTalluu yNpaBisieMoro Mexanusma. Mx ompenensier psja napamMeTpoB KUHETHUKH, TAKUX KaK
MOMEHTBI WHEPIIMU BAJIOB, CKOPOCTHBIE (paboyure) XapaKTEPUCTHKU CEPBOJBUTATENSI U HATPY3KH.
Pemenue kommpomucca MeXAy BEJIUYMHOM NPHKUMHOTO YCUIIUSL — OCHOBHBIM KOHCTPYK-
IHMOHHBIM MapaMETPOM CHUCTEM C BAPUATOPAMH — M YBEJIMYEHUEM M3HOCOCTOMKOCTH MEXaHH3MOB
CBA3aHO C HCCIEAOBAHUSIMU JUHAMHYECKUX XAPAKTEPUCTUK MPU HMITYJIHCHOM YIPABICHUH.
[IpuBnekaer ocoboe BHUMaHHUE CHCTEMa, B KOTOPOW BapHaTOp SBISETCS MCTOJHUTEIHLHBIM y3JI0M
aBTOMATHUYECKOTO PETrYJIMPOBAHMS CKOPOCTH BpaICHUsI TPUBOJA.

B HacrosmeM MOAEIHFHOM HCCIEIOBAHUN MEXaHWYEeCKOM CHCTEMBI OCHOBHOM IIEJIBIO
SIBJSUIOCH TIOJIYYEHUE TNEPEXOAHBIX XApaKTEPUCTUK, OTPAKAIOUIMX CHUKEHHE HHTEHCUBHOCTH
(OPUKIIMOHHOTO TPOCKAIB3BIBAaHUS B 3aBUCUMOCTH OT MPWKUMHOTO YCHINS Ha (PPUKIIMOHHBIC
KoJieca MPH Pa3IUYHbIX TTyOWHAX MPUMEHSIONICICS 0OpaTHOM CBS3U.

2. Pazpaborka Mogean. Panee Hamu OBUIO TPOBEACHO MOJCIBHOE WCCIICIOBAHHE
MEXAaHUYECKUX XapaKTEPUCTUK MEXaHM3Ma C BapuaToOpoM, MOJEINb, KOTOPOMl MpeACTaBIIsIIaCh
creayrole cucremoit auddepeHnuanbHbIx ypaBuenuit [4,¢.363-370]:
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PPUKYUOHHO20 USHAWUBAHUS 8 MEXAHUBMAX C 8APUAINOPOM 70
da)1 . u u+1 1
I, ™ =M, —sign(,)a,P &, 1, —a,Pyg
I, : :Sign(nz)aszggrp _Sign(nl)aZPNglurp @
I, dt =sign(i7,)a,Pyeir, —a,Pyes 0t =M,
rae, 1= —Qf, 5 =00, -, |77,| @,, 0, 0,1, T, —COOTBETCTBCHHO YIJIOBBIC

CKOPOCTM U PpPaguychl LEHTPAJIBbHOIO, BEIYLIErO0 M BEIOMOrO IUCKOB; P, — COOTBETCTBEHHO

MPIKUMHOE YCHIIME Ha Ball, &,U—mapaMeTpbl KOHCTPYKIMU U MaTepHalloB BapuaTopa.

a) N B

Puc. 1. Ilpunyunuanvnas cxema mopogozo eapuamopa.

B cucreme (1) yuuThiBasg NpeHEOPEKUTETBHO MaIyl0 BEJIMYMHY MOMEHTa WHEpPLUU

LEHTPAIBHOTO Jucka |, (poJnKa) MO CPaBHEHHIO C WHEPUUOHHBIMU CBOWCTBAMH MEXaHU3MOB,

COWICHEHHBIX C BajlaMu Bapuaropa |1, 1,, T.e. npuHuMas |, ~ 0, MOXHO HaNMCaTh:

sign(n,)a,P,&,r, —sign(m,)a,Py&'r, =0 .
U3 KOTOPOTI'O CIENyeT COOTHOILEHHE:
0, - o1, + @,
2r,
B mHacrosimiem wucclegoBaHMM JIMHAMHUYECKHX DPEXHMOB IPH ydeTe TPUOOIOrHMYECKHX
MoKasareiel oOpalleHO BHUMAHUE Ha TO, YTO COOTHOIIEHUE (2) cleayeT Y4YUTBIBATh Kak

HE0OXO0IMMOE KHWHEMAaTHUECKOE COOTHOIIEHWE TpH pelieHnn cucteMbl (1), koTopas mocrie
COKpalmieHusi OyneT coiaepkaTh JWIb JBa ypaBHeHUs. C JIpyroi CTOPOHBI, CIEAYeT TaKkKe

()

NPUHAMATH BO BHUMAHHE TO, YTO BBIPAKEHHUE JUIst KOdhduurenTa nepenayn sapuaropa K, = D2
0,
MCXOJIs U3 pacdera ero KOHCTpyKiuu (puc. 1), moxer onpenensarses B Buae [7, C.167-370]:
1+sin
k, =087 3)
1-sing

Torga, yuutsiBas (3) , AJs pekuMa ¢ OTCYTCTBUEM IPOCKAIb3bIBAHUS MOKHO MEPENUTH K MOJENH C
OJIHMM YPaBHEHUEM:

g _Fc(r1+r2)+M(t) (4)

(I _0871+Sln¢| ]da)l

1-sing dt

Mexanuueckass CHCTEMa, HAXOJsAChb B COCTOSIHMHM, KOIJa JWHAMHYECKUE YCHIIUS He
MPEBOCXOJAT CHJIbI (PPUKIIMOHHOTO CLEIUICHHS, IBUKEHHE OMHChIBaeTCs AUQQepeHIrnaIbHbIM
ypaBHeHUEM (4), a CHIIbI CHEIJICHUSI PACCUUTHIBAIOTCS IO CIEAYIOIIEMY COOTHOILIEHUIO:
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F. =sign(r)a,P,&"
B momeHnT Hapymenus ycnoBus F. <sign(r)a,Pye" NPOUCXOAUT CPBIB CLEIUICHUS HU

HACTYIAaeT MpOCKalb3blBaHUE. B 3TON cuTyanuu cucreMa npuoOpeTaeT MArKOCTb B IEPEXOAHOMN
XapaKTepUCTUKE (MJIAaBHOCTb B YIPABIEHHWH), OJHAKO pAcTeT MHTEHCUBHOCTh H3HOCA. OTa
0COOEHHOCTh SIBIISICTCSI BaXXHBIM TPEHMYILECTBOM NPUMEHEHHs BapuaTOpOB, CIIEAOBATEIBHO,
BO3HUKAeT HEOOXOAMMOCTh B IIOMCKaX albTEPHATUBHBIX PEIIEHUH CMSATYEHHUsS MEepeXOHOro
pexuma [35, ¢.29].

3. IIpumeHeHne pereHepaTUBHON 00paTHOM cBsi3U. OJHUM U3 PEIICHUHN 3a7a4d MOXET
ObITh TPUMEHEHHE OOpaTHOM CBS3M MO KaHaly «KO3(pPHUIMEHT mepeaadd — BpallaTesbHBINA
MOMEHTY.

Peanuzanus maHHOW pereHepaTHMBHON CXEMBl PEUIaeTCsl MyTEM YCTAaHOBJICHUS KaKUM-THOO
00pa3oM CBs3M MEXy BpalaTeIbHbIM MOMEHTOM U YIJIOM [IOBOpOTA pblyara BapuaTopa. B psze
IIPUBOJIOB TAKOE YIPABICHUE IMOTOKOM MOIIHOCTH MOXHO pPEIM30BaTh BO3JCHCTBUEM Ha
HaIpspKeHUe nuTaHus. B npyrom ciydae, ecim IpUBOJ OCHALIEH JBUIaTElIeM ITOCTOSHHOIO TOKA,
TO YIpaBICHUE BpaIIATEIbHBIM MOMEHTOM OCYLIECTBIISIOT IIYyTEM BO3IAEHCTBHS HAa MAarHUTHBIN
IOTOK B 1ienu Bo30yxaeHus. Ha puc 2. npesncraBiena cTpykTypa 3aMKHYTOW CUCTEMBI YIPaBJICHUs
MIOTOKOM MOIIHOCTH B CBSI3W C (YHKIMEH YIpPaBICHHS CKOPOCTHIO BEAOMOTO Bajia MPUBOJA.
Ha3zoBeM pereHepaTuBHOI cxeMy, KOTOpast IOCTpOEHa ¢ BBEACHUEM 0OpaTHOM CBSI3H.

Kontyp perenepatuBHoH
CBSI3N

VYnpasienue k
MOLIHOCTBIO p Hatuuk  yria
0BOpOTa
JBararesst
pelyara
. BapHaropa
1
JlBurarens- A Tpuson Yriosast
-BeyLIUi HATPy3KH CKOpOCTh
BaJl
Bapuatop
VYnpasnenue
nepeMeIeHIeM
pbIyara
BapHaToOpa
Puc.2. PezeHepamugHaﬂ C643b ((K03¢d)MZ4M€Hm nepec)alm - SPCIWCImeJZbeZZZ MOMERM,

NPUMEHAIOWULICS. OJISl YIIYYUEHUS YNPABIAeMOCmU NPUusood.

Bo3smymenne, neicTByromee B JaHHOM ciydae B BHUAEC JedUIMTA MOIIHOCTH, MOXKHO
KOMIIEHCHUPOBATh 3a CUET YyBEIWYECHHs] CHIIBI TOKa OOMOTKH BO30yxkaeHHs. Bocmomb3yemcs
MIPOTOPIIMOHATHPHOCTHIO B MAJIOM MHTEPBAJIC 3aBUCUMOCTH BPAIIATEIFHOTO MOMEHTA OT TUIYOWHBI
00paTHOM CBA3M IO phIYary yrnpasjeHus Bapuaropa K, , T.e.

Mg(a)l'¢) = Mg(wl)(1+k¢)! ~ Pmax < P < Prax (5)
[IpuHMMast 3aBUCUMOCTh BpalllaTeIbHOIO MOMEHTA JBHUraTeNsl OT CKOPOCTH BpAIlICHUs JIMHEHHO-
yObIBatomeit pyHKIuel mpu HEM3MEHHOM 3HAUEHUU TOKa BO30YyxknaeHus (ympasieHue) [6,c.432],

T.C.
Mg(a)l):MgO_kga)l (6)
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MOJKHO, MONTB3YysACch (hopmyroii (6), BeIpa3uTs (5) B BUAE:
Mg(a)l7¢):(MgO_kga)l)(l_'_k(p) (7)

JlaHHOE CTPYKTYPHOE U3MEHEHHE MO3BOJISET 3aMETHO YJIYUIITUTh YIPABISIEMOCTh IIPUBOJIOB C
Bapuaropamu. KoOJIMYeCTBEHHOMY aHAM3y TAaKUX YIYYIICHUH TMOCBAIEHA JaHHAs pabora Ha
MOJICJIBHOM HUCCIIEOBAaHUY TIPH PA3JIMYHBIX 3HAYCHUSX TTapaMETPOB.

PaccmoTrpum 11Ba yrpaBiisieMbIX 3JEKTPOIPUBO/IA, B OJJHOM M3 KOTOPBIX, MOMEHT BpallleHHUS,
Pa3BUBAIOIIMICS JBUTATEIIEM, HE CBS3aH C BEIMYMHON JUHAMHUYECKOTO COIMPOTHBIICHHS, T.C. HE
BKJIFOUEHA oOpaTHasi CBsi3b MO Ko3(pduimenty nepeaaun Bapuaropa. OUeBUIHO, B OTOM Clydyae
BpalaTeIbHbIi MOMEHT JIBUTATENs SBJsAETCA (QYHKIMEH TONIBKO CKOPOCTH BpalICHHS, T.C. HMEET
MecTOo  TonbKO  GyHKiusas M, =M (o). [pyroii npuBox oxBadeH OOpaTHOM  CBS3bIO

M, =Q1+k,o)M,(a).
[TpeamnonoxuM, oba MpUBOAA C COCTOSHHS PaBHOBECUS @, :% =0,p=0,k=Lt=t,

[OJ1 BO3/CiCTBUEM TporpamMmbl  ympaBneHus K(t) =k, ¢(t); 0 <t <t, HaXOIAT CBOIO KOHKPECTHYIO

peanusanuio B TedeHHe BpeMeHM t, B Buie QyHKuuil o,(@(t)), ®,(@(t)), koTopsle sABIArOTCA

pair3alusiMu HpOIrpaMMbl YIIPABJIICHHA II0 YIJIOBBIM CKOPOCTAM B  COOTBETCTBUC IIPpHUBOJAM,
OXBa4CHHBIM 06paTHOI‘/'I CBSI3BIO U 0€3 Hee.

Beenem dynkuuonans & [¢(t)], o[@(t)] B xauecTBe mokasaTens ympaBlIsSeMOCTH, KOTOPhIE
OpPHEHTHPOBAHbBI HA YKa3aHHBIC JIBE CTPYKTYPHI:

Y o (o) -y Lk p®)) s o (pt) - oL+ K, p(1) |
R e R s S T O N

rae o,(1+ ¢(t)) —3amannas nporpamMma ynpasieHus B uHTepBasie 0 <t <t .

(8)

MOoXHO BBIIBUHYTH CIEOYIOIIYIO 3ajady onTumuzauuu: Mcxoas M3 KOHCTPYKTHUBHBIX
napameTpoB Bapuaropa ( Py ,U ), KHHETHYECKOTO MapameTpa MeXaHu4ecKoii ciucteMsl () , a Takxke

SJIEKTPOMEXaHUYECKHX (M, K, ) ¥ Harpy304HBIX XapakTepucTuk asurarens M, (w,), Tpedyercs

go’
ONPE/ETUTh ONTHMAIbHYIO BEIMYMHY K,, KOTOpas MO3BOIMT MHHAMH3HPOBATH IIPH 3aJaHHOI
nporpamme ynpasnenusi Bemuuuny & |p(t) . Pemenue sToif 3amaun MoskeT ObITH TONy4EHO Ha
OCHOBE BBIYHCIUTENLHOTO YKCIIEPUMEHTA, Ha MOJIETN MeXaHHueckoi cucteMsl (1).

4. Tloayuennbie pe3yabTaThl. Ha ocHOBe yKa3aHHOM MOJIENM MOMyYeH P XapaKTepUCTHK,
TI03BOJIAIONINX OIEHNTH HEKOTOPBIE MOKA3aTENH YHPABIAEMOCTH HIEKTPOIPUBOIOB C BAPUATOPAMH
IS IBYX, CHITBHO PA3IMYAIONIMXCsl HATPY30UHBIX XapakTepuctuk, M, =kiw, u M, =k, 0’
(Harpy3KH CyXOTo U BA3KOTO TPEHHsS COOTBETCTBEHHO). B KauecTBe mporpaMMbI OBLT HCHOJIB30BAH
CHHYCOMJIAJIbHBIN 3aK0H, T.e. @(t) =@, Sinvt.

[To puc.3 BUAHO, YTO B IIEJIOM C YBeJIM4eHHEM Kodd¢uuueHTa oOpaTHON cBs3M Kk, , UMeeT

P 1
MCCTO YJIYUHICHUC IMOKA3aTCIIsI KaueCTBA YHPABIACMOCTH MEXaHUYECKOH CHCTEMBI C BapuaTopom
OTHOCHUTCIIBHO KPUTCPUA 0. HGCMOTp}I Ha HEeJIMHEHHOCTh Har py30‘-lH0ﬁ XapaKTCPUCTHUKU ITPUBOAA,

B Cilyuae Harpy3ku Tuma Bsskoe TpeHue (M, =K, ®?), IMEHHO B 9TOM cilydae Gojiee MHMPOKUM
JIMania3oHOM BapbUPOBaHuUs o0nanaer ko> duuuent K., .

Tom 14 «Hayunwie uzgecmusy Cymeatibimckoeo cocyoapcmeennozo ynusepcumema  Ne3, 2014



Hazuee A.T'., Caovixoe M.M., 'amuoos H.P. 73

Puc. 3. 3asucumocmov napamempa 6 om K, npu pasiuunoMm Xxapaxkmepe

Haz2py3Ku npueood.

B pexxume paboThl IpUBO/Ia HA HATPY3KY C JMHEHHBIM 3aKOHOM U3MEHEHHS OT CKOPOCTH, IIPU
JIOCTHXKEHUU onpesiesieHHoro 3uauenus (k, = 0.04 —0.05) Habo1a/ioch  HapyIIeHHe yCTOWYH-

BOCTH BBIYHMCIUTEIBHOTO MPOLECCa, KOTOPBI HMMHUTHPOBAJI MEXAHUYECKYIO CUCTEMY, UCIIOJIb3YIO-
LIYI0 PET€HEPATUBHYIO CXEMY YIPABJIEHHSI MOIIIHOCTBIO JBUTATEIS.

[IpuMeHeHNE pereHepaTUBHOW CXEMBbl YIPABJIECHUS MOIIHOCTBIO JIBUTATENs 3aMETHO
MOBJIMSUIO HA YAaCTOTHBIE XapaKTEPUCTUKU MEXaHUYECKOW cucTeMbl ¢ BapuaTopoM. Ilpexnae Bcero,
9TO CKa3blBAJIOCh HAa PEAKLMH CUCTEMBI HAa BBICOKOYACTOTHBIE TI'APMOHMYECKHE YIIPABIIAIOIINAE
BO3JICHCTBUS, OKAa3bIBAEMbIE CO CTOPOHBI pblYara YIpPaBJIEHUS IE€PEIaTOUYHbIM OTHOIIEHUEM
Bapuaropa. MakcuMasbHas 4acTOTa YNPABIAIOLIET0 CHUTHala, IPU KOTOPOM B CHCTEME HeE
Ha0Jt01aeTCsl MOTepsl YIPABISIEMOCTH, B PEKUME OTCYTCTBUS YKa3aHHOW pereHepaTUBHOM CBS3H,

coctapisino v =0.85¢™" . Ha puc 4. nokaszaHa peakiiusi CUCTEMbI Ha BO3MYIIIEHHE HPU OTCYTCTBHH

peFeHepaTHBHOﬁ CBiA3W IIpU  YacCTOTC v=1. 1C_l , KOTOpasas XapakKTepusyeTrcd TCEM, UYTO

CUHYCOMJAJbHbBIC YIIPABISIIOIINE BO3JECUCTBUS, CHUJIBHO MCKAXKEHBI, NEPEAaBasCh HA CKOPOCThb
BpAILICHUSI BEIOMOI0 Baya. Ta ke 4acTOTHas XapaKTEPUCTHKA MPEACTaBIEHA HA pUC. 5, KOTOpas
OTJIMYAETCSA OT MNPEABIAYIIEH JMIIb TEM, YTO B HEH OTPAXKEH CiIyyal C HAJIMYUEM TOW camou
pereHepaTuBHOM CBs3H (BennunHa Kk, = 0.022 ).

Ilo pucyHKy BHOHO, YTO pEaKlMs CUCTEMbI Ha FapMOHHYECKOE YIPABIAIOLIEE BO3IEHCTBUE
TEPIUT JIHUIIb HE3HAYNTENbHbIE NCKAKEHUS, KOTOPBIMH MPAKTUYECKU MOYKHO ITPEHEOpeyb.

[Tpu u3ydas mpuBEIEHHBIX YaCTOTHBIX XapaKTEPUCTUK, 0OpalaeT Ha ce0s1 BHUMaHHUE TO, YTO
B IOJIABJISIONIEM OOJIBIIMHCTBE CIIYy4aeB B CUCTEME HAOJIOJIAl0TCs BBICOKOYACTOTHBIE OCIMILISLIUU
CPBHIBOB ()PUKIIMOHHOTO KOHTaKTa. [IpMumMHON MeprHoanyecKol CMEHbI PEKUMOB YHCTOTO KaueHHs
JIUCKOB (DPUKLIMOHHOM Mepeladd C PEeKUMOM KayeHHs] CO CKOJIbKEHHEM  SIBIISIETCS CKPBITHIN
pE30HAHC, BO3HUKAIOIINN BCJIEJICTBUE YIPYrOoro KOHCEpBATH3Ma, HWMEIOLUIETO MECTO B
MaTeMaTUYeCKOW MOJENM MeXaHu4Yeckor cucreMbl. OH TposBIsSeT cels Kak abdext
HAKallJMBAaHUS KUHETUYECKOM HSHEPrUM BpAILAIOIIUXCS MEXAaHWYECKUX 4YacTeld CHCTEMBI IOCIe
CpbIBa KOHTAKTA.

[Ipy HanMuMM pereHepaTUBHOM CBSA3M YIPABIEHUS MOUIHOCTBbIO JBUTATeNls MPUBO/JA,
MPOsABJIEHUE MOJOOHBIX 3P PEKTOB 3aMETHO CHUKEHO.
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Puc 4.

Puc.5.

@puKt;uOHHOZO USHAWUBAHUS 6 MEXAHUIMAX C 8APUAMOPOM

- — 4

XapaKmepucmuKa ynpaejsiemocmu cucmemaol npu

o -1
peeenepamuenou céasu , m.e. kK, =0,v=11c"".

2

Lo S Y _,,’\ ’/'\\ /‘\‘ ,f\ ‘/'\ f\ f’\ DooAA
]

f‘:;\:'.,f\,'.(\‘,‘ AR VAN AR |
A Y Y Y Y R L R Y Y Y Y " ™

Xapakmepucmuka ynpaejsiemocmu cucmemnsl 6

omcymcemeuu

caydae

UCNOJ1b306AHUA peeeHepamueHoﬁ C6A3U  OMHOCUMENIbHO  Yeld

nosopoma puruaza eapuamopa npu K, =0.022 ,v = 1.1¢c™.
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Takum O6p3.30M, Cyas 1O IMOJTYYCHHBIM JAaHHBIM BBIYUCIUTCIIBHOTO 3KCIICPUMCHTA, MOKHO C
YBECPECHHOCTBIO 3aK/IIOYHUTHh, YTO INPUMCHCHUC peFeHepaTHBHOﬁ CBs3M B YIIPABJIACMOM IIPHUBOJC C
BapuaTopaM CYIIECTBCHHO YIIYUIIACT MCXAHUYCCKHUEC ITOKa3aTCJIM CUCTCMBI.

5. OcHoBHbIE BbIBO/1bI: HpI/IMeHSISI MCTOA BBIYHUCIUTCIIBHOTO OJOKCICPHUMCEHTA, MOXHO
HCCIICAO0BATh PA3JIMYHBIC CTPYKTYPBI IJIA CUHTE3a CUCTEM YIIPABIIAACMBIX IMPUBOJOB. B 4YaCTHOCTH,
JydIIUMHA MEXaHUYCCKHMHU XapaKTCPHUCTHUKAMH 06J'Ia)IaIOT CUCTCMBI, €CJIM B LECIH 3aMKHYTOI'O
KOHTYpa YHpaBJICHUS BKIIOYUTH PCIrCHCPATUBHYIO CBA3bL MOMCHTA COIPOTUBJIICHUSA C ITOTOKOM
MOIIMTHOCTH, HAIPABIAIOMIETOCA OT CETH K SJICKTPOABUTATCIIIO.
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XULASO
VARIATORLU FRIKSION SISTEMLORIN MUHORRIKLO QABAQLAYICI
RABITOLORIN YARADILMASI HESABINA IDARO XASSOLORININ
YUKSOLDILMOSI
Nagyev O.H., Sadixov V.V., Hamidov N.R.

Agar sézlar: Pillasiz otiirma sistemlari, mexaniki sistemlorin dinamiki kegid rejimlarinin

riyazi modellasdirilmasi, triboloji talabat.

Riyazi modellosdirma metodu osasinda variatorlu mexaniki sistemlorin  dinamiki
xarakteristikalar1 todqiq olunur. Gostarilir ki, gabaglayici tosiro malik oks oalagolorin totbiqgi ilo
friksion Otiirma vasitolori olan mexaniki sistemlorin dinamiki xassalorini xeyli doaracods
yaxsilagdirmaq miimkiindiir.

SUMMARY
INCREASING FRICTION HANDLING SYSTEMS WITH VARIATOR BASED ON
PROACTIVE COMMUNICATION WITH THE ENGINE
Nagiev A.G., Sadykhov V.V., Hamidov N.R.

Key words: unstopped transmission systems, mathematical modelling of transient condition
dynamics of mechanical systems, a tribological demand.
Based on mathematical modelling method, dynamic characteristics mechanical systems with a
variator of were studied. it is shown that, the introduction of measures to control anticipatory
reactions can greatly improve the frictional properties of dynamical systems.
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MUASIR KULOK ENERGETIK QURGULARINDA iSTiIFADO OLUNAN
IKi TOROFDON QIDALANAN ASINXRON MASINLARI
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Acar sozlav: Kiilok energetik qurgulari, Qobustan va Yeni Yasma, sinxronlasdirilmis asinxron
generator.
Barpa olunan enerji manbalari arasinda kiilok energetikast diinya elektroenergetikasinda an
genis inkisaf edon sahadir. 2011-2013-cii illor arzinda biitiin kiilok energetik qurgularin (KEQ)
istismara buraxilmasi 45 GVt-dan ¢ox giic olmagqla an yiiksak Saviyyaya catdirilmisdir.

Bu giin diinyada qeyri-ononavi barpa olunan enerji monbolorindon, o ciimlodon kiilok
enerjisindan istifado sanaye saviyyasino ¢atmisdir vo enerji balansinda kiilok enerjisindon alinan
elektrik enerjisinin istehsalinda pay1 hiss olunacaq daracadodir, galocokds onun daha da artirilmasi
prognozlagdirilir (Codval 1).

Codval 1.
IHlor KEQ-in qoyulus giicii Istehsal olunan elektrik Istehsal olunan elektrik
enerjisinda pay1, % enerjisi ilo alagadar CO,
tullantilarin azalmasi %
2008 122000 15 2,2
2013 350000 3,35 4,3
2018 820000 8 11,0

Wind Force Qlobal Beynalxalq layihs gargivasinds gobul edilmis plana gors, 2020-ci ilo
kimi elektrik enerjisinin istehsali 12% artmalidir ki, bu da kifayat gador plan1 gqabaglamagla yerino
yetirilir. Masalon, Danimarkada istehsal olunan biitiin elektrik enerjisinin 20%-i bilavasito KEQ-lor
vasitoasilo istehsal olunur. Danimarkada 2050-ci il kimi kiilok enerjisinin istehsal olunan {imumi
elektrik enerjisinds payinin 50%-o gatdirilmasi planlagdirilir [1,3].

“Azorbaycanda alternativ vo borpa olunan enerji monbalorindan istifado perspektivlori”
movzusunda Bakida kegirilon Beynolxalq Konfransda [2] geyd edilmisdir ki, hazirda diinyada iki
nov alternativ enerjidon istifads olunur. Bunlardan biri tobii, digari iss siini yolla alinir: “Tabii yolla
alternativ enerji giinos vo kiilokdon, siini yolla iso sozii gedon enerji osasli kond tosorriifatt
mohsullarindan alinir. Hazirda diinyada siini yolla alinan alternativ enerjinin payr {imumi enerji
sektorunda 17% toskil edir va bu ragom getdikca artmaqda davam edir .

Kiilak enerjisindan an ¢ox istifads edon 10 6lka - ABS, Almaniya, Hindistan, Fransa, Boyiik
Britaniya, Ispaniya, Cin, Italiya, Danimarka vo Portuqaliyadir. Diinya kiilok energetikasimnin bu ciir
sigrayigla artmasi, asasan, barpa olunan enerji manbalarinin inkisafi, KEQ-in xiisusi maya dayarinin
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fasilosiz azaldilmasi vo onlarin istehsal etdiyi elektrik enerjisinin orta maya dayarinin (giymatinin)
azaldilmasi ilo baglidir [1]. 2004-cii ildon baslayaraq. ABS-da valyutanin qiymaotinin diismasi
sobabindan elektrik enerjisinin vo KEQ-ni gqiymat gostaricilorinin artmast miisahids olunur.

Elektrik enerjisinin vo KEQ-in giymat gostoricilorinin dinamikasi

Cadval 2.
fllor 1981 | 1985 | 1989 | 1994 | 2000 | 2004 | 2008 | 2012
EEQ SNt 38 18 8 5 4 38 4 38
kVt- saat
KEQ % 4000 | 2640 | 1520 | 1100 | 980 | 900 | 1300 | 900

“Caspian Technology” sirksti oziintin ilk pilot layihasini yeni Yasma qasabasi orazisinda
hayata kegirmisdir. Umumi giicii 1,7 MVt olan parkda har birinin giicii 850 kVt olan kiilok turbini
qurasdirilmisdir vo hasil olunan elektrik enerjisi Sumqayit elektrik sabokasine otiiriiliir.

Qobustanda 30 MVt-1iq va Surabad gasabasinda (Yeni Yasma orazisi) 48 MVt giiciindo KES-
nin tikilmasi vo istismara buraxilmasi nazards tutulur.

Hesablamalara gors, Azarbaycan Respublikasi 6ziiniin cografi vaziyyatina, tobii soraitine va
igtisadi infrastrukturuna gora 800 MVt-a yaxin illik kiilok enerjisi ehtiyatina malikdir. Bu ehtiyat
ildo toxminon hesablamalara goro, 2,4 milyard kVt/saat elektrik enerjisi hasil edilmoklo ildo 1
milyon tona yaxin sorti yanacaga qonast etmokdir. ©On asasi iso lizvi yanacaqdan istifado etmoklo
elektrik enerjisinin alinmasi zamani kiilli miqdarda tullantilarin, o ciimlodon, azondagidici1 karbon
dioksidin atmosfers atilmasinin garsisinin alinmasi demokdir.

Rusiya Federasiyasi (RF) da hoddon artiq kiilok potensialina malikdir. Bunu geyd etmok
maraqlt olard1 ki, Rusiyada kiilok enerjisinin ehtiyati, o ctimlodan, istifadoyo yeralt: texniki ehtiyati
miixtalif mialliflor torofindon miixtalif dorocodo  giymatlondirilmisdir: [1]-do RF-da elektrik
enerjisinin illik istehsali 916 milyard kVt/saat olarkon kiilok enerjisindon istehsal olunan elektrik
enerjisinin pay1 52181 milyard kVt/saat oldugu gostarilir.

Rusiya Federasiyasinda KEQ-in naticovi qoyulus giicii 2012-ci ilo kimi 14,1 Mvt olmusdur ki,
bunun 5,1 Mvt-1 Kalininqrad vilayatinin paymna diisiir.

Qeyd etmok lazimdir ki, kegon asrin 50-ci illorin sonunda kegmis Sovetlor Ittifaginda KEQ-
nin qoyulus giici 100 Mvt-dan ¢ox olmusdur.

Miiasir KEQ-i konsrtruktiv olaraq iki yero bolmok olar: iifiiqi firlanma oxu ilo vo saquli
firlanma oxu ilo. Ufiigi firlanma oxuna malik KEQ diinyada genis yayilmisdir. Hazirda
Azorbaycanda miixtalif giico malik he¢ bir KEQ-i istehsal olunmur. Lakin golocokdo STP-do
(Sumgayit Texnologiyalar Parki) KEQ-in hissolorinin buraxilmasi nozards tutulur. Lakin Rusiya
kimi nohong 6lkads ancaq kigik giiclii KEQ buraxilir, buna goro do hom Azorbaycanda hom do
Rusiyada xarici firmalarin istehsal etdiyi orta vo giicliit KEQ-dan istifads olunur. [1;3] Kegan asrin
80-ci illorinin ortalarindan indiys kimi diinyada iifiiqi firlanma oxuna malik 8 nasil olmagla KEQ-
lor istehsal olunmusdur. Noslin hor biri novbati nasildon asagidaki amilloro gora forglonmisdir: 20-
30 kVt-dan 4500 kVt-a kimi vahid qoyulus giicline gors; -avtomatlasdirma daracasine goro; texniki
Vo iqtisad1 problemlorin hallino gors; -daha yiiksok mohsuldarliq vo istehsal olunan elektrik
enerjisinin daha az maya dayoarinas gors.

Hazirda aparici firmalar — istehsalgilar KEQ-lordo asinxron (Vestas, GE Wind vo basqalari)
Vo ya sinxron (Enercon) masinlarindan istifado edirlor.

Vestas firmasinin istehsal etdiyi ilk nasil KEQ-do qisa-qapali rotorlu asinxron masinindan vo
generatorun yiiksiiz iglomaya tolob etdiyi reaktiv giicli kompensasiya etmok ti¢iin kondensatorlardan
istifado olunmusdur. Bu da 6z novbasindo gidalandirict sabokodo elektrik enerjisinin keyfiyyatini
tohrif etmoklo alagadar bir sira problemlor yaratmisdir.
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KEQ-in giicliniin artmasi ilo onlarin elektrik soboakasine olan tasiri do artmaqdadir. Miiasir
KES-do, adaton, iki tip KEQ-dan istifada olunur: iki torafdon gidalanan asinxron generatorlu va
salis isaburaxma; reaktiv giiciin tolobat1 vo ya verilmasi (6tiiriilmasi), garginliyin stabillosdirilmasi
problemloari hall olunan sinxron generatorlari asasinda reduktorsuz KEQ-1.

Hor iki tip KEQ-in 6zlorinin iistiin vo ¢atismayan cahatlori vardir. Bels Ki, sinxron generatorlu
KEQ-1n start siirati, asinxron generatorlu KEQ-a nazaran bir godoar asagidir ki, bu da bir gador
elektrik enerjisinin istehsalini artirir, hom do agir (nshong) reduktor movcud olmur. KEQ-in
nominal giiciino barabor giico malik geviricidon istifado edorkon iki torofdon gidalanan AG-don
istifado etmoklo miiqayisado sinxron generatorlu KEQ-do daha genis hoadlordo reaktiv — giicii
tonzimlomok miimkiindiir [5].

IKi torofdon gidalanan asinxron generatorlu KEQ-in asagidaki istiinliiyli, yoni daha kigik
giiclii yarimkegirici geviricilordon (KEQ-in giiciin 30% qoadar) istifade olunmasi, onun maya
dayarinin va itkilarinin kifayat godor azalmasina sobob olur. Aparilan todqiqatlar gostormisdir ki,
kiilayin Kifayat godar orta kiilok stiratindon (7,5 m/s—don) boyiik siiratlords iki torafdon gidalanan
asinxron generatorlu KEQ-i az da olsa, daha effektlidir. Qeyd etmok lazimdir ki, KEQ-in sonraki
inkisafi, yeni materiallarin istifado olunmasi ilo yeni profilli parlorin, mévcud islonmalarinin
optimallagdirilmasi yolu ilo gedir. Ixtisaslagdirilmis KEQ anlayisi daxil edilir, masalon, Vestas
firmas1 torofindon V100 markali KEQ kiilayin orta illik surati asagi olan yerlords qurasdirmaq tigiin
nazarda tutulur.

Daha sads konstruksiyaya va kiilok ¢arxinin daha genis siirat hadlarina malik, sabit magnitli
sinxron generatorlar osasinda yaradilan KEQ-in inkisaf konsepsiyasi daha perspektivlidir.
Windfomer adlanan bu konsepsiyanin hoyata kegirilmasini AAB firmasi toklif edir. KEQ-in
elektrik sxemi ovvalkilarlo analojidir, yalmiz forq ondan ibaratdir ki, burada gorginliyi 20 kV-dan
boyiik olan yiiksok gorginlikli generator istifado olunur, bir nego KEQ-u bir grupa (klaster)
birlogdirilir vo onlardan sabit corayan enerjisi sabit coroyan kabeli ilo doyison coroyan sobokasine
gosulmus iimumi geviriciya daxil edilir. Bu KEQ-da reduktor va transformator mévcud deyil. Biitiin
bunlar govdonin ortliyiiniin dlgiilorini azaldir, KEQ-1n etibarligin1 artirir, sos kilyiin saviyyasini
azaldir.

Respublikamizda pilot layiholords istifado olunmus kiilok energetik qurgularinin giicii 850
kVt vo 3000 kVt olan Vestas firmasinin kiilok energetik qurgularidir. Bunlarda iki torofdon
gidalanan asinxron generatoru qoyulmusdur. KEQ-in elektroenergetik sistemin (EES) torkibino
qosulmast va birlikds islomoasi miimkiinliiytinii giymatlondirmak {igiin asinxron masini bazasinda
yaradilmig bu ciir KEQ-1n riyazi modelindon istifado olunur.

KES-in giicii EES-in giicii ilo 6lgiilo bilon saviyyasino gatirilir, bununla slagadar olaraq,
elektrik soboakalarinin va sistemlorin islorino KEQ-in isi asagidaki gostaricilora tasir edir.

1. Elektrik enerjisinin keyfiyyatino (norma vo sortlar)

2. Soboka avadanhiginin yiikklonmasina (texniki mohdudiyyat)

3. Qisa gapanma zamani yiiklonmasina

4. Glic vo enerji balansina

Belaliklo, KEQ vo KES-lor saboka ilo paralel isloyarkon onun texnika imkanlari arta bilar,
buna gora do layiholondirmo qabagi marhalodas statiki vo dinamiki is rejimlorinds KEQ vo KES-in
EES-in torkibino qosulmasi va birlikds islomasinin giymatlondirilmasi aparilmalidir. Avropa
olkalorinds vo Simali Amerikada bu ciir qiymotlondirmoni aparmaq iiciin asagidaki amillora
asaslanan normativ sanadlor islonib hazirlanmisdir; SBEU vo SK3 nishoti, (SBEU/SK3>0,02),
giic axininin kompleks hesabati, kommutasiyalar zamani1 gorginliyin doyismosi, qisa-gapanma
caroyanlarinin hesabati, fliiger vo yiiksok harmonikalarin qiymatlondirilmasi.

EES-in torkibindo KEQ-in birlikda islomasi zamani statiki rejimlarin giymotlondirilmasini
aparmaq imkani veran standart tisullar masalon, giic axinlarmin hesabati islonib hazirlanmigdi.
Bununla bels, geyd olunur ki, bir sira rejimlari, masalon, kommutasiyali rejimlari giymotlondirarkan
standart tsullardan istifado etmok olmaz vo EES-in torkibindo KEQ-in uygun dinamik
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modellorindon istifado olunmasi tolob olunur ki, hazirda bu moasalo aktual elmi-texniki masalodir.
Bu ciir model, bir qayda olaraq, onun elementlorinin riyazi modellorindon ibarotdir: EES,
transformator, elektrik verilis xatti, tolobatgilar vo asinxron bazasinda qurulmus KEQ (sokil 1)

Sakil 1. Tarkibindo KEQ-i olan EES-in riyazi modelinin sadalasdirilmis struktur sxemi

KEQ kompleks qarsiliqli sistemdon ibarat olan riyazi modelin d-q koordinat sisteminds
tonliklori asagidaki kimi ifads olunur:

. dy
1. U,=-"li,—o + L&
d2 2la2 P qt
dyq,
2 qu g, + O,y , + o
dy
3. U ri, —o 4L
dsz ridr rl//qr dt
d
4 Uqr_ rIr_'_a)lﬂds ;ﬂtqr (1)

S. dz = _(Lz + Lm) I—mldr
6. l//qz = _(Lz + Lm)lqsr - m qr
7. Vo = _(Lr + I‘m)idr - I‘midsz
8. l//qr = _(Lr + Lm)iqs Lmiqs
9. = au, -o,CU,

dt
10. iy, =
1. U, O5c (A, B)pAV?
12. M, -M, _3,, 9

dt

Burada, U, U ,U,, ,Uqr s lgs ol Tge s Was W os s War W o -uyBun olaraq d vo q oxlart tizro stator
Va rotor dolaqlarinin gorginliyi, corayani vo maqnit iligmoloridir.
r,r,L, L, L, L,-uydun olaraq stator vo rotor dolaglarinin aktiv miigavimati, xiisusi vo

qarsiligh induktivliyi;
o, ,w, — uygun olaraq stator va rotorun elektromagnit sahasinin firlanma bucagq siirati;

U, — KEQ-in rotor valindaki ekvivalent mexaniki momenti;
M ...— KEQ generatorunun elektromagnit momenti;
Jeq— KEQ-in ekvivalent otalot momenti;
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C — KEQ kommutasiya qurgusunun tutumu;
C,— KEQ-in mohsuldarliq emsals;

o — hava sixlig;

A— KEQ rotor sathinin axma sahasi;

A — parin sopunun firlanma xatti siiratinin kiilak siiratina olan nisbati;
S — KEQ porlorinin dénmas bucagi.

KEQ-in generatorunun aktiv vo reaktiv giicii, hamg¢inin elektromaqgnit momenti asagidaki
ifadalordon tayin oluna bilor.

P, = ( Vishgr s QZ a)s(Lmidr +(Lz + Lm)idr)idz (2)

L, +L,
gen p(l//dr gs l//quds) (3)
Qisa gapali rotorlu AG bazasinda qurulan KEQ-in igaburaxma rejimlorinin adekvat yazilisi
ticlin modelo, verilmis soviyyado igsoburaxma coroyaninin hesabat qiymotini mohdudlasdirmaq
formasinda KEQ-in isi sadolosdirilmis sokildo daxil edilmisdir. 0,6 san.orzindo agar vasitosilo
KEQ-in kommutasiyasindan sonra olan miiddat, iki torofdon gidalanan asinxron generator
bazasinda yaradilan KEQ iiclin rotorun tezlik g¢eviricisinin nozaro alinmasi vacibdir. Asinxron
generatorun rotor dovrasinda gorginliyin idarssi {iglin  onun yarimkegirici elementlarinin vo
konstruksiyalarinin ~ parametrlorini  yerino yetirilon algoritmlori nozoro almadan analitik
modellosdirilmasindon istifado etmok olar. [2,4]
Elektrik verilis xatti (EVX), transformator vo miiqavimatlori nazars almagla elektrik sistemin
d-q koordinat sistemindas tonliklori asagidaki kimi 01acaqd1r.

Vier = m + Lt a)sLtht - ktvdtZ

di
_ - qt -
Van = I’tlm + LI dt +a)sLt|dt - kthtz

. dig,
thl = rsld, + Ls dt 0N leqt ths

: diy,
Vg = Tl + L —= ot — 4+, - Viso 4)

AU, =U,, ~U,, =r,i, + La(il—ls—a)sLaiq

: di :
AU, =U, -U, =r,i, + Lad_:+a)sLald

Burada I,,r,1,,L;,L,, L transformatorun xattin vo sistemin ovoz sxeminin aktiv miiqavimati

va induktivliyidir. K; —transformasiya omsali.

Belaliklo, alinan diferensial tonliklor (1,2,3), qisagapali rotorlu asinxron miharrikli rotorun
bazasinda qurulan riyazi modeldir.

Torkibindos kiilok energetik qurgulart olan elektroenergetik sistemin d-q koordinat sisteminds
riyazi modeli (4) tonliklor sisteminds verilmisdir. Bu ciir oxsar tonliklor sistemini hall etmok kifayot
godar ¢atin do olsa, onun iiglin [1]-do verilmis modelds istifado olunmusdur. Kiiloyin giiciind,
rotorun aerodinamikasini, KEQ-in mexaniki intiqalini ifads etmak iictin WIND Turbine Blokckset-
in qosma bloklarindan istifade olunur. Asinxron generatorun igini vo onun reaktiv giicliniin
kompensasiya sistemini ifado edon bir sira bloklar islomasi sonradan tamamlanmigdir. Sakil 2-do
kiilok energetik qurgusunun blok sxemi verilmigdir. KEQ-in blok sxeminda generator, mexaniki
intigal va idara sistemi daxildir.
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KEQ-in isoburaxma qurgusu vo idars bloku yaradilmisdir. Bu bloklar vasitasilo KEQ-in
rotorun verilmis firlanma siirati aninda sobokaya qosulmasini hoyata kegirir.
Asinxron maginlar bazali KEQ-lari olan elektroenergetik sistemlorin islonmis riyazi modeli
onlarin nazdinde KEQ-larin vo KES-larin birgs isini vo qosulma imkanlarinin giymatlondirilmasina
sorait yaradir
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I - !
! |dareetma sistemi :
| 'y !
|
: Qist ‘gen lgen |
Ukulakl Tour Tgen : U,
1 . R T L en
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Sokil 3. 225 kVt KEQ-i zamana gora isaburaxarkan gosulma miiddatinda garginliyin
Va Carayanin asiiliglart.
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Sakil 4. Kiilayin siirati (a) KEQ 225 kVt-in uygun aktiv giic asililiglart.

Yasma zonasinda istismarda olan kiilok energetik qurgularinda isrifads olunan 850 kV1t-liq
giictinda iki torofdon gidalanan asinxron miiharriki ilo tachiz olunmusdur . Kiilok ¢arxinin diametri
52 m (porlorin radiusu R=26m), firlanma tezliyinin tonzimlonmo haddi (900-1900) dévr/dag.,
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reduktorun Gtiirma hoddi iso 1:61.74 . Bu qurguda kiilok enerjisindon maksimal istifado omsali
C, =0,452 . Bu kiiloyin siirati 8,53 m/san oldugda olda olunur va 362 kVt giico uygundur.

Elektrik energetik sistemin modeldon alinan sokil 3 vo 4-do gostorilon ayrilors uygundur. Biitiin
bunlar nazars alinmagqla asagidaki naticalora galmok olar.

NOTICO

1. Azorbaycan Respublikasinda Yeni Yasma orazisinds, Qobustanda 30 mVt-liq, Surabad
goasabasinds 48 mVt-lig KES-nin tikilmasina istismara buraxilmasi nazards tutulur va
galacokds bu giin artirilmasi prognozlasdirilir.

2. Kiilok elektrik stansiyalarinda hasil edilon elektrik enerjisinin qiymati, adi anonavi
yanacagqla isloyan elektrik stansiyalarinda hasil edilon enerjinin giymotins yaxindir vo
bazi hallarda ondan ucuzdur, baxmayaraq ki, 1 kVt qoyulus giiciina qoyulan xiisusi xarc
nisboton boyiikdiir. Golocokdo KES-dan alinan enerjinin qiymotinin asagi diisocayi
prognozlagdirilir.

3. Miiasir KES-do ¢ox zaman iki torofdon gidalanan sinxronlasdirilmis asinxron va Sinxron
generatorlardan istifado olunmasi zamani onlarin {istiin vo ¢atismayan cohotlor
aragdirilmis va iKi torofdon gidalanan sinxronlasdirilmis asinxron generatorlu KEQ-in az
da olsa effektivliliyi miisyyon olunmusdur.

4. Daha sado konstruksiyaya vs kiilok ¢arxinin genis siirat hodlorina malik sabit magnitli
sinxron generatorlarda gorginlik 20 kV-dan boyiikk olmasi sababindon reduktor va
transformatordan istifado olunmur, bunlar iss gévdonin dlgiilarini vo Sas kiiyii azaldir,
KEQ-in etibarligin1 artirir.

5. Qisagapali rotorlu AG bazasinda qurulan KEQ-in EVX, transformator daxil olmagla
sistemin tonliklori verilmis, tonliklor hallinin kifayat godor ¢atinliyini nazoro alaraq
riyazi modeli hazirlamaq {igiin Matlab paketindon istifado olunmus vo KEQ-in blok
sxemi yaradilmigdir. KEQ-i zamana gors igo buraxarkon qosulma miiddstins garginliyin
Va Corayanin asililiglart qurulmusdur.
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PE3IOME
NPUMEHEHUE ACUHXPOHHBIX MAHINH C IBYXCTOPOHHUM
INUTAHUEM B COBPEMEHHbBIX BETPOOHEPTETHYECKUX YCTAHOBKAX
Mmpaﬂuee A.B.L T'awmumosa A.P., Aooynnaesa C. /., Mameooea LI T., I'acanosa Y.D.

Kntoueswvle cnosa. Bempogvie snekmpuneckue ycmanosku 30Hul 1 o6ycmana u Enu HAwimol,
CUHXPOHUBUPOBAHHDIL ACUHXPOHHBIU 2eHEPAmOop.

B cratee paccmarpuBaercs ctpouteabctBo BOC B 30He Exn Slmva u ['oGycTan MOIIIHOCTHIO
30 MBt u B mocenke IlypaGax mommuocteio 48 MBT, ¢ nanmpHeimeil skcruryatanueil u
YBEJIMUEHUEM HX MOIIHOCTH.

PazpaGorana maremaTHueckass MOJENb  CHHXPOHH3HUPOBAHHOTO  ACHHXPOHHOTO U
CUHXPOHHOT'O T€HepaTopa C JIBYXCTOPOHHUM NUTaHHeM, npumeHsemas B BOY. B stoit monxenu
YYHUTBIBAIOTCS TapameTpsl BOY, B Tom uncne, napamerpsl Tpancopmaropos, JIDII u cern.

CroumocTh  3NIEKTpOdHEpruu, BhIpabarbiBaemMoidi B BDC-e 0Onm3ka K  CTOMMOCTH
ANEKTPO3HEPIUH, BbIPA0ATHIBAEMOM 3JIEKTPOCTAHLIMEN C TPAJULIMOHHBIM TOIUIMBOM, & B HEKOTOPBIX
CIIydasx, 1axke JIeHIeBIIe.

A B OyayuiemM 03KHJ1aeTCsl CH)KEHHUE CTOMMOCTH AJIEKTpO3HEepruu BoipadaTeiBaeMoii B BOC.

SUMMARY
USE OF ASYNCHRONIZED INSTALLATIONS WITH TWO-SIDED
SUPPLY IN UP-TO-DATE WIND-DREVEN ELECTRIC PLANT
IAmraliyev A.BJ, Hashimova A.R., Abdullayeva S.J., Mammedova Sh.T., Hasanova U.E.

Key words: Wind-driven electric plant, Gobustan and New Yashma zones, synchronized

induction.

The construction of wind-driven electric plant (WEP)-in New Yashma and Gobustan territory
with power 30 mVt, and in Shurabad settlement with 48 mVt power with further maintenance and
their power increase is considered in the article.

Mathematical model of synchronized asynchronous and synchronous generator with two-
sided supply used in WEP is investigated. WEP parameters, at the same time, transformer
parameters and networks are taken into consideration.

In the nearest future the cost decrease of the electric power generated in WEP is expected.

Daxil olma tarixi: ilkin variant: 09.10.2014
son variant:  24.10.2014

Sumgqayit Dovlat Universitetinin Fizika va Elektroenergetika fakiiltasinin
Elmi Surasinin 27.11.2014-cii il tarixli iclasinin 03 sayh protokolu
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format (margins: left side, right side, top, bottom — 2 cm), in Times News Roman type of size 12
pt. The vertical spasing is unary, paragraph indention — 1 cm, the article must not surpass 8
pages.
4. The text of an article is recommended to be prepared of the divisions mentioned below:
e introduction (problem actuality, present state of the problem);
the aim of the investigation, task statement;
solution methods and task approbation;
introduction of the received results;
result.
5. An article must be prepared in the following sequence:
e UDK - left-side — with extra bold type, at the end — the interval 6 pt;
e The title of an article must be in the center, in a capital letter with extra-bold type, at the
end the interval 6 pt;
e Authors’ initials and last names — in the center, in a capital letter with extra-bold type;
e Authors’ work places country, city and e-mail towards the center, at the end the interval
6 pt;
e Summaries (in the language of the submitted text) — at the end the interval 6 pt; key
words in italic type, at the end the interval 6 pt;
e Introduction and other subtitles — on the left-side with extra-bold type, at the beginning
and at the end the interval 6 pt.
6. Literature list: the title of each source isn’t translated and is numbered in the article in
correspondence with the usage sequence.
7. After the literature list, the title of the article, initials and authors’ last names, their work
places, the country, the city, e-mail, summary and key words are presented in two other
languages.
8. In the article tables and drawings are numbered: the table — in the upper part of the table,
italicized, in the center (for example: table 1), the drawing — below the center (for example:
drawing 1) and missing one blank line of the text (of upper and lower parts).
9. The formulas are collected in standard parameters in Microsoft Equation. The number of the
formula is written in brackets on the right-side. In the text only used formulas are numbered.
10. The articles given account of results of the investigations realized in the enterprises must
have corresponding permission and publication.
11. The author is responsible for the information and facts, given in the text.
12. The editorship reserves the right to make editorial changes and abbreviations not distorting
the main contents of the article.
13. In case of article deflection the editorship informs the author about the decision of the
editorial board.
14. The articles, not meeting the above mentioned requirements, aren’t taken into consideration
and are returned to their authors. The date of the manuscript accession is considered the day of
getting the completed text.
15. Editorship address: SumgaitStateUnivesity
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