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HEOBXOIUMOE YCJTOBHUE OIITUMAJIBHOCTH 1151
PEHIEHUA 3AJAYUA C YIIPABJIEHUEM I'PAHUIIEU OBJACTHU

! NCKEHAEPOB ACA® JALIUJTEMMP orJisi
2 IF'AMUJIOB PYCJIAH AJIVTAXBEPAH oribl
' Hayuonanvnas axademus asuayuu, Baxy, Azepbatioocan, npodeccop
2 Jlenxopanckuii 2ocyoapcmeennviii ynugepcumem, Jlenxopans, Asepbaiioxcan, doyenm
asaf.iskander@mail.ru ; rgamidov@mail.ru

Knioueswie cnoga: onmumanvroe ynpagienue, S11unmuyeckiue ypasHeHus, Heobxooumoe yciosue,
ynpasnenue epanuyei 0oaacmu.

Jna pewenus 3a0auu onmumManrbHO20 YNpasieHus: epanuyel oonacmu Oas CIy4as MHO2OMEPHO20
QIUNINUYECKO20 YPAGHEHUsI OOKA3AHO HeoOXooumoe YCiosue ONMUMATbHOCMU 6 6ude 8apuayuoHHO20
HEPAaseHCmed, Hall0eHO GbIpadiCeHue Nepeoll sapuayuy YHKYUOHALA KAYeCmed, U U3N0NCeH UmepamueHblil
anzopumm peuierus Smotl 3a0ayu.

1. Beeaenme. /[ pemieHus 3a7aud ONTHMAJIBHOTO YHPABJIEHUS JIUIMITHYEC-KUMU
YpaBHEHUSMU C yIpaBIEHUEM TpaHULEed oO0NacTH J0Ka3aHO HEOOXOJUMOE  YyCJIOBUE
ONTUMAJIbHOCTH, U3JI0KEH UTEPATUBHBIA airopuTM petieHus. [logoOHble 3a1aun paHee U3y4aauch
B [1-5] u ap.

W3ydenue 3a1a4 ynpaBiieHUEe IpaHuled 001acTu, BaXKHO AJI JUArHOCTUKU KOHCTPYKIUH 1O
BBISIBJICHUIO B HUX JAe(eKTOB, a TakKe B APYrHX Mpoleccax NpakTuku [6-8]. IIpumepsr noio0HO
npuBeneHHbIM B [1,4,5] moka3bpIBalOT, YTO peLIEHUA HSTHX 3a7ad HE EIUHCTBEHHBIE M HE
ycroiumBsie [9-11]. DT0 moka3bIBaeT MX B3aUMOCBS3b C OOPAaTHBIMM U HEKOPPEKTHBIMH 3a/lauaMu
MaTeMaTH4ecKol (PM3MKHU M UX MPUHAJUIEKHOCTD K KJIacCy HEKOPPEKTHBIX B KJIACCHUECKOM CMBICIIE
3ajad. J{1s pemeHus 3Tux 3a/1a4 JJ0JKHbI ObITh TPUMEHEHBI METO/IbI C YUETOM UX HEYCTOMYMBOCTH
[9-13]. Hapsiny ¢ HEOOXOIUMBIM YCIIOBHEM ONTUMAILHOCTH HEOOXOAMMO pa3paboTaTh METOMIBI UX
perynspusanuu. [loatomy, B paboTe u3naraercsi UTEpaTUBHBIA METOJ] PELIEHUs pacCMaTPUBAEMBIX
3amad [9-14]. HeycToHuMBOCTh M3ydaeMbIX 33Jay CO3JAET JOMOIHUTEIbHBIE TPYIHOCTH IPU UX
pemeHnn. K n3ydaembImM 3a1ayaM IPUMEHEHBI BApUALIMOHHBIE METO/IbI, KOTOPBIE UMEIOT HIMPOKUE
BO3MO)XHOCTH HE TOJBKO B MaTeMaTH4yeckoll (U3MKe U TEOpUHM ONTHMAJIbHOTO YIpPAaBIEHUS, a
TaKkXke MpU pa3paboTKe BBIYMCIMTENBHBIX AITOPUTMOB pelleHus 3agad [6-8, 13,14]. YacTHble
cllydad KpUTEpHUsl KauecTBa B paccMaTpUBaeMOMW 3aJaue ONTHUMAJILHOTO YIpPaBIEHUS paHee ObLIn
HCIOJIb30BaHbl B BAPUALMOHHBIX IOCTAHOBKaX 00OpaTHBIX 3aj1ad [3].

2. MlocranoBka 3aga4n. [lycts R" -N-MepHOE 3BKIHIOBO MPOCTPAHCTBO, D orpaHnueHHAs

obmacTb ¢  JOCTaTOYHO mIaakod rpanunmedl [ B 3ToM mpocTpaHcTBe, X =(X,X,,...X,) -
B | /i

NpOu3BOJIbHAs Touka obiactu D, mpoctpaHcTBa Lp(D), Wp(D), Wp(D) u ap., rne p=1L1>0-

3aJJaHHblE  YWCNa,  SABISIOTCS  OOIIEHM3BECTHBIMH  (DYHKIIMOHAJIBHBIMH  MPOCTPAHCTBAMH,

o

onpenen&éHHEIMU, HanpuMep, B [15], oOo3HaueHHs V - O3HaYaeT <l JIIOOOro», a 3Hak V -
03HAYaeT, YTO JAHHOE CBOMCTBO MMEET MECTO B CMBICIE <JIJISl IOUYTH BCEX).

B mpaktuke 3amaum ympaBieHHS TpaHHIEH 00JacTH YacTo BO3HUKAIOT TMOJ Pa3HBIMU
Ha3BaHUSAMH, B TOM YHCJIE KaK 3aJladyd cO CBOOOJHOW TpaHMICH 00JaCTH M B JPYTUX BHUIAX: CM.
pabotsl [4, 6, 7] u ap. HennMHEHHOCTh U YyBCTBUTEIBHOCTh PEIICHUS 3TUX 3a7a4 K W3MEHEHUSIM
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HUcxenoepos A./]., I'amuoos P.A.

IPaHUIIBl O0JACTU SIBISIOTCS OCHOBHBIMH TPYAHOCTSMH Tipu ux wm3ydenuu [13, 14]. Ilycts D’
opToroHaibHas npoekuus odnactu D Ha (N—1) - MepHOE MOA-POCTPAHCTBO

R™, X'=(X,X4), XeD' cR"™ yeRx=(x,y), D,={x=(X,y):xXeD,0<y<d},

xeDV :{v:v:v(x')eWi(D’), 0 <V, SV(X) v, |vx(x’) <V, VX e D'}, re d,v,, 1=0,1,2 —

nonoxurenpupie yncna, d >0 rtakoe, uto D < D, , rpanuna I’ sBisieTcs ynpaBieHHEM W OHA
OJIHO3HAYHO BbIpaxkaeTcst pyHKuueit y =V(X,..., X, ;) =V(X).

PaCCMOTpI/IM CJICAYIOICC SJUITUIITUYCCKOC YPABHCHUC!
n

0 ou s ou
Au =—> —(a. (X)—)+ > b (X)—=+c(X)u, = f(x), xeD 1
; i,,-z_:lé’xi(”()axj);'()éxi Xu, = f(x), xe @)
C IICPBBIM U BTOPBLIM Kpa€BbIMHU YCIIOBUAMMU:

Ul =g,(x), xel, )

ou,
—= =0,(x), xel, 3
N | 9,(x) €©)

rae g,(x) eW;*(T), 9,(X) € L(T), f(X) € L(D), () € L.(D), b(X) € L. (D), ¢(x) € L,,(D) -

3agannble Gynkmun. Iycts a;(X) = a;(X), COZé’iz < Zaij(x)é’ié’j < qZé’iz ,0<c, <c(x) <c,,
i-1 i j=1 i=1

V¢ =(<,,¢,) R, Vi, j=12,..,n, ¢, >0 - uncna, m=0,1,2,3.

W3 Teopuu 31IMnTHYECKUX ypaBHEHUH [15] n3BecTHO, 4TO ecnu C, — «J0CTaTOYHO OO0JIBLIOE
qucso», To 3aaauu (1), (2) u (1), (3) npu NpUHATHIX TPEANOIOKECHUSIX pa3pennMbl. He uckiovas
00IIHOCTH rpaHuyHble ycinoBus (2) u (3) npu npeanoiokeHun, 4to g,(X) eWz% (I), 9,(x) e L,(I')
MOTYT OBbITh MPUHATHI OHOpOAHBIME: §,(X) =0,(X) =0. Toraa pemenus kpaesbix 3ana4 (1), (2) u
(1), (3) ns kaxmoro BeIOGpanHOro V=V(X') u3 MHOKeCTBa V, OHUMAIOTCS B CMBICJIE BHITIOJHEHHUS
CIIETYIOIINX HHTETPATBHBIX TOXKIECTB:

| {Zai,-(x) M), o) {ibi(x)a“(;—x(_x) +e(0)-U, ()~ (%) ]m(x)}dx -0, @

S - 0

]

rne K=12, ¢pynkuun U (X), U,(X) mpuHAIIeKaT OpOCTPaHCTBAM V\;zl(D) u W, (D), a n,(X) u
1,(X) SBJISAIOTCS TPOU3BOJIBHBIMH DJIEMEHTAMH ITHX JK€ TIPOCTPAHCTB, COOTBETCTBEHHO.

Teneps s cucremsl (1) - (3) paccMoTpuM 3ajadyy ONTHMAIBHOTO YIPaBJIECHUS TpaHULEH
o0J1acTH: MycTh Ha MHOXeCTBe V TpedyeTcst HalTH MUHUMYM (pyHKIIMOHAA

J,,(v) = |oM)u, ~u,] 2 sinf, (5)

L. (D)

2L2(D) + a”V o ,u”

rie o(V) - 3agaHHas Ha OTPE3KE [VO, Vl] HenpepbIBHO-IUdhepeHuupyemas QyHKUus, g —

3agaHHbiil dnemenT npocrpadctsa L,(D'), @ >0 -3anannoe uncno. Dty 3amady BKparie Ha30BEM
3amaueit (5). Jnsa mzydenus 3amauun (5) mpeoOpaszyemM CHUCTEMY KOOpPAWHAT WM JJIsl TIOJYYCHHOW B
pe3ynbTaTe 3aJaud yCTAaHOBHMM HEOOXOIMMOE YCIIOBHE oONTHMalnbHOCTU. [IpeoOpasoBanueM
CHUCTEMBI KOOpIWHAT, 3amada (5) mpeoOpasyeTcs K 3amade yhnpaBieHHS B KOIPHITMEHTaX
YpaBHEHUS COCTOSHUSI.

3. [IpeoOpa3oBaHue cucTeMbl KOOPAMHAT B 3aj1aYe ynpaBJjeHusl rpaHuueii odjaactu. B
cucteme cootHomieHu# (1)-(3) BBeneM HOBBIE TIEpEMEHHBIE:

5
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t=x,i=12,..,n-1t =x /v(X), t=(t,).
Torna nonyuum:
X'=t, x, =t -v(t), z(t) = z(t',t,) = z(X', x, /v(X")) = u(t’,t, -v(t)) = u(x’, x,) =u(x).
[Ipu Takom Buae  mpeoOpa3oBaHUM CHUCTEMbI KOOpPAMHAT  WHTErpajbHBIE TOXAECTBA (4)
peoOpa3yroTes K BUAY:

[ {Za., vty v, @) D AU, {Zb VO @) 28

i,j=1 J i

+e(t,v(t) -z, (t) - T (t,v(t)) }pk (t)}dt =0, k=12,
rje OpUHATH cienyomue odbo3Hauenus: D, = Dynpu d =1,z (t) =u, (t',t, -v(t)),k =12;
z,(t) EV\;zl(Dl) 1 Z,(t) e\Nzl(Dl) r Py t) = P (t,!tn v(t), k =1,2; @ (1) EV\;zl(Dl) J

2, (1) WS (Dy), (1) =ay(t't, -v(t)), b’ (1) = (t',t, -v(t)), () =c(t't, -v(t)),
fo(t) = f(t,t,-v(t)),

A r ny _ "y ' (t)
ai (£, (1), v, (1) = 3 (t',t, - v(t)), (t) > 2 (t) o
_ Ny 0y T ov(t) av(t) < . ,GV(t’) _

3, UM = 3200 s 2= Zl —(t) o

oy G ov(t) 0 'S t,  ov(t)
;am(t ) b, (£, v(t'), v, (t')) =b (t) Z (t)-—L~ O o

C(t,v(t)v, (") = c’(t)=c(t’,t,-v(t)), f(tv(t),v(t)="fo®t)=Ff,t -v(y)), i, j=12..,n-1.
ITpu 3ToM pyHKIMOHAN KadecTBa J , (V) IpUMET BUJ
‘]a(v) - ”a)l(v)(zl 1|L (Dy) ta- ”V ‘u”L (D)’
rae @, (V) = @(V)+/V . B HOBBIX epEMEHHBIX MHOKECTBO JIOYCTUMBIX YIPABJICHUI IPHUMET BHJL

s, i}

V, = {v:v =v(t") eW}(D)),0<v, <v(t) <V,

B pe3ynbrate, mocie ykazaHHOTO MPeoOpa3oBaHUs CUCTEM KOOPAUHAT 3a7aya ONTHUMAIbHOE
yIpaBjeHUE TpaHUIleH o0JacTu mpeolOpaszyeTcs K 3a7ade C ympaBJIeHHEM B K03 duimeHTax
ypaBHeHHsI U obsactu D, ¢ mOCTOSHHOH rpaHunel, a Takke JOMYCTHUMBIMU YIPABICHUSMH Ha
MHOxecTBe V. bonee noapo6HO U310KHUM 3a/1a4y € YIPaBIEHUSIMU B KOXQUIMEHTaX ypaBHEHUS.

4. 3agaya ¢ ynpaBJjieHUsIMM B KO3(p(puLMEeHTAX ypaBHeHHUsI cocTosiHMsA. Paccmorpum
YIPABISIEMBIN MPOLECC ONMUCHIBAEMbBIN SJUIMIITUHYECKUM YPABHEHHEM:

-y 2 (aij(x,v(x),vx(x»g%}ibi(x,v(x) 00t

i, j—l j

+c(x,v,vx(x))uk =f(x,v,v,(x)), k=12, xeD, (6)

C KpaeBbIMHU YCIIOBHSIMHU
u1|r =0,(x), xeT, (7)
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ou : ou "
a_N2 = z a (x,v(x),vx(x))ﬁ—xzcos(xi’v) =g,(x), xeT, (8)
r i,j=1 j r
rae U, =U, (X)=u,(x,v), k=12 -pemenust nepBoil 1 BTOPOH KpaeBbIX 3a/a4, COOTBETCTBEHHO, IS
ypaBHenus (6), v=V(X) - ¢yHKIUSA YIPABIECHUs, KOTOpass IPUHAJICKUT MHOXKECTBY
% Z{VZVEWi(D), 0<Vy SV(X) <y, v, ()| <V,, VX e D} , e V,>0,v,>0,v,>0 - 3amaHHble

MOJIOYKUTEIbHBIC MOCTOSIHHBIC, N - BHENIHMHM KOHOpPMaJlb TI'paHUIbl [T B CMBICIIC BBIOIHCHUS
pasenctBa (8), a;(x,v,w), b(x,v,w), i,j=12..,n, c(x,v,w) n f(X,v,W) - samannbie Pynxuuu
CBOMX apryMEHTOB. 3aauu 00 ompeneneHuu GyHkuuu U, (X) u3 ycnosuit (6), (7) u pyHkuuu U,(X)

u3 ycioBuii (6), (8) npu KaxaoM BeIOpaHHOM V €V SIBJISIFOTCS,, COOTBETCTBEHHO, MIEPBBIM U BTOPBIM
KpaeBbIMHU 3a/1ayamMu 17151 ypaBHeHU (6). [Ipenronoxum BbIIOJTHUMOCTD YCIIOBUM:

D). g(X)eWA (D), , g,(9) e L(D),

2). Oyuxuun o(V), a;(X,v,w) , b(xv,w), i,jzl,_n, c(x,v,w), f(X,v,w), ux mepsbic
MIPOM3BOJIHBIE 1O MEPEMEHHBIM V U W HEIMpPEephIBHBI 10 COBOKYIHOCTH IMEPEMEHHBIX B 00JacTu
HE{(X,V, W):XeB,Ve[vo,vl], We[—vz,vz]}, OHU YJIOBJIETBOPSIIOT YCJIOBHIO JlMnmuua mpu Bcex
xeD u (v,w)eR?,

3). Koaddummentsr ypaBHeHUs (6) YIOBICTBOPSIOT YCIOBUSM PaBHOMEPHOHN SJUIAIITHY-

HOCTH:
z§ < Zau(x VWEE, <#zZ§. cay(xov,w)=a (x,v,w), 0< gy <c(x,v,w)<
i=1 i,j=1
V(X,V,W)EH : ‘v’fz(fl,éz,...,fn)e R, I,j=12,..,n, ., m=1234 - 3amansble
OJIOXKUTENBHbIE YHCIIA,
4).  Omeparopsr  cymepmosummun ~ Q(V)=w(v(x)) , F\V)=f(xv(x),v,(x)

C(V)=c(x,v(X), v, (X)) , Bi(v)=b(xv(x),v,(x) , A;j(V)=a;(x,v(X),V, (X)) ama Beex i, j=12,..,n,
HempepsIBHO JeiicTByroT u3 mpocrpanctea W, (D) B mpocrpanctsa L, (D), L,(D), L (D), L, (D),

L, (D), coorsercrBenno. B paGore [16] u ap. yKa3aHbl JOCTATOYHBIE YCIOBHS JUIS BBIMOJIHUMOCTH

IIPEATIONIOKEHUS 4.
JUia mpocTaThl U3NI0KEHUS MPEANOI0KUM, 4To KpaeBble ycioBus (7), (8)  OJHOPOIHBI.

Herpynno nposeputs, uro npu g, (X) eWz}/2 (), 9,(x) e L,(I') 3ameHOl HensBecTHBIX (GyHKIMH
U, (X), k =1,2 51u kpaeBbie ycnoBus MOTYT OBITH CBEJIEHBI K OJTHOPOAHOMY BHy [15].

[Ipu kaxxgoMm BbeIOpaHHOM VeV mox pemeHueMm 3amad (6), (7) u (6),(8) Oymem
HoJ[pa3yMeBarh, COOTBETCTBEHHO, GyHKImIO U, (X) Kak smeMeHT V\;zl(D) s II000M  PYHKIMH

7 (X) eWX(D), a pysximmio U,(X) kak snement W, (D) mst mo6oit ynximu 77,(X) €W, (D) u onn
YIOBJIETBOPSIOT CIIEAYIOIIEMY HHTEMPATLHOMY TOKIECTBY

I(Zau(x v(X),V, (X)) ou (X) on, (x) {Zn:bi(x,v(x),vx(x)).%+

OX,
i,j=1 ] i
+0(%,Y(X), v, () (x) — f (x,v<x),vx ()} (0)x=0, k=12, ©)
B pa6ote [15] u np. nokazaHo, 9To I Kaxa0roV u3 MHOXecTBaV pemenus 3ana4 (6), (7)
u (6), (8) c HEOTHOPOIHBIMH KPaeBbIMU YCIOBUSIMU TPU MPUHATHIX MPEATIONIOKESHHSIX

CYIICCTBYIOT, CAMHCTBCHHO M BEPHBI alIpUOPHBIC OICHKH

7



Heobxo0umoe ycnosue onmumanvHocmu 0Jisl peuweHus 3a0a4u ¢ ynpasienuem spanuyeti 0oaacmu

(10)
(11)

W2 (1) J’

W (D) < Cl“| f
<G,||f

”ul L, (D) + ” 9

||U2 L, (D) +||92

rae C, u C, - monoxwurenpHbie noctosiuHbie. Ecian rpannusbie yciaoBus (7) u (8) mpeamnonoxeHs

W} (D) Lz(r)J '

OJTHOPOJIHBIMHU, ToTa anpuopHbie orieHkH (10), (11) MoryT ObITH 00BETMHEHBI

[l < C|If k=12

Teneps mnst cucremsl (6) - (8) paccMOTpUM 3a/1ady ONTUMAILHOTO yrpaBieHus. [Iycts Tpedyercs
MUHUMU3HUPOBATH CIAEAYIOUINHI (YHKIIMOHAI KaYyeCcTBa,

3, () = JovOe)uy 0 =u, O, o) + V()= (W o, —inf, (12)

Ha MHOXecTBe V , mpu ycioBusax (6) - (8), rae (V) 3anaHHas Ha OTPE3Ke [VO,Vl] byHKIIHS,

W, (D) L (D)’

neL,(D)- samaunbiii snement, o >0 3aganHoe uucio, a Gpyukmuu U, =U, (X) =u, (X;V), k=1,2,
s kaxgoro V(X) €V apnsrorcs 0000IIEHHBIME PEIIEHUAMU KpaeBhIxX 3agad (6), (7) u (6), (8),

COOTBETCTBEHHO. DTy 3a/Jady Ha30BeM 3ajadeil ontumaibHoro ympasienus (6)-(8), (12) wunu
BKpartue 3anaueit (12). Huxe n3yunm 3anauy (12), rem cambiM 3agauy (5).

5. HeoGxomumoe ycioBue ontumaiabHocTH. Ilycts (ynxuuu w;(X), ,(X) sBustoTcs
06o6mennpvu pernennamu u3 W, (D) ypapaenus
2 9 ow(x) | & 0
- > — | a; (X, v(x),v, (X)) — |+ > —(b (X, v(x),v, (X)) -y, (X)) +
Zax( V0V, ()= PIECICHORAORAC)
+ o0V, (0, () = 26(/(X) - (L (9 -, (9), k=12, xeD, (13)
C KPaeBbIMH YCIOBHAMHM

oy, ()| _
ol =0, (14)

rae @(V(X))- 3anannas dyukius, pyakaun U, =U, (X) =U, (X;V), K =12 npu xaxxaom BEIOpaHHOM

‘//1(X)|F =0,

V=V(X) eV saBusoTcs pemeHrsMH OCHOBHBIX KpaeBbix 3anad (6), (7) u (6), (8), COOTBETCTBEHHO,

B cMbiciie BbIonHeHus: ToxaecTBa (9). Kpaesbix 3amau B (13), (14) Ha3zoBeM coOmpsKEHHBIMU
3alayaMd OTHOCHUTENbHO cucreme (6) - (8). AHanoruuHo TOXIecTBY (9) mHoOx pelieHueM

0
conpsxeHHbIX 3a1a4 B (13), (14) 6ynem monumats dynxmmit v, (X), k =12, xorma w,(x) eW, (D),

w,(X) €W, (D), OHH yIOBJETBOPSIOT HHTETPATLHOMY TOK/IECTBY

‘I';{i%aij (X,v,VX(X))%.%+ iZl:bi (X, V(X),V, (X)) %Z,k v+
+[e(x,v, W, —2v(x)(u, (X) - u, (x))]7, }dx =0, k=12, (15)

ms V7, €W, (D) u Vi, eW, (D). ConpsikeHHbIe 3a1auu  SBJSIOTCS KPAEBBHIMH 33/1a4aMU
i oanTrdeckoro ypasuenus upa (13). Ilpu npeamonoxenusx 1-4 mns xaxaom V(X) us

MHOXecTBa V pelieHus: conpsbkeHHbIX 3a1ad B (13), (14) cymecTBylOT U €AMHCTBEHHO B CMBICIIE
ToxecTna (15).

Teopema 1. Tlpu npennonoxenusx 1-4, ¢dyukiuonan J (V) muddepenuupyeM Ha
MHOXecTBe V ¥ mepBasi BapHanus 3TOro pyHKIIMOHAIA IMEET BH]T
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n oa. (X,V,V oa; (X,v,V
&, (0, = {Z a,(0vv,) a8y X)AVXJ. au, oy, v, Ay,
D

=1 ov oW oX OX; 0% OX,

" (ob (x,v,V,) b, (x,v,V,) j ou,  ou, (X V.V
+ : = AV 4+ — AV | — 2y, |+
Zl‘,( > ™ I M v

N oc(x,v,v,)

of (x,v,v,) of (x,v,v,)
A — — AV +
v, J(uy, —uw,) ( ; ;

AV, )y, — l//z)}dx +
+I u, — Aa)(v)dx+2a.|. n)-Av(x)dx, tme AVeW!(D) u v+AveV. (16)

I[0Ka3aTeJH>CTBO npoBoauTcs aHamoruuHo [1,2], (em. takke [3-5,11,12]).

Teopema 2. Tlpu Ilpennonoxenusx 1-4 pand ONTUManbHOCTH ympasieHus V' eV
HE00XO0/IMMO BBITIOJIHEHHUE CIIEYIONIETO0 BAPHALIMOHHOTO HEPABEHCTRA!

_J. (x V', Vx) Av*+aa”(x’v*’v*x)Av*x [y, oy, au, oy,
A=t ow OX OX; 0% OX;
+Z ob, (x,v ,v X).A\/,k+63bi(x,v Vv x).AV ou, Ay, %% N [ac(x,v R X)AV
=) ov ow OX oXi ov
(X, vV ,Vx) . « HFV V) o« AF(XV VY, -
+¥AV QU —Upw,) - [ ( )AV + ( )AV Ay, —y,) pdx+
ow ov
+ [ (U, —u, P - Ao(v (x)dx +2a[ (v ~7)-Av" (x)dx > 0, 19)
D D

rae AV =V—-V =AvV (X) eW}(D) , v=V(X) mo6oii smement wmuoxectsa V , U,w,, K=12

pElIeHUs OCHOBHBIX M CONMPSUKEHHBIX 3ama4 mpu V €V . Eciu xeV' €V BHyTpeHHMI d1€MEHT
MHOKecTBa V , TOra BBIONHUTCS paBeHcTBo &J,, (V' ,AV') =0.

Jloka3aTebCTBO CIEAyeT U3 T€OpeMbl | U U3 U3BECTHOTO (DakTa 0 HEOOXOAMMOM YCIOBUU
JUTSL SKCTPEMAJIbHBIX 33/1a4 B BUJIE BapUAIIMOHHOTO HEpaBEHCTBA MpUBeJAeHHbIX B [11-14] u np. U3

5TOro (hakra cieayer, uto ecmd V' €V SBISETCS ONTUMAILHBIM yHpaBieHueM B 3amade (12) u V
SBIIIETCS BBIIYKJIBIM MHOXecTBaM, Torga npu Ilpenmonoxenusx 1-4 ¢yHkunoHnan kayectBa
muddepeHnpyem, CyLIIeCTBYeT €ro InepBas BapualUs U BEpHO Cleyrollee BapUallMOHHOE
HepaseHcTBo: &J,(V',Av')>0, e AV'=V—V" u VeV - NpoM3BONBHBINA 31eMEHT MHOXKecTBa V .
Ecnu 3nech n1s mepBoil Bapuanuu (yHKIMOHala KadecTBa ydTeM ero BbIpaxeHue u3 (16), To
MOJIYYUM CIpaBeTuBOCTh Gopmyisl (17). Ecnu ke onTuMansHOe ynpasieHue V' €V sBisiercs
BHYTPEHHUM 3JIEMEHTOM MHOKECTBA TOTJIA OYEBHJIHO, YTO BepHO paBeHCTBO &, (V',AV ) =0 (cm.

taroke [11,12]). Teopema 2 noka3ana

CrnenoBatenbHO, Uil peIIeHUs 3a/laui YIpaBiIeHUs rpaHuiell o6nactu (5) BEpHBI TEOPEMbI
1 m 2. OOpaTHOM K BbILIEYKa3aHHOMY IPEOOpPa30BAHUAM CHCTEM KOOPJIMHAT ATH TEOPEMBbI
HETPYIHO BBIPa3uTh B 0003HaUEHUX 3a7a4H (5).

6. UTepaTuBHbBIIi aaropuTM peulenus 3agaun. HeoOxoaumpie ycIoBUsS ONTUMAIEHOCTH B
BUJIC BapUAIlMOHHOTO HEPABEHCTBA B psijie pab0Tax MOCTaBJIEHBl B OCHOBY YHCICHHBIX METOJIOB MX
pemenus [11-14]. [lostomy, BapuanuoHHas (OPMYJIHpPOBKAa MHOTHX 3aJad YIpaBJIEHUS JaeT
BO3MOKHOCTh pa3paboTaTh aJrOpPUTMOB UX YHMCICHHOTO PEIIeHHs, 0COOEHHO, KOTAa 3TH 3aJauu
SBJIAIOTCSI HEYCTOMYUBBIMHU. YKa)XeM MPUMEHEHHE WUTEPAallMOHHOTO aJlfOpUTMa pPELIeHUsS 3aJauu

(5).
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W3105XUM aJIrOPUTM UTEPATUBHON peryssipu3aliy peLIEHUs] pacCMaTpUBAaeMoOl 3a1auu.
Bo03MOHBI TPUMEHEHHUS IPYTUX UTEPATUBHBIX METOJOB, HAIpUMEpP, HA OCHOBE MeTojia HproToHa,
npoekuuu rpaauenta u ap. [11,12]. Ilpu pemennu 3anauy  IpaKTUKU YUYUTHIBAETCS, YTO UCXOAHbBIE
JaHHBIE 3a/aloTcid C MorpemHocThio. IlycTh maHHbIe paccMaTpuBaeMOW 3aJayd  3a/laHbl C
MOTPEeIHOCTBIO & > 0. He BHHMKas BO MHOXECTBO BapHMaHTOB UTEPALMOHHBIX METOJIOB, U3JI0KHUM
JIMILIb UTEPALMOHHBIN MPOLIECC MO AITOPUTMY «YCIOBHOTO TpagueHTa» [11,12]

vED (%) = v (x) + B [W (X)) v (x)], x=123..., (20)

0 y
rac V( )(X) - HAYaJIbHOC HpI/I6JII/I>KeHI/Ie, KOTOPOC MOXKCT OBITH 3aJaH KaK IIPOU3BOJIBHBIM 3JIEMCHT
MHOXKECTBA JOIMYCTHMBIX YIPaBICHUIV , 4MCIOBOM mapamerp S, >0, ompenensercs H3 yCIOBHUS

yObIBaHUsl (DYHKIIMOHAJIAa KadecTBa, JJIEMEHT W(k)(X) omnpenenseTcss W3 YCIOBHS MHHHUMYyMa
TUHEHHONW YacTh (YHKIIMOHANA Pa3lIOKEHUs Ha MHOXECTBE V , MapamMeTpbl UTEPAIIHOHHOTO
npoiiecca ONPENETSAIOTCS M3 YCJIOBHS 3aJaHHOM NOTPEIIHOCTU & >0 HUCXOJIHBIX JAHHBIX.
HaiinmeHHbIX 37eMEHTOB 0003HAYUM depes V(k)a(x), k=12,3,... OTOT BBIOOp JeNaeTCA IO

«0000I1IEHHOMY MPUHIUITY HEBA3KW» WU K€ MO APYTMMU METOJIaMU «OCTAaHOBA» WUTEPALIMOHHBIX
nporieccoB [11,12] u nmp. B stux pabortax ykasaHbl  JOCTaTOYHBIX YCJIOBUS Ha TapameTpbl
QITOPUTMa U IIArOB UTEpaluil 00ECIEeYUBAIOLUIUX YCTOMUYMBOCTh BBIYMCIUTEILHOTO alrOpUTMA.
Kpome Toro, ykasanel oOILIMe HWTEpaTHBHBIC AITOPUTMBI PEUICHUS HEYCTOMYMBBIX 3a1ad, K
KOTOPBIM OTHOCHUTCS TaK)K€ M3YUCHHAs BBIIIE 3a/1a4a.

7. 3axmouenne. M3510)KeHHBIN B NPEAbIAYIIEM IYHKTE UTEPATUBHBINA alTOPUTM IPUMEHUM
KaK K 3aJjayaM ONTHMU3ALUU C yIpaBiIeHHEM B Kod(DHIMEHTaX ypaBHEHHUS COCTOSIHUS, TaK U K
pa3HoOOpa3HbIM 337a4aM ¢ HEM3BECTHOH rpaHuieil oomactu. I[IporpaMMHbIe MakeThl, TAKHE KaK
Maple, Matlab, ANSYS u T.1., B cOoYeTaHHH C TEOpHEH HEKOPPEKTHBIX 3a1ad YAOOHO
MPUMEHSIOTCS TSI PEIICHHUs] M BHU3YaJIM3allMU PE3yJIbTaTOB 3a7ad C OOJBIIMM BBIYUCIUTEIHHOM
o0béMomMm [5,11,12]. M3BecTHBIE NMpPOTpaMMHBIE MAKEThl KpOME peaau3aluu OoJblIero odbhema
BBIUHUCIUTENBHON paldoThl, Uil yA0OCTB NPUMEHEHUS OPHUEHTUPOBAHBI HA BO3MOXHOCTHU
BU3yaJHM3allMd  pE3ylbTaTOB, 4YTO  SBJSIETCS  HEMAJIOBAXHOW  JeTalnblo  JJIs  MOCT-
AKCIIEPUMEHTAJIBLHOTO aHAIN3a.
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XULASO
OBLASTIN SORHODI VASITOSILO OPTIMAL iDAROETMO
MOSOLOISININ HOLLI UCUN ZORURI SORT
Iskandorov A.D., Hamidov R.A.

Acar sozlar: optimal idaraetma, elliptik tip tonlik, zaruri sart, oblastin sorhadi vasitasi ila idaraetmo.

Isdo ikinci tortib elliptik diferensial tonlik halinda oblastin sarhodi vasitosilo optimal idaroetmo
masolosinin halli  {iglin zoruri sort isbat edilmis, keyfiyyot kriteri funksionalinin birinci variasiyasi
hesablanmis, bu masalonin halli {i¢iin iterativ hall alqoritmi qurulmusdur.

SUMMARY
NECESSARY CONDITION FOR THE SOLUTION OF OPTIMAL
MANAGEMENT PROBLEM THROUGH THE BORDER OF THE OBLAST
Iskenderov A.D., Hamidov R.A.

Keywords: optimal control, elliptic equations, necessary condition, control by the boundary of

domain.

In the article the necessary condition for the solution of the optimal control problem through the
boundary of the domain in the case of an elliptic differential equation of the second order was proved, the
first variation of the quality criterion functional was calculated, and an iterative solution algorithm was built
to solve this problem.

Daxilolma tarixi: [lkin variant 31.03.2022
Son variant 05.05.2022
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BbIHYKJIEHHBIE IONEPEYHbBIE KOJIEBAHUSI JJJIMHHOTO
BABKOYIIPYI'OI'O IUJIMHIPA, CKPEIIVIEHHOI'O C YIIPYTOHI
OBOJIOUYKOU

AJIMEBA YJIbBUSI CAHI'AH rbi3b1
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ulaliyeva_71@mail.ru

Knwouesvie cnosa: evinyoicoennvle KoneOanus, 6sa3Koynpyedas 000I0UKA, CedeHue YuiuHopa,
unmezpo-ougpepenyuanvroe ypasnerue, npeoopazosanue Jlannaca, memoo
yepeoHnenust, s0po.

B cmamve uccnedyromesn @vinydicOeHHble NONepeuHvle KONeOAHUs OAUHHO20  6A3K0YNPY2020
YUNUHOPA, CKPENNEHHO20 C YNpY20u 000I0UKOU, B03HUKAIOWUE NPU B030€UCMEUlL NePUOOUYECKOll HACPY3KU.
3a0aua pewaemcs ¢ nomowwlo uHmMezpanbHO20 npeobpazosanus Jlannaca 0 NPOU3BONLHBIX
Hacnedcmeennvix yukyuu. Opueunan peuleHull NOCMpoeH 8 sude paodd, nepevlii YieH KOMopo2o AGNAEMCS
peuleHuemM ananrosuyHol 3a0a4u, NOIYYEeHHbIM MEMOOOM YCPEOHEHUS.

B Hacrosmee BpemMsi OCHOBHBIM OOBEKTOM HCCIECAOBAHUS  SIBISETCS U3Y4YEHHE
JMHAMUYECKOTO IMOBEJIEHHs BSA3KOYNPYIMX Cpell MpH ACHCTBUM IEPEMEHHBIX IUHAMHUYECKHX
Harpy3ok. Cpein IMHAMHYECKUX 337a4 BI3KOYIPYTOCTH CIEIYET BBIACIUTH 33Ja4l O KOJIEOaHHUIX
BA3KOYNPYTUX CUCTEM, KOTOPbIE UMEIOT BaXKHbIE IPAKTUYECKHUE MPUIIOKEHHSI BO MHOTHUX O0JIacTsIX
COBPEMEHHOM TEXHUKU U TEXHOJOTUH, TJ€ IIMPOKO HCIOIb3YIOTCS MOJIUMEPHBIE U KOMIIO3UTHbBIE
MaTepuaibl. PerieHus 3THX 3ajad CTPOSITCS C IMOMOLIbI0 HEKOTOPBIX HMPUOJIMKEHHBIX METOMOB,
KOTOpbl€ TPUBOJSAT OKOHYATEIIbHOE pEIIeHWe K PELIEHUI0 HHTErpo-audQepeHnnanbHbIX
ypaBHEHUH CBOOOAHBIX M BBIHYKACHHBIX KOJIEOaHUH BSI3KOYNPYTUX CHCTEM, peaTu3yeMbIX
METOJIOM YCPEJHEHHs] WU 3amMopaxuBaHus [7,8,9] uinm IpyruMM YHCIEHHBIMM METOJAaMH IpU
KOHKPETHBIX siipax [5,6].

ITocTanoBka 3agaun. PaccMoTpuM 3ajjaduy O BBIHYXKICHHBIX IONEPEYHBbIX KOJIEOaHMSIX
JUIMHHOTO  JIMHEWHOT0 BSA3KOYNPYrOoro LMJIMHIPA CO CKPEIUIEHHOM yHpyroi 0OOJOYKOM.
[Tpennonoxum, uro nput <0 cucteMa HaXOAUTCS B €CTECTBEHHOM cocTossHUM U npu t=0 Ha
CHCTEMY JICUCTBYET Nepuoandeckas Harpyska q(z,t).

OTMmeTHM, 4TO MPH STOM ypaBHEHUS TMOMEPEYHBIX KONeOaHWN BS3KOYNPYTod 000JO0YKH,
MoJTy4aeM U3 ypaBHeHus [3] uncToro u3ruda IIMHHOTO Opyca.

o°w(z,t) o0*M
82(2 ). gz 1)

M = j j o, ydF )
(F)
r7Ie M— Macca eIUHULIBI JUTMHBI CUCTEMBI IMJIMHAP-000104Kka, M - n3rubaromnmii MOMEHT.
Jist  BBIYHMCIIEHUS W3THOAIONIEr0 MOMEHTa OMpeleidM KOMIIOHEHTHl HamlpsKeHUN B
MONIEPEYHBIX CEUYCHHS] IWIMHApPAa ¢ OOOJIOYKH, TOT/Ia B CEUYCHHH INWIMHApPA C YYETOM
HAaCJIEACTBEHHOCTH MaTepuala noiydaem [2,3]

o, =3G, (¢, - j R(t-1)e,(r)d7) 3)
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a B CEUEHUAX 000JIOUYKHU

O-z = Eogz
YUYHUTBIBasl HAIPSDKEHUS B (2) ¢ y4eTOM &, =—Xy U I0CJIe HEKOTOPBIX NIPeoOpa3oBaHuil MOIy4aeM
YpaBHEHHE BBIHYXJICHHBIX KOJeOaHU BA3KOYIPYTOro IWIHHIPA B CICYIOIIEM BHIE:

o*w(z,t)  o*w(z,t) i o*u(z,7)
P =q(z,t)+ﬁ£R(t—r)az—4dr 4)
rac
Eody +3G,J, 3G,J,
m m

Jy:%(b“—a“); JO=%(C4—b4).

3nech 1u1g 000JI0YKY BBIMIONHACTCS yeaoBue b <r <c mis unuaapa a<r<b.

3HAYUT, MBI MOJNYYWIIM YpaBHEHHE BBIHYKJICHHBIX IOMNEPEYHBIX KOJICOAHHH IIMHHOTO
BSI3KOYIIPYTOTO IMIINHApA.

Paznaraem dynkimio (= Z(t) B psa no coGCTBEHHBIM )YHKIIUAM

(2. = 2.Q, (7,2 ©

14
re Q, () = [a(z 1)z, (2)dz
0
B sTom cnyuae pernienue ypaBHeHus (4) uieM B BUJe
w(z,t) = T, (1)z,(2) (6)
n=1

[ToncraBnsist (5) m (6) B ypaBHeHue (4) ¢ yderoMm, 4YTO COOCTBEHHbIC (DYHKUIUU
YZIOBJIETBOPSIIOT YpaBHEHUIO [4]

d“z(z
2D _(2) =0 ™
z
MoJIy4aem
2 t
d Jt“z(t) + 2T, () =T, (0) + Ze[R(t- )T, (0)d ®)
0
rac
. 1
2= 7/—"; E=
" g 4E, b’h(b—h)
oo T
3G, b"-a
3I[CCI) BO3MOJHBI Pa3JIMYHBIC TPAHUYHBIC YCIIOBUSA, a IMTPH KCCTKOM 3aKPCIIJIICHUHU UMCEM!
wz=0 MzH_, ©)
oz
HauanesHbIE YCJ'IOBI/IZ IIpUHUMAEM B BUJIC:
t
W(A, z) =w, awg ) =V, mpu t=0 (10)

[Tpu pemenun MHTErpo-AudepeHuanbHoro ypasuenus (7) npu ycnouu (9) HaxoxaeHue
coOcTBeHHBIX (yHKIMH Z,(Z) He mpencraBinser TpyaHocTH. M3 ycmosus (10) mnmst mHTErpo-

Qg QepeHIINaIbHOr0 YpaBHEHUS MOJIy4yaeM HadalbHbIE YCIOBUS:
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oT(t
T(t) =w,; &:Vo (11)
ot
[TpunsB 3a manblii napameTp BenuuuHy 0< ¢ <1, ypaBHenue (8) mpu ycinoBuu (11) Oynem
permaTh MEeTOJI0OM MHTErpabHOTO npeodpa3oBanus Jlammaca [1,2].
[Tpumensisi mpeobpazoanue Jlammaca mo BpemeHu t, kK uHTErpo-audQepeHunaIbHOMyY
ypaBHeHHUO (8) ¢ yueTom (11) momyqaem [1]
— W, +V
T(p)=—y bt QD) (12)
p*+4 —&,R(p)  p"+4 —&l,R(p)

rje p-mapamerp mpeoGpasosanus Jlammaca, T, (p) u Q, (p) u3obpaxenus no Jlamtacy dyHKuuit

T, (t) u Q,(t) cooTBeTCTBEHHO, A, - YacTOTa COOCTBEHHBIX KOJIEOaHUI.

OtrmetuMm, 4yTOo B ypaBHeHuu (12) mnepBblii cinaraeMblii COOTBETCTBYET CBOOOJHOMY
KOJIeOaHUIO0, a BTOPOHM BBIHYXICHHOMY KojeOaHuto. OpuruHan pemeHuid (12) HaXoguTcs IO
METOJIMKE, U3II0KEHHOH B paboTax [1,2].

CHayalna pacCMOTPUM BbIpaXKEHHE

— pw, +V
T°(p)= =
p*+ A —£AR(p)
HpeHCTaBHHeM €0 B BUJC _
T (p)=P Yoy, g PP, g )

a(p) a(p)

rIe

a(p)=(1+= .sm) /ﬁ(l—%,sRc)z

b(p)=R(p)+R,+R.+ (R +R))

k
R, = [R(z)sin A,d7; R, = [R(r)cos A dr
0 0
Opurunan nepsoro 4ieHa paja (13) umeer Bun:
TS(t) = exp(—% &R A, t)[w, cosA, (1—%ch )t +

lra . (14)
+ 21 sinlk(l—E,sRc)t].

/Ik (1_56Rc)

OTO ecTh U3BECTHOE pEIIeHHE ypaBHEHHUS CBOOOJHBIX KOJeOaHUN BA3KOYNPYTOCTH, MOJY4EHHOE
MeTosIoM ycpenHenus [7,8]. OpuruHansl mocieayrounmx wieHoB psiaa (13) Haxonmarcs B Buie
CBEPTKH (PYHKIIMIA

TE() = 2T (0) % L {b(p)}
a(p)

Jl;ist BTOpOTO ciiaraemoro ypaBHeHus (12) momyqaem

Q Q(p) 2 (IO)
T°(p)= 1+ e,
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OTcrona Hax0IMM OpUTHMHAJ IIEPBOT0 NPUOIIMKEHUS psaaa

TP M) =— .0() . sin 4, (1-Z Rt (16)
' A (L-R.) 2
Te_ W, +V, W, Y, 5 PR Y
p*+ 2 —elR(p) p°+A p?+ A
Opwurunai Broporo uieHa psaa (15) Taxxke OH[;C,Z[GJI}{eTCﬂ B BHJIC CBEPTKHU (YHKIIHMA
4| b(p)
T, () =T )&k - L == . 17
2 (O =T (1)=&, {é(p)} (17
3nech
. 1
= 1 SinA (1-26R)) 1
L{—E( p)} —R(t)xe 2" k . 2 Rty
a(p) ﬁ,(l—*ch) A’k
? (18)
. d-2R .4, .
% [C0S A, (1——gl“c)t+2—1sin A (L= = e,
P AL R) ?
R A
med=—4 +—* R32+Rc 2
R, 4RS( )

YuurteiBas nocnenyroomue wiensl psaa (13) u (15) moxem Haiitu Oosiee TOUHBIE PELICHUS
ypaBHenus (12). Orcrona BUAHO, 4TO NepBoe npudamxenue pemenus (12) onpenensercs cymMmMon

TLO=T O+T ),
BTOpOE NpuOIMKeHne OyIeT B BUAE:

T, =T, O+ T, OI+[T; O+ T, ©1+...

50044

T(t)=ilrr:(t)+w<t)]. (19)

N3 popmynsr (14), (15) u (18) BuaHo, uto Bce wieHnl psiaa (19) ¢ TeueHuem BpeMeHH
YMEHBIIAIOTCS M0 SKCIIOHEHIIMAIBHOMY 3aKOHY.
BriBoabI:
1. Tloctpoensl peleHus UHTErpo-Tud PepeHIINaTbLHOrO yYpaBHEHUs Kose0aHui
BS3KOYIIPYrOCTU B BUJIE psAJa /ISl MPOM3BOJIBHON HACIEICTBEHHON (PYHKINU.
2. TlomyuyeHo, 4TO BCe WiEHBI psjJia pelieHNH YMEHBIIAI0TCS 0 HKCIIOHEHIIMATbHOMY 3aKOHY.
3. TlokazaHo, dYTO TEpBBIA UIEH pAla pelEeHUuN SBISETCS PEIIEHWEM HHTErpo-
muddepeHranbHOro ypasueHus (12), moaydeHHbIM U3BECTHBIM METOJIOM YCPEIHEHHUS.

JIUTEPATYPA
1. Kurbanov N.T., Nasibzada V.N. Investigation of forced oscllatcons viscoelastic shells // India,
International Journal of Current Research. Vol. 7, Issue, 07. July, 2015, —pp. 18356-18360.

2. UnbscoB M.X. Hecrarronapusie Bs3koynpyrue Boiubl / WnbscoB M.X. —baky: Xasa Mosnapsl,
-2011, 329 ¢

15



Buinyswcoennvle nonepeunvle konebanus ONUHHO20 843KOYNPY2020 YUTUHODA,
CKPENIeHHO20 ¢ YNpy20u 060104YKO1

3. Mocksutut B.B. ConpoTuBnenue Bsiskoynpyrux matepuaioB / B.B. Mockeutun. —M.: Hayka, —
1972, -386 c.

4. ®unaroB A.H. AcuMOTOTHYECKHME METOABI B TEOpUH IU(PPEpeHIHATBHBIX M HHTETPo-
muddepennmanpabix ypapaenuii / A.H. ®@unaros. —Tamkent: ®an, 1974, -216 c.

5. TloGenpst b.E. Yucnennsie MeTopl B Teopuu yrnpyroctu u miactudnoctd / B.E.IToGenps. —M.,
Hszn-Bo MI'Y, —-1981, —343 c.

6. AGaukapumoB P.A. YucrneHHoe wHcCleOBaHWE HEIMHEHHOTO KOJNEOaHUs BI3KOYIPYrou
IUTACTUHBI C MTepeMEeHHOM )uaKocThio//—Camapkan, [Ipo6ieMbl apXUTEKTYphl B CTPOUTEIILCTBA.
—2010, Nel, —c.37-42

7. JlapuonoB I'.C. HccnenoBanue KojeOaHH PEIaKCHPYIOIIUX CHCTEM METOIOM ycpemHeHus //
Mexanuka monumepoB. —1969, Ne5, —¢.806-813

8. Matsy JLLE. TlpubnnxeHHOe pelieHHe HEKOTOPhIX JWHAMHUYECKUX 3a1ad Bs3Koymnpyroctu//
Mexanuka nmonumepos, —1978, Nel, —¢.210-218

9. Xsamesckas JI.®. Pacnipenenenue ynpasicHus Konebanuii Ba3koymnpyroi 6anku // Bectauk Up
I'TY, Ne6, —2010, —.12-15

XULASO
ELASTIK ORTUYO BORKIDILMIS UZUN OZLUELASTIK SILINDRIN
MOCBURI ENINO ROQSLORI
Oliyeva U.S.

Acar sozlar: macburi ragslor, ozliielastik ortiik, silindrin kasiyi, inteqrodiferensial tonlik, Laplas

cevrilmasi.

Maqalado elastik ortiiyo borkidilmis uzun xotti ozliielastik silindrin macburi enins rogslorinin
oyronilmosi mosolosine baxilir. Ozliielastik 6rtilyiin enino rogslorinin tonliyini uzun cubugun xalis
oyilmasinin tonliyinden alinir. Aldigimiz uzun dzliielastik silindrin macburi enins ragslorinin tonliyino Laplas
cevrilmasini tatbiq edib, aldigimiz hallin orjinalini tapiriq.

SUMMARY
FORCED TRANSVERSE OSCILLATIONS OF A LONG-ELASTIC CYLINDER
ATTACHED TO ELASTIC COVER
Aliyeva U.S.

Key words: forced oscillations, viscous elastic coating, cylinder cross section, integral-differential
equation, Laplace transform.
The article considers the study of forced transverse oscillations of a long linear self-elastic cylinder
attached to an elastic cover. The equation of the transverse oscillations of the viscous elastic cover is
obtained from the equation of the net bending of the long rod.

Daxilolma tarixi: [lkin variant 19.04.2022
Son variant 06.06.2022
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2-VINIL-1-NAFTOLUN SINTEZi
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Agar sozlor: 1-naftol, etanol, alkillagma, 2-etil-1-naftol, dehidrogenlasma, 2-vinil-1-naftol,
H-mordenit, oksid katalizatoru, aktivlik.

Alkenilfenollar vo alkenilnaftollar tobistdo genis yayilib vo asas monbolari tobii efir yaglari
sayilir. Vinil vo alliltéromali fenol vo naftollar, hamginin onlarin efirlori havikol, anol, ekstraqol,
anetol, evgenol, izoevgenol, elimisin, miristizin, safrol, izosafrolun torkib hissasi olub cira, dargin,
ekstroqon, mixok, otirsah, maciz, kofur, hindistan cevizi, cofori yaglarinda rast golinir[1,2].
Alkilfenollar vo naftollar osasinda qida antioksidantlari, otirli maddslor, xiisusi toyinatli polimer
materiallar, dormanlar, inhibitorlar istehsal olunur [3,4]. Bu qiymotli yarimmohsullarin tobii
xammallardan ayirib todqiqi vo miixtolif moagsadlor iiclin totbiqi bir ¢ox hallarda texnoloji vo
iqtisadi cohotlordon olverisli olmur. Ona gora do bu birlosmolorin sintetik yolla alinmasina son
vaxtlar daha ¢ox diqqat yetirilir [5,6].

Alkenil toromoli fenol vo naftollarin ohomiyyatli niimayondolori kimi vinil tdromslori
gostormok olar. Vinilfenollarin alinma tisullarina dair dovri elmi odobiyyatda nosr olunmus islorin
tohlilindon aydin olur ki, onlarin praktiki halli osason ii¢ istiqgamotds gercoklogo bilor. Bunlara
etilfenollarin dehidrogenlogmosi fenol, krezol vo ksilenollarin vinillosmoasi hamginin fenollar
osasinda alinmig oliqgomerlarin pirolizi proseslori aiddir.

Qeyd etmok lazimdir ki, fenol vo onun metil homologlarinin vinil va allil téromalarinin
sintezi istigamatindo aparilmis todqiqatlarin naticolori, qisa da olsa, monoqrafiyada verilmisdir [7].

Lakin naftollarin vinil vo allil téromolorinin alinma tsullari, onlarin tadqiqi va tatbiqi
sahalori ilo bagli elmi molumatlara c¢ox az rast golinir. Vinilfenollarin sintezi sahosindo
kafedramizda toplanmis tocriiboni asas gotiirorok 1-naftolun vinil téromslorinin alinma tisulunda
totbiq olunmusdur.

Todqiqgatlar iki morhoalods aparilmisdir. Birinci morhslods 1-naftolun etanolla alkillogsmo
reaksiyast ilo 2-etil-1-naftol sintez olunmus, daha sonra iso ikinci morholods onun
dehidrogenlosmasi ilo 2-vinil-1-naftol alinmigdir. Sxematik olaraq bunu asagidaki kimi gostormok
olar.

|C2H5 |CH = CH2
& S—oH < N—on &  S—oH
@ + CGH0H —o> @ H, O

Sirkoniumla modifikasiya olunmus mordenit klatalizatoru istirakinda 1-naftolun etanolla
qarsiliglh tesiri 300-400°C temperaturda, 0.5-2.0 st hocmi siirstdo vo etanola olan mol nisbatinin
1:2-8 haddinds todqiq edilmisgdir.

Alman noticalorin tohlilindon aydin olur ki, I-naftolun etanolla qarsiliqlt tosiri miirokkob
olub, bir sira kimyovi ¢evrilmolorin bas vermosi ilo miisahido olunur. Katalitik qarsiligh tosir
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2-vinil-1-naftolun sintezi

naticosindo torkibindo oksigen olan birlosmolor, naftalinin metil vo etil homologlart vo
identifikasiya olunmamis maddolor alinir. Sonuncunun torkibindo xammal komponentlorinin
kondenslogsmo mohsullarina da, o climlodon perilen qurulusu birlosmalors do rast golinir.

Torkibindo oksigen olan mohsullara 1-etoksinaftalin, 2-etil-1-metoksinaftalin, 2-etil-1-
naftol, 4-etil-1-naftol, dimetilnaftollar, 1-okso-2,2-dietil-1,2-dihidronaftalin aiddir. Naftalinin alkil
homoloqlar1 qarisiginda naftalindon basqa 1,2-dietilnaftalino vo bozi metilnaftalinloro do rast
golinir.

Qaz halinda olan mohsullar igorisindo dictilefiri, etanal, karbon oksidlori va
karbohidrogenlar da olur.

l-naftolun etanolla alkillosmo reaksiyasina temperatur hocmi siirot vo xammal
komponentlarinin mol nisbatinin tesiri daha ¢oxdur. 1 sayli codvalds optimal temperaturda (340°C)
hocmi siirotin vo 1-naftolun etanola olan mol nisbotinin reaksiya mohsullarinin ¢iximina vo 1-
naftolun konversiyasina tesiri verilmisdir. Verilon xammalin hocmi siiratinin 0.5 st™ —don 1.0 st™-o
qaldirilmasi arzu edilon haldir. Kontakt vaxtinin azaldilmasi ilo 1-naftolun konversiyasi qismon
azalsa (6.2%) da mogsadli mohsula gora reaksiyanin selektivliyi 83.6%-don 87.6%-0 qadar artir.

Hocmi siiratin sonraki artimi (2.0 st™) 1- naftolun konversiyani daha 11.3% asag: salir, lakin
bu zaman etilnaftola goro reaksiyanin selektivliyi ciizi doyisir (0.4%). Bu sebobdon ++=1.0 st” daha
olverisli hocmi siirot Kimi Qgobul edilmisdir. Hocmi siirotin artirilmasi 4-etil-1-naftola gora
reaksiyanin selektivliyini do azaldir. Gériindiiyii kimi ++=0.5 st* olan halda 7.0% selektivliklo
aliman bu izomerin ¢evrilmis naftola géro hesablanmig ¢iximi1 v=2.0 st oldugda 3 dofadon do ¢ox
azalir vo 2% toskil edir. Kontakt vaxtinin azaldilmasi amolo golon oksobirlosmayo selektivliyi
qismoan artirsa da digor mohsullara goro, xiisuson do alkilnaftalino goro prosesin selektivliyo monfi
tosir edir.

1-naftolun etanolla alkillosma reaksiyasina tosir gostoran digor amil xammalin torkibindoki
komponentlorin mol nisbatidir. Xammalda spirtin parsial tozyiqi li¢ dofs cox olduqda etilnaftollara
gora reaksiyanin selektivliyi daha yiiksok qiymoat (93.8%) alir ki, onun da 91.0%-i 2-etil-1-naftolun
payina diisiir.

Lakin bu zaman 1-naftolun konversiyasi comi 24.5% toskil edir (cadval 1) va identifikasiya

olunmamis maddaslarin, o climladon perilen quruluslu maddslorin katalizatdaki miqdar1 xeyli artir
(2.2%).Xammalda 1-naftola nozoron etanolun mol nisbotinin 5 dofo artirilmas: kondenslogsmo
mohsullarinin amols golmasini azaldir. Bu soraitdo 1-naftolun konversiyasi 15.8% artaraq 40.3%
olur, mogsadli mohsula gora reaksiyanin selektivliyi iso 3.4% azalir.
Etanolun xammaldaki mol payinin 7 dafo artirilmasi etilnaftollara gora selektivliyi gismon (1.0%)
asagl salir. l-naftolun konversiyasi iso 8,5% artir vo 48.8% toskil edir. Xammalda etanolun
qatiligiin sonraki artimi gabuledilmozdir. Belo ki, v=1:9 qiymaotindos etilnaftollara géro reaksiyanin
selektivliyinin gbzo carpacaq doracods azalmasi (85.5%) miisahido olunur. Diizdiir, bu halda 1-
naftolun konversiyas: artir, lakin onun xeyli hissosi naftalinin metil vo etil homologlarinin
alimmasima sorf olunur. Son halda verilmis naftola goro hesablanmis etilnaftollarin ¢iximi1 da
yiksokdir-46.9%, lakin miirokkob torkibli katalizatin alinmasi onun sonraki emalini xeyli
cotinlosdirir vo magsadli mahsullarin tomizliyina manfi tosir gostarir.

Aparilmis todqiqatlar naticesindo Zr,H-mordenit katalizatoru istiraki ilo 1-naftolun etanolla
alkillosmo reaksiyasi tiglin olverigli reaksiya soraiti secilmisdir: T= 340°C, »=1.0 st* , v=1:5
mol/mol. Segilmis soraitdo 2-etil-1-naftolun ¢evrilmis vo baslangic 1-naftola goro hesablanmis
ciximlart uygun olaraq 87.6% va 35.3%, naftolun birdefslik konversiyasi isa 40.3% togkil etmisdir.

Prosesds alinan 1-etoksinaftalin vo 4-etil-1-naftolun da iimumi selektivliyinin kifayat qoador
olmas1 (8.5%) oksigenli mohsullara géra iimumi selektivliyi 95.1%-9 ¢iximi is9 38.2% -3 qaldirir vo
alinan katalizatin novboti morhalodoki emalini xeyli sadolosdirir.
2-etil-1-naftolun dehidrogenlosma prosesi ila 2-vinil-1-naftolun sintezi tarpanmoz layli katalizatoru
olan reaktorlu laboratoriya qurgusunda azot miihitinds todqiq edilmisdir. Alinan mohsullarin analizi
xromatoqrafik va spektral lisullarla hoyata kecirilmisdir. Katalizator kimi nikel-xrom-aliimiinium
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oksid sistemindon vo onun kalium oksidlo modifikasiya olunmus niimunslorindon homg¢inin kobalt-
xrom-kalium oksid sistemindon istifado olunmusdur.
Cadval 1
Zr,H-mordenit istirakinda I-naftolun etanolla alkillosma reaksiyasina verilon xammalin hacmi
stiratinin vo xammaldaki komponentlarin mol nisbatinin tasiri.
Reaksiyanin temperaturu — 340°C

Reaksiya soraiti 1- Cevrilmis 1-naftola goro hesablanmis reaksiya mohsullariin ¢iximi, % ila
Hacmi 1- naftolun 1- 2-etil- | A-etil- 1,.2- Naftalin | Oksobir-
siirot, | naftolun | KOnversi- | etoksinaf- | 1-naftol | 1-naftol | dietililnaf | vo onun losmo
v, st? etanola yast, % talin -talin alkil
olan toromo-
mol lori
nisbati
0.5 1:5 46.5 1.6 83.6 7.0 4.0 3.0 0.5
1.0 1:5 40.3 2.1 87.6 5.4 2.0 1.0 1.0
15 1:5 33.2 5.0 87.0 3.0 2.0 0.5 15
2.0 1:5 29.0 7.0 88.0 2.0 1.0 - 15
1.0 1:3 24.5 1.0 91.0 2.8 15 - 1.0
1.0 1:7 48.8 3.0 86.0 6.0 2.5 1.0 1.0
1.0 1:9 54.9 3.0 80.0 5.5 6.5 3.0 0.5
0.7 1:5 44.0 1.8 85.0 6.0 2.5 2.2 0.8

Alman naticalor 2-Ci cadvalds oksini tapmigdir. Alinan naticalarin tohlili gostarir ki, har ii¢
katalizator istirakinda omalo golon mohsullar praktiki olaraq eynidir. Onlara 1-naftol, 2-etilnaftalin,
dimetilnaftalinlor, 2-vinil-1-naftol vo onun dimeri aiddir. Bu maddslor igarisinda 2-vinil-1-naftol
asas olub 76.5-86.0% selektivliklo alinir. Daha yiiksok notico (86.0%) K-Ni-Cr-Al oksid sistemi
olan halda asag1 natico iso Ni-Cr-Al oksid katalizatoru istirakinda sldo olunur.

Cadval 2
Oksid katalizatoru istirakinda 2-etil-1-naftolun dehidrogenlogmasinin naticalori.
Reaksiyamn soraiti T-440°C, v- 1.2st™, 2-etil-1-naftolun suya va benzola olan mol nisbati 1:12:1

Katalizatorun kimyavi tarkibi, kiitla % ila
NiO-11.0 NiO-11.0
Gostoricinin adi 808'_2772'52 Cr,05-29.0 Cr,05-29.0
K2 8-0 2 Al,0,-60.0 Al,05-59.0
a K,0-1.0
Cevrilmig  2-etil-1-naftola goro  hesablanmus
fraksiya mohsullarimin ¢iximi, % ilo
1-naftol 4.0 6.0 2.0
2-etilnaftalin 6.5 8.0 5.0
dimetilnaftalin 3.0 35 15
2-vinil-1-naftol 81.5 76.5 86.0
Dimer 15 2.0 3.0
Identifikasiya olunmamis maddolor 2.0 15 2.0
2-etil-1-naftolun konversiyasi, % ilo 21.5 30.5 23.0
2-vinil-1-naftolun baglangicda gotliriilmiis
etilnaftola goro ¢iximi, % ilo 17.5 23.3 20.0

Xammalin birdofolik konversiyasina goldikdo Ni-Cr-Al oksidi istirakinda bu gostarici
30.5%, K-Co-Cr oksidler qarisiginda 21.5%, dordlii oksid katalizatorda ise 23.0% toskil edir. 2 sayl
cadvaldon goriindiiyii kimi proses zamani amalo galon 2-vinil-1-naftol gisman dimerlosir vo ona
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gora do reaksiyanin selektivliyi 1.5-3.0% olur. 2-etil-1-naftolun dehidrogenlogsmo soraitindo yan
¢evrilmolorin pay1 xeylidir. Onlara 2-etil-1-naftolun deetillosmo vo dehidrogenlosma reaksiyalari ilo
uygun olarag  1-naftolun (2.0-6.0% selektivlik) va etilnaftalinin (5.0-8.0% selektivliklo) amala
golmasini misal gostormak olar. Onlarin pay1 daha az K-Ni-Cr-Al dordlii oksid sistemi istirakinda
bas verir vo uygun olaraq 2.0 vo 5.0% olur. Ni-Cr-Al oksid sistemi istirakinda ¢evrilmis etilnaftola
g0ro hesablanmis 1-naftolun va etilnaftolun ¢iximi uygun olaraq 6.0 va 8.0% toskil edir.

Todqiq edilmis katalizatorlar istirakinda omalo golon etilnaftalin qismon izomerlogorak
dimetilnaftalinloro ¢evrilir vo bu hal daha ¢ox Ug¢lii katalitik sistemlo istirakinda bas verir (3.0-
3.5%). Baslangic 2-etil-1-naftola goro hesablanmig 2-vinil-1-naftolun ¢iximi katalizatorlar tizra
asagidaki kimi azalir.

Ni-Cr-Al> K-Ni-Cr-Al>K-Co-Cr

Belolikla, aparilmis todqigatlar noticosindo har (¢ Kkatalitik sistemin 2-etil-1-naftolun
dehidrogenlosmo reaksiyasi da aktiv va selektiv oldugu miioyyon edilmis dordlii oksid sisteminin
daha selektiv (86.0%), Ni-Cr-Al katalizatorunun isa 2-vinil-1-naftolun sintezinds aktivliyinin
(c1x1m 23.3%) digorlorini {istolodiyi askar olunmusdur.
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PE3IOME
CHUHTE3 2-BUHNJI-1-HA®TOJIA
Azaee A.A., Hazaposa M.K., Cyneiimanosa I1.B.

Knrouesvte cnosa: 1-nagpmon, smawnon, ankunuposanue, 2-smun-l-wagpmon, H-mopoenum,
OKCUOHDLI KATMAUIAMOP, AKIMUBHOCHIb.

[TpuBonsTCS peE3yinbTaThl ABYXCTaJUHHOTO KAaTaJMTUYECKOrO CHHTe3a 2-BuHMI-l-HadTona. Ha
MEepBO CTaJuU aJNKWIMPOBaHWEM |-HAQTOJAa STAHOJIOM B TPUCYTCTBUU IMPKOHUiicopepxkamiero H-
MOpJIeHUTa moirydaercsi 2-3Tui-1l-HadTon c cenektuBHOCThIO 80.0-91.0%, a konBepcus 1-Hadrona 3a
npoxoy cocraBisieT 24.5-54.9 %. Iloka3aHa aKTHBHOCTb TpEeX OKCHUIHBIX KaTaJU3aTOPOB B pPEaKIHU
JeTUIPOBAHUS2-3THA-1-Had)TONa B TIPUCYTCTBUU BOJABI M O€H305la. YCTAaHOBJCHO, YTO HAUOOIBIIYIO
aKTUBHOCTD nposiBisieT okcuanas cucrema Ni-Cr-Al,a Hausyudiieil celleKTHBHOCTBIO — citokHas cuctema Ni-
Cr-Al.LB  HaliieHHBIX YCJIOBHSX IIpolecca BBIXOJ 2-BHHWI-1-HaTola Ha TNPONYIICHHBIA |
MPOpearupoBaBIlMil UCXOAHBIM Ha(TON B NPHUCYTCTBUM YKa3aHHBIX BBIIIE OKCHIHBIX KaTaJU3aTOpPOB
COOTBeTCTBEHHO paByH 23.3% + 19.8% u 76.5%-86.0%.
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SUMMARY
SYNTHESIS OF 2-VINYL-1-NAFTOL
Agayev A.A., Nazarova M K., Suleymanova P.V.

Key words: 1-naphthol, ethanol, alkylation, 2-ethyl-1-naphthol, H-mordenite, oxide catalyst, activity

The results of a two-stage catalytic synthesis of 2-vinyl-1-naphthol are presented. At the first stage,
the alkylation of 1-naphthol with ethanol in the presence of zirconium-containing H-mordenite yields 2-
ethyl-1-naphthol with a selectivity of 80.0-91.0%, and the conversion of 1-naphthol per pass is 24.5-54.9%.
The activity of three oxide catalysts in the dehydrogenation reaction of 2-ethyl-1-naphthol in the presence of
water and benzene is shown. It was found that the Ni-Cr-Al oxide system exhibits the highest activity, and
the Ni-Cr-Al complex system exhibits the best selectivity. Under the found process conditions, the yield of
2-vinyl-1-naphthol per passed and reacted initial naphthol in the presence of the above oxide catalysts is
23.3% + 19.8% and 76.5% -86.0%, respectively.

Daxilolma tarixi: [lkin variant 14.01.2022
Son variant 05.04.2022
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XALKOHALOGENIDLORIN (A"'B,"'C,"", AY,BY',C,"") FiZiKi-KiMYOVi
XASSOLORININ KOMPUTER TOCRUBI USULLA
MODELLOSDIiRILMOSI

'OLIYEV KAZIM 9ZiZ oglu
2[SMAYILOV ZAKIiR iSLAM oglu
Baki Doviat Universiteti, 1,2 - dosent
zakir-51@mail.ru

Acar sozlar: xalkohalogenid, xassa, modellagdirilma, kvaziatom, elektron, qurulus.

Kompiiter tocriibi iisulla fiziki-kimyovi xassolerin modellosdirilmosi kvaziatomlarn (A",
BV, CV") elektron qurulusu, torkibi (Kj, K3) osasinda aparilir. Miioyyon edilmisdir ki, kvaziatom
modeli ilo toyinatlarin miiqayisali analizi siibut edir ki, xalkohalogenid molekulu kvaziatomlardan
ibarat olaraqg maddonin simmetriyasi ils toyinatlanandir.

Korrelyasiya omsalinin olduqca yiiksok qiymeti xalkohalogenidlorin dissosiyasinin
entropiya doyisikliyinin (a), (b) formal tonliklorinin sintez proseslorinds totbiqini miimkiin edir.

Elmi odabiyyatlarda riyazi modellosdirmas iki istigamat tizro aparilir [1-4]. Birinci istigamat
izro riyazi modellasdirma prosesds istirak edon maddslorin fiziki-kimyavi xassolorini eyni zamanda
uygun aparatlarin hondosi Ol¢iilorini nozere alaraq yerino yetirilir. Bu iisul ilo alinmis riyazi
modellorin strukturu xeyli derocodo miirokkob vo onlarin emal olunmasi xeyli magin vaxtinin sarf
olunmasina gatirib ¢ixardigindan bu kateqoriyadan olan riyazi asililiq aksor hallarda prosesin real
zaman miqyasinda idars olunmasini tomin etmir.

Ikinci istiqgameot {izro tortib edilon riyazi modellorin alinmasi iso tocriibi iisullar vasitosilo
toplanmis statistik molumatin miioyyon alqoritm i{izra emal edilmasino asaslanir. Bu istigamat {izro
alinan riyazi modellorin strukturlar1 xeyli dorocode sado, onlarin emal olunmasi az vaxt
apardigindan bu kateqoriyadan olan riyazi modellordon proseslorin idarsedilmasindos daha genis
istifado edilir[5-9].

Kompiiter tocriibi iisulla fiziki-kimyovi xassolerin modellosdirilmosi kvaziatomlarn (A",
BY!, ¢! elektron qurulusu, torkibi (K1, K3) esasinda aparilir. Matrisalarin baslangic qiymotlori
modellosdirilmis xassolordon ibaratlikdo; Yy oY2ve, Y4, .. Vo s. arqumentlor yigiminin
funksiyalarindan ibarat olmaqla golison omsallarin qiymatlori; S(l), S(z), 8(3), Po(l), Po(z), Po(s) vas. Bu
ifadalorindon ibarat olaraq uygun valent elektronlarina gora; (1)—invariant, (2)—kvadratik omsallarla
A, B, C kvaziatomlarinin valent saviyyslorini ifadolonorok, hom do Fermi enerjisinin qiymatlori do
uygun atomlar ii¢lin nazoro alinir.

Misal olaraq ticlii xalkohalogenidlorin modellosdirilmis xassolori tiglii xalko hallogenidlor
iigiin (A", AY) BY'CY", yoni ABC torkibli birloesmoler iigiin yi=fi(x;) asililigi formasinda, yeni
AxB,C; iciin cadval 1-do verilmisdir.
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Cadval 1.
ABC xalkohalogenidlarin matrisalarinin strukturunun, Y; xassalorinin modellasdirilmasi ti¢iin
X; arqumentlorinin A, B, C kvatziatomlarin elektron qurulugundan asililiginin giymotlori

. +AH%g, 2.9. |S°

No E\glegeﬁscv.. Entalpiya ’ Entopiya S SO SO |p®  [p@ | |p®  |p®
] kC/mol-K C/mol-K

112 3 4 5 6 7 8 9 10 11,12 13,14
AVBY'CY" — AV — kvaziatomlar 1 xalkohalogenidlordo
1. |SbSBr -121,0 132,0 -0,386 |0,070 |-0,016 (-0,110 {0,017 |0,002 {0,005 |O
2. |SbSJ -106,0 113,0 -0,386 |0,070 |-0,016 (-0,110 {0,017 |0,002 {0,005 |O
3. |ShSeJ -93,0 130,0 -0,386 |0,070 |-0,016 (-0,110 {0,017 |0,002 {0,005 |O
4. |ShTeJ -058,0 156,0 -0,489 0,070 |-0,020 (-0,110 {0,017 |0,002 {0,005 |O
5. |BiSce -205,0 118,0 -0,489 |0,088 |-0,020 (-0,226 {0,038 | 0,007 {0,027 |-0,005
6. |ShSel -114,0 118,0 -0,489 |0,088 |-0,020 (-0,226 |0,038 | 0,007 {0,027 |-0,005
7. |SbTed -0,77,0 176,0 -0,489 |0,088 |-0,020 (-0,226 {0,038 |0,007 {0,027 |-0,005
8. |BisSsCl, -595,0 426,0 -0,489 |0,088 |-0,020 (-0,226 {0,038 | 0,007 {0,027 |-0,005
9. [ Xy X, X3

Kompiiterlo models daxil edilmis amillorin sayi:

Amil 26, doraca 1, amsal 11665,2;

Amil 27, doraca 1, amsal 63486,1;

Tonliyin sorbast toplanani 63,27;

Orta galiq dispersiyas1 15616,50;

Nozarat seciminds orta qaliq dispersiyasi 0,0;

Modelin korrelyasiya omsal1 0,80174—1

Konarlagdirma ils (%) daxil edilmis amillorin naticalari, %

26 53,7 27 46,3
Istifadali amillarin nozars alinmasi il naticalar, %
26 53,7 27 46,3

Cadval 2-do modelo goro hesablanmalarin noticolori vo faktiki qiymsotlorin naticalori

verilmisdir (-AH%,20 kC/mol) AVBY'CY".

Cadval 2.
-AHOf,zgg ABC amalagalma standart istiliklori.

Birlosmo AVBY'CV" Tacriibi Modello hesablama Xotalar
1 2 3 4
ShSBr 121,10 120,94 -0,06
SbSY 106,0 89,60 -16,39
SbSeJ 93,0 89,7 -3,40
SbTel 58,0 89,60 31,61
Bisce 205,0 400,2 195,02
BiseY 114,0 89,61 -24,40
BiTeY 77,0 89,66 12,60
Bi,SsCl, 595,0 400,2 -194,98

A"BYICY! vo AVBY'CY! birlosmolorinin bir sira analoglari tigiin odebiyyatda fiziki-kimyovi
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Xalkohalogenidlarin (4'"'B,"'C,"", A*,B"',C,"")
fiziki-kimyavi xassalarinin kompiiter tocriibi tisulla modellagdirilmasi

molumatlar yoxdur. Masalon, fleyxalko, (oksa) birlogmolor iigiin amolo golmo soraiti vo eloco do
termodinamiki xassolor toyin edilmomisdir. Kompiiter modellogdirmo ilo xalkohologenidlorin
dissosiosiya entalpiyasinin naticolori:

a) -AH%; (kC/mol)=295,65 d¥y (A-kva)+275,415®) (C-kva)+67,19 imkan verir ki, molum
olmayan xassalor toyinatlandirilsin.

Biitiin bu hallarda modelin korrelyasiyasi imkan verir ki, toyin edilon xasso miimkiin qodor
hesablanan tacriibi toyin edilmosi miimkiin olmayan xassolorin tapilmasina imkan yaradir. Cadval
1.1, 1.2 molumatlarmin analizi imkan yaradir ki, faktiki vo hesablanmis qiymetlor xeyli doqiqliklo
toyin olunmasina imkan verir. Lakin bir ¢ox hallarda faktiki vo hesablanmis naticalor tasadiifon
deyil, kondenslogmis halda olan maddolorin strukturasi, dissosiasiyasi, eloco do assosiasiyasi ilo
(dimer, trimer vo s.) alagolidir.

b) Xalkohalogenidlorin dissosiasiya entropiya doyisikliyinin modellogdirilmasi naticolori:

ASt (C/mol-K)=-1076,595® (A-kva)-600,125® (C-kva)+99,35.

Kompiiters daxil edilmis amillorin sayt:

Amil 4, doraca 1, amsal 1076,5929;

Amil 25, doraca 1, amsal 600,12158;

Tonliyin sorbast lizvii 99,34496;

Orta giymotli qaliq dispersiyasi 7,078116;

Saohvin orta modulu 7,078116;

Qaliq dispersiyasini daxil olmaya qarismayani 123,959473;

Nozaratli orta qaliq dispersiyast 0,0;

Modelin korrelyasiya amsalinin qiymati 0,83798 — 1

Korrelyasiya omsalinin olduqca yiiksok qiymoti xalkohalogenidlorin dissosiyasinin
entropiya dayisikliyinin (a), (b) formal tonliklarinin sintez proseslarinda totbiqini miimkiin edir.

c) Dissosiasiya (A""VBY'CY") sabitinin temperatur asiigmin omsallarmin  (A,B)
toyinatlanma naticolori:

lgK,(Pa)®=-AIT+B
B=0,724E; (A-kva)+7,73d,M+8,15

A=-172255,01d, (A-kva)-2047,10P,Y (C-kva)-3705,10

Kompiiters daxil edilmis amillorin say1:

Amil 12, doraco 1, amsal 0,72376;

Amil 19, doraco 1, amsal 7,72564;

Tonliyin sabiti 8,14545;

Orta qaliq dispersiyas1 1,173770;

Sahvin orta modulu 0,727640;

Qaliq dispersiyasini daxil olmaya qiymati 1,7605743;

Nozarat se¢imdo orta qaliq dispersiyasi 0,0;

Modelin korrelyasiya omsali 0,73746 — 1

Konarlagdirma ilo daxil edilon amillorin naticolori 0,0. Modelin totbiqindo daxil edilon
amillorin konar edilmasi ilo naticolor (%):

12 60,4 19 39,6
Daxil edilon amillorin totbiqi ilo naticalar (%):
12 60,4 19 39,6

Faktiki vo prognozlasdirilmis qiymatlorin miiqayisasi axtarilan, kvaziatom modeli ilo fiziki-
kimyavi xassolorin hesablanan naticalorinin, kvaziatom modeli ilo toyinatlarin miiqayisali analizi
stibut edir ki, xalkohalogenid molekulu kvaziatomlardan ibarst olaraq maddonin simmetriyasi ilo
toyinatlanandir.

Bu halda (ABC), agravatlar1 — dimer, trimer vo daha ¢ox sayda nozors alinmayandir. Odur
ki, kvaziatom modeli ABC birlogsmasini ABC halinda toyinatlandiraraq (ABC), névlii molekulun
(agravatin) omolo golmasini nozors almayaraq totbiq edilir.

Bu sobabdon toyinatlandirilmis naticalor tacriibi miisahids olanlardan forqlonir. Dogurdan da
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ogor qobul edilss ki, heterogen tarazliq prosesi marholalorls bas verondir:

2ABC—AB+BC+AC 1)
nABC—A,B+B(n-1)C, )
(ABC)n—(AnB)+B(n-1)C, (3)
(ABC)n—(AnB)+B(n-1)C, 4)

Bu hallarda kvaziatomluq omsali daxil edilorok dissosiasiya doracesi (d>0), aqvavasiya
(a<0) timumen xalkohalogenidin timumi kvaziatomlarmin hamisi {igiin dissosiasiya vo aqrarasiyasi
ticlin n-hissaciklor {i¢iin alinar:
ik=1+a(n-1)

Ogor bu halda nozori qiymat yikr, Yiva qiymati ilo tarazlagmis olar, lakin (1)-(4) reaksiyalari
ilo ifadolonmoya gora:
Yiokr— [ kakva
olmalidir. Harada Ki, Ykya — (1)-(4) tonliklori ilo hesablanan vo y=Ykva boraborliyi kvaziatom
modeli ¢orcivosindo hesablanmis noticadir, bu halda i¥y=1, yoni dissosiasiya, yaxud aqrarasiya
doracasi a=0 olan haldir. Burada i”,>1 xalkohalogenidin dissosiasiya edon (a>0) halidir:
n(ABC)—A[B+B;-1C,.

Ogor bu halda miisahido olunan xasso iiclin yi. nozori olaraq ykva borabor olarsa, onda

molum (1)-(4) reaksiyalar1 baximindan alinar:
Yiokr= i ka kva
Harada Ki, Yiva (1)-(4) tonliklorino asason hesablandir, hansi ki, kvaziatom modelino asaslanaraq
burada Y=Y kva-

Baraborliyi k=1, yoni dissosiasiya, yaxud aqrarasiya daracasi a=0 olandir. Harada ki, i’,=1
olarsa, onda dissosiasiya, yaxud aqrarasiya dorocosi a=0 olar. i¥,=1 olan halda xalkohalogenid
dissosiasiya edir:

n(ABC)—A,B+B-1C

Digor bir halda — aqrarasiyada tiglii birlosma omala golon halinda (ABC), torkiba ¢evrilir, bu
halda i¥i <1 vo a<0 olan haldur.

Istonilon hor-hansi termodinamiki proses ticli birlosmonin (ABC) sintezi vo d1ss0s1a51ya51
u(;un tarazliq halinda kvaziatomluq smsal1 i’ entalpiya (H), entropiya (s) amillori tigiin i, ", i%,
a’ amillori nozors alinmalidur.

Tacriibi vo hesablama hallarinda entalpiya vo entropiya amillori arasinda (ABC) ii¢ilin
asagidaki miinasibat nozoro ahnmahdlr.

AH 298,f(eg)—i AH 0 120 PrOGNOZ,
AS"298,f(o.2)=1 k" AS 208 f(o.¢.) PrOGNOZ.
Burada i, i°% omsallar1 iigiin dlss051as1ya vo aqrarasiya hallar ii¢lin uygun entalpiya vo entropiya
amillori ABC {igiin dissosiasiya vo aqraras%a hallarina uygun nisbi hallar nazare alinmalidir:
A"><0 vo a°><0;
Digor gostaricilar:
e=ififvoa'=a"|/]a*].
ABC birlogmasinin dissosiasiya vo aqrarasiya hallarinda nozors alinmalidir.

Cadval 3.
ABC birlaosmasinin amala galmasinda hesablamalarda entalpiya va entropiya amillorinin qgiymatlori:
Tarkib i a" i° as n e a“
SbSBr 1,00 0,00 1,00 0,00 2 1,00 -
ShSJ 1,18 0,18 0,79 -0,21 2 1,50 0,86
SbSCI 0,51 -0,59 0,43 -0,43 2 1,19 1,37

Xalkohalogenidlorin amala golmasi, sintez {igiin analoji model totbiq edilmisdir. EHM ilo
todgiqatda 200 sayda torkibli ABC ibarat, haradaki onlarin yarist struktur analizlo, digor hissasi is9
hal diagramlar1 molumatlarina ssason, RFA {iisulu ilo identiklogdirilmisdir.

Hor bir AyBnCy torkibi iigiin her bir lig¢ A,B,C, komponentino 13 Cebisev omsali aid edilorok
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Xalkohalogenidlorin (A"'B,"'C,"", A"xB",C,"")
fiziki-kimyavi xassalarinin kompiiter tocriibi tisulla modellagdirilmasi

valent elektronlariin s-, p-, d- saviyyalari ii¢iin kvazi-impulsdan asili olaraq birinci, ikinci vo
ticiinci Brillin zonalar uygunlugu vo Fermi enerji soviyyealori uygunlugu totbiq edilmisdir.
Belalikla, iic komponents (A, B, C) 39 Cebisev amsallart uygun golmisdir. Digor Xao, Xa1 Vo Xa2
Cebisev omsallar1 stexiometrik omsallara gors nisbi ¢oki uygun olmusdur:
Xg0=n/(N+M+q); Xs1=m/(n+mM+q); X42=0/(n+m+q).

Diskriminant funksiyalar totbiqi ilo y funksiyasi miioyyon edilmisdir:

42
y= zaixi ’
i=1

harada ki, y<-1,60 giymotindo kimyavi ticlii birlosmo omoalo golmoyon hala uygunluq, y>-1,60
giymotindo iso birlogmo omolo golon hal miioyyon edilmisdir. Beloliklo, 200 {i¢lii birlosmo

timsalinda 100-9 yaxin birlosma 10% nisbi xata ils prognozlasdirilmigdir.
!ABBP’ ABI
A A
Br & @ © © B @ Q@ @
Sr O @ @ @ DD P
As-'@@z@@ M'@@@@"
hf ® ©®Q nt OO DD
r ® @B @ Gl OB DS
05 §eT.ea O‘IL.éeT‘eB
ABCL
;
A
Blr & @@ @ Bif @@ ® ®
St DD DB HrOdSde
fsr @ OO D sErE 006
1"#@@@@ I"LOOOO.
Gt @ T @ @ st O OO O
53‘397;3 (31.193‘9;9 B
ABF % E&Bati
A
Bt OO B®@ B @ @6 @
Hhr @O @ SHr 2
Asr© 6 006 st @ ®0
nr 9O O e htOOOQOO0O
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Sakil 1. A"(Ga, In) vo AY(As, Se, Bi), CV'(F, CI, Br,
J) birlosmalarinin prognozlasdirilmis naticalori
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PE3IOME

KOMIIbIOTEPHOE SKCHNEPUMEHTAJIbBHOE MOJIEJITMPOBAHUE ®U3HKO-

XUMHUYECKHUX CBOMCTB XAJLKOT'AJIOTEHAI0B (A"'B,"'C,", AY,BY,C,"")
Anuee K. A., Hcmaunoe 3.U.

Knioueswie cnosa: xanvkozanoeenuo, ceoucmea, MoOenuposanue, Keasuamom, 1eKmpoH,
cmpyKkmypa.

KOMIbIOTEpHO® MOeNMpoBaHie (U3HKO-XMMHUUecknx cpoiict kBasmatomo (A", BY', cV')
OCYIIIECTBIISIETCST Ha OCHOBE 3JekTpoHHOro crpoenus (Ki,K;). YcranoBieHo, 4T0 CpaBHUTEIbHBIN aHAIH3
0003HaYeHUII C MOJENbI0 KBa3WaTOMa JOKa3bIBAET, YTO MOJIEKYJa XaJbKOTaIOT€HHAA COCTOUT W3
KBa3MaTOMOB U OIPEAEIISIETCS] CHMMETPHEH BEIEeCTBa.

OueHb BBICOKOE 3HauYeHHE KOX(PQUIMEHTAa KOPPEISIIMU TO3BOJSIET HCIOJIb30BaTh (HOpMasbHBIE
ypaBHeHus (a), (0) UI3MEHEHUS SHTPOITUHU IUCCOLMAIINH XAIbKOTAIOTEHUIOB B IIPOIIECCE CUHTE3A.

SUMMARY
COMPUTER EXPERIMENTAL MODELING OF PHYSICAL AND CHEMICAL PROPERTIES OF
HALCOHALOGENEDES (A"'B,"'C,"", AY,B",C,"")
Aliyev K. A., Ismayilov Z. |.

Keywords: chalcohalogenide, property, modeling, quasiatom, electron, structure

Computer modeling of physical and chemical properties of quasiatoms (A", B!, C'") is based on
the electronic structure (K, K5). It was found that a comparative analysis of the designations with the
guasiatom model proves that the chalcohalogenide molecule consists of quasiatoms and is determined by the
symmetry of the substance.

The very high value of the correlation coefficient allows the application of formal equations (a), (b)
of the entropy change of the dissociation of chalcohalogenides in the synthesis process.

Daxilolma tarixi: [lkin variant 23.04.2022
Son variant 02.06.2022
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Kimyavi sistemlors istigamatlonmis tosir, yoni mohsulun ¢iximinin idaro olunmast vo
prosesin selektivliyi tocriibo aparanlarin vo texnologlarin garsisinda duran miithiim masalalordon
biridir. Ancaq toacciib doguran odur ki, yekun gabul edilocok yararli metodlar kifayat qodor
deyildir [1].

Buna goro do molum iisullarin yerino yetirilmasi zamani (termiki tasir, tozyiqin doyismasi,
elektrik vo maqnit sahasinin tosiri vo s).prosess holledicinin slavo edilmosi reaksiyanin idars
olunmasinda bir vasito kimi, slibhosiz maraq kosb edir vo metodun universallifina goro bdyiik
imkanlar agir. Reaksiyalarin oksoriyyati maye fazada bas verir vo bir ¢cox hallarda iso holledici eyni
vaxtda hom do reagent olur.

Prosesin selektivliyi vo siiratinin idaro olunmasinda holledicinin gobul olunmasi g¢oxdan
malumdur, lakin holledicinin rolu bu reaksiyalarin nozariyyssinin yalniz miiasir marhslodoki inkisafinda
Ozlinii daha aydin biiruzo verir. Reagentlorin holledici molekulu ilo qarsiligh tosirinin analizi tokco
tocriibado deyil, hom do kvantkimyavi hesablamalar yolu ilo do miimkiindiir. Odur ki, holledicinin
strukturunun 6yranilmasi liglin solvatokinetik effektlarin qobul edilmasi mogbul sayilir [2].

Uzvi kimyada aromatik birlosmolorin niivasindo elektrofil avozolunma reaksiyalar1 miihiim
reaksiyalardan hesab olunur. Bu hom mohsullarin bu reaksiyalarin kdmayi ilo alinmasinin vacibliyi,
hamg¢inin onlarla bagli nazoriyyonin timumilosdirilmasinin mithiimlilyii ilo sortlondirilir. Mohz buna
goro Se2-At reaksiyalarinin dyronilmosinds elektron qarsiliqli tosirin bir ne¢o nozori toraflori, o
climlodon ovozedicilorin, substrantlarin reaksiya qabiliyyotine vo miihitin izomer torkibino tosiri
islonmisdir. Aparilan hortorafli todqgigatlar noticasindo o- vo p- komplekslorin intermediat kimi
toqdim olunmasi tosovviirli yaranmigdir.

Ancaq bu reaksiyalarin mexanizmi haqqinda bdylik hocmde molumatlar olmasina
baxmayaraq, bu reaksiyalarin mexanizmi aktiv tadqiqat obyekti kimi davam etdirilir, eyni zamanda
hala do bazi masalalarin hallinds problem manbayi olaraq qalir. Prosesin texniki —iqtisadi vo ekoloji
parametrlorinin yaxsilagdirilmasi istigamatindo yeni sintetik metodlar toklif olunur vo miiasir
todgiqat metodlarmin komaoyi ilo miixtalif birlosmolorin bromlagmasi prosesinin dyranilmasi
aktualliq kosb edir.

Senayeds vo elmi todqiqat laboratoriyalarinda todqiq olunan ¢oxsayli reaksiyalar arasinda
halogenlogmo, osasondo bromlagma reaksiyalari boyiik maraq kosb edir. Toluolun bromlasmasi
iiclin soxsayli kimyovi lisullar vardir vo bu iisullarin hor birindo bir sira gatismayan cohatlor
movcuddur. Mas., hipoxlorit istirakinda turs miihitdo (HCl, H2SO4) toluolun bromlagmasi kimyovi
yolla aparilmis [2] vo [3] bu zaman yiiksok ¢iximla monobromtoluol alinmisdir. Qeyd olunmalidir
ki, bu tisulla bromlasma reaksiyas1 zamani zoharli HBr-in alinmasi1 arzuolunmazdar.
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Elektrokimyavi tisulda ise prosesin 6ziinde omals golon HBr-in elektrolizi ilo molekulyar
brom alinir vo oda prosesdo bromlasma agentino gevrilir [3].

Arilbromidlar boyalarin sintezindo miixtalif birlosmolorin istehsalinda yarimmeohsullar kimi,
oczaciliq preparatlarinin, is1q-diodlarinin, maye kristallarin, fotoqrafik materiallarin vo ¢oxlu sayda
basqa maddolorin istehsalinda genis istifado olunur.

Odur ki, alkilbenzollarda elektrofil avozolunma hom nozari, hom do praktiki cohotdon boyiik
maraq dogurur. Ovozolunma mohsullarinin gobul olunmasi va gdstorilon reaksiyalarin
mexanizminin dyronilmasi olava biliklorin oldo olunmasina ohomiyyatli tosir gostorir [4].

Bu oksor hallarda helledicinin reaksiyasinin movqe va selektivliyine tesirinin todqiq
edilmasino vo elektrofil reaksiyanin alternativ mexanizmlorinin hom klassik Se2-At, hom do
birelektronlu kogiiriilmods reallasma imkanlarinin aydinlasmasina aiddir [5].

Alkilbenzollarin holledici miihitindo bromlasma qabiliyystinin todqiqi reaksiyanin bag
vermo miiddotinin, onlarin miimkiin mexanizmlorinin, miixtolif brom toromolorinin selektiv
sintezinin optimal goraitlorinin tapilmasini aydinlasdirmaga imkan yaradir.

Birli, ikili vo ticli alkilbenzollarin halogenlogma siirotini miiqayise etdikds, molum olur ki,
bu siirotlor birlidon ticliiys dogru azalir, mohz ona gorads, iiclii alkilbenzolda miisbat induktivlik,
ikilidon vo bundan daha ¢ox birli alkillordon boytikdiir:

(CH3)3C- >(CH3)2CH- > CH3CH2- > CH3-

Demali, radikallar no qador boyiik olarsa onlar benzol halgasinin elektron sixligini daha ¢ox
artirir vo reaksiya elektrofillo daha tez bas verir. Bu paradoks Natan-Beker effekti adlanir vo bu nov
reaksiyalar1t 6yronir, C-H alagasinin C-C olagasi ilo miiqayisasinds C-H olagesinin o — m alagasi
yaxud da hiperqosulma hesabina daha ¢ox polyarlasmasi ila izah olunur. Hor iki elektron effektini
miiqayiso etdikdo, goriiniir ki, mezomer effekt o — m qosulmada induktiv effekto nishoton oks
istigamatdo azalir.

CH3->CH3CH,-> (CH3),CH—>(CHj3);C-
Mohz bu sabobdon toluol benzolun digoer alkiltdromslorine nisboton daha tez halogenlosir.
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$akil. Toluolun SOCI;,:CCl, (0,325:0,016) halledici sisteminda bromlasmasinda movge selektivliyin
avazedicinin sterik effektindon asililig:.

Todqiq olunan isds istifado olunan holledicilorin, onlarin binar qarisiglarinin, o ciimlodon,
bromlagma reaksiyast mohsullarinin miqdari ¢iximinin toyin olunmasinda istifado olunan reaksiya
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Elektrokimyavi sistemda toluolun bromlasmasi

qarisiglarimin  analizi QMX (qaz maye xromotoqrafiyasi) metodu ilo aparilmis, elocodo
alkilbenzollarin bromlagmasinin tocriibi xiisusiyyatlori verilmisdir.
Rph + Br, —orta-,para-,RphBr +HBr (1)

Molekulyar bromla alkilbenzollarin bromlagmast (1) tonliyino uygun olaraq bas verir. Bu
soraitds toluolun gostarilon binar halledici miihitinde bromlasmasindan o- Vo p- bromtoluol alinir,
m- bromtoluol isa onlarla miiqayisads ¢ox ciizi (0,5%-dan az ) alinir.

Toluolun, uygun olaraq SOCI,:CCl,; mol nisbatlori (0,325:0,016) soraitinds bromlagsmasi o-
Vo p- avazolunmadaki aktivlogsmo parametrlorinin nisbatinin doyismasi ilo bas verir.Belos ki, 30°C-
don yuxar1 temperaturda paralel bas veron 0- Vo p- oavozolunma proseslarinin aktivlosmo
parametrlari va toluolun konkret soraitdo bromlasmasi proseslori arasindaki nisbatlorin doyismasi
miisahido olunur ki, bu da 6z ndvbasindo ovazedicinin elektron vo sterik effektlori arasindaki
miinasibatlorin doyismasi ilo sortlonir.

Tacriibi hissa. Termostat, sabit coroyan monbayi, elektrodlar, mexaniki qarigdirici, oks
soyuducu ilo tochiz olunmus silindrik siigo elektrolizo qurgusuna 36,45 q (0,225 mol) HBr tursusu,
43,8 q (0,15 mol) toluol vo binar holledici sistem olaraq SOCI,:CCl; (0,325:0,016) mol
nisbatlorinds alava olunmagla proses aparilmisdir.

Proses 60 doq. miiddatinds, 40°C temperaturda, qurguya 7A sabit corayan verilmokla
apartlmisdir.

Prosesin sonunda ayrilan sar1 rangli yagabanzar madds har biri 25 ml olmagla iki marholoda
efirlo ekstraksiya olunur. Efirli hisso su ilo yuyulur, CaCl, tizarinds qurudulur, efir govulur, galan
reaksiya kiitlasi yenidon govuldugdan sonra gaynama temperaturu 182-184°C olan fraksiyalar
toplanir. Noticodo 18,9 g (Coroyana gora ¢ixim 84,25% ) monobromtoluol qarisigi (p- va 0-)
izomerlor alinir.

Proses eyni gayda ilo 30—35°C va 55°C temperaturda da aparilmis vo alinan naticalor codval
1-do verilmisdir.

Cadval 1.
Alinan vimumi mahsulda brommetilbenzolun izomer tarkibinin temperaturdan asililigi

T°C Umumi kiitlode brommetilbenzollarin izomer torkibi,%
orto para meta
30 28,1 71,2 0,7
35 28,3 71,4 0,3
40 28,6 70,2 0,2
53,4 32,2 67,4 0,4

Cadval 1-don goriindiiyli kimi temperaturu 30°C-don 55°C-ya godor artirdiqgda niivads avoz
olunma ilo alinan bromtoluollarin izomer torkiblorinin alinan mohsullarin timumi tarkibins olan
nisbati, izomerlarin (0-, p-, m-) torkiblarinin doyismasina tasir etmir. Temperaturun 30°C- don asagi
oldugu hallarda iso reaksiya mohsullarinin ¢iximi azalir.

Yuxarida gostorildiyi kimi, sistemo miixtalif mol nisbatlorinds 0,02 mol (3,92 q, 3,025 ml),
0,05mol (9,8q, 8,1ml) va 0,1 mol (19,6q, 1512 ml) 50%-li H,SO4 mohlulu slava etmokls tocriibalor
tokrar edilmis va naticalor cadval 2-do verilmisdir.
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Cadval 2.
Niivado avazolunma ilo izomer torkibin alava olunan H,SO4 —nun mol %-dan asillig.
H,SO,, Brommetilbenzollarin niivads avazolunma ilo izomer torkiblari, mol.%
mol.%
orta para meta

0,0 28,7 71,0 0,3

0,02 53,2 46,5 0,3

0,05 54,1 45,5 0,4

0,10 48,4 51,3 0,3

Codval 2-do isa H,SO4 olave olunmagla izomer torkibinin doyismasi gostorilmisdir.
Gorilindiiyti kimi HpSO4 olave olunmasi ilo izomer tarkibinin doyismasi bas verir, bu iso bromlagma
reaksiyasinin turs miihitdo aparilmasi ilo slagodardir. Belo Ki, p- izomerlo miigayisadso 0-izomerin
timumi kiitlada %-lo miqdari kifayat qodor artir, reaksiya iigiin HoSO4-un optimal miqgdar1 0,02-0.05
mol.% toskil edir.
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BPOMHUPOBAHUE TOJIYOJIA B 3JJEKTPOXUMHWYECKOM CUCTEME
TI'amamose M.M., Illaxzenouee @.X., A6oynnaesa M.b., Pycmamosa I, /.

Knioueewie cnoea: monyon, peaxkyus OpomMuposanus, 21eKmpo@uivHoe 3ameujenue, aiKuiben3ol,

9IeKMPOUZHAS YCMAHOBKA, USOMEPHDbIE COCMABbI, OUHAPHbIE PACMEOPUMENU.

[MpennoxkenHas uccienoBareNbckas padoTa TMOCBSIICHA PEaKIUH OPOMHUPOBAHUS apOMAaTHUECKUX
YIJIEBOIOPOJIOB B AJNEKTPOXUMHUECKONW CHCTEME B KOHKPETHOM Cilydae OpOMHpOBaHHIO TONyoJia B sipe.
Pe3ynbraThl OIBITOB IOKA3bIBAIOT, YTO OpPOMHPOBAHME AIKWIOCH30JOB MOJEKYJISIPHBIM OpOMOM B
OpPraHWYeCKHX paCTBOPUTENAX W OWHAPHBIX PACTBOPSIONIMX CpeJax IPOUCXOJUT CEIEKTHBHO TMOJ
JeiicTBUEM OpoMa, MOYYEHHOTO B pe3yIbTaTe JIEKTPOIN3a OPOMUCTOrO BOJIOPOIA.

VCTaHOBIIEHO, YTO IpH HpoBeaeHnH mponecca mpu 30-35°C TemiepaType B MONy4EHHOM COCTaBE
HU30MEpOB (M- U 0-) MPAaKTUUYECKH HHUKAKUX W3MEHEHMH HU NMPOUCXOIUT. A NpH NpOBEIEHHE Mpolecca B
npucyrcteun H,SO,4 B 3aBucumoctr o MoibHOTO copepskanus (0,02+ 0,1) KHCIOTHI TI0 CPaBHEHHIO C P-
HM30MEPOM COJIEpKaHNE 0-U30Mepa CYIIECTBEHHO yBeIHMUYUBaeTcs. TexHOIorneckas KOCTPYKIMHU Ipoliecca
MpOCTa, TOKCHYECKHE BEIIECTBa HE 00pa3yloTcs, B TOM YMCIIE B pe3yibTare 3aMelleHus nonydeHHsii HBr
npeBpalaeTcs B arenta opomupoBanus. IIporecc sBisieTcst 3K0I0rn4ecku 0e30MacHbIM.
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Elektrokimyavi sistemda toluolun bromlasmast

SUMMARY
BROMINATION OF TOLUENE IN AN ELECTROCHEMICAL SYSTEM
Hatamov M.M., Sahgaldiyev F.X., Abdullayeva M.B., Riistamova G.C.

Key words: toluene, bromination reaction, electrophilic substitution of alkylbenzene, electrolysis

plant, isomeric compositions, binary solvents.

The proposed research work is devoted to the reaction of bromination of aromatic hydrocarbons in
an electrochemical system in the specific case of toluene bromination in the core. The results of the
experiments show that the bromination of alkylbenzenes with molecular bromine in organic solvents and
binary solvent media occurs selectively under the action of bromine obtained as a result of the electrolysis of
hydrogen bromide. It has been established that carrying out the process at 30-35°C temperature in the
resulting composition of isomers (p- and o-) practically no changes occur. And when the process is carried
out in the presence of H,SO,, depending on the molar content (0.02+0.1) of the acid compared to the p-
isomer, the content of the o-isomer increases significantly. The technological design of the process is simple,
no toxic substances are obtained during the process, including as a result of the substitution of the resulting
HBEr, it turns into a bromination agent. The process is environmentally friendly.

Daxilolma tarixi: [lkin variant 15.07.2022
Son variant 07.09.2022
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Knrouesvie cnosa. Cu,SnSes, CusShSey, ghazosas ouaepamma, meepovie pacmaopoi

Daszosevie pasnosecus 6 cucmeme CuSnSes-CusShSe, sxcnepumenmanvio uccreoosanvi
memoodamu  OUp@DepeHyuaIbHoc0 mepmMuieckoeo U peHmeenodaszosoeo avaiuzos. Ilocmpoena ee
Gazosas ouazpamma u YCMAHOBNIEHO, YMO dMA CUCIEMA SGISAEMCS K8A3ZUOUHAPHBIM U OMHOCUMCS K
EMEKMUYECKOMY MUNY C WUPOKUX 0OIacmell meepobix pacmeopo8 HA OCHOBE UCXOOHBIX COCOUHEHUL
Cu,SnSe; u  CusShSey. Tlonyuennvie meepovie pacmeopvl npeoCmasisiiom 6GONLUOU NPAKMUYECKULL
unmepec 6 CeA3U C 803MONCHOCIbIO PA3PAOOMKU HA UX OCHOBE HOBbIX IKOIO2UHUECKU Oe30NACHbIX
MEPMOINIEKMPULECKUX MAMEPUATLOS.

1.BBenenne. HemaBHue wuccienoBaHHs IOKa3ald, 4TO TPOWHBIE M 0OJee CIOKHBIC
XaJIbKOT€HUIbl MEAM CUYMTAIOTCSl IEPCIEeKTUBHBIMU Ui  CO3JaHUS  (PYHKIHMOHAJIBHBIX
MaTepHalioB Onarofapsi UX TEPMODICKTPUUYECKUM, (POTOIICKTPUUYESCKUM M APYTHM CBOMCTBaM
[1-9]. B uactHocTH, HOBBIC (a3bl, oOpasyrommecs B cucremax Cu-Sb-Sn-X (X - S, Se) kak
CHUHTETHYECKHE AaHAJIOTH MUHEPAJIOB MEAM, B HACTOSIEe BpPEeMs BBI3BIBAIOT OOJIBIIONW MHTEpEC
ucclieloBaTeNe Kak JKoJIorndyecku Oe3omacHble TepModiekTpuueckue (TO) marepuanst [10-
14]. B 10 e Bpemsl TBEp/blC PAcTBOPHI, MOJYYCHHBIC TP HM3MEHCHHH COCTaBa CIOXHBIX
xanpkorenunoB Mean (CupSnSes, CusSbSes, CuioShsSisz, CupZnSnSes u ap.) ¢ pa3indYHBIME
3aMEIIEHUSIMH, SBJISIOTCA OAHUM M3 CHOCOOOB HOBBIILIEHHUS TEPMOIIEKTPUUECKUX CBOUCTB ITUX
MaTepHaJIoB.

Jns  storo wmccnenoBaTh (a3oBbIle PaBHOBECHS B COOTBETCTBYIOIIUX CHCTEMAax
renecoobpasuo [15-20].

[IpencraBinennass paboTa SBISETCS TPOJOIDKCHHEM HCCIEOBAHNN, MPOBEICHHBIX B
obiact (ha30BOTO PAaBHOBECHS CIIONKHBIX CHCTEM HAa OCHOBE XaJbKOTCHHUIOB Memu [21-23] u
MOCBSIIIEHA U3YUCHHUIO (ha30Boi auarpammbl cucteMbl CuaSnSes - CuzSbhSes.

Agtopsl padot [24] wuccnenoBamu HekoTopbie coctaBbl Cu2+xSnl-xSbxSe3+x merogom
P®A, nokazaiu 4To B CcHCTEME OO0pa3yrOTCs HENPEpPBIBHBIE TBEPIbIE PACTBOPHI, U OBLUIN
M3y4eHbl HEKOTOpPbIe (PM3UYECKHE CBOMCTBA ATUX COCTABOB. ABTOpPBI HE MPEIOCTABUIN HUKAKOU
uHdopmanu 00 wuccrnenoBaHud  (¢azoBoit auarpammbl.  Cuctema Cu2SnSe3-Cu3ShSe4
uccnenoano merogamu JATA u PDA c nenbio nsydenus: (a3oBoro paBHOBECHUS KaK CEUEHUE
tpoitHoit  cuctembl  Cu2SnSe3-Cu3ShSe4-Se, kotopoe sBisieTcss OOBEKTOM  HAIIETO
uccnenoBanus. CorjiacHO HaIIMM pe3yjibTaTaM, CHCTEMa MMEeT OrpaHHYeHHbIe 00JacTu
TBEPJIBIX PACTBOPOB HA OCHOBE 00OMX MCXO/IHBIX COCTNHEHHIA.

VcxomHble COEAMHEHUST HCCIIEAYEMO CHCTEMBI MOAPOOHO M3ydeHBI B paborax [25,26].

Coemnuenust CupSnSez m CusShSe; mmaestest koHrpysutHO ipu 963 u 755 K [25, 26]
cooTBeTcTBeHHO. CU2SNSes kpucTamumsyercs B kyouueckoit crpykrype (Ip.rp. F43m, a = 5,6877
A) [25], a CusShSey B TeTparonanshoii (Ilp.rp.142m, ) crpyktype ¢ =11 280 A [26].

2. JKCIepUMEHTAJIbHAS YacTh

2.1. CuHre3

Hcxonnble coeanHEHUs Cu2SnSe3 u Cu3SbSe4 ObuIM CHHTE3UPOBAHBI U3
AJIEMEHTapHBIX KOMIIOHEHTOB (Menpb -99,9999 %; cypbpma-99,999 %; 010B0-99,999 %; cenen-
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99,999 %) dupmer Alfa Aesar B CTEXHOMETPHUYECKUX COOTHOWIEHHAX. CHHTE3 NPOBOIMIN B
oTKauaHHbIX 110 ~10-2 [Ta u 3amasHHBIX KBaplEBbIX aMITyjax MpU Temneparypax Ha 5S0° Bbiiie
TOYKM TEMIIEpaTypbl IUIABJIEHUS YKA3aHHbIX COEIMHEHUH. AMIynbl C MOJIYyYEHHBIMU
paciiaBaMy BbLIEP)KUBAIM MIPU 3TUX TEMIIEpPATypax B T€UeHHE 3-4 4acoB, 3aTEM BBIKIIOUWIN
neub.lloyyenHbie HaMu cruiaBbl TomorenusupoBaiu npu 500 K B reuenue 480 yacos.

NuauBuayalbHOCTh  CUHTE3UPOBAHHBIX COEIMHEHUN KOHTPOJUPOBAIM METOAAMHU
i QepeHIMaTbHOTO TEPMUYECKOTO aHaiu3a M pPeHTreHodasoBoro axanuza. Temmeparypsl
IUIABJICHHSI COCAMHEHHUI COOTBETCTBYIOT JIMTEPATypPHBIM JaHHbIM [25,26]. B pesysbrate aHamm3za
MOPOIIKOBBIX ~ PEHTTEHOTpaMM  ObUIM  MOJIyYEHBI  CIEIyIoIIHe KpucTaiorpaduueckue
pE3yJIbTaThI:

Coenunenne Cu,SnSes- kybuueckoit, a = 5,6877 A (ITp.rp. F43m);

CusShSey - TeTparoHanbHbIiA, a = b = 5,6609 A, ¢ = 11,280 A. (ITp.rp. 142M), KoTOpEIE
XOPOIIO COTIACYIOTCS ¢ IuTeparypHbimu [25,26].

Jis mpoBeACHUsT SKCIIEPUMEHTOB CIUIABBI MCCIIETyEMOW CUCTEMbI ObUIM MPUTOTOBIICHBI
U3  BBIIEYKA3aHHBIX COCIMHEHUH B  Pa3IMYHBIX COOTHOLIEHUSX  CIUIAaBIICHUEM B
BaKyyMHPOBAaHHBIX KBaplEBBIX amiyiaax. Bce cIiaBel MOABEPrajinch TEPMUUYECKOMY OTKHUTY
pu 600 K B Teuenue 500 yacos.

2.2. MeToabl MCCJIeI0BAHNA

HccnenoBanus mpoBogwiid Metofamu AuQepeHlnaIbHOr0o  TePMHUYECKOro aHaau3a
(ATA) u pentrenodaszoBoro anammza (P®A). JATA mnpoBogmnu Ha guddepeHnuaTbHOM
ckanupytomem kamopumerpe 404 F1 PEGASUS SYSTEM (NETZSCH). Ckopocts Harpesa
cocrapmsuia 10 Kovmu™ Pesynbrater  u3mepenust JTA oOpabarbiBaiu ¢ MOMOIIBIO
nporpamMmmHoro obecneuenuss NETZSCH Proteus.

P®A mnpoBogmmu mpu KoMmHaTHOH Temreparype Ha nudpakromerpe BRUKER D8
ADVANCE c mnyuennem CuKoy ¥ ¢ UCHOIB30BaHUEM MPOrpaMMHOTO obecriedeHusi Topas
V3.0 Bruker.

3. Pe3yabTaThl U HX 00Cy:KIeHHE

[TopomkoBeie nuppakTOorpaMMbl 00pa3loOB, MCCICIOBAHHBIX CHCTEMOW, MPEACTABICHBI
Ha puc. 1. U3 pucyHnka BumHO, 4to audppakrorpammsl criaBoB 20 moi. % u 80 mon. % CuzShSe,
KayeCTBEHHO WJCHTUYHbI IU(QPAKIMOHHON KapTUHE COOTBETCTBEHHO uuctoro CupSnSes wu
Cu3ShSe; ¢ HEKOTOPBIM CIABHIOM OTPAXKCHHS YIja. IJTO TOKa3bIBAaeT IMHPOKYIO 00J1acTh
TOMOTE€HHOCTH Ha OCHOBE 3TUX coenuHeHui. M3 mudpakrorpammer crutaBoB 40 u 60 mon %
Cu3SbSe4 BuaHA, UTO 3TH COCTaBbI ABYX(a3HbIE.

12000
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100003

o000
oo PR PRI 5
7000- A

SRS, | SO U———" W WO S—— | U —— ) * S ——

Counts

10 20 30 40 50 60

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Puc. 1. Jluppaxmoepammer cnaasos cucmemot Cu,SnSes-CusShSey:1- Cu,SnSes, 2-20mon%
CU3Sbse4, 3-40mon% Cugsb894, 4-60 mon% CI/I3SbSE4, 5- 80M0J1%CungSe4, 6'CU3Sbse4
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da3oBas auarpaMMa HCCIEAYEeMOW CHUCTEMBI TMOCTPOCHA MO pe3yabTaTaM METOJIOB
ananm3a J[TA(tabn.) m P®DA. VYcranosiaeno, uro ceuenne Cu,SnSes-CusShSe, sBisercs
KBa3WOMHAPHBIM M OTHOCHTCS K JBTEKTHYECKOMY THITy C 0Opa3oBaHHEM IIMPOKUX oOmacTeit

TBEP/BIX pacTBOPOB (0- U B-pa3bl) O CTOPOHBI 000MX MCXOIHBIX COSAMHEHUH (pHC. 2).

Tabauua

Pesynomamur JITA cnnasos cucmemor CuySnSez-CuzShSey
Toarkib,mol% Cu,SnSe; Termiki effektlor, K
100 970
90 960,835
80 950,900
70 930,800
60 900,727
50 865,727
40 790,727
30 730
20 740,735
10 750,740
0 755
¥

800

"Cu,SnSe;
700 -

|

755

"Cu,SbSe;

%Cu,SnSe, 20

mol%

60

|
80 Cu,SbSe,

Puc.2. @azosasn ouacpamma cucmemwvt CusShSe,s-Cu,SnSe;

JIMKBHJyC ~ CHUCTEMBI COCTOMT W3 KpPUBBIX TEPBUYHBIX KPUCTAUIM3AIUU TBEP/IBIX
pactBopoB Cu,SnSe; u CusShSes. Ilpu koMHATHO# Temiiepatype pacTBOPUMOCTh Ha OCHOBE
coenquaennii Cu,SnSes, CuszSbSe, nocturaer 30 u 25 Moi1.% COOTBETCTBEHHO. DBTEKTUKA UMEET
coctaB 68 mon. % CupSnSes u kpuctamumsyerca npu 727 K. Huxe comuayca dasel o u 3
KPUCTAJUTU3YIOTCS BMECTE, 00pa3ysi 1Byx(da3Hoe IMmoJe.

4. 3axmiouyenue. Takum oOpa3oM, Mo pe3yibTaram
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muarpamma cuctemsl CuaSnSes-CusShSe,. YceraHoBiieHo, 4TO cHCTEMa SIBIISIETCS KBa3HOWHAPHOW U
uMeeT (a3oBYIO JUarpaMMmy 3BTEKTHYecKoro Tuma. CHcTeMa UMeeT OOJBIIYI0 00JacTh TBEPAOTO
pactBopa Ha ocHoBe coemuHenuit CuySnSe; u CuzSbSes. TlomyuyeHHBIE TBepibIE PACTBOPHI
NPEICTABISIOT OONBINON MPAKTHYECKHH MHTEPEC KaK MEepPCIIeKTUBHBIC SKOJOTHYECKH Oe30TacHbIC
TEPMOAIICKTPUIECKUE MAaTEPHUANIbI ¢ PYHKIIMOHATIBHBIMU CBOMCTBAMH.
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XULASO
Cu,SnSes-CusShSe, SISTEMININ FAZA DIAQRAMI
Ismaytlova E.N.

Acgar sézlor: faza diagrami, Cu,SnSes, CusShSe,, bark mohlullar.

Diferensial termiki vo rentgenfaza analizlorinin naticolori osasinda  Cu,SnSes-CusShSe,
sisteminin faza diaqgrami qurulmusdur. Miioyyon edilmisdir ki, sistem evtektik tiplidir (evtektikanin
koordinantlari: (68 mol%, 727 K) va ilkin komponentlar asasinda genis bark mohlul sahasinin olmasi ilo
xarakterizo olunur. Alinmig bark mohlullar ekoloji cohatdon tohliikesiz funksional xassali perspektivli
termoelektrik materiallar kimi boytiik praktiki maraq dogurur.

SUMMARY
PHASE DIAGRAM OF THE Cu,SnSe;-Cu;SbSe, SYSTEM
Ismayilova E.N.

Key words: Cu,SnSes, CusShSe,, phase diagram, solid solutions

Based on the results of differential thermal and X-ray diffraction analyzes, the phase equilibrium
in the Cu,SnSe;-CusSbhSe, system was studied and its phase diagram was constructed. It was found that
the Cu,SnSe;-Cu;ShSe, diagram is quasibinary and refers to an eutectic type with large solid solutions
based on the starting compounds. The obtained solid solutions are of great interest for the development of
new ecologically safe thermoelectric materials.
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Pe3ome. B dannoti cmamve 0600uienbl OCHOBHbIE MEHOCHYUU, 0CODEHHO, 3 NOCNeOHUE NAMb e
no  noaumepuzayuu  O6ymaouena u  QYHKYUoOHaAIuU3ayuu  NOAyYeHHo20  noaubymaouena. 1naemoil
0COOEHHOCMbIO MeMbl ABNAeMC  ONUCAHUE HOBbIX MemAall00p2AHUYeCKUX Kamaiumuyeckux Cucmem.
OcHogHoll npobaemoti 8 5mou 0baacmu A61Aemcs RPOU3B00CME0 NOAUOYMAOUeHa ¢ He0OX0OUMOU 3A0AHHOT
cmpykmypoti. Llenv cocmoum 6 mom, umobul pazpabomams dmu CUCMEMbl U OCOOEHHO 8blOPAMb TULAHOBI.
B smoii nepcnekmuse Mvi Oceewjaem OCHOBHble pe3YIbMAMbl U NOKA3LIBAEM BO3MOJICHbIE 0YOVUUe
NepCneKmuesyl.

Beenenme: 3BecTHO uTO, cTepeocnenupuueckas NOJIUMEPU3AIHs CONPSHKEHHBIX JTUEHOB,
B TOM yHclie OyTaJiueHa B OCHOBHOM OPHUEHTHPOBaHA HA UCIIOJIb30BaHME KaTAIU3aTOPOB Ha OCHOBE
MeTaimoopranndeckux kommiekcoB (MOK), nmMeromux 4eTKo ONpeAesieHHYI0 CTPYKTypy. OTH
MOK B OCHOBHOM cCOAEp)KaT JIMTaH[bl PAa3JIUYHBIX THIOB (Hampumep, GocuHbl, OHC-UMHHBI U
NUPUIWIUMHAHEL U T.1.). OCHOBHOE MPEMMYIIECTBO CTEPEOCHEIHM(PHUECKON MOTMMEPHU3AHNH 10
CPAaBHEHMIO C PaJIMKAIBHON M aHHMOHHOM MOJMMepHU3alel 3aKI04aeTCcsl B BO3MOXKHOCTH JIYUIIEro
KOHTPOJSI ~ PEeruo- U CTEPEOCEIEKTUBHOCTH  MPOLECCOB  MojuMepu3auuu.  Vcenonb3ys
KaTQINTUYECKUE CUCTEMbl Ha OCHOBE pA3IMYHBIX IEPEXOAHBIX METAUIOB, BO3MOYKHO
CHUHTE3UPOBATh BCE UYETHIpE MPEICKAa3yeMbIX CTEpEOperyisipHbIX noauMmepa Oyraguena. [Ipupona
JUraHaa, CcrnocoOHa OKa3blBaTh CUJIBHOE BJIMSHHE Ha pPEruo- U CTEPEOCETeKTHUBHOCTD
noJMMepu3anu OyTajrieHa W Ha MOJICKYJISIPHBIE TOKa3aTeldH MOJYYeHHBIX MOJMMEpoB. BrIOop
JIMTaH/1a UTpaeT OrPOMHYIO POJIb B 3TOM HaIpaBJICHUU.

B nanHo# cTaThe 00O0IICHBI COBpEMEHHBIE (B TE€UEHUE S-TH JIET) OCHOBHBIE PE3yJbTATHI MO
NEePCHEKTUHOMY HalpaBIeHUU CUHTE3a U MOAN(UKAIIUH [TOJIMOYTaJUeHA.

B pabote cooOmaercs o uuc-1,4-cenekTuBHON conoiuMepusanuu OyraaueHa (BD) c
HNOJSPHBIMA ~ METWITHO- M H-TOJWITHO(QYHKIMOHAIU3UPOBAHHBIMU  O-OJepUHAMU  C
WCTIOJIB30BaHUEM THO(EH-KOHICHCHPOBAHHOTO IUKJIONEHTAUCHUIPHOTO KOMILJIEKCA CKaHIIHSL.
Brurouenue nonsipHoro 4-metuntuo-1-6yrena (MTB) u BJ] Bapeupyercs ot 65,6% 10 100%, uto
yKa3blBaeT Ha MpeuMylIecTBO koopauHanuu nojspHoro MTB. [lokazano yTo, conoaumepusanus
4-(m-tonuntro)-1-6yren (pTTB) u BJI 6onee konTponupyema [1].

OmnwucaHbl KaTaTUTUYECKUE CUCTEMBI JUI CENeKTUBHOW monmumepu3anuu bJ[. Dt cuctemsl
MOJyYar0T TYTEM COCJAMHEHUs KoMIulekca KobOanbra ¢ nurangamu (L1) (mampumep, PtBu3 wu
PtBu2Me), xapakTepu3yrOIIMHUCS CEICKTUBHOCTHIO IIMC-TUIIA, C 00pa3oBaHUEM aMOP(HOro IHUC-
1,4-monuOyTagneHoBoro ONOKa; BIOCIEACTBUM BBOAWTCS BTOpoil muranng L2  (oObraHO
apoMatudeckuii pocun Tuna PRPh2, B kotopom R = ankuibHas WM UKIOATKHIbHAS TPYIINA),
KoTopbli 3amemaer L1 y aroma xkoGambra. Ilpm 3TOM HPOMCXOOUT pe3Koe H3MEHEHHE
KaTaJTUTHYECKON CEIEKTUBHOCTH ¢ nc-1,4 o cuHauotakTHdeckoro 1,2 ¢ oOpa3oBaHHEM BTOPOTO
0J10Ka KPUCTANTMYECKOro nmojudyraaueHa ¢ 1,2-CHHAMOTaKTUYECKHM CTpoeHueM. Mmes <«okuBble
MPHU3HAKW» WCXOJIHOW KATATUTUYECKOH CHUCTEMBI M COXpAHSS ITH XapaKTEPUCTHKH HaXKe TOCie
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noGasienust juraHaa L2, naBa momuMepHBIX OJIOKa B peE3yNbTaTe COCAMHSIOTCS BMECTE 4epes
€IMHYI0 TOYKY COCJMHEHUS, YTO MO3BOJSIET UMETh B OJIHOW TOJMMEPHOHN IENH XapaKTePUCTUKU
000MX DJIACTOMEpPHBI M TEPMOIUIACTUYHBIN MaTepual CO 3HAYUTEIbHBIM TPEUMYIIESCTBOM B
KOHEYHBIX CBOMCTBaX MOJIydeHHOro mojumepa [2, 3].

[TonubyTaaueH ¢ BEICOKUM cozepxanueM tpanc-1,4 (> 90%) Obut monmyyen Lee u npyrue c
UCIIOJIb30BAHUEM UYCTBEPTUYHOW CHUCTEMbI KoOanbTa, KOTOpas Obuta coctaBieHa Co(2-
stwirekcanoat)2/HOPh/AI(iBu)2H/docour (docdar) [4].

Kommiekcsr 6-6pom-2-umunonupuanH-kodansTa (1) mcmons3oBany i MoIMMEpHU3anun
1,3-6yraguena. I[lpu akTUBalMU METHJIATIOMOKCAHOM JTH KOMIUICKCHI TPOSBISUTA BBICOKYIO
CENICKTUBHOCTh 1O mHuc-1,4, a aKTHUBHOCTh ObLIa BBICOKOW B 3aBUCHMOCTH OT 3aMECTUTEIIS.
JloGaBnenue ¢Gochopcomepkamux COSIUHEHUH, B dacTHOCTH - PPhs B momumepu3sanuoHHyi0
CHCTEMY IOBBIIIACT KAaTAIUTUYCCKYI0 aKTUBHOCTh M OJHOBPEMEHHO YBEINYHBACT CEJICKTUBHOCTH
[5].

bbu10 00HApY)KEHO, YTO JTUTHPOBaHHBIE MUpasonuanMuHOBBIe KoMmIutekesl (1) (puc. 1) B
COUYCTAHMH C  JUXJIOPUIOM OTWJIATIOMUHHUS OO0NaNaloT BBICOKOH AaKTUBHOCTBIO (1m0 222 Kr
nonubyraarena (MoJib Cofl'“*l) Ui monumepusanuu 1,3-6yranrena ¢ 00pa3oBaHuEM MOJIUMEPOB C
npeobanaroriee coaepxanue muc-1,4 (mo 97,0%) [6].

NZINTY
Ry Céo"'NH
/
Cl \Cl Re
R; = Me, Pr
R, =H, Me, Ph

Puc. 1. Jlueuposannwie komnaexcor Co (11).

B paGore ommcana cenexTuBHas mnonuMepusauus 1,3-OyraaveHa ¢ KaTaau3zaTopamMH Ha
0CHOBE (POCPHUHOBBIX KOMIUIEKCOB KoOaybTa [7].

BricokocunauoTakTideckuii 1,2-nonudyramuieH (1o 98%) ObLT MOJTyUYeH ¢ UCIOIb30BaAHHEM
KaTaJIITUYECKOW  CUCTEMbI, cocrosimeid w3  anerwnaneroHaroB  Fe(lll), mpomsBomHbIX
tpudenmnpocdara u TpuaIKuIaTFOMuHU [8].

[MpenmymiectBeHHO 11Hc-1,4-monmbOyTaaues (coaep)kaHue IMC-3BeHbeB 10 76%) ObLI
MOJy4eH C HCIoab30BaHKeM cepur KomruiekcoB kenesa (1), murmposammbix P,N,P -
KJIem00pa3HbIMU JIUraHgamMu (puc. 2.), B COYETAaHWU C MeTwiadroMuHuiiokcanom (MAO).
Y CTaHOBIIEHO, YTO JIEKTPOHHBIE M CTEPUYECKHE OCOOEHHOCTH JIUTaHA0B HETTOCPEICTBEHHO BIHSIOT
Ha UC-CIeNUPUIHOCTD KaTanu3aropa [9].

X
X
|
N
R—P-_ I/P\—R
R Fe R
cl’ ¢l

1 (R =Pr, X = H)
2 (R=1'Bu, X =H)
3 (R = Pr, X = N(CH,),)

Puc. 2. Jlueuposannvie komnuexcwl scenesza (11).
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N3ydyena mnonumepusamust 1,3-IMEHOB ¢ Karaiu3aTOpaMH Ha OCHOBE 3aMEIICHHBIX
ApUJIMMHUHONUPUINHOBBIX KOMIUIEKCOB JKeie3a (puc. 3), B YaCTHOCTH, C MOHO3aMEIICHHBIMU
ApWIIMMHHOIIMPUAMHOBBIMU KoMIutekcamu [10].

; Ph Lo 1 ;
=N /N—Qe =N N Phi ! c’ “cl ;
| \ b Ph !
AN A i 1 Ph :
. cI” Tl c’ “ciPh o Ph
e Ritteretal. @ § iRy : Ph § |
T R, T o !
5 O, I & |
i =N 'N-R, A S Ph_____. /
. Visseaux et al. \Fe/ ; TTTTTTTTTT T T -R-1 """""""" '
RS e - { ¥ @
; CFs R F ! | Riccietal N\FE/N_R2 !
: : i R1= H, CH3 \ E
. Re= ?*Q E‘QF 5 CI/ cl 5
i CF;, FF 1 E

Puc. 3. Komnnexcul siceneza ons cenekmusnou noaumepuzayuu 1,3-6ymaduena.

[Toka3aHo uTO, TepMHUuYecKH CTOikHe Komiuiekcel Ttutana (V) u turama (I11) oGimeit
dopmynsr TIXnL (X = Cl, I; n = 2, 3; L = (nmupuauH-2-Uiaikui)aHWiInH) B codetanud ¢ MAO
obecrnieunBarOT akTuBHBIE (10 1680 kr monmmuOyragueHa Moib Ti' ") Ho He OUYEHB CENECKTHBHEIC
KaTaIMTHYECKUE CHCTEMBI sl monuMepu3anuu 1,3-0yraauena. beum momydeHsl monmnOyTaaneHbl
U TOJTMM30MPEHBI ¢ cojiepkanneM 1uc okoso 85% u 60% cootBercTBenHo [11].

Psan xoMrutekcoB BaHausi ¢ MOHOJCHTATHBIMH TPETUYHBIMH (HOCHHUHOBHIMHU JIUTAHIAMHU
tuna VCI3(PRnPhz—n)2 (n=0, 1, 2; R = ankunpHas win muknoankuasHas rpymmna) u VCl3(PR3);
(R=ankunpHas WM IUKIOAJKHIbHAS TPYIIa) ObUIM KMCIONB30BaHbl B coueTaHuu ¢ MAO s
nonumepuzanuu 1,3-OytajuieHa, JEMOHCTPUPYS JOBOJIBHO BBICOKYK aKTUBHOCTh (10 184 kr
nonubyraareHa (MoJb Ve "1 W monydeHWE TONMMEPOB C PA3THYHON MHKPOCTPYKTYPOil B
3aBHCUMOCTH OT IPHPO/IbI POCHHUHOBOTO JTMTaHIa U THIIA UCTIOIb3YeMOro cokaranusaropa [12].

Onucanbl KaTaqUTHYECKHE CHCTEMbl A 3(@exkTuBHOM Moaudukanuu nonulyragueHa.
Hannune nonsipHbIX GyHKIMOHAIBHBIX IPYI B 6a30BOM KaydyKe yiaydmaeT (pu3nuecKue cBOHCTBa
C HEOpraHWYECKHE MOJISIPHbIC HanoJHUTEH. KpoMe Toro, mpu cCoXpaHEeHWH MEXaHHYECKUX CBOWCTB
Kayuyyka MOXXHO JIOOUTBCSI 3HAUUTEIBHOTO YIYYIIEHHS CTOMKOCTH (PYHKIMOHAIU3UPOBAHHOTO
Kaydyka K TEIJIOBOMY BO3JEHCTBHIO U BO3JEUCTBHI0O Macia. bpuio oOHapykeHo, 4To
(GYHKIMOHATM3UPOBAaHHbIE TPYNNbl B KaydykKe 3HAYMTEIbHO YBEIMUYUBAIOT IMOBEPXHOCTHYIO
snepruio [13].

OnucaHbl TUKJIONEHTAIMEHIIIBHBIE KOMILIEKCHI (pHC. 4) ISl MPOLECCOB MOJTUMEPH3ALUH U
rUApupoBaHusi OyTanueHa. ['MapupoBaHMM TPOBOAWMIM MpH JaBieHuH Bojaopona 4,4 Oap u
KOMHATHO# Temmiepatype [14].
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Puc. 4. Komnexcel mumana 01 NOIUMEPUIAYUU U 2UOPUPOBAHUSL.

W3BecTHO 4YTO, METOI MOAU(DULIMPOBAHHBIX KOHIEBBIMU I'PYIIIIAMH Kay4yKOB IPEJICTABISAET
COO0OH IIMPOKYIO TEPCIEKTUBY JUIS YIYUYIICHHS CpPOJICTBA Kaydyka K HAIOJIHUTEIIO0 WIH
MOBBIIIEHUS JUCIIEPCHOCTH HAIIOJHUTENS B KaydyKoBOW Marpuue. OnucaHbl pa3iIuyHble METOJIbI
(aHMOHHAs OJTMMEPH3AIH, )KUBAs MOJTUMEPHU3AIS, KPOCC-METATE3UC U T. JI.) U KaTAIUTHIECKUE
CHUCTEeMBbl Il BBEJIEHHMS (YHKIMOHAJIBHBIX TIpPYyNN Ha TEPMUHAIbHbIE KOHLEBBIE TPYIIIbI
noiubyraaueHa [15].

B pabote ncrnosabp30BaH MoaX0 MEPEKPECTHOrO MeTaTe3uca sl MoIyd4eHus: OyTaJueHOBOro
Kaydyka KOHIIEBOM ()YHKIMOHAJIbHOCTBIO ¢ OoJiee BBICOKOM moiisipHOCTHIO. IlommOyranueHoBble
TeJleCHUpalIbHble CTPYKTYPhl MOJIy4ald C HCHOJIb30BAaHMEM KaTainu3aTopoB I['pabb6ca. UToObl
NPEJOTBPATUTh  BHYTPUMOJCKYSIPHYIO — LUKIM3AlMIO BO  BpeMs  METaTre3wca, IPHHST
JBYXCTaAUMHBIN rpouecc. HauanbHbIM 3Tan BKIIOYaeT MOJIMMEpU3aLUI0 OyTalueHa B IPUCYTCTBUU
KaTaJn3aropa, a Ha MOCIEIyIONEeM dTarne J00aBisioT (yHKIMOHAIBHBIE areHThl MepeHoca Ienu
A1 OJTydeHus QyHKIIMOHAIBHOT0 nonumepa [16].

ABTOpPBI ONHUCHIBAIOT MTOJIMMEPHU3AINIO OyTaIlieHa B MOTUOYTaJUEHOBBIA KaydyK C BBICOKHM
coJiepKaHueM IMC-OyTa/iueHa C MCIOJIb30BaHUEM KAaTAIUTHYECKUX CHCTEM Ha OCHOBE HEOIHMMa C
MocJeTyIomuM (yHKIIMOHATHHBIM OOPBIBOM Yepe3 HECKOJIbKO (YHKIHMOHATIBHBIX rpymi. Kpome
TOr0, pPe3ynbTaThl >PQPEKTUBHOIO B3aUMOJCHCTBUS MOJIMMEpa C HAMOJHUTENEM M3 JTUOKCHIA
KPEMHHS YKa3bIBAlOT Ha TO, YTO 3TO SBISAETCS OJArONPHUATHBIM TOAXOJIOM K «3EJICHBIM) IIHHAM -
HKOJIOTUYECKU TPUEMIIMEMBIM, SKOHOMHYHBIM U JIOJITOBEYHBIM IIMHAM, OO0ECIEeUYHBAIOLINX
ONTUMAJIbHOE CLEIUICHHE C JOPOrod M CHIXKAIOIIMX BBIOPOCHI YIiepojaa, a Takke 00J1aJarolux
BBICOKO# OHopasimaraemocthio [17].

ABTOpBI pa3paboTaay HOBBIE KATATUTHYECKHUE CHUCTEMBI M TOJYYHIIN TOIHOYTaJUEHBI CO
CTAaTUCTMYECKUMHM  THUAPOKCUIBHBIMH  (YHKIMOHAIBHBIMM  TIPyNIIaMH  IyTeM  IPUBUBKU
MEpKaINTodTaHOIa K OCHOBHOW memu monuOyraaueHa. [lo mepe yBenmW4eHWs: KOHIEHTpAIUU
NPUBUBKH II€JIEBOM MPOAYKT MOJy4YaeTcs C MOHMKEHHOM MOJEKYISIpHOW IMOJBHUKHOCTBIO, UTO
MIPUBOMT K O0JIee BBICOKOM TeMIiepatype crekioBanus [18].

Onucanpl KaTaTUTHUYECKUE CUCTEMBbI Ui TOJYyYEHHUS TMOJMOyTalueHa, COAEpKallero
THIPOKCHIIBHBIC KOHIIEBBIE TPYNIBI, KOTOPBIA IIMPOKO HCIONB3YEeTCS I TOJTYYCHHUS
rugpupoBanHoro nonubyranuenaunakpunata (IIBA). WMsBectno, uro IIBA HaxoauT mupoxoe
PUMEHCHHE B KadyecTBEe KHIKOTo (oromonuMepa B TpexmepHoit (3D) meuatn. DmacTomepHbIe
JMAKpUIaTHBIE CHCTEMBl O0ECIEUMBAIOT CETh C YBEIMYCHHOH MOJIEKYJISIPHOM Maccol MExIy
MOTIEPEYHBIMHU  CBSI3IMH, YTO ITO3BOJISIET TPOBOAMTH OJHOATAMHBIE mporecchl 3D-meuatn 6e3
HEOOXOMMOCTH 3Tara MmocTneyarHoi oopadorku [19].
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Iloka3zaHbl KaTaIUTUYECKHE CHCTEMbI Ul IOJIYYEHHs CONOIMOyTaaueHa Y AapOmpouHbIi
HOJUCTUPOJ, MOJU(MUIMPOBAHHBII OpPOMUPOBAHHBIM IOJMOYTaJUEHOBBIM KaydyKoM, oOianaer
IIPEBOCXOAHBIMU  caMoO3aTyXaroluMu  cBoiictBamu. (CleoBaTenbHO, 3TOT IOJUMMEP MOXKHO
UCIIOJIb30BaTh Ul OTHE3AIUTHBIX IMPUMEHEHUH, B TO BpeMs Kak CMEIIMBaHue OpOMUpPOBAHHOIO
NOJMMOYTAIMEHOBOTO Kay4yyKa C JPYIMMH 3JIaCTOMEpAaMU JaeT THOKUH BCIIEHEHHBIM MPOIYKT C
YIYYIIEHHBIMA M30JLMOHHBIMHM CBOMcTBaMU. CMeEIIMBaHUE BKJIIOYAET B ceOs U Jpyrue IMOJe3HbIe
CBOICTBA, TaKKe KaK MPEBOCXOIHAS TMOKOCTh U MTAPOHEIPOHUIIAEMOCTD U a/ire3uBHbIC cBoiicTBa [20].

OCHOBHBIM HEIOCTaTKOM 3IOKCHIHBIX CMOJI SIBJISETCSI XPYIKOCTb BO BpEMs OTBEpXKIEHUS,
YTO OrpaHWYMBAE€T WX NPUMEHEHHE BO MHOTHX O0JacTsX, TpeOyroumx Oojee BBICOKOU
IUIACTUYHOCTH TPUMEHSAEMBIX MaTepuaioB. Takoe orpaHuuyeHHe NpeoJlojeBaeTCs 3a CYeT
MOTUGUKAIMH SMOKCHUIHONW CMOJBI MOMHOyTaAueHOM, (YHKIMOHATU3UPOBAHHBIM SIOKCHIHON
CMOJIOH, YTO J1aeT KOHCTPYKLMOHHBIA MaTepHai Ha OCHOBE SMOKCHIHON CMOJIBI ¢ Oosiee BBICOKOH
rubkocThio [21].

[TonuOyTagueH C KOHLEBBIMM T'MAPOKCHWIIBHBIMU TPYNIIAaMH, CHUHTE3UPOBAHHBIM U3
MOJIMOYTaIMEeHOBOTO KaydyyKa ¢ KOHIIEBBIMHU T'MIPOKCHIIBHBIMH TPYIIIAMH, YCIEITHO HCIIOIB3YeTCs
JUIA  TIOJIy4eHHsI BBICOKOPACTSIXKMMOIO W CaMOBOCCTAHABJIMBAIOLIETOCs MOJIMOYTaqHMEeHOBOIO
lactomMepa € KOHUEBBIMM  TUAPOKCWIBHBIMU  IpynnaMmu. bwiio  oOHapykeHo,  4TO
CaMOBOCCTaHABJIMBAIOIIMNCA MaTepuan ollagaeT 3aMeyaTelIbHbIMU CBOICTBaMU, yIUIMHEHHUE IPU
paspeiBe coctaBisier 877,8%, a 3¢d(EeKTHBHOCTL CaMOBOCCTAHOBIICHHS MOXeET JocTurath 92%
nocte 3axusienus mpu 80°C B Teuenue 10 yacoB nocie moBpexaeHus [22].

W3BecTHO, 4TO mojsuMepu3alus oje(UHOB U CONPSIKEHHBIX AUEHOB C KaTajlu3aTopaMu Ha
OCHOBE IE€PEXOJHBIX METAIJIOB Hayajachb MCCICJOBAHUSAMHU YYEHBIX C MHUPOBBIM HMEHEM
K.urnepa u J>x.Harra. 3a stu nmoctmxenuss um B 1963 roay Owuia npucyxaena Hobenesckas
npeMus no xumuu. ['omomonumepusanuio OyTagueHa M APYrUX CONPSKEHHBIX AMOJIE(UHOB,
IPOBOAWJIM  IEPBOHAYAJIbHO  C  KCIOJb30BAHHMEM  KAaTaJIUTHUYECKUX  CHCTEM,  paHee
MCIOJIb30BABIIMXCS JUISl OJIMMEPHU3alMK 3TUIICHA U MPOINUJICHA, T. €. KaTalu3aTophl, MOIy4YeHHbIE
nyrem coeaunenus TICly nwnmm TiCl; ¢ anromuHMiiankuaamMu, a 3aTeM U APyrue CUCTEMbI Ha OCHOBE
paznuynbix nepexonsbix merawioB (V, Cr, Co, Mo u np.). beuin mosiyueHbsl O4eHb HHTEPECHBIC
pe3ynbTaThl, M B TEUYEHHWE MHOTMX JIET pa3pabaThIBalOTCS HOBbIE METAIJIOPraHUYECKHe
KaTaJINTUYECKUE CHCTEMBbl, CHHTE3UPOBAHBl U OXapaKTEPU30BAHBI CTEPEOPErYNIPHBIE MOIUMEPHI
OyraaueHa, u3omnpeHa, 1,3-neHTtanueHa. B HacTosiee Bpemsi 3TO HallpaBJIEHUE SBIISETCS TaK¥Ke
aKTyaJbHbIM M HCCIIEJOBATEIbCKUE MHCTHTYTHI IEPEJOBBIX CTpaH HPOBOJAT B 3TOH 00macTH
paboTHI IMUPOKON HAYYHO-ITPAKTUIECKON 3HAYMMOCTH [23-24].

B HWuctutyre Hedrexummueckux IlpouneccoB umenu axagemuka FHO.I.Mawmenanuena
HAHA wna mnporsokeHun MHorux Jjer akajgemMuk A.ILA3u3oB, uneH-koppecniongeHT HAHA
H.®.l>xanubekoB, n.x.H. ®.H. HacupoB u ap. ydeHble NPOBOAMIN IIUPOKUE HCCIEAOBAHHS U
pazpaboTaii HOBYIO HAayyHYIO KOHIIEMLHIO U MPAKTUYECKYI0 OCHOBY 110 MOJUMEpPU3ALNH
OyTaJrieHa B HU3KOMOJICKYIISIPHBII OKUJIKUI KaydyK» M BHICOKOMOJICKYISIPHBIH monuOyTaaueH [25-
27]. Karamuzaropsr Ni, Co, pa3paboTaHHble UMM ISl MOJMMEPU3AIMH OyTaJueHa, MO3BOJISIOT
MOJIy4aTh HHU3KO- M BBICOKOMOJEKYISPHBIN 1,4-11uc-monndyTaaueH U BBICOKOMOJIEKYISpHBIN 1,4-
muc-1,2-cuaanorakTudeckuii - monmOyraaueH. [loka3aHo, 4YTO  KaTalUTHYECKUE CHCTEMBI,
copepkamue nutropocdarel Ni u Co, oka3bIBalOT CTaOMIM3MpYIOLIee AEHCTBHE Ha MPOLECCHI
TepMo- U ¢doTookucieHus: nonudyranuena. [lokaszaHo, 4yto pazpaboTaHHBIE METAITIOKOMILIEKCHBIE
KaranuTHueckue cuctembl, comepxkane Ni, Co, Ti, Zr, Nd no3BoisfoT IeneHanpaBIeHHO
pEryaupoBaTh MOJIEKYJIIPHO-MAacCOBOE€ paclpe/iefieHue OJMroMepa WM MojJuMepa B Ipoleccax
OJIMTOMEPU3ALUN ¥ MOJIMMEpHU3alMU 0JIe(UHOB M JHUEHOB B 3aBUCUMOCTH OT MPUPOJABI UCXOIHOU
CpeIibl, MeTaJlJIa M €r0 JIMTAHJAHOTO OKPYKEHHUSI.

Hamu Takxe mpoBeneHbl pabotel [28-35] mns  (co)monmumepusaniu  OyTaaucHa.
[TpurotoBneHsb! TS T TUTHOKAPOOHATHI HUKes u KoOasbTa, pacTBOpHI
au(IMKIONIEHTaAneHUT)TUTaHOBEIX  (IV)  AMXJIOpHIHBIX ~ KOMIUIEKCOB B apOMaTHYeCKUX
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pPacTBOPUTEINAX PA3IMYHON KOHIIGHTPALMU M OIpenesieHbl MX (PU3HKO-XHMHUYECKHUE IMapaMeTphl,
pa3Mepbl 4YacTHI[ B pacTBOpax, a TaKKe B3aUMHAs PACTBOPUMOCTb. OTH KOMIUIEKCHI OBLIH
UCTIBITAHbI B TPOIIECCE MOJIMMEPU3ALNN ATUJICHA C OYTaJHEeHOM B COUYETAaHUHM COKaTalu3aTOpaMu
METHWIATIOMUHIUAOKCAHOM, JHATHIATIOMHUHUNXIOpUAOM. CHHTE3MpOBAaHHBIE B HMX HPUCYTCTBUH
OPOAYKTHl OBUIM TMPOAHAIM3UPOBAHBI  PA3TUYHBIMH  (PU3UKO-XMMUYECKMMU METOJaMHU U
HOJTBEPXKACHO MX cTpoeHHe. [lokazaHo, YTO KOHCTPYKLHUS 3THX METAIJIOKOMIUIEKCOB IO3BOJISET
CHHTE3MPOBATh OJIMTOMEpPHBIE M (CO)IOJMMEPHBIE NPOAYKTHI C TpeOyeMOl CTPYKTYpOH.
HccnenoBanne nmeer O0ObLIOE 3HAYCHUE IS Pa3padOTKH TaHAEMHBIX KaTATUTHYECKUX CUCTEM Ha
OCHOBE METAJUIOIICHOBBIX 1 HEMETANIOLIEHOBBIX KOMILIEKCOB.

Comonmumepu3zanuio  3THJIEHa ¢ OyTaiMeHOM  MPOBOAWIM B HPUCYTCTBUH
IV3TIIIIUTHOKAapOamMaTa HUKEINS U pa3IudHbIX Moaudukaropos. B kauecTBe MoupuKaTopoB ObUIH
BeIOpaHb! Tpudenmnpochunsl. OnpeneneHsl NX GU3NKO-XUMUIECKUE ITapaMeTphl, pa3Mepbl YacTHI]
B pacTBOpax, a TaK)Ke B3aWMHAasl PaCTBOPHUMOCTb. DTHU KOMIUIEKCHI ObUTM UCHBITAHBI B IpoIeccax
CONOJIMMEPHU3AINU TWIEHA C OyTaJlueHOM B COUYETAHUU C Pa3IMYHBIMU COKATaIM3aToOpaMy - (TpH-,
IVdTUIATIOMAHAAXTIopHT). [loka3aHo, 4YTO OJMIOMEpHBIE M COMOJHMMEPHBIE TPOIYKTHI C
TpeOyeMoil CTPYKTypol MJEHCTBUTENBHO MOTYT OBITh CHHTE3UPOBAHBI B MPUCYTCTBHH ITHX
KaTAINTHYECKUX  cucreM. CpaBHUTEIbHBIE HWCHOBITAHWS AKTUBHOCTH W CEJICKTHBHOCTH
KaTaJIITUYeCKUX CHCTEM IIPOBOAWJIMCH B Tpoleccax KUAKO(ha3HOH (CO)IoIMMepH3anuy.
VY CTaHOBIIEHO, YTO COCTaB W YCJIOBHSI OKAa3bIBAIOT CYIIECTBEHHOE BIMSHUE HA AaKTUBHOCTh H
CTPYKTYPY IOJTy4aeMbIX MTPOITYKTOB.

Takum 00pazoMm, TpenCTaBICHHBIA KpaTKH 0030p OCBEILACT pE3yJIbTaThl IO
METAJIOPraHUYecKOW  MOoJMMepu3alMu  OyraaueHa W (QYHKIHOHAIM3ALUHK  MOJYyYEHHBIX
NMOJMOYTaIMEeHOB M YKa3bIBACT HA NIMPOKHE MEPCIEKTHUBBI JAHHOTO HATPABJICHUSI.
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XULASO
POLIBUTADIENLER: siNTEz VO MODIFIiKASIiYA
Axundov I.A.

Acar sozlor: dienlor, polibutadien, metalkomplekslar, metaliizvi kataliz, stereospesifik polimerlagsma,

rezinlor, funksional polimerlar.

Toqdim olunan mogals butadienin polimerlasmasi va alinan polibutadienlorin funksionallagdirilmasi
tizra xiisusilo son bes ildo olan asas istigamatlori timumiloagdirir. M&vzunun asas xiisusiyyatini yeni metaliizvi
katalitik sistemlorin tosviri togkil edir. Bu sahads asas problem talab olunan qurulusa malik polibutadienlarin
alinmasidir. Magsad bu sistemlarin dizayni vo xiissusan do ligandlarin segilmasidir. Bu perspektivda biz asas
naticalori vurgulayiriq Vo miimkiin galocok perspektivlori gostoririk.

SUMMARY
POLYBUTADIENES: SYNTHESIS AND MODIFICATION.
AKHUNDOV ILKIN AKIF OGLY

Key words: dienes, polybutadiene, metal-complexes, organometallic catalysis, stereospecific

polymerization, rubbers, functional polymers.

This article summarizes the main directions, particularly in the last five years in the polymerization
of butadiene and the functionalization of the obtained polybutadiene. The main goal of the research
presented is description of new organometallic catalytic systems. The main challenge in the area is
production of polybutadiene the required given structure. Primary aim is designing aforementioned systems
with the specific task of selecting ligands for application. In this perspective, we highlight the main results
and demonstrate possible future perspectives.

Daxilolma tarixi: [lkin variant 26.05.2022
Son variant 04.07.2022
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Ni,H-MORDENIT VO Pd,H-MORDENIT KATALIiZATORLARI iSTIRAKI
ILO KREZOLLARIN 1-PROPANOLLA ALKILLOSMO REAKSIYASININ
TODQIQI

HACIYEVA X9YALD OMIRASLAN qiz1
Sumgqayit Déviat Universiteti, bas miiallim
haciyevaxeyale@mail.ru

Agar sozlar: 2-metilfenol, 3-metilfenol, 4-metilfenol, 1-propanol, H-mordenit, modifikator,

alkillasma

Krezollarin propil vo izopropil téromolori qiymsotli yarimmohsullar olub qatranlar,
antioksidantlar, polimer materiallar, vitaminlor vo dorman prepatlarinin istehsalinda istifado
olunurlar [1-2]. Onlarin alinmasinda alkillosma {isuluna tstiinliik verilir vo alkillosdirici kimi
propilen, propil halogenidlor, propil spirtlori gotiiriiliir [3].

Mogqalados 2-,3- vo 4-metilfenollarin 1-propanolla alkillosma reaksiyasinin effektiv katalitik
sistemlor olan Ni, H-mordenit vo Pd, H-mordenit istirakinda todqiqinin naticolori verilir. Na
mordenit (x=10) oasasinda alinmis bu katalizatorlar avvalco ammonium daha sonra iso H-formaya
kegirilorok dealiiminizasiya tisulu ilo modulun 24-5 qaldirilmasina nail olunmus vo modifikatorun
(Ni, Pd) migdar1 1.0% kiitlo olmusdur. lon miidaliss ilo sintez olunmus katalizatorlarda miivafiq
olaraq Ni(NOg3), va [Pd(NH3)4]Cl; duzlarinin mohlullarindan istifads edilmisdir.

Tacriibalor torpanmaz layli katalizatoru olan reaktorlu qurguda aparilmis alinan mohsullarin
analizi xromatoqrafiq vo spektral iisullarla hoyata kecirilmisdir. Xromatek — Kristal — 5000 —
xromatoqrafinda aparilmis analizde xromoton H iizorinos hopdurulmus (12.0% kiitlo) Apiezon M
fazas1 gotiiriilmiis vo detektor alovlu-ionlasma novlii olmusdur. 80-200°C hiidiidunda temperaturun
8°C surotlo qaldirilma programina osaslanan analizde qaz dasiyici kimi heliumdan istifads olunmus
vo onun miqdar1 60ml/doq olmusdur. Analizin nisbi xatas1 3.0% toskil edir.

Torkibindo 1.0 kiitlo % nikel vo palladium olan H-mordenitlor istiraki ilo krezollarin 1-
propanolla alkillosmo reaksiyasi asagidaki reaksiya soraitinds todqiq edilmisdir:T-350°C, v-1.0 st™,
v=1:1 mol/mol. Miiqayiso edici kriteriyalar kimi alkilatin kimyavi torkibi, alinan asas mohsullarin
ciximi va selektivliyi gotliriilmiisdiir. 2-,3- vo 4-metilfenollarin 1-propanolla alkilloma reaksiyasinin
naticalori Pd,H-mordenit olan halda 1 sayli cadvaldo, Ni,H-mordenit istirakinda iso 2 sayli cadvalds
verilmisdir.

Cadval 1.
Pd,H-mordenit istirak: ilo krezollarin 1-propanolla alkillasmasinin naticalori
Reaksiyanin soraiti: T-3500C, v-l.OSt'l, v=1:1 mol/mol
Gostoricinin adi Krezolun izomeri
2-metilfenol, 3-metilfenol, 4-metilfenol
1 2 3 4
Krezolun konversiyasi, % 39.9 46.5 43.0
Cevrilmis krezola goro hesablanmis
reaksiya mohsullarin ¢iximi, %
2-metilfenolun propil efiri 0.5 - -
3-metilfenolun propil efiri 2.0 -
4-metilfenolun propil efiri - 1.5
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1 2 3 4
2- propil -6-metilfenol 75.5 - -
2- metil-4- propilfenol 18.5 - -
2- propil-5- metilfenol - 72.0 -
2- propil-3- metilfenol - 12.5 -
3- metil-4- propilfenol - 8.0 -
2- propil-4- metilfenol 80.5
3- propil-4- metilfenol 3.5
Metilfenolun digor monopropil 2.5 1.0 -
toromolari
Metilfenolun dipropil téromalori 2.5 3.5 -12.5

Pd,H-mordenit istirakinda 3-metilfenolun 1-propanolla alkillomo reaksiyasinin osas
mohsullar1 2-propil-Smetilfenol va 2-propil-3-metilfenoldur.

Bu mohsullara gors prosesin timumi selektivliyi 92.5%, timumi ¢iximi iso 43.0% toskil edir.
3-metilfenollarin 1-propanolla alkillosmasinds asason orto- voziyyotds elektrofil ovazetms (72.0%)
bas versado para vo meta voziyyatlordo do timumi avozetma kifayat godordir (20.5%). ©Omala golon
3-metilfenolun dipropil toromalarinin (selektivlik 3.5%) igarisindo dstiinliiyii 2,6- dipropil-3-
metilfenol togkil edir. Onun 2,4-dipropil-3-metilfenolla qarisigindaki qatiligi 86.0% olur.

Cadval 2.
Ni,H-mordenit istiraki il> krezollarin 1-propanolla alkillosmasinin naticalori
Reaksiyanin saraiti: T-3500C, v-l.OSt'l, v=1:1 mol/mol

Gostaricinin ad1 Krezolun izomeri
2-metilfenol 3-metilfenol 4-metilfenol

Krezolun konversiyasi, % 38.2 49.0 45.0
Cevrilmis krezola goro hesablanmig
reaksiya mohsullarin ¢iximi, %
2-metilfenolun propil efiri 1.0 - -
3-metilfenolun propil efiri 1.5 -
4-metilfenolun propil efiri - 1.0
2- propil -6-metilfenol 60.5 - -
2- metil-4- propilfenol 28.5 - -
2- propil-5- metilfenol - 68.0 -
2- propil-3- metilfenol - 11.0 -
3- metil-4- propilfenol - 10.0 -
2- propil-4- metilfenol - 78.5
3- propil-4- metilfenol - 6.0
Metilfenolun digor monopropil 4.0 2.0 -
toromolori
Metilfenolun dipropil téromaolori 4.0 6.5 14.0

Pd,H-mordenit istirakinda 4-metilfenolun 1-propanolla qarsiligli tosirindon alinan
mohsullara 2-propil-4-metilfenol, 3propil-4-metilfenolun vo 2,6-dipropil-4-metilfenol aiddir.

Bu reaksiyada osason orto voziyyotdo avozetmo naticasindo ovvalco 2-propil-4-metilfenol
(80.5%) daha sonra ardicil alkillosma reaksiyasi ilo 12.5% selektivlikls 2,6-dipropil-4-metilfenol da
almir. Alkillosmo prosesindo krezollarin o-alkillosmosi ilo  0.5-2.0% selektivliklo onlarin
propilefirlori do amolo galir. Krezollarin konversiyasina goldikds daha yiiksok birdafalik ¢evrilmo
(46.5%) m-krezola an az ¢gevrilma daracasi isa 0-izomera aiddir (39.9%).
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Ni,H-mordenit vo Pd,H-mordenit katalizatorlari istiraki ilo krezollarin
1-propanolla alkillosma reaksiyasinin tadqiqi

Ni,H-mordenit istiraki ilo monometilfenollarin alkillosma prosesinds alinan naticalor
yuxarida geyd olunanlarla oxsar olub komiyyotco bir-birindon forqlonir. Burada krezollarin
konversiyast 2-metilfenoldan basqa digor izomerlords 2.0-2.5% artir. Orto voziyyotds
propillosmanin selektivliyi 3-metilfenolda 3.0%, 4-metilfenolda 1.5% azalir. Bu halda krezollarin 1-
propanolla alkilosmasindon alinan digor propil téromolorin g¢evrilmis krezola goro hesablanmis
¢iximlart gismon do olsa ¢oxalir. Pd,H-mordenitdon fargli olaraq Ni,H-mordenit 3-metilfenolun
ardicil propillogmasinin siiratini xeyli artirir vo alinan alkilatlarda onun selektivliyi ~2 dofoys qodor
coxalir (6.5%). 4-metilfenolda da bu artim az da olsa (1.5%) miisahids olunur. Belos ki, 2,6-dipropil-
4metilfenola gora selektivlik krezolun digor izomerlorinin alkillosmoasindo omolo golon dipropil
toromolorlo miigayisads 7.5-10.0% ¢ox olur.

Beloliklo aparilmis tocriibolorin noticolorindon aydin olur ki, Pd,H-mordenit 2-,3- vo 4-
metilfenollarin 1-propanolla alkillosmasindon o-izomerlorin miivafiq olaraq 75.5, 84.5 vo 80.5%
selektivliklo alinmasi, Ni,H-mordenit iso uygun olaraq O-alkillosmoni 60.5, 78.0 vo 78.5%
selektivlikla aparir. ikinci halda alkilatlarda digor izomerlorin pay1 daha ¢oxdur (6.0-28.5%). Alian
naticalor praktiki shomiyyat kosb edir va texnologiyanin yaradilmasinda asas kimi gotiiriils bilor.
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PE3IOME
HUCCIIEAOBAHUE PEAKIIUU AJTKUJIMPOBAHMSI KPE30J10B 1-ITIPOITAHOJIOM B
NPUCYTCTBUU KATAJIU3ATOPOB NI,H-MOPAEHUT U PD,H-MOPAEHHUT
Taooxcueea X A.

Kniouesvie cnosa: 2-wemungenon, 3-memungpenon, 4-memungenon, I-nponanon, H-mopoenum,
MOOUpUKAmMop, ATKUIUPOSaHUe

[MpuBonsATCS pe3ynbTaThl UCCIEAOBAHMS PEAKIUHM AIKHIMpoBaHUs 2-, 3- u 4-metundenonoB 1-
[POMAHOJIOM B MPOTOYHBIX YCIOBHsX. [TokazaHo uto Pd,H-MOpIeHUTHBIX KaTalu3aTop MpOsBIseT Oonuee
0-CEIICKTHBHBIE CBOMCTBA B MOJyUYeHHU 2-TIPONHMI-6-meTmiideHona, 2-nponui-4-MeTundeHona u cMecH 2-
MponmwI- W S-mpormn  3-MeTHI(EHONOB TpU B3amMoAercTBuu 2-, 4- u 3-MeTHI(EHOIOB CHUPTOM
coorBeTcTBeHHO. Ni,H-MOpICHHUT SBIsSETCS aKTHBHBIM KAaTalM3aTOPOM B CHHTE3¢ CMECH MOHOIPOITHII
MPOU3BOTHBIX KPE30JIOB.

SUMMARY
STUDY OF ALKYLATION REACTION OF CRESOLS WITH 1-PROPANOL WITH THE
PARTICIPATION OF Ni,H-MORDENITE AND Pd,H-MORDENITE CATALYSTS
Hajiyeva Kh.A.

Key words: 2-methylphenol, 3-methylphenol, 4-methylphenol, 1-propanol, H-mordenite, modifier,
alkylation

The results of the study of the reaction of alkylation of 2-, 3- and 4-methylphenols with 1-propanol
under flow conditions are presented. It was indicated that the Pd,H-mordenite catalyst exhibits more o-
selective properties in the preparation of 2-propyl-6-methylphenol, 2-propyl-4-methylphenol, and a mixture
of 2-propyl- and 5-propyl 3 . -methylphenols are the interaction of 2-, 4- and 3-methylphenols with alcohol,
respectively. Ni, H-mordenite is an active catalyst in the synthesis of a mixture of cresol monopropyl
derivatives.

Daxilolma tarixi: [lkin variant 26.06.2022
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Problemin qoyulusu. 44 giinliik Voton miiharibosi ddvriindo sanli silahli qiivvolorimiz
torofindon igsgaldan azad olunmus Cabrayil rayonunun orazisi Qarabag silsilosinin conub-gorq
qurtaracagini vo Kiir-Araz ovaliginin Kig¢ik Qafqazstoyi oyilms zonasina uygun golon Arazboyu
diizonliklorin bir hissoesini, yoni Goyan diiziinii ohato edir. Rayon orazisinin dovlst sorhaddino
cixiginin olmasi, isgal dovriinde ekoloji terrora, total dagintilara moruz galmasi, barpa islorinin
asagl slirotino sobob olan mina tohliikesi soraitindo orazinin istor miihondisi, istorso do landsaft
ekoloji baximindan todqiqini aktual edir.

Xiisusilo orazinin todiqiqinin aktualligini buradan Zongozur noqliyyat dohlizinin kegmasi
artirir. Nogliyyat dohlizinin foaliyysti miixtolif xidmot saholorinin, energetika tosorriifatinin
yaradilmasini nozordo tutur vo yasayls montogoalorinin barpasini siirotlondiro bilor. Bu sobabdon,
orazinin ekoloji soraitinin qiymetlondirilmosi ham Cobrayil rayonunun tobii-tosarriifat potensialini
miloyyon etmoyo, hom do, tobiotdon istifadonin optimallagdirilmasini tomin etmoys komok edo
bilar[1].

Obyekt vo metodlar. Nozordon kegirilon Cobrayil inzibati rayonunun orazisi Qarabag
silsilosinin conub-gorq qurtaracagi ilo Araz ¢ay: arasinda yerlosir. Burada diizonlik landsaftlar ilo
yanast dag landsaftlar1 da formalasir. Movcud landsaft xoritolorinin tohlili gostormisdir ki, orazi
dag-¢6l vo quru ¢0l, sorqde iso dag-meso landsaft qursagi daxilinde yerlogir. Orazinin tohlili
mogsadilo 1:100000 miqyasli topoqrafik xoritosindon istifads edilmis, sothin meyllik gostoricilori
osasinda landsaftlardan istifado imkanlar1 nozordon kegirilmisdir. Azorbaycanin digor orazilorindo
miisahido edilon slverigsiz landsaftomalogatirici proseslorin toadqiqine hosr olunmus elmi iglorin
tohlili osasinda isgaldan azad olunmus Cobrayil rayonunda da tozahiir edon analoji proseslorin
qarsisinin alinmasi yollart arasdirilmisdir [2, 3,4].

Modvceud materiallarin tohlili rayon orazisinin flora zonginliyini gostormis, biomiixtalifliyin
tomini liclin mina tohliikosinin aradan qaldirilmasindan sonra foal meso-meliorasiya vo qoruq
tadbirlorinin planlagdirilmas: zoruratini gostormisdir.

Taocriiba gostarir ki, relyef, torpaq vo iimumeon, landsaft soraitinin qiymotlondirilmasi {i¢iin
Olkomizin digar bolgalorinda tatbiq olunmus mosafodon zondlama materiallarinin boyilik shomiyyati
var vo bu materiallar Ermonistan dovloti torofindon isgal dovriinde hayata kegirilmis ekoloji
terrorun siibutu kimi mohkomo-istintaq materillar1 kimi ds istifads edilo bilor. Bu baximdan avvalki
onilliklorin aerokosmik fotogakilis materiallar1 ilo miiasir dovriin tasvirlorinin miiqayisasi boyiik
ohomiyyato malikdir [5].

Tadqiqatin naticasi vo miizakirasi. Uzun illor orazids aparilmis todqiqatlar gostorir ki,
dagotoyi vo alcaq dagliq orazilorin osas ekoloji problemlorindon biri, Kigik Qafqazin digor
hissolorindo oldugu kimi, torpaq Ortiiyliniin eroziyasidir [6]. Cobrayil rayonunda 2020-ci ilin
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payizinda horbi texnikadan istifado etmoklo hoyata kegirilmis agir doylislor bu prosesdo horbi
eroziyanin boytik rolunu {izo ¢ixarir [7]. Galacokds okingilik magsadils torpaqdan istifado zamani
torpag-ekoloji soraitin miivazinatini tomin etmok istiqamatli aragsdirmalara boyiik ehtiyac vardir [8].

Isgaldan azad olunmus arazilor bitki drtilyiiniin név miixtalifliyi baximindan biitiin Qafqazin
on zangin regionlarindandir. Geobotaniklorin verdiyi molumata gors, orazids dlkado yayilmig ali
bitkilorin 42%-don ¢oxu rast golinir. Bu, albatto ki, miirokkob relyef vo iqlim soraiti ilo baglidir.
Orazids ¢oxlu sayda derman, boya va yem bitkilori yayilmisdir. Bu bitki ndvlori arasinda tiskiikotu
(Digitalis ferruginea), gara batbat (Hyosyamus niger), ¢i¢cobahar (Phytolacca americana) kimi
dorman bitkileri vo zirine, ¢aytikani, alma, gdyom, yemisan, ozgil kimi sanaye ohamiyyatino malik
faydali bitkilor gostarilo bilar. Isgaldan azad olunmus Sorqi Zongozur vo Yuxari Qarabag orazisindo
meso bitkiliyi, qarigiq torkibli kolluglar, friganoid vo bozqir bitkiliyi, qaya bitkiliyi, su-bataqliq
bitkiliyi, subalp vo alp ¢omonliyi, o ciimlodon meso va kolluglarin vo bozqir bitkilorin yerindo
yenidon barpa olunmus bitki ortiiyli qruplagsmalari formalasir.

Lakin toassiif ki, bu qruplagmalarin nov torkibino vo yayilma areallarina isgal dovriindo
boyiik ziyan doymisdir. lkin tohlillor bunu tesdiq edir. Qiymotli agac ndvlorinden olan pald, fisdiq
va cOko mesalorinin boylik hissasi vohsicasinoe qirilmisdir. Mohz bu mesolorin hesabina ermonilor
isgal dovriinds agac emalin1 dofalorls artirmislar.

Eyni zamanda isgal dovriinds nadir vo nasli kasilmokds olan bir sira bitki ndvlori agir zorba
ilo tizlosmisdir. Bu bitkilora Susa govoni, Qarabag dag lalosi, Susa xasasi, Xar1 biilbiil adi ilo
moshur olan sohlab, qaragohro, Azad agaci, hirkan pirkali, Moryom noxudu, sternbergiya, yurineya
cinslorinin bir sira novlari vo s. aid edilos bilar.

Cobrayill rayonu orazisindo bitki Ortliyli osasen, quru ¢6l vo yarimsohra bitkiliyi,
alcaqdagligin bozqir bitkiliyi (doniz soviyyasindon 400-800 m hiindiirliikkds), alcagdagligin meso-
bozqirlar1 (800-1000 m) va dagliq mezofil mesalari (1000-2000 m) qruplagsmalart yaradir [9].

Ermonistan torofindon isgal olunana qodor rayonun meso-kol landsaftlar1 orazinin sorqindo
Dagtumaz (1580 m) vo Catandas (1537 m) zirvalori otrafinda yayilmislar. Eyni zamanda meso
sahalori 1100-1200 m hiindiirliiklords yerloson kicik areallarda da mévcud olmugdur. Bura gohvayi
dag-meso torpaqglar1 zonasidir vo bozqirlasmaya meylli saholordir. Malumatlar vardir ki, isgal
dovriine godor Qarabagin meso fondunun sahasi 160000 hektardan c¢ox, o climlodon, meso ilo
ortiilii sahosi iso 100000 hektardan ¢ox togkil etmisdir. Meso Ortliyliniin mohv oldugu sahalordo
toramo, yani ikincili bitki qruplasmalari, xlisusan kolluq sahslar, garatikan bitkisinin (Paliurus spina
— christi Mill) Ustlinlik toskil etdiyi siblyak vo siblyak-yarimsshra bitkiliyi inkisaf etmisdir.
Qarabag, o ciimlodon, Cabrayil rayonu mesalorini omolo gotiron agac cinslori arasinda Qafqaz valosi
(Carpinus caucasica) meso bitkiliyinin 44%-ni, sorq fistig1 (Fagus orientalis) 31%-ni, iberiya palidi
(Quercus iberica) vo Sorq palidi (Q.macranthera) iso 21%-ni toskil edirdi. Bu agac novlori arasinda
agcaqayin, goyriis novlori, Qafqaz cokosi, qaragdhra, qoz, armud, ayr findig1 da rast golinirdi.
Orazinin mesolori moahsuldarliq baximindan orta gostaricilora malik olsa da, zongin ndv torkibing
malik idi. Kolluglar arasinda azgil, zogal, al¢a, yemisan, qusarmudu, ayifindigi, alma, c¢aytikant,
birgdz, gormasov va basqa bitkilor se¢ilirdi. Bu bitkilor giymatli meyvo va gilomeyvo bitkilori
sayilirdi. Seyrok palid mesolori taxilkimilorin vo miixtalif otlarin yayildig: saholorde formalagirdi.

Daha riitubatli, kolgoli saholordo ayidosoyi oOrtiiklii volos mesoliklorino rast golinirdi. Ot
Ortliylinlin yaxs1 inkisaf etmosi sobabindon bu mesoliklords agaclarin sixligir az olurdu. Fistiq
mesolori osason qirtic (Poa sp.), ¢otiryarpaq (Asperula sp.), topal (Festuca sp.) vo qisaayaq
(Brachypodium sp.) bitkilori ilo qarisiq eamals gotirirdi. Homginin findiq (Corylus sp.) ve qijilardan
(Polypodiophyta sp.) ibarat fistiqliq sahalori do yayilmisdi. Yuxar1 Qarabagda va Sorqi Zongozurda
liciincii ddvriin relikt bitkilori olan pirkal (Ilex hyrcana), qaragéhra (Taxus baccata) fistiq vo valos
mesolorinin  yayildig saholordo miioyyon edilmisdi. Relikt volosyarpaq Azad agaci (Zelkova
carpinifolia (Pall.) C. Koch) mesoliyi Ki¢ik Qafqazin Araz ¢ayina istiqgamatlonmis yamaclarinda
300 ha sahado gqalmigdi. Bunlardan basqa, vaxtlo arazido 120-200 il yas1 olan saxtut agaclar1 da
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geydo alinmigdi. Miioyyon olundugu toqdirde bu agacliglar ¢cox boyiik elmi ohomiyyoto malik
oldugundan ciddi surotdo miihafizo olunmalidir.

Ufantilar iizorindo ¢6l nanasi, avalik, kokotu, siison, ¢asir (slovi), quzuqulagi, ¢otiryarpaq,
topal, tikanli kollardan ibarat miixtalif tragagant tipli bitkilordon xirda basligli goven, tikanl xasa,
tis-t1s, yaxud c¢obanyastigi bitkilori iri sahalori tuturdu. Algaq dagligda qaratikan kollarinin
dominant oldugu dasdayanli siblok formasiyalari demak olar ki, torpaq sathini ortiir. Bu fitosenozda
on ¢ox rast golinon bitkilor arasinda ¢obantoxmagi (Dactylis sp.), yabani1 ¢ovdar (Secale segetale),
pisikquyrugu (Phleum sp.), ayriqotu (Agropyron sp.), iigyarpaqli yonca (Trifolium sp.), kaligver
(Melica sp.), dilganadan (Galium sp.) qeyd edilo bilor. Orazido kserofil bitkilor sirasinda
boymadoron (Achillea sp.), qisaayag (Brachypodium sp.), maryomnoxudu (Teucrium sp.), topal
(Festuca sp.), dagnanasi (Ziziphora sp.), koklikotu (Thymus sp.), govon (Astragalus sp.) gostorilo
bilor. Burada olan kolluglar arasinda seyrok halda dag kserofit vo bozqir bitkilari yayilib [9].

Isgaldan azad edilmis Cabrayil rayonunun dagliq hissesinda deniz seviyyasindan 600-1200-
1500 m hiindiirliiklor arasinda qonur dag-meso vo gohvoyi dag-meso torpaqlart yayilmigdir. Qonur
dag-meso torpaqlarinda humusun miqdar1 5-8% arasinda doyisilir. Torpagda udulmus osaslarin
comi 100 gram torpaqda 28-40 mikro ekvivalent toskil edir. Torpaqda pH gostoricisi 6,0-6,7-dir.
Qonur dag-meso torpaqlart yuyulmus vo meso altindan ¢ixmis torpaq yarimtiplorino ayrilir. Bu
torpaqlar intensiv suratds horbi eroziyaya moruz qalmislar.

Qonur dag-meso torpaqlarindan forqli olaraq, gohvoyi dag-meso torpaqglari yagintilarin
miqdarinin 400-500 mm oldugu, seyrok kolluglu mesolorin istiinliik toskil etdiyi saholords
yaytlmigdir. Bu torpaqglarda humusun miqdart 6-8% toskil edir. Qohvoyi dag-meso torpaglar
goalavilordon yuyulmus, karbonatl vo tipik yarimtiplors ayrilirlar. Uzun illor arzinds bu torpaqlar
iizorindo olan mesalor suqoruyucu shomiyyato malik idilor vo homin mesolorin analoji mogsadlo
borpasina ehtiyac vardir.

Isgal dovriino qodor meso altindan ¢ixmis saholorde qohvoyi dag-meso torpaglari iizorindo
taxil¢ilig, tiziimgiiliik vo bageiliq tesorriiftlart inkisaf etdirilirdi. Calocokds bu tosarriifat sahslorinin
barpasi zamani bu amil yoqin ki nazors alinacaqdir.

Qarabag silsilesinin Cabrayil rayonunun srazisine daxil olan dagatoyi vo algaq dagliq hissasi
boz-gohvayi (sabalidi) torpaglar zonasidir. Burada arazinin iglim va relyef xiisusiyyatlorindon asili
olaraq boz-qohvayi torpaqlarin miixtalif tiplori formalasir. Bu torpaglarda humusun miqdari 3-5%-o
cata bilor. Alcaqdagliq orazilor liciin (800-1000 m miitloq hiindiirliiklor) yiliksok miinbitliyi ilo
sociyyalonon tiind boz-qshvoyi torpaqlar saciyyovidir. Mohz bu torpaqlar daha bdylik kond
tosorriifatt ohomiyystino malikdirlor vo golocokde hom regionun, hom do o6lkonin orzaq
tohliikesizliyinin tomini isino bdyiik tévho vero bilorlor. Isgala godor intensiv kond tosorriifati
istehsalina colb olunmasi sobobindon bu torpaqlarin bir qismi miixtolif dorocodo eroziyaya
ugramigdir. Isgal vo 44 giinliik miiharibo dovriindo torpaq-ekoloji soraitin pislogmosino ddyiis
omoliyyatlar1 naticosindo bas vermis horbi eroziya da tosir gostormisdir. Giiman etmok olar ki,
golocok borpa islorinin bir istiqgameti do burada kompleks torpaq-meliorasiya islorinin hoyata
kecirilmasi olacaq.

Cobrayil rayonunun Iranla dévlot sorhoddi boyunca Araz ¢aymin subasarinda alluvial-gomon
torpaglar1 zolagi formalasir [10]. Nozoro almaq lazimdir ki, bura Zongozur nogliyyat dohlizinin
kegdiyi orazidir. Burada yaxin zamanda domir yolu xattinin intensiv faaliyyati barpa olunacaq, bir
miiddot sonra iso beynolxalq avtomobil magistralinin tikintisi hoyata kegirilocokdir. Bu sobobdon,
saxolonmis noqliyyat sobokosinin yaradilmasi, intensiv tosorriifat monimsonilmosi, yasayis
montagoalorinin six yerlogsmasi goraitinds torpaqdan istifadonin diizgiin planlasdirilmasina boytik
ehtiyac vardir.

Isgala qodor ofsanovi Sorq ¢inart Cobrayil rayonunda da qorunurdu. Cobryilda yuliya
daglalasi do gqeyde alinmisdi.
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Toassiif hissi ilo demok lazimdir ki, 30 ilo yaxin isgal dovriindo Diinya tobiot fondu vo digor
beynolxalq toskilatlar Sorqi Zongozurun vo Yuxar1 Qarabagin bitki ortiiyliniin mohv edilmosino goz
yummus vo Ermanistan dévlatine bu barads heg bir sorgu gondormomis, tozyiq gostormomislor.

Notica. Sorqi Zongozurun bir hissosi olan Cobrayil rayonunun tobii soraitinin todqiqi
sahasindo boyiik hocmli islorin yerino yetirilmasino ehtiyac vardir. Meso Ortiiyiiniin barpasi xiisusi
ohomiyyato malikdir. Orazidon Zongozur naqliyyat dohlizinin kegmaosi, golocokds rayonda miixtolif
kond tosorriifati vo sonaye saholorinin yaradilmasi bu islorin dinamik suratdo hoyata kegirilmosini
zoruri edir. Giiman etmok olar ki, bu tadqigatlarin yerino yetirilmosine istor sahovi, istor akademik
institutlarinin, istorso do, universitetlorin alim vo miitoxassislorinin c¢alb olunmasi tomin edilocak,
qiymatli elmi materiallar sldo edilocokdir.
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PE3IOME
OCHOBHBIE OCOBEHHOCTH INIOYBEHHO-PACTUTEJ/JIbHOI'O IOKPOBA
TEPPUTOPUU N KABPANJBCKOI'O PAUOHA
Mapoanoe U.U., Acaes T./I., Cyneiimannwvt /1.1

Knroueswie cnosa: sposus, gropa, nanowagm, okKynayus, iec, 0epeso, KYCmAapHuK, U0

B nanHo#l paboTte aHanM3UpYIOTCs reorpaduuecKue 0COOCHHOCTH, TOKa3aTeau TIOJOPOAUS TOYB,
OCHOBHBIC I'PYMITUPOBKU PACTUTENHLHOCTH U JaHAmMAadThl JHkeOpaniibckoro paiiona, Ha MPOTSHKEHHUH MHOTHX
JIeT HaXOJUBILIETocs MOJ OKKynanued Apmenun. Ha ocHoBe coOpaHHON MH(pOpPMAIUK OTMEUYEHBI PEIKHE
pacTeHHs, BUIOBOM COCTaB JICCOB, HANpAaBICHHS YIYUYIICHUS JaHIIIA(QTHO-IKOIOTHYECKON O0OCTAaHOBKH,
B2)KHBIC MOMEHTBI, KOTOPbIE HEOOXOJUMO YYHUTHIBATH C TOYKH 3PEHHUS OOCCIICYCHHS HSKOJIOTHYECKOTO
OayraHca IpH MPOBEACHINH BOCCTAHOBUTEIHHBIX padoT.

SUMMARY
MAIN FEATURES OF THE SOIL AND VEGETATION COVER
OF THE TERRITORY OF THE JABRAIL REGION
Mardanov I.1., Agayev T.D., Suleymanli D.G.

Key words: erosion, flora, landscape, occupation, forest, tree, shrub, kind

This work analyzes the geographical features, fertility indicators of soils, main vegetable groups and
landscapes of the Jabrayil region, which has been occupied by Armenia for many years. On the basis of the
collected information, rare plants, species composition of forests, directions of improving the landscape-
ecological situation, important points to be taken into account in terms of ensuring ecological balance during
the restoration works were noted.
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Son variant 04.04.2022
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Agar sozlor: yasillasdirma, mikobiota, mikromiset, fitopatogen, mikotoksin, allergen, toksigen,
opportunist.

Molumdur ki, gébaloklor mévcud oduglart miihitdo maskunlasdiglar: substratlarla miixtolif
tiplordo ekotrofik olagolor qururlar. Bunlarin arasinda saprotroflar, biotroflar vo politroflarla
borabor, hom ds insan sohhati {i¢iin ciddi tohiilko monbayi ola bilon allergenlors, opportunistlors vo
toksigenlora do rast golinir. Qeyd edok ki, yasillasdirmada totbiq olunan bitki ndvleri do
gbbaloklorin osas qidalanma vo moaskunlagma yerlorindondir [1,2, 3]. Bu ciir gobalok novlori
Azorbaycan Respublikasinin Abseron- Xizi Igtisadi rayonunun torkibino daxil olan, respublika
tabeli boyiik sohar olan Sumgayitin yasillagdirmasinda istifads olunan bitki névleri tizerinde do rast
golinir.  Yasillagdirmasinda istifado olunan bitki novlori otraf miihit vo insanlar ii¢lin no qodor
xeyirli olsa da, onlarin mikobiotasina daxil olan bir ¢ox zororli gdbolok névlori bu bitkilors
yoluxaraq bazon noinki homin bitkilorin 6zlorina, eloco do onlarin strafinda mévcud olan insanlarin
saglamligmma 0z neqativ tosirini gostorir. Ona goéro do yasillasdirmada istifade olunan bitki
novlorininin mikobiotasinin dyronilmasi noinki biologiya, tibb vo aqrar elmlorin, o climloden
mikrobiologiya vo mikologiyanin da aktual istiqgamotlarindon hesab olunur [4, 5].

Material vo metodlar. Todqiqatimizda, 2018-2021-ci illordo Sumgayit soharinin miixtolif
mikrorayon vo mohallalorinin, buradaki moktab vo baggalarin, ictimai vo 6zal obyektlorin hoyatyani
saholorinds, o ciimlodon Nosimi parki vo Donizkonar1 bulvar orazisindo, kohno sohor
gabristanliginin orazisinds yasillasdirma mogsadi ilo okilmis agac va kol bitkilorinin gébalok olmasi
ehtimal edilon vegetativ vo generativ orqanlarindan iimumilikds, 800-don ¢ox niimuna gotiirmis vo
qarstya qoyulan magsods miivafiq analiz etmisik.

Goboloklorin  todqgiqat obyektlori kimi secilmis bitkilordon gotiiriilmiis niimunalordon
ayrilmast vo onlarin tomiz kulturalariin alinmasi {i¢iin aqarlagdirilmis somoni sirasindon (ASS),
diiyiilii aqardan (DA), nisastali agardan (NA) vo kartoflu aqardan (KA), eloco do aqarlasdirilmis
Capek vo Capek-Doks kimi bir sira standart qidali miihitlordon istifads etmisik [6].

Gobalaklorin identifikasiyas: alinan tomiz kulturalarin kultural-morfoloji alamatlorine asason
hoyata kegirilmis vo bu maoqgsadlo analoji gdstariciloro gore hazirlanan toyinedicilordon vo
Beynolxalqg Mikologiya Assosasiyasinin (BMA) rosmi saytinda [7] olan baza maslumatlarindan
istifado edilmis, adlandirilmasi vo sistemlosdirilmasi iso malum saytlarin [8] materiallarina, eloco do
bozi miialliflorin islorinda [9] gdstarilon prinsiplars asason hoyata kecirilmigdir.

Eksperimental hissa. Todqiq olunan bitki ndvlori vo onlarin mikobiotasi hagqinda molumat
asagidaki codvaldo verilmisdir:
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Ne Bitki novlari Mikobiotasindaki gobalok Novlarin daxil oldugu
novlori soboalor
1 | Eldar samu (Pinus eldarica Medw.) Lachnelula pini, Ascomycota,
Lophodermium pinastri, Ascomycota,
Coccophacidium pini, Ascomycota,
Phasidium infestans, Ascomycota,
Melampsporacia pinitorque, Basdiomycota,
Zythia pinastri, Deuteromycota,
Zythia resinae, Deuteromycota,
Dothichiza ferruginosa Deuteromycota
2 | Adi sam (Pinus silvestris L.) Rosellina necatrix, Ascomycota,
Coccophacidium pini, Ascomycota,
Cytospora schulzeri, Deuteromycota,
Dothichiza ferruginosa Deuteromycota
3 | Uzunsov va ya adi ardic Gymnosporangium
(Juniperus communis L.) clavariaeformae, Basdiomycota,
Pithya cupressi Ascomycota,
4 | Homigoyasil sorv (Cupressus Pithya cupressi Ascomycota
sempervirens L.)
5 | Adi kiiknar (Picea exselsa Link.) Rosellina necatrix, Ascomycota,
Cytospora schulzeri Deuteromycota
6 | Himalay sidri Pithya cupressi Ascomycota
(Cedrus deodara Loud.)
7 | Homoarsin va ya itburnu (Rosa canina) Diplodia persicae Sacc., Deuteromycota,
Phyllosticta rosarum Pass., Deuteromycota,
Septoria rosae Deuteromycota,
8 | Ag quzilgiil (Rosa alba L.) Rosellina necatrix, Ascomycota,
Marssonina rosae Deuteromycota,
9 | Coxgicokli qizilgiil (Rosa multiflora Marssonina rosae, Deuteromycota,
Thunb.) Coryneum microstictum, Deuteromycota,
Septoria rosae Deuteromycota,
10 | Rozmarin (Rozmarinus offisinales) Mucor corticola, Zygomycota,
Aspergillus ochraceus Deuteromycota
11 | Yapon saforasi (Sophora yaponica) Inonotus hispidus Basidiomycota
12 | Tozagaci (Betula pendula) Fomitopsis pinicola, Basidiomycota,
Dipodascus albidus, Ascomycota,
Taphrina carneae, Ascomycota,
Microsphaera betulae, Ascomycota,
Ciboria betulae Ascomycota
13 | Sorq ¢inari Phellinus igniarus, Basidiomycota,
(Platanus orientalis L.) Stigmina platani Deuteromycota
14 | Agcaqaym yarpaqgli ¢inar Epicoccum sp. Deuteromycota,
(Platan acerifolia Will) Gleosporium nerviseguum Deuteromycota
15 | Oncir (Ficus carica L.) Macrosporium communue, Deuteromycota,
Macrosporium bifurcum Deuteromycota,
Stemphylium ilicis, Deuteromycota,
Stemphylium botryosum, Deuteromycota,
Verticillium albo-atrum, Deuteromycota,
Phyllactinia suffulta, Deuteromycota,
Cladosporium herbarum, Deuteromycota,
C.cladosporioides, Deuteromycota,
C.transchelii, Deuteromycota,
16 | Ag tut (Morus alba L.) Cylindrosporium maculans, Deuteromycota,

Phellinus igniarus

Basidiomycota
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17

Qara tut (Morus nogra)

Phellinus igniarus
Cylindrosporium maculans,

Basidiomycota,
Deuteromycota,

18

Adi goyriis (Fraxinus excelsior L.)

Heteroporus biennis,
Fomitopsis pinicola,
Shizophyllum commune,
Fomes fomentarius,
Gymnosporangium cornutum,

Basidiomycota,
Basidiomycota,
Basidiomycota,
Basidiomycota,
Basidiomycota,

Phoma eupyrena, Askomycota,
Dothichiza populea Deuteromycota
19 | Avropa zeytunu Macrophoma oleae, Askomycota,
(Olea europaea L.) Phyllactinia suffulta, Askomycota,
Curvularia pallescens, Askomycota,
Rosellinia necatrix, Askomycota,
Cylindrosporium olivae, Deuteromycota,
Phoma dictamni, Deuteromycota,
Verticillium albo-atrum Deuteromycota,
20 | Orik (Pranus) Coccomyces hiemalis, Ascomycota,
Phoma pirina Cooke. Deuteromycota
21 | Qaragac Ophiostoma ulmi, Ascomycota,
(Ulmus foliaceae Gilib.) Ophiostoma novo-ulmi, Ascomycota,
Lachnelula wilcomii, Ascomycota,
Gnomonia ulmea, Askomycota,
Cylindrosporium ulmi, Deuteromycota,
Phyllosticta lacerans, Deuteromycota
22 | Agcaqovaq Cytospora chrysosperma, Ascomycota,
(Populus alba L.) Venturia termulae, Deuteromycota,
Melampsporacia pinitorque, Basidiomycota,
23 | Titrak qovaq Marsonnina populi, Basidiomycota,
(Populus tremula L.) Cytospora schulzeri, Deuteromycota,
Dothichiza populea, Deuteromycota,
Discosporium populeum Ascomycota,
24 | Qara govaq Marsonnina populi, Basidiomycota,
(Populus nigra L.) Dothichiza populea Deuteromycota,
28 | Agqovaq (Populus alba L.), Ciboria amentaceae, Ascomycota,
Dothichiza populea Ascomycota
25 | Adi albali vo ya gilonar (Cerasus Coccomyces hiemalis, Ascomycota,
vulgaris) Cylindrosporium hiemale, Deuteromycota,
26 | Qafqaz yemigani (Crataegus caucasica Aspergillus niger, Deuteromycota,
C.Koch)) Stereum hirsutum, Basidiomycota,
Phytophtora parazitica, Oomycota,
Microsphaera grossulariae, Ascomycota,
Phoma grataegicola Deuteromycota,
27 | Adi yemisan Cladosporium herbarum, Deuteromycota,
(Crataegus pentagyna) Cladosporium gossypii, Deuteromycota,
Alternaria chrysanthemi, Deuteromycota,
Stemphylium ilicis, Deuteromycota,
Phyllosticta grataegicola, Deuteromycota,
Septoria grataegi Deuteromycota,
28 | Tikanli yemisan (Crataegus oxyacantha) | Diplodia grataegi, Deuteromycota,
Septoria grataegicola, Deuteromycota,
Sphaeropsis demersa Deuteromycota

29

Urokvari coka
(Tilia cordata Mill.)

Pleurotus ostreatus,
Fomitopsis pinicola,
Shizophyllum commune

Basidiomycota,
Basidiomycota,
Basidiomycota
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30

Qafgaz cokesi
(Tilia caucasica Rupr.)

Mucor circinelloides,
Phellinus igniarus,
Heteroporus biennis,

Zygomucota,
Basidiomycota,
Basidiomycota,

Gnomonia tiliae, Ascomycota,
Rosellina quercina Ascomycota
31 | Col agcaqayini Rhytizma acerinum, Ascomycota,
(Acer cmpestre L.) Uncinula aceris, Ascomycota,
Diplodia acerina, Deuteromycota,
Coryneum notarisianum, Deuteromycota,
Gleosporium acericola Deuteromycota,
32 | Goyriisyarpaq agcaqayin (Acer negundo | Unkinula tulasnei, Ascomycota,
L) Rhutisma pinctatum, Ascomycota,
Oidium aceris, Deuteromycota,
Cladosporium epiphyllum, Deuteromycota,
Ascochyta aceris Deuteromycota

33

Ag akasiya
(Robinia pseudoacacia L.)

Inonotus hispidus,
Heteroporus biennis

Basidiomycota
Basidiomycota

34 | Sar1 akasiya Trichokladia caraganae Ascomycota
(Caragana arborescens)
35 | Adi yasomon Mucor corticola, Zygomycota,
(Syringa vulgaris L.) Heterosporium syringae, Ascomycota,
Alternaria chrysanthemi, Deuteromycota,
Pleospora herbarum Deuteromycota
36 | Adi palid(Quercus robur L.) Microsphaera alphitodes, Ascomycota,

Phellinus igniarus,

Basidiomycota,

37 | Sabalidyarpaq palid (Quercus Phellinus igniarus, Basidiomycota,
castaneifolia C.A.M.) Nummularia bullardi, Ascomycota,
Rosellina quercina Ascomycota
38 | Sallaq soyiid Valsa sordaria, Ascomycota,
(Salix babylonica L.) Marsonnina populi Basidiomycota
39 | Conub soyiidii Capnodium salicinum, Ascomycota,
(Salix australior Anderss.) Marsonnina populi Basidiomycota,
40 | Adi badam Monilia laxa, Ascomycota,
(Prunus dulcis) Monilia fructigena, Ascomycota,
Fuzicladium amygdali, Ascomycota,
Gloesporium amygdalinum, Ascomycota,
Oidium leucoconium, Ascomycota,
Exoascus deformans, Ascomycota,
Sphaerotheca pannosa, Ascomycota,
Clasterosporium carpophilum, | Ascomycota,
Septoria amygdali Deuteromycota
41 | Tikanli va ya daim yasil iydo (Elacaqnus | Phyllactinia suffulta, Ascomycota,
pungens Thunb.) Armillaria mellea, Deuteromycota,
Pestalotia eleagni, Deuteromycota,
Septoria eleagni Deuteromycota
42 | Nar (Punica granatum L.) Zythia versoniana Sacc., Deuteromycota,
Phoma punicae Tassi., Deuteromycota,
Aspergillus castanea Patt., Deuteromycota,
Fusicladinin lereieri Magn., Deuteromycota,
Sphaeropsis malorum, Deuteromycota,
Sphaceloma punicae Deuteromycota,
43 | Adi qizilagac Ciboria amentaceae, Ascomycota,
(Alnus glutinosa) Phyllactinia suffulta, Ascomycota,
Trematosphaeria pertusa, Ascomycota,
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Diatrype disciformis, Ascomycota,
Phoma alnea, Deuteromycota,
Colletrichum alni, Deuteromycota,
Gleosporium alnicola, Deuteromycota
44 | Qafgaz qusarmudu Phyllosticta sorbi West. Deuteromycota,
(Sorbus caucasia) Septoria sorbi Lasch. Deuteromycota,

Notica. Aparilan todqiqatlardan aydin oldu ki, Sumqayit soherinin yasillagdirlmasinda
osason 44-9 yaxin agac vo kol noviindon istifads edilir ki, onlarin mikobiotasinin formalagmasinda
da 112- don artiq gobalok novii istirak edir. Bunlarin oksariyyati fitopatogen novlardir vo adobiyyat
molumatlarina géro on az1 28 adda xostolik toradirlor. Beloliklo hom 6z todqgiqatlarimizdan, hom do
adobiyyat molumatlarindan malum olur ki, onlarin arasinda saprotroflar, biotroflar va politroflarla
yanasl, insan saglamligi li¢iin ciddi tohiilko monbayi hesab olunacaq allergenlors, opportunistlors vo
toksigenlors do rast golinir.

Toadgigatimizdan molum olan gobslok ndvlorinin, demok olar ki, hamis1 asason Zygomycota,
Askomycota, Basidiomycota vo Deyteromycota sobaloring, basqa s6zlo haqiqi gobaloklor (Mycota)
alomino aiddirlor, hans1 ki, bunlarin igarisinds do anomorf formalar oksariyyat togkil etmisdir.
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anniepzeH, moKCcuzeH, OnnOPMyHUCMm

IIpoBeneHHbIe MCCIEAOBAHUS MMOKAa3ajiM, YTO B O3eJieHeHHMH Tropoaa Cymrauta HCIONb3YyeTcs
okoJio 44 BUJIOB JIEPEBBEB U KYCTApPHUKOB. B opMupoBaHNE UX MUKOOHOT y4acTBYIOT Oonee 112 BumoB
rpuOoB. BOJBIIMHCTBO U3 HUX (PUTOMATOrCHBI M OKOJIO 28 BHUIOB M3 HUX MOTYT BBI3BaTh 3a00JIeBaHMI.
Takum 06pa3zom, U3 HAIIMX COOCTBEHHBIX MCCIIEIOBAHNI W JTUTEPATYPHBIX JAHHBIX CTAHET U3BECTHO, YTO
Hapsgy ¢ canporpodamu, OuoTpodaMu U MOIUTpoPaMu BCTPEUAOTCS U TPHUOBI  aJUIEPreHbI,
OIMOPTYHHUCTHl U TOKCUTEHBI, KOTOPBIH CYMTAIOTCS UCTOUHMKOM CEPHE3HOTO 3a00JI€BaHUM ISl 3710POBbS
4eJIOBEKa.

Iloutn Bce BuABI TPUOOB, MEPEUNCICHHBIE B HAIIEM HCCIEIOBAaHHH, OTHOCSTCS B OCHOBHOM K
otaeneHusM Zygomycota, Askomycota, Basidiomycota u Deuteromycota, npyrumu ciioBaMd K MHPY
Hacrosmux rpudos (Mycota), cpenn KOTOpPBIX aHOMOPQHBIE (OPMBI 3aHUMAIOT OCHOBHOE MECTO.
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Namazov N.R., Sultanova N.H.

Key words: gardening, mycobiota, micromycete, phytopathogen, mycotoxin, allergen, toxigen,

opportunist.

The conducted studies have shown that about 44 species of trees and shrubs are used in the
landscaping of the city of Sumgayit. More than 112 species of fungi are involved in the formation of their
mycobiotes. Most of them are phytopathogens and about 28 species of them cause diseases. Thus, from
our own research and literature data, it will become known that, along with saprotrophs, biotrophs and
polytrophs, there are also fungi allergens, opportunists and toxigens, which are considered a source of
serious diseases for human health.

Almost all fungal species known from our study belong mainly to the divisions Zygomycota,
Askomycota, Basidiomycota and Deuteromycota, in other words, to the world of true fungi (Mycota),
among which anomorphic forms predominate in the main plac.

Daxilolma tarixi: [lkin variant 29.04.2022
Son variant 02.06.2022
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Miirokkab obyektlorin layihoslondirilmosi zamani avtomatlagdirilmis layihslondirmo
sistemlorinin (ALS) verilonlor bazasinda golocokdo miioyyon tohlillordon sonra molumatlarin
istismarinda vo ya tokmillosdirilmis analoglarin layihslorindo faydali ola bilocok boyiik migdarda
verilonlor toplanir. Tohlil dedikds, biliklorin verilonlordon ¢ixarilmasi — verilonlor toplusundan
biliyin avvallor namolum, praktiki olaraq faydali vo olgatan sorhlorinin c¢ixarilmasimin iterativ
prosesi basa diisiiliir. Bilik kimi klasterlor, assosiativ qaydalar, produksiya qaydalari, neyron
sabakolor vo s. ola bilorlor. Miiasir istehsal goraitinds miirokkob momulatlarin layiholondirilmasi
morhalasinds imumi mosalonin miisyyon hissolorini holl etmok {igiin xiisusi ALS istifado eden,
orazico bir-birindon arali togkilatlar colb oluna bilarlor. Bu halda verilonlor miixtalif paylanmig
strukturlagdirilmis (verilonlor bazasi, verilonlorin saxlanilmast vo s.) vo strukturlagdirilmamis
(Internet, motn fayllar1 vo s.) monbolorda saxlanilir. Belo manbolordon biliklorin ¢ixarilmas: asagida
geyd olunan sobablardon ¢atin masaladir:

— yerli manbalords miixtolif molumat strukturlarinin forqli qurulusda olmas;

— molumatlarda natamamliq, uygunsuzluq vo digor sohvlor;

— verilonlorin miixtolif fiziki tobiati, forqli deqiqlik vo etibarliliq;

— verilonlarin boytik hacmloari va 6l¢iilori;

— strukturlagdirilmamis monbolordan biliyin ¢ixarilmasinin ¢atinliyi.

Hazirda paylanmis monbalordon bilik oldo etmak ii¢ilin {i¢ yanagsma moalumdur [1].

Birinci yanasma — Verilonlorin intellektual tohlili (VIT) lokal menbalorden alinan biitiin
verilonlori birlosdirilmis vahid verilonlor toplusuna daxil edir. ikinci yanagmada VIT alqoritmlori
miistoqil sokildo verilonlorin yerli verilonlor toplusuna totbiqini reallasdirir vo sonra naticolorin
qismon birlosdirilmosi aparilir. Ugiincii yanasma — iki yanasmanin birlosdirilmosi olaraq 4
marhalays boliiniir:

1) yerli verilonlor toplusunun vahid verilonlor toplusunda birlagdirilmasi;

2) verilonlor toplusunda axtaris vo sohvlorin aradan qaldirilmasi;

3) hesablamalarin tapsiriqlar va ya verilonlor {izra paralellosdirilmasi;

4) naticalorin qismon birlogdirilmasi.

Bu isdo iiglincii yanagmanin totbiqi masalslorine baxilir. Bu yanagsma gobul edilmis miiddot
orzindo hesablamalarin paylanmasi vo tapilmig sshvlordon tomizlonmis, totbiq sahosino aid
toplanmus biliklordon daha yaxs1 naticalor oldo etmoys imkan verir [2].

VIT-do verilonlorin monbolorinin paylanmasi vo hesablamalarin paylanmasi biliklorin
cixarilmasina ¢oxagentli yanasmani sortlondirir, bu yanasmada hor agent tapsiriq hagda miioyyon
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tosavviirlora malikdir vo onun bozi hissolorini yerino yetiro bilor. Bu halda agentlor 6z aralarinda
foaliyyot gostororok formalizo olunmayan masalalari hall etmoyo gadirdirlor.

Totbiqi coxagentli sistemlorin (CAS) islonmosi iki morholodon ibaratdir: predmet sahosinin
analizi morhalasi vo totbiqi sistemin analizi moarholoasi. Bu zaman analiz morhoslosinin mogsadi heg
bir layiho detallarini tosvir etmodon sistemi vo onun qurulusunu basa diismokdir, layiholondirmo
morhoalosinin magsadi iso - analiz morhalasindo tosvir olunmus miicorrad hoallori vo anlayislari daha
asag abstraksiya soviyyali models ¢evirmokdir.

Mogsad coxagentli sistemlorin islonmasinin birinci morholosi hesab olunan predmet
sahasinin tohlilidir, burada agent modellarin tasvirinden va onlarin garsiliqh slagslarinin tasvirinden
ibarot olan CAS-larin togkilati modelinin qurulmasi masalosini hall etmolidir.

Predmet sahosinin tohlili.  Biliklorin verilonlor bazalarindan ¢ixarilmas: prosesini 4
morholoya bolmok olar:

- Biliklorin ¢ixarilmast masoalosinin qoyulusu;

- Tohlil iigiin verilonlorin toplanilmasina hazirliqg;

- Verilonlorin intellektual tohlili;

- Cixarilmis biliklorin yadda saxlanilmasi, tatbiqi vo vizuallasdirilmasi.

Mosalonin qoyulusu morhalasindo biliklorin ¢ixarilmasi maqsadi, biliklorin ¢ixarilmasi tigiin
maonbalar, tolob olunan biliklor vo onlarin keyfiyyatins tolobatlar miisyyan edilir.

Novboti marholods miixtalif monbalordon malumatlarin toplanmasi, onlarin birlogdirilmasi
vo zonginlosdirilmosindon ibarat olan yiiksok keyfiyystli molumat toplusunun tohlil {igiin
hazirlanmasi problemi hall edilir. Bu morhalods asas problem moalumat manbaolorinin heterogenliyi
ilo osaslandirilir ki, bu da yerli monbolordon molumatlarin spesifikasiyasinda istifado olunan
terminlorin semantikasinin qlobal birmonaliliginin tomin edilmasi zaruratidir [3].

Tohlil iiglin verilonlor toplusunun bir ne¢o monbodon aliman malumatlar1 birlogdirarak
formalagsmasinin naticosi, analiz alqoritmlorinin isine vo c¢ixarilan biliklorin keyfiyysting tosir
gostora bilon coxlu sayda sohvlorin olmasidir. Mévecud molumatlardan adekvat bilik oldo etmok
ticlin onlarin ilkin emali {isullarindan istifado olunur. Onlara iki morholo daxildir: sohvlorin agkar
edilmosi vo aradan qaldirilmasi. Birinci morhslodo moalumatlar "¢irklonma" {i¢iin yoxlanilir, onlarda
xatalarin olub-olmamasi va hansi1 névs aid oldugu miisyyan edilir.

Askar edilmis c¢atigmazliglardan asili olaraq ndvboti morholodo tomizlomo, oxsarlarin
birlogdirilmasi, ziddiyystlorin aradan qaldirilmasi, ¢atismayan doyorlorin doldurulmasi va s. {i¢iin
miixtalif alqoritmlor totbiq edilir [4].

Verilanlor toplusunun ilkin emalindan sonra VIT tapsirig1 secilir. VIT-in iki osas vazifasi
var: prognozlagdirma (tosnifat, reqressiya) va tosvir (klasterlogdirmo, vizuallagdirma vo assosiasiya
qaydalarinin axtarisi). Algoritmlorin isini miiqayiso etmok vo optimal noticoni segmak ii¢iin analiz
tapsirigindan asili olaraq bir vo ya bir nego VIT alqoritmi segilir.

Hor bir VIT alqoritmi mévcud ilkin molumatlardan, hesablama resurslarindan, hamginin
alinan niimunalorin taolob olunan ndéviindon vo keyfiyystindon asili olaraq 6z totbiq xiisusiyyatlorino
malikdir. Verilonlor toplusunu totbiq olunan alqoritm baximindan optimal olan konkret tasvira,
formata vo ya formaya g¢evirmok iiclin asagidaki proseslori 6zilindo birlosdiron ikinci doracoli
molumat emal1 hayata kegirilir:

— anomal giymatlorin axtarisi;

— kodlasdirma va normallasdirma;

— on chomiyyatli atributlarin secilmaosi;

— atribut sahasinin Olgiilorinin azalmasi;

— qruplasdirma, filtrlomos va toplama;

— prognozlagdirma probleminin halli {i¢lin tolim vo sinaq niimunalorinin hazirlanmasi.

Molumat toplusunun hazirlanmasi prosesinin ¢ixisinda hoall olunan problem baximindan
optimal formata gotirilmis, askar edilmis xotalardan tomizlonmis va segilmis VIT alqoritmlorinin
totbiqi li¢iin uygun olan verilonlor toplusu formalagir.
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VIT morholosindo segilmis alqoritmlor istonilon notico oldo olunana qodor miixtolif
parametrlorlo bir nego dofs totbiq oluna biler. ilkin verilonlor toplusunda totbiq edilon VIT-*
alqoritminin keyfiyyatini miioyyon etmok ii¢iin birinci moarhalods qarsiya qoyulan moagsadlor nazars
alimmagqla aldo edilmis asililiglar giymotlondirilir vo sorh edilir. Bu morholado ¢ixarilan biliklorin
adekvatlig1r vo ohomiyyati yoxlanilir - aldo edilmis biliklor istifado olunan verilonlor toplusu iiglin
tosadiifi olub-olmamasi vo biitovlikkdo bu mdvzu sahosi lgilin geyri-sociyyavidir. Modelin
adekvatligmin miistoqil giymatlondirilmosini oldo etmok {i¢iin sinaq onun qurulmasinda istirak
etmoyon yeni molumatlar {izorindo aparilir, smaq {igiin istifado olunan molumatlar iso model
imzasina uygun olmalidir.

Son morholo ¢ixarilan biliyin totbiqi vo vizuallasdirilmasidir ki, bu zaman olds edilmis
biliklor bazi ilkin molumatlarin model daxiline togdim edilmasi vo gostarilon ¢ixis noticosinin oldo
edilmasi yolu ilo yeni problemlorin halli {i¢lin totbiq edilir. Modelin istifadosi zamani istifadogi
modeli totbiq edorkon hansi molumatlara ehtiyact oldugunu doqiqlosdirmalidir. Bu, modelin yeni
molumatlara totbiqini optimallagsdirmaga imkan veracokdir [5].

Paylanmis heterogen ALS verilonlor bazalarindan bilik ¢ixarma sisteminin multiagent
arxitekturas1 asagidakilardan ibarotdir: predmet oblastinin analizi vo biitlin sistemin isini
olagolondirmak {i¢iin moasul olan komponentlor (sok. 1).

Tohlil {igiin verilonlor toplusunun hazirlanmasinin birinci morhoalosindo - biliklorin
¢ixartlmasi mogsadinin qoyulmasi - CAS iki alagolondirici agentdon (sokil 2) ibaratdir: istifadogi vo
interfeys agenti.

| ilkkin emal multi- ilkin emal multi-

agent sistemi agent sistemi

Toplama, bir- \ /

Baz: | lesdirme multi- || idarsetma agenti » VIT.muItllagt-:nt
proyektor agent sistemlari \ sistemlari
/ Biliklar
. bazasi
Istifadaci
agent

Sakil 1. Verilonlor bazasindan biliklorin ¢ixarilmast iiciin CAS-in taskilati strukturu.

Biliklerin ¢ixarilmasi ligiin sorgu

Aralig naticalar

A

Sorguya diizalis

iSTIFAFDOCI
iDARSETMS
AGENTI
BiLiK
MONBOYi

Bilirlari ¢cixarilma naticasinin Stiirlilmasi

A

Sakil 2. Istifadaci va idaraedici agentin qarsiliql alagosi.
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Molumatlarin toplanmasi, birlogdirilmasi vo zonginlosdirilmasi morhalasindo multiagent
sistemlori asagidakilardan ibaratdir:

- Ontologiya agenti - yerli monbalorin molumat strukturlarinin predmet sahosinin
ontologiyasinin sortlori ilo tohlili vo miiqayisesine cavabdehdir;

- Verilonlor bazasinin idareetmo agentlori -— yerli monbonin molumat strukturu haqqinda
molumatlara malikdir vo yerli monbonin molumatlarina ¢ixisin tomin edildiyi sliiz rolunu oynayir;

— axtarig agentlori — yerli monbalords ardicil (bir agent) vo ya paralel (bir nego agent)
molumat axtarisina cavabdehdir. Paralel molumat axtariginin iistiinliiyli yiiksok mohsuldarligli hesab
olunur, c¢iinki axtarig biitiin verilonlor bazalarinda eyni vaxtda bir ne¢o agent torofindon hoyata
kecirilir. Paralel molumat axtarisinin c¢atismamazligt molumat toplusunun axtaris agentindon
idaraetmo agentina Otiiriilmasi zamant sobakado yiiksok yiikiin olmasidir;

— verilonlarin birlogdirilmasi agenti — bir nega verilonlar toplusunu bir yers birlosdirmoya
cavabdehdir.

Verilonlor toplusunun xaricdon zonginlosdirilmosi tapsirigi miixtolif axtaris meyarlari,

informasiya bazalar1 ilo alagodo molumatlarin toplanmasi va birlogdirilmasi multiagent sistemlori ilo
hall edils bilar.

idarsetma Birlasdirma Ontologiva Axtansg VB idarsetmsa
agenti agenti agenti agenti agentlari

VB terminoln'?gi\.-a sorgusu WB struktur sorgusu

- - . -
H '

i WB strukturunun Stdardlmasi

)

! - A

WB strukturunun \ '
]

WEB terminologiyamnin atdrdlmasi .
H analizi

[
WE terminlarinda wverilanlarin toeplanmasi Ggldn SQL sorgu

WEB terminlarinda verilanlarin Starilmasi WB-na slgatan-
- ' g tamini

Werilanlzrin birlasdirilmasi

sargusu

Birlasdirilmis werilanlar

Ttoplusu

Werilanlar toplusunun terminologiva sorgusu

Verilanlar toplusunun Terminologiyasimin H
STdrdlmasi

Werilanlar toplulapimn birlzsdirilmasi
'

F

Sakil 3. Analiz iiciin verilonlorin toplanmasi va birlagdirilmasi multiagent sistemlori.

Verilanlor toplusunun ilkin emalimin multiagent sistemlari. Verilonlor toplusunun ilkin
emal1 morholosindo multiagent sistemlor (sokil 4) asagidakilardan ibarat olur:

-sohvlorin axtaris1 agentlori - verilonlor toplusunda secilmis sshvlarin ardicil (bir agent) vo
ya paralel (bir ne¢o agent) axtarigina cavabdehdir;

— sohvlorin aradan qaldirilmasi agentlori — secilmis sohvlarin ardicil (bir agent) vo ya paralel
(bir nego agent) aradan qaldirilmasina cavabdehdir;

- Noticolorin birlogdirilmosi agentlori - Sazlamanin xiisusi naticolorini vahid verilonlor
bazasinda birlogdirmok {iigiin cavabdehdir (paralel sazlama ii¢iin).

63



Avtomatlasdirilmis layihalondirma sistemlarinin paylanmis heterogen verilanlor
bazalarina asaslanan biliklar bazasinin taskili ticiin multiagent sistemin islonmasi

Idarsstma Naticalarin Xpta axtarisy Xatalarn aradan,

; E i i
E Xotalarin axtansi sorgusu : '

_ Xatalar hagda informasiyanin étarilmasi 1

- :
¥atalann aradan galdinlmasi sorgusu H :
: -
Tamizlanmis verilanlar toplusunun gtaridlmasi
- -

Birlagdirma
soOrgusu ' i

-

Verilanlar toplusu- ]

nun Starilmasi

Sakil 4. Verilonlor toplusunun ilkin emali multiagent sistemlori.

Qeyd edok ki, verilonlor toplusunun keyfiyysti hor bir xotanin aradan qaldirilma
ardicilligindan asili olaraq forqlons bilor. Verilonlor toplusunun keyfiyyatini yaxsilagdirmagq iiglin
miioyyon verilonlor toplusu ii¢clin optimal ardicilli§i miioyyon etmok {igiin sohvlorin aradan
qaldirilmasinin  forqli ardicilligr ilo ilkin emal aparmaq lazimdir. Bu halda keyfiyystin
qiymatlondirilmasi meyar1 molumat dastlorinin keyfiyystinin ekspert qiymatlondirmasi ola bilor.

Verilonlor toplusunun tokrar emalinin mutliagent sistemlori. Verilonlor toplusunun tokrar
emal1 morholosinds (sok. 5) idaroetmo agenti verilonlor toplusunu emal etmok iiciin tokrar emal
agentino sorgu gondorir. Tokrar emal agentlorinin say1 analiz {i¢lin istifadogi torofindon se¢ilmis
alqoritmlorin say1 ilo miisyyan edilir.

idarsetma agenti > Takrar emal agenti

Verilanlar toplusunun cevrilmasi sorgusu Eat

Verilanlar toplusunun Stirdlmasi

Sakil 5. Verilonlor toplusunun tokrar emalimin multiagent sistemlori.

Verilonlorin tokrar emali agentlori idarsetmo agentlorindon verilonlorin hansit formada
olmas1 haqda informasiyani alir, onlarin tizorinde lazimi doyisikliklori aparir vo sonraki analizo
otirtrlor.

Verilonlorin intellektual analizlori multiagent sistemlori. Bu morhslode multiagent sistemlor
asagidakilardan ibarat olurlar:

- hesablama agentlori — VIT agentlorino 6z hesablama resurslarini toqdim edir;

- analiz noticolorinin miigayisosi agenti — analiz naticolorinin se¢ilmis kriteriya tizro
miiqayisosing cavabdehdir;

- biliklor bazasinin idarsetmo agenti — ¢ixarilmis biliklorin yadda saxlamasi ii¢lin
idaroetmo agentinin biliklor bazasina olgatanligini tomin edir.
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ABTOMATHU3NPOBAHHOI'O TIPOEKTUPOBAHMUSA
TI'yceiinos A.I., Canumoea M.P.

Knrwowuesvie cnoea. mnozoazenmHvle cucmemvl, YNPAGIAIOWUL G2EHM, 2eMepO2eHHble, OaHHbIe,

3HAHUA.

B cratee paccMmaTpuBaeTcsi mpoLecc W3BJIEUCHHS 3HAHUN M3 paclpeleseHHbIX 0a3 NTaHHBIX CHCTEM
ABTOMATHU3WPOBAHHOTO MPOSKTUPOBAHUS C PA3TMYHON HHOOPMAIIMOHHOH CTPYKTYpoii. Llenb cocTout B TOM,
9T00BI pa3paboTaTh APXUTEKTYPY MOACUCTEMBI JUIS U3BJICUCHUS 3HAHUM U3 paclpelesCHHbIX Pa3HOPOAHBIX
0a3 nanHbIX. Pazpaborana Moaenb MyIbTHAreHTHOM CUCTEMBI AJISl M3BJICUCHUS 3HAHUM U3 PacipeaesIeHHbIX
pasHOpoAHbIX 6a3 naHHBIX. OMUCaHbl OCHOBHBIE MOJIENTH ar€HTOB U HX B3aHMOJICHCTBUE JPYT C JPYTOM.

SUMMARY
DEVELOPMENT OF A MULTI-AGENT SYSTEM FOR ORGANIZING A KNOWLEDGE BASE
BASED ON DISTRIBUTED HETEROGENEOUS DATABASES OF COMPUTER-AIDED DESIGN
SYSTEMS
Hyseynov A.H., Salimova M.R.

Key words: multiagent systems, control agent, heterogeneous, data, knowledge.

The article discusses the process of extracting knowledge from distributed databases of computer-
aided design systems with different information structures. The goal is to develop a subsystem architecture
for extracting knowledge from distributed heterogeneous databases. A model of a multiagent system has
been developed to extract knowledge from distributed heterogeneous databases. The main models of agents
and their interaction with each other are described.
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Hazirda rogabot miihitindo tochizatginin ugurlu secim prosesi istehsal toskilatlarinin
toraqqisi tigiin ¢ox vacibdir [1]. Tachizat¢inin segilmasi bir ¢ox meyarlar1 ohato edon goxkriteriyali
bir problemdir. [1] - do ELECTRE {isulu mévzu tadqgiqatinin illiistrasiyasi ilo miizakirs olunur.

[2]-do ELECTRE {isulundan istifado edorak investisiya qrupunun alds edilmasi tiglin yerli
imkanlar qiymatlondirilir . Dayari vo digor miiqavils toloblorini nazors alan dord alternativ var. [2]-
do bazi tovsiyalora uygun olaraq Tiirkiyado yerli satinalma alternativlorinin se¢ilmasing tosir edon
alt1 osas amil: maliyyo gostoricilori, icazo vo akkreditasiya, miihasibat ugotu vo inzibati, texniki
infrastruktur, personal bilik vo tocriiba, miistori portfeli gostorilmigdir. Meyarlar1 gqiymotlondirmok
licin AHP iisulu istifado edilmisdir. Daha sonra alternativlorin siralanmasi ii¢iin ELECTRE
iisulundan istifads olunur.

Real masalolor, adoton hom qeyri-doqiqlik, hom do informasiyanin qismon etibarlilig
xarakterizo olunur. Bu ciir informasiyalar1 nozoro alaraq, professor L.Zado Z-odadlor nozoriyyasi
irali silirdii [3-6]. Bu moqalods Z-informasiyaya osaslanan toshizat¢t se¢imi masalosino ELECTRE
tisulunun totbiqine baxilir.

Masalonin qoyulusu va halli. Bursanin toxuculuq senaye zonasinda yerloson tekstil girkati
koynoklor istehsal edir [7]. Sirkot iiciin miistori mamnuniyyati iigiin keyfiyyat vo giymatlondirms
amillori vacibdir. Belalikla, diizgiin toshizat¢1 se¢imi sirkat tigiin strateji cohatdon vacibdir. Bu ciir
moasalalor informasiyanin geyri-miiayyanliyi ilo xarakterizo olunur. Bununla slagodar olaraq, Z-
informasiya ¢orgivasindo toshizatgr sesimi masalosine ELECTRE tisulunun tatbigini nozardon

kegirocoyik. Burada, 3 toshizats1 f, f, f, vo5meyarc, C, C,, C, Cyvar.:
Z-adad-qiymatli informasiyaya osaslanan toshizatst mosalosinin ELECTRE tisulun algoritmi

vasitasilo hallini nazordon kegirak.
Birinci addimda, Z-odadli gorar matrisini quraq. Biitiin meyarlar Z-adodlorlo tosvir olunub.

fij :(AJ—, Bij) (Cadval 1). Homginin hor bir meyarin vaciblik gokilori do Z-odadlorlo tosvir
olunub. Biitiin vaziblik ¢okilori Cadval 2-do veriib.

Cadval 1.
Z-informasiya asasli garar matrisi

(@]

1

[ o] Ul 5] o o) Vi
2{456 476 492} {%7 %8 %9} {%36 %56 %76} {%8 %9%}
3{471%88 %98} {%7 %8 %9} {%44 %64 %84} {%8 %g%}
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{00-69 0.89 00-99} {%8 %9 %}
{00-36 0.56 00.76} {%8 %9 %}

{ o0-58 l0-78 00-94} {%8 %9 %}

fl { O0.76 10.92 00.99 } {%7 %8 %9 }
" { Voss /056 / 0.76} {%7 %8 %9 }
f3 { O0.44 10.64 O0.84} {%7 %8 %9 }

{ / 0.69 / 0.89 / 0.99 } {%7 %8 %9 }
{ y 0.42 10.62 7 0.82} {%7 %8 %9 }
{ 7 0.18 10.38 7 0.58} {%7 %8 %9 }

f1

f2

f3

Cadval 2.

Meyarlarin vaciblik ¢akilori

Cokilor

Meyar

No

o 9. o <
SENEBRININ
— i i
= /
© @ @ @
S @ o o o
o8 %S X oX 8
N N N —
A P e s U N
—
<t < N —
I3 « N N N
DRSNS
o o o
© y
N © ~
o o (=) S S
—

SN—— N~ N N~

=
5
S <
o >
kS g >
2 © = ° =)
£ 5 : ¢ i
> S S =
(&} B Jas] [«§) <
M o O [ [
i N (32] <t L0
@) @) @) O O

(8)

Ikinci addimda, ¢oki omsaslli qorar matrisi asagidaki kimi qurulur: [10]:

~ =
" oy Y=
= £ F
R f1m_
¥y oo
I
=

Alinmis naticalor Cadcal 3-ds verilib.

Cadval 3.

o o o Yaze s Yors Y0881\ Jaow Yo Yoond (oo Jom Yoot

2 011/ 0.17 / 0.22 0.59 / 0.73 084 0.05 / 0.11 / 0.17 0.66 / 0.81 / 0.94

o s Joo Jousl Vs Yo Josad e Jasa Jod s Yo Dot
3 014 /0.2 / 0.24 0.59 / 0.73 084 0.07 / 0.13 / 0.19 0.66 / 0.81 / 0.94

i {00.16 %22 00.24} { 00.59 %73 %.84} { 00,11 0.18 O0.23} { 00.66 l0.81 00.94}

Z-informasiya osaslanan ¢aki amsall: garar matrisi
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A A AT ]

& )06/12/18} {/59/73%86} 005 on /17}{/66/82494}

s 308/14/}{ 0.59 %73%86} 308414%21} {/66/82%93}

§ {%08%15%1}{%58%73%9}

o Vo S Vs fors Joo)

Ve Se o Vs fors Yoo)

Uglincili addimda, raziliq vo narazﬂlq coxluqlar1 asagidaki kimi tapilir [8]:

={'\y =Yy |

The naraziliq ¢oxlugu = {j Yaj < Yy } abe{fi:i=1.,M}
C,= {1,2,3,4,5} D12 ={ }

C,=1{12,3,4,5) D, = {2}

C, = {2 D,, ={12,3,4,5)

C,s=1{5) D, ={12,3,4)

C, ={2) D, ={1,2,3,4,5}

C,=1{1234) D, ={5)

Novbeti addimda, raziliq vo naraziliq matrislori qurulur:

ab — Z Wi

1€Cqp
- Cio Cim
C= C21. - Com
Cos Chp --- —
- (0.7911.14)(0.430.64 0.85) (0.7911.14)(0.430.64 0.85)
C=| - - (0.120.17 0.21)(0.80.92)

~  (0.580.831.02)(0.37 0.59 0.85) -

Narazliq matrisinin 0, elementlori asagidaki kimi hesablanir:
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i EDS’E Vy _Vbj‘
ab
MaxX Vy; = Vy
d12 dlm
D= d21. - 2m
dml dm2 -
D ={(0.04122.5)(0.330.520.78) — (0.06116)(0.350.530.76)

(0.06115.8)(0.30.420.7)  (0.03121.4)(0.250.440.73) -

Besinci addimda, dominant raziliq matrisi hesablanir.
1

C= Cab
M(M —1) ag{f,},a%b be{ f;},a=b
1
3(3-1)
+(0.120.17 0.21)(0.8 0.91) + (0.58 0.831.02)(0.37 0.59 0.85)) =
—(0.380.50.585)(0.130.30.67)

Burada,e C -kritik doyardir. Bu doyar orta dominantliq indeksi ils tapilir: Beloliklo, asagidaki
sortlora asason Bool matrisi qurulur:

C =

-((0.7911.14)(0.43 0.64 0.85) + (0.7911.14)(0.43 0.64 0.85) +

011
0 01
010

Besinci addimda dominant naraziliq matrisi hesablanir.
Naraziliq iistiinliiyli naraziliq indeksi ilo hesablanir:

d= ijzm:d(a,b) /' m(m—1)

0, =1 if c,=C
Cab

6, =0 if c,<g 7

.((0.04122.5)(0.330.52 0.78) + (0.06 116)(0.35 0.53 0.76) +

+(0.06115.8)(0.30.42 0.7) +(0.031 21.4)(0.25 0.44 0.73)) =
= (0.030.6712.62)(0.020.10.38)

Naraziliq indeksinin matrisi (G) asagidaki kimi olar:

_ _ 111
{g(a,b)—l |.f d(a,b)gd_ @b)=|0 1 o
g(a,b)=0 if d(ab)>d 0 0 1

Novboti addimda, imumi dominant indeksinin matrisini aliriq:
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011)(111) (011
e(ab)={0 0 1|x/0 1 0|=|0 0 O
010/l001 looo

Yeddinci addimda az slverisli alternativlori Konarlagdirilir.
E matrisi har bir alternativ ti¢iin se¢im ardicilligini tomin edir, yani oagor e(a, b) =1 -s5, onda

a alternativi b alternativindon yaxsi se¢imdir. E matrisinin e=1 halinin az oldugu satri silinir.
Belaliklo, digor alternativlordan iistiin olan alternativ, an yaxsi alternativ olur.

Noatica. Bu moqalods tochizatgr se¢imi {iglin ELECTRE iisulundan istifade olunub.
Alternativlorin vo ¢akilorin giymatlori Z-adadlorlo tasvir olunub. Z-informasiyaya osaslanan
naraziliq va raziliq indeksinin matrislori hesablanmig vo alinan naticalor bu iisulun effektivliyini
gostarir
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PE3IOME
MPUMEHEHUE METO/IA SJIEKTPE K ITIPOBJIEME NIPUHATHA PEINEHAN
HA OCHOBE Z-UH®OPMALINUU
JDicaboaposa K. U.

Knrouesvie cnosa: MCDM, memoo ELECTRE, mampuya coomeemcmaust, Mampuybl
Hecoomeemcmeus, Z-4ucio.

B cratbe uccnenyercs 3amada BbIOOpa MOCTaBLIMKA, NMPUMEHSETCS OJUH W3 BaXKHBIX METOJIOB
MHOTOKpHUTEpUanbHoro npuHaTs pemenuit - meroq ELECTRE c undopmanueit Z. Bee 3HaueHns kaxxaoro
KpUTepHsT W Beca BAXKHOCTU XapaKTepU3yloTcs Z-uuciamu. [lomydeHHBIE pe3ynbTaThl MOKa3bIBAIOT
000CHOBAaHHOCTH U 3()(HEKTUBHOCTH MPEIJIOKEHHOTO METO/IA.
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Cabbarova K.I.

SUMMARY
APPLICATION OF THE ELECTRA METHOD TO THE PROBLEM
OF DECISION-MAKING BASED ON Z-INFORMATION
Jabbarova K.I.

Key words: MCDM, ELECTRE method, concordance matrice, discordance matrice, Z-number.

The article examines the problem of choosing a supplier, applies one of the important methods
of multi-criteria decision-making - the ELECTRE method with information Z. All values of each
criterion and importance weight are characterized by Z-numbers. The results obtained show the
validity and effectiveness of the proposed method..

Daxilolma tarixi: flkin variant 29.01.2022
Son variant 05.04.2022
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informasiya tohliikasizliyi.

Miiasir texnologiyalarin inkisafi insan foaliyyotinin miixtolif saholorino miihiim tasir
gostormoklo borabor tohsil kimi ononovi sistemlords do yeni texnologiyalara tolobat artmaqdadir.
Yeni texnologyalarin tokamiilii tohsil prosesinin biitiin aspektlorini: todris otaqlarmin xarakterini,
mozmunun keyfiyyatini, metodologiyani, tolobalorin foaliyyato colb olunmasi iisullarini,
qiymatlondirmoni doyisir. Bulud hesablamalari, mobil hesablamalar, paylanmis hesablama
sistemlori, siini intellekt, Big data, Blockchain kimi texnologiyalar biitlin diinyada tohsil sistemindo
boylik doyisikliklors sabab olmusdur.

Bulud texnologiyalar1 - imumi kompiiter resurslar1 toplusunu (saboks, serverlor, malumat
anbarlari, programlar vo xidmotlor) sorgu osasinda soboko vasitosilo aldo etmoys imkan veran
modeldir. Bulud texnologiyalari miioyyon bir konstruksiya kimi ¢ixis edir vo bu konstruksiya
vasitosilo kompiiter resurslarinin virtuallasmis infrastrukturu imumi internet sobokasindon istifada
etmoklo istifadagilora xidmatlor soklinds toqdim olunur.

Bulud hesablamalarinin totbiqi ilo slverisli vo yenilikg¢i tohsil miihiti yaradan infrastruktur,
platforma vo tohsil xidmatlori toklif edilo bilor. Belo bir miihit tohsil alanlar ilo keyfiyyatli tohsil
miiassisolori arasinda omokdasliq etmoys imkan verir. Bulud hesablama modelinin hom miisllimlor,
hom do tohsil miiessisolori iiclin faydalar1 var. Bulud xidmotlorinin tohsil {igiin istiinliiklorini
miixtolif cohotlordon nozordon kecirmok olar. Bulud xidmatlorinin universitetlors va tolobalors
faydalarina agagidakilar daxildir [2]:

1. Tadris prosesini daha somarali edir. Buludda on ¢ox akademik gaynaqlari onlayn mévcud
olan e-learning (distant tohsil) vo b-learning (qarisiq tohsil) proqramlari, habelo ononovi
kurslar istifads olunur. Bulud hesablamalar1 forqli binalar vo sohorciklor olan
universitetlordo idarsetmoni daha somoroli edir. Masalon, ¢ap olunmus akademik sonad
morkozi arxivdo saxlanila bilor vo universitetin miixtalif bolmolori hor an universitetin
istonilon yerindon onlayn niisxani aldo edo bilorlor.

2. Xorclari azaldir. Bulud asasli xidmatlor universitetloro xorclori azaltmaga vo inkisaf edon
tohsil ehtiyaclarin1 6domak {igiin yeni texnologiyalarin istifadssini siiratlondirmaya kdmok
edirlor. Tolobalor ofis totbigetmolorini bu proqramlart satin almadan, qurasdirmadan
kompiiterlorinds pulsuz istifads eds bilarlor. Universitet yalniz istifads etdiyi xidmatlors vo
yaddas sahasino goro Odonis etdiyino goro informasiya texnologiyalar:i omaliyyatlar1 vo
investisiya xorclori azalir. Ali tohsil miiossisalori istonilon yerdon onlayn istifado edilocok
xiisusi program paketlorini icarays gotiiro bilor, bu da mohdud sayda kompiiter ii¢lin fordi
program lisenziyalarinin alinmasi xarclorini xeyli azaldir.

3. Birgoa isi giiclondirir. Hom tolobalor, hom miisllimlor, hom do idarsedici personal miioyyan
bir proqram qurasdirmadan kompiiterlorindon molumatlar1 oldo eds bilorlor. Bu girisi ¢evik
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edir vo idaralorarast amokdaslig1 asanlagdirir. Bir saho imumi molumat bazalarina geydlor

togdim edorkon, basqa bir saho digor geydlori aldo edo bilor. Eyni zamanda motn sonadlori,

togdimatlar vo cadvallor forqli insanlar torafindon eyni anda hor hansi bir kompiiterdon
tortib edilo bilor, bu da molumatlarin keyfiyyotinin artirilmasina komok edir.

4. Mpdlumatlarin ehtiyat niisxalorini saxlayiwr. Proqram miitoxassislori bunu "ehtiyat"
adlandirirlar: eyni molumatlar birdon ¢ox yerds saxlanilir. Bulud hesablamalart malumatlari
diinya iizro genis serverlordo saxlayir. Bu, hor doqiqodo siirotli giriso zomanat vermoya
komok edir vo miioyyan bir serverds hor hansi bir fiziki vo ya rogomsal problem oldugda vo
ya hor hans1 kritik molumatlarin itirilmasi tohliikesi olduqda molumatlarin ehtiyat niisxosini
universiteta verir.

5. Miistaqil dyronmo. internet baglantis1 olan hor hansi qurgudan istifado edorok tolobolor
Oyronmo torzlorino vo maraqlarina uygun genis molumat monbolorini vo proqram
vasitaloring oalds eda bilarler.

6. Olcatanhq. Xidmotlorin olgatanligi tohsildo bulud texnologiyasindan istifads edon istifadagi
torofindon on ¢ox arzu olunandur. Istifadagi hor hansi bir yerdon daxil olub malumat aldo edo
bilor. Istonilon yerdon istonilon zaman xidmot oldo edo bilmok tohsil prosesini daha da
asanlasdirir.

7. Dostlug interfeysi. Istifadonin miirokkobliyina géro narahat olmaga ehtiyac yoxdur.
Istifadagi platformalar intuitiv interfeyso malikdir, onlar1 anlamaq v islomok asandir.
Bulud texnologiyalar1 istifadagilora Internet vasitosilo molumatlar1 idaro etmoyo vo oldo

etmoyo imkan verir. Tipik ali tohsil miiassisasinin buludunun istifadagilori tolobolor do daxil
olmaqla universitetin idars heyati, imtahan morkozi, tyutorlar, miiollimlor ola bilor. Biitlin
istifadagiloro miivafiq islori {igiin ayrica giris toqdim olunur. Miisllimlor fonlors uygun miihazirslori,
olavo todris materiallarini, tapsiriglart va testlori bulud serverine yiikloys bilor. Talabalor istonilon
internet baglantis1 olan yerds kompiiterlordon vo digor elektron qurgulardan istifads edorok
miisllimlar torafindon paylasilan todris materiallarini aldo eds bilirlor. Bununla yanasi, miisllimlsrin
todris materiallar1 vo metodlarini tokmillogdira bilmok imkan1 da yaranir [1].

Bu ciir tohsil tolobalors dors zamani ilo birgo digoer gilinlorde do darslors hazirlasmaq vo
nozordon kec¢irmok ii¢lin todris materiallarindan istifado etmoyo imkan verir. Bulud hesablama
sistemlorinin istifadosi zaman1 amaliyyat xarclorinin azaldilmasi, serverlor vo todris materiallarinin
digor tohsil miihitino inteqrasiya edilmasi hesabina hoyata kegirilo bilor. Sokil 1. istonilon tohsil
miiosisasinin buludunu xarakterizo eds bilar.

Administrativ
heyat Digar tahsil
Talabalar \ miihitina inteqrasiya

imtahan
markazi

Miiallimlar

Toahsilda
£ Bulud

M >
S ot
h ./ L Darsin taskili ve evdan
Auditoriyalar Girigin idara baxisin tamin edilmasi
edilmasi

Sakil 1.Tohsil buludunda méveud olan xidmotlor
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Tohsilda bulud hesablamalarinin tatbiqi va risklarin tadqiqi

Bulud texnologiyalarinda istifadocilorsa miixtalif xidmotlorin toqdim olunmasi {i¢ baza
modeli (SaaS, PaaS, [aaS) vo digor téoromo modellor asasinda hoyata kegirilir. Baza modellori
birlikdo SPI model adlanir, burada SPI — Software, Platform, Infrastructure (as a Service)
modellorinin bas horflorindon formalagsmisdir: SaaS (Software as a Service), PaaS (Platform as a
Service), laaS (Infrastructure as a Service) [5].

SaaS modeli program tominatini xidmot kimi toqdim edir. Bu zaman buludda yalniz
istifadocinin verilonlori deyil, homin verilonlora aid olan program tominati da saxlanilir.
Istifadoginin isi {igiin yalniz web-brauzer tolob olunur. Proqram olavalorino misal olaraq Google
Docs, Microsoft Office Live, Salesforce Customer Relationship Management gostarils olar.

PaaS modeli xidmat kimi platforma toqdim edir. Basqa s6zlos, hesablamalar vo verilonlorin
oOtiiriilmasinin artan imkanlar1 amaliyyat sistemini do buluda verir, bununla da onun is gabiliyyatini
miitoxossislora havalo edir. Istifadocinin kompiiterindo yalniz program olavelori qalir. Platformalara
Google App Engine, Microsoft Azure, Salesforce Force.com misal gostorilo bilor.

laaS modeli bulud texnologiyalari konsepsiyasi osasinda kompiiter infrastrukturunun
xidmat kimi toqdim edilmasidir. Bu soviyyads istifadogi baza hesablama resurlarini alds etmis olur.
DATA-morkozlorin  xiisusi xidmoti sayosindo istifadoci hesablama giiciinii artirmis olur.
Infrastrukturu istifadogiya servis soklindo toqdim etdikda, bu servisin istifadagiyo hansi iisullarla
togdim olunmasi, fiziki resurslarin harada yerlogsmaosi, ne¢o serverin islok voziyystds olmasi, bu
serverlordo neca prosessorun olmast istifadagi iiciin hec bir shomiyyat kosb etmir. Istifadagi, sadoca,
olyeton olan resurslar toplusunu goriir vo oradan ona lazim olan miqdarda resursu oldo edir.
Infrastruktura Amazon Simple Storage Service (S3), RackSpace Cloud Servers misal ola biler.

Tohsil miiessisasinin miixtalif komponentlorinin bulud hesablama modellorinin hansindan
istifado etdiyini gdstoran alago Sokil 2-da verilmisdir.

“v"_".r"_"" Administrativ
Talabalar ll'A"- heyat
Saas
“\j
Musllimlar | imtaha_n
markazi
Developeriar laas ?\
Tadqigatcilar
Server / A%VW/\

Verilanlar bazasi

PaaS i-_‘k“"--- va developerlar
Yerina yetirilma

Sakil 2. Tahsil miiassisasinin komponentlarinin bulud modellori ila alaqasi

Sokil 2-do goriindiiyli kimi tolabalor, miiollimlor, imtahan morkozi SaaS istifade edir. Bu
model program tominatini internet lizorindon istifadociloro catdirir. Server, elmi totqiqatcilar vo
developerlor IaaS istifado edir. laaS-da istifadogiya verilonlorin emali, saxlanmasi vo digor
hesablama resurslar1 yerino yetirmok iigiin omoliyyat sistemi vo olavolor do daxil olmaqla ixtiyar
program tominati toqdim olunur. Infrastruktur xidmot kimi istifadoci {i¢lin internet vasitosi ilo

74



Hoasonova N.O.

virtualilagdirilmis hesablama monbaolorini toyin edir. Verilonlor bazasi vo developerlor iso PaaS
istifads edirlor.

Tolobolorin todris materiallarini yiiksok monimsomaosi ii¢lin basqa todris monbalori ilo
somoroli omokdasliq etmosi vacib ohomiyyot kosb edir. Bulud biitiin istifadogilora c¢oxsayl
platformalar boyunca qaynaqlara asanliqla daxil olmaq, emakdasliq bacariqlarini inkisaf etdirmok
ticlin giiclli bir zomin yaratmaga imkan1 verir. Masalon, tolobalor digor tolobalorlo miioyyan tapsiriq
tizorindo omokdasliq edo bilarlor. Bulud hesablamasi ham tolobalors, hom do miusllimlors eyni anda
fayda veran ani roy vo qiymatlondirmo proseslorini hoyata ke¢irmoys imkan verir. Bulud, homg¢inin
qrup daxilinds olan manealori asir vo tolobalor qrup {izro islomok ii¢lin eyni yerds olma zorurstino
malik deyillor, yoni bulud vasitasilo istonilon yerdon qrupa daxil ola bilorlor. ©Omokdasliq tohsil
is¢ilori liclin do asanlasdirilir. Buludla miisllimlor vo idaroedici personal asanligla dors planlarini
paylasa bilor vo istonilon yerds va ya vaxtda birlikdos isloyo bilorlor.

Bulud xidmatlorindos yerlosdirilon todris sistemlori izorino miioyyan toloblor qoyulur [3]:

— biliklorin effektiv testlogdirilmasinin tomin edilmasi;

— testlosdirmonin naticalorinin doqiq vo uygunlasdirila bilon qiymatlondirilmasi;
— testlorin yaradilmasinin vo modifikasiya edilmasinin rahatlig1 vo sadsliyi;

— bilikler oblastinin hor hans1 bir predmeti ilo sort slagenin olmamast;

— istonilon sayda istifadoginin eyni zamanda testlogdirilmasinin miimkiinliiyi;

— konkret aparat vo program tominatina sort bagliligin olmamast;

— sistemin asanliqla bdyiidiilo bilmasi imkana;

— yiiksak tohliikasizlik vo miidafisnin olmasi.

Bulud texnologiyalar1 universitetlords bir sira risklor do yarada bilor. Boytik narahatliqlardan
biri molumatlarin tohliikasizliyi ilo baglidir. Universitetlor molumatlarin lokal soboko daxilinde
yerlosdirilacoyi toqdirds informasiyanin daha etibarli oldugunu hesab edirlor. Universitetin nozaroti
altinda olmayan vo yerlosdiyi yer bolli olmayan bir informasiya maorkozino molumatlarin
yerlosdirilmasi risk yaradir. Bozi bulud provayderlori indi soxsi molumatlarin yalniz uygun 6lkads
saxlanilacagina miiqavilslorindo zomanat verirlor. Burada oasas risk gizli bir pozuntunun olmasidir.
Bulud xidmatlarinin vahid bir provayder vasitasi ilo idars edilmosinin problemlors sabob oldugu vo
risklori minimuma endirmak {i¢iin birden ¢ox bulud provayderi ilo miiqavils baglamagin daha yaxsi
olacag1 moagsodauygun ola bilar.

Diinya praktikasinda bulud texnologiyalarinin yerlosdirilmasinin dord novii reallagdirilir:

— Soxsi bulud (Private cloud) bir sirket daxilinde xidmatlorin toqdim edilmasi tiglin istifado
edilir. Bu halda sirkot eyni zamanda hom sifaris¢i, hom do xidmati toqdim edon olur;

—  Umumi bulud (Public cloud) zaruri program tominat ilo infrastrukturun yerlosdirilmasi vo
miiassisonin hiidudlarindan konarda miiracist mexamizminin toqdim edilmosi imkanini

VErir;

— Hibrid bulud (Hybrid cloud) iki vo daha ¢ox foarqli bulud néviinden (soxsi bulud vo timumi
bulud) ibarat olur;
— Ictimai bulud (Community cloud) toskilatlarin {imumi moqsadlori olan konkret istifadoci

qruplar torafindon istifadssi ti¢lin nazords tutulmusdur [6].

Soxsi bulud modelinds yaranan informasiya tohliikasizliyi risklori, imumi vo hibrid bulud
modellorindo olan informasiya tohliikesizliyi risklorindon forqlonirlor. Soxsi bulud modelinda
informasiya tohliikasizliyinin tomin edilmasi problemi ilo bu buludun sahibi olan soxslor masgul
olur. Umumi buludda iso bu masalolorlo buludu yaratmus toskilat mosgul olur, buluddan iss ixtiyari
saxs istifads edir. Hibrid bulud modellarinds iso vahid texnologiya ilo miixtalif modellarin kiilliyati
birlosdirilir. Bu halda sistemin bir hissasi iimiimi buludda, an vacib hissalor iso soxsi buludda
saxlanilir. Beloliklo, osasinda {imumi vo ya hibrid modellor olan bulud texnologiyalarinda
informasiya tohliikasizliyi risklorino soboko protokollarinin, proqram vo omoliyyat sistemlori
serverlorinin tohliikasizlik ndqteyi nozordon zoifliyini aid etmok olar. Digor qrup risklor iso
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Tohsilds bulud hesablamalarinin tatbiqi va risklarin tadgiqi

bilavasits bulud texnologiyalar1 ilo, yoni virtual mibhitin totbiqi ilo baghdir. Bulud servis
xidmotlorini toklif edon toskilatlardan bozilori (Wuala, CloudSafe, MozyHome, SpilderOak,
TeamDrive) hom serverlordo, hom do bu xidmotlordon istifado edon miistori torafds sifroloms totbiq
edirlor, digorlori iso yalmiz server torofdo verilonlorin qorunmasina c¢alisir. ©On taninmis bulud
manbalarine — Dropbox, Box, SugarSync, Amazon Cloud Drive, SkyDrive va basqalarini aid etmoak
olar. Burada verilonlorin yliklonmao siiratino vo onlarin saxlanma miiddotino he¢ bir mohdudiyyot
qoyulmur. Verilonlarin yiiklonma siiratino gors an siiratli bulud servisi Cloudme (3303Kbayt/san.),
on kicik siiratli bulud servisi iso Box (97Kbayt/san.) hesab olunur. Informasiyanin dtiiriilmasi ii¢iin
daha c¢ox SSL tunelindon istifado olunur, o daha siiratli Otlirmoni tomin edir vo tohliikesizdir.
Sifroloma alqoritmi kimi iso daha ¢ox AES (Advanced Encryption Standard) alqoritmindon istifado
olunur. Qeyd etmok lazimdir ki, tohliikesizlik ndqteyi-nozerindon yalniz bes virtual servis (Wuala,
CloudSafe, MozyHome, SpiderOak, TeamDrive) server torofdon, verilonlorin Gtiiriilmasinds vo
miigtori torofdon sifrolomodon istifado edirlor. Bir ¢ox servislor sifrolomadon yalniz verilonlorin
oOtiirtilmasindo istifads edirlor, CloudMe vo ADrive servislori iso timumiyyatlo sifrolomodon istifado
etmirlor [4].

Belos noaticoya golmok olar ki, todris sistemlorinin yerlogdirilmasi ii¢lin oan slverisli xidmat
olaraq Dropbox servisini doyarlondirmok olar. Bu servis yliklonon faylin hacmins mohdudiyyot
qoymur, yiiklondikdo Windows omoliyyat sisteminin Windows Explorer boload¢1 programinda
Favorites bolmasina diisiir, biitiin qurgularla sinxronlagir, hibrid strukturlar yaratmaga imkan verir,
iinvan vo birbasa istinadla isloys bilir. Lakin burada tohliikosizliyin tomin edilmasi monasinda
diggat edilmasi gorokon bir cohot kimi miistori torofdon sifrolomonin olmamasini geyd etmok
lazimdir. Buna goro do Dropbox, SkyDrive vo ya Google Drive servislorindon istifade edorken
informasiyanin qorunmasi iigiin Boxcryptor, Cloudfogger vo ya Truecrypt tipli alavo programlardan
istifade olunmas1 magsadouygundur.
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PE3IOME
NMPUMEHEHUE OBJIAYHBIX BIYNCJIEHUN B OBPABOBAHUU U N3YUEHUE PUCKA
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Knwouesvie cnoga: oonaunvle ebluucienuss, cucmemvl 00pa30e8anus, eUpMYanbHas cpeod, 001auHble

cepsucsl, UHGOPMaYUoHHdas 0e30NAcHOCMb.

Hapsny ¢ Tem, yTo pa3BUTHE COBPEMEHHBIX TEXHOJIOIHH OKa3bIBAET BAXKHOE BIMSHUE Ha Pa3IUYHbIE
cdeprl YENOBEYECKON MAEATENbHOCTH, PAacTeT CIPOC HAa HOBBIE TEXHOJOTUM B TaKUX TPaJULHMOHHBIX
cucremMax, Kak obpasoBaHue. B craree paccmarpuBaeTcs NPUMEHEHHE OOJauHBIX TEXHOJIOTUH B y4eOHOM
npornecce. MccnenoBansl TpeOoBaHMs K OOydYalOmIUM CHCTEMaM, Pa3BEpHYTHIM B OOJIaYHBIX CEpBHUCAX,
BBISIBIICHBI PUCKH 0€30MIaCHOCTH M U3y4YEHbI CIIOCOOBI MX YCTPAaHEHHSI.

SUMMARY
APPLICATION OF CLOUD COMPUTING IN EDUCATION AND STADY OF RISK
Hasanova N.A.

Keywords: cloud computing, education systems, virtual environment, cloud services, information

security.

Along with the fact that the development of modern technologies has an important impact on various
spheres of human activity, the demand for new technologies in traditional systems, such as education, is
growing. The article discusses the use of cloud technologies in the educational process. The requirements for
training systems deployed in cloud services are investigated, security risks are identified and ways to
eliminate them are studied.
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Avtomatlasdirilmis texnoloji avadanliglarla tochiz olunan istehsalat proseslori miirokkoblik
xiisusiyyatlorini saxlamaqla yanasi, hom do miivafiq informasiya axinlarinin destoyi ilo idare
olunur. Umumilikdo miiasir istehsalat proseslorinin idaro olunmasi vo idarsetmoyo nozarot lokal
vahid 1daroetmo sistemi ilo aparilsa da informasiya axinlarinin internet sobokolorino c¢ixisi
olmalidir [1].

Texnoloji  proseslorin  idaroedilmosinin  avtomatlagdirilmis sistemlorinin digor lokal
istehsalat informasiya sistemlorindon forqlondirici xiisusiyyetlorindon biri do ondan ibarotdir ki,
prosesin baslangic mévqeyi ilo son mogsad movqgeyinin alagalondirilmasi protokollara ( FTP (File
Transfer Protocol) ) asaslanaraq aparilir [2] .

Miiasir istehsalat saholorinin intellektualliq sortlori daxilindo idaroedilmosindo server
(kompiiter) tohliikosizlik prinsiplorinin gozlonilmosi do asas amillorden biridir[3] vo informasiya
tohliikasizliyindo {i¢ osas prinsip gozlonilmolidir: moxfilik, biitdévlik vo icazalilik. Bu prinsiplor
informasiya sisteminin etibarliligini qorumagqla, istehsalat proseslorinin tohliikosiz faaliyyetini
do tomin edir.

Istehsal ~molumatlarmin hom saxlanilmasinda, hom do bir kompiiterdon  digorino
oOtliriilmosindo yarana bilocok icazasiz miidaxilodon miihafizonin toskili {iclin informasiya
tohliikosizliyi yaradilmalidir.

Togqdim olunan moqalodo internet olagoli miiasir istehsalat saholorinin gsobokodaxili
verilonlorinin 6tiiriilmesini icra edon informasiya tohliikasizliyinin tomini {i¢lin soket prinsipine
baxilir. Informasiya miibadilosi fragmentlor soklindo deyil fayllarla icra olunur. Fayllarin
miibadilosini icra edon informasiya sistemlori serverlor, mistorilor vo kommunikasiya
qurgularindan toskil olunmagla OSI (Open System Interconnection) modelinin miivafiq
soviyyalarinds texnoloji proseslorin idaroedilmasins intellektual tosir eds bilar.

Soket prinsipinin soboko modelinin timumi formasini

S={i,24, Zo, ..., Zi, ..., Zy , M}
soklindo ifado etmok olar [4].

Burada S-informasiya miibadilosini yerina yetiron sobokonin adi; I — soboko miibadilesindo
informasiya vahidlori ¢oxlugu; {Zi, Zy, ..., Zi, ..., Zn}- 1 informasiya ¢oxlugunun elementlori
arasindaki olagolori toyin edon funksional fordlor coxlugu, M- I informasiya elementlorinin {M;}
vahidlori arasinda gobul olunan slagolor.

Sabokadaxili verilonlorin Gtiiriilmasini icra edon informasiya miibadilosi proseslorine fayl
miibadilasinin aktivliyini tomin edon informasiya sistemlori daxildir.
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Soket prinsipino gora, bir torofdo server, digor torofdo iso miistori dayanir. Miistori
termini, geyd edok ki, kompiiter sabokolorindo hom do kliyent termini ilo eynidir.

Miistori hor hansi fayli vo ya omri qobul edon, server iso hor hansi fayli vo ya omri
gondoron torofdir. Informasiyanin sobokodaxili miibadilosindo asas mosalolorden biri ondan
ibarotdir ki, miistori serverdon golon informasiya coxlugundan hansinin fayl, yaxud hansinin
iso omr olmasini aydinlagdirmaq imkanina malik olsun.

Novboti problemlordon biri do ondan ibarstdir ki, serverdon otiirilon informasiya
coxlugunun hocmi boyiik oldugda informasiya coxlugu hissolora boliinorak, paketlor soklindo
miistoriys gonderilir. Bu isa 6tiiriilon informasiyanin tam sokilde miistoriys ¢catmasinda problemlar
yaradir. Homginin soboko daxilinds informasiyanin miibadilosi prosesinds 6tiiriilon informasiyaya
kibertohliiko olan konar miidaxilolorin olmasi da miimkiindiir. Bu iso soboks strukturlu texnoloji
proseslorin is foaliyyoatino monfi tosir eds bilor.

Demoli avtomatlagdirilmis texnoloji istehsalat proseslorinin informasiya miibadilosindo
mistorinin  qarsisinda iki osas masolo dayanir:

1. serverdon &tiiriilon informasiya g¢oxlugunun qobul olunmasindan toplanan yeni
informasiya ¢oxlugunun tamligint miioyyonlosdirmok;

2. serverdon Otiiriilon informasiya c¢oxlugunu amr va fayla bolmaok.

Server soket hor hansi fayl informasiyasim1 6z miistorisino (yaxud miistoriloring)
gondordikdon sonra amin olmalidir ki, gondarilon fayl strukturlu informasiya heg bir itgi olmadan
miistoriyo catdirilib (sokil ). Ona goro do server soket ilk 6nco 6z miistorisino moatn soklindo
faylin adin1 vo onun dl¢iistinii géndorir:

@ faylflarin_adi@olciiflar]@ miistariflor]in_nomrasi@

@- isarasi matn ayricisidir. Masalon:

@ ABC.doc; EFD.xls @ 2345650; 678900 @ Z;; Z; @
olarsa, server soket Z; movqeli miistorisino 2345650 kilobayt hocmli ABC.doc adli Word motn
faylini, Zj movqeli miistorising iso 678900 kilobayt hocmli EFD.xIs adli Excel cadvel faylini
gondoracok. Bu informasiyani qobul edon soket miistorisi ABC.doc adli Word moatn vo EFD.xIs
adli Excel cadval fayllarinin gabuluna hazir olur. Miistori soket fayllarin tam gobulunu apardigdan
sonra server soketa fayllarin qobul edilmasini bildiron oks informasiyasini gondorir. Gondarilon
ABC.doc, EFD.xIs fayllarinda istehsalat proseslori iigiin I vo {C;} komponentlorinin xarakeristik
qiymatlori saxlanilir. Hom do bu fayllarla 6tiirtilon informasiyada moxfilik, biitovliik prinsiplori do
gozlonilir.

Server soket Z;jvo Z;mdvqeli miistorilorden fayli qobul etdim informasiyasini aldigdan sonra
dorhal fayl buferini tomizloyir vo miistori soketo fayl informasiya géndorma prosesini dayandirir.

Novbati yeni molumat ServerSocket1.Socket.Connections[ N — 1 ].SendText

{C @ ABC.doc @ 2345650 @ Z;@"); (@ EFD.xIs @ 678900 @ Z; @ ");}
omrindon sonra gondarilocok. Demali Z; -ci miistoriys matn informasiyasinin gondarilmasi

ServerSocketl.Socket.Connections[ i ].SendText(' @ ABC.doc @2345650 @ Z; @ ");

Zj -c1 miigtor1y? 1so cadval informasiyasiin gondorilmasi

ServerSocketl.Socket.Connections[ j ].SendText(' @ EFD.xIs @ 678900 @ Z; @ ');
omr formalar1 kimi aparilir.

Gondorilon faylin hacmini ovvalcadon toyin etmok {liglin bufer yaradilir vo fayl bufers
yiiklonir ki, icazalilik prinsipi icra olunsun.

Istehsalat proseslori ilo olagoli olan serverdon miistoriys (yaxud miistorilora) semantik
strukturlu faylin géondorilmasini tomin edocok program tominati ilo birgs, oks prosesi icra edocok
miistori proqram tominat1 da olmalidir. Beloa ki, miistori program tominat1 semantik strukturlu fayl
gobul etmoli vo serveroa tam gobula goro diizglin molumat vermolidir. Miistoridon gondarilon
informasiya sorgusu miistori proqram tominati torofindon axtarig {ciin qobul edilir, zoruriyyot
yarandiqda iso miivafiq doyisikliklor icra edilir. Zoruri doyisikliklordon sonra indekslogon
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Istehsalat proseslarinda informasiya tahliikasizliyi prinsiplori

fayllarla birgo sorgu axtaris sistemino Otiiriiliir, emal prosesindon sonra iso noticoni miistoriya
gqaytarir.

ISTEHSALAT PROSESLORI

(SERVER <> MUSTORI )
Istehsal sahalorinda yeni Cari olago Soketin(obyektin)
Soketin(obyektin) yaranmasi yaranmasi
Accept() Bind()
[l [l

SOKET slagali informasiya miibadilasi va tohlili

KONAR MUDAXILONIN TOYINI

Sakil . Server — miistori fayl miibadilasi

Soket prinsipi osasinda qurulan web-agentlor vo axtaris strukturlu sistemlor garsiligh
asililiq olmadan informasiya miibadilosini icra edirlor. Web-agentlor istehsalat sahalori ilo olagoli
olub, otiirtilon sorgulara nozarot mogsadi ilo miitomadi icraatda olurlar. Web-agentlor sobokoyo
qosula bilacak yeni serverlor haqqinda informasiyani verilonlor bazasina yonlondirir.

Miistori  Otlirdliyli  informasiyanin naticosi kimi yerino yetirilon omoliyyatlarin vizual
goriintiistinii olds eds bilmir. O, yalniz istehsalat saholori tizra qobul olunan kegidlorin siyahisini
mioyyanlosdirir ki, bu siyahiya isa:

1. Soket sohifs agari;

2. Soket sohifonin URL tipli tinvani;

3. Soket sohifonin saxlanildigi web-sayta kegid yolu;

4. Indeks strukturlu agar sdzlor miioyyonlosdiran kigik bir matn niimunasi;
daxildirlor.

Bir cox istehsalat proseslorindo idarsetmo sistemlarinin intellektualligi liciin SEO (Search
Engines Optimization - axtaris masini ilo optimallagdirma) texnologiyasi totbiq edilir. Miivafiq
texnologiyali axtarig sistemi totqiq olunan istehsalat proseslorinin saytinin iinvanini miistorising
(kliyenta) toqdim etdiyi siyahinin ovvalino daxil edir.

Hom do axtaris aparilan obyektlor arasinda verilonlorin diizgiin miibadilosi do miihiim
amillordon biridir. Belo ki, verilonlorin axtaris1 vo miibadilosi proseslorindo hom informasiyanin
otiirtilmasi, hom do gobulu icra olunur ki, bu da coxsayli obyektlordon bir obyekts, yaxud digor
coxsaylt obyektlara alaga vo oks slage yaradilmagqla aparilir.

Miistori servera faylin tam qobul olundugunu bildirdikdon sonra server informasiya
gondorilmasini dayandirir. Tortib olunan prosedura yalniz fayl informasiyanin gebulunu tomin edir.
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Lakin ilkin olaraq miistori serverdon faylin adin1 vo onun Olgiisiinli bildiron informasiya qobul
etmolidir.

Informasiya miibadilasinin lokal sobokado soket strukturu osasinda xarakteristikalarmin tohlili
bir daha gostorir ki, miibadilo prosesinin effektivliyinin toyini onun semantikasindan da asililigini
saxlayir. Istehsalat proseslorindo yaradilan soket strukturlu biliklor bazasinda aparilan axtaris
metodikasinin problemi kimi altsobokodo dayanan bazaya edilon sorgunun ifado formasi ikitorofli
axtartg soklindo strukturlasdirilir. Belo ki, qurulan informasiya bazasinin idaroetmo sistemindo
informasiyadan istifado qaydasi sado vo mohsuldar olmaqla yanasi, hom do zoruriyyeat yarandiqda
informasiyanin montiqi teskili program vasitolorinin totbiqi ilo miixtalif strukturlu informasiya
modellorini do miioyyon eds bilsin.

Soboko verilonlorin soket prinsip strukturunda lokal soboko {lizro verilonlorin miibadilo
tisullarinin, informasiya sistemlorinin miiasir voziyyatinin tohlillori aparilir.

Qurulan alqoritmin {stiinliiklorindon biri do ondan ibarotdir ki, istehsalin idaroetmo
komponentlorini miioyyanlosdiron server boyiik hocmli informasiya c¢oxlugunu hissoloro bolorak,
paketlor soklindo miistoriya gondors do bilor. Bu iso 6tiiriilon informasiyanin tam gokildo miistoriyo
catmasinda problemlor yaratmamaq vo homg¢inin soboko daxilindo informasiyanin miibadilasi
prosesindo Otlirtilon moalumatlarin konar miidaxilslorin olmamasia da zomin yaradir.

Soketlorls i prinsipi qurarkon C# alqoritmik dilinde Socket sinfinin bir sira metodlarindan
istifado olunur:

Accept() — giris olagalarinin hazirlanmasi ti¢lin yeni Socket obyekti yaradir.

Bind(): — Socket obyektini lokal olan sonuncu miistari ilo slago yaradir.

Close():— Socket obyektlo olagoni dayandirir.

Connect():— uzaqda olan hostla slags yaradir.

Listen(): — gondarilon sorgularin daxil olmasini tomin edir.

Poll(): — Socket —in cari vaziyyatini toyin edir.

Receive(): - verilonlari qobul edir.

Send(): verilonlori géndorir.

Shutdown(): - Socket {izro gobul olunan vo géndarilon verilonlari bloklayir. Yoni prosesi bir
miiddot dayandirir.

Natica. Qlobal soboko 1iizro informasiya miibadilesinin soket prinsip strukturu
aragdirilmisdir. Fordi sabokalar iizro informasiya miibadilosinin tohlillori aparilmis, informasiyanin
effektli emalinin semantik soboko strukturunun soket miibadiloesinin alqoritmi vo proqram tominati
qurulmusdur. Informasiya miibadilosinin soket prinsipi soklinda idars olunmasi iigiin C# (Si sarp)
alqoritmik dilinds proqram tominati islonmisdir.
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PE3IOME
NPUHIAIIBI UTHOPOPMALIMOHHOM BE3OIMACHOCTH B MPOU3BOJICTBEHHbBIX
MNPOLHECCAX
Pazumos IIL.P., Mameooea I'.A., Caovicoe Y.K.

Knrwoueevie cnosa: ungopmayuonnas 06e30nacHocms, NPOU3B00CMBEHHbIE NPOYECCh,
NPUHYUN COKema, cemesasi MOOelb.

B mpencrtaBieHHOW cTaThe paccMaTPUBAIOTCS TMPUHIMIBI CEPBEPHOM OE30MaCHOCTH
COBPEMEHHBIX MPOU3BOJCTBEHHBIX 00BEKTOB. {151 oOecnieuenus nH(OOPMAIMOHHONW 0€30MacHOCTH
pa3paboTaH aIropuTM U TPOrpamMMHOE oOecleuyeHrne, OCHOBAHHOE Ha MPHUHIUIE COKET
MH(OPMAIIMOHHBIX CHCTEM, OCYIIECTBIIIOMUX 00OMeH daimamu. MccienoBana CTpyKTypa COKETHOTO
npuHIMIna oboMeHa uH(oOpMalueidl mo rinodanbHOM cetu. [IpoBenmeH aHanu3 oOMeHa WHQOpPMAIHMEN I10
OTJICNIBHBIM CETSM, TIOCTPOSH ajJrOPUTM U TMPOTPAMMHOE 00ecreYeHne OOMEHa COKETaMH CeMaHTHYCCKOMH
ceTeBor CTpYKTypHI dddexruBHOI 00padoTkn mHpOpManuu. IIporpammaoe obecrieueHue pa3paboTaHo Ha
anmropurmuueckom si3bike C# (Si Sharp) mis ympasienust ooOmeHoM uH(bOpMareil B Gopme MpUHIIUIIA
COKeTa.

SUMMARY
PRINCIPLES OF INFORMATION SECURITY IN PRODUCTION PROCESSES
Rahimov Sh.R., Mammadova G.A., Sadigov U. K.

Keywords: information security, production processes, socket principle, network model.

The presented article examines the principles of server security of modern production
facilities. To ensure information security, an algorithm and software based on the socket principle
of information systems that exchange files have been developed. The structure of the packet
principle of information exchange over the global network is investigated. The analysis of
information exchange on separate networks is carried out, an algorithm and software for the
exchange of sockets of the semantic network structure of effective information processing are
constructed. The software is developed in the algorithmic language C# (Si Sharp) to control the
exchange of information in the form of the socket principle
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Miiasir dovrda otraf miihitin ekoloji durumu va girkliliyi ilo bagl elmi-praktik todgigat
saholorinin siiratli inkisafi bas verir. Konkret miihit vo obyektlora géroa ekoloji tosnifat aparilir [1].
Miasir dovrdo geofiziki peyklorde, toyyars vo vertolyotlarda yerlosdirilmis molumat-ol¢ii
sistemlori vasitasilo tobii vo antropogen tosiro moruz qalan orazilorin dyronilmosine vo doyismo
tendesiyasinin qiymatlondirilmasino dair elmi-praktiki metodlarin islonilmasine xiisusi shomiyyot
verilir. Miixtolif zamanli peyk molumatlari arazilorin bitki Ortiiyliniin - doyigmesi dinamikasinin
todqiqindos, homin orazilor haqqinda operativ, qlobal molumatlarin toplanmasinda, homin orazilorin
infrastrukturunun sosial-igtisadi doyisikliklorinin real vaziyyatinin 6yronilmasinda xiisusilo somorali
hesab edilir.

1984-cii il avqust aymin 19-dan sentyabr ayinin 7-dok Azorbaycanin simal-qorb hissasindo
BMT-nin “Interkosmos” programi ¢orgivesindo “Giinos-84" peykalt1 eksperimenti kegirilmisdir. Bu
eksperimentdo respublikamizin miitoxassislori ilo yanasi, SSRi-nin toyyaragi-kosmonavtlari,
hamginin Bolgaristan, Macaristan, Almaniya Demokratik Respublikasi, Kuba, Monqolustan, Polsa
vo Cexoslovakiya alimlori do istirak edirdilor. “Giinos-84" eksperimenti "Masafodon zondlama ilo
cografi sistemlorin dinamikasinin Oyronilmesi” beynolxalq layihonin torkib hissasi olub vo
Azorbaycanin Soki, Zagatala, Qax vo Mingocevir rayonlarini ohato etmisdir. Eksperiment optik,
infraqurmiz1 vo radiofiziki aparatlardan istifado etmoklo c¢oxsoviyyoli aerokosmik vo yeristii
arasdirmalarla toskil olunmusdur.

Hazirki isdo toyyaralorden alinan spektrometrik molumatlar osasinda orazilorin voziyysti
aragdirilir. Bu masolonin holli masafodon zondlama ilo Yerin dyronilmoasinds istifado edilon osas
optik parametr - “atmosfer - yer sothi” sisteminin spektral oksetdirmasinin raqomsal qiymatlorinin
hesablanmasina asaslanir.

Metodik osas vo aliman naticolorin tohlili. Yerin fozadan fototosvirinin yaradilmasi
“atmosfer-yer sothi” sistemindan oks olunan siialanma axininin ikiol¢iilii paylanmasinin toyini ilo
olagodardir. Miihitin vo ya obyektin slialanman1 oksetmo xassosini saciyyolondiron osas optik
parametr spektral sialanma selinin oks olunan qiymati ilo toyin olunur. Spektrin goriinon sahoasindo
yerin dosoma sothi haqqinda alinan fotometrik molumatlar daha tutumlu olur. Miiayyon ddosoma
sothi {iclin stialanma selinin vo albedonun toraddiidlori homin sothin nomliyindon six asilidir.

Aerokosmik fototosvirin spektral timumilogdirma xassosi miixtolif orazilorin genis vo ohatoli
Oyronilmosino osas verir. Tosvirlorin bir sira omoliyyatlardan ibarat (cografi-koordinat
olagolondirma, rogomli tosvir se¢imi, tosnifat vo sorhlor vo s.) rogomsal tohlili iiglin xiisusi
hesablama proqramlari islonmisdir. Bels proqramlara “Image Processor” aiddir.

Hazirk isdo istifado olunan fototasvirlor sistemli is rejiming, slaqgali trayektoriyaya, identik
bort spektorofotometrik aparaturasina (MKF-6) malik olan AN-30 toyyarasi vasitasilo 27.09.83
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tarixindo almmisdir . MKF-6 kamerasi ¢ox zonali kosmik fotosokiller iiciin ADR vo SSRI
miitoxassislori tarafindon birgs islonib-hazirlanmis vo Carl Zeiss miiassisosinds istehsal edilmisdir.
Bu kamera ilo ¢okilmis sokillor yaxsit hondosi vo fotometrik xiisusiyyotloro malikdir; Todqiqat
spektrin goriinon hissasinin eni 40 nm olan dord zonasinda vo iki yaxin infraqirmizi zonada
aparilmisdir[2]. Cadval 1-do MKF-6 kamerasinin spektral intervallart verilmigdir.

Cadval 1.
MKF-6 kamerasinin spektral intervallar
Kanalin Ne 1 2 3 4 5 6
(blue) (green) | (yellow- (orange-red) (red) (near infrared)
orange)
Spektral 460-500 520-560 580-620 640-680 700-740 nm 780-860 nm
interval nm nm nm nm

1-ci sokildo orazinin  1-6 kanallarla alinmis spektral aerofotosokillori verilmisdir.
Asagidaki aero-fototosvirlorin  statistik gostoricilori MATLAB proqramindan istifado olunaraq
hesablanmigdir[3].

seee ﬁ

4

Sakil 2. Meso massivi olan arazinin blue va green kanallarla alinmis aerofototasvirlari va onlarin
uygun statistik gostaricilori
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Sakil 3. Dag yamacimnin blue va green kanallarla alinmis aero-fototasvirlari va onlarin uygun
statistik gostaricilori
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Sakil 4. Dag yaylasimin blue va green kanallarla alinmig aero-fototasvirlori va onlarin
uygun statistik gostaricilori

Meso massivi olan orazi, dag yamaci, dag yaylasinin yellow-orange, orange-red, red vo
near kanallarindan alinmis uygun statistik gostoricilori eyni qaydayla hesablanir.

Cadval 2-da bizim torafdon forqli relyeflori olan orazilorin (Dag Meso massivi , Dag yamaci
vo Dag yaylasi) isig1 spektral oksetdirmasinin statistik xarakteristikalar1 hesablanaraq verilmisdir.

Cadval 2.
Miixtalif relyefli arazilarin isig1 aksetdirmasinin statistik xarakteristikalar
Kanalin Ne Mean median | Standard deviation
Dag Mesa 1 95.25 98 15.89
Massivi 2 87.04 93 28.39
3 82.4 85 24.36
4 130.5 134 13.94
5 139.2 150 65.39
6 145.9 161 45.04
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Dag yamaci 1 1194 120 14.04
2 101.3 99 28.44
3 88.44 89 19.71
4 130 132 8.995
5 113.6 105 53.85
6 128.7 126 41.25
Dag yaylasi 1 137.2 137 6.306
2 153 155 14.49
3 117.1 117 8.543
4 136.5 137 4.039
5 189.1 193 25.08
6 1914 194 13.57

Sokil 5-7-ds forqli relyeflori olan orazilorin (Dag Meso massivi , Dag yamaci vo Dag
yaylasi) is181 oksetdirmasinin orta qiymaetinin dalga uzunlugundan asililiq gqrafiklori verilmisdir.
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Sakil 5. Dag mesa massivinin isigi aksetdirmasinin dalga uzunlugundan asililiq qrafiki
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$akil 6. Dag yamacwnin isig1 aksetdirmasinin dalga uzunlugundan asililiq grafiki
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Sakil 7. Dag yaylasimn isig1 aksetdirmasinin dalga uzunlugundan asuiliq qrafiki

Adoton, orazilorin qiymoatlondirilmosindo bitki ortiiyii indekslorindon istifado olunur. Bitki
ortiiyli indeksi - mosafodon zondlama molumatlarinin miixtslif spektral diapazonlar ilo amoliyyatlar
naticasinds hesablanan vo verilmis tosvirdo bitki Ortliyliniin parametrlori ilo slagoli gostoricidir.
Bitki oOrtiiyiiniin gostaricilorinin effektivliyi oksetdirmo xiisusiyyatlori ilo miioyyan edilir[4]. On
cox istifado olunan NDVI (Normalized Difference Vegetation Index) - normallasdirilmis nisbi bitki
ortiiyii indeksidir. Indeks gostoricilori goriinen qirmizi diapazonda elektromaqnit dalgalarini udan
vo onlar1 yaxin infraqirmizida oks etdiron yasil kiitlonin spektral tosvirlor vasitosilo formalasir.
Spektrin qirmizi zonast (0,62 - 0,75 mikron) giinos radiasiyasinin xlorofil torofindon maksimum
udulmasini, yaxin infraqirmizi zona (0,75 - 1,3 mikron) iso yarpagin hiiceyra qurulusu ilo enerjinin
maksimum oks olunmasini togkil edir. Yoni yliksok fotosintetik foaliyyat spektrin qirmizi zonasinda
daha asagi oksetmo doyorlorino vo yaxin infraqirmizida daha yiiksok doyorlora sobob olur. Bu
gostoricilorin bir-birino nisboti bitki Ortiiylinii digor tobii obyektlordon aydin sokilds ayirmaga
imkan verir. Naticado, tam spektral analiz oldo etmok miimkiindiir. NDVTI indeksi agagidaki diisturla
hesablanir.

(NIR — Red)

(NIR + Red)

Digor istifado edacoyimiz indeks GNDVI (Ingilisco Green Normalized Difference Vegetation
Index) - yasil normallagdirilmis nisbi bitki ortiiyii indeksidir. Bu indeks NDVI-ya banzayir, lakin o,
qurmizi avazing 0,54 ils 0,57 pum diapazonunda yasil rongi olgiir. NDVI indeksi ilo miiqayisado
xlorofilin konsentrasiyasina daha hossasdir. Adoton, ozilon vo qocalmis bitki Ortilyiiniin
qiymatlondirilmasindas istifads olunur. GNDVI indeksi asagidaki diisturla hesablanir.

(NIR — Green)

(NIR + Green)

Cadvael 3-do bizim torofdon forqli relyeflori olan orazilerin (Dag-meso massivi , Dag yamaci
vo Dag yaylasi) vegetasiya indekslori hesablanaraq verilmisdir.

NDVI =

GNDVI =

Cadval 3.
Forqgli relyeflori olan arazilarin vegetasiya indekslori
NDVI GNDVI
Dag Meso massivi 0.0557 0.2508
Dag yamaci -0.0050 0.1061
Dag yaylasi 0.1674 0.115
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Ogaor NDVI 0,15-don asagidirsa, ¢ox gliman ki, arazidoki biitiin bitkilor 6liib. Tipik olaraq,
bu ciir gostaricilor bitki Ortliyli olmayan torpaga uygun golir. 0,15-0,2 do asag1 gostoricidir. Bu,
bitkilorin qislamaya erkon fenoloji fazada oldugunu gostors bilor. Green Normalized Difference
Vegetation Index (GNDVI) metodu fotosintez foaliyyotini giymotlondirmok {igiin bitki Ortiiyii
indeksidir vo adoton bitki suyu va giibra gobulunu qiymoatlondirmok ii¢iin istifads olunur.

Natica. Dag-meso massivi orazizinds bitkilor asagi fotosintez fazasindadir. Dag yamacinda
bitki Ortiiyli vo torpagin nomliyi demak olar ki, yoxdur. Dag yaylasinda bitkilor agsag1 fotosintez
fazasindadir vo torpagin nomliyi yoxdur.
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PE3IOME
OLEHKA PACTUTEJIBHOCTH PA3JIMYHBIX YYACTKOB PEJIBE®A
HA OCHOBE CIHIEKTPAJIBHBIX U30BPAKEHUI
3aouooe 3./c., I'aouposa X. M., Axmeooe C.A.

Knrwouesvie cnosa: cnekmpanvroe onucanue, 6e2emayuoHHblll UHOEKC, KI1acCUuPUKayus.

B craree Ha OCHOBE CHEKTPaJbHBIX M300paKEHUH MPOBEACH aHAINW3 COOJIOACHHUS 3aKOHA
CHEKTPAILHOTO OTPAKEHUsI CBETa JUIS Pa3lIMYHBIX Y4acTKoB peibeda. [locTpoeHsl rpaduku crieKTpaibHOM
3aBUCUMOCTH CBETOOTPa)KEHHUS OT JUIMHBI BOJHBI YYaCTKOB C pasHbIM penbeoM (TOPHO-JIECHOW Maccus,
TOPHBIM CKJIOH U TOPHOE IJIaTO) M NPOBEAEHA OLIEHKA PACTUTENBHOCTH C PACUETHBIMU BETETALMOHHBIMU
HHAECKCaMH.

SUMMARY
ESTIMATION OF VEGETATION OF DIFFERENT RELIEF AREAS
ON THE BASIS OF SPECTRAL IMAGES
Zabidov Z.J., Gadirova Kh.M., Ahmadov S.A.

Keywords: spectral description, average value, vegetation index, classification

Based on spectral images, the article analyzes the compliance with the law of spectral reflection of
light for various parts of the relief. Graphs of the spectral dependence of light reflection on the wavelength of
areas with different relief (mountain-forest massif, mountain slope and mountain plateau) were plotted, and
vegetation was assessed with calculated vegetation indices.
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Paccmompenvl paznuunsie cnocobbl NPUMEHeHUs. COBPEMEHHBIX UHPOPMAYUOHHBIX MEXHOLO2UL OIS
nosvlueHUs: 3PHeKmusHoCmU 0essMeNbHOCMU YAPAGICHUS. 2PANCOAHCKOU 0boponotl. Tlpednoscen sapuanm
CMPYKMypbl KOPROPAMUBHOT Cemu YNPAGLeHUsl npu agmoMamu3ayuy 06pabomxy u aHaiusa uHGOpMayuu.
Tpoananusuposarvl 60npocsl UHGOPMAYUOHHOU OE30NACHOCU CUCTNEMbL 2DANCOAHCKOU 0OOPOHbL, MEMOObL
VAPAgIeHus e1o U Cnocodbl cO30aHUst eOUHOL Cemu YnpasieHus..

OpaHUM U3 OCHOBHBIX HaIlpaBJIEHUH B NMPEAYNPEKICHUHN YpE3BbIUaiHbIX CUTYAIUH SBIsIETCS
CBOEBPEMEHHOE pearupoBaHue Ha npoucuiectBue. IlocTosHHOE yBenuyeHHne yucia Ype3BbluaiiHbIX
CUTyallull aKTyalau3upyeT (OpMHpOBAaHME M MPUMEHEHHE HOBBIX IPHUHIMIIOB OOPHOBI.
Hannexamiee pearnpoBaHue Ha coObITHE TpeOyeT OT PYKOBOJCTBA BCEX YPOBHEH yIlpaBiieHUsS
BBITIOJIHEHUS YIIPAaBIEHUYECKUX (QYHKINK Ha 00Jiee BBICOKOM YPOBHE, YTO MOXKET OBITh JOCTUTHYTO
32 CyUeT WCHOJb30BAaHUSA AaBTOMATH3MPOBAHHBIX CHUCTEM YIpaBIE€HUS M HHGPOPMALMOHHBIX
TexHosoruii. Hanwmume HoBelmmx cucrteM cOopa, mepenaud, oOpaOOTKH, XpaHEHHS U
UCMOJb30BaHUS HMH(pOpMAIMK, HEOOXOAMMOM AN MpPEeayNpeXkAeHUs 4Ype3BblYalHBIX CUTYalHi,
SIBJIIETCS. OJTHUM U3 OCHOBHBIX KPUTEPUEB KAYECTBEHHOI'O U ONEPATUBHOIO yIIPABICHHUSL.

Ha ocHOBe mnpumMeHEHHs aBTOMAaTHU3UPOBAHHOM CHUCTEMBl NPHUHATHS YIPABICHYECKHX
pelIeHnit MOKHO 3HAUUTEIbHO MOBBICUTH KaY€CTBO M CKOPOCTh MPOLECCOB 0OpaOOTKH JTaHHBIX.
JenaprameHT rpaxxaaHckoi o6oponsl (I'O) AsepOaitxanckoit PecriyOinku siBiaseTcss OJHUM U3
KOMITOHEHTOB BCEH CHCTEMbI I'paKAAaHCKOW OOOpOHBI M Ype3BbIYAMHBIX cUTyanuil PecrnyOmuku.
[Tpumenenne ACY B moOBceHEBHOW paboTe OThena SBISETCS HEOOXOAMMBIM M €CTECTBEHHBIM
YCIIOBUEM MOBBIIEHUS 3(P()EKTUBHOCTU YIPaBIEHUECKUX (YHKIMH. PyKOBOJICTBO M MCHOJHUTENN
VYrpaBieHus rpaxJIaHCKOH OOOpOHBI PYKOBOJACTBYIOTCSI B CBOEH IMOBCEJHEBHOH AEATENbHOCTU
TpeOoBaHUSMU 3aKOHOB, YcCTaBa, MEpEYHEM M OOBEMOM HEOOXOIUMBIX IJOKYMEHTOB, a TaKke
MHCTPYKUUSMHU U TIPUKa3aMH, PErJIaMEHTUPYIOIIUMH CPOKH U IEPUOJUYHOCTD UX MPECTABICHUS.

CBoeBpemMeHHOe HMH(OpMHpOBaHHE HaceJIeHHs, paboTa 0O0bEeKTaMH, IMJIaHOMEpHas paboTta
[0 TPEAYNPEXICHUIO YPE3BBIYAHBIX CUTYAIMi TPeOYIOT YETKOro M CBOEBPEMEHHOTO MPHUHATHUS
pewenuii. [Tpu aTOM nexypHBIN oy4yaeT 60bIION MOTOK MH(POPMAIIUK, HA OCHOBAaHUHU KOTOPOM B
KOHEYHOM HTOre NPUHUMAIOTCS pELIEHUs, 4acTO CTaJIKMBasCh C HEOOXOJIUMOCTHIO CO3JIaHUS
CIpaBOYHON MH(POPMALIUH 110 XO35IICTBEHHBIM 00BEKTaM B CXKATble CPOKHU.

Heasb. Mcxons n3 BBIIEN3I0KEHHOT0, HEOOXOAUMOCTD U LI€JIECO00Pa3HOCTh aBTOMAaTU3ALMN
JIOKYMEHT0000pOoTa B YTIpaBIICHUH, TPOLIECCOB 00PaOOTKU M aHaIM3a HHPOPMAIMU KaK €ro COCTaBHOU
YacTU JESITeIbHOCTH, SIBIISCTCS aKTYaJIbHBIM.
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Hcnonb3oBanue coBpeMeHHbIX HHGpopManuoHHbx TexHojoruii (MT) B Ooprbe c
Ype3BbIYAHBIMU CHUTYallMsIMA TO3BOJIUT 3HAUYUTEIBHO COKPATUTh BpeMs Ha IMOJIy4eHHE U
MOJrOTOBKY HH(OPMAINH, YIIPOCTHTH MPOLECC TPUHATHS PEIICHUH M0 JTUKBUAALMH TTOCIIEACTBUI.

CTpyKTypHasi XapaKTepuCcTHKA ropoackoro ynpasJjenusi 'O.

Crpykrypao VYmnpasienune ['O cocrour wu3 10 cocraBisronux mojpas/ieleHuH,
pacrojOKEHHBIX B JBYX OTIEIbHBIX YACTAX ropojaa Ha ynaieHun 4 kM. B ogHOM 3maHuun
COCPENOTOUYEHBl OCHOBHBIE OTHENBl U OTHENEHUSA. B OTAENbHO CTOSILEM 34aHUM PACIIOJIOKEHbI
Kypebl 'O, xumuueckas ciyx0a u paguoxumMudeckast 1aboparopus.

B cocraB mpemaraeMoro BapuaHTa aBTOMAaTHU3alMU OOpPaOOTKH, XpaHEHHS M aHAIW3a
unpopmanuu Ynpasienus ['O BXxoaut cienyromas anmaparHasl 4acTh, COCTOAIIAS B OCHOBHOM U3
nepcoHanbHbIX KoMIbloTepoB (ITK):

- 1 [IK - nayansHuk ynpasienus; - 2 [IK - onepaTuBHbIN O0T1ET;

- 1 IIK - umxenepHas cinyx0a; - 2 I1K - ornen noxrorosku ['O;

- 1 IIK - meguninHackas cyxo0a; - 3 I1IK + ceppep cetu - otnenenue cBsizu u ACY;
- 1 IIK - otnen xkaapos; - 2 I1K - kypcel 'O; - 1 [IK - xumuueckas cinyxo6a;

- 1 IIK - PX nabopaTtopus.

HekoTopeie oTJe1bl YaCTUYHO OCHAIIAIOTCS KOMIIbIOTEpaMHU, a oTaeneHue cessu u ACY, a
TaK)Ke OMEPAaTUBHBIN OT/EN Yepe3 cepBep MOoAKIYeHbl K cetu MuTepHet. 1o anekTpoHHON moyTe
OTYETHBIE JOKYMEHTBI OTIIPABIISIFOTCS B BHILIECTOSALINE UHCTAHIUU.

Ha ocHOBaHMU BBIIEU3I0KEHHOTO MpEJiaraeTcs OCHACTUTH YIPABICHUS U MOApa3/IelIeHUs
'O HOBOH TEXHUKOH, KOMIbIOTEPAMU U MOJKIIOYUTH MX K JIOKAJIBHBIM CETSM YIPABJICHUS U
oOcCiTykKMBaHUS U 0011Iel KOPIIOPATUBHOM CETH € BbIX0J0M B IHTEepHeT.

IIpumenenne coppeMenHbix UT B aeareasnocTu OY. Ipu nukBuaanuy 4ype3BbIYaiHbIX
cutyauii 3QGEeKTUBHOCTh aBapUHHO-CIIACATENbHBIX PA0OT ONPEAENSIOT LENbd pal (HaKTopoB,
TakM€ Kak OIEPaTMBHOCTb Hauyaja OIEpaldM, HaJIUyue CHElUaJIbHO IOJArOTOBJICHHBIX CHJI,
OCHAIICHHOCTh JAHHBIX CHUJI CPEJCTBAMH YIIpaBJICHUS, HeoOXomuMbiMu isi ycTpaneHuss YC,
ycioBus 1 o0ctaHoBka B 30He UC u ip.

B 1o xe Bpems, Hapsay ¢ JaHHBIMU (akTopaMu, 3PGEKTUBHOCTh YKa3aHHBIX paboT B
OoJbIIel CTENeHW 3aBUCUT OT OpraHM3allMM YIpPaBJICHUS JAEUCTBUAMU 4YacTei, 3aHSATBHIX B
JUKBHUJALUU YpEe3BbIYAiHON cHUTyalMHu. YEeTKOCTh YNpaBlIEHUS U CIAKEHHOCTh CWJI B JaHHOU
CUTYyalluu TO3BOJISIET CYLIECTBEHHO COKPAaTUTh BPEMs BBIIIOJHEHUS DPA3JIMYHBIX ONEpalUi, 4TO
OrpaHUYUTh — JoKanu3oBaTh UC, MUHUMHM3MPOBATH €r0 MAacCIITAObl, NMOBBICUTh BBDKHBAEMOCTb
ITOCTPAIABIINX JIFOCH.

IIpn pemennn 3agaun jukBuganmu YC, K cuCTEME YNpaBIEHUS NPEAbSBISIIOTCS P
TpeOOBaHUM, OTHOCUTEIBHO CTPYKTYpbl, T€XHMYECKOH CpPEICTB W METOJaM IUJIAaHUPOBAaHUS U
IIPOBE/IEHUS] COOTBETCTBYIOLIMX paloT. VYmpaBnenue aedcTBusMH B ycioBusx YC A0KHO
OTJIMYAThCS ONEPAaTUBHOCTHIO, OBITh YCTOMYMBBIM M HENPEPHIBHBIM, a B YCJIOBHUSX BOEHHBIX
KOH(JINKTOB M CKPBITHBIM. BbINONHEHHE yka3aHHBIX TpeOoBaHM oOecrednBaeT HEOOXOAUMYIO
YEeTKOCTh YIPABJIEHUS B yCIOBHSX, BO3HUKIIMX Npu YC, mo3BOJIIET MAaKCUMAJIbHO HCIOJIb30BaTh
BO3MOXXHOCTH IIPUBJIEKAEMBIX CHJI W BBIIOJHUTH IIOCTAaBJIEHHBbIE 3agaud JukBupauun YC B
YCTAaHOBJICHHBIE CPOKM C MHMHHMMalbHbIMM ToTepsiMu. PasButme WT Hepa3pblBHO CBSI3aHO C
MPUMEHEHHEM BBIYHUCIUTEIbHON TEXHUKH U MHPOPMALMOHHO-U3MEPUTEIBHBIX CUCTEM, YaCTHUYHON
U TIOJHOW 3aMEHOM TpaJWLMOHHBIX HOCHUTeNell HH(OpMaluu, Hampumep, TakKux Kak Oymara,
MEXaHUUYECKNE CUCTEMbI, MAIIMHHBIMUA HOCUTENSAMM [1].

WudopmaninoHHasi TEXHOJOTHUS — COBOKYIIHOCTb METOJOB M CpPEICTB pealu3aluu
MH(POPMAIIMOHHBIX TPOLECCOB, T.€. NPOIECCOB cOOpa, XpaHeHHs, OOpabOTKH, Nepeiaud Hu
UCIONIb30BaHUsl JaHHbIX. DyHIaMeHTalbHbIM KommnoHeHToM WT sBnsercs aHamuTHdeckas
JESATENBHOCTh C MAaKCHMMAaJbHO BO3MOXXHBIM IIPUMEHEHHEM YEJIOBEKO-MAIlMHHBIX mpouenyp [1].
KoMmmbroTepsl JatoT BO3MOXKHOCTb 4YENIOBEKY IOBBICUTH 3()(PEKTUBHOCTH YIpaBICHHUS 3a CUET
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yBenu4eHus: (pacmmpeHusi) oObema, HAASKHOCTH M CKOPOCTH BBINOJHEHHS ONepanuid 1o
oOparmieHuto ¢ nHpopmaruei.

Beigenstor nBe crparerum BHenpeHHs: HOBRIX WT B Ty WM HMHYIO OpraHHM3aIliOHHO-
TexHuueckyro crpykrypy. I[lo mepBoii crpaterun UWT mnpucnocabnuBaercst (amanTupyercs) K
YKa3aHHOH CTPYKType 0e3 ee M3MEHEHHs, MpeayCMaTpUBACTCA JHINb JIOKAaJbHAs MOACPHH3AINS
CIIOKMBIIUXCS METOAOB ympaBieHus. [lo BTOpoil opraHu3allMOHHO-TEXHHUYECKAasi CTPYKTypa
palMOHATU3UPYETCS MCXOAS W3 BO3MOXKHOCTU JIOCTMIKEHUS MAaKCHUMAJIBHOW 3(PQPEKTHBHOCTU
texHonmoruun [2]. Ilpm obeux cTparerusx NpeaycMaTpPUBACTCS IOJHOE  COIpPSHDKEHHE
MHGOPMALIMOHHON M OpPraHM3allMOHHO-TEXHUYECKUX CTPYKTYp. B mporiecce ympaBienust ciemyer
IpelycMaTpuBaTh IMHUPOKOE UCIOJIb30BAHNE KOMIIBIOTEPOB U IPYTUX CPE/ICTB aBTOMATHU3AIIHIH.

ABToMaTu3anus pabodero Mecta OnepaTUBHBIX U AUCHETYEPCKUX CIYKO C HCIOIB30BaHUEM
coBpemeHHbIx WT oOecrieunBaercs omepaTUBHBIM BBOJ JAHHBIX [Js IUJIAHUPOBaHUS paboT M
MIPOTHO3UPOBAHMS OOCTaHOBKH; MOJTHOTa OoTOOpakeHHs rpaduyeckoil nHpopManuu (Ha KapTax u
IJIaHAaX); aBTOMAaTUYECKUI pacueT cuil U cpencts i JukBuaanuu YC; cocrapnenue miaH-rpapuka
ocyectBiaeHuss ACP; moAroroBuTh U pacrneyaTarb OTYET O MPOJEIaHHON paboTe; UCIOIb30BaTh
0a3pl JTaHHBIX W  HOPMATUBHO-CIIPABOYHYIO  HH(OPMAILIMIO;  PACHIMPUTH  BO3MOXKHOCTHU
CYIIECTBYIOIIEH KOMITBIOTEPHON CETH W TIOBBICHTH OICPATUBHOCTH Iepenadn WHGOpMaIuu
3BEHbSIM, NPUBJICUEHHBIM K TuKBUIauu YC, 0c0OEHHO, crlaM SKCTPEHHOTOo pearupoBanus [3].

B opramax ympaBieHHs CETOJHS IIUPOKO PACHpPOCTPAHEHBI TaKHWE CHCTEMBI Kak
MHTEPHET (B pamkax rimob6anbHOM uH(pOpManmoHHO-BeiuncauTenbHo cetn) u MHTPAHET.
JlarHas cucTeMa MpeCTaBIsIeT CO00H CUCTEMY KOPIIOpaTHBHON MH()OPMAIIMOHHOW CeTH, HanboJiee
yIOOHYIO /Ul MPUMEHEHHS Ha TEPPUTOPUATLHOM ypoBHE. Kaxabiit 00BEKT SKOHOMHKH B IIpeenax
ropoja TOTOBHT OaHK JaHHBIX 1O €IWHOW CTPYKType, YYMTHIBAOUIed HH(OPMAIMIO 1O BCEM
3aMHTEPECOBAHHBIM B 3TOI MHYOpMAIHH CITyKOaM.

CnemnuanbHO  pa3pabOTaHHOE  NIPOrpaMMHOE  OOECTeYeHHE  BBIOMpAeT  HYXKHYIO
noJib3oBareto uHpopMaluioo u Gopmupyer oTueT (CIpaBKy) B yAOOHOW Mosib30BaTeio (opme,
100 B CTPOTO yCTAaHOBJIICHHOH (opme moHeceHus. st oOecrieueHuss 6€301MacHOCTH HACCICHUS U
MPEIYNPEeXACHUS TEXHOTCHHBIX YPE3BBIYANHBIX CHUTYallMil MOXHO MPEIIOKUTh CIEAYIOUIYIO
TEXHOJIOTHIO OpPTaHM3AlMU CUCTEMBI, KOTOpas TO3BOJHT OOBEKTOBBHIM OpraHaM YIIPaBIICHUS B
MOJIyaBTOMAaTUYECKOM pPEXHME CO37aBaTh Ha OCHOBE MHCIOJNB3YEeMOTO B UX JEATEIbHOCTH
IIUPOKOTO CIIEKTpa TOKa3aTeneld KOMITBIOTEPHYI0 0a3y JaHHBIX, NMPHUMEHSIEMYIO Jaiee IpH:
MPOTHO3UPOBAaHUH BO3MOXKHBIX UC U omnpeneneHue UX XapakTepa; MPOrHO3UPOBAHUE MTOCIECTBUI
UC na o0BekTax; OIeHKE OOCTAaHOBKH; OLIEHKE BO3MOXKHOTO MPSMOT0 SKOHOMHYECKOTO yIiepoa;
wianupoBanue aeicteuil OY B UC; mpuHsITUH pelieHus Ha MPOBEICHUE aBapHiTHO-CIacaTebHbIX
pabor.

[Ipy mnpuHATHM pelieHuss Ha TMPOBEJIEHUE aBapUifHO-CHacaTeldbHBIX padoT, cUcTeMa
MO3BOJIUT O(POPMIISITE OCHOBHBIE JOKYMEHTHI, B ToM yucie 1wiad ['O, mnan nevicteuit OY B UC,
OTYETHBIC M ONEpaTHUBHBIE rpaduueckre ToKyMeHThl Ha ocHoBe [ MIC, nekmapanuio 6€30macHOCTH
MPOMBIIJICHHOTO 00BEKTa, TOKYMEHTHI B COOTBETCTBHH C Ta0elIeM CPOYHBIX JJOHECEHHH U JIPYTYIO
uHpopmaiuto, GopMUpPOBaHNE KOTOPOH MPOUCXOTUT HA OCHOBE eAMHON Oasbl maHHBIX. CHcTeMa
npu3BaHa 00BETMHUTH UMEIOIINECS Ha 00BEKTaX SKOHOMHKH MaTepHalbl JOKYMEHTOB pa3IHuHON
BEJIOMCTBEHHOI MPUHAIKHOCTH B MHTEpecax pelieHus 3aaay npenynpexaenus YC Ha oobekTax
U TEPPUTOPHSX, a TaKkKe 11T dPHEKTUBHOTO MTOUCKA U MCIIOIB30BaHMS HE0OX0MMONU HHPOPMAITUH
[3]. Wmes Takoifi WHCTPYMEHT, CHEIHAIMCTHI JIETKO CHPAaBATCA C pa3padOTKOH OTYETHBIX
JTOKYMEHTOB, TPH 3TOM B TEPPUTOPHAIBHBIC OpPTaHbl YIPABICHHS IPEICTABISETCS HE TOJBKO
OTYETHBIA JOKYMEHT, HO M COOTBETCTBYIOIIAs eMy HH(pOpMAaIusi Ha BHIODAHHOM HOCHUTENE WU
MOCPEACTBOM D3JIEKTPOHHOM mouThl. Takoe pemieHre oOecrnedyuBaeT OINEpPaTUBHYIO 00pabOTKy
nH(OpMaILIUY HA TEPPUTOPUATEHOM YPOBHE.

WudopmannonHas cucteMa MOKET OBITh HCIOJB30BaHA [UISI ONEPATHBHOTO MOJTYYCHUS
nH(popManuy Mo 00bEeKTaM PKOHOMUKH B MpeAeNiaX 3alaHHON TeppUTOPHUH, B IENIX oOecreueHus
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MOJICP>KKH NPUHATHS pelIeHuil opranaMu ymnpasienus ['O AszepOaiimxaHckoil pecryOauKu mpu
IUTAHUPOBAHUM, OPTaHU3ALMKA U NPOBEIACHUH aBapuilHO-cracateiabHbIX paboT B 3oHax UC. Takas
cucrema o0JeryuT pa3paboTKy W KOPPEKTUPOBKY IUTaHa jaeiicTBuid mo jukBuganuu YC opraHoB
ynpapneHus. [lpu  OporHo3upoBaHUMM  OOCTAHOBKM  HEOOXOIMMBIE  IMOKazareiau  OyayT
aBTOMATHYECKH HCIIOJIb30BAThCA B PACUETHBIX MporpamMmax. Mcnoiab30BaHHE JAaHHOW TEXHOJIOTUH
MPUBEAET K TOMY, CO3JaBacMble U pacrevyaTblBacMble C MOMOIIBIO ATOW CHCTEMBI IUIAHUPYIOILIUE
JOKYMEHTBI CTaHYT JIMIIb BTOPOCTENIEHHBIM (3allacHbIM) 311eMeHTOM padotsl OY I'O.

[Ipennaraemas cucreMa Mpu3BaHa PEIIUTh OJHY M3 BaXHEWIIUX 3agad-3(hQexTuBHOE

UCIOJIb30BaHue 00IbIIOT0 00beMa nHpopmanuu B uHTepecax OY I'O:
- obecrieuenue pabotel OY 1O MOATOTOBKE UCXOJHBIX TaHHBIX;
- obecnieuenue paboThI MPOrHo3upoBanus pazBuTs YC TEXHOTEHHOTO XapaKTepa,
- y4eT napaMmeTpoB 0€30MacHOCTH OOBEKTOB U yUpeKIeHUH, Haxoasuxcs B 30He YC;
- obecrieyeHne MEeTOIMK 00padoTKK HH(pOpPMAIHH TTO BOIIpOocaM o0ecriedeHUs 0€30MacHOCTH;
- obecrieyeHre KaueCTBEHHOM pa3paboTKK OTYETHBIX TOKYMEHTOB OpraHaMu yIpaBJICHHUS.

Baxnoe MecTo B MHPOPMALMOHHBIX CHCTEMaX OTBOIMTCS PacIlpeesieHHbIM 0a3aM JaHHbIX,
oT 3hdexTuBHONW pabOThI KOTOPHIX 3aBUCUT B HTOre paboTa BCEH CHCTEMBI, OCOOCHHO Ha
TEeppUTOpHATBHOM ypoBHE. OCOOEHHO aKTyallbHAa Ha CErogHs MHpobjeMa MpOoeKTUpoBaHHs 0a3
JAHHBIX TIPH TMPUMEHEHWH WH(GOPMAIMOHHBIX cucTeM Ha ocHoBe TexHojorun HMHTPAHET.
JlaHHAsi TEXHOJIOTHS AKTHUBHO BHEApsieTcs B cdepy NesITeIbHOCTH OpraHoB ynpasienus YC.
Oco0eHHOCThI0O Takux HMH(O-CUCTEM SBISETCS BO3MOXKHOCTH cOopa, o0paboOTKu, MOHWCKa U
XpaHeHus1 CcIabOCTPYKTypUpOBaHHON uWHGoOpManuu, cocpenoroueHHo Ha WEB-cepBepax
(mporpaMMHO-TEXHUYECKUE CPENICTBA Iepelayd U XpaHeHHs MHPOpPMAIMH B JIOKATbHBIX CETSIX)
opranoB ynpasienust UC [4].

[Tpoekt aBToMaTuzanuu Ynpasienus 'O r. baky momoxeT MakCUManbHO ONTUMHU3UPOBATH
paboTy OpraHoB YIpaBieHHS B NPEAYNPEKACHUU YPE3BBIYAMHBIX CUTYallMii M OpraHU3alid
rpaXJIaHCKOH OOOpPOHBI TOPOJACKOIO 3BEHA W CTaTh OTIPaBHOW TO4YKOM B cTpykType ['O
Azepbaiimxanckoii PecryOmmku.

AHanu3upys CTpYKTypy ylpaBieHHs Hanbosiee MpueMIIeMbIM BapHUaHTOM TOIOJIOTMU CETH
OyZeT HCIOJIb30BaHUE 3BE3/IHOM TOIOJIOTUU CETH, KOTOpas OObEIWHUT B ceOsl JIOKaJIbHbIE CETU
OTZIENIOB B OOIIyI0 KOPIOPATHBHYIO CeTh ¢ BbixojgoM B rinobaneHyio cetb MHTEPHET. Takue
JIOKaJIbHBIE CETH HApSAy C ONpEACTICHHBIMH NMPEUMYIIECTBAMH, UMEIOT U P HEeIOoCTaTKOB. Tak,
Ipy O Mepe YBEIMYEHUs Yuciaa padouux CTaHIMM AN MOJAEpKaHHUS BBICOKOH CKOPOCTH
nepefaynl JaHHBIX TpeOyeTcs 3HAuMTENbHBIC anmaparHble 3arparhl. llpm  sTOoM, 00BeM
(YHKIIMOHATBFHOW HArpy3Kd IEHTPAIbHOTO Y37la YBEJIMYMBAETCS, UTO MPHUBOJIUT YCIOKHEHUIO
CHCTEMBI, K CHIDKCHHIO HAJEKHOCTH ceTH. [109TOMy B COBpEMEHHBIX 3Be€3J000pa3HBIX CETAX
UCIIONIB3YETCs paclpeeNieHHas CUCTeMa KOMMYTAIllMU W YIpaBieHUs pabodyvMH CTAHLUAMU U
CeThI0, IPY KOTOPOM JaHHbIE (DYHKIIMH Pa3/IeIeHbI MEXy KOMMYTaTOPOM H CETEBBIM CEPBEPOM.

[Ipennaraercss BbINIeyKa3aHHas CcXxema aBToMaru3zauuu YmpaBienus ['O r.baky c
UCIIOJIb30BaHUEM y3Jla KOMMYTaluu (KOHLIEHTpaTropa) M ceTeBoro cepsepa. KoHieHTpaTop
(MOBTOPHTEIB) OCYIIECTBISIET COTTIACOBAHUE DIIEKTPUUIECKUX MTAPAMETPOB COSTUHIEMBIX ceTel [5].

Coenunenne 1K B cetn ocymiecTBisieTcs M0 KaHalaM CBS3H - TEXHUYECKUMHU CPEACTBAMHU
KOMITBIOTEPHBIX CETeH, KOTOpBIC MPEAHA3HAUCHBI [T TIepeiaun dIEKTPUUECKUX CUTHATIOB MEXIY
IBYMSI WMJIM HECKOJNBKUMH TO4YKamu [5]. JIisl coeaWHEHWsT B CETH PEKOMEHAYeTCs BBIOpaTh
ITUPOKOTIONIOCHBIM KOAKCHANBHBIN Kabenb, KOTOPBIA oOecreynBaeT KadyeCTBEHHYIO Iiepenady
nHpopManuu B OOJBIIOM Juana3oHe 4dYacToT. [l CBSI3M COCTaBHBIX JJIEMEHTOB CETU
11eJ1ec000pa3HO UCIOIb30BaTh KaHAJIbl MECTHOM TEIEKOMMYHHUKAIIMOHHOMN CBS3H.

[Iporpammuoe obecneuenne (I1O) aBTOMATH3WPOBAHHON CHCTEMBI 3TO COBOKYITHOCTH
MporpaMM Ha HOCUTENSIX JaHHBIX W TMPOTPAMMHBIX JOKYMEHTOB, MpEJHA3HAYCHHBIX TS ee
oTnaaku, GyHKIIMOHUPOBAHHS W MPOBEpPKU padotocrmocoOHocTu. [Ipu sToM 1i1si paboOTHI B ceTH
nenecoodpasHo ucnoibp3oBatk Google, Zoom, NetMeeting u npyrue cranapTHbIE IPOrpaMMsl [6].
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[Touck HOBOHM MH(}OPMAINK, TPOCMOTP BeO-y3110B B MIHTEpHETE YNpOLIAET MCHOIH30BAHUE
npunoxenus Google. A ucnosnb3oBaHue TexHoioruu IntelliSense mno3Boisier aBTOMaTH4eCKH
3aMoNHATH TOJIA Ui Be0-aJpecoB, MOJb30BATEIbCKUE (DOPMBI, ONMPEAETSATh COCTOSHHE CETH U
TEKyIUEe COEIUHEHMs, YTO CBOK O4Yepe/lb COKpallaeT BpeMs, HEOoO0XOAMMOE i YKa3aHHBIX
onepauui.

Be3oBel B NetMeeting oOecrnieunBaroTCsl C IOMOIIBIO KaTallor-CEpBEpOB, BEO-CTpaHMIL,
cepBepoB KoH(pepenuuid. [Ipumenenue NetMeeting ympomiaer 3agady OTHPAaBKH BBI30BOB BO
BHYTpPEHHEH JoKanbHOU ceTu yrnpaieHus ['O yepe3 MutepHet. [Ipu 3TOM, OoTIpaBKa BBHI30BOB IO
TeneoHy TaKkKe YIpOIIaeTCs.

[Tporpammuoe obecreuenne Microsoft NetMeeting, Zoom, SKype mo3BosiiOT KIHEHTaM
JIOKAJIbHOM M KOPIOPATUBHOWM CETH M3 Pa3HBIX TOYEK 3€MHOrO Iapa oOmarbes APYr ¢ APYroM
yepe3 MIHTepHeT, BECTH COBMECTHYIO paboTy U M0JIb30BaThCs OOIIMMU PEeCypcaMu.

NetMeeting mo3BonsieT: TOBOPUTH C JPYTUMH  II0JIb30BATENISIMH;  HCIIOJIB30BaTh
BUJIEON300pakeHNe, OOMEHUBATHCS C IPYTHMU I10JIb30BATENIAIMU MPHIIOKEHUSIMA U JOKYMEHTaMU;
COBMECTHO HCIOJIB30BaTh OOIIMEe NPUIOKEHUS; MepeAaBarth (Gaiasl JPYrUM MOJIB30BATEISIM;
pHcoBaTh Ha 00ILEel 10cKe; 00OMEHUBATHCS COOOIICHUMH C APYTUMH YYaCTHUKAMU Pa3roBopa.

beszonacHocth nH(OpMaIK B ccTeMe 0COOEHHO Ba)KHA B aBTOMAaTH3MPOBAHHBIX CHCTEMax
yIipaBJieHUs, TJe MHPOpPMaLUs SBISETCA IVIaBHBIM MPOJYKTOM HX JEATEIILHOCTH U OT YPOBHS €€
3aIUThI 3aBUCUT KAYECTBO BBIIIOJHEHUS IOCTABJIECHHBIX 33/1a4.

C no3ummii 3amuTel MHGOpPMaLMU, B OOLIEM clydae MOXKHO HPEACTaBUTh €€ Kak
COBOKYITHOCTh pabounX CTaHIMH, B KOTOPBIX MMEETCs HA0Op pa3IMYHBIX BHEIIHUX YCTPOWCTB.
JlaHHBIE YCTpPOMCTBA COEIMHEHBl MEXIYy COO0OW KaHajlaMM CBS3M, COCTOSIIUMM M3 KaOelIbHbIX
Maructpasiell. [1onbITKM HECAaHKIIMOHUPOBAHHOTO JI0CTYIIA, SBJSIOTCS MOTEHIUAIBHBIMU YIPO3aMU,
LEJIBI0  KOTOPBIX MOIU(UKALMS, paspylleHHe, XUIleHHe HH(OpManuu HIM O3HAKOMIIGHHE U
UCToib30BaHue HH(popMarmu. HecaHKIMOHMPOBAHHBIN MOCTYN K HH(MOPMALUU BO3MOXKEH II0
KaHajlaM, KOTOpbI€ aHAJIOTMYHBI KaHalaM OOJIBIIMX BBIYMCIUTEIbHBIX CETEH.

B cnydae nmpumeHeHUs JIOKQJIBHOW CETH KaHajbl CBA3W PACIIONAraroTCs Ha OXPaHIEMOU
TEPPUTOPUHU. DTO MO3BOJISAET 3HAYUTEIBHO COKPATUTh KOJIMYECTBO MOTEHIMAIbHBIX HapyLIUTEICH,
B LIEISAX SKOHOMHMM YMEHBIIMTHh HAJEKHOCTh 3aIIMTHl MHPOPMAUU B CETSIX € KaOeIbHBIMHU
JUHUAMHU CBSI3M CO CHIDKCHHBIMM TpeOOBaHMAMHU K 3amuTe HHpopMmanuu. OIHAKO BO3HUKAET
3aJlaya KOHTPOJIS LEJIOCTHOCTH CETH (T.€. CXEMBbl €€ COEIMHEHUN), TaK KaK KOMIIbIOTEpHasi CEThb-
CHCTEMA I10 CBOEH CYTH ACLIEHTPAIN30BAHHAS.

B Oonpmux mokanbHbIX ceTsX (¢ anmuHOoM a0 10 kM) Qu3nyeckue JIUHUM MOTYT
pacrioyiaratbCsi BHE NpeJeNoB oxpaHseMoil Tepputopuu. [Ipu 3ToM TenepoHHBIE JTUHHM CBS3U
00buHbIX ATC MOryT HMCNONb30BaTbCsl B KayecTBE JMHHUM CBSI3M, YTO CHMYKAET HAJEKHOCTh
3alIMThl MH(OpPMAIMK, TaK KakK IMOBBIIIAETCS BEPOATHOCTh HECAHKIIMOHMPOBAHHOIO JOCTyHa K
uHpopmanuu. B naHHOM ciydae HECMOTpsT Ha HaJIW4Yue CHEHU(PUYECKHX CETEBbIX aJIpeCcOB,
uHboOpMalKs, UUPKYJIUPYIOLIas B JIOKAIbHON CeTH MOXKET ObITh INPOYMTaHAa Ha BCEX €€ y3Jax.
Monudukanysi IaHHBIX MOJIb30BAaTENbCKUX aJpPECOB IO3BOJIIET BCEM Yy3J1aM CETH CUYHUTHIBATh
JaHHbBIE, HAXOIAILMECS B YKa3aHHOW JIOKAJIbHOM CETH.

B cetu i 3amuThel HHGOpPMALIMK UCIIONIB3YIOTCA OpaHaIMay3pbl - KOMIUIEKCHI TPOrpaMMHO-
anmapaTHbIX  CpPEICTB, KOTOpble OO0ECleYMBalOT  3alUTy HMHPOpPMALMU B CETH  OT
HECaHKLMOHUPOBAHHOTO,  HEpa3pelIeHHOro  JocTyna  W3BHE.  bpaHamaysp,  KOTOpPBIH
yCTaHABJIMBACTCSd Ha TPaHMIE 3allUINaeMON ceTH, obecreunBaeT (WIBTPALUIO BXOIALUIMX U
BBIXOJSIINUX CUTHAJIOB, IPOMYCKAET TOJIBKO CAHKIIMOHUPOBAHHbIE MMAYKHU UMITYJICOB HH(POPMAIIH.

C unenpto obecrieueHust 3ammThl uHGopManuu B YmpasineHun ['O  nenecoobpasHo
HCIOJIb30BaTh KaK IpOrpaMMHbIE, TaK W TEXHUYECKHE CPE/ICTBA, IMO3BOJISIIOIIME HCIIOJIb30BAThH
uHpOpMAILMIO JOCTaTOYHO CBOOOJHO. M JaHHOMY BOIpPOCY HEOOXOIUMO YIENsATh ocoboe
BHHUMaHUE.
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Opeanuszayus KOpRopamusHoU UHGOPMAYUOHHOU cemu U UCNONILI0BAHUE COBPEMEHHBIX
ungopmayuonnvix mexunonocuti 8 ynpaenenuu I' O Azepoatiodcanckoii Pecnyoauxu

BHenpenue aBTOMAaTH3MPOBAHHBIX CHCTEM YIIpaBlIEHHS TpeOyeT cO CTOPOHBI OpPraHOB
yIpaBJIEHUs U IIepcoHana TpeOyeT ONpe/leIEeHHON CTENEeHN 3HaHU, KaK TEOPETHYECKUX OCHOB, TaK
Y IPAKTUYECKOTO MCIONIb30BaHus o0opynoBanus. Crennduka padborsl B obmactu 'O 3aximoyaercs
B TOM, UYTO AeATeNbHOCTb yrpasieHus ['O 3arparuBaer pasindnble chepsbl.

[TosTroMy 11 TIOATOTOBKH KaapoB, TMOJNHOICHHO Bianerommx [IK, HeoOxommmo
opraHu3oBarb OOy4yeHME IIepcoHana pabdoTe C MPOrpaMMHBIMH IPOAYKTaMH, COOJIIOJCHHIO
PEKUMOB 0€30MaCHOCTH WH(OPMAIMH U IPYTUM BOIIPOCAM.

3akirouenune.  IIpuMeHeHHE  COBPEMEHHBIX  aBTOMATU3MPOBAaHHBIX  CHCTEM U
MH(OPMALIMOHHBIX TEXHOJOTHH B cdepe mpeaynpexaeHus, JIUKBUJAINKA U porno3upoBanus YC
IIO3BOJIUT UCIOJIB30BaTh Oojiee 3(pPEeKTUBHBIE METOJbl aHaIM3a MH(OPMAIMH, IPOTHO3UPOBAHUS
COOBITHI M Ype3BBIYAWHBIX CUTYAIIHii, OTIEPATUBHO PearupoBaTh Ha 3aIPOCHl PA3TUYHBIX BEIOMCTB
U oTAeneHui camoro ympasineHus 1'O, ocymecTBUTh 3((HEKTUBHYIO KOOPAUHAIMIO CUII U CPENICTB
pearupoBaHMs HA YpEe3BbIYAHBIC CUTYAIIUH, YTO B UTOTE MPUBENET K NOBBIMECHHUIO (P PEKTUBHOCTH
yIpaBJIeHUs.

CozlaHue KOMIIBPIOTEpHOW CETH B MaclliTadax ropojaa He sBJISETCS KOHEYHOM Lenblo, a
TOJBKO Hauyano (GOpMHpPOBaHUA KoprmopaTuBHOM cetn cuctembl 'O AszepOaiimxaHckon
PecnyOnuku.

Takum  oOpa3oM, aBTOMATH3alUsi  OPraHU3allMOHHBIX  METOJOB  YIPABIECHUSA C
UCTOJNB30BaHUEM COBpeMeHHbIX WT SABIAIOTCS BaXHBIM HMHCTPYMEHTOM  (OPMHPOBAHHUS
nHpOpMallMOHHOM 6a3bl B oOmactu mpenynpexaeHus v aukBupanuu YC u 6a3bl JaHHBIX IS
noBbIeHus 3¢ dexrnBroctn ynpasnenns ['O.
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XULASO
AZORBAYCAN RESPUBLIKASININ MULKi MUDAFIiO IDAROSINDO KORPORATIV
INFORMASIYA SOBOKOSININ TOSKIiLi VO MUASIR INFORMASIYA
TEXNOLOGIYALARINDAN iSTiFADO
Sadigq-zads U.A.

Acar sozlar: emal sistemi, miilki miidafia, tohliikasizlik, avtomatlasdirma.

Miilki miidafis idaresinin foaliyyot somoaroliliyini artirmaq ti¢lin milasir informasiya
texnologiyalarinin totbiginin miixtolif {isullart nozordon kegirilir. Informasiyanin emali vo tohlilinin
avtomatlagdirilmasi tiglin korporativ idarsetmo sobokasinin strukturunun togkili varianti toklif olunmus,
Miilki miidafio sisteminin informasiya tohliikasizliyi mosololori, onun idars edilmasi iisullar1 vo vahid
idaraetmoa sabakasinin yaradilmasi yollar1 tohlil edilmisdir.
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Caowviz-3a0e V. A.

SUMMARY
ORGANIZATION OF A CORPORATE INFORMATION NETWORK AND
THE USE OF MODERN INFORMATION TECHNOLOGIES IN THE CIVIL
DEFENSE DEPARTMENT OF THE REPUBLIC OF AZERBAIJAN
Sadik-zada U.A.

Key words: processing system, civil defense, security, automation.

Various using ways of the modern information technologies to improve the efficiency of the civil
defense department were considered. A variant of the corporate control network structure for automating the
processing and analysis of information is proposed. The issues of information security of the civil defense
system, methods of its management and ways of creating a single control network were analyzed.
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ELEKTRIK STANSIYALARI VO SOBOKOLORIN
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Acar sozlar: elektrik enerjisi, sabaka, istismar, otiiriilma, paylama, istehsal

Moqalado miiasir elektroenergetika sistemlorinin inkisafi, energetika sahisindo gedon
proseslor, enerji biliklorinin paralel is rejimino olan toloblorin artmasi, energetik sistemlorin
rejimlorinin idars olunmast {iciin yeni texniki vo iqtisadi prinsiplorin islonib hoyata kegirilmosi,
energetik sistemlorin rejim etibarliliginin vo somaraliliyinin tomin olunmasi tizro mévcud meyar va
metodlarin bilavasito slagolondirilmasi masalasine baxilir.

Elektrik enerjisi istismarinin texnologiyasinin xarekterik xiisusiyyatlori ondan ibarotdir ki,
onu bir mahsul kimi ehtiyat {i¢iin toplayib saxlamaq miimkiin deyil. Hololik nisbaton az xarclo basa
galon vo yiiksok faydali is omsalina malik olan elektrik akkumulyatorlari istehsal olunmur. Mdvcud
olan akkumlyatorlarin tokminllogdirilmasi baha basa golir, onlarin faydal is omsali kicikdir vo
lazim olan bdyiik miqdarda elektrik enerjisinin toplayib saxlmaqa qadir deyil. Ona goérs do tocriibi
olaraq, elektrik enerjisi tolabat¢ilara lazim olan anda elektrik stansiyalarinda hasil olunur.

Miasir dovrde elektrik stansiyalarinda miixtalif energetika ehtiyatlar1 izvi  yanacaqlarin
kimyovi enerjisi, atom enerjisi, suyun, glinosin Vo kiiloyin enerjisi elektrik enerjisino cevrilir.
Energetika ehtiyatlarinin istifado edilmosindon asili olaraq, elektrik stansiyalari istilik, atom,
hidroelektrik, kiilok, geotermal vo s. stansiyalarina boliiniirlor. Hazirda istehsal olunan elektrik
enerjisinin toxminan 80%-1 istilik vo hidrolektrik stansiyalarinin payina diigiir.(1)

Stansiyalarin istehsal etdiyi elektrik enerjisi tolabat¢ilara elektrik sobokolori vasitosilo
otiiriiliir. Demali, energetika ehtiyatlarinin enerjisinin elektrik enerjisina ¢evrilmasinin texnoloji is
prosesindo elektrik stansiyalari, elektrik tolabatgilart vo onlari bir-birino slagolondiron elektrik
sobokolori eyni zamanda vo bilavaists istirak edir. Bu iso energetik tosorriifatt digor mohsul istehsal
edon tosarriifat formalarindan forqlondiron asas xiisusiyyatdir. Basqa sozlo, energetik tosorriifatin
osas forqlondirici xiisusiyyati onun istehsal prosesi ilo istehlak prosesinin eyni zamanda bas vermasi
vo fasilosizliyidir, energetik miiosisasi ilo sanaye, noqliyyat, komunal-moisat vo kond tosarrufatinin
bilavisto olagoli olmasidir. Energetik tosorrufatin  homin xiisusiyyati iso istehsal edilon enerji
miqdart ils istehlak olunan enerji miqdarinin daima barabor saxlanilmasini tolab edir. Bu proseslor
arasinda bas vers bilon geyri-balansliga qotiyyon yol verilmomalidir.(1)

Elektrik enerjisi istehsalinda texnologiya fasilosizliyi hamin enerjini istehsal edon, onu
otliron, paylayan vo istehlak edon biitiin energetik qurgularin is proseslorini bir-birilo bilavasito
olagolondirir. Buna goro do istehsal prosesinin hor hansi elementindo bas veran doyisikliklor
avtomatik olaraq, elektrik enerjisinin istehsalina, onun paylanmasina vo sorfiyyatina bilavasito tosir
edir. Bu iso tolobatcilarin elektrik enerjisi ilo tochizatinin etibarliginin yiiksok soviyyado
saxlanilmasini tolob edir. (2)

Miixtolif tipli elektrik stansiyalar1 bir-biri ilo yiiksokgorginlikli elektrik Otiirticii xotlori
vasitasilo birlosorak birlogsmis energetik sistemlori omala gatirir. Elektrik enerjisinin asanliqla digor
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enerji novlorine kegmok, ani olaraq istehsal edilmok va istonilon mosafoys tez oOtiiriilo bilmok kimi
xtisusiyyatlora malik olmasi buna imkan verir.

Energetik sistemlorin yaradilmasinin ustiinliiklorine, miixtolif energetika ehtiyatlarindan
daha somorali istifado olunmasi, hidroelektrostansiyalarin giiciindon daha effektiv istifado olunmasi,
sistemdo qoyulan ehtiyat giiciin minimumadok azaldilmasi, istilik elektrik stansiyalarinda sorf
edilon yanacagin miqdarinin azaldilmasi, tolobatgilarin etibarli enerji tochizatinin tomin edilmosi,
xalq tosarriifati ndqteyi nozorinco, sonaye miiossisolorinin daha somorali yerlosdirilmasino imkan
yaradilmasi, energetika tosorriifatinda omok mohsuldarliginin yiiksoldilmosino imkan yaradilmasi
kimi masalalor aiddir.

Energetik sistemlorin istismarinin togkili xiisusi orqan olan dispetser idarasi vasitasilo hoyata
kegirilir. Dispetcer idarasinin foaliyyatine asagidaki todbirlorin enerji istehsali plani enerjinin
yiiksokkeyfiyyatliliyinin tomin edilmosi, sistemin qozasiz iglomasinin tomin edilmasi, sistemin
iqtisadi cohatca alverisli is rejiminin tomin edilmasi ilo hoyata kegirilir.

Energetik sistemin istismarinin diizgiin toskil edilmosi liclin onun yikiiniin artrma
dinamikasin1 vo elektrik tochizatinin inkisaf perspektivlori nozors alinmalidir. Yeni elektrik
stansiyalari, transformator yarimstansiyalar1 vo elektrik soboko xotlorinin layihosi zamani adoton
onlarin goalacok 10-20 il orzinds inkisafi nozors alinmaqla avadanliglari secilir vo parametrlori
hesablanilir. Bu, miirokkob energetik sistemin obyektlorinin kompleksinin layihasi sonaye,
naqliyyat , kond tosorriifati vo kommunal enerji tolobati obyektlorinin layiholorine nisbaton zaman
etibarilo iroli olmasi ilo izah edilir.Gostorilon obyektlorin enerji tolobatinin perspektiv inkisafi
miioyyon morkazlosdirilmis hesabatlarla asaslandirilir. Adoton, hesabat ayri-ayr1 sanaye sahslorinin,
noqliyyatin, kond tosarrifatt vo kommunal elektrik tolobat¢ilarinin iimumilosdirilmis xiisusi enerji
sarfiyyati normalarina asason aparilir. Burada homginin {imumilosdirilmis xiisusi enerji sorfiyyati
normalariin keg¢mis illora nisboton artma dinamikasi da nozors alinmalidir. Ciinki biitiin sonaye
sahoalorinin elektriklogdirilmasi saviyyasindan, istehsal proseslorinin kompleks mexaniklosdirilmasi
vo avtomatlagdirilmasinin tokmillogdirilmasindon vo hamginin elektrik enerjisinin moigotds genis
saviyyads totbiq edilmesindon asili olaraq, xiisusi enerji sarfiyyatt normasinin qiymoti do ildon-ilo
doyisir.

Perspektiv enerji tolobati bilavasito hesablama iisulu ilo prognoz edilir. Burada energetik
sistemin nazards tutulan hor hansi t inkisaf soviyyesindoki enerji tolobati sistemdon qgidalanan ayri-
ayr1 xalq tosarrifati saholorinin gozlonilon enerji talabatlarinin comlonmasils toyin edilir, yoni

n
A = Z Ayiis.it Nit €]
i=1

Burada n - grup tolobatgilarinin sayi, Axisi-i qrup tolobatgilarinin t-ci ildoki vahid mohsul
ietehsalinin xiisusi enerji sorfiyyati, nit - 1 qrup tolobat¢ilarinin t-ci ildoki planlagdirilmis mohsul
istehsalinin hocmidir.

(1) ifadasi energetik sistem iisiin, adoton, asagida gostorilon konkret sokildo yazilir

A=As+A At At (2)

Burada As, An, Akm , Akt - uygun olaraq sonaye, noqliyyat, kommunal-moisot, kond
tosarriifat: tolobatsilarinin gdzlonilon enerjilorinin miqdaridir.

Tocriibo gostorir ki, perspektiv enerji tolobatinin qiymeti golocok 10-20 il iigilin
hesablanarkon, comisi 8-12 % forq alinir.

Energetik sistemin elektrik va istilik enejilorinin istehsali, paylanmasi, istehlaki rejimlorinin
imumiliyi ilo olagolondirilmis elektrik vo istilik sobokolorinin, homginin elektrik vo istilik enerjisi
istehlak¢1 qurgularinin toplusundan ibarstdir. Elektrik stansiyalarimin birgoe isi iqtisadi vo texniki
cohotdon somarali oldugundan, miiasir dovrdo enerjisistemda yerli shomiyyatli kicik elektrik
stansiyalarindan basqa, 6lkenin biitiin elektrik stansiyalar1 birlogdirilmisdir. (3)

Energetik sistemin istismari iki istigamatda toskil olunur:

1.Avadanlhqglarin va tikililorin texniki istismar1
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2. Biitiinliikls energetik sistemin iginin omoliyyat idars olunmasi.

Texniki istismar dedikdo, elektrik enerjisinin istehsali, Otiirlilmosi vo paylanmasi {i¢iin
saboko vo stansiyalarin elektrik hissosinin diizgiin istifado olunmasi prosesi basa diisiiliir. Bu isdo
birbasa olaraq tomir vo istismar is¢i heyeoti, homg¢inin tomir zavodlarinin, morkozi istehsal
xidmatlorinin briqadalar, laboratoriyalar va s. istirak edirlor.

Omoliyyat idaro etmosi dedikds, energetik sistemdo birlosdirilmis elektrik stansiya vo
sabokolorin uzlasdirilmis vo an qonaatli isino fasilosiz rohbarlik basa diisiiliir.(2)

Elektrik stansiyalari, sobokolor, tomir vo diger enerji sisteminin torkibino daxil olan
miiossisalor energetik sistemin istehsalat bolmoloridir. Energetik sistemin normal islomasinin zoruru
sortlorindon biri do istismar vo tomir heyatinin tohliikesizliyinin tomin olunmasidir.
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PE3IOME
AHAJIN3 SKCIUTYATAIIMHA SJIEKTPUYECKHUX CTAHIIMMA U CETEX
Mameoszaoe P.K., Illupunoea A.A., Azaxanosa K. A.

Kniouesvte cnosa: snekmpuueckas sHepeus, cemv, IKCHIyamayus, nepeoaud, pacnpeoeienue,
npouU3800CmMeo
B crarbe paccMOTpPEHBI BOMPOCHI Pa3BUTHS COBPEMEHHBIX JHEPTETHUYCCKHUX CHCTEM, IMPOIECCHI,
MPOXOASIINE B 00JIACTH YHEPTETHKH, YBEINYCHHS TPEOOBAHUH M 3HAHHMI MApaUICIILHOTO pabovyero pexmnma
SHEPrHH, Pa3pabOTKH W CYIIECTBOBAHUS HOBBIX TEXHUYECKHUX M OSKOHOMUYECKHX  MPHHIMIIOB JIJIsI
yIIpaBIIEHHS PEKAMAMU SHEPTETHIECKUX CHCTEM, 00SCIIEUEHUST PEKUMHON HAXEKHOCTH U 3((HEKTHBHOCTH
HHEPreTHYECKUX CHCTEM HEMOCPEICTBEHHOM CBSI3H CYIIECTBYIONIMX KPUTEPHUEB U METOJIOB.

SUMMARY
ANALYSIS OF THE OPERATION OF POWER PLANTS AND NETWORKS
Mamedzade R.K., Shirinova A.Ya., Agakhanova K.A.

Key words: electricity, network, exploitation, transmission, distribution, production

The article deals with the development of modern energy systems, the processes passed in the field
of energy, the increase in the requirements for a parallel operating mode of knowledge of energy, the
development and existence of new technical and economic principles for managing the modes of energy
sistems, to ensure the regime reliability and efficiency of energy sistems of direct connection of existing
criterion and methods.
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