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OPTOI'OHAJIM3AIINA BXOJHBIX HOCHEI[QBATEHLHOCTEﬁ _
JBOUYHOMU 4D - HEJIMHEMHOU MOAYJAPHOU IUHAMNYECKOU
CUCTEMBI B KJIETOYHOM OBJIACTH

'®EN3UEB ®UKPAT I'fOJIbAJN ory 2RCIR
’ABAEBA HUTSIP BAXPAM rbi3bl
Cymeaumckuii 2ocyoapcmeennbitl yhusepcumem, l-npogeccop, 2-ouccepmanm
FeyziyevFG@mail.ru, abayevanigar@gmail.com

Knwouesvie cnosa. osouunvie 4D — uenuneiinvie MoOyaapuvie OUHAMUYECKUE CUCTIEMbI, OPMO-

20HAIbHBIE 6XO0HblE  NOCIEO008AMENbHOCIUY,  YCI08USL  OPMO2OHATLHOCHU,
ANOPUMM  OPIMOSOHATUZAYUU  BXOOHBIX HOCNIe008AMENbHOCHEN 8 KIeMOYHOM
npocmpancmee.

Paccmampusaemca 0souunas 4D — nenuneiinas mMooynsipHas OuHAMU4ecKas cucmemd, 3a0aHHAs 8
sude 08YX3HAYHO20 amanoea nonunoma Bonemeppwi. Ilpednacaemcs ancopumm Ois 0pmo2oOHAIU3AYUU
6X00HbBIX nociedosamenvHocmell 080uyHbIX 4D — HenuHelHbIX MOOYIAPHBIX OUHAMUYECKUX CUCTeM 8 Kile-
MOYHOU obnacmu, m.e. NO KIeMOYHbIM apaymenmam. Ilpednacaemvlii aneopumm AGAAEMCs OOHUM U3
n00AN20pUMMO8 AN2OPUMMA NOCMPOEHUSI OPMO2OHANILHBIX 6XOOHBIX NOC1e008amMenbHOCHel 011 O80UUHbIX
4D — nenunelnblx MOOYIAPHBIX OUHAMUYECKUX CUCEM.

Monynspusie quHamuueckue cucteMsl (MJIC) [1-5] SBAsSIOTCS OMHUM U3 BaXKHBIX KJIACCOB
JUCKPETHBIX YIPABJISIOMNAX JUHAMHYSCKUX cUcTeM. OHU MIMPOKO MPUMEHSIOTCS B Pa3jIMYHbBIX 00-
nactsx [1,2,4,5]. UccnenoBanbl pa3innvHbie GyHIaMEHTAIbHBIC W MPHKIAJHBIC 3a1a41 IS OTHO- U
mHoromnapamerpuueckux M/JIC, Taxke ogqHomepHbix U MHOromepubix MJIC [1-7]. OxHoit u3 3amau
s aonuHbix MJIC siBnsieTcst 3aqaya cuntesa [4-7], as pereHust KOTOPOi UCIOIb3yeTCs: METO/I,
OCHOBAHHBIM Ha TPHUBJICYCHUH OPTOTOHAJIBHBIX BXOJMHBIX mociemoBarenbuocreii MJIIC [4-7].
CrnenoBatenbHO, MpeABaApUTEIHLHO HEOOXOIMMO TOCTPOEHHE COOTBETCTBYIOUIMX OPTOTOHAIBHBIX
BXOJIHBIX TIOCJICIOBATEIbHOCTEH. AJITOPUTM IOCTPOSHUS OPTOTOHAIBHBIX BXOJHBIX ITOCJIEIOBA-
TeIHHOCTEH OCHOBBIBAETCS HA COOTBETCTBYIOIIEM YCIOBHH OpTOTOHANIBHOCTH. K HacTosmieMy Bpe-
MEHU HaWJIEHBI YCIOBHS OPTOTOHAILHOCTH BXOJHBIX IMOCJICIOBATSIBHOCTEH I OJHO-, IBYX- H
Tpex- mapamerpuueckux ABonuHbix HenuHeHbix MJIC (HMIC, 2D — HM/IC, 3D — HMJIC) u
pa3paboTaHbl AJITOPUTMBI IS MMOCTPOCHHSI COOTBETCTBYIONIMX BXOJHBIX TOCIIEIOBATEIBHOCTEH.
Onuum u3 kinaccoB muoro nmapamerpudeckux HMJIC ecte 4D-HMJIC [8], koTopslit umeet Gosee
obmryto ctpyktypy ueM nD-HMJIC, ne{1,2,3}. B pab6orax [9,10] HaiieHbI pemieHns 3a1a41 CHHTE-
3a U yCIOBHUS OPTOTOHAJIBHOCTU BXOJHBIX MocienoBatenbHocTet 4D-HMJIC. Ognako anroputm
MMOCTPOCHHSI OPTOTOHAIBHBIX BXOIHBIX IOCIEIOBATEIILHOCTEH HE paccMoTpeH. OpTOoroHaTbHBIC
BXOJIHbIE TOCJIEI0BATEIBHOCTH CTPOSTCS C MOMOIIBIO aIrOpPUTMa OPTOTOHATHM3AIMH B KJIETOUHOM
o0jacTh W anropuTMa OpTOTOHANW3allMM BO BpeMeHHOM obOiactu. B ganHoi paGote
paccMaTpuBaeTcs  MOCTPOEHHE aITOpUTMa OPTOTOHANHM3AlMU B KJIETOYHOW oO0JacTu, T.e. IO
KJIETOYHBIM apTyMECHTAM.

1. ITocranoBka 3agauu. /[Bonunas 4D— HM/IC ¢ ¢duxcupoBanHOM namsaThIO Ny, OTpaHu-

YeHHOH CB3bI0 P =P xP,xP;, cTerneHpio S, OMMCHIBAETCS B BHJE CICIYIOUIETO IBYX3HAYHOTO
aHaiora nmonmuHoma Bomsreppst [9,10]:
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B pa6ote [10] BBOAUTCS MOHATHE OPTOTOHAIBLHON BXOJIHOM MOcieaoBaTebHOCTH i 4D —
HMJIC (1). HeobxoauMoe U JOCTATOYHOE YCIOBHE OPTOTOHAIBLHOCTH BXOIHBIX MOCIIEIOBATEIb-
Hocreit aponunbix 4D-HMJIC nokaseiBactes B Teopeme 1 [10]. B teopeme 2 moka3siBaeTcst HEOO-
XOJIUMO€ U JIOCTaTOYHOE YCJIOBHE COOCTBEHHOI OPTOrOHATBHOCTH BXOIHOM MOCIEI0BATEIBHOCTH,
a B TeopeMe 3 MPUBOJUTCS TPU JIOCTATOYHBIX YCIOBHS, KOTOPHIE BMECTE OOECIICUHMBAIOT OPTO-
TOHAJBHOCTh BXOJHOM TocienoBarenbHocTH. [Ipuuem B Teopeme 3 [10] mepBoe ycioBHe eCTh
YCIIOBHE HE3aBUCUMOCTH KaXJIOW OPTOTOHAIBHON TOCIIECIOBATEIILHOCTH, BTOPOE YCIOBHE €CTh
YCIIOBUE pa3/ielieHUs] O0JIacTH OMpeeNieHUs] KaXAOW OpPTOTOHAIBHON TMOCIeI0BaTEIbHOCTH, a
TPEThEN YCIOBUE €CTh YCIOBHE MEPUOJIMYHOCTH KaXJI0W OPTOTOHAJIBHOW MOCIEA0BATENbHOCTH. B
pabote [10] Ha OCHOBE MEPBOTrO YCIOBUS TeOpeMe 3 MOJYYaloTCs KOPOTKHE BCIIOMOTATEIbHBIC

OpTOTOHANBHBIE TOCTEA0BaTeNbHOCTH U, [N,C;,C,,C], v=1 4, aB Teopeme 5 T0Ka3aHO JOCTATOY-

HOC YCJIOBHUC 00 OpPTOIrOHAJIBHOCTU KOPOTKUX BCIIOMOT'AaTCIIbHBIX MMOCJIEIOBATEILHOCTEI.



Opmoconanuzayusi 6x00HbIX nociedosamenvrHocmett 0souunou 4d - nerunetino MooyisapHoll
OUHAMUYECKOU CUCMeEMbL 8 KIeMOYHOU 0bracmu

Hnsa xaxaeix (i,v), v=1,_/”t, , 1=1S, KOpOTKHE OpPTOrOoHaIbHbIE BCIIOMOrAaTEIbHBIE MOCIIE-
JOBaTeNbHOCTH U; [N, C;,Cy,C5] opmupyrorcs B na ostana. Ilepsblid sTan Ha3hIBa€TCSA OPTOrOHA-
JU3aIKen B KIETOUHON 00JIACTH, @ BTOPOH 3Tal — OPTOrOHAIM3AIM BO BPEMEHHOM 001acTu.

[TocranoBka 3amauu ciuepyromas: Jua xaxmon mapsl (i,v), v :1,_2,, , =1,_S , TIOCTPOUTH
QJIITOPUTM OPTOTOHATU3AUHU B KJIETOYHON 00JIaCTH.

2. AJropurTMm OPTOrOHAJM3ALMUSA B KJIETOYHO# o00aacTtu. B anroputme opToroHanuzanuu
B KJICTOYHOM 00JacTH I Kaxaou mapsel (i,v), v =1,7 1 :1,_8 , B COOTBETCTBHUU C 1-BbIM TYHKTOM
teopemsl 5 [10], cTpouTCs anropuT™ OPTOrOHAIU3AIMH B KIETOYHOM 00JIaCTH.

Onpenenenune 1. [lycts ans ¢pukcupoBaHHoW napsl (i,v) yIOBIETBOPSIETCS MEPBOE YCIOBUE
TeopeMe 5 W ee MyHKTHI a), 0), B), r) (cm. [10]). B pe3yibrare 3TOro mojay4aercsi moAMHOKECTBO
TpexmepHoil kierounoit obnactu [0,C, (i,v)]x[0,C,(i,v)]x[0,C,(i,v)]. Ota obmacts Ha3bIBaeTCs

00J1aCcThIO OMpPENENICHHs] KOPOTKIUX OPTOTOHAIBHBIX BCIIOMOTATEIBHBIX BXOJHBIX MOCIEIOBATEIb-
Hocrei aeonyHbIx 4D-HMJIC 1o kieTouyHbIM apryMeHTaM.

Yepes O(i,v) 0603HaUMM KOJIMYECTBO HEHYIIEBBIX KoMIIoHeHTOB BekTopa (O(1,V) = ‘Q

i,v )
m, = (ml,l,lv--’ml,l,f31m1,2,1'---1ml,2,53 R L WAVA 1---’mz1,42,z3)- 2)
A depes L2,...,(9(i,v) 0003HaYMM HEHYJIEBbIE KOMIIOHEHTHI BekTopa M, . Ilycts mocnemosaTens-

HOCTb HCHYJICBBIX KOMIIOHCHTOB BCKTOpa m. €CTh cleayromasa M1ocCjIca0oBaTCIbHOCTb

My e i, a=1..,1,, ﬂzl...,fa’(p(a), 7/:],...,71'(05,5&](/,(&)). Hnst Va e{l,..., 0} cunraercs,
aro p(a)<l, n 1<& 1 <..<&, oy <l,. Tawke mua Vae{l...l} n el C, m}
cunraercs, ut0 7(a, f)</l, u 1<n(a, 1) <..<n(e, B, 7(a, f)) < ¢,. ScHo, uTo

D> e poa(e ) =060

I[J'ISI IMOCTPOCHHA AJITOPUTMA OPTOroHaIM3aliy B KJIETOYHOH 001aCcTH BBCIACM HCKOTOPLIC
MaCCHUBBI U MHOKECTBaA. HyCTI)

h 1, I

o) ={m = (mlvlyl,...,mlyl’rs,mlyzvl,...,mlvzyrs,...,mlyw,...,mrb,z,rs)ZZZma’ﬂ’y =i
a=1p4=1y=1 (3)

m, 5, €{0,...ny + 15, & =1r, f=1r, y=1r}.

PaccmoTpum Kkakoi-HHOyms A(M) ={m ‘a =1r, =11,y =1r}ed(i). DTO MHOXKECTBO

a,py
Mpe/iCTaBiIsieT coO00M TpeXMEPHBIN MACCUB Pa3MEPHOCTBIO Iy x Iy x 3. PaccMOTpuM mpescTaBieHue
MHOXECTBO A(M) B TPEXMEPHOM AUCKPETHOM IpOcTpaHCTBE. IIycTh B TpEXMEpHOM NMCKPETHOM
IIPOCTPAHCTBEC BLI6paHa npsAMOYTOJbHAsl CUCTEMA KOOPpAWHAT, MHACKCHI « , f U y CONOCTABJICHBI

KJIETOYHBIM apIyMEHTaM Cp, Cp M C3 M OCh abCIMCC, OPAMHAT M anmmkar cyth 0S', 0S?, u 0S°,
coorBeTcTBEHHO. [lycTh TOYka ¢ KoopauHaTaMu («,p,7), a:l,_rl, ,B:l,_rz, ;/:1,_r3 eCTb My 3.5 -
Bce aTtM TOYkM CyTh reomeTpuyeckoe mpeAcTaBiieHHMe MaccuBa A(M) e d(i) B TpeXMEpHOM
juckpetHoM npocrpanctse. Ilo dopmyne (3) m, , =0 wm m, , #0. PaccMoTpuM MaTpHIb!
A, (M), Az(M) 1 A, (M) pa3MEPHOCTBIO COOTBETCTBEHHO I, XT3, hxI3 U [ XxI,, T1€
A (M) =(M,z,) B=L17 =11 Ay(M)=(M, ), a=11,7=1r;
AM=(m,,,) a=15F=1r,
Bce anemeHTsl Kaxaou maTpuubl A, (M), Ag(M) 1 A (M) B OTACIBHOCTH 00pa3yroT pa3HbIE CIION B
MaccuBe A(m). OTrmeruMm, uto ciou A, (m), Asz(M) m A (M) mapauienbHbl IIOCKOCTSIM SRR
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Deiizues ©.I., Abaesa H.b.

S'0S® u S'0S® coorBercTBeHHO. Ecam B KakoM-TO CJIO€ BCE TOYKH HYIEBBIE, TO 3TOT CIOH
HA30BEM HYJIEBBIM CJI0€M. fSICHO, UTO B 3aBUCUMOCTH OT M € ®(i) Mg HEKOTOPBIX @ , f U y HEKO-

TOpBIC U3 COOTBETCTBYIOIUX CIOEB A, (M), Az(M) U A (M) MOryT OBITH HYJICBHIC.

Jna xkaxnpon mapel (i,v), rae vefl.. A} n iefl..,S}, snementam MHOxectBa F(i) ,
COOTBETCTBYET CHELHUAIBHBIA /X (, x {5 -MEPHBIX BEKTOp M (MaTpHIl WX MAacCUB) Biv=(M,s,),
a=11,, p=11,, y=11,. Ilo popmyne nocTpoeHHst MHOKeCTBa F (i), B TPEXMEPHOM JIUCKPETHOM
OpeacTaBieHud B, He uMeeT HyleBbIX cioeB. Ilocne ynanenus BceX HYJIEBBIX CIOEB MacCHBa
A(M) e ©(i) , MOXKHO IOTY4YUTh MAacCHB U3 MHOxecTBO {B;, =(m, M)|V e{l...,A}} u HaobOpOT.
Sleno, uro pasmepHocTh MaccuBa u3 {B;, =(m, ,,),’y)|v e{l,...,4}} He mpeBbIlIaeT pa3MEPHOCTU Mac-

cua A(M) e d(i). fcno, uto B B, =(M, ;) u B BekTOpE B hopmyle (2) KOTHMIECTBO >JIEMEHTOB

a.py
WA KOMIIOHCHTOB COBIMAat0T u paBHo 6(i,v).

Jnst kaxnou Tpoiiku (j,7,p) e L (4,)xL,(¢,)xL;(¢;) onpenenuM paciIMpeHHE MAaTpHUIIbI
B,, . D10 pacumpenne obosHaunm uepes B, (j,5,p)=(m,, ), yzL_rl, g=1,_rz, a)=1,_r3, rae A
KOKIOU TPOUKH (1, &, ) {L,....n. }x{L,....,}1x{L....}
0, ecm (ue&o)ediy..J, don...o, b{oy..p.}
wpys  ecm (e o) eljy . i, I {{or.o, o0 b
auucia «, f U y TAKOBbI, YTO yJOBJIETBOPSIOTCS 4= ], , £=0, U w=p,. BBenem obo3HaueHus

Q, Z{Biyv(j:,E,/_))Kj,E,/_)) e L (4)xL(¢;) x Ls(43)}
W3 snemenToB MHOXKECTBA ), , 00pasyem MHOXkeCTBO G(i,v).

! J—
my,g,w -

m

IlocraBuM 1poTHUB Kaxzaoro j -oi wmarpuusl w3  G(i,v) MHOXecTBO P(j) , rae

P(j))=RB xR xP,={p,@,....p, () {p, D,..., p, () Ix{p;D),...,p5(r;)} ¥ DpeanonsoKumM, 4T0 Kakaas
(pu(@), p2(B), Ps(7)) cooTBercTBYET Uncay m, ;. (j), rae m, 5 (j) €CTh JICMEHTHI | -OH MaTPHLIbI

u3 G(i,v,).

Beenem MHOxKecTBO M ={12,...|G(i,v)}. Beibepem myctbie MaccuBbl: E, M;,...,M,; ), u
M;,...Mg;,)- OTH MaccuBbl 3alOJIHSIOTCSA B XOJI€ BBITIOIHEHHUs anroputMa. B maccuse E 3amu-
(j). Bmaccus M, u M,

3aNMCBIBAIOTCA K —ble HEHYNeBble 3HaUeHMs KOMIOHEeHTOB Bektopa M, (k=1...,6(i,v)). Ilycrs
o(i,v) o(i,v)

F = UMk , F = U[Mk UM;]. Jna  dopmupoBaHus mHocnenoBaTedbHOCTH U ,[N,C;,C,,Cs]
k=1 k=1

CBIBAKOTCA HOMEPA KJICTOK, COOTBECTCTBYIOIUEC HYJICBBIM 3HAUCHUAM maﬁ'y

ONPEACISIIOTCS HOMEpPA KIIETKU MO CIEAYIOLIEMY AJITOPUTMY, KOTOPOM Ha3bIBAETCS AJITOPUTMOM
OpPTOTOHAJU3AINH B KJIETOYHOM 001acTH:

IMar 0. ¢,=0,¢c,=0,¢c;=0.

Ilar 1. Haiizem Takoe j €M , B kotopom mist Bcex (P, Py, P;) € P x P, x P, ¢ HeHyeBbIME
HETMHEHHOCTSMH BBHITIONHAIOTCA cooTHomenus ¢ + p, €[0,C,], ¢, +p, €[0,C,] , ¢+ p;€[0,C,] .
Ecnu Takoe | He HaiiieHO, TO MEPEXO0IUM K HIary 3, nHaue K Imary 2.

Ilar 2. IIpumem a, =max{c_ + p,(r,),c,}. b, =cC_, o =13 u nepexoaum k mary 4.

Iar 3. Haxogum takue MunuMansiele h,h,,h, €{01...}, h +h, +h; >1, npu KoTOpHIX Haii-

mercs Takoe J€M B pesymprare wero s Bcex (Pp, P,, P;) € P xP,xP, HenyneBsiMu
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HETMHEHHOCTAMHE  BBIONMHsOTCS  cootHomenns ¢, +h +p, €[0,C,] , ¢,+h,+p,<[0,C,] ,
c;+h,+p,e[0,C,]. Ipumem ¢, =c, +h,, c,=c,+h,, c,=c,+h, unepexomum k mary 2.

Mar 4. [na xaxaod («,B,7)efl...rn}x{,....}x{l...,r;} BBIIOJHUM CIeayIOIIUEE:
MIPOBEPUM

m, 5,- Ecomm m, ; =0, 1o knetka (¢, + py(@),C, + P,(B),C; + P;()) 3amUChHIBAaCTCSA B MaccuB
E. A ecin m, s, #0, To g Kaxaex o =1,...,/0,, ﬂ=1,---’§a,(p(a), 7=L...,ﬂ(a,§a1¢(a)), KJIETKa
(¢, + pu(@),C, + P, (B),Cs + ps()) 3amuchiBaeTcs B MaccuB M, , rie K ecTb HOMep syemeHTa m, ;.

CPeJM HEHYIIEBBIX 2JIEMEHTOB M, . Yianum j u3 M 1 mepexoauM K mary 5.

Ilar 5. Haxonum Takue makcumanssbsie h,h,,h, €{01,...}, 0pu KOTOpBI yAOBIETBOPAETCS

COOTHOIIICHUE
|{(C1 +h +p, ¢ +hy + Py, +hy + p3)| peR,p, P p;s e RN F|: o(i,v).

Ecin h =0,h, =0,h, =0, To nepexoauM K mary 7, UHa4e Nepexoqum K mary 6.

Ilar 6. IlocnenoBarensHo mna Bcex h =0,..,h, h;=0,.,h, u h;=0,..,h, BemonHAEM
cnenyromee: 1 Kaxaod tpouku («, f,y7) e{L..., i }x{L...,,}x{L...,,} IpoBepUM NpHHAIIEK-
HOCTb KIeTKH (C, +h + p(@),c, +hy+ p,(B),c;+h,+ p;(B)) mHOXKecTBY F . B ciiyyae He mnpu-
HaJUIEKHOCTH TOH KIIETKM MHOXKeCTBY F 3amuceiBaem ee B maccus E. Ilpumem C =C +h,

c,=C,+h,, c,=c, +h, nnepexonum k mary 7.

Ilar 7. Eciu MHOkecTBO M mycToe, To mepexoauM K mary 13, uHaue — k miary 8.

Ilar 8. [pumem ¢’ =¢,, C; =C,,C; =C,, Q(c?,c,c))=2 n h=1.

Iar 9. IIpumem h =h, h,=0, h,=0.

Ilar 10. Mmem Takoe je€ M, pu KoTopoMm s Beex («, B,7) e{L,...ipx{L...n1x{,....r;}
YOBJIETBOPSIETCS COOTHOIICHUS

(F\M)UE, m # 0,
(€ + py(@) + 1, C, + Py (B) + 1,5 + P3(B) +hy) eé{

F , M, = 0.

a,. By

Ecnu | maiineHo, TO mepexoamM K miary 12, nHade nepexoaum K mary 11.

Iar 11. fo6aBum (c, +h;,c, +h,,c+h;) B (¢, cd,c3). Ilpumem h, :=h,+1. Ecau h,<h,
To mepexoauM Kk mary 10, nnaue mpumem h, :=h, +1. Eciu h, <h, To mepexogum k mary 10,
nHavye npumeM h =h +1. Ecim h <h, to nmepexomum k mary 10, mraue npumem h:=h+1 n
nepexoauM K mary 9.

IMar 12. IIpumem: ¢ =c, +h,c,=c,+h,, ci=c,+h,u M, =3, 0=1..,6(,v). dnsa
Kaxgou  Tpouku (e, B, 7)) €{L..., i 3x{L... . L}x{,...,r;} TpoBepuM M
(c + pu(x),c; + po(B).C + ps(7) - 1pu LU #0 un

(¢ + pu(e),c; + P, (B). ¢+ ps(11)) € {c + R, ¢, + Py, ¢ + PRI\ (FUE))
nobaBuM Kietky (c| + p,(a,),Ch + p,(,),Cs + ps(,)) B MaccuB M, rae K ects HOMepa demMeHTa

o B n KIJICTKY

Cpe/li HEHYJIEBBIX 3JIEMEHTOB M, , . 3atem s Beex (Cf,C,Cy) € Q(C),Ch,Cy) HAX0AUM

S ) =S S0+ @), €+ P(A)C+ Py, (@), P2 (B). s()) € P,

a=l p=1 y=1

mallﬂl’}’l

rac
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, , , .
O + Py(@). 4 + B, (B). 4+ P —{0 arn@arRAe i)
M. - e (¢ + pu(@).c; + P, (B).c;+ ps() e F
a &, & m &, - TakoBbl uto (C) + Py(@),C; + P,(5),C; + Ps()) e M. UM_ . 3nech & ecth HOMED
JJIEMEHTa M, . .  CPEAM COOTBETCTBYIOLIMX HEHYIeBbIX oneMeHToB. Ecmm s Beex
(c],cp,c) e Q(cY,c2,CY) yaoBNETBOPSIOTCS COOTHOIIEHUS S, (C,,C),CL) <i, TO TpuMeM C, :=C, +h,
c,=C,+h,, c,:=c,+h, u mepexogum k mary 4, uHade npumem C, =C +h , c,:=c,+h,,
C, :=C,+h, ¥ mepexoaum Kk miary 8.
Ilar 13. Haxogum Takue MuHuManbHble h,, h, u h,, yaoBIeTBOpAIOIME HEPABEHCTBAM
O0<h <c —-1+p(r) , 0<h,<c,-1+p,(r,) u 0<h;<c,—1+ p,(r;) COOTBETCTBEHHO, IIPH
KOTOPBIX BCEe KICTKH BUma (&£,&,,&E,), HE BXOMIIME B MaccHB E ynoBIeTBOpSIOT YCIOBHIO

0<& <h, 0<&<h, uw 0<& <h,. Mpuvem: ¢, =max{h ,c, —1},Z, =c, -1, =13 . Eciu
hnh i

ZZZ m, 4, = (Ng +nr,r;, 1o mpumem D, =c, -1+ p, (r,) o =13 u nepexomum K mary 18,

a=1p=1y=1
UMHAa4Ye HaxoguM Takue o, , 0, U o, , IPH  KOTOPBIX BCE KIETKM U3 MHOXKECTBA
{(51,52,53 XO <£<0,058,50,0<4, < 0'3} BXxomaT B MaccuB E . Ilpu oTcyrcTBUM Takux o), o,

U o, npumMeMm o, =-1, o, =-1,0, =—1. Tak xe npumem:
h, , ecm Cy+py(ry)—(o,+)<h +1, _
Dﬂ_{ +Py(ry) — (o +1) -1, ecm c,+ py(ry)— (o, +1)>h, +1, p=1

Ilar 14. h=1.

IWar15. h =h, h,=0, h,=0.

Iar 16. [Tpumem: M, =3, S =1,60(i,v). s Beex

(0y,0,,0,3€{0,...,a}x{0,...,a,}x{0,...,a,}
BBIIOJIHAM CJIEAYIONINE ONEpPA[iU: HAXOMUM TaKHe [, [, U i, IPU KOTOPBIX KIEeTKA (0y,0,,0;)
BXOoAUT B MaccuB M, . Ilpum Hamuumu Takux L4, K, M g, 3alHCHIBAGM KIICTKH
(D, +1+h +0o, D,+1+h,+0,, D, +1+h, +0,) BMaccuB M, . Jlnsa Bcex
Cz elc,,Dy+1+h,+(b,-1], B =1,3, HaXO[UM
S(60,65,6) = Y0 8(e! + py(@), 6 + P (B), S+ Bu()), (Ru(@), Po(B), P () € P,

a=1p=1y=1
e
0, ecmu (¢ +py(a) C; + P(B).Cs + s (1) 2 F,
M ¢, ecm (6] +pu(@), €+ P,(B).Cs + ps() € F,
a &, & u & TakoBel, uto (¢ + Py(@), C; + P,(B), ¢ + Py (1)) eM,. UM;.

3peck & ecTb HOMepa dJIEMEHTa M, . . CPEAH COOTBETCTBYIOIIMX HEHYJICBBIX 3JIEMEHTOB. Ecin

LAPROERH BRI aHHBTBYopbiRKkiIMchechederneciyicdequiyontidn ey eltypi 1AV OYOB-
uHaMMLlQCKOM cucmemsl 8 KiemouHou 06/zacm
netBopsietcs S (CC,C5,C9) > 1, Toraa nepexoauM K mary (17). Mnade cpasuusaem 6(i,v) ¢

h

= UUU{(D1+hl+b1+ p(@), D, +h, +b, + p,(B), Dy +hy + b, + ps ()P N F

a=18=1y=1

5(C10 + pl(a)’cg + pz(ﬂ)acg + (7)) :{
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Ecmu S; <6(i,v), To nepexoqum k mary 18. B mporuBHOM ciydae ompenenum d azl,_l‘l,

a, B!
p=1r,, y=1r, caexyommm obpasom:
0 , (D, +1+h+b +p/(a), D, +1+h, +b, + p,(B), D, +1+h, +b,+ p, () ¢ F,
M. ;e (Dy+1+h +b + p(a), D, +1+h, +0, + p,(5), D, +1+ 0y + b, + py (7)) € F
a ¢, & u &, TakoBHI, YTO
(D, +1+h +b + p,(a), D, +1+h, +b, + p,(B), Dy +1+h, +b, + py()e M. UM_.

3IICCB é: €CTb HOMCpP 3JIEMCHTA méé’é Cp€au COOTBETCTBYIOIIUX HEHYJICBBIX 3JICMCHTOB.

a,By

Mycts A=(d, ;,), azl,_rl, ,B:l,_rz, yzl,_r3,. Vianss Bce HyJEBBIC CIOM M3 MacCHBa A

obpasyem maccuB A . Ecim maccuB B, m maccuB A, coBmazparor, To npumeM D_=D_+h_,

oc=13u nepexoauM K mary 18, nnaue nepexoaum k mary 17.

Ilar 17. Ilpumem h,:=h, +1. Ecmm h, <h, To mnepexomum k mary 16, nHade npuMem
h, =h,+1. Ecimu h, <h, To nmepexonum k mary 16, nunaue npumem h :=h +1. Ecou h <h, 1o
nepexoauM K mary 16, nnade npumem h:=h+1 u nepexoaum k mary 19.

Iar 18. pumem: C_(i,v)=c., L (i,v)=Z,, A.(i,v)=D,, c =13.

Hlar 19. Crom.

3. 3akro4enue. B pabote pazpaboTaH aaropuT™ NOCTPOEHUS OPTOTOHAIM3ALNS BXOIHBIX
nocnenosarenbHocTeld qBonyHbIXx 4D — HMJIC B  kierouHoi obnactu, T.e. CTPOMTCS 00JacTb

OIpeJIeJIEHUs] KOPOTKHUX OPTOTOHAIbHBIX BCIIOMOTaTeIbHBIX BXOJHBIX MocaegoBaTeabHocTel 4D —
HMJ/IC 1o KJI€TOYHBIM apryMeHTaM.
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/I Becthuk TOMCKOro TroOCYyAapCTBEHHOTO YHHBEPCHUTETa. YIIPaBJICHHE, BbIUUCINTEIbHAS
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XULASO
IKILIK 4D — QEYRI-XOTTi MODULYAR DINAMIK SISTEMLORININ GIiRi$
ARDICILLIQLARININ XANALAR OBLASTINDA ORTOQONALLASDIRILMASI
Feyziyev F.G., Abayeva N.B.

Agar sozlar: ikilik 4D — qeyri-xatti modulyar dinamik sistemlari, ortoqonal giris ardicilliglar,

ortoqonallig sartlori, giris ardicilliglarimin Xanalar oblastinda ortoqonallasdiriimast.

Volterra polinomlarinin ikigiymotli analoqu soklinds tosvir olunan ikilik 4D — geyri-xatti modulyar

dinamik sistemloring baxilir. 4D — geyri-xatti modulyar dinamik sistemlorinin giris ardicilliglarinin xanalar

oblastinda ortoqonallasdirilmasi ticlin alqoritm toklif olunur. Toklif olunan alqoritm 4D — geyri-xatti

modulyar dinamik sistemlorinin ortoqonal giris ardicilliglarinin qurulmasi Gigiin olan alt alqoritmlordon
biridir.

SUMMRY
ORTHOGONALIZATIONS OF INPUT SEQUENCES OF BINARU 4D-NONLINEAR
MODULAR DUNAMIC SYSTEMS IN CELLULAR DOMAIN
Feyziyev F.G., Abayeva N.B.

Key word: binary 4D — nonlinear modular dynamic systems, orthogonal input sequences,
orthogonality conditions, orthogonalization for input sequences in a cellular domain.
Binary 4D — nonlinear modular dynamic systems, described as two valued analogues of Volterra
polynomial is considered. An algorithm is proposed for orthogonalization sequences of binary 4D —
nonlinear modular dynamic system in a cellular domain. The proposed algorithm is one of the sub-
algorithms for constructing orthogonal input sequences for binary 4D — nonlinear modular dynamic system.

Daxilolma tarixi: [lkin variant 21.02.2023
Son variant 03.03.2023
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BBenenne. B TeruioBol JMAarHOCTHKE C TIOMOIIbIO TEIUIOBBIX 3((HEKTOB OIMpeaeseTCs
teriousndeckoe coctossaue oObekTa. Co3gaHME METOJOB PEIICHUS ~ HEYCTOWYMBBIX 3a1ad
COBEPIIWIN MPOTrpecc KaKk B TEOPHU TUATHOCTHKH, TaK M B pa3pabOTKe HEOOXOIMMBIX yCTPOHCTB
st 9roit tienu (em. [1-10] u ap.). TerioBas TUarHOCTUKA ¢ MHOTOYHCIICHHBIMU MIPUMEHEHUSIMH B
00BbeKTax ¢ OONBIIMMHU SHEPTOHOCUTEIISIMH BCer/1a akTyainbHa (cM. [4,9-14] u np.).

B pabore wm3y4aroTcsi BOIPOCHI TEIUIOBOM TUATHOCTHKH JUHAMHUYCCKUX MHOTOCBSI3HBIX
O0OBEKTOB C  pa3HOPOJIHBIMH  MaTepualiaMd. BapHallMOHHBIMM  METOJIaMH  COCTaBJICHA
MaTeMaTH4ecKass MOJICIb HM3y4aeMoro mpoliecca, KoTopas Oasupyercs Ha penieHue oOpaTHOMN
3aaun 00 ONpEACICHUH MPU3HAKOB JUArHOCTUKH 00bekTOB. DYHKIIMOHAN KayecTBa B MOJCIHU
dbopMupyeTcss Ha OCHOBE TPAHWYHOTO HAOJIIOJICHUS M SBIISICTCS HOBOW B IMOJOOHBIX BOIPOCAX,
MOCTAaHOBKA OOpaTHOW 3aJaydl OTIMYAeTCS OT paHee HW3YYeHHBIX TakuxX 3anad. JlokaszaHa
OJTHO3HAYHAS Pa3pPEIIMMOCTh, YKa3aHbl HTEPATHBHBIC METOJBI PEIICHUS TOW 3a7add, MPUBEICHBI
IKCTpeMallbHbIe CBOMCTBA (hyHKIMOHaNa KadecTBa. OOCYKIaeTcsi BIMSHUE MCXOIHBIX JaHHBIX U
JTAJIOHA HA PEIICHUE 3aa9l THATHOCTUKH.

IMocranoBka 3agaun. Bo3pMeM  JOByMepHOE  TOPHU3OHTAIBHO-TUIOCKOE  CEYEHHUE
KOHCTPYKIIUH, COCTOSIIMX W3 KOHEYHOTO HAOOpa MHOTOCBS3HBIX DJIEMEHTOB C Pa3HOPOIHBIMH
marepuanamu. [lpexnonoxkum, uYto Q  gpusercss KOHEYHOH, MHOTOCBSI3HOM, —IUIOCKOIA,
HEOJIHOPOJAHOM U M30TPOIHOM 00JacThio ¢ BHEWIHEHN rpanulei g 1 ¢ M-BHYTpeHHUMH 00JacTsIMU
D; i=1,2,...,m, KOTOpbIe HMEIOT HE MepeceKaroIne 3aMKHyTbIe rpanuiisl [, 1=1,2,...,m, x=( x4, X;,)
- TIPOCTPAaHCTBEHHas Touka obmacteit t-pems, te(0, t,,), t,,-Bpems HaOmozenus. Ilycts Mexmy

STUMHU OOJIACTSAMH TIPOUCXOIUT HECTAIlMOHAPHBIN TEII00OMEH 3a CUeT HarpeBa WM OXJIaXJICHUE
€ro 3JIeMEHTOB. B 3TOM mpoliecce MOXKET ydyacTBOBAaTh OOTEKaHHE MOTOKOM CMECH Ta3-)KHIKOCTH,
U3Iy4YCHUE U Jpyrue (pakTopsl.

[pumem o6o3navenus: Dy =Q\Ui%, D;, 02; = D;x(0,t,), S; = I;x(0,t,), i=0,1,2,....m,
T; (x,t)- Temneparypa B Touke X obGmacredt D; wm [; , i=0,1,2,...,m, B MOMEHT BpemeHH L.
[TpuHaAISKHOCTD BEKTOP-PYHKINUU K (YHKIIMOHATBHOMY MPOCTPAHCTBY MOHUMAETCS B CMBICIIE,
YTO KaXKJas MX KOMIIOHEHTa MPUHAJICKUT 3TOMY npocTpancTBy. D, Q, I', S — paau kpaTkoctu, 6e3
WHJIEKCHOE 0003HaueHue odnacreii D;, 2;, I, S;, 1=0,1,2,....m,  H; = L,(£;) - rtuias0epToBO
MPOCTPAHCTBO KBAIPATHYHO CYMMHUPYEMbIX (DYHKIIMI OMpeNeieHHbIX B obnactu f;, i1=0,1,2,...,m,
v=v(x,t)=(vy, V1, V 2,0, V' m) - TPU3HAK JHATHOCTHUKH, TO €CTh HAOOp TakuxX (PHU3HUSCKUX
XapaKTEPUCTHK 00BEKTA, KOTOPBIE OJHO3HAYHO OMPEICIISIOT €ro (PU3UKO-TEXHHUECKOE COCTOSHHE,
Vier={vi: vi € Hi =L 2(£; ), 0<v; <ci <oo,|| Vi-ojll ni<ri<eo}, rme ¢;>0, ;>0 - 3amaHHbBIC uuCIa,
i=0,1,...,m, V.= T13*V;.,-- 3aMKHyTO€E, OTpaHHYEHHOE ¥ BhITyKI0e MHOKecTB B H=IT{*Hj, (=07 (x,1)
=(wy, @, @ 3,..., ®n) - TPU3HAK IUATHOCTUKU ITajoHa, ®e V.., O, (X,t) - pacmpenencuue
TEMIIEpaTypbl B BHEIIHEH OTHOCHTENbHO o0mactu Qg cpene, 04 (X,t) u O,(X,t) - Bektop GyHKIUH
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KOMITOHEHTBI, KOTOPBIX SIBJISIFOTCS PEIICHHUSIMH, MPSIMbIX HaYaaIbHO-KPACBBIX 3a1a4 Ul yPaBHEHHUSI
teronpoBoAHocTH, T;(X,t) - Temmeparypa B Touke x obmactu £;, 1=0,1,2,...,m, B MOMEHT BpeMEHH
te(0, t,), h;(X,t) —remneparypa Ha rpanune S;, i=0,1,2,....m, gi(X,t) - Tema0BO¥ MOTOK Yepe3
rpanunb - Si, 1=0,1,2,....m, pu;(X,t) -koaddunmeHT TermooTaaun Matepuaia obsiacTi f); yepes
rpaHuIlbl S; BO BHEIIHIO CpPEdy, KOTOPbIH NpPUHAT B KayecTBE KOMIIOHEHTA IPU3HAKa
IMAarHOCTHKH, TO ecTh Vi(X,t)=u; (Xx,t), 1=0,1,2,....m, 4;(X,t)- ko3P IHUIMEHT TEIIONMPOBOAHOCTH
marepuaia oomactu Q;, 1=0,1,2,...,m, f;(X,t) - MIOTHOCTH TEIJIOBBIX UCTOYHUKOB B 00JIACTH Qj,
i=0,1,2,...,m, N; - BHEIIHsIsI KOHOpMaJIb rpaHullsl S, iI=0, 1,2,...,m, TO ecTh

9 2 o
v Ti 00D, = Xiea 0 0) 5 = Ti (x, t)cos (i, N s,
i k

0
Ly (D), Ly (), Lo (D), Loy (), 1157 (), WS (S), W35 (Q), W5 (Q), W 37 (Q)- dynxunonansie
MPOCTPAHCTBA BBEJCHHBIE, Hanpumep, B [11,12] u ap.
[lycts mpu NPHHATBHIX BBIIIC MPEANONOKEHHIX B obmactu D;. i=0,1, 2,....m, mporecc
TEII000MEHA OTHMCHIBACTCS YPAaBHECHHEM

%Ti(x, t)=div[4;(x,t)gradT;(x,t)] + f;(x,1), (X,H)E £2;, (1)
C HaYaJIbHBIMHU
Ti(X! O):(pi(x)’ Xe Di! (2)
IPaHUYHBIMU YCIOBUSMH
- 5 To(XD) <o (X D[Bo(x.)- Ty (x.0]. (X.DE So

- aiNTi(x,t) pi (X O[T o(X,1)- T;(X,1)], (X,H)E S;i=1,2,...,m, (3)
rae f;i(X,1), @i(X) 1;(X,t),04(X,1), i=0,1,2,....m - 3anannsie pyukimu u 4;(X,t) =vi(x,t), i=0,1,2,..., m -
KOX(QPHUIMEHTH! TEIUIOOTIaud MaTepuaia o0JacTH (2; 4epe3 IpaHUIlbl S; BO BHEIIHIOW cpeay. B
MPUHATOM BbIlIe MoAenu Kodhduuuentsl cucteMsl (1)-(3) MOTYT UMETh pa3pbIBBI MIEPBOTO POA.
Ecmu  paspeiBel  TIepBOTO pojia KOX(PGUIMEHTOB HE SBISIOTCA TpaHUIlAMu oOjacreit (2; ,
i=0,1,2,...,m, rme 3amarorcs ycioBus (3), TO B HHX MPEANONAracTcs BBIIOJIHUMOCTb
HETPEPBIBHOCTH PEIICHHUIA U TEIUIOBOTO MOTOKA.

Kos¢ppunmenr Termoornaunm  sIBISETCS OAHUM W3  OCHOBHBIX  TEIUIO(PHU3MYECKUX
XapaKTepUCTHK MaTepuaioB. [lycTe Ul onpeneneHus Mpu3HaKa AMArHOCTHKH JIOTIOJTHUTENBEHO K
ycaoBusM (1)-(3) 3apansl creayrome rpaHUuHbIe YCIOBUS:

T;(x,)= h;(x,0),(x,t) e Si, i=0,1,2,...,m. 4)
rae h; (X,t) - 3amannbie QyHKIMH. B pesymbrate moayduM oOpaTHYIO 3a7ady 00 ONpeAeIcHHU
NpPU3HAKOB TUAarHOCTUKU V(X,t) u3 ycmosuii (1)-(4). Tlpumem obGosnauenus: g (X,t)= 6, (X,1)-
ho (X,1), (X,DE So;  gi(X,H)=ho(X,1)- hy(X,1), (X)E S,
rae i=1,2,...,m. Toraa rpanudHbie yeiaoBus (3) MOTYT OBITh 3allCaHbI B BUTIC:

= ZT(x,b)=v;(x, ) gi(x.0),(DE S1, i=0,1.2,.....m. (5)
[Mpu wm3BectHbIx GyHKIUAX f; (X,1), @; (X), h; (X,t), g; (X,t), 4;(X,;{) ¥ 1pu BHIOpaHHOM TpPU3HAKE
auarHocTuku V(X,t) u3 mHoxkectBa V,.C H 3amady ompenenenuss pemieHus ypaBHenus (1) npu
3aJJaHHBIX HAYaJIbHO-KPACBBIX YCIOBUSX HA30BEM IMPSAMOM 3a/adyell JUarHOCTHKH. [Ipsimble 3amaun
JIMAarHOCTHKH SIBIISTIOTCS HAa4YallbHO-KpaeBBIMH 3amayaMu st ypaBHeHust (1). Jlns ymoOcrtBa
U3JIOKEHHS ONpENeNIeHHHd NpPsSMBIX 3al1ad, OOBIYHO, PACCMOTPHM OJHOPOJIHBIC TPaHUYHBIC
yenosus, Tak kak 3amenoii T,(x, t) =T;x,t)-Ti(x,t), rae Ti(X,t) ompeneneHHa B 06/1acTh (2, Ha ee
nogepxnocmu S;, 1 = 0,1,2, ..., m, coBIagaeT ¢ 3aJaHHBIM HEOJHOPOIHBIM TPAHUYHBIM YCIIOBUEM.

Onpenenenue 1. Tlox pemenuem npsimoit 3amaun (1), (2), (4) moapasymeBaeTcsi BEKTOP
Gynkuus 6; = 6; (x,t) ¢ xomnonenramu T; (X,t) Takas, uro ¢ynxmuu T,(x,t) = T; x,t)-

~ 0 -
Ti(x,t)e W'%5(£2),i=0,1,...m YIOBJIETBOPSIOTCS UHTETPAIbHBIE TOX/IECTBA
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Bapuayuonnwiii memoo peuwienus 06pamuotl 3a0ayu menyiogoi OUAeHOCMUKU
MHO20CBA3HBIX KOHCMPYKYULL

o[ =Ti (6, ) ¥, (x, )+ A(x, t)gradT;(x, t)grad ¥(x, t) —fi(, ) ¥ (x,t)]dxdt =
ffDiai(x) Wl(xl O)dxl l = Olll "'m, (6)
s mo0ex = ¥ (x,t)e sz(')l (£2,) pasusle Hymo npu t=t, u T;(x,t) ynosneropser (1), (2),
xorna f;(x,t) u @;(x) 3aMeHeHbl Ha f;(x,t) u @ ;(X), COOTBETCTBEHHO.
Omnpenesenune 2. [Toa pemenuem npsimoit 3agaun quarsoctuxu (1),(2),(5)

nojpasymeBaercs Bektop QyHkiuio 6,=60,(x,t) ¢ komnonentamu T;(x,7) € Wzl’o(Qi), 1=0,1,...m,
KOTOPBIC YIOBJICTBOPSIOT ~HHTETPATbHOMY TOXIECTBY

[ | =T G0 %, (6, 6) + Au(x, ) gradT;(x, ) grad ¥i(x, £) —

—fi(x, t) ¥ (x, t)] dxdt = ffDi 9, (x) ¥ (x,0)dx —
— [f5, viCx, 0 g:(x, £) ¥ (x, dxedt, (7
i MoObIX pyHKkImin ¥;= F(x,t)e Wzl‘1 (£2,), paBHBIX HYITIO TIpH {=t;,.

[Tycte 3amansbie Qyakmmu f; (X,t), ¢; (X), h; (X1), g; (Xt), i=0,1,2,...m B (1)-(5)
NpUHAUIeKATh IpocTpaHcTBaMm L, (£; ), L,(Dy), Wzl/Z’O(Si), L,(S;), i=0,1,2,..., M, COOTBETCTBEHHO
u kodpdummentsr A; (X,t), i=0,1,2,...,m,  3amaHbl, MOJOKUTEIbHBI, OTPAHUUCHHO H3MEPUMBIC
¢bynkuuu. [Ipsimple 3amaum B cMmbiciie omperneneHuid | 1 2 mpu KakaoM BbIOpaHHOM V(X,t) u3
MHOXecTBa V,.C H sBisroTcss 0000IEHHBIMI PEIICHUSIMUA U3 TPOCTPAHCTBA WZ]'O(Q) YKa3aHHBIX
BhIIlIE HAYaIbHO-KpaeBbIX 3adad. B paborax [11,12] u ap. Takue 3agaud M3y4yeHbl Kak 3a7adud
Iu(pakIuy ¥ JOKa3aHbl, YTO TPU NEPEUYMCICHHBIX BBIIIE YCIOBHUSAX TNPSMbIC 337add B CMBICIIE
omnpezenacHuil 1 u 2 UMEIOT enMHCTBeHHbIC perieHus O, (x,t) u O,(x,t) u3 npocrpancTea WZ]'O(Q) "
3TH peIICHUs HEempephiBHO 3aBucAT oT ¢yukiuu f; (X1), @; (X), h; (X,1), g; (X,t), i=0,1,2,....m
B L,(02;), L,(Dy), 1/1/21/2'0(51-), L,(S;), =0, 1,2,...,m, COOTBETCTBEHHO.

Jlns  ompelencHuss Opu3Haka JaudarHocTukd — V(X,I)  paccMOTpUM — BapHallMOHHYIO
dopmynupoBky obOparnoi 3amauu (1)-(5). Ilpu sTom i-ass koMmoHeHTa BEKTOp-PyHKIMU V(X,1)
umtercss Ha MHOXecTBe V;,.C H;, 1=0,1,2,...,m. OOpatrHbie 3a/1auu TEIUIONPOBOJHOCTH H3YUYCHBI B
pa3nuuHbIX mnoctaHoBkax (cM. [1,2,4, 5,6,10] u ap.) m 3amaua (1)-(5), naHHas HUXKe ee
BapHallMOHHAs (OPMYJIMPOBKA OTIMYAIOTCS OT HUX.

Yucno d(V)=|l v — @ |4 BblpaskaeT OTKIOHEHHE TPU3HAKA JMATHOCTUKH 00bekTa V € V.,.C
H wu »sranona we V, € H. [Jpyrum 3HauuMbpiM (aKTOpPOM BBISBICHUS Je(EKTOB SBISIETCS
M3MEHEHMs BbI3BAaHHON XapaKTepHBIMU BEIUYMHAMM MPOIECCOB, MPOTEKAONIUX B OObekTax. B
TEIUIOBOM JIMarHOCTUKE TaKOM XapaKTepHOW BEIMYMHOM MOTYT OBITh TeIodu3nuecKue
XapaKTEPUCTHKUA KOHCTPYKIUil. OHM BIUSIOT Ha  QyHKIMH 04 (X,t), O,(x,t) 1 MeHsIOT mpoiiecc.
Ucxons w3 npunununa Jlarpamxa (cm. [1,7,8,10] m gp.) cocraBuM 3agadyy MUHHUMH3ALUU
¢byHKIHOHATA

Jo)=]| 61 ©) -0, 0 || + | v(x ©) — B(x, O ||, — inf, )

Ha MHOXeCTBe V., CH C 3aJaHHBIM YHCJIOBBIM IMapaMeTpoM o > (0 ¥ 3alaHHBIM NIPU3HAKOM
JTUArHOCTUKY dTasioHa BeV,,. CH.

PaspeminmMocTh BAPHMALIMOHHOM IIOCTAHOBKH 00paTHOM 3a1a4H.

Teopema 1. [Ipu yka3aHHBIX BBIIIE MPEANOIOKECHUIX QYHKITHOHAT J((V) CHU3Y OrpaHHYCH
U HENpEepbIBEH Ha MHOXecTBe V., C H, B mpocTpaHCTBE /1 CyIIECTBYET TaKO€ BCIOAY IUIOTHOE
MHOXecTBo K< H, uto ans no00ro mpu3Haka TUarHocTUku dtanoHa PE Kc H, 3agava (8) npu
3aJlaHHOM uucie o > 0  uMeeT  eIMHCTBEHHOE pelIeHHE, TO PelIeHHWE CHIIBHO HENpepbhIBHO
3aBHCHT OT dJ1eMeHTa W€V, C H.

Jloka3zateabcTBo. OyHKIMOHAN Jo(V) MONOKHUTENEH, TOITOMY, OH CHH3Y OIpaHMYCH Ha
mHOxecTBe V. C H. TIpoBepuM HempepbiBHOCTh (yHKIHMOHANA [o3(V) Ha 3ToM MHOXecTBe. st
KaKJOTO0 BBHIOPAHHOTO MPHU3HAKA TUATHOCTHKU VE V. C H mnpu NEpeyrClIeHHBIX BHINIE YCIOBHIX
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npsiMble 33Ja4dl AMArHOCTHKH B CMBICIE ompeneneHuil | u 2 MMEIOT €IMHCTBEHHBIC PELICHHUS.
Hycts v, v V,,. © H npoussonbHble d1eMenThl MHOKeCTBA Vo H 1 AV= vy e V.. C H.
Ouenum A ©; u A O, no Hopme mnpoctpanctBa H. U3 toxnaectBa (6) ciieayer, 4To BEKTOP
¢byakusa ©; = O4(v; x,t) He 3aBucHur ot VE V., C H, nmostomy, A ©; = 0. U3 Toxaecra (7)
MOJIYYUM, UTO

a6, lly = o av],) (9)

rae pyaknus O(e) cTpemMuTcs K Hymto kak aprymeHT €0 . 13 (9) cnenyer, uro BelpaxkeHue A 6,
no HopMe H crpemsrcs K Hymo Kak A v . U3 Buga Jo(V) ciemyer, 4To MOAYJb MPUPAIICHUS
AJy(V) orenuBaercs BblpaxeHusMH A 6; =0 u A 6,. W3 ycnosust mpoussonsroctH v |
v@e V,.c H, cnenyer HenpepbiBHOCTE Jo(V).

Jloka3arenbCcTBO TEOpPEMBbl IMPOJODKUM, HCIHOJB3yS CIEACTBHE U3 BapHAIllMOHHOTO
npuHnuma OJknanna [15-17]. B [15] nokaseiBaercs uto, eciau ¢yHKimoHan @, (y) momy-
HENpEepbIBEH CHU3Y U CHU3Y OTPAHUYEH Ha HEITyCTOM 3aMKHYTOM OI'paHMYE€HHOM MHOXkecTBe Y C X
- PaBHOMEPHO BBIMYKJIOro 0aHaXOBO MPOCTPAHCTBA X, TOTJA CYIIECTBYET TaKO€ BCIOJIY IUIOTHOE
MHOXecTBO MCX »3TOro mpoCTpaHCTBA, 4YTO s JIOOOTO »dieMeHTa Yy, € MCX, 3anmada
muanMEsaimn Gyakimonana Pg (y)= Pg (v)+ally-yo [’x  Ha mHOKecTBe YCX, IpH 3agaHHOM
MOJIOKUTETILHOM YHUCIIOBOM Tmapamerpe o>(0, MMeeT eIMHCTBEHHOE pEUIeHHe, OHO  CHJIBHO
HETPEPBIBHO 3aBUCUT OT dJeMeHTa Yy, € YCX. 31mech B KauecTBe PaBHOMEPHO BBIIYKIIOTO
npocTpaHcTBa X BO3bMEM TMIBOEPTOBO MpocTpaHCTBO H, Tak Kak, rmiibOEpTOBO IPOCTpPaHCTBA
BCEr/la SIBJSIOTCS paBHOMEpHO BhINyKiIbIMU [11,13,14]. B npuBeneHHOM BbIlIE YTBEPXKIECHUU W3
[15] monoxum: Dy(y)=Jo(V), Pu(y)=Ja(V), U=V, y=V, yo=[]. DTH BEIUYUHBI YIOBICTBOPSIOT
BCEM YCJIOBUSIM IIPUBEIEHHOTO BBILIE YTBEpKIAeHUS U3 padoTsl [15]. B Teopeme npennonaraercs,
yro mapamerp o>0. Torma, coryiiacHo mpuBeJeHHOMY pe3ynbraTy u3 [15], B mpocrpanctBe H
CYIIECTBYET TaKoe BCIOAY IUIoTHOe MHOkecTBO KCH, uro mis mroboro snementa 1€V CH,
sKcTpeMalibHas 3az1ada (8) mpu o>0 mMmeer eauHCTBEHHOE pelieHue. Kpome Toro, 3To perieHue
CHJIBHO HENPEPhIBHO 3aBUCHUT OT IIPU3HAKA AUArHOCTUKM dTanoHa [ € I, CH. Teopema 1 noka3ana.

Teopema 2. IIpu nmepeuyrcieHHbIX BBILIE YCIOBMSX, Ul Jr00oro yuciaa €>0 cymecTByeT
Takou anmeMeHT V€ V,.C H, uto mma ¢yukiumonana J,(v) B (8) u 00X 3J1€MEHTOB Z U W
muoxectBa V,.\{v, }C H, npu 3ananHom umcie 0>0 UMEIOT MecTa HEepaBEHCTBA

Jo ) Sinfiey, Ja(W) te, llw —vlly <e llz v ly <e
Jo(ve) +ellw =v [l < Jo(W), W €V \{v }cH,

]a(vg) S]a(z) + SHZ_USHH L E[/CT'\{US}CH' (10)
Jloka3aTesqbcTBO. B mpenpiyineii TeopeMe 10Ka3aHa HEMpepbIBHOCTh (yHKIMOHAI Jo (V).
CrefioBaTenbHO, IPU 3THX YCIOBUAX QyHKIMOHAI [, (V) Takxke HenpepbiBeH Ha MHOXKecTBe V,.C H.
OTH (QYHKIIMOHAIBI MOJIOKUTEIFHBl M CHU3Y OTpaHH4eHbl. [103TOMy, CymIecTByeT HWKHHU TpaH
¢byuknuonana J, (V). YkazaHHoe B TeopeMe HEpaBEeHCTBO [, (Ve )<inf,eyer Jo(V)+€, creayer us
CYIIECTBOBAHUS HIKHEH IpaHU CHU3Y OTPAaHUYSHHOTO HEMPEPBIBHOTO (DYHKIIMOHATIA.
CornacHo cieACTBUIO U3 MPUHIMIIA DKIIaHa npuBeeHHoM B [17], ecin pyHkumnonan O(y)
CHHM3Yy TIONy-HETPEPhIBEH M CHHU3Y OrpaHWYeH Ha MHOXecTBe YCX - momHoro 0OaHaxoBO
npoctpancTBa X, Toraa s jgroboro uncna €>0, HalgeTcs aneMmeHT Y€ UC X, uro st 1ro0bIx
snemenToB qE Y \{y. }© X u peU\y, }c X:

O(y,) <inf(y)y+ e, [[p-ye [x<e, [a-ye [x<e,

ueu
®(yg)+ € " P-ye " X = (I)(p)1 pE U \{ Ye } CX,

q)(YS)Sq)(q)+8||q'Y£ ||X1 qE U\{YE }CX- (11)
'unp6epToBO  MPOCTPAHCTBO — SABISAETCS MOJHBIM  OaHAXOBBIM  MPOCTPAHCTBOM. Y CJIOBHE

JI0OKa3bIBAEMOW TEOPEMBI JIOMYCKAET, YTO B MPUBEACHHOM BBIIIE CIAEACTBUU U3 MPUHLIMNA DKJIaHAA
B pabote [17] mpunsThl crneayromme obo3HaueHus: X=H, ®(y)=J,(v), Y=V_., y=Vv, =z, p=w.
Torma momyuum, uro ans ¢dyHkiuoHana J, (V) B 3amade (8) BBINOJHIIOTCS BCE YCIOBHUS
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Bapuayuonnwiii memoo pewienus 06pammotl 3a0ayu menyiogoi OUAeHOCMUKU
MHO20CBA3HBIX KOHCMPYKYULL

MPUBEJCHHOTO CIICACTBUS M3 BapUAIlMOHHOTO MpHHLMNA DKJIaHIa, MPUBEICHHOTO B pabdorte [17].
DTO ciencTBre BeIpaxkeHO B BuAe HepaBeHcTBa (11). HerpyaHo yOeauThes, 9YTO U3 COOTHOIICHHMA
(11) npu npUHATHIX BhIIE 0003HAYSHUSIX BEJIMYMH HEIIOCPEICTBEHHO CIEAYyIOT HepaBeHcTBa B (10).
Teopema 2 nokazana.

3akaovenue. Eciiv JOMONHUTENBHO K MPHHSATHIM BBIIIE YCIOBUSM IMPEATOIOKUM, UYTO
byukuunonan Jo(V) HenpepbiBHO AuddepeHnupyemM Ha MHOKECTBE V., TO It penieHus 3aaa4uu (8)
MOXeET ObITh NMPUMEHEHA WTEpaTHBHAs MPOIEaypa, aHajloru4Ho padoram [1,7-9] u ap. 3mech
YKa)K€M METOJI YCIOBHOTO IPaJMEeHTa TaKOM MPOLEAYpHI:

WD (1) =V (X, 0+ B[w S (x,1) - v (x,1)], $s=0,1,2,...,
rie w© (x,t), v@(xt)e V., -Hauaneuble npubmmkenus, uncio fBs € 0,1) — ompenensercs u3
ycinoBus yobiBanus (GyHKimoHana Jo' (v ), snement w® = w (xt)-onpenensercs U3 MHHEMYMa
JMHEWHOTO ()YHKIIMOHATIA:

< Jo'®), w-v> +2¢ <v© — B, W-B > —inf WeV,,, s=1,2,....

B pesynbTaTe HaXoAuTCs mocienoBatenbHocTh GyHkimit {v(x,t)}eV.,. Herpynno matb
YCIOBHSL  CXOAMMOCTH, a B Cily4ae HEYCTOHYMBOCTH 33Jaydl  PEryJspu3anus  dTOU
nocienoBarenbHocTH [1,7-9]. DbheKTHBHOCTh UTEPATHBHBIX AITOPUTMOB C OOJBIIONH CKOPOCTHIO
CXOIMMOCTH THNAa MeTona HpIoTOHa, CONpPSIKEHHBIX TPATUCHTOB 3aJal0TCs aHaJorudHO. [Ipm
YCJIOBUHM HENpepbiBHO Iuddepenipyemoctu GyHkuuoHana Jq(vV), i 3agaun (8) MMeeT MecTo
HEOOX0IMMOE YCIIOBHE KCTpEMyMa B BUJIC BApUAIIMOHHOTO HepaBeHCTBa [7-9].
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XULASO
COXOLAQOLI KONSTRUKSIYALARIN iSTIiLiK DIAQNOSTIKASI UCUN
TORS MOSOLONIN VARIASIYA USULU iLO HOLLI
Musayeva M.A.

Acgar sézlar: variasiya tisulu, tars masSala, yegana hall olunanlq, istilik diagnostikasi.

Coxoalagoli konstruksiyalarin istilik diagnostikasi igiin tors masolonin variasiya tsulu ilo holli
aragdirilir. Bunun {iglin segilon keyfiyyot funksionali avvallar tors vo diagnostika mosalalarinds istifada
olunmamuigdir, yenidir. Problem ifadssinin formalasmasi iigiin keyfiyyat funksionalligi yenidir, avvallor tors
problemlar vo diagnostika nazariyyasindo istifads edilmomisdir. Tors problemin birmonali halli haqqinda
teorem siibut edilmisdir, onun holli iigiin tokrarlanan alqoritm gostorilir, istinad funksiyasinin nozordon
kegirilon problemin hallins tasiri miizakirs olunur.

SUMMARY
VARIATIONAL METHOD SOLVING THE INVERSE PROBLEM OF THERMAL DIAGNOSTICS
OF MULTIPLY CONNECTED CONSTRUCTORS
Musayeva M. A.

Keywords: variational method, inverse problem, solvability, thermal diagnostics.

A variational method for solving the inverse problem of determining thermic characteristics, which
are signs of diagnostics of multiply connected constructors with dissimilar materials is considered. The
guality functional for the formation of statement of problem is new, before it has not been used in the theory
of inverse problems and diagnostics. A theorem on the unique solvability of the inverse problem is proved,
an iterative algorithm for its solution is indicated, the influence of the etalon function on the solution of the
considering problem is discussed.

Daxilolma tarixi: [lkin variant 08.02.2023
Son variant 27.02.2023
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Knwouesvie cnosa. paboma 6vixo0a, RpOCMPAHCMEEHHLIU 3aPA0, NOGEPXHOCHHbIE COCHOAHUS,
KOHMAKMHAS PAZHOCMb NOMEHYUAN08, INeKMPOXUMUYECKOE MPABTIEHUE.

TepmoaneKmpoHHbIM  MEMOOOM KOHMAKMHOU PA3HOCMU nomeHyuanos (memodom Andepcona)
UCCNe008aH0 GIUAHUE 00PABOMKU NOBEPXHOCMU HA pabomy 6vix00d IAEKMPOHA Ol MOHOKDPUCIAILIO8
ROMYNPOBOOHUKOBBIX — meepoblx  pacmeopos  p-BiTes-Sb,Tes u  n-BiyTes-BiSes.  IMokazano, umo
INEKMPOXUMUHECKOE MPAGLEHUE NOBEPXHOCMU KPUCMANI08 NPUSOOUM K USMEHEHUI0 pabomuvl 6blXo0d
anexkmponos (PBD): ona kpucmannos p-muna Bi,Tes-Sb,Tes PBD ysenuuusaemcs na 0,28 3B, a ons
kpucmannog N-muna Bi,Tes-BiSez PBO ymenvwaemes na 0,47 2B. Dmu usmenenus 8 s3nauenusix PBO
OOBACHAIOMCS.  USMEHEHUEM KOHYEHMPAYUU UMEIOWUXCS HA NOBEPXHOCMU  JOKAbHBIX  00pa306aHull,
UMEIOWUX CPOOCMEBO K DJICKMPOHY.

CBoiicTBa MOBEPXHOCTH MOJIYINPOBOJIHUKOB M TPAHUI] pa3jesia METaUI-TOIYIPOBOJIHUK B
3HAYUTEIILHON Mepe 3aBHUCIT OT MPHUPOJBI MOBEPXHOCTHBIX AJIEKTPOHHBIX: COCTOSHUM U 3apsja,
3aXBaYEHHOI'O0 Ha IIOBEPXHOCTM WJIM Ha TpaHMlle pasgena U (opmupyromero o0jacTb Ipo-
CTpaHCTBEHHOTO 3apsaa [1].

B mpucyTcTBHM MOBEPXHOCTHBIX COCTOSTHUN M3THO 30H B MOJYMPOBOAHUKE CYIIECTBYET IO
MIPUBEJICHUS €0 B CONPUKOCHOBEHUE C KOHTAKTHBIM MaTEpPHaJIOM, T.€. JO HAHECEHHUS] KOHTAaKTHOTO
Marepuaia Ha MOBEPXHOCTh KPUCTAUIA U 3aBUCUT OT KOHIICHTPAIMH U TOJIO0KEHUS ITOBEPXHOCTHBIX
ypoBHeil. [lpum 3ToM, uem Oonblie TUIOTHOCTh TOBEPXHOCTHBIX COCTOSIHMM W 4YeM Onmke
PacCIoJIOKEHBI UX YPOBHH K ypoBHIO dDepMu, TeM MEHbIIIE U3MEHEHUE U3THba 30H MPU HAHECEHUU
KOHTakTa W BbICOTa Oappepa Ha TpaHHUIE pa3felia METAI-TOTYIPOBOJHUK OKa3bIBAETCS
MPAaKTUYECKH HE 3aBHUCSIIEH OT pabOThl BBIXOJA KOHTAKTHOTO MaTepHalia U MPOBOJAMMOCTH
MOJIYITPOBOJIHUKA.

O6sacTh MPOCTPAHCTBEHHOTO 3apsja BO MHOIOM OIpEAENseT MPOIECChl MPOTEKAaHUs TOKa
yepes TpaHUIly pasfena U B KOHEYHOM CueTe CBOMCTBa MOJYNpPOBOJAHUKOBOrO mpubopa. B cBoio
ouepelb XapaKTEPUCTUKU OOJACTH TMPOCTPAHCTBEHHOTO 3apsja (BeMWYMHA M 3HAK uW3ruda
HHEPreTHUYECKUX 30H, CKOPOCTh PEKOMOWHAIMM M JAp.) 3aBUCAT OT TaKUX (U3HKO-XUMHYECKHX
CBOMCTB MOBEPXHOCTH, KaK JIEMEHTHBIN COCTaB, KPUCTAJUTMYECKAsI CTPYKTYPa, IEKTPOHHOE CTPOe-
HUe. B CBs3M ¢ 3TUM KOHTPOJHPYEMOE U IIEJICHANPABIECHHOE YIPABICHUE CBOMCTBAMM TPAHUIIBI
paszena KOHTaKTHOTO MaTepHala ¢ TOJYyHNPOBOJHHUKOM BO3MOXXKHO TOJBKO TPU COBMECTHOM
W3YYCHUU BIIMSHUSA XapaKTEPUCTHK OONACTH MPOCTPAHCTBEHHOTO 3apsjaa Ha paboTy Io-
JTYIMPOBOAHUKOBOTO TIprOOpa M (PU3UKO-XMMUIECKHUX CBOMCTB MOBEPXHOCTH Ha IMapaMeTphl 001acTH
MIPOCTPAHCTBEHHOTO 3apsijia.

OaHuM W3 YYBCTBUTENIBHBIX METOJIOB OOHAPYKEHHsSI M3MEHEHHUU MOBEPXHOCTHOTO 3apsjia
SBIIIETCS M3MEpPEHUE pabOThI BBIXOJA AJIEKTPOHA: BCSKOE M3MEHEHHE Pa0OTHI BBIXOJAa CBSI3aHO C
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W3MCHCHHEM YCJIOBH Ha TOBEPXHOCTH ¥ TOJHOCTBIO OOYCIIOBJICHO COOTBETCTBYIOIIMMU
HapyIICHUSMH PaBHOBECHS B JJBOHOM MOBEPXHOCTHOM CJIOE.

Bricokasi 4yBCTBUTENBHOCTh PAa0OTHI BBIXOJA K PA3IHYHBIM (DakTOpam, -OmpeaessiFOIIM
COCTOSIHME TIOBEPXHOCTH KPHUCTAJIA, IIO3BOJIACT WCIOJIb30BaTh €€ MJisi OLIGHKH COCTOSHUS
MIPUTIOBEPXHOCTHBIX CTPYKTYP.

s ompeneneHuss paObOTHI BBIXOJA AJICKTPOHA OBLI BBIOpAH TEPMODJICKTPOHHBIM METOJ
KOHTAKTHOM pa3HOCTH MOTEHIHAIOB [2-4].

Onucanue SKCIEPUMEHTAIBLHON YCTAaHOBKM IS OMpPEIEICHUsT padOThl BBIXOJA JJICKTPOHA
METOJIOM KOHTAKTHOHN Pa3HOCTH IMOTEHITMAIOB OBUIO IIpUBEIEHO paHee B padbote [ 5 |.

B nHacTosmei paboTe mpeacTaBiIeHbl Pe3ybTaThl ONMPEACICHUS METOJAOM TOKAa HACHIIICHHS
paboOThI BBIXOJA SJCKTpOHA Jyis oOpas3ioB BiyTes-ShyTes (p-tum) u BipTes-BiSes (n-tum),
MMOBEPXHOCTH KOTOPBIX MOJBEPTraId 00padOTKE AIEKTPOXUMUUYECKUM TPABIICHUEM.

Meton TOKa HachIlleHWS OCHOBaH Ha CHATHM BAX MexIy HakaJIeHHbIM KaToJOM U
KoJuiekTopoM (aHozom). [Ipm STOM XapaKTEpPUCTHKH JOJDKHBI OXBaThlBaTh HadaJbHBIE TOKH
HACBIIICHUSI TP YCJIOBUU TMPAKTUYECKOTO OTCYTCTBHS BIHUSHHUS TPOCTPAHCTBEHHOIO 3apsija.
bnaronapst HaaM4KMIO KOHTAKTHOW Pa3HOCTH MOTCHIIMAIOB TOYKA Iepern0da XapaKTePUCTHK JICKHUT HE
MpU  HYJICBOM aHOJHOM IIOTEHIHANe, a NpH IMOTEHIHUAJe, PABHOM KOHTAaKTHOW pPa3HOCTH
MOTEHIIMAJIOB MEXKIY KaToA0M U KOJIeKTopoB (anogoM). CootBercTByomue BAX u pe3ynbraTsl Ux
00paboTKHU MpeCTaBICHEI HA puC. 1-2.

Kaxk BumHO 13 3THX rpadukoB, Ha BAX M0XHO BBIICTUTH TPU 00JIaCTH: 001aCTh HAYAIBHBIX
TOKOB, 00JIACTH BIIHMSIHHSI IPOCTPAHCTBEHHOT'O 3apsiaa U 00JacCTh TOKOB HACHIIIICHHSI.

DKCTpanoaupys NpSIMOJIMHEHHbIE YYaCTKH XapaKTePUCTHUK, A KKIOW U3 HUX IMOTYy4aeM,
Touky neperuba. [loTeHnan, COOTBETCTBYIOUINI MOJIYYEHHOM /JII OJJHOTO M3 KOJUIEKTOPOB TOYKE
neperuda, paBeH KOHTAKTHOM pPa3HOCTH MOTEHIIMAIOB MEXKAY KaTOJAOM U JaHHBIM KOJIJIEKTOPOM.

UB-
Puc. 1. BAX cucmemul 6onvghpamoseiii kamoo - manmanosoii Ta (1)
u nuxeneswitl Ni (2) xonnexkmop
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Hccnedosanue pabomol 6b1x00a 21eKmMpoHa 6 NOAYRPOEOOHUKOBLIX MEEPObIX PACMEOPAX
p-BiyTes-SbhyTes u n-Bi,Tes-BioSes memooom Andepcona

UB-o

Puc. 2. BAX cucmemul 6onbhpamosuiii kamoo — nonynposoonuk p-Bi,Tes-Sb,Tes (1)
u n-Bi,Tes-BiySes (2), nosepxnocmu komopwiil nodsepeanu 21eKmpoxXumMuiecKoll
obpabomxe. Ha ocu opounam npasas wixana - 0ns kpusoul 1, neeast - 015 kpusou 2

Tak, mis TantanoBoro (puc. 1, kp.1) u HuKeneBoro (puc. 1, Kp. 2) KOJICKTOPOB HAXOIUM
KOHTAKTHYIO Pa3HOCTh MOTCHIIMAIOB PaBHYIO, COOTBETCTBCHHO:

UleH = Qra- @x=-0,303B (1)

szpn =oni- ¢0x=710,103B 2)

Wtak, mpu 3amMeHE KOJUICKTOPOB IPOHMCXOJUT CMEIICHHE XapaKTePHCTUK BIOJb OCH
HANpSDKEHUH, YTO OOYCJIOBJICHO pAa3JIMYHBIMU 3HAYCHUSIMH PAa0OTHl BBIXOJA HHUKEJICBOTO W
TaHTAJIOBOTO KOJJIEKTOpoB. Heo0X0AMMO OTMETHTH, YTO MPU CTPOTO OJUHAKOBOW T€OMETPHU H
PacIIoNIOKEHUH KOJUIEKTOPOB JIOJDKHO MPOUCXOIUTH MapajuIeIbHOE CMEIICHHE XapaKTePUCTHK Ha
BEJIMYMHY PA3HOCTH paOOT BBIXO/1a HUKEJIS U TaHTaJa.

Opnako, W3 TpauKOB BHUIHO, YTO B OOJACTH HayalbHbIX TOKOB BAX KoJuekTOpOB
HaOJIF01aeTCsl HEKOTOpasi He MapajuIelbHOCTh. TaKoro xoja XapaKTepUCTUK CIICIOBAIO OXHIATh,
MIOTOMY, YTO MPU 3aMEHE OJTHOTO KOJUIEKTOpa JPYTHUM TPYIHO JOOUTHCS MX MICaTbHO OJMHAKOBOM
T€OMETPUH U PACTIONIOKEHHS.

[Tonyuennoe u3 puc. 1 sxcnepumentanbuoe 3Hauenue G(Ni) - ¢(Ta) = 0,40 »B xoporio
COIJIACYeTCS C KOHTAaKTHOM pa3HOCThIO moreHIuanoB A@=0,38 5B, BBIYHCICHHOH ¢
UCIoNb30BaHueM BenmrurH padot Beixoma — @(Ni)=4,30 sB u ¢(Ta)= 4,12 3B, npuBenenubix B [3],
YTO CBUJETEIBCTBYET O TOM, YTO BBIOPAHHBIA METOJ CMEIICHHS XapaKTEePUCTUK sl paboThI
BBIXO/1a /Ia€T JOCTOBEPHBIE PE3YIIbTATHI.

AnamornunbsiM oopazom u3 BAX s obpasiioB BiyTes-ShyTes (p-tun) u Bip Tes-BipSes (n-tum),
MOBEPXHOCTh KOTOPBIX MOABEPrajiach 3JIEKTPOXUMHUECKOMY TPABJICHUIO, SKCTPANOISIUEH MPsIMO-
JMHEHHBIX yJaCTKOB HAXOAMM TOYKH Iepernda (puc. 2), a o CMEIIEHHIO 3TUX TOYEK OT HYJIEBOTO
MOTEHIMAA BJOJb OCH HAIPSDKEHHWH OIpEeNiieM KOHTAaKTHYK Pa3HOCTh MOTCHI[UATIOB MEXIY
KaTOJIOM U TOJIYIIPOBOTHUKOBBIM 00Pa3IIoM:

U(l)Kpn = (P p-tam - (PKaTOJI[ =- 0,45 3B (3)
U(Z)Kpn = (P n-tum ~ (PKaTOJI[ =- 0906 3B (4)

OTHOCHTENPHOE CMEIICHHEe TOUYCeK Tepernda, SKCTParnoaupoBaHHbIX BAX MOIyrnpoBOAHMKOB

U, HalIpUMep, TaHTajla ONPeIeIsIeT Pa3HUILy UX paboT BhIXO/a:
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AP1= @Ta - porn = Ulipn — UB 0 =-0,30 + 0,45 =+0,15 5B
APz = @74 - @ o = Ulpn — U@n = - 0,30 + 0,06 = - 0,24 5B
OTcroa Haxo UM Tt PabOTHI BBIXO0/1a JJIs ITOJIYIIPOBOIHUKOBBIX 00pa3IoB:
@ p-run = Q12 - AQ1 =4,12-0,15=3,97 5B (5)
@ normm = QTa - A@2 = 4,12 + 0,24 = 4,36 5B (6)
AHanu3 MOJIy4eHHBIX PE3yIbTATOB IMMOKA3BIBAET, YTO AIEKTPOXUMHUECKOE TPABICHUE
MIOBEPXHOCTU KPHUCTAJUIOB NPUBOAUT K H3MEHEHHIO paboThl BbIXonAa 3JeKTpoHOB (PBDJ): nns
KpucTaioB p-tuma BiyTes-Sh,Te; PBD yBenuuuBaercs Ha 0,27-0,30 3B, a 115 KprcTaiioB N-Tuna
Bi,Tes-Bi,Se; PBD ymenbpmaercs na 0,46-0,47 5B. Dt u3mMeHeHus B 3HaueHusx PBD MoxHO
OOBSACHUTh M3MCHCHHEM KOHIICHTPALIMHA MUMECIOIIMXCS Ha IMOBEPXHOCTH JIOKAJIBHBIX 00pa30BaHMIA,
HUMEIOIIUX CPOJICTBO K AJICKTPOHY.
Jly1st 00BsICHEHUS MOTYYCHHBIX PEe3y/IbTaTOB IPEICTaBUM paboTy BbIxoza diekTpoHa (PBD)
KaK CyMMY JIBYX cjaraeMsbix [6]:

¢=0s -1,

rae ¢@s - Bkimang B PBD amekrpocraTtmdeckoro Oaphepa Ha TpaHUIE METalI-BaKyyM,
L - 2JeKTpoXuMHUECKuil moreHman (ypoBeHb depmu) B 00beme Kpucramia. O4eBUIHO, YTO s
OyzeT 3aBHCETh OT CBOWCTB U IPOLIECCOB, MPOUCXOMALIMX HA MOBEPXHOCTH, TOTAA KaK SIBIIAETCS
¢byHKIHEH TONBKO 00BEMHBIX XapaKTEPUCTHK KPUCTaUIa. B OOBIYHBIX YCIIOBHSIX, T.€. Ha BO3IyXe
MIOBEPXHOCTh IOJIYIPOBOJHUKA BCEr/la MOKpPHITA CI0EM OKHUCIOB. Kpome TOro Ha NOBEPXHOCTH
aZicopOupyroTCS YyXEpOAHbIE - aTOMbl WJIM MOJeKysbl. HakoHeln, Ha MOBEPXHOCTH BcCerja
CYIIECTBYIOT CTPYKTYpHBIE 1€(eKThl, BOZHUKAIOIINE B MPOLIECCE CKATBIBAHUS U PE3KU KPUCTAIIIOB
- BaKaHCHUH, aTOMBI, CMECTUBIICHCS CO CBOMX 3aKOHHBIX MECT B y3JlaX B MEXI0y3ius. Bce 3Tu
IPUMECHBIE U CTPYKTYpHbIE€ HapyIIEHUS MOTYT CIY)KUTh HCTOYHMKAMM I1OBEPXHOCTHBIX
COCTOSIHMM, DHEPreTMYeCKWe YPOBHM KOTOPBIX pACIIOJIOKEHBI B  3alpelleHHON  30HE
HOJTYIIPOBOJIHUKOBOI'O KpHCTaILJIA.

B  npoumecce  37E€KTPO3PO3MOHHOM  pE3KHM  KPUCTAUIOB  BO3MOYKHO  IOSIBIICHUE
JIOTOJTHUTENBHBIX CTPYKTYPHBIX HapyLIEHUH BCIEICTBHE B3aUMOAEHCTBUS 3JIEKTPUUECKOT0 paspsaa ¢
00pabaTbhIBa€MbIM KPUCTAJIOM, KOTOPBIE MOTYT U3MEHSTh €ro AEKTpo(r3nIecKue CBONCTBA.

HccnenoBanue TiIyOMHBI M CTPYKTYpbl HapyLIEHHOTO CJIOSI Ha IIOBEPXHOCTH pe3a
MOSTAITHBIM CTPABIMBAHUEM M PEHTTC€HOBCKUMH METOJaMHM IOKA3aJio, YTO TIIyOMHAa HapyIIEHHOTO
ciost it KpuctamioB BiyTes-Sh,Tes (p-tum) cocrasisiet ~ 30 MkM, a i kpuctauioB BiyTes-BioSes
(n -tum) - oxoso 20 MKM.

B npouecce 251€KTpO3pO3NOHHON PE3KM BO3MOXKEH TaKKE IEPEHOC MaTepuana 3JIEKTPOIOB
Ha TIOBEPXHOCTh pa3pe3aeMoro Kpucraula moJ0O0HO TOMy, KaK »3TO IPOUCXOAUT MpHU
ANEKTPOUCKPOBOM JierupoBanuu [7-8]. lllapkupoBaHHbIe TaKUM 00pa30M B MOBEPXHOCTHBIH CIIOM
KpHUCTaJIJIa YaCTHUI[bl MaTepHasa 3JeKTpoja (Boiabppama) MOTYT TaKKe CIIYXKUTh JIOKaJIb-
HBIMU LIEHTPaMH, BHOCSIIMMH OIPE/ICICHHBIN BKJIAJl B CIIEKTP MOBEPXHOCTHBIX COCTOSHUI.

Takum 00pa3om, TpU BCSKOM BO3ICHCTBMU Ha TMOBEPXHOCTh KPUCTAUIA M W3MEHEHUH
COCTOSIHUSI TIOBEPXHOCTH (CIIEKTpa TOBEPXHOCTHBIX COCTOSHUN) OyAeT H3MEHAThCS JIHILIb
aNeKTpocTaTuyeckas cocrasisoomas PBO, T.e. usmenenne PBD mpu sTOoM paBHO H3MEHEHUIO
3JIEKTPOCTATUYECKOr0 Oapbepa (MOBEPXHOCTHOTO MOTEHIMANA) s , T.€. AP = AQs .

OueBUIHO, YTO COCTOSTHMEM MOBEPXHOCTH KPUCTAJUIa MOXHO YIPaBJIATh, MOJBEpras ee
pa3NMYHBIM BHIAM OOpabOTKM W BO3ACHCTBHH W TakuM 0Opa3oM YIpPaBISATh BEITHYUHOU
MOBEPXHOCTHOT'O MOTEHIIHAJA (s, @ 3HAUYUT U PaOOTHI BBIX0/1A SJIEKTPOHA ().

Ecnu Ha moOBepXHOCTH MOJYMPOBOJHUKA N-THUIA MOCIE PE3KH MPeobsajaroT aKlEeNTOPHbIE
MOBEPXHOCTHBIE COCTOSIHHSI, OHM OYIyT 3aXBaThIBaTh 3JEKTPOHBI U3 MPHUJIETAIOIeN K MOBEPXHOCTH
o0beMa KpucTaia ¥ MOBEPXHOCTh Oy/IET 3apsiKeHa OTPULIATENIbHO.
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Hccneoosanue pabomul 861X00a 31eKMPOHA 8 NOJYNPOBOOHUKOBBIX MEEPOBLIX PACMBOPAX
p-BiyTes-ShyTes u n-Bi,Tes-Bi,Ses memooom Anoepcona

Eciau Ha MOBEpXHOCTH TOJYNPOBOJHKMKA N-TUIA MOCJE PE3KU MPEOOIaaloT aKIENTOPHBIC
HOBEPXHOCTHBIC COCTOSIHHSI, OHU OyIyT 3aXBaThIBaTh AJICKTPOHBI U3 MPHJICTAIOIICH K ITOBEPXHOCTH
o0beMa KpHcTalljla U TOBEPXHOCTh OY/IET 3apsKeHa OTPHUIIATEIBHO.

He Oyzib HOBEpXHOCTHBIX COCTOSIHUIA, paboTa BBIXO/A ISl KPUCTAJIa N -TUIIa PaBHsIIACH ObI
NPUOM3UTEIILHO BEJIMYMHE 3JICKTPOHHOTO CcpojacTBa . llpM HaauuumM e MOBEPXHOCTHBIX
cocrosiHui (puc. 3, a) padoTa BbIX0/Ia YBEIMYMBACTCS HA BEIMYMHY MIOBEPXHOCTHOTO MOTCHIHATA
Qs , T.C.

@On=%* Pns
E
A
A
X (0} a)
o e

\

AT S ———)

E ,
g jt s -ty . r++4+ + E, -
' /* Ous RREPE QR AL AL N Y

Puc. 3. Duepeemuueckas ouazpamma 0 NOIYNPOBOOHUKA N-MUNA NPU OMPUYAMETLHOM
3apsioe, COCpe0omMoUeHHOM HA NOBEPXHOCHHBIX COCIOSIHUAX () U NOTYNPOBOOHUKA
p-muna, npu NOI0HCUMENbHOM 3apsioe NOBEPXHOCMHBIX cOCMOosHuULl (0)

AHAJOTMYHBIN CIEKTp AaKLENTOPHBIX IIOBEPXHOCTHBIX COCTOSIHMM, BO3HUKAIOIIUN Ha
MOBEPXHOCTU KPUCTAJIJIOB P-THIA NPU UACHTUYHBIX YCIOBUSAX PE3KHU, OYAET 3aXBaThIBaTh ABIPKU U3
o0beMa KpHucTallia U 3apsKaThes MOJIOXKUTEIBHO (pHc. 3, 0).

PaGora BIXOZA NPH 3TOM yMEHBINAETCS HA BEJIMYMHY MOBEPXHOCTHOIO MOTEHIHANA (Pps.
Tak xak nmpu OTCYTCTBUM MOBEPXHOCTHBIX COCTOSIHUNA paboTa BhIXO/a JUIs MOJIYIPOBOJAHUKA P-THIIA
paBHa @, - x t+ Eg , rme [Eg - mmpuHa 3ampemeHHONW 30HBI IOJYNPOBOJHHMKA, TO B
paccMaTpuBaeMoM cilydae, MpU HaJWYMM MOBEPXHOCTHOTO IMOTEHIMalda (s, paboTa BBIXOJA IS
KpHUCTaJljla P-TUIIA COCTABUT:

Op-%+Eg- @ps.

Kak yka3piBaJioCh BBIIIE, AJIEKTPOXHMUUYECKOE TpaBJICHUE TMMOBEPXHOCTH KpHCTAJLIIA
CIOCOOCTBYET yNAJICHHIO HAPYIIEHHOTO TIOBEPXHOCTHOTO CIOSI KPUCTAJIOB, YCTpaHSET
HOJ'II/IKpI/ICTaIIJ'H/I'-IeCKI/Iﬁ CJIOI>'I, NCKaXCHUSA peIHeTKI/I. 3TO HpI/IBO)II/IT K YMeHI)H_IeHI/IIO KOHHCHTpaHI/II/I
MMOBEPXHOCTHBIX COCTOSTHUH - TOUCUHBIX 1e(DeKTOB, BAKAHCUN | T.1., IBISIOIIUXCS JIOBYIIKAMHU IS
CBOOOJTHBIX HOCUTEJIEH 3apsa.

Hcxons w3  oOcyxmaemMoil MOIEIM MOXHO  YTBEpKIaTh, 4YTO PEKOHCTPYKIHUS
MOTEHIIMATBFHOTO pebeda B PE3yNbTaTe DIEKTPOXUMHUYECKONH O0OpaOOTKM MOKHA TPHBECTH K

22



Opyooices C.K., Hcmartivinos P.M., Hemativinosea X.H.

ymenbiieHnto PBD mist kpuctamioB BipTes-BipSes n-tuma u yBennuenuro PBD ans kpucranios
Bi,Tes-ShyTe; p-trma, 4To XOpoIIo coriaacyercs ¢ 9KCIepUMEHTATLHBIMU JTaHHBIMU:

Apn= @™ 9n°=4,35-4,82=-0,47>B

App= @p™". @p° =4,00-3,72=+0,28 5B
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XULASO
p-Bi, Tes-Sb,Te; VO n-Bi,Te;s-Bi,Se; YARIMKECIRICI BORK MOHLULLARINDA
ELEKTRONUN CIXIS ISININ ANDERSON METODU iL9 TODQIQi
Orucov S.K., Ismayilov R.M., Ismayillova X.1.

Acar sozlar: ¢ixis isi, foza yiikii, soth hallar, kontakt potensiallar forqi, elektrokimyavi asindirma

Yarimkegirici p-Bi,Tes-Sh,Tes vo n-Bi, Tes-Bi,Se; bark mohlullarinda elektronun ¢ixis isi Anderson
metodu (xarakteristikalarin siirlismasi metodu) ilo todqiq olunmusdur. Gosterilmisdir ki, kristallarin sathinin
elektrokimyovi agindirilmasi elektronlarin ¢ixis isinin doyisikliyino gotirir: p-tip Bi,Tes-Sb,Te; kristallarinda
elektronlarin ¢ixis isi 0,28 €V artir, n-tip Bi,Tes-Bi,Se; kristallarinda isa elektronlarin ¢ixis isi 0,47 €V azalir.
Elektronlarin ¢ixis isinin giymatlorindaki bels doayisikliklor niimunalarin sathinds elektrona harisliys malik
lokal hallarin konsentrasiyasinin doyigmasi ils izah olunur.

SUMMARY
STUDY OF ELECTRON WORK FUNCTION IN SEMICONDUCTOR p-Bi,Te;-Sh,Te;
AND n-Bi,Te;-Bi,Se; SOLID SOLUTIONS USING ANDERSON METHOD
Orujov S.K., Ismayilov R.M., Ismayiova Kh.I.

Key words: work function, space charge, surface states, contact potential difference, electrochemical

etching.

The influence of surface treatment on the electron work function for single crystals of semiconductor
p-Bi,Tes-Bi,Sez and n-Bi, Tes-Bi,Se; solid solutions has been investigated by the Anderson method (method
of characteristics shifting). It was shown that electrochemical etching of the crystal surface leads to a change
in the electron work function (EWF): for p-type Bi,Tes-Bi,Se; crystals, EWF increases by 0.28 eV, and for
n-type Bi,Tes-Bi,Se; crystals, EWF decreases by 0.47 eV. These changes in EWF values are explained by a
change in the concentration of local entities on the surface that have affinity to electron.

Daxilolma tarixi: [lkin variant 25.01.2023
Son variant 14.02.2023
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GUNOBAXAN, QARGIDALI, PAMBIQ VO PALMA YAGLARI OSASINDA
SINTEZ OLUNMUS ETANOLAMIDLORIN HIDROGEN SULFID
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Acar sozlar: ali karbon tursularimin etanolamidlari, hidrogen sulfid korroziyasi inhibitorlari,
monoetanolamin, dietanolamin

Hidrogen sulfid korroziyasina qarst inhibitorluq xassslorinin Oyronilmosi maqgsadilo
giinobaxan, qargidali, pambiq vo palma yaglarinin mono- vo dietanolamin ilo miixtalif mol
nisbotlorinds etanolamidlari sintez olunmus, 1Q spektrlori ¢okilorok aminoliz prosesinin getmasi
tosdiq olunmusdur. Sintez olunmus etanolamidlorin H,S miihitinde korroziyani inhibitorluq
effektivliklorinin xammal kimi gétiiriilmiis yagdan, etanolamindon vo onlarin mol nisbatindan asili
olaraq miiqayisali tohlili aparilmis vo miioyyan olunmusdur ki, qargidali yagi vo monoetanolaminin
1:3 mol nisbatinds garsiligl tasirindon alinmis etanolamid on yiiksok aktivlik géstormisdir

Giris. Sonayedo istifado edilon metal avadanliglarin, texnoloji qurgularin korroziya
sobabindon siradan ¢ixmast ¢ox aktual problemlordondir. Neft vo qazin hasilati, nogli vo emali
zamani ¢ox aqressiv texnoloji sorait, hom neftin torkibinds olan, hom do lay sulari ilo sistemo daxil
olan COy, H,S, O, va s. qazlarin [1, 2], eyni zamanda korroziya proseslarinin geniglonmasino sobab
olan mikroorqanizmlorin miihitdo olmasi ilo baghdir [3]. Miihitdon asili olaraq paralel bir neg¢o
korroziya proseslori (CO,, H,S, O,, bioloji korroziya va s.) bas vera bilir ki, bu da problemin hallini
cotinlosdirir [4].

Qeyd etmok lazimdir ki, diinyanin neft vo gazcixartma sonayesinin miiasir dovr inkisafi
karbohidrogen xammalinin istifadasinin ohamiyyatli deracads artmasi fonunda yiingiil, az kiikiirdli
neft vo qaz kondensatlar1 ehtiyyatlarinin azalmasi ilo xarakterizo olunur ki, bu da hidrogen sulfid
korroziyasiin payini artirir [5].

Bu vo digor nov korroziya proseslorini holl etmoadon neft quyularmin, istifads olunan
avadanliglarin va boru komorlorinin normal istismarini tomin etmok miimkiin deyil. Buna sabab bu
prosesin iqtisadiyyata va an osasi otraf miihite vurdugu kiilli miqdarda ziyandir. Bels ki, bas vermis
avariyalar noticosindo xam neftin, eloco do emal mohsullarinin vo zohorli maddslarin su hovzalarine
dagilmasi vo torpaq qatini ¢irklondirmasiyls ekoloji gorginlik yaranir [6-8].

Miiasir dovrde korroziya itkilorinin soviyyesinin agagi salinmasmin on genis yayilmis
iisullarindan biri korroziya inhibitorlarinin istifadssidir. Onlarin istifadasi izra xeyli praktiki tocriiba
oldo olunsa da, is¢i miihitin korroziya aqressivliyinin miixtolifliyi reagentlorin se¢imina qars1 yeni
toloblor irali siiriir. Buna goro do, asason kompleks miidafio tosirino malik, yeni inhibitorlarin vo
inhibitor xassoli kompozisiyalarin axtarist olduqca mithimdir [9-14].

Odobiyyatdan ali karbon tursulari osasinda, xiisusilo onlarin forqli azotlu birlosmolorlo
qarsilighh tesirindon alinmis korroziya inhibitorlart — ammonium kompleks duzlari, amidleri,
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imidazolinlori vo s. malumdur [15-17]. Onlardan imidazolin asasli korroziya inhibitorlar1 neft vo
gqaz sonayesindo genis istifado olunur [18-20]. Eyni zamanda amidlorin alinmasi, xassolorinin
Oyronilmosi va onlarin totbiqi istigamatindo do bir ¢ox todqiqatlar aparilmigdir [21-29]. Mislliflor
mogqalodo [30] saxlama zamani imidazolinlorin hidrolizo ugrayaraq [31] torkibindo amidlorin
miqdarimin artmasini bildirarak inhibitor kimi imidazolin torkibli birlosmalorin ovazine sintezi bir
morhoaloli vo ucuz basa golon, uzun miiddot saxlama zamani pargalanmaya davamli vo yaxsi
antikorrozion xassoloro malik amid torkibli birlosmalorin [32, 33] sintez olunmasinin daha
mogsadouygun oldugunu toklif edir.

Qeyd olunanlar1 nozors alaraq todqigatimizin moaqsadi sado birmorholali alinma iisulu ilo
hidrolizo davamli ali karbon tursularinin amidlorinin sintezi vo H»S miihitindo korroziyaya qarsi
qabiliyyatlorinin 6yronilmasi olmusdur.

Tacriibi hissa. Giinobaxan, gargidali, pambiq vo palma yaglarinin monoetanolamin vo
dietanolaminlo miixtalif mol nisbatlorinds (1:1 — 1:3) qarsiligh tosiri naticosindo etanolamidlor
sintez olunmusdur.

Sintez garisdirici, qizdirict vo termometrlo tochiz olunmus kolbaya yerlosdirilmis lazim olan
miqdar bitki yaginin 100°C-5 godoar qizdirilmasi, bu temperaturda katalizator kimi NaOH kristalinin
(yagin kiitlosinin 0.1%-1 qodor) vo hesablanmis miqdar etanolaminin damci-damci yagin iizorino
qarigdirilaraq olavo olunmasi, daha sonra temperaturu 120-150°C-o godor qaldiraraq bu
temperaturda maddslorin 4-5 saat qarigdirilmasi vo alinan qarisigin otaq temperaturuna qodor
soyudulmasi ilo aparilmigdir.

Reaksiya asagida gosterilon sxem {izro gedir:

(RCOO0)3C3Hs + aNH3.,(CH,CH,0OH)p, —
— aRCONHz-b(CH2CH20H)b + (RCOO)3.aC3H5(OH)a

a=1-3,b=1-2;

(RCOO)3C3Hs — trigliserid, NH3.,(CH,CH,OH), — mono- va dietanolamin, RCONH,.
b(CH2CH,OH),, — ali karbon tursusunun mono- va dietanolamidi, (RCOO)3.,C3Hs(OH), — mono- va
digliserid, a=3 oldugda C3Hs(OH)3 — gliserin.

IK spektroskopiya metodu ilo sintez olunmus etanolamidlorin torkibi vo quruluslari
oyronilmisdir. IK spektrlor BRUKER firmasma moxsus “ALPHA” IK-FURYE spektrofotometrindo
4000-500 sm-1 spektral aralifinda ¢okilmisdir. Bu zaman aminoliz prosesinin getdiyini tosdiq edon
amid qruplar1 li¢iin xarakterik olan C=0, N-H rabitolorinin valent rogslori vo N-H, C-N rabitslorinin
deformasiya rogslori miisahide olunmusdur.

Gilinobaxan, gargidali, pambiq vo palma yaglar1 osasinda sintez olunmus etanolamidlorin
kerosin:izopropil spirti qarisiginda (1:1 hocm nisbati) 10%-1i mohlullart H,S miihitinds korroziya
inhibitoru kimi todqiq olunmusdur. Hidrogen sulfid korroziyasindan miidafis qabiliyystinin
yoxlanilmasi metodikas1 adobiyyatda genis verilmisdir.

Sintez olunmus etanolamidlorin H,S korroziyasina qarsi effektivliklorini dyronmak maqsadi
ilo hesablanmis miqdar Na,S-in izorino hisso-hisso HCI mohlulu slave olunur, ayrilan qaz miihito
verilorak H5S ilo doydurulur (500 mg/l H2S) vo H,S ilo doydurulmus su:kerosin (9:1 hacm nisbati)
miihitino etanolamidlor lazimi godor olavo olunaraq otaq temperaturunda magqnit qarigdiricinin
komoyi ilo dinamik soraitdo 5 saat miiddstindo metal 16vhalor iizorinds tocriibslor aparilir. Tocriibo
zamani eyni mithitds iki 16vho (30x20x2 mm) yoxlanilir.

Metal lovholordo bas vermis kiitlo itkisi Am=my-m; (0.001q doqiqliklo) toyin olunur. Bu
zaman m;- 16vhanin tacriibadon avvalki kiitlosi, my- 16vhonin tacriibadon sonraki kiitlosidir (m; vo
M, ticilin iki 16vhoyo goro orta qiymaot gaotiiriiliir).

Daha sonra maddolor slave edilmadon (Kg) vo alava edildikdon sonra (Kjnn) korroziyanin
siirati K= Am/(S*t) (K: korroziyann siirati - g/(m**saat), Am: kiitls itkisi - g, S: 16vhonin sothinin
hocmi - m, t: tacriibonin miiddati - saat) diisturu ilo hesablanur.
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Giinabaxan, qargidali, pambiq va palma yaglar: asasinda sintez olunmus etanolamidlarin
hidrogen sulfid korroziyasina qarsi inhibitorlug xassalarinin tadqiqi

inhibitor slave edilmadsn gedon korroziyanin siirati Ko=3.6 g/m?saat olmusdur. Maddalarin

H,S korroziyasina qarsi effektivliklori inhibitorluq omsali — y=Ko/Ki;n Vo miidafio doracasi
(effektivliyi) Z=((Ko-Kinn)/Ko)*100% ilo qiymatlondirilmisdir.

Tocriibalor sintez olunmus etanolamidlorin 100 vo 400mq/1 qatiliglarinda aparilmis, naticalor
asagidaki cadvallords verilmisdir.

Cadval 1.
Sintez olunmus monoetanolamidlorin H,S miihitinds korroziya inhibitoru kimi
qatiligdan asili olaraq effektiviiklori
Korroziyanin Inhibitorlu Miidafia
Qatihg, ma/l stirati, q/(rzz*saat) omsal1 ! effekti, %
Gilinobaxan yagi vo monoetanolamin asasinda sintez olunmug etanolamidlor
(1:1) 100 2.4660 1.5 315
400 1.1268 3.2 68.7
(1:2) 100 2.4408 1.5 32.2
400 1.0044 3.6 72.1
(1:3) 100 2.3472 1.5 34.8
400 0.7704 4.7 78.6
Qargidal yag1 vo monoetanolamin asasinda sintez olunmusg etanolamidlor

(1:1) 100 2.2212 1.6 38.3
400 0.8712 4.1 75.8
(1:2) 100 2.1096 1.7 41.4
400 0.6624 5.4 81.6
(1:3) 100 2.0304 1.8 43.6
400 0.5256 6.8 85.4

Pambiq yag1 vo monoetanolamin ssasinda sintez olunmus etanolamidlor
(1:1) 100 2.5524 1.4 29.1
400 1.2600 2.9 65.0
(1:2) 100 2.5056 1.4 30.4
400 1.1412 3.2 68.3
(1:3) 100 2.4408 1.5 32.2
400 0.9324 3.9 74.1

Pambiq yag1 vo monoetanolamin asasinda sintez olunmus etanolamidlor
(1:1) 100 2.5956 1.4 27.9
400 1.3248 2.7 63.2
(1:2) 100 2.5452 1.4 29.3
400 1.2348 2.9 65.7
(1:3) 100 2.4804 1.5 31.1
400 0.9792 3.7 72.8

Cadval 2.
Sintez olunmusg dietanolamidlorin H,S miihitindo korroziya inhibitoru kimi
qatiligdan asili olaraq effektiviiklori
Qatihq, mg/l quroziyzzin1n Inhibitorluq Miide_lﬁs
’ stirati, g/(m“*saat) omsali effekti, %
1 2 3 4 5

Gilinobaxan yagi vo dietanolamin asasinda sintez olunmus etanolamidlor
(1:1) 100 2.4840 1.4 31.0
400 1.2060 3.0 66.5
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Cadval 2. (davami)
5

1 2 3 4

(1:2) 100 2.5272 1.4 29.8
' 400 1.0728 3.4 70.2

(1:3) 100 2.3976 15 334
' 400 0.8892 4.0 75.3

Qargidali yagi vo dietanolamin asasinda sintez olunmus etanolamidlor

(1:1) 100 2.5452 1.4 29.3
' 400 1.2780 2.8 64.5

(1:2) 100 2.4768 15 31.2
' 400 1.1376 3.2 68.4

(1:3) 100 2.4444 15 32.1
' 400 0.9504 3.8 73.6

Pambiq yag1 va dietanolamin asasinda sintez olunmus etanolamidlor

(1:1) 100 2.6064 1.4 27.6
' 400 1.3176 2.7 63.4

(1:2) 100 2.4984 1.4 30.6
' 400 1.1628 3.1 67.7

(1:3) 100 2.4480 15 32.0
' 400 0.9864 3.6 72.6

Pambiq yag1 va dietanolamin asasinda sintez olunmus etanolamidlor

(1:1) 100 2.6712 1.3 25.8
' 400 1.4148 2.5 60.7

(1:2) 100 2.6064 14 27.6
' 400 1.2636 2.8 64.9

(1:3) 100 2.5344 14 29.6
' 400 1.1016 3.3 69.4

Codvalda verilmis naticolordon goriindiiyii kimi, sintez edilmis etanolamidlordon polad
16vhoni H,S korroziyasina garsi on yiiksok miidafio effektivliyinoe qargidali yagi vo monoetanolamin
osasinda 1:3 mol nisbotindo alinmis etanolamid malikdir. Umumiyytlo osasinda sintez etdiyimiz
yaglar iiclin 1:3 mol nisbotindo alinmis etanolamidlor 1:2 vo 1:1 mol nisbotindo alinmig
etanolamidlorlo miigayisads yiiksok natico gostormis, ardicilliq iso 1:3>1:2>1:1 kimi olmusdur.

Eyni zamanda, miioyyon olunmusdur ki, biitiin mol nisbotlorinds yag il monoetanolaminin
qarsiligh tesirindon alinan etanolamidlor, miivafiq yag ilo dietanolaminin qarsiligh toesirdon alinan
etanolamidlordon, onlardan iso qargidali yagi vo monoetanolamin osasinda sintez olunmus
etanolamidlor digor yaglar vo monoetanolamin osasinda sintez olunmus etanolamidlordon daha
effektiv H,S korroziya inhibitorlaridir.

Belo ki, monoetanolamin ils sintez olunmus etanolamidlarin H,S korroziya inhibitorlar1 kimi
xammala goro effektivliklorini miigayiso etsok ardicilliq:
qargidal yag1 > giinobaxan yagi > pambig yagi > palma yagi soklindo olacag.

Dietanolamin ilo sintez olunmus etanolamidlorin H,S korroziya inhibitorlar1 kimi xammala
goro effektivliklori forgli olaraq:
giinobaxan yagi > qargidali yagi > pambig yag1 > palma yagi soklindodir.

Qeyd etmok lazimdir ki, bu zaman giinobaxan vo qargidali yaglarinin dietanolaminlo
garsiliglt  tosirindon aliman etanolamidlorin - H,S  korroziya inhibitorlar1  kimi miidafio
effektivliklorindaki forq 2%-don ¢ox deyil.

Notica. Gilinobaxan, gargidali, pambiq vo palma yaglarinin mono- vo dietanolamin ilo
miixtolif mol nisbatlorindo etanolamidlori sintez olunmus, IQ spektrlori ¢okilorik quruluslar:
arasdirilmis, kerosin:izopropil spirti qarisiginda (1:1 hacm nisbati) 10%-li mohlullar1 hazirlanaraq
100 vo 400 mgqg/l gatiliglarda hidrogen sulfid miihitindo korroziya inhibitoru kimi todqiqatlar
aparilmigdir.
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Giinabaxan, gargidali, pambiq va palma yaglar: asasinda sintez olunmus etanolamidlarin
hidrogen sulfid korroziyasina qarsi inhibitorlug xassalarinin tadqiqi

Miioyyon edilmisdir ki, sintez olunmus etanolamidlordon H»S korroziyasina garsi on effektiv
inhibitor gargidali yagi vo monoetanolaminin 1:3 mol nisboatindo garsilighi tosirindon alinmis
etanolamid olmusdur.

Sintez olunmus etanolamidlorin H>S miihitindo korroziya inhibitoru kimi effektivliklorinin
xammal kimi gotiiriilmiis yagdan, amindon vo onlarin mol nisbatlorindon asili olaraq miigayisoli
tohlili zaman1 malum olmusdur ki, aktivliklori asagidaki kimidir:

monoetanolamidlar li¢lin —

gargidal1 yag1 > giinobaxan yag1 > pambig yagi > palma yagi

dietanolamidlor tiglin —

giinobaxan yag1 > qargidali yagi > pambig yag1 > palma yagi

biitiin yaglar tictin — MEA>DEA vo 1:3>1:2>1:1
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PE3IOME
UCCJIEJOBAHUE UHI'MBUPOBAHMS CEPOBOIOPOJHOM KOPPO3UHU
9TAHOJAMUIOB, CUHTE3SUPOBAHHBIX HA OCHOBE IIOJCOJHEYHOI'O,
KYKYPY3HOI'O, XJIOIIKOBOI'O U MTAJIBMOBOI'O MACEJ
Hcmaunoe H.T., Acadosa C.b., Mycaeea HM., Hcmaunos T.A., Achanosa C.H.

Knrouesvie cnosa: smanonamuobl GblCUUX KAPOOHOBBIX KUCIOM, UHSUOUMOPbL CEPOBOOOPOOHON
KOpPPO3UU, MOHOIMAHOLAMUH, OUDMAHOJIAMUH

CHHTE3MPOBaHbI 3TAHOJIAMUJIBI HA OCHOBE IOJICOJIHEYHOT'0, KYKYPY3HOT'O, XJIOIIKOBOIO, I1aJhbMOBOT0O
Macel W DTAHOJNAMHHOB (MOHO- ¥ JHMATAHOJNAMHMH) B pa3HBIX MOJBHBIX COOTHOIICHHSX C IENbI0
WCCIICIOBAHUS WX WHTUOUPYIOIIUX CBONCTB IMPOTHUB CEPOBOJOPOJHON Koppo3uu, CHITHI MK crextpsl
CHUHTE3UPOBAHHBIX ATAHOJAMHUJIOB M TOJATBEPXKICHO TMPOBEACHUE Tpoliecca aMuHoiu3a. Ha ocHoBe
CPaBHHUTEJIBHOTO aHaju3a HMHrHOupyromeil 3¢h¢GeKTHBHOCTH Koppo3uu B cpeiae H,S cuHTE3MpoBaHHBIX
STAHOJAMH/IOB B 3aBUCHMOCTH OT MCXOJHOTO ChIPhSl — MAaCia, 3TaHOJIAMUHA U MX MOJILHOTO COOTHOIICHHUS
YCTaHOBJICHO, YTO JTAaHOJIAMHUJ, CHUHTC3UPOBAHHBIA  B3aUMOJICHCTBHEM  XJIOIIKOBOI'O  Maclia M|
MOHO3TaHOJIAMUHA B MOJIBHOM COOTHOIICHUH 1:3, TIPOSIBIISIET CAMYyFO BBICOKYIO aKTHBHOCTb.

SUMMARY
STUDY OF INHIBITION OF HYDROGEN SULPHIDE CORROSION OF ETHANOLAMIDES
SYNTHETIZED ON THE BASIS OF SUNFLOWER, CORN, COTTON AND PALM OILS
Ismailov I.T., Asadova S.B., Musaeva N.M., Ismailov T.A., Aslanova S.1I.

Keywords: ethanolamides of higher carboxylic acids, hydrogen sulfide corrosion inhibitors,
monoethanolamine, diethanolamine

Ethanolamides based on sunflower, corn, cottonseed, palm oils and ethanolamines (mono- and
diethanolamine) in different molar ratios were synthesized in order to study their inhibitory properties
against hydrogen sulfide corrosion, IR spectra of the synthesized ethanolamides were taken, and the
aminolysis process was confirmed. Based on a comparative analysis of the inhibitory effectiveness of
corrosion in the H2S environment of synthesized ethanolamides, depending on the feedstock - oil,
ethanolamine and their molar ratio, it was found that ethanolamide synthesized by the interaction of
cottonseed oil and monoethanolamine in a molar ratio of 1:3 exhibits the highest activity.

Daxilolma tarixi: [lkin variant 20.12.2022
Son variant 30.01.2023
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Agar sozlar: poli-e-kaprolakton, doksorubisin, immobiliza, ayrilma, riyazi model.

Bioloji aktiv maddoslorin (BAB) klassik formada gobulu gqanda uzun miiddot terapevtik-
miialico effekti yarada bilmir. Umumiyyatlo, hor bir dorman preparat: iigiin miialica tosiri gostoron
miioyyon qatiliq hoddi mévcuddur [1]. BAB-in qanda miqdar1 homin qatiliqdan asagi hodds
oldugda miialico effekti yarada bilmir, yuxari haddo oduqda iso oks tosir gostorir. Qabul edilon
preparatin miioyyon zaman miiddstindo qanda qatiligi elo tonzimlonmalidir ki, o terapevtik tosir
sahasing diiso bilsin vo miialico effekti gostorsin [2]. Bir dofa yiiksok dozada qobul edilon dormanin
qatiligr terapevtik hoddi kecir vo toksiki tosir gdstormoklo bir miiddot sonra onun qatiligi kaskin
asag diisiir. Tokrar bir nego giin orzinds gobul edilon dormanin miqdari terapevtik zonaya diisso do
onun qatiligt spontan olmayib, artma-azalma kimi davam edir. Polimer maddslora immobilizs
olunmug dorman maddslorinin miithito ayrilmasi ilo qatiliglart miioyyon vaxt intervalinda terapevtik
hadds olub eyni miqdar tortibinds qala bilir. Bu miialico tosirinin daha miikommal vo effektiv
olmasina gatirib ¢ixarir [3].

Belo polimerlor arasinda poli-e-kaprolakton (PKL) alifatik poliefir olub, dorman
maddolorinin dasinmasi vo nozaratli ayrilmasi tigiin tibbds genis istifado olunur. Onun unikal fiziki,
kimyavi, mexaniki xassolori, biouygunlugu vo biodeqradasiya oluna bilmesi dorman dasinmasi,
toxuma miihondisliyi, tibbi materiallar vo oczagiligda istifadosini tomin edir. Zoif deqradasiya
qabiliyyati dorman maddslorinin uzunmiiddotli ayrilmasin1 asanlagdirir vo hotta modifikasiya
etmoklo aylarla, illorlo olmasina sabob olur [4]. Bu polimerin biouygunlugu matris boyunca ¢oxlu
sayda dorman molekullarinin vahid paylanmasina imkan verir [5]. PKL ki¢ik molekullu derman
maddolori {igiin yiiksok keciricilik qabiliyyatine malikdir vo bioresorbsiya edildikdon sonra
bodondon tam xaric edilo bilir [6], deqradasiya zamani iso ¢ox zoif turs miihit yaradir ki, bu da
zarorli deyildir.

Qeyd olunanlar1 nozoro alaraq, torofimizdon asagi orta molekul kiitloli PKL sintez
edildikden sonra onun osasinda nanokapsulun hazirlanmasi tadqiqatlar1 aparilmis vo model preparat
kimi doksorubisin (Doks) antibiotikindon istifads edilorok enkapsullagdirilma effektliyi, dosrman
yiikladilmasi vo ayrilmasi kinetik olaraq Oyronilmigdir. Nanokapsulun hazirlanmasi zamani osas
kiitls kimi PKL-don, kapsulun adgeziya vo davamliligini artirmagq ti¢lin iso orta molekul kiitlasi 10
kDa olan poli-N-vinilpirrolidon (PVPr) vo 4000 Da olan polietilenglikoldan (PEQ) istifado
edilmisdir. PKL-Doks nanokapsulunun hazirlanmasi ikigat emulsiya metodu ilo yerino yetirilmisdir.
Belo ki, 1.5 ml 2 mg/ml Doks mohlulu vo 10 mq PKL 80 ml dixlormetana slavo edib
emulsiyalagdirilir. Emulsiyalasdirma yiiksok siiratli homogenlosdirici qurguda 3 dagigo miiddotindo
5000 rpm-da aparilir. Sonra emulsiya 35 ml 2%-1i PVPr va 5 ml 0.5%-1i PEQ qaris18ina olave edilir
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va 5 doqigo 8000 rpm-do homogenlosdirilir. Sonra biitiin qarisiq 24 saat fasilosiz qaranliq soraitdo
maqnit qarigdiricida garisdirilir. Bir giindon sonra qarisiq holledicidon buxarlandirilmaqla azad
edilib 10 °C-do 1 saat miiddotindo 13000 rpm-do sentrifuqalasdirilir. Mohsul dekantasiya
olunduqgdan sonra 2 ml deionlagsmis suda hall edilib 2 giin arzinds vakkumda (freeze-dry) qurudulur.
Alman nanokapsul sonraki todqiqatlar di¢iin 4 °C temperatur soraitinde saxlamilir. Nanokapsulun
Doks-na gors enkapsullagdirma effektivliyi asagidaki ifadoys asasan toyin edilir:

C.t’
EE,, =1— X 100
' ilke
Burada Cy nanokapsulu ayirdigdan sonra antibiotikin galan gatiligi, mqg/ml ilo, Cjj iso Doks-
nin gotiiriilon ilkin qatiligidir. Enkapsullagdirma effektivliyi miioyyon edilidkden sonra nanokapsula
dorman yiiklodilmasi (DY) hesablanilmisdir:

_ M i X EE
DY, =

M ik + Tnpniimer

Burada, Manip — mithitde antibiotikin iimumi miqdari, mq ilo; mpolimer - iso nanokapsulun
timumi kiitlasidir, mq.

Doks-nin xarcong hiiceyralorino qarsi istifado olunan antibiotik oldugundan nanokapsuldan
ayrilmast iki tip hiiceyro pH-na uy8un miihitlordo todqiq olunmusdur. pH 4.8-do xorcong
hiiceyrolorino xas vo pH 7.4-do saglam insan orqanizmi hiiceyrasino xarakterik miihitds. Bu
moqsadlo 1 mq nanokapsul PKL-Doks (terkibinds 0.157 mq antibiotik saxlayir) 5 ml uygun pH
buferinde 37 °C temperatur qorunmagqla yerlosdirilir vo 100 rpm-do inkubasiya olunur. 0.5-72 saat
intervallarinda miihitdon 500 pL alikvot gdtiiriib mohlulun 480 nm-do optiki sixligr dl¢iilmiis vo
homin absorbsiya qiymatino uygun antibiotik qatiligi miioyyon edilmisdir. Alikvot gotiiriildiikdon
sonra miihitin hacmini vo ordaki komponentlorin gatiliginin doyisilmamasi ii¢lin yenidon tomiz 500
puL deionlagsmis su olavo edilmigdir. Nanokapsuldan Doks-nin ayrilmasi (%-1o) asagidaki ifadoyo
osasaon hesablanmisdir:

Ayro, = M ® 100
gy

Burada, mx vo mpuygun olaraq Dosk-nin nanokapsuldan miihits ayrilan va ilkin miqdaridir,
mq ilo.

Immobilizasiyadan sonra antibiotikin gatiliginin 2 mg/ml-don 0.564 mg/ml-o godor azalmasi
miisahido edilmisdir. Gostorilon halda nanokapsulun polimerlarlo vo antibiotiklo birlikda kiitlosi
13.725 mq olmusdur ki, bunun da 2.154 mq-1 doksorubisinin galani iso nanokapsulun payina diisiir.
Olds edilmis nanokapsulun antibiotiko gore enkapsullagdirma effektivliyi yiiksok olmus vo 71.8%
togkil etmisdir. Dorman yiliklonmasi isa 15.69% olur vo bu o demokdir ki, 1 mq nanokapsul
toxminon 0.157 mq Doks saxlaya bilir. Miihitin pH-nin 4.8 vo 7.4 qiymstlorindo zamandan asili
olaraq Doks-nin ayrilmasi dyronilmis va naticalor asagidaki cadvalds verilmisdir:

Cadval 1.
PKL-Doks asasli nanokapsuldan antibiotikin ayriimasinin miixtalif
pH-da zamandan asililiq giymoatlori. T=37 °C, V=5 ml, Miaps-Doks=13.725 mq
Zaman, pH=4.8 pH=7.4
saat Cayr, Mayr. Ayrilma Cayr, Mayr. Ayrilma
mkm/ml mq faizi, % mkm/mil mq faizi, %
1 2 3 4 5 6 7
0.5 7.34 0.011 6.51 2.67 0.004 2.78
1.0 14.0 0.021 13.25 4.66 0.007 4.56
2.0 27.34 0.041 25.84 9.34 0.014 9.15
3.0 32.67 0.049 31.43 16.0 0.024 15.43

Cadval 1. (davamu)
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1 2 3 4 5 6 7

6 38.66 0.058 37.17 20.68 0.031 19.51
12 50.00 0.075 48.26 25.34 0.038 24.84
24 78.00 0.117 74.56 30.00 0.045 28.31
48 92.00 0.138 88.34 32.67 0.049 31.48
72 96.00 0.144 91.73 34.00 0.051 32.63

Gorlindiiyli kimi, PKL osasli nanokapsuldan antibiotikin ayrilmasi miihitdon asili olaraq
forqli xarakterds bas verir. Miihit nisbaton zoif turs olduqda ayrilma 12 saat orzinds 50%, 24
saatdan sonra sabitlogorok 90% otrafinda olur. Neytral miihitds iso ayrilma kicik qiymatlorle
miisahido olunur vo 72 saat miiddotindo immobilizo olunan Doks-nin yalmiz 32%-1 miihito ayrila
bilir. Ayrilmanin grafiki tesvirina baxdiqda (Sakil 1) bunu aydin gérmak olar.
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Sakil 1. PKL asasli nanokapsuldan Doks-nin ayrilmasinin zamandan asililigi, 37 °C.

Sokildon goriindiiyii kimi hor iki miihitds ilkin 4 saat miidstinds ayrilma sisrayish olub
zamanla diiz miitonasibdir. pH=4.8=do ayrilmanin tarazliq hali 20 saatdan sonraya, pH=7.4-do iso
10-12 saatdan sonraya tosadiif edir. Oyrilorin formasina baxsaq hom diffuziyali, hom do hidrogel
sistemlori liclin xarakterik olan ayrilmanin bas verdiyini goro bilorik. Daha doqiq mexanizm
milayyan etmak ticiin kinetik naticalor sifir vo birinci tortib, Hiqugi, Kosmeyer-Peppas vo Hikson-
Krovell tonliklorine totbiq edilmis vo korrelyasiya amsallari miiqayiss edilmisdir.
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Sakil 2. PKL nanokapsulundan Doks.-nin ayrilmasinin sifir tartib kinetik modeli
Goriindityii kimi, pH=4.8=do antibiotikin ayrilmasi nisbotan R’=0.8171 qiymatilo diffuziyal
ayrilmaya uygun golir. Neytral miihitdo isa bu model 6ziinii dogrultmur. Sifir tortibli ayrilma
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miixanizmind goro dorman maddosinin ayrilmasit onun miihitdoki gatiligindan asili olmayaraq,
sorbastdir. Bu tipli ayrilmaya ortiiklii formalarda, osmotik sistemlordo vo transdermal totbiglordo
rast golinir va istifade olunur. Birinci tortibli ayrilma mexanizmi ise heg¢ bir halda tadqiq etdiyimiz
sistemo uygun golmir (Sakil 3).
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Sakil 3. PKL nanokapsulundan Doks.-nin ayrilmasimin birinci tortib kinetik modeli

Birinci tortib ayrilmaya goro suda holl olan dormanlarin mosamosli matrisalardan miihito
ayrilmasi doracasi dormanin qatiligindan asilidir. Tadqiq olunan PKL nanokapsulunda iso mosamali
matrisa strukturu olmadigindan ve hamginni R*nin qiymotlorinin 0.55-don kigik olmasi ayriimanin
bu mexanizmo uygun golmodiyini demoys asas verir. Ayrilmanin miqdart naticolori hamginin digor
kinetik modellords do yoxlanilmis vo asagidak: sokillords verilmisdir.
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Sakil 4. PKL nanokapsulundan Doks-nin ayrilmasinin Hiqugi kinetik modeli
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Sakil 5. PKL nanokapsulundan Doks.-nin ayridmasimin Korsmeyer-Peppas kinetik modeli

Hiqugi ayrilma mexanizmi suda hall olan vo ya az hoall olan dorman maddslorinin bork
yaxud semi bork matrisalardan ayrilmasini ehtiva edir. Bu mexanizmo goro ayrilma dorocosi
zamanin kokalt1 qiymaoti ilo proporsionaldir. Todqiq olunan obyektdo PKL PVPr vo PEQ ilo
inkorporasiya olundugundan sistem bark matrisa kimi qobul edilo bilmoz. R%-nin giymatlarino gora
nisboton uygun golmosi pH=4.8-do miisahido olunur ki, bu da ilkin 24 saat orzindo daha ¢ox
proporsionalliga oturur. Neytral miihitds iso bu model 6ziinii dogrultmur.

Asililiglardan  goriindiiyii kimi, tripsinin PKL osasli nanokapsuldan ayrilmasi Hiqugi
modelindo oldugu kimi pH=4.8-do qismon Korsmeyer-Peppas mexanizmino uygun golir. Bu
mexanizmo goro dorman maddosinin ayrilmasi hidrogel-suda siso bilon sistemlor iiciin
xarakterikdir. Zoif turs miihitdo dasiyici torkibindoki aktiv morkozlorin asan protonlagsmasi vo
miihitdoki ionlarin polimer makromolekullarin1 solvatlasdirmasi onun nisboaton holl olma
vaziyyatina kegid kimi qiymotlondirilo bilor. Bu zaman torkibdoki dorman maddesi diffuziya ilo
miihito ayrilmasi bas verir. Sismoni iso homin miihitds polimer makromolekullarinin ¢evikliyinin
artmast vo ylksok hidratlasma prosesi ilo olagolondirmok olar. Neytral miihitdo iso ayrilma
Korsmeyer-Peppas mexanizmino uygun golmir golmir. Demoli miihitin tobioti ayrilmanin
kinetikasina ciddi tesir edon faktorlardandir.
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Sakil 6. PKL nanokapsulundan Doks-rin ayriimasimin Hikson-Krovell kinetik modelina totbiqi
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Ayrilmanin kinetik noticolorinin Hikson-Krovell modelino totbiqindo iso oksino neytral
mihitdo Doks.-nin ayrilmasi bu mexanizmo uygun golir. Bu modelo géro dorman maddosinin
ayrilmasi diffuziya ilo deyil, dasiyict sothinin 6lgilisii vo dormanin ayrilma siirati ilo tonzimlonir.
Basqa sozlo dasiyicinin sothinin sahosinin doyisilmosi dormanin holl olma doracasine tosir edir
basqa so6zlo hissacik qruplarinin miintozom sahosi onun hacminin kub kokii ilo proporsionaldir. Turs
mihitdo ayrilma bu mexanizmo uygun golmir, neytral miihitdo iso gismon bu mexanizm ilo
ayrilmani tosdiq eds bilorik. Bu tip ayrilma mexanizmi habb formasinda hazirlanan farmaseptik
torkiblor li¢lin xarakterikdir.

Oldo olunan noticolora goro, PKL osasli nanokapsuldan Doks-nin ayrilmasi pH=4.8-do
Hiqu¢i mexanizming, neytral pH=7.4-do Hikson-Krovell ayrilmasi kinetik mexanizmlorino daha
cox uygun golir. Ayrilmanin kinetik noticalorinin hor bir model iiciin toklif edilon riyazi tonliyo
totbiq etmoklo ayrilma sabitlori vo Korsmeyer-Peppas ifadosinds géstorilon ayrilma eksponenti (Nn)
miioyyon edilmisdir (Cadval 2).

Cadval 2.
PKL gelindan doksorubisinin miixtolif pH-larda ayriimasinin kinetik parametrlori
Miihit Sifir tartib I tortib Hiquci Korsmeyer-Peppas Hikson-
Krovell
Ko R® | KxI0® | R K R K n R Kiw | R

pH=4.8 | 1.129 | 0.8171 3.45 | 0.9594 | 11.16 | 0.9473 | 11.99 | 0.58 | 0.9363 | -0.004 | 0.710

pH=7.4 | 0.365 | 0.6548 | 0.46 | 0.6934 | 3.78 | 0.8369 | 4.79 | 0.51 | 0.8794 | -0.001 | 0.917

Cadvoldon goriindiiyii kimi, PKL matrisasindan doksorubisinin ayrilmasi yiiksok reqressiya
omsal1 ilo birinci tortib kinetik ayrilma modelina daha ¢ox uygun goalir. Bu modelo goro ayrilma
moasamoalorindo dorman maddasi saxlayan matrisalardan yaxud burulmus makromolekul zoncirlori
arasindan bas verir. Basqa s6zlo matrisa vahid zamanda torkibindoki dorman maddasinin migdarina
proporsional olaraq ayrilma hoyata kecirir. Digor torofdon Nn-nin qiymatinin hor iki miihitds 0.5 ilo
1.0 araliginda olmasi qeyri-Fikian dasinma mexanizmini dostoklodiyi, ayrilmanin iss homin
miihitlorde hom diffuziya, hom do polimer makromolekullarinin eroziyasi ilo bas verdiyini gostarir.
Naticoloro onu demoys osas verir ki, PKL torkibli matrisaya immobilizo edilmis doksorubisin
saxlayan dorman formasindan silindir formali geometrik goriiniiso malik farmaseptik dozalarin
hazirlanmas1 vo zoif turs, eloco do neytral miihitlordo nozarastli ayrilmasi olacaq sistemlor kimi
istifado etmok miimkiindiir. Matrisadan ayrilan aktiv komponentin miqdar: iso terapevtik dozada
olub zamandan asil1 olaraq stabil ayrilma miqdarlari ilo xarakterize olunur.
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PE3IOME
HCCIEAOBAHUME BBIJIEJEHUSA TOKCOPYBUIIMHA HA KHHETHUUYECKUX MOJEJISIX
N3 UMMOBUJIU3UPOBAHHOI'O HOCUTEJISI HA OCHOBE I1OJIM-s-KAIIPOJIAKTOHA
Tanowvizog I11.3., Mycmaghaee M.M., Axmeooea H.M.

Knwouesvie cnosa:  nonu-e-Kanponakmow, — UMMOOUIU3AYUA, — OOKCOpYOUYUH,  GbloeneHue,
KUHemu4ecKkas Mooelb.

Pa3paborana HocuTenb-MaTpUIa, OCHOBHOH CTPYKTYPHBIH COCTaB KOTOPOW COCTOMT W3 MOJH-E-
KaIlpoJIAKTOHA. MeToZ0oM IBOMHOM 3MYJIbCHU B €r0 COCTaB ObUI MMMOOMJIM30BaH AOKCOPYOMIIMH, a €ro
€MKOCTh 10 aHTHOWoTHKaMm coctaBmia 0.157 mr/mr. D¢¢eKTHBHOCTh WHKANCYISANAA M JIEKapCTBEHHOM
Harpy3KH TIOJyY€HHOH HaHOKAICylbl Mo aHTuOnotukam cocrtaBmseT 71.8 m 15.69% coorBeTcTBEHHO.
Brinenenue npenapata u3 Hocutens uydanu npu pH 4.8, xapakTepHOM IJisl paKoOBBIX KJIETOK U nipu pH 7.4,
IUISL 3[0POBBIX KJIETOK YEJIOBEKA. Y CTAHOBIIEHO, YTO B CIA0OKUCIION cpeae BblaeneHue coctaBuio 50% B
TeyeHHe 12 4acoB M CTaOWIM3MPOBAJOCh depe3 24 daca ¢ BeixogoM 90%. B HelTpanbHOW cpene ke
BBIJICJICHUE B TeueHUEe 72 4acoB coctaBisieT 32%. Brigenenue MOKCOPYOUIIMHA M3 HAHOKAICYJIbl HA OCHOBE
MOJIM-€-KAIlPOJIAKTOHA COOTBETCTBYET MeXaHU3My Xuryuu npu pH=4.8 u KHUHETHUYECKHMMH MEXaHH3MaMU
BbIeneHus o Xukcony-Kpogseny npu pH=7.4. I1o noxy4eHHbIM pe3ybTaTOM MaTpulla Ha OCHOBE IMOJIN-E-
KaIllpoJIAKTOHA MOXKET OBITh HCIIONB30BaHA B (PapMaKONOTMH TMPH NPUTOTOBICHUHM LUIMHIPHYECKUX
JIEKapCTBEHHBIX (hOPM LTSI TPAHCIIOPTUPOBKH U PETYIUPYEMOM BBIIEICHUH JIEKAPCTBCHHBIX BELIECTB

SUMMARY
STUDY OF DOXORUBICIN RELEASE INTO THE MEDIUM ON KINETIC MODELS
FROM IMMOBILIZED POLY-¢-CAPROLACTONE BASED CARRIER
Tapdigov Sh.Z., Mustafayev M.M., Akhmadova .M.

Key words: poly-e-caprolactone, immobilization, doxorubicine, release, kinetic model.

A carrier matrix whose main structural content is poly-g-caprolactone is designed. Doxorubicin was
immobilized in its content by the double emulsion method, and its antibiotic capacity was 0.157 mg/mg.
Antibiotic encapsulation efficiency and drug loading of the obtained nanocapsule were 71.8% and 15.69%,
respectively. Release of the drug from the carrier was studied at pH 4.8 medium, characteristic of cancer
cells, and at pH 7.4 medium, typical of healthy human cells. It was determined that in a weakly acidic
medium, the release was 50% within 12 hours and stabilizes at 90% after 24 hours. The release data was
32% in 72 hour at neutral medium. The release of doxorubicin from the poly-e-caprolactone-based
nanocapsule were more fitted with the Higuchi mechanism at pH=4.8 and the Hixon-Crowell release kinetic
mechanisms at pH=7.4. According to the results, the poly-e-caprolactone-based matrix could be used in the
preparation of cylindrical pharmaceutical dosage forms for controlled release and delivery of drug substances
in pharmacology.

Daxilolma tarixi: [lkin variant 11.01.2023
Son variant 27.03.2023
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SINTETIK TETRAEDRITIN Cu;,Sb,;S;; SINTEZi VO BOZI XASSOLORI
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Acar sozlar: tetraedrit, birlogsmo, sulfoduz, kristal qafasi, parametr, sixlig

Borpa olunan enerji menbolorinin axtarisi, sintezi vo todqiqi dovriimiiziin on aktual

problemidir. Alternativ energetikanin istiqgamotlorindon biri vo an vacibi termoelektrik materiallar
osasinda qurgunun istifadosidir. Belo qurgu istilik vo elektrik enerjilorinin garsiligqlt ¢evrilmasino
osaslanir. Termoelektrik materiallarin effektivliyi faydali is omsali adlandirilan vo ZT=0’cT/x
diisturu ilo ifado olunan Olgiisiiz komiyyotlo toyin olunur (burada a-Zeebek omsali, o-moxsusi
elektrik keciriciliyi, e-iso xiisusi istilik kegiriciliyini gostorir). Goriindiiyti kimi, effektiv
termoelektrik materiallar yliksok Zeebek omsalina (o), yiiksok elektrik kegiriciliyina vo asagr istilik
kegiriciliyino malik olmalidir.
Digor torofdon termoelektrik materiallarin sintezinds istifado olunan elementlor az toksiki vo ucuz
olmalidir. Qeyd etmok lazimdir ki, effektiv termoelektrik materiallar kicik gadagan olunmus zolaglh
(AE) birlogsmos vo bark mohlullarda miisahido olunur. Masslon, bismut vo qurgusunun telluridlori vo
onlarin asasinda sintez olunmus bark mohlullar ilk tarixi termoelektrik materiallardir [1-3]. Sonralar
bu xassalor digoer xalkogenidlordo do miisahido olunmusdur[4-6]. Lakin Bi,«ShyTes tipli bork
mohlullar yiiksok faydali i3 omsalina malik olsa da, layli quruluslu oldugundan onun iizorindo
integral sxemlorin yigilmasi ¢otinlagir. Digor torafdon bu materiallar asason 77-300 K temperatur
intervalinda ytliksok effektivliys malikdir. Orta vo yliksok temperatur intervali {i¢iin nozorda
tutulmus Pb;4SnyTe vo Pb;xHQxTe materiallar1 iso toksiki (Pb, Hg) torkibli oldugundan mohdud
totbiq sahosine malikdir.

Gostorilonlori nozora alaraq, tetraedrit Cu;pSbySi3 minerali osasinda orta vo yiiksok
temperatur intervalinda (600-900K) isloyon effektiv termoelektrik materiallarin alinmasi olduqca
vacibdir.

Tacriibi hissa. 11k 6nco qeyd etmok lazimdir ki, tetraedrit mineralina miiraciat etmoyimizin
sobabi onun bir torofdon toksiki olmamasi, ona goro do istifadoedon sonra asan utilizasiyasi, sintez
ticiin istifado olunan elementlorin asan tapilmasi vo ucuz olmasi, digor torofdon iso tetraedritin
miixtolif qofosaltliglarinda avoz etmo yolu ilo miixtalif név bork mohlullarin alinma imkanina malik
olmasi ilo slagadardir.

Bircinsli Cu1,ShsS13 vo onun asasinda bork mohlullarin alinmasi ti¢iin adabiyyatda miixtalif
metodikalar toklif olunmusdur.

Tomiz tetraedrit ya elemenar komponentlordon, ya da oncadon sintez olunmus binar
sulfidlorin (Cu,S, Sh,S3) vaakumlasdirilmis kvars ampulada oridilmasindon alinmisdir. Qalayla
ovozlonmis niimunalor CuipxSNxSbsS13-Cu,S+SnS+Sh,S;, domirlo ovozlonmis niimunoalor Cuis.
xF€xSb4 xS13-Cu,S+Sb,S3+FeS, itterbiumla ovazlonmis arintilor Cu12SbsxYbySi1s-
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Sintetik tetraedritin Cu,Sb4S13 sintezi va bazi xassalori

Cu,S+ShyS3+Yh,S3, anionavazli  CuppShsSizxTe toromolor iso  kiikiirdiin - gismon tellurla
ovozlonmokla 800-900K temperaturda oritmoklo sintez olnmusdur.

Biitiin hallarda sintez iki morhslodo aparilmisdir. Birinci morholodo temperatur 873-973K
toskil etmisdir. Sintezin ikinci morholosi (723-773K) orintinin todricon soyudulmasi marholasi
hesablana bilor. Miioyyan edilmisdir ki, tetdaedrit fazasi sintezin birinci morhoalosindo oamolo golir,
bu halda ikinci marhals aslinds arintinin homogenlosdirilmasi ti¢iin zoruridir.

Qeyd etmok lazimdir ki, biitiin sintez prosesindo ampula arintinin tam garigsmasi maqsadi ilo
mexaniki vibrasiya etdirilmisdir. Maksimal temperaturda (1000K) ampula 45 doq saxlanildigdan
sonra (reaksiya girmoyo imkan tapmamis misin torkibo daxil olmasini tomin etmok maoqsadilo)
todricon soyudulmusdur.

Birinci morhalo 8-14 saat davam etdiyi halda, ikinci morholo bir nego sutkadan bir neco
hoftoyo godor davam etmisdir. Bu ciir texnoloji rejim osasinda bircinsli polikristallik niimunalor
almmigdir. Orintilor rentgenoqrafik vo mikroskopik iisulla todqiq olunmusdur. Onlarin
rentgenoqramlar1 Bruker firmasinin D2 Pilsener aparatinda (CuKa, Ni-filtr) ¢okilmis, mikroskopik
todgigat MIM-7 mikroskopunda aparilmisdir. Orintilorin sixlig1 piknometrik iisulla dl¢iilmiisdiir.

Alinmis naticolor va onlarmm miizakirasi. Tetraedrit minerali ¢ox genis todqiq olunmus
sulfoduz olmasina baxmayaraq Cu,S-Sb,S3 sistemindo onun amoalo golmasi haqqinda moalumatlar
yoxdur. Tobii tetraedrit odobiyyat [7-10] molumatlarma géro yiiksok faydali is omsali (Fi9) ilo
xarakterizo olunur vo hazir termoelement kimi istifado oluna bilor. Onun 723K-do FI® 0.2-1.0
intervalinda doyisir [9].

Rentgenografik analizin noticalorine gora Cui,SbsSi3  birlogsmasi  kubik singoniyada
kristallasir vo hesablanmis qofos parametri ( a=10.337A, V=1104.54A3 z=2, foza qrupu 143m,
d.c=5.028, dhes,:5.022q/8m3) odobiyyat molumatlarma (a=10.3405A, V=1102.446A3, foza grupu
143m, z=2, dhes_:5.0197q/sm3 [4,6]) uygun golir. Tetraedrit birlogsmasinin rentgenoqrafik hesabati
cadvaldo verilmigdir. Birlosmonin kristal qurulusu ilk dofo [11, 12] islorinin miialliflori torafindon
yering yetirilmisdir.

Sakil 1. Tetraedrit mineralimin kristal qurulusu(a) va atomlarin kristallografik vaziyyatlari(b)

Tetraedritin qurulusunda 5 asili olmayan kristalloqrafik voziyyst miisahide olunur. Cu)-12d
va Cuqp)-249, Sb)-24g va S(»)-2a (sokill). Goriindiiyii kimi Cugyy atomlari S¢;) atomlarinin tetraedrik
ohatosindo yerlosir. Cu() atomlarinin voziyyoti onun iki Sq) vo bir Sz atomlarinin ohatosindo
olmagqla tighucagin miistovisindon kenara ¢ixir.

38



Olivev O.M., Bliyev LI, Rohimova V.M., Allazova N.M.

Qurulusda Sb(;) atomlar1 S(;) atomlarinin piramidal shatosindo olub, boliinmomis elektron
ciitli ilo Cuyp) atomlari ilo qarsiliqh tosirdadir.

Cu1,Sh,S13 birlagsmasinin rentgenogranminmin hesabati (a=10,33 704, z=2, V=1104. 54143) Codval

Goors A 3 Ud?,,, A hkl UdPpes, A Ohes, A
5.17294 - 0.037369 200 0.03739 5.171
4.21987 1 0.05618 211 0.056085 4.223
3.65338 3 0.0749 220 0.07478 3.656
3.10825 2 0.1035 311 0.1028 3.119
2.98316 10 0.1124 222 0.1122 2.985
2.95097 3 0.1148 - - -

2.76157 4 0.1311 321 0.130865 2.765
2.5831 3 0.1499 400 0.14956 2.586
2.43566 2 0.1685 411 0.1683 2.438
2.30989 2 0.1885 420 0.1870 2.312
2.20722 2 0.2053 332 0.2056 2.207
2.10891 3 0.2243 422 0.2243 2.112
2.02592 2 0.2436 431, 510 0.2430 2.028
1.90474 3 0.2756 432, 520 0.2711 1.921
1.88638 4 0.2811 521 0.2804 1.888
1.82623 1 0.2999 440, 441 0.2991 1.828
1.77183 2 0.3185 433 0.3178 1.774
1.72173 2 0.3372 600 0.3365 1.724
1.67556 3 0.3564 611 0.3552 1.678
1.63328 1 0.3750 620 0.3739 1.636
1.55739 4 0.4125 622 0.4113 1.559
1.49064 1 0.4498 444 0.4487 1.493
1.46094 1 0.4685 710 0.4674 1.463
1.40556 1 0.5066 721 0.5048 1.408
1.37972 1 0.5259 624 0.5235 1.382
1.31272 1 0.5800 732 0.5795 1.314
1.29163 1 0.5991 800 0.5982 1.293

[rolido qeyd etdiyimiz kimi, tetraedritdo atomlarin miixtolif kristallografik voziyyotlords
olmas1 onun asasinda kation vo anion avozlomalori aparmaqla bork mohlul almaq olar. Bu moagsadlo
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Sintetik tetraedritin Cuy12Sb4S13 sintezi va bazi xassalari

asagidaki nov ovozlomolor aparilmigdir: CuipxSNxShsS13; CuiaSbsxSNkSi3; CuiaShyYbySis;

Cu128b4.XTeX813 A% Culz.xFeXSb4sl3
Miixtolif kation vo anion avazli nlimunslorin rentgenoqrammalart sok.2-do verilmisdir.

Counts

Counts

Counts

Counls

365010

osts

3188

Sakil 2. Tetraedrit va onun asasinda alinmis bark mohlullar. 1- Cu1,Sb,S13,
2- CUnFeSbQSlg, 3- Culzsbg_gngolozslg, 4- CU128b4Tese12

Bu mogsadlo nominal torkiblori CujpShsxSncSis (x=0.5; 1.0 vo 1.5) olan orintilor sintez
olunmusdur. Rentgenoqrafik analizlorin naticalorine gors niimunslorin faza torkibi osason
tetraedritdon vo asqar fazadan ibarotdir. Torkibindo x=0.5 olan orinti 85% tetraedrit vo 15%
Cu3SbhS4-don ibaratdir. Miioyyan edilmisdir ki, arintido x-in miqdari artdiqca ikinci fazanin migdari

artir.

Goriindiiyli kimi Cu, Sn, Sb, Yb, Fe vo S atomlarinin ion radiuslarina miivafiq siirtismalor
nozora alimmasa verilmis rentgenoqrammalar tetraedritin Cu12ShsS;3 rentgenoqrami ilo identikdir.
Bu traedritin asasinda kation vo anion ovazli bark mahlul amals galdiyini tasdigloyir.
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Nominal torkiblori Cugp-xSncSbsS13(x=0.25; 0.5; 0.75; 1.0 va 1.5) olan arintilorin faza analizi
gostorir ki, Cuyg75SNg25Sh4S13 orintisindo x=0.5 olduqda isa 3%-o qodor CuSbS; istirak edir.
Qalayin miqdar1 artdigca orintido CuSbS; vo CupSnS; fazalarmin miqdar artir. Belo gonasto
golmok olar ki, tetraedritdo Cu?* jonlarmin Sn®* jonlart ilo avozlonmosi x=0+0.8 intervalinda doyisir

(sokil 3).
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Sakil 3. Qalayin migdarindan asili olaraq elementar qgafasin parametrinin dayigmasi

Qeyd etmok lazimdir ki, orintido qalaym miqdart artdiqca elementar gofosin parametri
qanunauygun olaraq artir. Tetraedrit osasinda sintez olunmus kation vo anion ovozli bark
mohlullarin termoelektrik xassolorinin 6l¢li noticolori haqqinda molumatlarin ndévbati islordo

verilmasi planlasdirilir.
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PE3IOME
CHUHTE3 1 HEKOTOPBIE CBOMCTBA CUHTETUYECKOI'O
TETPA3J_IPI/ITA Cu128b4813
Anuee O.M., Anuee U.U., Pacumosa B.M., Annazoea H.M.

Knwouesvie cnosa: mempasopum, coeduneHue, CyIbQhocob, KPUCALIUYECKAs —peulenKd,

napamemp, nIOMHOCHb.

C WCMONB30BaHUSAM MPSMOTO METOAA CHHTE3a M3 0c000 4ucThix 3nemMeHToB (Cu, Sb, S) wmm
ounapusix cynbhumoB (Cu,S, Sb,S;) cunTesmpoBamm cuHTeTHUecKOW MEHHepan TeTpa’apuT CupShsSis,
KATHOH ¥ aHWUOH3aMEIICHHbIC MPEJCTABUTEIM €ro CO CIUIaBICHHEM B BaKyyMHUPOBAHHBIX KBapIEBBIX
amIryax.

Metomamu peHTreHOrpapHISCKOro ¥ MHKPOCKOITHYECKOTO aHAIM30B YCTaHOBICHO, uTO CupShySis
W TPOU3BOJHBIC €r0 AHWOH M KAaTHOH 3amemnieHHbie mpenactaBuTeld (CugpShsoegYDoSis, CuiFeSh,Sys,
Cuy3SnShyS:13 u CuypSbhsTeS;3 ) oaHOpoaHBI M KpUCTALIH3YIOTCS B KyOmdeckoil cuuronun (CuipShyS;
a=10,3331A, mpocr. rpymma 143 m, z=2, d=5,022r/cm’).

Y CTaHOBIIEHO, YTO C YBEIHYEHHEM KOJMYECTBA KATHOH W aHWOH 3aMEIEHHBIX aTOMOB, T.€. OJIOBA,
xKenesa, UTTepous U TeJurypa HabmogaeTcs 00pa3oBaHue BTOPOH (a3bl.

SUMMARY
SYNTHESIS AND SOME PROPERTIES OF SYNTHETIC Cu;,Sb.S;; TETRAHEDRITE
Aliev O.M., Aliev 1.1., Raghimova V.M., Allazova N.M.

Keywords: tetrahedrite, compound, sulfosalt, crystal lattice, parameter, density

Synthetic mineral tetrahedrite Cu;,ShsSy3, its cation and anion-substituted representatives were
synthesized by the direct method of synthesis from super pure elements (Cu, Sb, S) or binary sulfides (Cus,S,
Sh,S;) by fusion in evacuated quartz ampoules.

X-ray and microscopic analyses have established that Cu;,Sbh,S;3 and its anion and cation substituted
derivatives (Cuy,Sbs ¢gY g 02S13, Cu1FeSh,S13, Cuy;SnSh,S;3 and Cu;,ShsTeS;3 ) are uniform and crystallize
in cubic syngony (Cu;,Sh,S; a=10.3331A, simple group 143m, z=2, d=5.022 g/cm3).

It was found that with increasing number of cation and anion substituted atoms, i.e. tin, iron,
ytterbium and tellurium formation of the second phase is observed.

Daxilolma tarixi: [lkin variant 20.10.2022
Son variant 26.12.2023
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UCHOJIL30BAHUE AMUJ0B UMMJICOAEPKAIIAX TUKACIAOT
KAHU®OJIM B COCTABE BYTAJIMEH-CTUPOJILHOTO KAVUYKA
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Knrouesvle cnosa: rxaumugonv, 6ymadueH-cmuponvHulll KayuyK, umuocooepicaujue OuKuUCiomol,
Mooupuyupyrouue 0006a6xu, pe3uHogvle cmecl,

Bszaumooeticmseuem ouxnopaneuopuoos umuocooeprcauyux OUKUCIOM KAHUGOIU ¢ ammuakom Ovliu
NOJYUEHbL AMUOBL UMUOCOOEPACAUUX OUKUCTOM, KOMOPbIe ObLIU UCHbIMAHbL 8 KAYeCMEe MOOUDUYUDYIOUUX
006asok k 6ymaouen-cmuponvromy kayuyky (PCK).

B pesynvmame npogedennvix ucciedosanuti ycmanosneno, umo esederue ¢ cocmas bCK xomnozuyuii
CUHME3UPOBAHHBIX COeOUHeHUU Nnogviuiaem O0ehoOpMayuOHHO-NPOYHOCHbIE NOKA3AMenu U yMeHvliaem
CKIIOHHOCMb K NPENCOe8PEMEeHHOU GyIKanusayuu. Buiseneno, umo esedenue 6 coCmas pesunosvix cmecell
NOMYYEHHBIX OUAMUOO08 HPUBOOUM K YEENUYEHUI0 MAKdice KOd(duyuenma menioeo2o CmMapenus, 4mo
VKA3bl8aem HA NOGbIUUEHIUEe YCTNOUYUBOCTNI KOMNOZUYULL K THENIO0BOMY CIAPEHUIO.

BBenenue. byranneH-CTHpONBHBIA Kaydyk Onaromaps JOCTYIIHOCTH M JICIICBH3HE
HUCXOJHBIX KOMIIOHCHTOB IJIsA €0 NpPpOU3BOJACTBA, 4 TAKKC XOPOIINM pa60‘-II/IM CBOMCTBAM H ceroaHsAa
OCTaeTCs ICHHEHITNM TPOJIYKTOM CpEIH CHHTETUYECKUX DJIACTOMEpPOB. PE3MHBI, M3rOTOBICHHBIC
Ha OCHOBE OyTaJiMeH-CTHPOJIBHOTO KaydyKa, HMMEIOT XOpOIIME IKCIUIyaTal[MOHHBIE CBOMCTBA.
[lepeuncnenHple JOCTOMHCTBA JENAIOT €ro IMPOU3BOJACTBO HEOOXOAMMBIM H OJIHOBPEMEHHO
nepcrnekTUBHbIM. OCHOBHBIM Ha3HaueHuHeM pe3uH Ha ocHoBe BCK sBusercss mpousBoacTBO
aBTOMOOWJIBHBIX ILIMH, Pa3JINYHBIX PE3UHO-TEXHUYECKUX U KaOCIbHBIX U3/ETHH.

ByTranueH-cTUpONIbHBIN KayuyyK, XOTh U 00Ja/laeT yaydlIeHHBIMU (U3HKO-MEXaHUYECKUMHU
CBOWCTBaMHM, TEM HE MEHEE, OH He YAOBJIETBOPSET CErOIHAIIHUM TPeOOBAaHUAM, MPEIbABISIEMbIM K
pe3nHaM, M3rOTOBJIIEHHBIM Ha ero Oase. CrenoBaTenbHO, TpeOyeTrcss MoAMQHKAIUS €ro ¢
pa3NUYHBIMM  HU3KO- M BBICOKOMOJIEKYJISIDHBIMH COEIMHEHMSMHM WIM K€ OJIMTOMepaMH,
COJZIEp)KAlIMMH B CBOEM COCTaBe (DYHKIIMOHAIbHO-aKTUBHBIC, T.€. PEAKIIMOHHOCIIOCOOHBIE TPYIIITHI
[1-3]

Crnenmyer MOTYEPKHYTh, YTO TPOIECC MOJBYJIKAHU3AIMH PE3WHOBBIX CMECEU SBISETCS
OJHUM W3  OCHOBHBIX  SIBIIEHMM,  NPENATCTBYIOIIMX  HOPMAJIbHOMY  IPOU3BOJCTBY
pe3nHOTEXHUYECKUX u3aenuid. OObIMHO [UIsi MOJABJIEHUS CKOPOCTHU  MPEXAEBPEMEHHOM
BYJIKAaHU3allMM B PE3MHOBYIO KOMITO3UIIMIO J00aBISIOT CHELMalbHbIE BellecTBa M3 Kiacca
OpPraHu4€CKux COCHHHCHHI;'I — TaK Ha3bIBACMBIC 3aMCIJINTCIIN MOJABYJIKAHU3AlITUUH.

B nannoil pabote B kauecTBe Moauduuupyommx areHtoB B cocrae bBCK ncnosabp3oBaHbl
aMU bl HMUIACOACPKAIUX JAUKHUCIIOT KaHI/I(i)OJ'II/I, MOJIYYCHHBIX B3aHMOHeﬁCTBHCM
TUXJIOPAHTUIPUIOB UMHUJICOJIEPKAIUX JUKUCIOT 00IIel (OpMyIIbL:
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Hcnonvzosanue amudos umuocooepicaujux OUKUCIOm KaHupoau
6 cocmase 6ymaoueH-cmupoibHO20 KAy4yKa

o

0
R R
Me N-(CH,),-COCI Me éN-(CHz)n-CONHz
g
i, IV

CIOC Me / NH,O0C Me
= —CH n-1+4
\CH3

JKCIepUMEHTAJIbHASL  YacTh. AMHIBl  HMHJICOAEPKALIUX  JUKHUCIOT  KaHUGOIU
CUHTE3UPOBAaHbl B3aUMOJICHCTBUEM JIHUXJIOPAHTHAPUAOB JUKUCIOT C aMMHAKOM COIVIACHO
METOMKE, OIMMCAaHHOM B padote [4].

HcnpiTanne UMUICOIEPKAIINX TUKUCIOT coeanHenuit |-1V B kauecTBe MOIUPUITUPYIONTIX
no6aBok k BCK nmpoBoaunu cienyromum obpazom: 6a3oBas cmech Ha ocHoBe BCK coxepxana (B
Mmacc.4.): BCK mapku CKC-30APKM-15 — 100.0; cepy — 2.0; creapunoByro kuciory — 1.0;
kantakc — 1.5; okuch numuka — 5.0; nudenunryanuaun — 0.3; caxa JII'-100 — 50. Auamunsr I-1V
BBOAWIN B 0a30ByI0 peLENTypy (BMEcCTe€ C HarloJHUTENEeM MJisi OOJeryeHus CMEILEHus) B
koinuectBe 0 (KOHTpoJIbHAsA cMech), 2, 4 u 6 mac.d. BbUIM M3rOTOBIIEHBI TAaK)KE KOMITO3UIUU C
yuactueM amuja creapuHoBoil kuciotbl (ACK) B konmuectBe 2-6 mac.u. Cmecu TOTOBWIM Ha
JBYXBaJKOBBIX JabopatopHbix Bamblax (330x152 mm) mpu 40+£5°C. M3roToBieHHbIE Ha Baibllax
KOMIIO3ULIMU NojBepraiv ByikaHuzauuu npu 143°C B Teuenue 60-80 MUHYT npu JaBICHUU
npecca 12 MIla.

[lnacTuyHOCT W BpeMsi MOABYJIKaHW3anuu 10 MyHu onpenensiiun  npu  130°C.
Peonornueckue napameTpsl ONpeaessia Ha SKCTpyAepe, OCHAIEHHOM MYHAIITYKoM «Garyer» npu
CKOpPOCTH BpalleHusi 4epBsika 35 o0/muH. Temmeparypa Ha 4YepBsike, B IHJIMHIPE, TOJIOBKE U
mysamryke 40+5; 70+£5; 11045 u 120+£5°C coOTBETCTBEHHO. XapaKTEPUCTUKH BYJIKAHU3aTOB
onpenensun npu 150°C Ha peomerpe «MoncanTo» R-100, ocHaleHHOM MHKPOCOIIJIOM. DHEPTHUIO
aKTUBAIlMU PEaKIMH BYJIKAaHU3AIIUU PACCUUTHIBAIM 110 YPAaBHEHUIO AppeHHYca, CHUMasl PeorpaMMBbl
mpu 140, 150, 160 u 170°C u onpenensii ONTUMAIBHOE BpeMsl BYJIKAaHU3AIMH Tgy, IPH KOTOPOM
nocruraerca  90%-Hasi cTENeHb ByJKaHU3alMM. MeXaHW4YecKHe CBOMCTBAa BYJIKAHU3AaTOB
OTIpeAEISIN CTaHJAPTHBIMU METO/IaMHU.

O0cy:xnenue pe3yabTatoB. CHHTE3UPOBAHHBIE aMUABl UMUJICOAEPKAIIMX TUKUCIOT ObLIN
WCIIBITaHBl B KadecTBe Moauduimpyromux areHtoB B coctaBe BCK. B Ttabnuie npuseneHs
HEKOTOpBIE MOKA3aTeNH Pe3rH, N3roToBIeHHbIX Ha ocHOBe BCK, 6e3 Mmonudunmpyromeit no6aBku u
¢ nobaBkamu: amua creapuHoBoil kucnotsl (ACK) u ntuamuaos I-1V.

Tabnauuya.
Duszuxo-mexanuyeckue noKazamenu PE3UHOBbIX cmecell Ha 0CHOBe 6yma0ueH—cmup0ﬂbHoeo Kayuyka
¢ dobaskotl ouamuoos 1(a-d) u ACK.

HanmMeHoBaHue nokasareinei Pe3uHa ¢ jo6aBKoi
[ 1 Il v 0 ACK
1 2 3 4 5 6 7
Bszkocts mo Mynwm nipu 130°C 22.5- 22.0- 22.0- 21.0- 25.0 22.5-
20.5 20.0 19.5 19.0 23.5
Bpems 1o Hauano BynkaHU3aUH IPH 27.0- 28.0- 30.0- 32.0- 26.0 26.0-
130°C, mun 28.0 31.0 33.0 34.0 29.0
IIpenen npounoctu, Mlla
JI0 CTapeHus ™ 27-30 28-31 28-32 29-31 25.6 23
1OCJIe CTAPCHUS 20-22.5 | 21-23 21-24 22-25 16.6 25
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Tabauya. (npooonxcenue)

1 2 3 4 5 6 7
OTHocuTeNnbHOE YUTHHEHHE, %
JI0 CTapeHUs 650-660 |660-670 |660-680 |680-700 660 670
OCJIe CTApEHMS 525-550 |550-570 |555-580 |585-625 480 720
OcraTouHoe y/JuIMHEeHHE, % 18-19 18-20 19-21 20-22 17 18-19
Monyns nipu 300%-vom yaunennn, MIla| 7.0-74 | 75-78 | 7.3-8.0 | 7.5-8.2 9.0 8.5-9.0
Trepaocts o TM-2 58-59 59-60 59-61 58-60 60 58-59
KoaddurmenT conmpoTuBIeHUS TEILIO-
BOMY CTapeHHUIO:
—II0 CONPOTUBJICHUIO Pa3pbIBYy 0.72-0.74 | 0.73-0.75|0.73-0.77 | 0.77-0.78 | 0.65 0.68
—I110 OTHOCUTC/JIPHOMY yIJIMHCHMIO 0.81-0.83 | 0.83-0.85|0.84-0.86 | 0.86-0.89| 0.73 0.75

* Venosust cmapenust — 100°C 6 meuenue 72 uacos.

Kak BUIHO M3 MpUBEACHHBIX B TAOJIUIIC JAaHHBIX, BBEJIEHUE B COCTAB PE3MHOBOW CMECH Ha
ocHoBe BCK ™omudumupyrommx no6asok guamunoB |-1IV mosbimaer nedopmannoHHo-
IIPOYHOCTHBIE MOKA3aTENN U YMEHbBIAET CKIIOHHOCTh K MpeXAeBpeMeHHON ByakaHuzauuu. Hapsaay
¢ atuM quamusl |-V ogHoBpeMeHHO oOecrieunBarOT BEICOKYIO CKOPOCTh BYJIKAHU3ALIMH.

BepositHO, Bce 3TO CBA3aHO C TEM, YTO WCIHOJIb3yeMble J00aBKM CIHOCOOCTBYIOT
00pa30BaHUIO MOIMEPEUYHbIX CBS3€H MPHU BYJKAHU3ALMM 32 CUET ABOWHOW CBSA3M AuMamMuaa U (WIN)
pa3pbiBa NOJULUKINYECKONW CTPYKTYpBI, YTO U MPUBOAMUT K MOBBIILIEHUIO TUNIOTHOCTU CETKHU U, TEM
CaMbIM, TTOBBIIICHUIO TPOYHOCTHBIX MMOKa3aTenei [5].

[Tpu ucnonp3oBanun MoaupUIMpyOMUX 100aBok |-1V B konmnvecTBe 2-6 Mac.4. BO3pacTaeT
npenen MPOYHOCTH IpH pacTsokeHuu 10 30-32 MIla, mpu 3TOM OTHOCUTENIbHOE YAJUHEHHE
MeHsieTcst B uHTepBasue 660-700%, a BpeMms 40 Havaa NOJABYJIKAaHU3ALUHU 10XOAUT 10 28-34 MUHYT.
Monayns npu 300%-HOM yaiIMHEHHMH Heckoibko ynyumaercs (B 1,1-1,2 pasa). Iloeimenue
ne(pOopMalMOHHO-TIPOYHOCTHBIX IIOKa3aTejeil ByJKAHM3aTOB B IMPUCYTCTBUM HCIIOJIb3yEMBIX
auaMuzioB -1V, no-Buaumomy, siBiIsS€TCs CIEICTBUEM y4acTHs J00ABOK B IIpolLiecce BYJIKAaHU3ALMH.

CpaBHenue TtepmocTapeHust pe3uH, Moau¢punupoBaHHbix ACK U CHHTE3MPOBAaHHBIMU
coequnenusmu -1V, nokasano, 4To mpeasoKeHHbIE JUAMUIBI YBEIWYMBAIOT CTOMKOCTh PE3UH K
TEIUIOBOMY CTAapeHHUI0 M yJaydlaloT ero (¢u3MKo-MexaHuuyeckue cBoictBa. [Ipm sTtom mpenen
IIPOYHOCTH IIPH pacTsKeHUHU yBenuuuBaeTcs Ha 13-20%, cTOMKOCTB K TEIIIOBOMY CTapeHMIo Ha 11-
21%. HWcnonb3oBanue auamunoB |-V B pernentype pe3sMHOBBIX CMECEH YMEHBIIAET HHEPrHI0
akTuBaIuu E,.; mpoiiecca Bynkanuzanuu B 1,2+1,4 pa3a, 94To, BEpOSTHO, OOBSCHAETCS YIaCTHEM UX
B IIpollecce€ BYJIKaHM3aLUU (3TOMY CBUAETENbCTBYET HEM3MEHHOCTh MacChl 00pa3lloB MOCIE HMX
AKCTPaKIUN).

B pesynbrare NpOBENEHHBIX SKCIEPUMEHTOB YCTAHOBIEHO YTO, BBEACHHE B COCTaB
pe3nHOBBIX cMmecel auamugoB |-IV nmpuBoguT K yBenuueHUro Takke Kod(p(uUIUEHTa TEII0BOro
CTapeHus, YTO YKa3bIBa€T HA IMOBBIIIEHUIO YCTOMYMBOCTH KOMIIO3ULUN K TEIUIOBOMY CTAapEHMIO.
Koaddurmentsr mpu 100°C 3a 72 yaca mo mpoOYHOCTH U IO OTHOCUTEIBLHOMY Y/UTMHEHHUIO TOXOJIAT
1o k = 0,78 u x = 0,89 cOOTBETCTBEHHO, B TO BpeMs KaK caMH pe3uHbl, n3rotoBieHHbie n3 bCK 6e3
NPUMEHEHUS  MOAMPUIMPYIOMIMX  J00aBOK, MMEIOT 3HA4eHHUs OTUX  KO3(PPUIMEHTOB
cooTBeTcTBeHHO K = 0,65 n k = 0,73.

HcenenoBanus mokasainy, 4TO IUIACTHYHOCTh MO0 MyHM komnosunuid, cojgepxamux ACK,
ropaszio HIXe, 4eM IJIaCTUYHOCTh KOMIIO3UIINiI, N3rOTOBJIEHHBIX 10 CTAHJAPTHOM pelenType, oHa
MIPOrPECCUBHO CHWXXAJlaCh C YBEIMYEHHUEM COJAepKaHMsS JAuaMuja. B cakeHanmoJIHEHHBIX
KOMIIO3UIUAX BpeMs BYJIKAHMU3ALMM TAK)KE CTPEMHUTCS K YMEHBUIEHHMIO, TOTJa KaK CKOPOCThb
BYJIKAHM3AI[MU 3HAYUTENBbHO BO3pacTaeT c¢ yBenunuyeHuem cojaepxkaHuss ACK. Ognako, B ciydae
muamMuioB |-V ator addekr nubo npakTUYECKH OTCYTCTBYET, JHOO MpOsBIseTcs ciado.
[Tnactudpunupyromee paeiicteBue ACK MOXHO OOBSICHUTH cCHEeUU(UKON UX MOJEKYISIPHOTO
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6 cocmage 6ymaoueH-cmupoibHO20 KAy4yKa

CTPOCHMSI, XapaKTEePU3YIOIIETOCs JITMHHOW anmnu(aTUIecKoi 1enbio, KOTopas 00JagaeT THOKOCTHIO,
00yCJIOBIIGHHON BHYTpEHHUM CBOOOJHBIM BpamieHueM cpszeir C—C. [loatomy oHu 3(pdexTuBHO
«CMa3bIBAIOTY MOJYUYEHHBIE LIETH, CHIXKAsI KOT€3UOHHYIO SHEPTHUI0 U yIydlllasi MOJIBUKHOCTD LICTIH.
B cnyuyae nuamunos -1V, gBrnsromuyxcs NOMMIMKINYECKUMU COECIUHEHHUSIMH, YTO MPHAAET HUX
MOJIEKYJIE KECTKOCTh, TTacTU(UIUPYIOIIIee AeHCTBHE COOTBETCTBEHHO MEHBIIIC.

OKCHepuMEeHThl ToKa3aliu, 4To ¢ yBeiauueHueM cozepxkanus ACK Bo3pacraeT ckopocTh
ByJIKaHHU3auu. JTOT 3 dekT B caydae quamuaoB |-V mpossisercs ropasno ciabee u modTomy
KOMITO3UIINH, coiepkaiiue nuaMusl 1-1V, MeHee CKIIOHHBI K MPEXIeBPEMEHHON BYJIKaHU3AIMH.

Kaxxymiasicss sHeprusi akTUBALlMM PEaKLMM BYJIKAHU3AIMU (SHEPTUI0 aKTHBALMU PEAKIUU
BYJIKAHM3AI[MM HAaXOAWJIM IO YypaBHEHUIO AppEHHyca, CHUMAasi PEorpaMMbl MpU  Pa3IUYHBIX
temrniepatypax or 140 mo 170°C c¢ pasuuneit B 10°C, ompezaensss oONTUMalbHOE BpeMs
BYJIKaHM3alUu tgo, MpU KoTopoMm gocturaercs 90%-Has ByJIKaHH3alUsl) yMEHbBIIAETCS MIpU
BBeneHun auamugoB |-IV Ttem Oombmie, uwem Oonblie WX coiepxaHue. B coderaHun ¢
YMEHbILIEHUEM tgy 3TOT (PaKT CBUAETEILCTBYET O TOM, 4yTO auamuibl I-1V ydacTByIOT B peakiusax
BYJIKQHU3AIUU. DTO MOXKET ObITh OOYCIIOBIIEHO CIIOCOOHOCTHIO ATOMOB a30Ta KaK B AMHJIHOM, TaK H
B UMHJHOM (parMeHTe oOpa3oBbIBATh KOOPAMHALMOHHBIE KOMIUIEKCHI ¢ ZnO U YCKOpUTEISIMU
ByJIKaHU3aIuH [6].

100 u 300%-HBIE MOIYNIH, MPOYHOCTh IPH PACTSHKEHHMM W TBEPAOCTh BO3pPACTaIOT C
yBenuueHuem cojaepxkanus ACK. Croiikocts k TeruioBomy crapenuto (mpu 100°C B Teuenue 72 4.)
3aMETHO YXY/IIaeTcs IMpU BBEICHUU amMuAa anupaTUYecKoW KHCIOTHI, TOT/Ia Kak B clydae
muamMuoB |-1V yxymaiienne He3HaYUuTENBHO.

B caxenanonnenneix komnosuuusx BCK mnpu BBemenun ACK Bo3pactaror MoAyiw,
MPOYHOCTh TIPH PACTSDKEHHUH, Pa3pbIBHOE YHJIMHEHHE M TBEPIOCTh. DBONBIIMHCTBO M3 3STHX
MOKa3aTresei BO3pacTaloT C YBEJIMUYEHUEM COJIep KaHus aMua. DToT 3G eKT emie 0osiee BEIpaXKeH B
ciydyae quamuaoB |-1V. CTOHKOCTP KOMIO3UIMM K CTapeHUIO Takas k€, KaKk U B KOHTPOJIbHON
KOMIO3uIH. B HanmonHeHHbIx cunukareneM kommno3unusx BCK cKIOHHOCTH K Mpex1eBpeMeHHON
BYJIKAHU3AIlMM CHUXACTCS C YyBEJIIMYEHUEM cojepkaHus auamunoB |-V u  ogHOBpemMeHHO
CHIDKAETCSl BpeMs BYJIKaHU3AllUK M BO3PACTaeT CKOPOCTh BYJKaHU3alMu. MexaHn4yeckue CBOMCTBa
BYJIKAHU3ATOB, cojiepkamux quaMuael -1V, Heckonbko BhIlIe, YeM y BYJIKAHU3ATOB, COACPIKAIITUX
ACK.

Hnst onieHku 3P GEeKTUBHOCTH MPUMEHEHUSI aMHJIOB KaK aKTUBATOPOB BYJIKAHU3AIUU OBLIN
n3yyeHol cMmecH, B KOTOpbix ACK, Kak akTHUBaTop, MOJHOCTHIO WJIM HAINOJIOBUHY 3aMEHEH
muamugamu |-1V. Ilpu 5TOM ycTaHOBIEHO, UTO 3Ta 3aMEHA HE OKa3bIBACT CYIIECTBEHHOTO BIUSHUS
Ha BpeMs MOABYJKAaHU3AllMM, HO NPUBOJUT K YMEHBUIEHUIO tgy UM YBEIUYEHUIO CKOPOCTH
BYJIKAHU3AIIMM KOMITO3MIIMK (KaK HANOJIHEHHBIX, TaK W HEHANOJMHEHHBIX). [Ipu 3Tom E, Takxke
CHUKAETCHl.

Takum 00pa3om, ObUTH CHHTE3WPOBAHBI U OXapaKTEPU30BAHBI JTUAMUIBI UMHUICOIEPIKAIINX
mukuciaor kanudomu 1-1V. CunHtesmpoBaHHbIe OUAMHUABI OBUIM HCHBITAHBI B KaueCTBE
MOAM(GUKATOB B COCTaBE KOMITO3UIIMI Ha OCHOBE OyTaJlMEeH-CTUPOJILHOTO Kayuyka. MccnenoBanus
MOKAa3aJii, YTO BBEJICHHE UX B COCTAB KOMIIO3UIMI MOBBIIIAET TPOYHOCTHBIE CBOMCTBA U YIIyUIlIaeT
MJTACTUYHOCTD PE3UHBI, OJTHOBPEMEHHO YMEHbIIast CKIIOHHOCTh K MPEXACBPEMEHHON BYJTKaHU3AIIUN
U YBEJIMUYMBas CKOPOCTh ByJIKaHU3AIMH. B TO ke Bpemsi HabI0JaeTcsl MOBBIIIIEHHAS] YCTOMYHUBOCTh
KOMIIO3UIIMM K TEIUIOBOMY cTapeHuto. HaiineHo, 4YTO HCHOJNb3yeMble B  KadecTBE
MOAUDUIMPYIOMUX  JOOABOK TUAMHUABI BBIMONHSAIOT OJHOBPEMEHHO HECKOJIbKO (DYHKIIW:
o0JierJaroT JUCTEPTUPOBAHWE HAMOJHUTENS, OKAa3bIBAIOT IIACTU(UIMPYIOIIEE JeHCTBUE,
yAYUIIAIOT TEXHOJIOTMYHOCTh KOMITO3UIIUH, — €€ TEKy4eCTh U ()OPMYEMOCTh, a TAK)KE MOBBIIIAIOT
CKOPOCTbH BYJIKAHHM3AIIUH, SBISACH d(PPEKTHBHBIM aKTUBATOPOM BYJIKaHHU3AIUH.

B pe3ynbrare mpoBeIeHHBIX UCCIEIOBAHUM BBISIBICHO, YTO aMUJIbl CTEAPUHOBOW KHCIIOTHI,
cuHTe3upoBaHHble coenuuenus |-1V, a Takxe ux cMecu MOryT OBITh MCITOJIB30BaHBI B PE3WHOBBIX
KOMITO3UIUSX, yaydIas ux AeQopMaIriMOHHO-IPOYHOCTHBIE CBONCTBA.
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XULASO
KANIFOLUN IMIDTORKIBLI DITURSULARININ AMIDLORININ
BUTADIEN-STIROL KAUCUKUNUN TORKIBINDO ISTIFADOSI
Pirquliyeva M.S.

Agar sozlor: kanifol, butadien-stirol kaug¢uku, imidtorkibli ditursular, modifikasiyaedici alavalor,

rezin qarisiglar

Kanifolun imidtorkibli ditursularinin dixloranhidridlorinin ammonyakla qarsiligli tosirindon imid
torkibli ditursularin amidleri alinaraq butadien-stirol kaugukuna (BSK) modifikasiyaedici alave kimi istifads
edilmisdir.

Aparilan todqiqatlar noticasindo gostorilmisdir ki, BSK asasli kompozisiyalarin torkibine sintez
edilmis birlogsmolorin slave edilmesi deformasion-méhkomlik gdstericilorinin artmasina vo vaxtindan ovval
vulkanlagsmaya qarsi meyilliliyin azalmasina sabab olur.

Miioyyon edilmisdir ki, rezin garisiginin torkibinden alinmis diaminlorin slave edilmosi hom do
istidon qocalma omsalinin artmasina sobab olur ki, bu da kompozisiyalarin istilikden qocalmaya qars
davamliligini gostarir.

SUMMARY
USE OF AMIDES OF IMIDE-CONTAINING ROSIN DIACIDS
IN THE COMPOSITION OF STYRENE-BUTADIENE RUBBER
Pirguliyeva M.S.

Key words: rozin, butadiene-styrene rubber, imide-containing diacids, modifying additives, rubber

compounds

By the interaction of dichloroanhydrides of imide-containing rosin diacids with ammonia, the amides
of imide-containing diacids, further tested as modifying additives to styrene-butadiene rubber (BSR) have
been obtained.

It has been established as a result of the carried out investigations that the introduction of
compositions of the synthesized compounds into the composition of BSR increases the deformation-strength
indices and decreases the inclination to premature vulcanization. It has been revealed that the introduction of
the obtained diamides into the composition of the rubber mixtures also leads to an increase of the thermal
aging coefficient, which indicates an increase of the stability of the compositions to thermal aging.

Daxilolma tarixi: [lkin variant 10.02.2023
Son variant 28.02.2023

47



Sumgqayit Dévlot Universiteti — “ELMI XOBORLOR”— Tobiot vo texniki elmlor bélmaosi
Cild 23 Nel 2023

UOT 546.57.68:546.81.22 DOI 10.54758/16801245_2023 23 4 48

AgGaS,-Pb,Ga,Ss KOSIYININ TODQIQI VO DOYISON TORKIBLI
FAZALARIN BOZi FiZiKi-KiMYOVi XASSOLORI
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Molumdur ki, giimiis vo qurgusunun tiogallat birlosmolori (AgGaS,, Pb,Ga,Ss vo PbGa,S,)
giinos batareyalarinin vo orta 1Q-diapazonda isloyon lazer materiallarinin hazirlanmasinda gox
perspektivli hesab olunur [1-9]. Coxfunksiyali perspektiv xassolora malik material almaq ndqteyi-
nazarindon AgGaS,-Pb,Ga,Ss sistemlorindo garsiligli tesirin dyronilmasi, alinan doyison torkibli
fazalarin fiziki-kimyovi xassolorinin tadqiqi aktual hesab oluna bilar.

PbS-Ga,S; sistemi [9-11] isinin miiollifleri tarafindon tadqiq olunmusdur. [9] Isin miiolliflori
sistemdo inqonqurent ariyon PbGaySs vo PbyGaySs torkibli iki birlosmonin alindigini gostormislor.
[10,11] isinin miialliflorinin aldig1 naticolora gors isa har iki birlosmo konqurent olub, 1268 vo 1068
K temperaturda par¢alanmadan oriyir.

Pb,Ga,Ss birlogsmoasi ortorombik sinqoniyada  kristallasir,elementar gofosin sabitlori
a=12.38, b=11.90, c=11,03 A borabar olub, foza qrupu Pbca tiplidir [10 ].

GayS3—Ag,S sistemi [12-14] isinin miolliflori torafindon otrafli tadqiq edilmisdir. [15-17]
isindo miiolliflor sistemdo ii¢ birlosmonin amoalo goldiyini (AgGaS,, AgeGaSs vo AgrGazpSsi)
gostormiglor. Bunlardan Ag,GaypS3; 1268 K temperaturda peritektik reaksiya noticosindo omolo
golir, AgGaS; vo AgyeGaSe iso uygun olaraq 1270 vo 1063 K temperaturda pargalanmadan oriyir.
AgGaS; birlosmoasi xalkopiritlo tipdo kristallasir (a = 5,7544, ¢ = 10,299 A. sp. gr. 142d) [15].

Toqdim etdiyimiz elmi-todqgiqat isinin moqsadi AgyS-Ga,S3;-PbS kvaziliglii  sisteminin
AgGaS;,-Pb,Ga,Ss kasiyi tizro todqiq olunmasi vo miirokkob torkibli orintilorin fiziki-kimyovi
xassolorinin dyranilmasindan ibaratdir.

Tacriibi hissa.AgGaS,-Pb,Ga,Ss sisteminin todqiqi moagsadilo arintilor birbaga metodla
birtemperaturlu elektrik sobasinda ligaturdan istifado etmoklo havasi qovulmus vo agzi oksigen —
qaz alovunda baglanmis kvars ampulada 1100-1300 K temperaturda sintez olunmusdur. AgGaS; vo
Pb,Ga,Ss liqaturlar1 xiisusi tomiz elementlordon sintez olunmusdur. [lkin komponentlordon sintez
olunmus orintilor kvars ampula ilo birlikdo maksimal temperaturda 45-55 doq saxlanildigdan
sonral5-20%saat siirotlo 800K —no kimi soyudulmus vo bu rejimdo 12 giin miiddstindo
homogenlosdirildikdon sonra fiziki-kimyovi analiz metodlart (DTA,RFA,MQA vo sixligin
Ol¢iilmasi) ilo analiz olunmusdur.

Almmus naticalar.AgGaS,-Pb,Ga,Ss kasiyini tadqiq etmok {igiin 13 niimunas sintez
olunmugdur. (Cadval.1)

Cadval 1.
AQGaS;,-Ph,Ga,Ss sistemi arintilorinin torkibi, DTA va sixligin tayini
Tarkib, mol% AgGas, Termiki effektlor, K Sixhq, q/sm3
1 2 3
100 1270 4,58
95 1190,1260 4,62
90 1085 4,67

48


https://orcid.org/0000-0002-1624-7345
mailto:azxim@mail.ru

Mommadov S.H.

Cadval 1. (davami)

1 2 3
80 950,1215 4,76
70 950,1210 4,85
60 950,1100 4,94
50 950,1030 5,03
45 950 (evtektika) 5,07
40 950,965 512
30 950,1010 5,21
20 950,1040 5,30
10 1000,1080 5,42

5 1020,1060 5,54

0 1063 5,66

Sintez olunmus orintilor fiziki-kimyavi analizin kompleks metodlart ilo todqiq olunmusdur.
Alinmis naticoalors asason sistemin hal diaqrami qurulmusdur(sakil 1).

T, K

1200

b 1063
1000

|00

AgGaSsz 20 40 o 80 PhGazSs

Sakil 1. AgGaS,-Pb,Ga,Ss sisteminin faza diagrami

Miioyyon edilmisdir ki, AgGaS,- Pb,Ga,Ss kasiyi AgyS-GayS3-PbS kvarziiglii sisteminin
kvazibinar kasiyi olub, sado evtektik tiplidir.

Sistemin likvidusu € vo o bork mohlullarinin ilkin kristallagma oyrilorindon ibarst olub,
torkibi 45 mol% AgGaS, vo temperaturu 950K olan evtektik ndqtods kasisirlor. Mikroqurulus vo
rentgenoqrafik analizlorin naticolorine goro AgGaS; asasinda 8 mol% Pb,Ga,Ss (e-bark mohlullar),
Pb,Ga,Ss asasinda iso 12 mol% AgGaS; bark mohlul sahasi (6-bork mohlullar) omala golir. Otaq
temperaturunda doyison torkibli fazalarin sarhaddi miivafiq olaraq 0-8 vo 88-100 mol% Pb,Ga;,Ss
togkil edir. Bork mohlullarin sorhodlorini toyin etmok {igiin sistemdo hor iki ilkin komponent
toraofindon 98,96,94,92,90,88,87 mol% torkibli niimunoalor sintez olunmusdur Sintez olunmus
niimunalor avvalco 650 daha sonra 800K temperaturda homogenlosdirilimisdir.( Cadval 2).
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Cadval 2.
650 va 800K -do AgGaS,-Pb,Ga,Ss sistemi arintilorinin homogenlogmasi
va MQA analizinin naticaSi

OGS Torkib, mol% 55.Gas, 650K, faza torkibi | 800K, faza torkibi
98 2 € €
96 4 € €
94 6 €
92 8 eto €
90 10 eto et o
88 12 &to et o
87 13 &to ¢to

2 98 o o)
4 96 c o
6 94 c o
8 92 o o
10 90 &t o l¢)
12 88 eto o
13 87 eto eto

Rentgenoqrafik analizin naticalarine gora, 0-8 mol% Pb,Ga,Ss qatiliq intervalinda e-faza, 9-
88 mol% Pb,Ga,Ss intervalinda etc fazalari, 88-100 mol% Pb,Ga,Ss qatiliq intervalinda iss o
fazasi kristallasir.

e -tipli doyigon torkibli fazalar xalkopirit tipindo, o-tipli doyison torkibli fazalar iso
ortorombik qurulusda kristallasirlar:

Cadval 3.
AgGaS,)1 «(Pb.Ga,Ss)x torkibli bark mahlullarin kristallografik parametrlori
Tarkib, mol% Kristall gafosin parametrlori, A
szGaQSE, a b

0 5,754 10,299

0,02 5,762 10,304

0,04 5,768 10,318

0,06 5,780 10,320

0,08 5,804 10,328

Cadval 3-don goriindiiyii kimi (AgGaS;)1x(Pb2GaySs)x tipli bork mohlullarda ikinci
komponentin miqdar1 artdigca tetroganal qofosin parametrlori artir, (Pb,Ga,Ss)1-x<(AgGaS,)x tipli
bork mohlullarda iso AgGaS,-nin miqdar1 atrdiqca rombik quruluslu o-tipli bark mohlullarin
elementar qofasin parametrlori kigilir. (Cadval.4).

Cadval 4.
(PbyGa,Ss)1.x (AQGaS,)y tarkibli bork mohlullarin kristallografik parametrlori
Tarkib, mol% Kristall qofasin parametrlori, A
AgGas, a b c

0 12,38 11,90 11,03
0,02 12,37 11,90 11,00
0,04 12,35 11,88 10,97
0,06 12,34 11,86 10,96
0,08 12,33 11,85 10.88
0,10 12,32 11,85 10,94
0,12 12,30 11,84 10,90
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Bu ganunauygunlug bir-birini ovez edon Ag ve Pb atomlarinin ion radiuslart ilo (Ag’=1.31A
Ph’=1.26A) tam uygunluq toskil edir.

Erbiumla (Er) asqarlanmis (Pb,Ga;Ss)1x(AQGaS,)x  dayison torkibli fazalarin Bricmen-
Stokbarger metodu ilo monokristallar1 yetisdirilmis vo onlarin liminisensiya xassolori todqiq
olunmusdur. Tarkibi Pb1 96AJ0,02Ga1,9854,94Er0,14 0lan doyison tarkibli fazanin liiminisensiya spektri
2-ci sokildo verilmisdir.

1,0
0,8
06
0,4

0,2

Intensivlilk

0.0

JE00 4000 42330 4400 4500 4°00 5000
LA
Sakil 2. Erbium (EI‘3+) ionunun Pby ¢6AJ0.02Ga1 9854 04E 0 14 kristalinda liiminisensiya spektri.

Gorilindiiyli kimi, erbiumla agqarlanmis Pbq96AJdo,02Ga1,98S4,04 kristali yiiksok liiminisensiya
xassosino malik olub, liminisent lampalariin hazirlanmasinda, habelo orta infra-qurmizi
diapazonda igloyon lazer materiali kimi istifads oluna bilor.
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PE3IOME
NCCIEIOBAHUE CEUYEHUSA AgGaS,-Pb,Ga,Ss u HEKOTOPBIE ®U3NKO-XUMHUYECKHUE
CBOMCTBA ®A3 TIEPEMEHHOI'O COCTABA
Mameoos 11T

Knioueevte cnosa: nepemennviii cocmas, meepowiii pacmeop, AgGaS,-Pb,Ga,Ss, ouaepamma,

aemexmuxa, penmeenogazoswiil anaius, Ag,S-GapSz-PbS.

KomrmuiekcHpiMu MeTofaMu  Qusuko-xumudeckoro anamuza ([ATA, PDOA, MCA) B mmpokom
JMana3oHe KOHIEHTpanuii wuccienoBano cedenne AgGaS,-Pb,Ga,Ss. Ha ocCHOBaHHMH  MOMYYCHHBIX
pe3ysibTaToOB IMOCTpOeHa (pa3oBas aMarpaMma CHCTEMbI. YCTaHOBIICHO, 4uTO paspe3 AgGaS,-Pb,Ga,Ss
SBISIETCS. KBa3MOMHAPHBIM, a KPHBBIE JIMKBUAYCAa IEpeceKaroTcs B TOYKe HBTEKTHKH. COCTaB TOUYKU
aBTekTukn 45 mon. % AgGaS; mpu 950 K. B ceuennn AgGaS,-Pb,Ga,Ss obHapykeHa orpaHHyYeHHAS
obnacte pactBopuMoctu. Ha ocHoBe AgGaS; obpa3syercs 8 mon. % Pb,Ga,Ss, a Ha ocHoBe Pb,Ga,Ss — 12
mout. % AgGaS, TBepabie pacTBOPHI.

SUMMARY
INVESTIGATION OF THE CROSS SECTION OF AgGas,-Pb,Ga,Ss AND SOME PHYSICO-
CHEMICAL PROPERTIES OF PHASES OF VARIABLE COMPOSITION
Mammadov Sh.H.

Keywords: variable composition, solid solution, AgGaS,-Pb,Ga,Ss, diagram, eutectic, X-ray phase
analysis, Ag,S-Ga,Sz-PbS.

The AgGaS,-Pb,Ga,Ss cross section was studied by complex methods of physicochemical analysis
(DTA, XFA, MSA) in a wide range of concentrations. Based on the results obtained, a phase diagram of the
system was constructed. It has been established that the AgGaS,-Ph,Ga,Ss section is quasi-binary, and the
liquidus curves intersect at the eutectic point. The composition of the eutectic point is 45 mol. % AgGaS, at
950 K. A limited solubility region was found in the AgGaS,-Pb,Ga,Ss cross section. Based on AgGaS,, 8
mol. % Pb,Ga,Ss, and based on Pb,Ga,Ss - 12 mol. % AgGas; solid solutions.

Daxilolma tarixi: [lkin variant 10.05.2022
Son variant 29.07.2022
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Introduction.

The demand for road bitumen construction is growing day by day due to the development of
economy. Bitumen is widely used in road construction in developed countries [1]. It's important
modifying bitumen for highway construction regardless of petroleum on which it was obtained.
Low quality bitumen significantly reduces service life of road surface. One of the main reasons is
very poor adhesion of bitumen to gravel and other aggregates. The main conditions for improving
bitumen quality are its high adhesion properties as a binder, as well as the expansion of the
plasticity range to ensure resistance to cracks at low temperatures, the resistance to plastic
deformation, stability of its properties in the high temperature range.

One of the main disadvantages of petroleum bitumen is poor adhesion of mineral materials
to the surface that in turn reduces their service life [2-5]. Thus, quality and durability of asphalt-
concrete pavements during installation and repair depends significantly on the degree of adhesion of
mineral aggregates. One of the main properties of surfactants (SAM) is that SAM molecules can
adhere firmly to the surface of the substance, as these molecules are adsorbed by the surface to form
a thin layer.

In this regard, a number of adhesion additives are used to improve adhesion of bitumens to
gravel - amidoamines, imidazolines, amine compounds and their salts [6-8]. Although extensive
research has been conducted on the addition of additives to improve the quality of road bitumens,
the development of new, high-quality SAMs for this purpose remains an urgent problem. The
effectiveness of adhesion additives depends on the ampholytics of individual polar groups or SAM
compositions and chemical structure of non-polar part of these surfactants, that allows them to
interact more effectively with the volume of the dispersed phase and the dispersed medium in
general [9, 10]

As the development of road bitumens additives is an urgent problem, the main purpose of
this work is synthesizing metal salts of synthetic petroleum acids (SPA) and using them as high-
quality additives for road bitumens. From this point of view, Ba, Al, Ca, Mn salts of SPA were
synthesized by known method and for the first time, the studies were carried out by adding these
salts to bitumen as additives in a certain percentage (0.4 and 0.6%).

Experimental Part.

For the purpose of improving road bitumen quality, synthetic petroleum acids (SPA) were
taken obtained by liquid phase oxidation of naphthene-paraffinic hydrocarbons separated from the
fraction of Azerbaijani oil mixture boiling at 185-330°C with atmospheric oxygen in catalytic
presence of transition metal salts [11-14 ]. Ca, Mn, Ba, Al salts were synthesized on the basis of
SPA at the next stage. To synthesize the Ca salt of SPA, rock dust (>98% CaCOg3) formed in the
quarries and SPA were involved in the reaction and calcium salt was directly obtained:
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2RCOOH + CaCO, Z120-130°C,

(RCOO),Ca + CO, + H,0

In this case, the alkaline stage of the process was eliminated therefore no need to use
expensive sodium hydroxide. Sodium salts weren’t obtained as by-products.

SPA was heated to 100°C and mixed with a stoichiometric amount of MnCl, to synthesize
Mn salt of SPA. The reaction was continued until water vapor formation stops.

2RCOOH + MnCl, —~— (RCOO0),Mn +2HCI
Ba and Al salts of SPA were synthesized similarly. IR spectra of SPA Ba and Al salts are
presented in Fig. 1.
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Fig. 1. IR spectra of Ba (a) and Al (b) salts of SPA
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Fig. 1 (a) represents: 1377, 1458, 2855, 2922, 2952 cm™ — deformation and valence
vibrations of C-H bond of CHs, CH, and CH groups, 1708 cm™ — C=0 bond of acid, 1580 cm™ —
C-O bond of the COO~ group of salt, 723 ¢cm™ — mathematical vibration of C-H bond of CH,
group, 991 cm™— COOH group, 1170, 1289 cm™ — C-O bond, 2722 cm™ — absorption bands of
COOH group.

Fig. 1 (b) represents: 722 cm™ — mathematical vibration of C-H bond of CH, group,
1311,1377, 1455, 2854, 2922, 2952 cm™— deformation and valence vibrations of C-H bond of CHj,
CH, and CH groups, 1408, 1536 cm™— valence vibration of C-O bond of COO group of salt, 3371
cm™ — valence vibration of OH group. Absorption bands at 1708 cm™ disappear that is
characteristic for carbonyl group of the acid (C=0), and new absorption bands related to C-O bond
of -COO ™ group of carbonic acid are formed at 1408 and 1536 cm™. It confirms salt obtaining.

Results and Discussion.

The road bitumen used as an additive to the bitumen of the synthesized salts was produced
at the Heydar Aliyev Baku Oil Refinery and the qualitative properties were set into Tab.1 [15].

Table 1.
Qualitative properties of the road bitumen produced at the Heydar Aliyev Baku Oil Refinery

Road TS Az 353(_3601.242—2015 according to
Properties bitumen the requirements for I_3NB 50/70
viscous oil road bitumen

Penetration depth, 0.1 mm at 25°C 48 51-70

Softening point “sphere and ring”, °C 48 46-54

Tension, cm, at 25°C 75 50

Brittle point, 0°C -18 -15

Adhesion to gravel, points 3 1, 2, 3 points

Metal salts (Ba, Al, Ca, Mn) of SPA in amount of 0.4 and 0.6% were added to road bitumen
and qualitative properties of bitumen were determined (Tab. 2 and 3).

Table 2.
Qualitative properties of various salts synthesized on the basis of SPA and metal salts by adding them to
road bitumen in the amount of 0.4%

No. Addition of the synthesized | Softening Penetration | Tension, cn Brittle | Adhesion
additives to road bitumen, point, °C depth, at point, °C i
metal salts of SPA 25°C 25°C Point
1 Road bitumen 48 48 75 -18 3
2 Ba salt of SPA 46.8 51 324 -14 2
3 Al salt of SPA 46.2 51 40.4 -24 2
4 Ca salt of SPA 46.7 51 68 -16 2
5 Mn salt of SPA 46.3 51 57 -23 2
Table 3.

Qualitative properties of various salts synthesized on the basis of SPA and metal salts in the amount of 0.6%

No. | Addition of the synthesized Softening | Penetration | Tension, | Brittle | Adhesion
additives to road bitumen, point, °C depth, at cm point, °C
metal salts of SPA 25°C 25°C Point
1 Road bitumen 48 48 75 -18 3
2 Ba salt of SPA 46.7 51 34,4 -16 2
3 Al salt of SPA 46.4 52 38 -22 2
4 Ca salt of SPA 46.5 51 68 -17 2
5 Mn salt of SPA 46.2 51 62 -24 2
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Tab. 2 represents, that the best additive effect was obtained by Mn salt of SPA, i.e. Mn salt
of SPA improves the performance properties of bitumen more than other samples. Thus, when 0.4%
of this additive was added to bitumen, penetration depth at 51°C was 51 mm, tension — 57 cm,
softening point — 46.3°C, and brittle point — minus 23.

As is evident from Tab. 3, bitumen quality improves by an increase in density. Thus, the
number of samples with high additive effect increases: Ca and Mn salts of SPA. Adding 0.6% of
these additives causes 51 mm of penetration depth at 25°C, 68 and 62 c¢cm of tension, 46.5°C and
46.4°C of softening points and minus 17°C and minus 24°C of brittle points, respectively.

It should be noted that adding the synthesized salts in concentrations less than 0.4% doesn't
result satisfactory, but the results are almost the same in 0.6-1% concentrations. Adding more than
1% of additive isn't economically viable. In this regard, metal salts of SPA were added to bitumen
in concentrations of 0.4% and 0.6%. Both tables represent, that addition of small amounts of all
synthesized compounds to road bitumen changes the bitumen adhesion from 3 to 2 points. Thus, it
can be said that this additive has a satisfactory effect on the bitumen adhesion, as adhesion of Ca
and Mn salts of SPA as bituminous additives in the amount of 0.4 and 0.6% varies from 3 to 2
points.

Fig. 2 and 3 show temperature dependence graph of bitumen brittleness on softening point
by the addition of Ca, Al, Ba and Mn salts of SPA to road bitumen as additives in the amount of
0.4% and 0.6%.
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Fig. 2. Temperature dependence graph of bitumen brittleness on softening point by the addition
of 0.4% of Ca, Al, Ba and Mn salts of SPA to road bitumen additive
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Fig. 3. Temperature dependence graph of bitumen brittleness on softening point by the addition
of 0.6% of Ca, Al, Ba and Mn salts of SPA to road bitumen as an additive
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Conclusion.

Various metal salts (Ca, Al, Ba, Mn) were obtained on the basis of synthesized SPA, and
addition of them to road bitumen in the amount of 0.4 and 0.6% had a positive effect on bitumen
quality. It was found that addition of synthesized salts to road bitumen as an additive in the amount
of 0.4% causes a relative improvement in bitumen quality, penetration depth was 51°C at 25°C,
tension — 57 cm, brittle point — minus 23°C, and adhesion — 2 points. Bitumen qualitative properties
and adhesion were studied by addiing 0.6% of SPA metal salts to road bitumen, and it was
determined that the Ca and Mn salts had better results: although penetration depth was 48°C in road
bitumen, respectively, it varied to 51°C, tension to 68 cm, and brittle point to -24°C at -18°C by
adding 0.6% of additive. Adhesion point decreased from 3 to 2. By adding 0.6% of these additives,
penetration depth was 51 mm at 25°C, tension — 68 and 62 cm, softening point — 46.5°C and
46.4°C, and the brittle point — minus 17°C and 24°C, respectively.
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XULASO
SINTETIK NEFT TURSULARININ METAL DUZLARININ SINTEZI
VO YOL BITUMUNA ASQAR KiMi ToDQIiQi
Musali V.X.

Acar sozlar: maye fazada oksidlogma, sintetik neft tursulari, dizel fraksiyasi, iizvi tursularin metal
duzlari, bitum, asqarlar

Azorbaycan neftlori garisiginin dizel fraksiyasindan ayrilmig naften-parafin karbohidrogenlorinin
kecid metallarin duzlarinin katalitik istirakinda aerob oksidlogmosindon alinan sintetik neft tursularin {izro
Ca-, Al, Ba-, Mn- duzlan sintez edilmisdir. Yol bitumunun keyfiyyst gostoricilorini yaxsilagdirmaq
moagsadils hamin duzlardan yol bitumlarina yiiksokkeyfiyyatli agqarlar kimi istifado edilmisdir. Bu magsadla
sintez edilmis duzlar 0,4% vo 0,6% miqdarinda bituma slave olunmusdur. Miiayyan edilmisdir ki, hamin
duzlarin bituma slave olunmasi adgeziyani 3 baldan 2 bala qador dayisir. Bitumun keyfiyyot gostaricilorino
osason qeyd etmok olar ki, SNT-nin Mn duzu bituma 0,4% olave edildikde 25°C-do iynobatma dorinliyi
S51mm, dartilma 57sm, yumsalma temperaturu 46,3°C kovraklik temperaturu monfi 23°C taskil edir. SNT-
nin metal duzlarim yol bitumuna 0,6% slava etdikds bitumun keyfiyyst gostericilori xeyli yaxsilasir. Bu
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halda Mn duzu ils yanasi, Ca duzunun da naticalari yiiksok olur. Bu asqarlarin 0,6% olavasi zaman1 25°C-da
iynobatma dorinliyi 51mm, dartilma 68 vo 62sm, yumsalma temperaturu 46,5°C va 46,4°C, kovraklik
temperaturu is9, monfi 17°C vo monfi 24°C qgiymatlor alir.

PE3IOME
CHUHTE3 METAJUIMYECKNUX COJIEM CHHTETHYECKHX HE®TAHBIX KHCJIOT A
HNCCIEAOBAHUE UX B KAYECTBE TIPUCAIOK K TOPOKHBIM BUTYMAM
Mycanut B.X.

Kniouesvie cnoea: swcuokogasnoe okucienue, cunmemudeckue HegmsaHvle KUCIOMbl, OU3ENbHAA
@pakyus, conu Memannios opeaHU4ecKux KUciom, Oumymol, nPUcaoxi.

CunresupoBansl Ca-, Al-, Ba-, Mn-Bere comm cunTeTHuecknx He(pTaHBX Kuciaor (CHK),
MOJTYYEHHBIX a’3pOOHBIM OKHCICHHEM HaTeH-apauHOBBIX YIIIEBOJOPOAOB, KOTOPbIC OBUIM BBIICICHBI U3
IU3ebHON  (pakuuu a3epOaiipkaHCKOW HEePTSHOM CMecH B NPUCYTCTBUM KaTalU3aTOpPOB — COJEH
MEPEXOAHBIX METAUIOB. JTH COJM HCIIOJIB30BAJIM B KAa4eCTBE NMPHUCAAOK K TOPOXKHBIM OMTyMaM C LIEJIbIO
yiyuiieHust ux kadectBa. B Outym mobaBmsn 0.4% u 0.6% CHHTE3MpOBAHHBIX U 3TON LETH COJIEH.
YcTaHOBJICHO, Y4TO JOOABICHHE 3THX COJCH K OMTyMy M3MeHseT aare3uto ¢ 3 g0 2 Oamwios. Mcxons u3
Ka4eCTBEHHBIX CBOWCTB OUTyMa, MOKHO OTMETHTh, uTo Ipu godasnennu 0.4% Mn-oii conu CHK B 6utym,
riyonHa TpoHWKHOBeHUs wribl mpu 25°C cocraBmnma 51 MM, pacTskeHwe — 57 cM, Temreparypa
pasmsryenus — 46.3°C, temneparypa xpynkoctu — muHyc 23°C. BBenenue B nopoxubiii outym 0.6%
Metaimnaeckux coieit CHK 3naumrtensHO ymywmiaer kadecTBo Outyma. Kpome Toro, Hapsny ¢ Mn-oit
conpto CHK, pesymprater Ca-Boit comm CHK rtaxxke Obuin Bbicokumu. IIpu nmobaBienunm 0.6% 3tux
MPHUCaIoK B OUTYM IiTyOMHA MPOHUKHOBEHUsS UTIibl 1ipu 25°C coctaBuna 51 mwm, pactsokerne — 68 u 62 oM,
Temneparypa pasmsrdenus — 46.5°C u 46.4°C, temnepatypa xpynkoctu — muHyc 17°C u munyc 24°C,
COOTBETCTBEHHO.
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ROBINIiA PSEUDOACACIA L. - NIN ABSERON SORAITINDO MEYVO
MOHSULDARLIGI, TOXUMLARIN CUCORM®O XUSUSIYYOTLORI

SADIQOVA DILSAD OKTAY qiz1

Azarbaycan Doviat Pedaqoji Universiteti, Baki, Azarbaycan, bas miiallim
sadigova.d@mail.ru

Acar sozlar: meyva, toxum, mahsuldarhyq, ciicormo xtisusiyyatlori, hayatilik qabilliyyati

Bitkilorin meyva vo toxum mohsuldarliginin hesablanmasi onlarin toxumla ¢oxaldilmasi
iiclin vacib mosalalordon biridir. Belo ki, adston bitkilor hor il kifayst qoder meyvo vo toxum
mohsulu vermir. Bu baximdan bitkilorin meyvs vo toxum mohsuldarligini hesablayaraq golocak illor
iiclin toxum ehtiyatinin toplanilmasi vacib masalslorden biridir [1; 2].

Qeyd olunanlart nozoro alarag, Robinia pseudoacacia L. — yalang1 akasiya robiniyasinin
Abseron soraitindo meyve mohsuldarlifi vo toxumlarinin ciicorms xiisusiyyatlorinin dyronilmasi
qarsimiza moagsad qoyulmusdur.

R. pseudoacacia L. isigsevon, quragliga ¢cox davamli olmagqla yanasi, torpaga cox tolobkar
da deyil. Soranliga nisboton doziimliidiir. Cox dekorativ bitkidir. Sohar soraitindo doziimliidiir. R.
pseudoacacia L. - dan meso zolaglar1 salmaq ii¢iin do genis istifado olunur. R. pseudoacacia L.
hamginin yaxsi balveran bitkidir. Bir agac 14,7 kq-adok yiiksok keyfiyyatli vo otirli bal verir. [3;4].

Quru subtropik iqlime malik olan Abseron yarimadasinda apardigimiz todqiqatlar
gostormisdir ki, ilin konkret hava soraitindon, xiisuson do temperaturun vo atmosfer ¢okiintiilorinin
miqdarindan asili olaraq R. pseudoacacia L. nlimayandslorinin meyvo mohsuldarligi dayiskonliyo
moruz qalir. Miloyyan olunmusdur ki, meyvo mohsuldarligi noinki ndvdon asili olaraq doyisir,
hoamginin bir ndvo aid olan fordlorin do mohsuldarliginda nozors c¢arpacaq dorocodo forq olur
(cadval 1).

Cadval 1.
Abseron saraitinda becarilon Robinia pseudoacacia L. — nin meyva mahsuldarlig
va onun statistik gostoricilori

Ford va statistik gostaricilor Mohsuldarliq, g-la Say, adadlo

1 88,8 330

2 80,5 394

3 76,8 362
X — orta giymot 82,03 362,0
S?— dispersiya 37,76 1024,0
S — orta kvadratik konarlanma 6,15 32,0
Sx —orta kvadratik sohv 3,55 18,48
P— doqiqlik amsali 4,32 5,10
V — variasiya omsali 7,49 8,83

X+t s~ SX=82,03£7,42 X+t 05" SX=362,0+38,62

Toxumlarin osas keyfiyyot gostoricisi onlarin ciicorms faizi oldugundan introduksiya edilmis
bitkilorin toxumlarinin clicorms xiisusiyyatlorinin éyranilmasi hom nozori, hom do miihiim tatbiqi
ohomiyyat kasb edir [5;6;7;8].
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Bu baximdan Abserona introduksiya edilmis Robinia pseudoacacia L. — nin toxumlarinin
clicorma xtisusiyyatlorinin todgiq edilmasi garsiya magsad qoyulmusdur. Tadgiqatlar aparilarkan
toxumlar miixtolif temperatur soraitinds termostatlarda clicarma {igiin qoyulmusdur (cadval 2).

Cadval 2.
Robinia pseudoacacia L. toxumlarinin temperaturdan asili olaraq ciicormasi
20°C 25°C 30°C
rfguf/- | Cic-mo Ciiccmo | Ciic-mo Ciic-ma Ciic-mo | Ciic-mo Ciic-mo Ciic-ma
: | middoti enerjisi %i miiddati enerjisi %-i miiddati enerjisi
70 10 35 80 10 40 53 13 10

Aparilan todqiqatlar gostormisdir ki, R. pseudoacacia L. toxumlarinin ciicormasi iigiin olgtimal
temperatur  20° -25° C-dir. Belo ki, bu néviin toxumlari 20°C-ds 70% ciicordiyi halda, 25° C-do
809%, 30°C-ds iso 53% ciicormisdir. R.pseudoacacia L. toxumlarinin ciicormo enerjisi do 20°- 25°C-
do miivafiq olaraq 35-40% oldugu halda 30°C-do 10% -2 enir.  Ciicormo iigiin goyulmus
toxumlarin ciicorme miiddoti do temperaturdan asili olaraq doyisilir. Belo ki, 20°C vo 25°C-do
clicorms iiclin qoyulan toxumlarin ciicormo miiddsti 10 giin toskil etdiyi halda 30°C —da ciicormo
miiddoati 13 giin toskil etmigdir.

R. pseudoacacia L. — nin toxumlarini yazda vo payizda quru halda torpaq miihitino sapdikdo
onlar az ciicarti veirlor. Belo ki, 7-252 gilindon sonra bu ndviin toxumlarinin torpaqdan ciicormasi
comi 8% toskil etmisdir. Ona gbro do bu toxumlarin ciicormosini siiratlondirmok ii¢lin onlari
sopindon gabaq miixtolif tisullarla (skarifikasiya, stratifikasiya) islomok lazimdir [2;5;6;7;8]. Bu
maqsadls tadqiq etdiyimiz bitkinin toxumlar1 miixtslif miiddstlorde gaynar suda vo 1-3 giin orzindo
adi suda saxlandigdan sonra nozarot (islonmomis) toxumlarla yanasi clicorma ii¢lin termostata
qoyulmusdur (coadval 3).

Cadval 3.

Qaynar su ila iglonma miiddatindon asili olaraq R. pseudoacacia L. toxumlarinin ciicormasi, %-1a

Otaq T-lu suda

saxlanilmig Qaynar su ilo islonmo miiddsti
Nozarat toxumlar
toxumlart
" " 15 30 10 30 Tam
L'gin |3 gin | 5 san. san. san. Idog. | 5 dog. dag. dag. soyuyanadok
3 9 16 27 32 30 22 18 15 10 6

Qeyd etmok lazimdir ki, biitlin variantlarda daha yiiksok natico alds etmak {i¢iin gaynar suda
saxlanilmis toxumlar1 tokrar olaraq yenidon qaynar su ilo elo homin temperaturda islomok lazim
golmisdir (3 dofs). Bunun tic¢lin hor dofo toxumlart qaynar su ilo islodikdon sonra onlarin igarisindon
sismis toxumlar1 ayirib ciicormas iiglin qoymagq, yerds qalan toxumlar iizerinds is9 yenidon miivafiq
miiddotdo bu omoliyyati tokrar etmok lazimdir (codval 4).

Cadval 4.
Robinia pseudoacacia L. toxumlarimin qaynar su ils islanildikdon sonra ciicormasi
Islonmo miiddatindon asili olaraq toxumlarin ciicormo faizi
Islonmo sirast 5 san. 15 san. 30 san. 1 dag. 5 dagq. 10 dag. 30 dag.

I 27 32 30 22 18 15 10

I 11 23 7 7 5 3 2

i 9 15 1 - - - -
Comi 45 70 38 29 23 18 12
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Robinia pseudoacacia L.- nin Abseron soraitinda meyva mahsuldarligi,
toxumlarin ciicarmoa xiisusiyyatlori

Toxumlarin sopine hazirlanmasi {igiin sopingabagi islonmo iisullarindan biri do onlarin qati
sulfat tursusu ilo islonmo {isuludur. Bu iisulda da asas maqgsed robiniya toxumlarinin sort gabigini
yumsaltmaq vo mosamali etmokdir. R. pseudoacacia L. toxumlari torofimizdon miixtolif
variantlarda tursu ilo islondikdon sonra ciicorms iigiin 20° C-do termostata goyulmus vo miitamadi
olaraq miisahidolor aparilmigdir (cadval 5).

Cadval 5.
Robinia pseudoacacia L. toxumlarimin qati sulfat tursusu ils islonildikdon sonra clicormasi
Islonmo miiddotindon asil1 olaraq toxumlarin ciicormo faizi
5 dagq. 10 dog. 20 dag. 40 dagq. 60 dag. 90 dag. 120 dogq.
16 25 35 34 50 41 20

Miisahidolor zamani miioyyon olunmusdur ki, toxumlar bir dofo qati1 sulfat tursusu ilo
islonildikdo onlarin hamisi ciicormir. Buna sobob toxumlarin miixtalif yetismo doracali olmast vo
onlarin gabiginin galinligi vo sortliyidir. Ona goro do bu toxumlar1 5-120 dag. arzindo qat1 sulfat
tursusu ilo islodikdon sonra variantdan asili olaraq onlarin ciicormo faizi 16-50 % toskil edir.
Ciicormomis toxumlar tokraron gati sulfat tursusu ilo yuxarida gostorilon variantlar iizra ikinci dofs
islondikdon sonra 60-120 doq. variantlarindaki toxumlarin hamist ciicormisdir. 5-40 daoq.
variantlarindaki toxumlarin tam cilicormosi iiclin iso onlar ii¢lincii dofo eyni qayda ilo
islonmolidirlor. Qat1 sulfat tursusu ilo islonmis toxumlarin clicormo miiddoti bir dofs islodikdo 32
giin toskil etdiyi halda, ikinci islonmodan sonra 6 giin, {ligiincii islonmadon sonra is9 4 giin olur.
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PE3IOME
YPOKAUHOCTHD I1JIOJIOB U XAPAKTEPUCTUKA BCXOXKECTHU CEMSIH ROBINiA
PSEUDOACACIA L. B YCJIOBUSIX ABILIEPOHA
Caowvizosa /1.0.

Knrouegwle cnosa: nnoo, cems, npooyKmueHOCHIb, 8CX0AHCECHb, HCUSHECNOCOOHOCTb.

Pactenuss He NPUHOCAT OJMHAKOBOE KOJMYECTBO IUIOJAOB M CEMSH KaXKIbplii roa. B cBsa3u ¢ 3tum
OJIHUM M3 BAXXKHBIX BONPOCOB SBISiETCS cOOp CEeMEHHOTo (OoHIa HA ONMKalIue ToAbl IyTeM pacydera
IJI0JI0BO-CEMEHHOM TPOJYKTHBHOCTH pacTeHwid. [loCKOIBKY OCHOBHBIM ITOKa3aTelleM KayecTBa CEMSH
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SIBIISIETCSL TIPOIEHT MX BCXOXKECTH, TO W3YUYCHHE OCOOCHHOCTEW BCXOXECTH CEMSIH HHTPOIYIHPOBAHHBIX
pacTeHHid WMeeT KaK TEOpeTHUYECKOe, TaK W BaKHOE TNpaKTHUeCKoe 3HaueHue. M3ydeHue mnepuona
COXpaHEHHUS KU3HECTTOCOOHOCTH CEMSH UMEET TakKe OOJIBINOe HAYYHOE U SKCIICPUMEHTAILHOE 3HAUCHHE.

SUMMARY
YIELD OF FRUITS AND CHARACTERISTIC OF GERMINATION OF ROBINIiA
PSEUDOACACIA L. SEEDS UNDER ABSHERON CONDITIONS
Sadigova D.O.

Key words: fruit, seed, productivity, germination, viability

Plants do not produce the same number of fruits and seeds each year. In this respect, one of the
important issues is the collection of seed stock for the coming years by calculating the fruit and seed
productivity of plants. Since the main indicator of seed quality is the percentage of their germination, the
study of the characteristics of the germination of seeds of introduced plants is of both theoretical and
practical importance. The study of the viability period of seeds is also of great scientific and experimental
importance.

Daxilolma tarixi: [lkin variant 02.12.2022
Son variant 24.01.2023
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The article considers urban air pollution from vehicle operation. The protection of atmospheric air
from the harmful effects resulting from the use of vehicles is extremely important. It was revealed that
compared to 1995, when the number of cars was only 398,761 units, in 2020 this number increased to
1,473,563 units, of which 655,422 units were in Baku. In cities, there is a growing discrepancy between the
number of cars and the capacity of the road network. Restoration of the tram and trolleybus fleet can
significantly reduce the environmental burden in developed industrial cities

1.Introduction. The negative impact of anthropogenic factors on the environment is today a
problem requiring a priority solution. Protecting the atmosphere from harmful effects resulting from
the operation of motor vehicles, industrial enterprises and other facilities is extremely relevant.
Since not only human health, but also the overall quality of life on the planet depends to the greatest
extent on the quality of atmospheric air.

Every year the number of motor vehicles is growing, heating systems of the private sector
are being improved, the emissions of which are carried out into the surface layer of the atmosphere
above the territory of industrial centers, new technologies for combating harmful emissions are
emerging, but, despite this, the quality of atmospheric air leaves much to be desired. Therefore, the
development of methodologies for reducing emissions of pollutants, means of monitoring and
managing the level of pollution in order to reduce the anthropogenic impact on the atmosphere is
currently very relevant. The article discusses the role of road transport in air pollution of the
industrial cities of Azerbaijan [1-7].

The danger of living in cities today is largely determined by the emissions into the
environment of fuel combustion products in the cylinders of internal combustion engines of motor
vehicles, harmful (polluting) substances that are hazardous to the health of people who have been in
the zone of exhaust gases and fuel vapors for a long time. Under unfavorable meteorological
conditions that prevent natural air purification from harmful vehicle emissions, adverse conditions
(unfavorable situation ) may develop for people whose life activity takes place in close proximity to
highways[4,8-10].  As monitoring studies show, such unfavorable situations arise due to the
unfavorable summation of a number of man-made and natural factors (due to the technical
condition of road transport, its composition, traffic intensity, landscape topography, number of
storeys and the nature of urban development), as well as meteorological and climatic parameters of
the area in which the motorway is located.

2. Practical part. In recent years, a sharp increase in the number of vehicles has been
observed in large cities of Azerbaijan. Compared to 1995, when the number of vehicles was only
398,761 units, in 2020 this number increased to 1,473,563 units, of which 655,422 units were in
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Baku. Moreover, in comparison with other means of transportation, passenger vehicles have an
advantage, the number of which has increased to 1204682[11-13].

Due to the rapid development of motor transport in the republic, pollution from these
vehicles significantly exceeds the volume of harmful industrial emissions , which are mainly
concentrated in cities. In 2020, 807.7 thousand tons of harmful emissions entered the air basin of
the republic, of which about 82.0% accounted for only vehicles, and the rest for stationary sources
of air pollution. Because of the increasing number of vehicles in the country annually contributes to
the pollution of cities. The automobile transportation and relevant infrastructure facilities have a
negative impact on all aspects of the surrounding natural environment. As a result of exploitation of
vehicles, roads, automobile service areas pollution of land, underground and surface water basins
occurs, high level of sound pressure is observed near motor roads [1,2,6].

Every year, at least one hundred thousand cars are brought to Azerbaijan for sale, most of
which (526,744) remain in Baku. In 2014, the total volume of emissions of polluting substances
(PS) into the atmosphere from vehicles was 5.1 times higher than from stationary sources [13].
More than half (more than 57.3%) of the vehicles registered in the country are concentrated in Baku

(Fig.1).
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Fig. 1. The number of vehicles in the cities of the country over the years

As shown in Table 1, the growth of different-purpose vehicles is uneven. The largest increase in
2005-2014 is observed on passenger car and personal cars. Over the last ten years, their number
has grown more than twice, and this trend continues.There is also a noticeable increase in the
number of buses.

Table 1.
The number of vehicles registered in Baku city
Years Truck Buses Passenger car Personal car | Special auto
2005 27115 14681 247728 231580 4250
2010 51646 18026 518205 487865 6650
2011 56333 18315 562695 529387 6546
2012 61130 18745 609426 573055 8271
2013 60098 18795 643155 605455 9335
2014 64029 18524 645244 600053 6999
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Urban air pollution from vehicle operation

The increase in the number of these types of vehicles is due to the abolition of tram and
trolleybus vehicles, opening new routes to expand the city's territory, and so on. Compared to 2005,
the number of trucks is noticeably higher in 2014. This process is due to a significant increase in
capital city construction [13].

In recent years, the number of PS emitted from the car transport across the country has also
increased. This increase in car waste is due to both the increase in the number of vehicles and the
use of them (Table 2).

Table 2.
Emissions of pollutants into the atmosphere from vehicles (hundred tons)

Emissions of pollutants The amount of PS emitted into the atmosphere, hundred t/y
into the atmosphere 2005 2010 2011 2012 2013 2014
1 2 3 4 5 6 7
Country 496,4 742,0 779,1 849,3 9224 965,9
including:
carbon oxides 353,7 528,3 554,7 604,7 645,6 700,3
nitrogen oxides 41,6 62,3 65,4 71,3 84,5 91,1
hydrocarbons 67,6 101,7 106,7 116,3 1419 151,8
Specific pollutions 33,5 49,7 52,2 57,9 50,4 22,7
Including smokeblck and X X X X 26 22,7
soot

It was determined that about 200 nearest chemicals, as well as non-toxic (water, carbon
dioxide), and toxic substances, arise from the burning of fuel (table 3). First and foremost, this is
carbon dioxide (CO), various hydrocarbons (CnH,), nitrogen oxides (NOx ), as well as lead
compounds, carcinogens, fats and aldehydes. The components of the smoke gases and their quantity
depend on the type and quality of the fuel used, the quality of the adjustment, the degree of engine
handling and the operating mode. Thus, the largest amount of aldehydes occurs when the fuel
engine is low at low temperatures, ie low load and idle mode. Table 3 presents the approximate
content of major toxic substances in the smoky gases in cars.

It should be noted that along with the increase in the car park, a large amount of carbon
dioxide (CO,) in the smoke gases of cars intensively increases the atmosphere's contamination
(Fig.2). This gas plays a key role in the formation of greenhouse effect, and its elimination has now
become a global problem.

Table 3.
Specific weight of hazardous substances thrown out from the minibus cars [11]
Toxic substances Gasoline engines Diesel engines

Carbon oxide, g / kg fuel 250,0 13,6
Hydrocarbons, g / kg fuel 31,0 3,0
Nitrogen oxides, g / kg fuel 30,0 40,0
Sulfur dioxide, g / kg fuel 0,54 1,6
Methane is on the g/ kilometer road Till 0,18 0,005
Ammonia, in q/ km 0,002 0,001

The level of carbon dioxide emissions depends on the mode of transportation, engine type,
vehicle fuel consumption, etc. UN Standard No. 101 (Directive 93/116/EEC). The tests carried out
according to the methodology have shown that the fuel consumption of a petrol engine is equivalent
to 3.1 kg, and diesel engine - 3.16 kg of CO, emissions [7,11]. This is natural, because the
hydrocarbon molecules included in gasoline and diesel fuels have from 4 to 12 carbon atoms.
Therefore, switching to gas fuel - methane CH, (2.8 kg CO;, waste) is a natural ecologically
beneficial step.
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Fig. 2. Disposal of gases causing heat effects on the country (million tonnes of CO, equivalent)

Conclusion. The increase in city car parks, the lack of proper operation of their working
parts, the lack of installation of disinfectant smoke gases, and the inadequate effectiveness of
organizational measures to reduce the density of the city's highways create objective reasons for
maintaining the leading role of the vehicle in the pollution of atmospheric air. The discrepancy
between the number of vehicles and the capacity of the road network is increasing, which has led to
congested traffic, “traffic jams” on the roads, causing an increase in concentrations of hazardous
substances in such places. Dense high-rise buildings in the central part of Baku negatively affect the
air exchange in the city, which leads to an increase in the number of people affected by polluted air.
The structure of vehicles is still dominated by cars of old models. At the same time, the market of
enterprises for the repair and maintenance of vehicles is mainly represented by handicraft garage
workshops that do not have state registration and are not able to service modern electronically
controlled vehicles equipped with bifunctional exhaust gas aftertreatment systems, catalytically
regenerated particulate filters, on-board diagnostics, etc. These circumstances have led today to the
problem of high air pollution of the cities of Azerbaijan by the exhaust gases of motor vehicles
(exceeding the MPC by tens or more times). Restoration of tram and trolleybus fleets can
significantly reduce environmental stress in developed industrial cities
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XULASO
NOQLIYYAT VASITOLORININ iSTISMARINDAN SOHORLORIN
ATMOSFER HAVASININ CIRKLONMOSI
Agayev T.D., Abdulov K.S.

Acar sozlar: atraf miihit, atmosfer, zararli madda tullantilar, alverigsiz sarait, nagliyyat vasitalori,
sanaye saharlori

Maoqalads nagliyyat vasitalalorinin istismarindan soharlorin atmosfer havasiin ¢irklonmasi nazorden
kecirilir. Nogliyyat vasitolorinin istifadesi noticesindo yaranan zororli tosirlordon atmosfer havasinin
gorunmasi son dorace vacibdir. Malum olub ki, avtomobillorin say1 comi 398 761 adad olan 1995-ci illo
miiqayisado 2020-ci ilde bu roagom 1 473 563 odods yiiksalib ki, bunun da 655 422 adadi Bakida olub.
Soharlords avtomobillarin say1 ila yol sobakasinin tutumu arasinda uygunsuzluq artir. Tramvay va trolleybus
parkinin barpasi inkigaf etmis sonaye soharlarinds ekoloji yiikii shamiyyatli doracads azalda bilar.

PE3IOME
3AT'PSABHEHUE ATMOC®EPHOI'O BO3J1YXA I'OPOJAOB B PE3YJBTATE
IKCINVIYATAILUU TPAHCHHOPTHBIX CPEACTB
Azaee T./l., A6oynoe K.IO.

Knwuesvie cnoea: oxpyscaiowas cpeda, ammocghepa, 6vlOpOCHl 3APAZHAIOWUX  BEUYECTNS,
HebazonpusmHble YCI08Us, MPAHCHOPMHbIE CPeOCmed, NPOMbIULIEHHbLE
eopoada.

B cratse paccMoTpeHO 3arps3HeHHe aTMOC(hEepHOro BO3AyXa TOpPOJIOB B Pe3yiIbTaTe AKCILTyaTalluu
TPAHCIOPTHBIX cpeactB. OxpaHa aTMOCHEPHOro BO3AyxXa OT BPEIHBIX BO3JCHCTBUN, CBSI3aHHBIX C
WCIIOJT30BAHUEM TPAHCIIOPTHEIX CPENCTB, YPE3BBIUANHO BakHA. BBISBIEHO, 9TO TIO cpaBHEHHIO ¢ 1995
roJIoM, KOT/Ia KOJMYECTBO aBTOMOOWMIIeH cocTaBisuio Bcero 398 761 emunuiyy, B 2020 romy 3TO YHCIIO
yBenuuuioch 10 1 473 563 egunuiisl, U3 KOTOpbix 655 422 enquuuisl Haxoauauck B baky. B roponax pacrer
HECOOTBETCTBHE MEXK]Iy KOJTUYESCTBOM aBTOMOOMIIEH U MPOITyCKHOW CIIOCOOHOCTBIO YIIMYHO-IOPOXKHOU CETH.
BoccranoBieHne TpaMBaiiHOTO M TPOJUICHOYCHOTO Mapka MOXKET CYIIECTBEHHO CHHU3UTHh 3KOJOTHYECKYHO
Harpy3Ky B Pa3BUTHIX MPOMBINIJICHHBIX TOPOIaX

Daxilolma tarixi: [lkin variant 01.11.2022
Son variant 10.01.2023
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Acar sozlar: texniki vaziyyatin idarasi, texniki vaziyyat indeksi, qeyri-salis sistem, hall qabulu
sistemi, informasiya idaraetma sistemi.

Giris. Idaroetmonin somoraliliyi birbasa giris verilonlorinin emali iisullarinin keyfiyyatindon
vo sistemlogdirilmoesindon vo bu verilonlorin miqdarindan asilidir. Giris verilonlorinin hocminin
daim artmasi ilo olagali sonaye miiossisalorinin roqgabaetliliyinin dostoklonmasi ii¢lin informasiya
idaroetmo sistemi vo qorar gobulunun dostoklonmasi sisteminin totbiqi zoruriliyi yaranir. Bu
baximdan informasiyanin emali vo sistemlogdirilmasi tisullar1 elmi maraq kasb edir.

Qurgularin  texniki voziyystinin (TB) idaresi dedikdo TB-nin dostoklonmasi vo
yaxsilagdirilmasi istigamatinds ixtiyar1 tosir basa disiiliir. Bu tosirlorin torkibine bir-birindon asili
olmayan (texniki qulluq, diagnostika, sazlama, tomir vo s.), eyni zamanda miiossisonin
ehtiyatlarinin idarosi li¢iin tosirlor daxildir. Belslikls, qurgularin TB-nin idarasi- nisbaton ¢ox genis
anlayisdir [1,2].

Qurgularin texniki qulluq vo tomir Usullarinin inkisafinin miasir tendensiyasi ilo olagoali
idaraetma hollinin qobul edilmasi tiglin qurgularin TB haqqinda cari informasiyanin analizi aparilir.
Hans1 ki, bu informasiyalar (statik, ekspert, diagnostik) miixtalif tipli informasiya toplusundan
ibarotdir. Buna uygun olaraq bu informasiyalarin sistemlosdirilmosi iisul vo alqoritmlorinin
islonmosi vo onlarin asasinda TB informasiya idaroetmo sisteminin reallagdirilmasit maosalalori
aktuallasir.

Qurgularin texniki voziyyatlorinin idaro edilmosi alqoritmi osason asagidaki ardicilligda
yerina yetirilir [3]:

1. Obyektin texniki voziyyotinin qiymotlondirilmosi modellorinin ~ qurulmasi  vo
korrektirovkasi;

2. Obyekti toyin edon asas parametrlorin monitoringj;

3. Texniki vaziyyatin gostoricilarinin-indeksin hesablanmas;

4. Idaroetmo tosirlorinin analizi vo formalasdirilmast;

5. Idaroetmonin yerina yetirilmosi.

Baza modellagdirma tisulu kimi 1yearxiyadan istifads olunmaqla dekompozisiya totbiq edilir
ki, texniki voziyyatin qiymatlondirilmasi obyektlorin qurulusu ilo alagoli gostericilor sistemino
osaslanir. Hor bir sistema (qurgular kompleksina) bir-biri ilo alagosi olmayan elementlor toplusu
kimi baxilir. Biitiin sistem altsistemlora, altsistemlor iso elementlora boliiniir. Hor bir elemento
miivafiq olaraq elo parametr (xasso) toyin edilir ki, istehsal prosesi {i¢iin vacib monaya malik olan
bu parametrlora istehsal prosesi zamani nozarot etmok lazimdir vo bu parametrlorin qiymati
idaraedici holl gobuluna birbasa tosir edir.

Qurgularin texniki voziyystinin ododi qiymatlondirilmasi texniki veoziyyot  indeksi
adlandirilir ki, cox sayda ododi komiyyotlordon asilidir. Texniki voziyyot indeksi komiyyoti
parametrlorin normativ (nominal) giymatlorina uygunluq ndqteyi nozoerdon obyektin voziyyatini
xarakterizo edir [4,5].
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Layihalondirilon miirakkab sistemlorin texniki vaziyyatinin geyri-salis modellar asasinda idarasi

Forz edoak ki, obyektin texniki vaziyyati X parametri ilo xarakterizo olunur:
xeE, burada E - verilmis parametrin qiymatlor goxlugudur.

Ogor E parametrin biitiin miimkiin giymatlor ¢oxlugudursa, onda bu ¢oxluq miintozom
olaraq parametrin talab olunan (miimkiin) qiymatlorinin hor hansi alt ¢oxlugunu 6ziinds saxlayr ki,
bu altcoxlugu A ilo isars etsok alariq:

ACE

Ogor E ¢oxlugunun x elementi A ¢oxlugununda elementidirsa, yani X parametrinin giymati
tolob olunan araliqda yerlasirss, ondax € A.
Coxluglar nozariyyasindo qeyd olunan aidiyyst iigiin ifado Kkimi xarakterik funksiya
U4 (x)anlayisinda istifado edilir ki, onun monsubiyyat giymoti x elementinin A ¢oxluguna daxil
olub-olmamasini bildirir( ha va ya yox):
_ (1,8g0r x€A,
pa(x) = {O, agar xeA.

Istehsalata totbiqdo xarakteristik funksiya verilon texniki parametrin miimkiin giymotlorinin
elementi olmasini gostorir. Yoni, texniki voziyyst indeksinin parametrin konkret qiymotlorindon
asilligini xarakteristik funksiya toyin edir.

Bozon praktikada parametrin qiymotlorinin miimkiin vo miimkiin olmayan sorhad qiymatlori
doqiq xarakter dagimir, ona goro obyektin texniki voziyyatinin giymatlondirilmasi masalolorinin
hallina geyri-salis ¢oxluglar nozariyyosi torofindon baxmaq rasionaldir. Bu zaman xarakteristik
funksiya [0,1]intervalinda istonilon giymoti ala bilor. Buna uygun olaraq, E ¢oxlugunun X; elementi
A coxluguna p,doracasinda aiddir. Onda, qeyri solis ¢oxlugun torifino uygun olaraq, A geyri salis
tolob olunan giymotlor alt¢oxlugunun E obyektinin parametrinin biitin miimkiin qiymatlori
coxlugundan nizamlanmis ciitor ¢oxlugu tayin edilir:

{(X, Uz (X))}, VXEE,(].)

Burada, xarakteristik aidiyyst funksiyast M ¢oxlugundaki giymotlori monimsomoklo X
parametrinin cari giymotinin mimkiin qiymotlor ¢oxluguna aidiyyatinin doracasini vo ya
soviyyasini gostarir (4). M ¢oxlugu aidiyyst giymotler coxlugudur. Ogar M = {0,1}, onda 4 geyri
solis alt¢oxluguna adi kimi baxilacaq.

Beloliklo, geyri-salis altgoxluq anlayisindan istifado etmoklo obyektin texniki voziyyati kimi
ciddi toyin olunmamis anlayislari riyazi sturukturdan istifads olunmaqla 6yronmok olar [6,7]. Bu
zaman obyektin texniki vaziyyatinin giymotlondirilmasi M = [0,1] ¢oxlugundan giymaotlar gabul
edir ki, onlarda konkret texniki parametrin secilmosindon asili olaraq xarakteristik aidiyyot
funksiyas1 istifadasi ilo miioyyanlosir. A obyektinin texniki vaziyyastini geyri-salis ¢oxluglar
nozariyyasi terminlori ilo asagidak: sokildo yazmagq olar:

xl xz e xn
A= pai(x1) taz(x2) Uan (Xn)

burada x;- A obyektinin texniki voziyystinin giymatlondirilmo parametrlori, n-parametrlorin sayi,
pi; (x;)- aidiyyet funksiyalaridir(hor bir parametr iigiin dziiniin tolob olunan giymatle altcoxlugu 4,
Vo uygun olaraq Oziiniin aidiyyat funksiyasi). Praktiki olaraq obyektin texniki vaziyyatini tasvir
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etmok ticiin bir ne¢o aidiyyat funksiyasindan istifado olunmasi onunla izah edlir ki, har bir parametr

miixtalif 6l¢ii vahidine malik ola bilar, hor biri {iglin miimkiin gqiymatlor intervali miixtalif ola bilar.
Bu parametrlorin har biri obyektin voziyyatini xarakterizs edir vo nozors alinmalidir.
Beloliklo, ogor toklif olunan model biitiin parametrlorin cari qiymetlorino uygun nozoro

alinmagla qurulursa, onda A ¢oxlugu obyektin cari texniki vaziyystini xarakterizo edacokdir.

xl xz e xn
Uzi (xlcari) Uzz (XZCari) Uan (xncari)

anri:

Burada x;.4.;- A obyektinin parametrlorinin cari giymatloridir.
Ogor obyektin texniki voziyyati biitiin parametrlar {izra ideal soviyyadadirsa, onda onun vaziyyatini
asagidaki soklida tosvir etmok olar:

1 = *1 X2 Xn _ Anor
A =1 1 1 =4

Yoni obyektin ideal voziyyotini A™" dogiq coxlugu soklinds yazmagq olar, hansi ki,
elementlari n vahiddan ibaratdir.

Umumilosmis texniki vaziyysti toyin etmok iiciin iki giymotlondirmodon istifado edilir:
Ac%icoxlugu ilo A™°7 goxlugu arasindaki nisbi xotti masafo (Xemming mosafosi) va nisbi kvadratik
masafo.

Yuxarida geyd olunan ¢oxluglar arasindaki nisbi mosafo asagidaki diisturla hesablanir:

n n

1 1
d(yeari, ynor) = ;Z |(uanor(x;) — u zeari(x)| = EE(l — acari(x;))
Belo ¢evirmo aparsaq:

N
~ - 21’:1 #Acarl(xi) hesabi orta

6 (Geari, ynor) =1 — " =11 cari (x),
burada u%‘ﬁé‘r‘? rorta(yy — I cari (x;)-nin biitiin qiymatlorinin hesabi ortasidir.

ACaTlyo AT coxluglart arasindak nisbi kvadratik mosafs asagidaki diisturla hesablanr:

n n
1 1
eGicari, nor) = |- (uanor(x) — pieariGe))? = |2 (1= wicari(x)?
i=1 i=1

Hor iki nisbi mosafo asagidaki sortlori 6doyir:
0 < 8(cari, znor) < 1
0 < e(Gcari, znor) < 1
Goriindiiyii kimi, nisbi mesafonin komoayi ilo §(cari, znor) vo e(jcari, znor) ancaq
obyektin texniki voziyystini deyil, homginin obyektlori 6z aralarinda miiqayiso etmok olar. Bir
niimunays baxaq. Tutaq ki, iki obyektin texniki vaziyyati asagidaki parametrlarlo tayin edilir:
acari = {x;, =0,5,x, =0,5;x3 =0,5;x, = 0,5},
A9 = {x; = 0,1;x, = 0,4; x5 = 0,6; x, = 0,9}.

0,5+0,5+0,5+0,5

Onda S(A:cari, Aznor) = Z

0,5

0,1+04+06+0,9
4 =0,

6 ( a,cart, A;nor) =
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Gorlindiiyti kimi, xotti masafoya gora giymatlondirma obyektlorin texniki voziyyatindoaki
forgi oks etdirmir. Etibarliliq nozariyyasina asasan ikinci obyektin texniki voziyyati asagidir. Belo
Ki, x; parametrino géra texniki vaziyyatin indeksinin 0,1-o barabar olmasi obyektin zaif noqtasini
gostorir. Bu da, baxilan halda siradan ¢ixma halinin ehtimalinin yiiksok olmasii gostorir. Kvadratik
mosafani hesablayaq:

— 2 — 2 —_ 2 _ 2
e(cari, mnor) = \/(1 0.5)2+(1-0.5) 1(1 0.5)2+(1-0.5)2 _ 0.5,

- 2 _ 2 _ 2 _ 2
e(cari, snor) = (1-01)2%+(1-0.4) Z(l 0.6)>+ (1 -10.9) ~ 0,578 ~ 0,6.

Baxilan niimuna obyektin texniki voziyyatinin alava giymatlondirilmasi tiglin kvadratik
mosafanin totbigini yaxs1 niimayis etdirin.

Obyektin texniki voziyyatini tosvir edon, togqdim edilon model obyektlorin 6z aralarinda
miigayisa oluna bilmama problemini holl edir. Hotta miixtolif sayda parametrlorlo obyektlorin
texniki vaziyyatinin giymatlondirilmasi soraitinds indekslor sisteminin kémayi ilo imkan yaranir ki,
birlogdirilmis alamato gora obyektlorin miiqayisasi miimkiin olsun. Qeyd emok lazimdir ki, qeyri-
salis ¢oxluglar nazariyyasinin istifadasi ilo texniki vaziyyatin indeksi daha timumilogmis xarakter
alir, onu universal gostarici edir. Miirokkab sistemin texniki vaziyyatinin indeksinin hesabati ¢ox
sayda elementlor ¢oxlugundan ibarot olmagla tosvir olunan disullun on yiiksok Soviyays godor
cevirilmoasini forz edir. Notico olarag geyd etmok olar ki, informasiya sistemlorinin konseptual
modelinds zaruridir ki, elementlarin parametrlori kimi istonilon saviyyanin sistem parametrlorininda
nozors alinmas1 miimkiindiir. Bu masalo sonraki tadqigat tigiin predmet sahasi ola bilar.

Notica. Qeyri-solis aparat informasiyanin sistemlogdirilmasi vo idarasi ticiin somorali alot
hesab edilo bilor. Bu, geyri-salis hall gobulunu dastokloyan sistemin va informasiya idarsetmo
sisteminin taskili tigtin méhkam oasasdir.

Texniki vaziyyatin indeksino osaslanan qurgularin texniki vaziyyatinin informasiya
idaroetms sistemi qurgularin vaziyyati haqqinda sistemlogdirilmis moalumatlarin alinmasini tomin
edir. Bu sistemlosdirmonin saviyyasi istifadacinin taloblorinden asilidir. informasiya idaroetma
sistemi razilisdirtlmis islorin aparilmasina imkan yaradir, istehsalat soviyyasi ilo idarosetma
soviyyosi arasinda qarsiliqlt olagoni tomin edir, homginin tam halda miiassisonin istehsal
modaniyyatini yiiksaldir.
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PE3IOME
YIIPABJIEHUE TEXHUYECKUM COCTOAHUEM IMPOEKTUPYEMbIX
CJIOKHBIX CUCTEM HA OCHOBE HEUYETKHNX MOJIEJIEA
TI'yceiinos A.I., Manafova X.H.

Kntouegwvle cnosa: ynpaesnenie mexHuieckum COCMOSHUEM, NOKA3AMeNb MeXHU4ecKko20 COCMOAHUA,
Heuemkas cucmemd, CuUcmemMa MNPUHAMUA peulenutl, UHPOPMAYUOHHO-
YRpaenaowas cucmema.
[Tyrem noBbimenus 3GHEKTUBHOCTH NpoLiecca YIPaBICHUS! TEXHUUECKUMH CHCTEMaMH, TIOBBIIIACTCS
X TPOM3BOIUTEIBHOCT M OJHOBPEMEHHO PACCMATPUBAIOTCA BONPOCHI CHCTEMATH3ALUN TEXHUYECKOTO
oOciykuBaHusl 00beKTOB.I10Ka3aTeNlb TEXHUIECKOTO COCTOSHHSA, B KOTOPOM PacCMaTpUBACTCs PU3MUECKHUN
CMBICIT YHUBEPCAIBHOTO IOKa3aTeNs COCTOSHUS OOBEKTa, OMUCHIBACTCS B TEPMHHAX TEOPUM HEYETKUX
MHOXeCTB. [IJ1s1 3TOro yTrouHsercst HHPOpMaILus, ONpeaestomas TEXHHIeCKOe COCTOSIHUE, U MPEeAsIaraeTcs
JITOPUTM YIPABICHHS TEXHIIECKUM COCTOSTHUEM.
Coznana napaMeTpuyecKas MoJIeNb C HEUYETKOW CTPYKTYPOH, MO Iep KUBAIOIas IPUHATHE PELIeHUIl B
YIPABJICHUH TEXHUYECKUM COCTOSIHUEM CIIOKHBIX CUCTEM.
PaccMmoTpenHsIi B cTaThe MOAXO MO3BOJIAET UCIOIB30BaTh NPOOIEMHO-OPHUEHTHPOBAHHBIE CHCTEMBI
yIpaBiICHHUS W TPUHSTUS PEIICHUN ¢ TPUMEHEHHEM METOAOB 00pabOTKM MH(POPMALIUH 32 CUET MOBBIIICHUS
Ha/IGKHOCTU YCTPOUCTB U 3P PEKTUBHOCTH yIpaBICHHS.

SYMMARY
CONTROL OF THE TECHNICAL CONDITION OF DESIGNED
COMPLEX SYSTEMS BASED ON FUZZY MODELS
Huseynov A.H., X.I.Manafova

Key words: technical condition management, technical condition indicator, fuzzy system, decision

making system, information management system.

By increasing the efficiency of the process of managing technical systems, their productivity is
increased and at the same time, the issues of systematizing the maintenance of objects are considered. The
indicator of technical condition, which considers the physical meaning of the universal indicator of the state
of an object, is described in terms of fuzzy set theory. To do this, the information that determines the
technical condition is specified, and an algorithm for managing the technical condition is proposed.

A parametric model with a fuzzy structure has been created that supports decision-making in
managing the technical condition of complex systems.

The approach considered in the article makes it possible to use problem-oriented control and
decision-making systems using information processing methods by increasing the reliability of devices and
control efficiency.

Daxilolma tarixi: [lkin variant 21.02.2023
Son variant 03.03.2023
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COXMEYARLI QORAR QOBULETMO USULUNUN TOTBIQI
VASITOSILO ON YAXSI AVTOMOBIL SECIMININ HOLLI

CABBAROVA KONUL IMRAN qiz1 %<2

Azarbaycan Doviat Neft Va Sonaye Universiteti, Baki, Azarbaycan, dosent
konul.jabbarova@mail.ru

Acar sozlar: WASPAS iisulu, Z-adad, avtomobil secimi

Coxmeyarli gorar gobuletma isullart (MCDM) real masalalorin hollindo miihiim rol oynayir
[1]. Satinalmalarin idars edilmosi miiasir rogabot diinyasinda, xiisuson do fordlor torofindon on
faydali vo ohomiyyatli avtomobil alis1 mosalolorinde daha vacibdir. Avtomobil miihorrik giici,
sohar vo magistral yiiriis, maksimum giic vo s.kimi xiisusiyyato malikdir vo alict Maruti, Hyundai
vo s. kimi aiternativlor arasindan on yaxsi avtomobili secmolidir. [1]-do bu tip masalalorin halli
iiciin TOPSIS, VIKOR vo SAW iisullarinda istifado olunmusdur.

[2]-do Hindistanin orta sinif ailoasi tig¢lin an uygun avtomobili tapmaqda ¢oxmeyarli qorar
gobuletmo iisullarindan istifado etmoys baxilib. TOPSIS iisulunu qisa icmali verilib. Magalodo
TOPSIS ilo bagl adobiyyat icmal1 da aparilir. Maqalods miisteri torofinden giindoalik istifado iigiin
kicik bir avtomobil alarkon bozi asas parametrlor do nozors alinir.

[3]-do on yaxsi avtomobil se¢imi {iglin hibrid ¢oxmeyarli gorar gobuletmo texnikasinin
totbiqino baxilir. Bu arasdirmada on yaxsi avtomobil segmok iiclin tohliikosizlik, performans,
iqtisadi aspekt, goriiniis, satici, zomanat kimi meyarlara vo 5 alternativo diqqget yetirilir. On yaxs1
avtomobili qgiymotlondirms iiclin iki model toklif olunur. Birinci model, geyri-salis analitik
iyerarxiya prosesi (FAHP) PROMETHEE texnologiyas1 ilo inteqrasiya olunur. Ikinci model,
FAHP iyerarxik boz olagqo analizi (GPA) texnikasi ilo inteqrasiya edilmisdir. Burada FAHP
avtomobil se¢imi problemnin strukturunu tohlil etmak vo meyarlarin ¢okilorini miisyyan etmok
ticiin istifado olunur. Avtomobillarin yekun miiqayisasini aldo etmak {i¢iin GRA vo PROMETHEE
iisullarindan istifads olunur.

Bu moqalods Z-informasiyaya asaslanan an yaxst avtomobil segimi masolosine WASPAS tisulu
totbiq olunur. Masalonin hallinds Z-adadlar iizorinds riyazi omoliyyatlardan istifado olunur [4-7].

Masalonin qoyulusu va halli. Baxilan moesals 4 alternativ (,, f, , f,, f,)Vve 4 meyardan (

C,-stil, C,-omiir uzunlugu, C3-yanacaq gonasti, C4-giymot) [8]. Meyarlarin uygun qiymatlori Z-
odadlorlo f; =(A;, By) tosvir olunur (Cadval 1.). Masalanin halli iigiin Cokili Com (WSM) vo Cokili
Hasil (WPM) disullarinin birlosmoasi olan WASPAS iisulundan istifado olunur [9]. WASPAS

tisulunun yerina yetirilmasi ardicilligr agagidaki kimidir:
Addim 1: Secim probleminin halli {i¢iin matris qurulur:

Cadval 1.
Meyarlarin Z-adadli giymotlori
Cl CZ
f, (0.36,0.4,0.44)(0.8,0.9,1) (0.43,0.48,0.53)(0.6,0.7,0.8)
f, (0.48,0.53,0.58)(0.8,0.9,1) (0.43,0.48,0.53)(0.6,0.7,0.8)
f, (0.41,0.46,0.51)(0.8,0.9,1) (0.55,0.61,0.67)(0.6,0.7,0.8)
f, (0.53,0.59,0.65)(0.8,0.9,1) (0.37,0.41,0.45)(0.6,0.7,0.8)
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Cadval 1. (davami)

C4
f. (0.43,048,053)(0.7,0.8,0.9) (0.36,0.4,0.44)(0.8,0.9,1)
i,  (0.43,048,053)(0.7,0.8,09) (0.41,0.46,0.51)(0.8,0.9,1)
i,  (0.49,054,059)(0.7,0.8,0.9) (0.48,0.53,0.58)(0.8,0.9,1)
i, (0.43,048,053)(0.7,0.8,09) (0.53,0.59,0.65)(0.8,0.9,1)

Meyarlarin vaciblik ¢okilori w,= 0.1, w,=0.4, w,=0.3, w,=0.2-dir.
Addim 2: (1) tonliyi vasitosilo WSM {iisuluna asaslanaraq iimumi nisbi ohomiyyat hesablanir:

Qi(l) = szu 'Wj (1)
j=1

Z, har bir alternativin meyarlarinin Z-qiymstloridir.

Alinan naticalar Cadval 2-da verilib.

Cadval 2.

QY -nin naticalari

CZ

—h
iy

(0.41,0.45,0.51)(0.41,0.56,0.76)

[N

(0.43,0.49,0.53)(0.43,0.58,0.74)

(0.5,0.56,0.61)(0.38,0.53,0.71)

—_ | = | =
w

(1.16,1.29,1.43)(0.36,0.52,0.7)

Addim 3: (2) tonliyi vasitasilo WPM {isuluna ssaslanaraq timumi nisbi shomiyyat hesablanir:

]

Qi(Z) = llI yA ; (2)
j=1

(2) tonliyi ilo alinan naticalor Codval 3-ds verilir.

Cadval 3.

Q@ -nin naticalori

2
Qi( )

f,

(0.41,0.45,0.51)(0.35,0.51,0.67)

)

(0.43,0.49,0.53)(0.35,0.51,0.69)

(0.5,0.55,0.61)(0.35,0.51,0.71)

f
fs
f

4

(0.43,0.48,0.53)(0.35,0.51,0.65)

Addim 4: Siralama doagigliyini vo goarar gobuletms prosesinin rahatligini artirmaq tigiin WASPAS
tisulunda (3) tonliyi vasitasilo alternativlorin iimumi nisbi shamiyyati formalasdirilir:

A=1oldugda Q =QP ,

2=0 oldugdaQ =Q® olur.

Q=2-QY+@1-2)-Q®, 1=0,0102,..,1 (3)

Toklif olunan masals tigiin 4 =0.5 gétiiriiliir. Alinan naticalor Codval 4-do verilir.
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Cadval 4 .
Q. -nin naticalari
Q
(0.42,0.45,0.51)(0.25,0.39,0.59)
(0.44,0.5,0.54)(0.27,0.42,0.59)
(0.5,0.56,0.62)(0.27,0.39,0.59)
(0.8,0.89,0.99)(0.17,0.32,0.5)

—h
fiy

2

3

— | = | =

4

Son addimda, alternatilorin Q qiymatlori miigayiso olunur [10]. ©On yaxs1 alternativ Q-niin on bdyiik
giymating osason secilir (Cadval 5).

Cadval 5.

Miiqaysanin naticasi
Miigayiso
f

4

3

N

f
f
f

[

Noticolor  f, alternativinin on yaxst oldugunu gostorir.

Natica. Magalods an yaxsi avtomobil se¢imi masolosi WASPAS {isulunun tatbigi ilo hall

olunub. Baxilan mosolo 4 alternativ vo 4 meyardan ibaratdir. Alternativlorin har bir meyarinin
giymoti Z-oadadlorla tasvir olunur. Har bir meyarin uygun vaciblik ¢okilori verilmisdir. Alinan
naticalar tisulun effektivliyini gostorir.

10.
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PE3IOME
PEHIEHUE HAUJIYYILIEI'O BBIBOPA ABTOMOBWJISI C HIOMOUBIO TIPUMEHEHUSA
MHOI'OMEPHOI'O METOJA MPUHSTUSA PEIIEHU
Jicaboaposa K. U.

Knroueswvie cnosa: WASPAS memoo, Z-uucno, 6b160p asmomoouns

B name Bpemsi aBTOMOOMIIbHASI IPOMBIIIIEHHOCTD SIBJISIETCSI CaMOil OBICTpOpacTylield oTpacibio B
Mupe. ABTOMOOWIbHAST TPOMBIIUIEHHOCTh UTPAaeT BAXKHYIO POJIb B XKU3HM motpeduterns. Kaxmsiit rox Ha
PBIHKE BBIITYCKAIOTCS aBTOMOOWIIM, OCHOBaHHBIE HA HOBEUIINX TEXHONOTUAX. [loTpeOuTens cTaakuBaeTcs ¢
npobaeMoil BEIOOpa MOAXOZSILIET0 eMy aBTOMOOWIIS M3 MHOXKECTBa Pa3lUuYHBIX MoAudukanuii. B sTol
ctarbe ucnoin3yercs Mmetog WASPAS, aTo0sl BEIOpATh JTyUIIyIO M3 MHOKECTBA ATbTEPHATHUB.

SUMMARY
DECIDING THE BEST CHOICE OF CAR BY USING
A MULTIDIMENSIONAL DECISION-MAKING METHOD
Jabbarova K.I.

Keywords: WASPAS method, Z-number, car selection

In modern times, the automotive industry is the fastest growing industry in the world. The auto-
mobile industry plays an important role in consumer life. Every year, cars based on the latest technology are
produced on the market. The consumer is faced with the question of choosing a suitable car for himself from
aere of various mods. In this article, the method of WASPAS is used to choose the best car from a variety of
alternatives.

Daxilolma tarixi: [lkin variant 03.02.2023
Son variant 28.03.2023
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FILiZ GIRDOLORININ (OKATISIN) ISTEHSALINDA SIXTONIN
TORKIBININ OKATISIN STRUKTURUNA VO FAZA TORKIBINO
TOSIRININ TODQIQI

QOHROMANOV VURGUN FOXRODDIN oglu
Baki Miihandislik Universiteti, Baki, Azarbaycan, dosent
gehremanovvurqgun@gmail.com

Acar sozlor: polad, okatis, temperatur, borklik, okatis, xassa, mohkamlik

Giris. Yandilrilmis okatisin strukturu vo faza torkibino onun xassolari do tosir edir. Okatisin
mohkomliyinin azalmasini, sothdo gedon reaksiyalarin kinetik oduncagi-nin sismaosini vo istiliklo
emal zamani harokati vo s. tomin edilir [1, 2].

Sixto materialinin torkibinin rolu xiisusilo okatisin hissalorinde onun moh-komlik
gostoricilorinin lazimi qodor todqiqi vo miixtalif odobiyyatlarda miizakirasi get-misdir [3,4]. Bu
proseslor torkiba xeyli fliisiin slave olunmasi ilo naticalonir. Lakin problem okatisin torkibinds bos
stixurlarin olmasi ilo olagodardir. Lakin, timumiyystlo torkibds toqribon 3%-0 qodor zororli
gatisiglar ola bilor.

Bu yanagsma OAO xiisusi tipli masinlarda izah olunmus vo otrafli aydinlasdiril-migdir.
Burada okatisin istifads iiclin onun no doracods shomiyyatli, keyfiyyatinin yax-silasmasi vo bundan
sonra onun asas Ol¢siinlin 1 vo ondan yuxari olur ki, bu da XWJI — III avadanliginin tocriibalorine
uygun olur vo naticods domirin torkibdo timumi sax-lanmasi asagi diisiir [5,6]. Bunun {i¢iin
tamamilo yeni todqiqat isindo sixtonin torkibinin rolu (ohongin, dolomitin, metalin va.s) vo eyni
zamanda neytral oksidlorin  (boksit) olavesi va strukturlarin formulunda OAO Azorobu
konsentratindan istifado daha moag-sado uygun hesab edilir. Lakin bu tisulla toklif oluynmus okatisin
o godor do shomiy-yatli olmadigi malum olub. Bu torkibdo olan minerallarin yandirilmis okatigin
istehsali zaman1 onun barkliyins tosiri ilo izah edilib [7,8].

Sixto materiallarinin keyfiyyotindo yiiksok keyfiyyotli konsentrat kigik bentonit-li boksit,
mel, ohong vo dolomit soklinds istifado edilir. Istifado edilon konsentratin keyfiyyot gostoricilori
cadval 1-do gdstorilmigdir.

Sixtonin bagsqa komponentlori laboratoriya soraitindo emal olunaraq xirdalanir, hissalorlo
konsentrat soklindo qarisdirilir. Laboratoriya soraitindo hazirlanan okatis gi-rintili, ¢ixintili olur vo
onun diametri 0,9 m-don sonra sarilorok novlors ayrilir. 12-16 mm o&lgiilii fraksiyalar konar olunur.
Nom soklinds olan okatis hiindiirliiyii 300 mm olan korzinaya (niimunas ii¢iin) yiikslonir.

Cadval 1.

Kiitlo hissasi, % Norma Buraxila bilon hadd
Az miqdar {imumi domir 69,8

Nomlik 9,8 +0,1/-0,2
SiO, 2,8 +0,2
Nasarat {igiin hissalor 0,045 mm-don bdyiik olmamagq sortilo

97,0
Xiisusi soth, sm?/q boyiik olmamaq sortilo 2100

Bu xtisusi yandirict masinda qarigdirtlmaqla  tobagolosdirilir. Termiki emal rejimi
yekunlasdigdan sonra yandirilmis okatis karzina tabaqadon ¢ixarilir va iki hissayas ayri-lir: yuxari vo
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asagl. Yandirma magimnin biitiin tocriibe aparan rejimlorde maksimal temperaturu 1260-1270 °C
v 1200 °C-do yasama miiddoti 5-8 daqigo olur.

Okatisin  borkliyinin sinaq noticolorinin = sixtonin torkibindon ashiligi codval 2-do
gostorilmisdir.

Quru va nom okatisin torkibinds osason bentonit oldugu vo bundan basqa digar alavelorin do
oldugu goriiniir. Sixtode az miqdarda Puom vo Pguru » Pok v 1% boksitin olmas1 baslica olaraq
torkibdoki birlogmolorin olagesindon asili olur. Bu ciir daxilet-mo quru vo nom okatisin keyfiyyat
formulunda bentonitin boliinmasinin modelini hi-mays edir.

Cadval 2.

Orta barklik va namlik gostoricilori (Pqury, Prom va yandirilmis okatisin (Poy) miixtalif

konsentratlardan va sixtalordan istifada etmakls istehsall

Boarklik Hy
Okatls Pnam Pquru I:)ok
Flislogsmomis:
0,6 % bentonitli 14 68 2700
1% bentonitli 12 48 3200
0,3% bentonitli vo 1% boksitli 10 23 3200
Fliislosmis:
0,3% bentonitli
1% boksitli 8 23 4500
1% fliis

Nom okatisin keyfiyyoti yandirilmis okatisin toboqosi lizra borkliyine tosir edir. Nom
okatigin barkliyinin (10Hg ) yiiksok olmasi barkliyin hiindiirliikk iizro yandiril-maya az tosir edir.
Oksing, nom okatisin keyfiyyetinin asagi gostoricilorini (6-8 Hek) toyin etmozdon ovval asagi
tobagodo borkliyin yuxart tobaqodoki borkliyo nisboton az oldugu miioyyon olunmusdur. Bu
tobogolorin qazodinamik parametrlori, hotta xiisusi qurutma zonasi ilo olagolidir. Nom okatigin
keyfiyyatinin asagi olmasi nom ¢okmodon avvalki zonada ¢ox ehtimal ki, tobagolorin qazodinamik
miigavimatlorini vo naticads okatisin termiki emal qaydalarini logv edir.

Fliislosmis yandirilmis okatisin méhkomliyi onun torkibins tarazliq {i¢iin fliis-lor, mel oshong
vo yaxud dolomit va torkibi 3,5-4 kHgk-a borabarlogdirmok tigiin fliis-losmis (2,2-2,7 kHok ) alave
olunur. Yandirilmis mahsulun imumi keyfiyyati barkliyin maye fazanin bisirma doracosinin inkisaf
etdidrilmosi ilo olagolidir. Boksit vo bentonit kimi turs asasli materiallarin olavo olunmasi okatisin
borkliyini shomiyyatsiz olaraq ar-tirir. Bu vaziyyastin tatbiqi mineroloji todqiqatlarla siibut olunmus,
gostoris gostarici-lorlo fliislogsmis okatigin shomiyyatinin artirilmasi (silikatl orintinin hacmi hissosi)
4-5-don 7-10%-o godor ferrit fazasinin togkili, bismoa prosesinin intensivlogdirilmosi va s. siibuta
yetirilmigdir. Bentonitin nom vo quru okatisin borkliyina tesiri strukturunun vo qazodinamikasini az
miqdarda doyisir. Qeyd edok ki, onun barkliyino az migdarda da olsa tosir edir.

Fiilisomologatiricilorin torkibo olavo olunmasi yalmiz yandirilmis okatisin  bar-kliyini
yiiksoltmir, eyni zamanda bu gos-toricilorin stabilliyini do miioyyonlosdiri vo tomin edir. Bunu
tomin elomok {iglin ohong, mel vo dolomitdaen istifads edirlor.

Okatigin sathi xiisusi lisulla agilanir. Bu o goadar edilir ki, niive aydin goriiniir. Bu zaman
magqnetitin torkibi do aydin ifado edilir. Okatis az mosamoli oldugu iiciin on-da tiiksokilli catlar
goriintir. Okatisin strukturu qirintilardan denslorin sarhaddinds ye-niden aridilmodan sonra, ancaq
xirda donalor xiisusi yumru formada olurlar. Okatis hematit torkiba malikdir, soth sahosindo donslor
birlogmis, morkozo dogru istigamotlon-mis formada olur, onlarin Slgiilori kigilir, mosamalilk artir.
Okatisin alagasi hematit tip-lidir.

Silikat alagalari yumsaq ifads edilir, donalorin sathinds hematit, gilizgili vo plyon-ka soklinds
toqdim vo miigsahids olunur. Siisolor rongsiz sartyabonzor qlobulyar forma-da 1,609 istiqgamatini
doyismis, ayrica kvarsit donoalori, bentonit ac¢ilmis formada kicik filiz hissoalori soklindo ayrilir.
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Filiz girdalorinin (okatisin) istehsalinda sixtonin tarkibinin okatisin strukturuna
va faza tarkibina tasirinin tadqiqi

Torkibindo boksit olan mohsullarin smaginda parlaq boz rongli denoslor goriiniir, daxili reflekslor
sar1-qirmizi sokilds olur va 15181 qaytararaq rodd edir. Bu zaman yaranmis ¢atlar okatisin hocmindo
ayrica xirda topalar soklinda toplanir. Bu alaga kalsi-ferrit-braunmiillerit (4CaO-Al,O3-Fe;O3) bark
mohluluna uy-gun golir. Bu birlosmo timumi hocmin 4-5%-ni togkil edir.

Birinci yandirilmis okatisin filiz olan hissasinda sixtonin torkibindo miixtalif tor-kib
olavalorinin  qatilmasi zamani yandirma temperaturunun tosiri ohomiyyatsiz ol-du-gu
miloyyonlosdirilmigdir.  Flislosmis okatisin  imumi  masamoliliyin geyd olun-ma-sinda
fliislosdirilmomis boksit torkiblo miigayisesindo baslica olaraq ohongin 700-900 °c temperatur
zamani dissosasiyasinda boksit pargalanir. Lakin fliislosmis okatisda sonda silikat vo kalsium-ferrit
Ortiiyli yaranir vo oksino, fliislosmomis okatisin sothindo hotta boksit torkibli okatigda belo osason
hemotit fazas1 omalo golir. Boksitli okatisda mosamoliliyin formulu, naticads 300-700 °C-do hidrat
nomliyin konar olunmasi sxemi asagidaki kimi gorsadilir:

A|203 ~nHzO —>A|203'H20

Noticads yandirma temperaturunu >1200 °C zamani Al,O3 oksidleri domiri vo kalsiumu
qoruyur vo sortliyini tomin edir. Asagi orimo temperaturlu vo ¢otin barpa olu-nan braunmiilliirit
(4Ca0 - Al,O3-Fe;03) birlogmoloari hansi ki, filiz denslorinin serhad-dinds miisahids olunur, onalrin
omalo golmasi miisahide olunur. Okatisin mineral tog-kiledicilori, fliislosmis ohang, mel vo yaxud
dolomit kimi qatisiglardan ibarotdir. Praktiki olaraq fliislogsmis okatiglarin strukturunda da ohong
istirak edir.

Mikrostrukturun todqiqinin naticalori, metallurgiyada boksit torkibli okatisin keyfiyystinin
yaxsilagdirilmasini prognozlasdirir.

Natica.

1. Beloliklo mirostrukturun daqiq alinmasini miioyyan gqanunauygunluqla oka-tisda olan
filiz birlosmalorinin struktur formasini agkara ¢ixarmaga komok etdiyi aydin-lagdirilmigdir.

2. Birinci yandirilmis okatisin filiz olan hissasindo sixtonin torkibindo miixtalif torkib
olavalorinin  qatilmasi zamant yandirma temperaturunun tosiri  oshomiyyatsiz  ol-dugu
miloyyonlosdirilmisdir.

3. Istehsal olunan okatigin {imumi mosamaliliyin qeyd olunmasinda fliislosdiril-momis qeyri
metal torkiblo miiqayisesindo baslica olaraq  ohengin  600-800 °C tempe-ratur zamam
dissosasiyasinda boksit parcalanir.

4. Fliislogsmis okatisda sonda silikat vo kalsium-ferrit ortiiyii yaranir vo oksino, fliislosmomis
okatisin sathindo hatta boksit torkibli okatisda belo asason hemotit fazasi omalo golir.
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PE3IOME
UCCJIEJJOBAHUE BJIMAHUSA COCTABA IIIMTHI HA CTPYKTYPY U ®A30BbIA COCTAB
PYJAHBIX UHI'PEJUEHTOB (OKATHI) B TPON3BOACTBE
T'axpamanoe B.®.

Knroueswvie cnosa. manw, okamoiiu, memnepanmypa, meep()ocmb, 3aKaIKd, COLUCMBO, npo4YHocnto

q)OpMI/IpOBaHI/IC CTPYKTYpPhI CILUIaBa IpPU MPOU3BOACTBE CTAJIM HAINPAMYIO 3aBUCHT OT XapaKTepa
miaKa, ToO €CTb €ro KaydcCTBa. HOBTOMy Ka4ye€CTBO CTaJIM, B TOM YHUCJIE CTaJlkd, KOTOpasd a0COIIOTHO
HCO6XOI[I/IMa IS KadyeCTBa CTaJIbHOM KOHCTPYKIUH, ABJIACTCA OJHHUM M3 BAXKHBIX BOIIPOCOB. HpI/IHPIMaH 9TO
BO BHHUHMAaHHC, CICAYCT HU3BYUYUTHb CTPYKTYPY HCHOJIB3YyEMOTI'O Kazapa. B cratne PacCMOTPCHO BJIMAHUC
CTPYKTYPhI CTAJIM Ha KAY€CTBO CTAJIU

SUMMARY
INVESTIGATION OF THE INFLUENCE OF THE CHARGE COMPOSITION ON THE
STRUCTURE AND PHASE COMPOSITION OF THE ORE INGREDIENTS (OKATISH) IN THE
PRODUCTION
Gakhramanov V.F.

Keywords: steel, temper, temperature, hardness, temper, property, strength

The formation of the structure of the alloy in steel production directly depends on the nature of the
slag, that is, its quality. Therefore, the quality of steel, including steel, which is absolutely required for the
guality of the steel structure, is one of the important issues. Taking these into account, the structure of the
shot used should be examined. In the article, the influence of the structure of steel on the quality of steel was
considered

Daxilolma tarixi: [lkin variant 08.02.2023
Son variant 28.03.2023
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Acar sozlar: aktiv giic, reaktiv giic, aktiv giic itkilari, elektroenergetika sistemi, reaktiv giiciin
kompensasiyasi.

Elektroenergetik sistem dord komponentdan ibaratdir: istehsal, 6tiirmoa, paylanma vo
tolobatci.

Bu komponentlorin har biri 6z xiisusiyyatlori ilo elektroenergetik sistemin is gabiliyystino vo
verilon elektrik enerjisinin keyfiyystino tosir gostorir. Elektrik enerjisindon somarali istifado etmok
ticiin onun istehsalinin, 6tiiriilmasinin vo paylanmasinin iqtisadi yollarin1 minimum itkilorlo tomin
etmok tolob olunur. Bunun {igiin itkilorin yaranmasina gotirib ¢ixaran elektrik soboko meyarlarini
istisna etmok lazimdir. Xiisusilo, reaktiv giiciin kompensasiyasini tomin etmok lazimdir.

Enerji tochizat: sisteminin yiiklonmasi tam giiclo miioyyon edilir, onun da aktiv togkiledicisi
faydali gokilds istehlak olunur vo enerji monbayino qaytarilmir. Reaktiv togkiledici iso elektrik
sobokoasinin elementlorinds maqnit va elektrik sahalarinin yaranmasi tigiin lazimdir [1-5].

Enerji sisteminda reaktiv giic. Enerji sisteminin isinin dayaniqhigi vo keyfiyyati aktiv vo
reaktiv giic balansi il toyin olunur:

Giclor balansina nozaratin olmamasi neqativ hallara sabab olur, belo ki, elektrik tochizatinin
dayaniglig1 pozulur. Bu naticolorin qarsisinin alinmasi cold tosir edon qurgularin komoyilo real
zaman aninda giiciin yenidon balanslagdirilmasina tosir gostormaklo alds edils bilar.

Elektrik tochizat miiassisasinin xatlori vo transformatorlari vasitosilo ohomiyyetli miqdarda
reaktiv giicilin 6tiirtilmosi agsagidaki soboblors gors sorfali deyil:

1. Enerji tochizat1 sistemlorinin biitiin elementlorindo onlarin reaktiv giiciiniin yiiklonmasi
sababindan aktiv giiciin alava itkilori yaranir:

2. Reaktiv giiciin istehlakg¢iya Gtiiriilmasi naticasinda reaktiv giiciin olava itkilori yaranir.

3. Xotdo yalmiz étiiriilon aktiv giiclin qiymatindon deyil, hom do 6Gtiiriilon reaktiv giliciin vo
xottin reaktivliyinin qiymatindon asili olan olave gorginlik itkilori moévcuddur. Soboko
elementlorindon aktiv va reaktiv giiclorin aktiv R va reaktiv X miiqavimatlori ilo 6tiiriilmasi zamani
gorginlik itkisi asagidaki qiymati togkil edir:

4. Elektrik veriligi xotti vo transformatorlarin reaktiv giiclo yiiklonmasi, elektrik tochizati
sobakalorinin tutumunu azaldir ki, bu da bozi hallarda elektrik avadanliglarinin tam qoyulus
giiclindon istifado etmays imkan vermir.

5. Transformatorlarin reaktiv giiclo yliklonmasi zamani onlarin faydali is omsal1 asag: diisiir.

6. Reaktiv giicilin otliriilmosi, elektrik stansiyalarin generatorlarinin faydali giiciindon kifayot
qadar istifade edilmamasina va xiisusi yanacaq sorfiyyatinin artmasina sobab olur.
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FACTS qurgularimin tasnifati

Yuxarida gostorilonlorlo olagodar olaraq, reaktiv giiciin kompensasiya qurgularinin (KQ)
istifadosinin aktualligi gz qabagindadir, somaraliliyi ¢ox yliksokdir. Reaktiv giiclin kompensasiya
qurgularini statik vo dinamik hissalors bélmak olar.

Statik qurgulara kondensatorlar, statik kondensatorlarin banklari (SKB), harmonika filtrlori
daxildir; dinamik qurgulara iso FACTS (Flexible AC Transmission System) konsepsiyasina daxil
olan idars oluna bilon tonzimloyici qurgular - doyison caroyanin otiiriilmasi iiclin ¢evik idaroetmo
sistemlori aiddir.

FACTS termini ilk dofo 1988-ci ildo H.G. Hingorani (Elmi Todqiqat elektroenergetika
Institutu (EPRI), ABS) [1] torafindon istifads edilmisdir. IEEE-nin is¢i qrupu FACTS-i "idaroetma
qabiliyyatini yaxsilasdirmaq vo tutumu artirmaq iiclin giic elektronikasi vo digor statik
tonzimlayicilori birlosdiron doyison coroyanin 6tiirmo sistemlori" kimi miioyyon edir.

FACTS on perspektivli elektrik sobokosi texnologiyalarindan biridir vo elektrik verilis
xotlorinin parametrlorino avtomatik nozarat etmok ti¢lin texniki vo informasiya vasitolori toplusudur.

FACTS qurgular elektrik sabokasini elektrik enerjisinin naqli ii¢iin passiv qurgudan elektrik
sabakolorinin is rejimlorinin idars edilmosinds faal istirak edon qurguya ¢evirmok problemini vo
giic omsalina diizalis etmok, itkilori minimuma endirmok va s. hall edir.

Birinci nosil FACTS qurgularina (FACTS-1) elektrik  sobokolorindo  gorginlik
tonzimlomasini (reaktiv giic) vo lazimi dorocads reaktiv giiciin kompensasiyasini tomin edon
qurgular daxildir (STK, tiristorla idars olunan reaktor, idaros olunan uzununa kompensator, faza
doyison transformator vo s. aiddir) [1].

Ikinci noslin on yeni FACTS qurgulari (FACTS-2) tam idaro olunan giic elektronikasi
cihazlar1 osasinda rejim parametrlorinin tonzimlonmaosini tomin edon qurgulari ohato edir: izolyasiya
edilmis qapili bipolyar tranzistorlar (IGBT), inteqral edilmis IGCT drayveri ilo kilidli tiristorlar vo
S. FACTS- 2 tonzimlomonin yeni keyfiyyatino malikdir:

— elektrik sobokesinin gorginlik vektorunun tokco miitloq qiymsti deyil, ham do fazasi
tonzimlondikdo belo qurgulara vektor tonzimlonmo qurgulart deyilir. Bunlara asagidaki qurgular
aiddir: sinxron statik kompensator (STATCOM), gorginlik ¢eviricisi bazasinda reaktiv giiclin
sinxron statik uzununa kompensatoru, giic axininin universal tonzimlayicisi, fazagevirici qurgular,
asinxronlagdirilmis sinxron kompensator, asinxronlasdirilmis sinxron elektromexaniki tezlik
geviricisi, fazageviron transformator aiddir.

Ikinci nosil qurgular enerji sistemi ilo aktiv vo reaktiv giicii miibadilo etmok, homginin
sistemlo miibadilodon sonra reaktiv enerji yaratmaq vo ya udmaq qabiliyystino malikdir. Belo
xiisusiyyatlora biitiin ikinci nesil FACTS qurgularinin osaslandigi gorginlik ceviricisi (vo ya
invertor) malikdir.

Biitiin FACTS qurgulan statik vo elektromasin sistemlor olmagla iki yera boliiniir [6-8].
Statik sistemlors asagidakilar aiddir:

e Tiristorla idaro olunan maqnit giiclondiricisi vo ya transformator tipli (reaktor

transformator) idara olunan sunt reaktorlar1 (ISR);

e vakuum agarlari ils isloyan reaktorlar;

e bir vo ya bir nego tiristor-reaktor qrupundan vo slizgac -kompensasiya dovrasindon ibarot

statik tiristorlu reaktiv giic kompensatorlari;

e sobokoyo paralel

e qosulmus gorginlik ceviricisi bazas1 asasinda STATCOM tipli sinxron statik reaktiv giic

kompensatorlart;

o gorginlik ceviricisi bazasi osasinda statik uzununa kompensator;

e sabit coroyan dovralorine qosulmus paralel vo ardicil gorginlik ¢eviricilorina asaslanan

giic axininin tonzimlayicisi;
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FACTS elektromasin qurgular1 - xiisusi idarsetmoa sxemindon istifads ederok, vektor
gorginliyinin tonzimlonmaosini tomin edon elektrik magininin v geviricinin sintezidir.

Elektromasin sistem qrupunu asagidaki qurgular togkil edir:

e asinxronlasdirilmis sinxron kompensatorlar;
e asinxronlasdirilmis elektromasin tezlik ¢eviricilori;
e faza doyison transformator.
Sabokaya qosulma tisulundan asili olaraq, biitiin qurgular ti¢ hissaya bdliiniir [6-8]:
e paralel kompensasiya qurgulari,
e ardicil kompensasiya qurgulari,
e ardicil-paralel kompensasiya qurgulari vo ya kombino olunmus qurgular.

Istonilon ardicil vo ya paralel bir qurgu, elektrik verilisi xotti ilo ardicil vo ya paralel
qosulmus tonzimlonon gorginlik monbayi Kimi tasvir oluna bilor. Belaliklo, hor hansi bir FACTS
qurgusunun sabokoys tosiring, paralel coroyan monboyi vo ya ardicil gorginlik generasiya monboyi
kimi baxila bilor. Statik tiristor kompensatorlar1 vo statik sinxron kompensatorlar (STATCOM)
FACTS qurgular1 arasinda genis yayilmisdir.

Statik tiristor kompensatorlar — tiristor nazarati sayasindo miistosna siirats, genis isloma
diapazonuna va yiiksak etibarliliga malik olan paralel qosulan cihazlardir. STK-nin asas funksiyasi
onun qosuldugu yerds reaktiv giiciin daxil olmasina nozarat etmoklo nazaordon kegirilon qovsaqda
gorginliyi tonzimlomoakdir, belaliklo, STK sobokenin toyin olunmus diiylin noqtesinde gorginliyi
daim miiayyon saviyyads saxlayir [6-10].

Gorginliyin nominal soviyyade saxlanmasi tolobatcilarin normal isi iiglin vacibdir. Asagi
gorginlik elektrik miiharriklori vo s. kimi istehlakgilarin isinin pozulmasina sabob olur, haddindon
artiq gorginlik iso noticodo magnitlo doyma vo harmoniklorin yaranmasina vo izolyasiyanin
pozulmasi noticosindo avadanliglarin siradan ¢ixmasina sobab olur. STK enerji sistemlorinin
yarimstansiyalarinda qurasdirilir vo yiliksok gorginlikli sobokoys qosulmaq vo istehlak olunan
reaktiv giicii idaro etmok ti¢lin miixtalif sxemlora malikdir. STK-nin asasini saxlama elementlori
(tutumlar, induktivliklor), reaktor-tiristor vo kondensator-tiristor bloklar1 togkil edir. Sokil 1-do
STK-nin iki prinsipial sxemi verilmisdir, giicii doyismoz gqalan kondensator batareyalar1 (sokil 1, a)
va ya reaktorlardan ibarat qrup (sokil 1, b). STK-nin giiciiniin salis idars olunmasi qarsiliqli-paralel
idaro olunan idaroetmoa qurgusu (ID) ilo tachiz edilmis ventil — tiristorlarin vasitosilo yerino yetirilir.

Bunlarin da kdmayi ils tiristorlarin agilmasi va baglanmasi an1 tonzimlonir.
U

Sakil 1. STK-nin prinsipial sxemi: a — reaktorun tanzimlonan giicii ilo;
b — kondensator batareyalarinin tonzimlanan giicii ilo
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Idars olunan reaktor osasinda STK-nin istifadosi reaktiv giiciin kompensasiyasi probleminin
hallino vo elektrik sobokasindo enerji itkilorinin azaldilmasina daha ¢evik yanagsma tapmaga imkan
verir. STK-nin cald islomasi miixtolif is rejimlorindo sobokods gorginliyin qiymotini doyismoz
saxlamaq {g¢iin lazim olan reaktiv giiciin fasilosiz istehsali vo ya istehlakini tomin edir.
Kompensator hamginin giiciin meyletmasini do dempirlomoayo qadirdi. Paralel qosulmus KB-lorlo
miiqayisado STK-nin ekvivalent miigavimotinin tonzimlonmosi vo miivafiq olaraq, onun ¢ixisinda
reaktiv giiclin tonzimlonmasi fasiilesiz olaraq hayata kegirilir.

STK-nin volt-amper xarakteristikasi sokil 2-do verilmisdir [1]. Xarakteristika gorginliyin va
kompensatorun mdvcud giiciinlin saxlanmasinin daqiqliyi liglin miioyyon edilmis sortlorlo miioyyon
edilmis bir meylliyo malikdir. O, STK-nin paralel isini tomin edir.

A

Ur
/ C
1a0 /: B
A | &
Tutum carayant O \Induktiv corayan

- — ) T —> [stx
Ic max | Tonzimloma diapazonu ; I max

' &
<€ >

| Sakil 2. STK-nin volt—clzmper xarakteristikasi

Stasionar rejimds STK-nin faaliyyatini tayin edon 3 is¢i saho movcuddur:

e Tonzimloma diapazonu, STK qosulan diiylin ndqtesindo gorginliyin verilmis giymati
qorunub saxlanilir. Bu saho tolob olunan reaktiv giiclin yaranmasi va ya istehlaki naticasindo AB
xarakteristikasi iizra is ndqtasi ilo miioyyan edilir

e Yiiksok gorginlik bolgosi BC-dir, burada kompensator tonzimlonmomis reaktor kimi
maksimal induktiv rejimdas isloyir.

e Asagr gorginlik sahaesi — OA-dir, burada kompensator tonzimlonmoyon kondensator
batareyasi kimi maksimal tutum rejiminds isloyir. Qeyd etmok lazimdir ki, bu rejimds STK KB-ya
xas olan garginliys monfi tonzimlayici tesir effekti ilo xarakterizo olunur.

Tonzimlomoa diapazonunun hadlori tutum vo induktiv rejimlordo maksimal ceroyan
qiymatlori ilo miisyyon edilir. STK-nin c¢oxfunksiyaliligr bir sira problemlori hall etmok ii¢ilin
elektrik sobokolorinds onlarin asaslandirilmis istifadoni miisyyonlosdirir, masalon:

e reaktiv giiclin kompensasiyast,

e clektrik sobokosinin hor hansi hissosindo gorginliyin stabillogdirilmasi  (elektrik

sobakasinin diiylinlarinds garginliyin tonzimlonmasi STK-nin asas isidir);

o clektrik enerji keyfiyyatinin yaxsilagdirilmasi.

Kaskin dayisen yiikii olan istehlakg¢ilarin oldugu qovsaqlarda STK nin qurasdirilmasi reaktiv
giiciin, miivafiq olaraq qovsaqdaki gorginliyin siirotli vo solis tonzimlonmaesi hesabina
istehlakeilarin elektrik enerjisinin keyfiyystini yaxsilasacagq.

STK-nin idare olunmasi gqisman idara olunan tiristorlarin istifadesine asaslanir. Kilidlonan
tiristorlarin (GTO, IGCT) va idaro olunan bipolyar tranzistorlarin (IGBT) yaranmasi tam idaro
olunan yarimkegirici ¢eviricilorin - invertorlarin vo onlarin osasinda yeni nosil qurgunun -
STATCOM-un yaradilmasma sabab oldu. STATCOM reaktiv giiciin vo naticade gorginliyin
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sinxron manbayidir. SK-dan forqli olarag, STATCOM reaktiv giiclin ¢ixigina va istehlakina yiiksok
stiratli nozarsto malikdir.

Onun torkibino sabit coroyan torofdo tutum saxlama ilo gorginlik ¢eviricisi, rabito
transformatoru vo idaroetmo sistemi daxildir. Element bazasindan asili olaraq, gorginlik
ceviricilorinin iki versiyas1 var. Birincisi GTO qapal1 tiristorlarin istifadesine esaslanir [1]. Ikinci
halda, gorginlik ¢evirici dovra giic tranzistorlar1 izorindo qurulur (sokil 3).

STATCOM-un is prinsipi ventil dolaginin gorginliyinin doyigsmasino osaslanir. Saboko vo
ventil dolaglar1 arasindaki gorginlik forqindon asili olaraq, statik kompensator invertor vo ya
diizlondirici rejimlorinds islomak, reaktiv gilic yaratmaq vo ya istehlak etmok qabiliyyatine malikdir.
Bu, giiclii saxlama elementlorinin qurasdirilmasi ehtiyacin1 aradan qaldirir. Soboko dolaginin
gorginliyi ventil dolagiin gorginliyindan boytikdiirse, onda statik kompensator sabokodon reaktiv
giic istehlak edir, azdirsa, reaktiv giic verir.

Beloliklo, STATCOM reaktiv giiciin hom induktiv, hom do tutum kompensasiyasini yerino

yetiro bilor.
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Sakil 3. STATCOM-un sxemi: a — GTO tiristorlari ilo; b — IGBT tranzistorlart ilo

Kondensator batareyalarinda gorginliyin doyismesi ¢eviricinin invertor vo ya diizlondirici
rejimind kegmosi ilo miisayiot olunur. Sabit coroyan torafds gorginliyin qiymatini artirmaq ligiin
kondensatorun tutumunu artirmaq lazimdir, yoni, ¢eviricini diizlondirici rejiming ¢evirmak lazimdir
(reaktiv giic tolobati).

STATCOM  vektor tonzimlonmosi kimi funksional xiisusiyyotoe malikdir. Bu,
kompensatorlarin gorginliyin modulunu vo fazasini eyni vaxtda doyisdirmok gabiliyyatino osaslanir
ki, bu da bu cihazin STK-dan istiinliiyiinii vurgulayir. ©gor gorginlik ¢eviricisinin sabit carayan
torafindo enerji saxlama qurgusu qurasdirilibsa, o zaman STATCOM da aktiv enerji manbayi hesab
edilo bilor.

STATCOM-un volt-amper xarakteristikast sokil 4-do verilmisdir. Bu, kompensatorun hom
tutum, hom do induktiv rejimlords haddindan artiq yiiklorls islomo qabiliyyetini tasdigloyir. Boytik
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pozuntular zamani statik kompensatorun tutum rejimdo yaratdigt maksimum corayan ceviricinin
idaraetmo ventillor ila davigdirilo bilon maksimum coroyanla miioyyon edilir.

— —
I Ippee ETutum Hilnduktiv
Sakil 4. STATCOM-un volt-amper xarakteristikast

Gorginlik azaldigda, STATCOM haddindon artiq coroyan vasitosilo eyni reaktiv giic
generasiya edocok, dinamik dayaniqliq haddini artiracaq, STK torofindon generasiya olunan giic iso
gorginliyin kvadratina uygun olaraq azalacagq.

Qurasdirma vo totbiq etmo nisbaton yiiksok qiymots basa golso do, STATCOM xaricdo,
xtisusilo Yaponiya, ABS, Avstraliya, Danimarkada genis istifads olunur.

FACTS qurgularinin quragdirildigi movcud xatlor vo yarimstansiyalar asagidakilara gotirir:

1. Sinxron dayanigligin artmast.

2. Enerji otiirtilmasi gabiliyystinin artirilmast.

3. Sobokads gorginliyin sabitliyinin artmasi.

4. Yik paylagma qabiliyyatinin tokmillogdirilmasi.

5. Enerjinin otiiriilmasi itkilorinin azalmasi.

6. Sobakolords enerji keyfiyyatinin yaxsilasdirilmasi.

Natica. Enerji sisteminds idars olunan giic balansinin olmamast manfi naticalors sabab ola
bilor. Bunun qarsisinin alinmast enerji sistemindo bas veron proseslorin tempino uygun
aparilmalidir.

“Azorenerji” ASC-nin 220-330-500 kV gorginlikli qapali qeyri-bircins ekvivalent
sabokasinin rejimlorinin modellogdirilmasinin naticalori tohlil olunmus vo miisyyon edilmisdir ki,
FACTS qurgularmin totbiqi noticosindo Otliriilon giiciin  ohomiyyetli doracado artirilmasin,
gorginliyin soviyyolorinin yaxsilasmasint vo itkilorin azalmasini tomin etmok miimkiindiir.
Miioyyon olunmusdur ki, gorginliklorin saxlanmasi vo itkilorin azaldilmasi noqteyi-nozorindon on
effektiv vo birinci doracali todbir 220 kV gorginlikli Abseron yarimstansiyasinda vo Mingogevir-
Abseron xattinds yerlogdirilmosidir.

FACTS qurguart miiasir informasiya vo kompiiter texnologiyalari ilo birlikde bu problemlori
hall etmaya imkan verir va intellektual enerji tochizati sistemlorinin yaradilmasina tohfs verir.
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PE3IOME
KOMIIEHCALIMSI PEAKTUBHOI MOIIIHOCTU COBPEMEHHBIMA METOJAMUA
3eitnanosa H. @., Hypuesa H J[., Paoycaooe K. /1., I'adswcuee H.U.

Knrouesvie cnoea: axmuenas MowHoCmb, peakmuHas MOUHOCHb

W3BecTHO, YTO 3JIEKTPOIHEPreTHYECKas CHCTEMa COCTOMT U3 CIEIYIOLMX COCTaBIIIONINX:
MIPOM3BOJCTBA, IIepelauH, pacupeneneHus u norpednenus. CymecTByeT psii METOAOB MOBBILICHUS KauecTBa
3JIEKTPO3HEPTUH B paclpeleNUTeNbHbIX U MarucTpajibHbIX ceTsX. KommneHcanms peakTHBHONW MOLIHOCTH
SIBIIIETCS. OJTHUM M3 TaKMX METOJOB. B JaHHOM cTaThe paccMaTpHUBaeTCs OJHO M3 TEXHWYECKHUX PEIIeHHH,
WCIIONB3YEMBIX IS TMOBBIIICHHUS KayecTBa 3JIEKTPOIHEPTHU — KOMIIEHCAllUsl peakTHBHOM MomHocTH. B
cTarb€ 0CO00 OTMEYEHbl NPUHIMII PpaboThl M XapaKTEPUCTHKH yIpaBisieMblx ycrpoictB FACTS,
cTaTudeckux TUpUCTOpHBIX KoMmmeHcaTopoB (CTK) wu crarmueckux CHHXPOHHBIX KOMIIEHCATOPOB
peaktuBHOM MomtHOCcTH CTATKOM. Otmedaercssi BaKHOCTh TPUMEHEHHS YCTPONCTB KOMIIEHCAIMU
peakTHBHOI MOIIHOCTH Ha 6a3e ycrpoiictB FACTS.

SUMMARY
REACTIVE POWER OF COMPENSATION BY MODERN METHODS
Zeynalova N.F., Nuriyeva N.D., Rajabov K.D., Hajiyev N.I.

Keywords: active power, reactive power, active power losses, electric power system, reactive power

compensation.

It is known that the electric power system consists of the following organizations: production,
transmission, distribution and consumer. There are a number of methods to improve the quality of electricity
in distribution and main networks. Reactive power compensation is one of those methods. This article talks
about looks at one of the technical solutions used to improve the quality of electricity - reactive power
compensation. The working principle and characteristics of controlled FACTS devices, static thyristor
compensators (STC) and STATCOM static synchronous reactive power compensator are specifically
mentioned in the article. The importance of applying reactive power compensation devices based on FACTS
devices is noted.
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Sinxron masinlar xalq tosorriifatinin bir ¢ox saholorinds, xiisuson do mobil vo stasionar
elektrik stansiyalarinda generator, siiroto nozarst tolob etmoyon vo ya sabit siirot tolob edon
qurgularda mithorrik kimi istifado olunur. Agiq qiitblii firlanan rotorlu sinxron masinin on ¢ox
yayillmis sxemi. Bozon asagi gilico malik (15 kVt-a goder) qabariq qiitblii sinxron masinlar SC
masinlarinin sxemino uygun olaraq yerino yetirilir, yoni statorda yerloson diroklorlo kontakt
halqalari ilo avoz olunur.

Hazirda elektrik enerjisi sistemlorini dyronmak iigiin kompiiter modellosdirmasindon istifado
olunur. Sinxron generatorlar elektrik enerjisi sistemlorinin bir hissasi kimi elektrik enerjisi monbayi
oldugundan, bu sistemlorin modellosdirilmasinds onlarin doqiq riyazi tosviri vo kompiiterin totbiqi
mithiim ohamiyyat kasb edir [1].

Xiisusi proqram tominatinin istifadosi elektrik enerjisi sisteminin kompiiter modelinin
yaradilmasi tapsirigini asanlasdirmaga imkan verir. Elektrik cihazlarinin va sistemlorinin, xiisuson
do sinxron generatorun modellogdirilmasi tiglin belo paketlordon biri SimPowerSystems blok
kitabxanas1 ilo Simulink miihitidir. SimPowerSystems kitabxanasinda elektrik cihazlarinin
simulyasiya modellogdirilmasi ti¢iin bloklar sistemi var. Kitabxanada passiv va aktiv elektrik
elementlorinin maketlori, enerji monbaolori, elektrik miihorriklori, transformatorlar, elektrik xaotlori
vo s. avadanliq. Giic elektronikasi cihazlarinin modellosdirilmasi iiglin bloklari, o ciimlodon onlar
iclin idaroetmo sistemlorini ehtiva edon bolma do var. Simulink vo SimPowerSystems-in xiisusi
imkanlarindan istifado etmoklo noinki vaxt domeninds cihazlarin igini imitasiya etmoak, hom do bu
ciir cihazlarin miixtalif ndv analizlorini hoyata kegirmok miimkiindiir [1,3].

Belaliklo, SimPowerSystems Simulink-in bir hissasi kimi hal-hazirda elektrik enerjisi
sistemlorinin modellagdirilmasi {igiin on yaxs1 paketlordon biri hesab edilo bilor. Simulink miihitindo
togdim olunan sinxron masinin riyazi modeli (SimPowerSystem totbiqi) dempfer dolaglar1 olan
sinxron maginin klassik modelidir. Rotorun firlanma istiqamati saat oqrobinin oksino qobul edilir.

MATLAB/Simulink miihitinde hoyata kecirilon sinxron generatorun riyazi modeli
gorginliklor tiglin 6-c1 doracoli diferensial tonliklor sistemindon vo axin slagolorinin hesablanmasi
ficiin cobri tonliklor sistemindan ibaratdir. Umumiyyatlo, sinxron masin rotorunda tosirlonmo dolag:
vo bir vo ya daha ¢ox dempfer dolaqglar1 var. Bundan olava, biitlin rotor dolaqlar1 forqli elektrik
xlisusiyyotlorino malikdir.

Elektrik gorginliyi tonliklori hor faz dolaqlari {i¢iin Kirxhoff qanunu asasinda alinir [1,2].

e Stator gorginlik tonliklori:

. d
Uag = Rsiy T Pa — WrPq (1)
., d
Ug =Rsiqg+—¢q — WrPa (2)
e Tosirlonmos dolagimin gorginlik tonliyi:
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Sinxron magmin riyazi modelinin tartibi vo Matlab miihitinds modellaosdirilmasi

' ' L d ’
Urg=Ryralsqt+ 1, sa (3)
e Dempfer dolaginin tonliklori:
’ ’ " d ’
Ugar = R gal ka + dt? ka 4)
' ’ L d ’
U kq1 =R kqll kql + dt(p kql’ (5)
' ' L1 d
Upkgz = Rrazlsqz + dt(p kq2' (6)

Burada, ¢4, ¢y, (p'fd, @ (p'kql, ‘p’qu - miivafiq olaraq, uzununa vo enina oxlar (d-q)

boyunca axin olagosi, tosirlonmo dolaglar1 vo sinxron masinin dempfer dolaglarinin axin olagosi
cobri tonliklor sistemindon istifads etmoklo hesablanir:

®a = Laig + Lyna(i'sa + i'xa);
Pa = quiq "I'Lmqi,kq ,
® g = Lralfa + Lma(la + i ka)
@y = ledilkd + Lina(iq + i rq);
<p’kq1 = L’kqli’kq1 + Linglq;
g”’qu = L'qui'qu + Linglqs (7)

Burada asagidaki parametrlor toqdim olunur:

-w— rotorun firlanma bucaq siirati;

- Uq - uzununa ox boyunca statorun (Iovbor dolagi) gorginliyi d;

- UQ - enins ox boyunca statorun (16vbor dolagi) gorginliyi q;

- ig - d oxu boyunca stator carayant;

- iy - q oxu boyunca stator corayant,

- U’ t¢— tosirlonma dolaq gorginliyi;

- 1'tg— tosirlonma dolaqglarinda corayan;

- U'd, U'tkg, U'2xq — d vo q oxlar1 boyunca dempfer dolaq gorginliklori;

- i'kd, i'kg, 1"2sq— d v q oxlar1 boyunca dempfer dolaq coroyanlari;

- R — stator fazasinin aktiv miiqavimati;

- L4, Lg—d vo q oxlar1 boyunca 16vbor dolaginin induksiyasi;

- Lmd, Lmg - d vo q oxlar1 boyunca sarimlar arasinda qarsiliqli induksiyast;

- R'i¢— tasirlonma dolaginin aktiv miigavimati;

- L's¢— tosirlonmo dolaginin induksiyast;

- R, R'ikg R'%— d vo q uzununa vo enind oxlar boyunca dempfer dolaglarmin aktiv
miigavimatlori;

- L'xd, L'1kg, L"2xq— d vo q uzununa va enind oxlar boyunca dempfer dolaglarinin induktivliyi;

(1) - (7) tonliklori sinxron generatorun elektrik hissasinin ekvivalent dovrasini tosvir edir.
Ekvivalent sxemi sokil 1-do gdstorilmisdir.
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Sakil 1. Sinxron masinin ekvivalent sxemi.

Sinxron maginin mexaniki hissosi asagidaki tonliklor sistemi ilo tomsil olunur [1]
dAw

— = %(Tm —Te — K Aw), (8)
w(t) =Aw+ wy, 9)

Burada, 4w - rotor siiratinin sinxron siiratdon forqi;

J - rotorun otalot momentidir;

Tm- mexaniki momentdir;

T. - elektromagnit momentidir;

K¢ — dempferlonma omsalidir;

¢ - rotorun bucaq stirati;

wo - sinxron siirat

Sakil 2-do sinxron masin modelinin mexaniki hissasinin blok sxemi gostorilir.

> 2(0.£.)

Sakil 2. Sinxron masinin mexaniki hissasi

Blok diagram aydin sokilde gostorir ki, SM modelinds siirat doyorinin 6zii deyil, rotorun
stiratinin sinxrondan forqi hesablanir.
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Sinxron magimin riyazi modelinin tartibi va Matlab miihitinda modellasdirilmasi
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MoxenupoBanue B SimPowerSystems Simulink.

SUMMARY
COMPOSITION OF THE MATHEMATICAL MODEL OF THE SYNCHRONOUS
MACHINE AND MODELING IN THE MATLAB ENVIRONMENT
Abdulova N.A., Jamaladdinova U.H.

Keywords: SimPowerSystems Simulink, generator, mathematical model, excitation winding, damper
windings
In the article, the construction of the mathematical model of the synchronous machine, the
construction of the most common scheme of the open-pole rotating rotor synchronous machine, the stator
voltage equations, the voltage equation of the induced loop, the equations of the damper loop, the
construction of the block diagram of the mechanical part of the synchronous machine model and its
modeling in SimPowerSystems Simulink were considered.
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Real diinyada bozon moévcud molumatlarin doqiq rogomlorlo qiymotlondirilo bilmadiyi
voziyyatlorlo qarsilasiriq vo bu cilir molumatlart yiiksok doracods geyri-miioyyanlik vo ya qeyri-
salislikls togdim etmok ii¢lin basqa bir yanasmadan istifado etmok lazimdir. Bu vaziyystdos, geyri-
salis adadlar, interval ndmralori vo linqvistik doyisonlor daxil olmagla bir ne¢o tisul mévcuddur.
Oksar hallarda, toplama operatorlart sirf aksiomatik asasda toyin olunur vo ya montiqi baglayicilar
(t-normlar va t-conormlar kimi) vo ya kompensasiya effektino imkan veran ortalamali operatorlar,
masolon, arifmetik orta kimi sorh olunur. Digor torafdon, yuxarida gostorilon operator siniflorinin
insanlarin praktikada istifado etdiklorindon forqli oldugunu boazi empirik testlorlo miisahido etmok
olar. Buna goro do miioyyon monada ovvalkilorin qarisigt olan vo miioyyon doracado
kompensasiyaya imkan veran operatorlari tapmaq vacibdir [1]. Ekspertizanin soviyyasindon asili
olaraq hor bir ekspertin X molumati bu ekspertin tocriibasini vo ya doqiqliyini oks etdiron fordi
geyri-miioyyonlik vo ya qeyri-mioyyonlik doracasi ilo olagolondirilir. Homginin, ekspert
bildirislorinin keyfiyysti verilmis moalumatin tozahiirii ilo forqlono bilor, yoni isaro sahosindoki
yerdon asilidir. Molumat linqvistik doyisonlor vo ya doyisdiricilor soklindo verilirso masolon,
“toxminon 20 sm”, doqiq miihandis torofindon “toxminon” gostorilon geyri-miioyyanliyin sorhi,
ehtimal ki, mokan konstruktorunun sorhindon forqli olacaq.

Digor torafdon, dlgmolor vasitosi ilo bir sistem vo ya prosesi miisahido edorkon, dl¢iilmiis
komiyyst demak olar ki, homiso miixtalif ndv geyri-miioyyonliys moaruz qalir [2]. Masolon, bizi

maragqlandiran fiziki komiyyoti 6l¢mok {iciin bir sensoru nozorden kegirsok, sensorun ¢ixist f " gox
gliman ki, sensor prinsipindon vo onun hoyata kecirilmasindon asili olaraq faktiki fiziki komiyyot

X" ilo diiz miitonasib olmur, oksino f (X) geyri-xotti asililigin naticasidir.

Oxunuslart f (X) miixtalif geyri-miioyyanlik intervallar1 ilo faktiki fiziki komiyystin X"

qiymatlorino sobob ola bilor. Homginin, xiisusiyyatlor miixtolif (geyri-stasionar) dlgmo sortlori
altinda hotta bir sensor ii¢lin doyiso bilor.

Iki farqli sensoru vo ya sensor prinsipini nozordon kegirsok, f o Af oxunusunun oxsar

geyri-miioyyon sensoru daha sonra miixtalif, asimmetrik geyri-miioyyonlik soviyyolori ilo faktiki
fiziki kamiyyotin qiymatlorina ¢evrilir. Miixtalif sensorlardan alinan molumatlarin birlogsmasi hor bir

X' Olgiiniin fordi geyri-miioyyanliyini nazaras almalidir. Bundan olavo, sensor xiisusiyyatlori zaman
vo ya sortlorlo doyiso bilor ki, bu halda geyri-miioyyanlik intervali {ig¢iin doqiq doyerlor oldo edilo

bilmoz vo f (X) iiclin yalniz geyri-miioyyoan model miioyyan edils bilor.
Sensorlarin qeyri-xotti xarakteristikalar1 igiin modellor méveud olmadiqda, istenilon X

fiziki doyerinin fordi, asimmetrik qeyri-miioyyanliyi haqqinda bilik olde etmak iiciin f silsilo
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6lgma aparila bilor. Bundan slavae, 6lgmalorin vo ya dlgma seriyalarinin geyri-miioyyanliyi 6lgma
sartlorindan ¢ox asili ola bilor.

Qeyri-miioyyanliyin belo geyri-stasionar davranisi da fordi qaydada nozordon kegirilmali vo
modellagdirilmalidir. Masalon, mdvqe radar va ya ultrasas sensorlarindan 6lgmoalar hava saraitindon
asil1 ola bilar [3]. Qeyri-miioyyanliyin bels stasionar olmayan davranisi ayrica nozardan kegirilmali
vo individual olarag modellosdirilmalidir. Natico olarag demak olar ki, 6lgma Vo ya malumat eyni
real voziyyst haqqinda, hotta toxminon eyni  parametrin giymati fordi qgeyri-miioyyonlik
daracalarindan asili olaraq doyisdirils bilar.

Mosalon, radar vo ya ultrasos sensorlarindan pozisiya 6lgmaloring hava soraiti tosir edo bilor.
Qeyri-miioyyanliys tosir edon miixtalif 6lgmo sartlori altinda yerino yetirilon pozisiya 6lgmolori
seriyasi sokil 1-do gostorilmisdir.

oA Day 1 ok Day 2
i, oy
- -

Iy I

Sakil 1. Qeyri-miiayyanliya tasir edon miixtalif 6lcma sartlori altinda yerina yetirilon pozisiya
ol¢moalori seriyasi

Daqiq geyri-miiayyanlik {iglin intervallarin sarhadlorinin aydinlagdirilmasi hamigo miimkiin
olmaya bilar. Bu soboabdan geyri-salis ¢oxluglardan istifads edorak intervallarin miiayyanlogsmasinda
geyri-solis modellogdirmani toklif edilir. No qodor ki, qeyri-solis tohlil {igiin digor giiclii malumatlar
movcuddur, bu verilonlor {izorinds qurulmus molumatlarla yanasi, hom do ekspert osasl
molumatlara osaslanan geyri-salis ¢oxluqlarla birgo modellogdirmoys imkan verir [4].

Uygun sistemlor {i¢iin verilonlorin aqreqasiya tisullarini otrafli nozordon kegirmok {iciin ilk
ndvbodo birbaga "verilonlorin aqreqasiyasi" anlayisini miioyyon etmok lazimdir. Verilonlorin
aqreqasiya proseduru ilkin moalumat toplusunu hocmco orijinaldan daha kicik olan alt coxluglara
bolmok {iiclin taninmis metodlardan istifado etmoklo, molumatlarda yeni bilik vo niimunolori
saxlamaq vo askar etmokdon ibaratdir. Bu konteksdo aqreqasiya informasiyanin “sixilmasi”
prosesina bonzayir. Ancaq basqa bir ndqteyi-nozer do var ki, aqreqasiya toforriiatli molumat
toplusunun on iimumi, detalli formaya gotirilmosi proseduru kimi qgobul edilir, baxilir. Bu
aqreqatlar adlanan xiisusi doracalori, gqiymatlori, monsubiyyati tapmagla hoyata kegirilir, buna gora
do soziigedon prosedurun adi buradan gotiirtilmiisdiir [5]. Bu giymatlor mévcud olan totbig vo
istifadeds bu vo ya basqa formada bir n6év ¢evrilmonin totbiginin noticasidir. Aqreqasiya edilmis
prosedurlarin parlaq nimunolori kimi maksimum, minimum, median giymatlorin tapilmasi,
molumatlarda konar gostoricilorin aradan qaldirilmast vo s. gostorilo bilor. Molumatlarin
aqreqasiyasinin giiclii toroflori arasinda tosadiifi amillorin ona daha az tosir gostormasi sebabindon
imumilogdirilmis molumatin tez-tez doyismoys ¢ox davamli olmasi faktidi. Bundan olavo,
verilonlards prosesinin imumi tendensiyalart vo qanunauygunluglar1 daha aydin goriiniir. Bununla
bela, molumatlarin hoddon artiq imumilasdirilmasi va tofarriiatlardan magsodyonlii sokilds yayinma
todqiq olunan proses haqqinda bazi vacib malumatlarin itirilmasinin sababi ola bilor. Malumatlarin
aqreqasiyast proseduru hom do onlarin birlogdirilmasi vo ayri-ayri elementlor {izro vahid bilik
sisteminin yaradilmasi prosesini shato edir. Malumdur ki, miixtalif sistemlori ii¢iin verilanlorin
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aqregasiya tsullar1 kifayot godor miixtolifdir. Lakin onlar verilonlonlordon ovval galir. Bu
morhoalaya ¢ox diqqat yetirilir, ¢iinki o, asasdir vo baza olaraq hor hansi bir dyranmo layihasinda
qoyulmus biitiin proseslora birbasa tasir gostorir. Hom do miibahisasiz fakt olarag gosbul edilir ki,
hoyata kegirilon modelin prognozlarinin keyfiyysti bu vo ya diger masin dyranmo algoritminin
Oyradildiyi toplanmig, yigilmis molumatlarin keyfiyyatindon osasli sokildo asilidir. Sonra
prognozlasdirict modellari dyratmok {iglin malumat doastlorinin formalasmasi tisullarini nazardan
keciririk. Ik variant olaraq sarbast giris mdvcud olan aqreqasiya olunmus verilonlor dosti gobul
edilir, ¢ixis edir. Bu, problemin ifadasinin (masalon, obyektin taninmasi) mdvcud is tacriibasine
osaslandig1 ideal bir secimdir. Ikinci iisul todqigati iigiin maraqli olan Internet resursunun
mazmununu alds etmok imkani veran xiisusi alatlor vo "horiimgoklor™ adlanan vasitoalordon istifada
edorak veb-resurslardan malumatlarin tahlili va ¢ixarilmasidir. Sonra soxsi malumatlar golir. Masin
Ooyronmo miihandislori 6z molumatlarini yarada bilorlor. Bu, modeli 6yratmok ii¢iin lazim olan
molumatlarin miqdar1 kig¢ik oldugda vo problem bayanati agiq monbali verilonlor toplusunu
iimumilosdirmoak {i¢iin ¢ox spesifik oldugda faydalidir.

Baxilanlardan birincisi paylanmis aqreqasiyadir. Histoqramlardan istifado edorok maokan
xiisusiyyatinin istifadosine asaslanan bir molumat aqreqasiya noviidiir. Bu yanagmanin {stiinliiy
ondan ibaratdir ki, modellogdirma tiglin molumatlarin hazirlanmasinin ilkin marhalasinds sonradan
prognozlara monfi tosir gostora bilon konar gostoricilori, tosirlori aradan qaldirmaqla lazimsiz
molumatlardan xilas olmaq, faydali olan vo ilkin tohlil aparmaga imkan veran molumatlardan
yararlanmagla verilonlorin birbasa sixilmasi vo modelin dyranilmasing, sorf olunan zamanin az
olmasina gotirib ¢ixarir. Paylanmis aqreqasiya isulu ilo yanasi miivoqqeti aqregasiya metodu
istifado olunur, tadgig olunan doayisonin tezliyinin doyismoasinin miisahido olunmasi ilo slagodardir.
Molumat itkisi bas verarss, alternativ kimi orta giymat vo ya interval analizindon istifads edilir. No
qadar ki, geyri-salis tohlil iicilin digor giliclii malumatlar mévcuddur, bu verilonlar {izerinds qurulmus
molumatlarla yanasi, hom do ekspert osasli molumatlara osaslanan qeyri-salis ¢oxluglarla birgo
modellosdirmoys imkan verir. Bu yanagmanin istiinliiyii ondan ibaratdir ki, modellosdirma ii¢iin
molumatlarin hazirlanmasiin ilkin moarhalosinds sonradan prognozlara manfi tosir gostoara bilon
konar gostaricilari, tasirlori aradan qaldirmagla lazimsiz molumatlardan xilas olmaq, faydali olan vo
ilkin tohlil aparmaga imkan veran molumatlardan yararlanmagla verilonlorin birbasa sixilmasi vo
modelin dyronilmasing, sorf olunan zamanin az olmasina gatirib ¢ixarir.

Potensial funksiyasinin tmumilogdirilmosi kimi toqdim edilon asimmetrik geyri-salis
coxlugu p: R(0,a] miioyyon edir.

a
X<
<o)
n(x)= ' X ' 1)
g Xx2r
o a)e
br Cr

Eyni novlii vo miixtalif novlii geyri-miiayyonliyo malik obyektlorin (qara) qeyri-miioyyon
siniflordo aqreqasiyasi sokil 2-do gostorilmisdir.
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=]

2} (*) objects (@ classes

Sakil 2. Eyni novlii va miivtalif novlii geyri-miiayyanliya malik obyektlorin (qara) geyri-miiayyan
siniflords (boz) aqreqasiyasi

Kompensator xarakteri, T-norm operatorlari torafindon yerina yetirilmayan
X=rCy;, 1lgln istonilon sorhod mansubiyyotini saxlayarkon dogruluq doyarlorinin
interaktivliyino zomanot verir. Kompensator operatoru aqreqasiya operatorunun biitiin
xiisusiyyatlorini tomin edir.
-1
N 131
ﬂHaml’l’i = [N;E] (2)
(2)-daki kasisma, konyunktiv birlosmads ¢ox doayisonlordan istifado edon qayda-asaslh
geyri-salis sistemlarda ¢ixisin qiymotlondirilmasi ils analoji sokilds sorh edils bilor:

u(x)zul(xl)m...muN(XN) (3)

Bu yanagmanin faydasi olaraq, onun birdoyisonli osas funksiyasi ilo eyni sorh edilo bilon
strukturu niimayis etdiron parametrik ¢oxdoyisonli geyri-salis coxlugu aldo edirik.

a 4
n(x)= : . . (4)
X —T
1+ =" = 1|5
N z"l( b, J Cc
Ikiolgiilii isaralor sahosindo asimmetrik geyri-solis ¢oxluqglarmn iki niimunasi vo onlarmn hor
bir 6l¢ii Ticiin birdoyisonli osas funksiyalari sokil 3 -do tosvir edilmisdir.

Sakil 3. Iki 6lciilii coxluglarin iki niimunasi

Natica. Verilonlor ¢oxlugunun geyri-miioyyonliyi homiso doqiq bilinmadiyina géra qeyri-
salis ¢oxluglar geyri-miioyyon verilonlorin modellosdirilmasi liclin miimkiin yanasmalardan birini
tomin edir, xiisuson do hom verilonlors, hom do eksperto osaslanan molumatlarla isloyarkon.
Miixtalif sobablora goro geyri-miisyyanlik har bir molumat ii¢lin forqli ola bilor. Bunu maqgalodoki
faktiki niimunods do miisahido etmok olar. Heterojen geyri-miioyyonliyi olan verilonlor iiciin
moqalodo hom verilonlori, hom do timumilssdirilmis molumatlar: ardicil sokildo tosvir etmak {igiin
coxdoyisonli parametrik geyri-solis coxluglara osaslanan modellosdirmo yanasmasi toqdim
edilmigdir. Bu yanasmanin bir prinsipi ondan ibaratdir ki, tok 6l¢ii vo ya ekspert royi artiq miioyyon
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bir fenomen {i¢iin tomsil¢i ola bilor. Buna gors do eyni modellogdirmo vasitolori hom verilanlor,
hom do timumilasdirilmis malumatlar iigiin istifado edilmalidir.
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PE3IOME
MOJEJUPOBAHUE U ATPETHPOBAHUE PA3JINYHbBIX
THUINOB HEYETKHUX JAHHBIX
Xyoasepouesa M. A.

Knioueswie cnoga: neuemxas xnaccugukayus, Heuemroe MOOeIUPosanue, Oamuux, 2UCmozpamma,
azpezayus.

B crathe mpennaraercsi MHOWBHIyalbHOE HEYETKOE MOZEIMPOBAHHE M 00pabOTKa NaHHBIX C

Y4ETOM MX KOHKPETHOM HeomnpeneneHHOCTH. IIpuMeHsercs noaxoX K MOJEIMPOBAaHHIO Ha OCHOBE

[IapaMeTPUYECKUX HEYETKUX MHOXKECTB, C IIOMOILIBIO KOTOPBIX MOYKHO MOJEIMPOBAaTH KaK JaHHbIE C

OTACTBHBIMH HEONPENCIICHHOCTSAMHU, TaK W a0CTpaKTHBIE ABJIEHHS B oOmacTu cuMBOJIOB. IlpencraBnena

npoleaypa arperupoBaHusl, YYUTHIBAIOLIass WHIUBUIyaJbHbIE OCOOEHHOCTH BceX OOBEKTOB OOyUCHHS M

HPUBOJSIIIAS K HEUETKOMY IIPEACTABIICHUIO OJHOM U TOHM K€ MHTEPIPETUPYEMOM CTPYKTYphl. IIpruBeneHsl
MIPUMEpPHI KaK ¢ CHHTETUYECKUMH, TaK U C PEabHBIMU JaHHBIMH.

SUMMARY
MODELING AND AGGREGATION OF DIFFERENT TYPES OF FUZZY DATA
Khudaverdiyeva M. A.

Keywords: fuzzy classification, Fuzzy modeling, sensor, histogram, aggregation.

The paper proposes individual Fuzzy modeling and processing of data allowing for the specific
uncertainty of each data. A modeling approach based on parametric Fuzzy sets is applied, which can be used
to model both data with individual uncertainties and abstract phenomena in the domain of symbols. An
aggregation procedure is presented that takes into account the individual characteristics of all learning
objects and results in a Fuzzy representation of the same, interpretable structure. Examples are given using
both synthetic and real data.

Daxilolma tarixi: [lkin variant 27.02.2023
Son variant 03.03.2023
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