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B pabome na ocnoge sxcnepumMeHmMAnbHLIX OAHHBIX KOIPHUYUEHMO8 MENI08020 PACUIUPEHUS,
U30MEPMUYECKOU CHCUMACMOCIU U MENTOEMKOCIU NPUBOOSAMCS Pe3ylbmamsl 8bIMUCIEHUL HIOMHOCU
VINAKOBOK AMOMO8 8 KPUCMALIUYeCKOU peutemke XdlbKoeeruoos eaiius. OKasanocs, 4mo 3HaueHue
NJIOMHOCMU YNAKOBOK YMEHbUAIOMCA NpU nepexooe om cyibpuoa K meiiypudy 2aiius.

Kax u3BecTHO, TPOYHOCTH TBEPJIOTO TeJIa U BEIMYMHBI MEKATOMHBIX XUMUYECKUX CBS3CH
3aBHCST OT IJIOTHOCTH YIAKOBOK aTOMOB B KPUCTAILTMYECKOU penieTke. B nureparype umerorcs
(GhOopMyJIBI, CBSI3BIBAIOIINE TEPMOAMHAMUYECKUE MapaMETPhl C TUIOTHOCTHIO YIAKOBOK aTOMOB B
pemetke [1, 2].
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rme b - TUIOTHOCTH YIAaKOBOK aTOMOB B KpPUCTATMUECKOW pemietke, & — koadduiment
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MOCTOSIHHOM JIaBJI€HUH U 00BEME.

B reoMerpum COBEpIIEHHBIX KPHUCTAUIOB OTHOCHUTEIbHAs IUIOTHOCTh YHNAKOBKH
oIpenieNnsercss Kak J10js o0beMa aroMa, MO0 CPaBHEHHIO C OOIUM OOBEMOM, KOTOPBIN 3aHAT
cTpykTypoil. TeopeTnuecku 0cOOEHHO MPOCTHI pacyeThbl i KyOMYECKUX pelIeTok. Tak Kak B
ATUX pELIeTKaX YHCIO aTOMOB B 3JIEMEHTapHOW S4elKe M3BECTHbl M BBIUYMCIEHHE HOHHOTO
panguyca M ofmero odobema s4yeku NpocTbl. OAHAKO B CIOXKHBIX COEIMHEHMSX pacyer
IUIOTHOCTH YMaKOBOK aTOMOB B KPUCTAJUIMUECKOM pelleTKe HECKOJIbKO 3aTpyHIETCsS U TpedyeT
CJIOKHBIA MaTeMaTHYeCKU anmnapar. Tak Kak B 9TUX KpUCTaJJIaX aTOMbI WJIM MOHBI HE UMEIOT
chepuueckoil (GoOpMBI, HOHHBIM paauyc ONpeiensercs H3 YCIOBUS MHUHHMyMa »SHEpruu
KpUCTAIIMYEeCKOM pemeTku. [losToMy, 3Has SKCIEpUMEHTAIbHBIE JAHHBIE TEIUIOBBIX
napaMeTpoB M Ucnoab3ys ¢popmyisl (1) u (2), 1erko MOXKHO BBIYHUCIUTH IUIOTHOCTh YHaKOBKU
aTOMOB B KPUCTAJUIMYECKON PELIETKE.
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B nHacrosieit paborte, ¢ HCIIOIB30BAaHUEM IKCIIEPUMEHTAIBHBIX JAHHBIX 10 «, Cp, C,,xnnu

p st GaS, GaSe u GaTe, Hamu TIPOBECHBI BHIUUCICHUS D U 3aTeM CpaBHEHHE €ro 3HAYCHHUIA,

OTIpEICTICHHBIX U3 00enX GopMyII.

JKCNepUMEHTAIbHA 4YacTh. COCIUHEHUS XaIbKOTEHUIOB TaJUTUS CUHTEC3UPOBAHBI
paHee U3BECTHOM B JIUTEpAType METOAUKOM [3].

PentrenorpadguueckuM  METOAOM  TpOBepeHa  OAHO(MA3HOCTH W OMPEACIICHBI

KpUCTAJIMUYecKue CTpyKTypbl. Oxkazamoch, uyto GaS wu GaSe kpucrammmsyroTcs B
0 0

reKCaroHaAJIbHOM CTPYKTYpE C MapaMeTpaMu pEeHIeTKH a=3,585A, C:15,501A, c/a=4,321, p.

0 0
rpymma Pe/mmc mis GaS u 3231735A, C:15,887A, cla=4,245, up. rpynma Ce¢/mmc s GaSe,
0

GaTe kpucTaIM3yeTcss B MOHOKJIMHHOM pEIIEeTKE M MMEET MapaMeTphl PEIICTKH a:23,761A;

0 0
b=4,068 A; c=10,462 A

[110THOCTDL BCEX COEAMHEHMN OIpe/eleHbl MUKHOMETPUYECKUM METOJOM U OKa3alloCh:

p =3,7510% kr/m® a1 GaS; g = 5,03 - 10° kr/m° nns GaSe u p = 5,44 + 10° kr/m® s GaTe.

Jlis  u3MepeHus TeIUIOBOTO pAcCIIMpPeHHsT M HM30TEPMUYECKOW CHKUMAEMOCTH U3
CHHTE3MPOBAHHBIX CIMTKOB M3TOTOBJICHBI 00pa3ibl HMIMHApUYEecKoi Gopmer amuHOH 0,03 M u
nuametpom 0,005 m.

Wsmepenuss koddduieHta TEMIOBOro pacmupeHus (&) U HM30TEPMHUECKON
CIKUMAEMOCTH ( g, ) IPOBEIECHBI HAa JUJIATOMETPUYECKON yCTAaHOBKE, ONUCAHHOM B pabore [4].
OTtHOcHTETBHAS IOTPEITHOCTE U3MepeHuid coctaisiia 0,5%,

Pesynbratel m3Mepenuil mpuseneHsl B Tabmune 1. M3 Tabmuiel BHUAHO, 4TO BO BCEX
COCIMHEHUSIX XapakTep TEeMIIepaTypHOW 3aBUCUMOCTH Kak KOI(PQHUIMEHTa TEIJIOBOTO
pacumpenusi, Tak U Kodp(uimeHTa U30TePMUIECKON CKUMAEMOCTH TOYTH OJUHAKOB T.€., IPU
OTHOCUTEIIbHO HHU3KHX TeMIlepaTypax & — YBEJIMYMBAETCS C BO3pACTaHHEM TEMIIepaTypbl H,
HaunHasg ¢ 200 K, poct & — HeCKOJIbKO OclabeBaeT U MOCTENEHHO MPHUXOAUT K MOCTOSHHOMY
3HaueHuto. B ciyuae ko3 duienTa n30TepMUUECKON CKUMAEMOCTH, BO BCEX TEMIEPATYPHBIX

MHTEpBaax 3HaueHue *T - ¢1abo 3aBHCHT OT TeMIEpaTyphl. TeMIepaTypHble 3aBUCHMOCTH

u AT, a Takke HU3MEHEHME MX 3HAYEHMI NpH IIEPEXOJe M3 OJHOTO COCTaBa B IPYroi
CBSI3BIBACTCS C M3MEHEHUEM MEKAaTOMHOW XMMHUYECKON CBSI3M B JJAHHOM psAy. Tak Kak, mpu
nepexone or GaS k GaSe u GaTe ocnabeBalOT MEKAaTOMHBIE XMMHUYECKHE CBSI3M U TaKUM

00pa3oM yBeIWYHMBACTCS 3HAUCHHE KaK & , TAK U AT .

Jlns BBIYMCIICHHS TJIOTHOCTH ymakoBoK (D) B coelMHEHMSX XalbKOTCHUIOB TaJLIHS
WCTIONIb30BaHbl DKCIIEPMMEHTAIbHBIE JTaHHBIE TEMIOEMKOCTH IpHU mocTossHHoM nasiennu (Cp)
[5, 6]. DT naHHBIE, a TAK)KE BHIYMCICHHBIC 3HAUYEHHSI INIOTHOCTH YIAKOBOK TAaK)Ke MPUBEICHHI B
tabmuue 1. M3 Tabnuiel BUIHO, uTo B coenuHeHuax GaS, GaSe n GaTe mioTHOCTh yHakoBOK
OTHOCHUTEJIFHO MEHBINIE, TaK KaK COTJACHO JIMTEPATypHBIM JAaHHBIM H3BECTHO, YTO B Oolee
IIOTHOYITAaKOBAaHHBIX KpHCTaIax 3HaueHune «by» npubnmxkaercs k 3nauenuto 0,76 [1].

BbIsiBIIeHO, YTO B pa3IUYHBIX COCAMHEHHSX, 3HaYeHne «b» cocraBser ~0,56 mis GaS;
~0,54 nna GaSe u ~0,38 mis GaTe, T.e. npu nepexonae or GaS k GaSe u GaTe 3naucnue «b»
yMeHbmaercs. Takoe m3MeHeHHe «D» yKa3pIBaeT Ha TO, YTO B COCJMHEHHSAX XaJIbKOTCHUIOB
TaJUTHSL, TIPU TIEPEXOE OT CEPHI K CEICHY M TEJUTypY B PAAY XaJTbKOTEHHUIOB TaJLTUS TIPOUCXOIUT
ocialleHne MeXaTOMHOM XUMHMYECKOW CBSI3M MEXJy aTOMOB B KPHCTAIJIMUECKOW pEIIEeTKE.

OTOT MHEHHE MOATBCPKAACTCA U C UBMCHCHUCM 3HAYEeHMH o u AT , TaK KakK IpHu nepexonac oT

GaS k GaSe u GaTe a.u 47 yBenMInMBarOTCA.
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C HCIIOJIB30BAaHUECM TepMOI[I/IHaMI/IIIeCKI/IX COOTHOLHGHI/IfI
9a VT
C,-C, =— (3)
X1
HaMHU TAaKXE€ BBIYUCIICHBI paSHOCTI/I TCHJ‘IOCMKOCTGf/i l'IpI/I IIOCTOSAHHOM J1aBJICHUU (Cp) Hu 06’beMe

(C,) nna GaS, GaSe u GaTe [7, 8]. 3atem, HONB3YACh SKCIEPUMEHTANLHBIMY 3HaueHusAMH C

Boruncnensl C, u Haiinensl otHomeHust Cp/Cy. Bce BbIUMCIICHHBIC 3HAYCHHUs NPUBEACHBI B

Tadymue 2.

Jliss  mpoBepKH  JTOCTOBEPHOCTH TOJYYCHHBIX JIAHHBIX O TIUIOTHOCTH  YIaKOBOK
omnpenenaeHHbIX U3 (popmynsl (1), HaMu Tak)Ke BBIYHCICHBI 10 dopmysie (2), a 3aTeM IMpuBeIeH
aHAJIU3 TOJTYYCHHBIX TAHHBIX.

Takoe cpaBHEHHE II0Ka3aj0, YTO 3HAYCHHE IUIOTHOCTH YIIAKOBOK, BBIYECICHHBIX IO
dopmynam (1) u (2), mOYTH ONWHAKOBBI. 3HAYCHHs TUIOTHOCTH ymakoBok mis GaS, GaSe u
GaTe, BbunciaeHHBIX 110 popMmye (2) Takke MPUBEACHBI B TA0IHIIE 2.

BoiBoabl. Mcrnonb3ys OKCIIEpUMEHTaIbHBIC JaHHBICE KOI((HUIIMEHTOB TETUIOBOTO
pacuiMpeHusi, HM30TEPMUYECKON CKUMAEMOCTH M TEIUIOEMKOCTH, OINpe/eieHa IUIOTHOCTb
YIIaKOBOK aTOMOB B Kpuctaummyeckon pemerke GaS, GaSe n GaTe. Okasanock, 4To OHH
yMmeHbInatorea npu nepexone or GaS k GaSe m GaTe. Takoe m3MeHeHUE CBS3BIBAIOTCA C
ocrabJIeHuEM MEKaTOMHON XMMHUYECKOH CBSI3U MEXK]Ty aTOMaMH B IAHHOM PsTy.
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XULASO
GALLIUM XALKOGENIDLORINDO iSTIDON GENISLONMO, iZOTERMIK SIXILMA,
ISTILIK TUTUMU VO KRISTAL QOFOSINDO ATOMLARIN
KiPLOSMO SIXLIGI
Qurbanov M.M., Mommadov S.C., Qocayev M.M., Bayramov C.C.

Agar sozlar: istidon genislonma, istilik tutumu, izotermik sixilma, kiplogmo sixligi.

Bu isds qallium xalkogenidlarinin istiden genislonma omsali, izotermik sixilma amsali vo xiisusi
istilik tutumunun eksperimental qiymotlori osasinda kristal qofesinds atomlarin kiplosme sixliginin
hesablanmig naticolori verilmisdir.

Molum olmusdur ki, atomlarin kristal gofesdoki kiplogsmo sixligir qallium sulfidden gallium
tellurids keg¢dikca azalir.

SUMMARY
THERMAL EXPANSION, ISOTHERMAL COMPRESSIBILITY, HEAT CAPACITY
AND PACKING DENSITY OF THE ATOMS IN THE CRYSTAL LATTICE OF GALLIUM
CHALCOGENIDE
Qurbanov M.M., Mammadov S.D., Gojayev M.M., Bayramov D.D.

Key words: thermal expansion, heat capasity, isothermal compressibility, packing density.

The paper presents the results of calculations of the packing density of atoms in the crystal lattice
of gallium chalcogenides based on the experimental data of thermal expansion coefficient, isothermal
compressibility and heat capacity. It is shown that the packing density of the atoms in the crystal lattice
decreases at transition from a gallium sulfide to gallium telluride.

Daxilolma tarixi: [lkin variant 10.02.2017
Son variant 25.09.2017
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Ha ocnose npusedenus mampuysl K NOIYmMpeyeoibHOMy U0y paspabomana Mooupurayus memooa
Iumepcona-I opencmerina-L{upaepa, nozeonsowas yckopums 0OHaApydlceHue U ucnpasienue oumudox 6
Heosouunblx Kooax boyza-Yoyoxypu-Xoxeuneema

BBenenue. Meron [Turepcona—I opencreiina—Ilupnepa (I1I'L]) siBaseTcss OMHUM U3 MIU-
POKO HCIIOJIB3YEMBIX METOJIOB ISl AEKOAUpPOBaHUSA KoAOB boyza—Yoynxypu—XoKkBUHreMa
(BUX) [1—3]. DTOT MeTOJl OCHOBAH Ha PELICHUH CIEIUAIBHON CUCTEMBI IMHEHHBIX aiaredpau-
yeckux ypaBHeHu# (CJIAY), OTHOCUTENBbHO HEU3BECTHBIX JOKATOPOB OLUIMOOK C MIPUMEHEHHUEM
obOpamenus marpunbl. B padote [4] npemnoxkena momudukanus anroputrMa [1I'L, B xoTopoi
st pemenus CJIAY BMecTo mMetojia oOparieHust MaTpHUIlsl puMeHeH metof ['aycca. B moau-
¢ukanuu metona I1I'L], kak u B camom metone [II'L], uncio mpousomeanux omuOOK Mpeano-
JlaraeTcsl paBHBIM MaKCHMallbHO BO3MOXHOMY uuciy ¢ ommOok. 3atem crpoutcs CIIAY c /
HEU3BECTHBIMH M IPOBEPSETCS, UMEET JH OHA peuleHne. Eciu HeT, To U3 4Yucia omuboK
BblunTaeTcs ennnuna. CHoa ctpoutcs CJIAY u npoBepsieTcs, HMMEET JM OHA PELIEHHE U Tak
nanee. B pabore [5] nmns cnydas nBomunbix bUX mpemnaraercs HoBas MoauduUKanus MeToAa
[II'T], B KOTOpO¥M HaXOXACHUE YMCIIa OIMIMOOK OCYIIECTBIISAECTCS HEMOCPEICTBEHHO, T.€. 0e3 moc-
JIe10BaTeIbHOTO BbIOOpa M MpPOBEpKH. A B JaHHOM paboTe mpeanaraercss 00OOIIEHHE 3TOTOo
MOJIU(UIIMPOBAHHOTO METOAAa Ha clyyail HeJBOMYHBIX, T.e. (— uuyHbIXx BUX, Tme ( ectb

HaTypaJIbHOE YHCIO U ( > 2.

1. ocranoBka 3axaun. [lycTh M — 3aqaHHOE HATYPAIBHOE YKCIIO, (] — IPOCTOE YKCIIO, &
— npuMHTHBHBIA >emenT nons GF(q™) [3], T.e. smement mopsaka nh=q" -1, P(X) —
NPUMUTHBHBIN MHOTOWIEH Haj mojeM GF(Q) crenmenun M, ¢ MOMOIIBIO KOTOPOTO MOCTPOCHO MO-

ne GF(q™). B none GF(Q™) npuMHTUBHOMY 5IIEMEHTY X COOTBETCTBYET MHOrowneH X [1].

Pacemorpum koxg BUX, ucnpaBnstommii MakCUMyM / OIIMOOK, KOTOPBIA SIBIISIETCS ITHK-
JMYECKUM KOJIOM JUTHHBI N ¢ mopoxparonmM MHorowieHoM ((X). ITycte kK =n—deg g(X) u

i=(gy, 0y, i ,) €cTh K- MepHBI NPOHM3BOJBHBIA HHOOPMALMOHHBIN BEKTOp Haa  IOJNEM

GF(Q) . Bexrop i Moxer 6bITh 3aKkoaupoBaH mocpencTBoM omepamuu  C(X) =i(X)-g(X) B Ko-
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NOBBIH MHOTOWIEH C(X)=C, X" +..+CX+Cy, rme i(X) =i, X" +...+i,X+i,. 3amerum, uto
Juist arcent N, K ¥ / D0IKHO OBITH yIOBJIETBOPEHO cooTHOmmeHne 2/ < n—Kk [3].

[TycTs 1O KaHajly CBSI3M IEPEJaH MHOrowIeH C(X), Ha JAPYroM KOHIE NPHHAT MHOIOYIEH
v(X)=v, X" +..+uX+0,, a e(X)=e, X" +..+€X+€, eCTh MHOrOWIEH ONHMOOK W HE

6onee ¢ xKO3(PPUIMEHTOB OTIMYHO OT HYJs. [Ipennonoxum, 4To B JaHHBII MOMEHT [IPOU30IILIO0
v omubok, rae 0<v </, u 9ro 3TUM OImMOKAM COOTBETCTBYIOT HEW3BECTHBIC MO3UIUU

_ p p P,
Py Py P, . B 9TOM Cityuae €(X) =€, X" +€, X* +..+€, X" . 3nech KoapPuIHeHT e,, €CTh

BeNMunHa f -i ommbku, £ =1v . OTMETHM, 4TO YUCIIO V TMPOU3OUICIIINX OMNOOK, TTOKA3aTeIH

CTereHeil (HoMepoB uHuekca) Py, Py,..., P, 4 €, ,...,6, BEIHIMHBI COOTBETCTBEHHO 1-H,..., V -ii

Py
OomMOKA HeusBeCTHBI. [[1s1 OoOHapyXeHHMsI M HCIPABJICHUS OIMMOOK HEOOXOJUMO HAWTH ITH
HEHU3BECTHBIC. [ X HAXO0XKIECHHS CIIOIb3YIOTCS KOMIIOHEHTBI CHHIPOMA S, ,...,S,,, rae [1]

— A B £y — £y — P18 P2\A8 P, \f
Sy =v(a")=c(a”) +e(a”)=e(a")=¢, (™) +e, (a™) +..+¢, (™). (1)
Beraucnennss S, no dopmyie (1) npoBopsTcs Hal mojaem GF(q™). 2ro o3uauaer, uro
1I0CJI€ BBIMOJIHEHUS OTIepalnii, YKa3aHHBIX B MPAaBOW YacTH PaBEHCTBA, IMOJYUYEHHBIN pe3yabTaT
nenutcs Ha MHorowieH P(a) u Gepercs octaTounblii MHOrOWIeH. M3 ¢popmyasl (1) BuaHO, 4TO
ecim S 5= 0, #=12¢, T0 B NPUHATOM COOOIICHUU OINUOOK HET, B MPOTHBHOM Cly4ae —
OMMOKH (MCKa)KEHHS) €CTh.
— — o Ps —
Iyere Y, = €, (3mauenue omubox) u X, =o'’ (nokaropel ommbok) fB=1...,v. Tak
KaKk TIOPSJIOK JJIEMEHTa « paBeH N, TO BCE JIOKATOPBI pacCMaTpUBAaeMOW KOH(HTyparuu
omn6ok paznuunbl. g kaxaon f=1...,2¢ u3 (1) umeem
— A B B B
Sp=0(a”) =Y X[ +Y, X5 +..+Y, X/,
Takum 00pazom, mMoxydaeTcsi CleAyIoas cucrteMa u3 2/ ypaBHEHHH OTHOCHUTEIBHO HEU3-
BECTHBIX JIOKATOPOB OIMIMOOK X, ,..., X, ¥ HEM3BECTHBIX 3HAYCHUH ommOOK Y ,...,Y,

— B B B —
Sp =Y, X{ +Y, Xy +..4+Y, X, B=12(. (2)
Cucremy HeNMHEWHBIX ypaBHEHUH (2) pemaloT KocBeHHbIM mytem [l1]. Jlms sroro
HCTIOJIB3YETCS  MHOTOUJIEH JIOKaTopoB ommbok A(X) = A X" + A, X" +..+ A, X+1, KopHIMH
KOTOPOTO ABJISIFOTCSA X 1 p=L1.,v.

Ecmu ko3 duimentst MHOrowieHa A(X) HW3BECTHBI, TO JUIS BBIUYMCICHUS JIOKATOPOB

OLIMOOK HEOOXOIMMO HAalTH ero KopHU. B [1] momydeHsl cucTeMbl JTMHEHHBIX aaredpandyecKux
ypaBHeHu# (CJIAY), CBA3BIBAIONIMX KOMIIOHEHTHI CHHIpPOMA C KOd(DPHUIIMEeHTaMH MHOTOWICHA
A(X) . D10 cucTeMa ypaBHEHHI UMEET CIICTYIOIIMI MAaTPHYHBIN BU/T

A-col(A,,A, 4. A )=00l(=S, ;,=S, =S, ). ©)

3nece A=(a,,)S, 1.;,0=Lv, B=Llv,rne a,,=S, , ,.

Jlis oOHapyKeHUsT U UCHpPaBIEHUS OIMIMOOK CHadala HaXOAWTCS YUCIO MPOU3OIISANTHX
omnoOoK. 3aTeM YTOUHAIOTCA UX KOOPAHWHATBI, T.C. HAXOJUM HOMEpAa KOMIIOHCHTOB IMPHUHATBIX
CJIOB, KOTOpbIE UMEIOT OMIMOKH, ¥ BHOCHUM B HHUX KOPPEKTHBHL. OmpeneneHue ducia Mpou-
30IEAIINX OMMUOOK TpeOyeT MOCTAaTOYHO MHOTO BpeMeHH. Uem ObIcTpee ompenemnsieTcsi YUcio
MIPOUBOIIEIIINX OMUOOK, TeM 3P PEKTUBHEE METO] IEKOUPOBAHUSI.

Ussectno, uto ecrm M =(S . ;), p=Lu, B=Lu,necmn pu=v, 1o matpuna M —

HEBBIPOXKJIEHHAs, a ecau 4>V, 1o Matpuna M — Beipokaena [1]. B mpemmaraemoit
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moaudukanuu merona L, Ha ocHOBe 5Toro Qakra u Buaa matpuubl A chopMmyaupoBaHa
TeopeMa O YKCJIC MPOU3OMISANINX OMNOOK B MIPUHATHIX COOOIIECHUSX.
2. Mopudpurkauus meroaa III'Ll. HerpyaHo nokasats ciaeayronge TeOpEMBI.

Teopema 1. Ilycte M =(a, ,), p,B=11, rue a,;=S,,., lycts marpuna M ¢

IIOMOILBIO JIEMEHTAPHBIX OIlepaluil HaJl CTPOKAMU IIPUBOIAUTCS K ITOIYTPEYTrOJIbHOMY BULY
dll d12 dlk dl,k+1 dlﬂ

0 dyy . dy dypy o dy

<

I

o
3

dk,k+l"' dk( !

0 dk+1,k+1 dk+l,/f

0 0 .0 d/,,k+1"' df,é

rre d, #0, i=1k, u Bexrop-cromben d =col(d,,; 4100, 4,1) CYTH HyIeBOH  BeKTOp-

cronbent. Torma mpu nepeaade HHGOPMAIHMH YHUCIIO TPOU3OIICANINX OMHO0K paBHO K .
Teopema 2. [Tycts npu nepegaue MHPOPMALMK YUCIIO MPOUOLISTIINX OMIMOOK CYyTh V U

CJIAY (3) umeer tpeyrombusiii Bux A-col(A,, A, ,,..,A;)=b, e
dll d12 d13 dlv

0 dy b da| 5 g g
, b=col(%,...9,).

Torma pemenne CJIAY (3) ortHocurensHo A, A,,...,A MOXHO TPEJICTABUTh B BHJIEC

v

CICAYIOMUX PCKYPPCHTHBIX COOTHOILICHUM:
p-1

Al = (dvv )_l : 191/ 1 Ap = (dv—p+1,v—p+1)_l{'9v—p+l _Zdv—p+1,v—p+l+0'Ap—0'} ' ,0 = 213!"'1 V.

o=1
Ecnu uucno ommbOK v u JIOKATOphI OMKOOK Xj,..., X, H3BECTHBI, TOIJIa HEU3BECTHBIC
3HaueHUs OMHUOOK Y,,...,Y, MOTYT ObITh HailiIcHbl MYyTEM PEUICHHs CICAYIOMINX HETMHEHHBIX
anreOpandeckuX ypaBHEHUI OTHOCHTEIBHO Yi,...,Y, !
ERVANG B B B_1v
Sp =Y X{ +Y, X5+ Y, X, B=Lv. (4)
Teopema 3. Ecnu umcino omubOOK Vv H JOKatopbl omubOok Xi,..., X, H3BECTHBI, TOrIa

HEU3BECTHLIE 3HAYEHUS OMINOOK Yo Y

v

MOTYT OBITh HaWJEHBI W3 HEIMHEHHBIX
anreOpanyecKux ypaBHEHUH (4) 1O CIEAYIOIIUM PEKYPPEHTHBIM COOTHOIIICHHUSIM:
V=B, )S00, Y, =B, )Y S¢S BEUXY, | fev-lv-2.d )
o=£+1
9IS
B? =1 S@=s,i=1..,v, (6)
B =BIV(X, - X,), SO =8IV -X, 84, i=p4ly, f=Ll.v-1 (7)

Ha ocnoe Teopem 1, 2 u 3, ucnonb3ys METOJUKY NPUBEAEHUS MATPHULIBI K TPEYTrOJIbHOU
dbopme, mogudukaruio meroga [1I'L] MoxHO onucaTh ¢ TOMOIIBIO CIETYIOMIErO aJropuTMa.
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II art 0. Ha ocHOBe MPUHATOTrO 3HaueHHs U(X) BBHIYUCIUTH S, = v(@”),p=12¢, no
dopmyne (1). Ecnu Bce uncna S, ,...,S,, paBHbI HyI10, TO nepeltu k mary 11, unade — k mary 1.
ITar 1.Iloctpouts Matpuuy A=(a, ,), p.f=1¢,u Bextop b=col(b,..,b,), rae

a, =S, 1., p,ﬂzl,_ﬁ; b,=-S,.,, p =1/, [MpunsaTe | =1 u nepeiTy K mary 2.

Hlar 2. Eciu j+1>/, To NpUHATh V = | ¥ MEPEUTH K IIary /, WHa4e HaUMEHBIIUI

anmeMeHT MHOXkectBa Q={& §e{j,...,£}, ay # 0} obo3naunte uepes o. B ciywae o # |

IOMEHATH MECTAMH | — VIO M O -yKO CTPOKH MarTpuibl A M j—blii M O -bIii KOMIIOHEHTHI
BekTopa D, T.e. MPUHATH MOCIEIOBATEILHO: C = aj5, A3 =2a,, &, =C, L=]nal; C= bj,
b, =b,, b, =c. Ilpunsars v = j+1u nepeiitu k mary 3.

[lTar 3. YMHOXUTh j—yIO CTPOKY MaTpuIlbl A Ha —a, / a;; ¥ IpUOaBHTh K V — U CTPOKE:

Ay ::a‘vﬁ_(an'/ajj)ajﬁv GF(@), B=1],",
YMHOXHTB | —YIO KOMIIOHEHTY BekTopa D Ha —a; / a;; ¥ NpUOaBUTh K V —i KOMIIOHEHTE BEK-
Topa b : b, :=b, —(a;/a;)b;, GF(Q).
Hlar 4. Ilpunsarev :=v+1. Ecniu v </, To nepeiiTu K mary 3, nHaye — K LIary o.
Hlar 5 Ecmm j+1>/, TO IpUHATH V = | W NEPEUTH K IIary 7, nHaue — MPOBEPUTH
a

BekTOp-crosden; d = col(a ,8, j,1) - Eciin OH CyTh HyJIEBOH BEKTOp-CTONOEN, TO

JL L Ao, joroee
NPUHSTh V = | U MEPEeUTH K IIary 7, uHade — K mary 6.

Il ar 6. Ipunsare j:= j+1. Eciu j </, TO mepeiTu K mary 2, uHaue MpPUHATh V = | U
nepeiTu Kk mary 7.

Il ar 7. Pemmute CJIAY K-COI(AV,AV_l,...,Al):b U ONpeAcIuTh KOd()PUIUEHTHI

AL A,,..., A, mHOTOUNEHa A(X) TO popmynam

_ pl
Al = (aVV) ' ’ bv ! Ap = (av—p+1,v—p+1yl{bv—p+l _Zav—p+1,v—p+l+o'Ap—o'} P = 2131'--1 Vv, GF(Q) )
o=1

e A=(a,,), p.f=Lv, u b=col(b,..b,).
ITar 8. Haiith KOpHH MHOTOYJIEHA JIOKATOPOB OMIMOOK 110 popmyne X , = Xgl, p= Lv.
Il ar 9. Onpemenenme B, S, i=p+1..v, B=01..,v-1 1o pekyppeHTHbIM
dopmynam (6),(7). Onpenenenne Y,,...,Y, mo pekyppeHTHbIM popmynam (5).

OI a r 10. Onpenenenne 3HaueHWH WHAECKCOB Pj,..., P Wcnpasnenus omumbOK 10

dopmyne v, =v, =Y, £=1,..,v,GF(q).

b,
I ar 11. Onpenenuts HHGOPMAITMOHHBIA MHOTOWICH 10 hopmyre 1(X) = v(X)/ g(Xx).
HIar 12. Konemn.

3. 3akuawuenme. Takum oOpazoMm, mnpemaoxkeHHas woaudpuxanus wmerona [T,
OCHOBaHHAasl Ha MPUBEACHUH MATPHIIBI K TOTYyTPEYTOIbHOMY BUIY, MOXKET OBITh IPUMEHEHA ISt
YCKOpEeHHSI OOHAPYKEHUsI U UCIIPABICHUS OMUOOK B HEABOMYHBIX Kojmax BUX. Pa3paboTanubIii
MOAPOOHBIA aNTOpUTM JUTsl OOHApYXKEHHUS W HCIPABJICHUS OMIMOOK B MPHHSITOM MHOTOYICHE
MO>XHO peaTM30BaTh MPOTrPAMMHO Ha sI3bIke AccemOmep.

Ve
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XULASO
QEYRI-IKILIK BOUZ-COUDXURIi-XOKVINQEM KODLARI UCUN PITERSON-
QORNSTEYN-CIRLER METODUNUN BiR MODIFIKASIYASI HAQQINDA
F.G. Feyziyev, M.R.Mehdiyeva, L.M.Ramazanova

Acgar sozlar: Qeyri-ikilik Bouz-Coudxuri-Xokvingem kodlari, Piterson-Qornsteyn-Cirler metodu,
sindrom, sahvin lokatoru, yarimiicbucaq saklind> matris, sonlu meydan, primitiv
element.

Moqalodo matrislorin  yarimiigbiicaq sokline gotirilmasi osasinda Piterson-Qornsteyn-Cirler

metodunun geyri-ikilik Bouz-Coudxuri-Xokvingem kodlarinda sohvlorin agkarlanmasi vo diizeldilmoesini
tezlogdirmoys imkan veron modifikasiyasi iglonilmisdir.

SUMMARY
ABOUT ONE MODIFICATION OF PETERSON-GORENSTEIN-ZIERLER’S METHOD
FOR NON-BINARY CODES OF BOSE-CHAUDHURI-HOCQUENGHEM
F.G. Feyziyev, M.R. Mehdiyeva, L.M.Ramazanova

Key words: non-binary codes of Bose-Chaudhuri-Hocquenghem, method of Peterson-Gorenstein-
Zierler, a syndrome, locator of errors, matrix in semi-triangular form, finite field,
primitive element.

On the basis of bringing the matrix to semi-triangular form, the modiculation alloning acceleration

of detecting and correcting errors in non-binary codes of Bose-Chaudhuri-Hocquenghem of Peterson-
Gorenstein-Zierler’s method is developed in the article.

Daxilolma tarixi: [lkin variant 06.04.2017
Son variant 25.09.2017
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I'PAHAYHOE OIITUMAJIBHOE YIIPABJIEHUE
KOJIEBJIIOINENUCA CUCTEMbI

'MAMEJOB AKIIEP T’KOMAP] ory
AJIBIEB XAJIAJI TAJIKH oruy

Cymeaumckuii 2ocyoapcmeennviil ynugepcumem, 1,2- doyenm
e-mail: akbar.mammadov.46@mail.ru

Knrouesvie cnosa: cpaHu4Yroe ynpaejerHue, onmumdailbHoe ynpaejierue, K6(10pamul{Hblﬁ
qbyHKLﬂ/lOHCUZ, yciaosus onmumanitbHocmu

B pabote uccnemyercs rpaHUYHOE ONTHMAIBHOE YIPABICHHUE KOJIEOIIOMIEHCS CHCTEMBI.
Jloka3aHa TeopeMa O CYLIECTBOBAaHMM pEIIEHUS IOCTaBIEHHOW 3ajaud. YKa3zaH cnocod
OIpEEICHUS ONTUMAIBHOTO YIIPaBICHUS.

1. MocranoBka 3agaun. [lycts KonebaHue yrpaBiIsieMOH CHUCTEMBI B CONPOTHUBIICHHOMN
Cpelle OIHUCBIBACTCS CICAYIOIIMM YPaBHEHUEM

2 2 4
oyxt) _ L0yl oy(xy

ot? Ox? oxot? @
C HAYaJIbHBIMHA
y(x,0) = (X), ¥, (x,0) =w(X), )
%1 FpaHHqHBIMH YCJIOBI/UIMI/I
{y(O,t)wy;(O,t) =u(t), -
y(£, 1)+ By, (£,t) =u(t).

3nece @(X),(X) samanmsre dymxmam B [0,/], » m B - mnocrosmmeie umcma, U(t)-
YIIPABJISIOIIAS bynkuums u3 MHOJKECTBA JOTYCTHMBIX YIIpaBJICHUH
U ={u(t)eL,(0,T); HU(I)H <1}.

3a/1a9a ONTUMAIBHOTO YNPABIEHWS ISl OTOM CHCTEMBI 3aKII0YAETCS B CIEAYIOUIEM: U3
MHO’KECTBA JIOMyCTHMBIX yrpasienuii Haiitn Takoe U(t), uro mpu pemenmsx samaun (1)-(3)
JOCTaBIISIET HAMMEHBIIEE BO3MOKHOE 3HaUEHHE (PYHKIMOHATY

() = Iy T) = Qo () +Ly; (x,T) ~ QOO Jx+ B u? t)ct, @)

rmue QO (X) u Ql(X) 3anannbie Gyakiuu B [0, /], B > 0 3amanHOE YKCIIO.

2. Onmnpenenenne pemennsi cvmemanHoi 3agayn  (1)-(3). Onpenmenum peieHue
cmermanHo# 3amaun (1)-(3) mnsg kaxmoro U(t) U3 MHOKECTBA JONYCTHMBIX yrnpasienuii U .
Pemenue 3anaun (1)-(3) umem B Buae

y(x,t) =z(x,t)+u(t). (5)
Torma Z(X, t) OIPEJIEIISIETCS PEMIEHUEM CIIETYIOIIETO YPABHEHHUS
0°z(x,1) _ g 0°z(x,1) i o'z(x,t)
ot? oX’ ox’oz°

C OAHOPOJHBIM I'PAHUYHBIM YCIIOBUEM

u"(t). (6)
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0, '(0,t) =0,
{z( 0+72,(0,0) -

z(0,t)+ Pz (4,1) =0,
N HCOAHOPOAHBIM Ha4YaJIbHBIM YCIIOBHEM

2(x,0) = 9(x) —u(0), z/(x,0)=w(x)-u'(0) (8)

Pemenne ypaBHeHUs

2 2 4
o°z(x,t) _ g 0°z(x,1) +a8 z(x,t)

9
ot? ox? ox*oz* ©)
C TpaHUYHBIM yciioBUEM (7) U HaYaJIbHBIM YCJIOBHEM (&) HUILlEM B BUE
z(x,t) = X(X)T(t), (10)

rme X (X),T(t) merpuBmanbuble HemsBecTHbIC (YHKIMH, KOTOPbIC ONPEACISIOTCS PELICHHEM
CJIEIYIOIIUX YPaBHEHUI COOTBETCTBEHHO

T"(t)+a’AT(t) =0, (11)
X"(X) +

1—a/1X(X):O' (12)

W3 rpannunbix ycnouii (7) nomayyaercs

{x (0)+y X'(0) =0, )
X (£)+ B X'(¢) =0.

CoOcTBeHHBIE 3HaueHUs crekTpanbHol 3amaun (11)-(12) oGo3HaumM {Zk}, CHUCTEMBI

A

1-al,

coberennbix pynkumit {X, (X)}. Yepes @, obGozmaunm @, = . Torma cucremsl

coOcTBeHHBIX QyHKIMiA 3a1auu (12), (13) OynyT B BUC {Xk (X)=—y @, COSw, X + sin @, X}.
2

a
Kpowme Toro, {ﬁ,k = 1+ Ci 2}. Taxum oOpas3om, ypaBaenue (11) Oyner umers BUL:
; a’w;
T(t)+ ~T.(t)=0. (14)
1+ aw

Jlerko MOXHO TOKa3aTh, YTO 00IIEe penieHne ypaBuenus (14) numeer BUI:

T,(t) = A cosa,/At+B,sina,/4t.

CrnenoBatenbHO, pernieHue ypaBHeHHS (9) yAOBIIETBOpPSIONIEe TPAHUYHBIM YyCIOBUsIM (7)
MIPEJICTaBIsIeTCS B BUJIE

2 (x,t) = [A cosa,/ 4, t+B, sina 41X, (x), (15)

rae mocrosiHabie A n B, onpenensirorest n3 HavansHOro yenosus (8) B Bue

1 :
A< =& _lBku(O)’ Bk _ﬁ[l/lk _ﬂku (O)]
3neck @, ZI(D(X)XK(X)dX, Wi ZII/I(X)Xk(X)dX, B ZIXK(X)dX,

P(9) =20, X, 000 (x) =Dy, X, (), 1= 4, X, (x)cx.
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Taxum oOpaszom, perrenue 3anaun (9)-(7)-(8) umeer BI/II['
Z'(x,t) = z[(qok — Bu(0))cosa, /2 t+ M[wk BU'(0)]sin a2 11X, (X). (16)

Teneps peiienue ypaBHeHUs: (6) ¢ OJHOPOJHBIMH HAYaJIbHBIMU U TPAHUYHBIMU YCIOBUSIMH
WILEM B BUJIE

2(x,0)=X2,0)X, 1), )

rae {Xk(X)}- cucteMa coOCTBEHHBIX (DYHKIMK crekTpaibHOU 3amaun (12), (13). Torma u3

ypaBHEeHU# (6) Ams onpeneneHus Z, (t) momyunm cnenyromue ypaBnenus

2/t +a*42,(t) = ﬂk u(t) (18)

Jlerko MOKHO ITOKa3aTh, 4YTO PELICHUE YPAaBHEHWM (18) C OJHOPOJHBIM Ha4YaJIbHBIM
yCIIOBHEM MMEET BUJIL:

z,(t) = \/7,Bku (0)sin a4, t— Bu(t) + Su(0)cosa/ At +
+a\/7kﬂkju(r)sina\/2(t—r)dr

CnenoBarenbHO, pelleHHe ypaBHEHUA (6) C OJHOPOJHBIMM HAYaJlbHBIMM U T'PAaHUYHBIMU
YCIOBUSMHU UMEET BUL:

o0

zZ(x,t)=>[ jf -u’(0)sin a\//Tkt —pu(t)+ ﬂku(O)cosa\//Tkz +

k=1 a

+a\/Z,Bkju(r)sin a4, (t—7)dz]X, (x).

Hcnonp3yss METO ONpeAeIeHUs] PEIIEHUS] HEOJHOPOJIHOTO ypaBHEHMS, I10CIIE HEKOTOPBIX
npeoOpa3oBaHnil MOXKHO MOKa3aTh 4To, pemeHue 3agauu (1)-(3) s kaxaoro (GUKCUPOBaAaHHOTO

ynpasnenns U(t) €U npencrasnsercs B Buze:

y(x,t) = Z[(pkcosa\/7t+ \/7%3|na\/7t+

t (19)
+ay4, B Ju(r)sinay/4, (t—r)d7]X, (x).

CrnenyeTr OTMETHUTD, UTO QPYHKLMS onpezeneHHas popmyioil (19), saBiasercs 0600IEHHBIM
pemrenuem 3aaaun (1)-(3).

3. UccnenoBanue pemieHus 3aJa4d ONTHMAJIBLHOIO ynpasJjenus. Vcnons3ysa popmyny
JUTsL onipesiesienns penieHus 3anaqdu (1)-(3) mocie HEKOTOPBIX SKBUBAJECHTHBIX ITPeoOpa3oBaHU
¢ynkunonan (4) MoXeM MPUBECTHU K BULY:

Ju =1+ 2] o(t)u(t)dt + H R(t, s)u(t)u(s)dtds + ﬂ]uz(t)dt : (20)

rac

16



Mameoos A.[loc., Anviee X.I.

I = g[(qpk cosa /AT +ﬁl//k sina AT —Q, )" +

+ (a4 g sina 4T +y, cosa, /4T -Q,)’].
o(t) = Z[amﬂk (¢, cosa AT +ﬁ(//k sina 4T -Q,,)sinay 4, (T —t) -

~a’A (-a /A @ sina AT +y, cosa /AT —Q,)cosa,/4, (T -t)],
R(t,s) =Y a’ BsinayfA (T —t)sina /4, (T —s)+

+Yat 2B cosayfA, (T —t)cosay/4, (T —s),
Q. = [ QX (), Q, = [QO)X, (X)dx .

Jlerko moxHo mnokasats, uto dyskmun @(t) u R(t,S) sensorcs menpepsiBHEIME Ha
[0,T] u [0<t,s<T] coorBercrsenno. Kpome toro R(t,S) sBnsercs nomoxwurensueM

ApOM B KBaJpare.
Teopema 1. CymecTByeT XOTs1 ObI OJTHO YNPABIIAIOIICE BO3CHCTBHE U('[), KOTOpOE TpHU
pemenusix 3agaun (1)-(3) nocraBisier HanMeHbIee 3HaYCHUE QYHKIMOHATY (4).
Jloka3zaTeabcTBO. J[1s1 J0Ka3aTeslbCTBA TEOPEMBbl IMOKaxeM, 4To (yHkiuoHan (20)
ABJIAETCA C1a60 moayHenpepbiBHbIM cHu3y B U , T.e. KakoBa Obl HH ObLIa MOCIIENOBATENBHOCTD
{u, (t)}, cnabo cxomsmasicst k U, (), mmeer mecto HepaBeHcTBO

J(u,)<limJ(u,).
.
PaccMOTpHM OIepaTop, ompejeneHHsii dopmymoii RuU = I R(t,s)u(s)ds. Scuo, uto
0

onepatop R neiicreyer u3 L,(0,T) 8 L,(0,T). Kpome Toro u3 toro, uro R(t,S) sensercs

CUMMCTPUYHBIM M IIOJOXUTCIBbHBIM SAApPOM, CICAYECT, 4YTO OICpaTop RU IOJIOXKHUTCIBHO

OHpGI[CJ'ICHHHfI u CaMOCOHpH)I(eHHBII\/'I. CJ'ICI[OBaTeJ'IBHO, CYHICCTBYCT MOJIOKUTEIbHBIN
1

1
KBaJPaTUYHBI  KOpEHb R?  oneparopa R. Tlomaras Z=R?U, nony4aem
1 1

(Ru,u) = (R?u, R2u) = (z,2).
Paccmotpnm nponssonbHyto nocnenosarensHocts {U ()}, cnabo cxomsuyrocs k U, (t)

B L,(0,T). Tak kak camoconpsokeHHbIH omepatop orpanudeHHo RU, To cnenyer
1 1
orpanuuenHocts R?, a nostomy nocnenosarensnocts {2, (t) = R2U_(t)} cnabo cxomures k
1

z,(t) = R?U, (t) . Y3 cnao cxommmoctn {Z_ (1)}  Z,(t) cuenyer, uro

(z,,2,)<lim(z,,z,). (21)
m—o0
CJ'ICI[CTBI/ICM JAaHHOT'O HECPABCHCTBA CIIYKUT HCPABCHCTBO
(25, 2,) <lim(z,,z,), (22)
m—o0
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FpaHutmoe onmumdajlibHoe ynpaejieHue KOJZe6JZIOW€IZC}Z cucmemaol

u6o ecmm w3 mocnenosarenshoctn {Z, (t)} Beytenam nmomnocnenosarensrocts {Z, (t)}
TaKyl, 4TO Ikim (ka ) ka) = Iim(zm, Zm), TO IOCIEA0BATEIBHOCTh {Zm (t)} OyZHeT CXOAUTHCS

—>0 m—oo k
cnabo K Z, (t), Tax uto ;s Hee GyneT BBINOIHEHO HepaBeHCTBO (21), T.€.

(z,,2,) < Limo(zmk 2, )= Ligl(zmk 2, )= !j%(zm, Z.).
Oynkiuonan J (U) IIPE/ICTaBUM B BHJIE
JU)=1+2(a(t),u(t)), o5, + (RUUR)), o7 + B, UE),UE)), o) -
N3 nepaBeHcTB (21), (22) 1 13 CBOMCTBA CKAJISPHOTO MPOU3BEACHHS CIICYET, YTO
Ju)<limJI(u ).
m—o0

Taxum obpazom, dyrkumonan J(U) sasercst ciabo MOMyHEPEPbIBHBIM M OrPAHHYCHHBIM

cansy Ha U . Otciona B cuny orpanndensocty u cnaboii samkayroctu muokectsa U crenyer,
YTO CYyLIECTBYET XOTA Obl OJHO YyIpaBle€HUE, JOCTaBJIAIOLIEe HaUMEHblIee 3HAaYeHUe
dynxmmonany J (U) Tak kak ¢yHKIHOHAN J (U) CTPOr0 BBIIYKJIBIM, 3TO YIPABICHHUE
€AMHCTBEHHO. Mcxond u3 9T0ro TeopeMa J0Kas3aHa.

Tenepb BbIUMCINM IpaueHT QyHKIMOHANA. JIETKO MOXKHO 1TOKa3aTh, YTO

jim 2UOTEVE) _ o0y + 2 R, s)u(s)ds] + At (Bt

a—0 a
CieqoBaTeIbHO

gradJ (u) = 2[e(t) + ] R(t,s)u(s)ds + gu(t)].

CrpaBesiuBHI ClIEIyIOITHE TEOpeMHI [3]:
Teopema 2. a) Eciu U, (t) sBnstercst petuennem ypaBHeHus

a)(t)+,8u(t)+]R(t,s)u(s)ds =0, (24)

ynoenersopsiomee yernosuto U (t) €U , o ato ynpasnenue ontumansHoe.

6) Eciu U, (t) - ontumanbHoe ynpaeienue, yAOBIETBOPSIOLIEE YCIOBHIO HUO('[)H <1, 1o
OHO SIBJISIETCSI pelIeHneM ypaBHeHus (24).

Teopema 3. Ilycts wuHTerpanbHoe ypaBHenue (24) me wumeer pemrenns U(t),
ynosnersopsromero ycnosmo  U(t) €U . Torma, ans toro uro6s ympasnenue u,(t) eU

ObUIO ONTHUMAJIBLHBIM, HEOOXOAMMO M IOCTATOYHO, YTOOBI OHO SIBJISTIOCH PELIEHUEM CIIETYIOILEro
HEJIMHEHHOT O UHTErPAJIbHOTO YPABHEHMUS:

o(t) + Au(t) + j R(t, 5)u(s)ds
0 —u(t) . (25)

w(t) + Au(t) + j R(t, s)u(s)ds
0 L, (0.T)

[Tocnennsii Teopema o3HadaeT, 4ro MHHUMYM (yHKnuonana (20) mgocturaercs Ha
rpanunax obnactu U | T.e. Huo (t)H =1

W3 cymecTBoBaHMS ONTHMAJIbHOTO YIPABIEHUS CIEAYEeT, 4YTO ypaBHeHHE (25) umeer
pelleHre BCAKMA pas, korga ypaBHenue (24) me umeer pemenns B U . CrnenoparensHo,
ONTUMAJIbHOE YIIPABJICHUE ONPEACIACTCS KaK PELICHUE JIMHEWHOIO UHTErPAIBHOIO yYPaBHEHUS
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(24) nnm xak peuleHME HEIUHEHMHOro MHTerpanbHOro ypaBHeHusa (25). Kpome Ttoro, serko

MO>KHO I10Ka3aTh, 4TO IIPU HCO(’[)H > HR(’[, S)H UHTETpaabHOE ypaBHEHUE (24) He UMEET peLICHUs

BU.
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XULASO
ROQS EDON SISTEMIN SORHODDON OPTIMAL IDARO EDILMOSI
Mammadov O.C., Aliyyev X.H.

Acar sozlor: sarhad nazarati, optimal idaraetma, kvadratik funksional, optimalliq sartlori

Rogs edan sistem ii¢iin bir optimal idaroetmo mosalasi todqiq edilir. Idaroedici sorhod sortine daxil
olur. Idars edilon sistem dordtortibli xiisusi toromali tanliklo tosvir olunmusdur. Optimalliq meyari olaraq
sistemin tam enerjisi gotiirtliir. Qoyulan masalanin varligi vo yegansliyi isbat olunur. Daha sonra optimal
idaroedicinin toyini qaydasi verilir.

SUMMARY
OPTIMAL BORDER MANAGEMENT OF FLUCTUATING SYSTEM
Mommadov A.C., Aliyev Kh.H.

Key words: border control, optimal management, square functional, optimization conditions

In thes work, an optimal control problem for fluctuating system is studied. Administrator enters the
border condition. The managed system is described with quadruple special derivative equation. Full
power of the system is considered as optimizm criterion. The existense and uniqueness of the problem is
proved. Then? Optimal controller definition is provided.

Daxilolma tarixi: [lkin variant 13.04.2017
Son variant 25.09.2017
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BOZi SONLU COMLORIN SOMOROLI USULLA HESABLANMASI

'SADIQOV MEHMAN NOBI oglu
2AGAYAROV MOTLOB HUSEYNQULU oglu
Sumqayit Doviat Universiteti, 1,2-dosent
e-mail: sdu.elmixeberler@mail.ru

Acar sozlar: barabarlik, com, comin hesablanmasi,sonlu camlar, teorem

Moalumdur ki, miixtalif comlorin hesablanmast masalalorinds miixtalif tisullar totbiq edilir. Hesab
edirik ki, oxucuya taqdim edilon moaqalods miiayyan comlori hesablamaq iiciin samarali tisul verilmigdir. Bu
magqsadla avvalca sonlu comlor iigiin bir teorem isbat olunmusdur.

Teorem. S, =a, +a, +-- +a, olarsa, onda
n

n
D i = naps + ) k(@ = i) (1)
k

k= =1

[y

boraboarliyi dogrudur.
Isbat.

n

Spn=a+a, + - +an=2ak
) _ k=1
oldugundan bu comin iizarinds asagidaki eyni ¢evirmolori aparmagq olar:
n

zak=a1+a2+--- +a, = (a, +2a, +3az +-+ + na, ) —
k=1
—(a; +2a3 +3a,+ -+ (n—1a,) + (na,y1 — nay4q) =
n

= Z ka,—(a,+2a3 +3a,+-+n—1a, +na,y,) +na,y =
k=1

n
= ) (@ = Gsr) + Mt
k=1

n n
Z Ay = Napyq t Z k(ar — agy1)
k=1

k=1

Demali,

olur.
Belaliklo, isbat etdik ki , (1) baraborliyi dogrudur.
Indiisa (1) diisturunun kdmoyi ilo asagidaki comlori hesablayaq [1]:
a)l + 2+ 3+....+n;
b) 12 +22 +3%+....+n?%
)13+ 2% +33+....4nd
Hoalli.

a) k=nn+1D+ ) k(k—(k+1D)=n(n+1)—- ) k,
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n n n n ( +1)

n(n
Zk=n(n+1)—2k, 22k=n(n+1), Zsz.
k=1 k=1 =1 k=1

Belalikla, a1d1q ki, 1+2+. _ nnt)

b) Zkz—n(n+1)2+2k(k2—(k+1))2—n(n+1)2+Zk( 2k —1) =

‘l’l

= n(n+1)% — 2Zk2 Dk

k=1
n n
n(n + 1 nn+1
Z k = ( ) oldugundan, 3 Z k? =n(n+1)% - %’
k=1
C o, n+DEn+2-1) nm+1DEn+1)
2 2
k=1
Buradan alariq ki,
n
z 12 = n(n+1)(2n + 1).
6
k=1
c) 13+ 23 + 33 +....+n3 comini tapaq.
Askardir ki,
n
B+ 23 +33+....4n° = Zk3
k=1
yazmaq olar.

(1) dusturunu totbiq etsok, alarlq

Zk3—n(n+1)3+2k(k3—(k+1) )—n(n+1)3+2k( 3k2 — 3k —1) =

Tl

—n(n+1)3—32k3 3Zk2 ZR 3)

k=1

(3) boaraborliyinda

n n n
4Zk3=n(n+1)3—2k2—2k, 4)
k=1 k=1 k=1

- o N+ DEn+ D) = . n(n+1)

oldugundan, bunlar1 (4) —do yerlarins yazsaq alariq:
n

n+2)2n+1) nn+1)
4) K =n@m+1)°-3-2 _ _

=n(n+1)% — n(n+1)2(2n+1) _ n(nz+1) _ n(n+1)[2(n+1);—(2n+1)—1]

_n(n+1)(2n?+4n+2-2n-1-1) _ n(n+1)(2n%+2n) 2
- : = - = [n(n + 1)]?,
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Bozi sonlu comlorin somorali tisulla hesablanmasi

4> k3=[n(n+1)]%.

Buradan alariq ki,

Zk3 _ [n(n;l}- 1)]? _ (n(n2+ 1)2
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PE3IOME
BBIYUCJTEHUE HEKOTOPBIX KOHEYHbBIX CYMM YJAOBHBIM CIIOCOBOM
Caouzoe M.H., Azasapoe M.I.

Knrwouesvie cnoga: paserncmeo, cymma, eluucieHue CyMmbl, KOHEUHAS CYMMA, meopema

[Tpu BEIYHCICHUU KOHEYHBIX CYyMM IPUMEHSIIOTCS pa3IndyHbIe cocoObl. B naHHOI cTatbe mpuMeHEH
HOBBIH CIIOCO0, OTINYAIOIIMIICS OT yKa3aHHBIX. OH MOXKET cuuTarhes yaoOHbIM. [Ipy BuncIeHny npenena
3THM CIIOCOOOM MpHUMEHEHHe OyJeT UMETh 0c000e 3HAYCHHE.

SUMMARY
CALCULATION OF SOME FINITE SUMS IN EFFECTIVE WAY
Sadigov M.N., Aghayarov M.H.

Key words: Equality, sum, sum calculation, finite sum, theorem
Diferent ways are applied in the calculation of finite sums. The new method show in this article
differs from these methods. This method can be considered a convenient method for calculating the limit of
this method, the application will be of particular importance.
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Ha ocHoBe cCynb(pOMETHUIMPOBAHHOTO MeTHIEH-Ouc-aikmideHona, MOJYyYEHHOTO C
HCIIOJIb30BAaHUEM TETPAMEPOB MPONMIEHA, CUHTE3UPOBAHbl M MCCIEAOBAaHbl MaclOpacTBOPUMbIE
cynbdoHaTsl Kanblys. [lonyueHHsle cyab(pOHAThl B KadyeCTBE MHOTO(PYHKLIMOHAIBHBIX MPHUCATOK
3HAYUTENIPHO YJY4YLIAlOT MOIOLIME, AMCIEPTUPYIOLIUE, IPOTUBOKOPPO3UOHHBIE CBOICTBA U
CTa0WJIBHOCTh TPOTHUB OKHCIEHHMS CMa30uYHbIX Maces, a Takke o0JIaZaloT IOBBIIIEHHON
TEPMOCTAOUIILHOCTHIO.

[To psny nokaszateneil pa3paOoTaHHbBIE MPHUCAAKU HPEBOCXOIAT 3apyOEKHBIH aHAIOr—
npucaaky Xantek 6060 M. C uCmOIb30BaHHEM IMOJYYEHHOTO CPEAHEIICIIOYHOro Cylb(oHaTa
pa3paboTaHo ombITHOE MOTOpHOEe Macio M-10I, KkoTopoe mo Moka3aTensiM KayecTBa OTBEYaeT
IPEbABISIEMBIM TPEOOBAHUIM.

IIpy co3maHMM MOTOPHBIX Macesl pPa3IM4YHOrO Ha3HaueHus, pabOTOCIOCOOHBIX B
COBPEMEHHBIX  BBICOKO(OPCHPOBAHHBIX  JIBUraTeNsX,  I[IMPOKO  HPUMEHSIOT  MOOIIe-
JUCTIEPTUPYIOIME TPUCAIKU CyJIb(OHATHOrO TuHa. biaromapst BBICOKMM 3KCIUTyaTallMOHHBIM
CBOMCTBaM, HEPTAHbIE U CHHTETUYECKHE CyJIb(OHATHl NPU CPABHUTEIBHO HEOOIBIINX
KOHIIEHTpALUAX 00EeCIeYrBAIOT MOJYyYeHNE MOTOPHBIX Macell ¢ He0OXOAUMBIM YPOBHEM MOIOIIE —
JUCHEPTUPYIOIINX U HEUTpanu3yoomux cBOHCTB [1]. 3HauMTENbHBIH HMHTEpPEC MPEICTaBISIOT
HEHTpalbHble M BBICOKOILEIOYHBIE aAIKUI(PEHOICYIb(OHATHl IIET0YHO3EMENIbHBIX METaNJIOB,
KOTOpbI€ OJHOBPEMEHHO YIJIYYIIAIOT HECKOJBKO CBOWCTB (MOIOIIMX, JAUCIEPTrUPYIOLIUX,
MPOTUBOKOPPO3HOHHBIX, AHTHOKUCIUTENBHBIX) Macell, 4TO IO3BOJSET HX UCIOJNb30BaTh B
CMa30YHbIX KOMIIO3UIUAX KaK MHOTO()YHKIIMOHAJIBHBIE PUCAIKH [2].

[ToxazaHo, 4TO Ul TOJIYYEHMsS YKa3aHHBIX IPUCANOK C BBICOKMMH XapaKTEPUCTUKAMHU
HauboJsee MPUEMIIEMBIM ChIPBEM SIBIISIFOTCS ouroMepsl 3TuiieHa ppakunu Coo-Cpg U 0IMroMepsl
nponmieHa Qpakiuun Cig-Cz. Opnako B ctpaHax CHI' cunTetndeckue cynbpoHaThl He
BbIPa0aTHIBAIOTCS M3-3a OTPAaHUUYEHHOTO IMPOMBIIIJIEHHOTO MPHU3BOJACTBA BBICOKOMOJIEKYISIPHBIX

one(rHOB.
[TosTOMYy aKTyaabHOCTh MPHOOPETAIOT WCCIEAOBAHHS MO Pa3padOTKe MacIopacTBOPUMBIX
Cynb(OHATOB HAa OCHOBE JOCTYITHOTO aJIbTEPHATHUBHOTO CBIphS —  JojelideHona,

BBIPa0ATHIBAEMOTO C  HWCIOJIB30BAHMEM CPABHHUTEIIBHO  HU3KOMOJIEKYISIPHBIX  OJIe(PUHOB—
TeTpamepoB mpommieHa. JomermmindeHon sSBIseTCS UHAMBHAYAIbHBIM  COEAMHEHUEM, IO
MOKa3aTeIsiM KayecTBa M CTaOWUJIBHOCTH COCTaBa MPEBOCXOIUT alKMJI(EHOJIbI HA OCHOBE CMECU
onepuHOB. B HEM OTCYTCTBYIOT HHU3KOMOJEKYISpHBIE alKWI(QEHONb, a CcoJAep)KaHue
nuankuideHonoB He mnpesblmaeT 5%. B cBsA3M ¢ 3TMUM HaMM OCYIIECTBIEH CHHTE3 HOBBIX
MHOTO(YHKITMOHATBHBIX TMPUCATOK- METHICH-THIPOKCHATKUIOCH3WICYIb()OHATOB € PA3IUYHON
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MHuozopyuryuonanvrsie cyivbghoHammuvie npUcaoku K CMA304HbIM MACIAM

[IETIOYHOCTHIO C HCHOJB30BAHUEM JOJCUMIPEHONa M HCCICIOBAHO WX BIMSHHE Ha CBOMCTBa
CMa304YHbIX Macell.

Wcxonuelii  moaenuaeHon  XapaKTepU3yeTcsl  CISAYIOIMMHU  (PU3MKO-XMUMUYECKUMHU
MOKa3aTeJSIMU: TUIOTHOCTh TIPH 20°C- 924,6 xr/m%; mnokasarens MIPETOMIICHUS nH20 — 1,5040;
MOJIeKYJIsipHas Macca- 260 1 mpeACTaBIeH B OCHOM MOHOAJIKHII IPOU3BOHBIM.

Kongencauuto popeuundenona ¢ (GopMaTbaeruoM MNPOBOAUIM IPU  MOJBHOM
coorHomurenn: 2:1 B Kncioil cpexe mpu Ttemmeparype 96-98 °C 1o momydenums mpomykTa c
MOKa3aTesieM PEJIOMIICHUS n;[20 = 1.5130 o meroauke [3].

Peaknmio  cynb(OMETHIMPOBAHUS  TOJYYEHHOTO  MeTHIEH-Ouc-ankmideHoma ¢
THAPOKCHUMETAHCYIb(oHaTOM HaTpus (OUCYNb(UTHOE MPOU3BOIHOE (hOPMANTBAETHIA) TTPOBOIUIN
IpH MONBHOM cooTHomennn 1:1, Temmeparype 70-80°C B Teuenmn 10 4 B pacTBOpe HOHaHA
M3BECTHBIM MeTozoM [4]. 3areM B3amMOJEHCTBHEM O0Opa3yroIierocs cyiabhoHaTa HATPUS C
ruApoKkcuaoM Kanbitus mpu 70-80 C B Teuenue 5 u CUHTE3UPOBAH HEUTPAIBHBIA CyIb(pOHAT
HCKpk. KapOonaranueit ykazaHHOTO NMPOAYKTa THOKCHIIOM Yriepoja B MPUCYTCTBHUU H30BITKA
TUIPOKCUIA KaJbIIUs, H%OMOTOpa- METaHOJIa, PACTBOPUTENS- TOIyoJa, Macia pazbaButens M-6
npu temmneparype 40-45°C, npoaoKUTENBHOCTH Tpoliecca 14 CHHTe3HpoBaHa CpeaHelenouHas
npucanka CC-150pk. CoctaB u cTpocHHE CY/Ib()OHATOB MOATBEPKICHBI METOIaMHU IJIEMEHTHOTO
ananmuza u HK-cnekrpockonuu. CopaepkaHue aKTHBHOTO BEIIECTBA B IMPHUCAAKaX OMpEAelsiiu
METOOM JKUAKOCTHOU aICOPOLIMOHHON MUKpOXpoMaTorpaduu.

B UK cnektpax cynb(poHATOB MPUCYTCTBYIOT MOJ0CKHI oriomienus B oonactu 1050-1070 u
1160-1250 cm™’ Bo3HEMKaromE B pe3ylbTaTeé BANCHTHBIX CHMMETPHYHBIX M ACHMETPHYHBIX
kosebanuit csizu S=O rpynnsl SO3, nosnocs! B obnactu 3100-3500 em™ 00yCJIOBJICHBI BaJICHTHBIMU
konebanusmu Tpynmel OH. MK momocel B obmactu 840-880 emt xapakrepusyior 1,2,4,6-
3aMEIICHHS B apOMaTHYECKOM KOJbIE, IOJIOCHI moriomieHus B obmactu 1420-1440 et
XapaKTepHBI I JeopMaITMOHHBIX KoneOanuit rpynmsr CHo-Ar.

HccnenoBanne (PpU3MKO-XUMUYECKUX U (PYHKIIMOHAIBHBIX CBOMCTB MOJYYEHHBIX MPHCAIOK
MIPOBOAMIIM CTAaHIAAPTHBIMU JIaDOPATOPHBIMU MeETOAaMH. TepMUYECKYyl0 CTaOUIBbHOCTh NPUCAI0K
usyuanu Ha nepusarorpade tuna OJ[- 102T cuctemsl [laynuk (Benrpus) B IMHAMUYECKOM PEKUME
HarpeBa co CKOPOCTHIO 5°C/mun Ha BO3JIyX€. DTAJIOHOM CITYKWJI TIPOKAJICHHBIA OKCHJ] aJTFOMUHUSI.

Moromue cBoiicTBa ompenemnsuin Ha ycraHoBke 1I3B, mucneprupyromue cBolicTBa- IpH
250°C 1o meroxy[5]. [IpOTHBOKOPPO3HOHHBIE CBOCTBA oleHnBamM Ha npubope JK-HAMU npu
140°C B Teuenue 254, CTAOMIBHOCTD npoTUB oKkucieHus — Ha npudope AK-HAMU npu 200°C B
teyenue 30 4.

CrabuabHOCTh KOJUIOMJHOM JHUCHEPCHUHM CPETHEIIENIOUHOro Cyiab(poHaTa OLEHUBAIH 10
MeToxy [6], 3aKITI0UAIONIEMYCs B PA3lIOKEHHH MPUCAIKH B mprucyTeTBr 15% Bomel pu 110°C B
TedyeHue 44. CTaOuiIbHOCTh KOJJIOWAHOM TUCTIEPCUN YCTAaHABIUBAIN M0 YMEHBUICHHUIO MIEJI0YHOCTH
MpUCaIKH, BbIpakeHHOW B % oT wucxomHoil. [lomydennpie npucagkun HCKpx m CC-150px
MPEJCTABISAIOT cOO0M BSA3KME XKUAKOCTH TEMHO-KOPUYHEBOTO I[BETA, XapaKTEPHUCTUKHU KOTOPBIX
npencrasieHsl B Tabn.1. Tam ke nns cpaBHEHHMs NMOKa3aHbl aHAJOTUYHBIE ITOKA3aTeNu JUIs
U3BEeCTHOM cynb(poHaTHOW mnpucagku Xaihtek 6060M, momyueHHONH Ha 0a3ze CHHTETHMYECKHX
ankwiben3onoB. Kak cineayeT W3 NpHUBENEHHBIX JaHHBIX, CyJb(OHATHl Ha OCHOBE IPOJYKTOB
noaeunaperonopManbIeruHON KOHACHCAIMM TOJHOCTBIO PAacTBOPUMBI B 0a30BOM Macie U
XapaKTePU3YIOTCS XOPOIIUMHU (PU3UKO-XUMHUYSCKIMH U (YHKITMOHATBHBIMHA CBOWCTBAMH.

SBnAsce npucagkaMd MHOTOQYHKIIMOHAJIBHOTO JEHCTBHSI, OHM 3HAUYUTENBHO YIyYIIAIOT
MOIOIIME, JUCHEPTUPYIOLIHE, MPOTUBOKOPPO3UOHHBIE CBOWCTBA M CTaOMJIBHOCTH IPOTUB
okucinenus macina M-11. Ilo HEKOTOpbIM (PHU3MKO-XMMHUYECKHM TOKa3aTelsiM (COAep KaHUI0
aKTUBHOTO BEIIECTBA, CTENEHU YHCTOTHI) pa3pabOTaHHbIE METHJIEH-OHC-THAPOKCUAIKIIOCH3UII-
Cynb(OHATHI KalblUi C Pa3IMYHOMN IEIOYHOCTBIO MPEBOCXOAAT mpucanky Xairek 6060M. Ilo
MOIOIIMM CBOMCTBAM 3THU TMPHUCAIKU HAXOJATCS HAa YpOBHE 3apy0eXHOro aHajora, a I0
CTa0MJIBHOCTU TPOTHUB OKHUCIJIEHUS, IUCHEPTUPYIOIIMM U IMPOTHBOKOPPO3HOHHBIM CBOHCTBAM
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npeBocxonaT ero. Tak, mpu BBemenun B Mmaciao M-11 mpucamok HCKpx m CC-150px B

KOHLIEHTpauuu 5% KOppo3us Ha CBUHLE cocTaBisieT 42 u 25 I/M? COOTBETCTBEHHO, B TO BpeMs Kak
. 2.

s npucanku Xanrek 6060M 3ToT mokaszaTenb paBeH 85 r/m

Tabnuya 1
Qusuro-xumuieckue U QYHKYUOHANbHbIE CEOUCMBA CUHMEMUYECKUX
CynbdoHaTh! KaTbIH
ITokazaTenu
HCKHK CC'15OHK Xaiitexk 6060M

Ilemounoe uncio, MrcKOH/r 34 153 142
Maccosas g0, %

Cynb(oHaTa KabIHs 475 31,8 30

KaJbLUA 2,8 5,7 -
301pHOCTH CcynbdartHas, % Mac. 11,8 23,7 23,1
Crenenpb uncToThl, Mr/100 r 180 200 300
Morompe cBojicTBa Ha ycraHoBke I13B, Gammbl 0,5 0 0,5
Jlucneprupyromas crocobuocts mpu 250°C, %" 60 70 60
Koppo3st Ha CBHHIIE, T/M2 42 25 85
CTabUIBHOCTh MPOTUB OKHCICHHUS, Y% -

0CaJIoK 0,6 0,5 0,9

MPUPOCT BS3KOCTH 58 49 78
Tepmuueckas CTAOUITLHOCTb:
Temreparypa, oC, COOTBETCTBYIIAs TOTEPE MACCHI

10 300 315 290

50 405 420 400

CrabuipHOCTh KOJDIOUIHOMN nuctepcud, % - 79 76

PactBOopuMOCTH B Macie TTonmHas

"Macno M-11 ¢ 5% npucadku

CuHre3upoBaHHBIH  cpenHenienounor  cynbporar CC-150px  oOmagaer  BBICOKOWM
CTaOMJIBHOCTBIO KOJUIOUIHOM AUCIIEPCUU K JEHCTBUIO BOABI M IO JAHHOMY HOKA3aTeNi0 HaXOIUTCS
Ha ypoBHe aHanora(79 u 77%).

[Tony4yeHHbIe 1aHHBIE COTJIACYIOTCS C pe3yabTaTaMU TEPMOAHATMTUYECKUX HCCIIEIOBAaHUI
npucagok. CynbdoHaTel Ha OCHOBE noAeuuIpeHoIPOpMaIbIAETUIHON KOHJIEHCAIMN 001alaloT
BBICOKOM TEpMHUYECKOH CTaOMJIBHOCTBIO M 10 3TOMY [apaMeTpy HECKOJIbKO MPEBOCXOASAT
3apyOexHblii aHanor. Tak, TemmepaTypa, mpu Kotopod mnoteps Maccel npucagok HCKpx wu
CC-150pk cocraBisier 50%, mocTuraeT coorBeTcTBeHHO 405 u 420°C MPOTHUB 400°C JUTSL IPUCAAKU
Xatmtexk 6060M.

BoisiBnenHass MHOro(yHKIMOHAJIBHOCTh U BBICOKas 3(PQeKTUBHOCTD MOJTy4EHHBIX
MPUCATIOK OOBSICHAETCS HAJUYMEM B HX COCTaBE JBYX (DEHOJBHBIX THUAPOKCUIIOB, ATKUIbHBIX
panukaioB, cyinb(oHaTHOro (QparMeHTa W HMX BHYTPEHHEMOJEKYISIPHBIM  CHHEPIH3MOM.
Cpennemenounas mpucagka CC-150pk wccnmegoBaHa B KadyecTBE MOIOIIE- JIACIEPTHPYIOMIETO
KOMIIOHEHTa B COCTaBe MOTOpHOro macina M-10 I'p, s aBTOTpakTOpHBIX au3eneld. PesymnbraTh
MIpe/IBApUTENIbHBIX J1a00paTOPHBIX UCHIBITAaHUH (TabnuIa.2) MoKas3aiu, 4To onsITHOE Macyio M-10 I,
o0yazjaeT BHICOKMMHU (PU3UKO-XMMHUYECKUMH M (DYHKIIMOHAJIBHBIMU CBOMCTBAMU U COOTBETCTBYET
TpeOOBaHUSAM, NPEIbSIBISIEMbIM K YKa3aHHOMY Maciy.
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TakuM 00pa3oM, MOKa3aHa BO3MOXKHOCTH MOJIydeHHUs 3(PPEKTUBHBIX MacClIOPaCTBOPUMBIX
Cyiab(GOHATHBIX MPHUCATIOK HA OCHOBE CYJIh(OMETHIMPOBAHHOTO METWJIEH-OuC-Aoaelmidenona,
CUHTE3UPOBAHHOIO C HCIIOJb30BAHUEM TETPAMEpPOB MpomnuicHa. [lonydeHHble HEUTpanbHas U
cpenHenieaoyHas cyib(oHaThl 00J1aJal0T MHOTO(QYHKIIMOHATBHBIMUA CBOMCTBAMHU U CYIIECTBEHHO
VIIYYIIAIOT MOMIIKE, IUCHEPTUPYIONINE, MPOTUBOKOPPO3UOHHBIE CBONCTBA M CTaOUIBLHOCTH
MIPOTUB  OKHUCIIEHHS  CMA304YHBIX Macell, a TaKXKe  XapakTEepU3YKTCA  IOBBIIIEHHOU
TEPMOCTAOMIILHOCTBIO M BBICOKOW KOJUIOMJIHOM CTAaOMJILHOCTHIO K JICUCTBUIO BOABI. BhIcOoKas
3¢ (eKTUBHOCTH pa3paboTaHHBIX MPUCAZOK MO3BOJSET UX UCIOJIb30BaTh B COCTaBE COBPEMEHHBIX
MOTOPHBIX Macesl B MEHbBIIHUX KOHIICHTPALUSX [0 CPaBHEHUIO C TOBApHBIMU mpucajakamu (Ha 20-
25%) u 1o0CTHYb SKOHOMUYECKOTO 3 deKTa.

Tabauya 2
Xapaxmepucmuxa onvtmno2o momoprozo macia M-101
Motopnoe macio M-10 I,
TToxazarenu
HOpMa OTIBITHOC
BsskocTs kuHEMaTHYecKast Ipu 100°C, mm. ¢t 11+0.5 11,1
WHaekc BI3KOCTH, HE MEHEE 85 85
Ilemounoe uncino, Mr KOH Ha 1 r macna, He MeHee 6,0 7,8
3051bHOCTH CcynbhartHas, %, He Ooee
ymeatras, %, 1,65 157
MaccoBast 1ot MEXaHUYECKUX TpuMeceid, %, He Ooiee 0,015 0,006
Temmeparypa, °C
BCIIBIIIKK B OTKPBITOM THUTJIE, HE HUKE 205 210
3aCTBIBAHHS, HE BBIIIIE -15 -15
2
Koppo3noHHOCTh Ha IIaCTUHKAX CBHUHIIA, I/M°, He Ooee 20 OTtcyTcTBYyeT
Moromue csoiictsa o I13B, 0anisl, He Ooee 1,0 0
CTabuibHOCTD MO0 MHAYKIMOHHOMY TIEPUOITY 40 40
0caJIkoo0pa3oBaHus, 4, HE MeHee
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XULASO
SURTKU YAGLARI UCUN COXFUNKSIYALI SULFONAT ASQARLARI
Giilaliyev 1.C, Valiyeva S.M, Hasanova S.09, Sadirzads 1.0

Acar sozlor: asqarlar, stirtkii yaglari, alkilfenol, sulfonatlar, ¢coxfunksiyali tasir.

Tetramer propilenin istiraki ilo alinan metilen-bis-alkilfenolun sulfometillosmoasi mohsulu ssasinda
yagda holl olan neytral vo orta golovili kalsium sulfonatlar1 sintez edilorak todqiq olunmusdur. Alinmig
sulfonatlar c¢oxfunksiyali asqar olaraq siirtkii yaglarmin yuyucu, dispersiyaedici, korroziyaya veo
oksidlosmaya qars1 stabillik xassoalorini shomiyystli doracads yaxsilasdirir vo yiiksok termiki stabilliye
malikdir. Islonib hazirlanmus asqarlar boazi gostoriciloro goro xarici analoq olan Xaiitek 6060M asqarindan
istlindiir. Alinmis orta golovili sulfonatin istiraki ilo keyfiyyot gostoricilorine gora biitiin toloblora cavab
veran M-10I"; tacriibi motor yagi islonib hazirlanmisdir.

SUMMARY
MULTIFUNCTIONAL SULFONATE ADDITIVES FOR LUBRICATING OILS
Gulaliyev 1.D, Veliyeva S.M, Hasanova S.A, Sadirzadeh 1.A

Key words: additives, lubricating oils, alkylphenol, sulfonates, multifunctionality.

On the basis of sulphometylated methylene-bis-alkyl phenol abtained by using propylene tetramers
neutral and mid alkaline oil soluble calcium sulfonates were synhesized and studied. Derived sulfonates as
multifunctional additives notably improve detergency, dispersant, anti-corrosion properties and stabillity
against oxidation of lubricating oils as well as possess high thermal stability. According to some indicators,
developed additives surpass foreign analog — Hitech 6060M additives. Using given mid alkaline sulfonate,
experimental motor oil M-10G, was developed which in terms of quality meets the requirements.

Daxilolma tarixi: [lkin variant 09.01.2017
Son variant 25.09.2017
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Benzinlarin detonasiyaya davamlhiliginmi artiran va ekoloji durumunu yaxsilagsdiran oksigenatlardan
biri olan diizopropil efirinin izopropil spirtindon alinma reaksiyasinin termodinamik hesabi aparilmis vo
tohlili verilmisdir. 27-227°C temperatur hiidudlarinda diizopropil efirinin tarazhq ¢oximmin 40-46%
oldugu miiayyon edilmigdir.

Neft emal1 vo neft kimyasinin iritonajli mohsulu sayilan avtomobil benzinlorinin istehsali
neftin imumi hasilatinin ~25 % -ni toskil edir.

Kec¢oan osrin axirlarinda vo XXI asrds benzinlarin istehsalina tasir edon asas amillora
onlarin antidetonasiya xassolori vo ekoloji tomizliyini misal gostormok olar [1]. Malumdur ki,
benzinlorin detonasiyaya davamlili§i oktan odadi ilo ifads olunur. Onun artirilmasi istiqgametinda
bir sira proseslor vo omoliyyatlar islonib hazirlanmisdir vo sonayedo totbiq olunur. Katalitik
kreking, Katalitik riforming, hidrokreking proseslori alkilat vo polimer benzinin alinmasi,
asqarlar vo qatqilarin slavo olunmasi vo s. dediklorimizi siibut edir.

Bu problemin prinsipial hollindo torkibindo karbohidrogenlordon basqa, oksigenli
birlogsmalorin (oksigenatlarin) oldugu “formullasmamis” benzinlarin istehsali xiisusi yer tutur.
Belo birlosmolora metiliigliibutil efirini diizopropil efirini ti¢liiamilefirini, etil-li¢lii butil efirini
diizopropil efirini vo s. [2] misal gostormok olar. Benzinlarin istismar va ekoloji gostaricilorini
xeyli artiran oksigenatlarin yanacaqdaki qatiligt < 2.7 kiitlo % olmalidir. Bu halda islonmis
qazlarda dom qazinin mol pay1 16.0 %, CxHy birlosmalarin qatiligi is9 10.0 % -1 kegmir.

Oksigenatlar icorisindo golocayi olanlardan biri do, daha doqiq desok, Onomlisi do
diizopropil efiridir. Onun boyiik xammal bazasi movcuddur. Belo ki, propilenin resurslari
izobutilen vo izoamilenlorlo miigayisads bir nego dofo coxdur.

Katalitik krekingdon alinan propilenlo yanasi, piroliz, aseton vo izopropanolun
istehsallarinda alinan tullantilar1 da bura aid etmok olar. Demali, onun istehsalini istonilon neft
emal1 zavodunda qurmaq miimkiindiir. Digor torofdon metil ti¢liibutil efiri ilo miigayisado asagi
maya doyari ils se¢ilon diizopropil efirinin istehsalinin perspektivliyi daha 6nomli goriiniir.

Izoolefinlorlo miiqayisodo reaksiyaya girmo qabiliyyati bir qoder asagi olan progilendan
diizopropil efirinin alinmas1 daha sort soraitds seolitlor istirakinda aparilir (T- 250-260 “C vo P-
14 mPa) va bu sahado liderlik Mobil sirkotine maxsusdur [3].

Ona goro do diizopropil efirinin alinmasinda ikimorhololi {isula daha ¢ox {istlinliik verilir.
Birinci morholods propilen vo sudan izopropil spirtini alirlar ki, onun ikinci moarhalado
kondenslogmasindon diizopropil efiri istehsal olunur.
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Hesabatda izopropil efirinin kondenslosmo reaksiyasi ilo diizopropil efirinin alinmasinin
termodinamik aragdirmalar1 aparilmisdir.

Termodinamik tohlili aparmaqda asas magsad izopropil spirtinin kondenslogsmas reaksiyanin
bas vermo ehtimalini vo onun soraitini miioyyan etmok, tarazliq sabitlori vo tarazliq ¢iximlarini
hesablamaqdir.

Kondenslosma reaksiyasi asagidaki tonliyo osaslanir.

2C;HsO «——» CzH140 + H,0 (1)

Ik novboda, reaksiyanin istilik effektinin AHL= f(T) vo Hibs enerjisinin 27-627
temperatur hiidudlarindak: asililiglart AGr= f (T) her 100° C-don bir tapilib qurulmusdur. ilkin
termodinamiki gostoricilorin hesablanmasinda Andersen Ttsulundan (4) istifado edilmis,
hidrogeni metil qruplar1 vo digorlori ilo ovoz edorok emprik metodla diizolislor aparilmisdir

(cad.1, cad. 2).

Cadval 1
Tzopropil spirti iigiin Andersen iisulu ilo termodinamiki gostaricilorin hesablanmas:
Madda A bx10° C x10°
C/mol-dor C/mol-dor C/mol-dor

Metan 15.88 69.64 -13.57
-CH; -8.38 97.21 -38.21
- CHg (ikili) 4.57 74.54 -27.11
-OH 13.28 -62.26 23.42
Birlogmo 16.97 276.33 -93.6

Biitiin ilkin molumatlar1 cadvals (cod.3)

toplayib (Aigr ) reaksiya ii¢iin termodinamiki

parametrlorin doyismasini hesablayaq. Bu zaman molum [5] komiyyatlordon do istifads olunur.

Codval 2
Diizopropil efiri ticiin Andersen iisulu ilo termodinamiki gostoricilorin hesablanmasi
Maddo AH 05 S a bx10° ¢ x10°
kC/mol C/mol C/mol-dor C/mol-dor C/mol-dor
Dimetil efiri -192.74 266.90 26.90 166.10 -48.0

Ikili ovozetmoaya diizalis: sado -29.33 58.66 -0.04 73.66 -22.33
vo miirakkob efirlordo-CHs
gruplart ilo (4 qrup)

Birlosmo -310.10 501.54 26.73 460.73 -137.31

Codval 3
CiHg + C3H,OH—» C3;H;—O- C3H; reaksiyasi iigiin termodinamiki géstaricilor va onlarin
dayismasi

Termodinamiki Madda
gostaricilar, olcii CsHgO H,O CsH140 Aig
vahidi ilo
AH'506 KC/mol -272.98 -242.18 -319.28" -15.50
S°508 C/mol 310.35° 189.01 390.80° -40.89
a, C/mol-dor 16.97 30.17 26.73 22.96
bx10° C/mol-dor 276.33 11.31 460.73 -80.62
cx10° C/mol-dor -93.69 - -137.30 50.07

AH7 = (T) asihilhigi AH7 = AH

0
T 298

Burada AH7 595 -25 °C —do reaksiyanin istilik effekti Aa, Ab, Ac
reaksiyanin istirak¢ilarinin uygun amsallarinin cobri comidir.

Hibs enerjisinin temperatur asiliizn AGt® = f(T) Hibs—Helm-Hols

inteqrallagsmasindan alinir.
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Tzopropil spirtinin kondenslasmasi ilo diizopropil efirinin alinma reaksiyasinin termodinamik tohlili

AGS = AHfygg + AaTINT + T +55T% +JT

Adotan, istor entalpiya doyismasi istorso do Hibs enerjisi doyisikliyini standart sorait ii¢lin
hesablayirlar. Bu zaman AGT® = 331 KC/ mol giymatini alir ki, bu da izopropil spirtinin
kondenslosmo  reaksiyasinin bas vermosindo mohdudiyyetlorin  olmadigini  gostarir.
Temperaturdan asili olaraq, AGTO asagidaki kimi doyisir. AG0127 = 4.13 kc/mol, AGO427 =55
ke/mol vo AG%;,7 = —6.68 ke/mol. Tozyiqin artmasi homin temperaturda standart reaksiyanin
istilik effektini doyisir ki, bu da yliksok tozyiqdo madds entalpiyasinin doyismosi ilo baghdir.

Reaksiyanin hor bir istirakeisi liglin  gostoricisi hesablanmalidir

0_
HT—kH = f(m,t,Zkr)

ki, o da temperatur vo tozyiqden asilidir. Hesablamalar molum metodiki (4) tizra hayata
kecirilmisdir. Ik ndvbads, Lidersen metodu ilo diizopropil efirinin kritik parametrlori hesablanir.

Tq
Tkr = ?

burada Tq — maddenin atmosfer tozyiqinds qaynama temperaturu K ilo, 0 iso 6 = 0.567 + ZAT —
(ZIAT)2 ilo hesablanmig birlogsmonin sabitidir. AT homin maddonin par¢alanmasi miimkiin olan
gruplarin struktur vo atom sabitlorinin comidir.
Kritik tozyiq asagidaki tonlik ilo hesablanmigdir.
M

Per = (F+0.34)2

M- birlogsmonin molekul kiitlosi F- sturuktur vo atom sabitlorinin (AP) comini ifado edon sabitdir.
Diizopropil efiri {igiin atom vo struktur qruplarin AT vo AP — nin qiymotlori asagida
gostorilmisdir (cod.4)

Cadval 4
Diizopropil efiri iiciin AT va AP —nin giymotlori
Struktur Qruplarin say1 AT AP
Qruplar
—CH; 4 0.020 0.227
—CH 2 0.012 0.210
-0 1 0.021 0.160
> 0.125 1.488

6= 0.567 + 0.125 — (0.125)* = 0.676

T =68.3/0.676=232.1 °C

Pir = 102/(1.488 + 0.34)? = 3.05 MPa

Diizolislori miioyyan etdikdon sonra verilmis sorait {iciin istilik effektini miioyyon edirik.

H'-H
AHP. = AHO — A ( = )Tkr
H°—H H° —H H° —H
A TkT 2171 TkT' — 2171 Tk
Tkr kr _Tk_r
Moh ilkin

burada AH’T  verilon temperaturda vo standart soraitdo reaksiyanin istilik effektidir. Mosslon:
(1) reaksiya ti¢iin T= 27 C va P = 1.0 MPa soraitdo istilik effektini miioyyon edok. Cadvaldo
reaksiya istirak¢ilariin biitiin kritik vo verilmis parametrlori toplanir.
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Cadval 5
Diizopropil efirinin sintezindo istifada olunan komponentlarin kritik va digor parametrlori
Parametr Izopropil spirti Su Diizopropil efiri
T, °C 235.8 374.4 232.1
Py, MPa 4.7 21.83 3.05
Zy 0.25 0.230 0.250
T 0.213 0.046 0.328
T 0.59 0.463 0.594
(H*-H)/T\,C/mol, °C 134.85 95.60 143.09
H°-H C/mol
31797.0 8541.15 7926.53

A(H°-H) = 5405.85 C/mol
AH%g0 = - 11.79 kC/mol
AH%g0 = - 17.20 kC/mol
Analoji qaydada reaksiyanin bagqa soraitlori {i¢lin hesablamalar aparilmis vo alinan
naticalar 6 sayli cadvalds y18ilmisdir.
Sistemin ideal oldugunu gobul edib tarazliq qarisiginin torkibini hesablayiriq.

Cadval 6
ITzopropil spirtinin kondenslasma reaksiyasinin istilik effektinin (AH')
temperatur va tazyiqdan asililigi
Tozyiq, atm Temperatur, °C
27 227 427
1 -11.79 -12.01 -13.46
10 -17.20 -13.28 -14.68
20 -17.15 -5.38 -15.19
40 -10.36 -26.81 -15.61

AG’; -giymatini bildikden sonra hamin temperaturda tarazliq sabitini hesablayaq:

InK’ = -AG"r /RT

K, —qiymatinin miioyyon edilmosi tarazligda olan sistemin torkibinin, yoni maksimum
miimkiin olan ¢iximin hesablanmasina yol agir. Kiitlalorin tasiri ganununa asason:

2C3HgO <+— C¢H,O0 + H,0
to 2 0 0 mol
t 2(1-X) X X

reaksiyasinin garisigindaki komponentlorin mol paylarini hesablaya bilorik
Nips.= 2(1-X) / [X+X+2(1-X)] = 2(1-X)/2 = 1-X
NC2 - X [X+X+2(1-X)] = X/2
Npppp = X/ [X+X+2(1-X)] = X/2 onda kiitlolorin tosiri ganunu K° = X?/4(1-X)* kimi
ifado olunur. Alinan naticalor 7 sayli cadvaldo verilir.
Cadval 7
P=0.1 MPa tozyigda izopropil spirtinin kondenslasma reaksiyasi ticiin hesablanmus tarazlg

qarisiginin tarkibi

T°C AG% c/mol | InK; X Nips. Ny Npipe
27 -15740 1.50 0.92 0.085 0.46 0.458
127 -17317 1.24 0.89 0.109 0.445 0.446
227 -19068 1.0953 1.1 0.13 0.435 0.435

Belolikla, alinan naticolorin tohlili gostarir ki, 27-227° C temperatur hiidudlarinda izopropil
spirtinin kondenslogmo reaksiyasi ila diizopropil efirinin alinmasi yaxsi ¢ciximla (40-46 %) bas
vera bilar. Bu natica toklif olunan tisulla diizopropil efirinin alinmasinin praktiki oshomiyyat kosb
etdiyini gostarir.
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PAaBHOBECUS, PABHOBECHDIU 8bIX00, MEPMOOUHAMULECKAS OYCHKA.

[IpousBeneH TepMOAMHAMHUYECKHI pacueT M aHaIW3 PEaKIUH MOJyYeHHUs TUU3ONPOINUIOBOIO

a¢upa Ha OCHOBE HM30MPOMMUIIOBOTO CIUPTA, KOTOPBIH SBISIETCS OJHUM W3 JYYIIUX OKCHI'CHATOB IS

NOBBIICHUA AHTHACTOHALMOHHBIX W DKOJOIMYECKUX CBOHCTB OeH3uHoB. OmpeaeneHo, 4YTO B

TemrepaTypHOM uHTepBaze 27-227°C paBHOBECHEIH BBIXOJ AMM30MPOIMIOBOro 3dupa cocrapmser 40-
46%.

SUMMARY
THERMODYNAMIC ANALYSIS OF THE REACTION CAN BE OBTAINED BY
CONDENSATION OF ISOPROPYL ALCOHOL ETHER DIIZOPROPIL
Aghayev A.A., Javadova F.F., Garayeva |.E., Feyzullayeva G.A.

Key words: isopropyl alcohol, diisopropyl ether, condens equilibrium consrant, equilibrium
thermodynamic analysis.
Oxygenates to improve the environ mental situation of the increasing resistance of detonation petrol
and duspropyl, broadcast ing is one of the thermodynamic reaction of isopropanol account acquisition and

analysis were conducted °C temperature within 27-227 40-46% duspropyl, ether was found to be in
equilibrium output.
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TETRAHIDROPIRIMIDINTIONLARIN SINTEZi VO TODQIiQi
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Acar sozlar: tiokarbamid, etilasetat, tetrahidropirimidintion, antibakterial, antifunqgisid.

Pirimidintionlarin - miixtalif analoglari  effektiv antibakterial, antivirus, antifunqisid
(gobaloklora qarsi) tosiro malikdirlor. Bioloji — aktivliiyini nozora alaraq torafimizdon
pirimidintionlarin yeni toromoalori sintez edilmis vo miixtalif funksional xassalorinin Gyranilmasi
istigamatinda miiayyan qadar elmi-tacriibi arasdirmalar aparimigdir.

Giris. Dikarbonilli birlosmolorin miixtolif aldehidlor vo karbamidlo {lickomponentli
kondenslogsmo reaksiyalar1 aparilsa da, onlarin tiokarbamidlo qarsiliqli tosir reaksiyalar1 az
Oyronilmis vo, demok olar ki, otrafli todqiq edilmomigdir. On son malumatlara gors, tiokarbamid
vo onlarin miixtalif téromolori kiikiird iizvi birlosmalorinin alinmasinda sorfoli reagent hesab
olunur [1,2]. Azot vo kiikiird torkibli tizvi maddoslorin tibb praktikasinda sis xostoliyino, kegici
mikroblara gars1 miialicovi shomiyyato malik maddolor olmasini [3] nazars alaraq, torafimizdon
diinya odobiyyat molumatlarinda rast golinmoyon, genis tohlilo ehtiyaci olan tiokarbamidin
tsiklik téromalorinin strafinda miioyyan qoador elmi va praktiki aragdirmalar aparilmisdir [4,5].

Noticalorin miizakirasi. Bu noqteyi-nozordon tiokarbamidin dimetilaminobenzaldehid,
aldehidlor vo allil asetoasetatla birmarhalali tickomponentli kondenslogsmo reaksiyasi miihiim
ohomiyoto malikdir. Reaksiya noticosindo tiokarbamidin tsiklik téromosi olan allil4-(4-
(dimetilamino)fenil)-6-metil-2-tiokso-1,2,3,4-tetrahidropirimidin-5-karboksilat alinir. Reaksiya
asagidaki sxem tizro aparilmisdir.

H3C\N/CH3
0
H
0 0 S
CH
P it —

HsC 0 HoN NH2+H3C\N\ —H,0 HZC\/\O/C \H
b, e

Hee” N7 s

H

Bu reaksiyanin tohlilindon molum olur ki, tiokarbamid spesifik doyisikliyo ugrayir. Malum
oldugu kimi, tiokarbamid molekulunda reaksiya qabiliyyastli bir ne¢a aktiv morkoz mdévcuddur.
Belo morkozlordon biri mohz tiokarbamidin yuxaridaki reaksiya tizro aldehid vo B-ketoefirlorlo
qarsiligl tosiri zamani ¢evrilmoyas moruz galan amin qrupudur. C=S reaksiya morkozi fragment
kimi omala golon tetrahidropirimidintionun torkibine daxil olur.

33


mailto:nazarov-nazar@rambler.ru

Tetrahidropirimidintionlarn sintezi va tadqiqi

Alinan yeni maddonin qurulusu 'H ve '*C NMR spektroskopiya iisullari ilo tosdiq
edilmisdir. Allil4-(4-(dimetilamino)fenil)-6-metil-2-tiokso-1,2,3,4-tetrahidropirimidin-5-karbok-
silatin 'H NMR spektrindon molum olur ki, allil qrupunda yerloson ikigat rabiteyo birlosmis
metil qrupuna uygun singlet 2.25 m.h-do askarlanir. Allil 4-(4-(dimetilamino)fenil)-6-metil-2-
tiokso-1,2,3,4-tetrahidropirimidin-5-karboksilatin miivafiq spektrinin tohlili gostorir ki, tsiklik
halgaya daxil olan azot atomuna birlogsmis metil qrupuna uygun iki singlet 2.85 m.h-do miisahido
olunur. Allil 4-(4-(dimetilamino)fenil)-6-metil-2-tiokso-1,2,3,4-tetrahidropirimidin-5-karboksilat
maddosinin karboksil qrupunda oksigen atomuna birlosmis CHy-yo uygun duplet vo aromatik
halgaya birlosmis CH qrupuna uygun dupletin signallart 3.37 vo 4.47 m.h-do askarlanir. Allil
fragmentinin CH qrupuna uygun dupleti 5.10 m.h-do miisahido olunsa da, allil qrupuna uygun
multipletin signallar1 5.84 m.h-do aydin nozors carpir. Homin birlogsmonin tsiklik halqaya daxil
olan hidrogen signali duplet halinda 6.65 vo 7.02 m.h-do miisahids edilir. NH qrupunun hidrogen
protonu iso sinqlet soklindo 7.62 vo 9.15 m.h-yo uygun golmesi alinmis birlosmonin amalo
golmoasini vo qurulusunun nozords tutulan kimyovi formula tam uygun oldugunu tosdiq edir
(Sakil 1).

J =hG348
HsC.-CHs
| B
=
H,C i
o NH

10 9 8 7 6 5 4 3 2 1 ppm

Sakil 1. Allil 4-(4-(dimetilamino)fenil)-6-metil-2-tiokso-1,2,3,4-tetrahidropirimidin-5-karboksilatin
'"H NMR spektri.

Pirimidintionlarin miixtolif ¢evrilmo mohsullar1 da effektiv antibakterial, antivirus,
insektisid tosiro malikdir. Bundan olave, bir ¢ox kondensasiya olunmus heterosiklik sistemlor
pirimidin halqa ilo birlogdikds anti-hipertoniya, hararst azaldan v iltihaba gars1 dormanlar, hom
da pestisid, herbisid va bitki artimi tonzimlayici kimi vacib rol oynayir. Bu genis ohatoli bioloji
mithiimlilyline gore sintez etdiyimiz tsiklik tiokarbamid téromalori osasinda torafimizdon bir sira
cevrilmolor do aparilmisdir. Belo ki, 4-(4-(dimetilamino)fenil)-6-metil-3,4-dihidropirimidin-
2(1H)-tion (1) maddasino 3-xloropentan-2,4-dion maddosi ilo tosir gostorib  3-((4-(4-
(dimetilamino)fenil)-6-metil-1,2,3,4-tetrahidropirimidin-2-il)tio)pentan-2,4-dion maddosi torafi-
mizdan sintez edilmisdir.

Reaksiya sxemi asagida tosvir olunmugdur:
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H3C\N,CH3 H3C‘N’CH3
+ Cl—- Rg — + HCI
R1 | NH Rl NH
|

R, H/gs Ry N)\S Rs
1.R;=H, Ry= CH3, R3 = CH(COCH3)2
2.Ry = COOCH2CH3, R, = CH3, Rg= CH(COCHg)z
3.R; =COCHs3, R, =H

Bu spektrin tohlilino gors, 1089 sm™ azot vo oksigenin udma zolagidir. vco = 1708
sm™ tezliyindo iso miirokkob efir fragmentinde CO rabitolorinin udma zolagi miisahido

olunur.
Sintez edilmis yeni birlosmo havaya qars1 sabitdir, sirke tursusunda kristallagir vo suda

hall olmur. Yeni maddonin amals golmasi sorbast sokilde ayrilmasi miimkiin olmayan araliq
maddos olan biquanidotiokarbamidin alinmasi ilo bas verir.
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Sakil 2. 3-((4-(4-
(dimetilamino)fenil)-6-metil-1,2,3,4-tetrahidropirimidin-2-il)tio)pentan-2,4-dion
maddosinin IQ spektri.

Almnan maddenin qurulusu IQ spektroskopiya iisulu ilo tosdiq olunmusdur. vCH = 3074,
82-3022, 62 sm™'- do halgada CH rabitolorinin valent titromolorinin udma zolag: aydin gériiniir.
vNH=3412,57 sm'l, 3326 Sm'l, 3232 sm™ amin vo amid gruplarinda NH rabitolorinin valent
rogsloridir. 1610 sm™ vo 1587,58 sm™-do ikili aromatik aminlorde NH rabitolorinin deformasiya
titromolorinin udma zolag meydana ¢ixir.1508 sm™, 1481sm™ tezliklorinde aromatik halqada C-
C rabitolorinin udma zolaqglart miisahido olunur. 1015,58 sm“l, 1031,54 Sm'l, 1130 Sm'l,
1117sm', 1192 sm™ tezliklorindo aromatik halqada CH rabitolorinin miistovi deformasiya
titromalarinin udma Zolacilarl aydinlasir. 600 sm“l, 603 Sm'l, 616 Sm'l, 640 Sm'l, 666 Sm'l, 759
sm'l, 900 Sm'l, 931 sm™, 949 sm'l, 962 sm'l, 997 sm* tezliklorinda iso aromatik halgada olan
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CH rabitolorinin antimiistovi deformasiya titromolorinin udma zolaglar1 aydinlasir ki, bu da
alinmis maddonin formula uygun oldugunu gostorir (Sakil 2).

Aparilmig analiz noticolorino osason molum olur ki, tsiklik tiokarbamid téromolori
goboloklora qars1 daha yiiksok effektiv tosiro malikdir. Eyni zamanda tetrahidropirimidintionlar
vo onlarin téramalori bagirsaq ¢oploring, gdy-yasil irin ¢oplarine qarst yliksok antimikrob faalliq
gostarirlar.

Apardigimiz todqgiqatlardan molum olmusdur ki, dyronilmis bu birlosmalor inhibitor kimi
yiiksok tosir effektivliyi gostorir vo kumolun oksidlogsmosinin garsisimi effektiv olaraq alir.

Tacriibi  hissa.  Allil-4-(4-(dimetilamino)fenil)-6-metil-2-tiokso-1,2,3,4-tetrahidro-
pirimidin-5-karboksilatin sintezi. Maqnit qarisdiric1 vo termometrlo tochiz olunmus kolbaya
0.76 q tiokarbamid vo 20 ml etil spirti alava edib qarigdiricini igo saliriq, tiokarbamid tam hall
oldugdan sonra kolbaya 1.37 ml allil asetoasetat vo dimetilaminobenzaldehid olavo edirik.
Qarisigin iizorino 0,05 ml tgfliiorsirko tursusu olavo edirik. Siirotli qarisdirmaqla temperatur
50°C - dok qaldirilir. Reaksiya qarisigl 3 saat miiddotine qarisdirilir. Reaksiyanin gedisino nazik
tabaqoali xromotoqrafiya ilo nozarst edilir. Elyiient kimi heksan: izopropil spirtinin 5:2 nisbati
gotiriiliir. Reaksiyanin basa ¢atdigi miioyyon olunduqdan sonra qarigiq otaq temperaturuna qodor
soyudularaq bir giin saxlanilir. Cokmiis ag kristallik birlosmo ovvolco hidrogen xloridin
durulasdirtlmis mohlulu ilo yuyulur. Sonra suda, etil spirtindo vo, nohayat, dixlormetanda
yenidon kristallasma metodu ilo tomizlonir. 10.15 q allil-4-(4-(dimetilamino)fenil)-6-metil-2-
tiokso-1,2,3,4-tetrahidropirimidin-Skarboksilat alinir.

Cixim 61 % toskil edir. Orima temperaturu 213-216 °C-dir. R = 0.53

Tapilmigdir: % C 61.14, H 6.47, N 8.36, O 14.72, S9.71. C17H19N30,S

Hesablanmigdir: % C 61.26, H 6.30, N 8.40, O 14.41, S 9.60

Allil4-(4-(dimetilamino)fenil)-6-metil-2-tiokso-1,2,3,4-tetrahidropirimidin-5-karboksilatin
'"H NMR spektri (DMSO-ds 8): 2.25 (S,3H,CHa); 2.85 (S,6H,2CHsN); 3.37 (d,2H,CH,0); 4.47
(d,1H,CH-Ar); 5.10 (dd,2H,=CHy); 5.84 (m,1H,=CH); 6.65 (d,2H,2CHAr); 7.02 (d,2H,2CHar);
7.62 (S,1H,NH); 9.15 (S,1H,NH).

3-((4-(4-(dimetilamino)fenil)-6-metil-1,2,3,4-tetrahidropirimidin-2-il)tio)pentan-2,4-
dion maddasinin sintezi. Mexaniki qarigdirici, termometr vo okssoyuducu ilo tochiz olunmug
yumrudib kolbaya katalizator va reagentlorin 1:1 mol nisbatinds aseton va izopropil spirtinda
mohlulu olavs edilir. Ovvalca tetrahidropirimidintion reagentlorin mol nisboti 2:1 olan 5-10 ml
aseton - izopropil spirti miihitindo holl edilir, onun iizorino xlorlu téromo olave edilorak
qarigdirilir. Qarigiq 70-80 0 C temperaturda 4-5 saat qarigdirilir. Reaksiya basa ¢atdigdan sonra
qarisiq soyudulur, etanolda yenidon kristallagma metodu ils tomizlonir va qurudulur.

Cixim 67 % toskil edir. Orima temperaturu 213 °C-dir. R = 0.37

Tapllmlsdlr, % C 60.14, H4.47, N 7.03, @] 12.03, S 16.07. ConlgNzogsz

Hesablanmisdir, % C 60.15, H 4.30, N 7.01, O 12.04, S 16.04

Notica.Tsiklik tiokarbamid toromslorinin antimikrob xassosi miiqayisoli sokildo T- 46
yaginda sinaqdan kegrilmis vo miioyyonlosdirilmisdir ki, onlar giiclii antimikrob xassolorine
malikdir. Somaoraliliyine goro sonayedo antimikrob asqgar kimi istifado olunan 8 - oksixinolin vo
natrium pentaxlorfenolyatdan Ustiindiir. Molekullarinda azot ilo yanasi, kiikiird atomlarin1 birgoe
saxlayan sintez edilmis alkil(aril)-2-tiokso-1,2,3,4-tetrahidropirimidin-5-karboksilatlarin, vo
onlarin tdroamolorinin karbohidrogenlorin oksidlogsmasinin qarsisini alan agqar kimi todqiqi
aparilmigdir. Onlarin oksidlosmo prosesinin inhibitorlasmasinin elementar reaksialarinda
istirakinin, yoni antioksidant tosir mexanizminin dyronilmasi gdstormigdir ki, bu birlogsmalorin
hamis1 peroksid radikallarmi dof etmokls, oksidlosmo zoncirlorini qiraraq omolo golon
hidroperoksidlari katalitik parcalayaraq yiliksok antioksidlogdirici qabiliyyato malikdir.
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PE3IOME
CHUHTE3 Y CBOMCTBA TETPATUJAPONIUPUMUJIAHTUOHOBBIX COEJJUHEHU
@Dapszanuee B.M., Hazapoe H.M., Cydycaes A.P.

Knrouesvle cnoea: muokapbomuo, smuiayemam, mMempocuOPONUPUMUOUHMUOH, AHMUOAK-
mepuanbHblil, aHMU@YH2UYUO
Pasznuunble aHamoOr MHPHUMUAMHOB HMEIOT 3(P(MEKTHBHBIA aHTHOMOTHK, AHTUBUPYC, AHTH-

¢yurunuaneiii 3pdekr. C yueTom OHMONIOTHMYECKOH aKTUBHOCTH OBUIM CHHTE3MpPOBAaHBI HOBEIC
MPOU3BOJIHBIC MMUPUMUINHA U TPOBEIECHBI HEKOTOPBIE HAYYHBIE M SKCIICPUMEHTAILHBIE UCCIIEIOBAHUS
JUISL M3y4YEeHUS Pa3TMIHbIX (YHKIMOHAIBHBIX CBOWCTB.

SUMMARY
SYNTHESIS AND RESEARCH OF TETRAHYDROPYRIMIDINE DERIVATIVES
Farzaliyev V.M., Nazarov N.M., Sucayev A.R.

Key words: Thiocarbamide, ethyl acetate, tetrahydropyrimidinethione, antibacterial,
antifungicide
Different analogues of pyrimidines have an effective antibiotic, antivirus, anti-fungicidal effect.
Considering biological activity, new derivatives of the pyrimidine have been synthesized and some
scientific and experimental studies have been conducted to study the various functional properties.
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Son variant 25.09.2017
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OcymiecTBiieHa peaknus paguKaTbHOTO MPHCOSIWHEHHS THO(PEHOJIA W ATAHIUTHONA K
HEIpeAeNIbHBIM LHUKIMYECKUM aleTaisiM. BBIsSBIIEHO, UTO peaklus MPOTEKAET ¢ OJTHOBPEMEHHbBIM
y4acTHEM JIBOMHOMW CBSI3W M JHUOKCOJIAHOBOTO KOJIbIIAa C OOpa30BaHMEM MOHO- U OWC-aTyKTOB
JUHEHHON CTPYKTYpBI, coeprallire B MOJeKylax KeroddupHsie rpynmnbl. CHHTE3HMpOBaHHbBIC
aJJlyKThl OBUIM HCIIOJIb30BaHbl B KaYECTBE MPHUCAJOK K CMa30YHbIM MacjaM U BBISBIIEHO, YTO
BBEJICHHME HMX B COCTAaB CMAa304YHbIX Macell B YCIOBHMSX TPEHUS 3aMETHO YIYYIIAroT
IIPOTUBO3aJUPHbIE, IPOTUBOM3HOCHBIE M AHTUKAPPO3HOHHbBIE CBOICTBAa CMa304YHBIX
KOMIO3UILIUH.

B nocneanue roapl MIMpPOKOE pacHpOCTpPaHEHUE B KAYECTBE IMPUCAJOK K MaciaaMm Halllu
COCIMHEHMS, COJEp)KAIME B CBOUX MOJIEKYJaX OJHOBPEMEHHO HECKOJIBKO pa3JIMYHBIX
reTepoaToMOB HJIM MOJSPHBIX (YHKIHMOHANBHBIX Ipyni. B Hacrosiee BpeMsi HEKOTOpPBIE H3
TaKUX COEIMHEHUH YK€ HAllUIM IPUMEHEHHUE B MPOMBIIUIEHHOCTH. HecMoTps Ha 370, Bee ke co
CTOPOHBI CHEIHAIMCTOB, pabOTAIONIMX B 00JACTH CO3JaHHsI BHICOKOA((EKTUBHBIX MPUCATOK K
Mmaciam, yzaensercs Oojbllloe BHHMaHHE B IJJaHE IOMCKA W Pa3pabOTKH HOBBIX BHUIOB
BbICOKOA((DEKTUBHBIX CMa304HbIX MaTepuanos [1]. Haubonee nepcrnekTMBHBIM MyTeM peLICHUS
JAHHOW 3aJaud SIBISAETCS JIETUPOBAHHME CMAa304YHBIX MAacesl pa3jIM4HbIMU IPHUCATKAMH,
n00aBJIEHUE KOTOPBIX YIyUIlIaeT dKCITyaTallHOHHbIE CBOMCcTBA Macen [2-3].

[Tpucanku, crnocoOCTBYIOIIUE YIYYIIEHUIO TPOTUBO33JAUPHBIX U MPOTHMBOM3HOCHBIX
CBOMCTB CMa304YHBIX Macell, COJEep>KaT B CBOEM COCTaBEe psAJ TPUOOXMMHUYECKH AaKTHUBHBIX
3JIEMEHTOB, KaKUMH SBISIFOTCS (hocdop, cepa, xyiop u 1p. [4].

B nouckax HOBbIX BBICOKOA()()EKTUBHBIX NMPUCAJAO0K K CMAa30YHBIM MaciiaM IPeICTaBIseT
HECOMHEHHBI MHTEpeC CHHTE€3 M M3Y4YeHHE CBOWCTB CEpOCOJAEpKAIIUX KeTO3(UPOB C
pa3IUYHBIMU (parMeHTaMu. B 3ToM M1aHe, ojlydeHHbIE B pe3yJIbTaTe peaklMi MPUCOEIUHEHNS
tuoenona (TD) u srangutnona (B/T) k HenmpeneabHBIM LUKIMUECKUM aLeTalsiM, alyKThl
ABIIIOTCS. UHTEPECHBIM OOBEKTOM JUIsl MCCIIEIOBAaHUS MX B KaueCTBE MPUCAZOK K CMa304YHBIM
MacJlaM.

JKCIepUMEHTAJIbHAA YaCTh

HK- criekpsl cHumanuch Ha npudope UR - 20 B ob6mactu mpusm  KBr, NaCl, LiF B
BHJIe TOHKUX TUIeHOK. [IMP - ciekTpsl cHumanuch Ha criektpomerpe BS 487 B dupmer “Tesla”
B pacTBOpe CCly BHyTpeHHHH CTaHJapT-TeKCAaMETHWIITUCUIIOKCAH, O-IiKana. Yucrory
CHHTE3UPOBAHHBIX COe/leHeHnd omnpenensan  metonom [OKX - ananmza Ha Xpomatorpade
JIXM - 8M/JI, mozens - 3. Hemomemxnas ¢daza XE - 60 Ha xpomatone N- AW- DMCS.
Temneparypa 200 °C, ra3 - HocuTens - remmit V He= 50 - 60 Mir/MuH.
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IIpucoenuHeHne ITAHAUTHOJIA K HeNpeAedbHbIM HMKJIHYEeCKUM aleTassiM.

B ammyny B mnpoTtuBoTOKe wHWHepTHOro ra3za mnomectwin (.02 r-mMoiib MCXOIHOTO
moHomepa, 0.5 macc.% JAK u 0.02 r-monb T® (unu 0.01 r-mons DT).

ITocne 3anaumBanus ammynbl peakuuto npopoawau npu 70°C B Teuenue 1.5-2 yacos.
[Io okOHUaHMM peaklMHU aMITyJly OXJIAXJAJId W BCKpPBIBAIHU, COJEPKUMOE aMIiynbl 3-4 pasza
npombiBasid  10%-HBIM ~ pacTBOpoM coibl. IIpoayKT peakiuu 3KcTparupoBaiud 3(pupom,
BeIcymBay Hag NapSQOy, mocie OTTOHKY hupa MEPETOHsIIA B BaKyyMe.

CHUHTE3UpOBAaHHBIC COCIMHCHHS SBJISIIOTCS BBICOKOKHUILAIIUMHU — CJIA00OKpAIIEHHBIMU
MACJISHUCTBIMH KHJIKOCTSIMH, XOPOIIO PAacTBOPHUMBIMH B 0a30BOM Maclie U HMEIOT HIKE
MIpUBEJICHHBIC TaHHbIe (Ta0muma 1).

CTpykTypa TOTYyYEHHBIX COCIMHEHUIN OblIa yCTAaHOBJICHA HAMH paHee Ha OCHOBAaHUU
nanabix K- u [IMP cniekTpockonuu.

Tabnuya 1.
Du3suKo-XuMUYecKue KOHCManmol a00ykmos muogenona (1-2) smanoumuona (3-4)
C HenpeoenbHbIMU YUKIUYECKUMU ayemaisiMu.

AJTYKTBI Brixon.% d®, n“%
1 86 1.4755 1.5160
2 89 1.4775 1.5130
3 92 1.4730 1.5180
4 94 1.4745 1.5165

D¢ eKTUBHOCTh CHHTE3MPOBAHHBIX AJAYKTOB 1-4 B KadecTBE MPHCAJOK K CMa304HBIM
MacjiaM yCTaHOBJIEHA ITyTE€M UCHBITAHUS UX B CMECH C JUCTUIISITHBIM MacJIOM BBICOKOW OUHCTKU
mapku BM-1. I[IpoTuBOn3HOCHBIE U IPOTUBO3aIUPHbIE CBOWCTBA aJyKTOB 1-4 ompezeneHsl Ha
YeThIPEXIAPUKOBON MalIMHe TpeHUus Mapku MT-4 ¢ ucnonab3oBaHueM IIAapoB auamerpom 12.7
MM u3 cranu Mapku LIX-15 npu ckopoctu ckombxenus 0.23 m/cek. McnpiTaHue cOCTOSIIO U3
CEpHUU OIBITOB.

O0cy:xnenmne pe3yabTaTroB. [IpucoenuHeHHE THOJOB K HENPEAEIbHBIM IUKIMYECKUM
alleTansIM  OCYIICCTBICHO B DalMKalbHBIX ycrmomsx B mpucyrcrsun JIAK mpu 70°C. Ha
OCHOBAaHUHU JAHHBIX CHEKTPAJbHOTO AaHajdu3a YCTAaHOBJIEHO, YTO pPEAKIHs MPUCOECTUHEHUS
IIPOTEKAET C OJHOBPEMEHHBIM YYaCTUEM METWJIEHOBBIX IPYNI M JUOKCOJIAHOBOTIO KOJIBLIA C
o0pa3oBaHMEM JIMHEHHBIX aJAYKTOB, COJAepXkallue KeTo3(UpHBIE TPYyMIbl CO CIEAYOLIEH

CTPYKTYpPOU:

CHZ—CHZ\ , SCH,—C—CH,~0 —RH
/
SH SH CH, (ljl
CH,= C— CH, > |
| | CH, 0
o O N\ I
\V SCH,—C—CH,—0 —RH
R
3,4
PhSH (3.4)
PhS CH,—-C —CH,—0 —RH R= \<:|
Il / )
)
(1,2)

CuHTe3upOBaHHbIE aJIYKThl ObUIM HCHOJb30BaHBl B KayeCTBE MPHUCAZIOK K CMa30YHBIM
MmaciaMm. Ilo 3Toii npuunHe ObUIN ONpPEAEIeHBI CIEAYIONINE T0KA3aTeNIN: KPUTHUECKas: Harpy3Ka
3ae/laHus 1IapoB, Harpy3Ka CBapUBaHMUS U MHJEKC 3aaupa. OJHOBPEMEHHO, MyTEM HM3MEpPEHUs
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AOOYyKmovl MOHO- U QUMUONIOB C HENPEOETbHbIMU YUKTUYECKUMU AYEeMaTaMU
8 Kawecmee NPUcaooOK K CMA30YHbIM MACAM

JUuamMeTpa ISTHAa HM3HOCA IPU IOCTOSHHOM oceBoi Harpyske 392 H, ckopoctu BpaiieHHUs
BepxHero mapa 1420 MUH ™ M JJIUTEIBHOCTH HCHBITaHUS — 60 MHH. ObUIM OINpEACIICHBl U
IIPOTUBOU3HOCHBIEC CBOMCTBA.

TepmookuciuTenbHass CTa0WIBHOCTh omnpeaeneHa Ha npubope JAK-HAMU npwu
temneparype 140°C B Teuenue 20 yacoB B NPUCYTCTBUM MEIHBIX IUIACTHH, IPU 3ITOM
OJIHOBPEMEHHO ONpPEIEIsIN U aHTUKOPPO3UOHHBIE CBOWcTBA Macel. Kpurepuem KOoppo3nOHHOI
CTOMKOCTH SIBJISIACH BEIMYMHA MOTEPH MACCHI MEIHOM IUIACTHHKH — I/M°, a OKHCICHHOCTH —
MOBBILICHHE BSI3KOCTH U KOJMYECTBA 00Pa30BABIIETOCS OCA/IKa.

B rtabmuue 2 npuBeneHbl pe3ynbTaThl MCHBITAHUN MPOAYKTOB B CPaBHEHHM C
pe3ysibTaTaMH, MOJIYYEHHBIMH ISl HEKOTOPBIX HEMpEeAeNbHBIX CEpOCOJACPKAIIUX COCAMHEHUIA,
IIOJIyYEHHBIX HAMU paHee.

Tabruya 2
IlpomusousnocHvle colicmsa cepocooepaHCauiux Kemodpupos
JrameTp nsaTHA U3HOCA, MM
Harpyzku BM-1+ BM-1+ BM-1+ BM-1 BM-1 BM-1 6e3
Ha mapel, H| 2 mac.% 2mac.% 2 mac.% 2 mac.% 2 mac.%
aanykT-1 | agmykT-2 aaIyKT-3 anayKkT-4 JI3-23K aykTa
715 0.41 0.40 0.38 0.34 0.44 0.43
864 0.43 0.46 0.41 0.38 0.49 0.53
1012 0.45 0.48 0.46 0.42 0.50 T3= 2 CeK
1124 0.46 0.51 0.48 0.44 0.60
1295 0.51 0.54 0.50 0.48 T3= 8 cex
1416 0.54 0.57 0.53 0.49
1582 0.58 0.60 0.58 0.51
1724 0.65 0.66 0.62 0.54
1876 0.67 0.58
2018 =4 =3 0.68 0.62
CeK CeK

2086 0.68

T3= 2 CeK T3=2

CeK

CnenyeT MmoayepKHYTh, YTO BCE HCIIBITAHHBIE COEIMHEHUS YIYYIIalOT CMa3bIBarollye
cBoiicTBa 6a3oBoro macna. OmBITBI MOKa3ajd, YTO BbISBJIEHHAs CMa3blBalollas CIOCOOHOCTh
aJJIyKTOB B OIPEJEICHHOM CMBICIIE UMEET 3aBUCUMOCTb OT CTPYKTYpbl coenHeHuil. CoriaacHo
JaHHBIM HCTIBITaHUM (Tabnuia 3) BBeleHHE aJAyKTOB B 0a30BO€ Maclio B KoiuuecTBe 2 Macc.%
IPUBOJUT K MOBBIIIEHUIO ypoBHS 3aeaanus oT 600- 1o 2000 H, uro xapakTepHo 1j1si 0a30BOTO
Mmacia. [Ipu 3Tom U3HOC 11apoB, KaK MPU MajblX, TAaK U IPU KPUTUYECKUX OCEBBIX Harpy3Kax JJjis
U3TOTOBJICHHBIX KOMITO3UIMI MEHbIIIE, 4eM y 0a30BOro Maciia M HaXOAUTCS Ha YPOBHE 3HAUEHUH
ATOrO MapameTpa JJsi HbIHE MPUMEHSIEMbIX MPOMBIIUIEHHBIX MpHucagok. OCOOEHHO B 3aMETHOM
CTETIEHH 3TO HAOJI0JaeTCs MPH MOBBILICHUN Harpy3KU 3aefaHus B ciiydyae Ouc-aiaykToB — 3 u 4,
YTO BEPOSATHO, CBSI3aHO C afcopOLMeld MOJIEKYN, COJEp)KalIUX YABOEHHOE KOJUYECTBO
UKIMYECKHX (parMEeHTOB U aTOMOB CEphI B BUE CYIb(PHUIHON CBA3H.

CpaBHeHuE pe3ysIbTaTOB UCIBITAHUS aAAYKTOB 1-4 moKa3bIBaeT, 4To aJayKThl 1 u 2 1o
IIPOTUBO33JUPHBIM U IPOTUBOM3HOCHBIM CBOMCTBAM yCTYHNAIOT aaaykTam 3 u 4.

[Io KOppO3MOHHOW CTOMKOCTM © 1O HW3MEHEHUSM BS3KOCTH KOMIIO3UIMU C
UCIIOJB3YEMBIMU aJAYKTaMH HMMEIOT 3HAUYUTEIbHO JIy4YIIME CBOWCTBA, YEM KOMIIO3MIMM C
M3BECTHBIMH NPUCAIKAMH.

CpaBHMTENbHBIE UCTIBITAHUA AJTYKTOB 1-4 ¢ MONy4YeHHBIMU paHee CepoCoAepKaIUMHU (1
SBIISIOIIMMUCS MOJENbHBIMH) COSAMHEHUSIMHM TOKa3all HEKOTOphle 3aKOHOMEPHOCTH BIIMSHUS
XUMHUYECKON CTPYKTYpBI MPUCAAKU Ha ee IPPEKTUBHOCTb. B 4acTHOCTH, OBUIO YCTaHOBIIEHO,
YTO 3aME€HA BHYTPEHHEN BOIHON CBSI3U U U30JIMPOBAHUE KETO- U 3(UPHOM IPYMIBI IPUBOIUT K
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YBEIMYEHUIO TPOTUBO33AUPHON 3(h(heKTUBHOCTH 3TUX coeanHeHU. OCOOEHHO 3TO CTaHOBHUTCS
3aMETHBIM B ITOBBIIICHUN HArpy3KH CBapHBaHUS M MHJCKcA 3aqupa. TakuMm oOpa3om, HaIU4He B
coctaBe ajayKToB 1-4 Gojee MONSPHON KapOOHHIBHOW TPYNNBI U MPOCTOH 3(UpPHOH CBA3M,
IPUIAET UM BBICOKHE IPOTUBOU3HOCHBIC U aHTUKOPPO3HOHHBIE CBOMCTBA.

Tabruya 3
Pe3ynbTaThl HCIIBITaHUS CEPOCOACPIKANTIX KETOI(QUPOB B KAYECTBE MPHUCAOK K MaciaaM
2 Konnerrparms Harpyska | Wunexc Bpewms
T C IIpucanxu
S TpyKTypHas ¢hopMyia 3acHaHus 3aampa 3aeHaHus
E( P, H 48 CEK
g % MOJIB/II
Q
P NN /C
1. hS Il © 3.0 0.12 1574 96.8 4
PhS /\/\o /<:
2 Il 3.0 0.11 1645 102.6 4
N N \<:
3. /<: 3.0 0.08 1918 107.7 3
s N N
0]
O
S I 0
N N \<:
4, 3.0 0.07 1985 112.6 3
S /\”/\O /<:
O
5. JI3-23 K 3.0 - 1176 87.6 5
6. BM-1 3.0 - 882 49.1 5

[Ipu comocTaBieHUU MPOTUBO3ATUPHON IPGEKTUBHOCTH aAAyKTOB 1-4, HMeErommx
MPAKTUYECKH OJIM3KHE MOJICKYJISIPHBIE MAacChl M AJIEMEHTHBIM COCTaB, ObUIO YCTAHOBJIEHO, YTO
aAnyKThl 3 ¥ 4 IpEeBOCXOAAT aaayKThI 1 u 2.

JlanHble, mpuBeICHHBIC B TAOIUIIE 2 CBUIETEILCTBYIOT O TOM, YTO B H3Y4a€MbIX yCIOBUIX
TPEHUsl AJAyKThl 3aMETHO YIYYIIAIOT MPOTUBO33AUPHBbIE U MPOTUBOM3HOCHBIE MOKa3aTeln
CMa3ouHOM kommo3uiuu. [Ipy 3TOM HAWIYYIIMMHU MOKa3aTeIsIMH IO TPOTHBOM3HOCHBIM
CBOiicTBaM 007a/1al0T KOMIO3UIIMKM, W3TOTOBJICHHBIE C ydacThueM aanyktoB — 3 u 4. Ilpum
koHnentpanuu 3.0 mac.%, Kak cienyeT W3 JaHHBIX TaOmuubl 1, OuaMeTrp TATHA HW3HOCA
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A()()mebl MOHO- U OUMUOTIO8 C Hel’lpe()eﬂbelMI/l YUKIuvecKumu ayemaisimu
6 Kauecmee npuca@ox K CMA304YHbIM MaAcCiadm

CHW)XKAETCS, a WHACKC 3aaupa MoBblmaercsa. [lo MpOTUBO3aTUPHBIM H TPOTUBOU3HOCHBIM
CBOICTBaM HccieayeMble aJAyKThI-NIPUCAJAKN 3HAUUTEIBHO MPEBOCXOAT U3BECTHYIO IPUCATKY
—JI3-23K.

Tepmuueckuii ananmu3 Ha jgepuBarorpade cucrembl [laymuk-Ilaymuk-Opaeit B
JTUHAMHYECKOM DPEKHMME HarpeBa co CKopocThio S5°C/MUH TOKa3al, 4TO TeMIepaTypHBIN
WHTEpBaJ paslokeHuss aaaykroB 1 u 4 coorBerctByer 165-305°C. Takum o00pazowm,
MOJIyUYEHHBIE CEepOCOepIKaIIUe TMPUCAAKH, OOJaNalolUue BBHICOKUMH HPOTUBOM3HOCHBIMH U
MPOTUBO33ANPHBIMA CBOHMCTBAMU M BBICOKOM TEPMHYECKOH CTaOUIBHOCTBIO, MOTYT OBIThH
MCIIOJIb30BaHbl B KQUECTBE MPUCATOK 7S co31aHusl 3P(HEKTUBHBIX CMAa30YHBIX KOMITO3UIIUH. .
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XULASO
DOYMAMIS TSiKLIiK ASETALLARIN TIOLLARLA ADDUKTLARININ SURTGU
YAGLARINA ASQAR KiMi iSTIFADOSI
Yusifli F.X., Quliyev T.D., Ramazanov Q.9., Quliyev A.M.

Acar sézlar: tiofenol, etanditiol, addukt, tsiklik asetal.

Tiofenolun vo etanditiolun doymamus tsiklik asetallara radikal birlosmo reaksiyasi aparilmisdir.
Miioyyon olunmusdur ki, reaksiya ikiqat rabito vo dioksolan halgesinin birgs istiraki ilo xotti ketoefir
fragmentli mono va bis adduktlarin alinmasi ils gedir.

Sintez edilmis adduktlar siirtgli yaglarina agqar kimi istifade edilmis vo miioayyan edilmisdir ki,
onlarin siirtgii yaglarinin torkibine daxil edilmaesi siirtiinmo zamani siirtgii kompozisiyalarinin siyrilma,
yeyilma va korroziyaya qarst gostericilorini nazars ¢arpacaq deracoads yaxsilasdirir.

SUMMARY
THE USE OF UNSATURATED CYCLIC ACETALS WITH TIOLS AS
ADDITIVES TO LUBRICANTS OF ADDUCTS.
Yusifli F.X., Guliev T.D., Ramazanov G.A., Guliev A.M.

Key words: tiophenol, ethaneditiol, adduct, cyclic acetal.

Radical merger reaction of tiophenol and ethaneditiol to unsaturated cyclic acetals was held. It was
defined that, the reaction goes with the obtaining of mono and bis adducts with linear ketoether fragment
with the joint presence of double bond and dioxalane ring.

The synthesized adducts were used as additives to lubricants and it was determined that, their
inclusion to the composition of lucricants improves the indications of lubricating compositions against
antiwear, deterioration and corrosion.

Daxilolma tarixi: [lkin variant 20.04.2017
Son variant 25.09.2017
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H3yuenvl enusHue KOHMAKMHO20 8peMenU, UCXOOHAS KOHYEHMPAYUs UOHO8 MeOU U KOAULEeCHEO
copbenma Ha cmeneHb u3eledeHuss Medu U3 BGOOHLIX pPACMEOPO8 AMMOHUEBOU CONbI0 MPOUHO2O
COnoauUMepa MANeUHo8As KUCIOMA-ATUINPRUOHAM-CMUPOL.  DKCHepuMenmanbhvie OaHuHble ObLIU
obpabomanvl 8 koopounamax ypasHeruil Jlenemwopa, @pevinonuxa, younuna-Padywkesuua, Temkuna u
onpedenenvl 3HaAYCHUA MAKCUMATbHOL copbyuonnoi emxocmu (1.2582 2™), meniomuvr copbyuu (0.0041
ke monw™) c60600H0I dnepauu copbyuu (7.538 ke moaw™). Yemanosneno, umo npoyecc uzgneuenus
UOHO8 Meldu Jyyude ONUCHIBAeMCsl YPAGHEHUEeM Peakyuu ncegdo emopozo nopsoka. Ilo nonyuennviu
suavenusm AH® (—10.697 ke monw™) u AS° (—0.0342 ke monv™) moowcno ckazamv, umo npoyecc
usenevenus CU** u3 600HO20 pacmeopa ammonuesol coabio MpONHO20 CONONUMEPA MANCUHOBAs.
KUCTOMA-ANLIUN-NPRUOHATCIMUPOIL UMeem K30MePMUYecKUutl Xapakmep u npomeKaem ¢ yMeHbuleHuem
0ecnopa0ouHOCmu CUCeMbl.

Beenenme. [l wu3BI€UEHUS HMOHOB TSKENBIX METAIJIOB M3 BOJHBIX PacTBOPOB
UCTIOJIB3YIOTCSl PA3JIMYHble MPUPOAHBIE M CHHTETHUECKHE COPOEHTHI, cCoJepiallie aKTHUBHbIE
(GyHKIMOHaIbHBIE Tpymnmnbl. bojiblloe mnpakTHyeckoe 3HAYEHHE HMeEEeT aJIcOpOIUsl HOHOB
TSOKETBIX ~ METAJUIOB W3 BOJHBIX Cpell MNOJMMEPHBIMH COpPOCHTaMH C  Pa3InYHBIMU
PEeaKkMOHHOCIIOCOOHBIMU TpyIIaMu atroMoB. B nurepatype mocnennux 10-15 ser mosBuioch
JIOCTaTOYHO MHOTO paloT, MOCBSILIEHHBIX 3TOW mpobneme. Tak, /Ui KOHUEHTPUPOBAHUS U
yIaJeHUs] HOHOB TSKENIbIX METAUIOB ObUIM MCHOJIb30BaHbl IPUBUTHIE COMOJIMMEPHI C
aMHJIOOKCWIbHBIMM Tpynmnamu [1]. JlanHbele oOpabarbiBamuch 1o mozensm Jlenrmiopa u
Opeitnuxa. I'uaporens kKapOOKCUMETUIILIEIUIION03bI ¢ XUTOCAHOM [2] M XMTOCaH, MOKPBITHINA
XJIOTIKOBBIM BOJIOKHOM [3], OBUIM MCTIONB30BaHBI B KAYECTBE COPOCHTA /ISl M3BJICUCHHSI HOHOB
Meau (II) 3 BOAHBIX PacTBOPOB. YCTAHOBIEHO, YTO aJICOPOIIMOHHBIA MPOIIECC XOPOIIO
onuceiBaercst uzotepmamu Jlenrmiopa u  @peitnanuxa. [lomumep-copOeHTH  conpepkanu
aMUHHYI0, KapOOKCHIIbHYI0, GOCPOHUIIBHYIO U IpyrHe PYHKIIMOHAIbHBIE TPYIIIbI, CIIOCOOHBIE K
B3aMMO/JICHCTBHIO ¢ HOHAaMU MeTasioB. HoBble xenaTooOpa3yrolie conoJnuMepbl MaIenHOBOTO
aHTUJIpU/Ia U MaJeHMHOBON KHUCIIOTHI C Pa3IMYHbIMU COMOHOMEpaMH OBLIM HMCIIONb30BaHbI IS
u3pneueHust uoHoB Mmeau (II) m npyrux TSOKENIBIX METauIOB M3 BOJHBIX pacTBOpoB [4-8].
MonudunupoBaHHblii  3-aMUHOOEH30MHONW  KUCIOTOM  TONMU  (CTUPOI-aim-MalleHHOBBIN
aHTUIpU]) OBbLT HCIOJBb30BaH B KauecTBe copOenTa st n3pneuenus noHos Fe(Il), Cu(Il), Zn(II)
u Pb(Il) u3 BomHBIX pacTBOpoB [4]. [IpOIEHT M3BICUYCHUSI HOHOB PACIIONAracTcs B CIEAYIOIIEM
pany: Fe (I) > Cu (II) > Zn (IT)> Pb (II). Cop6eHT 3ppekTrBeH a1 COPOLIMU Ha3BAaHHBIX HOHOB
U3 CTOYHBIX BOJ. HOBBIM CIINTBIA COpOEHT, MOJTYYEHHBIH COMOIMMEpHU3aluel CTHpoia U

43



2+ o o
Hzeneuenue CU™™ u3 600HbIX pacmeopos amMMOHUEeB0U COIbIO MPOUHO2O conoaumepa
MajleurHosas Kucaioma-aiiui-nponuoHanmcmupol

MaJICMHOBOW KHUCIIOTHl B MPHUCYTCTBHH JWBHHUJIOCH30Ja, MPOSBIISI BBICOKYIO COPOIIMOHHYIO
CIOCOOHOCTh MO OTHOIICHWIO K HMOHAM XpoMa, JKele3a, HUKeIs, Mead W CBUHIA [5].
CopO6ruonHas EmMkocTh copbeHTa mo otHomeHuto nonoB Cr (III), Fe (III), Ni (II), Cu (II) u
Pb(Il) wumetor 3mHawenus 10,2; 14,3; 142; 154 u 8,0 Mz2Y,  COOTBETCTBEHHO.
Xenatoo0Opa3yoimii ConoanuMep, coIepKainui KapOOKCHIIbHYIO WIIH KapOOKCHIIATHYIO TPYIIIIBI,
OBLI CHHTE3WPOBAH dMYJIBCHOHHOW COMOMUMEPHU3AINEH dTUIMETAKpUiaTa ¢ JUBUHIIOCH30JIOM
U TECTUPOBAH B Ka4eCTBE aJICOPOCHTA JIJISl U3BJICUCHHSI HOHOB TOKCHYHBIX TSDKEJIBIX METAIIOB
[6]. ABTOpaMu npeIcTaBICHHOM pabOThI OBLUT UCCIIEIOBAH Mpoliecce u3BiIedeHus noHoB meau (11)
U3 BOJHBIX pPAaCTBOPOB HATPUEBOW COJBIO COIMOJMMEpPAa MAaJCHHOBAs KHCIOTA-CTHPOJI-
amnponuoHar [8]. Beuto M3y4eHo BIUSHHE BPEMEHU KOHTAKTa, MacChl COPOCHTA, HCXOIHOMN
KOHIIEHTpAllMd WOHOB Menu U pH cpembl Ha COpOLMOHHYIO EMKOCTh M CTEINEHb COpOLUU.
DKcliepruMEHTAIbHBIE JTaHHbIE ObUTH 00paboTaHbl B KOOpAWHATAX ypaBHEHHs JleHrMiopa u
Opetinmxa. OnpenenacHpl TaKKe KUHETUIECKUE U TEPMOJIMHAMUYECKUE ITapaMeTphl Ipoliecca
u3BneueHust noHoB Menu (1) u3 BoxHOTO pacTBOopa. B manHO# paboTe 00CyKIA0TCS PEe3yIbTaThl
M0 W3yd4eHMIO u3BIeueHHs CU’'M3 BOJHBIX pACTBOPOB AMMOHHEBOH CONBIO TPOMHOIO
COIOJIMMEpa MAJICHHOBAS KUCIIOTA-AJUIHIIITPOITMOHAT-CTUPOIT.

DKNepUMEHTAJIbHAS YaCTh . AMMOHHUEBAs COJIb TPOMHOTO COMOJIMMEpa ObUIa TOJTy4eHa
B pe3yJIbTaTe PEAKIMH COMOJIMMEpa MaJICUMHOBBIA aHTHIPHI-AJLTHIIPOIHOHAT-CTUPOT ¢ 5%-
HeiM pactBopoM NH4OH. I[lomyueHHass coOJb HECKOJNIBKO pa3 IPOMBIBAJIACH AllETOHOM U
BBICYIIMBAIIACh B BaKyyM-CymnmibHOM Inkady. McxomHblii TpoitHOM comomumep ObuT
CHUHTE3MpPOBaH MO wu3BecTHOW Metonuke [9]. s wm3ydeHuss COpPOLMOHHOW CIIOCOOHOCTH
CHHTE3MPOBAHHON CONM OBUI MCIOIB30BaH BOAHBIA pactBop Cu?’ pasmmuHoll KOHUEHTpaLMH
(0,01-0,1 monw Jz'l). PaBHOBECHast KOHIICHTpAILMSI HOHOB MEI OIPEACIIsIach (POTOMETPUUECKUM
METOJIOM C HUCIoJib30BaHueM B kadectBe peareHta (0.001M pactBopa KCHICHOI-OPaHKEBOTO.
OnTuueckas MIOTHOCTH ObuTa M3MepeHa Ha crekrpodorokatopumerpe KOK-2 nmpu A=490 Hm.
CreneHp copOLIMU BBIYHCISIIACH 11O popMyie

R=M.100%’
0
a copOIMOHHast EMKOCTb 1O (hopMmyIie
Ce — M Moﬂb -2_1
g
rie Co u C, — wucCXoaHas W pPaBHOBECHAas KOHIIEHTpAllUd HOHOB MEIH (MOJZb-Jz'l),

COOTBETCTBEHHO, V-00bEM pacTBopa CUuSQOy, B3sTOTO A1 copOIMHy, (1), g-Macca copOeHTa (2).

Pe3yabTaTel U o6cy:xkaenue. [lpu mccienoBanuu copOIMM HMOHOB MEIH M3 BOJIHOTO
pacTBOpa CUHTE3MPOBAaHHOW aMMOHHMEBOW COJBIO TPOWHOTO COMOIUMEpPA MaJeHHOBas KHCIOTa-
ajumnmnponuonar- ctupoid (AMAC), ObUIO M3YYEHO BIUSHHE KOHTAKTHOTO BPEMEHH, MAacChl
ACMII u wucxomHOW KOHIIEHTpanuu HOHOB Menu. doToMeTpuueckoe OmMpenesieHue Meau
npoBouIoCchk ipu pH=6, T.K. KomIiekcoobpazoBanue noHoB menu (1) ¢ kcuneHoa-opaHKeBbIM
npoucxoaut rpu pH=6 [10].

Tabauuya 1.
3asucumocmv cmenenu copoyuu (R) om epemenu Konmakma
(Co=1.621", 9g=2.0 21", V=0.04 120°C)
Bpemst, mun. 15 30 60 90 | 120 | 150 | 180 | 210
Creniens copOiun, R,% 18.6 | 293 | 435 | 558 | 65.1 | 699 | 728 | 74.3
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B Tabnume 1 nmpuBeaeHbI JaHHBIE TIO 3aBUCUMOCTU CTENICHU M3BIICUYCHUS HMOHOB MEIU OT
BpeMeHU KoHTakTa. Kak BUIHO W3 TaOJIUIIBI, PYU BEIOPAHHBIX YCIOBHSIX COPOILMS MPaKTHYCCKU
3aBepuiaercs 3a 90 muH. U cTeneHp U3BIeUEHUST MOHOB MEIU IIPU 3TOM cocTaBigeT 73.7%. D10
YKa3bIBa€T Ha JOCTAaTOYHO BBICOKYIO 3(P(PEKTUBHOCTh CHHTE3MPOBAHHOIO COpPOEHTA st
u3BieueHust HoHoB Meau (I1) U3 BOJHBIX pacTBOPOB.

3aBUCUMOCTh CTENEHHU H3BJICYEHUs HOHOB Meau oT Maccbl ACMJI mpexacrtaBieHa B
tabnume 2. BuaHo, 4TO mpH BBIOPAHHBIX YCIOBHSX COPOIMM yBEIHMUYEHHE MacChl COpOEHTa
MPUBOAUT K YBEIMYCHHUIO CTETICHH copOumu. DTO mpojaonkaercs mo 1.25 e 2t u naJpHENIIee
YBEJIMUEHUE MACChl COPOCHTA MPAKTHUECKH HE CKa3bIBACTCS HA CTEICHU HM3BICYCHUS HOHOB
Meu. DTO, BUJIMMO, CBA3aHO C HACBIIIEHUEM aKTUBHBIX PEaKIIMOHHBIX IIEHTPOB IPU BEIOPAHHOU
UCXOJHOW KOHIICHTpAIlMK HMOHOB Meaw. He HCKIroYeHo, Takke, 4To 3TOT 3(PQexT cBs3aH C
YMEHBIIIEHUEM KOHIICHTPAIlM HOHOB MEJH B XOZE COPOIIHH.

Tabnuua 2.
3asucumocmo cmenenu uzeneuenus uonos meou (R) om maccor ACMII (Q)
(Co=1.6 21", 20°C, v =180 mun; N=0.04n)
g, en’ 1.0 1.25 15 1.75 2.0 25 3.0
R (%) 17.2 40.2 55.3 64.2 72.8 74.6 76.1

Ha puc.1 wuroctpupyeTcsi 3aBUCUMOCTD CTETIEHH COPOIMU OT MCXOJHON KOHIICHTpPAlUU
noHoB Menu. Kak BuaHO U3 puc.l ¢ yBenmuueHHEeM KOHIICHTpAIlMH MOHOB MEAH yYMEHBIIAeTcs
CTENEHb W3BJICUCHUSI, YTO CBS3aHO, MO-BUIMMOMY, C YMEHBIICHHEM PEaKIIMOHHBIX IICHTPOB,
CIIOCOOHBIX K B3aUMOJCHCTBHIO C MOHAMHU MEAU 0 Mepe yBEIWYECHHs] KOHIIEHTPAIMH HOHOB
MeTaia.

40 -

O T T T T T T 1

0 1 2 3 4 5 6 7
Ucxonnas kounentparnus Cu2+,Co, r i1-1

Puc.1. 3asucumocmov cmenenu copoyuu 0m ucxoOHOU KOHYEHMPAYUU UOHO8 MeOlU.
(9=2.021",20°C; Vyyon= 0.04 1, 7= 180 mun.)

beima mocTtpoena wm3oTepma copOmuu  (puc.2), MO KOTOpOM Oblla ompeneieHa
DKCIIEPUMEHTAJIbHAsl paBHOBECHas COPOIMOHHAS EMKOCTh. BHUIHO, 4YTO MpH BBIOPAHHBIX

YCIIOBUSAX DKCIIEPUMEHTANIbHAs paBHOBeCHast copOruonHas éMkocTh ACM/I o OTHOIIEHHIO K
-1
nonaMm Meau (II) cocrapnser 1.125 2 2™
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1,2

1 4
0,8 -
0,6 -
0,4 -
0,2 -

0 T
0 1 2

ge, rr-1

3 4
Ce, rJI-1

Puc.2. Uzomepma copbyuu uonos medu uz 600H020 pacmeopa ACMII
(9 =2.02x",209C; V=0.04 1, = 180 mun).

[TosyueHHBIE SKCHEpUMEHTAIbHBIE JaHHbIE ObUIM 00padOoTaHBl B KOOpAMHATaX
ypaBHeHuii Jleurmtopa, @peitnnnuxa, Jlyoununa-Panymkesuya(/-P) u Témkuna:

C 1 1
—=——+—-2C, (ypaBuenue JIenrmiopa)

qC K an']aX qmax
logq, =log K- +1Iog C. (ypaBHenue ®peitHmxa)
n

Ing, = Kpe?=InBy, (ypaBuenue JI-P)
g. =BInA; +BInC, (ypaBHenue TéMkuHa)

rae: Ce - paBHOBECHAS KOHLCHTPALMS HOHOB MeM (Mob 1Y), Oe - PABHOBECHAs! COPOLIHOHHAS
éMKocTh copbenta (moas 27), K — KoHcTaHTa ypaBHeHus1 Jlenrmropa (7 monw’t),  Kg —
koHcTanTa Opeiinanuxa, Kp — [I-P xoHCcTanT (K;HD!CZ MOﬂb'l), ), Bbr —MakcumaibHasi eMKOCTh
copOeHTa MpHU MOJTHOM HACHIIIEHWH aKTUBHBIX PEAKIIMOHHBIX IIEHTPOB, £~ KoHcTaHTa [lomanu,
ompeernsseMas CIeIyIOIIHM YpaBHEHUEM

1
e=RTIn(l+=)
Ce
B - mapamerp, omnpeaensionuii TEIUIOTy COpPOLMH, CBS3aHHYIO SHEPTrUell XUMHUYECKOW CBS3U
-1 .
(korc monv™), Ar - paBHOBECHAsI KOHCTAaHTa CBSI3M U30TepMbl TEMKHHA.
B ypaBuenun JI-P  koncranta Kp cBs3aHa co cBOOOMHOW »3Hepruei amcopOIun
CJIEIYIOIIUM 00pa3oM.

E-= L K/ monw™

V2K,
Ha puc. 4, 5 mnpuBenensl rpaduku oOpabOTKH SKCIEPUMEHTAIBHBIX JaHHBIX B
KoopauHatax ypaBHeHu# Jlenrmiopa u @peiinmixa. BunHo, 4to mpoiiecc copO1ry HOHOB MeTn

(I) momuMepHOM COJIBIO XOPOIIO OMHUCHIBAaeTCsS MojaeasiMu JleHrMiopa (R2=0.999) u
Opeitnpmxa  (R?=0.9242).
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g_ 6 1 T T T T T 0 ‘71‘ T 1
35 A -1,25 -1 -0,75-0,5-0,2% 0-0,25 0,5 0,75 1
4 | ¥=0,7947x+0,3931 9 logCe
R2=0,999
3 . i
2 7 2 0,6
1 _
y=0,4241x-0,1366 0,8 | &
0 T T T T 1 R2 = 0,9242 g
0 1 4 5 -1 -7
Ce, rJI-1

Puc. 3. I'pagux 3asucumocmu CelQe=Ff(Ce)  Puc.4. I papux sasucumocmu 10gg.=Ff(logC;)

N3 rpaduyecknx 3aBUCUMOCTEH OBUTM BBIYMCIICHBI ITAPAMETPHI ATHX YPaBHEHHIA, KOTOPBIE
Ipe/CTaBJIeHbI B TAOIUIE 2.

Tabauua 3.
Hapamempuol ypasuenuii Jlenemopa u @petnonuxa
YpaBnenue Jlenrmropa VYpaBuenue Opeitnanxa
1
Omax, 2 En Ki e R 1/n n Ke R?
1.258 2.02 0.999 0.4241 2.358 0.73 0.9242

Kaxk BusHO 13 Tabmuipl 3, MakcuMaibHas copornontas éMkoctb ACMII paBha 1.258 2 2‘1,
YTO XOPOIIO COTJIACYeTCS C OJKCIEPUMEHTAIbHO HANJACHHBIM  3HAUYEHHEM PAaBHOBECHOMU
copOmonHoit émkoctu copbenra (1.1252 ot pHuC.2) U yKa3blBaeT Ha JOCTATOYHO BBICOKYIO
3¢ (HEeKTHBHOCTh CHHTE3MPOBAHHOW TOJUMEPHOHN coym nipu u3BiedeHnn WoHOB Mmeawm (II) u3
BOJHBIX pacTBOpoB. [lo 3Hauenuto (akropa 1/n B ypaBHeHun PpeliHIIMXa MOXKHO CYAUTH O
xapakrepe copbriu, T.K. ecnu 0< (1/n) <1, To copbuus npeacTasisier coboi xemocoporwio [11].
N3 Tabmuupsl BuaHO, uto (1/n) =0.4241, 3T0 TOBOPUT O TOM, 4TO H3BiIeueHHe noHOB Meau (II)
COpOEHTOM HOCUT XUMUYECKUH XapakTep.

[TomydyeHHBIE SKCIIEPUMEHTANIbHBIE JTaHHBIE ObUIM OOpabOTaHBI TAKKE B KOOpPIMHATAX
ypaBHeHui moaeneit D-P u Témkuna. ['paduku 3TuX ypaBHEHMH NMpeacTaBieHbl Ha puc. 5 U 6.
N3otepma, moctpoeHHas mno ypaBHeHHIO [[-P, MO3BOJIA€T ONpEnenuTh XUMUYECKUN WIH
buznueckuit xapaktep aacopomuu. Tak, ecnu 3HadeHHe CBOOOAHON sHepruu ajcopobumu Ep
HaxonutTcsa Mexay 8 u 16 xloc MOJlb-l, TO MOXHO TOBOPUTH O XHUMHYECKOM XapakTepe
ancopbumn, a npu Ep<8 /e mons™ | ancopOums cBsizaHa ¢ (GU3MUECKHM B3aHMOJICHCTBHEM
Mexay aacopbeHTom u  aacopbatom [12]. W3 puc.5 BUAHO, UYTO TOIy4YEHHBIE
AKCIIEPUMEHTAJIbHBIE JaHHBIE XOPOIIO OMHUCHIBalOTCA Mojensio J[-P (R2=0.9728). Hns Ep
noxydeHo 7.874 xJlx MO, 9TO YKa3bplBa€T Ha XMUMHUYECKOE B3aUMOJCHCTBUE aMMOHUEBOU
commu ¢ nonamu meau (II) mpu w3BIEYeHNM TOCIIETHUX W3 BOJHBIX pacTBOopoB. KoHcranTa B B
ypaBHeHHH TEMKHHAa XapakTepusyeT TEIUIOTy Ipoliecca ajacopOlMM, HUMEEeT 3HadyeHHe
0.0041x/oremons™ . CopBOLMOHHBIE MOKA3aTENH, KOTOPHIE OBUTM ONpEIENeHH M0 rpaduKam
ypaBHeHu# n3orepM D-P u Témxuna, nmpeacrasnens! B Tadauie 3. [Ipu nuccnenoBanuu mpoiecca
W3BIICYCHHUS] MOHOB MEIW W3 BOJHBIX PAaCTBOPOB MOJMMEPHOW COJBIO OBLTH OMpPEIEICHbI
HEKOTOPHIC KHHETHYECKUE ¥ TEPMOJUHAMUYECKHE TTOKA3aTEIH.
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y =0,0041x + 0,0294 0,02 -

o L2 U R? = 0,9804 % Q

S 0 50 150 200 _250 -

2,4 - E 0,015 { £
-4,8 - % i
0,01 | & &
52 | ¥=-0,0081x-3,559 5 8
R?=0,9728 z S

56 - * 0,005 + €

8

6 - " §

6,4 - 6,5 -6 -5,5 -5 -4,5 -4 -3,5 -3 2,5 -2 -1,5

Ln Ce

Puc. 5. Ipadux 3asucumocmu In qe=f(€?)  Puc.6. Ipadux 3asucumocmu INCe= f(0le).

Tabnuya 4.
Hapamempuol ypasuenuii usomepm D-P u Témxuna
YpaBHeHnue /1-P YpaBHenue TémkrHa
Ep
Kb, Bor, b 2 Ar, B, br, 2
idbfcszwzb'l MOb 2 Kﬂo’clMOﬂb R amons™ KﬂofCMOﬂb'l Lo Mo R
0.0081 0.0285 7.874 0.9728 1800 0.0041 5.94x10° 0.9804

JlaHHbIE MO 3aBUCHMOCTH CTEMEHH COPOIMH OT KOHTAKTHOTO BpeMeHU ObLn 00paboTaHbI
B KOOpJMHATAX ypaBHEHMH JlareprpeHa rmceBio mepBoro u rnceBaoBToporo mopsiaka [13].
log(q. —¢) = log g, — 0,434kt

1 t
t/g=——+—
k
qu qe
raec k]_ n kz — KOHCTAHThI HCCB)IOHCpBOFO n HCGB)IOBTOPOFO nopﬂm(a peaKHHﬁ, COOTBETCTBCHHO,

Je- paBHOBECHasl COPOLIMOHHAs EMKOCTb, (- COpOLIMOHHAsA EMKOCTB 3a t BpeMeHH.

0 400 -
<3
0 50 75 100 125 150 175 200 S y+1,2384x + 87,879

-0,5 t,MuH 30074 ",

; R*=0,9953
=1 200 -
T y|=-0,0094x - 0,1096

5 A -
& R2=0,966 100 1
=

-2 2

0 T T T T T T T T 1
-2,5 - 0 25 50 75 100125150175200225
Bpewms, t, Mun

Puc.7. I'papux z3asucumocmu 109(Qe-0)=f(t) Puc.8. I'paghux 3asucumocmu t/g=f(t)

I'padbuky mpuBeAEHHBIX YpaBHEHHH WJUIIOCTPUPOBAHBI Ha pHUC.7 W §, a TOJy4EeHHBIE
MoKa3aTelnu mNoMmelleHsl B Tabn.5. BuaHo, uTo mpolecc Jydlle OMHCHIBAETCS ypaBHEHUEM
IICEBJAOBTOPOro MopsiaKa (R2=0.9953), YTO YKa3bIBa€T HA XMUMHYECKOE B3aUMOIECHCTBUE HOHOB
MeJIU C COPOSHTOM.
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Tabauua 5.
Ilapamempul ypasnenuii Kunemuieckux mooeneti

Kuneruueckast Qe Kix 1_(1)’ K,x10?, 2

MoJielb -1 MUH Lyt R
22 A2 MUH

IlceBnomnepshiii 0.9786 2.525 — 0.966
MOPSIIOK

TIceBmoBTOpOIt 0.807 o 1.75 0.9953
TTOPSITOK

[To manubM copbuuu mpu Temmepatypax 293, 303 u 313K Obum ompenencHbl 3HAUYCHUS
u3MeHeHui sHTanbiuu (AH 9 u satpornun (AS 9, nocrpous rpaduk 3aBucumoctd AG® = f(T)

[0 YPaBHEHUIO

f(T) u BerunCIEHHBIC M3 rpaduKa JaHHbIE IPUBEACHBI B Ta0HIIE 6.

AG® = AH —TAS
3nauenuss AG’ npu pa3iIndHbIX TEMIIEpaTypax ObUIM BHIYUCIICHBI U3 BBIPAKEHUS

AG"=-2.303 R log K4
rae R—ynuBepcanbHas ra3oBasi moctostHHas (8.314 JIx Moub K'l), Ky —KOHCTaHTa copOumu,

ompenensiemas: cootHomenueMm (, /C,.Ha puc. 9 mmmoctpupoBan rpaduk 3aBucumoctu AG* =

o
N

o
~

AG®, k]I monbt
S 6 ¢
(o] o

315

y =0,0342x - 10,697
R? = 0,9684

Puc. 9. I'padux 3aeucumocmu AG" = f(T)

Tabnuua 6.
Tepmoounamuueckue napamempusl copoyuu
AG", AH’, AS°,
Temp.K k/Torc mon™ k/Tore monw™ ke mons Kt
293 -0.713
303 0283 -10.697 —0.0342
313 -0.028

° -1 o

Otpunarenbroe 3nauenne AH°(—10.697 x/owc mons ™) yka3piBaeT Ha 3K30TEPMHUUCCKHIA

xapaktep B3aumoneiictBus nono meau (II) ¢ copbenTom, a oTpunarensHoe 3HaueHne AS° (-
Ayl

0.0342 x/[rc-mons"K™) ykaspiBaeT HAa yMEHbBIIEHHE OECHOPSIOYHOCTH CHUCTEMBI BO BpEMS

copOnuu.
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XULASO
MALEIN TURSUSU-ALLILPROPIONAT- STIROL UCLU BiRGOPOLIMERININ
AMMONIUM DUZU L9 Cu (I1) IONLARININ SULU MOHLULDAN CIXARILMASI
Okbarov E.O,, Sirinova E.A., Okbarov O.H., Qafarova S.R.

Acar sozlar: sorbsiya, izoterm, kinetika, termodinamika.

Malein tursusu-allilpropionat-stirol {i¢lii birgopolimerinin ammonium duzu ils Cu (II) ionlarmnin
sulu mohluldan ¢ixarilma doracasine kontakt miiddstinin, mis ionlarmin ilkin qatiliginin va sorbentin
miqdarinin tesiri dyranilmisdir. Tacriibi naticalor Lenqiimir, Freyndlix, Dubinin- Raduskevi¢ vo Temkin
tonliklorinin koordinatlarinda islonerok maksimum sorbsiya tutumu 1.258 g g™, sorbsiya istiliyi (0.0041
kC mol™), serbest sorbsiya enerjisi (7.874 kC mol™) toyin edilmisdir. Miioyyan olunmusdur ki, sorbsiya
prosesi psevdoikinci tertib reaksiya tenliyino tabe olur. AH(-10.697 kC mol™) vo AS° (-0.0342 xC
mol™K™) funksiyalarm monfi giymetlorina gora demok olar ki, malein tursusu-allilpropionat-stirol tiglii
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birgopolimerinin ammonium duzu ilo Cu(Il) ionlarmin sulu mohluldan ¢ixarilmasi ekzotermik proses
olub sistemin nizamsizliginin azalmasi ilo miisayet olunur.

SUMMARY
REMOVAL OF THE COPPER (11) IONS FROM WATER SOLUTIONS BY AMMONIUM
SALT OF THE MALEIC ACID- ALLYLPROPIONATE-STYRENE TERPOLYMER
Akbarov E.O., Shirinova E.A., Akbarov O.G., Qafarova S.R.

Key words: Sorption, isotherms, kinetics, thermodynamic

Influence of the contact time, copper ions’ initial concentration and sorbent amount on copper ions
removal degree from water solution by ammonium salt of the maleic acid-allylpropionate-styrene
terpolymer have been studied. Experimental results have been examined with Langmuir, Freundlich,
Dubinin-Radushkevich, Temkin equations and values of the maximum sorption capacity 1.258 g ¢
'sorption heat (0.0041 k] mol™) and sorption free energy (7.874 kJ mol™) are defined. It is determined
that the copper ions removal data has been better described by the pseudo-second-order equation. On the
obtained negative values AH® (~10.697 kJ mol™) and AS° (-0.0342 kJ mol™), it is possible to conclude
that, removal process of copper ions from water solution with ammonium salt of the maleic acid
allylpropionate-styrene terpolymer is the exothermic character in nature with decreases of the disorder of

the system.
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HIiDROLITIK DESTRUKSIYA 9SASINDA SELLULOZANIN
AKTIVLOSDIRILMOSI VO SOPOLIMERLORININ ALINMASI
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Acar sozlar: selliiloza, destruksiya, iiytitma, aktivlasdirma, sopolimerlasdirilma.

Miiasir dovrds ekologiyanin qorunmasi zamanin an vacib masalalorindan biridir.

Kimya sonayesindo ekoloji masalolorin halli miitoxassislor torafindon miixtalif iisullarla
aradan qaldirilir. Bu iisullardan bir do tullantilardan somorali istifado edilorok tokrar emalla
yenidon prosess qaytarilmasi, ilkin xammala va tobii sarvatlors gonast olunmasidir.

Molum onanovi texnologiya ilo selliilozanin aktivlosdirilmasi zamani molekullararasi
olagoalorin zoiflomasi vo tamamilo dagilmasi selliilozanin kristallik haldan elastik hala ke¢gmosini
tomin edir. Proses zamani bdyiikk miqdarda ¢irkab sular alinir, kimyovi reagentlor vo elektrik
enerjisi hoddon artiq istifads olunur.

Diinya texnologiyasinda selliilozadan toz halinda aktivlesdirilmis selliillozanin alinmasi
tiglin destruksiya (oksidlosdirici, termiki va hidrolitik) prosesindon istifads olunur. Selliilozanin
oksidlogdiricilorlo destruksiyasi ona oksigen, ozon, hidrogen peroksid vo peroksi birlogmalarlo
tosiri zamani bag verir. Selliilozanin hidrolitik destruksiyasi iso ona su vo tursularin, golovi vo
duzlarin sulu mohlullarinin tosiri noticasinda qirilan rabito yerino su molekulunun birlogmasi ilo
miisayiot olunur.

Selliilozun mexaniki-kimyovi destruksiyast zamam iki tip sorbast radikallarin omalo
golmasi do bizo molumdur:

1) oksigenls qarsiliqh slagoldo olmayan ve hotta 150°C temperatura godor qizdirdigda strukturu
doyismoyon sabit radikallar;

2) hotta 100°C temperaturda oksigen vo monomerlorlo reaksiyaya giron reaksiyayagirmo
qabiliyyatli radikallar.

Bu radikallarin amalo golmasi iso selliilozu tiyiidorak onun peyvond va calaq sopolimerlori-
nin alinmasina sorait yaradir.

Bizim toklif etdiyimiz selliilozanin aktivlesdirilmasi prosesinds isa ananovi texnologiya-
lardan forqli olaraq, kimyovi reagentlorin vo enerjinin istifadosino qonaot olunur, proses qisa
miiddoat arzinds optimal rejimdos aparilir, an asas1 is9, proses zamani girkab sular alinmir, otraf
miihito zororli maddolor atilmir. Bu metodda sellillozanin makromolekulyar qurulusunun
kovrokliyi maksimum artirilir. Selliilozatorkibli ilkin materiali tiylitmozdon avvel miixtalif iizvi
vo qeyri-lizvi reagentlorlo emal edirik, siiziiriik, quruduruq ve iiyiidiiriik. Uyiitmo zamam
selliilozanin makromolekulyar va kristal strukturu dagildigina gors yliksak reaksiyaqabiliyyatli
sopalonma xiisusiyyatli aktivlesdirilmis selliiloza tozu alinir. Alinmig aktivlogdirilmis selliiloza
tozundan doymamis monomerlarla sopolimerlogsmads istifads olunur [1, 2, 3].

Tacriibi hissa. Qarisdirici ilo tochiz olunmus vo hocmi 1 litr olan stokana distillo suyu,
natrium dihidrofosfat olavo edirlor, garisdirict iso qosulur, natrium dihidrofosfat hall oldugdan
sonra stokana dogranmis selliiloza slave olunur vo onun emali 30+60 daqiqe miiddatinds aparilir.
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Reagentlor: su : natrium dihidrofosfat : selliiloza molyar nisbatds, miivafiq olaraq 15.6+16.4 :
0.0378+0.1513 : 0.01697+0.0216 gotiiriiliir, stziiliir, 100+105°C temperaturda 90 doqigo
qurudulur vo 3+6 doqigo iyiidilir. Alinmis sopolonmo xassoli sellilloza tozu yiliksok
reaksiyayagirmo qabiliyyatino malik olur va ¢ixim 97.78 ¢ok% toskil edir (Cadval).

Cadval
Sira Komponentlorin adlar: Tacriibalorin sira némralori vo naticalori
Ne 1 2 3 4 5
Gotiiriiliir
1 | Natrium dihidrofosfatin sulu mahlulu, q 300 300 300 300 300
o climlodon natrium dihidrofosfat q 4.5 6.0 9.0 12.0 18.0
2 | Selliiloza q 2.76 2.76 2.76 2.76 2.76
3 | Selliillozanin emal vaxti dag. 60 60 60 60 60
4 | Selliilozamin 100-105°C-da
qurudulmast dog. 90 90 90 90 90
5 | Selliillozanin iiyiidiilmasi dog. 6 6 6 6 6
Alnir
6 | Uyiidiilmiis selliiloza tozu q 2.67 3.0 2.25 2.25 2.85
7 | Fraksiya torkibi %
630 mkm 7.49 3.43 11.11 2.22 3.52
320 mkm 4569 | 34.31 31.11 40.00 29.82
200 mkm 20.60 | 26.96 28.89 22.22 24.56
100 mkm 18.73 | 24.52 22.22 22.22 28.07
10 mkm 7.49 10.78 6.67 13.34 14.03
8 | Selliiloza tozunun sulu dispersiyasi, pH | od 9.2 9.5 6.8 9.8 10.0
9 | Selliiloza tozunun ¢iximi % 92.51 96.57 88.89 97.78 96.48

Alnan selliiloza tozunun su mithitinds metakril tursusu va stirolla birgs sopolimerini asagi
temperaturda yumsaq soraitdo alirlar.

Qarigdirict, su hamami, oks-soyuducu vo kontakt termometrlo tochiz olunan iighogazli
reaktora distillo suyu, laurilsulfat natrium emulgatoru, hissaciklorinin dlgiilori 10+320 mkm olan
selliiloza tozu, metakril tursusu vo stirol slava edirlor. Sopolimerlosma prosesi 80°C-do aparilir
va reaksiya vaxtt 90 doqiqge toskil edir.

Reagentlor — su : selliiloza : metakril tursusu : stirol molyar nisbotdo vo laurilsulfat natrium
emulgatoru: kalium persulfat inisiatoru kiit.% nisbotindo miivafiq olaraq 3.16+3.33
0.00432+0.00802 : 0.1395+0.1512 : 0.0769+0.0865 : 11.59 : 1.44 gotirtliir.

Bizim toklif etdiyimiz metodla aparilan aktivlogdirmo prosesindon alinan aktivlesmis
selliloza tozunun miixtolif doymamis monomerlorlo alinan sopolimerlorindon kimya
sonayesindo lak, boya vo yapisqan istehsalinda istifado etmok miimkiindiir [4]. Alinan
sopolimerlara fosforlu birlosmalar alava etmoklo odadavamli materiallar alinir [5].
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Hidrolitik destruksiya asasinda selliilozanin aktiviasdirilmasi va Sopolimerlorinin alinmas:

PE3IOME
AKTHUBALIUS HEJLIIOJ03bI HA OCHOBE 'IJIPOJIMTUYECKOM JECTPYKIIUU U
MOJIYYEHME EE COITOJIUMEPOB
Hlaxzenouee @. X., Aounosa JIL.U., Cagpaposa I 'M., I'ynuesa C.A.

Knrwouesvie cnosa: yeinionosza, 0ecmpykyus, NOMOJ, AKMUBayus, CONOIUMEPUIAYUSL.

B mnpencraBneHHOW HccienoBaTenbckold padoTe ObUTa MPOBEACHA aKTHUBAIWS IIEJUTIOJIO3B Ha
OCHOBE THAPOJUTUYECKON NECTPYKIIUU U MOJIYUYEHBI €€ COMOIUMEPH C HEHACHIIIICHHBIMA MOHOME-PaMHu.
[Ipu 3TOM MakCHMaJIbHO MOBBIMIACTCA KPUCTAUIMYHOCTh W XPYMKOCTh LEIUTIONO3bI C pa3py-IICHUEM
MaKpPOMOJIEKYJISIPHOW M BOJOKHHCTOW CTPYKTYPBHI, B pe3yJabTaTe Yero MOJy4yaeTcs aKTHBU-POBAHHBIN
MOHOMED IEJUTIOI036I B BHJIE CHIITyYET0 TOPOIIKA ¢ BEICOKOI PEaKIMOHHON CITOCOOHO-CTHIO.

SUMMARY
ACTIVATION OF CELLULOSE ON THE BASIS OF HYDROLYTIC DESTRUCTION AND
OBTAINING ITS COPOLYMERS
Shahgeldiyev F.Kh., Adilova L.I., Safarova G.M., Quliyeva S.A.

Key words: cellulose, destruction, grinding, activation, copolymerization.

In this research work the activation of cellulose on the basis of hydrolytic destruction has been
carried out and its copolymers with unsaturated monomers were obtained. As macromolecular and fibrous
structure of cellulose disintegrate during the process, its cristallinity and fragility rise at maximum level.
Consequently, activated cellulose monomer has been obtained which is able to scatter and react.
Obtaining of copolymers together with unsaturated monomers is carried out by gained monomers which
is highly reactive.
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Insan embrionunda sinir sistemi xarici riiseym veraqosindon — ektodermadan baslangic
gdtiiriir. Omolo golon sinir borusunun kranial hissasindon beyin, kaudal hissasindon onurga beyin
inkisaf edir. Kranial hisso iki daralma noticosindo 6n, orta vo arxa yaxud rombabonzor beyin
govuglarina bdliiniir. Sonra 6n beyin qovugundan uc beyin va ara beyin, rombabanzaor beyin
govugundan arxa va alava beyin inkisaf edir.

Canli alomin tarixi inkisaf doyisikliklori yalniz yeni canli varliglarin yaranmasi, yaxud
onlarin mohvi ilo deyil, eyni zamanda ontogenetik inkisafin yenidon qurulmasi ilo baglidir. Hor
bir canli varligin arxasinda bdyiik bir tarixi ke¢mis, uzun dovr vardir. Canli varhiglarin
ontogenezi sabit qalmis olsaydi, onda filogenezi tosovviir etmok ¢ox bdyiik siibho dogurardi.
Naticado, ontogenez bas vermadon hoyatin tokamiilii monasiz olardi. Demali, ontogenez yalniz
filogenezin noaticasi deyil, 0 hom do onun zoruri sortidir [3].

Ibtidaidon aliya dogru inkisaf edon canli varliglarda bir sira sistemlor yaranir vo
formalagir. Homin sistemlor orqanizmin hayat faaliyyatini davam etdirmosindo 6ziinamoxsus
funksiyalar1 yerina yetirir. Bu baximdan canli varliglarin on alisi olan insanda sinir sistemi
O0ziinomaxsus yer tutur.

Orqanizmin ontogenezinda avvalco mayalanmig yumurta hiiceyra — ziqota ardicil olaraq
béliinmalors moruz qalib riiseym qovugcugunu omolo gotirir [1]. Insan embrionunda sinir
sistemi xarici riiseym vorogoasindon — ektodermadan inkisaf edir. Riiseymin inkisafinin {igiincii
hoftosindo ektoderma iki hissoyo diferensiasiya edorok dori vo sinir ektodermasini amolo gotirir.
Buynuz yaxud dori ektodermasinin qalan hissosi buynuz vo ya dori sofhesi adlanaraq derinin
epidermis gatini va duygu tizvlorinin gobuledici toromolorini omoalo gatirir.

Embrionun arxa sothindo kranio-kaudal istigamotde bir qalinlasma omolo golir. Bu
galinlasmaya sinir vo ya beyin sathosi deyilir. Sinir sofhasi inkisaf edorok yavas-yavas dorinlosir
va riiseymin Ol¢iisii 1,5 mm olarkan sinir sirimi — sulcus nervosus meydana ¢ixarir. Bu sirimin
konarlar1 (sinir yastiglar1) qatlanaraq getdikco hiindiirlosir vo orta xotto cataraq bir-birilo bitisir.
Naticado, sinir sirimi sinir borusuna gevrilir. Sinir siriminin sinir borusuna ¢evrilmasi, yani sinir
sirtm1 konarmin bitismosi ortadan baglayib uclara dogru davam edir. Sinir borusu omalo
goldikdon sonra yavas-yavas buynuz yaxud dori sothosindon uzaqlasir (sok. 1). Uzaglasma
zamani onlar arasina mezoderma elementlori daxil olur. Sinir borusunun divarlart ilk dofs bir
novlii hiiceyralordon toskil olunur. Inkisafin sonarki morholosindo onlardan miixtolif név sinir
hiiceyralari amolo galir. Sinir borusu beyin vo onurga beynin mayasini togkil etmaklo barabar,
hamginin ucqar sinir sisteminin mayasini da amalo gatirir. Biitiin bunlar demoys osas verir Ki,
sinir borusunun biitiin sinir sisteminin mayasini taskil edir.
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Insanda sinir sisteminin ontogenezi

Sinie g Sinlr safast
Sinir g Sinir soMmosi

Ektoderma  Sinie ganmm

Sénir borusy
¢

Sinir borusu P Sinir kansh

Sakil 1. Sinir sisteminin inkisaf dovrlori (Simalhauzena gora):
A. Sinir safhasi. B. Sinir surumi. C. Sinir borusu.
D. Sinir borusunun dori safhasindan uzaqlasmasi

Sinir borunun kranial hissasindon beyin, kaudal hissasindon onurga beyni inkisaf edir.
Kranial hisso iki daralma naticasinds {i¢ qovuga (6n beyin qovugu, orta beyin qovugu vo arxa
yaxud rombabonzar beyin qovugu) boliiniir. Sonra 6n beyin qovugudan uc beyin vo ara beyin,

S rombabonzar beyin qovugundan arxa vo alavo beyin
Bk onelmadech inkisaf edir (Sok. 2).
Bambabenzar.beyin Sonradan inkisaf prosesi naticasindo onlardan
miixtolif ndv sinir hiiceyralori meydana ¢ixir. Bu
hiiceyralorin hiiceyra cisimlorindon boz madds va
onlarin ¢iximtilarindan ag madds omolo golir [2].
Sinir borusunun daxilindo monfoz — dar bir kanal
qalir. Sinir yastiglarina goldikds, onlardan ayrilan bir
sira qanglioz sinir hiiceyralori sinir borusunun arxa
sothindo homin boruya paralel bir ciit zolaq — sag vo
sol sinir diiyiinii zolag1 (qanqlioz zolaq) amlo gatirir.

Ucbayih Bunlar ektoderma ilo sinir borusunun arasinda
yerlogorok onurga beyni vo simpatik  kotik

Sokil 2. 6 hafialik embrionda beyin ganglionlarinin mayalarin1 togkil edir. Sinir borusu
qovuglarinin diferensasiyast morkozi sinir sisteminin mayasini toskil etmoklo

borabor, eyni zamanda ucqar sinir sisteminin
mayasini da omals gatirir.

Ontogenezin ilk morholosindo divarlar1 bir ndv hiiceyrolordon togkil olunmus sinir
borusunun hiiceyralari iki istiqgamatdo diferensiasiya edir. Artiq insan riiseyminin 5 hoftaliyindo
spongioblastlar vo neyroblastlar olmaqla iki cilir hiiceyralor omolo golir. Spongioblastlardan
neyroqliya, neyroblastlardan sinir hiiceyralori — neyronlar inkisaf edir. Bir yasina qoder
coxalmasi davam edon neyroblastlardan hissi, haroki vo ara neyronlar inkisaf edir. Neyronlarin
cismi vo xirda ¢ixintilart boz maddeni, uzun ¢ixintilar1 a§ maddoni amols gotirir. Boz maddo
onurga beyni kanalin1 ohato edir, ag maddo iso aparict yollar1 omolo gotirorok boz maddoni
xaricdon Ortiir. Topoqrafik baximdan onurga beyni boyun, dos, bel oma vo biizdiim
seqmentloring diferensiasiya edir. Daha sonra 6n vo arxa buynuzlar inkisaf edir. Todqiqarlar
zaman1 bozi hallarda 6zilinii tam ddégrultmayan Bell-Mojandi qanununa asason 6n buynuzlar
hoaroki, arxa buynuzlar hissi olur. Onurga beynindo hor bir ciit siniro miivafiq bir seqment — 8
boyun, 12 dds, 5 bel, 5 oma va 1 bilizdiim seqmenti amolo galir.

Sinir borusundan bas beyin vo onurga beynindan basqa, periferik sinir sisteminin haraki
hissasi inkisaf edir. Sinir sisteminin diger hissalori olan hissi qanglionlar, hissi sinirlor vo
vegetativ sinir sistemi ganglion 16vhadon inkisaf edir. Sinir borusu omals galon zaman, bir qrup
hiiceyralar ektodermadan ayrilaraq sinir borusu ilo ektoderma arasinda biitév bir gat — ganglioz
16vha amoaloa gatirir. Sonra ganqglioz 16vhonin hiiceyralori miqrasiya etmokls sinir borusunun yan
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taraflorinds qanglioz yastiglar soklindos yerlogir. Bu yastiglar seqmentlora boliinarak kallso-onurga
beyni gqanglionlarini amoalo gatirir.

Vegetativ sinir sistemi simpatik vo parasimpatik sobolora diferensiasiya edir. Daha sonra
homin gobolorin morkozlori yaranir. Neyron sinir toxumasinin osas qurulus vo funksional
vahididir. Neyronun cismi sitoplazma, niive, imumi vo xiisusi orqanoidlordon togkil olunmusdur.
Neyronun sitoplazmasi neyroplazma neyronun hom cisminds, hom do ¢ixintilarinda
paylanmigdir. Neyronun cisminds o, perikarion, aksonun plazmasinda aksoplazma vo dendritdo
1so dendroplazma adlanir. Neyroplazma orqanoidlorlo ¢ox zongindir. Burada hom {imumi
orqanoidlor — endoplazmatik sobaka, ribosomlar, mitoxondrilor, Holci kompleksi, hiiceyra
morkozi, lizosomlar, hom do xiisusi orqanoidlor — neyrofibrillor vo bazofil maddo vardir.
Orqganoidlar neyroplazmanin miixtalif yerlorinds qurulusuna vo miqdarina gora forqlonir [4].
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PE3IOME
OHTOTI'EHE3 HEPBHON CUCTEMBI YEJIOBEKA
baxwanuee A.E., Cynmanosa H.I'., Axynooea C.M., Anuzaoe K.C.

Knrwouesvie cnosa: onmozenes, KpanuanobHas, KayodanoHas, IMOPUOH, IKMOOepMa.

HepBHas cuctema 3MOpHOHa denoBeKka OepeT Hayajo ¢ ee BHEIIHEero JHUCTa — 3KToaepma. [Ipu
9TOM MO3T, OOpa30BaHHBIA W3 KpPAHHUANBHOW YacCTH  HEPBHOW TPYThl, M TMO3BOHOYHBIH MO3T,
00pa30BaHHBIN W3 KaydalbHOW YacTH, Pa3BHBAIOTCI. B pesynbrare ABYX COKpAIleHHH KpaHUATbHas
4acTh JAENMUTCS Ha TIEPeTHUNA, CPETHAN U 3aJHUN, WK XK€ Ha POMOOTOI00HBIE MO3TOBBIE ITy3bIPH. 3aTeM
MIPOMCXOANT Pa3BUTHE KPaHEro W MPOMEXYTOUYHOTO MO3TOB — OT MEpPEIHEr0 MO3TOBOTO ITy3BIps, a OT
POMOOIIOAOOHOTO MO3IOBOTO MY3bIPSl — 33AHET0 U JOOABOYHOTO MO3IOB.

SUMMARY
ONTOGENESIS OF NERVOUS SYSTEM OF HUMAN BEING
Bakhshalinev A.E., Sultanova N.H., Akhundova S.M., Alizade K.S.

Key words: Ontogenesis, cranial, caudal, embryon, ectoderm

The nervous system of human embryo takes its beginning from the external embryo sheet, namely
from ectoderm. Cranial part of the formed neural tube develops the brain and the other caudal part
develops the spinal cord. The cranial part is divided into front, middle and rear or rhomboid bubbles.
Hereinafter the top and mid brains are developed by the bubble of front brain and the rear and extra brains
are developed by the rhomboid brain.
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Planlagdirma vo idarsetma masalalari istehsal prosesinds na qador vacibdirsa, onlarin
optimallagdirma tisullart ilo hall edilmasi daha miihiim ahomiyyat kasb edir. Bu masalalorin riyazi
modellori dinamik tagvim planlasdirma masalalorino gotirildikda, xiisusila, Qeyri-xatti halinda hesablama
prosesinda miiayyan ¢atinliklor yaramr. Malum parc¢alama tisullari, gisman do olsa, bu ¢atinliyi aradan
qaldirsa da, bela vaziyyat kompiiter resurslarina talabati lazimi qadar aradan qaldira bilmir.

Parcalama iisulunda boyiikolgiilii ilkin masala, ardicil hall edilon bir nizamlayici masaloya
va bir ne¢o bu masalo ilo ardicil slagoli masalalorin, coxaddiml, iterasiyali, garsiligh olagoli
hallino gotirir ki, bu da mosalo hallinin yerino yetirilmosi vaxtint artirir vo hollin operativlik
keyfiyyoyini asag1 salir. Kigikolgiilii alt masalalorin hallina yenidon parcalama iisullunun totbiq
edilmasi vo yenidon bir nizamlayict masalo vo bir ne¢o  kigikhocmli alt masalalorin halli,
coxsaviyyali, iyerarxiya tabeliyindo olan qarsiliqli masalolorin holline gotirir. Belo qaydanin
totbiqi boylik oOlgiilii masalalori, qarsiligh slageli kigik mosalolora gotirso do, bu yalmiz cari
yaddasa olan tolabat1 azaldir. Lakin bu ardicil hall prosesi iterasiyali oldugundan hall vaxtinin
azaldilmasi probleminin halli liglin yeni somarali tisul secilmasi aktual va vacibdir.

Coxsaviyyali riyazi models, hor saviyys modeli {iglin optimallasdirma maqgsod funksiyast,
xammal masraflori liclin mohdudiyyatlor, masraflora qoyulan limit mohdudiyyatlori, enerji
mohdudiyyatlori vo istehsal olunan mohsullara qoyulan moahdudiyyatlor daxildir. Bu sortlordon
olavo olaraq modelo osas vo kdmokei doyisonlor arasinda qoyulan balans tonliklori, anbarlarda
olan ehtiyatlar vo onlarin doyisma qiymsotlorino qoyulan mohdudiyyetlor, ayri-ayr1 bloklarin
istehsal giliclino qoyulan mohdudiyyatlor, yuxar1 soviyyonin verdiyi plan mohdudiyyatlori
daxildir.

Belo modelloro daxil olan doyisonlorin say1 orta soviyyoli neft emali, neft-kimya
komplekslori {iglin minlorlo 6l¢iiliir. Masalonin operativliyi onun holl vaxtinin kompiiterds,
xiisusila, operativ masalalor {igiin ani olmasini tolob edir. Belo tolobin ortaya ¢ixmasi operativ
masalalaorin holli effektlorini asag salir. Hall edilon praktik masalalorin qurulus xiisusuyystlorini
nozora almagqla togvim-planlagdirma masalalorinin alt mosalosindo mohdudiyyat xiisusiyyatlorini
masalonin hallins sorf olunan vaxti, agagidaki hallart nazors almaqla lazimi qodor azaltmaq olar:

a) Dayisonlor va funksional mahdudiyyatlor ikitorafli oldugda
b) Masalado asas vo kdmakgi doyisonlor arasinda balans tonliklori oldugda.

Masalalarin halli vaxtinin azaldilmasi, ¢oxsoviyyali toqvim planlasdirma masalslari ii¢iin
xiisusi oshamiyyat kasb edir. Bu iss 6z ndvbesindo ¢oxsaviyyali toqvim planlagdirma masalasinin
alt masalalarinin do halledilma vaxtinin azaldilmasini vacib edir.
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Mosolonin moagsad funksiyast geyri-xotti olduqda hoall {iglin Zoytendeyk iisulunun
secilmosi, mohdudiyystlorin xatti oldugu halda [1] tisulunun segilmosi, istor  biitiin masalo,
istarsa do alt masalalarin halli {igiin xiisusi shomiyyat kasb edir.

Qeyd olunanlar1 nozors alaraq, qgeyri-xoatti mogsad funksiyasi ilo xotti mohdudiyyatlor sorti
daxilinde Zoytendeyk tisulunun bazi xiisusiyyatlorini nazora almagqla hoall vaxtin kifayot qader
azaltmagq olar.

Molum oldugu kimi, Zoytendeyk iisulunun totbiqi ilo holl prosesindoki hesablamalarin
saymi azaltmaq moqsadilo qosmaliq sortini birinci kdmok¢i mosaloys olave etdikdon sonra,
ikinci komokei masaloni holl edorkaon, iterasiyalarda [2]-do gdstorilon lisulun totbiq edilmasi hall
keyfiyyatini daha da artirit. Burada birinci yaxinlasmadan sonra baglangic yaxinlagsma sortindo,
Zoytendeyk tsulundan forqli olaraq, basqa ardicilliq, yoni birinci komok¢i masolonin son
iterasiyasinin naticolori istifads olunur.

Har bir geyri-xatti moqsad funksiyali alt mosoloni

q = xd + xCx' - max (min) (1)
ajx; < ()b i=1m j=1n (2)
X = 0,l = 1,2, (3)

kimi yazmaq olar. Burada q geyri-xotti magsad funksiyasi, d — amsallardan ibarat vektor-siitun;
C — miisbat elementli kvadratik matris; X — elementlori axtarilan doyisonlor olub satir vektordur;
a;j — elementlori x; doyisonlarinin riyazi modeldoki omsallari; b; — elementlori iso i-cu sotrin
mohdudiyyatloridir.

Bu qoyulusda masaloni hall etmak {igiin kdmok¢i masalonin halli zamani1 Zoytendeykin
besinci normallagdirma sortinds totbiq olunan alqoritm istifads olunur.

(1)-(3) mosalosinin halli tiglin  toklif olunan alqoritmin mahiyyati asagida gostorilon
morhololordon ibaratdir:
1. Ilkin gotiiriilmiis x, ndqtasi ligiin X= x° gobul edarak g-niin x= x° -da hesablanir:

q° = dxy + 2x,Cx} (4)
2. Optimal hall istigamatindoki (I ilk yaxinlasmadan sonra />/ l-iterasiyalarin say1) siianin S -
istigamatini toyin etmok {i¢lin kdmok¢i masolasinin

g‘ s—max (min) (5)
ays<@b] i=Tm j=1mn (6)
si=20(@G=1n) (7)
sortlori daxilinda halli tapilir. Burada q' = q qobul etsok, onda g} = ¢| x=xg 1 E} = a} Vo,
noticads, birinci kdmokg¢i mosalonin st halli tapilir.
3. Normallasdirict A! vurugu
#=2 2 51y st (8)

soklinda hesablanir. Burada / (>1) Zoytendeyk tisulundaki iterasiyalarin sayidir.

4. Novboti x!*1 = x! + A's! hesablanur.

5. s = st qobul edib (5) hesablanr.

6. A' > 1 sorti 5donarso, onda ikinci kdmoke¢i mosalonin formalasdirilmasi iigiin qosmaliq sorti
nozors alinmadan 8-ci banda kegilir. Dgor A' < 1 sarti ddenarsa, onda (5) - (8) sortino

st Cst=0 9)
gosmaliq sorti alavo olunur.

7. st =i t ilo ovoz edorok vo (9) sortini tlCt! =0 ilo avoz edorak ikinci (5) - (8) soklindo
komakei masalo hall edilir (birinci kdmakei mosolonin son iterasiyasinin bazis dayisonlorini
qalan dayisonlorls avaz edilmasi sorti il9).

Bu zaman hom do
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Qeyri-xatti optimal tagvim planlasdirma masalolorinin hallinin sonuncu
yaxinlasma sortlorindan istifada etmoklo tezlosdirilmasi

_ . k k
i'=@"; =) b=0); (10)
t'ct=10 (11)
sortlori gobul edilorak (5) - (8) masalosi hall edilir.

Burada k-birinci kdmokg¢i masalonin sonuncu iterasiyasinin némrasi, (aj')l : (bj)l -1s9 k-c1

iterasiyada birinci komoakg¢i masalonin elementloridir.

8. t! toyin olunandan sonra, (10) nozers alinmadan 7-ci banddoki mosalo hall edilir. st = ¢! —
x! toyin edilir vo s'={0} sorti yoxlanilir. Ogaor sort 6donirss, onda x! halli (1)-(3)
mosalasinin holli kimi gobul olunur, oks halda (1)-(3) masolosinin hoalli prosesini davam
etdirmok Ti¢iin 3-cii bonds kecid edilir.

Miiqayiso iiclin gqeyd edok ki, praktiki ¢ox soviyyali toqvim-planlasdirma maosalolori
tictin qarsiliglt olagoalori vo razilasdirilmig ¢oxiterasiyali holli almaq ii¢lin belo tisulun vacibliyi
aydin goriiniir. Belo yanasma hom do Zoytendeyk iisulunun praktik mosalolor {igiin totbiq
sahasini genislondirir, praktik masalalorin halli zamani 6ziiniin yiiksok praktik xiisusiyyetlorini
gostorir.
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SUMMARY
SOLUTION OF THE NONLINEAR OPTIMIZATION PROBLEM, TAKING INTO ACCOUNT
THE RESULTS OF THE LATEST ITERATION OF ITS ACCELERATION SOLUTIONS
Mirzoyev G.A., Salmanova M.N., Javadova S.R.
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The modificated of many tier optimized problems with Zoytendeyk method was captured in the
article. Putting forward problems and their solutions make planned decision of CP task increase their
efficiency.
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Optik materiallarin spektral parametrlorinin qiymatlondirilmasi vo bu parametrlorin xarici
tosirlor vasitosi ilo doyisdirilmasinin idars olunmasinin miimkiinliiyii materialsiinasligin osas
istigamatlorindon biri sayilir. Belo materiallar optika vo elektron sonayesinds, cihazqayirmanin
texnologiyasinda totbiq sahosino malikdirlor. Optik materiallar osasinda sintez olunan
sistemlordon informasiyanin miibadilo olunmasini tomin etmok iiciin maddo qurulusu haqqinda
milasir tosovviirlors asaslanan modellardon ds tadqiqat islorinda genis istifade olunur [1-3].

Optik spektrlori tosvir etmok vo madds qurulusu ilo slagolondirmok {igiin bir ¢ox riyazi
modellor toklif olunmusdur [1]. Harmonik ossilyatorlar modelindo spektrlori yaradan monbao
qarsiligh tesirdo olan harmonik rogslor monbayi kimi tasvir olunur vo tocriiba naticalorindon
konara ¢ixmalar rogsin anharmonik olmasi ilo izah olunur. Tadqiqatlarda rogsin anharmonik
olmasinin sabablari lizro digar adekvat modellor qurulur vo uygun parametrlorlo qiymatlondirilir
[2]. Belo modellorin qurulmasinda asas mogsad nazariyys va tocriibonin vohdastini tomin etmok
vo adekvat naticalorin alds olunmasidir.

Qeyd olunanlara osaslanaraq, spektrlorin giymatlondirilmasi vo onu yaradan monbayin
strukturu ilo olagolondirilmosi maoqgsadi ilo digor modellordon, masalon elektrik analoqu
modellarindon ds istifads etmok olar. Belo modellardon biri kimi, reaktiv miiqavimatli elektrik
dovrolorinin modellogdirilmosi vo sintezi mogsadi ilo istifado olunan aktiv siizgoc modelini
gotiirmak olar [4]. Aktiv slizgoc modellarinin optik spektrlor ii¢lin elektrik analoqu kimi qobul
olunmasi vo bu asasda todqiqatlarin aparilmasi praktik shomiyyate malik ola bilar.

Toqdim olunan isin maqgsadi, bark cismin kristal qofas rogslorinin spektrinin aktiv slizgac
dovrolori vasitasi 1lo modellogdirilmasinin miimkiinliiyiinii analiz etmokdon ibaratdir.

Aktiv slizgoc aktiv RC-dovralor osasinda sintez olunan elektron qurgusudur. Aktiv
RC-dovralor elektron qurgularin sintezi zamani istifado olunan osas vasitolordon biri hesab
olunur. Belo ddvralor hom siqnal ¢evirici, hom do tezlik secici xassaloro malik olurlar. Genis
tezlik diapazonunda (10" —10")Hs elektrik siqnallarinin seleksiyasi, korreksiyasi vo
cevirdilmasindo aktiv RC-dovrolordon istifadonin imkanlar1 nozori osaslandirilmis  vo
tacriibalorlo siibuta yetirilmigdir [4-7].

Aktiv RC-dOvrolorin  sintezindo iki tsuldan istifado olunur. Bunlardan biri,
RLC-dovralarin sintezinin klassik metodlarina asaslanir. Bu tisulda induktiv element onun sxem
ekvivalenti olan giratorla ovoz olunur. Bu iisul miirokkobdir vo aktiv RC-ddvrasinin
yaradilmasinda coxlu sayda elementlordon istifado ilo reallagdirilir. Digor tisul induktiv
elementsiz aktiv RC-dovrasinin sintezino osaslanir, daha kompakt mikrosxem texnologiyasi ilo
qurgu yaratmaga imkan verdiyindon genis totbiq olunur.

Stizgocin qurulus sxeminin islonilmasi iisullar1 ¢oxdur vo bu iisullarin genis istifado
olunanlarindan biri 6tiirma funksiyasini i-sayda bir tortibli vo j-sayda ikitortibli polinomlar
nisbatinin hasili kimi gdstorilmasine asaslanir:
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Kristal gafas ragslorinin elektrik analoqu

2
a;-S+ay . 8 S +any; S+ay;

G(S)=11 -I1 , 1
(s) i S+by 1 SP+Db;-S+by; @)

Burada, S =iv-kompleks tezlik, a;- vo b;-haqiqi sabitlordir. Otiirmo funksiyasinin

ifadosi osasinda ¢ox kaskadli qurulus sxemi yaradilir. Bu halda siizgoc ardicil birlosdirilmis
mangqalardan toskil olunur. Bu manqallar bir-birino tosir gdstororok siizgocin moxsusi 6tiirmo
funksiyasini doyisdirmirse, imumi sxem n tartibli siizgac funksiyasini yerina yetirir.

Aktiv RC-dovralorin modellasdirilmasi vo sintezi lizro yuxarida qeyd olunanlarin na
doracado kristal qofaes ragslorinin spektrlorinin tohlil edilmasi iizro elektrik analoqu olmasi
masalasi lizorindo dayanagq.

Kristal qofas roagslori kristal diiyiinlorde yerlogon atom vo ya ionlarin tarazliq voziyyeti
otrafinda rogsloridir. Kristala periodik doyison hor hansi xarici tosir oldugda qagan vo durgun
dalga soklinds belo ragsler mdveud olur. Xarici tosir olmadiqda straf miihitls istilik tarazliginda
olan kristal daxilido bu rogslor gorarlasmis dinamik tarazliq halinda olur. Rogsin xarakteri ¢oxlu
sayda faktordan asilidir. Belo faktorlara kristalin simmetriyasini, kristal qafosds atomlarin sayni,
kimyovi rabitonin ndviinii, miixtalif ndv qofas pozuntularini (dislokasiyalar, siirligmalor vo s.) vo
digorlorini gdstormak olar. Ragslor o zaman harmonik hesab edilir ki, kristalda defektlor olmasin,
kristal diiylinlords yerloson atomlar elastiki qiivvalorlo qarsiliglt slagods olsunlar. Bels kristal vo
gofosi ideal adlanir. Lakin, tocriibolordo vo todqiqatlarda istifado olunan niimunolor heg¢ vaxt
ideal olmurlar. Hotta, kristalin hocmini ideal gobul etsok do, onun sothindo atomlarin
koordinasiyas1 pozulduguna gors idealliq vo ona uygun harmonik tosvir niimuns ii¢iin adekvat
olmayacaq. Amorf cisimlor tigiin iso ideal kristal qurulusun olmamagi onun tabisati ilo baghdir.

Kristal gofos rogslorinin spektrlorinin tohlili lizro ¢oxlu sayda todqiqatlar ii¢ parametrli
Lorens ossilyatoru modeli {izro aparilmisdir. Miihitin optik siialanmaya (elektromaqnit
dalgasina) reaksiyasi dielektrik niifuzlugu adlanan parametrlo xarakterizo olunur. Ug parametrli
ossilyator modeli {izro dielektrik niifuzlugunun tezlikdon asililigi (miihitin dispersiyasi) bels
qiymatlondirilir:

n

g(v):3w+z 5

v v +ivy

Agv}

()

Burada, n -ossilyatorlarin say1, v;,y,- i-ci ossilyatorun moxsusi tezliyi vo sénmo omsali,
Ag; - aktiv modun slavosi, ¢, - yiiksok tezlik oblastda dielektrik niifuzlugudur.

Ug parametrli model ossilyatorlarin asili olmamag: halini tosvir etdirir. Bu sobabdon,
tocriiba ilo uygunluq toskil edon naticalor bark cisimlor {i¢iin deyil, qaz hala uygun molekulyar
spektrlar tiglin adekvat olur.

Odobiyyatlarda qeyd olunur ki, gofos rogslori iiclin olverisli model dord parametrli
ossilyator modelidir [1-3]. Dord parametrli modelds ossilyatorlarin qarsiliglt tesiri do nozora
aliir. Bu model ticiin dielektrik niifuzlugunun dispersiyasi ti¢iin ifads asagidaki kimidir:

eWV)=¢, H ijLo : 3

2 -
i Vio ™V t1WVio

2 -
—vi+ivye

Burada, v, Vo v, - uygun olaraq enins vo uzununa optik fononlara uygun moxsusi
tezliklor, ;o Vo o - bu tezliklors uygun sénmo omsallaridir.

Goriindiiyli kimi, kristal gofasin optik rogslori {igiin istifado olunan (3) ifadosi ilo aktiv
stizgac sxemlarinin sintezi iizra istifade olunan (1) ifadesi modellogdirms {izro uygunluq toskil
edir. Aktiv slizgoc iizra sintez olunan birinci tortib manqalar yliksok tezlik oblastinda dielektrik
niifuzluguna, ikinci tortib manqalar iso optik fononlarin parametrlori ilo uygunluq toskil edir.
Aktiv siizgoc dovralori kristal qofas rogslorinin modellogdirilmosi iizro elektrik analoq dovralori
ola bilar.
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Modellor iizra uygunlugun adekvat olmasini yoxlamaq ticlin spektrin infraqirmizi

oblastinda « —kvarsin kristal qofas rogslerinin moxsusi parametrlorinin qiymatlorinden istifade
olunub [8]. Uygun aktiv siizgoc elektrik dovro modeli layiholondirilib vo modelin kompiiter
simulyasiyast aparilib. a —kvarsin spektri ilo onun elektrik analoqunun tezlik xarakteristikasinin
adekvatligi tosdiqini tapib. Qofas rogslorine hassas spektral oblastlar miioyyon olunub.

~
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Z-9DODLI COXMEYARLI INVESTISiYA MOSOLOSINDO QORAR
QOBULETMO
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E-mail: konul.jabbarova@mail.ru

Acar sozlar: Z-adad, ideal noqta, garar qabuletma, ranqlasdirma, investisiya masalasi

Giris. Coxmeyarli qorar gobuletmo iqtisadi, idarsetmo vo basga mosalslorin hollindo
vacibdir. [1]-do bas podrat¢1 se¢imi ii¢iin coxmeyarl gorar gobuletmo masalasinda qeyri-salis
informasiyaya osaslanan COPRAS-G iisul (COBOKYNHOCTh MpONOPLUOHANBHBIM OLIEHUBAHHE,
miirokkob miitonasib qgiymotlondirmo comi) toklif olunur. Noticodo, todgigatgt COPRAS-G
tisulundan istifadonin magsadouygunlugunu gostarir. [2]-do ¢oki meyarlarinin hassaliq analizi ilo
rangalasma mosoalosi liclin yeni iisul toklif olunur. Miixtalif ¢oxmeyarli qorar qobuletmo
mosalalorinin naticalorinin miiqayisasine osason hansi tisulun effektivliyini xarakterizo etmok
mogsadilo yaxsi tolobonin se¢imi masalasinin empirik todqiqatt apartlir.

[3]-do gadinlarda xorgong xastoliyinin iizo gixarilmast masalasi {iglin xiisusi aditive goki
(SAW), coki hasil metodu (WPM), Ideal hollin uygunlugununu {stiinlik ardicilligi texnikasi
kimi (TOPSIS) ii¢ miixtolif {isuldan istifads edilib. Bu iisullarin etibarlilign vo somorasi pogt-
qiymatlondirmo masalonin halli ilo yoxlanilib.

[4]-do bes goxmeyarli qorar gabuletma tisulu tosvir olunur. Bu tisullar analitik iyerarxiya
prosesi (AHP), ¢oki-com iisulu, ¢oki-hasil {isulu, ideal hallin uygunlugununu stiinliik arrdicillig
texnikast (TOPSIS). Bu iisullar iki giymotlondirmo meyari vasitosilo apariimigdir. Alman
naticalor gostorir ki, biitiin bu lisullar geyri-daqiq olsa da, bu tisullarin bazilori digorindon doqiq
goriiniir. Toklif olunan qiymetlondirme metodologiyalart bir ¢ox qeyri-salis qoraq gobuletma
tisullarinda ¢ox asanligla istifado oluna bilor.

[5]-do bozi kemiyyatli vo keyfiyyotli meyara moxsus Xozor donizinin iqtisadi ehtiyatinin
paylanmasi {i¢lin uygun mexanizmin se¢ilmasi mogsadils risk asasli coxmeyarli gorar gobuletma
masalasi toklif edilir. Masolonin halli {igilin nizamlanmis orta ¢oki iisulu istifado olunur. Alinan
naticalor risk osashi coxkriteriyali gorarqabuletms iisulunun resurslarin paylanmasi sahasinda
miibahisoli masalalorin hallinde daha uygun alot oldugunu gostorir.

[6]-da interval geyri-salis odadlorden istifado etmoklo boz olago iisulu (grey related
analysis ) toklif olunur. Bu iisul interval qiymatli vektoru giriso géro normallagdirir va tacriibi
olaraq real masala iizarindos hall ils 6z oksini tapir.

[7]-do timumi ¢oxmeyarli qorar gobuletmo tisullarmin icmali verilir. Baxilan tisullarin
tistlinliiklori vo ¢atismamazliqlar gostorilir.

[8]-da garar gobuetmanin {i¢ tisulu verilir vo an yaxsi alternativin tapilmasi masalasi toklif
olunur. [9]-da biitiin attributlar1 Z-adodlorlo tosvir olunan g¢oxmeyarli qorar qobuletmo
masalasing baxilir.

Bu moqalado biitiin attributlarin  qiymatlori Z-adadlorlo tosvir olunmus ¢oxmeyarl
gorargobuletmo masalosi todqiq olunur. Real gorar gobuletmo maosalalori geyri-doqgiqglikls vo
qismon etibarliliqla xarakterizo olunur. L.A.Zads informasiyanin bu xiisusiyyetlorini naozars alan
Z-adadlor nozoriyyasi toklif etmisdir. Z-adadlor Z=(A,B) iki geyri-salisA vo B adadlordon
ibarotdir,A —doyisonin linqvistik qiymati, B A-nin ehtimalliq derocasinin linqvistik gqiymatidir,
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etibarliliq rolunu oynayir. Bu moaqalods Z-adadli ¢goxmeyarli investisisya masalasi hall olunur.
Tokilif olunan mosoalods Z-adadlor konsepsiyasindan istifado etmoklo ideal qiymot vo Z-odadlor
arasinda maosafo tapilib.

Moaqalo asagidaki hissolordon ibaratdir: Bolmo 2-do garsiya qoyulan masslonin halli tigiin
nazari informasiyalar, B6lmo 3-do Z-odadli ¢oxmeyarlt gorar gabuletmo masalosinin imumi
goyulusu vo halli, Bolmoa 4-do toklif olunan iisulun real mosaloyo totbiqi verilir. Blmo 5-do
natico 0z oksini tapir.

1. Toariflar.

Torif 1 . Diskret Z-adad™'*!:  Diskret Z-odod Z =(A,B)-nizamlanmus ciitliikdiir.
Burada A X tosadiifi doyisoninin ala bilocoyi giymetlora geyri-salis mohdudiyyst rolunu
oynayan diskret qgeyri-solis ododdirX is A. Biso A-nin ehtimal &lgiisiino geyri-solis

mohdudiyyst rolunu  oynayan Vo monsubiyyst funksiyast g {00} —[0,1],
{b,.....b. }<=[0,1] olan diskret geyri-salis odaddir: P(A) = 2 #a(5)p(x)is B

Tarif 2. Z-adadli vektorun elementlori arasindaki ¢akili masafa. Forz edok ki, Z-odadli
2,=(Zyy, 2150 Z) Vo Z,=(Zy1, 25 Z,,) vektorlart verilib. Z;vo Z, arasindaki mosafanin
olciisii Z-odadli vektorun elementlorinin asas ¢oki masafosi Wi, --W, olsun. 21 Vo 22 arasindaki

D(zl, 22) xiisusi ¢okili mosafs asagidaki kimi olsun:

oz,2)-$wa(2,2,) o

Burada d (le 1 Zj ) supremum metrikadir:
dy (A, A ) =sup{d, (A, A")|0<a <1
dy, (B;,B;)=sup{d, (B,", B,")[0<a <1

1y
olmagla

d(Z,,2,;)=dy (A, A))+dy (B}, B;)
Masalonin qoyulusu vo halli Gisulu.

: (2)

Forz edok ki, &= {al'az""'an} alternativlori voC,,C,,...C atributlar1 var. Hor bir !

s W
] _1""’mattributu ekspertlor vo ya qorar gobul edonlor torofindon ! xiisusi ¢oki ilo verilir.

Cj,j=1,...,m

Baxilan 4Q;, i=1,...,n, alternativlori va

vo asagidaki kimi verilir: & = (Ziri Zizsos Zim) 1)

meyarlar1 Z-informasiya il tasvir olunur

Burada Z; =(A,B;) & alternativinin Cjatributu ilo birgs qiymatidir. Baxilan ¢oxmeyarl
gorargobuletmo masalosi @ on yaxsi alternativintoyin edilmosindon ibaratdir.

Tapilan a* ea , belo ki, @ = &, Va; €a_dir.
Burada = iistiinliik miinasibotidir. Baxilan ¢oxmeyarli gorar qobuletmo masalosinin hall

ardicilligr asagidaki kimidir:
Morhals 1. Z-odadli ideal noqta:

id id - id id
ap =(Zp1’zpz""’zpm). 2)
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id __ id id id
kimi toyin olunur [14]. Burada Z¥; _(Apj'Bpj) Zp, =max;,
operatoru [13]-ki kimi tayin olunur.

Morhala 2. Hor bir & €2 f{igiin D(ai,ai;) ¢okili mosafo hesablanir. Z-adadli ideal

..... n Zij kimi tapilir. Max

ndqtasing yaxin 2 alternative @ € @étapilir, belo ki, D(a",a) < D(a;, ai;)j) Vi EA,
Investisiya mosalosi iiciin goxmeyarli qorar gobuletmo mosalosi. Investisiya sirkoti

Q;,8,,d3,8,.35 alternativlori arasindan on yaxsi sirkoti se¢molidir.Homginin investisiya sirkoti

bu alternativlori 4 meyara ssasen giymotlondirmolidir: C;-risk, C; -artim, C3-xidmatin saviyyassi,

C, -otraf miihito tosiri. Z-odadli atributlar ticiin linqvistik adlar Cadval 1 vo Cadval 2-ds verilir.
Cadval 1.
Attributlar tigiin lingvistik kod
Migyas Meyarlarin saviyyasi Linqvistik giymat

v Cox asa@1 (CA) 196.%01.%.2.%3}
7 Aar ) 000 10010 4.%s)
3 Orta (O) {%4%5%6%7 }
A Yiiksok (Y) {%_6'%.7 08209 }
{

5. Cox yiiksak (CY) %.8’%.9’%}

Cadval 2.
Etibarlihq iiciin lingvistik kod

1. Asagi (A) {%.osv %.25’ %.45 }
2. Orta (O) {%.25’ %.45'%.65'%.85 }
3. Yiiksak (Y) {%.65’ %.85'% }

Baxilan ¢oxmeyarli qorar qobuletmo mosolosi iigiin Dp.n  hollor matrisi Codval 3-do
verilmisdir:

o Cadval 3.
Hollor matrisi
C, C, C, C,
H (CAA) (CY,0) (G.Y) (A0)
a, (CY,0) (CY,A) (AA) (¥.0)
a, (Y,0) (CY,0) (Y,0) (AA)
a, ©V.Y)  [(Y.0) ©A) (A.0)
a (€Y,0) (Y.A) (Y,0) (¥,0)

Meyarlar ii¢iin ¢okilor codval 4-do verilmisdir.
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2.

3.

Cadval 4.
Meyarlar tigiin ¢akilar
C, C, C, C,
Coki 0.35 0.3 0.2 0.15

Qarsiya qoyulan maslonin halli {iglin bolma 3-do tosvir olunan {isuldan istifads edilir. 1-Ci
morholados ideal alternativ tapilir:

ay =((GY.Y), (GY,0), (Y,0),(Y,0))

2-ci morholods 2-ci torifdon istifado etmoklo, alternativin har bir komponentinin ideal noqto
ilo arasindak1 masafs tapilir:

d(Zy.Z5) =186;

id .
d(Z5,28)=0.6;

id .
d(Zy.Zy) =04;
d(Zy3.Zy,)=0.8;

id .
d(Zyy.Zy) =0.6;
d(Zs5.25) =0;
d(Z4y.2,) =0;

iy _
d(Z4s.2,,) =0.6;

id .
d(Z;.Zy ) =0.4;
d(Zs;.Z5) =0;

d(Z,,,Z;)=0;
d(Z,,Z,)=0.4;
d(Zy.Z,) =04;
d(Zy. 2y ) =0.
d(Zs.Z5) =0;
d(Zy.Z,,) =08;
d(Z2.Z5) =02;
d(z44,z‘;j):o.4;
d(Zsy. 2y, ) =0.6;
d(Zs. 2y ) =0;

id n id
Sonra hor bir @; alternativi ti¢lin D(ai 8 )= jZ::le D(Zij 4 p; ) hesablanilir.

D(a,, @y ) =0.74;
D(ay.a,)=0.33;
D(ag,a, ) =0.32

y _
D(a,,a, ) =0.42;

g _
D(a,,a, ) =0.24;

3-cii morholode #-iin on yaxs1 alternativ olmasi naticasi aldo olunur.

5. Natica. Bu moqalads Z-odadli investisiya masalasinin halli ii¢lin ideal ndqts iisulundan
istifado edilir. Alternativin biitiin komponentlori Z-adadlorls tosvir edilib. Alinan naticolor toklif
olunan iisulun effektivliyini gostorir.
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PE3IOME
MHOI'OKPUTEPHUAJIBHOE IPUHATHUE PEIHEH}IFI B 3AJJAYE Ob UHBECTUPOBAHUU
B YCJIOBUSAX Z-3HAYHOU UHOOPMALIUN
/Dcadbaposa K.U.

Knrouesvle crnosa: Z-uucno, udeanvhas mouxa, NPUHSmMuUE peulerull, PaHicuposanue, 3a0aia oo
UHBECMUPOBAHUU
MHOTrOKpUTEpUAIbHOE TPUHATHE PEIICHUH JIOKUT B OCHOBE MHOTHX 3a]lad peajbHOro Mupa. B
JJAHHOW CTaThe€ pPacCMaTPUBAETCs 3ajadya MHOTOKPHUTEPHAILHOTO TPHUHITHS PEIICHUI, B KOTOPOH
KpUTEPUANIbHBIC OIICHKM aJbTePHATUB OIMCHIBAIOTCS Z-uuciiaMu. [lpeasiaraeMblii METOJ| PEIICHUs
JIAHHOM 3aJ1a4ui OCHOBAH Ha MOHATHY UJICAIbHOM TOUKU U PACCTOSHUS MEKIY Z-4UCIIaMu.

SUMMARY
MULTICRITERIA DECISION MAKING IN AN INVESTMENT PROBLEM UNDER Z-
VALUED INFORMATION
Jabbarova K.1.

Key words: Z-number, ideal point, decision making, ranking, investment problem

Multicriteria decision-making underlies a lot of real-world problems. In this paper, a problem of
multicriteria decision making with Z-number valued criteria evaluations is considered. The proposed
method of solution is based on the concept of an ideal point and a distance between Z-numbers.
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yacmmoe 0oaaKo

B oaunou pabome paccmampueaiomcs — COBPEMEHHbIE  MEXHONO2UU N0 00eCnedeHuro
OMKA30YCMOUMUBOL pabombl paACnpeOesieHHOl cucmemvl 6 4acmuom obraxe. Pazpaboman ancopumm
CO30aHUsl OMKA30YCMOUYUBOU PACNPEOESIeHHO CUCMEMbl 6 YACMHOM 001aKe, HA OCHO8E NpuMepd
pabomul  6azel  Oannvix Oracle 11G. Paboma ancopumma obecneuusaem agmoMamuyecKoe
soccmanogieHue pabomol OA3bl OAHHBIX 6 CLyYaAe 8bIX00A U3 CMPOS OCHOBHO20 cepeepa 0a3vl OAHHUIX.

[Ipy moMoIIM TEXHOJIOTHUU BUPTYAIHU3AIMH CTaJ0 BO3MOXHO OOBEIMHEHUS MHOXKECTBa
MHTEPHET-CEPBEPOB B OOIIME KIACTEephl IMOYTH C HEOTPAaHHMYEHHOH NPOW3BOAMTEIBHOCTHIO.
Kpome BbICOKOH HallexKHOCTH, MOAOOHBIE KIacTephl MOMOTAlOT ONTHUMHU3UPOBATH HATPY3KYy Ha
BCE CEPBEPHI, BCIICACTBUU YETO 3HAUUTEIHHO CHU)KAETCS CTOMMOCTh KOMITBIOTEPHBIX PECYPCOB.

He BbIcOokasi cTouMoCTh, O0JbIIasi HAJEKHOCTh U BO3MOKHOCTH MEepelaud Ha ayTCOPCHHT
3a1a4 TOJJICP)KKH WH(POPMALMOHHBIX TEXHOJOTUH HH(PACTPYKTypel — 3TO Te (aKTOPBHI,
KOTOPBIE ITOMOTJIU CTaTh 3aJI0TOM OTPOMHOTO yCIeXa Cpeibl 00JauHbIX BbIYHCIeHUH [1].

C KaxapIM THEM cpena 00JauyHBIX BBIYMCICHUN Pa3BHBAETCS, B OOJBIIMX OPTraHU3AIHIX
CO3JIal0TCsl YacTHbIe obOsaka. YacTHOe 00JaKo - 3TO OFHA M3 CaMbIX IMOIMYJSPHBIX TEHICHIUN
noctpoeHus nHpopmannoHHbx TexHonoruil (UT), nanpasinenHas Ha ucnonHeHue tezuca «UT,
Kak ycnyra». CepBepbl M anmapaTHbIE CPEACTBA COCAMHSAIOTCA B €IUHBIM Iy, IpU MOMOILU
KOTOPOTO pEeIIaeTcs ONpEeNIEHHBI KPYyr 3aJad MpH TOMOIIM BBIICICHUS BBIYHCIUTEIHHBIX
pecypcoB, He NPUBA3aHHBIX K KOHKPETHBIM (PU3MYECKHM cepBepaM M almapaTHBIM CPEJICTBaM.
[To TpeOoBaHMSAM KOHEYHBIX IMOJB30BATEICH MPENOCTABISIOTCS MOIIHOCTH W3 TaKOTo
JUHAMHUYECKOro myna [2].

YactHoe 007aK0 CHOCOOCTBYET MOBBIIIEHUIO YpPOBHS M KadecTBa HHGOPMAIMOHHON
0€30IIaCHOCTH 3a CUeT JIOKAJIM3alUU BCeX JaHHBIX B 3all[MIIEHHOM Jara IeHTpe, a He Ha
pabounx CTaHIUAX IOJIb30BATENeH, B OTIMYUE OT MyONMYHBIX Cpea OOJIAYHBIX TEXHOJIOTHH.
LlenTpanu3oBaHHOe XpaHeHME M 00paboTKa JaHHBIX JaeT OOJbIIME BO3MOXKHOCTH IS
MOOWJIBHOW W yJaJI€HHON paboThI ¢ JIFOOOTO MOIXOAIIETO YCTPOHCTBA U3 JIIOOON TOUKH MHpA,
JUId TIOAKIIIOYEHHUS K KOPIOPAaTHUBHBIM HH(POPMALMOHHBIM pecypcaM M K HEpCOHAIbHOMY
paboueMy OKpYy>KE€HUIO KiueHTa [3].

Jlata 1eHTp OOBIYHO CO37aI0T B BHJIE CHEIHMAIM3UPOBAHHOTO 3JaHHs, B KOTOPOM
pAacIioNIO’KEHBl CepBEPHBIE M CETEBBIE allapaTHBIE CpPEACTBA, BBIMOJIHSONIME (DYHKIHH,
OTHOCAIIMeCS K 00paboTKe, XpaHEHUI0 M PACHpPOCTPAHEHUIO ITAHHBIX B HH(POPMALMOHHO-
pactpenenénHou cucteme [4].

OcHOBHas MpUYMHA YCTOHYHUBOCTH CUCTEM K COOSIM SIBIISI€TCS 3aBUCUMOCTD OT CEPBEPHOT0
000py/sI0BaHUsI U YCIIOBUM, KOTOpBIE CO3JIaHbl JJisi cepBepHOro obopynoBaHus. OOBIYHO B
ApXUTEKType YacTHBIX 00JAKOB OJHOTO JaTa LIEHTpa HeJOCTaTOYHO Ui paboThl, B CBSI3U C TEM,
YTO HEOOXOIUMO JTyOJIMPOBATH JaTa IEHTP.
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[Tognepxka BBICOKOW OTKa30yCTOMUMBOCTU B pactipeesieHHbix cucremax (PC) sBisercs
3aJI0TOM OOJIBIIION HAJEKHOCTH paboThl Bcel cuctembl. OtkazoycroiiumBas PC B pabodem
COCTOSIHUM JIOJDKHA YMEThb MIpHU 3ampocax K Hel obecneumBaTh IMOJB30BaTeNeH aaeKBAaTHOMN
oTrBeTHOM MH(popmanuei. [Ipu 3ToM cam mporiecc paboThl HYHKIIMOHATBHOCTHU JIFO0O0H CUCTEMBI
ClIelyeT paccMaTpuBaTh KaK IIOCJIEA0BAaTEIbHOCTh OINPEACIECHHBIX IEPEX0J0B U3 OJHOIO
COCTOAHMS B Apyroe. Ilpu 3TOM CyHIECTBYIOT MHEpPEXOAbl, MPUBOISALIME K HEUCIPABHOCTIM
cucrtemsl [S].

B cBs3u ¢ yBenuueHHeM NOTPEOHOCTH B OTKa30yCTOMYUBBIX CHCTEMaX M 3HAUYUTEIbHBIM
yJICIIEBIICHUEM LIEHBl Ha CEpBEPHOE 00OPYIOBAaHUE 3aMPOCHl HA CO3J]aHUE OTKA30YCTOHYMBBIX
cucteM OyayT yBenu4uuBaThes. [ MOIIEpIKKH KPYIHBIX CUCTEM U Oecriepeboiinoi padotsl PC
HEo0Xo/iMMa MX MOJHAsi yCTOHYMBOCTh K HEOONMbIINM O0TKa3aM. CTOMT OTMETUTh, YTO KOMIIAHUU
UAYT Ha TOTEPI0 MPOU3BOAUTEIBHOCTH B Pa3yMHBIX MacmTabax s obecreyeHus
OTKa30yCTOMYHUBOCTH.

VYBenuueHue BO3MOKHOCTEN 0TKazoycTounBOCcTH PC, MO3BOJISIET 1O APYroMy MOJOUTH K
pelIeHHI0 Mpo0JIeMbl HEUCHPABHOCTEM, IepedaB 4YacTb HUCIPABIEHUN U BOCCTAHOBIICHUS
paboTocrocoOHOCTH Ha camy cucteMmy. Takum 00pa3oM BO3BpallleHHE U3 OLIMOOYHOIO
COCTOSIHUSI K PETYJSIPHOMY COCTOSIHUIO CHCTEMBbI KOHTPOJIHMPYETCS CO CTOPOHBI CUCTEMBI, UTO
obecrneunBaeT BO3MOXXHOCTh OecriepeOoitHoi padotsl Beeit PC [6].

Kak mpaBuio, otkazoycroitunBoe GpyHkunonnpoBanue PC oObIMHO mojmepKuBaeTcs 3a
CYeT BBEJCHHS JOMOJHUTEIBHBIX (POPM M3OBITOYHOCTH KaK allllapaTHON Tak M MPOTrPaMMHOM.
[Tpu sTOM 1002 M3OBITOUHOCTH MPUBOAUT K yBenuueHuto croumoctu PC. Ilpu nmpaBuiibHOM
IJIAaHUPOBaHUM  apxuTekTypbl PC  crouT mnocrapaTbCi  yMEHBUIUThH  CTOMUMOCTH U
MaKCUMH3HPOBATh d3PPEKTUBHOCTH paboTsl PC.

B uactHOoM obnake oGnagaTh He MacimTabupyemMoil MH(PPaCTPYyKTypoil, 3aBUCSAIIEH OT
OJTHOTO 3JIaHMsl, E€CTECTBEHHO Helb3d. EcTh HEoO0XOIMMOCTh CO31aTh IyOJUPOBAHHYIO
CEpBEpHYI0 HMH(PPACTPYKTYpPY >KEIaTeIbHO B APYroM 3JaHUM Ha OOJIBIIOM PACCTOSIHUM OT
NIEPBOTO 3/1aHUs, BO M30exkaHne Gopc-MaKOPHBIX CUTYalluii B IIEPBOM 3/JaHHU.

EctectBenHo nyOnmpoBaHHE cepBEpHOM HHPPACTPYKTYpbl NOMHUMO (DHHAHCOBBIX TpPAaT
CO3/aeT 3ajady, Npu KOTOPOH HEOOXOIUMO ONPENENUTh TOT CaMblii HY)KHBIH MOMEHT, KOrja
€CTb HeOOXOIMMOCTh IMEPEeKII0YUThCA Ha 3amacHoil nata neHTp. KoHeuHO Bce cepBHCHI, 4TO
ObLIM B paboueM COCTOSIHMM, JOJDKHBI aBTOMaTHYeCKH paboTaTh Ha 3alacHOM Jara LIEHTpe
TaK)Ke IOCIE INepexoja Ha 3amacHoi nara. [locne Toro, kak 3amacHOM nara LIEHTP CTAaHET
AKTHUBHBIM, BCE MOJKIIOYEHUS TOJKHBI Oy1yT UATH HE K OCHOBHOMY J1aTa LIEHTPY, a 3allaCHOMY.
g 9Toil 3amauu MPOCTOM MPOBEPKOM CBS3M HENb3s OIPAHUYMTHCS BBUAY TOrO, YTO IOTEPS
CBSI3M MOXXET MPOU30UTHU MO MPUUMHE TOTO, YTO Kabeslb CBA3M MOBPEXJIEH, HO caM JlaTa LIEHTP
pabouwnii.

Jliis penieHus npoOieMbl HaX0K/I€HUSI MOMEHTA MEPEKIIIOUEHNUs Ha 3allacHOM J1aTa [IEHTp
B 4YacTHOM oOjake, TIpeJuiaraeTcs OINpenelnuTb KBopyM cepBep. Ilox cinoBoM KBOpyM
noJipa3ymMeBaeTcs €lle OJWH JIOTOJHUTENbHBIA 3JEMEHT, KOTOpbhI OyAeT ompenensTh
paboTOCIIOCOOHOCTH OCHOBHOTO CEPBEPA C 1IENBI0 HEOMYIEHUS] aBTOMATHYECKOTI0 OLIMO0YHOI0
3alycka M TepeHacTpoilku paldoThl BCeil cucTeMbl Ha 3amacHoM jarta neHTp. B pesynbrarte
IOTEPU CBSI3U C OCHOBHBIM JlaTa LIEHTPOM, 3allaCHOMY JlaTa LEHTPY HYXKHO OyneT 3alpocuTh
CTaTycC TakXe Y KBOPYM CepBepa, pacloyioKEHHOIo B JApyrom 3aaHuu. B cioyuae, eciu KBopyMm
cepBep OTBETHUT Ha 3arpoc O MOTepe CBA3M C OCHOBHBIM JlaTa LIEHTPOM, TO OYJEeT UMETh CMBICI
NEePEeKIIIOUEHNs Ha 3alIaCHOM JaTa HEHTP.

AJuroput™M padoThl 0TKA30yCTOW4YMBO pacnpefeeHHON CHCTeMbl B 4YaCTHOM
obJ1ake

Iar 1. Jlata neHTppl NOAKIIOYAIOTCS K JIBYM Pa3HbIM CETEBBIM CBUTYAM CBS3H OT ABYX
pa3HbIX OCTABIIUKOB CBS3H.
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Ilar 2. OcHOBHOH JjaTa LIEHTP CBSA3BIBAETCS 3allaCHBIM JlaTa LIEHTPOM IPU ITOMOIIH ABYX
pa3HBIX ONTOBOJIOKOHHBIX KabOesieil, MPOoI0KEHHBIX Pa3HBIMU MApIIPYyTaAMU.

IMar 3. B gpyroM 31aHuM, OTIMYHBIM OT OCHOBHOI'O WM 3allaCHOTO Jara LEHTpa,
CO3/1aeTcsi KBOPYM CepBep.

Ilar 4. Mexay OCHOBHBIM Jara LIEHTPOM M KBOPYM CEpPBEPOM JBYMsl pa3HbIMHU
MapuIpyTaMi MpPOKJIAJbIBAETCS ONTOBOJIOKOHHBINA KaOenb. Takke MexXay 3amacHbIM JaTa
LIEHTPOM M KBOPYM CEPBEPOM JBYMs pa3HbIMU MapLIpyTaMH IPOKJIaJAbIBAETCS ONITOBOJIOKOHHBII
Kaleb.

Hlar 5. Mexny Bcemu nAByMs Jara LEHTPAaMH M KBOPYM CEPBEPOM IOCTOSHHO
MIPOUCXOIUT MOHUTOPHHI CETEBOTO TpaduKa.

Ilar 6. Eciu npu oOMEHE CeTeBBIMU MAaKeTaMU MEXIy 3allacHbIM JaTa HEHTPOM H
OCHOBHBIM J1aTa IIEHTPOM, OYJeT UX MOTeps, TO 3alaCHOM JaTa HEHTP 3alpPOCUT CTaTyC y KBOPYM
cepsepa.

Ilar 7. KBopyM cepBep MpOBEPUT CBsI3b C OCHOBHBIM JaTa IeHTpoMm. Eciu kBopym
cepBep B TEUEHHUY OINPEAEICHHOr0 BPEMEHH HE MOJIy4aeT OTBETA Ha 3alpoc OT OCHOBHOI'O JlaTa
[EHTpa, TO OyAeT 3amylleHa KOMaHJa Ha 3alacHOM Jara LEeHTpP AJIs aBTOMaTHYECKUil 3amycka
Ipolecca rnepexoja U3 3anacHoro Aara HeHTpa Ha 3alacHOM.

Hlar 8. 3amacHoil 1aTa HEHTp, MOJIYYUB KOMAaHy OT KBOPYM CepBEpa Ha MEPEKIIUYCHUE,
3arpamniMBaeT CTaTyC y OCHOBHOI'O JlaTa IIEHTpa, B CIy4yau HE IOJIyYE€HHUS OTBETa OT OCHOBHOI'O
JaTa LIEHTpa, OH MPEBPAILAeTCsl B OCHOBHOM JaTa LEHTP

Ilar 9. B cinyyan BoccTaHOBJIEHHSI pabOTbl OCHOBHOI'O JaTa IIEHTpPA, OH CTaHOBUTCS
3amacHbIM JaTa HeHTpoM. U1 yxke urpaer posib 3amacHOro Jara [EeHTpa U cxXeMma MepeKITIOYeHHS
Ha OCHOBHOW JlaTa IEHTP CTAHOBUTCS Pab0TOCIIOCOOHOI BHOBb.

Huxe nHa puc 1. mokazana paboTa cxemMbl 0TKa30yCTOMUMBOM paclpeieIeHHONW CUCTEMBI.
Oenoenoll pramery IpakTuyeckas peaju3anusi
AJITOPUTMA  CO3JAaHUSI OTKA30yCTOii-
YNBOH pacnpeeJeHHOH CHCTEMbI B
yacTHOM o0Jjake: B Byx nata meHtpax
U KBOPYM CEpBEpE pacloiaraeM Io
OJIHOMY CepBepy C  OIepalliOHHOU
cuctemoit Linux. Kaxaomy cepBepy
IpucBanBaeM yHUKaibHbIM [P angpec n3
pa3HbIX noxaceTok. Ha ocHOBHOM cepBepy
ycTaHaBnuBaercs 0Oaza pgaHHbix Oracle
Bepcun 11.2.0.4. Ha 3anacHoil Tak xe
ycraHaBnuBaercsi 0a3a naHHbIX Oracle
Bepcun 11.2.0.4. ITpu momornu texHonoruu Oracle Data Guard mexxay OCHOBHBIM M 3allaCHBIM
cepBepoM HacTpamBaeM oOMeH (aitmamu. Bce mgaHHBIE, MOCTyMarmIMe Ha OCHOBHYIO 0azy
JTAaHHBIX, ABTOMAaTHYECKHU MEPEXOAT U Ha 3amacHoi naTta 1eHtp. s npoBepku paboThl JaHHOU
CXeMBI HE00X0/IMMO Ha 3aIlaCHOM CEepBEpE 3aIyCTUTh cieayromuii SQL ckpunt

SELECT SEQUENCE#, FIRST_TIME, NEXT_TIME

FROM V$ARCHIVED_LOG ORDER BY SEQUENCE#;

B pesynbTare NOKHBI MONYyYydTh MH(pOpMaiuio o0 ycremHoil oopaboTtke (daiinoB u3
OCHOBHOTO cepBepa. [Ipu 3ToM 11 MpOBEPKHU CBSI3M HEOOXOIMMO UCIOJIb30BaTh yTriauTy Oracle
tnsping. B ciydae, eciau OCHOBHOH cepBep HE OTHPABUT OTBET Ha 3ampoc tnsping, TO
HE00X0IUMO OYJIEeT MPOBEPUTH CETEBOE MOAKIIOYEHHE NMPU MOMOUIM YTHIUTHI ONEpPariOHHOMN
cucteMsl ping. Eciu u oT yruiuThl ping oTBeTa He OyJeT, TO Ha KBOPYM CEpBEp C MOMOIIbIO
bash ckpunTa Oymer oTmpaBiieHa KOMaHJia TPOBEPKH CBs3U. KBOpyMm cepBep MOJIydHB 3ampoc
HAuMHaeT MPOBEPATh CBSA3b C OCHOBHBIM CEPBEPOM C YTHIIMTOH ping B TEYEHUE OINPEICIIEHHOTO
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BpeMeHH. Ecni B TedeHne onpeieieHHOTO BPEMEHU HET OTBETA, TO KBOPYM CEPBEP OTIPABIISIET
KOMaHJy Ha IEpexoJl W3 3alacHOr0 Ha OCHOBHOW — 3amacHoMmy cepBepy. I[lomyuyuB oTBer
3aracHoOi cepBep OT KBOPYM cepBepa mpu nomouru cienyrommx Oracle komana n3MeHsieT cBOU
CTaTycC W MpeBpaliaeTcs B OCHOBHOM cepBep:

ALTER DATABASE COMMIT TO SWITCHOVER TO PRIMARY;

SHUTDOWN IMMEDIATE;

STARTUP;

B pesynbrare 3THX KOMaH] 3allacHOM cepBep MPEBpaIacTCs B OCHOBHOW M BCE 3aIPOCHI
UIYT YK€ Ha 3aI1aCHOM cepBep.

Takum 00pa3oMm, B pe3yibTare MPOBEACHHBIX MCCIICOBaHUIN OBbLI pa3padoTaH ajlropuTMm
CO3/IaHUsl OTKA30yCTOMYMBOW paclpeieseHHON cHucTeMbl B dYacTHOM. Kak moxazamu
AKCIIEPUMEHTHI B TEYCHHWE HECKOJIIbKMX MHUHYT pabora 0a3a nmanHbix Oracle akTtuBusmpyercs
aBTOMATHYECKH 0e3 yuacTus denoBeka. [Ipu aToMm dakTop ommbOouHOM akTHBaIK ObUT yOpaH 3a
CYET KBOPYM CepBepa.
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XULASO
NASAZLIGA DAYANIQLI PAYLANMIS SiSTEMIN SOXSi BULUDLARDA
YARADILMASI ALQORITMI
Samadov R.B.

Acgar sézlor: hesablama buludlari, nasazliga dayaniqliq, paylanmay sistem, saxsi bulud

Magalado miiasir texnologiya vasitasi ilo soxsi bulud miihitinde paylanmis sistemin nasazliga
dayaniqligi tomin etmosi gostorilib. Nasazliga dayamigli paylanmis sistemin soxsi buludlarinda
yaradilmasi alqoritmi, Oracle verilonlor bazasin niimunasine osason gostorilib. Bu algoritm paylanmis
sistemdo nasazlig bag veran anda Oracle verilonlor bazasini avtomatik olaraq ise salir.

SUMMARY
THE ALGORITHM OF CREATING A FAULT-TOLERANT DISTRIBUTED
SYSTEM IN A PRIVATE CLOUD
Samadov R.B.

Key words: cloud computing, fault-tolerant, distributed system, private cloud

The modern technologies on maintenance of fault-tolerant work of the distributed system in a
private cloud are considered in this paper. An algorithm for creating a fail-safe distributed system in a
private cloud is developed based on an example of the operation of the Oracle 11G database. The
algorithm works automatically to restore the database in case of failure of the main database server.

Daxilolma tarixi: [lkin variant 08.06.2017
Son variant 25.09.2017
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SAXOLONMIS BORU KOMORLORI VASITOSI iLO DAGLIQ
ORAZILORDO MAYENIN OPTIMAL PAYLANMASI MOSOLOSI
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Agar sozlori: daghq orazi, maye mohsullari, boru komori, optimal idaraetmoa, riyazi paket,
talabatgi, xatti programlagdirma.

Daglig arazilards maye moahsullart ¢ox zaman boru komoarlori vasitasi ila talabatcilar arasinda
paylasdirilir. Bu zaman talobatlardan va boru kamarinin mayeni nagletma qabiliyyatindon asili olaraq,
mahsul istifadacilor arasinda miixtalif sorflorla paylanir. Maqgalado maye moahsulunun daglq arazida
yerlason talabat¢ilar arasinda optimal paylasdirilmasi ticiin idaraetma masalasi qoyulmug va ¢oxlu sayda
obyektlori olan sistem ticiin masalonin hollino aid niimuna verilmisdir. Masalonin halli Matlab riyazi
paketindon istifads etmaklo yerina yetirilmisdir.

Giris. Dagliq orazilordo ¢ox zaman su, neft vo diger maye mohsullarini boru komaorlori
vasitosi ilo nogl edorak tolabatgilar arasinda paylayirlar. Bu zaman tolabatgilarin sifariglori vo
tochizat xottinin imkanlarindan asili olaraq, mayenin paylanmast prossesinds miixtalif
problemlor yarana bilor. Bu problemlori aradan qaldirmaq ii¢lin, mayenin araliq noqtslordos
yerlogmis anbarlarda toplanmasi vo saxolonmis boru komorlori vasitasi ilo tolabatcilar arasinda
optimal paylanmasi masalasi hall edilmalidir. Belo optimal paylanma masalasinin halli tochizat
sisteminin somarali iglomasini tomin edar vo sistemin idaroetma prossesinin tokmillogdirilmasine
imkan verar.

Mbosalonin qoyulusu. Forz edok ki, yiiksoklikdo yerlogmis tolobat mentogalorini tomin
edon ardicil olaraq bir-birindon maye gotiiron nasos aqreqati, boru komori vo mayeni toplayib
istifado etmok liclin anbardan ibarat n hissali magistral boru komeri vo bu komorin ayri-ayri
hissolorindon maye gotiiron, hor biri Jx, k=1,n sayda tolobat¢ini tomin edon saxolonmis maye
tochizat1 sistemi verilmisdir (Sakil 1). Belo sistemin isinin optimal idars edilmasi masalasing
baxilir.

Burada QNS-k, k=0, K —mayeni yiiksokliys qaldiran nasos stansiyalar1, A-i, i=1, K — boru
komori boyu araliq yiiksokliklordo maye ehtiyati toplamagq, nasos stansiyalarina diigon
hidravlik tazyiqi azaltmag va onlarin sarfinin tonzimlonmosi ti¢iin nazords tutulan araliq
anbarlar, T-kij, k=1,K , i = 1, I, j=1, ], — miixtolif yiiksokliklorda yerloson maye tolobat
montagalari, VNS —ki, k=1,K , i = 1,1, — maye talobat: montagalarini tamin edoan vurucu nasos
stansiyalari, QQ— artiq mayeni sistemdon xaric edan goza qurgudur.

Forz olunur ki, nasos stansiyalari, anbarlar va boru Xxatlori elo qurulmusdur ki, onlar biitiin
tolobat mantagolorini lazim olan vaxtda lazim olan sorfli maye ilo tomin eds bilarlor. Sistem
morkozlosdirilmis idara olunur [1].
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T- T-ki1 T-Kil T

Sakil 1. Yiiksaklikds yerlasan saxalonmis maye tachizati sistemi

Idaraetmo mosalasinda galdirict nasos stansiyalarinda, vurucu nasos stansiyalarinda, talobat
montagalarinds va gaza qurgusunda mayenin sarfinin elo giymatlorinin tapilmasi talob olunur ki,
onun talobat mantagolorine verilon sarflari ilo grafikls talob olunan sarflari bir-birindon miimkiin
gadar az farglonsin, goaza qurgusunda sistemdon konarlasdirilan mayenin sarfi minimum olsun,
eyni zamanda mayenin sarfino vo hacmina goyulan mahdudiyyatlor 6donilsin.

Masalonin riyazi yazilisini vermak ii¢iin asagidaki isaralomolari gabul edak:

- Q(t), Q™(t), Q™ (t) — qaldirict nasos stansiyalarinda mayenin cari, minimal vo maksimal
sorflori, m*/s;

- Qui(t), Q™ (1), Q™ (t) — vurucu nasos stansiyalarinda mayenin cari, minimal vo maksimal
sorflort, m*/s;

- Qa(t), Qa™(1), Q™ () - goza qurgusunda konarlasdirilan mayenin cari, minimal vo
maksimal sorflori, m%s;

- Quij(t), Okij " (E), Qi (t)  — tolobat mantagalarina verilon mayenin cari, minimal vo maksimal
sorflori, m*/s;

- quij(t) —tolobat montagalorinds mayenin qrafik iizro tolob olunan sorflori, m?®/s;

- Vk3(t), V™(t), V"(t) - anbarlarda toplanan mayenin cari, minimal vo maksimal hocmlori,
m-

- Cjj — tolobat mantagalorinda Im® mayenin verilma xarclori, man;

- Ca— qoza qurgusunda sistemdon konara axidilan 1 m® mayenin doyari.

Masaloni sadolosdirmak iigiin (tp, T] idaroetma periodunu elo sonlu sayda hissalora bolok
ki, bu hissalorin hor birinds yuxarida adlar1 ¢akilon parametrlorin qiymatini sabit hesab etmok

Z
olsun. Belaliklo, (to, T]= U(tz,tzfl), t, =t(0), t, =T qobul edok.
z=1
Optimal idaraetmo moasolasindo QNS-lorin elo Qk(t), VNS-larin elo Qii(t), goza qurgusunun
elo Qa(t), tolobat montogalarinin elo qyj(t) seorflorinin vo anbarlarin elo Vi(t) —hacmlerinin
tapilmasi tolob olunur ki, tolobatgilara verilon Qyj(t) sorflori grafiklorde tolob olunan gij(t)
sarflorindon minimum foarglonsin, goza qurgusundan konara axidilan Qa(t) sorfi minimum olsun,
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eyni zamanda yuxarida gostarilon sarflor vo anbarlarda toplanan maye hacmloari minimum va
maksimum hacmlar arasinda galsin.
Belaliklo, masalonin riyazi yazilist asagldakl kimi olar:

Magsad funksiyasi kimi C= i( +Z Z ZCKU ‘qku (2)-q ki (Z)‘] comini gabul edak.

k=l i=1 j=1

Mosalads elo Qk(z), Vi(2), Uij(z) Vo Qa(z), k=1,K , i =1, Iy, j=1,]x, , z=1,Z giymatlorinin
tapilmasi talob olunur ki, magsad funksiyasi minimallagsin:
C — min; (1)
Vo asagidaki mohdudiyyatlor 6danilsin:
- qaldirici nasos stansiyalarinin sarflarina goyulan mahdudiyyatlor

QUM (2)<QU2)<QU™@) k=T K, 2=, Z; @
- vurucu nasos stansiyalarinin sarflorina goyulan mahdudiyyatlor
Q™(2) < Qu(@)< Q™ @ K=LK, i=1, I, z=1Z; ©)
- goza qurgusundan konara axidilan mayenin sorfino qoyulan mohdudiyyat
Qa""())<Qa()<Qa""(),2=1,Z; (4)
- tolobat mantagalarina verilmali olan sarflora goyulan mahdudiyyatlor
O " (D)=0i(2) <0 @ k=1, K i = 1, Iy, j=1, ], 2=1,Z; (5)
- anbarlarda toplanan mayenin hocmins qoyulan mohdudiyyatlor
Vkmm(Z)SVk(Z)SVkmaX(Z), k:L_K, Z:ﬁ; (6)
- tolabat mantagalarin sarflari ilo vurucu nasos stansiyalarinin sarflori arasinda slages
Jii
quij (2)=Qq(2), k=1L, K,i =1, Ivz=1,Z; (7)

=1
- vurucu nasos stansiyalarinin va nasos stansiyalarinin Sarflori ilo anbarlardaki mayenin hacmi
arasinda olage

Zk:Qki (Z) + Qk (Z) - Qk—l(z) =

Vi(2) -V (z-1)
tz _tz—l ,

k=1,K,z=1,Z. (8)

(1) -(8) masalasi geyri-xatti programlasdirma masalosidir. Bu masaloni bir konkret obyekt
tizarinds holl edok.

Masalanin halline aid niimuna. Farz edak ki, iki hissasi olan boru kamari, qaldirici nasos
stansiyalar1 vo anbarlardan ibarot maye tochizati sistemi vasitosi ilo Xidmat gostorilon
yiiksoklikda yerlogsmis talobat montagalarinin maye tachizatina baxilir. Har bir hissadon iki VNS
Va paylasdirict boru kamorlari vasitasi ils iki tolobat mantagasi maye ilo tomin olunur (Sakil 2).
Mosalods verilon sistemin iki ardicil (8%, 12%°] vo (12%, 24%] zaman intervallarinda hallini
tapag. Yoni elo Qu(z), Vi(2), Quij(z) Vo Qa(2), k=1,2 , i = 1,2, j=1,2 , z=1,2 giymatlorinin
tapilmasi tolob olunur ki, mogsad funksiyasi mlmmallassm

C= 2((: Q +Zzzcklj‘qklj (Z) qk'J (Z)‘] - mln (9)

k=1 i=1 j=1
Vo asagidaki mohdudiyyatlor 6danilsin:
- Qaldirici nasos stansiyalariin sarflorina goyulan mahdudiyyatlor

QAUM(2)<QU2)<Q™(2) k=1, 2,2=1,2; (10)
- vurucu nasos stansiyalarmin sarflorino qoyulan mohdudiyyatlor

Q™ (2) < Q)= Q™ (@) k=1,K,i=1, 2,2=1,2; (12)
- goza qurgusundan konara axidilan mayenin sorfino goyulan mohdudiyyat

Qr+1""(t) <Qk+1()<Qu+1"*(t),2=1, 2; (12)

- tolobat mantagolarina verilacok sarflara qoyulan mohdudiyyatlor
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g " @) <A (@D<qi™ @) .k=1,2,i =1, 2,j=1, 2,2=1,2; (13)
- anbarlarda toplanan mayenin hacmins qoyulan mohdudiyyatlor
Vi™(2)<Vi(2)<V"™(2) k=1, 2,2=1, 2; (14)
- tolobat mantagalarin sarflari ilo vurucu nasos stansiyalarinin sarflori arasinda slagos
‘]ki
D04 () =Q4(2), k=1,2,i =1, 2,2=1,2; (15)
=1

- nasos stansiyalarinin sarflori ilo anbarlardaki mayenin hacmi arasinda slago

> 0,0)+0,0)-0, ()= MO o

1,2,2=1,2. (16)

T-211 T-221

T-222

T-212

T-122

T-112

Sakil 2. 2 hissasi, 4 paylayict xatti, 8 tolabatgis: olan yiiksaklikda yerlagan
maye taochizati sistemi.

Moasalanin halli iigiin ilkin verilonlor asagidaki codvoallords gostorilmisdir:

Cadval 1
Talobat mantagalorina veriloan mayenin sorflori

Vaxt Sorflor, m*/s Quua(D) | du12(1) | Ga2a(1) | Gu2a(1) | G211(1) | G212(1) | G221(1) | O22(2)

(8%,12) | Axtarilan giymetlor | X, X, X3 X4 Xs Xs X5 Xg
Minimal giymotlor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Talobat giymotlori 0.35 0.40 0.30 0.30 0.37 0.33 0.23 0.32
Maksimal giymotlor | 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40

Sorflor, m*/s 0111(2) | 9112(2) | %121(2) | 9122(2) | 9211(2) | G212(2) | G221(2) | G220(2)
(12%,24%°)| Axtarilan giymotlor | X X0 Xn X1z X3 X1 Xis X6
Minimal giymatlor 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tolobat giymotlori | 0.35 0.40 0.30 0.40 0.35 0.25 0.30 0.30
Maksimal giymotlor | 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
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Cadval 2
Qaldirict va vurucu nasos stansiyalarinin va Qoza qurgusunun sarflori
Sarflar, m*/s Qu(1) Qu(1) | Qux(1) Q(1) Qa1(1) | Qz(1) Qa(1)
(8%,12%) | Axtarilan parametr. X7 Xig X9 Xao X1 X X3
Minimal giymatlor 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maksimal giymatlor | 2.50 0.80 0.80 2.00 0.80 0.80 2.0
Sorflor, m*/s Qi(2) Qu(2) | Qu(2) Q(2) Qa1(2) | Qx(2) Qa(2)
(1200,2400) Axtarilan parametr. X24 X25 X25 X27 ng ng Xgo
Minimal giymatlor 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maksimal giymatlor | 2.50 0.80 0.80 2.00 0.80 0.80 2.0
Cadval 3
Anbarlarda toplanan mayenin hacmina goyulan mahdudiyyatlor
(8% 127 (127 24™)
Hacmlor V(1) V,(1) V1(2) V,(2)
Axtarilan parametrlor Xa1 Xz Xa3 Xas
Baslangic qiymotlori, m® 1500 - 1000 -
Minimal giymatlor, m® 200 200 100 100
Maksimal giymetlor, m 10000 10000 10000 10000

Burada c,=0.3 vo ¢j=0.2 man/m®, k=1,K, i = 1, Iy, j=1, ], z=1, Z man/m® gétiiriiliir.
Masalonin riyazi programlasdirma soklinds yazilisi asagidaki kimi olar [2, 3].
Owvalco sistemin tam tominathi halina baxaq, yani tolobat moantagoslorina verilon suyun

sarflori tolob olunan sorflordon az deyil: q,;(z) > q,;(2), k=1K,i =1, I, j=1,Ji, 2=1,Z

Magsad funksiyasi:
C=0.2[(X1-0.35)+(X2-0.40)+(X3-0.30)+(X4-0.30)+(X5-0.37)+(X-0.33) +(X7-0.23)+
+(X5-0.32)+(X9-0.35)+(X10-0.40)+(X11-0.30)+(X12-0.40)+(X13-0.35)+(X14-0.25)+(X15-0.30)+
+(X16-O.30)]+ 0.3 (X23+X30) min;
Mohdudiyyatlor: —
0< X31<0.40; 0< X, <0.40; 0< X3<0.40; 0< X4 <0.40; 0< X5<0.40; 0< X5 < 0.40;
0< X7<0.40;0< X5 <0.40; 0< X9 <0.40; 0< X10<0.40;0< X311 <0.40; 0< X102 <0.40;
0< X13< 0.40; 0< X14< 0.40; 0< X35 < 0.40; 0< Xy6 < 0.40;
0< X17525,0< X18 < 0.8; OSX19S0.8; OSXZQS 2.0; 0SX21S0.8;
0SX22SO.8; OSngSZ.O; 0SX24S 2.5; 0SX25S0.8; OSX26S0.8;
0<X,7<2.0; 0SX28S0.8; OSXZQSO.S; 0SX30S2.0;
200<X3:;<10000;200<X3,<10000;100<X33<10000; 100<X34<10000;
X1+ Xo=X1g; Xa+X4=X19; Xs+Xe=Xo1; X7+Xg=X22;

Xot+X10=Xzs5; X11+X12=X0g; X13+X14=Xog; X15+X16=X29;

X1+ X19=X17; Xo1+X22=Xz0; Xos+Xoe=X24; Xogt+Xo9=Xo7;
X17-X18_X19-X20:(X31-1500)/480;
X20-X21-X22-X23=(X32-X31)/480;
X24-X25-X26-X27:(X33-1000)/480;
X27-Xog+Xo9-X30=(X34-X33)/480;

Sadslosdirmadan sonra:
Magsad funksiyasi:
C=0.2*X1+0.2*X,+0.2*X3+0.2*X4+0.2*X5+0.2*X*0.2*X7+0.2*Xg+0.2*Xg+0.2* X 1o+
+0.2*%X11+0.2*%X15+0.2*X13+0.2* X 14+0.2* X 15+0.2* X 15+0.3*X »3+0.3* X 30 > mlnl
Mohdudiyyatlor:
0.2*X1+0.2*X,+0.2*X3+0.2*X4+0.2* X5+0.2*X*0.2* X7+0.2* Xg+0.2* X g+0.2* X 1o+
+0.2*%X11+0.2*%X15+0.2*X13+0.2* X 14+0.2*X 15+0.2* X 16+0.3* X 53+0.3* X3, > 1.13;
0<X31<0.4; 0<X,<0.4;0<X3<0.4;0<X4<0.4;0<X5<0.4; 0< X6<0.4;
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0<X7<0.4;0<X3<0.4;0<X9<0.4;0< X10<0.4; 0< X11<0.4; 0< X1, <0.4;
0< X13<0.4; 0< X14<0.4; 0< X35 <0.4; 0< X316 <0.4; 0< X17< 2.5; 0 < X35 < 0.8; 0<X19<0.8;
0<X< 2.0; 0<X51<0.8; 0<X22<0.8; 0<X13<2.0; 0<X4< 2.5; 0<X55<0.8; 0<X6<0.8;
0SX27S2.0; OSX23S0.8; 0SX29S0.8; 0SX30S2.0; 200SX31S10000;
200<X3,<10000; 100<X33<10000; 100<X34<10000; X1+Xo=X1g; X3+X4=X19; Xs+Xe=Xo1;
X7+ Xg=X22; Xg+X10=Xzs; X11+X12=X06; X13+X14=X2s;
X5+ X16=X09; X1g+X19=X17; Xo1+X20=X20; Xos+Xo6=X04; Xog+X29=Xo7;
X17-X18-X19-X20=(X31-1500)/28800; X20-X21-X22-X23=(X32-X31)/28800;
X24-X25-X26-X27:(X33-1000)/28800; X27-X28+X29-X30:(X34-X33)/28800;
Masalani Xxatti programlasdirma iisulu ilo hall etmok {igiin massivlar agagidaki kimi olar:
A=[2.22.22.2.2.222.22.2.2.2.2000000.3000000.30000];
A=-A;
b=[0.13];
b=-b;
1=[.2;.2;.2;.2;.2;.2;.2;.2,.2,.2;.2;.2;.2;.2;.2;.2;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0.3;0.3;0.3;0.3];
Ib=[0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;0;200;200;100;100];
ub=[.4;.4;.4;.4,.4;.4,.4,.4,.4,4,4,4,4,4,4,4,2.5,.8,.8,2.,.8,.8;2.;2.5,.8;.8;2.;.8;,.8;2.;
10000;10000;10000;10000];
Aeg=[11000000000000000-10000000000000000;
001100000000000000-10000000000000O0Q;
00001100000000000000-100000000000O0Q;
000000110000000000000-1000000000000Q;
000000001100000000000000-1000000000Q;
0000000000O01100000000000O0O0O-100000000;
000000000O0O0OO110000000000000-1000000;
000000000O0OOOOO1100000000000Q00O-100000;
000000000O0O0OOOOOO-111000000000000000;
0000000000O0O0O0O0OOOOO-1121000000000000;
00000000O0O0OOOOOOOOOOOOOO-11100000000;
000000000OO0OOOOOOOOOOOOOOOO-121100000;
00000000000000001-1-1-10000000000-0.000035000;
00000000000000000001-1-1-2100000000.000035 -0.000035 0 0;
000000000000000000000001-1-21-200000-0.00003472 0;
000000000000000000000000001-1-1-1000.00035-0.000035];
beq=[0; O0; 0; O; O0; O0; 0; 0; 0; 0; 0; 0; 0.05208; 0; 0.03472; 0];
X=linprog(f,A,b,Aeq,beq,lb,ub);
Naticalar. Moasolonin Matlab programinda xatti proqramlagdirma tisulu ilo halli naticosindo
parametrlorin alinmig qiymotlori Cadval 4-do verilmigdir.

Cadval 4
Optimallasdirma masalasinin hallindon alinan cavablar

Quua(1) Ou2(1) | 912a(2) O122(1) | 0211(1) | O212(1) | G222(1) | G222(1) | Qua(2) | 9112(2)
0.3 0.30 0.30 0.30 0.10 0.10 0.10 0.10 0.30 0.30

G121(2) | G122(2) | 9211(2) | U212(2) | Go21(2) | Gooo(2) Q(1) Qu(l) | Qu(1) Q(1)
0.30 0.30 0.00 0.00 0.00 0.00 1.80 0.50 0.50 0.40

Qu(l) | Q1) | Qu(l) | Qu?) | Qu) | Qu@) | Qu2) | Qu2) | Qn(2) | Qu(2)
020 | 020 | 000 | 100 | 050 | 050 | 000 | 0.00 | 0.0 | 0.20
Vi) | Vo(1) | Va(2) | Vi(2)
475.00 | 1161.10 | 562.20 | 1042.10

Cadvaldon goriindiiyii kimi, tolabat montaqgalorinde mayenin optimal sarflori qrafikls tolob
olunan sorflors yaxindir vo parametrlorin cadval 1, 2,va 3-doki sorhad qiymsatlori daxilinds
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yerlagir. Eyni zamanda qoza qurgusundan axidilan mayenin sorfi nisbaton kicik qiymatlor alir.
Nasos stansiyalarinin sorf balanslart miisbat qiymot aldigina géro anbarlarda mayenin hacmi
getdikco artir. Mosolodo gostarilon obyektlorin say1 vo idaraetmo masolosinin parametrlorinin
say1 kifayot qodor coxdur. Biitiin bunlar optimallagdirma maosolosinin diizgiin quruldugunu
gostarir.
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PE3IOME
3AJIAYA ONITUMAJIbHOT'O PACIIPEJEJIEHUS )KUAKHUX ITPOJYKTOB HA T'OPHBIX
TEPPUTOPUSX C IOMOIIBIO TPYBOIIPOBOJHBIX IMHUHU
Hckenoepoe A.A., Tazuesa A. /I., /[ncasadosa C.P.

Knioueswie cnoga: ['opuvie yuacmku, scuoxue npooykmol, mpyoonpogooHsie JUHUU, ONMUMATbHOE
ynpaeneHue, mamemamu4eckuyi  nakem, nompeoumeny, JIUHetiHoe
npozpammuposaHue.

Bo MHoOrmx cnyyasx Ha TOpPHBIX Y4YacTKaxX JKUAKHE MPOAYKTHI PpacHpelenstoTcs Mexay
NOTPEOUTENIMH C TOMOIIBIO TPYOONPOBOAHBIX JHHUWHA. [Ipw 3TOM, B 3aBHCHMOCTH OT KOJHYECTBA
noTpeOJieHusT TPOAYKIMH U OT MPOITYCKHOW BO3MOKHOCTH TpPyOOIPOBOJHBIX JMHHM, pachpeieiicHHe
MPOAYKTOB OT OJHOTO MPOHU3BOAUTEIIS K MOTPEOUTEISIM MTPOM3BOJIATCS C pa3HBIMHU pacxoaamu. B paborte
MIOCTaBJIEHa 3a/a4a ONTUMAJIBHOIO pacIpelefieHus >KUAKON NPOAYKUUH MEXIY MOTPeOHTEIsIMA Ha
TOPHOM YYacTKE€ M JaHO IPUMEp peLIeHrs 3aaddl YIPAaBJICHUS AJISl CUCTEMbl CO MHOTHMMH OOBEKTaMHU.
Pemenue 3amaun oCyIIecTBICHO C UCIOIB30BAHIMEM MaTeMaTHIecKoro nakera Marmial.

SUMMARY
THE PROBLEM OF THE OPTIMAL DISTRIBUTION OF LIQUID PRODUCTS
IN MOUNTAIN AREAS WITH THE HELP OF PIPELINE
Isgandarov A.A., Tagiyeva A.D., Javadova S.R.

Key words: mountain plots, liquid products, pipeline, optimal control, mathematical package,
consumer, linear programming.

In many cases, in mountain areas, liquid products are distributed among consumers through
pipelines. At the same time, depending on the quantity of consumption of products and on the throughput
of pipeline, the distribution of products from one producer to consumers is made at different costs. The
task is to optimize the distribution of liquid products between consumers in the mountain area and give an
example of solving the control problem for a system with many objects. The solution of the problem was
carried out using Matlab mathematical package.
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funksiyasi.

Statik kondensator batareyalarimin optimal yerlosdirilmasi, giiciiniin tayini va idara olunmasi
sabaka yiik diiyiinlorinda garginliklorin tanzimlonmasinin va giic itkilarinin azaldilmasiun tomin olunmasi
noqteyi-nazarindan elmi-praktik shamiyyat kasb edir. Mqgalada movciid iisullara asaslanaraq paylayict
elektrik sabakalorinds reaktiv giiciin optimal paylanmasi va yiik rejimindon asili olarag avtomatik
idaraolunmast tigiin yeni yanasma toqdim olunur. Taklif olunan iisul ¢oxsayli diiyiin néqtalorine malik
paylayict elektrik sabakalorinda reaktiv giic axinlarimin optimal idara olunmast magsadila istifads edilo
bilar. Usul 30 diiyiinlii standart IEEE sxemi iiciin testlasdirilmisdir.

Molum oldugu kimi, paylayici elektrik sobokalarinda (PES) giic itkilori elektroenergetika
sistemindoki timumi itkilorin 70%-ni toskil edir [1]. Paylanmis generasiyali enerji Sisteminin
PES-do reaktiv giic monbolori vasitosilo istehlakgilar torofindon tolob olunan reaktiv giicii
azaltmagla bu itkilorin soviyyosini ohomiyyotli doracodo asagi salmaq, eyni zamanda
yarimstansiya sinlorindo gorginliyin profillorini (U;) vo saboko iizro giic amsalinin (C0S¢)

giymatini talob olunan diapazonlarda saxlamaq miimkiindiir.

Kecon osrin 60-c1 illorindon baslayaraq, paylayict elektrik sobokelorindo reaktiv giic
moanbalarinin (RGM) yerlosdirilmasi probleminin holli ii¢lin miixtalif tsullar islonilmisdir.
Onlardan analitik tisullart vo evristik tsullari [2-4], coxsaylt riyazi programlagdirma tisullarini
[5], geyri-salis montiq tisulunu [6,7], neyron sobakalari [8,9], genetik alqoritmlari [10], hibrid
tisullar1 [11] va s. gostormak olar.

PES-lordo qurasdirilan RGM-lorin yerlosmo yerlorinin, saymin, giicliniin, tipinin vo
idarsolunma alqoritminin  toyini zamani yaranan problemlor, adoton, g¢oxmoagsadli
optimallagdirma masalalorinin kompleks halli yolu ilo aradan qaldirtlir [12].

Yiik rejimlorinin ehtimal, geyri-miisyyon doyismalors moruz qalmasi, amak sorfinin ¢coxlugu
vo maliyys vasaitlorinin az olmasi problemin hollinin optimal olmamasi ilo naticalona bilor.
Biitin bunlar iso optimallasdirma masalasinin hallindo miisyyon mohdudiyyatlorin tatbiq
olunmasi ila sortlonir.

Moagaloada PES iizro RGM-inin se¢ilmasi va giicliniin avtomatik idarsolunmasi tigiin geyri-
solis moantiq nazoariyyasinin totbigine osaslanan yeni yanagma tisulu toklif edilir.
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Mogsad funksiyasimin formalasdirilmasi voa mohdudiyyatlor. SKB-nin totbigindo halli
tolob olunan asas masalalor, geyd olundugu kimi, rejim parametrlorine qoyulan mohdudiyyatlori
nozoro almaqla, onlarin optimal yerlogdirilmoasini, SKB seksiyalarin saylarimni, giiclorini,
noviini vo idarsolunma algoritmini miioyyon etmokdan ibarotdir. Riyazi olarag, bu mosalolor
v-(M+D"  soklindo verilon axtaris fozali kompleks optimallasdirma mosolosi kimi
formalagdirila bilor; burada, M - seksiyalarin sayi, v - hesabat zamani baxilan yiik rejimlorinin
say1, N - tadqiq olunan gaboke sxeminin diiyiinlorinin sayidir.

Mogsad funksiyasi agsagidaki kimi ifado olunur:

f(U,S)=fC(U,S)-FfAP(U,S)-l-Z'gF,_“ (1)

Burada f(U,S)—mogsad funksiyast;
fc. (U,S) —SKB qurgusunun qiymaoti va istismart ilo elagedar magsad
funksiyasinin toskiledicisi;
fp (U,S) — mogsad funksiyasinin giic itkisi ilo olaqodar xarc toskiledicisi;
U —diiyiin gorginliklori vektoru (gorginliyin profili);
S —SKB-nin qosulu va ya agiq voziyyatdo oldugu soboks diiylinlorinin némralarini
gostoron vektor;
¥ — corimo omsalt;

0,01, U SUT <UL
T my 2 m m (2)
P05 1-(U])?l U] <U,, U] >U,
U — m yiik saviyyasi iigiin j diiyiiniinds gorginliyin qiymatidir.
Mohdudiyyat sortlori asagidaki kimidir:
-glic axinina qoyulan mohdudiyyat:
pU",8™)=0 ©)
-gorginliya goroe mohdudiyyat:
Unn U <Up, (4)
-reaktiv gilic omsalina goro mohdudiyyat:
t9Prin < (190]") <GP, ()

Qeyri-salis mantiq nazariyyasinin tatbiqi vo masalonin hall alqoritmi. Moagsod
funksiyalar1 qeyri-solis xarakter dasidigindan mosslonin pasional hoalli vo qorar gobulu
prosedurunu Zadonin maksimallagsdirma tsulu ilo holl etmok daha magsadosuygundur.
Maksimallagdirma {isulunun mahiyysti ondan ibarotdir ki, gqarsiya qoyulan maqsadlor
minimallagdirilir vo sonra minimal meyarlar i¢orisindon pasional hallin tapilmasina imkan veron
maksimumlar secilir. Bu halda qorar gobulu zamani har bir mogsad funksiyast iigiin ilk
molumatlarin geyri-solisliyi nozars alinacaqdir.

Qeyd edok ki, baxilan hal {i¢iin ,u(fi) monsubiyyat funksiyamin formasinin segilmasi

garsiya qoyulan mogsaddon asili olaraq, gorar gobul edon ekspert torofindon subyektiv olaraq
secilir. Hazirki isda har bir i-ci meyar tiglin y( f, ) monsubiyyat funksiyasinin monoton azalan va

fasilosiz oldugu hesab edilir. Bu funksiya asagidaki kimi ifads olunur:
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1, f < fm

)= < < ©

fimax _ fimin ! I

0, f >

Burada, f™ vo f™- uygun olaraq, mogsod funksiyasinin minimal vo maksimal
giymotloridir vo bu giymotlorlo mohdudlasan intervaldan konarda optimal hollin mévcudlugu
gozlonilmir. Magsad funksiyasinin qiymoti ([0;1] skalast {izro) hallin na deracado goyulan
moqsadi 6dadiyini gostorir.

Z sayda geyri-salis magsadloar {igiin (1), (2) funksiyalarini nozora almagqla, optimal hallin
axtarilmasi asagidaki alqoritm osasinda aparilir.

1. Baslangic axtaris ndqtesi otrafinda w/, i=22 hiperkubu toyin edilir vo asagida

gostarilon sokilds hiperkubun yan tillori iizro 2°* sayda kombinasiyalar coxlugu yaradilir:

wP=w’+DP; i=2Z; p=12°" )

w’ p=12"" (8)

i
L
p_
w, =1-
=2

Burada [~)i" - hiperkubun formalagmaga basladig1 uc noqtslsrindon olan mosafoni ifads edir.

iz VO p™ = min (,u(fi)”k i:ﬁ)
monsubiyyat funksiyalarinin kosismosi toyin edilir, sonra iso hor bir kombinasiyanin caki
daracasi hesablanir.

3. Nohayeot, asagida gostorilon formada minimaks kompozisiyast yolu ilo [10,11]
moansubiyyat funksiyasini segmokla an yaxsi hall miioyyan olunur:

2. Har bir mogsad iiglin monsubiyyat funksiyast ,u(fi )j

1 = max{y;“‘” k=1, 2" +1} 9)
Coxdl¢iilii hiperkubun uc (Z —1) noqtalorinin say1 Z sayda moagsadler sirasini gostarir.
4. Bundan sonra iterasiya prosesinin davam etdirilmasi {i¢iin ovvalki ilo miiqayisodo z°

monsubiyyat funksiyast maksimum 6donilon w'® otrafinda digor bagqa hiperkub formalagdirilir

v on yaxs1 hall alinanadok proses tokrar olunur.

Qeyd edoak ki, xorc lizro mohdudiyyatlor sinlors qosulan kondensator batareyalarinin sayinin
miimkiin godor minumumlasdirilmasini sortlondirir. Elektrik verilis xatlori (kabellor vo hava
xatlari) vo paylayict yarimstansiyalar birbasa olaraq magsad funksiyasi ilo slagalondirilmir. Eyni
zamanda bu moahdudiyyatlor SKB-nin daha alverisli yerlasdirilmasi {igiin ¢ox shomiyyatlidir.

Alqoritmin kompiiter realizasiyas1 naticalori. Yuxarida geyd olunan sxem vo rejim
parametrlorinin geyri-miloyyon doyismolori  soraitindo reaktiv glic maenbalorinin optimal
yerlogdirilmosi vo idaro olunmasi iigiin geyri-salis ¢oxluglarin totbiqi ilo islonmis alqoritmin
kompiiter realizasiyast 30 diiyiinlii standart IEEE sxemi ii¢lin yerina yetirilmigdir. Sokil 1-do 30
diiylinlii sxem tizro kompensasiya monbalorinin olmamasi vo optimal yerlogdirilmasi ilo aparilan
normal vo maksimal yilik rejimlorinde hesabat noticalori asasinda qurulmus gorginlik profillori
verilmisdir. Sokil 1,a-dan goriindityli kimi normal rejimdo kompensasiya olmayan halda
gorginliyin on asag1 hoddi 17-ci diiylinde 0,82, maksimal rejimde ise homin diiyiinde 0,7
olmusdur. Alqoritmin realizasiyas1 naticosinds reaktiv giicliin kompensasiyasindan sonra homin
diiytinde gorginlik normal vo maksimal yiik rejimlori li¢iin miivafiq olaraq 1,02 va 1,04 toskil
etmisdir. Kompensasiyadan sonra gorginliyin asag1 hadlori normal rejimds 2 (0,95), 21 (0,95), 26
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(0,97), 30 (0,97), maksimal rejimds iso yeno homin dilylinlordo miivafiq olaraq 0,94, 0,94, 0,96
va 0,97 toskil etmisdir. Bununla bels, digor diiylinlordo gorginlik 0,95-i kegir. Basqa sozlo,
garginliyin profili kompensasiyadan sonra shamiyyatli deracods yaxsilasmisdir.

komp.gadar

komp.gadar komp.sonra

komp.sonra

a)
Sakil 1. 30 diiyiinlii standart sxem tizra gorginliyin profillori
a - sabakanin normal yiik rejiminda; b - sobakonin maksimal yiik rejiminda

Normal yiik rejimindo 18 diiyiindo {imumilikdo 67 seksiyadan ibarot olmaqgla 67 MVAr
giicindo kondensator batareyalar1 yerlosdirilmisdir. Giic axint hesabatlarinin  noticosi
gostormisdir ki, bu zaman aktiv giic itkisi 45,3 MVt-dan 38,3 MVt-a qador, basqa sozlo 15,4%
azalmigdir.

Sokil 1,b-don goriindiiyii kimi, maksimal yiik rejiminds 17 diiylindo iimumi giicii 102
MVAr olan 102 seksiyadan ibarot kondensator batareyasi yerlogdirmoklo kompensasiya yerino
yetirilmig vo bu zaman aktiv giic itkisi 59,5 MVt-dan 41,9 MVt-a qador, yoni 29,5% azalmisdir.
Texniki-igtisadi gostoricilorin (qurasdirma, istismar xorclori vo itkinin azalmasindan oldo olunan
ilitk golir) miiqayisoli analizi gostormisdir ki, hor iki halda reaktiv giiclin kompensasiyasi
tadbirlari birinci 1lds 6ziinii 6dayir.

Hor iki rejimds giic axinlarinin yekun hesabat naticalori cadval 1-do verilmisdir. Codvaldon
goriindiiyii kimi, kompensasiya noticasinds giic amsalinin qiymati normal rejimds 0,82-don 0,91-
9, maksimal rejimda isa 0,77-don 0,92-ys qador yiiksolmisgdir.

Cadval 1
Normal va maksimal yiik hallarinda gararlasmis rejimlarin hesabat naticalari
Komiyyatlar 30 diiytinlii standart IEEE sxemi
PG QG I:)y Qy Cos @
MVt MVAr MVt MVAr -

Normal k/qadoar 442 303 396,7 158 0,82
rejim k/sonra 435 192,9 396,7 78,6 0,91
Maksimal k/qador 470 389,1 410,9 183 0,77
rejim k/sonra 453 200 411 71,6 0,92

Alqgoritmin kompiiter realizasiyasinin yuxarida qeyd olunan analiz naticalori gorginliyin
profillari, aktiv giic itkisinin vo glic amsalinin qiymatlori iizra toklif olunan tisulun effektivliyini
tosdiq edir. Usuldan miirokkob topologiyaya malik vo nazoro alinmasi miimkiin olmayan va ya
az mimkiin olan geyri-miioyyan faktorlarin tosiri soraitlorinds enerji sistemin paylayici elektrik
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sobakalarindo reaktiv giic monbolorinin optimal yerlogdirilmasi vo effektiv idara olunmasi
mogsadils istifads oluna bilor.

Noticalar. 1. Qeyri-miioyyon faktorlarin tosiri soraitindo miirokkab topologiyali paylayici
elektrik sobokolorindo reaktiv glic monbolorinin optimal yerlosdirilmosi vo idaro olunmasi
moagsadila geyri-salis goxluglar nazariyyasi asasinda effektiv {isul vo alqoritm islonmisdir.

2. IEEE-nin 30 diyiinlii standart elektrik soboko sxemi niimunasinds alqoritmin kompiiter
realizasiyas1 yerina yetirilmisdir. Gorginliyin profilleri, aktiv giic itkisi, giic amsalinin qiymatlori
vo reaktiv giiclin kompensasiya todbirinin 6zlinii 6domo miiddsati komiyyatlorinin miigayisali
analizi toklif olunan alqoritmin istiinliiylinii tosdiq edir. Belo ki, sxemin diyiinloerinde
gorginliklor buraxilabilon hoadlordo qorarlasir, ohomiyyatli doracado aktiv giic itkisi azalir, giic
omsal1 yiiksolir. Reaktiv giiciin kompensasiyasi ila bagli yerina yetirilon todbirlorin 6ziinii 6domo
miiddati bir il togkil edir.
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PE3IOME
METO/J U AJIT'OPUTM PA3MEIIIEHPI$£ UCTOYHUKOB PEAKTUBHOM
MOIIHOCTMU B JIEKTPUUECKOHU CETH SHEPI'OCUCTEMBI
I'ynuee I'.b., I'adocuee H.U., @apxadoe 3.U., baipamanueea 3.H.

Knwuesvie cnosa: snexmpuueckas cemb, PEAKMUBHASE MOWHOCMb, HPOPUIL HANPSICEHUS,
Heuemkoe — MHOJMCeCmEo,  yenegas  (YHKyus,  MHOLOKPUMEPUATbHASL
ONMUMU3AYUS, PYHKYUS NPUHAOLEHCHOCHIU
OntrMmaneHOE OMNpeJelicHHe MOIMHOCTH W pa3MelleHUe HCTOYHHKOB PEAKTUBHON MOIIHOCTH
UMEET HAYYHO-TIPAKTHYECKOE 3HAYCHHUE C TOYKH 3PCHHUS PETyJUPOBAHUS Y3JIOBBIX HAINPSDKCHUH U
YMCHBIIICHUE TMOTEPU MOIIHOCTH B ceTH. B paboTe mpemnaraeTcss HOBBIM MOJIXOJ K ONTUMAILHOMY
pacrpeneNneHUI0 PEaKTUBHON MOIIHOCTH B PACHPeCTUTENBHBIX SJICKTPHUECKUX ceTsaX. [IpenokeHHbIi
ITOPUTM MOXKET OBITh KCIIOJIB30BaH JJIS ONTUMAIBHOTO YIIPABICHUS PEAKTUBHOW MOIHOCTH B
pacipeeTUTEeNbHBIX MICKTPHUSCKUX CETAX, UIMCIOIIUX MHOTOYHCIICHHBIC HATPY30YHBIC Y3IIbl. AJITOPUTM
Ob11 mpoBepeH st cranaapTHoi 30-y3moBoit cxemsl IEEE.

SUMMARY
ALGORITHMS AND METHODS OF OPTIMIZATION PLACEMENT
OF CONDENSER BATTERIES IN ELECTRICAL NETWORKS
Quliyev H.B., Hajiyev N.I., Farhadov Z.1., Bayramaliyeva E.N.

Key words: electrical network, reactive power, power loss, voltage profile, set, objective function,

multiple objective optimization, membership function.

Optimal placement of static capacitor bank, power determination and control gains theoretical and
practical significance from the point of view of provision of adjusting of voltages in the network load
nodes and reduce of power loss. Based on the current and up-to-date methods during work, a new
approach is presented for the reactive power optimal distribution and automatic control depending on load
conditions. The proposed method could be used for the optimal control of reactive power flows in the
electrical distribution systems having numerous nodal points. The method was tested for the real power
grid having 30 nodal standard IEEE schemes.
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Acar sozlar: istilik aximi, geyri-monoton paylasma, istilik miibadilasi, konversiya

Turbulent aximli rejimlords n-heptanin istilikvermaosi tadqiq edilorkon [1 ] belo bir naticoys
golinmigdir ki, borunun vaziyyati vo mayenin axma istigamatindon asili olmayaraq, boru
divarinin temperaturunun todqiq olunan mayenin psevdokritik temperaturuna yaxinlagsmasi ilo
olavo sos effekti miisayiot olunan yaxsilasmis istilikvermo rejimi baslayir (soyudulan sathin
divarinin temperaturu vo maye tozyi(inin doyismesi). Bir ne¢o halda yaxsilasmis istilik
miibadilasi soraitindon (ts=ty) forqlonon hallara rast golinmisdir. Bunun sabobi [1 ] do izah
olunmusdur. Miiasir yiiksok gorginlikli istilik miibadilo aparatlarini yaratmaqla yanasi, eyni
zamanda boru boyunca divarda temperaturun paylanma qanununu bilmok tolob olunur.

EC— ‘ i /\
400 +—— ‘ i ‘ \

300 =lm— 2

200

pbeo

| S [N N RS, R | e
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300 o

Sak 1. n-heptamin yuxari (a,b) va asagi (c,d) harakati zamani boru boyunca divarda temperaturun
paylanmasi

Ovvalca n-heptanin kritikdon yiiksok tozyiglords qaldirict vo endirici borularda
horokoti zamani boru boyunca divarda temperaturun paylanmasina baxaq. Qeyd olunan
asitlilig  Sok. 1-do  gostorilmisdr. Bu sokildo tosvir olunmus boru boyunca divarda
temperaturun paylanma xarakteri gdstorir ki, n-heptanin boruda yuxar1 vo asagir horokoti
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Zamant t<t;, sortindo divar temperaturunun doyismo xarakteri eyni sortlor daxilindo adi
konvektiv istilik miibadilosindoki kritiko qodorki oblast ilo eynidir (Sok.la vo b,1,2 ayrisi).
Sabit rejim parametrlorindo xiisusi istilik selinin artmasi ilo divarin temperaturu todqiq
olunan mayenin psevdokritik temperaturuna c¢atir vo divar temperaturunun paylanma
xarakteri bir qodor doyisir (3 oyrisi). Xiisusi istilik selinin artmasi ilo (qz2,8MVt/m2)
divarin temperaturunun (ts) gostorilon xarakteri boru boyunca saxlanilir; bu zaman divarda
on bdyik temperatur forqi boruya girisdon %250 vo daha c¢ox olmusdur (4 oyrisi). n-
Heptanin boruda yuxart vo asagi herokotindo xiisusi istilik seli q=3,07 vo 3,48 MVt/m?
oldugda 5 oyrisi almmisdir, homin oyridon  goriiniir ki, divarin temperaturu borunun
miioyyan hissasindo maksimal giymoto malik olur. Baxilan tocriibalords n-heptanin asagi
Vo yuxart horokstindo borunun girisindon 3550 + 55 mosafodo divarin temperaturu

psevdokritikdan kicikdir. Istilik selinin yiiksok giymatlorinda 6-8 ayrilori alinmisdar.

Sokil 2-do horizontal boru boyunca divar temperaturunun paylanmasinin aparilmisg
eksperimental  naticaloro  asasen [P=6,0MPa,(P=2,2Pkr), t}=17,5°C vo pw=2000kq/ms]
qurulmus qrafiki gostorilmisdir. Sok. 2-don goriindiiyli kimi, t<ty, olduqda, boru boyunca
temperaturun doyismo xarakteri maddonin kritiko gador olan oblastindaki voziyystine uygun
olan adi konvektiv istilik miibadilasi ilo eynidir.
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$ak.2. Horizontal boru boyunca Sak.3. Borunun miixtalif vaziyyatinda
temperatur paylanmas: temperatur asililig

Istilik seli sixhigr artdiqda ts todgiq olunan mayenin ty-ino yaxinlasir vo bu zaman
tocrilba borusunda olave effekt-divarin temperaturunun vo mayenin tozyiqinin doyigmasi ilo
bas veron istilikvermo miisayiot olunur. Pulsasiyali rejimds horizontal boru boyunca divarin
temperaturu geyri-monoton dayisir. Belo tocriibalordo borunun ayri-ayri hissolorinds xiisusi
istilik selinin artmasi ilo divarin temperaturunun sabit olmasit vo ya miioyyan qodor azalmasi
mimkiindiir. Bu qiymotlor yaxsilagmis istilikvermo rejiminin qiymstlorine uygun  golir.
Tadqiqatlarin  naticolori gdstorir ki, borunun  orta hissssinde divarin temperaturunun
paylanmasinin monotonlugunun pozulmasi ilo divarin maksimum temperaturu miigsayist olunur.
Istilik seli sixligmimn miioyyon qiymatindo bu maksimumlar koskin ifado olunmus xaraktero
malik olur (5-7 ayrisi). Belo tacriibolordo borunun gostarilon kasiyinda bir rejimdon digarinag
kecid zaman1 miioyyon godor istilikvermo omsalinin azalmasi miisayiot olunur (istilikvermonin
nisbi pislogmis rejimi). Soak.1 vo 2-do uygun olaraq borunun vertikal (mayenin yuxar:i vo asagi
harakati) vo horizontal vaziyystlorinin miiqayisasi gostarir ki, ts>ty, olduqda ayrilorin doyigsma
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xarakteri n-heptanin asagi horokotindo  horizontal boru ilo miiqayisado vertikal boru ilo
identikdir. Bu, Sok. 3-don daha aydin goriiniir. Mayenin boruda yuxar1 horokoti zamani
borunun uzununa divarin temperaturunun paylanmasiin miioyyan forqliliyi, goriiniir, sarbast
konveksiyanin borunun vertikal (yuxart vo asagi horokot) vo horizontal voziyyatlorindoki
miixtolif tosiri ilo olagodardir.

Boru boyunca divarin temperaturunun paylanma xarakterino borunun mailliyinin
todqiqi maraq dogurur. Sok. 4-do ¢=30°a) Vo @ = 60°b) oldugda aparilmis tocriibalorin
naticasing asason divarin temperaturunun paylanma qrafiki qurulmusdur.

Almmus asililiglara asason geyd etmok olar ki, ts>t, oldugda boru boyunca temperaturun
paylanmasi geyri-monotondur. Bu todqiqatlarda boru boyunca divarin temperaturunun
maksimal qiymoti 460°C-don ¢ox olmadi, ts=> 460°C olduqda yeni giiciin miioyyan olunmasi
borunun uzununa divarmin temperaturunun asagi diismasinag gatirib ¢ixarir (6-7 ayrisi).

£.°C 2
400 £ +§
300 : =
20 e —o
b
Wy e W ok 0 25 50 75 a/d

$ak.4. Borunun maili vaziyyatinda temperatur asililig:.

Beloliklo, n-heptanin kritikdon yiiksok tozyiqds, turbulent rejimli axinda, te<t,, t>tm
soraitindo borunun vaziyystindon vo mayenin axma istigamotindon asili olmayaraq, boru
boyunca soyudulan sothin temperaturu geyri-xatti doyisir vo bu zaman borunun orta hissasindo
divarin maksimum temperaturu miisayist olunur.

X ) .. . . . .
ts=f( 2 ) astliliginin analizi zamani, asasan, diggat qeyd olunan maksimallara yonolmis

va belo bir noticaya golinmisdir ki, sonuncu istilikdayisdirici aparatlarin isindo he¢ bir tohliiko
yaratmir, belo ki, gostorilon kosikdo istilikverms omsalinin qiymati normal rejimdoki giymatdon
nozaragarpacaq doracads yiiksakdir.

Maddolorin kritikdon yiiksok tozyiglords borunun uzununa divarmin temperaturunun
geyri-xatti paylanmasi vo bu zaman borunun orta hissasinde maksimum amalo galmosi hali
kritikdon yiiksok oblastlar {igiin tosadiifi yox, qanunauygun hadiso sayilir. Boru boyunca divarin
temperaturunun buna banzar doyismo xarakteri su, toluol, n-heksan vs s. istilik dasiyicilarinin
timsalinda digor todgiqgat¢ilarin goxsayli iglarinin naticalari ilo do tosdiq olunmusdur.

Gostarilon maddalarlo aparilan tacriibalorin naticalarine asason qurulmus boru divarinin
temperaturunun paylama qrafiki sokil 5-do gostorilmisdir.

Tacriibadon alman giymatlorin analizi gostordi ki, t>tn, oldugda borunun uzununa divarmin
temperaturunun doyisme xarakteri, istilik seli sixliginin qiymotindon asili olaraq, miixtalif ola biler,
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basqa sozlo, istilik seli sixligimin hor qiymatine onun divarinin 6z temperaturunun paylanmasi
uygun golo bilor. Mohz bu hadisonin fiziki izahini vermok cotin olur.

Miimkiindir ki, borunun uzununa divarinin temperaturunun paylanma xarakterinin
miixtolifliyi mayenin divar yaxinligindaki tobogodo qizma dorocoesi ilo olagodardir. Bu
sobabdon do todqiq olunan mayenin fiziki xiisusiyyetlorinin doyigmosinin miixtalifliyi bu
hadisoya uygun golir. Bozi todqiqatlarda [2] boru boyunca divarin temperaturunun paylanma
xarakteri vo istilikverms omsalinin doyismoesi maye tozyiqinin miixtalif qiymatlords
doyismosi ilo izah olunur.
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PE3IOME
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Knroueswle cnosa: meniosoii nomox, HeMOHOMOHHOE PACHPEOeNcHUe, MENI00OMEH , KOHBEKYUSL.

AHanu3 ONMBITHBIX JAHHBIX MOKa3as, 4To mpH >t XapakTtep U3MEHEHHS TEMIIEpaTyphl CTEHKH 10
JUTHHE TPYOBl B 3aBUCHMOCTH OT 3HAYEHHS IUIOTHOCTH TEIIOBOTO MTOTOKA MOXKET OBITh Pa3IHYHBIM, T.€.
KOKJIOMY 3HAUYECHHUIO IUIOTHOCTA TEIUIOBOIO IMOTOKA MOKET COOTBETCTBOBATH CBOE PACIPEICIICHUE
TEMIIEPaTyphbl CTCHKU. VIMEHHO 3TO sSIBIIEHHE TPYAHO MojaaeTcs (Gpu3nueckoMy oO0bsICHeHHI0. Bo3MoxkHO
Pa3IMUYHBIA XapaKTep pacHpeelleHus] TeMIepaTypbl CTEeHKH IO JUIMHE TPYOBI CBS3aH CO CTEIEHBIO
HarpeBaHusl >KUJIKOCTU B OKOJOCTEHOYHOM CJIO€, YEMY B CBOIO OYEpPENlb COOTBETCTBYIOT pa3zjUYHbIC
WU3MEHEHHUS] (PU3MUECKUX CBOMCTB MCCIICIYEMOMN KUIKOCTH.

SUMMARY
TEMPERATURE CONDITIONS OF PIPE WALLS COOLED
BY N-HEPTANE IN SUPERCRITICAL PRESSURE
Mammadov S.H., Mammadaliyev R.M., Shakhmarova R.S.

Key words: heat flow, non-monotonic distribution, heat transfer, conversion.

Analysis of experimental data has shown that when ts> tm behavior of the wall temperature along
the length of the pipe depending on the density of heat flow may be different, each value of the heat flux
density distribution may correspond to your wall temperature. It is difficult to give physical explanation
to this phenomenon. Perhaps different character wall temperature distribution along the tube length
associated with the degree of heating in a liquid near-wall layer, which in turn correspond to the various
changes of physical properties of the sample liquid.

Daxilolma tarixi: [lkin variant 16.01.2017
Son variant 25.09.2017
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YCTAHOBKA JIUIS1 HOKPBITHUS BHYTPEHHUX NIOBEPXHOCTEN
TPYB IMHKOHAIIOJIHEHHOHN KPACKOU
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e-mail. Abdullayev. gs@ bk. ru,

Knrouesvle cnosa: nokpvimue, YuHKOHANOIHEHHbIU, MPYOa, ad2e3us, 20J106Ka OJist HANbLICHUSL.

W3BecTHO, YTO CTajbHBIE TPYObI, UCHOIb3yeMble B HedTsHOM mpombinuieHHocTn (HKT,
oOcasiHple U HE(TENpPOBOJIHBIC) BBIXOAAT U3 CTPOsI paHbLIE €ro cpoka ciykObl. OCHOBHOH
IPUYMHON SIBJISETCSI CHIIBHOE KOPPO3MOHHOE BO3JEHCTBHE TPAHCHOPTHPYEMBIX BEIIECTB Ha
BHYTPEHHIOIO [TIOBEPXHOCTh TPYO.

[IpexxneBpeMeHHOE pa3pylieHue TpyO HAaHOCUT OOJbIION yiiepd HE TOJIBKO M3-3a NOTEPh
COTEH ThICAY TOHH MeTajla, HO M NPUBOJUT K BBIHYXKJIEHHON 3aMeHe TpyO paHblle CpoKa.
OnauM u3 3(pPeKTUBHBIX METOZ0B OOpPHOBI C KOppO3HEH BHYTPEHHEH MOBEPXHOCTH CTAIBHBIX
TpyO  sABIseTCSs  HAHECEHHE  AHTHMKOPPO3UOHHBIX  IMOKpbITMHA. B 3aBucumoctu ot
TPAHCHOPTHPYEMETO BEIIECTBA MOJIOHMPACTCS THIl TOKPBITHS TPyO € HEOOXOIUMBIMH IS
JKCIUTyaTalluy mapameTpamMu (aTMOC(hEepOCTOMKOCTh, TEPMOCTOMKOCTb, KHCIOTOCTOMKOCTD,
M3HOCOCTOMKOCTH | 1Ip.) [6].

Henap wucciaenoBaHus M NMOCTAHOBKA 3a4a4. Y COBEPLICHCTBOBAHME CYILIECTBYIOIIUX
CIIOCOOOB TMOJYYEHHsS] PABHOMEPHBIX [0 MEPUMETPY TOHKOCIOMHBIX aHTHUKOPPO3HMOHHBIX
NOKPBITUH Ha BHYTPEHHEH IOBEPXHOCTH BPAIIAIOUIMX TPYO, MCIOIB3YeMbIX B HEPTSIHON
MPOMBIIIIEHHOCTH. B IIPOMBIIIIIEHHOCTH MPUMEHSIIOTCSl pa3jMyHble BUJbl aHTUKOPPO3HMOHHBIX
HOKPBITUI BHYTPEHHEH MOBEPXHOCTHU TPYO: METAIIIMYECKOE, HEOPraHUYECKOE U OpraHUYeCcKoe.

Boibop THuma Marepuana ais HOKPBITUS B AHTUKOPPO3HMOHHOM TEXHHMKE BechbMa
pasHooOpa3eH. OHU MaTepuasbl JOCTATOYHO XMMHUYECKH CTOMKH, HO HE 00J1aJal0T BBICOKOU
aAre3uen K MeTajuly, Jpyrue MaTepuallbl UMEIOT HCKIIIOUUTENIBHYI0 XUMUUECKYH0 CTOMKOCTD, HO
OTHOCHUTENIbHO JO0pOTru. Psn MarepuanoB XOTS U HENPOHMIIAEMBI, HO HE O0JaJal0T BBICOKOU
aare3uen K MeTauny.

Jlns BceX METAJUIOKOHCTPYKLHMM, B TOM 4YHCIE JJI MOKPBITUS BHYTPEHHEW MOBEPXHOCTHU
TpyO, Hambosiee TPOCTBIM M JOCTYNHBIM CIOCOOOM AaHTUKOPPO3MOHHOHM 3aIlMThl MeTalla
ABIIIOTCS JIAKOKPACOYHBIE aHTUKOPPO3UOHHBIE MOKPBITHS, KOTOPbIE UMEIOT Psiji MPEUMYILECTB
10 CPAaBHEHUIO C IPYTMMH BUIAMH 3aIUTHBIX MATEPHAIIOB!

e [IpocToTa HaHECEHMUS;

© BO3MOXHOCTh MOKPBITHSI METAIUIOKOHCTPYKLIUHU U TPYO OOJbIINX rabapuTos;

o [ToKpbITHS SKOHOMHYHBI, 00J1a/1al0T BBICOKUMH 3alIUTHBIMUA CBOWCTBAMH;

e /lemieBu3Ha 1O CPaBHEHHUIO € APYTMMHU BUJAMH 3AIIUTHBIX TOKPBITHI.

Bribop Tuma matepuana, NPUMEHSEMOTO JJIsl 3aIIUThl BHYTPEHHEH MOBEPXHOCTH TPYO,
3aBHCUT HE TOJIBKO OT XHMHYECKOIO0 COCTaBa TPAHCIOPTUPYEMOTO BEIIECTBA, a TaKkKe
OTIpeIeNeTCsl HATMUYMEM COOTBETCTBYIOIET0 00OPYIOBAHUS JIJIsl €T0 HAaHECEHHS.

[[upokoe mpuMEHEHHE JIAKOKPACOUHBIX MOKPHITUH OOYCIOBIMBAETCS IABYMsI LEHHBIMU
CBOMCTBAMH:
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1. CnocoOHocThIO  O0Opa3oBaHMsi HA  TOBEPXHOCTH  W3JCNIUS  TOHKOW  IUICHKH,
HETPOHUIIAEMON U KOPPO3UOHHO-CTOMKOM, C XOPOIIEH aare3nuei K MeTajuly.

2.Y100CTBOM M TPOCTOTOM TEXHOJOTMYECKOTO TMpOLecca HAHECEHHS C IOJTHOH
MEXaHMU3alMel U aBToMaTu3amuen [4].

[ToaToMy 5aKOKpacO4yHbIE MOKPBITUS CTaIM HNPUMEHATH IOYTH BCE OTPACId HApPOJHOTO
XO035ICTBA, B TOM YMCIIE U JIJIS 3alIUTHl BHYTPEHHEH MOBEPXHOCTh TPYO HEDTAHOTO COPTAMEHTA.
JlakoKpaco4YHble MaTepUanbl MCIOJB3YIOT JJs TOJXYY4EHHUS 3aIlUThl CTAJbHBIX TPyO OT
KOPPO3UOHHBIX Pa3pyLICHUH HE TOJIBKO HA MEPUOJ TPAHCIIOPTUPOBKHU, & TAKKE JJI MOTYyUEHUS
AKCIUTYaTallMOHHBIX HOKPBITHM, KOTOpblE HAaHOCIT Ha 3aBoje-usrorosurene. [lockosbky Hac
MHTEPECYeT BOIPOC 3alllUThl TPYO B YCIOBMSIX OKCIUTyaTallid, IO3TOMY Ielecoo0pa3Ho
OCTaHOBUTHCS Ha AKCILTyaTallMOHHBIX JJAKOKPACOUYHBIX MAaTepHallaX U METOJIaX UX HAHECEHMS.

B oTedecTBeHHO! MPOMBIIUIEHHOCTH U 3apyOeKHBIX CTpaHax B MOCIEJAHHUE TOJIbI OCBOCH
BBIIYCK JJAKOKPACOYHBIX MAaTEPHAJIOB HA OCHOBE CJIEAYIOUINX IIJIEHKOOOPa3yOLIUX:

[TonuypuTon —monuyperaHoBasi Kpacka — MaclI00eH30CTOMKas.

[{MHKOHOJ — HMHKHAIIOJIHEHHAs —TI0JINYpETaHOBAas KpackKa.

[Ipu pemeHun Bompoca, CBSI3aHHOIO C MPAKTUUYECKUM NPUMEHEHUEM JIAKOKPACOYHBIX
MaTepuaioB, MMEET 3HAUEHHWE HE TOJbKO OOJacCTH MX MCIOJIb30BaHMUS, HO MX CBOWCTBA U
TEXHOJIOTHSl HAHECeHHs Ha BHYTPEHHIOI TOBEPXHOCTh Tpyd. ITO obserdaer BBIOOP
JIAKOKPAcCOYHOI'0 MaTepuaia sl IOKPBITHS.

[ToaTOMY B JaHHOM pa3jelie MOCTaBIEHbI CAEAYIOIINE 3a0aUH:

1. I3yueHue cBoiicTBA JaKOKPACOYHBIX MAaTEPHUAJIOB;

2. Bb16op n1akoKpaco4yHOro MaTepuarna;

3. PazpaboTka TEXHOJIOTUH WX HAHECECHUSI.

Ha ocHOBaHUU BBINIEN3TI0KEHHOTO HAMH Obllla BEIOpaHa B Ka4eCTBE 3aIIUTHOTO MOKPBITUS
[IMHKOHOJ—IIMHKOHATIOJIHEHHAS—TIOJINypEeTaHoBas Kpacka [4].

LIuHKOHOI 3TO:

e [[MHKOHAIIOJIHEHHAs] CHCTEMA, B KOTOPBIX CTOMKOCTh JIAKOKPAaCOYHBIX IOKPBITUH

COYETaeTCs C MPOTEKTOPHBIM A(PPEKTOM BBOJIUMOTO [IUHKA!

e X0J10/IHO€ OIITUHKOBAHHE METAJLIA;

e [ToBbIIIEHHAs aAre3us K METasy;

o XuMHuUecKasi CTOMKOCTB;

e HanexHas 3amura OT KOppO3HH.

[luHkoHON mpencTaBisgeT coOOM OUCHEPCHI0 LUHKOBOTO TOPOIIKa B  PacTBOpE
MOJIMYPETAHOBOTO TMPEMOIUMEPa B OPTaHUYECKUX DPACTBOPUTENSAX C IENEBBIMH J00aBKAMH,
OTBEPXK/ICHHUE IPOUCXOAUT BIIaroi Bo3ayXa.

Kpacka co3maer HaJeXHyIO 3allUTy MeETallly, O0JagaeT XHUMHUYECKOH CTOMKOCTBIO K
MeTauiaMm, HeTH U HedTEmpoIyKTaM, MOPCKOM M TIPECHON BOJIE, 00JIa1aeT dJIACTUYHOCTBIO U
TEPMOCTOUKOCTHIO.

3amuTHBIE CBOWMCTBA IIMHKAa OOYCIIOBJIEHBI 00JIE€ HHU3KHM DIJIEKTPOXUMUYECKUM
noteHuuaioM (-0,76 B) mo cpaBHeHuto ¢ xene3om (-0,44 B). [losTomMy B 3MEKTPOXUMHUYECKOI
nape UHK-)KeJe30, BOZHUKAIOIIEH B MPUCYTCTBUU BOJABI U 3JIEKTPOJIUTA, LINHK BBIIOJIHAET POJb
aHola. MeUIeHHO pacTBOPSAsSCh B MPOIECCE HSKCIUTyaTallud MOKPBITUS, IIUHK CIYXKHUT
<GKEPTBEHHBIM» METAJIOM U 3alIMIIAET CTAJbHYIO MOI0KKY-KaTo/] OT pa3pyuienus. IMeHHo B
ATOM 3alIuTHas (TPOTEKTOpHAs) POJb IHMHKA B TOKpbITHH [5]. CBOICTBa JTaKOKPAacOYHOM
KpacKU-IIUHKOHOJ MMOKa3aHbl B Ta0uIe 1.
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Yemanoska ona noxpvimus 6Hympennux nogepxHocmeil mpyo yuHKOHANOJIHEHHOU KPACKOU

Tabnuya 1.
Ceoticmea 1aKoOKpacoYHOU KPACKU-YUHKOHOAA

IIHKOBBINM MOPOIIIOK
OcHoBa MaTeprana, BHEITHAN BUJI IICHKH OTHOPOJIHASI MaTOBasI

MOBEPXHOCTH CEPOTO I[BETA
MaccoBas 07151 HEJIETY4YHX BEIIeCTB, % 85
VcioBHas BA3KOCTh o B3-246, cexk. 25
Bpewms Boickixanus 10 crenenu 3 mpu t (20,0+5)°C, u 2
[IpodHOCTE MJICHKH TPH YAApE, CM 50
[IpoyHOCTH TIICHKM TIPW U3THOE, MM 3
CTOMKOCTh K CTATHYECKOMY BO3IEHUCTBHIO BObI TpH (20+2)° C, u 72
CroiikocTh K cTaTHueckoMy BoznencTBrio I'CM, u 48
TBepaOCTh MOKPHITHS 0,5
Anresus, 6ami, He 6oee 1
PacxoJ1 KpackH, rp/m’ 200-250
TonuHaa 0AHOPOIHOTO TOKPHITHS, MKM 60-80

COSI[aHI/Ie HOHYHpOMBIIHHeHHOﬁ YCTAHOBKU [JIsI HAHCCCHHA HNHWHKOHOJIA Ha BHYTPCHHIOIO
IMMOBEPXHOCTH pr6 M TEXHOJOTHS ero HaHeceHus. Cxema HOJIprOMBIIHJIGHHOﬁ YCTaHOBKHA
IIOKa3aHa Ha puc. 1.

13 10 5 6 7 8 9 10
W e W Y N -

L o ' H " \ -
12 {, ‘ __II'_I ____________ —IT .;——-‘ ——_:i ______ |
2 (M= '

N2 N 4/

Puc.l. Cxema nonynpomviuinieHnoti yCmMaHo8Ku 0N HAHECeHUsi YUHKOHOAA HA GHYMPEHHIO
nosepxnocme mpy6: 1,3-numamenvuvie O0ouku; 2,4-nacocvl 011 nepexauxku Kpacku, 5-
ycmanoska 01 3aKpenienus u epawenus mpyo; 6-nampon ycmawmosxku, 7- mpyba,; §-
spawarowuil depxcamenv mpyod, 9-svibpacvisamenu noxpawieHuvix mpyo, 10-uianeu c
eepmurozom,; 11-mpancnopmuvie poruxu, 12-eenmunu; 13-manomemp.

OOBEeKTOM HaIllero HCCIEeNOBaHUS SBIISIIUCh HacocHO-KommpeccopHbeie Tpyobr (HKT).
[TosTOMY SKCHEPUMEHT MPOU3BOAWIM Ha TPYOHBIX oOpa3uax nuamerpoM @ 60 MM, 1auHON 8
M, orpe3aHHblXx oT HKT (I'OCT 633-74), BblllycKaeMbIX Ha TPYyOOIPOKAaTHBIX 3aBojax. Jlis
o0ecrieyeHUs TepMEeTH3allUd MO TOpLaM BO BpeMs MOKPHITUH Ha OOOMX KOHIAX Tpyo
cuuMaiuch (acku pasmepom 8x45°. TpyOHbIE 00pasibl Ha YCTAHOBKE 0a3MPYIOTCS Ha DTHUX
dackax (puc.2).

Paspaborka TexHosoruum HaHeceHusi I[H-kpackum Ha BHYTPEHHIOW NOBEPXHOCTh
Tpy0. Kak BUIHO M3 BBIIIEU3IIOKEHHOIO, CXEMa YCTAHOBKM BCErO IPOLECC 3aKJIIOUYAETCS B
TpancnoptupoBke [IH-kpacku uepe3 Bpamjaromyrocs TpyOy ¢ ofgHoro 0Oauka B JOpyroud B
pesyiabrare yero L{H-kpacka moa ycunuem HeHTpOoOeKHOM CHIIbI yIapseTcss K CTeHaM TpYObl U
CO3/a€T PaBHOMEPHBIN CIUIOIIHON MPOYHBIN CIIOM MOKPBITUSI BHYTPEHHEHN MOBEPXHOCTH TPYO.

92



A6oynnaes I'.C., |Ab6acos I'.C. |, bacupos 3.0.

[IpenyioskeHHast TEXHOJOTHUSA TOKPHITHS BHYTPEHHEH IOBEPXHOCTH TPYO COCTOUT U3
CJIEIYIOIIUX OTIepaluii:

3anonusieTca nutarenbHbli 6adok (1) LIH-kpackoi, ounmennas tpyoa (7) mpu momouu
TpeX KYJIAuKOBBIX MarpoHa (6) W Bpamaromero jaepxarens TpyO (8) ycraHaBiauBaeTcs Ha
YCTAaHOBKE W 3aKpEIUBIIOTCS IepeiHHEe U 3aaHue uuaHru c¢ Bepmiorom (10). Bxmrowaror
BpanieHue Tpyo (7) u Hacoc (1). O60poTHl BpamieHus: TpPyO B 3aBUCUMOCTH OT JuaMeTpa Tpyo
mensiercst ot 30+50 06/MuH.

Puc.2.Cxema nepeoneco npucnocobdnenuss O0as 6pawjeHus u nooayu Kpacku Ha
BHYMPEHHIO NO8epPXHOCMb mMpY0.l-ycmanoska 015 3aKpenjienuss U 8paujeHus
mpyo, 2- nampon ycmaunosxku,3-mpyoa; 4- mexkcmoaumosvie NOOWUNHUKU, -
Odepocamenb mpyovl; 6-pe3uHosas npokiaoKa, 7-WNUHOelb YCMaHosKu, S-mpybda
0151 nodayu Kpacku, 9-201068Ka 015 HANbLIEHUS KPACKU.

Bpems BpaieHusi nepekauyku Kpacku MEHSETCS B 3aBUCHMOCTH OT JHWaMeTpa U JJTUHBI
TpyOBI B TEYCHHE OT JBYX-TPEX MHH. TIOCIE dYero IMepeKadyka W BpalleHHe TpPyObl
ocranaBnuBaetcs. Tpyba (7) ocBoOoxkmaercss oT matpoHa (6), mepxkarens Tpyo (8) u mpu
MOMOIIN TPAaHCIOPTHBIX poiauKkoB (11) u BeIOpackiBaTeneil (9) TpaHCHOPTUPYETCS HA CTOJ IS
MOJTHOTO BBICHIXaHUS.

Onpenenenue ajre3ud MOKPHITHH Ha oOpasuax u3 TpyoO. [lokpeiTus, MONyYeHHBIE
[IMHKOHATOJHEHHON —TIOMYPETAaHOBBIM KPAacKOM, MPEICTaBIAIOT COO0OM TOHKHN CJIOW Ha
BHYTpEHHUI MOBEpXHOCTH TPyO (60+80 MKM), TOSTOMY AJIsi OMPEENEHUsI €ro XapaKTePUCTUK
JIOJKHBI ~ OBITh  pa3pabOTaHbl  COOTBETCTBYIOIIHE  METOJbI UCTIBITAaHUH.

MGTO)II)I U3MECPCHHUA aAre3nu OCHOBAHLI Ha

ONpCACIICHUU ITPUITIOKCHHOT'O BHCIIHCTO YCUIIUA, 1O

JICUCTBUEM  KOTOPOTO MPOUCXOJHUT  pa3pylIeHUE —
COCIUHCHUS. 2

K Tpy0aM C BHYTPEHHHUMH MOKPBITHUSMH, SBISIETCS 7
onpeneneHue aare3ud (¢yrepoBaHHbIX Tpyo. U3
(byTepoBaHHOI TPyOB! BHIPE3AIOT KOJIBLIO BHICOTOH 12
MM ¥ Ha Pa3pbIBHON MalIMHE C TIOMOIIBIO MTyaHCOHA ;
POM3BOIUTCS BblaBiIMBaHue ¢pyrepoBku (puc.3) [1].

DT1O0T CII0C00 He IIPUroACH I ONPCACIICHUA Puc.3. YVemanosxa ons
aire3sud TOHKOCIOWHOTO MOKPBITUS, A€ TONUMHA  oppedenenus adee3uu moacmo-

60+80 mxm. [leno B TOM, YTO BHYTPEHHUH IUAMETDP  cmenno2o nokpuimus mpyb. I-

TpyOBl, TIONYyYEHHBI TOpSYEeH  MPOKATKOW, HMEET nyancou; 2-06pasyvl uz mpyb c
0O0JIBIION pa36poc Kak 1o pasMepaM, TaK H IO NOKpLIMUAMU, 3-noocmasxu.
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Ycemanoska 0ns nokpeimus 6HympenHux nosepxnocmeti mpyo YuHKOHANOIHEHHOU KpACKoU

reomerpun. Taxoii pa3opoc monyckaer I'OCT 633-74 na HKT. Hanpumep, ans tpyd 60x5 mm
HapyXHbIH auametp (pu gonycke) Dy,p=60,3+1 % xonebnercs B nepeaenax
Dyax=60,3+0,6=60,9 Mmm
Dyux=60,3-0,6=59,7 MM
TonmuHa CTEHKM NpU JOMYcKe S =575 MOKET HUMETh 3HAYEHHS: Su=5,45 MM,

Swun=4,38 MMm. CrieoBaTensHO, BHYTPEHHUH TUaMeTp TPyObl OyIeT U3MEHSATHCS B MpeJienax:
Dyiax=Dyax-2Syun=60,9-8,76=52,4mm
Oyin=Daun-2Syax=59,7-10,9=48,8 mm

Kak BumHO, BHyTpeHHUN AuameTp TpyObl 60XS, M3roTOBIICHHON B Ipeaesiax TpeOoBaHUH

I'OCT 633-74,moxeT MeHsAThCS OT 48,8 MM 110 52,14 MM, T.e. pa3HMIA IO AUAMETPY MOXKET

nonyuutbes 3,34 mm. Kpome Toro, BeiieACTBHE HEPaBHOMEPHOI'O M3HOCA TEXHOJIOIMYECKOI'O

UHCTPYMEHTA U JPYTUX NPUYHMH, BHYTPEHHSS OBEPXHOCTh TPYOBl MMEET MEJIKHE MPOI0JIbHBIC

pucku u mnpoune nedexTrsl, KoTtopble Takke nomyckarorcs ['OCT-om. Takoe siBleHue He

MO3BOJISIET BBIIABIMBATH TOHKOCJIOMHOE IIOKPBITHE IyaHCOHaM M3BECTHBIM CHOCOOOM, a

CJIEZIOBATENIbHO, U ONPEACIATh a[r€3UI0 MOKPHITHUS.

VYuutbiBas BBILIEU3I0KEHHOE, HAMU CO3/IaHO YCTPOMCTBO JUIsl OMNPEENICHUS aare3uu

NOKpbITUS TPYO (puc.4) [2].

6 Meton  ompeneneHus  aare3sud  CO3JaHHBIM

YCTpPOHCTBOM 3aKirouaeTcs B cienyromieMm. OOpa3isl

BbIcOTON 30-40 MM, BBIpE3aHHBIC W3 TOKPBITHI TPYOBI,

MOJIBEPraloT pa3fefieHHI0 Ha Y4YacTKM IpH IOMOIIU

ropsiuero HoXa, a TakXe C OJHOr0 Topua IyTeM

pacTOYKM YAQISIOT CJIOM IOKPBITHS [JIMHOM S5 MM.

Jlanee, mpu COOCHOM TMOJOXEHUH HCIBITHIBAEMOTO

oOpa3ua u kopryca (1) ycTpoiicTBa MOBOPOTOM BHUHTOB

(2) ocBoboxatoT HOxH (3). [locneanue, nepemerascob

npu noMomu MnpyxuH (5), KacalTcsi BHYTpEHHEH

METAJIJINYECKON NTOBEPXHOCTU TPYOBI, T.€. CAMOYCTaHaB-

JTuBaeTcs. B TakoM MONOXKEHUM HOXU (UKCUPYIOTCS

BUHTaMH (2), mepenaBasi Harpy3ky Ha ymnop (6). Kopmyc

Puc.4. Yemanoska On% (1) mepememmaeTcst BAOTb CBOGH OCH 1 HOX (3) OTpbIBaeT

Onpf‘)eﬂe*‘”ﬂ adzesuu  MOHKO- 4 cnog nokpeitusa.  Cuiaa, HeobXomumas s

CIOUHOCO  NOKpelmuz . mpy 0'  lepeMelueHns ycTpoilcTBa, SBISETCS CHIOH alre3uH

L-xopnyc; 2- cmonopruii GUHM,  [oKkpeITHS ¢ METAUIMYECKOW MOBEPXHOCTBIO  (Ha

3~ nooic; 4- uxcamopnas 2aiika; HEPAaBHOMEPHBIA  OTpbIB). OOpasibl COBMECTHO ¢

5= npyaieuna; 6- ynop. BBIIIEYKA3aHHBIM  YCTPOMCTBOM YCTaHABJIMBAIKMCH Ha
pasppiBHOM ~ MamuHe — PM-5 U IPOBOAUIUCH
COOTBETCTBYIOIIIME  3aMepbl.  AIre3ust  MOKPBITUS
OTIpeIeNIINCh o (hopmyie

T= EKZ/CM B=4b

rae b —mupuHa o1HOTO HOXa, P —criia BIaBieHusI.

BeiBoasl. [Ipy co3nanuu noynpOMBIIUIEHHOW YCTAHOBKU JJIs HAHECEHUS TOKPBITUS Ha
BHYTPEHHIOIO [TIOBEPXHOCTh TPYO HEPTAHOIO COpTAMEHTA MOJIOKEHO B OCHOBY CIIEAYIOLIEE:

1. BO3MOXHOCTb MTOJTHON aBTOMAaTHU3alluM U MEXaHU3AIUH MTPOLIECCa;

2. MUHHUMaITbHBIE TIOTEPU TIOKPACOYHOTO MaTepHaia;

3. OTCyTCTBHE TOKCHYHBIX PaCTBOPHUTENEH;

4. [lonydyeHre NOKPHITHI B IIMPOKOM UHTEPBaje TONIIMHBI 32 OJHOPA30BOE HAHECEHUE;
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Ab6oynnaes I'.C., \Abbacos I'.C. |, bacupos 3.0.

5. MUHUMaJIbHYIO CTOUMOCTb ITOKPBITHI;

B kauectBe wMmarepuana BbiOpana IIH kpacka, rae 3alquTHbIE CBOMCTBA IIMHKA
00yCIIOBJICHBI 00JIee HU3KHUM D3JIEKTPOXUMHYECKUM ToTeHImanioM (-0,76 B) 1Mo CpaBHEHHIO C
xkenezom (-0,44 B). IlodTOMy SIEKTPOXMMHUYECKON Iape IIMHK-XKEJNe30, BO3HUKAIOUIEH B
MPUCYTCTBUU BOJIBI U DJIEKTPOJIUTA, LIMHK BHITOJHSAET POJIb aHO/A.

HecmoTpss Ha ykasaHHyr nepcrnektuBy B npumeHeHun [IH  kpacox  nmus
AHTUKOPPO3MOHHBIX  TMOKPBITUM, IO HACTOSAIIETO BPEMEHH HET  OOIICTPU3HAHHOTO
TEXHOJIOTMYECKOr0 Iporecca JUisl MOKPBITUS U COOTBETCTBYIOIIEH YCTAHOBKU JJIsi HOKPBITUS
BHYTPEHHEH MMOBEPXHOCTH TPYO HEPTSIHOTO COPTAMEHTA.
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XULASO
SINKLO DOLDURULMUS BOYA iL® BORULARIN DAXILI SOTHININ
ORTULM®OSI UCUN QURGU

Abdullayev Q.S., |Abbasov Q.S., Bagirov Z.0.

Acar sozlar: ortiik, sinkla doldurulmug, boru, adgeziya, ¢ilayici baslgq.

Molumdur ki, neft sonayesinds istifads olunan polad borularin (NKB, qoruyucu va naqledici) 6z
xidmot miiddatlorindon tez siradan ¢ixmalarinin asas sobabi naql edilon maddonin borularin daxili sothino
tosiri naticesindo dagilmasidir — yani korroziyasidir.

Ona gora do tadgigatin magsadi molum {isullar1 tokmillagdirmokls, neft sanayesinds istifads olunan
borulan firladaraq onun daxili sathinds nazik qatli korroziyaya davamli ortiiyiin alinmasidir.

SUMMARY
INSTALLATION FOR COVERING THE INTERNAL SURFACE OF THE PIPES
WITH ZINC-FILLED PAINT

Abdullayev G.S., |Abbasov G.S.|, Baghirov Z.0.

Key words: covering, zinc pervaded, pipe, glue, head for evaporation.

It is known that the main reason of steel pipes to be conk out, which is used in oil in oil in gusty is
the strand corrosion influence on intend surface of the pipes.

Therefore, the purpose of the investigation is to improve known methods and to get the corrosion
resistant thin layer on its inner surface by rotating the pipes used in the oil industry.

Daxilolma tarixi: [lkin variant 20.02.2017
Son variant 25.09.2017
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