ISSN-1680-1245

SUMQAYIT DOVLOT UNIVERSITETI
CYMI'AUTCKHHA FOCYI[APCTBEHHbeI YHUBEPCUTET
SUMGAYIT STATE UNIVERSITY

ELMI XOBORLOR

HAYYHbLIE U3BECTUA

SCIENTIFIC NEWS

Tabiat va texniki elmlar bolmasi
Cepu}t: Ecmecmeennvie u mexunuueckue HaAyKu
Series for Natural and Technology Sciences

Cild 18 2018 Ne 4

Sumgqayit — 2018



Sumgqayit Dovlat Universiteti

Elmi xabarlar. Tabiat va texniki elmlor bolmasi

REDAKSIYA HEYOTI

ELXAN HUSEYNOV

RAMAZAN MOMMODOV

9KBOR MOMMoODOV

Bas redaktor

falsafa iizra falsafa doktoru, professor, rektor
Bag redaktor miiavini

filolologiya iizra elmlor doktoru, professor,
elm va innovasiyalar tizra prorektor

Mosul katib

fizika va riyaziyyat iizro folsafo doktoru, dosent

REDAKSIYA HEYOTININ UZVLORI
Fizika va riyaziyyat elmlori iizro

Barxal Barxalov

Fikrat Feyziyev

Hamlet Quliyev
Hamidulla Aslanov
Mbohommaoadali Zarbaliyev
Mommad Yaqubov
Polad Qahromanov
Vagqif Salmanov
Tamella Ohmoadova
Zofor Hiiseynov

fizika va riyaziyyat iizra elmlor doktoru, professor

fizika va riyaziyyat iizra elmlor doktoru, professor

fizika va riyaziyyat iizra elmlor doktoru, professor

fizika va riyaziyyat iizra elmlor doktoru, professor

fizika va riyaziyyat iizra elmlaor doktoru, professor (masul redaktor)
fizika va riyaziyyat iizra elmlor doktoru, professor

fizika va riyaziyyat iizra elmlor doktoru, professor

fizika va riyaziyyat iizra elmlor doktoru, professor

texnika tizra falsafa doktoru, dosent

fizika va riyaziyyat iizra folsafo doktoru, dosent

Kimya elmlori iizro

Abasqulu Quliyev
Mohommoad Babanh
Dilgom Tagiyev
Vagqif Abbasov
Dursun Asurov
Eldar 9hmoadov
IJkbor Agayev
Qafar Ramazanov
Muxtar Samadov

AMEA-nin miixbir tizvii, kimya iizra elmlor doktoru, professor
AMEA-nin miixbir tizvii, kimya iizra elmlor doktoru, professor
akademik, kimya iizra elmlar doktoru, professor

akademik, kimya iizra elmlar doktoru, professor

kimya tizra elmlor doktoru, professor (masul redaktor)
kimya iizro elmlor doktoru, professor

kimya tizra elmlor doktoru, professor

kimya tizra elmlor doktoru, professor

kimya tizra elmlor doktoru, professor

Biologiya elmlori iizra

Elsad Qurbanov
Panah Muradov

9li Aliyev
Mommad Salmanov
Nariman Ismayilov
Ulduz Hasimova
Arzu Baxsahyev
Mahal Muradov

AMEA-nin miixbir tizvii, biologiya tizra elmlar doktoru, professor
AMEA-nin miixbir tizvii, biologiya tizra elmlar doktoru, professor
biologiya iizra elmlar doktoru, professor

biologiya iizra elmlar doktoru, professor

biologiya iizra elmlar doktoru, professor

biologiya iizra elmlar doktoru

biologiya iizra falsafa doktoru, dosent (masul redaktor)

kimya iizra falsafo doktoru, dosent

Texnika elmlari iizro

Telman Oliyev

Aqil Hiiseynov
Cavansir Mommoadov
Mshammad 9hmadov
Nadir Kazimov

Qadir Mansurov
Ulduz Agayev

akademik, texnika iizra elmlor doktoru, professor
texnika tizra elmlor doktoru, professor

texnika tizra elmlor doktoru, professor (masul redaktor)
texnika tizra elmlor doktoru, professor

texnika tizra elmlor doktoru, professor

texnika tizra folsafa doktoru, dosent

texnika iizra folsafa doktoru, dosent



Tasis¢i: Sumqayit Dovlat Universiteti

“Elmi Xabarlor” jurnali Azorbaycan Respublikasi Tohsil Nazirliyinin 27.10.2000-ci il tarixli, 991 sayli amrine
asason nasr edilir.

Azorbaycan Respublikas1 ©dliyys Nazirliyi torofindon geydiyyata alinmisdir.

Azorbaycan Respublikasinin Prezidenti yaninda Ali Attestasiya Komissiyasinin qorart ilo elmi nosrlor siyahisina
daxil edilmisdir.

Yupenureinb: CyMrauTckuii rocyapcTBeHHbIH YHUBEPCUTET

Kypuan «Hayunbie W3BecTus» wu3maeTcss Ha oOcHOBaHMM mpukaza 991 MunucrepctBa OOpasoBaHus
Aszepbaiimkxanckoir Pecriyonuku ot 27.10.2000-ro roga.

3apeructpupoan MunuctepctBoMm FOctuiun AsepOaiimkanckoii PecryOnuku.

BkitrodeH B cIUCOK Hay4HBIX W3naHuii Beicieln Arrecraimonnoit Komuccunu npu [pesunenre AzepOaiimkaHcKoi
PecrryGummkm.

Founder: Sumgayit State University

The Journal of "Scientific News" is published due to the order Ne 991 of the Ministry of Education of the Republic
of Azerbaijan from 27.10.2000.

It has been registered by the Ministry of Justice of the Republic of Azerbaijan.

It has been included to the list of scientific publications of the Supreme Attestation Commission under President of
the Republic of Azerbaijan

Maoagqalalorin tortibati qaydalari ilo SDU-nun rasmi saytinda www.sdu.edu.az tanig olmaq olar.
C npaBuiaMu oOpMIICHHS CTaTell MOKHO O3HAKOMHTRCS Ha oduitnaapaoM caiite CI'Y www.sdu.edu.az.
Please, see the website SSU www.sdu.edu.az in order to be familiar with the proper design of the articles.

© Sumgqayit Dovlot Universiteti, 2018


http://www.sdu.edu.az/
http://www.sdu.edu.az/
http://www.sdu.edu.az/

Sumgqay1t Dévlet Universiteti — “ELMI XOBORLOR”— Tabiot va texniki elmlor bolmasi

Cild 18 Ne 4 2018
VJIK 538.953

TEPMODJEKTPUYECKHUE CBOMCTBA CIIJIABOB
Big(l_X)Gdngeg (X < 0,03)

'BAPXAJIOB BAPXAJI IIABAH orJay
‘UCMAWMBLIIOB PAMU3 ME3AXUP orJry
SUCMAMBLIOBA XAINJIXKA UKPAM rbi3bl
1-Unemumym pusuxu HAH Aszepbaiioocana, Baky, npogheccop

Cymeaumckuii 20Cy0apcmeenuvlll yrugepcument, 2-00yeHm, 3-momop
bbarhal@mail.ru

Knwuesvie  cnosa:  cnnas,  meepovlli  pacmeop, - IAEKMPUHecKds — HPOBOOUMOCHDb,
mepmosiekmpuyeckas — dQgexkmusHocms,  mepmo-3.0.c., WUpUHa
3anpeuyeHHol 30Hbl.

N3BecTHO, uTo cam BipyTes, a Takxke TBepIble PacTBOPHl HAa OCHOBE €ro SBISIOTCSA
TEPMOIJIEKTPUUECKUMHU MaTepuallaMH, TepMOdJIEKTpHuecKas 3(PQPEKTUBHOCTb Z KOTOPBIX IPH
KOMHATHOM TeMIepaType BBICOKAS W MOXET JOCTUIaTh 3,0:10° K% a IPU  BBICOKUX
temneparypax nopsiaka 600 K cunbHo nagaer a0 3Hauenuii (2,0+1,0)- 10° K Mmerorcs Taxxke
TEPMOAJICKTPUYIECKUE MaTepHalibl coctaBa 74 Mon.% SbyTes - 26 mon.% BiyTes ¢ pazimmuabiMu
TPHMECSAMH, TepMOdIIeKTpIYecKast ¢ dexTiBHOCTs Z KoTopbix pasHa 3102 K™ B cpasnnrensno
Hu3kux Ttemmeparypax (mo 400 K), omnako, ¢ mnoBelmieHueM Temneparypel a0 670K wux
TepMO3JIeKTprudecKas 3((PEeKTUBHOCTh Z TaKXKe Pe3KO Ma/aeT, YTO 3HAYUTEIbHO OIpaHUYUBACT
ux npumeHenue [1-6].

W3 mpuBeneHHBIX MaTepUalloB BHJHO, YTO Kak cam BiyTes, Tak M cyllecTByrolue
HACTOSIIEe BpPEeMs TEPMOAJICKTPHUECKHE MaTepHajbl - TBEPIbIE pacTBOPHI Ha OocHOBe BixTes
paboTaroT B OCHOBHOM IPU HU3KUX TEMIEpaTypax B 00JIaJat0T HEBBICOKUMH 3HAUEHUSAMU Z TpU
BBICOKMX TemmepaTypax. Kpome Toro, oHm oOnamatoT jmbO N-TUTIOM, JHOO P-THIIOM
npoBoguMocTH. OHAKO A yCIenHol paboThl TepMOIJIEMEHTa clelyeT nojaoopaTh P- U N-
AIIEMEHTHI ITOYTH C OJIMHAKOBBIMH TEPMOIJICKTPUIESCKUMH TTapaMETPAMHU.

[TpoBeieHHBIE HAMU HCCIEIOBAHUS JAJTM BO3MOXKHOCThH MOJIYUYUTh TEPMODJIECKTPUUYECKHUNA
MaTepuai, OO0JaJalolIMil BBICOKMMM 3HAa4eHMSIMH KodpduiueHta JO0OpOTHOCTH B oO0nacTu
300+700 K B xauecTBe OTpULIATEIHLHON M MOJIOKUTEIHLHON BETBU TepModyieMeHTa. Hamu Obuin
IPOBEJCHBI HCCIIEIOBAHUST TEPMOIIECKTPHYECKUX CBOMCTB CILIaBOB BiyxGdaxTes, rae x=0;
0,01; 0,02; 0,03 B mMpoKOM HHTEpPBaAJIE TeMIEpaTyp. Pe3ymbTaThl UCCIeTOBaHUH MPEICTABICHBI
Ha puc. 1-3.

W3 mpuBEeNeHHBIX MaTEepHaliOB BHIHO, YTO Kak caM BipT€s, Tak W CyIIECTBYIOLINE B
HacTosIee BpeMs TEPMOAIEKTPHUUECKUE MaTepHajbl - TBEpIble pacTBOpbI Ha ocHOBe BixTes
paboTaroT B OCHOBHOM IPH HU3KHUX TEMIIEpaTypax B 00J7aal0T HEBBICOKMMHU 3HAYEHUSIMU Z TIPH
BBICOKMX TemnepaTypax. Kpome Toro, onm obOnamator aubo N-TUmoM, JMOO P-TUIIOM
npoBoguMocTH. OHAKO ISl YCIIENIHOM paboThI TEPMOAIEMEHTa CIenyeT MojaoopaTh P- U N-
AJIEMEHTBHI ITOYTH C OJIMHAKOBBIMH TEPMOIJICKTPUUECKUMHU TapaMeTpaMHu.

[TpoBeneHHBIE HAMU HCCIIETOBAHUS JAH BO3MOXKHOCTH TOJYYUTH TEPMODIIECKTPUUCCKHNA
MatepHuaj, O0JaJalolnil BBICOKUMHM 3HAUYCHHSIMU KOd(p@HUIMEeHTa J0OpOTHOCTH B 001acTH
300+700 K B xauecTBe OTpHUIATETHHON H IMOJIOKUTEIFHONW BETBU TepModsieMeHTa. Hamu Obun
MPOBEJICHBl MCCIIEIOBAHUSA TEPMOIEKTPUUECKUX CBOMCTB CIIJIABOB Biz(l_X)Gdngeg, roe x=0;
0,01; 0,02; 0,03 B mIMpOKOM MHTEpBae TeMIepaTyp. Pe3ynbTaTsl UCCIe10BaHUN MPeICTaBICHbI
Ha puc. 1 (1-3).
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Puc. 1. Temnepamypnas 3a6ucumocnms 21eKmponpo8ooOHocmu (a) mepmo-3.0.c. (6) cniagog
u3 obaracmu meepovix pacmeopos cucmemvt Gd,Tez - BiyTes:

1. 0,5 mon. % GdgTeg - 99,5 mon.% Bi2T63
2. 1,0 mon. % Gd,Tez - 99,0 mon.% Bi,Tes
3. 2,0 mon. % Gd,Tes - 98,0 mon.% Bi,Tez
4. 3,0 mon. % Gd,Tes - 97,0 mon.% Bi,Te;

Kak BugHOo u3 puc. 1, nis Bcex CIUIaBOB TepMO-3.14.C. C TEMIIEPaTypod pacTeT, uTo, MO-
BUJUMOMY,
AMEeKTPO(U3UUECKUX CBOWMCTB IMOKa3ald, 4YTO TOJyYeHHbIE MaTepualbl HMMEIOT BBICOKHE
3HAYEHUS G U 0, ¥ TIOATOMY OBLI JOTOJIHUTEIBHO TPOBEACH PSAJ] OIBITOB C IENBI0 MOMYYCHUS
3¢ (PEeKTUBHBIX TEPMODIEKTPUUECKUX MAaTepUasoB.
MOJTyYeHHBIX HAMU MaTepHajioB NPUBEJCHA Ha pHC. 2.

CBSI3aHO CO CJIOXKHOCTBIO 30HHOM CTPYKTYpBI.

Pe3ynbTarsl

Tepmoenekrpuueckass 3(pGHEeKTUBHOCTh

Z-10° rpaxg’ Z-10° rpaa’
30 r 700, °K
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22
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1,0 | I 1 14 ! ] !
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mou.% Gd,Te, Mos1.% Gd,Te,+0,2 mon.% Ge
a) 0)
Puc. 2. 3asucumocmov mepmosnekmpuyeckou 3¢pgpexmusnocmu Z om cocmasa

uz obnacmu meepovix pacmeopos cucmemol Gd,Tes-Bi,Tes:
a) meepovie pacmeopul Ha ocHose Bi,Tes (p-muna);
0) cniasvl meepovix pacmeopos, necupogannvix Ge (N-muna)

HUCCICIO0BaHUsA



Tepmosnekmpuueckue ceoticmea cniasos BiynnGdaxTes (x <0,03)

OnTuManbHBIM COCTABOM IPU 3TOM MOXHO cuuTaTth Xx=0,02, T.e. craB coctaBa 98 moin.%
Bi,Tes — 2 m01.% Gd,Tes. B arom cinydae monydaeTcss marepuan P-THIA MMPOBOAMMOCTH.
OnTumanbeHblil coctaB p-tuma (98 mon.% BipTes - 2 mon.% Gd;Tes) umeer crnemyronme TepMo-

BJIGKTpI/I‘leCKI/Ie mapaMCeTphbI:
ITpu 300 K
o =325 mxB/K
6= 420 Omtem?
y= 20-10°Br/em'K
Z=220-10°K*
o’c = 44-10° B/Om-cm- K2

ITpu 700 K

o = 445 mxB/K

6 =275 Omem?

y = 18107 Br/em'K
Z=29510°K"

o’c = 54-10° BYOm-cm-K?

C 1menpl0 TMONy4YeHHUs CIlaBa ¢ N-TUIIOM IPOBOJAMMOCTH, IOJYYCHHBIM MaTepual
ONTUMAIBHOTO COCTaBa JOIMOJHUTEIBHO JIETMPOBAIM METAUIMUYECKUM TepMmaHueM. B cocrtaB
yKazaHHOTO criaBa Obu10 BBenmeHo 10 0,20 mom.% Ge. HMccnenoBaHue TepMOIIICKTPUUECKUX
CBOMCTB I0KAa3aJ10, YTO MOJIYYSHHBIM MaTepraa UMEET N-TUII TPOBOJIUMOCTH.

Marepuan n-tuna (98 mon.% BipyTes - 2 mon.% GdpTes ¢ mobaskoit 0,20 mon.% Ge)
00J1a1aeT CICIYIOUUMHU TEPMOIIEKTPUUECKUMH CBOMCTBAMU:

ITpu 300 K

o = 380 MxB/K

6 =350 Omtem?

x =21-10°Br/em-K
Z=240-10°K*

ITpu 700 K

o =420 MxB/K

6 =290 Om™em™
x=17-10° Br/em'K
Z=3-10°K"

2 -6 2 2 2 -6 12 2
o’ = 50,4-10° B%/Om-cm-K o’c = 51-10° B¥Om-cmK
BunHO, YTO TMONYYEHHBIE TEPMOIJICKTPUUCCKHE MAaTEpHalbl O0JIAJal0T BBICOKUMU
3HaueHusIMH kod(pdunuenta nobpornoctu Z B obnactu temmneparyp 300+700 K u mpuromnst
JUISE TIPUMEHEHUST B KA4eCTBE OTPUIATEIHPHOW W IOJIOKHUTEIHLHOW BETBH TEPMODIJIEMEHTOB,
NpeHa3HAYCHHBIX I paOOTHI IIPU BBICOKMX TEMIIEpaTypax.
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XULASO
BizuGdoxTes (X < 0,03) XOLITOLORININ TERMOELEKTRIK XASSOLORI
Barxalov B.S., Ismayilov R.M., Ismaytlova X.1I.

ACAR SOZLOR: xalita, bork mahlul, elektrik keciriciliyi, termoelektrik effektivliyi, termo-e.h.q.,
qadagan olunmus zonanin eni.

Biyu-xGdxTes (x=0; 0,01; 0,02; 0,03) xalitolori monokristallarinin termoelektrik xassolori genis

temperatur intervalinda todqiq edilmisdir. Aparilmis todgiqatlar 300+700 K temperatur oblastinda Z

yiiksok termoelektrik keyfiyyatliliyine malik olan va yiliksok temperaturlarda islomok li¢iin nozards
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bapxanos b.111., Ucmaiivinoe P.M., Hcmauvinosa X.H.

tutulan termoelementlorin hom monfi, hom do miisbat budaqlar iigiin istifado oluna bilon termoelektrik
materiallar1 almaga imkan vermisdir.

SUMMARY
THERMOELECTRIC PROPERTIES OF Biy1.GdoxTes (X < 0,03) ALLOYS
Barkhalov B.Sh., Ismayilov R.M., Ismayilova Kh.I.

Key words: alloy, solid solution, electrical conductivity, thermoelectric efficiency, thermo-e.m.f.,
band gap.

The thermoelectric properties of single crystals of alloys Bi,q.9GdxTe, (X = 0; 0.01; 0.02; 0.03)
have been researched in a wide range of temperatures. The conducted investigations made it possible to
obtain thermoelectric materials having high values of the quality factor Z in the temperature range 300-
700 K, suitable for use as a negative and positive branches of thermoelements designed for operation at
high temperatures.

Daxilolma tarixi: [lkin variant 24.09.2018
Son variant 17.12.2018
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BA3UCHBIE CBOMCTBA CUCTEMBI SKCIIOHEHT B BECOBBIX
IHPOCTPAHCTBAX JIEBEI'A C IEPEMEHHBIM IIOKA3ATEJIEM
CYMMHUPYEMOCTH

'ACJJAHOB T AMUIAYJIJIA HCPA®WUJI oray
’I'YCEMHOB 3A®AP FTA®AP oray
3H.II/IXAMMEI[OB AMUPAT'A MAMEJIAT A oray
1-Uncmumym mamemamuxu u mexanuxu HAHA, baxy, npogeccop
2-Cymeaumckuil 20Cy0apCmeeHuvlll yHugepcumem, 00yeHm
3-I'younckuii punuan AITIY, I'voa, ooyenm
aslanov.50@mail.ru, huseynov zg@mail.ru

Knioueswvie cnosa: npocmpancmea Jlebeea, 6Oazucnocme, noaHoma, MUHUMATbHOCMb, CUCHEMbL
9KCHOHEHM, Onepamop, QYHKyuoHau, npeobpasosanue I unbbepma.

,Z]CZHHCZ}Z pa60ma nocesauieHa UCCe008anuio OA3UCHOCMU  KIACCUYECKOU CUCMeMbl IKCHOHEHm 6

8ecosbix 0000weHnbIx npocmparcmeax Jlebeza Lp(x), p(x)- DMOM BONPOC 6 6E36ECOB0M CllyUae paccMompen

6 pabomax [6], [2]. Emy noceswenvl ghynoamenmanvhovie monoepaguu A. 3uemynoa [9, 10], H K. Bapu [1],
P. Dosapoca [7,8] u op. BasucHeie ceoticmea cucmemsl KIACCULECKOU CUCeMbl IKCHOHeHm 6 Jlebe2o8bix

NPOCMPAHCMBAX CYMMUPYEMbIX QYHKYULL Lp = Lp(— 7T, 72') nonHocmvlo usydenvl (npu P € (1,+OO)

basucnocme; a 6 L [—7, ] u L normoma u munumansrocms).

Bonpocel Teopun HenuHeHHBIX nudQepeHIuanbHbIX YpaBHEHUNH CTUMYIHPOBAIA Pa3BUTHE
teopun JIeOEroBbIX MPOCTPAHCTB (YHKIMI C TEPEMEHHBIM IIOKa3aTeleM CyMMHPYEeMOCTH. B
moHorpaduu b.T.bunanoBa u C.I'.BenueBa [3] BBeIeHBI BECOBBIE aHAIOTU ATHX MPOCTPAHCTB U
M3Y4EHbI BOIIPOCHI OA3UCHOCTH, MOJHOTHl 1 MUHUMAJIBHOCTH KJIACCUYECKON CHCTEMBI SKCIIOHEHT B
3TUX MPOCTPAHCTBAX.

[IpencraBieHHas cTaThsl MOCBSIIEHA BONPOCY Oa3UCHOCTH CUCTEMBI

e (t)=em, n=0, +1,+2,.., 1)
B BECOBBIX 000OIIIEHHBIX MPOCTpaHCTBaX Jlebera.

PaccMoTpuM BecoBble TpocTpaHcTBa L Tycts p(X) :[-7, 7] —[0,+90) usmepumas

p(x)p(x)"
dynkuma. Hox L, ) TOHMMaeTcs, Kak OObIMHO, 0aHAXOBO NPOCTPAHCTBO M3MEPUMBIX Ha

[—7, 7] pynxumit f (X), C HOpPMOI
def
1150500 =T N

B pa6orax [4, 5] KoxunamBuiu B., Camko C. nokazaHa cienyromnias Teopema

Teopema 1. ITycTh 1<p <p’ <+mw, o(x) BECOBasI byHKIHS,

mes{x e[-7z,z]: p(x)=0} u |p(x)
3aonno C [— T, 72'] IUTOTHO B mpocTpancTBe L

P L [-7,7]. Torma mpocrpanctso Cy [— T, T ], u

p(x), p(x) " PaCCMOTpI/IM AIIMMPOKCUMATUBHBIC CBOUCTBA

cuctembl {ein}, n=0, £1,+2,..., B mpocrpaHctBe L Myets 1< p™ < p+ < 400,

p(x) *

*
PaccmoTpum ceMeicTBO (yHKIIMOHATIOB {en }neZ :
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Acnanos I'U., I'ycetinog 3.1., [lluxammedos A.M.

(1) E 5= [emt it nez )

T

Iycrs q( x) conpsoxennas k p(x ) byuxuus. U3sectro, uto eciu 1< P~ < p* < +00, 10

conpsxennoe k L [-7, 7] npocrpanctso ects L, [-7,7]. U3 obobmennoro nepasenctsa

[enbaepa cienyer, 9ro GyHKIHOHAIIBI e:, N € Z nenpepsIBHBI HA Lo [=77: 7] 1, xpome Toro,
e (e )=5, . VnkeZ, ree =e"

Takum oOpazomMm, mosrydaem, 4TO, CHCTEMa {en} SIBJISICTCSI MUHHUMAJIbHOW CHUCTEMOH B

neZ

L

o(x) - B PE3YIIbTATE CIPABEIMBO

Jemma 1. Ilyers 1< p™ < p+ <400, Torma cucrema (1) monmHa W MHHMMaJibHa B

npocrpauctea L [-7, 7].

Ipeamonoxkum, uto 1< P~ < P’ <+ u p(X) eWL . ITo nemme 1 cucrema (1) sBnsercs

IIOJIHOM W MUHUMAJIBHOM B IIPOCTPAHCTBE Lp(x).

*

[lycTh {en }neZ ornpezeneHHbIe 110 Gopmyie (2) nuHeHble GyHKIUOHATBL. J[st ro6oro

f(x) e L, [-7, 7] pacemorpum crenyromyro cymmy

m
Sp = Zen(f)en' 3)
n=—m
Cymmy (3) MOXHO TIPEACTaBUTh B CICIYIONIEM BHIE

S L f(x—t)D,,(t)dt, 4)
2 °

sin (m + jt ~
rae D (t)z—t_;mpo Jupuxie, a f(t) MPOJIOIHKEHHAs TEPUOIUYECKH Ha BCIO OCh
2sin—
2
byHKIUSA f(t). Kak crnegyer u3 pesynabTatoB paboTsl [4, 5], Npu BBHINOTHEHUH BBIIIE
c(hOpMyYTUPOBAHHBIX YCIOBUM OTHOCUTEIIBHO p(X), npeoOpa3oBanue ['minbepra
def ¢ f d
f & J' (y) Yy
e Y—X
[-7, 7]. ScHo, uto ecnn ‘ fx(tX <M \g(t] 0YTH

p(x)° rac M MOCTOAHHAsA, HC 3aBUCAIIasA OT IEPECMEHHOT'O

orpanudenHo neiicteyer w3 L [, 7] B L
Bl <Mllg|

X . Takum o6pa3om, o6o3Havas yepes me (t) GyHKIIHUIO

fxm(t):isj:%sin{(m+%)(x—t)}f(t) 5

p(x)

BCIOY Ha (— 7T, 72'), TO

NUMECM:

|fr()<M|g(t).
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baszucnvle ceoticmea cucmemvl IKCHOHEHM 8 BECOBBIX npocmpaxncmeax Jlebeeca
C NePpeMeHHbIM nokasamejilem Cymmupyemocmu

nMEEM

VYuThIBas 3TH COOTHOIIICHUS 13 OIrpaHHU4YCHHOCTH OII€paTopa FI/IJ'IB6epTa B Lp(x)
<M,[f]

m
Ye(f,
n=-m p(x)

B pesynbrare u3 kpurepus 6a3UCHOCTH MOJy4aeM 0a3UCHOCTb CHCTEMbI {en }

p(x)”

nez
B L, [-7, 7], 1.e. cnpasenuBa
Teopema 2. ITycts 1< P~ < p* <40 u p(x)eWL,_ . Torna cucrema {e (t)} obpasyer
Gasuc B mpoctpanctee L.
Teneps PacCMOTPHUM BeCOBbIE Ciydan. Bosmem Bec p(X), ONPENENECHHBIM B CICAYIOIEM
BUIE

p(t)zg\t—tk\“k, tfew - 7.7] (6)

B nanpHeiiemM M3M0KEHUH BaXXKHYIO POJIb UTPAET CIICAYIONINE YTBEPXKIACHUS, JOKa3aHHbBIE B
paborte [4, 5] Koxunamsunu B., Camko C.

Yreepxaenne A. [Tycts 1< P~ < p+ <400 n p(x)eWL_ un BecoBast Gpynkuus umeer Bua (6).

Ecan BBITTOTHEHEI HCPAaBCHCTBA
1 1 —
——— <o <——— k=11;

o)™ <4’ ! ”

10 omepatop I'mmebepra  orpammuenno nefictByer us L, [=77] B Ly 0 [-7 7]
s
P ax) )
1
Vreepxaenue B. ITycts p(t)eWL u p(t)> 0, vt €[01]. Torma unrerpan j 1) gt

0

CYILIECTBYET, €CIIN (X > —

p(0)
W3 5TuX yTBEpXKACHHH HENOCPEACTBEHHO CIEAYET, YTO €CIHU p(X) l<p < p+ < 400,

HenpepbIBHAs PYHKIINS Ha [— 7T, 7[], l<p < p+ < 400 U UMEIOT MECTO HEPABEHCTBA

_1
p(tk)

To cucrema {€, (t)} npunannexur npocrpanctsy L, [=7,7]. Orciona nonysaem cnenyroumit

oy > — , k=11 (8)

pe3yJbTar:
Teopema 3. TTycts p(x): 1< p~ < P" < +00; HenpepbiBHAs Ha [— T, 71'] dynxums, p(X)
ompexaeneHa ¢popmynoii (6) u umeeT Mecto HepaBeHCTBO (7). Toraa cucrema skcroHeHT (1) mosHa B
BecosoM mpoctpanctse L [-7,7].
MunumanbHOCTh cuctembl (1) ciemyer u3 ciemyronmx coobpaxenuid. [lyctsb q(x) co-
MpsOKEHHAsT K p(X) dynkuus. Torna conpskennoe k L. p(x)[—ﬂ',ﬂ'] MIPOCTPAHCTBO SIBIISIETCA

L

p(x)p,l(x)[—ﬂ,ﬂ']. OOpaTtuM BHUMaHHE Ha TO, YTO €CIU BBINOJHEHB HepaBeHcTBa (7), TO

10



Acnanos I''U., I'yceunos 3.1, LLluxammeoos A.M.

¢dbyHKkuroHaIel (2) HENpepbIBHBI Ha Lp(x)’ p(x)[—ﬂ',ﬂ'] u, kpome Ttoro, €:(e )=5,,, A Beex
N,k € Z . Orcrona cneayer MUHUMaIbHOCTH cucteMsl {€, (t)}.
Tenepr paccmorpum Bompoc 6asucHoctn cucrteMmsl {€ (t)} B BECOBOM IpOCTPAHCTBE

Lp(x),p(x)[—ﬂ' ,7Z']~ IIpeanonoxum, 4To 1< p_ < p+ <400 mu p(X)eWL”. [Ipu BeIMONIHEHUU

yenosus (7) cucrema {€, (1)} nonna n munnmansua B L, p(x)[—ﬂ', 7).

AHaNOrHYHO 6e3BECOBOMY CITydalo, PACCMOTPHM YaCTHUHYIO CyMMY O, = Z e: (f )en

N3 pesynapTaToB pabotel [4,5] cimemyer, 4TO e€ciM, BecoBas (QYHKIUS p(X) YIAOBJIETBOPSAET
BBIIIICTIEPEUNCIICHHBIM YCIOBUSAM, TO IpeoOpazoBaHue ['miapbepra OrpaHMYEeHHO JEHCTBYET M3
Locopool=78: 721 B Ly o007, 7] 1 mmeet Mecto Hepasenctso

<M, f]

m
den(fe
n=-m p(x).p(X)

B utore us KpUTCpus 0a3uCHOCTH IojiydacMm CJICAYIOIYIO TECOPEMY:

p(x)po(x)

Teopema 4. ITycts 1< P~ < p" <+00 u p(x)eWL_ . Ecmu Becoas dyHKumst onpese-
JeHa paBeHCTBOM (6) U yznoieTBopsieT HepaBeHcTBaM (7), To cuctema {e, (t)} obpasyer Gasuc B

Becosom npoctpanctse L, [-7,7].
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XULASO
DOYiSON COMLONMO DORIOCOLI COKILi LEBEQ FOZALARINDA
EKSPONENT Si.STEMLGRiN BAZIiSLIiK XASSOLORI
Aslanov H.1I., Hiiseynov Z.Q., Sixommadov O.M.

Agar sozlar: Lebeq fozalar, bazislik, tamliq, minimalliq, eksponent sistemlor, operator, funksional,
Hilbert ¢cevirmasi.

Baxilan mogqalo klassik eksponent sistemlorin ¢okili iimumilosmis Lebeq fozalarinda bazislik

xassolorinin Oyronilmoesine hosr edilmisdir. Cokisiz hallarda bu mosalolor [6],[2] moqgalslerinds todqiq

edilmisdir. Bu masolslor A.Zigmunt [9,10], H.K.Bari [1], R.Edvards [7,8] vo diger miialliflorin fundamental

monoqrafiyalarinda hartorofli dyronilmisdir. Klassik eksponent sistemlorin tamliq, minimalliq vo bazislik
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basucnwvie ceoticmea cucmemul 5KCnonenm 68 6eCo8bix npocmpancmeax Jlebeaa
C NePEeMEHHbIM nokasameiem Cymmupyemocnu

xassolori L, =L (— T, 7z) Lebeq fozalarinda tam gokildo dyronilmigdir.

SUMMARY
BASICITY PROPERTIES OF EXPONENT SYSTEMS IN THE WEIGHTED LEBESGUE
SPACES WITH VARIABLE SUMMABILITY
Aslanov H.I., Huseynov Z.G., Shikhammadov A.M.

Key words: Lebesgue spaces, basicity, completeness, minimality, exponent systems, operator,

functional, Hilbert transformation.

This work is dedicated to study of basicity properties of classic exponential systems in the weighted
generalized Lebesgue space. The unweighted case of these problems were studied in the the ses [6], [2].
These problems were well studied in the fundamental monographics of the authors like A.Zigmund [9,10].
N.K.Bari [1], R.Edvards [7,8] and others. Completeness, minimality and basicity properties of classic
exponent systems were studied well in the L, (— 7, ) Lebesgue spaces.

Daxilolma tarixi: [lkin variant 27.09.2018
Son variant 17.12.2018
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RASIONAL KOSRLORIN INTEQRALININ HESABLANMASININ
BiR USULU HAQQINDA

SOFORLI ILQAR SEYFODDIN oglu

Sumqayit Déviat Universiteti, dosent
i.safarli@mail.ru

Acar sézlar: riyazi analiz, qeyri-miiayyanlik, funksiya, limit.

Qeyri-miioyyan inteqrallar1 hesablayarkon istifads olunan tisullardan biri do geyri-miioyyan
omsallar iisuludur. Bu isul rasional kasrlorin geyri-miioyyon inteqralin1 hesablayarkon daha ¢ox
istifado olunur.

P,(x)  agx"+ax" 1+ +a,
Qm(¥)  bex™ +byx™ L+ ...+ by,
inteqrallamaq tolob olunur. ©gor m>n olarsa, rasional kosr diizgiin, n>m oldugda rasional
kosr diizglin olmayan adlanir. Cobr kursundan malumdur ki, rasional kosr diizgiin olmayandirsa,

Forz edok ki, (ag #0, by # 0)rasional  kosrini

onda onu Po(x) =P _m(X)+ P (x) soklindo yegano gayda ilo gdstormok olar. Burada

Qm(x) Qm(x)
Pr_m(x)  (n—m)-doracali goxhadli, Py(x)iso r(r<m)doracali goxhadlidir. P,_p(x)-o
Py (x)

rasional kosrin tam hissasi, -9 is9 rasional kosrin diizgiin hissasi deyilir. Ayriligdan

Qm (x)
aydindir ki, rasional kosrin inteqrallanmasi onun diizglin hissesinin inteqrallanmasina gatirilir.
Ona goro do togdim olunan metodik moqalodo diizgiin olan rasional kosrin inteqrallanmasi
masalasi arasdirilir.

Forz edok ki, Qn(x) ¢oxhadlisinin amsallar1 haqiqi adadlordir. Onda cobrden molum olan

teorema gora
Qm(¥) = 91(x)g2(x)--- gk (x), (D)
soklindo yazmagq olar, belo ki, g1(x),go(x)...,gx(x) ¢oxhadlilori hoqiqi adodlor ¢oxlugunda

gatirilo bilmoyon ¢oxhadlilordir. Hom¢inin molumdur ki, haqiqi adadlor ¢oxluguna gatirilo
bilmayan ¢oxhadlinin daracasi ikidon boyiik deyil.
Ogar Qp(x) goxhadlisi (1) soklinds gdsterilibsa, onda

Pr(x) _ Pr(x) _'A‘lx"'BlJr +AkX+Bk

Qm(®)  1(g2()-g(®)  @m(x) T gk(x)
yaza bilorik. A, Ay,...,A,B,By,...,B hololik molum olmayan sabitlordir vo onlar

coxhadlilarin barabarliyi sortinden yegana qayda ilo segilir. Qeyd edak ki, agar g;(x) gatirilo
bilmoyon ¢oxhadlisinin doracasi vahido barabordirss, onda A; =0 gotiiriiliir.

Ogar Qp(x) ¢oxhadlisinin kdklorinin hamist haqiqi vo miixtalifdirss, onda
Qm(X)=bg(x—ay Nx—ay)---(x— ) soklinda gdstarilar, bels ki, burada ag,a,...,am Qm(X)

coxhadlisinin hoqiqi miixtolif kokloridir.
Ogar Qp(x) goxhadlisinin koklorinin hamisi hagiqidirsa vo onlar arasinda tokrarlanani

varsa, onda Q, (x)=b,(x—a,)---(x— e )" (x—a,,)---(x—a,_,) soklindo gdstarilor.
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Rasional kasrlorin inteqralinin hesablanmasinin bir iisulu haqqinda

Belaliklo, Pn ((X)) soklindo diizgiin kosrlor asagidaki kosrlor vasitosi ilo gostarilo bilor:
m X

1. birinci név sado kosr; 2. e k > 2 ikinci nov sada kasr;
x—a (x-a)
2 2
3. ZMX—+N p——q<O tiglincii nov sada kosr; 4. 2MX+N 0 p——q<0,k22
X + pX+( (X° + px+q) 4

dordiincii nov sads kosr.
L. Forz edok ki, Qp(x) ¢oxhadlisinin haqiqi miixtalif koklori var, onda
Pa(x) . W B
Qm(Xx) x-e1 x-ay X=0m
soklindo gostorilo bilor. Yoni diizgiin rasional kosrin moxracindoki ¢oxhadlinin kdklori haqiqi

miixtalifdirse, onda onun geyri-miioyyon inteqrali birinci ndv sado kasrlorin inteqrallanmasina
gotirilir.

Misal 1. dex geyri-miioyyon inteqralini hesablayin.

x3 +3x2 +2X

Holli. integralalti funksiya diizgiin rasional kosrdir vo kosrin moxracindoki

Q3(x)= x3 +3x2 + 2x coxhadlisinin koklori  x =0, xp =—1, x3 =—2 soklindadir. Koklor
haqiqi miixtalif oldugundan
Bl AL A A
x3+3x%+2x X X+l x+2
soklindo gostorilo bilor. Namolum A, Ay, Az omsallar asagidaki boraborlikdon goxhadlilorin
borabarliyi xassasino asason toyin olunar:

3x+1= A (X+1)x+2)+ Ax(x+2)+ Ax(x+1)

1 1
A1:§ AlZE
)| A+ A +A =0 1 1
1|2A =1 =-
2A2+A3=—§ S
Demali, Lzl'l_ R '
x313x242x 2 X X+1 2 x+2
ot o[ Lk b Db 2 ) -
X® +3X° +2x 2 x x+1 2 x+1 2 2
Onda
1, x(x+2)
="In 5 +C.
2 (x-1)
alinar.

II. Forz edok ki, Qu(x) ¢oxhadlisinin kdklorinin hamisi hagiqidir vo onlar igarisindo

tokrarlanani da var. Sadolik tiglin forz edok ki, aq kokii k dofo tokrarlanir. Onda P (x) diizgiin

Qm ()

kasrini birinci vo ikinci ndv sado kasrlorin comi kimi gostormok olar.
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2x+1

xx2+2x+1

Holli. Inteqralalti funksiya diizgiin olan rasional kosrdir vo kosrin moxracindoki
Qz(x)= x(x2 +2X +1) goxhadlisinin koklori xq =0, Xy =x3 =—1 soklindadir. x =1 kokii iki
dofo tokrarlanan kdk oldugundan

3x+1 _ ﬂ + A2 A3
xx2+2x+1) x  x+1 (x+1)2
niimunasi dogrudur. Burada A, A,, Az namolum omsallar1 ¢oxhodlilorin borabaorliyi sortindon

Misal 2. | X geyri-miioyyon inteqralint hesablayn.

yegana qayda ils tayin edilir: 2x+1= A (x+1F + Ax(x+1)+ Ax

X’ A+A, =0 A=1

X |2A+A +A, =2<3A,=-1

1 |A=1 A =1
Beloliklo, 2x+1 =£— ! + !

x(x? +2x+1) X X+1 (x+1)%
Bu ayrlhs1 nozors alsaq,
2x+1 ———+—1 - dx=|nx—|n(x+1)——1 +C=In—-——"+C
xx +2x+1 x+1  (x+1) X+1 x+1 x+1
alariq.
Pa (%)
II.
Qm(x)

tokrarlanmayan kokii varsa, onda onu I va III név sada kasrlorin comi soklinds asagidaki kimi
gostormak olar:

diizgiin olan rasional kosrdo moxracdoki ¢oxhadlinin haqiqi vo kompleks

P _ AL A An N SLA N
Qn(x) x-a1 x-ay X=0m-_2 X+ px+( 4
2x% +3x+1

Misal 3. | dx geyri-miioyyan inteqralint hesablayin.

(x=1)(x - 2)x% + x+1)
Holli. Inteqralalti funksiya diizgiin olan sado rasional kosrdir vo kosrin moxracindoki
Qa(x)=(x—1)x - 2)(x2 +X +1) goxhadlisinin koklori ¢y =1, @y =2 hoqiqi miixtolif vo
kompleks qosma tokrarlanmayan koklori var. Onda yuxaridaki qaydaya goro
2x% +3x+1 A N Ay +A3x+A4
(x—1)(x—2)(x2 +x+1) Xx=1 Xx-2 x24x+1
yazmaq olar. Namolum A, Ay, Az, A4 omsallar1 ¢oxhadlilorin barabarliyi sortindon yegano
qayda ilo tapilar:

2x% +3x+1= A(x =2 + x+1)+ A (X~ 1) + X+ 1)+ (Ax+ A)(x ~1)(x - 2).

3 |A+A+A=0 111 0[ |10 00
W2 |-A-3A+A =2 ~1-3 0 1| |-1-2 1 1

X —A+2A,-3A, =3 10 2-3 |11 3-3 L >
1 A-A +2A =1 1-10 2| [1-2 -1 2

=-12-1+6+2+6-2=-1=#0.
15



Rasional kasrlorin inteqralinin hesablanmasinin bir tisulu haqqinda

0 1 1 O 0O 1 0 O
2 2 2
2-3 0 1 2-3 3 1
A = = =—3 2 -3[|=8+6-9-4+6-18=-11
3 0 2 -3 3 0 2 -3
1 1 2
1-10 2 1-1 1 2
1 0 1 O O 0 1 O
-2 2 1
-1 2 0 1 2 2 0 1
A, = = =-3 3 -3|=-12-3-6-3-6+12=-18,
-1 3 2 -3 -3 3 2 -3
1 1 2
1 1 0 2 1 1 O 2
1 1 0 O 1 0 0 O
-2 2 1
-1 -3 2 1 -1 -2 2 -1
A, = = =| 2 3 -3(=-12+2+12+6+6-8=6,
-1 0 3 -3 -1 1 3 -3
-2 1 2
1 -1 1 2 1-2 1 2
1 1 1 0 1 0 0 O ’
-1 -3 0 2 -1-2 1 2
A, = = =1 3 3|=—6-2-6+12-6-1=-9.
-1 0 2 3 -1 1 3 3 1
1 -1 01 1-2 -1 1
. Aq A Ag Ay
Beloaliklos, =—==11 Ay =—%5=18, Ag=—=-6, =—=0 alargq.
A=) 27 A 87 A A a
2x% +3x+1 11 18 —6Xx+9
Onda +— olar.
(x —1)x — 2)(x* +x+1) x—1 x—=2 X +x+1
Demali,
2
| 2x +3x+1 —11j 18j +f OXH9 i~ 11In(x—1)+18In(x—2) +
(x—1)(x —2)x* + x+1) x—2 Ix¥+x+1
—6x+9d
X +x+1
olar.

2
X2 +X+1= [X + Ej +—.t=xX +% ovaz etsok vo dx = dt oldugunu nazors alsaq,

1

6X+9 _G(t_z}g tt dt
“OXHT iy = dt=—6/— 2 g%

AT
2 2

2 2
XS+ x+1 /
t2+(23]

2
V3 1 t 24 2x+1
=3It +| X2 —arct +C =-3In{x“ + x+1)+ —=arctg ——+C.
(2 O b et pre
2 2
Noaticado
2x% +3x+1 ’ 24 2% +1
dx =11In(x —1)+18In(x — 2)—3In{x* + x + 1)+ —arctg === +C
(x—l)(x—2)(x2+x+1) ( ) V3 V3
alinar.
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Ogoar diizgiin kasrin moxracindoki ¢oxhadlinin haqiqi vo kompleks koklori tokrarlanarsa,
ondaonu I, I1, I, IV nov sads kasrlorin comi soklinda gostormak olar.

Beloalikla, diizgiin olan kasrlorin geyri-miisyyon inteqralini geyri-miioyyon amsallar tisulu
vasitasi ilo hesablamagq olar.
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How

PE3IOME
Ob OTHOM METOJE BbIYUCJIEHUSI THTEI'PAJIOB JPOBHO-PAITMOHAJIBHBIX
OYHKIIMU
Cagpapru U.C.

Knrwouesvie cnosa: mamemamuueckuii aHanus, HeonpeoeieHHoCmy, QyHKYUs, npeoei.

B craTtpe paccmarpuBaercs 3afada 00 OJHOM METO/€ MHTETPHPOBAHUS PAMOHATIBHBIX Ipobeil. B
Hayaje JaeTcs MOHATHE 00 OJHOM W3 METOAOB BBIYMCIICHHS HEOIpPEJEJICHHOr0 MHTErpaiga — METOJe
HEOTPEICICHHBIX KOAP(PHUIIMSHTOB. 3aTeM 0 TEME IAIOTCs PEIICHHUS.

SUMMARY
ON ONE METHOD OF CALCULATION OF INTEGRALS OF RATIONAL FRACTIONS
Safarli I.S.

Key words: mathematical analysis, uncertainty, function, limit.

In this paper we consider the problem of a method of integrating rational fractions. In the
beginning, the concept of one of the methods for calculating an indefinite integral is given: the method of
indefinite coefficients.In the end proper task samples are solved.
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Acar sozlar: xidmat sistemi, heterogen serverlar, itma ehtimali, hesablama algoritmi.

Miiasir dovrds kompiiter vo kommunikasiya sistemlori hayatimizin biitiin sahalarinde genis
totbig olunur vo bununla bagli olarag bu sistemlorin istifadogilorinin say1 siirotlo artir. Bu
sobablordon geyd olunan sistemlorin diizgiin layiho edilmosi, onlarin genislondirilmosi vo
istifadacilora xidmotin somarali toskil edilmosi miithiim shamiyyat kasb edon problemlordir.

Gostorilon problemlorin holli ciddi riyazi modellosdirma aparmagi zoruri edir. Son
dovrlordo kompiiter vo kommunikasiya sistemlorinin riyazi modellorinin  qurulmasi
problemlorino hasr olunan ¢oxlu sayda moagalo vo kitablar nasr olunmusdur [1-5]. Moévcud
adabiyyatin tohlili gostorir ki, geyd olunan sistemlorin adekvat riyazi modellori kiitlovi xidmaot
nozoriyyosinin totbiqi ilo miimkiindiir [6]. Bu onunla osaslandirilir ki, kompiiter vo
kommunikasiya sistemlorindo sorgular bir qayda olaraq tesadiifi anlarda daxil olur vo onlarin
emal olunmasina sorf olunan zaman intervali da, adoton, tosadiifi komiyyatdir.

Odabiyyatdan malum olan modellar bir sira forziyyslors asaslanirlar. Onlarin igarisinde on
vacib olan1 budur ki, sistemdaki serverlor homogendirlor (eyni tiplidirlor). Lakin istismarda olan
sistemlorin genislondirilmasi zamani yeni alinan serverlor bir sira parametrlorino gora (siiratino,
etibarligina, qiymotino va s.) oavvalkilordon ciddi sokildo forqlonir. Basqa sozlo, heterogen
(miixtalif tipli) serverlori olan sistemlorin modellsrinin vo onlarin tadqiqi li¢lin somarali riyazi
tisullarin yaradilmasi aktual masololordir.

Bu moqalads heterogen serverlori olan sistemlorin bir sinif modellori tadqiq olunmusdur.
Burada daxil olan sorgularin serverlor arasinda paylanmasi iigiin ii¢ sxem toklif olunmus vo
onlardan istifado edildikds sistemin xarakteristikalarinin hesablanmasi diisturlari tapilmigdir.

Sistemds iki qrup serverlordon istifado olunur: yiiksok stiratli serverlor (F-serverlor) vo
asag siiratli serverlor (S-serverlor). F-serverlorin saymi N; vo S-serverlorin saymi iso N, ilo

1sara edok. Xidmat olunmaq {igiin sistemo intensivliyi A olan bircins sorgular seli (axini1) daxil
olur. Hor bir F-serverds bir sorgunun orta xidmat miiddati x;*, S-serverds iso u_'-dir, bels ki

My > . Serverlor hetereogen oldugu liglin se¢ilmis meyara osason daxil olan sorgularin

serverlor arasinda optimal boliisdiiriilmasi masalasini hall etmak lazim galir.

Bu mogqalads ti¢ boliigdiiriilme sxemina baxilir: 1) “Serverlor qrupunun tosadiifi se¢ilmosi”;
2) “Ilk olaraq yiiksok siiratli serverlorin segilmosi”; 3) “Ilk olaraq asag siiratli serverlorin
secilmosi”.

Birinci sxemo daxil olan sorgular Bernulli sxemino uygun olaraq serverlor qruplari
arasinda boliiniir, yoni sorgu o, ehtimali ilo F-serverlor qrupuna vo « ehtimali ilo S-serverlor

qrupuna gondarilir, belo ki a; +a, =1. Ogoer uygun qrupda biitiin serverlor mosguldursa, onda

sorgu itmis hesab olunur vo sistemi xidmot olunmadan tork edir. Ikinci sxemdo daxil olan
sorgular ilkin olaraq F-serverlor qrupuna gondarilir vo agor orada biitiin serverlor mosguldursa,
onda sorgu S-serverlor qrupuna gondorilir; S-serverlor qrupunda da biitiin serverlor mosguldursa,

18


mailto:esmira.mehbaliyeva@mail.ru

Mehbal:yeva E.V.

onda sorgu itmis hesab olunur. Ugiincii sxemds isa sorgu ilkin olaraq S-serverlor qrupuna, agor
orada biitiin serverlor mosguldursa, onda F-serverlor qrupuna géndorilir.

Mosalonin qoyulusu belodir: hor ii¢ daxilolma sxemindon istifado edildikdo baxilan
sistemdo sorgularin itmosi ehtimalin1 vo hor bir qrupda mosgul serverlorin istifado omsalini
tapmagq tolob olunur.

ovvalca birinci sxemo baxaq. Burada Bernulli parametrlori sabit komiyyatlor oldugu {i¢iin
Puasson selinin molum xassasino asason deya bilarik ki, dyronilon sistemo asagidaki kimi toyin
olunmus iki separat sistem kimi baxila bilor: F-serverlor qrupuna intensivliyi A, olan Puasson

seli, S-serverlor qrupuna iss intensivliyi A, olan Puasson seli daxil olur. Basqa s6zle, Kendall
isarolomosindon [6] istifade edorok deye bilorik ki, F-serverlor qrupu yiikkii p, = A, / 4, olan
M/M/N;/N; modeli ilo, S-serverlor qrupu ise yikii p, = A /u 0lan M /M /N, /N,

modeli ilo tasvir olunur.
Sorgularin F-serverlor qrupunda vo S-serverlor qrupunda itmosi ehtimallarim1 PB; vo PB;

ilo isara edok. Onda bu komiyyatlor Erlangin molum B-diisturlar1 [6] vasitosi ilo tapilir:

PBx =EB(px’Nx)’Xe{f’s}’ (1)
Ne /N, -k
burada E, (p,, N, )=* Px
N1/ &k

Sistema daxil olan tosadiifii se¢ilmis sorgunun itmasi ehtimali (PB) tam ehtimal diisturuna

asason bels tapilir:
PB(l)=a,PB; +a,PB, . )
F vo S-serverlor qrupunda mosgul serverlorin orta sayini N~f \E) Iqs ilo igaro edok. Bu
komiyyatlor asagidaki kimi tapilir [5]:
Nx(l)sz(l_EB(px’Nx))’Xe{f’s}' (3)
Onda (3) diisturlarindan istifado edorok F-serverlor qrupunda vo S-serverlor qrupunda
serverlorin istifado omsallarim K, (1) vo K_(1) asagidaki kimi hesablamagq olar:

K,()=N,(1)/N,, xe{f,s}. (4)

Indi ikinci sxemo baxaq. Bu sxemdos F-serverlor qrupunda imtina olunan sorgular S-

serverlor qrupuna gondorilir. Buna goro F-serverlor qrupunda sorgunun itmosi ehtimali
(PB, (1)) belo hesablanir:

PBf(“):EB(ef’Nf)’ ®)

burada 0, = A/u;, .
F-serverlor qrupundan imtina olunan sorgular S-serverlor qrupuna gondorildiyi ii¢lin
sonuncu grupa intensivliyi A, = APB, (11) olan Puasson seli daxil olur. S-serverlor qrupunda da

biitiin serverlor mosgul oldugda daxil olan sorgu itmis hesab olunur. Demali, bu sxemdon istifado
edildikdo tosadiifi secilmis sorgunun itmosi ehtimali (PB(11)) bels tapilir:

PB(I1)=Es(p..N,), (6)
burada p, = A, /u, .
Bu sxemdao serverlor qruplarinda mosgul serverlorin orta say1 belo hesablanir:
N, () =0,0-PB,(IN); N,(1N)=5,0-PB(II)). @)
(7) va (4) diisturlarindan istifads edorak ikinci sxemds F-serverlor qrupunda vo S-serverlor
grupunda serverlordon istifade omsallar1 K (11) vo K_(I1) tapilir.
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Nohaysat, ticlincli sxemo baxaq. Bu sxemdo S-serverlor qrupunda imtina olunan sorgular F-
serverlor qrupuna gondorilir. Buna goéro do ovvolco S-serverlor qrupunda sorgunun itmaosi
ehtimalin1 (PB,(111)) tapmaq lazimdir. Bu kamiyyat bels hesablanir:

PB.(11)=Eg(6,,N,), (8)

burada 6, = A/ 4, .
S-serverlor qrupundan imtina olunan sorgular F-serverlor qrupuna gondorildiyi ii¢lin
sonuncu grupa intensivliyi Zf = APB_(111) olan Puasson seli daxil olur. F-serverlor qrupunda da

biitiin serverlor mosgul oldugda daxil olan sorgu itmis hesab olunur. Demali, bu sxemds tosadiifi
se¢ilmis sorgunun itmasi ehtimali (PB(I 1 )) belo tapilir:

PB(I11)=E4(5,,N; ), 9)
burada p, = A, /u; .

Serverlor qruplarinda masgul serverlorin orta say1 bu sxemdo belo hesablanir:

N, (1)=p,@-PB(1I)); N, (111)=6,0-PB,(II)). (10)

Nohaysat, (10) va (4) diisturlarindan istifads edarok iicilincli sxemds F-serverlor qrupunda
vo S-serverlor qrupunda serverlordon istifado omsallari K (111) vo K, (111) tapilr.

Bu bolmads toklif olunmus alqoritmlor vasitesi ilo aparilmis ododi eksperimentlorin
naticalori verilmisdir. ©vvalca birinci sxem ti¢iin olan naticolors baxaq. Forz edok ki, serverlorin
xidmat intensivliklori vo daxil olan sorgularin serverlor arasinda boliisdiiriilmosi ehtimallart
molumdur:  u; =7, u, =2,a, =0.7. Yaradilmis alqoritmlor osasinda heterogen serverlorin

miixtolif saylar ligiin daxil olan sorgularin itmosi ehtimallart vo hor iki qrupdaki serverlordon
istifado amsallar1 hesablanmisdir vo naticolor cadval 1-do gostorilmisdir.

Cadval 1.
Birinci sxemdb sistemin xarakteristikalarinin giymatlari.
(NN A PB(1) K, (1) K,(1)
150 5.09E-10 0.34091 0.38793
170 1.91E-08 0.38636 0.43966
(44, 58) 190 4.00E-07 0.43182 0.49138
210 5.13E-06 0.47727 0.54310
230 4.30E-05 0.52272 0.59483
250 1.19E-04 0.58116 0.59524
(43, 63) 340 1.93E-02 0.77372 0.79809
360 3.33E-02 0.81905 0.77696
400 7.04E-02 0.86833 0.84493
(42, 69) 410 8.15E-02 0.87786 0.85870
430 1.05E-01 0.89429 0.88261
(41, 74) 470 1.55E-01 0.92268 0.89392
(40,80) 490 1.79E-01 0.93450 0.87975

Cadval 1-don goriiniir ki, serverlorin say1 sabit qaldiqda daxil olan sorgularin intensivliyi
artdigca onlarin itmasi ehtimali va serverlordan istifads omsallar1 da artir. Maraqhidir ki, miixtolif
tip serverlorden istifado omsallarinin nisboti onlarin konkret sayindan, siirotlorindon (xidmot
intensivliyindon) vo eloco do o, parametrinin qiymatindon ciddi sokilds asilidir.

Forz edok ki, yuxaridaki masalada har bir tip serverlorin qiymatlori molumdur vo sobaka
administratorunun maliyys imkanlar1 mahduddur. Onda bels bir optimallagdirma masalasi aktual
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olur: har bir tip serverdon ne¢o dons almaq lazimdir ki, sorgularin itmesi ehtimali minimum
olsun va serverlarin toplam giymati verilmis komiyyatdon boylik olmasin.
Bu mosalo formal olaraq bels yazilir:

PB(I)— > min, (11)

c;N; +c,N, <C. (12)

Yuxarida yazilmis (11), (12) sorti optimallasdirma moasolesinda ¢, vo ¢, uygun olaraq bir
F-serverin vo S-serverin qiymotini, C iso onlarin toplam qiymotine qoyulan yuxar1 hoddi
gostorir. Bu masalonin hallinin naticalori cadval 2-do verilmisdir, burada 4 =1000 vo ¢, =11,
c, =2 qobul edilmisdir. Homginin burada (N: N ) mosalonin optimal hallini vo PB"(1) isa

mogsad funksiyasinin minimum qiymatini gostorir. Codvol 2-don gorlindiyii kimi, soboko
administratorunun maliyye imkanlar1 genislondikco serverlorin saymm1 azaciq artirmaqla
sorgularin itmasi ehtimalini ciddi sokilds azaltmaq miimkiindiir.

Cadval 2.
(12), (12) masalasinin hollinin naticalori

C (N7 ND) PB(I)
500 (16, 162) 0.61319
650 (30, 160) 0.51516
800 (44, 158) 0.41804
950 (56, 167) 0.32200
1100 (70, 165) 0.22888
1400 (94, 183) 0.06893
1700 (118, 201) 0.00304
2000 (140, 230) 3.88E-06
2150 (151, 244) 3.79E-08
2300 (162, 259) 1.51E-10
2600 (184, 288) 2.86E-16

Indi iso ikinci va iigiincii sxemlorin istifado edilmosi zamani sistemin xarakteristikalarmm
tohliline baxaq. Buradaki odadi eksperimentlords forz olunur ki, 4 =1000.

Uygun naticolor cadval 3 vo 4-do verilmisdir. Cadval 3-do forz olunur ki, F- vo S-
serverlorin sayr vo S-serverlorin intensivliyl sabitdir, yoni N; =50,N, =754, =6. Bu

cadvoldan goriiniir ki, sorgularin itmasi ehtimalinin azaldilmasi ndqteyi-nozorindan ikinci sxem
daha mogsadouygundur vo F-serverin xidmat siirati artdiqca ikinci sxemin somoraliliyi daha da
artir. Ikinci sxemdo F-serverin siirati artigca hor iki tip serverdon istifado omsallar1 azalir vo bu
zaman S-serverlordon istifado amsali da daha boyiik siiratlo azalir. Ugiincii sxemdas iso F-serverin
slirati artiqca bu tip serverlordon istifado omsali azalir, lakin S-serverlordon istifado omsali sabit
qalir vo toxminon 1-o barabardir. Gozlonildiyi kimi, ikinci sxemds F-serverlordon istifads amsali
ticiincli sxema nisbaton boyiikdiir vo bu forq F-serverlorin siirati artiqgca daha da boyliyiir; bunun
oksi olaraq ikinci sxemda S-serverlordon istifado omsali {iclincii sxemo nisbaoton kigikdir vo bu
forq F-serverlorin siiroti artiqca daha da boyiiyiir.

Cadvel 4-do forz olunur ki, serverlorin say1r vo S-serverlorin intensivliyi sabitdir, yoni
N, =50, 1, =13.5 14, =6. Bu coadvaldon goriiniir ki, yeno do sorgularin itmosi ehtimalinin

azaldilmas1 noqteyi-nazorindon ikinci sxem daha mogsadsuygundur, lakin bu halda S-serverlorin
say1 artdiqca ikinci sxemin somoralaliyi azalir. S-serverlorin sayini artirdigda ikinci sxemdo F-
serverlordon istifads omsal1 doyismir. Bu natico tamamils mantiqe uygundur, cilinki bu sxemdo
sorgular avvalco F-serverloro gondorilir. Lakin bu sxemdos eyni zamanda S-serverlordon istifado
omsal1 azalir ki, bu da gdzlonilon naticadir. Ugiincii sxemdo S-serverlorin sayin1 artirdiqda, har
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iki tip sorgulardan istifado omsallar1 azalir vo bu zaman F-serverlordon istifado omsali ¢ox bdyiik
stiratlo, lakin S-serverlordon istifado omsali ¢cox kigik stiratlo azalir.

Indi forz edok ki, birinci sxemdo har bir tip serverin say1, onlarin xidmat intensivliklori vo
eloco do sorgularin daxilolma intensivliyi molumdur. Bu komiyyatlor sabit olduqda daxil olan
sorgularin miixtolif tipli serverlor arasinda optimal boliisdiiriilmasi mosolesine baxaq: a; vo «
ehtimallariin elo optimal giymatlorini tapmaq lazimdir ki, sorgularin itmasi ehtimali minimum

olsun.
Bu mosalo formal olaraq bels yazilir:

PB(1)———>min . (13)
' Cadval 3.
Ikinci va ticiincii sxemlorda sistemin xarakteristikalarimin qiymatlori;
F-serverlorin intensiviiyindan asililiq.
g PB(11) PB(111) K, (Il K, (1) K, (1) K, (1)
9 0.22438 0.23338 0.98451 0.94503 0.95999 0.98949
12 0.04738 0.06552 0.97351 0.86397 0.88042 0.98949
15 4.56E-05 7.28E-03 0.95552 0.73425 0.62966 0.98949
18 7.74E-14 3.74E-04 0.92530 0.61613 0.37163 0.98949
Cadval 4.

Ikinci va ticiincii sxemlorda sistemin xarakteristikalarimin qiymoatlari; S-serverlorin sayindan asililq.

N, PB(11) PB(111) K, (1) K, (1) K.(I1) K, (1)
75 0.00482 0.02468 0.96566 0.80154 0.77000 0.98949
100 1.56E-07 2.61E-04 0.96566 0.60490 0.58030 0.98598
125 9.54E-15 4.59E-09 0.96566 0.39332 0.46424 0.97934
150 3.88E-24 6.81E-20 0.96566 0.19613 0.38689 0.96402

(13) sortsiz optimallagdirma masalasinin hallinin naticalori cadval 5-do verilmisdir, burada
A=1000 vo g, =135, u =6 qobul edilmisdir. Homg¢inin «; mosalonin optimal hallini,
PB"(I) iso magsad funksiyasinin minimum qiymotini gosterir.

Cadval 5-don (13) masalassinin optimal hallinin asagidaki kimi maraqli xassasi alinir: agor
F-serverlori saymi sabit saxlayb S-serverlorin say1 artirsa, onda «; azalir, yoni belo oldugda
daxil olan sorgularin siiratli serverloro gondorilmosi ehtimali azaldilmalidir; agor S-serverlori
saymni sabit saxlayib F-serverlorin say1 artirsa, onda ¢ artir, yoni belo oldugda daxil olan

sorgularin stiratli serverlora gondorilmasi ehtimali artirilmalidir.

Cadval 5.
(13) masalasinin hallinin naticalari.
NN & X0 <, (1) <
75 0.594 0.04235 0.83997 0.86815
50 84 0.562 0.02525 0.80927 0.85017
93 0.531 0.01363 0.77445 0.83085
75 0.603 0.03331 0.82846 0.85580
52 84 0.571 0.01902 0.79640 0.83711
93 0.540 0.00978 0.76078 0.81747
75 0.612 0.02566 0.81660 0.84230
54 84 0.580 0.01400 0.78345 0.82315
93 0.549 0.00685 0.74734 0.80347
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Cadval 5. (ard1)
56 75 0.620 0.01934 0.80350 0.82935
84 0.589 0.01006 0.77054 0.80835
93 0.558 0.00467 0.73426 0.78892
75 0.629 0.01424 0.79127 0.81375
58 84 0.597 0.00706 0.75668 0.79457
93 0.567 0.00311 0.72163 0.77393
75 0.637 0.01024 0.77801 0.79904
60 84 0.605 0.00482 0.74310 0.78028
93 0.575 0.00202 0.70831 0.76030

Moaqalodo heterogen serverlori olan sobokolordo sorgularin emal olunmasi proseslorinin bir
modelino baxilmigdir. Sobokods sorgularin daxilolma qaydasi ii¢ iisulla toskil edildikdo onun
xarakteristikalarinin hesablanmasi {i¢iin diisturlar tapilimisdir vo onlar vasitasi ilo aparilmis ododi
eksperimentlorin noticolori verilmisdir. Baxilan sobokolor {i¢iin bir ne¢o optimallasdirma
mosalalari hall edilmisdir.
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PE3IOME
Ob OI[HOI71 MOJIEJIA CUCTEMbI OBCTYKUBAHUS C 'TETEPOI'EHHBIMU CEPBEPAMUA
Mexobanvieea J.B.

Knwouesvie cnosa: cucmema O00CHYIHCUBAHUS, 2eMEPO2EHHbIE CEPEePa, 6EPOAMHOCHb HOMeEPU,
anzopumm paciema.

B cratbe npeiIo’KEHBbl TPU CXEMBl PACHpPENCIIECHUS 3asBOK MEKJY IeTEpPOr€HHBIMH CEPBEPAMM:
CIy4aiiHBI BBIOOpP TPYMIIBI CEPBEPOB; BHIOOP TPYIIBI BBICOKOCKOPOCTHBIX CEPBEPOB; BHIOOP TPYIIIEI
HU3KOCKOPOCTHBIX cepBepoB. HaiineHsl (opMynbl A BBIYHMCICHUS BEPOSITHOCTH TIOTEPH 3asBOK H
KOJIMYECTBA 3aHATBIX CEPBEPOB I KAXKIOW CXEMbl M PELIEHbI JBE 3a7a4d ontuMusanuu. [IpuBeneHsl
PE3yNbTAaThl YUCIECHHBIX SKCIIEPUMEHTOB.

SUMMARY
ON A MODEL OF SERVICE SYSTEM WITH HETEROGENEOUS SERVER
Mehbaliyeva E.V.

Key words: service system, heterogeneous servers, loss probability, calculation algorithm.

In this paper, three schemas for allocation of calls among heterogeneous servers are proposed.
These schemas are “randomized assignment of group of servers”, “fast servers first” and “slow servers
first”. Formulas to calculate loss probabilities and mean number of busy servers for each schema are
developed and two optimization problems are solved. Results of numerical experiments are shown.
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TITAN-RUTENIUM KONTAKTININ ISTIRAKI iL© ANIiLIN
VO 2-METILANILININ METANOLLA ALKILLOSMO
REAKSIYASININ TODQIiQI

'MURADOV MAHAL MAIL oglu
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Acar sozlar: anilin, 2-metilanilin, metanol, N-metilanilin, N-,2-dimetilanilin, titan-rutenium
kontakti

Neft kimyas1 vo neft kimya sintezinin katalitik proseslari i¢orisinds son vaxtlar nanodl¢iilii
katalizatorlarin istiraki ilo katalizin todqiqine maraq xeyli artmigdir. Nanodl¢iilii katalizatorlarin
xassalori barads elmi adobiyyatda (1-3) molumatlar vardir. Bu nasildon olan katalitik sistemlorin
aromatik birlogsmalorin alkillosma prosesinds todqiqi iss praktiki olaraq hoyata kegirilmomisdir.

Mogalads nanodl¢iilii titan-rutenium kontakti istiraki ils anilin va 2-metilanilinin metanolla
alkillosmao reaksiyasina temperaturun tasirinin noticolori verilmisdir.

Taocriibolor axar novlii reaktoru olan laborator qurgusunda yerino yetirilmis, alinan
mohsullarin analizi qaz-maye xromatoqrafiya tisulu ilo aparilmigdir. Maye faza kimi N-AW (fr.
0,16-0,20 mm) xromaton {izarina 6,0 % hopdurulmus SE-30 (silikon elastomeri) gotiiriilmiis, qaz
dasiyicist kimi heliumdan (50 ml/doq) istifads edilmisdir. Analizin temperaturu 80-180°C
hiidudlarinda avvalcadon proqramlasdirilmis rejimo uygun olaraq aparilmisdir. Titan-rutenium
kontakt1 elektrokimya sonayesinds istifads olunan vo Rusiyada istehsal olunan kompozitin (4)
modifikasiyasidir.

1-ci codvoldon goriindiiyli kimi, titan-rutenium Kkatalizatorunun istiraki ilo anilinin
metanolla alkillogsmasi digor katalizatorlarla miiqayisods daha asagi temperaturda bas verir. Belo
ki, 240°C temperaturda anilinin konversiyast 8.5%, 320°C temperaturda 23.0%, 380°C
temperaturda iso comi 28.0% toskil edir.

Temperaturun 140°C galdirilmast anilinin ¢evrilmo doracasinin ~19.5%, 80°C artmasi iso
konversiyani 14.5% ¢oxaldir. 320°C-don sonra prosesin temperaturunun qaldiriimasi anilinin
konversiyasini comi 4.5% artirsa da, bu zaman reaksiya mohsullarinin torkibi vo onlara goéro
selektivlik xeyli asag diistir. Belo ki, 320°C temperaturda N-metilanilina gora selektivlik 74.0%,
380°C-do iso 32.0% olur. Bu zaman anilin molekulundaki karbona géro metillosmo
mohsullariin selektivliyi comi 5.8% artir. Bu da temperaturun sonraki artmasi ilo yan
cevrilmolorin siirotinin artdigint gostorir. Demali, temperaturun 320°C-don yuxar1 qaldiriimasi
titan-rutenium kontaktinin alkillosmo qabiliyyatini xeyli asagi salir vo onun xassolorino monfi
tosir gostorir. Asagi temperaturda (2400C) nanodl¢iilii katalizatorun N-alkillosmo reaksiyasini
yiiksok selektivliklo (98.0%) hoyata kecgirmosi do bu katalizatorun maraqli cohasti sayilmalidir.
280°C temperaturda alinan alkilatin da torkibi maraq dogurur.

Osason, N-metilanilnidon (87.5%) ibarat olan bu qarisiqda 2-metilanilin va 4-metilanilinin
cevrilmis anilina goro hesablanmig ¢iximlart uygun olaraq 10.0 vo 1.5% toskil edir ki, onlarin da
bir-birindon rektifikasiya yolu ilo ayrilmasi texnoloji ¢otinlik torotmir.

Beloliklo, todqiq etdiyimiz iisul ¢evrilmoyon anilin vo metanolun sistemdo c¢oxdofslik
dovretdirilms yolu ils onlarin tam ¢evrilmasina nail olmaga imkan verir vo alinan mohsullarin
tomizliyinin tolob olunan saviyyade olmasina sorait yaradir.
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Cadval 1.
Titan-rutenium kontaktinin istiraki il> anilinin metanolla alkillosmo  reaksiyasina temperaturun tasiri
Reaksiyanin soraiti: v-0.8 st v =1:2.5mol/mol

Reaksiya mohsullarinin ¢evrilmis anilino gora hesablanmisg o
0 5
Temperaturu, °C Toluidinlor N-metil %
orto meta para anilin

240 - - - 98.0 8.5

280 10.0 - 15 87.5 15.4

320 19.2 - 55 74.0 23.0

380 21.5 1.0 8.0 32.0 28.0

Titan-rutenium sistemi Oziinoamoxsus Katalitik xassolori  2-metilanilinin - metanolla

alkillosmo reaksiyasinda da niimayis etdirir. Asagi temperaturda daha yiiksok istismar xassolori
gostoran bu kontakt istiraki ilo alinan naticalarin (cad.2) tohlilindon aydin olur ki, 2-metilanilinin
alkillosmo prosesindoki konversiyasi 240°C temperaturda 11.2%, 320°C-dos 26.5%, 380°C-da iso
29.0% olur.

Son halda moagsodyonlii reaksiya mohsullarina gore selektivliyin ¢ox asagt oldugunu va
homin soraitds yan cevrilmolorin ¢ox oldugunu nozers alaraq, daha slverisli sorait kimi 320°C
temperatur secilmisdir. Bu temperaturda N-metilanilino vo 2.6-dimetilanilino goro reaksiyanin
selektivliyi uygun olaraq 68.0 va 18.6% toskil edir. 2-metilanilinin konversiyasi 26.5%-dir.

N-metilanilinin daha yiiksak selektivliklo (85.5-98.0%) sintezino 240-280°C temperatur
hiidudunda da nail olmaq miimkiindiir, lakin bu soraitde onun ¢iximi  11.0-16.2% olur.

Cadval 2.
Titan-rutenium oksid katalizatorunun istiraki ilo 2-metilanilinin metanolla alkillosmasinin naticalori
Reaksiyamin saraiti: v-0.8 st*, v = 1:2.5 mol/mol

Osas reaksiya mohsullarinin selektivliyi, %
N . 26- N.N.2- 24 246
Temperatur’C | 2-mefilanilinin | N-metil- | it | dimetil- | trimetil-
konversiyasi,% |  anilin anilin anilin anilin~ | anilin
240 112 985 i i } }
280 19.0 855 85 2.0 10 i
320 26.5 68.0 186 20 12 i
380 29.0 30.0 20.0 10 3.0 3.0

Nanodlgiilii katalitik sistemin maraqli xiisusiyyoatindon biri do ondan ibarotdir Ki,
temperaturun 320°C-don 38OOC-y9 artmas1 ilo reaksiyanin ganunauygunluglart pozulur. Ik
ndvbada anilin vo 2-metilanilinin konversiyasi artsa da, bu artim kaskin olmur vo anilin olan
halda 2.3%, 2-metilanilindo iso 2.5% toskil edir. Katalizatorun istismar xassolori xeyli asagi
diistir. Hor iki halda katalizatorun dezaktivasiyasi 1 saatdan da az miiddsto bas verir. Onu da
qeyd etmaliyik ki, 240-320°C temperatur hiidudlarinda katalizator daha ¢ox sabit is miiddotino
(~5 saat) malikdir. Digor torofdon temperaturun artmasi alinan katalizatorun torkibino do
bilavasito tosir gostorir. Belo ki, 320°C-do cevrilmis 2-metilanilino goéro hesablanmis N- vo C-
atomlarina géro metillogsmonin ¢iximlar1 uygun olaraq 70.0 vo 19.8% oldugu halda 380°C-do bu
gostoricilor 31.0 vo 26.0% toskil edir (cod.2). Anilin olan halda 320°C temperaturda azota goro
metillosmoa mohsullarinin selektivliyi 74.0%, karbona goéro metillosmonin selektivliyi isa 24.7%
olur. 380°C temperaturda iso bu gdstoricilor uygun olaraq 32.0 vo 30.5% toskil edir. Bu
noticalorin tohlili gostarir ki, 320°C ilo miiqayisads temperaturun 3800C-y9 artmasi karbona goro
metillogma mohsullarinin selektivliyini qismen artirsa da, alkillosmo reaksiyasinin iimumi
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selektivliyi gézo ¢arpacaq doracade azalir. Belo ki, anilin olan halda iimumi selektivlik 98.6%-
don 62.5%-9, 2-metilanilin misalinda iso bu gostorici 89.8%-don 57.0%-o diisiir.

Temperaturun artmasi anilin vo 2-metilanilinin metanolun dehidrogenlogsmo reaksiyasindan
alman karbonilli birlogsmolorlo kondenslosmo vo digor cevrilmolor hesabina makromolekullu
birlosmolorin omolo golmasini siliratlondirir. Alinan bu birlosmolor iso katalizatorun sabit igino
monfi tosir gostorir. Digor torofdon ¢ox giiman ki, yiiksok temperaturda katalitik sistemin
termodavamliliginin asagi olmasi hesabina onun qurulusunda da arzuolunmayan doyisikliklor
bas verir. Noticodo, asag1 temperaturlardan forqli olaraq, yiiksok temperaturda istismar olunan
titan-rutenium kontakti dénmoyon dezaktivasiyaya moruz qalir. Asagi temperaturda kifayot
godor katalitik aktivlik gostoron bu oksid sistemi anilin vo 2-metilanilinin metanolla qarsiliglt
tosiri zamani sp1rt1n daha yliksok parsial tozyiqindo Oziinomoxsus xassolorlo yadda qalir.
Masslon: 320°C temperaturda anilin vo 2-metilanilinin metanolla alkillosmo reaksiyasina
xammaldaki komponentlorin mol nlsbstlnm miiqayisali naticolori sokilds verilmisdir. Goriindiiyii
kimi, 2-metilanilinin (1) vo anilinin (1) konverSIyasma hamginin, 2-metilanilindon va amhndan
alman karbona goro metil téromolorin (2, 2) vo azota goro metil toromolorin (3, 3) imumi
selektivlikloring tosiri miixtolifdir.

KS% 14

20 3

70 |

w

50 -

30 1 2/ 1 1/

10
2

1:2 1:4 1:6V,mol/mol

Sakil 1. Xammaldak: komponentlorin mol nisbatinin (v) 2-metilanilinin (1) va anilinin (1)
konversiyalarina 2-metilanilindaki va anilindaki karbona géra (2,2) va azota géra (3,3
metillosma mahsullarinin selektiviiklorine tasiri

[lk névbodo xammaldaki metanolun parsial tozyiqinin ikidon dérde qaldirilmasi 2-
metilanilinin konversiyasini 4.5% artiraraq 30.0%-o catdirir. Anilin olan halda bu artim 10.0%
toskil edir. Xammalda metanolun mol nisbatinin alt1 qat artirilmasi iso konversiyaya ¢ox az tasir
edir (2-2.5%). Buna baxmayaraq, xammaldaki komponentlorin mol nisbatinin  alinan
mohsullarin  selektivliyinoe vo torkibino tosiri bdyiikdiir. Ilk névbado geyd etmoliyik ki,
xammaldaki metanolun qatiliginin artirllmast azota goro metillogmodon alinan reaksiya
mohsullariin selektivliyini har iki halda artirir. 2-metilanilin olan halda bu gdstarici 66.0%-don
(v=1:2 mol/mol) avvolco 75.0%-5 (v=1:4 mol/mol), daha sonra isa 87.5%-0 (v=1:6 mol/mol)
qalxir. Anilin gotiiriilon halda azota gora metillosmo mohsullarinin selektivliyi 70.5%-don (v=1:2
mol/mol) avvalco 85.2%-9 (v=1:4 mol/mol), sonda iso 90.0%-o (v=1:6 mol/mol) godor artir. Onu
da qgeyd etmoliyik ki, 2-metilanilin olan halda, asason N-, 2-dimetilanilin omoalo goldiyi halda
(90-100%) metillosmays anilini moruz etdikdo xammaldaki metanolun qatiligimin artmasi ilo N-
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metilanilinin  N.N-dimetilanilino olan mol nisboti azalmaga baslayir. Xammalda anilinin
metanola mol nisbati v=1:2 mol/mol olan halda bu nisbat 1:0.2, v=1:6 mol/mol gotiiriildiikds iso
alinan azota goro metillosmo mohsullari igorisinds N.N-dimetilanilinin qatilig1 82.0% olur.

Titan-rutenium oksid sisteminin digor maraqli cohati xammaldaki spirtin parsial tozyiqinin
artirilmasi ilo karbona goro metillosmo mohsullarinin selektivliyinin azalmasidir. Metanolun mol
paymin iki dofodon alti dofoya galdirilmasi 2-metilanilin olan halda alinan 2.6-dimetilanilino
gora selektivliyi toqribon ti¢ dofo (30.5-don 10.0%-0 godar), anilinin metanolla alkillosmasindo
159 bes dofa (24.5%-don 5.0%-5 gadar) azaldir.

Umumiyyatle, titan-rutenium oksid sistemi osason azota goro anilinin vo o-toluidinin
metillosmo mohsullarinin alinmasinda yararlidir. Ona goéro do katalizatorun yaradilmasi vo
tisulun texnologiyasimnin islonib hazirlanmasi ilo bagli miivafiq hesablamalar (o ciimlodon
iqtisadi) aparildigdan sonra onun samaoraliliyi barads fikir soylomak olar.
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PE3IOME
HUCCIEAOBAHUE PEAKIIUU AJTKWJINPOBAHHUSA AHWJINHA U 2-METUJTAHNJIUHA
METAHOJIOM B NIPUCYTCTBUU TUTAH-PYTEHUEBOT'O KOHTAKTA
Mypaooe M.M., Mycmadghaeea H.A., Azaee A.A.

Knioueswie cnoea: anunun, 2-wemunanunun, memanon, N-memunanunun, N-2-oumemunanunum,
MUMAaH-pymeHueavlii KOHMaxKm

[IpuBonsATCS CpaBHUTENbHBIE PE3YJIbTAThl PEAKLUU AIKUIMPOBAHUS aHWIMHA U 2-METHJIAHWIMHA
METaHOJIOM B IIPUCYTCTBHM THTaH-PYTCHHUEBOI'O KOHTakTa. Ilo cpaBHEHHIO C aHWJIMHOM KOHBepcus 2-
METHJIaHWIMHA B npouecce 4yTh Boime (1.0-3.6 %). YcraHoBIeHO, YTO IpU HU3KKMX TemnepaTypax (240-
280°C) B mpuCyTCTBHM OOOMX KATAIM3aTOPOB OCHOBHBIMH IIPOXYKTAMH pEakiuu sBisiorcs N-
npousBonubie  (N-ammmmm, N-,  2-IuMeTHIAaHWIMH), C HOBBIEHMEM Temmepaty-psl  (380°C)
YBEJIMUMBAETCS CKOPOCTH J€3aKTUBALIMM KaTalu3aTopa.

SUMMARY
INVESTIGATION OF THE REACTION OF ALKYLATION OF ANILINE AND 2-
METHYLANILINE BY METHANOL IN THE PRESENCE OF TITAN-RUTHENIUM
CONTACT
Muradov M.M., Mustafayeva N.A., Aghayev A.A.

Key words: aniline, 2-methylaniline, methanol, N-methylaniline, N-2-dimethylaniline, titanium-
rutenium contact
Comparative results of alkylation reaction of aniline and 2-methylaniline with methanol in the
presence of titanium-ruthenium contact are given. Compared to aniline, the conversion of 2-methylaniline
in the process is slightly higher (1.0-3.6%). It has been established that at low temperatures (240-280°C)
in both cases according to nitrogen to gain product of alkylation (N-derivatives N-aniline, N-, 2-
dymethylaniline) deactivation of the catalyst is enhanced.
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Ha ocnoge amunomemunuposanno2o 000eyuiperona CUHMe3upo8ansl U UCC1e008aHbL OC-HOBHAA U
CpeoHewenouHas Ccynb@oHamel Kanoyus. AHendiace npucaokamu MHO2ODYHKYUOHANLHO2O Oelcmaus,
paspabomanivie MOOUPUYUPOBAHHBLE CYIbPOHAMBI SHAYUMENLHO YIYUUIAIOm MOoiowe-0ucnepaupyiowue,
NPOMUBOKOPPO3UOHHBIE, NPOMUBOUSHOCHBLE CBOUCMBA U CIAOUTLHOCHb NPOMUE OKUCTEHUSI CMA30YHBIX
macen u no 3pgekmugHocmu npesocxooam 3apydexcHvlll ananoe — npucadxky Xaumex 6060M. C
UCNONb3068ANHUEM NOJIYHEHHO20 CPEOHEWe0UHO20 CYIbGOHAMA paspabomano onvlimHoe MOMopHoe MAcio
M-10 I;, komopoe no nokazamensim Kaiecmsa omeevaem npeovasisemMblm mpedo8anusm.

HanOonee nepcreKTUBHBIM M 3KOHOMHYECKU BBITOAHBIM CHOCOOOM YIyYIIEHUs KadyecTBa
MOTOPHBIX MaceJ SIBJISIETCS] IPUMEHEHUE TPUCAIOK PA3TUIHOTO (PYHKIIMOHATHHOTO Ha3HAUCHHSL.
Cpenu IIMPOKOTO acCOPTHMMEHTa 3THX HPUCAJOK BaKHOE MPAKTUYECKOE 3HAUCHHE HMEIOT
HE(TSHBIE U CHHTETUYECKHE ATKWIAPHICYIb()OHATHI MIETOYHO3EMEIbHBIX METAIIIOB, KOTOPHIE
yAY4IIaloT MOIOLIE-TUCTIEPTUPYIOIINE U HeUTpaiau3yrome cBoiictBa macen [1]. OHM BXOIAT B
COCTaB IMaKeTa MPUCATO0K K MOTOPHBIM MacliaM IMPAaKTUYECKU BCEX IKCILTyaTAIIMOHHBIX TPYIII.

[TosTOMy akTyalabHOCTh HPUOOPETAIOT HCCIIEAOBAHUS MO Pa3pabOTKe HOBBIX CIIOCOOOB
MOJIy4yeHUsl U MOJU(UKALIUY TIPUCATOK CylbpoHaTHOro THMa [2,3].

C menpio pacHIMpeHHss acCOPTUMEHTa MOIM(PHIMPOBAHHBIX CYIb(POHATHBIX MPUCATOK H
HOBBIIIEHUS MX 3(PQPEKTHUBHOCTH B HACTOsIEH paboTe OCYIIECTBIEH MX CHHTE3 Ha OCHOBE
aMUHOMETUJIMPOBAHHOTO aJKUJIpEeHoa.

Wcxonuplii noaenuiageHosn BbIpadaThIBaeTCs € HCMOJb30BAHUMEM TETpaMepa IPOIUIIEHA,
uMeeT cienyromue (GU3UKO-XMMUYECKHUE TOKa3aTelu: IMIOTHOCTh mpu 20 °C - 924,6 xr/M’,
[IOKAa3aTellb IIPEIOMIICHUS np?® — 1,5040; MoJIeKyJsipHass Macca — 260 M IpencraBieH B
OCHOBHOM MOHOAQJIKWJIITPOU3BOJIHBIM. AMHUHOMETUIMPOBAHUE AOJCIMI(EH0Ia OCYIIECTBIISIN
dopManbIernIoM M amMMmmakoM TpH_Temmeparype 96-98 °C 1o momydenms mpomykra c
ToKasaresneM TpenoMieHnss np o-1,5240. Peakiuio cymb()OMETHINPOBAHAS CHHTE3HPOBAHHOTO
(MManKH-2,2 - TUrHAPOKCH) THOEH3MIAMIHA C THAPOKCHMETAHCYITb(DOHATOM HATPHS MPOBOIMITH
pu MOJIEHOM cooTHomennu 1:1, temmeparype 70-80 °C B Teuenne 10 4. B pacTBOpe OKTaHa 1o
merony [4]. [lomydeHHbli cynbhoHAT HATPHs MOABEpraid OOMEHHON peakiu ¢ THIPOKCHIOM
Kanbius (30 Y%-Hblil BOHBIN pactBop) mpH Temmeparype 75-80 °C B Tedenme 5 u, 3arem
Temreparypy mossmmand g0 125-130 °C s ymanmemms peakumorHO# Bobl. IlomydeHHBI
IPOJYKT PAacTBOPSUIM B OKTaHe, IEHTPH(DYrHpoBaHUEM OTACISUIM MEXaHHYECKHE MPHUMECH M
OTrOHsUIM pacTBopuTenb. KapOoHaTanmelr OCHOBHOro cyib(oHAaTa JAMOKCHAOM YIjiepoja B
NPUCYTCTBUH U30BITKA THIPOKCHIA KAIBIHUS, TPOMOTOPA — YKCYCHON KHCIIOTBI, PACTBOPUTEIIS -
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TOJIyOJIa, Maclia-pa3daBurens npu Temmeparype 40-45 °c MoJIy4eHa CpeAHEeIIeNIOUHas TpUcaaKa
tuna C-150.

CoctaB M CTPYKTypa Cyab(OHATOB MOATBEPXKICHBI METOJAaMU 3JIeMEeHTHOro anamm3a u MK-
cnekrpockonuu. CopepikaHHe aKTUBHOTO BEIIECTBA B IPUCAKAX ONPENEISsIM  METOJ0M
KHUJKOCTHOM  a/copOLMOHHOM  Mukpoxpomarorpaguu. B HK- cmektpax  cynbponaTos
MIPUCYTCTBYIOT TOJIOCHI morjomienus B oomactu 1050-1070 u 1160-1250 cM, BOSHHKAIOLIE B
pe3ysbTaTe BaJEHTHBIX CUMMETPHUUYHBIX M aCUMMETPUYHBIX Kosiebanuil cBsizu S=O rpynmsl SOg,
nonocsl B obmactu 3100-3500 cm™ oOycroBiieHbl BaJeHTHbIMU KoseOanusmu OH-rpymmer. K-
nonocsl B obmactu 840-880 cm™ xapakTepu3ytoT 1,2,4,6-3aMelieHuss B apOMaTH4eCKOM KOJIBIIE.
ITonoce! noromenus B oonactu 1420-1440 emt XapakTepHbI I AePOpPMAIMOHHBIX KOJeOaHUI
rpyrmst CH,AT, a ookt B o6nacti 3300-3400 em™ jyist Bropuunoii NH-rpyrmsL.

HccnenoBanne  (PpU3MKO-XUMUYECKUX U (YHKIMOHATIBHBIX CBOMCTB  IMOJIYYEHHBIX
NPUCAJOK MPOBOIWIMA CTaHIAPTHBIMU J1abopaTopHbIMH MeTofamu [4]. Morome cBoiicTBa
onpeaessuim Ha yctaHoBke I13B,  Morommii morenmuan npu 250 °C no MeTOZly 3yCEeBOM,
JUcHeprupyromue cBoiicrea - npu 250 °C 1o metony [5]. [IpoTHBOKOpPpO3MOHHBIE CBOMCTBA
ouenuBanu Ha npudope JK-HAMU npu 140 °C B Teuenme 25 4, CTaGMIBHOCTD IIPOTUB
okucienus — Ha npudope AK-HAMMU npu 200 OC B Teuenne 30 4. CTaGUIBHOCTE KOIIOMIHOM
JTUCTIEPCUU CPEIHEIIEI0YHOro Cynab(hoHaTa OIEHHBAIM MO METONy [6], 3akioyaromiemycs B
paslioKeHUu npucagku B npucyrcTBuu 15% Boasl npu 110 OC B reuenne 4 4. CTaGUIBHOCTD
KOJUTOMIHOM THUCIIEPCUN YCTaHABIUBAIH 110 YMEHBIICHHIO IIEJI0YHOCTH MPUCAIKU, BRIPAKEHHOMN
B % OT UCXOJHOM.

Tabnuuya 1.
Qu3suko-xumudeckue U QYHKYUOHAIbHbIE CBOUCMBA MOOUPUYUPOBAHHBIX
CYNbDOHAMHBIX NPUCAOOK

HoxasaTen Cynb(doHaThl KalbIKS C PA3TUYHOMN MIEIOYHOCTHIO
OCKy CC-150y Xatitek 6060M
[emounoe uncao, mr KOH/r 49,5 151 142
Maccosas goist, %
cyib(hoHaTa KajbIHsl 47.8 325 30
KaJIbIHAS 2,5 53 -
MEXaHUYECKUX MPHUMeCei 0,02 0,03 0,09
30bHOCTH CynbdarHast, % mMac 12,1 23,4 23,1
Moromue CBOICTBA HA YCTaHOBKE
I13B, Gaswis 0.5 0 0.5
Moroiuii HOTEHIMAI TPU 250° C, % : 78 80 80
Jlucnieprupyroriasi CHoCOOHOCTb IPH
250 °C. % * 60 63 60
Koppos3ust Ha CBHHIE, I/M° 37 22 85
CTabUIBHOCTb IPOTUB OKHUCIEHHs, % :
0CaJIoK 0,6 0,4 0,9
MPUPOCT BA3KOCTH 58 51 79
[IpoTHBONU3HOCHBIE CBOICTBA:
JIMAMETp MATHA U3HOCA, MM 0,55 0,47 0,65
CTaOHIbHOCTD KOJIOUIHOM
o/ * - 9 77
qucnepcuu, %

*Macno M-11 ¢ 5% npucaoku

[TomyueHHbIE HA OCHOBE aMHHOMETHJIMpOBaHHOTrO aojenmidenona ocuoBHas (OCKy) u
cpenuentenoynas (CC-150n) mpucaaku MPeacTaBIsSIOT COOOM BS3KHE JKUIKOCTH KOPHYIHEBOTO
[[BETA, XapPaKTEPUCTUKU KOTOPBIX MOKa3aHbl B Tabn.l. Tam jke 1isi CpaBHEHUs MPHUBEICHBI
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Mooughuyuposannvle cyrbghonammuvie npucaoxu Kk CMAa3ouHbIM MACIAM

MOKA3aTeI M3BECTHOTO 3apyOeKHOTO aHalora — CPEIHEMICNIOUHON CYIh(OHATHON MpHUCATKU
Xaiitek  6060M, wucCHBITAHHOW B  AHAJIOTMYHBIX ycloBUsAX. llpuBeneHHble JgaHHBIC
CBUJICTENLCTBYIOT O TOM, YTO pa3paOOTaHHbIE HOBbIE MOIU(UKAIMK MPUCATOK aTKHI(EHOII-
Cynb()OHATHOTO THIIA TMOJHOCTHIO PACTBOPUMBI B 0a30BOM Macjie U XapaKTePU3YIOTCS
XOpOIIUMHU (PU3UKO-XUMUYECKUMU U (YHKIIMOHAIbHBIMU CBOWCTBaMHU. bynyun mnpucaakamu
MHOTO()YHKIIHOHAJIBHOTO JICHCTBUSA, OHHU 3HAYUTEIBbHO YIYYIIAIOT MOIOLIHME, JUCIIEPTUPYIOIINE,
MPOTHBOKOPPO3HOHHBIE, IPOTUBOM3HOCHBIC CBOMCTBA U CTAOMIIBHOCTh MPOTUB OKUCIICHUS Maclia
M-11. Ilonyyennsle cynb(oHATHI UMEIOT 0ojiee BBICOKOE COJEpKaHWE AKTUBHOTO BELIECTBA U
MEHBIIIEe COJIEP)KaHNE MEXAaHMYECKHX MpUMECced IO CpaBHEHHIO ¢ aHaioroMm. [lo morommm u
JUCTIEPTUPYIOLIUM CBOMCTBAM 3TH MPHUCAJIKH HAXOAATCA Ha YpOBHE 3apyOeXHOro aHajora, a 1o
OCTaJIbHBIM (DYHKIIMOHAJIBHBIM CBOWMCTBAM MPEBOCXOIAT ero. Tak, mpu BBeAeHuu B macio M-11
paspabortannbix cynbdonaroB OCKy u CC-150y B xonmeH-tpammu 5% KOppO3Hsl HA CBHHIIC
cocrapysier 37 u 22 r/m’ COOTBETCTBEHHO, B TO BpeMs Kak JyIsi mpucaaku Xaitek 6060M stor
MOKa3aTellb paBeH 85 /M

CunresupoBaHHbI  cpennenienounoit  cynbdonar CC-150y o0namaeT BBICOKOM
CTaOUIIPHOCTBIO KOJUIOMJIHOM JUCIEPCHUH K JEHCTBHIO BOABl M MO JAHHOMY IIOKa3aTellto
HaxoJauTcs Ha ypoBHe aHainora (79 u 77%).

HaGmromaemass MHOTOQYHKIIMOHATBHOCTE W Ooyiee BbICOKas 3 eKTHBHOCTH pa3pado-
TaHHBIX MOJIU(MUIMPOBAHHBIX MPHUCATOK IO CPAaBHEHHUIO C aHAJOrOM OOBSACHSAETCS, IO-
BUJUMOMY, HAIMYHNEM B HX CTPYKType alKWIPEHOIBHOrO, CyJIb()OHATHOTO M aMHUHHOTO
(bparMeHTOB U UX BHYTPUMOJICKYJISIPHBIM CUHEPTU3MOM.

Taonuua 2.
Xapaxmepucmuxa onvlmno2o momoprozo macaa M-101

MotopHoe maciio M-10T",
IToxazaremn
HOpMa OIBITHOE

Bsi3koCcTh KUHEMAaTHYECKAasl TPH IOOOC, MM, ¢ 11+0,5 11,3
HHnekc BI3KOCTH, HE MEHEE 85 89
IMemounoe uncimo, Mmr KOH nHa 1 r macia, He 60 85
MeHee ' '
3onbHOCTH cynbbaTHas, %, He Oonee 1,65 1,56
2/([,?1(;0@0]3% JTOJISI MEXaHWIECKUX mpuMecei, %, He 0,015 0,006
Tewmneparypa, °C

BCIBIIIKHA B OTKPBITOM THUTJIE, HE HUXKE 205 210

3aCThIBaHUSI, HE BHIIIIEC , -15 -15
I6<(§)I[I)epe()31/IOHHOCTL Ha IJIACTHMHKAX CBMHIA, I/M°, HE 20 Otcyrersyer
Moromue cBoicTBa no 113B, 0auiel, He Oojiee 1,0 0
CTa0WibHOCTh N0 UHAYKIIMOHHOMY TIEPUOTY 40 40
0caaKko00pa3oBaHus, 4, HE MCHEe

C ucrnonp3oBaHMEM MOJydeHHOH cpeaneuienoyHor mnpucagku CC-150N mpurortosieHo
MoTtopHOoe Macio tuna M-10I", nns aBTOTpakTOpHbBIX au3enedl. Pe3ynbrarhl 1abopaTOPHBIX
ucnbITanuil (Tabia.2) mokaszamu,yto ombiTHOoe Macio M-10I; oOnamaer BBICOKMMM (U3UKO-
XUMHUYECKMMH U (QYHKUMOHAJBbHBIMM  CBOWCTBAMH M  COOTBETCTBYET TpeOOBAHHUSAM,
NPEIbABISIEMBIM K YKa3aHHOMY Maciy.

Crenyer Takke OTMETHTb, UTO MPOLECC MOTYYSHHSI a30TCOACPIKAIINX CYIb()OHATOB SBIISIET-
Cs MaJIOOTXOJHBIM, MCKIIIOYAIOIIUM OOpa3oBaHHE KHUCIOrO TYApOHa, B TO BpeMs Kak IpH
IPOM3BOJICTBE CYJb(OHATHBIX NMPHCATOK BBIXO/ YKa3aHHOTO OTX0/1a 3HAUUTENEH.

Takum 00pa3om, MOKa3aHa BO3MOXKHOCTH IOJIydeHHs 3(PPEKTHUBHBIX MAaCIOPACTBOPUMBIX
CylIb(OHATHBIX MPUCATOK HAa OCHOBE aMMHOMETWJIMPOBAHHOrO nojeuniadenona. IlomydeHHsle
OCHOBHas M CpEIHEIIeI0YHass MOAU(UIUPOBAaHHBIE CYIb(QOHATHI B KaueCTBE MHOTO(YHK-
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LMOHAJIBHBIX ~ NPHUCAJOK  3HAYUTEIBHO  YJIYy4yIlIaloT  MOIOLIME,  JAUCIEPTUPYIOLIUE,
IIPOTUBOKOPPO3UOHHBIE, IPOTUBOM3HOCHBIE CBOWCTBA M CTA0MJIBHOCTh NPOTUB OKHUCICHUS
CMa30YHbIX Maced, a TakKe XapaKTepU3yIOTCS BBICOKOM CTaOMIBHOCTBIO KOJUIOMIHOM
JCTIEPCUU K JACUCTBUIO BOABI. BricOKas 3(eKTUBHOCTH pa3pabOTaHHBIX MPUCATAOK MO3BOJSET
UX HCIIOJIb30BaTh B COCTaBE COBPEMEHHBIX MOTOPHBIX Macel B MEHBIIMX KOHIICHTpAIUSIX IO
CPaBHEHMIO C TOBapHBIMU npucaakamu (Ha 20-25%) u noctuub 3K0HOMUYecKkoro 3 dexTa.
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XULASO
SURTKU YAGLARINA MODIFiKASiYA EDILMIS SULFONAT ASQARLARI
Giilaliyev 1.C., Valiyeva S.M., Osgarova X.O., Sadirzads 1.0

Acar sozlar: dodesilfenol, sulfonatlar, aminometillagma, ¢coxfunksiyali tasir, siirtkii yaglart.

Aminometillogsmis dodesilfenol asasinda yagda hall olan asas1 vo orta golovili kalsium sulfonatlar
sintez edilorak todqiq olunmusdur. Alinmis modifikasiya edilmis sulfonatlar ¢oxfunksiyali agqarlar kimi
yaglarin yuyucu, dispersiyaedici, korroziyaya, yeyilmoays va oksidlogsmaya qarsi xassolorini ohamiyyatli
doracacada yiiksaldir vo tesir effektino gbra xarici analoq olan Xaytek 6060M asqarindan istiindiir.
Alinmig orta qgolavili sulfonatin istiraki ilo keyfiyyat gostaricilorine gora biitiin toloblora cavab veran
M-10T"; tacriibi motor yagi islonib hazirlanmigdir.

SUMMARY
MODIFIED SULFONATE ADDITIVES FOR LUBRICATING OILS
Gulaliyev 1.J., Veliyeva S.M., Asgarova Kh. A., Sadirzadeh |.A.

Key words: dodecylphenol, sulfonates, aminomethylation, multifunctionality of action, lubricating
oils.

On the basis of aminomethylated dodecylphenol base and medium alkaline calcium sulfonates have
been synthesized and studied. Being additives of multifunctional action, developed modified sulfonates
vastly improve detergent, dispersant, anticorrosive, anti-wear properties and stability against oxidation of
lubricating oil and are superior in their efficiency to a foreign analogue — Hightech-6060M additive.
Using derived medium alkaline sulfonate, test motor oil M-10G, has been developed which in terms of
quality meets the requirements.

Daxilolma tarixi: [lkin variant 05.06.2018
Son variant 17.12.2018
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BBenenne. BcemupHoe yxecToueHHe TpeOOBaHUM, MPEIBSIBIAEMBIX K KadeCTBY
JIM3EJIbHBIX TOIUINB, MPUBOJIUT K pa3paboTKe ¢ SKOHOMHUYECKON U SKOJOTMYECKON TOUKHU 3pEHUs
0osee BHITOAHBIX TeXHOJOTUH. C LIENbI0 yay4lIeHHs] KauecTBa JAU3EJIbHOTO TOIUIMBA TpeOyeTcs
yIaJeHUE W3 €ro COCTaBa HEXKEJATEIbHBIX CEPHHUCTBIX U IOJHMLUKINYECKUX apOMaTHYECKHX
YII€BOAOPOAOB, @ TAKKE CMOJIUCTBIX COCAUHCHUMN.

Cpenu cCymiecTBYOIUX CHOCOOOB YAaleHHsl YKa3aHHBIX KOMIIOHEHTOB HauOoIbliee
pacrnpocTpaHeHHe HallIM MAPOreHU3aluOHHbIe TeXHOJIOoruu. OHAKO, IPOBEIECHUE Ipolecca
IpHU KECTKUX YCIOBUAX CHUXKAET 3(PPEKTUBHOCTD €ro MPUMEHEHUS.

B cBI3M ¢ orpaHMueHHBIMH BO3MOXKHOCTSIMM THAPOTE€HU3ALMOHHBIX  IPOLIECCOB
HNEPCHEKTUBHO MCIOJIb30BAHUE KOMOMHMPOBAHHOTO METO/A TUAPOOYUCTKH U IKUIAKOCTHOM
OKCTPAKIMH, TaK KaK [PUMEHEHUE CEJEKTUBHBIX JKCTPAar€HTOB IO3BOJIAET  YJAJSTh
TPYAHOYAAJISIEMBbIE TPU THAPOOYHCTKE CEPHUCTBIE, MOJULUKINYECKHME apOMAaTHYECKUE U
a30TUCThIC coenuHenus [1-3].

HecMmoTpst Ha mpuMeHeHHe B Ipolieccax 3KCTPaKIUM IIUPOKOro Habopa pacTBOpHUTENEH,
cpeau HUX OOJBIION HHTEpeC MPEeACTaBIAOT 3(PQPEKTUBHbIE U SKOJIOTMUECKU NpUEMIIEMbIE
pacTBOPUTENN - HMOHHBIE >KMJIKOCTH, KOTOpBIE HEJIETYyYd, HEBOCIUIAMEHSEMBI, TEPMHUYECKU
CTaOWUJIbHBI, MMEIOT BBICOKYIO D3JIEKTPONPOBOJHOCTh, HETOKCHUYHBI, CIOCOOHBI PacCTBOPSTH
OpraHUYeCcKHe/HeOPraHUUeCKUe COSAMHEHHS U T.1. [4-6].

JKCIepUMEHTAJIbHAsA 4acThb. B KauecTBe ChIpbS B IPOBOAMMBIX HCCIIETOBAHUSIX
UCMOJB30BAIM TUApoouniieHHoe ausensHoe TomauBo (I'JIT), BbipabGareiBaeMoe HedTenepe-
pabarbiBaroMM 3aBoAoM MMeHHU [.AnueBa. ['mapoouncTka OCyIIECTBIEHA MpPU TEMIEpaType
340°C, naBnenun 4 Mlla, ckopoctn mnojmauum celpps 1 g, pacxone Bogoponaa 350 n/m c
UCTob30BaHueM B KauecTBe Karanmsaropa AGKD-400BH. [lomyueHHOE THAPOOUYHIIEHHOE
JI3EJIbHOE TOIUIMBO XapaKTePU30BaIOCh HIDKECIEAYIOIMM (PpaKIIMOHHBIM COCTaBOM M (PU3UKO-
XUMHUYECKHMH MOKa3zaTeasimu (tadu. 1).

OmnbiThl 10 cenekTuBHOM ounctke I'J[T mpoBoaumucs B Tpéxropioil kosabde, cHaOkEHHON
MEXaHUYECKOM MelalKkold, OOpaTHBIM XOJOJWJIBHUKOM M TEPMOMETPOM NP HHTEHCHBHOM
NEPEMELINBAaHUN KOMIIOHEHTOB. [lo OKOHUaHMM IepeMElIMBaHUs MPOBOJWIM OTCTaMBaHUE
IOJy4eHHOM CMeCH, B pe3ysbTaTe 4ero MPOMCXOJIWIO PacCIOE€HUE OUUILEHHOro paduHara oT
HKCTPAKTHOTO PACTBOPA, COCTOSILErO0 M3 MOHHOM JKUIKOCTH M yJan€HHbIX u3 cocraBa ['/IT
apOMaTHYECKHUX U CEPHUCTBIX COSAMHEHUM, a TAK)KEe CMOJIO00Pa3HBIX MPOTYKTOB.

32


mailto:minaver-ibrahimova@rambler.ru

Ceuoosa C.A., Hopacumosa M. [xc., Benuesa @.M., Anuesa C.I.

Tabnuua 1.
Duzuro-xumuueckue noxazamenu I J[T
ITokazarenun 3HaveHHUS
®pakunoHHbIHM cocTas, °C
H.K. 185
5% 207
10% 220
20% 237
30% 254
40% 265
50% 275
60% 288
70% 301
80% 317
90% 336
96% 362
K.K 364
[InotHOCTS, IpH 20, KT/M° 845,7
INokasaress npenomiuenns, N2 1,4698
ConepxaHre apoMaTHYECKUX YTIIEBOIOPOIOB, % Macc 16
Conepxanue cepsl, % macc 0,0311
Temnepatypa 3acteiBanus, °C munyc 31,8
TemnepaTypa BCTIBIIIKY B 3aKPBITOM THTIIE, °C 75,8
Knnemarnueckast BI3KOCTh MMZ/C, mipu 20°C 3,40
IleranoBoe 4mcCIIO 47

[Tporecc aKCTpakIuy OBLT MCCIIE0BAaH MPU Pa3IMYHBIX TEMIEPATypax, COOTHOUICHUSX U
BPEMEHH KOHTaKTa KOMIIOHEHTOB. B kadecTBe dKCTpareHTa MCIOIb30BaHA MOHHAS JKUJIKOCTh Ha
ocHOBe ykcycHoM kucioTsl U N- mermnnupponunona (MK-1), mypaBbunoil kuciorsl U N-
metumupponuaona (MXK-2), a Taxke MypaBbHHOM KUCIOTHI U MopdomuHa (MK-3) (Tabm. 2).

Kak BUIHO W3 TPUBEACHHBIX B TaOJUIlE JAHHBIX, ITOJHAS JCapOMATH3AIs ChIPbS
HaOI0TaeTCs B CIIy4ae HCIIOJIb30BAHUS B Ka4eCTBE SKCTPAreHTa MOHHOM >KMJIKOCTH Ha OCHOBE
yKcycHOU kucnoTel 1 N-metunmupponunona. [Ipu ocymiecTBieHHH poiiecca Ipy TeMIepaType
20-25 °C u BpeMeHH KOHTaKTa KOMIIOHEHTOB | yac cojaepikaHue cepbl B OYUIIEHHOM paduHaTe
coctasiseT 0,0130 %macc, nieraHoBoe 4uciao 52.

PesyabTaTsl U ux obcysxkaenue. [TocTpoeHne MaTeMaTH4ecKOl MOJENN U ONTUMH3AIUN
npoiiecca ObLJIO TPOBEACHO HA OCHOBE 00Pa0OTKM IKCIIEPUMEHTAIBHBIX JAaHHBIX, COCTOSIINX U3
CJICAYIOIIMX 3TAIOB:

® YCTAaHOBJICHHE JIMHEHHON 3aBUCHMOCTH MEXIYy (haKTOpamH, BIHSIOIIMMHI Ha TPOIECC B
BUJIC YPABHEHUS PETPECCUU U BBISIBIICHUE OCHOBHBIX BXOISIINX (PAKTOPOB;

® HaXOKJICHHE KOPPETSAIIMOHHON 3aBUCUMOCTH MKy BXOISAIIUMHU (HaKTOpaMH;

® OI[EHKA 3HAYMMOCTHU KOI(PPHUIIMEHTOB MOTy4YEeHHOW MOIETIN;

® aHAJIN3 YYBCTBUTEIBHOCTH MOJIENIM HA BO3MYIIICHHE;

® pa3paboTKa HETMHEHHOW MAaTEeMaTHUECKOW MOJICIIH U PEIICHUE 3a]Ia4i ONITUMH3AINU. [7]
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Onmumu3sayus npoyecca UOHHO-HCUOKOCMHOU IKCMPAKYUOHHOU OUUCTNKU OU3ENbHOU Qparyuu

Tabnuua 2.
3asucumocms 8vixooa u noxazameneti 1 J]T om ycnosuii ceneKmusHol O4UCMKU.
; =
g < £ S ) - g
s | B2 |5 | E |2 elezzSl E o< |fa¥] BnY | Be |3
:':S o .. Q"g') g ﬁHomgoggno = = C”E = = r'7:“0
S 3 E 2 2sg|Ez8: 2ES |85 | £ S . | E5
=g 55X | E S |RE=|EE2g 582 |28 5 © 52 |88
5 o~ () 5 S SE5Eg9s 28 = = & 2o |TE
< O © = o
El O = =Y s = S 8 = z = S
S M o 8 o B _E_ = %
o K ] =
< o~ a Q. A
=
11 60 3 88,80 6 0,0125 838 1,4659 5,35 49
2:1 60 3 81,34 4 0,0141 - 1,4634 5,53 -
‘; 31 60 3 73,20 4 0,0153 829 1,46154 58 52
~ 11 22-25 3 89,00 7 0,0146 836 1,46390 5,237 50
2:1 22-25 3 82,00 3 0,0135 832 1,46330 5,404 51
2:1 22-25 1 80,50 0 0,0130 831 1,46160 5,400 52
2:1 22-25 | 0,5 79,60 0 0,0151 832 1,46150 5,340 51
o
% 2:1 20-25 1 83,00 6 0,0114 832 1,4618 5,510 51
=
N
% 2:1 20-25 1 92,50 12 0,0161 833 1,4663 5,470 51
=

[lepBbIii STanm B yKa3aHHOM CTaTHCTHYECKOM aHAlW3€ Kacalcsi B BBISBICHUU Tak
Ha3bIBAEMOW KOPPESALUU, KOTOpas XapaKTepu3yeT CHIIy B3aMMOCBSI3U B JIaHHBIX. bbuia
BBISIBJIEHA BEPOSATHAS CBA3b OJHOM M3MEPEHHOM BEJMYUHBI Xj C IPYrOH Xj, I1€ X1 - COOTHOLIEHHUE
WX : TAT; X, — temneparypa 0C; X3 — BpeMsl KOHTaKTa KOMIIOHEHTOB, 4ac; Y1 — BBIXOJ
padbunara %; VY- comepkaHue apoMaTHYECKHUX YIJIEBOJIOPOIOB, % Macc, Y3 — coaepikaHue
cepsl, % macc; Y - d fO,KF/Mg; Vs - nfjo; V6 - KMHETHYECKasl BA3KOCTD, MMZ/C; V7 — 1etaHoBoe

yucino (tabnuna 3).
Pacuer ko3¢ punreHToB mapHO KOPPEIAUHN IPOU3BOAUIICS corylacHo popmyre 1:

nixiyi _anxizn:yi
r= i=1 i=1 i=1
[N %7 -Cox) 12 yr - (2 yi)°] 1)

JluHelHbI KOA(P(GUIMEHT KOPPENALUN I XapaKTepU3yeT CTENeHb TECHOThI TOJIbKO
nuHeiHOo# 3aBucuMocTd. KoadduimenT Koppessiiuy NpruHUMaeT 3HaYeHusl Ha oTpeske [-1; 1],
T.e. -1 <r<1. B 3aBUCHMOCTH OT TOTO, HACKOJIBKO || mpuOImxKaeTcs K « 1» paznuyaroT criadyro
(0...0,3); ymepennyto (0,3...0,5); 3amernyto (0,5...0,7); nocrarouno tecuyto (0,7...0,9); Becbma
tecHyto (0,9...0,99) cBs3p, T.e. yem Ommxe |r| k 1, Tem cuimbHee cBs3b. Pe3ynbraThl pacdera
MOKa3ajM, 4To HalJeHHble KO3 UIMEeHTH Koppensauuu Haxoasrcs B npeaenax ot 0,3-0,8 mo
mkane Yenaoka, rjae TeCHOTa cBsi3u ciabas. Hanbonee cunpHast CBsI3b MEXy BTOPOM U TpeTbeit
BXOJIHOU ITEPEMEHHON Mpolecca.
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Jlist pemeHus 3aga4d MHOTOLICJICBOM ONTUMU3AlMK Oblia pa3paboTaHa HETWHEHHAas
CTaTUCTUYECKass MOJENb Ipolecca, KOTOpass MO3BOJMIA ONPEACIIUTh ONTUMAJIbHBIE YCIOBUS
nponecca, Mnpu KOTOPOM BBIXOJHBIC ITapaMETpbl B 3aBUCUMOCTH OT IOCTAHOBKH 3aJdadu
[IPUHUMAIOT SKCTPEMAJIbHBIC 3HAUCHUS.

Tabnuua 3.
DKcnepumenmanbhbvle 3HaA4eHUs 8XOOHbIX U BbIXOOHLIX NAPAMempos npoyecca

X1 X, X3 Y, Y, Ys Y, Ys Ys Y-
1 60 3 88,8 6 0,013 838 1,4659 5,35 49
2 60 3 81,34 4 0,014 - 1,4634 5,53 -

3 60 3 73,2 4 0,015 829 1,4615 5,8 52
1 22 3 89 7 0,015 836 1,4639 5,237 50
2 23 3 82 3 0,014 832 1,4633 5,404 51
2 24 1 80,5 0 0,013 831 1,4616 54 52
2 25 0,5 79,6 0 0,015 832 1,4615 5,34 51
2 20 1 83 6 0,011 832 1,4618 5,51 51
2 20 1 92,5 12 0,016 833 1,4663 5,47 51

CoBpeMeHHbIE KOMIBIOTEPHBIE CPEICTBA IPEACTABIAIOT  OOJIBIIYI0 BO3MOXKHOCTb
00paboTku HHPOPMALIMU U BEIOOpA BHIa YPABHEHUS PErPECCUN IKCTIEPUMEHTAIBHBIM METOIOM.

VYuuThIBas, 4TO KOJUYECTBO ONBITOB M = 9 U (pakTopoB n = 3, BBIXOJHYIO (DYHKIHUIO
MO’KHO MPEACTaBUTH B BUJIE€ IMHEWHOTO MOJIMHOMA (2):

3
Y=a,+) a; XX j=17 )
i=1
Koadduuments! aj onpeaernsiu no popmyne 3:

ai - i:ln
> x:
i=1

riae Xjj - HOPMUPOBAHHOE 3HaYEHUE 1-T0 (PaKTOpa B MIIAHOBOM MaTpHUIIE.
Jlns  monydeHHsl OLIEHOK ax  KO3(pUIUEHTOB pErpecCMOHHON Mojenu, Oblia
MUHHMH3MPOBAHA CyMMa KBaJIpaToB OMUOOK perpeccu (4):

Z(yi —a, —a,X, —a,X, —...—3,X;)° —> min (4)

(3)

Pemienne 3agaun cBOgUTCS K PCHICHUIO CUCTCMBI JIMHEMHBIX ypaBHCHI/Iﬁ OTHOCHUTCIIBHO ag.

O kadecTBe MOJIYUCHHOTO YpaBHCHHUA PETPCCCUU MOXKHO CYAUTHL, UCCIICAOBAB ! y' -y' -
OLICHKY CITy4allHBIX OIIMOOK ombITa. OIeHKa AUCTIEPCUU TTPOBOAMTCS 1Mo Gopmyie (5):

g2 — Z(Yi _Y)2 5

T ©)

Bennuuna S Ha3bIBaeTcs CTaHIAAPTHOM OIIMOKON perpeccud. Uem MeHbIIE BeTUYMHA S,

TEM JIy4llle YPaBHEHHUE PETPECCUM OINMCHIBAET HE3AaBUCUMYIO TlepeMeHHyo Y. [[ns onpenenenus
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Onmumuzayus npoyecca UOHHO-HCUOKOCMHOU IKCMPAKYUOHHOU OYUCKU OU3ETbHOU paKyuu

k03 PUIIMEHTOB ypaBHEHUs Obula HCHosib3oBaHa mporpamma  S-plus 2000 professional,
paspaboranHas komnanueir Mathworks jisi aBTOMaTU3MpOBaHHOM MaTeMaTHUECKOW 00pabOTKH
HKCIEPU-MEHTAIILHO MOJyYEHHBIX JTAaHHBIX, T.€. JUI1 CTATHCTUYECKOTO aHallu3a JaHHBIX, pacdyera
K03 PHUIIMEHTOB perpeccuu U KO3IPPHUIMEHTOB MapHOH KOPPEISAIMH JUIsl YKa3aHHBIX BBEIOOPOK
[8,9]. B tabmune 4 mpencTaBiIeHbl SKCIIEPUMEHTAIbHBIE M PACUETHBIC 3HAYEHUS BBIXOIHBIX
napaMeTpoB U OLIKOKA OIIBITA:

Tabnuua 4.
CpasHenue 3KCnepuMeHmMalbHbIX U PACYEIMHbIX 3HAYEHUL 6bIXOOHBIX NAPAMEMPOs

Yi | Yin [ Y2| Yo Y3 Yan | Ya | Yan Ys Ysh Yo | Yen | Y7 | Y
88,8 190,18 | 6 |5,818 |0,013 | 0,014 |838 [830,5 |1,4659 |1,4623 |5,35 |5,349 | 49 (489
81,34182,71 | 4 |3,837 (0,014 | 0,016 - - 1,4634 | 1,4599 |5,53 |5529 | - -
73,2 | 73,56 | 4 |3,857 0,015 | 0,017 |829 |8295 |1,4615 |1,4581 | 58 |5,799 | 52 |51,9
89 189,44 | 7 ]6,869 |0,015 |0,0151 |836 |835,7 |1,4639 |1,4604 |5,237 |5,237 | 50 |49,9
82 182,49 | 3 |2,886 {0,014 |0,0141 |832 (831,29 | 1,4633 | 1,4599 |5,404 |5,404 | 51 (50,9
80,5 (81,29 | 0 |0,052 {0,013 |0,0133 |831 (828,01 | 1,4616 | 1,458 54 54 |52 |51,9
79,6 180,18 | 0 | 0,01 |0,015 |0,0154 |832 |838,23 |1,4615 | 1,4578 |5,34 | 5,34 | 51 |50,9
83 1839 |6 |5635 (0,011 |0,0101 |832 (830,19 | 1,4618 | 1,4594 |551 |5514 | 51 (50,9
9251939 |12 |11,63 |0,016 |0,0101 |833 |831,04 | 1,4663 | 1,4594 | 547 |5,514 | 51 |50,9

Onenka 3HauuMOCTH KO3(uLMEHTOB perpeccuu Oblla HOATBEpPXKIEHA 3HAYUMBIM
KOO PHUIIMEHTOM MHOXECTBEHHOW Koppessiuuu, kputepueM CThIOJCHTa, a TakKe OIIMOKOMN
anmnpoOKCUMAlMH ONIbITa, KOTOPBIN uMeeT BUJ (6):

_ _|a]

RN ©

SZ
rae ~b — ommoOKa OmbITa.

Kputnueckue 3naueHus: K03 PHUIIMEHTOB:
b’ =0.457  bl®=0523 b;™ =0.640

Koadduuments!, MeHbIme nmo aOCOMOTHON BEIMYMHE COOTBETCTBYIOUIMX KPUTHYECKUM
3HAYEHUSAM SIBJISIFOTCS HE3HAYUTENIbHBIMU 10 YpoBHIO 3HadeHus 0,05, T.e. HET OCHOBaHMS
CUHTATh 3TH KOAPPHUIMEHTH! OTAMYHBIMU OT 0.

Y1 =0.0012%X;+5.14*X5+0.00012*X3+0.077* X1 *Xp+0.717*X5*X3-3.69* X1*X3-0.34*X1"2-
0.089*X"2-2.0236* X352

Y2 =0.00012*X1+0.14*X,+0.00032*X3+0.0775* X1 *X+0.577*X,*X3-3.21* X1*X3-
+1.01*X172-0.0241*X,"2-1.74*X3"2

Y3=-0.00576*X;+0.001176*X,+0.00012*X3+0.0000779*X1*X>-0.00026*X,* X3+
0.00109*X1*X3-0.0002*X1"2-0.000006*X,"2+0.001118* X352

Y4 =381.1%X1+14.9*X,+0.00012*X3+0.05* X1 *Xo+11.45*X,* X3-156.337* X1 2+19.9* X, 2-
0.6000017*X3"2

Y5 =1.47+0.00012*X1-0.0007*X>+0.0001*X3-0.000062*X;*X,-0.000046*X,* X5 +0.0000741*

X1*X3+0.00032*X1"2+0.0000116*X,"2+0.000398* X532
Y =6.22+0.000125*X;-0.06068*X,+0.0001*X3-0.00024*X1*X,+0.002984* X,* X3 +0.019765*

X2*X3+0.045%X172+0.00067*X,"2-0.02988* X532
Y7 =0.00012*X;+3.03947*X,+0.00015*X3+0.0621*X;*X5+0.305625* X,*X3 -0.74258*

X1*X3+0.0001*X"2-0.04933*X,"2-1.36718* X352
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Ceuoosa C.A., Hopacumosa M./[c., Berueea @.M., Anuesa C.I.

Jlist petieHus 3a1aun ONTUMU3aNuK OblUTa MpuMeHeHa nporpamma Matlab-6, comepxkamas
COBPEMEHHBIE AJITOPUTMBI PEIICHU 33J]a4u JIMHEHHOro mporpaMmmupoBanus [10] .
B kauecTBe KpuTEpHs ONTUMU3AIMH ObLT B3ST MaKCUMYM (QyHKIIHoHaa (7)
Fextr = f(X1, X2, X3) (7)
MIPU CJIEIYIONINX OTPAHUYCHUSX Ha MOKa3aTelu mpolecca:
1<X31<3; 20< X2 60; 0.5 < X3<3;

KOHTZKTS,
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COOTHOLLEHKE MPHTOT

Temnepatypa, 0C
Puc. 1. Onmumuszupyemas nOGEPXHOCHb NPOYECCd IKCMPAKYUOHHOU OUUCTKU OU3EAbHOU (DpaKyuu.

Pemenune 3ajaun onTUMU3anMK TOKa3aino, 4To HawmOoubmuil BeIxon padunaara (Yimax =
86,67 % Macc) ¢ J0CTaTOYHO BBICOKMM ITOKa3aTesieM JeapoMaTH3aluu (0CTaTOYHOE COJEPIKaHHE
apOMaTUYECKUX YIIIEBOMOPOJOB Yomin = 1,0 % macc) u necynbdupoBanus ( OCTaTOYHOE
cozepxanue cepsbl Yszmin = 0,0150% Macc) MOXeT ObITh JOCTUTHYTO MPHU 0paBHHx COOTHOIIEHUIX
MOHHOM XUAKOCTU U ChIphsi (X3 =1:1 BecoBbIX), Temmepatrypsl X = 25 C u BpeMeHU KOHTaKTa
X3 = luac.

BeiBoa. OcyiiecTBiIeHHEM TMpollecca CEISKTUBHON OYUCTKM HCCIEIyeMOro COCTaBa
JIU3EJIBHOTO JAUCTHILISATA B BBIIIE MPOBOJAMMBIX YCJIOBHSIX YCTAHOBIIEHO CXOJICTBO PE3YJIHTATOB
MPAKTUYECKUX MCCIEAOBAHUN C JaHHBIMH, MTOJTYYEHHBIMH MaTeMaTHYECKIUM MOJECIMPOBAHUEM.
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XULASO
DIZEL FRAKSIYASININ ION MAYE EKSTRASIYA USULU iL® TOMIZLONMO
PROSESININ OPTIMALLASDIRILMASI
Seyidova S.0., Ibrahimova M.C., Valiyeva F.M., Oliyeva S.Q.

Acar sozlar: dizel yanacagi, ekstraksiya iisulu, ion mayesi, riyazi modellagsma,rafinat

Dizel distillatinin segici holledici kimi garisqa tursusu vo ya sirko tursusu osasinda sintez edilmis
ion-maye torkiblordon istifado etmoklo ekstraksiya tisulu ilo tomizlonmo prosesi tadqiq olunmusdur.
Alman dizel yanacagmin ¢iximi vo keyfiyyat gostoricilorine miixtolif amillorin (ion maye torkibin
tosirinin, temperaturun, komponentlarin nisbati vo kontakt miiddotinin) tosiri todqiq olunmus, sirko
tursusu vo N-metilpirrolidon asasinda alinmis ion maye torkibin yiiksok selektivliya vo segiciliyo malik
oldugu miioyyon edilmisdir. Alinmis naticolor statistik metodla iglonmis vo prosesin optimal rejimi
miisyyanlosdirilmigdir.

SUMMARY
OPTIMIZATION OF PURIFICATION PROCESS OF DIESEL FRACTION BY IONIC-
LIQUID EXTRACTION METHOD
Seyidova S.A., Ibrahimova M.J., Veliyeva F.M., Aliyeva S.G.

Key words: diesel fuel, extraction purification, ionic liquid, mathematical modeling, raffinate

The process of extraction purification of diesel fuel using ionic liquids based on formic and acetic
acids as a selective solvent was investigated. The influence of various factors (the nature of the ionic
liquid, temperature, the ratio and time of contact of the components) on the yield and degree of
purification of diesel fuel has been studied. The selectivity of an ionic liquid based on acetic acid and N-
methylpyrrolidone are shown. Using the method of statistical processing of the obtained data, the problem
of process optimization was solved.

Daxilolma tarixi: [lkin variant 03.10.2018
Son variant 17.12.2018
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SKCHHEPUMEHTAJIBHOE HCCIEJOBAHHUE NPOLECCA
PA3JIOKEHUS TPUPOJHBIX ®OCPATOB CEPHOM KUCJIOTOM
C IPUMEHEHUEM UHTEHCUOUINPYIOIIIUX JOBABOK

1CAMEI[OB MYXTAP MAME/ oray
ACAHOBA TAMAPA IIAMXAJI roi3si

Cymeaumckuil 2ocyoapcmeennblil yrusepcumem, 1-npogeccop, 2-0okmopanm

Knrwouesvie cnosa: npupoousie @ocghamol,  cepHOKUCIOMHOe — paziodiceHue,  000asKU,
unmencupurayus, cynepgocgam

M3BeCcTHO, YTO TpU PaA3IOKEHUH NPUPOAHBIX (PochaToB KadblMsi MHUHEPAITbHBIMU
KHACIOTaMu oOpa3yrorcss (ocopHas KHCIOTa W COOTBETCTBYIOIIME COJHM Kaubius. llpm
UCIIOJIb30BAaHUU KHUCIIOT, COJU KajlbliMs, KOTOPbIE XOPOILO PAacTBOPUMBI (HampHUMep, a30THOH
WIA COJITHOW KHCJIOTE), MOCIeayromas mnepepadoTKka MOMYyYeHHBIX PAacTBOPOB B yIOOpEHUS
JIOJDKHA COIIPOBOXKIAThCS BBIIEJICHUEM WIIM CBA3BIBAHMEM YaCTH KaJIbLUs 7S IPEIOTBPALICHUS
XUMHYECKHX MPEBPAICHHI, BBI3BIBAIONINX 00pa30BaHNE HEYCBOSEMBIX MM TPYAHOYCBOSEMBIX
pacteHusIMH (ocaTHBIX COeMHEHUH. B oTaMune oT 3TOro npu CEpHOKUCIOTHOM Pa3IOKEHUN
¢dochaToB BBHIAETSAIOMMNCS MaTOPACTBOPUMBINA Cylb(haT KaldblHs MEPEXOJUT B TBEpAYIO (a3y,
OH MOYKET MPHUCYTCTBOBATh B YOOPCHUH UIT MOXET OBITh OT/ICNIeH OT pactBopa [1-3].

C uenpl0 MHTEHCHM(UKALKMK TIpoliecca pa3jiokeHUs MNpUpoaHoro ¢docdara cepHOM
KHCJIOTOH B KauecTBe q00aBKu ucmosb3oBanu 40%-ubiit pactBop (NHy),HPO,,

Y cTaHOBIIEHO, YTO MPOLECC pa3oKeHusl (GTopanaTUTa CEpHON KUCIOTOM, B MPUCYTCTBUHU
no6aBku — ruapodocdaTa aMMOHHS, TaKKe Kak M 0e3 J100aBKH, NMPOTEKAaeT B JIBE cTaauu. B
Havaje (TopamaTUT W CcepHas KHCIOTAa PearupyroT 10 oOpasoBaHus cBOOOAHOU (ochopHOit
KUCJIOTHI U CyJb(aTa KaabIHsL:

2C85F(PO4)3+1OH2804+(N H4)2HPO4 + 5H,0 — 10C&SO4'0,5H20+2N H4H>,PO4+5H3PO4+2HF

ITocne moIHOTrO MCIONIB30BaHMS CEPHOM KUCIOTHI BblAEIMBIIAsCS (ocdopHas KuciaoTa
pearupymoT ¢ ocTaBIIMMCs (pTOpanaTUTOM, 00pa3ys KajlbLui AUruapo-pocdar:

C&5(PO4)3 F+ 7H3PO4 + 5H,0 — SCa(H2PO4)2'H20 + HF

OOpazoBaBmmiics Kainbluil auruapodocdar BHavale HAaXOOUTCS B pacTBOpe, IpHU
HEPECHIIIEHNH KOTOPOro HadyMHaeT KpucTauiuizoBaTbead. KoaduuueHTsl B ypaBHEHHSAX
MOKA3bIBAIOT, YTO IMPH CTEXMOMETPUUECKHUX COOTHOIIEHMSX KOMIIOHEHTOB B IEpPBOM cTaauu
pearupyer 70%, a Bo BTOpoit — 30% ¢Topanatura. [TosToMy cymmapHOe ypaBHEHHE peakIMu
MO’KHO MPEACTABUTH B CIEAYIOLIEM BHUJE:

2C&5F(PO4)3 + 8H,S0, + 2(NH4)2HPO4 + 2H,0 —
— ZCa(H2P04)2'H20 + 4NH4H,PO, + 8CaSO, + 2HF

CocTaB MOJy4EHHOTr0 NMPOJYKTa M CTENEHU Pa3JIOKEHUs allaTUTOBOIO KOHIIEHTpara CEpHOMU
KHUCJIOTOH B 3aBUCMMOCTH OT KOJIMYeCTBa 100aBKU rusipodocdara aMMOHMsI TIpeJICTaBlIEHbI B Ta0M. 1.

Kak BumHO u3 Tab6n.l. ¢ mpuMeHeHHeM WHTeHCUUIMpYoLeH no6aBku ruapodocdara
aMMOHHUSI CTENEHb pasjoxkeHus ¢ropamnaruta B cynepdocdare 12-TH CyTOUHOTO A03pEBaHUs
YBEIIMYMUBACTCS, IPUYEM C yBelndeHueM J100aBku 10 18% OT Macchl cepHOM KUCIOTHI CTENEHb
paszioxeHus nocturaet 96,04%. YBenuueHue CTENEHU Pa3JIoKeHUs] OOBACHSAETCS TeM, YTO MpHU
ucnonb3oBanuu nobasku (NHg), HPO4 B cuctemy BBOIATCS OTOJIHUTEIBHBIC HOHBI HPO4Z,
KOTOpBI€ AKTHUBU3UPYIOT BOJOPOJHBIE HMOHBI M 3TH HOHBI B CBOI O4Yepedb OKa3bIBalOT
MOJIOKHUTETBHOE BIUSHIE Ha OoJiee IIyO00oKoe pa3yioskeHHe aaTUTOBOIO KOHILIEHTpaTa.

VYBenuuenue konudecTBa n00aBKku Ha 22% u Oosiee, SIBISETCS HELEIECOOOpa3HbIM, T.K.
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DKcnepumenmanbHoe UcCie008aHue npoyecca pasiloHceHus NPUPooHsIX hocghamoes cepHol
KUCTIOMOU ¢ NPpUMeHeHUueM UHmMeHCUpuyupyrowux 006agox

IPH 3TOM TIOCTENEHHO CHUYKACTCS CTENeHb pa3ioxkeHus ¢ropanatuta B cynepdocdare. I1o
OOBSCHSIETCS TEM, YTO YPE3MEPHOE YBEIMYCHHE KOJIMYECTBAa JOOABKH CIIOCOOCTBYET
o0Opa3oBaHUIO 0oJiee MENKUX KPUCTALIOB Cyiab(haTa KaabIUs W OTH KPUCTAIIIBI, OCaKIas Ha
MOBEPXHOCTh YACTHUIIBI alaTUTa, CO3JAI0T MPEMATCTBUE I TIyOoKor muddy3uu KHCIOTHI K
3€pHaM araTura.

Tabnuuya 1.

Cocmas cynepgocpama u cmenenu paznodxicenus pmopanamuma 6 3a8UCUMOCHIU OM
Konuuecmsea 0obasku 40%-nozo pacmeopa cudpogdhocchama ammonus

Konuuectro C
106aBKH 40%-HOTo ocraB cynepdocdara nocie 1%-TI/I CYTOYHOTO JIO3PCBAHUS,
pacTBopa (macc. %) Crenenb
(NH,), HPO, pa3n00>1<eHH5{,
%, ot maccel H,SO, &
P20506HL PZOS.‘/CBA PZOSBOHH. PZO cBOO. N HZO
0 21,32 19,59 18,66 7,23 orc. | 9,89 91,88
5 21,24 19,96 19,08 6,82 0,69 |8,92 93,97
8 21,19 20,11 18,749 6,64 0,97 | 8,47 94,90
12 21,12 20,24 18,68 6,39 1,38 | 7,86 95,83
15 21,08 20,46 18,59 6,17 1,95 | 7,53 97,06
18 20,98 20,15 18,54 5,96 2,36 | 7,18 96,04
22 20,76 19,50 18,36 6,71 2,71 | 6,95 93,93
26 20,53 19,08 18,12 6,93 2,98 | 6,72 92,94

AHanu3 JaHHBIX TaOJ.l. MOKa3bIBaeT, YTO KOJMYECTBO 100aBKU B mHTEepBaie 12-18% ot
Macchl CEpHOM KHUCIIOTHI sIBJIss€TCSl Hambosee 1esnecooOpa3HbIM, T.K. IPU 3TOM JIOCTUrAeTCs
Oosiee BBICOKAs CTENEHb pPa3jOkKEHUs M CyMmMMa IHUTaTENbHBIX BELIECTB cocTaBisier 21,62-
22,51%.

W3BecTHO, 4TO TpW monydeHHu cynepdochara 0OBIYHBIM CIIOCOOOM KOJIHYECTBO CEPHOM
KHCJIOTHl YBEJIMUYUBAIOT IO CPABHEHUIO C CTEXMOMETPUUYECKMMU HOpPMaMH HEOOXOIUMBIMH JUIS
CBSI3BIBAHMS TPHUMECEH coJiepkalierocsi B MNPUPOAHOM (docdaTe KanblMsl, COIJIACHO
CYyMMapHOMY ypaBHeHHIO [4-6]:

2C3.5(PO4)3 + 7H,S0O4 + 3H,0 — 3Ca(H2PO4)2'H20 + 7CaS0, + 2HF

Kak BUIHO M3 ypaBHEHMs peakiMM, B KJIACCHUYECKUM CIIOCO0€ pas3sioKeHUs (pTopanaTuta
obpasyercs kanbluii nuruapodocdar u cynbdar Kambius.

B mpennoxkxeHHoMm ke crmoco0e NpUMEHEHUs HMHTeHcupuuupyromeil  1o0aBku
ruzpodocdara aMMOHHS MO3BOJSET MOJIYUUTh, HAPSAY ¢ KalbUUi Auruapopocdarom Takxe u
aMMoHUI muruapodocdar, KOTOphId o0oTram@aer MOJYYSHHBIH MTPOAYKT JIOMOJHUTEIHHBIM
MUTATEIbHBIM JIEMEHTOM — a30TOM.

Takum o0pa3zom, Hpu pasinokeHuu (ropanaTUTa CEpHOM KHUCIOTOM C NpPHUMEHEHUEM
no6aBku 40%-noro pactBopa (NH;);HPO,4, onTuManbHBIM KOJIHYECTBOM T00ABKH CIEIyeT
cuntath 12-18%-Hyro (OT Macchl CEpHOM KUCIIOTHI) OOABKY, IPU 3TOM JOCTUTAETCS Hamboiee
BBICOKAsl CTENEHb pa3jIOKEHUs amaTMTOBOIO KOHIEHTpaTa, KoTopas coctaBiser 95-97%, u
MOJIyYEHHBIH MPOJYKT OOOramaercs AOMOJHUTEIbHBIM MUTATEBHBIM 3J€MEHTOM - a30TOM B
npenenax (1,4 —2,4)%.
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XULASO
TOBII FOSFATLARIN INTENSIVLOSDIRICIi OLAVOLORIN ISTIRAKI ILO SULFAT
TURSUSUNDA PARCALANMASI PROSESININ EKSPERIMENTAL TODQIiQi
Samadov M.M., Hasanova T.S.

Acar sozlar: taobii fosfat, parcalanma, sulfat tursusu, alava intensiviasdirma superfosfat

Mogqalado fliiorapatitin  ammonium hidrofosfat mohlulunun istiraki ilo sulfat tursusunda
par¢alanmasi reaksiyasi todqiq edilmisdir. Burda ammonium hidrosulfatin xammalin pargalanmasi
prosesinag intensivlagdirici tosir gostordiyi miioyyonlogdirilmigdir. Eksperimental todgiqatlarla 40%-li
(NH4);HPO, mohlulunun pargalanma reaksiyasina tasiri dyronilmis va olavonin optimal migdarinin sulfat
tursusunun kiitlosine nozoron 12-18% oldugu miioyyanlogdirilmisdir. Prosese verilon ammonium
hidrosulfatin optimal miqdarinda xammalin pargalanma doracasi 95-97% toskil etmis vo alinan
superfosfat slava qida elementi azotla zonginlogmisdir.

SUMMARY
EXPERIMENTAL STUDY OF THE PROCESS OF DECOMPOSITION
OF NATURAL PHOSPHATES BY SULFURIC ACID WITH APPLICATION
OF INTENSIFYING ADDITIVES
Samadov M.M., Hasanova T.Sh.

Key words: natural phosphate, decomposition, sulfuric acid, additives, intensification,

superphosphate.

In the article, the study of decomposition reaction of fluorapatite in sulfuric acid with the presence
of ammonium hydrophosphate solution is illuminated. Intensifying impact of ammonium hydrosulphate
on the process of raw material decomposition has been identified here. Influence of 40% (NH4),HPO,
solution in decomposition reaction has been examined with experimental studies and it has been defined
that the optimal amount of additive is 12-18% in respect of sulfuric acid mass. In the optimal amount of
ammonium hydrosulphate which was given to the process, the degree of raw material decomposition was
95-97% and the obtained superphosphate additive nutrition element was enriched with nitrogen.
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Acar sozlar: torpaq, agir metallar, kompostlar, giibralar, tullanti,sanaye zonasi, analiz

XX osrin 2-ci yarisindan etibaron Sumgqayit inzibati orazisinds kimya sonayesinin 9sasi
goyulub. Homin dovr istehsal saholorinin artmasi vo bu orazidoki torpaqglarin ¢irklonmasi ilo
xarakterizo olunur. Lakin 6ton dovr orzindon bu giine qodor geyd olunan torpaq saholori lokal
olaraq senaye miiossisalorinin tullantilart ilo ¢irklonmoys moruz qalmis, ¢irklondiricilor sonaye
miiossisasi otrafi torpaqlarimin morfogenetik qatlarinda vo homin orazido yabani halda biton
bitkilorin torkibinds toplanmigdir.

Miiasir dovrds otraf miihitin qorunmasi qlobal problem olaraq galmaqdadir. Kimya
sonayesindo ekoloji mosalolorin  holli miitoxossislor torofindon miixtolif iisullarla aradan
qaldirilir. Bu iisullardan biri do tullantilardan somorali istifads edilorok tokrar emala yenidon
prosess gaytarilmasi, ilkin xammala vo tobii sarvatlora qonast olunmasidir.

Umumiyyatlo, miiasir soraitdo sohralasma vo torpaq deqradasiyasi otraf miihitin miihafizosi
mithiim problem kimi tozahiir edir.

Birlogmis Millotlor Toskilatinin otraf miihitin miihafizasi ilo bagl kegirilon I Beynslxalq
konfrans1 (1972) torpaqlarin pozulmasi, ¢irklonmasi vo iimumiyyastlo torpaq deqradasiyasinin
tohliikali oldugundan Sumgqayit sonaye zonalarimin torpaqlarinin miihafizesino diqget boyiik
ohomiyyat kosb edir.

Tadgigat sahasi: Sumgayit Sonaye zonasinda yerlogon Kompressor, Sathi aktiv maddalor,
Superfosfat zavodlaridir. Bu zonalar relyefino géra hamar, bazi sahslori mikro¢okak, torpaq
tiplari iso boz-qonurdur.

Hal-hazirda bu sonaye zavodlari layiho giicii ilo islomadiyi tigiin I tohliikalilik sinfino
aiddir. Sohorin on ciddi vo uzun miiddst hallini tapmayan ekoloji problemlardon biri, SAM
zavodu orazisindo 200 min tona godor slamin agiq duz anbarinda saxlanmasidir. Kohno
elektroliz sexi orazisinda civa ilo ¢irkli sahanin olmasi miihitin civa ilo ¢irklonmasino sabob
olmusdur.

Hazirda Sumgqayit kimya sonayesindo bir ¢ox istehsalat sahalori logv edilmis, foaliyystdos
olan istehsalatlarda mohsuldarliq 10%-0 godor asagi dismisdiir.[1] SAM -zavodundan
atmosfers il arzinds 0.16% , 18.6 ton/il migdarda Cl,, H,, HCI, xloriizvi birlogsmalor, Hg buxari
torkibli tullantilar atilmisdir vo bu zavod layihs giicii ilo foaliyyatinds | tohliikalilik sinfina
malikdir (TOCT 12.1.007-76 — standartinin normativ gostaricilorinde DL-50<15 mq/kq haddinds
olarsa, miiassisonin is¢i zonast I tohliikalilik sinfina malik olur.[2]

Bizim naticolor gostorir ki, Kompressor zavodu orazisinin ¢irklonmasina sobab olan asas
kimyovi elementlor K, Ca vo Fe-dur. ©n bdyiik migdarda olan1 Ca-dur. Ikinci yeri Fe, iigiincii
yeri K tutur. Noticolor zavodun orazisindo Ti, Cr, Mn, Cu, Zn, Sr, Zr, Ba vo Pb az miqdarda
oldugunu gostorir.
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SAM zavodu Cl, K, Ca, Ti, Cr, Mn, Fe, Zn, As, Rb, Sr, Zr vo Ba elementlari ilo ¢irklonir.
Beloki burada da on ¢ox miqdara malik olan elementlor Fe, Ca vo K-dur. Maraqlidir ki, bu
elementlor Kompressor zavodu orazisindo do  osas ¢irklondiricilordondir. Lakin digor
zavodlardan forqli olaraq SAM zavodu hom do Cl ilo ¢irklonir. Bundan basga burada Cu vo Pb-
un miqdar1 agagidir.[1]

Qurgusun yiiksok toksiki metal olaraq UST, BMT va o ciimlodon bir sira beynoalxalq
togkilatlarin  prioritet ¢irklondiricilor siyahisina daxil edilir. Qurgusunun otraf miihito
yayllmasinda osas yeri benzin yanmasi, metallurgiya tullantilari, masinqayirma zavodlari,
elocado batareyalari istehsal edon sirkotlorin mohsullar toskil edir. [1]

Cadval 1.
Analiz olunan niimunalarin kimyavi element tarkibi (%)-1o

Torpaq niimunslarinin Olgii Adi Zn Zr Ba Sr Pb

gotiiriildiiyii zavodlar vahidi
Kompressor zavodu ppm Nel 171 37 <LOD 545 174
Kompressor zavodu ppm Ne2 309 40 157 889 57
Kompressor zavodu ppm No3 1280 <LOD 402 1118 40
Kompressor zavodu ppm Nod 234 61 178 1015 <LOD
Sothi Aktiv Maddslor zavodu ppm No5 172 59 259 667 <LOD
Azarboru boru-prokat zavodu ppm Ne6 1170 | <LOD 217 494 431
Azoarboru boru-prokat zavodu ppm Ne7 187 <LOD | <LOD 213 <LOD
Azarboru boru-prokat zavodu ppm Ne8 46 73 155 497 <LOD
Azoarboru boru-prokat zavodu ppm Ne9 110 65 192 494 23
Azoarboru boru-prokat zavodu ppm Nel0 328 <LOD 202 879 34

Torpagda mdvcud konsentrasiya tipindon asili olaraq qurgusun 32-130 mq/kq intervalinda
doyisir. Sohaor torpaqlarinda qurgusunun konsentrasiyast alvan metal istehsalina goéra 1000-2000
mq/kq —a gata bilor.Cirklonmonin on yiiksok saviyyasi metaloritma va tursu batareyalari istehsal
edon zavodlarin orazisindo miisahido olunur.[4] Bu catismazligi aradan galdirmaq {igiin tokco
mineral giibrolordon istifads etmok iki istigamatdo problemlor yaradir. Birincisi mineral
giibrolorin qiymati ¢ox bahadir. Bu giibralorin daimi olaraq alinmas iqtisadi ¢otinliklorls tiz-iizo
qoyur. ikinci mineral giibralordon miintazom olaraq istifado edilmosi torpaglarda minerallasma
prosesini siiratlondirir ki, bu da gatiyyan yol verilmozdir. Movcud oldugu kimi Fe, Cu, Zn, Se,
Mg, Mo va basqa elementlorin orqanizmin yasamasi tiglin lazim olan miqdar1 faydalidir. Lakin
onlarin yiiksok dozasi fordi orqanlar iigiin tohliikalidir. Istonilon konsentrasiyada Cd, Mg, Ar
kimi kimyovi elementlor vo onlarin birlogsmalori tohliikolidir. Miixtolif illordo aparilan todqigat
islorinin naticasi gostarir ki, torpaqlarda agir metallarin konsentrasiyas: miloyyon limiti artdigi
zaman torpaqda mohv olma tohliikosi yaradir. Bu torpagin bioloji aktivliyini azaldir.Bu prosses
bitki miixtalifliyini azalmasi ilo miisayiat olunur [2].

Sumgayit sonaye orazisinds, torpaqlardan gotiiriilon niimiinalorin analizindon malum
olmusdur ki, bu torpaqlarda agir metallarin miqdar1 yol verilon normalardan artiqdir, yani bu
torpaglarin agir metallardan tomizlonma zarurati mévecuddur. Tomizlonmas tsulu kimi bitkilordan
istifads olunur hansi ki, torkibinds C, E, K vitamini olsun, homginin iizvi vo mineral giibralordon
istifado edarok torpaqlarda agir metallarin tomizlonmasi hoyata kegirilir. [ 4 ].

Tadqgigatin metodikas1 - Torpagin sothindo yayilan maddslorde (girklondiriciler) agir
metallar1 vo radioaktiv elementlori toyin etmok iigiin se¢ilmis sonaye miiossisalorindon on ¢ox
cirklonmis torpaqlardan, noqtovi niimunslordon, 14 ndqtodon SAM-dan, Kompressor
zavodundan, Azarboru boru—prokat zavodu otrafindaki torpaqglardan diagonal boyunca konvert
tisulu ilo 5 torpaq nlimunosi, Kompressor zavodundan 4 torpaq numunasi, Azarborudan iso 5
torpaq niimunosi gotiriiliitb. 0-5 vo 5-20 sm dorinlikdo hor gat {izro 0,2 kqg-a qodor torpaq
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niimunolori gotiiriilmiisdiir. Noticolori miiqayiso etmok {igiin ¢irklonmis torpaq niimunslori
gotiirtiliib analizo hazirlanmisdir.

Bioloji tamizlonmo iisullar1 hal-haziirda ¢ox genis istifado olunan iisullardan biridir. Bu
tomizlonmo tsullan iqtisadi cohotdon samarali, texnoloji cohatdan tohliikasiz, ekoloji baximdan
tomiz oldugu ligiin artiq inkisaf etmis (ABS, Almaniya, Yaponiya) 6lkalords bioloji fealiyyati
itirilmis torpaglarda ugurla totbiq olunur. Goétiirtilmiis torpaq niimunalorinds bioloji aktivliyi
artirmaq ti¢lin avvalca orqanik (Biohumus, Vermokompost) giibralordon istifads edilir. Organik
giibrolor laboratoriya soraitindo mikroorganizmlor (koliforniya soxulcani) vasitosilo almnir.
Miinbitliyi zaif olan torpaqlarin miinbitliyinin artmasi vo verilon mineral ( N,P,K ) vo iizvi
giibrolorin yiiksok darocado monimsanilmasi adi ¢okilon effektiv mikroorganizmlorlo (EM)
olagadardir. Bu mikroorganizmlar iizvi tullantilarla (yemok qaliglari ilo) qidalanir vo siiratlo
coxalirlar. Onlar gida qaliglarin1 fermentasiya edorok giibro istehsal edirlor. Bioloji foaliyyati
artirmaq Ug¢iin secilmis bitkilor ¢ugundur, sam vo kiiknardir. Bu bitkilorin istiinliiklori onlarin
torkibinds C,E,K vitaminlorinin ¢ox olmasidir. Vermokompost vo mineral giibralorin verilmasi
naticasindo, torpaqda olan agir metallarla glibro arasinda kumiliativ birlosmo amalo golir ki, bu
duzlar da bitkilor torofindon asanligla monimsonilir. Sonaye otrafi ¢irklonmis zonalarda,
yasillasmada ¢ugundur, sam va kiiknar bitkilorindan istifads bu tisullara osaslanir.

Aparilmis todgiqatlar gostarmisdir ki, aqrotexniki tadbirlar naticasinds, boz-qonur torpaqda
mixtolif variantlarda bitkilor altina verilon tzvi gilibralor (vermokompost, biohumus),
mikroorganizmlarin  komiyyat gostoricilorine miisbat tosir etmisdir. Todricon ¢irklonmis
sahalords, madanilasan torpaglarda mikroorganizmlorin miqdar1 getdikco artmaga baslamigdir.
Bu tizvi giibralor torpagin bioloji aktivliyini artirir vo bu proses bitki miixtalifliyinin artmasi ilo
miisayiat olunur.

Cadval 2.
Boz-qonur torpagda mikrobiotanin bazi gdstoricilari
Ne Torpaq niimunasinin gotiirildiiyii Bakteriyalarin Gobalaklar
yer iimumi sayl1 (askara ¢ixarilmis novlor)
1. Tobii senozlar, agir metallarla 36 -104 min/q. As niger Fusarium oxysporium
¢irklonmis orazi torp. Trichoderma
2. Tacriiba sahasi gugundur bitkisi 4,1-104 min/q. torp. | Penicillium sp
altindan (nazarot varianti) (giibrasiz)
3. Cugundur bitkisi altindan (giibra 4 4 -104 min/g.torp. | Penicillium spp, Aspengillus
totbiq edilon variant) niger
4. Kiiknar bitkisi altindan (giibrasiz) 3,8-104 min/q.torp. | Aspengillus, Penicillium sp,
Fusarium oxysporium
5. Kiiknar bitkisi giibralor totbiqg edilon 4.2 -104 min/g.torp. | As niger, Penicillium sp,
varianti Fusarium oxysporium
Trichoderma
6. Agir metallarla ¢irklonmis biotop 0 Bakteriyalarin migdart koskin
azalir

Bitkilor torafindon monimsanilon agir metallar asagidakilardir.

1. Cd, Cs, Rb-asan manimsanilon

2. Zn, Mo, Cu, Pb, Ag, As, Co- orta daracads manimsanilon

3. Mn, Ni, Li, Cr, Be, Sb- zaif manimsanilon

4. Se, Fe, Ba, Hg, Te- ¢atin moanimsanilon: Elementlorin qatiliginin artirilmas ilo
bitkilords toplanma siirati agsagidak: ardicilligl miioyyan edilmisdir. Cd>Zn>Cu>Pb
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Variantlar
Sakil 1. Mikroorganizmlarin migdarinin agrotexniki tadbirlar naticasinda variantlar tizra
doyisilmo dinamikast.
1.4gwr metallarla ¢irklonmis sahalor; 2.Tabii senoz (xam) ¢irklonmomis, 3.
Kiiknar bitkisi altinda (giibrasiz); 4. Cugundur bitkisi altinda (giibrasiz); 5.
Kiiknar bitkisi altinda (giibrali variant),; 6. Cugundur bitkisi altinda (giibrali
variant)
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PE3IOME
OYHMCTKA 3EMEJIb CYMTAUTCKOM NMPOMBIIIIJIEHHOM 30HbBI
BUOJOT'NMYECKUMHU CITOCOBAMU
Kynuesa C.A. I'yceiitnoea U.I'. Amupoea P.M.

Knrwouesnvie cnoesa: nousa, masiceivie Memanivl, KOMNOCHbI, YOOOpeHUs, OmMxX00bl, NPOMBIULTIECHHAS.
30HA,aHATU3
[IpoGyieMbl, BO3HHMKAIOIIME B MPOIECCe MPOSKTUPOBAHUS U OIKCIUTyaTallud XUMHYECKUX
NPEANPHUITAN, TPUBETH K TOMY, YTO JKOJOTUYECKHUE MPOOJIEMBI JONLIH JI0 KPUTHYSCKOTO YPOBHSI.
UccnenoBanne 3KOJIOTMYECKUX MPOOJEM, BO3HHKAIONMIMX B TMPOMBIIUICHHOM Y3Je, OMNpeclcHHe
MOTEHIIAANA OMACHOCTH JIJISI OKPYXKAaIoIIeld Cpelbl MPOMBIIIICHHOTO KOMIUIEKCA SIBISCTCS aKTyabHOM
MPOOIEMOI.

SUMMARY
CLEANING INDUSTRIAL ZONE SOIL OF SUMGAYIT BY BIOLOGICAL METHODS
Quliyeva S.A. Huseynova I.K. Amirova R.M.

Key words: soil, heavy metal,composts, fertilizer, waste, industrial zone, analysis

Ecological problems arising during design and operation of chemical facilities are resulted in
environmental situation’s reaching catastrophic limit. Study of ecological problems emerged at industrial
unit and determination of hazard potential of industrial complex for environment is the urgent issue.
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World fossil fuel demand is broadening day by day because of increasing population of
world and in order to meet this demand the new petrochemical-refinery facilities that are related
to reconstruction and modernization projects are carried out recently by petrochemical
companies. And because of huge usage of fossil based fuels the exhaust gasses increase
tremendously. In parallel with this exhaust gases derived from the burning of these fuels such as
carbon monoxide (CO), sulphur dioxide (SO;) and nitrogen oxides (NOy) are basically
responsible for the creating the greenhouse effect in the atmosphere, which consequently causes
planet global warming. Therefore in these days the significant consideration given to the
prosperity and utilization of alternative fuel sources by researchers in order to meet the energy
demand as well as improve environmentally friendly fuel production. For instance, one of the
main directions for improving the environmental performance of both mineral diesel fuels and
their combustion products is also the addition of oxygen-containing additives such as simple
alcohols (ethanol, butanol, isopropanol) or methyl (ethyl) fatty acid esters of vegetable oils
(biodiesel). The first series of mentioned additives are more preferable, since their production on
an industrial scale is already established and does not require the construction of additional
production capacities, as required for obtaining biodiesel. However, alcohol- mineral based
diesel (biodiesel) mixtures are sensitive to water content, they are less stable; they can
decompose easily when the temperature is lowered and require the use of emulsifiers to avoid the
above problems. In addition, although bio-based diesels are sensitive to water the use of water is
also possible with the selection of appropriate emulsifiers as an oxygen-containing additive to
mineral diesel fuels.

In general biofuels (or biofuel based fossil fuels) derived from bio-resources basically from
biomasses that is the one of main option to replace gradually the fossil fuels due to the fact that
biomass based biofuels have lower cost of feedstock in order to produce them, also renewable
and in terms of environment they have much more lower CO, emission [1]. Also it is already
possible to produce a variety of fuels from plant biomass and fatty acids such as ethanol,
methanol, butanol and biodiesel [2]. It is worth noting that compared to conventional fossil fuels,
biofuels are renewable, combustion of biofuels produce less toxic compound, biofuels have
almost similar combustion properties like conventional fossil fuels and biofuels can reduce net
carbon emissions up to a very low level [3]. Therefore diesel fuel can easily be replaced by
biofuels (or biofuel based fuels even emulsified fuels) with a little modification to the motor
engines since emulsified biodiesels are also suitable to use in compression ignition engines and
has the potentiality to replace fossil derived diesel fuels [4].

Recently the review on production, performance characteristics and emissions levels from
a diesel engine using biodiesel as alternate to conventional diesel fuel was done by several
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researchers [5,6] who also made review on the performance, combustion and emission
characteristics of biodiesel fuelled diesel engines.

Generally the main feed stocks for biodiesel are oil seed crops such as rapeseed, soybean,
sunflower etc. Less amount of biodiesel is also produced from mustard seed, linseed, peanut and
cottonseed. The properties of the biodiesel depend on the feedstock from which it is produced. In
general biodiesel is basically produced through transesterification process which combines two
compositions for example, plant oil and methanol to produce methyl ester [7]. Methyl ester is a
very common biodiesel. In transesterification process, around 1/10 of methanol is combined with
1 t of vegetable oil in mixture which produces approximately 91 wt % methyl ester and 9 wt %
of glycerol as co-product through an alkali-catalysed reaction [8]. This process is a three-step
reaction: the first step, tryglycerides are converted to diglycerides, second step diglycerides are
converted to monoglycerides and third step, monoglycerides are reduced to fatty acid esters. The
final product that is biodiesel is 10-20 times and 2 times more viscos than vegetable oil and
diesel fuel accordingly [9]. Furthermore, the co-products from biodiesel production process can
be used in the cosmetics industry or can be sold as an animal feed. These co-products can
contribute to reduce 5% production cost [10].

Currently motor vehicles can use biofuels and it is expected that it may replace
conventional fuels in the near future. It is generally known that around the world, motor vehicles
use huge amount of fuels and with current biofuel reservation it is not possible to meet all the
demands. For this reason, continuous research is going on biofuels. Generally, for usage of diesel
fuel purposes three biofuels such as biodiesel, ethanol and butanol blended with conventional
fuel are used in motor vehicles [11]. The reaction mechanism of biodiesel and diesel is similar
which allows biodiesel to burn easily in compression ignition (CI) engines. Cl engines have
higher compression ratio and higher torque. It indicates that CI engines can provide higher power
which is required to run heavy machinery or vehicles. In this way, biodiesel blended with fossil
derived diesel is started to be used in transportation sector [12]. However, the main disadvantage
of biodiesel is that it is condensed at low temperature. For this reason, biodiesel may not be
suitable in cold weather condition [13].

From other side, the component to biodiesel like ethanol is widely used as a fuel additive
and in the future its use will be increased because of its simple and easy production process and
non-toxicity. It contains higher percentage of oxygen which helps to reduce emissions to
atmosphere [14]. As per experiment outcomes that is carried out for alchohol added diesel in 13
step ESC (European station cycle) automobile diesel engine 44H 11/12.5 for regime C100
(n=2x10° min?, total load) it has been defined that with an increase in the content of butanol in
the mixture for all the considered air flow rates, the specific release of nitrogen oxides first
increases and then begins to fall. Achieving the minimum and maximum values of specific
emissions of nitrogen oxides for different concentrations of butanol in the mixture depends on
the mutual combination of the air flow rate of the fuel ahead angle of the fuel [15]. But
experience shows that using ethanol damages the engine parts. For this reason, auto
manufacturers consider special types of rubbers, gaskets and seals used for engine production
factories when ethanol is intended to be used in a high percentage in engines [16]. The main
problem derived by ethanol, butanol usage is that it has higher energy density. Unlike ethanol,
using butanol does not damage the engine parts. So, butanol can be used in the engines without
modifying them [17].

According to the outcomes of recent researches, BSFC (brake specific fuel consumption)
increases with an increase in the percentage of biofuel in the biofuel-diesel blends when it is
used as a fuel in conventional Cl engines compared to diesel. In fact BSFC is a measure of
the fuel efficiency of any prime mover that burns fuel and produces rotational, or shaft power. It
is typically used for comparing the efficiency of internal combustion engines with a shaft output.
Also it is the rate of fuel consumption divided by the power produced and may also be thought of
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as power-specific fuel consumption, for this reason. In general BSFC allows the fuel efficiency
of different engines to be directly compared. For example, some researchers [18] investigated the
performance of a diesel engine with various percentages of biodiesel in a biodiesel-diesel blend.
They found that with increases in the biodiesel percentage, the BSFC increased. In different
literature [19], the authors used pure diesel with four different percentages of ethanol (5%, 10%,
15% and 20%) in ethanol-diesel blends. They found the same trend as before; that is, BSFC
increased with increasing ethanol percentage in the ethanol-diesel blend. Researchers found
several reasons for the higher BSFC when using biofuel—-diesel blend, such as the lower heating
value, higher viscosity, and higher density of biofuel compared to diesel. On the other hand, few
researchers found decreased values of BSFC for biofuel—diesel blends. Blends containing up to
20% biodiesel can give reduced values of BSFC when tested in a single-cylinder, direct-injection
diesel engine [20]. At the same time engine speed, engine load, and biofuel that is containing
some residues such as small amount of water, glycerine, acid have impacts on BSFC. Most
researchers agreed that as the speed and load increase, the BSFC decreases and those residues
have a negative impact on BSFC.

The BTE (brake thermal efficiency) is the ratio of brake power output to heat input in IC
engines. This value considers the frictional losses also for biofuel-diesel blend decreases slightly
or remains the same compared to diesel fuel according to the authors. Some characteristics such
as combustion, performance, and emission values of pure diesel and pure biodiesel as well as
different percentages of biodiesel (10%, 20%, 50%, and 75%) with fossil derived diesel also
investigated in a single-cylinder, four-stroke, water-cooled, direct-injection diesel engine under
variable load conditions by researchers [21]. They found that with increases in the biodiesel
percentage in the biodiesel-diesel blend, the BTE of the engine decreases. Researchers have
observed some properties of biofuels which are responsible for the lower BTE, such as higher
viscosity, lower cetane index, smaller ignition delay, lower heating value, higher lubricity, and
higher BSFC. It was observed that ULSD, despite having lower brake specific fuel consumption
(BSFC), has the lowest brake thermal efficiency (BTE) compared to pure biodiesel [22]. The
maximum BTEs obtained were 37.2%, 39.1%, 39.6%, and 37.5%, respectively, for the ULSD,
biodiesel, biodiesel with 10% fumigation methanol, and biodiesel with 10% blended methanol.
According to the opinions of scientists biodiesel's higher oxygen content, which improves
combustion, and higher lubricity, which reduces friction loss, may be the reasons for the higher
BTE. Engine speed, engine load, and percentages of biofuel in biofuel-diesel blend have both
positive and negative impacts on BTE.

The main outcomes show that HC emission decreases when biofuel-diesel blend is used as
fuel instead of diesel [23]. For example, it is reported that unburned hydrocarbon (UBHC)
emissions were approximately 40.3% lower for fresh oil biodiesel and biodiesel— diesel blends
operation compared to baseline petroleum diesel fuel operation [24]. This is because of
improvement of the cetane value of the mixture achieved by increasing the biodiesel percentage
in the blend, which in parallel shortens the ignition delay, promotes reaction period of the blends,
and ultimately reduces the level of unburned HC emission. From other side, opposite result was
found by other researchers which is higher HC emission while using butanol-diesel blends (10%
and 20%) as fuels compared to fossil derived diesel [25]. The authors concluded that this is
because, the latent heat of vaporization of butanol which is 2.34 times higher than diesel is
responsible for this higher amount of HC emission. Besides that it is observed that the HC
emission of biodiesel-diesel blend increased with increase in the engine speed from 1000 to
1500 rpm, but above 1500 rpm the HC emission decreased gradually with the increase in engine
speed because high engine speeds cause increased inlet air flow speed or turbulence, which
increases the effect of atomization of the fuel in the cylinder and reduces HC emission [26].

It is a common and proven conclusion that CO emissions decrease when diesel is replaced
by biofuel-diesel blend or emulsified biodiesel [23]. It is investigated the emission
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characteristics of pure diesel as well as blends of diesel with vegetable oils and biodiesels of
different origins [27]. They found that the CO emission was lower than that of fossil derived
diesel fuel, and the reduction became larger as the percentage of biodiesel in the blend increased.
Also different researchers observed the CO emission rate in a single-cylinder, four-stroke, direct-
injection diesel engine that is fuelled by biodiesel- methanol-diesel blend in different
percentages like 20%, 40%, 60%, 80% Biodiesel with 10% Methanol mixture at a constant
speed of 1500 rpm under various loads [28]. It is discovered a significant reduction in CO
emission compared to diesel fuel. A similar results observed by other researchers have found that
properties of biofuel such as higher cetane number (CN) and oxygen content are the main
reasons for the lower level of CO emission to atmosphere. By the way researchers discovered
something very surprising that a significant increase in CO emissions is demonstrated for
emulsified biodiesel-diesel blend. It is explained with poor combustion quality in engine which
contributes for the higher CO emission compared to fossil derived diesel. It is worth to noting
that in general engine speed and load, biofuel percentage in the emulsified biofuel—diesel blend,
and of course engine model has impacts on CO emission to atmosphere in Cl engines. As per
practise most researchers confirm that CO emission decreases when engine load increasing and
vise versa CO emission increases with increasing engine speed. Similarly, an increasing
percentage of biofuel in the blend decreases the CO emission.

When it comes to NOx emission most researchers confirm with the conclusion that the
NOx emission of emulsified biofuel-diesel blend is higher than fossil derived diesel fuel [23].
For example, it is investigated the performance and emissions of ordinary diesel, pure biodiesel,
and biodiesel-fossil derived diesel mixture in marine outboard diesel engines without major
modification to the engines itself [29]. And it is found that blend containing up to about 25%
biodiesel gave a lower NOx emission than pure fossil derived diesel. But when the biodiesel
percentage increased above 25%, the NOx emission increased that is 16% higher than that of
conventional diesel. From other side biodiesel-diesel mixtures with different percentages of
biodiesel in a single-cylinder, direct-ignition diesel engine, four-stroke, naturally aspirated,
water-cooled and found that the difference in the NOy emissions of fossil derived diesel and
mixture was not more than 100 ppm [30]. Engine speed and load, properties of biofuels such as
higher oxygen content and higher cetane number, and advances in injection and combustion in
engine have vital effects on NOy emissions to atmosphere for biofuels based on researchers’
outcomes.

In terms of economical perspectives in general, for instance biodiesel production from
palm oil costs around $0.70 per liter, but rapeseed oil-based biodiesel could cost as much as
$1.00 per liter [31]. Considering alcohols (ethanol, butanol, isopropanol) lower production price
one can estimate the emulsified biodiesel cost depending on region. Furthermore, in accordance
with IEA (international energy efficiency) biodiesel production costs will diminish significantly
more than 30% within the US and EU between 2005 and 2030 as a result of a decline in
feedstock costs [32].
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XULASO
BiOYANACAQLARIN VO EMULSIYALI BIOYANACAQLARIN
ALTERNATIV ENERJI MONBOLORI KiMi iSTIFADO PERSPEKTiVLORI
Abbasov A.R.

Acar sozlar: bioyanacaq, emulsiyali biodizel yanacagi, miihorrik, emissiya, yanma mahsullar

Hazirda enerji istehlaki biitiin diinyada artmaqdadir vo bu sobobdon tomiz vo sorfali enerji
monbaloari iqtisadi inkisafda mithiim amildir. Mineral enerji monbolarinin ¢atismazligi, hamginin onlarin
yanma mohsullarinin otraf miihito monfi tosiri alternativ enerji monbolorinin aragdirilmasinin asas
sababidir. Toqdim olunan moaqalode bioyanacaglarin, emulsiyali bioyanacaglarin alinmasi ig¢iin asas
xammal manbaloari aragdirilib, homginin bu név yanacaqlarin yanma mohsullarinin istixana qazlarinin
amols golmosi vo otraf miihits tosiri nozorden kegirilmisdir.

PE3IOME
INEPCIIEKTHUBBI UCITOJIB30OBAHUS BUOTOIIJINB U ODOMYJIbBCUOHHBIX
BUOTOIIJINB KAK AJIBTEPHATUBHBIX NCTOUYHUKOB DHEPT'UAN
Ab6acoe A.P.

Knrouesvle cnosa: 6uomoniugo, smMyibCuoOHHOe OUOOU3ENbHOE MONAUBO, 08UcAmelb, 8blOPOCYL,
coicuzamnue

B HacTosiiee Bpemsi  ypOBeHb MOTPEOJICHHUSI SHEPTUU PACTET BO BCEM MHPE U MO3TOMY JOCTYIT K
9KOJIOTHYECKH YUCTOM M JOCTYITHOM SHEPTHU CTAHOBUTCS OJTHHUM M3 BOXKHBIX (DAKTOPOB SKOHOMHYECKOTO
pa3BuTusi. HexBaTka HCKOMAaeMbIX BHJOB TOIUIMB, a TAKXKE BO3JCHCTBHE HAa OKPYKAMIIYI CpEay
MPOJYKTOB CKMTAaHUS MHHEPAJIbHBIX TOIJIMB OCTAETCS OCHOBHOM NMPUYMHON UCCIIC0BAHUS BO3MOXKHBIX
aNbTEPHATHBHBIX MCTOYHUKOB SHEPruu. B maHHOW cTaThe mpuBeleH 0030p pPa3IMYHBIX HCTOYHUKOB
CBIPbsI JUTSl TTOJyYCHUs] OMOTOIUTUB, B YACTHOCTH, SMYJIbCHOHHHBIX OWOJU3CIbHBIX TOIJIMB, U BIHMSHUS
MPOJYKTOB X CrOpaHus Ha 00pa30BaHKE MAPHUKOBBIX Ta30B.

Daxilolma tarixi: [lkin variant 24.09.2018
Son variant 17.12.2018
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Prognozlara gors, diinyanin miisyyon edilmis neft ehtiyatlar1 150 mlrd. ton hacmindadir.
Belo ki, yalniz Fars korfozi ilo Yaxin Sorqin 4 6lkesinin: Saudiyys Orabistan1 (25 %), iran (9%),
fraq (11%), Kiiveyt (9%) va Birlosmis Orob Omirliklorinin (9%) payma diinyada miioyyan
olunmus neft ehtiyatlarinin 63%-i diisiir. OPEK-a daxil olmayan &lkalar 9%, OPEK-2 {izvii olan
olkalor 12%, Iqtisadi ®mokdasliq ve Inkisaf Toeskilatinin iizvleri (9%), kegmis SSRI mokan1 7%
toskil edir.

Hal-hazirda diinyada 40 min neft-qaz yatagi islonmokdadir. Bunun 80%-ni 350-don ¢ox
nohong neft-qaz yatagi toskil edir. Bu 350 neft-qaz yatagmdan diinya miqyasinda 60% neft hasil
olunur. Giindslik hasilat diinyada 4 mlrd. tondur. Bunun 30%-ni doniz neft yataqlan toskil edir [1].

Azarbaycanda ¢ixarila bilon neft ehtiyati 16 mlrd.ton, qaz ehtiyati iss 2 trln. 550 mlrd. m®
hocmindoadir. Umumi karbohidrogen (KH) ehtiyati sorti yanacagla 10 mird.ton hocminda
qiymatlondirilir [6].

Respublikamizin sokkiz neftli-qazli rayonundan (NQR) Abseron on perspektivli sayilir.
Abseron yatagimmn KH ehtiyat: neftdon slave, 350 mird. m® qaz vo 45 min.ton kondensatdan
ibaratdir [10].

«Coxmarhalali vo miirakkab foaliyyat sahosi olan neftqaz¢ixarma vo emali sonayelorinda
kiilli miqgdarda spesifik bark, maye vo qaz halinda olan tullantilar omolo golir. Torkibindo genis
spektrli mineral vo tizvi maddslor olan bu tullantilar, bizi ohato edon otraf tobii miihit tigiin ciddi
tohliiks yaradir.

Otraf miihitin osas ¢irklonmo monbayi quyularin qazilmasi va istismari, eloco do neftin
emal1 prosesindo formalagan tullantilardir. Buna misal olaraq, qazima vo neft slamini, miixtolif
kimyavi reagentlor vo agirlagdiricilar gatilmis neft asasli qazima mohlulunu, yanacag-siirtgii
materiallarini, lay suyunu, neftli lay qumlarini, tosarriifat-moaisot ¢irkab sularini gostormak olar.

Neft-qaz ¢ixarilmasi vo emalinda «az mosraflo daha ¢ox neft» vo s. sohv siiarlar asasinda
inkisaf etdirilmosi, «bir ton neftin yarim litr mineral sudan ucuz basa golmosi»lo dyiinorok, neft-
gaz hasilatin1 artirmaq namino, lazimi texniki-abadliq islori aparilmadan yeni-yeni yataglarin
istismara daxil edilmasi naticasindo respublikanin srazisinda, xiisuson Abseron yarimadasinda
faktiki olaraq gorgin ekoloji voziyyst yaranmisdir. Bu sobabdon 10 min ha torpaq sahasi tam
yararsiz hala salinmis, atmosfers kiilli miqdarda zorarli maddslor atilmis vo naticads, Xozor
donizinin suyu xeyli ¢irklonmisdir. Madonlordo vo neft emali zavodlarinin orazilorindo gamma
stialanmanin intensivliyi fon qiymotindon xeyli artiq olan lokal sahalor agkar edilmisdir [2].

«Otraf miithitin qorunmas1 haqqinday, «Ekoloji tohliikasizlik haqqinday, «Senaye vo moigot
tullantilar1 haqqinda» qobul edilmis ganunlarin talablorini nazore alaraq, ARDNS bir sira
tadbirlor hazirlayib hoyata ke¢irmisdir. Belo ki, otraf miihito neqativ tasiri, minimuma endirmok
mogsadilo neftqazgixarma vo emali miiassisalorinin tobisti miihafizo foaliyyotini tonzimloyon
yeni normativ texniki sonadlar tatbiq olunmaga basladi. Ekoloji pasportlasdirma aparilaraq otraf
miihito daha ¢ox zoror vuran obyekt vo qurgular todricon istismardan ¢ixarildi. Bunu demok
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kifayotdir ki, son illordo NQCI-do 5 neft y1gim montoqosi, 30 ¢on vo coxlu torpaq neft anbari
logv edilmis, 100-don artiq separator, 30 neft tutucusu, imumi uzunlugu 850 km-don ¢ox olan
neft vo su komorlori, quyu atqi vo kanalizasiya xotlori osasli tomir edilmis vo yaxud
doyisdirilmisdir. Moadon ¢irkab sularinin tomizlonmasi vo utilizo edilmasi, tobii qazin vo diger
zarorli maddalorin atmosfera atilmasinin garsisin1 almaq mogsadils, 15 tobioti miihafizo obyekti
tikilmis, sahil borkitmo vo s. islor aparilmisdir. Neft-qaz quyularimin qazilmasinda hermetik
désomoaya, qazima slamini, iglonmis yaglar vo diger tullantilar1 yigmaga imkan veran yeni tipli
platformalar, texnoloji proseslori vo tomir islorini qapali sokilde aparmaga imkan veran texniki
vasitolor totbiq edilmigdir.

Aciq neft-qaz fontanlarinin qarsisini almaq mogsadilo quyular xiisusi qurgularla tachiz
olunmus, miirokkob soraitdo istismar olunan avadanliq, masin vo mexanizmlorin, texnoloji
qurgularin, texniki parametrlori toyin olunmusdur [8].

Hazirda neftli lay qumlar1 vo qgazma slami xiisusi hermetik konteynerlords sahilos - Qaradag
rayonu orazisindoki slambasdirilma sahasino gotirilir, neftlo birlikds ¢ixarilan biitliin lay sulari
tomizlondikdon sonra texniki magqsadlar iigiin istifads olunur, ya da lay tozyiqini saxlamaq vo ya
utilizo etmok mogsadilo yeralti horizontlara vurulur. Bu, Xozor donizindon vo sirin su
monbolorindon gdtiiriilon suyun miqdarini xeyli azaltmaga imkan vermisdir.

Qeyd etmok lazimdir ki, Azorbaycan neftgilori Xozor donizinin ¢irklonmasinin garsisini
almaq tliclin qazma slamini zorarsizlosdirmoys, tobii grifonlardan vo suyun sothindon nefti
y1igmaga imkan veran bir sira texniki vasitolor hazirlamislar.

Amerikanin «Pennzoyl» sirkati ilo birgo «Neft Daslarinnda tikilmis sixici kompressor
stansiyast hor giin atmosfers atilan 5,5 milyon kub metr algaq tozyiqli tobii qazi yigmaga vo
sahilo naql etmaya imkan verir [9].

Neft emal1 zavodlarindan Xozor donizino ¢irkab su atilmasi dayandirildi, mogal vo reagent
tosarriifatr, omtos parki yenidon quruldu, daha miitoraqqi texnologiya asasinda yeni neft emali vo
bitum qurgular insa edildi, bioloji tomizloms qurgusu borpa edildi, uzun illordon bori yi1gilib
qalmis neft slamini tomizlomak {igiin 3 adad Alfa-Laval qurgusu qurasdirilda.

Hazirda ARDNS-nin yeni obyektlori diinya standartlarina uygun layihslondirilir vo inga
edilir. Onlarin otraf miihito tosiri qiymatlondirilir, obyektlorin tikilacayi sahonin ilkin ekoloji
parametrlori Oyronilir, istismar prosesindo otraf miihitdo bas vera bilocok doyisiklikloroa nozarot
etmok, ekoloji tarazlig1 saxlamagq {i¢iin monitoring aparilmasi miintozom olaraq nozords tutulur [5].

Gortiilon todbirlor osasinda yiingiil karbohidrogenlorin itkisini ohomiyyatli doracado
azaltmaga, alcaq tozyiqli somt qazinin istifadasini artirmaga, motor yanacaginda benzol vo
aromatik birlosmolorin miqdarin1 azaltmaga vo natica etibari ilo, otraf tobii miihito neqativ tesiri
xeyli azaltmaga imkan yaratmisdir.

ARDNS-nin boazi miisssisolori qazmanin, neft-qaz hasilatinin vo emalinin azalmasina
baxmayaraq, holo do otraf tobii miihitin osas ¢irklondiricilori kimi galmaqdadir. Demak olar ki,
har il Xozor donizino 25-28 milyon kub metr hacmds tosarriifat - moigot ¢irkab suyu axidilir,
atmosfer havasina 189 min tondan c¢ox zororli maddolor, o ciimlodon 155 min ton
karbohidrogenlor atilir ki, bunun da osas hissasi neft yataglarimin orazisindo yaranmis siini
gollorin sothindon buxarlanir. Abseron yarimadasinda vo Bakida tez-tez 15 m/san va daha siiratlo
oson kiiloklorin zararli maddslorin dagilmasina sabab olmasina baxmayaraq, onlarin insanlarin
saglamligina monfi tosirini inkar etmak olmaz. ARDNS-nin qarsisinda duran an vacib, ekoloji va
eyni zamanda iqtisadi cohotdon vacib masals ¢irklonmis torpaqglarin rekultivasiyasidir.

Bildiyimiz kimi, ¢irklonmis torpaqglarin barpa edilib ilkin sahiblorino qaytarilmasi ¢oxlu
maliyys vosaiti vo vaxt tolob edir. ARDNS biitovlikde maliyys xorclorini vo effektiv
rekultivasiya Usullarini toyin etmok maqsadils xarici investorlara vo Diinya Bankina miiracist
etmigdir. Diinya Bank1 Pilot layihasini hazirlamaq ve hoyata kecirmok {igiin 0,5 milyon dollara
yaxin az faizli kredit ayirmigdir. Pilot-Layiho asasinda H.Z.Tagiyev adina NQCI-nin arazisindo
vaxtilo torpaq anbariin yerlosdiyi sahade 9 dayaz quyu qazilmisdir, karbohidrogenlorin timumi
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miqdar1, onlarin saho vo dorinlik iizro yayilmasi vo siixurlarin qranulometrik torkibi
Oyronilmisdir. Hazirda tenderds qalib golmis Cexiya Respublikasinin KAP LTD sirkoti ¢irkli
torpaglarin bioloji iisulla yenidon barpa edilmasinin iqtisadi cohotdon on alverisli variantini toyin
etmok ii¢lin todqiqatlar aparir [1].

Eyni zamanda quruda yerlosmis neft yataqlar iizrs baglanmis «Hasilatin pay bolgiisii» tipli
miiqavilolor daxilindo do torpaqlarin barpasina baslanilmisdir. Belo ki, «Salyan Oyl» omoliyyat
sirkoti ¢irklonmo manbayi olan kéhno neft boru komorlorini, neftyigma montagolorini va torpaq
neft anbarlarini1 logv edib xiisusi progqram osasinda torpaqlar1 rekultivasiya edorok tomizloyir.
«Qara Su» vo «Qobustan» amoliyyat sirkotlori do ¢irkli torpaqglarin barpa edilmasi {izro islor
goriir.

Yeri golmiskon, demok lazimdir ki, otraf miihito texnogen tosirin ¢oxalmasina sobab olacaq
amillordon biri Xozor donizinin akvatoriyasinda neft vo qazin hasilatinin yiikksok templo
artmasidir. Xozor donizinds stasionar 0ziillorin tikilmasi, quyularin qazilmasi, hasil olan neftin
borularla avvalco Xozor donizi, sonradan Qara doniz vo Araliq donizi sahillorindoki terminallara
naqli, oradan da tankerlorlo diinya bazarlarina daginmasi, sozsiiz ki, otraf miihito tosirsiz gala
bilmaz. Eyni zamanda Xozorin qapali su hovzasi olmasi ekoloji riski xeyli artirir.

Biitin bunlart nozoro alaraq, «Osrin miigavilosinndo rontrakt sahasinin ilkin ekoloji
voziyyatinin, neft-qaz omoliyyatlarinin biitlin morhalslorinds otraf miihitin komponentloring
tosirin kemiyyot vo keyfiyyotca dyronilmasine xiisusi diqqet yetirilmisdir. Olkomizin alim vo
miitoxassislorinin yaxindan istiraki ilo hazirlanmis bu sonodlor Kontrakt sahasindo, boru
komorlorinin marsrutu boyu, sahilyan1 vo digor ekoloji hossas zonalarda aparilmis xiisusi
todgiqatlarin naticolori 6z oksini tapmis, ehtimal olunan gozalarin garsisinin alinmasi vo onlarin
tosirinin azaldilmasi lizra diinya standartlart soviyyasinds todbirlor naozords tutulmusdur.

Otraf miihitin mihafizosini togkil etmok mogsodilo neft-qaz omaliyyatlari prosesindo
ABOS ohatoli idaroetmo sistemi - otraf miihitin miihafizosi tizro komok¢i Komito yo onun
torkibindo elmi-tadqiqat vo monitoring isgi qruplar togkil etmis, qoza zamani donizo va torpaga
axmis nefti qisa miiddat arzindo effektiv suratdo yigmagq iiclin lazimi texniki avadanligla tochiz
olunmus xiisusi xidmet yaradilmigsdir. Bu is¢i qruplarinin torkibino ABOS vo ARDNS ilo
borabor, Dovlot Ekologiya vo Tobii Sorvatlor Nazirliyinin omokdaslar1 vo Respublika Milli
Elmlor Akademiyasinin alimlori do daxildirlor. Mohz belo idaroetmos sisteminin totbiqi
noticasinds ilkin neft layihosi heg bir ekoloji miirokkoblogsmo olmadan miivaffaqiyyatlo hoyata
kegirilir [6, 7].

ABOS-in faaliyyati ilo bagli ekoloji gostaricilorin doyismasi 6lkomiz torafindon daim
nozaratdo saxlanilir.

Qeyd etmak lazimdir ki, ABOS hatta miiqavilads nazards tutuldugundan daha yiiksak eko-
loji standartlara nail olmaq iigiin moagsadyodnlii elmi-todqiqat islori aparir vo 6z programinda daim
doyisikliklor edir. Masalon «Azari» va «Sah-deniz» yataginda qazima islori zamam «Ciraq-1»
platformasinda istifads olunan saralin adli sintetik maddonin avazine daha az toksik olan vo tez
parcalanan xotti alfa olefmlordan istifads edir.

Miigaviloyo asason lay sularini vo qazma slamini (neft ssasli gazma mohlulundan istifado
etdikdo yaranan slam istisna olmagla) miioyyon hodds godor tomizlodikdon sonra donizo axitmaq
olar. Lakin Xozor denizinin qapali su hdvzasi olmasi nozoro alinaraq hazirda onlarin yeralti
horizontlara vurulmasi planlagdirilir vo bu mogsadlo artiq «Azorin-«Cirag»-«Glinagli»
yataqglarmin tam miqyash islonma layihasi ¢arcivasinda xiisusi slamburucu quyular qazilir.

Beloliklo xtiisusi olaraq geyd etmok lazimdir ki, ABOS Xozorin spesifik xiisusiyyatlorini
nozoro alaraq, neft-qaz omoliyyatlarinda istifado olunan kimyeovi reagentlorin toksikliyini
yoxlamaq tiglin Ekoloji laboratoriya yaratmisdir. Laboratoriyanin omokdaslar1 yerli alim vo
miitoxassislorin istiraki ilo Xozor donizinin fauna vo florasindan istifads edorok miivafiq
beynalxalq qurumlarin tovsiyyalori asasinda toksikoloji, bioloji parcalanma vo akkumulyasiya
sinaq tsullar isloyib hazirlamislar [4].
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Notico olaraq, geyd edok ki, golocokdo otraf miihitin qorunmasi iizro xorclorin artmasina
baxmayaraq, standartlarin miitloq koskinlogmasi prinsipine elm va texnikanin imkanlar ilo bagl
omol edilocok. Ekoloji cohotdon Xozorin daha hossas hissolorindo yerlosmis Lonkoran-doniz,
Talig-doniz, Sahdoniz, Kiirdas1 strukturlarinda ekoloji tohliikesizliyi tomin etmok maogsadilo
xarici va yerli alim vo miitoxassislorin istiraki ilo hazirlanmis daha yiiksok standartlardan istifado
edilmasi do bunu siibut edir.

ODOBIYYAT
1. Oliyev 1., Muradverdiyev A. Azorbaycan nefti diinya siyasotinda. | vo II kitab. Baki:
Azorbaycan, 1997, 78 s.
2. Anmues U. Kacnimiickas nHedth AzepOaitmkana. M.: U3Bectus, 2003, 712 c.
3. Abbasov M.M. Neft vo qaz sonayesindo islonan texniki terminlorin rusca-azarbaycanca-
ingilisdo ligati. Baki: 1997.
Abbasov V.M. va b. Neft kimyas1 vo neftin ilkin emali. Baki: Uniprint, 2010.
AxumoB 1.Y. ToBapoBeieHuE MPOMBIIIIIEHHOTO ChIPbsl U MaTepuaioB. TalKeHT: YKUTYBUH,
1990, 492 c.
6. Hamupos H.K. Hed1b: Buepa, ceroans, 3aBrpa. Anma-Ara: Kazaxcran, 1983, 216 c.
7. Mirzoyev M., Mirzoyev C. “Qara qizil” ag seadst ronginda: V cildda. Baki, 1999-2004-cii
illor.
8. Mirzoayev M., Mirzayev C. Neft haqqinda ns bilirsiniz. Baki: MBM, 2005, 208 s.
9. Qurbanov 9.1. Neftin ilkin emal1. // Ekoloji aragdirmalar vo saglamhq, Baki: 2000. s.94-96.
10. Somadov F I., Sahverdiyeva A.F., Abdullayeva Y.D., Yolgiyeva U.C. Abseron yatag
neftinin 50°C- 11 fraksiyasinda aromatlk karbohldrogenlerln paylanmas1 // Azorbaycan neft
tosorriifatr. Ne3, Baki, 2018 s. 39-41

ok

PE3IOME
OXPAHA OKPYKAIOIIEW CPEJBI OT HETATUBHBIX BLIEPOCOB
HE®TENEPEPABOTKHN
Ackeposa ®@.A., Hacupoea 3.1,

Knroueswie cnoea. skonoeus, okpyxcarowas cpeda, oxpaua, Kacnuiickoe mope, nepmsnvie u
2a308bie MeCcmopodcOeHUs, Heghme-2azonepepabomka, Hepme- 2a300006viua

JlocTaTo4HO CKa3aTh, YTO €KEIHEBHAs J00bYa HEYTH B MUpPE COCTABISAET OKOJO 4 MIIpA. TOHH.
UpesBblyaiiHO crieuduyeckre OTXOIbI 00pa3yloTcsi B MHOTOCTYNEHYATOH HedTera3zoqo0bIBaromei u
HedTenepepadaThiBaoNell MPOMBINUIEHHOCTH. HekoTopble BemecTBa B JKHIAKUX W Ta3000pa3HBIX
YCIOBHSAX CO3/AIOT CEPhE3HYI0 yrpo3y NPHPOAHON cpene. B memsx obecnedeHus: 5KOJIOTHUYECKON
6esomacnoctt  AMOK crenyer ycuiauTh KOHTPOJIb 332 COBEPIIEHCTBOBAHWEM M IPHUMEHEHHUEM
MEXKyHApOTHBIX CTAHAAPTOB

SUMMARY
PROTECTING ENVIRONMENT FROM NEGATIVE FACTORS OF OIL REFINING
Asgerova F.A., Nasirova Z.H.

Key words: ecology, environment, protection, Caspian sea, oil and gas fields, oil and gas
processing, oil and gas production
It is enough to say that daily oil production in the world is about 4 billion tons. Extremely specific
waste is generated in the multi-stage oil and gas extraction and oil refining industries. Certain substances
in liquid and gaseous conditions cause serious threat to the natural environment. In order to ensure
environmental safety, the AIOC should strengthen control over the upgrading and application of
international standards.

Daxilolma tarixi: [lkin variant 31.07.2018
Son variant 17.12.2018
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Acar sozlar. kalium-hummat, stamm, simbiotik sistem

Qeyd edildiyi kimi, duzlulug miiayyan gatiligdan (0,3% NaCl-o asason hesablanmis) sonra
biitiin hallarda bakteriyalarla paxlali bitkilor arasinda olan simbiotik miinasibatlora biitiin
morhololords manfi tasir edir vo bu da 6z tosirinin hom kék yumrularinin omalo golmasinds, ham
foaliyyat gostormasinda, hom do bitkilorin moahsuldarliginin azalmasinda 6ziinti biruzs verir. Bu
sobabdon do duzluluq kimi abiotik faktorun menfi tesirin aradan qaldirilmasi xeyli miiddstdir
aparilan tadqiqatlarin digget morkozindadir vo indiyo kimi aparilan todqigatlarda bu masalonin
tamam hollina nail olunmayibdir, yoni problem todqiqatlar iiclin aciqdir. Biz do bu sababdon
duzlulugun monfi tosirinin aradan qaldirilmasi ilo bagl apardigimiz todqiqatlarda ilk olaraq
bununla olagadar aparilan todqigatlarin materiallarinin noticolori dorc edilon  odabiyyat
molumatlarinin analizi hoyata kegirilmisdir. Molum olmusdur ki, bu istiqgamotdo aparilan
todgigatlarda ya torpaga miixtolif maddolor slavo edilir, ya da torpaglar miixtolif metodlarla
(fitomelorasiya, meliorativ vo s.) islonmoklo ovvalki hala qaytarilir.

Bu todqigat isindo, asason, birinci istigamoti ohato edon, lakin bazi mogamlarda onlardan
forqli olan yanagmalardan istifados edilmosini, yoni duzlarin bitkilors toksik tasirinin aradan
qaldirilmasima sabab olan vo 6zii do eyni zamanda olavo ekoloji problemlor yaratmayan
birlogsmalarin yoxlanilmasi magsadouygun hesab edilmisdir.

Bu masalalorin hall edilmasi zamani iso hom todqiqatlarin gedisinde duzlasmaya moruz
qalmis torpaqlardan tomiz kulturaya ¢ixarilan bakteriya stammlarindan, hom do eyni nove aid
istehsalat stammlarindan istifado edilmisdir. Istehsalat stammlarmin ayrilmasi iiciin torpaglarin
mohsuldarligimin yiiksaldilmasi {igiin istehsal edilon “rizotorfin”(Rusiyada istehsal edilon va
torkibindo miixtolif kok yumrusu bakteriyalar1 olan) preparatindan istifado edilmis vo onlar da
laboratoriya soraitinds torofimizdon tomiz kulturaya ¢ixarilmisdir.

Tadqiqatlarin gedisinds ilk olaraq duzlarin toksiki tesirini aradan qaldirmaq qabiliyyatine
malik olan birlosmonin secilmosi hoyata kegirilmisdir. Molum olmusdur ki, bu tosira bir ¢ox
maddalor malikdir, lakin biz bu maqgsadle kalium-hummatdan istifade edilmisdir. Bu maddenin
se¢ilmosi ligiin asagida qeyd edilon bir sira masalolor asas vermisdir:

Birincisi, kimyavi tobiotino gore duzlara aid olan bu birlosmenin toksiki tosiro malik
olmamasi vo duzlarin toksiki tosirini aradan qaldirma qabiliyystine malik olmasidir.

Ikincisi, bu eyni zamanda KH “Qaligina”(Ukrainada istehsal edilir) maye iizvi-mineral
giibrosinin osas torkib elementi hesab edilir vo bitkilorin boylima vo inkisafinin tobii
stimulyatorlar1 hesab edilir. Qeyd etmok lazimdir ki, bu giibro formasi bitkicilikde hom ortiili,
hom do aciq soraitdo biitiin kond tosorriifat1 bitkilorinin becorilmosi zamani genis istifado edilir,
yani universal tosir sistemino malik olan birlosmadir. Bir qayda olaraq, o bitki toxumlarinin
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clicorma qabiliyyatinin yiliksalmasine, kartofda yumrularmin amslo golmasinin giiclonmasing,
sitillorin torpaqda yasama gabiliyyatinin yiiksolmasina sobab olur.

Ugiinciisii, bu giibronin torpaga verilmasi zaman iso torpagin fiziki, kimyovi vo bioloji
xlisusiyyotlorinin yaxsilagsmasina  sobab olur, agir metallarin tosirini neytrallagdirir ki, biitiin
bunlar da bitkilor ii¢lin olverisli soraitin yaradilmasi kimi xarakterizs olunur.

Nohayat, sonuncusu, yoni dordiinciisii, bunun giibra kimi istifado edilmosi eyni zamanda
iqtisadi miilahizalora goéro do olverislidir vo ondan istifado edilmosi digoer mineral azot
giibrolorinin miqdarinin azalmasina sobab olur. Mineral azot giibralorinin yiliksok miqdarda
istifadosinin hansi ekoloji problemlor yaratmasi isin avvalki hissalorindo, eloco aparilan bir sira
todqiqatlarda dofalorlo 6z tosdiqini tapmis faktdir.

Tadqgiqatin naticalari bitkinin koklorinde simbiotik aparatin formalagmasi {iglin NaCl-un
qatiliginin 30 mM (daha doqiqi 0,3%) toskil etmasi variantinin optimal olmasini géstordi (cad. 1.).
Gorlindiiyii kimi, kontrola nisbaton bu variantin bitkilori hor iki inkisaf fazasinda da daha yaxsi
inkisaf edir vo kokyumrularinin say1 todqigatlarin aparilmasi miiddstinds (3-6 ay) daha ¢oxdur.
NaCl-un 1,0% gatiligit morcimok - Rhizobium simbiotik sisteminin yaranmasina toksiki tosir
gostorir ki, bu hom 6zilinlii yumrularin amalogolms prosesinin baslanmasinin geg¢ikmasi, hom do
sonda omolo golon yumrularin iimumi sayinin az olmasi ilo biiruzo verir. Belo ki, bu qatiliq
gostaricisindo yumrularin omolo golmasi 5-6 giin longiyir vo sonda amalo golon yumrularin say1
azalir. Bu azalma miisahido aparilan hor iki fazada 6ziinii biiruzo verir. Masolon, NaCl-un 1,0%
qatiligindi kok yumrularinin sayilan todqiqatlarin aparildigi miiddstds 0,3% gatiligla miigayisods
tumurcuqlanma moarhalosindo 32,5%, cicoklonmo fazasinda iso 28% azalmasina sobob olur.
Anoloji gostaricilar kontrolla miiqayisada ise miivafiq olaraq 21,3% va 18,7% toskil edir. Bir s6zlo,
duzlulugun sorhad gatiligindan(>0,3%) yiiksok olmasi istonilon halda prosesin zaiflomosine sabab
olur va bu 6z tasdiqini isin avvalki hissasindo hoyata kecirilon todqiqatlarda da tapmisdar.

Cadval 1.
Morcimak bitkisinda duzlulugun simbiotik aparatin formalagmasina tasiri
_ Inkisaf fazalar1
Variantlar :
Tumurcuglama Cigoklomo

Kontrol 42,7 61,4
30 mMNacCl 49,8 69,3
100 Mm NaCl 33,6 49,9

Duzlulugun sorhad qatiligint agsmasinin monfi tosirin aradan galdirilmasi ii¢iin todqiqatlarin
ndvboti morhalosinds kalium-hummatin istiraki ilo qeyd edilon variantlarda yoxlanilmasi hoyata
kegirilmisdir. Daha doqiqi, tocriibalor hom onun (kalium-hummatin) istiraki ilo, hom do istiraki
olmadan yenidon aparilmisdir. Tocriibolorin ¢6l soraitinds aparilmasini nozors alaraq, duzlulugun
tosirinin  yenidon tokrarlanmasi da moqsodouygun hesab edilmisdir. Belo ki, bitkilorin
bdyiimasinda otraf miihit amillorinin tesiri do miisyyon rol oynayir ki, bunlar da statik, yoni
daima sabit gostaricilorlo xarakterizo olunmur vo har ilin 6ziino moxsus iglim gostaricilari olur.

Qeyd edilon sortlor daxilinds yenidon aparilan todqiqatlarda iso duzlulugun 0,3% (kontrol)
va 1,0% qatiliglart hom kalium-hummatin slava edilmasi, hom do slavo edilmomasi soraitinds
apatlmigdir. Alman naticalordon aydin oldu ki, tocriibo sahosine, eloco do miihitine kalium-
hummatin olava edilmasi kontrol variantinda kdkyumrularinin miqgdarina miisbot monada c¢ox
cuzi tosir gostordi (cad. 2). Belo ki, kontrol vo K+KH variantinin qiymatlondirilms ii¢iin istifado
edilon kriteriyalara goro miiqayisasizamani aydin olur ki, yumrularin miqdaria gors forq comisi
1% toskil edir. Maraqhidir ki, bu hal, demok olar ki, miisahido aparilan hor iki fazada
(tumurcuglanma vo ¢igoklonmo) eyni komiyyat gostoricisi ilo xarakterizo olunur (1,0-1,5%
arasinda doyisir). Digor kriteriyalara, yoni leqoqlobinli kdk yumrularinin (giil vo ya agiq ¢ohray1
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rongli) sayi, eloco amolo golon kdk yumrularinin ¢akisi (yas kiitloys goro) do kontrol variantla
miiqayisads bir godor yiiksalir vo bu halda da geyds alinan forq o qodar do yiiksok olmur. Lakin
bu halda 1,0% NaCl qatiliginda yetisdirilon morcimoak bitkilari kalium-hummat moahlulu ils
cilonmasi bir bitki nisbotindo kokyumrularinin formalasmasina vo sonraki inkisafina oshomiyyatli
doracoado tosir gostarir. Belo ki, 0,1% NaCl gatiliginda prosesi qiymotlondirmok {i¢iin istifado
edilon kriteriyalar miivafiq olaraq kontrol varianti ilo miiqayisads 37,6%, 46,4% vo 38,9% azalir.

Cadval 2.
100 mM NaCl qatiliginda ¢igakloma fazasinda marcimak bitkisinin koklorvinda kokyumrularinin
inkisafina kalium- hummatin tosiri

Kk vumrularmm Legoglobinli Kokyumru-larinin
Variantlar mi g;ln (odadlo) kdkyumrula-rinin yas kiitlosi
d miqdari (adadlo) (ma/bitki)
Kontrol 57,2 32,1 0,36
Kontrol+KH 58,5 33,3 0,38
100 mM NaCl 35,7 17,2 0,22
100 mM NaCl+KH 68,4 49,4 0,43

KH-in miihits olave edilmosi kdkyumrularinin  miqdarmi = 91,5%, leqoqlobinli
kokyumrularinin, daha doqiqi giil rongli yumrularin miqdarint ise 93,0% yiiksalmasinae sabab
olur. Analoji miiqayisoni kontrol variant1 ilo xarakterizo etdikdo do aydin olur ki, bu halda da
yiiksolma effekti miisahids olunur vo bu halda effekt iso miivafiq olaraq 16,4%, 35,0% va 16,3%
toskil edir.

Tadgiqatlarin gedisinds alds edilon bu effektin sobobi, fikrimizca, iki mogamla bagli ola bilar.
Bu, birincisi, onunla baglidir ki, KH duzlulugun sorhad gatiliginin keg¢on hissasinin toksiki tosirini
aradan qaldirir vo bunun da naticasinds simbiotik sistemin formalagsmasi 6z qaydasinda gedir.

Ikinci magam ondan ibaratdir ki, KH duzlarin toksiki tesirini aradan qaldiran zaman homin
duzluluga sabab olan birlogsmalaors toksiki tasira malik olanlari amals gatirir vo goriiniir ki, amalo
galon birlosmolor arasinda prosesi stimulyasiya edonlori do yer alir vo bu sobabdon da naticolor
hotta kontrol variantdan belo yliksok gostaricilorlo xarakterizo olunur. Bunun da hansi1 madds
olmast vo tosir effektinin mexanizminin agilmasi iso golocok todqgiqatlarda digqoet yetirmoli
mogamlardan olmasi heg bir siibho dogurmur.
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B craTthe paccMaTpuBaeTcs 1enecoo0pa3HOCTh MPUMEHEHUS KaIMI—TyMMara B UCCIICIOBAHUSIX 110
YCTpaHEHHIO OTPHUILATENBHOTO BIHSHHS CONEHOCTH. J{s onleHnBanus mporiecca ObUTH BEIOpaHBI 2 (hassl
pa3BUTHS UCCIEAyeMBIX 0000BBIX pacTeHuil (TOYKOBaHUE U BeTeHUE). VccnemoBanrs MPOBOAMINCH KaK
B 1a00OpaTOpPHBIX, TaK M B IMOJIEBBIX YCJIOBUsAX. B KadecTBe 0000OBOTO pacTeHHs, B OCHOBHOM, ObLia
UCIONb30BaHa uedeBHIld. OHAKO, HAa HEKOTOPBIX JTanax WCCICAOBAHUS C IENbI0 CpPaBHEHUS
UCIIOJIE30BAITUCH TOPOX U (hacolib

SUMMARY
WAYS TO ELIMINATE NEGATIVE IMPACTS OF LEGUMINOUS PLANT-BACTERIAL
SYMBIOTIC RELATIONSHIP
Isayeva K.K., Garayeva A.G., Bakhshaliyev A.Y.

Key words: potassium-humate, strain, symbiotic system.

In researches related to elimination of negative impacts of saltiness, use of potassium humate was
considered expedient. For the evaluation of the process two phases (budding and flowering) of researched
leguminous plants development were selected and researches were conducted in laboratory and steppe
conditions. Lentil was used as a leguminous plant. However, in some stages of the researches pea and
bean were used for comparison.
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XIZI RAYONU ORAZIiSINDO FOSILLOR UZRO QOYUNLARIN
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Ohalinin orzaq mohsullarina olan tolobatinin yerino yetirilmasi heyvandarligin bir ¢ox
saholori kimi qoyunculuqda da bdyiik shomiyyat kosb edir. Intensiv texnologiyalar, miitaraqqi
baslonmo vo yemlondirms totbiq etmoklo arzaq mohsullarinin artirilmasi elm qarsisinda duran an
baslica vazifadir.

Respublikada heyvandarligla moggul olan alim vo miitoxassislor qarsisinda duran baslica
mosalo ot vo siid mohsularinin artirilmast {igiin yeniliklorin totbiq olunmasidir. Bu giin
respublikamizda movcud qoyun cinslori resurslarindan istifado olunaraq ot, siid vo
yiiksokkeyfiyyatli dori xammali (yun) istehsalinin yiiksaldilmasi ¢ox vacib, 6nomli problemdir.
Ciinki, davamli insan inkisafinin osasi ekoloji tomiz mohsullarin tomini ilo baghdir.
Heyvandarliq mohsullarina olan tolobatin vo istehsal soviyyosinin asagi olmasina goro
Azarbaycanda qoyungulugun daha da inkisaf etdirilmosinin xiisusi shomiyyati vardir.

Ona gora do respublikamizda yetisdirilon qoyun cinslorinin mohsuldarliginin artirilmasinin
elmi osaslarla tokmillogdirilmasi vo balanslasmis yemlorin totbiq olunmasi sahasindo
mohsuldarligin artirilmast imkani yiiksokdir. Ciinki, bu guna gadar respublika orazisindo yerli
heyvanlarin mohsullarinin asagi olmasi onlara diizgiin olmayan yemlomonin totbiqi ilo baghdir.

Respublika iqtisadiyyatinin osas saholorindon biri olan kond tosorriifatinda aqrar
islahatlarin  aparilmasit naticosindo yeni tosorriifat formalar1 yaradilmigdir ki, bu da
heyvandarligin inkisafinda 6z miisbot tosirini géstormokdadir. Belo fordi va 6zal tosorriifatlarda
kond tosarriifati heyvanlarinin, o climladon xirda buynuzlu heyvanlarin helmintozlarinin
hortorofli Oyronilmosi, onlara qarsi dorman preparatlarinin  sinaqdan kegirilmosi  zoruri
sortlordon biridir [1,2,3,4]. Qarisiq invaziyalarin toradicilorinin orqanizmdo eyni zamanda
olmasi tosarriifatlar {iglin potensial tohliiko yaradir. Tesorriifat daxilinde qarisiq invaziyalarin
Oyronilmaosi xastoliklorin monsoyinin vaxtinda miioyyanlosdirilmasino imkan verir. Tosorriifatda
qariglq invaziya torodon hor hanst bir ndviin az tapilmasi, yeni invaziyanin intensivliyinin
nisbaton zoif olmasi he¢ do onun tohliikasiz oldugunu gdstormir. ©ksing, invaziyanin genis
yayilmasinda giiclii potensiala malik ola bilacoyindon xaber verir. Bu invaziyalar ayri-ayriliqda,
hom do assosiativ sokilda tosarriifatlarin rentabelli islomasina ciddi manegilik toradir [5, 6, 7, 8].

Odur ki, qoyunlar arasinda helmintoz toradicilori ilo fasillor {izro yoluxma dinamikasini
miiqayisali olaraq 6yronmok qarsiya mogsod qoyulmusdur.

Material vo metodika. Todqiqat islori 2015-2016-c1 illordo Xiz1 rayonu orazisindoki
fermer qoyunguluq tosorriifatlarindan toplanmis materiallar osasinda aparilmisdir. Todqiqatlarin
gedisindo tobii yolla yoluxmus heyvanlarin kal niimunslorindon (990 odad) istifads edilmisdir.
Miixtolif yasda olan qoyunlarin helmintlorlo yoluxmasini miioyyonlosdirmok mogsoadilo  fordi
tosarriifatlardan biitiin fosillords patoloji materiallar - hor bir qoyunun qig1 ayri-ayri toplanmas,
laboratoriyaya gotirilmis vo Fulleborn, Vigsnyauskas iisullar1 ilo miiayino edilmisdir. Koproloji
miuayinalor noticesinde helmint yumurtalart tapilmigdir. Helmint yumurtalarinin  tapilmasi
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parazitlo yoluxma kimi qiymatlondirilmis, imumi yoxlanilmis heyvanlar arasinda yoluxmalarin
sayina goro invaziyanin ekstensivliyi hesablanmis va faizlo ifado edilmisdir. Aparilan todqiqatlar
zamani koproloji miiayins ilo yanasi, yarma miiayinalori do aparilmigdir. Yaz foslinde 132 bas,
yay foslindo 105 bas, payiz foslindo 140 bas, qis foslindo iso 118 bas qoyunun garaciyar,
nazik vo kor bagirsaglart miiayins edilmisdir.

Alinmis naticalor va onlarin miizakirasi. Aparilan todqiqatlara, tocriiba vo miisahidalora
osason qoyunlarin helmintlorlo yoluxmasina respublikanin miixtolif zonalarinda rast golinir. Bu
tosorriifatlarda miixtolif yasli qoyunlarda helmintlordon fassiola, trixosefalyus, avitellina vo
monieziyanin birgo parazitlik etmosi agkar edilmisdir. Buna asason qoyunlarin qarisiq invaziya
ilo yoluxmasini fasillor {izro miiayine etmok mogsadsuygun hesab edilmisdir.

Yaz foslinds fassiola ilo 19,2%, trixosefalyusla 34,0%, avitellina ilo 20,0%, monieziya ilo
14,0% yoluxma aparilan koproloji miiayinalar naticasinds askar olunmusdur.

Cadval 1.
Foasillor iizra qoyunlarin helmintlorlo yoluxmasi (koproloji miiayino asasinda, %-12)
Fassiola Trixosefalyus Avitellina Monieziya
o =

= zEEl 2 = = | &= | 2 = 2 | &5
£ 587 8 | 3 | 3 | 3€| 5 | 3| 5 | 3¢

© > > > > > > > >
Yaz 250 48 19,2 85 34,0 52 20,0 35 14,0
Yay 235 64 27,2 118 50,2 73 31,0 53 22,5
Payiz 265 53 20,0 101 38,1 61 23,0 43 16,2
Qis 240 32 13,3 57 23,7 28 11,6 19 8,0

Miiayino apardigimiz qoyunguluq tosorriifatlarinda fasillor lizro helmintlorlo yoluxmanin
yiiksok ekstensivliyi yay foslindo qeydo alinmigdir vo bu fosildo fassiola ilo 27,2%,
trixosefalyusla 50,2%, avitellina ilo 31,0%, monieziya ilo 22,5% yoluxma oldugu miioyyon
edilmisdir. Payiz faslindo fassiola ilo 20,0%, trixosefalyusla 38,1%, avitellina ilo 23,0%,
monieziya ilo 16,2% yoluxma aparilan koproloji miiayinalor naticesinds agkar olunmusdur
(Histogram).

Fosillor {izro aparilan koproloji miiayinalor zamani qeyd olunan invazion xastoliklorin
toradicilori ilo on asag1 yoluxma faizi qis foslinde geyde alinmigdir vo bu fasildo fassiola ilo
13,3%, trixosefalyusla 32,7%, avitellina ilo 11,6%, monieziya ilo 8,0% yoluxma oldugu
todgigatlar zamani1 agkar edilmisdir (Cadval 1).

Todqgigatlar zamani qoyunlart natamam yarma isulu ilo todqiq etmoklo invaziyanin
intensivliyi do miioyyonlosdirilmisdir. Yarma miiayinasi asason Xizi rayonundan kondlorinin
orazisindo olan ot kosim montogolorinda, tosorriifatlarda 6lmiis vo kosilmis heyvanlar tizorindo
apartlmigdir. Toplanmis materiallarin  bir hissasi iso institutun parazitologiya sobosinin
laboratoriyasinda miiayino edilmisdir.

Invaziyanin intensivliyini miioyyon etmok ii¢iin aparilan natamam yarma miiayinosinin
naticalari cadval 2-do geyd olunmusdur. Yaz faslinds fassiola ilo 2-19, trixosefalyusla 3-25,
avitellina ilo 1-9, monieziya ilo 1-7 adad yoluxma aparilan yarma miiayinalori naticasinds askar
olunmusdur.

Miiayino apardigimiz qoyunculuq tosorriifatlarinda fasillor tizra helmintlorlo yoluxmanin
yiiksok intensivliyi yay faslinds qeydo alinmisdir vo bu fasilds fassiola ilo 4-28, trixosefalyusla
6-41, avitellina ilo 2-21, monieziya ils 2-15 adod yoluxma oldugu miioyyon edilmigdir. Payiz
foslindo  fassiola ilo 3-21, trixosefalyusla 4-36, avitellina ilo 2-16, monieziya ilo 2-11 adad, qis
foslinds is9 on asag1 yoluxma qeyde alinmisdir.

62



Agayeva A.N., Qahromanova A.Y., Olakbarli G.Y.

Fasillor tizro yoluxma
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Histogram. Qoyunlarin helmintlorla fasillor iizro yoluxma dinamikasi

Belo ki, bu fasildo fassiola ilo 2-13, trixosefalyusla 3-19, avitellina ils 1-5, monieziya ilo
1-4 odad yoluxma oldugu todqiqgatlar zamani askar edilmisdir. Bu da helmint yumurtalarinin
inkisafi {i¢iin geyri-alverisli soraitin olmasi ilo slaqoadardir.
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PE3IOME
JNUHAMMUKA CE3OHHOI'O 3APAKEHUS OBEIl T'EJIbLMUHTO30M
HA TEPPUTOPUU XBI3BIHCKOI'O PAMOHA
Azaesa A.H., Kazpamanosa A A., Anexoepau I'.A.

Knroueswie cnoea. oeybl, XO3AUCMEA, 2eIbMUHMbL, CE30H, sapasicerue, obcnedosanue

B cratbe paccMaTpuBacTCA BOIIPOC M3YUYCHUS 3apPaXCHHOCTU T'CJIbMHUHTAMH OBCI] B XO03sMCTBax
XBI3BIHCKOT'O paﬁOHa, N YCTAHOBJICHUSA CC30HHOCTU NPOSABICHUA I'CJIbBMUHTOB Yy PA3JIMIHBIX BO3PACTHBIX
rpynm B OHNPEACICHHOEC BpEMA IroJa. OTMC‘ICHO, 9TO B OBIIEBOAYECKUX XO3SMCTBAX HAWBBICIINM ITHK
3apaK€Hus OBCI I'CIIbMHUHTAMU Ha6J'IIOI[a.]'IC$l JICTOM, @ HAUMCHBIIIUM — 3UMOIA.

SUMMARY
SEASONAL DYNAMICS OF SHEEP’S CONTAMINATION WITH
HELMINTHS IN KHIZI
Aghayeva A.N., Gahramanova A.Y., Alekberli G.Y.

Key words: sheep, farm, helminths, seasons, contamination, inspection

The main goal of our work is to investigate the contamination with helminths in sheep-breeding
farms of Khizi, where previously long-term studies were conducted. It was defined seasonal
contamination of helminths in sheep of different age groups. On sheep-breeding farms the highest level
of contamination with helminths occured in summer, the lowest was in winter.
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Knroueswie cnosa: modens, ancopumm, epemennvie cemu Ilempu, pobom—manunyiamop

Bpemennsie cetu Iletpu (BCII) siBisitoTcss OJHUM U3 BO3MOXKHBIX pacIIUpeHUil 0a30BbIX
cerelt [lerpu, ucnonab3yeMbIX 11 MOJACIUPOBAHUS JUCKPETHBIX CUCTEM U IPOLIECCOB B 3aJadax
yIpaBJEHUS, IPU aHAJIN3€ KOTOPBIX HEOOXOAMMO YUYUTHIBATh HE TOJBKO MOPSAOK BBITOJIHEHUS
IeicTBUil, a Takke BpeMeHHble xapakrepuctuku. Cpemu omnpeaeneHuii BCII nauGonee
3 PEKTUBHBIM SIBISIETCS OIpEesICHIE, CONOCTABIIAIONIEe BPEMEHHBIC 3a/IEpPKKU TepexoiaM U
BPEMEHHbIE 3aJE€pKKM MapKepaM B IO3ULMIX CETH, KakK 3JIEMEHTaM, IPEeACTABISIOLIUM
JIEHCTBHSI MOJEIUPYEMON CUCTEMBI.

BCII mnpencraBisier co0oil  ABYAOJbHBIA OPUEHTUPOBAHHBIM Tpad, HAOMOJIHEHHBIH
XapaKTEepUCTUKAMU YT U BEPILIUH, IPEJCTABIEHHBIMU HaTypalbHbIMU YHUCIAMH.

BCII onpenensercst Beipaxkenuem N = (P, T,E,W, x,,Z,S), tae P={ pi}, (i=1...,n; n—
YHCI0 MO3MIMKA) — KOHEYHOE HEMyCTOS MHOXKECTBO IMO3MIMMA; T :{tj },(j =1,...,m; M—4ucIio
IIEPEXO0/I0B) — KOHEYHOE HEMyCTOe MHOKECTBO MEPeXooB; E = {(pi,t S PxTU(, p) ST x P} -
3a7aeT Ayru 00bEIUHSIONIME TIO3ULUH C HepexoqamMu U nepexosl ¢ nosumusamu; W E — N \{0}
—03HAYaeT Pa3METKy KPaTHOCTH JYT; gy = (1, 140,..., 1) —BEKTOp HayaIbHONW MApKMPOBKH CETH,
KasK/IbIii KOMITOHEHT £’ PABEH YHCITY METOK B MO3MIIHH Pi; L= (z,,2,,...,1,) — BEKTOp mapamMeTpoB
BPEMEHHBIX 3a7epkek  MapkepoB B mosumusax BCII, rme Z:P—R'(R*—mHOXecTBO
MIOJIOKHUTEIBHBIX ~ BEIICCTBEHHBIX  YHCEN); O = (51,32,...,Sm)—BeKT0p napamMeTpoB  BpEMEH
cpaGaTeiBanms paspemenusix nepexonos BCIL rae S:P —R™. Ecin e € E —ayra cern N,

COCMIMHSIIOMIAs MO3UIMI0 [); C TIEPEX0a0oM '[j, TO HartypanbHoe uucio W(e)=n, 3amaer

KpaTHOCTh Iyru € . IIpu N, >1 3HadyeHWe KPaTHOCTHM HMCHOIB3YeTCS B Ka4eCTBE METKH IYTH.

Ecmm n, =1, to nyra ve momevaercsi. Eciin KpaTHOCTH BCEX IyT paBHA €IWHUIIE, TO TAKUE CETH
Ha3bIBAIOTCS OJIMHApHBIMU [ 1,2].

Oynkimonnposanre BCII mouuHseTCs CIeIyoIuM MpaBuiiaM:

1. Mapkepsl B TO3HIUAX MOTYT HAXOJUTCS B JBYX COCTOSHHUSX-JIOCTYITHOM U
HEJIOCTYITHOM.

2. HesabnokuposanHbie niepexojibl t; € T CUMTAIOTCS MHALMMPOBAHHBIMH, ECIU VISl HUX
BBITIOJIHEHO CIIENyrollee ycnoBue Bo3Oyxaenne: 4; >W(p;,t;)alj]l, vp; € I(t;), roe, W(p;,t;)
—xpatHocTh ayru; a j]—BexkTOp, BCe BIEMEHTHI KOTOPOro, KpOME j—TO, PaBHBI HYIIO, a
J—oneMeHT paBeH 1.
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3. Ilpu cpabarbiBaHuM Mepexojia W3 BXOJAHBIX MMO3MIMA BbIOpaHHOTO mepexoma t i
ynansrores W (p;,t;) moctynnbix Mapkepos mo dopmyine g = 14 =W (p;,t;), Vp; € I(t;). Hanee

nepexon OJOKUpyeTcs Ha BpeMs S i [To ucreuennn BpeMeHU OJIOKUPOBKHU, MAPKEPHI EPEXOIAT

B BBIXOJHBIC TO3UIMH Pa3pEIICHHBIX HE3a0JIOKUPOBAHHBIX IMepexonoB t j mo cieayromen
dopmyne g4 =1 +W(t;, p;), Vp; €O(t;), tme I(t))u O(t;) — coorBercTBeHHO (yHKIMM
BXOJIHBIX U BBIXOAHBIX MHIMACHIMHA. Kaxxapiii Mmapkep, coBepmmBmmi nepexox u3 p; € I (t j)B

p, € O(t;), Oyner HeNOCTYNHBIM B MO3UIMK [), B TEYECHHE BPEMEHM Z, , HAYMHAS C MOMEHTA

rs
ero nossnenus B P, (Z,—Bpems OJIOKMPOBKU MapKepa B HO3MIHUU [, , 10 HCTEYEHHH KOTOPOIo
MapKep CHOBAa CTAHOBUTCS JOCTYITHBIM).

OYHKIMOHUPOBAHUE CETH IPEICTaBIsET COOOW Mpolecc M3MEHEHUs €€ MapKHUpPOBKU B
pesylbTaTe 3alyCKOB M 3aBepLICHMI nepexonos. Ilepexon 3aBepiiaercs uepes 7, TaKTOB
BPEMEHH I10CJIE 3aITyCKa.

[ycre (g, g%,..., °) — mocHenoBaTenbHOCTs MapkupoBok BCII, BosHHKaromas B

pe3yiabTaTe MOOYCPEAHOTO Cpa6aTBIBaHI/I$I t] —B MOMCHT Tio’ th —B MOMCHT Z'J-l ,
0

MOMEHT 7;_, (k=0.L2,...,S-1). Cornacno onpenenennto BCII ee MapkupoBKa Ha MHTEPBaIaxX

T, ST<T;, k=12,...,S -1, He usmensiercs. MapkupoBKa B IMPOU3BOJIbHBI MOMEHT BPEMECHHU

7 € Z zanucwiBaercst B Bune 1(z) = (14,(7), 14, (2) ..., 14, (7) [3].

['maBubii oTiimunTenbHbii npusHak BCII B Tom, 4TO Bpemsi paccMaTpuBaeTcCsi HE Kak
abcoMIoTHas BeIMYMHA, & KaK BpeMEHHbIE €IMHUIIBI, T. €. Yachl, CEKYH/Ibl, HAHOCEKYHJIbI U T. 1.
YuuThiBas BHIIEH3JI0KEHHOE, pa3paboTan anroputM QpyHkimonuposanus BCIL.
Hauano ancopumma.
1. Coznanue MaTpuilbl BXOJAHOW MHIIMACHTHOCTA MHOXKECTB MEPEXO0/I0B C Pa3MEPHOCTHIO
nxm:
W(pi,tj), ecnu Vp, € I(tj);

"0, ecru Vp; € 1(t;) ,

rae, i=Ln, j=1m
2. Co3ganWe MaTpUIBl BBIXOAHOW WHIIMJICHTHOCTH MHOXECTB IEPEXO0/I0B C
pasMepHOCTBIO M X N

w(t;, p,), e Vp; € O(t;);
o ecu Vp; 2 O(t;),
rae, i=Ln, j=1m.
3. Cosnanue BekTopa HadanbHoi Mapkuposku 1°: 10 = 1°(p;), (i=1n) .

4. Co3paHue BEKTOpPa 331€pPKEK MapKepoB B MO3ULUAX: Z = (Z;,Z,,...,Z,,) -

5. COB,Z[aHI/Ie BCKTOpPa BpPEMCHU Cpa6aTBIBaHI/I}I PAa3pPCIICHHBIX Mepexoa0B:
S =1(S.,S,,--,Sy) -

6. T= O—MOMCHT BpPEMCHU, IJId KOTOPOIro Sa(I)I/IKCI/IPOBaHa HavaJibHas pa3sMCTKa CCTH.

7. Tekylas MApKHPOBKA CeTH [, = f; Tae, i =1n.

8. Tlomck paspemennoro mepexoxa: st kaxnoro mepexoxa t;, j =1,m; mposepsroTcs

CJIeIyIOIINE YCIOBUS CpadaThIBAHUSA:
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8.1. Eciu Ut Bcex BXOMHBIX IMO3unuii t jo A KOTOPBIX Cij_' # 0 Bomonusercs yCJIOBUE

4 2C;,i=1n, 10 nepexon t; cpabarbiBaeTcs U OCYIIECTBIAETCS NEPEXOA K mary 9, B

IPOTUBHOM CJIy4ac 3HaUYCHHUE | yBEIUYUBACTCS Ha equuuiy: | = J+1.

8.2. Eciu j <m, TO OCYIIECTBISICTCS TIEPexXo]] K Iary §, B MPOTHBHOM CJIy4ae — BBIBOJ
COOOILEHHS O TYITMKOBOM COCTOSIHHH.

9. HaxoxIeHHe MaKCUMAaJIbHOIO BPEMEHH OJIOKHPOBOK MAapKEPOB BXOJHBIX IMO3UIHI
nepexoja t j :

9.1. 7., =0;
9.2. Ecnm nns Beex P, € I(t;), Bemonusercs ycnosue Z; > Z., , TO NPUCBAMBAETCSA

2 =1

max

10. Beruncinsiercst Bpems cpabatbiBanus nepexona t;: 7=7+27,, +S;;

11. Co3znanue BEKTOpa HOBOW MapKHUPOBKH:
Hei = 1y —Cy, Vp, € I(t;)
Hyi = My +Cf, VP, € O(L))
12. HoBasi MapKHPOBKA IPHHIMACTCS 32 TEKYIIYIO: £, = £i’;, | =1,N; W OCYIIECTRIAETCS

nepexos K mary 8.
Koney aneopumma.

PaccmoTpum Mojens GyHKIMOHUPOBAHUS MOAYJIA «00pabaThIBarOIMi EHTP» B THOKON
IIPOM3BOJICTBEHHOI cUCTeMe MexaHo00paboTku. OOpadaThIBAIONINI IEHTP COCTOUT U3 OJHOTO
IEPCOHAIBHOIO BXOJHOTO HAKOIUTENS A HeoOpabOTaHHBIX JeTanel; U3 ycTpoHcTBO 1 M
YCTPOMCTBO 2, BBIMOJNHSIOUIMX JBE pa3UYHbIC ONEpali HaJ JeTalblo; U3 poOoTa—
MaHMITYJIATOPA, BBINOJHSIOMMI 3arpy3Ku-pasrpy3ku ycrpoiictBa 1 u  ycTpoiictBa 2,
COOTBETCTBEHHO U W3 IMEPCOHAJIBHOTO BBIXOJHOTO HAKOMUTENS A 0OpabOTaHHBIX JeTajei.
CBsi3p MOJyJISl € MPEIBIIYLHIMM M HOCIEIYIOUUM MOJYISIMH IMPOUCXOAUT COOTBETCTBEHHO C
MIOMOIIIBIO BBINIEYKAa3aHHBIX HAKOTUTEIICH.

Monyns paboTaer cieyrommM o0pa3oM: JeTaad MOCTYHNAroT Ha BXOJHOW HAaKOMUTENb U
OKUJAIOT 00paboTKy; MpU HAJIWYMM JeTajell Ha BXOJHOM HaKOMMUTEJIE POOOT—MaHUIYIATOP
OCYILECTBIISIET 3arpy3Ky ycrpoiictBa 1, mocime oOpabOTKM JeTalld pasrpykaroTcs, 3aTeM
OCYIIECTBIISIETCSl 3arpy3ka ycTpoWcTBa 2, mocie OOpaOOTKH AETaau MPOUCXOAMT pasrpyska
YCTPOMCTBA 2 U LUK TOBTOPSIETCS.

B npencraBnennoit monenu, cocraBieHHbiii ¢ npumenennem BCII (puc.l), cocrosiHue
MOJTyJ1s1 00pabaThIBAIOLIETO LIEHTPA OMUCHIBAIOTCS CIEIYIOIUMU MO3UIUSAMHU:

P, U P,—COOTBETCTBEHHO OOCIyXHMBAaHUE ycTpoiicTBa 1 m ycrpoiictBa 2; P, —BXOIHOMH
HAaKOIUTENb HEOOpaOOTaHHBIX neTanel; P,, Pg— COOTBETCTBEHHO 3arpy3Ku yCTpoWcTBa 1 u
ycTpoicTBa 2; Ps U P, — COOTBETCTBEHHO T'OTOBHOCTH JUISl BBIITOJIHEHUS OINEpanui ¢ OJHOU
JeTanpro ycrpoiictea 1 u ycrpodictsa 2; Pg u Pg— 3aBepiueHue 00pabOTKH HaI NETAIBIO
ycrpoiictBa 1 u ycTtpoiictBa 2; P; M P;; — COOTBETCTBEHHO pasrpy3Kd ycTpoicTBa 1 u

yCTpoicTBa 2; [, —BBIXOJAHOM HAKOIMHUTENb 00paO0TaHHBIX AeTaleH.

Bo3mokHBIE COOBITHSI B MO/yJIe 00padaThIBAIOLIETO IIEHTPA OMHCHIBAIOTCS CIEAYIOIIUMH
Hepexo/IaMH:
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Cemesas mooenb 0bpabamuléaroue2o YyeHmpa 6 nPoU300CMEEHHOU cUcmeme Mexanooopabomxu

t, ¥ t,—COOTBETCTBEHHO BBIIOJIHEHHE 3arpy3Ku ycrpoiictBa 1 u ycrpoiicta 2; t, u i,
—COOTBETCTBEHHO 00paboTKa jetann ycrpoiictsa 1 u ycrpoiictsa 2; {3 u ty—coorBercTBeHHO
BBIIIOJIHGHHE PA3IPy3Ku ycTpoiicTsa 1 u ycrpoiictsa 2; 17 —TpancropTupoBka neTany U3 BEIXOA

ycTpoiicTBa 1 K BXOAYy YCTpOWCTBA 2; t8 — MepeMenIeHne poooTa MaHUIYJIATOPA OT YCTPOKWCTBA

2 K yCTpoHcCTBY 1.

Ps Pio
Ps P4 Pé pr Ps P P11 P2
1z 53 s t; 1y Is s
s> I: { X
D1 fs D2
Puc. 1. I'pagh-mooenv BCII, «obpabamuiearowuii yenmpy» 6 2uOKOU npou3800CMEEHHOU cucmeme
MeXanooopabomxu
DyHKIKA WHIUIEHTHOCTH MHOYKECTBA MO3ULIKiA ipeacTaisercs marpunein C™(8,12):

101010000O0O0TO0
000100O0O0OO0OO0OO0OTGO
1 00001000O0OOCO

_ 010000010100

C (812 =
000O0O0OOOOT11IO0O0TO0
01 000O0O0O0O0OO0OT1IO
1 0000O01O00O0O0OO0CO
01 000O0O0DO0O0OO0OGO0O
DyHKIKMS MHIUIEHTHOCTH MHOYKECTBA IIEPeX0I0B npeacTtasnsercs marpunei C*(8,12) :
1 001000O0O0O0OO0OTO0TO
000O0O0O1O0O0OO0OO0OO0ODO
0 0001O01O0O0O0O00D0
01 000O0OO0OO011O0O0D0O
C"(812) =

0 000O0O0OOOOOOT1D0
01 000O0OO0OO0O0OT1101
01 000O0OO0O11O0O0O0OD0O
100 00O0O0OO0OOOOO O

HauanbHas MmapkupoBka npejicrasisercs Bekropom: 4, =(1,0,1,0,1,0,0,0,0,1,0,0).

Ha ocnHoBe paspabortanHoro amroput™a ompenensercss ctpykrypa BCIIL. B pesynbsrare
KOMIIBIOTEPHOTO AKCIIEPUMEHTa TONy4YeHa IMOCIeI0BATeIbHOCTh CPabaThIBAIOIINX MEPEX0/I0B

o = (Lt ttt.) u3 HavanbHON MapKUPOBKH L :
cpabaTbIBacTCsl Mepexos [): MOMEHT BBINONHEHHMs mepexoga 7 =8, HOBas MapKHPOBKA

nmeet BuI: 44 =(1,0,0,1,0,0,0,0,0,1,0,0);
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cpabatbiBaeTcst mepexo] t,: MOMEHT BBIIOJHEHUS nepexoja 7 =11, HoBas MapKUpPOBKa
numeer BuI: 4, =(1,0,0,0,0,1,0,0,0,1,0,0) ;

cpabatbiBaeTcsi mepexon t;: MOMEHT BBINOJHEHUS nepexoja 7 =18, HOoBas MapKUpPOBKa
umeer Bua: L, =(1,0,0,010,10,010,0);

cpabatbiBaeTcst nepexos {;: MOMEHT BBINOJIHEHHUs Nepexofa 7 =25, HOBas MapKUpPOBKa
umeer Bug: 4, =(0,1,0,010,0,1,0,10,0);

cpabarbIBaeTcsl Iepexon t, : MOMEHT BBINOJIHEHUS Iepexojna 7 = 34, HOBask MapKUPOBKa
umeer Bun: 4 =(0,1,0,01,0,0,010,0,0);

cpabaThIBaeTCsl MEPEXO '[5: MOMEHT BBIIIOJIHEHUS Ilepexona 7 =38, HOBas MapKUpPOBKA
umeer Bua: 4, =(0,10,010,0,0,0,010);

cpabaTbIBaeTCsl MEPEXO]L '[6: MOMEHT BBIIIOJIHEHHUS Iiepexona 7 =47, HOBasg MapKUPOBKa
umeer sux: 4, =(0,0,01,0,0,0,0101);

cpabaTbIBaeTCsl MEPEXO0]L '[8: MOMEHT BBIIIOJIHEHUS Iepexona 7 =52, HOBasg MapKHUPOBKa

umeer Bua: L =(1,0,0,0,1,0,0,0,01,0,).
Takum o00pa3oM, npeACTaBiICHHbIE MpaBuUia cpaOaTbIBAaHUS IE€PEXOJIOB IOJHOCTBIO
onuchIBalOT npouecc pyuknuonuposanus BCIL.
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XULASO
MEXANIKI EMALLI iSTEHSAL SiISTEMINDO EMALEDICI MORKOZIN SOBOKO MODELI
Mustafayev V.A, Salmanova M.N.

Agar sozlar: model, alqoritm, zaman Petri sobakasi, robot-manipulyator.

Maqalada zaman Petri sabakoalorinin tatbiqi ilo mexaniki emalli ¢evik istehsal sistemindo emaledici
moarkazin sabake modelina baxilmis, sobokenin faaliyyet alqoritmi islonmis, islonmis alqoritm asasinda
Borland Delphi 7.0. miihitinds proqram tominati hazirlanmigdir.

SUMMARY
NETWORK MODEL OF THE MACHINING CENTER IN THE PRODUCTION SYSTEM
OF THE MECHANICAL PROCESSING
Mustafayev V.A, Salmanova M.N.

Key words: model, algorithm, timed Petri Nets, robot manipulator.

It was considered a network model for the functioning of the "machining center" module in a flexible
production system for machining using a temporary Petri net, was developed the algorithm of network
functioning; software was worked out on the basis of the suggested algorithm specific to Borland Delphi 7.0 in
the article.

Daxilolma tarixi: [lkin variant 24.04.2018
Son variant 17.12.2018
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Acgar sézlar: sonadin axtaris surati, sorgunun axtariy surati, assosSiativ axtaris, retrospektiv axtaris,
relevantliq.

Giris. Molumdur ki, bu giin istor ayri-ayr1 fordlor (menecerlor, biznes sahiblori vo s.),
istorso do boyliklityiindon — kigikliyindon asili olmayaraq, biitiin miiossiso vo togkilat rohbarlori
miivafiq gorarlarin gobulu iigiin miiasir kompiiter texnologiyasi osasinda yaradilan informasiya
sistemlorindon istifado edirlor. Adston, belo informasiya sistemlorinin oksoriyyoti faktoqrafik
xarakterlidir, yoni obyekti xarakterizo edon strukurlasdirilmis verilonlor osasinda yaradilir. Lakin
bir ¢cox hallarda iso informasiya strukturlagdirilmis verilonlor massivi ¢akilinds deyil, tobii dildo
olan sanadlor sokilinde (monoqrafiya, dorsliklor, moqalslar, dovrii nasrlor, normativ vo hiiquqi
sonadlar, arxiv sonadlori, hesabatlar va s.) ifads olunurlar. Bu ciir verilonlor asasinda iso sonadli
informasiya sistemlori yaradilir.

Sonadli informasiya sistemlorinin tipik formasi iso informasiya axtaris sistemloridir (IAS).
[AS-lardan hom miiossiso, hom do INTERNET sobokoesindo miixtalif tip sonodlerin toplanmasi,
sistemlosdirilmas vo axtarisi li¢iin istifads edilir.

Toqdim olunan mogqgalo sonadli informasiya sistemlorindo informasiyanin axtariginin
toskilinin imumi prinsiplorinin metod vo modellori tohlil edilorok agiglaglanir vo onlarin
miiqayisosi  aparilir.  Eloco  do  informasiya axtaris  sistemlorinin  keyfiyyotinin
qiymatlondirilmasinin osas xarakteristikalar1 vo onlar arasindaki asililiglar sorh olunub.

Masalanin halli. Bu giin foaliyyet dairasinden asili olmayaraq, biitiin miiassisalords miiasir
kompiiter texnologiyalar1 bazasinda yaradilan informasiya sistemlorindon istifado olunur.
Informasiya sistemlorinin osas vozifasi isa istifadagilorin sorgularina cavab veran informasiyanin
axtarilib-tapilmasindan va lazimi gorarlarin gobulu {ig¢iin istifadagilora ¢atdirilmasindan ibarstdir.
Moalumdur ki, sonadli informasiya sistemlorindo sorgularin cavabi sonadlorden vo ya onlarin
gostariciloridon (bibliografik verilonlor, URL {invanlar vo s.) ibaratdir.

Informasiya sistemlorindo (IS) toyinatindan asili olmayaraq, informasiyanin axtarist
somorali togkil olunmalidir. Informasiya axtarisi sorguya uygun sonadlorin tapilmasi prosesidir.
Istifadogilor sistemo tobii dildo verdiyi sorgu ya ol ilo, ya da program vasitosilo formal soklo
salinaraq sorgunun axtaris suratina ¢evirilorok daxil edilir.

Sorgunun axtaris surati (SOAS) iimumi halda bir-birilo montiqi operatorlarla (AND, OR vo
NOT) slagalondirilmis sézlorden ibaratdir vo formal olaraq asagidaki kimi ifade oluna bilar:

SOAS::=5,65,6...S,
¢::=AND\OR\ NOT 1)

Burada S;, Sy,...S; sozlori, 6-AND, OR, NOT nontiqi operatorlardan birini, n sorgudaki

sOzlarin sayini1 gostarir.
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Sonodin axtaris suroti (SAS) deskriptorlar (agar sozlor) ¢oxlugundan ibarstdir vo onlar
arasinda susmaya goro AND montiqi olagosinin olmasi nazords tutulur, yoni burada “0” isarosi
yalniz AND operatorunu gostorir.

Onanovi informasiya sistemlorindo (faktoqrafik) axtaris, adoton, “tam daxil olmaga goérs”
kriterisindon (axtarts meyart vo ya sorti) istifado olunur vo homin kriteriyo géro SOAS
biitovliikkdo SAS-a daxil olmalidir, yani:

SOAS c SAS.

Sonadli informasiya sistemlorindo iso “mona oxsarligi” (qismon daxilolma) kriterisindon
istifads olunur:

S1< SOAS,S1c SAS.

Sonadli informasiya sistemlorindo axtaris kriterilorinin digor variantlari da moévcuddur.
Masalon: terminlorin informativliyini gostoron ¢oki omsallarinin, terminlorin rol vo olage
gostaricilorinin, onlar arasinda mantiqi slagalorin nozors alinmasi va s.

Qorar gobuletmo {igiin lazimi informasiayanin qisa miiddstds aldo olunmasi tiglin onun
axtarisinin  somarali togkilini tomin edon miixtalif axtarts metodlarindan (mosalon, ardicil,
birbasa, indeksli vo s. axtariglar) istifado olunur. Hansi axtaris metodunun secilmasi iso
informasiya massivinin xarakterindan, taskilolunma tisulundan, predmet sahasindan, informasiya
dasiyicisinin tipindan va s. asili olaraq proqramgi torafindan segilir.

Informasiya sistemlorinds tatbiq edilon axtaris metodlarini acardan istifade baximindan iki
yera bolmok olar: acarlt va acarsiz axtarislar[1].

Acarli axtaris da 6z névbasinds iki yers boliiniir: nizamli va nizamsiz axtarislar.

Nizaml axtariga asagidaki axtaris metodlar daxildir:

-bloklarla axtaris;

-ikiya bolmokls axtars;

-indeksli axtaris.

Nizamsiz axtarisa iSo asagidakilar daxildir:

-ardicil axtaris;

-birbasa axtaris.

Acarsiz axtarisa isa ardicil va assosativ axtariglar daxildir.

Informasiya axtarisinda axtarts strategiyasimin da rolu bdyiikdiir, hansi ki, o, axtaris
resurslarinin, o ciimlodon, sorgularin vo axtaris metodunun tatbiq sxemini toyin edir vo sorgunun
xarakteri va talablarindon asili olaraq doyisa bilar.

Sonadli informasiya sistemlorinds osason axtarigin sorguda gostorilon biitin slamotlors
goro aparilmasi talob olundugundan oksar hallarda ardicil vo ya assosiativ axtarig metodlarindan
istifado olunur. Digor torofdon agarsiz axtaris istonilon miirokkobliys malik olan sorgulari emal
etmoays imkan verdiyindan eloca da bazi hallarda iss masalonin xarakterina gors ardicil axtaris oan
somorali metod hesab olunur. Masalon: retrospektiv axtarigda, faylin yazilarinin hamisina
baxilmasi talob olunan moasalalords (amok hagqinin hesablanmasi kimi masaloalar).

Bozi hallarda baxilan axtaris metodlarinin birga totbiqi do miimkiindiir. Masalon: ikiya
bdlma Vo ya indeksli axtaris metodlart maqnit diskinds axtarilan yazinin yerlosdiyi maqnit cigir
tapilir, cig@irin daxilindos iSs yazinin 6ziiniin axtarist ardicil metodla aparilir.

Sonadli informasiya sistemlori asason matni informasiyanin emali ii¢lin nazords tutulur.
Ona gora doa bazi matni informasiyanin axtarig modellarinin tohlili moqalods verilmisdir.

Motni informasiyanin axtarig modellori se¢ilon axtaris metodlarinin vo indekslosdirmo
vasitolorino gora axtarig prosesinin neco aparilmasini tosvir edir vo onlar dérd amillo xarakterizo
olunur:

-sonadlorin vo sorgularin tosviri (indekslogdirmo) ilo;

-mona oxsarligi kriterisi ilo;

-sorgu naticolorinin ohomiyyatino gora siralanmasi metodu ilo;

-istifadagi torafindon relevantligin qiymatlondirilmasini tomin edon oks-olage mexanizmi ilo.
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Birinci li¢ amili nazars alan vo daha genis totbiq olunan axtaris modellorino qisaca baxagq.

Bul modeli “daxil olmaya goro” Kriterisino osaslanir vo sorgunun axtaris suratindo
gostorilon har bir termins bul doyisoni kimi baxilir vo axtarig zamani hamin terminlor SAS-da
tapildigda uygun doyisonlor “TRUE” (dogru) qiymatini alir. Termindo ¢oki omsallari nozors
alinmir. Sorgu terminlori AND, OR, NOT montiqi amoliyyatlarla slagolondirilorak, ixtiyari bul
ifadosi kimi formalasdirilir. SOAS-la SAS arasinda mona oxsarlig1 “se¢im statusunun qiymoti”
(RSV-retrival status value) adlanan kriteri ilo toyin olunur. Bul modelinds RVS-nin qiymati belo
toyin olunur:

RVS = {0, oks halda

1, ogor baxilan sonad ii¢lin Bul ifadssinin qiymati *“TRUE” olarsa’

RSV=1 olanda biitiin sonodlor sorguya relevant hesab olunur. Bu modelin stiinliyl
reallagdirilmasinin sade olmasi, istifadagilora 6z sorgularina istonilon miirokkoblikdo ifadslori
daxil etmoyo imkan vermosi vo bir ¢cox kommersiya sistemlorindo vo Internetdo sonodlorin
axtarig sistemlorindo istifado olunmasindadir. Catismazliglar iso asagidakilardir: bu modello
axtarigin somoroliliyinin o qodor do yiiksok olmur; noticolori ohomiyyotine goro siralamaq
mimkiin olmur, ¢iinki tapilan naticolorin hamisi {iglin RSV eyni olur, axtarigin doqiqliyi asagi
olur, bozon iso tamliq da kifayst godor olmur.

Qeyri-salis ¢oxluglar modeli elementin bu vo ya digor ¢oxluga gismon monsub olmasi
gobul edilon qeyri-solis coxluglar nozoriyyosino osaslanir. Burada montiqi omoliyyatlar
elementin ¢oxluga qismon mansub olmasini nazars almagqla toyin olunur. Bu modelds sorgularin
emali bul modelino oxsar aparilir, amma burada informasiya axtarisi SOAS-in SAS-a gismen
daxil olmasi kriterisino gora yerina yetirilir.

Qeyri-salis ¢oxluglar modeli ilo reallagdirilan informasiya axtarisinin  keyfiyyot
gostaricilori, xilisusilo tamliq bul modelino nisbaton artir, lakin bul modelinds oldugu kimi,
burada da axtarisin naticolorini tosnifata ayirmaq imkani yoxdur.

Bul vo geyri-salis ¢oxluglar nozoriyyasino asaslanan modellordo indekslosdirma vo axtaris
zamani digor modellora nisbaton az hocimdoe hesablamalar tolob edilir. Onlarin alqoritmlari gox
miirokkab deyil vo hesablama resurslarina nisbaton az talob qoyulur.

Faza-vektor modelinda sonadlor toplusu fozada n sayda normallasdirilmis vektordan ibarot
bazislo toyin olunan vektorlar toplusu kimi tosvir edilir. Sonadi tosvir edon vektorun 1-Ci
komponentinin giymoti terminin homin sanadds ¢okisini ifado edir. Istifadoginin sorgusu da da n-
Olctilii vektor kimi tosvir edilir. Sonadin sorguya oxsarligini miioyyonlosdiron RSV gostaricisi
sorgunun vo sonadin vektorlarinin skalyar hasili kimi toyin edilir. RSV na godor boyiik olarsa,
sonad sorguya o qodar relevant olur.

Bu modelin iistiinliiyli onun sadoliyi va istifado¢inin relevantligi qiymatlondirilmasi ti¢lin
oks-olagonin asan reallagdirilmasidir. Lakin bul modelindon forqli olaraq sorgunu lazimi
solisliklo ifads etmak ¢atinlosir. Terminlor arasinda qarsiliqli alagolor va sorgu ilo sonad arasinda
oxsarliq doracasinin xiisusiyyatlori nozars alinmir vo ixtiyari qiymotlondirilir.

Ehtimal modeli terminlar arasindaki biitiin asililiglar1 va alagalori nozors almagla barabar,
sorguda terminlorin ¢okisini “sorgu-sonad” uygunlugunun formasini toyin edir.

Bu model iki parametr arasinda reallagdirilir: Pi(rel) vo Py(nonrel), yoni sonadin sorguya
relevantligi (Qeyd: Relevantlig sonodin mozmununnun informasiya sorgusuna uygunlugunun
gostaricisidir). Sorguya cavab veron sonadlors relevant sonadlor deyilir) vo geyri-relevantligi
ehtimallarina osason Pi(rel) vo Pp(nonrel) terminlorin ¢oki omsallarinin ehtimal qiymaotlori vo
terminlorin sanada daxil oiub-0lmamasi asasinda hesablanirlar. Nozars alinir ki, relevantliq binar
xassosino malikdir, odur ki, P(rel)=1-P,(nonrel). Bundan olave, baxilan modelds iki
qiymotlondirmo parametrindon do istifado olunur: al vo a2. al parametri noticoya qeri-relvant
sonadlorin daxil edilmosi, a2 parametri iso relevant sonadlorin daxil edilmosi ilo bagl olan
itkilori xarakterizo edir.
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Ehtimal modeli terminin sonadlor toplusunun relevant vo qeyri-relevant hissosino
daxilolma ehtimalininin toyin edilmosini tolob edir. Bunu iso qiymotlondirmoak ¢otindir. Buna
baxmayaraq, bu model axtarig prosesini izah etmoklo yanasi, empirik totbiq edilon digor axtaris
modellorini vo metodlarin1 (mosalon, ¢oki omsallarinin toyin edilmosi) nozori cohotdon
osaslandirmaga imkan verir.

Yuxarida geyd etdik ki, informasiya axtariginin togkilindo sonadlorin vo sorgularin axtaris
suratlorinda sistemo daxil olan molumatin asas mozmunu qisa sokilds tosvir edilir. Odur ki,
SOAS ilo SAS-in miiqayisosino osaslanan axtaris metodu informasiya sorgusuna cavab veran
biitlin sonadlorin tam vo qoqiq tapmasini tomin etmok imkanina malik olmur. Bu iso ona gotirir
ki, sorguda relevant sonadlorin bir hissosi istifadogiys catdirilmir vo ya oksina, tapilan
sonadlorden bozilari istifadogini qane etmir, yoni sorgu relevant olmur. Beloliklo, hor bir real
[AS-da iki tip sohv yarana bilor:

- birinci tip sohvlor (tamligin pozulmasi): sorguya relevant sonadlorin tapilmamas;

- ikinci tip sohvlor (kily, yoni doqiqliyin tomin edilmomasi): sor§uya cavab vermoyon
geyri-relevant sonadlorin istifadagiys verilmasi.

Real informasiya axtaris sistemlorinds iki tip sohvlorin olmasi sonadlor c¢oxlugunu 4
altcoxluga bdliinmasine sobab olur (cadval 1).

Cadval.
Sanadlor ¢coxlugunun boliinmasi
Tapilan Tapilmayan
Relevant RE TR
Qeyri-relevant QR TQ

RE-tapilan relevant sonadlor altcoxlugu;

QR-tapilan geyri-relevant sonadlor altcoxlugu;

TR-tapilmayan relevant sonadlor altgoxlugu;

TQ-tapilmayan geyri-relevant sonadlor altggoxlugu.

Real sistemlorin keyfiyyotinin qiymoatlondirilmosindo osason tamliq vo doqiqlik
xarakteristikalarindan istifado olunur. Axtaris tamligi vo doqiqliyi tokco informasiya axtaris
sistemlorinin xassalorindon deyil, hom do sorgunun diizgiin formalasdirilmasindan vo homginin
informasiya tolabatinin subyektiv tosvirindon asilidir. Lakin lazim olduqda konkret sistem {igiin
onu etalon sonadlor bazasinda testlomoklo tamligin vo doqigliyin orta qiymatini hesablamaq olar.

P, % 4

-~
~

60 \\‘
40
20
0 >

20 40 60 80 100 t %
Sokil. Tamligla daqiqlik arasindaki asiiliga aid misal

Aydindir ki, yaxst informasiya axtaris sistemlori miimkiin qader tamlig1 va daqiqliyi tomin
etmolidir. Lakin yiiz faizlik axtaris keyfiyyotini almaq miimkiin deyil, ¢iinki axtarig
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Sanadli informasiya sistemlorinda informasiya axtariginin asas prinsiplari

mexanizminin fikso edilmis gilicli soviyyesindo bu parametrlordon birinin yaxsilagdirilmasi
digorinin pislosmasina gatirib ¢ixarir (sokil 1).

Deyilonlordon basqa, informasiya axtaris sisteminin somoraliliyi ii¢iin asagidaki
xarakteristikalar miioyyonlosdirilmisdir: tamliq omsali; doqiqlik omsai; kily omsali; ¢okiintii
omsali; spesfiklik omsali; islomo siirati; buraxma qabiliyyati; mohsuldarliq; is etibarliligi; sistem
torofindon emal olunan sorgularin tipi.

Miixtolif informasiya axtaris sistemlorindo gostorilon somorolilik xarakteristikalarinin
qiymotlori miixtolif olur vo IS-lorin somaroliliyini qgiymetlondirmok iigiin onlarm xiisusi
ohomiyyati var.

Notica. Moqalodo sonadli informasiya sistemlorindo informasiyanin axtariginin toskilinin
imumi prinsiplorinin metod vo modellori tohlil edilmisdir, onlarin dstiinliklori va
catismazliglari, eloco do onlarin forqi gostorilmisdir. Homginin informasiya axtaris sistemlorinin
keyfiyyatinin qiymetlondirilmosinin osas xarakteristikalar1 vo onlar arasindaki asililiglar sorh
olunub.
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SUMMARY
BASIC PRINCIPLES OF INFORMATION SEARCH IN DOCUMENTARY
INFORMATION SYSTEMS
Jafarov N.D., Hasanova S.S., Aliyeva H.R.

Key words: searchable copy of document, search copy of query, associative search, retrospective
search, relevance
The article analyzes the basic principles of information search in documentary information systems
by analyzing and explaining their differences. Also, the main characteristics of the quality of information
search systems and the dependencies between them have been interpreted.
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Bizi ohato edon miihit, osason, iki faktorla: nisbi nomlik vo temperatur ilo xarakterizo
olunur. Bir qayda olaraq cihazlarin biitiin xarakteristikalar1 nisbi namlik 50% vo temperatur 20-
25°S-do toyin edilir. Is¢i otaqlarda da elo soraitin yaradilmasi tévsiy olunur [1,2,3].

Nomliyi dlgmok iiciin istifado edilon cihaz hiqrometr adlanir. Ik higrometri Djon Lesli
(1760-1832) [1] yaratmisdir. Higrometrin hassas elementi suyun konsentrasiyasinin doyismasini
hiss etmolidir.

Nomlik-maye vo ya bork cismin torkibinds yigilan suyun miqdart olub, ayrilma zamani
maddonin kimyavi torkibina tosir etmir.

Xiisusi namlik r — quru gazin vahid kiitlesinds olan su buxarmnin kiitlosidir.

Miitlaq nomlik dy — nomli qazin vahid hacmindaki su buxari kiitlosi m ilo toyin edilir:
dw=m/v. Basqa sozla, miitlaq namlik — su buxarinin sixligidir.

Nisbi nomlik H — havada su buxar tozyiqinin Py, doymus buxar tozyiqinin maksimal
giymotina Ps olan nisbati ilo toyin edilir vo faizlo ifado
olunur [1,2]. . e PUR— T P

P
H=100-— 1
. )

S

Hava araligh  kondensatordan nisbi nomlik
sensoru kimi istifado etmok olar. Moalumdur ki,
atmosferdo olan su buxarmin miqdarindan asili olaraq,
havanin dielektrik niifuzlugu doyisir [2]:

48P,
211(P+ 8TS ~Hj~1o—6 @)

K=1+—
T
Burada T — miitloq temperatur (Kelvinlo), P-nomli
havanin tozyiqi (mm civa siitunu ilo), T-temperaturda su
buxar1 ilo doymus havanin tozyiqi Ps (mm civo siitunu
ils), H — nisbi nomlik (%-19). ]
(2) ifadesindon aydin goriiniir ki, nom havanin l

dielektrik niifuzlugu, yoni sensorun tutumunun qiymati
nisbi namliys miitonasibdir.

Kondensatorun miistovi 16vhalori arasindaki saho
hava ilo deyil, dielektrik materiallarla da ohato oluna Sakil 1. LC-konturlu generatorun
bilor. Bu halda onun dielektrik niifuzlugu ohato olunan prinsipial elektrik sxemi
miihitin nomliyindon asili olur. Masalon, mdévcud tutum
sensorlarinda istifado  olunan hiqroskopik polimer
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Tutum nomlik sensorlarimin analizi

{izliiyiin hor iki sothi domir elektrodla &rtiilmiis olur. Uzliik xiisusi dayaga borkidilir, elektrodlar
159 ¢ix1s ucluglara birlosdirilir. Bu nov sensorlarin tutumu, demok olar ki, nisbi nomliyo H
miitonasibdir [2]:

C,=C,(l+a, H) 3
burada Cj sensorun H=0 halindaki tutumudur.

Tadqiq olunan materialin niimunasini iki metallik 16vhs arasinda yerlagdirdikde onun
tutumu otraf miihitin nomliyinin tosirindon doyisir. Homin kondensatoru C, generatorun LC rogs
konturunda yerlosdirmokls, ¢ixisda yiiksok tezlikli sinusoidal doyison signal alinir (sokil 1) [5].
Sinusoidal rogsli LC konturlu generatorun prinsipial elektrik sxemi sokil 1-do gostorilmisdir.

Nomliyin doyismosinin yiiksok tezlikli elektrik signalina ¢evrilmosinin miisbat cohoti
ondan ibarotdir ki, molumati miioyyon mosafoys Otiirmoklo nomliyin qiymotini arasdirmaq
miimkiin olur.

Meyvo vo torovozlori miioyyon miiddotdo

etibarli saxlamaq ti¢lin xiisusi istixanalardan istifado
E-gl ""ll edilir. Istixanalarin temperaturu ilo yanasi, daxildo
[~ & I l I I l l I I I olan havanin nomliyine do nozarot etmok tolob

olunur.

temperatur sensoru

N
N\

A\ . . ..
temperatur sensoru elektrodlar altliq Miioyyon mosafodo yerlogsmis istixanalar

(a)

iclin mithitin nomliyi hagqinda malumat almaq talob
olunarsa, ¢ixis signali yliksok tezlikli elektrik signali
olan nomlik sensorundan istifads etmok alverislidir.

Digor nomlik tutum sensoru nazik tobogoli
silisium altliq tizorinds hazirlanir. Bunun {i¢lin n-név
silisium altliq iizorindo SiO; tebaqesi qalnhigr 3-10°
m (sokil 2b) yaradilir [6] .

Homin tobagonin  iizorinde  aliiminium
materialdan olan iki adad elektrod yerlosdirilir.

Sokil 2. Nazik tobaqali tutum namlik Otraf miihitin temperatur doyismosini daha
sensoru: a-kondensatorun daraqvari doqiq kompensasiya etmok tigiin iki termohossas
elektrodu, b-sensorun en kasik sahasi rezistordan istifads olunur.

Nazik tobogoli tutum nomlik sensorunun

sxemindan goriindiiyli kimi, sxemin hor bir elementi

RS-6tlirma xottindon ibarotdir [6]. Nisbi nomlik artdiqda termohaossas rezistorlarin miiqavimati
azalir vo ¢ixigda tutum artir. Tutumun qiymsoti tezlikdon asilidir, ona gora do asagi nomliklordo

tezlik 100Hs otrafinda olmalidir.
I 2

Cl C2 cgunn
T 3 ralthq

~0

Sakil 3. Nazik tobagali tutum nomlik sensorunun sadalasdirilmis
ekvivalent elektrik sxemi

Yiiksok nomlik olduqgda tezlik 1-10 kHs se¢ilmasi talob olunur.
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Havanin nomliyini 6lgmok tigilin istifado olunan tutum nomlik sensorlarin struktur vo
elektrik sxemlorinin tohlilino goro hossasligi daha yiiksok olan nazik toboagoli vo yarimkegirici
material asasinda islonan hassas element tovsiya olunur.

ODOBIYYAT
1. Kazimov N.M.,Yusifov ©.A., Xoalilov S.A., Agayev U.X. Sensor sistemlorinin asaslari. Dars
vosaiti. Sumqayit: Bilik Poligrafiya Morkazi, 2011, 129 s.
Conditloner Circuit, Appl Handbook, Linear Texnology, Inc. Mulpitas, 1990
Carr-Brion, K.Moisture Sensors in Process Control Elsevier Applied Science New York, 1986
Kazimov N.M., Yusifov ©.A., Rohimov S.R., Mommoadova R.C. Yiiksok hossasli xatti
yerdoyismoli olan virtual tutum vericisi / SDU, Elmi Xabarlor, Ne 1, Sumqayit, 2014, s.63-67.
5. Kazzimov N.M., Yusifov ©.A., Mommodova R.C. Analoq elektronikasi. Sumqayit:
Bilikpoligrafiya morkozi, 2012, 116 s.
6. Jackhowics R.S. and Dumania P. Evalution of thin film humidity sensor. Sensors Actuators 2.
1981,1982.

Hown

PE3IOME
AHAJIN3 EMKOCTHBIX JATYUKOB BJIA’JKHOCTHU

Kaszumoe H.M., Mameooga P. /.

Knrouesvle cnoea: ceHcop, OmHOCUMENbHAA — GIANCHOCMb, KOHOGHCAMOp,  2eHepamop,
UHOYKMUBHOCTD, YY8CMBUMETbHDLIL DIEMEHTN.

B craTke uccienoBaHbl pa3iMuHbIe BapUaHThl U3MEPEHUS BIA)KHOCTH €MKOCTHBIMU CEHCOpaMH U
AHAJIU3UPOBaHbl WX TMPUHUUIIUAIBHBIE 3JEKTpUUecKHe cxeMbl. Ha ocHOBaHMM aHanu3a B KauecTBE
YYBCTBUTEJIBHOTO JJIEMEHTA E€MKOCTHBIX JaTUYMKOB BJIAKHOCTH PEKOMEH/IOBAH TOHKOIUIEHOYHBIA U
MOJTYIIPOBOHUKOBBIN MaTepHall, UMEIOLIUI 00Jiee BRICOKYIO YYBCTBUTEIBHOCTb.

SUMMARY
ANALYSIS OF CAPACITIVE HUMIDITY SENSORS

Kazimov N.M., [Yusifov A.A., Mammadova R.J.

Key words: sensor, relative humidity, condenser, generator, inductor, sensitivity element.
The article investigates various options for measuring humidity capacitive sensors and analyzes
their circuit diagrams. Based on the analysis, a thin-film and semiconductor material with a higher
sensitivity are recommended as a sensitive element of capacitive humidity sensors.
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Giris. Is momnunlugu miiossisolorin foaliyyoti, insan resurslarinin idaro olunmasi vo
togkilati idaroetmo sahosindo genis miizakiro olunan masololordon biridir. Bu movzuya
psixologlarin, idarsetmo sahosindo calisan alimlorin vo son zamanlar iqtisad¢ilarin maragi
artmigdir [1,2].

[3]-do todgiqatgilar miiessisolorde is momnunlugunun qiymotlondirilmosina qeyri-solis
montiqin  totbiqini  nozordon  keciriblor.  Muolliflor 1§ momnunlugu  soviyyesinin
giymotlodirilmosinds qeyri-solis gaydalardan, is momnunlugu matrisindon istifado etmoyo
caligiblar. Toassiif ki, moqalodo konkret qaydalar bazasi, toxmini miithakimo {isulu vo ya
hesablama proseduru gostorilmayib.

Is momnunlugu intellektlo, psixologiya vo basqa amillorle olagalidir vo bu amillor qeyri-
mitkommal informasiya ilo xarakterizo olunur [4,5]. Toassif ki, is momnunlugu sahosindoki
movcud todqiqat islorinde informasiyalarin qeyri-doqiqliyi vo qismon etibarlilifi nazars
alinmayib. Biitlin bunlar1 nazors alaraq, bu todqiqat isindo is momnunlugunun hesablanmasi
iciin Z-qiymatli OGOR....ONDA qaydalardan ibarat model toklif olunur. Model Z-adadlar iigiin
riyazi omoliyyatlara asaslanir.

Toriflor. Torif 1. Diskret Z-adod [6-9]. Diskret Z-adod Z = (A B)-nizamlanmis ciitliikdiir.
Burada A X tosadiifi doyigoninin ala bilocoyi qiymotlora qeyri-solis mohdudiyyst rolunu
oynayan diskret qeyri-solis odaddir, X is A. Biso A-nin ehtimal o6lgiisiine qeyri-salis
mohdudiyyst rolunu oynayan vo monsubiyyot funksiyast g4 :{b,,...,b,} —[0,1],

{b,,....b,} = [0,1] diskret geyri-salis adoddir:

P(A) = zl 11, (%) P(%) IS B . (1)

Torif 2. Diskret Z-adadlor iizorinda riyazi amalliyyatlar [6]: Forz edok ki. X,and X, -nin
diskret Z-adadlarlo tosvir olunan qiymati Z,=(A,B)vo Z,=(A,B,) -dir.
Z,=2,*Z,,*c{+,—,-/[}-nin hesablanmasint nazordon kegirok. Birinci marholads
A, = A * A, mildyyan olunur.

Ikinci moarhoalada B,-ni toyin edok. Biz elo Z vo Z, ododlorini aliriq ki, p;vop,

“doqiq’ehtimal paylanmalari molum deyildir. Miiqayisado geyri-salis mohdudiyyatlorlo ifads
olunan monsubiyyat funksiyalar1 asagidaki kimidir:
)

:upl(pl) = Hp, [iﬂ/ﬁ (%) pl(xlk)J ' /Upz(pz) = Hp, (iﬂ/&g (%) pz(xzk)J .

Ehtimal paylanmalar1 p; (X;),k=1,..,n X, =X, + X, ehtimal geyri-miioyyanliyi yaradir.
Istonilon miimkiin p,,p,, ciitliiyiinii gotiirsak, p,,. = p, © p, konvolusiyasi asagidaki kimi toyin
edilor:
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Pros (X) = Z Py (%) Py (%), VX € X5 % € X, %, € X, (3)

Xy +Xo =X

Py, -1 qiymatini nozars alsaq, A, -ehtimal 6l¢iisiiniin qiymoti asagidaki kimi hesablanar:

P(AL) = 3", () P () @

Lakin p,va p, Qeyri-salis konvolusiyalarin1 yaradan qeyri-salis mohduudiyyatlorlo tosvir
olunur:

’uplz ( p12) = max{pl, P2:P2=PoPa} rnin{/lp1 ( pl)’ ;Upz ( pz)} (5)
P, -do informasiyanin qeyri-solisliyi B, diskret geyri-salis ododi kimi P(A,) geyri-salisliyini
yaradir. Mansubiyyat funksiyasi , asagidaki kimi hesablanir:

He, (Biz0) =SUP(aty,, (Pze) (6)
b= Z Pras (%), (%) (7)
k
Noticads 2, =2,*Z, Z,, =(A,,B,,) kimi alinr.

Z-adadin skalyar odado Vurulmas1(Z =42y, A€ R) Z =(AA,B,) kimi toyin edilir [6].

Masalonin qoyulusu va halli. Todqgiqatlar is momnunlugu saviyyasinin qiymotlondirilmasi
liclin osas asagidaki amillorin oldugunu géstorir [10]:

Foaliyyat (x1), Miistoqillik (x), Miixtoliflik (x3), Sosial mdvqe (X4), Insan oslagolorine nozarot
(Xs), Texniki-nazarat (Xs), Monavi dayarlor (x7), Tohliikesizlik (Xg), Sosial xidmat (Xg), Solahiyyat
(X10), Qabiliyyat (X11), Sirkat siyasatlori va tacriibalori (X12), Kompensasiya (X13), Toraqqi (X14),
Maosuliyyat (Xi5), Yaradiciliq (Xi6), Is sortlari (X17), Birga is (X1g), Tanima (X19), Nailiyyat (X20).

Umumiyyetlo, is momnunlugu qeyri-milkkommol va qeyri-miioyyon insan sorhlorino
osaslanir. Bir totofdon, is momnunlugunu osasini togkil edon hiss vo duygular “¢ox momnun”,
“momnun” vo s. kimi ifado edilir. Digor torofdon hiss vo duygular gismon etibarli deyillor.
Belolikls, Z-qiymatlondirmays osaslanan montiqin totbiqi hesablanma prosesindo adekvatligi
tomin edir. Cadval 1 vo Cadval 2-do amillar vo eribarliliq tigiin linqvistik adlar verilib:

_ Cadval 1.
Is momnunlugu ti¢iin kodlasdirilmus lingvistik adlar
Miqyas Momunlugun soviyyasi Lingvistik giymatlor

1. Cox az momnun { % %}

2| Az momnun 1 % tos %
3. Orta momnun {%,5 % %.5 %}
4, Momnun {%_5 % %.5 %}
5. | Cox momnn {%as fsl

Is momnunlugunun qiymatlori kimi asagidaki linqvistik adlardan istifado edirik: Foaliyyot
(CM,M,OM,AM,CAM), Miistoqillik (M,OM,AM), Miixtaliflik (CM,M,0OM,AM,CAM), Sosial
moévge (CM,M,OM,AM,), Insan olagolorina nozarot (CM,M,OM,CAM), Texniki-nozarat
(CM,M,OM,AM,CAM), Monavi dayarlor (CM,M,0OM), Tahliikesizlik (CM,M,0OM,AM,CAM),
Sosial xidmot (CM,M,AM), Solahiyyst (CM,M,0OM), Qabiliyyat (CM,M,OM), Sirkot siyasatlori
vo  tocriibalori (M,OM,AM,CAM), Kompensasiya (CM,M,OM,AM,CAM), Toroqqi
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Cadval 2.
Cadval 3.

Is sortlori

Yaradicilig (CM,M),

{%s Y04 fos %07

1 % *os %04l
(%6 Yo7 M 4

Z-qaydalar

(CM,M,OM,AM),

Etibarlihq iigiin kodlasdrilnug lingvistik adlar

Mosuliyyot

Asagi (Wh)
Orta (W,)
Yiiksok (Ws)

Z-informasiya saraitinda is mamnunlugunun giymatlondirilmasi

1.
2.
3.

Umumi is memnunlugu indeksinin giymotlondirilmasi mosalosi asagidaki kimi toyin olunur.

(M,0OM,AM), Birgo is (CM,M,OM), Tanima (CM,M,0M,AM,CAM), Nailiyyot (CM,M,0OM).

[lkin molumatlar ekspertlor torafindon doldurulmus sorgu veroqindon gétiiriiliir (f2aliyyat,
miistaqillik, SoSial movge vo s. amillorin giymotlondirilmosi). Bu verilonlor ekspert biliyino

osaslandigina goro qeyri-doqiq vo qismon etibarlilia malikdir. Qiymotlondirma prosesi Z-
odadlars asason aparilir. Umumi is momnunlugu vo ona tosir gostoran amillor arasinda slagqe Z-

qaydalarla verilib (Cadval 3).

(CM,M,OM,AM,CAM),

m bnunuwew rumuwpy | (AN) | (A'W) | (A'WO) | (A'W) | (AN

1ekAT[TeN AN | AN | (A'NO)| (AND) | (H'S)

Bwue ], (AN) | AN | (AWO) | (A'W) | (H'S)

Stedng (ANO)| (A'WO) | (A'W) | (A'W) | (H'S)

Lepues | ANY | (AW | ONWY)| (A'N) | (A'NO)

brjiorpere x AW | AN | (AW | (OWO)| (A'W)

jekArnsey AW | AN | AW | (AW | (A'W)

tbbere ], (AN | AN | (A'WO)| (A'W) | (A'WO)

eAisesuadwo AN | (A'N) | (O'NY)| (O'NV) | (O'NV)

ex wopesiisaomns | AW | WWO) | ©mww)| (W) | (W)

- 1e£A11qeQ AW | AN | (AW | AN | (A'W)

S ekA1eles AWo) | AW | AW | aw | aw)

JeWpPIX [EISOS AW | AN | (AW | (AW | (A'W)

Arziseniye L (AN) | (A'WO)| (A'M0) | (A'W) | (O'NWY)

IejieAep 1aeuey (AN | (A'WO) | (A'NO)| (A'W) | (O'V)

Jerezeu DIUx9, (ANO) | (A'W) | ANWO)| (A'W) | (A'W)

@Eamww_mc%ms AW | @D | AwWo) | AWD) | (A'W)

obaguu [e1sog OV AN | (AW | (ANO)| (A'W)

AIFHEIXNA (ANO) | AT | (A'N) | (O'WW)| (O'NY)

AbesnAL AW | (AW | AW | (AW | (A'NO)

1ehAiree | AN | AN | (AW | (ONVY)| (A'W)
LIg[SIAe[ue

§T - ~ «® ¥ ol
1sepej1 jusiabury
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Cabbarova K.I

AAAAAAAAAAAAAAAAAAAA;
S|2|2|5| = |2[2|8|2|2|2| 5 |8|g|g|2|g|g|s|e| o
AAAAADnD“AAD“AAAAAAAAAAA
' |5525 §EE 552 2 1EE gz EEs
S EHEERE R RN EHEEEEREE
A EEEEHEEEEEREEEEEE R
2|2|2|5| = |2/8|8|8|2|2| & |2|g|8|2|2|2(g|g] <
o |l |~ —~ |l || —~ /\/\;\
Siolels] © IS5 515 S |05 S>>
o |SISISIZ] S |s81Z2121215] Z 1212121225122 <
= = === = (S22 =222 SI=| 2
2|2|2|5| = |2/8|9/8|8|2| & |2|2|8|8|8|2|8|8| ©
SISISS] o [s5[E5515 2 g5 ssgs55] -
Wisisis|s] < |sl=|2l2l2|2] = |s|2|s|s|s|s|2|=| 2
5|5|8/|5| = |2/5/3/8|8|8| = |2|3/2|8|2|2(8|8| ©

Asagida gostorilon Z-qaydalar Codval 4-don alinir:

1-ci gayda
O0GOR X, is(VS,B, ), X, (CM,Y), X, (OM,Y), X, (CAM,0), X, (OM,Y),
Xs (OM,Y), X; (CM,Y), X5(M,Y), X4 (CM,Y), X, (OM,Y),
X1 (CM,Y), X, (M, Y), X5 (CM Y, ), X, (CM,Y), X5 (CM,Y),
X6 (GM,Y), X;7(CM,Y), X5 (OM,Y), X ;5 (M,Y), X, (CM,Y) —sO
ONDAY (M,Y) —dir;

3-cili gayda
O0GOR X, (MY), X,(M,Y), X,(M,Y),X,(M,Y), X, (OM,Y),
X (OM,Y), X, (OM,Y), X, (OM,Y),X,(M,Y),X,, (M,Y),
Xy, (M,Y),X,(AM,0), X,,(AM,0), X,, (OM,Y), X,5(M,Y),
X5 (M,Y),X,,(AM,0),X,5(M,Y), X, (OM,Y),X,,(OM,Y) — 50
ONDAY (OM,Y) —dir;

10-cu gayda
OGOR X, (OM,Y), X,(OM,Y), X,(OM,Y),X,(OM,Y), X, (M,Y),
Xs(M,Y), X, (OM,Y), X;(OM,Y), X,(OM,Y), X,,(OM,Y),
X, (OM,Y), X, (AM,0),X,;(OM,0),X,,(OM,Y), X,5(M,Y),
X6 (OM Y ), X, (AM,0), X3 (M,Y), X, (OM,Y), X,,(OM,Y) —so
ONDAY is (OM,Y);

Cari girislor asagidaki kimidir:
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Z-informasiya soraitinda is momnunlugunun giymatlondirilmasi

8GR X, (M,Y), X, (CAM,0), X,(CM,Y), X, (M,Y), X.(CAM,O), X,(AM,0), X,(M,Y),
Xg (CM,Y), X4(CAM, 0), X;5 (CM,Y), X;,(AM, 0), X,, (GAM, M), X;; (M, Y), X,, (M,Y),

X.5 (GM,Y), X, (M,Y), X7 (GM,Y), X5 (OM,Y), X, (U, M), X ,(OM,Y) —s2
Bu girislor {i¢iin Z-qiymatli imumi is momnunlugu indeksini hesablamaq lazimdir.

Cari girislor vo hor bir qaydada olan girislor arasinda oxsarliq doracasini hesablayiriq.
Bunun {i¢iin Jaccord oxsarliq indeksindon istifado olunur:

Z/UAJ. (Xc) - Hp, (%)

J(ijzij)zé K 5 k;l > K +
2 (14 (%) + 2 (4, (6)) = 20 413 (6] 0, (%)
1 Z/JBJ- (X)) Hg, (%)
4+ — k=1
2

i(us (%) )2+i1(u3 ) ZyB () 115, (%)

Misal iigiin, i gaydanin kglrlslerl ilo car giriglor arasinda tapilan noticolor asagida

verilib (Cadval 4):

Jakord oxsarliq daracasinin giymatlori

Cadval 4.

J(S,B,),(S,B,))=1,
J((UB,,).(S,B,))=0.54,
J((VS,B,).(S.B,))=0.54,
J(S,B,).(SB))=L,
J((UB,,).(QS,B,))=0.014,

J((LS,B,,).(QS,B,,))=0.037,

J((VS,B,),(QS,B,,))=0.5,
J((U,B,,),(S,B,,))=0.014,
J((VS,B,),(S,B,,))=0.54,
J((LS,B,,),(S,B,,))=0.014,
J(U,B,,),(LS,B,,))=0.57,
J((S,B,, ),(LS,B,,))=0.014,

J((VS,B,,).(S,B,,))=0.54,
J(S.B,).(S.B,))=1,
J(VS,B,),(LS,B,,))=0.014,
J((QS,B,).(S,B,,))=0.525,
J((U,B,,),(QS,B,,))=0.014,
J((QS,B,).(S,B,))=1.

J(S.,B,),(QS,B,))=0.525,

J(S.B,).(QS,B,, ))=0.525,

Bunlar asasinda aktivizasiya dorocasi hesablanir. 3-cii qayda ii¢iin aktivizasiya dorocosi
asagidaki kimi hesablanir:

1 - 1 -
0,5 - 0,5 -
0 T T ! 0 T T T T 1
0 2 4 6 0 02 04 06 08 1
A B

Sokil 1.Umumi is momnunlugu Z-adadli giymoti

Noticads, J, =0.014 almir. Y;,i=1,...,10 biitiin ¢cixislarin qiymotlori aqreqasiya olunur
vo Z, imumi i momnunlugu gostaricisinin qiymati asagidaki diistur vasitosilo alde olunur.
Z J i ZYi
ZY - i:lm
>,
i=1
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Alinmis naticalers asasen cari qaydanin ¢ixist (Z,) (memnun, yiiksok)-dir.

Natica. Mogalodo is momnunlugunun hesablanmasi ii¢liin Z-qiymotli OGOR...ONDA
qaydalara osaslanan model toklif olunur. Toklif olunan yanagma real is momnunlugu mosslono
totbiq olunur. Alinan naticalor bu yanagsmanin somaraliliyini siibut edir.
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PE3IOME
OLEHKA YPOBHJ Y IOBJJETBOPEHHOCTH PABOTOM B YCJIOBUSIX
Z-3HAYHOU UTH®OPMALIMN
/Dicadbaposa K. U.

Knrwoueswie cnosa. yoosnemsopennocms pabomoti, Z-3naunvie npasuia « Eciu—moy, mepa
onuzocmu J{ocakkapoa
B cratbe ucnons3yercst nonstTue Z-uucina, Buepsbie BBeAeHHoe npod. JI. 3ame. C nomoursio Z-
3HAUHBIX MPaBHJ OIKCHIBACTCS 3aBUCHMOCTh MEXIYy YPOBHEM YIOBJIECTBOPEHHOCTH pPabOTOH U
BIMSIOIMMU Ha Hero QakropaMu. [IpeutoKeHHBI MeTOoJ] NMPUMEHSETCS ISl BBIYMCICHHS YpPOBHS
yJIOBJIETBOPEHHOCTH pabOTOil B peasibHOM 3a/1a4e.

SUMMARY
ASSESSMENT OF THE LEVEL OF JOB SATISFACTION IN TERMS
OF Z-VALUED INFORMATION
Jabbarova K.I.

Key words: job satisfaction, Z-number IF-THEN rules, a measure of the closeness of Jaccard

The article uses the concept of Z-number, first introduced by prof. L. Zadeh. With the help of
Z-digit rules, the dependence between the level of job satisfaction and the factors affecting it is described.
The proposed method is used to calculate the level of job satisfaction in a real problem.
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AZOT, OKSIGEN, ARQON ISTEHSALINDA REKTIFIKASIYA
KALONUNUN QEYRI-MUOYYON SORAITDO OPTIMAL
IS REJIMININ TOYINI
OSKOROVA SAHILO FAIQ qiz1

Sumgqayit Dovlat Universiteti, laborant
sahile74@mail.ru

Agar sozlor: defazzifikasiya, optimallasdirma, an kigik kvadratlar tisulu, simpleks tisulu, geyri -
salis model

Giris. Sumqayit Texnologiyalar Parkinin (STP) Texniki qazlar zavodunda texniki qazlar
istehsali qurgusu genislonmo turbini ilo asag1 tozyiqlo isloyon prosesdir. Atmosferdon
gotlirlilon  havanin rektifikasiyasi yolu ilo mayelosdirilmis qazlar - oksigen, azot vo arqon
istehsal edilir (sokil 1): emal ii¢iin lazim olan hava C10 hava kompressoru vasitasilo sixilaraq
olavo qarisiglardan ilkin morhoalodo tomizlonir, sonra iso o, E20/Y20 soyutma qurgusunda
soyudulub qurudularag A50 (a, b) siizgoclor batareyasina verilir. Burada hava qarisiglardan
tomizlonir vo oslavo olarag qurudulur. Hava C60.2 kompressoru ilo sixilaraq istilikdoyisdirici
(E60.1), rektifikasiya kalonu (T60), soyuducu kondensator (E60.9), genislonmo turbini (X60)
kimi avadanliglardan ibarat rektifikasiya blokuna daxil olur [1].

Hazir maye mohsullar rektifikasiya blokundan gotiiriiliir vo vakuumla izolyasiya edilmis
¢onlora (D71, D72, D73a\b) Gtiirtiliir.

H, 15-200 bar

IV =

E609 L

c—

F0.4
160.1 Atm
L C10 |Hava kondensatoru
E90 | Soyutma qullasi
il E20 |Soyuducu blok
De04 Y20 | Istidayisdirici

Su qurgunun F20 |Hava siizgaci
Bolmalorin AS0ab|Hava tomizlayici/quruducu

F50  [Hava siizgaci

Og'Xaﬁi

Sokil 1.Maye O,, N, va Ar istehsalinin texnoloji sxemi

Prosesin izahindan goriindiiyli kimi, alinan mohsullarin miqdar1 vo keyiyyati osason
prosesin i rejimindon asilidir. Rektifikasiya kolonunun rejim parametrlori hazir mohsulun
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keyfiyyatino vo ¢iximina birbasa tosir edir. C10-kompressorunda olan siizgocin mexaniki
qarisigla cirklonmo doracesinin doyismosi kalonun is rejiminin doyismosini — optimallagdiril-
masini tolob edir. Texnoloji proses miiasir avtomatlagdirma vosaitlori ilo tomin edimis olsa da
operativ personal idaroetmo zamani osason ¢ihazlarin konkret ododi gostoricilorindon deyil,
parametrlorin  hansi hodd daxilinds olmasindan istifads edir. Bu iso idarsetmado qeyri-
miioyyonliya sobab olur.

Odobiyyatlarda [2-4] miixtalif optimalasdirma tsullar1 barado ¢ox genis molumatlar var.
Miixtolif elmi odobiyyatlarda miixtalif texnoloji proseslorin optimal idaroedilmasi {isullari salis
va geyri-salis iisullarla tadqiq edilmis olsa da, azot, oksigen, arqon istehsalinin optimallasdirma
mosalasinin hoalline baxilmamisdir.

Optimallagdirma masalasinin imumi qoyulusu.

Azot, oksigen, arqon texnoloji prosesi todqiq edilorok onu xarakterizo edon osas giris vo
cixis parametrlori miioyyan edilmisdir [5]: Yi-arqonun ¢iximi; Yp-arqonun tomizlik doracaosi,
Ys-azotun ¢iximi; Yg-azotun tomizlik dorocasi; Ys-oksigenin ¢iximi; Yg-oksigenin tomizlik
doracasi; X;-rektifikasiya (T-61) kalonunun girisina verilon temperatur; X,-homin kalonda
soviyy9; Xs- kalonda tozyiq; Xs-araliq kalonda soviyya; Xs-siizgacin ¢irklonma dorocosidir.

Prosesin idaraedilmasindoki geyri-miioyyanliyi nozors alaraq, operativ personaldan ekspert
gisminds istifado edilorak obyektin produksiyalardan ibarat geyri-solis modeli alinmisdir [ 5].
Tolobatdan asili olaraq, miixtslif optimallasdirma masalolori hoall edilo bilor; vektorial masalo -
eyni zamanda bir ne¢o gostoricinin ekstremal qiymatinin toyini; skalyar masolo - yalmiz bir
gostaricinin ekstremal qiymatinin toyini.

Vektorial masaloys misal olaraq prosesin oksigen-azot-arqon rejimini, skalyar masaloyo
misal olaraq iso azot vo ya oksigen rejimlorini gdstormok olar. Burada skalyar optimallagdirma
mosalosing baxilir. Qeyri-salis modellor asasinda prosesin skalyar optimallagdirma maosslosini
asagidaki kimi ifado etmok olar.

Stizgacin ¢irklonma daracasinin verilmis X5 = X5q qiymotlorinds moqsad funksiyasi:
Vi = f (%) > max, j=14, ke{35}
funksional mahdudiyyatlar:

movge mahdudiyyatlori:
X, <X <X

Qeyri-salis optimallagdirma masolosinin miixtolif hall tsullar1 vardir. Onlardan biri do
ekvivalent determinik optimallagdirma (masalon, xatti poqramlasdirma) masalosino kegmaokdir [6].

Bunun iiciin geyri-solis modellor salis modellorlo ovoz edilir, daha dogrusu, geyri-salis
komiyyotlor defazzifikasiya edilorok solis komiyyatloro gotirilir vo onlarin osasinda solis
modellor almir. Hazirda on ¢ox istifado olunan deffazifikasiya tisullari bunlardir: sol model
tisulu, median {isulu, maksimumluq meyar1 tisulu, maksimumun ortas1 (MO), oblastin (sahonin)
morkozi (OM) vo agirlig morkozi tisulu [7+10]. Burada agirliq morkozi iisundan istifado
edilmisdir.

k
ZUiIUA(Ui)
Xc — |:1k
ZﬂA (Ui)
i=1
Asagida agirliq morkozi diisturuna osaslanaraq linqvistik doyisonlorin qiymotlori Matlab
programlar paketindo qurulmus proqram vasitasilo 10 ndqtaden istifade ederak hesablanmisdir:
Xia = —1974 Xip =-190 X;, = —183; X3, =21,2 X;, =25 X,, =28.8;
X3, =2,6 X3n =425 X3y =54 X4a=76 X4 =95 X,y =114;
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Azot, oksigen, arqon istehsalinda rektifikasiya kalonunun geyri-miiayyan saraitda
optimal is rejiminin tayini

Xsq = =51 X5, = =32,5 X5, = —13,6
Y1 = 18,6 Vi, = 20,5 Y, = —183; Y, = 99,54 Y, =99,61 Y, =99,68
Y30 =506 Y3, =521 Y3, =544; Y,, =9951 Y,;, =996 Y, =99.69
Ysq =462 Y5, =500 Y5, =538; Y, =995 Y, =99,61 Ys, =99,67
Determinik riyazi modellorin alinmasi. Defazzifikasiya noticosindo alinmis komiyyatlor
osasinda an kicik kvadratlar tisulundan istifade edorok determinik riyazi modellor asagidaki kimi
alimmisdir [12].
Y; = 52,42 + 0,193x4 + 0,11x, + 0,06x3 + 0,0086x, — 10,35X5
Y, = 16,59 — 0,4X; + 0,18X, — 0,26X; + 0.021X, — 0,009X5
Y; = 80,52 — 2,06X; + 1,29X, + 1,83X5 + 0,17X, + —0,017X5
Y, =16,65—-0,4X; + —0,18X, — 0,25X3; — 0,22X, — 0,009X;
Ys = 499,77 + 0,599X, + 1,719X, + 4,21X3 + 0,0472X, — 100,828X5
Yo = 14,77 — 0,4X, + 0,17X, + 0,89X; + 0,28X, + 0,0092X;
Reqressiya omsallarinin tapilmasi vo riyazi modellorin adekvatliginin yoxlanilmasi internet
tizorindon veb alotlor vasitasilo yerino yetirilmisdir. [13]
Determinik optimallasdirma masalasinin qoyulusu va halli. Maye azot rejimi ii¢lin optimal
masalasinin qoyulusu:
Moagsad funksiyasi:
Y; = 80,52 — 2,06X; + 1,29X, + 1,83X5 + 0,17X, — 0,017X5 —» max
Funksional mahdudiyyat:
Y; = 52,42 + 0,193X; + 0,11X, + 0,06X3 + 0.0086X, — 10,35X5 > 18
Y, = 16,59 — 0,4X; + 0,18X, — 0,26X5 + 0,021X, — 0,009X5 = 99,5
Y, = 16,65 - 0,4X; + —0,18X, — 0,25X3; — 0,22X, — 0,009X5 > 99,5
Ys = 499,77 + 0,599X, + 1,719X, + 4,21X5 + 0,0472X, — 100,828X5 > 450
Yo = 14,77 — 0,4X; + 0,17X, + 0,89X5 + 0,28X, + 0,0092X5 = 99,5
Moévge mahdudiyyati:
—-200 < X; <£-180
23<X,<30
25<X3<6
70 < X, <120
X5 =30
Maye oksigen rejimi iigiin optimal masalonin qoyulusu.
Moagsad funksiyasi:
Ys = 499,77 + 0,599X, + 1,719X, + 4,21X5 + 0,0472X, — 100,828X5 — max
Funksional mahdudiyyat:
Y; = 52,42 + 0,193X; + 0,11X, + 0,06X3 + 0.0086X, — 10,35X5 > 18
Y, = 16,59 — 0,4X; + 0,18X, — 0,26X5 + 0,021X, — 0,009X5 = 99,5
Y; = 80,52 — 2,06X; + 1,29X, + 1,83X5; + 0,17X, + —0,017X5 = 500
Y, = 16,65 —-0,4X; + —0,18X, — 0,25X; — 0,22X, — 0,009X5 > 99,5
Yo = 14,77 — 0,4X;, + 0,17X, + 0,89X; + 0,28X, + 0,0092X5 = 99,5
Movge mahdudiyyati:
—-200 < X; <£-180
23<X,<30
25<5X3;<6
70<X, <12
Xs =30
Online-simplex veb alotinin komayi ilo optimallasdirma masalslarinin hoalli agagidak: kimi
alinmisdir. [14]
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Maye azot rejimi iiciin proqramdan alinmis optimal hall

F=X5=30 hoyacan tasiri giymatindo maye azot rejimi ii¢iin optimal hall:
X;=-180°C

Xo=23mbar

X3=2.5bar

X4=70 mbar

Y3=511,12 Nm%/saat

Y1=21.08 Nm®/saat Y2=99.64 % Y 4=99.56%
Y5=465Nm°/saat Y6=99.94%

Maye oksigen rejimi iiciin optimal hall:

F=Xs5=-30 hayacan tasiri qiymatinds optimal hall:

X,=-200°C X,=30 mbar

X3=6 bar X4=120 mbar

Y5=464 Nm®/saat Y;=21.08 Nm®/saat Y,=99.74 %
Y 4=99.66% Y3=515Nm?/saat Y6=99.98%

Notico. Sumgayit Texnologiyalar parkinda azot, oksigen, arqon istehsalinin
optimallasdirilmasi masalosine baxilmigdir. Hesablama tisullarinin miasir vasitolorindon istifads
edilorok rektifikasiya kalonunun solis riyazi modellori alinmig vo xotti proqramlagdirma
tisulundan istifado edilorok optimal is rejimi toyin edilmisdir.
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Azot, oksigen, arqon istehsalinda rektifikasiya kalonunun geyri-miiayyan soraitds
optimal is rejiminin tayini

PE3IOME
OIPEJIEJIEHUE ONITUMAJBHOI'O PEXKUMA PABOTHI PEKTU®UKAIIMOHHOM
KOJIOHHBbI B HEOITPEJAEJIEHHBIX YCJIOBUSX ITPU ITPOU3BOJACTBE A30TA,
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Ackeposa C.D.
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CUMNJIEKCHBIU MEemoo0, HeYemKdas MoOelb.

B crarbe paccmaTpuBaeTcs 3ajlada  ONTHUMHU3AIMH  PEKTH(MHUKAIMOHHONW KOJIOHHBI
IIPOM3BOJICTBA a30Ta, KUCJIOPOJa U aproHa B HEOINpeAeaeHHBIX ycioBusax. OHa pelieHa myreM
ONTUMU3AIMK TIpoIiecca U CHOPMYIUPOBA Ha OCHOBE HEYCTKHUX Mojeied. OCHOBBIBasCh Ha
METOJT IIEHTpa TSKECTH, Acda33uHUIMPOBaHbl JIMHTBUCTUYECCKHE IIEPEMEHHBIC, ITOJTYYCHBI
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SUMMARY
DETERMINING THE OPTIMAL MODE OF OPERATION OF THE DISTILLATION
COLUMN IN AN UNCERTAIN ENVIRONMENT IN THE PRODUCTION OF
NITROGEN, OXYGEN AND ARGON
Asgarova S.F.
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The article deals with the problem of optimization of the distillation column of nitrogen,

oxygen and argon production under uncertain conditions. It is solved by optimizing the process

and formed on the basis of fuzzy models. Based on the method of center of gravity

defuzzification, a clear mathematical model was given and the optimization problem was solved.
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Acar sozlar: elektrik verilisi xatlori, hava xatti, havanin temperaturu, yiik carayani, kiilayin stirati,
giinagin radiasiyasti, istilik balansi, enerji itkisi, modellagdirma.

Hal-hazirda enerji itkilorinin  qiymotlondirilmolorindo istifado olunan hesablama
metodikalari, enerji itkilorin giymotlondirilmoalorina tosiri olan amillorin miixtalifliyini tam
nozaro almir [1]. Elektrik soboakalorinds elektrik enerjisinin (EE) texnoloji itkilorinin miioyyon
edilmasing [2] uygun olaraq, naqilin temperaturu nozors alinmalidir ki, bu da aktiv miigavimatin
giymatino tosir gostorir. Nagqilin temperaturu, 6z ndvbosindo, rejim vo iqlim faktorlarindan
asithdir: coroyan sixligi, otraf miihitin temperaturu t,, kiilok siiroti vo istigamoti, gilinos
radiasiyasinin intensivliyi va s. [1-14].

MDB o6lkalori tocriibasindo hava xotti (HX) enerji vo temperatur itkilorinin hesablanmasi
ticiin  [1-9] istifado olunur. Maftilin temperaturu ylik corayanindan asili olub nagqilin elektrik
xarakteristikalar1 vo hava soraitindon (giinas, kiilok, otraf miihitin temperaturu, buz vs s.) asilidir
vo xarici 6lkalords asason CIGRE, IEEE [10-12] standartlari genis totbiqini tapr.

CIGRE metodikas1 - Boyiik Elektrik Enerji Sistemlori tizro Beynalxalq Suranin hazirladigi
Otlirmo  xottinin hesablanmasi standartina osaslanan bir metoddur [11], IEEE metodikasi -
elektrik xotlorinin hesablanmasi iiciin Elektrik vo Elektron Miihondislor Institutu torafinden
hazirlanmis standarta osaslanan bir metodikadir [10-12]. MKE metodikasi moftilin
temperaturunun hesablanmasi - miiasir adadi iisulla - sonlu element tisuluna ssaslanan metoddur.
Bu metod naqil ilo vo otraf miihit arasinda istilik konveksiyas1 va siialanmani nazors alaraq polad
niivads vo aliiminum hissolorinds enerjinin paylanmasina asaslanir [12].

Miiasir mikroprosessor sistemlori vo rabito kanallarinin genis totbiqi ilo elektrik verilis
xatlorinin  diagnostik monitoring sistemlorinin yaradilmasi yiiksok gorginlikli avadanliga
xidmatin toskilinin on effektiv istiqgamatidir.

EVX yiik buraxma qabiliyystinin artirilmasi i¢lin moftillorin temperatur monitoringi, aktiv
miigavimatin va giic itkilorinin operativ doqiqlasdirilmasi zoruridir.

Hava xotlorinin 6tiirmo qabiliyystinin maksimal istifadosi xatlorin voziyyati haqqinda,
homg¢inin moftillorin temperaturu vo coroyanin sixligt haqqinda molumatlarin mévcudlugu
halinda miimk{indiir.

Hava xotlorinds elektrik enerjisi (EE) itkilorinin doyison hissasinin hesablanmasinin
doqiqliyinin artirilmasi istigamatlorindon biri maftillorin aktiv miigavimatinin onlardan axan is¢i
coroyanin qiymotini, otraf miihitin temperaturunu vo kiiloyin siirotini nozors almagla toyin
edilmosidir.

Hava xotti moftillorinin xiisusi aktiv miiqavimati asagidaki formuladan tapilir [1-3]:

R=Ry,- 1+t - 20) (1)
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burada Ry — temperaturu 20°S, oldugda onun miiqavimeti, Om/km; o« = 0.004003 —
miigavimatin temperatur amsali, 1/doraca; tmef - moftilin temperaturudur, Og,

Moftilin temperaturu bir sira amillordon, moftildon axan elektrik coroyanindan, otraf
miihitin temperaturundan vo kiiloyin siirotindon asilidir.

Moftilin temperaturunun hesabati tigiin istilik balansi tonliyindon istifads olunur:

O.95~R20'[1+0('(t,,p'20)]'IZ_Qrad :Q5+QK (2)

burada I — is¢i corayan, A; Qs , Qx — miivafiq olaraq siialanma vo konveksiya yolu ilo
istilikvermo zamani giic itkiloridir, Bt/m.
Stialanma yolu ilo giic itkilorini Stefan-Bolsman ganunu ilo toyin edirlor:

Q, = £Cy(273+t,, 'S ‘)

burada & — oksidlogsmis aliiminium {iglin moftilin sathinin 0,13 nisbi vahido barabor qaraliq
doracasi [35,53 ]; Co — miitloq qara cismin siialanma omsali, 5,67-10° Vt/m? [6]; S-moftilin
sothinin sahasidir, m°.

Konveksiya yolu ils istilikverma zamani giic itkilorini asagidaki kimi toyin edirlor:

QK =@ l(tnp _tpab)_ teJS (4)
burada ¢, — konveksiya yolu ilo istilikverms omsali, Vt/(m?°C); trag — giinos radiasiyasi ilo

gizma temperaturu, OS, th — havanin temperaturudur.
Konveksiya yolu ils istilikverma omsali asagidaki diisturla tapilir:

kVVd Jo.71719 ﬂ’a
a

d
()
burada x,=0,5 — kiiloyin yayilma bucaginin hava xatti oxu ilo amals gatirdiyi bucagi nazors alan
omsal; v — kiiloyin siiroti, m/san; d — moftilin diametri, m; a = 18,8 10° m?san — havanin
temperaturkegirmo amsali; A, = 0,0244 Vt/(m-°S).- havanin istilik kegirmosidir.
(2-5) tonliklar sisteminin hallindon corayan iigiin aliriq:

| = \/éCO(273+tmef )Aﬂd +§0k [(tmef _trad)_th]ﬂd

0.95-Ryo- L+ -t -20))]

O = 0.13057-(

(6)
Gilinos radiasiyasinin tosirini do nozers alaraq coroyani hesablamaq tiglin asagidaki
ifadodon istifads olunur

| = eC, _(273+tmef )4 _(273+th )4_”d +a, [(tmef _trad)_ th]”d -Ws
0.95-Ryg- L+ - (t, -20))

(7)

burada W;s - giinos radiasiyasinin vahid vaxtda bir metr moftilin aldig: istilik migdaridir,
Vt/m o6l¢iiliir v ifads ilo miiayyan edilir:

W,=¢-W,-d (8)

Hesablamalar, tonlikdo (3) vo (10) tnag — qiymotinin sifir oldugunu nozors alaraq
apartlmisdir. Hesablamalarda caroyan sixligi toxminon 1 A/mm?, slave istilik [6] 4.40C-y9
uygundur.

Moftilin temperaturunun yiik coroyani, havanin temperaturu vo kiiloyin siirotindon
asililigini (6) tonliyindon askar sokilde almaq olmur. Odur ki, naqgilin temperaturunun tapilmasi
ticlin (7) tonliyindon alinmis formuladan [6] istifads olunur

o) _ Bt e 4], —t,.. b -, (@) + AP (1-20- )
" (4 (™)) 2d — 2P, (1-2002)
burada k- iterasiyanin nomrasi; APz iso 20 °S temperaturda aktiv giic itkisidir.
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Moftilin temperaturu (9) diisturundan iterasiya tisulu ilo toyin olunur.

Istismarda olan sistem toskiledici paylayici hava xatlorinin vo HX layihoalondirilmasi
zaman yiiksok gorginlikli xattin istilik rejimini qiymstlondirmak lazimdir. Bu mogsadle MDB
Olkolorindo, CIGRE vo IEEE torofindon toklif olunmus hava xotlorindo temperaturun hesabati
metodikalardan, proqram tominatindan istifads oluna biler.

Yiiksok gorginlikli xattinin istilik rejimini qiymotlondirilmoesi Az ET vo LA EI metodikas1
osasinda islonmis proqram tominati paketindo hoyata kegirilmisdir [6-9]. Program kompleksi,
rejimin miuxtolif doyisikliklori vo atmosfer faktorlar1 ilo MDB o6lkolorindo totbiqini tapmis
metodikaya [1-5] asaslanir.

CIGRE metodikasi asagida gostarilmis alqoritmo asaslanir (10-16).

P+R,+P+P=P.+P +R, (10)
burada P, - yiik coroyani istiliyi (Joul istiliyi), P, - maqnit qizmasi, P -giinos siialanmasindan
yaranan qizma, P, - tac hadisasi ilo olaqadar qizma; P. -radiasiya itkisi; P, -buxarlanma itkisi.

Istilik balansi tonliyinda (10) hor bir toskiledici asagidaki formulalarla qiymotlondirilir.

lge = 1,04/L0123+2,36-10° -1 1 (11)
Yiik coroyani istiliyi (Joul effekti)
P = 12R, [L+a(T, - 20)] (12)
Gilinasin siialanmasindan yaranan qizma istiliyi.
P.=q.-S-D (13)
Nagqilin sothi sartliyi
d
R, _—Z(D—d) (14)
Konveksiya itkisi
P. = 72, (T, —T,)Nu; (15)
Radiasiya itkilori
P = s [T, +273) (T, + 273)' | (16)

IEEE metodikas1 (17-22) tonliklori ilo wverilir. IEEE standarti 6ziinde macburi
konveksiyada istilik itkisinin siiratini toyin etmok {i¢lin iki tonliyi oks etdirir, birincisi asag1 kiilok
stiratlorine (12) uygun,

D ) p V 0,52
g, =|1.01+ 0.0372[%j }kf Kange'[Te T (17)
f
ikincisi yiiksok kiilok siiratlorine uygun (13):
B D ) V 0,52
g. = lOllg(uj :lkf ) Kangle'[Tc _Ta] (18)
He

Bu tonliklor {i¢lin maksimum qiymatlor istifads olunmusdur.
Stialanma itkilari formulasi

4 4
q =00178-D-¢ (TC +273j _(Ta+273j (19)
100 100
Giinoasin istiliyl formulasi
d, = aQ,zsin(9)A (20)

Burada D-moftilin diametri, V, - hava aximinin siirati, g, - silalanma vo konveksiya yolu ilo
yayilan istilik, ¢s- naqilin glinogsdon aldig istilik, ¢ - siialanma gabiliyysti kegiricinin sothindon
asithidir vo yeni coxdamarli kegiricilor iigiin 0,27 ilo sonaye yellonon kegiriciliklor {i¢iin 0,95
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arasinda (toklif olunan qiymoat 0,5), o -Stefan-Bolsman sabiti, T, -otraf miihitin temperaturu, T
— moftilin temperaturu vo Qs- naqilin giinosdon aldigr timumi istilik, k¢ - havanin istilik
kegiriciliyi. Kangle — kiiloyin istigamoti faktoru, ps - havanin sixhigi, 6- giinos stialarinin diismo
bucagi .

Istilik balansi tonliyi asagidaki formula ils ifade olunur

g; +Q, :qs+|2'R(Tc) (21)
Moftilin molum temperaturasinda buraxila bilon coroayanin qymati
g +4,—9g
I — S r S (22)
R(T.)

Radiasiya vo soyuma iiclin IEEE vo CIGRE standartlar praktiki olaraq eynidir. Radiasiya
itkisi adoton, limumi istilik itkisinin kigik bir hissosini toskil edir, xiisuson do macburi
konveksiya iiglin.

Aliiminium polad standarth kabelin termiki todqiqat1 ii¢iin kabel secilmisdir. Olgii vo
xarakteristikalar asagidakilardir: Moftil 429-AL1/56-ST1 A (diametr d:28,6'1073 M, Ry=0,0674
Om/m); yik corayan1 600 A; elektrik miigavimatinin temperatur amsali o = 0.00403 dor™;
moftilin sothinin qaranliq deracasi €=0.5; Kiilok ky = 1 hiicumunun bucag iigiin diizolis faktoru.

Atmosfer soraiti: havanin temperaturu t,= 40°S; giinos radiasiyast W,=980 W/m?; doniz
saviyyasindon 300 m yiiksoklikdo; kiilayin siirati 2 m/s.

Cadval.
Nagilin temperaturunun miixtalif tisullarla hesabatimin miiqayisasi.

Hesabat variantlari
Glinos radiasiyasinin Gilinos radiasiyast nazara
Meron pacyera tosiri nozoro alinmir alinmagqla
tnpv °C Hi, % t”P’ °C 1_II, %
CIGRE - - 55.7 0
IEEE - - 55.3 4.3
MKD - - 54 3.1
AZET vo LA El 48 2 52 6.5

Az ET vo LA El-do hava xottinin nagillorindo enerji itkilorinin hesablanmas: iigiin
program kompleksi islonmigdir. 429-AL1/56-ST1 A naqil niimunasinds hesabatlar aparilmigdir.
CIGRE, IEEE vao MCE iisullarina uygun olan codvalda olan temperatur giymatlori [5] -don alinir.
Codvaldaki nagilin temperaturunun va nisbi temperatur xstalarinin miitlaq giymatlori asagidaki
formula ilo miioyyon edilir:

11 = tnp/i/ _tnp.CIGRE .100%

I tnp.CIGRE
burada tpr, nagilin temperaturunun CIGRE - CIGRE metodu ils tapilan tyj miivafiq metodla
toyin olunan giymaotidir.

CIGRE standarti daha miirokkobdir vo daha otrafli molumat verir, lakin daha daqiq bir
sokildo oldo edilon naticolor kifayat godordirso, otrafli hesablamalara vaxt ayirmaq homiso vacib
deyil.

Notica. Tipik olaraq, IEEE vo CIGRE standartlar1 ¢ox faydalidir va kifayat qodor daqiqliya
malikdir - adaton naticalorin forqlari 10% -don artiq olmur.

CIGRE standart1 daha miirokkaobdir vo daha otrafli molumat tolob edir, lakin daha daqiq
naticalora malikdir.

Metodikalar yalniz doqiqliyino gors forglonir. Diizgiin sokilds istifadslori vacibdir, hor bir
metotikanin totbiq sahasi istifads olunan magsaddon asili olaraq segilmalidir.
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PE3IOME
HUCCIEAOBAHUE CTAHJIAPTOB CIGRE U IEEE JJIs1 OHEHKH
MNOTEPHb SJIEKTPOSHEPI'HHA
banamemoe A.b., Hchamoe H.3., Azaxanosa K.A.
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B crathe NpOBOAMTCS COMOCTaBHTENBHBIH aHATU3 TemieparypHoro moxenupoBanus |EEE u

CIGRE mst pacuera moteph 2J1€KTPOIHEPTHHU B JIMHHUSX JIEKTPONEPENAUM B 3aBUCUMOCTH OT HAIPy3KU U
atMoc(hepHbiXx (pakTopoB. C MOMOIIBIO YHCICHHOTO MOJICIMPOBAHKUS MPOBEICH AaHAIN3 BIUSHUSL
Pa3IMYHBIX HArPY30K M BO3JICHCTBHI 3JIEKTPUIECKHUX ITPOBOIOB HA OKPYKAIOIIYIO CPey.
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SUMMARY
APPLIKATION OF CIGRE AND IEEE STANDARDS FOR
ESTIMATING ELECTRICITY LOSSES
Balametov A.B., Islamov 1.Z., Aghakhanova K.A.

Key words: power lines, air lines, air temperature, wind speed, solar radiation, heat balance,
power loss, simulation

The article analyzes the temperature modeling based on CIGRE and IEEE methods to calculate

the electric power losses of the power transmission lines, depending on the load and the atmospheric

factors. The study of the effects of various load and environmental impacts of the electric wires is
analyzed by means of numerical modeling.
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Acar sozlar: katan parca, tikisds saplarin dartiimasi, horiilma, tikis sonayesi, par¢anin anizotropik
sixligr.

Giris. Geyimin keyfiyyoatini miioyyon edon osas faktorlardan biri do geyimin tikisloridir.
Insanin harokatliliyi noticosindo geyimdo olan tikislor kompleks deformasiyaya ugrayir vo bu
deformasiyalarin igorisindo on osasi tikislorin dartilmasidir [1]. Belin Xatti boyu tikislor,
salvarlarin arxa vo yan tikislori, qollar1 ¢iyino baglayan tikislor, geyimdo on ¢ox yerdoyismo
etmoyo calisirlar. Lakin bu qusuru tamamilo aradan qaldirmaq miimkiin deyil, sadaca, bu
qusurlar ¢ox deformasiyaya ugrayir. Bu isa 6z novbasinds tikis saplarinin siiriismasine sobab
olur va tikisin tamligmmin pozulmasi ilo naticalonir. Qeyd olunan bu catismazliq geyimin
uzundémiirlililyiinii azaldir vo momulatin xarici goriiniisiinii pislosdirir [2,3]. Tikis istehsali ilo
masgul olan miiassisalor geyd olunan bu qiisurun avvalcadon toyininin miqyasini azaltmaq
istayirlor.

Tikisda saplarin dartilma prosesinin dyranilmasi. Tabii liflordon hazirlanan geyimlora
maragin artmasi kotan pargalarin ¢esidinin artimina sorait yaratmigdir. Tikisdo saplarin siiziilmo
prosesinin Oyronilmosi tomiz kotan parcalardan olan kostyumlarin iizorinde aparilmigdir.
Aragdirma obyektlori kimi polotno, sarja vo sothinin sixligi 100-250 qr/m2 olan ki¢ik naxigh
parcalardan istifado olunmusdur. Bu parcalarin origo goro sixlig1 38 teks, argaca goro iso 38-75
teks-o borabordir. Bundan olave, oris vo argac sixligi miixtalif olan parcalardan da istifads
olunmusdur. Biitiin pargalar dekatirlonmisdir, yoni nomlondirilmis, qurudulmus va isti-nom
emala moruz edilmisdir [4].

Tikislords saplarin siiziilmasi prosesinin tadqiqatt 4 sm radiuslu silindira barkidilmisdir vo
todgiqat dori ilo 6rtiilmiis 9N statik dartilma qiivvasi olan qurguda aparilir[5]. Bu qurgunun tosir
giicii geyim istifadesi zamani tasir edon qlivvoys uygunlagdirilmigdir (30 doqige miiddatinds
yiiklonmada qirllma gorginliyi 5-15% olur).

Borkidici material kimi méhkomlondirilmis 35 ndmrali lavsan tikis sap1 secilmisdir. Bu
zaman tikigin eni, iynalorin némrasi vo tikis sapt OCT-17-835-80 standartlarinin tolobloring
uygun segilmisdir. Iynonin némrasi 90, tikisin addimi 1sm, n=4 , tikisin eni T,=10mm. Parca
némrolori 45° bucaq altinda oris vo argac saplarina goro bigilmisdir. Par¢anin saplarinin
yerdoyismasinin qiymati ilo tikisin siiziilmesi qiymaetlondirilmisdir. Todqiqatlarin naticolorinin
tohlili gostorir ki, tikislordo saplarin yerdoyismosi parcalarin qurulus xarakteristikalarindan
asilidir: toxunmada 1sm? diison Srtiilmolorin saymin amsali, parcanin sathi sixlig1, saplarin xatti
sixligl, orig vo argaca goro parganin sixligi. Tikislordo saplarin minimal yerdoyismosindo,
maksimal yerdoyisma polotno toxunusu va sarja toxunusu tigun xarakteriktir ( sokil 1).

Polotno toxunusu asasen 1sm?-o diisen értmolorin saymin ¢oxlugu ve uzunlugunun azligt
ilo xarakterizo olunur. Bu iso 6z ndvbasinds par¢anin qurulusunda saplarin slagesini artirir vo
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tikislords saplarin siiziilmasinin azalmasona sabab olur. Tikiglords saplarin siiziilmasino par¢anin
sixliginin anizotropiyasi da tosir gostorir. Sixlig1 borabor olan parcalarda, tikislordo saplarin
stiziilmasi nisbaton az olur, miixtalif sixliga malik parcalarda iss aris vo argac boyu siiziilmalor
daha az olur.

Oris sapinin argac sapina nisbati (Z,/ Z,) na gadar ¢ox olarsa, siiziilma bir o gqodar az olar.
Oris vo argac istiqamotlorindo pargalarin sixliginin artmast saplarin  yerdoyismolorini
cotinlosdirarok onlarin ayrilmosine sobab olur (sokil 2). Aydindir ki, par¢anin hor hansi bir
istigamotdo sixliginin ¢oxlugu, masalon, argac hissonin origo nisboton ¢ox olmasinin naticosindo,
aris hissados siiziilmoalor ¢ox, argac istiqgamotindo iso az olacaq vo ya oksino.

Saplarin  xotti sixligi, tikis saplarinin aralanmasina da tosir gostorir. Aparilan sinaqlarin
naticalori gostorir ki, qalinliglart eyni olan oris vo argac saplarindan toxunmus parcalarda
aralanmanin soviyyesi, aris sapinin xatti sixlig1 argac sapmin xotti sixligindan az olan parcalara
nisbaton ¢ox olur.Yaxud, T, /T, = 0.5 slagesindos aralanmaT, /T,=1 alagasina nisbaton 2, 3 dofa

az olur (sokil 3).
Llillllll.li
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Sakil 1. Miixtalif toxunuslu katan par¢alarin tikislarinds dartilma.
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Sakil 2. Argac sapina nazaran parganin sixliq dayismalorinin miixtalif toxunuslu par¢alarin tikislorindoki
dartilmalara tasiri.a-aris saplari istigamatinda; b-argac saplari istigamatinds; c-arisa nazoran 45°
bucaq altinda.
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Sakil 3. Argac saplarmmin sixliq dayismalorinin miixtalif toxunuslu par¢alarin tikis saplarinin
dartilmalarina tasiri.

Eyni sixliga malik olan (Z, = Z,) parcalarida oris saplarmin xotti sixliginin artirilmas,
argac saplarinin oyilmasino sobob olur. Bu iso 6z novbasindos argac saplarmin oris saplarina
nisboton yerdoyismosini catinlosdirir vo argac istiqgamotinds tikislordo saplarin aralanmasini
zoifladir vo oksina.

Beloliklo, miisyysn olunmusdur ki, parcalarin qurulusunun xassolori tikiglordo saplarin
aralanmasina tosir edir. Parcalarin oris vo arqac saplar lizro xotti doldurulmasini doyismoklo
vo saplarm xotti sixliginda doyismolorin edilmasi ilo  tikislordo saplarin aralanmasinin
soviyyesini azaltmaq mimkiindiir. Qeyd etmok lazimdir ki, saplarin xatti sixliginin artirilmasi
vo har hansi bir sistemin xotti doldurulmasninin artirilmasi tikis saplarinin aralanmasini azaldir.
Tikiglords saplarin aralanmasi prosesinin dyronilmasi geyimin layiholondirilmosindo, momulatin
istehsal prosesi liciin metodlarin se¢ilmosindo vo momulatlar {iciin parcalarin secilmasindo
miithiim amillordon hesab olunur.

Hazirlanan geyimin keyfiyyati onun hazirlanmasi t{iclin xammal olan parganin
keyfiyystindon cox asilidir. Kotan parcalardan geyim asartimentinin layiholondirilmasi
prosesindo tikis saplarinin aralanmasi1 haqqinda asagidaki xobordarliglarin nozoro alinmasi
vacibdir:

a) oris vo argac saplari lizro uzun c¢atilara malik olan parcalardan geyimin hazirlanmasi
moslohat goriiliir. Belo ki, uzun catilarda tikis saplarinin aralanmasmin ehtimali ¢ox bdyiik
olur. Catilarin say1 no qodor ¢ox, uzunlugu az olarsa, tikis saplarinin aralanmasi ehtimali bir
0 godor az olar;

b) geyimin layiholondirilmesi zamani sixlifi yliksok olan pargalardan istifads
olunmasi magsads uygun hesab olunur. Belo ki, parcalarda oris vo argac saplart {izro sixligin
artmasi ilo 1sm-o diison catilarin artimi bag verir. Bu iso 6z ndvbosindo tikislordo saplarin
aralanmasina gotirib cixarir;

¢) orig vo argac saplari ilizro sixligi borabor olan(Z,/Z,= 1) tomiz kotan parcalarin
geyimin layihoalondirilmosinds istifado olunmast mogsodo uygun hesab olunur;

d) argac saplar1 lizro xotti sixlig1 ¢ox olan parcalardan geyimin layiholondiril-masindo
istifado olunmasi magsada uygun hesab olunur. Bels ki, pargalarin tikislorinds aralanma, T, /T,
0.5 olagesi ilo xarakterizo olunur.

Natico. 1. Miixtolif toxunusa malik olan kotan parcalarin tikislorindoki saplarin
dartilmasinin todqiqatlarindan alinmig yeni naticalor, geyimin hazirlanmasi zamani rasional
texnologiyanin se¢imindo vo parcalarin {izorindo tikislordo aralanmalar haqqinda yeni
molumatlarin alinmasina sorait yaradir.

2. Kotan pargalarindan tikis momulatlarinin hazirlanmasi texnologiyasinin optimallas-
dirtlmasina imkan veran, qurulus xarakteristikalar1 toyin edilmisdir.

3. Rasional qurulus xarakteristikalarinin hesabina, kotan parcalarin tikislorindo dartilmanin
azaldilmasi yollar1 gostorilmisdir.
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PE3IOME
HNCCIEAOBAHHUE IMPOLECCA PA3IBUTAEMOCTH HUTEM B LIIBAX
U3JEJIUA U3 JIbHA
Paoxncavos U.C., Ocugosa Il A., Hmanoea I.M., Anexoeposa D.A.

Kniwouesvie cnosa. nvHsanble MKAHU, Wi6bl, PA306UICKA HUMEN 6 Weax, nepenjiemeHue, WeelHasl
NPOMBIUIEHHOCb, AHUZOMPONUS NIIOMHOCHU MKAHU.

CraTbsl NOCBALICHA H3YYCHUIO SIBICHUS Pa3BUTaéMOCTH HHUTEH B IIBaX W3ACIMH U3 JIbHA.
BrLsiBiieHBI XapaKTEpUCTUKU CTPYKTYpBl TKaHEH, BIMSIOIIME HAa Pa3gBUIacMOCTh HUTEH B IIBaX, U
MOKa3aHbl MyTH ee CHWXKeHHA. He pexomeHzyercs NpOeKTHPOBaTh KOCTIOMHO-IUIATHEBbIE TKAHU C
JUIMHHBIMHM TIEPEKPBITUSIMH KaK OCHOBHBIMH, TaK M YTOUHBIMH, IOCKOJBKY B 0OJACTH IJIMH-HBIX
NEepPeKphITHH Hanboyiee BEPOSTHO BO3HUKHOBEHHE  PAa3IBUIaeMOCTH HHUTEH B mBax. Yem Oosblie
YHCIIO MIEPEKPHITUN U MEHBIIIE UX JUTMHA, TEM Pa3ABUTaeMOCTh HIKE.

SUMMARY
INVESTIGATING THE PROCESS OF SLIDING OF THREADS IN SEAMS IN THE
PRODUCTS MADE FROM LINEN
Rajabov 1.S., Yusifova Sh.A., Imanova G.M., Alakbarova F.A.

Key words: linen fabrics, sliding of threads in seams, interlacing, sewing industry, anisotropy of

fabric density.

The article is devoted to the study of the phenomenon of sliding of threads in the seams of articles
made of flax. The characteristics of the tissue structure that affect the sliding of the filaments in the seams
are revealed, and the ways of its reduction are shown. It is not recommended to design costume-dress
fabrics with long ceilings, both basic and weft, since in the field of long overlapping the most likely
appearance of the spreading of filaments in the seams. The more the number of overlaps and the shorter
their length, the more the sliding is lower.
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GEYIM HiSSOLORININ QAYNAQLA BiRLOSDIRILMOSI
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Acar sozlor: qaynaq tikisi, sintetik qatranlar, termoplastik material, yiiksak  tezlikli corayanla
qaynaq, ultrasasla qaynaq, sukegirmayan tikis.

Tikis sanayesinda geyim hissalorini birlasdirmak ticiin totbiq olunan qaynaq tisullari: qizdirmagla
qaynaq, yiiksak tezlikli corayanla qaynaq va ultrasaslo qaynaq haqda malumat verilmig, onlarin
tstiinliiklori gostarilmigdir.

Kimyanin inkisafi ilo olaqoadar tikis sonayesindo omok mohsuldarligr yiiksolmis, sintetik
materiallar hazirlamaq imkani1 artirmisdir. Fiziki-kimyovi torkibi cohstdon miixtslif parcalarin
hazirlanmasi geyimin iglonib-hazirlanmasi ilo bagli olan miioyyan problemlor meydana ¢ixarir.
Bunlardan biri omoyin vo avadanligin mohsuldarhigini artirmaq ve yeni termoplastik
materiallardan geyim hazirlanmasi problemidir. Bu problemi hall etmok {igiin yeni miitorraqqi
tisullardan biri geyim hissalorini gaynaq etmokls birlosdirmok tisuludur.

Termoplastik materiallardan bigilon iki vo ya bir ne¢o geyim hissosinin temperatur vo
tozyiqlo, yaxud tozyigsiz yalniz istiliyin tosiri ilo birlogdirilmasi prosesine gaynaq tikisi deylir [1].

Qaynaq olunan kasik he¢ bir olavo maddo garigdirilmadan oldo edilir. Onun yapisqanh
birlosmadon forqi do elo bundadir. Qaynaqla hazirlanan geyimlor bunlardir: plas, yapinci,
kanbinzon, 6nliik va.s

Sap tikisinin avazinae qaynaq islonildikde birlogsmo keyfiyyetli alinir. Yaxaliq, manjet, cib
qapag1 kimi hissalori hazirladigda bozon konarda az qaynaq payi saxlamaq hesabina parcadan
qaynaq proseslorini kompleks mexaniklogdirmok, ayri-ayr1 hissalori vo qovsaqlari hazirladiqda
agregat-axin xattini barpa etmak, geyim hissolorini paralel islomok gaydasindan istifado etmak
miimkiindiir. Bozi qurgularda hissalori qaynaq tisulu ilo birlosdirdikde 2-3 saniys, yapisqanla
birlosdirdikds 1so 10-20 dofs ¢ox, yoni 30-60 saniys vaxt gedir.

Sintetik materiallar1 qizdirildigda 6z xassolorini doyisdirmasi onlar1 toskil edon ilkin
maddolorin fiziki-kimyavi xassasindon asilidir. Qaynaq rejimi sintetik qatranlarin vo onlardan
alinan liflorin hansi temperaturda yumsalmasi vo soyumasina gors miioyyan edilir.

Hazirda tikis sonayesindo {i¢ qaynaq iisulu totbiq edilir: qizdirmaqla qaynaq, yiliksok
tezlikli corayanla qaynaq vo ultrasasls qaynaq [2].

Elektrik corayani ilo qizdirilib qaynagetms tisulunda qizdirilan alstlor ham istilikda tikmao
vazifosini yerina yetirir, hom do qaynaq edilon yera tozyiq edir.

Qaynaq edilocok sothlora tozyiq etmok {i¢iin ¢ox zaman xiisusi diyircoklor, lentlor vo ya
lehimlayicilor isladilir.

Qizdirmaqla qaynaqda materialin birlosdirilocok yeri qizdirict vasitosilo yumsalana godor
quzdirilir vo soyuduqdan sonra hamin yerds qaynagq tikisi amolo galir. Qaynaq edilocak hissonin
kontruksiyasinda asili olaraq elektrik carayani ilo qizdirilan alat miixtalif formada vo 6l¢iids olur.

Qaynaq yerinin qizdiriciya yapismasinin qarsisini almaq {i¢iin qaynaq zamani hamin yera
nazik ftoroplast pardosi, yaxud kalkayabonzor kagiz va ya sellofan voraqi qoyulur.

Uziino polipropilen, polivinilxlorid, polistirol, polietilen va.s termoplastik xassoli pardo
cokilmis materiali bu iisul ilo qaynaq etmak olar. Bu zaman qaynaq yeri listdon har iki materialin
xarici sathindon vo ya har iki materialin arasindan qizdirilir. Qalinligi 0.0025 sm v 0.02 sm olan
pardoni xarici sathindan (bir va ya har iki torafdon) qizdirirlar.
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Geyim hissalarinin gaynagqla birlagdirilmasi

Qizdirmagla gaynagq ol ilo vo ya mexaniklosdirilmis avadanligla yerino yetirilir.

Ol ilo qaynaq elektrik lehimloyicisi, titiiyobanzor qizdiric1 vo qizdirilan diyircoklos aparilir.
Ol ilo qaynaq prosesindo texnoloji rejimi gézlomok ¢otin oldugu liciin qaynaq iisulu, galinlig
0.15 sm-o godor olan termoplastikli (polivinilxloridli, polietilenli va.s) materiallar1 8300 sinif
maginla (AFR,“Prafor” firmasi) qaynaq etmok ii¢lindiir. Materialin qalinligindan vo xassasinson
asili olaraq gaynaq siirati 60-150 sm/doq gétiiriiliir. Masinda hor qaynaq ndviino uygun alotlor
vardir [3].

Yiiksok tezlikli elektrik corayani ilo qaynaq tisulunda elektroddan istifads edilir.

Qaynaq iki tisul ilo aparilir: ardicil v paralel

Ardicil gqaynaq iisulunda qaynaq edilocok material harokot edon iki elektrodun arasindan
kegarok qaynaq edilir. Elektrodlar eyni zamanda kosmo vo tozyiqgdstormo vozifosini yerina
yetirir [4].

Qaynaq edilon materiali diyircok vo ya tamasa aparir, horokotedon elektrod materialin
harokatsiz vaxti ona tosir edir. Elektrod 30-50 Mhs tezlikli coroyanla, generatordan gidalanir.

Paralel qaynaq tisulundan polivinilxlorid pardeden geyim istehsalinda yiiksoktezlikli qurgu
ilo tachiz olunmus LQS-15 presindon va ya OK-1,2/C (PXR) qaynaq aparatindan istifads edilir.
Aparatin miixtolif forma vo &lgiido elektrodlar vardir. Tlgok hazirlanmasinda, miixtolif qaynaq
tikislorinds homin elektrodlardan istifads olunur. Qaynaq prosesinin tezliyi yiiksok, qaynaq
middati iso az-0.5-2 san-dir.Son vaxtlar tikis momulat1 appilkasiya vo basqa yolla bozadildikds
yiiksoktezlikli corayanla qaynaq iisulunun gonastli vo somorali oldugu askara ¢ixarilmigdir.

Tacriiba gostorir ki, bu lisuldan gadin alt geyimlorinin, eloco do usaq geyimlorinin, idman
kdynaklorinin va s. bazadilmasinds istifads etmok olar.

Ultrasoslo qaynaq tisulunda termoplastik material eyni zamanda ultrasos rogsinin vo
tozyiqin tosirino moruz qalir. Stialanmadan omoalo golon elektrik rogsi mexaniki ragso gevrilir.
Ultrasos ragsinin tosiri altinda qaynaq edilocok termoplastik materialin sothi 6zlii-axic1 hala
gadar qizdirilir vo qaynaq olunur. ©gar istilik iisulu il qizdirilan elektrodlardan xaric olan, eloco
do gaynaq li¢iin materialin biitiin galinligina kegon istilik az olarsa sart birlosma oldo edilir.

Bir-birino toxunan sathlorin temperaturunu qaynaq temperturuna ¢atdirmaq tgiin
elektrodun temperaturu qaynaq temperaturundan yiiksok, elektrodun materiala toxundugu yerin
temperaturu is9 otraf miihitin temperaturuna borabar olmalidir.©ks halda elektrodlar qizaraq
gaynaq temperaturunu da yiiksoldo bilor.

Vibrator yiiksoktezlikli elektrik enerjisini ultrasas tezlikli mexaniki rogse ¢evirir. Rogsi
horokot vibratordan kondensator vasitosilo dalagétiirono oradan iso dalga gotlironlo dayaq
arasinda yerloson materiala otiiriiliir. Vibrator yiiksoktezlikli ultrasos generatorundan qidalanir.

Sapsiz tikis alinmasi tigiin BSM-1 markali masim 1022 sinif tikis masini osasinda
yaradilmasinda bu prinsipdon istifado edilmisdir. Masin qaynaq bashgindan ultrasos
generatorundan ibarotdir. Akustik qovsaq masin basghigmin platformasina borkidilmisdir. Stol
tikis sonayesindo islodilon standart stoludur. Masinin friksion elektrik intiqali vardir [5].

Masinda termoplastik liflordon ibarat parca vo ya trikotaj materialin igori qat1 ultrasas ragsi
vasitosilo oritmoklo punktir tikislo birlosdirilir. Material aparici tamasa ilo iroli-geri horokot
etdirilir. Materialin horokot surati 10 m/doq, tikisin addimi 0.55 sm, sorbast halda uzunlugu iso
0.5 sm-o godordir.

Ultrasas generatorunun ¢ixs giicii 200-400 Bt (hor 50 Bt-dan bir pillalorls tonzimlonir),
ragsin tezliyi 22 Hhe-dir.

Qaynaq tikisinin iki asas novii vardir: konar tikis va tist tikis.

Tikisin voziyyatino gora qaynaq {i¢ ciir olur: st tikisli, kosiyi aciq tikisli vo kesiyi qapali
tikisli.Ust tikisdo tikisin eni 1.0 sm olur.Ust tikisli geyimloro su doydikdo parca nomi 6ziino
¢okib daxilo buraxir. Ust tikisli qaynagin suya davamliligi termoplastik materialin
keyfiyyatindon asilidir.
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Haciyeva R.I

Su kecirmoyan tikis alinmasi tiglin kosiyi qapali tikisli qaynaq totbiq olunur. Qaynagin
suyadavamliligimin on yaxsi novii kompleks gaynaqdir. Bu iisulda birlogdirilon hissolor 0.8-0.9
sm enindo sapla tikilir vo yalniz bundan sonra tikisdon 0.1-0.2 sm arali qaynaq edilir. Belo
kompleks gaynaq tikisi mohkom vo suya tamamilo davamli olur.
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SUMMARY
COMBINING OF CLOTHING PARTS BY WELDING
Hajiyeva R.1.

Key words: welded seam, synthetic resins, thermoplastic material, welding with high frequency
current, ultrasonic welding, waterproof seam.
The information about applied welding methods to connect sewing parts in the sewing industry,
welding by heating, welding with high frequency current and ultrasonic welding are given, their
advantages are shown.
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