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UCCJEIOBAHUE BJIMSHUE ®EHOJIO®OPMAJBIAEI UIHON CMO.IbI
HA DJIEKTPUYECKYIO TIPOYHOCTD MMOJUITHIIEHA HA3KOM IVIOTHOCTH
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Pe3ome. B mannoit paboTe mpuBeneHBl Pe3yIbTaThl AKCIICPUMEHTAIBHBIX HIC-
CJIeI0BaHUH IEKTPUYECKON JOITOBEYHOCTH IVIEHOK IOJIUA3TUIIEHA HU3KOU INIOTHO-
ctu (ITOHIT) mapku 10803-020 1 BIMSAHKSA Ha HETO COCTaBa M KOJUYECTBA MOIUGDH-
upyroieii 1o6asku henonodopmanpaeruanoit cmoibl (OC). Coaepxanue no0a-
BOK B coctaBe IIOHII Bapsuposainocs B npenenax 0,01-0,1 macc%.

OKcneprMeHTaNbHbIE Pe3yJIbTaThl MToKa3aiy, 4to conepxxanue 0,05 macc% de-
HOJO(GOPMaNBAECTHIHON CMOJIBI SIBISETCS ONTUMAJIBHOW, TaK Kak oOecrieuuBaeT
HauOOJIBIIYIO YCTOHYMBOCTD JJICKTPHUECKUX CBOMCTB 110 CPABHEHHIO KaK C UCXOJI-
HbIM, Tak 1 ¢ [IOHII npu npyrux conep>xanun 100aBoK.

VYcranosneHo, uro BBeaenue B [IOHII no 0,05 macc% (PC) 3HaUNTENHFHO CHU-
JKaeT CKOPOCTh YMEHBIICHUS SJICKTPUUECKOW MPOYHOCTH MOIM(PHUINPOBAHHOM
IUICHKH TPH 3JICKTPUIECKOM CTApCHHH, a TAKKE Ha BPEMEHHYIO 3aBUCHMOCTD DJICK-
Tpryeckor mpoyHocTH mwieHku [TOHIT.

Kntoueswie cnosa: epems
JHCUZHU, INEKMPUUECKOe
cmaperue, eHonoopmans-
oezuonas cmona, IIDHIT

BBenenue

N3BecTHO MpUMEHEHHE U3/SNIUN U3 TTOJNOJIS(UHOB B JIEKTPOTEXHUYECKON MPOMBITINIEHHOCTH
B KauecTBe auanekTpuka [1; ¢.15-17]. OgHako, HCTOab30BaHUE MOIHOIS(PHUHOB 0€3 JOTOJHUTEh-
HBIX TIPUEMOB 00pa0OTKH: TIOBBIIICHUE UX DJICKTPUICCKUX XaPaKTEPUCTUK, 00ECTICUCHUsT CTaOWIb-
HOCTH UX IPH 3JEKTPUUECKOM CTapEHHH, YIIyULICHHUS TEXHOJIOTUH MepepadOTKH, YaCTO HE OTBEYAET
COBPEMEHHBIM TPEOOBAHUSAM IKCIUTyaTaI[MH. Y CTAHOBIICHO, YTO B CHJIBHBIX AJICKTPUUYECKUX TOJISIX
yXyALIEHUE 3JIEKTPOHU3NUECKUX U MEXAHUYECKUX CBONCTB MOJTMMEPHON M3OJISILIMKA MTPOUCXOIUT B
OCHOBHOM 32 CUET MOHU3AIMOHHBIX MPOIIECCOB, PA3BUBAIOLIUXCS B BO3YIIHBIX BKIIOYEHUSIX U TO-
pax BHYTpH u3oJisiiuu [2, 3].

B 9710i1 cBsI3H, 1ENBI0 HACTOSIIETO MCCIEAOBAHUS SIBUJIACH Pa3pab0oTKa HOBBIX MOJIMMEPHBIX
MOAUDUKAINY C yTyUIICHHBIMU AUAJIEKTPUYECKUMHU CBOMCTBAMH U OTHOCUTEIFHO CTOMKHUMHU K BO3-
NEUCTBUIO psifa BHEMIHUX (DAKTOpPOB (TeMrepaTypa, JJIEKTPUYECKUX paspsibl, MEXaHHYeCKas
Harpyska, ynbTpaguojaeToBoe o0IydeHue 1 T.4.). B kauecTBe MOAUPUIMPYIOMINX J00aBOK HCIIONb-
30BaJIoCh XUMHUYecKoe coequHenue penonodopmansaeruanas cmona [CsHi(OH)-CHz-]n.

MeToauka 3KCrepuMeHTa

[TepepaboTka pazpadotanubix Moaudukauii [I9HII B miieHKn mpou3BoAMIach Ha arperare
VYPII-1500 661 ycTaHOBJIEH TEXHOJIOTHUYECKUI PEKUM MepepabOTKH U MOTydeHa MJICHKA TOJIIIUHON
50-60 MKMm.

[Ipennoxxennast 1o6aBKa METOIOM MEXaHUYECKOTO CMEIIMBAHMSI BBEJICHA B TPAHYIHPOBAHHBIN
[IOHIL. ITepen BBenennem nodasku B [IDHII ee qucneprupoBamy mpu MOMOIIM CUTOBOTO aHAIIN3A,
Ha yCTaHOBKE JIsl ONPEIEJICHHs 3€pHOBOT0 cocTaBa. Pa3zmep yacTuil coctaBuil MeHblie S0 MKM.

Omnpenenenne MeKTpuIeckoil monroeunoctr mieHok [IDHII u eé pazpaborannas moaudu-
Kalusl MpOBOAWIACH B epeMeHHOM ToJie ¢ yactoToit 50 I'ty mo u3BectHoi Meroauke [4]. Bo3nei-
CTBUE AJIEKTPUYECKUX Pa3psAI0B HA MOJUMEPHBIE JUAIEKTPUKU OCYIIECTBIISIIOCH B UCIIBITATEIHHON
s;YeKe HECUMMETPUYHOTO THMa puc. 1.

UCCJIEJOBAHME BJIUSIHUE ®EHOJIO®OPMAJIBJAETUIHOM CMOJIbI HA ..... 5
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Puc. 1. VictibiTatenbHble SYEHKU C BO3AYIIHBIM 3apsIOM.
1 — MeTauIMYecKUid 3a3€MIICHHBIH 3JeKTPO;
2 — CTEKJISTHHASI METAJUTN3NPOBAaHHAS TUIACTHHA;
3 — MeTaIUTMYECKOE TIOKPHITHE;
4 — cTeKJIsTHHAS MPOKIIAJKA;
5 — monuMepHasi TUICHKA.

IKCIEPUMEHTAJIbHBIE Pe3yJIbTATBI M KX 00CYKICHUS
Ha puc. 2 npuBeneHa 3aBUCUMOCTB Jorapudma gonroBedyHocTs ieHku [19B/] u ero momudu-
Kalui OT HAIIPSKEHHOCTH MEPEMEHHOI0 3JIEKTPUUYECKOT0 MOJIS.

leT.c
S

20
E 107 8w

Puc. 2. 3aBUCUMOCTD 3IEKTPUUYECKON onroBeuHocTy TuieHku [I9B]] u ero
MOIUGUKAIIMH OT HAPSHKEHHOCTH JIEKTPHUCCKOTO ToJIa:

1 — IIDHII+0,05 macc%; 2 — IIDHII+0,03 macc%; 3 — IIDHII+0,07 macc%;

4 — TIDHII+0,1 macc% denonopopmanpaerumaoi cmonsl, 5 — [I9HIT (0e3 mo6aBkwm)

Brenenue manoro konuuectBa (PC) B coctas [IDHII (1, 2, 3, 4, 5) npuBOAUT K 3HAYUTEIHLHOMY
M3MEHEHHUIO €€ AJIEeKTpUYeCcKoil nonroseunoctu (puc. 2). Kak cnenyer u3 skcnepuMeHTaIbHbIX JaH-
HBIX, B paccMaTpuBaeMoM citydae npu BeeseHue B IIDHII ontumansHoro konuuectsa (0,05 macc%)
dbenonodopmanpaeruaaoit cmoibl (OC) MPOUCXOAUT YBEIUYCHUE €TO DIICKTPUUECKOW MTPOYHOCTH.
Onnako, kKak BUIHO U3 puc. 2, npu BBeneHue B [IDHII onHoro u3 coctaBoB, HO B pa3Iu4HbIX KOJIU-
YecTBaX, XapakTep W3MEHEHHUS IJIEKTPUYECKON MPOYHOCTU C POCTOM BEIMYMHBI HAMPSKEHHOCTH

6 E.M.T'omxaes|, L11.A.3eiinanos, ®.111.Kepumos, C.1.Mamenosa, C.I'.Cagsiroa
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QJICKTPHUYCCKOTIO IOJIA JIMHENHO nmaaacT JIOFapI/I(bM BHCKTpI/I‘IeCKOﬁ JOJIT'OBECYHOCTH T.€C. BBIIIOJHACTCS
HN3BECTHOC COOTHOIICHUE

w=B exp (-BE),

rae mapaMeTpsl B U 3 3aBUCAT OT IPUPOJIBI MOTMMEPA ¥ TEMITEPATyPhl UCTIBITAHUSI.

Kak creayer u3 moyiy4eHHbIX SKCIIEPUMEHTAIbHBIX Pe3yIbTaTOB, B PACCMATPHUBAEMOM CIIy4yae
BBeneHue B [IDHIT ontumansHOTO KOmuecTBa 100aBku (DPC) crioCOOCTBYET YBETUICHHIO €0 JIEK-
Tprueckoi npounoctu ot 14-10710 20-10’B-m™!, 1.e. mopsiaxa 30%.

Xoportasi Koppensiiys HaOIoAaeTcsl IPHU UCCIET0OBAaHIH 3aBUCUMOCTH AJIEKTPHUUECKOM IPOYHO-
CTH OT coaepkanus xumuueckuid 1o6aBku (PC). Ha puc. 3 mokazaHa 3aBUCUMOCTD IJIEKTPUUECKOMN
npouynocty TuieHkH [I9HIT oT MaccoBBIX MPOIEHTOB yKa3aHHOW 100aBKH MPU MPOUYUX OJUHAKOBBIX
ycnoBusx (t=const, T=const). 3aBucumocts E;p=f(c) mocTpoeHa mo naHHBIM, HCIIOIL30BAHHBIM IS
nocTpoeHust rpaukoB Ha puc.2.

E-15,84"
79+

iy

3

7 | I l ! Gleck
q02 Q04 aq08  qad8 47

d

Puc. 3. I3meHeHHe 37€KTPUIECKON IIPOYHOCTH TUIEHOUYHBIX MOAU(UKAINI
IIOHII B 3aBUCHMOCTH OT MacCOBBIX MPOIIeHTOB J0OaBku (DC)

W3 puc. 3 BUIHO, YTO 3J€KTPUUECKAs] IPOYHOCTh YBEIIMYUBAETCS C YBEINYEHUEM COJIEPKaHNUU
(®C) u npoxonut uepe3 makcumyM npu 0,05 macc%. [Ipu ganpHelieM yBeIudeHUH COJIEP>KaHuUS
(®C) mabnromaercs ero ymeHblenue. CieayeT OTMETUTh YTO AJIEKTPOPU3NICCKUE CBOMCTBA MOJIH-
MEpOB B CYILIECTBEHHON CTETIEHU OIPEAETSIOTCS CTPYKTYpPO MOIMMEPHBIX MaTepuaioB. Pasmep u
MOP(OIOTHS KPUCTALUTUIECKUX CTPYKTYP, CTENIEHb KPUCTAIUTMYHOCTH U A€(PEKTHOCTD KPUCTAILITHYE-
CKUX TOJMMEPOB UMEIOT PEIAOIUe 3HAYCHHSI B ONPEACTICHUHN €r0 MEXaHUYECKUX U 3IEKTPOodu3U-
YECKUX XapaKTEPUCTUK [5, 6, 7]. icxoas u3 3T0ro MO>KHO MPEAIIOJIOKHUTh, YTO YCTAaHOBJIEHHBIH HAMU
s dext yBenmmueHnus ux snekrpoduszndeckux cporicts [IDHII ¢ BBeeHMEM NpeIyI0’KeHHON 100aBKH
IIPEK/IE BCETO MOYKHO CBS3aTh C COOTBETCTBYIOINM CTPYKTYPHBIM IIPEBPAILIEHUEM B HAJIMOJIEKYJISIP-
HOM YPOBHE.

N3BecTHO, uTO HabIIO/MaeMble U3MEHEHUS! (PU3UUECKUX CBOMCTB MOJIMMEPHBIX IICHOK MOCTe
ANEKTPUYECKOTO CTApEHHsI MMPOUCXOAT KaK B 3aBUCUMOCTH OT BEJIMYUHBI AJIEKTPUUECKOTO HaIpsi-
KEHUS, TaK U OT AJIUTEIBHOCTH BO3AEUCTBUA. DTO MOATBEPKIAAECTCS TAK)KE MTPU MCCIEA0BAaHNUU BIIU-
suus 106aBku (OC) B MaroM KOJIMYECTBE Ha BPEMEHHYIO 3aBUCUMOCTh AJIEKTPUYECKOM MPOUYHOCTH
mwieHku [IOHII 1o u nocne anexTpuueckoro crapenus. Bo3nelicTBrue 37€KTPUUECKUX pa3psAI0B Ha
MOJINMEPHBIE JTUAJIEKTPUKU OCYLIECTBIISJIOCh B HCHBITATENbHON sS4eiike HECUMMETPUYHOrO THIIA
puc.3.
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Ha puc.4 npusezneH rpaduk 3aBUCUMOCTH Jiorapudma BpeMeHH xu3Hu ucxoaHoro [IOHIT u ¢
no6askamu (OC) (IIDHIT +0,05 mace.% PC) oT HAaNPSHKEHHOCTH AIEKTPUYECKOTO MOJIS 10 U 1OCIe
ANEKTPUYECKOTO CTAPEHMSL.

JleficTBUTENBHO, TIPU COMOCTABJICHUE SKCIIEPUMEHTAIBHBIX PE3yJIbTaTOB, MOIYYEHHBIX IS
wienku [IOHIT 6e3 (npsmas 3,4) u ¢ Mmoaudpummpyomumu gob6askamu (npsmas 1,2) 1o u nocne
3JIEKTPUYECKOTO CTapEHUs MOKA3bIBAET, YTO CKOPOCTh CHMDXKEHHUS BpeMEHHM >XKU3HM TuieHku [TOHIIT
IIPU AJIEKTPUYECKOM CTapEHHM BBEJCHHEM J00AaBKH B ONTHMAIBHOM KOJIMYECTBE 3aMETHO CHMKa-
€TCsl. DTO TOBOPUT O MOJUDHUITUPYIONICH U CTAOUITN3UPYIOIEeH 0COOCHHOCTH MPEATION0KEHHOM J10-
6aBku (OC) mus [IOHII. YToObI, OTUETIMBO MOKAa3aTh BIUSHHUE YKa3aHHOW NOOABKM Ha OCHOBE
menku [T9HIT mocie nefcTBUs AIEKTPUUECKUX pa3psI0B B TAOJIHIIE TTOKA3aHO U3MEHEHHE AJICKTPH-
yeckoit npouHoctd [IDHII u ero moaudukanum oT BpeMeHH 3JEKTPUUECKOTO CTApEeHUs MO JeH-
CTBHEM 3JIEKTPUUECKUX pa3pAoB B TeueHue 5, 10 u 15 gacos.

Gzo
‘f’—af g 27

i I !
4 & 2 16 20

£- W-,73 e’

Puc. 4. 3aBucumoctn norapruma Bpemenu xu3nu rieHkn [IOHIT u e€ mogudukanmu ¢ ontu-
MaJIbHBIM CcoJiep)KaHueM (QeHoI(GpopMabIeIHAHOW CMOJIBI 10 M IOCIE DJIEKTpHUe-
CKOTO CTapeHHs MO ACHCTBUEM Pa3psiaoB B Bo3ayxe NpH Ua=7kB, terap=10 gac.
1,2 — TI9HII+0,05 macc%®PC no (1) u mocne (2);
3,4 — TIDHII no (3) u mocne (4) crapeHus.

t, Eup, 107B/M Eup, 107B/M

gac ITOHII (6e3 nobaBkwm) [I9HIT +0,05mace.%DdC
0 14 20

5 10 18

10 9 16

15 8 15

N3 Tabnuiel BUgHO, 4TO opraHudeckas qobaBka (PC) 3aMeTHO yiydilaeT 3JIEKTPHUECKYIO
npouHocTs twieHkH [I9HIT u ero ctabunpHOCTh. Takum 00pa3zom 0OHAPYKEHHOE YBEITUYCHUE DJICK-
TPUUECKON MPOYHOCTH U cTabminbHOCTH Moaudukaruu [I9HIT MoXHO CBA3aTh CO CTPYKTYypUPYIO-
IIMMH OCOOCHHOCTSIMHU yKa3aHHOW J0OaBKH, KOTOPas 00ECIIEYNBACT IUIOTHYIO YIIAKOBKY MaKpOMO-
JeKyn npu popMuUpoBaHUU MIeHKU. [Ipu 3ToM 3a cueT pusmdeckoro CTpyKkTypoodbpasoBaress, mo-
BUIUMOMY, YMCHBIIACTCA r€TCPOTCHHOCTL CTPOCHUS MMOJIMMEPA U YBCIIMUMUBACTCA CTCIICHD YIIOPAI0-
YEHHOCTH BO B3aUMHOM PAaCIIOJIO0KEHUH MAaKpOMOJIEKYJI, BCIEACTBUE 3TOrO 3HAYUTENIBHO 3aMeIIs-
eTcsl mpoliecc MopooOpa3oBaHMs U HOHU3ALMOHHBIX IPOLIECCOB B HUX.

8 E.M.T'omxaes|, L11.A.3eiinanos, ®.111.Kepumos, C.1.Mamenosa, C.I'.Cagsiroa
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FENOLOFORMALDEHID QOTRANININ ASAGI SIXLIQLI POLIETILENIN
ELEKTRIK MOHKOMLIYINO TOSIRININ TODQIiQi

[E.M.Qocayev, $.9.Zeynalov, F.S.Korimov, S.I.Mamoadova, S.Q.Sadigova

Azarbaycan Texniki Universiteti

Xiilasa. Bu maqalads 10803-020 markali asag1 sixligh polietilen (ASPE) plyonkanin elektrik dayanigliginin va ona
fenoloformaldehid gatraninin (FQ) dayisdirici slavenin terkibinin ve miqdarinin tasiri ils baglh eksperimental todgiqat-
larin naticoalori toqdim olunur. ASPE-nin torkibindoki alavalarin torkibi 0,01-0,1 kiitlo% araliginda doyisir.

Eksperimental naticalor gostordi ki, 0,05 kiitlo% fenoloformaldehid gatraninin tarkibi optimaldir, ¢iinki o, ham oriji-
nal, hom da digar slava torkibli ASPE ilo miiqayisadas elektrik xassalorinin an boyiik sabitliyini tomin edir.

Miioyyen edilmisdir ki, ASPE-ys 0,05 kiitlo% (FQ) daxil edilmasi elektrik yaslanmas1 zaman1 dayisdirilmis plyon-
kanin elektrik giiciiniin azalma siiratini, homg¢inin ASPE plyonkanin elektrik méhkomliyinin zamandan asililigini ohe-
miyyatli deracado azaldir.

Acar sozlar: yasama miiddati, elektrik yaslanmasi, fenoloformaldehid gatrani, ASPE.

RESEARCH INFLUENCE OF PHENOLOFORMALDEHYDE RESIN
ON THE ELECTRICAL STRENGTH OF LOW DENSITY POLYETHYLENE

IE.M.Godjayev,, S.A.Zeynalov, F.S.Kerimov, S.I1.Mamedova, S.G.Sadigova

Azerbaijan Technical University

Abstract. This paper presents the results of experimental studies of the electrical durability of films of low-
density polyethylene (LDPE) grade 10803-020 and the effect on it of the composition and amount of a modifying
additive of phenol-formaldehyde resin (FR). The content of additives in the composition of LDPE varied in the
range of 0.01-0.1 wt%.

Experimental results have shown that the content of 0.05 wt% phenol-formaldehyde resin is optimal, since it provides
the greatest stability of electrical properties compared to both the original and LDPE with other additive contents.

It has been established that the introduction of 0.05 wt% (FR) into LDPE significantly reduces the rate of decrease in
the electrical strength of the modified film during electrical aging, as well as the time dependence of the electrical strength
of the LDPE film.

Keywords: life time, electrical aging, phenol-formaldehyde resin, LDPE.

Daxil olub: 01.03.2023
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ASAGI ENERGETIK TOSIRLi (ASAGI INTENSIVLIKLI) INFRAQIRMIZI
LAZERLIi ELEKTRON QURGUSU

R.M.Rohimov, S.I.Mammadova, S.M.Mehdiyeva, G.S.Caforova
Azarbaycan Texniki Universiteti
E-mail: rehim.rehimov@aztu.edu.az, mammedova_sureyya@aztu.edu.az,
mehdiyeva_shafiga@aztu.edu.az, g.jafarova@aztu.edu.az

Xiilasa. Asag1 intensivlikli vo yaxud asagi energetik soviyyali lazerlar tibds genis
totbiq edilir. Belo lazerlorin oksariyyati qirmizi va infraqirmizi dalga uzunluqlu olur-
lar. Infraqirmizi dalga uzunluqlu lazerlor 0,75 mikrometrdon baslayaraq 3mm-o qo-
dor dalga uzunluqlu diapazona malikdir. Qirmiz1 lazerlar isa 630-680 nanometr dia-
pazonu togkil edir. infraqirmiz1 diapazonda isloyon diodlar 0,9-1,3 mikrometr dalga
uzunluguna malik olur. Yarimkegirici lazerlor adaton p-n kegidine malik olan diod-
larda hazirlanir. Elektromaqnit lazerli terapiya aparatlarinin hasil etdiklori induksi-
yanin qiymati 0,5-30 mTI togkil edir. Lazer diodundan siialandirilan enerji zamani
dioddan axan corayanin qiymati bdyiik olur. Adston lazer terapiyasinda qisamiiddot-
li impulslarin alinmasi ii¢iin metal oksid yarimkegirici tranzistorlardan istifads olu-
nur ki, onlar da sxemds acar rejiminds igloyir. Lazer siialarmin bioloji obyektlora
tosirini effektiv etmak ii¢iin lazer diodunun siialandirma hissesindon mexaniki olaraq
optik lifin barkidilmasi vo dalgaaparanin mexaniki qurgu vasitasilo obyekto catdiril-
mas1 hermetik slagolondirilmalidir. Miixtalif tipli yarimkegirici infraqirmizi lazer
stialanmasinda istifads olunan ArGa diodlar iistiinlitys malikdir.

Acgar sozlar: Lazer diodu, lazer
stialanmasi, torkib tranzistoru,
impulsun davametma miiddati,
infraqurmizi lazer giialanmast,
dipol molekullar, lazer
stialarinin generasiyasi

Giris. Akseptor aggarlari ii¢lin xarakterik xiisusiyyot ondan ibaratdir ki, azaciq enerji hesabina
elektron donor saviyyaeli asqarlarla kegiricilik zonasina ke¢mis olur. Burada elektrik sahosi p-n kegi-
dino diiz istigamatds totbiq edilir. Eyni zamanda desiklor p oblastindan p-n ke¢idins injeksiya olu-
nurlar vo naticods bu 2 yiiklor bir-biri ilo rekombinasiya olunurlar. Elektronlar kegiricilik zonasindan
tozodon valent zonasina qayidirlar. Bu zaman fotonlar yaranmis olur ki, onlarin da enerjisi qadagan
olunmug zonanin enind barabar olur. Bu zaman metastabil soviyyado olan fotonlar 6zlorindon isiq
stialar1 buraxirlar vo bu siialar hom monoxromatik, hom do koherent olurlar. Burada siialanmanin
soviyyaesi ifrat liiminessensiya prosesindon asili olur.

Bundan sonra p-n ke¢idinds siialanmanin parlaqligi artmis olur vo elektrik corayani yaranir
ki, bu da lazer siialarinin generasiyasina sobab olur. Yarimkecirici lazerlor hom fasilosiz, hom do
impuls rejiminds isloyirlor. Lazer diodlarinin miiqavimotlori ¢ox bdyiik olmadigi {i¢lin o adoton
bipolyar tranzistorun kollektoruna qosulur. Naticods diodun diiz istigamatdo miigavimati kollek-
tor ke¢idinin miigavimatindon ¢ox kigik oldugu {i¢lin diod 6zii qida monbayi qosulan kimi siia-
lanmaga baslayir.

Lazer diodunun torkib tranzistorlar1 iizorindoki qosulma sxemlori asagida gostorilmisdir. Bu
sxemlords torkib tranzistorlarinin gétiiriilmasindo asas maqsad onlarin ¢ox boyiik giiclondirms om-
salina malik olmasidir. Eyni zamanda tranzistorun ¢ixiginda corayanin boytik olmasidir ki, bu da lazer
diodunun 6zilindon fotonlarin buraxmasi {igiin kifayat edir. Torkib tranzistorlarinin ¢ixigina slavo ola-
raq ©G (amoaliyyat giliclondiricisi) qosulur ki, onun ¢ixis1 da torkib tranzistorlarinin girisi ilo alagolonir
va burada omoliyyat giliclondiricisinin gliclondirmo omsalinin qiymatini istadiyimiz qador seco bilo-
rik. Bu da ©G-nin ¢ixis1 ilo girisi arasina qosulan RS rezistorunun R4 rezistoruna nisbati ilo oldo
edilon giiclondirmo omsalinin yaranmasina sobob olur. Yoni, R5-in R4-0 nisbati boyiik giiclondirmo
omsalinin yaranmasina imkan verir [1; s. 61-64].

Lazer diodunun torkib tranzistorlari tizorindoki qosulma sxemi asagidaki sokildo gostorilmisdir
(sokil 1) [1; s. 62-63].
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Lazer diodundan stialandirilan enerji zamani dioddan axan corayanin qiymati boytik olur. Ade-
ton lazer terapiyasinda qisamiiddotli impulslarin alinmasi tigiin metal oksid yarimkegirici tranzistor-
lardan istifado olunur ki, onlar da sxemds acar rejiminds isloyirlor. Bunun tiigiin prinsipial sxemdon
istifado edilir. Metal oksid yarimkegirici tranzistorlar {izorindo lazer diodunun qosulma sxemi asagi-
daki1 sokildo gostorilmisdir (sokil 2) [1; s. 62-63].
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i E E ) V1 R2
VT2 -E R5

R2 R4

R1

b

DA1

Sakil 1. Lazer diodunun torkib tranzistorlart izarindoki qosulma sxemi
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Sakil 2. Metal oksid yarimkegirici tranzistorlar tizerindos lazer diodunun qosulma sxemi

Sxemdo gostorilon VT1, VT2 va VT3 tranzistorlar1 ¢ixigda olan giiclii acar rejimindo isloyon
VTS5 tranzistorunu boyiik coroyanla tomin etmak ii¢lindiir. Eyni zamanda VT4 tranzistoru agar rolunu
oynayir v girising verilon signalin bilavasito giiclonmasi {i¢iin istifads olunur.VT4 tranzistorunun
monsabina L drosseli qosulmusdur ki, o da ferrit halgolor tizorino sarilmis sargilardan ibaratdir. Bu
drossel gorginlik sigrayislarinin sondiiriilmasi iiciin istifado olunur ki, bu zaman bdyiik corayanin
oOtiiriilmasi tigiin giiclii impulslarin girisdo 16 mWT olmasi halinda sxemin ¢ixiginda 20WT giic
alinmis olur. Cixis kaskadinda olan VTS5 tranzistoru boylik giico malik olur vo homin tranzistorun
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cixiginda 1A corayan yaranir. Eyni zamanda sxemds impulsun davametma miiddoati 9-30 nanosaniya
toskil edir.

Tokrarlanma periodunda tezliyin qiymoti 90 kHs togkil edir. Sxemin ¢ixisinda olan lazer diodu
optik lifli boru vasitosilo siialanma enerjisini bioloji obyekto Otiiriir. Lazer siialarinin bioloji obyekt-
lora tosirini effektiv etmak ti¢lin lazer diodunun stialandirma hissasindon mexaniki olaraq optik lifli
borunun oraya barkidilmasi vo mexaniki qurgu vasitosilo obyekto ¢atdirilmasi hermetik oalagolondi-
rilmalidir. Lazer slialarinin qan aparan damarlara tasirini yaratmagq ii¢iin ¢ox kigik giico malik olan
(ImWT) aparatdan istifado olunur. Onun dalga uzunlugu 0,63 mkm toskil edir vo belo cihazlardan
biri ALOK-1 tipli lazer aparatidir ki, o da qazla isloyir [2; s.120-123].

Miixtolif tipli yarimkegirici infraqirmizi lazer siialanmasinda ArGa diodlarindan istifads olu-
nur. Lazer siialarinin dalga uzunlugu 890 nm va ya 0,89 mkm-9 barabardir. Eyni zamanda infraqirmizi
oblastda fotonlarin enerjisi 1,5 eV tortibinds olur. Fotonlarin enerjisi infraqirmizi siialanma aninda
biopolimerlarin molekullararasi slagasing ¢ox ciddi tasir gdstarir. Eyni zamanda bu enerji molekul-
larda rogsi proseslorin stimullagdirilmasi vo atomlarin elektron hoyacanlanmasinin aktivlogsmasi tigiin
istifado olunur [3].

Bu halda is1q enerjisi tamamils fotofiziki reaksiyaya sorf olunur. Yaoni bu enerji istilik enerjising
cevrilir. Naticads sitoplazmanin istilikdon genislonmasi vo membran kanallarindan bioloji proseslorin
katalizasiyasi, plazmodemmalarin elastikliyinin dayismasi bas verir. Qurmizi lazerlar ii¢lin 640-740
nm dalga uzunlugunda fotonlarin maksimal enerjisi 2 eV borabar olur vo bu enerji karbon vo azotun
olaga enerjising yaxin olur. Is1gin belo diapazonda pozulmasi toxumalarin sothindo ayri-ayr1 mole-
kullarin dissosasiyasini yaradir. Lakin bu zaman destruktiv hadiss bas verir. Bundan bagqa ddytinon
qirmiz1 ig1q terminalin 1111 miitonasib olaraq aks etdirir.

Elektromaqnit lazerli terapiya aparatlarinin hasil etdiklori induksiyanin qiymati 0,5-30 mTI
toskil edir. Belo induksiya naticosinds dipol molekullarinin yenidon yonalmasi bas verir, toxumalarda
olan molekullarin otalatliyine baxmayaraq bu molekullara kifayot qodar enerji totbiq edilir ki, onun
da naticosindos fiziki-kimyavi reaksiyanin baslanmasina tokan verilir.

Molum oldugu kimi har hansi bir xarici tasir naticosindo biitliin biosistemlor 6zlorinin pozulmus
tarazligini barpa etmoya calisirlar. Buna goro do bu mexanizmi barpa etmok tigiin elektromaqnit inf-
raqurmizi lazerli aparat miixtolif tezlikli impulslar generasiya edir ki, o tezliklor do asagidakilardan
ibaratdir. 5 Hs, 25 Hs, 50 Hs, 1000 Hs. Homin generasiya olunan impulslarin enerjisi zamana gora
atomar molekulyar ¢cevirmoni tomin etmali, somorali elektron sxem va tocili adaptasiya mexanizmini
1$0 salmalidir [4].

Natica. Lazer slialanmasinda istifads olunan ArGa diodlar1 daha olverisli sayilir. Bu diodlardan
istifada etmokls asag intensivlikli infraqirmizi lazerli elektron qurgusunun miixtolif sxem variantlari
analiz edilmis vo metal oksid yarimkegirici tranzistorlar tizorindo lazer diodunun qosulma sxemino
uistiiliik verimisdir. Elektromaqnit tosirli infraqirmizi lazerli aparat miixtslif tezlikli impulslar gene-
rasiya edir ki, o tezliklor do asagidakilardan ibarstdir: 5 Hs, 25 Hs, 50 Hs, 1000 Hs. Elektromaqnit
lazerli terapiya aparatlarinin hasil etdiklori induksiyanin qiymati 0,5-30 mTI togkil edir. Bels induk-
siya naticasinda dipol molekullarinin yenidon yonalmasi bas verir, toxumalarda olan molekullarin
otalotliyino baxmayaraq bu molekullara kifayat qodor enerji totbiq edilir ki, onun da naticoasindo
fiziki-kimyovi reaksiyanin baslanmasina tokan verilir.
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LOW POWER (LOW INTENSITY) INFRARED LASER ELECTRONIC INSTALLATION

R.M.Rahimov, S.I.Mammadova, SH.M.Mehdiyeva, G.S.Jafarova
Azerbaijan Technical University

Abstract. Low-intensity or low-energy lasers are widely used in medicine. Infrared lasers have wavelengths ranging
from 0.75 micrometers to 3mm. Red lasers are in the range of 630-680 nanometers. Diodes operating in the infrared range
have a wavelength of 0.9-1.3 micrometers. Semiconductor lasers are usually made of diodes with a p-n junction. The
induction generated by electromagnetic laser therapy devices is 0.5-30 mTl. When energy emitted by a laser diode, the
amount of current flowing through the diode is large. Usually, to obtain short-term pulses in laser therapy, metal oxide
semiconductor transistors are used, which operate in a circuit in key mode. In order to make the effect of laser rays on
biological objects effective, the mechanical fastening of the optical fiber from the irradiating part of the laser diode and
the delivery of the waveguide to the object through a mechanical device should be tightly coordinated. ArGa diodes used
in different types of semiconductor infrared laser radiation.

Keywords: Laser diode, laser radiation, component transistor, pulse duration, infrared laser radiation, dipole mole-
cules, laser beam generation.

HH®PAKPACHAS JIABEPHAS QJIEKTPOHHAS YCTPOMCTBA
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P.M.Parumos, C.U.MamenoBa, lIl.M.MexTueBa, I'.C./I>xapapoBa
Azepbaiiddcanckull mexHuweckull ynugepcumem

Pe3iome. B MEANIUHE HIMPOKO UCTTOJIB3YIOTCA HU3KOMHTCHCHUBHBIC NJIN MAJIO DOHEPIECTUUCCKUE JIa3CPhI. BonpmmHCcTBO
OTHUX JIa3€pPOB UMCIOT KPACHBIC U I/IH(i)paKpaCHLIe JUIMHBI BOJIH. I/IH(bpaKpaCHI)Ie JIa3€pbl UMCIOT JJIMHY BOJIHBI B TUAIIA30HE
ot 0,75 mukpomerpa 10 3 MmMm. KpacHbie naszepsl HaxoasaTcs B nuana3one 630-680um. Jluonel, padoTtatomrue B nHMppa-
KpacHOM JHamna3oHe, UMEIOT JUTHHY BONHEI 0,9-1,3 MxM. [TonynpoBOJHUKOBEIC JTa3epbl OOBIYHO U3TOTABIMBAIOTCS Ha
IMOJax ¢ p-n mepexongoM. MHIyKws, co3qaBaeMast armapaTaMiy dJIeKTPOMArHUTHOH Ja3epHO Teparuu, coctapiset 0,5-
30 MT. [Ipu U3TydeHUN YHEPTUH JTa3epHBIM THOIOM, BETHIHHA TOKA, IPOTEKAOIIETO Yepe3 U0, Beruka. OOBITHO s
MOy 4YEHHSI KPATKOBPEMEHHBIX UMITYJILCOB B JIA3€POTEPAIHH UCIIONB3YIOT METAIIO OKCH/THBIC TOIYTPOBOIHUKOBBIC TPaH-
3UCTOPBI, KOTOPBIE PadOTAIOT B CXEME B peXUMe Kiroua. J{Jst TOro 4ToObl BO3IEHCTBHE JIa3epHBIX JTyueii Ha OHoIorHYe-
ckue 00BEeKTHl OBIIO () (HEeKTHBHBIM, MEXaHHIECKOE KPEIJICHHE CBETOBO/AA OT OOIYyJaroIel YacTH JIa3epHOro JUoIa U
JIOCTaBKa BOJHOBOJA K OOBEKTY Uepe3 MEXaHHUeCKOe yCTPOHCTBO MOJDKHBI OBITH KECTKO coriacoBaHbl. Jnoner ArGa
HCIOJB3YIOTCA B Pa3JIMYHBIX TUIIAX MMOJTYITPOBOIHUKOBBIX I/IH(bpaKpaCHI)IX JIa3€poOB.

Knioueevie cnosa: nasepmuiii 0uoo, nazeproe uziyyenue, COCMAGHOU MPAH3UCMOD, ONUMENbHOCTb UMNYIbCA, UH-
@paxpacnoe naszepnoe uznyyenue, OUNOIbHBIE MOLEKYIIbL, 2eHEPAYUsl IA3ePHO20 Y.
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Xiilasa. Tlk dofs olaraq NizSn>—Bi sisteminin Ni3Sn birlosmasi tarafdon hal diaq-
ram1 qurulmus, NisSnz ssasinda sorhodi ~2mol%Bi olan bark mohlul sahasinin

Acar sozlar: homogen arintilor, movcudlugu agkar edilmigdir. Bork mohlul orintilorinin termo-e.h.q. smsalinin vo
termo-e.h.q. amsali, imumi istilik kegiriciliyinin 300-750°K intervalinda temperatur asililiglar1 todqiq
timumi istilikkegiriciliyi, edilorok gostarilmisdir ki, orintilor miirokkab zona qurulusuna malikdirlor. Istilik ke-
termoelektrik effektiviiyi ciriciliyinin temperatur asililigindan aydin olmusdur ki, niimunslords istiliyin dasin-

mas1 normal fonon hadisolari tizro bag verir. Askar edilmisdir ki, sistemin homogen
arintilari yiiksak termoelektrik effektivliyine malikdirlar.

Giris. Molumdur ki, bismut-qalay sistemi orintilorindan elektron cihazqayirmasinda etibarl
kontakt materiali kimi genis istifado olunur [1; s.48-54]. Digor torafdon onlarin nikel ilo homogen
torkiblori yiiksok termiki davamiyyats vo yliksok elektrik kegiriciliyina malikdirlor [2]. Termoele-
mentlordo evtektik fazalarla tomasda olan yarimkecirici materiallar arasinda kimyovi qarsiligh tosir
bas vermadiyindan, bels orintilordon araliq komutasiya nazik tobagosi kimi istifade etmok faydal
sayilir. Oxsar torkiblorin alinmasina 6nom verarok torofimizdon Ni-Bi-Sn {i¢lii sistemindo NizSn»-Bi
kasiyi tizro Ni3Snz birlogsmasi ilo zongin olan arintilords fiziki-kimyavi tadqiqatlar aparilmis va ilk
dofo olaraq bu kosiyin hal diagraminin bir hissasi qurulmugdur. Kasiyin ilkin komponenti olan NizSn»
birlosmasi Ni-Sn binar sisteminds ~1265°C temperaturunda konqruent tabiotli arimays malikdir.
Kristallik qurulusu gofas parametrlori a=4,05A, ¢=5,12A vo faza qrupu Pbs/mmc olan NiAs tiplidir
[3; 5.602]. Ni3Snz- Bi kesiyinin digar ilkin komponenti haqqinda adobiyyatlarda kifayst qodar malu-
matlar mévcuddur. Yalniz onu geyd etmak olar ki, bismut yegano kimyavi elementdir ki, ondak1
miisbat vo manfi isarali elektrik yiikdagiyicilarinin konsentrasiyasi eyni miqdardadir. Bismutun orin-
tilorindon, xiisusilo do halkogenidli birlogsmo vo bork mohlullarindan termoelektrik enerji geviricilo-
rinda genis istifads edilir.

Tacriibalorin aparilma metodikasi. Sistemin arintilorinin sintezi yiiksok «o.c.u.» tomizlikli
bismut (markas1 B-3), torkibindo osas maddonin miqdar1 99,87 ¢aki faizi olan nikeldon vo B-3 markali
qalay elementlorindan istifade edilmakla, diizline sintez texnologiyasi ilo yerina yetirilmisdir. Sintez
temperaturu torkibdon asili olaraq ~1270+1250°C otratinda olmusdur. Orintilor s1x quruluslu boz me-
tallik rongdo olmuslar. Qarsiligh tasirde olan komponentlor arasinda bag veran reaksiyalarin tam baga
catmasi va arintilorin homogen voziyyato gotirilmasi mogsadilo niimunslords termiki emal yerino ye-
tirilmisdir. Yoni, Ni3Sn-Bi sisteminin orintilori 250°C temperaturunda ~240 saat vakuum goraitindo
saxlanilmislar. Orintilorin tadqiqi [4; 5.207-208, 5; 5.39-50] adobiyyatinda verilon metodikaya asason
diferensial-termiki (DTA), mikrostruktur (MSA) vo rentgenofaza (RFA) analizlorinin istifadosi ilo
yering yetirilmigdir. Tocriibolor miivafiq olarag TERMOSKAN-5 markali termoqrafda, METAH-P1
mikroskopu vo D2 PHASER rentgenoqrafinda yerino yetirilmisdir. Niimunoalorin mikrobarkliyi
I[IMT-3 metallografiki cihazi vasitesilo 10 vo 20 qramliq yiikiin tasiri ilo Sl¢iilmiisdiir. Hal diag-
raminin bir hissasi gostarilon bu tacriibslorin naticasing asason qurulmusdur. Bork mahlul arintilsrinin
elektrofiziki xassolori [6; s.15-30] monbalorindaki iisullardan istifade edilmokls yerina yetirilmisdir.

Noaticalar va onlarin miizakirasi. Fiziki-kimyavi analizin gdstorilon metodlarinin naticolorine
osason NizSnz-Bi sistemi hal diagraminin bir hissasi qurulmusdur (sokil 1). Gorilindiiyii kimi sistem
kvazibinardir vo onun diaqrami sado evtektik tiplidir. Sistemin evtektikasi cirlagmis tobiatli ola biler,
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clinki ilkin komponentlorin arims temperaturlart arasindaki forq boytikdiir. Evtektik tarazligin tem-
peraturu ~267°C-yo uygun golir. Artiq 1265°C temperaturundan baglayaraq sistemdo NizSn, birlog-
masi asasinda bark mohlul sahasi yaranmaga baslayir vo temperaturun azalmasi ilo onun kristallas-
masi bag verir. Baxmayaraq ki, bu sahonin eni ~267°C- do maksimum hadds catir, temperaturun son-
raki azalmasi ilo bork mohlul sahasinin enindo daralma bas verir vo otaq temperaturuna ¢atdiqda onun
sorhadi 2 mol% Bi torkibindo olur. Baslangic NizSn, birlogsmasi iso sorbast halda ~267°C —do bas
veron Maye+oa<>a+Bi reaksiyasina asason a- boark mohlul soklinds olmaqla otaq temperaturuna tor-
kiblor iki fazali arinti soklindoa ¢okiirlor. ©gor avvallor todqiq edilon NizSn-Bi sistemindo agkar edilon
bark mohlul sahosinin eni ilo miiqayise edilss, aydin olur ki, Ni3Sn2-Bi sistemindaki hollolma sahasi
daha genisdir. Burada hollolmanin daha ¢ox olmasina osaslanaraq kimyovi olagonin asas rol oy-
nadigin forz etmok olar [7]. Ciinki burada Ni3Sn-Bi sistemina [8] nisboton hollolma sahasi daha ge-
nisdir ki, bunun da sobobi Ni3Sny-do metallik rabitonin NizSn birlogmasi ilo miiqayisado daha ¢ox
olmasi1 anlamindan gaynaqlandigini forz etmak olar. 1-ci soklin alt hissasinds torkibi Ni3Sny birlog-
masi ilo zongin olan arintilorde mikrobaorkliyin qiymatinin doyismasi qrafiki gostorilib. Bork mahlul
sahasindo mikroborkliyin artmasi miisahido olunur ki, bu da askar edilon bork mohlullarin ovozetmo
tipli oldugunu gostarir.

Alinan bork mohlul orintilorinin alternativ enerji manbalorindo totbiq sahasi tapmasini miioy-
yanlogdirmak magsadils torkibindo 1 mol%Bi vo 2 mol%Bi olan niimunalori termo-e.h.q. amsalinin,
iimumi istilikkegiriciliyinin vo xiisusi elektrikkeg¢iriciliyinin temperatur asililiglar1 tadqiq edilmis vo
alinan noticalora asason onlarin termoelektrik effektivlik amsalinin qiymoti hesablanmigdir. Sakil 2-
do agkar edilon bork mohlul arintilorinin termo-e.h.q. amsalinin (o) temperatur asililiglar1 gostarilib.
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Sokil 1. Ni3Snz-Bi sistemi hal diagraminin Ni3Snz birlogmasi
torafdon olan hissasi (yuxarida) vo Ni3Snz ilo zongin olan torkiblords
mikrobarkliyin doyismasi (asagida qrafik)

Bu omsalin adadi giymotlori cox bdylik olmasa da, temperaturun yiiksolmasi ilo onlarda artma
miisahido olunur. ©gor nozoro alinsa ki, belo diizxatli artma zona qurulusu miirokkob olan material-
lara xasdir [9; s.24-43], 0 zaman forz etmok olar ki, bu arintilor do miirokkob zona quruluslu materi-
allar sinfino daxildir. Bork mohlul orintilorinin imumi istilik kegiriciliklorinin temperatur asililiglar
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3-cii sokildo gostorilib. Hor iki torkibds temperaturun artmasi ilo @im-nin monoton azalma miisahido
olunur, yani istilikkegiriciliyi biitiin temperatur intervalinda T-! qanununa tabe olur. Belo dayisilma
arintilords istiliyin dasinmasinda normal fonon hadisalorinin bas verdiyini gdstarir.
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Sakil 2. (Ni3Sn2)1xBix bark mahlul arintilerinin termo-e.h.q. amsalinin temperatur asililiglar
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Sakil 3. (Ni3Sn2)1xBix bark mahlul arintilorinds @imumi istilikkegiriciliyinin temperatur asililiglar

Nimunolorin elektrik keg¢iriciliyinin 6l¢lilmasindon aydin olmusdur ki, arintilorin kegiri-
ciliyi 10°om™"-sm™! tortibindoadir. Torkibin vo temperaturun doyisilmoasi yalniz onun amsalinin qiymo-
tina ciizi tosir etdiyindon termoelektrik effektivlik amsalinin qiymatinin hesablanmasinda elektrik ke-
¢iriciliyi biitiin temperatur intervalinda 103om™' -sm™! kimi doyarlondirilmisdir.

Baxmayaraq ki, orintilorde termoelektrik somaraliliyin asas gostoricisi olan termo-e.h.q. am-
salinin qiymatlori nisboton kigikdir, amma SnTe- da oldugu kimi [10], sintez edilon (Ni3Sn2)ixBix
arintilori elektrik keg¢iriciliyinin yliksok qiymatlorine gora perspektivli termoelektrik ailosine daxil ola
bilarlar. Deyilonlari yoxlamaq magsadilo Z=o’c/a&im diizturundan istifads etmokls tadqiq edilon bark
mohlul arintisindo termoelektrik effektivliyinin (Z) bir ne¢o temperaturda qiymaotlori hesablanmisdir
ki, alinan naticalor qrafiki olaraq 4-cii sokildo gostorilmokdadir.
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Baxmayaraq ki, 99mol%Ni3Sna+1mol%Bi torkibli orintide Z-in qiymatlari temperaturdan asili
olaraq vahidden bdyiik qiymatlor almir, buna rogman 98 mol% Ni3Sn2+2mol%Bi torkibinds termoe-
lektrik effektivliyinin qiymoti ~570K-don baslayaraq vahidden boyiik olur va ~700K-ds bu amsal
~1,24-10*K"! qiymotini alir. Bu amil sintez edilon bark moahlul arintisinin perspektivli termoelektrik
material oldugunu gostorir [11]. Beloliklo, gdstorilon bu torkibli orintidon alternativ enerji monbaoyi
sayilan termogeneratorlarin hazirlanmasinda termoelementin bir qolu kimi istifado etmok olar.
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Sakil 4. (Ni3Sn2)1xBix bork mohlul orintilorinds termoelektrik effektivlik
omsalinin temperaturdan asili olaraq doyismasi
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PREPARATION AND THERMOELECTRIC PROPERTIES
OF (Ni3Sn2)1+Bix SOLID SOLUTION ALLOYS

S.H.Sadigova
Azerbaijan Technical University

Abstract. The state diagram of the NizSnz2-Bi system from the side of NizSnz2 was plotted for the first time, and the
existence of a solid solution region based on NizSnz2 with a boundary of ~2mol%Bi was found. The temperature depend-
ences of the thermo-emf coefficient and total thermal conductivity of alloys of solid solutions in the range of 300-750°K
have been studied. It is shown that the alloys have a complex band structure. From the temperature dependence of thermal
conductivity, it was established that heat transfer in the samples is due to normal phonon processes. It is revealed that the
homogeneous alloys of the system have a high thermoelectric figure of merit.

Keywords: homogeneous alloys, thermo-emf coefficient, total thermal conductivity, thermoelectric figure of merit.

HOJIYYEHUE U TEPMOJJIEKTPUUECKHUE CBOMCTBA
CIINTABOB TBEP/bIX PACTBOPOB (NizSn2)1xBix

C.I.CanpiToBa
A3epbatioscancKull mexHUYeCKull YHUGEpCUumem

Pe3rome. BriepBrie mocTpoeHa nuarpamma coctostHus cucteMsl NizSnz-Bi co ctoponsr NisSnz 1 00Hapy»XeHO cy1ie-
CTBOBaHHE OOJACTH TBEPAOro pacTBopa Ha ocHoBe NizSnz ¢ rpanHuneit 1o ~2mon%Bi. MccaenoBansl TemnepaTypHbIe
3aBUCUMOCTH KO3 PUITUEHTA TEPMO-3.11.C. U OOIIEeH TEIIOMPOBOAHOCTH CIIABOB TBEPBIX paCTBOPOB B HHTEpBaje 300-
750°K 1 noka3aHo, YTO CIUIaBbI MMEIOT CIIOXKHYIO 30HHYIO CTPYKTYpy. M3 TemueparypHoii 3aBUCMOCTH TEILIONPOBO/I-
HOCTH yCTAQHOBJICHO, YTO TEIUIONEPEHOC B 00pa3max 00ycIOBICH HOpMaIbHEIMU (DOHOHHBIMH TIpoLieccaMy. BEIsBIIEHO,
YTO OJIHOPOJHBIE CTIABBI CHCTEMBI 00JIaJIal0T BBICOKOH TEPMOIJIEKTPHUECKOH 3P PEeKTUBHOCTHIO.

Knrwouesvie cnosa: comozennvie cniagul, Kosgduyuenm mepmo-3.0.c., 0oujas menionposoOHOCHb, MePMOINEKMPU-
ueckas I pexmuenocme.
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ABRAZIVIN METALLA KONTAKT ZONASINDA YARANAN GORGINLIKLORIN
TOYINi VO ONLARIN ABRAZIiV YEYILMO INTENSIiVLIYINO VO
MEXANIZMINO TOSIRININ ANALIiZi

Y.A.9manov
Azarbaycan Texniki Universiteti
E-mail: amanov.yahya@aztu.edu.az

Xiilasa. Moqalods abrazivin metalla kontakt zonasinda yaranan gorginliklorin vo
digor gostoricilorin toyini masolasine baxilmigdir. Aparilmig analizlorlo vo bir abraziv-
lo cizma metodu ilo yerins yetirilmis ilkin sinaqlarla miioyyon edilmisdir ki, abrazivin
metalla kontakt zonasinda yaranan gorginlik detallarin abraziv yeyilmo intensivliyina
vo mexanizmind boylik tosir gostorir. Abrazivin metalla kontakti detallarin soth qatin-
da getdiyindon vo bu qatin is soraitindon asili spesifik xassoloro malik oldugundan,

Acar sozlor: gorginlik, yeyilma yeyilmoyo davamligi qiymotlondirmok {iglin, onun mexaniki xassolorini bilmok
intensivliyi, yeyilma mexanizmi, lazzmdir. Bu mogsadlo bir abrazivle cizma metodundan istifado edorok, aparilmis
deformasiya, mikrokasilma sinaqlarin naticalari asasinda, abrazivin metalla kontakt zonasinda yanan gorginlikle-

rin toyini lizrs analitik ifadslor alinmisdir. Alinmis bu ifadslor, abrazivin cizict ucunun
parametrlori molum olduqda , siaqlari aparmadan da soth qatinin mexaniki xassosini
xarakterizo edon vo yeyilmo mexanizmino boyiik tosir gostoran gorginliklori, homdo
digor gostaricilori toyin etmays imkan verir. Cizici qiivvonin tosirindon yaranan gor-
ginlik materialin abraziv yeyilmoyo miigavimatini xarakterizo etdiyindon ondan layi-
holondirmo zamani materiallarin se¢ilmoasindo do istifads etmok olar.

Giris. Aparilmis analizlor va ilkin sinaqglar asasinda [1] miioyyon edilmisdir ki, abrazivin me-
talla kontakt zonasinda, nisbi yerdoyismo zamani, qiymat va istiqamotlori miixtalif olan qiivvelor
(Fy, Fx ,Fn ,Fs) tosir edir. Bu qiivvalordon yaranan gorginliklor hesabina kontakt zonasinda miirakkab
gorginlikli voziyyet yaranir. Bu da 6z ndvbosindo abraziv yeyilmo intensivliyino vo mexanizming
tosir gdstormoaya bilmoz. Qoyulmus masalonin hallinin hom praktiki, hom do nozori shomiyyati vardir.
Belo ki, gorginliklorin, xiisusilo materiallarin dagilmaya miiqavimatini xarakterize edon cizic1 qiivve-
nin tosirindon yaranan gorginliyin qiymaotini bilinmok konstruktora layiholondirmo orofosindo mate-
rial1 segmoya imkan verir ki, bu da masalonin aktualligini artirir.

Praktika gostorir ki, konstruksiyaetmo zamani tribotexniki hesabatin totbiq edilmosi maginlarin
etibarliq gostaricilorinin ohomiyyatli dorocods yiiksaldilmosino vo yaradilmis masinin konstruksi-
yasinin tokmillosdirilmasi vo ¢atdirilmasi iizro genis todqiqat programini konarlagsdormaga imkan ve-
rir. Abraziv yeyilmaya hesabat siibhasiz ki, masin hissalorinin abraziv yeyilmasini azaltmaq va resur-
sunun artirilmasi ilo noticolonon nozori vo praktiki ohomiyyati vardir. Aparilmis sinaglarin vo hesab-
lamalarin naticolorine osaslanaraq qeyd etmok olar ki, layihslondirmo orofssinds yeyilmoyada-
vamligin vo buna uygun detallarin uzundmiirliiyiiniin osasin1 qoymagq olar. Abraziv yeyilmo soraitin-
do isloyon detallarin materialin1 se¢gmok iiclin materiallarin mexaniki xassolorindon yeyilmoyoda-
vamliq meyarint miioyyon etmok lazimdir. Bir ¢ox todqiqat¢ilar yeyilmoyo davamliq meyari olaraq
materialin barkliyinden istifade etmak maslohat goriir. Hal-hazirda istehsalat soraitinds kiironi, konu-
su vo ya piramidani batirmaq yolu ilo barkliyo mexaniki sinagin totbiqi genis yayilmisdir. Lakin ab-
raziv yeyilmo zaman1 materialin sothinds miixtalif dorinlik vo uzunluqda dagilmalar (c1ziglar) amals
golmosi ilo olagodar geyd olunan metodla materialin toyin edilon mexaniki xassosindon- barklikdon
yeyilmoyadavamligi qiymotlondirmok {igiin kifayot qodor etibarli meyar kimi istifado etmoys imkan
vermir. Abraziv yeyilmoyoadavamligin vahid meyarinin olmamasi metalsiinaslarin yeni daha yiiksok
yeyilmoyadavamli konstruksiya materialinin yaradilmasi {izro iglorini ¢otinlosdirir. Abraziv yeyilmo
mexanizminin dyronilmasi qara metallarin aparici (asas) yeyilmayoadavamliq meyarinin toyin edilmo-
sind yaxinlagmaga, ham do metallarin yiiksok abraziv yeyilmoyadavamligini tomin edon bu meyarin
lazimi qiymatini almagq tigiin vasitonin (lisulun) tapilmasina imkan verir.
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Beloliklo, masinlarda siirtiinmo diiylinii detallarinin abraziv hissaciklorin olmasi soraitindo ye-
yilmosinin genis yayilmasina vo dyronilmosino baxmayaraq bozi sahoslor {izra, xiisusi ilo kontakt-ab-
raziv yeyilmo mexanizmins aid todqiqatlarin az olmasi bu ndv yeyilmonin mexanizmini aydinlagdir-
magq li¢iin kifayot etmir. Detal-abraziv hissocik-detal (D-A-D) sisteminin yeyilmo prosesinin forma-
lagsma xiisusiyyatlorini aydinlagdirmagq {igiin bir sira tadqiqat islorinin yerina yetirilmasi lazimdir. D-
A-D sistemindo gorginliklorin soviyyasi, siirtiinmonin kinematik xiisusiyyatlori vo soth gatinin dagil-
ma xarakteri onun elementlorinin qarsiliql tasir soraitindon asilidir. Burada asas holledici faktorlar
sistema totbiq olunan yiik, detallarin borkliklori, abraziv hissociklorin dlgiilori vo méhkomliyi, hisso-
ciklorin sorti sferik diametri, onun ¢ixintilarinin doyirmilik radiuslari, is soraiti vo sairadir.

Isin maqgsadi. Abrazivin metalla kontakt zonasinda yaranan gorginliklori toyin etmok vo onlarin
abraziv yeyilma intensivliyi vo mexanizmina tosirini, hom do abraziv yeyilmo mexanizminin aydin
olmayan cohatlorini doqiqlosdirmok vo detallarin materiallarinin tipik dagilma noviinii, yoni
cizilmanin yaranma mexanizmini aydinlasdirmaqdan ibaratdir.

Masalanin halli. Qoyulmus masalani hall etmak ti¢lin hom nazari, ham do eksperimental tadqi-
qat metodundan istifads edilmigdir. Aydindir ki, abrazivle metalin kontakt: onun sath qatinda gedir.
Abraziv hissaciklor soth gati ilo kontakta girorok onlarda paylanma xarakteri vo ododi qiymati mate-
rialin xassosindon, hissociklorin formalari, 6lgiilori, barkliyi, detallarin sathins tosir istiqamati, goraiti
vo yerlogsmo vaziyyatindon asili genis gorginliklor spektri yaradir. Todqiqatcilar uzun miiddot abraziv
yeyilmani yalniz abraziv hissaciklarin kasici tosiri ils alagelondirirdilar. Lakin todqiqatlar gosterir ki,
abrazivin metalla kontakt xarakterindon asili olaraq elastik, plastik deformasiyalar vo mikrokasilma
bag vera bilor. Eksperimentlor islonmis metodikaya [1,4] uygun bir abrazivls cizma metodu ilo yerina
yetirilmisdir. Bu metodun osas {istiin cohati bir sira faktorlari, xiisusilo abrazivin forma va cizic1 uc-
larinin parametrlorinin (doyirmilik radiusunun, tope bucaginin), siirtiinma sathlorine tasir istiqamati-
nin miixtalifliyini vo s. nazors almamaga imkan vermasidir.

Radiusu p olan sferik ucluqlu indentoru materiala batirdiqda, batirilma derinliyindon asili ola-
raq miixtalif deformasiyalar bag verir. Totbiq olunan yiikiin F), tosiri altinda abrazivin nisbi yerdoyis-
masi zamani kontakt zonasina deformasiyaya miiqavimat qiivvasi va ya cizici qiivve Fx, materialin
abraziva normal reaksiya qiivvasi F, va abrazivlo metal arasinda stirttinma qiivvasi F; tasir edir (sokil 1).
Bu qiivvalarin tesirindon kontakt zonasinda yaranan miirokkob gorginlikli vaziyyst ham abraziv ye-
yilma intensivliyine, hom ds mexanizmina bdyiik tosir gostars vo onlara uygun gorinliklorin toyini
bir sira masalalori aydinlagdirmaga imkan vers bilor. Siirtiinme va yeyilma proseslorinin tadqiqinin
analizini asanlasdiran metodlardan biri do bu prosesin bas verdiyi soraiti yaratmaqdir. Qeyd olundugu
kimi abraziv yeyilmonin asas xarakterik xiisusiyyaoti siirtiinma sathlorinds ciziglarin yaranmasidir. Bu
baximdan qoyulmus mosaloni hall etmok {i¢iin son illords laboratoriya soraitinds genis istifado olunan
bir abrazivlo cizma metodundan istifads edirik [4].

Sakil 1. Abrazivin metalla kontakt zonasinda yaranan qiivvalar sxemi
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Bu halda asas diqgat abrazivin c1zic1 ucunun parametrlorinin v ona diison yiikiin toyin edilmo-
sino yonalmolidir. Bu mogsadls todqiqat islori aparilaraq abraziv hissociklorin cizict uclarinin hom
hondosi parametrlori (p=30mkm, f=50°+5%), homds ona tatbiq olunan yiik (F,=1,00...5,50N) toyin
edilmigdir [4,5]. Mineral hissaciklorin méhkomliyini qiymotlondiron zaman, qirict qiivvonin hisso-
ciklorin maksimum en kasik sahasino nisbati kimi toyin edilon, haddi gorginlikdon 64,z istifado edi-
rik. Hissaciklorin méhkamliyinin bu lisulla qiymatlondirilmasinin sorti olmasina baxmayaraq baxilan
D-A-D sisteminin garsiligl tosir xarakterinin analizi {igiin olverisli molumatlar verir. Abraziv hisso-
ciklorla metallarin cizilmasi miirakkab proses olub, aralarindaki nisbat sabit olmayan vo batma dorin-
liyindon asil1 olan, ¢ox miirokkob qiivvalorin tosiri soraitindo bas verir

Qoyulmus mosaloni aydinlagdirmagq t¢iin islonmis metodika iizro [1,4] siaqlar aparilmis vo
onlarin naticolori grafiklords (sokil 2-8 ) verilmisdir.

Soth gatinin moéhkomlik vo deformasiya olunma xassalori materiallarin yeyilmays miigavimo-
tinin qiymatlondirilmasinds miihiim rol oynayir. Aydindir ki, hocmi vo sothi xassalor arasinda miioy-
yon asililiglar vardir. Todqiqatlarla miioyyon edilmisdir ki, abraziv hissociklorin siirtlinmo izi
(c1z1glar) metallarin kosilmosi va ya sixigdirilmasi naticosinda yaranir. Isds [2] qeyd edilir ki, polad-
larin dartilmada dagilmaya miiqavimati kasmo qiivvasi ilo xatti asililiga malikdir. Metallarin abraziv-
1o c1zilma soraitinds mikroyongarin ayrilmasi vo ya hissacik ayrilmadan metalin siiriismosi vo onun
strukturunun dagilmasit miisahido olunur. Yeyilmoyo davamligin siirlismoys miigavimatindon
asililiginit miisyyon etmak {iciin sinaqlar aparilmigdir [3]. Birbauma goro metalin cizilma yolu ilo toyin
edilon barkliyi, standart iisulla, yoni miixtalif formali ucluglari (mosslon, piramidani) batirma tisulu
ilo toyin edilon borkliyo miitonasibdir.

Buradan o naticoys golmok olar ki, metallarin cizilmaya miigavimati vo abraziv yeyilmo zamani
yeyilmoyadavamliq miiqayiso olunan xarakteristikalardir. Lakin materialin indentorla sixigdirilma
prosesindo deformasiyanin geyri-miioyyanliyi cizilmaya miigavimatlo silirlismoyos miigavimat arasin-
da uygunlugun olmasini yoxlamaga imkan vermir. Qeyd olunan xiisusiyyatlori doqiglosdirmok mog-
sadi ilo siiriismoyo miigavimat vo yeyilmoyodavamliqla olagasi olan barklik arasindaki asililiq todqiq
edilorak alinmig naticolors asason demok olar ki, bu asililiglar eyni xarakters malikdirlor [3]. Siaq
prosesindo vo analitik {isulla hesablamalar asasinda alinmis naticalorin analizi ilo miioyyon edilmisdir
ki, kosmo qiivvasinin (Fy) abrazive totbiq olunan normal saquli qiivvodon (F)) (sokil 2) vo abrazivin
nisbi batma dorinliyindan (4/p) (sokil 4) asililig1 eyni xarakters malikdir. F), qiivvasinin va A/p nisbo-
tinin kigik giymatlorindo F' qlivvasinin qiymoti miixtalif borklikli materiallar ii¢lin toxminon yaxin,
faktorlarin qiymati artdiqca iso forq artir.

Bizim fikrimizo goro bunun asas sabobi faktorlarin qiymatini artirdiqca deformasiyanin xarak-
terinin doyismasidir, yoni bu halda mikrokasilma prosesinin plastik deformasiyadan {istiin olmasidir.
Miixtalif yiiklorde kosma qiivvasinin materialin barkliyindon asililiginin ( Fx-HB) (sokil 3) analizin-
don goriiniir ki, borkliyin kicik qiymaetlorinds F), qiivvasini artirdiqca F qiivvasinin qiymatlori arasin-
daki1 forq boyiik, barkliyi artirdiqca bu forq todricon azalir. Bu da yuxarida geyd olunan xiisusiyyatlo
izah olunur. Kosma qilivvasinin abraziva totbiq olunan qiivvoays nisbatinin F, /F, materialin barkli-
yindon asililig1 F, qiivvasinin biitliin qiymatlorinds eyni xarakters malikdir vo barklik artdiqca Fx
/F, nisbatinds azalir.

Ilkin todqiqatlarin (sinaglarin) noticolorinin analizi osasinda miioyyen edilmisdir ki, sinaq pro-
sesindo kosmo qiivvasinin 6l¢iilmiis giymati, alinmig analitik asililigla (11) hesablanmig giymotdon
cox az forqlonir.

Abrazivls cizma prosesinds tosir edon qlivvalordon yaranan gorginliklor uygun olaraq asagidaki
diisturlarla toyin edilir:

F

F qlivvasindon o, = = (1)
Y1343k Jh(2p - 1)
Fy qiivvasind wal @
uvvasinaan O, =~
» A Y z-h(2p-h)
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Sakil 2. Kosmo qiivvasinin abrazivo
tatbiq olunan qiivvadoen asililig1
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Sakil 4. Kosmo qiivvasinin abrazivin
nisbi batma dorinliyindon asililig1
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Sakil 6. Abrazivin metalla kontakt zonasinda
yaranan gorginliklorin abrazive totbiq olunan
qiivvadon asililigt
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Sakil 3. Kosmo qiivvasinin materialin
barkliyindon asililig1
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Sakil 5. Kosmo qiivvasinin abrazivo
totbiq olunan qgiivvaya nisbatinin
materialin barkliyindon asililig1
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Sokil 7. Abrazivin metalla kontakt zonasinda
yaranan gorginliklorin materialin barkliyindon
astlilig
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Gorginliklorin 6x, Oy, O abraziva tatbiq olunan qiivvedan F) asililigindan (sakil 6) goriiniir ki,
6« vo Oy gorginliklorinin qiymati F, qiivvasinin biitiin qiymatlorinds eynidir, 6, gorginliyinin F)
qiivvasinin kicik qiymatlarinde 6x vo 6y gorginliklorin qiymati ilo miigayise olunan hadds, boyiik
qiymatlorinds is9 onlar arasindaki forq artir. Qrafikdon goriindiiyii kimi ©x vo Oy gorginliklorinin F),
qiivvasini artirdiqca artma intensivliyi 6, gorginliyinin artim intensivliyindon boyiikdiir.

Gorginliklorin ©x, ©y, 6, materialin barkliyindon HB asililig1 (sokil 7) diiz xatt qanunu iizro
dayisir. O, gorginliyi soth qatinin mexaniki xarakteristikasi oldugundan ondan materialin abraziv ye-
yilmoya miigavimatini qiymatlondirmok ii¢iin istifado etmok olar.

Kasma qilivvasinin abraziva totbiq olunan qlivvays nisbatinin F /F, abrazivin nisbi batma do-
rinliyindan A/p asililigindan goriiniir ki, 4/p nisbati artdiqca Fx /F, nisbotids artaraq vahides yaxilasir
(sokil 8).
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Sakil 8. Kasmo qiivvasinin abraziva totbiq olunan
qiivvaya nisbatinin (Fx/Fy) abrazivin materiala nisbi
batma darinliyinden (h/p) asililig1.

M.M. Xrussov vo M.A.Babigev [2] miioyyan etmislor ki, materialin batirilmagla toyin edilon bork-
liklo c1zma zamani toyin edilon (Birbauma goro) borklik miitonasibdir vo bu miitonasiblik amsal1 0,4-o
barabardir. Bizim tadqiqatlara gora bu gostericilar arasindaki slags bir monali deyil. Ehtimal etmak olar
ki, bu olagonin xarakterino indentora totbiq olunan yiikiin qiymati tosir gostorir. V.K.Qriqorovig [6] toro-
findon ¢ox boyiik yiiklorde aparilmis analoji sinaqlar zamani1 baxilan xarakteristikalar arasinda xotti
asililiq alinmis, ancaq miitonasiblik omsali, ovvalkindon iki dofo boytikdiir. V.K.Qriqorovigin forziyalori-
nd gors fiziki bircinsli materiallarin barkliyinin, indentora totbiq olunan yiikden, cizilmaya sorf olunan
isin gqiymatindon asili olmayaraq, sabit xarakters malik olmas1 sinaqlarla tosdiq olunmamusgdir.

Bir abrazivle cizmma prosesinds abraziv yeyilma qanunauygunluqglarini vo dagilma xarakterini
miioyyan etmak {i¢iin c1z181n profili vo dibi {izro mikroskopda (MIM-7) 360 vo 500 dofa bdyiitmoklo
metallografik todqiqatlar aparilmigdir (sokil 9 a,b,c,e ). Todqgigatlarin noticosindo miioyyon edilmisdir
ki, deformasiya olmus material cizigin uzunlugu iizro geyri borabor paylanir vo bu geyri-baraber pay-
lanma abraziva totbiq olunan yiikii artirdiqca artir. Ciziglarin dibinin tadqiqi zamani1 metal siiriismo-
lar, ovulmalar vo s miisahido olunmusdur ki, bu da cizma prosesindo miixtolif xarakterli dagilmalarin
bas verdiyini gostorir. Bu dagilmalarin xarakteri vo intensivliyi materialin borkliyinden vo abraziva
totbiq olunan yiikdon, yoni kontakt zonasinda yaranan gorginlikli voziyyotdon, asili olaraq doyisir.
Belo ki, asag1 borklikli niimunoalordo materialin plastik deformasiyast mikrokasilma ilo miigayisodo
iistiinliik togkil etdiyi halda, borklik artdiqca bu nisbat azalir vo mikrokosilma tistiinliik togkil edir [3].
Beloliklo, biitiin geyd olunanlar abrazivin metalla kontakt zonasinda yaranan miirokkob gorginlikli
voziyyatla olaqgoli bag verir.
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Sakil 9. Niimunolorin iizorinds bir abrazivls cizma prosesinds abraziva totbiq olunan qiivvaden asili alinan ciziglarin xarici
goriliniisii: a)Fy = 1,5N, ¢)Fy=2,0N, b,e)Fy=5,5N

Aparilmis metallografik todqiqatlarla miioyyon edilmisdir ki, poladlar ii¢lin gorginliyin 6, qiy-
mati toxminan materialin mikrobarkliyinae yaxindir. Belslikla, cizilmaya miigavimot kimi xiisusi xas-
soyo malik 6, 6l¢ii vahidine vo monasina goro gorginlik olub yaranan cizigin 6l¢iilorino goro toyin
edilir vo materialin soth qatinin asas mexaniki xassosidir.

Odabiyyatlardaki molumatlarin vo bizim todqiqatin naticolorinin analizlori gdstorir ki, sath
qatinin mexaniki xassolorinin cizma iisulu ilo giymsatlondirilmasi materiallarin abraziv yeyilmo za-
man1 yeyilmoyadavamligi haqqinda, indentoru batirmagla toyin edilon borkliklo miiqayisado, daha
daqiq vo tam tosovviir yaradir. Bununla slagsli materiallarin nazik sath qatinin barkliyinin toyininda,
yeyilmoyadavamligin vo mexaniki xassoalorinin qiymotlondirilmoasindo sklerometriyanin totbiqi genis
perespektivlor agir.

Natica. Aparilmis analizlor va sinaglarin naticalorine asason miioyyon edilmisdir ki, bir abra-
zivlo cizma metodu abraziv yeyilmo mexanizmini aydinlasdirmaga vo kontakt zonasinda yaranan
gorginliklorin toyini li¢lin analitik asililiglarin alinmasina imkan verir.. Analizlorlo miioyyon edilmis-
dir ki, kosilmoyo miigavimot gorginliyi ©x soth gqatinin mexaniki xassasi olub ondan materialin yeyil-
moyadavamligimi qiymotlondirmok {i¢iin meyar kimi istifado etmok toklif olunur.
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DEFINITIONS OF STRESSES ARISING IN THE CONTACT ZONE OF THE ABRASIVE
WITH THE METAL AND ANALYSIS OF THEIR INFLUENCE ON THE INTENSITY AND
MECHANISM OF ABRASIVE WEAR

Y.A.Amanov
Azerbaijan Technical University

Abstract. The article deals with the issues of determining stresses and other indicators that arise in the contact of the
abrasive with the wear surface of the metal. The analysis and tests carried out by scratching with a single abrasive revealed
that the stresses arising in the contact zone have a significant impact on the intensity and mechanism of abrasive wear. If
we take into account that the contact processes occur directly on the surface layer of the metal, which has specific prop-
erties, then in order to assess the wear resistance, it is necessary to know its mechanical properties. The use of the scratch-
ing method with a single abrasive made it possible to obtain analytical dependences for determining the stresses in the
contact of the abrasive with the metal. If the parameters of the scratching peaks of the protrusions of abrasive particles
are known, then these dependences make it possible to determine the stresses without testing. The stress obtained from
the scratching force characterizes the resistance of the material to abrasive wear, which can be used when choosing a
material at the design stage.

Keywords: stress, wear intensity, wear mechanism, deformation, micro cutting.

OIIPEJIEJIEHUS HATNIPSI)KEHWUI BO3HUKAIOIIINX B 30HE KOHTAKTA ABPA3UBA C METAJLJIOM,
N AHAJIM3 BJIMAHUS X HA THTEHCUBHOCTDb 1 MEXAHW3M ABPAZVMBHOI'O U3HAILIMBAHUS

SI.A.AmaHoB
A3epbatiOdncancKull mexHUYecKull yHUgepcumem

Pe3iome. B ctaThe paccMOTpEHBI BOIPOCHI ONPEETeHUS HAIPSDKEHUH U IPYTUX MOKa3aTenel, BOSHUKAIONIUX B KOH-
TaKTe abpa3yBa ¢ M3HAIIMBAEMON OBEPXHOCTHIO MeTaiuta. [IpoBeIeHHBIM aHAIN30M U UCTIBITAHUSAMH, ITyTEM IaparaHus
€IMHUYHBIM a0pa3uBOM, BBISBJICHO, YTO HAINPsDKCHHMS, BOSHUKAIONINE B KOHTAKTHOW 30HE OKa3bIBAIOT CYIIECTBEHHOE
BIIMSHUE HAa HHTEHCUBHOCTB 1 MEXaHH3M a0pa3sBHOrO n3HamMBaHus. Eciy ydecTs, 4To mpoiiecchl KOHTAKTa MPOMCXOAST
HETIOCPEICTBEHHO Ha TOBEPXHOCTHOM CJIO€ METaJlla, IMEIOIINH crienuduieckue CBOHCTBA, TO ISl OIIEHKH W3HOCOCTOM-
KOCTH HEOOXOAMMO 3HaHHE €€ MEXaHNYECKHX CBOMCTB. Mcrionp30BaHNe METO/1a [TapanaHis CAMHUIHBIM a0pa3nBOM I103-
BOJIMJTY TIOJTyYUTh aHATUTHIECKUE 3aBUCHMOCTH TI0 OIIPEAEICHHUIO HANIPSHKEHUH B KOHTakTe abpasuBa ¢ MetaimioM. Ecin
M3BECTHBI MapaMeTPhl LAPAAIOIINX BEPIINH BBICTYOB a0pa3sHBHBIX YacTHII, TO 3TH 3aBUCHMOCTH ITO3BOJISIIOT OIIpee-
JUTH HANIPSDKEHUA 0e3 IMpoBeIeHusI HCIBITaHuH. Hanpspkenue, moydeHHOe OT CHUJIBI IlapanaHus XapakTepu3yeT CoIpo-
TUBJICHHE MaTepHaja abpa3suBHOMY M3HAIIMBAHHUIO, KOTOPOE MOXKHO HCIIOJIb30BaTh MPU BBIOOPE MaTeprana Ha CTaauu
KOHCTPYUPOBaHUSI.

Kniouesvie cnosa: nanpsicenue, UHMeHCUSHOCMb USHAUUBAHUE, MEXAHUSM USHAWMUBAHUSA, OeqhopmMayiis, MUKPO pe3anie.

Daxil olub: 30.01.2023
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POLIMER MASIN HiSSOLORININ EMALI UCUN TEXNOLOJi AVADANLIQLAR

C.M.Mommadov, K.R.9liyev
Azarbaycan Texniki Universiteti
E-mail: cingiz.memmedov@aztu.edu.az, kamil.eliyev@aztu.edu.az

Xiilasa. Moagalads polimer materialdan olan masin hisselarinin hazirlanmasinda
istifade olunan texnoloji emal avadanliglarinin parametrlorinin, yani emal tempe-
raturu, emal tozyiqi, pliskiirmo qiivvesi vo digor emal parametrlorinin saxlanilmasi,
injeksiyon ekstruziya-sixma vo goliblomo avadanliginin i§ prinsipi nozors alinmagqla
mohsulun istismar gostaricilorine bu avadanliqlarin spesifik parametrlorinin tosirinin
analizi aparilmigdir. Eyni zamanda alinan mohsulun istismar gostaricilorine uygun
olaraq, se¢ilmis bu avadanliglarin is rejiminin diizgiin se¢ilmasi, qoyulmus standart
texnoloji tolobloro uygun olaraq emal rejimlorino diizgiin riayst edilmasi, alinan
moahsulun keyfiyyat gostoricilari ilo, yoni uzun émiirliilityii, davamliligi, méhkomliyi
vo digar parametrlorlo birbasa slagesi oldugunun osast miioyyon edilmoklo otrafls,
miifassal vo dogru aragdirilma aparilmigdir..

Acar sozlar: polimer, injeksiyon
qaliblama, pres qalib, texnoloji
magin, tékma avadanhglar,
termoplastavtomatlar

Giris. Polimer materiallardan xalq tosorriifatinin miixtslif saholorinds, eyni zamanda masin-
qayirmada vo tomir iglorinds istifado olunur. Masin vo mexanizmlorin tomiri zamani plastik kiitlo-
lorin totbiqi diger lisullardan forqli olaraq hissalorin barpasinin amok hacmini 20-30%, tomirin ma-
ya doyarini 15-20% vo material sorfini 40-50% asag1 salir. Plastik kiitlolor o materiallara deyilir ki,
onlar yiiksokmolekullu lizvi maddolor osasinda hazirlanir vo yiiksok temperatur vo tozyiq altinda
miayyan sakil alir, hansi ki, bu mohsullarin istismar1 zaman1 6z xiisusiyyatlorini saxlayir. Plastik
kiitlolor miirokkob ¢coxkomponentli qarisigdan ibaratdir. Polimer onlarin on baglica hissasidir, o,
biitiin komponentlori birlosdirir. Bundan basqa onun torkibine asqarlar, plastifikatorlar, barkidici-
lor, katalizatorlar (siirotlondiricilor), rong vericilor vo miixtolif olavolor daxildir. [1; s.112-114].

Miioyyan vaxtlarda plastik kiitlalor yalniz polimerlorden ibarat ola bilor. Kimyavi tobiatine
goro onlar termoplastik vo termoreaktivo boliiniirlor. Termoplastik plastik kiitlolor (poliamidlor,
polietilen, polistirol va b.) ¢oxsayli qizdirilma va soyudulma zamani1 yumsalma, arimo va yenidon
borkimo xiisusiyyatini saxlayirlar, bu, onlarin diiz vo ya saxali strukturlu makromolekul olmasi ilo
olagalidir. Onlarda kimyovi reaksiyalar getmir [4; s.136-138]. Termoreaktiv plastik kiitlalor (fenop-
lastlar vo aminoplastlar) qizdirilarkon donmoz sokildo arimoyan vo holl olmayan voziyyoto kegir.
Bu, onlarin foza qurulusunun amals golmasi ilo slaqadardir.

Tadqgiqatin magsadi, masalonin qoyulusu. Polimer materiallarin asas xtisusiyyatlori. Polimer
mohsullarin layihslondirilmosi va optimallagdirilmasi zamani, onlarin fiziki vo mexaniki xiisusiyyat-
lori sonaye standartlar1 vo ya spesifikasiyasi ilo miioyyon edilmis meyarlara cavab vermosini tolob
edir. Polimer vo materiallarin fiziki xarakteristikasina asagidakilar daxildir: mexanik sinaq (miihit vo
ya yuksok , agsag1 temperatur), dartilma xtisusiyyatlori, tozyiq xlisusiyyatlori, oyilmo xiisusiyyatlori,
koasma xiisusiyyatlori movcuddur.

Bu xiisusiyyatloros asagidakilar1 da olave etmok olar: zorboya davamliliq, sortlik, soffafliq, yum-
saqliq, elastiki, izolyasiya qabiliyyatli vos. Malumdur ki, yliksok tozyiqin polimer materiallara tosiri
onlarin sixligmin artmasina, méhkomlonmasino vo sixilmanin azalmasina gotirib ¢ixarir [1; s.124-
125]. Lakin geyd etmak lazimdir ki, bu giino qadar daqiqliyi artirmaq tiglin avadanlglarda tozyiqin
totbiqi kifayot gqodor Gyronilmoyib. Bu baximdan, plastik mohsullarin istismar xiisusiyyatlorini vo
ol¢ii doqiqliyini daha da artirmaq magsadils injeksiyon goliblome avadanliinda vo termoplastavto-
mat dozgahlarda yiiksok tozyiglo tokmo prosesinin dyronilmosine yonolmis todqiqat islori ¢ox aktu-
aldir [3; s. 96-97]. Bu avadanliglardan on osas vo genis yayilmisi injeksiyon goliblomo avadanligi vo
termoplastavtomat dozgahlardir. Bu dozgahlarin asas spesifik parametrlori mévcuddur ki, bu da emal
zamani qoyulmus taloblors diizgiin riayst etmaklo emal texnoloji prosesinin keyfiyyotina va bir basa
mohsuldarligin artmasina gatirib ¢ixarir (sokil 1).

26 C.M.Mammadov, K.R.9liyev
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Sokil 1. Injeksiyon galiblomo avadanliginin sxemi

Mbosalanin hall iisullar1 vo aprobasiyasi. injeksiyon goliblomo avadanliginin sxemino géra
emal olunan polimer material 1-bunkerindon 3.gnekinin kanalina verilir. Snekin firlanmasi 8 elektrik
miihorriki vasitosilo onu iso salmagqla hoyata kegirilir. Burada 2-silindrinin korpusunda temperaturun
yaradilmasi silindrin ayri-ayri zonalarinda yerlogdirilmis qizdirict elementlor vasitosilo hoyata
kecirilir. Polimerlorin emali ii¢lin injeksiyon golibloms avadanliginin qurlusu sxematik olaraq, stan-
dart olmaqgla minimum {i¢ zonadan ibaratdir. Birinci zona yiikloms zonasidir bu qidalandiric1 zona
adlanir, burada toz va ya qranul soklindo olan polimer material sixilaraq havasi ¢ixarilir. Ikinci zona
plastikasiya zonasidir ki, burada sixilma va ya orimo bas verir, bu zaman sixilmis toz vo ya xammal
kiitlosi quzdirilir vo arintiys gevrilir. Ugiincii zona — itolomo zonasidir, yoni dozalama zonasi buradan
xammal bagliga dogru itolonir (sokil 2) [3; s. 205-207].

1 — Dozalama zonasi 2 — arima, sixilma sonasi 3 — gidalanma zonas1
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Sokil 2. Injeksiyon golibloma avadanliginin is¢i hissasinin sxemi
1 — Dozalama zonasi, 2 — arimo, sixilma zonast, 3 — gidalanma zonasi

Bundan olave burada soyutma sisteminin isi presqoaliba tokma prosesindon sonra aparilir. Eyni
zamanda polimerlorin ekstruziyasi zamani bir qayda olaraq snekin diametri 30-150 mm, uzunlugu
iso 150-200 mm olan injeksiyon goliblomo avadanligindan istifados edilir. Injeksiyon goliblomo ava-
danliginin asas spesifik xiisusiyyatlorindon biri do onun snekinin sixma dorocosinin dozalasma nis-
botindon asililigidir. Burada sixma doaracasi snekin doqiq miioyyon olunmus yerlorinds, xiisusils bun-
kerin yaxinliginda vo snekin sonunda sonsuz vintlorin hocminin doyismasi ilo xarakterizo olunur.

Burada bunkers xammal ac¢ilisindan sonra ,basliga dasinma masinin yani, snekin materialinin
xaricindo aritmo qizdiricilarindan verilon istilik materiali qizdirir vo plastiklosdirir. Qizdiricilar (oksor
halda bunlar davamli qizdiricilaridir, daha az tez-tez induksiya qizdiricilart adlanir) material snek
qurgular1 boyunca istilik zonalarina boliiniir vo zonalarin har birinin 6z sensorlar1 vo miistoqil tempe-
ratur nozarati sistemi vardir [2; s. 75-76].

Avadanliqda asason hidravlik miigavimato malik (agiq tipli miistiik) yiiksok 6zliiltiklii polimer
materiallar1 emal edon 4 miistiiyu ilo tomin edilir vo onun qizmasi oarinmis habin xarico ¢ixmasinin
qarsisini alir. Basliq yuxar1 asagi polimer dozasi ilo yigilmaga baslayir vo vint firlanmaga davam edir,
bu giic tozyiqi (plastiklosmo tozyiqi) yaradir ki, bu da vint giic qlivvesini artirmaga meyllidir. Masinin
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intigali cihaz vintinin 6z oxu boyunca harakat etmasino imkan verir. Vintin 6z oxu boyunca harokot
etmosi is0 6z novbosindo dozalasma tozyiqi yaradir. Bu, dozanin tolob olunan hacmino c¢atana qodor
davam edir. Asag1 orimo Ozliiliilyli olan polimerlorin emalinda masinin is¢i voziyystinds, dozanin
fasilosiz olmasi {i¢iin burun hissosi xiisusi bir klapan ilo baglanir.

Bu texnoloji masinlarin is zaman1 mustuq hissasinin 4, yuksok tozyiqls ve temperatur rejiminin
pozulmasilo, dozgahin sazlanmasi gaydalarina diizgiin omoal edilmomasi, bu vo ya digor texniki so-
bablordon miistiiyiin tez siradan ¢ixmasina sobab olur ki, buda yuxarida gostorilon yiisok keyfiyyat
vo yiiksok mohsuldarliq gostoricilorinin koskin asag1 diismosino gotirib ¢ixarir [3; s. 251-252].

Sokil 3. Injeksiyon qolibloma avadanlig:

Bunlar aradan qaldirmagq ii¢lin polimer masin hissolorinin istehsalinda totbiq edilon avadan-
liglarin, o ciimlodon istifads edilon vo segilon texnoloji avadanliq olaraq, injeksiyon goliblomo ava-
danlig1 vo termoplast avtomat dozgah secilir. Bu avadanliglarin istehsal prosesindo is rejiminin
diizgilin sokildo qurulmasi, emal rejimi elementlorinin mdvcud texnoloji soraito uygun olaraq vo amo-
liyyat soraitino gora sazlanmasidir ki, bu da moqalanin natico hissasinds ardicilliqla gostorilmisdir.

Alman naticalarin tatbiqi. Bu giin biitiin injeksiyon golibloms masinlarinin toxminon 95%-1
somoarali sokildo qizdirmaq vo garisdirmagq, bir goliba plastik yeritmok ii¢lin vintlordon (snurlardan)
istifado edir. Burada texnoloji proseslor asason miioyyan texniki hollor, miioyyan bir texnoloji prose-
sin hoyata ke¢irilmasi {li¢iin termoplastik masinlarin istifadosi otrafli bir texniki-iqtisadi osaslandirma
tolob edir [3, s. 268-270]. Osason, injeksiyon galiblomo texnologiyasinin mahiyyoti asagidaki kimidir

Injeksiyon golibloma, polimer materialin bir axiciliq voziyyato cevrildiyi v sonra tozyiq altin-
da mohsulun formalasdig: bir golibs injekto edildiyi bir prosesdir.

Injeksiyon soklindo qram fraksiyalarindan onlarla kilograma qador olan parcalar istehsal olu-
nur. Bu {isul on ¢ox sonaye termoplastiklorinin iglonmosindo genis yayilmisidir. Bundan olava,
mohkomlondirilmis, hibrid, i¢i bos, ¢cox rongli, kopiiklii plastik mohsullar va s. injeksiyon soklindo
istehsal olunur. Prosesin osas avadanlig1 goliblorlo tochiz olunmus termoplastik avtomatik masindir.
Injeksiyon goaliblonmenin osas iistiinliiklori bunlardir:

— tokrar emal edilo bilon plastik novlorinds ¢cox yoniimliiliik;

— yiiksak doaqiqlilik;

— alinan mohsullarin yiiksok keyfiyyati;

— ¢ox miirokkob bir konfiqurasiyanin hissalori vo ya nazik divarli mohsullar istehsal etmok qa-

biliyyati vo son mahsulun slavs islonmomasi.

Umumilosdirarak bu qorara galmok olar ki, polimer materiallarin istehsali {igiin segilon texno-
loji maginlarin asas spesifik parametrlorinin diizgiin se¢ilmoasi vo bu parametrloro goéros emal rejimlo-
rinin totbiq olunmasi sonda yekun mshsulun keyfiyyot gostoricilorinin yiiksalmasina vo amok moh-
suldarliginin koskin artmasina gatirib cixarir.

28 C.M.Mammadov, K.R.9liyev
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Natica

1. Polimer materiallarin istehsali ii¢ilin totbiq edilon biitiin avadanliglarin, o ciimlodon istismar
edilon va secilon texnoloji avadanliglarin daqiq islomasi, termoplastavtomat dozgah vo bu dozgahlarin
is rejiminin diizgiin sokildo qurulmasi vo emal rejimi elementlorinin mdvcud texnoloji soraito uygun
olaraq vo omaliyyat soraitino goro sazlanmasindan asilidir.

2. Injeksiyon qolibloma avadanliginin asas spesifik is prinsipi onun snekinin sixma dorocesinin
dozalagma nisbotindon asililigidir.

3. Injeksiyon goliblomo avadanliginin sixma doracosi snekin daqiq miioyyen olunmus yerlorin-
do, xiisusilo bunkerin yaxinliginda vo snekin sonunda sonsuz vintlorin hocminin doyismosi ilo xarak-
terizo olunur.
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TECHNOLOGICAL EQUIPMENT FOR PROCESSING POLYMER MACHINE PARTS

Ch.M.Mammadov, K.R.Aliyev
Azerbaijan Technical University

Abstract. Technological equipment used in the manufacture of machine parts from polymeric materials, compliance
with the parameters, i.e. processing temperature, processing pressure, spray force and other processing parameters, injec-
tion-extrusion molding and molding, taking into account the principle of operation of the equipment, the specification of
this equipment for the use of the product. The analysis of the influence of parameters was carried out, while, in accordance
with the instructions for the use of the purchased products, the correct choice of the operating mode of the selected
equipment, the correct observance of the processing modes in accordance with the established regulatory technological
requirements, based on the quality indicators of the purchased product, i.e. durability, wear resistance, strength and other
parameters of parts.

Keywords: polymer, injection molding, press mold, temperature regime, casting equipment, thermoplastic machines.

TEXHOJIOTMYECKOE OBOPYJOBAHME 111 OGPABOTKH ITOJIUMEPHBIX JIETAJIEA MAIIIAH

Y.M.Mamenos, K.P.Anuen
Aszepbaiidscanckull mexHuweckull ynueepcumem

Pe3tome. TexHonorunyeckoe 000py0BaHuE, IPUMEHSIEMOE IPU M3TOTOBJICHUH J€Talleil MalllMH U3 TIOJIMMEPHBIX Ma-
TEPUAIIOB, COOJIIOJICHHE TAPAMETPOB, T.€. TEMIepaTypa 00pabOTKH, TaBJICHUE 00PaOOTKH, YCHIIUE PACTIBUIICHUS U IPYTHE
napaMeTpbl 00pabOTKH, HHKEKIIMOHHO-BBIIABIUBAIOIIECE IPECCOBAHUE U JIUTHE, C YYETOM MPHUHIHIA paboThl 060py10-
BaHUs, CICHU(BHUKALMS TAHHOTO 000PYIOBaHHS I10 UCTIOIB30BaHHIO MPOIYKTa. [IpoBeeH aHaIN3 BIHSHHS apaMETPOB,
TIPH 9TOM, B COOTBETCTBUH C MHCTPYKIMEH MO IPUMEHEHHUIO TPUOOPETaeMOi NPOAYKINH, TIPAaBUIIBHBINA BHIOOP pexxnMa
paboThl BEIOpAaHHOTO 000PYIOBaHUs, MPABUIIEHOE COOJIOJCHHE PEXKUMOB 0O0pabOTKH B COOTBETCTBHH C YCTAHOBIICH-
HBIMHA HOPMaTUBHBIMH TEXHOJIOTHYECKHUMH TPEOOBAHMAMHE, HCXOA U3 KaYeCTBEHHBIX IT0Ka3aTeneil mprobpeTaeMoro To-
Bapa, T. €. JOITOBEYHOCTH, H3HOCOCTOMKOCTH, IIPOYHOCTH U APYTUX ITApaMeTPOB JeTaleH.

Knroueewte cnosa: nonumep, numve noo 0asieHuem, npecc-ghopma, memnepamypHblil pexcum, iumeliHoe 060py0o8a-
Hue, MepMOnIacmasmomamal.
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PEYK TEXNOLOGIYALARININ AZORBAYCAN DOMIR YOLLARINDA
TOTBIQ OLUNMA PERSPEKTIVLORI

H.M.Ohmodov!, E.K.Manafov?, F.H.Hiiseynov>
!Azarbaycan Texniki Universiteti
’Milli Aviasiya Akademiyast
E-mail: elshan_manafov@mail.ru

Xiilasa. Magala Azorbaycan Domir Yollarinin (ADY) idareetms vo nazarat saho-
sinda peyk radionaviqasiya texnologiyalarinin totbiqi ilo intellektual informasiya-tele-
kommunikasiya sistemlorinin yaradilmasina hosr edilmis ADY-do totbiqi ii¢iin bu tex-
nologiyalarin toloblori formalasdirilmisdir. Belo texnologiyalar sayssinde horokotdo
olan lokomotiv yaxud vaqonlarin yerlosms yeri vo vaxti, onlarm istiqamati vo siirati,
morkozlogdirilmis diagnostik aragdirmalar tigiin horokat vasitalori hagqinda moalumat-
lar, real zamanda sornisin dagimalarinin operativ togkili ticlin lazim olan moalumatlar,

Agar sozlar: peyk texnologiya- qatarlarin horokotinin togkili vo idaro olunmasi haqqinda, homginin yolun hondasi
lar1, damiryol nagliyyati, 6lgiilorinin vo infrastruktur parametrlorinin doyisilmasi barodo molumatlari aldo etmok
diagnostika sistemi, idaraetma va | mimkiindiir. Bels sistemin tatbiqi ilo perspektivda, ol ilo daxil edilon mslumatlarin
nazarat, informasiya- hacmi shamiyyatli deracads azalacaq, vaqon va lokomotivlerin yerdayismasi-haqqinda
telekommunikasiya sistemlori malumatlarin &tiiriilma operativliyi yiiksolacokdir. Malumatlarin alinmasinin avtomat-

lasdirilmasi hesabina yiik omasliyyatlarindan sonra vaqonlarin yiikloma-bosaltma yer-
laring verilib-¢ixarilmasinin operativ planlagdirtlmasi keyfiyyetini yaxsilagdirmag, lo-
komotivlorin igini optimallagdirmagqla onlardan istifadonin effektivliyini yiiksaltmok,
homginin haroket torkiblorinin istismar xorclorini azaltmaga imkan yaranir. Belo avto-
matlagdirilmis molumatlar osasinda stansiyalarda vaqon vo lokomotivlardon istifade-
nin keyfiyyast vo kamiyyat gostoricilorinin hesablanmasi asanlasir, bir sira qeydiyyat
jurnallart vo digar sonadlorin ol ilo yazilmasimin logv edilmasi ti¢iin sorait yaranir.

Giris. Domiryol nagliyyatinin elmi-texniki siyasatinin prioritet istiqamatlorindon biri do miiasir
informasiya texnologiyalarmin tatbiqidir. Bu texnologiyalar idaraetmonin mahiyyast vo keyfiyyatini prin-
sipial olaraq doyisarok domir yolunda idarsetmo vo nazaratin obyektiv {isullarini hoyata kegirmays imkan
yaradir. Homin texnologiyalarda yiiksak daqiqlikli peyk radionavigasiya sistemlari (PRNS) ils birgs nog-
liyyat torkiblorindo qurasdirilmis ragomsal radiorabito vasitolori va informasiya proseslorinin kompleks
kompiiterlosdirilmasi totbiq edilir. Inkisaf etmis bazi dévlatlorin demir yollari peyk navigasiya texnologi-
yalarindan artiq istifade etmoyo baglamisdir (ABS-da NDGPS, Rusiyada TJIOHACC/GPS vas.). Hazirda
Azarbaycan Domir Yollarinin infrastruktur, yiik vo sarnisin dagimalari saholorinds idarsetmo vo nozaratin
PRNS-in vasitosilo hayata kecirilmosi aktual masalalorden biri sayilir [1; s. 21-96].

Masalanin qoyulusu. PRNS-in yaradilmasinin ilk marhslasinds magsad peykdon alinan tosvi-
rin taninmasi, qatarlarin identifikasiyast vo cografi koordinatlarla slagslondirilmosindon, malumatin
miivafiq dispetgera Otiiriilmasindon ibarat idiso, hazirda bunun ii¢iin rogomli modeldon istifads et-
moklo sado sxemin tortib olunmasi kifayat edir. Transponderlorin nisan1 peykls identifikasiya olunur
vo qatarlarin yerdoyismoalori barado moalumatlar verilmis intervalla gatarlarin horokotinin avtomat-
lagdirilmis idaroetms sisteminin gobuletmo qurgusuna &tiiriiliir. Oz ndvbasinds sistem qgatarlarin ho-
rokati ilo bagl dinamik malumatlar1 yollarin ragomli modelins daxil edir. Transponder nisanina asa-
son lokomotivin némrasi toyin edilir, bu malumata osason gatarin ndémrasi miloyyanloasdirilir vo qa-
tarin torkibi hagqinda molumatlar bazasina daxil olmaga imkan yaranir.

Hazirda sutka arzinds 16 mln. sornisin vo mln. ton yiik dasimalarini hoyata kegiron, diinyada
on boylik va yiiklonmis naqliyyat sistemlorindon biri sayilan Hindistan Domir Yollarinda radiotez-
likli identifikasiya (RFID-Radio Frequency Identification) texnologiyasindan istifado etmoklo av-
tomatik izloma prosesi hoyata kegirilir. RFID sistemi oxuyucu qurgudan (skaner, rider vo yaxud in-
terroqatordan) va transponderdan, yani RFID-nisandan (bozon RFiD-teq kimi do adlandirirlar) ibarat
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olur. ID-teqlar hor bir horokot torkibindo (Ilokomotiv vo yaxud vaqonlarda), TagMaster oxuyucular
150 domir yolunun konarinda qurasdirilir. Qeydo alici qurgu hotta 300 km/saat-dan artiq siiratlordo
nisanlardan informasiya alds eds bilir. Bu texnologiyanin komayils dispetgerlor har bir lokomotivin
vo vagonun yerini miioyyonlosdirmoklo borabor miioyyon istismar maosalolorini do holl edo bilirlor
(bos vagonlarin miioyyon edilmasini, gatarlarin v yiiklorin yerdoyismo dinamikasini va s.). On-line
monitoring sistemi vasitosi ilo uzunlugu 62 min km olan Hindistan domiryol sobokasindo biitiin ga-
tarlarin yerdoyismosine nazarat etmak olur.

RFID texnologiyas1 domiryol nogliyyatinda tohliikasizliyin tomin edilmasi ii¢iin lazim olan asas
diagnostik parametrlori 6l¢mayo, homg¢inin real zaman miiddstinds 6l¢iilon obyektlordon alinmis mo-
lumatlar1 tohlil etmoyo imkan yaradir. GEN4HD riderlori ilo tochiz edilmis Almaniyanin Hochbahn
sirkoti bir glin orzinds 0,5 mln. sornisinoe xidmat gdstora bilir. Riderlor qovsaq montagalorinin gpal-
larinda, 2 odod yarimpassiv MarkTag HDS S1456 nisani iso hor bir vaqonun alt hissasinds yerlosdi-
rilir. Nisan riderin iizorindon ke¢dikds horokat vasitosi haqqinda moalumat qeydos alinir.

Peyk texnologiyalarinin totbiqinin asas mogsadi domir yollarinin koordinat — zaman ciitliiyiiniin
tominat1 sahasindoki koklii dayisikliklor hesabina dagimalarin idars olunmasi vo qatarlarin horokati-
nin tohliikasizliyinin tomin edilmas keyfiyyatini yiiksaltmakdan ibaratdir [2, 3].

Peyk naviqasiya iisullariin domiryol naqliyyatinin texnoloji proseslorinin avtomatlagdiriimig
idaroetmo sistemlorinda (AIS) totbiqi bir ¢ox hallarda bu sistemlarin isinin molumat-sorgu rejimindon
programli rejima kecidi il intellektuallagdirilmasini tomin edir. Avtomatlagdirilmasi peyk navigasiya
sistemlorinin totbiqi ilo effektivloson texnoloji proseslors, ilk névbada, horokat torkiblorinin mokan-
daki yerino vo miixtalif obyektlorin texniki voziyyatlarina nazarat saviyyasinin artiritlmasinin keyfiy-
yatca yeni naticolar gotirdiyi proseslor daxil edilmalidir.

Masalanin halli. Peyk naviqasiya texnologiyalarindan istifade etmaklo horakat torkibinin avto-
matik identifikasiya sisteminin tatbiqi dasima prosesinin togkil edilma problemins qatarlarin harako-
tinin yalniz saort qrafiki asasinda baxmaga imkan yaradir. Bununla bagli harokat torkiblarinin mokan-
daki yerinin toyin edilmosinin sadologdirilmis sxemi 1 sayli sokildo, dart1 horokot vasitolorinin is¢i
parametrlorinin morkozlogdirilmis iistilla diagnostika sxemi iso 2 sayl sokilds verilmigdir.

Lokomotivliera xsbardarliglarin étaralmasi
VVagon-laboratoriyalardan malumatlarin toplanmasi

= Yerlagma yerinin va ylrasun tayin edilmasi
_ _ Diagnostika " Harakat marsrutunun izleniimasi ve s.
Dlslﬁ$ef'” markazi @ Uzagq masafedan diagnostika edilmasi
| |
| |

Telefon rabitasi

AT

ADY vOS

g GPS signallari

Telefon,
R A ()
Azersell, Baksell, Nar mobile

GSM mobil rabite sebakasi

Sokil 1. Horakat torkiblarinin yerlosdiyi yerin toyin edilmasinin sadelosdirilmis sxemi: AIY — avtomatlasdirilmus is yeri,
ADY VOS — Azarbaycan Domir Yollari iizro verilonlorin molumatlarin 6tiiriilmo sistemi, BS — baza stansiyasi, UmTS —
Umumi telefon sistemi, GPS — Qlobal Mévqetayinetmo Sistemi (Global Positioning System), GPRS — {imumi istifada
ticiin paketli radiorabito servisi (General Packet Radio Service)
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Sakil 2. Dart1 horokat vasitolorinin is¢i parametrlorinin moarkozlogdirilmis iisulla diaqnostika sxemi: MDY —
magistral domir yollar1

Horokotdo olan gatarlarin torkibindoki vaqonlarin morkozlogdirilmis diagnostika sxemi 3 sayl
sokildo gdstorilmisdir.

Azorbaycan Domir Yollarinda peyk navigasiya sistemlorinin totbiqi vo istifadosi tigiin ilk
ndvbadas asagidaki tadbirlor yerina yetirilmalidir:

— ADY QSC-ds global peyk naviqasiya sisteminin tatbiqi konsepsiyas1 hazirlanmalidir;

— ADY QSC-da global peyk navigasiya sisteminin totbiqinin texniki-iqtisadi asaslandirilmasi aparil-
malidr;

— “ADY-nin infrastruktur obyektlorindo vo harokoat torkiblorindo qurasdirilan vo global peyk navi-
qasiya sistemloari ilo qarsiligl alageds olan texniki vasitalorin tohliikasizliyi haqqinda” texniki to-
loblor laylhasi tortib edilmalidir;

— Tohrifodavamli tohliikesizlik, monitoring va qatarlarin horakotino dispetcer idarsetmasi sistemlo-
rino malik olan sinagqlar {i¢lin domiryol xotti se¢ilmalidir.

[roli siiriilon toloblor layihosindoki tonzimloma yerlori domir yollarmin infrastruktur obyekt-
lorindo va horakot torkiblorindo qurasdirilan texniki vasitolor vo onlarin torkib hissoaloridir. Texniki
vasitolor domir yolunun yerlosdiyi makan haqqindaki (har hansi koordinat sisteminda) verilonlor vo
peyk naviqasiya sistemindon alinan radionaviqasiya signallar1 asasinda domir yollarindaki monts-
qgoleri asagidaki molumatlarla tomin edir:

— Texniki vasitolorlo tochiz olunmus lokomotiv vo yaxud vaqonlarin horokotdo oldugu yolun
nomrasi (texniki-soroncam aktinda gostorilmis stansiya yollarinin sxemino miivafiq olaraq);

— Yol boyu harokot zamani baxilan horokat torkibinin (lokomotiv vo yaxud vaqonun) yerlogsmo
yeri vo vaxti (sokil 1);

— Horokat torkibinin istiqgamoti vo siirati;

— Dart1 horokot torkibinin ig¢i parametrlorinin morkozlogdirilmis diagnostikasi ligiin molumatlar
(sokil 2);

— Horokotds olan qatarlarin torkibindoki vaqonlarin buks qovsaqglarinin, tokor parametrlorinin vo
diizgilin yiiklonmasinin morkozlosdirilmis diagnostikasi tiglin molumatlar (sokil 3);

— Real zaman aninda sornigin dasimalarinin operativ togkili tigiin lazim olan malumatlar (sakil 4);
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— Qatarlarin horokotinin togkili vo idaro olunmasi {igiin torkiblor, qatarlar hagqinda molumatlar
(sokil 5);

— Peyk vo yertistii 6l¢molori komplekslosdirmokls yolun hondasi dlgiilorinin vo infrastruktur para-
metrlorinin doyisilmasi haqqinda molumatlar (sokil 6) [4, 5; s. 43-67].

Diaqgnostika
markazi

Arzercell, Bakcell, Nar Mobile

GPRS
modem

&

DIAQNOSTIKA SiSTEMI

gtn yiikklenmanin

Buks govsaqlarmn Buks govsaglarmin

Taker ciit qiisurlarinin
profilinin diagnostikas: diagnostikas temperaturunun diaqnostikast akustik diaqnostikast yoxlamlmasi

“3DWheell” takar

Sakil 3. Harakatda olan qatarlarin tarkibindaki vagonlarin moarkazlasdirilmis diagnostika sxemi

Umumilikda harokot torkiblorinds vo infrastruktur obyektlorinds qurasdirilan texniki vasitolor
iki hissoyo boliiniir. Birinci hissoya domir yollarinda texniki vo texnoloji proseslorin yerino
yetirilmasini tomin edon vasitolor, ikinci hissoys horakot torkiblori vo yiiklor hagqinda moalumatin
alinmasini tomin edon vasitolor aiddir. Sistemin totbiqi ilo asagida qeyd edilon masalalorin hallino
nail olmaq miimkiindiir:

— Miihandis-geodeziya islorinin naticalorine osason stansiyalarin yol inksafinin riyazi tosvirinin
doaqigliyinin aldo olunmasi (yollarin orta kvadratik xotasi 30 sm olan raqomli modelinin qurulmast
hesabina);

— Lokomotivlarin yerlosma kordinatlariinin 1 m xata il toyin olunma daqiqliyine nail olmag;

— Horokot torkiblorinin siiratinin 0,05 m/san doqiqliyi ilo toyin edilmosi;

— Verilonlarin qonsu idaraetma sistemlorino 1 Hs-don boyiik tezliklo Gtiirtilmasi.

Baxilan sistem horokotdo olan domiryol horokot torkiblorinin istigamoti, sliroti vo yeri
haqqindaki molumatlar1 istonilon sistemo Otlirmok qabiliyyastindadir. Vaqonlarin stansiya yol-
larindaki dislokasiyasi vo lokomotivlorin yerdoyismoasi (lokomotivlorin depoya vo stansiya yol-
larina girib-¢ixmasi, dalan yollarina gedib-goalmasi vo s.) stansiyalarin idars edilmosinin dinamik
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modelinin tortibi iiclin boyiik shomiyyat kosb edir. Bu sistemin totbiqi ilo perspektivdo ovvalki siste-
mo ol tisulu ilo daxil edilon malumatlarin hocmini shomiyyatli doracods azaltmaq, vaqon vo lokomo-
tivlorin yerdoyismosi haqqinda molumatlarin 6tiirtilmosinin operativliyini yiiksoltmok miimkiindiir.
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Sakil 4. Sornigin dasimalarinin operativ togkili iiclin molumatlar miibadilesinin sxemi: MXS — morkozlog-
dirilmis xidmot sistemi, MDY — magistral domir yollar1, AIS — Avtomatlasdirilmis idaroetms sistemi
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Sakil 5. Qatarlarin horakotinin togkili vo idars olunmasi ti¢lin avtomatlagdirilmis informasiya sisteminin sxemi
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Sakil 6. Peyk va yeriistli 6l¢gmolorin komplekslosdirilmasi vasitasilo yolun hondasi 6l¢iilorinin va infrastruktur parametr-
larinin doyisilmesine nozarat tisullar

Gostarilon malumatlarin alinmasinin avtomatlasdirilmasi hesabina yiik amsliyyatlarindan sonra vaqon-
larin yliklomo-bosaltma yerlorino verilib-¢ixarilmasiin operativ planlagdirilma mosalosinin keyfiyyo-
tini yaxsilagdirmaq, lokomotivlerin isini optimallagdirmaq vo onlardan istifadenin effektivliyini
yiiksaltmok, hoamginin istismar xorclorini azaltmaq imkani1 yaranir. Belo avtomatlagdirilmig molumatlar
osasinda stansiyalarda vaqon va lokomotivlordan istifadenin keyfiyyat vo kamiyyat gostaricilarinin he-
sablanmas1 asanlasgir. Dasima prosesinin diiriist operativ vaqon modelinin tortibi hesabina stansiyaya
daxil olan vo stansiyadan gondarilacok vaqonlarin némralorinin yazilmasi prosedurunun logv edilmasi,
homginin stansiya ndvbatc¢isinin stoliistu jurnallarinin, qatarlarin horokot jurnallarinin, vaqonlarin ba-
lans jurnalinin vo digor sonadlorin ol ilo yazilmasinin logv edilmasi tiglin sorait yaranir. Homginin baxi-
lan sistem molumatlar1 stansiyanin operativ idars edilmosinin informasiya-idaroetma sistemi ilo yanasi
eyni zamanda daha yuxar1 saviyyalars (bas idaranin informasiya-idarsetms sistemi va s.) da 6tiira bilar.

Sistem dagima prosesinin idars edilmosi masalalorinin hollindon slave asagidakilar {i¢iin do tot-
biq edils bilar:

— Stansiya yollarinda isloyon tomir-tikinti brigadalarinin miistoqil harokot torkiblorinin (yol, elektrik
tochizati, isaroverma-morkozlosdirmo-bloklama (IMB) sahosinin drezinlori vo digor horokot vasi-
tolori) yerlosma yerino nozarat;

— Qatarin tam sokildo golmasine nazarat edilon stansiyalarda qatarin uzunlugunu toyin etmakls stan-
siya yollarinin vo monzillorin bosluguna nozarat;

— Domiryol kecidlorinds avtomobillor {igiin qatarlarin yaxinlagsmasi haqqinda daha miikommal xo-
bardaredici sistemin qurulmas;

— Domir yollarinin avtomatika vo rabito qurgulari ii¢lin vahid zaman sisteminin qurulmas;

— Horokoatdo olan gatarlar arasinda masafonin toyin edilmasi (interval tonzimloma sistemi);

— Yol va siini qurgular tosorriifatinin geodezik tominat mosalalorinin hall edilmasi;

— Horokat torkiblorinin yerinin toyin edilmasi vo yiiklorin miisayiot olunmas1 mogsadilo identifikasi-
yast sistemlorinin istifado edilmaosi;

— Masinistlorin sofor marsrutlarinin doldurulmasi prosesinin avtomatlasdirilmasi vo verilonlarin in-
teqrasiya olunmus emal sistemino Otiiriilmosi;

— Qatarlarin harokotinin avtomatik idaraetms sisteminin qurulmast;
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— Lokomotivlorin dislokasiyasi vo yolda isloyon operativ personal {i¢lin avtomatlasdirilmis nozarot
sisteminin qurulmast;

— Domiryol noqliyyatinin texniki vasitolorinin etibarliginin artirilmast mogsadilo verilonlorin
emalinin avtomatlasdirilmig sisteminin qurulmasi [6, 7, 8].

Natica. Beloliklo, peyk navigasiya texnologiyalarinin Azorbaycan Domir Yollart QSC totbiqi
ilo real zamanda qatarlarin (lokomotiv vo vaqonlarin) yerlosmo yeri, istiqamoti vo siiroti haqqinda
molumatlar alds edib sornisin vo yiik dasimalarinin operativ toskilini optimallagdirmagq; dart1 horokot
vasitolorinin (lokomotivlor va elektrik qatarlari) osas giic avadanliglarinin is¢i parametrlori hagqinda
fasilosiz molumatlar alaraq onlarin diagnostikasini hayata kegirmok; homginin yolun hondasi 6l¢iile-
rinin, stni tikili vo qurgularin parametrlorinin doyisilmosi molumatlar1 sayasindo onlarin texniki vo-
ziyyoti haqqinda fikir yiirtitmok miimkiindiir.
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PROSPECTS FOR THE APPLICATION OF SATELLITE TECHNOLOGIES ON AZERBAIJAN RAILWAYS

H.M.Ahmadov!, E.K.Manafov?, F.H.Huseynov?
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’National Academy of Aviation

Abstract. The article is devoted to the creation of intelligent information and telecommunication systems using sat-
ellite radio navigation technologies in the field of management and control for the Azerbaijan Railways (ARW). The
requirements of these technologies for application at the ARW are formulated. Thanks to such technologies, it is possible
to obtain information about the location and time of movement, as well as the direction and speed of movement of loco-
motives or wagons, information about moving units for centralized diagnostics, the necessary real-time information for
the operational organization of passenger transportation, information about the organization and management of train
traffic, information about changes in the geometric dimensions of the path and infrastructure parameters. With the intro-
duction of the system in the future, the volume of manually entered data will be significantly reduced, and the efficiency
of transferring information about the movement of rolling stock will increase. By automating the acquisition of data, it is
possible to improve the quality of operational planning for the supply of wagons after cargo operations to the places of
loading and unloading, optimize the operation of locomotives and increase the efficiency of their use, as well as reduce
operating costs. On the basis of such automated data, it becomes easier to calculate the qualitative and quantitative indi-
cators of the use of rolling stock at stations, and conditions are also created for the abolition of manual maintenance of
many accounting journals and other documents.

Keywords: satellite technologies, railway transport, diagnostic system, management and control, information and
telecommunication systems.
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MEPCIEKTUBbI IPUMEHEHUS CIIY THUKOBBIX TEXHOJIOTI Ui
HA ABEPBAUIZKAHCKHUX KEJIE3HBIX TOPOT'AX

I'.M.Axmenos!, 3.K.Manados?, ®.X.I'yceiinos’
b 9
! A3epbationcancrkuii mexnuueckuil ynueepcumem
’Hayuonanvrasn axademus asuayuu

Pe3tome. CraThsi MOCBSLICHA CO3JAHHIO UHTEIUICKTYaIbHBIX HH(POPMAIIHOHHO-TEJICKOMMYHHKAIIMOHHBIX CHCTEM C
NPUMEHEHHEM CITy THUKOBBIX paliOHaBUT'ALOHHBIX TEXHOJIOTHII IO chepe ypaBIeHNs U KOHTPOIIs Ui A3epOaiimKaH-
ckux xene3Hbix gopor (AzXKI). ChopmymupoBansl TpeOOBaHHS STUX TEXHONMOTHH 1y mpuMenenus Ha A3XX/]. buaro-
Japs TaKUM TEXHOJIOTHSAM MOXKHO IOTYyYUTh HHYOPMAIUK O MECTOHAXO)KIACHHU U BPEMEHH ABIKCHUS, a TAK)Ke HaIllpaB-
JICHUU U CKOPOCTH ABUKCHHA JIOKOMOTUBOB UJIM BaroHoOB, HH(bOpMaHI/IIO O NNOJABHMIKHBIX CAUHULL JTJIs HeHTpaJ'IPI?;OBaHHOﬁ
JIMAarHOCTUKH, HEOOX0ANMYI0 HH(OpMALIUIO B pe)KUME PEabHOIO BPEMEHH JJIsl ONIEPATUBHOM OpraHM3aluy Maccayxup-
CKHX MEePEeBO30K, HH(POPMAIIHIO 00 OpraHu3alny 1 YIpaBIeHUN ABHKEHUE IT0€3/10B, NHPOPMALINIO 0 M3MEHEHUI reoMeT-
PHUYECKHX Pa3MEpoB IIyTH M MapaMeTpoB HHPpacTpyKTypsl. C BHEJAPEHUEM CHCTEMBI B IIEPCIIEKTUBE 3HAYMTEIBHO CO-
KpaTtuTcss 00beM BBOJMMBIX BPYYHYIO JIAaHHBIX, ITOBBICUTCS ONEPAaTHBHOCTH MEpeAadd WHPOPMAIUU O ABHKECHUH I10-
JIBIDKHBIX COCTABOB. 3a CYET aBTOMAaTH3aLlMH [TOJYYEHHs JaHHBIX MOKHO HOBBICHTH Ka4eCTBO ONEPATHBHOTO TUIAHUPO-
BaHMS MMOJa4YH BarOHOB MOCIIE TPY30BBIX ONEPALMil K MEeCTaM MOTPY3KH U BBITPY3KH, ONITHMU3HPOBATH PaboTy JOKOMO-
THBOB H IOBBICHTH () (GEKTHBHOCTh MX HCIIOJIB30BaHUS, 8 TAK)KE CHU3UTh dKCIUTyaTallMOHHbIE pacxoabl. Ha ocHOBeE Takux
ABTOMaTU3MPOBAHHBIX JIAHHBIX CTAHOBHUTCS JIETYE PACCUUTHIBATh KAUeCTBEHHBIE U KOINYECTBEHHBIC TOKA3ATEIH HCIIOJb-
30BaHMS ITOJBIKHBIX COCTABOB Ha CTAHLMAX, a TAKXKE CO3AI0TCS YCIOBHSA Il OTMEHBI PyYHOTO BEICHUS MHOTHX y4eT-
HBIX JKYPHAJIOB U IPYTHX JOKYMEHTOB.

Kntouesvle cnoga: cnymuuxosvie mexHon02ul, Hene3H000POICH I MPAHCHOPM, CUCeMAa OUASHOCIMUKY, ynpagie-
Hue U KOHMPOb, UHGOPMAYUOHHO-MENCKOMMYHUKAYUOHHBIE CUCTHEMD.

Daxil olub: 08.02.2023
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AZORBAYCANDA ELEKTROMOBILLORIN BORPA OLUNAN
ENERJi FONUNDA PERSPEKTIVLORI

R.P.Bayramov!, 9.H.9liyev!, F.Q.Mommadov'!, X.F.Tagiyev>
!Azarbaycan Texniki Universiteti
’Baki Texniki Kolleci
E-mail: razim.bayramov@aztu.edu.az, allaz.aliyev@aztu.edu.az,
mamedov.ferrux@aztu.edu.az, tagiev.xaqani@mail.ru

Xiilasa. Cagdas diinyamizda texnologiyanin inkisaf etdiyi vo otraf miihitin
miihafizasinin daha da aktuallagdig1 bir zamanda alternativ yanacaqla — elektriklo
isloyon elektromobillorin shomiyyati durmadan artmaqdadir. Nogliyyat vasitalo-
rinin otraf mithito vurdugu zororlori azaltmaq {igiin yeni konstruksiyali avtomo-
billorin yaradilmasi miiasir dovriin aktual mosalosidir. Daxiliyanma miihorrikle-
rindo hidrogen, etanol, metanol, mayelosdirilmis tobii qaz (LNG), sixlasdirilmis
tobii qaz (CNG), mayelosdirilmis neft qaz1 (LPG) vo bioyanacaq kimi alternativ
yanacagqlar istifado olunmaqdadir ki, bunlar da otraf miihitin ¢irklondirilmasinda
asasli rol oynayirlar.

Bu monada elektromobillordon istifads ¢ox samoaralidir. Hal-hazirda mévcud
olan elektromobillarin gedis ehtiyat: ortalama 350 km oldugundan, onlarin akku-
mulyatorlarinin tutum problemi, bahaligi vo akkumulyatorlarin doldurulmasi
ti¢iin stansiyalarin qurulmasi problemi sababilo arxa plana atilmasina rogmen, son
illordo adi yanacaqla igloyon avtomobillorin yenidon 6n plana ¢ixmasina sabab
olmusdur.

Bu todqiqatlar1 Azarbaycanda elektromobillorin istifade somoroliliyini vo
perspektivlorini giymstlondirmok {igiin apardiq. Respublikamizin iimumi elektrik
enerjisi istehsali glicii 7516 MVt, iri su elektrik stansiyalar1 daxil olmagla, borpa
olunan enerji monboloari tizro elektrik stansiyalarinin giicii 1278 MVt-dir ki, bu da
imumi giiclin 17%-ni toskil edir. Bu moagalods geyd olunmus todqiqatlarin nati-
colorindon do goriindiiyii kimi dlkomizdo mdveud olan biitiin avtomobillor elekt-
rikls islesaydi, méveud borpa olunan elektrik enerjisinin 64% onlarin islomasina
kifayat edordi.

Acar sozlar: elektromobil,
alternativ yanacagq, atraf
miihit, akkumulyator,
bioenerji

Giris. Texnologiyanin inkisaf etdiyi vo otraf miihitin miihafizosinin daha da aktuallasdig: bir
zamanda alternativ yanacaqla — elektriklo isloyon noqliyyat vasitolorinin (elektromobillorin) oshomiy-
yaoti durmadan artmaqdadir. ©gar 2009-cu ilde diinyada elektromobillorin say1 6.000-don az idisa,
2016-c1 ildo diinyanin 40 6lkoesindo 1,2 milyondan ¢ox elektromobil istifadodadir. Bu avtomobillorin
80%-1 ABS, Cin, Yaponiya, Hollandiya vo Norvegin paymna diislir (Beynolxalq Enerji Agentliyi
2016). Elektriklo calisan avtobuslarin say1 cohatdon iso lider 6lko Cindir-170.000 adad. 2015-ci ildo
qobul edilon Paris BMT-nin iqlim Doyismolori iizro Corgivo Konvensiyasina osason, diinya {izra
elektriklo ¢alisan 4-tokorli avtomobillorin saymin 2030-cu ilodok 100 milyona ¢atdirilmasi plan-
lagdirilir (Beynolxalq Enerji Agentliyi, 2016). Umumiyyatlo iso, Neft Ixrac Edon Olkalor Birliyi
(OPEC) hesab edir ki, 2040-c1 ildo diinyada sornisindasimada istifado edilon avtomobillorin 6%-1
alternativ yanacaqla igloyon naqliyyat vasitolorindon ibarat olacaqdir (Financial Times 2016) [3].

Nogqliyyat vasitolorinin otraf miihito vurdugu zororlori azaltmagq ii¢iin yeni konstruksiyali avto-
mobillorin yaradilmasi miiasir dovriin aktual mosalosidir. Olkomizda atmosfer havasina atilan ¢irk-
londirici maddolorin migdarini oks etdiron codvoldon (Azaorbaycan Respublikasinin Dovlot Statistika
Komitosinin molumatlarina gors) goriindiiyli kimi avtomobil noqliyyati ils ekoloji ¢irklonmao ilden ilo
artir [6]. Bu cirklonmonin qgarsisini almagq ti¢lin ekoloji cohotdon tomiz naqgliyyat vasitolorindon isti-
fado edilmoalidir. Noqliyyatda vo sanayeds hal-hazirda istifads olunan yanacaqlar CO2, CHas, N20O, O3,
NOx kimi gazlar iglim isinmosino sobab olan monbalordir. Belo ki, 2018-ci ildo Diinyada atmosfers
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atilan CO; -nin 24% naqliyyatin payina diislir. Daxiliyanma miihorriklorinds hidrogen, etanol, meta-
nol, mayelosdirilmis tobii gaz (LNG), sixilmis tobii gaz (CNG), mayelosdirilmis neft gaz1 (LPG) va
bioyanacaq kimi alternativ yanacaqlar istifade olunmaqdadir [3].

Homginin, zorarli maddolorin omolo golmoasinin garsisini almaq vo ya azaltmaq {i¢iin silindr
daxilina su piiskiirtma, katalitik konvertor, sixma daracasini doyisdirma va yanacaq verilisi tozyiqini
doyisdirmo kimi bir ¢ox alternativ metod totbiq olunmaqgdadir. Hibrid vo elektromobillordon istifado
olunmasi ekoloji cohatdon samarslidir. Elektromobillords adi yanacaqlardan istifads olunmadigi ticiin
HC, CO, Nox, his vo s. kimi maddalorls ekoloji cirklonmo olmur [1; s. 22-24].

Elektromobillar elektrik miiharriki vo akkumulyator olmaqla iki asas elementdon ibaratdir
[1;s.30-38, 2; s. 39-42]. Onlarin on boyiik ¢atismazlig1 akkumulyatorlarin tutumu vo mohsuldarli-
g1dir. Onlarm menzili akkumulyatorlarin tutumu va elektrik miiharrikinin giiciinden asili olaraq toyin
olunur. Hal-hazirda mdvcud olan elektromobillorin manzili orta hesabla 350 km-dir. Elektromobil akku-
mulyatorlarinin tutumu, bahaligi va onlarin doldurulmasi iigiin stansiyalarin qurulmasi va gedis ehtiyat:
problemlori sobabilo arxa plana atilmasina baxmayaraq, son illordo adi yanacagla isloyon avtomobillor
yenidon 6n plana ¢ixmisdir [1; s. 30-31]. Dolayistyla, bozi avtomobil firmalari 6z faaliyyatlorini elektro-
mobil istehsalina yonoaltmislor. Bu firmalara Tiirkiyonin TOGG avtomobili firmasi da qatilmigdir. 2025-
ci 1lo godar diinyada elektromobillerin saymin 12 milyonu kegacayi toxmin edilir. Bazi toxminlora gora
diinyada elektromobillorin say1 2030-ci 1ldo 120 milyon adad olacaqdir. Tiirkiyads elektromobil say1
2018-ci ilds toqribon 27% artimla 833 adad, 2020-ci il etibari ilo 1012 odado catmisdir.

Azarbaycan Respublikasinda atmosfers atilan ¢irklondirici maddaler [6]

Gostaricilor Stasionar manbalarden Avtomobil naqliyyatindan Atmosfer havasina atilan
atmosfers atilan ¢irklondirici atmosfers atilan ¢irklondirici biitiin ¢irklondirici
illor maddalor (min ton) maddaler (min ton) maddaler (min ton)

2000 515,0 393,0 908,0

2001 577,0 402,0 979,0

2002 217,0 403,0 620,0

2003 426,0 412,0 838,0

2004 540,0 435,0 975,0

2005 558,0 496,0 1054,0

2006 344,0 531,0 875,0

2007 386,0 584,0 970,0

2008 295,0 642,0 937,0

2009 300,0 697,0 997,0

2010 215,0 742,0 957,0

2011 2240 779,0 1003,0
2012 227,0 849,0 1076,0

2013 197,0 940,0 1137,0
2014 189,0 966,0 1155,0

2015 178,0 978,0 1156,0
2016 188,0 982,0 1170,0
2017 184,0 976,0 1160,0
2018 0 0 0

Bu sayim 2025-ci ilds 100 min, 2027-ci ilde 220 min vo 2030-c1 ilde 550 min adado ¢atmasi
ehtimal olunur. “2020-ci ildo Azorbaycana 5247 elektromobil gatirilib. Halolik ¢ox az olub, iimumi
avtomobil idxalinin 10%-i qodordir” [6].

Hololik 6lkoyo gotirilon elektromobillorin say1 az olsa da, onun artim tempinin yiiksolocoyi
soksizdir. “2018-ci ildo comi idxal 146 adad, 2019-da 1000 otrafinda. 2020-ds 5300-o yaxinlasib.
Hoékumatin hadofi 2025-ci iladak illik idxalin an az1 50%-na nail olmaqdir. Elektromobillarin sayiin
artmas ilo elektrik sorfiyyati do 6nomli deracoads artacaqdir. Bu, slava sarfiyyatin yenilonabilon enerji
gaynaqlarindan oldo edilmosi giinos vo kiilok enerji sistemlorindon istifado etmoklo miimkiindiir. Bu
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moqalodo elektromobilin texniki xiisusiyyatlorino géro 1 adod, 100 min oadad, 1 milyon odod vo 1,4
milyon adad elektromobilin 6lkomizo elektrik sorfiyyatina olave yiikii vo bu olava enerji ehtiyaci
borpa olunan enerji monbalari vasitosilo tomin edilo bilocoyi aragdirilmisdir [4].

Bu mogqalo statistik todqigat xarakteri dasiyir vo onun osas mogsadi vo ya belo demok
miimkiinss yeniliyi ondan ibaratdir ki, elektromobillorin 6lkamizds tatbiqi perspektivlorini qiymot-
londirmok ii¢iin Azorbaycanin barpa olunan enerji monbalori izro potensialini miioyyonlosdirmokdir.
Biitiin statistik tohlillor vo hesablamalar bu istiqamotds aparilmigdir.

Belo ki, 6lkomizin iqtisadi cohatdon olverisli va texniki cohotdon istifadosi miimkiin olan barpa
olunan enerji monbaloarinin potensiali 26 940 MVt, o ciimladan, kiilok enerjisi tizra 3000 MVt, giinos
enerjisi lizro 23040 MVt, bioenerji potensiali 380 MVt, dag caylarinin potensiali 520 MVt hocmindo
qiymatlondirilir [6].

Azorbaycanin iimumi elektrik enerjisi istehsal1 giicii 7516 MV, iri su elektrik stansiyalar1 daxil
olmagqla, barpa olunan enerji manbalari iizra elektrik stansiyalarimin giicii 1278 MVt-dir ki, bu da
iimumi giiciin 17%-ni togkil edir [6].

Hidroenerji giicti 1135 MVt (22 adad stansiya, 12-si kigik su elektrik stansiyasi), kiilok enerjisi
giicii 66 MVt (5 stansiya, 1-1 hibrid), bioenerji giicii 38 MVt (2 stansiya, 1-1 hibrid), giinos enerjisi
giicli 40 MVt (9 stansiya, 1-1 hibrid) toskil edir. 1 adod hibrid elektrik stansiyasinda (Qobustan) kiilok
— 2,7 MVt, gilinos — 3 MVt va bioenerji — 1 MVt giiciinds osash qurgular qurasdirilib. Nax¢ivan
Muxtar Respublikasinda {imumi giicii 27 MVt olan 2 giinos elektrik stansiyas1 faaliyyot gostorir. Iri
su elektrik stansiyalari daxil edilmadan, barpa olunan enerji manbaloari iizra qoyulus giicii 2020-ci i1ldo
168,3 MVt olmagla, imumi elektrik enerjisi istehsali giiciiniin 2,2%-ni togkil edib [6].

Elektromobilin enerji sorfiyyati (Es) Ws cinsindon asagidaki (1) diisturu ilo hesablanir (Hyodo
etal., 2013) [4].

E =M-v-a+1/2-p-CD-4-v° +M-g-Mh+T-M-g-v )

M: kiitlo (kg), v: siirat (m/s), a: tocil (m/s?), p: havanin sixligi, 1.24 (kg/m®), CD: havanin
miiqavimot omsali, A: avtomobilin alin sothinin sahasi (m?), g: sorbastdiismo tocili (m/s?), Ah: 1
saniyadoki yiiksoklik forqi (m) t: diyirlonmoys miigavimat omsalidir.

Elektromobilin enerji sorfiyyatt monzili hesaba almasaq, avtomobilin miiharrikinin giictinden
asili olaraq (2) ifadosi ilo hesablana bilor [4].

E, =Gy ny 'X'f, (2)

E; — avtomobilin enerji sorfiyyat1 (kVt'saat), G, — mithorrikin giicii (kVt), n,, — miihorrikin
faydali ig amsal1 (%), X- yliklonma doracasi, t — zaman (saat). Elektromobillorin enerji sorfiyyati
avtomobilin akkumulyator tutumuna vo doldurulma sayina gore (3) diisturu ilo hesablana bilor [4].

Ey =B; My 'Cn’ (3)

E, — avtomobilin enerji sorfiyyati (kVt'saat), B; — akkumulyatorun giicii (kVt'saat), ng —
akkumulyatorun tutumu (%), Cn- akkumulyatorun doldurulma say1.

Tiirkiyado istehsal olunacaq TOGG elektromobillorinin texniki gdstaricilori daha optimaldir.
Hesablamalarimizi bu avtomobil lizorindon aparag.

Tiirkiyado istehsal olunacaq TOGG elektromobillori 200 HP va 400 HP giiciindo iki 45 kVt'saat
va 90 kVt'saat akkumulyatorlar ilo isloyir (TOGG, 2020). Bundan basqa avtomobil, internet, navi-
qasiya, kondisioner, elektrikli siisolor, elektrikli giizgii vo faralar olavo enerji sorfiyyat1 yaradacaq.
Elektromobillordo miiharrikin enerji sorfiyyatina olava olaraq 3 kVt'saat enerjiya ehtiyaci olacaqdir.
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Elektromobilin enerji sorfiyyati mosafo nozero alinmadan, miiharrikin giiciindon asili olaraq
100 kVt miihorrikin giicli, 80% faydali 151, 100% miihorrikin yiikii vo giinlilk ortalama 3 saat
avtomobildan istifade zamanin1 nazars alaraq (2) diisturuna gors hesablasaq E+ =204 kVt'saat enerji
sorfiyyati lazim olacaqdir [4]:

E, =100kVt-0.8-0.85 - 3saat
E, =204kVt - saat

Bir adamin gohordo giinliik avtomobildon istifado vaxti orta hesabla 2-3 saat-dir. TOGG
elektromobilinin sahib oldugu 45 kVtsaat ve 90 kVtsaat akkumulyatorlarin tutumlarinin 90%
istifado etdiyini nozors alsaq, bu elektromobillorin tam dolmus akkumulyator ilo 300 km ve 500+ km
mosafa got eds bilor. Bu da gilindslik sohordaxili istifads ii¢ilin yetorlidir. Hom ds elektromobilin giic
sorf edon aksesuarlarinin 3 kVt-saat slavo enerji sorfiyyatini nozors alaraq, akkumulyatorun dmiir
uzunlugunun an yiiksak saviyyads ola bilmasi ti¢lin onun tam giiciiniin 80%-nin istifade olundugunu
nazors alaraq, 45 kVt'saat tutumlu akkumulyatorlu avtomobil giinds 1 dofs tam, 90 kVt saat tutumlu
akkumulyatorlu avtomobil 2 giindon bir 1 dofs akkumulyatorun doldurulmasini nozors alsaq, bir
elektromobilin giindslik enerji sorfiyyat1 asagidaki kimi olacaqdir [4, 5]:

E, =Bn;C, =45KVt-saat-0.8-1=36kVt-saat
E, =B:n,C, =90KVt-saat-0.8-0.5=36kVt-saat

Azarbaycanda elektromobillorin say1 yaxin zamanlarada yiiz minlora gata bilor. Tiirkiyonin
TOGG elektromobili 2022 ilds kiitlovi istehsala baslanacaq. Hal-hazirda avtomobil sirkstlori bu
istigamotds bdyiik islor gortirlor. Elektromobillor ekoloji cohatdon tomizdir. Sual meydana ¢ixir: bu
avtomobillorin istifads etdiyi elektrik enerjisi ekoloji cohatdon tomiz yolla alinirmi? ©vvalca har bir
elektromobilin na qodoar elektrik enerjisi iglotdiyini hesablayaq. Belsliklo, akkumulyatorun giindslik
doldurulmasi vo 100.000 adod avtomobil {i¢iin enerji sorfiyyati:

E, =E,, =36-100000 =3600000kV1 - saat
E, =E,, =3600MVt - saat

olacaqdir. Qarsidaki illordo Azorbaycanda elektromobillorin sayinin 1 milyon olacagini toxmin etsak,
olava elektrik sorfiyyati:

E, =E,, =36000MVi - saat

Hazirda 6lkomizds togribon 1400000 avtomobil vardir. ©gor bu avtomobillor elektromobillor
olsaydi, onlarin elektrik sorfiyyati:

E, =E,, =36kVt-saat-1400000 =50400000kVt - saat = 50400MVt - saat =50.4GVt - saat

olar.
Ogor bir avtomobilin ilds 300 giin isladiyni qobul etsok, onda biitiin elektromobillorin bir ildo
islotdiyi elektrik enerjisi [4]:

50.4GVt - saat -300 =15120GVt - saat
olardu.
Azorbaycanin iimumi elektrik enerjisi istehsal1 giicii 7516 MV, iri su elektrik stansiyalar1 daxil
olmagqla, borpa olunan enerji monbalori iizra elektrik stansiyalarinin giicii 1278 MVt, kiilok elektrik
enerji istehsali 105,4 miliyon kv.saat, glinog enerjisi lizro 44,5 milyon kvt.saat, SES iizro 1564,8
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milyon kvt.saat istehsal olunur. Nozars alsaq ki Azaorbaycanda borpa olunan enerji manbalorinin
potensiali 26 940 MVt-dir, yoni, hal-hazirda istehsal olunan barpa olunan enerji monbolorindon hasil
olunan enerji miqdarindan dofolorls ¢oxdur. Bu o demokdir ki, illik barpa olunan enerji ehtiyat
2359944 kVtsaat vo ya 23599,4GVt saat-dir.
Onda,
15120

———-100=64%
23599.4

Bu iso o demokdir ki, ogor indi Azorbaycanda movcud olan biitiin avtomobillor elektriklo
islosaydi, movcud barpa olunan elektrik enerjisinin 64%-1 onlara kifayst edordi. Yoni, Azorbaycanin
barpa olunan enerji potensiali bu ehtiyact 6domok tigiin kifayotdir.

Otraf miihitin qorunmasi avtomobillorin elektriklo islomosindon basqa onlarin islotdiyi elektrik
enerjisinin do ekologiyani ¢irklondirmodon almmasidir. Olkomizde mdvcud olan bu potensial, hava
hovzasinin ¢irklondirilmasini do azaldacaqdir.
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PROSPECTS FOR ELECTRIC VEHICLES IN AZERBAIJAN
IN RELATION TO RENEWABLE ENERGY

R.P.Bayramov', A.G.Aliyev!, F. K.Mammadov'!, Kh.F.Tagiyev?
! Azerbaijan Technical University
’Baku Technical College

Abstract. In our modern world, the development of technology and the protection of the environment are even more
important. At a time when it is becoming more and more popular, the importance of electric cars that work with alternative
or electric power is constantly increasing. The creation of new construction cars to reduce the damage caused by vehicles
to the environment is an urgent issue of the modern era. Internal combustion engines use alternative fuels such as
hydrogen, ethanol, methanol, liquefied natural gas (LNG), compressed natural gas (CNG), liquefied petroleum gas (LPG)
and biofuels, which are environmentally friendly. They play a fundamental role in environmental pollution.

In this sense, the use of electric cars is very efficient. Since the range of currently available electric cars is 350 km on
average, despite the fact that their batteries have been pushed into the background due to the capacity problem, their cost,
and the problem of building stations for charging batteries, in recent years, conventional fuel-powered cars caused it to
come to the fore again.

We conducted these studies to evaluate the efficiency and prospects of using electric cars in Azerbaijan. The total
electricity production capacity of our republic is 7516 MW, including large hydropower plants, the capacity of renewable
energy power plants is 1278 MW, which is 17% of the total capacity. As can be seen from the results of the studies
mentioned in this article, if all the cars in our country were to work with electricity, 64% of the available renewable
electricity would be enough for their operation.

Keywords. electric car, alternative fuel, environment, battery, bioenergy.
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NEPCNEKTHUBbI JIEKTPOMOBWJIEN B ASEPBAMI)KAHE
B OTHOIIEHHAY BO3OBHOBJISIEMOM SJHEPTETUKH

P.IL.BaiipamoB!, A.I'.Anues', ®.K.Mammanos!, X.®.Tarues?
b b b
! A3epbatiosncancruii mexnuueckuil ynueepcumem
2BaKuHCcKuli mexHu4eckull Koaneotc

Pe3rome. B HameMm coBpeMEHHOM MUpE, B TO BpeMs, KOTa TEXHOJIOTMH Pa3BUBAIOTCSA M 3aIl[UTa OKPYKAIOLIEH Cpebl
CTaHOBUTCSA BCe Ooiee aKTyadbHOW, 3HAYCHHE IIIEKTPOMOOMICH, paboTalomMX Ha albTEePHATHBHOM TOIUIMBE —
JIEKTPUYECTBE, IIOCTOSHHO Bo3pacTaeT. Co31aHue HOBBIX KOHCTPYKIMH aBTOMOOMIEH AJISI CHIDKEHHS SKOJIOTMIECKOTO
ymiep6a, HAHOCUMOT'O aBTOTPAHCIIOPTOM, SIBJISIETCS. aKTyalbHON MPOOIEMOI COBPEMEHHOCTH. JIBUraTeny BHyTPEHHETO
CropaHusd UCIOJIB3YIOT aJIbTEPHATUBHBIC BUJIbI TOIIMBA, TAKUEC KaK BOJAOPOI, 3TAHOJ, METAHOJI, CKMIKCHHBIN HpHpOI[HBIﬁ
ra3 (CIII"), cxkarsiii mpupoansiii ra3 (CIID), cxmxennblit HedrsiHoit ra3 (CHI') 1 OMOTOIUIMBO, KOTOPBIE UTPAIOT BAXKHYIO
POJIb B 3arpA3HEHUH OKPYIKAIOLIEH Cpebl.

B aTOM cMbicie ucronib30BaHHE AMEKTpOMOOMIIeH oueHb 3((GeKTHBHO. I10CKONIBbKY HBIHEIIHUE 3JIEKTPOMOOMIIN
HUMEIOT cpeHHH 3anac Xozaa 350 KM, HECMOTpS Ha TO, YTO OHU OTTECHEHHI Ha BTOPOI! IIaH M3-3a MPOOJIEMBI EMKOCTH UX
AKKyMYJISITOPOB, X CTOUMOCTH U NPOOJIEMBI CTPOUTENBCTBA CTAHIMN ISl 3apSIIKK aKKYMYJIATOPOB, B ITOCIIEAHUE TOJBI
aBTOMOOWIN, paboTarolye Ha 0OBIYHOM TOIUIMBE, CHOBA BBILIUIM Ha MEPBBIH IJIaH.

MBI IPOBENH 3TH UCCIIEIOBAHUS, YTOOBI OLEHUTH 3((EKTUBHOCTD M EPCTICKTHBbI NCTIOIB30BAHMS 3JIEKTPOMOOMITEH
B AsepOaiimxane. CymmapHas TeHEpHpYIOUIash MOITHOCTh Hamlel pecrmyOnmku coctaBmsier 7516 MBT, momHOCTH
AIEKTPOCTAHINN Ha BO30OHOBIIIEMBIX HCTOYHHKAX SHEPruu, BKIrouas kpymHble I'DC, cocraBmser 1278 MBT, uto
coctaisieT 17% ot obmeit MmomuocTH. Kak BUIHO U3 Pe3ynbTaTOB HCCIEAOBAHMUI, YIIOMSHYTBIX B JAHHON CTaThe, €CIIN
OBl BCE aBTOMOOWIM B Hamed cTpaHe paboTanmyd Ha JIEKTPUYECTBE, IS MX PabOTHl XBatwio OBl 64% mocTymHOI
BO300HOBJISIEMOM 3JIEKTPUYECKON SHEPTHU.

Kniouesvle cnosa: snexkmpomobuns, anomepnamueHoe monauso, dKON02Usl, AkKyMyIamop, OuodHepeemuxa.

Daxil olub: 07.02.2023
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AVTOBUS MARSRUT $SOBOKOSININ EFFEKTIVLIYININ
QiYMOTLONDIRILMOSI METODIKASI

F.S.Dasdomirov
Azarbaycan Texniki Universiteti
E-mail: fuad.dashdamirov@aztu.edu.az

Xiilasa. Maqgalodo avtobus marsrut sabakosinin inkisafi vo sixligmin artmasi ilo
ortaya ¢ixan problemlar sorh olunmus, marsrut sobakosinin modellogdirilmasi va op-
timallagdirilmasi istigamotindo movcud olan aragdirmalar tohlil edilmis, naqliyyat
vasitalorinin marsrut sobokasinin miixtalif bondlari iizro horokat xiisusiyystlorinin
nazardon kegirilmosinin vacibliyi asaslandirilmigdir. Sohor marsrut sobokosine hor
bir bandi miisyyan ¢okiys malik olan miirakkeb sabsks kimi baxilmasi nazards tu-
tulmusdur. Marsrut sobokasinin hor bir bandins uygun effektivlik gostoricisinin (go-
kisinin) toyin olunmasi iisulu toklif olunmusdur. Marsrutlarin bondlori {izra nagliy-
yat vasitalarinin harokat vaxtina baxilan gdstoricilorin tasirinin nozars alinmasi {igiin
movcud hesablama tisullar: miiqayisoli analiz edilmis, marsrut sobokasinin isinin ef-
fektivliyinin qiymotlondirilmasinds real horakot vaxtini daha doqiq tosvir edon mo-
del asaslandirilmigdir.

Acar sozlar: marsrut sabakosi,
avtobuslar, samoaralilik,
qiymatlondirma metodikasi

Giris

Sohoar naqliyyat sisteminin vacib komponenti kimi gohor ictimai nagliyyatt sohorin iqtisadi in-
kisafi ilo six olagodardir vo onun inkisafinda shomiyyatli yer tutur. Sohor ictimai nogliyyatina
istiinliik verilmasi noqliyyat resurslarindan istifads istiqgamotindo hoalledici addim ola bilar. Belos ki,
ictimai noqliyyatdan istifads sohor kii¢o vo yollarinda nogliyyat sixliginin agagi diismosino sobab ola
bilor. Ona goro gohor ictimai naqliyyat novlorinin, xiisusilo do avtobuslarin marsrut sobakosinin
miintozom olaraq qiymatlondirilmasing vo ona asason do tokmillosdirilmasine ehtiyac var. Sohor av-
tobus marsrut sobokosinin igino hasr olunmus ¢oxlu sayda aragdirma movcud olsa da ictimai naqliy-
yatda mohsuldarligin asag1 olmasi vo harakot doqiqliyinin tomin edilo bilmomoasi ilo slagodar ¢otin-
liklar halo do galmaqdadir. Ona gora do sohor ictimai nogliyyat sobokasinin daha doqiq hesabatlarinin
aparilmasi metodunun miioyyon edilmasi hals do aktualdir.

Sohor orazisindo sornisinlorin yerdoyisma ilo olagodar tolobati miixtolif nogliyyat novlori vo
vasitalori ilo ddenilir. Sohards biitiin caziba morkozlori arasinda birbasa marsruta malik olan sohar
ictimai noqliyyat ndviiniin yaradilmasi faktiki olaraq geyri-miimkiin goriiniir. Sornisinlorin caziba
morkozlori arasinda birbasa yerina yetirilmasi yalniz fordi minik avtomobillori vo taksi ilo hoyata
kegirilo bilar. ictimai nogiyyatdan istifade edan sornisinlorin tayinat yerina qodar horakati oksar hal-
larda miirokkob yerdoyismo naticosindo miimkiin olur. Bir ¢ox hallarda sornisinlor iki vo daha ¢ox
naqliyyat novii va ya vasitasindon istifado etmakls is, istirahat va ya tohsil yerins catirlar. Sohor ora-
zisindo bir ne¢o marsrutdan istifado etmoklo toyinat yerino ¢atma hallar1 iimumi sayda kifayat qodor
paya malikdir vo sohorlorin naqgliyyat tominatindan vo sobokonin sixliq gostoricisindon asilt olaraq
doyiso bilar. Ona gora do marsrut sobokasinin har bir bandinds marsrut nogliyyati vasitolorinin horo-
katinin Oyranilmasi vo qiymaotlondirilmasi shomiyyat kasb edir.

Istigamot iizra tadqiqatlar

Avtobus marsrutlarinin qiymatlondirmo standartlar1 xidmaetlorin keyfiyyat vo komiyyatini 6l¢on
kriteriyalardan ibaratdir. Tadqiqatlar asasinda miisyyon edilmisdir ki, hotta on yaxsi1 toskil olunmus
vo idaro olunan avtobus marsrutlarinda sistemin digor hissasino ciddi sokildo uygun golmoyon xid-
matlor méveuddur [1]. Simali Amerikada gohor ictimai naqliyyat agentliklorinds aparilan sorgular
naticasinds miioyyon olunmusdur ki, sohar ictimai nogliyyatinda 44 miixtslif qiymatlondirma kriteri-
yast istifado olunur. Bu kriteriyalar avtobus marsrutlarinin layihalondirilmasi v togkilindon tutmus
avtobus dayanacaqlarinin yerlosdirilmosino godor sistemin miixtolif bondlorini ohato edir.
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Miixtolif idareetmo vo nizamlama texnologiyalarinin inkisafi ilo gohor ictimai naqliyyatinin
miixtolif ndvlorinin is xlisusiyyatlorindo miioyyon yeniliklor meydana ¢ixmisdir. Bu prosesin gedisino
va noqliyyat ndvlorinin miiqayisasing hosr olunmus ¢oxlu sayda todqiqatlar aparilmigdir.

Adaoton avtobus dasimalar1 sohor planlasdirilmasinin torkib hissosi kimi nozordon kegirilir. Av-
tobus naqliyyat sobokasinds bandlorin olavo olunmast miioyyon hesabatlara osaslanmalidir. Bozon
sornisin axin1 movcud olur, lakin avtobus marsrutlarinin olmamasi sobabindon sornisinlor yerdoyismo
liciin basqa tUsullar segmok macburiyyeotinde qalir. Nogliyyat horokatliliyine olan tslobatin miixtalif
noqliyyat vasitolori ilo 6dondiyini nozors alaraq Chua vo basqalar1 Singapur sohorindo apardiglari
todqigatda [2] sohorin miixtolif ndqtolori arasinda intensiv taksi istifadosi noticosinds yaranan gedis-
lorin qruplasdirilmasi noticosinds avtobus marsrut sobokosinin qraflari tizro tokmillogdirilmo istiga-
matlorini miioyyon etmiglor.

Son dovrlordo gohoar ictimai naqliyyatinin marsrut sobokasinin planlasdirilmasi vo tokmillosdi-
rilmasi ilo alagadar evristik alqoritmlorden tez-tez istifads olunur. Wei va bagqalarinin isinds avtobus
marsrut sobakasinin yeni bandloroinin yaradilmasi li¢lin qarisqa koloniyasi alqoritminin tatbiqi toklif
olunur vs ilkin gostarici kimi sornigin axini istifads edilir [3]. Nikoli¢ vo Teodorovig [4] tranzit avto-
bus sobokosinin modellogdiirlmasi ii¢lin ar1 populyasiyasinin optimallasdirilmasina asaslanan meta-
evristik lisuldan istifade etmislor. Burada moqgsad xidmatlordon razi qalan sarnisinlorin sayini artir-
magq, bir naqliyyatdan digorino kegmaosi vo yolda itirilon vaxti minimallagdirmaqdan ibarotdir. Ari
koloniyas1 alqoritmi tosadiifi axtarigin stoxastik iisulu hesab olunur. Burada optimal hollin axtarilmasi
arilarin qida axtarmasina oxsar hoyata kecirilir.

Somarali gohar avtobus marsrut sobakesinin yaradilmasi noqliyyat xidmatlorinin keyfiyystinin
tomin olunmasinin asas sortlorindon hesab olunur. Marsrut sobokosindo nogliyyat xidmatlorinin key-
fiyyatinin artirilmasi iiclin marsrut sabakosinin tokmillogdirilmasi masalasi miintozom olaraq hoyata
kecirilmolidir. Hom do masoalonin halli har bir soharin 6ziinomoxsus planlagdirma strukturundan, oha-
linin mental xiisusiyyatlorindan asili olaraq nazaras kegirilmolidir. Huanq va bagqalar1 [5] bu tolablora
uygun olaraq har bir dayanacaq ciitli arasinda on qisa mosafoloro osason avtobus marsrutlarinin ya-
radilmasi alqoritmini toklif edirlor. Dayanacaqlarin minimal say1, marsrutun mohdudlasdirilan uzun-
lugu vo gedislorin balansi tolobino uygun golon marsrutlarin yaradilmasi mogsodouygun hesab olunur.

Si vo digorlori [6] avtobus marsrut sobokosinin sxeminin optimallagdirilmasi iigiin tolob vo toklif
soviyyasini qiymatlondirarak sobokonin optimallagdirilmasimin qiymstlondirms indikatorlarin toklif et-
mislor. Analitik ierarxiya prosesi (AHP) iisulundan istifads etmoklo avtobus marsrut sobokasinin qiymot-
londirmo metodikasini igloyib hazirlamiglar. Empirik analizin aparilmasi {i¢iin Pekin sohori sec¢ilmisdir.

Sohor marsrut sobakosinin isinin qiymotlondirilmasi zamani bir ¢ox hallarda yalniz “pik” saat-
larda sornisin axininin statik hocmi, sarnisinlorin istifadesinin eynitipli olmasi va gedis vaxtinin eyni
oldugu nozordo tutulur. Miislliflor [7] sornisinlorin iki davranig modelinin vo gedisin davametmo
miiddstini modellarinin sarnisin vo naqliyyat vasitalorinin vaxt itkilorina tasirini tadqiq etmis, avtobus
marsrut sobakosinin strukturunun minik avtomobillorinin horokating tosirini dyronmislor.

Metodologiya

Nogliyyat sobokosinin hor bir bandi iizra horokat parametrlorinin qiymatlori son naticods timu-
milikds sobokonin igini xarakterizo edir. Avtobus marsrut sobokosinin isinin 6ziinomoxsus xiisusiy-
yati ondan ibaratdir ki, avtobuslarin horakot parametrlori naqliyyat axininin harakst parametrlorindon
asilt oldugu kimi oksino onun parametrlorino do tosir gdstorir. Umumi axinda horokot edon marsrut
naqliyyat vasitolorinin marsrut sobokosinin bandlori tizro haroksti naqliyyat axininin harokatindon
asil1 olaraq miixtolif ciir qiymotlondirilir.

Marsrut sobokosinin bandlari (sahslori) lizra horokot parametrlori, xiisusilo do horakat vaxti yol-
da osason horokot intensivliyi vo buraxma qabiliyystindon asili olaraq miioyyon edilir. Lakin sohor
kiigalorindo avtobus marsrut sobokosinin bondlori iizra svetofor obyektlorinin yerlosmasi bandlordo
harokot vaxtinin toyin edilmosi zamani onlarin is rejimlorinin nozors alinmasini zoruri edir vo bu
baximdan toklif olunan riyazi modellor miiqayiss edilir.
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Avtobus marsrut sobakesinin bandleri iizro effektivlik gdstaricisinin miisyyon vaxt orzinde
bondlor iizro dasinan sornisinlorin saymin homin bondin ke¢ilmo vaxtina nisbati kimi toyin edilmasi
toklif olunur. Taklif edilon riyazi modellarin totbiqi naticesindo alds edilon effektivlik gostaricilorinin
real vaxt itkilori osasinda miioyyon edilmis effektivlik gostoricisi ilo miiqayisosi vasitosilo marsrut
sobokosinin bondinin ke¢ilmosing sorf edilon vaxtin tapilmasi iiclin daha oslverisli metodika segilir.

Avtobus marsrut sobakasinin sarnisinlors xidmoat modeli

Sornisinin horokato basladigi A vo nogliyyat vasitosindon diisocoyi B dayanacaglar1 arasinda
marsrut sabakosinds ¢oxlu sayda naqliyyat olaqasi ola bilar. Onlarin arasindan an qisa vo ya daha tez
got edilon marsrutun se¢ilmasi magsodouygundur.

Tutaq ki, sornisin sobokodo M vo N dayanacaqlari arasinda yerdoyisma etmolidir (sokil 1) vo
sornisgin liglin bu mantagoler arasinda seg¢ilmis an qisa yolda » vo k dayanacaqlari arasinda n sayda
marsrutun saholori list-listo diisiir. Marsrit sobokasinds on qisa masafalor graflar nozoriyyasinin mo-
lum metodlarindan istifade olunmaqla miisyyan edilir.

Sornisine birbasa va ya bir ne¢a naqliyyat vasitesini (ndviinii) doyismakle yerdoyigsmo etmok
toklif olunarkon marsrut asagidak: sorto osason secilo bilor:

omn = MINY o e 1)

Burada 7, 4, I, 3, ..- miivafiq olaraq A,B vo s. sayli marsrutlarda nogliyyat vasitolorinin r

dayanacagindan k& dayanacagina getmo vaxtidir. Bu zaman r» vo kdayanacaqlari arasinda biitiin
saholor lizra avtobusun ke¢ma vaxti miioyyon olunur vo comlonir. Odur ki, marsrut sobokosinin biitlin
bondlori iizro avtobuslarin horokot vaxtinin doqiq miioyyan edilmosi xiisusi chomiyyat kosb edir.

N . e s \ _- Avtobus marsgrutunun
3 ’ /= dayanacag

. Sernisinin yola diisma
va tayinat mantagasi

Avtobus marsrutlarinin
@ (st-Usts disan sahalarinin
baglangici va sonu

Sakil. Marsrut sobakasinde M va N dayanacaqlarinin miimkiin slagalondirilma sxemi.

Iri soharlords nogliyyat sobokasinin siirotlo genislonmasi bu ciir sobokolorde miirokkob soboko
modellorinin totbiqini zoruri edir. Ictimai nagliyyatin miirokkob sobokosi iigiin graflar nazariyyo-
sindon istifads olunarkon graf (G) sobokanin zirvolorindon ibarat X vo bandlorindon ibarat L ¢oxlugu
ilo ifado olunur [8]. Sobokonin A(N*N) qonsuluq matrisi avtobus dayanacaqlar1 arasindaki olagolori

gostormak Ugiin istifads olunur. N avtobus dayanacaqlarmin saymni gostorir. Ogar 4, ; =1 olarsa
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demoli i vo J dayanacaqlar1 marsrut boyunca ardicil yerlosir, yoni qonsu dayanacaqlardir. Dgor

a,; = 0 olarsa demoli i vo j dayanacaqlart marsrut boyunca ardicil yerlosmir vo eyni marsrutun

dayanacaqlar1 deyil. Demoali gostorilon sobokoado bond 0 vo ya 1 ilo ifado olunur. Yoni olagonin
oldugunu vo ya olmadigimi gostorir. Bu halda n dayanacaga malik olan marsrut {i¢iin qonsuluq
matrisini agagidaki kimi gostormok olar:

01 000 .0
1 01 00 .. 0
01 01 0 ..0

AN*N)=[0 0 1 0 1 .. 0O (2)
00010 ..0
00 0 00 ..0

Nozors almaq lazimdir ki, nogliyyat vasitosinin goboakonin bandlori {izra horokoti zamani horokot
vaxtina miixtolif faktorlar vo miixtolif ciir tosir gdstorir [9]. Cokiyo malik sobokodo iso hor bir bond
0z xitisusiyyotlorini dasiyir [10]. Yuxarida matrisi gostorilon adi soboko ilo miigayisado bu ciir
miirokkob soboko coxsayli faktorlarin nozors alinmasint miimkiin edir. Avtobus marsrut sobokosi
ticlin bu faktorlara mosafs, yolun buraxma gabiliyyati, yolda nagliyyat vasitolorinin horokot inten-
sivliyi, sarnigin axini, sarniginlorin naqliyyat vasitesini gézlomo vaxti, sarnisinin noqliyyat vasitasino
minma vo diisma vaxtlari, svetofor obyektlorinin say1 vo s. aid edils bilor.

Caki gostaricisina gora marsrut sobakasinin effektivliyinin qiymatlondirilmasi

Bildiyimiz kimi hor bir dayanacagq ciitii arasindaki bond (saho) 6z xarakterino goro digarlorindon
forqlonir. Bels ki, dayanacaqlar arasinda avtobuslarin harokatine manea térodon miixtalif faktorlar
var vo onlarin say1 vo tosir soviyyasi eyni deyil. ABS ictimai yollar biirosu (BPR) iki mantoqgo
arasinda horokot vaxtinin hesablanmasi {li¢iin agsagidaki diisturu toklif edir [11,12] :

B
t, = tlo 1+ a(%j 3)

i

Burada ¢ - azad noqliyyat axininda / yol sahasinde horoket vaxti; N,- /yol sahasinds
naqliyyat axini; C, - z yol sahosinin faktiki buraxma qabiliyyati; @ vo - diizolis omsallaridir. ABS-

i Avtomobil Yollar1 Suras1 bu amsallar {iglin o = 0,15, # = 4 qiymatlorini maslohot goriir. Qeyd

etmok lazimdir ki, bu diistur yliklonmomis avtomagistrallarda vaxtin hesablanmasini nozordo tutur
vo yolda nizamlama signallarini nozare almir. Kigik intensivliklorde prognozlasdirilan vaxt itkisi azad
noqliyyat axinindaki vaxt itkisino borabordir.

Spiss longimolorin korreksiya edilmis qiymati {i¢iin konik funksiya toklif etmisdir [13]:

0 2 _&2 2 _& _
t,—t,{2+\/a a C,) +p 0{1 CJ ,[)’} 4)

i

200 -1
20 -2

Burada @ -nin qiymoti ayrilmig bandlords 4, ayrilmamis boandlords isa 5 qobul edilir. £ =
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Sohor avtobus marsrutlarinin bondlori iizra bu diistur da bondlordoki svetofor signallarinin tasi-
rini nazors almir. Sinqapur modelins asason gobokonin / bandi lizro vaxt itkisi agagidaki kimi toyin

olunur [14]:
I C(1-A) x?
=—+09
f V,°+ ’ {2(1-@) +2N,(1—x)} ®)

Burada C - svetofor tsiklinin uzunlugu, V)’ - baxilan bandds axmnin maksimal siirati, 4 - yasil

isigin effektivlik pay1 (4 =g/C), x- intensivliyin buraxma qabiliyyetino nisboti (0 <x <1) N,.
baxilan bonddo horokot intensivliyidir.

Avtobus marsrut gobokasinin isinin somoraliliyi miisyyon (vahid) zaman orzinde dasidig:
sarniginlorin say1 ilo miioyyon edilo bilor. Bu zaman marsrut sobokasinin bandlori iizro somoralilik
gostoricisi agagidaki kimi hesablanacaq:

_9

l

£, (6)

Burada Q, - [ sahosinds dasinan sornisinlorin say1 (sornisin axini); - iso P sahasinin got

olunma vaxtidir. Latora vo Marcori [15] imumi naqliyyat sabakasinin iginin qiymatlondirilmasi tigiin
asagidaki ifadoni toklif edirlor:

1 1

2 (7)
N(N_l) i#jeG di]'

Ef(G)=

Burada N - sobokadoki bondlorin sayi, d, - ivo j zirvalori arasindaki on qisa mosafadir.

Avtobus marsrut sobokosinin isinin effektivliyinin miioyyon olunmasi zamani1 dasinan sorni-
sinlorin sayinin nozors alinmasi vacidbdir. Ona goro avtobus marsrut sobokasinin iginin effektivliyi-
nin miioyyon olunmasi {i¢iin asagidaki diisturu toklif edirik:

_ 1 9
5O =52 ®)

Real soraitdo aparilan todqiqatlar gostorir ki, sornigin axininin miisyysn haddon ¢ox oldugu
periodlarda yollarda tixaclarin yaranmasi miisahido olunur, bu da 6z novbasindo horokat siiratinin
asag1 diismosi ilo noticalonir. Bundan olavs sornisinlorin avtobusa minms va diismo vaxtlar da artir
vo avtobuslarin ig somoraliliyino monfi tosir gdstorir. Ona goro do diisturunda doyison horokot
soraitinin nozors alinmasi magsadouygundur. Toklif olunan (3), (4), (5) diisturlarindan istifads edorak
marsrut sobakasinin svetofor nizamlanmasi totbiq olunmusg bir bandinds (Hiiseyn Cavid (Mothercare)
- Elmlor Akademiyast metro st.) miixtalif horokot intensivliklorinds itirilon vaxtin qiymatlori cadvaldo,
doyismaosi xarakteri iso sokil 2-do gostorilmisdir.

Baxilan saha iizra yerdayismoya sorf olunan vaxtin nagliyyat axminin intensivliyindan asili olaraq doyismasi

Horakat intensivliyi avt/saat |
Hesablama modeli 600 800 1000 1200 1400 1600 1800 |
Saatliq effektivlik gostoricisi

BRP modeli osasinda 1.0004 | 1.0011 | 1.0028 | 1.0058 | 1.0108 | 1.0184| 1.0296
Konik funksiya osasinda 1.0427 | 1.0634 | 1.0885| 1.1191 | 1.1575| 1.2065| 12705
Sinqapur modeli asasinda 1.0892 | 1.0959 | 1.1036 | 1.1126 | 1.1234| 1.1364| 1.1528
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—— BRP modeli Singapur modeli Konik model
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Saatliq horoket intensivliyi, N, avt/saat

Sakil 2. Miixtalif modellorin totbiqi naticasinds marsrut gobokosinin bondinin keg¢ilma vaxtinin
noqliyyat axininin intensivliyinden asili olaraq doyigmosi

Marsrut sobokasinin baxilan bandinda canli miisahidalarlo alds edilon naticalars asason banddo
avtobuslarin itirdiyi vaxtin saatliq horokat intensivliyindon asili olaraq paylanma xarakteri sokil 3-do
gostorilmidir.

1,35

1,3

1,25 @

1,1 ° o—e = °
o o o ®
1,05 - P ®

0,95 ®

Bondin kegilmo vaxti ¢
o
®
o
o
4

0,9
500 700 900 1100 1300 1500 1700 1900
Saatliq horokot intensivliyi, N, avt/saat

Sakil 3. Miixtalif modellorin totbiqi naticosindo marsrut sobokasinin boandinin kegilmo vaxtinin
naqliyyat axininin intensivliyindon asili olaraq doyismaesi

Sokil 3-doki trend oyrisinin xarakteri vo tizorindoki qiymatlor kifayot qodor dogiqgliklor vaxt
itkisinin miioyyon edilmasi ti¢iin Sinqapur modelinin totbiqin zamani alinan oayrinin xarakterine vo
giymatlorino uygun golir.

Onda sohar marsrut sobokasinin effektivliyinin qiymatlondirilmasi tiglin diisturu asagidaki
sokildo yaza bilorik:

1 0,
Ef(G) =
/(@) z\z(N—l),-¢]ZE:GZ,-J-+O9 ca-u', % ©)

0 b
v, 2(1-Ax,)  2N,(1-x,)
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(9) diisturu marsrut sobokosinin effektivliyini sobokonin bondlori {izro dasinan sornisinlorin
say1, bondlordo marsrut nogliyyat vasitolorinin longimolorinin asas sobabi olan svetoforlarin is rejimi,
naqliyyat axinlarinin intensivliyi vo baxilan bandlords yolun buraxma qabiliyyeti nozere alinmaqla
miloyyon etmoyo imkan verir.

Natica

Marsrut sabokosinin iginin effektivliyinin qiymaetlondirilmasinds oavvaller toklif olunan iisul
yalniz noqliyyat sobokosinin bandlori iizro horokot vaxtinin toyin olunmasina osaslanir vo sornisin
axiinin yerdayismaya olan tolobatinin no doracads 6dondiyini qiymatlondirmaye imkan vermir. Va-
hid zaman ¢or¢ivosindo marsrut sobokosinin bondlori lizro dasinan sornisinlorin sayinin miioyyon edil-
mosi imumilikdo sobokanin is effektivliyini qiymotlondirmok ii¢iin daha somorali gostoricidir.

Nogqliyyat sobokosinin bandlori {izrs is effektivliyinin qiymotlondirilmosi zamani bondlor {izro
yerdayismaya sorf olunan vaxtin daha doqiq qiymatlondirilmasina ehtiyac var. Toklif olunan hesabat
tisullar1 azad axinda horokot vaxtinin miixtolif amillorin tosiri noticasinds artmasinin nozors alinmasi-
na osaslanir. Bu lisullardan sohor kii¢a-yol sobokosinds longimalorin nazars alinmasi ti¢iin daha slve-
risli olan1 Singapur modelidir. Baki gohorinin kii¢o yol sobakasinds canli miisahidslorlo oldo edilon
6lgma naticolori bu modelin kdmayi ilo bandlords itirilon vaxtin daha doqiq tesvir edilmosinin
miimkiin oldugunu gostorir. Nogliyyat sobokosinin isinin effektivliyinin qiymotlondirilmosi zamani
bondin ke¢ilmasing sorf olunan vaxtin bu iisulla hesablanmasi mogsodouygundur.
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METHODOLOGY FOR ASSESSING THE BUS ROUTES NETWORK EFFICIENCY

F.S.Dashdamirov
Azerbaijan Technical University

Abstract: The article explains the problems that arise during the development of the bus route network and increase
its density, as well as analyzes existing research in the direction of modelling and optimizing the route network. The
importance of considering the characteristics of the movement of vehicles in different sections of the route network is
substantiated. The network of urban routes is considered as a complex network with sections that have a certain weight.
A method for determining the efficiency indicator (weight) corresponding to each link of the route network is proposed.
In order to take into account the influence of indicators on the time of movement of vehicles on route sections, a compar-
ative analysis of existing calculation methods was carried out, a model was substantiated that more accurately describes
the real time of movement when assessing the route network efficiency.

Keywords: route network, buses, effectiveness, assessment method.

METOJA0JIOI'usi OHEHKHU DOO®EKTUBHOCTU CETU ABTOBYCHBIX MAPHIPYTOB

®@.C.JamaaMupoB
A3epbatioscancKull mexHUYeCKull yHUgepcumem

Pe3iome. B cratbe pazbpscHEHB Ip00IEMbI, BOSHUKAOIIIE IIPH Pa3BUTHH aBTOOYCHOI MapIIpyTHOW CETH U YBEIHYe-
HUU €€ IUIOTHOCTH, a TAK)KE aHAIM3UPOBAHBI CYIIECTBYIOIIHNE CCICIOBAHMUS B HATIPABICHINH MOJCITUPOBAHHS H OTITUMH-
3anuK MapmpyTHOH ceTr. OO0CHOBaHA BaKHOCTh PACCMOTPEHHS XapaKTEPUCTUK BUKEHUS TPAHCIOPTHBIX CPEJCTB Ha
Pa3HBIX ydacTKax MapHIpyTHOH ceTh. [IpenycMoTpeHo paccMOTpeHUE CEeTH TOPOJCKUX MapIIPYTOB, KaK CI0XKHAs CETh C
ydacTKaMH, KOTOPbIC HMEIOT OIpe/iesicHHbIN Bec. [Ipemioxken MeTo onpeieneHus nokaszarens 3¢ HeKTHBHOCTH (Beca),
COOTBETCTBYIOIIETO Ka)XJI0OMYy 3BEHY MaplIpyTHOH ceTu. C LenbI0 ydeTa BIMSHHS TOKa3aTesleld Ha BpeMs ABMXKECHUS
TPAHCHOPTHBIX CPEJICTB HA YYaCTKaX MapIIPyTOB ObLI MPOBEACH CPABHUTEIBHEIN aHAIN3 CYIIECTBYIONUX METOJIOB pac-
yeTa, 000CHOBaHA MO/JIEIb, 00JIee TOYHO OHMCHIBAIOIICH pealbHOE BpeMsl IBHKCHUS MTPH OIICHKE Y (HEKTUBHOCTH paObOTHI
MapUIPpyTHOH CETH.

Knroueevie cnosa: mapupymuas cems, agmooycsl, 3¢phexmusHocms, Memoo oyeHKuU.

Daxil olub: 07.02.2023

AVTOBUS MARSRUT SOBOKOSININ EFFEKTIVLIYININ QIYMOTLONDIRILMOSI METODIKASI 51



Elmi osorlor — Proceedings — Yuensle 3ammcku, Nel, 2023, 52-55 ISSN 1815-1779

Elektrotexnika — Electrical engineering — DiekTpoTexHIKa

UOT 621.321 DOI: 10.61413/BZJS4221

ISIQLANDIRMA AVADANLIQLARINDA ELEKTRIK ENERJISINO
QONAOT EDILMOSI KONSEPSIYASININ ISLONILMOSI

S.A.Bagirov
Azarbaycan Texniki Universiteti
E-mail: sabirbagirov4@aztu.edu.az

Xiilasa. Isiqlandirma avadanliglarinda enerji effektivliyinin yiiksoldilmosi hom
enerji ehtiyatlar1 sorfiyyatinin, hom do atmosferds zohorli qazlarin konsentrasi-

Acar sozlar: isiglandirma yasinin azalmasi problemlorini holl edir. Maqalods enerjiyo gonastcil isiqlandir-
avadanhgqlar, enerjiya ganaat, manin inkisafindan 6trlii mévcud problemlor arasdirilmis vo onlarin holli konsepsi-
elektrik enerjisi yasi islonilmisdir. Qeyd olunmusdur ki, texniki problemlorls barabor qanunvericilik

aktlarinin gobul edilmasi, iqtisadi vo toskilat¢iliq masalalori kompleks sokilds holl
edilmolidir.

Giris. Azorbaycanda vo diinya 6lkalorinds miiasir isiglandirmada enerji effektivliyinin yiiksal-
dilmosi on aktual masoalolordondir [1-3]. Beynolxalq Energetika Agentliyinin molumatina asason
diinyada istehsal edilon elektrik enerjisinin (EE) 19%-i isiqlandirma avadanliglarinda (IA) sorf olu-
nur vo bu rogom ildon-ilo durmadan artmaqdadir [4]. Malumdur ki, isiq enerjisino artan tolobatin
tomin edilmosi iigiin yeni giic monbalorinin qurulmasindan énco IA-da miiasir texnologiyalar hesabi-
na EE sorfiyyatinin asagi salinmasi daha da slverislidir, bels ki, 1kVt giiciin alde olunmasina 1000-
3000 ABS dollar1 xorclonirse, IA-da yeni texnologiyalarin tatbiqi sayssinde 1kVt giico gonaot edil-
moasina 200-300 ABS dollar1 sorf olunur [5]. Digor torafdon, EE tariflorinin artmas1 [A-da xorclori
daha da artirir. Iqtisadi voziyyet yaxsilasdiqca, siini IA-dan istifado artir, istehsali bdyiik kapital xorc-
larla, tobii ehtiyatlarin sarfiyyati va otraf miihitin ¢irklonmasi ils slagali olan EE-nin sorfiyyati artir.
Atmosferin dom qaz1 (CO») ilo ¢irklonmosi osas etibari ilo maye vo bork yanacaqla isloyan istilik
elektrik stansiyalarinda bag verir. CO»-nin diinyada tullantilarinin hacmi toxminan 22-10° ton/il mig-
darinda giymatlondirilir vo bu roqomi atmosfer havasinin kiitlosino (5,1 108 t) aid etsok, onda alariq
ki, CO2-nin il orzinds atmosferds artmasi1 4,3- 10~7 % toskil edir [6; s. 5]. Sorbast halda CO, atmos-
ferdon ¢ox gec ayrilir: 20 il ke¢dikdon sonra onun torkibi ancaq iki dofs azalir, 100 il sonra avvalki
miqdarimin halo da 1/3-1 qalir. Belaliklo, agor EE-na gonast edilmasindaen 6trii effektiv todbirlors bas-
lanmazsa, onda bagoriyyati yaxin golocokdo atmosferdo CO;-nin konsentrasiyasinin artmasindan ya-
ranan qlobal istilosmo klimat ilo alagodar faciovi naticalor gdzloyir. IA-da EE sorfiyyatinin azaldil-
mas1 tokco yeni generasiya giiclorinin qurulmasinda vasaitlors gonast edilmasi problemini holl etmir,
ham do atmosferds zoharli qazlarin tullantilarinin azalmasi ekoloji problemini ds hall edir. Yaranmis
bu voziyyat IA-da EE sorfiyyatinin asag salinmasi yollarmin axtarislarmi aktuallasdirir.

Tadqiqatin miiasir vaziyyati. Bir sira 6lkolordo enerjiyo qonaotcil isiglandirmanin inkisafi
iizro dévlot programlari islonarok qobul edilmisdir. IA-da EE sorfiyyatinin asag1 salinmast iizra isto-
nilon proqram tokca texnoloji amillardan, isiqlandirma sistemindon, ¢iraqlarin vo lampalarin sorfali
olmasindan deyil, homginin iqtisadi amillordon, normativ qanunvericilik aktlarindan asilidir. Buna
gora do 1998-ci ilds Yaponiyada, 2005-ci ilds iso ABS Kongresinds qanunlar qabul edilmigdir. 2000-
ci ildon baglayan Avropa proqrami Avropa Komissiyasinda gobul edilmisdir. 2004-cii ildon baglaya-
raq effektivliyi yiiksok olan isiq monbolori haqqinda movzular Cinin besillik planina daxil edilmis,
2003-cii ilds 1so Koreyada dovlot programi qobul edilmisdir [7].

IA vo onlarda istifado olunan isiq monbolori elm va texnika inkisaf etdikco tokmillasdirilir.
Aparilan tadgiqatlar gdstorir ki, IA-da totbiq olunan halogen kdzormo lampalar1 (HKL) iimumi toyi-
natl kdzormo lampalarini (KL) islomo miiddotine gors 2-3 dofo va isiqgvermodos 1,3-1,8 dofo gerido
goyur, yaxst rongdtiirma vo digor gostaricilari ilo isiglandirmainin toloblorine tam cavab verir, lakin
oksar diinya 6lkelorinds bu lampalar isiqlandirmanin miiasir marhalssinds EE-na gonast edilmosinin
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osas istiqgamoti kimi qobul edilmir. IA-da EE-na gonast edilmosinin asas yolu KL-nin enerjiys gona-
otcil isiqdiod lampalar1 (IDL) vo kompakt liiminessent lampalar1 (KLL) ilo avoz edilmosidir.

Kecon asrin 80-ci illarinin avvallorinds Almaniyanin Philips kompaniyasinin istehsal etdiyi
KLL yeni istigamatin baslangici olsa da, {imumi toyinatli KL-nin vo liiminessent lampalarinin (LL)
miisbat keyfiyyatlorini qismon 6ziinds birlesdirir, lakin KLL daha ¢ox isiqgvermaya (50-70 Im/vt) va
1slomo miiddatino (6-15 min saat) malikdir.

XXI asrin avvealindon yarimkegiricilor texnikasinin siiratli inkigafi isiqlandirma cihazlarinin tot-
biq sahalorinin xeyli genislonmasing sobab olmusdur. Miiasir dovriimiizii bork cisimlorin isiqlandir-
masi asri adlandirmagq olar. Hal-hazirda elektrik isiglanmasinin miiasir texnologiyasini toskil edon
IDL ononovi isiq monbalori olan KL-n1, asag1 vo yuxari tozyiqli qazbosalma lampalarmi xeyli gerido
qoyur. Artiq tosdiq etmok olar ki, biitiin saholords kdzormo vo qazbosalma lampalari ilo tam rogabot
aparan 3-cii nosil elektrik isiq monbalorinin osas1 qoyulmusdur. IDL-nin qiymotinin xeyli asag
diismaesini, isiqvermonin 120-150 Im/vt va islomo miiddatinin 100 min saata qodar yiiksalmasini,
sonaye istehsalinin artma prognozlarini nazars alaraq yaxin perspektivds enerjiys qonastcil isiq tex-
nikasinin inkisafi programinin strategiyasina miitloq sokilde baxilmalidir.

Bir sira 6lkalords (Ukrayna, ABS, Yaponiya, Koreya, Cin) IDL-nin inkisafi prioritet istiqamat
kimi gotiiriilmiigdiir. Cinds is1qlandirmanin inkisafinin dévlat proqraminin tosdiq edilmasini vo bu
sahoda irimiqyasl islorin aparilmasini qeyd etmok olar. Programda geyd olunan asas masalolor iDL-
da isiqgvermonin 150 Im/vt-a gador yiiksolmasi, satigin hacminin KL-nin 40 %-ni toskil etmasi vo
naticads il arzindo EE-no gonast 100 milyard kVt-saat togkil etmolidir.

Diinyanin on ¢ox inkisaf etmis 6lkolorindon biri olan ABS-da iqtisadiyyatin azad bazar sorai-
tindo foaliyyotino baxmayaraq EE-no gonaatcil todbirlorin inkisafinda effektivliyin maksimal doroco-
do yiiksolmasindon 6trii hokumotin foal miidaxilosi tolob olunur. Bu onunla izah olunur ki, imumi
saylorlo toroqqiys dogru inkisafda oks istigamoto yonalmis ¢coxlu neqativ amillor mévcuddur. Bun-
lardan EE-nin qiymatinin real doyarini oks etdirmamasi, tariflords ekoloji aspektlorin nozars alinma-
masi, EE sorfiyyatinda effektivliyin yiiksolmasindon 6trii investisiya kapitali hocminin kifayat etmomo-
si, dovlat terafindon maliyyologdirmonin olmadig: hallarda sonaye strukturlarinin todgiqatlarin aparil-
masinda vo yeni layihalorin totbiq edilmosindo maraginin olmamasi kimi hallar1 geyd etmok olar.

ABS-da enerjiyo gonastcil is1q texnikasi sahasindo fundamental todqiqatlarin aparilmasina va is-
lonilmasina goro rosmi masuliyyati Energetika Departamenti dasiyir. Dovlot toskilatlart miixtalif név
binalar ii¢iin isiqlandirmanin xiisusi giiciine sart tolablordon olan isiqtexniki normalarin direktivlorini
tosdiq etmok, isiqtexniki momulatlarin energetik tikinti normalaria olan toloblors baxmaq solahiyyot-
lorina malikdir. Hokumat ham da yeni texnologiyalari totbiq edon kompaniyalarin maliyye yardimini,
energetik planlagdirma iizro irimiqyash aksiyalarin kegirilmasi yolu ilo enerjiys gonaotcil is1q texni-
kasinin inkigafin1 hortorofli miidafio edir. ABS-da isiglanmanin bir ¢ox novlori vergilordon azaddir.

Enerjiyo gonaat edilmasi probleminin hoalli digor 6lkolords do qanunvericilik yolu ils aldo olu-
nur. Belo ki, Ingiltorado tikinti qaydalarina osason yanacaq-energetik ehtiyatlara gonaot edilmosi mag-
sadi ilo sahasi 100 m2-don ¢ox olan yerlords ancaq enerjiyo qonaatcil IA totbiq edilmalidr. Bu tolobin
yerino yetirilmosindon 6trii isiqvermasi 50 Im/vt-dan yiiksok olan vo vericilorlo tanzimlonon IA-dan
istifada olunmasi toklif olunur.

Kegan asrin 80-ci illorinds diinyada bas veran enerji bdhran1 zaman1 Azarelektrikisiq Istehsalat
Birliyinin Baki elektrik lampalar1 zavodunda istehsal olunan 20 vo 40 vt-liq LL isiqtexniki para-
metrlori doyismadaen enerjiya gonaotcil 18 vo 36 vt-liq LL ils avaz edilmisdi. Diinya 6lkolorinds ol-
dugu kimi, Azorbaycanda da enerjiya gonaotcil isiq manbolorinin tatbiginds IDL osas istigamat kimi
gotiiriilmiisdiir. Son illorde Baki va Gonco soharlorindo IDL istehsal edon istehsalat miiossisalori foa-
liyyato baslamisdir [8,9]. Hal-hazirda Azorbaycanda elektrik isiglanmasiin voziyyaotini miiasir 1A-
da gonaotboxs hesab etmok miimkiin olsa da, kecon osrdon galan vo rekonstruksiya edilmayon ob-
yektlards qiymatlondirmak ¢ox ¢atindir. Bunun asas sabablarindon biri is1q seli normativ talablordon
xeyli asag1 diisgon qazbosalma lampalarinin, oksedicilori vo sapoloyicilori optik xarakteristikalarini
itiron kohnolmis ¢iraqlarin istifadasidir.
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Olkomizdo enerji resurslarindan somaroli istifads va enerji effektivliyi hagqinda Azorbaycan
Respublikasinin ganunu gobul edilmisdir [10]. Azarbaycanda enerjiyo qonastcil isiqlandirmanin in-
kisafi {iciin halli tolob olunan asas mosalo az EE sorf edon [A-nin istifadesidir. Yaxin illords 6lkomiz-
do IA-da EE-no qonaot edilmasinin osas istiqamoti kimi enerji effektivliyi asag1 olan lampalarm (KL,
HKL, LL vo KLL) iDL vo ¢iraqlar ilo avoz edilmoasi olmalidir.

Notica. IA-da enerji sorfiyyatinin asag1 salinmasi istiqamotindo asagidakilari ziindo oks etdiron
konsepsiyani ifado etmok olar:

1) IA-da EE-no qonast edilmasinin va ekologiyanin yiiksolmosinin on miihiim mexanizmlorin-
don biri texniki tonzimloms sisteminin iglonilmasi, totbiqi vo inkisaf etdirilmosidir;

2) IA-da bozi tohliikeli maddolorin istifadasinin mohdudlasdlrilmas1 hagqinda texniki reqlamen-
tin toloblorine asasan Azerbaycanin daxili bazarinda halofosfat liiminaforlu ikicokollu LL-
nin, daxilindo boylik migdarda civo olduguna goro asagi vo yuxari tozyiqli gazbosalma lam-
palarmin totbiqi qadagan edilmalidir;

3) Lampalarin xassolorina miitloq talablorin miisyyan edilmasi enerji effektivliyinin, etibarligin
va ekologiyanin yiiksoldilmasi, onlarin funksional parametrlorinin tokmillosdirilmasidir;

4) Texniki reqlamentlorin toloblorine asason is1q monbalorinds civenin miqdarinin dlgiilmasi,
uygunlugunu gostoron milli standartlar islonilmolidir;

5) Noinki tovsiyo xarakterli, hom do direktiv olaraq isiqtexniki normalar islonilmoli, miixtolif
ndv binalar ii¢lin (sonaye, ticarat, ictimai, yasayis) xiisusi giic komiyyatino olan tolobloro osa-
son binalarin tikintisinds vo rekonstruksiyasinda tatbiq edilmalidir;

6) IA-nin cixus, isci xarakteristikalarini, hom do enerji effektivliyi normalarini tonzimloyan stan-
dartlar sistemi iglonilmali, maksimal effektivliyin alinmas1 mogsadi ilo standartlar periodik
olaraq baxilmali, tolablor yeni momulatlarin totbigine sabob olmalidir;

7) Tikilon vo rekonstruksiya edilon binalarin enerjiyo gonaotcil normalara godor c¢atdirilmasi
magsadi ilo yeni rekonstruksiya vo layihalondirma qaydalari islonilmali, qaydalarda binalarin
ilkin energetik auditinin aparilmasi nazards tutulmalidir;

8) Enerjiys gonaatcil strateji proqramlarin islonilmasi vo onlarin miistaqil ekspertizasi, is1q tex-
nikasinin problemlari nazars alinmaqla layihslorin ekspertizasi, miitomadi sokilds sonaye, ic-
timai va yasay1s binalarinin statistik yoxlanilmasi aparilmalidir;

9) Enerjiyo gonastcil isiqlandirmanin inkisafi baximindan informasiya miibadilosi aparilmali,
miiasir texnologiyalar vo IA haqqinda icmallar ¢ap edilmoli, metodiki materiallar vo niimu-
novi layiholor islonilmalidir;

10) IA-da enerji effektivliyi istigamotindo perspektiv elmi-texniki layihalor planlagdiriimali vo
maliyyalosdirilmali, yeni texnologiyalar totbiq edon miiossisolora maliyyo yardimlar1 gosto-
rilmoalidir;

11) Yasayis sektorunda enerjiys gonastcil isiqlandirmanin totbiqinin stimullasdirilmasi sistemi,
islomo miiddoati bitmis is1q texnikasit momulatlari ilo otraf miihitin ¢irklonmasinin qarsisini
almaqdan 6trii qanunvericilik aktlar islonilmali vo miitloq sokilds totbiq edilmalidir.

Beloliklo, 6lkomizdo IA-da EE sorfiyyatinin asag1 salinmas va enerjiys qonaotcil isiglandirma
programinin inkigaf etdirilmasi istigamatinds nainki enerjiya qonastcil is1q monbalarinin, elektron
qosub-tonzimloyon aparatlarin, isiq cihazlarmin islonilmosi vo monimsonilmasi iizro texniki
problemlorin, homg¢inin ganunverici xarakterli todbirlorin gobul edilmosi, iqtisadi vo toskilatciliq
mosalolorinin halli talab olunur.
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DEVELOPMENT OF THE CONCEPT OF SAVING ELECTRIC ENERGY IN LIGHTING INSTALLATIONS

S.A.Baghirov
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Abstract. Increasing the energy efficiency of lighting equipment solves the problems of both energy consumption
and reducing the concentration of toxic gases in the atmosphere. The article explores the existing problems in connection
with the development of energy-efficient lighting and developed a concept for their solution. It was noted that along with
technical problems, the adoption of legislative acts, it is necessary to comprehensively address economic and organiza-
tional issues.

Keywords: lighting equipment, energy saving, electrical energy.
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OLKO UZRO UMUMI DAXILi MOHSULUN DOYiSMO DINAMIKASININ
PENSIiYANIN ORTA MOBLOGINO TOSIRININ EKONOMETRIK TOHLILIi

A.N.Eminov!, A.F.Mirzoyev?
!Azarbaycan Texniki Universiteti
2Azarbaycan Respublikasi Omak va Ohalinin Sosial Miidafiasi Nazirliyinin
tabeliyinda Dévlat Sosial Miidafia Fondunun
Sosial Odanislarin Tayinati iizra Moarkazi Filiali
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Xiilasa. Mogalodo sosial miidafio sisteminin aparici holqesi olan pensiya
Acar sézlor: sosial siyasat, sosial | sisteminin orta pensiya moblogi gostoricisi nozordon kegirilmisdir. Reqressiya
miidafia sistemi , pensiya sistemi, | funksiyasi vasitosilo imumi daxili mohsulun pensiyanin orta moblogi arasinda
timumi daxili mahsul, pensiyanin | qanunauygunluqlar miioyyon edilmisdir. EViews proqram paketi vasitosilo statistik
orta mablagi, ekonometrik testlor yerina yetirilmis vo zaman siralarinin stasionarligi yoxlanmigdir. Aparilmis
model, inamly interval tohlillor asasinda ekonometrik model qurulmus ve Azorbaycanda orta pensiya
mablaginin doyismasi giymatlondirilmisdir.

1. Giris

Miiasir diinyada sosial siyasot comiyyatin obyektiv olaraq on shomiyyastli maraq sahasindon biri
olmagqla dovlstin foaliyyatinin an miithiim hissasidir. Dovlatin sosial siyasatinin shats dairasi ¢cox ge-
nis olmaqla comiyyetin miixtolif tizvlori vo qruplarinin golirlorinin bolgiisii vo tokrar bolgiisiine
yonaldilmis harokatlori nazardas tutur. Dovlatin sosial siyasati comiyyatdo sosial sabitliyi tomin etmok
va 6lko ohalisi liclin miimkiin qodar sosial rifahin optimal tominati {i¢iin sorait yaradan makroiqtisadi
tonzimloma istiqgamatlorindon biridir.

Iqtisadi stimullarin yaradilmasi, omok miinasibotlorinin (emokhaqqs, golirlor, giymotlor, is so-
raiti vo is qlivvasinin tokrar istehsalinin) tonzimlonmasi, sosial infrastrukturun (monzil-kommunal
xidmatlori, naqliyyat, tohsil, sohiyyo) inkisaf etdirilmasi, eyni zamanda insanlarin asas sosial-iqti-
sadi hiiquglarinin miidafiasi comiyyatin sosial siyasatinin hoyata keg¢irmasi tigiin prioritet amillor
hesab olunur. Bu siradan dovlatin sosial miidafis siyasati istiqgamatinds hayata kegirdiyi on miithiim
va baglica istiqamatlordon biri pensiya tominati sistemidir. Hom ohato dairasinin genisliyine, hom
do s1gorta prinsiplorini ehtiva etdiyino goro, pensiya sistemi homiso ohalinin x{isusi maraq dairos-
sinds olur.

Son illoardo Azarbaycanda da hoyata kecirilon sosial-igtisadi siyasat, gobul edilon programlar,
strategiyalar vo konsepsiyalar golirlorin odalstli bdlgiisiine, ohalinin sosial tominatinin vo sag-
lamliginin giiclondirilmasina, masgulluq va hayat soviyyasinin yiiksaldilmasing, igsizlik vo yoxsullu-
gun azaldilmasina, imumiyyatlo, sosial miidafis - pensiya sisteminin tokmillogdirilmasine hadaflon-
migdir. Son bes 1ldo 4 sosial islahat paketi hoyata kecirilmisdir. Aparilan sosial iqtisadi siyasat noti-
casinda issizliyin vo yoxsullugun soviyyasi azaldilmis, dogulanda g6zlonilon dmiir miiddoati artmus,
eyni zamanda pensiyalarin orta vo minimum soviyyasi nazaragarpacaq sokildo yiiksolmisdir. Belo ki,
minimum pensiya artiq 280 manata catdirilib, orta pensiya iki dofodon gox artib. Pensiyalarin ol-
catimlig1 ii¢lin sosial sigorta amnistiyast hoyata kecirilirdi vo bu il do onun miiddati 3 il daha da
uzadilib. Yasa goro pensiyalarin 80 faizi artiq proaktiv qaydada, elektron formada aparilir. Dovlotin
pensiya sistemi miistoqil vo dinamik inkisaf edan sistema ¢evrilib.

5 yanvar 2023-cii il tarixindo Prezident ilham Oliyevin imzaladig: "Ohalinin sosial rifahmin
yaxsilagdirilmas1 sahosindo olavo todbirlor haqqinda" Soroncami 6lkomizdo son bes ildo artiq
dordiincii sosial islahat paketinin icrasini tomin etmis vo 2023-cii ilden sosial islahatin yeni moarhale-
sina kecidi tomin etmigdir. Saroncamla minimum ayliq amak haqqi 1 yanvar 2023-cii ilden 15 faiz
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artirtlaraq 300 manatdan 345 manata ¢atdirilmis vo minimum ayliq pensiyanin mablogi do 16,7 faiz
artirllaraq 240 manatdan 280 manata ¢atdirilmigdir [1].

Hoyata kecirilon sosial islahat todbirlori 6lkomizin sosial-iqtisadi inkisafin giiclondirilmasi
istigamotindo aparilan sistemli todbirlorin naticasi kimi giymatlondirilir. Belo ki, Azorbaycan Res-
publikas1 Prezidentinin 2016-c1 il 6 dekabr tarixli Formant ils tosdiq edilmis “Azarbaycan Respub-
likasinin Milli Iqtisadiyyat Perspektivi iizro Strateji Yol Xoritosi”’ndo milli iqtisadiyyat vo iqtisa-
diyyatin asas sektorlari lizra strateji yol xaritalorinin Azorbaycanda davamli iqtisadi inkisaf asasin-
da igtisadiyyatin rogabotgabiliyyatliliyini, inkliizivliyini vo sosial rifah1 daha da artirmasini tomin
edocoyi gostorilir [2; s.4].

Azorbaycanda sosial miidafio - pensiya sisteminin effektiv artiminin tomin etdirilmasi, o ctimlo-
don movcud potensialin iizo ¢ixarilmasi ti¢lin, ilk ndvbadas, tohlillorin aparilmasinda riyazi tisul va
modellordon, homginin ekonometrik qiymotlondirmadon genis istifado olunmasi tolob edilir.

2. Ekonometrik modellorin qurulmasinmin nazari aspektlori

Ohalinin sosial miidafiosi lizre tadbirlor sirasinda dovlot pensiyalar: miithiim yer tutur. Pensiya
tominatinin sosial ohamiyysti olduqca boylikdiir — o, 1 milyona yaxin qocalarin, slillorin va ailo
bascisini itirmis ailslorin izvlorinin hoyat shomiyystli maraqglarina toxunur. 01.01.2006-c1 il tarixino-
dok 6lkada s1gorta prinsiplorindan uzaq sovet dovriindon qalmis, miiasir iqtisadi prinsip vo metodlarla
uzlagmayan, pensiya sistemi movcud idi. Bu iso sigorta haqqr hesablanarken fordiliyin gézlonilmo-
masi sistemo marag1 azaltmaqla borabar, hom do pensiya sisteminin maliyys dayanigligia koélgo
salird1. Sadalanan amillar tobii olaraq, pensiya sistemindo yeni islahatlarin reallagdirilmasina ciddi
osaslar yaradirdi. Dovlot bascisinin bu sahayo xiisusi diqgoti sayasindo 2006-c1 ildon etibaron sosial
miidafio sisteminds yeni yol xaritasi miioyyonlosdirildi va 2006-c1 ildon etibaron 6lkomizdos tatbiq
olunan pensiya sistemi fordi ugot {izro har bir soxsin sosial sigorta gostoriciloring osaslanir. Bu sistem
osasinda hoyata kegirilon todbirlor miiasir standartlara vo sosial sigorta prinsiplorino uygun sokilds
faaliyyot gdstorir. Islahatlar ¢orcivasinde Dévlot Sosial Miidafio Fondunun molumat bazasinda vo-
tondaslarin no qadar islodiklorine vo onlarin fordi hesablarinda no qador pensiya kapitalinin forma-
lagdigina dair malumatlarin elektron sokilds ugotu aparildi. Sosial sigorta prinsiplarinin hoyata kegi-
rilmasinin an {istiin taraflorindon biri omok qabiliyyatli votandasin isladiyi dovrde somarali va effektiv
sokildo foaliyyot gdstormoklo onu ‘“sabahin narahat¢ilifi” diisiincosindon xilas etmasi idi. Bundan
olavo, fordi hesabda toplanan vasaitin har il miimkiin inflyasiyaya uygun sokilde indekslogdirilmasi,
yigilan mablogin heg¢ bir itkiys moruz qalmadigina vo amayinin naticasinin dovlotin himayasinds -
etibarli allords olduguna vatondagda inam yaranmasina ciddi asaslar verdi.

Pensiya sisteminin sosial siorta prinsipi asasinda qurulmasi sosial miidafis sistemi lizra gosto-
ricilorin makroiqtisadiyyatin asas gostaricilori ilo birbasa korrelyasiya asililiginda olmasini osas-
landird1. Belos ki, 6lko igtisadiyyatinin bdytimasi fonunda 61ks iizro omok haqqi fondunun artimi 6z
ndvbasindo sosial sigorta gostaricilori osasinda pensiya kapitalinin artimina sobab olur ki, bu da da-
yaniqli pensiya sisteminin formalasmasimna zomin yaradir. Qeyd olunan hallar secilmis todqiqat
movzusu lizrs aragdirmanin aktualligin artirir.

Iqtisadi odobiyyatda sosial-miidafia faaliyyatinin miihiim vo ohomiyyatli sferalarindan biri kimi
pensiya sisteminin tam hocmda giymetlondirilmasine ¢ox az yer verilir. Iqtisadi biliklorin digor saho-
lori ilo miigayisadoe, homin sferada nozori vo praktiki elmi islorin say1 bir o godar do ¢ox deyil. Lakin
bu problemi todqiq edon bir sira yerli vo xarici miiolliflori geyd etmok lazimdir. Xarici 6lko alimlo-
rindon V.D.Roik, V.S.Andreyev, U.Aydin, J.Pinera, G.Bonoli, A.A.Popov, J.L.Katz, K.Borden,
E.Andrevs, O.Topak, B.B.izgi, M.Z.Ak, S.Cicioglu, G.isseveroglu, Z.Hatunoglu, U.Aydin, M.Vein-
berger, T.P.Hsieh, S.Ugur, L.Liu, M.Orenstein, F.Cibalski, J.Villiamson, V.Poortvliet, T.Laine,
B.Bosvorth, G.Burtless, N.Barr, P.Diamond, E.Fultz, M.Ruck, R.Minns, J.V.Heijden, A.Mesa,
F.Bertranou, E.Valker, M.Pallares-Miralles, C.Romero, E.Vhitehous, Azorbaycanli alimlordon
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M.N.Bliyev, ©.T.Nagiyev, U.I.Miirsiidov, A.S.Quliyev pensiya sahosindoki mévcud voziyyat, apari-
lan islahatlar, pensiya qurumlarinin 6zallosdirilmasi vo bu sahodoki 6zsllosdirmonin sosial-igtisadi
inkisafa tosirlori il bagl doyarli tadgiqatlar aparmislar.

Todqigatda Azorbaycan Respublikasi Statistika Komitosinin Azorbaycanda sohiyya, sosial
miidafio vo menzil soraiti lizro dovrii nasrinds sosial xidmat istiqgamoti kimi gostorilmis pensiya
b6lmasindo minimum va orta pensiya mobloginin doyismo dinamikasinin 6lkonin makroiqtisadi
gdstoricisinin oksi olan Umumi Daxili Mohsuldan asliligina baxilmisdir.

3. Masalanin qoyulusu vo metodoloji aspektlori

Hor bir iqtisadi proses vo hadisslorin 6yronilmosindo komiyyat vo keyfiyyat toraflori mévcud-
dur. Bu proseslorin dyronilmasi {igiin miioyyan metodologiyadan istifade olunur. Metodologiya iqti-
sadi hadiso vo proseslorin dyronilmasi tiglin metod, {isul, vasito vo yanagmalarin mocmusudur. Tadqiq
olunan hadiso va proseslorin kamiyyat va keyfiyyat toraflori elmi abstraksiyanin, nazariyyanin, qrafik
tosvirlorin, statistikanin, iqtisadi-riyazi tisullarin, modellogsdirmonin vo s. iisullarin vasitosilo agkar
edilir.

Pensiyanin orta mablogino 6lkonin makroiqtisadi gostaricisi olan timumi daxili mohsulun tosi-
rinin arasdirilmasi ligiin istifado olunan modellasdirilma metodu, prosesin Oyranilmasinin iqtisadi no-
zari metodologiyasidir. Todgiqat i1sindo ekonometrik metodologiyadan istifado olunur. Todqiqat ob-
yekti lizro modellosdirmonin totbiqi {igiin istifado olunan ekonometrik metodologiya asagidaki {i¢
morholodan ibaratdir:

1. Ekonometrik modelin va ya qoyulan hipotezin stoxastik tonlik soklinde gostarilmasi vo mo-
dels daxil olan parametrlorin igarasing dair ilkin nazari gozlontilorin miisyyon olunmasi. Bu zaman
sosial prosesin xlisusiyyatlori nozors alinmagla tosadiifi sohvlori 6ziinds ifads etmoklo xotti tonlik
ifadasinds tonlik miioyyon olunur:

POM = C(1) + C(2)*UDM + ¢ (1)

Qeyd edak ki, (1) — do POM — 6lka {izro pensiyanin orta moblogi (manatla), UDM — 6lko iizro
imumi daxili mohsulun hocmi (milyon manatla); e-tosadiifi konarlagmalari ifado edir.

2. Models daxil olan doyisonlar lizra statistik gdstaricilorin toplanmasi vo ekonometriyanin
miivafiq metodu vasitasils reqressiyanin omsallarinin qiymotlondirilmasi.

3. Reqressiya modelinin alinmis amsallarini iqtisadi, statistik vo ekonometrik meyarlara uygun
olaraq qiymatlondirilmasi.

4. Modelin informasiya bazasi

Todqiqgatin statistik miisahido dovrii 1995-2022-ci illori ohato etmoklo asagidaki mogsadlori no-
zordo tutur:

— sosial miidafis sistemindo pensiyanin orta mabloginin dayisma meyllorini miisyyan etmak;

— Uimumi daxili mohsulun pensiyanin minimum va orta mabloginin doyisma meyllorine tosir im-
kanlarin1 miioyyon etmok;

— alinan noticalorin iqtisadi artim ilo olagodar hoyata kegirilon todbirlords istifado imkanlarini
miioyyon etmak.

Todgqiqat isindo istifado olunan gdstaricilor illor iizra toplanmisdir. istifado olunan statistik gos-
taricilor Azarbaycan Respublikasinin Dovlot Statistika Komitosinin 1995-2022-ci illari ohato edon
statistik nosrlorindon toplanmisdir [3; s.151], [7]. Ekonometrik qiymatlondirmolor “EViews” totbiqi
program paketindo aparilmisdir.

(1) reqressiya tonliyinin parametrlorinin ekonometrik qiymotlondirilmasi ii¢lin timumi daxili
mohsulun va pensiyanin orta mablog gostaricilorinin zaman siras1 agagidaki kimidir:
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Cadval 1
Umumi Daxili Mahsulun hacmi vo pensiya iizro miihiim gostoricilori, 1995-2022-ci illor {izro
llor Olka iizro Umumi Daxili Mohsulun hacmi Olka iizra pensiyanin orta mablagi
(milyon manat) UDM (manat) POM
1995 2133.8 1,7
1996 2732,6 3,5
1997 3158,3 5,1
1998 3440,6 8,3
1999 3775,1 10,5
2000 4718,1 13,0
2001 5315,6 14,4
2002 6062,5 14,7
2003 7146,5 17,7
2004 8530,2 23,8
2005 12522,5 24,0
2006 18746,2 28,5
2007 28360,5 41,1
2008 40137,2 62,9
2009 35601,5 95,8
2010 42465,0 100.4
2011 52082,0 112,9
2012 54743,7 145,1
2013 58182,0 152,0
2014 59014,1 170,5
2015 54380,0 173,4
2016 60425,2 177,6
2017 70337,8 192,2
2018 80092,0 208,4
2019 81896,2 2214
2020 72578,1 263,6
2021 93203,2 302,2
2022 133825,8 363,8

5. Ekonometrik modellasdirma va tahlil
Olkonin {imumi daxili mohsulunun hacmi ilo (UDM) pensiyanin orta moblogi (POM) arasin-
daki olage asagidaki kimidir:

LOG(POM) = -7.30192194444 + 1.12321005723*LOG(UMD) 2)

(2) ekonometrik modelinin parametrlori Codval 1-in miivatiq molumatlari1 osasinda EViews10
Totbiqi Program Paketindo On kigik kvadratlar isulu (OLS) ilo tapilmig vo modelin adekvatlig1 yox-
lanilmisdir [8].

Qeyd edak ki, modelin adekvatligini tomin etmak ii¢iin reqressiya tonliyina 6-c1 tortibdon avro-
reqressiya (AR(6)) vo 3-cii tortibdon siirliskon orta (MA(3)) amillori daxil edilmisdir. Modelin asas
statistik xarakteristikalar1 vo miivafiq testlor cadval 2-ds verilmigdir.

Determinasiya omsalinin giymoti (R-squared = 0.962681) gostorir ki, tadqiq edilon illor arzindo
0lkado pensiyanin orta mabloginin illor iizro doyigsmosinin 94.6 faizi modelo daxil edilon amillorin
giymatinin doyismasi ilo izah edilo bilor. Dayismonin qalan 3.8 faizi modeldo nozors alinmayan amil-
lor hesabina bas vermisdir. Darbin-Uotson statistikasinin 2.597439 odadine barabor olmasi, daha dog-
rusu, 2-yo yaxin olmasi modelin qaliglarinin 1-ci tortib avtokorrelyasiyasinin olmamasi demokdir ki,
bu da arzu olunan haldir. Qeyd edok ki, Darbin-Uotson statistikasinin qiymati (0;4) araliginda doyiso
bilor: qiymaotin sifira yaxin olmasi miisbot avtokorrelyasiyanin, dérds yaxin olmasi iso monfi avto-
korrelyasiyanin mdvcudlugunu géstorir. ikiya yaxm qiymot — avtokorrelyasiyanin méveud olma-
masini gostorir [5; s.532-533].
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Cadval 2
(2) modelinin statistik xarakteristikalar1 vo testlor
Dependent Variable: LOG(POM)
Method: Least Squares
Date: 07/01/23 Time: 00:01
Sample: 1995 2022
Included observations: 28
Variable Coefficient Std. Error t-Statistic Prob.
C -7.301922 0.435454 -16.76851 0.0000
LOG(UMD) 1.123210 0.043371 25.89771 0.0000
R-squared 0.962681 Mean dependent var 3.881955
Adjusted R-squared 0.961245 S.D. dependent var 1.503243
S.E. of regression 0.295931 Akaike info criterion 0.471371
Sum squared resid 2.276959 Schwarz criterion 0.566528
Log likelihood -4.599188 Hannan-Quinn criter. 0.500461
F-statistic 670.6914 Durbin-Watson stat 2.597439
Prob(F-statistic) 0.000000

Qaliglarin dispersiyasinin sabit olmasi modelin adekvatligini sortlondiron Qauss-Markov sort-
larindon biridir [6: s. 41]. Qaliglarin sabit olub-olmamasi EViews Totbiqi Program Paketindo Breus-
Pagan-Qodfrey testi ilo yoxlanilmisdir (Heteroskedasticity Test: Breusch-Pagan-Godfrey). Notico

cadval 3-do verilmisdir.

Cadval 3
Heteroskedastikliyin yoxlanmasi: Breusch-Pagan-Godfrey testi
Heteroskedasticity Test: Breusch-Pagan-Godfrey
F-statistic 7.835368 Prob. F(1,26) 0.0095
Obs*R-squared 6.484052 Prob. Chi-Square(1) 0.0109
Scaled explained SS 6.199853 Prob. Chi-Square(1) 0.0128

Cadvoldon goriindiiyii kimi, Fiserin F-statistikasinin ehtimal gqiymoti 0.05 shomiyyoatlilik soviy-
yasindon xeyli boyiik oldugu iiclin qaliglarin heteroskedastiklik forziyyasi rodd edilir vo 95%-don
yuxar1 etibarliligla homoskedastiklik hali qobul edilir.

Cadval 4
Dikki-Fiiler testi
INull Hypothesis: D(POM,2) has a unit root
Exogenous: Constant |
Lag Length: 1 (Automatic - based on SIC, maxlag=3)
t-Statistic Prob.*
|Augmented Dickey-Fuller test statistic -5.734976 0.0001
Test critical values: 1% level -3.737853
5% level -2.991878
10% level -2.635542
*MacKinnon (1996) one-sided p-values.
IAugmented Dickey-Fuller Test Equation
Dependent Variable: D(POM,3)
Method: Least Squares
Date: 07/01/23  Time: 00:41
Sample (adjusted): 1999 2022
Included observations: 24 after adjustments
Variable Coefficient Std. Error t-Statistic Prob.
D(POM(-1),2) -1.973759 0.344162 -5.734976 0.0000
D(POM(-1),3) 0.414925 0.205495 2.019148 0.0564
C 2.651660 2.342939 1.131766 0.2705
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R-squared 0.738584 Mean dependent var -0.450000
Adjusted R-squared 0.713687 S.D. dependent var 20.83984
S.E. of regression 11.15104 Akaike info criterion 7.777410
Sum squared resid 2611.258 Schwarz criterion 7.924667
Log likelihood -90.32893 Hannan-Quinn criter. 7.816478
F-statistic 29.66580 Durbin-Watson stat 1.925205
Prob(F-statistic) 0.000001 |

Modelin galiglarinin stasionarliginin yoxlanmasi ticiin totbiq edilon Dikki-Fuller testi
gostormisdir ki, modelin galiglarini stasionar qobul etmok olar. Belo ki, miivafiq t-statisti-
kanin miitloq qiymoti (5.734976) 5% soviyyolordoki kritik qiymetindon, modulundan
boyiikdiir. Ona gora do 95% ohomiyyoatlilikls stasionar hesab edils bilor.

4

2l N
-4 \//

-.6 |

-.8

96 98 00 02 04 06 08 10 12 14 16 18 20 22

| —  Residual — Actual Fitted \

(3) modelindoan alinan qiymatlor (Fitted), faktiki qiymatlor (Actual) vo
onlar arasindaki forqin (Residual) dinamikasinin qrafiki tosviri

Beloliklo, (2) reqressiya tonliyino asason Azorbaycanda pensiyanin orta mobloginin 6lko iizro
iimumi daxili mohsuldan asliliginin qiymatlondirilmasi iizro asagidaki naticolor olds edilmisdir.

Natica

— Sosial sigorta prinsiplorina asaslanan pensiya sisteminin qurulmasi 6lkado dayanigli pensiya
tominatinin formalagmasina miisbot zomin yaratmisdir;

— Olko iizra iimumi daxili mohsulun har 1% artimi 81k iizro orta pensiya moblogini toxminon
1,12% artirir.
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ECONOMETRIC ANALYSIS OF THE INFLUENCE OF THE DYNAMICS OF CHANGES
IN THE GROSS DOMESTIC PRODUCT ON THE AVERAGE AMOUNT OF PENSION
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Abstract. The average pension amount indicator of the pension system, which is the leading link of the social protec-
tion system, was reviewed in the article. Regularities between the average amount of the pension of the gross domestic
product were determined through the regression function. Statistical tests were performed using the EViews software
package and the stationarity of the time series was checked. Based on the conducted analyses, an econometric model was
built and the change of the average pension amount in Azerbaijan was evaluated.

Keywords: social policy, social protection system, pension system, gross domestic product, average amount of pen-
sion, econometric model, confidence interval.

3KOHOMETPUUYECKHI AHAJIN3 BJIUSHUS IUHAMUKHA U3SMEHEHUS BAJIOBOI'O
BHYTPEHHET'O ITPOJIYKTA HA CPEJITHAM PASMEP IIEHCHUU

A.H.Omunos!, A.®.Mup3oes?
! Azepbatioocanckuii mexmuudeckuii ynueepcumen
[Jenmpanvroe omoenenue no HazHaueHuIo coyuanbvix evinaam I ocyoapcmeentozo Gonoa coyuanrbHou 3auumot
npu Munucmepcmeo mpyoa u coyuanbHoll 3awumsel Hacerenusa Asepbaiidxcanckoli Pecnyoiuxu

Pe3rome. B cTathe paccMOTpeH MoKasaTeslb CPEIAHEr0 pa3sMepa IMCHCHU MEHCHOHHON CHCTEMBI, KOTOpasl SBISACTCS
BEAYIIUM 3BCHOM CHUCTEMBI COITHATBLHOM 3aIuThl HaceaeHus. C MOMOIIBI0 PYHKIIUH PErPECCUU ONPEICIISINCh 3aKOHO-
MEPHOCTH MEX]y CPEIHUM Pa3MEepOM MECHCHH M BAJIOBBIM BHYTPCHHUM MPONYyKTOM. CTaTHCTHUCCKUE TECThI OBLITH BbI-
MTOJTHEHEI C MCIIOJIb30BAHUEM IMakeTa mporpamMm EViews U mpoBepeHa CTallMOHAPHOCTH BPEMEHHBIX psinoB. Ha ocHoBe
MPOBEACHHBIX aHAU30B MOCTPOCHA SKOHOMETPHUYCCKAsT MOJICIb M OLCHCHO W3MCHCHHE CPEIHEro pa3Mepa IMEHCUH B
AzepOaiimkane.

Knrwuesvle cnosa: coyuanvhas NOIUMUKA, CUCHeMda COYUANbHOU 3auumpl, NEHCUOHHASL CUCIMEMA, 8AL080L GHYM-
PeHHUTl nPOOYKM, CPeOHULl pa3mep NEeHCUU, IKOHOMEMPUUECKas MOOeb, 008EPUMETbHbLIL UHMEPEAL.
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FROM THE PERSPECTIVES OF THIRD COUNTRY NATIONALS
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Abstract. The current study overhauls the issue of youth unemployment in Third
Countries. This problem does not only have a negative impact on the lives of young
people but also affects the whole economy of Third Countries. The methods which
were employed in this study are in-depth interviews and the method of the case
study. All in all, it was found that the main causes of youth unemployment in Third
Countries are the attitude of youth towards work opportunities, the lack of youth's
knowledge and skills necessary for the labor market, and the hesitation of employers
to hire and invest in inexperienced people. Finally, the governments of Third Coun-
tries are recommended to strengthen the legislation regarding working illegally, to
create groups having the function to detect the employees and enterprises involved
in informal labor relations, to take into consideration the experience of other coun-
tries and disseminate educational messages to young people inciting them to con-
stantly learns and to entrepreneurs inciting them to hire the representatives of youth.

Keywords: active employment,
youth unemployment,

labor market, third countries,
data modeling

Introduction

In the modern world with the swift pace of development, the problem of unemployment
remains actual. The labor market plays a vital role as it has the role of an extremely complex
distribution system that ensures the connection of employees to jobs. Thus, it influences produc-
tivity, growth rates, and many other parameters of the economy. The unemployment rate is an
important indicator of a country's level of economic development as it reflects the ratio of unem-
ployed citizens in society and those who have permanent jobs [10; p.34-60]. Employment not
only affects a person's material state but also determines his or her mental, moral, and social
status, role in society, and future [8; p.117-129]. Youth is the future of any society and therefore,
youth unemployment has the most difficult and threatening consequences for further develop-
ment. The issues of youth employment and youth unemployment are particularly relevant in con-
nection with the post-industrial development of society and the formation of the information so-
ciety as a new historical phase of civilization development.

Y outh unemployment is a social and economic phenomenon in which able-bodied youth are
looking for work and are ready to start working, but they cannot exercise their right to work and
as a result, are deprived of income and livelihood [6; p.199-234]. Nowadays, the high unemploy-
ment rate among young people is an undeniable fact. Unemployment itself is not only an indicator
of economic instability in the country but also one of the most acute socio-economic problems of
our time [8; p.117-129]. Young specialists are not able to fully appreciate their skills, abilities,
and flair and therefore, they overestimate their suitability for the labor market. It is also difficult
for them to start their way of formation because all enterprises have different attitudes towards
hiring without work experience.

Young people entering the labor market for the first time, without a profession or suffi-
cient experience, are generally regarded as a socially vulnerable group in all countries of the
world [4; p.48-49]. Some employers consider hiring an inexperienced professional as a waste of
time taking into consideration the additional time spent on training. They believe that it is more likely
to increase productivity over this period with the help of experienced professionals [10; p.34-60]. On
the other hand, certain people see the benefits of hiring such specialists. Young employees are less
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resistant to innovation and they are characterized by a longer period of forthcoming ability to work
which can be a significant factor for organizations that implement a particular strategy [8; p.117-129].

The scrutiny of the unemployment rates amongst youth in Third Countries in the recent five
years shows the increase. In 2015, 2016, and 2017 the indicators of youth unemployment rates were
very similar and constituted 13,31 %, 13,41 %, and 13,34 % respectively [9; p.427-432]. However,
in 2018 and 2019 the rate went up and became 13,75 % and 14.23 % respectively [9; p.427-432].

Youth unemployment in Third Countries is a problem that affects not only one cohort but
the whole population. Indeed, when representatives of youth have difficulties to find a job it
affects the whole family. For instance, if a young gentleman or lady is unable to find a job all the
members of the family become concerned. In certain cases, the situation is even more serious if
a family is poor and a young person or a young lady who is not able to find a job is a breadwinner.
As a consequence, the wellbeing of whole families can depend on the ability of young people to
become employed.

It should be also underlined that youth is always regarded as the future of every nation and
the inability of young people to find jobs puts under doubt their perspectives. As a consequence,
the futile efforts of getting a proper job entail impairment of their self-esteem. Moreover, when
young people have problems with finding a job they can become stressed and unhappy.

Apart from this, it is essential to realize the long-term effect of youth unemployment in
Third Countries. The inability of young people to become employed entails the decrease in their
incomes during their lives since the periods of unemployment negatively affects one's careers.
What is more, such an inability increases the probability that they will be only temporarily em-
ployed in the future. It can be also emphasized that the impossibility to find a proper job also
leads to the alteration of preferences of young people. To be more specific, when they are unable
to become employed for a certain period of time the necessity forces them to agree to obtain jobs
that are lower than their qualification. As a consequence, it entails the reduction of the time of
fixed-term contracts and gradual increase in fixed-term employment.

Methodology

The main objective of this paper is to scrutinize the issue of unemployment among youth
and suggest measures which need to be taken in order to solve the problem. In order to carry it
out, the qualitative methods of the case study and in-depth interviews will be applied. More pre-
cisely, the issue of youth unemployment will be deeply analyzed. Both primary and secondary
resources will be utilized in order to achieve the purpose of the research. More specifically, peer-
reviewed academic articles taken from online databases and decrees of the president and the ca-
binet of ministers will be used. Additionally, it would be pertinent to mention that interviews
have been conducted with the participation of employees of the employment centers of various
Third Countries. These interviews have been conducted in personal meetings and with the help
of Skype. Interviewees were asked about their opinion concerning the youth unemployment in
their countries, the activity of employment centers, and the legislative framework regarding un-
employment. Moreover, they were also asked to share their opinion regarding the disadvantages
of the current employment system and suggest measures that can be helpful to improve the current
situation and decrease the level of youth unemployment. The data obtained from these interviews
have been analyzed via the method of coding or indexing. This method is useful for underlying
the most significant parts of interviews and conceptualizing the data.

Results and Findings

The survey and interview were conducted to find the exact reasons of youth unemployment
from the perspectives of individuals. Almost 1000 individuals participated surveys and inter-
views.
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Gender

Number of people

Graph 1.

According to Graph 1, it can be observed that for keeping gender balance, the number of males
and females are equal, because in this article, we always tried to reduce all the risks, which can affect
the course of research.

Root causes of Youth Unemployment

15%

Graph 2.

In Graph 2, the answers of individuals are displayed. If we pay attention to the graph, we can
pretend that majority of individuals see the main reason of youth unemployment on the attitude of
youth towards work opportunities as 47 %, then from the perspective of survey and interview takers,
the second root cause display itself on lack of youths' knowledge and skills necessary for the labor
market as 25 %. The last reason is hesitation of employers to hire and invest in inexperienced people,
and this cause got 19 % out of 100 %. Also, there are types of answers that were given by individuals,
however those answers did not get more percent, therefore all were collected under category of other.

Problem Description

The aim of this chapter is to investigate and reveal the reasons that have caused unemployment
amongst the youth of Third Countries. According to the analysis of scholarly articles and the results
of the conducted interviews, the main causes of high unemployment among young professionals are
the attitude of youth, the lack of knowledge and skills necessary for the labor market, hesitation to
hire and invest in inexperienced people:
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The attitude of youth towards work opportunities

One of the causes of the unemployment of youth is their attitude towards their employment
opportunities. Certain young people have high expectations from employers, and as a result, their
requirements are also high. To be more specific, even though such young people do not have a nec-
essary level of competency they still want to get high salaries. They are not satisfied with the jobs
that are suggested to them by employment centers in accordance with their skills. Indeed, the majority
of young people want only a job in the office and did not want to work as a salesperson or a waiter.
Additionally, young people are impatient in terms of career promotions and want to climb the career
ladder quickly. They are driven by the idea of big promotions and high salaries, but they do not want
to work hard and acquire new skills to get the desired positions and salaries.

In addition, the high percentage of youth unemployment in Third Countries is caused by the in-
volvement of young people in informal labor relations. It is indicated that the real number of unem-
ployed representatives of youth is less in comparison with official statistics taking into account that
certain young people prefer to work without a labor contract. For instance, it is quite popular to have a
job as a waiter without any contract in a restaurant or a tea house. As a consequence of such informal
employment activities, they are automatically deprived of the benefits of the social protection system
of governments of Third Countries. To be more specific, there are no deductions from their salary di-
rected to form their pension and no insurance in the case of accidents that can occur at the workplace.

Lack of youths' knowledge and skills necessary for the labor market

One of the main causes of youth unemployment is the lack of knowledge about the labor market.
This cause is especially relevant for young people coming from poor families. Many young people
lack knowledge regarding the modern labor market which, in turn, does not allow them to draw the
right conclusions for building their own careers. Indeed, the most of schools of Third Countries do
not prepare students properly for the choice of realistic career paths. To be more specific, in educa-
tional centers, young people do not obtain information about the most appropriate ways to develop
their careers. Moreover, the students of Third Countries are not provided with information that they
can be self-employed or be involved in entrepreneurial activities.

The other cause is the lack of skills needed in existing job positions. Many of those who have
obtained education often have only theoretical knowledge, which makes them ill-adapted to the actual
tasks that they will face at work. This is partly due to school curricula and weak links between em-
ployers and training systems. Moreover, the majority of young people fail to prove themselves during
interviews. For instance, most of them are not even able to present information about themselves in
a proper and systematic way. It can be also underscored that young people lack specific modern skills
highly appreciated by employers such as collaboration, communication, critical thinking, creativity,
and emphasis on the needs of the enterprise. Additionally, it should be born in mind that the modern
labor market constantly changes. Skills that were actual and significant a couple of years ago can be
unnecessary due to the development of technologies. Therefore, employers want to hire people who
have all the significant skills that are actual at the moment.

Hesitation of employers to hire and invest in inexperienced people

The next reason for the youth unemployment emphasized by all the authors is the reluctance of
employers to hire young and inexperienced people. In the interviews, almost all employers of Third
Countries want everything "right here and right now" and therefore, they are more likely to opt for
experienced specialists instead of hiring young people and turn them into competent specialists. Thus,
it would pertinent to deeply analyze why employers hesitate to hire young employees in order to
understand their position. One of the major causes why employers are predetermined to opt for expe-
rienced employees is that it is costly to hire young people. There are no problems with experienced
employees as their resumes contain their skills, service record, and achievements. However, candi-
dates without experience can only be judged based on their personal competences. Hence, companies

66 A.J.Safarli, R.Sh.Abdullayev



Elmi osorlor — Proceedings — Yuensie 3ammcku, Nel, 2023, 63-68 ISSN 1815-1779

Igtisadiyyat — Economics — DxoHOMHUKa

are forced to conduct multi-stage interviews, games, and tests, as well as organize mass advertising
campaigns and job fairs in order to find candidates that are appropriate to an acceptable extent. This
requires considerable investment and the return is hardly guaranteed to take into consideration that
companies rarely manage to retain young employees for more than one or two years. The represent-
atives of youth require special attention to themselves and they want not only to work but also to have
fun at work. Moreover, they also want to have a free schedule, but employers are not ready to satisfy
all these caprices.

Moreover, inexperienced young people are not hired due to the unwillingness of employers to
face the consequences of their mistakes. Any blunder of young employees can be costly for companies
taking into consideration that they risk lose customers and lose rivalry with competitors. Moreover, it
can take time to improve the mistake at stake which, in turn, can cause losses. Therefore, employers
prefer to employ those who will be less likely to make mistakes. As a consequence, there is a paradox-
ical situation: employers want to have experienced employees, but young people who graduated from
schools or universities cannot find enterprises when they can get the necessary experience.

Besides, employers also do not want to teach young and inexperienced employees. Indeed, they
prefer the employees who are familiar with the activity of the company. For instance, if there is a
store that specializes in selling bicycles the owner will need an employee who has experience in
selling bicycles. Only a person with previous experience will be able to explain to customers the
difference between two bicycles and duly consult them. Companies are not ready to invest in someone
who cannot show results immediately [9; p.427-432]. The main reason for that is a characteristic
feature which is peculiar to a majority of Third Countries’ entrepreneurs, namely unwillingness to
make long-term investments. To be more specific, they are either impatient or simply do not realize
that a long-term approach can be more beneficial for the as the returns will be higher. For instance,
hiring young employees and investments made in his education or skills development will turn him
or her into a competent specialist which can make an immense contribution to the development of a
company in the future.

Conclusion

To sum up, it can be inferred that unwillingness to invest in young people, hesitation to hire
inexperience people, the lack of knowledge about the labor market, the attitude of youth, the lack of
necessary skills, and the involvement of youth in the informal labor market are the main reasons for
youth employment in Third Countries. Apart from this, it is essential to emphasize that in spite of the
existence of both legislative framework and institutions, the current policies are not effective enough
to address the issue of youth unemployment and reduce its level.
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UCUNCU OLKO VOTONDASLARININ BAXIS BUCAGINA 9SASON
GONCLORIN iSSIZLiYININ OSAS SOBOBLORININ ARASDIRILMASI

A.C.Soforli, R.S.Abdullayev
Azarbaycan Texniki Universiteti

Xiilasa. Bu todqiqat iiciincii 6lkolordo gonclorin igsizliyi problemini arasdirir. Bu problem tokco gonclorin hoyatina
deyil, ticlincii Olkolorin biitiin iqtisadiyyatina monfi tosir gostorir. Bu todqiqatda istifado olunan metodlar dorin
miisahibolor vo niimuns tadgiqat metodudur. Umumilikde moalum olub ki, iigiincii 6lkalordo gonclor arasinda issizliyin
osas sobablori gonclorin mosgulluq imkanlarma miinasibati, gonclorin omok bazari ii¢iin tolob olunan bilik vo
bacariglarinin olmamasi, igegdtiironlorin igo gdtliirmok vo tacriibssiz insanlara.investisiya qoymaq istomomasidir. Son
olaraq, liglincii 6lkalorin hokumatlorine geyri-leqal islomos ilo bagli qanunvericiliyi giliclondirmoak, geyri-rosmi amoak
miinasibatlorina calb edilmis is¢ilori vo miiassisalori agkar etmoak funksiyasina malik qruplar yaratmagq, digoer 6lkslarin
tocriibasini nozora almaq vo gonclori daim dyronmayo, sahibkarlara iso gonclorin niimayondslorini iso gétiirmoys sévq
edon maariflondirici mesajlar yaymaq tovsiye olunur.

Acar sozlar: aktiv masgulluq, ganclorin issizliyi, amak bazari, iigiincii 6lkalar, verilonlarin modellasdirilmasi.

MN3YYEHHUE KOPEHHbIX IPUYUH BE3PABOTHUIBI MOJIOJEXH
C TOYKHU 3PEHMSA I'PAKJIAH TPETbUX CTPAH

A A JIxk.Cadapan, P.II.AGnyi1aeB
A3epbatiOdncancKull mexHUYecKull yHUGepCumem

Pe3tome. Hacrosiee nccnenoBanue paccMaTpuBaeT npoodiieMy 0e3paboTHIIBI Cpein MOJIOJICKH B TPETEUX CTpaHax.
Ota nnpobieMa OKa3bIBaeT HETATUBHOE BIIMSIHUE HE TOJIBKO HA )KU3HB MOJIOJIC)KH, HO M Ha BCIO 9KOHOMHKY TPETHHX CTPaH.
MeTombl, KOTOPBIE HCIIOIb30BAJIKMCH B STOM UCCIICIOBAHUH, - 9TO ITyOHHHBIC HHTEPBBIO M METOJ Kelic-cTaau. B nenom
OBLJIO YCTaHOBIICHO, YTO OCHOBHBIMU IPHYHHAME 0€3pabOTHIIBI CPEIN MOJIOACKH B TPETBHX CTPAHAaX SIBISAIOTCS OTHOLLE-
HHE MOJIOJIC)KH K BO3MOXKHOCTSIM TPYAOYCTPOWCTBA, OTCYTCTBUE Y MOJIOACKH 3HAHUH M HABBIKOB, HEOOXOMUMBIX IS
PBIHKA TPYJa, a TaKXKe He)KelTaHHe paboTonaTeneil HAHUMAaTh M HHBECTUPOBATh B HEOIBITHHIX Jitoau. Hakonen, npaBu-
TEIBCTBAM TPETbHUX CTPAH PEKOMEHIYETCS YCHIHTh 3aKOHOJATENILCTBO B OTHOLICHHM HeJeranbHOH paboThl, CO3IaTh
TPYIIIBI, UMEFOLIHe (YHKIHIO BBIABICHNS paOOTHUKOB U MPEINPUSATHH, BOBICYCHHBIX B HehOpMabHbEIE TPYAOBEIE OT-
HOIICHHSI, YUYUTBIBATH OIBIT JPYTUX CTPAH U PACHPOCTPAHATH 00pa30BaTENbHBIC COOOIICHHUS CPEAN MOJIOJCIKH. JIFO/H,
NOZCTPEKAIOIIUE UX K MOCTOSIHHOMY O0YYEHHIO, U TPEeIIIPUHUMATEIH, MTOJICTPEKAIONINE X HAHUMATh MPECTaBUTENCH
MoJonexu. HakoHer, mpaBUTENbECTBAM TPETHUX CTPaH PEKOMEHIYETCS Y)KECTOYHTh 3aKOHOAATEIHCTBO B OTHOIICHUU
HeJleraJIbHOM paboThl,CcO3/aBaTh TPYIIbI, UMEIONINE (DYHKIUIO BBISIBICHUS! PAOOTHUKOB U NMPEAIPUSTHH, BOBICYEHHBIX
B He(hOpMaJIbHBIC TPYIOBBIE OTHOILICHHUS, YUUTHIBATh OIIBIT JPYTHX CTPaH M PaCIpOCTPaHsATh 00pa3oBaTeIbHbIE COO0IIe-
HUSI CpeIy MOJIOJIBIX JIFOJIeH, TOOYKaast X MOCTOSHHO YUUTHCS, M CPEIH MpeIIpUHUMATENeH, ToOYKaas NX HaHUMAaTh
MIPEACTaBUTEINICH MOJIO/IEXKH.

Knrouesvie cnosa: axmusnas 3anamocms, 6e3pabomuya cpedu MOI00eNHCU, PLIHOK mpyod, mpemvu CIpaHbl, Moode-
UPOBAHUE OAHHDBIX.

Daxil olub: 27.02.2022
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METILTSIKLOHEKSANIN METILTSIKLOHEKSADIENO OKSIiDLOSDIRICI
DEHIDROGENLOSMOSI PROSESININ RiYAZI MODELININ YARADILMASI VO
PRINSIPIAL TEXNOLOJi SXEMIN TORTIBATI

A.M.9liyev, 9.1.Karimov, A.R.Safarov, V.M.Yar1yev, X.A.Oliyeva
Azarbaycan Respublikast Elm va Tahsil Nazirliyi
akademik M.F.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu
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Xiilasa. Modifikasiya olunmus aktiv metalseolit katalizatoru {izorindo metiltsik-
loheksanin metiltsikloheksadiens selektiv oksidlosdirici dehidrogenlosdirma prose-
sinin kinetik modeli asasinda reaktor tipinin se¢imi vo noazori optimallagdiriimasi
aparilmigdir. Miloyyon olunmusdur ki, baxilan prosesi ideal sixigdirma tipli reaktor-
da aparilmasi daha magsadsuygundur. Prosesin nazari optimallagdirilmasi naticasin-
do optimal texnoloji rejimlori toyin olunmusdur. Reaktor elementinin verilmis moh-
suldarliga géro optimal konstruktiv dlgiilori hesablanmisdir. Istilik effektlorini vo
tozyiq diiskiisinii nozors alaraq prosesin tam riyazi modeli vo prinsipial texnoloji
sxemi tortib olunmusdur.

Acar sozlar: metiltsikloheksan,
metiltsikloheksadien, seolit
katalizatoru, riyazi model,
prinsipial texnoloji sxem

Giris

Hazirda metiltsikloheksanin dehidrogenlogdirilmasi prosesi mévcud deyil va iizvi maye hidri-
din katalitik dehidrogenlogmosino dair todqiqatlar otrafli aragdirilmamisdir. Asagi temperaturda vo
atmosfer tozyiq altinda yiiksok stabilliys, katalitik aktivliys vo mohsul seciciliyino malik dehidrogen-
losdirmo katalizatorlarinin islonib hazirlanmasi metiltsikloheksanin dehidrogenlosma prosesinin so-
nayelogdirilmasinin asas mosalosidir [1]. Sintetik reaktiv yanacaqglarin inkisafinda miihiim tendensiya
onlarin sintezindo doymamus siklik karbohidrogenlorin istifadesidir. Bu baximdan metilsikloheksanin
oksidlasdirici dehidrogenlasdirilmasi yolu ils qiymatli mohsulun - metilsikloheksadien-1,3-iin sintezi
miihiim nazoari vo praktiki shomiyyato malikdir [2]. Bu birlogsmonin alinmasi ii¢lin sonaye tisullarinin
miioyyan catismazliqlarini nozors alaraq, M.F.Nagiyev adina Kataliz vo Qeyri-iizvi Kimya Institu-
tunda metilsikloheksanin metilsikloheksadiens oksidlosdirici dehidrogenlogsmasi ticiin effektiv seolit
katalizatoru islonib hazirlanmisdir. Miioyyon edilmisdir ki, tarkibinda 0,5% Co?* v2 0,25% Cr** olan
tobii klinoptilolit bu reaksiyada nisbaton yiiksok aktivlik gostorir [3,4]. Bu katalizatorda prosesin ki-
netik ganunauygunluglar1 dyronilmis vo onlarin asasinda nazari cohatdon asaslandirilmig kinetik mo-
deli islonib hazirlanmigdir [4].

Real aparatlarda kimyovi reaksiya fiziki proseslorlo miisayiot olunur vo hidrodinamika, istilik
va kiitlo miibadilasi proseslori ilo sortlonir. Belolikloa, reaksiyanin kimyavi kinetikasi real prosesi tam
sokildo oks etdirmir. Buna gora do, gdstorilon prosesi sonaye miqyasinda reallagdirilmasi {i¢lin onun
riyazi modeli tortib olunmagqla makrokinetik faktorlar nozoro alinmalidir.

Toqdim olunan moqalods asas mogsad baxilan prosesin optimal lahiyslondirilmosi mosalosinin
halli ilo baglidir. Bu da 6z ndvbosinds kinetik model osasinda reaktor tipinin se¢ilmosini, nozari opti-
mallagdirilmasinin aparilmasini, reaktor elementinin verilmis mohsuldarliga uygun olaraq optimal
konstruktiv dl¢iilorinin hesablanmasini vo prosesin tam riyazi modelinin yaradilmasini nozords tutur.

Reaktorun optimal tipinin secilmasi

Baxilan proses ligiin optimal reaktor tipinin se¢ilmasi, onun kinetik modeli asasinda miixtolif
reaktorlarda verilmis ¢evrilmoa doracasini aldo etmak iiclin lazim olan hacmlori miiqayiss etmoklo
aparilmisdir. Ideal rektorlarin iki névii moéveuddur, ideal qarisdirma vo ideal sixisdirma tipli reaktor-
lar [5; s. 88-133]. Prosesin gedisi mohz bu iki tip reaktorda todqiq edilmisdir.
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Modifikasiya olunmus seolitlor iizorindo metiltsikloheksanin metiltsikloheksadiens oksidlosdi-
rici dehidrogenlosmo prosesinin kinetik modelini ideal sixigdirma tipli reaktor iiclin asagidaki kimi
yazmagq olar:

2
kupcm,4 kllpC7H,4 kupcm14
- + +4f ———+1
dA, kao2 kao2 ki,
7 N fufcn,
d G, 2(k11Pc7H,4 +1J
1’127"“4 k12

2

2
kP kP, k,P kP k.P
_ Eal e RN A ey (Kb, | 4 Ksfom,
L — kSPC7HM klPOz kZPO'_; 1 k1Po2 kZPOZ k4
d G 2@
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5 2
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(1 +K,P, +{K,P, +K,P. +K,P, + K.P; +K6P2)Z (1+K1P1 +4K,P, +K,P, +K,P, + K.P; +K6P2)Z

Burada P =P. , P,=P, , Py=P.y , P,=P.y , Ps=P.y, P,=H,0; A1, Az, A3 vo A4

indeksloro miivafiq olaraq C7Hi2, C7Hi0, C7Hs vo COz-un ¢iximlaridir. Komponentlorin parsial

tozyiqlori asagidaki diisturla hesablanir:

pP-——4i p 2)

i zni

Burada P; — i-komponentin parsial tozyiqi, atm; P — sistemin iimumi tozyiqi (1 atm).
Hor iki tip reaktor {ig¢iin material balans1 asagidaki kimidir:

nC7H14 :nOC7Hl4 _(Aln(()Z7Hl4 _A2nOC7Hl4 _A3n(()I7H14 _A4n(()I7H14)/100;

nH20 :(AanC7H14 +A2n(():7H14 +A3n0C7H14 +5A4n0C6H12)/100;

no, :ng2 —(%Aln(()j7H14 —%Azng7Hl4 —10.5A4ng7Hl4)/100; 3)
nC7H12 =A1n0C7H14/100; Ney, :A2n0C7H14/100;

ey, =A3ng7Hl4/1oo; neo, =7A 4ng7Hl4/1oo.
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Ideal qarigdirma tipli reaktor {igiin iso prosesin kinetik modeli (1) cabri forma soklinds ifads olun-
musgdur. Proses gostorilon kinetik modellor asasinda miixtolif texnoloji rejimlorda: T = 320-400°C, hocmi
siiratin V = 1000-3000 saat™!, oksigenin parsial tozyiqinin P, =0.04-0.20 atm vo metiltsiklohek-

sanin parsial tozyiqinin P. , =0.06—0.25 atm giymsatlorinds personal kompiiter vasitosilo har iki

tip reaktor ii¢lin tadqiq edilmisdir. Misal {i¢iin 380°C temperaturda metiltsikloheksan vo oksigenin
ng7Hl4 +n002= (0.00902:0.02706) + (0.01129:0.03386) mol/saat molyar nisbatlorinin intervalinda

aparilan tadqiqatlarin noticalori gostorilmisdir ki, sixisdirma reaktorda biitiin ¢evrilma doracalari tiglin
reaksiya hocminin istifado omsali qarigdirma reaktorundan daha ¢oxdur. Cevrilmo doracasinin 35%-
dan 50%-a qadar artmasi tadqiq olunan reaktorlarin hacmlarinin nisbetlori Viq/Vis. 1.23-don 1.45-3
godor yiiksoaldir. Analoji noticalor basga texnoloji rejimlordo do miisahids olunur. Homginin, kinetik
model asasinda tadqiqatlar gostordi ki, ¢cevrilmo doracasinin artmasi ilo qarigdirma reaktorunda mag-
sadli mohsulun selektivliyi sixigdirma reaktorundan daha azdir. Beloliklo, kinetik modellor osasinda
aparilan tadqiqatlar naticasinds miioyyen edilmisdir ki, metiltsikloheksanin metiltsikloheksadiens ok-
sidlogdirici dehidrogenlogsma prosesi ii¢iin optimal reaktor ideal sixisdirma tipli reaktordur.

Prosesinin nazari optimallasdirilmasi

Maogsadli mahsul — metiltsikloheksadiena goro, katalizatorun maksimal mohsuldarligini tomin
etmak liciin prosesin kinetik tonlik asasinda nazori optimallagdirilmasi aparilmigdir. Nozari optimal-
lagdirilmas1 noticesinda prosesin optimal texnoloji rejimlori miloyyon edilmisdir. Metiltsikloheksa-
diens goro mohsuldarlig1 asagidak: diisturla toyin etmok olar:

G al
qC6H7CH3 - f(T’ ngéHIICH3’e’ o B J (4)

C¢H,CH;

Burada dcgH,CH; — katalizatorun metiltsikloheksadiens géro mohsuldarligi, qr/(saat qrka); T —

G
reaktorun temperaturu, °C; ——-

Ne y, cH,

— kontakt miiddoti, (qra: saat)/mol; 6 — metilsikloheksanin

oksigeno olan mol nisbati, vahidsiz 6l¢ii; n? — metilsikloheksanin ilkin qiymati, mol/saat.

Yaradilmis kinetik model [4] osasinda katalizatorun maksimum mohsuldarligin1 tomin edon
rejim parametrlorinin  toyini moqsadilo mogsadli funksiyam1 (optimallagdirilma kriteriyasini)
asagidaki kimi gostormok olar:

G,
max(qC6H7CH3) :f£T>n(()36H”CH3’e’ 0 = J ®)

CgH;,CH;

Texnoloji sortloro goro, parametrlorin toyini zamani agsagidaki mohdudiyyatlor nozoro alinmisdir:

320°C < T <400°C
70 < OG# <200
1’lCGH”CH_a,
0.01<n¢y oy <0.05
0.5<0<2.0
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Maosolo prosesin kinetik modelin vo material balansin osasinda holl olunmusdur. Burada
movecud mohdudiyyatlori nozors alaraq, kinetik model asasinda (1) katalizatorun mohsuldarligi hor
bir variant {i¢iin asagidaki diisturla hesablanmigdir:

0
Xne e, Meucn, (6)
Gkat

burada M y; oy, — metiltsikloheksadienin molekulyar ¢okisi.

Qoyulmus mosalo «Matlab» program sisteminda [6, 5.556-559] Nelder-Mid axtaris tisulundan
istifado etmoklo [7] hall edilmisdir vo asagidaki naticolor alinmigdir: T=380°C; ngsH”CHs =0.024

mol/saat; 0=0.9; OG¢

CeH, CH,

=150(qrkas saat)/mol. Bu sortlor naticasinda katalizatorun mohsuldarlig

degn,cn, =0.250  qr/(qreae  saat), metilsikloheksana  gbro  gevrilmo  doracesi  X=50%,

metilsikloheksadienin ¢iximi isa 15% olmusdur.

Prosesin tam riyazi modelin tartib olunmasi

Sonaye miqyasinda prosesi miisayiot edon temperatur vo qatiliq qradiyentlori, kiitlo va istilik
oOtiirtilmasi kinetik modeldo nozors alinmir. Buna gora do, yalniz kinetik modellor osasinda nozori
optimallagdirma ils alinan mohsullarin ¢iximlari sorti olaraq maksimal qobul olunur. Bu morholoda
axinlarin paylanmasinin daha doqiq tosvirini oldo etmok {i¢iin kinetik tonliklors istilik balans tonliklori
va tazyiq diiskiislinli nazars alan tonliklor slava olunaraq prosesin tam riyazi modeli hazirlanmigdir.

Reaktorun ¢ixisinda metilsikloheksadienin Q = 2000 kqg/saat kiitlo siirotino nail olmagq ii¢lin
katalizatorun ~ hacminin  qiymetini  katalizatorun ~ maksimum  mohsuldarlifina  asason

(q =0.250 d j asagidaki diisturla toyin etmisik:
qr,, saat
Vi, = Q Losw
q ’ pkat

burada pxat — katalizatorun sixlig1, pka= 850 kg/m’.

Toyin olunmus katalizator kiitlosini hiindiirliiyti H = 4.4 vo diametri D = 1.7 m olan silindrik
reaktorda torponmoz lay soklinds yerlosdirmok olar.

Istilik balans tonliyino kimyovi reaksiyalarm istilik effektlori vo homginin, reaktorun divarlari
vasitosilo otraf miihito istilik itkilori daxil olunmusdur. Bu tonliyi asagidaki kimi géstormok olar:

3 AH ..
dr ;rj Y ooT-T)

deat inicpi Zn:nicpi
i=I i=1

(7)

burada rj — reaksiya mohsullarinin amals golms siiratlori, mol/(kgxarsaat); AHRJ- — j-reaksiyasinin

istilik effekti, kDj/mol; C; (i zl,_k) — miivafiq indekslors uygun olan prosesin komponentlarinin

istilik tutumlarinin qiymatlori, Dj/(mol-K); a — istilik ke¢irmo omsali, Dj/(K-kqkarsaat); Tx — otraf
mihitin temperaturu, K; T — qaz qarisigin temperaturu, K; Gia — katalizatorun miqdari, kg; m —
reaksiyalarin imumi say1; nj — i-komponentin mol siirati, mol/saat.

Asagida standart gortlor liclin metiltsikloheksanin metiltsikloheksadiens oksidlosdirici dehidro-
genlosmasinin termokimyavi tonliklori gdstarilib [8, s. 95-99]:
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C,H,, +0.50, —1—>C.H,, +H,0 AH, =-12.851 kkal/mol
C,H,, +0.50,—>C,H,+2H,0  AH, =-70.533 kkal/mol
C,H, +1.50, ——C.H, +3H,0 AH, =-124.421 kkal/mol
C,H,, +10.50, —57C0, +7H,0  AH, =-1030.994 kkal/mol
C,H,, +100, ——7CO, + 6H,0 AH, =-1013.123 kkal/mol
C,H,, +9.50, —=57C0, +5H,0  AH, =-955.442 kkal/mol

Istilik balans tonliyini holl etmok iiciin hor bir reaksiyanin istilik effektinin AHRj temperaturdan

asililiglarini miioyyon etmok lazimdir [8; s. 105-107, 9; s. 77-81]:
1) komponentlarin izobarik istilik tutumu ii¢iin:
C,=a,+bT+cT’+dT’

2) sistemin izobarik istilik tutumunun doyisikliyi {i¢iin:

i i

AC, =Aa; + AbjT + chT2 + AdjT3 = [Zv;amh - Zviai“‘] +
+ [z Vbt — Zvib:"‘ jT + (Z Ve — ZVic;"‘ )Tz + (Z vt — Zvidi"‘ jT3
3) j-reaksiyasinin standart istiliyi:
AHz%j = (ZV;AH?;; - ZViAHizlng
i i j
4) j-reaksiyasinin istiliyin doyigmasi:

T Abj ) 2) ch( 3 3)
AH,, = J.AijdT+AH298j:Aaj(T—298)+7(T -298° )+ —4{T° - 298°)+

298

Ad.
+ TJ(T“ —298* )+ AH,y,

vo homginin standart omologolma istiliklorinin qiymotlori AH ; vo istilik tutumlarmnin empirik om-
sallar1 vasitasilo prosesds istirak edon biitiin reaksiyalar {igiin onlarin stexiometrik sxemlorino uygun
olaraq istilik effektlorinin AHg; temperaturdan asililiglart miioyyon edilmigdir. Burada v; vo Vi‘ -
ilkin maddslorin vo reaksiyanin mohsullarinin i-komponentinin stexiometrik omasallari; AH%%‘,
AHg}eh — ilkin maddalarin va reaksiyanin mohsullarinin i-komponentinin standart amalogolma isti-
liklori; AHg; - Jj-reaksiyasinin istilik effekti; AH 0~ Jj-reaksiyasinin standart istilik effekti.

Katalizatorun kiitlosini onun sixligi, reaktorun diametri vo uzunlugu ilo ifads etsok, istilik
balans tonliyini asagidaki kimi gostormok olar:

Ny dT _
.nDz dl
Py 4 -

3 AH..
2y o)

: 3
niCpi ZniCpi
i=1
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Aj—i-mohsulun ¢iximi, %; prat — katalizatorun sixligi; 1 — reaktorun uzunlugu; D — reaktorun diametri;
1j — j-reaksiyanin siirati.

Reagentlorin axin tipli reaktorlardan kegmasi tozyiq itkilori ilo miisayioat olunur. Baxilan proses
atmosfer tozyiqindo aparilir. Burada tozyiq itkisi elodo ¢ox olmasa da, reaktorun uzunlugu boyunca
reaksiya mohsullarinin moahsuldarliginin daha diizgiin vo doqiq paylanmasini alds etmak ti¢lin tozyiq
digkiisiinii nozors almaq lazimdir.

Heterogen katalitik proseslar ii¢ilin tozyiq diiskiisiiniin hesablanmasi {igiin Erqunun toklif etdiyi
hesablama tonliyi istifado olunur [5; s.127-128, 10; s. 246-249], bu da katalizator layinda bas veron
miigavimat barade miixtalif miialliflorin tocriibi eksperimental qiymatlarini yaxsi tasvir edir vo todqiq
olunan prosesin reaktorunun uzunlugu boyunca tozyiq itkisini hesablamagq ti¢iin istifads edilo bilor:

2 —
d_Pz_[@+l75j pra3u0(13 8)’ (9)
dl Re d ge
dppra3u0

burada Re — Reynolds kriteriyasidir, ﬁ ; D — reaktorun diametri, m; pqaz — qazin sixhigi, kg/m?;
ul—¢

g — sarbastdiismos tocili, m/san?; ug — xatti siirot, m/san; dp — hissaciklarin ekvivalent diametri, M ; €

— mosamalilik, vahidsiz; p—qazin 6zliililyli, kg/m -san); / — reaktorun uzunlugu, m.
Metiltsikloheksanin metiltsikloheksadiena oksidlogdirici dehidrogenlosmasi prosesinin kinetik
tonliklori, istilik balans ve tozyiq diiskiisiinii nazars alan tonliklor prosesin tam riyazi modelini togkil edir:

n? % _ 2
D’ dl C,H, ~ ‘o,
Prat 'T
n, dA, _1 3
D’ dl C,H, ~ ‘co,
kat © 5
4
n? dA,
aD® dl ™
Prat 4 (10)
n} dA
]7tD2 d14 = réo + rczo2 +1“éo
kat ~
4
dap {E& %)pmﬁﬁ—@
dl Re dpgg3

irjAHRj
j=1 (

N, dT_ 4 _ofT-T,)

D2 E - n n
Py T[T znicpi ;nicpi

i=1

burada réoz , réoz , réoz— karbon dioksidin metilsikloheksandan (C7Hi4), metilsikloheksendon

C7H12) vo metilsikloheksadiendon (C7Hio) amalo golmo siiratlori; rh. , 1., , r.. — metil-
g C7H12 C7HIO C7H8

sikloheksenin, metilsikloheksadienin vo toluolun amols golms siiratlori.
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Prosesin prinsipial texnoloji sxemi

Secilmis optimal reaktor tipi vo toyin edilmis optimal texnoloji rejim asasinda metiltsiklohek-
sanin metiltsikloheksadiena oksidlagdirici dehidrogenlosma prosesi tiglin asagidaki gdstarilmis prin-
sipial texnoloji sxemi toklif olunmusdur (sokil).

COwN:
A

7
CeHuCHy E i:

=

INMIICIRIRIRIOIL

Metiltsikloheksadienin alinmasi prosesinin prinsipial texnoloji sxemi.
1 — quzdiricy; 2, 6, 10 — istilikdayisdiricilor; 3 — buxarlandirici kalon;
4, 11 — qaynadicilar (reboyler); 5 — reaktor; 7 — separator; 8, 12, 13 — nasoslar;
9 — rektifikasiya kalonu; 14 — hazir mohsul ¢oni; 15 — alave moahsul ¢oni.

Sokildon goriindilyii kimi xammal — metiltsikloheksan buxarlandirict kalonda (3) buxar halina
kecarak cixigda yerlason istilikdayisdiriciys gondarilir (2), daha sonra qizdiricida (1) qizdirilmis ok-
sigen vo azotla qarisaraq CoCr metallar1 ilo modifikasiya olunmus seolit katalizatorlarinin yerlosdiyi
reaktora (5) daxil olur, reaktorun c¢ixisinda yenidon istilikdoyisdiricidon (6) kecorok separatora (7)
daxil olur, alman karbon qazi vo dasiyict azot separatorun yuxari hissesinden ¢ixir, separatorun
asagisindan ¢ixan mohsul fraksiyalara ayrilmagq ti¢lin nasos vasitasi ilo rektifikasiya kalonuna (9) ve-
rilir. Rektifikasiya kalonunun yuxarisindan ¢ixan, reaksiyaya daxil olmayan vo diger mohsullara nis-
boton daha asag1 qaynama temperaturuna malik metiltsikloheksan (101.1°C) istilikdayisdiricidon (10)
kegarak yenidon prosesin avvalina qaytarilir, metiltsikloheksanin bir hissasi ise soyuq suvarma kimi
rektifikasiya kalonuna qaytarilir. Kalonun orta hissosindon ayrilan metiltsikloheksen vo toluol bir-
birino yaxin qaynama temperaturuna malik olduqlar1 ti¢lin (toluol — 110.6°C, metilsikloheksen —
110.3°C) sonraki1 proseslords ayrilmagq ii¢lin slave mahsul ¢onina (15) yigilir. Rektifikasiya kalonun
asagisindan ¢ixan metiltsikloheksadien iso hazir mohsul ¢oninos (14) gondorilir.

Natica

Belaliklo, yuxarida gostorilon naticalor osasinda belo naticaya golmok olar ki, metiltsiklohek-
sanin metiltsikloheksadieno selektiv oksidlosdirici dehidrogenlosdirmo prosesi iigiin optimal reaktor
ideal sixigdirma tipli reaktordur vo sonaye miqyasinda prosesi bu tip reaktorda reallagdirilmasi tigiin
torpanmoz lay katalizatorlu reaktorlarda aparilmasi daha mogsadouygundur. Yaradilmis riyazi mode-
lin adekvatlig1 pilot qurgu iizerinds yoxlanilmigdir vo diiriistliiyli siibut olunmusdur. Riyazi model
iizorindo aparilan todqiqatlar tozyiqin nisbaton az diismasini gostordi (1 atm-don 0.9 atm-o gadar). Bu
da timumon prosesin gedisatina tosir etmir vo axinin xatti siiratinin artirilmasina ehtiyac olmur. Hom-
¢inin reaktorun uzunluq boyunca temperaturun bir godor yiiksolmoyi miisayiot olunur (380°C-dan
385°C-a qodoar). Temperatur forqi ¢ox olmadigina gora bahali izotermik reaktorlarin totbigina ehtiyac
qalmir vo todqiq olunan proses iigiin adiabatik tipli reaktordan istifado etmok olar. Alinan noticolor
modifikasiya olunmus aktiv metalseolit katalizatoru lizorindo metiltsikloheksanin metiltsikloheksa-
dieno oksidlosdirici dehidrogenlosdirma prosesinin layiholondirilmasinds istifads oluna bilor.
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DEVELOPMENT OF THE MATHEMATICAL MODEL AND PRINCIPAL TECHNOLOGICAL SCHEME
OF THE PROCESS OF OXIDATIVE DEHYDROGENATION OF METHYLCYCLOHEXANE
INTO METHYLCYCLOHEXADIENE

A.M.Aliyev, A.I.LKarimov, A.R.Safarov, V.M.Yariyev, X.A.Aliyeva
Ministry of Science and Education Republic of Azerbaijan
M.F. Nagiyev Institute of Catalysis and Inorganic Chemistry

Abstract. Has been considered the process of selective oxidative dehydrogenation of methylcyclohexane to
methylcyclohexadiene on a modified metal zeolite catalyst. On the basis of the kinetic model of this process, it was select
the reactor type and carried out its theoretical optimization. It was shown that it is more better to carry out the considered
process in a plug-flow reactor. As a result of the theoretical optimization of the process, the optimal technological regimes
were determined. For a given process productivity, the optimal structural dimensions of the reactor element were
calculated. Taking into account the equation of heat balance and pressure drop, a complete mathematical model of the
process was compiled and its basic technological scheme was developed.

Keywords: methylcyclohexane, methylcyclohexadiene, zeolite catalyst, mathematical model, principial technolocical
scheme.

PA3PABOTKA MATEMATHYECKOM MOJIEJU U TPUHIIUITUAJIBHON TEXHOJIOTMYECKOM
CXEMBI TIPOINECCA OKUCJIUTEJBHOI'O AETUAPUPOBAHUA METHJIHUKJIOTIEKCAHA
B METUWJIIUKJIOT'EKCAJIUEH

A.M.Aunes, A.U. Kepumos, A.P.Cadapos, B.M.SprieB, X.A.AnueBa
Munucmepcmeo Hayku u Obpaszosanus Azepbaiiosrcanckol Pecnyonuxu
Huemumym Kamanuza u Heopeanuueckoui Xumuu um. akao. M.@.Hazuesa

Pe3rome. PaccMOTpeH Mporiece CeIeKTUBHOTO OKHCIIMTEIHHOTO JCTHAPHPOBAHHS METHIIIUKIOTEKCAHA B METHIIIMKIIOTCK-
Ca/IMeH Ha MOJU(UIIMPOBAHHOM METAIUIOIICOIUTHOM Katanu3atope. Ha OCHOBE KMHETHYECKO# MOJIENH TAHHOTO Mpoliecca
OCYIIECTBJICH BBIOOD THIIA PEAKTOpA U €ro TeopeTHYecKass onTuMu3anus. [1okazaHo, uTo meaecooOpasHee MPOBOIUTh pac-
CMaTPUBAEMBIH MPOIIECC B PEAKTOPE UICATHHOIO BRITECHEHHS. B pe3yibrare TeopeTHIecKol ONTHMH3AIMK MPOIIecca Orpe-
JIEJIEHbI OLITUMAJIBHBIE TEXHOJIOTUUECKHE PEXKUMBL. 1715t 32 TaHHON MPOU3BOAUTEIHBHOCTH MPOIIECCA PACCUNTAHBI ONITUMAJTLHbIE
KOHCTPYKTHUBHBIE Pa3Mepbl peakTOpHOro 3ieMeHTa. C yueToM ypaBHEHUs TEIIOBOrO OaaHca U Meperasia JaBIeHuUs COCTaB-
JICHA MOJTHAsE MATEMAaTHYECKasi MOJISIb MPOLECCa U pa3paboTaHa ero MPUHIMITHAIBHAS TEXHOJIOTHYECKas CXeMa.

Knrwouesvie cnoea: memunyurkio2ekcat, MEMUIYUKIO2EKCAOUEH, YeOTUMHbLI KAMAIU3amop, MamemMamuyeckdas Mo-
Oelb, NPUHYURUTIbHAS MEXHON0SUYECKAsL CXeMd.
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ELECTROPHYLIC REACTIONS OF CHLOROCARBOXYLIC ANHYDRIDE
OF 1-METHYL-CYCLOHEX-3-ENE WITH 3-OXINDOLE AND

N-PHENYLACETIC ACID
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Abstract. The properties of various functionally substituted nitrogen-organic com-
pounds depend on their structure, the state and nature of the functional group in their
molecule. Functionally substituted proteins obtained on the basis of the peptide bond of
substituted heterocyclic compounds from various amino acids perform a physiological
function that is widespread in nature and is important for the vital activity of the body.
The direct acidification reaction of aromatic amines with aromatic carboxylic acids takes
place under severe conditions at temperatures above 280°C, the product is obtained with
low yield, and at the same time additional products are formed.

Among carbonaceous compounds, chloranhydrides of carbonic acids have the
strongest electrophilic properties. The reaction of acylation with chloranhydrides
proceeds in mild conditions and the reaction product is obtained with a high yield.

Relevant carboxamide compounds have been obtained by acidification of N-phe-
nylacetic acid and 3-oxindole with chlorocarboxylic anhydride of 1-methyl-cyclo-
hex-3-ene. It has been found that the carboxamide compound obtained on the basis
of N-phenylacetic acid formes carboxamide compound of 3-oxindole in the basic
medium cycling intramolecularly.

Introduction

Amide compounds are of special scientific and practical importance among the derivatives of
carboxylic acids. Organic compounds containing amide groups in the molecule have a wide range of

applications.

Amide compounds are widely used in medicine as medicine preparates[1; p. 185-187], in agri-
culture as bio stimulant for plants [2, 3], in technology as inhibitor [4] for protection of metals from

corrosion.

In this article, the reaction of acylation of 3-hydroxyindole and N-phenylacetic acid with 1-
methylcyclohex-3-enecarboxylic acid chloride (II) (1) was studied.

At first glance, it seems that amide compounds can be obtained in a very simple way by acidifying
amines with carboxylic acids. However, as a result of this reaction, first no amide but salt is obtained:

RCOOH +NH; —]

+
—> NH,RCOO"

— R_CO_NH2 +H20

The reason why the amide compound cannot be obtained directly in this reaction is that the
carbonyl group of the acid (RCOOH) moves to the base (NH3) faster than to the electrophilic group

of ammonia.
0]
0]
// faster // +
SO A \O .
O_H NH3
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O
( || gradually
R—?—O—H — R—(lj—O—H
+
NH, NH3

The direct acylation reaction of aromatic carboxylic acids and aromatic amines proceeds under
harsh conditions at temperatures above 280°C, the product is obtained in low yield, and by-products
are also formed.

It is known that chlorocarboxylic anhydrides have the strongest electrophilic properties among
carbonyl compounds. The acidification reaction with chlorocarboxylic anhydrydes occurs under soft
condition and the reaction product is obtained with high yield.

1-methyl-cyclohex-3-enecarboxylic acid (1) has been obtained by condensation of divinyl with
methacrylic acid according to the Diels-Alder reaction [5].

CHj
b O
o)
I

Chlorocarboxylic anhydride (II) of 1-methyl-cyclohex-3-ene (I) has been synthesized by the
affection of trichlorohosphorus (PCl3) in benzene medium according to the method of [6; p.358-359].
The reaction of chlorocarboxylic anhydride (II) with N-phenylacetic acid occurs by the following
scheme:

HN—CH,—COOH
CH

CHs 3 7
c—cl — N A
i + C CH OH
i g
I 1

1-(1-methyl-cyclohex-3-enecarbonyl)-3-oxindole (IV) — derivative of 3-oxindole (IV) has been
obtained as a result of intramolecular cyclization when heating [(1-methyl-cyclohex-3-enecarbonyl)-
phenyl-amino]acetic acid (III) obtained as a result of the reaction in the basic medium.

1 v

This substance (IV) has been obtained by acidification of 3-oxindole with chlorocarboxylic
anhydride (IT) of 1-methyl-cyclohex-3-ene on the basis of cross-synthesis. It is known from the liter-
ature that 3-oxindole is found in two keto (A) and enol (B) forms of tautamer.
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c? o-OH
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A H B H

N- and O-acidification products, even in N,O-acidifition products are obtained, when acidified
with acetic anhydride. This is due to the fact that acetic anhydride has weak electrophilic properties
and the reaction is carried out under severe conditions. It is known from the literature that among the
carbonyl compounds, anhydrides of carboxylic acids have the weakest, and halogen anhydrides have
the strongest electrophilic properties. Therefore, when chlorocarboxylic anhydride of 1-methyl-cy-
clohex-3-ene (II) is acidified with 3-oxindole, the reaction proceeds to the direction of the obtaining
the N-acyl compound, and only the N-acyl compound (IV) is obtained. The reaction takes place ac-
cording to the following scheme:

EN
CH, o\\C CH, Y
OO~ OL
g N ﬁ_N
) o IV

II

The composition and structure of the synthesized substances have been confirmed by chemical
reaction, cross-synthesis, IR and NMR spectroscopy.

Experimental part

The IR spectra of the synthesized substances have been recorded on a “Nicolet is 10” spectro-
photometer in the suspension state in a thin layer or in Vaseline oil.

NMR spectrum has been recorded on “Bruker 300” spectrophotometer (operating frequency is
300 MHz); internal standard-HMDS, chemical shift 6 scale.

TLC analysis has been performed on silica gel in the system of petroleum ether—diethyl ether—
acetic acid (90:10:4.5).

1-Methyl-cyclohex-3-enecarboxylic acid (I).

260 g (3 mol) of methacrylic acid and a mixture of 165 g (3 mol) of butadiene and 200 ml of toluene
is heated in a rotating autoclave at 180-200°C for 2 hours in the presence of 2 g of hydroquinone. 350 g
(85%) of adduct has been obtained after processing the reaction mixture by classic way. Melting point
78°C (EtOH-H>O). This is same with the information of [5] literature: 77,5-78°C.

Chlorocarboxylic anhydride of 1-methyl-cyclohex-3-ene (II).

Mixture of 140 g (1.0 mol) of 1-methyl-cyclohex-3-enecarboxylic acid (1) and 80 ml of benzene
is placed in a three-neck flask equipped with a reverse refrigerator, stirrer, drip funnel and thermometer
and 91.60 g (0.6 mol) of phosphorus chloride is added drop by drop with stirring. After the addition of
phosphorus chloride, the reaction mass is heated up to 75-80°C. The yellow viscous liquid formed dur-
ing the reaction precipitates at the bottom of the flask. The clear liquid phase is separated by decantation
way and distilled under normal condition. 150.57 g (95%) of chlorocarboxylic anhydride of 1-methyl-
cyclohex-3-ene (II) is obtained as a result of the reaction. Tooiling 185-187°C/760 mm.of mercury,
n3® 1.4830, d3° 1.0925. This is same with the information of literature.

[(1-Methyl-cyclohex-3-enecarbonyl)-phenyl-amino]acetic acid (I1I).
The mixture of 7.58 g (0.05 mol) of N-phenyl acetic acid and 70 ml of p-xylene is placed in a
three-neck flask equipped with a mechanical stirrer, reverse refrigerator and thermometer and 7.93 g
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(0.05 mol) of chlorocarboxylic anhydride of 1-methyl-cyclohex-3-ene (II) is added drop by drop with
stirring. The temperature of the reaction mass increased up to 45°C when chlorocarbon anhydride (II)
was added. After complete addition of chloroanhydride (II), the reaction mass was heated to 120-125°C
for 2 h. and left overnight. The precipitated crystalline substance is washed with water and then recrys-
tallized in a water-alcohol mixture. Obtained: 12,53g (91,80%), tmei=178-179°C (EtOH-H,0). R¢ 0,36.

IR spectrum, v, cm™': 3340 (-OH), 1715 (%‘N/\), 1710 (C=0), 1640 (C=Cin cycle), 1580, 1510, 1480

(C=Cu.), 760, 735, 720 (C=C,mono-substituted). NMR spectrum 'H §, MHz: 1.32s (3H, CH3), 1.90-
2.20m (6H, 3CH>»), 5.52s (2H, CH=CH), 7.0-7.26m (5H, Ar), 10.8s (1H, -OH). R¢ 0,35.

1-(1-methyl-cyclohex-3-enecarbonyl)-2.2-dihydro-indole-3-on (IV).

A mixture of 13.65 g of carboxamide (III), 2.8 g of KOH and 70 ml of ethyl alcohol is placed
in a three-neck flask equipped with a mechanical stirrer, a thermometer and reserve refrigerator with
a water trap and heated to 65-70°C with stirring for 5 hours. After overnight, the precipitated sub-
stance is separated by filtration and washed several times with water. Obtained: 11.03g (86.5%) of
(IV) compound. Tmet=132-133°C (EtOH-H20). R 0.52. IR spektr, v, cm™: 1720 (C=0), 1715 (%-N’\),

1650 (C=Cin cycie), 1600, 1560, 1480 (C=C,r.), 760, 740 (C=Cj.1,2-substituted). NMR spectrum 'H §,
MHz: 1.30s (3H, CH3), 1.92-2.23m (6H, 3CH>), 4.56 (2H, >CH>), 5.54s (2H, HC=CHin cycle), 7.20-
7.85m (4H, CeHa). Rf 0.56.

Acidification reaction of chlorocarboxylic anhydride of 1-methyl-cyclohex-3-ene (II) with 3-

oxindole (cross-synthesis).

Using the above method, 6.65 g (0.05 mol) of 3-oxindole and 80 ml of p-xylene have been placed
in a three-neck flask equipped with a mechanical stirrer, reserve refrigerator, drip funnel and ther-
mometer and 7.93 g (0.05 mol) of chlorocarboxylic anhydride (I) is added drop by drop by mixing.
When chlorocarboxylic anhydride was added, the temperature of the reaction mass increased up to
50°C. The reaction mass is heated to 115-120°C stirring for 1.5 hours after complete addition of chlo-
rohydride (II). After overnight, the crystalline substance is separated by filtration and recrystallized
in a water-alcohol mixture. Obtained: 11.76 g (92.3%) of 1-(1-methyl-cyclohex-3-enecarbonyl)-2.2-
dihydro-indole-3-on (IV) substance. The physical parameters, IR and NMR spectra of the substance
(IV) obtained by both methods are the same.

Conclusion

In this article, the reaction of acylation of 3-oxindole and N-phenylacetic acid with 1-methyl-
cyclohex-3-encarboxylic acid chlorohydride was studied for the first time. When the resulting sub-
stance is acylated with 3-hydroxyindole chlorohydride of 1-methylcyclohex-3-encarboxylic acid on
the basis of mutual synthesis, the reaction proceeds in the direction of obtaining an N-acyl compound,
and as a result of the reaction, only the N-acyl compound 1-(1-methylcyclohex-3-encarbonyl)-2,2-
dihydro-indole-3 is obtained- him.

The obtained substances can be used in medicine as medicines, in agriculture as stimulants for
plants, in engineering as inhibitors to protect metals from corrosion.
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1-METIL-TSiIKLOHEKS-3-ENKARBON TURSUSU XLORANHIDRIDIiNiN 3-OKSiiNDOL VO
N-FENILSIRK® TURSUSU iL9 ELEKTROFIL REAKSIYALARI

M.9.Riistomov, S.M.Eyvazova, N.9.Veysova, G.9.Mirzayeva
Azarbaycan Texniki Universiteti

Xiilasa. Miixtolif funksional avozli azotiizvi birlogsmalorin xassalori onlarin qurulusundan, molekulundak: funksional
qrupun vaziyyatindsn va tobiatindon asilidir. Funksionalavazli heterotsiklik birlosmalorin miixtolif amintursulardan pep-
tid rabitosi asasinda alinan zulallar tobistdo genis yayilmis vo orqanizmin hoyat foaliyyati li¢lin miithiim oshomiyyot kosb
edon fizioloji funksiyan1 yerino yetirir. Aromatik karbon tursulari ilo aromatik aminlorin birbasa asillogsma reaksiyasi sort
soraitdo 280°C temperaturdan yiiksok temperaturda gedir, mohsul az ¢iximla alinir, eyni zamanda olavo mohsullar da
omolo golir.

Karbonilli birlogmalor sirasinda karbon tursularinin xloranhidridlori on giiclii elektrofil xassoyo malikdir. Xloranhid-
ridlorls asillogma reaksiyasi yumsaq soraitds gedir vo reaksiya mohsulu yiiksok siximla alimur.

Tadqiqat isindo N-fenilsirks tursusu vo 3-oksiindolu 1-metil-tsikloheks-3-enkarbon tursusunun xloranhidridi ilo
asillogdirmoklo miivafiq karboksiamid birlosmolori alinmisdir. Miioyyon edilmisdir ki, N-fenilsirko tursusu osasinda
alinan karboksiamid birlogsmasi osasi miihitdo molekuldaxili tsikllogorak 3-oksiindolun karboksiamid birlogmosini
omolo gotirir.

Acar sozlar: karbon tursusu, xloranhidrid, karboksiamid, oksiindol.

SJIEKTPO®UJIBHBIE PEAKIIMU XJIOPAHI UJIPUJIA 1-METUILUKJIOTEKC-3-DHKAPEOHOBOMN
KHCJIOTHI C 3-OKCUHUHJ0JIOM U N-OEHUJTYKCYCHOM KUCJIOTON

M.A.Pycramos, lI1.M.JiiBazoBa, H.A.BeiicoBa, I'.A.Mup3oeBa
A3epbatioscancKull mexHUYeCKull YHUGEpCUumem

Pe3rome. CBoiicTBa pa3aMYHBIX (PyHKINOHAIBHO 3aMEIIEHHBIX a30TCOAEPIKAIINX COSUHEHUH 3aBUCAT OT UX CTPYK-
TYpPBI, COCTOSIHUSI M IPUPOJIb! (PyHKIMOHAIBHOM TPYHIEI B UX MOJIeKyiIe. PYHKIIMOHANBHO 3aMEIIeHHbIE OCNTKH, TTOITy-
YEHHBIC HA OCHOBE MENTUIHON CBA3M 3aMELICHHBIX T€TEPOLHKINUECKUX COSIUHEHNH U3 PA3IMYHBIX AMUHOKHUCIIOT, BbI-
TIOTHAIOT (PU3MOIOTHIECKYIO (DYHKIHIO, MUPOKO PAaCIPOCTPAHEHHYIO B MPUPOJEC U MMEIOIIYI0 Ba)KHOE 3HAUCHUE VIS
KHU3HEACATEILHOCTH Opranu3Ma. Peakuus npsiMoro aliMpoBaHus apOMaTHYECKUX KapOOHOBBIX KUCIOT M apoMaTHue-
CKUX aMHMHOB IIPOTEKAET B )KECTKUX YCIOBHUAX NpH Temreparype Boime 280°C, mpoayKT MoydaeTcs ¢ HU3KUM BBIXOJIOM,
U B TO K€ BpeMs - TaK)Ke 00pazyroTCsl TOMOJIHUTEIbHBIC MPOAYKTHI.

Cpenu kapOOHWIIBHBIX COCAMHEHUI HanbOoJiee CUIIBHBIMH 3JIEKTPO(QHIBHBIMU CBOICTBaMU 00JaAaloT XJIOpaHTHI-
PHIIBI YTIEPOAHBIX KUCIOT. Peakius aluianpoBaHust XJIOPaHTUAPHIA IPOTEKAET B MATKUX YCIOBUSX M IIPOAYKT PEaKIHN
TMIOJTY4aeTcsl C BBICOKUM BBIXOJIOM.

B xone rccrenoBanus ObUTH MOJTyYEHBI COOTBETCTBYIOIIE KapOOKCHAMH/IHBIE COSJMHEHHMS ITyTEM allMiInpoBaHust N-
(PCHMITYKCYCHOM KHCIIOTHI M 3-OKCHUHJI0JIA XJIOPAHTUAPHIOM | -METHIIIMKIIOTeKC-3-9HKapOOHOBOH KUCIIOTHI. Y CTaHOB-
JICHO, YTO KapOOKCHaMHIHOE COSANHEHNUE, MTOTyYeHHOEe HAa OCHOBE N-(eHMITyKCYCHOW KHCIIOTHI, B KUCIION Cpelie BHYT-
PUMOJICKYIIAPHO LUKJIN3YETCs ¢ 00pa3oBaHUEM KapOOKCHAMHIHOTO COSANHEHNUS 3-OKCUMH/IONIA.

Knroueevie cnosa: yenesoonas Kucioma, XaiopaHeuopuo, Kapookcuamuo, OKCUUHOOIL.

Daxil olub: 13.02.2023
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MOTOR YAGLARINA SULFONAT ASQARLARI

K.A.Salmanova!, P.S.Mommadova2, S.M.Vsliyeva?2, I.D.Giiloliyev?, 1.9.Sadirzado?
!Azarbaycan Doviat Pedaqoji Universiteti
2Azarbaycan Respublikast Elm va Tahsil Nazirliyinin Asqarlar Kimyasi Institutu
E-mail: salmanovakama@mail.ru, pervin_mammadova@mail.ru, seadet.veliyeva.56@mail.ru
ikram.kulaliev@mail.ru, sadirzadainara@mail.ru

Xiilasa. Sulfonat agqarlarinin tesir effektini artirmaq mogsadi ilo onlarin M-8
neft yagi vo alkil (C20-C3o) toluol qarisigi asasinda alinmasinin miimkiinliiyti 6yra-
nilmigdir. Gostoarilmisdir ki, garisiq xammalin sulfolasmasi prosesinds sulfotursu-
larin ¢iximi 89-95%, turs qudronun miqdari iso sulfolagsmis neft yaglarina nisboton
40-45% asagidir. Neytral sulfonatin gostaricilarina ilkin xammal qarisiginda ingre-
diyentlorin nisbatinin tosiri Oyronilmis vo tolob olunan agqarin alinmasi tiglin sorait
miioyyan edilmisdir. Laboratoriya sinaqglarin naticalori gostermisdir ki, neytral, orta
Acar sozlor: neft yagi, alkiltoluol, | — vo yliksok golovili yarimsintetik kalsium sulfonatlar1 yiiksok fiziki-kimyovi,
yarimsintetik sulfonatlar, funksional xassoloro malikdir vo miiasir tolobloro cavab verirlor. Neytral sulfonat
yuyucu-dispersedici asqarlar, ¢ixima, aktiv maddonin miqdarina, dispersedici xassalora goro neft mongoli NSK
motor yaglari, funksional xassalor | sulfonatindan vo OLOA 246B asqarindan iistiindiir. Orta vo yliksok golovili agqar-
lar fiziki-kimyovi vo yuyucu xassolorino gore neft monsoli C-150, C-300 amtoo
sulfonatlarla vo Xaytek 6060M asqarla eyni soviyyado oldugu halda, dispersedici,
korroziyaya, oksidlosmaya qarsi stabilliyo goro analoqlardan tistiindiirlor.

Almmus yiiksok golovili asqarin istiraki ilo keyfiyyat gostoricilorine gors irali
stiriilan taloblars cavab veran M-10I" tipli tacriibi motor yagi islonilmisdir. Yarim-
sintetik sulfonatlarin yiliksok effektliyi onlarin miasir motor yaglarinda yuyucu-
dispersedici komponent kimi istifade etmoys imkan verir.

Giris. Hal-hazirda diinyanin aparict sirkatlorinin istehsal etdiyi motor yaglarinda miixtalif
funksional tasiro malik asqarlarin balanslagdirilmis paketlorindon istifado edilir [1]. Bu asqarlar yag-
larin miiasir toloblors uygun yuyucu, dispersedici, korroziyaya, oksidlogsmoya, yeyilmoyo va s. xas-
solorini tomin edir [2]. Totbiq olunan biitiin ndv asqarlar arasinda daha ¢ox yayilmis metalsaxlayan
alkilsalisilat, sulfonat, alkilfenolyat tipli yuyucu-dispersedici asqarlardir [3]. Gostorilon asqarlarin
tosir effektliyi onlarin kolloid qurulusunun xiisusiyyatlorindon asilidir. Son illorin elmi adobiyyatin
tohlili gostarir ki, motor yaglarin yaradilmasinda asason yiiksok galavili (galovi adadi 150-400 mq
KOH/q) yuyucu-dispersedici asqarlar istifado edilir [4].

Gostorilon ndv asqarlar icerisinds mineral yaglar vo sintetik alkilaromatik karbohidrogenlor
osasinda istehsal olunan miixtalif golovili sulfonatlar xiisusi yer tutur. Miiasir toloblore goro bu as-
qarlarin torkibindoe aktiv maddonin (metalsulfonatin) miqdar1 28% az olmamalidir. Bu toloblors ca-
vab veron neft mongali sulfonatlarin alinmasi ti¢lin miirokkob vo ¢oxmaorhalali texnologiyadan istifa-
da olunur. Bu zaman otraf miihiti ¢irklondiran tullant1 kimi xeyli miqdarda turs qudron amalo galir
(bazi hallarda 20%-kimi).

Sintetik alkilaromatik karbohidrogenlor osasinda alinan sulfonatlar yiiksok fiziki-kimyovi vo
funksional xassoloro malik olmaqla yanasi, hom do adi soraitdo gat1 maddaslor olub, naql olunma
qabiliyyatino malik deyirlor. Buna goro onlara sulfotursularin neytrallagmasi morholosindo duru-
lagdiric1 kimi miioyyon yaglar olava edilir, bu da 6z ndvbasindos asqarlarin bozi gostoricilorin (maso-
lon, ranginin) pislosmasina sabab olur.

Tadgiqatin maqsadi yiliksok tosirli sulfonat tipli yuyucu-dispersedici asqgarlarin alinmasi vo
todqigindon ibaratdir.

Mbasalonin halli. Qeyd olunanlar1 nozors alaraq, Asqarlar Kimyas1 Institutunda bu tip asqar-
larin alinmasi tigiin orijinal iisul islonilmisdir [5; s.77-82]. Bu iisulun mahiyyati ondan ibaratdir ki,
baza yag1 avvalcadon sintetik alkilaromatik karbohidrogenlorin sulfolagmasi moarhslasinds slave
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edilir, neft vo sintetik sulfotursularin qarisiqlari alinir, onlar kalsium hidroksidle islomokls neytral
sulfonata cevrilir. Goriindiiyili kimi, yarimsintetik sulfonatlar sonayedo istehsal olunan neft mongoli
asqarlardan forqli olaraq bozi morhololordon yan ke¢moklo (sulfotursularin spirtlo ekstraksiyasi,
duzlarin doyisma reaksiyasi vo s.) nisboton sado texnologiya ilo alnir [6].

Bu isigamatdo asqarlarin alinmasi moqsadi ilo M-8 baza yag1 va alkiltoluoldan ibarat yarim-
sintetik xammal garisigindan istifado edilmisdir. M-8 yagi Baki neftlorinin qarisigindan alinir vo
tarkibinde mono va bitsiklik alkilaromatik karbohidrogenlorin miqdar1 18%-dir. Sintetik xammal ki-
mi gotiiriilon alkiltoluol toluolun Cz-Cso fraksiyali a-olefinlorlo aliiminium xlorid katalizatorunun
istiraki ilo molum tisulla [7; s.242-244] alkillosmosindon alinir vo asagidaki fiziki-kimyovi gostorici-
loro malikdir: sua sindirma amsali np?°- 1.4750; 20°C-ds sixliq, kg/m3- 860,7; molekul kiitlosi - 435.

Sintez edilmis alkiltoluol vo M-8 baza yaginin qaris1g1 benzin hoalledicisinds (1:1 nisbatinda)
98% -li sulfat tursusu ilo 35-40°C temperaturda 2 morhalodo sulfolasdirilir. Sulfotursularin ¢iximi
85-95%, turs qudronun miqdar iso shomiyyatli dorocodo (40-45%) azalir. Alinmis sulfotursularin
garigig1 70-75°C-do kalsium hidroksidin 20%-li sulu mohlulu ilo neytrallasdirilir. Son marhalado
temperatur 125-130°C ¢atdirilaraq reaksiya mohsulu qurudulur, alava benzinds hall edilorok mexa-
niki garisiglardan azad olunur va holledici qovulur. Neytral sulfonatin ¢iximi 86-91%. ilkin xammal
qarisiginda ingrediyentlorin nisbatinin aktiv maddonin miqdarma vo neytral sulfonatin basqa gosto-
riciloring tasiri dyranilmis vo miioyyon edilmisdir ki, talablora cavab veran asqarlarin alinmasi tigiin
mineral yagin torkibing alave edilon sintetik xammalin miqdar1 30-40% olmalidar.

Orta vo yiiksok golovili (C-150 vo C-300 tipli) asqarlar neytral sulfonatin kalsium hidroksidin
istiraki ilo toluol holledicisindo promotor metanoldan istifads etmoklo 40-45 °C-ds karbon qazi ils 1
saat miiddatinds karbonatlagma reaksiyasi naticosindo alinir.

Sintez edilmis PSKa (neytral), PS-1504 (orta golovili) vo PS-3004 (yliksok golovili) agqarlar
tiind gohvoyi mayelordir. Onlarin fiziki-kimyovi vo funksional xassalori standart tisullarla 6yronil-
migdir [8]. Yuyuculuq xassasi I13B qurgusunda TOCT 5726-2013, 250°C-do dispersedici xassalar
molum metodla [9; s.120-121], oksidlosmoys gars1 davamliq xassolori JIK-HAMMUM cihazinda
200°C-ds 30 saat arzindo TOCT 11063-77, korroziyaya qarsi xassalori homin cihazda 25 saat orzin-
do 140°C-do TOCT 20502-75 tayin edilmisdir.

Alinmis orta vo yiiksok goalavili agqarlar kalsium karbonatin yagda neytral sulfonatla stabillos-
dirilmis kolloid dispersiyasindan ibarotdir. Kolloid stabilliyi homin asqarlarin 15% distillo suyu ilo
110°C temperaturda 4 saat orzinds islomoklo molum tisulla [10] toyin olunur. Pargalanmis mohsullar
holledici ilo durulasdirilir vo amolo golon ¢dkiintiidon ayrilir. Halledici qovuldugdan sonra golovi
adadi tayin olunur. Kolloid stabilliyi olaraq agqarin golovi adadini ilkin galavi adodine nazaron azal-
masinin faizlo gostaricisidir.

Asqarlarda aktiv maddonin miqdar1 maye adsorbsiya mikroxromatoqrafiya yolu ils toyin edil-
migdir.

Tacriibi sulfonatlarin ilkin laboratoriya sinaqlarinin naticalori cadval 1 va 2-do gdstorilmisdir.
Miiqayise iigiin homin codvallordo miirokkob texnologiya ilo laboratoriya soraitindo M-8 yagindan
alinmig NSK, neft mongali omtos C-150, C-300 asqarlarinin vo xarici analoglar — OLOA 246B vo
Xaytek 6060M sulfonatlarinin gostoricilori verilmisdir. Gortindiiyli kimi, tocriibi yarimsintetik sul-
fonat agqarlar yliksok fiziki-kimyovi, funksional xassolora malikdir vo bu tip asqarlara irali siiriilon
toloblora cavab verir. Homin agqarlar 5% qatiligda yaglarin yuyucu, dispersedici, neytrallasdirici,
korroziyaya, oksidlosmoyo qarsi xassalorini oshomiyyastli doracods yaxsilagdirir. Masolon, asqarsiz
yagda yuyuculuq xassasi 5,0-6,0 ball oldugu halda, sintez edilmis sulfonatlarla bu gdstorici 0,5-0
ball toskil edir. Neytral yarimsintetik sulfonat PSKa: ¢ixima (93 va 38%), torkibindoaki aktiv madde-
nin miqdarima (44,3 vo 41%), dispersedici xassayo gora (47 vo 40%) NSK neft sulfonatina va eloco
do OLOA 246B agqarina goro daha yiiksok gostaricilora malikdir.

Alinmis orta — va yiiksok golovili asqarlar fiziki-kimyovi vo yuyuculuq xassoalorino goro sona-
yeda istehsal olunan analoglarla eyni soviyyoads oldugu halda, dispersedici, korroziyaya, oksidlos-
moyo qars1 stabilliys gora onlardan iistiindiirlor. Belo ki, PS-1504, PS-3004 asqarlar ti¢iin 250 °C-do
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dispersedici xassolor 68 va 80%, C-150 va C-300 amtos asqarlar iiclin bu gostorivi miivafiq olaraq
60 va 70% toskil edir. 2 sayli codvoldon goriindiiyli kimi, tocriibi goalovili agqarlar suyun tesiring
qarst yiiksok kolloid stabilliyine malikdirlar (83 va 94%).

Cadval 1
Neytral sulfonat agqarlarinin fiziki-kimyavi vo funksional xassalori
Neytral sulfonatlar
Gostaricilor
PSKat NSK OLOA 246B
Cixim, % gotiirtilon xammal goro 93 38 -
Qolavi adadi, mq KOH/q 24.6 22 23
Aktiv maddenin miqdar1,% 443 41 41.1
Sulfat kiiliiniin miqdari, % 8.7 8.2 8.6
Mexaniki qarisiglarin miqdari, % 0.05 0.08 0.1
I13B qurgusunda yuyuculuq xassesi, ball” 0.5 0.5 0.5
250 °C dispersedici xassasi, % " 47 40 40
*M-11 yag1 5% asqar ila
Cadval 2
Miixtolif goalovili sulfonat agqarlarinin fiziki-kimyovi vo funksional xassslori
Orta- vo yiiksok goalovili sulfonat asqarlari
Gostaricilor
Xaytek
PS-1504a C-150 PS-300at C-300 6060M
Qolovi adadi, mq KOH/q 153 152 303 303 142
Aktiv maddenin miqdar1,% 323 29.5 31.2 30.9 32
Sulfat kiiliiniin miqdari, % 23.4 23.1 43.1 42.9 23.1
Mexaniki qarisiqlarin miqdari, % 0.04 0.07 0.05 0.09 0.05
I13B qurgusunda yuyuculuq xassasi, ball® 0 0.5 0 0 0.5
250 °C dispersedici xassosi, % " 68 60 80 70 60
Qurgusun {izarinds korroziya, q/m?* 65 78 56 90 85
Cokiintiinii omolo qgatiron induksiya
dovriine gora davamliliq, 30 saat 0.5 0.7 0.1 0.3 0.6
miiddotinds ¢ékiintiiniin migdari, %"
Kolloid stabilliyi, % 83 75 94 90 76

*M-11 yag1 5% asqar ila

Boazi keyfiyyot gostoricilorino gors yarimsintetik sulfonat agqarlart hamginin Xaytek 6060M
sulfonatindan tstlindiirlor. Masalon, PS-150a;, PS-3004 asqarlarin yagda 5%-1i niimunslari {i¢iin qur-

gusun lizorindo korroziya 65 vo 56 g/m?, Xaytek 6060M asqari ti¢iin 85 q/m? toskil edir.

Miixtoalif qolovili agqarlar arasinda daha effektli PS-3004 yuyucu-dispersedici agqarin istiraki
ilo avtotraktor dizellorinds istifado edilon M-10I tipli motor yag: islonib hazirlanmisdir. Homin
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yagin ilkin laboratoriya sinaqlarinin naticalori cadval 3-ds verilmisdir. Ragomlordon gériindiiyii ki-
mi, M-10I"2 tocriibi yag1 yaxsi fiziki-kimyovi, funksional xassolora malikdir vo bu tip yaglara iroli
stirilon talablora cavab verir.

Cadval 3
M-10I"2 tacriibi yagn fiziki - kimyavi va funksional xassalori
M-10I"2 motor yagi
Gostoricilor
norma tacriibi

100 °C — da kinematik &zliiliik, mm?/s 11+£0,5 11.2
Ozliiliik indeksi, az olmamali 85 90
Sulfat kiilii, % ¢ox olmamali 1.65 1.54
Qolavi adadi, mq KOH/q, az olmamali 6,0 8.0
Alisma temperaturu agiq butada, °C, asag1 olmamali 205 207
Donma temperaturu, °C, yuxari olmamali -15 -15
I13B qurgusunda yuyuculuq xassasi, ball, ¢ox olmamali 1.0 0
Cokun.t.unu gmele gatiran induksiya ddvriine gore davamliliq, 40 Davam gotirir Davam gotirir
saat miiddatinda
C1 va ya Cz qurgusun ldvholords korroziya, g/m?, gox olmamali 20 Yoxdur

Noatico. Mineral yag vo alkilfenol garigigi asasinda nisbaton sads texnologiya ilo miiasir tolob-

lora cavab veran yiiksok tasir effektino malik miixtslif golovili sulfonat asqarlar1 alinmisdir. Bu pro-
sesdo turs qudronun miqdar1 shomiyyatli doracods azalir, osas mohsulun ¢iximi artir. Yiiksok qolo-

vili

yarimsintetik kalsium sulfonatindan yuyucu-dispersedici komponent kimi istifads etmoklo

yiiksok keyfiyyotli M-10I"; tocriibi motor yagi yaradilmigdir.

N —
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SULFONATE ADDITIVES FOR MOTOR OILS

K.A.Salmanova', P.Sh.Mammadova?, S.M.Veliyeva?, 1.D.Kulaliyev?, I.A.Sadirzade’
! Azerbaijan State Pedagogical University
2Institute of Chemistry of Additives of Ministry of Science and Education of Azerbaijan Republic

Abstract. In order to increase the effectiveness of sulfonate additives, the possibility of obtaining them based on a
mixture of M-8 petroleum oil and alkyl (C20-Cso) toluene has been studied. It was shown that the yield of sulfoacids in
the process of sulfonation of mixed raw materials is 89-95%, and the amount of sour tar is 40-45% lower than in sul-
fonated petroleum oils. The effect of the ratio of ingredients in the initial raw material mixture on the indicators of neu-
tral sulfonate has been studied and the conditions for obtaining the required additive have been determined. The results
of laboratory tests have shown that neutral, medium- and highly alkaline semi-synthetic calcium sulfonates have high
physico-chemical, functional properties and meet modern requirements. Neutral sulfonate is superior to oil-derived
NSK sulfonate and OLOA 246B additive in terms of yield, amount of active substance, and dispersing properties. Addi-
tives with medium and high alkalinity are at the same level as petroleum-derived C-150, C-300 commodity sulfonates
and Hightech 6060M additive in terms of their physico-chemical and detergent properties, while they are superior to
analogues in terms of dispersing, corrosion, and oxidation stability.

Experimental motor oil of M-10Gz type, which meets the requirements for quality indicators, was developed with
the presence of the obtained highly alkaline additive. The high effectiveness of semi-synthetic sulfonates allows their
use as a detergent-dispersant component in modern motor oils. tipli tocriibi motor yag: iglonilmisdir.

Keywords: petroleum oil, alkyltoluene, semi-synthetic sulfonates, detergent-dispersing additives, motor oils,
functional properties.

CYJb®OHATHBIE ITIPUCAIKHU K MOTOPHBIM MACJIAM

K.A.Canmanosa!, ILIII.Mawmenosa?, C.M.Benuesa?, U.JI. Kyn1anues?, U.A.Canup3ane?
! Asepbatioscanckuii 20cyoapcmeenuiii nedazo2udecKutl yHusepcumen
2Unemumym Xumuu Tpucadox Munucmepcemea Hayxu u Obpazosanus Asepbaiioscarnckoti Pecnybauxu

Pe3rome. C 1ienpro moBbImeHNs 3G PEKTUBHOCTH CyIb()OHATHBIX MPUCATOK HCCIEI0BaHA BOSMOXXHOCTh MX IOJyde-
HUSI HA OCHOBE CMEIIAHHOTO CHIPhs - HersiHOTO Macna M-8 u ankui (Cz0-Cso) Tomyomna. [TokazaHo, 4To npu cynbhu-
POBaHHMM CMEIIAHHOTO CHIPBSI BBIXOA CYNb(OKHUCIOT cocTaBisieT 89-95%, a coieprkaHne KHCIIOTO TyIpOHA HIXKE, YEM
pu cyiabGupoBaHud HepTsIHOTO Macia Ha 40-45%. MccnenoBaHo BIUSHUE COOTHOIICHHUS MHTPEIUCHTOB B MCXOTHON
CMECH Ha TOKa3aTeau HeHTpaabHOro Cyiah(hOHATa M HAWIEHBI YCIOBHS I MONYYSHUs] MPHUCAIKU TpeOyeMoro kaue-
cTBa. Pe3ynbTaTel 7a00paTOpHBIX HCHBITAHWI MOKAa3ald, YTO HEHTPAIbHBIA, CpedHe- M BBICOKOLIEIOYHBIC MOIY-
CHHTCTHYCCKUC CyJ'II)(bOHaTbI KaJbl A 06na)1a10T BBICOKMMU (bI/ISI/IKO-XI/IMI/I‘IeCKI/IMI/I, (byHKIlI/IOHaJ'IbHI:IMI/I CBOMCTBAMH U
COOTBETCTBYIOT COBPEMEHHBIM TpeOoBaHUsIM. HelTpanbHbIil Cynb(OHAT MO BBIXOMY, COJACPKAHHIO aKTUBHOTO BeLle-
CTBa, JUCIIEPIUPYIOIINM CBOWcTBaM npeBocxomut HedrsiHOM cynbponar HCK u npucanky OJIOA 246B. Cpenne- u
BBICOKOIIIEJIOYHBIE TPHUCA/IKU MO (PU3UKO-XUMUYECKUM M MOIOIIMM CBOMCTBAM HaXOJsTCS HA YPOBHE TOBApPHBIX HE(PTS-
HBIX cynbgoHaroB C-150, C-300 n npucagku Xaiitek 6060M, a 1o IucreprupyomnmM, IpOTHBOKOPPO3HOHHBIM CBOM-
CTBaM M CTaOMIBHOCTH MPOTHUB OKHCICHUS MIPEBOCXOIAT aHAJIOTOB.

C ucnonp3oBaHNEM Pa3pabOTaHHON BBICOKOLIEIOYHOW MPUCAIKU IPUTOTOBIEHO OMBITHOE MOTOPHOE Macio M-
10I"2, KoTOpOE MO MOKa3aTeNsIM KadeCTBA COOTBETCTBYET NMPEABABIAEMBIM TpeOoBaHMSAM. Bricokas s3¢ddextuBHOCTH
MIOJTYCHUHTETUYECKHX CYJIb(OHATOB TTO3BOJISIET UCIIOIB30BATh X B KAUECTBE MOIOIIE-JUCIEPTUPYIOMIETO KOMIIOHEHTa B
COBPEMEHHBIX MOTOPHBIX Maciax.

Knrouegvie cnosa: negpmanoe macno, ankuimonyon, norycunmemudeckue CyibQonamoi, mouje-oucnepeupyouue
npUcaoku, MOmopHvle MAcia, PYHKYUOHATbHBIE CEOLICMEA.

Daxil olub: 01.03.2023
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AHAJIN3 KOHCTPYKIIMA TOBAPHBIX PET'YJIATOPOB
M.I'.®ap3anues, J.5J.Annp3aeBa

Azepbatiodcanckull 20Cy0apCcmeeHHblll SIKOHOMUYECKUL YHUBepcumem
E-mail: mezahir-ferzeliyev@yandex.ru, laman_alirzayeva@unec.edu.az

Pe3rome. B Hacrosmiee BpemMst MUp MepeRkuBaeT 4-10 MPOMBIIUIEHHYIO PEBOIIO-
1uI0. B ueTBepTON NPOMBILUIEHHON PEBOJIIOLIUY aBTOMATU3UPYIOTCS IPEANIPUATHS,
MaIlliHBI, CO3J]AI0TCA MOJHOCThIO aBTOMATU3UPOBAHHbIE NMPENIPUATHSI. DTO 03Ha-
YaeT, YTO Pa3BUBACTCS YETBEPTAs IPOMBILUICHHAs PEBOJOLMA. B TekCTHIBHOM
IIPOU3BOJCTBE BBIIOIHIIOTCS OUEHb CI0KHBIE TEXHOJIOTUYECKHUE IIPOLIECCHI, BBIIOJ-
HUTH KOTOPBIE C TOMOIIBIO MPOMBIIUIEHHBIX POOOTOB KpaiiHe cioxkHo. [{ns co3na-
HUSl aBTOMAaTU3UPOBAHHBIX TEKCTUJIBHBIX MPOU3BOJCTB B TEKCTUJIBHOW MPOMBIII-
JICHHOCTH B NIEPBYIO O4EPEb AOJDKHBI OBITH MEXaHU3UPOBAHBI, aBTOMATH3UPOBAHBI
W TIPEMEHEHBI POOOTHI B KOTOPBIX, TEXHOJOTMYECKHE IPOLECCHl BBIIOIHSIIOTCS

Knrouesvle cnosa: mexanuzm BPYYHYIO KaK B ITOATOTOBHUTEIBHOM OTHACICHHWHU, TaAK U B TCKCTUIIBHBIX II€Xax. B
omeooa MKAaHu, edjlbsH, CBA3W C OTUM Haila 3aga4ya COCTOMT B TOM, YTOOBI IIpOoaHAIN3UPOBATE ITPUHIUIT pa-
moeapnblﬁ peaynsamop, OO0THI U KOHCTPYKIUIO MEXaHU3Ma HABUBAHUS TKaH!U B TKAIKUX CTaHKaX, UCIIOJIB3Yy-
Haeueaiomeeycmpodcmeo, €MBIX B TEKCTHUJIBLHOU IMPOMBINIIICHHOCTH, KPOME€ 3TOI'0 CO31aTh HOBBIM THI KOH-
moeaprzﬁ 8AIUK CTPYKIMU U MPOAaHAJIMU3UPOBATH IMPOUECCHI, MPCTIATCTBYIOINUE MPOLECCY HaBUBa-

Hus. st obecrniedenust MoTpeOHOCTH HACENICHHsT Ha M3/IeTHe JIETKOW MPOMBIIILICH-
HOCTH, TpeOyeTCs YBETMUUTD BHIITYyCK TKaHEH pa3MyHOro accoprumenTa. KauecTBo
BBINTyCKAEMbIX TKaHEH 3aBHCUT OT KOHCTPYKIIMH MEXaHM3MOB TKAalKHX CTAaHKOB.
OnHUM U3 MEXaHN3MOB, BIMSIOMINX HAa KAYECTBO TKaHHU BBIPA0ATHIBAEMBIX Ha TKAall-
KHMX MallWHaXx, SBISETCS MEXaHU3M OTBO/IA TKAHHW. DTOT MEXaHNU3M COCTOUT M3 TPEX
YCTPOMCTB: OTTATHMBAIOIIETO BalMKa, TOBAPHOTO DETYJIATOPA M HABUBAIOLIETO
ycTpoiicTBa. MBI paccMOTPUM HNPUHIUI PaOOThI CYIIECTBYIONINX TOBAPHBIX PETy-
JSITOPOB, MPOAHATU3UPYEM UX ILUTIOCHI H MUHYCBI, ¥, HAKOHEI], PEIINM IIPOOIEMEL,
CBsI3aHHBIE C X aBTOMaTH3aIIEH.

1. BBegenne. CornacHo TEXHOJIOTUYECKOM CXeMe 3alpaBKU TKAIIKUX CTAHKOB, OCHOBHBIE HUTH
MOJTAIOTCSI ¢ HaBOsA, OrM0ast CKaJlo, MPOXOAAT Yepe3 JIaMeJId OCHOBOHAOIIOaTes, TajJeBa PEMU3HbIX
pamMok u 0eplio MOAXOAAT K omyiike TkaHu. OCHOBHbIE HUTHU 00pa3yroT 3€B, B KOTOPBIN BBOASTCA
YTOYHBIE HUTH U (POpMHUPYIOTCS 3NeMeHThl TKaHu. ChopMUpOBaHHAS TKaHb MPOXOIUT TPYAHHUILY,
oruOaeT BaJIbsSH, HAMIPABJIAIONIYIO IJICHKY M HABUBAETCS] TOBAPHBIN BaJIMK. Y CTPONUCTBO Ui OTBOJA
TKaHU COCTOUT U3 TPeX MeXaHU3MoB [1]:

— OTTAruBarouIero Bajivka (BajbsiH) ¢ HIEPOXOBATON MOBEPXHOCTHIO

— ToBapHoro perynstopa

— HaswuBaromero ycrporcraa

B Hacrosiee BpeMsi OCHOBHOM 3aiauel, CTOAIEH Nepe TEKCTUIbHONW MPOMBIIITIEHHOCTBIO,
SBJISIETCS MOJIyY€HHE KOHKYPEHTOCIIOCOOHBIX TKaHEH. PelleHne mocTaBieHHOM 3a7jaud BO3MOXHO
CEeroJiHs 3a CYET PACIIMPEHUs ACCOPTUMEHTHBIX BO3MOKHOCTEN MMEIOIIErocs TKAI[KOro 000py10Ba-
Hus. MoepHu3anus OTACIbHBIX Y3JI0B TKAlIKUX CTAHKOB UMEET akmyanvhoe sHavenue. C ITOMOIIBIO
MOJICPHU3ALUN MOXKHO M30€KaTh OOJIBIINX KallMTAIbHBIX BIOXKEHUI B HOBOE 000pyaoBaHue [6].

2. lleapb u 3272494 MCCIeI0BAHMIA.

Lenbro HacTOSAMIEH paOOTHI ABISETCS, aHAIN3 KHHEMAaTHIECKON CXEeMBl U KOHCTPYKIIHMH TOBa-
POTIPUEMHOTO MEXaHH3Ma C LEJIbI0 aBTOMATHU3AlMUA TEXHOJOTMYECKUX TMPOIIECCOB BBIMOIHIEMbIX
MU, B TKAalIKUX MallllHaXx. K 3a1a4€ UCCJI€A0OBAaHUSA OTHOCUTCA:

— AHanu3 KOHCTPYKIUHU YCTPONUCTB OTBOJA TKAHU;

— AHanu3 KOHCTPYKIUH TOBAPHBIX PETYISATOPOB;

AHAJI3 KOHCTPYKIIUI TOBAPHBIX PET'VJISITOPOB 87
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3. AHaJIM3 KOHCTPYKIMI YCTPOICTB 0TBOJA TKAHM.
[IpuHIMNIMaTbHBIE KOHCTPYKTHUBHBIE CXEMBl YCTPOMCTBA Ul OTBOJIa TKaHU MOKa3aHbl HA pU-

CYHKC. OCHOBHBIMH YCJIIOBUSAMHA OTBOJa TKAaHU IJIA yCTpOﬁCTB OTBOJIa TKAHU CJICAYIOMIUC:

1.

Jlia obecrieyeHus] HE MOBPEXKICHUSI TKaHU, HA MIOBEPXHOCTH BaJIbsHA JOJIKHO OBITH COOTBET-
CTBYIOLIIee NOKpBITHE. B HacTosImee BpeMs sl TKaHEH, BEIpabaThIBAEMBIX U3 MPSDKH, ITPUMe-
HSIOT IIEPOXOBATYIO KEPCTh (B BUAE TepkH). [[1si XUMUYECKUX BOJIOKOH BajibsiHbI OOTSITUBAIOT
pe3HHOﬁ C BBICTYIIAIOIIUM peHLe(pOM HJIK CTICHUAJIbHBIM HNOKPBITUEM C KaHABKAMHU, ITOKPBITUCM
13 MPOOKH, TUTacTMaccaMu WIH IPYTUMH (PPUKITMOHHBIMEA MaTepuaiamu [12; c.45].

TkaHb HE AO0JIKHA CKOJIB3UTH IO BAJIbAHY, qTOGBI COXPAHUTD 3aJaHHYIO IIJIOTHOCTH 110 YTKY. IIo
dhopmyne Ditnepa cwiia Tperus 7' 1ODKHA 3aBUCETh TOJIBKO OT Kod(duimenta TpeHus f 1 yria
obxBara o [12; ¢.50-55]:

T=S;- $>=S>(e’*— 1) (1)

Ho »sTa hopmyna nmonHOCTBIO CripaBesInBa TOJNBKO JAJIs1 TPEHUS BOJIOKOH. [Ipu TpeHun TKaHu Ha
MIOJTHOY €€ IIMPUHE CYIIECTBEHHOE 3HaUYeHNE UMEET TakKe nuaMeTp Bamka. Kosaddurment tpe-
HUS 3aBUCUT HE TOJIBKO OT MaTepualia MOKPBITHI BaJIMKa, HO TAK)KE OT BUJIa BOJIOKHA U IIeperie-
TeHus TkaHu. Hapsny ¢ ykazaHHbIMU KO03(PHUIIMEHTaMU TPEHUSI MEXAY MOBEPXHOCTSIMHU BaJlb-
sIHA U TKaHU, KOOQQHUIUEHT TPEHUS 3aBUCUT TaKXK€ OT YCIOBHS COIPUKOCHOBEHUS ATHX MTOBEPX-
HOCTEH, KOTOpPbIE OMPEIENAIOTCS CTaTUYECKUMU U AMHAMUYECKUMU MapaMeTpaMu BallbsHa U
npoiiecca npuOost yTOUHOW HUTH K OITyIIKE TKaHU OeplioM, T. €. OT AepOopMallu U YacTOTHI COO-
CTBEHHBIX KOJIeOaHUH BaJibsIHA M YaCTOTHI MPUOOS YTOUHOM HUTH K OMmylIKe TKaHu [12; ¢.62-63].
Jlnst obecnieueHust 00CITy>)KUBaHUS U OTPAHUYCHUS 3aTpaT BPEMEHH, a TAKXKE [T aBTOMATHU3aLUU
Ipolecca cCheMa rOTOBKH, TOBapHBIX BAJIMKOB JI0JKHA OBITH 0OecrieyeHa BO3MOKHOCTh CHSITUS
TOBapHOI'0 BaJIMKA HA X0y MalIUHbI. TKaHb HE 10JIKHA COBEPILATh BO3BPATHOI'O IBUYKEHUS I10-
CJIe OTPE3aHus U CHATHSI TOTOBOTO BasHKa [9].

VYerpoiicTBa A 0TBOJA TKaHHU.
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3.1.AHa1M3 KOHCTPYKIHI TOBAPHBIX PeryJasiTOPoOB.

CoBpeMeHHbIE TKAallKUE MAIIMHbI OCHAIICHB! TO3UTUBHBIMUA OCHOBHBIMH PETYIIATOPAMH, KOTO-
pbIE paCCYUTAHBI HA YTOYHBIE HUTH ONPEACIICHHON JINHEHHOW INIOTHOCTH. B IMO3UTUBHBIX PETYIIATOPAX
TKaHb OTTATUBAETCS IEPUOJIUYECKN YEPE3 TOCTOSTHHBIE HHTEPBAJIBL. Y TOUHBIE HUTH PACIIONIAraloTCs Ha
OJIMHAKOBBIX PACCTOSHUAX OJIHA OT Apyroil. IIpu HepaBHOMEPHOM yTKE UCHOJIB3YIOT HETaTUBHBIH pe-
TYJIATOP, KOTOPBIA OTTSTHBAET TKAHb B COOTBETCTBUU C PA3MEPOM MTPOJIOKEHHOM yTOUHON HUTH. CHa-
Yaja pacCMOTPHUM IO3UTUBHBIC PETYJISATOPHI. Y CTPONCTBA, 00Opa3yIOIIe TOBAPHBIA PETYISATOP ACTAT
Ha JBe (PYHKIMOHAIBHBIC TPYIIIHI: IPUBOJ U TIEPEIATOUHbIC MEXaHU3MBI [7].

[IpuBO TOBapHOrO PETYNATOPAa MOXKET CO34aBaTh NPEPHIBHBIE U HENPEPHIBHBIE JABUKECHHUS.
[IpeppiBHOE MBIKEHHE 00SCTICUMBACTCSI B OCHOBHOM C TIOMOIITBIO XparioBbIx MexaHm3MoB [13; ¢.70-75]. B
XpamnoBbIX MeXaHU3Max Mojaaolas codayka, Noay4yaeT ABMKEHHE OT Kadalollecs JIonacTu ¢ oMo-
b0 TAru. Bennunnaa xoa cobayku peryaupyeTcs epeMeneHueM CoeIMHUTENbHOro nanbia. Eciu
MIPUBOJI MEXaHU3Ma HE SBJIAETCS CaMOTOPMO3SIINM, MOXKET OBITh HCIIOJIb30BaHA TPEThS HEJOCCUHAs
co0ayka, KOTopas IPH OCTAHOBKE CTaHKa OT YTOYHOIO OCTAaHOBAa aBTOMAaTHYECKH BO3BpAIIAET TKaHb
Ha 3apaHee 3alaHHYI0 JUIMHY [2].

JIOCTOMHCTBOM CHCTEMBI C XpallOBbIM MEXaHU3MOM C OJIHOM COOAUKOH SIBISIETCS TOUHOCTD T0-
Jlau, HE 3aBUCALLAS OT HATSHKEHUS TKAHU U OCHOBHI [5]. CyliecTByeT IPUBOJ TOBAPHBIX PETYJISATO-
POB, B KOTOPOM XparoBOi MEXaHU3M UMEET HECKOJIbKO cobauek. Ha ctankax asis BBIpaOOTKU TKaHEH
13 XMMHUYECKHX BOJIOKOH HEOOXOMMAa TOYHAs pETyJIMPOBKA YaCTOThI BpaIlleHUs] TOBAPHOTO BaJIMKa,
OTBEYaloLas MPOABIKEHUIO TKAHU MIPU NMPOKIIAIbIBAHUM TOHKUX HUTEH. [[11s momy4yeHust oueHb mMa-
JIOro miara, T. €. HOYTH OECCTYNeHYaToro JeleHHsI OKPY>KHOCTH MaxOBHKa, UCIIOIB3YIOT CHCTEMY C
OonpiuM ynciaoM cobadek. Ha o0oze xparmoBuka 1mo BCei ero OKpy>KHOCTH pa3MeIIarTcs OT & 10
24 cobauek, KOTOpble KayaloTcsl Ha CBOMX ocax. Uucno cobadek 7 M 4ucio 3yObeB XparnoBUKa z
BBIOMPAIOT TaK, 4TOOBI 9TU YMCJa OBLIM B3aUMHO HeCcOKpaTUMbIMU. Hampumep, npu n=24 , z=71
OKPY’KHOCTb XpaloBHKa JEIUTCS Ha m acTen [§].

m=nz=24x71=1704

Takoe neneHue MOXKHO CUMTATh OECCTYINEHYAThIM. AHAIU3 MOKA3bIBAET, YTO YIPYTOCTh BCEX
3BEHBEB Mepeaun, B 0COOCHHOCTH PHIYaroB, MPUBOAUT K M3MEHEHUIO TUIOTHOCTH TKaHU MO YTKY. J{7s
V3YYCHHSI BIMSIHHSI TTApaMETPOB XPAIoOBOTO MEXaHU3Ma C OOJBIIUM YUCIOM co0adeK Ha MIOTHOCTh
TKaHHU TI0 YTKY CJEeAyeT MPOBECTH MCCIEIOBAHUE MO AMHAMUKE MPUBOJA XPAIlOBOTO MEXaHU3Ma C
OoJpIIUM 9uciIoM cobadek [11].

bricTpas n ynoOHasi ycTaHOBKA MUIOTHOCTH T10 YTKY SIBJISIETCS] JOCTOMHCTBOM CHUCTEMBI, UMEIO-
M XparmoBUK ¢ HECKOIBKUMU co0aukamMu. Ha HEKOTOPBIX TKAIIKUX MAIllMHAX BAJIbSHY MepeaacTcs
HETIPEPBIBHOE IBMKCHHUE OT HUYKHETO Basia MaiiHbl. OTHAKO 3/16Ch UIMEETCS €IMHCTBEHHASI BO3ZMOX-
HOCTh YCTAaHOBKH IJIOTHOCTH T10 YTKY - 3TO CMeHa 3y0uaThiX KoJec [3].

AHanM3 MoKa3bIBaeT, YTO JJIS TUIOTHOCTH OT 35 70 755 yTounH Ha I OM JOCTaTOYHO /2 CMEH-
HBIX KoJiec. JIJis yBenu4eHus TIOTHOCTH 10 906 Ha | Om HEOOXOAMMO ellle /1Ba Koieca. Benuunna
00111ero MepeaTouHOro OTHOIIIEHUS OT XparoBUKa K BaJIbSIHY 3aBUCHUT, IPEXK]IE BCETO, OT AUAMETPA
BaJIbsiHA U OT TUIOTHOCTHU 1O YTKY. [Ipu mepepaboTke TOHKUX YTOYHBIX HUTEH TPeOYIOTCS BBICOKHE
3HAYEHMS MepeaaTouHbIX yucen. C 3To# 1eblo 1e1ecoo0pa3Ho UCTIONb3YETCs YepBsIYHas Tiepeaaya.
B ToBapHBIX perynsaTopax UCIONb3yeTcs TaKxkKe MIaHeTapHas repenaya, nepeaToqyHoe Ynucio, KOTo-
pOT0 MOXKET OBITH OUEHBb BHICOKHM [4; ¢.32-42].

AHanu3 MOKa3bIBAET, UTO YIPYTOCTH JIEMEHTOB MPUBOJIa TOBAPHOTO PETYIATOpa MOTYT IpHU-
BECTH K HEPAaBHOMEPHOMY BPAIICHUIO BAJIbSIHA M HETIOCTOSIHCTBY TJIOTHOCTH 10 YTKY. [ToaTomy mytst
oOecrnieueHns BpalieHus BalbsiHa C TOCTOSIHHON CKOPOCTHIO U MTOCTOSIHHOM TNIOTHOCTHU TKAHU I10 YTKY
HEO0OXOMMO MPOBECTH UCCIICIOBAHNE BUKEHUS BAJIbSIHA C YUE€TOM YIPYTOCTH JIEMEHTOB MPUBOJA
u BasbsiHa [10].
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BoiBoABI U IPeI10KEeHHS.
Ha ocHOBe npoBeEHHBIX UCCIIEN0BAHNN aHAIN3a B KOHCTPYKIHAX MEXaHU3MOB OTBO/IA TKAHU yCTa-
HOBJICHO, YTO YCTPOMCTBO OTBOJA TKAHU COCTOUT U3 TPEX MEXAHU3MOB:
— OTTaruBarouii BaJIMK (BaJIbsIH) C HIEPOXOBATOM MOBEPXHOCTHIO
— Tosapss1i perynsatop
— HaBuBaroniee ycTpoicTBo
1. VYcranoBuiM cieayroniie, OCHOBHbBIE YCIIOBUS OTBOAA TKAaHU
— TkaHp He JOMHKHA MOBPEKIATHCS, MOATOMY Ha BAJIbSHE JOJHKHO OBITH COOTBETCTBYIOIIIEE
MOKPBITHE.
— Txanb He TOJDKHA CKOJIB3UTD IO BAJIbSHY, YTOOBI COXPaHUTH 3aJaHHYIO IUNIOTHOCTH IO YTKY.
[Ipu TpeHuu TkaHU Ha MOJIHOM €€ UPUHE €AMHCTBEHHOE 3HAUCHUE TAKXKE UMEET JUaMeTp
Banuka. KoadduiumeHnt TpeHns 3aBUCUT HE TOJILKO OT Marepuaja W MOKPBITHUS Basia, HO
TaK)Xe OT BUJA BOJIOKHA, NEPEIUIECTEHUs TKaHU. A TaK)Ke€ OHa 3aBUCHUT OT YCJIOBHS COIPH-
KOCHOBEHHUSI ITHX TOBEPXHOCTEH, KOTOPHIE OMPEACISIIOTCS CTATHUYECKUMHU WU JHHAMHUYC-
CKHMH TIapaMeTpaMHy BalibsiHA U Mpoliecca MpruOos yTOYHONW HUTH K OMYIIKE TKaHU Oepaom,
T. €. OT nepopMaIuy u 9aCTOTHI COOCTBEHHBIX KOJICOaHMIA BajbsiHA M YACTOTHI MPUOOST yTOU-
HOI HUTH K OIyLIKE TKaHU.

2. Jns obecniedeHust OOCTYKUBaHUS M OTPAHUYCHUS 3aTPAT BPEMEHHU, a TAKXKE JIJII aBTOMAaTH3aI[IH
Mpolecca cheMa rOTOBBIX TOBAPHBIX BaJIMKOB, JOJDKHBI OBITH OOECIICUEHBI YCIOBUS CHATHUS TO-
BAapHOTO BaJiIMKa Ha X0y MAaIllMHBI. TKaHb HE JOJKHA COBEPIIATh BO3BPATHOTO JIBIKECHHUS TTOCTIE
OTpEe3aHUs U CHATHUSI TOTOBOTO BaJIMKA.

3. AHanu30M yCTaHOBJIEHO, YTO YIIPYTOCTh 3JIEMEHTOB NMPHUBOJIa TOBAPHOTO PETYIISATOPA MOTYT IIPH-
BECTH K HEPAaBHOMEPHOMY BpAIIEHUIO BaJIbsIHA U, CJIEAOBATENIbHO, K HE IIOCTOSTHCTBY TUIOTHOCTH
TKaHH 10 yTKY. [ oGecniedeHust BpalieHus BaibsiHa C MIOCTOSTHHON CKOPOCTHIO U TIOCTOSTHHOM
IJIOTHOCTHIO TKaHH 0 YTKY HE0OXO0IMMO MPOBECTH UCCIICOBAHKE JBUKCHHSI BaJIbSHA C YIETOM
YIOPYTOCTH 3JIEMEHTOB MTPUBO/IA U BAJIbsTHA.

Hayunasi HOBH3HA 3aKJII0OUaeTCsl B pa3paboTKe METOJOB U YCOBEPIICHCTBOBAHUS KOHCTPYK-

MU TOBAPHBIX MEXAHMW3MOB TKAlIKUX CTAHKOB IS MOJYyUYEHUS] HA TKAIIKOM CTaHKE TKaHEW HOBBIX

CTPYKTYp, B KOTOPBIX:

— TKaHb HE OyJIeT OBPEKAATHCS;
— TKaHb HE OYyJIET CKOJIb3UTH I10 BAJIbSIHY, YTOOBI COXPAaHUTH 331aHHYIO IUIOTHOCTH O YTKY;

— TKaHb HC 6yz[eT COBCPHIATH BO3BPATHOT'O ABUKCHUS IIOCJIC OTPE3aHUAd U CHATHUA I'OTOBOI'O
BaJIMKa.
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MAL TONZIMLONDIRICILORININ STRUKTURLARININ TOHLILi

M.H.Farzaliyev, L.Y.Olirzayeva
Azarbaycan Dévlat Iqtisad Universiteti

Xiilasa. Hazirda diinya 4-cii sonaye inqilabini yasayir. Dordiincii sonaye inqilabinda fabriklor, masinlar avtomat-
lagdirilir, tam avtomatlagdirilmis miiossisolor yaradilir. Bu o demokdir ki, dordiincii sanaye ingilabi inkisaf edir. Toxucu-
luq istehsalinda sonaye robotlarinin kémayi ilo yerino yetirilmasi son doraca ¢atin olan ¢ox miirokkob texnoloji proseslor
hoyata kegirilir. Toxuculuq sonayesindo avtomatlagdirilmig toxuculuq istehsalini yaratmagq tigiin ilk ndvbodo, texnoloji
proseslorin hom hazirliq s6basinds, ham ds toxuculuq emalatxanalarinda l ilo yerins yetirildiyi robotlar mexaniklogdiril-
mali, avtomatlagdirilmali va totbiq edilmslidir. Bu baximdan bizim vazifomiz toxuculuq senayesinds istifads olunan doz-
gahlarda parca sarma mexanizminin i prinsipini vo konstruksiyasini tohlil etmok, yeni tipli konstruksiya yaratmaq vo
sarma prosesinin qarsisint alan proseslori tohlil etmokdir. ©halinin yiingiil sonaye mohsullarina olan talobatini 6domak
ficiin miixtolif ¢esidda parcalarin istehsalmin artirilmasi tolob olunur. istehsal olunan pargalarin keyfiyyoti dozgahlarimn
mexanizmlorinin dizaynindan asilidir. Toxuculuq masinlarinda istehsal olunan parcanin keyfiyystino tosir edon mexa-
nizmlordon biri do parca ¢okon mexanizmidir. Bu mexanizm {i¢ cihazdan, bir dartma ¢arxindan , mal tonzimloyicisindon
va bir sartyict qurgusundan ibaratdir. Méveud mal tonzimlayicilorinin i prinsipini nazardan kegiracayik, onlarin miisbat
vo manfi cohatlarini tohlil edacayik va nohayst, onlarin avtomatlagdirilmasi ils bagl problemlori hall edacayik. Toqdim
olunan moqalodo homginin yiiksok keyfiyyatli parga istehsali vo avtomatlagdirilmis toxuculuq fabriklorinin yaradilmasi
ticiin dizayn tohlil edilir.

Acar sozlar: parcant ¢cakan mexanizm, valyan, mal tonzimlayicisi, sarryict qurgusu, mal roliki.

ANALYSIS OF THE STRUCTURES OF COMMODITY REGULATORS

M.H.Farzaliyev, L.Y.Alirzayeva
Azerbaijan State University of Economics (UNEC)

Abstract. The world presently experiences the 4th industrial revolution. In textile production, the complex techno-
logical processes are carried out, which are difficult to perform with the help of industrial robots. To create automated
textile production in the textile industry, first of all, robots must be mechanized, automated and applied in which techno-
logical processes are performed manually both in the preparatory department and in textile workshops. Our task is to
analyze the principle of operation and design of the fabric winding mechanism in looms used in the textile industry, create
a new type of design and analyze the processes that prevent the winding process. To meet the needs of the population for
light industry products, it is required to increase the production of fabrics of various assortments. The quality of manu-
factured fabrics depends on the design of the mechanisms of looms. One of the mechanisms that affect the quality of the
fabric produced on weaving machines is the fabric removal mechanism. This mechanism consists of three devices, a
pulling roller, a commodity regulator and a winding device. We will consider the principle of operation of existing com-
modity regulators, analyze their pros and cons, and, finally, solve the problems associated with their automation.

Keywords: fabric takes-off mechanism, roll, commodity regulator, winding device, commodity roller.
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HACJEJUE TPO®ECCOPA 10.I'.TJIOPO®EEBA

Kak oxa3zanue MHe OOJBIION YeCTH, S BOCIPHHUMAIO BO3MOXK-
HOCTb BCIIOMHHMTBb O MOEM YUHUTEJIEC, BEIMKOM yYE€HOM, OJJHOBPEMEHHO
coueTaBIlIeM B ce0e MHOTHE BBICOKHE TyMaHHCTUYECKUe KayecTna. 1o
cioBaM Benukoro Caaau, «ydeHblid 63 TpynOB, UTO JepeBO Oe3 IMio-
J0BY». OJTH CJIO0Ba HAIMCAaHBl O JIOJAX, K KOTOPBIM IPUHAMIEKUT U
IOpuit I'puropseBuu Jlopodees, cnaBHBINA ChIH PYyCCKOTO Hapoja, BbI-
Jaromascs JIUYHOCTh, YUCHbIM C MUPOBBIM UMeHeM. Jlaxe Oeriblii pe-
TPOCIIEKTUBHBIN B3I HA )KU3Hb U JACSITEIBHOCTD 3aCIIyKEHHOTO J€s-
tens Hayku u TexHuku PCOCP, nokropa TexHHUecKux Hayk, mpodec-
copa IO.I".lopodeeBa cBUAECTEILCTBYET, YTO OH — PEHOMEH B MUPOBOM
HayKe 10 MaTepUAJIOBECHUIO U TEXHOJIOTUU MAaTEPHAJIOB, A TAKXKe I10-
POIIKOBOW METAJLUTyPIHH.

OH BowIEN B UCTOPUIO HAYKU KaK TAJAHTIMBBIA yUEHBIH-IIOPOILI-
KOBHUK, aBTOp KJIACCUYECKUX PabOT MO TEOPUU U TEXHOJIOTHUHU IMHAMUYE-
CKOT'O TOPSIYErO MIPECCOBAHUS OPOILIKOBBIX 3aroTOBOK. 110 cyIiecTBy SBIsIICS OCHOBOIIOJIOKHUKOM
TEOPUHU U TEXHOJOTMH JUHAMHYECKOI'O TOpsUero mpeccoBaHus M Bo3riasisi 3Ty mkoiay B CCCP.
On xe coznan B CCCP npobiiemHyto 1a00paToOpHio MO AUHAMHYECKOMY TOpsYeMy MPEeCCOBAHUIO
MOPOIIKOBBIX 3ar0TOBOK. PerynsipHo opranusoBai u npoBojui B HoBouepkacckoM moJuTeXHUYE-
CKOM HMHCTUTYyTe (HbIHE HOKHOPOCCHHCKUI TOCylapCTBEHHBIN MOJUTEXHUYECKUNH YHUBEPCUTET)
Bcecoro3nble HayqyHO-TeXHUYECKHE KOHPEPEHIIMH 10 JUHAMUYECKOMY ropsiYeMy IIPECCOBAHUIO.

He ckporo, MHE mocuacTIuBUIOCH OBbITh TIMYHO 3HaKOMBIM ¢ FO.I".JlopodeeBbim. C uckpenHeit
TEIJIOTOM BCIIOMMHAIO HAIIM HEOJHOKpaTHbIE BCTpeun ¢ HUM B HoBouepkaccke, Kuese, Mockse,
baky B 80-ble T0O/1BI MPOLILIOTO BeKa. DT OBbLIM BCTPEUH, MOJIHBIE ApKUX BredatiaeHud. FOpuii ['pu-
rOpbeBUY, HECMOTPSI Ha MOAOPBAHHOE 37]0POBbE, )KUBO 00CY KAl JII0ObIE TEMbI HAYYHOI'O XapaKTepa
IIPU KOTOPBIX HJieu Obutr (hoHTaHOM. DHIMKIONeaAnYeckre no3Hanus FOpus ['puropbeBnya no3so-
JISUTH €My JIETKOCTBIO BBISBJISITH KBUHTICCEHLIMIO 00CYKIaeMBIX MPOOJIEM U IPOrHO3UPOBATh MyTH
UX pealn3alyi.

[TomHr0, Kak MeHs nopasuiia chopMyJIMPOBAHHAS UM UJIEsl CTPYKTYpOOOpa30BaHuUs MOPOIIKO-
BbIX KOMITO3UIIMOHHBIX MaTEpHasIOB, MOJYYEHHBIX HAJOXEHHEM BBICOKOI((EKTUBHBIX METOJIOB
(hopMoBaHus U3JEIUNH MUHYS SHEPTOEMKHI MPOLIECC UX CIIEKAHMUS.

XO0poI10 TOMHIO €ro KOJIOCCAJIBHBIN TPyl IO Pa3BUTHUIO IOPOIIKOBON METaulypruu B Asep-
Oaitmkane. [log ero pykoBoACTBOM OBLITH pa3pabOTaHbl TEXHOJIOTHH TOTYYCHHSI BEChbMa CIIOKHBIX
110 KOH(UTYpaLlUU U METAIJIOEMKHUX JIeTalleil pOTallMOHHBIX KOMIIPECCOPOB OBITOBBIX KOHIUIOHE-
poB. B pe3ynbrate pemenus 3Tux npoodiem npoussoactserHas moutHocts HITO «bakkonaunnonep»
110 TOPOIIKOBOH MeTaimypruu u3 170 Ton nocturia 1o 600 TonH B roa. Ilnannposanace noseneHue
MIPOM3BOICTBEHHON MOIIIHOCTH TI0 MOPOITKOBBIM u3nenusM 10 1000 ToH B o eciiu ObI HE pacnancs
Coserckuii Coro3.

YMecTHO oT™MeTuTh, 4To FOpuii I'puropseBud pykoBOAWI HaJ MOATOTOBKON YUEHBIX-IIOPOIII-
KOBUKOB A3epbaiimkana. Hukakoil npyroit yuensiii Coserckoro Coro3a He IPUHUMAI TaKOE OTPOM-
HO€ y4yacTHe IIPU MOAroTOBKE A3epOailIKaHCKUX yUEHBIX-IOPOIIKOBUKOB. 1o/ ero HemocpeacTBeH-
HBIM Hay4HBIM PYKOBOJCTBOM TOJIBKO 1O A3epOaiipkaHy ObUIM MOATOTOBJIEHBI YUEHBIE-TOPOLIKO-
BUKH: 2 nokTopa Hayk U 10 xanguaara Hayk. [1o cymiecTBy OH ObLI €JUHCTBEHHBIM HACTABHUKOM
MOPOLIKOBUKOB MO A3epOaiiKaHCKOMY PETHOHY.

[IpupoaHast omapeHHOCTh U 00Pa30BaHHOCTH MPOSBUIINCH U B MIEIarOTMYECKUX CIIOCOOHOCTSIX
10.I".lopodeeBa. OH Ha MPOTSHKEHUU MHOTHX JIET U 0 CYIIECTBY 10 KOHIIA CBOEH KU3HU PYKOBOIUII
Kadenpoit MarepranoBeeHUS W TEXHOJIOTHH MaTEpUaNoB U ABIsuIcs npodeccopom FOxxHOpoCccHii-
ckoro ['ocynapcrBenHoro IloaurexHuueckoro Y HuBepcurera.
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Hayunas gestensHocTh JlopodeeBa He ocTtaerca 6e3 BHUMaHUS yueHbIX Mupa. C ero opu-
TUHAJbHBIMUA HayYHBIMH TPyJaMH OBLIA XOPOIIO 3HaKOoMbl yueHble MockBbl, KueBa, MuHcka,
JlenuHrpaza, a Taxke 3apyOexHbIX cTpaH, Takux kak CIIA, I'epmanus, Sinonus, AHIUS U Ipy-
rue, KOTOpbIe CIaBWJIMCh MOIIHBIMU KOJUIEKTUBAMU MOPOIIKOBUKOB M KyJla €T0 MpUrianiaii Ha
MHOTOYHCJICHHbIE KOH(PEpEeHIINH U HayuHble ceMuHapbl. iMs JlopodeeBa npuodpeTrano MUPOBYIO
W3BECTHOCTb.

KoHneunast nienp Hayku - €€ IpakTHYECKOe NMpHIoKeHHe. bombiioe nmpakTuyeckoe 3Ha4€HUE
Hay4Hbix npuHIUnoB HO.I".JlopodeeBa oueBnano. OgHaKO HE BCE OHU MOTJIM OBITH PEaTM30BaHbI
IIpU KU3HU yueHoro. Takue nuuHocTH, Kak JlopodeeB - siBlIeHUE HE MOBCEIHEBHOE, OHU KaK SIPKHE
3Be3/Ibl Ha 0011eM (hoHe HEOOCKIIOHA, U TOJIKO TAaKUM JIaH MPUPOJHOM TaJlaHT MO3HABATh U BCKPHI-
BaTh CYTh SIBJICHUH, MOCTUTaTh UCTUHY. O Takux, kak JlopodeeB, MOKHO CKa3aTh CIOBAaMH BbIJAI0-
nierocs azepOanmxanckoro modta Hacumu: «3Haii 4yenoBek: B JT00bIC BpeMeHa JIMITh TPO30PITUBEIM
WCTHUHA BUJHA!!».

O 10.I". lopoeeBe xoueTcst BcnoMuHaTh MHOTO. [IaMsTh 00 3TOM BEIMKOM yYE€HOM U YeJIo-
BEKE HUKOT/Ia HE COTPETCS U3 CEpAEL] 3HABIIUX €TI0 JIFOIEH.

Ha moii B3ruiaa, 6110 Ob1 BEpPOSITHO HETUIIHUM OPIaHU30BATh PETYJISIPHBIE MEXKIYHAPOIHbIE
koH(pepeHmu, nocesiieHHbie mpodeccopy FO.I'. JopodeeBy. Kpome Toro, MoskHO OBLITIO OBI PUCBO-
uTh Kadenpe «MaTepuanaoBeieHUE U TEXHOJIOTHUS MaTeprasioBy FOKHOPOCCHICKOTO rocy1apCTBEeH-
HOro nojuTexHuyeckoro yuusepcurera ums F0.I". Jlopodeesa.

TpynontoOuBsIii, 06Ja7aI0ITNH HEUCTOBOM PAO0TOCTIOCOOHOCTHIO (KaK TOBOPUTCS «HE THS 0€3
cTpouku, 6e3 unen») F0.I'.JlopodeeB u Hac yums paboTaTh U MBICIUTh HE TOBEPXHOCTHO, a JOKAIIbI-
BasICh 70 CyTH siBlieHus. OH meapo ASTWICS ¢ HaMH MPo¢deCcCHOHATBHBIMY 3HAHUSIMH U O0IIIeH 3py-
munueit. Y Mpl yuniucs y Hero nocrosHHo. [1o npaBy sto Ob1 YUUTEJID. Bot ¢ Takum Oonbmmm
YYEHBIM U 4eJIOBEKOM MHE Cy/1b0a mojapuia BO3MOXHOCTb COTPYIHUYATh. Sl GiarogapeH eif 3a 3to.

A.T.Mameooe
IIpogheccop-cosemnuk kagheopvl « Memannypaus u mexHono2us Mamepuaiosy
A3zepbatiodcanckoco mexHuuecko2o ynugepcumema, 0.m.H., npogeccop
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MUOSLLIFLOR UCUN TOLIMAT

Darc olunacag magals redaksiyaya ham kagiz, ham da elektron formada toqdim olunmalidir. Magalo
hazirlanarkon asagidaki toloblor nazors alinmalidir:

1. Moqgals azarbaycan, rus va ingilis dillorindan birinds hazirlanmali, moagalonin adi, xiilasa (min. 100
s0z, maks. 200 s6z) Va agar sozlor (3-5 s6z) har ii¢ dilds togdim olunmalidir.

2. Magals Microsoft Word matn redaktorunda A4 formatinda (soldan, yuxaridan, asagidan va sagdan
— 2 sm), Times New Roman srifti ilo 12 6l¢iidos, vahid satirarasi intervalla vo matn daxili yazida 1 sm
abzas buraxmagla hazirlanmali vo 8 sohifodon artiq olmamalidir.

3. Magalanin matninin asagidaki bolmolordan ibarat olmasi tovsiys olunur:

* girig (masalonin aktualligi, problemin hazirki voziyyati);

* todgigatin mogsadi, masalonin qoyulusu;

» masalonin hall disullart vo aprobasiyast;

« alinan naticalorin tatbiqi;

* natica.

4. Magals asagidaki ardicilligla hazirlanmalidir: UOT — soldan, boytik harflorls, sonda bir bos satir;
mogalonin adi — ortadan, boyiik horflorlo, galin sriftls, sonda bir bos satir; mislliflorin inisiallar1 vo
soyad1 — ortadan, qalin sriftlo; mislliflorin is yeri, sohar, 6lko Vo e-pogt tinvani — ortadan, sonda bir
bos satir; xiilasa (matn tagdim olunan dilds); agar sézlor — kursivls; giris va diger alt bashglar — sol-
dan, qalin sriftls, avvalinds bir bos satir.

5. ©doabiyyat siyahisi: har bir istinad olunan manbonin adi torciimo olunmadan, magaloads istifado
olunma ardicilligina uygun olaraq némralonir. Manbanin bibliografik tasviri Ali Attestasiya Komis-
siyasmin dissertasiya islorinde monbanin bibliografik tasvirins irali siirdiiyii taloblora uygun olaraq
gostarilmalidir.

6. ©dobiyyat siyahisindan sonra mogalonin hazirlandig: dildan forgli digor 2 dildo mogalonin adi,
miollifin soyadi, adi, atasinin adi, miialliflorin is yeri, sohor, 6lka Vo e-pogt tinvani, xiilass vo agar
sozlar tagdim olunur.

7. Mogalads cadval va sokillor nomralonir: cadval — cadvalin yuxarisinda, kursivls, sagdan (mas.,
Cadval 1), sokil — soklin altinda, kursivls, ortadan (mas., Sakil 1.) vo motn hissadon (yuxaridan vo
asagidan) bir bos satir buraxmagla gostarilmalidir. Cadvallar bilavasite magalonin matninds yerlos-
dirilmalidir. Har cadvalin 6z basligi olmalidir. Cadvallords miitlaq 6l¢ti vahidlori gostarilmalidir. So-
Killor aydin vo vahid obyekt soklinds olmalidir (ayri-ayr1 sokillorin siini qruplasdirilarag yerlosdiril-
mosi yolverilmozdir).

8. Mogaloda istifads olunan él¢ii vahidlori beynalxalq 6l¢ii vahidlori sistemina uygun olmalidir. Umu-
mi gobul olunmus s6zlardon basga (moasalon: va s., va i.a.), qisaldilmig s6zlordon istifado etmok ol-
maz.

9. Diisturlar Microsoft Equation-do standart parametr ilo yigilir. Matnds ancaq istifads olunan diistur-
lar ndmralonir. Diisturun némrasi sagda motarizods yazilir.

10. Redaksiyaya mogalo gondarildikdo miislliflor hagqinda malumat: soyadi, adi, atasinin adi, elmi
doracasi, elmi riitbasi, is yeri, vazifasi, telefon némrasi, e-mail tinvani1 da toqdim olunmalidir.

11. Redaksiyaya daxil olan magalalar rays taqdim olunur va miisbat roy almis magalalor ¢apa tovsiya
olunur.

Redaksiyanin iinvani: AZ1073, Baki 5., H.Cavid prosp., 25. AzTU
Tel.: (+99412)5391452

www.aztu.edu.az

E-mail: elmieserler@aztu.edu.az
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INSTRUCTIONS FOR AUTHORS

The article for publication must be submitted to the editorial board in both paper and electronic form.
The following requirements should be considered for preparing the article:

1. The article should be prepared in one of three languages: Azerbaijani, Russian, or English, and the
title, abstract, and keywords of the article should be presented in all three languages. The article
should be prepared in one of the Azerbaijani, Russian and English languages, and the title, abstract
(min. 100 words — max. 200 words) and keywords (3-5 words) of the article should be presented in
all three languages.

2. The article should be written in Microsoft Word text editor in A4 format (left, top, bottom and right
— 2 cm), Times New Roman font 12 in size, with single line spacing and leaving 1 cm indents in the
text and should not exceed 8 pages.

3.1t is recommended that the text of the article consists of the following sections:

* introduction (relevance of the problem, current state of the problem).

* purpose of the study, statement of the problem.

* methods for solving and approbation of the problem.

* implementation of the obtained results.

* result.

4.The article should be prepared in the following order: UDC — from left, capital letters, one empty
line at the end; the name of the article — in the middle, in capital letters, in bold, one blank line at the
end; authors' initials and surname — in the middle, in bold; place of work, city, country and e-mail
address of the authors — in the middle, one empty line at the end; abstract (in the language in which
the text is presented); keywords — in italics; introduction and other sub-headings — from left, in bold,
one blank line at the beginning.

5. Bibliography: the name of each cited source is numbered according to the order of its use in the
article, without translation. The bibliographic description of the source should be specified in accord-
ance with the requirements of the Higher Attestation Commission for the bibliographic description of
the source in dissertations.

6. After the list of references, the title of the article, the author's surname, first name, patronymic,
author's place of work, city, country and e-mail address, abstract and keywords are presented in 2
languages other than the language in which the article was prepared.

7. Tables and pictures are numbered in the article: table — above the table, in italics, on the right (e.g.,
Table 1), picture - below the picture, in italics, in the middle (e.g., Fig. 1.) and one blank from the
text part (from above and below) should be specified by omitting the line. Tables should be placed
directly in the text of the article. Images must be clear and in the form of a single object (artificial
grouping of separate images is not allowed).

8. The measurement units used in the article must be in accordance with the international system of
measurement units. Other than accepted words, etc., and i.a., abbreviated words cannot be used.

9. Formulas are compiled with the default setting in Microsoft Equation. Only formulas used in the
text are numbered. The number of the formula should be written in parentheses on the right.

10. When sending an article to the editorial office, information about the authors: surname, first name,
patronymic, scientific degree, scientific rank, place of work, position, phone number, e-mail address
should also be provided.

11.Articles received by the editors are sent for review; Articles that receive positive feedback are
recommended for publication.

The address of the editorial office: AZ1073, Baku city, H. Javid avenue, 25. AzTU
Phone: (+99412)5391452

www.aztu.edu.az

E-mail: elmieserler@aztu.edu.az


mailto:elmieserler@aztu.edu.az

YKA3AHUA IJIs1 ABTOPOB

CraTbst [UTst IyOJTUKAIMH JTOJDKHA OBITH TIPEICTABICHA B PEIAKIMIO KaK B OyMa)KHOM, TaK U B DJIEK-
TpoHHOM BHJIe. [Ipy MOATOTOBKE CTAThH HEOOXOAMMO YUUTHIBATH CIEAYIOIINE TPEOOBAHMUS:

1. CtaThs qomkHaA OBITH MOATOTOBJICHA HA OJTHOM U3 TPEX S3BIKOB: a3epOaiKaHCKOM, PYCCKOM HUJITH
aHIJIMICKOM, a Ha3BaHHe, pe3tome (MuH. 100 ciioB, makc. 200 coB) U KitouYeBbie ciioBa (3-5 CIIOB)
CTaTbU JOJIKHBI OBITH MPEJCTABICHBI HA BCEX TPEX A3bIKAX.

2.Cratps 10oJDKHA OBITH HallMCaHa B TEKCTOBOM penakTope Microsoft Word B ¢opmare A4 (ciesa,
CBEpXY, CHU3Yy U crpaBa - o 2 cm), mpudt Times New Roman 12 o pasmepy, uepe3 oguHapHBIHA
MEXCTPOUYHBIM UHTEPBAJI U C OTCTYIIOM B 1 CM B TEKCTE, U HE JIOJKHA MPEBBIIIATH 8 CTPAHMIL.

3. Pekomenmyercs, 9TOOBI TEKCT CTATbU COCTOSIT U3 CIEIYIOIIUX Pa3/IeNoB:

* BBEJICHHE (aKTyaJbHOCTb BOIIPOCA, TEKYILIEe COCTOSHUE MTPOOIIEMBl);

* LIeJIb MCCIIEI0BAaHNs, IOCTAHOBKA BOMPOCA;

* METO/Ibl peIeHUs TPOOIEM U YTBEPKACHUS;

* IPUMEHEHHE [TOJIyUEHHBIX PE3YJIbTaTOB;

* pe3yJnbTar.

4. CraTbs 1OMKHA OBITH MOATOTOBJIEHA B cienyomeM nopsanke: Y/IK — ciea, 3arinaBHbIMU OyK-
BaMHU, OJIHA ITyCTasi CTPOKa B KOHIIE; HA3BaHUE CTAThH - IOCEPEINHE, IPOIUCHBIMU OyKBaMHU, MOJTY-
KUPHBIM IIPUGTOM, B KOHIIE OJHA IyCTasl CTPOKA; MHUIMAJIBI U (aMIIis aBTOPOB - MOCEPEINHE
KHUPHBIM HIPUPTOM; MECTO pabOTHI, TOPOJI, CTPaHA U AAPEC FIEKTPOHHOM MMOYTHI aBTOPOB - IOCEpe-
JIMHE, OJIHA ITyCTasi CTPOKa B KOHIIE; pe3toMe (Ha TOM sI3bIKE, HA KOTOPOM IMPEACTABIIEH TEKCT); KIIO-
YeBbIC CJIOBA - KyPCUBOM; BBEJICHHE U APYTHE M10/13ar0JI0BKH — CJIEBA HANPaBo, )KUPHBIM IIPUPTOM,
0JlHA IycTasi CTPOKa B Hayale.

5. CnMCcOoK auTepaTyphl: Ha3BaHHE KaXK0r0 IUTUPYEMOI0 HCTOYHHUKA HYMEpPYeTCs B IOPSIIKE €ro HC-
M0JIb30BAaHUS B CTaThe, 6€3 nepeBoja. bubnuorpapuyeckoe onucaHne UCTOYHUKA JOJIKHO ObITh YKa-
3aHO B COOTBETCTBHHM ¢ TpeOoBaHusMU BAK k OubnuorpaduyeckoMy OnMcaHuIo UCTOYHUKA B JTUC-
cepTranusx.

6.Ilocne criucka nutepaTypsl Ha3BaHUE CTAThU, PaMUIINS, UM, OTYECTBO aBTOPa, MECTO pabOTHI aB-
TOpa, TOPOJ, CTpaHa U aJIpec JIEKTPOHHOM MMOYTHI, aHHOTAIMS U KIIOUYEBBIE CI0BA MPEICTABISAIOTCS
Ha 2-X sI3bIKax, B JIOMOJHEHUE K S3bIKY, HA KOTOPOM HalucaHa CTaThsl.

7. Tabnuipl 1 pUCYHKH HYMEPYIOTCSI B CTaThe: TabIuia — Haja Tabauiel, KypcuBoM, crpaBa (Hanpu-
Mmep, Tabauya 1), pUCYHOK — MOJI pUCYHKOM, KYPCHUBOM, ocepenune (Hanpumep, Puc. 1.) u no oa-
HOMY IPOOEITy OT TEKCTOBOM YacTH (CBEpXY M CHH3Y) yKa3aTh C MPOITyCKOM CTPOKU. Ta0mwuIibl ciie-
JyeT pa3MeliaTh HeMOCPECTBEHHO B TeKcTe cTaThu. Kaxaas Tabnuiia qokKHa UIMETh CBOM 3arofio-
BOK. M300pakeHunst JOIDKHBI OBITh YETKUMH M UMETh (OPMY €IMHOTO 00BEKTa (HE AOIMYCKAaeTCs MC-
KYCCTBEHHOE TpyNIHPOBAaHUE OTAEIBHBIX H300paKeHU).

8. EnuHUIIBI M3MEpeHusi, UCTIONb3yeMbIe B CTaThe, OJKHBI COOTBETCTBOBATH MEXKIyHAPOJIHON CH-
cTeMe enuHuIl u3MepeHus. He crieayer ynoTpeOiasiTh COKpPAIIEHHBIX CIOB, KpOMe OOLIEIPUHSATHIX
(T.e., u T.1.).

9. ®opMyBl KOMITUIUPYIOTCS ¢ HACTpOMKaMu 1o ymosrdanuto B Microsoft Equation. Hymepyrores
TOJIBKO (POPMYJIBI, UCTIONB3yeMbIe B TekcTe. Homep GopmyIibl mumiercsi B CKkoOKax crpana.

10.TIpu HanpaBiaeHUH CTAThHU B PEAAKIINIO TaK)Ke JOJDKHBI ObITh YKa3aHbI cBelleHus: 00 aBTopax: (a-
MWIHS, UMsI, OTYECTBO, YUCHasl CTEIICHb, YUEHOE 3BaHHE, MECTO pabOTHI, TOHKHOCTh, HOMED Tee-
(bona, agpec AMEKTPOHHON MOYTHI.

11.Crarby, NOCTyNMBIINE B PEJAKIINIO, BEBIHOCATCS Ha PELIEH3UPOBAHUE, a CTaTbH, OJyUYHBIIHUE 110~
JIOKUTENbHbIE PEIICH3UHU, PEKOMEHAYIOTCS K Iy OIHKaIiu.

Anpec penakuun: AZ1073, ropon baky, npocniekr I'. [xasuna, 25. A3TY
Ten.: (+99412)5391452

www.aztu.edu.az

OnextpoHHas noura: elmieserler@aztu.edu.az
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