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KOD®®ULMUEHT XOJIA B TBEPJIBIX PACTBOPAX TlIn, ,Dy.S,

13APBAJIMEB MAXAMEJJAJIN MA3AXHP oray
2OPYIDKEB CAMMUP KAMAUJI oray
SUCMAMNJIOB MAUC T'ACWUJIb orJry
Cymeaumckuil 2ocyoapcmeennblil yrnusepcumem, l-npogeccop, 2-ooyenm, 3-0okmoparm
zarbalievmm51@mail.ru

Knrouesvie cnosa: meepovie pacmeopwvl, WUPOKO30HHbIE NOAYHPOBOOHUKY, UUPUHA 3ANPeUjeHHOL
30HbL, K0Ihhuyuenm Xoana

Beenenne. Tepavie pactBopel TlIn,_,Dy,S, oOnapyxensl B cucreme TlInS, - TIDyS,
[1-4]. SIBmsisiach mpeiCTAaBHTENEM KIacca IIMPOKO3OHHBIX MOympoBoaHukoB Thma A’ B C,¥'
(rme All- Tl In; B - In,Gg; cV' - S, Se ,Te), snekrpudeckue u (POTOIICKTPUICCKHUE CBONCTBA
KOTOPBIX CHJIBHO 3aBHUCAT OT KOHILIEHTPALIMM HEKOHTPOJHMPYEMBIX IMpUMEcEed W OTKIOHEHHUS OT
CTEXU- OMEeTpHuecKoro cocraBa. Cpenum Apyrux XaldbKOT€HUJOB JAHHOIO Kjlacca TBEpAbIE
pactBopsl TlIn,_,Dy,S, BBIIESIIOTCS TEpMO-, (OTONICKTPUICCKUMHU M TEH30YYBCTBUTCIHHUMHU
cBoiicTBamu [1] .

I[To maHHBIM paboT [2] METOIOM PAIMOHAILHOTO 3aMEIIECHHS YaCTH aTOMOB TPEXBAJIEHTHOTO
uaaus B coemuHeHue TlInS, ¢ TpeXBaJeHTHBIMH aTOMaMH IUCTPO3Us IOJyYEHBI TBEPIbIC
pactBopel ¢ ¢dopmynamu TlIin,_,Dy,S, , rtme 0<x<0,0 , »sraekrpoduznyeckue,
(OTONEKTPUYICCKUE W JPYrHME€ CBOMCTBA  KOTOPBIX  CHJIBHO 3aBUCSAT OT OTHOCHUTEIBHOTO
COJZIEp>KaHUsl PEIKO3eMENbHOTO 3JIEMEHTa JUCIPO3HMs B COCTaBax. BapbHpys cocTaBaM B 3THUX
TBEPJBIX PaCTBOpPaX MOKHO YIMPABIATH AIEKTpOoPu3ndeckumu, GoTo-, TEPMO- IIEKTPUUECKUMH U
apyruMu ux coiicrBamu. CoracHo paboram [1,3] ¢ pocTtoM comepskaHus AUCIIPO3HsS B COCTaBax
TlIn,_,Dy,S, >MeKTponpoBOHOCTb UX BO3PACTAET HAa HECKOJIBKO MOPSAIKOB, a TEMJIONPOBOJHOCTh
3HAQUUTENIbHO YMEHBIIAETCS 3a CYET TOSBJICHUS JOMOJHUTEIbHBIX MEXAHU3MOB PpaCCEsSHUS
(hOHOHOB, UTO ¥ MPHUBOJUT K POCTY TePMOIIEKTpUUIecKoil 3¢dexkTuBHOCTU. C 3TOM TOUKH 3pEHUs
TBepabie pacTBopbl Ha ocHoBe TIInS, (Se;,Te;) C peako3eMenbHBIMH DIIEMEHTAMHU  SBJISIOTCS
MEPCTIEKTUBHBIMU MaTepuajaMi C BBICOKOH TepMO3(PEKTUBHOCTbIO B 00JacCTH CpeIHUX
TeMIeparyp.

Onnoit u3 0COOCHHOCTEH DIEKTPUYECKUX CBOMCTB TMOJYIMPOBOJHUKOBBIX TBEPIBIX
pactBopoB TlIn,;_,Dy,S, ¢ OJHAM THUIIOM HOCHUTEIIEH 3apsaa SIBJISCTCS BO3pPACTAHHE
ko durmenta Xomta (R,) C TeMmepaTypoil, KOTOPOE COOTBETCTBYIOIIUM O0Opa3oM OKa3bIBaeT
BIIMSIHHAE HA JIpyrue KuHeTH4eckue kKod(durments! [7]. OqHaKo HECMOTPS HA BHEIIHEE CXOJCTBO
temnieparyporo xona R, (T) dQusnueckas mnpupojga HaHHOTO SIBICHHUS MOXET OKa3aThCs
COBEpIICHHO pa3HOW. B yacTHOCTH, 3TO MOXET ObITh 00YCIOBIEHO MPOBOJIUMOCTHIO MO TPUMECHOMN
30HE; PUMECHOM 30HOM [5], pactonoKeHHON B 3alpeIIeHHOM 30HE [6]; CO CHATHEM BBIPOIKICHHS
3IIEKTPOHHOIO Ta3a [7]; mpu paccesHHH HOCHTENEH TOKa Ha MOHM3MPOBAHHBIX MPUMECSX; BIUSHUE
Oosyee TSKENBl 30H, PACIOJIOKEHHBIX BBINIE JHA 30HBI MPOBOJUMOCTH WJIM HUXKE TIOTOJIKA
BAJIEHTHOM 30HBI [6]; a Tak)Ke HEKBaJAPATHYHBIM 3aKOHAM JUCIIEPCHH HOCUTENIEH 3apsaa [6].

Jannas paboTa MOCBSIIEHA BBISBICHUIO TPHYUHBI OCOOCHHOCTEH JIEKTPUUECKUX CBOWCTB,
oOHapyXeHHBIX B TBepIbIX pactBopax TlIn,_,Dy,S, (rme 0,01 <x < 0,08): Bo3pacranus R, ¢
TEMIIEpAaTypOl M TPOXOXKIAEHUS €ro 4Yepe3 MaKCHMyM, 3aBBIIICHHBIX 3HAYEHUW TP STOM
KO3 pHIIHEHTa TEPMO-3.11.C. U DIEKTPONPOBOIHOCTH.
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CunTte3 oopa3uoB. Cunte3 TBepabiX pactBopoB T'lIn,_,Dy,S, TpoBOAWICS CIIaBICHUEM
HUCXOJIHBIX KOMIIOHEHTOB, B3ATBHIX B CTEXHOMETPUYECKOM COOTHomieHuu. [lns cuHTe3a
HCIIOJIB30BAJIUCh MaTepHasibl YUCTOTON 99,999-99,992 macc.%. CornacHo nuarpamme COCTOSIHUS
[1] He3HauwWTeNBLHOE OTKJIOHEHHE OT CTEXHOMETPHH B Ty WM HHYIO CTOPOHY MOYKET TPHBECTH K
noJyiyueHuto rerepodasusix 0opasuos. [loatomy B muxty nodasnsuiu g0 0,05 macc. % cepsl cBepx
CTEXHUOMETPHHU.

CuHTEe3 IpPOBOIMIM B OTKAYaHHBIX 10 10% Ila u 3anasHHBIX aMITyJIax W3 IJIABJIEHOTO
kBapua. Temneparypy meuyu, BHYTPU KOTOPOM MOMECTHIIM aMITylly C BEIECTBOM, MOBBIIIAIH JI0
800K co ckopoctpio 10 K/4. IIpu 3Toii Temmneparype oOpas3ipl BBIICPKUBAIN B TeueHUe 3-4 d,
IIOTOM IIOCTENIEHHO TMOBbIcUIM Temnepatypy 1o 1200K u Belmepxkanu eme 5-64, 3areMm
TeMIiepaTypa TMe4Yd yMEHbIIaIach A0 KOMHATHOW co ckopocThio 10-20K/4. IlomydeHHBIE Takum
00pa3oM CIUTKH OKa3alucCh OJHO(GA3HBIMH U COOTBETCTBOBAIM CTEXHOMETPUUYECKUM cocTaBaMm. B
pe3ylbTaTe NoJay4eHbl HeOOIbIlINe MOHOKPUCTAILIB M KPYIMTHOOJIOYHBIE TOJUKPUCTAILIBL.

CoBeplieHHbIE MOHOKPHCTAJLJIBI g
TBEPIBIX PacTBOpOB Tlin,_,Dy,S, 150l .
BBIPAIIMBAIM KaK MPU TOPU3OHTATHHOM, TaK
U TpUd  BEPTUKAIBHOM  IEpEeMEIIeHUU .
pacruiaBieHHOW 30HBI Oe3 3arpaBku. Poct
MOHOKPHCTAJJIOB MIPOUCXOJTUIT B il l £ :
otkayaHHbIX 10 107 I1a 3amasHHbIX aMITyJIax -
U3 IJIABJICHOTO KBapIia. . ¥: 5

W3mepenus npoBoauiu Ha oOpas3nax, av" N e H M
BBIPE3aHHBIX U3 CPEJAHEN YaCTH MOTYy4EeHHBIX i | o :E .
MOTYKPUCTATUTUIECKUX CJIUTKOB. o > e -
Pacrnipenenenue cepsl 1o JIIMHE CIUTKA OBLIO 75 y . A
HEOJHOPOJAHOE — K  KOHI[y  CIUTKa . . 2l
HaOmonancss u30bITOK cepbl. KomudecTtBo s | so- g . §
Ka)KJIOTO KOMIIOHEHTA B COCTaBax OIICHUBAJIHU . . ,

W3  COMOCTaBIICHUSI  BIIEKTPOIPOBOJIHOCTH s
o0pas1oB c JaHHBIMH JUIS E
MOJIMKPUCTAIITNYECKUX 00pasIos., B - S—
KOTOPBIX COJIEpKAHUE KAKIOTO KOMIIOHEHTA
ObLIO OJIM3KO K HOMUHAJIBHOMY.

Pe3yabTaTsl U ux odcy:xknenue. Ha
puc.l. MIPUBEICHBI TeMIIepaTypHbIE
3aBUCHUMOCTH  sJekTponpoBoanoctd  a(T)
TBepIeIx pactBopoB TlIn,_,Dy,S, , tIe

5 x=0,08
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Puc. 1. TemnepamypHoie 3asucumocmu
9AEKMPONPOBOOHOCTNU 8 MBEPOLIX  PACMBOPAX

0,01 =x=0,08. Kak BumHO M3 pHCYHKa, Tliny_,Dy,S,. kpusvie: 1-x=0.01; 2-x= 0.05 u 3-
3apucuMoctd o (T) i pasHBIX COCTaBOB x=0.08
TBEPABIX pacTBOpOB CYIIIECTBEHHO

OTIHYAIOTCS Apyr oT apyra. [lms TBepmoro

pactBopa TlIngg9Dyg 1S, coOCTBeHHas 00acTh NMPOBOJMMOCTH HAYMHAETCS NPU TEMIIEpaType
T~710K, nna TlngoesDyo,0552 - T~720K, a nns Tlngg;Dyg 0852 - T~780K.Takum obpasom, B
TBEPJBIX pPACTBOpax II0 MEpPEe pocTa OTHOCUTEIBHOTO COJAEp)KaHUS AMCIPO3UsS B COCTaBax
coOcTBeHHas 00J1acTh TPOBOJAMMOCTH CMEIIAETCSI B CTOPOHY OoJiee BBICOKMX TeMIiieparyp (puc.l).
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K0 puyuenma Xoana 6 meepovix pacmeopax Koagpuyuenma mepmo-3.0.c. 8 meepowvix
Tliny_,Dy,S,. kpusvie:1-x=0.01; 2-x= 0.05 u 3- pacmeopax TlIn, _, Dy, S,. kpusvie: 1-x=0.01; 2-
x=0.08. x=0.05 u 3-x=0.08.

[To BBICOKOTEMIEPaTYpHBIM HakIoHaM KpuBbIX 1ga(103/T) Gblia oleHeHa TepMudecKas
IIMPUHA 3aTPEIICHHON 30HBI (eg) JUTSL KICCIIETOBAHHBIX 00pa3IoB, U OBUIO BBISIBICHO, YTO 1O MEpe
pOCTa CONEPIKAHUS OTHOCHTEILHOTO KOJMYECTBA MCHPO3MS B COCTAaBaX TBEPJBIX PACTBOPOB &,
ymenbmaercs ot 2,1 B nmo 1,69B. DTO CBUIETENHCTBYET O TOM, YTO B TBEPIBIX pPAaCTBOpax
TlIn,_,Dy,S, Hapsany ¢ "camoyierupoBanueM'" MPOUCXOJIUT TAKXKe "caMOKOMITEH A"

Ha puc. 2 u 3 npeacrasieHsl TemMneparypHble 3aBUCUMOCTH K03 duimentoB Xoimna R, (T)
u tepmo-3.a.c. a(T) tBepasix pactBopoB TlIn,_,Dy,S, . 3Haku o6oux KOI(PPHUINECHTOB
MOJIOKUTETBHBI, W 3TO CBUICTEIBCTBYET O TOM, YTO BCE OTH 00paslbl 00JaNalOT P-TUIIOM
npoBoguMocThio. Jlnsa cocraBa TlIngg9Dyg 015, Bo3pactanue R, HaumHaercs ¢ 565K, mo mepe
3aMeIleHUs] aTOMOB UHAMS aTOMaMH JUCIPO3Us Hayallo TeMIepaTypbl Bo3pacTanus R, cMmemaercs
B 007acTh Oosiee BHICOKUX TeMiepaTyp. Kak BuaHO U3 pucyHKa, Bo3pacTaHue R, MpoaosrKaercs 10
HEKOTOPOH TeMIlepaTyphl, 3aTeM IPOUCXOAWT pe3Koe YOBIBaHHE, TO €CTh R, MPOXOIHWT uepes
MakCUMyM, TpPUYEM C POCTOM COJEpXkaHHsS aTOMOB AMCIPO3Us B cocTaBe (a3 MakcUMyM R,
CMelIaeTcss B CTOpOHY Oojee BBICOKMX Temmeparyp. Kak Obulo 3amedeHo, HaOr0/1aeMble
0COOEHHOCTH MOTYT OBITH OOYCIIOBIICHBI PAa3TMYHBIMH MpHYUHAMA. [109TOMY, ¢ TeNbI0 MPOBEPKHU
MPUTOJHOCTH TOM MM MHOW MOJIENH JUISl UCCIIEIOBAaHHBIX 00BEKTOB, HEOOX0IMMO OoJjiee MoIpOOHO
PaCKPBITh KaXIYIO U3 IEPEUNCICHHBIX MOJIEIICH.

B pabote [5] 6but0 0OHapykeHO, uTo mpu JerupoBanuu PbTe atomamu maams mo 1 at. %
In, xoHIIEHTpaIUs 3JeKTPOHOB Bo3pactaeT 10 ~ 0,07 ar. %, a manmpHelee 100aBICHHE WHIUS HE
IOPUBOAUT K POCTY KOHILEHTPALMH DJEKTPOHOB. OTO OTPaXajoCh Ha TEMIEpaTypHbIX U
KOHIICHTPAIMOHHBIX 3aBUCUMOCTSIX AJIEKTPHUECKUX CBOUCTB. Il OOBSICHEHHS JaHHOTO SIBJICHUS
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aBTOpaMu OblIa MPEAJIOkKEeHa MOJEINb, COTJIACHO KOTOPOM aTOMBI MHIMS B 30HE MPOBOJUMOCTH
PbTe co3maioT KBa3uWIOKaIbHBIC YPOBHH, C BO3PACTAHHUEM KOHIICHTPAIMHU KOTOPBIX 00pa3yercs
npuMecHas 30Ha. HaunHas ¢ ompeneneHHON TemmepaTypbl, OHH HTPAOT POJib «JIOBYIIEK) Ui
JIEKTPOHOB ITPOBOAMMOCTH, YTO MPUBOAUT K YMEHBIIECHUIO KOHLIEHTPALUHU 3JIEKTPOHOB U POCTY
Rx, a mpu Oonee BBICOKUX TeMIIEpaTypaX, KOTJa BbINOJNHsAETCA ycioBue KT = g4 (g — mMpuHa
3aIpeIIeHHON 30Hb]), KOHIEHTPALUs IEKTPOHOB HAYMHAET PACTH, YTO U NIPUBOJUT K YMEHBILIEHUIO
Rx . XapaktepHoii 0COOEHHOCTHIO KBa3UJIOKAJIbHBIX YPOBHEH B 30HE MPOBOJUMOCTH SIBISIETCA TO,
yro npu pAocTikeHuH ypoBHS Depmu (Ep) KBa3WIOKaNbHBIX COCTOSHUM, KOHLEHTpPALUs
AJIEKTPOHOB MPOBOAMMOCTH cTabunusupyercsi, © Ep B omnpeneneHHOM HHTEpBaje TeMIEpaTyp
OCTaeTCsl MOCTOSIHHOM. J[aHHBIM MEXaHMU3M B CIIyyae HCCIIEIOBAaHHBIX OOBEKTOB HE MOXET UMETh
MeCTa, OCKOJIbKY PACTBOPUMOCTD MpUMeceil B HUX B YKa3aHHOM MHTEpBaJIe UMEET HeNpepbIBHBII
XapakTep U COOTBETCTBYIOIIME YPOBHHU PACIOJIOKEHBI B 3alPELICHHON 30HE, & HE B BAJIECHTHOI.
KoHuenTpannonHasi 3aBUCUMOCTh KHHETHUECKUX Kod(ddunnenToB u ypoHu depmu He 00s1agatoT
KaKHUMHU-JIN00 aHOMATUSIMH.

B paborax [7] makcumym Ha Rx(7) 0OBSCHEH HaaMYHEeM 30HBI TSDKEIBIX JBIPOK B
BAJICHTHOM 30HE M 30HBI TSDKEIBIX AJIEKTPOHOB B 30HE IPOBOJUMOCTH, DPACIIOJIIOKEHHBIX Ha
paccrosinuu AE OT noTosika BaJIeHTHOM 30HBI MJIM JIHA 30HBI IPOBOJUMOCTU. B 3TOM citydae poib
BBIIIENISKANTMX 30H B MPOBOJAUMOCTH TPOSBISETCS MPH JOCTATOYHO BBICOKMX KOHIICHTPAIMIX
HOCHUTENEH 3apsaka, Korna ypoBeHb depmu B 30HE MPOBOJMMOCTU (MM B BAJICHTHOW 30HE)
MOAXOJIUT OJIM3KO K TSDKEJBIM 30HAM, OCYLIECTBIIAETCS IMEPEXOJ JIETKUX HOCUTENIEH B TSDKEIbIE
30HBI, YTO MPUBOAUT K YMEHBUICHHIO KOHIEHTpaluuU HocuTened 3apsaa u pocty Rx. Ilpu
JaTbHEUIEM TOBBIIICHHUH TEMIIEPaTypbl YpoBeHb DepMU BXOTUT B TSIKEIBIC 30HBI, MPOUCXOIUT
BbIpaBHMBaHHE ypoBHell @Depmu B 00eMX 30HAX M B HEKOTOPOM HHTEpBAJIE TeMIepaTyp
crabmmmsupyercs Erp N(T) u Rx(7). Tonbko ¢ HacTymieHHEM COOCTBEHHOW MPOBOJMMOCTH
HAYMHAET MPOMCXOAUTh U3MEHEHHE ATHX MapaMETPOB U APYTUX KUHETUYECKUX KOIPPHUIIMEHTOB.
Ecnmu coOcTBeHHAss MPOBOAMMOCTD HACTYMAET HE MPH OYEHb BBHICOKMX TEMIIEpaTypax, TO KpUBas
Rx(7) mpoxomuT vepe3 ocTpblii MakcuMyM. Kaszamoch, 9TO 3Ta MOJAEIb MOXET OMHCaTh M HAIlH
nanHble. Ho, Bo-TiepBbIX, B UCCIIEJOBAHHBIX KpUCTAJUIaX ypoBeHb depMu BO BCEM HCCIIEJOBAHHOM
MHTEpBaJIe TEMIIEPATYp U KOHLIEHTPALMI He BBIXOJUT U3 3alpelieHHON 30HbI, TO €CTh BHIPOXKICHHE
HOCHUTEJIEH 3apsiia He HAcTymaeT. Bo-BTOPBIX, CBEACHUSI O HAJTUYHMH 1MOJOOHON 30HBI B BJICHTHBIX
3oHax TlInS; oTcyrcTByOT.

HmeroTcst 1aHHbIe 0 Bo3pacTaHuu Ry ¢ TeMmepaTrypoil U B Y3KO30HHBIX HOJYIIPOBOJHUKAX,
B KOTOPBIX 00pallleHO BHUMaHHE Ha BIMSHUE CUJIbHON HemapaOOJUYHOCTH 30HBI TPOBOAUMOCTH Ha
Xomn pakrop Rx(7) = A /(en). KonnvecTBeHHBIME pacyeTaMy MIOKa3aHo, YTO B CIyYae pacCesHHsI
AJIEKTPOHOB HA aKyCTHYECKMX (pOHOHAX, A; CHIBHO 3aBHCHUT OT CTETNIEHH HEmapaboIMYHOCTH f =
Kol/e4 u TemneparypHoii 3aBucuMocTu €4(T). B ompeneneHHoM codyeTaHMH 3THX [apaMETPOB
3HaueHus: Ar u Rx , mpu paccesHuUM D3JIEKTPOHOB Ha aKyCTHUECKMX (POHOHAX, pacTyT cC
TEeMIepaTypoil U ¢ HacCTYIUIEHHEM COOCTBEHHOM MPOBOJMMOCTH YMEHBILIAIOTCS, MPOXOJs yepes
MakcuMyM. CreyeT MOJUYEepKHYTb, YTO MPEAJIOKEHHAs MOJENb HE MOXET ObITh NPHUMEHEHa K
HAIllUM KPUCTAJLIaM, TaK KaK MCCIeyeMble KPUCTAIIbI SBISIOTCS IHPOKO30HHBIMH.

B kpucrammax GaAs u InP n ~10" cm® BenencTBIE HaTHUHS IIPOBOAMMOCTH B IIPUMECHOU
30HE, pACIOJNIOKEHHOM BOJM3M JHA 30HBI MPOBOJAMMOCTH M B 3alpelieHHOH 30He, Ha
temneparyproit 3aBucumocti Rx(7) mpu T<100K nHabmogamock Bo3pactanue Rx u mpoxoxaeHue
ero depes MakcuMyM. B To ke Bpems, B o6pasiax ¢ N =10 cm™ Bo Bcem mHTEpBaNE Temmeparyp
(2-300K) Rx ocTaBaicst mOCTOSHHBIM. MeXaHU3M MPOXOKACHUsSI Rx depe3 MakCHMyM OMHChIBACTCS
CJIEYIOIMM 00pa3oM: TOHOPHbBIE YPOBHH, PAaCIOIOKEHHbIE Ha HepreTndeckoM pacctosuuu AE ot
JTHa 30HBI MPOBOJUMOCTHU BEIYT ce0sl KaK «JIOBYIIKH» COOCTBEHHBIX 3JIEKTPOHOB M B MHTEpBaJe
TeMmImeparyp, Korjga yposeHb @epMu BXOIUT B 3Ty 30HY, MPOUCXOIUT MPOLECC «IPUJIUIAHUS »
a51eKTpoHOB. [Ipu 1ocTaToYHO OONBLIONW KOHIEHTPALMU TaKMX YpPOBHEH oOpasyercs NpuMecHas
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30Ha, B KOTOPOM OCYIIECTBIISIETCS MPOBOJUMOCTh. I[Ipu 3TOM MPOUCXOAUT YMEHBIIICHUE
KOHIIEHTPAllMU, YTO MPUBOAMUT K Bo3pacTaHuio Rx. C ganpHEHIIMM IMOBBIILIEHUEM TeMIIepaTyphl
MIPOMCXOUT HACBIIIEHNWE PUMECHBIX YpOBHEH, a pu goctuxenun ycinoBusi KT > AE naunnaercs
«HUCTIAPEHUE» DJIEKTPOHOB C ATUX YpPOBHEW B 30HY IPOBOJMMOCTH, TO €CTb BO3pacTaHue
KOHIIEHTpallMu HocuTeNnel 3apsna u ymeHblieHue Rx. [Ipu 3ToM mposiBIsItOTCS psn APYrux
sddexroB. B wactHocTH, B KpHcTamiax tuma A°B° ¢ BBICOKMMH IIOIBHIKHOCTSMH 3JICKTPOHOB
HaO0JII0/IaeTCS OTPUIIATEIPHOE MAarHeTO- CONPOTHBIIEHUE - Ap U mpoxoxkaeHue ero - Ap(B) uepes
MaKCHUMYM.

[Ipy BBICOKMX KOHIEHTpALUAX MpPUMECe 30HAa paclleIuisieTcs, NPUMECHbIE YPOBHU
MPUOTIKAIOTCS KO JAHY 30HBI IMPOBOJUMOCTH, CIMBAIOTCS ¢ HEH M MCYE3al0T Bce HAOIIOgacMble
O0COOECHHOCTH.

Wtak, ©3 TEPEYUCICHHBIX MOJENIel, OMHUCHIBAIONUX HAOII0JaeMble OCOOECHHOCTH
JNIEKTPUYECKUX CBOMCTB, Hauboyee mpueMiIeMOl JJsi HCCIENOBAaHHBIX B JIaHHOM paboTte
MaTepuasoB, SBISETCA MOCIEIHsAA. B 3TUX KpUCTaIaX HMIMPHUHA 3aMpPElIeHHON 30HbI TIOCTATOYHO
BEJIMKa, KOHIICHTpAIUsi HOCUTENeW 3apsana MAJigi HCXOMHBIX KPUCTAUIOB Maja, OHHU JIETKO
JETUPYIOTCS ¥ HEOOJBIINE OTKJIOHEHHUS OT CTEXHOMETPHH TAK)KE CO3IAIOT aKIICITOPHBIC YPOBHHU.
JI7ist IOATBEPKICHUS HATMYUS B HUX aKIIENTOPHOW 30HbI ObLIM MpoaHanu3upoBanbl kpussie Rx(7),
a(T) uo(T) (puc. 2, 3). Ilo cnanmaromieif yactu MakcumMyma Ry Oblia BBIYMCIICHA IIMPUHA
3anpenieHHoil 30HbL. [lokazaHo, YTO MO BO3pacTarolIeld YacTH MaKCUMyMa, HOCSIIEH Takxke
AKTHBAL[MOHHBIA XapaKTEP, MOKHO BBIYMCIIUTH YHEPIETUYECKHUN 3a30p MEXKIY IPUMECHOM 30HOU U
[IOTOJIKOM BaJI€HTHOW 30HBI (MJIM JHOM 30HBI IPOBOAMMOCTH). B Tpoiinom coemuuenuu T1INS; u
TBEPABIX pacTBopax Ha ero ocHome T'lIn,_,Dy,S, N SHEPruu aKTUBAIMK MPUMECHBIX yYpPOBHEM
Obutn  momydensl 3HadyeHus 0,2+0,45B, KoTOpble XOpOIIO COINIACYIOTCS CO 3HAYEHUSMU,
MOJIY9eHHBIMHA Ha OCHOBAHUH JIAHHBIX ICKTPUICCKUX CBOMCTB B CHIIBHBIX JJIEKTPUICCKUX TTOJISX.
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XULASO
Tlin,_,Dy,S, BORK MBHLULLAR[NDA HOLL OMSALI
Zarbaliyev M.M., Orucov S.K., Ismayilov M. H.

Acar sozlor: bark mohlullar, genis qadagan zonali yarimkegiricilor, qadagan zonanin eni, Holl

amsall.

Is TlIn,_,Dy,S, bork mohlullarinin elektrikkegiriciliyi, Holl vo termo.e.h.q. omsallarmin temperatur
ashiliglarmm totgigine hasr olunmusdur. Holl omsalinin temperatur yiiksoldikco artmasi vo onun
maksimumdan ke¢masinin, ham¢inin bu zaman termo.e.h.q vo elektrikkecirmo omsallariin yiiksalmis
giymato malik olmalarinin sabablori aragdirilmisdir.

SUMMARY
HALL COEFFICIENT IN SOLID SOLUTIONS TlIn,_,Dy,S,
Zarbaliev M.M., Orudzhev S.K., Ismailov M.H.

Key words: solid solutions, wide-gap semiconductors, band gap, Hall coefficient.

The work is devoted to the study of electrical conductivity, Hall coefficient, thermo-emf. in solid
solutions Tlin,_,Dy,S,. The reasons for increase of the hall coefficient as the temperature rises and its
exceeding the maximum, as well as the fact electrical conductivity coefficients have an uncreased value are
investigated.

Daxilolma tarixi: [lkin variant 23.02.2022
Son variant 14.03.2022
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Agar sozlar: bark mahlul, istilik parametri, rabito enerjisi, yarimkegirici, istidon genislonma, izotermik
sixtima, Debay temperaturu, kristallik qurulus

Bu isdo (T1GaSe;)os(TlINS2)p, bark mohlulunda istidon genislonmo vo izotermik sixilma
omsallarinin eksperimental qiymatlori asasinda hesablanmis dagidici gorginliyin maksimal gqiymati
vo kristal gofosdo atomlararasi rabito enerjisinin qiymotini miioyyon edon parametrin asililigi
verilmigdir.

Molum oldugu kimi, bork cisimlorin méhkomliyi, atomlararas1 garsiliqli slago enerjisinin
artmasi ilo artir. Bu parametrlor arasinda birbaga korrelyasiyani yaratmaq nozori baximdan c¢ox
cotindir. Belo ki, bu zaman bir sira komoakgi tosirlor do nazors alinmalidir. Buna baxmayaraq, ¢oxlu
sayda eksperimental iglordo bu parametrlor arasinda qarsiliqli slagonin oldugu miioyysn edilmisdir.
Bu ciir olaga xiisusilo kovalent rabitoyo malik yarimkeciricilordo 6ziinii daha ¢ox biiruzs verir.
Odabiyyatda bir sira IV- qrup elementlorinds vo eloco do A" BY-tipli birlosmolorde mikroborkliklo
atomizasiya enerjisi (qofosin enerjisi) arasinda diiz miitonasib asililiq oldugu gdésterilmisdir [1]. Bu
odobiyyatda homginin dagidic1 qiivvenin maksimal qiymetino uygun tozyiqin hortorafli sixilma
modulu vasitasilo necs slagolonmasi gostorilmisdir.

— |<0
™ n4l (1)
Burada Pmax-dagidici tozyiqin maksimal qiymoti; Ko-temperaturun miitloq sifira qiymotino

uygun goalan hartorafli sixilma moduludur; n-sabit olub, Kulon qarsiligli tasir {igiin n :é gotiirtlir.
Beloliklo,
Pras = 2 Ko 2)

olur.

Ko-1n giymatini, izotermik sixilma omsalinin temperatur asililigini ifade edon oyrini miitloq
sifir temperaturuna ekstropolyasiya etmok yolu ilo tapmaq olar.

Qeyd etdiyimiz odobiyyatda homginin A" BY-birlosmolori iiciin gofasin enerjisinin Debay
xarakteristik temperaturundan asililig: da gostorilmigdir. Burada &5M ~ BH

6:M ~BH,, 3)

miinasiboti verilmisdir. Burada Op-Debay xarakteristik temperaturu, M-molekulyar ¢oki, Hg-
atomizasiya (qofosin) enerjisi, B- miitonasiblik omsalidir.

B-nin gqiymatini
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h) 1
o~(5) “

ifadosindon hesablamaq olar. Burada h-Plank sabiti, k-Bolsman sabiti, m va n-qofasdo qarsiliql
tosir qiivvesinin qiymatindon asili olan sabitlor olub, A" BV-birlogmolori vo IV qrup elementlori
ticiin toxminan 2-yo yaxin gotiiriilmiisdiir.

Goriindityii kimi, 62 - M -i hasilini bilmoklo Hz— enerjisi haqda miioyyon molumat almaq olar.

Yarimkegiricilorin termodinamikasina aid bir sira nozori modellorin - qurulmasinda
atomlararasi rabito qiivvesinin va gofasin rabito enerjisinin qiymaotlori shomiyyatli rol oynayir. Belo
modellor, moévcud empirik diisturlarin yoxlanilmasi vo miirokkob eksperimentlor aparmadan,
praktik mogsadlor iigiin lazim ola bilocok parametrlorin qiymatlorino aid ovvolcodon miioyyon
bilgilor oldo etmoys imkan verir.

Bu isda (T1GaSe3)o s(TIINS,)o 2-bark mohlulunda istidon genislonma (o) vo izotermik sixilma

(xt) omsallarinin, Debay xarakteristik temperaturunun (6p) vo GS-M parametrinin qiymatlori
cadval soklindos verilmisdir.

2
SraNe| TK | o,10°1K ¥ 1072 me/N 0, °K Op M 10°
K*-kg/mol
1. 90 4,95 6,32 425 8,01
2. 100 7,62 6,45 391 6,42
3, 120 8,24 6,46 382 6,13
a, 140 743 6,54 335 47
5. 160 7,79 6,63 310 4,04
6. 180 821 6,65 282 3,51
7. 200 10,07 6,69 2681 332
8. 250 10,95 6,70 279 3,27
9. 300 11,24 671 277 322

Tadqiq olunan torkib moévcud metodika asasinda sintez edilmisdir. Rentgenografik iisulla
alinmis torkibin bircinsliliyi yixxlanilmis vo elementar 6zoyin parametrlori toyin edilmisdir.

Miiayyon edilmisdir ki, (TIGaSe;)og(T1INS;)02 bork mohlulu da ana madds kimi monoklin
sinqoniyada kristallasir. Sintez olunmus torkibdon uzunlugu 0,3 m vo diametri 0,005 m olan
silindrik formali niimunslor hazirlanaraq istidon genislonmo vo izotermik sixilma omsallar
Olctlilmiisdiir. Tocriibanin nisbi xatas1 0,5% toskil etmisdir [2,3]

Ko-1n qiymatini tapmagq {igiin izotermik sixilma amsalinin temperatur asililiginin qrafikindon
istifado edilmisdir (Sokil 1.).

2
m
Bu qrafiko osason y, =6,09~10712W olmusdur. Bu giymot osasinda hesablanmis Kg-1n

qiymstil,64-1011£2 olmusdur. Beloliklo, (2) diisturu asasinda hesablanmis P,y = 0,98-1011£2
m m

olur.
Debay xarakteristik temperaturunu (6p) hesablamaq tigiin adabiyyatdan mévcud olan empirik
diisturdan istifado edilmisdir.

19,37
0o :W... )
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(TIGaSey)og(T1nS2)0 2 bark mohlulunda istilik parametriorinin atomlararas:
rabita enerjisindon asililig

v7,107 m?/N

A
12 |
0 100 200 300 T T.K

Sakil 1. (TIGaSey)os(TIINS,)o 2 bork mahlulunun izotermik
sixtlma amsalimin temperatur asililig

Burada A -ortakvadratik atom kiitlosi, o-istidon xotti genislonmo omsali, V iso molyar
hacmdir.

Cadvoldon goriindiiyti kimi, tempearturun armasi ilo istidon genislonmo omsali (o) vo
izotermik sixilma oamsali (y1)-nin qiymatlori artir, lakin hom Debay xarakteristik temperaturu (6p),
hom do 6% -M -in giymotlorindo azalma bas verir. Bu doyisikliklor ganunauygun doyisikliklordir.
Belo ki, tempearturun artmasi ilo atomlararasi kimyavi rabito qiivvasi zaifloyir. Bu iso hom istilik
parametrlorinin, ham do rabits enerjisinin qiymating tasir gostorir.

Miigayiso gostorir ki, kristallarin dagilma hoddino uygun golon tozyiqin qiymaoti genis
temperatur intervalinda kristal daxili atomlararasi rabito enerjisinin neco doyigmosini xarakterizo
edo bilmir. O ancaq mohkemlik hoddi hagda miioyyon fikir soylomoyo imkan verir. Lakin 6% -M
Ha-atomizasiya enerjisi ilo miitonasib olan bir hadd olduguna goéro bu hasili bilmoklo kristal
gofasinda rabirs enerjisinin neco doyismasi hagda avvalcodon miioyyan prognozlar vermok miimkiin
olur. Onu da geyd etmok lazimdir ki, istilik parametrlorinin doyigmasi ilo atomlararasi rabits enerjisi
arasinda korelyasiya metallik rabito olan kristallara nisboton kovalent rabitonin istiinliik togkil
etdiyi kristallarda daha yaxs1 6donir.

Istidon genislonmo vo izotermik sixilma omsallar1 ilo rabito enerjisi arasindaki bu ciir
korrelyasiya, onu demayo osas verir ki, belo alagoni xiisusi istilik tutumu vo digor yarimkegirici
parametrlor arasinda da gozlomak olar.

Istidon xotti genislonmo omsali, atomlararasi orta kvadratik yerdoyismo ilo miitonasib
oldugundan, kristal qofosindo atomlararasi rabito enerjisi ilo orta kvadratik yerdoyismo arasinda da
miioyyon korrelyasiya ola bilocoyini ovvalcadon demok miimkiindiir. Al BV-tipli birlogsmalar {i¢iin
gadagan olunmus zonanin eninin qofasin enerjisi ilo miitonasib oldugu gdstorilmisdir. Belo olan

halda H%M -hasilinin do gadagan olunmus zonanin giymoatindon asililigi hagqda mioyyon fikir
yiiriitmok olar.
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PE3IOME
3ABUCUMOCTbD TEIUIOBBIX IAPAMETPOB OT MEXKATOMHOM YHEPTUU
CBs3U B TBEPI[OM PACTBOPE (TlG&SEz)oﬁg(T“ﬂSz)oyz
Kypoanoe M.M., I'ooxncaee M.M.,3eitnanoe I'.H., /lanupoe A.T.

Kniouesvie cnoea. meepovili pacmeop, menniogvle napamempuvl, SHEp2us  CeA3U,

HOIYNPOBOOHUK, menyiogoe  pacuiupeHue, U30MePpMUYECKas
coicumaemocmn,  Jlebaesckas  memnepamypda, — KpUCMALIUYECKasl
cmpyKkmypa

B nmannoii pabore NpHBEIEHBI PE3YNIbTAThl BBIYHMCIICHHBIX [APAMETPOB MAaKCHMAIIbHOM
pa3pyllammeil HanpsHKEHUH W SHEPrUil MEXaTOMHOM CBS3M HA OCHOBE JKCIEPHMEHTAIBHBIX
SHAYEHU#H KOAP(HUIMEHTOB TEIUIOBOIO PACIIMPEHHS W H30TEPMHUYECKON CXKMMAEMOCTH B TBEPIOM
pactBope (TIGaSe,)os(TIINS,)02. IlokazaHo, YTO MAJsl COCAMHEHWN THIIA A BY HIMPUHA
3alpEIIeHHOM 30HbI MPOIOPIHOHATFHA YHEPTHH PEIIETKH.

SUMMARY
DEPENDENCE OF THERMAL PARAMETERS ON INTERATOMIC BINDING ENERGY
IN SOLID SOLUTION (T|Ga86‘2) 0.8 (T“nSg) 0.2
Kurbanov M.M., Godzhaev M.M., Zeynalov G.l., Damirov A.G.

Key words: solid solution, thermal parameters, bond energy, semiconductor, thermal

expansion, isothermal compressibility, Debye temperature, crystal structure.

In this work, the results of the calculated parameters of the maximum breaking stresses and
interatomic bond energies are presented on the basis of the experimental values of the coefficients
of thermal expansion and isothermal compressibility in the solid solution (T1GaSe;) o (T1INS2) ¢.».
It is shown that for compounds of type A" BY, the band gap width is proportional to the lattice
energy.
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Son variant 03.03.2022
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MHOTI'OKPATHO JU®EPEHIIUPYEMbBIX ®YHKIIUU
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npeobpazo8anus.

MHorue BOMPOCHI MAaTEMAaTHKKA  TPUBOASIT K  HM3YUYCHHIO CXOJUMOCTH M TIOPSIKA
CXOAMMOCTH JIMHEHHBIX OMEPATOPOB B OTEIBHBIX TOYKAX U B METPUKE TAHHOTO NMPOCTPAHCTBA.

PesynbpTarel 00 anmpokcuManuu (YHKIHA CHHTYJISIPHBIMA HHTETPAJIAMH WUTPAIOT BAKHYIO
POJIb U UMEIOT MHOTOYHCIICHHBIE TPUMEHEHUS B PA3IMUHBIX 001aCTIX MAaTEMAaTHUKHU.

Bormpockl 0 nopsiike npuOinKeHUss U MOPAJIKE CXOJMMOCTH Pa3IU4HOIO Kiacca (yHKIUI
JUHEHHBIMU ~ ONEpaTopaMH, B YACTHOCTM CHHTYJSPHBIMH  HHTETpajaMH, HCCIIEIO0BaHbI
I1.I1.KopoBkuubiM, B.B.)Kykom, W.I[1.Haranconom, C.M.Jlo3unckum, bB.M.I'onyboseim [3],
AJle6erom, ILJLByriepom [1], P.Heccenem [2], P.MamenoseiM [5] u apyrumu. Ilopsmok
CXOIMMOCTH COTPSDKEHHBIMUA CHHTYJSIPHBIMH WHTETpaJIaMd K (YHKIIUHM B XapaKTEPHBIX TOYKAX U
B METpUKE MpOoCTpaHcTBa u3y4eHbl P.I'.MamenoBbiM B MoHOrpaduu[5]

PaccmoTpuM MHTErpasibHBIN ONEpaTop

FM (=2 [0 (7) fox+v0)] ka(e)de @

c sapamu tuna deiiepa. OnepaTopsl ¢ NPOU3BOIBHBIMU siapamH k; (t) OblTM MOJIPOOHO M3yUEHBI
P.I'.'MamenoBeiM [4]| 1 Ha3BaHBI M — CHHTYJISIPHBIM HHTETPAJIOM.
ITycts pynkuus k(t) ynoBieTBOpSET YCIOBUSM :
1°. YerHas.

Tk(t)dt =1.

2m+1 (i) =2 I Izil( 1)" 2m + 1) flx+v(t) k (At)dt 2)

Ha ocnoBe omeparopa (1) crpoutrcs  omeparop (2). Omneparop (2) Ha3bIBa€TCS
CONPSDKEHHBIM M — CUHTYJISIPHBIM HHTEIPAJIOM.
B nanpHeiimem mnoHanobsTcs cienyromue 0003HaueHus:

$2it1 = T g2+t (E(t) + %) dt
Zm-(l)-l

2 2Zm+1
grrll-:-ll — Z( 1)v+1 ) 21+1

i=(0,1,2..).
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Teopema 1. Ilycte ¢yukuus f(t), k(t) € L(—o0; ) u mnonoxkurensHas (ynkius k(t)
YAOBIETBOPAIOT ycinoBusaM 1°m 2°. Ecnu HedeTHble MOMEHTHI &1 ,&; ..., &opyq GyHKIHNM k(T) +

1
77 KOHEUHBI 1 dynkmus f(t) uveer KoHedHyio mponsBoxnyio (2n + 1) mopsaka f @D B Touke

t = X, TO CIpaBeJIMBO ACUMIITOTHYECKOE PABEHCTBO:
n-1 12i+1]

. . - n $2i ;
Jim 2\ = FP 0 — 2 ) S R f ()| =

TI[ZL u Eon+1 (2n+1) o
_ 2m+1°52n n
=2 (2n+1)! f () (3)

Teopema 2. [1ycTh yIOBIETBOPSIOT BCE YCIOBHS T€OpeMbI 1 . (BMECTO MOMEHTOB &4 1

epyren €271 = [ [e2n41 [Ry0) + 2| ).
0

Eciu E)[LGﬂ] ->0wu f0+oo |t2n+1 [l?,l(t) + %” dt=0 (E£2n+1]) u

. f0+oo |1:2n+1 [IEA (t) + %” dt = 0 (1) nns nmro6oro 6 > 0, npu A — 0, TO CIIPABELIUBO

5}['2n+1]

PaBEHCTBO:
n-1  [2i41]

] [f*(x) _ F/1[2m+1] (f;x) — z Mom+1 | £ 21+1]f(21+1)(x)]

lim ——
A>00 gl2n+1 |
31 (2i + 1)!
[2n
_ 772m+1 (2n+1)
=2 G/ ) ®)
B camom nene,
[2i+1] €[2n+1]
2m+1 _ 2m+1 (2i+1)
|10 = BP0 ZZ—W fe (x)]
A =
lﬁmﬂ |l
2m+1 (2n+1) A
(2n + 1)! RO + g
p)
rae
m+1 +00

_ Z (—1)v-? (va+ 1)% f £20H L (1) - [kl(t) n _] dt
n=1 0

CnpaBeanuBocTh (4) cieayeT U3 paBeHCTBa
1

)l'_l:glo f 2n+1] )/A

[IpuBeneM NpUMEHEHHE BBIIIEU3JIOKEHHBIX TEOpeM K NpUOIMKEHUI0 QYHKUUNH KOHKPETHBIM
orneparopoM. PaccMoTpum 2m — cuHrynsipHbIil nnTerpan Abens- [lyaccona

@1 2n 2m dt

[2m] 4

I (X)) == f(x+vt) | ——— 5

() I{Z(VJ ( )Lmtz (5)

Teopema 3. Ecim  f (t) € L(—o0,0) u mMeeT KOHEUHYI0O NPOU3BOMHYIO 27 -TO MOPAAKa
f@W(x) B Touke t = X, TO CIPABEUIMBO ACHMIITOTHYECKOE PABEHCTBO:

n(2n)! %" [2arctga aml (2m]
A%, [m[ ~T DG -
ZCZn#Zm
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- Bk S a0 ()| = £ ()

rac
1+0° - t t dt
[2m] e N _ = _qyv-1 (2m ( V_) ( _V_> .
Gy (fix) nf {Z( D (V)f Y ARACIY gy
0 v=1
f g2k
Cﬂ«:f T
o
0<a <o, = y2m (—1)mv (A7)t
JokazareabcTBo. Tak Kak
a/ om 2n
y) £ (x) K (vt)*" dt
[2m] ¢, - = _1yv-1(2m Z .
(50 nf {Z( D (V)[Z k! (Vt)++(2 )! 290 1+ A2¢2
0 v=1 k=0
+GE™M(f; x),
TO HUMCEM
Zarctga [2m] [2m] = CZk HanTll (2n)
=0 6o - ) + 6P )—— Gy e W =
[2n]
262”‘“ (2n) 2 v-1
n(Zn)!AZ" ) n(Zn)! _1( D x
a/A Ve
X (217/71) v2i+1f {[f(zn)(x) +0,,(x,t) + f(zn)(x)] +
0
@2n) (2n) At
HfPV(x + 65, (x,8) — f (x)]}l JRe

[Tponomxkast Takum oOpas3oM, npuaeM Kk Tpedyemomy. M3 Teopemsl 3 mpu n = m cleayer:
CaencrBue. Ecin y,I[OBJ'IeTBOpSII-OTC}I YCIIOBUSI TEOPEMBI 3, TO

lim &2 AT [Zarctgaf( ) 2m] (f; x) + G}[LZm] (f; x)] — f(2m) (x)

A—o00 2Com
PaCCMOTpI/IM rapMOHHNYCCKU COHpH)KeHHBII/I 2m+1 CHHI‘y.]’IHpHLIfI HHTCFpaJI A6CJ'I$I'HyaCOHa

=[2ml, . N _ A% [+ 2m+1
P = & 27 [Zm -0 (1) fe+ve) | s (6)
Teopema 4. Ilycts f(t)e L(—o0,+0) u f(t) I/IMeeT KOHEYHYIO Tpou3BojaHYyI0 (2n + 1)
nopsiaka f "D (x) B Touke t = X, TOrJa CNPABEITHBO ACHMITOTHYECKOE PABEHCTBO:

llmlzm“ [f (x) 2m+1 (f ) g [2m+1] (f; x) _

2i+1] 2n+1
2 CZlngrrlL—:l f(ZH-l)(x)] CZnngrrTll-tl]

I — (2i + 1)! 2i+1 2n + 1)! f(2n+1)(X), (7)

rIe

g,[12m+1](f; x) = % faoo {257;1;1(_1)1/—1 (va+ l)f (x n VTt) —f (x _ tvf)} .. ﬁ; Cyi =

a2 n0<a<+ow

J < +oo
PasenctBo (7) cienyer n3 npenGrhesdenms:
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/12n+1[ *( ﬁ[2m+1] . [2m+1] /¢, 2yn-1 Cangzmkii] . £(2k+1) _
-0 = =g (%) — o Xkem ey et S ()| =

_ Lol fED(x) + - Zmzﬂ(—l)”‘1 (zm " 1) i
m(2n + 1)! mo L v (2n + 1)!
a/A
x f (F@*D(x + 6y, (x 0) — FED ()] +
0
t2ndt

MV (x + 6, (x, 1) = FE D ()]}

1+A2¢2°
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06 acummomuyeckom 3HAYEHUU NPUOIUNCEHUS MHOCOKPAMHO Oupepenyupyemovlx QyHKyuil
CONPANCEHHBIMU M—CUHSYIAPHBIMU UHIMESPANAMU

XULASO
YUKSOK TORTIB DIFERENSIALLANAN FUNKSIYALARIN QOSMA M-SINQULYAR
INTEQRALLARLA YAXINLASMASININ ASIMPTOTIK QIiYMOTi HAQQINDA
Musayev O.M.

Acar sozlar: sira, sinqulyar inteqral, kompakt, niiva, metrik, cevrilma

Riyaziyyatin bir cox mosalalori xotti operatorlarin ayri-ayri ndqtoalords vo bu mokanin metrikasinda
oxsarligin vo oxsarligin  Oyronilmesine  gotirib  ¢ixarir.  Sinqulyar inteqrallarla  funksiyalarin
approksimasiyasinin naticalori miihiim rol oynayir veo riyaziyyatin miixtolif sahalorinds goxsayli tatbiqglora
malikdir.

Toqdim olunan moqalodo yiiksok tortib diferensiallanan funksiyalarin qosma m-sinqulyar
integrallarla asimptotik yaxinlagma tortibi tapilir. Alinan naticalor konkret qosma m- sinqulyar inteqrallara
tatbiq edilir.

SUMMARY
ON THE ASYMPTOTIC VALUE OF THE APPROXIMATION OF HIGHLY ORDERED
DIFFERENTIABLE FUNCTIONS WITH DOUBLE M-SINGULAR INTEGRALS
Musayev A.M.

Key words: order, singular integral, compactness, kernel, metric, transformations

Many questions of mathematics lead to the study of convergence and the order of convergence of
linear operators at individual points and in the metric of a given space. The results of the approximation of
functions by singular integrals play an important role and have numerous applications in various fields of
mathematics.

In this paper, the asymptotic values of the approximation of repeatedly differentiable functions by
conjugate m - singular integrals are investigated. The results obtained are applied to specific conjugate m -
singular integrals

Daxilolma tarixi: [lkin variant 29.09.2021
Son variant 03.03.2022

18



Sumgqayit Dévlot Universiteti — “ELMI XOBORLOR”— Tobiot vo texniki elmlor bélmaosi

Cild 22 Nel 2022

UOT 544.653.1:547 DOI 10.54758/16801245 2022 22 1 19

MUXTOLIF KATALIiZATORLAR ISTIRAKINDA ANILIN VO
2-METILANILININ ETILLOSMO REAKSIYASININ TODQIQI
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2OLIYEVA NAILO ABDULLA quz1
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Sumqayit Doviat Universiteti, 1- professor, 2-k.f.d., 3- bas miiallim,4-doktorant
irapon.sdu@mail.ru

Acar sozlor: anilin, 2-metilanilin, etanol, N-etilanilin, 6-etil-2-metilanilin, 4-etil-2-metilanilin,
etillosma, oksid katalizatoru, Pd. H-mordenit, aktivlik, selektivlik

Anilin vo onun metil homologlarinin etillosmo reaksiyast osason etilhalogenidlorin vo
klassik alkillogsmo katalizatorlar1 (AlCI3 FeCls) istirakinda todqiq edilmis vo ekoloji ¢atinliklorin
ortaya ¢ixmasina gora genis viisot almamisdir [1, 2]. Alkillasdirici kimi digor agentlorin metanol,
etanol, etilen gotiiriilmosi vo daha effektiv katalitik sistemlorin islonib-hazirlanmasi istigamotindo
aparilan todgiqatlarin naticalori timidverici olmusdur [3-6].

Mogqalodo anilin  vo 2-metilanilinin  etanolla alkillogmo reaksiyasinda miixtolif
katalizatorlarin aktivliyinin miioyyon edilmasi vo daha effektiv katalitik sistemin secilmosi mogsadi
ilo aparilmis todqiqatin naticalari verilir.

Tacriibalor torponmoz layli katalizatorlarla tohciz olunmus axar rejimds isloyon reaktoru
olan laboratoriya qurgusunda aparilib. Katalizatorun hocmi 20sm?, reaksiyanin miiddetil saatdur.
Maye vo qaz halinda olan reaksiya mohsullarinin analizi xromatoqrafik yolla Xrom-5 vo Xromatek-
Kristal-5000 cihazlarinda hayata kegirilib.

Xromatoqrafik analiz zamani istifado olunan bork dasiyicilarin kimyavi, katalitik adsorbsiya
aktivliklorinin niimunadaki komponentlorin gdstaricilorine monfi tosiri ehtimalimi ovvolcodan
bildiyimizo gdre inert dasiyicilar (xromosorb W, xromoton vo s.) secilmigdir. Alkilatlarin analizi
xromoton N-AW (Fr.0.16-0.20mm) iizarino 6% SE-30 (silikon elastomeri) hopdurulmus va 6lgiilori
3.6m X 4mm olan xromatoqrafik kalona doldurulmus faza istiraki ilo aparilmigdir. Alovlu-
ionlagdirlmis dedektor olan halda analiz 80-180°C temperatur hiidudlarinda temperaturun 80C/d9q
stiratlo artirilmasi yolu ils ovvalcadan proqramlagdirilmis rejima asason hayata kegirilmisdir.

Bork katalizatorlar kimi oksid vo seolit sistemlori gotiiriilmiis vo onlarin torkibi asagida
gostorilmisdir:

Misferrit katalizatorunda aktiv kiitlonin (CuFe,O4) payr 25.0 kiitla%, vanadium-xrom-
aliminium katalizatorunun (torkibi kiitlo% ilo) V,05-3.0, Cr,03-7.0, Al;03-93.0 olmusdur. H-
mordenitdo modul 22, pentasildo iso 40 toskil etmis, palladiumun hor iki seolitdoki qatiligi 1,0%
kiitlo olmusdur.

Anilinlo etanolun alkillosmo reaksiyasinin naticolori 1 sayli codvealdo verilir. Goriindiiyii
kimi anilinin etillosmasinin osas mohsullarina N-etilanilin, N, N-dietilanilin, 2-etilanilin, 4-
etilanilin, 3-etilanilin vo dietilanilinlor aiddir. Istifado olunan katalizatorun torkibindon va
reaksiyanin temperaturundan asili olaraq bu mohsullarin ¢ixim va selektivliyi dayisir. Naticolorin
tohlilindon gériiniir ki, biitiin todqiq etdiyimiz katalizatorlar istiraki ilo temperaturun 300°C-don
3750C-y9 gadar artmasi anilinin etillosma reaksiyasindaki konversiyasini artirir. CuFe;Oy4 y -AlyO3
olan halda bu artim 12.0%, V,0s5-Cr,03-Al,03 istirakinda 27.2%, H-mordenitdo 35.0%, Pd,H-
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mordenitdo 34.0%,H-pentasildo 43.0%, Pd, HSVM-ds isa 25.0% toskil edir. 99-100% -li anilinin
konversiyas1 375°C-do misferrit, Pd.H-mordenit vo H-pentasil katalizatorlar1 gétiiriildiikdo oldo
olunur. Alkillosmo temperaturunun 75°C qaldirilmasi alinan reaksiya mohsullarinin gostoricilorine
do bilavasito tosir gostarir. Ilk névbado asag1 temperaturda (3000C) anilindoki azot atomuna goro
etillogsmonin istiinliik toskil etmasi digqoti calb edir vo bu hal biitiin katalizatorlar istirakinda tokrar
olunur. Istisna hal kimi vanadium-xrom-aliiminium katalizatorunu misal gostormak olar. Bels ki, bu
katalitik sistem gotiiriildikdo azota (N-) goro etillosmonin payr (42.5%) ilo anilindoki 2-
vaziyyatinds olan karbona (C-) gore alkillosmanin selektivliyi (40.0%) praktiki olaraq ¢ox yaxindir.
Misferrit katalizatoru istirakinda N-etilanilino goro selektivlik 89.5%, H-mordenitds 90.0%, Pd,H-
mordenitdo 91.5%, H-pentasildo 88.0%, PdHSVM-seolitindo iso 85.0% toskil edir. Maraql
naticalordon biri do odur ki, biitiin katalitik sistemlor istirakinda omalo golon N-etilanilin 300°C-do
ardicil etillosmoys moruz galaraq N,N-dietilanilini omolo gotirir. Bu mohsulun ¢evrilmis anilino
g0ra hesablanmis ¢iximi 4.0-12.5% olur.

Temperaturun artmasi ilo alkillosma prosesinin bas vermosindo gdzocarpacaq doyisikliklor
miisahido olunur. Ik ndvbodo, anilindoki azota goro etillosmonin payr koskin azalir vo misferrit
katalizatoru istisna olmagla N-etilanilino gora selektivlik 1.0-2.0%-o, N,N-dietilanilino gora
selektivlik iso 1.0-3.0%-o diislir. Misferrit katalizatoru istirakinda alinan alkilatlarda g¢evrilmis
anilina goro hesablanmis N-etil vo N,N-dietilanilinin ¢ixim1 uygun olaraq 20.0 vo 7.5% toskil edir
ki, bu da spinel quruluslu sistemlorin mis atomu vo ionunun xassolorinin homg¢inin kristallik
qofosdoki digor metallarla onlarin qarsiligl tasirinin tobisti ilo izah oluna bilar.

Yuxari temperaturda (375°C) todqiq etdiyimiz katalizatorlar anilinin karbona gérs alkillosmo
mohsullarmin  amalo  galmasini  tomin edirlor. Onlardan bazilori  (CuFe;O4 -y - AlOs,
V;,05-Cr,03-Al,03, H-mordenit) asason o-etilanilinin, digarlori (Pd, H-mordenitdo, H-pentasil) o-
vo p- etilanilinin, PAHSVM-seoliti iso har ii¢ etilanilin izomerinin alinmasii hoyata kegirir.
Mosalon, 2-etilaniline géra prosesin selektivliyi daha ¢ox vanadium-xrom-aliiminium katalizatoru
gotiiriildiikde alda olunur (84.0%). Minimum o-selektivlik CuFe;Oy4 y *Al,03-0 xasdir (60.5%) H-
mordenit istirakinda anilin vo etanoldan alinan 2-etilanilin ¢evrilmis substrata goéro hesablanmis
cixim 78.0% toskil edir.

Cadval 1.
Miixtalif katalizatorlarin istirak ila anilinin etanolla alkillogma reaksiyasinin tadgiginin naticalari.
Reaksiyann garaiti: v=1,0st*.v=1:3 mol/mol

Katalizatorun torkibi

Adi (}:/uzigi Vz?&"igioe’ H-mordenit mlj)O:;j'e_lr;i ¢ | H-pentasil | PdHSVM
Temperatur 300-375 300-375 300-375 300-375 300-375 300-375
Anilinin konversiyas1,% | 87.0 | 99.0 | 68.8 | 96.0 | 60.0 | 95.0 | 65.0 | 99.0 | 57.0 | 100 71.0 96.0
Cevrilmis anilino goro
hesablanmig reaksiya
mohsullarinin ¢iximi %,
o climladon
N-etilanilin 89.5 | 20.0 | 425 2.0 |90.0 2.0 | 915 1.0 | 88.0 15 85.0 -
N,N-dietilanilin 6.0 75 | 125 1.0 | 4.0 30 | 45 15 | 50 | 15 4.0 -
2-etilanilin 4.0 60.5 | 40.0 | 84.0 | 45 78.0 25 505 | 45 | 45.0 5.0 35.5
4-etilanilin 10.0 | 2.0 7.0 - 105 - 41.0 2.0 | 40.0 3.0 37.0
3-etilanilin 1.0 -l 1.0 -l 20 25 5.5 2.0 24.0
dietilanilinlor - 15 35 | 05 3.0 - 2.5 - 5.0 0.5 3.0

Pd,H-mordenit vo H-pentasil seolitlori istirakinda anilinin etanolla alkillasmasindon 2-etil va
4-etilanilin qgarisig1 uygun olaraq 91.5% vo 85.0% selektivliklo alinir. Palladiumla modifikasiya
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olunmus mordenit gotiiriildiikds 2- etilanilinin 4-etilanilina olan mol nisbati 1:0.8, H-pentasildas isa
bu gostarici 1:0.9 togkil edir.

Oziinomoxsus katalitik xassolori Pd-HSVM seoliti gostorir. 1 sayli cadvaldon goriindiiyii
kimi anilinin etanolla garsiligl tosirindon alinan alkilatlarin torkibindo 2-,3-,4-etilanilinlori istiinliik
togkil edir. Onlarin ¢evrilmis anilino géro hesablanmis ¢iximlari uygun olaraq 35.5, 24.0 vo 37.0%
olur. Qeyd etmok lazimdir ki, digor tadqiq etdiyimiz katalizatorlar istirakinda alinan 3-etilanilinin
selektivliyi comi 1.0-5.5% toskil edir.

Anilinin etanolla alkillosmo reaksiyasinda alinan mohsullar igorisinds dietilanilinlora do rast
golinir. Misferrit katalizatorundan basqa digor katalitik sistemlor gotiiriildiikdo osason 375°C-do
alinan bu mohsullarin tarkibinda miixtalif izomerlor var. Bela izomerlora 2.6-, 2.4-, 2.3-, 2.5-
dietilanilinlor aiddir.

Alkillosmo soraitindo etanolun yan ¢evrilmolorino do rast golinir. Belo ¢evrilmolorin pay1
cox azdir. Misferrit katalizatorunda etanalin, digor katalizatorlar istirakinda dietilefirinin omals
golmoasi miisahido olunmusdur. Qaz halinda alinan maddolorin (C,H4) migdar1 da azdir.

Beloliklo, aparilmis todqiqatlar noticosindo anilinin etanolla etillosmo reaksiyasinda 2-
etilanilinin sintezi li¢clin vanadium-xrom-aliiminium katalizatoru, 2- vo 4- etilanilinlor qarisiginin
alinmas1 tiglin Pd,H-mordenit, 2-, 3-, 4-etilanilinlor garisigiin sintezi magsadilo Pd-HSVM, N-
etilanilinin alinmasinda iso misferrit vo Pd,H-mordenit katalizatorlar1 secilib asaslandiriimisdir.

2-metilanilinin etanolla alkillosmo reaksiyasi seolit katalizatorlari, yoni mordenit vo
pentasilin H-formalar1 vo onlarin palladiumla modifikasiya olunmus niimunalori istiraki ilo tadqiq
edilmis vo alinan naticalar 2 sayli cadvaldos verilmisdir.

Istifade olunan katalizatorlarin forma va torkibindon asili olmayaraq alinan katalizatorlarin
torkibi praktiki olaraq eynidir. Reaksya mohsullarina asason N-etil-2-metilanilin, N,N-dietil-2-
metilanilin, 2-etil-6-metilanilin, 2-metil-4-etilanilin, 2-metil-3-etilanilin vo dimetilanilinlor aiddir.
Bu vo ya digor mohsulun alinma vo ¢evrilmo siiratlori istifado olunan katalizatorun qurulusu veo
torkibindon, hamginin reaksiya soraitindon asilidir.

Cadval 2.
Mordenit va pentasil torkibli seolitlor va onlarin palladiumla modifikasiya
olunmus niimunalorinin istiraki ilo 2-metilanilinin etanolla alkillosmasinin naticalori
Reaksiyanin §araiti:4r:1,08t'1,v: 1:3 mol/mol

Adi Mordenitin formasi Pentasilin formasi
H-mordenit Pd.H-mordenit H-pentasil Pd,HSVM
Temperatur, °c 300 | 350 | 400 | 300 | 350 | 400 | 300 | 350 | 400 | 300 | 350 | 400

2-metilanilinin konversiyast, % | 70,0 | 89.0 | 97.5 | 82.0 | 94.0 | 100 | 57.0 | 90.0 | 100 | 41.0 | 85.0 | 93.0
Cevrilmis 2-metilanilino gora
hesablanmis reaksiya
mohullarin ¢iximu,

o ciimladan:

N-etil-2-metilanilin 91.5 | 40.0 - 93.0 | 35.0 - 92.0 | 245 - 895 | 85 -
N,N-dietil-2-metilanilin 50 [ 450| 80 | 6.0 |300| 1.0 | 40 [300| 1.0 | 50 | 25.0| -
2-etil-6-metilanilin 3.0 [100|69.0| 05 | 18.0|40.0| 2.0 | 23.0|40.0| 3.0 | 305|255
4-etil-2-metilanilin - 25 | 145 - 145|500 15 | 120|300 | 1.0 | 155 ]| 31.1
S-gtlI-_2--met|Ian|I|n+2-met|I-5- i i 5.0 i 50 | 55 i 80 | 201 10 | 160 36.0
etilanilin

2-metildietilanilinlor - - 2.0 - - 3.0 - 2.0 | 6.0 - 3.0 | 65

Alkilatin kimyovi torkibini nazordon kegirdikdo aydin olur ki, 2-metilanilinin etanolla
qarsiligli tosiri 2 paralel istigamotds bas veran ardicil reaksiyalara asaslanir. Birinci istiqamat {izro
2-metilanilinin etillosmasi aminin azot atomuna gora, ikinci istigamat iso onun niivadoki karbon
atomlarma gore ardicil sokilde hoyata kegir. Bunlar1 sxem tizro asagidaki kimi giistormok olar. Bu
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zaman birinci istigamat iizro ovvalco N-etil-2-metil-, daha sonra iso N,N-dietil-2-metilanilinlor
omolo golir.

Etillosma niivodaki karbona gora bas verdikds, ¢ox gliman ki, 2-etil-6-metil- vo 2-metil-4-
etilanilinlor qarisig1 omolo golir vo onlar katalizatorun tursu-osasi xassolorindon vo reaksiya
soraitindon asili olaraq molekuldaxili izomerlogarok 2-metil-3-etil- vo 2-metil-5-etilanilinlor
qarisigini verirlor. Izomerlosmo reaksiyasi tarazliq halinda olan izomer qarisiglarin torkibinin oldo
edilmoasing yonolir. Cox gliman ki, aminin azot atomuna gors alkillogsmis reaksiya mohsulu olan N-
etil-2-metilanilin prosesds araliq madds rolunu oynayir vo miioyyon saraitdo onun karbona goérs
etillogmis reaksiya mohsullarina ¢evrilmasi siibho dogurmur.

T
> < O \/_ N(C,Hs),

N
| O N NH CZHS+ CzHHO(I){
-2

e
AN
— { O J— NHGC,H;
CH |
I\ : C,Hs
_ +CHOH | 11 <
H | CH,
. CoHs + C,H;OH \/_ l\
2°75
-H,0 ,— NH,
(le3 |
C,H C,Hs
. c,i1={ O >—NH, o
—» LoHs5 N / 2

2 sayli codvoldon goriiniir ki, asag1 temperaturda (3OOOC) istifado olunan katalizatorlarin
hamis1 alkillogmoni osason amindoki azot atomuna goro istiqamotlondirir. Mordenitlordo bu
gostorici  pentasillorlo miiqaisade bir qodor forglonir. Xiisuson do modifikasiya olunmus
niimunolordo N-etil-2-metilanilino gors reaksiyanin selektivliyi Pd,H-mordenit olan halda 3.5% cox
olur. Temperaturun artmasi (3 50°C) ilo bu mohsula gora selektivlik azalir. Bu azalma H-mordenitds
51.5%, H-pentasildo iso 67.5% toskil etdiyi halda, palladium torkibli seolitlordo daha ¢ox gozo
carpir. Belo ki, Pd,H-mordenitdo N-etil-2-metilfenola goro selektivlik 35.0%, Pd-HSVM-dos iso
comi 8.5% olur. N-etil-2-metilanilino gdro reaksiyamin selektivliyinin 350°C-do belo koskin
azalmasi N,N-dietil-2-metilanilinin vo aminin karbona gora alkillogsmo mohsullarinin omalo golmasi
ilo miisayiot olunur. Azota goro ardicil etillosmo naticosindo N,N-dietil-2-metilanilinin selektivliyi
H-mordenitdo 40.0%, H-pentasilds 26.0%, Pd,H-mordenitdo 24.0%, Pd-HSVM-ds iso 20.0% artir.
Temperaturun 50°C qaldirimasi etitoluidinlerin selektivliyini do artirr. Bu artim modifikasiya
olunmus seolitlordo daha c¢ox olur. Belo ki, Pd,H-mordenitds selektivlik 34.5%-o, Pd-HSVM olan
halda iso 62.0%-o qalxir ki, bu da miivafiq seolitlorin H-formalar1 ilo miigayisads uygun olaraq 2.8
va 1.5 dofa ¢oxdur. Cevrilmis 2-metilanilino géro hesablanmis reaksiya mohsullarinin ¢iximlarinin
belo kaskin doyismasi katalitik prosesds paralel reaksiyalarla birgs ardicil aktlarin da bas verdiyini
gostorir. Ona goro do amin molekulunda azota goro alkillosmis reaksiya mohsullariin,
etiltoluidinlorin alinmasinda araliq madds olduqglart vo proses zamani molekuldaxili ¢evrilmalor
hesabina bu mohsullara ¢evrilmasi istisna olunmur.

Temperaturun 4OOOC-y9 qaldirilmast 2-metilanilinin azota goéro alkillosmo mohsullarinin
katalizatdaki paymi heg¢o endirmoklo yanasi, etiltoluidinlorin ¢iximini artirir. Bu iso amin
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molekulunda karbona gors etillosmonin paymin artmasina vo homginin, izomerlosma prosesinin
siiraotinin ¢oxalmasina gotirib ¢ixarir. H-mordenit olan halda etiltoluidinlorin  ¢evrilmis  2-
metilaniline géro tmumi ¢iximi 88.5%, H- pentasildo 92.0%, Pd.H-mordenitdo 95.5%, Pd-
HSVM-do 92.6% toskil edir. Alinan etiltoluidinlor garisiginda 2-etil-6-metil-, 2-meti-4-etil-, 2-
metil-3-etil- vo 2-metil-5-etilanilinlor olur ki, tarazliq halina daha yaxin olan gostorici Pd-HSVM
istirakinda alinir. Genis mosamolori olan Pd.H-mordenitdo 2-metilanilinin etanolla garsiliqh
tosirindon metanoldaki hala uygun hadiso miisahids olunur. Bels ki, alinan etiltoluidinlor i¢orisindo
stlinliiyti 2-metil-4-etilanilin (50.0%) toskil edir.

Digor torafdon g¢evrilmis vo baslangic 2-metilanilino goro hesablanmis 2-etil-6-metil- vo 2-
metil-4-etilanilinlors goro timumi ¢ixim hor iki halda 90.0% olur ki, bu da praktiki cohatdon
ohomiyyatli sayila biler.

Umumiyyatls, alinan naticolor gdstorir ki, elektrofil avozetma reaksiyalarinin, o ciimloden
alkillosmo proseslorinin asas qanunauygunluqglart heterogen bork katalizatorlar sathinde do 6ziinii
dogruldur. Protonlasmis 2-metilanilin praktiki olaraq aromatik niivoys goérs etillogsmir, metilaminin
molekulyar formasi iso ¢ox giiman ki, sothdoki etoksiqruplarla qarsiliqli tesirde olaraq 2-
metilanilinin o- vo p-etil izomerlorini omolo gotirir. Katalizatorlar kimi seolitlori sociyalondiran
cohot tursu morkozlori kristallitin kanallarinda, hom do sothinds paylanmasidir. Alinan naticalarin
tohlili gostorir ki, bu vo ya digor izomerlora vo izomer qarisiglarina gors selektiv alkillosmonin
tonzimlonma qaydalari mévcud nazariyyas ilo tam uzlagir.
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PE3IOME
NCCIEJAOBAHUE PEAKIIUU 3TUJINPOBAHUSA AHUJIUHA U 2-METUJIAHUJIUHA B
HNPUCYTCTBUHU PA3JIMYHBIX KATAJIU3ATOPOB
Azaee A.A., Anuesa H .A., Hacupoea U.M., TypaoxannuiC.3.

Knroueewie cnoea: anunun, 2-memunanunun, smanon, N-smunanunun, N-N-ousmunanunun, 2-smun-6-
MEMUNAHUTIUH, 2-Memun-4-25MUianuiun, SMUIUPOSanIe, OKCUOHBLL KAMAaIu3amop,

Pd.H-mopoenum, akmueHocmo, CelekmusHocsy
[IpuBoasTCS pPE3yAbTATHI HMCCIEAOBAHUS PEAKIMH JTWIMPOBAHS aHWIMHA W 2-METWIAHWINHA B
MPUCYTCTBHM PA3JIMYHBIX OKCHJHBIX ¥ I[COJUTHBIX KaTalM3aTOpoB. B KauecTBe Karaanm3aToOpoB
WCIIONB30BaHbl  TPOiHBIE oOkcuaHble cucrembl CuFe,Op -y AlOs; Vy05Cr0s5Al,O;, a  Taxke
najuauicoIepIKaIie eOJUThl, H-MOPAECHUT M IMEHTacCHI. YCTaHOBJIEHO, YTO MPOIECC STUIMPOBAHUSA
apoOMaTHYECKUX aAMUHOB MPOMCXOJUT IO MapajuIeIbHO-TIOCIEI0BATEIFbHOMY MEXaHH3MYy aHWINHOB. [Ipu
HU3KOi Temmeparype (300°C) mpeo6namaer N-stmiampoBanme ¢ obpasoammem N-stmwr u N-, N-

23


https://www.elibrary.ru/item.asp?id=46287057

Miixtalif katalizatorlar istirakinda anilin va 2-metilanilinin etillosma reaksiyasinin tadqiqi

JSTHIIPOM3BOIHBIX, a ¢ pocToM Temmeparypsi (370°) HMeeT MecTo MpenMyIecTBeHHO C-aIKHINpOBaHIE
apoOMaTHYeCKMX aMUHOB. B oTimmume oOT apyrux KaranusatopoB B mpucyrctsur Pd.HLIBM Ha ocHoBe 2-
METHJIAaHWIMHA U 3TaHolla 00pa3yercsl CMech O-, I- © M —M30MEPOB TOJIYUAWHA ¢ OOIIeH CeNeKTHBHOCTBIO
92,6 % 1 BBIXOOM OJIN3KHM K pAaBHOBECHOMY.

SUMMARY
ETHYLATION REACTION OF ANILINE AND 2-METHYLANILILE
IN THE PRESENCE OF VARIUS CATALYSTS
Aghayev A.A., Aliyeva N.A., Nasirova |.M., Turabkhanli S.E.

Key words: analytical, 2-methylaniline ethanol, n-ethylaniline, 6-ethyl 2-methylaniline, 4-ethyl 2-
methylaniline, ethylation,oxide catalyst, activity, selectivity

The results of the study of the acylation reaction of aniline and 2-methylaniline in the presence of
various oxide and zeolite catalysts are presented. Triple oxide systems with Fe204-yAl203,
V205-Cr205-Al203, as well as palladium-containing zeolites H-mordenite and pentasyl were used as
catalysts. It is established that the process of acylation of aromatic amines occurs by the parallel-sequential
mechanism of anilines acylation of aromatic amines occurs by the parallel-sequential mechanism of anilines.
At a low temperature (3000C), N-methylation predominates with the formation of N-ethyl and N-, N-diethyl
derivatives, and with an increase in temperature (3700), C-alkylation of aromatic amines predominates.
Unlike other catalysts in the presence of Rd.NCVM based on 2-methylaniline and ethanol forms a mixture of
0-, p—and m -isomers of toluidine with a total selectivity of 92.6% and a yield close to equilibrium

Daxilolma tarixi: [lkin variant 23.12.2021
Son variant 18.01.2022
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Acar sozlar: 3,5-dinitrobenzoy tursusu, piridin adduktu, xelat tipli rabita, bidentat-korpii tipli rabita,
donor-akseptor rabitasi.

Giris. 9,5-denitrobenzoy tursunun benzol halgesinds yerlogon nitroqruplar “meta effekt”
tosiri gostorarir vo karboksil qrupunun ionlasma dorocesini artirdigindan kompleks omoaloagatirici
ligand kimi todqiqatgilar torofindon istifado edilorok bir sira metallarin davamli kompleks
birlosmoalori sintez edilmis vo kristal quruluslari todqiq olunmusdur. Eyni zamanda tursunun
kompleks birlogsmalarinin optimal xasso gdstormasi miioyyan edilmisdir. [1]

Ligandin Ce(IIl) metal1 ilo kompleks birlogmosinin monokristallar1 alinmig vo molekulyar
qurulusu [2], 3,5-di-nitrobenzoy tursusunun Cu (II) kationu ilo qurulusu 6yronmisdir. [3]

Odobiyyat molumatlarinda 3,5-dinitrobenzoy tursusunun Cd(I) metali ilo kompleks
birlosmasina rast golinmamisdir. Odur ki, ligandin Cd(Il) kationu ilo yeni kompleks birlosmasi
sintez olunmus vo onun molekulyar kristal qurulusu dyronilmisdir.

Eksperimental hissa. Ik ndvbodo asagidaki reaksiya vasitesilo 3,5-dinitrobenzoy
tursusunun suda yaxst hoall olunan natrium duzu alinmisdir:

3,5-(NOy),- CgH3-COOH+NaHCO3=3,5-(NO,),-CsH3-COO Na+CO,1+H,0

2,34 q (0,01 mol) Na 3,5-dinitrobenzoat duzu 100 distillo olunmus gaynar (50-60°C) suda
holl edilmis mohlulu iizerine 3,35 q (0,01 mol CdSO4.7H,0 duzunun gaynar (50-60°C) distillo
suyunda hall edilmis mohlulu tokiilorok garisdirilir vo siizgoc kagizi vasitosilo siiziiliir. Alinmig
mohlul garanlhiq yerds otaq temperaturunda soyudulur. Krem ronginds alinmis kristal toz halinda
cokiintii siiziiliir, eksikatorda susuz CaCl; tizarindo, sabit ¢oki alinana qodar qurudulur.

Yeni kompleks birlogsmonin rentgen qurulus analizi ti¢lin keyfiyyotli monokristallarini almagq
miimkiin olmadi. Alian kristallik ¢okiintli metil, etil spirtinds vo digor {izvi halledicilords (benzol,
heksan, toluol vo s.) hoall olunmur. Lakin piridinde yaxsi hoall olur. CI(Il) 3,5-dinitrobenzoat
kompleks birlosmosi piridindo hall edilorok kristallagdirilmis vo keyfiyyotli monokristallari
almmuisdir.

Alinmis monokristallarin element analizi aparilmis (CARBO-Erba 11 analizatoru) vo
kimyavi formulu tapilmigdir.

Hesablanmis %: C-33,66; H-2,14; N-13,86; Cd-18,65.

Tapilmis %: C-33,58; H-2,25; N-13,71; Cd-18,86.

Alinmis monokristallar mikroskop altinda secilorok Amerika Birlogmis Statlarinin Virjinya
Universitetinds foaliyyat gostoran “Xtal. AB 117 avtomatlasdirilmis difraktometrino gondorilmis vo
Seldrik, [4] Olex [5,6] programlarindan istifado edilorok kristal qurulusu agilmisdir.

Addukt kompleks birlosmosinin kristalloqrafik parametrlori asagidaki kimidir: Empirik
formulu C4gH3,Cd2N12024, molekul kiitlasi 1385,68 k.v., 6l¢gma temperaturu 100,0(2)K; Radiasiya
monboyi MoK, = 0,71073 A; Sinqoniya monoklik; foza qrupu Py, Monokristalin &lgiilori
0,15x0,12x0,10 mm3, Kristal qofasin parametrlori; a=1 1,791A, b=10,457A, c=21,507A, oc=y=900, B
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Catena bis (3,5 — dinitrobenzoato, 0,0')— di (piridine)- di- kadmium(Il) kompleks birlosmasinin
sintezi va kristal qurulususun tadqiqi

=105,269°, Kristal gofosin hocmi V=2557,56 A 3 Qofasdo olan molekullarin say1 z=2, sixligi
d=1,799 g/sm°, udulma smsali 0,934 mm™, Tetanin asag1 qiymoti 2,181°, yuxari qiymoti 32,691°,
hkl miistavilarinin miimkiin qiymatlori: h=-17,+17, k= -15,+15, L= -22,+32. Toplanmis reflekslorin
say1 45868 odad Asili olmayan reflekslorin say1 9324 odad, yekun R-faktor=0,0268.
Kompleks birlogsmolords olan biitiin atomlarin koordinatlari1 vo onlarin ekvivalent temperatur
faktorlar1 codval 1-do, atomlararasi masafolor codval 2-do, rabito bucaqlari cadval 3-do verilmisdir.
Yeni kompleks birlosmonin molekulyar vo kristal qurulusu sokil 1-do verilmigdir.

Cadval 1.
Atomlarin koordinatlart ( X 10* ) va onlarin temperature faktorlar
X y z U(eq)
1 2 3 4 5

Cd(1) 1195(1) 3594(1) 5340(1) 14(1)
0(1) 3118(1) 3166(1) 5207(1) 19(1)
0(2) 2523(1) 1998(1) 5927(1) 18(1)
0(3) 6825(1) 1962(1) 4698(1) 22(1)
0(4) 7826(1) 341(1) 5181(1) 23(1)
0(5) 6538(1) -2065(1) 6735(1) 28(1)
0O(6) 4932(1) -1571(1) 6988(1) 26(1)
0(7) 1112(1) 5313(1) 4671(1) 24(1)
0(8) 286(1) 7132(1) 4242(1) 20(1)
0(9) 1765(1) 9296(1) 2681(1) 25(1)
0(10) 3389(1) 8839(1) 2465(1) 24(1)
0(11) 5468(1) 5145(1) 3476(1) 36(1)
0(12) 4884(1) 4101(1) 4199(1) 40(1)
N(1) 6994(1) 1081(1) 5087(1) 15(1)
N(2) 5675(1) -1407(1) 6681(1) 18(1)
N(3) 2607(1) 8682(1) 2737(1) 17(1)
N(4) 4782(1) 4952(1) 3802(1) 23(1)
N(5) 1660(1) 4932(1) 6214(1) 17(1)
N(6) 503(1) 2311(1) 4454(1) 16(1)
C(1) 3244(1) 2272(1) 5609(1) 15(1)
C(2) 4334(1) 1450(1) 5709(1) 13(1)
C(3) 5159(1) 1682(1) 5361(1) 13(1)
C(4) 6124(1) 882(1) 5459(1) 13(1)
C(5) 6315(1) -142(1) 5885(1) 14(1)
C(6) 5479(1) -335(1) 6221(1) 14(1)
C(7) 4493(1) 435(1) 6142(1) 14(1)
C(8) 1058(1) 6276(1) 4321(1) 16(1)
C(9) 1978(1) 6430(1) 3952(1) 13(1)
C(10) 1849(1) 7421(1) 3506(1) 14(1)
C(11) 2704(1) 7582(1) 3175(1) 14(1)
C(12) 3666(1) 6787(1) 3264(1) 16(1)
C(13) 3756(1) 5807(1) 3706(1) 16(1)
C(14) 2944(1) 5609(1) 4059(1) 15(1)
C(15) 1493(2) 4521(2) 6773(1) 30(1)
C(16) 1752(2) 5254(2) 7324(1) 45(1)
C(17) 2192(2) 6477(2) 7302(1) 39(1)
C(18) 2377(1) 6902(1) 6730(1) 29(1)
C(19) 2103(1) 6101(1) 6200(1) 22(1)
C(20) 921(1) 2414(1) 3932(1) 20(1)
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1 2 3 4 5
C(21) 627(1) 1566(1) 3424(1) 22(1)
C(22) -137(1) 567(1) 3446(1) 22(1)
C(23) -577(1) 450(1) 3981(1) 21(1)
C(24) -234(1) 1343(1) 4472(1) 18(1)
Cadval 2.
Atomlar arasi masafalor, d, A
Kimyovi d,A Kimyovi d,A Kimyavi d,A
rabitolor rabitolor rabitolor
Cd(1)-0(7) 2.2883(9) N(3)-C(11) 1.4714(15) C(12)-C(13) 1.3833(17)
Cd(1)-N(5) 2.2912(11) N(4)-C(13) 1.4746(15) C(12)-H(12) 0.9500
Cd(1)-O(8)#1 | 2.2939(9) N(5)-C(19) 1.3337(16) C(13)-C(14) 1.3843(16)
Cd(1)-N(6) 2.2956(11) N(5)-C(15) 1.3393(17) C(14)-H(14) 0.9500
Cd(1)-0(1) 2.4012(9) N(6)-C(24) 1.3416(15) C(15)-C(16) 1.376(2)
Cd(1)-0(2) 2.4061(9) N(6)-C(20) 1.3444(15) C(15)-H(15) 0.9500
Cd(1)-C(D) 2.7105(11) C(1)-C(2) 1.5133(15) C(16)-C(17) 1.385(3)
0(1)-C(1) 1.2547(14) C(2)-C(7) 1.3911(15) C(16)-H(16) 0.9500
0(2)-C(1) 1.2571(14) C(2)-C(3) 1.3962(15) C(17)-C(18) 1.379(2)
0(3)-N(1) 1.2240(13) C(3)-C(4) 1.3838915) C(17)-H(17) 0.9500
0(4)-N(1) 1.2241(13) C(3)-H(3) 0.9500 C(18)-C(19) 1.383(2)
0(5)-N(2) 1.2253(14) C(4)-C(5) 1.3885(16) C(18)-H(18) 0.9500
0(6)-N(2) 1.2219(14) C(5)-C(6) 1.3821(15) C(19)-H(19) 0.9500
O(7)-C(8) 1.2482(14) C(5)-H(5) 0.9500 C(20)-C(21) 1.3780(18)
0O(8)-C(8) 1.2566(14) C(6)-C(7) 1.3870(15) C(20)-H(20) 0.9500
O(8)-Cd(L}#1 | 2.2940(9) C(7)-H(7) 0.9500 C(21)-C(22) 1.3877(19)
0(9)-N(3) 1.2227(14) C(8)-C(9) 1.5105(16) C(21)-H(21) 0.9500
0O(10)-N(3) 1.2273(14) C(9)-C(10) 1.3933(15) C(22)-C(23) 1.3875(18)
O(11)-N(4) 1.2190(15) C(9)-C(14) 1.3962(16) C(22)-H(22) 0.9500
0O(12)-N(4) 1.2164(16) C(10)-C(11) 1.3883(15) C(23)-C(24) 1.3864(18)
N(1)-C(4) 1.4718(14) C(10)-H(10) 0.9500 C(23)-H(23) 0.9500
N(2)-C(6) 1.4731(15) C(11)-C(12) 1.3795(16) C(24)-H(24) 0.9500
Cadval 3.
Valent bucaglari, ©°
Bucaglar ®° Bucaglar ®°
1 2 3 4

O(7)-Cd(1)-N(5) 89.84(4) C(6)-C(5)-H(5) 1218
O(7)-Cd(1)-0(8)#1 126.55(3) C(4)-C(5)-H(5) 121.8
N(5)-Cd(1)-O(8)#1 85.56(4) C(5)-C(6)-C(7) 122.74(10)
0(7)-Cd(1)-N(6) 89.49(4) C(5)-C(6)-N(2) 117.82(10)
N(5)-Cd(1)-N(6) 173.26(4) C(7)-C(6)-N(2) 119.45(10)
O(8)#1-Cd(1)-N(6) 89.45(3) C(6)-C(7)-C(2) 119.15(10)
O(7)-Cd(1)-0(1) 87.54(3) C(6)-C(7)-H(7) 120.4
N(5)-Cd(1)-O(1) 100.49(3) C(2)-C(7)-H(7) 120.4
0(8)#1-Cd(1)-0(1) 145.62(3) 0(7)-C(8)-0(8) 125.20(11)
N(6)-Cd(1)-O(1) 86.18(3) 0(7)-C(8)-C(9) 118.20(11)
O(7)-Cd(1)-0(2) 142.08(3) 0O(8)-C(8)-C(9) 116.60(10)
N(5)-Cd(1)-O(2) 90.62(3) C(10)-C(9)-C(14) 120.42(10)
0(8)#1-Cd(1)-0(2) 91.26(3) C(10)-C(9)-C(8) 118.54(10)
N(6)-Cd(1)-0(2) 94.03(3) C(14)-C(9)-C(8) 121.04(10)
0(1)-Cd(1)-0(2) 55.16(3) C(11)-C(10)-C(9) 118.75(10)
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1 2 3 4
0(7)-Cd(1)-C(1) 115.01(3) C(11)-C(10)-H(10) 1206
N(5)-Cd(1)-C(1) 97.42(4) C(9)-C(10)-H(10) 1206
O(8)#1-Cd(1)-C(1) 118.39(3) C(12)-C(11)-C(10) 122.56(10)
N(6)-Cd(1)-C(1) 88.94(3) C(12)-C(11)-N(3) 118.79(10)
O(1)-Cd(1)-C(1) 2757(3) C(10)-C(11)-N(3) 118.59(10)
0(2)-Cd(1)-C(1) 27.63(3) C(11)-C(12)-C(13) 116.90(10)
C(1)-0(1)-Cd(1) 90.07(7) C(11)-C(12)-H(12) 1216
C(1)-0(2)-Cd(1) 89.79(7) C(13)-C(12)-H(12) 1216
C(8)-0(7)-Cd(1) 177.93(9) C(12)-C(13)-C(14) 123.28(11)
C(8)-O(8)-Cd(L)#1 108.10(7) C(12)-C(13)-N(4) 117.19(10)
0(3)-N(1)-0(4) 124.63(10) C(14)-C(13)-N(4) 119.52(11)
0(3)-N(1)-C(4) 117.78(10) C(13)-C(14)-C(9) 118.07(11)
0(4)-N(1)-C(4) 117.58(10) C(13)-C(14)-H(14) 121.0
0(6)-N(2)-0(5) 124.49(11) C(9)-C(14)-H(14) 121.0
0(6)-N(2)-C(6) 118.23(10) N(5)-C(1)-C(16) 122.89(14)
0(5)-N(2)-C(6) 117.27(10) N(5)-C(15)-H(15) 1186
0(9)-N(3)-C(10) 124.32(11) C(16)-C(15)-H(15) 1186
0(9)-N(3)-C(11) 117.70(10) C(15)-C(16)-C(17) 119.02(16)
0(10)-N(3)-C(11) 117.96(11) C(15)-C(16)-H(16) 1205
0(12)-N(4)-0(11) 124.49(12) C(17)-C(16)-H(16) 1205
0(12)-N(4)-C(13) 117.92(11) C(18)-C(17)-C(16) 118.48(15)
O(11)-N(4)-C(13) 117.59(12) C(18)-C(17)-H(17) 1208
C(19)-N(5)-C(15) 117.72(12) C(16)-C(17)-H(17) 1208
C(19)-N(5)-Cd(1) 123.50(9) C(17)-C(18)-C(19) 118.87(14)
C(15)-N(5)-Cd(1) 118.77(9) C(17)-C(18)-H(18) 1206
C(24)-N(6)-C(20) 117.82(11) C(19)-C(18)-H(18) 1206
C(24)-N(6)-Cd(1) 120.61(8) N(5)-C(19)-C(18) 123.01(13)
C(20)-N(6)-Cd(1) 121.15(8) N(5)-C(19)-H(19) 1185
0(1)-C(1)-0(2) 124.77(11) C(18)-C(19)-H(19) 1185
0(1)-C(1)-C(2) 117.59(10) N(6)-C(20)-C(21) 122.64(12)
0(2)-C(1)-C(2) 117.63(10) N(6)-C(20)-H(20) 118.7
0(1)-C(1)-Cd(1) 62.36(6) C(21)-C(20)-H(20) 118.7
0(2)-C(1)-Cd(1) 62.58(6) C(20)-C(21)-C(22) 119.22(12)
C(2)-C(1)-Cd(1) 174.67(8) C(20)-C(21)-H(21) 120.4
C(7)-C(2)-C(3) 120.03(10) C(22)-C(21)-H(21) 120.4
C(7)-C(2)-C(1) 119.27(10) C(23)-C(22)-C(21) 118.78(12)
C(3)-C(2)-C(1) 120.68(10) C(23)-C(22)-H(22) 1206
C(4)-C(3)-C(2) 118.32(10) C(21)-C(22)-H(22) 1206
C(4)-C(3)-H(3) 1208 C(24)-C(23)-C(22) 118.35(12)
C(2)-C(3)-H(3) 1208 C(24)-C(23)-H(23) 120.8
C(3)-C(4)-C(5) 123.45(10) C(22)-C(23)-H(23) 120.8
C(3)-C(4)-N(1) 119.58(10) N(6)-C(24)-C(23) 123.20(11)
C(5)-C(4)-N(1) 116.94(10) N(6)-C(24)-H(24) 118.4
C(6)-C(5)-C(4) 116.32(10) C(23)-C(24)-H(24) 118.4
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Sakil 1. Catena—bis-(3-5-dinitrobenziat?J)-di(:r)iridina) Cd(l) kompleks birlagsmasinin molekulyar
va kristal qurulug

Alimms naticalorin tahlili. Sokil 1-don goriindiiyli kimi yeni kompleks dimer qurulusda
olub ligandin karboksil qrupunun oksigenlari morkozi atom Cd(II) ilo ham xelat tipindo (Cd) — (1) —
O(1) =2,4012A; Cd( 1) - O(2)=2,4061 A , ham do bidentat-korpii tipinda (Cd(1) — O(7) = 2,2883
A ; Cd (1) - O(8) = 12,2939 A) rabito yaradir. Digor kompleks birlosmalords rast golindiyi Kimi
bidentat-korpii tipli rabito xelat tipli rabitadon xeyli qisalir. [ 7] Karboksil qrupunun oksigenlari ilo
karbon atomu arasindaki rabitalor (C(1)-0(1)=1,2547A;C(1)-0(2)=1,2571A) demoak olar ki, eynidir.
Morkoazi atom Cd(II) ilo piridin molekulunun azotu arasindaki rabita (Cd(1) — N(5)=2,2912A;Cd(1)-
N(6)=2,2959A) eyni olub digor piridin adduktlar1 ilo bir qader farglidir. [9] Benzol halqoesindo
nitrogruplarin karbon atomlar ilo rabitasi (Cd (4) -N(1)=1,4718A,C(6)-N(2)=1,4731A eynilik toskil
edir vo digor nitrobenzoy tursusunun komplekslorindo oldugu kimidir. [3] Nitrogruplarda azot
oksigen  rabitolori  (N(3)-O(9)=1,2227A;N(4)-O(17)=1,2273A)  digor  3,5-dinitrobenzoat
komplekslords oldugu kimidir.

Benzoy holgesindo olan karbon atomlar1 arasindaki rabito orta hesabla 1,3885A olub,
benzoy tursusunun digar téramalarinin kompleks birlosmalari ilo eynilik togkil edir. [ 8]

Natica.

1. Benzoy tursusunun nitrotéromasi olan 3,5 dinitrobenzoy tursusunun kadumium metali ilo
yeni kompleks birlogmosi sintez olunmus, onun pirindo holl olmasi naticesindo piridin adduktu
almaraq kristal qurulusu dyronilmisdir.

2. Morkozi atom Cd(II) ligandin karboksil qrupu ilo hom xelat hom do bidentat korpii tipinds
rabito omolo gotirir. Hoalledici kimi istifads olunan piridin molekullar1 qurulusa daxil olaraq
molekulla olan azot atomlar1 vasitosilo morkazi atomla koordinasiya olunur vo onun koordinasiya
odadini 6-ya catdirir.
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PE3IOME
CHUHTE3 U KPUCTAIJIMYECKAS CTPYKTYPA KOMIIVIEKCA KAuTEHA
BUC(3,5-TMHUTPOBEH30AT, 0,0/)- IN(ITAPUINH)-TU-KA IMUU(IT)
T'acanoea C.C.

Knrouesvle cnosa: 3,5-0unumpobenzotinas Kucioma, adOyKm RUPA3UHA, XelamHas C6s3b,
OUOEHMAMHO-MOCIMUKOBASL C8513b, 0OHOPHO-AKYENMOPHAS C6513b.

CuHTEe3MpOBaH HOBBIN KOMIUICKC 3,5-a1uHUTpOoOeH30MHOM KucnoThl ¢ karnoHoMm Cd (I1). IMonyuenst
MOHOKDPUCTA/UTBI KOMILJIEKCA C MHPHUAMHOM W paciiudpoBaHbl MOJEKYISIPHbIE W KPUCTAUTHYECKHUE
CTPYKTYpBI Ha aBTOMATHYECKOM JTUPPAKTOMETpE. Y CTAHOBJICHO, YTO HOBBIH KOMIUIEKC KPUCTAJUTU3YETCS B
MOHOK/TMHHOM CHHIOHHH ¢ mapamerpamu a=11,791A, b=10,457A, ¢=21,507A, 8=105,269°. IlenTpansHbIii
atrom Cd (II) xoopauHHpyeTCs KHCIOPOAOM KapBOKCHIBHON IPYIIIBI IMTAHAA 10 XEIaTHOMY M OHEHTATHO
— MOCTHKOBOMY THITy. MOJEKYJIbI MUPUIMHA Yepe3 JOHOPHBIC aTOMBI a30Ta KOOPAUHUPYIOTCS IIEHTPATEHBIM
aromom Cd (1) mo 10HOPHO-aKIIENITOPHOMY MEXAHU3MY H JIOTIOIHSIIOT KOOPIUHAIIMOHOE YHCIIO JIO IIECTH.

SUMMARY
SYNTHESIS AND CRYSTAL STRUCTURE OF THE CATENA COMPLEX BIS(3,5-
DINITROBENZOATE, 0.0/)-DI(PYRIDINE)-DI-CADMIUM(II)
Hasanova S.S.

Key words: 3,5-dinitrobenzoic acid, adduct pyridine, chelated bond, bidentatno-bridging bond,
donor-acceptor bond

A new complex of dinitrobenzoic acid with the Cd(ll) kation was synthesized single crystals of the
complex with pyridine were obtained and the molecular structure were deciphered on an automatic
difractometer. It has been established that the new complex crystalized in a monoclinic system witch
parameters: a=11,791A, b=10,457A, ¢=21,507A, =105,269°. The central Cd(ll) atom is coordinated by the
oxygen atoms of the carboxyl group of the ligand according to the chelate and bidentate-bridging types.
Piridine molecules are coordinated by the central Cd(Il) atom through donor nitrogen atoms by the donor-
acceptor mechanism and complement the coordination number of Cd(l1) to six.

Daxilolma tarixi: [lkin variant 21.01.2022
Son variant 03.03.2022
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The main regularities of the process of preparation of microelementized mineral fertilizer have been
studied. The decomposition process of the apatite concentrate with sulfuric acid was carried out using
additives of the datolite concentrate. The phosphorus-containing powdered mineral fertilizers obtained in
this case have improved physical-chemical properties and are enriched with additional micronutrients —
boron and iron.

Introduction. It was known that the microelements vital for plants are those, which cannot
be substituted by other elements in their specific biochemical role and which have a direct influence
on the plant organism, i.e., without them it can neither grow nor complete some metabolic cycles. It
has been established that the iron enters the bearing plants skeleton and participates in the processes
of photosynthesis, nitrogen fixation and oxidative-reduction reactions, the boron enters connected
as small molecules, including antibiotics, participates in the metabolism processes and transfer of
carbohydrates, synthesis of flavonoidins, synthesis of nucleic acids, utilization of phosphate, as well
as the formation of polyphenols [1-3].

Therefore, the investigation of the preparation process of phosphorus fertilizer containing
microelements — boron and iron is of scientific-practical interest from the point of view of the
efficiency of the obtained mineral fertilizer.

The authors have studied that various additives are used for improvement of the quality of
the obtained mineral fertilizers during the decomposition of natural phosphates with sulfuric acid.
However, not all additives reached widespread practice. One of the most widely used additives was
surface-active substances (surfactants) (SAS) [4-5]. It has been established that at decomposition of
the natural phosphates with sulfuric acid, the use of SAS as an additive allows to increase the
degree of decomposition of the initial raw material, the physical-chemical properties of the obtained
product are improve and allows the use of sulfuric acid of higher concentration. However, the
efficiency of the mineral fertilizers production with the use of SAS did not achieve the expected
results. Therefore, the use of SAS in the preparation process of the mineral fertilizers did not find
the wide application. It has been established by laboratory experiments that SASs do not
considerably influence on the maturing rate for the first day. Some researchers consider that the
most important advantage of use of SAS in the preparation process of phosphorus-containing
mineral fertilizers is the improvement of the physical properties of the product [6].

The main lack of the above-mentioned method is that the harmful effects of SAS can appear
in the further use of mineral phosphorus-containing fertilizers for preparation of granulated mixed
fertilizers.

With the aim of more intensive isolation of gaseous substances in the chamber, the calcium
carbonate is added to some natural phosphates for preparation of a porous product. It has been

31


mailto:ceyhun.mustafazade@greentech.az

Preparation of microelementized mineral fertilizer by decomposition of natural phosphate with
sulfuric acid using datolite concentrate

established that this method is especially advisable for processing of Khibiny apatite concentrate.
The limestone and dolomite are also used for conditioning of phosphorus-containing mineral
fertilizers. The lack of this method is the possible retrogradation of the available form of P,0Os.

Experimental part. With the aim of increase of a degree of decomposition of natural
phosphate raw materials and enrichment of phosphorus-containing mineral fertilizer with
microelements, the apatite concentrate of standard composition was used as a raw material and as
an additive — datolite concentrate according to GOST 16108-80.

In a case of the presence of datolite concentrate in the reaction zone during the
decomposition of natural phosphates by sulfuric acid, it is simultaneously decomposed with the
formation of boric acid. The formation of boric acid influences positively on increase of a degree of
decomposition of the raw material. It was known that the orthoboric acid is a weak monobasic acid
[7]. Unlike usual acids, its acidic properties are appeared not by the detachment of the hydrogen
ions (H), but by the addition of OH -ions from water, according to the following scheme:

B(OH)3; + HOH « [B(OH),] + H*

In the end, the formed hydrogen ions favor an increase of the total concentration of the
hydrogen ions and have an effect on a deeper decomposition of the natural phosphate.

The experiments were carried out on a laboratory installation according to the following
sequence [8]:

Fig.1. Scheme of laboratory installation of preparation of microelementized mineral fertilizer: 1 and 2 —
dozer of sulfuric acid dispenser and intensifying solution, respectively; 3 — acid heater; 4 — contact
thermometer; 5 — apatite concentrate bunker; 6 — dozer of apatite; 7 — electric motor; 8 — mixer; 9 —
glass; 10 — datolite concentrate bunker.

2-2,5 | of sulfuric acid with concentration of 75% was poured into flask 1, 1-2 | of water
was poured into flask 2. The calculated quantity of sulfuric acid and water through the heater 3
enters the mixer 8, the apatite concentrate from the bunker 5, the datolite concentrate from the
bunker 10 simultaneously enters there, and the consumption of raw materials is regulated by the
dozer 6. In mixer 8, the liquid and solid phases are mixed for 7-8 min for preparation of a well-
catching pulp. After establishment of the normal mixing regime, the pulp is removed into
preliminarily weighed and heated porcelain glass 9 with a capacity of 1 | (Fig.1). After filling the
glass, it is placed in a thermostat, where it is kept for 1 h at 110-115°0C. After that, the obtained
product is removed from the thermostat, processed and analyzed by standard methods.
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Table .
The composition of microelementized phosphorus fertilizer and a degree of decomposition of the
apatite concentrate in the product obtained with the addition of datolite concentrate (Conc. Of
sulfuric acid — 63%; norm — 70 mass p. per 100 mass p. apatite))

Quantity of the Composition of superphosphate after 8 days of maturing, Degree of
additive, % from mass % decompose-
mass of apatite P2Osow. | P2Osyes. | P20scos. Fe B H,O tion
%
0 21,52 19,19 7,03 - - 8,89 92,52
2 21,43 20,04 6,95 0,25 0,41 8,32 93,51
4 21,29 20,02 6,69 0,39 0,72 8,16 94,03
6 21,16 20,31 6,47 0,63 1,00 7,95 95,96
8 21,02 20,28 5,91 0,95 1,24 7,82 96,48
10 20,88 20,46 5,75 1,18 1,68 7,70 97,98
12 20,75 19,61 5,82 1,53 2,04 7,58 94,51
14 20,52 19,22 6,39 1,89 2,45 7,50 93,66
16 20,40 18,73 7,04 2,20 2,81 7,39 91,81

As is seen from Table 1, with the introduction of an additive of the datolite concentrate, the
degree of decomposition of apatite in the obtained product is gradually increased. That is, an
effective method of acceleration of decomposition is the maintenance of a high concentration
gradient on the reaction products in the diffusion layer. It is also important that the reaction
products were crystallized not on the surface of the dissolving solid body, but in the volume of the
solution. One of the methods allowing to reach the crystallization of reaction products in the volume
of the solution during the decomposition process of natural phosphates with sulfuric acid is the
removal of the dissolved substance from the volume of the solution, i.e. decrease of its
concentration in the solution. This can be done by addition of reagents to the solution forming
slightly soluble compounds with the dissolved substance. During dissolution of fluoroapatite in
sulfuric acid, the introduction of datolite concentrate favors the formation of boric acid, which bind
OH ions from water with the isolation of the hydrogen ions (H"), as a result of which the
concentration of the hydrogen ions in the liquid phase is increased, which shows a positive
influence on deeper decomposition of the raw material. In addition, the crystallization of slightly
soluble compound — calcium sulfate hydrate and its precipitation decrease its concentration in
solution. As a result, the concentration gradient on the calcium ion increases and the dissolution of
fluoroapatite is accelerated. At the same time, it is obvious that the conversion of the dissolved salt
with the sulfate ion and the formation of hydrate crystals of the calcium sulfate proceeds not on the
surface of the dissolved body, but advantageously in the volume of the solution, i.e. the external
surface of the diffusion layer [9].

Results and discussion and conclusion. The dynamics of an increase of a degree of
decomposition is observed with the addition of up to 10% of the mass of fluoroapatite. This
tendency is also explained by the fact that with the introduction of an additive into system CaO —
P,05 — H,0, the additional H" ions are formed, which favors the activation of the hydrogen ions,
and sulfate ions allow to connect the calcium ions as CaSO4-H,0 and thereby create the favorable
conditions for deeper decomposition of phosphate raw.

An increase of a quantity of the additive more than 10% of mass of the datolite concentrate is
inadvisable, since in this case, the expected high degree of decomposition is not achieved. This
phenomenon has been apparently connected with the supersaturation of system CaO — P,0Os — H,O
with hydrate crystals of the calcium sulfate, which screen the surface of apatite grains and create the
obstacles for the diffusion of sulfuric acid to apatite grains.
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It has been established by the carried out investigations that the highest degree of
decomposition of the raw materials is reached with the addition of the datolite concentrate 6-10%
from mass of the apatite concentrate.

Thus, the carrying out of the process in the indicated interval of the addition of the datolite
concentrate allow to increase the degree of decomposition of the raw materials in the product 95,96-
97,98% and contain P,Osavail. — 20,31 — 20,46; P,Osfree — 6,75 - 5,45; B— 1,0 — 1,68; Fe — 0,63 —
1,18, consequently, the qualitative characteristics of the end product are improved due to its
enrichment with microelements such as boron and iron.
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XULASO
DATOLIT KONSENTRATININ iSTIRAKI ILO TOBii FOSFATLARIN SULFAT TURSUSUNDA
PARCALANMASINDAN MiKROELEMENTLI MINERAL GUBRONIN ALINMASI
Mustafa-zad> C.M.

Acar sozlar: mineral giibra, parcalanma, datolit konsentrati, mikroelementlar

Mogqalodo mikroelementli mineral giibronin alinmasi prosesinin 9sas qanunauygunluqlari
Oyranilmisdir. Taobii fosfatlarin sulfat tursusunda pargalanmasi prosesi datolit konsentratinin istiraki ilo
hoyata kecirilmigdir. Bu iisulla alinan fosfortarkibli tozsokilli mineral giibro daha miikommal fiziki-kimyovi
xassalora malik olur va tarkibi olave gida mikroelementlori bor vo domirls zonginlagmis olur.
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PE3IOME
MNOJYYEHUE MUKPODSJEMEHTU3UPOBAHHOI'O MUHEPAJIBHOI'O YAOBPEHUS
PA3JIO)KEHUEM ITPUPOJJHOI'O ®OCPATA CEPHOM KUCJIOTOM C IPUMEHEHUEM
JATOJIMTOBOI'O KOHIHEHTPATA
Mycmadgpa-3aoe /[rnc.M.

Kniouesvie cnosa: munepanvhvie y0oOpeHus, pasiodceHue, OAMOIUMOBLIL  KOHYeHmpam,
MUKDODJIeMEHbl

B craTtbe u3y4yeHbl OCHOBHBIC 3aKOHOMEPHOCTH TPOIIECcca MOTYICHHs] MUKPO3IIEMEHTU3UPOBAHHOTO
MUHEpaIbHOrO yaoOpeHus. [lpomecc pa3noKeHHs amaTUTOBOTO KOHIIGHTpAaTa CEPHON KUCIOTOM
OCYIIECTBISUIM C TPUMEHCHHEM JO0ABOK JIaTOJUTOBOTO KOHIIGHTpata. [lodydeHHBIE TpuU 3TOM
(bocdopcoaepxkaiiue MOPOMKOOOpa3HbIE MHHEpPAIbHBIE yHOOpEeHHs 007afaloT YIy4IIeHHBIMH (DHU3HKO-
XUMHYECKAMHU CBOMCTBAMHU U 00O0TAIAFOTCSI TOTIOJTHUTEIBHBIMHU ITUTATEIBHBIMH MUKPO3JIEMEHTAMH - OOPOM
U IKEJIC30M.

Daxilolma tarixi: [lkin variant 03.04.2021
Son variant 14.12.2021
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O HETEPMHUUYECKHNX D®PEKTAX BO3JENCTBUSI
MHUKPOBOJIHOBOI'O U3JIYYHEHUSA HA TETEPOI'EHHO-
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Kniouesvte cnosa: CBY, xamanuzamop, HAHOCMpYKmypa, OealKuluposanue, moryoi, 0eH301,
Hemepmuyeckutl ggexm

B npeonacaemoii pabome na npumepe CmMuMyIuUpOSAHHOU MUKPOBOIHOBLIM USNYYEHUEM DEaKYUU
Odeankunuposanusi moayona ¢ 800aubim napom 6 npucymemeuu Ni-Co-Cr/Al,Ox/Al-xamanuzamopa
NPEOnPUHAMA NONbIMKA BbISIGICHUS. HEMEPMULECK020 Phekma 6030eticmeust 31eKmpOMASHUMHO20 NOJIsL
CBY na peaxyuonnyio cucmemy nymem OONOJHUMENIbHO20 6030€UCMBUS MUKDPOBOJIHOB020 U3LYUECHUS 6
npoyecce 2eHEpUPOBanUs 600SIHO20 NAPaA neped nodadell 8 PeakyuoHHbLL annapam.

Vemanoeneno, umo npu 0eankuaupoganuu moayond ¢ OOSHbIM NAPOM, NONYUEHHbIM U3 600bl,
OONOJHUMENLHO AKMUBUPOBAHHOU B030€UICMBUEM MUKPOBOIHOB020 U3NYHEHUsl, 00uue 3aKOHOMEPHOCHU
npomexanus peakyuu coxpausiomcs. Oonako, npu smom Oocmueaemcsi 6onee 8blCOKAs. CKOPOCMb
npeepawjerusi moayona u uzdupamenbHOCms no OEH301y 3a Cuem 03PACMAHUS YUCIA AKIMUBUPOBAHHBIX
MOJEKYIL a0COPOUPOBAHHOU 800bL, YHACMBYIOWUX 8 YeLeBblX PeAKYUOHHBIX MAPULPYMax OediKuIupo8anus
MONYONA, UYMO MONCHO —KEAIUDUYUPOBAMb, KAK NPOsGIeHUe HemepMuiecko2o ¢ggexma npu
UHMeHCUDUKaAyuU HabIr0OAEeMbIX 2emepPOSeHHO-KAMAIUMUYECKUX NPesPAUeHU.

Beenenne. B nocneanue roasl B 1ab0paTopHON U MIPOM3BOJACTBEHHON MpaKTHUKe Bce Ooliee
IIMPOKOE MPUMEHEHHE HaxOAAT HETPAJUIMOHHBIE CHOCOOBI  AaKTUBALMM  MOBEPXHOCTHU
reTepOreHHBIX KaTajau3aTopoB, OCHOBaHHBIE, Hanpumep, Ha MCIIOJIb30BaHUU
CBEPXBBICOKOYACTOTHOTO (MUKPOBOIHOBOTO) NIEKTPOMArHUTHOTO U3yueHus. [1-3]

SApko  BblpaxkeHHBIH  A(PGEeKT, NPOSBIAIOUIMIICS NpPU  MCIONB30BAHUM  SHEPTUU
MHUKPOBOJIHOBOTO IOJISl KaK B IIPOLIECCaxX MPUTOTOBIICHUS T€TEPOT€HHBIX KaTalM3aToOpOB, TaK U IPU
CTUMYJIMPOBAHUH MTPOTEKAHUS I€TEPOre€HHO-KaTAIUTUYECKUX PEaKIMii, 00YCIOBIEH YHUKAIbHBIMU
BO3MO>XHOCTSIMU MHUKPOBOJIHOBOTO H3JIy4€HMs, B Ka4eCTBE TEIIJIOBOIO MCTOYHHUKA, a TAKXKeE, KaK
BBITEKAeT M3 psAAa MyOJMKalMui, HETEPMHUYECKOTO HMCTOYHMKA aKTHUBALMU KaTaUTHYECKUX
npeBpanieHuii [4-6].

JysnekTpuueckuii HarpeB MOTJIOMIAIOIIMX MHUKPOBOJHOBOE H3JIyY€HHE TBEpAO(Da3HBIX
KaTaJIn3aTOPOB MPOUCXOIUT C JOBOJBHO BBICOKOW CKOpPOCTBIO, K TOMY K€, Onarojapsi OOJbIION
riyOvHE MPOHUKHOBEHUS U3IY4YEHHs] B KaTAJIU3aTOPHYIO IIMXTY, TEIUIOBOM (POHT MpaKTUYECKH
MT'HOBEHHO PaclpOCTpaHsAETCs B ee 00beMe.

B cBsi3u ¢ 3THM, pasrpaHUuYWThH TEIJIOBbIE U HETEIJIOBble 3((EKTHl, BOZHHUKAIONIME MpU
cTumynupyomeMm BozjaelcTBun CBU-u3nydeHHMss Ha NpOTEKaHWE OPTaHUYECKUX XUMHYECKHX
peaKuuii, SIBJSETCS BECbMa CJIOKHOU 3aa4ueH.

C onHOM CTOPOHBI, HU3KUE, B CONIOCTABIEHUH C YHEPTUEN MEXATOMHON CBSI3U B MOJIEKYJIAX
OpPraHMYeCKUX COCJMHEHHU, 3Ha4YeHus dSHeprun KkBaHTOB CBY-usnyuenus (tabmuma.l),
CBUJCTEIbCTBYIOT O HEBO3MOXHOCTH MX HENOCPEJACTBEHHONW AaKTHBAallMM IIyT€M pa3pbiBa
XUMHUYECKUX CBSI3€H B YCIOBUSIX BO3JIEHCTBUS U3ITYUCHHUS.
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Mypaoosa I1.A.

Tabnuya 1.
Conocmasnenue snepeun K6AHMos sneKkmpomacHumuozo uznyvernus CBY-ouanazona c snepeueti
paspulea cesazeli 8 OpeaHUYecKux MOIeKy1ax

IMPUPOIA XUMUYECKOM CBSI3U B | HEPIHMSI CBSI3U U KBAHTA

OPITAHUYECKHUX MOJIEKYJIAX CBY-U3JIYUEHMUS, eV
C—C Cgs3b (YriIeBogopopl) 3,61
C=C Cgsu3b (Onehunsr) 6,35
C—0 Css3b (Couptbl, Dups) 3,74
C=0 Css3b (Anbaeruasl, KETOHBI) 7,71
C—H Css3b (YTIaeBoaopoinD) 4,28
O—H Cga3b (Cmpts) 4,80
Bognoponnsie cBs3n 0,04 - 0,44
MukpoBonHoBoe uznyyenue 300 MI'g 1,2x10°

MuxkpoBoJiHOBOe u3jiyuenue 2,45 I'T'n 1,0x10”

MukpoBonnoBoe uznyuyenue 300 I'T'h 1,2x10°

C npyroii, omnMcaHbl MHOTOYMCJIEHHbIE CIy4yaW, KOIJa OIIpEJEICHHbIE peakuuu 0e3
MHUKpPOBOJTHOBOTO OOJIy4€HHS OCYIIECTBUTh He ynaercs BooOmie. Takue peakuuu HHOTAA
CBA3BIBAIOT C TaK Ha3bIBAEMBIM MHUKPOBOJIHOBBIM KaTaau3oM [7].

Tak, B pabore [8] mpuBOmMTCS OOBACHEHHWE NPUYMH HMHTCHCH(DUKAIUH XUMHUCCKHX
peakuuii  BO3JEHCTBHEM  MHKPOBOJIHOBOTO  M3JIYy4E€HUs, OOYCIIOBJIEHHBIX COBMEUICHHEM
Tepmuueckoro dddexra (meperpeB, JOKAIbHBIA IEpPErpeB, CEIEKTUBHBIA TeperpeB) ¢
HeTepMUYeCKUMH d(PdeKTamu, CBI3aHHBIMH C (OPMHPOBAHUEM M BIUSHUEM Ha PEAKIIMOHHYIO
Cpely BBICOKOMOJSpU30BaHHOTO Moiisa. [lokazaHo, 4To ynmomsiHyThle 3(PQEeKThl MOTYT OKa3bIBaTh
BJIMSIHUE HA U3MEHEHHE JTI000r0 U3 YWIEHOB ypaBHEHUSI AppeHuyca, OTPakarolllero TeMIepaTypHyo
3aBUCUMOCTbh KOHCTAHTbhI CKOPOCTH COOTBETCTBYIOIIETO XMMHUYECKOTO IIPEBPALLICHHUS:

k=A-exp (-AE/RT) )

Amnanornyno, A. MUKIIayc, COMOCTaBIss pe3yIbTaThl KHHETHYECKUX WCCIEIOBaHUHA psja
reTePOreHHO-KATAJIMTUYCCKUX PEaKIUi, MPOTEKAIIMX B YyCIOBUSIX TpaaunuonHoro u CBY
Harpesa, MpHIIET K BBIBOJLY, YTO B IOCJIEJHEM Cllydae UX CYHIECTBEHHOE YCKOPEHHE MOXET
NPOKMCXO/UTh B PE3yJibTaTe BIUSHUS BpAIATCIbHOTO BO30YKICHUS MOJEKYT Ha T€OMETPHIO UX
CTOJIKHOBEHHUIA. [9]

OddexT oT mNpUMEHEHHs MHKPOBOJHOBOTO M3JIy4e€HHUs Haubojiee 3aMeTeH Ipu
OCYIIECTBIICHMN PEAKIUH C YYaCTHEM MHOTOATOMHBIX MOJIEKYIN, B3aMMOJICHCTBUIO KOTOPBIX
MpemsITCTBYIOT —cTepuueckue Qaktopel. Hampumep, oOpazoBanue u (QyHKUIHOHAINU3ALUS
TETPa30JI0B, MPOXOIAIINX C YIACTHEM CTEPUYECKH 3aTPYAHEHHBIX CYyOCTPATOB, IPH TPAJAUIIHOHHOM
TEPMHUYECKOM BO3JCHCTBUHU, TPEOYIOT JJIMTEIILHOTO HArpeBaHUs, B TO BpeMs, KaKk B YCJIOBHUSIX
MHUKpPOBOJIHOBOTO ~CHHTE€3a, Ul OONBIIMHCTBA PEaKLUUi, KaTalHM3HPYEMbIX IEPEXOJHBIMU
MeTaJlJlaMH, BpeMs TIpeBpallleHus 3HAaYNTeIbHO cokparnaercs. [10,11]

WHTepecHble pe3ynbTaThl MCCIEIOBAHHS HETEPMUYECKOTO BIUSHHUS MHKPOBOJIHOBOTO
U3JIyYeHHs Ha TPOIECC T'eTePOreHHO-KATATUTUYIECKOTO JCTHIPUPOBAHUS ITUIOCH30/Ia B CTHPOI
ObLTH OIyOIMKOBaHKI B padote. [12]
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ABTOpaMH YCTaHOBJIGHO, YTO IPOBEICHHE Ipolecca ICTUAPUPOBAHMS STWIOEH307a B
MPUCYTCTBUHM KaTallM3aTOPOB JAECTUAPUPOBAHUSA KaK poccuiickoro mpousBoactBa (K24), tak u
npousBojctBa ¢upmbl BASF (S6-34) ¢ HempepblBHOW MHKPOBOJHOBOW aKTHUBAIMEH BOJIBI,
UCIIOJIb3YEMON /ISl MOJY4YeHHs Mapa-pa30aBUTENsl, NPUBOAUT K YBETUYCHHUIO BBIXOJA IEJIEBOIO
poaykTa — ctupoiia Ha 2-13 % (abc¢.); [Ipumenenne oOpaboTaHHONH MUKPOBOJIHOBBIM H3JIyYCHUEM
(MBU) BobI BBI3BIBACT CHUXKEHUE YPHEPTHH aKTUBALIMM PEAKIUU AETUAPUPOBAHUS 110 CPABHEHUIO C
JETUAPUPOBAHUEM 0€3 BO3ICHCTBUS H3ITyUCHHS.

Bo3MoXHOCT, HMHTEHCHU(UKALMK Mpollecca MUPOJIU3a HHU3KOOKTAHOBOM OEH3MHOBOMU
¢pakuuy B TPUCYTCTBHH IPEIBAPUTEIBHO 00pabOTaHHOW MHKPOBOJIHOBBIM HM3JIyYCHHEM BOJIBI
Obuta mokazana B [13]. YcTaHOBICHO, YTO HCIOIB30BaHHE OOMYYCHHON BOJIBI IS pa3OaBIICHUS
YII€BOAOPOAOB MPUBOIUT K YBEJIWYCHHUIO 00pa30BaHMs TUICHA U MPOIWIeHa B cpeaneM, Ha 10 u
7 %, a TaKxke K yBeTUYeHUIO 00pa3oBaHus OeH3ona Ha 24 %, npu HEM3MEHHOM CYMMAapHOM BBIXO/JI€
dpakuu apoMaruueckux yrieBoaopoaos Cs-Cs.

Takum o00pa3oM, (akT BO3HMKHOBEHHUS HETepMUYECKHX J(PGEKTOB MpU MPOTEKAHUU
crumynupyembix CBY-u3nydeHneM TreTeporeHHO-KaTaJIUTUYECKHX pEeakIHid, B KOTOPBIX CO-
peareHToOM UM MPOAYKTOM MPEBPAILEHUH SABIsIETCS BOASHON Map, CTAHOBUTCS XapaKTEPHBIM.

B pamkax maHHOrO WCCIEIOBaHWS, Ha TOpPUMEPEe OSHAOTEPMUYECKOW  peakuuu
J€aNKUIMPOBAHKS TOJIyoJa ¢ BOAAHBIM mapoM B mpucyrcTBun Ni-Co-Cr/Al,Os/Al-karanusaropa,
HaMH TIPEANIPUHATA TOIBITKA BBISBICHUS HETEPMHUECKOTO () (eKTa MUKPOBOIHOBOTO M3ITYYCHUS
MyTeM JOMOJHUTEIHLHOTO €ro BO3JIEHCTBUS B MPOLIECCE TEHEPUPOBAHHUS BOJASHOTO Mapa mepen
MoJJayel B peaKUMOHHbBIN anmnapar.

JKCNEePUMEHTAJIbHAN YaCTh. DKCIEPUMEHTHI IO MPEBPAILEHUIO TOIYO0JIa C BOJSHBIM TapoM
B mnpucyrctBur  Ni-Co-Cr /AlL,O3/Al -karanuszatopa NPOBOAWINCH B IPOTOYHOM PEaKTOpE,
BBINIOJTHEHHOM M3 KBapIIEBOTO CTEKJIa, HA YCTaHOBKE, CKOHCTPYMPOBAHHOI Ha 0a3e MHOTOMOJYJIbHOM
MUKPOBOITHOBOH 1teun Mmapku EM-G5593V (Panasonic) ¢ 06beMoM pe3oHaropa 2311

Pabouass wacroTa reHeparopa W3JIy4eHHUS — Mar"HerpoHa coctaBmsuia 2450 M,
MakcuMaibHasi BxomHas MomHocTth — 1000 Bt. Temneparypa B peakiimOHHON 30HE U3MEPSIIACH C
MTOMOIIbIO JUCTAHITMOHHOTO OECKOHTAKTHOTO HH(pakpacHoro mnupomerpa Mapku VA6520 C
nmamasoHoM m3Meperns -50 ~600C. Bo m3bexaHMe HEOXHIAHHOTO IEPErpeBa peakTopa, B
pe3oHaTope  MeYd  yCTaHaBIMBajdach  IIYHTUPYIOIIass  €MKOCTb C  IUPKYJIHPYIOIIEH
TVCTUILTUPOBAHHOMN BOJOH JUISI CHY)KEHUS BBIXOAHOM MOIITHOCTH M3ITyUCHHS.

WudpakpacHble CHEKTPHl HCIOIH30BAaHHBIX OOpa3lloB KaTaIH3aTOPOB PETMCTPUPOBAIM HA
cnekrpomerpe MK-Dypne crexkrpomerpe Spectrum One B (Perkin Elmer) B cmexrpambHOM
nuamazone  400-4000 cm . Jns  mpurotoBieHuss 00pasloB, 3ampeccoBaHHBIX ¢ KBr
UCIIOJIb30BAJIMCh METOIMKH, ONyOJIMKoBaHHbIe B [14,15].

B ormnume ot crmocoba MpOBEACHHs peakuuu, omucaHHoro B [16], 3akimovaBimeMcs: B
COBMECTHOH JIO3WPOBAaHHOM TOJade TONyoda MW OWIUCTHILTUPOBAHHOW BOJBI C TIOMOIIBIO
KaTMOpPOBAaHHBIX IITIPUIIEBBIX J03aTOPOB HEMOCPEICTBEHHO B TOJOBHYIO YacTh pEaKTopa, e
CBHIPbEBBIE KOMITOHEHTHI MCHAPSUTHCh 32 CYET MHUKPOBOJIHOBOTO Pa30rpeBa CJOs KaTaiau3aropa U
TEIUIOTHI, BhIesseMol 3¢ddexTuBHo nornomatonieid CBY-uznydeHue BOJOH, B JaHHOM clydae
pacyeTHbIe KOJIMYECTBA BOJBI MOJIABAIUCH B PACIIOJIOKEHHBIN B PE30HATOPE MUKPOBOJIHOBOH MeYn
00 1y4aeMblii MUKPOBOTHAMH 3MEEBHK — UCTIAPUTENH U 3aTEM, HEITOCPEACTBEHHO B PEaKTOP.

Oo0cy:xnenune pe3yjabTaToB. C IENbI0 peanu3alyy MPOIEcca B YCIOBUSIX HEMPEPHIBHOM
MOJIayll PEaKIMOHHOW cpeAbl B 30HY KOHTakTa OblIa HCCIEAOBaHAa 3aBUCHUMOCTh BpPEMEHU
YCTQHOBJICHHSI ~ CTAllMOHAPHOTO TEMIIEPATypHOTO pEeKUMa OT MOTPeOIsIeMO  MOIIHOCTH
MAarHeTpoHa, MOJBHOTO COOTHOLICHHS TONYON : BOJA M O0OBEMHOI ckopocTH moToka V(™)
= Veup/Vx» THE Vi (7/4) — cKOpOCTh TIOZAuM  CHIPhA B KHAKOH ase, Uy (1) — oObem
KaTaJm3aropa.

VY CTaHOBJIEHO, YTO CTAllMOHAPHOE 3HAYEHUE TEMIIepaTypbl B 30HE PEAKIMH OINpeNessIeTcs
OaJlaHCOM TEIJIOTHI, TeHepUPYyeMOoi Mpu Tmoriomennn dHeprun nojss CBY-crnoem karanmusatopa, C
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Y4ETOM SHEPreTUYeCKHX 3aTpaT Ha MpOTeKaHwe sHAoTepMuueckux peakuuid (1) m (2), morepu
TEeIUIa B OKPYXKAIOLIYI0 CPEAY M OTTOKA TEIJIOTHI C MPOIYKTaMH PEaKLUU Ha BBIXOJIE U3 KOHTAKTHOU
30HBI.
CeHsCH3 + 2H,0 = CgHg + CO, + 3H,—138 x/I)/Moib (2)
CsHsCHj3 + H,0O = CgHg + CO + 2H,—175 xJIx/MOIb 3

[Ipu yBeNIWYEeHWH MOJIBHOTO OTHOUICHHS BOJBI K TOJYOJNY T.€. KOJMYECTBA IOJABAEMOH B
KOHTaKTHYIO 30HY IpeaBapuTesnbHO o0nydeHHo CBY BonbI MpH paBHBIX 3HAYEHUSX MOUIHOCTH
MarHeTpoHa, TEMIIEPATypPhl B KOHTAKTHOM 30HE M 0OBEMHON CKOPOCTH M0/Ia4H PEAKIIMOHHON CMecH
ObUT OOHapykeH (akT pe3Koro pocra KOHBEPCHUU TOJYyoJia M BBIXOJA LIEJIEBOrO IMPOIyKTa —
OeH3zoua.

O1oT 3(h(HEKT OTYETIMBO MPOSBISETCS
IIpA  COIOCTaBJICHWM IPEACTABICHHBIX Ha Wi, 107%(—
pucyrke 1. pesynsTaroB mpoBeneHnsi peakupn 100 <t
NP OMHOBPEMEHHOM TOjIadye B KOHTAKTHYIO
30HY TOJyoJia M BOJbI O€3 aKkTUBaLMK (KpUBbHIC
1,23) m c [npeaBapUTENbHOM —aKTHBALMEH
nocneaueit CBY-usnyuennem (kpusblie 17,2°,3").

BunHo, u9to mnpu (UKCHPOBAHHBIX
3HAYEHHUS YCJIOBHOTO BPEMEHU KOHTaKTa
CKOPOCTh CYMMapHOTO MIPEBPAICHUS
TOJlyoJla C BOJASHBIM [apoM, TeHepanus
KOTOPOTO MPOBOJMIACH ITYTEM TEPMHUYECKOU
o0paboTku BOJIbI MHUKPOBOJHOBBIM
W3IydeHUEM  TPEBBIIACT  TAKOBYIO B
OTCYTCTBHM MpPEIBAPUTEIbHON aKTHUBALIUU. ' ‘ * : ]
[Ipu »o>TOM Takxke HaOMIOJAETCS  POCT 2,0 40 6,0 80 100

MOL_
)

— 10 (]

CEJIGKTUBHOCTU 1O OeH3oidy, 3a cYeT p 107 )
CHIDKCHUS  CKOPOCTH  IUCTIPOTIOPIIMOHNPO- Puc.l. 3asucumocmv cropocmu  CYMMApHO20
BaHUs TONyoJa C O0Opa3oBaHHWEM CYM-MBI npespawjenus monyona (L1
A30MEPOB KCHUJIOJA, COTJACHO CIIEAYIOLIEMY usbupamenvhocmu  no  6ensony  (2,2°),
CTEXMOMETPUYECKOMY YPaBHEHHUIO: cymme kcunonoé (3,3°) om  ycnosnozo

epemeHu KOHmMaxma. Mowmnocme
2CeHsCH;3 = X CH3CgHsCH3+CgHg (4) maenempona 1000 eamm, memnepamypa

4300C, MOIbHOE OMHOWEHUE MOTYOT © 800d
W3 naHHBIX, TpeNCTaBICHHBIX Ha puc. 2 = 1:4. Kpugvie 1,2,3 coomeemcmeyiont
CIEIyeT, 4YTO C YBEIUYEHUEM MOLIHOCTH nodaue 6006l bes  npedsapumensioil

akmusayuu. Kpueete 1, 2, 3" - ¢
MHUKPOBOJIHOBOTO  M3JIYYEHHs, a  TaKXKe . .

npeodsapumenvrou axmusayuer CBY —
BPEMEHM DKCITO3ULHNHN BOISHOTO Mapa B MOJIE

usIyueHuem

CBY (B oOmactu ero HHU3KHUX 3HAYCHHII)
HaOJto/laeTCsl 3aMEeTHOE NpHpalleHHue, Kak
CKOPOCTH CYMMapHOTO MpEBpaIleHHs] TONyolla, TaK M H30HpaTeNbHOCTH Mo OeH3ony. [Ipu sTom
U30HUPATENILHOCT 10 MPOIYKTaM JUCIIPOIIOPIIMOHUPOBAHUS TOyosa (cxeMa 3) MPOMOPIMOHATBHO
CHUIKAETCH.

B obGnactu ke BapbupoBaHUs BpeMeHH Bo3aercTBusi CBY-u3mydeHusi, COOTBETCTBYIOMIEH
yCIIOBHOMY BpeMeHH KoHTakTa 3,5 — 5,0 4™ mokasaremn mporecca CTaOMIM3UPYIOTCS, TOCTHUTast
MPEETbHOr0, B JAHHBIX YCIOBUSIX, 3HAYEHUS.
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Puc.2.3asucumocmo cKopocmu CYMMAPHO20
npespaujerust moyoid, u3oupamerbHoOCmu no
OeH30y U CcyMMe KCUNON08 OMm GPEMEHU
akmusayuu  6oovl. Kpusevie I, 2, 3

COOMEEMCMEYIOM MOWHOCMU MASHEMPOHA
800 eamm, xpusvie 1°, 2, 3" - 1000 eamm.
Temnepamypa 6 KOHMAKMHOU 30He 430°C,
MONIbHOe OmHOUuleHUe monyol : 8oda = 1:4.

HK-cnekrpanbHOE UCCIIEJOBAHUE
o6pasnoB  Ni-Co-Cr/Al,Os/Al—xkaramuzatopa
JCaTKITHPOBAHHSI TOJTyOJIa (puc.3),
[I0KAa3aJ10, YTO IIOCJIE€ HAIlyCKa BOASHOIO Mapa

Kak He aktuBupoBaHHoro (B) Tak wm
aktuBupoBaHHoro (A) CBY-uznydyeHuem,
CHEKTPBl  XapaKTEPU3YIOTCS  CICIYIOIIUMU

nmojocaMu moryomieHuss npu - 3795-3790,
3720-3710, 3665-3660, 3285-3280 u 3110-
3100 cM 1, paziuyaromuecs
MHTEHCUBHOCTHIO, KOTOPHIE MOKHO OTHECTHU K
BAJICHTHBIM  KOJICOAHUSAM  TEPMHUHAIBHBIX
(cBOOOIHBIX)  TUAPOKCHUIIOB  Pa3IUYHBIM
00pa3oM  KOOPJIMHHUPOBAaHHBIX  aTOMaMH
amomuHus Ha noBepxHocTH  Y-Al,O5/Al-
MaTPHI[Bl HOCUTENS aKTHBHOM Macchl [17].

B o6uacru 2200-1800 cm * HK-criekTp
COJICPKUT IIMPOKYID MHOTOKOMIIOHEHTHYIO
0JIOCY MOTJIOIIEHH, MO-BUIUMOMY,
MPUHAJUICIKAIYI0 KOJICOAHUSIM MEXKCIIOEBBIX
H-cBsizeit ruapokcumnos [18].

[IpumeuaTenbHO, YTO HMHTEHCUBHOCTH
nosxoc norjomeHus B obactu 3800-3600 cm
1, COOTBETCTBYIOIINX BAJICHTHBIM KOJICOAHUSIM
MOBEPXHOCTHBIX TUJIPOKCUJIIBHBIX TpPYyMM, B

cirydae o0paboTkKu 00pa3IoB KaTaan3aTopa BOASHBIM IMAPOM, aKTHBHPOBAHHBIM MHKPOBOJHOBBEIM
U3Iy4yeHueM, Bo3pactaet (crnektp B).

3795
T2

37

665

)

Mponyekanne

4000 3500 3000 2500

2000 1500 1000

v, o

Puc. 3. UK-cnexmpor o6pasyos Ni-Co-Cr [AL,Os/Al-kamanuzamopa nocie nanycka 6oosnozo napa 6es
npedsapumenvrol akmusayuu (A) u akmusuposannoti CBY-uznyuenuem mownocmoio 1000 eamm
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npu ycrnoenom epemenu axcnosuyuu 3,5 v~ (B).
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Mypaoosa I1.A.

aKBAaKOMILIEKCOB, B3aMMOCHUCTBYIOIIUX B MOCIEAYIOIIUX CTagusSX C aJcoOpOMPOBAHHBIMU
MOJIEKYJIaMH TOJTyOJIa.

Takum 00pa3oM, MpPHUBEICHHBIC PE3YAbTAThl IOKA3bIBAIOT, YTO NpPU ACATKWIMPOBAHUH
tonyosna B npucyrctBuu Ni-Co-Cr /Al,Os/Al-karanuszaropa ¢ BOASHBIM MApOM, IMOJYYEHHBIM U3
BOJIbI, JIOTIOJIHUTEIIEHO AKTUBUPOBAHHON BO3JCHCTBHEM MHKPOBOJHOBOTO W3JIy4CHUs, OOIIHe
3aKOHOMEPHOCTH TPOTEKaHUs pPEaKIuu coxpaHsroTcs. OJHAKO MPU 3TOM JOCTHTraeTcs Oosee
BBICOKasi CKOPOCTb MPEBPALICHUS TOJIYOJIa M U30MPATEIbHOCTh 1O OEH301y 3a CUYET BO3pAcTaHUS
YHciaa aKTHUBHPOBAHHBIX MOJIEKYJT aJICOPOMPOBAHHOM BOJBI, YYACTBYIOIIMX B PEAKIMOHHBIX
MaplIpyTax JeaJKWINPOBAHUS, OIMCHIBAEMBIX CTEXUOMETPUUECKUMU YpaBHEHUIMHU (2) u (3).

CrnenoBatenbHO, BBITIOJHICTCS YCJIOBHE, OOO3HAYCHHOE YpaBHEHHUEM TeMIepaTypHOMH
3aBHCUMOCTH KOHCTaHThI ckopoctd (1), Korma BO3IEHCTBHE MHKPOBOJHOBOW OJHEPruM Ha
KAaTAIMTHYECKYI0O PEaKIMOHHYI0O CHUCTEMY HE BJHMSIET Ha BEIUYMHY aKTUBAIIMOHHOTO Oaphepa
peaKIyy, HO MPUBOIUT K POCTY MPEAIKCIIOHEHIIUATILHOTO MHOXKHUTEJIS.

YuuteiBasg TO O0OCTOATENBCTBO, YTO CTUMYJIUPOBAHHOE MHKPOBOJIHOBBIM H3IYyYCHUEM
npeBpamierre toayona B mpucyrctBuu  Ni-Co-Cr  /Al,Os/Al-karanuszaropa, npu HaJIdYUH
MPEBAPUTEIILHONW aKTUBAIIMKM BOJSHOTO Mapa, MPEBOCXOIMUT IO CKOPOCTH OOpa30BaHMS IIEJICBOTO
MPOAYKTa B CPaBHEHHHM C PEKHUMOM II0JIa4M Iapa B PEAKIMOHHYIO 30HY 0€3 MpeaBapUTEIbHON
aKTHBAIMU, M TO, YTO PEAKIIHS OCYIIECTBIIIACH B 007IaCTH HICHTHYHOTO TEMIIEPATYPHOTO PeXKUMa,
MOKHO KOHCTAaTUpPOBATh IMPOsIBICHUE HeTepMuueckoro ¢ dekra BosneiictBus CBY-uzmydenus Ha
UCCIIEYeMYIO PEaKIIMOHHYIO CUCTEMY.
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XULASO
MIKRODALGALI SUALANMANIN HETEROGEN KATALITIK REAKSIYALARA
TOSIRININ QEYRI-TERMAL TOSIRI HAQQINDA
Muradova P.A.

Agar sozlavr: mikrodalgall soba, katalizator, nanostruktur, dekalkillogma, toluol, benzol, geyri-termal

effekt.

Toklif olunan isds, Ni-Co-Cr / AlI203 / Al-katalizatorun istiraki ilo toluolun su buxari ilo
dealkillogsmasinin mikrodalgali stimullagdirici reaksiyasi niimunasinds, mikrodalgali elektromagqnit sahasinin
reaksiya aparatina verilmasindon avval su buxarinin amoalo galmasi prosesinds mikrodalgali radiasiyaya
alava maruz galma yolu ilo reaksiya sisteminds geyri-termal tosirini agkar etmays cohd edilir.

Malum olub ki, mikrodalgali siialanmanin tasiri ilo alavs olaraq sudan alinan su buxari ila toluolun
dealkillogdirilmosi zamani reaksiyanin gedisatinin iimumi ganunauygunluglari qorunur. Beloalikla, toluol
dealkillogmasinin magsad reaksiya marsrutlarinda istirak edon adsorbsiya olunmmus suyun aktivlesdirilmis
molekullarinin sayinin artmasi sababindon benzol {igiin segicilik vo toluolun daha yiiksok ¢evrilma siirati
alda edilir vo heterogen katalitik ¢evrilmoalarin intensivlogsmasina geyri-termal tosiri miisahids olunur.

SUMMARY
ON THE NON-THERMAL EFFECTS OF THE IMPACT OF MICROWAVE
RADIATION ON HETEROGENEOUS CATALYTIC REACTIONS
Muradova P.A.

Key words: microwave, catalyst, nanostructure, dealkylation, toluene, benzene, non-thermal effect.

In the proposed work, using the example of the microwave-stimulated reaction of dealkylation of
toluene with water vapor in the presence of Ni-Co-Cr / Al203 / Al-catalyst, an attempt is made to identify
the non-thermal effect of the microwave electromagnetic field on the reaction system by additional exposure
to microwave radiation during the generation water vapor before feeding into the reaction apparatus.

It was found that during the dealkylation of toluene with water vapor obtained from water,
additionally activated by exposure to microwave radiation, the general regularities of the course of the
reaction are preserved. However, this achieves a higher rate of toluene conversion and selectivity for benzene
due to an increase in the number of activated molecules of adsorbed water participating in the target reaction
routes of toluene dealkylation, which can be qualified as a manifestation of a non-thermal effect upon
intensification of the observed heterogeneous catalytic transformations.
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Yaxst molumdur ki, miixtolif tipli sonaye, kond tosorriifat1 vo horbi foaliyyat, adston,
torpagin qeyri-lizvi ¢irklondiricilorlo ¢irklonmosino sobob olur. Bu zaman, urbanizo edilmis
orazilorin agir metallarla ¢irklonmasi bir sira ekoloji problemlor yaradir. Bu problemlardon on genis
yayilan1 Pb, Cd vo Cr kimi agir metallarla ¢irklonmadir ki, bu metallar potensial olaraq toksikdirlor
va sohar ohalisi iiciin tohliiko toradirlor. Biitlin bunlar sohar orazilorindoki qruntun agir metallardan
tomizlonmosi Uiglin xiisusi todbirlorin goriilmosi zoruratini yaradir. Torpagin agir metallardan
tomizlonmaosi {i¢ilin on perspektivli metodlar elektrokimyovi va elektrokinetik metodlardir.

Monbo [1]-do gostarildiyi kimi, torpagin elektrokinetik tomizlomo prosesinin osasini
torpaqda gil hissaciklorinin olmasi togkil edir. Gilin fiziki-kimyavi torkibi eladir ki, onun sothinds
daima monfi sothi yliklor movcud olur. Gilli torpagin masamolorinds olan maye Dissosiasiyaya
moruz qalir vo miisbat vo monfi ionlara ayrilir. Monfi yiiklonmis soth mayedoki kationlar1 6ziino
cozb edir. Noticodo gil sothi yaxinliginda ikiqat diffuz tobaqgo yaranir. Bu ciir tobagonin movcudlugu
torpaqda gedon elektrokinetik prosesi giiclondirir. Elektrokinetik proseslors dord asas komponent
aid edilir: elektroosmos, elektroforez, istigamotlonmis potensial vo qaliq potensial.

Elektroosmos totbiq edilmis elektrik sahasinin qradientinin tasiri altinda bas veran mayenin
horokotidir ki, burada elektrik saho qradienti horokotetdirici qiivvo kimi ¢ixis edir. Elektroforez
mayedo olan bork cisimlorin suspensiyasinin totbiq edilmis elektrik sahosinin qradientinin tasiri ilo
horokotindon ibaratdir. Istiqgamotlondirici potensial torpaqgda mayenin horokati naticesinde meydana
golon elektriki potensiallar forqi kimi miioyyonlosdirilir. Qaliq potensiali suspensiya hissociklorinin
harakati naticasinds yaranan elektriki potensial forqi kimi miisyyanlosdirilir.

Nozoari olaraq su, ikiqat diffuz tobaqaye malik olan dipolyar su molekullariin qarsiliql tesiri
naticosindo miisbat elektroddan monfi elektroda dogru harokst edir. Agir metallarin xaric edilmasi
elektroosmos prosesi vo agir metal ionlarmin elektromiqrasiya proseslori noticesinde bas verir.
Elektrokinetik prosesin spesifikasi beladir ki, elektrik potensiali totbiq edildikdon sonra torpagqda
miisbat elektrod yaxinliginda tursu frontu (H+), manfi elektrod yaximnliginda isa galovi frontu(OH-)
yaranir. Bu frontlar elektroliz reaksiyalar1 (1), (2) naticasinds yaranirlar:

2H,0 — 4" 50, T + 4H" (1)
2H,0 +2e"— H, T+ 20H (2)

H" ionlarindan toskil olunmus tursu frontu agir metallar1 holl edir vo onlari torpagin
masamolorinds olan mayeyo qatir. Elektroosmos vo ionlarin miqrasiyas1 sayssinde ¢irklondirici
metal ionlar1 ¢irklonmis miihitdon xaric edilirlor. Lakin, golovi frontu, ¢irklondirici metallara tosir
etmoklo bu metallarin homin masamo mohlullarinin hiidudlar1 xaricinds ¢6kmasina sobab ola bilor
ki, bu da metalin xaric edilmasi prosesini zsiflodir. Aparilmis todqiqatlar gostormisdir ki, [1], OH
frontunun bu ciir tesiri qisman katod yaxinliginda olah pH soviyyasinin korreksiyasi yolu ilo qisman
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kompensasiya edils bilor. Elektrolitin bu ciir kondisiyaya gatirilmasi metal ¢okiintiilorini azalda va
ya qarsisini ala bilor vo ya ¢irklondirici metallarin noglini siiratlondirs bilor.

Agir metallarin torpaqdan elektrokinetik tomizlonmasinin timumi konseptual sxemi gokil 1
[1] -do verilmisdir.
Orunt sularinin tokrar baglanmasi

—
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Daimi garginlik
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Elektrik gradient
- - e il
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Sakil 1. Torpagin agir metallardan eliektrokinetik ¢cirklonmasinin timumi konseptual sxemi

Monbo [2]-do gosterildiyi kimi, torpagin agir metallardan tomizlonmasi iiglin istifado edilon
elektrokinetik metod ¢irklonmis qumun va gilli qumun agir metallardan tomizlonmasi {igiin daha
effektivdir. Bu metod torpagin margans vo xromdan tomizlonmaosi {i¢iin daha yiiksok effektivliyo
malikdir. Aparilmis eksperimental todqiqatlar [2] gostormisdir ki, tatbiq edilon gorginlik 24 voltdan
30 volta godor artirildigda tomizlomonin effektivliyi artmisdir. Effektivlik homg¢inin, tomizlomao
miiddotinin artirilmast yolu ils artirila bilor [2].

Monbs [3]-da qeyd edildiyi kimi, kicik niifuzluluga malik olan torpagdan nikelin
elektrokinetik tisulla xaric edilmasi li¢lin xiisusi reaktorda 10sm addimla yerlosdirilmis inteqrasiya
edilmis elektrodlardan istifado edilmisdir. Aparilmis todqiqatlar naticasinde askar edilmisdir ki,
coroyan sixligi 4,36mA/sm*-don  13,ImA/sm*a qador artirildigda  elektrokinetik  prosesin
effektivliyi 49,3 %-don 57,2 %-o qodor artir. Gorginlik gradientinin 1V/sm-don 2V/sm-o qodor
artirilmasi (13,1mA/sm2 oldugda) naticasindos effektivlik 38,5 %-don 54,3 %-o qodor artmisdir.

Manbs [4]-do gostorildiyi kimi, ¢irklonmis torpaqdan civenin xaric edilmosi prosesinin
optimallagdirilmasi ti¢lin katod yaxinligindaki mohlul giiclondirilmali vo bu moqgsadlo mohlula yod
olava edilmalidir. Eksperimental tadqiqatlarda kaolin va buzlugq tili kimi gilli torpaq istifads edilmis,
vo bu niimunonin civa ilo 500 mq/kq nisbatinds ¢irklondirilmis, 1,0 V/sm gorginlik qradientlori
istifado edilmisdir. Katod yaxinliginda yod mohlulunun konsentrasiyasi 0.1M olduqda, qradient 1,0
V/sm olduqda civenin 97% xaric edilmasi alda edilmisdir. Buzluq tilinds katodda yod mahlulunun
konsentarsiyasi 0,5M olduqda, qradient 1,5V/sm toskil etdikds civonin xaric edilmo faizi 77% toskil
etmisdir.

Monbo [5]-da gostorildiyi kimi, mislo ¢irklonmis kaolinin elektrokinetik remediasiyasinin
ikiol¢iili rogomli modeli yaradilmisdir. Bu model torabonzor struktura malikdir vo elektrodlar
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arasinda bas veron miqrasiya elektrik rezistorlar1 vasitosilo modellosdirilmisdir. Agir metallarla
torpaq arasindaki kimyovi tarazliq prosesi todqiq edilmisdir. Homginin, giiclondirilmis tursu
miihitinds elektrodun neytrallagdirilmasi effekti todqiq edilmisdir.

Torpagin agir metallardan elektrokinetik tomizlonmasi sahasindo mdévcud olan nailiyyatlorin
yuxarida gostorilon qisa xiilasasi imkan verir ki, aparilmis laboratoriya eksperimentlorinin asagida
gostarilon iimumi ¢atigsmazliglart askar edilmis olsun:

1.Todqgiqatlar asason real ¢irklonmis sahodo deyil, modellosdirilmis test reaktorunda vo ya
sahosindo aparilmigdir.

2.Bir anod va bir katoddan ibarat olan lokal sahoys miinasibatds elektrokinetik prosesin
yiiksok effektivliyinin aldo edilmasi sortlori imumon miioyyonlosdirilmislor.

3.Model test sahasindon real ¢irklonmis sahoys kecid sortlori miioyyonlosdirilmomis vo
xtisusilo do, real cirkli saholorin informativliyi qiymotlondirilmomis, vo bu sahslorde eksperimental
islorin informasiya monasinda optimal aparilmasi sartlori miioyyonlosdirilmomigdir.

Qeyd edok ki, test saholori hiidudlart daxilindo eksperimental todgiqatlarin
optimallagdirilmasina informasiya baximindan yanasma belo bir miilahizoys osaslanir ki, bu ciir
saholordo miixtalif ndqtolor miixtalif doracads ¢irklonmislor vo saholarin heg do biitlin néqtalorinds
agir metallarin miqdar maksimal miqdarda deyildir.

Yuxarida deyilonlori nazars alaraq, ¢irklonmis test sahasindon agir metallarin elektrokinetik
iisulla xaric edilmosi prosesinin informasiya baximindan optimallagdirilmasimnin toklif edilon
variantini nozardon kecirok.

Optimallagdirma ii¢lin asagida gostorilon ilkin miilahizalor qobul edilir:

1.Qabul edirik ki, tadqiq edilon sahads torpaqda olan agir metallarin com miqdar1 ayri-ayri
altsaholori tizro sabitdir.

2.Qabul edirik ki, elektriki parametrlorino (coroyan sixligt vo gorginlik qradienti)
miinasibatds on yaxs1 texnoloji rejim olds edilmisdir.

3.Sahonin tomizlonon altsahslorinin yerlosmasinin bir dl¢iilii strukturu nazarden kegirilir.

Ogor gobul edilmis xotti struktura malik todqiq edilon sahado agir metallarin com miqdarint
C kimi isara etsok, “Anod-katod” ciitlorinin miqdarint N ils isars etsok, askar edilon agir metalin
minimal migdarimi AC ilo isara etsok, agir metallarin xaric edilmasi prosesinin informativliyini belo
qiymatlondirs bilorik.

M =N-loglm+1)=Nlog (NCACJF:LJ 3)

Burada: m — tsikllorin sayi, M — biitiin eksperimentin informativliyidir. (m+1) — bir anod-katod
ciitiinlin foza pozisiyalar1 sayidir. (3) ifadesi N-in elo bir optimal qiymatini hesablamaga imkan verir
ki, bu qiymet daxilindo aparilan eksperiment maksimal informativ hesab edils bilor. (3) ifadosinin
ekstremumunu todqiq etmok ii¢lin toromolorin analizi metodundan istifade edorok, dM/dN téromasi
tapilib, sifra baraborlosdirilir:

?1_'\[\/::'09 (NCACHJ_ v C -° @
' (In2)-AC-N| ———+1
N-AC
(4 ) ifadesindon agagidak transsendent tonliyi ala bilarik.
m m
IogZ(WJrlj: (5)

(In2)-NUl|]+1j
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m+ N m
I = 6
g( N j m+ N ©)
Burada: m=£
AC

(3) transsendent tonliyinin N-o gora halli, m-in verilmis qiymatinds imkan verir ki, verilmis sahonin
todqiqi iiglin “anod-katod” ciitlorinin optimal miqdari askar edilmis olsun (sokil 2).

E

N i — 103
-H f\ (qobul edilmisdir)
/ | Bu zaman N verildikds test sassi C=m-Ac diisturu ilo
f |

i | mioyyonlosdirilir. Burada m (6) tonliyini m-o gors hall
[ . etmoklo alinir:  Ac-texnoloji tomizloms rejimi ilo
, mioyyanlasir; C-test sahasinin com ¢irklilik gostaricisi
3501 / '|I kimi gobul edilir.
o / \ Belolikls, gostorilmigdir ki, torpagin agir metallarla
/ \ geyri-barabor doracads ¢irklondiyi real saholordo
= “anod-katod” cﬁtla'rinin thimal mi‘qclia.n. hemilsal
T N movcuddur. Bu optimal miqdar gostoricisinin totbiqi
- imkan verir ki, ¢irklonmis test sahasi optimal torzdo

) _ ) todqiq edilmis olsun.
$okil 2. (3) ifadosi asasinda hesablanmus Qeyd etmok lazimdir ki, alinmis bu notico agir
M=f(N) grafiki

metallarda ¢irklonmis bdyilk homogen saholorin
cirklonmo doracosinin todqiqi ligiin ohomiyyat kosb
edir.

Bu ciir sahalords birinci marhalads segilmis kigik test sahoasinda ¢irklonma doracasi tadqiq
edilmalidir. Test sahasinin ¢irklonma xarakteri barodo maksimal informasiya olds edildikdon sonra
biitlin orazinin elektrokinetik tomizlonmasi islori planlasdirila bilor.

Yekun olaraq, aparilmis todqiqatin asas natico vo miiddealarini formulo edok:

1.Torpagin agir metallardan elektrokinetik {isulla tomizlonmosino dair son illorde aparilmis
on ¢ox xarakter tadqiqatlarin qisa xiilasosi verilmisdir.

2.Test saholorinin agir metallardan elektrokinetik tisulla tomizlonmasi prosesinin

informasiya baximindan optimallagdirilmast metodu toklif edilmis, bu metodun totbiq sahosi
gostorilmisdir.
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PE3IOME
MNPOBJIEMbBI BBIBOPA UCIIBITATEJIBHOM IJIOINA AN AJIs1 YJNEKTPOKUHETUYECKOM
OYNCTKHU T'OPOJCKHNX YYACTKOB OT TSAXKXEJbBIX METAJIJIOB
Mammaooea C.O.

Knwuesvie cnosa: nousa, msdicenvle  MEmanivl,  OYUCMKA,  MemoO,  INEeKMPOXUMUS,
INEKMPOKUHEMUUECKAsL ONMUMUZAYUSL
IIpoBenen kpaTkuii 0030p HauboJee XapaKTEPHBIX HUCCIEAOBAHWUN IOCICIHUX JIET [0
ANICKTPOKUHETUYCCKOW OYUCTKE IMOYB OT TSDKENBIX META/UIOB. M37I0’kKeHa KPUTHYECKAsh OLICHKA COCTOSIHUS
pabor B ykazaHHOW oOmactu. llpeamoken wmerox WH(OPMAIMOHHON ONTHMH3AIMKA  IIpoIecca
AJIEKTPOKUHETUICCKOW OYHMCTKH TECTOBBIX YYAaCTKOB OT 3arpsA3HEHHBIX TSDKEIBIX METAJUIOB M TOKa3aHa
00J1aCTh IPUMEHEHUS TAHHOTO METO/Ia.

SUMMARY
QUESTIONS ON OPTIMIZATION OF RESEARCH OF TEST PLOT FOR ELECTROKINETIC
REMEDIATION OF TERRITORY FROM HEAVY METALS
Mammadova S.O

Key words: soil, heavy metals, cleaning, method, electrochemistry, electrokinetic optimization

The brief review of the most characteric researches of last years devoted to electrokinetic
remediation of soil from heavy metals is given. The critical assessment of fulfilled work in this sphere is
described. The method of information optimization of the process of electrokinematic removal of heavy
metals from test plots is suggested and the sphere of application of this method is shown.
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Sohordaxili vo gohaorotrafi yasilliglarin, meso vo parklarin salinmasi iglori tiglin xtisusi
ohomiyyat kosb edon bozok bitkilori sirasina robiniya cinsinin ndvlori do daxildir. Tabii halda
Simali vo Markazi Amerikada yayilmis vo 20-yo yaxin novii shato edon robiniya cinsi (Robinia L.)
kopanakgigaklilar fasilasine (Papilionaceae) monsubdur. [1, 2]

Bu cinsin bir nego noviiniin ( yalangi akasiya robiniyasi — Robinia pseudoacacia L.,
yapisqanli robiniya — R. viscosa Vent., Yeni Meksika robiniyasi — R. neo-mexicana A. Gray.,
mohtosom robiniya - R. luxurians (Dieck) C.K.Schneid.) Abserona introduksiya edilmosinag
baxmayarag, onun bir noviinden (R. pseudoacacia L.) yarimadanin yasilliq islorindo daha ¢ox
istifads edilir. R. pseudoacacia L. yaxs1 bal veran bitki kimi do ¢ox shomiyyatlidir vo respublikanin
miixtalif rayonlarinda becarilmasi magsadouygundur. [3]

Introduksiya edilmis bitkilorin ¢oxaldilmas: vo genis miqyasda kulturaya kegirilmosi ii¢iin
coxlu miqdarda yliksokkeyfiyyatli toxum ehtiyati olmalidir. Ekzot bitkilor becorildiklori yeni
soraitdo homiso yaxst keyfiyyotli toxumlar omolo gotirmir. Belo ki, ekzot bitkilorin generativ
organlar1 onlarin diisdiiklori yeni ekoloji soraitdo votonlorinds oldugu kimi inkisaf edo bilmir vo
naticads bitkilor ya toxum omoalo gotirmir, ya da asagi keyfiyyatli toxumlar omalo gatirirlor. Bu
noqteyi-nozordon introduksiya olunmus bitkilorin meyvo vo toxum amalo gotirmoa xiisusiyyatlorinin
oyroanilmasi vacib masalolordondir. [4, 5, 6]

Bu mogsadlo Abseron soraitindo introduksiya edilmis Robiniya cinsinin dérd ndviiniin
meyva vo toxum amolo gotirmasi torafimizdon otrafli dyronilmisdir. Aparilan tadqiqatlardan molum
olmusdur ki, Abseron yarimadasinin quru subtropik iqlimi soraitindo becorilon robiniya bitkilori
novdon asili olaraq 4-6 yasindan etibaron ontogenezin reproduktiv ddvriine qodom qoymagqla,
demoak olar ki, har il ¢igakloayib meyva verirlor. Meyva va toxumamologatirma xiisusiyyatlorine gors
robiniya ndvlori noinki biomorfoloji cohatdon, hamg¢inin meyve vo toxumlarinin komiyyat vo
keyfiyyot gostoriciloring gora do bir-birindon forglonirlor. Robiniya ndvlorinin toxumla ¢oxaldilmasi
iiclin vacib mosalolordon biri onlarin toxum mohsuldarliginin hesablanmasidir. Belo ki, adston,
bitkilor hor il lazimi miqdarda toxum mohsulu vermirlor. Ona gbro do bitkilorin toxum
mohsuldarligin1 hesablayaraq golocak illor liglin do toxum ehtiyati toplanilir. Robiniya ndvlerinin
toxum mohsuldarligi hesablanarkon kiitlo metodundan, yoni bir agacda olan biitiin meyvalorin
toplanaraq onlarin imumi kiitlasinin toyin edilmasi tisulundan istifads edilmisdir. [6, 7]

Aparilan todqiqatlar gostormisdir ki, Abseron soraitindo 5-8 yasli robiniya bitkilorinin
meyvo mohsuldarligi ndv monsubiyyatindon asili olaraq orta hesabla 31,67 - 257,23 q. toskil edir.
On ¢ox meyva mohsulu mohtagsam robiniya (257, 23 q.), on az1 is9 yapisqanl robiniya {igiin (31,67
q.) xarakterikdir (cadval 1). Miiayyan edilmisdir ki, meyva mohsuldarlig1 nainki robiniya cinsinin
noviindon asili olaraq doyisilir, homginin bir ndvo monsub olan fordlorin do mohsuldarliginda
nozoracarpacaq doracodo forq olur. Bu baximdan mohtogom robiniyanin miixtolif fordlorindo
mohsuldarliq forddon asili olaraq 130,9 - 450,6 q. arasinda doyisilir. Mohsuldarligin bu gostoricilori
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illor lizro do miixtalif olur. Meyva mohsuldarligindak: forq har bir fordin ¢atiri daxilinds do nozere
carpir. Belo ki, mohtogom robiniya noviiniin fordlorinds ¢otirin yuxari hissasinin mohsuldarligi orta
hesabla 70 q., orta hissasinds 80 q. oldugu halda, asagi hissonin mohsuldarlig1 300,6 q. olmusdur.
Bundan basqa bitkilorde budagin miixtalif hissslorinds do meyve mohsuldarligr eyni miqdarda
olmur. Belo ki, budagin gévdoys yaxin hissasindo meyvo mohsuldarligi 60,4 q., orta hissasindo
105,7 q., uc hissasindo iso 100,7 q. toskil edir.

Analitik tohlillrdon molum olmusdur ki, robiniya cinsi  niimayandolorindo real
mohsuldarligla yanasi, 100 adod meyvanin kiitlosi do névdon, forddon va forddaxili hissolordon asili
olaraq doyisilir. Belo ki, yapisganl robiniyanin 100 adod meyvasinin kiitlosi 12,93 q., mohtogom
robiniyaninki 21,78 q., yeni meksika robiniyasininki 21,6 q. oldugu halda, yalang1 akasiya
robiniyasinda bu gdstorici 26,3 q.-a catir. Mohtosom robiniyanin eyni soraitdo biton miixtolif
fordlorindo omolo golon 100 adod meyvo kiitlosinin 20,76 - 23,00 q. arasinda doyismosi homin
fordlorin fordi xiisusiyyatlori ilo olagodadir. Fordin ¢otirinin yuxari hissosindo omolo golon
meyvalorin 100 adadinin kiitlesi 21,6 q., orta hissasindokilorinki 20,5 q., asagi hissasindo yerloson
meyvalorin kiitlosi iso 20,2 q. togkil edir. Bu onu gostorir ki, meyvalorin 100 adadinin kiitlosi
robiniya agaclar ¢atirinin yuxari hissasinds ¢ox (21,6 q.) asag1 getdikco iso azalir (20,2 q.). Tobii
ki, bu da homin bitkilorin bioloji xiisusiyyatlori ilo yanasi, onlarin ¢otirinin miixtalif hissolorinds
omolo golon meyvalarin migdari vo homin hissalords yaranan lokal mikroekoloji soraitin altinda bas
verir. Meyvalarin kiitlosi homg¢inin budagin miixtalif hissalorinds do eyni olmur. Mdhtosom robiniya
budaqlariin asag1 hissasindo (gévdoys bitisik hissodo) amalo golon hor 100 odod meyvonin kiitlosi
orta hesabla 22 q., orta hissods 23,4 q., yuxar1 hissado iso 23,4 q. toskil edir. Demali, 100 odad
meyvanin kiitlosino gors on yaxsi gostaricilor budagin orta vo yuxari hissalori li¢iin xarakterikdir.

Toxumlarim keyfiyyat gostoricilorindon biri do 1000 toxumun kiitlaesidir. Ona gors do sopina
yararli toxumlar yigmaq ii¢lin ana bitkilor secilorkon toxumlarin digor keyfiyyot gostoricilori ilo
yanasi olaraq, 1000 ododin kiitlosi do asas gotiiriiliir. Belo ki, bu gostorici noinki toxumlarin
clicorma qabiliyyati ils, hom¢inin homin toxumlardan amols golmis bitkilorin keyfiyyatino goro do
bir-birindon forqlonir. Daha dogrusu, 1000 adad toxumun kiitlasi yiiksok olan ana bitkilorden
y1gilan toxumlardan becorilmis bitkilor daha intensiv surotdo boyiimo imkanina malik olur. [6, 7]

Abseron soraitindo becarilon robiniya toxumlarinin 1000 odadinin kiitlesi 9,39 —23,25 q.
arasinda doyisilir. ©On boylik kiitlo gostoricisi yalangi akasiya robiniyasi (23,25 q.), on azi is9
yapisqanli robiniya ti¢lin (9,39 q.) xarakterikdir. Robiniya toxumlar1 nainki névdon asili olaraq, eyni
zamanda novdaxili fordlordon do asili surotdo miixtolif oldugundan mohtosom robiniyanin miixtalif
fordlorindon y181lmis toxumlarin 1000 adodinin kiitlosi forddon asili olaraq 20,17 - 20,56 q. arasinda
doyisilir. Bu doyiskonlik noainki ndév vo forddon asili surotds bas verir, homg¢inin ford daxilinds do
miisahido edilir. Belo ki, mdhtosom robiniya bitkilori ¢otirinin yuxar1 hissesindon yi1gilmis
toxumlarin 1000 adadinin kiitlosi 20 q. oldugu halda, agacin ¢otirinin orta vo asagi hissalorindon
toplanmis toxumlarin 1000 odadinin kiitlesi iso miivafiq surotdos 20,5-21 q. olmusdur. Robiniya
toxumlarmin 1000 odadinin kiitlasi yalniz bitkilorin ¢atirinin hissalori iizra deyil, homginin ¢otirdo
yerlosan budagin hissaloring géra do miixtalif olur. Bels ki, budagin govdoys yaxin hissasindon
toplanan 1000 odad toxumun kiitlosi 20,25 q., orta hissadoki toxumlarin kiitlosi 20,17 q. oldugugu
halda yuxar1 hissadon toplanmis toxumlarin kiitlesi 20,3 q. olmusdur. Demali, toxumlarin 1000
odadinin kiitloesi bitkinin toxum keyfiyyotinin qiymotlondirilmosi {i¢lin miihiim amillordon biri
oldugundan sopin {iglin toxum ehtiyati toplamazdan avval, toxumluq li¢iin ana bitkilor secilmalidir.
Ozii do bu isdo toxumlarin kiitlosi daha agir olan fordlors iistiinliik vermak lazimdir. Belo ki, 1000
odad toxumun kiitlesi ¢ox olan bitkilorden toplanmig toxumlarin sopin keyfiyyati 1000 adadinin
kiitlosi az olan toxumlara nisboton daha yiiksok olur.

Toxumlarin keyfiyyatinin asas gostaricilorindon biri do onlarin hayatilik gabiliyyatine malik
olmasidir [8].

Robiniya cinsino daxil olan novlorin toxumlarmin hoyatiliyi tozo yigilmis toxumlarda
novdon asilt olaraq 90-92 % oldugu halda, sonraki illordo bu gostorici get-geds azalmisdir.
Miisyyon edilmisdir ki, robiniya ndvlerinin toxumlar1 5-ci ilde miivafiq olaraq 18-25 % ciicora
bilirlor. Buna gora da robiniya ndvlarinin toxumlarinin saxlanma miiddstini 3-4 il qabul etmok olar.
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Robiniya cinsina daxil olan bazi névilarin meyva va toxum amala gatirma
xtisusiyyatlori va toxumlarin hayatiliyi

Cadval 1.
Robiniya novlorinin meyva va toxumlarinin kamiyyat va keyfiyyat gostoricilari
Meyva mohsuldarlig 100 adad 100 1000
meyvanin meyvadon toxumun
Nov Ford J gixan s
kiitlosi kiitlasi
g-la say1 adadlo g-la toxumlarin g-la
sayl
1 88,8 330 26,3 226 23,3
Yalang: 2 80,5 394 23,4 229 20,3
akasiya 3 76,8 362 21,2 235 18,0
robiniyasi orta hesab. 82,0 362 22,6 230 20,6
1 70,4 495 14,2 282 10,1
Yapisqanlh 2 62,0 501 12,0 270 8,9
robiniya 3 50,6 401 12,6 274 9,2
orta hesab. 61,0 465 12,9 275 9,4
1 130 609 21,0 208 20,2
Yeni Meksika 2 145 605 22,3 212 21,0
robiniyast 3 140 608 20,5 202 19,5
orta hesab. 138,3 607 21,3 207 20,2
1 450,6 1979 22,8 221 20,6
. 2 190,2 826 23,0 228 20,2
Moht ' ’ '
robiniya 3 130,9 606 21,6 211 20,4
orta hesab. 257,3 1137 22,5 220 20,4
Cadval 2.
Robiniya toxumlarinin rentgenoqrafik tohlili
) Orta Zorarveri-
Inkisaf siniflori inkisaf Hayatilik cilorls
Nov Sin?‘i %-1o zadslonma
I 1 1"l [\ V %-lo
Yalang1
akasiya - 91 - - 9 2,27 9 91
robiniyasi
Yapisqanl ) )
robiniya 2 6 36 56 4,46 95
Mohtogom
robiniya 6 72 - - 22 2,60 22 72

Toxumlarin hayatilik qabiliyystini adoton kimyovi, fizioloji vo bioloji lisullar vasitasilo
miioyyan edirlor. Toxumlarin hayatilik qabiliyyatini homginin rentgenoqrafik isulla da dyronirlor.
Belo ki, digor tisullara nisbaton rentgenoqrafik tisulun bir sira iistiin xiisusiyyatlori vardir. Bu iisulla
nainki toxumlarin hoyatiliyi, eyni zamanda onlarin daxili qurulusu vo zararvericilor torafindon
zadolonmoasi do askar edilir. Bu gostaricilor iso toxumlarin hoyatiliyini daha dolgun surotdo oks
etdirir.

Robiniya toxumlarmin no dorocodo hoyatilik qabiliyyatine malik olub-olmamasini
askarlamagq ticilin apardigimiz rentgenoqrafik todqiqatlar gostormisdir ki, Abseron soraitindo amalo
galon robiniya toxumlarinin hoyatilik gabiliyyati ndvdon asilt olaraq 9-95% arasinda doyisilir. ©n
yiiksok hayatilik qabiliyyati yapisqanl robiniya ti¢lin (95%), an az1 iso yalang1 akasiya robiniyasi
ticlin (9%) xarakterikdir (codval 2).
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Beloliklo, qeyd etmok lazimdir ki, Abserona introduksiya edilmis robiniya cinsinin
niimayandalarinin yarimadanin quru subtropik iqlimi soraitinde omals gatirdiklori meyva vo
toxumlar bitkinin ndviindon asili olaraq biomorfoloji cohatdon forglondiklori kimi, hom do komiyyat
va keyfiyyat gostoriciloring goro do miixtalif olurlar. Odur ki, robiniya ndvlorinin ¢oxaldilmasi tigiin
toxum ehtiyat1 toplayarkon elo toxumluq bitkilor segmok lazimdir ki, onlar bioekoloji slamatloro
malik olmagla yanasi, hom do meyvo mohsuldarligi vo toxumlarinin komiyyat vo keyfiyyot
gostoricilorino goro do istiinlilk togkil etmis olsunlar. Robiniya novlorini Abseron soraitindo
toxumla coxaldarkon yuxarida geyd edilon xiisusiyyotlor nozoro alinarsa, onda homin ndvlorin
lazimi miqdarda toxum ehtiyatin1 alds etmok vo daha keyfiyyatli okin materiali hazirlamaq olar.
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PE3IOME
OCOBEHHOCTU IVIOAOOBPA30BAHUSI U CEMEHOOBPA30OBAHUSA HEKOTOPBIX
BHUJIO0B, BXOISAIUX B PO POBHHHA N '/KUZHECIIOCOBHOCTDb CEMSIH
Caowvizosa /1.0.

Knioueswie cnosa: pobunus, nnoo, cemsa, KOIUuecmeo, Kauecmeso, HCuHecnocooHOCmb.

Bunel poOMHUE TakKe OTHOCATCS K YHCIY JEKOPAaTHUBHBIX PACTEHHUI, MMEIOIUX 0c000€ 3HauYeHHe
JUIS CO3JaHMA TOPOJCKUX M MPUTOPOJHBIX 3€JIEHBIX HACAXACHUH, JIECOB U MApKOB. | eHepaTUBHBIE OpTraHbI
WHTPOAYILIMPOBAHHBIX PACTEHUN HE MOTYT Pa3BUBATHCSA B HOBBIX YCIOBHUSIX OKPY’KAIOIIEH Cpenibl, B KOTOPHIE
OHHM TIONAJAIOT, TaK Kak Ha pojauHe. B pe3ynprate pacreHus auOO HE JAIOT CEMsH, JIMOO JAlOT ceMeHa
HU3KOro kadectBa. C 93TOM TOYKM 3pEHUSI HM3Y4YEHHE OCOOEHHOCTEH IUI0A000pa3oBaHUA U
CceMeH000pa30BaHMsI HHTPOAYLIUPOBAHHBIX PACTCHUH SIBISICTCS OJHUM U3 Ba>KHBIX BOIIPOCOB.

SUMMARY
FEATURES OF FRUIT FORMATION AND SEED FORMATION OF CERTAIN SPECIES
INCLUDING IN THE GENUS ROBINIA AND VIABILITY OF SEEDS
Sadigova D.O.

Key words: robinia, fruit, seed, quantity, quality, vitality.

Robinia species are also among the ornamental plants of particular importance for the creation of
urban and suburban green spaces, forests and parks. The generative organs of the introduced plants cannot
develop under the new environmental conditions in which they find themselves, as in their homeland, and as
a result, the plants either do not produce seeds or produce seeds of poor quality. From this perspective, the
study of the peculiarities of fruit formation and seed formation of introduced plants is one of the important
issues.

Daxilolma tarixi: [lkin variant 26.12.2021
Son variant 21.02.2022
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BOYUK QAFQAZIN CONUB YAMACI LANDSAFT KOMPLEKSLORININ
EKOLOJi-GEOKIMYOVIi XUSUSIYYOTLORININ TODQIQI
(dag-comon landsaft komplekslorinin timsalinda)

'KAZIMOVA LOTIiFO ARIF quz1
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Y4zorbaycan Déviat Neft va Sanaye Universiteti, c.f.d.
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Acar sozlar: dag-coman, relyef, mikroelementlor, analiz, landsaft.

Boyiik Qafgazin conub yamacinda dag-comon landsaftlart miitloq ytiksokliklori 1800-2000
m-ls 3000-3200 m arasinda qalan orazilori shato edir. Sahssi 807 km? olan bu landsaft qursag
tadqiq olunan orazinin 23%-ni toskil edir. Alp vo subalp ¢omenlorinin yayildig1 orazilords siixur-
larin litoloji torkibi asason gilli sistlordon, qum vo shong daslarindan ibarotdir. Asagr yuranin gilli
sistlorinin spektral analizlorinin naticolorina gora (cadval 1) bu siixurlar sink, vanadium, mis,
glimiis, qalay, qurgusun, civo, bor, morgiimiis vo qalium kimi elementlorlo zangin olub, nikel,
kobalt, sirkonuim, mangan, tutan, molibdendan kasaddir. Bu siixurlarin torkibindo mikroelementlor-
don xrom, fosfor va vanadiumun migdar1 imumdiinya klarkina yaxin qiymatlorlo saciyyalonir [1-5].

Cadval 1.
Dag-¢comoan landsaftlarindaki asagi yura yash gilli sistlorin torkibi va mikroelementlarin
konsentrasiya klarklar:

Orta migdar %-la
Mikroelementar Siixurun Yer qabigindaka Konsentrasiya klarklari
tarkibinda klark
1 2 3 4

Mis 0,015 0,0047 3,2
Sink 0,03 0,0083 3,6
Qurgusun 0,004 0,0016 2,8
Civa 0,00002 0,0000083 2,4
Molibden 0,000005 0,00011 0,5
Bor 0,003 0,0012 2,5
Vanadium 0,030 0,009 3,3
Morgiimiis 0,0003 0,00017 1,8
Xrom 0,010 0,0083 1,2
Nikel 0,0006 0,0058 0,1
Kobalt 0,0001 0,0018 0,06
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1 2 3 4

Titan 0,30 0,45 0,7
Mangan 0,02 0,10 0,2
Barium 0,05 0,065 0,8
Gumiis 0,00002 0,000007 2,9
Qalay 0,0006 0,00025 2,0
Qalium 0,003 0,0019 1,6
Fosfor 0,1 0,093 11
Sirkonium 0,008 0,017 0,5

Dag ¢comon landsaftlarinda torpagin qalinliginin az, onun profilinin diferensiasiyasinin zaif
olmasinin naticasidir ki, ana siixurlarin geokimyovi xiisusiyyatlori torpaq ortiiyiindo do aydin nozors
carpir. Coxsayli analizlorin naticalorine asason belo gonaoto golmok olar ki, dyranilon torpaglarda
kimyavi elementlorin torkibi vo imumi miqdar1 onlarin ana siixurlardaki ilkin terkibindon vo mig-
darindan asilidir.

Yeri golmiskon, qeyd edok ki, bu landsaftlarin litoloji asasini toskil edon siixurlarin torkibi
buradaki sularin torkibinds do 6ziinli gostarir.

Relyefin dorin parcalanmasi sularin  yiiksok kimyovi foalliq gostormosing, hom
torpagomologatiron, hom do axar sularin altindaki siixurlarda yaxsi su miibadilosinin olmasina sorait
yaradir. Noticado, orazinin sulari region {igiin saciyyavi olan kimyavi elementlorlo zonginlasir. Ona
gora do todqiq olunan landsaftlardaki sularin quru qaliginda kimyavi elementlorin torkibi vo miqdari
xeyli doracado siixurlarin torkibinden asilidir.

Qaratorpaglarabonzor torpaqlar qara vo gara-qohvayi ronglo, dorin profillo vo donaver
kosakli struktura ils, gilli vo gillicali mexaniki torkibla saciyyelonir. Bu torpaqglarda profilin qalinligi
vo humuslasmanin daracasi, relyefin formasi vo yamaclarm ekspoziyasi ilo gox baghidir. Uzii simala
baxan maili yamaclarda qalin, yiiksok humuslu torpaglar, conuba baxan yamaclarda az qalinliqls,
skeletli torpaqlar, ¢okokiklords galin va skeletli torpaqlar inkisaf etmisdir (codval 2).

Cadval 2.
Dag-¢oman torpaglarinin kimyavi analizlorinin naticalori
. . 100 g torpagda mqg-ekv-la uru
Kosim | Dorinlik Ph Anionlar Kationlar Eahq Houmus
ar. > HCO; | CU | S0, | Ca™® [ Mg*™ | Na* +K* | %o | W
Alp zonasinin torflu dag-coman torpaglari
1 0-5 8,6 0,16 0,36 1,50 1,00 0,50 0,52 0,26 | 22,99

5-25 7,8 0,20 0,50 2,26 0,38 | 1,76 0,82 0,37 | 12,63
25-60 6,9 0,16 0,46 3,50 0,50 | 3,26 2,36 0,79 0,34
64 0-10 6,8 0,48 0,28 5,00 1,30 | 0,20 4,23 0,42 8,62
10-35 6,8 0,24 0,28 4,00 0,60 | 0,40 3,52 0,32 2,59
35-85 6,8 0,10 0,44 4,25 0,40 | 0,20 4,32 0,35 2,07

Subalp zonasinin ¢imli dag-coman torpaglari

2 0-10 7,4 0,10 0,30 3,12 0,60 | 1,62 1,40 0,46 | 10,96
10-30 7,3 0,16 0,60 3,00 0,62 | 1,26 1,88 0,49 6,78
30-70 7,4 0,10 0,50 2,50 0,50 | 1,76 1,84 0,53 4,45
70-110 | 7,5 0,16 0,15 2,62 0,26 | 2,00 0,78 0,38 2,95
3 0-10 8,0 0,26 0,35 4,38 0,50 | 3,38 1,12 0,63 | 19,44
10-40 7,7 0,20 0,46 3,12 0,38 | 212 1,28 0,48 3,36
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Boyiik Qafgazin conub yamact landsaft komplekslarinin ekoloji-geokimyavi xiisusiyyatlarinin
tadqiqi (dag-coman landsaft komplekslorinin timsalinda)

Subalp zonasinin garatorpaqlara bonzar dag-coman torpaglar

26 0-5 8,1 0,80 0,24 8,50 1,00 | 1,10 7,44 0,21 3,10
5-30 8,4 0,80 0,28 7,00 1,00 | 0,40 6,68 0,18 1,72
30-75 8,7 0,76 0,40 9,25 0,90 | 1,00 8,51 0,10 1,66
27 0-5 7,1 0,48 0,92 6,75 0,90 | 1,10 6,15 0,24 | 18,62
5-30 7,6 0,48 0,64 4,75 0,80 | 1,10 8,89 0,16 3,53
35-85 7,8 0,36 0,44 4,50 0,60 | 1,40 3,30 0,24 3,21

Mineral maddslorin iimumi miqdar1 alp zonasinin torflu dag-¢oman torpaqglariin torkibinds
0,26%-15 0,79%, subalp zonasinin dag-coman torpaglarinda 0, 10%-1s 0, 72%, qaratorpaqglarabonzar
dag-comon torpaqlarinin torkibindo 0, 10%-lo 0, 34% arasinda doyisir. Su ¢okimi analizlorinin
naticalori asasinda diizoldilmis Kurlov formullar1 dag-¢omon torpaqlarinin duz torkibi haqqinda oyani
tosovviir yaradir. (3-cii cadval).

Cadval 3.
Boyiik Qafgazin conub yamaclarindakt dag-¢omon torpaqlarimin duz tarkibi
Torpasm tipi Kurlov formulu ils torpagin duz torkibi Tipomorf
pagin tip (mg-ekv %-do) Mikroionlar
Alp zonasinin 80;;,Cls, HCO3,
M el F S _ _

torflu dag-¢omon torpaqlari % Mg ,5,Nay¢,Cay , S0.—Mg—Na
so;, Cl. . HCO?

. .Subvalp zonasinin M. 42,4Cls 7 Lo SO,— Mg — Na
¢imli dag comon torpaqlari Mg,,,Na,,:Ca, ;
Subalp zonasinin 50,,Cls,HCO?,

qaratorpaqlara bonzar % Na. .Ma. Ca. . SO,— Na—- Mg
dag-comon torpaglari 347094859

Goriindiiyli kimi alp zonasinin torflu dag-comon vo subalp zonasmin ¢imli dag ¢omon
torpaqlarinda kationlar arasinda Mq2+ ionunun miqdar1 Uistlinliik togkil etmaklo, uygun olaraq ovve-
lincids 25,0, sonuncuda 23,2 mqg-ekv%-o ¢atir. Anionlardan iso miqdarca {istiin olani SO,* ionudur.
Onun miqdar1 alp ¢omonliklarinin torflu dag-comon torpaqlarinda 42,7, subalp ¢omonliklorinin
torflu dag-¢omon torpaglarinda 42,4 mq-ekv%-o qodordir. Hor iki torpaq tipindo Mq”* ionunun
migdar1 Na* + K" ionuna nisboton, Cl ionunun miqdar1 iso HCO; ionuna nisboaton goxdur.
Belolikla, dag ¢omon landsaftlarindaki bu torpaqlarda SO4-Mg-Na tipli duzlar iistiinliik toskil edir.

Qeyd etmok lazimdir ki, subalp zonasimin qaratorpagabonzor dag-comon torpaqlar torki-
bindoki Na'+K" ionlarinin miqdarina géro digor dag ¢omon torpaglarindan farqlonir. Belo ki,
subalp zonasmin qaratorpaglara bonzer dag-comon torpaqlarimin torkibinde Na'+K® ionlarmin
miqdar1 Mq2+ ionundan ¢oxdur [1-3].

Bu torpaglarda SO4’ ionu aparici rolunu qoruyub saxlasa da, quru galigm %-lo migdari (0,
4%) sabit qalsa da bu torpaglarin torkibinds SO4 — Na + K- Mg tipli duzlar tstilinliik togkil edir.

Spektral analizlor noticesinde todqiq etdiyimiz orazidoki dag-¢omen torpaqlarinda bir sira
mikroelementlorin mévcud olmasi askar edilmisdir. Mikroelementlorin konsentrasiyas: klarklarinin
analizi (cadvel 4) gostorir ki, dag-comon torpaqlarinin biitiin tiplorinde mis, sink, qurgusun,
vanadium vo morglimiisiin toplanmasi miisahids edilir vo bu mikroelementlordon bazilori, o ciimlo-
don qurgusun, sink vo morgiimiis konsentrasiya klarklarinin xiisusilo yiiksok olmasi ilo secilir. Bu
torpaglarin torkibinds stronsium demok olar ki, olmur, ya da ¢ox ciizi miqdarda olur.

Alp zonasmin torflu dag-comon torpaqlart torkibinde mikroelementlorin miqdarinin az
olmasma goro, digor dag-comon torpaglarindan forglonir. Bu torpaqlarda ancaq glimiis vo
stronsiumun miqdar1 klarka nisboton yiiksok olur. Dag-¢coman torpaqlariin diger tiplorinden forqli
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olaraq alp zonasmin torflu dag-gomoan torpaqglarinin torkibindo az miqdarda da olsa (0,012%-don
0,60%-5 gadar) stronsiumun mévcud olmasi miisahids edilir; bundan basqa, bu torpaqlarin tarkibin-
do giimiigiin miqdar1 subalp zonasinin torpaqglarindakina nisbaton ¢ox olur.
Torkibindoki mikroelementlorin miqdarina goéro qaratorpaglarabonzor dag-comon torpaglari
ilo ¢imli dag coman torpaqlar bir-birindon forqlonir (4-cii cadval).
Cadval 4.
Dag-¢coman torpaqlarinin torkibindaki mikroelementlarin
konsentrasiya klarklar

Mikroelementlor

Koasim | Dorinlik
Cu|Zn | Pb Mc|Hg| B |V | As |[Cr|Ni|Co |Mn|Ag| Zr

Alp zonasmm torflu dag-¢comoan torpaglan

1 0-5 0,6 | 3,6 1,9 10,7(24|42|09| 88 (04(03(0,2]|0,4|1,4]|0,5
525 (32|48 )| 63 |09|04|42|1,7| 88 [0,7]0,7]0,6| 1,0 |4,3|0,5

25-60 (1,7 48| 63 |07 — |42|1,7| 88 [0,7]0,7/06]0,6 |1,4/0,5

64 0-10 |06 1,2 1,0 (09| - | - 106|911 |06[04]09]201(43]1,2
10-35 | 1,3 | 1,5 10 |L1| - | -=107]80 (0705|0712 43]0,5

35-85 [2,6] 1,2 19 |1,1] — [ -109]80(07]09|14]1,2]43]0,7

Subalp zonasinin ¢cimli dag-¢coman torpaqlar:

2 0-10 |1,L1 36| 25 |14| - [25|1,7]59(07]|07[04]1,0[0,7/|0,5
10-30 | 1,7 6,0 | 63 |14 | — [25]22| 47 [12]05]|06] 1,0 (2106

30-70 | 1,760 | 63 | 1,8 — [2,5]22| 47 |12]|1,7|06]1,0(0,9]|0,6

70-90 (1,760 | 50 |14 - |25/22| 88 |1,2]0,7[0,6| 1,0 09|06

3 0-10 |43 12,1 |1875(09(|1,2|13|22| 1,8 |12|0,7(1,7]1,5|4,3]0,5

10-40 | 6,4 (12,1 1250(09|1,5|1,3|3,3( 1,8 |12|1,0(28]1,0(29]|0,5

Subalp zonasimin qaratorpaqlarabanzor dag-¢amoan torpaqlan

26 0-5 1,7 2,4 13 |1,83,6(42(22]11,8|1,0(/09(0,8]0,8|0,7|0,4
| 5-30 1,71 2,4 19 | 1,7(2442|33|11,8(1,2|0,5]0,8| 1,0 |0,7|0,4
30-75 |1,3] 24 19 109|36(33(33|11,8/1,0(09/0,6|0,8(0,7]0,3

27 0-5 1,7 | 3.6 1,9 12,713,6/(50(133]59 |1,0|1,7|1,1|15]0,9]0,5
5-30 | 2,1 3,6 1,9 109124503359 07|07(09(|1,5]09]04

35-85 | 2,1 3,6 19 109/24|50(3,3] 59 (07]|07]|1,1|1,5]0,7]|0,6

Subalp zonasinin ¢imli dag-¢omon torpaqlarinda humusla zongin olan yuxar1 qatda
qurgusun, sink, mis kimi mikroelementlorin daha ¢ox toplanmasi, nikel vo sirkoniumun, oksina,
asag1 qatlarindakina nisboton az olmasi; diger elementlorin miqdarinin iso miixtolif ciir doyismasi
misahido edilir.

Qaratorpaqglara banzer dag-comon torpaqlart {iglin cive, bor, vanadium, morgiimiis kimi
mikroelementlorin migdarinin ¢ox, sirkOniumun isa nisbaton az olmasi saciyyavidir. Bu torpaglarda
xrom vo giimiigiin miqdar1 klark soviyyasino yaxin olan bir komiyyatlo xarakterizo olunur.

Spektral analizlor vasitasi ilo dag-comon torpaqlarinda askar edilmis bir sira
mikroelementlor i¢orisindon mis, sink, qurgusun, molibden, morgiimiis, nikel, titan, mangan vo
sirkoniumun daha stabil xarakterli olmas1 miioyyonlagdirilmis, torpaq profili {izro onlarin migdari
vo paylanmasina dair statistik parametrlor hesablanmigdir.

Miioyyan edilmisdir ki, misin imumi miqdart 0-5 sm-lik st qatda 0,0054+0,0011%
(variasiya omsali 46,48%), 5-25 sm-lik qatda 0,0094+0, 0015% (variasiya omsali —\VV=36,54%), 25-
60 sm-lik saviyyads 0,0088+0,010% (V=25,91%) toskil edir. Torpaqomalogatiron siixurlarin torki-
binds iso bu elementlorin migdar1 0,0163+0,0075% (variasiya omsali 79,90%)-dir [8].

Molumdur ki, torpagin torkibinds misin yol verilon konsentrasiya haddi (JKH) 0,0060%-dir.
Torpagda misin gostorilon haddon ¢ox olmasi insan vo heyvanlarda hemolitik sariliq, qara ciyar
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zodolonmasi, bitkilords iso xloroz xastoliklorine sabab olur [3-5]. Spektral analizlorin gostarici-
lorins asasan, todqiq olunan torpaglarda misin miqdari JKH-ni 1,5-2,7 dofs asir. Sinkin miqdari 0-5
sm-lik yuxart qatda 0,02440,004% (V=37, 27%), 25-60 sm-lik asag1 gatda 0,030+0,007%
(V=52,7%), torpaq amalagatiran siixurlarin torkibinds 0,029+0,013% (V=76, 85%)-dir. Torpaqda
sinkin JKH-nin 70 mq/kq, yaxud 0,007% oldugunu (C.Forteskyu, 1985) va tadqiq etdiyimiz dag-
¢oman torpaqlarinin torkibindo sinkin migdarinin JKH-don 3,4- 4,3 dofo ¢ox oldugunu nozors alsaq,
dag-comon landsaft tipindaki torpaqlarin sinkle intensiv ¢irklondiyini séylomok olar.

Humus qatinda qurgusunun miqdari 0,0025+0,0004% olub, profil boyu asagi diisdiikco
todricon artir vo 25-60 sm-lik gatda 0,0056+0,0018% (V = 38, 71 vo 72,1%) toskil edir ki, bu da
torpagin torikbindoki mikroelementlorin migdarinin ana siixurlarin torkibindon asili olmasi ilo izah
olunur. Torpagomologotiron ana siixurun torkibinds qurgusunun daha c¢ox olmasi da (0,0083+
0,0118%; V=122,57%) bunu tosdiq edir. Torpaqda bu elementin JKH-nin 0,002%, yaxud 20
mq/kq oldugunu noazors alsaq, belo notico ¢ixarmaq olar ki, todqiq edilon torpaglarda qurgusunun
migdar1 normadan 1,2-2,8 dofs ¢oxdur. Molibdenin migdar1 0-5 sm-lik gatda 0,00016+0, 00004%
(V=56, 98%) toskil edir. Qeyd edok ki, dag-comon torpaglarinin torkibinde molibdenin miqdari ilo
humusun miqdar1 arasinda korelyativ slage oldugu miioyyon edilmisdir. Humusla borabor asagi
gatlara dogru azalan molibdenin migdar1 25-60 sm-lik gatda 0,00012+0,0002%-2 (V=34,97%) enir.

Molibdenin konsentrasiyasinin asagi haddinin 0,00015% oldugu miioyyon edilmisdir [4-7].
Beloliklo goriindiiyii kimi dag ¢omen torpaqlarinda molibdenin ¢atismamasi miisahido edilir ki, bu
da dag comon bitkilorinin vo xiisuson, yoncanin normal inkisafina mane olur.

Vanadium 0-5 sm-lik qatda 0,0156+0,0045% (V=63,88%), 25-60 sm-lik qatda
0,0206+0,0043% (V=46,51%), torpagemsalagatiron siixurlarin torkibinds isa 0,0233+0,0033% (V=
27,74%) toskil edir. Ogor torpaqda vanadiumun JKH-nin 0,015% oldugunu nozors alsaq, todqiq
etdiyimiz torpaglarda vanadiumun bu normadan 1,4 dofs ¢ox oldugu miisyyen edilir.

0-5 sm-lik gatda 0,0014+0,0002% (V=29,88%)-o ¢atan morgiimisiin miqdar1 25-60 sm-lik
qatda 0,0013+0,0002%-5 (V=35,3%) enib torpagomologatiron siixurlarda 0,0009+ 0,0002%-9
(V=106%) qader azalir. Torpagin torkibindo morgiimiisiin JKH halslik miisyyon edilmasa do har
halda onun konsentrasiya klarkinin 5,3 - 8,2 dofs ¢ox olmasi bu mikroelementls intensiv ¢irklon-
diyini gostarir.

Bozi miolliflor ¢ox cirklonmis dag-comon torpaqglarimin 0-75 sm-lik qatinda nikelin
miqdarinin 0,005%, yaxud 50 mgq/kq oldugunu gostorirlor. Aparadigimiz analizlor naticosindo
mioyyon edilmisdir ki, todqiq etdiyimiz analoji torpaqlarin torkibindo nikelin miqdart hamin
gostaricidon ¢ox az farqlonir (0,0047+0,0014%; V=67,95%). Bu iss tadqiq etdiyimiz srazidoki dag
comon torpaqglarinin nikells siibhosiz ¢irklondiyini siibut edir.

Manganin 0-5 sm-lik gatda 0,1160+0,0266% (V=51,21%) oldugu va profil boyu todricon
azalaraq, 0,1020+0,0156%-o enmasi miloyyon edilmisdir. Torpagomalogatiran siixurlarin torkibinda
159 bu elementin miqdar1 0,0400+£0,0116% (V=50%) toskil edir. Qeyd edok ki, manganin nisbaton
¢ox olmasi torpaqda gedon orqanik proseslorls slagadardir. Mangan iigiin torpaqda konsentrasiyanin
asagl haddinin 0,04%, yuxar1 haddinin 0,30% oldugu miiayyanlagdirilib [3; 6; 8]

Goriindiiyili kimi, tadqiq etdiyimiz torpaqlarda bu mikroelemenitin miqdari1 miioyyan edilmis
hadd daxilinds dayisir.

Aparilmis hesablamalarin  vo analizlorin tohliline goro dag-comon landsaftlarindak:
torpaqglarin torkibindoki mikroelementlorin azalma sirasi asagidaki kimidir:

As>Pb>Zn>B>Ag>P>Cu>Sn>V>Hg>Ga>Mn>Cr>Ti>>Ni>Zr>Co>Ba>Sr

(margiimiig>qurugusun>sink>bor>giimiig>fosfor>mis>>qalay>vanadium>civa
>galium>mangan>xrom>titan>nikel>sirkonium>kobalt>

>parium>stronsium).

Apardigimiz ¢oxsayli analizlorin naticolori gdstorir ki, todqiq edilon torpaqlarin torkibinds
bir sira mikroelementlorin, o ctimladon mis, sink, qurgusun, vanadium, morgiimiis, nikel va s.-nin
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miqdar1 ¢ox vaxt sanitar normalar1 asib kegir. Bu iso todqiq edilon orazido ekoloji-geokimyovi
soraitin he¢ do gonatoboxs olmadigini gostorir.

Torpaqlarin  genezisinin spesifikliyindon, eleco do Oyronilon elementlorin geokimyavi
xlisusiyyotlorindon asili olaraq dag ¢omon torpaglar1 profil boyu elementlorin paylanmasinin 6ziino
moxsus forqli cohatlori ilo segilir.

Miioyyon edilmisdir ki, dag-comon landsaftlarinda torpaqlarin humus qatinin bir sira
elementlors zonginlosmosino baxmayaraq, son noticodo homin elementlor bu torpaqlarin
profilindon yuyularaq dasinir (cadval 5).

Siralardan  goriindiiyti  kimi, dag-¢omon landsaftlarindaki  kimyovi elementlor su
miqrasiyasiin intensivliyino goro, ¢ox giliclii, gicli, orta, zoif vo ¢ox zoif olmagla 5 qrupa
boliiniir. Qruplar daxilinds elementlorin yeri su miqrasiyast omsallarinin giymatinin saviyyasino
uygun olaraq miayyonlosdirilir. Goriindiiyii kimi kalsium, xlor vo maqneziumun ¢ox giiclii;
natrium vo kaliumun giiclii; qurgusun vo mobildenin orta; mis, sink, nikel vo sirkoniumun zsif su
migrantlar1 oldugu miioyyan edilmisdir. Mikroelementlordon tokcs titan su miqrasiyasinin ¢ox zaif
olmast ila saciyyalonir (Kt = 0,02-0,03).

Cadval §.
Dag-¢oman landsaftlarinda kimyavi elementlarin su migrasiyasinin intensivliyi

. . Su migqgrasiyas: amsali Kx — in saviyyasi
Miqrasiyanin i % v

intensivliyi

100 ; l | 0,01 |
' 0,1 ' 0,001

Cox giiclii Ca
Kx>100 '
Giiclii Na
100>Kx>10 K
Orta
10>Kx>1

Zoif Zn, Cu,
1>2Kx> 0,1 Ni, Zr

Pb,Mo

Cox zaif )
Kx=0,0n-0,00n Ti

Umumiyyatls, dag-comon landsaftlarmin tobii sulari zoif minerallasmisdir. Bu orazilorin
caylar1 osason torkibindo kalsium kationlarmin iistiin oldugu hidrokarbonatli sulardan ibarstdir: pH
7,2 1lo 7, 9 arasinda doyisir.

Daha boyiik miitloq yiiksokliklords yerlogon ¢ay hdvzalorinin sular1 daha az minerallasmaya
moruz qalir. Tadqiq olunan orazinin xeyli hissasinda sular ¢ox yumsaq olub (1,5 mq-ekv-a-dak)
eynicinsli torkibo malikdir. Orta minerallagma doracasi iso 250 mq/1-dir.

Umumiyyatla, belo naticoya golmok olar ki, dag-comen landsaft zonasmin ¢aylar1 demok
olar ki, halalik ¢irklonmomis vo 6z tobii rejimini qoruyub saxlaya bilmisdir. Mikroelementlorin
Oyronilmosi yolu ilo aparilan todqiqatlar gostorir ki, dag-¢omon landsaftlarinin ¢ay sularinda
sapalonmis sokildo olan mis, sink, nikel, mangan, molibden, qalay, vanadium vo s. bu kimi mikro-
elementlorin miqdari genis intervalda doyissa do, onlarin konsentrasiyast YKH-ni asmir, bozi hal-
larda iso hotta fon saviyyosino belo catmur.
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Spektral analizlorin naticalorine gors haqqinda danisdigimiz qursaqlardan toplanmig biitiin
bitki niimunsalarinin kiiliiniin tarkibinds mis, sink, qurgusun, morgiimiis, xrom, nikel, kobalt, stron-
sium, molibden, bor va s. kimi bir sira mikroelementlarin mévcud oldugu miioyyan edilmisdir.

Cadvoldon goriindiiyli kimi, alp c¢omeonlikilorindo on yiliksok bioloji udulma omsali ilo
saciyyalonan stronsium (BUO=10,0), sink, bor, nikel, mis, molibden vo xromu gabagqlayaraq bioloji
udulma intensivliyi yiiksok olan elementlor sirasina diisiir.

Movcud landsaft soraitinds sink, bor, nikel, mis, molibden vo xromun bioloji udulma
intensivliyi do kifayot doracado oldugundan (bioloji udulma amsallar1 uygun olaraq 2,0; 1,6; 1,5;
1,1; 1,1; 1,0-0 borabardir), onlar bitkilor torafindon orta derocodo monimsanilon elementlor qrupuna
diistr.

Alp ¢omanliklorinde oldugu kimi subalp ¢amenlorinds do stronsium yens on miitoharrik
element olaraq qalir (BUD©=6,7), lakin o, bor, mis vo molibdenls birlikdo bitkilordo orta doracodo
toplanan elementlor sirasina diisiir.

Qeyd etmok lazimdir ki, subalp c¢omonliklorinin miixtolif bitki qruplarmin kiiliinds
stronsium, bor, mis vo molibden kimi mikroelementlorin miqdar1 xeyli ¢oxdur, bu iso bitkilorin
orqaniziminds homin elementlorin toplandigini géstorir. Mikroelementlordon sink, qurgusun, mor-
glimiis, xrom subalp zonasinin ot bitkilori torofindon gisman, nikel vo xiisuson do kobalt ¢cox zaif
monimsanilir.
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PE3IOME
N3YYEHHUE YKO-TEOXUMHNYECKHUX OCOBEHHOCTEM JIAH/JIIIA®TOB
IOKHOI'O CKJIOHA BOJIBHIOI'O KABKA3A
Ka3zvimosa J1.A., Pycmamosa A.M.

Knrwouesvie cnosa: 2opno-ny2o8oil, peivegh, MUKpodiemenmol, AHAIU3, IAHOUADM.

IIpencraBieHHass CTaThsl TIOCBSIIEHA WCCICAOBAHUIO JKOJIOTHYCCKUX TE€OXUMUYECKUX CBOMCTB
nmaHAmapTHRIX KOMIUIEKCOB IOXKHOTrO CkioHa bombimoro Kaskasa. IlpoBenéHHBIE B XOi€ HCCIICOBAaHUS
aHAIM3bl TIOKA3aJld, YTO COJAEPKAHUE M KOJIMYECTBO XUMHUYECKHUX DJIEMEHTOB B HCCIEIYEMBIX ITOYBax
3aBUCST OT WX MIEPBUYHOTO COCTAaBA.
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Taxke OBUIO YCTaHOBIICHO, YTO B COCTaBE BOJOEMOB YYaCTBYIOT T€ € KOMIIOHEHTHI YTO
COCTaBJISIIOT JIMTOJIOTHYECKYI0 OCHOBY ATHX saHamadToB. ['mybokoe pacumenenme penbeda cozmaeT
OJIarONPUATHBIC YCJIOBUS YIS TOTO, YTOOBI BOJBI MMEIH XOPOIIUK BOAOOOMEH Kak B MOYBEHHBIX, TaK U B
TPYHTOBBIX BOJIOCMaX.

SUMMARY
STUDY OF ECO-GEOCHEMICAL FEATURES OF THE LANDSCAPE OF THE SOUTHERN
SLOPE OF THE GREATER CAUCASUS
Kazimova L.A., Rustamova A.M.

Keywords: Meadow, relief, microelements, analysis, landscape.

The presented article is devoted to the study of ecological geochemical properties of landscape
complexes of the southern slope of the Greater Caucasus. The analyses carried out during the study showed
that the content and quantity of chemical elements in the studied soils depended on their primary
composition.

It was also found that the composition of the water bodies involved the same components that form
the lithological basis of these landscapes. The deep dismemberment of the topography creates favorable
conditions for water to exchange well in both soil and soil bodies of water.

Daxilolma tarixi: [lkin variant 27.10.2021
Son variant 10.01.2022
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Acar sozlar: Xam neft, magistral boru kamori, paylasdirict boru kamori, nefiayirma miiaSsisalori
sistemi, somarali idaraolunma masalasi, optimal idara etma

Giris. Isdo miioyyan bir neft bazasindan xam neft gotiiriib, magistral vo paylasdirict boru
komorlori vasitesilo ¢oxlu sayda neft emali miisssisalorini tomin edon neft-kimya miiossisalori
sistemina baxilir. Sistemin boru xatlori sorf tonzimloyici qurgular vasitasi ilo ardicil yerlogmis
hissolora boliinmiisdiir. Boru xatlori vasitosi ilo verilon artiq xam nefti toplamaq vo sonra istifado
etmok lgilin hor bir boru komori iizorindo miuossisolordon olavo neft toplayict rezervuarlar
qoyulmusdur. Sistemdo neft mohsullarina verilon sifariglor, elektrik enerjisi, tonzimlayici qurgularin
sarflori, tomir vaxtlari tez-tez vo tosadiifi vaxtlarda doyisir. Bu sabablora gore emali miiassisalorinin
xam nefto tolobatlar1 vaxtinda 6donils bilmir vo sistemin normal faaliyyati pozulur. Bunu aradan
qaldirmaq ii¢lin neftin monbadon gotiiriilmasi vo tolobatgilar arasinda optimal paylanmasi mosalosi
hall edilmalidir.

Movecud elmi odobiyyatda saxolonmis neft mohsullarinin tochizati sistemlorinin idars
edilmosino aid c¢oxlu sayda iglor vardir. Masalon, [1]-do imummilli liderimiz Heydor Oliyevin
tovsiyalori asasinda 6lkomizin neft emali kompleksini daha da inkisaf etdirmok ii¢lin todbirlorin
hoyata kecirilmasi naticasindo neft emali kompleksin texniki-igtisadi gostoricilorinin xeyli inkisaf
etdirilmosi barado molumat verilir. [2]-do miiasir bazar miinasibotlori soraitindo Azorbaycanda
neftqazc¢ixarma sonayesinin iimumi iqtisadi problemlorinin todqiqi, neft emali kompleksinin yeni
igtisadi modelinin iglonmasi va aparilan islahatlarin tokmillogdirilmasi mosalalarindon bohs edilir.
[3]-do idarsetmo meneceri, maliyys, miihasibat vo digor miitoxassislor iiciin neft sonayesi
miiossisalorindo yerino yetirilmali olan islorin gedisi hagqinda molumatlar verilir. [4]-do neft
mohsullarinin  paylanmis naqli sabokolorinds neftin monbadon gétiiriilmasi vo tolobatgilara
paylanmasi prosesinin optimal togkili masalslorine baxilmigdir.

Lakin yuxarida gostorilon vo moqalonin mdvzusuna uygun olan digor islordo neft
tochizatinin optimal idarsedilmo problemi holo tam yerina yetirilmomisdir. Bu ¢atigmazligin aradan
qaldirilmasi {i¢iin bir cox miislliflor torofindon maye tochizati sobokolorinin optimal idaroedilmasi
mosolosi toklif edilmisdir. Masalon, [5]-do saxoslonmis sistemlordo maye mohsullarinin somsrali
paylanmasi {i¢iin alqoritm verilmisir. Lakin homin isdo maosalonin halli vo is rejimlorinin optimal
tapilmasi {iglin riyazi proqramlasdirma iisullarindan istifads edilmomisdir.

Bu mogalodo mosalonin yeni variantt toqdim edilir. Burada moqgsod funksiyast vo
mohdudiyyaet sortlori doqiqlasdirilmis, masalonin halli {i¢iin riyazi proqramlasdirma tisullar istifads
edilmisdir.

2. Neft emali miiassisalori sobakasinin idars edilmasi masalasinin qoyulusu. Forz edok ki,
neft bazasi, bazadan xam neft gotiiron magistral boru xatti (MBX) vo ondan saxslonmis N sayda
paylasdirict boru xatlori (PX) vasitosi ilo tomin olunan neft emali miiossisalori (M) sisteming baxilir.
MBX vo PBX-lorinin hor biri sorf 6l¢onlori olsn avtomatlagdirilmis tonzimloyici qurgular (SQ)

vasitosi ilo I, N =0, N sayda ardicil yerlogmis hissolors boliinmisdiir. Har bir hissa tizorindo Jy;,
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n=0,N, i=1 1, sayda M vo sistemo verilon artiq neftin toplamb, tokrar emali ii¢iin

rezervuarlar (R) qoyulmusdur. M-lor vo R-lords verilon neftin sorfini vo hocmini tonzimlomok {igiin
avtomatlasdirilmis qupgular vardir.

Miixtolif soboblordon sistemin xam nefto tolobati tosadiifi sokildo doyisir. Bu zaman
idaroedici qurgularin isini elo togkil etmok lazimdir ki, M-lora tolob olunandan forqli sorflo verlon
v, R-lordos y1gilan neftin hocmi miimkiin gador az olsun, eyni zamanda neftin SQ, M-lordo sorfi vo
R-lordo hocmi miisyyon olunmus minimal vo maksimal qiymotlordon konara ¢ixmasin.

Maoasalonin riyazi qoyulusunu vermok {igiin asagidaki isaralomalori qabul edak:

- Q,:n.m, Q:,T?x, Qn,i (t),n=0, N, i=0, . te 0, T) —SQ-lordo xam neftin minimal, maksimal
v cari sarflori, m3/S;

min

gl g, G @), Ao . n=0,N, i=11,, j=1.J,;, te(0,T) - M-lordo xam neftin
minimal, maksimal, cari v tolab olunan sarflari, m’/s;
- Vnmm,VnrmX,Vn (t),n=0,N, te(0,T) - R-lordo xam neftin minimal, maksimal vo cari
hacmlori, m3;

- C,, N =0, N — R-lordo toplanm1s vahid hacmdas xam neftin giymati, man./m°.

- Cn,i,j ,n=0,N, | = 1, |n, J =1, ‘]n,i — M-Iars verilon vahid hacmds neftin qiymati, man./m>.

Burada n=0 — MBX-nin, i=0 iso — MBX vo PBX-lorinin baslangic hissolorinin ndmrasidir.
Sistemin struktur sxemi Sokil 1-do gostorilmisdir. MBX vo PBX-lorin sonuna yaxinlasdigca
istismar xarclori ilo olagodar xam neftin qiymati artir.

Xam neft

bazasi

XdIN

PBX; PBX;

O 5...5... &5 &

S A , SQl 2 SQl I]
QO,Z g ..... Ml.l.l Ml.l.Z Rl,l 1,i,1 Rll MlllJIll R1/1
SQO.ION_W:“ Z
MOAID. O+ ;-é
Ro,
SQO No T
MO./-1 O+ I PBXN PBXN
—_—
R(),In.1 Ej+ SQy - 6 6 @ SQ SQu in 6 é 6 é
Mny11Mniz  Rua Myun Ryt My Runi

Sakil 1. Saxalonmis neft emali miiassisalori sobakasinin struktur sxemi
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Neft emali miiasisalori sabakasinda xam neftin samarali paylnmast masalasi

Optimal idarsetmo masalasindo Q,; (t), Q7' (1), q,; ; (t) sorflorinin vo Va(t) hacmlorinin elo
qiymetlorinin taptlmasi tolob olunur ki, M-lorin hesablanan (y;(t) sorflori tolob olunan ; ; (t)

sorflorindon minimal forqlonsin, Vn (t) hocmlori minimum olsun, eyni zamanda Qn,i (t), qn,i, j (t)

vo Vp(t) kemiyyatlari (0, T) idarsetma periodu orzinds avvalcadon verilmis minimal vo maksimal
qiymatlordon kenara ¢ixmasin.
Masalonin riyazi yazilis1 belodir: Mogsad funksiyasini asagidaki kimi gotiirok:

C= ]i CnVn(t)-l‘lzniCn‘i’j(qn'i’j(t)_an,i.j(t)ﬁt :

t=0 n=0 i=1l j=1

Mosalada  elo Vn(t) vo o), N=0,N,i=11,j=1J,1te(0T)
giymatlorinin tapilmasi talob olunur ki, se¢ilmis mogsad funksiyasi minimallagsin:
C — min 1)

vo asagidaki mohdudiyyat sortlor 6donilsin:
- SQp i —lordo sorflora qoyulan mohdudiyyatlor

Qmm_Qm('[)<QnI ,n=0,N,i=1 n,te(OT) (2)
- M, j—lords sorflora qoyulan mohdudiyyatlor
qn,J_qn,J(t)<qn,J,n O,N, I—l,|n,j 1J,.te(0,T) ()
- Rezervuarlarda neftin hocmins qoyulan mohdudiyystlor
V™ <V () V™, n=0,N,te(0,T) 4)

- BQn,i —nin vo onlardan soraki Mn i —191‘11’1 ssrﬂeri ilo V, hacmlori arasinda slagalor

N Vai ()
AQn|(t)+zqun|J(t)+ A ZAanl_AQnHl’ n= O N I_l'ln’te(O'T) (5)
i=0 j=1 np=1
(5) diisturunda Qn ol (t) — Nn-ci hissodon xam neft gotiiron np-ndmrali PBX-nin baslangic

SQ-nun sorfi, NP, — bu PBX-larinin say1, A 1sarasi iso uygun parametrin zamana gors artimini
gostorir.

Masalonin halli ti¢iin baslangic sartlor kimi SQy j-larda sorfin Q,;(0), N = O,_N, i =ZL_|n , Rnii-
lorde hocmin-V, ;(0), n =0,N,i=11 Myij-lords sorfin — gn;j(0), N=0,N,i=L1,, j=1J

1 'n

baslangic qiymatlori, My;j-larda sorfin (0, T) idarsetms periodu orzinds tolab olunan— an’i' j(t),

n=0,N, i =1,_|n, J=1J,;,,te(0,T), qiymotlori gotiiriiliir.
Masalonin halli naticasinda (0, 7) idareetms periodu orzinds neft emali miisssisalorindo

sarflorin qﬁ,'?, j (t), n=0,N ,i =1, In’ J =1, Jn,i , rezervuarlarda 189 hacmlarin

VyP(), n=0,N, i =1, | optimal giymatlori hesablanr.
(1) — (5) mosalasinin hallini asanlagdirmaq ti¢iin (0, T) zaman intervalini, neftin qurgulardaki

sarflori vo hacmlari sabit hesab edilo bilon nisbaton kigik (ty.1, tx), k =1,_K hissalaring bolarak, bu

hissolorin hor birinds ardicil olaraq, optimal idarsetmo mosalasini riyazi proqramylasdirma tisulu ilo
hall etmok olar.
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3. Mosalanin hallina aid niimuna. Forz edok ki, xam neft bazasindan neft gétiiron, bir MBX
vo iki PBX vo 6 sayda M-don ibarat neft tochizati sistemi verilmisdir. MBX vo PBX-lorin har biri
SQ-lor vasitasi ilo iki H hissolorine ayrilmigdir. Hissalorin haasinds bir neft emali miiossisasi vo bir

R vardir (Sakil 2).

Xam neft

bazasi

SQo1 =

PBX;

PBX;

Ro.1 @"'

_ l |
| |
Mo1 Ot % SQ11 6 é SQ1,2 6
X M Ri1 M

1.2 R1|2
SOn> 4
Moz OH 5
Rno 8“' x | PBX; | PBX,
T 1
SQ21 6 éj SO>» 6 é
M21R,, M2 Ry

Sakil 2. MBX, PBXy, PBX,boru xatlori vo 6 M-i olan neft emali sobakosi.

Xam neft bazasi, SQ vo M-lordo neftin minimal, maksimal vo baslangic sorflori, R-lordo neftin
minimal, maksimal va baslangic hacmlori, neftin 1m*-nun satis qiymori, homg¢inin optimallagdirma
masolasinin uygun parametrlori codval 1, 2 vo 3-do verilmigdir.

Cadval 1.

SO va M-larda xam neftin minimal, maksimal va baslangic sarflori, 1 m® hacminin qiymati va
optimallasdirma masalasinin uygun parametrlori

Miiassisalord: fti
o, satrs qymotit vo | 5Q01| Mos| SQoz| Moz| SQui| M| SQio| Miz| SQui| Mar| SQoz| M2
uygun parametrlori
Minimal sorflor(m’/s) 00 | 00 | 0O | 00O )00 |00 |00 |0OO ]| 00|00 ]| 00|00
Maksimal sorflor(m’/s) 150 | 20 | 90 | 20 | 6.0 | 20 | 4.0 20 | 60 | 20 | 40 | 2.0
Baslangic sorflor(m’/s) 90 | 20 | 40 | 15 | 50 | 20 | 20 | 15 |3.0 15 | 15 | 15
Qiymeoti (man/m°) 10.0 | 10.0 | 120 | 12.0 | 140 | 140 | 140 | 140 | 16.0 | 16.0 | 16.0 | 16.0
Uygun parametrler Xl X2 X4 X5 X7 Xg XlO Xll Xlg X14 XlG X17
Cadval 2.

Rezervuarlarda xam neftin minimal, maksimal va baslangic hacmlori va optimallagdirma
masalasinin uygun parametrlori

Xam neftin hacmi vo uygun

MBX PBX; PBX,
parametrlori Ro1 Ro.2 Ri1 Ri2 Roq Ra2
Minimal hocmlor(m®) 1000 1000 1000 1000 1000 1000
Maksimal hocmlor(m®) 5000 5000 5000 5000 5000 5000
Baslangic hocmlor(m®) 2000 2000 2000 2000 2000 2000
Uygun_garametrlsr X3 X6 Xg X12 X15 Xlg
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Neft emali miiasisalori sabakasinda xam neftin samarali paylnmast masalasi

Hor boru hissasindo bir M vo bir R oldugu iiclin masslonin qoyulusunda j indeksini
islotmoys ehtiyac yoxdur. Belaliklo, masolodo xam neftin (00.00 -24.00) intervali arzindo M, ;, Rpj,
n=0,1,2, i=1,2-lars vaxtinda verilmasi tiglin optimal sorflorin vo hocmlarin tapilmasi tolob edilir.

Forz edak ki, texnoloji prosesin (00.00, 24.00) miiddatini elo (00.00, 08.00), (08.00, 16.00),
(16.00, 24.00) zaman intervallarma bolmok olar ki, onlarin har birinde texnoloji parametrlorin
qiymatlori sabit galir vo cadval 3-do verilon kimidir.

Cadval 3.
M-Iorin 00.00 aninda baslangic sorflori va (00.00 -24.00) vaxti arzinda talob edilon sorflori (m>[s).
M-larin sarflarinin sabitlik M()’l Moyg Ml,l M]_’z MZ,l szz
intervallart

Baglangic (t=00.00) 0.5 1.0 0.5 0.5 0.5 0.5

1) te (00.00 — 08.00) 0.5 0.7 0.5 0.0 0.0 0.5

2) te (08.00 — 16.00) 0.7 1.0 0.0 0.8 0.7 0.7

3) te (16.00 — 24.00) 0.7 0.7 0.0 0.8 0.7 05

(1)-(5) sortlorino gore parametrlorin cadval 1 vo 2 vo 3-doki qiymatlori nozora almagqla,
parametrlorin birinci sabitlik intervali iciin masalonin qoyulusu asagidaki sokilds olar:

C=10*X7+12*Xg+12*Xg+14*X10+14*X11+16*X12+10*(X1-2)+

+12%(Xp-1.5) +12*(X-2.0)+14%(X5-2.0)+16*(Xo-1.5) — min; (6)
0<X,<3 0<X,<2 0<X,<3:
0<X,<2 0<X, <2 0< X, <2, ()
1000 < X, <5000; 1000 < X, <5000; 1000 < X, < 5000;
1000 < X,, <5000; 1000 < X,, <5000; 1000 < X, < 5000; ®)

0.X,, <L 0<X, <L 0<X,<L 0<X,<L 0<X,<L 0<X,<L
0<X, <L 0<X, <L 0<X,<L 0<X,<L 0<X, <L 0<X, <l

16*(X,, — 2000.0)/ 28800 +16* (X,, ~1.5) =16* (X, —3.0):

16* (X, —3.0) +16* (X, —2000.0)/ 28800 +16* (X, ~1.5) =16* (X, - 5.0):

14% (X, —2000.0)/ 28800 +14* (X ,~3.0)/ 28800 =14* (X, — 2.0):

14% (X, - 2.0)+14*(X,, —2000.0)/ 28800 +14* (X, —5.0) =14*(X , —5.0); (10)
12% (X, ~5.0)+12* (X, — 2000.0)/ 28800+ 12* (X, ~1.5) =12*(X,, - 2.0)

12%(X, —2.0) +12*(X,, — 2000.0)/ 28800+ 14* (X, ~5/0) =12* (X, —9.0).

(6)—(10) mosalasini (00.00, 08.00) intervali {liglin hall etdikdo baslangic sortlori kimi
masalonin qoyulusunda olan baglangic qiymatlar, (08.00, 16.00) intervali ii¢iin hall etdikds (00.00,
08.00) intevalinda alinmis optimal hollor, (16.00, 24.00) intervali iiclin holl etdikdo iso (08.00,
16.00) intervalinda alinmis optimal hallor gotiiriiliir. Belsliklo, biittin (00.00, 24.00) periodu arzinda
sarflorin vo hocmlorin Mpj-lor vo Ry j-lor {iciin hesablanmis optimal qijmoatlori tapilir. Isda verilon
algoritmin Matlab sistemindo programi tortib olunmus vo mosals riyazi programlasdirilma tisulu ilo
hall edilmisdir [6]. Alinmis qiymatlor 4 vo 5-ci cadvallordo verilmisdir.
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Cadval 4.
M-lorda sarflorin optimal ( quﬁ’, i) va talob edilon (Uy; ;) qiymatlori (m°ls)

Sabitlik intervallarinda miiassisalarin MBX PBX; PBX,
optimal va tolab edilon sorflori Mo, Mo, My My, My M,
(00.00 - 08.00) optimal 0.429 0.894 0.793 0.015 0.005 0.003

tolob edilon 0.5 0.7 0.5 0.0 0.0 0.5
(08.00 - 16.00) optimal 0.686 1.102 0.023 0.894 0.701 0.689
talab edilon 0.7 1.0 0.0 0.8 0.7 0.7
(16.00 — 24.00) optimal 0.695 0.179 0.021 0.892 0.689 0.703
tolab edilon 0.7 0.7 0.0 0.8 0.7 0.7
Cadval 5.
. . . V op 3
Rezervuarlarda neftin optimal hacmlori (Vi j , m°)
Sabitlik intervallar MBX PBX; PBX,
R0,1 RO,Z Rl,l R1,2 R2,1 H2,2
(00.00 — 08.00) 3500 2640 2810 3660 3660 3600
(08.00 — 16.00) 3600 2750 4320 3720 3720 3520
(16.00 — 24.00) 3700 2810 4350 3820 3820 3730

Notica. Isdo neftayirma miiossisalorinin xam neftla tochizati iiciin toklif olunan algoritmin
sonuncu variant gostorir ki, burada masolonin qoyulusu vo holli xeyli sadslosdirilmis vo daha
somarali hall {isulu verilmisdir. Bu tisul nisboton daha ¢ox miiossisosi olan neft emali sistemlorini
ohato edo bilor. Bunun iiglin neft emali sobokosinin toklif olunan yeni variantinin uygun
parametrlorinin qiymatlorini doqiqlosdirmok vo masalonin iimumi qoyulusunda onlar1 nazors almaq
lazimdir. Masalonin halli naticasindo miiassisolora verilmoli olan vo rezervuarlarda toplanmali olan
xam neftin miqdar1 tolob olunan qgiymatloro uygun, qoyulmus mohdudiyyatlor daxilinde olur vo

miiossisalorin idarsedilmo somoraliliyinin yiliksoldilmasine xldmat edir.
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PE3IOME
3ATAYA D®PEKTUBHOI'O PACIIPEJIEJIEHUSA ChIPOM HE®THU B CETH
HE®TENEPEPABATBIBAIOIIUX MMPEANIPUATUHA
HUckenoepos A.A.

Kntouesvle cnosa: covipas Hegpmvb, Mmacucmpaivubili  mpyobonposoo, pacnpeoenu-menbHbil
mpyoonposoo, cucmema Hepmenepepabomku, 3¢hgexmusnoe ynpaeneHue,
ONMUMANbHOE YNpasieHUe.

B cratee paccmarpuBaeTcs 3amada 3(h(GEKTHUBHOTO YIPABICHHs] CUCTEMONW HedTenepepadoTarommux
NPeINpUsITUH, B KOTOPOW M3 ONHOW Oa3pl 3abupaercs cbipas HEDT M TMOCPEACTBOM MAarucCTPaIbHOTO H
pacnpeensomuX JUHIH TpyOOpoBoIOB pacnpeaessiercss Mexxay Humu. [Ipu sToM mpeamonaraercst uro,
pacxoapl PEeryaupyIONNX yCTPOUCTB, TPEOOBAHHUSA TPEANPHUSATHHA, dHEPreTHUecKrne TpeOOBaHMS CHUCTEMBI,
CPOKM peMOHTa o00opylnoBaHUM © Jpyrue (akTopbl CIy4alHO MEHSIOTCA. B Takux ycloBHSIX
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SUMMARY
THE ISSUE OF EFFICIENT DISTRIBUTION OF CRUDE OIL IN THE
NETWORK OF OIL PROCESSING ENTERPRISES
Isgandarov A.A.

Key words: Crude oil, main pipeline, distribution pipeline, refinery system, efficient management,
optimal management

The article sets forth the issue of efficient management of the system of oil refineries, equipped with
main and distribution pipelines which takes crude oil from an oil depot. The expenditures of crude oil
pipeline cleaning devices, requirements of enterprises, the power supply of the system, repair times of the
equipment and other factors variable at random times are supposed to disrupt the normal operation of the
system. In such a situation, the problem of optimal management of the system is raised and algorithm of its
solution is presented.
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Mineral giibro donalorinin kapsullasdirilmasi iigiin suda holl olan polimerlorin istifadosi otraf
miihitin ekoloji soraitini yaxsilagdirir. Bunun {i¢in makromolekulun miixtolif sayda hidrofil
qruplarimin kalium karboksimetilselliilozun sintezi vo onun hallolmasinin dyranilmasi, hamginin
hollolma prosesinin kinetik modelinin Oyronilmosi todqiqat¢ilar garsisinda duran problem
masololordon biridir. Ona gors do maqgalo makrozoncirindo miixtolif sayda karboksimetil qruplari
olan karboksimetilsellilozun kalium duzunun (K-KMS) alinmasina vo onun suda hall olmasinin
ganunauygunluglarinin 6yronilmosing hasr edilmisdir. [2,3]

Bizim torofimizdon alinmis tocriibi naticolors miivafiq olaraq, makrozoncirindo nozordo
tutulmus miqdarda karboksimetil qrupu olan K-KMS-nin sintezi zamani makromolekulun kiitlo
payma kalium golovisinin qatilifina diison reagentlorin nisboti xiisusi rol oynayir. Sonraki todqiqat
onlarin optimal qiymatlorinds aparilmisdir. Cadvalds kalium golovisinin vo reagentlorin mol
nisbotlorinin optimal qatiliglarinda selliilozun makrozoncirindo elementar halgalarin karboksimetil
qruplart ilo avozolunma daracasinin (n3/n) verilmis va tacriibi qiymatlori gostorilmisdir.

Cadval 1
Qalovi mahlulunun 25 %-li qatiligda va reagentlarin gostorilon nisbatlorinda (S:KOH:KMXA) —
1:1,4:1,2 (ny/n)-in verilmis va tocriibi giymatlori

ny/n qiymotlori Nisbi xota, %
verilmis tacriibi
0,3 0,27 +3,3
0,5 0,48 +4,0
0,6 0,56 +6,7
0,7 0,73 4,3
0,8 0,76 +5,0

Cadvoldon goriindiiyii kimi, ni/n-in verilmis vo tocriibodon alinmig qiymatlori arasinda nisbi
xota £7 %-don ¢ox olmur ki, bu da mihondis hesablarinda istifado etmoyo imkan wverir.
Mikrozoncirde nazorde tutulan miqdarda karboksimetil qrupu olan K-KMS-nin alinmasi genis
intervalda suda hallolma prosesinin siiratini tonzimlomoayo, homg¢inin bu polimerls kapsullasdirilmis
mineral giibro donslorinin torpaqda todricon hoall olmasini tonzimlomays imkan verir. Ona gors do
makrozaoncirindo hidrofil qruplarinin sayindan asili olaraq polimerin suda hall olmasinin
kinetikasinin oyronilmesi mineral giibralorin kapsullasdirilmasi texnologiyasinda bdyiik nazari vo
praktiki shomiyyat kasb edir.

Ovazolunma daracasi 0,4-don yuxart olan K-KMS suda yaxsi1 hall olur. Homginin polimerin
hollolma siiroti osason onun halqalarimin karboksimetil qruplari ilo ovazolunma dorocasindon
asilidir. Bundan bagsga K-KMS-nin hoallolma prosesi avozolunma (nj/n) deracesindon vo polimerin
xiisusiyyatlorindon asili olan induksiya miiddoti ilo xarakterizo olunur. Induksiya dévriiniin fiziki
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monast — holledicinin polimerin daxiline diffuziya etmo miiddstini gostorir ki, bu da polimerin
sismasi va sonra holl olmasi ilo miisahids olunur. [4]

Bork maddonin hollolmasina fiziki-kimyavi proses kimi baxmaq olar, burada tarazliq vo
“bork maddo-mohlul” sisteminin kinetikasinin qanunauygunluqlar1 bdyiik rol oynayir. Gostorilon
faza sistemindo fazalar holl olmus bork polimerin vo onun mohlulunun kimyovi potensiallari
barabar olanda alinir. Bu zaman mohlulda polimerin qatiligi doyma qatiligina barabar olur, onun
qiymati iso hall olan maddonin, halledicinin xiicuciyyayindon vo prosesin temperaturundan asilidir.
Bu andan baglayaraq, bork polimerin hallolma siirati vo onun mshluldan kristallagma stirati barabar
olur, yoni polimerin mohlulda yigilmasi bas verir. Bu halda “bork polimer-mohlul” sistemindo
polimerin hollolma siiratini asagidaki: diferensial tonliklo yazmagq olar: [1,5]

a) bark polimerin sorfino goro

da
-—=Klo-a 1
- =Klo-ay) ®
b) polimerin mohlulda y1gi1lmasina gora
% _k(c,-c) @)
dt P

Dayisonlorin 0<t< 1, ; o,<0<ap ; 0<c=<c, intervalinda a=const, Cp=const oldugunu nozors
alaraq (1) vo (2) differensial tonliklorini inteqrallasaq alariq:

o, =0, + ((10 —a, ) exp(— KTT) (3)
C, =(C, —C)-exp(- Kr,) (@)

Bork polimerin hollolma vo onun mohlulda yigilmasi siirotlorinin miitloq qiymatlori
borabarliyin diizgiin olmasini gostarir:

K(a—ocp)z K(CIO —C) (5)
C=ap —a oldugunu nozoro almaqla gostorilon tonliyin Cp-o goro hollinden “bork polimer-

halledici” va polimer holledicids sistemindo bark polimerin qatilifina goro olagoni gdstoran ifads
alinir:

C,=0g—0, (6)

(6) ifadssini (4) tonliyinds nozars alsaq, sistemda bark polimerin nisbi qatiligini tonlikls ifads
etmok olar:

C, =(0p — 0 JL-exp(- Kz, )] ™

ap>>ap yaxud op=0 olanda polimer materialin duru mohlulu tiglin minimal qobul etmalarls (3)
va (7) tonliklori asagidaki sads formada olar:

o, = a,exp(— Kr,) (8)
C, = a,[l—exp(— Kz, )] ©9)
yaxud
C,=0,—0, (10)
(1)—(10) tonliklorinda oy, o, ap — ilkin, cari vo tarazliq, kqpolimer/KQmon ;
Burada, Civa Cp — gostorilon sistemdo holl olan polimerin cari vo tarazliq nisbi
qatiliglaridir, kqpotimer/KQholied.;
Tr — polimerin hallolma prosesinin cari vaxtidir, s;
K — polimerin hall olmasi prosesinin kinetik omsahdir, s™;
nvom — polimerin makrozoncirinin vo polimer zoncirinds hidrofil qruplar ils
ovaz olunmus halgalarin sayidir, adad;
n/ny — polimerin zoncirindo hidrofil qruplart ilo ovez olunmus elementar
halgalarin adadi payidir.
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Gostarilon (3), (4) va (7) tonliklori istonilon halledicido polimerlarin (Na, K, NH;~KMS)
hollolmas1 t¢iin timumi hesab edilir vo op > a,< @, intervalinda polimerin cari qatiliginin
doyismosinds dogrudur. Bu tonliklordon demok olar ki, bark polimerin hollolma vo onun mohlulda
yigilmasi prosesi li¢iin kinetik omsal timumi olur.

Gostorilon amsal asason polimerin xassasindon, onun hallolma prosesinin miiddstindon vo
temperaturundan asilidir. Konkret polimer tigiin bu omsalin qiymati tocriibi yolla tapila bilor.

Kinetik omsali K-KMS-nin makrozoncirinds karboksimetil qruplarinin (nj/n) avozolunma
daracasindan (ny/n) asilidir. Omsalin qiymati ny/n-in artmasi ilo artir.

K-KMS-nin hoallolma prosesi induksiya miiddoti (t,) ilo miisahide edilir, giymat isao
homginin ny/n nisbatindon asilidir. [2,3]

Laboratoriya tocriibalorinin noticolorino osason karboksimetilselliilozun suda hollolma
prosesinin miixtalif faktorlarindan asili olaraq induksiya doracasinin doyismasini agsagidaki emprik
tonlik toklif etmisdir:

n
T, :1,9-102[1——1}+2,1t (11)
n
(11)-don asili olaraq gobul etmok olar ki, polimerin holledicido hallolma prosesi asagidaki
tonlikdos ifads edilmis iki toplananin comindon ibaratdir:
T, =T, +7T, (12)
(8) vo (11) tonliklorini nozars alsaq (12) ifadasi bels olar:

o

2,3lg—2

2 n, o,

1,=19-10°11-— |+ 2,1t + — (13)
n K
Burada TVO Ty — polimerin hallolma prosesinin induksiya va cari miiddatloridir, s;
Tn — gostarilon prosesin davametmo miiddotidir, s;

t — polimerin hollolma prosesinin temperaturudur, S°.

(13) tonliyindon bu natico ¢ixir ki, polimerin hallolma prosesinin tam davametmo miiddati
osason makromolekulda elementar halgalarin karboksimetil qruplari ilo avozolunma doracasindon,
miihitin temperaturundan vo hollolma siirati sabitindon asilidir, Bu vaxtin qiymati avozolunma
daracasi vo hallolma omsali artdiqca azalir, temperatur vo bark polimerin ilkin nisbi qatilig1 azalir.

Belolikls, torkibindo nozords tutulan miqdarda karboksimetil qrupu olan K-KMS-nin sintezi
prosesinin osas qanunauygunluglart toyin edilmisdir, ni/n ilo prosesin osas parametrlori arasinda
olago miioyyon edilmisdir.

Gostorilmisdir ki, makrozoncirinde nozerds tutulan miqdarda karboksimetil qrupu olan K-
KMS-nin sintezi zamani asas masalo kalium goalovisi ilo isloma prosesi hesab edilir ki, bu kalium
selliilozun monoxlorasetatla alkillosmasindas rol oynayir.

“Bork polimer-halledici” sisteminds polimerin hallolma prosesinin kinetik modelinin
tonliklori [(1)-(11) tonliklori] islonmisdir vo miixtslif faktorlardan asili olaraq, K-KMS-nin suda hall
olmas1 prosesinin kinetik qanunauygunluqglar1 toyin edilmisdir. Bu asililiqlar1 ifado edon vacib
tonliklor olmusdur. Makrimolekulunda nazorde tutulan miqdarda karboksimetilselliiloza olan K-
KMS-nin alinmasinin texnoloji prinsiplari toklif edilmigdir. Gostorilmisdir ki, gostorilon polimerin
makromolekulunda karboksimetil qruplarinin saymi doyisdirmaklo onun suda hall olmasi siirotini
tonzimlomok olar ki, bununla da kapsullagdirilmis mineral giibro donolorinin torpaqda todricon
hallolma miiddatini prognozlasdirmaq olar.
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B crathe paccmaTtpuBaercsi GU3MKO-XMMHUYECKUI TPOLIECC PACTBOPEHUS TBEPAOTO Teja, MPH 3TOM
BaYKHYIO POJIb UTPAIOT 3aKOHBI PABHOBECHS U KUHETHUKA CUCTEMBI «TBEPJI0€ TeI0 — pacTBop». KoHueHTpanus
MOJIMMEpPa B PAacTBOPE paBHA IUIOTHOCTH HACBIMIEGHHWS, M €€ 3HAYCHHWE 3aBHCUT OT PaCTBOPUMOCTH
pPacTBOPEHHOI'O BEIIECTBA, PACTBOPUTENS M TeMmIeparypel mnporuecca. C 3TOro MOMEHTa CKOPOCTb
pacTBOpPEHMsI TBEPJOro IMOJMMEpPa M CKOPOCTh €ro KPHUCTAUIM3alMU M3 pacTBOpa paBHbBI, T.€. MOJUMEP
HaKaIuluBaeTcsi B pacTBope. B aToM ciydae mpemaraercst COCTaBUTh IU(PPEpeHUNAIBHOE YpaBHEHHE
CKOPOCTH PacTBOPEHUS IIOJIMMEPA B CUCTEME «TBEPBIH MOJIUMEDP — PACTBOPY.

SUMMARY
EQUATIONS OF THE KINETIC MODEL OF THE SOLUTION
PROCESS OF SOLIiD POLYMER
Mammadova Sh.H.

Key words: macrochain, reagents, hydrophilic groups, solid polymer, induction, kinetic model.

The article examines the physicochemical process of dissolution of a solid, while the laws of
equilibrium and the kinetics of the "solid-solution™ system play an important role. The concentration of the
polymer in solution is equal to the saturation density, and its value depends on the solubility of the solute,
solvent and process temperature. From this moment on, the rate of dissolution of the solid polymer and the
rate of its crystallization from solution are equal, i.e. polymer builds up in solution. In this case, it is
proposed to write a differential equation for the rate of polymer dissolution in the "solid polymer-solution
system.
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Acar sozlor: IKT, kompiiter texnologiyasi, tahsilin modernlasdirilmasi, innovativ vasitalor, Internet-
resurslari, multimedia vasitalori.

Isdo, IKT-nin innovativ vasitalorinin, texniki program tominatlarinin Cografiya sahosing
totbigindon, rolundan damisilir. Bu totbiqi proqramlarin todris prosesino inteqrasiyasi cografiya
sahosing vo golocok miitoxassislorin is hayatina na kimi tosir gdstordiyi qeyd olunub. isdos, eloco do
fonnin todrisinds interaktiv 16vholordon vo elektron golomdon istifado vo onun todris prosesindo
ohomiyyatindon damgilir. Cografiya fonninin todrisi iigiin GIS texnologiyalarinin ohomiyyati
otrafdaki mokanin ononavi cografi todqiqat metodlarina tamamilo uygun olaraq onlarin
funksionallig1 ilo miioyyon edilir, {istolik onlar1 shomiyyatli doeracods genislondirir vo tamamilo
forqli, keyfiyyotco yeni bir soviyyoys qaldirir. Eyni zamanda GIS texnlogiyasinin cografiya
sahasindoki rolundan vo miisbat tosirindon bohs edilir.

Giris. Miiasir dovrdo miitoxassislorin saristaliyi, tokco 6z sahasinds oldo etdiklori biliklor
ilo Olglilmiir. Eloco do homin biliklorin program tominatlarindan istifado etmoklo totbiqi, isdo
Internet-resurslarindan  istifado, praktik foaliyyotin miivoffaqiyyetliliyi ii¢iin zoruri sorto
¢evrilmisdir. Innovativ yeniliklorin hoyatin biitiin saholorino daxil olmasi insanlar arasi isgiizar
iinsiyyat formasini koklii sokilds doyismisdir. Bu miinasibatlorin naticodo daha sads vo daha stiratlo
bas vermasine sobob olmugsdur. Hal-hazirda informasiya comiyyatinin vo roqabotdavamli yliksok
texnologiyali milli iqtisadiyyatin yaradilmasi bir sira 6lkalorin dovlst siyasatinin osas prioriteting
¢evrilmisdir. Bu 6lkalords informasiya vo kommunikasiya texnologiyalari (IKT) sahasi inkisafin on
onomli amili kimi ¢ixis edir. Bu saha dovlastlorin siyasi, iqtisadi vo sosial foaliyystina aktiv tosir
edorok iqgtisadiyyatin vo ictimai miinasibotlorin globallagsmasini tomin edir. Bir ¢ox 6lkolorin biitlin
saholorindo innovativ yeniliklordon somoroli istifado edo bilmok {iclin tohsil sisteminin neco
qurulmasi, tohsilin modernlogdirilmasi {i¢iin hansi texnologiyalardan vo neco istifado edilmasi
hazirda on aktual mosalolordon biridir. Bununla baghh inkisaf etmis 06lkolordo tohsilin
informasiyalasdirilmasi istigamotindo bir sira islahatlar kegirilmasino sobob olmugdur. Tohsil
sistemino IKT-nin totbiqi, xiisuson do kompiiterdon istifado tohsili ananovi tadrisdon uzaglasdirdi.
Azorbaycan Respublikasinda da bu istigamatda bir sira islahatlar aparilmigdir.

Tohsil sisteminin  informasiyalasdirilmasinin  osas mogsadi  miasir informasiya
moadoniyyatino malik soxsiyyotlor yetisdirmok, Olkodo vahid tohsil vo informasiya miihitini
formalasdirmaqdir. Bu miihit yeni informasiya texnologiyalarindan istifado etmoklo tohsilin
keyfiyyatinin artirilmasi, yeni informasiya modoniyyastinin formalasdirilmasi, vatondaslarin biitiin
pillolordo tohsil alma imkanlarimin boraborlosdirmosi, tohsil sisteminin diinyanin informasiya,
madoniyyat vo tohsil mokanina inteqrasiyasinin tomin edilmasindan ibaratdir.

Bildiyimiz kimi, Cografiya fonni tobiotlo ¢ox bagl fondir. Sagirdlora hor dorsdo miiollim
torofindon miixtalif tobiat obyektlori vo hadisalori haqqinda, yoni cografi obyektin xarici goriiniisi,
onun elementlari, dinamikasi voS. barado ¢oxlu molumatlar verilir. Cox vaxt sifahi vo ya yazil

71



Cografiya fonninin tadrisi prosesina IKT-nin innovativ vasitalorinin totbiqi

sokilda verilon bu anlayislar sagirde aydin olmur va onu heg ciir 6z toxayyiiliinds canlandira bilmir.
Bunun yegans ¢ixis yolu vizual vo audio-vizual goriintiidiir, yoni fotolar, videolar, kompiiter
grafikasi vo s. Darsliklordo miioyyon fiziki-cografi obyektlorin fotosokillori yerlosdirilmisdir. Lakin
bu yenoa do kifayot deyildir. Masolon, geyd edok ki, sagird vo tolabalor iigiin bedlend, dag buzlagi,
cayin hissalori, meandr, kanyon, sahid dag, ekzogen monsali relyef formalarinin bir ¢oxu vo s. kimi
obyektlori vizual olaraq gérmoadon onlarin neco oldugunu qavramaq ¢ox ¢otindir. Eloco do dinamik
proseslor olan tornado, zolzalo, geyzer, vulkan, siirligmo, qirisiq daglarin yaranmasi, sunami,
gabarma-gokilms hadisasi, Ay vo Giinas tutulmasi, fasillorin yaranmasi va s. cografi hadisalor video
goriintli olmadan ¢ox ¢otin anlagilir.

Yaxsiolar ki, deors zamani vaxt itkisino yol vermomak tiglin homin tosvir vo videolar1
miiollim ovvolcodon axtarib-tapib, ya 6z kompiiterindo vo ya CD-do saxlasin, todris prosesi zamant
prezentasiya vasitolorindon istifado etmoklo niimayis etdirsin.

Bunun ii¢iin respublikamiz iiciin ¢ox bdyiik ugurdur ki, tohsil sistemi IKT avadanligi, o
climlodon kompiiter, interaktiv lovholor ilo tochiz olunmusdur. Todris prosesindo interaktiv
16vhadan istifade edilmesi dersin osas prinsiplorinden birini, onun oyaniliyini tomin edir. “Agilli
16vho” 21-ci osrin tohsilinin tomolidir. Bu 16vhonin Azarbaycan tohsiline daxil edilmosi bir daha
tohsilimiz tglin yeni imkanlar agdi. “Agilli 16vha” — informasiyanin esidilmo vo gdstorilma
cohatindon daha yaxsi basa diigiilmosi {iglin hazirlanmis interaktiv ag 16vhalordir. Dogrudan da bu
16vha vasitasilo dars prosesini maraqli, mozmunlu, rongarong, daha dolgun sokildo qurmaq olar.
Promethan 16vhs vasitasilo qurulmus darslor sagirdi islomays, diisiinmayas, axtaricilia, yaradiciliga,
tonqidi vo yaradici tofokkiiriin inkisafina s6vq edir. Bu lovhodo biitiin omoliyyatlar1 elektron
16vhanin sensorlu, yoni hissiyyatli sothino xiisusi golomlo vo ya barmaqla yavasca toxunmagqla
interaktiv rejimdo aparmaq olar. Promethan 16vhonin bir ¢ox tstlinliiklori var. Miixtalif interaktiv
program tominatlarindan istifado etmoklo interaktiv l6vhalordo isloyorok todris prosesini daha
maragli etmok olar. Bura Mimio Studio, Activinspire, ActivStudio, MimioPrimary programlarimni
daxil etmak olar.

Interaktiv 16vhoni basqa 16vhalorden forqlondiron cohot hom sagird iigiin, hom do miiallim
tictin istifado vasitosi olmasidir. Eyni zamanda hor iki torafin aktivliyini tomin edir. Bu 16vhonin
yazi yazilmasi, ehtiyatlarin yerlogsmasi, obyektlorin redakto olunmasi, silinmosi, pozulmasi,
sohivodon digorino koclirmok, olavo edilmasi, motnin olavesi vo formalasdirilmasi, qeydlor
sohivalorinin yaradilmasi, proyektordan istifade kimi funksiyalar1 var. Mahz bu funksiyalar
miiollima aktiv soraitde darslor hazirlamaga imkan verir. Bu funksiyalar miisallimin 6z yaradiciligini
niimayis etdirmosino gorait yaradir, homg¢inin, mohz bu funksiyalar sagirdlori aktiv olmaga komok
edir. [2-4].

Miisllimlor bu l6vhalor vasitssilo sinif otaglarini interaktiv dyronmoe miihitino g¢evirarok
Ozlori liglin real sorait yaratmis olurlar. Todrisin togkili zamani miisllim 6zii interaktiv 16vhadon
neca istifado edacoyino qgorar verir. Miisllim dars prosesindo asagidaki metodlardan istifads edo
bilor:

® Dorsin prezentasiya vasitasi ilo demonstrativ niimayisi. Bu zaman miisllim videofilm vo
ya video fragmentlordon, animasiya vo musiqi ilo saslonan toqdimatlar-dan istifade eds bilor;

® Moasaloalarin holline yonalmis praktik tapsiriqlarla. Burada interaktiv masalalorin yerino
yetirilmosi, diaqram va sxemlorin qurulmasi ola bilar;

® Laborator iglorin aparilmasi.

¢ Biliklorin yoxlanilmasi.

Interaktiv 16vhalor sagirdlorin biliyinin fardi sokildo yoxlanilmasina imkan verir. Bu zaman
oyun soklindo, yoni krasvord vo rebuslardan istifade etmokls sagirdlorin biliyini qiymetlondirmak
olar. Noticodo sagirdlorin dyronmo hovosi daha da artmis olur. ©vvolcodon hazirlanmis testlordon
istifado etmoklo do sagirdlorin biliyini qiymatlondirmak olar. Lakin goti demok olmaz ki, todris
prosesindo Interaktiv 16vholordan istifads biitiin sagirdlorin §yronma hovasini, motivasiyasini artirir.
Lakin, avvallor 16vho qarsisina ¢ixmaqdan, dorso cavab vermokdon ¢okinon sagird, Interaktiv
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16vhadon istifado etmok iiglin artiq hovaslo 16vha garsisina ¢ixir, verilon suallara asanliqla cavab
verir. Todris prosesinda Interaktiv 16vholordon istifado zoif sagirdlorde 6ziino inam hovasini artir.
Onu da qeyd edok ki, Interaktiv 16vho 6zii toklikdo no darsi maraql edo bilor, na do keyfiyyati artira
bilor. Yalmz Interaktiv 16vhoden istifado tohsil prosesinin problemlorini aradan qaldira bilmaz vo
miiollim har dors Interaktiv 16vhodon istifade etmoys mocbur deyildir. Lakin ondan istifado dors
prosesini maraqli vo dinamik edir. [5-7]

Cografiya fonninin tadrisindo IKT-nin tatbiqi. Hal-hazirda IKT bir ¢ox elm saholorino
inteqrasiya olunmusdur. Bununla olagodar olaraq homin saholoro uygun olan miixtalif totbiqi
programlar yaranmigdir. Bu proqramlarin naticasinds vaxt itkisine yol vermadon, keyfiyyatli is aldo
etmok miimkiindiir. Bu istiqgamoatdo goriilon islorden biri do cografi tohsilo IKT-nin vo multimediya
texnologiyalarinin totbiqi olmusdur.

Bildiyimiz kimi, cografiyanin todrisindo on vacib komokgi vasito xoritolordir. Xoritasiz
cografiyan1 tosovviir etmok belo miimkiin deyil. Hazirda moktoblor miixtolif xoritolorlo
tomin edilmisdir. Lakin dors zamani miisllimo vo yaxud sagirds elo xorito lazim olur ki, homin
xorito no moktobds, no do atlaslarda var. Bu halda yegano ¢ixis yolu kompiiter vo Internet
resurslaridir. Bu resurslardan istifado etmoklo istonilon xoritoni tapmaq vo ya suratini ¢ixarmaq
miimkiindiir. Masolon, tiirk diinyasinin cografiyasi {iglin moktoblorimizdo yalniz bir divar xaritosi
vardir. Dorslikdoki xaritolor dolgun vo aydin deyil. Kontur xaoritolor iss timumiyyastlo yoxdur. Bels
oldugda miiallimin vo sagirdin kdmoyine Internet resurslarindan istifada golir.

Bildiyimiz kimi, mokan molumatlari, asason kigikmiqyasli imumi vo tematik xoritolor vo
atlaslar, topoqrafik xoritolor, acrokosmik gokillor, plan vo diaqramlar, obyekt yerlori, nogliyyat
marsrutlart vo digor molumatlarin komoyi ilo 6tiiriiliir. Bununla bels, oananovi kagiz xaritadon slava,
insan hoyatina miixtolif cografi mokan molumatlarini dasiyan elektron xorito daxil olur. Naticads,
cografi xorito dinamik vo interaktiv olur. Miiasir dovrds insanlar cografi informasiya sistemlorindo
emal olunan verilonlori analiz edorok notico ¢ixarir. Cografi informasiya sistemlori vo cografi
informasiya texnologiyalar1 miiasir diinyada genis yayilib. Tocriibo gdstorir ki, Informasiya
texnologiyalarinin Cografiya fonninin tadrising totbiqi, noinki todris materialinin monimsonilmasini
asanlasdirir, eloco do istirakcilarin bilik va bacariglarinin yeni imkanlarinin ortaya ¢ixmasina sobab
olmusdur. Cografiya vo ekologiya sahosino totbiq olunan bir c¢ox totbiqi program paketlori
movcuddur. GIS texnologiyalar1 genis bolgolorin tobii vo iqtisadi potensialinin  hortorofli
Oyronilmosi, tobii ehtiyatlarin inventarizasiyasi, naqliyyat marsrutlarinin  dizayni, insanlarin
tohliikosizliyinin tomin edilmosi vo s. liglin istifado olunur. Comiyyatin hazirki voziyyaeti,
infrastrukturunun ohomiyyatli doracads ¢otinlogmasi yeni nosillordon mokan malumatlarinin
islonmosi vo tohlili {iglin yeni vasito vo metodlara, idarsetmo problemlarinin operativ sokilde hall
edilmasing, dayison proseslorin qiymatlondirilmosine vo izlonilmasino ehtiyac duyulur. Cografi
informasiya texnologiyalari bu ciir yeni metod vo malumat emali vasitalori toqdim edir, heterojen
molumatlar1 vo reallig1 tohlil etmok tigiin mdvcud alatlori niimayis etdirmok tiglin yliksok goriintii
tomin edir. GIS sosial-igtisadi sahodo idareetmo gorarlar1 qobul etmok mogsadi ilo molumatlarin
tohlili tligiin boylik potensiala malikdir. Lakin biitlin comiyyoto xas olan proseslor yenilik¢i
geoinformasiya texnologiyalarinin tokco ali peso tohsili soviyyssindo deyil, hom do iimumtohsil
moktobi soviyyosinda todris prosesino totbiq edilmosinin zoruriliyini miioyyonlosdirir. GiS-in
nohong potensialini reallagsdirmagq tiglin cografi informasiya sistemlori istifadogilorinin genis tolimi
tolob olunur. Cografiya ixtisasinda morkozi yer tutmali olan texnologiyalar arasinda GIS
texnologiyalarinin  dziinomoxsus rolu vardir. GIS molumatlarin toplanmasini, saxlanilmasini,
islonmasini, niimayis etdirilmasini vo yayilmasini, habelo onlarin asasinda mokan koordinasiyali
hadisalor haqqinda yeni molumat vo bilik oldo etmoyi tomin edon informasiya sistemlori kimi
miioyyon edilir.

Cografiya tohsili iigiin GIS texnologiyalarinin chomiyyati otrafdaki mokanin ononavi cografi
todqgiqat metodlarina tamamilo uygun olaraq onlarin funksionallig1 ilo miisyyon edilir, Gistolik onlari
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ohomiyyatli deracada genislondirir vo tamamilo forqli, keyfiyyatca yeni bir soviyyayo galdirir. GIS-
in instrumental imkanlarina asagidakilar daxildir:

e obyektlor arasindaki masafalorin hesablanmast,

e obyektlorin sahalori;

e miitloq yiliksokliklor daxil olmagla on sado kartometrik omoliyyatlar;

e morfometrik omoliyyatlarin yerino yetirilmosi;

e cografi obyektlor vo proseslor arasindaki olagolorin miioyyonlosdirilmosi ilo Ortiikk

omoliyyatlari;

e mokan tohlili;

e mokan modellosdirma.

GIS texnologiyas1 istifadogiloro raster molumatlari vo ya soboko molumatlari, cografi
hadisoalorin, mosalon, relyef, yaginti, temperatur, ohali sixligi vo digor statistik molumatlarin
koslmoz fozada cografi tozahiirlorinin oks olunmasi iigiin daha somoralidir. Soboko molumatlari,
homg¢inin miixtolif soth axinlarini, mosolon, soth axint vo cografi tozahiirlorin zamana goro
doyismasini tohlil etmok iigiin istifado olunur. GIS mokan tohlili funksiyalarini dostokloyir: sothin
analizi, ortiik tohlili vo soth omoliyyatlarin1 icra edir. GIS Cografiyacilara bir ¢ox miirokkob
proseslori analiz etmay9, sathi, daglarin formasini modellosdirmoaya, vo 3D tosviri yaratmaga imkan
verir. Bu da darsin sagird vo tolaba torafindon daha diqqatli vo maraqla izlomasino, miixtalif maraqlt
fikirlorin yaranmasina sobab olur.

Cografiya sahosing totbiq olunan totbiqi proqram tominatlari ¢oxdur. Onlardan Mapinfo,
ArcGis vo s.misal gostormok olar. ArcGIS — proqrami cografi informasiya progqram mohsullari
ailosi olub, Amerika sirkoti ESRI torofindon yaradilmisdir. Bu proqram torpaq vo xaritogokma,
geodeziya vo xoritogokmo, dasinmaz omlakin geydiyyata alinmasinda, torpaq idaroetmo
mogsadlorindo, mithondis kommunal sistemlords, yeralti vo digor saholor {iciin istifado olunur.
Ekologiya vo Tobii sarvatlor Nazirliyi, Otraf miihitin miihafizasi departamenti, Dovlot Sohorsalma
vo Arxitektura Komitesi ©Omlak Reyestr Xidmoti, Fovgelado Hallar Nazirliyi, Geodeziya vo
Kartoqrafiya Agentliyi, Yerqurulusu layiho institutu, Kond Tesarriifatt Nazirliyi, Soccar, BP,Tomiz
sohar ASC,Azarsu ASC, Azarcosmos ASC, Nogliyyat Nazirliyi, Nogliyyatin Intelektual idareetme
morkazi, Cografiya Institutu vo digor onlarla Gis vo Navigasiya sirkotlori bu programdan istifado
edir. Bu proqram paketi bir ne¢o proqramdan ibaratdir. Onun Cografiya vo Ekologiya vo
Torpagsiinasliq fakiiltolorindo tohsil alan toalobalors todrisi tohsil vo tadris prosesindo miihiim rol
oynayir. Nozoro alsaq ki, bu tolabalor golocokdo ayri-ayri sahalorin miitoxos-sisloridir, onlarin 6z
saholorindo pesokar olmasi iiglin bu totbiqi proqram paketinin todrisi miithiimdiir. ArcView,
ArcEditor, ArcInfo programlart ArcGIS program paketinin asas stoliistii mohsullaridir.

Notica. IKT vasitolorindon Cografiya fonninin todrisindo istifado miiollimlorin pedaqoji
faaliyyotindo miisbot rolu oldugu kimi, taloba va sagirdlorin do dyronmo prosesinda rolu boyiikdiir:

1. Tadris prosesini effektiv edir;

Tadris prosesinds vaxt itkisinin qarsisini alir;

Auditoriyani interaktiv edir;

Qisa miiddat orzindo daha ¢ox informasiya vermok olur;

Sagird va tolobalorin kecilon darslori yaxst monimsomaosino kdmok edir;

Daorsdo istirak etmoyon tolobo vo ya sagirdin kegilon mdvzunun videosuna baxmagqla

tohsildon geri galmamasina sorait yaradir;

7. GIS program tominatindan todris prosesindo istifdo cografiya vo ekologiya sahosindo
galacak iiclin daha mitkommal kadr hazirligina imkan verir;

8. GIS programmmin todriso totbiqi golocok istifadagilors raster molumatlar1 yaratmag,
gostormok vo tohlil etmok imkani verir;

9. Cografiyagilara bir cox miirakkob proseslari analiz etmaya, sothi modellosdirmays vo 3D
vizualizasiyasina imkan verir.

ok wn
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PE3IOME
NPUMEHEHHUE UHHOBAIIMOHHBIX CPEJACTB UKT
B ITPOLIECC OBYUEHUSA TEOTPA®UHA
IHlamunoea b.I'., Anueea @.A.

Kntouesvle cnosa: UKT, komnviomepuvie mMeXHOIO2UY, MOOEPHU3AYUL obpazosanus,
UHHOBAYUOHHBIE UHCMPYMEHMbL, UHMEPHEM- pecypcyl, MYyIbmumMedutinbie
UHCIMPYMeHmbl

B cratbe paccMaTpuBarOTCS BONPOCHl MPUMEHEHUs MHHOBaIMOHHEIX cpenicTB KT u TexHudeckoro
MporpaMMHOro obecrieueHust B oOydeHnu reorpadum. OTMedaercs, Kak WHTETpalus 3TUX MPHIOKEHUH B
y4eOHBIN MpOIIeCcC MOBUsIIA Ha reorpaduio U TPYJAOBYIO JKU3Hb OYIYIIMX ClenUaincToB. B paboTe Takxke
00CY)KIaeTCsl UCIOJb30BaHUE MHTEPAKTHUBHBIX JIOCOK U AJIEKTPOHHBIX Py4YeK B MPENOJaBaHHU IMpeaMeTa U
WX BOXHOCTPH B yueOHOM miporiecce. 3HaueHue [ IC-rexHomoruii s 00y4eHus reorpapuu OnpeaessieTcs: ux
(YHKIIMOHAIBHOCTBIO B IIOJHOM COOTBETCTBHM C TPAAUIMOHHBIMM METOJAaMH TIeorpapuuecKoro
WCCIIEAOBAHMS OKPY)KAIOIIETO TPOCTPAHCTBA, a TakKXKe 3HAYUTEIHHO paCIIMpsSeT WX W TOJHUMAaeT Ha
COBEpIIICHHO WHOW, Ka4YeCTBEHHO HOBBIN ypOBeHb. B TO ke Bpems 00CYXIaeTcs poiib U IMOJOKHUTEIHHOE
rusiHue [ MIC-texHomoruii B 06macTu reorpaduu.
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SUMMARY
THE APPLICATION OF INNOVATIVE TOOLS OF ICT IN THE PROCESS
OF TEACHING GEOGRAPHY
Shamilova B.Q., Aliyeva F.A.

Key words: ICT,computer technology, modernization of education,innovative tools, Internet

resources, multimedia tools.

The paper studies the role of using innovative ICT tools and technical software in the field of
geography. It was noted how the integration of these applications into the educational process influenced the
geography and working life of future specialists. The paper also discusses the use of interactive whiteboards
and electronic pens in teaching a subject and its importance in the educational process. The value of GIS
technologies for teaching geography is determined by their functionality in full accordance with the
traditional methods of geographic research of the surrounding space, and also significantly expands them and
raises them to a completely different, qualitatively new level. At the same time, the role and positive impact
of GIS technologies in the field of geography is discussed.
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Acar sozlar: qazlift iisulu, is¢i agent, qazlift quyusu, optimal paylanma, optimallasdirma masalasi,
aproksimasiya prosesi.

1.Giris. Neft vo gaz sonayelori respublikamizin strateji cohotdon on ohomiyyotli sonaye
sahalorindondir. Olkemiz miistoqilliyini oldo etdikden etibaron gedon damisiglarin noticosi kimi
respublikamiz quru vo donizds bir zamanlar agkar edilmis neft vo qaz yataglarininin istismari ii¢iin
xarici sirkotlorlo miiqavilolor imzalanmigdir. Baglanmis miiqavilolor osasinda ndvboti 30 il
miiddotinds respublikanin neft sonayesino 50,5 milyard ABS dollar1 civarinda investisiya calb
olunmag planlagdirilmigdir. 20 Sentyabr 1994-cii il tarixinds baglanmis “Osrin miiqavilosina” gora,
Xazor donizinin “Azori”, “Ciraq” neft yataqlarinin dorinlikds yerlogon hissalorinin istismart {igiin
neft sonayesino 2 milyard ABS dollar1 hacminds investisiya qoyulmus vo respublikanin 1 Ne-li
platformasinda neft ¢ixarilmasi hoyata kegirilmisdir. [1, 2, 5]

Proseslorin avtomatik idars olunmasi neft sonayesindo 6z oksini tapmisdir. Bunun noticosi
kimi neftin ¢ixarilmasi, ixraci, otiirlilmasi iglori avtomatik idaraetmo sistemlorinin kémayi ilo hoyata
kegirilir. Neft istismarinda on yiiksok idarsetmo formalarindan biri do avtomatik idarsetmadir.
Neft¢cixarmada obyektlords yiiksok somaralilik alds etmok iiciin texnoloji prosesin optimal rejimdo
avtomatik idarosini togkil etmok lazimdir. Texnoloji proseslorin optimal formada avtomatik idara
olunmas1 dedikdo minimum saviyyads enerji resurslarindan istifade etmoklo maksimal hasilat aldo
etmok basa diisiiliir [3, 4]. Texnoloji proses iliglin optimallasdirma mosalosino baxmazdan ovval,
sistemin biitiin isini, orada bas veron proseslori doqiq Oyronmok lazimdir. Neft yataglarim
xarakterizo etmok {iciin istifado olunan parametrlor bunlardir: neftvermo omsali, cari neft hasilatinin
dinamikasi, vahid neft quyusuna qaliq vo ilkin ¢ixarilma ehtiyati, neft quyusunun istismar miiddati,
foaliyyatds olan vo olmayan qazilmis neft quyularinin comi, hasilatin igtisadi tutumu.

2. Masalonin qoyulusu. Quyularin mexaniki olaraq islonma tisullarindan biri do kompressor
istismar tsulu hesab olunur. Neft yataglarinin lay enerjisinin qiymoti zaman kecdikco azalir vo
naticads neft laydaki enerjinin hesabina yer sothino ¢ixa bilmir. Fontanvurma prosesi dayanir. Bu
zaman fontanvurma prosesi slini olaraq davam etdirilir. Bu {lisul kompressor iisulu adlanir.
Kompressor iisulu diinyada ilk olaraq 1905-ci ildo Bakida Balaxani quyularinda istifads
olunmusdur. Quyuya boru xatti ilo hava va ya tobii qaz vurulur. Bu gazlar kompressor qurgusunda
sixilir. Quyu hava vurularaq istismar olunursa, bu, erlift tisulu, tobii qaz ilo istismar olunarsa,
qazlift tisulu adlanir. Buna uygun olaraq proseslordo istifado olunan qurgular erlift vo qazlift
qurgulari adlanir.

Pratikada osason qazlift iisulundan istifado olunur. Bunun sabobi qazlift isulunun erlift
iisuluna nisboton daha tohliikesiz olmasidir. Lakin erlift iisulu iqtisadi cohotdon qazlift tisuluna
nisbaton ucuz basa golir. Hava monboyi do mohdud deyildir.

Qazlift quyusunun giris vo ¢ixis parametrine uygun olaraq quyuya vurulan qazin hacmi — V
Vo hasil olunan neft migdar1 — Q-dur. Qeyd olunan giris vo ¢ixis parametrlori arasindaki asililig
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toyin etmak iiciin har hansi bir determinik tonlik mévcud deyil. Lakin aparilan tadqiqatlarin naticasi
kimi V; va ginoqtalori toyin edilir. Aproksimasiya prosesi aparilir. Alinan tonlikds hasilat va verilon
gazin hacmi arasindaki asililigda minimum xata zaruri sortdir. Xotanin miimkiin gader az olmasi
sonrak1 amoaliyyatlarda daha dagiq naticalor alds etmays imkan yaradacaqdir. Aparilan tadqgigatlarin
naticosi kKimi minimal xota ilo riyazi modellorin alinmasina identifikasiya deyilir. ©lda olunan
modellordon hansi real quyunu model olaraq daha daqiq oks etdirirsa, 0 modeldan istifado edilir.
Modelin real quyuya yaxinliq daracasi bir sira meyarlar va gostaricilor ilo yoxlanilir [6-9]. Real
quyuda aparilan tocriibalors asason sokil 1-do quyuya verilon qaz (V) ilo neft hasilati (q) arasindaki
loqarifmik asililiq gostorilmisdir. Cadval 1-da verilonlor oks olunub.

Sakil 1. Quyuya verilon qaz (V) ilo neft hasilati (q) arasindaki logarifmik asililig

Cadval 1
Quyuda aparilan tacriiba verilonlori
9.6 11.3 12.7 14.6 17.1 20 23.1 25
q 38 51 62,5 64 66 65 62.1 58.3

Qazlift quyusu tigiin identifikasiya tonliyi riyazi formada omsallarla asagidaki kimi olacaqdir:
| A(V)=Bo + By In(V) + B, - (In(V))? (1)
Identifikasiya tonliyindoki S, B, B, omsallart OKKU (on ki¢ik kvadratlar tisulu) ilo toyin
olunur.
Qazlift sistemi liglin optimal idaroni tomin etmok l¢iin Vy - qaz ehtiyatlarinin optimal
paylanma masalasindan istifads etmok lazimdir. Proses {i¢lin mdvcud magsod funksiyasina nozor
yetirok.

max)i-, q;(V) (i=1,2,.....n) (2)
im Vi =Vy SV 3
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Vimin < Vi < Vimax (4)
Yi=1N; < Ny (5)

Gostorilon mohdudiyyat va sortlora goro deya bilarik ki, oyrilor idars tosiri yoni, 4V qodor
diskret gokilda dayisir. S6ziigedon qazlift sisteminin qiymatlondirilmasi magsadils voziyyatlor
cadvali istifads olunur.

3. Qazlift optimallasdirma problemina tokmillasdirilmis yanasma

Qazlift prosesindo qaz bolgiisiiniin optimallagdirilmasi problemlorinin hallinds artan stirot vo
doqiqlik vacibdir. Qaz bolgiisiiniin optimallagdirilmasi problemlorinin hoalli imumiyyatlo iki
morholods aparilir:

1. Qazlift performans ayrisi (GLPC)

2. Quyular arasinda qaz ayrilmasinin optimallasdirilmasi

Qaz bolgiisiinlin optimallagdirilmasi problemlarinin hallinin siiratini vo doqiqliyini artirmaq
ticlin hor iki addimin tokmillogsdirilmosi lazimdir. Rezervuarin tobii enerjisi mayeni sotho Gtiiro
bilmadikds vo quyudaki maye siitununun agirligini dof eds bilmadikds, mayeni iqtisadi cohatdon
somarali sokildo ¢ixarmaq Tlg¢ilin siini qaldirma texnikalarindan biri istifado edilmolidir. Siini
qaldirma tisullart quyudaki maye siitunundaki tozyiqi azaldir vo belsliklo quyu dibindoki tozyiqi
azalir, su anbar1 vo quyu dibi arasinda boyiik bir tozyiq forqino sobab olur vo naticodo istehsal
olunan mayenin qazin igino Otliriilmasi bas verir. On ¢ox istifado olunan siini qaldirma
texnikalarindan biri qazlift prosesidir. Bu {isulda boru dibins miioyyaon tozyiqs malik qaz vurulur vo
qazin genislonmoasi quyunun icorisindoki maye siitununun hidrostatik tozyiqini azaltmaqla iki
mexanizm vasitosilo hasil olunur. Bununla birlikdo, vurulan qazin miqdarinin haddindon artiq
artmasi slirtinma tozyiqini artirir vo noticado, hidrostatik tozyiqin azalmasi istehsal artiminin da
azalmasina sobab olur [5]. Umumiyyatlo, qaz béliisdiiriilmosinin optimallasdiriimas: iki addimda
apartlir:

1. Mohdud miqdarda qazin mévcud oldugu soraitdo neft hasilatini artirmaq tigiin quyular
arasinda qaz bolgiisiiniin optimallagdirilmast;

2. Miioyyon miqdarda neft hasilatinin ovvolcodon planlasdirildigi bir voziyystds qaz
vurulmasinin minimuma endirilmasi.

Qaz bolisdiiriilmesinin optimallasdirilmasi ilo bagli bu giina qodor bir ¢ox todqiqatlar
aparilmis, forqli aspektlordon arasdirilmisdir. Neft hasilati saviyyasini artirmaq li¢iin mohdud
miqdarda qaz movcud olduqda adoton istifado olunan obyektiv funksiya asagidaki kimi ifads
olunur:

max}.t Qoi=f(Qg1, Qg2s +» Qgi), 1=12,...,n (6)
Quyulara vurulan gazin imumi miqdart mévcud gazin miqdarina barabor vo ya daha azdir vo
xatti barabarsizlik mohdudlugu kimi ifads olunur :

XiQg <A (7)

Burada n quyularm saymni, Q,; bir quyuya ¢ixarilan neftin miqdari, Q4; bir quyuya vurulan gazin
miqdari, A 1so movecud qazin miqdaridir. ©vvalcadon miioyyan edilmis miqdarda neft hasil etmok
iiclin quyulara atilan gazin migdarin1 minimuma endirmok mogsadilo obyektiv funksiya bels ifado
edilir:
min Y7 Qg 1=1,2,...,n (8)
Quyudan hasil edilon timumi neft avvolcodon miioyyon edilmis miqdara borabordir vo
asagidaki kimi ifado edilir:
2111 Qoi:f(le' ng' L Qgi):B (9)
Burada B - hasilat ii¢iin avvalcadan toyin edilmis hasilat miqdaridir.
Ohomiyyastli mogam iso 2-ci addimdadir. Burada problem mohdudlugu xostti barabarsizlik
mohdudlugu ilo birinci voziyyato nisbaton xatti baraborsizlik mohdudiyyatine gevrilir, ¢linki hor bir
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quyunun hasilat1 6zii qaz vurma miqdarmin qgeyri-xotti funksiyasidir vo noticado vurulan gazin
miqdar1 da qeyri-xotti funksiya hesab edilir [1-4]. Bu sobobdon ikinci addimda problem
mohdudiyyetlorino baxmaq daha da miirokkab olacaqdir. Bundan olave, neft istehsalina baslamaq
liclin bozi quyularda ilkin qgaz injeksiyast tolob olunur.Hor iki addimin 6ziino uygun
mohdudiyyatlors slave olaraq asagidaki mohdudiyystlor mévcuddur:
Qgi = Qgi—min (10)
Qgi = Qgi—max
burada @ g;—mn neft hasilatina baglamagq iigiin tolob olunan minimum qaz vurma miqdart, Qg;_max
159 qazlift oyrisindo tops ndqtasine uygun golon qaz miqdaridir. Bu néqtoni optimal islomo noqtasi
adlandiracagiq.

Qazlift performans oyrisinin (GLPC) formalagsmasi qaz qaldirma prosesinin
modellogdirilmasindo ilk addimdir. Diizgiin GLPC oldo etmok, vurulan gqazin quyulara
boliisdiiriilmasinin optimallasdirilmasina ohomiyyatli doracodo tosir gdstarir, ¢ilinki oyrilor kifayot
gader doqiq olmadigda, optimallagsdirma alqoritminin yiliksok gdstaricilorine baxmayaragq,
optimallagdirma naticolori doqiq olmayacaq vo hasil olunan neft diizglin qiymatlondirilo
bilmayacak. Bu giino qodar qazlift prosesini vo GLPC-lari modellosdirmak {igiin bir ¢ox metoddan
istifado edilmisdir. Umumiyyatls, bu metodlari iki qrupa bdlmak olar:

1. Siini neyron sobokalorins asaslanan modellogsdirma metodlari,

2. Korrelyasiyaya asaslanan modellogdirmo metodlari.

Bu giina goadar, GLPC oyrili miixtalif alagalar toklif edilmisdir. Kvadrat polinomial model bu
modellordon biridir. GLPC-lorin oksariyyati simmetrik olmadigindan modelin modellasdirilmasi
iclin elo do effektiv deyil. Kvadrat polinomial modelin effektivliyini artirmaq iiglin sonralar
loqgarifmik termin olava edildi:

Qo=at+bx Qz+cx QZ+dx In(Q, + 1) (11)
Bu polinominal modeli kvadratik ifads ilo belo do yazmagq olar:
Qo=a+bx ,[Qgz+cx Q (12)
Qo=a+hx Qgtcx QZ+dx In(Qg + 1)+ex \/Q4 +fx exp (Qy) (13)
Daha avval geyd edilon korelyasiya modellorini iimumilosdirib asagidaki formada yazmaq olar:
Qo=at+bx Q +cx Q7+dx In(Q, + 0.9)+ex exp (Qg'é)) (14)

Burada a, b, ¢, d, e vo f sabit nisbot omsallari, Q4 vurulan qaz axmm siiroti, Qghasil olunan neft
axininin siiratidir. Bu model digor korrelyasiya modellorindon forqlonss do, on osas problemlorindon
biri har quyu tciin istifads oluna bilmomasidir. Modelin 6ziiniin diizgiinliiyiinii qiymatlondirmok
iiciin korelyasiya amili (R?) vo orta kvadratik meyletmo (RMSE) hesablanir. Korrelyasiya amili
(R?) model vo quyu informasiyalari arasinda olageni oks etdirir. Bu olago qiymatlari bir-birino no
gadar yaxin olarsa, model bir o gadar optimal hesab edilir. Korrelyasiya amili asagidaki kimi ifado

olunur:

SSE
R2=1-2Z
TS

: (15)

SSE — kvadratik meyletmoalorin comidir.
SSE=X1_ i w; - (7 — §1)? (16)
Burada n — miisahido malumatlarinin sayi, y; — ¢ixis qiymati, y; — tapsiriq qiymati, w; iso ¢oki
omsalidir vo adaton 1-9 borabor gotiiriiliir. TSS — timumi kvadratlar comidir vo asagidaki kimi ifado
olunur.
TSS=XiL i wi - (v — ¥i)? 17)
yii — biitiin miisahids qiymatlorinin orta qiymatidir.
Orta kvadratik meyletmo model torofindon toyin olunan qiymatlarls, proses qiymatlorinin
forqinin ortalama doyerini gostorir. Bu parametr no godor 0-a yaxin olarsa, model va proses
arasindaki doqiqlik bir o godar ¢ox olar.
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RMSE=VMSE
MSE — dispersiyadir vo bu ciir toyin edilir:
MSE="=SSE

n
4. Notico Qazlift quyularinin istismar1 zamani gaz bdlgiisliniin optimallasdirilmasinda

yarana bilocok problemlor aragdirilmigdir. Somorali optimallagsdirma aparmaq ticlin model toklif
edilmisdir. Modeldo sabit bir omsalin doyorini azaltmaqgla daha stirotli vo doqiq optimallagdirma
aparmaq mimkiindiir. Monfi cohot kimi iso modelin istonilon qazlift quyusu iiclin xarakterik
olmamasidir. Isin yerino yetirilmasilo asagidaki naticalor oldo edilmisdir: Optimal model almmisdir;
Alman optimal modelds aparilan omoliyyatlar program tominati ilo holl edilmisdir; Optimal
paylanma masalasi tiglin dinamik programlasdirma totbiq edilmisdir. Alqoritmin kompiiterdos totbiqi
ilo quyunun optimallagdirilmast hoyata kegirilmisdir; PMK-nin totbiqi ilo prosesin masafodon idaro
oluna bilmosi vo nozaroti isbat edilmisdir; Qazin quyulararasi1  boliisdiiriilmasinin
optimallagdirilmasi problemi arasdirilmigdir.
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PE3IOME
HNCCIIEAOBAHMUE 3AJJAUYN OIITUMMU3AILIUU I'ABJIUPTHBIX CKBAKUH
B JOBBIYE HE®TH
Mexmueea A.M., bacupzaode K.3., Anuxanoe 3.1

Knwouesvie cnosa: memoo eaznugpma, pabouuti azenm, 2a3iu@muas CKEANCUHA, ONMUMANLHOE
pacnpeoenenue, 3a0a4a ONMUMUZAYUU, NPOYECC ANNPOKCUMAYUL

HccnenoBan oOmmii mporecc padoThl ra3nu(THBIX CKBOKUH W PELICH BOIMPOC ONTHMAIbHOTO
pacmpenenieHust pabovyero areHTa MEXAy CKBaKMHaMu. PemeHa 3amada uaeHTH(QUKALMU ra3nuTHBIX
CKBXXMH M pa3paboTaH aJropuT™M ONTHMAaIBHOTO pachpeaeieHus pabouero areHta. TouHble
XapaKTCPpUCTUKU TIOJIYYCHBI IIYTEM IIOCTPOCHHUA PaCpCaACIUTCIIbHBIX Ta6HI/IH JUISL Ka)KHOﬁ T'pyIIIbL
ra3u@THBIX CcKBaXWH. OnTUMH3anus TpoBoawiack ¢ yderoM Hu3koro KIIJ[ ra3muTHBIX CKBaXKHH.
HccnenoBanbl mpoOieMbl, KOTOpbIE MOTYT BO3HHKHYTH IPH ONTUMH3AIMU Ta30paclpesieieHus] Ipu
SKCIUTyaTallly ra3uTHBIX ckBaxuH. [Ipeanoxena Moenb dddeKTHBHOM onTuMu3anuu. boiee ObicTpast u
TOYHasd ONTUMU3AIUA BO3MOXKHA 3a CUCT YMCHBUICHWA 3HAYCHHA ITIOCTOSAHHOT'O KOB(i)(bI/IHI/IeHTa B MOJCIJIH..
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SUMMARY
INVESTIGATION OF THE OPTIMIZATION PROBLEM
OF GAS LIFT WELLS IN OIL PRODUCTION
Mehdiyeva A.M., Bagirzade K.E., Alikhanov E.H.

Keywords: gaslift method, working agent, gaslift well, optimal distribution, optimization problem,

approximation process.

The general working process of gaslift wells was investigated and the issue of optimal distribution of
the working agent between the wells was solved. The identification problem for gas lift wells has been
solved and an algorithm has been developed for the optimal distribution of the working agent. Precise
characteristics were obtained by constructing distribution tables for each group of gas lift wells. Optimization
was carried out taking into account the low efficiency of gas lift wells during operation. Problems that may
arise in optimizing gas distribution during the operation of gas lift wells have been investigated. A model has
been proposed for effective optimization. Faster and more accurate optimization is possible by reducing the
value of a constant factor in the model.

Daxilolma tarixi: [lkin variant 03.04.2021
Son variant 10.01.2022
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Giris. Yikiin xarakterindon vo onun doyismosindon asili olaraq aktiv yiik itkilorinin vo
elektrik enerjisi (EE) itkilorinin qiymoti miixtolif {isullarla hesablanir. Elektrik sobokosinin (ES)
yiiklori haqqinda molumatin dolgunlugundan va hesabat formalarinin xarakterindon asili olaraq yiik
itkilorinin miioyyan edilmosi iigiin miixtolif {isullardan istifado olunmasi tdvsiys olunur. Itkilori
hesablamagq ti¢iin secilon riyazi modeldon asili olaraq biitiin metodlar iki yera boliiniir:

- retrospektiv;

- ehtimal-statistik.

EE naqlins sorf olunan texnoloji sorfin - giic va enerji itkilorinin torkib hissslorinin vo enerji
itkilorinin normativ xarakteristikalarinin miioyyon edilmasi ii¢clin ¢oxlu metodlar islonib-
hazirlanmigdir. Sobokonin ixtiyari elementinds giic itkilorinin qiymati ylikiin xarakterindon vo onun
doyismasindon asili olaraq asagidaki diisturla hesablanar:

2 2
Ap = 21 ¥ R
U2

burada, P vo Q — homin elementdon axan aktiv va reaktiv giiciin qiymatidir. ES sxemlori va yiiklori
haqqinda alds olan molumatlarin hocmino miivafiq olaraq yiik itkilori asagidaki bes metoddan biri
ilo hesablana bilor: operativ hesabatlar; hesabat sutkalari; orta yiiklor; on bdyiik giic itkilori vaxt;
itkilorin  gobokolorin  sxemlori vo yiiklori hagqinda {imumilosdirici molumatlara osason
qiymatlondirilmasi [1]. Bu tisullar hesabatin doqiqliyinin azalmasi sirasi tizro diiziilmiisdiir.

Energetika sistemlorindo aktiv giiciin istehlak olunmas1 elektrik maginlarinin = vo
transformatorlarinin islomasi tigiin zoruri olan reaktiv giiciin istehlaki ilo miisayiot olunur. Xotlordon
axan yiik coraryant homin xatlorin strafinda maqnit saholori yaradir ki, bunun ii¢lin miiayyan qodar
rekativ glic tolob olunur. Ona gora do, xatlordon reaktiv giiclin 6tiiriilmosi bunlarda slave aktiv giic
va gorginlik itkisi yaradir [1-6].

Belo ki, giic omsalinin 0.8-don 0.9-a qodar artmasi aktiv giiclin homin giymatinds sabokonin
doyismoz parametrlorindo sobokods aktiv giic itkilorinin 26.6% azalmasina sobab olur.

[2] — do paylayici elektrik sobakalorde kompensasiya qurgularinin (KQ) giiciiniin se¢ilmasi
vo yerinin miloyyonlosdirilmosi metodikasi verilmisdir. Paylayic1 sobokodo KQ-nin giiclinii toyin
etmok liciin paylayict sabokonin enerjisistemin sobakaloring birlosme ndqtoesinde iqtisadi reaktiv
giico gora sobokanin bir va bir nego ndqtasindo KQ giiciinu toyin edon formullar, KQ-nin iqgtisadi
effektivlik gostaricilori vo onlarin toyinolunma gaydalar: verilmisdir.

[3] — do Azorbaycan elektronergetika sisteminin elektrik sobokoalorinds reaktiv giiciin
tolobatinin soviyyasi miioyyon olunmusdur.
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[6] — do bizim olkado reaktiv enerjinin Odonilmosinds beynalxalq tocriibonin vo
texnologiyanin totbiq edilmo mosaloalorine baxilir.

2
AP, = TR funksiyasinin toromosi texniki odobiyyatda reaktiv giliciin iqtisadi ekvivalenti
U2

adlanir:
d(APy) 2QR
Q U2
Qeyd etmok lazimdir ki, bir sira 6lkalords, mosalon, Cindo, Ukraynada, Moldovada reaktiv
giic axin1 lizro hesablagsmalarda reaktiv giiclin iqtisadi ekvivalentindon istifado edirlor.
Elektroenergetikada bazar miinasibatlorinin inkisafi reaktiv elektrik enerjisino goro 6donisin
hoyata kecirilmosi metodikasinin tokmillosdirilmosini tolob etdi. Bu sahodo bir sira dorc olunmus
mogqalolor mévcuddur.
[1]-do gostorilmisdir ki, reaktiv giiciin iqtisadi omsallar1 (RGIO) asagidaki kimi hesablana
bilor [5]:

b, = d[APQ)]

1 dQ;
burada Qi — i-ci ddilylinds reaktiv yiikiin qiymoti, AP(Qj) iss i-ci diiylindo reaktiv yiikiin yaratdig:
aktiv giic itkisidir. RGIO asagidaki diisturlardan hesablanir:

AP, = kq;Q; + k2;Q7
burada

2
kli:@' (QiRyi + QuRzi+... +Qi—1Ri—1; + Qi+1Ris1i+--- QuRy;

itkilorin 1 — ci tartib toramasi

19 itkilorin 2-ci tortib tdromasidir.

RGIO soboko qovsagmin (yarimstansiyalar, elektrik stansiyalar1 vo s.) reaktiv giiciiniin
artmasi ilo biitlin elektrik sobokosindo aktiv giic itkilorinin artimini oks etdirir. Basqa sozlo, soboko
qovsaginda reaktiv giicds aktiv giiciin xiisusi artimint miioyyan edir

Yuxaridaki yanasmanin c¢atismayan cohoti ondan ibarotdir ki, RGIO biitiin diiyiinlordoki
reaktiv yiiklordon asilidir. Beloliklo i-ci diiyiindo hesablanmis RGIO digor diiyiinlordoki reaktiv
yiiklordon asil1 olur.

Aktiv giic itkilorinin Kklassik iisulla hesablanmasi. 2-6-c1 diiyiinlorde reaktiv giiclin
qiymati 10,15,25 MVAr se¢ilmisdir. Codval 1-do diiyiinlor {izro qorarlasmis rejimin hesablanmasini
naticalori verilmisdir.

Klassik tisulla soboka elementlorinde aktiv giic itkilori asagidak: diistura gora miioyyon
olunur:

Hesablamalar {iciin 6 diiylinliik elektrik sxemindon istifado olunmusdur (sokil 1). Nozoro
almaq lazimdir ki, bu halda Q12 = 75 MVAr; Q23 =60 MVATr; Q34 = 45 MVAr; Q4= 30 MVAr; Qsg
=15 MVAr olar.
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AP=2,56 MW

0 MW
0MW 15MVAr
15MVAr
121,00 kv 119,05 kv 11743 kv 116,21 kV 11541 K 115,01 kV
| 1 2 3 4 5 6
3 MW I— I I
75 Mvar
0 MW 0 MW oMW
15MVAr 15MVAr 15MVAr
Sakil 1. Hesablamalarin yerina yetirildiyi 5 diiyiinliik sxem
Cadval 1.
6 diiyiinliik sxemin diiyiinlori tizra hesablamalarin naticalori
Gorginlik

Diiyliniin Diiyliniin ilkin | Diyiiniin faktiki vektorunun Aktiv yiikk | Reaktiv yiik
némrosi gorginliyi (KV) | gorginliyi (KV) | bucagi (Daraco) (MW) (MVA)

1 121 121 0

2 119,1 119,052 0,86 0 15

3 117,5 117,425 1,58 0 15

4 116,3 116,215 2,12 0 15

5 115,5 115411 2,5 0 15

6 115,1 115,011 2,69 0 15

Cadval 2 va cadval 3-da xatlor {izrs ilkin verilonlor vo gorarlagsmis rejimin naticolori verilmisdir.

Cadval 2.
odiiyiinliik sxemin budaqglart iizra ilkin verilonlor
Xottin avvali Xattin sonu R X
1 2 0,02 0,00001
2 3 0,021 0,00001
3 4 0,021 0,00001
4 5 0,022 0,00001
5 6 0,022 0,00001
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Cadval 3.
6 diiyiinliik sxemin budagqlari tizra hesablamalarin naticalori

Diiylindon ¢ixan | Diiyiine daxil Aktiv giic

Xottin Diiyiindon ¢ixan P Q olan Q itkilori
avvali Xottin sonu (MVT) (MVAr) (MVT) (MVT)

1 2 2,6 75 75,1 1,13

2 3 14 60 60 0,76

3 4 0,7 45 45 0,43

4 5 0,2 30 30 0,2

5 6 0 15 15 0,05

RGIO itkilorin paylanmasi amsallarina gora hesablanmasi. Xotlordoki ceroyanlarla
diiylinlordoki gorginliklor arasinda alago matris soklinds asagidaki kimi verilir:
I = ZuMiUp + ZiguE
burada Z,,: — xotlorin tam miiqavimati, M — diiyilinlorin xatlora birlosmasi matrisi U, iso
ditytinlordoki gorginliklordir.
Miigavimati Z olan ixtiyari elektrik sobokesi {iciin itkilorin paylanmasi matrisinin analitik
ifadosi asagidaki kimidir:
Ter = Up -2 Y- Ug?
burada Uy — diiytinlordoki gorginliklori gdstoran diaqonal matris , Y- diyiinlorin kegiricilik
matrisi, Z is2 bu matrisin torsidir:
Z = Mg - R;'MT
Y=(M:-Rgt-MH?
Asagida sokil 1-do tosvir olunmus Q=15 MVAr halinda 6 diiylindon ibarat ES sxemi {i¢iin bu
matrislor agiq sokildo verilmisdir:

Ul =119,052 117,425 116,215 115,411 115,011 121

0 0
0 -1 1 0 0 -1 1000
o 0 -1 1 o0 0 -1 1 0 0
My= M=0 0 -1 1 0
0 0 0 -1 1
0 0 0 -1 1
0o 0 0 0 -1 o 0 0 0 -1
1 0 0 0 0
300 0 0
03 00 0
R<=0 0 3 0 0
000 3 0
000 0 3
0.667 —0.333 0 0 0
—0.333 0.667 —0.333 0 0 2 2 2 2 2
v= 0 —0.333  0.667 —0.333 0 7=3 6 9 9 o
0 0 —0.333 0.667 —0.333
3 6 9 12 12
0 0 0 —0.333 —0.333 3 6 9 12 15
—0.333 0 0 0 0
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121 0 0 0 0 0
0 119.052 0 0 0 0
Uy 0 0 117,425 0 0 0
-0 0 0 116,215 0 0
0 0 0 0 115,411 0
0 0 0 0 0 115,011

Ogor matrislorin yuxarida verilmis qiymotlorini Teg ifadosindo yerino yazsaq onda reaktiv
giiciin iqtisadi amsallarint almis olariq ki, homin qiymatlor cadval 4-ds verilmigdir.Asagida cadval
5-do 6 diiyiinliik sxem iizro iki yolla, aktiv giic itkilorin RGI® goro vo klassik iisulla alinmis
noticolori gostarilmisdir. Ug rejim, Q=10 MVAr, Q=15 MVAr, Q=25 MVAr ii¢iin aktiv giic itkilori
hesablanmisdir. RGI9-yo gora hesablamalar asagidaki kimi yerino yetirilmisdir:

APy =D;1-Q; +D3-Q;+D3-Q3+ Dy Qs+ Ds-Qs
Sonuncu diisturdaki D amsallarinin vo Q-niin qiymatlori cadval 5-do verilmisdir.

Cadval 4.
6 diiytinliik sxem tizra alinmig naticalor
itkilor (MVT)
Q D1 D2 D3 D4 D5 RGO AP
10 | 0.011 | 0.019 | 0.026 | 0.032 | 0.034 1.22 1.16
15 | 0.016 | 0.03 | 0.04 | 0.048 | 0.051 2.77 2.62
25 | 0.025 | 0.049 | 0.068 | 0.081 | 0.088 7.82 7.28

Klassik {isulla hesablamalar POWER WORLD program kompleksindon, RGIO goro
hesablamalar iso MATHCAD riyazi program sistemindon istifado etmoklo yerino yetirilmisdir.
Alinmis noticolorin yaxinlhigi ona dolalot edir ki, aktiv giic itkilorini RGIO goro hesablamaq
miimkiindiir.

Notica

1. Aktiv giic itkilori miixtslif tisullarla, reaktiv giiciin iqtisadi omsallarina gors vo klassik

iisulla hesablanmisdir.

2. Aktiv giic itkilorini hesablamaq iicin POWER WORLD proqram kompleksindon va

MATHCAD riyazi proqram sistemindan istifads edilmisdir.

3. Aktiv giic itkilorinin reaktiv giiciin iqtisadi eamsallarina goro vo klassik tisulla alinmig

naticalorin yaximlig1 onu géstorir ki, onlar1t RGIO géra hesablamaq miimkiindiir.
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PE3IOME
O PA3JIMYHBIX CIOCOBAX PACYETA IIOTEPb AKTHBHQﬁ MOIIIHOCTMW,
BBI3BBAHHOU PEAKTUBHOU HAT'PY3KOU
Xanunoe 3./]., I'aoxncuee H.U., Paoicabos K. /1., Hypuesa H /]

Knioueevie cnoea. snexmposuepeus, nomepu MOWHOCHMU, DIKOHOMUYECKUE KOIDduyuenmobl
PeaKxmugHou MOWHOCMU, KIACCUYECKUTI MemOoO, PeakmueHas HazpysKa

B 3aBucuMocTH OT Harpys3Kku IOTEPH MOIIHOCTH OIPENESIOTCS Mo-pasHoMy. B 3aBucumocTn ot
MOJTHOTH! 3TOW MH(OPMAIMM NPUMEHSIOTCS pa3Hble METOIbl ONpelesieHHs MoTepb. B 3aBucHMMOCTH OT
HCIIONIb3yeMON MaTeMaTH4eCKOM MOJeNId 3TH METOABl JAENATCS Ha JBE TPYIIBI: PETPOCIEKTUBHBIE U
BEPOSITHOCTHO-CTAaTUCTUYECKHUE METOAbl. B cTaThe i pacuera MOTEph 3JIEKTPOIHEPTUU HCIONb30BaHbBI
SKOHOMHYECKHE KO3((HUIMEHTHl PEaKTHBHOW MOIIHOCTH M KJIACCHYECKUH METOA W IOKa3zaHa OJIM30CTh
pe3yibpTaTtoB. OTMEYEHO, YTO HMCIOJB3Ysl SKOHOMHYECKHE KOI(D(DUIMEHTH PEaKTHBHOW MOIIHOCTH, MOTEPU
MOKHO paccuuTaTh C MEHBIIUMH TPY03aTpaTaMH.

SUMMARY
ABOUT THE CALCULATION OF THE ACTIVE POWER LOSS CAUSED
BY REACTIVE LOAD WITH VARIOUS METHODS
Khalilov E.D., Hajiyev N.I, Rajabov K.D., Nuriyeva N.C.

Keywords: electricity, power losses, economic coefficients of reactive power, classical method,
reactive load

Depending on the load, power losses are determined in different ways. Depending on the
completeness of this information, different methods are used to determine power losses. Depending on the
used mathematical model, these methods are divided into two groups: retrospective and probabilistic-
statistical methods. The article shows the closeness of the economic coefficients of reactive power and the
results obtained using the classical method to calculate power losses. It was noted that using the economic
coefficients of reactive power, losses can be calculated with less labor.

Daxilolma tarixi: [lkin variant 09.02.2022
Son variant 10.03.2022
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VIBRASIYALARA NOZAROT UCUN PROQRAMLA iDARO OLUNAN
PYEZOELEKTRIK SENSORLARIN YENi MODELI

HACIYEVA KONUL RAMIZ quz1

Sumgqayit Dovlat Universiteti, bas miiallim
konul.haciyeva.1974@mail.ru

Acar sozlar: pyezoelement, pyezosensor, miiqayisa sxemi , titromaya nazarat.

Giris. Molumdur ki, miiasir texnolji avadaanliglar hazirlayarkon, masinlarin
texnikiimkanlarindan vo digor xarici amillordon asili olan hissalorin vo 6l¢iilorinin yerdoyismosino
daqiq riayat olunmasina miioyyan taloblor qoyulur [1,5]. Masalon, metal emali qurgularin, konret
olaraq cilalanma maginlarinda ugursuz borkidilma va cilalanma daglarinin qurasdirilmasi sababi ilo
miixtalif islonmis detallarin mohkomlondirildiyi masin stolunda konstruksiyasindan asili olaraq
miixtalif saviyyali titromalor mévcud olur. Vibrasiyalar naticasinds detallarin cilalanmasi keyfiyyati
azalir vo bu da detallarin 6lgiilorinin nominal giymotdon konarlasmasina gotirib gixarir.

Cilalanma magin vo ya qurgu hissalorinin hazirlanmasinda vo emal olunmasinda sonunu
morhalalorindon biridir va titromolor hazirlanan qurgularin keyfiyyatinin pislosmasine vo istismar
zamani yeyilmalor naticoaasinds dlgiilorin doyismasins gatirib ¢ixarir.

Emal olunan detallarin Slgiilorinin konara ¢ixmalarina gotirib ¢ixaran vibrasiyalari idara
etmok Ttglin vibrasiya 6lgmo qurgulart moévcuddur [3,4]. Movcud vibrasiyadlgmo qurgulari
miirokkab quruluslu vo iri6l¢iilii qurgulardir vo biitiin sistem boyunca vibrasiyani 6lgmoaya imkan
vermirlor [5].

Tadgiqgat istigamati. Movcud qurgulardaki ¢atismazliglart nazoro alaraq pyezoelektrik
sensorlardan istifado edorok dozgahlarin vibrasiyaya nozaroti ligiin torofimizdon yeni qurgu
hazirlanmisdir.

Pyezoelektrik sensorlarin iistiin cohatlori onlarin kigikdlgiilii, sade quruluslu, is zamani
etibarlilig1 vo otalotsiz olmalaridir [6].

Totbiq sahoalorindon vo qurgularin konstruksiyasindan asili olaraq pyezoelektrik sensorlar
miixtolif formalt monoelementdon istifads edilir. Bu elementlor siiratlo doyison komiyyatlori 6lgmo
qabiliyyatino, mexaniki rogslorin elketrik yiiklorino yiiksok doqigliklo ¢evrilmasing, mexaniki
gorginliyin elektrik yiiklorino gevrilmasi zamam yiiksok dogigliklo (10™* — 1076 xota ilo) toyin
etmoklo hoyata kegirilir.

J{Uﬂ
A

a ___@*”

5

W
W

Sakill. Pyezoelektrik sensorlarin iimumi struktur sxemi
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Vibrasiyalara nazarat ii¢iin programla idara olunan pyezoelektrik sensorlarin yeni modeli

Pyezoelektrik sensorlarmm is prinsipi. Qeyd olunan {stiin cohotlorini nozoro alaraq
torofimizdon miixtolif nov titromoys nozarot olunan qurgularda totbigi nozords tutulan yeni
pyezoelektrik sensorlardan ibarat nazarat sistemi va onun isloma prinsipi toklif olunur (sokil 1).

Sakil 1-do noazarat sistemi 8 odad pyezoelektrik sensordan -1, giiclondirici summatordan-2,
gorginlik ¢eviricisindon-3, miigayiso sxemindan-4, yoxlayici isiq diodundan-5 ibaratdir.

Pyezoelektrik sensorlar (dairavi va ya diizbucaqli pyezoelektrik 16vhalor) qurgunun harokot
hissalarindo miixtalif yerds vo iimumi siitunda barkidilir. Qurgunun hissalorinin vibrasiyasi zamani
elektrodlarla ortiilmiis pyezosensorlarda mexaniki ragslor elektrik gargiliyina gevrilir, yani

=" Aa,
Q=—-Aa

diisturu ilo miiayyan olunan Q yiiklori yaranir. Burada:

S — pyezoelektrik keramik 16vhalarin sahasi;

Y — Yung modulu;

a — pyezokeramik 16vhonin qalinligidir;

Aa — mexaniki ragslar naticasinds pyezoelementin 6l¢ii giymatinin doyismasidir. Pyezoelementdo

yaranan gorginlik asagidaki formul ilo miiayyan edilir:

u=2 Co=K

ES
Co’ ?[

D]
C, — statik tutum;
K — pyezomiihitin dielektrik niifuzlugu;
& — dielektrik niifuzlugudur (¢ = 4 x 10712),
Pyezoelektrik sensorun ¢ixis gorginliyi asagidaki formula ilo miiayyan edilir:
da a
u(;lx:g}gq:q EE)q
burada q — material sabiti, d — pyezokeramikanin diametridir;
F,, — pyezoelementlordo mexaniki ragslorin tasiri ilo yaranan ayilms qiivvasidir.
Toqdim olunan pyezoelektrik sensor qurgusunun 8 adad dairavi formali pyezosensordan
istifado edilmoklo y1gilmis modeli sokil 2-do 6z aksini tapmuisdir.

Sakil 2. Pyezoelektrik sensor qurgusu
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Toqdim olunan pyezoelektrik sensor qurgusu asagidaki kimi isloyir. Qurgunun baglandigi
hissalorin vibrasiyasi zamani ona barkidilmis pyezoelektrik 16vhalords mexaniki ragslor birbasa
pyezoeffekt noticasinds elektrik gorginliyina ¢evrilir. Dayigon (alternativ) gorginlik asagi olur vo
sensorlardan giiclondiricinin summatorunun girisino daxil olur. Bu gorginliklor omaliyyat
giiclondiricisina qurasdirilmis summator giiclondiriciside toplanir vo giiclondirilir. Summatorun
cixisinda giiclondirilmis gorginlik, gorginlik g¢eviricisinin girisino verilir. Dayison gorginlik
ceviricido sabit garginliya gevrilir. Garginlik geviricisinin ¢ixisindaki garginliyin saviyyasi masada
yerloson biitiin sensorlardan golon signallarin orta giymatino uygun golir. Bu gorginlik miigayisa
dovrasine daxil olur, bu dovranin ikinci girisine Uy, garginliyi verilir. Garginliklorin saviyyasi
qurguda movcud olan vibrasiya saviyyasino uygun olmalidir. Vibrasiya soviyyasi miiqayiso
dovriinds ¢ixisinda icaza verilon garginlikdon artiq olduqda, isiq diodunun yanmasi tigiin garginlik
yaranir vo bu onu gostorir ki, hazirlanan vo ya cilalanan hissonin keyfiyyat gostaricilorinds
doyismoalor mévcuddur. Qeyd olunan proseslara miiqayiso sxeminin ¢ixigina qosulmus kompyuterlo
nozarot etmok olar vo kompyuters yazilmis program osasinda prosesin normallasmasi tiglin
garrginliyin idaro edilmasino baxila bilor. Sokil 3-do mexaniki tosirin naticosindo miigayiso
sxeminin ¢ixisindaki gorginlik doyismoalari 6z oksini tapmusdir.

\
1l

ol Lol |
mﬂ, (J % |/ \J ‘h /

+ +
&0 1&0 —&0

Sakil 3. Pyezosensorun ¢ixisindaki garginliyin pyezoelementlorda mexaniki ragslorin tasiri
dayismalarinin asililig ayrisinin kompiiter grafiki.

Beloliklos, toklif olunan yeni montaj olunmus pyezoelektrik sensor qurgusunun istonilon
metal emali qurgularina totbigi, onun vaxtinda tomir olunmast vo emal olunan mohsulun
keyfiyyatina kompyuter monitoringi vasitasia nozarat etmays imkan verir.

Notica. Aparilmig analizlor naticosinds Vibasiyalara nozarot tiglin pyezoelektrik sensorlarin
yeni modeli toklif olunmus vo hazirlanmisdir. Qurgu hazirlanaraq isloma rejimlarine uygun olaraq
pyezosensorun ¢ixigindaki garginliin pyezoelementlordo mexaniki ragslorin tasiri doyismalorinin
asililiq ayrisinin kompyuter qrafiki qurulmusdur.

Cihaz qurguda vibrasiyanin soviyyasini daha dogiq nizamlamaga vo sistemin adaptiv
qurulmasina imkan verir, bunun noticasindo do sistemds vibrasiyanin soviyyesi azalir. Bu,
cilalanmanin keyfiyyatini yaxsilagdirir, emal olunan detallarin 6lgiilarinin daqigliyini artirir.
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PE3IOME
HOBAS MOJEJIb ITIBE3O2JIEKTPUUECKHUX JATUNKOB, YIIPABJISAEMBIX
IMPOI'PAMMHBIM OBECITEYEHUEM JISA YIIPABJIEHUS BUBPAIIUENU
Taoscueea K.P.

Knrouegvie cnosa: nvezosnemenm, nbe300amyux, cxema CpasHenUus, KOHMPOIb BUOPAYUU.

Bputn npoaHANU3UPOBAHBI JATYMKU JJIsl KOHTPOJsSI BHOpauuM, U B pe3yjbrare ObLT MPEIIOKeH
HOBBIl bE30ANIEKTPUYCCKUil naTuuk. [IpenmylecTBaMu TMpEIaraéMblX HOBBIX IbE303JICKTPUUSCKUX
JAaTYUKOB SBJIAIOTCA HX HC6OJ'II)HII/IC pasMEpbl, MpPOCTast KOHCTPYKIHSA, HAACKHOCTb W HWHCPUHUOHHOCTD.
YuuteiBas HOCTOMHCTBA 3THUX MBE303JICKTPUICCKUX NAaTYMKOB, CUCTEMA YIIPABJICHHA, COCTOAIIAsA U3 HOBBIX
[bE30AICKTPUUCCKUX JaTYMKOB B PA3JIMYHBIX TUIAX YCTPOMCTB KOHTPOJISI BUOPALIMH, TO3BOJISCT IPUMEHSThH
JaTYMKOBOE YCTPOMCTBO Ha JIIOOOM MeTaiooOpabaThIBaroIeM 00OpYA0BaHHH, CBOEBPEMEHHO MPOBOAUTH
€ro PeMOHT ¥ KOMIIBIOTEPHBIH KOHTPOJIb KauecTBa 00padaTbiBaeMoii PO IyKIIHH.

SUMMARY
NEW MODEL OF PIEZOELECTRIC SENSORS CONTROLLED BY SOFTWARE FOR
VIBRATION CONTROL
Hajiyeva K.R.

Keywords: piezoelement, piezosensor, comparison scheme, vibration control.

Sensors for vibration control were analyzed, and as a result, a new piezoelectric sensor was
proposed. The advantages of the proposed new piezoelectric sensors are their small size, simple structure,
reliability and inertia. Taking into account the advantages of these piezoelectric sensors, the control system
consisting of new piezoelectric sensors in various types of vibration control devices allows the application of

the sensor device to any metalworking equipment, its timely repair and computer quality control of
processed products.
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MUHITIN APARAN VO APARILAN FAZALARININ BiRGO
AXINININ RiYAZi MODELLORI

ISMAYILOVA SOHLA HACIBALA qiz1
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shahla.ismayilova.71@mail.ru

Acar sozlar: ikifazali sistem, aparan faza, aparilan faza, sixliq, fazalararast qiivva.

Sorfi fasilosiz doyison ikifazali mayelorin harokotino hidrotexnikada, neft vo qaz sonayesi
qurgularinda, su tosorriifati sistemlorinds, neft-kimya aparatlarinda, metallurgiya vo miixtolif
texnoloji avadanliglarda tez-tez rast golinir. Asagida miihiti togkil edon aparan (maye-gqaz, neft, su
va s.) vo aparilan (bork hissaciklorin) fazalarin birgs harokstinin riyazi modellarini qurag.

Nozordo tutaq ki, sixligi pr, hocmi konsentrasiyast ¢, =1—¢ vo harokat siirati ¢ olan

maye axii Ozl ilo birlikde bark (sixligr pg, hocmi konsentrasiyasi ¢, =¢@ va siirati ¢g olan)

hissaciklor dasiyir. Hesab edok ki, ikifazali mayeni togkil edon aparan (maye) vo aparilan (dispers)
fazalarin temperaturlart borabordir (yoni axin izotermik prosesdo gedir) vo fazalararasi kiitlo
miibadilosi bag vermir. Bu sortlor daxilinde aparan vo aparilan fazalarin harokot tonliklori asagidaki
kimi yazila bilor.

1. Kasilmazlik tonliyi:

a)aparan (maye) faza li¢lin

3
0
(pfq)f)—i_zg(pf(ofcfj):q*f (1)
j=1
b)aparilan (dispers) faza {i¢iin
o)+ 2 pupic,)=a e
6t ST7°S j:l aXJ S7°STS) *S

2. Dinamika tonliyi:
a)aparan (maye) faza l'jc;l'jn

0Cq & 3.9
P Ps +2ij =P Fy +28X (¢f0fjk)+ Ry +(C*fk —Ca Mt (3)
i1 OX;
b)aparilan (dispers) faza ﬁgﬁn

oc oc
,OSCDSL sk sj o J ps(os Fsk + Z ( Sjk) Rk +( *sk )q*s (4)
ot OX; i1 OX;

Toqdim olunan (1)-(4) tonliklor sisteminin analizi onu gdstorir ki, bu sistem qapali deyildir.
Bu sistemin qapanmasi {i¢iin asagidaki sortlori gobul edok.

1.Tutaq ki, aparan (maye) faza sixilmayandir vo bark hissaciklor deformasiya olunmayandir.
Bu onu gostorir ki, miihiti togkil edon fazalarin sixligi sabitdir (doyismir), yoni py = const va
ps = const.

2.Miihitin aparan fazasmin aparilana (yaxud oksino) qarsiligh tosir qiivvesi R asagidaki ifado
ilo tayin olunur [1, 2]

R=Kqler-c:) g, =c,m’p, (¢, -, )2 ®)
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a — bork hissaciyin radiusu;

py— aparan (maye) fazanin sixhig;

¢,— miigavimat amsali.

Moveud elmi todqiqat islorinin analizi noticasindo miioyyon olunmusdur ki, miigavimot
omsali ¢, esason axinin rejimini xarakterizo edon Reynolds (Re) odadindon va dispers fazanin hocmi

konsentrasiyasindan (¢, = ¢@) asilidir [3, 4] vo asagidaki ifads ilo toyin oluna bilor
— 0 _ . 0
Cy - l//acy - Wa A/Rem ’ Cy = A/Rem’ (6)
burada ¥/, - hissaciklarin tasirini nozors alan amsal,

v.=0-B.)" Ble.)=3p, [2; ™
Re,, - Reynolds adadi,
Re, = 2a(cf —C, )/v , ®)
v - mayenin kinematik 6ziilliik omsali.

(6) ifadosindo A smsali vo m iistii, R€,, -in qiymatindon asili olaraq toyin olunur (cadval 1).

Cadval 1.
A amsali va m iistiintin qiymatlori
]S\rlra Re, -in doyismo intervali A m CE -1n hesabat diisturlar
1 107* < Re,, < 0,1 24 1 24/Re,
2 0,1 <Re, <1 25,6 1 25,6/Rey,
3 1 <Re, <10 26,3 0,8 26,3/Re®
4 10 < Re,, < 8- 102 12,3 0,5 12,3//Re
5 Re, > 8- 102 0,44 0 044

3.Fazalar aras1 toxunan gorginliyin giymatinin kigik olmasi sortini qobul edok [1, 5], onda i
fazasi tiglin sathi qiivvalorin tenzoru
o =—<&P 9)

olacaqdir, burada P; — ifazasinin tozyiqi,
&; — vahid tenzor
(g5 = 0, i # j olduqda;
gj =1, i=joldugda).
4 Miihitin fazalarma tosir edon kiitlovi qlivvelorinin agirliq qlivvasindon toskil olundugunu
qabul edok.
5.Miihitin fazalarina konardan birleson (yaxud ayrilan kiitlonin siiratini c,; , fazalarin horokot
siirati ¢; ilo ifado edok

C*i = kiCia C*f = kaf ) C*s = ksCs

burada, ki ) kf ) ks - omsallardir.
6.Aparilan (dispers) fazanin hacmi konsentrasiyasi [ 3 ]
p=p=4m°n/3 voya ¢=A.na° (10)
Burada /1]« - hissaciyin forma omsali; N — miihitin tutdugu hacmds toplanmis dispers hissaciyin

say1 [3]
o, Zaxi(ncsj )=0 (11)
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Beloliklo yuxarida geyd olunan sortlori nazoro almagqla, (1)-(4) tonliklori osasinda aparan
(maye) vo aparilan (dispers) fazalarin birgs harokatinin riyazi modelini asagidaki kimi yaza bilorik:

dp 0
_E¢+§_ :_3( _(D)ij :q*f/pf
(fﬁcs,) s / P (12)

oc 3 0
P (1(0{%*'2% a_j = Ps (1_(/7)9 _K(l_(o)Pf - KR(ka _Csk)+(c*f — Gy )q*f
j=1 k

3
0
[ oK sj OX. J: PP _aT(CDPs)_'_ KR(ka _Csk)+ (C*sk — Gy )q*s

j=

R:KR(cf—cs),KR:cyna pf( —c)/2c =cy,.w, =(1- B, B =3p/2,
c, = A/Re] Re, = Za(cf —C, )/v,,of = const, p, = const, ¢, :1—(p, o, = =4m"n/3,
on 0
—+ —(ncsj):o,n =3¢p/4m° c,, =kc,,c, =K., 0, +¢, =1P, =P, =P
ot Tk j
Bu tonliklor sisteminds aparan fazanin tozyiqini Py, aparilan fazanin tozyiqi P ilo
olagolondiron ifads, (12) sistemino qosulmalidir, ona goro ki, timumi halda Py vo P bir-birindon
forglonir. Ancaq miixtalif praktiki masolslerin hallinds, bir gayda olaraq, P, = P, = P (P — miihitin

tozyiqi) gobul olunur [1, 4]. (12) sistemins daxil olan q,; va q.; malum komiyystlordir.
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PE3IOME
MATEMATHYECKHUE MOJEJIM COBMECTHOI'O TEUEHUSI
HECYIIEW W HECOMOM ®A3 CPEJbI
Hcemaunoea 1T,

Knroueswle cnosa: 0syxghasnas cucmema, Hecywas ¢hasza, Hecomas (aza, RIOMHOCMb, MedwuCpaszHas
cuna

B Teopum aBYX(asHBIX KHIKOCTEH BOMPOCHI, CBA3aHHBIC C MPOIECCAMH HEMPEPHIBHOTO
MpUCOeUHEHUST (VI OTJCNCHHS) JKUAKOCTH CHAPY)KH, dYalle BCTPEYAIOTCS B THAPOTCXHUYECKUX U
BOJIOXO3SIICTBEHHBIX CHCTeMax. M3MeHeHne pacxoja (Macchl) MO MOTOKY - OJMH M3 OCHOBHBIX (haKTOPOB,
BIMSIONINX HA JBIKCHUE JBYX(a3HOW CHCTEMbl. DTO CICAyeT YYHUTHIBATh MPH TEOPETHUYCCKOM
HCCIIEIOBAHUN IBYX(A3HBIX JKUIKOCTEH M IMPH PEIICHHH MpakTHdeckux 3amad. C 3TOW TOYKH 3pEHHS
pelieHHe ypaBHEHHH JBIDKCHHUS JBYX(A3HBIX JKHUIKOCTCH, MOCTPOCHHE MAaTeMaTHYECKUX MOJesei
aKTyaJIbHBI.

SUMMARY
JOINT FLOW MATHEMATICAL MODELS CARRYING AND
CARRYING PHASES OF THE MEDIUM
Ismayilova Sh.H.

Key words: two-phase system, conducting phase, conducting phase, density, interphase force.

In the theory of two-phase liquids, issues related to the processes of continuous addition (or
separation) of a liquid from the outside are more common in hydraulic engineering and water management
systems. The change in flow rate (mass) along the flow is one of the main factors affecting the movement of
a two-phase system. This should be taken into account in the theoretical study of two-phase liquids and in
solving practical problems. From this point of view, the solution of the equations of motion of two-phase
fluids, the construction of mathematical models are relevant.

Daxilolma tarixi: [lkin variant 15.02.2021
Son variant 05.05.2021
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