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MexkayHapoaHOMY HAYYHO-TEXHHYECKOMY KYPHAILY

«BecTHuk A3zepoOaiigkanckoid UHkeHepHOT AKageMHn»

10 Jger

B Hos16pe 2019 roga vcnosiHua0ch 10 j1eT co AHS BbIX0O/a B CBET IIEPBOr0 HOMepa
»KypHaJsia «BecTHuk AsepbaiiixaHckou H>XeHepHOU akaieMuun».

3a 10 JsieT cBOero CyuecTBOBaHHUSA XypHaJsl MOKa3aJl BaXKHOCTb MHTETPUPOBAHUA
BCeX MHXXEHEPHBIX AUCLHUIIMH U CTaJl TPUOYHOU /11 HayYHbIX PAaOOTHUKOB, UHXKEHe-
POB U CHELIMAJNCTOB He TOJIBKO B CTPaHe, HO TaKXe B OJIMKHEM U JJaJIbHEM 3apybexbe.

’KypHasn akTMBHO y4yacTByeT B HAy4yHOM >KM3HM A3epbaii/pkaHa U 3apyOexKHbIX
CTpaH. fIB/is4Ch HAQyYHBIM OpPraHOM aKaJleMHUH, OH OpUEHTHUPOBAH Ha pelleHue NpobJieM,
HaJi KOTOPbIMHM pabOTalOT YYeHble BCero Mupa.

«BecTHUK» My6JMKYyeT CTaTbM Ha TPex A3blKax U MOJy4YUJ MeX/yHapoJHoe NpHU-
3HaHMUe.

KypHan pacnpocTpaHsieT MaTepHasbl C IOMOLIbIO KOMMepYeCcKOW 6a3bl JaHHBIX,
3aperucTpupoBaH B Mex/JyHapoJAHON aHaJIMTHUYEeCKON 6a3e CHCTEMbl Hay4HOTO LUTH-
poBanusa SCOPUS. fIBnsieTcsa npaBoo6JiafiaTesieM UHTETPUPOBAaHHOTO0 HAYYHOTO pecypca
B ceTU MHTepHeT, BK/IoUYatollero Poccuiickuii uHAekc HaydyHoro uutupoBanus (PUHL),
K03QPULIMEHT KOTOPOTO U oNpeJeisieT PpeUTHHT XXypHaJa.

Peskossierus »kypHaja npurJaiiaeT K COTpyAHUYECTBY a3epbaill/pkaHCKHUX U 3a-
pyOEXHBIX YYEeHBbIX, 3aMHTEPECOBAHHBIX B PAa3BUTHUU UHKEHEPHOU HAyKH.

Pedkoanezus



I'maBHOMY peaakTopy KypHaJa
«BecTHHK A3ep0alIKaHCKON HHKEHEPHOI aKaJeMHID)
akagemuky A.M. [lamaeBy

Yeaxaemblit Apug Mup/lxanan oryabi!

Om eceii Oywiu nozopaenaem Bac u Bawux compyonukoe ¢ 10-nemuem
€O OHA OCHOBAHUA ABMOPUMENHO20 HA MENCOYHAPOOHOU apene HayYHO-MeXHUYEeCK020
acypnana «Becmuuk Azepoaiidrcanckoil undceHepHoll akademuu.

Y6exzaeH, 4To BO3r/aB/sieMbli BaMu KypHas u BipeZb OyAeT HarJIsAHO JeMOHCTPU-
pOBaTh JOCTHKEHNS UHHOBALMOHHBIX TEXHOJIOTMU U YKa3bIBaTh BEKTOPbI UX Pa3BUTHUA.

Ha npoTtsxkenuu 10 sieT Ball )XypHaJl OTJIMYaJICS pa3HOOOpa3ueM NOJHATHIX B HEM aK-
TyaJIbHbIX IP06JIEM, CTaB TEM UCTOUHMKOM HAayYHOU MHXKEHEPHOU MbICJIH, B KOTOPOM U HC-
cle/loBaTeNy, U CHEeLiMaJIMCThl Yeplaay CBeXue Wjed, 0OMeHUBAJUCh MHEHUSMU O CBOUX
pa3paboTKax TeXHUYECKHUX HOBUHOK U [IeJIUJIMCh ONbITOM, BHOCS HEOLleHMMbIN BKJa/, B BbI-
paboTKy NPUOPUTETHBIX HAllpaBJeHUH: aBUAaKOCMOC, MeXaHMKa, MallMHOCTPOEHUE, IHepre-
THKa, HePTeXMMUs, 9KOHOMHKA, IKOJIOTUS U1 HOBOE PEBOJIIOIMOHHOE HalpaBJieHhe B pa3BU-
THUU BCeX OTpac/ied - HaHOMaTepHaJ/ibl U HAHOTEXHOJIOTUU.

O4eHb BaXXHO, YTO KYpPHaJl TPeXbA3bIYHbIH, U NO3TOMY reorpadus ero aBTOPOB U NO/J-
INHUCYUKOB JOBOJIBHO IIUPOKas. B 3TOM CBA3U NPUATHO, UTO YYeHble U UHXKEeHePHhI NOJTYYUIU
cepbe3Hy1o TPUOYHY 3asBJATb O CBOUX KOHLENLUAX, UesAX, U300pETEHUSAX U OTKPbITUSAX.

Bot yxe 10 neT «BecTHMK» aKTUBHO y4acTByeT B HAy4YHO-TEXHUYECKOM KU3HU A3zep-
6ali/pkaHa U 3apy6exXHbIX CTpaH, NpUJaeT 60JiblliOe 3HaYeHHe BUJEHUI0 NMpobJieM, Haj KO-
TOPBIMHU pabOTalOT yuyeHble Bcero Mupa. OTpaZiHoO, YTO Ball KypHaJ BXOAUT B 6a3y Poccuii-
CKOT'0 UHJeKca Hay4yHoro uutupoBanus PUHII.

MHe kak npe3uZieHTy MexayHapoJHON U PoccHickol MHXKeHepHBIX aKaJleMHUH XOTe-
JIOCb OBl OTMETUTDb YCIIEUIHOE Pa3BUTHE KOHTAKTOB a3depOai/»KaHCKUX U POCCUMCKUX yde-
HbIX U UHXXEeHepoB. JTOMY CIOCOOCTBYeT Hallle MHOrOJIeTHee COBMECTHOe y4yacTHhe B pas-
JIMYHBIX IPOEKTAX.

[IpuBeTtcTBya 10-1eTue «BecTHUKa A3epbal/IPKaHCKONM UHXXEHEPHOU aKaJleMUU», 1 XO-
4y ellle pa3 NOAYEPKHYTh, YTO KMMEHHO COBMeCTHbIE YCUJIUSA 110 Pa3BUTHUIO HAYKU U TEXHUKHU
NPUHOCAT CBOM IJIOAbI HA 6J1aro 0611ero Jgesa.

Kenaem éam meopueckux ycnexoe ¢ oene pazeumusn Huxcenepnon Hayku!

IIpesunent MexnyHaponnon n Pocculickon

WHXEHEPHBIX aKaJIeMU, aKaJIeMHK,
Jlaypeat I'ocynapctBennbix npemuit CCCP u PO ﬁ/\/ I'yces B.B.
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OIIEHKA COYJIAPEHUS CBEPXCKOPOCTHOM
MUKPOYACTHUIIbI C BHEHTHEN MOBEPXHOCTBIO BO3AYIIHOI'O
CYJIHA TIPU MOJIETAX B BEPXHUX CJIOSIX TPOIIOC®EPHI

AM. TIALIIAEB’, A X. JUKAHAXMEJIOB®, A.A. AJIUEB"

PaccMmoTpeHa BO3MOKHOCTh CBEPXCKOPOCTHBIX YIapOB MHKPOPAa3MEPHBIX YacTHIl (Chepy1) KOCMOTEHHO-
TO ¥ aHTPOIIOTEHHOTO MPOUCXOXKACHHS O HAPYXKHYIO MOBEPXHOCTh BO3MyIMHBIX cyqoB (BC) mpu kpeicepckux
nojérax B BEpXHUX Ciosix Tporochepsl. [IpoaHaan3upoBaHbl U3BECTHBIC MEXaHU3MBI COYIAPCHUSI «MHUIICHb —
cHapsia» npu ckopoctsax ~1...12 km/c. [IpoBeneHa npubmmkEéHHAs pacyéTHAs OLICHKA MOBPEKICHUN BHEIIHETO
JIAKOKPACOYHOTO MOKPHITUS U ocTekicHus BC 0T moJ00HBIX COyIapeHUil U UX MPEANoiaracMbie MOCICACTBUS.

Kniwouegovle cnoea: memeopum, MuKpomemeopouovl, cgepyivl, 23po3us, 6030YUWHOE CYOHO, CEEPXCKO-
POCMHOU YOap, 1AKOKPACOUHOE NOKPblMie, OCMmeKieHue, mponocgepa, KoCMuveckuil Mycop.

Beenenne. B nocinennue aecaTuieTs Npu paccielOBaHUAX aBHAaKaTacTpod, BBI3BAaHHBIX
HEBBISICHEHHBIM HCTOYHUKOM KPUTHYECKOTO MOBPEKACHUS KOHCTPYKIIMHU Bo3aymHoro cyaHa (BC),
Cpenu psifia BO3MOXHBIX MPUYHMH PA3IMUHBIMH DKCTIEPTAMHU YKa3bIBA€TCSA T. H. UMITAKTHOE COOBI-
THE, T. €. COYJAapeHue camoyI€Ta ¢ METEOPUTOM UM KOCMUYECKUM MycopoM [1-4].

BcenenctBue BBICOKON MPOCTPAHCTBEHHO-BPEMEHHOM HEOJAHOPOAHOCTH METEOPUTHBIX IO-
TOKOB MMEIOIIMECS OLIEHOYHbIE JaHHbIE BecbMa MpoTuBOpeunBbl. Tak, Y. Kaccunum ormeuaer, 4ro
JUTSI TIPOHUKAFOIIETO yAapa MO CaMOJIETY BIIOJHE JTOCTATOYHO KMHETHYECKOW YHEPTHH METEOpUTa
IraMeTpoM 1 [roiiM, a BEpOSTHOCTh TAKOTO MOMAAaHUs COCTABISAET 01HO coObITHE 3a 59000-77000
aet [1, 2]. O4eBHIHO, YTO MOMAJaHUE U3 KOCMOCA B HIDKHHUE CIIOM aTMOc(epbl MaKpOANCTIEPCHBIX
METEOPUTOB MPECTABIISAET COOON OTHOCUTENBHO peiKoe (eqMHUYHOE) siBieHue. OHaKo Mo OLEeH-
kam Jl.I'enbanga n Y. Xoiinm, BEpOATHOCTh CTOJKHOBEHHSI MACCAKUPCKOTO CaMoJIETa C METEOpHU-
TOM He Oonee ~8 cM B auamerpe («O0elicOONbHBIA MsU»), 00IaTar0IIMM JOCTATOYHOW KUHETHUYe-
CKOU dHeprue 1y mpoOos TOTUIMBHOTO Oaka miH ¢ro3ersika, coctaisier okono 10% [3]. U xots
C MOMEHTA 3apOXKJACHUS KOMMEPYECKOH aBUaINH ITOKa He 3a(hUKCHPOBAHO HU OJTHOTO IOCTOBEPHO-
TO CJIydasi CTOJKHOBEHHS CaMOJIETa C METEOPUTOM, CYIIECTBYET HEHYJIEBask BEPOSTHOCThH JTaHHOTO
coObITHA. Takke MOKHO JOMYCTUTh, YTO IS JIETATEJIbHBIX alllapaToB ¢ MPAKTUUYECKUM ITOTOJIKOM
ctpatochepHoro ypoBHs (~20 kM u 6051€e€) — CBEpX3BYKOBBIC BOCHHBIE CAMOJIETHI U T. TI. — BEPOSIT-
HOCTb UMIIAKTHOT'O COOBITHS BO3PACTAET MHOTOKPATHO.

B oTiiume oT emMHUYHBIX KPYIHBIX 00BEKTOB, B OKOJIO3EMHYIO aTMoc(hepy u3 KocMoca co
CKOPOCTSIMH B JIECSITKH KHJIOMETPOB B CEKYH/Y IIOCTOSIHHO BXOZST HEOJHOPOIHBIE TIOTOKH MHKPO-

" AsepGaiimkanckas HalmoHa bHas aKkaieMus aBHaIMHI
E-mail: dzhanakhmedov(@yahoo.com
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pasMepHBIX YaCTUI[ KOCMOT€HHOTO M aHTPOIOI€HHOIro (MHIYCTPUAIbHO-00JIOMOYHOI0) MPOHUC-
XOXKJIEHUSI pa3MEPOM OT HECKOJIBKHUX IO COTEH MUKPOH [5]. BonbmuHCTBO M3 HUX emié B TEpMO-
cdepe nojsepraercst adIALMOHHOMY U3MEIbUCHHUIO U UCIIAPEHUI0, HO HEKOTOpast 4acTh ):LocmraeT
BEPXHHX CII0EB Tporocheps (~9-13 kM) B BHIE OMIABICHHBIX «c(epyT» IMIOTHOCTBIO ~3,5 /e’
¥ CKOPOCTBIO BIUIOTH 710 ~12 kM/c [6].

Heabio HacTosIell padoThl SBISETCS NpeIBapUTEIbHAS pAacu€THAsI OLIEHKA CTOJKHOBE-
HUSI CBEPXCKOPOCTHBIX MUKPOYACTHL] C BHEIIHEN MoBepXxHOCThi0 BC U creneHn e€ noBpekIeHusl.

ITockonbky BepxHHE ClI0M Tporocdepbl Kak pa3 COOTBETCTBYIOT TUIIOBOM BBICOTE Kpecep-
ckoro mnosiéra MaructpaibHoro BC, ocreknenne u BHemHee JiakokpacoyHoe mokpeitue (JIKIT)
BEPXHUX IMOBEPXHOCTEH IIaHEpa UMEIOT MOTEHIMAIbHBIA PUCK MOJYyYEHUsS] 3PO3HUOHHBIX IOBpE-
JKICHUN U3-3a TOYSUHBIX yJIapOB CBEPXCKOPOCTHHIX (CBBIIIE 1 KM/C) chepyir.

[Tpu mpsiMOM yiape MUKpOYacTUIEH cO CKOPOCThIO ~10 KM/C M BbIIIE TPH JIIOOBIX MaTepH-
ajlax KOHTAaKTHBIX IIap MaTepualibl yAapHUKaA (CHapsa) U MUIICHU B TOYKE COYJapeHUs] MTHOBEH-
HO CyOIMMHPYIOT B ap 3a c4ET CBEepXOBICTPOro HarpeBa y1apHoi BosHOU cxxatus [7, 8].

AKTyasbHbIX JaHHBIX 00 OPUEHTUPOBOYHOM TPONOCHEpHON KOHIIEHTPALMH CBEPXCKOPOCT-
HBIX c(epysl B OTKPHITBIX HCTOYHHKAX HEe OOHapyxeHo. OnucaHbl pa3iuyuHbIe, B T. Y. CTAHJAPTH-
3UPOBaHHbIE MOJIEIH MPOCTPAHCTBEHHOIO paclpeAesieH!s] U OLUEHKU MIOTHOCTH MHKPOYACTHULl Ha
ynanenuu 10 1000 km ot 3emiu, HO Bce OHM (PaKTHUECKH OTHOCATCS K KOCMUYECKOMY MPOCTpaH-
CTBY U HEIIPUMEHUMBI I YCIOBUM BBICOT KpEHCEPCKUX MOJIETOB caMoa€ToB [9, 10].

ITo coctosinuto Ha 1980-e rozpl, mpUOIMKEHHBIE JaHHbIE 00 MHTEHCUBHOCTH B HMXHUX
ciosx aTMochepsl MOTOKOB YAaCTHUI] MUKPOPa3MEPHOTO JUara3oHa MpUBEACHBI B padore [6], rae
OTMEYAETCsl, YTO B TEYEHHE CYTOK Ha KayKIbli 1 CM~ 36MHOH MTOBEPXHOCTH B CpEHEM BhINajaer |
yactuua pasmepoM Dp=4 mMxMm (T. €. 10* Ha 1 M?). VkasanHast 0600IIEHHAS pacpenenéHHas I0T-
HOCTh moToka chepyn (10*/M?), HECOMHEHHO, ABIISETCS 3aBBILICHHOMN, OJHAKO MOCTOSHHBIH POCT
YHca €XKEroJHO BBIBOAMMBIX Ha OpPOUTY CHYTHHKOB HEH30€KHO BEIET K INPOrPECCHPYIOLIEMY
yBENMYEHUIO 00BbEMa KOCMHYECKOTO Mycopa M CBSI3aHHOW C HUM OKOJIO3€MHOW KOHIIEHTPAIUH
cdepyn [11], B T. 4. B BepXHUX cJI05X Tponochepbl. BeposTHOCTh CTOTKHOBEHUI CBEPXKOPOCTHBIX
MHUKPOYACTHI] ¢ TOBEpXHOCThI0 BC OyneT TONbKO pacTu U3 rofa B IO, U MO3TOMY IPEIIOI0NKe-
HHE 00 MX BO3MOXKHOM pPeabHOI OMACHOCTH MPEJICTABISAETCS 000CHOBAHHBIM.

[Ipu onpenenéHHBIX 00CTOATENBCTBAX JaKe €AMHUYHOE MOBPEKICHUE OT COYAAPEHUs I0-
JOOHOTO poJia MOXKET NMPHUBECTH K CEPbE3HBIM MOCIEICTBHUSIM, B T. Y. K BBIBOJY U3 CTPOS OTIEIb-
Heix cuctem BC. Bonee Toro, 3a mrataeiii nepuoa skcruryataun JIKII (He menee yeThIpéx neT
[12]) u ocTekieHus He HCKIIOYEHO M 3HAUMTENIbHOE HAKOIICHHWE YJapHBIX KPaTepoB (KaBepH)
BCJIECTBHE C(HEepylbHON a0JIALUK, YTO MOXKET BbI3BATh JETPAJALUI0 €ro 3alIUTHBIX XapaKTepH-
CTHK, B CBSI3U C UEM M3yUEHHUE 3TOr0 MpOIiecca NPECTABIAETCS aKTya IbHbIM.

Cutyauus ycyryosisercss 1 TeM, YTO pa3Mep KaBEpPH COU3MEPUM C MUKPOHHBIMH pa3Mepa-
MU YIapHHUKOB, BCJIEJCTBHE YETO M0J00HBIE TOUEUYHbIE TTOBPEXKICHHS MPAKTUUECKH HE BBISBIIEMbBI
IpY BU3yaTbHOM OCMOTpE.

Jlpyrast OmacHOCTh KaBEPHO3HBIX MOBPEXIEHUH COCTOUT B TOM, YTO OHH CHOCOOCTBYIOT
JalbHENIIEMy pa3pyIIEHUI0 OBEPXHOCTU B Pe3yJIbTaTe NPOHUKHOBEHMS B HUX J0XK[S, YTO MpU-
BOJUT K OOpa30BAHUIO BBICOKOCKOPOCTHBIX CTPYH M IIOCTENIEHHOMY Pa3pacTaHUIO IITyOMHBI Ka-
BepH. Takxe KaBepHbI MOTYT ObITh IPUUMHON nocuenyoumeil auddysun u agcopdbuun armochep-
HOM BJIard B TOJIIIY MaTepuayia. B yCclOBUSX HU3KHX TeMIieparyp ajcopOupoBaHHas BOJa, 3aMep-
3as ¥ pacIIMpssiCh B IPUITOBEPXHOCTHBIX MOJIOCTSIX, BBI3BIBAET X KPHOT€HHOE PACTPECKUBAHNE.

AJITOPUTM OLIEHOYHOI0 pacyera

Paspymenue momumepnoit mutienn (JIKII, octeknenue) mpu cBEpXCKOPOCTHOM coyaape-
HUH SIBJISICTCS CIIOKHBIM IIPOLIECCOM, PACYET KOTOPOTO BO3MOXKEH JIUIIbL IIPU PAAEC UACATUZUPYIO-

. B pAAC UCTOYHUKOB I 0003HaYCHHUS CBEPXCKOPOCTHBIX MaJIOPasMEPHBIX YaCTUIL] (1 MKM...2 MM) OKOJIO3EMHOI'0 1 KOCMHYECKOI'0 Ipo-
CTPaHCTBa TaKXE NPUMCHACTCA TCPMUH «MUKPOMETCOPOUI». Ho TIOCKOJIBKY OH B OCHOBHOM OITMCBIBACT 00BEKTHI €CTECTBEHHOTO (KOCMO-
I‘GHHOFO) TIPOUCXOKICHUS, BO n30eKanue TepMI/IHOHOFI/I‘ICCKOﬁ IIyTaHULBI IPU ONMMCAHNUN CUCTEMBI «K(MUIICHb — MUKPOCHApPSI» 10 OTHOIIEC-
HUIO K IIOCIICAHEMY 6y,[[eM MIPUMECHATH TCPMUHBI «C(bepyna» 1 «yAapHUK» BHE 3aBUCUMOCTHU OT IIPOUCXOKIACHUS.

10



Oyenka coyoapeHus cepxcKkopOCmMHOU MUKPOYACTNIUYbL C BHEWHEL NOBEPXHOCHbIO 8030VUIHOZO ...

WX JONyHIeHnd. Martepuan cHapsaa CUMTaeM ropas3fo TBEpPKE W IUIOTHEE MaTepuana MUIIEHU
(JIKTI, Tpumnnekc-ocTeKaeHue).

CoynapeHusi co CBEpPXBBICOKMMHU CKOPOCTSMHU O MUILIEHb PACCMOTPUM Ul CIydaeB — ce-
PUUECcK020 U NPOO012068AMO20 (KIUHO0OPA3H020) MUKPOCHAPSIOB.

HapyxHyro okpaieHHyro noBepxHocTh BC paccmaTpuBaeM Kak JBYXCIONMHYIO CUCTEMY
«moanosxka/JIKII», B kotopoit JIKII BbicTymaeT B poiu CBOEro poja MpOTUBOMETEOPOUIHOTO 3a-
IIUTHOTO 3KpaHa. DMIHUPUUYECKAN aHaln3, NpoBeAE¢HHBIN Meinenom n Makvusianom [13] mo3Bo-
JseT onpenenuTh onTuMmanbHyto Tommuuy JIKII, mocraTounyro ajiss ucnapeHus cghepuueckozo
MUKpOCHapsoa 1ocie yaapa:

D./D,=0,45U,(h1/D,)??+0,90 (1)
rae D — nuamerp kaBephsl, Dy, Uy — anaMetp ¥ CKOpOCTh yapHUKa COOTBETCTBEHHO, N — Tommu-
Ha 3KpaHa.

Ortcrona cnenyer, yto TonuuHa ciost JIKII nomkHa ObITh HE MeHee:

&—0,9
D
h>D P

°1 0,450, (2)

CootHouleHue I1yOMHBI IPOHUKAHUS cghepureckozo mukpocrapsaoa Pe x ero nuametpy Dy
cocraBisieT [7]:
Pc/Dp=(ppk/4)1/3Dp0’°6Up2/3 3)
Orcronia cienyer, 4To
Pe=(pok! 4)1/3Dp1,06Up2/3 )
ITpu ckOpoCTAX coyaapeHHs CBBILIE 5 KM/C COOTHOLICHUE TTyOUHbI KaBepHbI K €€ 1uaMer-
py paBHo 0,5, 4To mpencTaBiseT co0oi knaccuueckyro Gopmy kparepa [7]. CrenoBarenbHo, 1ua-
METp KpaTepa COCTaBIIseT:
Dc=P/0,5=2P=2(ppk/4)*Dy" ®°U, (5)
IToncrasus (5) B (2), mocine 31eMeHTapHbIX IPeoOpa3oBaHUN MOTYUYHUM:

2(ppk/4)1/3 Dp0,0GU p2/3 _0’9 2
0,45U o (6)

h>D,

3HaveHre KOAPPUIMECHTA MPOMOPIMOHATBHOCTH (TEINIOTBOPHOM criocoOHocTH) K 3aBuCcHT
OT CBOICTB MATEPMATIOB CHAPSAA M MHUIIEHH M JNEXHT B muanasone 0,5-2 xJlx/cm® (0,5...2x10°
Jlx/v?). Kak crieiyer U3 TIpUBEIEHHBIX BHIPAKEHHIT, MPH yaape cepruecKoil MHKPOYACTHIIBI Ma-
tepuan JIKII umeer 3HadeHue IUILIb C TOUYKU 3PEHUS CTENEHH OJAHOPOIHOCTH HArpy3KH, MpUKJa-
JBIBAEMOM K HIDKEJIEKAEH KOHCTPYKIIHH.

B ciyuae cBEpXCKOPOCTHOIO np000712068amo020 MUKPOCHAPAOd B MECTE COYAApPEHUs CO
CBEPXBBICOKON CKOPOCTHIO (CBbIlIE 1 KM/C) oOpa3yercs riyOOKui TyHHEIe00pa3HbIi KpaTep, Iiny-
6una xoroporo P. onpexnensiercst ypaBHeHneM JlaBpeHTseBa — Aiixensoeprepa:

Po/Ly=(pp/p)™* @
i€ pt — IIIOTHOCTh MaTepuasa MuIleHH; L, — uimHa cHapsza.

W3 ypasuenus (7) cnemyer, 4yTo TIyOWHA MPOHUKHOBEHUsS P HE 3aBUCUT OT CKOPOCTH CO-
yJapeHus, a 3aBUCUT TOJIBKO OT JUIMHBI CHapsa Ly 1 cOOTHONIEHHS JIOTHOCTEH MaTepHanoB CHa-
pana pp ¥ muleHH pp. HecMoOTps Ha TO, YTO 3HaYEHMs PEalIbHBIX MapaMeTPOB OyIyT UMETh CTa-
TUCTUYECKUH Pa30poCc U MOTOMY HUKaKas COBOKYNHOCTb (DMKCUPOBAHHBIX 3HAUCHUH IIapaMeTpOB
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HE MOXET PacCMaTPHUBATBHCS KakK JKECTKOE yCJIOBHE MPOOOS MHUIIEHH, MOXHO HPUOIU3UTEIHHO
OLIEHUTh KPUTHUYECKYIO JUIMHY CHapsIa-KIWHA, POOUBAIOIIETO CIIOW MaTepuasia W3BeCTHOM TOJI-
wuHb h:
Ly=H/(p/p)"* ®)

Ilpumep pacuéma

B3siB B pacuer BbllenpuBeAEHHBIE YCPEAHEHHbBIE JaHHBIE O IJIOTHOCTH, pa3Mepe U CKOpO-
ctu chepyn (pp=3,5 r/en’, Dp=4><10'6 M, Uy=12 k™m/c) u nnpuHss, 4TO k=2x10° JIx/M’ , ocyrecTBIM
pacuér e€ coymapenus ¢ JIKII u octexsenuem.

Tunuynas TonuuHa BHeNIHeN nakokpacounor cuctembl BC coctaBnsier ~100-120 mMxmM, u3
HUX NpUMEpPHO MoJjioBHHA (~50 MKM) MPUXOIUTCS Ha clioil BepxHero mokpbiTus [14]. Ha cero-
qHSHAN 1eHb cpenu JIKM aBranimoHHOTO Ha3HAYEHUS TUTIOBBIMU BEPXHUMHU TMOKPBITUSMU SIBJIS-
torcst JIKM Ha monumyperanoBoit ocHoBe. [Ipu aToM cpemHsis mioTHOCTH oTBepxkaéHHoro JIKM
HAPYKHBIX CIIOEB cocTaBseT p~1...2 v/em’ [15].

Tonmaa cTekia U3 MaTepuasia THUMA TPUILUIEKC OCTEKJICHHsSI KaOMHBI MUJIOTOB COCTABISET
0K0J10 20 MM.

Heo6xonumas tommuna JIKII (octexnenus) nmpu ynape cepuueckoeo MukpocHapaoa:

3
2(,0pk /4)1/3 DpO,Oéu p2/3 _0,9 2
0,45U
[TpumepHas AMHA 1POO0I208AMO20 MUKPOCHAPAOA, HACKBO3b MPOOHUBAIOIIETO CIOM TOJIH-
yperanosoro JIKIT cpeaneii mioTHOCTHI0 p=1,2 r/eM® i TommuHOi 120 MKM:
Ly=Po/(py/pr)*=120/(3,5/1,2)"*~70 mxm
[TpumepHas 1aMHA TPOIOATOBATOTO MUKPOCHApSAIa, HACKBO3b MPOOMBAIOLIETO CTEKIIO Ka-

~ 3,7 MKM

h>D,

OWHBI TIIOTOB pi=2,5 T/ oM’ U ToamuHon 20 MM:

Ly=Po/(py/pr)*=20/(3,5/2,5)"*=17 mm

Pe3yabTarhl ucciaenoBanuii u ux odcyxaenue. M3 npuBeiEHHBIX OLIEHOYHBIX PACUYETOB
M0 YKPYNHEHHBIM JaHHBIM CJIEIYET, YTO [NIyOHHA KpaTepa MpU CBEPXCKOPOCTHOM YJape CPeaHEro
1o pa3Mepy ylapHHKa 3aTparuBaet Tojibko BepxHuil cioit JIKII u octekienus, u naxe npu 3aBbl-
HIEHHBIX MCXOJIHBIX MapaMeTpax BbI3bIBAEMOE MOBPEK/ICHUE OKA3bIBAETCSI HUYTOKHBIM M HE CIIO-
cOOHO BIIUATH Ha 0€30MaCHOCTH MOJETA.

CkBo3Hoii po6oii JIKIT Bo3MoXkeH Mpo10aroBaTbiM MUKPOCHAPSIIOM JJIMHONU OT ~80 MKM.
Otcrona cienyer, 4To peajlbHyl0 ONACHOCTb I BO3AYIIHOIO CY[HA, HEAOIMYCTUMO CHHUYKAIOUIYIO
HaAEKHOCTD, MPEACTABISAIOT CBEPXCKOPOCTHBIE YACTHIIBI MUJUIMPA3MEPHBIX MAcIITaOOB U BBILIE,
BEPOSITHOCTDH TMOSIBJIEHUSI KOTOPBHIX Ha BBHICOTE KPEHWCEPCKOro MOJETAa OTHOCUTENbHO HU3KA. Tem He
MEHee, KaK YK€ OTMEYasoch, INIOTHOCTh MOTOKA YaCTHUIl KOCMUYECKOIO0 Mycopa Ha KpehcepcKux
BbICOTax OyJeT BO3pacTaTb, MOITOMY KOHCTPYKTOPbI BC MOMKHBI yUMTHIBATH CBEPXCKOPOCTHOE
coyJapeHre ¢ MUKPOUYACTUIIAMU €CTECTBEHHOTO U aHTPOIOTEHHOTO TPOMCX 0K ICHHUS.

B nensx MuHMMM3anMM pUCKa MOJOOHBIX MOBPEXKICHHM BBIXOJAOM SIBISETCS YTOJNIICHHUE
cinost JIKIT u npumenenue JIKM noBbllIeHHOM TIOTHOCTH, YTO yBeIHuMBaeT oouryo maccy BC u
CO3/1a€T MPOTUBOPEUNE C OCHOBHBIM MTPUHITUIIOM 110 CHHUKEHHIO Beca IMyCTOr0 camoJETa.

OpHako TeHIEHIUS K MPUMEHEHHIO JJAaKOKPACOYHBIX CUCTEM Majoi TonmuHbl (Menee 100
MKM) M Majol mioTHocTH (MeHee | r/cM’) 3HAUMTENHHO COKpAIIAET KPUTHUECKYIO JUIMHY IPO-
OOWHOTO CHaps/Ia ¥ TEM CaMbIM ITOBBIIIACT PUCK TOITYYCHHUS CKBO3HBIX moBpexaeamii JIKIT.
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Oyenka coyoapeHus cepxcKkopOCmMHOU MUKPOYACTNIUYbL C BHEWHEL NOBEPXHOCHbIO 8030VUIHOZO ...

B psine cnydaeB mpuMeHEHHE MHOTOCIOWHBIX MOKPBITHI MCKIIIOYEHO BCIEICTBHE (PYHKITH-
OHAJBHOTO TpeIHA3HAYEHHS 3alUINAaeMOi MOBEpXHOCTH. B aHTeHHBIX oOTeKkaTensx s obecre-
YeHHUs PaBHOMEPHOH pajHoONpPO3PAYHOCTH CTEHKa OOTEeKaTelNs JOHKHA UMETh OUY€Hb Mallble Kojie-
6anus o tommuHe, ¥ TonmuHa JIKC He moymkHa MpeBbIaTh YCTAHOBIEHHYIO COOTBETCTBYIOIIH-
MU UHCTPYKIUSIMH HOPMY.

Tonxkocnoiinoe JIKIT npu cBEpXCKOPOCTHOM cOyaapeHHu OyaeT 3aBeJoMO MPOOUTO, HO
IIPU 3TOM MHUKPOCHApsJ NPEKPATUT CBOE CYLIECTBOBaHKE. B oTiinyne OT Apyrux BHEIIHUX BO3JEH-
ctBuil, mpo6oit JIKII oT cBepXcKOpoCTHBIX 00MOAapAMPOBOK MHUKPOYACTULIAMHU 3aBUCHUT JIUIIL OT
XapaKTepUCTHUK IUIOTHOCTH MAaTEPHAJIOB U SIBJISETCS HEYCTPAHUMBIM JIECTPYKTHBHBIM (DaKTOpOM
pH JTF0OOM MaTepuae.

HecmoTtpst Ha TO, 4TO AaHHBIA pacuy€T HOCUT MPUOIMKEHHBIN XapakTep, MOCKOIbKY OCHO-
BaH TOJIBKO HAa YCPEAHEHHBIX IMapaMeTpax M He YYUTHIBACT OOIIMHA KyMYJISITUBHBINH 3 (QEeKT OT pas-
PYLIUTETHHOTO BO3JACHCTBHS APYyTrUX (PaKTOPOB OKpYXKAIOIIEH cpebl (ra3oKarnenbHas u razoadpa-
3UBHAs APO3Us OT JIOXK[S, BETpa U Tp.), MOITYUSHHbIE PE3yJbTaThl pacdéTa MOTYT OBITh UCIIOIB30-
BaHbI IIpH pa3padoTke mozaeneit paspymenus JIKII npu cBepxckopocTHOM ynape.

3axuouenue. [loBpexxeHuEe BHEIIHUX JTAaKOKPACOUHBIX MOKPBITUH U OCTEKJICHUS! BO31YLI-
HOTO Cy/IHa B BEPXHHX CJIOSIX Tporocdephl Mpu COyAapeHuu co chepyiaMu Ha CBEPXBBICOKHX CKO-
POCTSX SABJISIETCSA MPAKTUYECKHU HEYCTPAHUMBIM U IIPOIPECCUPYIOLIUM SBJICHUEM.

ITpu cpeanem nuamerpe cdepyn Dp=4 MkM rirybuHa oOpasyrolleiicss KaBepHbl COCTaBUT
Pc~11 MkM, a mpuMepHas AJTMHA MPOAOJITOBATOrO MPOOOWHOrO0 MHUKpOCHapsiaa cocramiser ~70
MM i1t JIKIT u ~17 MM 111 OcTeKIEHUs KaOUHBI TUJIOTOB.

Pesynbprarsl pacuéra MOryT OBITH MCIOJIB30BaHBI MPHU pa3padOTKe MOAEIEH pa3pylIeHUs
JIKTI mpu cBEpXCKOPOCTHOM yaape.
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TROPOSFERIN UST LAYLARINDA UCUSLAR ZAMANI HAVA GOMISININ UZ SOTHI iL9 YUKS9K
SUROTLI MiKROZORROICIYIN TOQQUSMASININ QiYMOTLONDIRILMOSI

A.M. PASAYEV, 8.X. CANOHMODOV, 8.9. OLIYEV

Troposferin iist laylarinda kreyser uguslar1 zamani hava gomilorinin xarici sothi hagqinda kosmogen vo antropogen
mongayinin mikrodl¢iilii hissaciklorinin (sferullarin) ytiksok siiratli zorbslorinin imkaninin imumi problemino baxilib. ~1...12
km/san siiratli “hadof — mormi” toqqusmanin malum mexanizmlori tohlil edilib. Hava gomilarinin {iz lak-boya oOrtiiyliniin v
stisalonmolarinin bels toqqusmalardan zadalarin ilkin hesabi giymatlandirilmasi ve onlarin giiman edilon naticalari nazardan
kegirilib.

Agar sozlar: meteorit, mikrometeoroidlor, sferul, eroziya, hava gomisi, yiiksok siiratli zorba, lak-boya ortiiyii,
stisalonma, troposfer, kosmik zibil.

EVALUATION OF IMPACT OF SUPER HIGH SPEED MICROPARTICLE ON AIRCRAFT OUTER
SURFACE IN THE UPPER LAYERS OF TROPOSPHERE

A.M. PASHAYEV, A.Kh. JANAHMADOV, A.A. ALIEV

The paper examines an impact of micro-sized particles (spherules) of the cosmogenic and anthropogenic origin on
the aircraft outer surface of during cruising flights in the upper layers of troposphere. It analyzes the known mechanisms of
“projectile-target” collision at speeds of ~1...12 km/s. An approximate estimate is carried out for a damage from such impacts
on the exterior paintwork and glazing of aircraft and their intended consequences.

Keywords: meteorite, micrometeoroids, spherules, erosion, aircraft, high speed impact, paintwork, glazing, tropo-
sphere, space debris.

Ilocmynuno 6 peoaxyuro:  31.04. 2019
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Ipunsimo k nybnruxayuu:  22.09.2019
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CUCTEMA TEJEKOMMYHUKAIIUU S-TUAITA3OHA
JJIA MAJIOT'O CITYTHUKA

X.U. ABJIYJUIAEB®, P.A. TACAHOB", B.2. T'YCEMH-3AJIE’

B cratee mpoBenéH 0030pHBIN aHATH3 W3BECTHBIX MOMAYNEH paguocBs3n S-muamazoHa (12
HaMMEHOBAHUH OT 7 NMPOM3BOAUTENCH) ISl TEICKOMMYHHKAIMOHHOW CHCTEMBI HU3KOOPOUTAIBHO-
ro (1000 xm) manoro cnytauka (MC). CocTaBieHa CTpyKTypHast cCXeMa OZHOTO M3 BO3MOYKHBIX Ba-
PHAHTOB MOCTPOEHUS CHCTEMBI TEIEKOMMYHHMKAIIUU U O0OCY)KJICHBI OCHOBHBIC XapaKTEPUCTHKH €e
nepudepuiiHpix  0s0koB. [IpoBeneH pacuer OKeTa PaAMOIMHUM «CITyTHUK-3EMJIIS», MPEIo-
eHHo# 11 MC cucTeMBbl TEJIEKOMMYHHUKALIMK S-7Mana3oHa, U Onpe/iesieHbl o01re TpeOoBaHus K
XapaKTepUCTUKaM €€ Ha3eMHOT'0 CErMEHTa.

Kniouegvie cnosa: paduocensb, cnymuux cesa3u, Mawlli CRYMHUK, TENeKOMMYHUKAYUOH-
HbLUL CHYMHUK S-0Uana3ona, 0100xicem paouoiunulL.

Maunsiii cniytHuk (MC) npumeHsieTcst HbIHE ISl peIeHHs] LeJIOT0 CIEKTpa NPUKIATHBIX U
Hay4YHBIX 33J1a4: UCCIEJOBaHUE aTMOC(epsl 3eMIIH, KOCMHYECKOTO MYyCOpa, KOCMOCA; UCIIbITaHUE
HOBEHIIINX TEXHOJIOTUI1, MOJIeNeH U METO/IOB JJIsl HAyUHBIX MCCIIEJOBAHUM B pa3IMYHbIX 001aCTSX,
B TOM 4HCJI€ B O0JIACTH JTUCTAHIIMOHHOTO 30HUPOBAHNUS; 00eCIeueHHEe CBSA3H, HaBUTallU1; BbHITOJ-
HEHUE CIIELUANIbHBIX 3aJau KOHTpoJd U HaOmoaeHus u T.4. [1]. Ciegyer oTMETUTh BBICOKUI MO-
teHnuan npuMmeHeHns MC u B 00pa3oBaTeIbHBIX MPOTpaMMax B KPYIMHBIX yUEOHBIX 3aBEICHUSX
0 IPOEKTHPOBaHUIO U 3armycky MC, a Takxke B paMKax JAeATeIbHOCTH IPYII U OpTaHU3alui, 00b-
CAMHAIOIINX DHTY3UACTOB CIIyTHUKOBOU CBA3H.

[Tpuumnoii GypHoro passutusi TexHojoruii MC u pacmmpenus chepbl UX HPUMEHEHUS
SBIISIETCS OTHOCUTEIBHO HM3Kasi CTOMMOCTb MX M3TOTOBJIEHUs U 3kciuryaTauuu. Kpome toro, MC
JIETKO MOJU(PUUUPYIOTCS ANl PELEHUs ONpeAeaEHHON 3a1au 1 MOT'YT 00€ecleYnBaTh 3HAUYUTEb-
HOE€ YBEJIMYECHHE ONEPATUBHOCTH MOJIYYEHHS MOTpEOUTENIeM TaHHBIX HAOMIOAeHHS 3a CUéT co3aa-
HUsI HEOOXOAMMOM 0 YMCIEHHOCTH I'PYNIUPOBKU Maiblx annapartos. [Ipumenenne MC cnoco6-
CTBYET YMEHBIICHHUIO PHCKOB, CBSI3aHHBIX C 3aIlyCKOM Ha OpOMTY M paboTOi B KOCMOCE, CHIIKas
(rHAHCOBBIE MTOTEPH B CIydae OTKa3a WM YTpaThl TAKOro cryTHUKA. TpaguunonHo MC moapas-
JlensitoTes Ha S5 xiaccos (Tabn.1) [2].

AszepbOaiipkanckas HanmoHnansHast akaaeMust aBHALAH
E-mail: khagani61@gmail.com
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bazoBblif Mogyns 6opToBeIX cucteM MC Taon. 1

0e3 yu€ra IO0JIe3HOW HArpy3Ku) COCTOUT M3 CH-
( i py3KH) Kanacendpurxanusa MC

CTEMBbI YHEPrOCHAOKEHHSI; CUCTEMBI YIIIOBOM OpH-
P ’ 4 P Kaacest MC Jlnana3zon mMacc
EHTallUN U CTAOWJIM3alU; CUCTEMBI CBSI3U; CHCTE-
DeMTOCTTYTHUK 10-100r
MBI yrpaBJieHus, coopa u 00paboTKu JaHHBIX [3].
[IukocnyTHUK <1kr
[ToBbImIeHHAs CIIOXKHOCTH OOPTOBBIX CH-
Hanocnytauk 1-10kr
cteM MC, sKCTpeMalbHbIe YCIOBUS dKCILTyaTalluu
MukpocmyTHUK 10 — 100 kr
U BBICOKasi BEPOSITHOCTh MOTEPU CIYTHUKA TpeOy-
MC Bepxuero macco- | 100  —500 kr
IOT TOCTOSTHHOTO KOHTPOJISI COCTOSIHUSI OOpPTOBBIX p
BOT'O JMara3oHa
cucteM. Bpicokue TpeGoBaHUS K 00ECHEUYEHUIO

YCTOMYMBOM CBSI3M U IEpeadyd JAHHBIX MOJIE3HON
HArpy3Kd, TEJIEMETPUU U KOMAaHIHBIX CHUTHAJIOB MOJTBEPIKIAIOT, YTO pa3paboTKa HAJIEKHOU CH-
cTembl TesleKoMMyHUKanuu 1t MC sBIsieTCs akTyalbHOH 3aaaueil.

OCHOBHBIM 3JIEMEHTOM J11000H OOpPTOBOM TEIEKOMMYHUKAIIMOHHON CHCTEMBI SIBIISETCS
npuéMHO-TIepealonii MOyb. Ha ceromHsIHuil AeHb Ha PBIHKE MMEIOTCS HECKOJBKO MOCTaB-
IIUKOB KocMHueckol TexHojioruu, takue kak COM DEV EUROPE, 1Q wireless GmbH, ECM
space technologies, L3 Technologies, MEISEI, Thales Alenia Space, DST u T.1. ITocTapnsemsie
ATUMH TIPOU3BOJUTEIISIMU TEJIEKOMMYHHKAIIMOHHBIE MOJIYJIH, a TAaKXKE UX OCHOBHBIE XapaKTepu-
CTHMKH IIPUBEICHBI B Ta0MI. 2.

Bce nepeuncienHbie MOIYIH MOTYT OBITH MCHOIB30BAHBI IS OPTraHU3ALUH IBYCTOPOHHEH
panuocBsa3u B S-nuanazone. MckmoueHnueM siBisiercss Moayinb MSX-765, B kotopom «downlink»
KaHan opranmsyetcs B L-nmanazone, a «uplink» xanan — B S-guamaszone. [Ipu BeiOOpe TOTO MM
MHOTO MOJYJISL CIIEyeT TAaKKe YYUTHIBATh TAKOW HEMaJOBaXKHBIH (PaKTOp KakK JOCTYIMHOCTH IO-
npoOHON mH(pOpMaKMK O BHYTpeHHEH CTpyKType. HeoOXxommMeiMu M TOCTaTOYHBIMH OCOOCHHO-
CTSIMM JUIsl TOCTPOCHUSI OOPTOBOHM TEJIEKOMMYHHUKAIMOHHON CHCTEMBbl HHU3KoOopOHTanbHOM MC
obmamaror moxynun STC-MSO1 (puc.1) u STC-MSO03 (puc.2). OCHOBHBIE XapaKTEPUCTUKU 00OMX
MoJyJiel IpuBeeHsl B padorax [4, 5].

Puc. 1. Mooyas STC-MS01 Puc. 2. Mooyns STC-MS03

OpavH U3 BO3MOKHBIX BAPUAHTOB MOCTPOEHUSI TEJIEKOMMYHUKAILIMOHHONW CHCTEMBI HA OCHO-
B€ BBIOPAHHOI'O PaJUOMOJYJsl U300pakeH Ha puc.3. [TpuémHbIN TPaKT CUCTEMBI COCTOUT U3 JIBYX
WJIGHTHYHBIX TPUEMHBIX aHTCHH, O0BETUHNUTEINS U IPUEMHHKA TpaHcuBepa. [lepenaromuii TpaxT, B
CBOIO OuU€pe/lb, COCTOUT U3 NEepeAaTuuKa TPAaHCUBEPA, Pa3beAUHUTEIBHOIO OJI0Ka, IBYX JHOAHBIX
NEPEKIIIoUaTeIed U IByX UACHTUYHBIX [IEPENAIOIIUX aHTCHH.
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B mpoextupyemom MC 0Oy-

Iepeaaromas IMepeaaromas
anTenHa l anTerHa2
(S2023R) (S2023R) JIyT UCIIOJIh30BaHbl UETHIPE AHTCHHBI
Logic Logic — JIB€ Ha Tiepeaady U JIBE Ha MpUeM,
DC =5V ) ) DC-V ¢ JMarpaMMoil  HaNpaBIEHHOCTH
— ar AT e H P
DC -5V (SWM-1100) (SWM-1100) DC -5V (AH) B BUme momycdepsl. Pacmono-
o [  JKeHHWS aHTCHH BBIOMPAIOTCS TaKUM
o0pa3om, 4T0, HE3aBUCUMO OT TIPO-
CTpaHCTBEHHOTO ToNoKeHuss MC,
Paszeaimumens o
(ZN2PD2-63A-) OllHA Tapa aHTeHH (NpuéMHas W
nepearonias) OyneT HaXOIUThCS B
RS42 30H€  PaJAMOBHJIMMOCTH  3E€MHOM
; Tpanassep
RS42 (STC-MS01, cTaHmuu. Takol TmMOAXO0N pemaeT
. STC-MS03) DC-6V ’
] po6sieMy MCTIOIB30BAaHUS CIIOKHOM
DC 28V s { CHUCTEMbl OPHEHTALIMM CITyTHHKA.
(AFS3-02000400- [Tpu 3TOM HEOOXOIUMO YUHUTHIBATH,
08-HE-4)
YTO BCs BHEHIHSS MOBEpXHOCTH MC
10 BO3MOYKHOCTH JIOJKHA OBITh TIO-
Obremnmmens KpBITa COJTHEYHBIMU MaHesIMHU. 13-
(ZN2PD2-63A%) o
3a MasbIX pazmepoB MC Takoil nou-
XOJ1 BIIOJIHE PEATU3yeM U YK€ ampo-
TMpuesnaz Ipuennas
atrermia 1 — OMpoBaH B TakKuMX IPOEKTAaX Kak
(S2023R) (S2023R)

MIDSTAR-1, SNOE u T.x1.

B mpoektupyemoil cucreme
Puc. 3. Cmpykxmypnas cxema menekomMmyHUKayuoHHOU

cucmemul S-ouanazona ons MC TCICKOMMYHUKAIIH HPUMCHCHA

MajorabapuTHas aHTeHHa (IHaMeTp
obmyuarenst — 60 MM, quametp peduiekropa — 100 mm, Bec — 120 r) mapku S2023R (SystemTech-
nik GmbH, I'epmanns) (puc.4). OGecneunBaromas noixychepruueckoe MOKPHITHE aHTEHHA M3Ha-
yanpHO ObUTa pa3pabortana i ucnoib3oBanus Ha MC. s poctmxeHus chepudeckoro oxaaTa
S2023R mpumeHsieTcs B Mape ¢ aHTEHHOM, pacroj0KEHHOM Ha MPOTHBOIIOJIOKHON CTOPOHE KOp-
nyca cnytHuka. @opma JIH onTuMusupoBaHa, 0COOCHHO IS MOJIETOB HA HU3KOM OKOJIO3EMHOMN
opoute (LEO) ¢ opuentanueit NADIR. Antenna pabortaet Ha yactorax S-nuanazona. Koaddum-
ent ycunenus coctasnsier 3dBic. s «downlink» kanana Beigenen nuamaszon yactot 2200-2290
MI'n, a ansa «uplink» kanama — 2025-2110 MI'a. /lnanazon paGoumx TeMmeparyp COCTaBISET -
60++120°C [6].

[Tonkimouenne aHTEHHBI K OOIIEMY
NpUEMHOMY TpakTy TpaHCHBEpAa BO3MOXKHO
NPUMEHEHUEM  OOBEIUHUTENBHOrO0  OJIoKa
ZN2PD2-63A+ (puc.5).

VYceTpolicTBoO sBisieTcs 00paTUMBIM, T.€.
MCTIONIB3YETCS KaK B KaueCcTBe OOBETMHUTENS B

MPUEMHOM TpaKTe, TaK U B Ka4ECTBE pa3beIu-
HUTEIISI B TIEPEJAIONIEM TpaKTe. Y CTPOUCTBO

Puc. 4. Anmenna Puc. 5. Obveounumens-
paboraer B mojoce dactor ot 350 mo 6000 $2023R Hblil/pasoerumenvhblii 610k
MI'u. JInanazon pabo4ux TemmepaTyp COCTaB- ZN2PD2-63A+
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nset -55°+100°C. YerpoicTBO Hage:)KHO paboTaeT Mpu BXOJAHONH MOIIHOCTH 10 25 BT B kauecTBe
pazpenunutens u A0 1 Bt B kauectBe o0benunuTens. Buocumbie norepu He npesbimat 0,9 1b
[7]. MocTaBnsiercss B AByx KomiuiekTanusax: ¢ SMA (ZN2PD2-63A-S+) u N-tuna (ZN2PD2-63A-
N+) pazbemamu.

JlanHble ¢ BbIXOJa 00BEAMHUTEIBHOTO 0JIOKA MOCTYNAIOT HA BXOJ MAJOIIYMSIIIEro YCHIIH-
tenst mapku AFS3-02000400-08-HE-4 (L3 Narda-MITEQ, CIIIA) (puc.6). JInamazon paboumx
4acToT ycTpoicTBa cocrasisieT 2-4 ', HanpsokeHue nmutanus — 6 B, morpediienne Toka — 40 MA,
MUHUMAJIbHBIA KO3 (UIIMEHT ycuieHUs cocTaBiseT 34 nb, nuHamudeckuid guamnazon — 80 nb,
koapdumment myma — 0,8 1b [8].

Puc. 6. MIITY AFS3-02000400-08- Puc. 7. JIT SWM-1100 Puc. 8. Yeunumenv mownocmu AVG4-
HE-4 00101200-DET-8

[IpencraBnenHas cuctema TeIEKOMMYHHKALUHM MPEAyCMaTPUBAET MPUMEHEHHE IBYX M-
onHbIx nepexiouateneit (JI1), paboTaronmx Ha ABe pa3HEeCEeHHbIE NIEpeJatoIe aHTeHHbI. B kaue-
ctBe AI1 ucnonb3yercst ycrpoiictBo Mmapku SWM-1100 (Aeroflex, CIIA) (puc.7) [9]. YcrpoiicTBo
npeactapisier coboit PIN-muoanblii mepekitouarens, padorawmuid B auana3one dactot 0,5-18
['Tu. KommyTanus K aHTEHHE POUCXOIUT MyTEM IMOAauH JOTHIecKoro «0» oT 60pPTOBOTO KOMIIb-
forepa Ha BeIBOJ «Logicy (cm. puc.3).

[Tpu HEOOXOIUMOCTH yBEITHMUEHHS M3Ty4aeMOi MOIIHOCTH MOXHO IMPUMEHUTH YCUIUTENb
momHocTH (YM) mapkun AVG4-00101200-DET-8 (L3 Narda-MITEQ, CILA) (puc.8), koTopbIit
oOecreunBaer ycuienue B auanazone yactor or 100 MI'n no 12 I'Tu. Koaddumnuenrt ycunenus
cocrapiusieT 26 b, Hanpsbkenue nutanue — 15 B, a Tok notpednenus — 185 MA. Ykazanusiit YM
MO3BOJISIET MPOBOJIUThH MMOCTOSIHHBIM MOHUTOPHUHI BBIXOJHOM MOIIHOCTU. [yist 3TOM Liemu B cxeme
MPEyCMOTPEH BBICOKOYACTOTHBINA JTUOJHBIN eTekTop. HanpskeHne Ha BX0/€ TMOIHOTO AETEKTO-
pa MOKeT MpUHUMATh 3HaueHus B unTepsaie ot 0 1o 600 MB. MHdpopmalus o BBIXOJHON MOLIHO-
CTH TIOCTymaeT Ha 6opToBoi KommboTep MC, T/Ie, B CBOIO 0Yepenib, GOPMHUPYETCS YIIPaBIISIOIICE
HanpspKeHUe, perynupymoliee koddduuueHt ycunenus YM, U momaercs Ha COOTBETCTBYIOILUN
BXOJl ycwiuTelns. /nama3oH u3MeHEeHHs YIPaBIISIONIEro HanpsbkeHus coctasisieT oT 0 go 15 nb
[10].

CornacoBanme ¢ Ha3eMHBIM CErMEHTOM. ABTOPBI pacCCMaTPUBAJIA BOIPOCHI, CBA3AHHBIE C
MOCTPOCHHUEM OpPOUTATBHOTO CETMEHTA TEICKOMMYHHKAIIMOHHOW CHUCTEMBI, YTO TPEIONPEaCTISeT
HE0O0X0IMMOCTh (popMUpOBaHNUs TPEOOBAHUN K XapaKTEPUCTUKAM HA3eMHOT'O CETMEHTA.

B cniyTHHKOBBIX cHCTEMax ¢ aHAJIOTOBOM MOAYJISILIMEN OTHOM U3 OCHOBHBIX XapaKTEPUCTHK
KadyecTBa Ipuema sBisiercs oTHomeHue curHai/momexa (S/N Ratio). B mudpoBbIX CIyTHHKOBBIX
CUCTeMax JUIsl yKa3aHHOW LIeNU Ucnoiib3yeTcs Koapduiuent outossix omubok (BER- Bit Error
Rate), koTopplli paBeH OTHOLIEHHIO YMCJIA OUIMOOYHO MPUHATHIX OUTOB (CMMBOJIOB) K 00IIEMY
Yrcay OMTOB M3MEPsSEMOro CHUTHaja B 33JaHHOM HHTepBaje BpeMeHdu. HecMmoTps Ha 3TO, 0OIIEH
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XapaKTepUCTUKON KadecTBa CBA3M s OOOMX KIIACCOB CHUCTEM SIBIISICTCSI OTHOUICHHE «HECY-
mas/mym (C/N Ratio)», Takxe Ha3pIBaeMoe «OI0JKETOM pagauonuaumy. CienoBareabHo, A1 aHa-
JM3a KauyecTBa MpuemMa HeoOXoAuMOo onpenenuts MoiHocTH Hecymiei (C) u mymoB (N) B myHKTE
npuema.

Hanuuue Ha Tpacce pacnpoctpaHeHHsl paJHoOBOJIH aTMochepsl 3eMiu MPUBOAUT K OCiial-
JICHUIO CUTHAJNA. 3aTyXaHue B HEBO3MYIIEHHOM aTMochepe 00ycIOBICHO B OCHOBHOM ITOTJIOIIECHH-
SIMH B KHCIIOPOJIe, BOISIHBIX Mapax u noHochepe. Ha gactorax Beimie 0,2 ['T11 moHOChepHBIE TIOTE-
pU CTaHOBSATCS BeCbMa MaJbIMU, U MX MOXXHO He y4uuTbiBaTh [11]. Takke MokHO mpeHeOpedb
ocnabmeHus MU B obOnakax Ha dactorax Hwke 10 [T [12]. C ydeToM BBIMIEH3IOKEHHOTO, MOIII-
HOCTb HECYIIEH Ha BX0Jle MPUEMHUKA, KOTOPBIA HAXOAUTCS Ha paccTosHuU d OT MC, MOXeT ObITh
orpezesneHa COOTHOILIEHUEM:

C= GanI.APan]r/in )
4d°L ’
rae Gy p- K09 dUUMEHT ycuiieHns: OOPTOBOM Iepeatoliell aHTCHHB, Pp; - MomHOCTH Ha
BbIXOJ€ nepenaryuka (mim YM) MC, r, - paauyc anepTypbl IPUEMHON aHTEHHBI, 77 - KOG uUIHU-
€HT MCII0JIb30BAaHUS allepTyphl, L - MOTEpU B KUCIOPOAE U BOJSHBIX Mapax. B OpueHTHPOBOUYHBIX
pacueTax MOKHO NPUHUMATB: I, =4,5u u 17=0,8.

Jnis pacueTa cyMMapHBIX TIOTEph B atMocdepe B padore [11] mpemnaraercst popmyna:

L[,I[B] = M , (2)

sin 'y
rae h, u h, - DKBEBaJIEHTHAs BBICOTA CJI0S KMCIOPO/A U BOASHOIO Iapa COOTBETCTBEHHO, L, u L -
yzenbHoe noriouieHne (1b/kM) KHCIopoaoM U BOJISHBIM [TaPOM COOTBETCTBEHHO, » - YTOJI MecTa

AHTEHHBI 3eMHOM CTAaHIMU. DKBUBAJICHTHYIO BBICOTY KUCIOPOAHOIO CJIOSI B HEBO3MYLIEHHOW cpefie
MOJKHO CUMTATh PaBHOW 6 KM. DKBHBAJICHTHAsI BBICOTA BOASIHOTO TIapa MOKET OBITh OIpeIesieHa 1Mo
cienyrolel amnupudeckor popmye [11]:

3 1 1
+ 5 + —+ 5 [KM],
(f-223)"+3 (f-1833)"+1 (f-3238)" +1

rae f - nenrpanbHas yacrora quamnasona B [T,

hy =] 2,2 (3)

I'paduxu 3aBuUCHMOCTEH yIENBHBIX IO-
[JIOILEHUN KUCIOPOJOM U BOISHBIM IIAPOM OT v}
4acTOTHI IpUBEIeHB! Ha puc.9 [11].

W3 rpadukoB puc. 9 cienyer, 4ro Ha 10}

HMEHTPAIBHON YaCcTOTE MCCIEIyeMOro Jauanaso-
na L, ~8-10°05/xm u L), ~4-107 05 /xm 102
. YuuTteiBas JaHHbIe U3 TpadUKOB Ha puc.9, Ha
ocHoBe ¢dopmyn (1), (2) u (3) MOKHO BBIUHC-

KHCAOpoa

BOANOI Nap

JIUTh MOIIIHOCTH Hecymeﬁ Ha BXOJC NPUCMHU-

I

Ka, KOTopasa IJId CHHTCSHpOBaHHOﬁ CHUCTCMbI 1 2 34
TCJICKOMMYHUKAIINH S-/:manae.OHa COCTaBJIACT

11
6

L 1 1 1 .
10 20 30 40 f(ITu)

c=15- 10_1 le . B pacuerax yron moabema Puc. 9. I'paghuxu 3a6ucumocmeit yoenibHbiX NO2IOWEHULL
KUCTIOPOOOM U 800AHBIM NAPOM O YACMONbL
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AHTEHHbI HA3€MHOM CTAHLIMM NIPUHAT PaBHBIM ¥ = 10° (Hamxymumii coryqait).

CyMMapHYIO MOITHOCTB IITYMOB MOKHO OIPENIEIHUTh 10 (hopmyiie:
N=kTB, “4)

rae k =1,38-107'Bm/ I'y- K - nocrosnnas Bosbimana, T,- cyMMapHas IyMoBasi TeMIIepaTypa,

B - mupHHa MOJI0CH MPUHUMAEMOTr0 paauocurHaia. B cBoio odyepenb, CyMMapHasl IIIyMOBasi TEM-
niepaTypa 3aBUCHT OT LIyMOBOH TeMieparypsl aHTeHHbI (T, ), HoTepsb B puaepe (L, ), a Takxke mry-

MOBOH TeMnepatypsl Manourymsiero ycuwaurens (MILY) (T,,,,, ) u onpenensercs kak [11]:

T Ly —1
Ty =2 +290 —>— |+ Ty - (5)
LCD L<I>
Kak Opu10 ykazaHo panee, S-nuanazoH Majo MOJBEPKEH BIMSHUIO obmayHoCTH. [loaTomy
pacueT uryMOBO# TeMIepaTypbl aHTCHHBI IPOBEJICH B YCIOBUAX scHOTO Heba o gopmyne [13]:

TA=15+E+@,

YN Y

ITpumem, uto motepu B duaepe He mpesblmaoT 1,3 pasza (t.e. L, =13 (105)). Mexny

(6)

mrymoBoit Temnepatypoit MITY u xoaddunuunentom myma (N, ) CylecTByeT 0JJHO3HAUHas CBS3b

[11]:
Tyury = 290Ny, —1). (7)
VYuursiBad, yTo B AuanasoHax L — Ka xoadduiment nryma Haxoautes B npenenax (0,15-
1,5) ab, mpumem N, =14 (1,51B). IloactaBus B BbipaxkeHus (4) - (7) BbIOpaHHBIE 3HAUCHUS Ia-

PaMeTpoB, ONpENENHM CYyMMApHYI0 MOIIHOCTh myMoB: N=2,6-10""Br. Takum 06pa3oM, BbI-
OpaHHBIC y3JIbI OPOUTATBHOTO CETMEHTA CHUCTEMBI TEJICKOMMYHHUKAIIUN S-1HMana3oHa o0ecrieunBa-
IOT Ha BXO/IE MPUEMHHKA HA3€MHOH CTAaHIIMM OTHOIICHUE «HEeCylIas/mym», papaoe 57 (181b), npu
yrje noabeMa aHTeHHbI 10° .

3akiaoudenue. [IpeanaraeMbie pa3TUYHBIMU TPOU3BOAUTEISIMU MOIYIH PATUOCBSI3U S-
JMara3oHa MO3BOJISIIOT MOAU(HUIMPOBATh TEIEKOMMYHUKAMOHHYIO0 cucteMy MC mroboro tuma.
[lyremM cpaBHUTEIHLHOTO aHajJW3a M3BECTHBIX MOJEJIEH YCTAaHOBJIEHO, 4yTO Moayiaun Mapku STC-
MSO01 u STC-MS03 065aiat0T JIy4IIUMHU XapaKTEPUCTUKAMHU B KOHTEKCTE CUHTE3a CUCTEMBI Tejle-
KOMMYHUKAlMK S-nuana3zoHa s HuskoopoutanbHoro MC, Beicotoir 1000 kM. CTpyKTypHBIA U
YUCIICHHBI aHaJIN3 CUHTE3HMPOBAHHOW CHUCTEMBI TEIIEKOMMYHUKAIIMM TOKAa3aj, YTO YKa3aHHbIE
MOJyJId MOTYT OOecrneuuBaTh OHOKET PAaTUOIMHHM «CIYTHUK - 3emiiss» BenauuuHou 181b mpu
yrie nojabeMa Ha3eMHOW aHTeHHbI B 10°. Takoe 3HaueHue OrJKeTa pajlOJIMHUM JIETKO MOJIep-
KUBACTCS] N3BECTHBIMHU MOIYJISIMH.

Paboma evinonnena npu punancosoit noooepicke @onoa Pazeumus Hayku npu

Ilpezuoenme Azepoainoncanckoi Pecnyonuxu - I'panm EIF-KETPL-2-2015-1(25)-56/16/1.
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KiCiK PEYK UCUN S-DIAPAZONLU TELEKOMMUNIKASIYA SISTEMi
X.I. ABDULLAYEV, R.A. HOSONOV, B.E. HUSEYN-ZADO

Mogalodo asagi-orbitli (1000 km) kicik peyk {iigiin S-diapazonlu telekommunikasiya sisteminin rabito

modullarmin (7 istehsalgidan 12 tip modul) icmal1 aparilmigdir. Telekommunikasiya sisteminin qurulmasinin miimkiin
variantlardan birinin blok sxemi hazirlanmig vo onun periferiya elementlorinin osas xarakteristikalari miizakiro
edilmigdir. Kicik peyk iiglin toklif olunmus S-diapazonlu telekommunikasiya sisteminin “peyk-yer” radio xattinin
biidcasinin hesabati aparilmis, sistemin yeriistii seqmentina qoyulan {imumi tolablar toyin edilmisdir.

Acar sézlor: radio rabitasi, kommunikasiya peykiori, kicik peyk, S-diapazonlu telekommunikasiya peyki, radio

xattin biidcasi.

S-BAND TELECOMMUNICATION SYSTEM FOR SMALL SATELLITE
Kh.l. ABDULLAYEYV, R.A. HASANOV, B.E. HUSEYN-ZADE

This article reviews the well-known S-band radio communication modules (12 items from 7 manufacturers) for

the telecommunications system of a low-orbit (1000 km) small satellite (SS) was performed. A block diagram of one of
the possible options for building a telecommunications system is compiled and the main characteristics of its peripheral
units are discussed. The budget of the satellite-to-ground radio link of the S-band telecommunications system is calcu-
lated for the proposed SS and the general requirements for the characteristics of its ground segment are determined.

Keywords: radio communication, communication satellite, small satellite, S-band telecommunications satellite,

budget of the radio link.
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JHEPT'OHATPY KEHHOCTb CAMOBEHTU/INPYEMOI'O JUCKA
C IINITAMMU TOPMO3A TPAHCITIOPTHOI'O CPEACTBA

A.X. JDKAHAXMEJIOB', JI.A. BOJIbBYUEHKO"", M.SI. JUKABAJIOB',
H.A. BOJIBUEHKO ™, E.C. ®EJIOTOB™", B.C. BUTBULIKUI™

B MaTtepualax CTaTbu OLCHCHBI KPUTCPHUU Bq)q)eKTI/IBHOCTI/I CaMOBCHTUJIMPYCMBIX JUCKOB C
HNUIMHAPUYCCKUMU HMIWIIaMHU TOPMO30B, UX TEIUIOBOH OalaHc U OHEProHarpy’>XCHHOCTb NPUMCHH-
TCJIBHO K TPAHCIIOPTHBIM CPCACTBAM.

Knioueesvie cnosa: mpancnopmmuoe cpeocmeo, OUCK0B80-KOJI000UHbIN MOPMO3, OUCK C WUNAMU,
JIe6blil NOJLYOUCK, NPABbILL NOJLYOUCK C (AaHYeM, MenI08OU DANLAHC, IHEPSOHAZPYHCEHHOCHLD.

BBenenne. DPPEeKTUBHOCTh NEHCTBUS CAMOBEHTWIMPYEMBIX ITHUCKOBO-KOJIOJOYHBIX TOP-
MO30B IIPH JIBUKEHUU TPAHCIOPTHBIX CPEACTB U B PEXKUME TOPMOKEHHSI 3aBUCUT OT UHTEHCUBHO-
CTU BBIHYKJIEHHOT'O OXJIakJeHus: nap Tpenus [1, 2]. IIpu 3ToM Ba)xHYIO poJib UrparoT IUIOIIAIN
MOBEPXHOCTEHN Termao00MeHa, 00eCeUnBaIOIIUE CTOK TEIUIOBBIX MOTOKOB B OJHOM HAalpaBJICHHUH.
[ToBepxHOCTH TEIIOOOMEHA MOXKET OBITh YBEIMYEHA 3a CUeT BBIMOJIHEHHs pedep, oOpa3yronux
IuQy30pHBIE KaHAIIBI B MIPABOM IOJIyUCKE ¢ (DIaHIeM, a TaKkKe IMIIUHIPUYSCKHE HIUITBI MEXITY
noiayauckamu. Tem He MeHee NpobieMa NOBbIEHUS 3(P(PEKTUBHOCTH BBIHYKICHHOTO BO31YILLIHO-
IO OXJIaXJIECHUS CAMOBEHTWIMPYEMBIX IHUCKOB TOPMO30B TPAHCIOPTHBIX CPEICTB OCTAETCS AKTY-
aJIbHOM.

IMocTtanoBka 3agaum: omnpeneauTb 3PQPEKTUBHOCTh IHCKOBO-KOJIOAOYHBIX TOPMO30B
TPAHCHOPTHBIX CPEJICTB; OLEHUTH TETJIOBOM OalaHC CaMOBEHTHIIMPYEMOTO JHCKa C IMIMHAPHYe-
CKHMMH LIMIIAMU TOPMO3a U €r0 S3HEPrOHATrPYKEHHOCTD.

ey padoThl — MPOrHO3WPOBAHKE TEIIOBOTO OagaHca CAaMOBEHTUIMPYEMOTO JHUCKA C U~
JUHIPUYECKUMHU [IUIIAMH M €r0 YHEPrOHArpyKEHHOCTH, a TaKXKe BIMSHHUE YPOBHS SHEProHarpy-
KEHHOCTHU Ha Y3(PPEKTUBHOCTb AECUCTBHSI TOPMO3a TPAHCIIOPTHOI'O CPE/ICTBA.

Aszepbaiipkanckast HHxKeHepHas akagemust (T. baky, AzepOaiimkan)

VBano-®paHKOBCKMI HAMOHAIBHBIN TEXHHUECKUH YHIBEPCHTET He(hTH U raza (YKpanHa)
Ky6anckuii rocynapcTBeHHBIN TeXHOJIOrH4Ieckuii yauBepeuteT (. Kpacrnonap, Pocenst)
E-mail: dzhanakhmedov(@yahoo.com

skt
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Omnpenenenue 3(PPeKTHBHOCTH AMCKOBO-KOJOJ0YHBIX TOPMO30B TPAHCIOPTHBIX
CPe/CTB.

Kpurepusamu oneHku 3QQeKTUBHOCTH TUCKOBO-KOJIOAOYHBIX TOPMO30B TPAHCIOPTHBIX
CpPEICTB B HATPETOM COCTOSIHHM SIBIIAIOTCS pe3ysbTaThl HcnbiTaHui Thma [ u Il B cooTBeTCTBUM C
[Mpasunamu 13 EDK OOH (EBpomneiickoit Dxonomuueckoir Komuccun npu Opranuzannn O0b-
eauHeHHbIXx Hanwit). CormacHo 3TOMy JOKYMEHTY MpelnBapuTeNbHble dTanbl ucnbitanuid [ u 11
IPOBOJAATCSA METOJAMH I1OCIIEOBATEIbHBIX U JJIUTEIBHBIX TOPMOKEHUH, B KOHLIE KOTOPBIX pealin-
3YIOTCSI SKCTPEHHbIE TOPMOXKEHMs aBTOTPAHCIOPTHOIO CPEACTBA O €ro IMOJHONH OCTaHOBKHU (Oc-
HOBHOM 3Tan). 3HAUUTEIbHBIA MHTEPEC MPEACTABISAET CONOCTABICHUE TEMIIEPATYPHBIX PEKHMOB
nap TpeHUs JUCKOBO-KOJIOJAOYHBIX TOPMO30B IIPU MIPOBEACHUH MPEABAPUTEIbHBIX 3TAIIOB UCIIBITA-
Huit Tuna [ u I

OHepruu, BOCIPUHUMAEMBbIE NapaMH TPEHUS AUCKOBO-KOJIOAOYHBIX TOPMO30B TPAHCIOPT-
HBIX CPEJCTB Ha IIPeBapUTEIbHBIX dTanax ucnsitanuii [ u II, cocraBistor:

E =20G,(Vi*—ViH)/2:3,6° =2083G,, [k (1) E"=GgS[i~(f + yr)] =2354G,, [Ix (2)
rne G, — Macca TpaHCIIOPTHOTO CPeNCTBa; Vi, Vi — PeriiaMeHTHPYEeMbIe CKOPOCTH, COOTBETCTBEH-
HO, B Hauaje ¥ KOHIE TOPMOXEHHS; ( — YCKOpPEHHE CBOOOJHOTO MajeHms, M/c’;
| — BenmumHa ykiona goporu (i=0,06); S — npoTsHKEHHOCTH cirycka, (6 km); f — koadduimeHt co-
NPOTHUBIICHUS] KAYCHUIO; Pt — Y/CJIbHAsi TOPMO3HAs CHJIa, co3aBaemMasi TopMo3oM-3ameuinterneM (f
+yr=0,02).

N3 ananuza pe3ynbTaToB pacueToB, MPOBEAEHHBIX MO 3aBucumocTsIM (1) u (2), cnenyer,
4yTO 00Ilas 3HEProOHArpyXEHHOCTh Map TPEHHs AMCKOBO-KOJIOAOYHBIX TOPMO30B Ha IMpeaABapu-
TesIbHOM 3Tane ucneitanui 11 npubnmsurensHo Ha 12% BbIlIe, YeM NpU UCTIBITAHUAX I, HECMOTps
Ha TO, YTO YCJIOBHUS TEIJIOOTBOJA JIy4Ylle NP JUIUTEILHOM HOJBOJIE TEIJIOTH K TOPMO3HOMY JIMC-
Ky. [Ipy nukIMueckoM HarpykeHUU TOpMOo3a (MCIBITaHUs TUNa |) IMeeT MecTo MMITYJIbCHBIH 1MO/-
BOJI TEIUIOTHI K TOPMO3HOMY JIUCKY.

Ouenka TemI0Boro 0ajlanca cCaMOBEHTHJIMPYEMOro AHMCKa ¢ munamu. OnpeneneHue
TEIUIOBOTrO OajaHca CaMOBEHTHIIMPYEMBIX JMCKOB TOPMO3a TPAHCIIOPTHOTO CPEJCTBA B pEXHUMax
JBYDKEHHSI M TOPMOXKEHUS MTO3BOJIUT OLEHUTH 3()(HEKTUBHOCTH BBIHYKJICHHOTO BO3/YIIHOTO OXJIa-
JKJCHUS MATOBBIX U MOJIMPOBAHHBIX MOBEPXHOCTEH AMCKOB, a TAK)KE COCTABJISAIOLLYI0 HHTEHCUBHO-
CTH KOHYKTMBHOTO TEINIOOOMEHA MEX/1y KOHCTPYKTUBHBIMU 3JIEMEHTaMM Aucka [2, 3].

CornacHo puc. | @ AMCKOBO-KOJIOJOYHBIM TOPMO3 1 COAEpXKUT CyNmopT 2, B KOTOPOM
HAaXOJATCSl TOPMO3HbIE KOJOAKU 3 ¢ (ppuKIMOHHbIMM Haknanakamu 4. CynnopT 2 3akperuieH Ha
KpoHIITeHe nandsl (Ha puc. | a He MoKazaHbl) W MOAKIIOYEH K THAPONPHUBOAY (HE TMOKa3aH).
Topmo3 1 umeet npaBsblii HOayauCK 5 ¢ (aaHeM 6 1 JaeBblid noayauck 7. Co CTOPOHBI BHYTPEHHUX
MOBEPXHOCTEH 8 MOTYAUCKH S5 M 7 COETMHEHBI MEXTy cOO0M NMIMHAPUYECKUMH IHUNIaMu 9, KOTO-
pble NOKPBITHI Teronsomsiuuen 19. uner 9 pacnonokeHsl Ha BHEIIHEM I[ 1 BHYTPEHHEM [ pa-
nuycax nosicoB TpeHust 10 monyauckos S u 7.

Jl1g n3MepeHns NOBEPXHOCTHBIX TEMIEPATYyp Map TPEHHs AUCKOBO-KOJIOAOYHOIO TOPMO3a
NEPEHEr0 MOCTa TPAHCIIOPTHOT'O CPEJICTBA B €r0 y3€ll TPEHUS IMOMEIIAI0T TEPMOAJIEKTPOoasl 11 1
12 tepmomnap (puc. 1 0). JIByxkaHanbHas kepamuueckas TpyOka 14 ycTaHaBIMBaeTCsi B OTBEPCTHE
15 ¢pukunoHHON HakiIanku 4 M BBIBOAMTCS 3alOUIUII0 ee paboueil moBepxHocTu. B TpyOky 14
muameTpoM 4,0 MM BIIOKEHBI TEpPMO3JIEKTpoabl 11, 12 Tepmomnapbl, U3TOTOBICHHON U3 XpOMEIb-
KOIIEJIeBOM MPOBOJIOKHU JuaMeTpoM 0,4 MM.
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Puc.1 a, 0, 6, 2, 0, e. Obwuil U0 CaMoBEHMUNUPYEMO20 OUCKOBO-KOIO00UHO20 MOpMO3a (a); éud A ¢ppuryuontnoco
y3aa (6); camosenmuaupyemvlil MOPMO3HOU OUCK C YUTUHOPUHECKUMU WUNAMU (8); NOIYOUCK ¢ OYepmaHuem
paouycos noaca mpenus u nosuyuil 1 — 9 nakiaoxu Ha e2o nogepxnocmu (2); 6uo B ¢ppuxyuonnoeo yzia
€ 6MOHMUPOBAHHBIMU TMEPMONApamu (0); Meniou30IUpPOSaHHbIL YUTUHOPUYECKULl wun (e)

[HonoxurenbHbIM TEPMOIJIEKTPOAOM 11 sBAsIeTCS XpomeneBas MPOBOJIOKA, a OTPULIATENb-
HBIM 12 — KomeneBast npoBosioka. ['onoBka Tepmonaps! 13 (B Buzae cdepsl), B3aUMOAECHCTBYIOIIAs C
paboueil MOBEPXHOCTHIO TOPMO3ZHOTO JUCKA 1, M3rOTOBIIEHA U3 BHICOKOTEMIEPATYPHOTO MEIHOTO
IpUIIOs B BUJE crasg auaMeTpoM 3,0 MM M yCTaHOBJIEHA B OrpaHuunTenbHoe Koablo 18. Ilocnen-
Hee MPEeNATCTBYET BBIXO/Y M3 CTPOs TOJIOBKU TepMotnapsl 13 1 criocoOCcTByeT ee paboTe /10 MOJIHO-
ro u3Hoca (GPUKIMOHHON Hakiaaku 4. /IByxkaHanmbHas Kepamuueckas TpyOka 14 (kepamuueckas
TpyOKa COCTOHUT M3 JBYX YacTeil) yCTaHOBJIEHA C M30JIALMOHHBIMU BTyiaKamu 17 u 18 B oTBepcTue
16 Topmo3znoit komoaku 3. nuHa TepmonniektpooB 11 u 12 coctasnser 200...350 MM 1 BbIOUpa-
€TCsl U3 YCIIOBHSI, YTOOBI 32 BpEMs HIKCIIEPUMEHTOB XOJIO/IHBIN crail He ycrels nNporperbes. BoiBo b
Ha PETUCTPUPYIOINIYIO anmapaTypy OCYLIECTBISUIMCh MEIHBIMH MPOBOJaMH. TepMmorapa nepes ee
YCTaHOBKOH TapUpOBaiach BMECTE C COEJUHUTENIbHBIMU IIPOBOIAMH.

TpaHcnopTHOE CPEACTBO Pa3rOHAIOT 10 3aJaHHOM CKOPOCTU U BBIMOJIHAIOT LUKINYECKUE
TOPMOXKEHHUS JHCKOBO-KOJIOJIOYHBIM TOPMO30M ITyTE€M IPUKIIAIBIBAHUS U CHATUS YCUINS C TIeIaIn
Topmo3a (Ha puc. 1 He mokazaHbl). C TOMOIIEI0 TOPMO3HBIX KOJIOJOK 3 (PPUKIIMOHHBIC HAKIAAKHU 4
paboYMMH MOBEPXHOCTSMH NPUKUMAIOTCS K pabouyeil moBepXHOCTH TOpMO3HBIX nuckoB 1. ITocie
3aBEPIICHUS HUKIMYECKIX TOPMOXKEHUH TPAHCIIOPTHBIM CPEICTBOM CHUMAIOT HArpy3Ky ¢ TOPMO3-
HOW MeJaiu ¥ MpU MOMOIIM T'HAPOIPHUBOJIA OTBOJIAT TOPMO3HBIE KOJIOJKHM 3 C HakiIagkamu 4 OT
paboueil MoBepXHOCTH TOPMO3HOTO JTUCKa 1, T. €. OT ero nosicoB Tpexus 10.

[Ipu nBMXKEHHUM TPAHCHOPTHOIO CPEACTBA, B TOPMO3HOM PEXKHME CaMOBEHTHIIMPYEMBbIE
JMCKOBO-KOJIOIOUHBIE TOPMO3a paboTaroT cieayomuM odpasoM. Ilpu Haxatuu Ha neganb TOPMO-
3a BOJMTENEM CpadaThIBaeT TUAPOTPUBOI U HakiIanku 4 (puc. 1 a) cBouMu paboOYMMH MTOBEPXHO-
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CTSIMH (PPUKIIMOHHO B3aUMOJEHCTBYIOT ¢ mosicaMu TpeHus 10 momyauckoB 5 u 7, 9To criocoOCTBY-
€T 3aME/JICHUIO TPAHCIIOPTHOI'O CPEJCTBA.

Ha npoueccsl MeXaHHMUECKOTrO, JIEKTPUUYECKOIo, TEIJIOBOTO M XMMUYECKOIO XapakTepa,
NpOTEKaoe Ha (PPUKIIMOHHOM KOHTAKTE, CYIIECTBEHHOE BIMSHHUE OKA3bIBae€T I'€OMETPUS MHUK-
POBBICTYIIOB B3aMMOJIEHCTBYIOIINX IOBEPXHOCTEH, KOTOpPBIE B PEATBHOCTH OTIMYAIOTCA OT HJe-
aIbHOM MoBepxHOCTU. Hannyre MUKPOBBICTYNIOB BEJET K TOMY, YTO MPHU COMMKEHUH pabOYHX I0-
BEPXHOCTEW Map TPEHUS O] BHEIIHEH HArpy3KOM B3aMMOJEHCTBHE MPOUCXOAUT HA IMSATHAX KOH-
TaKTOB MHKPOBBICTYNOB (JIUCKPETHBIA (PPUKIIMOHHBIA KOHTAKT) C OOJBIIUMHU YACIbHBIMH HArpy3-
KaMH, COIPOBOXKIAIOIIEECS] T€HEPUPOBAHUEM JJIEKTPUUECKUX TOKOB M MHTEHCUBHBIM TEIUIOBBIJIE-
nerreM. OcoOeHHO 3T0 Kacaercs ukmdeckoro (tur I) u mmrensHoro (tum ) ucneitanuit quc-
KOBO-KOJIOJIOUHBIX TOPMO30B TPAHCIIOPTHBIX CPECTB.

[Tpu nBMKEHUH TPAHCHIOPTHOIO CPENCTBA MATOBBIE U MOJUPOBAHHBIE MOBEPXHOCTH MOTY-
JUCKOB 5 U 7, a TakKe MOBEPXHOCTH IIJIMHAPUYECKHUX IIUIIOB 9 OMBIBAIOTCS BCTPEYHBIMU MOTO-
KaMmu Bo3ayxa. [locnenHuil, nomnajgas BHYTpb HOJIYJUCKOB 5 U 7 ¥ MEXy HWIMHIPUYECKUMU IIH-
namu 9, 3aBUXpSETCS, B pe3yJbTaTe Yero TeMIepaTypa BO3IYLIHBIX ITOTOKOB IOHIKAETCs, a 3-
(eKT BBIHYKIEHHOT'O OXJaXKICHUS BHYTPEHHUX MOBEPXHOCTEH 8 MOIYyAHUCKOB 5 U 7 BO3pacTaer.
[Tpu ppuKIMOHHOM B3aUMOAECHCTBUM HAKJIANOK 4 ¢ mosicamu TpeHus 10 moiyauckoB 5 u 7 oHH
JIBIDKYTCSI IO UX cBexemy crneqy (cm. puc. 1 2, mosumuu 1-9). B pesynbrate B3aumoaeicTBus
BCTPEYHBIX TOTOKOB BO3/yXa C YKa3aHHBIMH BBIIIE IOBEPXHOCTSIMU NpaBoro 5 ¢ ¢uiaHieM 6 u je-
BOr0 7 MOJYJUCKOB, COSMHEHHBIX MEXAY COOON MMWIMHAPHYECKUMH IITUIMaMHU 9, IPOUCXOIUT BhI-
HYKJICHHbII KOHBEKTUBHBIN U paglallMOHHBIN TEMI000OMEH.

Crioco0® OIeHKHM TerIoBOro OanaHca CaMOBEHTWIMPYEMOIO JUCKA C IMJIMHIPUYECKUMHU
HIMIaMHU JUIsS Tap TPEHUsl JUCKOBO-KOJIOAOYHOIO TOPMO3a PA3IMYHBIX MOJAKATErOpUN TPAHCIOPT-
HBIX CPEJICTB PEAJTM3YIOT B J[BA 3Tala.

Ha nepBoM 3Tame TpaHCHOPTHOE CPEICTBO JIBUKETCS B PEKUME IHUKIMUYECKUX TOPMOXKe-
Huil. [Ipu 3TOM onpenensitoT SHEProHarpyKEHHOCTh Map TPEHHs, T. €. UX MOBEPXHOCTHYIO TEMIIe-
patypy t; u crenenn ee nossimenus (t,—t,) (rae t, — Temneparypa OKpysKaroIero Bo3ayxa) ¢ mo-
MOIIbIO criasi TepMonaps! 13, BMOHTHPOBAHHOM B TeN0 (PPUKIIMOHHBIX HAKIIAAOK 4.

Ha BTOpOoM 3Tame TpaHCHMOPTHOE CPEACTBO ABMKETCA B PEKUME LUKINYECKUX TOPMOXKE-
HUH C TETUIOM30JUPOBAHHBIMU 19 LETbHBIMHU UUINHAPUYeCKUMHU 1unamu 9. [lpu satom onpexens-
10T SHEProOHArpy>KEHHOCTb JIEBBIX M MPABbIX Map TPEHUS, T. €. UX OBEPXHOCTHBIE TEMIEPATYpHI )
u t3, a Taoke BeNMUUMHY MX noBeieHus (t—t,) u (t3—1,). Bennuunsl otHomenuit (t—t,)/(t—1t,) u (t—
t,)/(t3—1,) yKa3bIBatOT JOJIO TEIUIOTHI, KOTOPAsk OTBOAMTCS MPaBbIM S5 ¢ (hiaHIeM 6 U JIeBBIM 7 T10-
JTYAMCKAMU B OKPYKAOLIYIO CPELy.

Takum 00pa3om, NPEASIOKEH METOJ OLEHKH TEIUIOBOTO OajlaHca CaMOBEHTUIIMPYEMOIO
JMCKa ¢ IMWIMHAPUYECKUMH LIMIAMH Map TPEHHs AMCKOBO-KOJIOJA0YHOTO TOPMO3a pa3IMYHbBIX Ka-
TEropHii TPAHCIIOPTHBIX CPEACTB.

JHEpProHarpykeHHoOCTh CAMOBEHTHJIMPYEMOro AMCKA ¢ HMJIMHAPHYECKUMH HINIAMU.
[TpoexkTpoBaHrEe CaMOBEHTHIIMPYEMBIX TOPMO3HBIX TUCKOB ONTHMAILHOW KOHCTPYKIIMH JIJISl TaH-
HOTO THUMA TPAHCIOPTHBIX CPEACTB OTOKECTBISETCS C PABHONPOYHOCTHIO UX KOHCTPYKTHBHBIX
aneMeHTOB. [log paBHOIIPOYHOCTHIO MOJPAa3yMEBAETCSl PABEHCTBO MaKCHUMAJIbHBIX U HKBHUBAJICHT-
HBIX HAMpsDKEHUH WM KO3 UIIMEHTOB 3aMacoB M0 HAMPsLKEHUSM, T.€. PABHOBEPOSATHOCTH Pa3py-
IIEHHS 10 BCeX pacyeTHBIX ceueHusix. Hanbosee onacHbIM ceueHneM npu GPUKIUOHHOM B3aHMO-
JEHCTBUM Nap TPEHUs «IUCK — HAKJIAIKa» SBISETCS MOSAC TPEHUS CaMOBEHTHUIMPYEMOIO AMCKa
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BCJIEJICTBHE €r0 HEPAaBHOMEPHOT'O HArpeBaHUs, BHI3BAHHOIO HU3KUM KOA((HUIMEHTOM B3aHMHOTO
MIEPEKPBITHS TTap TPSHHUS TOpMOo3a (puc. 2).

Buo A Buo b

Puc. 2 a, 6, 6, 2, 0, e. Pacnpedenenue memnepamyphuix nojeil 6 S1eMeHmax camo8eHmuIupyemo20 mopmosHo20
OUCK C YUNUHOPUHECKUMU WUNAMU: a4 — (POHMATbHBLIL 6UO0 OUCKA C (ranyem: 6 — 0cesoll paspes OUcKa ¢ pranyem,
6 — ceuenue QUCKA N0 YUTUHOPUHECKUM Wunam, 2 — eud A npaseozo nouyoucka ¢ gaanyem, 0 — 6ud b 1e6o02o nonyoucka,
e — OUMEempu4ecKas nPOeKYUs. C HeMEEPMHbIM BbIPE30M OUCKA C WUNAMU U C ranyem

MonenupoBaHue SHEProHArpy>KEHHOCTH CaMOBEHTHJIMPYEMOTO JUCKA C IWJINHIPUYECKHU-
MU LIMIIAaMH TOpMO3a rpy3oBoro aBromoomist moaenn MAN mapku TGA 26.420 [4 — 6] npou3sBo-
JUIIOCH TIPH MUKJINYEeCKUX TopMoxkeHusx (N=20) co ckopoctsimu (V=60 km/4; V,=30 xm/4;) ¢ uH-
TEPBAIIOM MEXy TOPMOKCHUSIMH 45 C TIPU CIETYIOINUX UCXOIHBIX TaHHBIX: THaMETP TOPMO3HOTO
mucka d = 450 mm, panuycel mosicoB TpeHust aucka rp =400 mm; r, =230 MM; Temmeparypa Ha
TIOBEPXHOCTH TOsica TpeHHs Jucka jgocturana t, = 390 °C; yaenbHble HArpy3ku B Iape TPEHHS
6bun p=5 Mlla; koapduuneHT TemIooTnaun K4 OT pabouynx MOBEPXHOCTEH AMCKa Koyebascs oT
50 1o 75 Br/(m*°C).

AHanu3 pacnpeaeneHus: TeMIepaTypHbIX MoJiel B CAMOBEHTHIINPYEMOM TOPMO3HOM JIUCKE
C IIITMHAPUIECCKIMHE ITUIaMH (CM. pHC. 2) TTOKa3al Claeayromiee:

— coryacHo puc. 2 6 KoneGaHns TeMIepaTypsl BO (uiaHie u3MeHsuuch ot 168 10 265 °C, u
nanGonpmeit Bemuunabl 300 °C oHa ocTHraNa B MecTe CIpsKEHHs (IIAHIA C JIEBBIM TIOTYIUCKOM;

— B CEUYEHMH JHCKa MO mmmaMm (CM. puc. 2 6) HaOmoganoch KojeOaHHE TeMIepaTypbl
ot 360 °C, Ha MakcHMaBbHOIT ero okpyxHOCTH, 10 330 °C Ha MUHUMAIBHOI €ro OKPYKHOCTH;

— BUJ A CO CTOpOHBI (pi1aHLIa HAa AUCK (CM. pHUC. 2 2) MOKa3al, 4TO TeMIEPaTypbl U3MEHs-
muck ot 340 10 390 °C, a HanmuMe KPYroBBIX TEMIIEPATYPHBIX 30H CIIOCOGCTBOBAIO YBETHUCHHIO
TEMIIEPATYPHBIX TPAJUEHTOB MEXKIY CONMPSHKEHHBIMH MOBEPXHOCTSIMU;
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— BUA b cO CTOPOHBI JIEBOTO TOyIUCKA (CM. pHC. 2 0) TIOKa3aJl yBEIUYCHUE TeMIIepaTyp-
HBIX KPYTOBBIX 30H, TPAHUYALINX C TEJIOM JIEBOTO MOJYANUCKA, YTO CIIOCOOCTBOBAIO YMEHBIICHUIO
TEMIIEPATYPHBIX TPAJUEHTOB MEKIY CONPSHKEHHBIMH MMOBEPXHOCTIMU;

— Ha JUMETPUYECKOH MPOEKIMHM C YETBEPTHHIM BBIPE30M JMCKA C MIMIAMH U ¢ (iaaH-
neM (CM. puc. 2 2) 4eTKO BHJHO M3MEHeHHe TemrepaTypsl ot 168 10 390 °C, urto ykasbiBaer Ha
HEpPaBHOMEPHOCTh paclpeleeHUs] TEMIIEPATYPHBIX MOJEH M0 JIEMEHTaM JUCKA, CBSI3aHHYIO C UX
Pa3IMYHON METAJUIOEMKOCTHIO.

JIByCTOpOHHUI NOJBOJ TEIIOTHI B MPOLIECCE TOPMOKEHHUS THUCKOBO-KOJIOJAOYHBIM TOPMO-
30M TPAHCIIOPTHOTO CPEJICTBA HAKJIAJBIBAET OIpEIesICHHbIE TPeOOBAaHH K YCIOBHUIM PacIpocTpa-
HEHUS TEIJIOBBIX TOTOKOB. IIpu 3TOM:

— BXOJISIIUI TEIJIOBOM MOTOK paBeH q =, (t; — t,) (rae t;, t, — TeMIepaTypbl: MOBEPX-
HOCTH T0sICa TPEHUS U OMBIBAIOIIETO BO3/yXa);

— MPOXOJIAIINI TEIIOBOM MOTOK paBeH q; = k(tp; — t,) (tae k — koaddumment Terio-

A A A
nepenayu; k = (/1—1) + (/1—2) + (/1—3) ; 01, 03 — TOJILMHBL: JIEBOTO U MPABOT0 MOJIYAUCKOB; Oy —
1 1 1

JUTMHA [UJIUHAPUYECKOTo mumna; A; — KodpUIMEHT TeIUIONMPOBOJHOCTH MaTEPHAIOB KOHCTPYK-
TUBHBIX JIEMEHTOB JIUCKA; 1, — TEMIIEpaTypa Mosca TPEHHUs MPaBOTo MOJYAUCKA ¢ (IIaHIeM;

— BBIXO/ISIIHUI TEIJIOBOU MOTOK G, =X, (tp, — t,) (Tae &<, — K03 GUIHUEHT TEIIO0TAaYH C
MIOBEPXHOCTEH MTPAaBOT0O MOJTYIUCKA).

_ oi
[Mapamerpsl ()~ u A_l Ha3bIBAIOTCS, COOTBETCTBEHHO, TEPMHUYCCKHM COTPOTUBIICHHUCM:
i

TEIUIOOTIAYH U TETUIOTPOBOTHOCTH.

Takum 00pa3oM, TEIUIOBOM MOTOK ABIIKETCS OT JIEBOTO IMONYIHCKA Yepe3 €ro TOJIIUHY
MIPABOTO MOJYIUCKA U (pJIaHEIl ¥ TTOCJIe HETO PACCEMBACTCS B OMBIBAIOIINI MX BO3IYX.

AHanm3 pacrpenenieHus] TeIJIOBBIX IMOTOKOB B AJIEMEHTAaX CAMOBEHTWJIMPYEMOT'O TOPMO3-
HOTO JTUCKA C HWJIMHAPUYECKUMH IUNaMu (puc. 3) MOATBEpaIu TPpeOOBAHUS K BEIMYMHAM TETLIO-
BBIX MTOTOKOB, IIPOHU3BIBAIONIUX TEJIO KOHCTPYKTUBHBIX 2JIEMEHTOB JIMCKA.

AHanu3 pacripeneneHusi HanpsHKeHWH 1o Teopun Museca B JIeMEHTax CaMOBEHTHIIMpYe-
MOTO JMCKA C HIWIMHAPUYIECKUMH IIHNaMu (pUc. 4) mokasal clieyroniee:

— corJlacHO puc. 4 6 kojebaHue TEMIEPAaTypHBIX HAMPSHKEHUN BO (UIaHIle H3MEHSIIOCH OT
0,1 mo 115 MIIa u manbonwmieit Benmrunnbl 180 MIla oHO gocTHTano B MecTe conpsiKeHus (aaHIa
C JIEBBIM TIOJIYAMCKOM, YTO CYIIECTBEHHO BIIMSET HAa BEJIMYMHY IPaIMCHTa HANPSHKCHUN;

— B CEYEHHWH NWCKa 1o mmmamM (puc. 4 ) HaOII0AaI0Ch 3aMEeTHOE KojeOaHue rpaieHTOB
HANPSHKEHUH MEXIY €ro TOPLOM M KPYTOBBIMH 30HAMU MUHUMAJIbHBIX HANPSKEHUH;

— BUJ A €O CTOpOHBI (hriaHna Ha AUCK (puc. 4 2) mokasall, 4To HAMPSHKEHNUS W3MEHSUIUCH OT
20 no 70 MIla, a Hanu4yue Cy>KEHHBIX KPYTOBBIX 30H HANpPsUKEHUI YKa3bIBAE€T HA YBEIMUEHHUE MX
IPaJUEHTOB MEX/Y CONPSKEHHBIMU TOBEPXHOCTSIMU;

— Bun b co cTopons! JieBoro mosynucka (puc. 4 0) mokaszall pacliipeHre KPYTOBBIX 30H
HANPsOKEHUM, KOTOPbIE IPaHUYaT C TEJIOM MOJYJUCKa, YTO CIIOCOOCTBOBAIO YMEHBIICHHUIO UX Tpa-
JTUEHTOB MEX/1y CONPSKEHHBIMU TOBEPXHOCTSIMU;

— Ha TUMETPUYECKOW MPOEKIIMH C YETBEPTHHIM BBIPE30M JHUCKA C IIUTMIAMHU U ¢ (raHIem
(puc. 4 2) npoUUTIOCTPUPOBAHO M3MeHeHHe HampspkeHud oT 20 o 370 Mlla, uro ykasbiBaeT Ha
HEpaBHOMEPHOCTh pacIpeieIeHUs TOIel HANPsDKEHUH 0 KOHCTPYKTHBHBIM JIEMEHTaM JIUCKA.
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OuepaonazpysceHHocms camo8eHMUIUPYEMO20 OUCKA C WUNAMU MOPMO3A MPAHCNOPIMHO20 CPedCcmed

Puc. 3 a, 6, 8, 2, 0, e. Pacnpedenenue meniogeix NOMOKOS 8 JNEMEHMAX CAMOGCHMUIUPYEMO20 MOPMO3HO20 OUCK
C YUTUHOPUHECKUMU WUNAMU: d — PPOHMATBHBI 61O OUCKA C anyem: 6 — 0Ccegoll paspes OUcKa ¢ uanyem;
6 — ceuerue QUCKA NO YUTUHOPUHECKUM Wunam, 2 — euo A npasozo nouyoucka ¢ ¢aanyem, 0 — 6ud b 1e6oco nonyoucka,
€ — OUMEeMPUUEcKas NPOEKYUsi ¢ YeMeEePMHbIM GbIPE30M OUCKA C WUNAMU U C (DIAHYEM.

Puc. 4 a, 6, 6 2,0, e. Pacnpedenenue nanpsicenuii no meopuu Museca 6 31eMeHmax camoseHmunupyemozo
MOPMO3HO20 OUCK C YUTUHOPULECKUMU WUNAMU: d — PPOHMANbHYIIL 8UO OUCKA C aanyem: 6 — 0cesoll paspes OuUcKa
¢ nanyem; 8 — ceuenue OUCKA NO YUTUHOPUYECKUM wunam, 2 — 6uo A npasozo noryoucka ¢ gaanyem,; 0 — 6uo b nesoco
NOYOUCKA; € — OUMEMPUYeCcKas NPOeKyUs ¢ YemeePMHbLM GbIPE30M OUCKA C WUNAMU U C (hanyem
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3akioyenue. B pesynbrare nccienoBaHMsl YCTaHOBIEHO OAHOCTOPOHHEE PACIPOCTpaHe-
HUE TEIUIOBBIX IIOTOKOB 4Y€pe3 KOHCTPYKTHBHBIE 3JIEMEHTHI CaMOBEHTWJIMPYEMOTO TOPMO3HOTO
JIMCKa, BBI3BIBAIOIINX TEMIIEPATYPHbIE HANPSKEHUSI B MECTAX CONPSIKEHUN UX MOBEPXHOCTEM.
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NOQLIYYAT VASITOSININ OYLOCIN MILLORI iLO OZUVENTILYASIYA
OLUNAN DiSKiN ENERJi TUTUMU

9.X. CANOGHMODOV, D.A. VOLCENKO, M.Y. CAVADOV, N.A. VOLCENKO, Y.S. FEDOTOV, V.S. VITVISKIY

Magqalada aylaclormn silindrik millari ila 6ziiventilyasiyali disklerin effektivliyinin meyarlari, onlarin istilik balanst va
naqliyyat vasitalorine uygun olaraq enerji yiiklonmasi qiymatlondirilib.

Agar sozlar: naqliyyat vasitasi, disk-kiindali aylac, millori olan disk, sol yarimdisk, flansl sag yarimdisk, istilik balansi,
enerjiyiiklonma.
ENERGY-LOADING OF SELF-VENTILATED DISC OF VEHICLE WITH BRAKING SPIKES
A.Kh. JANAHMADOV, D.A. VOLCHENKO, M.Y. JAVADOV, N.A. VOLCHENKO, E.S. FEDOTOV, V.S. VITVITSKY

The article examines the efficiency criteria of self-ventilated disks with the cylindrical baking spikes, their thermal balance
and energy loading with respect to vehicle.

Keywords: vehicle, disk-show brake, disk with spikes, left half-disk, right half-disk with flange, heat balance, energy-
loading.
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MOTOR YAGLARINA YUYUCU-DIiSPERSEDICi ASQARLAR

i.C. GULOLIYEV", S.M. VOLIYEVA®, i.O. SODIRZADD"

Mineral yagin alkilnaftalinlo qarisigi asasinda sulfonat tipli yuyucu-dispersedici asqarlarmin nisbaton
sado alinma texnologiyasi islonib hazirlanmisdir. Alinmis orta vo yiiksok qolovili yarimsintetik kalsium
sulfonatlar1 yiiksok fiziki-kimyavi vo funksional xassalorine malik olub, neft menssli amtos C-150, C-300
agqarlarindan vo xarici analoq olan Hitec 6060M asqarindan istiindiirlor. Yiiksok golovili PS-300 agqarin istiraki
ilo keyfiyyat gostaricilorine gora miiasir talablars cavab veran M-10 I'; tacriibi motor yag1 yaradilmigdir.

Agar sozlar: neft yaglari, alkilnaftalin, yuyucu-dispersedici asqarlar, sulfonat asqarlari, funksional
xassalar, motor yaglari

Giris. Hal-hazirda diinyanin aparici sirkstlorinin istehsal etdiyi motor yaglarinda miixtalif
funksional tesiro malik asqarlarin balanslagdirilmis paketlorindon istifado edilir. Bu asqarlar
icarisinds yaglarin yuyucu-dispersedici xassolorini yaxsilagdiran miixtolif galovili sulfonat agqarlar
xuisusi yer tutur. Praktikada totbiq edilon sulfonat agqarlar1 mineral yaglar vo sintetik alkilaromatik
karbohidrogenlarin sulfotursularinin galavi-torpaq metal (Mg, Ca, Sr, Ba) duzlaridir [1-3].

Molumdur ki, miixtolif mongali neftlordon alinan mineral yaglarin torkibindo sulfonat
asqarlarinin alinmasi1 {iglin arzu olunan alkilaromatik karbohidrogenlorin (yiiksok oOzliiliik
indeksina, 400-600 mol kiitlosino malik) miqdarinin az olduguna goéro onlardan miiasir tolobloro
cavab veron (xiisusi ilo torkibindoki aktiv maddonin miqdarma gors) sulfonatlar almaq {igiin
miirokkab va ¢ox marhalali texnologiyadan istifado olunur. Bu zaman son mahsulun ¢iximinin 50-
60% olmagqgla yanasi, hom do otraf miihiti ¢irklondiron tullant1 kimi xeyli miqdarda turs qudron
omoalo golir (bazi hallarda 20%-o kimi). Mineral yaglardan forqli olaraq uzunzoncirli sintetik
alkilaromatik karbohidrogenlor sabit torkibo malik olduglarindan onlarin sulfolagmasi zamani
osason yagda holl olunan sulfotursular (90-95% e¢iximla) vo comi 5-7%-0 turs qudron alinir.
Sintetik alkilaromatik birlosmolor asasinda alinan sulfonatlar yiiksok fiziki-kimyavi vo funksional
xassolora malik olmaqla yanasi, hom do adi soraitde qatt maddaler olub, naglolunma gabiliyystine
malik deyillor [4]. Buna goro do onlara lazimi o&zlilik-temperatur xassolori vermok {iciin
sulfotursularin neytrallasmasi vo ya neytral sulfonatlarin karbonatlagmasi marhalalorinda
durulasdirict kimi miioyyon yaglar olavo edilir.

“AMEA Asqarlar Kimyas1 institutu
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Bu zaman mineral yaglar sulfolagma morhalasinds istirak etmoadiyindon onlarin torkibindoki
alkilaromatik karbohidrogenlor sulfolasmir, bu da 6z ndvbosindo asqarlarin bir sira gostaricilorinin
(masalan, ronginin) pislogsmasine vo onlarin maya doyarinin artmasina sabab olur.

Isin moaqgsadi. Yiiksok keyfiyyotli yeni sulfonat tipli yuyucu-dispersedici asqarlarin sado
alinma texnologiyasinin islonmasindon ibaratdir.

Masoalonin halli vo miizakirasi. Qeyd olunanlart nozoro alaraq, Asqarlar Kimyasi
Institutunda aparilmis todgiqatlar noticosinde bu tip asqarlarin alinmasi iiciin orijinal iisul
islonilmigdir [5, 6]. Bu tisulun mahiyyati ondan ibaratdir ki, durulagdiric1 kimi istifads edilon baza
yag1 oavvalcoadon, sintetik alkilaromatik karbohidrogenlorin sulfolasmasi morholasindo olavo edilir.
sintetik xammalla yanast hom do mineral yagm torkibindoki alkilaromatik
karbohidrogenlor sulfolasir, sintetik vo neft sulfotursularin qarisiglart alinir, onlar kalsium

Bu zaman

hidroksidlo islomoklo neytral sulfonata cevrilir. Goriindiiyli kimi, yarimsintetik sulfonatlar
sonayeds istehsal olunan neft mongoli asqarlardan forqli olaraq bozi morhoalolorden yan kegmaoklo
(sulfotursularin spirtlorlo ekstraksiyasi, duzlarin doyismo reaksiyasi vo s.) nisbaton sado
texnologiya ilo alinir.

Bu istigamoatdo asqarlarin alinmasi mogsadi ilo M-8 baza yagi vo alkilnaftalindon ibarat
yarimsintetik xammal qarisigindan istifade edilmigdir. M-8 yag1 Baki neftlorinin qarisigindan alinir
vo torkibindo mono- vo bitsiklik alkilaromatik karbohidrogenlorin miqdart 18%-dir. Sintetik
xammal kimi gotiiriilon alkilnaftalin naftalinin C;,—C;g fraksiyali o—olefinlorlo Seokar—2
katalizatorunun istiraki ilo molum {isulla alkillosmosindon alinir [5] vo asagidaki fiziki—kimyovi
gostoricilora malikdir: suasindirma amsali nnzo —1,5180; 20°C — do sixliq, kq/rn3 —902,2; molekul
kiitlosi — 510.

Cadval 1
Ilkin komponentlorin nisbatinin yarimsintetik neytral sulfonatlarin
gostariciloring tasiri
Reaksiya ti¢iin Neytral
gotiiriilmiis sulfonatm Neytral sul't'"onat.le}rln.keyﬁyyst
M-8 yag1 vo cixim1,% gostaricilari
Variant a('}‘;!’;f;ﬁl;” é;‘fl';gig Qalovi odadi, Aktiv Mexaniki
kiitlo ’ ’
| 70:30 87 19,3 40,0 0,04
1 60 : 40 91 22,0 43,2 0,05
Il 50:50 93 23,7 48,5 0,1
M-8 yag1 69 135 12 0,8

Sintez edilmis alkilnaftalin vo M-8 baza yaginin 30:70; 40:60; 50:50 kiitlo nisbatindo
qarisiglar1 nonan holledicisinds (1:1 nisbatindo) 35-40°C temperaturda 2 morhslodo sulfat tursusu
ilo sulfolagdirilir. Bu zaman turs qudronun ¢iximi ohomiyyotli doracodo (40-45%) azalir. Turs
gudrondan ayrildigdan sonra alinmus sulfotursularin qarisig1 70-75°C —do kalsium hidroksidin 20%-
li sulu mohlulu ilo neytallagdirilir, qurudulur, mexaniki qarisiqlardan tomizlonir vo halledici
qovulur. Toklif olunan isulla alinmig neytral sulfonatlarin fiziki-Kimyovi xassalori codval 1-do
verilmigdir. Gostaricilordon goriiniir ki, yarimsintetik xammal garisiginda alkilnaftalinin kiitlo pay1
artdiqca neytral sulfonatlarin ¢iximlart 87-93%-o kimi yiiksalir. Hor ii¢ variantda alinmis neytral
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sulfonatlar 6z xassolorine gbro mineral yag asasinda alinmig asqardan tstiindiirlor. Yalniz 50:50%
nisbatindoki qarisiq osasinda alinmis neytal sulfonat axic1 olmayib, ¢atin noqgl olunan asqardir ki,
bu da onun torkibindo aktiv maddonin ¢ox olmasi ilo alagadardir. Miioyyon edilmisdir ki, fiziki-
kimyovi xassolorino goro miiasir tolobloro cavab veran sulfonat asqar1 almaq iiglin mineral yagin
torkibino olava edilan sintetik xammalin migdar1 30-40% olmalidir.

Orta vo yiiksok golovili (C-150 vo C-300 tipli) asqarlar neytral sulfonatin kalsium
hidroksidin istiraki ilo toluol holledicisindo promator metanoldan istifado etmoklo 40-45°C-do
karbon qaz1 ils 1 saat miiddstinds karbonatlasma reaksiyasi naticasinds alinir. Qeyd etmok lazimdir
ki, yliksok golovili agqarlarin sintezindo kalsium hidroksidin vo karbon qazinin miqdari orta golovili
asqara nisbaton iki dofo artiq gotiirtiliir.

Sintez edilmis miixtalif gqolovili asqarlar tiind-qohvayi mayelordir. Onlar kalsium karbonatin
yagda neytral sulfonatlarla stabillogsdirilmis kolloid dispersiyasinadan ibaratdir [2].

Almmis PS-150 vo PS-300 asqarlarmin fiziki-kimyovi vo funksional xassolori M-11
yaginda standart Usullarla 0yronilmisdir. Yuyuculuq xassasi [13B qurgusunda I'OCT 5726-2013,
250°C-do dispersedici xassolor molum metodla [6], oksidlosmoys qarst davamliq JK-HAMH
cihazinda 200°C-do 30 saat orzindo TOCT 11063—77, korroziyaya qarst xassolori homin cihazda 25
saat orzinde 140 °C-do TOCT 20502—75 toyin edilmisdir.

Kolloid stabilliyi asqarin 15 % distills suyu ilo 110°C temperaturda 4 saat arzinds islomaklo
moalum dsulla toyin olunur [7]. Pargalanmis mohsul holledici ilo durulasdirilir vo amalo golon
¢okiintiidon ayrilir. Halledici qovuldugdan sonra golovi adadi toyin olunur. Kolloid stabilliyi olaraq
asqgarin golovi adoadini ilkin golovi adodine nozoron azalmasinin faizlo gostoricisidir.

Asqarlarin ilkin laboratoriya sinaqlarinin naticalori codval 2-do gostorilmisdir.

Miiqayiso iiclin homin cadvaldo miirokkab texnologiya il istehsal olunan neft monsoli C-
150 vo C-300 asqarlarinin vo xarici analoq — Hitec 6060M asqarininn (“Edvin Kuper” firmasi)
gostoricilori verilmisdir. Goriindiiyii kimi, yarimsintetik sulfonat asqarlar1 yiiksok fiziki-kimyavi,
funksional xassalora malikdir vo bu tip asqarlara irali siiriilon toloblors cavab verir.

Cadval 2
Miixtalif golavili sulfonat asqarlarimin fiziki-kimyavi va funksional xassalori
Orta vo yiiksok golovili agqarlar
Gostaricilor -

PS- Hitec

150 C-150 PS-300 C-300 6060M
Qalavi adadi, mq KOH/q 153 152 310 303 142
Aktiv komponentin miqdari,% 33,4 29,5 32,1 30,9 32
Kalsium karbonatin miqdari, % 13,7 13,4 27,6 26,9 -
Sulfat kiiliiniin miqdari, % 23,6 23,1 44,2 42,9 23,1
Mexaniki garigiglarin migdari, % 0,04 0,07 0,06 0,09 0,05
Alisma temperaturu agiq butada, °C 200 180 210 200 185
I13B qurgusunda yuyuculuq xassasi, ball” 0 0,5 0 0 0,5
250 °C dispersedici xassasi, % 70 60 80 70 60
Qurgusun iizorindo korroziya, g/m” 68 73 62 90 85
Cokiintiinii omals gotiron induksiya dovriine gors da-
vamliliq, 30 saat miiddatinda ¢6kiintiiniin miqdari, % 0.5 0.7 0.1 03 0,6
Kolloid stabilliyi, % 83 75 96 90 76

*M-11 yag1 5% asqar ilo
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Homin agqarlar 5% qatiliqda yaglarin yuyucu, dispersedici, neytrallagdirici, korroziya vo
oksidlogsmoya qarst xassolorini ohomiyyatli doracado yaxsilagdirir. Masolon, oksidlogsmoya qarst
stabilliyi xarakterizo edon ¢okiintliniin miqdar1t M-11 yaginda 5,4%-dan 0,1%-2 qadar azalir.

Yeni sulfonat asqarlari bozi keyfiyyot gostoricilorino goro sonaye niimunalori ilo
miiqayisodo daha istiindiir. Belo ki, PS-150 vo PS-300 asqarlar iigiin 250°C-do dispersedici
xassalor 70 vo 80%, kolloid stabilliyi 83 vo 95% oldugu halda, C-150 vo C-300 omtos asqarlar
ticiin bu gostaricilor miivafiq olaraq 60 va 70%, 80 va 90 % toskil edir.

Alinmig PS-150 vo PS-300 yarimsintetik sulfonatlarda golovi adadi vo kalsium karbonatin
kolloid dispersiyasinin miqdar1 artdigca onlarin funksional xassolori yaxsilagir vo suyun tosirino
qars1 davamliglart yiiksoalir. Bunu nozors alaraq, daha effektli PS-300 yuyucu-dispersedici asqarin
istiraki ilo avtotraktor dizellorinds istifado edilon M-10I"; tipli motor yag1 islonib hazirlanmisdir.
Homin yagin ilkin laboratoriya sinaqlariin naticalori codval 3-do verilmisndir. Miiqayiso ligiin
Shell firmasinin M-10I; tipli yagin xassalori gostorilmisdir.

Cadval 3
M-10TI'; tacriibi yagin fiziki - kimyavi va funksional xassalori
M-10T", motor yag1
Gostaricilor M-10T’, yag . Shell firmasinin

- tacriibi <

{iciin norma yagi
100 °C — do kinematik dzliiliik, mm?/s 11+0,5 113 10,8
Ozliiliik indeksi, az olmamali 90 90 102
Sulfat kiilii, % ¢ox olmamali 1,65 1,43 1,30
Qolovi adadi, mq KOH/q, az olmamali 6,0 8,1 9,4

0 -
Alisma temperaturu agiq butada, “C, asagi 205 208 202
olmamali
Donma temperaturu, oC, yuxar1 olmamali -15 -15 -15
[13B qurgusunda yuyuculuq xassasi, ball, cox
1,0 0 0,5

olmamali
Cokiintlinii amoals gatiron induksiya dovriine . iy .
oro davamlilig, 40 saat miiddotinds Davam gotirir | Davam gotirir Davam gatirir
C, Vo ya C; qurgusun l6vhalards korroziya, 20 Yoxdur Yoxdur
g/m°, cox olmamal

Gortindiiyt kimi, M-10I"; tacriibi yag: fiziki-kimyovi vo funksional xassaloring gors bu
tip yaglara irali siiriilon toloblora cavab verir vo xarici analoqu Shell firmasinin yagindan geri
qalmur.

Notica. Mineral yag vo sintetik alkilaromatik karbohidrogenlor qarigigi osasinda
nisbaton sads texnologiya ilo miiasir tolobloro cavab veron yiiksok tosir effektino malik
miixtalif golovili sulfonat asqarlari alinmisdir. Bu prosesds tullanti kimi alinan turs qudronun
miqdar1 shomiyyatli deracods azalir, asas mohsulun ¢iximi artir vo onun rongi yaxsilasir. Yeni
yiiksok golovili yuyucu-dispersedici asgardan nisboton az miqdarda istifado etmoklo yiiksok
keyfiyyatli M-10I"; tocriibi motor yag1 yaradilmigdir.
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HedTstabIe cynbdoHat- Hele npucaaku C-150 u C-300, a taxke 3apyOexHbIil anamor — npucaaky Hitec 6060M. C ucmonb3o-
BaHMEM BBICOKomenoyHoil mpucanku [1C-300 pa3paboTaHo ombiTHOe MOTOpHOE Macio M-10T7,, koTopoe mo mokaszaremnsiM
KayecTBa OTBEYAET COBPEMEHHBIM TPEOOBAHMSIM.

Knroueevie cnosa: nedhmsnvle macia, arkuiHadpmanu, mowuje-oucnepeupylowue npucaoku, CyibhoHammvle npu-
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DETERGENT DISPERSANT ADDITIVES FOR MOTOR OILS

I.D. GULALIYEV, S.M. VELIYEVA, I.A. SADIRZADEH

A simplified technology is developed for the production of detergent-dispersant sulfonate-type additives based on a
mixture of petroleum oil and alkyl naphthalene. The resulting medium and high-alkaline semisynthetic calcium sulfonates have
high physico-chemical and functional properties, and are superior to commercial oil sulfonate additives C-150 and C-300, as
well as a foreign counterpart — the Hightech 6060M additive. Using high-alkaline additive PS-300, an experienced motor oil
M-10G, is developed, which meets modern requirements in terms of quality.
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properties, motor oils.
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QUYULARIN iSiNi XARAKTERIZ9 EDON GOSTORICILORIN
PAYLANMASI QANUNUNA 9SASON QORARLARIN QOBULU

T.D. SOMODOV ", S.H. NOVRUZOVA™

Sistem yanagmanin osasinda, layda gedon qapali doyismolorin vo aparilmis miixtolif todbirlorin noticalorini
giymotlondirmok miimkiin olur. Eyni zamanda, bir sira texnoloji gdstoricilora osason, imumi quyu fondunu
qruplara ayrilmasi todbirlorin aparilmasi noticesindo samoarali vo samarasiz quyulara ayrilmasi imkani yaranir.
Qaz-kondensat yataqglarinin tiikonmos rejiminds iglonmasi zamani quyu mohsulunun torkibine aid olan kondensatin
itkisini azaltmaq iiclin quyularin istismarinin miixtolif dovrlorinds quyularin texnoloji is rejimin idars etmokls
quyu mohsulun itkisinin azaldilmasinin tomin olunmasi miimkiin olur.

Acar sozlor: qazkondensat, quyular, tadbirlor, gostoricilor, parametrlor, quyu mohsulu, quyu fondu,
kondensat, itkilar, texnoloji rejim, system yanasma.

Giris. Qaz vo qazkondensat quyularmin texnoloji is rejimlorinin idare olunmasi ii¢iin totbiq
olunan tisullarin miqdarimin yataqlarda yaxud horizontlarda yerlogon quyularin saymin ¢ox olmasi
sobablarindon tadbirlorin ndviiniin vo onlarin parametrlorinin har quyu ti¢lin fordi olaraq se¢ilmosi
oksor hallarda mimkiin olmur. Digor torofdon, fordi quyularda totbiq olunmus geoloji-texniki
todbirlorin naticalori somarali oldugu halda, lay yaxud horizontlar {izro yekun naticolori somorasiz
olur. Bunun sababi quyularda totbig olunan geoloji-texniki tadbirlarin parametrlorinin vo onlarin
naticalorinin somaraliyini qiymotlondirilmasi li¢lin totbiq olunan iisullarin doqiq se¢ilmomayidir
Qeyd olunan soraitlorin yaranmamasi ii¢lin qaz¢ixarmanin texnoloji proseslorin intensivlogdirilmasi
mogsadilo totbiq olunan tadbirlorin  somaraliyinin qiymatlondirilmasinds yeni tsullarin vo
yanasmalarin iglonilmasi vacib masoalolordondir [1, 2, 3, 5, 6, §].

Masalonin qoyulusu. Malumdur ki, quyularin istismarinin idars olunmasi adaptiv xiisusiyyat
dasidigindan, quyu fondu iizro aparilmasi nazords tutulan geoloji-texniki todbirlorin néviinii vo
onlarin parametrlorinin soviyyelori, avvalki todbirin noaticalorinden alinmis malumatlarin asasinda,
secilmolidir. Bu mogsadlo quyu fondu iizro aparilmis todbirlorin naticolorinin tohlili miintozom
aparilmahdir [4, 7, 9, 10].

Quyularin bir-biri ilo olagosi vo tosiri miirokkob sistemdon ibarot oldugundan, aparilmis
tadbirlorin naticolorinin samorsliyi ayri-ayri quyularla yox, islonmays meruz qalan yataq iizro
aparilmalidir. Bu ciir oxsar hallarda sistem yanasma tisulun tatbiqi quyu fondunun funksiyasinin
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imumi xassalorin toyinino va tohlilino imkan yaradir. Lakin, quyularin isinin fordi tohlili zamani
geyd olan ganuna uygunluglari toyin etmok miimkiin olmur [10].

Mbosoalonin holli. Sistem yanasma tisulun totbiqi, bdyiikk sahoyo malik olan yataqglarda
yerlogon iimumi quyu fondunun gostoricilorinin doyismosini prognozlasdirmaq vo ona nozarot
etmok imkanini yaradir. Eyni zamanda, layda gedon qapali doyismolori vo aparilmis miixtalif
tadbirlorin somaraliyini giymoatlondirmok miimkiin olur. Bu halda, bir sira texnoloji gdstoricilorin
molumatlarina asason iimumi quyu fondunu qruplara ayrilmasi imkani yaranir. Noaticado, tadbirlorin
aparilmasi {igiin samorali olan vo olmayan quyular toyin olunur.

Quyularin gruplasdirilmasinin asasan, hor qrupa aid quyularda vo qruplarin torkibine daxil
olmayan fordi quyularin texnoloji is rejimlorinin idaro olunmasi todbirlorinin segilmasi prosesi
otrafli aragdirilir vo yekun gorar gobul olunur. Qabul olunmus yanasma, molumat toplusunun ostrafli
tohlilin aparilmasindan azad olunmasina gorait yaradir.

Hasilat quyularin idars olunmasi todbirlorin planlagdirilmasi zamani osas ideologiyani fordi
quyular iizra udusa yox, "orta” hesabla timumi hasilatin artmasi nozords tutulmalidir.

Qeyd olunan naticonin alinmasi {igiin yataga sistem yanasmaya osasinda, quyu hasilatlarinin
qiymatlorino gora hiperbolik paylanma xiisusiyyatine malik olan {isulu (Pareto prinsipi) quyularin
gruplasdirilmasi tigiin totbiq olunur.

Boyiik sistemlorin bir sira ganunauygunluglarina tabe olmaqlari ilo yanasi, Pareto prinsipine
tabe olurlar. Pareto prinsipine gors boylik naticolor kigik sabablor yaradir vo aksins, bu prinsips qaz
va qazkondensat yataqlarin islonmo prosesinds rast golmok miimkiindiir. Ogor yataga hor hansi bir
tosir Usulu tatbiq olunarsa, onda layin biitiin sahasinds hiss olunmur. Layin kegiriciliyi yiliksok olan
saholordo tosiri olduguna gore, onun halinin vo strukturunun parametrlori sigrayisla doyisir. Bu ciir
tosir yatagin az sahasini ohato edir. Yatagin tosiro moruz qalmamis hissasindos yavas-yavas tozyiqin
paylanmasi bas verir vo noticods yaranmis prosesin hesabina, qaz laylarinin islonmosinin intensiv
aparilan sahosina siiziiliir.

Istismar quyu fondunun isini xarakterizo edon gdstaricilorinin tohlilino osason giiman etmok
olar ki, qaz vo qazkondensat yataglari- miirokkob sistem oldugundan, quyularin hasilatlarinin
qiymatlorino gore paylanmasi normal qanuna yox, Pareto prinsipine uygun olmalidir. Hasilatlarin
doyismo intervallarina goros quyularin sayinin paylanmasi osas etibarilo asimmetrik xiisusiyyot
dasiyir. Yoni, qaz hasilatin boytik hocmi az sayli quyu fondunun isinin hesabina tayin olunur, vo
oksing, yoni az qaz hasilati cox sayli quyu fonduna aid olunur.

Yuxarida gostorilon tisulu, quyular sayinin kondensat vo suya goro hasilatlarin paylanmasi
gqanunauygunlugunu almaq tglin totbiq etmok miimkiindiir. Qeyri-bircinsli laya malik olan
yataqlarin vo igslonmonin intensiv sulasmis morholasinda, hasilatlarina gore quyularin asimmetrik
paylamnasi ganuna oksor hallarda rast golmok olur. Qeyd olunanlar1 asas tutaraq Sonqagal-doniz-
Duvanni-doniz-Xara-Zirs adas1 qazkondensat yataginin VIII horizontunda istismar olunan quyular
iizro orta sutkaliq gaz hasilatlarinin sistemlosdirilmis moadon molumati codvolds verilmisdir.

. a
- Rl—d

burada R- quyularin hasilatlarinin azalmasinin siralar iizra toyin olunmus ranglaridir (codval).

X

Yuxarida gostorilon asilligr iki gat logarifmik koordinat sistemi ilo diizlandirmak olar:

lg P(x) = Ig(f)+<1—d>lg(xx)
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Cadval.
Sanqacal-doniz-Duvanni-daniz-Xara-Zirs adas1 qazkondensat yataginin
VIII horizontunda istismar olunan quyularin giindslik qaz hasilati

Sira Ne | Quyularm Ne-si Qq M’ Rq 19Qq IgRq
1 2 3 4 5 6
1 29 910 30 6,81 3,40
2 30 1200 27 7,09 33
3 42 2700 11 7,90 2,4
4 41 1800 19 7,50 2,94
5 53 2820 8 7,94 2,08
6 60 2990 7 8,0 1,94
7 28 1100 28 7,0 3,33
8 43 2000 16 7,60 2,77
9 27 1300 26 7,17 3,26
10 55 2370 15 7,77 2,71
11 26 960 29 6,86 3,37
12 21 1400 25 7,24 0,69
13 51 2400 14 7,78 2,64
14 50 1890 18 7,54 2,89
15 49 2640 13 7,90 2,40
16 66 3610 5 8,19 1,61
17 108 3680 4 8,21 1,39
18 110 2780 9 7,93 2,20
19 48 1900 17 7,55 2,83
20 24 1650 21 7,41 3,04
21 68 4190 3 8,34 11
22 31 1690 20 7,43 3,0
23 19 1460 24 7,28 3,8
24 18 1490 23 7,30 3,13
25 17 1500 22 7,31 3,09
26 105 2610 13 7,87 2,56
27 109 3600 6 8,19 1,79
28 102 2710 10 7,90 2,30
29 107 5310 1 8,58 0
30 106 4200 2 8,34 0,69

Alinmis tonlik miitonasibliyi ilo quyularin qaza goro hasilatlarinin qiymaotloring asason
(Sengacal-deniz-Duvanni-deniz-Xara-Zirs adas1 VIII horizont) paylanmasi toklif olunan tonliyine
uygun olunmasi tomin edilmasini aydin etmak magsadils 1gQq - IR asillig1 qurulur (sok.).

Belaliklo, Pareto prinsipinin tatbiqi ilo quyu fondunun mohsuldarliginin tshlili naticosinds
quyular li¢ qrupa ayirmagq olar:

I grupa asagidaki quyular aiddir: 53, 60, 49, 66, 108, 110, 68, 42, 109, 105, 102, 107, 106

IT grupa asagidaki quyular aiddir: 29, 30, 28, 26, 21, 19, 27, 24, 18
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IIT grupa asagidaki quyular baq
aiddir: 55, 51, 49, 43

Yuxarida gostorilmis qruplara 5 CoT— L . o
daxil olan quyularin tohlilindon aydin 8 T M\‘?
olur ki, T vo Il qrupa daxil olan 7.5 A
quyularin qaza goro hasilatlarim 7 \\
artirmaq mogqsadilo  geoloji-texniki . M
todbirlorin  aparilmas1  mogsadouy-
gundur, lakin III qrupa daxil olan ’
quyularin istismarint tonzimlolomok 5.8
daha somarslidir. 5

0 0,5 1 1.5 2 25 3 35 4

Codvoldo  gostorilmis  modon Sok. 1g0,- IR, asillign
molumatlarin ~ paylanmani  Pareto

prinsiplorine asason qiymotlondirilmaesi iki yanasma ilo aparilir:

1. Tezliklorla:
a(x )
o3[
X, \ X

Burada X- intervallarin orta qiymati; .r,- ilk minimal qiymet; d,a-sabit amsallar; P(.r)-.r

parametrindon asili olaraq elementlorin (quyularin) paylanmasi.
2. Rangisulu:

a

X= R0

Burada R - .r-in qiymatino uygun rang.

Yuxaridaki asililig1 asagidak: sokildo ifado edok:

lgx=Ilga—(@1—-d)IgR

Tonliyin kdmayi ilo modon molumatlarinin (codval 1) arasdirilmasinin noticalori sokilds
gostorilmisdir.

Quyularin saymin hasilata géro Pareto prinsipi ilo paylanmanin naoticosine asason ii¢ qrup
ayirmaq miimkiin olmusdur:

I. Qaza goro yiiksok vo suya goro az hasilatl quyular: 42, 49, 53, 60, 66, 68, 102, 105, 106,
107,108, 109 vo 110

II. Qaza va suya goro yiiksok hasilath quyular: 31, 41, 43, 48, 49, 50, 51 vo 55

II1. Qaza vo suya gors az hasilatll quyular: 18, 19, 21, 24, 26, 27, 28, 29 va 30.

Alinmis naticolorin tohlilindon aydin olur ki, I qrupa daxil olan quyularin texnoloji
rejimlorinin idars etmokls, onlarin hasilatin1 artirmaq vo tadbirin somarsliyini ylikssltmok
miimkiindiir.

IT grupa daxil olan quyularda tomir-izolo tadbir islorin yering yetirildikdon sonra hasilatin
artirtlmasi ticlin quyularin texnoloji rejiminin doyisdirilmasi miimkiindiir.

Il qrupa daxil olan quyularin horizontun imumi hasilatindak: xiisusi ¢okisi kigik oldugu
tictlin tadbirin tatbiqi magsodouygun sayilmir.

Boyiik dorinliyo malik olan neft-gaz-kondensat yataqlar1 yliksok lay tozyiqi, yiiksok lay
temperaturu vo agir karbohidrogen komponentlorlo zongin olan lay sistemi ilo sociyyslonir.
Gostarilon xiisusiyyatlora malik olan yataqlarin ehtiyati toyin olunmazdan avval hasilatin doyismasi
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vo kondensat itkisinin miqdarinin tozyiqdon asili olaraq prognozu toyin olunur. Bu vaxtdan
gazkondensat sisteminin yiiksok tozyiq vo temperaturlarda toyin olunan parametrlorinin
termodinamiki tadqiqi aktualdir vo bdyiik oshomiyyat kasb edir.

Bu mogsadlo quyu mohsulunun miixtolif torkibo malik olan qaz-kondensat sistemlorinin
eksperiment yolu ilo todgiqatinin naticalori faza konstantlari asasinda gozlonils bilon kondensat
itkisi hesabat tisulu ils toyin olunur.

Bozi hallarda yuxarida gostorilon qaydada aparilan eksperimentlordon alinmis noticalor
modon malumatlart ilo uygun olmadigindan bu naticalordon istifads edilmasi gqobul olmur vo bu
sobabdan yeni analitik iisullar arasdirilir.

Islonmonin miixtalif morhalalorinde kondensat itkisini azaltmaq mogsedilo miixtolif {isullar
islonib hazirlanmasi vacib olan masololordondir. Bu mogsadls, tiikonmoys isloyon qazkondensat
yataglarinda omoalo golon kondensat itkisini azaltmaq {iglin quyularin istismarinin miixtolif
dovrlorinds onlarin texnoloji rejiminin doyismosinin kondensat itkising tosiri tadqiq olunmusdur.

Bulla-deniz gqazkondensat yataginin VII horizontunun madon molumatlari asasinda toklif
olunan tlisulun totbiqi yoxlanilmis vo onun somaraliliyi giymatlondirilmisdir.

Qazkondensat yataglarinin tiilkonmoys islonmosindo kondensat itkisini azaltmaq ii¢lin
quyularda aparilan geoloji-texniki todbirlorin somorsliliyi qiymatlondirilir vo islonmonin miixtolif
morhalalorinds quyularin texnoloji rejiminin doyisdirilmasilo kondensat itkisine tosiri aragdirilir.

Sangacal-doniz-Zonbil-Xora-Zirs adasi yataginin VIII horizontunun islonma gostaricilorinin
(istismar quyularinin saymin doyismasi, ¢ixarilan qaz vo kondensat hasilatinin illordon asili olaraq
doyismosi, kondensatin itkisi) tohlili naticasinds aydin olur ki, kondensat itkisinin on maksimum
qiymati 1979-cu il aid edilir, sonra iso azalmaga baslayir. 1998-ci ildo kondensat itkisi yeno artib,
sonra isa 2003-cii ilo godor artib-azalma ilo miisahido olunur.

Kondensat itkisinin geyri-miioyyon doyismosinin todqiq edilmasi mogsadilo horizontda
istismar olunan quyularda miixtalif geoloji-texniki todbirlor aparilmisdir.

Aparilan geoloji-texniki todbirlorin kondensatin itkisino tosirini aragsdirmaq moqsadilo
cixarilan kondensatin miqdarinin doyismosi vo islonmonin sonunda onun iimumi itkisinin prognoz
qiymati toyin edilir.

Molumdur ki, kondensata goro hasilatin cobri cominin doyismasi miirakkob proseslora aid
oldugundan, onlara sado sistemalti evolusiya kimi baxmaq olar. Sistemalt1 proseslorin hor biri
artma vo sonra iso doyma halina golon xassoyo malikdirlor. Gostorilon xassali sistemalt1 proseslori
asagidaki kimi model soklindo ifado etmok olar [7, 9, 11].

y(H)=Ai+Be )
Burada: y(t) - sistemin i-soviyyasina aid olan halinda funksiyanin qiymotidir. Aj, Bj, o, t vo to - |
soviyyasindo modelin parametrloridir.

Baxilan miirokkob proses ardicil olaraq sistemalti doyismoni xarakterizo edir. Sistemin bir
soviyyadon digor soviyyoaya kegmasi proseso tosir edon amilin doyismasi ilo slagoadar olur. Modelin
identifikasiyas1 asagidaki ardicilligla aparilir. k-sayli ilk molumat toplusu vasitoesilo modelin
omsallar1 toyin olunur ve orta kvadratik meyar miioyyon edilir. Sonra iso on minimum orta
kvadratik meyara géro modelin parametrlori segilir.

ZQEZQU) ; D Q=D Qi)
Qxk, Qli - uygun olaraq ¢ixarilan va iton kondensatin miqdarlaridir.

Bu asililiglarin tohlili gostarir ki, parametrlori eksponensial asililigla ifade etmok olar.
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Quyularin isini xarakterizo edan gostaricilorin paylanmasi ganununa asasan qararlarin gabulu

Yuxarida gostarilon tisul ilo avvalcadon tortib edilmis program osasinda ZQx=XQx(t) asililig1
aragdirtlmisdir. Naticonin tohlili gostordi ki, 1979-2003-cii il miiddstinde ZQ,=XQx(t) ayrisinda
islonmonin 5 moarhalosindo miioyyon doyismolor omolo golmosinin toyin olunmast miimkiin
olmusdur (1.1979-1986 il, 2.1986-1990 il, 3.1990-1998 il, 4.1998-2005 il, 5.2005 -2008 il).

Gostarilon moarhalalore daxil olan kondensat itkising aid olan madon mslumatlarinin ayri-
ayriligda arasdirilmasi aparilmis vo islonmonin hor morholosine uygun olaraq asagidaki modellor
toklif olunur:

2Q=373,8-10° -361-10% 0%
¥Qi=225,0-10% 235,2-10%°12"
2Qi=219,0-10% 234,3-10% 1"
2Qi=256,0-10°- 153-10%0%
2Qi=269-10°%-180,3-10% %

Toklif olunmus modellar, totbiq olunmus todbirlorin naticalorine asason hom cari, hom do
islonmonin sonunda kondensat itkisini toyin etmoyo imkan verir. Islonmonin ayri-ayr1 morhalolori
tictin alinmis modellori aragdiraq:

I morholoni xarakterizo edon modelin parametrlorindon aydin olur ki, agor 1979-cu ildo
horizontda istismar olunan quyularda geoloji-texniki todbir quyunun yeni texnoloji rejimi segilib
tatbiq edilmasaydi, onda islonmenin sonunda gdzlonilo bilon kondensat itkisinin migdar 37,38-10°
t olardi. 2008-ci il iso gdzlonilo bilon kondensat itkisi 269-10° t ola bilordi, lakin hagigoetdo bu
222.,6-10° t toskil etmisdir.

Belaliklo, toklif olunan tisul hom islonilon cari vo eyni zamanda islonmonin sonunda
gozlonilo bilon kondensat itkilorinin toyin edilmosino imkan verir. Bununla yanasi quyularin
texnoloji rejimlorini idare etmaklo kondensat itkisinin miqdarini azaltmaq miimkiin olur.

Notica. Islonmonin basa catdirilmast morholosindo intensiv sulasmis quyularm hasilat
qiymatlorino osason asimmetrik paylanma tisulunun totbiqi noticasinds onlarin qruplasdirilmasi
miimkiin olur.

Qruplara daxil olan quyular ii¢lin totbiq olunan todbirlor eyni texnologiya ilo aparilmasi
mogsadouygun sayilir.

Quyularin istismarinin miixtalif dovrlorinde texnoloji is rejimini doyisdirmoklo kondensat
itkisinin hacmini azaltmaq miimkiin olur.

Tiikonma rejimdo istismar olunan qaz-kondensat islonmosinin cari morhalslori iizro vo
homginin islonmanin sonunda gbzlonils bilon kondensat itkilorin tayini tiglin riyazi modellor toklif
olunur.
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HPUAHSITUE PEIIIEHASI HA OCHOBE 3AKOHA PACIIPEJEJEHMS [IOKA3ATEJEM,
XAPAKTEPU3YIOIIIUX PABOTY CKBAXKHUH

T.A. CAMEJIOB, C.I'. HOBPY30BA

Ha ocHoBe cucTeMHOro MOAXOMa OIEHHBAIOTCS PE3YNBTATH CKPBHITHIX M3MEHEHHH B IacTe. Ha ocHOBE HEKOTOPBIX
TEXHOJIOTHIECKHUX ITOKa3aTeNnell CKBaXWHHBINA (OHJ MOXKHO Pa3[einTh Ha MPOAYKTUBHYIO M HEMPOAYKTHUBHYIO rpynmbl. Ha
Pa3IUYHBIX 3Tarax pa3pabOTKH METOJOM PEryIHPOBAHUS TEXHOJIOTHYECKOTO PEeXXKMUMA CKBAKMH MOXKHO TOOHTHCS COKpAICHHS
MOTeph KOH/ACHCATa CKBAKHHHOM MPOIYKINH P pa3padOTKe Tra30KOHACHCATHBIX MECTOPOXKICHUH HA NCTOIICHHE.

Knrwuesvie cnosa: ra3-KoHACHCAT, CKBAXKHHA, MEPOIIPUATHSI, MMOKA3aTEeNIH, CKBAKHHHAS MPOIYKIUA, (OHI CKBaXKUH,
KOHJICHCAT, MOTEPH, TEXHOJIOTUUECKUN PEXKUM, CUCTEMHBIN TOXO/I.

DECISION MAKING BASED ON THE DISTRIBUTION OF THE INDICES
CHARACTERIZING WORK OF WELL

T.A. SAMEDOV, S.G. NOVRUZOVA

Based on the system approach it is possible to evaluate changes taking place in the layer and results of the carried out
various measures. At the same time due to a number of technological indices possibility to separate effective and uneffective
wells as a result of carrying out measures on the separation of general well fund to the groups is created.

During the work of gas-condensate fields in the exhausted rejime it is possible to reduce condensate loss of the well
product by controlling technological work rejime of the wells in various periods of well exploitation.

Keywords: gascondensate, wells, measures, indices, parameters, well product, well fund, losses, technological mode,
system approach.
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NEFTQAZ YATAQLARININ ISTISMARI PROSSESINDO
LAY FLUIDLORININ TERMODINAMIKI (PVT)
XASSOLORININ TODQIQI

C.N. TAHIROV', A.Q. KORIMOVA”"

Mogalodo neft qaz yataglarinin islonilmosindo vacib amillordon biri olan lay fluidlorinin (neft vo qaz)
termodinamik (PVT) xassalorinin tadqiqi aparilib. Tadqiqatlar Durovdaq, Xilli, Neftcala yataglarinin ayri-ayri
quyular1 iizro hoyata kegirilib. Alinan naticalor cadval vo qrafiklor formatinda toqdim edilib vo karbohidrogen
xammalin ehtiyatlarinin  hesablanmasinda vo  daqiqlesdirilmesinde  yataqlarin  islonms  proseslorinin
tonzimlonmoasindo, laylarin neftverminin artiran {isullarinin totbiginin effektivliyinin qiymstlondirilmesinda,
hasilat quyularinin optimal is rejimlorinin qoyulmasinda totbiq edilir. Onlar daqiq, motabar, istifadoys tam
yararlidirlar.

Acgar sozlor: termodinamik xassalor, qazin komponent torkibi, amtaa qaz, qazin nisbi sixligi, lay neftinin
ozliiliiyi,-neftin hacm artimi amsali.

Giris. Neftqaz yataqlarinin istismar1 zamani “lay-fliiid-quyu” sisteminin on dinamiki
doyison lay fliiidlorin termodinamiki (PVT) xassoloridir. Bu da 06z ndvbotindo istismar
obyektlorinin islonmasi zamani lay tozyiqlorinin va temperaturlarinin doyismasi (asason enmasi) ilo
olagodardir.

Masslonin qoyulusu. Mohz buna goro do neftin, qazin islonilmo miiddstindo
termodinamiki (PVT) xassalorinin toyini, tadqiqi vo doyismo ganunauygunlarinin daimi izlonmasi
¢ox mithiim amildir.

Qeyd etmak lazimdir ki, quyulardan gotiiriilmiis tobii (somt) qaz niimunalorinin
parametrlorinin xassalorini bir godar forqli qaydada toyin edilor. Bu da asagidaki cadvallords 6z
oksini tapmugdir.

Masalonin tadqiqi. Xilli yataginin 438, 2014 sayli quyularindan somt gazin komponent
torkibi, sixligi, nisbi sixligr (havanin sixligina nisboton), ozliliiyl, kritik parametrlori, sixilma
omsali, molekulyar kiitlasi verilmisdir (codval 1-2), [1,3].

" “Neftin, qazin geotexnoloji problemlori vo kimya” Elmi Todgigat institutu
E-mail: arifa_efendi@rambler.ru
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Cadval 1

Xilh yataginin 438 sayh quyusundan alinmis samt qazin komponent tarkibi va xassalari.

Niimunonin alinma saraiti Py,= 1,7 MPa, t = I5 °c

Komponentlar

Qazin tarkibi,
hacm %-1o (mol.)

Qazn torkibi,
¢oki %, (kiitlo)

Komponentlorin molekulyar
kiitlasi, (¢oki)

Metan C, 98,75 97,84 15,8415
Azot N 1,25 2,16 0,3502
z 100,0 100,0 16,1917

Qazin orta molekulyar kiitlosi =16,1917 g/mol
Tie. = 189,7 K; Py = 46,8 ka/sm?* z = 0,95

Qazin sixligi pq — 0,6739 kg/m?

Havanin sixlig1 pn — 1,2046 kg/m?®

Qazin nisbi sixligt = pg/pn, = 0,5594

Qazin atmosfer soraitinds 6zliiliiyii — 0,0106 mPa-s [6].

Cadval 2

Xilh yatagimin 2014 sayh quyusundan alinmis somt qazin komponent tarkibi vo xassalari
Niimunanin alinma soraiti Pq, =5,8 MPa, t=18 °C

Komponentlor

Qazn torkibi,
hacm %-ls, (mol.)

Qazn torkibi,
¢oki %, (kiitlo)

Komponentlarin
Molekulyar kiitlasi, (¢oki)

Metan C,; 96,91 94,71 15,5463
Etan C; 0,02 0,04 0,0060
Propan Cs 0,01 0,03 0,0044
Azot N 3,06 5,22 0,8573
) 100,0 100,0 16,4140

Qazin orta molekulyar kiitlasi =16,414 g/mol
Ti. = 188,6 K; Py = 46,6 kg/sm? z = 0,98

Qazin sixligi py — 0,6838 kg/m?

Havanin sixhig1 p, — 1,2046 kg/m?

Qazin nisbi sixlig1 = pg/pn. = 0,5677

Qazin atmosfer soraitinds ozliiliiyii — 0,0108 mPa-s

Lay neftlorinin termodinamik (PVT) xassalorinin tadqiqi li¢ 9sas marhalodon ibaratdir.

1. Lay neflorinin niimunalarinin alinmasi

2. Laboratoriya soraitinde PVT parametrlorin toyini (miivafiq qurgularda)

3. Aparilmig eksperimentlordo alinan noticalorin hesablanmasi, ayri-ayr1 formatlarda

toqdim edilmosi, bu vo ya digor sokildo saxlanmasi vo miixtolif amillordon asililiglarin izlonmaosi.

Istismar obyektlorinin geofiziki voziyyotindan asili olaraq (tozyiglorin enma saviyyasi, hasil

olunan produksiyada qazin va lay sularmin tutumu, istismar iisullarinin ¢esidi) lay neftinin alinan
niimunalori do forglonir. Bels ki, dorinlik, quyuagz1 tozyiq altinda vo quyuagzi neft niimunalori

segilir.
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Neftqaz yataqlar:nin istismar: prossesindas lay fliiidlorinin termodinamiki (PVT) xassalorinin tadqiqi

., mPa-s

Sok. 1. Lay neftinin termodinamik xassalarinin tazyiqdon asililig:
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Sak. 2. Doyma tazyiginin eksperimental tayini
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SoK. 3. Qazsiz neftin ozliliiyiiniin temperaturdan asilihg

Baxilan yataqglarin lay enerjisinin tiikkonmasini, mexaniki istismar tisulunun genis tadbiqini,

hasil olan mayelords lay suyunun 90%-mn1 togkil etdiyini nazars alaraq dorinlik vo quyuagz tozyiq
altinda niimunslorin alinmasi geyri miimkiindiir vo bu quyulardan ancaq qazsiz neftin niimunalori

almir. Sonra igo ayrica alinan qaz ilo laboratoriya qurgusunda lay soraitino uygun olaraq
qarigdirilib, hazirlanir (rekombinasiya iisulu), [4].

Qarisiq ticiin istifado olunan qazin hacmi asagidaki kimi toyin olunur:
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Z-kK-Po-P4aVaT:
Pq:To
Burada: Py, To - atmosfer tozyiqi vo temperaturu; Py - doyma tozyiqi, hidrostatik tozyiqe barabor
geabul olunur, MPa; Pq - gaz niimunasinin tozyiqi, MPa; T, - lay temperaturu, K; V, - neftin bom-
baya kegirilon hacmi, svvaldan verilir, sm®; k - hall olma amsali; z — qazin sixilma smsal.
Mohdudiyyat sorti:

Vg=

Vot VeV

Burada: V, - PVT bombasinin hacmi (150 sm? barabordir); V, — bombadak: neftin hacmi, sm?; Vq
- bombadaki gazin hacmi, sm.?

Lay neftlorinin termodinamik xassalori, alinmig nimunalar asasinda, PVT laboratoriya
qurgusunda tayin edilmisdir, [5].

Bu qurgu yiiksak tazyiglora (100 MPa gadar) va temperaturlara (200°C gadar) uygun olaraq
lay soraitini modellosdirilir.

Qurgunun asas hissasi PVT bombasi adlanan yiiksak tozyigs tab gotiron termostatik, xiisusi
konstruksiyali, metal, silindrik gabdir. Bu gabin iginds tozyiq yaradan porsen, faza tarazhigin
yaratmaq ti¢iin garisdiric, gizdirict kdynak va gabin xaricinds hacm 6lgan alot mévecuddur. Bundan
basga qurgunun PVT bombasinda tozyiq yaradan NJR tipli nasoslari, manometrlor, gizdirici termo-
stat, tapsirilan, sabit temperaturu saxlayan kontakt termometri, tocrubo zamani ayrilan gazlarin
hacmini 6lgmok tigiin gazometrlar vardir. Tacriibonin asas marhalasi neftin gazla doyma tozyiginin
tapilmasidir. Naticads (hesablanmalardan sonra) lazimi parametrlor toyin olunur.

Alinan naticalarin dagigliyini vo moétebarliyini artirmaq ti¢iin PVT-2002 adli kompyiiter
programi yaradilmisdir. Bu program “Excel-97” programin komoakliyi ilo “Windows-98” amoliyyat
sisteminds islonib.©nonovi hesablama iisulu ilo miigaisads toqdim edilon program asagidaki
ustinliklora malikdir:

- istifado olunmasinin sadaliyi vo rahatligi

- molumatlarin yiiksok siiratlo alinmasi

- hesablamalarin dogigliyi

flkin morhalads biitiin alinan eksperimental naticalor ananavi va programlasma iisullari ilo
hesablamalar1 paralel gedirdi, onlarin doqiq miiqaisasi aparilirdi. Notico etibari ilo oldo edilon
gostaricilorin tam oxsarligt miisaido olunmusdur. Bu miigayisalor islonmis proqramin todbigini tam
miimkiinlityiini tosdiglomislor.

Lay neftlorinin asagidak: xassolori tayin edilir.

1. llkin lay tozyiglari (P1), dlciilmalor olmayan hallarda bu tozyiglor hidrostatik tazyiglora
barabor alinirlar. Olgiisii — MPa-dur.

2. Lay temperaturlar1 (T,). Olgiisii — Selsi ilo daraca (°S).

3. Doyma tozyigi (Pd). Bu belo bir maksimal tazyiqdir ki, lay neftinin izotermik (T =
const) genislonmo prosesinda ilk gaz tozahiirii miisahido olunur. Olgii vahidi — MPa-dur.

Doyma tozyiqi lay neftinin torkibindon vo temperaturundan asihidir. Belo ki, temperatur
artdiqca doyma tozyiqi do artir. Doyma tozyiginin kamiyyati lay temperaturuna uygun olaraq ek-
sperimental soraitds toyin olunur (adston dorinlik niimunolori {izra) Abseron yataqglarinin neftlori
tigiin Py oksor hallarda ilkin lay tozyiqina barabor olur.

4. Qaz tutumu (f) — islomo prosesinds lay tozyiginin doyma tozyigindon asagi enmasi
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naticasinds lay neftinin torkibindon qazin ¢ixmasi miisahids olunur. Cixan gazin hacmi (soraitin lay
vaziyyatindon atmosfer voziyyatino godor doyismasi halda) ¢ixarilmig neftin hacm va ya ¢oakisina
bolinmiis vahidi, qaz tutumunu toskil edir. Temperatur artdigca vo separasiya tozyiglori endik¢o bir
0 gadar neftin torkibinden ¢ox qaz azad olunur. Olgii vahidi - m*m?® ve ya m®t.

Qaz tutumunun laboratoriya soraitindo birdofolik separasiya prosesi notice-sinds toyin
olunur (tazyiq ilkin saviyyadon atmosfer saviyyasinae enmak sarti ilo).

5. Lay Vo gazsiz neftin sixliqi (p) - Ol¢ii vahidi kq/m®. Lay neftinin sixliqr neftin
torkibindan, tozyiqdon vo temperaturdan asilidir va qazsiz neftin sixliqindan agagidir. Temperatur
artdigca vo tozyiq endikcs (ilkin lay tozyigindon doyma tozyiqins gadar) bir 0 gadar sixliq azalir.

6. Lay vo qazsiz neftin ozliliyii (n) - Ol¢li vahidi mPa's (spz) neftin torkibindan,
temperaturdan vs tozyiqdon asilidir. Adoatan, lay neftinin 6zliiliiyli qazsiz neftin 6zliiliiyiindon agagi
olur. Temperatur artdiqca, tozyiq asag1 diisdiik¢a (ilkin lay tazyigindon doyma tazyigina godor) bir
0 godor Ozliilitylin komiyyati asag1 olur. Temperatur artdiqca, tozyiq asagi diisdiikkga bir 0 gador
ozlililytin kamiyyati asagi olur. Lay neftinin todgiginds dinamik vo ya absolyut ozliiliik toyin
olunur, bunun da 6lgii vahidi sst-dur. Oksar hallarda, neftlorin 6zliilityli 1 puazdan asagi olduguna
gora yliz dofo az olan vahiddon istifads olunur — santipuaz (spz). Son zamanlar 6l¢ii sistemlarinin
doyismasi ila alagodar olarag millipaskal-saniys (mPa-s) 6l¢ii vahidindan istifado olunur. Bunun da
komiyyati spz kamiyyatina baraboardir.

7. Hocm artimi omsali (b) — neft daxilinds hall olunmus qazin mévcudlugu ona gatirib
cixarir ki, lay soraitinds neftin hacmi separasiya olunmus neftin hocmindan ¢oxdur. Adaton, hacm
artim1 amsal1 vahiddon yiiksokdir.

O, lay neftinin hocminin artmasi daracasini saciyyalondiran bir komiyyatdir vo dlglisiizdiir.

Vi
V.,

Burada b — hacm artimi amsalidir; Vy, — lay nefti; Vs, — separasiya nefti.

Neftin normal kubametrinin (atmosfer

tozyiqgds, 20 °C) layda tutdugu hoecm, OSAS ISTISMAR GOSTORICILOR
komiyyotco  hocm  artimi  omsalina Quyu sayr - 2004
yy . Yataq - Xillh
borabardir. Niimunonin alinma tarixi - 26.10.05
. Niimunonin névii - dorinlik
_H‘Qcm artim omsal .(b) lay n.e‘ftlmn Horizont (istismar obyekti) | - IMQ
torkibindon vo separasiya soraitindon Siizgac - 1405-1396 m
asilidir. Qaz tutumu vo temperatur art- Lay tozyiqi (ilkin) - 20,0 MPa
diqca, separasiya tozyiqi asagl olduqca, o Lay temperaturu -32°C
4 P Y yial asas a Modon gaz faktoru -70 m°/m®
godor hocm artimi omsali artir. fstismar tisulu ~fontan
8. Holl olunma amsali (k) - qazin
neftds holl olma doracasini soaciyyolondirir.
Olcii vahidi: m*/m*_ di
MPa
K={/Pq

Burada K - hall olunma omsahdir; f - gaz tutumudur, m*m?; P4 - doyma tozyiqidir, MPa.
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Qeyd olundugu kimi, tadgigat-

o o g Cadval 3
lar lay neftlorinin dorinlik, quyuagzi Osas termodinamiki gostaricilar
(tazyiq altmda)ﬂva rekon‘lb‘ma .us‘ulu 11? fikin lay tozyig 200 MPa
hazirlanmis niimunalorinin istifadasi i _
. Cari lay tozyiqi - MPa
ilo aparilmigdir. Tt : & =
. - ay temperatur °
Bels ki, Xill1 yatagindan 2004 y temperaturd : _
sayli fontan quyusundan dorinlik Kontak.t fleqazas1yan1n gostaricilari
niimunalori alinmisdir. Bu niimunolor Doyma tazyiqi 14,7 MPa
PQ-1000 dorinlik niimunogdtiiron vasi-  |[Neftin sixilma omsali 8,26 x10"* MPa’
tosi ilo gotiriilmiisdir. Qeyd etmok Differensial deqazasiyanin gostaricilari
lazimdir ki, bu niimunagétiiranlor 100 [Qaz tutumu L
MPa tozyige, 200°C temperaturuna |- 147 MPa, t=52°C 47,33 m*/m
davamlidir. Hacm artimi amsali
Codvollorde quyuya moxsus |[P=14.7 MPa, t=52°C 1,18
texnoloii mal t i lorin Lay neftinin sixlig1
qisatexnoloji Molumat, nUMUNSIS P=14.7 MPa, t = 52°C 833.4 ka/m?®
alinma sortlorini, lay neftlorinin ter- |Lay neftinin ézliiliyii
modinamiki (PVT) gostericilori, kon- P=14,7 MPa, t=52°C 35,9 mPa-s

takt vo differensial qazsizlasmanin

naticalori, lay neftinin sixligi, 6zliililyii, somt qazin 6zliliiyli 6z oksini tapmigdir. Qrafiklords doy-
ma tozyiqinin toyini, qazsiz neftin 6zliliiyiiniin temperaturdan, lay neftinin gaz tutumunun, hacm
artimi omsalini, sixliq va Ozliiliiylin tozyiqdon asililiglar ayrilori gatirilmisdir (cadvallor 1-7 va
sokillor 1-3).

Cadval 4
Kontakt deqazasiya asasinda lay neftinin hacm gostaricilari (t = 52 °C)
Tozyiq, Nisbi hocm Qazsiz neftin sixilma Y-funksiya (neft-qaz sistemin
MPa (Vnis), Vilvd omsal1,(B)x10* MPa™ sixilma omsalr)
20 0,9986 8,17 0
19 0,9989 8,18 0
18 0,9992 8,19 0
17 0,9994 8,20 0
16 0,9997 8,21 0
15 0,9999 8,24 0
14,7 1 8,26 0
13 1,0491 2,4696
12 1,0575 3,6065
11 1,0659 4,671
10 1,0743 5,7402
9 1,0827 6,8786
8 1,0911 8,1536
7 1,0995 9,6492
6 1,1079 11,4858
5 1,1163 13,8546
4 1,1247 17,0928
3 1,1331 21,8666
2 1,1415 29,7194
1 1,1499 45,2447
0 0 0
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Cadval 5 Cadval 6
Differensial deqazasiya asasinda lay neftinin Lay sisteminin ozliiliiyii (t=52° C)
haem gostaricilari (t = 52°C - Lay neftinin | Qazin
. ( ) Tozyig, | o 1itiiyii (o), | oztilityi Hr/q.
MPa nisbati
mPa-s (ng), mPa-s
Qaz Hocm Qazin neftdo Lay
Toztiq, | tutumu artum hall olma neftinin 20 36,05 B
wPe | 0 | S g |15 | as00 -
17 35,97 -
20 1,175 837,05 16 35.04 _
18 1,177 835,67 15 35 01
17 1,178 834,98 ' _
T 1175 5349 14,7 359 | 0011201 | 320507
15 118 833,61 13 41,59 0,011158 | 3727,37
14,7 47,33 1,18 3,22 833,4 12 46,37 0,011132 4165,47
13 44,4 1,166 3,02 836,92 11 52,2 0,011106 4700,16
12 42,15 1,157 2,87 840,45 10 59,09 0,01108 5333,03
11 ] 395 | 1149 2,69 845,08 9 67,04 | 0011055 | 6064,22
10 36,45 1,139 2,48 850,79
8 76,04 0,011029 6894,55
9 33 1,13 2,24 857,6
8 29.16 112 198 865,49 7 86,95 0,011003 7902,39
= 2598 | 1109 177 87151 6 100,73 | 0,010978 | 9175,62
6 22,67 1,098 1,54 878,36 5 117,39 0,010952 | 10718,59
5 19,23 1,086 1,31 886,04 4 136,92 0,010926 | 12531,58
4 15,65 1,073 1,06 894,55 3 159,33 0,0109 14617,43
3 | 1194 106 081 903,88 2 184,62 | 0,010875 | 16976,55
2 809 1047 055 914,05 1 212,78 0,010849 | 19612,87
1 4,11 1,033 0,28 925,04
5 o Lois 5 365 0 24382 | 0010823 | 22527,95
v V;  neft — qaz qarisiginin hacmi, P; to2yiqdo
"MV, neft — qaz qarisigiin hacmi, Py ozyiqao
Pd - Pi
Y — funksiya= (V N ) (neft-qaz sisteminin sixilma amsali)
abs d
Paps = P + Py = P; + 0,102 MPa
1 AV v _
B=—=--—; B= 1 Miu Vi (qazsis neftin sixilma amsal1)
V AP’ V P -P

Qaz tutumu (f) — P va T neftin hacm vahidinds hall olmus qazin miqdari

. P vo T-doa neftin hocmi
Neftin hocm artimi omsali (b) =

gazsiz neftin hocmi

Hollolma emsali (k)= % [M*/m*/MPa] — gazin neftds hall olunma daracisini saciyyalondirir.
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Neftqaz yataqlar:nin istismar: prossesindas lay fliiidlorinin termodinamiki (PVT) xassalorinin tadqiqi

Notica. Beloliklo, lay fliiidlorini saciyyendiron parametrlor, birinci ndvbads, yeni quyular
(obyektlor), yataglar (bloklar) lizroe oldo edilmoalidir. Alinan naticalor ilk olaraq karbohidrogen
xammalinin hesablamalarinda istifado edilir. Bunlarla berabor istismarda olan saholorinin iglonilma
prosesinin somorali aparilmasinda, nozorotindo, vaxti-vaxtinda labiid gorarlarin gobul edilmosindo,
laylarin neftverminin artiran isullarmin tadbiqinin effektivlivliyinin giymetlondirilmesinds alinan
naticalar vacibdir.

Bozi hallarda iso bu nazarati toklif olunan todqiqatlarsiz aparmaq miimkiin deyil. Parametrlorin
Oyronilmaosi silsilo, daimi xarakterli olarsa, alinan naticalor do daha dolgun va doyarli olur, yataglarin
somorali istismarina zomin yaradir.
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HCCJIENOBAHUE TEPMOJIAHAMMYECKHAX (PVT) CBOMCTB ILJIACTOBBIX ®JIFONI0B
B ITPOLIECCE DKCILJTYATAIIMA HE®TET'A30BbIX MECTOPOKIEHU

J.H. TAUPOB, A.I'. KEPUMOBA

B cratbe npuBeseHbI pe3ynbTaThl UccaenoBanuii TepmoanHamuueckux (PVT) nccnenoBanuii miuactoBbix (umonioB (HedTh u ras),
HMEIOIUX OONBIIIOe 3HAUYeHHE B TIpoliecce pa3paboTKH HedTera3oKOHIEHCATHBIX MecToposkeHni. MccienoBanns TpoBOAMINCE TI0 MECTO-
poxxaenusim Jlyposaar, Xsunisl, Hedreuana. [TomxydeHnsie pe3yabTaTel MpeaCcTaBieHbl B BUAC TpaduKoB 3aBucHMOcTel 1 Tabiui. OHE HaxO-
ISIT cBOE IPHMEHEHHE B IIpoliecce MoAcyeTa U YyTOYHEHHs 3allacoB YITIEBOIOPOAHOIO CHIPbS, MIPU PETyIHPOBAHUHU IIPOLECCOB Pa3pabOTKU
MECTOPOXKACHHUH, YCTAHOBICHHN ONTHMAIBHBIX PEKHMOB JKCILUTyaTalllH JOOBIBAIOIINX CKBaXXHH U OLECHKE ()(EKTHBHOCTH METOJOB IOBBI-
IIeHHs! He()TEOTJauH [IACTOB.

Knrouegvie cnosa: mepmoounamuyeckue ceoicmed, KOMNOHEHMHbLI COCMAB 2a3d, MOBAPHbIIL 2a3, OMHOCUMENbHAS NIOMHOCMb 2d3d,
BA3KOCMYb NAACMOBOU Hedpmu, Kodghduyuenm ygenuuenus 06vema negpmu.

STUDY OF THERMODYNAMIC (PRESSURE-VOLUME-TEMPERATURE) PROPERTIES OF RESERVOIR
FLUIDS IN THE EXPLOITATION PROCESS OF OIL-GAS FIELDS

C.N. TAIROV, A.Q. KERIMOVA

The results of thermodynamic (PVT) processes of researches of reservoir fluids (oil and gas) having important significance in the
process of oil-gas condensate fields development have been given in the article. Researches were carried out in the fields Durovdag, Khilli,
Neftchala. The obtained results are presented in the form of dependences graphs and tables. They find their application in the process of calcu-
lation and defining reserves of hydrocarbons in controlling the processes of the development of the fields, determination of optimal exploita-
tion regimes of producing wells, assessment of the efficiency of the methods on reservoir.

Keywords: thermodynamic properties, component composition of gas, market gas, relative gas density, viscosity of reservoir oil,
coefficient of oil volume increase.
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BORK MAQNIT MATERIALLI iCLIKLi SOLENOIDIN
ELEKTROMAQNIT DARTI QUVVOSININ TOYINi

A.T. ALLAHVERDIYEVA™

Magqalods bark maqnit materialli iglikli solenoidin elektromagnit darti qiivvasinin
toyinindon bohs edilir. Maqnit levitasiyasi prinsipinden istifado edon cihazlarin islonmasi vo layihos
edilmasi zamani maqnit igliyin vo solenoidin yaratdiglart maqnit saholorin qarsiliql tesir
qiivvelormin toyini, todqiq edilmosi bodylik maraq dogurur. Aparilmis todqiqatlara osason
miioyyonlosdirilmisdir ki, maqnit i¢liklo solenoidin qarsiligli tosir qiivvesinin toyini ii¢iin toklif
edilmis metodikasi kifayat qodor doqiqgliklo MLS parametrlorini hesablamaga imkan verir ki, maqnit
levitasiyas1 prinsipinds cihazlarin planlagdirilmasiyla bagl todqiqat vo eksperimental dizayn iglorin
icra edilmesi vaxti lazimdir.

Acgar sozlor: magnit levitasiyasi, bark magnit materialll i¢likli solenoid, magnit sahasi,
elektromagnit darti qiivvasi.

Giris. Magqnit levitasiyas1 prinsipindon istifads edon cihazlarin iglonmasi vo layiho edilmasi
zaman1 maqnit icliyin vo solenoidin yaratdiqlar1 maqnit saholorin qarsiligl tesir qiivvelorinin
tayini, tadqiq edilmasi boylik maraq dogurur.

Coxqatli solenoiddon ibarst olan vo silindrik maqnit igliyin azad levitasiya etmosi
vaziyyatindo olan cihazin qlivvo hissosinin darti xarakteristikalarinin aragdirma mogsodi ondan
ibarotdir ki, sistemin parametrlorinin elo nisbatlorini tapmaq lazimdir ki, MLS on kigik enerji
xarclari vaxti iginin an boyiik sabitliyini tomin edilsin. Bu magsadls solenoidin (hiindiirliiyii, xarici
vo daxili radiuslari, dolagin moftilinin diametri) hondoesi parametrlorinin tosirini miioyyan etmok
tolob olunur, vo levitasiya edon maqnit igliyin (uzunlugu, diametr, ¢okisi vo i¢liyin maqnit
xuisusiyyatlori) vo asilmis Z - saquli koordinati ilo F, qarsiliqh tosir qiivvesi arasindaki asililigin
todqiq edilmosi mosololorine baxilmalidir [4]. Bu cihazin elektromaqnit sisteminin darti
xarakteristikalarinin solenoidin, magnit i¢liyin konstruktiv, elektrik vo maqnit parametrlorindon vo
icliyin asilma ndqtasinden asililigr miisyyan etmays imkan yaradir [2].

Hesablama osasina qoyulmus tipik sxem sokilds toqdim edilmisdir (sok. 1).

Magqnit asqisinin qiivve xarakteristikalar1 onunla koaksial silindrik sabit maqnitin
voziyyetindon solenoidin dartma qiivvesinin asililigini ifade edir. Bu halda solenoid haqqinda
icliyin vaziyyastini xarakterizo edon Z koordinatini adston koordinatlarin baslangict kimi maqnit
icliyin [1] yuxart qiraginin solenoidin oxunun morkozino godor olan mosafo miioyyon edirlor.

* Azorbaycan Dévlot Doniz Akademiyas
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Bark magnit materiall: i¢likli solenoidin elektromaqnit dart: gzivvasinin tayini

6 Aparilmig todqiqatlara uygun olaraq magqnit
# icliklo solenoidin qarsiligh tosirinin elementar qiivve
o dF, borabordir:

2 dF, = —dp, - 982, 1)
dz

Burada B; - solenoidin oxu iizro yaranan maqnit induk-
. Siyasi, Tl; dPp,- magnitin elementar magnit momenti,
A-M.

dP. —S.di_ —=S-j,-dZ 2)
burada S - magqnitin sathi molekulyar coroyaninin |,
b sahosinin konturu (magnit icliyin en kosik sahesi), mM?;
dly - maqnitin silindrik sothindoki dZ kosiyindoki

hiindiirliiyin  elementar molekulyar corayan, A; |-
magqnitin sothi molekulyar corayani, A/m.
(2) va (1) nozoars alsaq:

$

Z

v

Sak. 1. Solenoidin qiivva xarakteristikalarin
tayin edon tipik hesablama sxemi dF, =—-S-j, -dB, (3)

(3) ifadasini maqnit i¢liyin biitiin b uzunlugu
boyu dairavi konturun molekulyar coroyani I, intiqrallasaq, alariq:
Z+b

Fz
[dr, =-s-j, [dB, "
0 z

buradan F, =S-j, - (B, —B5.,,)-

Molum formula B, = 4, - H, , istifads etsok alarq:

F2=S-jz-no-(Hz—Hz,)- (4)
burada H,u H,,, - solenoidin yuxari vo asag1 hissesindo yerloson sabit maqnitin igliyin tutdugu
voziyyotdoki saho gorginliyidir, A/m; po = 4n-107 Hs/mM — havanin magnit niifuzlugudur.

Giman edorak ki, onun oxuna yaxin solenoidin H, saho gorginliyi radialliginin eyni
olmamast onun oxunun yaxinliginda ohomiyyatsizdir, ¢oxqatli solenoidin [3] maqnit sahosinin
gorginliyinin diisturundan istifads etsok alariq:

2 2
H, :%-w0 WY .{(z b, ) N RAVRI @b

r+\/r2+(Z +b, )?

_(Z_bz).lnR+,/R2+(Z—bz)2} )
r+r2+(z-b,
Burada H; - solenoidin oxu tizerinds Z noqtesindoki maqnit sahasinin gorginliyidir, A/m; =
- magqnit i¢liyin yuxari ucundan solenoidin morkozino godor olan masafadir, m; b, - sarginin
konarindan solenoidin merkazins qader olan masafo, m.
b, =0.5h (6)
h — solenoid dolaginin hiindiirliiyii, m; Is - solenoidin corayani, A; Wo- solenoidin bir qatindaki sar-

gilar saymin vahid uzunlugdaki miqdari, Mm™; Wy’ - solenoidin vahid galinliqdaki sargilar say1, m™.

Wy =W, = (7

R va r — dolagin xarici va daxili radiusu, m; d;; - dolaga sarinan naqilin diametri, m.
(6) va (7)-ni (5) do yerinoa yazsaq va nisbi gqiymatlora kegsok, alariq:
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ch s . R+{R?2+(Z+05f 5 _ R+R2+(Z-05)
(Z+0.5)-In (Z-0.5)-In
d; F++f2+(Z+05) F+f2+(Z—-0.5)

burada Z = Z/h - igliyin asilma noqtasinin nisbi koordinati; R =R/h; T=r/h - solenoidin
dolaginin nisbi xarici va daxili radiuslari.
(8) ifadasini (4) do yazsaq, alariq: (8)
I

-h .
Fz:ﬁ‘HO’JZ’S’K ©)

1
HZ :E‘

Burada,

R+R2+(Z-0.5)

—(Z-0.5)-In -

F+/72+(Z-05)

K=(Z+05)In VR (205
T+~ +(Z+05)

§+\/§2 +(2+O.5+5)2 +(Z—O.5+B)-In §+\/§2 +(2—0.5+5)2 (10)
F+\/F2+(2+0.5+5)2 F+\/F2+(2—0.5+5)2

—(Z+0.5+Db)-In

b =b/h - magqnit i¢liyin nicbi uzunlugu.

(9) vo (10) ifadslorindon goriindiiyii kimi qiivve xarakteristikalarinin formalart K,
omsalindan asilidir vo solenoidin vo magqnit igliyin qeometrik parametrlorindon (R, v, b) Vo Z
koordinatindan asihidir. Qalan kemiyyatlor (u,, j,, S; h; d,, 1.) miqyas hasili rolunu oynayir vo
xarakteristikanin formasina tasir etmir.

(10) ifadasi Z oxunun baslangic koordinati solenoidin oxunun ortasina uygun golir. Lakin
magqnitin yuxari hissasi solenoidin markozindon yuxarida yerlosorsa, bu ifadodon istifads etdikde Z
kordinatt manfi olur ki, hesablamalarin noticolorinin analizini miirokkoblogdirir [3]. Ona gora
koordinat baglangicini solenoidin dolaginin yuxari konarinda yerloson miistovio ke¢irmok lazimdir.
Z=z-05 (10) - da yerino yazsaq harada ki, z vo Z=z/h- uygun olaraq miitloq vo nisbi
koordinatidir, maqnit i¢liyin yuxari kenarmin asilma ndqtesi solenoidin dolaginin yuxari kenar
hissosi.

Naticado alariq:

A O e o

2
Nozoros alsaq ki, S= Tf‘fM , W Jz =B, , vo (11) ifadasini (9) da yerins yazsaq, solenoidin

dart1 qlivvesinin ifadasini alariq:

2
E:g'g;-BM-h-K(z)-lczKo-lc- (12)

burada d, - magnit i¢liyin diametri, M; g_ - magnit niivasinin materialmin oxundaki
magqnit induksiyasi, Tl; k(z) - solenoidin magnit i¢liklo qarsiligh alago qiivvasinin amsali Z gxy
koordinatinin funksiyam kimi; Kq — solenoidin dart1 ql"lVVQSi omsal1, H/A. burada

2
_TC'dM

K.=
o g8.d2

‘B, -h-K(2)- (13)
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Bark magnit materiall: i¢likli solenoidin elektromaqnit dart: gzivvasinin tayini

Sokil 2 vo 3-do K(Z) asililiginin hesablama osasinda alinmis qrafiklori gostorilmisdir.

Qrafikdon goriindiiyli kimi K(z) amsali ekstremal funksiyadir.

K(z) K(3)

085 133; R225
0o 133 RIS

0,85

o0ss W% R0 ‘
08 W77, R225 7 ’ ‘

055 B77; RIS
05 RIS; b77 08
0,45

X

13

0.3%

03

0.25

0.2

005

?0_5 04 03 02 04 ?‘ 01 02 02 04 05 08 0.7 08 08 1 ?0.5 0.4 03 02 01 o o1 0.2 03 0.4 os oe 07 08 09 1
Sak.2. Solenoidin K(z)dam qiivvasi amsalinin Sok.3 Solenoidin K(z) darty qiivvasi
qrafiklori. b = 44mm oldugda h = 33,55, 77mm; R = omsalinin qrafiklori. b = 55 mm olduqda
30, 22.5, 15 mm; r = 7mm = const h =33, 55, 77mm; R = 30, 22.5, 15 mm; r = 7mm = const

Yuxarida gostorilon asililiglarin qrafiklori ekstremal xarakter dasiyir, solenoid vo maqnit
icliyin konstruktiv parametrlorinin dartma qlivvesinin nisbi vo miitloq omsallarinin maksimum
qiymating, homginin levitasiya olunmus magqnit i¢liyin nisbi vo miitloq koordinat noqtolorinin
movqeyind tosirinin todqiqatinin aparilmasina miibahisasiz maraq yaradir, bu da solenoidin
maksimal darti qiivvesi halina uygundur [4]. Bu todqiqatlarin noticolori ilk ndvbads energetik
xorclor baximindan maqnit levitasiya sistem parametrlori haqqinda optimal molumat almaga,
ikincisi iso onun enerji blokunun saquli konstruktiv 6l¢iilorini miioyyon etmoys imkan verir.

Natica. Beloliklo, maqnit icliklo solenoidin qarsiliqlt tosir qiivvasinin toyini tigiin toklif
edilmis metodikas1 kifayot godor doqigliklo MLS parametrlorini hesablamaga imkan verir ki,
maqnit levitasiyast prinsipindo cihazlarin planlagdirilmasiyla bagl todqiqat vo eksperimental
dizayn islorin icra edilmasi vaxti lazimdir.

Qiivvo xarakteristikalarinin hesablamasinin naticolorine goéra minimal enerji xorclori vaxti
levitasiyanin corayaninin an boyiik sabitliylo levitasiya vaziyyetini tomin edon magqnitin asilmis
vaziyyatinin optimal ndqtosini miioyyan etmok olar. Bu bdyiik hassasligla vo yiiksok daqiqlikle
maddalorin, materiallarin vo momulatlarin miixtslif parametrlorinin nozarst cihazlarini yaratmaga
imkan verir.
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ONPEJAEJEHHUE 3JIEKTPOMATHUTHOI'O TATI'OBOI'O YCWIHUA
TBEPJOI'O MAT'HUTHOI'O COJIEHOHUJA

AT. AJUTAXBEPJAMEBA

B crartbe mocsslieHa 3JI€KTPOMarHUTHOMY TATOBOMY YCHJIMIO TBEPJOrO MarHUTHoOro cojeHouja. Ilpencrasiser
OOJIBIIION MHTEpeC ONpeAeNIeHHe MarHHUTHOTO IIOJISl M CHJI B3aUMOJICHCTBUSI MAarHUTHBIX IOJIEH, CO3/aBaeMBIX COJICHOHIOM,
Ipu pa3paboTKe M KOHCTPYHPOBAHUM YCTPOMCTB € HMCHOJNB30BaHMEM HPHUHIMIIA MarHUTHOW JeBWTanuu. Ha ocHoBaHHMH
MOTYyYEeHHBIX JAHHBIX NMPEATOKCHHAs METOJWKA ONpPECIeHHs CHIIBI B3aMMOAEHCTBHSA MAarHHUTOB M COJEHOHJOB ITO3BOJISET
paccuntsBaTh mapameTrpsl MLS ¢ mocratounoif TouHOCTHIO. [loKa3aHa HEOOXOAMMOCTH MPOBOAMTH SKCIEPHMEHTAIbHBIE
HCCIIeI0OBaHNS KOHCTPYKITHH, CBSI3aHHBIE C INIAHUPOBAHUEM yCTPOICTB MO IPUHIINIY MAaTHUTHOW JICBUTAIIUH.

Knrwuesvie cnosa: macnummas Jesumayust, m@epdbn] MASHUMHDBLL cozleHou(), MdAacHUMHOeE noje, dNeKmpomMacHuUnmHoe
mseoeoe ycuuue.

DETERMINATION OF ELECTROMAGNETIC DRIVE
EFFORT OF A SOLID MAGNETIC SOLENOID

A.T. ALLAHVERDIYEVA

The article deals with the determination of the electromagnetic traction of a solid magnetic solenoid. The
determination of the magnetic field and the forces of interaction of the magnetic fields are created by the solenoid in the design
and construction of devices using the principle of magnetic levitation. Based on the data obtained, the proposed method for
determining the strength of the interaction of magnets and solenoids makes it possible to calculate the MLS parameters with
sufficient accuracy, so the time has come to conduct research and experimental studies of the design associated with planning
devices using the magnetic levitation principle.

Keywords: magnetic levitation, a solid magnetic solenoid, magnetic field, electromagnetic traction.

Redaksiyaya daxil olub: 25.01. 2019
Tamamlama islarindan sonra: 12.10.2019
Nasra qabul edilib: 16.09.2019
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BJIAUAHUE SJEKTPUYECKOI'O U MATHUTHOI'O
MOJIEM HA CKOPOCTh OCAXKJIEHHMSA YACTHI]
TBEPJIOI'O TEJIA B )KUJKOCTH

A.H. 3EMHAJIOB”

B craTtbpe paccMaTpuBaeTcs BIUSHUE 3JIEKTPUYECKOTO M MArHUTHOI'O IIOJIEH HA CKOPOCTh OCAXKICHUS Ya-
CTHII B TBEPABIX TeNlaX B MPOBOIIEH xuakocTd. CocTaBlieHa HAPOAMHAMHIUYECKas MOAEbh OCAXKACHUS YaCTHUI]
TBEPABIX TN B HEPTH, C yIETOM HAINYMS JIEKTPUIECKOTO M MarHUTHOTo noseil. BeiBenena ¢hopmyia, no3Bosns-
I011ast OLICHUTD BIMSHUE HAMPSHKEHUH JIEKTPUYECKOT0 ¥ MATHUTHOIO TI0JIEH Ha CKOPOCTb OCaXIEHHS 9aCTHI] B
He(TH. Y CTaHOBICHO, YTO 3aBUCHMOCTE CKOPOCTH OCaKICHUS YacTHUIl B HE()TH JIMHEHHO 3aBHCHUT KaK OT Hampsi-
JKEHHOCTHU IIEKTPUIECKOTO MOJIS, TAK U MHAYKIIMU MarHUTHOTO MOJISL.

Knroueenie cnosa: dJleKmpudecKoe noje, MadcHummHoe nojie, 4acmuybsl msépdozo mena, H€¢mb, CKeaxdcu-
Ha, ocascoenst uacmuy.

Beenenmne. [1pu aBrxeHnn npoBoAsIIei HEOAHOPOIHON )KUIKOCTH B TPYOE OT TPEHHS HJIEK-
TPU3YIOTCS YaCTULBI TBEPABIX TeJl, B3BEIICHHBIX B KUAKOCTH. [lo neificTBueM onpeneneHHbIX Cuil
HEKOTOpasi 4acTb ATUX YACTUI] ocakaaeTcs. CKOPOCTb OCaXkAE€HHsI YaCTUL] 3aBUCUT OT MHOTUX
bakTopoB.

Ieanb craTtbu. B pabote paccmaTpuBaeTcs BIUSHUE HIEKTPUUECKOTO U MArHUTHOTO TTOJIEH
Ha CKOPOCTb OCaX/I€HHs YaCTHUL] TBEPBIX TNl B IPOBOASLICH KHUIKOCTH.

Pemenne 3agaun. Cuibl, IEHCTBYIOIME HA YACTHLIBI, CIEAYIOLINE:

1) cuna TsxKecTH;

2) cuia CONPOTHUBIIEHUS KUIKOCTH, KOTOpas MPOMOPIIMOHATIbLHA IEPBOM CTEIEHU CKOPOCTH,
T. €. — KV, rne k — koaddurmeHT npornopuroHansHOCTH;

3) cuna, AeHCTBYIOIIAs HA HA3JIEKTPU30BAHHYIO YACTUILY CO CTOPOHBI 3JIEKTPUYECKOTO U
MarHUTHOTO MOJIeH, KoTopas onpenensercs no popmyne q(E+VB), rae q — 3apsin yactusl, E —
HaNpsHKEHHOCTh EKTPUUECKOro Nojsi, B — MHIyKuMsa MarHuTHOro 1mojisi, V — CKOPOCTb OCaXkKAe-
HUSI YaCTUL] B KHUJIKOCTH.

IIpumenssa BTopoi 3akoH Hpr0TOHA, COCTaBUM YpaBHEHUE ABYKCHUS YaCTHLIBL:

av
m— = > fi=mg—kV+q(E+VB) (1)

3TO0 ypaBHEHHE MOXKET OBITH 3aIIMCAHO B BUJIE:

“ HUM "Te0TeXHONOrHYeCKHe mpo0aeMsl He()TH, Ta3a M XUMUS"
E-mail: anar.zeynalov13@hotmail.com
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m%=mg+qE—V(k—qB) (2)
Wnterpupys ypasuenue (2) npu ycaosuu V =0 npu t=0, umeem:
(mg+qE) k—qB
V(t) (k—qB) [1 —exp (_ m )t] (3)
®opmynel (3) iepenuiieM B cleayromei gopme:
mg(1+gl—’;) k qB
=" 1 erp (£ (1-2)) @

E B
[To pu3mueckomy cMbICTy :l—g >0, V >0, nostomy u3 (4) cieayer, 4To qT <1.

[Tpu OTCYTCTBUM 3IEKTPUYECKOTO U MAarHUTHOTO MOJIeH, T. €. koraa E =0, B =0, popmyna
(4) umeeT BHI:

40 =221 -exp (-2) ©
N3 cpaBHenus popmy (4) u (5) umeem:

vy (1+eg =) - exp(—5(1-22)¢ )]
WO ) el )] ©)

®opmyna (6) HO3BOISIET OLEHUTh BIHUSHUE HAPSKEHHOCTEH 3IEKTPHUUECKOT0 M MAarHUTHOT'O

MOJICH Ha CKOPOCTh OCAXACHHSI YaCTHUIL TBEPAOTO TeNa B HEOHOPOTHOM KUIKOCTH.
Wurerpupyst ypaBHeHue (3), onpeenseM MmyTb, IPOHICHHbIN YacTUIIEH B )KUAKOCTH:
(mg+qE) m k—qB
() = DI [T (1 gy (K500 ) :
® =G 1t~ Gam P\"7m 7
Bpewms ocaxnenus onpeaensercs u3 ycaosust h(t) = h, mpu t = t,. TIpu aTom yciaosuu u3 (7)

NMECEM CJ'IeI[YIOH_ICC ypaBHeHI/IC JJIA onpez[eneHHﬂ BpeMeHI/I OCaAXKIACHUA:
m k—qB ho(k—gB)
to——-[l—exp<— q)t]zi (8)
(k—qB) m (mg+qB)
BI/I,ZIHO, qTO ypaBHeHI/Ie TpaHCHeHI[CHTHOG, H03TOMy JJIA €ro pCHICHI/ISI HpI/IMCHSIeM MCETO/L

MOCJIEI0BATENILHOTO NpUOIIKeHHs. B nepBoM npubimkeHu MpUHUMAaeM, 4To

(k— qB)to _ .
exp |[———=| = 0, u U1 3HA4YEHUs] BpEMEHHU OCAXXJCHHUS B IIEPBOM IPUOIIKEHNH U3 (8) nMeeM:

m ho(k—qB)
9
(k-qB) = (mg+qB) ©)
[Moncrasnsis 3HaueHue t; u3 (9) B npaBoit yactu Gpopmysl (8), HAXOAUM 3HAYEHHE BPEMEHHU

t; =

OCAXKACHUA YaCTHUIl B )XKUAKOCTU BO BTOPOM HpI/I6J'[I/I)KCHI/II/I. HNmeewm:

m_ [, _ (k—gqB)t; ho(k-qB)
(k—qB) 1 exp( m )]+(mg+qB) (10)

10T Ipouecce nMpoaonKacTCsa a0 TCX Mop, IMOKa 3HAYCHU tB ABYX IMOCJICAYIOINX 3HAYCHHN -
AaX HpI/I6J'II/I3I/ITCJ'II)HO HC CTAHYT paBHBI.

Paccmotpum HekoTophie yacTHbIE cirydan Gopmyssl (6). U3 popmyssl (6) crieayeT, 9To mpu
V()

t2:

OTCYTCTBHH IJIEKTPUYECKOTO M MATHUTHOTO ToJIeH, T. €. koraa E =0, B =0, =1, uTO U cIe-

o

JIOBAJIO 0KHUJIATh.
[Tpu noctaTouHO GONBIIMX 3HAYCHUSX BPEMEHH, YTO COOTBETCTBYET CTAIIMOHAPHOMY OCa-
YKJACHUIO YaCTHIL B KHUJIKOCTH, U3 (popMybl (6) momydnm:

v _ (M) 1)

3t0 (hopMmysa MOKET OBITH MPeoOpa3zoBaHa K BUILY
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Bnusnue IJIEKMPUHECKO2O U MACHUMHO20 nonei Ha CKOopocCnib ocasicoenus uacmuy meé'pdoeo mena 6 HCUOKOCU

V) _ £ B
2 =1+q(-+7) (12)
qB q°EB
[Ipu 3TOM yuTE€HO, UTO - < 1, cmp «1

U3 hopmyiel (12) cnenyet, 4To TpU CTAIMOHAPHOM OCAXIEHUU YACTHIL B )KUJAKOCTU CKO-
POCTB OCaXKICHHUS JINHEHHO 3aBUCUT KaK OT HANPSHKEHHOCTH 3JIEKTPUUECKOTO OIS, TaK M HHAYK-
IIUM MarHUTHOTO TIOJIS.

[Tpu HaNMYUU TONBKO NEKTPUUYECKOTO MMOJISA, T. €. KOTJa MarHUTHOE 1OJIe OTCYTCTBYeT B =
0, ¢opmyna 1t onpeaeaeHns] CKOPOCTH OCAXKICHHS UMEET BU:

Ve _ ;g;)
Vo(t) (1 + mg (13)
A B cirydae, KOT/1a SNeKTPHUECKOE TI0JIe OTCYTCTBYET, T. €. E = 0, mMeeM cremyromryio pop-

MyJy:

k B
Ve _ (1 B E)_l . [1—exp(—;(1—q7))t]
Vo(t) k [1—exp(—£)t]
s mpoBeneHus BeraucieHus no ¢popmyse (6) u ycranasnusas Binusiaue E u B Ha ckopocTh
ocakaeHus yactuil, popmyiy (6) mpuBenéM K BULY:
V() _ . 1-exp(-b)
Vo(®) 1-exp(-c)
T'JIe BBEJICHBI CJICAYIOIINE 0003HAUYCHUS:
qE
(1 + m_g> k( qB k
ety kg Bk
(1 _gqB ) m k m
Berurcienust mpoBeeHsI 1S Ciieayomux 3uavennii: a =1,2;1,5;1,8; b=0,8; 0,5; 0,2;
c¢=0,2; 0,6; 0,8.
Pe3ynbTarhl BEIYMCIICHUI TPECTABICHBI HA PUCYHKE.

(14)

(15)

W3 sToro pucyHka ciexyer, 9ro ¢ yse-  y

JINYCHUEM HaHpH)KCHI/Iﬁ QJICKTPUYECKOTO U /A

(v "'5
MAarHuTHOroO mnoJICu CKOPOCTb OCAKACHHUA Ya- X

CTHI] YBEJIMYMBACTCSI.

3akmouenue. CocTtamBieHa THAPOJAWHA-
MUYECKasi MOJICJIb OCAKICHHS YaCTHUI] TBEPIBIX
TeN B HEPTH C YUETOM HATTUYUS IEKTPUIECKO-
0 ¥ MAarHUTHOTO TTOJIEH.

Ha ocHoBaHMM BBIBEIEHHBIX (POPMYIT
OIICHCHO BJIMSHHUE HAMPSOIKCHWHA DIIEKTpUYE-

CKOTO M MarHMUTHOTO TOJIEW Ha CKOPOCTb Oca- 0.5

KJICHUS 9aCTHUIl B HEPTH. 0 1 , | g \ : \
YcTaHoBIEHO, UYTO 3aBHCHUMOCTH CKOPO- 03 B2 A 847 05 Q20 s @ f ” i

CTH OCAXICHUSI YaCTHIl B HETH JHHEHHO 3a- bl =gt

BHCHT KaK OT HaIIPSDKEHHOCTH JIEKTPUYECKOTO Puc. 3asucumocmo omnocumensnol ckopocmu

OCCZDiC()eHMﬂ yacmuy om Hanpﬂ.wcé'HHocmeﬂ
MACHUMHO20 U J/IeKmMpU4ecKozo nozei
(l.a=122)a=13 3a=14; 4a=15
5)a=16 6)a=18)

I0JIA, TaK 1 UHAYKIITMU MArHUTHOI'O I10JIA.
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MAYED®O BORK CiSMIN HiSSOCIKLORININ COKDURM®O SUROTINO
ELEKTRIK VO MAQNIT SAHOSININ TOSiRI

AN. ZEYNALOV

Mogalodo elektrik vo magnit sahslorinin tosiro moruz qalan maye igorisinds partikiillorin torkibina tosiri nisbati
miizakirs edilir. Elektrik vo magnit saholorinin mévcudlugunu nozoro alaraq, neftdo qati maddslorin pargalanmasimin
hidrodinamik modeli. Elektrikli vo magnit saholorinin stresslorini yagdaki parcaciglarin sedimantasiya dorocasine tosirini
giymatlondirmoys imkan veron bir formul ¢ixarilir. Neftdo partikiillorin sedimantasiya doracasinin linear sokildo asililiginin
hom elektrik sahasinin giiciina, ham do magnit sahasinin induksiyasina asili oldugu miisyyan edilmisdir.

Agar sazlar: elektrik sahasi, magnit sahasi, bark cismin hissaciklori, neft, quyu, par¢aciglarin ¢6kmasi.

INFLUENCE OF ELECTRICAL AND MAGNETIC FIELDS ON THE RATE OF PRECIPITATION
OF SOLID BODY PARTICLES IN THE LIQUID

AN. ZEYNALOV

The article examines the influence of electrical and magnetic fields on the rate of precipitation of solid body particles
in the liquid. Hydrodynamic model of precipitation of solid body particles in the oil is created with respect to availability of
electrical and magnetic fields.

Formula allowing to evaluate the influence of the stress of electrical and magnetic fields on the rate of precipitation
of particles in oil is derived. It is determined that dependence of the rate of particles precipitation in the oil dependence linearly
depends both on intensity of electric field and induction of magnetic field.

Keywords: electrical field, magnetic field, particles of solid body, oil well, precipitation of particles.
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YUKSOK SPEKTRAL AYIRDETMO QABILIYYOTINO
MALIK AC-2 CIHAZIN ISLONIB HAZIRLANMASI

N.H. CAVADOV", N.Y. YAQUBZADS", C.S. MEHDIYEV"™

Mogals yiiksok spektral ayirdetmo gabiliyotino malik xiisusi cihazin islonib hazirlanmasina hasr olunub.
Otraf miihitin gorunmasina istiqamstlondirilmis todgigatlarda mesafoden zondlama metodlarindan genis istifado
edilir. Bunun tigiin yiiksok ayirdetmo qabiliyatina malik spektral 6lgmolarin vacibliyi danilmazdir. Homin 6lgmo-
larin aparilmasini tamin edon imkanlart genis olan vo miiasir optik sistemlorin vo cihazlarin yaradilmasina boyiik
ehtiyac var.

Acar sozlar: spektral aywrdetma, masafadon zondlama, optik sistem, qurgu.

Giris. Optik todgiqat tsullari elm va texnikanin bir ¢ox Sahalorinds genis istifado olun-
dugundan totbigi optikanin (texniki optika, instrumental optika) {isul va vasitalarinin tokmillagdiril-
moasi 6z aktualligini itirmir [1-3].

Miiasir zamanda yer sothin {izorinds va ya onun miixtalif darinliklorinds yerlagon obyektlo-
ro aid informasiyanin kontaktsiz iisullarla alinmasinin effektiv vo operativ texnologiyalarindan biri
albotts ki onlarin mosafoden zondlamasidir.

Masafodon zondlamada xiisusi spektral sistem vo cihazlardan genis istifado olunur. Malum-
dur ki, spektrometr vasitosilo alinan spektral informasiyanin daqiqgliyi aparilan todgigatlarin natico-
larina ciddi tesir gostarir. Odur ki, spektral informasiyanin dagigliyinin artirilmasi aktual mosalalar-
don biridir va bu istigamatdo miixtalif isul va vasitolordon istifads edilmasi vo yeni-yeni tadqgiqgatla-
rin aparilmasi zaruridir.

Optik cihazlarin parametrlorinin yaxsilagdiriimas: dsullari imumiyyatlo ¢ox olsa da, onlar
daim yeniloasdirilorak tokmillagdirilir. Absorbsion vo emission spektrometriyada asas parametrlor-
don hesab edilon dispersiya vo ayirdetmo qabiliyyatinin yaxsilagdiriimasina istigamotlondirilon el-
mi-texniki axtarislar davam etdirilir vo xtisusi metodlar va tisullar islonib hazirlanir.

Kosmik todgigatlarin asas tisulu hesab edilon mosafodon zondlama sistemlorinin boyiik bir
gismi optik cihazlar vo daxil oldugu sistemlordon ibarst olsa da, onlarin Glgii-goki parametrlarine
miioyyan sort mahdudiyyatlor qoyulur.

Lakin yiiksok dispersiyanin vo ayirdetmonin oldo edilmasi boyiik fokus mosafasine malik
olan obyektivdon istifado olunmasi ilo miimkiin oldugundan tatbiq olunan cihazin 6l¢ii-goki para-
metrlari cox boyiik olur.

Bunlar1 nazors alaraq kigik 6l¢ii-goki parametrli, yiiksok dispersiyaya va ayirdetmoys malik
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spektral cihazlarin islonmosi masalalorine baxilmisdir. Silindrik giizgii daxil edilmis sistemdon,
spektral sistemlords istifade etmoyin miimkiinliiyiiniin nozari arasdirmalar: miisbat noticolor verdi-
yindon, bels sistemin baxilan spektral sistemlords totbiqi {igiin tocriibi konstruktor islori aparilmis
vo bunun naticasinds xiisusi AC-02 ayirdetmo cihazi yaradilmisdir [4-7]. Belaliklo isin mogsadi
yiiksok ayirdetmoa qabiliyyatino malik olan xiisusi cihazin yaradilmasindan va bu cihaz vasitasi ilo
spektrin daha dogiq vo aydin alinmasini tomin etmokdan ibaratdir. Otrafli tocriibalorin apariimasi
vasitasilo yaradilan xiisusi AC-02 ayirdetms cihazi ti¢iin yeni optik sxemin iglomo qabiliyyati yox-
lanilib vo bunun ti¢tin miivafiq stend y1gilib va tolob olunan sinaglar hayata kegirilib.

1. AC-02 aywrdetma cihazin
qurulusu va isloma xiisusiyyatlari.

AC-02 ayirdetmo cihazi (sok.1)
spektrin daha aydin vo doqiq goriinmo-
sini misahido etmoyo imkan veran op-
tik qurgudur.

Spektrin aydin goriiniisii silind-
rik giizgiiniin komayi ilo cihazin optik
sisteminda formalasir. Aylrdetma ci- Sokil 1. AC-02 aywdetma cihazin timumi gortiniigi.
hazla spektrin aydin gériinmesini miisa- 1"‘”"25’ 2-0n qoruyucu siiso, 3-arxa qoruyucu siiso,

~tonzimlomo mexanizminin pancaralarl.
hido etmoyo imkan veron “Ekran”

qurgusu qosulur. 2\
Ayirdetmos cihaz1 “Ekran” qurgu-

su ilo birlikdo sok. 2-do gostarilir.
AC-2 ayirdetmos cihazin isci vo-

ziyyotina gatirilmasi ii¢iin sinaglar. !
AC-2 ayirdetms cihazin basa cat- \

dirllmast, yani onu is¢i vaziyyatino go-

tirilmasi va s1naqlara hazirlanmasi uglin Sakil 2. AC-2 ayirdetma cihazi “Ekran” qurgusu ila birlikda
xisusi stend yigilmigdir. Stendi togkil 1 - AC-2 aywrdetma cihazi, 2 - “Ekran” qurgusu

edon komponentlar sokil 3-do gostarilir.

Bu stend ayirdetms cihazin 6ziindan, isiglanma manbayindon, miixtalif ara masafali xatlori olan
miralardan vo miixtolif 6l¢iilii silindrik giizgiilordon ibarotdir. Stendin yigilmig goriiniisii sokil 4-do
gostorilmisdir. Burada miixtolif 6l¢iilii silindrik giizgili tiglin miioyyon ara mosafoli xatlori olan mi-
ralar1 doyismokla sinaglar kegirilmisdir. Bununla yanasi, yoni olave olaraq ayirdetms cihazlarda
miixtolif fokus masafasi olan obyektivlar ii¢iin da miioyyon sinaglar kegirilmisdir.

Natica etibaron ayirdetms cihazi tigiin optimal diametri 35 mm olan silindirik giizgii vo fokus
mofafasi 20+-50mm toskil edon obyektiv secgilmisdir.

Laboratoriya sinaglarinin aparilmasi ti¢iin bazi tolob olunan islor gériilmiigdiir, cihazlarin
konstursiyalar1 vo spektral cihazlarin optik sxemlori arasdirtlmigdir.

Bunun ii¢iin yaradilan ayirdetma cihazin optik sxeminin movcud optik sxemlarina va spektral
cihazlarin konstunsiyalarina uygunlasdirilmas: hoyata kegirilmigdir. Homin cihazlarin tayinatl isti-
fadasi tigiin stendin qurulmasi vo miixtolif optik cihazlarda istifadssi yollari aragdirilmisdir.

Aragdiriimalar naticasinds laboratoriya sinaglarinin kegirilmasi ti¢iin miivafiq stend qurasdi-
rilmigdir. Stendi toskil edon komponentlor sokil 5-do gostarilmisdir. Homin stend AC-2 ayirdetma
cihazindan,YM-2 monoxromatordan vo miixtalif kimyavi elementlorin spektrlorinin alinmasi ti¢iin

1
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Yiiksok spektral aywrdetma gabiliyyatine malik AC-2 cihazin islonib hazirlanmas:

xtisusi qurgudan ibaratdir. Stendin y1gilmis goriiniisii
sokil 6-da gostorilmisdir. Stend vasitosilo daha daqiq
tasvirin aldo olunmasi iigiin Ekran qurgusundan isti-
fado edilir. Ekran qurgusu bir nego giizgiidon ibarot
olan cihazdir. Bu qurgu 2+3 metr moasafoni ohato
edon tasviri 20 sm-lik masafods yerlosdirmays imkan
verir. Bu da stendin 6lgiilorini kigildir vo tasviri daha
daqiq, aydin sokildo gérmays imkan yaradir.

1 - AC-2 ayirdetmos cihazi, 2 - YM-2 monoxro-
matoru, 3 - miixtalif kimyavi elementlorin spektrlori-
ni almaq tg¢iin xiisusi qurgu, 4 - Hg-nin izotoplarinin
spektrlarin1 almagq tigiin kapsulalar, 5 - qurgunun gida
bloku, 6 - miixtalif kimyavi elementlorin spektrlarini
almaq tiglin kapsulalar, 7 - optik stol, 8 - optik skam-
ya.

Laboratoriya sinaglarinin basa ¢atdiriimasindan
sonra ayirdetms cihazi tam isgi vaziyyatino gatirilmis
olur. Sinaglarin kegirilmasi naticasinds cihazin spekt-
ral ayirdetmo qabiliyyati miixtalif kimyavi elementlo-
rin spektrlorinin baza cihazinda alinan tasvirlarlo mii-
gayisados daha aydin vo doqiq gormoays imkan verdiyi
miioyyan olunmusdur.

Qeyd etmok lazimdir ki, moévcud qurgularda
bir ¢ox elementlorin spektral xatlari bir-birino ¢ox ya-
xin oldugundan onlarin todgigatlarda totbiqi miioyyan
cotinliklor yaradir. Gostarilon moasalonin halli magsa-
di ilo todgigatlarimizda kigik olgii-¢oki parametrli
AC-02 ayirdetms cihazinin totbigi noticasinds onun
yiiksok spektral ayirdetmosi eksperimental olaraq ci-
vo lampasinin goriinon oblastdak: gdy vo yasil xatlo-
rinin todqiqi ilo tosdiq edilmisdir.

Notica. Eksperimental tocriibalorin noticasinds
optik sistemo miixtalif diametrli silindrik giizgiilorin
daxil etmakla, masalon, Civa izotoplarina maxsus bo-
zi inco struktur elementlari ¢ox doaqiq vo aydin miisa-
hids edilmisdir. Qeyd edilmalidir ki, yiiksak soviyyo-
do spektral ayirdetmayo nail olmagq tigiin 6lgiilari yal-
niz ¢ox boyiik vo giymati baha olan spektrograflarin
komayi ilo yox, elacads islonib hazirlanan - kigik
olgii-coki ila onlardan forqlonan yiiksok spektral ayir-
detma qabiliyystino malik cihazda da bunun miim-
kiinliyii gostorilmisdir.

Belolikla, spektral analiz sahasinds, islonib ha-
zirlanan kigik ol¢iilii AC-2 ayirdetmos cihazin tatbiqi
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Sakil 3. Stendi tagkil edon komponentlor:
AC-2 ayirdetma cihazi, 2 - isig monbayi,
3 - optik skamya, 4 — mira.

Sakil 5. Ayirdetma qurgusunun stendini taskil edon
elementlor

Sokli 6. Ayirdetma qurgusu stendinin tam sakilda
yigilmig goriiniigii.
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bir ¢ox problemlari hall etmays vo, xiisuson do, masafodon zondlama todgigatlarinda onu genis so-
Kilds istifado edilmasine imkan yaradir.
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K PA3BPABOTKE IIPUBOPA AC-2, OBJIAJIAIOHIEI'O BBICOKOM CIIEKTPAJIBHOM
PA3SPEIIAIOIIEN CITOCOBHOCTbBIO

H.I. JDKABAIIOB, H.A. ATYB3AJIE, 1.C. MEXTHUEB
Cratbs HOCBsIIEHa pa3paboTKe M CO3JaHUI0 YCTAaHOBKH, o0iaiaroniell BRICOKOW CIEKTPAIbHON pa3penialomeii cro-
COOHOCTBIO. B HccnenoBanusx, HalpaBiIeHHBIX Ha OXpaHy OKpYXKalolleH cpesbl, OONbIIOe MPUMEHEHUE MOJYYNUIN METOMIBI
JUCTAaHIIMOHHOTO 30HAWUPOBAaHMS M CIIEKTPaJbHbIE M3MEpeHHs, obyiajaroniue BBICOKOW pasperaromieil crocoOHocThio. s
peanu3aniy yKa3aHHBIX H3MEPEHUH CYIIECTBYET OCTpasi HEOOXOAUMOCTh B COBPEMEHHBIX, O0JIee COBEPIICHHBIX BBICOKOTOY-

HBIX OITHYCCKHUX CUCTEMAaX, a TAK)XKE B pa3pa60r1<e HOBBIX CIICIUAJIBHBIX YCTaAHOBOK.

Knrouesvie cnosa: cnekmpailbHoe paspeuierue, ducmanuuormoe 30H0up06anue, onmu4ecKkue cucmemal, yCmanoeKd.

TO THE DEVELOPMENT OF HIGH SPECTRAL RESOLUTION OF THE DEVICE AC-2
N.G. JAVADOV, N.Y. YAGUBZADE, J.S. MEKHTIEV
The article is devoted to the development and creation of an installation with high spectral resolution.
In research aimed at protecting the environment, the remote sensing and spectral measurements with high resolution
are widely used. To implement these measurements, there is an urgent need for modern, more advanced high-precision optical
systems, as well as for the development of new special installations.

Keywords: spectral resolution, remote sensing, optical systems, installation.
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TAM OPTIK SOBOKOLORIN 7D OPTiK FOTON KOMMUTATORU

M.H. HOSONOV™

Mogalodo optik lifli verilis sobokoslorinds dalga uzunluguna goro sixlagdirilmig informasiya
kanallarinin kommutasiya olunmasinin, marsrutlanmasinin metod vo arxitekuralari, elacods istifads
olunan optik-foton kommutatorlarmin parametrlarinin analizi, qurulma prinsiplarino baxilmigdir.
Prinsipca, yeni idars olunan 7D optik foton kommutatoru osaslandirilaraq toklif edilmisdir.

Acar sézlar: Optik lifli verilis sabakolari, foton kommutatorlar,, mikroelektromexaniki sistem,
optik kanal, dalga uzunlugu.

Giris. Miixtolif soviyyali optik lifli verilis sobokalorinin (OLVS) genis todqiqi
informasiya selinin kommutasiya olunmasmin vo marsrutlanmasinin yeni metod vo
arxitekuralarinin yaranmasini talob edir.

Hal-hazirda méveud rabito xidmatlori ilo borabar yeni multimediya rabito xidmatloring
olan tolabatla olagadar artan istifadosgilora suratlo oOtiirtilon informasiyanin hacmins uygun
olaraq, optik saboks avadanliglarinin, o ciimlodon, optik kommutasiya qurgularinin suratinin
nazara carpacaq saviyyada artirilmasit vo yeni kommutasitya texnologiyalariin yaradilmasini
tolob edir. Qeyd olunan texniki masalalor optik-kvant, elektrooptik, magnitooptik, akustooptik,
mikroelektrooptik vo digor yarimkecirici, mikromexaniki optik strukturlarin fiziki prinsiplori
osasinda miivoffaqiyystls hoall olunur [1, 3-7].

OLVS-nin golocok inkisafi tam optik foton sobokelorinin vo optik rabito xotlorinin
yaradilmasi ilo baghdir. Bels sistemlords elektron qurgularin va elektron proseslorden istifado
etmodon signallarin verilisi, gobul vo emal proseslori tam foton soviyyesindo hoyata
kegirilocok. Bu mogsadla, optik idars olunan optik kommutatorlar, yeni bdyiik tutumlu optik-
kross kommutatorlar, masafodon optik qidalandirilan optik giliclondiricilor, optik impuls
generatorlari, optik passiv elementlor: optik saviyyads kanal ayricilari, birlasdiricilor, optik
ventillor, xromatik dispersiya kompensatorlari, optik siizgaclar, polyarizator va sirkulyatorlar,
multipleksor vo demultipleksorlar, optik prosessorlar vo s. optik qurgular todqiq ve totbiq
olunmaqla borabor, yeni optik qurgular yaradilir. Belolikls, yeni nasil OLVS-nin biitiin

Azorbaycan Texniki Universiteti
E-mail: mhasanovnew@gmail.com

65


mailto:mhasanovnew@gmail.com

M.H. Hasanov

komponentlorinin, o cilimlodon yeni foton kommutatorlarinin yaradilmasi nezari,
eksperimental, kompyuter modellogsmasino asaslanaraq totbiqino baxilmasi mogsadouygundur.

Isin mogqsadi optik-foton kommutatorlarmin parametrlorinin, qurulma prinsiplerinin
analizi asasinda yeni idara olunan 7D optik foton kommutatorunun yaradilmasidir.

Optik sabokalords optik foton kommutatorlari

Miiasir optik sobokolordo 9sason, gy uummikanatians sy, ¥
optik kanallarin kommutasiyast zamani
geyd olunan optik foton kommutator-
larindan istifads olunur:

- Termo optik;

- Elektrooptik;

- Maye kristalli; 100 —— D

- Akustooptik;

- Interferometrik;

- Mikro elektro mexaniki sistemli
(MEMS);

- Difraksiyal; Termoopek  10ms 10

- Qeyrixatli optik lif asasli; Maye kristal

- Yarimkecirici optik kristal asasinda

1024 <-4+

Akustooptik

Dalga uzunluguna géra

1000 —p—

Elektrooptik

Kommutasiya miiddati, t

10ns

Sakil 1. Tam optik sabakalarda foton kommutatorlarinin
Vo S. port-kanal sayini, kanallarin kommutasiya miiddatinin

Miiasir foton kommutasiya texnolo- (kommutasiya miiddati) miiqayisali analizi
giyalarmda MEMS, elektrooptik, optik
lifin vo yarimkecirici materiallarin geyri xotti effekti osasinda hazirlanmig kommutatorlardan
istifads olunur. Eyni zamanda digor miixtolif fiziki kvant-optik xassalor osasinda termooptik,
elektrooptik, mayeli kristalli matrisalar asasinda, foton kristallarindan istifads etmoklo ¢oxsayl
foton kommutatorlar1 da tadqiq olunur.

Kanallar1 kommutasiya edan optik kommutatorlarin tasnifati gokil 1-do gostorilmisdir.

Sokil 1-don goriindiiyli kimi tam optik sobokolordo foton kommutatorlarini xarakterizo
edon osas gostaricilordon port-kanal sayini, kanallarin kommutasiya miiddotinin gdstormok
olar. Miiqayisali analizin naticoloring asason demok olar ki, kanallarin komutasiya miiddostinin
asagl olmasina baxmayaraq, MEMS tipli foton kommutatorlar1 gabarit 6lciilorinin kicik olmasi
(30 dofo), eyni zamanda ciizi enerji tolob etmosi ( togribon diger kommutatorlarda 100 dofo az
enerji tolob edir ) [4] , n sayda giris kanallarini n sayda cixis kanallarina kommutasiya (n X n )
etmok olar. Lakin hal-hazirda 3D modelli optik foton kommutatorlarinin  miixtalif
konstruksiyalart moévcuddur ki, bu tip kommutatorlarin konstruktiv vo port/kanal tutumuna
kanallarin kommutasiya siiratine gora catismamazliqlart movcuddur.

MEMS tipli optik foton kommutatorlarinin gqeyd olunan texniki imkanlarmin artirilmasi
mogsadils ilk dofs olaraq yeni 7D optik foton kommutatoru hazirlanmigdir.

7D optik foton kommutatorunun konstruksiyasi

Sokil 2-do yeni 7D optik foton kommutatorun timumi konstruktiv sxemi vo onun
elementlori gostorilmigdir. Sokil 2-don goriindiiyti kimi optik kommutatorun konstruksiyasi
sado olmaqgla borabor onun Olgiilori mikromiihorriklorin  dlgiilori  ilo  tonzimlonir.
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Kommutatorlarin hazirlanmasi zamani mikromiihorrik kimi elektromaqnit, paket vo diferensial
pyezomiiharriklor [7], pyezoelektrik deflektorlar, reversiv miharriklor [2,5] vo basqa
mikroelektromexaniki vo pyezokeramiki miiharriklordon [5,7] vo eyni zamanda interfero-
metrik, difraksiyali, optik lif qeyrixatli parametrlori osasinda, yarimkecirici optik kristallar asa-
sinda, optik coxkaskadli sistemlordon [6] vo s. istifado etmok olar. Togdim olunan variantda
isci orqanlar1 horokot etdirmok iiglin pyezomiihorriklorin submikrometr, mikrometr vo
mikkrosaniya ilo islomok imkanini vo
onlarin tezlik diapazonu birinci
elektomexanuki tezlik diapazonunda
oldugunu nazars alaraq, pyezomiihar-
riklordon, kanallarin kommutasiya-
sinda yarimsoffaf giizgiilor asasinda
gurulmasina baxilir.

Matris formali 2-yarim sferik
kommytasiya sothinin yarimsoffaf
glizgiilori bir-birindon dL masafoda

yerlogmisdir. dL mosafasi giizgiilori

. . . . Sakil 2. 7D optik foton kommutatorunun modelinin timumi sxemi
reversiv. geyri xotti horokot etdiron 1-fozada qarsiliqgl harakat eda bilon lifli optik hissa; 2- yarim sferik

7D isti qametlsrini tamin edan mikro- kqmmytasiy_a sat_hi; .3- fazafia qal'}.}‘lllql'l horakat eda bilon mexaniki
- ] ) o . hissa, 4- kristavina; 5 - mikromiihorriklor; 6- skanlayici lazer, 7-
mihorriklorin ~ herokst  Olciilorine fokuslayict linza; 8- optik dalga dtiiriicii; 9- kommutasiya olunan
uygunlas dirilir cixis foton kanallar
Sokil 3-do 7D optik foton —
. ptik giris
kommutatorun  kanalarimin  idars R sk
. . . In"""" onn
olunmasinin blok sxemi gostoril-
mlsdlr' Fazada qarsiligh harakat edan
optik hissa
7D optik foton kommuta- 0
torunun ls prlI?SIPI Foton kommutatoru
7D optik foton kommu- GirGux Ay GirGukz GrGun
tatorunda foton kanallarinin R “ eyl
. . [ GiT01% A2 e Z-_'éﬂ c‘“
kommutasiyast vo 1idaro olunmast | , . . . _
ticlin  istifado olunan mikromii- sisTEm L Jowomaa )
horriklorin  hor biri fordi olaraq 1 G
avtomatik idaro sistemindon daxil WO i, u
olan idaroetmo komandalar1 asasinda a
mikromiiharriklorlo  idars  olunur
(S kl 3) —— Fazada qarsiligh harakat edan
K1 . mexaniki hissa
Sokil 2 vo Sokil 3-don goriin- 6
diiyi kimi 7D optik foton kom- e gom
mutatoru  giris/gixis A1 -don Ay Ann
giris/¢ixis Ann giris vo ¢ixis portlarina Sakil 3. 7D optik foton kommutatorun kanalarinin idara
malikdir. Har bir port giris vo ¢ixis olunmasinin blok sxemi
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funksiyasini hayata kegirmak imkanina malik idi.

Foton kommutatorunun 1 fozada qarsiligh horokot eds bilon lifli optik hissasino spektro
gora sixlasdirilmis n sayda Ann, dalga uzunlugu optik foton kanallarindan signallar daxil olur .

8 optik dalga otiiriiciidon daxil olan optik kanallardan Y A,n= M1+ Azo+ Mae+ Aon +
Aot +ooo Agp tooo Agy + L A3n + .. Ay dal@a uzunluglarinda tolob olunan A1 Seleksiya edorak
digor 9 kommutasiya olunan optik foton ¢ixis kanallarina kommutasiya etmok {ii¢iin 4
kristavinalara borkidilmis avtomatik idaro etmo sistemi torofindon verilon uygun komanda
osasinda 5 mikromiihorriklorin kdmayi ilo 6 skanlayict lazer fozada 7D iizro harokot etmok
imkanina malik oldugu iigiin lazim olan kanallarin kosismosino meyl etdirlir vo 7 linza
vasitosilo yarimgoffaf giizgiiyo istigamotlondirilir. Kosismo ndqtoesindo yerloson yarimsoffaf
glizgiiniin komoyi ilo kanallarin kommutasiyasi hoyata kegirilir vo optik informasiya seli
kommutasiya olunan 9 ¢ixis foton kanallarina otiirtiliir.

Optik kanallarin kommutasiyasint hoyata kegiron hor bir yarimsoffaf giizgii iki
voziyyatdo ola bilor. Voziyyotlordon biri yarimgoffaf giizgiilorin baslangic vo ya passiv
voziyyatidir. Bu halda yarimsoffaf giizgli optik is1q selinin qarsisini almir vo isiq suasi kanala
bir basa diisiir. Ikinci halda iso yarimsoffaf giizgii yuxar1 istiqgamotdo galxmis voziyyato olur
[4,5]. Bu halda yarimsoffaf giizgli optik selin gabagini kasir vo optik suani bir-birina
perpendikulyar iki istiqamoto ayiraraq ayri-ayri optik liflora yonoldir. Yarimsoffaf giizgiilorin
aktiv is¢i hissolori optik is1q selinin oks etdirmo vo bir hissasini 6tliirmok imkanina malik qatla
ortiilmiisdiir. Yarimsoffaf giizgiinlin voziyyati sobokodon daxil olan selin vaziyyatine miivafiq
avtomatik idaroetmo sistemi torafindon verilon komanda osasinda idars olunur. Toqdim olunan
foton kommutatorunun 2 yarim sferik kommytasiyasinin sothi matris formasinda n adad saquli
sotir vo n adad horizontal siitun xatlorin kasismasinda yerlagon k odad horakat edon yarimsoffaf
glizgiidon ibaratdir. Bu halda kommutatorun nxn cixisinda  2-(2"1—1)+2
kombinasiyasinin saymna uygun kanal alinacaq vo daxil olan optik giris seli istqamatini
miixtolif istigamatlors, o ciimlodon oks istigamoto ydnoalo bilocok (dalga uzunluglarinin
seleksiyasina vo idara olunma proqramina uygun ). Buradan goriindiiyii kimi port/kanal sayina
goro movcud kommutatorlardan 7D optik foton kommutatorunun port/kanal sayr dofslorlo ¢ox
ola bilor ki, belo kommutatorlar1 boyiik tutumlu optik-foton kross-kommutatorlarda istifado
etmok olar.

7D optik foton kommutatorunun komoyi ilo optik kanallarin kosismo ndqtesindo
kanallarin kommutasiyas1 ticlin yarimsoffaf giizgiilorin yerino interferometrik, difraksiyali,
optik lifin geyrixotli parametrliliyi, yarimkecirici optik kristallarin fiziki xtisusiyyetlorindon do
istifads etmokls kanallarin foton kommutasiyasini da hoyata kecirmok olar.

Kommutasiya siiratinin artmasi vo optimal harakati ticiin 7D optik foton kommutatoru iki
istigamat iizra 1-fozada garsiliqli harokat edos bilon lifli optik hissonin mikromexaniki hissasi vo
3- fozada qarsiligli horokot edon mikromexaniki hissalorlo tomin olunmusdur. 4 kristavinalarin
harokat edon ucluqglarina birlogdirilmis 5 mikromiiharriklorin kémayi ils, 2 yarim sferik
kommytasiya sothi, (matrisali, n X n sayda giris vo ¢ixisa malik horokot imkanli foton
kanallarindan ibarotdir) vo 6 skanlayic1 lazer asagi-yuxari vo saga-sola vo ya miixtolif
bucaqglar altinda on yaxin maesafoni secir vo mikronlarla horokot edorok optik kanallarin
kommutasiyasini tomin edir. 2 yarim sferik kommytasiya sothinin biitlin voziyyatlori 7D optik
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foton kommutatorunun kanalarinin avtomatik idaroetmo sistemi torofindon nozarst vo idaro
olunur.

Notica. Mogalads aparilmis optik kommutatorlarin analizi naticasinds, boyiik tutumlu
optik-foton kross-kommutatorlar1 {igiin, prinsipcs, yeni 7D optik foton kommutatorunun
qurulma prinsipi asaslandirilmis vo onun arxitekturasi va is prinsipi verilmisdir.
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7D-ONTUYECKUI ®OTOHHBIIT KOMMYTATOP IMOJTHOCTBHIO ONNTHYECKHUX CETEM
M.I. TACAHOB

B pabore paccmaTpuBaroTCs MPUHIMIIBI MOCTPOCHUS W aHAJIHM3 ITapaMETPOB KOMMYTATOPOB ONTHYECKHX KaHAJOB,
VIUIOTHEHHBIX TI0 JUIMHE BOJHBI B BOJIOKOHHO-ONTHYECKMX ceTsaX. [IpemnmokeHa Moaens HOBOTO ympasisemoro 7D-
ONTUYECKOTO POTOHHOTO KOMMYTATOPa, €r0 YCTPOUCTBO M MPUHIIUAM PabOTHI.

Kniouesvle cnosa: onmogonoxonnvle cemu, (pomonHbie nepexiodament, MUKPOINEKMPOMeXaHU4eckds cucmemd,
onmuyecKull KaHau, OIUHA GOJIHbL.

7D OPTICAL PHOTON SWITCH FULLY OPTICAL NETWORK
M.H. HASANOV

The article discusses routing methods and architecture, including the principles of constructing and analyzing the
parameters of optical channel switches, compressed by wavelength in fiber optic networks. New 7D controlled photon switch
substantiated and proposed

Keywords: fiber optic networks, photon switches, microelectromechanical system, optical channel, wavelength.
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LiTiUM 9SASLI AKKUMULYATOR BATAREYALARININ
INKISAF MOSOLOLORI

R.N. NOBIYEV', A.A. ABDULLAYEV', Q.I. QARAYEV"

Mogqalado, litium asash akkumuliyator batareyalarinin (AB) istehsalinin inkisaf morhalolari, konstruksiyasi
vo hazirlanma texnalogiyalarinin xiisusiyyatlori, elektrodlariin vo elektrolitlorinin hazirlanmasinda istifads edilon
kimyovi elementlor, kimyovi torkibindon asli olaraq elektrodlarinin parametrlori, daxilinds gedon kimyovi
reaksiyalar, yiiklonmo vo bosalma xarakteristikalari, totbiq saholori, istiinlilklori vo gatigmazliqlar1 miiqayisali
tohlil edilmisdir.

Xiisusi ¢oki vo hocmo goéro enerji tutumu gostoricilorinin yiiksok olmasi sobobindon pilotsuz ugus
aparatlarinda (PUA), dasinan elektron qurgularda vo s. litium-polimer AB-don istifado etmoyin istiin toroflori
miioyyanlosdirilmisdir.

Acar sozlar: Akkumulyator, batareyalar, litium-ion, litium-polimer, elektrolit, elektrod, yiikianma, bosalma.

Giris. Elm vo texnikanin siiratlo inkisaf etdiyi bir dovrdo PUA-larda, elektromobillords, dasi-
nan radioelektron cihazlarda vo elektron qurgularda totbiq edilon AB-lorin hazirlanma texnolo-
giyas1 daima tokmillogir. Kegon asrin 90-c1 illorindon baslayaraq istismarda olanlar1 avezlomok
mogqsadi ilo yeni litium-ion asasli AB-lor (LIAB) yaradilmaga baslanildi.

Litium asasli AB-lorin hazirlanmasi istigamatindo ilk todqiqatlar 1912-ci ilds aparilmigdir. La-
kin, bu tip AB-larin elektron cihazlarinda kiitlovi totbigine 1970-ci illorin avvallarinds baslanilmig
vo sonradan, istismarinin tohliikoli olmasi sabobindon istehsali bir miiddet dayandirilmigdir. 1980-
ci illorde toedqiqat¢ilara, dolub-bosalmasi noticosindo AB-nin istilik dayaniqhigimnin zaiflomasi,
daxili temperaturun orimo hoddino ¢atmasi naticoesindo aligmasi, istilik tonzimlomo sisteminin
siradan ¢ixmasi naticasinde elektrodlarin kimyavi torkibinin doyismasi, bu zaman zsherli qazlarin
ayrildigr molum oldu [1]. Daha sonra, etibarliginin az olmasi sababindon metal-litium elektrodlu
AB-nin ovazino, daha etibarli vo tohliikosiz LIAB yaradildi. Beloliklo, yiiklonmo vo bosalma
zamani temperaturunun artmasi naticasinde az da olsa qaz ayrilmasina baxmayaraq, bu tip AB-lorin
istehsalina yenidon tokan verildi.

Xiisusi enerji tutumuna géro LIAB-lar alternativlori ilo miiqayisado daha bdyiik iistiinliiyo
malikdir. Elaco do, bir elementds yaranan gorginliyin qiymoti bu tip AB-lordo daha yiiksokdir
(toxminon 3.6+4.2 V). Hazirlanma texnologiyasinin inkisafi naticosindo litium osasli AB-lorin
istismar miiddatlari artmisdir.

) Azarbaycan Milli Aviasiya Akademiyast
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Litium osasli AB-lordo anod gismindo, metal litium kimyavi elementindon istifado edilir.
Litium kimyovi elementi aktiv metallardan biri olub, giimiisii ag, yiingiil, elastik, boyik
elektrokimyavi potensiala (elektromanfiliys) malik, natrium elementindon méhkom, qurgusundan
yumsaq vo yiiksok enerji sixhigmi tomin edon golovi metaldir. Elementin sixhigi 0.543 q/sm3-o
borabordir. Litium elementinin kimyavi aktivliyi enerji monboyinin hermetik olmasina qoyulan
toloblori artirir vo hazirlanma texnologiyasini miirokkablogdirir [2, 4]. Bu da, son naticade AB-nin
istehsal qiymatinin yliksolmasina sabab olur.

Hazirlanma texnalogiyasina gors litium asasli enerji monbalori ii¢ asas nve ayrilirlar:

— metal littum elektrodlu vo maye elektrolit asasli AB-lar;

— litium-ion osasli AB-lor (LIAB);

— litium-polimer osasli AB-lor (LPAB).

Metal litium anodlu AB-lar. Bosalma zamani metal litium anodlu AB-lords elektrolit
qismindo
istifads edilon aproton mohlullu littum duzunda gedon prosesi novbati sokildo gostormok olar:

(-) Li | LiCIOg, propilenkarbonat+dimetoksidetan | LiMn, Oy (+).

Qeyd edilon mohlulda AB-nin doldurulmasi vo yiikiin barpasi prosesi dendrit (¢ox saxoli)
formada bag verir. Bu sobobdon AB-don istifado zamani yangin vo partlayis tohliikasinin yaranmasi
ehtimali artir. Metal lititum maye halda olan duz birlosmasinin qarsiliglt tasirinden yaranan tobago
ilo ortiilmiis olur. Noticodo monfi elektrodun sathi, bir-birindon izolyasiya olunmus va tokrar hall
olmayan ayri-ayri hissociklorlo (kapsulalarla) ortiiliir. Tomiz litiumun digor orintilorlo, mosalon,
litium-aliiminiumla ovoz edilmosi AB-nin dolub-bosalmasi zamani orintinin xiisusi hocminin
doyismosinae, onun aktiv kiitlesinin kdvroklogmosine vo parcalanaraq dagilmasina gotiron
problemlor yaradir. Orintiyo nisbaton tomiz litiumun potensialinin 0.2-0.4 V asagi olmasi
sobabindon AB-nin is¢i gorginliyi azalir. Litium orintisindo agir metallardan (qalay, kadmium,
qurgusun) istifade edilmasi, hocmin doyisilms effektinin azalmasina, noticads elektrodlarin xiisusi
xarakterik parametrlorinin asagi diismosine sobob olur. Bu giina godor metal litiumun dolub-
bosalmasinda hallolma-¢6kmas problemi 6z hollini tapmamisdir. Bu soboabdon do anodunun xiisusi
tutumunun yiiksok olmasina baxmayaraq yalniz bir ne¢o sirkot mohdud hocmds metal elektrodlu
litium AB-lor istehsal edir [1].

Bu tip AB-larin miisbat elektrodlarini litium-oksid-kobalt, litium-oksid-nikel vo litium-oksid-
mangan birlogmolori osasinda hazirlamaq miimkiindiir. Israil istehsali olan vo 0.75 A*saat nominal
corayan tutumuna malik, anodu litium, katodu litiumlu marqans spineli osasli silindrik formali
“Taridan” AB-lori 125+140 Vt*saat/kq vo ya 280+314 Vt* saat/litr xiisusi enerji tutumuna, 3.3+2.5
V son bosalma gorginliyino vo toxminon 300 dofoys godor dolub-bosalma imkanina malikdir [20,
28].

LiAB-lar. Bu AB-larin hom miisbat, hom do monfi elektrodlarinin hazirlanmasinda litium
elementindon istifados edilir. Moanfi elektrodun hazirlanma materiallarina gors, koks vo grafit asasl
olmagla LIAB-lar iki osas néve béliiniir.

Koks, 950+1100 °C temperaturda oksigenin istiraki olmadan koksan komiiriindon alinan, boz
rongli, mohkom, masamoli maddadir. O, grafit karbonun allotropik modifikasiasi olub, bircinsli
elementlor sinfins aid mineraldir vo kristallik gofasin laylar bir-birina nisbaton miixtslif ciir yerlogo
bilon (heksaqonal, triqonal) layli struktura malikdir. Laylar zaif dalgavar1 olub, miistovi formaya
daha yaxindir vo karbon atomlarinin altibucaqli layndan ibarotdirlor. Qrafit karbonun kristallar
plastik vo nahamardir. Onun Moos skalasina gors barkliyi 1+2 arasindadir, sixligt 2,1+2,3 g/cm?,
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rongi gara-bozdur, metal pariltiya malikdir. Almazdan forqli olaraq daha asagi barkliyos malikdir,
nisbton yumsaqdir, istiliyin tosiri altinda daha da barkiyir, havasizliq seraitindo qizdirdiqda orimir,
tursu miihitinds hall olur, ol ilo toxunduqda yaglilq hissi yaradir. Tobii grafitin torkibinds 10-12 %
gil vo domir oksidi var, siirtinmo zamani laylar1 qabiglar soklindo ayrilir. Bu xassodon
karandaslarda istifado edilir. Istilik kegirmo gabiliyyati qarafitin ndviiniiden, bazis miistavilorin
nisbi istigamatindon vo temperaturdan asili olaraq 278,4+2435 Vt/m*K arasinda doyisir. Qrafit
elektrik coroyanini yaxsi kegirir. Onun monokristalinin elektrik kegiriciliyi anizotropdur va
kegciriciliyi, bazis miistovisino paralel istiqgamotdo metala yaxin, perpendikulyar istigamotdo iso
metalin keciriciliyindon toqribon 10 dofo asagidir. Kegiriciliyin minimal hoddi miikommoal kristal
struktur ticlin asag1r temperatur oblastinda (300+1300 K) toskil edir. ©On yiiksok -elektrik
kegiriciliyina rekristallasmig grafit malikdir [1, 3].

Sok.1-do grafit vo koks osasli AB-
lorin bosalma oyrilori tosvir edilmisdir.
Praktiki olaraq koks osasli AB-lor enerji

Qrafit
------ Eoks

tutumu gostoricilorino goro qrafit osaslh
AB-lordon geri qalir vo bu sababdon =~
mohdud  sayda istehsalgi  sirkotlor
torofindon  istehsal edilirlor [11-13].
Qrafikdon goriinir ki, eyni giic tolab
olunduqda grafit asasli AB-lar 3 V-a, koks 3 =
osasli AB-lor iso 2.5 V-a qodor bosalir. \

| ——

Daxili miiqavimotinin  asagl  olmasi 2.5
sobabindon qrafit osasli AB-lor, istismar
zamani bOylik qiymoto malik coroyanin

. Hyu 'qym o yani 20 40 60 80 100
verilmasini tomin eds bilir [3]. Daha maili Tutam (%)
bOSalma eriSing malik monfi elektrodu Sok.1. Qrafit va koks asasli LIAB-in bosalma ayrilori
koks osasli enerji monbaolori ilo miiqa-

yisado, monfi elek trodu grafit asasli enerji manbalori bosalma prosesinin sonunda koskin gorginlik
azalmasi ilo miigayat olunan sorbast bosalma oyrisino malik olurlar. Koks osaslt AB-lor grafit asash
AB-lora nisbaton asag1 bosalma gorginliyi verir. ©ksina, qrafit asasli AB-lor koks asasli AB-lora
nisbaton yiiksok coroyan toplama qabiliyystino malikdir vo dolub-bosalma zamani az qizir. Bu
sobablordon maksimal tutum slde etmok maqgsadi ilo nominal gorginliyi 3.6 V olan koks elektrodlu
vo nominal gorginliyi 3.7 V olan qgrafit elektrodlu LIAB-lar istehsal edilir.

Yiiksiiz halda hazirlanan LIAB-lar is¢i vaziyyata gatirmok {i¢iin ilk névbado onlar1 doldurmagq
tolob olunur. ilk doldurmada moanfi elektrodun formalasmasi bas verir, lititum ionlar1 qrafitin
daxilinds yayilmaga (interkolyasiya prosesi) baglayir:

Ce+xLi* + xe inmterkolyastyq LixCe.

Bosalma zamani monfi elektrodun litium ionlar1 qrafitdon geriyo (oks istigamotdo)

harokatlonirlor (deinterkolyasiya) vo yiikklonma zamam iso proses (interkolyasiya) yenidon

tokrarlanir:
bogsalna
LiCe «— LipxCe+xLi™+ xe".

viiklanms
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Karbon matrisadan istifado litiumun katodda dendrid sokilli barpa olunma problemini aradan
qaldirir. Metal litium anodlu AB-lardo oldugu kimi, bu halda da dolub-bosalma zamani xiisusi
tutum va enerjinin shomiyyatli itkisi yaranir. Nozari olaraq LiCg {igiin xiisusi tutumun qiymati 372
A*saat/kq toskil edir, lakin bu komiyyot tomiz litium ii¢lin 3860 A*saat/kq-a borabordir. LiCg-nin

B torkibi grafitin kristal qurulusunun xiisusiyyatlori ilo
R miloyyan olunur. Belo ki, daxil edilon hor litium
65 Aﬂodh Katod e atomu qrafitin  kristal gofosinin  laylararasi
s i .

I § Elektrolit P @')." boslugunda yerloson karbon halganin morkazino
e'_; Gy y >.< N }g q %3 qars1 miioyyan yer tutur. Interkalyasiyanin miixtolif
R fe* N C,Qoﬂ & 229 X doracasine bir neg¢o birlosmo - LiCg, LiCyo, LiCyg
. 2 [C5es va s. aid ola bilar. LiCg birlogsmoasinin malik oldugu

r P SPIAR L, © . . .
4 4 J monfi elektrodun potensiali eyni elektrolitdo metal

- 'f., yoe ® littumun potensialindan yalmiz 0,2 V miisbotdir.
— ) eee Monfi elektrod matrisast qisminds karbon
c% C?rgﬁi . = 222 1 s te.rklbdan basqa galay oksidlori (SnQ, San, SnO,-
BPWEAEL Qrafit Li Venta duzu W y . gbuledici — Ti0, (10%)), glimiis vo onun orintilori, kobald
struktur molekulu  LiMO, tabage

Sok. 2. LIAB-tn struktur sxemi vo fosforid, nanohissacikli silisiumlu karbon
yiiklonma prosesi kompozitlori, silisium vo karbon nanonaqillori vo
nanoborulari istifads edilir. Qalay oksiddon istifado
etdikdo litiumun ilkin polyarlagsmasi noticosindo katod elektrodunda oksigen qalaydan ayrilir,
litium oksidlosir vo reaksiyanin sonraki marhalasinda litium qalay ilo birlasir, LixSn yaranir:
SnO, + 4Li+4e” — Sn + 2Li,0; Sn+ xLi* + xe© — Li,Sn.

Bu halda x-in qiymati kifayat qodor boyiik olub 4.4-5 ¢ata bilir. Enerji tutumunun giymati 750
mA*saat/qr - a godor olan SnO,-TiO, (10%) elektrodlu AB-lar, birinci 50-60 dofs tam dolub-
bosalmada xiisusi dayaniqliliq niimayis etdirir. Novboti dolub-bosalmalar zamani enerji tutumunun
gqiymotinin todricon azalmasi hali miisahido olunur [1, 12]. Xiisusi enerji tutumu 120-140
A*saat/kq olan LIAB-da miisbat elektrodun hazirlanmasi iiciin, osason kecid metallarinin litiumlu
oksidlorindon, masalon, LiCoO, LiNiO, vo LiMn,O, birlosmolordon istifado edilir. Miisbat
elektrodun isi, AB-nin yiiklonmosi zamani litium oksiddon litiumun deinterkalyasiyasi prosesino
(bir istigamotdo) va bosal-
masi zamanti iso interkalyasiyasi prosesina (oks istiqgamotdo) asaslanir:

LiCoO, + 4Li" + 4xe” — " "+e+Co0y;
LiNiO, = Li* + & +NiOy; LiMn;O4= Li* + & + 2MnO,.

Istehsalg1 sirkotlorin hor biri geyd eilon miixtolif birlogsmolordon istifads edir [12]. Diinya
bazarmin LIAB-lar iizro osas tominatcisi olan Yapon sirkotlori yalmz, on asag1 qiitblosmo vo on
yiiksok enerji tutumu kimi on yaxs1 xarakteristikalara malik, lakin, zoharli vo digor oksidlorden
toxminon 10 dofo baha olan LiCoO, istifado edirlor. Avropa vo Amerika sirkotlori, LiNiO, vo
LiMn,0O, birlogmalarini iqtisadi va ekoloji cohatdon daha perspektivli hesab edilor vo bunlara daha
cox iistiinliik verirlor. Istismar zaman1 geyd edilon birlosmolor asag1 stabillik niimayis etdirdiyindon
tadqiqatgilar yeni katod materiallarinin axtaris1 moagsadi ilo todqiqat islorini (miixtslif nanomate-
riallarmn  oksidlori) davam etdirir. LIAB-in stabil islomo xiisusiyyatini miioyyon edon osas
amillordon biri elektrod materiallarmin va elektrolitin  diizgiin secilmosidir. LIAB-larda elektrolit
gisminda, asasan lizvii halledicilor olan etilenkarbonat vo dietilkarbonat asasli qarisiglardan istifado
edilir. Qarisiga, miisbot vo monfi elektrodlarda passiv qatin torkib hissolorinin  kimyovi

73



R.N. Nabiyev, A.A. Abdullayev, Q.I. Qarayev

xiisusiyyatlorini, eloco do elektrolitin kegiriciliyini miioyyon edon miixtalif littum duzlari (mas.,
LiPFe) daxil edilir. Elektrolit, poliolefin maddoali matrisli seperatorun mosamolarinds yerlogir (sok.
2). Uzvii elektrolitin zoharli va tez alisan olmasi sobabindon LIAB-da hermetikliyin etibarliligina
yiiksok tolob qoyulur. AB-nin siiratlo qizmasmin garsisini almagq ti¢iin 110 °C temperatura godor
qizdiqda faza doyisikliyina moruz qalan vo masamalori baglanan xiisusi seperatordan istifads edilir.
Noticodo AB-nin daxili miigavimoti artir vo enerji tutumu azalir. LIAB-m elektrokimyavi sistemini
novbati sokilde yazmaq olar:
(-) LiCs | LiPFs, etilenkarbonat + dietilkarbonat | LiCoO, (+).

LIAB-1n elektrodlarinda bosalma vo yiiklomo zamani litium ionlarinin gismoen interkalyasiyas1/
deinterkalyasiyasi ilo olagodar proseslor gedir.

Miisbat elektrotda: Li;-«C0oO, + XLi* + xe~  _—*_iC00;

Monfi elektrotda: LiOg :_i 1-xCs + XLi* + xe”;

Yekun reaksiya: LiOg+ Li;-xC00; " Li;-xCes + LiC0O,.

Beloliklo, coroyan yaradan reaksiya, Li* ionlarimin miisbat vo monfi elektrodlar arasinda
mohluldan kegmokls fasilasiz ke¢idi ilo (interkalyasiya/deinterkalyasiya) naticalonir [1, 6-10].

LIAB-da nanotexnalogiyalar. “Tosiba” sirkotinin istehsali olan SCIB (Super Charge ion
Battery) texnologiyali Li-ion nano-akkumulyatorlarinda (LINAB) monfi elektrod qismindo bir
daqiqe orzindo 80%-o godor yiiklonmo imkanina malik litium-titanat nanokristalindan istifade
edilir. Bu struktur hesabina xiisusi tutumunun qiymotini artirmaq vo AB-lori 2-3 doqige orzinds
tam yiiklomak miimkiin olur. Olgiilori comi 3.8x62x35 mm olan AB 600 mA*saat enerji tutumuna
malik olur. Yiiksok tutuma malik olma vo tez yiiklonma xiisusiyyatlorinden olava, LINAB-1n uzun
miiddat xidmat etmak, 5000 dofodon artiq dolub-bosalma imkaninin olmasi, eloco do 1000 dofo
dolub-bosaldiqdan sonra tutumunin toxminan 1%-ni, -40 °C temperaturda isladikds iso comi 20%-
ni itirmasi (-25 °C-do digar tip AB-lards bu gostarici 100% olur) kimi miisbat cohatlari var.

"Matsushita Battery Industrial" Co., Ltd. torofindon nanotexnologiya ilo hazirlamis silindrik
nikeloksid katodlu AB-nin enerji tutumu 620 Vt*saat/litr, fasilosiz iglomo miiddati 13 saatdur.

“Altairnano” sirkotinin istehsali olan LINAB-in enerji tutumu 35 kVt*saat vo yiiklonmo
miiddoati 10 doqiqge toskil edir. Bir dofs doldurulmus AB ilo noaqliyyat vasitesinin ylirlis mosafosi
200 km togkil edir vo gostaricilori digor AB-lori 3-4 dofa iistoloyir. Hazirda, elektromobilin yiiriig
masafosini toxminon 400 km-o godor artirmaga imkan veran, tutumu 70 kVt*saat olan bu tip AB-
lor hazirlanir. AB-nin anod elektrodunda karbon ovozina, xiisusi sathi 100 m%qg-a yaxin litium-
titanat nanokristalindan istifado edilir. Anodun sahssinin genis olmasi hesabina buraxila bilon
yiiklonmo vo bosalma coroyanlarinin qiymatini artirmaq miimkiindiir. Litium-titan birlogsmali yeni
AB toxminon 20 000 dofo dolub-bosalma imkanina va az istilik k6hnalmosine malikdir [1, 2].

Rusiyanin Elmi-Toqqigat institutlarinda LIAB-larin katod materialinin hazirlanmasi {igiin
miixtalif nanohissocik asasli (LiV30g, LiMN,O4, LIC0O,, LisFey(PO4)3) yeni tisullar islonilmisdir
[11, 17, 18]. Yeni texnologiya mexanokimyovi aktivlosmo metodunun totbiqino osaslanir.
Maddalorin nanodispers voziyyati, onlardan yeni katod materiallarin hazirlanmasina vo daha gox
enerji saxlama qabiliyyotino malik birlogsmslorin (LiMeyMn,.,O4, harada ki, Mn = Co, Cr, Ni, Fe)
yaradilmasina imkan verir.

LIAB-larin konstruksiyalarimin xiisusiyyatlori. Digar tip AB-lorda oldugu kimi bozi LIAB-lar
konstruktiv olaraq silindr vo prizma formasinda hazirlanirlar [1, 12, 23]. Silindrsokilli AB-lords
silindr formal1 seperator paketi vo elektrodlar, xaricdon polad vo ya aliminium ortiik ilo Ortiiliirlor.
AB-lorin miisbat qiitbii izolyasiya olunmus tobagodon xarico ¢ixarilir. Diametri 18 mm, uzunlugu
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650 mm olan silindrik formali AB-lorin enerji tutumu 1800+2000 mA*saat-a qodor, diametri 26
mm olan AB-do iso bu parametr 3200 mA*saat olur. Prizma formali AB-lar diizbucaqgli 16vhalori
bir-birinin {izerinde layli formada yerlogdirmoklo hazirlanir vo silindrik AB-lora nisbaton
elektrodlarinin sixilma imkaninin ¢otinliyi sobabindon az sixilmig olur. Elektrodun tobogali
yigilmasinda qatlama isulundan istifado edilon boazi prizmasakilli AB-lorin konstruksiyalari bir
gayda olaraq vahid formaya malik olmur. Bu sobabdon mobil telefon, noutbuk vo s. elektron
cihazlarin istehsalgilari, 6z qurgularinda digor sirkotin AB-lorindon istifadoyo icazo vermir.
Rogomsal cihazlarda osason silindirik konstruksiyaya malik AB-lardon istifads edilir. Li-ion asaslt
AB-lorin digor litium birlosmali coroyan monbolorindon forglondirici xiisusiyyatlori onlarin tam
hermetik olmasidir. Litium osasli AB-lerin (LIAB vo LPAB) daha genis yayilmis formasi paket
(tobogali) konstruksiyali modelloridir. Plastik ortiiklii paket formali AB-lor yiingiil olur vo
toyinatina uygun hazirlanir. Bu da, sistemo manfi tosir gostoron maye elektrolitin sizmasinin, otraf
miihitdon AB-ys oksigen vo su buxarinin diismesinin qarsisini alir. Oksigen vo su buxari elektrod
va elektrolitin hazirlandig1 materiallar ilo reaksiyaya girdikds aligsma va partlamaya sobob olur, AB
tamamils siradan ¢ixir.

LPAB-lar. LPAB-lar1 LIAB-dan forqlondiron osas cohat, elektrolitin mosamali seperator vo
ion kegiriciliyino malik polimer elektrolitdon hazirlanmasidir [2, 9]. LPAB-larda 16vho formali
bark-quru polimer elektrolitdon istifado edilir. Boylik coroyan vermok imkanina malik elektrolit
mistovi formada, kip sixilmis halda hazirlanir. Burada ion miibadilosi polimer elektrolitdo bas
verir. Polimer elektrolitin hopdurulmus sokildo hazirlanmasi istehsal prosesini sadolosdirir vo
tohliikasiz edir. Torkibina daxil olan hor elementin qalinliginin az olmasi, AB-ni istonilon formaya
salmaga va tolob olunan yerdas istifadosino imkan verir.

Polimer elektrolitlor hazirlanma texnalogiyasina gors 3 qrupa boliiniir.

1) Quru polimer elektrolitli LPAB-larin torkibino polietilenoksid vo litium duzlari (LiClOy,
LiBF,, LiAsFg) daxildir, 0.1-60 °C temperaturda elektrik kegiriciliyi 10 <10 Sm/m olur. Metal
litium anodlu LPAB-lar 100 Vt*saat/kg-dan ¢ox enerji sixligina malik olub, tohliikesizdir, 6z-
0ziino bosalmas1 zoifdir, konstruksiyasi sadodir, lakin elektrod-elektrolit sorhoddindo omik
miiqavimoti boyiikdiir, qiymati bahadir, xidmot miiddatlori qisadir. Elektrolit sizmasinin olmamasi
sobabindan polimer layda yiiklii zorraciklorin hermetiklik problemi hall edilmisdir.

2) Gel-polimer elektrolitlor iki nova boliiniir:

= birincilorin torkibi - poliakrilonitril/polivinilxlorid + litium duzu + plastifikatorlardan
(propilen-karbonat, etilen-karbonat, dimetilkarbonat vo s.) ibaratdir vo elektrik kegiriciliyi 25 °C
temperaturda toxminon 5 Sm/m olur, enerji sixliglar1 toxminon, 155+160 Vt*saat/kq vo 175+270
Vt*saat/litr toskil edir. Onlar, toxminon 500 dafs dolub-bosalir, metal litium anoda malikdir;

= ikincilorin torkibi - polivinildenftor + polialkilenqlikoldiakrilat + litium duzundan ibaratdir
vo elektrik kegiriciliyi 25 °C temperaturda, toxminon 10.5 Sm/m olur, dolub-bosalma carayani
1+25 C toskil edir. Onlar, 70% tutumunu saxlamagla toxminon 500 dofo dolub-bosalir, karbon
anoda malikdir.

3) Mikromosamali (heksaftorpropilenli vinildenftorid sopolimer birlogsmasi) elektrolitlorin
torkibina 0.1-1 mkm ol¢iilii yuvalara malik masamali matrisali polivinildenftor va littum duzunun
susuz mahlulu daxildir. Onlar toxminan, 0.1 Sm/m elektrik keciriciliyino, 100-125 Vt*saat/kq vo
200-250 Vt*saat/litr enerji sixligina malikdir vo 500-1000 dofs dolub-bosalir.

Daxili miigavimetinin yliksok olmasi sobobindon kegiricilik gabiliyyatlorinin zaif olmasi quru
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vo mikromosamoli elektrolitlorin ¢atismayan cohotidir. Bu tip elektrolitlor 40°C-don yuxari
temperaturlarda yaxsi isloyir. Hibrid qurulusa malik Gel-polimer elektrolitli litium AB-lor iso
yiiksok keciriciliys malik olub, qurguda yerlosma yerinin formasina uygun hazirlanir vo bu da
onlardan miniatiir cihazlarda istifadoyo imkan yaradir. LPAB-1 uygun formada hazirlamagqla,
silindrik formali LIAB ilo miiqayisade 20-30% daha cox enerji sixlig1 aldo etmok miimkiindiir [1,

2,9, 12]. 45

LPAB-larin yiiklonma prosesi: Hazir- - c_ 1600 }100
lanma texnologiyalarina goéro LPAB-lar, »4.0 /"/7CL -1200"5 75 o
LiAB-lardan forqlonsa do, onlarda yiiklonmo %3 sif 1800 § 50 é
vo bosalma proseslori oxsar gedir. AB = A=
ovvolco kombino olunmus rejimds 0.2+1C ©3.0 I 1400 3 25
diapazonunda (adoton 0.7 C qiymotindo) 2.5 0

. .. 0 0.5 1.0 1.5 20
sabit corayanla 4.1+4.3 V gorginliys vo no- Zaman, saat

minal tutumun 7080 %-no qoder yiiklonir. Saok. 3. LPAB-n yiiklonma xarakteristikasi

Sonra, yliklonma prosesinin ikinci morhalasi

- sabit gorginlik rejimi baslayir vo yiikloma coroyani ilkin qiymotindon 3%-o qodor asagi disiir.
Yiiklomonin birinci morholasi 40 daqiqo, ikinci marholosi 2 saata godor davam eds bilor. Boazi ndv
yiikloma qurgulart hor 500 saat vo ya 20 giindon bir batareyalarda bir elementin gorginliyinin 4.05
V-a qodor azalmasi halinda homin elementin gorginliyinin 4.2 V-a qodor yiiklonmaesini nazaratdo
saxlayir. Yiiklomo gorginliyinin 4.3 V giymatindo manfi elektrodun litiumla metallagsmasi, miisbot
elektroddan iso oksigenin ayrilmasi prosesi bas verir. Noticodo AB-nin temperaturu siiratlo artmaga
baslayir.

Istismar zamam tohliikosizliyi artirmaq mogsadi ilo AB-nin gapagmin alt torafindo miisbot
temperatur omsalina, miigavimatin artmasi ilo reaksiya veron vo daxili qazlarm tozyiqinin
normadan artiq oldugu halda katodla miisbat ¢ixis arasinda elektrik olaqesini koson, eloco do
normadan artiq yiikkloma vo qizma naticosindo qisagapanma halinin yaranmasinin qgarsisini almaq
tictin elektron qoruyucu sistemi qurasdirilir. Uzun miiddot yliklonmodik do LPAB tam bosalir vo bir
elementdo olan gorginlik 2.5 V-dan asag1 diisiir. Bu halda, AB-nin bosalma gorginliyino nozarat
edon, eloco do hor elementin gorginliyinin 2.5 V-a qodor azalmasi naticesindo yiikii dovradon
ayiran - dorin bosalmadan qoruma sistemi totbiq edilir. Bir elementin gorginliyinin 2.5 V
giymatindon islomoys baglayan oksor yiiklomo qurgularinda AB-ni is¢i voziyyoto gotirmok vo

yiklomok Ggin g pillali borpaedici - EI A R A S on gz -

doldurma amoliyyat1 tovsiyys olunur: AB- DO o oo ol ok Kl i o
ni 0.02C coroyanla 2.8 V-3, 0.05C oy 300 3972man e
coroyanla 3.2 V-a va sonda 4.2 V-a qader 40 == se0- Jeimie 5
yiklomok lazimdir. Sok. 3-do LPAB-in 3.8 709
tipik  ylklonmo xarakteristikasi  goOsto- g“ 5°§
rilmisdir [1, 12, 14]. Oksid osasli LPAB- E’zz ZE
larin boylik coroyan vermo, dolub-bosalma, e “
asagl 0z-0zlino bosalma gostoricilori digor e »
Fip AB-lordon iki dofoyo qodor yiiksokdir. 26 | e e e 10
Iki il istismar edildikdo diger AB-lorden Tusios (o)

Sak. 4. LPAB-larin dolub-bosalma saymmin bosalma
carayanindan va temperaturdan asililiq ayrilori

forqli  olaraq LPAB-lar  tutumunun
toxminan 80%-don ¢oxunu saxlayir. Biitiin

76



Litium asasli akkumulyator batareyalar:nin inkisaf masalolori

AB-lor kimi LPAB-lar da kéhnalmoys moruz galir. K6hnolma AB-nin istismar temperaturundan vo
onin yiiklonma soviyyesinden birbasa ashidir. Istismar edilmodon saxlanildigda, zaman kegdikca
LPAB-larin tutumunun azalmasi miisahids olunur. Kéhnalmos prosesinin zoiflodilmasi tigiin AB-ni
40% doldurulmus halda +15°C-don artiq olmayan temperaturda saxlamaq tolob olunur. Bu sortlor
daxilinds bir il saxlanildigda, AB tutumunun 5%-o qodorini itira bilor. Bu sobabdon AB-lorin
torkibine daxil olan hor elementin dolub-bosalma gorginliyino nozarot etmoak, xiisusi tonzim-
layicilordon istifado etmok vo qoruyucu sxem qurasdirmaq tolob olunur. Bu da AB-nin giymatinin
yliksalmasine sobab olur [15, 16].

Bosalma ayrilaori. Sok. 4-do “FlightPower” sirkotinin istehsali olan giiclii LPAB-larin bosalma
zamani bosalma corayaninin (C-batare-yanin nominal tutumu) giymatindon aslh olaraq gorginlik —
tutum — tempera-tur xarakteristikalar1 verilmisdir. Qrafikdon goriiniir ki, AB-nin enerji tutumunun
giymoti is¢i gorginliyin qgiymotino miitonasib olaraq azalir. Eyni effekt 10°C-don asagi
temperaturda bosalma zamani yaranir. Asagi temperaturlarda gorginlik tez disir [1, 12, 17, 26-28].

Litium asasli AB-larin inkisaf istigamatlori. Yiksok kompaktliqg, elastiklik vo s. xiisusiyyatlori
ilo olagadar olaraq litium asaslt AB-larin istehsal texnologiyalar1 vo totbiq saholori genislonir. Hal-
hazirda LPAB-lar1 ovoz edo bilon, tokmillogmis (monfi 40 °C temperaturda isloyon) yeni
litiumfosfat AB-lor (LFAB) istehsal edilir. Bu AB-larin is¢i temperaturunun yuxari haddi miisbat
elektrodun hazirlandig1 materialin (osason kobalt) torkibinin ekzotermik ayrilmasindan vo monfi
elektrod/elektrolit sorhoddindo fazalararasi laylarda gedon elektrokimyavi proseslordon ashidir.
Laylarin dagilmasi prosesi iso elektrolitin osasini toskil edon duzlarin kimyavi torkibindon va
temperaturdan bir basa asli olub, LiBF,<LiPFg<LiCF3SO3<LiN (SO,CF3), siralamasina uygundur.

Forqli elektrokimyavi torkibo malik anodlu AB-lor hazirlayan “Sion Power Corporation” vo
“PolyPlus Battery Company” sirkatlorin istehsal etdiklori Li/S osasli AB-lordo coroyanin 2.1
A*saat qiymotinds enerji tutumu 420 Vt*saat’kq vo ya 520 Vt*saat/litr olur [19, 21, 22]. Bels ki,
“Elektromobil”-lardo 400+500 °C isci temperaturda zohorli olmayan maye elektrolitli Li/FeS; tipli
AB-lordon istifads edilir. Onlar 420 Vt*saat/kq enerji tutumuna malikdir vo qiymatlori ucuzdur.
Hal-hazirda “Iner]” sirkoti torofindon bu tip AB-lorin 90+130 °C va daha asag1 temperaturlarda
isloyan polimer elektrolitli névlori hazirlanmigdir [10]. Litium-tionil-xlorid, litium-poli-ftor-karbon
va litium-dioksid-marqgans kimyovi torkibli AB-lor daha perspektivli enerji monbaloridir. Belo ki,
litium-tionil-xlorid elektrokimyavi torkibli AB-lor 5001200 Vt*saat/dm? enerji tutumuna, 5+10 il
enerji saxlamaq miiddotino, 3.3+3.5 V yiiklomo gorginliyino vo -40...+50°C temperaturlarda
islomok xiisusiyyatlorino malikdir. Ltium-poli-ftor-karbon vo litium-dioksid-marqans torkibli AB-
lar ti¢lin bu gostaricilorin qiy-
moti, uygun olaraq 300+800 Vt*saat/dm?, 3+10 il, 2+2.6 V va -20...+40 °C toskil edir.

Litium asasli AB-lorin ¢atismazliglari:

— istifado edilmadikdo kéhnalmoya meyilli olmasi; kohnalme prosesinin istismara baslama
miiddatindon deyil, istehsal tarixindon baslamasi;

— digor tip AB-lor ilo miigayisads qiymatinin baha olmast;

— LPAB-nin mexaniki zadoslonmayo, hoddindon artiq yiiklonmayo vo temperatur doyismosino
qarst hassas olmasi, homginin qisagapanma sobabindon alisma ehtimalinin yaranmasi. Elaco do,
dorin bosalma AB-nin tutumunun azalmasina (elektrolitin oksidlosmaosi), daxili miigavimatinin
artmasina sobab olur va tokrar yiiklomo zamani enerjinin tam toplanmasina mane olur. Bu hal bir
neco dofo tokrarlandiqda 2+3 ildon sonra AB tamamilo istismara yararsiz hala diisir.

Litium asash AB-lorin tistiinliiklori:
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— PUA-da vo digor dasinan qurgularda giic vo enerji monbalari qisminds istifads edilmasi;

— uzun middatli xidmati vo dolub-bosalma sayimin ¢coxlugu (zomanotli 1000-dan artiq);

— chtiyat enerji saxlamaq vo genis temperatur diapazonunda isloma gabiliyyati;

— 0z-6zlino bosalma coroyaninin minimal olmasi (otaq temperaturunda ilo 3%-o gqodor);

— bir elementdo gorginliyin yiiksok (3.6+4.2 V) olmasi;

— konstruktiv olaraq miixtalif formada hazirlanmasinin miimkiin olmasi1 (LPAB);

— elementlorin qalinliglarinin ¢ox nazik olmasi (LPAB-da toxminon 1 mm);

— elastik formada hazirlanma imkanin (LPAB) olmasidir.

Litium asaslt AB-lordan istifada va saxlama zamani tohliikasizlik qaydalari: Litium osasli AB-
lor istismar vo yiiklonmo rejimlorine oldugca hossasdir. Bu sobobdon névboti tohliikesizlik
gaydalarina riayot etmok tolob edilir [5]:

— AB-nin 4.2 V-dan ¢ox yiiklonilmasine va 3 V-dan az bosalmasina;

— AB-ds qisagapanmanin bas vermasing;

— AB-nin temperaturunun 60 °C-don ¢ox qizmasina;

— AB-nin hermetikliyinin pozulmasina (LPAB);

— AB-nin bosaldilmis halda saxlanilmasina;

— AB-nin zadolonmasine va daxiline hava dolmasina (LPAB) yol verilmir vo onu 50+70 %

yiiklii vaziyyatds 30 °C temperaturda saxlamaq tolob edilir.
Litium asasli AB-lorin asas xiisusiyyatlori va tatbiq sahalori: bu tip AB-lordo enerji tutumu

100+180 Vt*saat’kq vo ya 250400 Vt*saat/litr, gorginlik 3.6+4.2 V, buraxila bilon gorginliyin
agag1 hoddi 2.5+2 V va is¢i temperatur diapazonu (-20...+60) °C arasinda doyisir. Kigik dl¢iilii AB-
do bosalma corayanin qiymeti 2C, giiclii AB-lords iso bu qiymat toxminon 10+20 C tortibdo olur.
Bir ¢ox istehsalgilar monfi 40 °C-do isloyon AB-lor hazirlamslar.

Litium osaslt AB-lorin 6z-6zline bosalmasi birinci ayda 4-6 %, sonraki aylarda iso bu hodd
ohamiyyatli derocads azalaraq ildo 10-20 %-o ¢atir. Eyni dlciilii digor AB-lar ilo miiqayisads litium
osasli AB-lor 20-30 % daha cox enerji tutumuna, az “yaddas effekti”’-no, tam bosalmani gozlo-
maodon istonilon vaxt yliklomonin miimkiin olmasi xiisusiyyatlorino malikdir [5, 11, 16, 18, 25, 26].

Coxdofali istismar xiisusiyyatlori ilo slagodar olaraq litium asasli AB-lor "adi" vo "tez bosalan”
olur [1, 8]. Birincilordon az (mobil telefonlarda, noutbuklarda vs s.), ikincilordon iso bdyiik corayan
tolob edilon yerlordo (PUA-da, hibrid avtomobilds va s.) istifads edilir.

Cadvel 1-do littum osasli AB-lorin (elektrodun nédviine gore forglonon miixtolif kimyovi
torkibli LIAB-lar vo LPAB-1n) asas gostoricilori miiqayisali toqdim edilmisdir [3, 11, 24-28].

Cadval 2-do LIAB vo LPAB-larin texniki vo istismar gostoricilori (xiisusi enerji sixligi, dolub-
bosalma sayi, tohliikasizlik, 6z-6ziina bosalma, tatbiq sahalari va s.) verilmisdir.

Natica. Daxili miigavimatinin nisbaton agagi olmasi, yiliksok enerji sixligina malik olmasi,
dolub-bosalama sayinin ¢ox va giymotin nisbaton asagi olmasi vo s. miisbot xiisusiyyatlor LIAB-
larin elektromobillords, mobil telefonlarda, alotlordo vo s. totbigino imkan yaradir.

Hazirlanmasi zamani polimer bark elektrolitdon istifado naticasinda, ylingiil, elastik, nazik vo
istonilon formada hazirlanmasinin miimkiin olan, ekoloji cohatdon tohliikasiz, ani miiddstde boyiik
corayan vero bilon, elementdo gorginliyi yliksok olan, 6z-0ziino bosalma corayani az olan vo daha
yiiksok xiisusi enerji sixligl, glic vo istismar gostoricilorino malik, homginin sohra soraitindo
istifado (temperaturun idaro edilmasi miimkiin olmadiqda) imkaninin vo tohliikasiz istsmar
xuisusiyyatlorinin olmasit LPAB-larin PUA-larda vo yiiksok corayan-giic tolob olunan cihazlarda
enerji manbayi qisminda istifadesini daha magsadouygun edir.

78



Litium asasli akkumulyator batareyalar:nin inkisaf masalolori

Cadval 1.
Miixtolif kimyovi torkibli LIAB-larin va LPAB- 1n uygun parametrlorinin miiqayisali tahlili

Ne Parametr/Tip LiCoO, | LiMn,O,| LiFePO, | Li,TisOs,| Li-ion LiPo
Enerji sixligi, (Vt.saat/kq) 150-200 <170 135 85-90 150+180 | 150+260
Enerji sixhigi, (Vt*saat/dm®) 250 - - - 260 250+400
Daxili miigavimat (bir AB-ds), 150-300 ) ) ) . _

3. (mQ) (7.2V) 25-75 25-50 150-250 | 200-300

4. | Dolub-bosalma sayi1 (80%), (dofo] 500+1000{ 1000-2000] 1000+-3000 | 5000+8000] 500+1000| 300-800

5. | Tez yiiklonmo miiddoti, (saat) 23 2+2.5 2+3 2+3 2+4 2+4

6. | Optimal bosalma dorinliyi % 85-90 85-90 85-90 85-90 85-90 85-90

; {&y "er%md;) otaq temperatu-runda 10 10 10 10 10-dan az 10
0z-0ziino bosalmast, (%) olmayaraq
Elementdos olan nominal

8. gorginlik, (V) 3.6 3.8 3.3 2.4 3.8 3.6
Elementds olan mak. gorginlik,

9. (V/element, 1C) 4.2 4.2 3.6 3.3 4.2 4.2

1o, | 1€ coroyanla bosalma zamani 1, o5 | 5 5.3 2.8 - 2543.0 | 2.5+3.0
yaranan gorginlik, (V/element)

11. | Maks. yiiklonma corayant 0,7-1C 0,7-5C 5C 1C >2C >2C

12. | Yiiklonmo temperaturu, (°C) 0+45 0+45 0+45 0+45 0+45 0+45

13. | Islomo temperaturu, (°C) -20+60 -10+45 -10+60 -10+05 -20+60 0+65

14. | Istehsal ili 1991 1996 1999 - 1996 1999

15. | Dayari yiiksak orta asagsi yaksok orta yaksok

Cadval 2.

LIAB vo LPAB asash AB-larin texniki va istismar gostoricilori

Texniki gostaricilor Li-ion Li-Pol (Li-ion AB-ys nisboton)
Xiisusi enerji sixligi yiiksok toxminan iki dofs goxdur
Dolub-bosalma say1 ¢OX azdir
Maks. yiiklonmo coroyan1 (A) | yiiksok (=10C) yiiksak (=20C)

Bosalma corayani (A) yiiksok yiiksok

Daxili miigavimati asagi yiiksok

Yaddas effekti yoxdur yoxdur

aL L o istanilon formada va 6lgiids hazirlanmasi
Olgti se¢imi az secimli

mumiikiindiir

Kiitlo nisbaton yiingiil yiingiil
Xidmot miiddati toxminan eynidir toxminon eynidir
Istifads edilmodikdoe 6z -ziino
az daha az
bosalma
Partlama ve alisma imkan ox viiksok elektrolit vo elektrodlardan konara sizma
¥ gox yu yiiksok doracods miihafizo olunur
Yiiklonmos vaxti uzun nisboton qisa

don model se¢imi zamani sohf
etmomaya sabab olur)

Kohnalma ay arzinda 0,1% qoador az meyilli
Qiymoati slgatan nisboton baha
asag (standart formada
. hazirlanmasi istifadagi torafin- | istonilon formada istehsal etmoak
Universalliq

mumikindir

Tahlikesizlilik

istismar zamamn tohlukalidir

maye elektrolitden istifadonin hesabina
partlama tohliikasi asag1 olur

Temperatur diapozonu

-20...+50 °C

-20++60°C

Totbiq sahalori

elektromobillorda, mobil

telefonlarda, alotlords va s.

asasan elekrik-optik cihazlarda, PUA-larda,
videomiigiihido kameralarinda vs s.
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9TAIIbI PASBUTHUSA JIUTUEBBIX AKKYMYJISATOPOB

P.H. HABMEB, A.A. ABAYJIJIAEB, I'1. TAPAEB

B crarbe cpaBHHTENBHO MTPOAHATU3UPOBAHBI H 0OOOIIEHBI TAMBI Pa3BUTHS MIPOU3BOCTBA JIUTHEBBIX aKKyMYJISITOP-
HBIX Oarapeit (AB), MX KOHCTPYKIIMN U T€XHOJIOTHH HU3TOTOBICHHS, XUMUIECKHE JIEMEHTHI, HCIOJIb3yeMbIe IIPH U3rOTOBIE-
HHUH 3JIE€KTPOIOB U 3JIEKTPOIUTOB, TTAPaMETPHI ITEKTPOJOB B 3aBHCHMOCTH OT XMMHYECKOTO COCTaBA, XUMUIECKHE PEAKIIHH,
MPOTEKAIOIINE B HUX, XapaKTEPUCTUKH 3apSAKA U Pa3psAAKU, 00JIaCTH IPHIMEHEHNS, IPEUMYIIECTBA U HETOCTATKH.

BEIsSIBIIEHBI ITPENMYIIIECTBA HCIIOIB30BaHUS JITHH-TIOIMMEPHBIX OaTrapeil B OSCITMIOTHBIX JETaTeNbHBIX ammaparax
(BIIVTA), HOCUMBIX M JOPYTHX 3JEKTPOHHBIX YCTPOHCTBaX, MOCKOJIKY UX OSHEPreTHUecKHe €MKOCTH IO YAEIbHOMY Becy U
00BbEMY BBIIIE APYTUX.

Knroueswvie cnosa: akkymynsamop, bamapeu, Iumui-uoHHbL, TUMUL-NOIUMEDHYIIL, INEKMPOUM, INEKMPOO, 3apsoKd,
paspsaoka.

DEVELOPMENT STAGES OF LITHIUM BATTERIES
R.N. NABIYEV, A.A. ABDULLAYEV, Q.I. QARAYEV

The article comparatively analyzed and summarized the stages of development of the production of lithium recharge-
able batteries (AB), their designs and manufacturing technology, the chemical elements used in the manufacture of electrodes
and electrolytes, the parameters of the electrodes depending on the chemical composition, chemical reactions occurring in
them, charging and discharging characteristics, applications, advantages and disadvantages .

Due to the fact that the energy capacity by specific gravity and volume are higher, the advantages of using lithium-
polymer batteries in unmanned aerial vehicles (UAVSs), wearable and other electronic devices have been identified.

Keywords: accumulator, batteries, lithium-ion, lithium-polymer, electrolyte, electrode, charging, discharging.
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ATMOSFER COBHOLORIN GPS SIQNALLARININ
GECIKMOSINO ETDiYI TOSIRININ QiYMOTLONDIRILMOSI

R.O. EMINOV"

GPS sistemi signallarinin troposfer gecikmosino gotirib ¢ixaran vo qosa hadisalor naticosinds bas veran,
yani isti cobhanin galmasi va soyuq cobhanin galmasi ilo olagador olan, on vacib amillordon biri kimi atmosfer
cabhalori tohlil olunmugdur. Atmosfer cobholorin galmosi ilo olaqadar troposfer gecikmosinin miioyyon soviyyo-
don artiq basvermosi ehtimalinin hesablanmasi {igiin diistur toklif edilmisdir. Atmosfer cobhslorin golmasinin
prognozu ti¢iin masafadon zondlagdirmanin texniki vasitolorinin quragdiriimas: gaydalari miioyyon olunmusdur.

Acar sozlor: atmosfer cabhalori, GPS signallar, troposfer gecikma, masafadon zondlagma,
prognoziasdirma.

Giris. Bir ¢ox alimlorin todgiqatlari, gostorir ki, atmosfer amillori GPS signallarina shamiyyat-
li doracada tosir edearak, tayin olunan ndqte koordinatlarmin vo yiiksokliklorinin giymatlarinds
miioyyan sohvlarin yaranmasina sobab olur [1].

Is [2]-d> geyd olunur ki, atmosfer cobhalori noinki havanin dayismasina gatiron vo hotta GPS
sistemlorinin isini pozan on vacib meteoroloji hallardir. Bu cabholor troposferds yarandigi {igiin,
asasan signallar yayilmasinin troposfer gecikmasina tasir edir.

Bu proseslori dorindon dyronmok ii¢iin asagida atmosfer cobhalorin qisa xarakteristikasini ve-
rok. Atmosfer cabhosi iki miixtalif hava kiitlalori arasindaki sarhad hesab olunur. Hava kiitlolori
asagidaki parametrlarlo forqlonir: Hararatlo; Kiiloyin siiratils; Riitubatlo.

Miisahido zonasinda cabhonin harokoti istigamotindon vo horakatinin sonraki doyismosindon
asil olarag atmosfer cabhoasi soyuq, yaxud isti adlanir. ©goar soyuq hava isti hava ilo avoz edilarss,
onda harokot etmayon miisahidagi tictin bu hal soyuq cobhonin galmasi demakdir vo oksina, agar is-
ti hava soyuq hava ilo avaz edilarso, onda bu hal isti cobhonin golmasi demakdir.

Fiziki cohotdon atmosfer cabhasi nisbaton nazik (galinligi 40-200 km olan) va iki hava kiitlolo-
rini ayiran ti¢6l¢iili hava Siparins banzoayir. Bozi hallarda cobhoni frontal zona da adlandirirlar.

Cobholar harakatlarinin bu vacib xiisusiyyatlori naticodo atmosfer cobholarinin GPS sisteminin
isina etdiyi tasirini birtizs verir.

Is [2]-o asason atmosfer cobhalor galisinin asas gostaricilori kimi asagidakilar hesab olunur:

Isti cobhanin galisi: bu cobhonin golisina qadar horarat todricon galxir; kiiloyin siirati artir, toz-
yiq diisiir, nisbi riitubat iso yagintilara gora artir. Cobhanin kegmosi miiddotinds horarat qalxir, kii-
lok istigamatini doyisir, tozyigin enmasi dayanir, hava riituboti maksimuma catana godor artir. Isti
cobho kegondon sonra ciddi doyisiliklor bag vermir. Soyuq cabhonin kegmosi bir gqodor basga ciir
bas verir. Soyuq cabhodon avval hararat ciizi doyisir, tozyiq iss kaskin artir, ancaq riitubat va kiilok
stirati artdigindan tazyiq kaskin enir. Soyuq cobhs kegondon sonra kiilok va horarat doyismoni da-
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vam edir, riitubat siiratlo azalir, tozyiq iso todricon artir. Atmosfer yagintilarinin bas vermasi daha
cox Yer planetinin orta en dairoalorinds miisahido olunur. Misal ti¢iin, is [2]-do gostorildiyi kimi, ga-
sirgali havada Ingiltorads sutka arzinde 3-4 cobholorin kegmosi miisahide olunur. Biitiin bu hallar
atmosfer cobhoalarin GPS sistemlor signallarmin gecikmasing etdiyi tasirinin dyranilmasinin aktual-
ligin1 bir daha tosdiq edir.

Is [2]-do gostorildiyi kimi isti atmosfer cobhasinin golisi zaman1 com troposfer zenit gecikmosi
11 saat arzindo 8 sm artir. Soyuq cabho kecdikdon sonra gecikma hamin giymat qoador 7 saat arzin-
do azalir. Bu zaman gecikmonin doyismasi asagidaki iki sobobdon basg verir: riitubat gecikmasinin
dayismasindan (su buxarlarinin, buludlarin ve yagislarin hesabina gors);

- quru gecikmanin doyismasindon (atmosfer tozyiqin doyismasi hesabina gora).

Qeyd edok ki, cabhalarin xiisusi grupu da moveuddur — onlar okkliiziya cabholori adlanir vo
soyugla isti cabhalorin zamanla six ardicil kegmosi halinda amalo galir. Is [3]-do geyd olundugu ki-
mi, onlar hava kiitlalarinin qurulmasi ilo xarakterizo olundugu ii¢iin, GPS signallar gecikmasinin
tadqiqi istigamatinds boyiik maraq dogurmur.

Masalanin goyulusu. GPS signallarinin tropos- 250
fer gecikmosinin qiymotlondirilmasi somaraliliyi
ticiin soyuqla isti cabhalorin ardicil kegmasi halinda
ritubatli vo quru gecikmalorin zamanla doyismasi
grafikini nazordon kegirak (sok.) [2]. Sokilda goriin-
dityti kimi isti coabholorin kegmosi zamani «quru ge-
cikmaniny azalmasi, «riitubatli gecikmoniny iso kos-
kin artmasi1 miisahids olunur. Bu halda soyuq cobha-
nin kegmasi zamani «riitubatli gecikmaniny kaskin
azalmasi, «quru gecikmaniny isa sabitliyi miisahido
olunur. 28 noyabr 1996 saat 00:00 sonra (saatla)

Masalonin halli. GPS signallar gecikmasinin Sok. Riitubatli va quru gecikmoalarin atmosfer

- . . .. e e cabhalorls bagh dayismasinin dinamikast
togribi ehtimali giymaotinin tapilmas: iigiin hesab
edok ki, atmosfer cobhalori kegorkon doyison yalniz riitubatli gecikmo olur. Anomal gecikmasi
miioyyon A saviyyasindan yiiksok olarsa, elementar hadisalarin miihiti bu ciir tayin edils bilor:

wy = {wq, w,},
burada w, - soyuq cabhonin galms hadisasidir; w, - isti va soyuq cobholorin ardicil galma hadisasi-
dir. Belalikla, w hadisasinin bas verma ehtimali bu ciir tayin olunacag:
P(w) = Py(wy) + Py(w3).

Hesab edok Ki, miisahido zaman1 n; sayda isti cabholor vo n, sayda soyuq cobhalar geyds
alimmis vo bu zaman com troposfer gecikma A = 2,35 m giymatindon yiiksok olmusdur; bu halda n;
= n; sayda isti vo soyuq cabhalorin ardicil galma hadisalori geyds alinmisdir.

Birinci yaxinlasmada hesab etmok olar ki, tok soyuq cabhanin kegmasi hali ilo miigayisado,
nz halda olmus zaman gecikmasinin basvermo miiddati k dofo ¢ox olmusdur. Belslikla, A saviyys-

sindon yuxari ola bilon anomal gecikmonin bagvermos ehtimali bu ciir hesablanacaq:
P(a)) _ (n1—ny)At 4 ny-k-At _ nz-At+n1-At(k—1)’ (1)
Ty Ty Ty
burada At - troposfer gecikmo 2,35 m soviyyoni agan miiddst orzinds soyuq coabhonin kegmo vaxti-
dir. ©gor k >1 olarsa, onda

n

sti cabha sathi | Soyugq cabha sathi
. .

'S
o

~N
w

ecikmasinin giymatlandirilmasi, m

Com zenit g

Atng-(k—1
Pw) ~ 2

Ogor sokildo gostorilmis prosesi Qauss prosesi ilo approksimasiya etsok, onda asagidaki ton-
liyi almaq olar:
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(A—a)(A+a-2my) (3)

nlzNaexp[—

20,%
burada N, — avvaldan se¢ilmis a saviyyasindan yuxari olan yagntilarin miqdaridir; m,,, g, - pro-
sesin riyazi gézlomasi vo orta kvadratik konarlasmasidir.

(2)-ci va (3)-cii disturlar ssasinda asagidakini aliriq:

At-(k—1)-N, A—a)(A+a-2m,
P(w) = At(k—1)Nq Tn) exp [— (A-a)(ara-2my) )(20% )]. 4)

Belaliklo (4) diistur GPS sistemlordo A = 2,35 m saviyyasindan yuxari ola bilon troposfer ge-
cikmasinin bas vers bilacok ehtimalini tagriban toyin edir.

Qeyd etmok lazimdir Ki, soyuq cabhalorin tez galmasini prognozlasdirmaq tig¢iin masafodon
tayinetmo vasitalorini tadgigat obyektinin zonasindan konarda qurmagq talab olunur. Bu onunla sla-
goadardir Ki, soyuq cabhanin 6ziinomaxsus meyletmasi naticasinds onun galmasinin ilkin slamatlori
0ziinii asag1 yiiksokliklards biruza verir.

Notica. Miiayyan olunmusdur ki, GPS signallarinin troposfer gecikmasina gotirib ¢ixaran on
vacib amillarden biri Kimi qosa tasir naticasinds amolo galon atmosfer cabhalari hesab oluna bilor.
Onlar asagidaki qaydada golir: isti cobhanin galmasi; SOyuq cabhanin galmasi.

Atmosfer cobholorin galmasi ilo slagodar troposfer gecikmasinin miioyyan soviyyadon artiq
basvermosi ehtimalinin hesablanmasi tigtin diistur toklif edilib.

Atmosfer cabholarin galmasinin prognozu iigiin masafodon zondlagdirmanin texniki vasitals-
rinin qurulasdiriimasi qaydalar: miisyyan olunub.

Miiayyan olmusdur Ki, soyuq cabhanin 6ziinamaxsus meyletmasi naticasinds onun galmasi-

nin ilkin slamotlori 6zilinii asag1 yiiksokliklorda biruzs verir.
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OLHEHKA BJIUSTHUS ATMOC®EPHBIX ®POHTOB HA 3AJIEP)KKY GPS CUT'HAJIOB
P.A. SMIHOB

IIpoananm3upoBaHbl BaxHbIE (HAKTOPHI, BIHUAIONINE Ha TPOMOCPEPHYIO 3anepkKy curHaiaoB GPS cucreM, KOTOpBIMU
SIBIISIFOTCSL aTMOC(EpHBbIE (DPOHTHI, BOSHUKAIOIINE O] BO3JCUCTBUEM JIBYX COOBITHIA: Npuxo0 mennio2o ()pouma, npuxoo xo-
n00no20 ¢ponma. Tlpennaraercs popMmyrna, ONMpPENeSIIONas BEPOSTHOCTD MOSBICHHS TPOMOC)EPHOH 3aA€PKKH BBIIIE OMpe-
JIeJICHHOTO YPOBHsI, BBI3BAaHHOW MPUX0AOM aTMOc(hepHbIX (GpoHTOB. OmpeseneH MOpsIOK YCTAHOBKU TEXHHUUYECKHUX CPE/ICTB
JUCTAHIIMOHHOTO 30HANPOBAHUS ISl IPOTHO3UPOBAHUS IIPUX0/1a aTMOC(HEPHBIX (HPOHTOB.

Knrouesvie cnosa: ammocgepuviii pponm, GPS-onosewenue, mponocghepnasn 3adepaicka, OUCmaHyuoHHoe 30HOU-
posanie, NPOSHO3UPOBAHUE.

ASSESSMENT OF ATMOSPHERIC FRONTS ON TROPOSPHERIC DELAY OF GPS SIGNALS
R.A. EMINOV
It is determined, that the most valuable effect on GPS signals tropospheric delay is rendered with a pair-wise sequential
atmospheric fronts occurring is following series: arrival of warm front; arrival of cold front. The formula for calculation of
probability of tropospheric delay over the fixed level due to the atmospheric fronts is suggested. The order for use of technical
means of remote sensing for study and prediction of atmospheric fronts is determined.

Keywords: atmospheric front, GPS notification, tropospheric delay, remote sensing, forecasting.
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SOSIAL VERGILORIN TOTBIQI:

REALLIQLAR VO TOKMILLOSMO YOLLARI
S.Y. MUSLUMOV”®

Mogqaloads sosial tominatin konseptual asaslart vo maliyys aspektlori haqqinda molumat verilir vo tarixi
inkisaf yoluna nozer salimir. Oton osrdon etibaron dévlotin sosial sahodoki rolunun xeyli giiclonmesi, bu osasda
sosial dovlatin ciddi sokildo ekspansiyast vurgulanir. Diinya tocriibasindo sosial risklorin fosadlarinin kompensasiya
edilmasine yonoldilon maliyys resurslarinin iki asas sabit monbayi kimi imumi vergi daxilolmalar1 (dovlat biidcasi
vasaitlori) vo moagsadli sosial vergilor (ayirmalar) gostarilir.

Sosial tominat sahasinds ¢atinliklor téraden global ¢agirislardan bohs olunan mogalode maliyys imkan-
larinin dovlstin getdikco bdyiiyon sosial dhdoliklori ilo qatlasa bilmomasi vo bunun ortaya qoya bilocayi ciddi
fosadlar {iziindon sosial sferada vacib hesab edilon doyisikliklor hagqinda molumat verilir. Vurgulanir ki,
mogsadauygun sosial siyasot konkret olkodo sosial, iqtisadi vo siyasi voziyyetin real vo kompleks tohlilino
sOykonmoli, mévcud resurslardan somorali istifado osasinda iqtisadi artimi borpa etmoli vo dostoklomoli, omok
foaliyyotini stimullagdirmalidir.

Mogqaloads hamginin Azorbaycanda sosial tominat sferasinda alde olunan miihiim nailiyystlordon vo muzdla
isloyonlorin omok vo sosial hiiquglarinin tomin edilmasi tigiin amok haqlarinin leqallagdirilmasi sahasindo mdvcud
potensialin reallasdirilmasi magsadilo hokumotin genis islahatlarindan bohs edilir.

Acgar sozlar: sosial taminat, maliyya aspekni, sosial risklor, vergi daxilolmalar, sosial hiquq.

Sosial tominat: konseptual Jsaslar, tarixi inkisaf yolu vo maliyys aspektlorino qisa
rakurs. Sosial-iqtisadi vozifolorin hsllinds insan amilinin rolunun giiclonmasi soxsin hartorofli vo
harmonik inkisafini tomin edon vacib amil kimi sosial sferanin, eloco do onun prioritet qollarindan
biri olan sosial tominatin mithiim shomiyyatini sortlondirir [1]. Oksaor dlkslorde bir qayda olaraq,
oturusmus giicli toskilati struktur vasitesilo foaliyyot goOstoron sosial tominat sahosi ohalinin
golirlorini formalagsdirmaq vo yiiksok keyfiyyatli sosial xidmaotlorlo tomin etmoklo borabor, milli
iqtisadiyyatin multiplikativ tosir giiciinoe malik strateji istiqgamatine ¢evrilmisdir.

Adekvat maliyyo tominatinin toskili sosial sahonin somorali foaliyyotinin on vacib
sortlorindondir ki, bu da maliyyonin real tosarriifat proseslorinin pul ifadssi vo bu proseslorin idars
olunmasinin tasirli vasitosi mahiyyastindon irali golir. Sosial sferanin malityylogmasini comiyyatin
daxili giicliniin vo saglamliginin vacib gostaricisi kimi saciyyalondirmak olar. Ciinki sosial siyasot
tadbirlerinin ugurlu icrasi iqtisadiyyatin durumundan, sahibkarligin inkisafi vo investisiya
foalligindan, biidco tominatindan, dovlotin maliyys resurslarindan, bir sozlo, iqtisadi artimin
yaratdig1 imkanlardan asilidir.

Bosor tarixinin biitiin morhalslorindo miixtalif comiyyatlords sosial siyasot todbirlorinin bu
vo ya digor formasi hazirlanmis vo ddvlotlorin foaliyyotindo 6z oksini tapmisdir. Bu todbirlorin
osasinda monovi hisslors, dini baxiglara vo ononoloro sOykonon odalstliliys dair tasovviirlor
dayanirdi. Miiasir anlamda iso sosial tominat proqramlarinin, bu sahodo foaliyyot gostoron
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institutlarin, zoruri maliyys vosaitlorinin homin institutlara colb olunmasi vo voatondaslara
catdirilmasi kanallarinin asasinin qoyulmasi vo ilkin formalasmasi 19-cu osrin sonlarina — 20-Ci
yiizilliyin avvalloring tosadiif edir [2]. Bundan sonra sosial tominat sistemlorinin shomiyyatli inkisaf
yolu ke¢mosi ilo yanasi, Oton osr boyunca miixtalif sosial-ictimai-siyasi amillorin tosirlori
naticasindo struktur, idaraetmoa va s. elementlorinin moaruz qaldigi vo hazirda da davam etmokds olan
coxsaxoli transformasiya proseslori sosial maliyyalosmodon do konar ke¢momisdir. Foal dovlot
sosial siyasotinin formalagsmasinin miasir morholasi kimi bu dévrdo dovlat sosial sahadaki rolunu
xeyli gliclondirarok, votondaslarin rifahi {iclin masuliyyati 6z iizoring gotiirmiis, comiyyatin biitlin
tlizvlorinin miixtalif sosial dastok todbirlorine ¢ixisini tomin etmis, alternativ menbolordon sosial
programlara yonoaldilon vasaitlorin hocmini chomiyyatli sokilde artirmisdir.

Tokco onu geyd etmok kifayotdir ki, agor 19-cu osrin sonlarinda ddvlotin sosial xarclori
timumi daxili mohsulun ciizi hissasini toskil edirdiso, 6ton dovrde bu gostarici dofalorlo artmis, hotta
bazi 6lkalords 25-30 faizi haqlamisdir [3]. Dovlatin sosial sferaya ayirdigi vosaitlorin davamli artimi
milli dovletlorin iqtisadiyyatlarinin  somoraliliyinin artmas1 osasinda iqtisadi imkanlarinin
genislonmosi vo bununla olagadar genis ohali kiitlosinin keyfiyyatli tibbi, tohsil vo sosial tominat
xidmatlorine ¢ixisinin yaranmasi kimi bir sira sivilizasiya proseslorinin tozahiirii idi. Comiyyotds
sosial funksiyalarin dominant subyektino c¢evrilon dovlst, eyni zamanda, koniillii pensiya tominati,
tibbi sigorta kimi sosial saholordo glizostlor totbiq etmoklo digor sosial subyektlorin do
aktivlogmosine tokan vermisdir.

Miixtalif olkolorde foaliyyot gostoron sosial miidafio sistemlori, onlarin igtisadi modeli vo
baza institutlarinin hiiquqi statusu bir — birindon shomiyyatli sokildo forglonir ki, bunu da ictimai
qurulus vo madoni ononolor, mentalitet, iqtisadiyyatin inkisaf soviyyslori, comiyyotin 6z sosial
inkisafi istigamotindo qarsiya qoydugu moqgsoad vo vazifolor vo s. amillor arasindaki forqlor
sortlondirir. Bununla bela, dovlotin istiraki, votondaslarin sosial miidafiosi vo azad sosial se¢im
soviyyasi, habels sosial proseslorin iqtisadiyyata tosiri baximindan dord asas sosial siyasot modelini
geyd etmok olar [4]:

1) Sosialist (votondaslarin sosial — iqtisadi voziyyati ti¢lin dovlotin hartorafli mosuliyyati,
sosial sfera xidmatlorinin istehsali vo boliisdiiriilmasindo dovlatin inhisarcilig);

2) Isvec (sosial sferanin tonzimlonmasinds dovlotin yiiksok istirak saviyyasi);

3) Bazar osaslh sosial (sosial sferanin bazar tsullari ilo yanasi, dovlotin foal miidaxilosi
osasinda tonzimlonmasi);

4) Amerika (bazar osasli) (sosial sferanin tonzimlonmosindo bazar tisullarinin prioritet
olmast).

Maliyyo monbaloring, formalagma iisullarina, benefisiarin statusu, toyinat osaslar1 vo digor
bu kimi xiisusiyyaotlorino goro sosial tominati mahiyyet etibari ilo 3 hissays bdlmok olar: sosial
sigorta, sosial yardim va qeyri — sigorta osasli sosial tominat (codval 1-o bax) [5].

Umumilosdirilmis yanasmaya goro, sosial sferamin maliyyololosmo qaydasmin miioyyan
edilmasi konkret sosial programin mogqsadlorindon asili olaraq tadiyyocilorin ohato dairasi, tolob
olunan vosaitlorin hacmi, eloco do bu vasaitlorin akkumulyasiyas: vo xorclonmasi mexanizmina
osaslanir. Diinya tacriibesinds sosial risklorin fasadlariin kompensasiya edilmosine va aztominath
ohali tobagolerinin sosial dastoklonmasine yonoldilon maliyys resurslarinin iki osas sabit monbayi
formalagmigdir: dovlot biidcasi vasaitlori (imumi vergi daxilolmalart) va isagotiiranlorin va is¢ilorin
Odadikleri sigorta haqlarr.

Ogor sosial programlarin reallagdirilmasinda moagsad shalini minimal golir soviyyasi / xidmat
standart1 ilo tomin etmokdirso (sosial yardim vo ya qeyri — sigorta xarakterli sosial ddoniglor vo
xidmatlor), bu proqramlar adston iimumi vergi daxilolmalar1 hesabina maliyyolosdirilir, oagor moagsad
omok faaliyyati orzindos alds olunan gazancin miioyyon edilmis soviyyads ovoz edilmosidirso (sigorta
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tominath sosial 6donislor), belo sosial programlar adston ayrica sigorta haqlar1 yaxud sosial vergi
hesabina maliyyolasdirilir [3]. Bununla yanasi, inzibatgilig1 6zol sigorta fondlar1 torafindon aparilan
maocburi va ya koniillii sosial programlar da foaliyyat gostarir.

Cadval 1

Sosial sigorta, sosial yardim va geyri — sigorta dsash sosial
tominat haqqinda malumat

Sosial siZorta

Sosial yardim

Qeyri — sigorta asash sosial
tominat

Maliyyo Adoton igogdtiiron, is¢i vo dovlet | Biidco vesaitlori hesabina Biidco vosaitlori hesabina
monboyi vasiati hesabina maliyyolosir maliyyolosir maliyyolosir
y Yy yy Yy
Odonislor yalmz sigortaolunan Shial?iif; };&:’Iim;sfgzayysn Odonislor yalmz miioyyon ohali
Benefisiar soxslara ganunvericilik asasinda aotty kateqoriyasina qanunvericilik
qanunvericilik asasinda
aparilir aparihr osasinda apartlir
Odonislor omlak vaziyyatindon vo ;223135{[:};2}::;&6%?;& | .
Benefisiarin | golirlorinin saviyyosindan asilt mevari ai 131/19 tlon dir.ilsrks};l Odonislor benefisiarin golirlori
statusu olmayaraq sigorta vosaitlori yarl qiymotond nazoras alinmadan tayin edilir
hesabina toyin edilir benfisiarin golirlori vo omlaki
nazora alinir
Sigorta hadisasi bas verdikdo . _ D.OVISt qarsisinda Xusust.
Toyinatm iscinin tokrar istehsah xorclori Benefisiarin galirlori xidmeotlors (veteranlar, dovlot
mogsodi sigorta ddonislori hesabina miioyyon edilmis minimum | qulluqgulari vo s.) goro vo

kompensasiya edilir

hadds ¢atdirilir.

ganunla miioyyon edilmis digor
hallarda toyin olunur

Tayinat tigiin
asas

Sigorta hadisasi bas verdikda
Odonis hiiququ 6donilmis sigorta
haqlar1 asasinda ehityac meyari
nazars alinmamagqla yaranir

Yardim benefisarin rifah
vaziyyatinin arasdirilmasi
osasinda toyin edilir

Miioyyan edilmis ohali ka-
teqoriyalarina aid olan soxslora
pul soklinds miiavinatlor vo
miixtolif giizastlor formasinda
toyin edilir

Cadval 2-do Igtisadi ®mokdasliq va Inkisaf Toskilatina daxil olan bazi &lkalarin 2016-c1 il
{iciin fimumi vergi va sosial siorta daxilolmalarinin UDM-da xiisusi ¢okisi vo sosial sigorta
daxilolmalarinin timumi daxilolmalarda xiisusi ¢okisi gostorilmisdir [6]. Bu gostaricilor miivafiq
olaraq, Azorbaycanda 18.6 faiz vo 18.3 faiz, Rusiyada (2015-ci il) iso 30.2 faiz vo 30.1 faiz

olmusdur.

Miiasir sosial miidafio sistemlori sosial risklorin tonzimlonmasinin onlarla formasini togdim
edir. Lakin oksor inkisaf etmis 6lkalords sosial risklorin idars olunmasi, sahasindoe uzunmiiddatli
dovr orzinde dominant rol sosial sigortaya moxsusdur. Mosolon, Avropa Ittifaqi 6lkolorindo sosial
sigorta vasitasilo illik maliyyalogmo hocmi bozon dovlot biidcosindon sosial sferaya ayrilan vosaitlori
2 dofs, olavo koniillii sosial miidafio todbirlorine yonalon vosaitlori iso 3 dofs iistoloyir [3].

Ohalinin oksor hissasi {iglin asas golir manbayi olan amok foaliyystindon qazancin itirilmosi
0z varliginin riskli tobistindon irali galorak insanin tokrar istehsali prosesindo miixtalif soboblordon
meydana ¢ixan ¢oxsayli sosial risklordon biridir.

Sosial miidafionin iqgtisadi foallig1 tosviq edon prioritet formasi kimi sosial sigorta votondasin
tizlogo bilocayi sosial risklorin siorta prinsipi osasinda somarali idars olunmasi vo monfi
naticalorinin kompensasiyas: mogsadilo maliyya resurslarinin ehtiyatlara yonaldilmasini, miioyyon
edilmis sigorta hadisolori bas verdikds, 6donilmis haqlarin hocmi ilo uzlasdirilmis mabloglordo
sosial 6donislorin aparilmasini nazards tutur [7].
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Cadval 2

Iqtisadi Omakdashq va Inkisaf Taskilatina daxil olan bazi 61kalorin 2016-c1 il iigiin
iimumi vergi v sosial sigorta daxilolmalari

iqtisadi Omokdashq vo Inkisaf| Vergi va sosial sigorta daxilolmalarinin Sosial sigorta daxilolmalarinin iimumi
Taskilatina daxil olan bazi UDM-da xiisusi ¢okisi, faizla daxilolmalarda xiisusi ¢akisi, faizla
olkalar iizra (2016-c1il) (2016-c1il)
OECD, comi 34.0 26.2
Avstraliya 27.8 0.0
Avstriya 42.2 34.7
Belgika 44.1 31.1
Cili 20.2 7.2
Cexiya 34.2 42.9
Estoniya 33.7 33.2
Fransa 455 36.8
Almaniya 374 37.6
Latviya 304 27.3
Litva 29.8 40.8
Hollandiya 384 38.2
Yeni Zelandiya 31.6 0.0
Slovakiya 324 435
Sloveniya 36.5 39.7
Isveg 44.0 22.6
Tiirkiya 253 28.8
Birlogmis Kralliq 32.7 18.9
ABS 25.9 24.0

Sosial sigortanin formalar1 hiiquqi
statusuna (mocburi, koniilli), toskilati —
hiiquqi formasima (dovlot, qeyri — dovlat),
tosgkilati formasia (peso, orazi, korporativ,
soxsi) vo sigorta olunan riskloro goro
(xostalik, qocalig, olillik, ailo basgisinin
itirilmoasi, istehsalatda badboxt hadisa va
peso xostaliklori, issizlik vo s.) miioyyon
edilir [5].

Cadval 3-do 2018-ci il iigiin Iqtisadi
Omoakdasliq vo Inkisaf Toskilatina daxil olan
bozi  Olkalor sosial ~ sigorta
daxilolmalarinin amok haqqi xarclorinda
xtisusi ¢okisi (faizlo) gostorilmisdir [6]. Bu
gostarici Azarbaycanda (2017-ci il) 17.0 faiz
olmusdur.

Miihiim kasb
mosalolordon bir1 kimi, sosial sigortanin
maliyyolosmosi sistemi xarclor vo golirlor
arasinda tarazligin qorunmasini nozords

uzra

ohomiyyaot edon

tutur. Buna  sigortaolunanlarin  sosial
miudafiosi lizro goétiiriilon 6hdsliklors gora

Cadval 3

2018-ci il ii¢iin Iqtisadi Omokdashq vo
Inkisaf Toskilatina daxil olan bazi 6lkalor
iizra sosial sigorta daxilolmalari

iqtisadi Omoakdashq va [Sosial sigorta daxilolmalarinin
Inkisaf Toskilatina |omok haqqi xarclorinda xiisusi
daxil olan bazi 6lkalor ¢okisi, faizls (2018-ci il)
OECD, comi 22.6
Avstraliya 0.0
Avstriya 36.1
Belgika 32.3
Cili 7.0
Cexiya 33.6
Estoniya 26.5
Fransa 35.3
Almaniya 335
Latviya 28.3
Litva 30.7
Hollandiya 22.0
Yeni Zelandiya 0.0
Slovakiya 33.8
Sloveniya 32.9
isveg 29.1
Tiirkiys 21.7
Birlogmis Kralliq 18.3
ABS 14.7

88



Sosial vergilarin tatbiqi: realliglar va takmillogma yollart

igogotiironlor vo dovlatin birgo mosuliyyati vo maliyys yiikiinlin isogdtiironlor vo is¢ilor arasinda
optimal boliisdiiriilmasi, habelo qanunla miioyyon edilmis bozi hallarda dovlat biidcasinin yardimi
hesabina nail olunur [3]. Sosial siorta sahosinds maliyysnin somarali idars olunmasi sosial
Odonislori vaxtinda hoyata kegirmok baximindan sigorta institutunun ugurlu foaliyyati {igiin on vacib
sortlordondir. Buna gora do, sosial sigortanin maliyyslogsmosinin toskilinde asas vozifo sigortaginin
0domo qgabiliyyatliliyinin davamli tomin edilmasidir.

Cadval 4-da 2016-c1 ildo Igtisadi ©mokdasliq vo Inkisaf Toskilatina daxil olan bazi dlkolor
vo Azorbaycan iizro ohalinin hor 1 noforino diisgon imumi daxili mohsul vo sosial sigorta
daxilolmalarinin mablogi gostorilmisdir [6, §].

Cadval 4
Iqtisadi Omokdashq vo Inkisaf Taskilatina daxil olan bazi 61kalar vo Azarbaycan iizro
shalinin har 1 naforing diison iimumi daxili mahsul va sosial sigorta daxilolmalari

UDM, min.ABS | Ohalinin sayr, Sos'ﬁhfﬁ;’gi‘l’dax' Ohalinin ;ﬂ;;‘ fg{g‘fif'ﬁ')”“ (ABS
dollart min nafor min.ABS dollar1 | UDM Sosial sigorta daxilolmalar:

Auvstraliya 1,215,898 24,126 0 50,398 0
Avstriya 451,297 8,712 66,085 51,801 7,585
Belgika 535,074 11,358 73,386 47,108 6,461
Cili 416,012 17,910 6,050 23,228 338
Cexiya 372,257 10,611 54,617 35,083 5,147
Estoniya 40,655 1,312 4,549 30,977 3,466
Fransa 2,804,274 64,721 469,548 43,329 7,255
Almaniya 4,110,953 81,915 578,099 50,186 7,057
Latviya 50,634 1,971 4,202 25,696 2,133
Litva 86,907 2,908 10,567 29,884 3,633
Hollandiya 874,312 16,987 128,251 51,469 7,550
Yeni Zelandiya 183,610 4,661 0 39,395 0
Slovakiya 167,790 5,444 23,648 30,820 4,344
Sloveniya 68,526 2,078 9,930 32,979 4,779
Isveg 487,065 9,838 48,434 49,511 4,923
Tiirkiys 2,087,370 79,512 152,094 26,252 1,913
Birlogmis Kralliq 2,819,116 65,789 174,230 42,851 2,648
ABS 18,707,189 322,180 1,162,839 58,064 3,609
Azarbaycan 37,863 9,706 1,288 3,901 133

Beynolxalq tocriibodo sosial siorta haqglar iizro 2 osas inzibatciliq vo nazarat modellori
gostormoak olar:

1. Paralel asash model. Bu modelds vergilor iizro vergi orqani, sosial sigorta haglar iizro
ayrica institut(lar) foaliyyot gostorir. Tarixon, pensiya vo digor sosial sigorta tominatl sistemlorin
ayrica olaraq giicli inkisaf etdiyi Olkolordo, xiisusilo Almaniya, Fransa kimi Qorbi Avropa
Olkolorindo paralel osasli model togokkiil tapmisdir. Paralel osasli modeldon istifado edon olkolor
sirasinda Avstriya, Meksika, Litva, Bel¢ika, Malayziya, Singapur, Cin, Filippin, Conubi Afrika
Respublikasi, Cex Respublikasi, Polsa, Liiksemburq, Fransa, Portuqaliya, Israil, Almaniya,
Slovakiya, Danimarka, Yunanistan, ispaniya, Italiya, Indoneziya, Isvecra, Kolumbiya, Yaponiya,
Tailand, Kosta Rika, Koreya, Tiirkiys, lordaniya, Kipr, Uruqvay, Makedoniya, Vyetnam va s. qeyd
etmok olar.

2. inteqrasiya asash model. Bu modeldo iso hom vergilor, hom do sosial sigorta haglar iizro
vahid togkilat foaliyyat gostorir. ABS, Kanada kimi 6lkslords daim inteqrasiya asaslt model totbiq
edilir. Bu modelin totbiq olundugu digor Glkalorin siyahisina iso Albaniya, Latviya, Argentina,
Montenegro, Ermonistan, Hollandiya, Bosniya, Malta, Bolqgaristan, Norve¢, Kanada, Ruminiya,
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Xorvatiya, Rusiya, Estoniya, Serbiya,
Finlandiya, Sloveniya, Macaristan,
Isveg, Islandiya, Birlosmis Kralliq,
frlandiya vo s. daxildir [6].

Caodval 5-do bozi Olkolordo
sosial sigorta haglarinin (vergilorinin)
doracolori (faizlo) gostorilmisdir [6].
Burada miixtolif sosial proqramlar
ohato edon sosial sigorta haqglarmin
comlonmis yuxar1 haddi geyd olunub.

Oz mahiyyatino, ohatoliliyina
vo colb etdiyi maliyys resurslarinin
hocmino  goro sosial
miidafiosinin morkozi holqgesini toskil

ohalinin
edon pensiya tominati sistemlorinin
foaliyyotini miixtolif aspektlor {izro
qiymatlondiron Maliyya
Elmlori

Melburn

Avstraliya
Morkazinin hesabladig
Mercer Qlobal Pensiya

Cadval 5

Olkalar iizrs sosial sigorta haglarinin

(vergilarinin) daracalari (faizlo)

Isci iizra Isagotiiran Comi
uzr

Avstriya 15.1 21.5 36.6
Belgika 13.1 27.1 40.2
Cexiya 11.0 34.0 45.0
Estoniya 1.6 33.8 35.4
Fransa 15.5 30.5 46.0
Almaniya 19.4 194 38.8
Latviya 11.0 24.1 35.1
Litva 9.0 35.0 44.0
Hollandiya 271.7 12.1 39.8
Slovakiya 13.4 19.9 33.3
Sloveniya 22.1 16.1 38.2
Isveg 7.0 31.4 38.4
Tiirkiyo 15.0 22.5 37.5
Birlogmis Kralliq 12.0 13.8 25.8
ABS 7.7 12.2 19.9

Indeksino (Melbourne Mercer Global Pension Index) goro 2018-ci ildo Hollandiya (80,3) vo
Danimarka (80.2) 34 6lko arasinda 1-ci vo 2-ci yerlori tuturlar. Qlobal Pensiya Indeksi miixtolif
cokili iic sub-indeks osasinda — Adekvatliq (40%), Dayaniqliq (35%) vo Biitovlik (25%) sub-
indekslori asasinda hesablanir (cadval 6) [9, 10].

Cadval 6
Olkalor iizra global pensiya indeksi
Qiymotlandirilon boazi 61kalarin adi Umumi indeks Adekvatliq Dayaniqliq Biitovliik
Auvstraliya 72.6 63.4 73.8 85.7
Avstriya 54.0 68.1 21.5 76.7
Cili 69.3 59.2 73.3 79.7
Danimarka (2-ci yer) 80.2 77.5 81.8 82.2
Fransa 60.7 79.5 42.2 56.5
Almaniya 66.8 79.9 44.9 76.6
Italiya 52.8 67.7 20.1 74.5
Hollandiya (1-ci yer) 80.3 75.9 79.2 88.8
Yeni Zelandiya 68.5 65.4 63.4 80.6
Norveg 715 715 58.1 90.2
Polsa 54.3 53.8 46.2 66.4
Ispaniya 54.4 68.7 27.8 68.6
Isveg 72.5 67.6 72.6 80.2
Birlogmis Kralliq 62.5 57.8 53.4 82.9
ABS 58.8 59.1 57.4 60.2
34 6lko lizro orta gostarici 60.5 61.1 52.0 71.6

Son illor miixtalif 6lkslorin iizlosmokds oldugu bir sira global cagirislar shalinin sosial
tominati sahosindo ciddi ¢otinliklorin meydana c¢ixmasina sobob olur [3]. Biitovliikkdo diinya
iqtisadiyyatinin arxitekturasinda bas veron doyisikliklor, habelo global miqyasda davam edon
igtisadi-maliyys bohrani vo geyri-miioyyonlik, istehsal vo mohsuldarligin gerilomasi, investisiya
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foalliginin asag1 diismosi, maliyyo bazarlarindaki tolatlimlorin tosirlori sosial tominat sistemlorinin
maliyyo dayaniqligina sdykonon adekvat &donislor edo bilmosi kimi baslica faaliyyot prinsipinin
uzunmiiddatli perspektivda yerino yetirilmasi imkanlarin1 xeyli mohdudlasdirir [11]. Bundan oalavs,
diinyada ohalinin yaslanmasi, genis viisot alan miqrasiya proseslori, geyri-formal omok bazarinin
genislonmosi kimi amillor do sosial tominat sahosindo qarsiya qoyulan vazifslorin icrasini
miirokkoblosdirir.

Zoruri funksiyalarimi yerino yetirmoak, o climlodon sosial sferani maliyyslogdirmok {igiin
dovlatin kifayst qodor vasaitlora malik olmasi ilo yanasi, iqtisadiyyatin timumi vergi yiikii ¢ox agir
olmamal1 vo iqtisadi artimi1 angoallomomali, eloco do dovlst borclarinin magbul soviyyadon ciddi
konarlagmasina yol agmamalidir. Bu osasda balanslasdirilmis sosial — iqtisadi siyasot miithiim amilo
cevrilorak, vergi yiikiinlin optimal hoddini diizgiin miioyyanlogdirmalidir. Qeyd etmak yerino diisordi
ki, monfi tosirlori holo do 6ziinli gabariq sokildo biiruzo veron son global béhran mongonasinin
yaratdii ¢agirislar diinyanin iqtisadi gilindsliyinin prioritet mdvzularini formalasdirmaqla yanasi,
iqtisadi nozariyyas vo praktikada indiys qodor iimumoan gobul edilmis yanasmalara yenidon baxilmasi
zoruratini ortaya qoymusdur. Bohranin ilk illorinde bir ¢ox Olkodo reallagdirilan genis fiskal
havaslondirma va sosial togobbiislora iri hocmdo maliyys resurslarinin yonoldilmasi naticasinda
suveren borc bohrani tohliikasinin yaranmasi vo bunun getdikco kaskinlogsorak ciddi fosadlar torado
bilmasi riski bu kateqoriyaya aid antibéhran proqramlarinin fiskal mohdudlasdirma todbirlori ilo
ovazlonmasing gotirib ¢ixarmigdir. Baslica olaraq, dovloet biidcasi vo miiassisalori iizro istehlak
xorclori vo investisiyalarin azaldilmasi ilo sociyyavi olan bu tadbirlor paketi 6z ndvbasindo mocmu
tolobin sixilmasi, istehsalin gerilomasi, investisiya foalliginin diismesi vo biznesin xorclor iizro
kompleks gonaot rejimina kegmosi, bununla da is¢i qlivvasing olan tolobatin asag1 diismasi, issizliyin
artmasi va digor bu qoabildon olan ciddi sosial-igtisadi ¢atinliklor toratmisdir.

Oton osrin sonlarindan baslayaraq, sosial sferanin resurs tominatma kifayat godor bdyiik
hacmdos vesaitlorin yonsldilmosi noticesinde meydana ¢ixan vo giiclonon fiskal tozyiqlor fonunda
sosial dovlot vo limumxalq rifah1 dévlotino miinasibotds tonqidi fikirlor getdikco artmaqdadir ki, bu
da iqtisadiyyatin yaratdigi maliyye imkanlarinin dovlotin getdikco bdyiiyon sosial ohdsliklori ilo
qatlasa bilmomasi vo bunun ortaya qoya bilocoyi ciddi fosadlarla baglidir [3]. Hoatta son bir nego
onillik orzinds mohdud sosial dovlot konsepsiyasi, sosial sferada xidmotlorin 6zsllogdirilmasi vo
digor bazar mexanizmlorinin totbiqi kimi tosobbiislori ortaya qoyan neoliberal ideologiyanin genis
viisat almasina baxmayaraq, imumi hesabla sosial dovlatin ekspansiyas1 ohamiyyatli sokildo davam
etdirilmigdir. Siibhasiz ki, he¢ kim hom artiq oturusmus, hom ds shalinin monafeyi baximindan ciddi
nailiyyatlor oldo etmis movcud sosial qaydanin dagidilmasini nozords tutmur. Lakin bu sahado
modernlosmo vo koklii doyisikliklorin aparilmasi gagilmaz realliga gevrilmisdir vo bu osasda,
magsadauygun sosial siyasot konkret 6lkods sosial, iqtisadi vo siyasi voziyyatin real vo kompleks
tohliline soykonmali, sosial siyasat todbirlori mdvecud resurslardan somarali istifads asasinda iqtisadi
artim1 barpa etmoli vo dostoklomoli, daha ¢ox omok foaliyyotinin stimullasdirilmasina giic
vermalidir.

Azarbaycanda sosial taminat sisteminin maliyyalagdirilmasi: asas xiisusiyyatlor va qarsida
duran vazifalor. Ulu Ondor Heydor Oliyevin dorin elmi osaslara, movcud realliglar vo qlobal
miqyasda asas inkisaf meyillorinin uzaqgoron tohlilina sdykonan miidrik sosial inkisaf kursunun
2003-cii ildon etibaron Azarbaycan Respublikasinin Prezidenti conab Ilham Oliyev torafindon ugurla
davam etdirilmasi sayasindo 6lkomizdoe sosial yonlimlii bazar igtisadiyyati sistemine uygun somorali
siyasot hoyata kecirilmis vo comiyyatin hoyatinin méhkom sosial osaslar1 yaradilmisdir. Bu inkisaf
strategiyasi iqtisadi toroqqi ilo sosial rifahin olagolondirilmosi, 6lkonin iqtisadi dividendlorinin
votondasin rifahina  yonoldilmosi, comiyyatin toraqqisindo  biitin  fordlorin  sosial-igtisadi
monafelorinin borabar tominatina nail olunmasi prinsiploring istinad edir.
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2003-2017-ci illordo ohali golirlorinin 8,6 dofo artmasi respublikada ohalinin haoyat
soviyyasinin yiiksoldilmosi {i¢lin imkanlarin yaradilmasi vo ohalinin golirlorinin dostoklonmasi
tadbirlorinin ardicil reallasdirilmasinin oyani tosdigidir. Gostorilon miiddst orzindo ohalinin
sahibkarliq foaliyyatindon galirlori 10,4 dofa, omok 6donislorindon golirlori iso 7,5 dofa artmis, sosial
sahado dovlatin balanslasdirilmis istirak soviyyasini tonzimlomok mogsadilo sosial xorclorin optimal
haddi gozlonilmoklo sosial miidafio vo tominat {igiin dovlot biidcosinde nozords tutulmus xorclorin
hocminds 10,3 dofo artim geydo alinmisdir [8].

Oton dovrdo ugurla gergoklosdirilon miiasir sosial modelin asas 6zolliklori sirasinda votondas
momnunlugunu, hor kaso 6z rifahini vo sosial statusunu giiclondirmok, insan kapitalini inkisaf
etdirmok imkanlariin yaradilmasini, somorali tonzimloyici alotlor vo sosial miidafio todbirlori
vasitasila ohalinin golirlorinin dostoklonmasini, ehtiyaci olanlarin sosial 6donislor vo sosial xidmatlor
sistemi ilo ohato edilmasini gostormok olar [12].

Qeyd edilon sosial Odoniglor sisteminin birinci istiqgamatini sigorta-pensiya sistemi
cor¢ivasindas pensiya vo miiavinatlor, ikinici istigamatini kateqorial yanasma osasinda miixtolif ohali
gruplarina toyin olunan sosial miiavinot va toqaiidlor, iiclincli istigamatini ehtiyacliliq sorti osasinda
toyin edilmoklo aztominatli ohalinin minimum maddi tolobatinin 6donilmasine yonoaldilon tinvanl
dovlat sosial yardimlar togkil edir [12]. Bundan slava, 2018-ci ildon issiz ohalinin sosial miidafiasi
sahasindos ayrica igsizlikdon sigorta sisteminin totbiqi ohalinin mosgulluq imkanlarini vo aktiv omok
bazar1 todbirlorini ohomiyyatli sokildo genislondirmok, eloco do igsizlik miavinati sisteminin
somarali restrukturizasiyasi tigiin adekvat maliyys tominatini formalasdirmaga imkan vermisdir.

Ohalinin toqribon 13 faizini ohato edon pensiya sisteminin foaliyyotindo ddonilmis mocburi
dovlat sosial sigorta haglarinin fordi ugotu qurulmaqla, votondaslarin pensiya hiiquglarinin homin
ucotun molumatlart asasinda miioyyonlosdirilmasi vo belaliklo do pensiya tominatinda sigorta
prinsiplorine kecid tomin edilmisdir. Pensiya yasina catmagq, olilliyin vo ya 18 yasinadok saglamliq
imkanlart mohdudlugunun olmasi, habelo ailo basg¢isini itirmok kimi sosial risklordon sigorta
tominatini shato edon bu somorali sosial miidafio sistemi vasitosilo votondaslara yasa, alilliye vo ailo
bascisini itirmoyo gére amok pensiyalarinin 6donisi reallagdirilir.
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Sakil 1. Macburi doviat sosial sigorta galirlari, min.man (2010-2019-cu illor,
Dévlat Sosial Miidafia Fondunun tasdiq olunmus biidcasi)

Pensiya sisteminin golirlori macburi dovlat sosial sigorta haqlart iizro daxilolmalar, sair
golirlor vo dovlotin pensiya o6hdsliklorinin bir hisassinin maliyyolosdirilmasi magsadilo dovlat
biidcosindon verilon vosaitlorin macmusundan ibaratdir. Son on ildo macburi dovlot sosial sigorta
golirlorinin toqribon 2 dofo artmasi (sokil 1) onu gostorir ki, 6lkomizdo foaliyyot gdstoron sigorta-
pensiya sisteminin 6ton dovrde 6z-6ziinli maliyyslosdirmasi tomin edilmoklo yanasi, sosial sigorta
daxilolmalar1 dovlat biidcosinin 6hdsliklorine aid edilon va sigorta tominati olmayan pensiya
xarclorinin maliyyslosdirilmasine do shomiyyatli tohfs vermisdir [8].

92



Sosial vergilarin tatbiqi: realliglar va takmillogma yollart

Olkede shalinin gelirleri, amoak B Shalinin galirlarinin UDM-a nisbati, faizla B dmak haqq: galirlarinin UDM-3 nisbati, faizla
haqq galirlorinin shalinin galirlorindoki
vo Umumi daxili mohsuldaki payi, -
habelo muzdlu is¢ilorin sayinin shalinin
miixtolif ~ kateqoriyalarinda  (omok e.1

qabiliyyatli ohali, omok ehtiyatlar1 vo
s.) xiisusi ¢goakisi kimi omak bazarinin vo
bir sira digor gostericilorin bazi post- 324
sovet Olkolorinin miivafiq gostaricilori
ilo tutugsdurulmasi 6lkods omok haqgla-
rinin  leqallagdirilmasi, bu  osasda
muzdla igloyanlorin miixtalif amok vo
sosial hiiquqlarini, o ctimladon pensiya
tominatini sortlondiron sosial sigortanin

Azorbaycan Belarusiya Rusiya Tacikistan Ukrayna

o . Sokil 2. Miixtalif 6lkalarda 2016 - cu ilda ohalinin galirlorinin UDM - »
tam soforbor olunmasi tiglin kifayat nisboati (faizla) ilo amok haqq galirlorinin UDM - 5 nisbati miiqayisali

godar ciddi potensialin olmasina dolalat sakilda odstarilmisdir.
edir (bax codval 7 vo sokil 2-4) [13]. Qanunvericilik vo icra hakimiyyati organlarinin, igogotii-
ronlorin vo homkarlar ittifaqinin birgo soylori ilo bu potensialin reallagdirilmasi {i¢iin kompleks
tadbirlor sistemi hoyata kegirilmolidir. Bu istiqgamatds ilk 6nce muzdla isloyanlorin omok haqlarinin
iqtisadiyyatdaki payi artirilaraq optimallasdiriimalidir.

Cadval 7-do miixtalif 6lkalordo 2016-c1 il {igiin ohalinin goalirlorindos amok haqqr golirlorinin
xiisusi ¢akisi gostarilmisdir.

Cadval 7
Olkalar iizra 2016-c1 il iiciin ahalinin galirlorinds amoak haqq galirlarinin xiisusi ¢akisi
Bhfllini.n Muzdla Orta ayhq amok Bm.ak hz:qql galirlori O/h galif‘l;?rinin
" galirlari, . . . (sosial sigorta haqlari dhalinin
Olks .. | isloyanlorin haqqu, milli e
mird. milli . ndazard alinmadan), mird.| galirlorinds pay,
sayl, min.nafor valyuta . .
valyuta milli valyuta faizlo
Azorbaycan 45,4 1514,3 499,8 9,1 20,0
Belarus 58,7 4 064,9 722,7 35,3 60,1
Rusiya 54 100,0 66 969,0 36 709,0 29 500,4 54,5
Tacikistan 27,6 1102,4 962,2 12,7 46,1
Ukrayna 2002,0 13732,0 5183,0 854,1 42,7

Azorbaycan hokumati qeyd edilon istiqgamotds artiq ciddi islahat todbirlorine start vermisdir
va bu baximdan pensiya 6donislorinin amak haqlarindan 6donilon sosial sigorta haqlari ils sort uzlas-
dirtlmasini ehtiva edon pensiya islahatlarini, yeni issizlikdon siorta sisteminin totbiqini, amok
miinasibetlori sferasinda meydana ¢ixan aktual mosoalolorin konseptual diagnostikasini vo hallini,
eloco do bu sahado inzibat¢ilifin qabaqcil beynolxalq tocriibo osasinda inkisaf etdirilmosi {iciin
ardicil addimlarin atilmasini xiisusi qeyd etmok olar

Cari ilin avvalindan iso qeyri-dovlat (qeyri-neft) sektorunda golir vergisindon ciddi giizostlor
toqdim edilmis, sosial sigorta normativlorinin strukturu doyisdirilmisdir. Qeyd edok ki, avvollor
sosial si8orta haqqr amak haqqinin 22%-i isogoétiiran, 3%-i is¢i torafindon ddonilmoklo, comi 25 %,
golir vergisi 2500 manatadok omok hagqindan 14%, bundan artiq amok haqqir mablogindon iss 25%
doraca ilo hesablanirdi. 1 yanvar 2019-cu ildon (7 il arzindo) isa geyri-dovlat (qeyri-neft) sektorunda
sosial sigorta haqqr 200 manatdok omok haqqinin 22%-1 isogétiiron, 3%-i is¢i torafindon, 200
manatdan yuxart omak haqqi moblaginin iso 15%-i isogdtiiron, 10%-1 is¢i torofindon ddonilmoklo,
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comi 25 %, golir vergisi 8000 manatadok amok haqqi iizra 0%, bundan yuxar1 mablogdon iso 14%
doraco ilo hesablanir [14, 15]. Eyni zamanda sosial sigorta haqglariin yigimi vo bu sahads noazarat
funksiyalar1 vergi orqanlarina hovalo edilmisdir.

Natica. Dovlot basgisinin dovlat
sektorunda miixtalif saholords ¢alisanlarin
omok haglarinin, eloco do minimum
omokhaqqinin vo minimum pensiyalarin
artirilmasini nozordo  tutan
ganunvericilik togobbiisii imumilikds iki
milyondan ¢ox insani ohato etmokla, 6lko
vatondaglarinin maddi
ohomiyyatli dorocods yaxsilagdiracaqdir.
Bu vacib sosial gorarlar, eyni zamanda,
omoak miinasibatlorinin leqallasdirilimasi

yeni

voziyyatini

prosesinin silirotlonmasina tokan vermoklo
yanasi, amok haqqi xorclorinin ohalinin
golirlorindoki paymin da ciddi artimina
gotirib ¢ixaracaqdir.

Azarbaycanda iqtisadiyyatin
roqabatqabiliyyatliliyinin, inkliizivliyinin
vo sosial rifahin daha da artirilmasina
yonolik genismiqyash islahatlar, aktiv
mosgulluq todbirlorinin  giliclondirilmasi
soraitindo  yuxarida sadalanan islahat
todbirlori  vo adekvat nozarot me-
xanizmlorinin totbiqi naticesinds omok

| 66,7
| 62,2
|
|
|
i 45,6 47,3
[ a8

w Umumi ahalida {

15-64 yasda ahalida 1 324
|
| 21,7 20,2
| 154
| 12,6
|
|
|
|
| l l
Azarbaycan Belarus Rusiya Tacikistan Ukrayna

Sakil 3. Miixtalif 6lkalarda 2016-c1 il iigiin muzdlu iscilorin
xtisusi ¢akisi (faizla)

92,3 92,5
84,2
= igtisadifaal ahalida 46,2
m Masgulahalida
31,8
Azarbaycan Belarus Rusiya Tacikistan Ukrayna

Sakil 4. Miixtalif olkalords 2016-c1 il digiin muzdlu
iscilorin xiisusi ¢okisi (faizla)

Minasibatlorinin somarali tonzimlonmasi, bu miinasibatlor sisteminin istirakgilarinin hiiquq vo
tominatlarimn effektiv midafissi, biitovlikkds layiqli omok konsepsiyasinin ugurla reallasdirilmasi
istigamotindo ciddi nailiyystlor oldo olunmaqdadir. Bu prosesin on miihiim noticalorindon biri,
fikrimizco, golirlorin ohalinin miixtolif tobagolori arasinda boliisdiiriilmasindo sosial odalot

prinsipinin daha da giliclonmasi olacaqdir.
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NPUMEHEHHUE COLUAJIBHBIX HAJIOT'OB: PEAJIMA U ITYTU COBEPIIEHCTBOBAHUS
C.A. MYCJIMMOB

B crarbe npuBOIATCS CBEJCHHS O KOHLENTYAJIbHBIX OCHOBAaX M (DMHAHCOBBIX ACIEKTaX COLHMAIBFHOTO 00ECIedeHHs 1
AKLCHTUPYETCsl BHUMAHUE Ha €r0 HCTOPHUYECKOM pa3BUTHH. ITonuepKHBaeTCsl 3HAUYMTENBHOE YCHJICHHE POJIM TOCYIapcTBa B
COLIMAJBEHON cepe M Cephe3HOE PACIIMPEHHE COLHAIBHOTO rOCYAApCTBa. YKa3bIBACTCS, YTO, COIIACHO MHMPOBOW HPAaKTHKE,
o0mue HaJoroBbIE IOCTYIUICHHS (CPENCTBa T'OCYZApCTBEHHOTO OO/PKETa) M IIeJeBble COLMANBHBIC HAJIOTH (OTYMCICHHUSA)
SBIISIFOTCS JIByMSI OCHOBHBIMH CTa0WJIBHBIMH HCTOYHHMKaMH ()MHAHCOBBIX PECYPCOB, HANpPABISEMbIX Ha KOMIICHCALUIO
MOCJIEICTBHH COLIMATIBHBIX PUCKOB.

CooOmaercst 0 TI00aTbHBIX BBI30BAaX, NPUBOISIIMX K TPYJHOCTSAM B OOJAacTH COLMAIBHOIO OOECHedeHHs U
MOAYEPKHUBACTCS HECOBMECTUMOCTh (DHHAHCOBBIX BO3MOXKHOCTEHl C IIOCTOSHHO PAcTYIIMMHU 00s3aTeNbCTBAMH TOCYIapCcTBa H
HE0OXOJMMOCTh U3MEHEHHI B COLMANbHOU cepe M3-3a MOTEHINAIEHO CEPhe3HbIX MOCIEACTBUI TaKoi HECOBMECTUMOCTH. B
CTaThe TAKKE MOAYCPKHBACTCS, YTO IIeNIeCO00pa3Hasi cOLMalbHas MOJIUTHKA B KOHKPETHOH CTpaHe JOJDKHA OCHOBBIBATHCS Ha
pEATMCTUYHOM M BCECTOPOHHEM aHAIU3e COLMAIbHOH, SKOHOMHYECKOH M MONMTHYECKOW CHUTYallMH, BOCCTAHABIMBATH U
HOJICP)KMBATh SKOHOMHYECKUH POCT Ha OCHOBE 3(P(EKTHMBHOTO HCIOJIB30BAHUS HMEIOIIUXCS PECypCOB M CTHMYJIHPOBATH
TPYAOBYIO JCATEIBHOCTS.

B paboTe oTMedaroTCsl 3HAUMTENBHBIE JOCTIDKEHUS B cepe conuaibHOro obecreueHus B Asepbaiikane U MIMPOKHE
pedopMbl IPAaBUTEIBLCTBA ISl pealM3alliM HMMEIOIIErocs IOTEHIMaaa B OOJNacTH Jieraiu3aluu 3apa0OTHBIX IUIAT, 4YTO
CIoco0CTBYET 00ECIIeUEeHHIO TPYIOBBIX M COLMAIBHBIX MIPaB PAOOTHUKOB.

Knwuesvle cnosa: coyuailbHoe 06@(3}1@‘!81—!“6, ¢uH(1HCOG‘bl€ acnekmasl, COYyUualbHble PUCKU, HAI0208ble NOCMYNIEHUA,
coyuailbHoe npaeo.

APPLICATION OF SOCIAL TAXES: REALITIES AND WAYS OF IMPROVEMENT
S.Y. MUSLUMOV

The article provides information on the conceptual framework and financial aspects of social security and focuses on
its historical development. The author emphasizes the significant strengthening of the states role in the social sphere and the
serious expansion of the social state since the last century. It is indicated that according to the world practice, general tax
revenues (state budget funds) and targeted social taxes (contributions) are the two main stable sources of financial resources to
compensate the consequences of social risks.

The article reports about the global challenges leading to the difficulties in social security and notes the incompatibility
of financial resources with the ever-increasing obligations of the state and the need for changes in the social sphere due to
potential serious consequences of such incompatibility. It is also emphasized that appropriate social policy in a particular
country should be based on a realistic and comprehensive analysis of the social, economic and political situation, to restore and
maintain economic growth based on the effective use of available resources and to stimulate labor activity.

The article also describes the significant achievements in the field of social security in Azerbaijan and the broad
reforms of the government to realize the existing potential for legalization of wages, which contributes to ensuring the labor and
social rights of workers.

Keywords: social security, financial aspects, social risks, tax revenues, social right.

Redaksiyaya daxil olub: 21.04. 2019
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AZORBAYCAN RESPUBLIKASININ LOGIiSTiK SISTEMINDO
EFFEKTIVLIK iINDEKSINIiN ARTIRILMASI YOLLARI

V.E. QASIMOV", N.F. AGAYEV"

Diinyada logistika sahasinin mévcud voziyyatinin vo effektivliyinin qiymotlondirmok ti¢iin 6lkolor arast
Logistik Perfomance Index - LPI - indexi istifado olunur. LPI 2014-da qeyde alinmus torkib hisselorino gdro
Azorbaycanin voziyyatinoe nazor saldigda aydin goriiniir ki, 6lkomiz gémriik vo infrastruktur saholorine gore digor
komponentlordon daha yaxs1 voziyyatdadir.

Acar sozlar: logistik effektiviik indeksi, logistika, tachizat zonciri, beynalxalq dasimalar, naqliyyat
dohlizlori.

Giris. Diinyada logistika sahosinin mévcud voziyyatinin vo effektivliyinin giymotlondiril-
masi Olkalor lizro problemlorin askara ¢ixarilmasina, onlarin holl olunmasma vo optimallasdiril-
masina yardim edir. Diinya Banki 2007-ci ildon etibaron hor iki ildon bir ticarstin tochizat
zoncirinin effektivliyini vo ya logistik performansi dlgmok iiciin Logistik Performans Indeksini
(LPI) hazirlayir. 2007, 2010, 2012, 2014, 2016 vo 2018-cii illor iigiin hazirlanan LPI indeksinin
sonuncu nasri 160 6lkoni ohato edir.

Tachizat zonciri beynslxalq ticarotin bel siitunudur. Onun logistikas1 iso yiikk dasinmasi,
anbarlasdirma, sorhad soffafligi, 6domo sistemlori, homginin istehsalgilar va ticaratgilor torafindon
istifado olunan ohomiyyeti artan digor funksiyalari ohato edir. Yaxs1 logistik performans igtisadi
inkisaf, diversifikasiya vo yoxsullugun azaldilmasi {i¢iin ohomiyyatlidir. LPI vo onun
komponentlori 6lkalora onlar vo onlarin ticarat torafdaglarinin tizlosdiyi ¢otinliklori basa diismoyo
komoak edir.

Tadqgiqatin magsadi. Olkomizdo logistik sistemin effektivlik indeksinin artirilmasi yollart
tohlili aparilir vo vahid strategiyanin hazirlanmasi {igiin tovsiyslorin islonmasindon ibaratdir.

Rogaboto baglanma (Connecting to Compete) bashigi ilo yaymmlanan LPI sorgularinin
dordiinciisii olan 2018 LPI naticolorine asason Almaniya 4.20 balla on yaxsi notico gdstaron ddvlat
olmagla, ©fqanistani 1.95 balla an pis naotico gostormisdir (1-don 5-0 godor olan bolgii {izro).
Almaniya hor dérd LPI sorgulari iizra birinciliyini qorumusdur. ©vvalki illorin sorgularina nisboton
sonuncu sorgularda daha asag1 natico gostoran dovlatlor imumi ballarint daha yaxs1 natica gostoran
dovlatloro nisbaton daha siirotlo inkisaf etdirirlor. Olbatto ki burada osas soboblordon biri inkisaf
etmis Olkolordo artiq giiclii infrastruktur vo logistik sistemin qurulmasindadir.

* Azorbaycan Milli Aviasiya Akademiyasi
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2018 LPI sorgu anketi ovvalki 5 anketlo bonzor olub yens milli vo beynolxalq olmagla iki
hissali standart anket formalarindan ibaratdir. Beynolxalq LPI 6lkalori 6 komponentds tohlil edilir:
— GOmriik vo sorhod rosmilogdirilmasinin effektivliyi (Gomriik); Ticarat vo naqliyyat
infrastrukturunun keyfiyyoti (Infrastruktur); Rogaboto davamli giymotlorlo dasimalarin toskili
asanlig1 (Beynoalxalq dasimalar); Logistik xidmotlorin keyfiyyoti vo tocriiba (Logistik xidmatlarin
keyfiyyat); Dasimalarin izlonilmasi (Movgeyin miioyyon edilmasi); Dagimalarin planlagdirilmasi
va ya gozlonilon ¢atdirilma miiddati orzindo miistoriys ¢atma tezliyi (Vaxti-vaxtinda)

Milli hissado istirakeilar islodiklori 6lkenin logistik miihiti osasinda komiyyat vo keyfiyyot
gostoricilorini togdim edirlor. 2016-cii il anketindo ovvalki sorgu ilo miivafiq olaraq logistika
pesakarlar ilo (1000 beynolxalq logistik agentliyi ilo) 6000-don ¢ox doyarlondirma olmusdur. 2012
ci il hesabatinda ilk dofo anketo daxil edilon “yasil logistika™ suali1 bu hesabatda da tokrarlanmisdir.
Azarbaycan sonuncu beynolxalq LPI sorgusunda doyorlondirilon dlkalor sirasma daxil deyil. Bu iso
6lkonin logistik miihiti haqqinda daha otrafli molumat almaga imkan vermir [1].

Logistik performans indeksi hesabatinda 6lkalor LPI ballarinin mocmu béliisdiirmalarine
gdro barabar sayda 6lka daxil olan 5 LPI qrupuna ayrilmigdir. ©lava olaraq bu 5 qrup avvalki LPI
hesabatlarinda edildiyi kimi LPI ballarinin béliisdiiriilmosins géro logistika dostu olmayan 6lkalor
(alt LPI qrupu), gismen yaxsi notico gdstaron olkolor (3 vo 4-cii qrup), davamli yaxsi notico
gostoron Olkolor (2-ci qrup) veo logistika dostu (iist LPI qrupu) olmagla 4 kateqoriyada
adlandirlmisdir. Azorbaycan 2014-cii ildo 2.45 balla bu kateqoriyalarda 4-cii LP1 qrupunda, digar
bir ifado ilo gismon yaxs1 natico gostoran Olkolor kateqoriyasina daxil olmusdur. Bu gostarici ilo
Azorbaycan an yaxsi natico gostoron Almaniyanin (4.12) balinin 59 faizino malikdir [2].

2014 LPI hesabatinda Ticarotin Asanlasdiriimasinin Faydalari / WEF 2013 Ticarotin
Asanlagdirilmast Hesabatindan naticolor” adi altinda asagida ifado edilon faydali deyerlondirmaya
yer verilmistir: Ticarotin asanlagdirilmasinin torkib hissolorindon asas ikisi sorhadin idara olunmasi
ilo nogliyyat vo rabits infrastrukuturudur. Sadaca bu ikisinin inkisaf etdirilmasi qlobal ticarotdo 1.6
trilyon dollarliq (14,5%), global UDM-do isa 2,6 trilyon dollarliq (4,7 %-lik) bir artima sobab olur.
Diinya miqyasinda tariflorin tamamilo aradan galdirilmasi iso qlobal UDM-do yalmz 400 milyard
dollar (0.7 %), beynolxalq ticaratds 1,1 trilyon dollar (10,1 %) soviyyasinds bir artima sobab ola
bilor [3]. (Ticarotin asanlasdirilmasinda daha miilayim bir inkisafin oldo edildiyi bir ssenari {igiin
global ticaratds 9.4 %, qlobal UDM-da iso 2.6 %-lik bir artim ola bilocoyi prognozlasdirilmigdir).

Umumi olaraq baxildiginda LPI ballar1 ortalamada yiiksok golirli dlkalor iiciin daha yaxst
voziyyotdadir. Logistik ballar yliksok golirli 6lkolordo asagi golirli dlkslors goro ortalama 53 %,
asag1 orta golirli dlkolora goro 42 % vo yiiksak orta golirli dlkolors gora 30 % daha goxdur. Olkalor
arasinda ciddi logistik forglor olmagina baxmayaraq golir saviyyasi performansa tasir edon yegano
amil deyil. Yiiksok golirli 6lkalor adoton daha yiiksok logistik ballarina malik olmasina baxmayaraq
digor golir qruplar1 daha dagimiqdir. ©Ovvalki hesabatlarda oldugu kimi sonuncuda da asagi golir
grupunda olan dlkalor {ist LPI qrupu istisna olmaqla hamisinda yer alirlar. Yiiksok golir qrupunda
olmamagq]la tobii qaynaqlarla zongin olan Azorbaycanla Tiirkmonistan, Qazaxistan, Iraq vo Qabon
asagl notico gostoron Olkalor qrupuna daxil olmuslar. Notico olaraq bu paylanma logistik
performansda golir qodar totbiq olunan siyasatin do tasirli oldugunu gostarir. Bu mévgeds yena do
ticaratin asanlagdirilmasinin 6nomi ortaya ¢ixir.

LPi 2014-do geydo alinmus torkib hissoloring géro Azarbaycanin vaziyyating nozor saldiqda
aydin goriintir ki, 6lkomiz gomriik va infrastruktur saholorino gora diger komponentlordon daha
yaxs1 voziyyatdadir. Belo ki 2014-cii il Logistik Performans Indeksinin beynalxalq hissasinds yer
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alan alti komponentdon birincisi olan “Gomriik vo sorhod rosmilosdirilmasinin effektivliyi”
sahasindo Azarbaycan 2012-ci ilo goro 65 pillo iraliloyarok 160 6lko arasinda 82-ci sirada yer
almigdir. Azorbaycan bu sahado 2.57 bal almisdir.

2014 LPI indeksino goro Azorbaycan “Ticarat vo noqliyyat infrastrukturunun keyfiyyoti”
sahasindo 2012-ci il dayarlondirmasing nisbaton 33 pills irsliloyarak, 68-ci yerdo gorarlasmisdir.
Umumilikds infrastruktur digor sahalorlo nisbotda on yiiksok xalla qiymotlondirilib.

2014 LPI indeksino goro Azorbaycan “Roqaboto davamli giymotlorlo dasimalarin toskili
asanlig1” sahasindo 2012-ci ilo gora 7 pillo iraliloyarak 160 6lke arasinda 113-cii pillodo yer
tutmusdur. Azorbaycan bu sahodo do 2.57 xal almisdir. “Logistik xidmotlorin keyfiyyoti vo
tocriibo” Olkomiz 2012-ci ilo nisboton 2014-cii ildo 6 pillo gerilomoys baxmayaraq, ovvalki
sorgudaki kimi 2.14 balla doyorlondirilmisdir. Azorbaycan “Dasinmalarin izlonilmasi” sahasindo
68 pillo geriloyarak 160 6lko arasinda 148 balla qiymotlondirilmisdir.

2014 LPI indeksino goro Azorbaycan “Dagnmalarin planlasdirilmasi vo ya gdzlonilon
catdirilma miiddati arzindo miistoriyo ¢atma tezliyi” sahasinda 69 pillo geriloyarok 2.57 balla 143-
cli olaraq doyarlondirilmisdir. Comi iki il orzindo goémriik {izro 65 pillo iroliloma, dasinmalarin
izlona bilmasi vo vaxtinda catdirilmasi saholori lizro iso miivafiq olaraq 68 vo 69 pillo gerilomo
hesabatlarin hazirlanmasinda tosadiifi sortlorin naticolora tosir etmo imkanmi digqet morkozine
gotirir.  Umumilikdo ovvalki illorin sorgularmin noticolorine nozor saldiqda aydm goriiniir ki,
hesabatlar arasinda xeyli toroddiidlor yaranmisdir. 2014 LPI hesabatinda yeni bir xiisusiyyat olaraq
olko performanslarini daha yaxs1 gostormok ii¢iin 4 LPI hesabatinin 6 LPI torkib hissosino aid
ballar1 istifado edilorok daha aydin bir monzoro ortaya ¢ixarilmisdir. Bu yanasma bir LPI
hesabatindan digorino tosadiifi doyigsmoni (varyasiyani) azaltmis vo 166 Olkonin miigayisasing
imkan vermisdir. Hor komponent ii¢iin alagali har ilin ballar1 on yeni malumat on ¢ox ¢okiys malik
olmagla, 2007-ci il tigiin 6.7 %, 2010-cu il tigiin 13.3 %, 2012-ci il {iglin 26.7 % vo 2014-cii il tigiin
53.3 % olmagqla gotiirilmisdiir.

Bu yeni yanasma ilo yaradilan 2007-2014 LPI-do Almaniya 4,10 bal ilo birinci, Singapur
(4,06) ikinci vo Hollandiya (4,05) ii¢iincii olmusdur. Digor torofdon 28 AB iizviindon 15-1 vo 34
OECD iizviindon 23-ii ilk 30-da qorarlagmigdir. Azorbaycan bu siralamada 2.47 balla 117-ci
olmusdur. Cakili LPI ballarina nozor saldigda gora bilorik ki, ortalama ballar 2.18-1o 2.83 arasinda
doyismoklo birlikdo, torkib hissalori {izro mdvqgeyimiz 82 vo 150 arasinda artma vo ya azalma

gostormisdir.
Cadval 1.
4 LPI hesabat1 iizra Azorbaycanin diinya dlkalori arasinda mévqeyi va xallar
LPI 2014 LPI 2012 LPI 2010 LPI 2007
Sira Xal Sira Xal Sira Xal Sira Xal
GOomriik 82 2.57 147 1.92 117 2.14 96 2.23
Infrastruktur 68 2.71 101 2.42 104 2.23 116 2.00
Beynoslxalq dasimalar 113 2.57 120 2.43 55 3.05 90 2.50
Logistik xidmatlorin keyfiyyati 149 2.14 143 2.14 91 2.48 128 2.00
Movqeyin miloyyon edilmasi 148 2.14 80 2.75 91 2.65 96 2.38
Vaxti-vaxtinda 143 2.57 74 3.23 100 3.15 124 2.63
Umumi LPI 125 245 116 2.48 89 2.64 111 2.29

Mbonba: Logistik Performans Indekslari malumatlar: asasinda miisllif torafindan hazirlanmusdir.
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Azorbaycanin qonsu 6lkalorlo LPI miiqayisesini apardiqda dlkemizin imumi gostorici {izra
yalniz Tiirkmenistandan irolide oldugu gériiliir. Umumi gdstarici iizro artan ardicilhig: Giirciistan,
Rusiya, Qazaxistan vo Tiirkiya izloyir. Umumilikds Tiirkiys region iizra biitiin LPI komponentlari
{izro liderdir. Ug torofinin donizlo ohato edilmosi, Qara donizini Araliq donizi ilo birlosdiron
bogazlarin Tiirkiys arazisinda yerlosmasi vo qurulmus miasir infrastruktur 6lkoni diinya tizro 47-Ci
pilloys dagimigdir.

Logistik
Beynalxal . . . .
xidmatlari | Mdvqgeyin
Umumi infrastruk q n miisyyan Vaxti-
: N dasimalar ) . .
LPI Gomriik tur keyfiyyat edilmasi vaxtinda
(Ease of . . -
(General | (Customs) | (Infrastru . (Quality (Tracking | (Timeline
: arranging
LPI) cture) ) of and ss)
shipment . .
) logistics tracing)
services)
W Azarbaycan 2.4 2.6 2.7 2.55 2.1 2.1 2.6
Turkmenistan 2.2 2.2 2.1 2.55 2.1 2.2 2.45
B Glrclstan 2.45 2.1 2.45 2.2 2.4 2.55 3.1
W Rusiya 2.6 2.1 2.55 2.6 2.65 2.8 3.15
B Qazaxistan 2.6 2.2 2.4 2.65 2.63 2.75 3.2
Tarkiys 3.47 3.3 3.5 3.2 3.65 3.7 3.65

Qrafik 1. LPI va onun komponentlori iizra Azarbaycamin qonsu déoviatlarla miiqayisasi
Monba: Logistik Performans Indeksi 2014 molumatlar: asasinda miiallif tarafindan hazirlanmisdir.

Azorbaycan Respublikas1 “TRACECA” vo simal-conub naqliyyat dohlizlorinin vacib hissasi
olduguna goro, dovlat sarhad kegid montagalorinin buraxilis gabiliyyatinin artirilmasi son deracada
ohomiyyat kasb edir. Buna goro do idxal-ixrac amoliyyatlarinin miasir toloblors uygun aparilmasi,
dovlot sorhodindon kegirilon mallarin vo nogliyyat vasitolorinin yoxlanilmasi zamani siini
maneolorin aradan qaldirilmasi {ligiin miinbit soraitin yaradilmalidir. Bu mogsadlo 2009-cu il
yanvarin 1-don “bir pancero” prinsipi totbiq edilmoys baslanilmisdir [4]. Bir pancors prinsipi
dasinmaya aid sonadlorin yoxlanilmast moagsadi ilo toplu sokilds bir neg¢o xidmotin ovozing yalniz
bir dovlst orqanina toqdim edilmosi demokdir. “Bir pancors” prinsipinin totbiq edilmasing
baxmayaraq Azorbaycanda logistika vo beynolxalq dasimalar sahosindo yeno do on bdyiik
maneslordon biri sorhad kec¢id montogolorindo goézlomolorin olmasidir. Buna osas sobob kimi
gomriik sonadlogsmasi zamani sonadlorin saymin ¢oxlugu gostarilo bilor. Bu problem Diinya Banki1
Qrupunun 2003-cii ildon bori haor il nosr etdiyi “Doing Business” hesabatinda da 6z oksini
tapmugdir. 2014-cii ilo godar aparilan kdhno metodologiyaya osasan 2014-cii ilds 189 6lks arasinda
aparilan sirlamada 6lkomiz 70-ci olmusdur. Bu 6zliiylinds yaxs1 gostarici olsa da bu hesabatin alt
parametrlorino diqqgot yetirdikdo aydin goriiniir ki, xarici ticarot sahosi digor sahoalordon forgli
olaraq daha problemlidir. Hesabatda gormak olar ki, 6lkomiz “beynolxalq ticarot” gostoricising
goro 189 6lko arasinda 168-ci yerdo gorarlagmigdir. Digor region 6lkolorindon Giirciistan iso bu
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siralamada 117-ci vo 43-cii yerlori tutmuslar. 2014-cii ilo aid kéhno metodologiya osasinda
hesablamaya uygun olaraq Azorbaycandan 20 fut ¢okili bir standart konteynerin ixraci zamani 9
sonad, 28 gilin vaxt vo 3540 ABS dollan tolob olunur. Bu gdstaricilori yaxin qonsularimizla
miiqayiso etdikdo goriiriik ki, eyni konteynerin ixract Giirciistanda iso daha az, comi 4 sonad 9 giin
vaxt va 1885 ABS dollar1 vasait talab olunur.

2015-ci ilden etibaran totbiq edilon yeni metodologiyada “beynalxalq ticarat” alt parametri
omtoanin logistik idxal vo ixrac prosesi ilo bu proseslora sorf olunan vaxt vo xarclori hesablayir.
Yeni metodologiyaya asason “Doing Business” mallarin dasinmasi zamani biitiin idxal vo ixrac
proseslorini 6zlindo comlogsdiron 3 dost alt proseso — sonadlorin geydiyyatina, sorhad vo gomriik
nazarating va daxili nagliyyata sorf olunan vaxti va xarclari 6lgiir [5].

Cadval 2-0 nozor saldigda aydin olur ki, Azorbaycanda idxal zamani ¢okilon xorclor diger
gonsu Olkolordon ucuz deyil, eyni zamanda idxal sonodlosmosi digor 6lkoalora nisbaton dofalorlo
daha ¢ox vaxt alir. Daha keyfiyyatli xidmat gdstormok mogsadi ilo sonadlogmo vo nozarsts sorf
olunan vaxt azaldilmali, hom¢inin sonadlosmaya ¢okilon xarclor olverisli miqdara gatirilmolidir

Cadval 2.
“Doing business 2015” hesabatinin “beynalxalq ticarat” alt bolmasinin asas gostaricilori.
Azorbaycan Girciistan
Ixrac
Talob olunan vaxt (saat) Gomriik \fg ssrlpd n.szareFi 34 14
Sonadlarin tartib edilmasi 35 48
Toalob olunan xarc (ABS Gomriik va sarhad nozarati 375 383
dollar) Sonadlarin tartib edilmasi 300.0 200.0
Idxal
Talab olunan vaxt (saat) GOmriik \./9 serl-led n-ezare‘Fi 32 14
Sonadloarin tartib edilmasi 41 24
Tolab olunan xorc (ABS Gomriik va sorhad nozarati 423 396
dollar1) Sonadlarin tortib edilmasi 200.0 200.0

Manba: Cadval “Doingbussiness 2015 (http://doingbusiness.org/) hesabatina asason miiallif torafindon hazirlanmisdir.

Hal-hazirda Azorbaycanda ixrac igiin ticlin tolob olunan Gmumi sonadlorin sayr 7 odod
olmaqgla bunlardir: Mongo sertifikati, keyfiyyot sertifikati, beynoslxalq gaimo (CMR), malin
invoysu, miiqavils, ixrac gdmriik boyannamosi, fitosanitar sertifikat. Idxal {i¢iin tolob olunan
imumi sonadlorin say1 iso 5 olmagqla asagidakilardir: Monsa sertifikati, beynolxalq qaimo (CMR),
malin invoysu, tochizat¢ ilo miiqavile, gdmriik idxal boyannamasi. Yaxin qongularimizin ixrac v
idxal sonodlogmosino diqqgot yetirsok, Giirciistanda ixrac ii¢lin 3, idxal iiclin 4. Sahibkarlarin
beynalxalq bazarlara giris imkanim artirmaq, homginin 6lkoni sarfoli qiymoto xarici mohsullarla
tomin etmok mogsadi ilo sonodlorin migdarmin azaldilmasi bu proseso daha yaxsi tosir gdstoro
bilor. Digor torofdon iso 6lkoads ixrac li¢ilin tolob olunan sertifikatlar miixtolif dovlst orqanlarindan
almmalidir. Biitiin mohsullar iiciin talob olunan monsa sertifikati vo AB-na ixrac olunan yeyinti
mohsullar iigiin keyfiyyot sertifikat1 Iqtisadiyyat vo Sanaye Nazirliyi yaninda Antiinhisar Siyasati
vo Istehlakgilarin Hiiquglarimin Miidafiosi Dévlet Xidmotindon, diri heyvan, kesilmis ot vo ot
mohsullar ii¢lin baytarliq sohadotnamasi Dovlst Baytarliq Xidmatindon, biitlin mohsullar {i¢iin
tolob olunan gigiyenik sertifikat Sohiyya Nazirliyinin Gigiyena vo Epidemioloji Morkozindan, bitki
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vo bitki mohsullar1 iigiin tolob olunan fitosanitar sertifikat Fitosanitar Nozarot ilizro Dovlat
Xidmotindon, biitliin mohsullar {i¢lin tolob olunan uygunluq sertifikati iso Standartlasdirma,
Metrologiya vo Patent lizro Dovlot Komitosindon oldo edilmolidir. Bu sertifikatlarin alinma
prosedurlarinin miirokkabliyi ixrac ii¢iin tolob olunan vaxt vo xarcin artmasina gatirib gixarir.

Xarici ticarat omoliyyatlari zamam “dar dohlizlor” do ticaratin aparilmasina angollor yaradir.
Bu dohlizlords yiik axininin siiratinin azalmasina miixtalif sobablor tosir gostorir. Bunlara misal
olaraq bazi yerlords zoaif infrastrukturu (mos: gedis-golis yollarinin miirokkabliyi, texniki vasitolorlo
tam tomin edilmomo va s.) vo ya boazi hissalordo normativ-hiiquqgi bazanin boslugunu géstormok
olar. “Dar dohlizlor” anlayisi gomriik-gémriik, biznes-gomriik istiqgamotlorindo forqli yanasma
istigamatlorinimiioyyon edir. Mallarin sorhod-kec¢id montogosino daxil olmasi, miioyyon gomriik
rejiminin se¢ilmosi vo malin buraxilmasi saholorindo buraxilis vaxtinin tohqgigatin1 noazords tutur.
Mallarin sorhod-gomriik kegidino daxil olmasi zamani maneolorin olmasi yalniz gomriik
prosedurlari ilo bagli deyil. Bu oangollore misal olaraq diger nozarot strukturlariin foaliyyati, habels
biznes vo kommersiya strukturlari da sobab olur. Bozi hallarda kommersiya amoliyyatlarinin
aparilmasi ilo olagodar sorhod-kegid montogolorinin bir anbar kimi istifado olunmasi mallarin
gomriik nozarati sahosindo qalmasina gatirib ¢ixarir. Nogliyyat vasitosi gomriik nozaroti zonasina
daxil olub gdmriikk prosedurlarini qisa miiddot orzindo kec¢so do, gomrikk rosmilosdirilmasi
qurtardigdan sonra naqliyyat vasitolori bozon gémriik nozarati zonasini tork etmir vo burada bozon
giinlorlo saxlanilir ki, bu da sorhod prosedurlarinin ke¢gmo miiddatine tesir gdstorir. Bu problemlorin
azaldilmasi ti¢iin gomriik nozarati zonasinda nozaratin artirilmasina vo ora daxil olan noagliyyat
vasitolorinin saxlanilmamasina digqoti artirmaq lazimdir.

Olkonin logistik monzoroesini tosvir etdikdo vo inkisaf perspektivlorini aragdirdigda onun
ticarot edo bilmo qabiliyyatini vo effektiv ticaroto garsi olan maneolori miioyyon etmok faydali
olacaqdir. Bu mogsadle Diinya Iqtisadi Forumunun 2008-ci ildon bori nosr etdiyi Qlobal Ticarot
Imkan1 Hesabatimin (The Global Enabling Trade Report) hazirladigi indeks va gdstaricilors nazor
salag. Belo ki hesabatin osas gostoricisi olan Ticarot Imkani Indeksi miixtolif monbolordon
(Beynolxalq Ticarot Morkozi, Diinya Banki, BMT Ticarat vo Inkisaf Toskilati (UNCTAD),
Beynolxalq Hava Nogliyyati Asossasiyast (IATA) vo s.) oldo olunmus molumatlar osasinda
olkolorin siralamasim tosvir edir. 2014-cii il Qlobal Ticarot imkan1 Hesabat1 138 &lkoni ohato
etmoklo Ticarot Imkani Indeksi (Enabling Trade Index-ETI) vo olavo ticarat performans
indikatorlar1 ilo Glkalorin gostericilorini imumilogdirmays imkan verir. Hesabat 6lkalor iizro bir
sira gostaricilori iimumilosdirmisdir. Bunlara aid edo bilorik: Osas gostaricilor (ohali sayr, UDM,
diinya ticarotindo idxal vo ixracin pay1 vo s.), doyar zonciri gostoricilori (sormayo mallari, araliq
mallar, istehlak mallari, sornisin minik avtomobillori vo digarleri), Ticarot Imkan1 indeksi 2014 vo
onun tosnifati, ticarat ti¢lin on problemli amillar.

2014-cii il Ticarat Imkam Indeksi 4 alt indeksin comindon ibarotdir. Bunlar bazara
olgatanliliq (25 %), sorhad idarsetmasi (25 %), nogliyyat vo kommunikasiya infrastrukturu (25 %)
va is miihitidir (25 %). Azorbaycan 2012-ci ildo nosr edilmis hesabatda 81-ci yerdo qorarlagmasina
baxmayaraq Ticarot imkani Indeksi 2014-do 7 xal iizorindon 3.9 xalla 138 dovlot arasinda 77-Ci
sirada qiymeotlondirilmisdir. Bunlardan on yaxsi gostorici is miihiti lizro (7 {lizorindon 4.3 xalla
diinya {izro 58-ci yer), on az xal olan gostarici iso sorhad idaroetmasi iizra (3.8 xalla diinya iizro 94-
cii yer) oldo edilmisdir. Olko xarici bazara olgatanliliq iizro 56-c1 yerdo, infrastruktur iizro 62-Ci
yerda gorarlagmisdir.
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Ixrac iiciin on problemli amillor sirasinda birinci potensial bazarlar vo alicilarin miioyyon
edilmosi ¢otinliyi dayanir ki, respondentlorin oksor hissasi on problemli masalo kimi bunu geyd
etmislor. Ikinci miihiim manes ticarotin maliyyalosdirilmosino olcatanliligla baglidir. Bu masaloni
roqabatli qiymotlordo idxal olunan mohsullara olgatanliliq, texniki toloblor vo standartlar, uygun
olmayan istehsal texnologiyasi vo bacariglar va s. izlayir. Daxili naqliyyatin sabab oldugu yiiksok
xarclor vo gecikmolor, alicilarin keyfiyyot/komiyyat toloblorinin garsilanmasinda ¢atinliklor,
homginin beynolxaq nagliyyatin sobab oldugu yiiksok xarclor vo gecikmoalor novbati soboblor kimi
gdstorilo bilor. Idxal iigiin problemli amillora biirokratik idxal prosedurlari, sorhoddos korrupsiya,
tariflor, daxili toloblor vo standartlar, beynoslxalq nagliyyatin sobab oldugu yiiksok xorclor vo
gecikmolor, daxili nogliyyatin sobob oldugu yiiksok xorclor vo gecikmolor, uygun olmayan
telekommunikasiya infrastrukturu va cinayotkarliq vo ogurluq aiddir.

Azorbaycanda foaliyyot gostoron sirkotlorin bizneslorinin golocok inkisafinda on boylik
manealor ohomiyyotinin azalma sirast ilo asagidaki ardicilliqda doyarlondirilmisdir: dovlot
idaroetmasi, imumi iqtisadi voziyyat, ixtisasli is¢i qiivvasinin olmamasi, bu sahads toklifin hoddon
¢ox olmasi. Homg¢inin sirkotlordo logistik foaliyyati hoyata kegirmok {iglin osas problemlor
asagidakilardan ibarotdir:

- Gomriikds yaranan uzun ndévbolor vo gozlomaolor (3-5 giin avtomobil gomriikds ndvbasini
gozlayir);

- Gomriik sonadlorin sayinin ¢ox olmasi vo otrafli molumat {iciin ixtisash kadrlarla slago
saxlamagin miimkiin olmamasi

- Iqtisadi bohran va gdémriik riisumlarinin bohrana uygunlasmamasi

- Domir yolu vasitesi ilo gatirilon yiiklorin bosaldilmasi ilo bagli problemlor (sonod veo
korrupsiya);

- Daxili dagima sirkatlorinin mohdud sayda olmagi (inhisar).

Sadalanan neqativ hallarin aradan qaldirilmasi v siiratli inkisafi tomin etmok magsadi ilo ilk
onco dévlot bu sahadoki mdveud problemlorin hall yollarini aragdirmalidir. Is adamlari, idxal-ixrac
miitoxassislori, logistik menecerlor vasitosilo miizakirolor aparilmali, is mihitindo hansi
problemlarlo garsilasdiglart vo bunlarin hansi hall yollarinin toklif edildiyi miioyyon olunmalidir.
Gomriik prosedurlart yiingiillosdirilmali, serhad-kecid montogalorinde yaranan uzun ndvbolor vo
gozlomolor aradan qaldirilmalidir. Bu maqgsodle gomriik sonadlori tokmillesdirilmali, standartlas-
dirtlmal1 va ya onlarin alds edilmasi miiddstinin qisaldilmasi tiglin yeni mexanizm hazirlanmalidir.
Olkonin istehlak mallarmin gox hissasi xaricdon idxal olundugu {igiin yiiksok gémriik riisumlart
Olkodaxili giymatlorin artmasina sabab olur. Bunun qarsisinin alinmasi tiglin gdmriik riisumlari
azaldilmali, hamginin iqtisadi veoziyyatin c¢aotinliyi ilo olagadar olaraq miisyyon mohsullarin
risumsuz idxalina sorait yaradilmalidir [6, 7].

Natica. Azorbaycanin logistik sahasinin inkisafi {iglin yeni infrastruktur layiholorini hoyata
kecirmok, kohno sistemin tokmillogdirilmasi, diinya tocriibasinin vo yeniliklorinin 6lkomizo
gotirilmoasi, hamg¢inin mévcud potensialimizdan optimal istifado garsida duran osas mogsadlordon
olmalidir. Bunlar1 yerinoyetirmok iicin hom noaqliyyat ndvlorinin, ham infrastrukturun, hom ds
insan potensialinin birgs inkisafin1 tomin edon vahid strategiya hazirlanmasi vo totbiq edilmasino
ehtiyac var.
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IIYTH NOBLINEHUA HHAEKCA S9@PEKTUBHOCTH (LPI) B JOrMCTUYECKOM
CUCTEME A3EPBANIKAHCKOM PECITYBJIUKHA

B.E.TACBIMOB, H.®. ATAEB

OueHka Tekylel cutyauuu ¥ 3Gp@(EeKTHBHOCTH JOTHCTUKU B MUPE IIOMOTAET BBUABIATH, YCTPAHATh HEHMCIPABHOCTU U ONTH-
MH3HUPOBaTh MPoOJIeMbl B pa3HbIX cTpaHaX. BcemupHbIil GaHk roToBUT MHAEKC d(¢ekruBHOCTH noructuku (LPI) nst u3mepenus
3((PEKTUBHOCTH WM JIOTUCTUYECKOH 3(P(EKTHBHOCTH LEIOYKH MMOCTaBOK B TeueHue AByx JieT ¢ 2007 roma. Ilocnennee m3manue
unnzaekca LPI 3a 2007, 2010, 2012, 2014, 2016 u 2018 roast oxBateiBaet 160 cTpaH.

Ilermouka MOCTaBOK SIBJISIETCS OCHOBOM MEXIYHAPOAHOM TOProBiu. JIOrHCTHKA OXBAaThIBaeT TPAHCIIOPTUPOBKY I'PY30B, CKIla-
JUpOBaHKE, IPO3PAYHOCTh IPAHMIL, IUIATEKHBIE CUCTEMBI U ApYyrue pyHKIMU, KOTOPBIE BCE Yallle UCITIOIB3YIOTCS IPOU3BOTUTEISIMU 1
TOpProBuamMu. XOpOIIKe JOTUCTUIECKHE TOKA3aTeIN BaXKHBI JJIs1 SKOHOMUYECKOTO pa3BUTHS, TUBEPCU(UKALINI U COKpaLIeHus OeTHO-
ctu. LPI 1 KOMHOHEHTBI MOMOTalOT CTpaHaM HOHATH POOJIEMBI, CTOSIIME NEPe] HUMH M UX TOPTOBBIMHU [APTHEPAMHU.

Cornacuo pesynbratam LPI 3a 2018 roa, KoTopbie SBISIFOTCS YeTBEPThIMU U3 3anpocoB LPI, onyOarKoBaHHBIX B 3arojiioBKe
«[logximoyeHne K KOHKypeHIIMI», [ epMaHus uMeeT caMblii BeICOKHiT Oamt — 4,20 6amuia, a AdraHucrtan UMeeT XyAIIni pe3yabTaT —
1,95 6amna (6amn ocHoBaH Ha Kod(duimenTax ot 1 1o 5). 'epmanus 3aHs1a nepBoe MecTo BO Beex ueThipex ucciepoanusx LPI. [To
CPaBHEHUIO C MPEABIIYIINME OMPOCAMH, CTPaHbI C 00Jiee HU3KUM PEHTHHIOM YIYUIIHIN CBOM OO Oamt ObICTpee, YeM CTpaHbI C
JYYIIAMH TPEAbIIYIIUMA pe3yabrataMu. KoHeYHO, 0/1Ha M3 OCHOBHBIX IPHUYUH 3TOTO — YTO CTPAHBI C paHEe XOPOIINMH pe3yibTaTa-
MH YK€ CO3JaJIi CHIBHYIO MH(PACTPYKTYpPY W CHUCTEMY JIOTHCTUKH, B TO BPEMsl KaK CTpaHbBI C 0oJiee HU3KUM PEHTHHTOM TOJBKO
CO3/1aJIU CBOIO.

Kniouesvie cnosa: unoexc s¢ppexmuenocmu 102UCmuKu, TOSUCIMUKA, YENOUKA NOCMABOK, MENCOYHAPOOHble Nepeso3Ki,
Mmpancnopmmsie KOPUOOpb.

WAYS TO INCREASE EFFECTIVENESS INDEX (LPI) IN THE LOGISTICS SYSTEM
OF THE REPUBLIC OF AZERBAIJAN

V.E. QASIMOV, N.F. AGHAYEV

Evaluating the current situation and effectiveness of logistics in the world helps to identify, troubleshoot and optimize
problems across countries. The World Bank has been preparing the Logistics Performance Index (LPI) to measure the effectiveness or
logistical performance of a supply chain over the two years since 2007. The latest edition of the LPI index for 2007, 2010, 2012, 2014,
2016 and 2018 covers 160 countries.

The supply chain is the backbone of international trade. Its logistics covers cargo transportation, warehousing, border
transparency, payment systems, and other functions that are increasingly used by manufacturers and traders. Good logistics
performance is important for economic development, diversification and poverty reduction. LPI and its components help countries
understand the challenges facing them and their trading partners.

According to the 2018 LPI results, which is the fourth of the LPI queries published in the title of Connecting to Compete,
Germany has the highest score 4.20 points and Afghanistan has worst with 1.95 points (with a score based on factors from 1 to 5).
Germany has ranked first in all four LPI surveys. Compared to previous surveys, lower-ranked countries have improved their overall
score more rapidly than countries with better previous results. Of course, one of the main reasons here that countries with previously
good results already have built a strong infrastructure and logistics system, while lower-ranked ones just created theirs.

Keywords: logistics effectiveness index, logistics, supply chain, international transport, transport corridors.
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MEPCHEKTUBBI HAYYHOT'O MOTEHLIMAJIA
A3EPBAMI)KAHA B TIPOM3BOJICTBE KAPBAMUJIA

P.A. UCMAMJIOBA"

PaccMoTpeHa BO3MOXKHOCTh COXPAHEHHMS TPOU3BOICTBCHHON MOIIMHOCTH MPEANPHATHS B YCIOBHIX He-
CTaOMIIBHOCTH PBHIHKA 3a CUET aIbTEPHATHBHOTO TIYTH SKCIIOPTa KapOaMua BHE CETLCKOXO03AMCTBEHHOTO CEKTOPa.
Brickazano MmHenue o MPUBJICYCHNU HAYYHOT'O IMMOTCHIIMAJIA CTPAaHbl JJId O6eCHequHH BbIXOJa Ha PBIHOK C IIPCa-
JIOXKCHUEM HETPATUIIMOHHOM (hOpMBI TpaHChepa.

Knrouesvie cnosa: npouzsoocmeo kapbamuoa, HecmaduIbHOCHb PbIHKA, CIMPAMe2usi COXPAHeHUs
PYIHKA, Mpancghep mexHonio2uil.

Brenenue. 16 suBaps 2019 rojga B skoHOMUKe A3epOaliskaHa MpoU30ILI0 3HAUUMOE COOBITHE: B
r. CymrauT cocCTOSUIOCH TOPXKECTBEHHOE OTKPBITHE MNPEANPHUITHS O IMPOU3BOJCTBY KapOamuia c
yaactuem llpesunenra AszepOaiimkanckoit PecmyOonmuku. [lo 3asBrmeHuto skcmepra BBOA B
akcrutyaramio "SOCAR kapOamup', ¢ 0JJHOH CTOPOHBI, 00ECTIEYHT MOTPEOHOCTh BHYTPEHHETO PBIHKA,
a C Ipyroil — yBEeJIMUYHUT SKCIOPTHBIM MMOTEHIMAT CTPaHbl, IPU MPOU3BOACTBEHHON MOIIHOCTH 3aBOJa
650-660 Thic. ToHH B ToA. CO3AaHHOE MPOU3BOACTBO M30aBUT OT MOTPEOHOCTH B MMIIOPTE a30THBIX
yAOOpEeHUI M O0ECIEeYNT CENbCKOE XO03UCTBO CTpaHbl, cokparuB 90 muH. mowt. CILIA Ha 3akymke
ynoOpenus. 70 % npoAyKLIMK NPEANPHUITHS MPeAIoIaraeTcsl OTHPaBIIsATh HA 3KeropT [1].

MocranoBka 3apaun. [lepBbie MPOMBIIUIEHHBIE MPEINPUSTHS 1O MPOU3BOJICTBY KapOammuja
Obutn moctpoeHs! B 20-e roapl npouwtoro croierus B I'epmanun, @pannun u CILIA. B nocnennue
rofIbl HaMeTWICS OOJIBIION TUIaH 1O CTPOWTENBCTBY 3aBOJIOB MO TPOU3BOJICTBY yIOOpeHUil B
peciyonukax Cpenneir Asum, Upane, CILA, Wunonesun u ap., 4TO MOXKET HPUBECTH K POCTY
M30BITOYHBIX MOLTHOCTEH. U eciam paccuuThIBaTh Ha COBIT KapOaMuaa TOJNBKO Kak yJoOpeHHe, MOKHO
CTOJIKHYTHCA C CUTYyaIMel, KOTa MpeyIoKeHHe MPEBBICUT CIpoc [2].

Her comHenust B TOM, 4TO 3aIllyCK NIPOM3BOJACTBA KapOamuia B AszepOaiikaHe OCHOBaH Ha
Ka4eCTBEHHOM CTPAaTErHnYeCKOM IJIAHUPOBAHWU U YIIPABJICHUH, MIPEyCMaTPUBAIOIEM HECTAOMIBHOCTD
9KOHOMUYECKOW CHUTyaluu pbIHKA. OYEeBUAHO, YTO Uil 00ECledeHusl YCHEIIHOCTH TPEATNPHUSATHS B
TEYEHHE JIOJITOT0 BpeMeHH OyIIyT MPOBOIUTHCS MEPONPHUSTHS 110 yCOBEPILICHCTBOBAHUIO MPOAYKLIUH
OTCIIEKMBAHNH TIOTPEOHOCTH PHIHKA B JJAHHOM TIPOJTYKTE.

OpnHako, Kak M3BECTHO, TOBapHas IMOJUTHKA NPEANPUATHS CBs3aHA C MU3MEHEHHEM PBHIHOYHOU
AKTUBHOCTH, 3aBUCSLICH OT MHOrux (akrtopoB BHemHeidl cpensl [3]. OmgHuM u3 Takux (HakTOpoOB
spnsiercsi  popc-Ma)KOpHbIE OOCTOSATENLCTBA, OOYCIOBICHHBIC TNPHPOJHBIMA M TEXHOTCHHBIMH

* [ [ [
A3sep0Oail/pkaHCKU# TOCYIapCTBEHHBII YHHBEPCUTET HE)TH M IPOMBIIUICHHOCTH
E-mail: ruqiyya.ismailova@mail.ru
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NposiBIICHUSIMU. B criyyae npu3HaHus HEMPEABUICHHBIX 00CTOSTEIBCTB OCHOBAHUEM ISl PACTOPIKEHHS
KOHTPAaKTOB Ha IOCTAaBKY KapOaMmmuza, peJHa3HAYeHHOI'0 B KayecTBE yIOOpEHHs, MOTYT BO3HUKHYTb
npoOJIeMbl ¢ TOAACPKaHIEM 3alUIaHUPOBAHHON MPOM3BOACTBEHHON MOIIHOCTBIO 3aBojia. B 3Toii cBs3n
NPEACTABISIETCs] AKTYalbHBIM IPEILyCMOTPETh ajJbTEPHATUBHBIM IyTh JKCHOpTAa Kapbamuaa c
COXpaHEHNEM KOHKYPEHTOCHOCOOHOCTH MPEANPHUSTHUS.

Pemrenne 3amaun. OcHOBHAsi yacTb NPOM3BOAMMOIO B MHpE KapOamua HCIONb3YyeTcs B
CEeNBCKOM XO3sHCTBE. TeM He MeHee, HeJb3sl CIIACHIBATE CO CUETOB MPOMBIIUICHHOE WCIOIb30BaHHE
KapOammuia, JayKe eciid BHE CeJIbCKOTO XO035CTBA ero UCTOIb30BaHNe cOCTaBisieT mopsaka 20% .

HauOonpinas yacTe MPOMBINIJICHHOTO MPUMEHEHHS KapOaMuaa MPUXOIUTCS Ha MPOU3BOJICTBO
KapOamMuIHO(OPMAIbACTUAHBIX M MEJIaMHHO-()OPMaIBACTHIHBIX CMOJ, KOTOPBIE HCIHOJb3YIOTCS B
MPOM3BO/ICTBE JPEBECHBIX TUIUT U KJes, B KOHEUHOM cuéTe, B cTpouTenbcTBe. CoequHeHus KapoaMuaa
C aJKaHaMHU HUCHOJB3YIOTCS B mpoueccax aenapadunuzauuu HedTu. [Ipu B3aumozaencTBun kapdamuaa
CO CIOUpPTAMH TMOJMYYalOTCSl TIOJMYpPETaHbl, HUCIOJIB3yeMble B Kyle ¢ TepOMIUAaMd Ha OCHOBE
kapOamua. HeOosnbimoe komuuecTBo KapOaMuaa HMCMOJIb3YeT TEKCTHIbHAS MPOMBIIUICHHOCTD (IS
00paboTKM TKaHeil), MeOULMHA, MPOM3BOACTBO JKEBAaTEJbHOW pe3nHKH. Hakonen, kapOamun uiu
pacTBOp €ro MCIONb3yeTcsl JUIsl OUMCTKH BbIOpocoB TOLl m meweld ansl coKUraHus Mycopa, a TakKe
BBIXJIOIIOB JIN3€JIbHOIO aBTOTpaHcnopTa. [IpoBoasTCs 3KCIIEpUMEHTSI ¢ pacIylaBOM KapOaMuaa ¢ LEeJIbio
MOJTy4YeHUs] OJHOCTAJUNHBIM METOJIOM HOBBIX MaTepUaioB TOBBIIIEHHOW IPOYHOCTH, KOTOpHIE
MIPEeJIoJIaraeTcs UCIOJIb30BaTh B JIAKOKPACOYHOM MPOMBIIIIIEHHOCTH [4].

Hamo mnonarats, 4YTO TEHOGHUMS K HENPEPHIBHOMY MOBBILICHUIO JONM KapOamunaa
MIPOMBIIIJIEHHOTO Ha3HAYEeHUsI COXPAHUTCSI.

AHanu3 UCTOYHHUKOB MATEHTHOW MH(OPMALMM IIOKa3aJl, 4TO, HE CMOTPSl Ha IOYTH BEKOBYIO
MCTOPUIO MPOMBIIUIEHHOTO IPOU3BOACTBA KapOaMua, BONPOCHl YCOBEPIICHCTBOBAHUS MTPOU3BOJICTBA
KapbaMuJa OCTalOTCS B II0JIE€ 3pEHUs ucciiefoBaresieid. bosblioe KOJIMYecTBO 3amaTeHTOBAHHBIX
Pe3y/IbTAaTOB MPEIaraloT ONTUMH3ALMIO MPoliecca CHHTE3a KapOaMuia a Tak)Ke METO/Ibl YIIaBINBAHUS
Y UCTIOJB30BaHUS Ta30B TucTWUIAImK miaBa — cmecd NH3 u CO2. IIpobaeMHBIM BOITPOCOM SIBIISIETCS
M TO, YTO MpPH NPOM3BOACTBE KapOamHIa OCYLIECTBIISIOTCS BBIOpPOCH B armocgepy H30bITKaA
ra3oo0pa3HOr0 aMMHaka M JHOKCHIA YIJIepoja, a Takke cOpPOChl B BOJOEMBI COJIEH aMMOHHUS H
KapOaMua, 3arpsi3Hss OKPYKaIOIIyIo Cpey.

C 01HOM CTOPOHBI MOYKHO HAIPaBHUTh YCHJIMSI HAYYHOTO MOTEHIMANIA Ha YCOBEPIIEHCTBOBAHHE
M3BECTHBIX TEXHOJIOTHI1, MOJIEPHHU3AIINIO YCTAHOBOK, COKPAIIIEHNS 3arpSI3HEHUI OKPY>KaroIe cpebl, C
JIpyroii — HW3bICKAHWE BO3MOYKHOCTEW HCIIONB30BaHUSI KapOaMuaa B HOBOM KadecTBE, PACIINPHB
00acTh €ro NPUMEHEHHs B NPOMBIIIICHHOM CEKTOpe. YUHThIBasg TO, YTO WHHOBAL[MOHHAsS
BOCIPUUMYHBOCTH, OTpaXkaromas CrocoOHOCTh MPEANpPUATHS PEeaTN30BaTh U MPUMEHATh HOBAIlMH, BO
MHOTHX CTpaHax HE BeJHKa, OCOOEHHOE BHUMAaHHUE ClieAyeT oOpaTuTh Ha BTOPOW IyTh MPHUBJICUCHHS
HAYYHOTO MOTEHIIMAIA CTPAHbI JUIsl YBEIIUYCHHUSI BOCTPEOOBAHHOCTH PBIHKA.

[To maHHBIM ATEHTCTBa 10 UHTEIUIEKTYILHOW cOOCTBEHHOCTH A3zepOaiikaHckoi PecrryOnuku
B IpoUIeJIIeM rofy W3 54 NMaTEeHTOB BBIJAHHBIX HAa MM HAIMOHAIBHBIX 3asBHUTENed 33 maTeHTa
MONTyYMJIA MCCIIEOBATENN, 3aHATHIE B XUMHYecKoW oTpaciu. Cyas MO0 MaTeHTHON aKTUBHOCTH
Hay4yHOro ITOTEHLMAla B 3TOW OTPACIM, BIIOJHE MOYKHO pacCUMTBIBATH Ha PE3yJIbTATUBHOCTH B
BBITIOJTHEHUHU TIOCTaBJIEHHON Mepe]l HUMH 33JauH.

B aT00i cBSI3M 3amyck 3aBojia MO MPOHU3BOJCTBY Kapbamuaa B AzepOaiijkaHe OTKPHIBAET HOBBIE
MEPCIEKTUBBI /ISl HAYYHOTO MOTEHIMaja CTpaHbl, B TOM YHCIE M HCCIEeN0BaTeNeil YHUBEPCUTETOB,
o0nafaronmx 3HAHWSAMH, HABBIKAMU M 3allacOM OIBITA, JUIS y4acTHs B aKTHBHOM BO3JCHCTBHM Ha
crpoc kapOamu/a Ha phIHKE.

105



P.A. Hematinosa

[IpousBoacTBo kapOamuga B CTpaHe /AJsl CICHMATUCTOB XHMMHYECKOW OTpacid JOJDKHO
HOCITY)XUTh IIaT(GopMoi mpu BBHIOOPE NPUOPUTETHBIX HANpPaBJICHUH HCCICIOBAHUH Ha OCHOBE
MOHHUTOPHHTA HAlMOHAIBHOIO M MHPOBOTO PBIHKOB C YYETOM CIpoca Ha KapOaMmuj M aHaiu3a
pPECYpCHBIX OIpaHMYCHHMH I10 HCIOJIB30BAaHHUIO MPOMBIIUICHHOTO KapOamuga. CKOHLEHTPHUPOBAB
MHTEJUICKTYaJIbHbIe BO3MOKHOCTH Ha HCCICIOBAHUAX, OPUEHTHPOBAHHBIX HAa IPOTHO3 M  3aIPOCHI
pBIHKa TIO HCIOJIb30BAHMIO MPOMBIIUIEHHOTO KapOamu/a, CHEHUANUCTBl II0JydaT BO3MOYKHOCTD
y4acTHsl B 3KOHOMHUECKOM 000pOTE CTPaHbI.

3apyOeKHBI ONBIT CBHACTENBCTBYET O TOM, 4YTO OAHUM H3 Hambonee 3((EeKTUBHBIX
MEXaHU3MOB JUIsI KOMMEPLHAIN3AUHA DPE3yJbTaTOB WHTEJUICKTYalbHOW JAESTENTbHOCTH SIBISCTCS
TpaHcep TEXHONOTHH, CIOCOOCTBYIOMIMI TPOABIKEHHIO W YBEJIWYCHHWIO MPOU3BOJICTBEHHOM
MOIIHOCTH TpennpusiTus [5]. B MUpOBO# mpakTuke paccMaTpUBAIOTCS Ba HampaBlieHHs TpaHcdepa
TEXHOJIOTHH: MEXIYyHapOAHbIH OOMEH TEXHOJIOTHH M Iepeladya TEXHOJOTMH OT HayKH NPOU3BOJACTBY
[6]. B oboux cmydasx TpaHcdep TEXHOJIOTMH B €ro KIacCH4ecKod (opme BKIIOUAET Tepenady
pesyabratoB HUP u OKP, wame Bcero mnpeicCTaBisiONMX CO00M TEXHOJOTUYECKHE 3HAHMS
NPUKJIAHOTO XapakTepa, MOJIEJIU, HCH, AITOPUTMBI, a TAK)KE HHHOBALIOHHBIE IIPOLIECCHI.

[lony4yennsle  pe3ynbTaThl  OTEUYECTBEHHBIX  HCCIIEAOBaTeNel, pacmmpsiiomme  chepy
WCIIOJIb30BaHMS MPOMBIIUICHHOTO KapOaMuaa, a TakKe HOBBIX TEXHOJOTMH, HE YCTYNArOIIUX
3apyOeKHBIM, TIO3BOJIST OCYIICCTBHTH TpaHC(pep HOBOW TEXHOJIOTHH OT HAyKH IPOU3BOJICTBY.
IlepenanHble MPOM3BOACTBY Pe3yabTaThl HHHOBAIIMOHHOMN JIEATEIIbHOCTH B COBOKYITHOCTH C ChIPEBBIM
pecypcoM (kapOamMHUIOM) TO3BOJISAT HAM MPEAJIOKUTh BHEITHEMY PBIHKY HETPAJWUIMOHHYIO (opMy
TpaHcdepa: TEXHOJOTHS + ChIpbE.

Taxoit aTbTepHATHBHBIHN ITyTh PEIICHUS BO3MOKHOU TTPOOIIEMBI, CBS3aHHOU C HECTAOMIBHOCTHIO
PBIHKA, T03BOJIUT OTKPBITH HOBYIO HUIIY Ha BHELIHEM PBIHKE IIPU U3MEHEHUH CIpoca Ha KapOaMu Kak
ynobpenue. Hemano BakHBIM (pakToMm sIBISIETCS TO, 4TO KapOamuJi He TOpIOY, HE B3PHIBOOIACEH,
JIOCTaBKa €ro He OTHOCHUTCS K ONAacHBIM IEepeBO3KaM M HE CO3JacT MpobJjeM i pean3aluu
npeziaraeMoii popmbl Tpancdepa. Bmecte ¢ Tem, cOBMECTHOE MCIIOJIB30BaHHE HOBOM TEXHOJIOTUH H
CBIPbSI MOJKET YBEJIMYUTh PBHIHOYHYIO JIOJI0 BOCTPEOOBAaHHOCTH KapOaMupaa, KOTopasi sBISETCS
OCHOBHBIM SKOHOMHYECKH-CTaTUCTUYECKUM (PAKTOPOM KOHKYPEHTOCIIOCOOHOCTH MPEAIPUSTHSL.

CymecTByomme MOJeId MapKeTHHra [0 OIEHKE KOHKYPEHTOCIIOCOOHOCTH TPEANPHSTHS,
HampuMmep Mozenb «7P» Mopu butHep, cpenu OCHOBHBIX (DaKTOPOB, XapaKTEPHU3YIOLIMX
KOHKYPEHTOCIIOCOOHOCTD MPEANPHSITHS, COJICPKUT HAYUHBIH U TeXHIUUECKHH dakTop [7].

Bonpoc 00 oTHOmEHMM HaykKd K TPOM3BOJCTBY YacTO BBI3BIBACT CHOPHI MO IMOBOAY TOTO,
OKa3bIBACT JIM HayKa Ha MPOU3BOJACTBO OOJbllle BO3ACHCTBHE, MM HaoOopoT. He Oyaem Bcrymath B
MOJIEMHKY MO0 3TOMY BOMPOCY. BaKHO, YTO KOMILJIGKCHOE peIIeHHe TpoOieMbl 00ecreueHHs
CTaOWJIBHOCTH NPOM3BOACTBA KapOaMuaa, IOCPEICTBOM HAayKH M IPOMBIIIICHHOCTH IT03BOJIHT
obecreunTs aabTEPHATHBHBINA ITyTh MOTPEOJICHUS KapObaMuIa B YCIOBHUSIX HECTAOMILHOCTH BHEITHETO
PBIHKA ITPH U3MEHEHHUH CTIpoca Ha KapOaMu[[ Kak y100peHus.

Pacmimpenune cdepbl ucnonp3oBaHus KapOampuaa W pa3paboTKa HOBBIX TEXHOJIOTHH,
MpeTHA3HAYeHHBIX JJIS UCTOJIh30BAHMSA B MPOMBIIIJICHHBIX OTPACIIAX, MO3BOJIUT TaKXKe OMpPEIeIEHHOE
KOJINYECTBO KapOamuJia HCIOJIb30BaTh HA BHYTPEHHEM PBIHKE, CIIOCOOCTBYS TE€M CaMbIM Pa3BUTHIO
HOBBIX PacTyIUX OTPACIEH.

KommnekcHoe penieHue TpoOJieMbl, CBS3aHHOH € HECTaOMIBHOCTBIO PBIHKA ITOCPEICTBOM
COI030M NPOMBIIIICHHOCTH C HayYHBIM MOTEHLMAJIOM CTPaHbl, O3BOJIUT OOECHEYUTh CTaOMIBLHOCTD
MPOMBIIIIIEHHOTO TIPOM3BOJICTBA KapOaMuJia, YMEHBIINTh Pa3pbiB MEXY HAYKOW, MPOU3BOJICTBOM H
Ou3HECOM, CIIOCOOCTBOBATh YCIEIIHON KOMMEPUUAIN3ALNH Pe3yIbTaTOB HAYyUHO-HUCCIIEI0BATEIbCKOrO
npoliecca 1 10 HOBOMY OCMBICTIUTB Ipo0iieMy TpaHcdepa TeXHOJIOTHH.
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3aximouenne. IlponsBoacTBo kapbamuaa B AsepOaiimkane OyleT crnocoOCTBOBaTh Hamlen
CTpaHe MMPOUTHU CBOW MyTh WMHHOBAIIMOHHOTO Pa3BUTHs. Vcmonp30BaHne anbsiHCa CHIPHEBOTO pecypca u
HOBBIX KOHKYPEHTHO CIIOCOOHBIX TEXHOJOTHI MO TMPOMBIIIJICHHOMY HKCIIOJIb30BaHUIO KapOamuia
MO3BOJIUT YMEHBIIINTh KOMMEPUYECKH pUCK mpearnpustusi. OOecreduTh BOCTPeOOBAHHOCTH PHIHKA
MMOMOJXKET Tepeada 3HaHUH U3 UCCIIEeIOBATEILCKOTO CEKTOPa B TIPOMBITINIEHHOCTb.
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AZORBAYCANDA KARBAMID ISTEHSALININ ELMi POTENSIALININ PERSPEKTIVLORI
R.O. ISMAYILOVA
Miiossisonin istehsal potensialini saxlamagmm mimkiinliiyiino bazarin qeyri-sabitlik soraitindo kond tossorriifati
xaricinde karbamid tigiin alternativ bir ixrac yolu sayssinde baxilmisdir. Qeyri-ononavi olmayan rabits formas: toklifi ilo

Olkonin elmi potensialini colb etmok ii¢lin bazarda ¢ixis imkani tomin etmokls fikir miibadilosi aparildi.

Agar sozlar: karbamida istehsali, bazarin gqeyri-sabiti, bazarin saxlanilmasimin strategiyasi, texnologiyalarin
transferi.

PROSPECTS OF SCIENTIFIC CAPACITY OF THE COUNTRY BY PRODUCTION OF A CARBAMIDE
R.A. ISMAYILOVA
The possibility of preserving the production capacity of the enterprise in conditions of market instability due to an
alternative way of urea export outside the agricultural sector is considered. The opinion was expressed on attracting the scien-

tific potential of the country to provide access to the market with the offer of a non-traditional form of transfer.

Keywords: urea production, market instability, market conservation strategy, technology transfer.
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MUWHEPAJIBHBIE BOJIbI FOI'O-3AIIATHOM YACTH MAJIOT'O
KABKA3A U TIEPCHHEKTUBbBI UX NCITIOJIb3OBAHUA

M.U. AJIUEB", V.I0. TACAHOBA"

O06o00meHre, aHaIu3 W YYeT IICHHBIX MHHEPAJbHBIX BOJ, IIMPOKO PAa3BHUTHIX B Ipe/eiax FOTo-3alaJ HON
gactu Masnoro Kaska3za Ha Tepputopuu HaxusiBanckoit AP, u (hakTopoB, BIHSIONIMX HA YCIOBHUS PAaCIpOCTpaHe-
HUS U (HOPMHUPOBAHUS FTUX BOJ, MO3BOJIAIOT CYMTATh, YTO MX IPOSBJICHHUS CBA3aHBI B OCHOBHOM C IPOIIECCAMHU
PETHOHANIBHOTO MeTaMop(u3Ma, UIYIIMMU B HEIPax FOPHO-CKIATUATHIX 00JacTei PEeruoHa, a TakKe ¢ UCTOPHUCH
re0JIOTMYECKOr0 Pa3BUTHs, NaJIEOrHAPOre0IOTMUECKUMU YCIOBUSMHU, MOAYMHEHBI CII0KHOMY B3aMMOJCHCTBUIO
MCXOAHBIX BOJ rHapocepsl U BOJOBMEIIAONIKNX TOpoJ. B mporecce gopmuposanus XUMIUYECKOTO cOCTaBa MUHE-
paJIbHBIX BOJI OOJIbIIAS POJIb IPUHAIUICKUT KAPOOHAMHBIM HOPOOAM.

KiaroueBrblie ciioBa: MunepdaibHbvle 600bl, ZI/I()pOZQOXMMuﬂ, XUMUHECKUL COCMAB.

Beeoenue. Munepanbabie BoIbl  A3zepOaii/pkaHa NPEACTaBIAIOT HCKIIOYUTENBHYIO IICH-
HOCTh. Hannume ux co 3HaunTeNnbHBIM A€OMTOM, C Pa3HOOOPA3HBIM XUMHUYECKHM U ra30BbIM COCTa-
BOM, a TaKXe OJIarONpUsATHOE reorpapuueckoe pacroiokeHHe MHOTHX MECTOPOXKICHUH SIBIISIFOTCS
NPEINOChUIKON NIl 00Jiee MIMPOKOTO YCBOCHMSI TMIIPOMUHEPAIBHBIX PECYPCOB PECIyOIMKH B Jie-
4eOHBIX LEJSIX M PA3IUYHBIX OTPACIIIX HAPOJHOTO XO35HCTBA.

[IpakTuka MCMOJNIB30BaHUs MUHEPAIbHBIX BOJ B JEUEOHBIX LENIX B AzepOaiikaHe UMeeT
CBOIO JIaBHIOIO MCTOPHUIO, O YEM CBUAETEIbCTBYIOT COXPAHMBILIUECS 110 HACTOSILEE BPEMs CTapUH-
HbI€ BaHHBI, OTKPBIThIE OacCeiHbI-BaHHBI, BBICEUEHHBIE B CKalax y BbIXoJ0B Boj Mcrucy, lapsiaar,
banamunel, Anama, AnkeBas, Jlony3yran, ['otypcy u ap. MunepanbHble BOJbl MPEICTABISAIOT UC-
KJIIOUMUTENIFHYIO LIEHHOCTh M BEJIMKO UX JieueOHoe 3HayeHne. OHU yJJauHO COUETAIOTCs ¢ Onaronpu-
ATHOM KUBOIMCHOM NPUPOAOH U KIMMATUYECKUMHU YCIOBUSIMHU.

Bonbias KOHUEHTpalus: BbIXOJ0B MUHEPAIBHBIX BOJ COCPEIOTOUYEHA B IOr0-3amajHoN Ya-
ctu Manoro-KaBkasa Ha Tepputopun HaxubiBanckoit ABToHOMHO# PecryOnvku. Ha cpaBHUTEHHO
OOJIBIIION TEPPUTOPUHU paccMaTpruBaeMoil obmacTu nmeetcst 6osee 200 MUHEPATFHBIX HCTOYHUKOB,
BCE BOJIbl MCKJIFOUMTENIBHO YIJIEKHCIBIE, CPEIU KOTOPBIX 0COOOr0 BHUMAHUS 3aCIyKHBAIOT MECTO-
poxaenus Hapwinar, Cupad, Baiixsip, banamnbl, Haramxup, I'si3puisenr, 'axad. OHu uMmeroT riy-
OMHHOE TPOMCXOXIEHHE U SBISIOTCS TPEIIMHHO-XWIbHbIMU.HaxublBaHCKas ckiaauyatas o01acTh
CIIO)KECHA IAJ€OrCH-HEOTCHOBBIMU  BYJIKAHOICHHO-OCAJOYHBIMU IOpoaaMu. B cTpykTypHO-
TEKTOHUYECKOM OTHOILEHUU OHA BXOJUT B IOro-3anajHyro 4acte Opay0anckoro CHHKIMHOPUS, TIeE
CJIO)KHOCTBH CTPYKTYPHOTO (hOHA 00yCIIOBIIEHA HAJIOKEHUEM Ha JIPEBHEM IUIAHE JTMHEWHBIX CKIIAI0K
0oJsee MO3HUX NOJHATHI U MPOruOOB, a TAKKE IUPOKUM PA3BUTHEM Pa3pPbIBHBIX JUCIOKALIMMA.

" HUU MuHepaIbHOTO ChIPbs P MUHHCTEPCTBE SKOJIOTHU M MIPUPOJHBIX pecypcoB AzepOaiimkaHa
E-mail: hesenova-ulduz@rambler.ru
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Brons roro-zanagHoro kpeiia Opay0aJckoro CUHKIMHOPHUS PETHOHAIBHO BBIPAXKEHBI Pas-
PBIBHBIE HAPYIICHUS, U ONEPSIOLINE UX TPEIIUHBI CO3JAa0T OJIAarONPUSATHBIE YCIOBUS JUIsl HHPHIb-
Tpaluu aTMOC(EpHBIX OCAAKOB B IIyOOKHE CIOU M CIY)KaT IMyTSAMH pa3rpy3KH IMOA3EMHBIX MHUHE-
PAJIBHBIX BOJA. YCTAaHOBJIEHO, YTO B 3aBUCUMOCTH OT I'€0JOrO-CTPYKTYPHBIX M T'HAPOXUMUYECKHX
YCIIOBUHM M3MEHSIOTCS AMHAMMKA, THAPOXUMHUUYECKas 30HAJIbHOCTh, PEXKUM HAaKOIUIEHHs BOJ B Oac-
celfHe, a TaKkKe 0COOCHHOCTH (POPMHUPOBAHHSI XUMUIECKOT'O COCTABa U TEMITEpaTypHbIe (DaKTOPBHI.

Ieab cTaThby 3aKIII0YAETCS B YTOUHEHHUH CBA3EH MPOSIBIEHUN MHUHEPAJIbHBIX BOJ C MAJIEro-
THJIPOr€0JIOTHUECKUMH YCIIOBUSIMHM PErMOHA M BBICOKOM JIeueOHOM 1IeHHOCThI0. BbIxo/bl O0NIBIIMH-
CTBAa MUHEpAJIbHBIX BOJ INPHUYPOUEHBbI K LIAPHUPAM AHTUKIMHAJIBHBIX CKJIaJ0K. B renernueckom
OTHOILIEHUU OHU OTHOCSTCA K APEBHUM MH(UIBTPALIMOHHO-U3MEHEHHBIM BOJaM, (pOpMUpPYOIIUMCS
B IUIyOMHHBIX 30HAX Pa3lOMOB B TEPPUIC€HHO-KapOOHATHBIX MOPOJIaX CPEIHEro J0LEHA U BEPXHETOo
Mena. OOpa3oBaHuE MHUHEPAIbHBIX BOJ NMPOUCXOOUT B PE3YJIbTATE CIIOKHBIX TMAPOXUMHUYECKHX
IPOIIECCOB KATHOHHOIO OOMEHA, CMELIMBAHUS BOJ| Pa3HbIX TUIIOB, BO3JEHCTBUS YITICKUCIIOTHI NIPU
HOBBIIIEHHOH TeMIlepaType B opojaax (IMIIeBOro Xapakrepa.

Tunbl MUHEpPaJIbHON BOABI: THAPOKAPOOHATHBIN HATPUEBBIN, THAPOKAPOOHATHBIN HATPHE-
BO-KAJIbIIMEBBIH, T'MIPOKAapOOHATHBIM  KaJbIIMEBO-MAarHUEBO-HATPUEBBIN, T'MIPOKapOOHATHBIN
HATPUEBO-KAJIbLINEBO-MATrHUEBBIH, T'UIPOKapOOHATHO-CYJIb(aTHBIH HATPUEBO-KaJIbIIMEBO-
MarHueBbIH, TUAPOKAPOOHATHO-CYNb(ATHBINA KaJblIMEBO-HATPUEBBIH, THAPOKApOOHATHO-CYIb(AT-
HBII KaJbLINE€BO-MarHUEBO-HATPUEBBIM, TI'MIPOKApOOHATHO-XJIOPUAHBIM HATPUEBO-KAIbLIUEBBIH U
XJIOPUIHO-THIPOKAapOOHATHBIN HAaTpueBbli [ 1-4].

B ¢opmupoBaHnu 1 pacpoCTpaHEHUH MECTOPOKACHUN MUHEPAIbHBIX BOJ OCHOBHYIO POJIb
UTpaeT UCTOPHsI T'€0JIOTHUECKOro Pa3BUTHUsS PETHMOHA U CTPYKTYpHble ocoOeHHOCTH. B pesynbraTe
CKJIQJUaThIX JBW)KCHUN HACTYNMJIO HEKOE AMHAMHUYECKOE PABHOBECUE MEXIY 30HAMU IIPECHBIX U
MUHEpaJbHbIX BOJ. Ha yyacTkax, moaBeprmmxcsi BO3AEHCTBHIO CKIIa{4aTOCTH, MUHEPAIbHBIE BOIbI
BBITECHEHBI Ha OOJIBIIYIO TIIyOHHY, a Ha IPYTUX, HA000pOT, 3HAUNTEILHO MOJHUMASICh K BEPXY, OHU
CMENIMBAIOTCS C MPECHBIMH, MUPKYIUPYIOMUMHI B 3(PPy3UBHON TOJIIE BOJAAMU U CO3MAIOT CIIOXK-
HBIA THIPOXUMHYSCKUN TTpodmitb [3-5].

3HAUUTENIBHOE BIIMSHUE HA XapaKTep TOW CBSA3HM OKA3bIBAET BO3PACT TEKTOHMUYECKUX HApy-
menuil. bonee Monoabple TEKTOHMUECKHE MPOSBICHUS, HA0OOPOT, UMEIOT OTKPBITHIE TPEIIUHBI —
MyTU TUPKYISIUH [TOA3EMHBIX BOJI.

OCHOBHBIE 3aKOHOMEPHOCTH PACIpPOCTPAHEHHS PA3JIUYHBIX TUIIOB MPUPOJHBIX MUHEPAIb-
HBIX BOJl B Pa3JIM4YHBIX I'€OCTPYKTYPHBIX, TUAPOr€OJOrHYECKUX, THAPOXUMHUUYECKUX YCIOBUSAX TOTO
WIN IPYTOTO y4acTKa 36MHOM KOPBI 3aBUCST OT JIUTOJIOTUYECKOTO COCTaBa, (haluaibHbIX 0COOEHHO-
CTE€ll UM KOJUIEKTOPCKHMX CBOMCTB TOPHBIX IMOPOJ, CTENEHU TIHAPOreOJOTHYECKON PACKPBITOCTH
CTPYKTYpP M HEOTEKTOHUYECKOW aKTUBHOCTH YYaCTKOB 36MHOM KOpBI, B YaCTHOCTHU OT CYIIECTBOBA-
HUSI MOJIOJIBIX TEKTOHUYECKUX Pa3JIOMOB, F€OTEPMUYECKOT0 PeKUMa U J1p. (PaKTOPOB.

MuHepanbHble BOBI TOPHO-CKIIQAUYATHIX obnacTel GopMUpyrOTCS B TPEUIMHHBIX CHCTEMax
TOPHBIX PAalOHOB, a TaKXe B IIIyOOKHMX TEKTOHHMYECKHX PA3IoMax M CKJIaI4aThIX TOPHBIX COOPY-
#eHusAX. 1o reonoro-cTpyKTypHbIM U THIPOr€0JIOTHYECKUM YCIOBUAM (DOPMUPOBaHHUS, COJIEBOMY U
ra3oBOMY COCTaBy, MHMHEPAJIHM3AIMU U Py CHeUU(UUIECKUX CBONCTB MUHEPAJIbHbBIE BOJBI OTINYA-
I0TCsSL IpYyT OT Iapyra. B palloHax MHTEHCHUBHOIO Pa3BUTHs TEKTOHWMYECKOW TPEIMHOBATOCTH, OCO-
OEHHO pa3pbIBa, PACIPOCTPAHEHUE MUHEPAIbHBIX UCTOUHUKOB U MX BOJOOOMJIBHBIX 30H CBSI3aHO C
TEKTOHUYECKUMH 3aKOHOMEPHOCTSIMU U THUIIAMH T€0JIOTHUECKUX CTPYKTYp. BomooOuIbHOCTE KOM-
IUIEKCOB TMOPOJ] BECbMa HEPABHOMEPHA M 3aBUCUT OT CTENEHU TPEIMHOBATOCTH MOPOJ, YCIOBUH UX
IUTaHUs, PACWIEHEHHOCTHU penbeda U T. 1.

dopMHpOBaHHE XMMUYECKOIO U T'a30BOI0 COCTaBa MUHEPAIBHBIX BOJ CBSI3aHO C YCIOBUSIMHU
UX TeHEe3Uca U JABWKEHHUS OT 00JIacTeld MUTaHMS A0 OTPOTOB PasTPY3KH.
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Munepanbibie Boasl Opay0ackoro CUHKIMHOPHUS UMEIOT MECTPBId COJEBOM COCTaB. JTO
CBSI3aHO CO CJIOKHOCTBIO I'€0JIOTO-CTPYKTYPHBIX OCOOEHHOCTEH PEerHoHa W OTPHUIAET HJCI0 O MpPH-
YPOUSHHOCTH BCEX MECTOPOXKIECHUH CUHKIMHOPUS €IMHOMY apTe3naHckoMmy Oacceliny. I'eomoruue-
CKas CTPYKTypa peruoHa co3faeT OJIaronpHsTHbIE YCIOBHS JUisi 00pa30BaHUS BOJOHAMOPHOW CHU-
CTEMBbI B MEJIOBBIX M JOLIEHOBBIX OTJIOKEHUAX ¢ 001acThio nmutaHusi. B 30He pa3npoOieHus MHUHE-
pasibHBIE BOABI POPMHUPYIOTCS B PE3YNIbTATE CIOKHBIX THAPOXUMUYECKHUX MTPOIECCOB [2].

Bronp pa3nomMoB riry0OKOro 3ajeranusi pacroyiaraloTcsi OCHOBHBIE MECTOPOKICHHS MHUHE-
panbhbix Boa HaxusiBanckoit AP (Hapeinar, Cupa0, Baiixeip, banamnsl, Haramkup, I'bi3puiBeHr u
ap.). Hannure MHOTOYMCIIEHHBIX BBIXOJIOB YITICKUCIIBIX MUHEPAIbHBIX BOJ, UX XUMHUYECKUI COCTaB
U TeMIepaTypa CBUIACTEILCTBYIOT O TOM, YTO (POPMHpPOBAHHE MX COJIEBOI'O M ra30BOT0 COCTaBa B
OCHOBHOM CB$I3aHO C TJTyOMHHBIMH TTPOIIECCAMH B 3€MHOM KOpE.

dopMHUpOBaHUE COJEBOIO COCTaBA BKIIIOYAET PACTBOPEHHBIE U CBOOOAHBIE Ta3bl. Y CTAHOB-
JIEHO, 4TO B BOJAX paccMaTpuUBaeMOil TeppuTopuu comepxurcs 97,5-99,9 % cBoboaHOI yriekuc-
notel. Kucnopon, a30T u pefkue ra3bl COCTaBISIOT HE3HAYUTEIbHOE KOJTHUECTBO.

3akmoyenue. MecTOpOXKIEHUSI MHHEPAIbHBIX BOJA 00pa3yloT HAAEKHYI THIPOMH-
HEepaJbHY0 0a3y JJis pa3BepTHIBAHUS CTPOUTEIHCTBA CAHATOPHO-KYPOPTHBIX YUPEKJACHUN U 3aBO-
JIOB TIPOMBIIIJIEHHOTO PO3JIMBA BO/I.
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KiCiK QAFQAZIN CONUB-QORB HiSSOSININ MINERAL SULARI VO
ONLARIN iSTiFAD® PERSPEKTIVLiYi

M.L OLIYEV, U.Y. HOSONOVA
Ki¢ik Qafgazin conub-qorbinds, Naxg¢ivan AR orazisindo genis yayilmis qiymotli mineral sularin formalagsma vo yayilma cohatlori
gostorir ki, onlarin tozahiirlori asasen regionun dag-qirisiqliq orazilorinin tokinde bas veren regional metamorfizm proseslori, geoloji inkisaf
tarixi vo paleohidrogeoloji soraitlorlo vo hidrosfer va su saxlayan siixurlarin ilkin sularinin miirokkob qarsiliqh tasiri ilo slaqedar mineral sularin
kimyavi torkibinin formalasmasi prosesinds asas rol karbonat siixurlarina mensubdur.
Acar sozlor: mineral sular, hidrogeokimya, kimyavi tarkib.
MINERAL WATERS OF THE SOUTH-WESTERN PART OF THE LESSER CAUCASUS AND PROSPECTS OF THEIR USAGE
M.I. ALIYEV, U.Y. HASANOVA
Formation and spreading of prevalence of precious mineral waters in the south-western part of the Lesser Caucasus shows that their
manifestations are mainly related to regional metamorphism processes, geological development history and paleo-hydrogeological conditions
occurring in mountainous areas of the region and the primary waters of hydrosphere and water-holding rocks The main role in the formation of
chemical composition of mineral waters is due to the carbonate rocks in the complex interactions.

Keywords: mineral waters, hydrogeochemical, chemical composition
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MUHEPAJOTUYECKUN COCTAB BTOPUYHBIX KBAPIIUTOB
YUPAT' JAPUHCKOI'O PYJHOTI'O IIOJIA

H.IO0. AXMEJIOBA®

B MuHepanoruueckoM cOCTaBe BTOPUYHBIX KBAapLMTOB UMparnapuHCKOrO PYJHOrO IOJsl IPUHUMAIOT
yuyacTue: KBapll, KaOJWHHT, TUKKUT, TaJUlya3uT, AUACIOp, 3YHUHT, (QIIIOOPHUT, alyHHT, IUPUT, TOIA3 U Jp.
Hawnbospminm pa3BuTHEM Cpeld MUHEPAJOB BTOPHUYHBIX KBAapLUTOB IOJB3YIOTCS KBapl, KAOJMHUT, AUKKUT, Ce-
PHLIUT, TIHPUT, KOTOPBIE BCTPEYAIOTCS MOBCEMECTHO M OOBIUHO SIBJISIFOTCS TJIABHBIMH MOPOI000Pa3yIOIIUMU MH-
HepallaMy BTOPUYHBIX KBapLUTOB.

Knroueswie cnosa: 8MopuliHble Keapyunisvl, MuHepaﬂozuquKuﬁ cocmae, Keapy, KaoJaurum.

Beeagenne. @opmaiysi cepHO-KOJIUYEIAHHBIX pya HIMPoKo pa3Buta Ha Manom Kaskase B
npenenax Comxuro-Kapabaxckoil u I'eitua-Axepunckoit 30H — B ['eifresnsckom, [llamMkupckom u
KapabaxckoM aHTHUKIMHOPUAX. 3HAYUTENbHBIE CKOIJICHHUSI CEPHOKOIYEIaHHBIX PYJ CKOHIEHTPU-
poBanbl B mpenenax [eirensckoro antukianHopus (UuparnapuHckoe pynnoe nose). Yupargapus-
CKO€ PY/IHOE TI0JIE PACTIONIOKEHO B HArOPHOW YacTH XaHJIapcKoro paiioHa AzepOaiimkanckoi Pec-
nyOnuku B 45 KM K 1oro-zamafy ot I. I'siHaka, Ha 10ro-BoCTOYHOM ckJjoHe I. [Tant. PyaHoe none
BBITSIHYTO B CEBEPO-BOCTOYHOM HAIIPABJICHUU U OXBATHIBAET IOJIOCY PA3BUTHUS TU3BIOKTHBHBIX
HapyLIeHUH, MPOTATUBAIOIIYIOCsl 0T MecTeuka Ennu-Oynax Ha 1oro-3amaje 70 ceiaeHus Asar Ha
CEBEPO-BOCTOKE. JTa M0JI0CA BKIKOYAET MYHKThl CEPHO-KOIUYEAAHHOTO OPYAECHEHUS — HaXOsIue-
cs1 6mu3 cena Asrmiui, ApkaOKepi, a TaKKe N3BECTHBIE MECTOPOXKAECHUS: coOcTBeHHO Unparaa-
puHckoe, Torananunckoe u Yuparaapuncko-Torananunckoe [1-7].

Bce ot MecTopoXkaeHus U pyAONPOSBICHHS 110 T€OJIOIMYECKON MO3ULUH, PyIOBMELIAI0-
LIMM [TOPOJIaM, XUMUKO-MHHEPAIOIHUECKOMY COCTaBYy Py, XapaKTepy OKOJOPYIHOIO M3MEHEHUs
Y T€HE3UCY OJHOTHUIIHBI U MPOCTPAHCTBEHHO TECHO CBSI3aHbI MEXIY cO00Ii, pacronarasch Heaase-
KO JpYr OT Apyra. B reosorn4eckoM CTpOEHUM PYIHOrO IO MPUHUMAIOT y4acTUE BYJIKAHOTEH-
HO-TIMPOKJIACTUYECKHE 00pa30BaHUs CpPEeIHEH IOPbI, KOTOpPBIE MPEACTaBIECHb! PYJOBMEIIAIONIIMU
BEPXHE0ANOCCKUMHU PUOJIUTAMU M BYJIKAHOKJIACTOJIMTAMHU U MEPEKPHIBAIOIIMMH UX (HApyIHBIMU)

* v v
bakunckwuit TOCYyAapCTBEHHBIM YHUBCPCUTET
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0aTCKUMU aHJE3UTaMHU U aHjae3nba3anbTaMy. ToJjia pyIoBMENIAIOIUX PHOIUTOB CIOXKEHA JIaBO-
BBIMU TIOKPOBAaMH MEIJIOBBIX M KPHCTAIIOKIACTUYECKUX TY(OB, JIaBOOpPEKUMil, IPOPBAaHHBIX B
psfe MeCT CyOBYJIKAHMYECKUMHU IITOKAMHU TEX>KEPUOIUTOB. MOIIHOCTh 3TOM TOJIIIM COCTABISET
400 M., mojomIBa ee B paiioHe PyAHOTO IMOJsl He BCKphITa. Ha CHIIBHO pa3MbITON U HEPOBHOH TO-
BEPXHOCTH TOJIIIHM PUOJIUTOB, Yy OCHOBaHUS 0aTCKUX 3((y3UBHO-MMPOKIACTUIECKUX TOPO/I, 3ale-
raeT ropu30HT 0a3aJbHBIX KOHTJIOMEPATOB, TPABEIMTOB M MECYAHHUKOB MOIIHOCTBIO OT 5 70 35 M
[1].

IOpckue BynkaHOTeHHBIE 00pa3OBaHMsI MPOPHIBAIOTCS Jalkamu Jauada3oB, radopo-
mraba3oB, Muaba3oBBIX MOPGHUPUTOB, KOTOphIE B UMparmapuHCKOM MECTOPOKICHHUU PACCEKAIOT
pan pyaHsix Ten [3, 4].

Mopdosnoruyecku pyabl ONMUCHIBAEMOT0 PYAHOTO MOJIsi, HECMOTpPSI HA OTHOCUTENIBHO MPO-
CTOHM MX COCTaB, CYIIECTBEHHO OTIMYAIOTCS MEXKAY COOOH KaK B CTPOCHUH, TAaK M IO COJCPKAHUIO
cepsl B pynax. B kauectBe Mop(hoIOrnyecKux pazHOBUIHOCTEN CYIb(PUIHOTO OPYACHEHUS MOTYT
OBITH BBIICTICHBI CIIEIYIOIINE THUIBI: IITOKH M IITOKOOOpA3HbIE Tela; JIMH3bI W JHH3000pa3HbIe
TeJa; BKPAIJICHHOE U MPOXKHIIIKOBOE OPYACHEHHUS.

Leab padoThl — U3y4eHHE MHHEPAIOTMYECKOTO COCTaBa BTOPUUYHBIX KBapuUTOB Ynparma-
PUHCKOTO PYTHOTO TOJIS.

Pemenue 3agaun. boun ncnons30BaHbl COOCTBEHHBIE (haKTHUECKUE MaTepHalbl, cCOOpaH-
HBIE B MPOILIECCEe MPOBEIECHUS UCCIIEeIOBATENLCKUX paboT Ha UnparnapuHCKOM MecTopokaeHuu. B
MHUHEPAJIOTUYECKOM COCTAaBE BTOPHYHBIX KBApPLUTOB PYAHOTO IOJI MPUHUMAIOT Y4acTHE: KBapil,
KaOJIMHUT, TUKKHT, TUAPOCIIONA, 3yHHHT, (QIIFOOPUT, CEPULIUT, TUIIC, alIATHT, TOMAa3, HUPKOH U JAPY-
rue. Kak mpoayKThl OKHCTIEHHSI MUPUTA BO BTOPHUYHBIX KBAPIUTAX MPUCYTCTBYIOT SAPO3UT U OOMIIb-
HBIE THJPOOKHUCIBI JKese3a. B OTAeNnbHBIX Cilydasix BCTPEUYCHbI €IUHHYHBIC 3epHa cdanepura u
XaJIbKOTTUPHUTA.

HaunbGonpmmM pa3ButueM cpeiy MHHEPAIOB BTOPUYHBIX KBapIHUTOB TOJIB3YIOTCS KBapil,
KAOJIMHHUT, JUKKHUT, CEPHLUT, IMUPUT, KOTOPHIE BCTPEUAIOTCS IMOBCEMECTHO M OOBIYHO SIBISIFOTCS
TJIABHBIMH TIOPOJI0O00PA3yIONIMMI MHHEpAJIaMd BTOPUYHBIX KBapHHUTOB. Jlmacmop, mpodusuimr,
3YHHUHT, QIFOOPUT B OONBIINX KOJTMYECTBAX BCTPEUYAIOTCS JIUIIb HA OTIEIBHBIX y4acTKaX, HO Tak-
)K€ SIBIISIIOTCSl YYaCTHUKAMHU MHOTHUX TapareHe3ucoB. OcTajabHble MHHEPAJIbl 3aMETHBIX CKOTUICHHIA
He 00pa3yroT. BBUIYy MENKO3epHUCTOCTH MHHEPAIBbHBIX arperaToB ¥ MHUKPOCKOIMMYECKHX pa3Mme-
POB OOJILIIMHCTBA MHUHEPAJIOB M3y4YeHHUE KAMEHHOTO MaTepHaja MpOU3BOJMIOCH TPEUMYIIECTBEH-
HO B mpo3payHbIX numrdax. Kpome Toro, MuHepabl HCCIEOBAINCH B MOPOIIKAX MPU ONpezaese-
HUM TTOKa3aTeNel MPEIOMIICHHUS, a TAK)KE TOBEPTAINCH TEPMUUECKOMY M XHMHUECKOMY aHaJH3y.
XUMHUYECKUE ¥ PEHTTCHOMETPHUYECKHUI aHAIN3 Y1aJI0Ch POU3BECTH JIMIIb JIIsi HEMHOTHX MHHEpa-
JIOB BBHIy UX MHUKPOCKOITUYECKHX pPa3MEpOB, HATMYHMS B HUX TOHKO PACCESTHHBIX BKIIOUCHHUH U
TECHOTO MpopacTaHus Apyr B Jpyra [2].

KBapu siBisieTcsi ri1aBHBIM MHUHEPAJIbHBIM KOMIIOHEHTOM BTOPHYHBIX KBapIuToB. HekoTo-
pbIe daru MECTaMH CIIOKEHBI MPAKTUIECKH JIUITh OJHUM KBaplieM (MOHOMHUHEpaJIbHBIE U CYIIe-
CTBEHHO KBaplieBbIe MOpobl). OH MPUCYTCTBYET TaK)Ke B BBICOKOTIIMHO3EMHUCTBIX MOPOAAX W B
MOpO/Iax € rajloNICOAEpPKalIMMU MUHEpalaMu [2].

MaxkpoCKOITMYEeCKHiI KBapIl Ceporo 1BeTa, TNIOTHOTO CIOXKeHHs. KpucTamisl ero BcTpeda-
10Tcs peko. OHM OTMEYEHBI JIMIIb B MyCTOTaX U TPEIMHAX MOPOJ, I/I€ €ro MOIyIpo3padyHble TOH-
KHE UroJIbYaThle KPUCTAJUIMKKA PACTYT BMECTE C KpUCTallaMH nmupuTa u ¢uooputa. Keapi B u3-
MEHEHHBIX MOpOJax, 00pa30BaBIINXCS 3a CUET JIABOBBIX KBapIIEBHIX MOP(HUPOB, IPUCYTCTBYET B
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IBYX (popMax: B BUJE PETUKTOBBIX KPYITHBIX BKPAINICHHUKOB M MEJIKO3EPHUCTOTO arperara Kpapua
- HOBoOOpa3oBaHus. KBapi-BKparuieHHUK 0OBIYHO UMeeT KpyIHbie pa3mepsr (0,5-1 cm) u npuay -
nuBble (OPMBI. BOJNBIIMHCTBO M3 HUX OTOPOYEHO IIMPOKOW KaiMOM BTOPUYHOTO KBapia. Bo BTo-
PHUYHBIX KBapLUUTax, 00pa30BaBIIMXCS 3a CYET Ty(OTEHHBIX MOPOJ, BKPAIUNICHHUKH KBapIia 0OBIYHO
oTCcyTCTBYIOT. KBapii—HoBOoOOpa3oBaHUE UMEET CaMble Pa3IMYHbIE pa3Mepbl — OT KPUITOKPUCTAII-
JIM4YecKoro (enb3UTOBOIO arperata 10 KpymHbIX MOJIMTOHANBHBIX 3epeH pazmepom 0,2-0,6 M.

Mopdornoruyeckn KBapi-HOBOOOpPa30BaHHE XapaKTEPU3YeTCs 3HAUYUTEIbHBIM pa3sHooOpa-
3ueM. OH TpeJCTaBlIeH METKUMH MPU3MATUYECKUMH KPUCTAJUIAMM; 3€pHAMU H30METPHUYECKOH,
JanmgaTou, nepbeBUIHON Gopmbl. CTpyKTypa arperara KBapua — noppupooOIacToBas, MO3auvHas,
pPOrOBUKOBAs H T.n.

KaoauHUT M IMKKHUT - MUHEpAJIbl KAOJIMHOBOU TPYIIIIbI, IIUPOKO PACHIPOCTPAHEHBI B THUJI-
pOTepMaTbHO-METACOMATUYECKH M3MEHEHHBIX Topoaax. OHM OCOOSHHO XapaKTepHBI i (popma-
UM BTOPUYHBIX KBAPIIUTOB, B KOTOPBIX HEPEAKO UTPAIOT POJIb OJHOTO M3 TIaBHBIX MOPOJ000pa-
3YIOIIMX MUHEPAJIOB U CIIaraloT, B aCCOLMAIUMH C IPYTMMU MUHEpalaMH (Yaile KBapleM U alyHu-
TOM), 3HaYUTEJbHbIE Y4acTKH. KaOJMHUT M JTUKKHUT JOBOJBHO LIMPOKO PACHPOCTPAHEHBI BO BTO-
PUYHBIX KBapiuTax YuparmapuHcko-ToraHaluHCKOro pyaHoro mojis. OHM y4acTBYIOT BO MHOTHX
MUHEPATBHBIX MMapareHe3rncax BTOPUYHBIX KBAPIUTOB U SBIISIOTCS OJHUMU U3 TJIABHBIX MUHEPAJIOB
UX pa3HOBUAHOCTEH. KaoNMHUT M AUKKUT IIMPOKO pa3BUTHI Kak B UuparnapuHckom, Tak u B Tora-
HAJIMHCKOM MECTOPOXKICHUSX.

Kaonuuut (IUKKUT) BU3yaJbHO XOPOLIO pa3nnyaercs Ha (poHe KBapLeBO MacChl KBapIIH-
ToB. OH 00BIYHO 0OJIee U MEHEe PAaBHOMEPHO paclpe/ielieH B Macce TOPO/Ibl, YTO U MOATBEPKIACT-
Csl MUKPOCKOIIUYECKUM €ro u3ydeHueM. KBapiieBble MOPOJIbI JIETKO OTIMYAIOTCS OT KPEMKUX MO-
HOKBApILUTOB CHIMyYECThIO U 3€MJIMCTBIM BUAOM. B OTAENBHBIX Cilydasx OHU 0Opa3zyroT HEOOJb-
mue maTHa (pa3Mepom B 1-3 MM) B KBapIieBOM Macce MOPOIbl U XOPOIIO Pa3IUIalOTCs BU3YalbHO.
B mmudax kaonmHOBBIE MUHEpAIbl BCTPEYAIOTCS B CISAYIONIMX MOPQOIOTHYECKUX THMax: 1) B
BUJIE TOHKO3EPHUCTOM (KPUNTOKPUCTAIIIMYECKOMN), arperaTHo MOJIIPU3YIOIIEN Macchl, B KOTOPOi
OTJIEIbHBIE KPUCTALTMYECKAE MHIUBUIBI PA3INYalOTCs JIMIIb P OOJIBITNX YBETUYCHUSAX; pa3Me-
PBI 3epeH He MPEBBINAIOT THICSYHBIE T0JIM MUJUTUMETPA; 2) B BUI€ TOHKOUYEIIYHYaTOro arperara, B
KOTOPOM YE€IIyH M 3epHa CBOOOJHO Pa3IMYaOTCsl B HOPMAJbHBIX YBEJIUUYEHUSAX MUKPOCKOIA; pa3-
Mepsl yenryii — medee 0,01 MM, uib u3peaka B arperare MOXKHO BHJIETh OTHOCUTEIBLHO KPYITHBIE
3epna pazmepom 0,01-0,03 mMMm; 3) B BUje MEIKOYENIYHYATOrO U MEJKOIIACTUHYATOTO arperara,
JIOBOJIEHO XOPOIIIO HAOIIOAAEMOT0 NPH JIFOOBIX YBEITUUCHHSIX.

Juacnop - moip3yercst JOBOJIBHO MIMPOKUM Pa3BUTHEM Ha OTIENBHBIX yU9acTKax U 00pasy-
€T 3HaYUTENbHbIE CKOIUIEHHs. J(nacnop SBIsSETCS OJHUM M3 TJIABHBIX MUHEPAJIOB BHICOKOTJIIMHO3E-
MUCTBIX 1TOpoJ ((aruii) BTOpUIHBIX KBapIIUTOB. MakCcUMalIbHOE CO/Eep)KaHne IHUacropa yCTaHaB-
JMBAETCS B TUPUT-IAACTIOPOBOI TTOPOJIE, T/IE OH €IMHCTBEHHBIN HEPYTHBI MUHEPAJ U COCTABIISET
okoso 60-70% mopoa. Ero MHOTO Takke B AUKKUT-MIUPUT-AHACTIOPOBOM Tiopoae (35-50%). B apy-
TUX Pa3HOBUIHOCTSIX BTOPHUYHBIX KBApIMTOB (B KOTOPHIX OH MPUCYTCTBYET) JHUACIIOP B KOJIHYE-
CTBEHHOM OTHOIIIECHUH YCTYIAaeT CBOMM IMapareHeTHUECKUM CIyTHHKaM. [IpucyrcTBue muacmopa B
nopo/iax 0OBIYHO yCTaHABIMBAETCS B LUTM(axX Mol MUKpOCKonoM. /luacmnop ¢ kBapiem, 3yHUUTOM,
MUPOWILTUTOM W THPUTOM 00Opa3zyeT HOpMalbHBIE CTHIKM O€3 B3aUMHOTO 3amMenieHus. boree
CJIOHBI B3aMMOOTHOILIEHUS! THACIIOpa C TUKKUTOM U CEUIIUTOM [2].

[upopunaur - B HEOOIBIINX KOJIUYECTBAX BCTPEUAETCs] BO BTOPUUYHBIX KBapuuTax. [1u-
POMWIINT B BUJE MEJIKUX CKOIUICHHH M OTJENBHBIX ISITEH BCTPEUAEeTCs TaKKe B CEPHOKOIIYETaH-
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HOH pyze Ha UnpargapuHCKOM MeCTOpOXKAeHUH. Bo BTOPHUYHBIX KBapIIUTaX MHOT/IA BCTPEYAETCs B
BUJIC MATEH M HEOONbIMX cKoruieHui pazmepom 0,3-0,5 cm, peako 10 2 cM. [Tupodwmut umeet
Oenblil LBET cO cadbiM KPEMOBBIM OTTEHKOM. OH MOPOIIKOBATHIN, JKUPHBINA HA OIIYNb U MIETKO-
BUCTHII Ha BUI. Pactupaercs jgerko Mexny naiblamu. MuHEpaa 1moJi MEKPOCKOIIOM B UMMEPCH-
OHHBIX KUAKOCTAX OECLBETHBIN, COCTOMT U3 MEJIKHUX M M30THYTHIX YEIIyeK C BBICOKON HHTepde-
peHIMoHHON okpackoi [1]. B numdax nupodummut GecuBeTHBIN, UMEET XOPOUIYI0 CHAiHOCTb,
IpsSIMOE TIOTacaHue, MOJIOKHUTEIbHBINA pebed, BBICOKYI0 HHTEP(PEPEHIIMOHHYIO OKPACKY - CHHIOIO U
3€JIEHYI0 TPEThEero mopsizika. B HEKOTOpBIX cilydasix HHTEPPEPEHIMOHHAS OKpacka CHHXKAETCS 110
JKeNToBaTo-3eeHo. B mummdax HaOmiomaercs B BHUIE OTAENBHBIX YEHIYeK WM MX CKOIUICHUH,
H30THYTHIX JTUCTOYKOB M HEOOIbIUX cepornToB pazmepom 0,05-0,2 mm.

Cepuuur - xapakTepHbIii MUHEpall paccMaTpUBAaEMOro Komiuiekca rnopoJ. OH nonb3yercs
MOYTH TIOBCEMECTHBIM Pa3BUTHEM, HO OoJiee WIM MEHee 3aMETHBIE CKOIUIEHHsI 00pa3yeT JUIb Ha
OTJIETBHBIX YYaCTKaX, OOBIYHO B MEpU(PEPUIECKUX YacTAX 30HAIBHBIX apeajoB, BO BHEIIHUX (a-
USX BTOPUYHBIX KBApIUTOB. CEPHUIMT MO CTENEHU Pa3BUTHS CUIBHO YCTYMAaeT KBapIily, a TaKke
KaOJIMHUTY U AUKKHUTY. PaHHMIA ceput oOpasyeT yelryu, JIMCTOUYKH, BeepooOpa3Hble U Cepoiu-
TOBBIE arperaThl B Macce KBaplia, pacrojarasichb B IIPOMEXYTKaxX 3epeH KBapla. Accoluupyercs
TaK)Ke ¢ IUacropoM, 3yHUUTOM U JPYTHMMU MHHEpATaMHU, POSIBIISAA TI0 OTHOIIEHUIO K HUM OTYeT-
JHUBYIO KCEHOMOP(HOCTh. BO BTOPUYHBIX KBapuUTaxX MPUCYTCTBYET U APYTOW THII CEPUIUTA, KO-
TOPBI pa3BUBAETCA M0 KAOJWHUTY (AMKKUTY) yTeM 3amenieHus. [Ipomecc 3amMeeHus: KaoJTuHUTa
(IMKKHTA) MECTaMU MPOTEKAI HUCKIIOYUTEIbHO MHTEHCHBHO M MpPUBENT K 0Opa30BaHUIO IICEBIO-
Mopdo3 cepunmra 1o kaoauHuTy. OOpa3oBaHHE CEpUIINTA, MO-BUAMMOMY, MPOHCXOIMIO BCIIE-
CTBHE OILEIaYMBAHUS PACTBOPOB U B YCIOBUSAX JIOKAJIILHOI'O MIEPErpeBa, BbI3BAHHOIO KpUCTAILIU3a-
ueii nuputa. B numdax cepunut o0bIMHO OECLBETHBIHM, HHOT/IA B KPYITHBIX JIMCTOYKAX HAOIIO1a-
eTcst cinalblil 3e7eHOoBaThli OTTeHOK. KpynHble nHCTOUKHM U chEepoIUuTOnoA00HbIE 00pa30BaHUs
CEepUIMTA BCTPEYAIOTCS PEJIKO.

IMupuT - TOBCEMECTHO BCTPEYALTCS BO BCEX PA3HOBUIHOCTSAX BTOPHYHBIX KBAPIIUTOB, ME-
CTaMHU B 3HAUUTEIBbHBIX KondyecTBax. Pacnpesnesnenue ero B mopojax KpaiiHe HepaBHOMepHoe. B
CYIIECTBEHHO KBapIIEBHIX MOPOAAaX MUPHUT 0OpazyeT HeOOJbIINE 3epHAa U30METPUUECKON WIH He-
npaBuwibHOM (Gopmbl pazmepom 0,1-0,5 mm. B GonbmiMHCTBE ciydaeB 3epHa €ro UMEKT HIINO-
MOp(dHBIE OYepTaHHsI ¥ BKIIOYECHBI B KBAPIIEBYIO MaccCy, HO OBIBAIOT U KCEHOMOP(HBIE MO OTHOIIIE-
HUIO K TIOCJIEHEMY M PACIIONIaraloTcsi B MPOMEKYTKaX €ro 3epeH. B 3yHHHTOBBIX, JHACIIOPOBBIX
nopojax M OOraTtblX MMM BTOPHYHBIX KBapIMTaX MUPUT 00pa3yeT CPEeIHIOI U JIaXKe TYCTYIO
BKpaIuIeHHOCTh. ETo 0c00€HHO MHOTO B TMACTIOPOBBIX mopozax [7].

3akiaroveHue. Pe3yabTaThl MpUBEIEHHBIX UCCIIEIOBAHUNA MO3BOJISIIOT BBISIBUTH OOLIME Yep-
ThI XUMHUYECKOTO COCTaBa M CBOWCTB MUHEPAJIOB. B XMMHYECKOM cOCTaBe MUHEPAJIOB MPEXIE BCE-
ro Opocaercst B ria3a Hanmare muHepanmmsatopoB — F,C1,P,H,O (B ¢umoopure, Tomase, 3yHuunTe,
anaTuTe, allyHUTe, TUKKUTE, TUPOPUILINTE, IUACIope, KAOJIUHUTE, MUPUTE). DTO BaXKHOE 00CTOS-
TEIHCTBO YKA3bIBACT HA 3HAUMTEIHPHOE YYaCcTHE TTHEBMATOIMTUYCCKUX aHEHTOB B T€HE3MCE MUHE-
paJioB, T.e. 00pa30BaHNE TUMTUYHBIX JIJISI BTOPUYHBIX KBAPIIUTOB MHUHEPAJIOB - TaJIOUICOEPIKAIIIX
U BBICOKO TJIMHO3EMHCTBIX — MPOTEKAJO B MHEBMATOJIUTHYECKON M MHEBMATO-TUAPOTEPMATbHON
CTaJIUsIX MUHEPATI000pa30BaHMUS.

Jlpyras XxapakTepHas 4epTa XMMHUYECKOr0 COCTaBa MMHEPAJIOB — ATO €r0 OTHOCHTEIbHAs
MPOCTOTA, BbIpaXKaroiasicsi B HEOOJBIIOM YHMCIIE CllararoliuX KOMIOHEHTOB. B cocraBe kBapia,
JUKKUTA, AUACIOpa, TOmas3a, 3yHHHUTa, MUPOQIIINTA, KPOME JETyYhX, y4acTBYIOT TOJIbKO SiO; u
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Al,O; coenuHstOMUECS MEXKIY COOOH M ¢ HEKOTOPBHIMHU M3 JIETy4nX. MHOTHE MUHEpaJbl (3yHUUT,
TOTAa3, MUACTIOP) U CIIOKCHHBIE MMH TOPOJIbI (3YHHHTOBBIC, AMACIIOPOBBIC W JAPYTHE) OOJIaTar0T
BBICOKOI TEPMUYECKOH CTOMKOCTBIO, KOTOpasi 00yCIOBJICHA BEICOKUM COJEPKAHUEM B HUX TIIHHO-
3eMa M OTCYTCTBHEM JIPYTMIX OCHOBAaHWHU B 3THX MHUHEpajaX. 3yHHUUT, TOIA3, TUACTIOP, KBapI] HE
PacTBOPSIIOTCSA B OOBIYHBIX TEXHUYECKHX KUCIIOTaX W BOOOIIEe 00Jagat0T OYCHb OOJIBIION XUMHUYE-
CKOW CTOMKOCTBIO.
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CIRAQDOROSI FiLiZ SAHOSI KOLCEDAN FiLiZLORININ MiNERALOJI TORKIBI
N.Y. BHM8DOVA

Ziraqdoarasi filiz sahasi kolzedan filizlorinin mineraloji torkibinds : kvarts, topaz, zunit, kaolinit, dikkit, diaspor,
alunit, pirit, topaz, serisit vo basqalari. Kvarts, kaolinit, dikkit, serisit v pirit, ikincil kvarsitlor asas filiz omologatiron
minerallardi vo on genis inkisaf etmis minerallar arasinda.

Acar sozlar: ikincil kvarsitlor, mineraloji torkib, kvarts, kaolinit
MINERALOGICAL COMPOSITION OF SECONDARY QUARCITES
OF THE CHIRAGDARA ORE FIELD
N.Y. AHMEDOVA
The mineralogical composition of secondary quartzites of the Chiragdara ore field includes quartz, kaolinite, dik-
kit, halloysite, diaspora, zuniit, fluorite, alunite, pyrite, topaz, etc. Quartz, kaolinite, dikkit, sericite, and sericite are most de-
veloped among the minerals of the secondary quartzite. which are found everywhere and are usually the main rock-forming

minerals of secondary quartzites.

Keywords: secondary quartzites, mineralogical composition, quartz, kaolinite.
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3KOJOIr'MYECKUIA MOHUTOPUHI YPOBHS 3ATPAZHEHHOCTU
JIOHHBIX OTJIOKEHUM KACHUMCKOTI'O MOPS
YIVIEBOJOPOJAMU HE®THU

®.X. AJIMEBA’, JLP. CAJILIXOBA”, JLA. KVJIMEB',
K.I0. AIDKAMOB®, 3.A. T'VCETHOBA"

W3ydeHo pacmpeneneHue yrieBoJopoa0B HEPTH B 00pa3Iax JOHHBIX OTIOXKEHUH. [ onpeneneHns KOH-
[EHTPAIUH KOMIIOHEHTOB HCIIONB30BAICS XpoMaTorpadudeckuii MeTon aHanms3a. beuto cobpaHo 35 TpyHTOBBIX
00pasioB, st 0TOOpa KOTOPBIX MCIIOJb30BalICs qHOuepnaresb. ColepkaHue yrieBoj0poI0B HEPTH M3MEHSIIOCH
ot 1,9 Mkr/r 1o 1387 MKI/T B mojicyeTe Ha BeC BhICYIICHHOrO oOpasna. KomuuecTBo XxpoMaTorpaduuecky Hepase-
JsieMOi KOMIUIEKCHO# yacTu ObuIo B mpejene oT 1.6 1o 1265 MKr/r B mojcuere Ha cyxoii Bec. bonee 3arpsi3HeHbI-
MU OBUTH 00pa3iibl, B3sAThIC 0KOJIO bakuHCKOW OyXThl. BRICOKOE KOJMYECTBO XpOMATOrpapHueCKu Hepas3aesiseMon
KOMIUIEKCHOHM CMeCH, a TakKe 3HAueHHEe OTHOLICHUS KOJMUYECTBA HEpas3/eisieMOil KOMIUIEKCHOM CMeCH K KOoJuYe-
CTBY pa3JeisieMOil yKa3bIBalOT Ha 3arpsi3HEHNE MCCIIElyeMOro paiioHa yrieBo1opoaaMu HedTH.

Knrwouesvie cnosa: sxonozus, Kacnuiickoe mope, negpmsnvie yene000pooul, Anueporckuti nowyocmpoas.

BBenenue. [lonroe BpeMst OKpECTHOCTh AMIIIEPOHCKOTO MOJYyOCTPOBA M3-32 YBEITUUUBAIO-
mieiicss Harpy3Ku ¢ Oepera, a TaKKe M3-3a PACIOIOKEHUS MPUPOIHBIX YCIOBUH HAXOIUTCS IO
HaOJIOICHHEM 9KOJIOTOB. Kaxkbiii roj iniib B A3epOaiikaHe BeiOpaceiBaeTcs B Kacnuiickoe Mo-
pe Gonee 450 MIH. M 3arpsi3HEHHBIX 1 Goee 250 MIH. M° HOPMATHBHO OUYMIICHHBIX BOJ, BCIE/I-
CTBHE Yero Mope 3acopsiercsi 6oisiee 4 Thic. TOHHAMHU HE(PTENPOyKTOB, 23 TOHHAMU (EHOJI0B, 26
TBIC. TOHHAMU cycnieH3uu, 480 TOHHaMU CUHTETUYECKHA MOIOIIUX CPEJCTB U T.1. [1-5]. ['maBHbIMHI
MPUYUHAMH TIOTIA/IAHUS YTIIEBOJOPOIOB B MOPE O1aroiapsi aHTPOIIOTEHHOMY BIIMSIHUIO SIBIISIETCS
JIo0bIYa He)TH B MOpe, TPAHCIOPTHUPOBKA HEPTH TaHKEpPaMH, HEPTEPA3ITUBLI, NHYCTPUATLHBIN U
OBITOBOM CJIMB 3aceJICHHBIX 00JaCTeH, HAXOISIIIUXCS Y TPUOPEIKHOM 30HBI [6-8].

bnaromaps manoif pacTBOpUMOCTH ¥ THAPO(YOOHBIM KaduecTBaM YTJEBOIOPO/IbI, CBS3BIBASCH
CO B3BEIIAaHHBIMH YaCTHUIIAMH, TIEPEMEIIAOTCS ¢ TIOBEPXHOCTH BOJBI B TIIYOMHBI BOJI 1 OCAXKIAIOTCSI
Ha JHe Mopsi. HedTsHbIe yriieBo0po/Ibl, HAXOSMIIUECS B BO3AYIITHOM MTPOCTPAHCTBE U B MOPE, J0-
XOJIT 0 JHA MOPSI BCJIEACTBHE CIIOCOOHOCTH copOmmu u aecopbumu. B mporiecce ocemanus ocy-
IIECTBIISIETCSl N30UpaTeIbHOE OT/ACNICHNE YTIIEBOAOPOIOB ¢ BRICOKOW MOJICKYJISIPHOM Maccou U3 pac-
TBOPUMOTO TUTIA ITyTeM copOumu. Oceamme rpyHTH UTPAIOT POJIb pe3epByapa i YIIIEBOIOPOIOB.
CemuMmeHTanns UIET JOJITO€ BPEMs, UCXOMASI M3 ATOTO JOHHBIC OTJIOKEHHUS MOTYT OBITh MPUYHHOMN
M3MEHEHUS IKOJIOTHYECKOTO COCTOSHUS CITCTsI HEKOTOPOM Bpemst [9-16].

’ AszepbaifpkaHCKII TOCYIapCTBEHHBIH YHUBEpCHTET HeTH 1 nnpombinuieHHoctH (AI'YHIT)
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3arpsi3HeHusT He(PTSAHBIMU YTTICBOJOPOJAMH JOHHBIX OTJIOKEHHH 4acTO BTpeyarolieecs sB-
JIeHHE ISl TPUOPEKHBIX 30H U MPUBOJUT K TYOUTEIBHBIM MOCIEACTBUAM COCTOSHHS SKOCHCTEMBI.
Ecii KoM4ecTBEHHO OMpeeNuTh KOHLEHTPALMIO YITIEBOJAOPOIOB B paMKaX MCCIEI0BAaHUS IKOJIO-
THYECKOTO TIOCIICACTBUS HE(TAHBIX 3arpsA3HEHHUTENEH MOPCKOI cpeapl HEOOXOAMMO yYUTHIBATh U
TOT Cily4aid, YTO He()Th 3TO €CTECTBEHHBIM OPraHNYECKUIl KOMIIOHEHT U NP MPOBEACHUN aHATU30B
YIJI€BOJIOPOIOB JIOJDKHO YUUTHIBATHCS TaK K€ aHTPOMNOreHHoe BiusHue. Heobxonumo emne yuuThl-
BaTh COOTHOIICHUSI €CTECTBEHHBIX M AHTPOINOICHHBIX coennHeHHi. Mmeer mecto TOT akrt, 4To
MPUCYTCBHE OPraHMYECKUX KOMIIAHEHTOB B MOPCKOW cpefie, MOXKET OBbITh CBSI3aHO C IMpolieccaMu
BBIJICTICHHSI UX OpraHHU3MaMH, OOMTAIONUMHU B MOpCKoii cpene [17-20].

SBISSCH MPUUMHOM 3arpsi3HEHUS MOPCKOM BOJbI, HOPMAJIbHBIE aJKaHbl U HepaslenseMast
CJIOXKHAsI CMECh HE PEIKO MOTPEOISIOTCS AJIsl ONPEeNICHUs CIECICTBUS 3arpsi3HEHUI BOJHOM Cpebl.
YroObl OmpenenuTh UCTOYHUKH 3arpsS3HEHUH UCCIIeAyeMbIX 001acTeil MOKHO MCIOIb30BaTh OTHO-
[IEHHE KOJMYECTBA HEUETHBIX H-aJIKaHOB K KOJMUYECTBY YETHBIX H-aJIKAHOB - KO (UIIEHT HEUETHO-
ctu CPI (Carbon Preference Index). Korna, 3nauenus CPI 6ombie uem 7-11, To 3arpsisHeHus: BHeE-
CeHbl OMOreHHbIMU HcTOUYHUKaMU. B ciydae, eciiu CPI paBHOM 1, 3arpsizHeHUs: IMEIOT ETPOreHHbIE
npoucxoxaeHusi. OqHo U3 HanboJee OCHOBHBIX MPUYHMH METPOTEHHBIX 3arpsi3HEHUH JOHHBIX OTJIO-
JKEHUH W BOJBI MOXKET ObITh MPUCYTCBHE B O0Opasilax Xpomarorpapuyuecku Hepas3aelenuMol KOM-
IUIEKCHOM yacTu HepasaeneHHas komiuiekcHas cmeck (UCM Unresolved Complex Mixture). Cmech
KOMIUIEKCHBIX M30MEPOB, Pa3BETICHHBIX U UKINYECKHX TOMOJIOTOB yIJIEBOAOPOIOB U MPEACTABIIS-
et coboit UCM. Xpomarorpaduiecku pa3pelaronas BO3MOXKXHOCTh KalMJUIAPHBIX KOJIOHOK HE XBa-
TaeT AJIS MOJIHOTO Pa3/IeleHMs IaHHBIX KOMIUIEKCHBIX coeAnHeHud. KoHueHTpanus Heomnpeaense-
MBIX KOMIIOHEHTOB B He()TH, MPECTABISAIOMNX COO0H XpomaTorpaduyecku Hepas3aensieMylo KOM-
MJIEKCHYIO YacTh, MOXKET 0X0oAuTh 10 250 000, uro roBoput o ToM, 4T0 UCM 3TO caMbIii CIIOXKHBIH
U3 CYLECTBYIOIIUX Ha 3eMile KOMIUIEKCHBIX CMECEH OpraHM4ecKux KoMrnoHeHToB. Ho, HecMoTps Ha
SBHYIO CBsI3b C HETSIHBIMU UCTOKamHu, npucytcTBue UCM B mpenene HU3KUX KOJIMYECTB, MOKET
OBITh CBSI3aHO C PA3JIOKEHUEM €CTECTBEHHBIX OPTaHMYECKUX UCTOKOB ONarojaps »KU3HeAesTeIbHO-
ctu Oakrepwmii [21].

Llenpro MpoBeIeHHOM pabOThI ABISETCS U3yYEHHE PACIPESIICHHUs 1EI0r0 CONEPKaHUs yT-
neBosiopooB Hedptu (HY), H-ankaHOB 1 M30MPEHOUAHBIX COSAUHEHUN B 00pa3lax NOBEPXHOCTHBIX
JIOHHBIX OTJIOKEeHUH, coOpaHHbIe B KactimiickoM MOpe 0KOJI0 ATIIIIEPOHCKOTO TTOTyOCTPOBA.

Metoauka 3xcnepumenTa. /[y onpeseneHuss 3aKOHOMEPHOCTU KOHIIEHTPAILlMOHHOIO pac-
MOJIOXKEHHUS YTIIEBOJIOPOJIOB HE(PTH, B 00JACTH IKOJIOTUUYECKUX HCCIIEI0BaTeNbCKUX pador, B 2017
OKOJIO TePPUTOPUH ATIIEPOHCKOTO TOIYOCTPOBA MPOBEIM MOHUTOPHHTH. /[ McciemoBaHusi OTO-
Opanu 35 oOpa3oB rpyHta. Mecto ot60pa nMpoObl BEIOUPAIUCH YUUTHIBAS 3KOJOTHUYECKOE COCTOSI-
HUE JIAHHOH 00JIacTh. mapaMeTpoB B 3ToM paiiore. O6macts 0TOOpa Mpod HAXOAUTCS B FOKHOM CTO-
pOHE ATIIIEPOHCKOTO TMOJyOCTPOBA U SIBIISIETCS CaMbIM 3arps3HeHHO# dacThio Kacrms (puc.l). Ha
3TO BJMSIET Majblii KPYrOBOpOTa BOJbl JAHHON TEPPUTOPHUH, a TAK KE CTOK OOJIBLIOr0 KOJIMYECTBA
OTXOJIOB, B T€UECHHE MHOTHX JIET. | OpOJICKHE CTOYHBIE BOJIBI COPACHIBAIOTCS YEPe3 BOIOOUYHCTH-
TETbHYIO CTAHIIMIO M CTAHIIMIO a’palliy, KOTOPHIE PACIIOIaraloTcsl BIOJIb OeperoBoi TuHUH. biaro-
Japsi KpyroBoMy TEYEHHIO B 3TOM oOmactu (puc. 2), ObUIO NPUHATO pelleHue 00 HCCleI0BaHUU
JTAHHOTO y4JacTKa.
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beumn oToOpano u uccieno- _ 3
BaHO 35 00pa3IioB rpyHTa (PUCYHOK LR - = ’ Kacnuickoe Mope
1). IIpoOb1 ObuTH cobpanbl ¢ 16-TH ; '
OCHOBHBIX TOYEK, KaKAas M3 KOTO-
pBIX, pacrnoiiokeHa Ha 4-X paspe-
3ax, KOTOpPBLIC IPOTATUBAJINCH OT
Oepera mopsi ¢ rayounoi B 0.5-0.6
METPOB B CTOPOHY MOpSI C TIyOu-
Hoit 710 8.2 M. Kaxxjom paspes umen
4eThipe TOYeK OoTOOpa 00pasioB.
['pynthl cobupanuch ¢ BepxHEH
4acTW JHAa MOpsS JHOYEpIIaTesieM
(mogenu Vaan Wen) B mpenBapu-

TEJILHO OYHMIIIEHHBIC PACTBOPUTEIIEM
anmroMuHueBble  Oanku.  OOpasIibl

JIOCTaBJIEHBl B J1a0OpaTOpHIO, I7e
XPaHWJIUCh B XOJOIWIbHHMKAX NPHU IS

temmeparype pasHoit -20°C s
MOCJIEIYIOUMX aHaIu30B. MeTou-

KU TIPUMEHSIEMBIX METOJOB aHAJIH- <
30B HUCCJIEyeMbIX TPOO TOIPOOHO ?gﬁ' ord
U3JI0’KEHBI B paboTe [22].

Pe3yabTaThl n 00cyKae- —
Hue. [I1s1 nccnenoBaTebCKuX pa- Aefippars®
00T B 11€710M OBLTH COOpaHBI U TIPO-

TVp

aHAJM3UPOBAHBI 35 00PA3IOB TPYyH- &

Ta u 35 06pa31oB NPUIOHHON MOp- 2 -

4

BOCBbMH pa3pe3ax. Pa3pe31>1 TpOTH- Puc. 2 Uzobpasicenue cxemwvr meuvenus ¢ Kacnutickom mope
HYTCS OT Oepera Mopsi ¢ TITyOuHaMH
0.5-0.6 MeTpoOB B CTOPOHY LI€H-

ckoit Bogbl. OOpasiisl bl COOpa- =

Topeia

HbI C TOYCK, PACITIOJIOKCHHBIX HaA

TpaJbHOI yacTu MOps ¢ TiryonHamu 70 8.2-9.0 M. KaxkoM paspes3 uMen 4eTblpe TOUKH C KOTOPBIX
oToupanuce npoosl. Tpu Touku 0TO0pa OblIM BEIOpaHbl BOKPYT Mbica LllaxoBoii kocsl. [leTanbHas
uHpOpMaIus 0 Toukax cOopa u riryouHax coopa obpasuos, GPS koopauHaTh! pecTaBieHa B Ta0-
muue 1, B Tabnuie 2 pu3nKo-XUMHYECKHE MTOKa3aTeI MOPCKOW BOJIBI.

Pe3ynbraThl aHanu3a pacupeaeneHus yrieBoJ0poJOB HEPTU B TOHHBIX OTJIOKEHUSX Tpe/-
ctaBneHsl B Tabmuie 3 u puc.3. KonndectBo HEDTIHBIX YIIIEBOJOPOOB B MPo0axX U3MEHSITUCH OT
1,9 Mxr/r mo 1387 MKr/T B IepepacueTe Ha Cyxoi Bec. B Tabnmie 1 ykazaHo, KOM4eCTBO coepka-
HUS yriieBoaopoaoB Hedtu B podax (C;-Cy), B HUX KOHLEHTPALUU HECKOJIBKO BBICOKH IO CpaBHE-
HUIO C APYTHMHU o0sacTsiMu u3ydaemoii reppuropun Kacnmiickoro mopsti. I[Ipuanroii sTomy siBisiet-
Cs1 yBEJIMYEHHUE NIPOMBILIIEHHOTO pa3BUTHs 3a Nocie Hue robl. KonndecTBo yrieBonopon1oB He(hTH
B nipobax (C;-C,4) Oonblie yeM B Apyrux odpasuax, JaHHbIE MPoObl OB COOpaHbl OJIM3KO K Oepery.
Haubonpimee Komm4ecTBO yriieBo0poa0B HeTH ornpeneneHo B Toukax A3, B3, C3 u D3.
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Tabauya 1.
HNudopmanus o Toukax ordéopa o0pasuos
O6pasen Pa6CCT0$1HHe or | I'nmyOuna, CeBepIi(;opHHH?ST;éTquaﬂ Jara cbopa | Bpewms cOopa
epera, KM M mmpota HonroTa 00pasioB 00pa3ioB
Al 0.5 0.7 40°36'61 50°03'96 14.10.17 08:30
A2 1.5 3.6 40°35'34 50°03'80 14.10.17 08:55
A3 2.5 5.4 40°32'29 50°03'35 14.10.17 09:30
A4 4.0 8.2 40°25'51 50°05'19 14.10.17 10:45
B1 0.5 0.7 40°35'36 50°09'46 14.10.17 11:10
B2 1.5 3.6 40°34'68 50°09'48 14.10.17 12:20
B3 2.5 5.4 40°3323 50°1026 14.10.17 13:15
B4 4.0 8.2 40°30'47 50°10'39 14.10.17 14:20
Cl 0.5 0.7 40°33'76 50°21'46 15.10.17 12:00
C2 1.5 3.6 40°31'19 50°21'34 15.10.17 13:20
C3 2.5 5.4 40°31'42 50°26'84 15.10.17 13:32
C4 4.0 8.2 40°30'08 50°19'75 15.10.17 13:48
D1 0.5 0.7 40°32'69 50°25'63 15.10.17 14:12
D2 1.5 3.6 40°31'78 50°26'48 15.10.17 14:28
D3 2.5 5.4 40°24'34 50°29'60 15.10.17 14:47
D4 4.0 8.2 40°2022 50°32'06 15.10.17 14:59
El 0.5 0.7 40°19'70 50°36'01 15.10.17 16:55
E2 1.5 3.6 40°19'54 50°37'72 15.10.17 16:59
E3 2.5 5.4 40°19'87 50°40'87 15.10.17 17:15
E4 4.0 8.2 40°21'02 50°45'76 15.10.17 17:37
Fl1 0.5 0.7 40°2428 50°38'19 15.10.17 18:15
F2 1.5 3.6 40°24'21 50°38'42 15.10.17 18:21
F3 2.5 5.4 40°23'85 50°42'62 15.10.17 18:36
F4 4.0 8.2 40°23'22 50°46'36 15.10.17 18:52
Gl 0.5 0.7 40°26"28 50°36'00 16.10.17 08:11
G2 1.5 3.6 40°28'13 50°37'77 16.10.17 09:15
G3 2.5 5.4 40°25'94 50°41'18 16.10.17 09:55
G4 4.0 8.2 40°26'18 50°46'40 16.10.17 10:15
H1 0.5 0.7 40°30'15 50°35'85 16.10.17 11:05
H?2 1.5 3.6 40°30'10 50°37'05 16.10.17 11:55
H3 2.5 5.4 40°29'35 50°42'67 16.10.17 12:30
H4 4.0 8.2 40°29'05 50°47'54 16.10.17 13:55
1400,00

1200,00
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B oOpa3max Tak jxe, HaOJMIOAAeTCsl MPUCYTCTBHE HEPA3JICICHHON KOMIUIEKCHOW YacTb
HeTsaHBIX yrieBoaopoaos (UCM), koTopslit peacTaBiieH Ha XxpomaTorpamme (puc.4). KonnuectBo
UCM wm3mensiack ot 3.6 10 1265 MKI/T B iepepacueTe Ha cyxoil Bec, npeactarisis 48% - 93% ot
Bcero konnyectBa HY (tabmuua 3). HauBrbiciiee KonM4yecTBO HEpa3/IeIeHHONM CMeCH Tak ke oOHa-
pyxeno B mpobe A3. IIpucyrceue USM-a mpeamecTByeT 00 3arpsHEHUH HCCIETyeMON 00JIacTH
dbparmenTamu paspymieBiieilics HedhTu. JlaHHOE HCcaenoBaHUE TOKA3hIBAET, TO YTO HEPTH CIIOCOOHA
AKKyMYJIUPOBAThCSI B TPYHTaX JHA MOPSI U OCTOBAThCS TaM HA TEYSHUH JIOJTHUX JIET.

Tabauua 2.
Puzuko-xuMHuYecKne MoKa3areJn MOPCKOI BOIbI
PactBopeHHBII DIEKTPONPOBO/I-
Obpa3zen pH OBII Kncfopozx COH;HOCTB I-?OCTI:» :
MT/7T o MCwm/cm

Al 7.2 -44 25 8.41 9.6
A2 7.5 -62 25 8.48 12.2
A3 7.6 -61 24.9 8.48 12.1
A4 7.6 -64 24.9 8.38 12.2
B1 7.5 -62 25 8.28 94
B2 7.6 -64 25 8.20 12

B3 7.4 -51 25 4.85 12.2
B4 7.4 -53 24.9 8.51 12.1
Cl1 7.9 -81 25.1 5.72 12.3
C2 7.8 -80 25.4 5.65 12.2
C3 8.0 -86 25 4.14 12.4
Cc4 7.4 -54 25 2.39 12.1
D1 7.4 -52 25 5.77 12.1
D2 7.9 -81 24.9 3.12 12.2
D3 7.5 -56 24.6 2.24 12.1
D4 7.4 -52 25.3 5.07 11.7
E 1l 7.4 -51 22.2 8.71 11.9
E2 7.4 -52 22.1 8.61 11.7
E3 7.8 -74 22.1 3.21 10.2
E4 7.5 -60 22.1 3.72 11.8
F1 7.6 -62 22.2 3.56 12

F2 7.5 -60 22.2 5.04 11.7
F3 8.0 -86 22.3 2.56 11.7
F4 7.4 -53 24.4 341 11.8
Gl 7.5 -54 22.4 0.91 12.3
G2 7.6 -56 22.3 0.21 12.1
G3 7.2 -50 22.2 4.71 12.1
G4 7.7 -65 22.3 3.56 12.2
H1 7.3 -50 22.4 1.23 11.8
H2 7.4 -52 23.1 2.81 12.1
H3 7.4 -52 22.6 5.64 12

H4 7.6 -84 22.4 3.31 12.2
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Tabauua 3

Konuentpauus HY, UCM, H-aJIKaHOB U U30NPEHOU/I0B B IOHHBIX OTJIOKEHHUSIX

Kacnuiickoro mopsi, MKI/T B pacyeTe Ha CyXO0ii Bec

Hedrsinble Hepasznenennas Hepasznenennas Xpomarorpaduiecku
Ob6pa3zery VYrieBoaopoasl, KOMILJIEKCHAsI KOMILJIEKCHAsI pa3leNeHHas 4acThb,
MKT/T CMeCh, MKT/T cMech, % MKT/T
Al 1248 1215 90 33
A2 397 365 91 32
A3 1387 1265 91 122
A4 1023 965 91 58
B1 452 425 92 27
B2 310 278 90 32
B3 801 736 91 65
B4 498 445 90 53
Cl1 38 36 91 2.1
C2 31 27 84 3.9
C3 1041 936 90 105
C4 302 298 91 3.7
D1 27 22 85 4.8
D2 436 416 89 20
D3 762 687 87 75
D4 121 62 52 59
E1l 6.1 4.1 58 2.1
E2 4.2 4.6 82 0.2
E3 28 33 81 53
E4 42 39 80 3.1
F1 5.2 4.6 61 0.6
F2 1.9 1.6 59 0.3
F3 22 20 79 2.0
F4 28 26 82 2.1
Gl 56 55 81 1.0
G2 47 39 79 8.0
G3 4.1 3.6 69 0.5
G4 22 19 68 3.0
H1 39 36 81 3.0
H2 41 34 83 7.0
H3 7.3 6.1 74 1.2
H4 23 22 77 1.0
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FID1A, (STORE\13303\SAMPLE14.D)
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Puc. 4. I'X-ITH]] xpomamoepamma obpasya Cl. Unoexcayusa nuxog:
1-Ienmamemunnonan, 2-I' excadexan, 3- Xnopoxmaoekan, 4- Ckeanan — nuku 6HympeHHux Cmanoapmos

3akmodenue. TakuM o0pazom, MOJIydEHHBIE B XO/€ MPOBEIECHHBIX MCCIIEIOBAaHUN JTaHHBIE
IIOKAa3aJli, 4TO JIOHHbIE OTJIOKEHHsI Ha U3y4aeMoil 00J1acTH He OTHOCATCS K Kateropuu yucteix. I1o
MIOJIyYEHHBIM JJAHHBIM BHUJIHO, YTO KOHLEHTpALUs YIJIEBOJOPOJIOB B BEPXHHUX CIIOSX I'PYHTA B UC-
cienyeMoM paiione Kacrmiickoro mMopst 60sblie I0MycTUMONW HOPMBIL. [IpuunHON dTOMY SIBISIETCS
CIOCOOHOCTHh TPyOOAMCIIEPCHBIX B3Becel OTCOPOMPOBATH YIIEBOAOPOABI AaHTPOIOTCHHBIX MPOUC-
xoxeHuid. [lomydeHHbIe pe3yabTaThl KOHIEHTpAUK HEPTIHBIX yrieBoaopoaoB 1 UCM B TOHHBIX
OTJIOKEHUAX M3ydaeMON OOJIACTH CBS3aHBI C BIMSHHUEM aHTPOIOT€HHOTO MCTOYHMKA 3arps3HEHUs.
[MpucyrcTBue HepasaeneHHON KomruiekcHoW yactu yraeBogopoaa (UCM) roBoput o6 HeTSIHBIX
MCTOYHUKAX 3arps3HEHUs B aHAIN3UPYyeMbIX oOpa3uax. bosee 3arpsi3HeHHBIE TPYHTHI HAXOJATCS B
oOnacti BakMHCKOM OYXThI, YTO MOKET OBITh CBSI3aHO MPOMBIIICHHON aKTHBHOCTBIO.
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NEFT KARBOHIDROGENLORI IL9 X9Z9R DONIZININ DiB COKUNTUSUNUN
CIRKLONMOSININ EKOLOJi MONITORINQI

F.X. BLIYEVA, L.R. SADIXOVA, C.A. QULIYEV, K.Y. 8BCBMOV, E.A. HUSEYNOVA

Dib ¢okiintiisii niimunslerinde neft karbohidrogenlorinin paylanmasinin tadqiqatt aparilmigdir. Yuxarida gostarilon
komponentlorin konsentrasiyasinin miioyyan edilmasi iig¢iin xromatoqrafik analiz metodundan istifads edilmisdir. 35 dib ¢okiintiisi
niimunasi niimunasi xiisusi qrabla toplanmigdir. Neft karbohidrogenlarinin torkibi quru ¢okiye osason hesabladiqda 1,9 pg/g-don 1387
ug/g-a godoar doyismisdir. Niimunalarin xromatoqrafik olaraq ayrilmayan kompleks torkib hissasi quru ¢okiys asason hesabladiqda 1,6-
dan 1265 uq/g arasinda doyigmisdir. Daha ¢ox ¢irklonmis niimunaler Baki qay1g1 yaxinliginda agkar edilmigdir. Xromatoqrafik cohatden
ayrilmayan kompleks torkibin yiiksok olmasi, homg¢inin xromatoqrafik cohotden ayrilmayan kompleks torkibin xromatoqrafik cohotdon
ayrilan miqdarina nisbati, todqiqat aparilan erazido neft karbohidrogenlari ilo ¢irklonmasindon xebar verir.

Acgar sozlar: ekologiya; Xozor danizi; neft karbohidrogenlari; Abseron yarimadasi.

ENVIRONMENTAL MONITORING OF THE PETROLEUM HYDROCARBONS
CONTAMINATION OF CASPIAN SEA SEDIMENTS

F.Kh. ALIYEVA, L.R. SADIKHOVA, J.A. GULIYEV, K.Y. AJAMOV, E.A. GUSEYNOVA

A number of studies were carried out to study the distribution of petroleum hydrocarbons in bottom sediments sample. The
chromatographic method of analysis was used for determination of components concentration. 35 soil samples were collected by using
grab sampler. The concentration of petroleum hydrocarbons varied from 1.9 pg/g to 1387 pg/g in terms of the sample’s dried weight.
The amount of the unresolved complex mixture was in the range from 1.6 to 1265 ng/g, in terms of the sample’s dried weight. Samples
taken near Baku Bay were more contaminated. The high concentration of unresolved complex mixture and the ratio of unresolved
complex mixture to the resolved components, indicates that the region is contaminated with petroleum hydrocarbons.

Keywords: Environment; Caspian Sea; Petroleum Hydrocarbons; Absheron peninsula.
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ALT“ERl\.IATi.V ENERJI MVBNBBLBRiNDBN.i_STiFADB VO
MUASIR BIOQAZ QURGUSUNUN ENERJI ISTEHSALI

S.0. OHMODOV", S.N. NOVRUZOVA"

Yer planetinds enerji resurslarina olan tolabatin daim artmasi comiyyati halo do narahat etmokdo davam
edir.Togdim olunan mogqalods alternativ (barpa olunan) enerji monbalorindon istifado vo biogazin miiasir istehsal
qurgusu haqqinda materiallar aragdirilmisdir.

Acar sézlar: alternativ enerji monbayi, kiilok enerjisi, geotermal enerji, bioqaz enrji.

Giris. Son dovrlordo diinya oOlkoalori Gzlorinin yanacaq energetik balansina yeni enerji
manbalarinin calb edilmoasino ¢alisirlar. Bu monbalor arasinda giines, kiilok, caylarin hidroelektrik
enerjisi, qabarma vo ¢okilmo enerjisi, geotermal enerji kimi geyri - ononavi enerji monbolori xiisusi
yer tutur. Bu nov alternativ — enerji manbolorinin potensisal imkanlart demok olar ki, sonsuzdur [1].

Miasir dovrdo sonayenin, kond tosorriifatinin stirotli inkisafi,ohalinin sayinin artmasi,
insanlarin hoyat soviyyasinin getdikco yiiksolmasi vo moigotds istifads olunan enerji islodicilorinin
saymin kaskin ¢oxalmasi iizvi vo qeyri- lizvi yanacaqlara tolabati glindon — giino artirir. Alternativ
enerji monbolori kimi regenerativ- barpa olunan enerjilordon istifado ekoloji cohatdon daha somorali
oldugundan onlarin manbalorinin aragdirilmasi, onlardan istifads edilmosi yollari, tobists tosirlori vo
s. kimi masalalor hazirki dévrds olduqca aktuallasmigdir. Alternativ vo barpa olunan enerji monbalori
insanlar1 sonsuz miiddotds miixtalif ndv enerji ilo tomin etmoayo qadirdir [2].

Isin magsadi mévecud barpa olunan enerji monbolorini arasdirib, onlarimn iistiin vo gatismayan
cohatlorini qeyd edib, yaxin galocokds onlardan miimkiin qodar istifads etmokdir.

Alternativ energetika- tobistin ¢irklonmosinin qarsisin1 almaq mogsadi ilo islonon enerji
¢esidlorinin timumilosmis adidir.Alternativ energetika daha ¢ox golocaya yonolon perspektiv saha
olub, osasmi borpa olunan enerji monbolori togkil edir. Alternativ enerji monbolorinin tosarriifat
dovriyyasino qatilmasi, iizvi (neft-qaz, das komiir, torf, odun va s.....) yanacaqglarin istifadosini
azaldir, enerjiyo qonast edir, ekoloji soraiti yaxsilagdirir. Miiasir dovrds diinya ictimaiyyatini narahat
edon sullardan biri do budur ki, basorriyat enerjiys getdikco artan tolabati neco ddoyacok? Hatta
enerji bohran1 hoall edilss belo, diinya gec-tez bu problemls, barpa olunmayan enerji manbalari olan
neft, gaz, das komiiriin tiikonmasi problemi ilo {iz-lizo dayanacaqdir. Bu manbolordon na godor
intensiv istifado edilirsa, onlar bir o qodor azalir vo bahalagir. Hesablamalara goro istismar bu temp
ilo davam edoarso, das komiir 400-500 ils, neft vo qaz iso maksimum 100 ilo ¢atar. Digor torofdon,
Yer tokinin istismart vo yanacagin yandirilmasi planeti eybocorlosdirir vo onun otraf miihitini
getdikco pislosdirir. Boagoriyyat qarsisinda  ekoloji tomiz vo borpa olunan alternativ  enerji

*

AzTU-nun “Senaye ekologoyas: vo HFT”
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monbalorinin monimsanilmasi masalasi getdikco aktuallasir. Borpa olunan, yaxud “ yasil enerji’”
bosoriyyat miqyasinda tilkkonmoz enerjidir.

Son illor diinyanin inkisaf etmis 6lkolori 6z siyasotlorini daha ¢ox davamli inkisafi tomin
etmok istiqgamotindo qururlar.Miiasir dovrds enerjiyo vo enerji resurslarina olan tolabati nazoro alsaq
onda davamli enerji siyasatinin no godar shomiyyastli oldugunu goérs bilorik.Davamli enerji siyasati
asas iKi istigamotdon ibaratdir.Bunlardan biri alternativ vo barpa olunan enerji manbalorindon [3]
istifadonin artirilmasi, digori is9 enerjiya qonasat vo enerji somaraliyinin artirilmasi istiqgamatloridir.

Igtisadi inkisafin bir modeli olan davamli inkisafda osas moqsad otraf miihiti qorumagla
movcud resurslardan insanlarin ehtiyaclar {igiin istifado olunmasini tomin etmokdir. Belo ki, bu
resurslar istifads olunarkan yalniz hazirki voziyyat deyil, eyni zamanda galocak nasillarin potensial
ehtiyaclarn da nozora alinmalidir. Miiasir dévrdo enerjiya vo enerji resurslarina olan toalobati nozora
alsaq, onda davamli enerji siyasatinin no godor shomiyyatli oldugunu gors bilarik.

Davamli enerji siyasotinin qeyd olunan iki istiqgamoti bir-biri ilo ¢ox olagalidir vo eyni
doarocads shomiyyatlidir.

Giinas enerjisi (helioenergetika) - Gilinas enerjisinin birbasa istilik enerjisino ¢evrilmasi
diinya praktikasinda genis yayilmisdir vo bu, inkisaf etmis Olkolordo energetikanin osas
istiqamatlorindon biri hesab olunur. Onun 1 ilde kainata sopdiyi enerjisi 4x10% kvt\saat tortibindodir
bu da diinyada insanlarin islotdiyi enerjidon 30 min dofs ¢oxdur. Yer sothino diison giinos enerjisinin
miqdar1 biitiin neft, tobii qaz, das komiir vo digor yanacaq ehtiyatlarindan ¢oxdur. Onun 0,0125% -
nin istifade olunmasi ilo hazirki energetikasinin biitiin ehtiyaclarini tomin etmok olard.

Glinos enerjisinin istifadesinin {stlinlilyli ondadir ki, giinas qurgulart isloyon zaman parnik
effekti yaranmir, havanin ¢irklonmosi bas vermir, istilik asag1 atmosfer qatlarina yayilmair.

Giinas enerjisinin elektrik enerjisino ¢evrilmasi giinos elektrik stansiyalarinda(GES) bas
verir.Burada giinos enerjisini qabul edib onu ardicil olaraq avval istilik,mexaniki sonra iso elektrik
enerjisind ¢eviron avadanliq olur. GES —mnin isini somaroli togkil etmok iiclin enerji yigimi vo
avtomatik idaroetmo sistemlori tolob olunur. Giinog enerjisinin qobulu va istiliya ¢evrilmasi optik
oksetmo sistemi vo sixlagdirilmis giinos enejisi gobuledicisinin komakliyi ilo bas verir [4]. Bunlar su
buxar1 almaq, qaz sokilli vo digar istilik dastyicilarinin is¢i hissolorinin qizdirilmasi iiciin istifado
edilir.Gilinog elektrik stansiyalarinin yerlosdirilmasi tiglin on olverisli yer quraqliq vo sohra
zonalaridir. Diinyanin on boyiik sohralarinin 20 mil.km? {imumi sahosino diison 5x10™°kvt x saat
giinos enejisinin ¢evrilma effektliyi 10% olarsa , sohra zonasinin 1%-don istifado edilmasi kifayat
edor ki, bagoriyyetin elektrik enerjisino olan indiki tolabati 6denilsin.

Elektrik enerjisi glinos qaz- turbin vo buxar- turbin qurgular1 vasitasilo alinir.Gilines qaz-
turbin qurgusunun faydali is omsali 12%-o qodor olur.Burada faydali is omsali havayi giinos
enejisindan istifads edildiyi tgiin iqtisadi gostorici kimi deyil, qurgunun haddon bdyiik hissalorini
vo biitlinliikde qurgunun 6lg¢iilorini xarakterizo edir.

Azorbaycan Oziiniin olverisli soraiti ilo kifayot qodor alternativ vo borpa olunan enerji
potensialina malikdir. Beloliklo, yerlosdiyi olverisli cografi moévqge vo iqlim soraiti diinyanin inkisaf
etmig Olkolorindo oldugu kimi, Azorbaycanda da ekoloji cohotdon tomiz alternativ enerji
manbalarindon genis istifads edilmasine imkan yaradir. Bels ki, giinosli saatlarin miqdarn il orzinds
ABS-da va orta Asiya 6lkalorinds 2500-3000 saat, Rusiyada 500-2000 saat, Azarbaycanda iso 2400-
3200 saatdir. Son zamanlar diinyanin bir sira qabaqcil dovlstlorinds Fotovadtaik Programinin (FVP)
genis sokildo totbiq olunmasina baslanmisdir. Azorbaycanin bu proqrama colb olunmasi regionda
belo tip enerji sistemlorinin totbiqinds miihiim rol oynaya bilor. Hesablamalara gora Giinos energetik
qurgularinin yer kiirasinin 50-ci en dairasindon conuba dogru yerlason regionlarda istifadesi oldugca
alveriglidir, homg¢inin Azarbaycanda ildo 300 gilinosli vo 270 kiilokli gilinlin olmasini1 nazora alsaq
demok olar ki, bu regionda Giinos energetikasinin inkisafi daha prespektivlidir. Qeyd etmok lazimdir
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ki, glinog stansiyalarmin effektivliyi 6lkonin tobii iglim soraitindon vo cografi mévqgeyindon asilidir.
Belo ki, il arzinde 1 m? yer sothino diison giinos enerjisinin miqdar1 ABS —da 200-500 Kvt/saat,
Rusiyada — 800-1600 Kvt/saat, Cind1 — 1800-2000 Kvt/saat, Azarbaycanda iso 1500-2000 Kvt/saat
toskil edir.

Gorlindiiyli kimi Azorbaycan orazisino diison gilinog stialarinin miqdar1 digor o6lkolorlo
miiqayisada istiinliik togkil edir ki, bu da gilinas enerjisindon istifadonin tatbigine sormayalorin colb
edilmoasinin somoarali meyarlarindan biri kimi qiymetlondirilo bilor. Tatqigatlar naticasinde oda
miioyyanlosdirilmisdir ki, Azarbaycanin arazisinds giinas enerjisinin instensivliying géra paylanmasi
Naxgivan, Aran rayonlart vo Abseron yarimadasinda yiiksok qiymoto malikdir vo giinos
stansiyalarinin bu orazilordo qurulmasi daha moagsado uygundur.

Kiilok enerjisi. Onun vasitasilo atmosferdoki hava Kkiitlolorinin tobii enerjisi elektrik,
mexaniki, istlik vo tosarriifatda islonon enerjilors gevrilir. Bu da ¢esidli miithorriklorlo hoyata kegirilir
[5]. Kiilok enerjisi digor alternativ enerji monbolori olan giines, hidroenergetika, geotermal va
biokiitlo enerjisindon O6zuniin maya doyorino, ekoloji tomizliyine vo tiikonmozliyino goro on
sarfolisidir. Yerin altindan ¢ixarilan yanacaqdan forqli olaraq, kiilok enerjisi tiikonmir, har yerdo
islona bilar va ekoloji cohatdon tomizdir.

Tacriibolor gostorir ki, Azorbaycanin bir ¢ox rayonlarinda kiilok enerjisi qurgularinin
totbiginin boyiik prespektivi vardir. Hesablamalara goro, Azorbaycan Respublikasi 6ziinlin cografi
voziyyeting, tobii soraitino va iqtisadi infrastrukturlarina gore 800 Mvt-a yaxin illik kiilok enerjisi
ehtiyatina malikdir. Bu, toxmini hesablamalara gors 2,4 milyard Kvt\saat elektrik enerjisi demokdir.
Bu iso 6z novbesindos, ildo 1 milyon tona yaxin sorti yanacaga qonaot, on oasasi iso ildo kiilli
miqdarda tullantilarin, o climladon ozondagidici olan karbon dioksidin (CO,) atmosfers atilmasinin
qarsisinin alinmasi demakdir. Cox illik miisahidslor naticosinds miioyyon edilmisdir ki, an alverisli
kiilok soraiti Abseron yarimadasinda, Xozor donizi sahili zolaginda vo akvatoriyanin simal-qorb
hissasindo olan adalardadir. Azarbaycanin qorbindo Gonca-Dagkason zonasinda vo Nax¢ivan Muxtar
Respublikasinin  Sorur-Culfa orazisindo kiiloyin orta illik siiroti 3-5 m/san oldugu ii¢lin, bu
regionlarda orta giiclii kiilok elektrik qurgularindan istifado etmak olar.

1999-cu ildo Yaponiyanin “Tomen” sirkoti Azarbaycam Elmi-tadqiqat Energetika vo Enerji
layehas institudu ilo birlikdo Abseronda hiindiirliiyii 30 vo 40 m olan iki qiillo qurasdirms, kiiloyin
sliratinin orta illik giymati 7,8-8,1 m\san olmasit miioyyon edilmis vo Qobustan rayonu arazisindo
imiimi glici 30 MVt olan kiilok elektrik stansiyasinin qurasdirilmasina dair texniki iqtisadi
asaslandirma hazirlanmisdir.

Biogaz - Bioloji kiitlonin anaerob gicqirmasi naticasinds yaranan, metan qazinin ayrilmasi
ilo miisayiot olunan qazdir. Istonilon kondi toserriifatinda il orzindo kifayot godor peyin, bitki
galiglart miixtalif bitki vo heyvan mansali iizvi tullantilar y1gilir. Adoton onlar parcalandiqdan sonra
tizvi giibralor kimi istifads olunur, lakin bu ¢liriima prosesi zamant istilik va qazin ayrilmasini ¢ox az
insanlar bilir. Halbuki bu enerjidon kond sakinlori ¢ox sorfali istifado eds bilor vo belo hesab edilir
ki, har bir insan giin arzinds toxminon 1kq kommunal tullant1 amalo gotirir ki, onunda 40% -5 qadari
{izvi maddolorin payma diisiir. Bir bas iri buynuzlu heyvanm giindolik peyindon 1,7 m® biogaz
istehsal edilir vo bir m® biogazdan 2-3 kvt\saat elektrik enerjisi istehsal etmok miimkiindiir.

Biogazin torkibini 55-75% metan qazi (CHy), 25-45% karbon qazi(CO,), cilizi miqdarda H,
vo kiikiird qaz1 (H,S) toskil edir.Biogazin torkibindon CO; ¢ixarildigdan sonra biometan alinir. Bu
is9 tobii qazin tam analoqudur.

Biogazin xtiisusi ndvlorinden biri “zibilxana qazi” adlanir. Burada bioqaz zibilxanalarin
moigat tullantilarindan alinir. Bork maigot vo istehsalat tullantilart iizvi maddoelorlo zongin oldugu
ticlin onlardan enerji do istehsal edilir. Bels ki, 2 min ¢esidlonmomis tullantidan alinan enerji ilo 60
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min kond evi tomin olunur. Hollandiyada mohsur “Qrantmay” kompaniyasinin texnologiyasi ilo
istehsal olunan bioqaz enerjisi ilo 100 min monzil tomin olunur.

Biogazin istehsali metan qazinin atmosfers atilmasinin qarsisimi alir. Metanin istixana
effektina tasiri CO, qazina nisbaton 21 dofs ¢oxdur. Onun atmosferds yasama miiddoti 12 ildir.

Bioqaz istehsali. Hal- j—
hazirda sonaye vo ya ol sonati ilo P h ﬁ@
hazirlanmis bioqaz qurgularindan ?
istifado edilir.Sonaye qurgularini @\Q
ol sonoti ilo hazirlanmis analog-

lardan forqlondiron osas cohotlor 1
onlarin mexanizasiyaya, qizdirici -
sistemlorina, homogenizasiya vo ,K%’\
avtomatik  qurgularina  malik 2.
. . . iiispyees)
olmasindadir.  Miiasir  biogaz 5 ® ®

qurgusunun prinsipial sxemino G

nozor salaq. Sakil. Miiasir biogaz qurgusunun prinsipial sxemi. 1-biokiitla; 2-biokiitlonin

. . L saxlamildigi ¢an, 3- nasos; 4- hozm ¢oni; 5-biogaz tutucusu; 6- biogazi
Qurgunun is prinsipi ilo tomizloma va sixma qurgusu,; 7-0azma ¢oni ; 8- isiglandirma ; 9- istilik

tanig olaq: biokiitlo (1) masin istehlakgilari; 10- kojenerasiya zavodu; 11- transformator; 12- elektrik

vasitosilo dasinaraq, biokiitlonin paylama sabokosi.

saxlanildigr ¢ono (2) bosaldilir. Saxlanilma ¢oninin 6lgiisii vo dizaynt mdvcud biokiitlonin novii,
miqdar ilo miioyyon edilir. Biokiitlo nasos (3) stansiyasi vasitosilo miitomadi olaraq, hozm ¢onina
(4) verilir. Hozm ¢oni gapali, tocrid edilmis vo oksigensiz bir cihazdir. Anaerobik hazmin inkisafi
ticlin temperaturun vacib olmasi ilo alagadar, hazm ¢aninds bioloji kiitlonin anaerob qicgirmasi tigiin
¢ono isti su borulari qosulur. Bioloji kiitlonin qicqirmasi naticasindo biogaz ayrilir vo biogaz
tutucusunda (5) yigilir. Biogazi tomizloma qurgusunun (6) shomiyyoti ondan ibaratdir ki, riitubati,
hidrogen-sulfidi, ammonyaki vo biogazin torkibindo olan digor qazlari tomizloyarok avadanlhigin
kompanentlarini korroziyadan qoruyur. Anaerobik hozmdon sonra galan materiallar qgazma ¢onindo
(7) saxlanilir. Burada yigilan biokiitlodon torpaq kondisionerlori vo giibro kimi istifads edilo bilar.
Qazin istehsali zamani artiq biogazin yandirilmasi {igiin istifade olunan bir cihaz kimi (8) qaz
tutucusuna saxlanilan vo xidmot zamani ¢ixarilan bioqazi yandirmagq ii¢iindiir. Yaranan bioqaz ilk
onco saxlama kamerasinda toplanir sonra istilik istehlak¢ilarina 6triiliir(9). Kojenerasiya zavodu
(10) bioloji istifadonin avadanliqlarinin asas hissosidir. Transformator (11) enerji tonzimloyicisidir,
bioloji kiitlodon alinan enerjini tonzimloyarok elektrik paylama sobokosing (12) &tiirtiliir.

Azorbaycan Respublikasinda har il, tullantilarin zarorlosdirilmasi poliqonlarma 2,0 milyon
tondan ¢ox bark moaisot vo istehsalat tullantilart atilir. Baki vo 6lkonin iri sonaye sohorlorinds ictimai
binalarin qizdirilmasindaki ¢atinliklori aradan qaldirmaqda bark moaisat vo istehsalat tullantilarinin
utilizasiya olunmasi homin problemlorin gismon aradan qaldirilmasini tomin etmis olardi. Artiq bir
¢ox Avropa Olkoalorindo bu problemin holli yollan tapilmisdir. Belo ki, ohali six olan orazilordo
zibilyandirma zavodlar tikilmakls, orada maisot tullantilar1 yandirilir. Zibillorin yandirilmasindan
alman enerji hesabina otrafdaki yasayis montoqgolori istilik vo elektrik enerjisi ilo tomin edilir.
Yandirilmis tullantilarin qaliglarindan iso gilibro kimi istifads olunur. Kompleks shomiyyasti olan
belo zavodlarin tikilmoasi Azarbaycan {i¢ilin do ¢ox zoruridir [5].

Kicik su elektrik stansiyalari. Sudan elektrik enerjisinin alinmasi ekoloji cohatdon daha
tomizdir. Azarbaycan Respublikasinin timiimi enerji sistemindo su elektrik stansiyalarinin istehsal
gliciiniin xususi ¢okisi, hazirda 17,8% toskil edir. 2003-cii ildo istehsal olunan elektrik enerjisinin 2,4
mlrd Kvt\saat su elektrik stansiyalarinin payina disiir ki, bu da istehsal olunmus timumi elektrik
enerjisinin 11,4% -ni togkil edir.
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Olkodo indiyo goder istifado edilmomis hidroenergetika ehtiyatlarinin monimsonilmasi iigiin
genis imkanlar vardir. Bu istigamotdo aparilmis todqigat islori noticasinde Azarbaycan
Respublikasindaki ¢aylarin tam hidroloji potensialinin 40 mird Kvt\saat, texniki oalverisli potensialin
iso 16 mlrd KVt\saat oldugu miioyyon edilmisdir ki, bununda 5 mird Kvt\saat kigik su elektrik
stansiyalarinin payina diisiir.

Geotermal enerji. Yer tokinin istiliyi bir ¢ox Olkolordo sonayeds, kond tosarriifatinda,
moisat vo komunal saholords vo tobabotdo genis istifads olunur.

Natica. Azorbaycan Respublikasinin orazisi termal sularla zongindir. Bunlar Boyiik vo Kigik
Qafgaz daglarini, Abseron yarimadasini, Talis dag-yamac zonasinin ¢okokliyini vo Xozoryan1 Quba
orazisi kimi genis saholori ohato edir. Gostorilon orazilords olan termal sulan istifadoys calb etmaklo,
alternativ enerji manbalorinin imkanlarindan maksimum istifads edorok, dlkonin elektrik enerjisi
sistemini daha da genislondirmok olar

Qeyd edok ki, alternativ vo barpa olunan enerjidon istifado, enerji somaraliliyinin, enerji
mohsuldarhiginin yaxsilagdirilmasi, iglim doyisikliyi ilo miibarizo aparmaqda, havanin keyfiyyat
baximindan tomizlonmasinds vo enerji xarclorinin azaldilmasinda on asan vo somarali yoldur.
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