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UMUTAIIASA KAITEJBbHO-JTOXJIEBOI'O BO3JIEHCTBUS
TPUBOPATUYECKUM HATPY KEHUEM

AM. TIAILIIAEB!, A X. JUKAHAXMEJIOB!, A.A. AJITUEB?

Ha ocHOBe nuTepaTypHBIX HCTOYHUKOB PACCMOTpPEHA MPodJieMa KareIbHO-A0KICBbIX UCTIBITAHUN BHEIIHUX
JIAKOKPACOYHBIX TMOKPBITUI BO3AYIIHBIX CymoB. [IpeanoxeHa UMUTAIUS THAPOIPO3UOHHBIX BO3ACHCTBUII CXOM-
HBIMH 10 KHHETHKE Mpoliecca TPUOO(PaTUICCKUMU UCIIBITAHUSIMU 110 CXEME «IIap — MOJIYILIOCKOCTBY; OTMEUYCHBI
0COOCHHOCTH MPUMEHEHHSI TTOJ00HBIX 3aMECTUTENILHBIX cxeM. Ha mpumepe nonuyperanosoro JIKII skcriepumen-
TaJIBHO OMPEIEIICHO YHCJIO UKIOB J0 KPUTHYSCKOTO M3HOCA MpH TPUOO(haTHISCKOM BO3ACHCTBHUM, SKBUBAJICHT-
HOM 10 TIOBPEIKAAEMOCTH paHee MPOBEAEHHBIM KareabHO-T0KICBBIM HCITBITAHHUSIM.

C yd4eToM MOMPaBOYHOIrO KO3(PQHIMEHTa HA OCHOBE TPUOO(PATUUCCKUX HCIBITAHUI MOXKHO JaTh MPHUOIIH-
JKCHHYIO OIICHKY T10 KPUTCPHUIO THAPOIPO3UOHHON CTOHMKOCTH KOHKPETHOTO Marepuajia 0e3 MPOBEACHHUS Kareib-
HO-JIOK/ICBBIX UCTIBITAHUH.

Knrwouesvle cnoga: xaneabno-0odicoesds 3po3usi, mpubogamuyeckue UCHbIMAHUA, NOAUYPEMAH, NOBepxX-
HOCMb, TAKOKPACOUHOE NOKPbIMUEe, NOBPEHCOAeMOCHIb, 2UOPOIPO3US, KANIs, yOap.

Beeaenne. Hapyxubie noBepxHocTi Bo3ayuHbIx cynos (BC) nepuonnyecku (~7% ot 06-
IIET0 HaJIETa) MOJABEPraroTCs B MOJIETE MHTCHCUBHBIM JIOKJIEBBIM TTOTOKAM, BBI3BIBAIOIINM THIIPO-
9po3uto BHelHero nakokpacoynoro mokpeitust (JIKIT) [1 — 4]. CunoBoe Harpyxenue JIKIT BkJiro-
yaeT BeIcokovyacToTHbIe (cBbime 100 ') ynaper kamenb co ckopocTeio nopsiaka ~200-250 m/c u
MocIeAyIoNIee MOMepeyHoe pacTeKaHue CTpyi ¢ mpuOam3uTensHo B 10 pa3 Oosbiieli CKOPOCTHIO
[1, 2]. [pexaeBpeMeHHOE pa3pylleHHE IUIEHKH MPOMCXOAUT IO YCTAIOCTHOMY MEXaHH3MY MO/
BO3/ICHICTBHEM IUKINYECKUX PACTATUBAIONINX HANPSHKEHUH OT KalelbHO-YAApHBIX HArPy30K M
NPOHUKAIOMIETO JIEHCTBUS PAaCTeKArOIIEHC s KUAKOCTH [3, 4], BClieCTBUE Yero MpOrHO3upOBaHHE
pecypca paboTbl MOKPBITHS SIBJISIETCS aKTyaJIbHBIM.

B Hacrosee Bpems oneHka croiikocty NokpbITHii BC K KanenbHO-10K1€BOMY H3HOCY OC-
HOBaHA Ha MPOBEJICHUH UCTIHITAHUA B CKOPOCTHOM TOTOKE BOJIbI, IMUTHPYIOIIUX YCJIOBHS TOJETA
01 MPOJIMBHBIM T0XEM [5, 6].

O06006mas maHHbIE yKa3aHHBIX PabOT, MOXKHO 3aKIIFOYUTh, YTO COyIapEeHHE MOJIUINCIIePC-
HOTO JI0K/IEBOT0O MOTOKa ¢ moBepxHocThi0 BC mpeacrapnseTcs B BUI€ MHOKECTBEHHBIX NEPUOIU-

HaunonansHast Akagemust ABuanuu AsepOaiipkana

> TIAO Kopnopanus «pkyT»

E-mail: a.aliyev@naa.az
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A.M. Iawaes, A.X. [canaxmedos, A.A. Anues

YECKUX BEPTUKAJIBHBIX YAApOB OJMHOUYHBIX Kameib. VX NITHa KOHTAKTOB PACIIONIararoTCsl Ha HEKO-
TOPOM (PUKCHPOBAHHOM y4YacTKe MOBEPXHOCTH, TJI€ MPOMCXOJHUT MPOLECC YCTAIOCTHOTO pa3pylie-
Hust marepuaina [7—10]. [lehopmarius Karm npu yaape pacCMaTpuBaeTCsi Kak pajuaibHOE HCTeUe-
HHE XHUIKOCTH M3 TOUCYHOTO HCTOYHUKA C MIOCTENICHHO YMEHbIIIAoIIeHcs ckopocThio [7] (puc. 1).
OCHOBHBIM HEJIOCTaTKOM IIO-
NOOHBIX  UCCIENOBAHUN  ABIISIETCS
IPOMO3/IKOCTh THIPOYIApHBIX CTEH-
JIOB, OOJIBIIION pacxoji BOJALI U DHEP-
MM TIPU CO3/IaHUU JJIUTENIBHBIX BbI-
COKOCKOPOCTHBIX IIOTOKOB M, Kak

CJIICACTBUC, IIOBBIIICHHAA 3aTpar-

HOCTh. Bcé 3T0 muKTyer HEOOXO01H- Puc. 1. Ynpowénnas cxema éepmuxanbroco yoapa u pacmekanus Kaniu

no nogepxnocmu: 1 — xanns; 2 — nogepxnocmo JIKII; 3 — epanuya namua
MOCTBh CO3JaHHA HOBBIX MCTOAOB HC-

. Konmakma, 4 — decpopmayus JIKII om yoapa xaniu
OBITAHUH, PEANTHU3YIOIIUX AHAJIOTUY-
HbIE YCJIOBHSI Harpy>KeHus 0ojee J0CTYITHBIM CIIOCOOOM.

dusnueckoe eJMHCTBO HEKOTOPHIX METOJI0B OLIEHKH MPOYHOCTHBIX CBOMCTB J1aJI0 BO3MOXK-
HOCTbh CO3/laTh KOCBEHHbBIE PACUYETHO-3KCIIEPUMEHTAJIbHbBIE CIIOCOOBI OINpe/esIeHUs] 3aBUCUMOCTHU
MEXy IMIIUPUUECKH U3MEPEHHBIM U KaKMM-JIMOO APYTUM (TUIOJIOTUYECKU OIU3KUM) MEXaHHYe-
CKHM CBOMCTBOM HcmbITyeMoro Matepuana [8]. Tak, mo nuarpaMme WHICHTHPOBaHHs «HArpy3ka P
— r1ybuHa h» 1 BeanumHe ymcna TBEPIOCTU C UCIIONB30BAHHEM COOTBETCTBYIOIIMX YHCICHHBIX
3aBHCUMOCTEM BO3MOXKHO IOCTPOCHHUE CTATMYECKOM OHArpaMMbl ¢ — & C ONpPEJEeIEHUEM MOMYJIs
ynpyroctd E, mpezena Tekyuectu or u npezeia npounoctu og [9, 10] 6e3 nmpoBeneHus Kiaccuye-
CKUX UCHBITAHUN MaKpooOpa3L0B Ha PacTsKEHUE U T. II.

B kauecTBe anbTepHATUBBI KaleIbHO-10KAECBbIM HCIIBITAHUSAM MOXET BBICTYNATh UX 3aMe-
Ha OJIM3KMMHU 110 KHHETHKE Tpoliecca Tpubodarnueckumu ucnsitanusmu [11, 12] mo cxeme «KoH-
TPTENO — MOJIYIJIOCKOCTbY, I/I€ Ha IOJIMMEPHOE MOKPLITHE HA KECTKOM MOATIOKKE Yepe3 CTaIbHOM
IIAPUK TPHUIaraeTcsi BepTHKaibHas Harpyska [13]. KonudecTBeHHO mpoiiece OMMChIBACTCS TOIIH-
HOM M3HOIIEHHOTO CJIOSI W 1 4MCJIOM LUKIOB N 10 HaCTYIUIEHUs TPEIeIbHOTO H3HOCA.

OCHOBHBIM IPEUMYIIECTBOM ITOJJOOHBIX MCIBITAHUN SBISETCSA OTCYTCTBHE HEOOXOAUMOCTH
CO3JIaHMsI CKOPOCTHBIX KareIbHO-3PO3HOHHBIX MTOTOKOB, YCIOBHO 3aMEHSIEMbIX IIApUKOM, BO3/EH-
CTBYIOLIMM Ha MOBEPXHOCTH B ITyJbCALIMOHHOM pekuMe. Takke IpU OTHOCUTEIBHO MAJIbIX aAMILIH-
TyJaX TOPU30HTAJIbHOIO NEPEMEIIEHUs IIapUKa €CTh BO3MOXKHOCTb NOBTOPEHMs UCIBITAHUN Ha
COCEeITHHX y94acTKaX OJHOTO M TOTO K€ IUIOCKOTO 00pasia ¢ mokpsitHeM [14]. DxcnepruMeHTanbHO
HOJIY4EHHbIE TPUOO(DATHUECKUE XapaKTEPUCTHKH 3aT€M MOT'YT ObITh IIEPECUUTAHBI B Ipyrue Oyin3-
KHe 110 CMBICITY TIOKa3aTeJI BBIHOCIHBOCTH.

Heabio HacTosLeH PadOTHI SBIAETCS PACYETHO-
HKCIEPUMEHTAIbHOE 0OOCHOBAHUE BO3MOXKHOCTH 3aMEHBI
KanenbHO-A0xkeBbiX ucnbitTanui JIKII Ha runpospo3non-
HBIi M3HOC SKBHMBAJCHTHBIMH TpUOO(pATUYECKMMU U HC-
N0JIb30BAHUE IMOJYYEHHBIX JaHHBIX NPHU OLEHKE MPUrOJ-
HOCTH JIakokpacouHoro Matepuana (JIKM) no kpurepuro t

TUAPOIPO3UOHHON CTOMKOCTH. LS

Pa3padorka MmeTtoauku. Jiist pa3pabotku MmeTona,  Puc. 2. Oniopa nynvcupyiowezo yukia om
PABHOMEPHBIX KANENbHO-002HCOeBbIX YOapOs

(U3MUECKH COMOCTaBUMOIO C Ppe3yJlbTaTaMu KarlelbHO-
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JOKIICBBIX MCIIBITAHUN, HEOOXOAMMO BOCCO31aTh B TpHOO(DaTHIECKOW cXeMe MaKCHUMaJIbHO OJIU3-
Koe HampspkéHHOe coctosiHue. KamnenbHo-70k/1eBoe BO3/ielcTBrE (Yap M pacTeKaHUE Karliv) Ha
JIKII B 00m1em BHUie MOKHO MPEACTABUTH KaK MyJbCUPYIOLIUH LMK PACTIATUBAIOLINX HANPSKEHUI
(puc. 2).

Tpubodaruyeckass UMUTALMSA YKa3aHHOTO BO3JEHCTBUS MOXET OBITH peajn30BaHa uepe3
BJIaBJIMBAHME IIAPHKA B MIOBEPXHOCTh C CHMJION Fy U ero mocieayonmM ropu30oHTaIbHbIM KaueHU-
€M Ha BEJIMYHMHY pajnyca pacTekaHus Karuu L (c oHOBpeMEeHHBIM CHI)KEHHEM Harpy3ku ot Fy 1o
HYJIs1), OTBOJIOM M BO3BPATOM Ha Ha4asbHYH0 mo3uiuio (puc. 3). [Ipomecc MUKIMIECKH TOBTOPSIET-
Cs1 BIUIOTH JI0 UCTUPAHUSI TOKPBITUS HA 33aHHYIO TOJIINHY.

[Ipu comocTaBIeHUN TUAPOIPOSHOHHOTO IPO- | —
necca ¢ Tpubo(daTuyecKuM ciaeayeT y4ecThb, YTO BbI- 5 —-/-7\>—<-/"; e
COKOCKOPOCTHOE/BBICOKOYACTOTHOE THAPOIPO3ZHOHHOE / 7\ \
Harpy>KeHHEe OKa3blBaeT MpPEHEOpeKHMO Majioe Tep- i } \
MHUYECKOE BO3JICHCTBUE HA TMOJMMEP M HE BbI3BIBACT 51 \ \ / l £=0 //
THCTEPE3UCHBIX SIBJICHUM, CHIKAIOUIUX €r0 BBIHOCIIH- \ 2 >/\ b

BocTh [15, 16]. Tpubodaruueckas peanusaius BbICO- =

KUX CKopocTell BepTukaibHoro yuaapa (~200-250 m/c ) .

p p yAap ( ) Puc. 3. Vnpowénnas cxema 0cHOGHbIX cmaouil
4l rOpI/ISOHTaHBHOFO rIeI)elv[e]']'lel_ll/ljI mapHKa (~2000 mpu6od)amuqec;(ozo Hazcpyosicernus nosepxHocmu
M/C) Ha 4acTOTEe B COTHH [ epIl HCKITIOUCHA BCIICICTBUE /10 CXeMe «dp — NOIynIOCKOCHIbY, UMUMUPYIO-
MOMEHTAIBHOrO (PPUKIMOHHOTO TIeperpeBa U Bhropa- 40 kameydapioe cosoeiicmeue: 0 — eepmu-

Kanvublll yoap, 1 — kauenue («pacmexanuey); 2 —
nus JIKII. Bo uzbexxanne 3TOro 4acToTy IUKia mepe-

0MBOO WAPUKA U BO36PAM HA HAYAILHYIO NO3U-
MElIeHUH KOoHTpTena npuMmeM paBHoW 1 I'm. IIpoHM-  yuw. Fy — sepmuxansnasn nazpyska, 2a — oua-
Karomee IeHCTBUE pPACTEKAIOIIEHCS KaIUlk, BbI3bIBa-  Memp namua kowmaxma, L=2R — nymo xauenus
(«paduyc pacmexanuay), R — paouyc wapuxa, H

I01llee U3rub MUKPOHEpOBHOCTEH 1 BenyuuBanue JIKII
m p p v — obwas monwuna JIKII, h — maxcumanvnas

[4], cunTaem KMHETHYECKM M MEXAHWYECKH 3AMEWEH-  Luygung edaamsanus wapuxa. Touewnoii wmpi-
HBIM 4YCpPC3 KAYCHHUC LIapHKa, KOTOpLIﬁ n3rudaeT rpe- XO0GKO1l NOKA3aHa 30HA KOHMAKMA.

OeIKi MHUKPOHEPOBHOCTEW, WM TOJlaraeM, 4YTo TpHU

MPOYMX PABHBIX YCIOBHSX YCPEAHEHHBIE XapaKTEPUCTHKH HAIPsHKEHHO-NE(HOPMHUPOBAHHOTO CO-
CTOSIHUSI 00OMX CXEM HArpyKeHusi B 00bEMe MSITHA KOHTAKTa B MIEPBOM MPHOIMKEHUN PABHBI (K-
BUBAJICHTHBI 10 TIOBPEXKIAEMOCTH).

JIKII paccMaTpuBaeM Kak yrnpyroe M30TPOITHOE MOJYMPOCTPAHCTBO, B KOTOPOM Harmpsike-
HUSI 32 TIpE/IeIaMu TATHA KOHTaKTa paBHbI HYJI0. [lapaMeTpsl npu yaape v TeYSHUH CYMTAEM I10-
CTOSIHHBIMH B TIpeJielaX MaJIbIX ((MKCHPOBAHHBIX HHTEPBAJIOB BPEMEHH.

AaroputM pacuéra. (18 KOJMYECTBEHHOW OLIEHKM Mepexoa OT KalelabHO-I05KIEBOTO
HArpy>KEHUsI K SKBUBAJICHTHOMY TpHOO(GaTHUIECKOMY HCIIONB3yeM HAIPsSHKEHHWE W MapameTphl B
MSTHE KOHTAKTa KarlIk ¢ TIOBEPXHOCThIO [17].

Hamnpsbkenue B IsiTHe KOHTaKTa OT JaBieHus yaapa p [18]:

2
2 r
rae u, — xkoopdumuent Ilyaccona matepuana nosepxnoctu (JIKII); L — nunamuueckuit paguyc
MSITHA KOHTAKTa Karuiv; I' — UICXOIHBIN paJnyC KaIuly.

[lo nanueiM Unmxen-daiienna, npu yaape Kamid O MOBEPXHOCTh CO CKOPOCTBIO MOpsAKa

200-300 m/c mpubnmkénHoe cootHomieHue L/r MmoxHO npuHATh paBHbIM 2 [4]. Otcrona:
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o~2p(-2u,) )

B3siB 3a ocHOBY kiaccuueckue (OopMylbl MEXaHUKH KOHTAKTHBIX B3ammopeicTBuii [19]

Mociie 3JIEMEHTApHBIX MaTeMaTHYeCKUX MpeoOpa3oBaHuil, cujia KamelbHOro yaapa F, paauyc a u

rimyouna BaasimBanus h JIKIT ot ynapa karmim, BeIpaKeHHBIE Yepe3 HalpsDKESHHE B ISTHE KOHTAK-
Ta, IPUMYT BU:

7[303'..2
“6E,7 ©
3Fr }
a=(E)3 4)
F? 3
h=(2E 2Ir)3 (5)

rae E,, — npuBea€HHBIN MOY/b YIPYTrOCTH NEPBOro poAa Juid napsl «nosepxHocTs (JIKIT) — xua-
KOCTb (BOa)»:
2
nn "

rne E, u u, — Monyns ynpyroctu nepsoro poja (MIla) u xoaddurment [lyaccona matepuaina mno-
BepxHoctH (ciost JIKIIT) coorBerctBenHo; K — 2200 MIla — 00bEMHBII MOAYJIb YIPYTOCTH BOJIBI
[20].

[Tnomanb KOHTAKTHON IIOBEPXHOCTH:

Sw=2mah (M)

PaccunTaem skBuBaneHTHOE TprOO(ATHUIECKOE HATPY)KEHUE 10 CXEME «IIap — MOJTYILIOC-
KOCTbY.

IIpuBen€HHbpI MOYNb YIIPYTOCTH MEPBOTO POJA I Mapbl «KOHTpTEeNo — JIKIDy»:
L o ©

*

E E E

u n

rne E, n @, — Moxyns ynpyroctu nepBoro poga u kodd¢urnment Ilyaccona marepuana mapuka
COOTBETCTBEHHO.
Pannyc mapuka, 00ecrieqnBaronero 3aJjaHHoe HalpsHKeHne o A7 napbl «ctaib — JIKID»:

/6 FE™
R= AT 9)

BeprukanbHas Harpy3ka Ha mapuk Fy, BeIpaKeHHasl 4yepe3 KOHTaKTHOE HAIPSKEHUE U pa-
JMYC IIapuKa:
2
7°c°R
NS (10)
6E
Pangnyc kontakta A n rirybuna BraBiuBanus H mapuka:

1
jFE—N*R)S (1)

s
: 12
JER) (12)

A=(

H = (

10
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B ciygae tpubodarnueckux ucnbiTanmid oomias TommuHa ciios JIKIT T mommkHa mpeBocxo-
JUTHb CYMMY TTTyOMHBI BIABIMBAaHUS H M KpUTHUECKOW TONIIMHBI H3HALIIMBAEMOTO CIIOS W'
T>H+w (13)
Jlist cOOIMI0eHNST TEOMETPUYECKOI0 MOI00Us aMILTUTYLy IepeMelieHus (ImHa mpooera)
[IapuKa Mo MOBEPXHOCTU MPUHUMAEM PAaBHOI YABOCHHOMY paauycCy IIapHKa:
~2R (14)
[Inomans KOHTAKTHON OBEPXHOCTH:
S=27AH (15)
Matepuansl 4 MeTobl. B kauecTBe onbITHOrO 00pasia OblT BIOpaH y)ke HcCieI0BaHHBIN
B pabote [13] monmyperaHoBbIii jakokpacounslii marepuan (JIKM) CAAPCOAT-B274-ASP108
(E,=300 MIIa, 1,=0,35). Pe3ynpraThl SKCIEPUMECHTAIBHON OLECHKH KaleIbHO-I0KICBOH 3PO3UH
tommuHon W=0,3 MM (I10/T0’KKa — allOMUHKHEBBIH cruiaB 2024-T3) npu auameTpe Kammi d=2 mw,
BEPTHKAJIBHON CKOPOCTH (11 UMHUTAIMU MONETa oA noxaem) V=224 m/c (500 muib/4) u naBie-
Huu ynapa P=75,153 MIla (10,9 kpsi) mokasai, uto 4icio yaapoB 10 paspyiienns Ha 1 cm? co-
CTaBUJIO N[Q]:3,1X106, a Bpems 110 paspymenuss 1;=5,6 4 [190mmuobka! 3akinagka He onmpeaee-
Ha.]. Kak cnenyer u3 npuBeI€HHBIX JaHHBIX, YaCTOTa KarlieylapHbIX UMITYJIbCOB cocTaBuiia v=154
yaapa B cekyHy (mepuoamarocts 1=6,5x107 ¢).
Hanpspkenue B mTHE KOHTAKTa OT JaBJICHUS yuapa p:
o =2p(1—-2u,)=2x75,15(1-2x0,35)=45 MIla
[IpuBea€HHBIN MOAYb YIIPYTOCTH MepBOro poaa s napel «JIKII — Bogax:

1 _1—,u3+i_1—0,352 1

— + =0,00340119
E, E, K 300 2100
Cuna xanensHoro yaapa F:
3 3.2 3 3 2
Fzﬁal; _z x45 >:l ~55H
6E,, 6x294
CnenoBatensHo, E,,,;=294 MIla.
Panuyc xoHTakTa a:
1 1
a=( 3Fr )i = (3><5,5><1)3 0,241
4E, 4x294
MakcumasbHas rTyOrHa BIABIMBAHUS MOKPBITHS OT KarelbHOTro yaapa h:
S 55°  :
h=( —)% =( )® =0,056 mm

2E “r 2x294% x1

IInomans KOHTAKTHOM IOBEPXHOCTH:
Sw=2mah=2m*0,241x0,056=0,084 mm’

Paccuntaem napameTpsl TpruOO(]aTHIECKOTr0 HArpy>KEHHs IPU TOM K€ KOHTAKTHOM Harpsi-
xenuu. Ucnerranus JIKIT npeamnonaraercs Bectu Ha Tpubomamune UMT-2 TriboLab (BRUKER,
CIIA) [21] B ycoBuUSIX BEPTHKAIBHOTO IyJIbCUPYIOIIETO BO3ACHCTBHS CTAJBHOTO IIApUKa: MaTe-
puan — cranb 302 SST (ananor 12X18H9), moays ynpyroctu mepsoro poxa E,=20x10% Ia, xo-
s¢pdunment Ilyaccona p,=0,3 [22]. TIpudop MMeeT BO3MOKHOCTh U3MEHEHHSI HArpy3KH M CMelle-
HUS KOHTpTEJa 10 BPEMEHH.

11
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[TpuBenénubIil MOyNb YIPYTOCTH MIEPBOTO POjia AJI Maphl «cTanbHOU mapuk — JIKI»:

1 1— % 1- 42 1-0,3* 1-0,35?
(e oy =

= )~ 2,93x10° Tla

*

+
E E E, 2x10"  300x10°

w

*
CnenoBarenbHo, E =342 MI]a.
Panunyc mapuka, o0ecriednBaroniero 3a1anHoe HanpsoKeHue o i mapbl «ctaib — JIKIDy:

6FE™ 6x5,5x 3422
R= 3 3 3 3 =1 mm
o 7’ x45

dakTHuecKrue TEXHUYSCKHE BO3MOKHOCTU an/I60pa nmoapasyMeBarOT HCIIOJb30BAHUC IIa-

PUKOB TUaMETpOM HEe MeHee 6 MM, modToMmy nmpuHHMaeM R=3 MM. Takxke oTMETHM, 4TO pa3mep
€CTECTBEHHBIX JOXJIEBBIX Karellb Koyebnercs B npeaenax 0=0,7...5,0 mm [23]. OnHako, B CHiIy
BIIMSTHHSI CHJIBI TSDKECTH M COTIPOTHBIICHUSI BO3MyXa, IPU yAape (HaKTUYECKUH paanyc KPUBH3HBI
VIUTOIIEHHOW Karumi (U, KaK CJIICJICTBHUE, IMATHO KOHTAKTA) MPEBBIIACT paauyc UCXOqHOU cheprl. B
9TOM CBA3M pajUycC HIapHKa, SBISIOUIET0 COOON MMHUTATOP YIUIOMIEHHOM Karuid, paBHbI R=3 MM,
MIPEJICTABISIETCS JOITYCTUMBIM.
CKOppeKTHpOBaHHAS BEpTHKAIbHASI Harpy3Kka Ha mapuk Fy ¢ yaétoM HOBOro 3HadYeHus R:
3 _3p2 3 3 2
F, _z O'*lj _z x 45 ><23 ~36,6 H
6E 6x342

DaxkTHYECKHA paiyc 00JaCcTH KOHTAKTa «IIAPUK — ITOBEPXHOCTH) A!

3F,R.: ,3x36,6x3,;

A=(TNT)s - 320,622
e ") .
(DaKTI/ILICCKaSI MAaKCHUMAJIbHAsA I‘JIY6I/IH3 BAAaBJINBAHUS HOKpI)ITI/ISI H:
F2 ! 36,6° .
H=(—L-)= ’ $=0,124 Mmm
(2E ZR) (2><3422 ><3)

dakTrnueckasg IJiomaiab KOHTAKTHOU TOBCPXHOCTH:
S=21AH=271x0,622%0,124~0,486 Mm°
Oo6mmast Tommuua cinos JIKIT T:
T>H+w=0,124+0,3=0,424 mm

[Tpuanmaem H=1 mm, noioxxka — qropasomunuenas mwiactura 40x100x5 M.
AMIUINTY/a NepeMeIleH sl IapuKa:

L=2R=2x3=6 mm

[lepen HauaoOM WCHBITAHWNA HA KOHTPTEJIO 3aJaid BEepTUKaIbHYIO Harpy3ky (Fn=36 H),
YacTOTY TOPU30HTAIBHOTO NIEpEMENICHUS IPUHSIN paBHOM v=1 ['L1.

B nponecce sxcnepuMeHTa HENPEPHIBHO (PUKCHUPOBAIUCH YUCIIO LIMKIIOB IApUKa U JTHMHEN-
HBIIA W3HOC W (MKM). McribITaHust MPOBOAMIIMCH MTO3TAITHO, IITUTEILHOCTD OJJHOTO dTana COCTaBIIsA-
na ot 4 1o 8 4. OcMmoTp 00pa3ia U yaajaeHue NpoyKTOB U3HOCA MPOBOAMIN Kaxable 2 4. [Tpu BbI-
HY)KICHHBIX TEPEPhIBaX B MCIBITAHUSIX O0pa3el] XpaHWIN MPH KOMHATHOW Temmepartype. Obmee
KOJIMYECTBO 3aBEPINEHHBIX IUKIOB N,y PEACTABIANN KaK CyMMY KOJIMYECTBA LIUKIIOB OT Hayajaa
ucnbiTaHus. [1o AOCTMIKEHHMM KpPUTHUYECKOro H3HOca MOKphITUS W=300 MKM Ha HUCHBITYEMOM
y4JacTKe IIapHuK IMepeMeIai Ha ce Tyl yuacTok o0pasna; Bcero mposenu 10 ncnsITanuii.

12
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Pe3yabTaThl HcciaeqoBanuii 1 uX oocy:knenne. Kputuiaeckuii M3HOC OBLIT JOCTUTHYT Ye-
pe3 N,pus=448523 nukinos ucneitanuil. Beeném nomysmnupuuecknil koagpduiuent — oespasmep-
HYIO BEJIMYUHY, Ha KOTOPYIO CIEAYeT YMHOXHTH MPEJCIbHOE YHCIIO IMKIOB MpH Tpubodaruye-
CKOM HarpyXeHUH IIAapUKOM paauyca R, 4TOOBI MONYyYUTH MPENEIbHOE YHCIO IMKIOB SKBHBA-
JIEHTHOT'O THUAPO3PO3UOHHOIO BO3IEHCTBUS KaIUIsIMU paauyca I

i=Ng/Nyps=3,1x10%1,8x10°=6,91 (16)

[TomyueHHOE 3HAUYEHHE MMOKA3bIBAET, YTO NPH PABHBIX PACUETHBIX KOHTAKTHBIX HaIpsDKE-
HUSIX MHTEHCUBHOCTb MU3HOCA NP TPUOO(ATHUECKOM Harpy:K€HUM MOYTH B 7 Pa3 BbIIIE 110 CpaB-
HEHUIO C YCIIOBUSIMH KalleJIbHO-105KI€BOI 3PO3HH.

[TprunHOM, OOBSICHSIONICH CTOJIb ONYTUMYIO Pa3HHUILy B XapaKTEPUCTUKAX HAIPSHKEHHOTO
COCTOSIHUS, MOXKET ObITh MacIITaOHBIN (haKTOp, BBIPAXKEHHBIM B pa3HUIlE IUIOLIa/ell HauyaJIbHOTO
KOHTAaKTa MpH KareiabHoM (=1 MM) u TpubodaTnyeckom (R=3 MM) HarpyxeHuu:

n=S/5,=0,486/0,084=5,75 a7
3naveHuss KOAPPUIHMEHTOB | ¥ 7 OTHOCUTEIBHO Onm3KH aApyr apyry (6,91 u 5,75 coorBet-
CTBEHHO), uX pazopoc (B nmpenenax 20%) MOxkeT ObITh 00BICHEH IDPEKTOM THHAMHYECKOTO U3Me-
HEHUS MMapaMeTpPOB IUIOMIAJAKU KOHTAKTAa W HAMPSHKSHUNA pU TpUOOPATUUECKUX UCIIBITAHUAX, KO-
r1a BapHalysi JIOKAJbHOU MmoBpexaaeMocTd MoxeT gocturath 200% [24]. daktudecku, B JaHHOM
ciydae ToHas TpuOodaTHuecKass UMHUTALUS KaleIbHO-/T0KIeBOr0 BO3ACUCTBHS MPAKTHUECKU He-
peanu3yemMa H3-3a HEH30€KHOIO HapylleHHs aOCOIIOTHOTO NeOMETPUYECKOr0 M KHHETHYECKOTO
nono6us. Ho HecMOTps Ha TO, YTO MOJyYeHHbIE JaHHbIE 0a3UPYIOTCS HA DKCIEPHUMEHTaX C KOH-
KPETHBIMU MaTE€pHaJlaMU U PEeXUMaMH Harpy>K€HUs U NOTOMY UMEIOT B HEKOTOPOM pPOJI€ OTPaHU-
YEHHOE NMPUMEHEHHE, TeM He MeHee, ¢ y4ETOM MOMnpaBoyHOro koddouimenta (i=7) OHH MOTyT
JIaTh OLEHOYHYIO BEJIMYMHY CTOMKOCTH MOKPBITUS 0€3 MPOBEAEHUS KanelbHO-IO0XKAECBbIX UCIIBITA-
HUI:
i:NKﬂ:7Nmpu6 (18)
3aknouenue. [lpennoxkeHa BO3MOXKHOCTh 3aMEHbl THIPOIPO3UOHHBIX (KameabHO-
JOKIICBBIX) MCTIBITAHUNA JIAKOKPACOYHOTO IMOKPBITUS BO3AYIIHOTO CY/AHA JKBHUBAJCHTHBIMHU TpPH-
60¢aTHUECKIMHU 110 CXEME «IIap — MOJYIIOCKOCThY) U pacuéTHbIe (JOPMYIIbI IIepexo/ia OT yAapHO-
KaIeJIbHOTO PEXMMa Harpy>KEHHsI MOBEPXHOCTU K TPUOOPATUIECKOMY KOHTAKTY.

B kauectBe mpuMepa ompeniereHbl 3HAYEHHUS MEXAaHMYECKHUX IapaMeTpoB Tpuboda-
TUYECKUX B3aUMOJCHCTBHI CTAIbHOIO LIAPUKA U MOJIMYPETAHOBOI'O MOKPBITHS, 10 HAIPSIKEHHOMY
COCTOSTHUIO SKBHBAJIECHTHBIX PEAJbHOMY THIPO3PO3MOHHOMY HArpyKEHHIO KarelabHO-105K/1EBbIM
MOTOKOM.

KputepueM o1ieHKM rHAPO3PO3UOHHON CTOMKOCTH BBHIOPAHO YMCIIO LIMKJIOB J0 UCTHPAHUS
MOKPBITUS Ha 3aJaHHy0 TonumHy 300 MKM IpU COOTBETCTBYIOIIEH BEpTUKAIBHON Harpyske. Kpu-
THYECKUI U3HOC ObLT JOCTUIHYT Yepe3 N,,,5~448523, 4T0 Npy paBHBIX KOHTAKTHBIX HAPSKEHUAX
HOPUMEPHO B IX7 pa3 MEHbIIE YKCIIA [IUKJIOB 3KBUBAIICHTHON KalelbHO-I0KIEBON IPO3HUH.

Paznnume B yMcnax HMKIIOB 10 Pa3pyLICHUsT 0OBACHIETCS MAacITaOHBIM 3P PEeKTOM, BbIpa-
’KCHHBIM 4epe3 COOTHOIICHHE KOHTAKTHBIX TUIOMIAJACH M BapHallMd KOHTAKTHBIX HampshkeHuid. C
y4€TOM TOMPABOYHOrO KOI(PPHUIKEHTa | HA OCHOBE TPHOO(DATUUCCKUX HCHBITAHUI MOXHO IaTh
npuOIMKEHHYIO OLIEHKY CTOMKOCTH KOHKPETHOTO Marepuaia 0e3 MpOBENCHMS KalleJbHO-J0XK-
JI€BBIX UCTIBITAHHUM.
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TRIBOFATIK YUKLONM® iL® DAMLA-YAGIS TOSIRININ iIMITASIYASI
A.M. PASAYEV, 8.X. CANDHMODOV, 8.9. OLIYEV

Bir sira miielliflorin nasr olunan magalalori osasinda hava gamilorinin (HG) xarici lak boya 6rtiiklorinin (LBO) dam-
la-yagis sinaglar1 problemina baxilib. “Kiirs - yarimmiistovi” sxemino asason tribofatik (tribodagilma) sinaqlarla prosesin kine-
tikasi tizro oxsar hidroeroziyali tasirlorin imitasiyasi toklif olunub va uygun olan ovaz edici sxemlarin totbiq olunmasinin xiisu-
siyyatlari qeyd edilib. Poliuretan LBO niimunoasinds énco kegirilon damla-yagis sinaqlarda zodolonmoys ekvivalent tribofatik
tosiri zamani bohran dagilmaya qgodor tsikllarin say1 eksperimental olaraq toyin olunub.

Tribofatik sinaqlarinin osasinda diizalis emsalin1 nazaro almagla, damla-yagis siaqlarinin kegirmoadon belo konkret
materialin hidroeroziya dayanigliginin meyar1 tizro togribi qiymatlondirme aparmaq miimkiindiir.

Agar sozlor: damla-yagis eroziyasi, tribofatik sinaglar, poliuretan, sath, lak boya ortiiyii, zadalonmo, hidroeroziya,
damla, zarba.

SIMULATION OF DROP-RAIN IMPACT BY TRIBOPHATIC LOADING
A.M. PASHAYEV, A.Kh. JANAHMADOV, A.A. ALIYEV

The problem of drop-rain tests on the external paint coatings (EPC) of aircraft (AC) is examined with respect to the da-
ta published by other authors. The proposed invention kinetically simulates the hydroerosive effects through the process of
tribophatic tests based on the scheme “ball-half-plane”; the specifics of application of such substitution schemes are noted. In
the example of polyurethane ECP, authors experimentally determined under the tribophatic effect the number of cycles up to
the critical wear, which is equivalent to the previously conducted the drop-rain tests.

Taking into account the correction coefficient on the basis of tribophatic tests, it is possible to provide an estimate of
the criterion of the hydro-erosion resistance of particular material without conducting drip and rain tests.

Keywords: drop-rain erosion, tribophatic tests, polyurethane, surface, paint coating, damage, hydroerosion, drop, im-
pact.

Ilocmynuno 6 peoaxyuro:  12.05.2019
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UCCJEJIOBAHUE CTATUYECKHUX NOIPEIIHOCTEN
NbE303JEKTPUUECKUX IPEOBPA3OBATEJIEM TIAPAMETPOB
MEXAHUYECKOI'O IBUKEHUA

A.T.TA3BAPXAHOB?, T.U. KAPUMJINY, B.A. HEUMATOB?, B.C. 'YCEMHOB!

B crarse mpescTaBiIeHbl HOBBIE KOHCTPYKTHBHBIE BAPHAHTHI MBE302JICKTPUUECKHUX TpeobpasoBareieil ma-
paMeTpoB MEXaHWYECKOTO ABMKeHHUsS. COCTaBIEHBI CTATHUECKAE YPABHEHUS JUIA KOMIUIEKCHBIX COTIPOTUBIICHHUI
MBE302JICKTPHUUCCKUX YYBCTBUTCJIbHBIX 3JICMCHTOB, COCJUHCHHBIX I1O )II/I(I)(i)epeHHHaHLHOﬁ CXeME, C YUYE€TOM Jin-
HEHHO-U3MEHSIOIINXCS OTPEIIHOCTEH TeOMETPHUCCKUX Pa3MEPOB U yriia MOBOPOTA MPpeobpa3oBarelis, a TakKe
JJIA BBIXOAHOI'O HaIPSXKCHUSL 3HeKTpH‘IecKOﬁ MOCTOBOH CXEMBI. HOCTpOCH])I KOMIBIOTEPHBIC MOACIN U IIpOaHa-
JIM3UPOBAHBI PE3YJIbTAThI UX CHMyJ'IHI.IHﬁ. BrisiBnen XapakTep BIIASTHUN HOFpeIHHOCTeﬁ Ha BBIXOIHOC HAIIPSAKCHUC
npeoOpa3oBaTels.

BbIsiBIIEHO, YTO MOTPENIHOCTH CONPOTHBIEHHH YD CyIIECTBEHHO BIHAIOT HAa 3HAUY€HHE BBIXOJIHOTO
HAlPSUKEHUS. B TUAIa30HE, a TIOTPENTHOCTH OT YIJIOBBIX MIOBOPOTOB TPH BBICOKMX YAaCTOTaX BIHUAIOT Ha (HOpMY
BBEIXOJIHOTO HAIPSKEHHS TIPeo0pa3oBaTeris.

Knrwouesvie cnosa: nvesosdnekmpuueckue npeobpazosament, ouggepenyuanvhas cxemad, cmamuyeckue
JUHEUHO-USMEHAIOWUE NOSPEUHOCIU.

BBenenue. B nociennee Bpems B HanmonanbHOM aBUAIMOHHOW akajgeMuu ObIIO pa3padboTa-
HO HECKOJIbKO KOHCTPYKTHBHBIX BapHaHTOB MU(depeHIManbHbIX Mbe30UIEKTPUUECKUX Mpeodpa-
30BaTeneil mapamMeTpoB MEXaHMYECKOro JABWKEHHA. [IpuopuTeTHOH Ienbio pa3pabOTKu HOBBIX
aKCeJIEPOMETPOB SIBJISAJIOCH ITOBBILIICHWE HAJEKHOCTH (DYHKIIMOHMPOBAHUS M COKpAIlleHHE Mac-
corabapUTHBIX XapaKTEPUCTHK ITHX YCTPOMCTB 3a CYET YMEHBILIEHHs YMCIIA APA3UTHBIX MEXaHU-
YECKHX Mepe/iad U UX KOHCTPYKTUBHBIX 3JIEMEHTOB.

TunuyaeM pUMEpOM pa3paboTaHHBIX MpeoOpasoBaTeneil ABIsAeTCA Ouggepenyuanvhblil
MUKPOMEXAHUYECKUll 6UOPAYUOHHBII aKcenepomemp, MIPEICTABICHHbIH Ha puc. 1, coaepkaruid:
MHEPIMOHHBIN 371eMeHT 1, ABa ynpyrux sneMenTa (M30JSIMOHHbBIE POKIAAKK) 2, 1Ba MHE303JIEK-
TPUYECKHX IpeoOpa3oBatenss 3, KOTOPbIE T€HEPUPYIOT BHOpAIMIO, W JIBA IMHE303JIEKTPUUIECKUX
YyBCTBUTEJIbHBIX 3J€MEHTa 4, YCTAaHOBIIEHHbIE B OJHOW OCH, IPUYEM HHEPLUOHHBIA 31eMeHT 1
YCTaHOBJIEH 10 JIETKOXOJIOBOM MOCAJIKE MEXy YIIPYTUMH MbE303JEKTPUIECKUMU demMeHTamu [1].

1 A36p6al>'I)1>I<aHCKaﬂ HammonanbpHas akageMust aBHaIliU
E-mail: neymvasif@mail.ru
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Hccneoosanue cmamuueckux noepeumocmeli NbE302JIEKMPUHECKUX npeo6pa306ameﬂeﬁ

JuddepeHnnanbHbIi MUKPOMEXaHWUYSCKUH BHOPAIMOHHBIA aKCceJIepoOMeTp paboTaeT ciie-
JYIOIIUM 00pa3oM: IMOCPEACTBOM CBOETO KOpITyca 5 aKkcelepoMeTp KOMIUIAHAPHO YCTaHAaBIIMBACT-
csl Ha 00beKTe KOHTpOIIst. Ha mbe3031ekTprueckue mpeodpa3oBatesiv 3 MoJaeTCsi CHHYCOHIATbHBIN
HePEMEHHBIH JIEKTPUICCKUI TOK, BCICACTBHE Yero JIeMeHTHI 1, 2 U 4 KOHCTPYKIIMH COBEPILAIOT
TapMOHHYECKHE KOJIeOaHusl.

B craunoHapHOM COCTOSIHUM WK TPH
o) A Hanpasnenne
ABHKEHHA

MOCTOSTHHOW CKOPOCTH TEPEMEIEHUs] yCH-
nmus F; u F, Ha 4yBCTBUTEIbHBIC 3JIEMEHTHI

4 pasnbl (F1=F;), B pe3yibpTare uero Ha ux
BBIXO/IaX TCHEPUPYIOTCS PAaBHOYACTOTHBIC

= NI
B

= VNN
PO NNNNNN A

anekTpuueckue curnaisl (fBeix.1 u fBbIX.2),

T.e. Ha auddepeHnnanbHOM BbIXoe 4 akce-

JepoMeTpa pa3HOCTh YacTOT YYBCTBHUTEIIb- .

HBIX 35JICMCHTOB paBHa HYJIIO ( fl - f2 =0 ) Puc. 1. Muxpomexanuueckuii subpayuoOHHbIL aKcerepomemp

HpI/I Ha60pe CKOPOCTH (I/IJ‘II/I ed CHI/I)KeHI/II/I) @) KOHCIMPYKMUBHOE UCHONIHEHUe, ) PACNONI0JCEHUEe COCMAG-
o HbIX DJIeMEeHMmOo8

MHEPLUOHHBIN 37eMeHT 1 cMmemiaercs, npu
3TOM Ha BEpPXHEM IbE303JIEKTPUIECKOM
yyBcTBUTEIHHOM 3ieMenTe ([TUD) 4 uacro-
Ta KOJeOaHUH yMEHbBILIAETCs, a HA HUKHEM
ITYD 4 uyactoTa KONEOAHMH YyBEJINUUBAETCS
(witm sxe Hao0opoT).

Taxum obpaszom, Ha Bbixoze 14D, co-

€MHEHHBIX CcOrIacHo auddepeHnaIbHON
cxeme, (opmupyeTcs NPONOpLHOHATIbHASL

yckopernto (o~Af = f, — f, #0) pasnocrs 0)
Puc.2. Ilpunyunuanvhas cxema 08yXKaHaibHO20 NbE30INeEK-
qacToOT. MpUecko20 0amuuka UOpayul U TUHeHO20 YCKOPEHUs
OtmeTnM, 4YTO Al YBEIUYEHUS YyB- (ATIBILY):
. @) KOHCMPYKMUGHOE UCHOHEHUe;
CTBUTCIIBHOCTH YCTPOUCTBA OOITYCKACTCs 6) pacnonodicenue coCmagHbIX S1eMeHNMO8

YBEJIMYEHUE YaCTOThl MUTAHHUSA IbE303JIEK-
TPUYECKHX Mpeodpa3oBareneil U (1K) HapallliBaHUEe MacChl MHEPLIMOHHOIO 3JIEMEHTa.

[TpuHuMnManbHas cxema JBYXKAaHAJIBHOTO aKceJIepoMeTpa MpejcTaBieHa Ha puc. 2 a. Hc-
HOJIb3Yysl SHEPTHI0 BUOpAIMM aBHALMOHHOTO JIBUTATEINS], MOXHO ITOCTPOUThH JBYXKAHAJIBHBIA aKce-
JIEPOMETP C MbE30IEKTPUIECKHUMU YyBCTBUTEIBHBIMH AJIEMEHTAMH JJISi OJHOBPEMEHHOTO H3Me-
peHust ypoBHel BUOpaLuy, Neperpy3Ku, BEIMUUHbI JIMHEHHOT0 YCKOPEHHUs, a TaK)Ke 3HAUeHHUH Bep-
THUKAJIBHOW CKOPOCTH M BBICOTHI MojieTa. JlaT4uk COCTOUT M3 Kopiyca 1, BHyTpH KOTOPOTO pacto-
JararoTcs Nbe303JIEKTPUYECKHE TUIACTHHBI 2, N30JUPOBAHHBIE NIPOKIIAIKOM 3 ¢ HHEPIUOHHOM Mac-
coii 4. BeruucnurenpHasi cxema MO3BOJISET OJHOBPEMEHHO M3MEPSTh BUOPALMIO U YyCKOPEHHE IO
IBYM KaHanam (puc. 2 0).

Jns usMmepeHus BuUOpalMii Ha HECTAlMOHAPHBIX OOBEKTaX M3MEPUTENBHOE YCTPOMCTBO
YCTaHABIIMBACTCA HA NEPEJHUX U 33aJHHMX ONOpax BajoB ABurateins. IIpm orcyTcTBUM ycKOpeHuUs

HJIN NICPErPpy3KU 4aCTOThI fl u f2 OOWHAKOBBI, a UX Pa3HOCTb, COOTBETCTBCHHO, PpaBHAa HYJIIO

(f,—f,=0).
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Jns u3Mmepenus: BUOpALMU UCIIONB3YETCS JIeBas 4acThb DJIEKTPOJOB 5, MOJKIIOUEHHBIX K
cymMMaropy 6, a Juis u3MepeHus: BUOpAIIMN YCKOPEHHUS IpaBasi 4acTh AJIEKTPOJIOB 5, MOIKIIOYCH-
HBIX K Auddepenuatopy 6.

[Ipy BO3HHMKHOBEHMHM YCKOPEHHOIO IMEpEMEIECHUs MHEPLUUOHHAs Macca 4 nepeMmelnaercs
BHU3 (WJIM BBEPX), BO3JIEHCTBYS Ha MPOKIAJKY 3 M Ha MbE303JIEKTPHUUECKYIO TUIACTUHY 2 C CHJION
ma. IIpu 3ToM B HMKHEH YacTH MbE30IUIACTUHBI 2 YBEIMYUBACTCS YacTOTa KojeOaHui, BBUY TO-
ro, 4TO pacTeT BEC MHEPLMOHHOW Macchl m(g+a), a B BEpXHEH YaCTH MbE30IUIaCTHHBI 2 4acToTa
KoJIeOaHUI YMEHBIIAETCs, TaK KaK YMEHBIIAETCS BEC MHEPLIUMOHHONW Macchl M(g-a). Takum obOpa-
30M, B IPaBOM 4YaCTH 2JIEKTPOJOB 5 BO3HUKAET PAa3HOCTh 4acToT (8~ f — f, #0), 4TO NO3BOJIAET

OCYIIECTBISITh U3MEPEHUE YPOBHSI NEPErpy3KH (UM BETUYMHBI JIMHEHHOTO yckopeHus) [2]. ScHo,
YTO /7151 YBEJIMYCHUS UyBCTBUTEIILHOCTH (0€3 YBEIIMUCHHUS TE€OMETPUIECKOTO pa3Mepa H3MEpPUTEIIs)
B 9TOM CIly4yae ClIeJIyeT yBEJIMYUTh BEIMYHHY AePOpMAIH MbE303JIEMEHTa 32 CUET MPUMEHEHHS
MHEPLUOHHOI MacChl ¢ OOJbIIeil IIIOTHOCTBIO, HampuMep U3 TanTana (p,  =16600xe/u*) (I10T-

HOCTh TaHTaJla MPEBBIIIAET IJIOTHOCTh CTAIU B 2 pasa). M BeienacTBue 3Toro ymydmwures dddex-
TUBHOCTh KOHTPOJISI COCTOSIHUSI aBUAIIMOHHBIX JIBUTATENIEH, a TaKKe pacIuupsATcs (yHKIMOHATIb-
HBIE BO3MOKHOCTH COBPEMEHHBIX aKCEIEPOMETPOB B (TOM YHCIIE aKCEIEPOMETPOB Ha BO3AYIIHBIX
cynax Boeing, Embraer, Airbus).

Hcnonp3oBaHue ABYXKAHAJIBHOTO MBE302JIEKTPHUECKOTO AaTYMKa BUOpALMK W JTUHEHMHOTO
YCKOpPEHUS TO3BOJIUT 00ECIIeYNTh OJHOBPEMEHHOE M3MEpPEHUE YPOBHEH BHOpAIMHM U MEPETPY3KH.
B wactHOCTH, UII MOZIEPHU3AINH YCIICITHO TIPUMEHSEMOTO MbE303JIeKTPUIECKOro TaTYuKa BUOpa-
mun (Ha aeuratensix GEnx BC Boeing 787) pekoMeHIyeTcsi BHIIOJIHUTh HHEPIIMOHHYIO MacCy U3
TaHTaja, BBUY €ro OOJbIION IUIOTHOCTH, U PACHOIOKHUTE €r0 MEXKIY Mbe303IEKTPHUECKUMH JIUC-
KaMu, TIPY 3TOM OJIHY Tapy AJIEKTPOAOB MMbE303JIEMEHTOB HE00X0AMMO HMOAKIIOUNTh B Auddepen-
[MUATBHYIO CXeMY M3MepeHus (Il 3MEepeHus TMHEHMHOTO YCKOPEHUS WIH TIeperpys3Ku), a Jpyryro
napy 3JIEKTPOAOB MbE303JIEMEHTOB MOJAKIIOYUTE B CyMMAaTOp (111 U3MEpEHHs BUOpAIIHN).

Kpome TOro, nannoe ycTpoHCTBO B KauecTBE AATYMKOB M3MEPEHHS U OOpATHBIX CBS3EH
MOJKET HalTH MIMPOKOE MPUMEHEHNE B CHCTEMax U3MEPEHHUS, YIPaBICHHs (B TOM YHCIIE CHCTEMax
aIalITUBHOTO M ONITUMAJILHOTO YIPABIICHHS, @ TAK)KE B CHCTEMaX aBTOMATUYECKOM cTabnin3anum),
KOHTPOJII TEXHOJOTHYECKHX W HSKCIUTyaTal[MOHHBIX IMapaMeTpoOB, OMPEIEICHUS HaIeKHOCTHBIX
MoKa3aTesiell B MAaIIMHOCTPOCHUHU M aBHACTPOCHUH.

Ony6nuKoBaHHbIE paOOTHI [3-5] MOCBSIIEHB! HCCIEAOBAHUIO CTATUYECKUX U TUHAMUYECKUX
XapaKTePUCTHK pa3paboTaHHBIX MpeoOpa3oBaTemeil, B KOTOPBIX HE PACCMOTPEHBI BOIPOCHI HCCIIe-
JIOBaHMs CTaTMYECKUX norpeurHoctei. Llenbio qaHHOM cTaThy ABISETCS MOJAEIUPOBAHUE CTaTHYe-
CKHX OIIMOOK MbE303JIEKTPUUECKUX MpeoOpaszoBatenel ¢ auddepeHunanbHON cXeMoil moaKIoue-
HUS 9yBCTBUTEILHBIX dJIeMeHTOB (UD).

IMocTanoBka 3agaum. Mcxoas u3 Toro, 4ro pa3padoTaHHbIE MPEOOPA30BATENN MOCTPOEHBI
no auddepeHuuanbHOMy IpUHIUIY coequHeHuss YD, HeoOX0auMO COCTaBUTh ypaBHEHMs, C MO-
CJIEIYIOIIMM UX MOJIEIIMPOBaHUEM B 0000IIEHHOH (hopMme, yUuThIBaromue: 1) 1Ba OCHOBHBIX BUA
— aJIMTUBHBIEC U MYJIbTUILTUKATUBHBIE BUJIbI TOTPEIIHOCTEN, KOTOPbIE IPUHUMAIOTCS KaK JTMHEHHO
M3MEHSIONINECS; 2) BO3MOYKHBIE BAPHAHTHI MOCTOBBIX CXEM, IO KOTOPBIM MOTYT COEAMHATHCS UD.

Pemenue 3amaun. B paGote [6] paccMoTpeHa u pellieHa aHaJIOrM4HAs 3aj1a4a s qudde-
peHIManbHbIX faTuukoB (/1) ¢ MocToBo# cxemoii coenuuenus Y3, B KOTOpoii, coriacHo ooei
TEOPUU HW3MEPHUTEILHBIX MOCTOB C COONONeHWEeM ycioBus Z,>>Z;, the Z, - CONpPOTHBICHUS
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Harpy3KH, WIN e BXOIHOE COMPOTUBIICHUS CXEMbI MOIKIIOUeHUs K Bhixony /1, Zj - conpoTuBie-
HHe Kaxoro mieva (i=1,2,3,4).
ypaBHeHI/Ie JJIA BBIXOJHOI'O HaHpSI)KeHI/IﬂZ
272,-72,7
U — E 14 23 ’ (1)
Z,+2,)(Z;+2,)

e Zy, Zy, Zzu Z4 SBIAIOTCS KOMIUIEKCHBIMU COITPOTUBIICHUSMH TUIEY MOCTA.

B JJI UD mMoryt coeauHSAThCS MEXIy cOO0W IO MocienoBaTeabHO-Tu(GepeHITMATBHON
(ITocIC) mmm mo mapaienbHO-auddepeH-
nuansHoi cxeme ([1ap/IC) (puc.3).

B ITocJIC UD sapnsrorcs Z; u Z co-
npotusnenus, a B [1apJIC: UD smastores Z;,
Z3 W s yIpoOIIEHUs 3aa4ui MPUHSTO, YTO:
Zo1= Zop= Zo3=Zoy =Zy. Ecniu npuHATH, 4TO B
MpoIIeCCe M3MEPEHHSI CONMPOTUBIIEHUE KaxK-
poro UD JIJI wm3MeHseTcs IHMHEHHO: Zi=

ZoitAZ;, toe, Zpi - IOCTOSIHHASL COCTAaBJIAIO-

mias; AZ - HU3MCHAIOMIAACA B IIPOLCCCE U3MEC-

Puc.3. Mocmosgvie cxemvr Oupghepenyuanvrvix oamuuxos ([/1):
peHust cocTapisomas conporusneHus 4O, a) cxema ¢ nocnedo8amenbHoO COCOUHEHHbIMU 4YECMEUMEbHbLMU

TO MOHO Hamucath s [TocJIC: anemenmamu (Iloc [JC Y3); b)cxema c napannenvho coeounen-

HolMu yygcmeumenvHoimu snemenmamu (Iloc JIC 42)

21=Zot+ AZ, Z,= 274 - AZ;
st [MapIC: Zy= Zo+ AZ, Z3= Zy -AZ.
Takum o6pa3zom, corsacHo ypaBHeHuto (1), BeixonHoe Hanpspkenue /1 ¢ [oc/IC:

u-g22 @)
0
BeIxosiHOe Hanpspkenue J1J1 ¢ ITap/IC:
2NZZ
U=sE— > 0 5 3)
475 -ANZ

Jns uccnenosanus norpenrHocredt J1J{ ¢ pasnuuneiMu Bapuantamu BkitodeHus: YD HeoO-
XOIUMO B ypaBHEHMsIX (2) u (3) y4uThIBaTh OCHOBHBIE BHBI IOTPEIIHOCTEH, CYIIIECTBEHHO BIIHSI-
IOI[MEe HAa 3HAYCHUS BBIXOJHOTO HAIMpPSDKEHUS. TaKWMU MOTPENTHOCTSAMHU MPHUHSTH JIUTUBHBIC H
MYJIBTUIUIMKATUBHBIE, KOTOPHIE PACCMOTPEHBI KaK JIMHEHHO N3MEHSIOLTHECS.

AJTUTUBHBIE  TOTPEMIHOCTH  COMpOTUBIeHUs 1uied: Zy=Zo1(1+01); Zo=Zo(1+0y);
Z3=Zp3(1+03); Z4=Zos(1+04 ), TE 01, O, O3, 04 - KOIPPHUIUCHTHI, ONPEACISIONINE MOTPEITHOCTH
20101, Zo202, L0303 1 Zo40s.

MynbTUIUIMKATUBHBIE MOIPEIIHOCTH M3MEeHEeHUs conpoTuBienus Y2: AZ =AZy(1+or), e
Or - KOOPPUIIMEHT, KOTOPBII onpeaenseT norpemHocts AZgdr. Takum 06pa3oM, Bce MOTPELTHOCTH
MPUHUMAIOTCSI TIPOMOPIMOHATBHBIMA OCHOBHBIM PAaCUETHBIM 3HAYEHHUSM COMPOTHUBICHUN, KOD(-
(UIUEHTHI 01, 0y, 3, 04 W OF SBISIOTCS OTHOCHUTEIBLHBIMU TorpemHocTssMu. C MaTeMaTudecKon
TOYKH 3peHHs] KOXPDUIMESHTHI 01, 0y, 03, 04 U Oy IPUHUMAIOTCS KaK OSCKOHEUHBIE MaJlble Yrciia
OTHOCHUTENLHO 3HA4YCHUN Zo1, Zoy, Zo3, Zos, AZp. CornacHo npaBuiiaM apru(PpMETHIECKUX OTEPALIHA,
HaJl 0ECKOHEYHO MaJIbIMM YHCIIAMH:

510.=0, 0= 0%=0%=0"; 0%=0.(i,jk=1,2,3,..).
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Taxum obpazom, Beixomnoe HanpspkeHue J/1 ¢ [TocJIC, B kotopom Zy= Zyp=2g ; Zoz= Zos 1
21= 2o+ AZ, Zo= 2o -AZ.:

A72(2+25z +8,+8,)+ (8, +8, -8, —8,)

z
U=E=° :
22+8,+8, +8,+8,)

_giZ (2+25, +8,+3,) L 8it+8,-8; -3,

U=E— ; 4)
Z, 22+8,+8,+8,+8,) 202+8,+8,+8,+8,)
BeIxogHoe Hanpspkenue )1 ¢ [apIC, B koTopoMm Zg1= Zoy= Zos=Zos =Zy M Z3= Rot+ AZ,
Z3=2Z0—-AZ:
U—E Z5(8, +8, =8, —8;)—Z,AZ(2+28, + 8, +8, )+
272(2+08, 408, +8,+8,)—AZ*(1+8, )+ Z,AZ(5,+8, —8, —8,)
(8, +8, -8, —63)—§Z(Z+262 +8,+8,)
U=E = ()
2248, +8,+8,+8,)— AZZ (1+82)+§Z(83 +8,-8,-5,)
0 0

Kak BugHo u3 dopmyn (4) u (5), HanpspKeHHE, MOJYYCHHOEC B HAYAIBHOM IOJIOKEHUHU
npolecca U3MEPeHusi, KOTOPOE€ COOTBETCTBYET PAaBHOBECHIO MOCTOBOI CXEMBI M MPU KOTOPOM
AZy=0, He 3aBHUCHT OT criocoba coenuHeHus U0D:

8, +06, -9, 3,
22+8,+8,+8,+8,)’

U, =E (6)

YTO COOTBCTCTBYCT ﬂCﬁCTBHTCHLHOCTH.

@opmyna (5) ompenenseT TakKe CMELICHUs! HYJIsS Bbl-
XOZIHOTO HAIPsDKEHUs IPeodpa3oBaTess B PeXUME X0I0CTO-
ro Xoaa, To ectb npu E# 0, AZ=0.

Hwxe npuBoANTCS HEMHOTO MHOHM Croco0 i HOIy-
YyeHus1 (HOpMyJIbl ONPEAETICHUS CTATUYECKUX MOTPEIIHOCTEH.
Ha puc. 4a npencrasieHa 3JeKTpUYECKash CXeMa COEIUHE-
HHS IBE30UIEKTPUUECKUX UYyBCTBHUTENIBHBIX JIEMEHTOB, Ha
puc. 46 — ¢yHKIMOHATbHAS cXeMa MPeoOpa3oBaHUs «yroil

IMOBOpOTa IMOJABUKHOTI'O 0o0BeKTa — BbIXOOHOC HAIIPSAXCHUS L *

CXEMBD». 3TI/I CXEMbI IPUMCHHUMBI JIs1 6OJ'IBH_[I/IHCTBa IIbE€30- « AP P & P 2oy v
o ﬂka (fAF H AZf kmz}—.
ANEKTPUYECKUX TMpeoOpa3oBaTeseil mapaMeTpoB MeXaHUde-

CKOTO JIBWDKCHHUS, B TOM YHCIIC U JJI1 PACCMOTPEHHBIX BBIIIIE. Puc. 4. Hpunyunuanvisie cxemv

B 5THX cXeMaX (. - yTol TOBOPOTA MOJABHKHOTO 00b-  Oupdepenyuansibix nvesoonekmpuieckix
npeobpazosameneii napamempos Mexanu-

€KTa; AF - U3MEHEHUe JEUCTBYIOIIEH cuibl; Af - pa3sHOCTb 4eCK020 OBUIICEHISE: @) INEKMPUSECKas
cxema coedunenus I190; 6) ¢ynkyuo-
HAbHASL CXeMd NPeoOpa308aHus «yeoi

3HaYeHHs KoMIUIeKcHOTrO conportuBieHus; U(Af) - nanpsoke- nOBOPOMA NOOBUIICHOZ0 0OBEKMA - Gbl-
X00HO€e HAanNpsdiceHue cxemol .

4acTOT OTHOCHUTENILHO pe3oHaHCHOW; AZ(jw) - W3MEeHeHue

HHUE DJICKTPUYCCKOT'O BbIXOAAd JaTYHKa BI/I6paIII/II/I H YCKOpE-
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HU; Kyar- KOG GUIUEHT peoOpa3oBaHus «YToJl IOBOPOTa-CHIIay; Kr, -KOIPOHUIIMEHT Tpeodpa-
30BaHMS «CHJIA-4acTOTa»; K, - KOO PHUIHUEHT Mpeodpa3oBaHusl «4acTOTa-CONPOTUBICHUEY; Kazi-
k03 uLmeHT IpeoOdpa3oBaHus «COMPOTUBICHUE-HATIPSKCHUEY.

OcHOBHOH (HOPMYJITOH, TOKA3BIBAIOIIECH 3aBUCUMOCTh U3MEHEHUS 4YaCTOTHl OTHOCHTEIHHO pe-
30HAHCHOM OT JICHCTBYIOIIEH CHIIBI, SIBISICTCS BhIpaskeHue [7]:

v

E
33

f,=f,| 1- ——AF

rae fo- pe3oHaHcHas yacTora; E - moxynb FOHra; S - ceueHue MOBEPXHOCTH, HAa KOTOPOH aeil-
CTBYeT cwia ; v - koaddumment [lyaccona.

®dopmyna s pa3HOCTH 4acTOT:
Vo,

Af = s
21Y 35S

AF (7

3aBUCHMOCTh M3MEHEHUsI conpoTuBieHus AZ(jw) OT pa3HOCTH YacToT Af ONmpeneauM co-

IJIACHO MOCTOBOH cxeme coenuHenus 1140, npencrasnennoil Ha puc.l. M3BecTHO, 4TO 1711 HEHA-
IPY’KEHHOTO IIbE303JIEKTPHUYECKOr0 peodpazoBaTens AF =0;AZ =0;Z,, = Rp.

Jns waxoxaenust 3apucumoctu AZ(jw)=f(Af) nenecooOpa3HO HCHONB30BaTh HE MEHEE

W3BECTHYIO GOpMYITy :

8
rae Q=aw,L/Ry, - nodporHOCTS ITUD; N=0/ @)y - OTHOCUTEIBHOE U3MEHEHHUE YaCTOTBI.
CornacHo Ha49aIbHBIM yCIOBHSIM, Zo=Rgp:
AZ=R|1- 9)

VY4uThIBas BBIPAKEHHUE Il OTHOCUTEIHLHOTO 3HAUCHHS YaCTOThI, COCTABICHHOTO Ha OCHOBE
dopmyst (7):

f o v
N=—=——= 1— £
f, o Y3:S

AF |, (10)

W HakoHel1, mocie HeCT0XKHBIX MaTEMaTHYECKUX MPe0O0pa30BaHUM, TOTYIUM:

2 E
2 vAF Y33S

Z=Rgp.[1+ :
opy 1+ YES) | YES-vAF

(11)

[Tonyuennoe Beipaxkenue (11) yurem B BblpakeHuu (9) M MOJIy4UM KOHEYHOE BBIPAaKEHHE
nuist 3aBucumoctu AZ(jw)=f( Af'):

2 E
2 VAF . Y33S

AZ=Ryp|1- |1+
o ? YES | | YES—vAF

(12)
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BeipaxkeHne Tt BBIXOIHOTO SJICKTPHYECKOTO HATPSDKSHUS JaTYuKa BUOPAUK U YCKOPEHHI
U(Af) moayuum nocite ydera (11) u (12) B (2):

2 E 2
U=2g[1- fleQr YAR || _ Ve 4y (13)
2 YES ) ( YES-vAF

VYpaBuenue (13) gBisieTcsi CTATUYECKON XapaKTEPUCTHUKON paccMaTpUBaEMOI0 YCTPOMCTBA,

omnpezessitoiee 3aBUCUMOCTh U = f(AF ). CornacHo npuHIumy paboTsl ycrpoiictBa, AF - 310 cu-
na, nefcTByromas Ha YD, T.e. cujia TSHKECTH HHEPLIMOHHON Macchl (puc.2, 1o3. 4):
AF =mg - mgcos(«a ) = mg(1—cos(« ))
Takum o0pazom, mosiyyaeM BBIpRKEHHE ISl CTATHYECKON XapaKTePUCTUKH IbE303JIEKTPH-
YEeCKOTr0 TUPOCKOIIA-aKCceJIepoMeTpa, paboTaromIero B pexXuMe H3MEPEHHs yriia IOBOPOTa O0bEKTa!

U=2E1- [1+q2| YO~ cos(@)) T YEs+vEs  vmgl-cos(e) | (14)
2 Y58 YES—vmg(-cos(a))  YES—vmg(l— cos(a))

Teneps, ucnons3ys Gopmyiy (10) 1 mpu NPUHATHIX YCIOBHAX UIsi COCTABICHUS YPaBHEHHMA
(4)-(6), onpenmenuM cTaTUYECKUE MOTPEITHOCTH MbE303JIEKTPHYECKOro MmpeodpasoBaTers. YIpo-
ctuM Boipakenue (14). Ins reomerpudeckux pazmepo [TUD MoxkHO 3anucaTh:

a=ag +0,; b=by+0,;c=cyp+0,
TO €CTb Pa3sMCpPbl COCTOSAT U3 pacquHoﬁ YaCTHU U U3 TIOTPCIIHOCTH. Tor,ua mionmaab MOBEPXHOCTHU
Im4o:
S=ab=(a, +8, by +3;)=a,b, +2,8, +byd, =S, +AS, (15)
S=Sy+4S
Macca IT4O:
m = pabc = P(ao +5a)(bo +5bXCO +5c)’
m = pagh,c, + p(agbyd, +0,C,5, +2,C,3, ) = P(agh,C, + abyd, +0,C,3, +28,¢,5,)-  (16)
Torma: m=m, +Am, re: M, = pa,b,C,; Am = p(ayhyd, +by,C,J, +8,C,3, )-
st u3mepsieMoro yria noBopoTa:
cos(ar) =cos(er, + 0,,) = cos(er,) cos(d, ) —sin(e,)sin(a,) ,
cos(ar) = cos(e,) —sin(«,)o, @17)

Boipaxxenue (14), ¢ yuetom (15) -(17), a Takxke nmociae HECIOXKHBIX MATEMAaTHYECKUX MPE00-
pa30BaHUil, HOJIYYHUTCS B ciexytomei popme:

_ 2
1+Q2(Vgp(co +5c)(1_C$SE(0‘0)+6a S'n(ao))J '
33

U:%E 1- (18)

2
Ya3
= - +1
Y33 — Vpg(Co +98, )(1_ cos(ay) + 9, sin(ay))
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i

Subtracts

am 52 Subtract3

Subtract11

0.0001
3.511-05)
0.0001741

7.

PA3MEPHBIE MO PEWHOCTH
7105 0.0001161 0.0001551 MOTPEW HOCTH KOMNNEKCHOIO COMPOTMBIEHNA U3
0.0003522]  0.0005303] _ 0.0007085 | NOTPELIHOCTH M3MEHEHMA CONPOTHBIEHMA U3

008] o008 001 | MOTPEWHOCTMYIMOBOr O NBIKEHNA
NOTPEWHOCTH BLIXONHOTO HAMPSKE HUA

Subsystemd

u

LHzp o7y

I

Int

=

L azp

2629 2629
Display4.

Scop:

3

001 000 |

am1 " Subtract1

Rm(Qm)1 I

Sudtract;

i

Subsysmrml -

Indlef
n7,

Huo
It
z

Display1

Scopet

Oo———im
In1
@2 3zt
In2
L T e — 111
In3
@—ina ? i ]
In4 Scope2 I naz2
Subtract8
&y—————>In5
In5
EHy———*In6 .
Ing 167.9) _D_
oD In7 167.9 Subtract10
In7 167.9) IrGEs ——-Cl‘lJD
E———n8 Display2
In8 L
—+Ing Zp
"9 36 75
Ap————————+{In10 - s 2
o 1|
ap————nt1 ac 7
In11 Display3
IH—————+in12
In12
T3 3
In13
Subsystem2
Subsystem3
0)
0.0001 0.0002 0.0003 0.0004 |PA3MEPHbIE NOrPELWIHOCTU
3.811e-05 7.71e-05 0.0001161 0.0001551 NOrPEWHOCTU KOMMNNEKCHOIro CONPOTUBNEHUA Y3
0.0001741 0.0003522 0.0005303 0.0007085 NMOrPEWHOCTU U3MEHEHWA CONPOTUBNEHUA 43
0.005 0.006 0.008 0.01 MOrPEWHOCTH YrNOBOINo ABUXEHUA
0.000136)  0.0002751]  0.0004142]  0.0005533 | MOTPELUHOCTHU BbIXOQHOTO HAMPAXEHMA

)

Puc.5. Komnvromepnvie mooenu ougghepenyuanvriozo npeobpazosameisi:
a) obwas mooens, 6) cybcucmema 015 gbiuUCIeHUs conpomusierull 43 u 8bIX00H020 HANPAIICEHU;
¢) Jucnaell ¢ uHOUKayuell NOSPEeuHOCMell.
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Ha puc. 5 mpexn-
CTaBJIEHbl  KOMIIBIOTEp-

0.01 T

HbI€ MOJENIM, COCTaB-
0.005
JICHHbIE Ha OCHOBE YpaB-

Henuit (4), (5) u (18), a
Ha puc. 6 OCHUIIIOT-
paMMBI, MIOJTyYCHHBIE 0,005
MOCie BBIMOJIHEHUSI CH-

My B cpene MAT- A i | i
JIAB.
Bribupaem  mbe3oke-

pamuky PZT-8 c pas-

mepamu: a = 0,01m; 001
b=0,002m;  ¢=0,005m
(me orce pasmepvr  Ons —
UHEPYUOHHOU  MAccbul), '
(U3UKO-TEXHUUECKUE T1a- u 021

pamerpsl, corjacHo [8]:
pm=7800 kg/m?*;
p =7720 kg/m?;

I
0.008 0.01

hﬂ& 0.002 0.004

Puc.6. Ocyunnozpamma nozpeutHocmeii 6bIX00H020 HANPANCEHUS. NbE30INeKMPUYe-
E 9 CK020 npeobpazosamens:

Q=60; Y33 =5.3 10" Pa; a) AU[B]=f(a) [pad] npu vacmome 50 I'y;

6) AU[B]=f(a) [pad] npu wacmome ceviue 1000 I'y

v=0.35. Hampsokenue
IIUTaHUs YCTPOMCTBA
BeIOupaem E=24V. IlorpemHocTy reoMeTpuuecKux pasmMepoB YD (B OTHOCHUTENBHBIX €MHUIIAX):
[0.0001 0.0002 0.0003 0.0004]; morpemHOCTH yriia moBOpoTa (OTHOCUTENbHBIX eaunauiax): [0.005
0.006 0.008 0.01].

[TonydeHsl yncneHHble pe3ynbTaThl: conpoTuBienue Y3: Zg =167.8 Om; usmenenue conpomug-
nenus 49: Ln=41,14 I'm; C,= 8,476e-15@; R;=131,10x; f,=26980 Iy; a=0-90% A Z =36,4
Om.;U=0-2.628 B.

Kak BugHO U3 aucruies U rpaduKoB, MPEICTaBICHHBIX HA PUC. 5C U 63, COOTBETCTBEHHO, MPU
norpemHocTax reomerpudeckux pasmepos 0,01-0,04% wu yria nosopora 0,5-1% BbeIxOAgHOE
Hanpspkenue nmeet 0,013- 0,05%. Ilpu 3TOM MOrpemHOCTH CYIIECTBEHHO BIIMSIOT Ha BBIXOJIHOE
HaIpsHKCHUE B IMAMAa30HE 90°-270°

3akmouenue. [lorpemnoctu conporusnenuii U3 CyIECTBEHHO BIMSIOT HA 3HAYEHUE BBIXOJ-

HOTO HaIIpSODKEHUA B AMANA30HE a IOIPELIHOCTH OT YIVIOBBIX IIOBOPOTOB IIPHU BBICOKMX 4YacTOTaX
BJIMAIOT Ha (YOpMY BBIXOJHOTO HAIPSDKEHUS peoOpa3oBaTeds.
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MEXANIKi HOROKOTIN PARAMETRLORININ PYEZOELEKTRIK CEVIiRiCILORININ
STATIK XOTALARININ TODQiQi

O.T. HOZORXANOV, T.I. KORIMLI, V.A. NEYMOTOV, V.S. HUSEYNOV

Mogalodo mexaniki horokotin parametrlorinin pyezoelektrik c¢eviricilorinin yeni konstruktiv variantlar1 toqdim

edilmigdir. Ceviricinin hondasi 6lgiilorinin, eloco do donms bucaginin xotalar1 nozers alinmaqla diferensial qosulma sxemi ilo
birlosmis pyezoelektrik hassas elementlorin kompleks miiqavimatlari va elektrik korpli sxeminin ¢ixis gorginliyi liglin statik
tonliklor tortib edilmisdir. Kompiiter modellori qurulmus vo onlarin simulyasiyasindan alinan noticalor tohlil edilmisdir.
Xatalarin geviricinin ¢ix1s gorginliyina olan tasirinin xarakteri miisyyan edilmisdir.

Acar sozlor: pyezoelektrik gevirici; diferensial sxem, xatti dayison statik xata.

RESEARCH OF STATICS ERRORS OF PIEZOELECTRIC CONVERTERS OF MECHANICAL
MOTION PARAMETERS
A.T. HAZARKHANOV, T.I. KARIMLI, V.A. NEYMATOV, V.S. HUSEYNOV

The article presents new design variants of piezoelectric converters of mechanical motion parameters. Static equations are

composed for complex resistances of piezoelectric sensitive elements connected by differential pattern taking into account
linear-changing errors of geometric sizes and angle of the converter as well as, for the output voltage of the electric bridge
scheme. Computer models were built and the results of their simulations were analyzed. The nature of the effects of errors on
the output voltage of the converter has been revealed.

Keywords: piezoelectric converters, differential circuitry, static linear-changing errors.

Hocmynuno 6 peoaxyuro:  18.07. 2019
Iocne dopabomxu: 12.03.2020
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TEIIJIOBOM BAJIAHC CAMOBEHTUJIMPYEMBIX
JANCKOBO-KOJIOAOYHbBIX TOPMO30B C IIUITAMHA

M.S1. JDKABAJIOB?, J1.10. )KYPABJIEB?, M.M. HACUPOBA?,
B.S. [IOIIOBWY?, 11.0. BEKUII® A.H. BYABY 1

[Tpoananu3upoBaH TEIUIOBOI OamaHC CaMOBEHTWINPYEMBIX ANCKOBO-KOJIOJOYHBIX TOPMO30B TPAHCIIOPT-
HBIX CPEJICTB, KOTOPHII CYIIECTBEHHO BIMACT HA SKCIUIyaTalMOHHBIEC MApaMETPhl UX Map TPEHHsA. YPOBEHb 3HEP-
TOHArpY»KeHHOCTH Map TPEHHs TOPMO30B MCCIEJOBAaH NMPH PasIMYHBIX TeMmIeparypax. B ocHOBy uccienoBaHuit
MOJI0KEHA KOHCTPYKIUS CAMOBEHTIIIMPYEMOT'O IUCKA C HUIMHAPUIECKUMH IIUITaMHU, KOTOPBIE COSANHSIIOT MEXKY
co00i1 JIEBBIH MOYUCK C MPABBIM NOJIYIUCKOM, nMeronmM ¢uiaHen. [Ipeioxken TeMiiepaTypHbIii METO/] OLEHKU
TEIUIOBOTO OaraHca CaMOBEHTHIINPYEMOTO TOPMO3HOT'O AUCKA C IMIMIAMH B SKCIUTyaTaI[HOHHBIX YCIIOBHSAX.

PaccMOTpeHBI IIUIBI Pa3HOTO CEYCHMS W MPOAHAIM3HPOBAHA X POJb B TEIMJIOOOMEHHBIX NpPOIEccax C
OMBIBAIOIIMMH BCTPEYHBIMH MTOTOKAMH BO3/yXa MPH JIBIKEHHH TPAHCIOPTHOTO CPEJCTBA C Pa3IUIHBIMH CKOPO-
CTAMH.

Knrouesste cnosa: 0uckoso-Ko10004HbIN MOPMO3, CAMOBECHMUIUPYEMDIL MOPMOZHOU OUCK, YUIUHOpUYe-
CKUTL WUn, NOsIC MpeHusl, Meniosoll 6aiatc.

Beeagenme. TpaHCOPTHOE MAalIMHOCTPOEHHE U, B YAaCTHOCTH, TPAHCIOPTHBIE CPEACTBA
IIMPOKO HCIIOJIB3YIOT COBPEMEHHBIE CHCTEMBI TOPMOXKEHUS. MI3BECTHO, YTO KOJIECHBIE TOPMO3HBIE
YCTPOMCTBAa TPAHCHOPTHBIX CPEACTB IPU IKCILTyaTallUd XApPAKTEPU3YIOTCS BBICOKOW CHJIOBOH U
TEIUIOBOM YZENbHOM HarpykeHHOCTbIO. KpoMe HHX CyILIECTBEHHOMY TEIIOBOMY BO3JEHCTBHIO
MOJBEPKEHBI JIpyrue JIeTaau Kojeca, T.e. 0apabaH M muHbl. Bo3neiicTBue anepnogndecknx uK-
JIOB HAarpeBaHMs U BBIHYXJIEHHOI'O BO3/YIIHOIO OXJIAXK/ICHHUs B 3HAUUTEIILHON CTENIEHU ONpenaes-
IOT JIOJITOBEYHOCTH Map TPEHUs U 3PPEKTUBHOCTH PAOOTHI AMCKOBO-KOJIOIOYHOTO TOPMO3a.

ITo mporHo3am 3KcrepToB, Ha Onmkaiiiiee Oyayiiee TUCKOBO-KOJIOJOYHBIE TOPMO3a OCTa-
HYTCSl CaMbIM PacIpOCTPAaHEHHBIM BHJOM TOPMO3HBIX YCTPOWCTB Ul KaT€rOpHUil TPaHCHOPTHBIX

1 AsepGaiimkaHckas HEKCHepHAS akazeMus, Baky
2 MBaHO-DpaHKOBCKHUIA HAIIMOHAIBHBIN TEXHUYECKHH YHUBEpCUTET He(TH 1 ra3a (T. ViBano-DpaHKoOBCK, YKpauHa)
¥ Asepbaiimpkanckas HammoHanbHas akaaeMust aBHALHH, baky
* Opecckuii HAMOHATBHBIH TIOMHTEXHUTECKHI yHuBepcuTeT (YKpauHa)
E-mail: udav2103@mail.ru
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cpencTB. B To ke BpeMs MX KOHCTPYKLHMS JOJDKHA IOCTOSTHHO COBEPILIEHCTBOBATHCS HA OCHOBE
PacUYeTHBIX METOJOB, KaCaIOIUXCd KOHCTPYKTHUBHBIX MMAPAMETPOB CAMOBEHTHIIMPYEMBIX IHCKOB.
Topmo3a J0JKHBI OTBEYATh MMOCTOSHHO PACTYIIMM TPEOOBAHUSAM K YBEJIMUEHHUIO MOIIHOCTH Tpe-
HUSI, KOTOpasi 3aBUCUT OT CKOPOCTH JIBWKEHHUS U JBIWXKYyIIencss Maccsl. s MHorux ¢upm (“Mep-
ceaec”, “@onpkcBaren”, “CUTpoeH” U JIp.) CO3AAHNUE HAACKHBIX U 3((HEKTUBHBIX Map TPEHUS TOP-
MO30B C BBICOKOH SHEPrOeMKOCThIO CTaJI0 MPUOPUTETHOM 3a/iaueii. Ee perieHue cocTouT B MOUCKE
HOBBIX KOHCTPYKLIMOHHBIX MaTEpUAJIOB JJIsl M3TOTOBJIEHMS IAp TPEHUS TOPMO30B M yCOBEpPILIEH-
CTBOBaHHME UX KOHCTPYKUHMHU. J[JIs1 3TOro HEOOXOAMMO UMETh 0a3zy aHHBIX TEOPETUUYECKUX U IKC-
HNEePUMEHTAIBHBIX MCCIIEIOBAHUI 110 TEIJIOBOMY OajlaHCy Map TPEHHS CaMOBEHTHIIUPYEMBIX IHC-
KOBO-KOJIOJIOUYHBIX TOPMO30B U HAIPSDKEHHO-/1€(OPMHUPOBAHHOMY COCTOSIHUIO JUCKOB. Permenue
3TON MpOoOIEeMBbl MO3BOJIUT HAMETUTH PAIMOHAIbHBIE IYyTH YCOBEPIIEHCTBOBAHMS KOHCTPYKIIHIA
CaMOBEHTWIMPYEMbIX JUCKOB C IMIMHAPUYECKUMH LIUNAMH C LEJIbI0 MOBBIILIEHUS UX 3HEPIOeM-
koctH. [loaTomy HacTosmas npodiema SBISETCS aKTyaJlbHOM.

AHAJM3 JHUTEPATYPHbIX AAHHBIX M MOCTAHOBKA MNpPodJeMbl. [[MCKOBO-KOJIOZOYHbBIE
TOpPMO3a KaTerOpHil TpaHCHOPTHBIX cpenctB, corjacHo mpaBuiy 13 EDK OOH (Espometickoii
Oxonomuueckort Komuccnn npu Opranmszanun O0veaunHennbix Hanuit) [1, 2], npu ucnbITaHUsAX
MOJIBEPTAIOT IUKIMYECKUM M JJIMTENbHBIM PEeKMMaM TOPMOXKEeHHUA. [Ipu 3TOM Ha MOBEPXHOCTSAX
nap TPeHHs TOPMO3a Pa3BHBAIOTCS TEMIIEPATYpbl, MPEBBIMIAIOLINE TOIMYCTUMYIO Ul MaTepuaia
HOJMMEPHOT0 (PPUKLHOHHOTO 71eMeHTa, T. €. 300...350°C. D10 oTpHLIATENIBHO BIUSET HA HKCILTY-
aTallMOHHBIC TIApaMETpPhl Map TPEHUS TOPMO3a, CYIIECTBEHHO CHWXKas 3(PQPEKTHBHOCTH €ro Jeii-
ctBus. [1oCKOJIIBKY TOPMO3HOIN JUCK SIBISIETCS aKKyMYJSATOPOM TEIUIOBOM SHEPruH, OH IPU KC-
TUTyaTallid TOPMO3a HaXOAWUTCS B HambOosiee TsHKEJIOM HaNpsHKEHHO-Ie()OpPMHPYEMOM COCTOSIHUU
M0 CPAaBHEHHIO C JAPYrMMH KOHCTPYKTHUBHBIMH dJ€MEHTaMH (HPUKIMOHHOW mapsl [3, 4]. D10 yka-
3BIBAET Ha HEOOXOIMMOCTh CHIDKEHUS €T0 SHEPTOHATPYKCHHOCTH.

W3BecTHBI METOMBI ONIPENIEICHNsT KOIMYECTBA TEIUIOTHI (KaJOPUMETPHS), 3aKITI0UAOITUECs
B HUCIOJb30BAaHUM PA3JIMYHBIX THUIIOB KaJOPUMETPOB, & UMEHHO: OOBIKHOBEHHOI'O MEpEMEHHOU
TEMIIEPATypPhl C U30TEPMUIECKON 00OJIOUYKOM; MACCHBHOTO MEPEMEHHON TEeMIepaTyphl ¢ U30Tep-
MUYECKOW 000J0YKOI; IepeMEHHOW TeMIiepaTypsl ¢ aguabatndeckor 0007I04KoM; auddepeniin-
aJIbHOTO C MEPEMEHHOM TeMIepaTypoil; ¢ OCTOSIHHOM Temnepatypoi [S5]. OqHako npeacTaBieH-
HBIE METOBl OMNPEICICHUSI KOJIUYECTBA TEHEPHUPYEMOW, aKKyMyJIUpYeMOW M paccenBaeMoil B
OKPYKaIOIIYI0 CPeIy TEIUIOTHI TMOBEPXHOCTSIMA TOPMO3HOTO JUCKa ¢ (hIaHIEM TPaHCIOPTHOTO
CpeIcTBa HE MOTYT OBITh MCIIOJIb30BAHbI M0 CICAYIONIMM MPUYMHAM: H3-32 CIO0XHOH KOH(HTrypa-
IIUU TIOBEPXHOCTEW TOPMO3HOTO JHCKA ¢ (JIaHIeM HEBO3MOXKHO TOYHO OIICHHTH MOTEPH TEIUIOTHI
OT paJuaIliOHHOTO, €CTECTBEHHOTO M BBIHYK/IEHHOTO KOHBEKTUBHOI'O TEIUIOOOMEHOB, T.K. HEBO3-
MO’KHO Y4€CTh TOTE€PH TEIUIOTHI OT (PIIaHI[a TOPMO3HOTO TUCKA KOHJAYKTUBHBIM TEIIOOOMEHOM.

MeTton HarpeBaHUs W OXJAXKIECHUS TOPMO3HBIX 0apabOaHOB pa3IMUHBIX KATETOPHHA TpaHC-
MOPTHBIX CPEJCTB MPU OLIEHKE MX TEIJIOBOro OanaHca mpeaioxeH B [6]. aHHblil MeTos ObLT pea-
JM30BaH B YETHIPE dTAla: JIBa dTara B JJA0OPATOPHBIX U JIBA B DKCIUTYaTallMOHHBIX yciIoBHAX. [Ipu
9TOM OBLI WCIOJB30BAaH TEMIIEPATYPHBIM METOJ JIJIS TEIUIOM30JIMPOBAHHOTO M HETETUIOM30JIUPO-
BaHHOTr0 0apabaHOB C OIIEHKOW UX 00BEMHBIX TemIepaTyp. MeTo/ 1 IUpPOKOro pacnpocTpaHeHUs: He
TIOJTYYHII, IOCKOJIBKY SIBIISIETCS JOCTATOYHO TPYIOSMKHUM.

DNeKTPOAUHAMUKA U SHEPTreTHYECKUE YPOBHH MUKPOBBICTYIIOB IMOSICOB TPEHHSI TOPMO3HBIX
JIMCKOB OBLITM PacCMOTpPEHBI B [6, 7]. OTMEUYeHO MX BIMSHHUE HA TETUIOBOM OanaHc map TpeHUS TOp-
MO3a.
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TermoBomy OanaHCy CIUTOIIHBIX JUCKOB TOPMO30B TPAHCIOPTHBIX CPEACTB yJEJICHO BHU-
MaHue B padote [8].

HccnenoBanuto TemmoBoro 0anaHca CaMOBEHTHIMPYEMBIX TOPMO3HBIX JAMCKOB, B MOJOCTH
KOTOPBIX BBHITIOJIHEHO OopeOpeHwe, mocBsieHbl padotsl [9, 10]. Ocoboe MecTo cpeay caMOBEHTH-
JUPYEMBIX TOPMO3HBIX JAMCKOB 3aHMMAIOT JUCKU C IMIMHIPHYSCKUMH HIMIIAMH, KOTOPbIE COCIH-
HSIIOT MEXJLy COOO0H MOITYIUCKHU.

B cBsi3u ¢ U310KEHHBIM MTPOOJIEMa OLEHKH TEIJIOBOro OanaHca CaMOBEHTUIMPYEMBIX JHC-
KOB JIICKOBO-KOJIOJIOYHBIX TOPMO30B C HWJIMHAPUYCCKUMH HIMIAMH C Y4eTOM (H(HEKTUBHOCTH UX
BBIHY’KZICHHOTO BO3/IYIIIHOTO OXJIAXKIEHHS OCTAETCS MAJIOM3Y4EeHHOH.

Hean u 3apaun uccjenoBanuii. llenpio Mccaen0BaHMM SBISIETCS OLIGHKA TEIUIOBOIO Oa-
JaHCa CAMOBCHTWJIMPOBAHHBIX, C HWIMHAPUYECKUMH LIMIIAMHU JUCKOB TPAHCIOPTHOTO CPEICTBA
JUISE MOJIEPHU3AIMH KOHCTPYKTHUBHBIX AJIEMEHTOB M MPEIYyNPEkKACHHE BOZHUKHOBEHUSI MHKpPOTpe-
IIMH Ha UX Pa0OYHX MMOBEPXHOCTSIX.

JIiist TOCTHIKEHUS! TIOCTABJICHHOM 1EJTM MTOCTABJICHBI CIICAYIOINE 3a1a4H:

- OIIPEJENIUTh TEIJIOBOH OanaHC CaMOBEHTHIMPYEMOTO TUCKA C LIMIaMHU B COCTaBE TOPMO-

3a;

- OLICHUTH TEIUIOBYIO U BECOBYIO 3(p(hEKTUBHOCTH MIUIIOB PA3IMYHOIO CECUCHHSI CAMOBEHTH-

JUPYEMOTO TOPMO3HOTO JMCKA C IMIMHAPUICCKUMU IITUITAMHU.

TensioBoii 6a1aHC CAMOBEHTHJIHPYEMBbIX TUCKOB ¢ NIVIMHAPHYECKAMH IUNAMH B CO-
cTraBe TopMo3a. OleHKa TeII0BOro 0anaHca rnap TPeHUs] CAMOBEHTWIMPYEMBIX, C LIUIAMHU JIUCKO-
BO-KOJIOJIOUYHBIX TOPMO30B TPAHCIIOPTHOTO CPEICTBA OCIOKHEHA HEeaJnabaTHOCTHIO MPOIIECCOB,
COIIPOBOKAAIOIINX AIEKTPOTCPMOMEXAHUUECKOE TPEHUE, Pa3IHUUEM TOBEPXHOCTHBIX TEMIIEPATYP
napbl TPEHUS «KMETAIUT - TIOJUMEP», MPUCYTCTBUEM HHEPTHBIX Ta30B B MEKKOHTAKTHOM 3a30pe Map
TPEHUsI, HEMIOJTHOTOM MPOTEKAHHUS TEPMOXHUMHUYCCKHUX MTPOIIECCOB.

Ha puc. | mpencraBiieHO Tpu ypOBHsI TeMIIEpaTyp:

t,, 1, u t, — okpyxarmiel cpeapl, HaYaldbHasd U KOHEUYHas. N
HopmanpHast TemmepaTypa OKpYXarolllero BO3AyXa paBHa
20°C. HauanpHas Temneparypa pabo4ux IMOBEpXHOCTEH map el ’
tperus paBHa 100°C [11]. Koneunass temmneparypa mo- /'
BEPXHOCTEH TPEHUS MOXKET ObITh HMXKE JIMOO BBIIE JIOIMY- y ‘ 4
CTUMOM JJIs MaTepuaa MoJMMEPHON HAKIIaKH.

IIpomeccer 1-2 1 2-3 OTHOCATCS K HarpeBaTeIbHBIM, 5 2 f
a nporecchl 3-4 u 4-5 (puc. 1) 0TBEHAIOT BBIHYXIECHHOMY
BO3JyLITHOMY OXJIAXKACHHUIO Tap TPEHHUS CaMOBEHTHJIUpYe- Puc. 1 - Cxema npomexarnus npoyeccos
MOTO HMCKOBO-KOJIOJOYHOTO TOPMO3a C IIMTAMH MpU [BH-  (HA2Pe6ants — oxiadicoenus» nap mpenus

’KEHUH TPAHCIOPTHOTO CPECTBA.

o TenioBoMy GajlaHCY CAaMOBEHTUIMPYEMBIX TUCKOB TOPMO3a TPAHCIOPTHOI'O CPEJICTBA B
peKUMax JABWKEHUS U TOPMOKEHHS MOYKHO OLIEHUTH 3PPEKTUBHOCTH BBIHYKACHHOTO BO3AYIIIHOTO
OXJIQX/IEHUS] MAaTOBBIX M MOJUPOBAHHBIX IMOBEPXHOCTEH JNCKOB, @ TAKIKE COCTABIISIOIIYIO UHTECH-
CHBHOCTHU KOHJYKTHBHOT'O TEIUIOOOMEHA MEX/y KOHCTPYKTHBHBIMHU JIEMEHTaMHM JUCKa [2].

Ha puc. 2 a npencraBieH IUCKOBO-KOJIOIOYHBIM TOPMO3 1, KOTOPBIN CONEPKUT CyNIopT 2
C YCTaHOBJIEHHBIMU B HEM TOPMO3HBIMU KOJIOAKAMHU 3 ¢ GPUKLMOHHBIMU Hakiaakamu 4. Cynmnopr
2 3aKkperuleH Ha KpoHUITelHe nands! (Ha puc. 2 a He MOKa3aHbl) U MOJAKIOYEH K T'MIPONPUBOIY
(re mokasan). Topmo3 1 uMeeT npaBbIil MOTYAUCK 5 ¢ ¢uiaHiieM 6 u JeBbIid moryauck 7. Co cTopo-
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HBI BHYTPEHHUX TIOBEPXHOCTEH 8 MONYAUCKH 5 U 7 COCIUHEHBI MEXITy COO0H MMIHMHIPHISCKUMU
munamMu 9, Kotopsie MOKPBITH Teruionsoisuued 19. uner 9 pacnonokeHsl HAa BHEUTHEM I U
BHYTPEHHEM I paguycax mosicoB TpeHus 10 moiayauckoB 5 u 7.

JUid n3MepeHns NOBEPXHOCTHBIX TEMIEPATyp Map TPEHHs JUCKOBO-KOJIOJOYHOIO TOPMO3a
HepeHero MocTa TPAHCIIOPTHOTO CPEJCTBA B €r0 Y3l TPEHHs OMEIIaT TepMOdJIeKTpoasl 11 u
12 tepmomnap (puc. 2 0). JIByxkaHanbHasi Kepamudeckas TpyOka 14 ycTaHaBIMBaeTCs B OTBEPCTHE
15 dbpuKIMOHHOM HAKIAAKU 4 U BEIBOJUTCS Ha ee pabodeil moBepxHOCTH. B TpyOKy 14 nrmamerpom
4,0 MM BiOXeEHBI TepModJiekTpoasl 11, 12 Tepmonapbl, U3rOTOBJIEHHON U3 XpOMEIb-KOIEIEBOM
mpoBoJioku AuameTpoM 0,4 mm.

[TonoxxurenbHbBIM TEPMO3IEKTPOAOM 11 siBIsSETCS XpoMeneBasl MPOBOJIOKA, a OTPULATEIb-
HeIM 12 — komeneBas npoBosioka. Cdepudeckas ronoBka Tepmomnapsl 13, B3auMoaeicTByromas ¢
paboueil MOBEPXHOCTHIO TOPMO3HOTO JHCKa 1, M3TOTOBIEHA U3 BBHICOKOTEMIIEPATYPHOTO MEIHOTO
IIPUIIOS B BUJE crasg auaMeTpoM 3,0 MM M yCTaHOBIJIEHA B OrpaHuuuTenbHoe koablo 18. Ilocnen-
Hee MPEIsITCTBYeT BBIXOAY M3 CTPOs IOJIOBKM Tepmomnapel 13 u crmocoOcTByeT ee pabore 10
MOJIHOTO M3HOCAa (PPUKIMOHHON Hakmaaku 4. JIByxkaHajbHas Kepamuueckas Tpyoka 14 (kepamu-
yeckas TpyOKa COCTOMT M3 JBYX 4YacTeil) yCTaHOBJIEHA C M3OJSAIMOHHBIMU BTyJIKamMu 17 u 18 B
oTtBepcTe 16 Topmo3HOit konoaku 3. JnuHa repmosniektponos 11 u 12 cocrasnser 200...350 mm u
BBIOMpAETCS U3 YCIOBHSA, YTOOBI 32 BPeMsl SKCIIEPUMEHTOB XOJIOHBII CHail He YCIelN MPOrpeThes.
BbIBOZIBI Ha perucTpUpYIONIYIO almaparypy OCYLIECTBISUINCh MEIHBIMU IIPOBOJaMU. Tepmormapa
nepeJ ee yCTAaHOBKOM TapupOBalach BMECTE C COEIMHUTENIbHBIMU ITPOBOJAMH.

TpaHcnopTHOE CpencTBO PA3TOHSIOT 10 3aJaHHON CKOPOCTH M BBINOJIHSIOT LUKIMYECKUE
TOPMOKEHHUSI TUCKOBO-KOJIOAOYHBIM TOPMO30M ITyTeM MPUKIIAJABIBAHUS U CHATHS YCUIIUS C TIeAaIu
TOopMO3a (Ha puc. 2 He noka3aHbl). C MOMOIIBI0 TOPMO3HBIX KOJIOJOK 3 ()pUKLMOHHBIC HAKIAIKHU 4
pabouynMMM MOBEPXHOCTSIMH HPUKUMAIOTCS K pabouyeil moBepXHOCTH TOpMO3HBIX nuckoB 1. ITocne
3aBEPLICHUS HUKIMYECKHX TOPMOKEHHUI TPAHCIIOPTHBIM CPEICTBOM CHUMAIOT HArpy3Ky ¢ TOPMO3-
HOW meJanv M IpU MOMOIIM THAPONPHUBOJA OTBOJAT TOPMO3HBIE KOJIOJIKH 3 ¢ HAaKJIagkaMu 4 OT
paboueil MoOBEepXHOCTH TOPMO3HOT'O JTUCKa 1.

Ha npoueccsl MexaHHYECKOTro, 3JIEKTPH-
YEeCKOro, TEIIOBOTO W XMMHUYECKOI0 XapakTepa,
NpOTEKAoNe Ha (PUKIHOHHOM KOHTAKTe, CY-
IIECTBEHHOE BIUSHUE OKa3bIBAE€T IEOMETPHUs
MHUKPOBBICTYIIOB B3aUMOJECHCTBYIOIUX MOBEPX-

HOCTEH, KOTOPBIE B PEAIBHOCTU OTINYAIOTCA OT

HﬂeaHBHOﬁ MOBCPXHOCTH. Hannuue MUKPOBBI-
B(M)
14 16 13

CTYIOB BEJIET K TOMY, YTO IpHU cOMmKeHnn pado-
4YuX IIOBEPXHOCTEH IIap TPEHUSA IIOJ BHEIIHEH

Harpy31<0171 BSaHMOHGﬁCTBHG OpOUCXOOUT Ha

IITHaAX KOHTAKTOB MHUKPOBBICTYIIOB (JII/ICerT-
Puc. 2 - Obwuii 8u0 camo8eHmMumupyemozo OUck080-Ko-
J10004H020 mopmo3a (a); eud A gpuxyuonnozo ysna (6);
YACIbHBIMH Harpy3kamMu, COIPOBOXIAAIOIIHUMMUCIA CamMOBEeHMUNUPYeMbITL MOPMOZHOU OUCK C YUTUHOPUYE-

TeHEpUPOBAHMEM SIIEKTPUUECKHX TOKOB U HH- CKUMU WUNAMU (8); NOIYOUCK ¢ O4epmMaHuem paouycos
nosca mpeuus u nonodxcenus 1-9 naknaoku Ha e2o no-

KacaeTcsl UKINIeCKoro (Tum |) U JIMTensHoro GaHHbIMU MEPMONAPANY (0); MENROUSOAUPOBAHHDI
YuruHOpuyeckutl wun (e)

HbIi (PUKIMOHHBIA KOHTAKT) C OONBIIMMHU

(tumt |l) ucpITaHW TUCKOBO-KOJIOJOYHBIX TOP-
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MO30B TPAHCIIOPTHBIX CPEACTB.

[Ipu ABWXEHUH TPAHCTIOPTHOTO CPEAICTBA MATOBBIE U TMOJIUPOBAHHBIC TIOBEPXHOCTH IMOIY-
JUCKOB 5 U 7, a TakKe MOBEPXHOCTH LMJIMHAPUYECKHUX IIUIOB 9 OMBIBAIOTCS BCTPEYHBIMU MOTO-
KamMu Bozayxa. [locnennuii, momagast BHyTpb MOMYIUCKOB 5 U 7 U MEXy HWIMHAPUYECKAMHU IIH-
namu 9, 3aBUXpsETCs, B pe3yibTaTe Yero TemrepaTrypa BO3AYIIHBIX MOTOKOB IMOHMKAETCS, a UH-
TEHCUBHOCTH BBIHYKJICHHOTO OXJIQKJICHHSI BHYTPEHHHUX MOBEPXHOCTEH 8 MONyAHCKOB 5 U 7 BO3-
pacraet. [Ipu GppUKIMOHHOM B3aUMOAEWUCTBUM HAKIAAOK 4 ¢ moscamu Tperus 10 momyauckos 5 u
7 OHM OBMXKYTCS MO UX CBEXeMy cieny (cMm. puc. 2 ¢ mno3uuuu 1-9). B pesynpraTe B3aumoei-
CTBHSI BCTPEUHBIX ITOTOKOB BO3/[yXa C YKa3aHHBIMH BBIIIIE TOBEPXHOCTSIMHU IIPABOro 5 ¢ ¢uannem 6
1 JIEBOTO 7 MOJyTUCKOB, COEIMHEHHBIX MEKIY COOOW HMIMHAPUYECKUMH IUTIAMU 9, IPOUCXOAUT
BBIHYK/ICHHBI KOHBEKTUBHBII U paIualliOHHBIN TEIII000MEHBI.

Crnioco0 oreHKH TerioBoro OanaHca CaMOBEHTHJIMPYEMOTO JUCKA € LWJIMHAPHYECKUMH
[IMIIaMHU IS TIap TPEHUS JUCKOBO-KOJIOAOYHOTO TOPMO3a PA3IUYHBIX MOJAKATETOPUN TPAHCIIOPT-
HBIX CPEJICTB PEATU3YIOT B 06a dmand.

Ha nepsom sTame TpaHCHOPTHOE CPEICTBO JBHXKETCS B PEXKHUME LUKIMYECKHX TOPMOXKE-
Huil. [Ipu 3TOM ompenensiroT YHeProHarpyKeHHOCTh Tap TPEHUS, T. €. UX MOBEPXHOCTHYIO TeMIIe-
parypy 1y u crenenp ee mosbimenus (t-tp) (rae to — Temmeparypa OKpy)KaroIiero Bo3ayxa) ¢ Imo-
MOIIBIO criasi TepMonaps! 13, BMOHTUPOBAHHOM B TeNI0 (YPUKIIMOHHBIX HAKIIAAOK 4.

Ha emopom 3tane TpaHCHOPTHOE CPEJCTBO ABHXKETCSA B PEKUME LIUKIMUECKUX TOPMOXKe-
HUI C TEIUIOM30JIMPOBaHHBIMU 19 HeNbHBIMU HIHHAPpUYeCKUMH mnamu 9. [lpu sTom onpenens-
I0T YPHEPTOHATPYKEHHOCTD JICBBIX U MPaBBIX Map TPEHHS, T. €. X MOBEPXHOCTHBIE TeMIIEpaTypsl 1,
u t3, a Taxke BenuuuHy MX NMOBbIIIeHUs (t1-ty) u (t3-ty). Bemuuunstr otHomenuit (t1-to)/(to-to) u (t;-
to)/(t3-tp) yKa3pIBAIOT OO TEIUIOTHI, KOTOPAsi OTBOIUTCS MPABBIM 5 ¢ (uiaHIeM 6 U JIEBbIM 7 TONY-
JMICKaMU B OKPYXKAIOIIYIO CPELy.

Oco0eHHOCTH mpouecca OMBIBAHUS BO3AYXOM HMJIMHAPHYECKHX LIMIIOB TOpPMO3a.
Haubonee pacripoctpanenHol popMoii 00TeKaHHUsS BCTPEYHBIMU MOTOKAMHU BO3/yXa IMIUHIpHUYE-
CKHX IIUIOB, PACMOJIOKEHHBIX MEXKIY MOIYIUCKAMHU TI0 OKPY>KHOCTH, SIBJIISIETCSI PEKUM TP YK C-
nax Peitnonpaca Re < 2-10°. OH XapakTepu3yeTcsi MalbIM YIJIOM OTpIBA ¢, PABHBIM IIPUMEPHO
82°, 1 GONBIINM COMPOTHBICHUEM JBMKCHHIO MTOTOKA MUIMHAPUYECKOM MOBepXHOCTH (pHc. 3 a,0).

VC! tC > d > dm
P 4 A Y N D MDD
oo OO g NVARNY
—_— o —_ Uf)\.
W W ar U 1AL
NFAANPAANPE NP N \V NPANE
DN DN N LD DL
NIPSANPAAN VAN AN A AN SR AR N
< Sy > —Pp < 1l »
a 0

Puc. 3 a, 6 - Bapuanmul pacnonoscenus cniowHuIX YUIUHOPUYECKUX WUNo8 (nonepeunoe ceuenue) Ha HYmpenHuUx n08epxXHo-
CcmsX NOAYOUCKO8: d — KOopuodopHoe,; 6 — waxmamuoe; Ve — ckopocme nabe2anust 8030yxa; t,— memnepamypa 8030yxa

IIpu 5TOM ABMKEHUE B IOTPAHUYHOM CJIO€ OCTAE€TCs JIAMUHAPHBIM BIIJIOTH O TOYKH OTpPBI-
Ba. Jlanee moTok ABIKETCS B TypOyiaeHTHOM pexume. [Ipm yBenmuenunm umcna PeifHonmbzaca
Re > 2-10° Touka mepexo/1a JAaMHHAPHOTO TIOTPAHMYHOTO CJI0 B TYpOYJICHTHBIH CMEIIaeTCs BBEPX
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0 TIOTOKY U 0 Mepe yBelndeHus yncia PeifHonpaca mpoHuKaeT B 06JacTh 0€30TPHIBHOTO 00Te-
KaHWs, TJe HaOJFoMaeTcsl KakK JIAMAHAPHBIN, TaKk W TypOyJeHTHBIH MOrpaHuYHbIe ciiod. [lepBbrit
HAYMHACTCS OT MepeHe KPUTUYECKON TOUKM HA HEKOTOPOM PACCTOSIHUU OT Hee, BHHU3 IO MOTOKY
HEePEeXOAUT BO BTOPOH, U OTPHIB MPOUCXOAUT y’Ke B 00JIACTH TYpOYJIEHTHOTO MOTPAHUYHOTO CIIOA.
[Tpu nanpHeiieM yBenu4eHUU uncia PeliHonmbpaca HacTymaeT Kpu3uc oOTeKaHus — TOYKa OTphIBa
MIPU STOM CMEIIAETCs] BHU3 TI0 TIOTOKY.

B nanHOM ciyyae uMeeT MECTO NONEPEYHOE OMBIBAHME BO31YyXOM LIMJIMHAPUYECKUX IIH-
noB. Terionepenaya NOBEpXHOCTH LIMIUHAPHUYECKOTO HIUIA J1aXKe B MIEPBOM PSAY MyYKa HECKOJIb-
KO OTJIMYAeTCs OT aHAJIOTUYHOTO IPOIecca Ul OAUNHOYHOTO IINIA, TAK KaK CXEMbI HX O0TeKaHHUs
paznuusbl. [nmel, pacnonokeHHble BO BTOPOM U TPEThEM pAAAX, HAXOIATCS B 30HE MOTOKA, BO3-
MYILIEHHOTO MPEAIECTBYIOMUMH PsIIaMi, 1 HHTEHCUBHOCTD UX TEIJIOOTAAYH 3aBUCUT OT CTPYKTY-
PBI IOTOKA OMBIBAIOLLETO BO3/1yXa.

Koaddunuent temnooraaun oT MOBEPXHOCTEH CIUIOMIHBIX IMIMHAPUIECKUX IIUTIOB K I10-
TOKaM OMBIBAIOIIETO BO3AYyXa IBMXKYILIErOCs I'Py30BOr0 TPaHCIOPTHOIO cpeiactBa mMapku MAN
mozenu TGA 26.430 onpeaernsiiu 1Mo 3aBUCUMOCTH BUJIA:

Q
0L_TA(tl_to)' @
rae Q — KOJMMYECTBO TEIUIOTHI; T — BPeMsl OMBIBaHHS BO3IYXOM; A — IJIOMAAb MOBEPXHOCTH; 1y, to —
TEeMIIEPaTyphl: MOBEPXHOCTHU IINIA U OKPYKAIOLIEH cpeapl.

Ecnu yron BcTpeun Haberaroniero Ha HMJIMHIPUYECKUHN UM MOTOKA BO31yXa (Yrojl aTaku
w) ortimued oT 90°, To KOI(PQUIMEHT TEIUIOOTIAuH, pacCYMTaHHBIA 1o Gopmyie (1), ciaemyer
YMHOXHTb Ha NONPaBOYHBIA KOA(P(UIUEHT:

v ’ 2)

y=90°

rac a,, — Kod HUIUCHT TCIIOOTAA4YM IIPHU JAHHOM VYIJIC aTaKHu, & » = KOD NIUCHT TCIIJIOOTaA-
4 %

=90
YH, PaCCUYUTAHHBIN 110 dopmyie (1).
3aKOHOMEPHOCTb HM3MEHEHMs IMOIpaBOY-

HOro kodpduuuenra &, B 3aBUICUIMOCTH OT yIJa EV
aTaky i MPUBEEHA Ha pUC. 4. 0 = ﬁ
™.

Bnusinue crenenu TypOyneHTHOCTH Hale- N
raloIero IMoToKa BO3JyXa HAa HMHTEHCHBHOCThb 08 N
TEIUIOOTAA4YM LWINHIPUYECKOTO LIUNA IPU €ro \\
MOMIEPEYHOM OOTEKaHMM HM3Y4YE€HO HEIO0CTaTOd- N
HO. a6 B =

B naHHOM ciyuae uMeeT MecCTO Iornepeu- ¥
HOC OMBIBAHUEC BO3AYXOM HMUWIMHAPWUYCCKUX IIH- % 70 ” m m

Puc. 4 - 3axonomeprocmu 1uANUA NONPABOUHO20 KOI(-
puyuenma e, na yzon amaxu y1°6030yxa npu
JIMHAPUYCCKOTO IIHIIA JaXXC B IICPBOM DPAOY menioomoaye eOUHUYHO20 YUTUHOPUYECKO20 WUNA

ITy4yKa HECKOJIbKO OTJIUYAacTCA OT aHaJIOTMYHOT'O

I10B. Hpouecc TCIJIOOTAAYN TMMOBEPXHOCTH LHU-

npolecca A1 OAMHOYHOTO IIUIA, TOCKOJIbKY CKOPOCTHBIE MOJI UX 0O0TeKkaHus pasnnyHbl. [lumnel,
PacCIIOJIOKEHHBIE BO BTOPOM U TPETHEM PsaxX, HAXOAATCS B 30HE IIOTOKA, BO3MYILIEHHOTO IIpeIIe-
CTBYIOIIUM PsiAioM. VX TeIIooT1aya 3aBUCHUT OT a3pOAMHAMUYECKOU CTPYKTYPHI IIOTOKA.
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B tab6u1. npuBeneHs! 3HaYCHUS KOADHUITUSHTOB TETUIOOTJAYH.
Tabauya
3HaveHns K0A(PPUIHEHTOB TEIIOOTAAYU B OKPYKHBIX PsiiaX HUJINHAPHYECKHX HINTOB B
3aBHCHMOCTH OT CKOPOCTH ABHKeHUsI TPAHCIOPTHOIO CPe/icTBa

Psnbr CKopocTH ABHKEHUS TPAHCTIOPTHOTO CPECTBA, KM/4
HIHTIOB 20 | 30 | 40 | 50 60 | 70 | 80 | 90
Mepasit Kosduupents! Temiootaaun, a, Br/(m*-°C)

10 20 30 40 45 50 55 60
Bropoii 14 28 42 56 63 69 76 83
Tperuit 16 32 48 63 71 79 87 95

AHanmu3 MOJYYEHHBIX 3HAUYEHUH KOA((HUIMEHTOB TEIUIOOTAAYH IOKa3al, YTO CTPYKTypa
MOTOKa, HAYMHAS C TPETHETO psifa U Jajee, OCTAeTCs MPAKTUYECKH HEU3MEHHOMU, ITOATOMY MHTEH-
CUBHOCTb TEIUIOOTJAYM TaKKE€ COXPAHUTCS MOCTOSAHHOM. Teruoornaya nmepBoro U BTOPOIO PsiioB

IIAIIOB TI0 CPABHEHHUIO C TPETHUM PAIOM MeHbIe. CpenHuil KodppuuueHT TerwiooTaauun Ol mep-

BOTO psifia HAXOJIAT IMyTeM yMHOXeHHsI OL TpeThero psza Ha 0,6, BToporo psaa — Ha 0,7 (maxmar-
Hoe pacrnionoxkenue) v Ha 0,9 (KopuaopHOe pacnoyioKeHHeE).

OnHuM U3 myTei, NO3BOJAIOIINX UHTEHCU(DUIIUPOBATh TeIlonepeaady, — 3TO yBEJIMYEHUE
IUIOLIA 1 BHYTPEHHUX MOBEPXHOCTEH TEII000MEHa 3a CUET yBEJIWYEHHs KOJIUYECTBA ILIMIMHAPU-
YECKUX IIUIOB.

VBesnn4eHus: IUIOMAAM IOBEPXHOCTEH TEmIoo0MEeHa MOXKHO JIOCTUYb, €CJIM BMECTO
CIUIOIIHBIX IMJIMHAPHUYECKUX IINIOB NPUMEHUTh KOMOMHUPOBAHHBIN BapUaHT COEIUHEHHS TOJY-
JIUCKOB TopMo3a. [Ipu 3TOM nepeiaBaemMblii MU TETIJIOBOM MOTOK OT JIEBOTO MOJIYAMCKA K IPABOMY
HOJYAUCKY C (hIaHILIeM BO3pacTaer.

Tepmuueckue coOnpoTHBICHHUS TEIUIOOTJAud BHYTPEHHHMX CTEHOK MOJYIHUCKOB BMECTE C
IMIMHIPUYECKUME IIHIAMHI TIPoNopHuoHanbhbl (o, A)™*. IIpu 3ToM B TemIooGMeHe He3aBHCHMO
NPUHAMAIOT y4acTHE TJ1aKasi IOBEPXHOCTh MOJIYJUCKOB U OBEPXHOCTH LIMITMHAPHUUECKHX LIIHUIIOB.
[TpumeHeHue MocIeHNX B CAMOBEHTHIMPYEMOM JAUCKE SBIAETCS OJAHUM M3 OCHOBHBIX ITyTe€il MH-
teHcuukanum Tertonepenadn. Heo6xonumMo OTMETUTD, YTO HIMITBI PAa3IMYHONH F€OMETPHH U Tell-
JIOIPOBOJHOCTH MO-pa3HOMY PabOTaIOT Jake B OJMHAKOBBIX YCIOBUSAX MPU OJHOPOTHBIX MCTOY-
HHUKaX ¥ CTOKax TEIIOTHI.

B [12-13] cdopmysarpoBaHbl OCHOBHBIE JOMYIICHHS, TO3BOJSIIOLINE YIIPOCTHTh TEIIOBOI
pacueT MIUIOB PAa3InYHON FEOMETPHH.

Kpurepruem, KOTOpbIM 00BIYHO PYKOBOJICTBYIOTCS IIPH YCTAHOBKE IIMITOB HA TIOBEPXHOCTH,
SBIISIETCS TPUOIM3UTEIHHOE PABEHCTBO OOOMX TEPMHUYECKMX COMPOTHUBICHHUN TEIUIOOTAAYH, TO
ectb o141 = azA,. Takum oOpa3oM, ecnu ap<<oy, TO KOJMYECTBO LIMIIOB HA BHYTPEHHEH MOBEPX-
HOCTH YBEJIMYHMBAIOT JI0 TE€X T0p, IOKa HE TOCTUTHYT paBeHCTBA A1/A,=aylay. JlanbHeliee yBenu-
4yeHue A, ManodQPEeKTUBHO, TOCKOIbKY IIPH HE3HAYMTEIBHOM POCTE TEIUIOBOIO MOTOKA BO3pacTa-
€T Macca KOHCTPYKLUH, a TAK)KE 3aTPaThl HA €€ U3TOTOBJICHUE.

I'eomerpus mmmnoB (ux Gopma u pazmep) MOXKET ObITh JOCTATOYHO pazHOOOpa3Hoil. Pacuer
TEMIIepaTypHBIX MOJIEH B IIMNAX JOBOJIBHO CJIO0XEH, HECMOTPSI HA HEKOTOpbIE YNPOLIAIOLIUE J10-
mymenus. [TogpoOHO mogo0HbIe 3329 TEIUIONEPEeHOCa pacCMOTPEHBI B [12].
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TemnoBasg u BecoBasg 3Q(PeKTHBHOCTh PA3jIMYHOr0 THUIA IIMIIOB CAMOBEHTHJIHPYe-
MBIX TOPMO3HBIX AUCKOB. [IpoBenem 0000meHHOE HCCenOBaHUE TETUIOBOW M BECOBOH 3 (dek-

THUBHOCTHU CIIUIOIIHBIX IIH- »

JUHAPUYECKUX IIUIOB (puC.

5 a, 6) ¢ TIOCTOSIHHBIM JHa- 2
metpoMm d u mepenaveit Ter-

d
JIOTBI Yepe3 BCe MOBEPXHO-

CTHU. OTOT METOI MOKHO

WCTIONB30BaTh U IS pebep.
B OCHOBY HCCJIEOAOBAaHUA Puc. 5 a, 6 - Pacuemnas cxema chiowHo20 wuna ¢ pasiuiHslMu
3aJ10’KeHa METOIMKA AHATH- npogunsmu OGOK08bIX nogepxHocmell (a) u KoHuYecko2o wuna (6)
3a OJHOMCPHOI'O TCIIJIOBOI'O
IIOTOKa B HNPEAIIOJIOXKCHUU IMOCTOSIHCTBA KOS(I)(I)I/IHI/ICHTa TCIUIOIIPOBOJAHOCTH U NEPEMCHHOI'O KO-
3¢ ¢uIMeHTa TeIIO0TIauu ¢ AaJbHEHIIMM onpeseneHueM koapuimenTa Temonepenauu. Hame-

HCHHC HpO(i)I/IJ'DI OOKOBBIX HOBCpXHOCTeﬁ CIUIOIIHOTO IIKIa B HanboJee O6HICM BHUJC MOKHO IIpC/I-

d =d1(%jn, 3)

rae d, d; — mosnymMpHHaA CIUTONIHOTO [HJIMHAPHYECKOTO [IMMA HA PACCTOSIHUM X OT Hadajaa KOOp-

CTaBUTh 3aBUCUMOCTHIO [12]:

JIMHAT ¥ Y €r0 OCHOBAaHHS; N — paccTOSHUE OT OCHOBAHMUS CIUIOLIHOTO IMJIMHIPUYECKOTO IIUIA 10
Hayaja KOOpJIUHAT; N — [oKa3aTesb, XapaKTepU3YIOLUIUHA Ipo(UiIb IHIA.

Hauano xoopauHaT COBMECTHUM C BEPIIMHOM TPEeyrojbHUKa (0TBEYaeT KOHNYECKOMY IIHILY)
npu N=1 (cM. puc. 5 a). Eciu n = 0, To IpoJ0sIbHOE CEYEHUE CIUIONIHOTO LIMIIMHPUYECKOrO U
UMEEeT BHJ NIPSIMOYTOJIbBHUKA, a pu N=1 — Tpanemuu. B ciryuae n > 1 oOpasyromue O0KOBBIX I0-
BEPXHOCTEH NPHUHUMAIOT BHJ] BOTHYTBIX JIMHUH (CM. puc. 5 a), a npu N < 1 — BBIIyKIIBIX (pHC. 5 a).

TemnoByro 3 heKTHBHOCTD MINUIOB PA3TMYHOTO MPOGUIIS OLIEHUBAEM KOIPPUIIMEHTOM Ka-
YeCTBa, PABHBIM:

n=—, 4)

rae Qo — KOJIMUYEeCTBO TEIUIOTH IPU YCIOBUH, YTO MOBEPXHOCTHAs TEMIIEpaTypa IIUMA B JaHHBIN
MOMEHT BpeMeHH M3MeHseTcs ¥ paBHa Q1; Q — cyMMapHBbIi pacxo/l TEIIOTHI Yepe3 OXJIaKIaeMble
MOBEPXHOCTH LIUIIA.

Bennunna Qg onpenensercst U3 BEIpaXKEHUS:

AZ
Qo = [ 0,08 +21,d,01,0;.
Ay

HuaTerpan, BXoasmui B 3TO ypaBHEHHE, PABEH:

2al,0h ¢
1

[dr do,
nd} cosy %

5010%1
h
| = 20,0, —-.
cosy
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Taxum o0pazom,

n
Q, =2al,6, Lmlﬁ(ﬁJ . )
cosy a\h

rae dS — anemeHTapHas OOKOBasi IOBEPXHOCTh MIUMA; F — Iuromaap ceueHusl MIKMMa MIOCKOCThIO,
NEPIECHINKYISIPHON OCH X Ha PACCTOSIHUU X OT Hayasa koopAauHat; 6; = t-ty; t, ty — Temnepatypsi:
muna B ceuyeHnH F u okpykaromieil cpensl; oy o — kodduuueHT Ternooraun O0KOBOM U Toplie-
BOI OBEPXHOCTH IIHMA; A2, A1 — TIIoma u OOKOBBIX M TOPIEBBIX MOBEPXHOCTEH MIMTIA.

B xauectBe k03¢ uIieHTa, XapakTepu3yroIlero BecoBoil MoKa3aTelp LIMMA, CIYKUT OT-
HOUIeHUe oty Fp monepeyHoro cedeHus muna K miomaan F, npsMoyroisHuKa, HOCTPOSHHO-
r0 Ha OCHOBAHMU IIUIA NIPU YCIOBUH PABEHCTBA UX BBICOT:

F
S
it F
3nauenue F, u F,, onpeznensrorcs U3 ciaeayrommx COOTHOIEHHUM:
2d
F,=2d;h,, dF,=——dx.
cosy

Ilocne moacTaHOBKYU B MOCJICAHEC BbIPAKCHNUEC 3HAYCHUS du HUHTCTPHUPOBAHUA HAXOHUM:

n+l
- n [ (x
(n+1)cosy h

i) | ®

n+1)h, cosy h

Taxum o6pazom,

[Ipu ompeneneHnn KOHCTPYKTHBHBIX M BECOBBIX MapaMETPOB IMYCTOTEJIOTO IMIMHApUYE-
CKOT0 IIUMa HeOOXOAMMO YUYUTBIBATh €r0 BHYTPEHHUI nTuamerp. Takoi mun HyKeH Ui CoeTuHe-
HUSI KaMep MOJTYMCKOB NPU MX MPUHYAUTEIEHOM )KHUIKOCTHOM OXJIAXKICHHH.

Pe3synbrarhl mccnenoBaHuil MPECTaBICHBl MPUMEHUTEIHHO K CIUIONIHOMY IMIIMHApUYE-
CKOMY IIHITY, PACTIOIOKEHHOMY MEXKY MOy TUCKAMH.

Bocnone3zyemcs momy4eHHBIME 3aBUCUMOCTSIMU M TIPOAHATM3UPYEM M3MEHEHHE TETUIOBOM
1 BecOBOW 3()(HEKTHUBHOCTH CIUIONMIHBIX IMIMHAPUYECKUX IUTIOB, U3TOTOBJICHHBIX U3 Pa3IMYHBIX
metamios. [TpumeM s pacuetoB a = g = 100 JIx/(c-M?-°C) ty = 20 °C; TemnepaTypa y OCHOBa-
aus mmna t; = 240 °C; |1 = 0,04 m; d; = 0,003 m; 4 = 202 Ix/(c-M-°C) (aIrOMHHHUEBBIN CILIaB);
A = 52 Jx/(c'm°C);

_ /
(4yryH); 4=59 n% — — n%
g © L 7
Jx/(c-m-°C) (cTaisp). @ 7H% n ?\\ =0
Ha puc. 6 mo- 0 I A4 e Y el
+ = 50 o
CTPOEHBI 3aBUCHMOCTH Wy
P 70 @0 E .
h, =1 j T
n =f| = | - 60 2
2d, o 1w 20 10 40 M o 1z 3 4
24, 2
II0B, BBIIIOJITHCHHBIX W3 6
a
AJJIOMHUHHUECBOI'O CIIJIaBa . .
Puc. 6 a, 6 - Hzmenenue mennosoii (a) u 6ecosoii (6) s¢hpexmuernocmu yuiuHOpULecKux
(KpI/IBBIC |), qyryHa WUNOG 8 3ABUCUMOCINU OM.: OMHOCUMENLHOU 8bICOMbL U POPMbL HOKOBOI NOBEPXHOCMU,
(KpI/IBBIC “) U CTaIH useomoenennvix uz pazmuunvix memannos: I, 1, 11l — anromunuesoco cnnasa, uyeyna u cmanu:

gopmul 60K0601 NOBEPXHOCMIU
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(xpusbie I11) mpu pa3nYHBIX 3HAYCHHUSX TIOKa3aTes N.

I'padmueckue 3aKOHOMEPHOCTH KOJMYECTBEHHO MOJTBEPXKIAIOT M3BECTHOE IOJIOKEHHE O
TOM, 4TO TerioBast 3((GEeKTUBHOCTD IIMIIOB M3 AJIOMUHUEBOTO CIUIaBa HAMHOTO BhIIIE Y(PPEKTUB-
HOCTH LIWIOB M3 YyryHa U cTaju. TeroBas 3¢(eKTUBHOCTh IIUIOB YMEHBIIAETCS 110 MEpE yBe-
JUYeHusl mokaszaTesns N. BecoBble mokaszarenu, HAOOOPOT, YAYYIIAIOTCS MO MEpe yBeJIWdeHHs N.
HyxHO umeTh B BUAY, UTO NPU YBETUYEHUU N pacTEeT IJIOLIAAb 3a30pa MEX/y HIMIIAMHU, II03TOMY
YMEHBILAETCS a3pPOJUHAMUYECKOE CONPOTHUBICHUE MOTOKY OMBIBAIOILEro Bo3ayxa. Eciau yuecTs,
YTO WMHTEHCHUBHOCTH MAJCHUS TEIUIOBOW 3(PPEKTUBHOCTU MO Mepe YBEIMUEHHUS IOKaszareis N
HAaMHOTO MEHBIIIe HHTEHCUBHOCTH YJIyUIIEHUS BECOBOU 3((PEKTUBHOCTH, TO CIEAYET OTAATH Ipe-
noyrenue mumnam ¢ N > 0. unst ¢ N > < 0 UMEIOT YCIOKHEHHYIO KOH(PUTYpauio 00KOBOI Mmo-
BEPXHOCTH, BBIMIOJHEHHE KOTOPOW CBA3aHO C OINpeIeIeHHBIMU TpyaHOCTAMU. 13 puc. 5 BunHO, 4TO
CJIMIIKOM BBICOKHE IIMITBI MPUBOJAT K YXYALICHUIO BECOBBIX MOKa3aTeslel, K YMEHbIIEHUIO IIPOY-
HOCTU M YBEJIIMYCHHUIO ad9POAMHAMUYECKOTO COMPOTUBICHHS 0Opa30BaHHBIX M3 HUX KAaHAJIOB Kak
BHYTPHU TOPMO3HOT'O IUCKA, TaK U MEKIY €0 MOITYIUCKAMHU.

OO0cy:kaeHne pe3yJIbTATOB HCCIEAOBAHUS YHEPrOHATPY/KEHHOCTH NMap TPEeHHs Camo-
BEHTUJIMPYEMOTI'0 TMCKOBO-KOJI004YHOI0 TOPMO3a ¢ HMJINHAPHYECKUMHU IMnamMu. Pe3yiabTaTs
MIPOBEJICHHBIX HCCIEIOBAaHUI TEMJIOBOrO OajaHca CaMOBEHTWIMPYEMBIX IHCKOB C LWJIMHIpHUYE-
CKMMHU LIMIIAMH TOPMO30B I'PY30BOM KAaTErOPUHM TPAHCIOPTHBIX CPEJCTB MO3BOJIIET KOHCTATHUPO-
BaTh CJIEYIOIIEE:

- TeMIIEPaTypHbI METOJ OLEHKH TEIJIOBOro OajaHca AMCKOB IMO3BOJII OMPEACTHTh d¢-
(EeKTHBHOCTH BBIHY>KACHHOTO OXJIAXKICHHSI MAaTOBBIX U TOJMPOBAHHBIX TTOBEPXHOCTEH JIEBOTO MO-
JTyIUCKA, COETUHEHHOTO C MOMOIIBIO CIUIONIHBIX IHJIMHAPUIECKUX IITUIIOB C TMPABbIM HOTYIHUCKOM
¢ (¢rnaHueM NpH OTCYTCTBUHM TEIIOU30JSALUUHU. TErIoBOM MOTOK HamlpaBieH clieBa HAaNpaBo, MO-
CKOJIBKY HIpaBblii mostynuck ¢ ¢uianieMm B 1,3-1,4 pasa Tsbxenee jeBoro noiyaucka. DpdexTus-
HOCTH BBIHY>KJIEHHOTO BO3YIIHOTO OXJIAXJICHUS TPU IBIKEHUH TPY30BOTO TPAHCIIOPTHOTO CPeJi-
ctBa mogiesit MAN mapku TGA 26.420 co ckopocthio 40 u 80 km/4 coctaBuia 8-12%;

- TIpU HCCIIEIOBAHUM WHTECHCHUBHOCTH IOTIEPEYHOTO OMBIBAHHS BO3AYIIHBIMH MOTOKaMHU
TIOBEPXHOCTEH CILIONIHBIX IMIHHIPAYECKHX IIUIIOB TIpH urciax Peitnonsaca Re < 2-10° ompene-
JICHbl KOJHMYECTBEHHBIC COOTHOILICHMS CPEIHHMX KOI(P(PHUIMEHTOB TEIIOOTAAYN MEXIY pPSIaMH
IIAIOB. Y CTAHOBJIEHO, YTO KOJMYECTBO IMJIMHAPUIECKIX IIUTIOB, YCTAaHABIMBAEMBIX Ha BHYTPEH-
HUE MOBEPXHOCTH MOIYAUCKOB, HEOOXOIUMO YBEIMYUBATH A0 TEX MOP, NOKa HE OyAeT JOCTUTHYTO
paBeHCTBO A1/A; = ay/oy. JlanbHelee yBeIHMYeHUE IUIOMANN A, MOBEPXHOCTEH MIUIIOB Maod(-
(eKTHBHO, KpOME TOTO BO3paCTaeT Macca JINCKa B LIEJIOM;

- IIpH OLICHKE TEIUIOBOM M BecOBOM 3(PPEKTUBHOCTH PA3TUYHOTO TUIIA ILIUIIOB CAMOBEHTH-
JUPYEMBIX TOPMO3HBIX JHUCKOB M YCTAHOBJICHBI 3aKOHOMEPHOCTH M3MEHEHUs dPPEKTUBHOCTH IH-
JUHIPUYECKOTO MIHIA B 3aBUCUIMOCTH OT OTHOCHUTEIILHOW BBICOTHI M ()OPMBI OOKOBOM MOBEPXHO-
CTH. YCTaHOBJIEHO, YTO BBICOKHE LIUIIBI MPUBOJAT K YXY/IICHUIO BECOBBIX MOKa3aTeNe, K yMEHb-
IICHUIO TPOYHOCTH, HO B TO YK€ BPEMSI MHTCHCU(DHUITUPYIOT TEIUIOOOMEH MPH YBEIMYEHHOM a’po-
JTUHAMHYECKOM COMPOTUBIICHUN KaHAJIOB, 00Pa30BAHHBIX U3 HUX MEXKIY MOJTYIUCKaMHU TOPMO3a.

3akiaoueHue.

YBenndeHne THTEHCUBHOCTH TEIIOBBIX MMOTOKOB MEXKTY TMOTYINCKAMU C IHIHHAPUICCKIMHE
HIMIIaMU 1 TIOJTYAUCKOM C (hJaHIeM M3-3a UX Pa3HOro Beca IpHU JIEKTPOTEPMOMEXAHUUECKOM B3a-
UMOJICHCTBUYU TNap TPEHUsS IAMCKOBO-KOJIOAOYHOI'O TOPMO3a MPH €ro HEM3MEHHOM KOHCTPYKIMH
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M.A. locasaoos, [ FO. Kypasnes, M.M. Hacuposa, B.A. [lonosuu, U.O. bBexuw, A.H. Byoeyo

CIOCOOCTBYET pOCTY MOBEPXHOCTHON U 0OBEMHOM TEMIIEpaTyphl U UX TPAIHEHTOB B MOTYIUCKAX,
a CIIe10BaTeIbHO, TEMIIEPATYPHBIX HAPSHKEHUH.

OmnpeneneH TemuoBoil OalaHC CaMOBEHTWIMPYEMOIO, C ILIMIAMHU JUCKOBO-KOJOAOYHOTO
TOPMO3a TPAHCIIOPTHOTO CPEJCTBA, a TAKXKE YKa3aHbl MyTH MHTEHCU(UKAIINK TEIUI0OOMEHa B 3a30-
pe MEXKIY €ro MmoxyaucKamH.

[Tpu ananu3e mogy4yeHHBIX 3HAYEHUN KOA((GUIIMEHTOB TEIUIOOTIAYH JI0KA3aHO, YTO YBEJH-
YeHHE IUIOIAAN BHYTPEHHUX MOBEPXHOCTEH TEIIOOOMEHA 3a CUET MPUMEHEHUS IIMITNHIPUIECKUX
IIMIIOB MO3BOJIIET HHTEHCUPHUIMPOBATh TeriooTaady Ha 10-15%. BripaBHUBaHUS UHTEHCUBHOCTH
TEIUIOOTIa4YH B 3a30p€ MEXKAY MOTyIUCKaMH TOPMO3a JOCTUTAIOT 33 CUET W3MEHEHHUsI KOJMYECTBA
THHIPUYECKHUX IIUTIOB TI0 OKPYXXHBIM PSAaM.

4. OueHeHa TeruioBasi M BecoBasi 3PPEKTUBHOCTb PA3IMYHOTO THUMA CAMOBEHTHIMPOBAHHBIX
TOPMO3HBIX JIUCKOB IyT€M YMEHBILICHHS MX TEPMHUYECKOTO COMPOTHBICHHS TETUIONPOBOIHOCTH,
T.€. yBeIMYEeHHEM Ko3(HIMeHTa TEIUIONPOBOJAHOCTH MaTepuana, a TaKXKe IyTeM YBEIMYEHHs
oM G0KOBOM MOBEPXHOCTH IIHIA. TakWe KOHCTPYKTUBHBIC PEIICHHUS MMO3BOJIMIN MOBBICUTH
3 PEeKTUBHOCTD BBIHY>KACHHOTO BO3AYIIHOTO OXJIaX/1eHus B cpeaHeM Ha 10%.
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OZU VENTILYASiYA OLUNAN DiSK-KUNDOLI TiKANLI OYLOCLORIN iSTIiLiK BALANSI
M.Y. CAVADOV, D.Y.JURAVLYOV, M.M. NOSIROVA, V.Y. POPOVIC, I.0. BEKiS, A.N. VUDVUD

Noqgliyyat vasitolorinin 6ziiventilyasiya olunan disk-kiindsli ayloclorinin istilik balanst tohlil edilib vo onun siirtinmo
ciitlorinin istismar parametrlorino ohomiyyastli doracods tosiri gostorilib. ©ylaclorin siirtiinma ciitlorinin enerji yiiklonma
saviyyosi miixtalif temperaturlarda todqiq edilmigdir.

Tadqiqatlarin asasina, 6z aralarinda sol diski flans1 olan sag yarimdisk ilo birlesdiran 6ziiventilyasiya olunan silindrik
tikanli diskin konstruksiyasi qoyulub. Istismar soraitindo Oziiventilyasiya olunan tikanli oylocli diskin istilik balansinin
qiymatlondirilmasinin temperatur metodu toklif olunub.

Miixtalif en kasikli tikanlara baxilib ve miixtalif siiratlorlo naqliyyat vasitesinin horakoti zamani havanin shato edon
qarsiligh axinlartyla hararat miibadils proseslorinds onlarin rolu tahlil edilib.

Agar sézlor: disk-kiindali aylac, oziiventilyasiya olunan aylac diski, silindrik tikan, siirtiimma qayisi, istilik balansi.

THERMAL BALANCE OF SELF-ACTIVATED DISC-SHOE BRAKES WITH SPIKES
M.J. JAVADOV, D.YU. ZHURAVLEV, M.M. NASIROVA, V.Y. POPOVICH, I.0. BEKISH, A.N. WU-DVUD

The thermal balance of self-activated disc-shoe brakes of vehicles, which significantly affects the operational parame-
ters of their friction pairs, has been analyzed. The level of power loading of friction pairs of brakes is investigated at different
temperatures.

The studies are based on the design of a self-motivated disc with cylindrical spikes, which connect the left half-disc to
the right half-disc, having a flange. Proposed is a temperature method for estimating thermal balance of a self-motivated brake
disc with spikes under operational conditions.

Spikes of different cross-section are considered and their role in heat exchange processes with washing opposite air
flows during vehicle movement at different speeds is analyzed.

Keywords: disc-shoe brake, self-activated brake disk, cylindrical stud, friction belt, heat balance.
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LAZER QURGUSUNDA SiYIRTMO SiPORININ SOTHINO METAL
OVUNTU ORTUYUNUN COKILMO TEXNOLOGIYASI

N.Y. IBRAHIMOV?Y, R.M. MOMMODOLIYEV?, X.B. BAYRAMOV*

Siyirtme siparinin sothine metal ovuntu ilo tobaqo ¢okilmasinin texnoloji rejimi islonib hazirlanmigdir.
Texnoloji rejimin hesablanmasi {igiin metal ovuntunun torkibi vo fiziki-kimyovi xassalori toqdim olunmusdur.
Metal ovuntunun kimyavi torkibino géra ovuntunun temperatura kegirmo omsali hesablanmigdir.

Temperatura kegirmo omsalindan ve Ortllylin qalinligindan asili olaraq lazer sliasinin giicli vo impuls
miiddoti toyin edilmisdir.

Texnoloji rejimin bu ardicilliginin ssasinda polad siberin  sothing istonilon ovuntunu ¢okmok olar. Bu
texnoloji rejimin totbiqi ilo siyirtma siberinin Ortiiklorinin méhkomliyini, korroziyaya vo yeyilmoyo davamligini
artirmaga imkan verir.

Acar sozlor: Siyirtma, sipar, arinti ortiiyii, ovuntular, korroziyaya va yeyilmaya davamliliq, texnoloji rejim,
lazer qurgusu.

Giris. Siporli siyirtmolor maye axininin tam agilmasini vo baglanmasini tonzimlomak {i¢iin
istifads edilir. Osason bu siyirtmalor neft-qaz fontan armaturlarinda totbiq edilir ki, siparlor intensiv
korroziyaya moruz qalirlar [1].

Cox hallarda miistovi siparlor yiiksok abraziv vo korroziyali yeyilmo naticosindo siradan
¢ixirlar. Bunlarin garsisin1 almagq tiglin korroziyaya davamli orintilorlo qazometrik piiskiirma va
plazma {istoritmosi ilo metal ortiiklor ¢okirlor [1, 2].

I'OCT-24856-2014 osaslanaraq genis diapazonda diametrlori ¢ 50-don ¢ 600 mm qodor
styirtmoalarin siparlorini korroziyaya va yeyilmoyo davamligini tomin etmok tolob olunur.

Bu siporlor is¢i temperaturu 80°C-don 120°C civarinda doyismosini nozora alaraq, siporin
sothlorino epoksid oOrtiiklor ¢okib istifado edirlor. Bu ortiikdo cizilmalar, siyrilmalar olmagla,
eroziya yeyilmosino moruz qalirlar. Eyni zamanda axir vaxtlar Plakart W_/Co/ Cr osasl ortiiklori
aktiv maye miihitino davamlig1 tomin etsa do, yena do siradan ¢ixma hallar1 bag verir [2, 3].

Bunlar nozoro alaraq, plakart carbid, volfram vo karbid xrom osash torkibdo yeyilmoyo
davamliliq tomin edilso do, korroziya prosesi bas verarok siporlor siradan ¢ixirlar.

! ADNSU
E-mail: nazim.ibragimov.2015@mail.ru
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Lazer qurgusunda siyirtma siparinin sathina metal ovuntu ortiiyiiniin ¢akilmasinin texnoloji rejimi

Hazirda siporlorin sothino keramikali ortiiylin ¢okilmasi korroziyaya vo yeyilmoyo davam-
l1l1g1 bir qodor azalmasina sobab olmusdur.

isin magsadi. Lazer qurgusunda siyirtmo siporinin sothlorino miixtolif torkibli olvan metal
ovuntularinin ¢okilmasi ilo mohkomliys, korroziyaya vo yeyilmoyo davamligin artirilmasidir.
Masalonin qoyulusu. Mosalonin qoyulusunun osasi iigiin miixtolif aktiv maye axininda

isloyan siparlorin korroziyaya vo yeyilmoyo davamligina tosir edilon amillor tohlil edilmisdir. Bu
zaman mdvcud olan metal vo geyri-metal ortiiklorin ¢okilmasi gisman korroziyaya va yeyilmoyo
davamligin garsini almisdir. Hotta adgeziya mohkomliyi 70 MPa va barkliyi 68-72 HRC olsa da,
siradan ¢ixma hallar1 miisahido edilmisdir. Bunlar1 nozors alaraq daha maqsade uygun lazer
gurgusunda (bark aktiv maddali)torkiblori korroziyaya vo yeyilmoya davamli xassolora malik olan
ortiiklor ¢okilmosi asas mogsad hesab edilorak isin aktualligini 6ziindo oks etdirir. Bu todqiqatin
naticasi ilo genis miqyasda nazari vo praktiki [3, 4] todqgigatlarin aparilmasi qarsiya qoyulmusdur.

Nozari tadqiqat. Bork maddoli lazerin impulsu kigik milli saniyslorlo davam etdiyindon,
kicik ¢ixis giiciindo impulsun qisa davam etmo miiddati ilo slagadar olaraq, yiiksok giico malik isiq
almaq miimkiindiir. Hal-hazirda c¢alisirlar ki, bark lazerlorin giiclinii daha da artirib, detallarin
sothino miixtalif Ortiiklorin ¢okilmasi {igiin texnoloji rejimin islonib hazirlanmasi tolob olunur. Bu
texnoloji rejimin ardicilligi asagidaki kimi yerina yetirilmalidir [3, 5] .

1. Bork maddali impuls lazeri {i¢iin onun enerjisini toyin edirlor

EL = P|_ -t (1)

Burada: E|_ — lazerin enerjisi, VattSan (WSs); P — lazerin giicii, Vatt; t;, — lazer impulsunun davam
etmo miiddati, san.

2. Foks noqtesi minimal linzanin hondasi 6l¢iilari ilo yanasi, homginin siianin diametrindon
vo ona uygun isigin dalga uzunlugundan asilidir. Minimal fokuslama mosafosi, osason diametrdon
yaoni, diametri no qodar kigik olarsa, lazerin giiciinii (gilic sixligini) bir o godar artirmagq olar.

Lazerin giic sixlig1 tayin edilir.
EL

)
tL-F
J — giic sixlig1 va ya intensivlik, Vatt/sm?; F — siianin sahasini, ki¢ik diametrli dairenin sahosi kimi

J:%VeyaJ=

toyin etmoak olar.

F= md? min
4
Burada: dmi, — konsentrasiya ig1q noqtosinin diametridir.

Qeyd etmak olar ki, lazer impulsunun giicli toplayic1 linzalar vasitasi ilo fokuslanaraq, kigik
sahoys konsentrasiya olunur. Konsentrasiya olunmus ndqtonin minimal diametri toyin edilir. [6]

Oin=2.44 - 1.~ €)
Burada: A — is1gin dalga uzunlugu; f - linazin foks masafasi (yandirma masafasi); ds — is1q siiasinin

diametridir.

3.Texnoloji prosesdo lazerin impulsunun davam etmo miiddoti asagidaki ifado ilo hesablanir.
=5

t = (4)
4a
Burada: S —lazer stiasi ilo siparin sathinds tobagonin alinmasi va sathin arima qalinligidir.
S=hg+So )

ho— siparin sothinin orima darinliyidir, sm; S — alinan Ustoritmoa qatinin qalinligidir (hiindiirlik),
sm; a - tobagonin ovuntularindaki kimyavi elementlorin temperatura ke¢irma omsalidir.

Al A A Al
a:Z?=1 B ST ST R A

CiPi  C1P1 C2pP2 CipPi

(6)
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Burada: A;— elementlorin xiisusi istilik kegirma omsallaridir; ¢j — elementlorin istilik tutumlaridir; p;
— hor bir elementin sixligidir.
Bu komiyyatlor agagidak: ifadolorlo hesablanilir.
A=Y Aip; = AP+ AP, +A3P; + -+ + AP,
Ci=YcP;=c P, + c;Py+c3P; + -+ ¢;P;
pi=Xp1 P+ p2Py +psP.tpi Py (7)
P1, P2, P3..— ovuntunun torkibindoki elementlorin migdaridir.
Bu diisturlardan ardicilligla istifads edorsk, lazer qurgusunda istonilon ovuntu ilo texnoloji
rejimi yerino yetirmoklo keyfiyyotli ortiik tobaqasi almaq miimkiindiir.
Tadgigatin texnoloji rejiminin hesabati. Texnoloji rejimin nazari tadqiqati ilo ovuntularin
torkibini vo fiziki-kimyovi xarakteristikasini bilorok doqiq hesabat aparmaq olar.
Asagidaki codval 1-do ovuntunun torkibi vo onlarin xarakteristikasi verilmisdir.

Cadval 1
Ovuntunun tarkibinin istilik xassalari

WM cr | Fe | Si | W | Mo | Co | V
Parametrlori

Sixliq p g/sm’ 8907 | 7190 | 7500 | 5170 | 19250 | 10220 | 8900 | 5960

Istilik tutumu (C) kkal/m'K | 1436 | 116 |640,57| 1450 | 134,4 | 244 | 415 | 24,95
Istilikkegirma amsali ()
Vt/m-K

Elementlorin miqdari,
torkibi (P)

90,4 | 93,7 92 150 | 162,8 | 135 69 30,7

63 15 7 0,08 3,0 17 2,5 0,3

Cadval 1-do togdim olunan elementlorin ovuntularinin goéstorilon miqdart ilo asagidaki
hesabat aparilmisdir.
A=Y%, AMP,=AP + AP, +A3P; + -+ AiP; =
5,695+1,405+644+12+488,4+2995+172,5+9,21= 11421,1

C=Y2%, ciPi=9046+10,869+4,483+217500+21880+ 329,40+ 28635+765,9=326118,9

p =Y% ., p;P; =561141+107850+52500+ 413,6+57750+ 173740+22250+1780=
977432,6.
Bu ifadolori asagidak diisturda yerino yazaraq ovuntunun temperatura kegirmo omsali toyin
edilir.
A

A== 3,5829mm?/san. (8)

Bu ovuntularin torkibino goro yarimkegciricili bork aktiv maddoli lazer qurgusunda
siyirtmanin siparinin sathino miixtalif qalinliqda ortiiklorin alinmasi asagidaki parametrlor asasinda,
yani lazer qurgusunun pasport gostaricilorine gors yerina yetirmak olar.

E = 1000Vt — giicti; d = 3,0 mm - is1q selinin diametri f=200mm — lazerin foks masafasi; A =
900-1050 — is1q dalgasinin uzunlugu
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Bu parametrlor lazer qurgusunun xarakteristikasina osaslanaraq, asagidaki codval 2-do
texnoloji parametrlori miixtolif polad materiallar {i¢iin tortib edib,(1-8) diisturlarinin hesablanmasi
togqdim olunmusdur.

Cadval 2.
Polad materiallarin sathinds ovuntu tobaqgalarinin texnoloji rejimlori
Material So, mm ho, mm S- imumi t, san J, enerji
galinhq dorinlik galnlhig,mm zaman sixligt

Polad 45 0,200 0,100 0,300 6,32 100,25
Polad 40X 0,400 0,150 0,550 2,21 331,42
Polad 38XM 0,600 0,200 0,800 4,31 142,32
Polad 20 X 0,800 0,300 1,100 8,86 81,49

Lazer qurgusunun qisa xarakteristikasi. Azorbaycan Dovlot Neft vo Sonaye Univer-
sitetindo lazer morkozi foaliyyot gostorir. Bu lazer qurgusunda lazer basliglari ilo neft-qaz modon
avadanhglarin siradan ¢ixan detallarinin borpa texnologiyasint vo mohkomliys davamligini
artirmaq mimkiindiir.

Lazer is1q giiclondiricisi olub, alinan lazer siiasinin yenidon geri aktiv miihito yonoltmokla,
is1q ossilatoru (generatoru) alinir. Burada rezonator yiiksok oksetdirmo qabiliyyotine malik miistovi
giizgiilorlo birgoa qazbosalma borusudur. Giizgiilor bir-birlorino gars1 bir ox iizorindo doqiq paralel
yerlosdirilir. Rezenatorun gilizgiilor arasinda oks olunan dayanmis dalga fasilosiz oks olunaraq 6zii-
Oziinii giiclondirir. Hor iki glizglidon biri nisboton goffafdir. Lazerin aktiv elementinin 6l¢iilorinin
artirtlmasi ilo onun giiclinii yiiksaltmak olur [5, 6].

Tatbiq sahasi. Yarimkecirici lazer qurgusunda detallarin barpa texnologiyasi vo méhkomliya
davamligin artirilmasi yiiksok saviyyads yerino yetirilir. Sonayenin biitiin saholorinds, 0 ciimlodon
neft-qaz modon avadanliglarinin, aqrar sahonin, yiingiil vo moisot texnologiyasi sonayesinin, daha
cox aktiv kimyovi miihit olan neft-kimya sonayesindo totbigqi mogsodo uygun hesab edils bilor [7].
Bu qurguda detallarin borpasi, iistoritmo tobogosinin vo termiki emalla borkliyin, méhkomliyin
artirilmast ilo etibarligi, uzundmiirliiyii bir ne¢o dofo artirilmasi miimkiindiir. Istismar soraitindon
asili olaraq detallarin borpa texnologiyast vo mdhkomliys davamligmin artirilmasi ilo texnoloji
proseslori miiasir toloblors uygun olaraq yerina yetira yetirmok miimkiindiir [7,8].

Natica. Siyirtmonin siparinin korroziyaya vo yeyilmoyo davamligini artirtlmasinin moévcud
tisullar1 tohlil edilorak, miiasir lazer qurgusunda ovuntulu ortiiklorlo tobogonin alinmasi ti¢lin
texnoloji rejim islonmisdir. Bu rejimlo istonilon detallarin sothlorine ovuntulu oOrtiikk ¢okilorak
mohkomliys, korroziyaya va yeyilmayo davamligi dofslorle artirmaq miimkiindiir.
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TEXHOJIOI'MSI HAHECEHHSA MMOPOLIKOBOI'O METAINIMYECKOI'O MATEPHUAJIA
HA TOBEPXHOCTH IIIUBEPA 3AIBUKKHU ITPH MOMOIIA JASEPHOM YCTAHOBKH

H.J. UBPATIMOB, P.M. MAMEJIAJIUEB, X.5. BAUPAMOB

Pa3paboTaH TeXHOJIOTHYECKUIT PeXKUM HaHECEHHsT METaJUTMYECKOT0 ITOPOIIKA Ha MOBEPXHOCTH Iubepa 3anBrKKu. s
pacdeTa TEXHOJOTMYECKOTO PEKMMa IPEACTaBICH COCTaB U (DU3UKO-XMMHYECKHE CBOWCTBA METaJUIMYEcKOro mopoirka. [lo
COCTaBY XMMHYECKOI0 3JIEMEHTa NOPOIIKa pacCUUTaH KO (HUIHEHT TeMIepaTyporpoBOJHOCTH METALINYECKOTO TIOPOIIKA.

B 3aBucuMocTH OT K03 duIHIEHTa TeMIEepaTypOIPOBOAHOCTY U TOJIIHHBI MTOKPBITUS ONPEIEIEHBI BPeMs JIAa3epHOTO
UMITYJIbCa M MOIIHOCTH Ja3€PHOTO0 TydYa.

Ha ocHoBaHMu moOCIE€10BaTENIBHOCTH ATOTO TEXHOIOTUYECKOTO PEKUMA B 3aBUCUMOCTHU OT TOJIIMHBI METAIIUYECKOTO
MOKPBITHS. MO’KHO HaHECTH JII000H ITOPOIIOK Ha MMOBEPXHOCTH CTANBHOTO Mmmoepa. [TocinenoBaTeTbHOCTh TEXHOIOTHIECKOTO
pexrMa HaHECeHHWs TNOpPOLIKa Ha IMOBEPXHOCTh HIMOepa JaeT BO3MOXKHOCTH IIOBBIIICHHS KOPPO3HOHHOW IPOYHOCTH H
MU3HOCOCTOHKOCTH METaININIECKOTO MOKPHITHS IHOepa 3aIBIKKH.

Knrouesvle cnosa: JaszepHas ycmaHhoeKa, MexHOoN02UYeCK Ul pestcum, nopowKosvle mamepuaibl, um6ep, 3(1()6149!6‘1(14,
d)us’uko-xwwuqeame xXapakmepucmuku, OCHO8Hble napamempbol ﬂasepnoﬁ YCmMAaHO6KU.

TECHNOLOGICAL ASPECTS OF THE LASER COATING OF GATE VALVE
WITH THE METALIC POWDER

N.l. IBRAGIMOV, R.M. MAMEDALIEV, Kh.B. BAYRAMOV

The technological mode of applying metal powder to the gate valve surface has been developed. To calculate the
technological regime, the composition and physicochemical properties of the metal powder are presented. According to the
composition of the chemical element of the powder, the thermal diffusivity of the metal powder is calculated.

Depending on the coefficient of thermal diffusivity and coating thickness, the laser pulse time and the laser beam
power are determined.

Based on the sequence of this technological regime, depending on the thickness of the metal coating, any powder can
be applied to the surface of the steel gate. The sequence of the technological regime of applying the powder to the gate surface
makes it possible to increase the corrosion strength and wear resistance of the gate valve metal coating.

Keywords: laser installation, technological parameters, powder materials, gate, gate valves, physico-chemical
characteristics, the main parameters of the laser installation.
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OIIPEJIEJIEHUE MECTOIIOJIOXKEHUS 3BACTOMHBIX U
CJIABOJPEHUPYEMBIX 30H HE®TSIHOM 3AJIEXKHU U
BOBJIEYEHUE UX B AKTUBHYIO PASPABOTKY

A.X. LIIAXBEPJUEB'? A.B. JEHUCOB?

B craTtbe paccmarpuBaeTcsi ajlbTepHATUBHASI KOHIICIIIMS HECTAI[IOHAPHOTO 3aBOJAHEHHSI HE(TSIHOW 3aJIeKH.
Oco0y10 aKkTyalabHOCTh NPHOOPETAET 3a7a4a ONpPECICHUS] MECTOIIOIOKEHNS 3aCTOMHBIX M CIa00APEHUPYEMBIX
30H He(ITSAHOI 3a/eXH, A1 KOTOPBIX IPeUIaraeTcs UCIOoIb30BaTh HOBBIM MH()OPMAaTHBHBIA TTOKa3aTenb — KO3-
(MIMEHT HOPMHPOBAHHOTO YIEJIBHOTO OTOOpa, a TAaKXKe KapThl PaBHBIX YPOBHEH HOPMHUPOBAHHOTO YZIEIHHOTO
ot6opa. /Iy BOBIEUEHHS 3THX YUacTKOB B aKTUBHYIO pa3paboTKy MpeuiaraeTcsi HCnoib3oBaTs npuHIu [apero,
KOTOPBII MO3BOJIAET Pa3iesIuTh BeCh (DOH] TOOBIBAIONINX CKBAXXHH HA YETHIPE TPYIMIIBI U1 HA3HAUCHHUS aJpEeCHON
MIPOTPaMMBI Fe0JI0T0-TeXHUYECKUX MEPONPUATHH MO KaX 10 U3 HUX.

Knrouesoie cnosa: sacmotinvie u ciaboopenupyemvle 30Hbl, 34600HeHUe HeQMAHOU 3anexcu, Kodphuyuenm
HOPMUPOBAHHO20 YOEIbHO20 0mbopa Hemu, 800vl, dHcuokocmu, pacnpedeienue Ilapemo, OUCKPUMUHAHMHBLI
Kpumepuii.

Beeaenne. OcHOBHAs 3a71aya CUCTEMHOI'O aHAJIM3a COCTOSHUS M IPOTrHO3a MOKa3arenel pas-
paboTku HEe(TIHBIX MECTOPOXKICHHH COCTOMT B TpaHchopMmarmu (hakTU4ecKo HH(pOpMalUU B
onpeAenEéHHbIe CHHTE3WPOBAHHBIC 3HAHMS, MPEACTABISIONINE CO00N HEKHe YHU(DHUIIMPOBAHHBIC U
YHUBEpCallbHbIC BBICOKOMH(POPMATHBHBIC YIPABISIOIINE TapaMeTpbl U Kputepu [1-12].

Takumu 0coOeHHOCTAMHU 00JIaAIOT MPETIOKEHHBIE paHee aBTOPOM B MPEABIAYIINX HOMEPAX
9TOrO JXypHaja:

® MCKPUMHHAHTHBIC KPUTEPHUH TIO HEPTH U BOJE, PACCUUTAHHBIE HA OCHOBE JHHAMHUYECKOM
MOJIETIN pOcTa, pa3paboTaHHOM Ha OCHOBE Teopuu KaTacTpod [1];

® TIOKA3aTeNM B3aMMOJCHCTBUS JOOBIBAIOIINX W HATHETATEILHBIX CKBAXHH, YCTAHOBIICHHBIC
M0 CTATUCTHMYECKUM PAHTOBBIM KOppEIsusaM [2].

Leap pa6oTbl. B nanHoii paboTe mpeacTaBiIeHO ONMMCAHUE IBYX OCTaBIIMXCS KPUTEPHEB, CO-
CTaBJISIFOIINX AJTFTEPHATUBHYIO KOHIIETIIMIO HECTAIIMOHAPHOTO 3aBOTHEHMSI HE(DTSIHOM 31k u:

e k0> GUITMEHTH HOPMHPOBAHHOTO YAEIHLHOTO 0TOOpa HEPTH, BOABI M KHUIKOCTH C COCTaB-
JICHHBIMHU Ha 3TOM OCHOBE HOBBIMHU KapTaMH PaBHBIX YPOBHEH HOPMHPOBAHHBIX OTOOPOB, IO KOTO-
PBIM YCTAHABJIMBAETCSI MECTOIOJIOKEHHUE 3aCTOMHBIX U CIA00PEHUPYEMBIX 30H HE(DTAHOM 3al1ex;

! HuctutyT cucremubix uccnenaosanuii PAEH
2 ®I'BOY BO «Poccuiickuit TOCyZIapCTBEHHBII reoioropa3BefouHblil yauBepenter nmenn Cepro Opmxonnkunze» (MI'PU)
E-mail: ah_shah@mail.ru
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e pacnpezeleHue CKBa)KUH IO BKJIaLy B 100bIUy HE(TU U pa3jesieHHe Ha TeXHOJIOTMYecKue
rpynsl no npuHnuny IlapeTo, ans nociaenyronero Ha3Ha4eHUs reoJIor0-TeXHOJIOTHUECKUX Mepo-
IPUATHN B COOTBETCTBHH € IOTEHIIMAJIOM CKBAXXHH B Ka)XI0H IpyIIIe.

IHocranoBka 3agaun. B pamkax HOBOH aJIbTEpPHATUBHON KOHLIENIIMM HECTALIMOHPHOI'O BO3-
JecTBUSL  3aBOJHEHHEM, OCOOYIO aKTyaJbHOCTh MPUOOpPETaeT 3ajaya ONpeesIeHHs] MECTOMOJIO-
YKEHHUS 3aCTOWHBIX U CIIa00PEHIPYEMBIX 30H HEPTIHOM 3aleKH, a TAK)KE BOBICUCHHE ITUX Y4acT-
KOB B aKTUBHYIO pa3padoTKy.

[Ton 3acTOWHBIMU M CIIA00IPEHUPYEMBIMH 30HaMHU MOHMUMAIOTCSl YYACTKH 3aJIe)KU CO 3HAUH-
TEJIbHBIMU OCTATOYHBIMHM 3amacaMy HeTH, XapakTepu3yroumecs ciaadoi GpuiabTpanueii miacToBo-
ro (monna. Mx Hanuuue — pe3yabTaT HEKauyeCTBEHHOTO BBITECHEHUS U HEIIOJIHOTO OXBaTa JIPEeHU-
poBanuewm, B 1esoM HeaddekTuBHOCTH cuctemsl [I1]] 1 qpyrux TpeTUYHBIX METOAOB MOBBIILICHHS
He(TeOT/1auu IUIACTOB B YCIOBUSAX CHJIBHOM MPUPOAHOM M TEXHOI€HHONW HEOJIHOPOJHOCTH 3aJI€XKU
C COIEPKUMBIMU (DITFOMTaMHU.

Pemenne 3apauu. [lns BeIOpaHHOTO 00BEKTa Pa3pabOTKH, UCMOIB3Ys (PAKTUYECKHE MPOMBIC-
JIOBBIE TaHHbBIE AJIS KaX10H 10OBIBAOIIEH 1 HarHETAaTeNIbHOM CKBAXKHHBI, onpezaensercs kodpu-
IIMEHT HOPMUPOBAHHOTO YAEIBHOTO 0TOOpa He(hTH, BOIBI U KUAKOCTH. HoBas kapTa, HOCTPOCH-
Hast Ha Oosiee MHOOPMATHBHOM IOKa3atese — Kod(UIMEeHTe HOPMUPOBAHHOTO YIEIBHOTO 0TOOPA,
MOYET CTaTh JIONOJIHEHHEM K MMEIoLIelcs TpaJulMOHHON MPOMBICIOBOW HH(pOpMalUU, B TOM
yHclie KapTaM pa3pabOTKH U 1aeT BO3MOXHOCTh TOUHEE ONPEAEISATh MECTOIOI0KEHUS 3aCTOMHBIX
U c1a00IpeHUPYEMbIX 30H HEPTSIHOM 3aJIeKH.

Jns Gosee MOJTHOTO aHaKM3a OXBaTa IulacTa (GUIbTpalMel BBOAUTCS HOBBIH MHPOPMATUBHBIN
nokasarenb — K03((UIMEHT HOPMUPOBAHHOTO YAEIBHOTO OTOOPA, KOTOPBIA PACCUUTHIBACTCS OT-
JIeNIbHO 10 He(TH, BOJE U KUAKOCTH 0 (opMyIie:

Qi
Pi=1v 1)

rae Qi — HaKOIUICHHBIH 0TOOP HE(PTH, BOIBI U KUJAKOCTHU I TOOBIBAIOIIMX CKBAKWUH, 00bEM 3aKa-

YUBAaEMOW BOJBI JIJIsl HATHETATEIbHBIX CKBAXKHUH; 1; — HapaOOTKa, (hakKTHYECKOE BpeMs dKCIUTyaTa-
MM CKBAXHMH C Hauyayna pa3pabotku; Vi — 3¢ ¢dexTHBHbIN HedTeHachIeHHbIH 00bEM IutacTa (B
JIPEHUPYEMOH CKBa)KWHE TPU PABHOMEPHOCTH IUIOUIA/ICH MOXHO HCIOJB30BaTh He(TEHACHIIIEH-
HYIO MOIIHOCTb 3aJie’KH ); N — KOJIMYeCTBO CKBaYKHH PACCMAaTPUBAEMOTr0 y4acTKa.

Texymme k03 UIHMEHTH! YACTHHOTO 0TOOpa HOPMUPYIOTCS pa3/IeieHueM Ha CpeaHHUN K03 (-
¢unment Py

N P;

P, = 220t (2)
Py

Pui =2~ (©)

[Nomyyennas BennuuHa Py Ha3piBaeTCst KOAQGHULUUEHTOM HOPMUPOBAHHOIO YAEIBHOIO 0TOOpa
I-oif ckBaKMHBL. Ha BBIOpaHHOM y9acTKe HE(TSHOW 3aJIe)KH CTPOSTCS M30JMHHU ¢ KodddumeH-
TaMH HOPMHUPOBaHHOIO YAEIbHOrOo OTOOpa He(TH, BOABI M KUIKOCTU IO KaXKAOH CKBaKUHE
(puc.1l). Equnuueit unentuduupyercs cpenHee 3HaueHue kospduuuenta. Odmactu, rue xKod3¢-
(UIMEeHT HOPMHUPOBAHHOTO YJENBHOTO OTOOpa OOJbIIe €AWHUIIBI, UMEIOT JIYYIIyI0 BBIPAOOTKY
HNPOAYKTUBHBIX TOJILUH WIK O0BEMOB [0 CPAaBHEHUIO C 30HAMH, B KOTOPBIX 3TOT KO3(duiueHt
MeHbllIe eAuHUIbl. KapTel paBHBIX YpOBHEH HOPMHUPOBAHHOI'O YIEJIBHOIO OTOOpa, MOCTPOCHHBIE
II0 PacueTHBIM JAaHHBIM, HAIJIJAHO BBISBISIOT 3aCTOMHBIE U cIa00ApEHUpPYEMBIE 30HBI, COAEpXkKa-
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M OCTATOYHYIO HE(PTh, U MPOCTO 30HBI, HE OXBAYCHHBIC WU CJIa00 OXBAaYCHHBIC 3aBOJTHCHUEM H
B IIEJIOM (PHIIBTPAIIHCH.

\Q%?gsmlc

3168 831345 001770
™ RO ] 431226

Puc.1. Kapma pasnuix yposreii no omboopam negpmu, sanesicu N

31oT K03 HUIMEHT MO3BONISET OLEHUTh CIIOCOOHOCTH MPOIYKTHBHOTO KOJUIEKTOPA OTAATh C
KOKIOW eUHHIIBI 00bEMA WIIM MOIITHOCTH 33 €IUHUILY (DaKTHYECKOTO BPEMEHH MaKCUMAJIbHO BO3-
MOXHBIN 00beM HedTu. ComocTaBIeHNE MECTOIIONIOKEHHS 00IacTell XOpolIel IPEHUPYEMOCTH 110
He(TH, BOJEC W JKUIKOCTH TOKA3bIBAET, YTO B IEJIOM JIOKAJIH3AIM STUX 00JacTeld MO TUIOIIaIu
OJIM3Ka K IpyT IpYTY, HO BCTPEYAIOTCS CIydar HECOBIAJCHHS X TPAaHUIl. DTH Pe3yIbTaThl MOKHO
OOBSICHUTH PA3IMUYMsIMHU B CTEIIEHW OOBOJHEHHOCTH IO IUIOMIA/M y4acTKa MPOAYKIHH JOOBIBAO-
IIMX CKBAXUH, CTETICHU PA3JIMYUi MOJBIKHOCTH KXKIOTO M3 TUIACTOBBIX (MIIFOMIIOB B OTAEIHHBIX
30Hax Mmiacta u apyruMu (akropamu. CpaBHUTENbHBIM aHAIU3 C KapTaMU TEKYIUX OCTAaTOYHBIX
3armacoB JaeT BO3MOXKHOCTb KOHTPOJMPOBATh BBIPAOOTKY 3alacoB M NpejiaraTb NPaKTHYECKUE
pexomengannu o ['TM.

Kax BugHO M3 KapThl Ha puc.l, ApeHupoBaHUE 3aJeKU M0 0TOOpaM He(TH MPOUCXOAUT He-
PaBHOMEPHO, MPUCYTCTBYIOT 00JIACTH C BBICOKMMHU KO3(PPUIIMEHTaAMU HOPMHPOBAHHOTO YJEJIbHO-
ro otbopa (obmactu ckBaxkuH 194417, 31661, 42141, 402, 302 B ceBepHoii wactu; 312517, 31207,
842 zanmaguoii wactu; 20011°,633, 19941" BocTouHoi 4actm; 261, 247, 510, 4278I", 42971 uen-
TPaJILHOM YacTh) M 00JaCTH ¢ HU3KUMHU KOA(PUITMEHTAaMH HOPMHPOBAHHOTO YAETHLHOTO 0TOOpa, B
KOTOPBIX B OCHOBHOM PACITOJIO’KEHBI HU3KOJIEONTHBIE CKBKHUHBI, Pa0OTAIOIINE B PEKUME HAKOTI-
JICHUSL.

Takum 00pa3oM, MpeIoKEHHBIA CTIOCO0 TIO3BOJISET OINMPENEIUTh MECTOIIOJIOKEHUE 3aCTOM-
HBIX U CJIA00PEHUPYEMBIX 30H HEPTSIHOMN 3aJI€KHU, BBISIBUTH 00JIACTH IUIACTa, KOTOPBIE 110 TOW WIIH
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MHON NPUYMHE HEIOCTATOYHO JAPEHHUPYIOTCS CYIIECTBYIOUIMM (POHIOM CKBa)KMH WU K€, HA000-
POT, Ype3MEpPHO IPEHUPYIOTCS UMH, TO €CTh MPOMBITHIE 00JacTH WK 00JacTH, TAE CYIIECTBYET
KOHKYPEHIIUS MEXly CKBaKMHAMU 32 OJHU U Te K€ 00beMbl (UIOUI0B.

ANBTEpHATUBHON KOHIEMIMEH HECTallMOHAPHOTO 3aBOJHEHMS IPEIyCMOTPEHAa METOIUKa
OIIpeJIeJIeHHs] TPYIIIbl CKBAYKUH, PACHOJIO0KEHHBIX B 3aCTOMHBIX 30HAaX, OLEHKA UX BKJIaJa B OOIILYIO
J00bIYy, peKOMEHAIMU TI0 BOBJIEYCHHUIO WX B 0OJIee aKTUBHBIN mporecc pa3padoTku. I1ockoiabKy
CKBa)XXHMHBI, PACIIOJIOKECHHbIE B 3aCTOMHBIX U CIA0OAPEHUPYEMBIX 30HAX (OPMHUPYIOT OTAEIHHYIO
Ipymniy, TO U Ieojoro-TeXHUYECKHe MEpOINpPUATHUS Ul HUX OyAyT CYLIECTBEHHO OTJIMYAThCS OT
I'TM muis npyTrux Tpymn cKBakuH. [1o3ToOMy Tak Ba)XHO pacmpeaeauTh GOH/ CKBaKUH 110 TPYIIITaM
uX BKJIaJa B OOIIyro 10ObIIy HE()TH U BOJBI C IEIbIO BHIOOpA IS 3TUX TPYIIT COOTBETCTBYIONIUX
TEXHOJIOTH MOBBIIIEHHS HEPTEOTIauX IIACTOB M MHTEHCU(PHUKALIMU 100bIYU HE(PTH.

Pacnpenesienne ¢poHaa CKBaKUH HA rpynnbl no npuHuuny Iapero 1 akTUBHOTO BOBIIE-
YeHHs B pa3pabOTKy 3aCTOMHBIX U CIA00PEHUPYEMBIX 30H HE(DTAHOI 3a5IexKHu.

B cratuctiueckoM aHanu3e COBOKYIMHOCTH WM UX BBIOOPKH NPHHATO BBIPAXaTh B BUJIE 3aKO-
HOB pacrpeneneHusi. MHOTHEe CTaTHCTUYECKHE 3aKOHOMEPHOCTH MOBEJCHHs OOJBIIUX CHUCTEM
UMeIT (opMy runepOoIMuecKkoi KpUBOH, Ha3pIBaeMoll pacrpenenenueM [lapero, cornacHo kKoTo-
pomMy Oonbiuas yacthb cineactBuid (mopsaka 70-80%) BeI3pIBa€TCS MEHBIIEH YacThO MPUYUH (T10-
psaaka 20-30%), 1 Ha0O60pOT. DTOT MPHUHLUI TPOSIBIIETCS M B Mpolecce pa3padOTKU HEPTIHBIX
MECTOpPOKACHUN ¢ OosbmuM (poHIOM ckBakuH. Vcnonb3oBanue mpuHuuna Ilapeto mossossier
OCYIIECTBUTh MOHHMTOPHHT (DOHIA SKCIUTYaTAallMOHHBIX CKBA)XUH pa3padaThiBaeéMoOro OObeKTa U
pacrpeneNnTh CKBaKUHBI 110 XapaKTEPHBIM TPYIIaM, KOTOPbIe OTIMYAIOTCS MO BKJIAAY B OOIIYIO
no0bI1y HedTH. B nanbHeieM BHYTPH BBIIEIMBIINXCS TPYII BO3MOXEH OoJiee JIeTaabHbIN aHa-
JM3 NEePCIEKTUBHOCTU HA3HAUEHHSI T€OJIOTO-TEXHHUYECKOTO MEPONPHUSITHS, YTO 3HAYMTEIBHO CHHU-
*aeT 00beM JIETAJIbHO aHATIM3UPYEMO HHPOPMALIMU U YTOUHSET NPUHATHIC PEIICHHS.

Pacnpenenenune uncna CKBaXXHH 10 MHTEPBaJIaM U3MEHEHHs 1eOUTOB, KaK MIPAaBUIIO, UMEET ac-
CUMETPHYHBIN XapaKTep, TaK 4TO OOJbIIas 4acTh JOOBIYM HEPTH ONpeaenseTcss paboToi MEHbIIeH
yacTu OHAA CKBAXHH, U HA00OPOT.

To xe siBneHne HabmogaeTcss M Ui J00bIYM NMOMyTHON BoJbl. OCOOEHHO SBHO MPOSBISIETCS
ACUMMETPUYHOCTh pachpeaencHus (OHAAa CKBAXHUH IS MECTOPOXKIEHHH C CHIBHO HEOTHOPOI-
HBIMH KOJUIEKTOPaMHU U BCTYIUBIIMMU B CTAJAUI0 HHTEHCUBHOTO OOBOAHEHUS TPOAYKIIUH.

Jn1st OLIEHKM COOTBETCTBUS pacrpesesneHust npuHiuimy [lapeto ucmonb3yercs paHTrOBBIH TO-
X0/, KOTOPbII OMUCBIBAETCS 3aBUCUMOCTBIO BUJIA!

Q - a
i Rl_a )
rae R - panr cooTBercTByromero 3HaueHust Q; 1eOUT HeTH MM BOJBI, TO €CTh €r0 YNOpsI0YeH-
HOI HOMEp 0 Mepe YOBIBaHUS MMOCIIEIOBATEILHOCTH 3HaYeHNH Qj, ¢ - KOHCTaHTa, & - XapaKTepH-
CTUYECKHIA MOKa3aTelb, ONPEACSIONINI ObICTPOTY CXOXKACHUS paclpeaeICHHs.
Ha puc. 2 u 3 oTpakeHo pacmpezesieHue paHXHUPOBAHHBIX IO Mepe YObIBaHUS OTOOPOB HOOBIBA-
IOLUX CKBAYKUH MO HEPTH U BOJIE COOTBETCTBEHHO MO JAHHBIM 00bEKTa pa3padoTku 3ayexu N.

[Tpuanun [Tapeto mo3BossieT pa3aenuTh Bech (OHI JOOBIBAIOIINX CKBR)XKUH Ha YETHIPE IPyTI-
IIbI, BKIIFOYAKOIIINEC CKBAKHUHBI .
1. BBICOKOEOMTHBIC TIO HE(TH H TIO BOJIC;

2. BBICOKOJICOUTHBIC TI0 He()TH M HU3KOJIEOUTHBIE 110 BOJIC;
3. BBICOKOJICOUTHBIE 110 BOJIC U HU3KOACOUTHBIC MO0 HEPTH;
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4. HU3KOJIEOWTHBIC KaK TO HEPTH,
TakK ¥ 10 BOJIE.

Jna onpenenenus mapamerpos Ila-
pPETO HEOOXOOMMO BBIYHCIHTH CyMMap-
HBII AeOUT HEPTHU 1O BCEM CKBOXKMHAM U
CYMMapHBbI€ JIOJH OT OOIIel CyMMBI 110 |
—Ol CKBaXMHE, a Takke Aomu | -pIx
CKB&XMH OT OOIIEro KOJUYeCTBa CKBa-
*uH. Kak Tompko cymma (B MpOIIEHTaX)
atux jgoneh gocturaer 100%, To 31O
YHUCII0 M CTaHeT mokaszateneM Ilapero,
COOTBETCTBYIOUIMI A3TOMY LEJIOYUCIICH-
HOMY paHry, a 1eOut OyaeT MoporoBbIM
nebutoM Hedtu. B nannom ciyuae s
JNOOBIBAIOIIMX CKBAXKHMH 3aJICKU MOPOTO-
BBl 1e6uT HedTu cocTaBuia 343 T. AHa-
JIOTUYHAs Tpolenypa NpeaycMOTpeHa
JUIS TAHHBIX MO IEOUTY BOABI, U B 3TOM
cillydae TIOporoBasi BenuunMHa jebuta
BOJbI cocTaBuna 814 1. C kayecTBEHHOM
TOYKHU 3PEHHSI ITU BEITUYMHBI TO3BOJISIOT
COOTHOCUTH CKBAXHHBI B COOTBETCTBY-
onme 4 rpynmnsl — BBICOKOJCOUTHBIE U
HU3K0JeOuTHbIC (110 He(pTH M BozE). DTH
MPOIEAYPhl TOKa3aHbl Tpapuuecku Ha
puc.4. ¥ puc.5. Mo JaHHBIM KOHTPOJIbHO-
ro mpumepa. Pe3ynmbTaThl rpynmupoBKU
TOOBIBAIOIIMX CKBKWH TPEACTABICHBI
Ha puc. 6-8.

[IpennoxeHHass METOAMKA SIBIISCTCS
NEepBO B CEPUU JMATHOCTHYECKUX IKC-
MPEeCC-METOJI0B, MCHOIb3YIOMUX TOJIBKO
dakTHdeckue mokazaTend paboOThl Nei-
CTBYIOIIMX CKBaXXUH, JUISI TOTO YTOOBI
aHAIM3WPOBaTh W  COBEPIICHCTBOBATH
PEXHUM WX pabOTHI C LENBIO YBEITHMUCHUS
He(TeOTaul METOAAMM TUIPOAMHAMMU-
YECKOTO BO3JICHCTBUS HA 3aJIEKb.

CKBaXHMHBI, BXOJSIIME B TEPBYIO,
BTOPYIO U TPEThIO TPYIIbI, Haubosee
MIEPCIIEKTUBHBI JIJISI TIPOBEICHUS HA HHUX
MEPOIPUIATUN MO TUAPOJAUHAMUYECKOMY
BO3JICHCTBHIO HA 3aJIeXb BIUIOTH JI0
OCTAQHOBKHM CKB@KHH C II€JIbIO TOBBIIIE-
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400.
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KonuuecteeHHaa auarpamma

Fpynna 1

lpynna 4
(HM3KOAE BUTHBIE NO
He GTH 1 HU3KO Ae BUTH
nosoge)

74
47%

HedTU n

Boae)
10
6%

lpynna 2
no He dTH 1

soae)
40
25%
pynna 3 (HM3KoA4e BUTHbIE NO
He ¢TH U Bbicoko Ae BuTHbIE no
soae)
34
22%

(BbICOKO AEOUTHBIE NO

BblCOKOAE BuTHbIE NO

(BbIcOKOAE6UTHBbIE

HW3KoAe BUTHbIe No

Puc.6. I'pynnul ckeasxcun no pacnpedenenuto Ilapemo

Fpynna 4
(HM3KOAE BUTH
ble no He T U
HU3KoAe BUTH

ble no soae)

7993.778

19%

CoOTHOLLEeHHE CYMMapHbIX AebuToB HedTH

Mpynna 1

Hble No He GTH
"
BbICOKOAE BUT
Hble no BoAae)
6250.406
15%

pynna 3
(HM3KO A BUTH
ble No HedTH U
BbicoOKoAE GUT
Hble No Boae)

5030.098

12% Mpynna 2
(BbICOKOpEEMT
Hble no He dTn

“
HW3KOAEe BUTH
ble no Boae)
22855.708
54%

(BbICOKOAEEUT

Puc.7. Coomnouienue cymmapHuix omoopoe Hegpmu
no pacnpedenenuio Ilapemo

Ipynna 4 CooTHOLeHWE CyMMa pHbIX ﬂ'ESHTGE! BOAbI

(Hu3KkoAe BUTH
ble Mo HedTH 1
HU3KOAE BUTH
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17822.156
16%

Mpynna 1
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14124.34

13%

lpynna 2
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14
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13506.124
13%

Mpynna 3
(Hu3Ko g e BUTH
ble No HedTHU K
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Hble No Boae)
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58%

Puc.8. Coomnowenue cymmaphuix omoopos 600ul
no pacnpeoenenuio Ilapemo
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HUSl 1eOUTOB HEPTH U OTPAaHUUYEHUS BOJIOOT-
naun. CKBaXHMHBI 3THX TPYNI HEOOXOAUMO
TaK)Ke MCCJIEeNOBaTh C UCIOJIB30BAHUEM KpU-
TEpUeB JAUCKPHUMHHAHT, MOJTYYEHHBIX Ha OC-
HOBE MOJIEJIel pocTa Ha MpeaMeT ompererne-
HUS ONEPEXKAIOIIEro TeMIa 0TOopa HedTH
WX BOZBI HA TEKYII MOMEHT, M PeryJupo-
BaTh PEXKUMBI pabOTHl 4Yepe3  B3auMOJEH-
CTBYIOIIME HarHEeTaTeNbHbIE U TOOBIBAIOIIUE
CKBaXkuHbI [ 1-5].

[lepBast u TpeTbs Tpymmbl B OCHOBHOM
OTIPENENIAIOT JOOBIYY BOJBI 1O 3aJI€KH, I10-
3TOMY OTrpaHUYE€HHE OTOOPOB M IMPOBEICHHE
PEMOHTHO-U30JISIIIMOHHBIX pa0OT Ha CKBaKU-
HaX 3TOW TPYNIBl MOXET IaTh HAHOOJIBIIUI
3¢ (}eKT Mo yMEHBIIEHUIO YACIbHOW BOIOOT-
JTayH.

CKBa)XUHBI BTOPOH TpyHmbl OOBIYHO
pPEAKO B MPOMBICIIOBOM TMpaKTUKE MOJBEpra-
IOTCS. HMHTCHCUBHBIM THIPOAMHAMHYECKUM
BO3ACUCTBUAM ((OPCHPOBAHUIO) H3-32 TIO-
BBIIIICHHON BEPOSTHOCTH OOBOJHEHHUS WX
MPOAYKIIMH U3-32 CKauYKOOOpa3HOTO M3MEHe-
HUSl BOJIOHACHIIIICHHOCTH TIPH PE3KOM YyBEIH-
YeHHH 0TOOpa M M3-3a 3HAYUTEIBHBIX MOTEPh
MIpU OTPaHUYEHHUU 0TOODA.

B uenom, st ckBaxkuH 1-3 rpymnm pexo-
MEHJYyeTCS TPOBEICHHWE HECTAMOHAPHBIX
METOJIOB BO3JECHCTBHUS Ha 3aJe€Xb MOCPE-
CTBOM pETYJIMPOBAHHUA PEXKHMOB OTOOpa B
JOOBIBAIOIIMX CKBAXHHAX, a TAK)KE 3aKaUKH B
HarHeTaTelbHbIE CKBA)XMHBI, YTO MO3BOJSET
JIOCTUTHYTh MOOMIILHOCTH BOJBI M JOOUTHCS
MOBBILICHUSI HEPTEOTAAYN TJIACTOB M UHTEH-
cudukanuu 100619 HeTH.

UerBeprasi Tpymma CKBOKHH — camas
6onbiuas, 47% ot obiero ynuciaa, MpH 3TOM
ee BKJIaJ B OOIIyr0 00bMy HE(TH U BOJBI
OTHOCHUTEIILHO HEBENIWK, HO crtabuieH. Kak
MpaBWIo, s 4 TPpynmbl CKBaXXHUH LE1ec000-
pasHo
MEPOIPHUATHIA MO MHTEHCHU(PUKAIUHN AOO0BIYN

He(bTI/I 1 IIOBBIIICHHIO HC(I)TCOTI[aT-II/I miacTra,

IMMPOBCACHUE TI'COJIOIO-TCXHUYCCKUX

Takhe KaK THAPOPa3phIB ILIACTA, Ia30BOE H
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BOJIOTA30BOE BO3ICHCTBUE, (PH3HKO- 006
XUMHAYECKHE METOJbl M PpPEeora3oxu- —oTo

—— Dw

MUYECKUE TEXHOIOTUM, IpeaycMmart- 004

PHUBAIOLIUE TEHEPALMIO YIJIEKHCIIOrO .

rasa B IUIACTOBBIX ycaoBusix [10-12].

B 4 rpynny BouuiM B OCHOBHOM 0 —_— e
1-12 2-13 3-y/4-1 5-16 6 7-18 £-19 9-20 10-21 11-22 12-23 %24
poOJIEeMHBIE CKBaXXHHBI, paboTaro- .

0.02
IM¢ B HAKOINICHHMH, HaXOAAIIUECA B

HU3KOIIPOHUIIAEMBIX 00JIaCTIX 3ae- 0.04
KM C HU3KOW He(TeHACHIEHHOM

o ) 0.06
TOJIIHWHOMU B HEHTPAJIbHOH, BOCTOY-

HOM M CeBepHOIl YacTsx, (hopMHUpYIO- Puc.9. Junamuxa OUCKPpUMUHAHIMHO20 KpUmMepus no 00HOIL CKEAJICUHE.
e TakuM 00pa3oM 3acToiHbIE U claboapenrupyemMbie 30HbI 3anexu N. M3 uncna ckBakuH cia-
00peHrnpyeMOil 30HBI MOXKHO TOKa3aTh MPHUMEP PETyJMpOBaHUs pekKMMa padOThl CKBaXXHH Ha
OCHOBE KPUTEPHsI TUCKPUMHHAHT, OPOOHO M3JI0XKEHHBIN B padoTax [1-3].

Ha puc.9. nokazana nuHamMuKa JUCKPUMHUHAHT 1O HE(TH U BOJIE B TEUCHUE MOCIIETHUX 24 Me-
cseB. O4eBUIHO, YTO OCHOBHOE BpeMsl AUCKPUMUHAHT HAaXOAMUTCS BBIIIE KPACHOW JTMHUU B 00Ja-
CTH TIOJIOKUTENbHBIX 3HaueHuil D, >0, u Tompko Oonee 3-X MecsIeB HaXOAUTCS B OOJIACTH HUXKE
KkpacHoi ymaun D,<O0.

[Tpu 5TOM, 32 3TO *XKe BpeMs HaOII0IaeTcs pOCT BOJBI B MOTOKE (TOYHEE MPOPHIB BOBI) Ooee
8 mecsieB, ot Touku 1-12 10 Touku 9-20 puc.9. B touke 11-22 D,>0 u D,>0 HedTh 1 Boga Haxo-
JUTACH B 00JIaCTH OTpaHUYEHHUs] pocTa O0TOOpA, MOCIe MPOBENCHUSI OYUCTKHA NMPU3a00WHON 30HBI
CKBaXXMHBI HAMETUIICS pocT otOopa HedTH, D,<0 (Touka 13-24).

3akawuyenue. Crenyer OTMETHTh, YTO TpeiJiaraéMas METOJMKa SBISETCS TOCTATOYHO MO-
OMJILHOM M TOYHOM /11 MOHUTOPHUHTA U KOHTPOJISI 32 COCTOSIHMEM (DOHIAa CKBaYKMH U 3a pa3padoT-
KOH 3anexu B 1eiaoM. Mmeercs noreHuuanbHas BOZMOKHOCTb €KEMECSIUHO MOMOIHATh 0a3y JaH-
HBIX M TaK JK€ €KEMECSIYHO Ha OCHOBE MPE/IIOIaraeéMbIX KPUTEPUEB U PEIIAIONINX PAaBUI BHOCUTH
KOHKPETHBIE YTOYHEHHUS B MPOTPAMMY T'€0JIOT0-TEXHUYECKUX MEPONPUATHH, B TOM YHCJIE TIPH OII-
TUMU3ALMU CUCTEMbI OJACPKAHHSI IJIACTOBOIO JAaBJICHUSI TOCPEACTBOM PETYJIUPOBAHUS PEKUMOB
paboThl JOOBIBAIOIINX U HATHETATEILHBIX CKBAXKHH.

Jl1g BOBJeUEHUs B aKTUBHYIO pa3pabOTKy CKBaKuMH 4 rpymnsl no pacrhpenenenuto [lapero u
CKBQ)KUH, HAXOSIIUXCS B 3aCTOMHBIX CIA0OJPEHUPYEMBIX 30HAX, PEKOMEHAYETCSI UCMOIb30BaTh
BOJIOTA30BYI0 OTOPOUKY, (POPMHUPYEMYIO BO BHYTPHUILIACTOBBIX ycioBusx [3, 10, 12].

[IpennoxxeHHble peleHus SBISIFOTCSI COCTAaBHOW YacThiO aJlbTEPHATUBHOM KOHLIEMIMM HECTa-
IIMOHAPHOTO 3aBOJHEHUS, MTPEIyCMATPUBAIONIETO PAHHUHN MPOTHO3 W MPUHATHE MEP TP MPOSIBIIC-
HUM HEYCTOWYMBOCTH (POHTA BHITECHEHHS W, KaK CIIEJACTBHE, TIPOPHIBA BOJBI B 30HE BOJOHE(TSI-
HOT'O0 KOHTaKTa.
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DURGUN VO Z9iF DRENAJ OLUNMUS NEFT YATAQLARI ZONALARININ TOYINi VO
ONLARIN AKTiV iSLONMOYO COLB EDILMOSi

9.X. SAHVERDIYEV, A.V. DENISOV

Mogqalads neft yataglarinin geyri-stasionar su vurmasinin alternativ konsepsiyasina baxilib. Xisusi aktualligi durgun
vo zoif drenaj olunmus neft yataqlarinin yerinin toyin edilmosi mosolosi oldo edir, belo ki, yeni informativ gostoricilordon
istifado etorok — normaya salinmis (normallagdirilmig) xiisusi segmo omsali, homg¢inin normaya salinmis xiisusi segmonin
barabar saviyyalarinin xaritasi taklif olunur. Bu sahalorin aktiv iglonmoya calb edilmasi iigiin Pareto prinsipinden istifads
edilmasi toklif edilir, bu da 6z ndvbasindo geoloji-texniki todbirlorin hor birino gors {invan proqraminin toyinati {i¢lin oldo
edilon quyularin biitiin fondunu dérd qrupa bélmoys imkan verir.

Agar sozlor: durgun va zaif drenaj olunmus sahalor, neft yataglarimin su vurmasi, neftin, suyun, mayenin normaya
salinmig xiisusi segma amsali, Pareto paylanmasi, bolgiisii, diskriminant meyar.

DISCOVER OF CONGESTED AND POORLY DRAINED OIL DEPOSITS AND THEIR FURTHER
ACTIVE DEVELOPMENT

A.H. SHAKHVERDIEV, A.V. DENISOV

The article examines an alternative concept to the non-stationary flooding of oil deposit. Of particular relevance, it is the
task of determining the location of congested and poorly drained zones of oil deposits, for which it is proposed to use a new
informative indicator - the coefficient of normalized unit selection, as well as maps of the equal levels of normalized unit
selection. To engage these areas in active development, it is proposed to use the Pareto principle, which allows to divide the
entire stock of producing wells into four groups to assign an addressable program of geological and technical measures for
each of them.

Keywords: congested and poorly drained deposits, flooding of oil deposits, coefficient of normalized unit selection of oil,
water and fluids, Pareto distribution, discriminant criterion.

Tocmynuno 6 peoakyuro: 19.07.2019
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BALLASTLARIN NEFT QARISIQLARININ MAKROSKOPIiK
PARAMETRLORINO TOSIRININ TODQIiQI

Q.Q. ISMAYILOV?, M.B. ADIGOZOLOVA® F.B. ISMAYILOVA?!, G.A. ZEYNALOVA!

Mogqalodo miixtalif ¢esidli neftlorin qarigmasi zamani torkiblorindoki ballastlarin miqdarindan asili olaraq
sixliq, ozliilik vo donma temperaturu kimi makorskopik gostoricilorin doyismesi todqiq edilmisdir. Miioyyon
olunmusgdur ki, neftlorin qarisma nisbotindon asilt olaraq onlarin makroskopik gdstoricilorinde nozors garpacaq
dayisikliklor bas verir. Ballastlarin miqdarinin doyismosi ilo sixliq, kinematik &zliiliik parametrlori arasinda
miloyyon korrelyasiya hallarinin méveudlugu ilo yanasi, neftlorin qarigma nisbotinin tosirinin do shomiyyatli
doracads olmast miisahido olunmusdur. Bozi hallarda hotta qarigma nisbotindon asili olaraq makroskopik para-
metrlorin anomal artmasi hali da askar edilmisdir. Neft qarisiglarinin saxlanmasi vo noqli prosesindo  prob-
lemlorin yaranmamasi vo ya vaxtinda qarsisinin alinmasi {igiin qarigiqda ballastlarin ¢6kmosinin kinetikasinin da
tadqiq edilmasinin vacibliyi gostorlilmisdir.

Acgar sozlar: neftlorin qarismasi, AQP, makorskopik gastoricilor, ballastlar, mexaniki qarisiglar, suyun
miqdar, sixliq, ozliiliik, donma temperaturu, reoloji xiisusiyyat, kimyavi torkib.

Giris. Neft-modon tocriibasindon yaxst molumdur ki, istismar quyulart vo quyu-yigim
sisteminin boru komarlori sisteminda ¢oxsayli amillorlo xarakterizo olunan asfalten-gatran-parafin
(AQP), mexaniki qarisiglar (MQ), suyun vo duzlarin (D) ¢okmo proseslori miisahido olunur. Bu
proseslor neft yataglarinin islonmosinin son morhslosindo daha ciddi vo aktual bir problemo
cevrilir. Aparilan todqgiqatlar noticosindo neftin ¢ixarilmasi, yigilmasi, hazirlanmasi vo naqli
sistemlorindo AQP vo digar ¢okiintiilorinin yaranmasina va intensivlogmosine tosir géstoron amillor
daima doyisdiyi bas verdiyi {igiin ¢Okiintiilorin miqdar1 vo xiisusiyyatlorinin do stabil olmadig
miioyyon edilmisdir. Bu zaman g¢Okmolorin yaranmasina osas sobob tozyiq vo temperaturun
diismosi, homginin neftin qazsizlagmasi, osas amil kimi iso, temperatur gostorilir, duzlarin vo
neftlorin qarisma nisbatindon asili olaraq su, AQP, mexaniki qarisiglar kimi ballastlarin miqdarinin
neft qarisiglarmin sixliq, donma temperaturu vo 6zliiliik kimi parametrlorinin doyismosina olan
tosirinin birmonali olmamasi1 miioyyon edilmisdir [1,2]. AQP c¢okiintiilorinin yi1gilmasi iso osason
quyu nasoslari, nasos-kompressor borulari, modon texnoloji boru xatlori vo y1gim ¢onlorindo bas
vermosi miigahido edilmisdir.

Neftlorin kimyovi torkibinin miixtalifliyi AQP vo duz ¢okiintiilorinin amologalmo prosesinog
ohomiyyoatli doracads tosir gostorir. Neftlorin karbohidrogen grupu - aromatik, naften vo parafin
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karbohidrogenlorindon asili olaraq miixtalif kimyovi torkibli ¢okiintiilorin omolo golmasi
miimkiindiir [1].

Azorbaycanda hasil edilon neftlor hom fiziki-kimyavi xassolori, ham do reoloji
xiisusiyyotlorino goro miixtolifdir. Bu neftlor yiliksok Ozliiliyii, torkibindo AQP birlosmalorinin
olmasi ilo do forqlonirlor. Tarkibinds bu vo ya digor doracads AQP birlosmalori vo digor ballastlar
olan bir ¢ox neftlor molumdur ki, bu neftlorin hasilati vo naqli zamani1 miisyyan soraitlordo homin
ballastlarin ¢okmosi hallar1 basg verir. Gostorilon hallarin garsisini almaq vo aradan qaldirmaq
mogsadi ilo miixtalif zamanlarda ayri-ayr1 todqiqatcilar torafindon ¢ox sayli elmi-tadqiqat islori
apartlmisdir.

Miixtolif ¢esidli vo xassoli neftlorin bir qayda olaraq, eyni boru komori ilo noql olunmasi,
eyni bir ¢cono yigilmasi noticasinda onlarin qarigmasi bas verir ki, bu da onlarin fiziki-kimyovi vo
reoloji gostaricilorine nozars garpacaq doracads tosir edir. Bazi neft qarisiglar ligiin sixliq, ozliliik,
hocm vo digor praktiki ohomiyyat kosb edon parametrlorin hotta anomal sokilds, kaskin doyismaosi
hallari son illarin tacriibasinds tez-tez rast galinan hallardandir [1, 3-5].

Isin magsadi. Ballastlarin neft qarisiglariin sixlig, ozliiliik vo donma temperaturu Kimi
makroskopik parametrlorine tosirinin tadqiqi.

Masalonin qoyulusu. Agir xam neftlorin yiingiil neftlorlo qarigdirilmasi ilo bu ciir neftlorin
yigimi, naqli vo emali zamani texnoloji proseslorin somaraliliyini artirmaq vo iqtisadi baximdan
yaxs1 naticalor oaldo edilmasi magsadosuygun hesab edilir. Lakin buna baxmayaraq miixtslif ¢esidli
xam neftlorin bir-biri ilo vo ya ylingiil neftlo qarisdirilmasi zamani xiisusi problemlorin yaranamasi
hallar1 danilmazdir. Todqiqatlar gostarir ki, bu problemlorin yaranmasinin asas sobabi miixtalif xam
neftlorin qarigmasi ilo onlarda ¢okmo ehtimalli asfaltenlor kimi tizvi bark hissociklorin olmasidir
[1,3]. Malumdur ki, diger ballastlarin - su, mexaniki qarisiglar, duzlarinin miqdarina géro do xam
neftlorin torkibi miixtolifdir. Bir ¢ox hallarda neftlorin qarigsmasi zamani asfalten, parafin, vo
qatranlarla yanasi gqeyd olunan ballastlarin da ¢dkmasi bas verir. Son illordo Azarbaycan neftlorinin
qarismasi timsalinda bir ne¢o maraql tadqiqat islori aparilmigdir [3-5]. Bu todqiqat islorinds xam
neftlorin qarigmasi ilo bagli yaranan spesifik problemlor vo “birarayasigmaz”’liq problemlori 6z
oksini tapmugdir.

Masolonin hoalli. Neftlorin qarigsmast zamani onlarin qarisma nisbatindon asili olaraq
qarisiqlarda  ballastlarin  miqdarimin neco doyismosi vo bu doyismonin neft qarisiqlarmin
makroskopik gostaricilorine tosiri masalslorinin arasdirilmasi torofimizdon laboratoriya sinaglart
osasinda arasdirilmisdir.

Bu mogsadls ii¢ miixtalif ¢esidli xam neftlorin garismasina baxilmisdir.

Ilkin “Bulla”- 1, “Qaraguxur” - II vo “Siyazon” - III neftlorinin vo onlarin miixtolif
nisbatlordo garisiglarin torkibindoki ballastlarin miqdar1 vo makroskopik gostoricilori codvalda
verilmigdir.

Sixliq, 6zliiliik vo donma temperaturu kimi makroskopik parametrlorin qarigdirilan neftlorin
nisbatindon asil1 olaraq doyigmosi ilo yanast uygun qarisiqlarinda olan ballastlarin migdariin
homin gostoricilora tosiri do todqiq edilmisdir. Qeyd etmok lazimdir ki, ballastlarin migdarinin
doyismosinin neft qarisiqlarinin  sixlhiq, kinematik o6zlilik vo donma temperaturu kimi
parametrlorino asagidaki variantlar {i¢iin tosiri todqiq edilmidir: a) (AQP+MQ+Su) ballastlarin
tosiri; b) (AQP+MQ) ballastlarin tosiri; ¢) (AQP+Su) ballastlarin tosiri; d) (AQP) birlosmalorinin
tosiri; €) duzlarin (D) tosiri.
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Ballastlar:n neft qarwsiglarinim makroskopik parametrloring tosirinin tadqiqi

Cadval

flkin — Bulla-1, Qaracuxur-II va Siyazan-III neftlorinda vo onlarin miixtalif qarisiglarinda
ballastlarin migdarinin dayismasi (kiitlo %).

Neftlor - A

larin| 3 SR S gL

vo onlarin| & o 5 3 E -5 |Eg

qarisig- |© = @ a E= |80 g5 |©o<

=< r = a o o< =3 - O c s |¥ <

lar T a. o < £ E | S £ |2 @

o < < ~ % £ |5

(@] = v

I |[BN| 7276 29.56 | 66.2 23.84 1480.6 973.4 +9 15.76
I |QN| 79.22 22.82 72.9 16.4 530.3 978.9 -6 8.23
Il [SN| 53.72 18.02 48.9 13.19 [(398.4 914.7 +3 6.41
1:1:1 67.81 22.41 62.1 16.68 471.8 956.8 +3 41.78
1:1:2 65.45 23.25 60.0 17.78 453.5 962.9 0 49.29
1:1:3 63.5 21.9 59.1 17.48 {443.8 966.3 0 43.54
2:1:1 71.57 27.37 66.1 21.9 4739 960.7 +6 60.52
3:1:1 73.87 29.17 68.1 2342 476.6 962.1 +6 76.23
1:2:1 70.21 21.7 64.6 16.1 483.7 944.6 +2 39.31
1:3:1 70.43 21.23 65.0 15.7 1495.2 940.1 +3 34.23

*Qeyd: 1:1:1, yoni I, II va III neftlorin qarigsma nisbati eynidir.

Hor bir neft qarisig1 tiglin ballastlarin makroskopik parametrlore tosirini miioyyon etmok tigiin
sixliq, kinematik 6zliiliik vo donma temperaturunun geyd olunan (a-e) variantlar tizro ballastlardan
asililiglart qurulmusdur. Homin asililiglar gqeyd olunan a-e variantlari {izre uygun olaraq sokil 1-5-
do gostorilmisdir. Sokillordon goriindiiyli kimi, he¢ bir halda qeyd olunan asililiglarda, demak olar
ki, monotonluq askar edilmomisdir. On maraqli odur ki, ballastlarin gqeyd olunan praktiki vacib
parametrloro tosiri he¢ do birmonali olmamigdir. Belo ki, ballastlarin miqdarinin doyismosi ilo
sixliq, kinematik ozliilik parametrlori arasinda miioyyon korrelyasiya hallart mévcud olsa da,
neftlorin hansi nisbotdo qarigsmasinin da tosiri shomiyyatli deracads ¢ox olmusdur. Bozi hallarda
qarisma nisbatindan asili olaraq hamin parametrlorin anomal artmas1 hali da miisahide olunmusdur
(sok.5). Mosalon, neftlorin 2:1:1 vo 3:1:1 nisbatlordo qarismasi zamani duzlarin 473-480 mq/I
qatiliginda hor ii¢ parametr anomal olaraq ¢oxalmigdir. Onu da geyd etmok lazimdir ki, duzlarin
miqdarinin ¢oxalmasi ilo sixliq vo kinematik ozliiliik kimi parametrlor tigiin {imumi tendensiya
azalsa da, donma temperaturu ii¢iin bu tendensiya artmisdir.

AQP birlogsmolorinin miqdar1 ¢oxaldiqca sixliq, kinematik 6zliiliik vo donma temperaturu
parametrlorindo timumi (sok.4) tendensiya artmaga dogru yonolmigdir. AQP-nin 15-18% Kkiitlo
payinda sixligin anomal ¢oxalmasi, donma temperaturunun iso azalmasi hallar1 qeydo alinmigdir.
AQP birlosmolorino suyun olavo olunmasi ilo bas veron doyisikliklor do maraqli noticolorlo
miisahido edilmisdir. Belo ki, (AQP+Su) ballastlarinin 65 kiitlo %-no uygun qiymotindon
baslayaraq hor li¢ parametrin qiymoti ohomiyyatli dorocads ¢oxalmaga baslamisdir (sok.3).
Neftlorin garisma nisbatindon asili olmayaraq c¢ varianti iigiin kinematik o6zliiliikk ballastin qeyd
olunan giymating kimi praktiki olaraq doyigsmoaz qalir.
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Ballastlar:n neft qarusiqlarinim makroskopik parametriarina tasirinin tadqiqi
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Sak.3 Neft qarisiglar iigiin sixligin, kinematik ozliiliiyiin va donma tempersturunun ballastlarin
(c-AQP+ Su) migdarindan asili dayismasi
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Ballastlar:n neft qarusiqlarinim makroskopik parametriarina tasirinin tadqiqi
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Sak.4 Neft qarisiglar iigiin sixhigin, kinematik ozliiliiyiin va donma temperaturunun ballastlarin
(d-AQP) migdarindan asuli dayismasi
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Saok.5 Neft qarisiglart tictin sixligin, kinematik ozliiliiyiin va donma temperaturunun duzlarin migdarindan asil dayigmasi
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Ballastlar:n neft qarwsiglarinim makroskopik parametrloring tosirinin tadqiqi

Notica. Miixtoalif ¢esidli neftlorin garigmasi bir ¢ox hallarda yolverilmozdir. Belo ki, neftlorin
garigmasi zamani ballastlarin ¢okmasi noticesinde onlarin makroskopik parametrlori xeyli doyisikliya
moruz qalir.

Qarisan neftlorin torkibindo olan ballastlarin —asfalten-gatran-parafin birlogsmalori, mexaniki
qarigiglar vo suyun neftlorin sixliq, kinematik o6zlillik vo donma temperaturu kimi makroskopik
parametrloring tosiri oshamiyyatli deracoads olmagla onlarin garisma nisbatindon ¢ox asilidir. Odur ki,
madan soraitinds neft qarisiqlarini y1gilmasi, hazirlanmasi va naqli proseslorinin samaraliliyini artirmaq
iiciin hamin garisiglar ilk 6nce laboratoriya sinaqglar1 esasinda todqiq edilmsolidir.
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B crartee uccienyeTcsi I3MEHEHNE MaKpOCKOIIMYECKHX T0Ka3aTeNel, TAKNX KaK IUIOTHOCTb, BS3KOCTh U TeMIepaTrypa
3aCThIBaHMs, B 3aBUCHMOCTH OT KOJHMYECTBa 0a/u1acTOB B UX COCTaBe IIPU CMEIIMBAaHUU PAa3HOCOPTHBIX HedTel. Y cTaHOBIICHA
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SUTOZYIQ SISTEMININ GUMBOZINO QAZIN VURULMASI
ILO SUYUN YER SOTHINO SIXISDIRILMASI

0.0. OLIYEVA®, ©.S. OLIYEV!

Mogqalada, sutozyiq sisteminin kiimbozine qazin vurulmasi ilo suyun yer sothinoe sixigdirilmasi: mosslosine
baxilmigdir. Yataq biitovlikde maye ilo doldurulmusdur. Bunun iciin sutozyiq sisteminin morkozi yuxari
hissosindo yeraltt qaz anbarlarinin yaradilmasi tolob olunur. Bu mogsodlo do homin suyu qazilmis ve
yiiksiizlogdirilmis xiisusi quyulardan tozyiq altinda sixisdirmaq lazimdir. Masaloni holl edarkon ardicil
yaxinlagsma tsulundan istifads edilir vo anbarin yaranmasi isloyon quyular vasitasilo mayenin sixigdirilmasi
hesabina bas verir.

Sutazyiq sistemi, yatagin sistemi vo parametrlori zonginlogdiron maye vo qazlar molumdurlar. Sonuncularin
sorhadlari basma konturlart vo axmasidir. Zamana gors anbarda su tozyiqi, anbarin qiraginda boslugun hacminin,
yaradilmig qazin giicliniin vo vurulmus qaz migdarinin cominin doyismaosi ilo toyin edilmisdir.

Baxilan sortlorde qovma va axma konturu ilo mohdudlasan sahalords suyun harakatini radial kimi qobul
etmok olar. Qeyd olunan sahs ¢ox da bdyiik saho olmadigindan suyun elastikliyi vo miihitin mesamaliyini nozara
almamaq olar. Bu maraqlandiran massloyo deformasiya olmayan yatagda sixilmayan mayenin siiziilmosi kimi
baxmaq olar.

Axma konturunda sabit tozyiqin olmasi ilo debitin miiqayisali kicik doyismoe-sindo qazla sixisdirilan
su, bosaltma quyusunun agzindan sarbast axmasi ilo naticolonir.

Agar sozlar: yeralti gaz anbari, kiimbaz, su tozyiqi, axma konturu, islayan quyulair, vurucu quyular, tazyiq
itkisi, gaz-su konturu.

Giris. Moqalodo sxematik yatagin sutozyiq sistemino baxilmisdir. Yataq biitovliikde
maye ilo doldurulmusdur. Kumbozvari qaldirmasi olan sutozyiq yataginin morkozi yuxari
hissasindo yeralti qaz anbarimin yaradilmasi tolob olunur. Bunun ii¢lin qaz1 kiimbazin morkoz
hissasina vurmaq vo oradan suyu bu maqsadlo qazilmis vo yiiksiizlosdirilon quyu adini dasiyan
xiisusi quyularla sixigdirmaq lazimdir. Bu quyular Ry radiusu boyunca dairavi batareya soklindo
yerlogirlor. Maye o vaxta qodor sixigdirilir Ki, gaz-su kontakt sothi AB vaziyyatini alsin. Sonraki
sixisdirma rentabelli olmur, ¢ilinki, bu zaman qaz su tolasi (lovuska) haddindon ¢ixir vo yataq tlizro
yayilir.

Isin magsadi: Sutozyiq sistemi, yatagin sistemi vo parametrlori zonginlosdiron maye vo

gazlar molumdurlar. Sonuncularin sorhoadlori basma konturlari vo axmasidir. Zamana gors anbarda

! Neftin, gazin geotexnoloji problemlori vo kimya ETI (Azorbaycan Dovlet Neft vo Sonaye Universiteti)
E-mail: afeliyaaliyeva@.mail.ru
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Sutozyiq sisteminin Qiimbazina gazin vurulmas: ilo suyun yer sathina sixisdirilmas:

tozyiqi, anbarin qiraginda boslugun hocmini, yaradilmis gazliigin giiciini vo vurulmus qaz
miqdarimin cominin doyismasini toyin etmok lazimdir [1].

Vurucu quyulart yerlogon qovma konturunu vo axma konturunun otrafinda yerloson
vurucu quyular1 dairo adlandiraq. Baxilan sortlordo qovma vo axma konturu ilo mohdudlasan
sahoalorde suyun horokatini radial kimi qobul etmak olar. Qeyd olunan saho ¢ox da bdyiik saho
olmadigindan suyun elastikliyi vo miihitin mosamaliyini nazors almamaq olar vo bu masaloya
deformasiya olmayan yataqda sixilmayan mayenin siiziilmasi kimi baxmaq olar [2—6].

Yatagin qiragiin qazh hissesindoki boslugun hocmini Qg qaz-su Kkontakt sahosini
F = F(Z); buhalda yatagin qazli hissoesinin tozyiqini pg-la; qazvurma baslangicindan kegon
miiddati t; Ortliylin on yiliksok ndqtasindon hesablanan suyun soviyyssinin azalmasini Z; yatagin
gazl1 hissasinin masamaliliyini m-lo; Z=H olduqda qaz-su kontakt sahasini F,-1a; AB voziyyatinds
suyun ¢akilmasinin orta radiusunu Rys-lo; suyun dinamiki 6zliiliik amsalint — pg,-19; yatagin R, vo
Rks. — radiuslart ilo gostorilon konturlar1 arasindaki qazli hissonin giiciinii h-la; kegiricilik oamsalini
— K ilo; suyun axma konturunda tozyiqi — pks-lo; suyun xiisusi gokisini yg, —ilo; su tolosinin
hiindiirliiyiinii H-1a; bosaltma quyusunun radiusunu R - ilo isara edok (sokil 1).

Isin yerina yetirilmasi: Mosoloni holl etmokdon 6trii ardicil yaxinlasma iisulundan istifads
edok. Hesablamani asagidaki kimi gobul edirik. Kigik vaxt kasimi At = t<ti—do (burada ts vo tj —
kasiyin sonu va avvalidir) vo yatagin (g qazli hissasindon konar boslugun hocmi ile kasiyin sonuna
yaxin ts- vaxtindan istifads edirik [7,8].

S
_ ftn qp,e dt+P Oy

(1)

q
P, = P,Qy — P'Q,
Q
P'= P, —ysuZ — AP
diisturu ilo t; —son kosim vaxtina yatagin qazli hissesindoki pn —tozyiqini, tp- baslangic kosim
vaxtinda yatagin qazli hissesindoki Q, — tozyiq ve hacmini tapiriq, 0 = Q(Z) asililiq qrafiki iizro
Zy qazliligin giiclinii t; vaxt kosimindo va

Ap = pg +Ysu (H =Z)—pk.c. —ni miioyyan edirik.

2khApn
Ris — R"
Hsuln TlR]?.S.er]L_lRS

qx = (2)

disturu iizra tg kasik vaxtinin sonu tizra sixigdirilan suyun debit comini tapiriq. Sonra yatagin
qazli hissasinin kenarindaki bosluq hacminin AQ doyismasini At vaxtda doyismosini miiayyan
edirik. Bununla yanasi qeyd etmok lazimdir ki, kicik vaxt kesimindo At mayenin orta sorfi
baslangic vo son vaxt kosimin orta arifmetik qiymaotino barabordir.

AQ= Bk A (3)
Konar bosluq hacminin yeni qiymoti ', = Q,+AQ
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Hesabat1 yuxarida gostorildiyi
gqaydada o vaxta kimi tokrarlayiriq ki,
gobul olunmus Qg—1n vo alinan Q'g-n
giymotlori borabor olmasin vo ya
buraxila bilon hesabat doaqiqlikden

T P

forqlonsin. Sonra At-m  vo (Qg-n
asagidaki qgiymotlori ilo isloyir vo
hesabat1 eyni qaydada pgq vo (4-1n
baslangic Q, vo pn alinmis qiymatlorini
gobul edirik.

I[sloyon  quyulardan mayeni
qazla su tolosindon (lovuskadan)
sixisdirmaqla basma konturlarindaki
miixtolif sorhad sortlorindo  yeralt1

gjﬁ

anbarlar yaratmaq olar [1,4]. Umumi
halda qq = qq (t).

Bu hal onu gostorir ki, su
tolosindo vurulan qazin sorfi anbarin
yaradilmast isindo molumdur. Axma
konturunda sorhad sortlori pys = const.

Axma konturunda sabit tozyiqin Sok. 1. Yatagin sutazyiq sisteminin sxemi
1 - basma quyulari; 2 - islok quyular; 3 - izogipslor; 4 - yatagin
kegirmayan ortiiyii; KC- axma konturu; KH- basma konturu; Ry, -
deyismesinds qazla sixisdirilan su, basma quyulart batareyalarmin radiusu (R, = Ry); H - su talasinin
(lovuskanin) hiindiirliiyii; h — su yatagmin hiindiirliiyii; AB - qaz-su
sortin an asagr miimkiin saviyyasinin vaziyyatidir.

olmasi  debitin miiqayisali  kigik

bosaltma quyusunun agzindan sorbost
axmasi ilo naticalonir.

Asagidaki mosolodo yatagin sutozyiqli sistemindo mayenin isloyon quyularindan
sixigdirilmasi ilo qaz anbarlart yaradilir vo bu halda vurulan qazin sorfi molum olur. Anbarin
yaranmasini hesablamaq tolob olunur. Bu zaman asagidaki hesabati aparaq. Yataq sutozyigli
sisteminin sxemi $okil 1-do verilmisdir. Hesabat tigiin asagidaki verilonlori gobul edirik. Yatagin
mosamoliliyi 0,2 m, kegiricilik omsali 1,5 darsi, suyun 6zliliyliniin dinamik omsali, ug,, Santipuaz
1, yatagin giicli 20 m, axma konturunda tozyiq R

P

q.k.?

ak,» 06 MPa, qidalanma sahasi konturunda tozyiq

6 MPa, axma konturunun radiusu, R 3000 m, suyun xiisusi ¢okisi ys,, 1000 Q/m3, su

a.k.»
tolosinin hiindiirliiyii 55m , bosalan quyunun radiusu, R, 0,1 m, sabit gobul edilon su ¢okilmasinin
orta radiusu, Ry, =R,, 500m, vurulan qazin sabit sorfi (, 10° m%/giin, gidalanma sahosi

konturunun radiusu R, , 19,47 km, islok quyularin say1, 40 , basqi quyularin say1, 20.
A,—1n giymatini hesablayaq.

Qi = AP - Ay
2mkhn’ 2-3,14-1,5-2000-40-0,864-10 3,
AO = RZnI_RZnI = 23.335-10 = 845m /gunat.
."Lsuln k.c. b ’ ,

rpn’ pn’-1
n'Ry . Ry "R,
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Sutozyiq sisteminin Qiimbazina gazin vurulmas: ilo suyun yer sathina sixisdirilmas:

Yuxarida gostorilon gaydada hesablamalarin naticalori cadval 1-do verilmisdir.

) Cadval 1
Islayon quyulardan suyun sixisdirilmasi ilo yaradilan
gqaz anbarlarim xarakterizo edon asas verilanlor
ts-ti=At, Qq peMPa | Z,m| Ap,at | Ao O, 10° AQ, | QY
giinlor 10°m?® m¥gin, | m¥gin | 10°m® | 10°m®
at
60-0=60 0,84 7,15 5,35 | 16,56 845 13,900 0,84 0,84
120-60=60 1,675 7,165 7,45 | 16,41 845 13,60 0,834 | 1,674
180- 120=60 2,507 7,18 9,05 | 16,39 845 13,830 0,831 | 2,505
240-180=60 3,336 7,192 10,5 | 16,37 845 13,820 0,830 | 3,335
300-240=60 4,16 7,202 11,7 | 16,35 845 13,810 0,828 | 4,163
360-300=60 4,99 7,212 12,9 | 16,33 845 13,800 0,827 | 4,99
. . . M R
Cadval 1-in verilonlaorine géro pg= pq (t) vo 5
Z=7(t) asililiglar1 qurulmusdur (sok.2). 12 |
Hesabatdan goriindiiyii kimi, ogor anbarin 1
yaranmasi isloyon quyular vasitosilo mayenin o 720 2|7
sixigdirilmasi hesabina amolo golirse, onda sabit .
gaz vurmada anbarm yaranma tempi, demok L]
8
olar ki, sabit olur (£X¢). ) Ak
1-p,= pq(t). 2 Z=1Z(t) p
Yuxarida verilonlors asason (cadval 1) qaz 5 71
anbarimnin hesablanmasini (1) diisturu vasitasilo /
aparmagq olar [5,6] 4/
[—1 +a(l-2Zy) + Q"+2 31] 2 /
AQ = At o 0 (4) 1
a Y1 1,0
1+ 1ar ( £, %)
0 30 60 90 120 150 180 210 240 270 300 330 360
Burada t, giinlor
,31 _ HF —, Qk — f FmdZ, Sok.2.  Asilihg ayrilori
Q, = f FmdZ, Q== ,7=
Qp H
_ 2mkh P, n
F = F a = YsuH , qo = —k T
Fi Pak #sulnM
nRG Ry 'Rq

n —isloyan quyularin say1 , i;—: =T, t= % ,

Q= fot dq Patdt, @ = qqPqet, qazin sabit vurulmasnda (qq = const).
(4) diisturu iizro hesablamani aparmaqdan 6trii ilkin verilonlori bundan avvalki
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misalda t= 60 giin; Q, = 0,84 - 10°m3; p, = 7,15 MPa; Z,, = 5,35m; E,, = 32 - 10*m?;
Q, = 56,5 -10°m3; F, = 6,16 - 10°m?
ilkin verilonlors gors apartlmisdir.

Hesablamalar1 aparmagq ticlin komoakgi cadval (2)-ni tortib etmok lazimdir.

1000-55 56,5-10°
a= = 0,092 =——— =0,833
60-10% ' ' P 55-6,16-106-0,2 ’

2-3,14-1,5-2000-60-40-0,864-10° .
= = 50700m3/giin

= 5,35
Zo = S5 0,00975 ,  qo = 2,3-33,5-106
0, = 841 _ 001487, F,=—22" _ 0257, T=3%51_ 1113 giin
56,5:10° 0,2:6,16-10°© 5,07-10%
Cadval 2
t,Tve Q — niin giymatlori
t, giinlor T Q t,  ginlor T Q
0 0 0,0177 180 0,1617 0,0708
60 0,0539 0,0354 240 0,2156 0,0885
120 0,1078 0,0531 300 0,2695 0,1062
_0,0539 [—1 +0,092(1 — 0,0975) + 0'021.73 312'3354]
AQ, = - ' = 0,0088

0,092- 0,833 0,0354
1 +70'0539< 0,257 T (0,01487) )

Q, = 0,01487 + 0,0088 = 0,02377
Q, =56,5-10° % 0,02377 = 1,34 - 10°m3
Z,=6,7m,40,0 - 10*m?

- 67 _ 40,0 - 10*
4=g5 =012z R=4o 6106
Sonraki hesabatt , Z vo F; — in qiymsotlorini ilkin qiymat kimi gotiiriib eyni qayda ilo
aparaq. Hesablamalarin naticolori vo ardicil yaxinlagsma {isulu ilo alinmis verilonlorlo miigayisosi

(cadval 1), cadval 3-ds verilmisdir.

=0,322, p, =8,95MPa
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Sutozyiq sisteminin Qiimbazina gazin vurulmas: ilo suyun yer sathina sixisdirilmas:

Cadval 3
(1) diisturu ils hesablanmis V3 ona uygun Z, F,,, p, qiymatlori
ty, glinlor 1O?m3 i 101::‘”7an ,\f;a —(Qq:z).mo,% (pg—p) 100 _;)j 100 ,%
0 0,84 5,35 32,0 7,15 0 0

60 1,34 6,70 40,0 8,95 20 24,9
120 2,15 8,45 50,0 8,37 14,3 16,6
180 3,07 10,0 60,0 7,82 8,0 8,74
240 3,99 115 69,0 7,52 4,08 4,83
300 4,87 12,7 76,0 7,4 2,4 2,61

Codval 3-don goriiniir ki, AT =0,0539 ardicil yaxinlasma iisulu ilo gobul olunmus Q vo p,-i
alimis qiymatlorinds nisbi sohv hesabatin avvalinds hoddon artiq boytikdiir vo uygun olaraq 20 vo
24,9%-9 catir. Sonradan bu giymatlor azalir vo t=300 giin oldugda uygun olaraq 2,4 vo 2,61% olur.

Hesabatin doaqiqliyini ¢oxaltmaq t¢iin  Az-ni Ar=1,01...0,005-dok giymo-tini azaltmagq
lazimdir ki, bu da 6z névbasinds hesablama islarinin hacmini shomiyyatli deracods artirir. Lakin
miiasir hesablama texnikasinda biitiin omaliyyatlar1 tez vo Ar-nin haddon az qiymstindo aparmaq
olar.

Basqi quyularinin dibindo tozyiq p,-nin hesablanmis qiymotindo qazin siiziilmosindo
quyudan gaz-su konturunadok tozyiq itkisi godor yuxari olur.

Notica. Beloliklo, axma konturunda sabit tozyiqin olmasi debitin miiqayisoli kigik
qiymatinds gazla sixigdirilan su, isloyon quyunun agzindan sarbast axmasi ilo naticalonir vo anbarin
yaranmasi isloyon quyular vasitasilo mayenin sixigdirilmasi hesabina bas verir.
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BBITECHEHUME BO/Ibl HA TIOBEPXHOCTb HATHETAHUEM
T'A3A B KYIIOJI BOJTOHATIOPHOM CUCTEMBI

O.A. AJIMEBA, A.C. AJIUEB

B cratse paccMoTpeHa npobiaeMa BHITECHEHUs! BOBI HAa MTOBEPXHOCTh CHOCOOOM HarHeTaHHs rasa B KyIOJI BOJOHA-
nopHo# cucteMsl. Koraa 3anexs MONMHOCTBIO 3aMI0IHEHA KHIKOCTBIO, TPeOyeTCsl CO3AaHNe MO3EMHBIX Ta30BbIX XPAHHUIINIL Ha
[EHTPaJIbHON BEPXHEH 9acTW BOMOHANOPHOW cHCTeMbl. J[ist 9Toif menn HeoOXOIMMO BBITECHEHHE BOJIBI M3 HMPOOYPEHHBIX
pa3rpyKeHHBIX CKBaXUH II0J JaBieHueM. [Ipu perreHnu 3Toi mpoOieMbl HCIIOIBb3YeTCsl METOA ITOCIeA0BaTeIbHOTO IPHOIIH-
skeHus. Co3JaHue XpaHWINIIA IPOUCXOIUT 3a CUCT BBITECHEHHUS )KUAKOCTU C IOMOIIBIO JEHCTBYIOIUX CKBAKUH.

VI3BECTHEI )KUIKOCTH ¥ Ta3bl, KOTOpHIE 000TaIIaloT BOZOHATIOPHYIO CHCTEMY, CHCTEMY M HapaMeTpbl MeCTOpOXKIe-
HUA. [ paHnIIaMK OCIIETHET0 SIBISIOTCS KOHTYPHI M TOTOK. B 3aBHCHMOCTH OT BpeMeHH HEOOXOUMO OIIPEeNIUTh AaBICHUE B
XpaHUIHIIE, 00BEM ITyCTOTHI Ha TPAHMIE XPAHWININA, CHITY Ia3a M M3MEHEHHs KOINYeCTBA HArHETEHHOTO Ta3a.

B paccmaTpuBaeMBIX YCIOBHSIX B 30HAX OTPAaHMYIMBAIONIMXCS KOHTYpaMU HAarHETaHHUS W MOTOKU JBHKEHHE BOJBI
MOXKHO HPHHATH KakK paguaibHoe. Tak Kak OTMEYEHHas 30Ha He SBISeTCs OOIBIIOH, TO 37TaCTUYHOCTh BOIBI U IOPUCTOCTH
OKpY’Karoliel cpeqsl He IPUHUMAeTCsl BO BHUMaHKE ¥ MHTEpEeCyIomas Hac mpobiieMa MOXKeT pacCMaTpPUBAThCs Kak QHIbTpa-
IUsT HEC)KMMAaeMOH JXHIKOCTH B Hene(OPMHUPOBAHHOM MECTOPOXKACHHH. B pesynpTaTe MOCTOSHHOTO JABJICHUS B KOHTYpE
MOTOKA MPOUCXOAUT CBOOOJHBIH MOTOK BOJBI, CKMMAEMBIi 'a30M IIPH MAJICHEKOM H3MEHEHHH JIe0nTa.

KuioueBble ciioBa: noozemnoe edsoxpanuiuuie, Kynoi, Hanop BOabZ, KOHmMyp nomoka, deﬁcmsyiomue CKBAMNCUHDbL,
HacHemameJjlbHble CK8AJNCUHbL, nomepsi OLZ&TZEHM}Z, 2a30-800HbIIL KOHmyp.

GAS INJECTION INTO THE DOME OF WATER-PRESSURE UNIT TO DISPLACE OF WATER
O.A. ALIYEVA, AS. ALIYEV

The paper examines the displacement of water to the surface by injecting gas into the dome of water-pressure unit.
The deposit has been filled with fluid. That’s why, it is required to create underground gas storages in the central upper part of
water-pressure system. It is necessary to displace the water under the pressure from the drilled and unloaded special wells.

Consequtvie approaching method is used for solving the task and formation of the storage takes place at the expense
of displacement of fluid by operating wells. Liquids and gases enriching water pumping system, field system and, parameters
are known. Contours and ftows are the boundaries of the lastone. Depending on the time it is necessary to determine pressure
in the storage, the volume of the cavity on the boundary of the storage, power of the occured gas change of the quantity of the
injected gas.

In the considered condition the zones having the boundaries with injection and flow contours the water movement
can be taken into accoumt as radial. Az the mentioned zone is not big, then elasticity of water and porosity of the medium are
not considered and the problem of interest can be noted as filtration of uncompressed luquid in the undeformed field. As a
result of the constant pressure in the flow contour free water flow takes glace by compressed gas in a small change of
discharge.

Keywords: underground gas storage, dome, water pressure, flow contour, operating wells, injection wells, pressure
loss, gas-water contour.
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BAKTEPUIIMHBIE CBOMCTBA HOBBIX
HHI'MBUTOPOB KOPPO3UU CTAJIN B IPUCYTCTBUU
CYJb®ATPEAYLUPYIOIIUX BAKTEPUI

[.P. [YPBAHOB!, M.B. AZIbITE3AJIOBA?,
3.A. ABJIYJIUIAEBA?, H.A. ABJIVJIJIAEBA®

YcraHoBIEHO, uTo TIpH coaepkannu nHruoutopos 'A3AH-1 u TA3AH-2 10 mr/an B MuUHEpaIH30BaHHOMN
Cpele MOCTHraeTcs CKOpOCTh Kopposuu, Omuskas k 0.003 r/m%u, uto COOTBETCTBYeT BenuuuHe mnopsaka 0.05
MM/T0J], KOTOpast IpearaeTcs B KauecTBE 3TalOHa, ISl XapaKTEPUCTUKU JTOCTATOYHBIH 3() heKTUBHOCTH MHTH-
ouropa.

Omneneno Bmusiaue uHrnOUTOpoB [A3AH-1 1 TA3AH-2 Ha yncineHHOCTh OaKTepHANBHBIX KIETOK H 00-
pa3oBaHHE CepOBOAOPOAa B mUTaTeNbHOM cpee [locTreiita. Briseieno, uto narnoutopsr TASAH-1 u TA3AH-2
OKa3bIBAIM OakTepUIMIHBIN 3(dekT Ha cynbdarpenynupyronme 6akTepur. B 3aBUCHMOCTH OT KOHICHTPAIUU
(MakcuManbHO 10 MI/T) ¥ IPUPOIBI HHTUOUTOPA YHCICHHOCTh YKU3HECIIOCOOHBIX OaKTepHATLHBIX KICTOK CHUXKa-
nack Ha 90-100%, 4TO KOPPETUPOBAIO CO CHHUKEHHEM 00pa3zoBaHus cepoBojopoaa Ha 90%.

Kniouesvie cnosa: 6axmepuyuovl, uneubumopwt cepuu «I'A3AH», cepogodopod, uuciennHocms cyib-
gpampedyyupyrowux baxmepuii (CPB), kopposus.

Beenenne. B Hacrosiiee BpeMsi OCHOBHasi Macca He()TH JOOBIBAeTCSA C MPUMEHEHHUEM Me-
TOJIOB 3aBOJIHEHHS MPOIYKTHBHBIX IJIACTOB MOBEPXHOCTHHIMU U MUHEPATM30BAaHHBIMH CTOYHBIMU
BOJIaMH He(TenpOMBICTIOB. MHOTOIETHUI OIBIT JOOBIYM MOKA3bIBAET, YTO HA IMOCIENHEH cTaauu
HKCIUTyaTalluy KPYMHENIIUX MECTOPOXKICHUN B MPOAYKUUH HEPTSAHBIX CKBRXXHUH B 3HAUMTEIbHBIX
KOJINYECTBAX MOSIBIISETCS cepoBOAOPO. Ero Hannuue npuBOaUT K yXy/IIEHUIO Ka4ecTBa HEPTU U
rasza, OCJIOXHSET UX MepepadoTKy, CO3/IaeT TPYAHOCTH MPH SKCIUTyaTalluu MecTopoxaeHui. [lma-
CTOBBIE BOJIbl, COAEPIKAIINE CEPOBOAOPOJI, OIIACHBI U B KOPPO3HMOHHOM OTHOIIEHUH. OT KOppo3u-
OHHOTO pa3pylleHHsl OA3EMHOI0 U HaJI36MHOTO 000pYI0BAHUS B Pa3BETBIEHHOMN CETHU TPyOOIpo-
BOJIOB HApYIIAETCs] TePMETUYHOCTh ITHX O00BEKTOB. B pe3yiprare 3TOro mpoucXoasaT aBapHiiHbIE
MHOTOTOHHBIE Pa3JIMBBbI YIJIEBOJOPOJOB U UX BOJHBIX CMECEH B OKPYXKAIOLIYIO Cpely U ee HeoOpa-
TUMOe 3arps3HeHue. [loaTomy 3ammTa OT KOPPO3UU BCEr0 METAJUINYECKOTO 000PYIOBaHUS U TPY-
OOITPOBOIOB — BayKHASI TEXHUKO-IKOHOMHYECKAs U dKOJIoTHIecKas 3amaqa [1-5].

HayuHo-uccnenoBarenbckuii HHCTUTYT «I €0TeXHOI0rH4YecKre NpooeMbl HEPTH, ra3a U XUMHUS»
AzepOaiipkaHCKUH TOCYIapCTBEHHBIN YHUBEPCUTET HE()TH U MPOMBIIIIICHHOCTH
E-mail: mehpareadigozelova@yahoo.com
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C apyroii ctoponsl, oOpazoBanue H,S B HEPTSIHBIX M1acTax B OOJBIIMHCTBE CIIy4acB BbI-
3BaHO MUKPOOHOJOrH4ecKUMH mporeccaMu. OcOOEHHO aKTUBHBI B 3TOM OTHOILIEHUU aHAdPOOHbBIE
MHUKPOOPTraHU3MBl, YCIIOBHO OObEIUHSAEMBIE B IPYIY CylIb(paTpelyLupyOuX / cyabhaTBOCCTa-
HaBnuBatomux Oaktepuii (CPB), KoTOpble 3aHOCATCS B MPOAYKTHBHBIE TOPH30HTHI MOBEPXHOCT-
HBIMH BOJAMH.

Hanexxnast 3ammra OT KOPPO3UH C y4acTHEM OMOTEHHBIX (DaKTOPOB MPEICTaBISET COOO0i
CJIOKHYIO TEXHHUYECKYIO 3a/1a4y. HeoOX0IuM0O OTMETUTh, YTO MUKPOOPTaHU3MbI IPUHUMAIOT y4a-
CTHE B HanboJiee OMAaCHONW Pa3HOBUAHOCTH KOPPO3HOHHBIX MIPOLECCOB, @ MMEHHO, B MECTHBIX KOp-
PO3HOHHBIX pa3pyLICHUSX: MUTTHHTE, SI3BEHHON KOPPO3WU IMOJ W3OJIALUOHHBIM MOKPBITHEM, PY-
YEeMKOBON KOPPO3HH, KOPPO3UOHHOM PACTPECKUBAHUU MO HANIPsHKEHUEM U T.10. [6-10].

Jlnsi CHUKEHUSI KOPPO3UH B YCIOBHUAX OMOCTHUMYIISILMHM HA HE(PTEMPOMBICIIAX MCTIONB3YIOT
pa3iIu4yHbIe METOJIbI MPOTHBOKOPPO3MOHHOW 3amuThl. Ha mo3mHMX cTagusx pa3pabOoTKH MecCTo-
poxieHni Hanbosee 3(pPEeKTUBHBIMU OKA3aIUCh UHTMOUTOPBI KOPPO3UH, IOCKOJIBKY Ul UX MpH-
MEHEHHUsI He TpeOyeTcsl cepbe3Hasi MEPecTPOiKa CYIIECTBYIONIEH CUCTEMbI M TEXHOJIOTHH 00BN
U TPAHCIOPTHPOBKH HepTH. VX mprMeHeHHWe SBISETCS OAHUM M3 HambOoyiee SKOHOMHUYHBIX U
HaJeKHBIX cpeacTs [11-13].

OnHUM U3 OCHOBHBIX TPeOOBaHHMA, MPEIBIBIAEMBIX K HHTHOUTOPAM, SBISAETCS MOTH(PYHK-
IIMOHAJILHOCTh — OHU JIOJDKHBI OBITH CIIOCOOHBI OJIHOBPEMEHHO HE TOJBKO 3alMIIaTh OT pa3iiny-
HBIX BHJOB KOPPO3HOHHBIX MOPaKEHHH KOHCTPYKLIMOHHBIE METAJUIMYECKUE MaTepHaibl, HO U 3a-
MEIJISTh HOBOJOPOKMBAHHME METallIa B cpeliax, a Takke 00JaaTh OaKTepUIUIAHBIME CBOWCTBAMHU
— MOJABJAThH ku3HenesTeabHocTs CPb U yMmeHblath, TeM caMbIM, KOJIMYECTBO CEPOBOJIOPOJA,
MOTAIA0IIETO B IUIACTOBBIE BOJBL. [10MM(YHKIIMOHAIEHOCTh UCTIONB3YEMBIX HHIHOUTOPOB MO3BO-
JSIET CYLIECTBEHHO COKPAaTHTh HOMEHKJIATYpY 3aMeUInTelNel, MOBBICUTh TeXHOJOTMYHOCTh METO-
JIOB 3aIUTHI OT KOPPO3UH, TEM CaMBIM pelliasi CII0KHBIE KOJIOTHYECKHE TPOOIIEMBI.

Heabio 1anHO# pabOTHI SIBISETCS UCCIIEAOBAHHE MHTUOUPYIOMIETO ACHCTBUS 10 OTHOIIIE-
HUIO K YIJIEPOJUCTOH CTalM B CEPOBOAOPOAHON cpele M GakTepULIUIHOTO JIEHCTBUS MO OTHOIIE-
HUIO K cylb(aTpeaylupyonmmM 6aktepusiM kommnosuiuii cepunt «I"”A3AH».

MeTonuka s3xcniepumenTa. KOppo3noHHBIE UCTIBITAHUS IPOBOMIUCH TPABUMETPUIECKUM
METOJIOM B BBICOKOMHUHEPAIM30BaHHOM cpejie, comepxarieit 50 mr/n NaCl u HacwimenHoit cepoBo-
nopoaom (10-200 mr/m), MoaenupyroIei IacTOBbIE BOBI B YCIOBHAX HeTeno0sran. CepoBoao-
PO NOJTy4aad HEMOCPEACTBEHHO B (DOHOBOM cpesie MyTeM BBEJCHUs SKBUBAJIEHTHOIO KOJIMYECTBA
cynb(uaa HATPHUS U COJITHON KHCIOTHI. KOHIIEHTpaIMio cepoBo10po/ia KOHTPOIUPOBAIA METOIOM
obpaTHOro HomomeTpudeckoro TutpoBanus [13]. B xauecTBe MHTHOUTOPOB KOPPO3UHU HCCIIEIOBA-
mu A3AH-1 u 'A3AH-2.

Koppo3uonnble ucnbITaHus NpoBOAMIMCH Ha oOpasuax cranu Ct3 (tabnuua). OOpa3isl
ctanu Ct3 pasmepom 30x20x1 MM 3auMIanuCh HAXKIAYHOM OyMaroi pasinyHol AUCTIEPCHOCTH 10
onectsmiei moBepxHocTH. [locie aToro 06pasikl THIATENTFHO MPOMBIBAIIN B BO/IE U arieToHe. [loce
00e3KMpUBaHUs MOCIEAYIOIUE ONEepaluy ¢ 00pa3luamMM MPOBOAMWIM C MOMOILBIO MUHIETA WX
¢unpTpOBaTBHON OyMary.

Jlnst akTHBaLMK MTOBEPXHOCTU 00pasel] Morpyxajics Ha OJHY MUHYTY B pacTBop 15%-Hoii
COJITHOM KHUCJIOTBI, 3aTEM TILATEIbHO MPOMBIBAJICS MPOTOYHOM M AMCTUIUIMPOBAHHOM BOJOM, BbI-
CymMBajcs (pUIBTPOBATIBHOM OyMaroi, ymakoBbIBaJICS B HEe, BBIACPKUBAJICS B SKCUKATOPE C Bia-
TOMOTJIOTUTENIEM B TE€UEHHE 24 4acOB M B3BEIIMBAJICS HA aHAJUTUYECKUX BECaxX C MOTPEUTHOCTHIO
ue 6omee 0.0001 r [14].
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baxmepuyuonvle ceoticmea HOGbIX UHZUOUMOPOE KOPPO3UU CINATU 8 HPUCYMCMBUU ...

Am
CKOpoCTh KOPPO3HMHU paccuuThiBajack mo Qopmymne W = S5 rae Am - pasHOCTH Macc
T

00pa31oB 10 U MOCIE KCMO3ULINHU; S — TUIOMIA/lb TOBEPXHOCTH 00Pa3IIOB; T- BpEeMs SIKCIO3HUIIHH.

W

_ Wy
KoaddummenT TopMoxkeHHsT BEIYUCIISIIN KaK ) = W - Tae W, - CKOpPOCTh KOPPO3HH 06-
inh.

pasua B orcyrcTBue uHruOuTOopa; Win, — CKOpOCTh KOppO3uH 00pa3ia B MPUCYTCTBHA HHTHOUTOPA
(r/mM*xu4ac).

1
Do dexTuBHOCTS MHrHOUTOpa (cTenens 3ammuTsl) 7(%) = (1— ;)XJ-OO.

bakrepununnsie coiictBa 'A3AH-1 u TA3AH-2 no oTHomEHUIO K CylbhaTpenynupyro-
MM OakTepusM HM3ydaiau B nuratenbHOU cpene Iloctreiita «b», comepxkarei /1 NH4CI-1.0;
K;HPO4-0.5; MgS0O, -7H,0-2.0; CaSO,-1; nakrar Ca-2.6; Na,S-0.2; FeSO, (5%-Hblit pacTBOp B
1%-wup1it HCI) - 0.5; Na,CO3-2.0. B kauectBe CPB ucnonb3oBanbl cyjibdarpeaynupyromme oakTe-
puu poaa Desulfomicrobium.

[TpomoKUTENBHOCTE 3KCIIEPUMEHTOB cocTaBisia 168 dacoB. bakrepun MHKYOHpOBaIH
npu temneparype 32°C B IPUCYTCTBHM M B OTCYTCTBHHM HHIMOMTOPOB M €KEIHEBHO OIpE/EIIIN
YHCIEHHOCTh MUKPOOPTaHM3MOM M KOHIIEHTPALMI0 OMOTEHHOTO CEPOBOAOPOJa B KYJIbTYypajabHOU
cpeze.

a-1000
hs
rae M - 4ncIio KJIeTOK B | MIT CyCHICH3UH; a — CPEIHEee YMCII0 KIETOK B KBaapare ceTku; h - riyou-

KonmuecTBo kiteTok B 1 MiI HCXOTHOM CYCTIEH3MH BBIYHMCIISUTH 110 popmyse M =

Ha KaMephl B MM; S - UI0mab KBaapaTa ceTki B MM, N — pa3Be/IeHIe HCXOTHOM CYCIICH3HH.

Koadduument noxgapnenus uncna xnerok CPb uccnenoBaHHBIMU KOMIIO3HIIUSIMHU PAcCUH-
NJERL LT
TBIBAJIA M3 COOTHOWIEHMA N = 0, rae Ng U Nipg - YUCICHHOCTh MUKPOOPTaHU3MOB B
0

OTCYTCTBHE U B IIPUCYTCTBUY MHTUOUTOPOB MIPH MPOUYNX MOCTOSHHBIX YCIIOBHUSX.

D¢ dextuBHOCTh neiicTBust MHrHONTOpOoB TA3AH-1 1 'A3AH-2 onpenensiy u3 BeTUYHHBI
C,-C,

-_— | .
CTCIICHU IMOAABJICHUSA UMH KHU3HCACATCIbHOCTU MUKPOOPTaHU3MOB! S= C 100% , IIC Co )51 Ci
0

- KOHIIEHTpAIUsi OMOT€HHOTO CEPOBOAOPO/Ia B OTCYTCTBHE M B IPUCYTCTBHUHM HHTHOUTOPOB.

TouHbIll XUMUYECKHI COCTaB UHTMOUTOPOB HE PACKPHIBAETCS MIPOU3BOJUTEINSAMHU, TOITOMY
IIPYU IPOBEACHUN JKCIIEPUMEHTA OTPaHUYMIINCH TOJBKO yCJIOBHBIM Ha3zBaHueMm. I'A3AH-1 u I'A-
3AH-2 — 3TO XUMHUYECKHUE BEIECTBA, B MOJEKYSIPHOW COCTaB KOTOPBIX BXOIHMT aTOMBI yIlIepoja,
BOJIOpOAa, KUCIOpoaa, rajoreHa u T.4. B monekyne 'A3AH-1 u TA3AH-2 umeercs TpoitHast Ko-
BaJICHTHAS CBS3b.

Pe3yabTaThl M ux o0cy:kaenue. B Tabnuiie nmpuBeneHbl NOMyYEHHbIE B pe3yibTare J1abo-
pPaTOPHBIX UCHBITAHUH JaHHBIE IO CKOPOCTH Koppo3uu ctanu Ct3 u 3amutHOMY 3ddexty (Z) un-
rubutopoB 'A3AH-1 u 'A3AH-2 B 3aBucumocTH OT KOHIleHTpanuu B pactBope ¢ S0r/m NaCl.
Kax BuaHO u3 Tabmauipsl, 3aimTHbIN 3 dexT Z BozpacTaer ¢ yBennueHueM KoHuentpanuu 'A3AH-
1 u TA3AH-2 B pacTBOpe, U yKe TpU COJEpKaHUK WHTHOUTOPOB 10 MT/IT HOCTUTAETCS CKOPOCTh
Koppo3uu, ommskas xk 0.03 r/M%4, 910 COOTBETCTBYET BenmuuHe mopsaka 0.05 Mm/Toj, 3Ta Benu-
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YHHA NPeJIaraeTcs B KauecTBE STAJIOHA JJISl XapaKTEPUCTUKHU JT0CTaTOYHOM 3(h(heKTUBHOCTH UHTH-
6uropa [15].
Tabauua
Cxopocth koppo3uu ctaan C13 B BBICOKOMUHEPAJIN30BAHHOI cpeje, coAep Kaieil
cepoBoopoa B mpucyTcTBu HHruouTopoB 'A3AH-1 u TA3AH-2

Ne | Haspanme |Konmentpamus| Cxopocts |Koadhdumment | 3amumtabiii | CtanmoHapHas
MHIHOUTOpa| MHITUOUTOpa, | KOPpO3MH, |Topmoxenus, y |dddexr, Z.%| mnoreHumun
MTI/T r/m%-4ac ¢, MB
1 |be3 uarntbu- - 3.2 - 5 460
Topa
2 | TA3AH-1 5.0 0.7 4.57 78.1 440
'A3AH-2 0.25 12.8 92.2
3 | TA3BAH-1 10 0.08 40 97.5 430
'A3AH-2 0.03 100 99.0 420
a) Zg 1 6) 100 .
70 80
60 2 ©
aé 50 S 60
= 40 S 1 2
30
20 20 3
10 3 e o e e—o—°
0
’ 0 2 4 6 " g 0 2 4 6 T

Puc 1. Yucnennocms knemox CPE (n10°) & numamensroii cpede Mocmeeiima 6 omeymemeue (1) u 6 npucymemeuu
xomnosuyuii 'A3AH-1 (a) u TA34H-2 (6) 6 konyenmpayuu 5 me/n (2) u 10 me/n (3)

B orcyrcTBue nnrubutopos HabmonaetTcs aktuBHbI poct CPb B cpene IloctreiiTa, Beipa-
YKAIOIMICS B YBEIIMUCHUH YHCICHHOCTH OaKTEpHUil M Mepexo/ie B SKCIOHEHIMANBbHYO a3y pocTa
y’Ke Ha IIepBble CYyTKHU (PUCYHOK 1, kpuBas 1).

Benenue B cpeny Ilocrtreiita uaruouropa 'A3AH-1 B koHueHTpauuu 5 MiI/T B nepBbie
CYTKH TIPUBOJIMJIO B CTUMYJISIIIUU pOCTa OAKTEPHid, HA TPEThU CYTKH HAOJIONAJICS MAKCUMYyM IIO-
JABJICHUS YUCJIICHHOCTH CyJTb(haTperynupyomux 0aKTepuii, 9TO OTpakaeT CUCTEMATHIECKH HUC-
XOJAUIMi ydacTok B koopauHaTax N, T, Ha pucyHke 2a (kpuas 1). YBenuueHue KOHUEHTpaLUUU
I'A3AH-1 mo 10 mr/n conpoBokaaeTcst mogaBieHneM xusnenestensanoctu CPB, yrpaToii cioco6-
HOCTU K JEJICHUIO, XOTS KIETKH COXPAaHSIT KH3HECOcoOHOCTh. Bennumna koadduuumenta mo-
naBieHus YucieHHocTH Oakrepuanbbix kiaetok N[N=f(t)] Bo3pacraer mo 80-90% u He meHsieTcst
Ha MPOTSDKEHUH BCETO IKCIIEPUMEHTa (PUCYHOK 2a, KpuBas 2).

B cnyuae BBenenus unruburopa '’A3AH-2 B koHLIEHTpalMu 5 MI/11 HaOII01aeTCs 3aEPK-
Ka pocTa Cyib(aTpeaylupyoImx OaKkTepuid, HO CMOCOOHOCTh KJIETOK K JEICHUI0 COXPaHIeTCS
(pucynok 10, kpuBas 2). @ynkuus B koopauHatax N, T HOCUT OoJiee CI0KHBIA XapakTep, YeM Mpu
Hencnonb3zoBanuu ['A3AH-1, cyas no Buay, yKka3aHHOW KOHLIEHTpAIMM HHIHOUTOPA HE0CTaTOY-
HO JUTSI CTOMKOTO TTO/IaBIeHHsI pocTa OakTepuit (pucyHok 16 u 20).
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Puc. 2. Benuuuna xosgguyuenma nooasnenus uucnennocmu N(%) baxmepuanvhvix kiemox ¢ numamensbHou cpede
Hocmeetima npu enecenuu I'A34AH-1 (a) u I'A3AH-2 (6) 6 konyenmpayuu 5 me/n (1) u 10 me/n (2).

[ToBeimenne kounenrpamyu 'A3AH-2 1o 10 mMr/n npuBoauT K MOJABICHUIO pOcTa OaKTe-
puii, Bo3pactanuto ko3 punmenta noaasiaeHus N 4MCIEHHOCTH OaKTepHAIbHBIX KIETOK ITOYTH JI0
100% (Ha BTOpBIE CYTKH), XOTS AKHU3HECIIOCOOHBIE KJIETKH IPH 3TOM COXPAHSIIUCh, YTO CBHUJIETEIb-
CTBYET 0 OAKTEpUIMTHOM XapaKTepe UCIOJIb3YeMbIX HHTUOUTOPOB (pUCYHOK 20, KpuBas 2).

H,S siBrsieTcst oCHOBHBIM TpoyKTOM >ku3HenestensHocT CPB u oOycnoBnuBaer ux yva-
CTHE B TIpoleccax Koppo3uu. M3smMeHeHne cCKopocTH HakoruieHus: ouorennoro H,S B cpene MoxkeT
OBITH CIIEJICTBUEM CHIKECHUS YHCIEHHOCTH OAaKTepHUAIBbHBIX KIETOK JHOO0 CHMKEHUEM HX (DyHKIIH-
OHAJILHOM aKTUBHOCTH U CLIOCOOHOCTH MPOIYLIUPOBATH CEPOBOAOPO.

ITonmy4yeHnnsle pe3ynbTaThl ompenesieHust oOpa3oBaHMs HyS HakomuTENnbHON KynbTypon
cynbdarpenyuupyromux o6akrepuii B cpene [loctrelita B OTCyTCTBHE U B IPUCYTCTBUM UHTHOUTO-
poB 'A3AH-1 u ’A3AH-2 npuBenens! Ha pucyHke 3 a, 6. BHeceHne B TeueHHe IBYX CYTOK B Cpe-
Ny HCCIeyeMbIX MHIMOMTOPOB INpPAaKTHYECKH He BiuseT Ha oOpasoBanue H,S, onnako 3arem
HaOJro1aeTcs CHIDKeHHe npupocta H,S B cpeie mo cpaBHEHHIO ¢ KOHTposieM 0e3 MHruouTopa,
KOoTOpoe 0bu10 MakcuMasibHbIM B nipucyTtcTBuM ['A3AH-1 nu ITA3AH-2, BHeCEHHBIX B KOHIIEHTpa-
o 10 mr/m.

[Tonyuyennsie HamMu pe3ynbTaThl (PUCYHKH 2 U 3) 1alOT OCHOBaHWE MoJiaraTh, 4TO 00a MH-

ruOuTOpa MONABISIOT KaK JIEJICHHE KJIETOK CYIb(paTpe ylupyonmx OakTepuii, Tak 1 00pa3oBaHUE
umu H,S.

400
a) 400 .
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300 . 300 1
< 250 %
2 200 B 200
5 150 2 5 2
S 100 >, 100
& 50 T
T o 3 O o 3
O 0 2 4 6 T, CyT. g 0 2 4 6 T, CyT. 8

Puc. 3. Obpazosanue ceposooopoda numamenwvroti kynomypou CPE ¢ numamenshotl cpede [locmeeiima ¢ omcymemeue (1) u
6 npucymcemeuu komnosuyuil I'A3AH-1 (a) u F'A34H-2 (6) ¢ konyenmpayuu 5 me/n (2) u 10 me/n (3)
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Puc. 4. Cmenens nooasnenus sjcuznedessmenbHOCmu 6akmepuil 8 cpeode 8 Rpucymcmeuy
xkomnosuyuti A3AH-1 (a) u TA3AH-2 (6) 6 xonyenmpayuu 10 me/n (1) u 10 me/n (2)

Pe3ynbrathl cTeneHH MOJAaBICHUS KU3HEAEATENIBHOCTH CYIb(paTpeylupyommx 0akTepuil
MHTUOUTOpPaMH IO CHIDKEHHIO HAKOIICHHSI CEpOBOIOPOAa HALLIM OTpa)keHue Ha pucyHke 4. Kak
BUIHO U3 PUCYHKA, YK€ Ha TPEThU CYTKHU TOCJIE€ BHECEHUS MHTUOMTOPOB YBEIMUMBACTCA KOJIHMYE-
ctBo CPb (S, %), koTOpO€ MOBBIIIAETCS ¢ BO3pACTaHWEM KOHIEHTPAMU UHTUOUTOPOB C 5 MI/11 110
10 mr/n cpenst TlocTreiita, gocTurast MakcuManbHOTO 3HaYeHUs nopsiaka 90% B npucyrcrue ['A-
3AH-2.

3akawyenue. aruouroper [A3BAH-1 u TA3AH-2 B KOHIIEHTpauu 5 MI/J 3aMeUISIOT
KOPPO3HUIO YIIIEPOJUCTOM CTaIM JHUIIb pu conepxkanuu H,S B pactBope He menee 200 mr/n. Yae-
JMYEHUE UX KOHIEHTpauuu 10 10 Mr/n cHmkaeT KoHueHTpauuio H,S, nmpu xotopoit HabmonaeTcs
TOPMOKEHHE KOppo3uu. Y cTaHoBIeHO uTo, uHruouTopel 'A3AH-1 u TA3AH-2 oGnanator Gakre-
PHULIMIHBIM JCHCTBHEM IO OTHOIICHHIO K HAKOIMTEILHOU KYNBTYype, colepxaiieil cynbhaTpeny-
nupyromue 6akrepuu poaa Desulfomicrobium.

Benenue B cpeny Iloctreiita narubutopos 'A3AH-1 u T'A3AH-2 B xoHuentpauuu 10
MT/JI IPUBOAMT K TMOJIABJICHUIO POCTA YHUCICHHOCTH KIIETOK Cylb(darpenyupyromiei 6aktepun Ha
100% u x camxennto H,S Ha 90%.
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SULFATREDUKSIYAEDICI BAKTERIYALARIN iSTIRAKI iLO POLADIN KORROZIiYASI
UCUN YENIi BAKTERISID XASSOLi iNHiBITORLAR

Q.R. QURBANOV, M.B. ADIGOZOLOVA, Z.A. ABDULLAEVA, N.A. ABDULLAYEVA

Miiayyan olunmusdur ki, minerallagdirilmis miithitde QAZAN-1 vo QAZAN-2 inhibitorlarinin qatiligi 10 mq/l oldugu zaman,
korroziyanin siirati 0.003 q/ ms yaxinlagir ki, bu da inhibitorun effektivliyini xarakterizo etmok {igiin etalon kimi toklif olunmus 0,05
mm / il doyarinds 6l¢ii vahidino uygun galir.

QAZAN-1 vo QAZAN-2 reagentin bakterisid xassali olmasini miioyyanlaegdirmak {iglin laboratoriya seraitinde Pasqeyt-B
miihitinds névbali durulagdirma metodu ilo SRB-in mohv edilmasi todqiq edilmigdir. Reagent 10 mq/1 qatiligda 90-100%-1i miihafizs
effekti gostorilmis vo SRB-in hoyat foaliyyotini dayandirmis vo bu zaman hidrogen sulfidin amele golmasi 90% azalmigdir..

Acar sézlar: bakteriyalar, QAZAN seriyali inhibitorlar, hidrogen sulfid, sulfatreduksiyaedici bakteriyalarin migdari, Korroziya.

BACTERICIDAL PROPERTIES OF NEW CORROSION INHIBITORS OF STEEL IN PRESENCE
OF SULFATOREDUCTING BACTERIA

G.R. GURBANOV, M.B. ADIGEZALOVA, Z.A. ABDULLAEVA, N.A. ABDULLAEVA

It is established that at the content of GAZAN-1 and GAZAN-2 inhibitors of 10 mg/l in the mineralized environment the
speed of corrosion, close 0.003 g / m*t is reached, which corresponds to the value of about 0.05 mm/year used as a standard to de-
scribe the sufficient efficiency of inhibitor.

The influence of inhibitors GAZAN-1 and GAZAN-2 on the number of bacterial cells and formation of hydrogen sulfide was
evaluated in the Postgate nutrient medium. It was revealed that the inhibitors of GASAN-1 and GAZAN-2 had a bactericidal effect on
the sulfate-reducing bacteria. Depending on the concentration (max. 10 mg / I) and the nature of the inhibitor, the number of viable
bacterial cells decreased by 90-100%, which correlated with a decrease in the formation of hydrogen sulfide by 90%.

Keywords: bactericides, inhibitors of the range “GAZAN”, hydrogen sulfide, number of sulfate-reducing bacteria, corrosion.
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DOMIRYOL STANSIYALARININ iSTISMAR ETIBARLIGININ
QiYMOTLONDIRILMOSI USULU

E.K. MANAFOV!

Mogqalo domiryol stansiyalarinda istismar etibarliginin qiymeotlondirilmosi iisullarina hosr edilmisdir.
Miixtalif monboalordo qeyd edilmis “fiziki etibarliq” vo “texnoloji etibarliq” anlayislarinin tosvir formalari
aragdirilmis, domiryol stansiyalar1 ii¢iin etibarliq xarakteristikasina baxilmisdir. Qeyd edilmisdir ki, domiryol
stansiyast kimi miirakkab sistemin faaliyystinin etibarligina asasan texniki elementlorin (domir yolu; avtomatika,
telemexanika va rabita qurgulari; elektrik tochizati qurgulari; lokomotivler; vaqonlar; yollarin uzunlugu va say1 va
s.) etibarligi vo toskilati-texnoloji (yollarin yaxud parklarin voziyyeoti, emalin yaxud g¢esidlomonin miiddati,
lokomotiv yaxud lokomotiv brigadasinin say1 va s.) amillorin etibarligi tosir gostorir. Domiryol stansiyalarinda bas
vera bilocok imtinalarin {imumi tosnifati verilmisdir. Stansiyalarinin faaliyyatinin qiymotlondirilmasi iigiin ayri-
ayr1 altsistemlordon ibarat hissoloro boliinmasi vo hor bir altsistem {igiin texnoloji imtinalarin sistemlosdirilmasi
tohlil edilmigdir. Natico olaraq qeyd edilmisdir ki, domiryol stansiyasinin miirokkabliyi vo onun funksional
olagolorinin ¢oxsaxali olmasi etibarligin adadi toyin edilmosi zamani bdyiik ¢atinliklor yaradir. Bunun ii¢lin
stansiya altsistemlorinin qarsiliqli alaqesini nozors alan statistik qiymotlondirms metodlar1 ilo birgo stansiya
proseslorinin modellosdirilmasi metodlarindan istifads etmok daha maqsadouygundur.

Acgar sozlar: damiryol stansiyasi, istismar etibarligi, texniki va texnoloji imtinalar, qiymoatlondirma,
imitasiya modellasdirmasi.

Giris. Istonilon texniki sahods maliyyalosdirmo cotinliklori yarandigda miixtolif texniki
qurgu vo sistemlorin etibarliginin yiiksoldilmosi mosolalorinin aktualligi artir. Etibarliq istonilon
texniki qurgu, yaxud sistemin vacib texniki-igtisadi keyfiyyot gostoricisidir. Texniki vasitalorin eti-
barligin1 yiiksoltmodon layihalondirilon sistemlorin effektivliyinin vo keyfiyystinin artirrlmasina
nail olmaq ¢ox ¢atindir. Digar torafdon texniki sistemlorin, avadanliglarin vo onlara xidmat islorinin
miirokkablogmasi, istismar saraitinin vo hall edilon masalalorin masuliyyatliliyinin sartlosdirilmasi
etibarligin yiiksaldilmasi talablorinin asas meyarlaridir. Texniki sistemlorin etibarliginin kifayat qo-
dor olmamasi bu sistemlorin layiholondirilmasi, istehsali vo istismarmna g¢okilon imumi xorclorls
miigayisada istismar xarclarinin payinin artmasi diqqati calb edir. Bu zaman texniki sistemlarin is-
tismar doyari onlarin layiholondirmo va istehsal doyorindon dofalorlo ¢ox ola bilor. Bundan olava
texniki sistemlorin imtinas: informasiya itkilari, bu sistemlorlo birbasa olagali olan digar sistemlorin
somorasiz dayanmasi, qoza va texnoloji dayanmalar kimi miixtolif név noticolora sobab ola bilar.
Hazirda istismar etibarliginin rolunun yiiksaldilma sobablarindon biri do igtisadi amildir. Bununla

L Milli Aviasiya Akademiyasi
E-mail: elshan_manafov@mail.ru
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Doamiryol stansiyalarimin istismar etibarliginin giymotlondirilmasi tisulu

olagodar istismar proseslarinin idaraetma sistemlorinds masin vo icra mexanizmlarinin, qurgularin
genis istifadosi zamani istismar soviyyasi asason bu masin vo mexanizmlarin, qurgularin etibarl
faaliyyatindon asili olur. Miirokkablik doracasindon asili olaraq istonilon tip sistemlordo, o ciimlo-
don domiryol stansiyalar1 kimi boyiik sistemlords etibarliliq mosalalarinin aragdirilmas: aktual mo-
solalordondir.

Isin maqsadi. Domiryol stansiyalarmin istismar etibarligmin xiisusiyyatlorini arasdirmagq vo
onun giymatlandirilmasi ti¢iin imitasiya modelinin qurulmasini asaslandirmaqdir.

Mosalanin qoyulusu. Etibarliq — texniki obyektin (cihazin, qurgunun, avadanhigin, siste-
min) kompleks xiisusiyyatidir vo asas xiisusiyyatlorini (miioyyan istismar soraitlorindo) toyin edil-
mis hadlords saxlamagla verilmis miiddoat arzinds nozards tutulmus funksiyalar: yerina yetirmoa ga-
biliyyatindon ibaratdir. Etibarliq imtinasizliq, uzunémiirliiliik, tomirayararliliq vo saxlama xiisusiy-
yatlarila xarakteriza olunur. Texniki saholordo obyektin imtinaya gador islomo miiddati ilo 6lgiiliir,
igtisadiyyatda iqgtisadi yaxud maliyys subyektinin (masalon, bankin) davamligini oks etdirir va s.

Uzun illor arzinds bir ¢ox sonaye miiassisalorinds mohsulun etibarliq saviyyasinin tomini
ticiin hesablamalar vo sinaglar aparilir, normativ tonzimlayici sonadlor tortib edilirdi. Kegon asrin
60-70-ci illarindos riyazi etibarligla yanas1 “fiziki etibarliq” vo “texnoloji etibarliq” anlayislar: ya-
randi. Bu istehsal texnologiyasinin buraxilan momulatin etibarligma tosiri ilo olagodardir. Indiye-
dak etibarliq problemlarilo masgul olan bir ¢ox alimlar “fiziki etibarliq” va “texnoloji etibarliq” an-
layislarina forqli izahatlar vermisdir. [1]-do texnoloji vo fiziki etibarliga daha dolgun aydinliq goti-
rilmisdir. “Texnoloji etibarliq” — momulatin istehsal prosesinds yaranan, lakin momulata, yaxud
proseslora nozarat saviyyasinin va istehsalat faktorlarinin mamulatin istismar xiisusiyystloring tasiri
ilo olagadar lazimi molumatlarin kifayst qodor olmamasi sobobindon askarlanmamis qiisurlarin
movcudlugu ilo tayin edilon imumi etibarligin bir hissosidir. “Fiziki etibarliq” — istismar zamani
imtinalarin yaranmasina sabab olan vo dagidict tosiro malik fiziki-kimyovi-mexaniki proseslarin
movcudlugu va bas verma siirati ila tayin edilon tmumi etibarligin bir hissasidir. Bu proseslors ye-
yilma, aginma, yorgunluq proseslari, ¢atlama vo onun inkisafi vo s. aiddir.

Damiryol stansiyalarindaki obyektlar tigiin etibarliq xtisusiyyatinin daha dolgun xarakteris-
tikas1 P.S. Qruntov torofindon verilmisdir: Etibarliq — obyektin (domiryol stansiyasi, qovsagi, saho-
si va s.) 0z funksSiya vo is xarakteristikasini toyin edilmis tapsiriq hadlorinds va avvalcadon tayin
edilmis istismar soraitlorindo saxlama qabiliyyatidir [2]. Etibarliq sistemin isinin imtinasizligi vo
onun iglomo qabiliyystindon ibarat olan miirokkab anlayisdir. Sistemin miirokkabliyi artdigca onun
istismar etibarligina tosir edon amillorin say1 artir. Damiryol stansiyasi kimi miirokkob sistemin eti-
barligina asagidaki texniki elementlorin foaliyyatinin etibarlig: tosir gostorir: yol; avtomatika, tele-
mexanika va rabito qurgulart; lokomotivlar; vagonlar; yollarin uzunlugu vs say1; buraxma gabiliy-
yati; idaraetma sisteminin yiiklonma doracasi vo insan amili Kimi bir ¢ox basga amillor. Stansiyalar-
da gatar va torkiblorin longimasina gatirib ¢ixaran is faaliyyatinin pozulma hali miivaqqati imtinala-
ra sobab olur. Bu masalo miixtalif xidmotlorlo (qatarlarin va tarkiblorin ¢esidlonmosi vo tortib edil-
moasi lizra ig mohsuldarliginin kifayat qodor olmamasi, onlarin stansiyadan vaxtinda ¢ixariimamasi
va s.) do alagadar ola bilar.

Umumiyyatlo yaranma tobiotino gora biitiin istismar imtinalarini 2 hissays ayirmaq olar:
texniki vasitalorin imtinasi vo togkilati-texnoloji imtinalar. Togkilati-texnoloji imtinalar texniki va-
sitolorin stansiyada biitiin yollarin vo parklarin tam dolmasina, yiik qatarlarinin vaxtinda emal edil-
momasi, dagidilmast vo tortib edilmomasine, qatar lokomotiviorinin olmamasina vo s. gotirib ¢ixa-
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ran geyri-rasional proseslorls bagli olur. Damiryol stansiyalarinda bas veran imtinalarin tosnifati go-
Kildo verilmisdir.

Cesidlomo stansiyalarmin foaliyystini ayri-ayri altsistemlordon ibarat olan 5 zonaya bolmak
olar: giris sahoalori vo gobuletma parki, gesidlomo topasi, ¢esidlomo parki, tortib etmo tigiin dartqr
yollari, géndorma parki va ¢ixis sahoalori. Hor bir altsistem tiglin texnoloji imtinalar sistemlosdiril-
misdir [3]. Masolon, giris saholari — gobuletmos parki — ¢gesidlomo topasi altsistemi tigiin:

- q@obuletms parkinin biitiin yollarinin torkiblarls tutulu olmast;

- bogazciglarda manevrlik gabiliyystinin kifayat godor olmamast;

- torkiblordos texniki vo kommersiya cohotdon nasaz vagonlarin mévcudlugu;

- @obul edilon qatarlarin dasima sonadlarinds gatismazliq;

- ¢esidlonacoak torkib iigiin miioyyan sobablardan ¢esidloma voraginin hazir olmamast;

- topa lokomotivinin maggul olmast;

- xisusi topadon buraxma sorti tolob edon vagonlarin mévcudlugu;

¢esidloma vara(inin tortib edilmasi zamani buraxilmis sohvlar.

Imtinalar
I
I 1 1 ]
Askarlanma Yaranma sabobino Miirakkabliyino Qarsiliqli alagoye
xarakterine gore gora gora gora
Konstruktiv Birinci qrup | Asili olmayan |
T orup_| Ao

Ugiincii grup

Texniki vasitalorin
imtinasi

Toskilati-texnoljoi
imtinalar

Lokomotivlor

—| Yollarin tam dolmas1

Vagonlar

|
—| Parklarin tam dolmasi |
|

| -
| 3
| Yol H —
| H
| -

Emalin vaxtinda aparilmamasi

Elektrik enerjisi tochizat —| Cesidlonmonin vaxtinda aparilmamasi |

Avtomatika vo rabito —| Tortib edilmonin vaxtmnda aparilmamasi |

—| Lokomotiv brigadalarmin olmamasi |

—| Lokomotivlorin ¢atismamazligi |

—| Digor amillor |

Sak. Damiryol stansiyalarinda bas veran imtinalarin tasnifati

E.V. Arxangelskiy geyd edir ki, texniki vasitalorin imtinasi stansiyalarin imumi giiciinds sut-
kada orta hesabla 1%-don artiq itki yaratmir. Ona goroa do stansiyanin istismar etibarliginin tayini
zaman1 bu itkini nozoro almamagq olar [4]. Galirs ikinci deracali masalo kimi baxilan dévrlords bu
itkilori nazora almamaq olardi. Lakin indiki bazar miinasibatlorinds ¢esidloma stansiyasi tigiin 1%
itkinin yaranmasi domir yollar1 ti¢iin boyiik slave xorclor yaratdigindan, bunu etmok moslohat de-
yil. Bazar miinasibatlorins kegidlo olagodar stansiyanin istismar etibarliginin tayini zamani iso tex-
niki vasitolorin imtinasini nazars almaq vacibdir.
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Doamiryol stansiyalarimin istismar etibarliginin giymotlondirilmasi tisulu

P.S.Qruntova gors “gesidloms stansiyasinin etibarligi” dedikds is texnologiyasindan, idaraet-
madan va yol inkisafindan asili olan gatarlarin verilmis miiddat arzinds geyri-barabar vo imtinasiz
geabulu, ¢esidlonmasi, yigilmasi, tortib edilmasi vo gondorilmasi xiisusiyyati basa diisiiliir. ©dadi
olaraq bu xiisusiyyat miioyyon zaman arzinds imtinasiz is ehtimali vasitasilo ifads edilo bilor. Bu
ehtimalin qiymoti 3 ayrica altsistemo goro asaslandirilir: giris sahalari — gqobuletma parki — ¢esidlo-
ma topasi, ¢cesidloma topasi — ¢esidloma parki — tortib etma tigiin dartqi yolu, tortib etmas ti¢iin dartq:
yolu — gondorma parki — ¢ixis sahalori [3].

Lakin biitovliikds stansiya tiglin istismar etibarliginin asaslandiriilmasina nail olunmamisdir.
Imtinasiz is ehtimalmin odadi toyin edilmosi zaman sistemin miirokkobliyi vo onun funksional sla-
golarinin ¢oxsaxali olmast boyiik ¢atinliklor yaradir. Ona gora do texniki va texnoloji imtinalarin
adadi giymatlandirilmasi ti¢iin stansiya altsistemlorinin qarsiliglt alagasini nozars alan statistik qiy-
moatlondirma metodlarindan va stansiya proseslorinin modellasdirilmosi metodlarindan istifads et-
mok daha mogsadauygundur [4-6].

Masalonin halli. Qobul edilmis texnologiya, tosadiifi proseslorin vo idaroetmonin tasiri zama-
n1 axinin va Strukturun miirakkab qarsiliqli slagasinin naticalarinin giymatlondirilmasi yalniz kor-
rekt qurulmus modelin tizorindo miimkiindiir.

Damiryol stansiyalar: kimi miirokkab struktura malik nagliyyat obyektlari ciddi formallagsma-
ya maruz galmir va onlarin isinin parametrlorini riyazi ifadslorlo hesablamaq miimkiin olmur. Bu-
nun t¢iin layihalondirilon stansiyalarin imitasiya modellorini qurmag, bu modellarin tizarinds tod-
gigatlar aparmagla onlarin isini aragdirmaq vo alinan parametrlorin kompleks giymatlondirilmasini
hoyata kegirmok lazimdir.

Imitasiya modellosdirilmoasinin asas iistiinliiyii ondan ibaratdir ki, burada ciddi formallasma-
ya moaruz galmayan obyektlor tosvir edils bilor. Masalon, modelds bogazcigim buraxma gabiliyyati-
ni biitiin hallara uygun oks etdirmak olmur. O, bogazciqdaki texnologiya vo strukturun uygun-
lugundan, yiiklonmo doracasindon, tesadiifi amillordon, digar qurgularla qgarsiliglt olagadon asilidir.
Modelds optimallagdirma mosalosi ciddi formada hall olunmadigindan, burada hissavi-formallasma
biliklarindan, yani tacriiba xarakterli biliklordon istifads edilos bilar.

Imitasiya modellasdirilmasinin totbigini ¢atinlosdiren xiisusiyyatlori asagidakilardr:
modelin qurulmasinin boyiik zohmat talob etmosi. Ehtiyac olan parametrlari vermokls biitiin texno-
loji prosesi otrafli tasvir etmak, strukturun parametrloarini vermak, statistik moalumatlar toplamaq va
parametrlarin tosadiifi sapalonmasini vermok tolabi;
boylik sayda eksperimentlorin kegirilmasina ehtiyacin olmasi. Parametrlords tasadiifi sopalonmonin
movcudlugu zamani hor bir hesablamaya yalniz texnoloji prosesin tosadiifi realizo olunmasi kimi
baxila bilar. Eyni ilkin verilonlor vo tasadiifi adadloar silsilasinin miixtalif qiymatlarinds hesablama-
nin dofalarlo tokrarlanmasi va sonda naticalorin orta giymatinin gixarilma talabi;
istifadoagilorin yiiksok ixtisaslasmis miitoxassislordon ibarat olmasi. Modellogdirma prosesinds
miioyyon bacariglar va yaradiciliq qabiliyystinin olmasi tolabi.

Hazirda bu miirakkabliklorin aradan galdiriimas: tizrs asagidaka tisullar toklif edilir:
modellarin qurulmasi ti¢tin avtomatlasdirilmis sistemlarin tortibi va tatbiqi;
imitasiya modellarinds xiisusi optimallasdirma metodlarinin istifadosi.

Natica. Belalikls, “funksional etibarliliq” vo “istismar etibarliligr” anlayislarinin izahini bir
cox alimlor vermis, lakin onlarin optimal xarakteristikalarinin toyin edilmoasinin ¢atin oldugunu
vurgulamiglar. Bels ki, domiryol stansiyalarindaki obyektlor ciddi formallasmaya moruz galmayan
miirakkab sistemlordir. Bu mogsadls toklif olunacaq imitasiya modelinin komoyils stansiyalardaki
obyektlarin funksional etibarligin1 gqiymotlondirmok miimkiin olacaqdir. Bu domiryol stansiyalari-
nin etibarli isloma qabiliyyati mosoalasinin halli ii¢iin on adekvat vasitadir.
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CIIOCOB OLEHKH SKCILTY ATAIIMOHHOMN HAJEKHOCTH KEJE3HOJIOPOXKHBIX CTAHIIUIA
9.K. MAHA®OB

CraTbsl OCBSIIIEHa METOIaM OLICHKH 3KCILUTYaTallMOHHON HaJJeKHOCTH JKEIE3HOAOPOKHBIX CTaHIMNA. B paboTe nccienoBaHbl
¢du3nyecKass M TEXHOJIOTMYECKash HAJEeKHOCTH, PACCMOTPEHa pOJb TEXHOJIOTMYECKOW HAJEKHOCTH A OLEHKH KOMIUIEKCHOH
Ha/IS)KHOCTH CJIOKHBIX CHCTEM. BBIIO OTMEYEHO, YTO Ha HA/Ie)KHOCTHh (DYHKIIMOHMPOBAHUS CIIOKHOM CHCTEMBI KaK JKEJIC3HOAOPOXKHAS
CTaHLUSI B OCHOBHOM BIIMSIET HAJIGKHOCTh TEXHUYECKHUX JJIEMEHTOB (JKEJIE3HOIOPOXKHBIN IyTh; CPEACTBA aBTOMATHKH, TEIEMEXaHHKU
U CBSI3U; CHCTEMa 3JIEKTPOCHAOXEHHS; JIOKOMOTHBBI; BaroHbI, JUIMHA WM KOJMYECTBO ITyT€H M T. 1.), a TaKKe HaJCKHOCTb
OPraHU3alHOHHO-TEXHOJIOTHYECKHX (DAKTOPOB (COCTOSHUE MyTEH WM MapKOB, MPOJOKUTENBHOCTh 00pabOTKH MM COPTHPOBAHMS
COCTaBOB, KOJIMYECTBO JIOKOMOTHBOB MJIM JIOKOMOTHBHBIX Opuraz u T. 11.). PaccMorpeHa obmmas kinaccudukanys BO3SMOKHBIX OTKa30B
Ha JKEJIE3HOJOPOXKHBIX CTaHIMsAX. I oneHku padoThl ObUI NMPOBEACH aHANU3 pa3[eieHMs] CTAHIMA Ha YacTH COCTOSIIUX H3
OTZEJIBHBIX TMOACHCTEM W CHCTEMATH3al[MM TEXHOJOTMYECKUX OTKa30B KakAOW moacucTteMbl. Kak pe3ynbrar HpOBEICHHBIX
UCCIIeI0BaHUIT OBUIO OTMEUEHO, YTO CJIOKHOCTH JKEeJIe3HOAOPOXKHBIX CTAHIIMU M Pa3BETBICHHOCTh (DYHKIMOHAIBHBIX CBSA3EH CO31AI0T
OoJbIIMe TPYAHOCTH B YHCIJIOBOW OICHKE HaJle)KHOCTH. [loka3aHo, 4TO Ui 3TOW LEIM COBMECTHO CO CTATHCTHYECKUMH METOJaMU
OLECHKH YYHMTBHIBAIOLIME B3aHMMOCBS3b MOJACHCTEM CTAaHIMH Oonee 11eecoo0pa3HO MCIOIb30BaTh METO/ABl MOJCIHPOBAHHS
(hyHKIIMOHAJIBHBIX MIPOLIECCOB CTAHIMH.

Knrouesvie cnosa: 0!C€/Z€3H0()OPOJK’HG}1 Cmaryusi, SKCHiyamayuoHHAas Ha()eDlCHOCmb, MmexXHu4ecKue u mexHojlocu4ecKue
OmKdas3ssvl, OYeHKa, uMumayuorHnoe Mobeﬂupoeanue

ASSESSMENT METHODS OF OPERATIONAL RELIABILITY OF RAILWAY STATIONS
E.K. MANAFOV

The article sudies methods of assessing the operational reliability of railway stations. The work examined physical and
technological reliability, considered the role of technological reliability for assessing integrated reliability of complex systems.
It was noted that the reliability of a complex system as a railway station was mainly affected by the reliability of technical
elements (railway track; Automation, telemetry and communication equipment; Power supply system; locomotives; cars;
Length or number of tracks, etc.), as well as reliability of organizational and technological factors (state of tracks or parks,
duration of processing or sorting of trains, number of locomotives or locomotive crews, etc.). General classification of possible
failures at railway stations is considered. In order to evaluate the operation, the analysis of the division of stations into parts
consisting of separate subsystems and systematization of technological failures of each subsystem was carried out. As a result
of the studies carried out, it was noted that the complexity of the railway station and the branching of the functional links create
great difficulties in the numerical evaluation of reliability. It is shown that for this purpose, it is more useful to use methods of
simulating functional processes of the station together with statistical methods of estimation taking into account the
relationship of station subsystems.

Keywords: railway station, operational reliability, technical and technological failures, evaluation, simulation.
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COBEPIHIEHCTBOBAHME ITPABOBOM 3AIIIUTHI
UHTEJUIEKTYAJIBHOM COBCTBEHHOCTMU B ABEPBAMJI)KAHE

P.A. UCMAMJIOBA®

CraTps MOCBSIIIIEHAa aHAIM3Y 3aKOHOAATEIbHONW 0a3pl AzepOaiimkaHa, OCHOBAHHOW Ha MEKIYHApPOIHBIX
HOpMax B OOJAacTH 3alIUThl HHTE/UICKTyanbHON coOctBenHoctn (MC). OTMmeueHa poJib TOCYAapcCTBa,
rapaHTHpYIOILasl, C OJHON CTOPOHBI, 00ECTICUUTh HCKIIOYHTENBFHOE NpaBo mpaBoobnanareneii oobexToB VC, a ¢
JIpyroil — He JOMYCTUTh BO3MOXKHOCTH MOHOIONHM3AaIMM pbIHKA. Cpeau psia NPUHATHIX 3aKOHOB PAacCMOTPEH
3akoH «O0 aHTUMOHOIIOJILHOM NEeSTeIbHOCTHY C MO3MIHMHK TpaBa Ha 00bekThl MC. OOpaiieHo BHUMaHHE Ha TOT
(hakT, 94TO B CTaThe 3aKOHA, Kacawmieics chepbl HCKIIOYCHUS ASHCTBYS aHTUMOHOIIOIBHOMN MOUTHKH, OTPasKECHBI
oTaensHO B3sThIe 00BekThl VC. Bpicka3aHO MHEHHME O BHECEHHH IONPABKH B PENAKLUI0 paccMaTpHUBaeMOIo
3aKOHA LTS TIPEJOCTABIICHISI MOHOTIOJIBHOTO IIpaBa MpaBooOIanaTensiM Bcex o0bekToB MC. YeneHo BHUMaHHE
BOIIPOCY TIEPECEUCHHS 3JIOYHNOTPEOJICHMEM MOHOMOJBHBIM  IIPaBOM, OTpPaKEeHHOMY B 3akoHe «O
HeoOpOCOBECTHOH KOHKYPEHIIMMY», HAIPAaBICHHOM Ha OOphOYy C HE3aKOHHBIM HCIIONB30BAaHHUEM PE3yIbTATOB
WHTEJUICKTYaJbHON AesTeNbHOCTH. J[JI1 BBIOJTHEHWS 3aKOHHOCTH IIPABOBOW 3allUTHl MpaBoOONamaTeNedl
co3laHMs OJIATONPHUSATHBIX YCIOBUH BeOeHHS OM3HECa MPEIJIOKEHO PacCMOTPETh BOMPOC O BO3MOXKHOCTH
co3manus B AzepOaiimkane cenunanuzupoBanHoro Cyza 1o WHTEIUIEKTyalbHOH COOCTBEHHOCTH.

Kniouesvie cnosa: umnmennexmyanvnas coOCMEEHHOCMb, AHMUMOHONOIbHAS 0esmelbHOCMb, HedoOpo-
COBECMHAsL KOHKYPEHYUSL, CReYUAIUSUPOSAHHBII CYO.

BBenenune. DKOHOMHKA CETOMHSIIHETO JHS OMHPACTCS Ha PE3yJIbTaThl MHTEIUICKTYaJIbHON
JESTEIIbHOCTH, KOTOPBIE CIIOCOOHBI 00ECTIEYUTh 0JIArOCOCTOSTHUE W PA3BUTUE CTPAHBI B IIEJIOM.

CoznaHHbIe B IPOIIECCE TBOPUYECKOM EATEIHHOCTH B 00JIACTH HAYKH U TEXHUKH OOBEKTHI HH-
TeseKkTyanbHoi coocTBeHHOCTH (MIC) MOTYT COCTaBUTh OCHOBY WHHOBAIIMOHHOTO MPEANPUHUMA-
tenbeTBa. s Toro uToOsr 00hekThl MC cTamm BBITOAHBIM TOBAapOM, HEOOXO0aMMa HaJeKHas Tpa-
BOBasi 0a3a, peryJupyolias B3auMOOTHOIIICHHS, BOSHUKAIOIINE MEX/Y MX CO3ATeISIMUA M TOTpPe-
ourensimu. C OAHOH CTOPOHBI, 3aKOH O NPEIOCTABICHUH TOCYIapPCTBOM HMCKIIFOUUTEIBHBIX TPaB
JIOJDKEH O00ECTIeUUTh MCKIIOYCHHE MCIONBb30BaHKs MpaB mpaBooOiagaresst TpeTbuMu JuiaMu. C
JPYTOH CTOPOHBI, 3aKOHBI JIOJKEH YCTAHOBUTH TIPE/ICIIbl UCIIOIb30BAHMS UCKIIIOYUTEILHOTO MpaBa,
4TOOBI HE JOMYCTHTh BO3MOYKHOCTH MOHOIIOJIM3AIIMY PhIHKA, a TAK)KE MCKIIIOYUTh HEJT00POCOBECT-
HYI0 KOHKypeHIHio. Takum o0pa3oMm, HEOOXOAMMO MOJIEpKaHue OajlaHca MEXIy HHTepecaMu
PaBo00JIaAaTeN s ¥ BCEX YYaCTHUKOB TOBAPHOTO PBIHKA.

IMocTranoBka 3amaum. [IpaBoByIO OXpaHy CO3JaTeIsIM HMHTEIUICKTYalbHOH COOCTBEHHOCTH
00ecreYnBar0T HECKOIBKO MTPABOBBIX MHCTUTYTOB: MIATEHTHOE TIPABO; aBTOPCKOE MPABO U CMEIKHBIC

A3zepbaiipkaHCKIH TOCYyIapCTBEHHBIH YHUBEPCUTET HE(TH U NIPOMBIIIIEHHOCTH
E-mail: rugiyya.ismailova@mail.ru
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npaBa; MPaBO Ha CPEJICTBA MHIWUBHUIYaJIH3allMd TOBAPOB M YCIYT; MPaBO HAa HETPAJUIIMOHHBIC
o0nexTsl MC.

Pedopma A3zepOalimkaHCKOTO 3aKOHOJATEILCTBA, MOCBsIIeHHas oO0bekTam MC, Havamach ¢
90-x TOHOB MPONLIOrO BEKa, KOTrjJa OBLIM NPUHATHI TaKHe OCHOBHBIE 3aKOHBI, Kak: «O
CEJIEKIIMOHHBIX TOoCTIKeHUsIX» (1996), «O nmarentax» (1997), «O6 aBTOpCKOM mpaBe M CMEXKHBIX
npaBax», «O TOBapHbIX 3HaKaX U reorpadguueckux ykazanusx» (1998). B nacrosiee Bpemst HET HU
OJIHOTO 00BEKTa MHTEJUICKTYyaJTbHOW COOCTBEHHOCTH, KOTOPOMY OBl HE ObUI OTBEICH OTICIIbHBIM
BUJ] IPABOBOTO PETYIUPOBAHUSI.

I'ocynapcTBO rapaHTUpyeT aBTOpaM M MMaTeHTOBIAEIbIAM UCKIIOUNTENbHBIE MaTepHaIbHbIC
U JMYHBIE HEMaTepUalbHBIE IpaBa C IOMOINBIO HAIMOHAJBHBIX 3aKOHOB, OCHOBAHHBIX Ha
MEXIYHAPOIHBIX HOpMax. A3epOali/pkaH MPUCOSTUHUIICS KO BCEM MEXIyHApPOIHBIM JIOTOBOPaM B
ctepe oxpanbl C. Kpome Toro, mist 3anmuTel 00bekToB MC npuHATH 3aK0HBI A3epOaiiKaHCKoi
Pecny0nuku, nMeronme K HUM HEeTOCPeICTBEHHOE oTHOIEeHne: «O0 aHTUMOHONIOJIBHON AESITeIb-
Hoct» (1993), «O HemoOpocoBecTHO KOHKypeHUum» (1995), «O0 aaAMMHUCTPATUBHBIX MPaBO-
HapymeHussx» (2000), «O0 yTBepKICHUN TaMOXXSHHOT'O KOHTPOJIS HaJ TIPOBO30OM 4epe3 IPaHHUILy
TOBapOB, B COCTaBE KOTOPBIX UMEIOTCSI 00BEKTHI MHTEIUIEKTYalbHON cobcTBeHHOCTHY (2002), «O6
o0ecreyeHnu NpaB WHTEIJIEKTyaJIbHOU COOCTBEHHOCTH U 0 60pb0e ¢ nmupatctBom» (2012).

Kak BuIHO, LeNblif psii 3aKOHOB HAIPABIICH HAa OCYIIECTBICHUE KOHTPOJIS JJISl UCKIIOYCHUS
IpaBOHAPYIIEHUI OTHOCUTENBHO co3aareelt oobexTos HC.

Cremyer OTMETUTH, YTO GOPMYJIMPOBAHHE CTATEH 3aKOHOB JIOJKHO OBITH IPEICTBHO YETKUM,
o0ecreynBaoIMM PAaBOBYIO OXpaHy mpaBooOnanateneii Bcex o0bektoB MC, mommepkky
MPEITPUHAMATENSIM TIPH HAPYIICHUH UX MIPaB, MPUBOISAIINX K MOTEPE MPUOBLIH.

O0cyxnenne. [ ycremHoro ocymecTBIeHHsT TOMUTUKY 3amuThl MUC oIHUM M3 Ba)KHBIX
WHCTPYMEHTOB SIBJISIETCA aHTUMOHOIOJIbHASL TIONMTUKA rocyaapcTsa. EBpomneiickuit coro3 B 2004
roJy TMPUHSIT HOBBIM PermameHT B chepe aHTUMOHONOJIBHOW MOJMUTHUKH, MPEAOCTABUB CIIEIHAIIb-
HOE MCKIIFOYCHUE M3 aHTUMOHOIOJIBHOTO 3aKOHOIATEIhCTBA — MHTEIUIEKTYaIbHYIO COOCTBEHHOCTb.

3akon Asepbaiimkanckoii PecnyOonmuku «OO0 aHTHUMOHOIOJBHOW JESTEBHOCTHY» TaKKe
COJICP)KUT OTIPEICTCHHYIO MO3UIMI0 oTHOCHTENbHO MC, uckmoynB u3 cepbl MPUMEHEHHUS 3TOTO
3aKOHa OTHOIICHHMS, BBITEKAIOIIME U3 IMPaB XO3AUCTBYIOIIMX CYOBEKTOB Ha W300pETEHHS,
HOJIE3HBIE MOJIEH, HPOMBIIIJICHHBIE O00paslibl, TOBApPHbIE 3HAKM, reorpaduyeckue yKaszaTelu
aBTOPCKHX MpaB W CMeXHBIX mpaB [1]. TIpm 3TOM coxpaHeHO NeiCTBHE 3aKOHA Ha CiIydau
YMBILIUIEHHOTO MCIIOJIb30BAHUSL ATHX MpPaB B ILIENAX OIPaHUYECHUS KOHKYpeHUUH (1.3 crarbs 2).
Obpamaer Ha ce0st BHUMaHUE TOT (DaKT, YTO NPU yKa3zaHUU cepbl UCKITIOUCHHUS IEHCTBUS 3aKOHA
yKa3aHbl OTHOILIEHUS, BBITEKAIOIINE U3 MpaB Ha oTAeabHbIe 00beKThl IC (M1300peTenus, mojie3Hble
MOJIETIM, TPOMBIIIJICHHBIE O00pa3Ilpl, TOBapHBIE 3HAKW, Treorpaduyeckue yKas3aHWsl), 4acTh W3
KOTOPBIX SIBISIETCS 00BEKTaMU HHCTUTYTA TIATEHTHOTO TIpaBa.

VYka3aHHbIE B IEpEeYHE TOBapHbIE 3HAKU U TeorpauuecKe yKa3aTean OTHOCATCS K 00beKTaM,
oxpaHseMbIM MHCTUTYTOM IpaBa Ha CPEICTBA WHIWBUAYAIH3AIMHA TOBApOB W yciuyr. OqHAKO K
MOCITIEIHEMY TIPAaBOBOMY MHCTHTYTY OTHOCSITCSI Takke OOBEKTHI, MpHpaBHEHHBIE K 00bekTam WC,
KaK, HanpuMep, GUupMeHHbIE HAMMEHOBAHMS U KOMMEpYeCcKre 0003Ha4eHHs, KOTOpble BOOOIE HE
YIOMSIHYTHI B JaHHOM IyHKTe. CO CTOpPOHBI MpeANpUHUMATENIeH YacTo MOCTYMArOT >Kajdo0bl Ha
HapyllIeHue paB UMEHHO Ha 3T 00BbeKThl UC.

C 0coObIMHM TPYAHOCTSIMH CTAJIKMBAIOTCSI MPEANPUHUMATENN MPU OCTIapUBAaHUHM CBOUX IPAaB
Ha KOMMepYecKrne 0003HaYeHUs, TOCKOIBKY 3TOT OOBEKT HE MOJICKHUT PETHCTPALIUH.
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Hapasne ¢ tpamunmonasiMu oobektamu MC, oXpaHseMbIMH MaTEHTHBIM M aBTOPCKUM IIpa-
BOM U3 c(epsl neiicTBus 3akoHa AzepOaiimxana «O0 aHTUMOHOIIONBHON JIESTETLHOCTH JOJKHBI
OBbITh UCKJIIOUEHBI U TaKue OOBEKTHI, KaK: CEJICKIMOHHbBIE JOCTHKEHMS, TOIOJIOTUSI HHTETPaIbHbIX
MHUKpPOCXEM, HOYy-Xay. DTH OOBEKThI TAKXKE SBISIOTCSA PEe3yJIbTaTOM HHTEIICKTYaJbHON JesTelb-
HOCTH, BbIpa’K€HHbIE B OOBbEKTUBHON (pOpPME M OXpaHseMble HHCTUTYTOM IpaBa Ha HETPaJUIHOH-
HbIe 00BEKTHI UHTEJUIEKTYabHOM COOCTBEHHOCTH.

C oHOI CTOPOHBI, B 3aKOHE (DAKTHYECKU MEPEUYHCIICHBI TpaBa Ha HeKoTopble 00bekThl MC B
Ha0ope ¢ KOHKPETHBIMH OTJIEJIbHBIMU MPaBOBBIMM MHCTUTYTaMM (aBTOPCKOE NPABO M CMEKHBIE
npasa). C Apyroil CTOPOHBI, MOKHO TPEIIOIOKUTH, YTO BHIOOp MEpeUYUCIEHHBIX 00bekTOB NC
OCHOBaH Ha MPUHIMIIE MaTePUAIBHOCTH akTUBOB. OIHAKO B YCIOBHSIX «HOBOW 3KOHOMMKH
UH(QOPMAILMOHHBIE TEXHOJIOTUM CHOCOOCTBYIOT mepexoqy MHorux oOwbektoB MC B Hema-
TepuanbHble 0OBEKTHI, MpeBpamas VHTepHeT B BUPTYyaibHbIH pbiHOK 00bekTOB MC [2]. Becbma
MOMYJISIPHA JIEKTPOHHAs TOProBils [3], U HelaleK TOT AeHb, KOTJa B HALY KU3Hb BOJILETCSI HOBBIN
MHCTUTYT NIpaBa, 00eCIeYNBAIONINI 0XpaHy HHPOPMALIMOHHBIM TEXHOJIOIUsAM Kak o0bekTy VC.

Henb3s He ydecTb, UTO NPU3HAHHBIE HA CErOJHAIIHUN JeHb 00beKThl C He ABisoTCA pas u
HaBcerja JAaHHbIMH. llpumep HMHGOPMALMOHHBIX TEXHOJOTMH OO0s3bIBA€T HAC Yy4yecTb 3BOJI-
IOLMOHHBIN Xapakrep 00bekToB VIC M mpeaycMOTpeTh OXpaHy BCEM BHJAM HMHTEIICKTYaJIbHOU
JIeSTEIIbHOCTH.

B sTo0li cBs3M npeacTaBisieTcs BO3MOKHBIM U3JI0KeHHUE 1.3 cTaThi 2 3akoHa «O0 aHTUMOHO-
MOJIBHOM MOJUTUKE» B CIEAYIOIIEH peaakiuy, 00ecednBaroeil oXxpaHy npas MpaBoodiagaTenen
Bcex 00bekToB MC: «3aKOH He pacnpocTpaHseTcs Ha OTHOUIEHMSI, BBITEKAIOIIUE U3 UCKIIIOUUTEIb-
HBIX IIPaB MpaBooOasaTenei Ha pe3ynbTaThl MHTEIUIEKTYaIbHON NESTEIbHOCTH U IPUPABHEHHBIE
K HAM CPEJCTBA WHAWBUAYAIN3ANH OPUANIECKHX JIHL, TPOIYKIMU, padOT U yCIyT, 32 HCKII0Ye-
HHEM CJIy4aeB YMBIIUICHHOIO HCIOJb30BaHUS MMM J3THX IIpaB B IEJIAX OrPaHUYCHUS KOH-
KypEHIIUN.

Ecmu 3akoH «O0 aHTHMOHOMOJBHOW JEATENHOCTH» IMPEIOCTaBIICT MOHOIOJBHOE TPaBO
npaBoobnanaressam 06bexToB MIC, To 3akoH «O HeoOpOCOBECTHON KOHKYPEHLIMI» 00SI3bIBACT MX
HapaBHE CO BCEMM XO3SIMCTBYIOIIUMH CYOBEKTaMH BBINOJIHATH OpPraHU3AI[MOHHBIE U IIPABOBBIE
OCHOBBI 3alIUThl KOHKYPEHLIMM OT HeA0O0pocoBecTHBIX aeicTBuil [4]. ImMeHHo oroBopka B m.3
CTaThbu 2 MEPBOI0 3aKOHA: «...3a UCKIIOUEHHEM CIIy4aeB YMBIIUIEHHOTO HCIOIb30BAHUS UMM 3TUX
IpaB B LENSIX OrpaHUYEHUS] KOHKYPEHLUUY - SIBISETCS CBS3YIOIIMM 3BEHOM 3THX JIBYX 3aKOHOB,
coJlepKallMX HOPMBbI KOHKYpEHTHOro mpaBa. B 3akoHe AsepOaiimxana «O HeqoOpocoBeCTHOM
KOHKYPEHIIUM» CTaThs 12 HampaBieHa Ha O0ppOy ¢ MPOTHBONPABHBIMU JEHCTBUSIMH, CBA3aHHBIMU
C MATE€HTHO-JIHMLEH3UOHHBIM MOHONONNU3MOM. OIHUM U3 IPUMEPOB 3JI0YNOTPEOICHUS] MOHOOIb-
HOT'O IIPaBa, IPUBOJAIIET0 K HEZJ0OPOCOBECTHONW KOHKYPEHIIUH, SBIISIETCS HaBs3bIBAHNE JINIIEH3UA-
poM (TIpOaBIIOM) MPUHYAUTEIHLHOTO MTAaKeTa JIUIICH3UOHHBIX YCIIOBUH JIMIIEH3UATY (TIOKYIATEeIo).

He cexper, 4To npu OLIEHKE COCTOSHHUS PBIHOYHBIX OTHOLICHHMN C MO3MLUU HEJ00pO-
COBECTHOM KOHKYPEHIIMM OCHOBHAs 10Nl HAPYIIEHUH MPUXOAWTCS HAa JEHCTBUS IO IMPOAAXKE,
o0OMeHy I HHOMY BBEJICHHIO B 000POT TOBapa, mpeacTapisioniero oobektsl MC.

BrniosniHe MOHATHO JkenaHue XO3AUCTBYIOIIUX CYOBEKTOB JOCTHYb NPEUMYIIECTB B Hpen-
NPUHUMATENbCKOM AesrenbHocTH. OQHAKO MPU 3TOM HE JOJDKHBI OBITh HE3aKOHHO MCIIOJIb30BAaHBI
pe3ynbTaThl HHTEJUIEKTYaIbHOU AESATENbHOCTU C IPUIMHEHHEM YOBITKOB KOHKYPEHTaM.

Pacnopsxennem Ilpesuaenta AsepOaiimkanckoit PecryOmuku ot 20.04.2018 r. nHa 0Oaze
['ocymapcTBeHHOH CITy>KObI aHTUMOHOIIOJIBHOW TTOJIMTUKHA W 3aIIUTHI MpaB TOTpeOUTENeH Mpu
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MunuctepcTBe SKOHOMUKH A3sepOaiimkanckoit PecryOnmku co3manel: 1) ['ocymapctBeHHOE
AHTUMOHOTIONIPHOE areHTCTBO M 2) ATEHTCTBO 1O HAa30py 3a TOTPEOUTEITHCKUM PHIHKOM
Azepbaiikanckord PecniyOnuku (rocynapcTBEHHOE areHTCTBO), Ha KOTOPOE BO3JI0KEHO YIIPaB-
JeHue B OOJIaCTH HaJI30pa 3a MOTPEOHTENbCKMM PBIHKOM, OXpaHbl OOBEKTOB CTaHAApTU3ALUH,
METPOJIOTHH U TIPaB UHTEIJIEKTYaJIbHOW COOCTBEHHOCTH.

Cnemyer OTMETUTh, UTO NpU HAIMYUMU B A3zepOaiikaHe CTOJb IMPOTPECCHBHOM MPaBOBOM
0a3bl U1 OXPAHBI TIPaB MpaBooOIagaTeNiell HAOMIOJAIOTCSl HAPYIICHUS STHX IpaB, Yallle BCEro B
TeX chy4asx, Korja oT ucmoiib3oBaHusi 00bekToB MC Moxker ObITh moiydeH noxoxa. Cropsl,
BO3HHKIINE MEXAY (U3NYECKUMHU U IOPUAMYECKHUMHU JHLIAMH, 3aHUMAIOIIMUMUCS TpeANpHHAMA-
TENLCKOW  JIeSITENIbHOCTBIO, paccMaTpuBaeT AJIMHUHUCTPATHBHO-DKOHOMHUYECKHH cynm  Asep-
Oaifkana. Mexay TeM CIOpbl O HapYHICHHSX MHTEJUICKTYaJIbHOTO IpaBa CUYMTAIOTCS HamOoJjee
CJIO)KHBIMU U TPEOYIOT MHOTO MOJX0/1a, MOCKOJIBKY OOBEKTHl MHTEUIEKTYAIbHOW COOCTBEHHOCTH
Ha/IeJICHBl 0COOBIMU Ka4eCTBaMH, 0a3UPYIOIIUMUCS Ha JOCTHKEHHUSIX HAYKH U TEXHUKH.

ITo muenuto Ilpencenarens Cyna nmo MHTEIUIEKTYaldbHBIM HpaBamM Poccuu, paspelieHue
KOH(JIUKTOB, BO3HHKAIOIMX BOKpYr o00bekToB MC, MoxeT OBITh YCIEIIHO 3aBEpIICHO
KBAIM(UIIUPOBAHHBIMUA CHEIMATUCTaMH, OONANAIONIMMH HE TOJBKO IOPUAMYECKUMH, HO H
TEXHUYECKHMHU, a UHOT'/Ia U €CTEeCTBEHHOHAay4YHbIMU 3HAHUSAMU [4]. C 3TUM HeNb3s HE COTJIaCUTHCS,
YUUTBIBAs MHOTo0Opa3ue KOH(IJIMKTOB, BO3HMKAIOUIMX KaK INPH OXpaHEe, TaK M TPHU 3alluTe
o0bexkToB MC. Cpeau 4acTo BO3HUKAIOMIMX KOHQUIMKTHBIX CUTYalMi JOCTAaTOYHO MEPEYHCIUTH
HEKOTOPBIE U3 CIIOPHBIX BOIPOCOB: OCMAPUBAHKUE PELICHUI KOMIIETEHTHBIX OPTaHOB IPU PacCMOT-
PEHMM 3afBOK Ha IMOJIy4YeHHE NATEHTOB Ha W300pETeHMs, MOJE3HbIE MOJENH, CEJEKLIMOHHbIE
JTOCTHKEHHSI; 00 YCTaHOBJIICHUH TATEHTOBIIA/IENBIIA; O JOCPOYHOM MPEKpAIICHUH TPaBOBOM 0Xpa-
Hbl TOBAapHOI'O 3HAaKa BCJEACTBHE €ro HEUCIOJIb30BaHUS; 00 OCHapUBaHUU PELICHHUS AHTUMO-
HOTIOJIBHOTO OpraHa O MPU3HAHUHM HEJT0OPOCOBECTHBIX NEHCTBHMA, CBI3aHHBIX C IPUOOPETECHHEM, a
Tak)Ke ¢ HapyIICHHEM HCKITIOYUTENILHOTO TIpaBa Ha CPEICTBA MHIUBUIYAIU3AIMA TOBAPOB, U MHO-
THe Ipyrue.

B cBsi3u ¢ BO3pacTaronmM YUCIOM CIOPOB B cepe 3alMThl MHTEIUICKTyaJbHBIX NpaB Ha
CETOAHSIIHUYI JIeHh B MUpE HacuuThIBaeTcs O6onee 90 crienmann3upoBaHHbBIX CynoB. HesaBucumo
OT MPUHATOTO HAa3BaHHSA, OCHOBHOM (YHKIHMEH MX JAEATEILHOCTH SIBISCTCS pa3pelieHue KOH-
(GyMKTOB B cepe UHTEIIICKTYaIbHON 1€ATEIbHOCTH.

Hama ctpana He siBisieTCsl HCKIIOYEHUEM B IJIaHE HapylleHui npas Ha 00bekTsl C, BO3HU-
KAIOIIMX TMPU PBIHOYHBIX OTHOILEHUSAX, U PACCMOTPEHUU KOH(MIMKTHBIX CUTyalUil B CylneOHOM
nopsiake. [lpencraBisieTcss, YTO CETOAHAIIHUN JCHb IUKTYEeT HEOOXOIMMOCTH CO3JIaHUS B
Azepbaiixane crienuanu3upoBaHHoro Cyna no HHTEIJIEKTYadIbHbIM IIPaBaM.

VYkperuieHne mpaBoBoi 0a3bl, 0OecreynBaroNIell BEICOKHA YPOBEHb KOHKYPEHTHBIX OTHOIIIE-
HUH, MO3BOJHUT C(HOPMHUPOBATH IMBIIN30BAHHBIA PHIHOK W YBEJIWYUTHh MHBECTUIIMOHHYIO TPHB-
JIEKaTEeJIbHOCTh Halllel CTpaHBbI.

3akaoyenue. COBEPIICHCTBOBAHHUE MPABOBOM 3aIUTHI MHTEIUIEKTYAIBHON COOCTBEHHOCTH
JIOJDKHO 00ECTICUNTh BBICOKYIO CTETICHB 3alUINEHHOCTH BceX 00bekTOB MIC B KOHKYpEHTHBIX OT-
HoleHusX pbiHKa. Co3ianue crneuuanu3upoBaHHoro Cyzia mo MHTEIUIEKTYalbHOM COOCTBEHHOCTH
HapSIy C CYIIECTBYIONUMH 3aKOHAMH, 0OECTICUNBAIOIUMHU aHTUMOHOTIOJIBHBIA KOHTPOJITh, TI03BO-
JUT CcO3/laTh OJarompusTHbIE YCJIOBUSA BeACHUA OM3Heca mnpeanpuHumatessiM AsepOaiiaxaHa.
Hanexxnas npaBoBast cructeMa, HCKJIIOYaroIasi HeI00pOCOBECTHYIO KOHKYPEHIINIO, OTKPOET BOPOTa
JUISL BX0J1a THOCTPAHHBIX UHBECTOPOB HA PHIHOK CTPAHBI.
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AZORBAYCANDA 9QLIi MULKiYYOTIN HUQUQI MUDAFioSiNIN MUKOMMOLLIYi
R.A. [SMAYILOVA

Mogalo Azorbaycanin aqli miilkiyyatin qorunmasi sahasinds beynolxalq normalara asaslanan gqanunvericilik bazasinin
tohliline hasr olunub. Bir toraofdon, OM obyektlarinin hiiquq sahiblarinin miistasna hiiququnu tomin etmoya, digar tarafdon iso
bazarin inhisarlagdirilmasi imkanlarina imkan vermomoys tominat veran dovlatin rolu geyd edilib. Qobul edilmis bir sira
qanunlar arasinda "Antiinhisar foaliyysti hagqinda" qanun ©M obyektlorine hiiquq mévqgeyindon nazordon kegirilib. Magaloda
antiinhisar siyasotinin istisnasi ilo bagli qanunun ayri-ayr1 obyektlorini oks etdirdiyi faktlara digqet yetirilir. Baxilan Qanunun
redaksiyasina ©M-in biitiin obyektlorino inhisar¢1 hiiquq verilmesi ii¢lin diizolislor edilmasi barads fikir bildirilib. ©qli
foaliyyotin naticolorindon qanunsuz istifado ilo miibarizoys yonolmis "vicdansiz roqabst haqqinda" qanunda oks olunmus
monopoliya hiiququndan sui-istifado masalasina digqot yetirilmisdir. Hiiquq sahiblorinin hiiquqi miidafissinin ganuniliyinin
yerind yetirilmosi va biznesin aparilmasi {igiin olverigli goraitin yaradilmas: iigiin toklif edilib ki, Azarbaycanda oqli miilkiyyat
tizra ixtisaslagdirilmis mehkomaenin yaradilmast miimkiinliiyli mesalasina baxilsin

Acar sozlor: aqli miilkiyyat, apa faaliyyati , hagsiz raqabat, ixtisaslasdirilmis mohkomasi.

IMPROVEMENT IN THE LEGAL PROTECTION OF INTELLECTUAL PROPERTY IN AZERBAIJAN
R.A. ISMAYILOVA

The article is devoted to the analysis of the legislative base of Azerbaijan based on international norms in the field of in-
tellectual property (IP) protection. The role of the state is noted on the one hand to guarantee the exclusive rights of the owners
of IP objects, and on the other to prevent the possibility of monopolization of the market. Among a number of adopted laws,
the law "on Antimonopoly activity" is considered from the position of the right to IP objects. Attention is drawn to the fact that
the article of the law concerning the scope of exclusion of the Antimonopoly policy reflects individual IP objects. The opinion
was expressed on amending the wording of the law in question to grant a monopoly right to the owners of all IP objects. Atten-
tion is paid to the issue of abuse of monopoly rights, reflected in the law "on unfair competition", aimed at combating the
illegal use of the results of intellectual activity. In order to fulfill the legality of legal protection of rights holders and create
favorable business conditions, it is proposed to consider the possibility of establishing a specialized court for intellectual prop-
erty in Azerbaijan.

Keywords: intellectual property, antimonopoly activity, unfair competition, specialized court.
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AVTOMATLASDIRILMIS MUHAFIZ9-X9BORDARLIQ
SISTEMININ EFFEKTIVLIYININ QiYMOTLONDIRILMOSI

R.N. NOBIYEVY, K.S. RAMAZANOV?, R.R. RUSTOMOV?

Mogqalods avtomatlasdirilmig miihafizo-xobardarliq sisteminin faaliyystinin effektivliyinin qiymotlon-
dirilmasi moasalalari nazardan kegirilmisdir.

Ideal soraitdo texniki vasitolorlo pozucunun diiriist askarlanmasi, miihafiza qrupunun molumatlandiril-
mas1 vo miihafizonin miihondis texniki vasitolorinin ig¢i voziyyotdo olmast sortlori daxilinde miihafizo edilon
meteoroloji radiolokator obyektinin perimetrinin tokmillogdirilmis «IQM 4.00.000 TT va IT» miihafizo-xobordar-
l1iq sisteminin effektivliyinin qiymatlondirilmasi ilo alagadar hesablamalar aparilmigdir. Hesablamalar naticasinda
sistemin alda olunan kifayat qadar yiiksak effektivlik gostaricilorinin qiymatlari miilki aviasiya avadanliglar tigiin
toyin olunmus hadd diapazonunda oldugu miloyyonlogdirilmisdir.

Agar sozlar: miilki aviasiya, aviasiya tohliikasizliyi, miihafiza, obyekt, perimetr, pozucu, inteqrasiya olun-
musg, miihafizo-xabardarlq sistemi, effektivlik.

Strateji shomiyyat kasb edon miilki aviasiya obyektlorinin ganunsuz miidaxilo aktlarindan
miidafio vo miihafizs edilmasi aviasiya tohliikasizliyinin asas tadbirlorindon hesab edilir. Bu todbir-
lorin etibarli, dayanigli vo effektiv tomin edilmasi ti¢iin avtomatik distansion idars edilon inteqrasi-
ya olunmus miihafizo-xabordarliq sistemlorindon istifads edilir [1, 2].

Miihafizo-xabordarliq sisteminin effektivliyi, foaliyyot sortlori doyisilsa do, sistemin bu do-
yisikliklora reaksiya verma gabiliyyatindon vo miidaxilalor haqqinda informasiyanin ilkin marhale-
do alinmasi imkanindan asilidir. Obyektin perimetrinin miihafizo-xobordarliq sistemi miirokkob tos-
kilati-texniki sistem oldugu ti¢lin onun faaliyystinin effektivliyinin giymotlondirilmasi oldugca mii-
rokkob masaladir [3, 4].

Magalads mogsad, miilki aviasiyada totbiq edilon meteoroloji radiolokator obyektinin tok-
millasdirilmis avtomatik distansion idaro edilon integrasiya olunmus «iQM 4.00.000 TT vo IT»
miihafizo-xabordarliq sisteminin faaliyyatinin effektivliyinin giymatlondirilmasindon ibaratdir.

b Milli Aviasiya Akademiyast

E-mail: nabiyevrasim@gmail.com
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Magsada ¢atmag tiglin meteoroloji radiolokator obyektinin perimetrinin miihafizo-xobardar-
liq sisteminin effektivliyinin giymatlondirilmasinin bir ne¢o metodu nozardon kegirilmisdir.

Sistemin effektivliyini giymotlondirmok iigiin istifado olunan malum metodlar, bir gqayda
olaraq, daxili vo xarici tohliikelorin tasirlorindoen obyektlarin tohliikasizliyinin tamin edilmasine vo
sistemin foaliyyat prosesinin formalasdirilmasina asaslandirilmigdir. Bunun tigiin miivafiq modellor
hazirlanir [5, 6]:

- obyektin vo onun faaliyyat rejiminin modeli;

- pozucunun modeli;

- normal vo ya tohliikali vaziyyatlordo miihafizo-xobardarliq sisteminin planlasdirilmis foa-
liyyat rejiminin modeli;

Yuxarida sadalananlar tahlil edarak, sec¢ilmis model gar¢ivasinds miihafizo-xobordarliq sis-
teminin effektivliyinin miivafiq gostaricisinin qiymati oldo edilmisdir.

Determinist yanasma, montigi-ehtimal, iyerarxik tohlil, geyri-salis ¢oxluglar, ehtimal-za-
man tohlili vo s. kimi effektivliyin giymatlondirilmasinin bir ¢cox metodlart malumdur. Obyektin
forgli zonalarinda tohdidlarin reallagdiriimasmin garsisinin alinmasimin miixtalif marhoalalari tigiin
bu metodlarin birgs istifadesi miimkiindiir. Miihafizo olunan real obyektlorin miirokkabliyi, bir
gayda olarag, kompiiter modellasdirilmosi vo hesablamalarindan istifads edilon metodlarin yerinoa
yetirilmasini tolob edir. Baxilan masalonin halli ii¢iin mévcud metodlar prinsipial yanasma baxi-
mindan oshomiyyatli deracadas farglona bilar va forglor asasan obyekt, tohdidlar vo effektivliyin isti-
fados edilon meyarina dair aprior malumatlara asaslanir. Masalon, bu malumatlar asagida sadalanan-
lardir [6].

1. Somaralilik - bu metodun meyari, mithafizo-xobordarliq sisteminin foaliyyatinds bir sira
naticalars nail olmaqdir;

2. Funksionalliq - qurulmus sistemin funksional imkanlarinin texniki tapsiriq sortloring
uygun olmasidir.

3. Igtisadi - miioyyan igtisadi somarenin alda olunmast iciin asas meyardir. Bu metod vasi-
tasilo adaton sistemin qurulmasi, eloca do zararin qarsisinin alinmasi nisbatindon igtisadi somars al-
da olunur.

4. Ehtimalliliq - bu halda, miioyyon hadisslorin bas vermo ehtimallar1 asas meyar Kimi gotii-
riliir.

Avtomatlasdirilmis miihafizo-xobordarliq sistemini kompleks bir iyerarxik sistem kimi toh-
lil edarkan, naticalarin giymotlondirilmasi meyarlari iigiin istifads edilon va noazords tutulan metod-
lar biitovliikdo miihafizo-xabardarliq sistemina vo obyektin zonalarina vo ya alt sistemlors totbiq
olunur. Bu halda, adoaton dekompazisiya prinsipi (hissalora ayrilma) totbiq edilir. ©lbatts ki, bu za-
man, biitlin alt sistemlorin foaliyyatini ayri-ayriliqda yoX, qarsiligl tosir asasinda tohlil edorok ef-
fektivliyin giymatlondirilmoasinds daha dolgun va yekun naticoni aldo etmok miimkiindiir [6].

Nozardon kegirilon asas metodlardan biri miihafizo edilon obyekts ganunsuz daxilolmanin
qarsisini almaq ti¢tin iimumi magsadi birlagdiran perimetrin avtomatlasdirilmis miihafizo-xobardar-
liq sisteminin alt sistemlorinin garsiligh tosir imkanlarinin tohlili prinsiplorine asaslanmisdir. Peri-
metrin avtomatlasdirilmis miihafizo-xaboardarliq sisteminin alt sistemlari vasitasilo pozucunun sax-
lanilmasina sorf edilon imumi vaxt daha ¢ox olarsa, sistemi effektiv hesab etmok olar, bu halda po-
zuntularin garsisini1 almag ii¢iin zoruri yanasma asagidaki borabarsizlikls ifads edilmisdir [7]:

L$=1 Tsax.i > Tpoz.qar.al (1)
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Burada, Texi - iI-Ci alt sistem vasitasilo pozucunun garsisinin alinmasi miiddati; i - obyektin ga-
dagan olunmus zonasinda (askaretmonin birinci sorhadindon sonra) alt sistemlorin nomrasidir;
Tpozsax - POZUCUNuUN garsisinin alinmast tigiin zaruri vaxtdir.

Pozucunun miihafizo olunan obyektin perimetrinin asa bilmoasi miiddatinin ¢ox olmasi alt
sistemloarin saymdan va keyfiyyatindon, pozucularin tutulub- saxlanilmasi iso miihafizo qrupunun
hazirliq saviyyasindan asili oldugu miioyyanlosdirilmisdir.

Bundan basga, perimetrin avtomatlasdirilmis miihafizo-xobardarliq sisteminin effektivliyi,
“Hoayacan” signali vo xobardaredicilar (barqvuran, sirena va yangin signalizasiya sistemi) vasitasila
pozucunun agkar edilmasi ehtimalindan asilidir. Ciinki mohz, “Hayacan” signalinin verilmasi anin-
dan miihafizo qrupu vasitasilo pozucunun saxlaniimas istigamotinds faaliyyato baslanilir. Umumi
halda, miihafizo edilon obyektin perimetrinin avtomatlagdirilmis miihafiza-xobordarliq sistemi mii-
vafig zonanin askaretma vasitolorindon daxil olan informasiyan1 markozi obyekt idaraetmoa blokuna
(MOIB-a) toplayan obyekt idarsetma blokundan (OIB-dan) va homin informasiyan1 emal edarok
idarsetma morkozina Gtiiron radiomodemdan (6tiiriicii vo gabuledicidon) ibaratdir [2].

Miixtalif amillarin biitiin név negativ tasirlorina baxmayarag, miihafizo edilon obyektin pe-
rimetrinin avtomatlagdirilmis miihafiza-xobordarliq sistemi ideal halda, pozucunun obyekta ganun-
suz daxilolmasi ils alagadar biitiin cohdlarinin garsisinin alinmasini tomin etmalidir. Buna gors do,
avtomatlasdirilmis miihafiza-xobardarliq sisteminin effektivliyi - F, nazords tutulan t miiddsti or-
zindo mihafizo edilon obyektin perimetrindon pozucunun biitiin ganunsuz daxilolma cohdlarinin
qarsisinin alinmasi ehtimali - Pes gostoricisi Kimi giymatlondirilmisdir [7]:

F=Ps(N>0,n=0,t>0) (@)

Burada, t - nozords tutulan miiddot (masalon, bir il); N - t miiddati arzindo miihafizo edilon obyek-
tin perimetrindon pozucunun ganunsuz daxilolma cohdlorinin say1; n - t miiddsti orzinds pozucula-
rin qarsisinin alinmasi sayidir.

Heydor ©liyev Beynolxalq Aeroportundan 35 km-o gadar uzagda yerlosa bilon meteoroloji
radiolokator obyektinin perimetrinin miihafizo-xabardarliq sistemi vo onun ayri-ayri alt sistemlori
asagida sadalanan xiisusi effektivlik gostoricilari ilo Xarakterizs edilmisdir [7, 8]:

-mithondis miihafizo qurgularinin hazirliq amsali - Kymo;

-informasiyan1 MOIB-a toplayan vo OiB-dan homin informasiyani1 emal edorok idaroetmo
morkozing 6tiiron radiomodemin hazirliq amsali - Kjygg;

- hor bir alt sistem vasitosilo qorunan texniki zonanin pozucularin asa bilmomolori ehtimalt

- Ppertex;
- orazido bag vers bilon geyri-qanuni miidaxilolorin ideal soraitdo agkar edilmosi ehtimali -
Ptex.sr;

- miixtolif metodlarla pozulma cohdlorinin olma ehtimali, yoni hasara dirmasaraq asma (y1),
biitovliikde hasarin dagidilmast (yz) vo lagimlama yolu ilo (y3), y; ehtimali, iimumi cohdlors
nisbaton gostorilon hor bir iisulla miihafizo olunan obyekts nozords tutulmamis daxilolma
cohdlarinin ragom nisbatini gostarir;

-silahli pozucularin miidaxilesi zaman1 miihafizo xidmetinin silahli miihafizo qrupunun
xidmoti avtomobillo (Baki goharinin iqlim soraiti nozors alinaraq [9], MXMQ-nun 70 km/saat orta
stiratlo) 35 km [8] uzagda yerlogan meteoroloji radiolokator obyektina golib-gatma miiddati - tmxmo
~ 0,5 saat, post-patrul xidmoti omokdaslariin hadiso yerino golib-catma miiddati - tppxo = 0,0167
saat [10] olmalidir. Onda miihafizo qrupunun hazirhiq smsali:
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tmxmo

Kuo ~ 0,968

(tmxmo + trpxa)
olar.
Beloliklo, hor bir zonada perimetrin avtomatlasdirilmis miihafizo-xobordarliq sisteminin
effektivlik gostaricisi (3) ifadasi ilo qiymotlondirilmisdir:

Pef.i = Fpertex” Prex.or Pmijh.q ’ KMMQ " Kiygr - KMQ (3)

Burada, Ppn q - mithafizo qrupu torsfinden pozuntunun garsisinin alinmasi ehtimalidir.

(3)-do alinmig ifadanin tohlili gdstarir ki, perimetrin miihafizo-xabardarliq sistemi, ideal
soraitdo texniki vasitalorlo pozucunun diiriist agkarlanmasi, eloca do miihafizo qrupunun malumat-
landirilmasi vo mithafizonin miihandis-texniki vasitalorinin is¢i vaziyyatds olmasi soraitinds effek-
tivdir. Bu zaman miihondis miihafizo texniki qurgularinin pozucunun askarlanmasina sorf etdiyi tq
zaman miiddoti miihafizo grupu torsfinden pozucunun garsisinin alinmasi igiin sorf etdiyi t,
miiddatindan [7] az olur.

Ideal soraitdon forgli olaraq, fiziki-cografi vo texnogen soraitin tosiri altinda hor hansi bir
askaretmo vasitasinin i-ci ndviiniin xabardarligetma etibarliliginin asagir diismasi, foaliyyatin
keyfiyyat omsali ilo xarakterizo olunur [11].

KF=o0..10.

KF = 0, askaretma vasitosinin i-ci noviiniin is gabiliyyatinin geyri-miimkiin oldugu soraiti
xarakterizo edir. K} komiyyotinin giymoti ekspert giymotlondirilmosi iisulu ilo miioyyan edils bilor.

Verilmis nov agkaretmo vasitasinin foaliyyatinin keyfiyyati, perimetr xatti boyunca doayison
soraitdon - K funksiyasindan asilidir vo rogomsal orazi xoritosi vasitosilo miioyyon edilo bilor.
Masalon, ogor meso-¢ol sahasinin biitiin perimetri eyni seysmik askaretmo vasitosilo miihafizo
edilirsa, onda mego sahoalorinds vo batagliqlarda askaretmo vasitalorinin foaliyyatinin keyfiyyati
aciq saholoro nishoton daha asagidir. Hesab etmok olar ki, pozucunun yaxinlagmasi zamani
miihafizo edilon sahonin bir zonasi daxilinds (500 m-don ¢ox olmayan orazido) askaretmonin
keyfiyyat omsali doyismir, yoni segilmis i iigiin K} = const olur [12].

Biitiin i = 1, 2 ... N agkaretmo vasitosi, sahonin perimetr Xotti boyunca bir-birini 6rtmadan
quragdirtlir. Bu halda, askaretmo vasitosinin ideal soraitdo foaliyyati ilo i-ci zonada (uzunlugu Lj)
olan pozucunun askar edilmasi ehtimali - P; (4) ifadasi ilo toyin edilir:

Si+L; L;

P, = Py f f(s)ds = Py;- f f(s)ds @)

Burada, s;j - sahonin baslangic koordinati, f(s) - pozucunun perimetr xotti boyunca harokat
trayektoriyasinin funksiyasi, Py Vo Py uygun olaraq, i vo j sahesinin baslangic koordinatinda
pozucunun agkar edilmosi ehtimallaridir.

ogor s;...5i + Lj, sahosindo miihafizonin miistoqil sorhadlorini toskil edan j vo Kk iki
askaretmo vasitasi ardicil qurasdirilsa, onda pozucunun askar edilmosi ehtimali (4) ifadasi ilo
miiqayisada boyiik olar.

87



R.N. Nabiyev, K.S. Ramazanov, R.R. Riistamov

L;
P, = (Py; + (1—P0j)-P0k)-ff(s)ds (5)

Ideal soraitdo miihafizo-xobordarliq sistemi vasitasilo pozucunun askar edilmasinin iimumi

ehtimali (6) ifadasi il toyin edilir:
N N Li
PP = Bi= P [ f)ds ©)
i=1 i=1 0

Askaretma vasitolorinin foaliyyotinin keyfiyyot omsali, ilk ndévbado onun askarlama
gabiliyyatins tasir edir. Odur ki, "geyri-ideal" soraitdo pozucularin agkarlanmasinin imumi ehtimali
(7) ifadasi ilo giymatlandirila bilor [12]:

N Kk N Kk L
Pozzpi'l_:):zpoi'l_:)'ff(s)ds (7)
0

i=1 i=1

Po komiyyati ilo miihafizo-xabardarliq sistemi vasitosilo pozucunun askar edilmasinin
effektivliyi - F, = Py kimi xarakterizo edilir.

Effektivlik gostoricilori, strateji ohomiyyatli obyektlorin  zaifliyinin tohlil edilmosi
prosesinds gobul edilmis tohdidlordon, zaif yerlordon vo pozucu modellorindon asilidir. Metodiki
tovsiyalora uygun olaraq, hesablanmis effektivliyin qiymatinin naticalori, effektivliyin diferensial
Vo inteqral gostoricilori ilo ifado edilo bilor. Effektivliyin diferensial gostoricisi bir hodofa qarst
pozucunun hoarokatinin aradan qaldirilmasinin ehtimalini  hesaba alir. Strateji  ohomiyyatli
obyektlorin zoif yeri tgiin fiziki miihafizo-xobordarliq sisteminin effektivliyinin diferensial
gostoricisinin - sec¢ilmis hodofo qarsi pozucunun horokatlorinin  bozi ssenarilorini  nazordan
kegirarkon, biitiin baxilmis ssenarilor tizra minimal giymot gobul edilir. Se¢ilmis hadofo qarsi
horokatlorin garsisinin alinmasi ehtimalinin minimal giymotino uygun pozucunun harokatlorinin
ssenarisi kritik gebul edilir. Inteqral gdstoricisi, strateji ohomiyyatli obyektlords fiziki miihafizo
sisteminin biitovliikdo olavo omsallari nozoro alinaraq orta hesabla effektivlik gostaricisini toskil
edir.

Metodiki tovsiyolords fiziki mihafiza-xobardarliq sisteminin effektivliyini qiymatlon-
dirmok tgiin asas meyar kimi pozucunun ganunsuz daxilolmasinin garsisin1 almaq {iglin fiziki
miihafizo-xobardarliq sisteminin is gabiliyyati gobul edilir. Ona gora ki, pozucunun ganunsuz
harokatlorinin qarsisinin alinmasi fakti tosadiifi hadisadir vo effektivlik gostaricisi kimi pozucularin
harakatlorinin qarsisinin alinmasi ehtimalini (Pgarar) tohlil edir. Belo yanasma ilos, fiziki miihafizo
elementlarine garsi geyri-ganuni horokotlorin qarsisinin alinmasi ehtimali asagidaki ifado ilo tosvir
edilo bilor [13, 14]:

Pgaral.= PaPion'Pror
Burada, P, - pozucunun geyri-ganuni horokatlorinin vaxtinda askar edilmosi ehtimali, Py, -
pozucunun harokatlorini  longitmo ehtimali, P, -miihafizo qrupu torafindon pozucunun
zorarsizlogdirilmasi ehtimalidir.
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Pozucunun geyri-qanuni hoarokatlorinin vaxtinda askar edilmosi ehtimali (P,) imumi
monada askaretmonin texniki vasitalorinin xarakteristikalari ilo toyin edilir. Bu ehtimal, askaretmo
texniki vasitalorinin texniki sanadlorindan va ya movcud statistika asasinda alds edils bilor.

Pozucunun harokatlorini longitmo ehtimali (Py,n), miihafizo qrupu torafindon pozucunun
hadiso yerinds tutulmas: vaxtinin toesadiifi kemiyystindon boyiikk olmamalidir (kvantilini toskil
edir), yani pozucunun t tutulma vaxti, nazords tutulmus tn,, tt vaxtindan az deyildir [13, 15].

Pion= Pmﬁh,q (t > tnez.tut)

Pin ehtimalinin hesablanmasi iimumiyyatlo, modellosdirma vasitasilo vo miixtalif nov
pozucularin fiziki manealori agmasiin qarsisinin alinmasi tglin totbiq edilon fargli harokat
taktikasi, xiisusi tolim, texniki vasitalor va s. ilo yerina yetirilir.

Miihafizo grupu terafindon pozucunun zararsizlosdirilmasi ehtimalinin (Ppo,) giymatinin
toyin edilmasi {igiin adoton xiisusi proqramlar asasinda tortib edilmis modellogsdirmadon istifads
olunur. Xiisusi hesablama vo riyazi vasitolordon istifado etmodon fiziki miihafizo-xobordarliq
sisteminin effektivliyini giymatlondirmok {iglin alqoritmlarin totbiqi yalniz sado obyektlar tigiin
miimkiindiir. Miirakkab konfiqurasiyali miihafizo olunan zonaya malik obyektlor ti¢iin miixtalif
moqsadli giymatlondirilmalor zamani yalniz ixtisaslagdirilmig programlardan istifads edilo bilor.
Strateji  ohomiyyatli  obyektlorin  fiziki miihafizo-xobordarliq  sisteminin  effektivliyini
giymatlondirmok ii¢iin yuxarida qgeyd olunanlara osason, yeni isullar hazirlanmali vo
tokmillogdirilmalidir. Bu zaman obyektlorin 6ztinomoxsus xiisusiyyatlori, habelo pozucularin
miidaxilolorinin qarsisinin alinmasini xarakterizo edon taktika vo parametrlor nozora alinmagla,
pozucularin harakotlari tohlil edilmalidir.

Beloliklo, (3) ifadosini, tokmillogdirilmis avtomatik distansion idara edilon inteqrasiya
olunmus «IQM 4.00.000 TT vo IT» miihafizo-xobordarliq sistemi {i¢iin nozoro alaraq, Fe
effektivliyin qiymotlondirilmasinin zoruri hesabati aparilmisdir. Hesablamalar zamani, miihafizo
qrupu torafindon pozuntunun qarsisinin alinmasi ehtimali - Ppgnq = 0,950 [10]; hor bir alt sistem
vasitosilo qorunan texniki zonani pozucularin asa bilmomolori ehtimali - Ppertex = 0,999 [16];
orazido bas vers bilon geyri-qanuni miidaxilslorin ideal soraitdo askar edilmosi ehtimali - Py o =
0,999 [16]; miihafizo qrupunun hazirliq amsali - Kyg = 0,968; informasiyant MOIB-a toplayan va
OIB-dan homin informasiyam emal edorok idaroetmo morkozing 6tiiron radiomodemin hazirliq
omsal1 (Gtiiriiclisti vo qobul edicisi ilo birlikdo STS8T8G-N markali radiomodemin imtinasiz igloma
miidati - 1000000 saat [14], siradan ¢ixan qurgularin doyisdirilmasine sorf edilon miiddat - (8 saat
Otiiriiciiniin vo 8 saat qobuledicinin) 16 saat olarsa) - Kiygr = 0,999; miihondis miihafizo
qurgularinin hazirliq amsali (sistemin imtinasiz islomo middoti - 1562 saat [14], siradan ¢ixan
qurgularin dayisdirilmasina sarf edilon miiddat - 8 saat olarsa) - Kymo = 0,995 qabul edilmisdir.
Bunlara osason, «IQM 4.00.000 TT vo IT» miihafizo-xobordarliq sistemi {i¢iin Pes - effektivlik
gostoricisinin qiymatinin:

P.r =0,999-0,999-0,950-0,995- 0,999 - 0,968 -~ 0,912
oldugu miioyyon edilmisdir.

Goriindiiyll kimi, effektivliyin aprior hesabatlarla alinmig gostaricisi Per =~ 0,912 -yo
borabordir vo bu gostarici iizra tokmillosdirilmis «IQM 4.00.000 TT vo IT» miihafizo-xobordarliq
sisteminin miilki aviasiyada totbiq olunmasi magsadouygun hesab edilir.

Natica. Strateji ohomiyyatli obyektlorin fiziki miihafizo-xobardarliq sisteminin
effektivliyini artirmaq {iglin daima yeni tisullar hazirlanmali vo méveud olanlar
tokmillosdirilmalidir. Bu zaman obyektlorin vo landsaftin 6ziinomoxsus xiisusiyyatlori, habelo
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pozucularin miidaxilalorinin garsisinin alinmasini xarakterizo edon taktika vo parametrlor toplusu
nazoars alinmagla, onlarin miimkiin ola bilacok biitiin harokatlori tahlil edilmalidir.

Hesablamalara vo montiqi tohlillora osason, tokmillogdirilmis avtomatik distansion idara
edilon inteqrasiya olunmus «IQM 4.00.000 TT vo IT» miihafizo-xobordarliq sisteminin
effektivliyinin kifayot qodor yiiksok olmast (Per = 0,912) miioyyonlosdirilmisdir. Bu da,
layiholondirilon «IQM 4.00.000 TT vo IT» miihafizo-xobordarliq sisteminin miilki aviasiyada
effektivlik  gostoricilori  iizro aviasiya  tohliikosizliyi  sistemindo  totbiq  olunmasinin
magsadouygunlugunu miisyyonlosdirir.
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OIIEHKA 3®®PEKTUBHOCTH ABTOMATH3APOBAHHOM OXPAHHO-U3BEIIATEJIBHON CUCTEMBI
P.H. HABMEB, K.IIIl. PAMA3AHOB, P.P. PYCTAMOB

B crarke paccMOTpeHbI 337aud OIEHKH 3()PEKTHBHOCTH (YHKIMOHHPOBAHHS aBTOMATH3MPOBAHHON OXpaHHO-
HU3BEIIATEIIbHON CUCTEMEBL.

IIpoBeaeHb! PacyeThl M OLEHKH S)(EKTHBHOCTH aBTOMATH3HPOBAHHON OXPaHHO-M3BEIaTeNbHOM cicTeMbl «IQM
4.00.000 TT vo IT» mepumerpa 06beKTa METEOPONOIHUYECKOH PaAHONOKALMY, 3aIIUIICHHON TEXHHYECKUMH CPEACTBAMH B
YCIIOBHSIX JTOCTOBEPHOrO OOHAPYXKEHHs HAPYUINTENs, OMOBEIICHUS TPYIIIBI 3alllUThl M HAXOXICHUs B PabOTOCIOCOOHOM
COCTOSIHUM MH)KEHEPHOT'O TEXHUYECKOTO CPEICTRA 3aIUTHL.

B pe3yibTaTe pacyeToB OMPEIENICHO, YTO 3HAYEHHS BBHICOKOO()(EKTUBHBIX IMOKa3aTeliel CHCTEMbI HAXOMAATCS B
npezenax JIuanasoHa, yCTaHOBJICHHOTO ISl 000PYIOBaHUS IPAXKIAHCKON aBUALIMH.

Knioueswvie cnosa: epawcaanc;caﬂ asuayus, asuayuorHa:A 6e3onacnocmb, oxpana, O6‘beKm, nepumemp, Hapyuumeils,
UHmezcpupoearHas, OXpaHHo-uzeewiameilbHas cucmema, 3¢(!)€Kmu6HOCmb,

EFFICIENCY OF THE AUTOMATED SECURITY-NOTIFICATION SYSTEM
R.N. NABIYEV, K.Sh. RAMAZANOV, R.R. RUSTAMOV

The article examines the steps in assessing the effectiveness of the automated guarding-warning system.

The calculations were carried out to evaluate the effectiveness of «IQM 4.00.000 TT vo iT» automated guarding-
warning system of the perimeter of meteorological radar facility protected by technical means under conditions of reliable
detection of the intruder, protection of the technical group and defence group, as well as protection of engineering equipment.
As a result of the calculations, it was determined that the values of highly efficient indicators of the system are within the range
established for the civil aviation equipment.

Keywords: civil aviation, aviation security, guarding, object, perimeter, intruder, integrated, guarding-warning sys-
tem, efficiency.
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YAGISIN GPS MOVQETOYINETMO SiISTEMLORININ
KEYFIYYOTINO ETDiYI TOSIRININ KOMPLEKS
QiYMOTLONDIRILMOSI

R.O. EMINOVY, S. I. IBRAHIMOVA?

Molumdur ki, yagislar kimi bazi amillor GPS signallarmin gecikmosine vo onlarin ¢oxyolluluguna
gotirib ¢ixarir. Buna goro do yagislarin GS movqetoyinetma naticolorinin keyfiyyotine etdiyi tosirinin kompleks
qiymatlondirilmasina ehtiyac yaranir. Qeyd edilonlori nozars alaraq GPS sisteminin signal / sas nisbati, signal
gecikmosi vo fazali gecikmo kimi gétaricilorine yagisin etdiyi com tasirinin qiymstlondirilmesi {igiin kompleks
yanasma toklif olunub. Biitovliikdo yagisa, doluya, qara vo bir ¢ox digor hidrometeoroloji hadisalors miioyyon
hacmds paylanmis diskret hissaciklor kimi baxilib. GPS sisteminin igine neqativ tasir eden yagisla bagh amillor
tohlil olunmusdur. Yagisin GPS sisteminin isino etdiyi neqativ tasirinin Oyronilmasine yonolmis kompleks
yanasmanin gostaricisi toklif olunmusdur. Qeyd olunmusdur ki, su buxarlarinin imumi miqdarinin ikitorkibli
tobiotdo olmasina baxmayaraq, yagisdan ovval com su buxarmin iki torkibs doqiq ayirmaq miimkiin olmur.
Yagisdan 20 doqiqe ovval GPS signallarinin koskin artmaga baslayan riitubat gecikmolori GPS sisteminin
faaliyyatine menfi tosir etmoya baslayir. Ugiincii vacib amil kimi yagisdan sonra GPS gobuledici antenasinin
otrafindaki nom torpaqlarin tosirindon GPS siqnallarin bas veron qaytarilmasi noticosindo omalo golo bilon
coxyolluluq geyd olunur. GPS sisteminin isina neqativ tosir edon yagisla bagli asas amillar tohlil olunmusdur.
Yagisin GPS sisteminin igina etdiyi neqativ tasirinin dyronilmasine yonalmis kompleks yanagsmanin gostaricisi
toklif olunmusdur.

Acar sozlar: GPS siqnal, yagus, tasir gostoricisi, keyfiyyat, qgiymatlondirma, riitubat gecikmasi.

Giris. Molumdur ki, ham qlobal mdvgetoyinetmo sistemi, hom do GPS sistemi yer
tizorindoki miixtalif obyektlordon homin sistemlorin peyklorina qader olan mosafalori 6lgmoys
imkan verir. GPS sistemi trilaterasiya prinsipi osasinda isloyorok iic baza noqtolorin osasinda
qurulmus ticbucagin toraflorini Sl¢lir. Noqtalorin biri toyin olunan obyektdir, digor ikisi iso GPS
sisteminin peykloridir. GPS mdvqetayinetma omoliyyat1 asagidaki hava amillorini nazors almaqla
apartlmalhidir [1]:

1. Sistem elektromaqnit qasirga soraitinds normal is rejimini tomin eds bilmayan halini.

2. Miixtolif adi vo anomal hava dayisikliklorinin doqiq qeydo alinmasinin tomin edilmosi
halini.

3. Giiclu qar, yagis, dolu vo gasirga soraitinds yiliksokdoqigli GPS 6l¢gmalorinin aparilmasi
miimkiin olmayan halini.

! Azarbaycan Dovlet Neft vo Senaye Universiteti
E-mail: eminovramiz@mail.ru

92


mailto:eminovramiz@mail.ru

Yagisin GPS mévgetayinetmo sistemlorinin keyfiyyatina etdiyi tasirinin kompleks qiymatlondirilmasi

4. Glinos maqnit qasirgalan yiiksokdoqiqli GPS 6lgmolorini aparmaga imkan vermoyon
halin1.

Yuxarida adlarin1 ¢okdiyimiz biitiin bu vo digor amillor GPS mdvgetoyinetma naticolorinds
boyiik xatalarin yaranmasina sobab ola bilor [2].

GPS gobuledici mdvgeyinin toyini noticosinin ortakvadratik konarlasmasimi bu diisturla
toyin edirlor [3];

o,, =+/PDOP? 6% + 62, , (1)
burada PDOP - mdvqgeyin handoasi amillo bagli olan toyini daqiqliyinin kigildilmasi omsaludir;

Onum - toqribi hesablama metodlarinin totbigi ilo bagli xotanin ortakvadratik konarlasmasidir; og-
C/A (Corse/Acquistion) kodunun tayin edilmasi Xatasinin ortakvadratik konarlagsmasidir, onu bu

diisturla tayin edirlor:
6
or =.]>.0%. )
i=1

burada a,-ionosfer effektino gora Xotanin

ortakvadratik konarlasmasidir; o,-efeme- Cadval 1.
ridlora gora xatanin ortakvadratik konar- o; (I=1,5) gqiymatlori
lasmasidir; o;-peyk saatlarma goro Xota- o, o, o, o, o
nin ortakvadratik konarlasmasidir; g,-¢ox- 5 | £25m | t2m t1m | £05m

yoluluga goro tohrifin ortakvadratik ko-
narlasmasidir; os-troposfer effektlorino goro Xotanin ortakvadratik konarlagmasidir. o; (i=1,5)
giymatlori cad. 1-do verilmisdir [3].

(2) giymatlondirms diisturunun iimumilikds gabul olunmasina baxmayaraq, yagislar kimi
bozi amillar signallar kegmasinin ¢oxyolluluguna gotirib ¢ixara bilor. Buna gors do yagislarin GPS
movgetayinetma naticalarinin keyfiyyatina etdiyi tasirinin kompleks giymatlondirilmasina ehtiyac
yaranir.

Masalanin halli. Yuxarida qeyd edilanlori nozors alaraq, yagislarin GPS movgetoayinetmo
sistemlorino etdiyi tasirlorinin &yronilmasi mosalasini nazordan kegirak. GPS movgetoyinetms
sisteminin signal/sas nisbati, signal gecikmasi vo fazali gecikmo kimi gostaricilorina yagisin etdiyi
com tosirinin giymatlondirilmasi tigiin kompleks yanasma talob olunur.

Biitovliikdo yagisa, eloca do gar, dolu va bir ¢ox digar hidrometeoroloji hadisslora miiayyan
hocmda paylanmis diskret hissociklor kimi baxila bilor. Is [4]-do geyd olundugu kimi tosadiifi
paylanmig diskret hissaciklordon radiasiyanin irsliya dogru sopslonmosi fazali gecikmo toradir.
Ogor yagisin sopalonmis hissociklori otrafda borabsr miqdarda paylanarsa, onda yagisa goro
toronmis olave fazali siiriismo bu ciir tayin olunacaq

Vi =10 °-2:1" [Re[f, (D)N(D)dD] ©)

burada ;.- yayillma fazasidir, rad: km?* K 22711, burada A-GPS signallarin dalga
uzunlugudur, mm-lo; N(D) - yagisin konsentrasiyasidir (hissociklorin m®-la miqdaridir); D -
hissaciklorin mm-Ilo diametridir; Re[f,, (D)N(D)] - iifiiqi yaxud saquli polyarizasiya ti¢lin iraliya
sopalonmo amplitudasinin real hissasidir, mm-lo [4].

Sopalonma amplitudasi hissaciklarin tezliyina va hacmino miitonasibdir [5], yani
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g -1
g +2 '
burada, V - hissaciyin hacmidir; &, - nisbi kegiricilikdir.
Yagisin hissaciklor olgiilorinin paylanmasi eksponensial formaya malikdir.
N(D)=N,e "°
A giymatini hesablamagq {iglin asagidaki diisturdan istifado edilir:
41
RO-0L '

f,, ~kV

A=

burada R - yagisin siiretidir, mm-saat™.

(3)-cii diistura gora hesablanan fazali gecikmonin £ W T
giymatlori sok.1-da 3 yagis siiratlori igiin verilmisdir; R< % //
mm- saat™; R< 20 mm- saat™; 20< R< 60 mm- saat™’; R> ‘3 - “ ~ /,l/: -
60mm- saat™. [ R v ol

Yagislarin GPS movqetayinetma sisteminin is g s N
keyfiyystino etdiyi com tosirinin kompleks giymot- £ ™| /‘
londirma masolasi yagisa sabab olan avvalki yaxud da 2w ,//l | \ ,
onun yagmasi naticasindo bas veron sonraki tobiot - 0 9 % 120 60 200
amillarinin da 6yranilmasini talob edir. Yagisin siiroti, mm/saat

[k névbada yagisdan ovvalki hadisalori nozardoan $ok. 1. 3-cii diistura gora hesablanmus fazalr

. . .. . .. ikmanin giymatlari.
kegirok. Bu hadiss kimi yagisdan avval hava riitubatinin gectimonin giymator

doyismasini vo GPS signalin riitubat gecikmasinin miinasib artmasini hesab edak. Biitovliikdo GPS
movqetayinetma sistemlori asagidaki diisturla toyin olunan com gecikma ilo xarakterizo edilir [5]

ZTD=ZWD+ZHD, 4)
burada ZTD-com zenit gecikmasidir; ZWD-com riituboat gecikmasidir; ZHD-zenit hidrostatik
gecikmosidir.

Yaxs1 Oyronilib, 6z is qabiliyyatini gostormis bir cox ZHD modellari malumdur.

GPS movgetayinetmo sistemlorinin doagigliyina oan ¢ox tosir edon ZWD zenit riitubot
gecikmosi asagidaki diisturla tayin olunur:

7wp = PW, (®)
ma(T,)
burada PWV - ¢O6kmiis su buxarinin com qiymatidir; 77(Tp,) - Olglisiiz kamiyyatdir (atmosfer
horaratinin orta ¢oki giymatine gora toyin olunur).

[6]-c1 isdo geyd olunur ki, su buxarinin imumi miqdarinin zamanla doyismasi ilo yagisin
baslanmasi ani arasinda dagiq miioyyon olunmus alage mévcuddur. Cokmiis su buxarmin imumi
miqdarinin doyismasi iki zaman miqyasinda bas verir:

1) yagisdan ovval saat miqyasinda asagisiiratli doyismasi;

2) yagisdan 20-40 dogigo avval su buxarinin imumi miqdarinin yuxari siiratli artmast.

Bu zaman su buxarlarinin {imumi miqdarinin siiratlo artmasindan gozlanilon yagisin
prognozunda istifads edils bilar.

Sok.2-do boyiik saho iigiin yagisin olmasinin (ayri 1) Vo su buxarinin imumi miqdarinin
doyismasinin (ayri 2) zaman ardicilligr gostorilmisdir. Qrafiklordon goriiniir ki, yagisla su buxarinin
maksimum miqdarlara ¢atmalar1 arasinda vaxt intervali 20-40 daqigo toskil edir.
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Su buxarlarinin imumi miqdarinin ikitor-
Kibli tobistdo olmasina baxmayaraq, yagisdan
owal com su buxarini iki torkibo daqiq ayirmaq
mimkiin olmur. Yuxarida qeyd etdiklorimizi
noazors alarag demak olar ki, yagisdan 20-40 do-
gigo owval GPS signallarinin koskin artmaga
baslayan riitubot gecikmoalori GPS sisteminin
faaliyyatina manfi tasir etmays baslayir.

Ucgiincii vacib amil kimi yagisdan sonra 005
GPS qobuledici antenasinin otrafindaki nom
torpaqglarm tesirindon GPS signallarin bas veran Sak. 2. Boyiik saha iigiin yagisin olmasinin va ondan
gaytarilmasi noticosindo amala golo bilon ¢oxyol- awal atmosferdaki su buxarlar: miqdarimin dayismasinin

. zaman ardicilligi
lulugu geyd etmok olar.

[7]-ci isdo gostorildiyi kimi, ¢oxyolluluq effekti praktiki olaraq biitiin GPS sobokoalorinda
moveuddur. Bu effekt fasillor boyu ya asta doayiso bilor, ya da ki, gar yagdigi halda kaskin doayiso
bilor. Yaxst molumdur ki, GPS siqnallari yer vo su sathlori, binalar, avtomobillor, daglar, agaclar
Vo yaxinda olan digor obyektlordon qaytarilib gobulediciys daxil olan halda goxyolluluq effekti
yarana bilar. Multiyolluluq effekti C/A- kodunu, P-kodunu va elaca da dasiyan tezliyin miisahido
olunan fazasini pozur. Bununla yanasi birbasa diiz xott boyu gobul olunan signallarla miigayisads
coxyollu signallarda hoamiso gecikma bas verir, ¢iinki gaytarma naticasinds onlarin galma yolu

Su buxarlarmm arazi boyu orta migdarn
; - T 0.0040

-1 0.0020

0.C000

1 daqiga intervalinda yagislann
arazi boyu orta miqdan
[+

0.0020

zaman, daqgiga ila

uzanir.

[8,9]-cu isda gostarildiyi kimi, GPS-gabuledicisinin strafinda nam torpaq olan halda galon
signallar ondan qaytarilaraq gobulediciys daxil olunur va son naticads goxyolluluga gotirib ¢ixarir.
Bunun naticasinds ¢oxyolluluq effekti qobul olunan signalin sos salmasina, yoni signal/sas
nisbatinin azalmasina gotirib ¢ixarir.

Beloliklo GPS mévgetayinetmo sisteminin dlgma doqigliyine monfi tosir edon yagisla baglh
amillorin  kompleks oyroanilmasi yagis tosirinin giymotlondirilmosi ticiin asagidaki kompleks
gostaricisinin toklif edilmasins imkan vermisdir

Burada, X - hava riitubatinin yagisdan ovval koskin artmasi ilo bagli GPS signallarinin
riitubat gecikmoasidir; Y - yagis hissaciklorindon gaytarilma naticasinds GPS signallarin fazali ge-
cikmasidir; Z - GPS goabuledici antenasinin atrafindaki yeriistii nom sahalordan gaytarilma effektino
gora azalan GPS sistemin signal/sas nisbatidir.

Yagisin GPS sisteminin doqigliyine etdiyi tosirinin toklif olunan Kg kompleks gostaricisi
icolgiilii dekart koordinatlar sisteminds diizbucaqlinin hacmini xarakterizs edir.

Belaliklo, GPS movgetayinetmo sisteminin  dogigliyine  yagisin  etdiyi  tasirinin
giymatlondirilmasins olan kompleks yanasma hom yagisdan oavval, hom do ondan sonra bas veran
Vo neqativ effektlori xarakterizo edon vahid kompleks gostoricisini tapmaga imkan vermisdir.

Natica. Yekunda aparilmis todqigatlarin asas natica vo hallarini geyd edok:

Yagisin GPS 6lgmalarinin dogigliyina etdiyi negativ tosirinin dyronilmasi tigiin kompleks
yanasma konsepsiyasi toklif olunmusdur.

GPS sisteminin dogiqliyina neqativ tosir edon yagisla bagli asas amillor tohlil olunmusdur.

GPS sisteminin isino yagisin etdiyi neqativ tosirinin Gyronilmasine yonslmis kompleks
yanagmanin gostoricisi toklif olunmusdur.
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KOMIIJIEKCHASI OLHEHKA BJIUAHUSA JOXKA51 HA KAYECTBO GPS CUCTEM NO3UIITUOHUPOBAHUS
P.A. SMHHOB, C.1. UBPATUIMOBA

M3BecTHO, 4TO OTAENBHBIE TPONOCHEPHBIE IBICHUS, B YACTHOCTH J0XKIH, MOTYT BBI3BaTh MHOT'OKYITHOCTb IIPOXOXKACHHUS CUT-
HAJIOB, M TOTJIa MOTPeOyeTCss KOMIUIEKCHAs OLCHKA BIIMSHHS JOXKIeH Ha KauecTBO pe3ynbratoB GPS mosurmonupoBanwus. [Ipeasara-
eTCsl KOMITIEKCHBIN TOJXO0/ K OL[EHKE CYMMapHOTO BIIHSIHHS JOXKS HAa Takhe XapakTepucTHkd GPS cHcTeMbl, Kak OTHOIICHHE «CHT-
HaJl LIyM, 3aIepKKa CUTHajA U (a3oBbIe 3aepKKM». B 1iesoM 10%kKb, KaK U Bce THAPOMETEOPOIOTHUECKUE COOBITHS, TAKUE KaK CHET,
rpaj ¥ T.J., PACCMOTPEH B Ka4eCTBE MHOXKECTBA TUCKPETHBIX YACTHII, paclpee]IeHHbIX B HEKOTOpoM oObeme. HecMoTpst Ha aByXco-
CTaBHYIO IIPHPOJLY OOIIEr0 KOJINYECTBA BOSIHBIX TIOPOB, HMEIOLIMXCS Mepe]] JOKACBBIMU OCaAKaMH, YETKOE pa3/eieHHe CyMMapHOro
BOJSIHOTO T1apa Ha JIBE COCTABIIIONINE OKA3bIBACTCS HEBO3MOXKHBIM. Y CTAaHOBJICHO, 4TO 3a 20-40 MUHYT 0 JTOXKIEBBIX OCAIAKOB MPO-
MCXOIUT PE3KOe YBEIWUYCHHE BIaXKHON 3a/1epkku GPS curHaso, npuBojsiiee K OTPHLATEIBHOMY BO3ACHCTBHIO 0K/ HA KAYECTBO
¢dyukunonnposanus GPS. TperbeM BaxkHeii1eM (HakTOpoM, BOSHUKAIOIIMM MTOCIIE 0K/, SBIISETCS BO3MOXKHAss MHOTOKYITHOCTH GPS
CHTHAJIOB, BO3HHKAIOIIAs HU3-32 OTPAXKEHHsS OT BJIAXKHBIX 3EMILIHBIX YYaCTKOB, PACIOJIOKEHHBIX B OKPECTHOCTH mpueMHoi GPS aH-
TeHHbI. [IpoaHann3npoBaHbl OCHOBHBIC (DAKTOPBI, CBS3aHHBIC C HOXKASIMH, KOTOPbIC HETATHBHO BIUSIOT Ha (yHKunoHUpoBanue GPS
cucreM. [IpeuioxkeH nokasaresb, XapaKTEpH3YIOIINH KOMIUIEKCHBIH MOIXO0J K H3y4EHHIO HEraTUBHOTO BIMSHUS TOXKAeH Ha QYHKIHU-
onuposanue GPS cucreM.

COMPLEX EVALUATION OF RAIN IMPACT ON THE QUALITY OF CPS POZITIONING SYSTEMS
R.A. EMINOV, S.I. IBRAHIMOVA

It is known that some factors, such as rains, lead to delay in GPS signals and their high frequency. Therefore, a comprehensive
assessment of the impact of rainfall on the quality of GPS positioning results is needed.Given the above, a comprehensive approach
has been proposed to evaluate the cumulative effects of rainfall on GPS indicators such as signal, sound ratio, and phase delay.In
general, rain, hail, snow, and many other hydrometeorological events have been treated as discrete particles in certain volume.The
rainfall factors that have a negative impact on the performance of the GPS system have been analyzed. An indicator of a
comprehensive approach to the study of the negative impact of rain on the GPS system has been proposed. It is noted that although the
total amount of water vapor is of a double nature, it is not possible to accurately separate the two water vapor before the rain. Humidi-
ty delays, which begin to increase GPS signals 20 minutes before rain, begin to adversely affect the performance of the GPS system.A
third important factor is the multiplicity of GPS signals that can occur due to the effects of moist soil around the GPS receiver antenna
after the rain.Analysis of the main factors related to the rain that negatively affect the performance of the GPS system were made. An
indicator of a comprehensive approach to the study of the negative impact of rain on the GPS system has been proposed.

Key words: rain, GPS signals, impact indicator, quality, rating, humidity delay.
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YUK NASOSUNUN ELEKTRIK INTIQALININ YUMSAQ
ISOBURAXICILAR VASITOSILO iSO BURAXILMASININ TODQIQi

E.F. SULTANOVY, S.S. ISMAYILOVY, A.S. SIXIYEV?

Mogqalads istismarda olan gomilorin movcud yiik nasoslarinin elektrik intiqallarinin igo buraxilmasindan
bohs edilir. Burada elektrik intigalinin igoburaxilmasi miihorrikin stator dolaqlarint ulduz sxemindon {igbucaq
sxemino kecirmoklo yerino yetirilir. Bu isoburaxma iisulu kifayst qodor etibarli sayilmir. Aragdirma zamani
homginin molum olmusdur ki, homin elektrik intiqallarinda kegid prosesi zamani, miiharrikin dolaglarimin
igoburaxma carayani nominaldan 5-7 dafs ¢ox va onun valindaki firlanma momenti nominal qiymatin 150-200 %-
ni togkil edir. Bu hadisolor iso mitharrikin mexaniki hissolorinin vaxtindan ovval siradan ¢ixmasina, gidalandirict
sobakonin gorginlik agirimina sabab olur.

Biitiin bunlar1 nazors alaraq, moaqalado qisagapanmis rotorlu asinxron miiharrikin idaro olunmasi ti¢iin
stator dovrasine yumsaq isoburaxicinin (soft-starter) qosulmasi naozordon kegirilmisdir. Yiik nasoslarimin elektrik
intigallarinin mévcud idaroetmo sistemlori miiasir dovriin toloblorine cavab vermodiyino goro, idaroetmo
sistemlarinin etibarligini yiiksaltmok va elektrik enerjisinin sorfinin azaldilmasi magsadilo, istismarda olan vo yeni
hazirlanan AUT2 avtomatlagdirma daracasi olan maye-yiik dasiyan gomilorde bdyiik giiclii elektrik intiqallarinin
igo buraxilmasi zamani yumsaq igoburaxicilardan istifads olunmasi toklif olunur.

Acar sozlar: gomi, asinxron miiharrik, yiik nasosu, elektrik intigali, yumsaq isaburaxici, ulduz-iichucagq.

Giris. Nasoslar1 xidmot etdiklori sistemlors uygun olaraq asagidaki qruplara boliirlor: gomi
miiharriklorine vo buxar giic qurgularma xidmot gostoron kdmaokei nasoslar; iimumgomi toyinath
nasoslar; xiisusi toyinatli nasoslar.

Birinci qrupa daxili yanma miiharriklorini soyudan nasoslar, yarimgiic qurgularinin igmali
su, dovredici vo kondensat nasoslari, yanacaq vo yag nasoslarn aiddir. ikinci qrupa gominin
tohliikasiz lizmosini, gomi heyatinin vo sarniginlorin sanitar-moigat soraitini tomin edon nasoslar aid
olunur. Bura yangin nasosu, qurutma, ballast, sanitar vo i¢moli su nasoslar1 daxildirlor [1]. Uciincii
grupa miioyyan bir gomi iiclin nozords tutulmus xiisusi toyinath nasoslar aid olunur. Masolon,
tankerlordo istifado edilon yiik vo tomizlomos nasoslari, buzqiran gomilords istifado olunan kren
nasoslari, xilasedici gomilords giiclii suvuran nasoslar va s.

Elektrik intiqali vasitasilo horokato gotirilon qurgulara misal olaraq yiik nasoslarinin, siikan
qurgularinin vo yiikqaldirict mexanizmlorin elektrik intigallarin1 gostoarmok olar. Hal-hazirda

! Azorbaycan Dovlet Deniz Akademiyasi
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istismarda olan gomilorin bir hissasindo yiik nasoslarinin elektrik intigallarinin iso buraxilmasi
miihorrikin stator dolaglarinin ulduzdan iigbucaga kecirmoklo yerino yetirilir. Bu isoburaxma tisulu
kifayot gqodor etibarli deyildir [2, 3].

Asinxron miitharriklorin ulduzdan tigbucaga kegmokls iso buraxma tisulunun manfi cohatlori
asagidakilardir:

1. Miihorrik ulduz sxemindon iigbucaq sxemina kegid edonda corayan sigrayisla boyiik
giymot almasi;

2. Miiharrikin iso buraxma momentinin kigik olmasi;

3. Ulduz-tigbucaq kegidi zamani1 mexaniki zorbalor yaranmasi.

Etibarliq nozoriyyasindo tomirolunma dovr arast miiddotinin, istismar itkilorinin analizi vo
minimallagdirmasina istinad olunan, toyin metodlar1 mdévcuddur. Lakin imtinalar, qoza hallarinin
artmasi vo istismar edici personalin zodolonmasi ilo naticolondiyi halda, bu baximdan yanasma
gobuledilmozdir [4-6].

Bunlart nozors alaraq yangin nasosunun elektrik intigalinin idaro olunmasi sxemini
nazordon kegirok (sokil 1).
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Sak. 1. Yiik nasosunun elektrik intiqalimin idara sxemi
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Osas hissa. Yiik nasosu 380V gorginliklos isloyon asinxron miihorriklo igo salinir. Miihorrik
boyiik giiclii oldugu ti¢iin ulduz-iigbucaq isoburaxma tisulunun kémoyi ilo igo buraxilir. Burada
sxem iki hissodon ibaratdir: Miiharriki igo salan giic dovrasi vo idaro dovrasi. Miiharriki iso salmaq
tictin ilk ndvbado giic dovrasindos olan QO1 yiik avtomat agar1 gapanmalidi. Q01 avtomat acar1 giic
dovrasinin qisa gapanmadan va artiq yiiklonmadon miihafizasini tomin edir. Sxemdos qoyulan FU(1-
4) goruyucular1 idaroetmo dévrasinin artiq yliklonma vo qisa gapanmadan miihafizasi iigiin nozordo
tutulub. Miihorrikin artiq yiiklonmodon miihafizosini istilik relesi hoyata kegirir. Gorginlik
transformatoru vasitasilo 220V idara gorginliyi alimir. Bu sxemdo iki ciir idaroetma miimkiindiir:
Yerli vo masafodon. Yerli idars panelin iizorindon idarsetmo diiymolori vasitasilo, masafodon idara
i1so konardan idaroetmo pultu vasitasilo miimkiindiir. Yerli idaroetmo {igiin S1 ¢evirgoci “yerli”
vaziyyating gatirilir. Miiharriki igo buraxmagq {igiin S3 start diiymasini sixmaq lazimdir. Bu zaman
KM3 kontaktorunun vo ZR1 zaman relesinin dolagina gorginlik verilocok. Ulduz birlogme yaradan
KM3 kontaktoru 6z giic kontaktlarini qapayir. KM3 kontaktorunun KM2 kontaktorunun dolagina
gorginlik Otiiron kontakti agilir. Zaman relesi 6ziinii bloklayan vo KM1 kontaktorunun dolagini
gidalandiran kontaktlarin1 gapayir. Bu zaman osas kontaktor olan KM1 kontaktorunun giic
kontaktlar1 qapanir, KM1 vo KM3 kontaktorlarinin komayi ilo mitharrik ulduz birlogsms ils iso
buraxilir. Zaman relesi bir ne¢o saniyos gozlodikdon sonra KM3 kontaktorunun dolagini qida-
landiran kontaktim1 ag¢ir vo KM2 kontakt-
orunun dolagina gorginlik otiiron kontaktini
gapayir [5]. xo%:ak?oa

KM2 kontaktorunun giic kontaktlar

gapanir vo miihorrik tigbucaq birlosmo ilo
harokatini davam etdirir. S2 stop diiymosini ]—BL\

sixaraq mithorriki dayandirilir. HQ‘__'BLI
Elektrik miiharrikinin keg¢id prose- He—l )

sindo bas veron hadisolorlo olagodar,

isadlismo zamani dolaglarin caroyani nominal Yumsaq isaburaxma )
carayandan 6-8 dofo ¢ox olur vo onun valinin N
firlanma momenti nominal qiymoatin 150-

200%-o5 catir. Bu hadisolor miiharrikin

Sak. 2. Yumsaq isaburaxma qurgusunun sxemi

mexaniki hissolorinin siradan ¢ixmasina, qidalandirict sabakanin gorginlik itkisino sabab olur [4].

Bu masaloni hall etmak tiglin tacriibade miiharrikin yumsaq igoburaxma avadanligindan
istifado olunur vo yiik corayaninin, tadricon, artimi togkil olunur. Bunun ii¢lin yumsaq igoburaxma
avadanliglan asagidaki variantlarda toklif edilir:

e  Miiharrikin dolaqglarinin qizmasinin azaldilmasi;

e Iso diismo zamam gorginlik itkisinin azaldilmasi;

e Dayanmanin tomin edilmasi vo sonraki isodiismo vaxtinin toyin edilmasi;

e Nasos qurgularinda, borularda tozyiqin va hidro zarbslorin azaldilmasi;

e Elektomaqnit kiiylorin azaldilmas;

e  Miiharrikin kompleks miihafizasini toskil etmok (gorginlik itkisi vo artimi, mexaniki
tutulmalar vo s.);

e Sistemin daimi vo etibarli isinin togkil edilmasi.
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Qisagapanmis rotorlu asinxron miiharrikin idars olunmasi {igiin giic elementi kimi stator
dovrasine yumsaq iso buraxicinin (soft-starter) qosulmasini nozordon kegirmok mogqsadi ilo isobu-
raxma qurgusunun sxemi sokil 2 -do gostorilmisdir.

Tiristorun agilma bucaginin doyismosi
noticosindo yumsaq isoburaxma qurgusunun ~ ©vee (s
cixis  gorginliyinin  tonzimlonmasi  hayata
kecirilir. Tiristorun agilma bucagr no qodor
boyiik olarsa, o zaman miihorriki qidalandiran
cixis gorginliyinin qiymoti do o qgodor bdyiik
olar [4].

Yumsaq igoburaxma zamani iso diismo
coroyaninin azalmasi prosesi sokil 3-do agiq
aydin gorliniir.

Yumsaq igoburaxma qurgularinin asas

parametrlori agagidakilardir:
I. Yumsaq isoburaxma qurgusunun
islomas rejiminin toyini;

Sak. 3. Isaburaxma carayanimin azalma diogrami

2. Isodiismo miiddati;

3. Isadiismo corayaninin maksimal yuxar1 hoddi.

Bu deyilonlori nazors alaraq, yumsaq isoburaxma qurgusunun asagidaki rejimlori ortaya
cIXIr:

Normal is rejimi: isodiismo miiddoti 10-20 saniyo, isodiismo corayani 3,51,0m kegmir.

Agir is rejimi: isodiismo miiddoati 30 saniya, igodiismo coroyani 4,51nm asmamalidir.

Daha agir is rejimi: isodiismo miiddotino mohdudiyyst yoxdur, isodiismo coroyani
5,5...810m ola biloar.

Notica. Gomi yiikk nasosunun elektrik intigallarinin yumsaq isoburaxicilar vasitasilo iso
buraxilmasinin Ustiinliiklori kimi asagidakilari qeyd etmok olar: Yik nasosunun elektrik
miiharrikinin dolaqlarinin  qizmasmin azaldilmasi; Miihorrikin iso diigmosi zamani gorginlik
itkisinin azaldilmasi; Yik nasosunun etibarli vo istismarinin asan olmasi; Mexaniki zarbalorin
qarsisinin alinmasi va s. diqqat markoazindo olmalidir.
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HNCCIEJOBAHUE ITY CKA 2JIEKTPOIIPUBOJA I'PY30BOI'O HACOCA C IOMOLIBIO
YCTPOMCTBA IUVIABHOI'O ITYCKA

0.0. CYJITAHOB, C.C. ICMANJIOB, A. C. IIBIXVEB

B crathe paccMOTpeHBI BONPOCH ITycka B pPabOTy 3JIEKTPONPHBOJAOB TPY30BBIX HACOCOB, NPUMEHSIOINXCS Ha
IKCIUTyaTHpYyeMbIX cynax. IIyck oiekTpoaBHTaTels OCYIIECTBISIETCS ITyTeM IIepeKIIOUeHUs] CTaTOPHOH 0OMOTKH
ANIEKTPOJIBUTATEISI CO CXEMBI «3BE3[a» Ha CXEMY «TPeyroibHHK». [Ipy mcciaenoBaHMAX OBUIO BBIIBICHO, YTO IIyCKOBOH TOK
00MOTOK ABHTaTENs B 5-7 pa3 Ooiblre HOMHHAIBHOTO M BPAIAlOIINil MOMEHT Ha Baly JoXouT 10 150-200 % HOMHHAIBHOTO.
OTO NPUBOJIUT K MPEXKACBPEMEHHOMY BBIXOJY U3 CTPOS MEXaHUYECKUX 4acTeH ABUTraTels, IpoBaly HAIPSKEHUs B MUTAOMICH
CETH.

YdauTeiBasi BBIMICYKA3aHHOE, B CTaThe PACCMOTPEHO YNPABICHHE ACHHXPOHHBIM JABUTATENEeM C KOPOTKO3aMKHYTBHIM
pPOTOPOM, TOAKIIOUYEHHEM K €r0 CTaTOpHOH OOMOTKE yCTpoiicTBa IUIaBHOTO Iycka (soft starter). BBuoy HecooTBeTCTBHA
COBPEMEHHBIM TPEeOOBAHHAM CYLIECTBYIOIINX CHCTEM YIPABICHHS 3JIEKTPONPUBOIOB IPY30BbIX HACOCOB C LIEJIBIO MOBBIIICHUS
HaJIe)KHOCTH CUCTEMBI YIIPABJICHUS M IOHWKEHUS pacXoja Ha 3JIEKTPO’HEPTrHIo, peAIaraeTcsi yCTpOUCTBO IIIaBHOTO MyCKa, C
LEeTbI0  HMCIIOJIB30BaHUS B 3aIlyCKe DJICKTPOIPHBOJOB OOJIBIION MOIIHOCTH, Ha HENABHO IIOCTPOCHHBIX HAIMBHBIX CYyZHaX,
HaXOJAIIUXCS B OKCILIyaTalluK CO CTENeHbIo aBToMaru3anuu AUT2.

Knrouesvie cnosa: cyoHo, acuHxpoHHblll O8ucameins, epy3080l HACOC, INEKMPONPUSod, copm-cmapmep, 36e30a — mpe-
VeONbHUK.

INVESTIGATION OF THE ELECTRIC DRIVE OF THE FREIGHT PUMP
USING A SOFT STARTER

E.F. SULTANOV, S.S. ISMAYILOV, A.S. SIXIYEV

In the article is told about the starting of the electric drives of cargo pumps existing on the exploited vessels. Here the
starting of the electric drive is fulfilled by the switching from a star to the stator windings triangle of an engine. During
research it was found, that the transients are connected with the starting current of the motor windings is 5-7 times rotation
moment reaches 150-200% of the nominal. These events lead to failure of the mechanical parts of the engine, loss of voltage in
the supplying network.

Taking all this into account, the article provides the connecting of soft starter to the stator windings to control an
asynchronous motor with a short-circuited rotor, as the main element. Existing control systems for electric drivers of cargo
pumps due to non-corresponding with the requirements of the modern period in order to improve the reliability of the control
systems and reduce energy consumption, proposed the using of a soft starter to start electric drives with higher power on ships
transporting the liquid cargo, which is in operation and recently built with a degree automation.

Keywords: ship, asynchronous motor, freight pump, electric drive, soft-starter, star-delta.
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BEIIECTBEHHBIN COCTAB Y TEXHOJIOTMYECKHUE OCOBEHHOCTH
XAP-XAPCKOI'O MEJHO-ITIOP®UPOBOI'O MECTOPOXJIEHUSA
(Mansrii KaBkas)

M.U. AJIMEBY, A.3. AXMEJIOB*, A.A. IIIUBAEBA?, I1I.M. KUTAYAEB*

Ha mpumepe TexHOJOrMYecKod MpoOBI PyIbl, OTOOPAHHON M3 I'€OIOTHYECKOMPA3BEAOUHON  IITOJLHH,
pacrloyoKeHHOW B 30HE BTOPUYHOIO CyJIb(UAHOrO O0OOTralIeHUsPacCMaTPUBAEMOTO0 MECTOPOXKACHHUS, Je-
TalIbHO PAcCCMOTPEH BEIIECTBCHHBIM COCTaB(XMMHUECKHUII M MUHEpaJOTHYecKHil), a TakKe MeTalIypru-
yeckue ((oTanroHHBIE)0COOCHHOCTH ATOTO0 MHHEPAIBHOTO ChIpbsi. OCHOBHBIM MPOMBIIUICHHO LEHHBIM KOM-
noHeHToMpy bl saBisieTcs Menb (0,6%). [ MOmMyTHOTO M3BIEYEHHS 3HAUMMBIH MHTEpEC MPEeACTaBIsIeT30JI0TO
(0,48r/T) m wactmuHO cepebpo (6,8r/T). MuUHEPaTOTHYECKUMH WCCICIOBAHUAMUYCTAHOBICHO, YTO pYyI-
Hasg MHHEpIM3alMs IIPEJCTABIEHAa B OCHOBHOM HHPHTOM, T'€TUTOM,XaJbKOIMPUTOM M XaJIbKO3HHOM;
peIKo KOBEIUIMHOM. PynoBMeniaromue IMOpOJbIXapaKTepH3yIOTCS B OCHOBHOM KBapI-TIOJIEBOIIMATOBBIMU
METacoMaTUTaMH, TJIaBHBIMHIMHUHEPAJIaMH KOTOPBIX SBIISIOTCS KBapll W 1moJieBoit mmar (anpour). C yuérom Be-
IIECTBEHHOT0COCTaBa Pyl IKCIIEPUMEHTAIBHO pa3pab0TaHbl TEXHOJIOTHYECKas CXEMa W PEareHTHBIH PexHuM-
¢otaronHoro  oboramieHnsi, OOecCHeYMBIINE MOJIyYeHHE KOHIWIIMOHHOTO MEIHOTOKOHIIGHTpaTa MapKH
KM-7 (Cu — 15,1%), npu u3Bnedennu B Hero 85,6% Ha3BaHHOrO MeTayuia.Hapsimy ¢ Menpi0o B JaHHBIA KOH-
[EHTpaT C MPOMBIIIICHHO 3HAYMMBIMH (OIUIAYMBAEMBIMHU)COACPKAHISIMU comn3BIeKatoTcs 75,15% 3omota
62,6% cepebpa, coepkaniuxcs B pyae, 4To00ecrnednBaeT 3HAYUTENbLHOE TIOBBIIICHHE IIEHHOCTH TMOJydYeH-
HOro ToBapHOorodoToKOHIIeHTpaTa. KitoueBbie cioBa: Manbiii Kaskas, Xap-Xap, MmegHo-mopdupoas pyna,
BEIIIECTBEHHBIIICOCTAB, TEXHOIOTUS IIepepaboTKH, (hIoTaIms.

Knrouesvie cnosa: Xap-Xap, meono-nopghuposas pyoa, eeujecmeenublii COCmag, mexHoao2us nepepadomu,
Gromayus.

Beenenne. MeaHo-nophupoBsie pyAbl SBISIOTCA CYLIECTBEHHBIM ChIPhEBBIM UCTOYHUKOM B
MHUPOBOH NPaKTHKE MPOM3BOJACTBA Meau. B mocienHue roapl yeuiausiMu reojioroB AzepOaiikana
Ha M. KaBkase, B yacTHOCTH B JIOK-ArgamMckoil CTpyKTYpHO-(pOPMAIMOHHOM 30HE, BBISBICHBI PSJ
HNEPCHEKTUBHBIX MEAHO-NOPGUPOBBIX MecTopoxaeHu u pynonposisieHuit (Kapagar, Xap-Xap,
I'omrapuaii, Xomsin u ap.). Cpeau NEPEUUCIICHHBIX ONPENECIIEHHON NMEPCIEKTUBHOCTBIO Xapak-
Tepusyercss Xap-Xapckoe MECTOPOKACHUE, paciosokeHHoe B KegabekckoM aIMUHUCTPa-TUBHOM
paiioHe.

PaccmarpuBaemMoe MeCTOpOXIEHHE MpeACTaBiIseT co00i MPONOHKEHHE FOXKHOTO YdacTKa
3HaYUTeNbHO Oojee kpynmHoro Kapagarckoro mMeaHo-nop(upoBOro MECTOPOXKAECHUS U 00pasyeT

! Jla6opatopus HarmonansHoM reosroropasseouHoit ciryx6os1 MOIIP Azepbaiimxana
E-mail: alikahmedov@mail.ru
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coBMecTHO Xap-Xap — Kapagarckyro pyaHyo IoIiaab, B KOTOPOW Opy/IEHEHUE XapaKTepU3yeTcs
IPOXKHWIKOBO-BKPAIUIEHHBIMU U BKPAIUIEHHBIMU TEKCTYPHO-CTPYKTYPHBIMH BHJAMHU PYZ IUTOK-
BepKoBoro tuma [1].

Ha Xap-XapckoM MECTOpOXKIEHHH, COTJIACHO PAHEE BBINOJHEHHBIM T€0JOTrOpa3BEIOYHBIM
paboTtam, BBIIEJIAIOTCS 30HBI OKUCJICHUS, BBIIEIAYUBAHUS U BTOPUYHOIO CyJIb(GUIHOTO odoraie-
HUSI, HUKE KOTOPBIX HAXOSATCS MEPBUYHBIC PY/bl. [ paHUIIBI MEXAY MEPBUYHBIMU U BTOPUUHBIMHU
pyZlamu HepoBHble. PynHas MuHepain3alnus XapaKTepU3yeTcs B OCHOBHOM IHPHUT-XaJIbKO3UH-
XaJIbKOMUPUT U MUPUT-XaTBKOMUPUTOBBIM cocTaBoM. ConepikaHusi EHHBIX KOMIIOHEHTOB B 30HE
OKHCJICHHs HamOosiee HU3KHE. B 30HE BTOPHYHOTO Cynb(UAHOTO OOOTalIeHUs COCPEIOTOYEHBI
Hanbosee OoraTbie PyAbl, OCHOBHBIM IPOMBIIUICHHO 3HAYMMBbIM KOMIIOHEHTOM KOTOPBIX SIBIISIETCS
Me/lb, OTMEYAOTCS TAK)Ke MIPUCYTCTBHE HE3HAUUTENBHBIX cojepxkanuil 3omota (0,1-0,41/T) 1 cepe-
opa (5-10r/t). Conepxanue monubaeHa B pyae B ocHoBHOM Huzkoe (0,001-0,003%); on npencras-
JIeH MOJIMOJICHUTOM B BH/IC HAJIETOB, MPUMA30K, TOHKUX MPOXKUIKOB M BKparuieHui [2].

Heo6x01uM0 OTMETHUTh, YTO TEXHOJIOIMYECKHE, B TOM YHUCIIE METALTyPrHUeCKUEe OCOOCHHOCTH
pyx Xap-XapcKoro MECTOPOKIEHUSI HUKEM paHee He U3y4alloCh U, IO CYIIECTBY, OLIEHKA JAHHOTO
MHUHEPAJILHOTO ChIPbs B YKa3aHHOM HallpaBJIEHUH BIIEPBbIE PACCMaTPUBAETCS B HACTOSAIIEH CTaThe.

HccnenoBanus BBIOJIHEHBl HA MaTepHuaie TEXHOIOTn4ecKkoil mpoosl pyasl (~70kr), oroOpaH-
HOM W3 paHee MPOWJECHHOW pa3BeAOYHOW MmITONBHH N3, pacroioKEHHOHW B 30HE BTOPUYHOIO
Cynb(GUAHOTO 00OTAIICHHS.

Bewiecmeennwiii cocmaeé mamepuana 00veKkma ucciedo8anuil.

XHMHYECKHH COCTaB MaTepHaa TEXHOJIOTMYECKOW NMpoObl, YCTAaHOBIEHHBIN MO pe3yibTaTaM
KOJINYECTBEHHOTO XMMHYECKOro, npobupHoro (Ha AU, AJ) U npuOIMIKEHHO-KOIMYECTBEHHOTO
perrrenodayopecuentHoro (XRF) ananu3oB (Tabi.1), CBHIETEIBCTBYET, YTO OCHOBHBIM ITPOMBIIII-
JICHHO 3HAYMMBIM 3JIEMEHTOM B Ipo0e SBJISIETCS TOIBKO Meb ¢ coaepkanueM 0,61%. s momyT-
HOTO W3BJICUCHUS OMpeAeNEHHBI HHTEpec mpeactaBisatoT 3o01o0to (0,481/T) u cepebpo (6,81/1).
CopepxaHust pyTUX LIEHHBIX KOMIIOHEHTOB, B TOM uuciie moaubaeHa (0,0027%) He mpencraBis-
10T IIPOMBIIIJICHHOr0 MHTepeca. [1010kuTenbHbIM (PaKTOPOM XUMHUYECKOTO COCTaBa paccMaTpUBa-
€MOro MaTepuaia pyabl SBISETCS BEChbMa HE3HAUUTEIbHOE NMPHCYTCTBUE B HEH BPEAHBIX IS Me-
TAJUTypTUU MEJIU IEMEeHTOB - ipumeceit (AS u Sb).

PaccmaTpuBas cocTosiHMe OCHOBHBIX PYA000pa3yrommx meMeHToB (Fe, S) m ux xumudeckunx
COC/IMHECHUI, OTMETUM OTHOCHUTENBHO OOJiee MOBBIIICHHOE cofiepikanue cepHoro anruapuaa (SOs -
7,12%), B TOM umcie cepbl obmiei (2,85%), mo cpaBHeHHIO ¢ oKcuaoM xenesa (6,07%). lannbrii
(axTOp MO3BOJIET MPEATNOIAraTh, YTO HAPALy € CyabhuaaMu xeje3a (MMPUTOM U MMUPPOTHHOM) B
3TON mpoOe pyabl MPEACTaBICHbl TAKXKE CYIb(GUAbI, a BO3MOKHO U CyIb(aTbl JIPYrHMX LBETHHIX
METAJIJIOB, B YaCTHOCTH Meau. bosee moapoOHO MuHEpabHbIe (hOpMBI HA3BAHHBIX JIEMEHTOB OY-
YT PAaCCMOTPEHBI HHUXKE.

[HoponooOpa3yromue XuMu4eckre coequHeHus B pyne (tadu.l) mpeacraBieHsl B OCHOBHOM
okcuaoM Kpemuus (72,1%). Kpome Toro, B janHO npoOe pyAb! BBISBIEHBI OTHOCHUTEIHHO TOBBI-
IICHHBIE coNepkaHusl okcuaa amroMuHus (9,1%), a Takke OKCHAOB Kanus M HATpus (CyMMapHO
1,75%), cBUIETENBCTBYIOIIME O HAJIMYUU B HEU OMNPEIENIEHHOTO KOJMYECTBAa MHMHEPAJIOB TJIMH.
[Tocnennue, 4acTo, OKAa3bIBAIOT OTPHUIATEIIFHOE BIMAHUE HA OOBIYHO HMCIIOIB3yeMBIH (hIOTAMOH-
HBII mporiecc nepepaboTKU MOoI0OHBIX MeAHBIX pyA. Heo0XoauMo OTMETUTh Takke He3HAYUTEIb-
HOE COJIepKaHue B pyie KapOOHATOOPa3yIOLUINX COCTUHEHHUIM KalbLUs U MarHus
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®opMbl HAXO0KAEHUS MHUHEPAJIOB Me/IM U :KeJie3a B py/Je ObUIM YCTAaHOBJICHBI IO pe3yibTa-
TaM TUIPOXUMHYECKOTO IHArHOCTHYECKOro ((ha30BOT0) aHANM3a, BBHIMOJIHEHHOTO MO METOJHKE,
onucanHoi B kHure H.A. ®unmunmoroii [3]. CornacHo pe3ysibraraMm 3THUX HcclieloBaHui (Tabm.2)
3HA4YUTENIbHAS YacTh METHBIX MHHEPAJOB B pyJe MpecTaBieHa €€ BTOPUYHBIMH Cynbdumamu
(72,2 otH. %). Kpome Toro, 20,2% menu, coaepkaiieiics B pyjae, XapakTepuzyercs e epBUIHBIM
cynbGuaAOM — XambKonupuToM. KonnyecTBo OKCHIHBIX (OPM 3TOr0 MeTailia He3HaYuTensHo (7,6
oTH. %), a cynb(aTHbIe — BOJOPACTBOPUMBIE (POPMBI MPAKTHUECKH OTCYTCTBYIOT.

MuHepaibl jKenie3a B py/ie IpeICTaBICHbI B OCHOBHOM (~75%) rHIIOreHHBIMH — [IEPBUYHBIMH
dopmamu (TUPUTOM, XaTBKOMUPUTOM). KOTMYECTBO OKCHIIHBIX, THIPOOKCUIHBIX U YACTUYHO MHUP-
poTuHHO# (opMBI 3TOr0 MeTamia coctaBisieT ~23%. Kpome Toro, He3HaUUTEIbHOE KOJIHMYECTBO
xeneza B pyne (0,1%) xapakTepusyroTcsi €ero BoJ0OpacTBOpuMoit ¢hopmoii, a 2,3% mpencTaBieHo
TPYAHOAUArHOCTUPYEMBIMH COEIUHEHUSIMHU.

Tabauua 1
XHUMHYECKHH COCTAB TEXHOJIOIMYECKOH NMPOOLI Py/IbI
Ne Copepxanue: %, No Copnepxanue,
- OneMeHTsI " i CoenuneHns %
1 Cu 0,61 1 SiO; 72,07
2 Au, gft* 0,48 2 Al,O4 9,06
3 Ag, gft* 6,8 3 Fe,Os, 6,07
4 Zn 0.06 B T.4. Fe Bai. 4,25
5 Pb 0,009 A SO;, 7,12
6 Mo 0,0027 B T.4. S o0I. 2,85
7 As** 0,002 5 K,0 1,35
8 Sh** 0,0035 6 Na,O 0,40
9 Cd** 0,0037 7 MgO 0,83
11 Sn** 0,0016 8 CaO 0,38
12 Co** 0,015 9 TiO, 0,36
11 Bi** 0,0007 10 MnO 0,05
13 Hg** 0,001 11 P,0s 0,28
14 Ni** 0,015 12 TIIIT 1,10
15 Se*r* 0,0005 Hroro 99,07
16 Ba** 0,18
17 Cr** 0,016
18 V** 0,072
19 Cl** 0,095
Hroro 1,024

Ilpumeuanue: * - npoOUpHEIA aHaIM3; ** - XRF anamms.
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Tabnuya 2
Pe3yabTaThl rTHAPOXHMHYECKOT0 PAIIHOHAJIBHOTO ((pa30B0Or0) aHAIN3a MIHEPAJIOB

MeIHU | KeJie3a B uccjielyeMoil pyae

AGCOTI0THOE €O- Pacnpenesienne
®opMbI MIHEPAJIOB nep:xanue, %0 MHHepaJioB, %0
Meran
Cynbdatsl (BOZOpacTBOPUMBIE) 0 0
Oxcunsl (a3ypuT, MajaxuT, KyIpuT U Ap.) 0,044 7,6
Me Bropuunbie cynbQuIb (XaabKO3HH,
Ab KOBEJUTHH, OOPHHUT) 0,419 12,2
[epBuuHbIil cynbhUA - XaIbKOIHPUT 0,117 20,2
Pyna no 6amancy 0,58 100
Cynbdatsr (BOJOPaCTBOPUMBIE) 0,01 0,2
OKCHIBL, THAPOOKHCIEI H TUPPOTHH 1,00 22,9
Cyne¢huns! (MTUPUT, XaTbKOIUPUT, OOPHUT U JIp.) 3,26 74,6
Keieszo
Jlpyrue — TpyIHO AMATHOCTHPYEMBbIe 0,10 2,3
Pyna no 6asancy 4,37 100

Pe3ynbTarhl MpUBEAEHHOTO BHINIE TUArHOCTHYECKOTO aHAIN3a, BKII0Yas KOJIMYECTBEHHBIE CO-
OTHOIICHHUSI PA3NUYHBIX (OPM MHUHEpAIbl MEIU U JKeJe3a, a TakKe CTETNEeHb MX OKUCICHHOCTH,
CBUJICTEILCTBYIOT, YTO PACCMATPUBAEMBIA MaTepUall PYAbl XapakTepeH ISl 30HbI BTOPUYHOTO
Cyab(GUAHOTO 000TANICHUS METHO-TTOP(HUPOBBIX MECTOPOIKIACHHI.

Munepanornyeckmii coctaB uccieayeMoi poObl pyasl ObLT OIEHEH MOCPEICTBOM H3yde-
HUS MO/ MUKPOCKOTIOM psifia TIpo3pad-
HBIX NUIM(OB M aHNUIM(OB, U3TOTOB-
JICHHBIX M3 HauOoJee TMPeICTaBUTENb-
HBbIX OOJIOMKOB KaMEHHOTO MaTepualia
3TOM MpoOBI (MCCIEeTOBaHUS BBITIOIHE-
HBI A.M. AXMEIOBBIM).

Ilo pesynbratam wucciaeq0BaHUMN
aHWIUGo8 YCTAHOBIEHO, YTO PYOHAS
MuHepanuzayus B HAX TPEIICTABICHA B
OCHOBHOM TMEPEMEHHBIM KOJIUYECTBOM
OKHUCJICHHBIX U CYIb(QUIHBIX PYIHBIX

muHepanos. Haubonee yacto BcTpeua- L P TUAEY T S
."‘l- . 1 y .' ~\~ . . Y ‘. « .

€MbIMHU ABJIAOTCA (KOJ'II/I'-ICCTBCHHO 10 ; i i ]
Puc. 1. Obromku nupuma (céemnoe), ppacmenmol XarpKonupuma

yOBIBAHUIO): nupum, 2émum, XanibKo- (dicénmoe), MHO2OUUCTEHHbIE 3EDHA XANLKOZUHA (201y006amMo-cunue).
NUPUM U XATbKO3UH; PEIKO BCTpedae- HUckyccmeennwiii bpuxem, ysenuvenue 58" .

MBI — KOBENIUH.
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Iupum xapakTepusyercs KpUCTAJUIAMH CIIOKHOW (opMbI, KpymHOCThIO 10 0,15MM, wacTo B
CpocTKax ¢ réturoM. Peko B mupuTe BCTPEYArOTCA MUKPOBKIIIOUEHHUS XaJIbKOIMPHUTA OBAJIbHOM
(bopMBI.

I'émum — BTOPOW MO PacHpPOCTPAHEHHOCTH THUIEPTEHHBIN MHUHEpal Kele3a; MPEICTABIEH B
OCHOBHOM IIPOXHWJIKAMH, BKPAIUICHUSIMU U IISITHAMH B KBaplL-IIOJIEBOLINATOBOM arperare. Hacro
HaOJII01AI0TCS BbIIEIEHUS T€TUTA B TOHKUX JIMHEMHBIX MPOXKUIKAX B ACCOLUALUU C MYCKOBUTOM.
W3penxa B LEHTpaJIbHON YacTH arperara réTuta HabJII0Jat0TCsl KOPPOJUPOBAHHBIE PEIUKTHI TUPU-
ta (0,01-0,05MMm).

Xanokonupum 4acTO COACPKUT KaiMy M MHUKPO-IIPOKWIKH 3aMELIAIOIIET0 €ro XaJbKO3HHA.
BHyTpu arperara nocieaHero uspenka (GUKCHPYIOTCS BKJIIOYEHHs KOBEJJIMHA, UMEIOILEro sIpKO-
CUHMI LBET U PE3KYI0 aHU30TPOIIHIO.

Jlns Gonee neTadbHON OLIEHKU CYJIb(GUIHBIX MUHEPAIOB M3YYEHHUIO IOJ] MUKPOCKONOM ObLI
HOJBEPrHYT MOJMPOBAHHBIM OpHUKET, M3rOTOBJICHHBIH M3 (DIOTAIMOHHOTO CYyJIb(HUIHOTO KOH-
LIEHTpAaTa, BBIEICHHOTO U3 PacCMAaTPUBAEMON TOHKO M3MENbYeHHOM pyabl. OneHka Opukera 1moj
MHKPOCKOIIOM (puc.l) NoATBepaAMIa B OCHOBHOM HAJIM4YMe OTMEUCHHBIX BBIIIE CYIb(UAHBIX MUHE-
paos.

[To pe3ynbTaTaM Hcciae0BaHUI MPO3payHbIX HUIM(OB YCTAHOBJIEHO, YTO PYyIOBMEIIAIOIINE
IOpOJBbI IPEICTABICHBI B OCHOBHOM KPENKUMH CEPBIMH CPEIHE- KPYIHO3EPHUCTBIMHU KBapll-
MI0JIEBOIUIIATOBBIMU METACOMATUTAMHU, BEPOSATHO 3aMECTUBINUMHU MHTPY3UBHYIO mopony. ['1aBHbI-
MU MHUHEpallaMM METaCOMAaTHTOB SIBISIFOTCSA Kapy u nolesol winam (anboum); B BUAE NPUMECH
OTMEUaroTCs X10pum, myckogum (cepuyum) u cper. KommuecTBo nocneaHero He npessimaet 1-2%
OT TUIOHIAAX IuTUda.

Anvbum — o0pa3zyeT HelpaBUIbHBIE MOYTH HU30METpHUHbIe 3€pHA pazmepoM 0,5-2,5mm. Ilo-
CJIEIHUE 3aMyTHEHBbl IOCTOPOHHUMH BKJIIOUEHHMSIMH, YacCTO IOJUCUHTETHYECKU CIABOMHUKOBAH,
3aMeLAeTCs CEPULIUTOM.

Keéapy — HaxoquTCsl B TECHOM CPacTaHUM C aJbOUTOM. B KOHTaKTax 3TMX MHUHEPAJIOB YacTo
HaOJII01aI0TCSl KOPPOAMPOBAHHBIE YACTHUIIBI anbOuTa. MUHEpan uMeeT cepblil IIBET 3a CUET 0OMITb-
HBIX Ta30BO-KUJKUX BKIKOYECHHUH M OTPULATEIbHBIX MUKPOKPHUCTALIOB. OpHEHTUPOBKA BKIIIOUE-
HUI JIMHelHas 1 xaoTuyHas. Cropaguuecky NOsBISIOTCA 3€pHA BTOPOH I'eHepaly B BUAE IPaHY-
JUPOBAHHOIO arperara, XapakTepu3yeMoro MEIKO3EpPHUCTOCTBIO U IIPO3PAaYHOCTBIO.

Xnopum ¢ myckosumom — 00pa3yroT THE3AA, MPOKUIKH, ATHA pazmepoM 0,3-5,0MmM, KoTOpBIC
IIPEJCTaBJICHbI BEEPHBIMHU PACXOJAIIMMUCSA CPOCTKAMU. XJIOPUT JIUIIECH XapaKTePHOU aHOMAJIbHOU
UHTEPPEPEHIINOHHON OKPACKH, MIMEET TEMHO-CepO-OypoBaThIiil IBeT. B HEKOTOPHIX CyIIECTBEHHO
KBapLEBbIX IITYy(}ax MPU HAIMYUU MYCKOBHUTA XJIOPUT OTCYTCTBYET.

Cgen — oTMedaeTcst B KOMIAKTHBIX CKOIJICHUSX MHOTOYHMCICHHBIX MEJIKHUX CPOCTKOB, BEpO-
ATHO 3aMecTuBIIMX TUTaHoMarHetut (0,1-0,3Mm), umeer xenTo-OypoBaTelil 0 €1ab0 MPOCBEYH-
BAIOLIEro 1BET. Bce BbIeneHus: MUHepana Npuypo4eHsl K alnbOuTy.

B nienoM, paccMOTpEHHBIN BBIIIE MUHEPAIOTHYECKUAN COCTAB UCCIIEYEMOU PyAbI, TAKXKE M03-
BOJISIET OLICHUTh €€ KaK PYyIHbIM MaTepuasl 30Hbl BTOPUYHOTO CYJIb(UIAHOTO OOOTAICHUSI MEIHO-
HOp(QHUPOBOTr0 MECTOPOKICHHUS.

Texnonozuueckasn xapaKkmepucmurxa pyobl.

OCHOBHBIM TIPOMBINUICHHBIM METOJIOM MEPepadOTKU CYNb(UAHBIX Py IBETHBIX METAJLIOB
SBIISIETCS (DJIOTAIMOHHBIA CITIOCOO OOOTAIICHUs, OCHOBAHHBIA Ha PA3NAUYMIX (PH3UKO-XUMUIECKIX
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MOBEPXHOCTHBIX CBOMCTBAX MHUHEPAIOB MO HUX CIIOCOOHOCTH MPWIMIATH K Iy3bIphKaM BO3/1yXa B
BOJIHOM cpene [4].

He BmaBasich B neTanu 3TOro (PU3MKO-XUMHUUECKOTO MpoIecca, OTMETUM, YTO sl dPPEeKTUB-
HOTO BBIJICJICHUS] COOTBETCTBYIOIIMX MHHEPAJIOB LIEHHBIX KOMIIOHEHTOB CYIIECTBEHHOE 3HAYCHHE
UMEeT MpaBWIbHBIN BEIOOP TEXHOJOIMUECKONW CXEMbI U peKuMa (UIOTAaLuK, B TOM YUCIIE peareHT-
HOro, 00yCIIaBIMBa€MOI0 BELIECTBEHHBIM COCTAaBOM U TE€XHOJOTMUECKUMH OCOOEHHOCTSIMH HUCIIbI-
TYEeMOT'0 MUHEPAILHOTO CHIPbSI.

B MupoBoii mpakThke oboratutenbHbIX (adpuK, mepepadaThIBAIOIIUX MEIHO-TIOPPHUPOBBIE
PYZIBI ¢ IPOMBIIIICHHO 3HAYUMBIM COJIEPKAHNEM B HUX MOJIMOCHA, UCTIOIB3YIOTCSI B OCHOBHOM 2
BapHaHTa TEXHOJOIMYECKHX CXeM (pIIOTALUK: CEIEKTUBHASL, OCHOBAaHHAsI HAa BBIJICJIEHUH OTIEIHHO
MHUHEpaJIOB MeJI U MOJHO/IeHa B OJJHOMMEHHbIE KOHAUIIMOHHbIE (DIIOTOKOHIIEHTPATHI; KOJJICKTHB-
HO-CEJICKTHBHAs, OCHOBAHHAs Ha MPeIBapUTENBbHON (proTamuu Bcex cylb(UA0B, IPU MOCIEIYIO-
el CeNeKIMU KOJUIEKTHBHOTO KOHIIEHTpAaTa, 00eCcIeYnBaONIe BBIACICHUEM U3 HEro KOHIUIIM-
OHHBIX (DJIOTOKOHLIEHTPATOB MeH U MouOaeHa [S].

[lpuarMas BO BHMMaHHE NPOMBINUICHHO HE3HauuMmoe cojaepkanue moiubaena (0,0027%,
Tab61.1) B MccieyeMoM Matepuane py.asl, JUlsd nepepaboTKH JaHHOTO MHUHEPAJIBHOIO ChIpbs Oblia
NPUHATA YHOPOIIEHHAs KOJUIEKTUBHO-CEJIEKTHBHAs cXxeMa (hoTaluu, OCHOBAHHAs Ha IpeaBapu-
TEJIb-HOM KOJJIEKTMBHOM H3BJICYCHUH BCEX PYAHBIX MUHEPAJIOB, C MOCIEAYIOUIMM CEJICKTHBHBIM
BBIJICJIEHHUEM U3 TIOJIy4€HHOI'O MPOYKTa KOHJUIIMOHHOTO MEIHOTO (DJIOTOKOHIIEHTpATA.

Jn1st U3bICKaHHUS ONTHMAJIBHOTO PEXHMa KOJUIEKTUBHOTO y3J1a TaHHOM TEXHOJOTHYECKOU cXe-
MBI KCIEPUMEHTAIBHO OBLTH M3y4YCHbI BIMSHUS KPYIMHOCTH M3MEJIbUCHHS HCIIBITYEMOW py.bl, a
TaKXKe HOMEHKJIATypa M PacXojbl COOTBET-

¥ i G = - 0
CTBYIOILII/IX q)HOTOpearCHTOB, OGCCH@‘II/IBa- - =0—% droraunii =o=OcHoB. p1otaunsgs —e—Coxepx. Cu, %

IOIIUE MaKCUMAaJIbHO BO3MOXKHYIO CTENEHb % 8242 |
84,3 88,6

822
% // 79,3 §
70 // 7
60 A7 6

—
=3

H3BJICYCHUA MCIHBIX MUHEPAJIOB U3 PY/IbIL.

KomnnexkruBHblil y3en ¢aorauuu BKIO-

Yajl OCHOBHYIO M JIBC KOHTPOJIbHBLIC OIl€pa-

v, NpoaOLKUTCIIBHOCTBIO COOTBETCTBCH-

4,1
HO 5, 6 u 6 munyT. [[ns monmmepkaHus A

Z
%
%

Haubonee sddexTuB-HOrO MM (DIOTAMHU

Crenenn  w3BJicuenusi meau, %
h
S

MEJHBIX MHHEPAJIOB THAPOKCHIBHOTO pe- i 1
)kuma mporecca (pH=7,5-8,5) wucnons3o- /

Basicsi okcun Kambimsa (CaO) ¢ cooTBet- e T B
Kpynuocts pyasi, % <0,075ym

Conep:axamne Cu B ocnioBnoii quioramum, %

CTBYIOIIUMH €TI0 pacxodaMu. B kauectBe
Puc. 2. Buusinue kpynnocmu pyobl Ha nokasamenu (romayuu

peareHTa-coOmpaTeliss MEIHBIX MHHEpAIOB
MeOHbIX MuHepanioes

ObUT TIPUMEHEH OYTHJIOBBIN KCAHTOT€HAT
kamust (KXB). [lenoobpazoBatenem ciyxkun peareHT okcanb (T-80). [Inst nmoswimenust ¢iaoroak-
TUBHOCTH PYAHBIX MHHEPAJIOB B KOHTPOJIBHBIX ONEpAIMiIX MCIOJIb30BAJICS BOAHBIA PacTBOP MeI-
Horo Kkymopoca (CuSOy), mpu onpenenéHHOM ero pacxoje. s akTHBAllMM OKUCIIEHHBIX C IIO-
BEPXHOCTH PYIHbIX MUHEPAIOB ObUI NPUMEHEH CyIb(QUIU3AaTOP HUX IOBEPXHOCTH — CYIb(QUI
Hatpus (NayS) ¢ mogadeit ero Bo 2-10 KOHTPOJBHYIO OTIEPAIIHIO.

OKcIepUMEHTaMU 10 ONpPENEIECHUI0 B y3Jle KOJJIEKTMBHOM (proTanuu BIUSHUSA KPYNHOCTH
U3MEJIBYEHUS PY/bl, a TAKXKE PacXOJ0B YKa3aHHBIX BbIIIE PEAreHTOB, YCTAHOBIEHO, YTO B ONTH-
MaJIBHBIX YCJIOBHSIX PEareHTHOTO PEKMMa MaKCHMaJIbHAsl CTEIICHb M3BJICYCHUS MEIHBIX MHHEpa-
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70B Habmomaercs Ha Matepuane KpynHocTbio 80% <0,075mmM (puc.2). [Ipu 310l KPYITHOCTH PY/IbI
CTETeHb M3BJICYECHUS] MEAM B ONEpaIiid OCHOBHOM (oTanuu nocturaet 84,5%, npu copep:kaHUH
Ha3BaHHOT'O METaJlla B TIOJTyYEHHOM YE€pHOBOM KOHLEHTpaTe — 5,3%. JIonoaHUTENbHO B MOCIENY-
IONIMX 2-X KOHTPOJIBHBIX ONepaunusx Aou3Biekaercs emé 7,4% menu, obecriednBas CyMMapHOE
u3BIeYeHne Meau u3 pyasl — 91,9%. Ymensiienue kpynuoctu pynabl 10 90% <0,075mMMm npuBoauT
K CHH)KCHUIO CTCIICHU U3BJICYCHNSA MCAU KaK B OCHOBHOﬁ, TaK U KOHTPOJIbHBIX OIICpalHiAX, a TAKXKE
K CHIDKEHHUIO Ka4eCTBa YEPHOBOTO (pIIOTOKOHLIEHTPATa OCHOBHOM OINEpaliy. Y UUThIBAs IPUBEICH-
HBIC IIOKA3aTCInu, AJIA HCCHeHyeMOﬁ pyAabl ONTUMAaIbHOH KPYIIHOCTBIO U3MECJIBYCHUA B Y3JIC KOJI-
nexTuBHOM (hrotarmu npunaTo 80% <0,075mMMm.

HccnenoBanus MO M3BICKAHUIO ONTUMAIBHOTO PEXHMMa CEJEKIMH TMOIy4€HHOTO YEpPHOBOTO
IMPpOAYKTa ObLIN HanpaBJICHbI HAa BBIACIICHUE W3 HECTO KOHAWIHWOHHOTO MCJHOTO KOHLEHTpaTa C
COJepKaHUEM Ha3BaHHOTO Metaiia >12%. Onepamus CeleKIUu OCYHIECTBISUIACH MOCPEICTBOM
U3BICKaHUS, COOTBETCTBYIOILIETO PEareHTHOTO PEeKMMa IETPEeCcCHU CyNb(UIOB Kene3a (MUpUTa u
HI/IppOTI/IHa), SIBIIAIOIIMMUCS T'JIaBHBIMU 3arpA3HAOINIUMHA IPUMECAMHA JaHHOI'O0 Y€PHOBOI'O q)HOTO-
KOHIICHTpATA.

C 57Ol Lenblo ObUIM UCIIONB30BAHbI: OKCUJ KaJbLUs, 00eCIeUnBArOIUil BHICOKYIO HIENO0Y-
HocTh (pH=10,5-11,0) BomHO# cpeabl QuioTanmu, CioCOOCTBYIOMIEH IeMpeccur Cyab(PUI0B jKee-
3a; aKTUBUPOBAHHBII Yroyb JUIsl 1€COPOLUH C TIOBEPXHOCTH CYIb(HUIHBIX MHUHEPAJIOB H3JIUIIKOB
opraHnyeckux (JIoTopeareHToB (coOuparenss W TMEHOOOpa3oBaTessi), HUBEIUPYIOUIUX MPOIEeCC
cenexkuun. Kpome Toro, ObUIH HCTIBITaHBl Pa3IMYHbIE COYETAaHHS U PACXO/Ibl HA3BAaHHBIX PEAareHTOB,
obecrieunBarone Haubosee
IIOJIHOE€ BBIACICHUC MCIHBIX
MHUHEpAJIOB B JaHHOM Y3IIe

drortammm. Ipetlieme
B wrore, mo paspabo- = (a0

TaHHOM W PEKOMEHIyeMOMH W3mennuenne (80% <0,075mv)
KOJUIEKTUBHO-CEJIEKTHBHOM CuSO4, KB, 740,
TEXHOJOTMYECKOU cxeMe OcHoB. Cuj’/y (aoTauns
(pplc?,) U BBISIBICHHOMY Axrims. | yrous, C20, KXE 6 Mun Ca0, CuS04, A~ KXB, T-80
OITUMaIbHOMY PpEarcHTHO- 15 Cu nepeunctka  1-51 KONTpOJILHAs (aoT.
My peXHUMY OBUI BBIIOJIHEH N V 6 . J
ONBIT 3aMKHYTOTO  LUKJIA €0 ' Nad$, CaS04, | KXB, -0
(1)JI OTALMM, HUMUTHD yIOIIII/Iﬁ ZM%L 2-51 KOHTPOJIbHAs $JIOT.

1,5 mun. \I/ 6 MuH. A
OeclpepsIBHOE  MPOMBIIL- /]
JICHHOE MPOM3BOICTBO. DTOT @@ [ Xsocrsi gmovauun]
JKCHepuMeHT  Oam  ocy-
meCTBH'eH Ha S'TI/I HaBeCcKax Puc. 3. PeKomeHOyeMaﬂ NPUHYUNUATIbHA MEeXHOoJlocUYecKas cxema

. u pesicum promayuu pyool
UCIIBITYEMON pyZIBl, BECOM

mo 1 kr xaxmas. B TEXHOIOTHYECKOM peXHMe PEKOMEHIYEMOUW CXEMBbI MCIIOIh30BAHbBI MEPEeUnC-
JICHHbIE BBIILIE CTaHAAPTHBIE (DJIOTOPEAreHThI, MPUMEHSIEMbIE B IPOMBILUIEHHOW MPAKTUKE Mepepa-
00TKH TIOJOOHBIX METHO-TIOPGUPOBEIX pyn. KoHEUHBIE TEXHOJIOTHYECKHE TOKa3aTeu, MOTydeH-
HBI€ B OTbBITE 3aMKHYTOTO IMKJIA, IPECTABJICHBI B TabIuUIE 3.
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Bewecmeennwiii cocmas u mexnonozuueckue ocobennocmu Xap-xapcko2o meoHo-nophuposoeo...

Tabauua 3
TexHoJOrHYecKkne NoKa3sareau peKOMeHHyeMOﬁ CXEMbI (l)J'IOTaIII/II/I

IIponykTsl Beixon Coaepxanne % H3Bieuenue %

Guoranuu % Cu Au, Ag, Mo Cu Au Ag Mo
g/t g/t

Cu xoHIEHTpaT 3,42 15,12 10,25 | 103,8 0,05 856 | 75,15 62,6 74,7
XBoCTHI (proTaruu 96,58 0,09 0,12 2,2 0,006 144 24,85 37,4 25,3
Pyna no 6anancy 100 0,604 | 0,466 5,68 0,0023 100 100 100 100

JlanHble, npencTaBieHHble B Tala. 3, CBHIETENbCTBYIOT, YTO pa3paboTaHHas TEXHOJIOIMYe-
CKasl cXeMa, a TaKXKe PEKOMEHIyeMbI pexuM (IIOTaluH UCIBITYEMON MeIHO-OPGUPOBOIN PyIbI
o0ecrieuyrBaeT BO3MOXHOCTb BBIIEJICHUS U3 HEE€ KOHAMIMOHHOI'O MEJHOTO KOHIIEHTpaTa MapKu
KM-7 [5] c conepxanueM menu 15,12%, npu usBieyeHuu 3toro Metamia u3 pyasl — 85,6%. Jlu-
MUTHpPYEMOE B JaHHOM KOHLeHTpate coaep:xkanue Mo [5, ne 6onee 0,12%] xapakrepusyercs 3Ha-
YUTEIHbHO MeHbIINM KormuecTBoM (0,05%), Mo cpaBHEHUIO ¢ YKa3aHHBIM JIUIMUTOM.

Kpome Toro, oco0o ciemyer OTMETHTb, YTO B IaHHBIA MEIHBIH KOHIIEHTPAT JOIOJIHUTEIHHO C
HOPOMBIIICHHO 3HAYUMBIMU (OIUTAYMBAEMBIMU) COJCPIKAHUSAMHU OJIAarOPOAHBIX MeTauioB (AU —
10,25 2/m, Ag — 103,8 2/m) cousBiekaroTcs u3 pyasl 73,15% 3zonoma u 62,6% cepebpa. Jlannsie
MOKa3aTe U3BJICUCHHS Ha3BaHHBIX METANIOB 00ECIIEYMBAIOT 3HAYUTEIILHOE TOBBIIICHHE ICHHO-
CTH IOJIy4EHHOT'0 MEAHOTO (pi1oTOKOHIEHTpaTa. B 1e1oM, pazpaboTraHHas TeXHOJIOrMYecKasi cxema
U PEKOMEHIyeMbIH pekuM (UIOTaluu 00ecTIeYrBalOT BO3MOXKHOCTh BBIJICJICHUS U3 MCCIIETyeMOn
MeTHO-TTOPGHUPOBOH PyIbI KOHIUIIMOHHBIA MEHBIN KOHLEHTPAT C TOCTATOYHO BHICOKMMH IOKa3a-
TeJISIMH KOMIUIEKCHOTO M3BJICYEHHs B HETO Kak ocHOBHOTO (CU), Tak momyTHBIX (AU, Ag) IEeHHBIX
COCTABJISIIOLIMX 3TOTO MUHEPAIBHOTO CHIPbS.

3akmouenune. Ha OCHOBE NETabHOTO M3Y4YEHHUS! BEIIECTBEHHOTO COCTaBa (XUMHUYECKOTO U
MUHEPAJIOTHIECKOT0) U BIEPBbIE TEXHOJIOTHYECKUX (METAJUTyprHuecKnX) OCOOCHHOCTEH MaTepua-
Ja pynbl, XapaKTepHU3YIOIel OCHOBHBIC 3a1achl MHHEPAJIBHOTO CHIPhSI OJHOTO M3 MEPCHEKTHBHBIX
MEIHO-TIOPGHUPOBBIX MECTOPOXKAECHUI A3zepOaiijkaHa, SKCIIEPUMEHTaJIbHO pa3paboraHa ¢uoTa-
IIMMOHHAsL TEXHOJIOTHs IepepadoTKH, o0ecreynBaroias JOCTATOYHO BBICOKHE IOKA3aTeNld KOM-
TUIEKCHOTO M3BJICYCHHUS U3 HETO B TOBAPHBIN NMPOAYKT Kak ocHOBHOTrO (CU), Tak u monmyTHBIX (AU,
AQ) TPOMBINIIJICHHO IICHHBIX KOMIIOHEHTOB.
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XAR-XAR MiS-PORFIR YATAGININ MADDI TORKIiBi VO TEXNOLOJI XUSUSIYYOTLORI
(Kigik Qafgaz)

M.I. BLIYEV, ©.Z. BHMSDOV, A.A. SIBAYEVA, S.M. KITACAYEV

Maogqalads, yatagin iist horizontunda yerlogon vo téroms sulfid zonginlasdirilmasizonasini  tomsil edon filizlarindon
gotiiriilmiis  texnoloji  filiz smagmm doqiq maddi torkibi(kimyavi vo mineraloji), hamginin filizin metallurji (flotasiya)
alamatlori taqdim edilir. Toedqiqedilen filizde asas senaye doyarli komponent misdir (0,6%). Yanast ayirmaq iiglin qizil (0,48
g/t)va qismon giimiis (6,8 q/t) maraq dogurur. Mineraloji todqiqatlara asason filiz minerallasmasipiritlo, getitls, xalkopiritlo vo
xalkozinls, nadir hallarda covellinlo tomsil olunur. Otraf siixurlariise, asasen kvars va feldspat (albit) minerallar1 olan kvars-
feldspat metasomatitlori ilo tomsilolunur. Hidrokimyavi diagnostik analizine osasen filizdo temsil olunan osas mis
vo domirminerallari, habelo onlarin oksidlosme doracesi, mis-porfir yataglarimin téromes sulfidzenginlosdirilme
zonasinin filizlorino xasdir. Filizin todqiq olunan olamstlorini nazors alaraq,onun emali ii¢lin flotasiya texnoloji sxeminin
miivafiq optimal soraiti iglonib hazirlanmigdir. Tovsiya olunan sxem vo rejimlo aparilmis tocriibalorlo filizin torkibindo osas
doyerli komponentiolan - misin 856 %-m1 omtoo - KM-7 markai (Cu - 15,1%) mis flotasiya
konsentratinaayrilmasini tomin edir. Bundan basqa, qeyd olunan omtos mohsuluna filizin torkibinde yanasifaydali
komponentlar sayilan — qizil va gilimiis, senaye shomiyyatli miqdarlarla vo nisbatonyiikssk ayrilma dsracelerls (Au -
75,15%, Ag - 62,6%) ayrilir vo noticodo alinmig omtoomoshsulunun doyorliyini xeyli yiiksaldir. Agar sézlor: Kigik
Qafgaz, Xar-Xar, mis-porfir, filiz, maddi torkib, emal, texnologiya,zanginlosdirma, flotasiya.

Acar sozlor: Kicik Qafgaz, Xar-Xar, mis-porfir, filiz, maddi torkib, emal texnologiyasi, zonginlosdirma, flotasiya.

MATERIAL COMPOSITION AND TECHNOLOGICAL FEATURES
OF KHAR-KHAR COPPER-PORPHYRIC DEPOSIT
(Lesser Caucasus)

M.I. ALIEV, A.Z. AHMADOV, A.A. SHIBAYEVA, Sh.M. KITACHAYEV

On the example of a technological sample of ore taken from a geologicalexploration adit located in the secondary
sulfide concentration zone of the considered deposit,the material composition (chemical and mineralogical), as well
as metallurgical (flotation)features of this mineral raw material are examined in detail. The main industrially valuablecom-
ponent of ore is copper (0.6%). For the associated extraction of significant interest is gold(0.48g/t) and partially silver
(6.8g/t). Mineralogical studies have established that oremineralization is represented mainly by pyrite, goethite,
chalcopyrite and chalcosine; rarelycovellins. Ore-bearing rocks are mainly characterized by quartz-feldspar metasomatites,
the mainminerals of which are quartz and feldspar (albite). Given the material composition of the oreexperimentally devel-
oped flowsheet and reagent regime flotation, to provide the conditionedcopper concentrate grade CC-7 (Cu - 15,1%), when
extracting it in 85.6% of said metal. Alongwith copper, 75.15% of gold and 62.6% of silver contained in ore are extracted
from thisconcentrate with industrially significant (paid) contents, which provides a significant increase inthe value of the
obtained commodity flotation concentrate.

Keywords: Khar-Khar, copper-porphyric ore, material composition, refining technology, flotation.
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GODOBOY INTRUZIVININ PETROLOGIYASI
VO POTENSIAL FILIiZLILiYi

M.N. MOMMODOV?, A.O. BAYRAMOV?

Mogqalods Kimmeric yash Godobay intruzivinin petroloji xiisusiyyatlori asasinda onun nacib filizlogmo
potensiali aragdirilmigdir. Godoboy intruzivi Somkir horst antiklinorisinin geoloji inkisafinin Neokom
moarholasinda yetkin ensialik adalar qovsii soraitindo formalasmisdir. Eyni zamanda intruzivin ilkin orintisi
torkibco aliiminiumla zongin olan ohongli-qolovi bazalt magmasi subduksiya soraitinin nozarati altinda intruziv
kamerada olivinli-hiperstenli gabbrodan qranodiorito qodor 6z torkibini tokamiil edo bilmisdir. Miloyyan
olunmusdur ki, kameradaxili tokamiil kristallagsma differensiasiyasi ilo miisayiot olunmusdur. Diskretlik vo ya
biomodalliq iso gabbroid fazasinin diorit differensiatindan sonra bag vermigdir. Bununla olagodar intruzivin an
genis yayilmis differensiati kvarsli diorit hesab olunur. Hor bir fazanin ugucu komponentlorin va hidrotermal
mohlullarin kdémeyi ilo intruzivin apikal hissesini 6rtan Alt vo Ust Bayos yash siixurlar intensiv metasomatik
prosess ugramasi naticosindo kaolinlogmo, serisitlogmo, kvarsitlogsmo, skarnlagsma, epidotlasma, limonitlosmo kimi
proseslor bas vermisdir. Bu proseslor morholali olduguna gors filizlosmonin torkibi doyisken olmagqla intruzivin
apikal hissosinda doyison konsentrasiya ilo paylanmisdir. Toadqiqat isinde osas filizomoalogatiron orinti kvarsh
diorit vo onun derivatlart hesab olunur. Metasomatitlor isa onlarin hidrotermal mahlul va ugucularin istiraklari ila
slaqosi oldugu gostarilir.

Acar sozlar: Gadabay intruzivi, petrologiya, qranitoidlar, metasomatitlor, filiz minerallagmasi.

Giris. Kigik Qafqazin metallogenik oyaloti mezozoy vo kaynozoy magmatizminin vo onunla
alagali olan endogen minerallagsmasinin inkisafi ilo saciyyslonir. Kigik Qafqaz, onun qurulusunun
qurisiqvari xarakterini ohomiyyatli doracods miioyyon etmis qodim substrat tizorinds yigilan erkon
alp vo alp qinisigvariliyinin miirokkab quruluslu sahosindan ibarotdir. Vulkanogen téromolarin,
granitoid intruzivlerinin, endogen minerallagsmasinin giiclii kompleksinin genis inkisafi, normal
¢okmo siixurlarinin nisboton ohomiyyatsiz inkisafi sayasinds vo bir sira tektonik xiisusiyyatlora
gor, Kicik Qafgaz meqaantiklinoriumunun asas hissasi evgeosinklinal sahays aiddir. Kicik Qafqaz
formalagma tarixinds erkan alp vo alp geosinklinal tsikllorinin aydin segildiyi politsiklik qirigiqvari
qursaqdir. Erkon alp tsiklinin filizlosmasi asason Lok-Qarabag zonasinda comlogmisdir ki, burada
magmatizmin tozahiir xarakteri, qranitoid intruziyalarinin moanimsonilmo ardicilligr vo effuziv
vulkanizmin piiskiirma mohsullarmin torkibi tektono-maqmatik inkisafin Mezozoy tarixi ilo six
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alagelidir. Bu zona vulkanizm va plutonizmin intensiv tozahiirlorinin slageds oldugu Kembri-
yagodorki dziiliin yiiksok voziyyati, qirilma dislokasiyalarinin genis inkisafi ilo farglonir. O, Kigik
Qafqazin iri tektonik vahidlorindon birini, onun Simal-Qarb yiiksalmasini tomsil edir vo Simal-
Qoarbdon ohato edon Kiir dagarasi ayilmasinin Conub-Qarb bortu ilo six olagodardir. Mezozoy
magmatizminin va onunla slagali olan endogen minerallasmasinin inkisafi néqteyi-nozarindan bu
zona kimi miistosna doracods maraqli zona kimi segilir. Yataglarin vo tozahiirlorin sayina, faydali
qazmtilarin miixtalifliyino vo homginin, burada comlosmis iri sonaye obyektlorinin ohamiy-
yatliliyina goro Lok-Qarabag zonasi Azorbaycanin an vacib filiz saholorindon biridir. O, genis
zolaq kimi simali-gorb istigamatinde 400 km-don ¢ox uzanir. Bu zonanin inkisafi tarixindo
geosinklinal (erkan), orogen (orta) vo postorogen (gec) marhalalori segilir [1-5].

Qeyd edilon struktur-formasiya zonasinda Ust Yura marholosi orzinds zaman vo mokanda
vulkanik proseslor miixtalif intensivlik doracasinds bas vermisdir. Asagi magmada vulkanik
faaliyyat son daracods zoif olmusdur, eyni zamanda normal-¢6kma Vva tufogen-¢okma siixurlarinin
toplanmasi bas vermisdir. Kimericdo vulkanik foaliyystin siddstli, partlayis xarakterli olmasi
naticasinds andezit-dasit va bazalt torkibli vulkanik siixurlarin slvan rongli seriyalar1 toplagmisdir.
Bu dovriin vulkanizminin xarakter xiisusiyyatlorindon biri piroklastik materialin migdarinin 80%-o
catdigr miisbot strukturlarda (quruluslarda) piiskiirmalorin baslica olaraq eksploziv xarakterdos
olmasidir. Gec Kimericda, qirisiqvari harokatlorlo alagoadar olaraq, Yura yasinin amoalo galmasinds
coxsayll qranitoid intruzivleri manimssnilmigdir. Lok-Qarabag zonasimin granitoidlarinin intruzi-
yalari, asason, antiklinoriumlara uygunlasmisdir; onlara sinklinal ayilmolords az-az rast golinir.
Somkir antiklinoriumunda granitoid massivlarinin on boyiik miqdarina Orta Yura vulkanogen
qalinliglardan toskil olunmus qurulusun giinboz hissasinda rast galinir. Qranitoidlorin Samkir
grupu, Asagi Caykond-Yuxart Caykond, Cayir, Qabaqtops, Dasgbulaq qranodiorit vo kvars-diorit
torkibli ¢oxsayli xirda intruzivlorden tomsil olunmusdur (Sokil 1). DaskaSon sinklinoriyasina
gabbro-granodiorit tarkibli, geoloji vaziyyatina, petroloji vo metallogen xiisusiyyatlorina gora 6z
aralarinda tamamilo oxsar olan Dagskoason-Zurnabad vo Godsaboy ¢oxfazali intruzivleri uygunlas-
mugdir (sokil 1) [4, 5].

Gec Ust Yura yasmin intruziv kompleksino granitoidlorin Somkir, Daskason-Gadobay,
Uctopa-Qizilqaya va Mehmana gruplar aiddir; onlarm miitloq yast uygun olaraq 134, 144, 141 vo
136 mln. ildir. Kigik Qafgazin Simal-Sorg hissasinin tektono-magmatik inkisaf tizro yeni
molumatlar noqteyi-nazorindon vo daha gonc kompleksin granitoidlorinin miitloq yas molumat-
larina géra, magmatik prosesin inkisafinin erkon alp tsiklinin Orta Ust Yura zamanima uygun olan
orogen marholasinin sonunda basa catmisdir. Gec Ust Yura qranitoidlori kompleksi ilo six genetik
olagads skarn-domir-filiz hidrotermal, polimetallik vo mis-sink yataqlar1 formalagmisdir [4, 5].

Masalanin magsadi. Gadaboy filiz rayonu hiidudlarinda bir sira kokli yataq vo tozahiirlorin
bilavasito intruziyalarla six bagliligi sonuncularin petrologiyasinin vo filizo perspektivliyinin
Oyranilmasinin vacibliyini gostorir. Coxfazali Gadobay intruzivi ilo yaxin tomasda olan Gadobay
yatagiin geoloji-struktur soraitinin vo filiza perspektivliyinin dyranilmasi 6lkonin métobarli nacib
metallarin xammal bazasinin yaradilmasinda da mithiim shamiyyat kasb edir.

Isin osas mogsoadi Godoboy filiz sahosinds aparilmis geoloji-kesfiyyat islorinin fond
materiallarini hortorofli analiz etmokls ¢oxfazali Godabay intruziv kompleksinin petrologiyasini vo
potensial filizliliyini, Ust Yura-Alt Tobasir yasli Godoboy intruzivinin formalasmasinin geoloji-
struktur tohlilindon oldo olunan naticalori, vulkano-plutonik assosiasiyalarin formalagmasinin
petroloji xiisusiyyatlorini, Gadsbay intruzivinin omoalo galmasinds vo filizlosmasinds metaso-
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matitlorin rolunu, intruziv komplekslarin magmatizmi noticasinds formalasan filizo perspektivli
sahalori potensialliligi mosalalorini 6yronmokdon ibaratdir. Burada movcud materiallarla yanasi,
hom do miolliflorin goxsi miisahidalorinin do nozors alinmast mithiim vozifo kimi qarsiya
goyulmusdur.

Aparilmis kompleks geoloji, petroloji, mineraloji vo geoloji-kosfiyyat islori naticoasinds
coxfazali Gadabay intruzivinin filiza perspektivliyi islonilmis, yeni sanaye ohamiyyatli filiz zona-
larinin  askar edilmasi moagsadilo golocok geoloji-kasfiyyat islorinin  sahasi vo konturlar
mioyyanlosdirilmisdir.

Masalanin qoyulusu. Godobay filiz rayonu vo iimumiyyotlo, Somkir qalximi tektonik
qurulusuna gora ¢ox miirokkab oldugu kimi, magmatizmi do ¢ox miirokkabdir. Bu rayonda bir nego
morhalodo magmatik proseslor ¢ox intensiv getmisdir. Filiz rayonunda osasan magmatizmin 3
morhalasi ayrilir: Bayos, Bat vo Ust Yura morhalalori.

Maqgmatizmin Ust Yura morholoesindo magmatik ocaqda ugucularm yiiksok tozyiginin olmasi
ilo olagodar olaraq 6nco morkoz tipli vulkanlarin eksploziv foaliyyati baslanmis vo bunun
naticasinds xeyli miqdarda piroklastik fasiyasinin siixurlart1 omalo galmisdir. Magmatik ocaqda
tozyiq azalan zaman iso eksploziv foaliyyot lava axinlari ilo avaz olunmusdur. Tozyiq tamam
azalanda iso magma vulkan bogazlarinda soyuyaraq orada tixaclar amolo gotirmis vo mioyyan
miiddata vulkanizmin sakitlik dovrii baglanmisdir. Bu fasilo zamani piroklastik material vo ya lava
axinlari tizarindo tufogen-¢6kma siixurlarin yaranmasi ti¢iin zomin yaranmisdir. Cixiglar: baglanmig
magmatik ocaqda yenidon ugucularin tozyiqi artmaga baslamis vo vulkanlarin faaliyyati yuxarida
qeyd etdiyimiz ardicilligla dofalorls tokrar olunmusdur.

Petrografik torkibino goro Ust Yura vulkanizminin vulkanitlori bazaltdan, andezitlordon,
andezit-dasitlordon vo onlarin tuflarindan ibaratdir.

Magmatik ocaqlarin enerjisi tam azalan zaman, maqma artiq yer iizorino ¢ixa bilmomis vo
yer sathina yaxin sahalords va ya bir gadar doarinlikds soyuyaraq miixtalif morfologiyali subvulkan
tipli intruzivlor omolo gatirmisdir. Bu kigik intruzivlor miixtolif formali stoklar, daykalar vo sillor
omolo gotirmiglar. Petrografik torkiblorino géro bu intruzivler bazaltlardan, andezitlordan,
dioritlordan, iri plagioklaz kristallarina malik diorit porfiritlardon va s. ibaratdir.

Gadabay intruzivinin petrologiyasi

Gadabay intruziv massivi Gadoboy yatag: ilo bilavasito tomasda oldugundan uzun miiddat
todqiqatgilarin maraq dairasinds olmusdur. Godobay intruziv siixur kompleksi ¢oxfazali intruziv
massivdir vo todqiqgatcilar tarafindon Ust Yura-Alt Tobasir yash olmasi miioyyen olunmusdur. Son
zamanlar aparilan todgiqatlarin naticalori do Gadaboy intruzivinin yasinin Ust Yura-Alt Tobasir
olmasimi tosdiq edir. Intruzivin yasi R.N. Abdullayev torafindon 150 milyon il (Ust Yura)
hesablanmisdir [3, 5].

Gadobay intruziv massivi geyri-miintozom girintili-gixintili sarhado malikdir vo simal-gorb
istigamotds uzanaraq Arixdam antiklinali ilo mohdudlanir. O, Godoboaycay vo Samkirgay caylarinin
birlosmoalorindon sorgo 1,5km mosafodo baglayir, 12km mosafodo Qaradag kondino uzanir.
Qalmhg 1,5km-don 6km-o goder doyisir. Umumi sahosi toxminen 42km?-dir.

Intruziv massivin faaliyyoti iki fazasindan ibarotdir: gabbroid va granitoid, ancaq iiciincii
fazaya uygun damar stixurlar1 da mévcuddur.

Birinci  fazanin  siixurlar1  gabbro-noritlordon, gabbro-piroksenitlordon, plagioklazli
piroksenitlordon va onlarin bir-birine kegidlarindan va doyismalarindan taskil olunmusdur. Qabbro-
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idlorin axirinct iki tipi ultrabazitlorlo slagadardir va birincilorlo miiqayisads nisbaton kigik orazilori

ohato edir.

Ikinci fazanm siixurlar
gabbroidlarin konarlarinin bii-
tin toroflorini ohato edir vo
homginin bir-birina tadrici ke-
cidlori ilo saciyyalanir. Onlar
dioritlordon, kvarsli diorit-
lordon, tonalitlordon, banatit-
lordon, granodioritlordon tos-
kil olunmusdur. Kvarsli dio-
ritlor vo granodioritlor tona-
litlor vo banatitloro nisbaton
istiinltik togkil edirlor.

Birinci va ikinci fazanin
stixur  omologalmo  soraiti
asagidaki kimidir: dioritlor vo
kvars-dioritar  (ikinci  faza)
birinci fazanin  stixurlarim
(gabbroidlar) kasir va aktiv to-
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Sokil 1. Lok-Qarabag adalar qovsiiniin markazi hissasinda asas intruziv cisimlorin

Va strukturlarin paylanmast [7].
1. Osas geostrukturlarin sarhadlari; 2. Plagiogranitlar; 3. Qranodioritlar va
dioritlar; 4. Qabbroidlar; 5. Geofiziki metodla 0,5km darinlikda geyda alinmag
qabbroidlorin anomaliyasu.

masa malik olan gabbroidlarin
ksenolitlorini 6ziindo saxlayir.
Birinci fazanin siixurlarn qra-
nitoid maqmasi1 ilo ekzoto-
masda doyismisdir, dagilmisgdir, amfibolitlogmisdir.

Ucgiincii fazanin siixurlar aplitlordon, granoaplitlordon, granodiorit-aplitlordon vo kvars-
diorit-aplitlordon toskil olunmusdur. Daykaya oxsar formali cisimlor simal-gorb istigamatinds (280-
330°) uzanurlar va asason intruziv massivinin canub-serg ve conub hissasinds yerlosmisdir.

Aplitlor agimtil, a¢iq gdy rongli siixurlar vo ¢ohrayr rongli narin donsli kvars-¢olspatlar
kiitlolorindan ibaratdir. Onlarin strukturu aplit vo granofirdir. Mineraloji torkibi asasen kvars,
ortoklaz, plagioklaz vo daha az rast golinon biotit, magnetit, sfen vo apatit minerallarindan
ibaratdir. Siixur kiitlosinin 35%-o yaxin hissosini narin, ksenomorf donali kvars taskil edir. Qeyri-
miintozom formali kigik donali ortoklaza rast golinir. Plagioklaz narin vo yasti donali olub ikinci
doracali mineraldir.

Gadabay intruzivinin petrokimyasi

Yuxarida tosvir etdiyiniz intruziv siixurlart uygun olaraq kimyavi torkiblori ilo do bir-
birindon farglonirlor (sokil 1).

Bels ki, intruzivin birinci fazasinin siixurlar1 gabbrodan, gabbro-noritdon va gabbrodioritdon
ibarotdir. Bu siixurlarin kimyavi torkiblorina nozar salsaq onda asanliqla miisahida edirik ki, onlar
onco titan (Ti0,=0,41-0,52 %) vo kalium (K,0=0,46-0,72 %) ilo kasibdirlar. Amma aliiminium
oksidi ilo doymusdurlar (A1,03=16,99-21,12 %). Bu siixurlarin xarakterik xiisusiyyatlorindon biri
iSo onlarin torkiblorinds ¢ valentli domir oksidinin kifayst konsentrasiyada istirakidir
(Fe,03=3,04-5,71 %) (cadval).
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Cadval.
Goadabay intruzivi siixurlarimin kimyavi tarkibi

Stixurlar Siixurlar

Kimyow Qabbro | QB | pigrg | Kramh | Qabbro | LU0 | pgrye | Krarsh
torkib torkib

Si0,, % 49,20 51,40 57,70 63,30 La 6,79 7,35 10,30 19,70
AlO, 22,00 21,10 19,30 16,80 Ce 16,10 14,20 22,10 41,10
Fe,0, 9,24 7,18 5,71 5,23 Pr 2,36 1,84 2,63 4,86
MnO 0,16 0,11 0,09 0,08 Nd 10,70 7,85 11,50 19,00
MgO 5,38 4,73 3,49 2,29 Sm 2,48 1,80 2,59 3383
CaO 10,20 9,22 6,19 4,62 Eu 0,91 091 0,77 0,86
Na,O 3,09 4,04 4,12 3,83 Gd 2,72 1,59 2,49 3,46
K,0 0,23 0,44 1,16 2,39 To 0,42 0,26 0,42 0,60
TiO, 0,66 0,58 0,61 0,67 Dy 2,49 1,54 2,21 3,28
P,05 0,17 0,18 0,14 0,18 Ho 0,51 0,31 0,48 0,64
LOI 1,00 1,08 1,41 0,67 Er 1,48 0,87 1,23 2,04
Cam: 100,00 100,00 99.90 100,00 Tm 0,21 0,12 0,20 0,29
V, git 155,00 154,00 130,00 105,00 Yb 1,34 0,82 1,31 1,94
Cr 28,80 26,70 22,20 34,70 Lu 0,21 0,13 0,19 0,31
Co 28,70 26,40 17,20 20,30 Hf 0,79 0,47 1,50 5,29
Ni 32,60 49,20 41,60 21,30 Ta 0,12 0,10 0,31 0,80
Cu 56,30 124,00 243,00 66,70 Pb 2,46 4,12 8,18 15,30
Zn 85.90 70,30 64,80 65,50 Bi 0,10 0,10 0,10 0.10
Rb 39.50 44,40 57,90 98,20 Th 0,38 0,31 2,25 475
Sr 587,00 811,00 499,00 331,00 u 0,12 0,10 0,53 0,90
Y 14,20 8,15 12,60 18,80 || Na,O+ K,0 3,32 4,48 5,28 6,22
Zr 19,10 12,60 53,80 207,00 Na,0/K,0 13,43 9,18 3,55 1,60
Nb 2,38 1,65 4,05 10,50 Cam: NTE 48,72 39,59 58,42 101,91
Mo 0,94 0,69 0,89 2,31 YNTE 39,34 33,95 49,89 89,35
Ag 0,08 0,09 0,17 0,07 ANTE 9,17 5,51 8,34 12,25
Sn 1,16 1,18 1,21 1,71 (La/Yb)n 3,63 6,43 5,64 7,28
Sb <0,1 <0,1 <0,1 0,14 (Gd/Yb)n 1,64 1,57 1,54 1,44
Ba 54,10 125,00 172,00 268,00 (La/Sm)n 1,77 2,64 2,57 3,32
Eu/Eu* 1,07 1,64 0,93 0,72

Qeyd: EU/Eu* = Eun/(Smy - Gdy)¥2; n-xondrita géra normallasdirimus torkib migdarlari; YNTE= Yiingiil Nadir
Torpaq Elementlori; ANTE= Agwr Nadir Torpaq Elementlari [6]

Biitiin bu farqli davranislar 6z oksini normativ miqdari mineraloji tahlilds tapirlar. Belo ki,
togdim olunmus codvaldon goriindiiyii kimi siixurlar kvars normalidirlar (Q=5,6-10,2 %), yeni
silisium oksidi ilo doymusdurlar. Buna goro do siixurlarda normativ olivin istirak etmir. Digor
xtisusiyyatlori sirasina normativ maqnetitin (FeO-Fe,03=3,5-7,4 %) kifayat godar istirak etmasidir.

Bunlarla yanasi birinci fazanin siixurlarinda natrium oksidinin kalium oksidindon ¢ox olmasi
(Na,0:K,0=4,59-4,97) onlarin torkiblorindo normativ albitin dstiin olmasina zomin yaradir
(Ab=19,4-27,8 %).

Sadalanan olamatlorlo  yanasi fazanin siixurlarinda kristallagma ~ differensiasiyasinin
gostoricisi kimi normativ anortitin miqdari davranisi da osas faktorlardandir (An=31,7-45,9 %).
Biitiin bu gostaricilorin tohlili fazanin siixurlarinin intruziv kamerada kristallagsmalarina nozarot
edon proseslarin tohlili ilo miisyyan olunmusdur. Belo ki, siixurlarin 6nco aliiminium oksidi ilo
zongin olmasi vo ona uygun natrium va Kalsium oksidloarinin kifayst gqodor konsentrasiyada istiraki,
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differensiatlarda normativ va modal plagioklazin iistiinliiyiine zomin yaratmigdir. Digar torafdon ise
kristallasma an1 ugucularin itirilmasi modal plagioklazin erkon kristallasmasini tomin etmisdir.
Prosesin marholali olmasi iso plagioklazlarin generasiyalarinin kristallasma forglori ilo basa
catmusdir.

Godabay intruzivinin ikinci fazasmin torkibinds bir qayda olaraq kvarsli dioritlor tam
stiinliik togkil edirlor (codval).

Onlar geyd olundugu kimi kvarshi dioritdon, tonalitdon, banatitdon, granodioritdan,
adamellitdon, kvarsli monsonitdon va s. ibaratdirlor. Onca birinci fazanin qabbrodioritlari ilo ikinci
fazanin kvarsl dioritlori arasinda termiki tomasla yanasi kimyavi vo mineraloji torkiblora gora do
diskretlik, bimodalliq miisahido olunur. Bu olamati osas gotiirmoklo intruzivin fazaliliq
xiisusiyyatini tasdiq etmak olar.

Fazanin siixurlarinda plagioklazlarin vertikal kosilisdo anortitdon albito dogru tokamiild,
maqgnetitin - prosesdo  miqdari  doyismasi  intruziv kamerada hogigston  kristallasma
differensiasiyasinin halledici rolunu tosdiq edir.

Fazaliligi tomin edon faktor iso timumi ilkin olivinli bazalt magmasmin fraksiyalanmis
paymin intruziv kamerada intensiv kristallasma differensiasiyasinin nazaroti ilo bolinmosi bas
vermisdir. Buna gora do qaliq arinti gisminds nisbaton turs, litofil elementlorlo (Rb, Ba, Sr, K;0)
bir godoar zanginlosmis kvarsli diorit magmasi ayrilmigdir. Bu fazanin kvarshi diorit orintisi iso
nisbaton asagi termobarik soraiti olan kamerada ugucularin artmasi soraitinde formalagmigdir.
Fazanin erkon petroqrafik tip siixuru olan kvarsli dioritds silisium dord oksidin konsentrasiyasi 60-
63.3 %-o kimi artir (cadval).

Belalikla, normativ albitin todricon artmasi buna paralel olaraq normativ kvarsin ¢oxalmasi
yuxarida gostorilon faktin dogrulugunu isbat edir. Iri radiuslu litofil elementlorin galiq orintido
toplanmasi onlarin uzlagmadiglarmi tosdiq edon amil iso normativ ortoklazin kvarsh dioritden
granodioritlara dogru 15,7%-don 20,5%-o gadar goxalmasini gostarir.

Petrografik vo petrokimyavi naticalorin tohlili Ust Yura, yaxud Kimmeric yasli Godoboy
intruzivinin 6z vulkanik fasiyasi ilo birlikds yetkin ensialik adalar qovsii soraitindo formalasdigini
miioyyan edir.

Nadir torpaq vo sopslonmis elementlorin spektrlorinds, normallagdirilmig primitiv mantiya,
N-tip MORB, xondrit va hamg¢inin ada qovslari tigiin manfi Ta-Nb vo Ti-anomaliyalar1 vo miisbat
Pb-anomaliya xiisusiyyatlori ilo ifado olunur (sokil 2, b-c). Umumiyyatlo, birinci fazanin nadir
torpag elementlorinin paylanmasi gabbro vo gabbrodioritin spektrlorina uygun golir (Sokil 2a).
NTE-lorin paylanmasi dioritlor vo kvarsli dioritlor {i¢iin daha ¢ox forgqlonmisdir (La/Yb), = 4.75,
granodioritlor iiciin iso 6,15. Ikinci fazanm siixurlarinda NTE-nin éimumi torkibi do bir godor
yiiksokdir: dioritlor vo kvars dioritlor ii¢iin 77,7qg/t va granodioritlor ti¢iin 86,99/t [6-9].

Qabbroidlordo nadir torpaq elementlorinin zoifdon orta soviyyayo godor forglondirilir
(La/Yb), = 2.8-4.65 (Sokil 2a). Bu voziyyotdo, NTE-nin forglondirilmasi asasen yiingiil NTE
(La/Sm), = 2.15 va (Gd/YDb), = 1.47 forqli paylanmasi ilo baghdir. Biitdvliikdos NTE-nin {imumi
torkibi boyiik deyil (ortalama 55.6q/t). Miisbot Europium anomaliyasinin miisahido edildiyi bir
niimuns istisna olmagqla, heg¢ bir Europium anomaliyasi (Ew/Eu* = 0.98) yoxdur (Eu/Eu* = 1.64).
Primitiv mantiya vo N-tip MORB kompozisiyalarina normal olan elementlorin paylanmasi (sokil 2,
b-c) forgli monfi Ta-Nb vo Ti anomaliyalarin1 gostorir. Hom do primitiv mantiya torkibins
normallagdirilmis elementlorin paylanmasinda Sr vo Pb maksimumu qeyd olunur (sokil 2, b-d).
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Q) Rock/Chondrites REEs-Sun and McD 89 b) Rock/Primitive Mantle Sun/McDon. 1989-PM
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Sakil 2. Qabbro-tonalit kompleksinin magmatik siixurlarinda nadir torpaq sapalonmis elementlorin paylanmasi:
a - xondrit [10]; b - ibtidai mantiya [10]; c - N-MORB [8]; g - xondrit [9] 1 — birinci faza siixurlar::
gabbrodioritlar; 2 - ikinci faza siixurlari: kvars dioritlar va qranodioritlar; 3 - aplit daykasi;

4 - birinci faza siixurlarimin sahasi; 5 - ikinci faza siixurlarinin sahasi

Gadabay intruzivinin damar siixurlart (iigiincii faza)

Damar siixurlart osason dayka morfologiyali, yaxud formali olub Gadsbay intruzivinin
areallarinda genis yayilmisdirlar. Daykalarda ilkin fazalar (qabbro, kvarsli diorit) iki hissoyo
boliintirlor. Birincilor gabbroidlorlo olagodar olub, torkibca doleritlordon, mikrodoleritlordan,
spessartitdon, malaxitdon vo kersantitdon ibarotdirlor. Adlart ¢okilon siixurlar xarakterik lamprofir
strukturlu olub, tiind boz, boz rangli stixurlardir. Onlar orta vo xirda donalidirlor. Osas siixur amala
gatiron minerallar xloritlogmis, uralitlogsmis piroksenlardan, hornblenddon, sosiiriitlogsmis asasi Vo
orta plagioklazdan, magnetitdon ibaratdir [1-5, 10].

Ikinci qrup dayka siixurlar1 kvarsh diorit fazasmi tamsil edir. Onlar aplitlordon, pegmatitdan,
kvarsli mikrodioritdon ibarstdirlor. Bu siixurlarin oksariyyatinin torkibinds turs plagioklazla yanasi
ortoklaz, biotit, hornblend vo kvars istirak edir [1-5]. Pegmatitlor istisna olmagqla onlarin
oksariyyati orta, hatta xirda donalidirlor.

Pegmatitlor iso ¢ohray1 boz rongli olub, asason kvarsdan, turs plagioklazdan vo ortoklazdan
ibaratdirlor, iri donalidirlor, “yazi das1” strukturludurlar. Onlarin aralarinda nazik uzunsov turmalin,
biotit, hornblend istirak edir.

Belaliklo, miioyyon olunmus damar siixurlari 6z ilkin fazalarin1 xarakterizo etmoklo genis
yayilmisdirlar.

Gadabay intruzivinin potensial filizliliyi

Gadobay intruzivinin petrologiyasinin, elaca do digor xiisusiyyatlorinin 6yranilmasi onunla
genetik olagoesi olan ayri-ayri filizlosmo morhalalorinin tohlili gostorir Ki, intruzivin har bir
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fazasiin konkret rolu vardir. Bela Ki, erkon faza yiliksok temperaturlu aliiminium oksidi ila zangin
olan titanla kasib toleit bazalt orintisinin kristallasmasi noticosindo omolo golmisdir. Burada
kristallasma ardicili@ina goro birinci fazanin siixurlar1 hipabisal soraitde ugucularin gismon
itirildiyi anda kristallasma differensiasiyasinin noazarati altinda formalagmisdir. Bilavasito buna
gora do osasi plagioklaz olivin istisna olmagla erkon kristallasmisdir. Bu soraitdo miilayim titanl
maqnetitin kristallasmasi bir qodor longimisdir. Magmatik marholodo piritin aksessor mineral
gisminds kristallasmas1 miimkiin olmusdur. Bu proses filiz amala gatiron domir fosilasi (Fe, Ti, Ni,
Co, Cr) va metallogen (Cu, Zn, Pb) elementlorin qaliq arintido toplanmasina zomin yaratmisdir.
Ikinci fazanin orintisinin torkibco kvarsh diorit torkibli olmas1 vo onun da intruziv kamerada
metallogen elementlordon misin vo domirin qaliq arintidon hidrotermal mohlula kegorok xalkopirit
amola gatirmoasi miimkiin olmusdur [2].

Prosesin ndvbati moarhoalosinds iri kationlarin (K, Rb, Ba, Sr) kvarsli monsonitlorin,
monsodioritlorin kristallagmalarina gorait yaratmigdir. Bu magamda isa mis-polimetal (Cu, Zn, Pb)
yataq vo tozahiirlori amalo galmisdir. Burada paylanma omsali (Kd<1) vahiddon olduqca kigikdir.
Oxsar hali qurusuna da aid etmok olar. Istor mis-kolcedan, domir-kolgedan vo polimetal
filizlosmasi nacib elementlorin toplanmasina gorait yaranmigdir. Bu halda barpa olunmus soraitds
kristallasan pirit kifayot godor qizil vo giimiislo zonginlogmisdir. Sonralar qranitoid fazasinin
hidrotermal mohlullar1 piriti oksidlosdirorok maghemmit, hematit vo hetit amolo gotirmisdir.
Sonuncu oksid minerallart oksigena haris olmayan qizili vo glimiisii 6z torkiblorinds saxlamigdirlar.
Kvarsh diorit, qranodioritin geyd etdiyimiz kimi hidrotermal mohlullar1 kvarsh, plagioklazli
riolitlori, riodasitlori, andezit-dasitlori kaolinitlora, serisitloro, toromo kvarsitlora, skarnlara
cevirmigdir. Onlar isa intruzivin pegmatitlorindon, adamellitlorindon vo daykalarimin kémayi ila
oamoals galon qiz1l va giimiis filizlogmoasini 6zlorinds yerlosdirmislor [2].

Belo qizil filizlosmoasi Gadabay intruzivinin apikal hissasinds bilavasito intruzivin ayri-ayri
fazalarindan ayrilmig mohlullarin tasiri ilo soraitdon asili olaraq yuxarida adlari ¢okilon ilkin
stixurlar bir halda kaolinito, digor halda iso toromo kvarsito vo s. c¢evrilmisdir. Buna goro do
intruzivin simali-gorb vo simal hissasinds olan tomas siixurlart daha intensiv doyigsmo prosesing
moaruz qalmislar. Ona gora do hamin hissa intruzivin digor hissalarindon daha mohsuldardir.

Intruzivin granitoid fazasmin sonunda ugucularm artmasi galiq orintinin kifayot godor iri
olgilii (kalium) golovi ¢6l spatinin, kvarsin kristallasmasina zomin yaratmisdir. Ugucu ilo
zonginloson qaliq orinti granit-peqmatit, adamellit siixurlarini amalo gotirmisdir. Eyni zamanda
yatagin simal-gorbindo 6nco Bayos yasli andezitlorin tuflari asanligla kaolino, serisits, toroma
kvarsito, skarnlagsmaya vo digor metasomatitlora ¢evrilmisdir. Qeyd etdiyimiz kimi qranodiorit,
adamellit siixurlarindan baglayaraq simal-gorb istigamotinds filizlosmo todricon azalir. Bu onunla
izah olunur ki, qaliq arintidon ayrilan filizli hidrotermal mahlullarin inkigafi miisyyan hadds godor
yayila bilmisdir [2].

Mohlullarin miihitinin gdstaricisi olan pH intruzivin biitiin fazalarinda doyismisdir. Belo Ki,
miithitdo (pH=2-6) andezitlorin, dasitlorin tuflarinin vo lavalarinin kaolino kegmosi miimkiin
olmusdur. Burada xalkopirit, piritlo yanasi qizil vo gimiisiin akkumulyasiyas1 iso kaolindos
toplanmas1 bas vermisdir. Ikinci halda hidrotermal mohlulun dayismasi, yani geloviys dogru olmasi
(pH=8-9) qiz1l vo glimiisiin artiq tdrama kvarsitlords gisman skarnlarda toplanmasi bas vermisdir.

Nohayat, hidrotermal mohlulda oksigenin parsial tozyiginin artmasi iso avvalcadon omolos
golmis piritin vo xalkopiritin oksidlogsmasi ilo tamamlanmigdir.
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Gadobay intruzivinin grani-
toid fazasinin siixurlarinda iri
radiuslu elementlorin toplanmasi
kvarsli monsonit, monsodiorit
stixurlarim1 amalo gotirmisdir. Bu
elementlorin  tamamilo  siixurda
hall ola bilmameasi iss onlarin qaliq
arintidon  hidrotermal  mohlula
ke¢mosi bas vermisdir. Noticodo
iso barit-mis polimetal filizlogmasi
(Qodir yatagi) omolo golmisdir
(sokil 3). Sonuncu prosesdo do
qizilin vo glmiisiin sonaye shos-
miyyatli konsentrasiyalari miiay-
yan olunmusdur [2].

Belaliklo, Goadobay intru-
zivinin qranitoid fazasmin ilkin
arintisi ugucularla magmatik orin-
tinin qarsiliglt tasiri  naticasindo
kamerada miirokkob tokamiil yolu
kegmisdir. Noticada bir torafdon
kristallagma differensiasiyasi, di-
gor torofdan iso kontrastlig-bimo-
dalliq iclin do sorait yaranmisdir.
Sonuncu ndqteyi-nozar iss intru-
zivin lamprofir torkibli siixurun vo
pegmatit-adamellitin formalasmasi
ilo izah olunur.

Tadqiqat iisullari. Mogalo-
nin osasma miolliflorin  2012-
2019-cu illor orzindo Goadobay-
Bittibulaq dorinlik qirilmasi boyu
Vo o ctimladan, Gadobay intruzivi
sahosi hiidudlarinda apardigi ¢ol-
todqiqgat islari naticasinds topladigi
materiallar vo onlarin laboratoriya
todqiqgatlarinin  naticalori  qoyul-
musdur. Is prosesindo filiz saho-
sinin regional Xaritasi noazordan
ke¢irilmis vo Godabay filiz rayo-
nunun geoloji-struktur movgeyi
tohlil edilmis vo  dogiglosdi-
rilmigdir.  Petrografik-mineraloji
todgigatlar mogsadilo 1000-o godor
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kilometrla

Sakil 3. Gadabay filiz rayonunun CS hissasinin litoloji-struktur xaritasi
Sorti isarolor: 1. Ugiincii dvr ¢okiintiilori: elliivial-delliivial; 2. Shongdasi tobagasi
(luzitan): shongdaslari vo tuf-qumdaslari ilo shongdaslarmin névbalosmasi; 3. Ust
tuf-konglomerat qati: tuf-qumdaglari, tuflarla shongdaslarinin névbologmasi, qumlu
ohangdaslar1 vo qumdaglari; 4. Alt tuf-konglomerat gati: tuf-konglomeratlar, tuf-
brekgiyalar, tuf qumdaglar;; 5. Metamorfik doyisilmis tuflar; 6. Bat yash alt
vulkanogen qat: andezit torkibli tuf-brek¢iyalar, tuf-konqlomeratlar; 7. Yuxar
Bayos tobogosi: riolit-riodasit torkibli siixurlarin lava fasiyasi; 8. Asagi Bayos yash
vulkanogen gat: andezit torkibli stixurlarin lava fasiyasi; 9. Asagi Bayos tobagosi:
tuf-brekgiya vo andezit porfiritlorin piroklastik fasiyasi; 10. Qaraqaya-Qaramurad
hipabisal subintruzivi: diorit, keratospilit; 11. Gadobay intruzivinin ikinci fazasi:
dioritlor; 12. Godsboy intruzivinin ikinci fazasi: qranodioritlor, kvars-dioritlor,
diorit-siyenitlar, dioritlor; 13. Gadobay intruzivinin birinci fazasi: gabbro-dioritlor,
gabbrolar; 14. Gadobay intruzivinin birinci fazasi: gabbro-noritlor, gabbrolar; 15.
Godoboy intruzivinin birinci fazasi: qabbro-piroksenitlor; 16. Siyenit-diorit
daykalari; 17. Aplit daykalari, 18. Kvars-diorit daykalari; 19. Andezit daykalari; 20.
Diabaz daykalari; 21. Metasomatitlor; 22. Qreyzenlogmo (turmalinli metasomatik
kvarsitlor); 23. Skarnlar (granat-vollastanit-kalsit fasiyasi); 24. Skarnlar (karbonat-
epidot fasiyasi); 25. Qurilmalar; 26. Giman edilon qirilmalar; 27. Hiindirlik
mantagslori, 28. Caylar; 29. Godoboy yatagi; 30. Qadir filizlogms sahesi; 31. Boyiik
Qalaga mis-porfir tozahiirii; 32. Colpan kiikiird-kolgedan tozahiirii; 33. Ayitala mis-
kolgedan tozahiirii; 34. Pirbulaq mis-kolgedan tozahiirii; 35. Parakond-su mis-
kolgedan tozahiirii.
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kimyavi, 40-a yaxin miqdar1 spektral, 100-don ¢ox soffaf vo cilalanmis slif vo angsliflorin
tosvirindon istifads edilmisdir.

Analitik todqgiqatlar ALS Chemex Sirkotinin todqiqat laboratoriyalarinda (LA-ICP-MS
metodu), AIMKL sirkotinin laboratoriyalarinda, eloco do, AMEA-nin Geologiya vo Geofizika
Institutu morkazi laboratoriyasinda (“SEM” vo ya “Scanning Electron Microscope” vo XRD va ya
“X-Ray Diffractometer” metodlar1) aparilmigdir. Toplanmis materiallara osasan Godobay
intruzivinin  petroloji-geokimyavi vo petrografik-mineraloji  xiisusiyyatlorinin ~ dyroanilmasi
mosalolori yerino yetirilmisdir. Qrafik materiallarin tortibindo miislliflor torofindon Mapinfo
program tominatindan istifads edilmisdir.

Natica. Aparilmis todqiqat islorinin naticasindo miioyyan olunmusdur ki, Lok-Qarabag
struktur-formasiya zonasinin subduksiya soraitindo formalagan ohongli-galovili bazalt magmasinin
differensiatlar1 bayosda bimodal, batda ardicil tokamiilo ugramis komplekslor amolo golmisdir.
Yetkin adalar qovsii soraitinds isa gismon tokamiilo ugramis Kimmeric yasl vulkano-plutonik
komplekslor formalasmisdir. Gadsbay intruzivi homin komplekslorin torkibino daxil olmagla
intruziv kamerada miirokkab tokamiil yolu kegmisdir.

[lkin olivinli, aliiminium oksidi ilo zongin olan ohongli-gelovili bazalt magmas: intruziv
kamerada fraksiyalanarag, gabbro vo granit fraksiyalarina boliinmiisdiir. Eyni zamanda onlardan
ayrilmig lamprofirlar hor iki fazanin otraflarinda yerlogmislor.

Qabbroid fazasinin orintisi intruziv kamerada kristallagsma differensiasiyasina uygun olaraq
0z torkibini gabbrodan-diorite gadar tokamiil etmisdir.

Qranodiorit fazasmin arintisi isa ugucularin miisayati ilo kvarsh dioritin tam tstiinliiyi ilo
adamellit, peqmatit, kvarsli monsonit vo monsodiorito gadar tokamiilo ugramigdir.

Godoboy, Qadir, Umid, Miibariz, AC, Colpan, Ugur, Koroglu, Séyiidlii, Inam, Ayztala,
Sokarbay, Pirbulag, Parakond-su vo s. bu kimi yataq vo tozahiirlorin amalogalmosinds goxfazali
Goadabay intruziv siixur komplekslarinin, Gadoboy-Bittibulaq vo Boyiik Qalaga-Canlibel darinlik
qirilmalariin rolu shomiyyatli doracods boyiikdiir.
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HNETPOJIOI'UsI U TIOTEHIUAJIBHAS PYJOHOCHOCTDB I'EJABEKCKOI'O UHTPY3UBA
M.H. MAMMAJIOB, A.A. BAIPAMOB

B cratbe paccMoTpeH HmoTeHnuan 6JIaropoJHOro pynoodpa3oBaHHs HA OCHOBE METPOJIOTHYECKHX ocobeHHocTel ['e-
JIa0eKCKOT0 MHTPY3UBa KUMMEPHIKCKOTO Bo3pacTa. I'enabexckuil HHTPY3UB (OpMHPOBAJICS B COBEPIICHHBIX SHCHAINYECKIX
OCTPOBOJYKHBIX yCJIOBUSIX HA HEOKOMCKOH cTaguu reojorndeckoro passutus lllamkupckoro aHTukinHOpHs. B TO e Bpems
MEePBUYHBIN pacIiiaB MO KOHTPoJieM 00raToi aJfoMUHHEM IIEJI0YHO-H3BECTKOBOH 0a3aIbTOBOM MarMbl B YCIOBHSAX CyOmyK-
IIMM B MHTPY3UBHOW KaMepe SBOJIOLMOHUPOBAN M3 OJHUBHH-THIICPCTEHOBOTO rab0po IO IpaHOJMOpHTA. Y CTaHOBIECHO, YTO
BHYTPHKaMepHasi SBOJIOIHS COIPOBOXKIANIACH KPHCTAILUTH3AMOHHOH uddepeniuanmeil. JJMCKpeTHOCTh, WM e OMOMOaIIb-
HOCTB, TIPOM30IIUIA TT0ciIe AUOpUTOBOH muddepeniuanym rabopongHoi (das3sl. B cBs3M ¢ 3TUM caMBIM PaclpoCTPaHEHHBIM
muddepeHImaToM HHTPY3UBa CYUTAETCS KBapIeBblil AOpHUT. C MOMOIIEIO JEeTYINX KOMIIOHEHTOB U THIPOTEPMANBHBIX pac-
TBOPOB K101 (ha3bl B aMKAIILHON YaCTH MHTPY3UBA HAJAIBIIUIICKOTO U BEpXHE-0all0CCKOTro Bo3pacTa Mopoasl B pe3yIbTaTe
MHTEHCHBHOTO METAaCOMAaTHYECKOTO IPOIecca BOSHUKIIM MPOIECCH KAOIMHHU3AINH, CePHULIUTU3ANH, OKBAPIIEBAHMUS, CKapHU-
POBaHUS, SMUIOTU3ANNY, TUMOHHU3AIMU. BBUIY CcTafMiHOCTH 3THX MPOLECCOB M U3MEHYNBOCTU COCTaBa PyAOOOPa30BAHUS B
anMKaIbHOW YacTH MHTPY3UBA PacIpe/ielIeHue COCTaBIIIONINX 3JIEMEHTOB MOPOIBI IPOUCXOMIO B H3MEHUNBOI KOHIIEHTpa-
. B craThe paccMaTpHBaeTCsi OCHOBHOM py1o00pa3yIoIuii paciuiaB — KBapLUEBBIH JUOPHUT M €T0 JepUBaThl. MeTacoMaTHTHI
MIOKAa3bIBAIOT CBSI3b C TUAPOTEPMATIbHBIMU PACTBOPAMU U JIETYUYUMU KOMIIOHEHTaMH.

Knrouesvie cnosa: I'edabexckas unmpy3susi, nempono2us, 2panumoudsl, MemacoMamumol, pyOHAas MUHEPAIU3AYUS.

PETROLOGY AND POTENTIALLY MINERALIZED OF THE GEDABEK INTRUSION
M.N. MAMMADOV, A.A. BAYRAMOV

The potential of noble mineralization based on petrological features of the Gedabek intrusion Kimmeridgian period is
investigated in the article. Gedabek intrusion formed in the perfect ensialic island conditions on the geological development’s
Neocomian stage of Shamkir horst anticlinorium. Simultaneously, the primary melt under the control of alkaline calcareous
basaltic magma which is rich with aluminium evolved from olivine-hypersthene gabbro to granodiorite in the conditions of
subduction intrusive chamber. It has been identified that intra-chamber evolution has been accompanied by crystallization
differentiation. Discreteness or biomodalism occurred after diorite differentiation of gabbro phase. In this regard, the most
common differentiates of the intrusion are considered quartz diorite. As a result of intense metasomatic process, processes such
as kaolinization, sericitization, quartzitezation, scarnization, epidotization and limonization originated with volatiles and
hydrothermal solutions of each phase in the apical part of the intrusion of Upper Bajocian age’s rocks.In view of the staging of
these processes and the variability of the mineralization’s composition in the apical part of intrusion is distributed in viable
concentration. The main ore-forming melt in the article is considered quartz diorite and its derivatives. The metasomatic rocks
show a relationship with hydrothermal solutions and volatile components.

Keywords: Gedabek intrusion, petrology, granitoids, metasomatites, ore mineralization.
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THE INFLUENCE OF EFFECTS OF OPTIMAL CONDITION
OF SUPERCRITICAL FLUID EXTRACTION
IN THE COCOA BUTTER INDUSTRY

M.E. SHAMILOVA!, EWA OSTROWSKA — LIGEZA?

In this review, we make efforts to identify the fundamental concepts of supercritical fluid extraction and
determine the aspects of optimal condition of supercritical carbon dioxide as a customary method of producing
cocoa butter.

The extraction of cocoa butter from cocoa liquor or cocoa bean is based on hydraulic pressing, expeller
pressing, and Soxhlet extraction with organic solvents. Recently, to provide health and safety production main-
tains itself a new demand to develop clean and efficient technologies to obtain cocoa butter.

As a potential alternative extraction method, supercritical fluid extraction offers rapid, nontoxic and con-
tamination-free extraction in the oxygen-free condition. Advantages have been realized to apply SFE technology,
mainly supercritical carbon dioxide and with addition modifiers used in the cocoa butter industry. Moreover, to
study the optimal condition for the extraction of cocoa butter through SFE has been investigated and explored its
future perspectives.

Keywords: supercritical fluid extraction, supercritical CO,, effects optimization of extraction of cocoa
butter.

Introduction: Extraction is solution process and explains the mass transfer conception by re-
moving soluble material from an insoluble residue [1]. For many years, the common presented analyti-
cal separations of samples were used organic solvents such as hydrocarbon by Soxhlet extraction, that is
required several hours, financial resources, degradation of product, atmospheric pollution etc [1-3]. The
requisition to use innovations in the field of analytical techniques demands informative processing,
quality control, environmental and food regulations and being implement fast and powerful, clean and
cheap analytical procedures by Supercritical fluid extraction [1, 6]. From the end of the 20™ century,
Supercritical fluid extraction was a revolution in analyzes from the matrix of samples and directed to
avoid many problems for organic liquid extracts [7-13]. Each substance in the supercritical fluid is used
which their temperature and pressure above their critical point. Interestingly, diffusion is going on
through different surface, either liquid or solid, dissolve materials by treatment with a liquid solvent like
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Warsaw University of Life Sciences, Faculty of Food Sciences, Department of Chemistry, Warsaw, Poland
E-mail: meltemshamilova@gmail.com
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a gas [14]. One of the popular SFE solvent to use to solve triglycerides and free fatty acids is carbon
dioxide (CO,). Moreover, the augmentation between the supercritical CO, with molecules of ethanol,
other polar modifier solvents influence the solubility of polar lipids [9, 12]. As a “green - house” gas, it
can be cycle through environment, provide positively to “Green Chemistry” [6, 11, 21, 24, 30]. The
following preferences of CO, are being nonflammable and less toxic. On other hand, the supercritical
CO; has a near ambient critical temperature (31°C). As a non - polar solvent, its density and solvent
properties are near to hexane at 200 bar pressure. Under a small reduction of temperature or a slight
larger reduction of diminution of pressure, the supercritical conditions can be change positively the
productivity of reaction with no solvent residues [4]. However, ethanol or other co-solvents can be
modified of supercritical CO, and remains as a solvent residue in the extract. Thus, extraction condition
for supercritical CO, is above the critical temperature of 31"C and critical pressure of 74bar. To add co-
solvent makes visible changing, as a rule, high pressure is the reason to extract the high value products
from natural sources [28].

The extraction of cocoa butter from cocoa liquor or cocoa bean is based on hydraulic pressing,
expeller pressing, and Soxhlet extraction with organic solvents [15, 17]. Recently, to provide health and
safety production maintains itself a new demand to develop clean and efficient technologies to obtain
cocoa butter [2, 4, 5, 8].

As a potential alternative extraction method, supercritical fluid extraction offers rapid, nontoxic
and contamination-free extraction in the oxygen-free condition. Advantages have been realized to apply
SFE technology, mainly supercritical carbon dioxide and with addition modifiers used in the cocoa
butter industry. Moreover, to study the optimal condition for the extraction of cocoa butter through SFE
has been investigated and explored its future perspectives.

The features of the optimization: Depends on the extraction purpose the optimum is deter-
mined by analytical extraction and is maintained by some general principles. Maximizing diffusion - is
normalized by increasing the temperature, swelling the matrix (through increasing the pressure of the
solvent or to add to the solvent), to reduce the particle size etc [10]. Maximizing solubility - is measured
by high pressure, temperature and participation of included [31]. Maximizing the flow rate of extraction
- is regulated to minimize waste of solvent and reaction temperature, and adjusted common denomina-
tor for solubility and diffusion factors [4].

Physicochemical properties of supercritical fluid such as density, diffusivity, dielectric constant
and viscosity are adjusted by altering the temperature and pressure. Density of supercritical fluid is
sensitive and provides the dissolving power of fluid system by minor changing pressure or temperature
particularly, around critical points [23, 31]. It explains through higher diffusion coefficient, lower vis-
cosity and surface tension to influence positively the mass transfer, although, the solvent strength of a
supercritical fluid is observed and related to the fluid density. The small changing of temperature and
pressure effects solubility of a solid, density features look like to liquid, viscosities and diffusivities are
close to gases [14, 16, 19]. The adventures of supercritical fluid are to diffuse fast and extract the solute
in a solid matrix. The differences on the features of surface behavior between the supercritical fluids
and liquids are based on the diversity of retrograde region and solubility of reaction medium. For in-
stance, if solubility of the solute decreases or increases in the typical liquid systems at certain ranges of
pressure within temperature increasing, this anomalous is retrograde behavior of isobaric system [27].
Solubility is directly proportional with increase pressure, moreover, increasing temperature of super-
critical fluid effects to solubility by depending on pressure and show itself being on increase, decrease
or constant. However, to use CO, as a good solvent was not proved for high molecular weight and polar
compounds [18, 20, 22]. Instead of it, to use polar or non-polar compounds may be added as a modifier
[33]. By this way co-solvent influences and increases significantly to the solubility of solute. Co- sol-
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vent or modifier an addition to extraction and expands its range and reduces the analyze matrix interac-
tions by improving quantitative extraction. CO, flow « co-solvent « raw material is based on the in-
timate contact between sample matrix and modifiers and release them into the supercritical fluid phase
by substituting the analyze molecules bound in active centers of the matrix [12, 32, 35]. The excellent
alternative to use CO, as a solvent in the supercritical fluid extraction makes it being selective, without
toxic residues and thermal degradation.

Additional, to use compound in the SC - CO, increases the solubility of analyze and raises the
separation of co —extraction [9, 29]. By this way, efficiency of extraction is being higher than obtained
pure CO,. As solvents, acetone and isopropyl alcohol, methanol and isopropyl alcohol can be excellent
supercritical compound, but high critical temperature prevents to attain into SFE [5, 36]. The practice
modifier is deal with ethanol, because of low molecular weight (MW) and less toxicity feature to the
human body, easily removed from food matrix, and promotes interaction between the intermolecular of
the solutes and co-solvents of SC-CO, [29].

The effects of polar co-solvents - the co-solvent can do selective separation of solutes with dif-
ferent polarities, hydrogen bonding and association ability. The solvent power of SC-CO, increases to
add some amount of co-solvents, and depend on their concentration in the supercritical phase, is fol-
lowed by the phase behavior of mixture under operating conditions. The organic solvents can improve
selectivity of SC-CO, extraction and result in higher extraction efficiency [27]. To improve the solvent
capacity of non-polar carbon dioxide is to use another solvent with higher polarity. It is added to super-
critical carbon dioxide to remove the highly polar organic compounds and it enhances the solubility of
SC-CO,, makes increment in the extraction efficiency. Because of high critical temperatures to use
methanol and isopropyl alcohol are not successful as a modifier in the SC-CO,. [5, 36] On the other
hand, acetone and isopropyl alcohol are used for the commercial degreasing. Ethanol is less toxicity for
human and can be easily removed from the food matrix compared with isopropyl alcohol and acetone in
the SC-CO, [29].

According to Asep et. al., 2013, it was observed, the extraction yield of cocoa butter extraction
in the SC-CO; at 35MPa, 60°C, within 2mL/min with 5%, 15% and 25% co-solvents such as ethanol,
isopropyl alcohol and acetone, the flow rate had related with the concentration of ethanol (p<0,05) and
increasing was observed by raising of the concentration ethanol. If addition of 25 % ethanol had given
100% extraction efficiency within 16 hours of extraction time, then this was followed by 97.5% and
92.45% extraction efficiency in the 15% and 5% of concentration ethanol environment at the same time.
Moreover, previous reported results are shown that 16hours extraction time with pure CO, extraction
yield equaled to 83.25% and being 100% within 28hours. Comparing of numbers indicates the effect of
concentration of co-solvent. It is obviously, to enhance of solute solubility is related with the hydrogen
bond.

Thus, the extraction yield of cocoa butter was significantly (p<0.05) influenced by the concen-
trations of ethanol, isopropyl alcohol and acetone and enhanced the solubility of cocoa butter. The suf-
ficient amount of ethanol as a co-solvent was found the highest results. The extraction yields signifi-
cantly (p<0.05) increased with an increase in the concentration of isopropyl alcohol. According to the
researchers’ results, the highest extraction yield (96.7%) were obtained 25% isopropyl alcohol within
16 hours, 68.26% and 46.01% were obtain 15 % and 5% isopropyl alcohol, respectively. The last two
result is low than participation of pure CO,. It is explained that, the polarity of isopropyl alcohol is near
to ethanol (1.66D and 1.69D respectively).

The highest extraction efficiency (84.07%) was 15 % acetone within 16 hours, followed 76.5%
and 70.25% with using 25 % and 5 % acetone. The dipole moment of acetone is 2.91D and it is more
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than ethanol. It explains the molecular interaction with solute through hydrogen bounding and the yield
of cocoa butter extraction was much lower.

According to the results, cocoa butter is extracted under different processing conditions mostly
contained three main TGs namely POS, POP and SOS. The percentage of POP decreased with an in-
crease in concentration of co-solvent and extraction time, the percentage of POS and SOS increased in
the concentration and extraction time were increased. It explains more solubility of POP than POS and
SOS. Because of this reason POP extracted in the first stage, while POS and SOS were eluted in the
second stage of SC-CO,. The effect of increment ethanol also made positive effect to the selectivity of
POP. It showed conversely to the selectivity of SOS and the highest selectivity was observed by using
5% ethanol. The same inconsistency was observed to use isopropyl alcohol, POP and SOS gave signifi-
cant change (p<0.05) in the 5% and 15% isopropyl alcohol and it did not repeat in the 25% isopropyl
alcohol. The acetone as a co-solvent made selectivity of POP affected inconsistency to the concentra-
tion of acetone with 5 % and was significantly change (p<0.05). It explains the amount of short-chain
TGs which is decreased by long chain TGs increasing. The low molecular weight triglycerides were
provided higher solubility compare to the high molecular weight triglycerides. The results indicated that
during extraction more soluble fatty acids Cyg0and Cig, dissolves in the first stage of extraction using
SC-CO, followed by less soluble fatty acids Cig.1 and Cyg., in the second stage. The 25 % concentration
and increasing extraction time showed the largest increasing in the Ci4, Which is followed by 15 and 5
%, respectively. It explains the lower molecular weight compounds such as saturated FAs were separat-
ed first, followed by the higher — MW compounds such as unsaturated FAs. To use co-solvent is based
on at higher polarity. Because of high critical temperature, methanol and isopropyl alcohol attain the
supercritical state with difficulties, although they are excellent supercritical solvents. So, to use co-
solvent in the supercritical carbon dioxide is to remove polar organic compounds, to increase extraction
efficiency, to interact with the analyze-matrix to promote rapid desorption into the supercritical fluid. In
case of toxicity to the human organism, ethanol is one of co-solvent or modifier which use commonly
and easily removed from the food matrix.

Eventually, the extraction cocoa butter from cocoa liquor by using supercritical carbon dioxide
(SC-COy) at 35MPa, 60°C and 2 ml/min with 5%, 15% and 25% co-solvents were increased extraction
yield of triglycerides (TGs) and fatty acids (FA) compositions increased. Ethanol was introduced to the
advantageous modifier for cocoa butter extraction in the SC-CO, in the comparable with isopropyl al-
cohol and acetone. POP (20.3-22.7%), POS (42.2-45.9%) and SOS (27.6-31.4%) are major triglycer-
ides, palmitic (28.3-30.0%), stearic (34.9-37.8%) and oleic (30.3-31.8%) were the main fatty acids in
the cocoa butter samples. POS and stearic acid were the highest components. The selectivity of TG and
FA were showed their highest in the lower molecular weight (MW) and fractionation was observed the
first stage of SC-CO2. Researchers investigated that due to the concentration of polar co-solvents, the
extraction yield of triglycerides (TG) and fatty acids (FA) were changeable and the efficient of reactions
were increased with co-solvent participation. Researchers considered following optimization industrial
feasible for production of high quality cocoa butter.

The effects of polar moisture content - Cocoa beans keep 5-6 % moisture content after drying.
Moisture effects to the solubility and mass transfer kinetics of SFE. It examines the surface structure
and activity of substances or materials. Thus, depends on compounds, the selectivity and diffusion rate
of SFE, especially extraction of alkaloids from plants sources are under the influence of moisture con-
tent [23, 26].

The moisture content and alkali treatment on cocoa butter extraction using supercritical fluid
were studied and moisture content of ground cocoa nibs and the pH of the cocoa liquor were realized in
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the SC-CO, with 25 % ethanol in the condition at 35MPa, 60°C and 2 ml/min. The yield efficiency is
straight inconsistently with increasing moisture content and pH level (p<0.05) [26].

It is explained the interaction feature of water content in the SC-CO,. Asep et al., 2008, have
analyzed, within 20hours continuous extraction, the increasing of moisture content has effected posi-
tively to the amount of cocoa butter extraction from fermented ground nibs with 1.0-1.20 mm diameter
particles at 35MPa, 60 °C and 2 ml/min reaction condition of SC-CO,. However, samples matrix is im-
portant of the results of extraction and even with high moisture contents are not able exert obvious ef-
fect to the extraction of cocoa butter from ground cocoa nibs in the SFE. Fats were more effectively
extracted from dried samples than wet samples. Although, the moisture content influences to the me-
chanical strength, elasticity and seed matrix compressibility, it is not useful for non-polar analyzes [26].

On other hand, the hydrophilic ability of nib explains its protein and carbohydrate structure and
became to show plasticization effect by soft and flexible properties. It is explained, that the conformity
between moisture content and plasticization properties of samples are inversely proportional. By modi-
fication of supercritical fluids with polar components, such as water, influences the selectivity of extrac-
tion systems [9].

Moreover, through the treatment process such as fermentation, drying, roasting, winnowing,
milling or grinding and alkali treatments are included to the production of cocoa butter [8]. For in-
stance, the color and flavor of the result of the cocoa production is controlled by alkali treatment and it
explains by increasing of pH value within 6.8-7.5. To increase pH level result gradually increases of the
yield and depend on alkali treatment of cocoa liguor, high pH levels result in the highest yield of cocoa
butter extraction within 18 hours [26]. It can explain ionic and hydrogen bonding between — OH groups
of sample matrix with — H and — OH of compounds increase interaction into system and promote the
solubility of cocoa butter in SC-CO, [12]. But, no interaction between solvent with different pH in
samples of alkalized cocoa liquor and no changes in color show that the effect of pH or alkali treatment
on cocoa butter extraction are inert in the SC-CO.,.

Thus according to the researchers’ investigations, it is observed that, more that 70 % cocoa but-
ter was extracted from cocoa nibs in the different moisture and pH levels of alkali treatments by using
SFE. Moreover, moisture has significant effect to TG composition of cocoa butter. Moisture content
and pH level of alkali treatment effect to yields. And direct proportional with increasing moisture con-
tent and alkali treatment levels with exception of high moisture levels (M>9.79%). Both of parameters
influenced to the TG and FA composition; POS, POP and SOS are three main TGs; palmitic, stearic,
oleic, and linoleic acids are the main FAs of cocoa butter extract. The solubility of TGs is observed
POS <SOS <POP as compositional and Cig.; < Cyg.9 <Cig as structural. According to the relation be-
tween saturated and short - chain FA/TG is more soluble than unsaturated and long — chain FA/TG. It
shows, that the consistency of yield of SC-CO, according to TGs and FA constituents of extracted co-
coa butter make this method conventional [26].

Particle size — studies have shown the geometric size of the matrix, influences the speed and
completeness with SFE [22, 25, 31, 34]. Temperature, pressure and extraction time are related to the
economic considerations, costs increasing as higher system pressure and longer extraction time [28]. In
the increment of pressure, temperature and extraction time are significant for increasing the total fat
extract and influence to the physicochemical properties - density, diffusivity and viscosity of a super-
critical fluid by dissolving power of the fluid and the yield. According to Tan et al., 2008, investigations
obtained the optimum condition for particle size - 74um cocoa liquor, 0.85-1 mm ground cocoa nibs
and 4-6 mm crushed cocoa nibs in the SC-CO, extraction of cocoa butter at 45MPa, 75 °C and 12 hours
gave the highest value of total fat content was 41.28%, the lowest value of total fat content was 1.53 %
at 10MPa, 35 °C and an hour. The effect of pressure to the extraction of cocoa butter was stronger than
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temperature in the mentioned condition. The smaller particle size produced a higher yield of cocoa but-
ter, because of this reason, the decreasing particle size of cocoa nibs effected to the efficiency of extrac-
tion by (p<0.05)increasing of total fat content from cocoa liquor (40.38%), followed by ground cocoa
nibs (29.33%) and crushed cocoa nibs (14.07%). Furthermore, the interaction between particle size and
pressure, temperature and extraction time do not exist in influencing to the physicochemical properties
of supercritical fluid. The major TAGs are 1, 3-dipalmitoyl-2-oleoyl-glycerol (POP), 1-palmitoyl-2-
oleoyl-3-stearoyl-glycerol (POS) and 1, 3-distrearoyl-2-oleoyl-glycerol (SOS), with more than 30 %
POS in all treatments studied.

Conclusion: Supercritical fluid extraction is thermos labile compounds extraction, which has
been used in the food industry and it provides fast, reliable, clean and cheap method as one of advance
routine analyze. The main parameters of the supercritical extraction process are followed by particles
size, pressure, temperature and extraction time, participation modifiers, moisture content, alcohol treat-
ment, pH value etc.

The extraction yield is significantly (p<0.05) influenced by using different concentrations of
polar co-solvents. It shows itself to effect on the TGs and FAs compositions. In terms of the selectivity,
the higher selectivity of TGs and FAs are implemented by their low molecular weight.

Pure CO, is not suitable solvent in the supercritical extraction to extract cocoa butter from co-
coa beans and makes acceptable to use different solvents. Ethanol is a co-solvent, which increases effi-
ciency of extraction of cocoa butter in the industry.

Depend on the type of modifier, to use suitable one enhances the solubility during the cocoa
butter extraction by SC-CO, and it is on the base of high quality cocoa butter manufacture.

Moreover, the total extracted fat content from cocoa liquor increases by increment of pressure,
temperature and extraction time. The effect of pressure is more visible than temperature. Particle size
effects to the SC-CO, extraction and measures the efficient extraction.

The particle size is differed by fermentation levels, roasting time, and temperature of SFE. De-
pend on the size of particles, the extraction yield is changeable, increasing roasting time and tempera-
ture has resulted in the increase on the yield of the cocoa industry in the SFE. It is implemented with
higher yield and better quality cocoa butter.
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KAKAO YAGI iISTEHSALINDA SUPERKRITIK MAYE EKSTRAKSIYASININ OPTIMAL
SORAITINO TOSIR EDON EFFEKTLOR

M.E. SAMILOVA, E. OSTROVSKA-LIGEZA

femal super kritik maye ekstraksiyasmin osas anlayislart miioyyenlosdirmoyo vo kakao yag istehsalinm bir iisulu
kimi super kritik karbon qazinin optimal voziyyatinin aspektlorini aydinlagdirmaga yonalmisdir.

Kakao yaginin kakao likdriinden vo ya kakao paxlasindan ekstraksiyas: hidravlik presloma, ekspeller presloms vo
iizvi halledicilorlo soxhlet ekstraksiyasina asaslanir. Son dovrlords, saglam vo tohliikosiz istehsalati tomin etmok tiglin kakao
yaginin tamiz va samarali texnologiya ils alds olunmasina talobat artirmisdir.

Potensial alternativ ekstraksiya metodu kimi superkritik maye ekstraksiyas: oksigensiz seraitds siiratli, zohorsiz vo
¢irklonmo hoddi minimum olan ekstraksiya metodudur. Kakao yaginin istehsalinda SME texnologiyasi super kritik karbon qaz1
vo olavo modifikatorlar totbiq etmolo hoyata kegirildi. Bundan slave, SME vasitssilo kakao yaginin ekstraksiyasinin optimal
voziyyati Oyranilmis vo golocok perspektivlori aragdirilmigdir.

Agar sozlor: super kritik maye ekstraksiyasi, super kritik CO,, kakao yag ekstraksiyasimin optimallasdirilmast.

BJUSHUE Y®PEKTOB HA OITUMAJIBHOE COCTOSTHHAE BBITEP)KKH CBEPXKPUTHYECKOM
KUJIKOCTHU B TIPOMBIIIJIEHHOCTH MACJIO KAKAO

M.E. HIAMMWJIOBA, E. OCTPOBCKA-JINT'E3A

B Hacrosimem 0030pe BBISBICHB! (yHIaMEHTAJIbHBIE MOHITHS CBEPXKPUTHUECKOH (IIOMIHON 3KCTPAKIUM U OIpe-
JIeTIeHBl acHeKTHl ONTHMAJIBbHOTO COCTOSHHS CBEPXKPHUTHYECKOTO IHMOKCHIA YIiIepoJa Kak OOBIYHOTO CIoco0a IOTydeHUS
Maciia Kakao.

DKCTpaKIHs Kakao-Macia U3 KaKao ILIENOK WIH Kakao-0000B OCHOBaHA Ha I'MPaBIMYECKOM HPECCOBAHUH, MPECCO-
BaHHHU HKCHEJIEPOM U dKcTpakiuu COKclieTa OpraHMYeCKMMH PacTBOPUTENSIMU. B mocienHee BpeMs 11 oOecriedeHust 3710-
pOBbsi M GE30MACHOCTH TPOM3BOJCTBA COXPAHSETCS HOBBIA CIIPOC Ha paspabOTKy SKOJOTMYECKH YHUCTHIX M S (EKTHBHBIX
TEXHOJIOTHil TOyYeHHs KaKao-Maca.

Kak moTeHUMaNbHbINA aJbTepHATHBHBIA METOJ] M3BJICYCHHS, CBEPXKPHTHYECKOE JKHIKOE H3BJICUCHUE MpeJiaract
ObICTpOE, HETOKCHYECKOEe U Oe3 3arpsA3HeHUs u3BiedeHue B 6e3 Kucnopoja coctossHuu. [IpenMynectBa ObUTH pPeann30BaHbI
Ut ipuMeHeHus TexHostoru COD, B OCHOBHOM CBEPXKPUTHYECKOI IBYOKHCH YIJIepoJa U ¢ 100aBIeHneM MOIU(UKATOPOB,
UCIIOJB3YEeMBIX B MPOMBIIUIEHHOCTH Kakao-macia. Kpome Toro, Iuisi M3y4eHHUsI ONTUMAIBHOTO YCIOBHS SKCTPAKIMH Kakao-
Mmacina yepe3 COD ObuM HCCIe0BAHbI M HCCIIEJOBAHEI €0 OyIyIHe TePCIeKTHBEL
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