Azarbaycan Miihandislik Akademiyasinin
XOBORLORI

HERALD
of the Azerbaijan Engineering Academy

BECTHHUK

A3sepOanaxanckoi UHKeHepHO AKaaeMun

Beynalxalq elmi-texniki jurnal
The international science-technical journal
Mexcoynapoonuiii HQyUHO-MEXHUUECKUU HCYPHAT

BAKI - 2019



Azarbaycan Miihondislik Alfademiyasunn
XI9BIORLIORI
Beynalxalq elmi-texniki jurnal

BAS REDAKTOR — AKADEMIK A.M. PASAYEV
Bas redaktorun miiavini — akademik 9.X. Canahmadov

REDAKSIYA HEYOTI:

akademik 8.M. Abbasov, akademik R.i. Abdullayev, akademik H.S. Bagirov,
akademik N.H. Cavadov, akademik B.H. 9liyev, akademik C.C. 9sgarov,
akademik A.Z. Quliyev, akademik H.9. Mammadov, akademik G.H. Mammadova,
akademik H.F. Miralamov, akademik S.Y.Miisliimov, akademik I.R. Sadiqov

REDAKSIYA SURASI:
akademik B.V. Qusev (Rusiya), prof. N. Antoneski (Ruminiya), akademik R.Z. Saqdeyev (ABS),
akademik 9.X. Sahverdiyev (Rusiya), prof. Bravu Konstantin (Israil), prof. Baur Reinhard (Almaniya),
prof. F. Franek (Avstriya), akademik B.T. Jumaqulov (Qazaxistan), prof. Jung— Young Son (Koreya),
akademik A.V. Karimov (Ozbakistan), prof. D. Mavrakis (Yunanistan), akademik N.K. Miskin (Belarusiya),
prof. Nejdet Saglam (Tiirkiyo), akademik V.E. Panin ((Rusiya), akademik A.I. Prangisvili (Giirciistan),
akademik A.I. Vasilyev (Ukrayna)

The international science-technical journal
HERALD
of the Azerbaijan Engineering Academy

CHIEF EDITOR - A.M. PASHAYEV, ACADEMICIAN
Deputy editor — A.Kh. Janahmadov, academician

EDITORIAL BOARD:

A.M. Abasov, academician, R.l. Abdullayev, academician, H.S. Bagirov, academician,
N.H. Javadov, academician, B.H. Aliyev, academician, J.J. Asgarov, academician,
A.Z. Quliyev, academician, Q.A. Mamadov, academician, G.H. Mamadova, academician,
H.F. Miralamov, academician, S.Y.Muslimov, academician, I.R. Sadigov, academician

EDITORIAL ADVISORY BOARD:

B.V. Gusev, academician (Russia), N. Antonesku, professor (Romania), R.Z. Saqdeev, academician (USA),
A. Kh. Shahverdiyev, academician (Russia), Bravu Konstantin, professor (Israel), Baur Reinhard, professor
(Germany), F. Franek, professor (Austria), B.T. Zhumagulov, academician (Kazakhstan), Jung — Young Son,

professor (Korea), A.V. Karimov, academician (Uzbekistan), D. Mavrakis, professor (Greece),
N.K. Mishkin, academician (Belarus), Nejdet Saglam, professor (Turkey), V.E. Panin, academician (Russia),
A.l. Prangishvili, academician (Georgia), A.l. Vasilyev, academician (Ukraine)



TOSISCi:

“Azarbaycan Miihandislik
Akademiyasr” ictimai birliyi.

Jurnal 2009-cu ilin noyabr
ayindan nasr olunur.

Dovriliyi ilds 4 dofadir.

Azorbaycan Respublikasi Odliyya
Nazirliyinds qeydiyyata alinmisdir.
Qeydiyyat Ne 2965, 23.06.2009-cu il.

Jurnal Azorbaycan Respublikasi
Prezidenti yaninda Ali Attestasiya
Komissiyasmin reyestrino namizad-
lik vo doktorluq dissertasiyalarmimn
naticalarini darc olunmagq iiglin daxil
edilmisdir.

Jurnal  “Rusiyanin elmi sitat
indekslogmasi" (RESI) layihesins da-
xil edilib.

Jurnalimin tam matn elektron ver-
siyast Rusiya Universal Elmi Elek-
tron kitabxananin bazasinda mov-
cuddur (htpp:/www.elibrary.ru).

Jurnal Beynolxalq elmi sitat sis-
temi SCOPUS vo Clarivate Analyt-
ics (ke¢mis adi: Thomson Reuters)
geydiyyati prosesindadir.

Jurnal texniki elmlor {izro refe-
rativ molumatlarin beynalxalq ingilis
dilli bazasma daxil edilmisdir —
“INSPEC »

Jurnala abuns “Azerpogt ” ASC-
nin pogt bélmolarinds yazilmagq olar.
Abuns il boyu davam edir.

Abuno indeksi: Hiiquqi ve fiziki
soxslar tigtin — 1156

Redaksiyamin iinvami:  Azorbay-
can Respublikasi, AZ 1010,

Baki gohori, K.Sofaroliyeva 22.

Tel/Faks: (+99412) 598 24 52

E-mail: amaxeber@yahoo.com

http://ama.com.az

REKLAMLARIN YERLOSDIRILMOSI

IL® ©LAQBDAR REDAKSIYAYA
MURACIST EDO BILORSINiZ

iSSN 2076-0515

FOUNDER:

Public union “Azerbaijan Engi-
neering Academy”

Journal published since November,
20009.

Issued 4 times a year.

Certificate about registration No
2965, june 23. 2009 was given by
Ministry of Justice of the Republic
of Azerbaijan.

Journal was included into the list
of edication for publication of result
of candidate and doctoral thesis by the
supreme Attestation Commission At-
tached to the President of the Repub-
lic of Azerbaijan.

The journal is part of the project
“Russian Science Citation Index”
(RSCI).

The full text of journal is available
electronically through Russian Uni-
versal Scientific Electronic Library
database (htpp:/www.elibrary.ru).

The journal is in the process of
registration in the international system
of scientific citing SCOPUS and Cla-
rivate Analytics (formerly known as
Thomson Reuters).

Journal was included into interna-
tional English — language abstracts
database on technical sciences “ IN-
SPEC”

Subscription to journal may be
drawn up at post offices of OJSC
“Azerpochta” Subscription index:

For juristic and for natural persons
— 1156

Address of editorial offices:
Azerbaijan Republic, AZ 1010,

Baku, K.Safaraliyeva 22.

Tel/Fax: (+99412) 598 24 52

E-mail: amaxeber@yahoo.com

http://ama.com.az

CONCERNING ADVERTISING
PLACING TO ADDRESS
IN EDITION

YUYPEAUTEJIDb:

OObuiecTBeHHOE 00BEIMHEHNE «A3ep-
daiikanckas UnkenepHas Axane-
MHSI».

Kypnan usnaercs ¢ Host6pst 2009 rona.

Breixogut 4 pasa B roz.

3apeructpupoBaH MHHUCTEPCTBOM
FOcruiun Azepbaiikanckoit Pecrry6-
sku. Ne peructpanun: 2965 ot
23.06.2009 r.

JKypHan BKIIOUYEH B TEpPEYeHb W3-
JaHUH, PEKOMCHIOBAHHBIX Ul ITyOJIHMKa-
MM OCHOBHBIX pPE3YJIbTATOB KaHIHUIAT-
CKHX U JOKTOPCKHUX AuccepTanuii Bricmei
aTTecTallMoOHHOW Komuccun npu  Ilpe-
3uneHTe Asepbaiipkanckoi PecryOmmkn.

XKypHan mnpencraBieH B NPOEKTe
«Pocculickuii MHIEKC HAayyHOTO ILUTH-
posanusi» (PMTHI).

[TonHOTEKCTOBAsT BIEKTPOHHAS BEp-
cusl )KypHaa pa3MellieHa B 6a3e JaHHBIX
Poccuiickoit  yHMBepcalbHOM Hay4HOM
JJIEKTPOHHOW OUOIHOTEKH
(htpp:/www.elibrary.ru).

XKypHan HaxoguTcs B Ipolecce pe-
THCTPAllMd B MEXKIYHapOAHOH cucteme
HayyHoro 1mmruposanus SCOPUS u
Clarivate Analytics (npeorcnee naseanue:
Thomson Reuters).

KypHai BKIIOYEH B MEXKIYHApOIHYIO
AHIIIOSA3BIYHYIO 0a3y peepaTHBHBIX JaH-
HBIX 110 TexHUYeckuM Haykam INSPC.

[oamucka Ha >KypHal OCYIIECTBISIETCS
B oraeneHnIx OAO «Asepnouray. [lon-
MICKA MPOJIOJDKACTCS B TEUCHHE roJia.

VHaeke MOANUCKU sl IOpUIMIECKHX U
¢dusnueckux aui;: 1156.

Aopec pedakyuu: Azepbaiimpkan,
AZ1010, r. baky, yn. K.Cadapanuesa, 22.

Ten./®axc: : (+99412) 598 24 52

E-mail: amaxeber@yahoo.com

http:// ama.com.az

[10 BOITPOCAM PA3MEIL[EHUST
PEKJIAMBI OBPAII[ATBCS
B PEJIAKIIMIO

© Azarbaycan Miihandislik Akademiyasi, 2019
© Azerbaijan Engineering Academy, 2019
© A3zep6aiimkanckasi Un:xenepnas Axanemusi, 2019



MUNDORICAT

Aviasiva
Nabiyev R.N., Mammadov A.Z.

Aerokosmik sahads totbiq edilon dairavi lazer va optik-lifli giroskoplarin analizi ...........cccccccueee

Mexanika vo masingayirma

Canahmadov 9.X., Vol¢enko D.A., Cavadov M.Y., Skrypnyk V.S., Bekis i.o., Vitvitskiy V.S.

Nogliyyat vasitosinin "¢ox axinli ejektor" tipli hava ilo soyudulma sistemli

disk-kiindali aylocin enerji yUKIONMOST ...oiiiiiiiiiiiiie e

Qafarov A.M,, Salayev B.H.
Istismar gostoricilori diskret tosadiifi komiyyatlor olan idman va goza-xilasetms cihaz,

magin Vo avadanliglarinin etibarlihginin qiymotlondirilmoesi metodlarmin todqiqi ........ccccoevveennene.

Oliyev 9.M., 9kbarli N.A.

Qazima rotorunda yaranan nasazliqlar vo onlarin aradan qaldirtlmast yollart ..........ccccccveveninnnn.

Toatbiqgi fizika
Ohmadov F.I., Abdullayev F.N., 9hmadov Q.S., Okbarov R.9.,
Nuriyev S.M., Sadiqov A.Z., Siilleymanov S.S., Muxtarov R.M.

Silisium osash fotoelektron giiclondiricilorin asagi temperaturlarda todqigi .......cccooevvivviieieiennenn

Neft vo gaz
Sahverdiyev 9.X.

Quyularin garsiligli tosiri — neft yataqlarinin hazirlamasinda sistemliyin asas amili .....................

Mammoadova Y.V.

“Lay-quyu” sisteminin voziyyatino OPerativ NozZarat .........ccccoeiviieriiieneiseseeee e

Haciyeva L.S.

Suyun gilli laylarda sizilmaSinin todQigi ...c.eoeeereriiieiieeeree e

Neft-kimya texnologivasi

Salayev M.R., Hiiseynova E.O., Yusubova S.E., Al-Battbotti M.R., 9comov K.Y., Hasanov Q.S.
Sulfat-aniontarkibli titan oksidin 1Q-spektroskopik tadqigi .......ccccooveririiiiiiieiee

Comoardov A.Y., Qurbanov 9.N., Hiiseynova M.9.
Hidrat amalo galmasinin qarsisini almagq iigiin istifads edilon metanolun dagiglosdirilmis

Sorf normasinin islaNMasi haqqinda ........cccvviiiiiiiiii

Miralomov H.F., Mammadov C.i.

Neftgixarma sahoasindo nanotexnologiyalarin iStifadaSi ........ccceevviieeiviiiereierese e

Cihazgavirma
Sultanov E.F., Mommadov E.M.

Gomi yiikqaldirici mexanizmlorinin elektrik intiqallariniin tiristor gorginlik

tonzimloyicilori ilo Idaro OIUNMAST .......eiviiieiieieiee e nre s

Metallurgiva
Babanh M.B., Sahmarova R.S., Cabbarov T.Q., Hiiseynov B.H.

Austenit-beynit gevrilmasinin temperatur rejimlari ...

Geologiva
Rzayev A.B., Rasulov S.R., Qaniyeva R.Y.

Zoslzolays sobob olan seysmik siiratlorin nishotlorinin doyisilmasi masalolori ........cccvvvviieienrnene

Valiyev A.9., Qadimov S.M., Bayramov A.9., Mommoadov S.M., ibrahimov C.R.
Yeni kost olunmug Ugur qizil yataginin geologiyasi, filiz kiitlasinin

MOrfologiyast Vo MINETALOZIYASL ....vvviiviieiiiiiirierieee et ne e nne e nne s

Ekologiva
Qurbanova M.A., 9hmadov S.9.
Yanginsondiirma sahasinda totbiq edilon mixtolif kopiikomalogstirici maddslorin sondiirme

XUSUSTYYOLIOFTNIN TONTTTT 1.

dliyev B.H., 9liyev Z.H., Zeynalova A.F.
Bagli suvarma sobokalarinin sudtiirma gabiliyystinin miisyysnlogdirilmasinin

yeni lisullart vo doyirmi borularda siiratin yayilmasimnin mintazomliyi ..........ccoceeviniiiiiinnnnn,



CONTENTS

Aviation
Nabiyev R.N., Mammadov A.Z.
Analysis of ring-laser and fiber-optic gyroscopes applied on aerospace field ..........ccccooevvveivinnnnns 7

Mechanics and Mechanical Engineering
Janahmadov A.Kh., Volchenko N.A., Javadov M.Y .,
Skrypnyk V.S., Bekish 1.0., Vitvitsky V.S.
Energy-loading of disk-shoe-brake with air cooling system of "multi-jet ejector" type vehicle ......... 23
Gafarov A.M., Salayev B.H.
The reliability evaluation methods of sport and emergency rescue instruments, machines

and equipment, operational indicators of which are discrete random quantities ...........ccccoeeveveinenas 34
Aliyev A.M., Akbarli N.A.
Rotary drilling problems and their elimination methods ..o 40

Applied Physics
Ahmadov F.I., Abdullayev F.N., Ahmadov G.S., Akberov R.A,,
Nuriyev S.M., Sadigov A.Z., Suleymanov S.S., Mukhtarov R.M.

Study of silicon photo-electron multipliers at oW tEMPEratures ...........ccooceveviereeiereneseseeee e 46
Oil and Gas

Shakhverdiyev A.Kh.

Interaction of wells — the major factor of systemacity when developing oil fields ..........c..cccceeenne. 52

Mammadova E.V.

Operational control over the system condition "well - reZErVOIr" ..........ccoooeverieiinieneic e 62

Hajieva L.S.

Research of filtration water iS in Clay TAYErS ......cooiieiiiieecesee e 66

Chemical Technology
Salaev M.R., Guseynova E.A., Yusubova S.E., Al-Battbotti M.R.,
Ajamov K.Y., Gasanov K.S.

IR-spectroscopic research of sulfate-anion-containing titanium oXide .........c.ccoccevevieiiiiinieiene s 71
Jomardov A.Y., Qurbanov A.N., Huseynova M.A.

About using of specified consumption rate of methanol to prevent the formation of hydrates ........... 80
Miralamov H.F., Mammadov Ch.i.

The use of nanotechnologies in the oil-extracting INAUSTIY ........cccoiiiiiiiieriie e 86

Instrumentation

Sultanov E.F., Mammadov E.M.

Control of electrical drives on the ship’s lifting devices with thyrystor voltage regulator .................. 90
Metallurgy

Babanli M.B., Shahmarova R.S., Cabbarov T.Q., Huseynov B.H.

Temperature mode of austenitic-beynite transforMation ...........c.ccocveriiiininier e 94
Geology

Rzayev A.G., Rasulov S.R., Qaniyeva R.Y.

Questions of changing the relations of seismic speeds, earthquake ...........cccocvcvvivniieierinienieeienenns 98

Veliyev A A., Gadimov Sh.M., Bayramov A.A., Mammadov S.M., Ibrahimov C.R.

Geology, morphological and mineralogical characteristic of the Ugur gold deposit ............ccccceveee 103
Ecology

Gurbanova M.A., Akhmedov Sh.A.

Analysis of fire extinguishing properties of foaming agents used for putting down fire .................. 112

Aliyev B.G., Aliev Z.G., Zeynalova A.F.

New method of calculation of passaging abilities of closed irrigation networks and

regularity of speed distribution in roUNd PIPES .....ecviiviiiiiiiicc e 118




COJIEPXKAHUE

ABuHannsa
Haomues P.H., Mamenos A.3.

Amnanus JIa3€PHO-KOJIBIICBBIX U BOJIOKOHHO-ONITUYCCKUX T'MPOCKOIIOB, IPUMCHACMBIX

B QIPOKOCMHUUCCKOM OOITACTHL ....vvivvieiiiiesieeiteeste ettt st e sttt e bbb s b e b e s e e st e b et e e b e sn e e 7
MexaHuMka M MAIUHOCTPOEHHE

J:xkanaxmenoB A.X., Boabuenko H.A., I:xaBagos M.51.,

Cxpoinabik B.C., bekum U.0., BurBunkuii B.C.

DHEProHarpyKeHHOCTh AUCKOBO-KOJIOJOYHOTO TOPMO3a C BO3AYIIHOW CHCTEMOMH

OXJTAXK/ICHUS THUTIA «MHOTOCTPYHHBIN 3IKEKTOPY TPAHCTIOPTHOTO CPEHCTBA ...vveervenresrennresseesseeneesnessesnessnes 23

I'agpapos A.M., Canaes b.T'.

HccnenoBanne METO/IOB OIICHKH HaJIS)KHOCTH CIIOPTHBHBIX U aBApUITHO-CIIaCaTEIbHBIX

pudOpOB, MAIIUH U 000PY/I0BAHHH, IKCILTyaTAI[IOHHBIE T0OKA3aTeId KOTOPBIX SIBJISIOTCS

JIUCKPETHBIMU CIIYUAMHBIMU BEITMUMHAMHE ...veeiuviiitiesssissteessessstaesssssbessnssssbassba s b s ba s ba s b e s be s s ba e nee s ns 34

AamneB A.M., Ax6apiau H.A.

HewncnpaBHOCTH, BOSHUKAIOUTHE B OYPOBBIX POTOPAX, M ITYTH MX YCTPAHCHHUS ...vevvviereereneenreeneeneeneseenenss 40
IIpukanagnasg pusuka

AxmenoB ®.U., Adayanaes ®.H., Axmenosn I'.C., Akoepos P.A.,

Hypues C.M., Caasiros A.3., Cyaeiimanos C.C., Myxrapos P.M.

HccnenoBanre KpeMHUEBBIX (POTOAIECKTPOHHBIX YMHOKHUTEIICH MPUA HIU3KUX TEMIICPATYPAX .vvververreerieeress 46
HedTh u ras

MaxBepauen A.X.

B3anmMoneiicTBre CKBaXKHH — OCHOBHOM (DaKTOp CHCTEMHOCTH IpH pa3paboTke HEPTIHBIX

DY (T Ne) o091 (35112 S P TP T PRSP R TPPROPRTON 52

Mamenosa E.B.

OnepaTHBHBI KOHTPOJIb COCTOSTHUS CHCTEMBI «CKBAKHHA-TUIACTY)  .vvervverieereesneasressresseesseesseenesnesnesessnens 62

I'apxuena JI.C.

HccnenoBanne GMIBTPAIIAN BOABI B TIIMHUCTBIX THIACTAX  .rveureesreesressresseesseesneesseasseasseansessessseessessnesssesnssaes 66
HedbTexummuyeckne TEXHOJOIHHU

CanaeB M.P., I'yceiinoBa J.A., FOcyooBa C.J., Anb-barréorTu M.P., Ax:kamos K.1O., I'acanos K.C.

HK-CeKTpoCKOMIYECKOE CCICIOBAHUE CYIIb(AT-aHHOHCOICPIKAIIETO OKCUIA THTAHA  ..ovvverveerveaseesseenenss 71

Jxomapnos A.1O., I'ypéanos A.H., I'yceiinoBa ML.A.

Pa3paboTka yTOYHEHHOW HOPMBI pacxo/a ISl IPEAOTBPALCHUS I'HIPAaTO00pa30BaHMs

HCTIONTB3YEMOTO METAHOIIA ..euuvvestveausesasteeasseeasteeasseeabseessseabeeaase e e kb e e abe e e b e e e abe e e b e e e be e e b e e e be e e b b e e be e et e e e be e e b 80

Mupanamos I'.®., Mamenos Y.U.

HMcrnonp30BaHHEe HAHOTCXHOJOTHI B HEPTCIOOBIBAOIIEH OTPACIIH «vevvereeseeereseeaseeaseesseesseesseesseessenseesesssees 86
HpubopocrpoeHnmue

Cyaranos J.®., Mameaos .M.

VYnpaBneHue 3JIeKTPOIIPUBOIAMHU CYAOBBIX IPY30II0IEMHBIX MEXaHH3MOB

C TIOMOII[BIO TUPUCTOPHBIX PETYIISITOPOB HATIPSIIKCHIST  +uvvervrerveeseraseesseessesssesssessseansesssesssesseessesssesssenssesnsessees 90
MeTaaayprus

Ba6anasr M.B., lllaxmaposa P.111., I:xa606apos T.I'., I'yceiinos B.T'.

TemnepatypHbIil peKUM ayCTCHUTHO-OCHHUTHOTO MIPECBPAIICHIIST  «...vvesveesveetesseeaseesseesseesseesseessesssessessnesses 94
I'eosnorus

P3aeB A.T'., PacynoB C.P., 'anueBa P.51.

Bormpockl u3MeHeHNs OTHOLIEHUHM CEHCMUYECKUX CKOPOCTEH, MPUBOIALIUX K 3EMIIETPSICEHUIO ....vvvvveennee 98

BeaneB A.A., I'agumos .M., Baiipamos A.A., Mammanos C.M., U6paxumos /I.P.

I'eomoro-mopdonmoro-MuHEpaIOrHIecKas XapaKTePUCTHKA YTYPCKOTO MECTOPOKICHHS 30I0TA ............ 103
Jdkoaorus

I'ypb6anoBa ML.A., Axmenos LI1.A.

AHanu3 OTHETYIIAIHUX CBOWCTB IIEHOOOpa3oBaTeIe, IPIMEHIEMBIX B [ENSAX MOKAPOTYIICHHUS ............ 112

AnueB Bb.I'., Aaues 3.T'., 3eiinaioBa A.®D.

HoBast MeTo/inka pacdera MpOITyCKHBIX CIIOCOOHOCTEN 3aKPBITHIX OPOCHTEIIBHBIX

ceTeil 1 3aKOHOMEPHOCTh PACIPEACTICHUSI CKOPOCTEH B KPYTIIBIX TPYOAX .vvevvivirviiriiieiiieiesrisiesiesiesieenens 118



Cild 11.Ne3 Azarbaycan Miihondislik Akademiyasinin X9BIRLIRI Iyul — Sentyabr 2019
Vol.11.Ne3 HERALD of the Azerbaijan Engineering Academy July — September 2019

UOT: 629.7

AEROKOSMIK SAHODO TOTBIQ EDILON DAIROVI LAZER
VO OPTIK-LIFLI GIROSKOPLARIN ANALIZI

R.N. NOBIYEV', A.Z. MOMMODOV"

Moqalods dairavi lazer vo optik-lifli giroskoplarin méveud texniki imkanlart nozora alinmagla qurulma
prinsiplarinin analizi aparilmis, oxsar vo forqli cohoatlori gostarilmisdir. Giroskoplarin dagiqlik gostaricilorine vo
kiitla qabarit 6l¢iilarina tasir edon amillar mitoyyanlosdirilmis va onlarin aradan galdiriimasi yollar géstarilmisdir.
Bu mogsadls hazirda aerokosmik sahads duygaclarin hazirlanmasi ilo mosgul olan asas firmalarin istehsal etdiyi
yiiksok doqiglikli dairavi lazer vo optik-lifli giroskoplar va onlarin asasinda olan inersial 6l¢gmo modullarinin tex-
niki xarakteristikalar1 toyin edilmis vo totbiq sahslori miioyyanlasdirilmisdir. Daqigliyi, etibarligi, kiitlo qabarit
olgiilari, uzundmiirliilityl ve enerji sorfiyyati baximindan optik-lifli giroskoplarin yiiksok texniki xtisusiyyatlori to-
lab olunan saholor tigtin optimal se¢im olmasi askar edilmisdir.

Acar sozlor: dairavi lazer giroskopu, optik-lifli giroskop, mikroelektromexaniki sistem, inersial navigasiya, pilot-
suz ug¢us aparati, kosmik aparat, stabilizasiya, duygac, optik lif, fotodetektor, sifirmn dreyfi.

Giris. Istigamotlonmoa, navigasiya va idareetmo sahasinds elmi todgigatlar artiq 100 ilden ar-
tiqdir Ki, inkisaf etdirilmakdadir. Bu miiddot arzinds xiisusilo do navigasiya duygaclari sahasinda
bir sira yeniliklor bas vermisdir [1-3]. Bu giin navigasiya duygaclarini tam basa diismok {igiin
magingayirma, elektronika, elektrooptika vo atom fizikas1 kimi elmlar haqqinda genis bilik sahasi-
nd malik olmaq lazimdir. Faktiki olaraq bir ¢ox navigasiya tapsiriqlar: yalniz GPS-in komayilo ye-
rino yetirilo bilor. Inersial duygaclar iso yalmz stabilizasiya vo idaroetmo {igiin istifade olunurlar.
Lakin GPS-in manealors olan zoifliyi navigasiya duygaclarmin totbiginin vacibliyini gostorir. Xii-
susila navigasiya duygaclarinin 6lgtilarinin kigik olmasi avvallar algatmaz olan (masalon, artileriya-
nin va top marmilarinin idara olunmasi) yonlandirma (istigamotlonms), navigasiya va idaraetma ki-
mi sahalords do istifadesini miimkiin edir.

Problemin aktualhgi. Giroskopik cihazlarin dagiqlik va istismar xarakteristikalarina olan to-
loblorin miintozom olaraq artmasi miixtalif 6lkalarin alim vo miihandislarini méveud klassik giros-
koplar1 tokmillosdirmays, homginin fozadaki obyektlorin bucaq harokatlarinin indikasiya edilmosi
va Olglilmasi tigiin daha hassas duygaclarin yaradilmasi problemlarini hall edon prinsipca yeni ide-
yalarin axtariglarina sévq etmisdir.

“ Milli Aviasiya Akademiyasi
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Bu mogalodos dairavi lazer giroskoplarinin (DLG) va optik-lifli giroskoplarin (OLG) mévecud
imkanlar1 nazoro alinmagla miiqayisali analizi aparilmis, totbiq saholori miioyyonlosdirilmisdir.
Hom OLG, ham do DLG-nin gostaricilarine manfi tasir edon amillor miioyyanloasdirilmis vo onlarin
aradan galdirilmasi yollar1 gostorilmisdir.

Mosalanin goyulusu va halli. Giroskoplar kommersiya moagsadli, sonaye vo horbi totbiglor
ti¢iin nazards tutulmus bir ¢ox pilotlu vo pilotsuz ugus aparatlarin (PUA), kosmik aparatlarin na-
vigasiyasi, idaraedilmasi, stabillogdirilmasi vo miisahidalorin aparilmasi tigiin vacibdir. Oyun kont-
rollerlorindon smartfonlara qodor vo mosafodon stabilizasiya olunan silahlardan siiriiciisiiz nogliy-
yat vasitolorino qoder giroskoplar va inersial 6lgmo modullar1 (IOM) navigasiyanin, idarsetmanin
va istigamatlondirmonin bir sira vacib funksiyalarini yerina yetirir.

Istifadaci sinfina daxil olan giroskoplar, yani video oyunlarm, smartfonlarm, plansetlorin vo
avtomobillordoki hava yastiglarinin kontrollerlorinds istifado olunan giroskoplar asag: texniki xa-
rakteristikalara malikdirlor vo onlarin doyari do ucuzdur. Daha vacib saholords, yoni horbi sistem-
lards, kosmik sahada, PUA-da, siiriiciisiiz avtomobillordo vo GPS/GNSS-dan imtina halinda navi-
gasiya masalalarinin hallinds daha yiiksok parametrlor tolob edilir. Dagiglik vo digor parametrlora
goyulan talablar konkret sistema hansi texnologiyanin totbiq olunmasni miiayyan edir [4].

Giroskopu vo IOM-ii siiriismanin dayanigsizlig1 xiisusiyyatina géra asag: dogiglikli istehlakei
mohsullarinda vo strateji vacib totbiq saholarinds istifadasi ti¢iin sorti olaraq iki sinifa bolmak olar.
Siirtismo dayanigsizligi 6lgmonin miloyyon zaman dovrii arzinds giroskopun ¢ixis signalinin siiriis-
masinin no qodor dayanigli oldugunu géstorir. Umumiyyatlo siiriismonin dayanigsizligi no godor
asag1 olarsa, vaxt kegdikca giroskopun ¢ixis signalinda yaranan xatalar da bir o godar az olacaqdir.
Daha az siiriismonin dayanigsizligina malik giroskop inersial 6lgmo modulu ii¢iin mévgenin miioy-
yanlasdirilmasinds xatalarin azalmasina gotirib ¢ixaracaqdir [4]. Gozlanildiyi kimi giroskopun va
ya IOM-un mohsuldarliliq saviyyasi onun miigayisali deyarini miioyyen edir. Cadval 1-do siiriismo-
nin dayanigsizligina asason giroskoplarin totbiq sahalori verilmisdir.

Giroskopun keyfiyyat siniflondirilmasinde mithiim magamlardan biri do onlarin hansi saho-
lords vo hanst magsadloarls istifadesinin miioyyanlagdirilmasidir. Silisium vo kvars MEMS giros-
koplar1 kimi asag: xarakteristikali giroskoplar smartfonlar, agilli doyiis sursatlar: kimi istehlak, so-
naye va harbi taktiki mogsadli amaliyyatlarda istifads olunurlar. Torpedalar, hava/yer/daniz naviga-
siyasi, kosmik aparatlar, geolokasiyali xaritlosdirmo vo geodeziya, eloca do avtonom yeriistii vo ya
yeraltt navigasiya Kimi daha doqiq totbiq Ssaholori yiiksok texniki xarakteristikaya malik OLG,
DLG-lar talob edirlor [5].

Son illards inersial navigasiya sahasinda
li¢ osas texnologiya horbi vo kommersiya istiga-
moatlorinds ugurlar alds etmisdir. Bunlar dairavi
lazer giroskoplar1 (DLG), optik-lifli giroskoplar

Cadval 1.
Siiriismanin dayanigsizhgina
Jsasan giroskoplarin tatbiq sahalori

) Y i Tatobiq sahasi Siiriismanin
(OLG) vo mikroelektromexaniki sistemlordir dayamigsizhg (bias
(MEMS). instability), */saat
Fozada yerin miioyyan edilmosi funksiya- | [stehlakc1 30-1000
s1 inersial hesablama sistemindo kosmik gomi- | Sonaye 1-30
nin bucaq siiratini toyin edon va eloco do onun | Taktiki 0.1-30
miitloq voziyystini miioyyon edon bir nego | Yiiksok taktiki 0.1-1
duygac ilo yerina yetirilo bilor. ilkin giymotlon- | Navigasiya 0.01-0.1
dirmo ulduzlarin izlomo sistemlori, giinos | Strateji 0.0001-0.01
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duygaclari, yer duygaclari, magnitometrlor vo s. kimi qurgularla yerina yetirilir. Tkinci giymotlon-
dirmo iso giroskoplarla aparilir [6].

Giroskoplar ¢ox sayda miixtalif totbiq sahalarino malikdir vo bu da onlar qarsisinds forqli to-
loblar qoyur. Tatbiq talablarini miiayyanlosdirmak {igiin istifado olunan osas parametrlor: ayirdetmo
gabiliyyati, yani minimal miisyyan olunan bucaq siirati; siirlismo tendensiyasi [Siiriisma (sifirin
dreyfi) dedikds duygac firlanmadig: halda ¢ixisda sifirdan forqli gqiymatin alinmasi basa diistiliir]:
tosadiifi bucaq gedisi - angle random walk (ARW) firlanmanin bucaq siiratinin 6l¢iilmasi zamani
kiiy gatqisinin vo zaman kegdikco artan xotti uygunsuzluguna goro duygacin ¢ixigini integrasiya
edilmasi hesabina yaranir [7].

Baxmayaraq ki, hazirki dévrde ulduzlarin izlonilmasi sisteminda olan texnologiyalar iridium
Next vo Globstar 2 [8] kimi giroskopsuz peyk gruplarinin yaradilmasina icazs verir, lakin hals do
cox yiiksok doqiglikli giroskoplar (<0,1%saat) Yerin izlonilmoasi vo elmi tapsiriglar zamani lazim
olur. Planetlorin kosfi tigiin 1-10 %saat giymatine malik bucaq siirati duygaclar biitiin peyk vo kos-
mik naqliyyat vasitalori tigiin faydalidir.

Foton giroskoplari. Foton giroskoplarinin is prinsipi Sanyak effektino asaslanir [9]. Kosmik
totbiq ticiin istifado olunan ilk foton giroskopu hals do buraxilis qurgularinin bortlarinda genis isti-
fads olunan dairavi lazer giroskoplaridir (DLG). Bir ¢ox kosmik uguslar zamani xisusilo do Avro-
pada NASA [10]-da hazirlanmis Marsin tadqiqi ligiin planetar roverlarin bortlarinda qurasdirilmig
vo 0.1 %saatdan 0.0003 “/saat diapazonda sifirin dreyfino malik optik lifli giroskoplar segilmisdir.
Biitiin bunlar onu gostarir ki, hazirki dovrds bazarda mévcud olan vo genis istifado olunan iki gi-
roskop DLG vo OLG-dir.

Son dovrlordo kosmosda tatbig olunan foton giroskoplarinin élgiilarinin kigildilmasinin va
giymatinin asag1 salinmasi yolunda boyiik islor goriilmiisdiir. Lakin on yaxs1 xarakteristikaya malik
olan giroskop bels hals do kosmik tatbiq tigiin talablari tam 6daya bilmir. Kosmosda istifads oluna
bilon ¢ox da baha olmayan giroskoplara olan tolabat giinii-giindon artir. ESA [11]-nin miqavilalori
asasinda yaradilan MEMS giroskoplari isa halo do bazarda olan tolobati tamamila garsilaya bilmir.
Bu onu gostarir ki, foton giroskoplarinin dl¢iilorinin kigildilmasi yolunda aparilan todgigatlar ¢ox
faydalidir.

Dairavi lazer giroskoplar. Ilk DLG 1963-cii ildo [12] niimayis olunmus vo daha uzun
omiirliliyt vo etibarligi sayasinds 1980-ci illardo mexaniki giroskoplarin yerini almaga baslamis-
dir. Dairavi lazer giroskoplari hom do kvant giroskoplar1 adlandirilir.

Hazirki dovrdo lazer giroskoplar: ¢cox doaqiq 6lgii texnikasinda, eloco do navigasiya vo stabili-
zasiya sistemlorinda totbiq olunurlar. Lazer giroskoplarin istiinliiklori bir ¢ox hallarda kardansiz
naviqasiya vo stabilizasiya sistemlorinds hossas element kimi istifado olunan zaman agkar olunur.
Lazer giroskopunun asas praktiki tatbigi platformaya olan hoyacanlandirict tasirlarin kompensasi-
yasi tigiin istifads olunan stabilizasiya sistemlaridir. Belo qurgularin bazasinda platformasiz inersial
naviqgasiya sistemlori (PINS) yaradilmisdir. Bunlar da 6z névbasinds kosmik navigasiya sistemlori
(global navigasiya sistemlari — QLONASS) ilo birlikda yiiksok daqiqliklo harokot edon obyektlori
izlomaya vo 6zlarinin cari vaziyyetlarini miioyyan etmoys imkan verir [7].

DLG migyas amsalinin yiiksok stabilliyina va xattiliying, tocilo qarst nisbaton zoif hossasliga,
ragamsal ¢ixisa, cold iso salinma vaxtina, sakit rejimdos yiiksok stabilliys vo harokatli hissalarinin
olmamasi kimi xiisusiyyatlors malikdir. DLG-ni performansina temperaturun doyismosi tosir gos-
tordiyindon temperatur kompensasiyasi algoritmi ilo temperatur hossasligi sobobindon yaranan xo-
talar1 aradan galdirmaq miimkiindiir [13].
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DLG-nin is prinsipi Sanyak effektino osasla-
nir. Asagi tozyiqo malik gaz lazeri (adoton helium —
neon) optik boslugun daxilinds anodun va katodun ‘ iRt \ G0t
hayacanlanmasi zamani saat oqrabi istiqamatindo v L
vo saat oqrabinin oksi istigamotinds isiq dalgalart
buraxir (sok. 1). Beloliklo DLG lazerin 6zii olur vo
xarici isiq monbayina ehtiyac duymur. Ogoar sistem
miivazinatdadirss siialar eyni mosafs qat edir vo bu-
na gora do faza siiriismasi olmur. Ogor optik sistem
fozada Q) bucaq stirati ilo firlanarsa, onda dalgalar
arasinda faza forqi yaranacaq. Bu zaman generasiya
edilon dalgalarn tezliklor forgi yaranacaqdir. Yara-
nan tezliklor forqi lazerin donmas siiratino miitona-

Kiinc prizmasi Anod  Pyezoelektrik hamarlama mitharriki

sib OIUI- Sok. 1. Dairavi lazer giroskopu

Olgiilorin vo giymatinin asagi salinmasi yo-
lunda aparilan todqiqgatlar kigik uzunluglu yola malik DLG-nin yaranmasina gatirib ¢ixarmisdir.
Kigik uzunluglu yola malik Honeywell 1308 [14] vo Kearfott T-10 giroskoplar: hal-hazirda genis
istifado olunur. Ucoxlu T-10 RLG toxmini olaraq qolf topunun &l¢iisii boydadir. Sonraki miniatiir-
logdirma naticasinds iso 3 mm diametrs malik yarimkegirici dairovi lazerlar hazirlanmigdir [15].

Hazirki dovrdo DLG aerokosmik vo mudafio sonayesi {igiin asas duygaclardan biri sayilir vo
platformasiz inersial navigasiya vo raketlorin idara edilmasi sistemlori Kimi yiiksok mohsuldarliq
(performans) tolab edon bir ¢ox sahsalards genis istifads olunur [16].

Lazer giroskoplarinin miisbat xiisusiyyatlarina har seydon avval firlanan rotorun, siirtiinma
qiivvalarinin tasirine moaruz galan diyircoklarin olmamasini aid etmok olar. He—Ne DLG-nin uguru
mexaniki giroskoplarla miigayisada bir ¢ox tstiinliiklora malik olmasi ila izah olunur. Bu tstiinliik-
lara vibrasiyaya vo temperatur doyismalarina garsi geyri — hassasliq, rogomli ¢ixiginin olmasi, ho-
rokatli hissalorin olmamasi, konstruksiyasinin sadaliyi (20 komponentdon daha az), genis dinamiki
diapozon, siiratli yenilonma vo yiiksok etibarliliq aiddir. Bu kimi xarakteristikalar giroskopun
0,1°%/saatdan asag1 ayirdetma vo 0.01% saatdan daha yaxs: sifirin dreyfino malik yiiksok mohsuldar-
ligin1 tomin edir [17].

Kosmik sahonin golocok miimkiin tendesiyalarini nozars alsag, bu qurgunun asas ¢atismayan
cohati onun olgiist, kiitlasi, enerji sarfiyyati, doyarinin yiiksak olmasi va lazer rezonans yolunda
optik giiclonmoani tomin edon He—Ne garigiginin keyfiyyatini itirms miimkinlityiidiir. Sonuncu kri-
tik hali aradan galdirmag ticiin He—Ne giiclondirici miihitini bork Nd: YAG [18] miihiti ilo ovoz et-
mok toklif olunmusdur.

DLG — do optik boslugda (harada ki, giiclondirici miihit kegon is1gin optik giiclonmasini for-
malagdirir) iki qarsiligli rezonans modlart hayacanlanirlar. Sanyak effektino gora rezonatorun daxi-
lindo yayilan iki optik yolun tezliklori arasindak: forq duygacin Q bucaq siirotino miitonasibdir.
DLG-nin baza qurulusu sok. 2—do gostorilmisdir. Burada boslugun formasi tighucaq vo ya kvadrat
ola bilar.

DLG ¢ox yiiksok keyfiyyatli giizgiilors malik dairavi boslugqdak: gaz lazeri osasinda qurulur.
Boslug, mohtudiyyatsiz tokrar dolana bilon (dogig say konkret dizayndan asilidir) iki garsiliglh
dalga tigiin, aktiv rezonatr rolunu oynayir. Bu da Sanyak effektini artirir vo garsiligh yayilan dalga
cixislarini yenidon birlosdirarak firlanma siirstine miitonasib olan tezliklor fargini 6lgtir [20].
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Sok. 2a-da gostarilon giroskopun tarkibine iki kiinc giizgiisii vo bir sferik giizgii daxil oldugu
halda sok. 2b-do gostarilon giroskopda ise dord kiinc giizgiisiindon istifade olunmusdur. Oks lazer
stialar1 oksetdirici giizgiido gismon interferensiya olunaraq intreferensiya monzorasini amalo gatirir-
lor [19].

He—Ne gazinin ionlagmast ii¢iin elektrodlara (anod v katodlar) totbiq olunan yiiksok gorgin-
likdon istifade olunur. fonlasma Ne atomlarmi hoyacanlandirir, bunlar da siia hasil edarok, daha
kigik elektrik soviyyolora ayrilirlar. Burada istilik effektlorindon yayinmag vo mexaniki stabilliyi
tomin etmok {igiin He—Ne DLG-ni adaton ¢ox kigik istilik genislonmasi omsalina malik sort blok-
dan (moasalon, karbon keramik siiso) hazirlayirlar [20].

Sak. 2. (a) Ucbucaq optik rezonator asasinda olan He-Ne DLG
(b) Kvadrat optik rezonator asasinda olan He—Ne DLG

Lazer giroskoplarin 6l¢ma daqigliyina va gabarit él¢iilaring tasir edan xatalarin vo mah-
dudiyyatlarin manbalari.

Lazer giroskoplarinda dénmanin bucaq siiratinin 6l¢gma doqigliyini mohdudlasdiran asas xota
monbolari asagidakilardir: goxmodlu siialanma xarakteri; fazanin fluktuasiyasi va isiq stialanmasi-
nin tezliyi; tezliklorin tutulmasi; giroskopun «sifir dreyfi» .

Cox modlu siialanma xarakteri. Dairavi lazerdo miixtalif tezlikli bir ne¢a rogslor (mod) hoe-
yacanlana bilor. Q bucaq siiratino malik giroskop firlanan zaman ¢oxmodullu generasiya rejimi hor
bir modun iki tezliya ayrilmasi ila noticalonir. Bu halda qonsu modlarin déytinms tezliyinin fargi
bir-birinden forqlonacakdir. Bu da 6z névbasinds firlanmanin bucagq stiratinin giymotlondirilmasini
vo forq tezliyino malik signalin aydin askar olunmasina mane olur. Buna gors do lazer giroskopla-
rin real konstruksiyalarinda birmodlu rejimo yaxin generasiya rejimi tomin etmoys ¢alisirlar.

Fazamin fluktuasiyas: va sitalanma tezliyi. Fazanin stabilliyi vo lazer generatorunun tezliyi
aktiv maddanin fotonlarinin emissiyasi ilo mohdudlasir. Osas siialanmanin fazasi fotonlarin tosadii-
fi stialanmasimin imumi sayma miitonasib olan giymat ilo dayiso bilor. Lakin fotonlarin siialanma
fazalar1 bir gayda olaraq bir- birino uygun olmadiglari ti¢tin giymotin fluktuasiyas: v siialanma fa-
zas1 ¢ox da boyiik olmur. Lakin bu faza yerdoyismosi tosadiifi xarakter dasiyir. Bu halda gaz lazer-
lori ti¢iin asas siialanmanin tezlik intervali 0.001-don 1 Hs-o gadar olur. Praktiki olaraq bucaq siire-
tinin Sl¢iilmoasinin dagiqliyi fotodetektorla lgiilon fazanin minimal giymati ilo mohdudlagir. Ancaq
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nazars almaq lazimdir ki, lazer giroskoplarinin hazirlanma texnologiyalarinin va onlarin elementls-
rinin inkisaf etdirilmasi ilo bucaq vaziyyatlorinin dl¢iilmo dogigliyi faza fluktuasiyalar: vo genera-
torun tezliyi ilo miioyyan edilon sorhad qiymotino ¢atacaqdir.

Tezliklarin tutulmas:. Giroskopun firlanma siiratinin yiiksok oldugu halda optik generatorun
tezliklor forqi firlanma siiratino miitonasib olacaqdir. Ancaq bu siirotin azaldilmasi halinda tezliklor
farqi giroskopun firlanma siiratindon daha tez sifira yaxinlasir. Noticads kigik firlanma siirati olan
zaman bucagq siiratinin 6l¢iilmo xatasi icazo verilmoyacok doracads artir. On kigik siiratlords iso gi-
roskop ilkin donmoys demok olar ki, reaksiya vermir. Belsliklo, iki generatorun qarsiliqli tasiri ilo
bir generatorun rags tezliyi digori ilo tutulur.

Oks istigamotds yayilan stialarin tutulmasi onlarin oks sapalonmasi ilo olagalidir. Buna gora
ds tutulma zonasinin azaldilmasi ilkin olaraq bu sapsalonmonin azalmasina sobab olur. Bunun ara-
dan galdirilmas: {igiin goriilocok tadbirlor asagidakilardir: giroskopun giizgiilorinds sopalonmani
minimuma ¢atdirmaq lazimdir; siianin yayildigi traktt miimkiin qodor vakuumlasdirmaq; optik kon-
turun aktiv maddasinin plazmasinin tasirini minimuma c¢atdirmag.

Stfirin dreyfi. Lazer giroskoplarinin xata monbalarindon biri do sifirin dreyfidir (vo ya siiriis-
moasi). Sifirin dreyfi giroskopun bosluglarinda gaz axmlarinin yaranmas ils izah olunur. Bu axinla-
rin giroskopda movcudlugu gaz molekullarinin giroskopun daxilindaki divarlara doymasi naticasin-
do elektrik enerjisinin divar boyunca yayilmasi vo qaz hissaciklorinin horakati {izra elektrik sahasi
ilo miiayyan olunur.

Lazer giroskopunda gaz sellorinin miioyyon olunma
xarakteri sok. 3-do gostorilmisdir. Burada 1, 2 — anodlar, 3
— qaz selinin istigamati, 4 - katod, 5 - borudur.

Lazer stias1 giroskopun morkazi hissasinds comlosir
va katoda dogru harokot edon gazdan kegir. Qazin oks co-
rayani borunun divarlari boyunca bas verir. Qazlarin qaris-
masi lazer siiasinda vo qaz selinds olan enerji yerdoyismo-
sinin nisbi istimagomatindon asili olan sinma gostaricisi-
nin dayigsmasSina sobab olur. Buna gora do lazerin boslugu

bir istiqametds digsril’ls nisbaton daha uzun gérsanecskdir. Sok. 3. Lazer giroskopunda qaz sellorinin
Bu hadiso sifirin siiriismasi hadisasinin bas vermasino so- paylanmast
bab olur.

Sifirin dreyfini giroskopu bir katodlu vs iki anoda malik simmetrik formada hazirlamagla vo
bu yerdayigsmasinin minimal giymatini alana qodor anod ndqtalarinin balanslasdirilmasini hayata
kegirmoklo azaltmagq olar. Yalniz bir anoda malik giroskopda sifirin dreyfi adoton saatda bir nego
yiiz daraca qiymatinda ¢ixis firlanma siiratine ekvivalent olur.

Optik-lifli giroskoplar. Optik sistemlorin tatbig sahasi tigiin asas keyfiyyat gostaricilorindon
biri konar elektromagnit sahasino hossas olmamasidir. Miixtolif tobistli elektromagnit maneos ilo
miibariza, eloco do ¢oxlu sayda slage vasitalorinin 6z aralarindaki maneasi muasir soraitds on asas
problemlordan biridir. Optik-lifli slago iso gostarilon xarici tasirlordon azaddir. Novbati tistiinliik-
lordon biri do optik kabelin kigik 6lgiisii vo kiitlosidir. Kiitlo qabarit 6l¢ii tstiinliiyli nogliyyat vasi-
tolorinda, xtisusan tayyara, helikopter va kosmik peyklards daha vacib rol oynayir.

Optik-lifli giroskoplar navigasiya, idaroetma va stabilizasiya ti¢tin vacib bes parametrds yiik-
sok naticalori tomin edirlor. Bunlara tosadiifi bucaq gozismasi azligi, sifirin kigik dreyfi, siirtismo-
nin geyri-stabilliyinin azligi, temperatura gors zoif hoassasliq, vibrasiya va zarbays qarsi hassasligin
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azligi aiddirlor. OLG-lari haddindon artiq etibarli edon iso sart govdali olmalaridir [4]. Nozari ola-
rag baxim talob etmir va ¢ox asagi maliyyatlo istehsal edilo bilirlor. Adoton OLG-lordo monba kimi
lazer vo ya parlaq isiql LED istifads edilir.

Yiiksok ARW vo temperatur doyismolorine olan dayanigligina géra OLG-lar kritik shomiy-
yatli obyektlorin platformasinin stabillosmosi daxil olmagla yeriistii, doniz va hava sistemlarinds
stirat platformasinin stabillosmosini hazirlayan miithondislorin bir némrsli se¢imi olaraq galir. OLG-
lor horakatin agkar olunmasi, istigamotlonmo, plitosuz ve pilotlu UA ii¢iin stabilizasiya vo naviga-
siya, GNSS/INS inteqgrasiya sistemlori, uzaq mosafali optik va sensor sistemloari vo yiiksok doaqig-
likli inersial navigasiya sistemlori ti¢iin istifado olunur [4].

Sifirmn kigik dreyfino vo minimal siiriismo tendensiyasina malik olan OLG osasli IMU-lar:
antena, optiki qurgular vo lazer sistemlarin stabilizasiyasi; GNSS-a olava, PUA-nin stabilizasiya vo
navigasiya sistemlori; yerds, donizdo aerofotosokillor, kartografiya; ugusun idara edilmasi va vo-
ziyyat va istigamat baza sistemi (AHRS) kimi mithiim sistemlar tiglin vacib bir se¢imdir.

Siiriiciisiiz noagliyyat texnologiyasimin galacoyi yaxsi siiriisma qeyri-stabilliyino vo miqyas
omsalina malik yiiksok effektivli OLG-lor vo OLG osasli IMU-lar tolob edir. Bu totbigetmalor
oziinds 6z-6ziina parketmo, togqusmadan yayinma va avtomatik aylacloms {igiin siiriiciinii dostok-
loma sistemloarini 6ziinds comlayir.

OLG-lar ilk névbada DLG giroskoplariin daha ucuz variant: kimi istehsal olunaraq teleko-
munikasiya sahasinds istifado olunmasi nazards tutulurdu. Artiq OLG giymatine vo mahsuldarli-
ligina géra DLG-ni istaloyir vo bir ¢ox hoarbi vo kommersiya totbiglorinds rogabsta davamlidir.
Olgiilerin vo giymotin asag1 salinmasi istigamotinde aparilan tadgigatlar kigik uzunluglu yola malik
DLG-nin v kigik lif uzunluglu OLG-nin inkisaf etdirilmasino sobab olmusdur. Bu da sursatlarin
idara olunmasi kimi bir sira yeni horbi imkanlarin yaranmasina tokan vermisdir [13].

OLG-larin an ¢ox yayilmis variant1 ¢oxdolagl optik-lif sargacidir. Laboratoriya nimunalo-
rindo optik-lifli giroskoplarin alds olunan daqigliyi DLG-nin daqigliyino yaxindir. OLG-lorin i
prinsipi bir-birino oks istigamotds buraxilan isiq siialarmin yollar fargqini 6lgmak tigiin istifads olu-
nan Sanyak effektina osaslanir. is1q Sanyak effektini artirmag iiciin coxdolagl: optik sargda bir neca
min doafs (yens, sargilarin say1 konkret dizayndan asilidir) tokraran dona bilor. Lakin bels bir passiv
interferometrds siqnal qarsiligl dalgalar arasindaki tezliklor forgi deyil, fazalar forginden ibarot
olur. OLG-lor sart govdali, lifli vo ya hibrid-lif kontruksiyasina malikdir. Sarfali qiymato malik bu
giroskoplar adaton sanaye va yiiksak taktiki sinifli sahalar tigiin istifads olunurlar [4, 20].

Interferometrik optik-lifli giroskop (IOLG). 1970 — ci illerin ovvalindo lazer diodlarmin
va kigik itkilora malik birrejimli optik lifin yaradilmasi praktiki cihaz kimi OLG-nin hazirlanmasi-
na imkan vermisdir [4, 21]. Optik liflor asasinda olan optik bucaq siirati vericilor {izra aparilan asas
todgigatlar xarclorin azaldilmasi, prosessorun hazirlanmasinin sadslasdirilmasi vo He—Ne DLG-ya
nisbaton doaqigliyin artirilmasi istigamatine yonoaldilmisdir.

DLG-doan fargli olaraq IOLG—do isiq yolu iigiin giizgiilorin vo optik boslugun yerins optik lif-
don ibarot sargidan istifado olunur. IOLG uzunulugu 100 m-don 3 km-o qodor olan lifli sarginin
icarising is1q buraxan xarici genis zolagl isiq monbayina (mosolon, yiiksok liminesientli diod) ma-
likdir. IOLG DLG-yo géra bozi iistiinliikloro malikdir: isiq monbayi yiiksok gorginlik tolob etmir;
genis zolagl isiq monbayi geri yayilmanin gabagini alir vo buna gora do kigik giris stiratlorinda
bloklanma bas vermir; daha asag1 giymot vo daha kigik ¢oki. IOLG-nin xiisusi iistiinlilyii texniki
xarakteristikanin yuxari vo asagiya dogru migyaslanmasidir. Masalon, optik-lif sargacin uzunlugu-
nun iki dofs artirllmas: tosadiifi bucaq gazismasini iki dofs azaldir.
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IOLG-nin osas konfiqurasiyasi

sok. 4-da gostorilmisdir. Is1q monboayin- feait
don golon sgiian1 iki garsilighh hissaya S99l
ayirmag Uglin bir isiq ayirict istifado sot %
olunur. Stalar iki linza sisteminin ko- —%® FD
. o - o - Optik sargn

maYilo ¢oxsargili lifli sargacin iki ucuna i

. L. P . . .. ila aymci
birlogdirilmisdir. Lifli sargacin igarisin- fsq
do yayildigdan sonra qarsiligh yayilan Imanbayi
dalgalar sta ayiricl ilo yenidgn bir19$di' ) Sok. 4. IOLG-nin baza konfiqurasiyast
rilir vo manea noaticasinda yaranan op- SOI - saat aqrabi istiqamati; SOOI - saat aqrabinin aksi

L S e istiqamati; FD - fotodetekt
tik signal fotogobulediciyo gondrilir. stigamot orodeterdor

Sakit halda FD iizerindoki iki siia fazada olmadigina goro sok. 4-da gostorilon IOLG-nin ba-
za konfiqurasiyast gondarilon vo oks olunan stialar arasinda n/2 faza siiriismosina sobob olur. Bu
kritik aspektin aradan galdirilmas: tiglin sok. 5-do gostarilon garsiligh konfiqurasiyadan istifads
olunur. Qarsiligh konfiqurasiya halinda SOI vo SOOI signallar siia ayiricilarindan iki dofo kegorak
oks olunur va gondarilir. Belaliklo, FD girisindaki siialar giroskop sakit halda oldugunda eyni faza-
da olacaqdir [22].

Siia ayiricisindan sonra bir faza modulyatorunu yerlosdirmoakla, giroskopun donmo hassas-
ligim1 maksimal oldugu noqtads saxlamaq miimkiindiir [23]. FD vo faza modulyatoru oks slago
dovroesi ila olagalondirilir. Bu da 6z novbasinda duygacin bucaq siiratine miitanasib olan SOOI
stiasinda nozarat olunan faza siirtismoasi daxil edorok Sanyak effektino asason faza siiriismasinin si-
firlanmasina sobab olur.

Oks olaqo dovrasine analoq — raqem cevricisi (ARC), xiisusi integral sxem (IiS) v roqom —
analoq gevricisi (RAC). ARC FD-nin analoq ¢ixis signalint gabul edir va elektrik signalina gevirir.
ASIC modullasdirilan sigalin rogomli formasini va vericinin ¢ixisini hasil etmok t¢iin elektrik sig-
nali emal edir. Sonda RAC modullasdirilan signalin raqamli formasini analoga signala gevirir.

IOLG tam olarag DLG-ni sixigdira bilmoyib. Buna sabab senaye infrastrukturunun shomiy-
yatli hissasinin DLG — iizorinde olmasidir. Ancaq xarclor azaldigca IOLG daha ¢ox bazara daxil
olacaqdir. Hal-hazirda IOLG bazi saholordo 6z totbigini tapmisdir. Bu saholoro osasen pilotsuz
sualtr aparatlar (PSA) va pilotsuz ucus aparatlart (PUA), kameralarin vo antenalarin stabilizasiyasi,
yeriistli navigasiya, AHRS, kursovertikal, girokompaslar va neft yataglarinin qazilmasi kimi taktiki
va sonaye sahalorini misal gostormak olar [24].

Artiq son bir nega ildo ay-

din olmusdur ki, DLG ilo miiga- saiy [

yisodo IOLG-lor miinasib qiy-

moatlo kifayot goder yiiksok tex- 7 Lo R = mksagr B Lifisap
niki xarakteristikasina (<0.0003 e
O/saat siiriismonin qgeyri-stabilli- Sl

yi, <0.00008 dor/ Vsaat ARW Ohker slage dbsresi

vo <0.5 ppm miqgyas amsal xo- EE e E

tas1) malik olmusdur [25]. Bu jE ¢

IOLG-lorin teleskoplarm, go-

rlintiiloma sistemlarinin va ante- Croas

nalarin hossas bir sokildo istiga- Sok. 5. Qapali konturlu [OLG-nin minimal konfiqurasiyast
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moatlonmasi, va ya sualti gayiglarin navigasiyasi iigiin uygun olmasini tamin edir [26].

Rezonans optik-lifli giroskoplar (ROLG). ROLG [27] IOLG-nun sargisindan 100 dof>
kicik uzunluglu sarg ilo praktiki cohatdon ondan daha yaxsi parametrlors malik ola bilar. Lakin o,
halo do kommersiya morholasindon ¢ox uzaqdir. Bunun sobobi ROLG -nin giymat, 6l¢ii, kiitlos,
enerji sarfiyyati vo ya etibarliliq gostoricilarinin lazimi giymatlora malik olmamasidir.

ROLG-nin hassas elementi lif-dairavi rezonatordan ibarastdir. Diizgiin hoyacanladirma zama-
n1 rezonator, duygac donmadiyi zaman eyni rezonans tezliyino malik olan iki garsiligli rezonans
modunu dastoklayir. Q # 0 oldugu halda rezonans tezliklari farglonir vo Sanyak effektino asason Av
onlarin forgi Q-ys miitonasib olur.

On genis yayilmis konfiqurasiyalardan biri olan vo
oziinds bir liflo slagalonmis dairani oks etdiran rezonatorun Optik-lifli alagalandirici
konfiqurasiyasi sok. 6-da gostorilmisdir. RFOG omaliyyati d
bosluq igarisinds iki rezonans modunun eyni anda hayacan-
lanmasini talab etdiyi tigin hoyacanverici siialar rezonatorla
olagali olan lifin iki uclarinda igo salinir. Sok. 6-da gostoril-
moyan iKi izolyator lifin har bir ucunda giris vo ¢ixisin ayril-
mast tictin istifado olunur.

Bizo molum olan on yiiksok effektivli ROLG-lar [28]
1°/saat ayirdetma qabiliyyatino malikdir. Bu gostarici do xii-
susilo kosmik sahs {igiin hadoflonan IOLG-nin on yaxsilarini-
nin gostardiyi giymatlordon iki dofa daha pisdir.

Inteqrasiya olunmus optik giroskoplar. Yuxarida geyd etdiyimiz kimi 6lciilorin kigildilmo-
si va maya doyarinin asagi salinmasi hazirki dévrds xtisusila, kosmik saha tigiin giroskopik texno-
logiyalarin asas problemlardan biri sayilir. Yeni giroskoplarin yaradilmasi iigiin inteqrasiya olun-
mus optikanin istifadasi bu problemlorin halli ti¢iin oan perspektivli tisullardan biri sayilir [29]. Fak-
tiki olarag, integrasiya olunmus optikanin istifadasi foton inteqrasiya olunmus sxemlor (photonic
integrated circuits (PICs)) adlandirilan bir sira integral optik mikrosxem/mikrosistemlarin vahid
gdvdada hazirlanmasina imkan verir. inteqrasiyal: optik texnologiyalarm kosmosda tatbig olunmas:
tictin yeni giroskoplarin hazirlanmasi ideyasi ¢ox calbedicidir. Ciinki bu kiitlo vo dlgiilori azaldir,
maya doyari asagi salir, enerji sarfiyyatini azaldir, etibarlilig1 artirir vo sort soraitlor {igiin ¢ox yiik-
sok dayanigligi tomin edir.

Hal-hazirda integrasiya olunmus optik giroskoplar (I0G) 0.1 dor/saatdan 1 dor/saat 6lcii giy-
matino malik olub DLG vo IOLG — ya qars: istifads iiciin nozerda tutulmusdur [13]. IOG Sanyak
effektino osaslanan iki qarsiliglt oks isiq stianin dairavi rezonator boyu harakot etdiyi optik dalga
otiiriiciilordon ibarat giroskopdur. IOG-lor optik emal vo MEMS emalmin integrasiyas: xiisusiyyat-
larindan istifads edilorak 16vhalar tizorinds hazirlanirlar.

Yarimkegirici dairavi lazer (semiconductor ring lasers (SRL)) asasli giroskopun patentlosdi-
rilmis konfiqurasiyasi sok. 7-do gostorilmisdir [30] . Giroskopun osas komponentlori firlanmaya
hassas olan dairavi istigamatlonmis olagolondirici, elektro-optik faza modulyatoru, Y - sokilli
kecid vo fotogobuledicidan ibarat iki kvant cuxurlu GaAs/AlGaAs-dan ibaratdir. Sensor alt tabage-
ya ortogonal olan ox otrafinda firlanan zaman dairovi lazer torofindon hasil olunan iki siia forqgli
tezliklora malik olurlar. Sanyak effektino osason tezliklor arasinda Av forq bucaq siirati - Q — ya
miitonasib olur.

E:

I

E
-
-

b

SoK. 6. Bir optik lifli alagalandiricili lif-
dairavi rezonatorun tipik konfiqurasiyasi
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Integrasiya olunmus optik giros-

koplarda aparilan todgigatlarin boyiik ok- I — Farg modulystors
soriyyati yarimkegirici dairavi lazerlor

(YDL) vo rezonans mikro optik giros-

koplara (RMOG) osaslanan sensorlara - ¥ D

yonalmisdir. Cihazda hassas element in-
terferometrik metodlar vasitasilo 6lgiila

bilon firlanma tezliyinin doyismosini hiss — GaAsiAlGaas
edon iki garsiligl generasiya rejimi hasil dairovilazer
edon dairovi lazerdir [31]. YDL bazal Sok. 7. YDL asash giroskopun konfigurasiyasi [30]
girokopun is prinsipi He—Ne RLG-nin, RMOG-nin is prinsipi iss ROLG nun is prinsipi ilo eynidir.

Integrasiya olunmus optik texnologiya hom taktiki, hom do strateji totbiq sahesine malik olan
optik-lifli giroskoplar tigiin mikrosxemlarinin yaxsilagdirilmasini yerino yetirir. Hazirki OLG-lor
tictin xarclorin shomiyyatli hissasini miixtalif lifli komponentorin alinmasi vo qosulmasi ohato edir.
Diiz optik dovra (planar lightwave circuit (PLC)) 21 komponenti avazlays bilor. Bu da 6z ndvbe-
sinds giymotin shomiyyatli doracods asagi dilsmasine sabab olar.

OLG-larin gabarit ol¢iilaring va asagi qiymatina malik olmasina mane olan amillar vo
onlarm aradan galdirilmasi yollari.

OLG-lor tgiin kigik Ol¢iiya vo asagi giymoato malik olmasina manes yaradan 5 osas amil
asagidakilardir [4]:

1. Kiiy va ya tasadiifi bucaq gedisi (Noise or Angle Random Walk) - yiiksak tezlikli ag kii-
yiin naticasindo yaranan xatadir. Giroskopun ¢ixisinda genis zolagh tosadiifi (ag) kiiy elementi
moveuddur. Bu kiiy elementinin tosiri naticasinds yaranan tosadiifi bucaq gedisi orta meyletmoa vo
ya xotan1 gostorir. Tosadiifi kiiyiin asas sobobi giroskoplarin aktiv elementloridir. Belo ki, OLG-lor-
do bu lazer diodu vs fotodiod, MEMS giroskoplarinda iss silisium vo ya kvars siias1 vo askaretmo
elektronikasidir. OLG vo MEMS giroskoplarinin miixtalif tachizat¢ilar1 arasinda kiiy xarakteristi-
kalarinda boyiik farglor vardir. Buna gora do istehsalgilar bu parametrs xiisusi digqat yetirirlor. Gi-
roskopda haddindon artiq kiiyiin olmasi hossasligin, siiratin vo ya vaziyyatin 6lgma dagigliyinin
asag1 diismasina sabab olur.

2. Sifirin dreyfi (Bias Offset Error) — sabit bir sokildo dayanmis giroskop zaman kecdikca
bazi donmalarin oldugunu geyd eds bilar. Bu sifirin dreyfi adlandirilir. Bu sifirdan siiriismo adaton
ideal miihit G¢lin 25° C temperaturda, yoni temperatur doyismasinin, vibrasiyanin, zorbonin vo
magnit sahasinin olmadig halda verilir. Bu giris sifir oldugda ¢ixisin sifirdan fargli giymoto malik
olmasidir. Sifirin dreyfi vo giris/¢ixis miqyas omsalinin variasiyas: kimi xatalart kalibrovka va
kompensasiya etmak ticiin riyazi modeldan istifdo etmaklo aradan galdirmaq olar.

3. Stiriigmanin dayamgsiziigi (Bias Instability) — istonilon sabit temperaturda vo ideal miihit-
do sifirin dreyfinin dayanigsizhigidir. Siiriismonin dayanigsizligi Allan Variance (IEEE-STD-952)
[32, 33] o6l¢mo metodundan istifads etmoklo Slgiiliir vo biitiin asas tip giroskoplar (OLG, MEMS
vo DLG) tictin performans xarakteristikalarinin miioyyon olunmasinin osas tisuludur. Allan Varian-
ce kiiy proseslorina gors stabilliyin giymatlondirilmasi ti¢lin nozords tutulmusdur. Lakin bu metod
temperatur, zorbo va ya vibrasiyali effektlor kimi sistem xotalar1 ti¢iin istifado olunmur. Giroskopda
sifirin sabit dreyfi kalibrovka oluna bilar, lakin, siiriismonin dayanigsizligi halinda bu artiq miim-
kiin olmur. Siirismanin dayanigsizliginin tosirindon giroskop na gador ¢ox isloyarsa siirat va voziy-
yatin hesablanmasinda da xota bir 0 qador artacaqdir. Asagi stirismo  dayanigsizligi uzun miiddot
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arzinds yiiksok dagiglik tolob edon avtonom naviqgasiya sistemlori kimi totbiglords holledici tosira
malik ola bilor. Buna gora da siiriismoanin dayanigsizligi giroskopun segilmoasinda ¢ox vacib bir pa-
rametrdir.

4. Temperatur hassashigr — temperaturun doyismasi ilo giroskopda sifirin dreyfi vo miitlaq
migyas omsalinin (absolute scale factor (SF)) bir godor doyismosidir. Bu kalibrasiya vasitosilo
yaxsilagdirila bilor. Umumiyyatla, temperatur doyismalori giroskopun xarakteristikasini pislosdirir.
Temperatura hassas olan parametrlora kily, sifirin dreyfi vo migyas amsali (hassasliq) aiddir. Sis-
tem biitiin bu parametrlari temperatura gora saciyalondirilirlor.

5. Zarba va vibrasiyaya hassasliq — giroskopun parametrlorino monfi tosir gostoran amillor-
don biridir. Zorba vo vibrasiya tosirlorindon yaranan xota asanligla kalibrasiya olunmur. Vibrasiya
xarakteristikast bir ¢ox sonaye vo harbi tatbigetmalords vacibdir. Giroskoplar tosadiifi zorbs vo ya
vibrasiya olan yerlordo 6z funksiyasini doqiq ve imtinasiz yerina yetirmolidir. Vibrasiya ils slago-
dar problemlari minimallagdirmaq tgiin istehsalgilar mexaniki ragslora qars: filtirasiyadan istifads
edirlor. Vibrasiyaya daha davamli giroskoplar, daha etibarl: xarakteristikaya malik olur vo dizay-
nerlara giroskoplarin sistemda yerlosdirilmasi {igiin daha gox sarbastlilik verir. OLG-dos is1q manbo-
yindan istifads olunduguna gors vibrasiyaya qarst hossas deyildir. MEMS giroskoplarinda iso me-
xaniki strukturdan istifads olunduguna gors vibrasiyaya qgarsi hassasliga daha meyillidir.

DLG, OLG va MEMS giroskoplarmmin miigayisali xarakteristikalari.

Cadval 2-do OLG vo MEMS giroskoplarinin miigayisali parametrlori gostorilmisdir.

Cadval 2.
OLG va MEMS giroskoplarmin miiqgayisali parametrlari
Texnologiya OLG MEMS
Olgmo diapazounu, °/san + 490 +400
250C —do Tosadiifi Bucaq gedisi (ARW), °/+saat <0.667 <9
Sifirm dreyfi (250C), °/saat +2 +250
Sabit temperaturda siiriismonin dayanigsizhig: (bias instability), %/ saat, <0.05 <1
lo
Biitiin temp. diapazonunda siiriismo (< 10C/daq), °/ saat, 16 <1 <10
Vibrasiya siiriismosine diizolis (bias vibration rectification), °/saat/grms <0.3 <l
Q/xattilik (maks 6l¢ti 250C), ppm, 1 © <50 <50
Buraxma zolagi (bandwidh) (-3dB), Hs 440 262
Girig gorginliyi, VDC +5 & +8to +5 +10%
+15.75, £5%
Giic sarfi, Vatt 4 1.5
Molumat 6tiirma strati, HS 1000 2000
Olgiilor (maks), mm 45.7x22.9 45.7x38.1x20.32
Coki (maks), kq 0.11- 1 oxlu; 0.05
0.17- 2 oxlu

Cadval 2-don gbriiniir ki, OLG-lorin texniki xarakteristikalari (ARW < 0.6 °/saat/\Hs, Sifirin
dreyfi + 2 °/saat, siiriismonin geyri-stabiliyi < 0.05 °/saat, biitiin temperatur diapazonunda siiriismo
<1 °/saat) yliksok saviyyali taktiki doracali giroskop keyfiyyatino uygundur.

OLG-do uzunémirliliyii vo etibarligi siibuta yetirilmis optik komponent texnologiyalarin-
dan (optik lif, yarimkegirici isiq monbayi, integrasiya edilmis optik kontur vo s.) istifado edilir.

17




R.N. Nabiyev, A.Z. Mommadov

OLG istehsali aslinds telekommunikasiya texnologiyalarinin standart komponentlorinin birlosmasi-
dir va kigik istehsal miqdarlar1 ilo belo rogabat edo bilor [4]. Digor torofdon DLG ¢ox spesifik
komponentlari olan (hermetik bosluq vo giizgiilor) hassas istehsal prosesloring asaslanir. DLG-nin
keyfiyyatli istehsali tiglin ¢ox ciddi tolablari olan bdyiik vo miirokkob istehsal miiossisalori tolob
olunur.

Asagi firlanma siiratlorinds (adston 100 °/saat-dan az) DLG-nin iki garsiligli yayilan dalgasi
sifir otrafinda birbasa 6lgmoni angolloyan kilidlonma effekti adlanan bir tosiro moruz galir. Bu 6li
zonani aradan galdirmagq tigiin DLG-da nazari 6l¢gma siiratinin kiiyilinii azaldan mexaniki hamarlayi-
cidan (mechanical dither) istifads edilir. Bu homginin sualti gomilords akustik signallarin giiclon-
moasini mahdudlasdirmag ti¢iin bahali sondiirmo mexanizmlar tolob edon vibrasiya yaradir. OLG-do
qarsiligh yayilan dalgalar arasinda passiv interferometr oldugu vo aktiv bir rezonator olmadig ti¢iin
kilidlonma effekti olmur. OLG ¢ox yiiksak dinamik diapazonda son daraca kigik 6l¢ma kiiyiine ma-
lik tamamila sart konstruksiyali bir duygacdir. Ragibindon forqli olarag OLG heg bir akustik vibra-
siya yaratmir vo har hansi bir mobil komponenti olmadig ti¢iin uzun miidddst boyunca ¢ox etibarl-
dir. DLG helium va neon gazlarinin qarisigi ilo doldurulmus hermetik bir boslugdan ibaratdir. Bos-
lug daha yaxs1 hermetik olaraq baglanilmadigindan DLG-nin émriinii mahdudlagdiran bir migdar
galiq gaz sizintist vardir. Homginin burada gazi hayacanlandiran yiiksok goarginlikli elektrodlarin
asinma problemi do vardir. Natico olaraq DLG-lar har bes vo ya yeddi ildon bir bahali modifikasiya
tolob edirlor. OLG isa har hansi bir sizint1 problemi va ya aginma mexanizmasi olmayan sart gévdo-
li cihazdir. Optik liflorin istifado miiddstinin telekommunikasiya sonayesi torafindon bir negs on il
oldugu siibut olunmusdur va hatta isiq lazer diodu kimi aktiv elementlor da iyirmi illik bir 6mrs sa-
hibdirlor.

OLG-do Sanyak effekti cox novlii optik-1if sargisinin ekvivalent sahasine miitonasibdir. OLG
texnologiyasinda daha sonra eyni optik komponentlori saxlayaraq sarginin uzunlugunu va diametri-
ni doyisdirarak asanligla miqyaslana bilor. 90-c1 illards orta texniki xiisusiyyatlora malik olan moh-
sullar bir ne¢o santimetrlik diametrli yiizlorco metr sargr uzunluguna malik idi. Lakin bu giin an
yiiksok texniki xiisusiyyat ti¢itin uzunlug bir ne¢o kilometr vo diametr bir ne¢o on santimetra gador
artirilmigdir. DLG-do rezonator boslugunu artirmaq ve giizgiiniin keyfiyyatini yaxsilasdirmaq la-
zimdir. Bunlarin har ikisinin do istehsali halalik boyiik texnoloji ¢atinliklor yaradir. Bu xiisusi tot-
biglords gostarilan ¢atinliyin aradan galdiriimasinin yegans yolu DLG-ni kéhna mexaniki giroskop
formasina va onunla bagli toamir problemino malik olan bir mexaniki qurulusa yerlosdirmakdir.

OLG-do har hanst bir vibrasiya mexanizmi olmadig ti¢iin tamamilo sassiz isloyir. Bu xiisu-
siyyat bir ¢ox tatbiglar tigiin vacib olmasa da gizlilik tolob olunan sualti gamilarin navigasiyasinda
halledici shomiyyato malik ola bilor. OLG sort govdosli cihaz oldugundan (horokatli hissa vo herme-
tik bosluga malik deyil) olduqca etibarlidir, uzunomiiliidiir vo hor hansi bir vaxtasir1 texniki xidmo-
to ehtiyac yoxdur. Vibrasiyanin (hamarlamanin) 6l¢ms kiiyiiniin azaltdigi DLG-larin aksino OLG-
lor nozori texniki xarakteristikaya ¢cox yaxidir vo praktikada DLG-lor 10 %saat tesadiifi ag kiiy ilo
mohdudlasarken 10 %saat kimi kicik tesadiifi ag kiiye malik olmasin1 siibut etmisdir. Kicik ag (to-
sadiifi) kiiyo malik olmas1 vo migyaslana bilmasi sayasindo OLG texnologiyas: an yiiksok texniki
xarakteristika tolob edon totbiglords istifads edilo bilacok texnologiyalardan biridir [33].

Qeyd etdiyimiz kimi hom DLG-nin, ham do OLG-nin yiiksok texniki parametrlori onlart
miixtalif kosmik uguslar ti¢iin yararl edir. Cadval 3-ds bir sira DLG vo OLG-larin va onlarin asa-
sinda olan IOM-lorin miigayisali texniki xarakteristiklar: verilmisdir.
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Cadval 3.
Aerokosmik sahada istifade olunan bir sira DLG va OLG va iOM-larin
texniki xarakteristikalari

Sifirin .
Marka istehsalc -:-(?g)](ir;/(;- dreyfi, (5;55\;\; ) Giic, Olgiisii, (mm) ﬁj:;
(°/saat) (Vt)
ASTRIX 200 | Airbus OLG 0.0005 0.00012 24 295x150x145 13
Def.& Space
ASTRIX Airbus OLG <0.003 0.002 12 $266mmX186mm 4.2
1120 Def.& Space
ASTRIX 120 | Airbus OLG 0.01 0.0016 24 270x150x145 6.7
Def.& Space
RGA-14 L3 Comm. DLG 0.05-0.2 | 0.005-0.03 | <16 3,800 2.2
RGA-20 L3 Comm. DLG 0.005- 0.0025- <25 7,800 5.27
0.01 0.004
CIRUS OLG 0.0003 0.00019 <25 ?¥396.2x 203.2 13.5
L3 Comm.
LN-200 Northrop OLG 1 0.07 168x19x146 45
Grumman
LN-200C Northrop OLG 1 0.025 12 ?8.89 cm X 8.51c¢cm | 0.75
Grumman
LN-200S Northrop OLG <0.1 <0.07 12 ?¢8.89cmX 8.51cm | 0.75
Grumman
IMU-600 Northrop OLG 0.009 0.0044 137X190X69 1.47
Grumman
MIMU Honeywell DLG <0.005 <0.005 <32 ($233X169 4.7
GG1320AN | Honeywell DLG 0.0035 0.0035 1.6 ?8.8X4.5 0.45
HG1700 IMU | Honeywell RLG 1 0.125 <5 443 sm® 0.9
Super-TAC I- | L-3 Space & - | OLG <0.05 <0.01 10 ?¢89.4X85.1 0.75
MU L-3 Navigation
CIRUS-A |- | L-3Space &- | OLG 0.0001 0.0005 10 302.3x282x150 8.1
MU Navigation
CIRUS-Com- | L-3Space & - | OLG 0.0003 0.00022 <25 780 135
pact IRU Navigation
DSP-3000 KVH OLG <1 <0.067 3 171.3 0.27
DSP-4000 KVH OLG <1 <0.067 9 1936 2.36
DSP-176 KVH OLG <0.1 <0.013 4 10.5 25
DSP1750 KVH OLG 0.05 0.013 P44X21 0.14
EMP-1.2K EMCORE OLG 0.01 0.002 - 133 -
EMP-1 EMCORE OLG 0.5 0.015 - 133 -
SRS-1000 Optolink OLG 0.0005 0.0009 150 X 80 0.8
SRS-501 Optolink OLG 0.0011 0.0023 - (100 X 30 0.35
TRS-501 Optolink OLG 0.0025 0.0065 - 110X 110X90 1.2
SRS-5000 Optolink OLG 0.0005 0.00007 7 0250x45 1.7
SRS-2000 Optolink OLG 0.0001 0.00018 - - -
IMU-90 iXBlue OLG 0.001 0.0025 - 280X136X150 4.8
IMU-120 iXBlue OLG 0.0005 0.001 - 160X160X160 4.0
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Platformasiz inersial navigasiya sistemlori (SINS) miixtolif nagliyyat vasitalorinds miiasir in-
tegrasiya olunmus naviqgasiya sistemlorinin osas hissasidir. Hal-hazirda, gapali oks olago dovrali
OLG-lar inersial navigasiya sistemlorinds genis istifads olunur [34, 35].

Diinyada bir nego OLG-lor istesal edon sirkatlor vardir. Bu sirkotlor hamginin SINS-lor da is-
tehsal edirlor. Diinyada OLG vo OLG osasli SINS istehsal edon aparict sirkotlor osason iXSea
(iXBlue) (Fransa) [36], Northrop Grumman (ABS) [37], Honeywell (ABS) [38] vo KVH (ABS)-dir
[39]. Northrop Grumman 25000-dan ¢ox taktiki sinifs aid olan LN-200 OLG istehsal etmisdir. Ru-
siyada ilk aciq dovrali OLG istehsal edon sirkot Fizoptika olmusdur [39]. Hal-hazirda Rusiyada
taktiki vo navigasiya sinfino aid olan OLG [40] vo OLG osashi SINS [41] istehsal eson aparict sir-
kot Optolink firmasidir. indiya qodar Optolink miixtalif uzunluglu vo diametrli optik-lifli sargiya
malik ticoxlu OLG TRS-500 vo IMU-500 vo IMU-501 inersial 6lgma modullarindan basga biroxlu
SRS-2000, SRS-1000, SRS-501 vo SRS-200 OLG-loar istehsal etmisdir [40].

Bu giina goador on yiiksok texniki parametrlora malik olan OLG-lar kosmik saholi OLG-lordir.
Bunalara Honeywell HPFOG, AlliedSignal FOG, Litton FOG, L-3com Cirus, Airbus Astrix-200,
hamginin iXblue Marinsva iXBlue FOG prototiplari géstoarmok olar.

RGA — 14 [42], RGA — 20 DLG-lor [43] vo ASTRIX ailosino moxsus OLG-lar [44, 45]
miixtalif kosmik aparatlarda istifads olunurlar. DLG texnologiyasina asaslanan kigik olgiilii inersial
olgii bloku (MIMU) [46], hava gomilarinin bortlarinda genis istifado olunur vo bir ¢ox kosmik
tapsiriglar zamani istifado olunmusdur (cadval 3).

LN-200 OLG osasli inersial olgii bloku [47] bir sira kosmik aparatlarda istifade olunur va
NASA-nin planetar kosmik nagliyyat vasitalori ii¢iin avtonom navigasiyani tamin edir. Northrop
Grumman sirkatinin bir téroma sirkati vo iXSea sirkotinin ragibi olan Litton raket totbiglori ti¢iin
20.000-dan ¢ox LN200 OLG osash idaraetma sistemini (guidance systems) satmisdir.

Son bir nega ildo Amerika hokiimoati SSBN-da (Sub-Surface Ballistic Nuclear) istifads edil-
mok {iglin yiiksok texniki xarakteristikaya malik OLG-larin inkisaf etdirilmasi tigiin 100 milyon
dollarliq bir tadgigat layihasina sponsor olmusdur [48]. OLG texnologiyasi golacokda SSBN ii¢iin
istifado olunan mexaniki giroskoplarin yerini ala bilon yegans texnologiya kimi se¢ilmisdir [49].

Natica. Fikrimizco daha shomiyyatli bes texniki parametr gostoricilarini (Kiiy vo ya tosadiifi
bucaq gedisi; sifirin dreyfi; stiriismonin dayanigsizligi; temperatur hossashigi; zorba vo vibrasiyaya
hassasliq) nozora alaraq miitoxassislor uygun olan giroskopu va texnologiyani se¢a bilarlor. OLG,
DLG vo ya MEMS giroskplarinin vo onlarin asasinda olan IOM-larin giiclii v zoif texniki xiisusiy-
yatlari nazara alinaraq uygun olanini segmoys imkan verir.

OLG vo IOM-lar robot, mosafali silah sistemlari, GNSS-in olmadig: hallarda inersial naviga-
siya, insansiz hava va yer nagliyyat vasitolari va siiriiciisiiz masin texnologiyalar1 kimi bir ¢ox sa-
halards totbiq oluna bilar. Diinyanin an kigik 6l¢iilii vo on yiiksok texniki parametrino malik olan
optik lifli giroskopu DSP-1750 FOG an ¢atin navigasiya vs stabilizasiya problemlorini hoall eds bi-
lor. Biitiin bu aragdirmalar onu gostarir Ki, miiasir dovrds yiiksak texniki xtisusiyyatlorina, etibar-
ligina, uzunémiirliilityiine goro OLG giroskoplar: on perspektivli hesab olunur. OLG hazirki dovrdo
stibut olunmus texnologiya vo yiiksok dagiglik talob edilon totbiglor iigiin an yaxs1 se¢imdir.
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AHAJIN3 JTABEPHO-KOJIBIIEBbBIX 1 BOJIOKOHHO-OIITUYECKUX 'HNPOCKOIIOB,
MPUMEHSIEMBIX B ASPOKOCMHAYECKOM OBJIACTH

P.H. HABMEB, A.3. MAMEJIOB

B craTtbe aHamMM3MpYIOTCA MPHHIMIBI MOCTPOCHUS Ja3€PHO-KONBIEBBIX M BOJIOKOHHO-ONTHYECKHX THPOCKOIIOB C
YUETOM HX CYIMIECTBYIOINX TEXHHYECKHX BO3MOXKHOCTEH, CXOJHBIE W OTIMYUTENbHbIE OCOOCHHOCTU. BBIABIECHBI (haKTOPHI,
BJIMSIIOIIME HA TOYHOCTh M OOBEMHBIE pa3Mephl TMPOCKOIOB, M ITOKa3aHbI CIOcoObl MX ycrpaHeHus. C 3ToH menbio ObUIH
OIpeJIeNICHbl TEXHUYECKUE XapaKTePUCTUKU BBICOKOTOUHBIX KOJIBLEBBIX JIA3€PHBIX U BOJOKOHHO-ONTUYECKUX T'MPOCKOIOB U
X WHEPIUATIbHBIX HW3MEPUTENBHBIX MOJYJCH, CO3JaHHBIX KOMIIAQHUSIMH, 3aHMMAIOIIMMHUCS pa3pabOTKOM IaTIMKOB B
a’POKOCMHYECKOH 00J7acTH, W OIpeJeleHbl 00JacTH NPHUMEHEHUs. BBIIBICHO, YTO BOJIOKOHHO-ONTHYECKHE TI'MPOCKOIIBI
SIBIIAIOTCS ONTHMAJIBHBIM BBIOOPOM JUIsl 00JacTeld, riae TpeOyIoTCsl BHICOKHE TEXHHUECKHE XAPAKTEPHCTHKU C TOUYKH 3PEHUS
TOYHOCTH, HAJISKHOCTH, MaCCOBOTO pa3Mepa, JOJITOBEYHOCTH U YHEPTr03(PEeKTHBHOCTH.

Knrouesble cnoea: Konvyesoi 1azepHviil 2UpOCKON, 80J0KOHHO-ONMUYECKUL 2UPOCKON, MUKPOIICKMPOMEXAHUYCCKASL
cucmema, UHEPYUAbHAS HABU2AYUSL, OECNULOMHBLIL JIeMAMENbHbIL ANNApam, KOCMUYECKULl annapam, cmabuiuzayus, oanm-
YUK, ONMUYECKOe BOJOKHO, (DOMONPUEMHUK, Opeligh HYIIA.

ANALYSIS OF RING-LASER AND FIBER-OPTIC GYROSCOPES APPLIED ON AEROSPACE FIELD
R.N. NABIYEV, A.Z. MAMMADOV

The article analyzes the principles of constructing ring laser and fiber-optic gyroscopes, taking into account their
existing technical capabilities, similar and distinctive features. Factors influencing the accuracy of gyros and bulk dimensions
are revealed, and ways of their elimination are shown. For this purpose, technical specifications of high-precision ring laser
and fiber-optic gyroscopes and their inertial measuring modules, created by key companies engaged in the preparation of the
aerospace field, have been determined and areas of application have been determined. It has been found that fiber optic gyros-
copes are the best choice for areas where high technical specifications are required in terms of accuracy, reliability, mass size,
durability and energy efficiency.

Keywords: ring-laser gyroscope, fiber-optic gyroscope, microelectromechanical system, inertial navigation, unman-
ned aerial vehicle, space vehicle, stabilization, sensor, optical fiber, photodetector, zero drift.
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SHEPIOHAI'PY)KEHHOCTH JUCKOBO-KOJIOJOYHOI'O
TOPMO3A C BO3JYIIHOM CUCTEMOM OXJIAKIEHUS TUITA
«MHOTI'OCTPYUHBIN D) KEKTOP» TPAHCIIOPTHOT'O CPEJICTBA

A.X. JDKAHAXMEJIOBY, H.A. BOJIbUEHKO?, M.S1. JDKABAJIOB?,
B.C. CKPBIITHBIK®, N.0. BEKULIE®, B.C. BUTBULIKUIA®

Craths MOCBSIIEHA HHTEHCU(UKAIIMK BO3TYITHOTO OXJIAXICHNS JUCKOBO-KOJIOZOYHOTO TOPMO3a TPAHC-
MIOPTHOTO CPE/ICTBA C MOMOIIBIO 3(h(heKTa MHOTOCTPYHHOTO 3KekTopa. [Ipennokena cucrema BO3AYIIHOTO OXJIa-
KJICHNSI, BMOHTHPOBAaHHAs B TOPMO3HOH ancK. OIeHeHa SHEPTOHATPY)KEHHOCTh TOPMO3HOTO JIHCKA C CHCTEMON
OXJIQKIICHUS, a TAKKE €r0 HANPSHKEHHOE COCTOSTHHE.

Kniouesvie cnosa: mpancnopmnoe cpedcmeao, OUCKOBO-KOI0O0UHBIN MOPMO3, NAPA MPeHUs, MoOpMO3-
HOU OUCK, 8030VUWHOE OXJAdNCOeHUEe, MHOOCHMPYUHDIL IIHCEKMOP, MEPMOSPAMMb,
MEnio8ble MOKU, MeMnepamypHvle HanpPsdlICceHus.

Beenenne. [loBbimenne 3¢GGEKTUBHOCTH U HAJIE)KHOCTH (PPUKIIMOHHBIX Y3JI0B TOPMO3HBIX
YCTPOMCTB HEPA3pPBIBHO CBSI3aHO C MOAJAEPKAHUEM YPOBHS UX TEIUIOHATPY’KEHHOCTHU, HE IIPEBBI-
HIAIOLIET0 JAOIMYCTUMOM TemIeparypsl sl MaTepuanoB (PUKLMOHHBIX HakiIaxok. s pemeHus
JAaHHOU Mpo0IeMbl HEOOXOIUMO O0ECHEeUNTh MHTEHCUBHOE MPUHYAUTEILHOH WM BBIHYKICHHOE
OXJIQXKJICHHE Tap TpeHHs TopM030B. OTEeUeCTBEHHOM LIKOJIONH TOPMO30CTPOUTENEH pa3paboTaH psil
KOHCTPYKLMI U CUCTEM, pabOTaloIUX Ha HETPAAMLIMOHHBIX BUAAX OXJaxaeHUs. OZHUM M3 HUX
SBIIIETCS OXJIAXK/JIEHUE MHOTOCTPYHHBIMU 3KEKTOpaMH, B KOTOPHIX B KadyecTBe paboyero Tteia
MOYHO HCIIOJIb30BaTh CKaThIM BO3AyX [1] Wik BCTpeUHbIN MOTOK BO3/yXa, OMBIBAIOILIETO TOPMO3-
HON MEXAHU3M..

Cocrosinne mpobGyemMbl. V3BeCTHBI CHCTEMBl OXJIAXACHUSI B COCTaBE JIEHTOYHO-
KOJIOZIOYHOT'O TOPMO3a, KOTOpPbIe MHTEHCU(DUIIUPYIOT BBIHY)KJICHHOE BO3IYIIHOE OXJIaKACHUE €To
pabounx MOBEPXHOCTEH C MOMOLIbIO TPYO NEPEMEHHOIO MONEPEYHOr0 CEYEHHs], YCTaHOBICHHBIX
Ha TopIax odona mkuBa. OIUH KOHEIl TPYObI BHIMIOJHEH OTKPBITHIM, OH UMEET OOJBIINN JHAMETD,
BTOpOi1 (MEHBIIIETO AMAMETpa) — repMeTudHbIM [2]. HemocTaTtkoM qaHHON KOHCTPYKIIUH CHCTEMBI

! HanmonansHast akajemMust aBHalini AsepOaiipkana
2 KybaHckuit rocynapcTBeHHbIH TexHOTOrHueckuii ynusepeuret (r. Kpacnonap, Poccust)
3 HBano-DpaHKOBCKUIT HAITMOHAIBHBIA TEXHUYECKUH YHUBEpCUTET He()TH U ra3a (YKpauHa)
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OXJIQXKJICHHS SIBJISETCS TO, YTO MOBEPXHOCTH TPYOBI HE MPUHUMAIOT y4acTHE B TEIUIOOOMEHHBIX
MpoIeccax, 4To CyIEeCTBEHHO CHIKAET AP (HEKT OXITaKICHHS.

Taxxke U3BECTEH OXJIaXk1aeMblii 6apabaHHO-KOJIOAOYHBIA TOPMO3, B KOTOPOM YCTaHOBJICHBI
MHOTOCTPYHHBIE 9KEKTOPBI C PAIUAIBHBIMHU MIEPETOPOJIKAMHU, PACIIOIOKEHHBIMU B ITOJIOCTH OCHO-
BaHUs TOPMO3HOHM Kosonku [3]. HemocTaTkoM 1aHHOM KOHCTPYKIUM CUCTEMBbl OXJIAXKICHUS SBIIS-
€TCsl TO, 4TO OHA PabOTaeT Ha CKaTOM BO3/yXe, T.€. B HEH HE MCMOJIb3YIOTCSI BCTPEUHBIE BO3AYII-
HBIE MTOTOKH, 3PPEKTUBHOCTh OXJIAXKACHUS KOTOPHIMH CYIIECTBEHHO BO3pPACTaeT C yBEIHMUYCHHEM
YIJI0BOI CKOPOCTH TOPMO3HOTO O6apabaHa.

IMocTanoBka 3axaun. B qanHO# MyOiMKammuyu pacCMOTPEHBI CIIETYIONINE BOIIPOCHI PUMe-
HUTEIIBHO K perraeMoi mpoobieme:

— TpeboBaHUs U YCIOBHSI, 0OecreunBarore paboTocrnocoOHOe COCTOSIHIE MHOTOCTPYHHOM
9KEKTOPHON CUCTEMBI OXJIAXKICHUS;

— MPHUHLHUI pabOThl MHOTOCTPYHHOU 3KEKTOPHOM CHUCTEMBI JUIsl BBIHYKJIECHHOTO BO3IYIII-
HOT'O OXJIQXK/ICHUS Iap TPEHUs JUCKOBO-KOJIOJ0YHOTO TOPMO3a;

— KOHCTPYKIHS ¥ pab0Ta MHOTOCTPYWHOM 2KEKTOPHOU CUCTEMBI OXJIAXKICHUS TOPMO3a.

— DHEProHarpyK€HHOCTh 3JIEMEHTOB TOPMO3HOIO JHMCKA C CHCTEMOM OXJIaXJEHHs THIIa
«MHOTOCTPYHHBIN 2KEKTOP».

Leab pa6oThl — pa3paboTka KOHCTPYKIIMA MHOTOCTPYHHOH KEKTOPHOW CHCTEMBI OXJIa-
KJICHUS U1 JUCKOB TOPMO30B TPAHCIIOPTHBIX CPEJICTB U OILIEHKA UX SHEPrOHATPY>KEHHOCTH.

TpeGoBanusi u ycjiaoBusi, obGecneynBamoiie padoTOCMOCOOHOE COCTOSIHHE MHOIO0-
CTPYHHOH J:KEKTOPHOI cHCTeMBbI OXJaxaeHus. [Ipexae yeM NpUCTYNHUTh K pa3pabOTKe BO3-
JyIIHOW MHOTOCTPYMHOMN 2KEKTOPHOW CHUCTEMBI OXJIAXKJIEHHS Iap TPEHHs JUCKOBO-KOJIOJLOYHOTO
TOPMO3a TPAHCIIOPTHOTO CPENCTBa CHOPMYIUPYEM TPeOOBaHUS, PEAbSBIsIEMbIE HETIOCPEICTBEH-
HO K CHCTEME:

— KOHCTPYKLIMSI CHCTEMBI JIOJDKHA BIMCHIBATHCS B CTPOUTEIBHBIA O00BEM CEPHITHOTO TOP-
MO3HOTO JTUCKA;

— TOPMO3HOM JTMCK JTOJDKEH OBITh pa3/ielieH Ha JIBE YaCTH — JIEBBIA JUCK U MPaBBIA TUCK CO
CTYIUIICH; MPU 3TOM B Telie KaKIOTO0 W3 HHUX BBHINIOJHEHA HE3aBUCUMAas CHUCTeMa BO3AYIIHOTO
OXJIAKIACHHUS;

— MEXIY JIEBBIM M TPaBbIM JAUCKAMH HEOOXOAUMO YCTAaHOBHUTH TETUIOM3OJSIIUOHHYIO MTPO-
KJIAJIKY;

— CHCTEMbl BO3IYLIHOI'O OXJaXKJIEHHs, PacHOJIOKEHHbIE B BEpXHEW M B HIKHEH 4YacTAxX
JIMCKOB M pa3IeICHHbIC TEIUIOM30JISIIIMOHHON TIPOKIIAJAKON, JOJKHBI OBITh COSTUHEHBI MEXIY CO-
00i1 COMIOBBIMH OTBEPCTUSAMH JU(PPY30pHOTO THIIA;

— BBITIOJTHEHHBIE B TEJIE TOPMO3HBIX JMCKOB IIMJIMHIPUYIECKUE W COTIOBBIE OTBEPCTHS, IIIE-
JIU TIPSIMOYTOJILHOM (POPMBI, @ TaK¥KE KOJIbIIEBbIE KaHAIBI HE JOJDKHBI CHIKATh TIPOYHOCTH M JKECT-
KOCTb TOPMO3HOTO JIUCKA;

— MHOTOCTPYHHBIEC 9KEKTOPHBIE CUCTEMbI BO3AYIIHOTO THIIA JOJHKHBI OBITh d()(PEKTHBHBI-
MU, 94TOOBI TEMIEPATyphl, pa3BUBAIOIIHECS HAa OEroBOI MOPOKKE TPEHHS COCTABHOTO ITMCKA, HE
MpEeBbIIANN JTOMYCTUMYIO JUIsl MaTepuaia (PUKIMOHHBIX HAKIIAI0K;

— JJaHHAs CHCTeMa BO3/YITHOTO THUIIA TOPMO3HBIX IMCKOB JIOJDKHA 00€CTIeYNTh MUHUMAIIb-
HBI TeMIepaTypHbIA IPaIu€HT Ha UX MOACaxX TPEHMsS U, KaK CIIEJCTBHE, MUHUMAJIbHbIE TEMIIepa-
TYpHBIE HANIPSKEHUS.
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PaboTocniocoOHOCTh MHOTOCTPYWHOUM 3KEKTOPHON CHCTEMBI OIleHHBAaeTCS 3(P(HEKTHBHO-
CTBIO OXJIAJKAEHHs OETOBBIX OPOKEK TPEHUS COCTaBHOT'O TOPMO3HOIO JUCKa U ee kodddurmen-
TOM noje3Horo aeictsus [1]. [Ipu 3ToM HE0OXOAUMO YUUTBIBATH CIIEAYIOLIEE:

— IIPH TEepeX0Jie OT MPEABIAYIIETO K MOCIEAYIOIIEMY 3JIEMEHTY MHOTOCTPYHHON 3KEKTOP-
HOW CHCTEMbI OXJAXKAEHUS 3HAa4eHUs KOA(P(QUIMEHTa MHKEKLUU U PacxXo]l CMELIAHHOIO IOTOKa
BO3/1yXa B 3aBUCHMOCTH OT PEXKUMaA JBMKEHHsI TPAHCIOPTHOI'O CPEJACTBA (TOPMOKEHHE MU CBO-
00/1HOE BpAIlIEHUE COCTABHOTO AUCKA) MOKET YMEHBIIATHCS JTMO0 YBEINUUBATHCS;

— MU OIPEJENICHUN PACX0/a BO3yXa B MHOI'OKEKTOPHOM CHCTEME OXJIAXKIEHUs, OT Be-
JUYMHBI KOTOPOTO 3aBUCUT €€ 3((HEKTUBHOCTb, HEOOXOIUMO YCTAHOBUTH B3aUMOCBSI3b MEKIY
pacxojaMH CMELIAHHOTO (MHKEKTHPOBAHHOI0) IOTOKA BO3/lyXa B 2JIEMEHTaX CUCTEMBI U paboyero
IIOTOKA BO3/yXa Ha BXOJIE€ B HEE C YUETOM KOJINYECTBA U KOHCTPYKTUBHBIX pa3mMepoB TU(Py30pHO-
KOH(Y30pHBIX 2JIEMEHTOB: IMaMeTpa MUHUMAJILHOTO CEYEHHs U BEJIMYMHBI OTHOILCHUS TUaMETPOB
BXOJIHOTO K BBIXOJIHOMY CE€YEHHUIO;

— MPU YCTAHOBJIEHUM ONTUMAJIbHONW 3aBUCUMOCTH MaKCHUMAJIbHOTO KO3((UIMEHTa 110JIe3-
HOTO JAEHCTBUS OT OCHOBHBIX KOHCTPYKTHBHBIX IIapaMETPOB 3JEMEHTOB CHUCTEMBI HEOOXOIMMO
YUUTBIBATh TEPMOJANHAMUYECKHE TapaMETPbl HHKEKTHPOBAHHBIX TIOTOKOB BO3YyXa.

[Ipu pa3paboTke METOIUKH pacueTa MHOI03KEKTOPHON CUCTEMbI OXJIaKAECHUS HEOOXOu-
MO IPHHATH CIETYIONINE JOMYIICHUS:

— BJIMSTHME UHTEP(EPEHIINH 3JIEMEHTOB CUCTEMBbI HECYIIIECTBEHHO;

— o01IKe rUIpaBIndYecKie NOTEPH ONPEEISIOTCS CyMMOH TOTEPh B KAJKAOM IEMEHTE;

— JIMHEIHbIE THAPABINYECKHE NTOTEPH B LIMIMHIPUYECKUX U COIUIOBBIX OTBEPCTUSX, B M-
MOYTOJIBHBIX HIEJSAX, a TAK)Ke KOJbLIEBBIX KaHaJaxX MEPEeMEHHOI0 CEYEHUs, SBJIIOIIUECS CBOETO
pona nuddy3zopamu 1 KOH(DY30paMH, HE3HAUUTENbHBI U UMU IPEHEOperaemM;

— K03 UIMEHT JTMHEHHOIO TPEHUsI PaBEeH HYIIO.

IIpuHUUnBI pa3spadoTKH MHOIOCTPYHHON 3KEKTOPHOH CHCTEMBbI JIsl BBIHYKICHHOI0
BO3/YIIHOI0 OXJIAKJACHHs NMAap TPEeHHs JAMCKOBO-KOJI0J0YHOr0 Topmo3a. MHorocrpyiiHas cu-
CTeMa OXJAaXACHUS IPEJCTAaBIsAeT COOOM KEKTOphl, BBIIOJIHEHHBbIE B BHAE KOH(Y30pOB-
TG Py30poB, KOTOPbIE YCTAHOBIEHBI MEX1y cO00M Ha HEKOTOPOM PacCTOSIHUU.

OxnaxkaeHue mnap TpeHust TopMO3a IMPOUCXOJUT CIIENYIOIIMM 00pa3oM. BeTpeunsle MoToku
BO3/yXa IONAJalT BO BXOAHOM KEKTOP, HMEIOIIUI HAMMEHBIIUI IHaMeTp, U COIJIACHO 3aKOHY
bepHyu BO31yX, HaXONALIMKCSA B 3a30pe MEXIYy NapaMu TPEHMs, 4epe3 LIEJIEeBble OTBEPCTHUS
3acachbIBAeTCs 4epe3 3a30p MEKAY KEKTOPAMHU B MOCIEAYIOUIMN 3KEKTOp. Y CKOpEHHas BO3AyLI-
Hasi CTPYys IPOXOAUT CKBO3b BTOPOM KEKTOp, TPETUH M TaK Jajiee, MOBTOPss MPOLECCH OTCACHI-
BaHMs BO3JlyXa U3 3a30pa MEXy IapaMy TPEHUs, CIIOCOOCTBYsI TEM CaMbIM UX oxJaxkaeHuto. [1pu
3TOM W3 30HBI TPEHUS YAAISIOTCA MPOIYKTHI M3HOca. Kpome TOro, mpuMeHeHHe OXJIaXaarouien
CHCTEMBbl HHTEHCU(PULIUPYET MPOIOJIbHYIO HUPKYIISALUIO BO3/lyXa B 3a30paxX MEXIy IapaMH TPEHUS
0apabaHHO- U JIECHTOYHO-KOJIOJOYHOTO TOPMO3a. B THCKOBO-KOJIOA0UYHOM TOPMO3€ MHOTOCTpYIHAs
crcTeMa OXJIaX/IEHUS MOXKET ObITh YCTAHOBJIEHA HEMIOCPECTBEHHO B TOPMO3HOM JIUCKE.

MHOT03KeKTOpHasE CUCTeMa OXJIAKACHUS COCTOMT M3 comen JlaBasnsi, KOTOpbIE SIBISIOTCS
pacummpsitoruMucs. [lpu 3ToM gaBineHue cxaToro Bo3ayxa Ha Bxoje (Pr1) u Beixoze (Po) u3 comia
Oyner paznuuHbIM. [lo3TOMY HEOOXOIUMO TaK OPraHU30BATH MCTEUEHHE CHKATOTO BO3AyXa depes
KaX/Ibli 2XKEKTOp, 4TOObl yKa3aHHBIN Iepernaj AaBICHUH ObUI MaKCUMaJbHO HCIHOJb30BAaH IS
YBEIMUYEHHUs KUHETUYECKOM PHEpruM MCTEKarollel CTpyH, a MOTepu Ha oOpa3oBaHUE BUXPEH OT-
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CYTCTBOBAJIM JAXKE B TEX CIIyYasx, KOrjaa P2 / Pl < ,3 , TIIe ,B — ko3¢ punmenHT, BeTUInHA KOTO-

POTO OIpeaeNsaeTCs] SKCIEPUMEHTAIBHBIM ITYTEM.
Pa3mep Hambosee y3Kkoro ceueHus coruia BBIOMPAETCsl TaKUM, 9TOOBI JIJIs1 HETO TPH 3a/1aH-
HOM HA4albHOM JaBjeHHH TpeOyemblii pacxon (G, M%/c) sBIsUICS MaKCHMaIbHBIM. 3a HanbGosee
Y3KHM CEUYEHHEM COIUIO BBIMTOJIHSIOT B BUJE PACIIUPSAIONIETOCS KOHyca. DTO 00ecreunBaeT mocTe-
MEHHOE PACHIMPEHUE MPOTEKAIOIIEro Yepe3 HEro MmoToka |n
C)KaToOTo BO3JyXa JI0 TeX MOp, MOKa €ro JaBjieHUe He CTa- Ol o/2

HET paBHBIM JABJICHHUIO CKATOT'O BO3aYyXad, MOAIHUTAHHOIO
JOIOJIHUTCIbHBIM IIOTOKOM H3 3a30pa MCXKAY IapaMu = I -

TPEHHA TOPMO3a. y

1
B ocHOBY pacdera 2KeKTOpa 3aJ0KeH HMPHHITHII \ \

L 11

HEpa3pbIBHOCTH MOTOKA CKATOTO BO3/yXa, IPOTEKAIOIIETO
10 KaxoMy corury. CoBIo/IeHre TaKoTo YCIOBHS MO3BO- Puc. 1= Pacuemnan cxexa conna
JISIeT KOHCTATUPOBATh, UTO KOJIMYECTBO CKATOTO BO3/yXa, MPOTEKAIOIIETO Yepe3 caMoe Y3KOe ce-
yenue [-I (puc. 1), paBHO KOJWYECTBY BO3/yXa, MPOTEKAIOIIECTO Yepe3 caMoe NIMPOKOE CEUeHHe

II-II. lanHO€ yCIOBHE BBIPAXKAETCS CICIYIONTUM YPABHEHUEM:

— _ 3
G— fmna)mn /UI'T‘II"I - fa)/U,M/C,
rae fmin, f - miomaan CCUCHHA IXKEKTOpa B Haubolee Y3KOM W HIUPOKOM MECTEC,
WOmin, @ —  CKOPOCTH IIOTOKa  CXKXAaToro BO3JAyXa Ha BXOA€ MW  BbIXOJAE€ U3  COILIA,

Omin, U — y,I[CJ'IBHLIfI 00BEM CKATOTO BO31yXa B MUHHUMAJIbHOM CCUCHUHU U HA BbIXOJAC U3 COILJIA.

Tlocne orpeaecjacHus fmi " f MOXXHO pacCuUuTaThb COOTBETCTBYHOIIHEC UM JUAMETPBI:

n

d:1/4fm-n/7Z',M; D= 4f/7Z',M.

Jlnuna comma L (em. puc. 1) onpenensiercs us yenosus L=D—d/ (2tgoc / 2) , M.

[Ipu 3ToM yron & (yros mpu BepLIMHE KOHYCa) BHIOMPAIOT Tak, 4YTOOBI OH BO M30exaHue
OTphIBA CTPYH OT CTEHOK COTUIA HE MpeBbIman 12°.

3a30pbl MEX/1y MHOTOCTPYHHBIMHM )KEKTOPAaMH CHUCTEMbI JOJDKHBI ObITH TAaKUMH, YTOOBI
UCKJTIOYUTHh HENPOHM3BOJHUTENIbHBIC KOJIMYECTBEHHBIE MOTEPU CHKATOrO BO3JyXa M OJHOBPEMEHHO
obecrieunTh 3((HEeKTUBHBIN MOCOC BO3AyXa U3 3a30pa MEXIy IapaMH TPEHHUs TOpMO3a dyepes Iie-
JIEBBIE OTBEPCTHS B €r0 (PPUKIMOHHBIX y3JIaX.

KonceTpykuust 1 paGora MHOIOCTPYHHOH 37KEeKTOPHOI CHCTeMbI OXJIAXKIEHHUSI Nap
TPEeHHUs1 JAMCKOBO-KOJOJ0YHOI0 TOPMO3a. MHOroCTpyiHasi KEKTOpHas CHUCTeMa OXJIaKICHUS
JUCKOBO-KOJIOZIOYHOTO TOPMO3a UMEET CBOM OCOOEHHOCTH B KOHCTPYKTUBHOM IUIaHE, & TaKXKeE B
peanusyeMoM croco0e OXJIaXXKJEHHUs BHYTPEHHHUX IOJOCTEH TOPMO3HBIX AMCKOB. OxnaxaeHue
MHOTOCTPYWHBIMU 3KEKTOPaMH Y3JI0B TPEHHs JHUCKOBO-KOJIOJJOYHOTO TOPMO3a OCYIIECTBISAETCS
)KEKTUPOBAaHUEM LIUPKYJIHPYIOIIErO BO3yXa B JIEBBIX U NPABBIX OKPYKHBIX KaHalIaX NEPEMEHHO-
IO CEYCHMs, BBIIIOJHEHHBIX B TeJ€ MUCKOB C B3aUMHO IPOTHUBOIIOJIOKHBIMU KOHCTPYKTHBHBIMU
napamerpamu. Kananbl depe3 TEIUIOM3OJSAIMOHHYIO MPOKIAIKY COCIAMHEHbI C MOMOIIBIO COIEl
I Py30pHOro THMA, @ HAPYKHBIE TOBEPXHOCTH OKPYKHBIX KaHAJIOB COEIUHEHBI C NONEPEYHbIMU
HIeTsIMH OETOBBIX JOpOXeK TpeHus. CKOPOCTHbIE MOTOKH IMPKYIUPYIOIIETO BO3AyXa HMEIOT
NEpEMEHHbIE TEPMOJMHAMUYECKUE MapaMeTpbl. Ha myTu ux cienoBaHus OT 3a00pHBIX JI0 BbI-
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MYCKHBIX OTBEPCTHH JIEBOTO U MPABOTO TOPMO3HBIX JUCKOB MOTOKH BO3AyXa uepe3 3a00pHbIE OT-
BEPCTHUS TOMAJAI0T B OKPY)KHBIE KaHAJIbl MEPEMEHHOTO CEYEHHs JIEBOTO M IMPABOTO TOPMO3HBIX
JIUCKOB, COEAMHEHHBIX MEXIy co0oi comnamu nuddyszopHoro tuma. Ilpu 3TOM UMEIOT MecTo
MT'HOBEHHBIE TPOLIECCHI «PACIIMPEHHE — CKATUE» U «CIKATHE — PACIIUPEHHE», a TAKKe I0JICOC
MOTOKOB BO3JlyXa Yepe3 MOoMepeuHble e OErOBbIX JOPOKEK TPEHUS TUCKOB. ITO CIIOCOOCTBYET
pPE3KOMY M3MEHEHUIO (YBEIMYEHHI0O — YMEHbBIIEHUIO) CKOPOCTH JIBMKEHHMS MOTOKOB BO3JyXa 3a
CYeT Mepernaja JABJICHUS IO JJIMHE OKPYXXHBIX KaHAJOB M WHTCHCHU(HUKAIMH BBIHYXIECHHOTO
OXJI2XK/ICHUSI TeJIa JIEBOTO M MPAaBOTO JUCKOB. [1ocie uero oMpIBaIOMIUN TEIUIbI BO3IYX BBIXOIHT
Yyepe3 OTBOJHBIE OTBEPCTHS B OKPYKAIOIIYIO CPELy.

PaccMoTpuM 0COOCHHOCTH KOHCTPYKIIMU H TMPOAHATU3NPYEM 3((HEKTUBHOCTDh OXJIAXKICHUS
MHOT'OCTPYWHOMN 3KEKTOPHON CUCTEMBbI, BMOHTUPOBAHHOU B TOPMO3HOM JIHUCK.

Ha pwuc. 2 a mokazan oOmuii BUJ AMCKOBO-KOJIOJOYHOTO TOPMO3a; Ha pHC. 2 O — BUJ COOKY
napbl TpeHHsl TopMo3a (@) U ee MoInepeyHblid paspes 1o A—A (6); Ha puc. 3 mpeAcTaBiIeH TOPMO3-
HOM JMCK cO cTymnuIeil (6e3 60ITOBOro KpeIrieHus €ro COCTaBJISIONIMX M MOTEePeYHbIX Hesiel Ha
ero OCTOBBIX JOPOKKAX TPEHHS); HAa pUC. 4 TPUBEICH NPOJOIBHBIN pa3pe3 1o A—A COCTaBHOTO
TOPMO3HOTO JMCKA; Ha puC. 5 a, 6 pa3pe3 no b-b 1 B-B npomoJibHoro Buaa jieBoii (@) u npaBoii

(6) yacTu COCTABHOTO TOPMO3HOTO JHMCKA C OKPY)KHBIMH KaHAJIAMH MEPEMEHHOTO CEUCHUS W C
COITAMHU Ha UX OOKOBBIX BHYTPEHHUX MOBEPXHOCTSIX.

~ i A

Puc. 2 a — /luckos0o-ko10004HbI MOPMO3 Puc. 2 6 — Buo cooky napvt mpenus
mpancnopmnozo cpeocmea: 1 — cocmasnoii mopmosa (a) u ee nonepeunwiil paspes no A-A (6) ¢
MOPMO3HOU OUCK, 2 — CYNNOPM MOPMO3ad; 0003HaYeHUeM KOHCIMPYKIMUBHBIX NAPAMEMPO8
3 — pukyuoHHbIEe HAKIAOKU MOPMOZHBIX KOIOOOK COCMABHO20 MOPMO3HO20 OUCKA

Ha puc. 2 6 ucnionp3oBansl cienyronie o6o3HadeHusi: N — HopMallbHOE NMPHKUMHOE YCH-
JMe; @ — yriaoBas CKOpocTh aucka; Ri, Ry — BHEIIHMI 1 BHYTpeHHMI paJiyChl TOPMO3HOT'O JTUCKA;
Rs, R4, Rm — paamycsl GeroBoii TOPOKKH TPEHUS AMCKA: MAaKCUMAJIbHBIM, MUHUMAJIBHBIN U Cpe/I-
HHM; 0y — TOJIIMHA JUCKA.

JIMCKOBO-KOJIOAOYHBIN TOPMO3 COJIEPKUT COCTABHOM TOPMO3HOM TUCK 1, B cynmoprte 2 Ko-
TOPOTO HAXOIATCS (PPUKIIMOHHBIC HAKIAIKA 3 HA TOPMO3HBIX KOJOAKaX (Ha pHC. 2 a HE MOKa3a-
Hbl). B cBOIO OYepenb, TOPMO3HOM JUCK 1 COCTOUT U3 JEBOro MOJYIUCKA 4 U MPaBOro MOIyAUCKA
co crynuuei 5 (cM. puc. 2 6). Mexay nonyauckamu 4 U 5 pacnojokKeHa TEIUIOM30JISIMOHHAs
npoknaaka 6. [Tomynucku 4 u 5 yepes mpokiIanKy 6 cBsi3aHbI MEKAY CO00# OOJTOBBIM COSTMHEHH-
em 7. B neBoM 4 1 B mpaBoM 5 MOJIyAMCKAaX HA BHYTPEHHEH MWIMHAPUYECKOM MOBEPXHOCTH paju-
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QJIHO TI0 OKPY>KHOCTH BBITIOJIHEHO ISATh 3a00PHBIX OTBEPCTHH &, a HA BHEIIHEH IMIMHIPUIECKON
MOBEPXHOCTH — YEThIpe OTBOJIHBIX OoTBepcTHs 9. Ha OeroBeIx 10poKKax TPEHUS MOTYIUCKOB 4 U 5
BBITIOJIHEHBI 110 MepUMETpy nonepeunbie oTBepctusil0 (nmepdoparus). OHU ¢ ABYX CTOPOH COEIIH-
HEHBI C HapY)KHBIMHU TIOBEPXHOCTSIMH OKPYKHBIX KaHaioB 11 n 12 mepeMeHHOro ceueHus (CM. pHC.
5 a, 0), KOTOpBIC pacMoJIOKEHBI B Telie monyauckoB 4 u 5. Kananer 11 u 12 B oceBOM cedeHUH
UMEIOT (OpMYy MPSMOYTOJIbHHUKA MEPEMEHHOH II0Ia1, KOTopasi yBelInuuBaeTcs Ha yrie oT 0 10
370°. Ha momyokpyxHuoctr 0...7w kaHais! 11 M 12 coemuueHs Mexay co0oit cormamu 13 muddy-
30pHOTO TUIA, a Ha MOXYOKPYKHOCTH 0...-m — comnamu 14 auddy30pHOro Tuma, KOTOpble TakKe
MIPOXOJAT Yepe3 TEIUION3O0IAMOHHYI0 IPpoKIaaKy 6. [Ipu aToM nonepeunsie menu 10 nmomyauckos
4 1 5 pacTosokKeHbI TocepenuHe Mex Iy cormiamu 13 u 14 nuddy3opHoro Tuma.

5
4

| — |

Puc. 4 — Ilpooonvuviii paspes no A—A cocmasrozo mopmo3Hoeo
oucka: 4,5 — wacmu ducka: 1egas; npasas co cmynuyet,

6 — mennouszonayuonHas npoxkiaoka, 7 — 601mogoe coeOuHeHue;
10 — nonepeunvie wenu, 13, 14 — conna oughghyzoprnozo muna

Puc. 3 — Cocmasnotl mopmo3sHoii OuUck co
cmynuyeti: 5 — cmynuya oucka; 8, 9 — sabophvie
1 OMBOOHbBIe omeepcmius 0 8030yXa

Puc. 5 a, 6 — I[lonepeunvie paspesvl no b-b u B-B cocmasno2o mopmo3zno2o oucka:
11, 12 — oxkpyorcnvie kananwi nepemennoeo cevenus; 13 — conna oughgpysopnozo muna
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Paznenenne cocraBHOTO JHicka 1 Ha Ba CBSI3aHO € TEM, YTO ObICTpee MPOUCXOANT MIPOTPEB
UX Tejla TpPU OJHOCTOPOHHEM IOABOJE TEIUIOTHI IPU TOPMOKEHHUH TOPMO30M HOIBEMHO-
TPAHCIIOPTHOM MalIMHBIL. DTO CIOCOOCTBYET YMEHBILICHUIO TTOBEPXHOCTHBIX U TIIYOMHHBIX TEMIIe-
paTypHBIX IPAJIUEHTOB JIEBOTO 4 M MPABOro 5 MOIYJUCKOB U, KaK CIEICTBHE, CHIPKEHUIO TEPMOHA-
MPSUKEHUH B UX Telle.

JIMCKOBO-KOJIOAOYHBIN TOPMO3 C CUCTEMOM OXJIAXKIACHUS THUIIA «KMHOTOCTPYHHBIN 3KEKTOP»
pabotaet ciemyromuM oopasom. [Ipu GpHUKIIMOHHOM B3aMMOCHCTBHH BPAIAIOIIETOCS COCTaBHO-
ro TOPMO3HOIO JUCKa | ¢ HEMOABMKHBIMU PaOOYMMHU MOBEPXHOCTSIMH HAKIJIAIOK 3 TOPMO3HBIX
KOJIOJIOK Ha OEroBOM JOPOXKKE TPEHUS TOIYTUCKOB 4 U 5 TEHEPUPYIOTCS NEKTPUUECKHE U aKKYy-
MYJHPYIOTCSl TEIUIOBBIE TOKM Ha pabounX MOBEPXHOCTAX IMap TPEHHs] TOPMO3a B 3aBUCHMOCTH OT
PEKUMOB TOPMOXKEHHUS U CKOPOCTH BPAIIEHUSI COCTABHOTO TOPMO3HOro Aucka 1. OxiiaxjaeHue nap
TPEHHUsI TOPMO3a, B YACTHOCTH, OETOBOM JOPOKKHU TPEHHS JIE€BOTO 4 U MPABOTO 5 TOPMO3HBIX MOTY-
JIICKOB C TIOMOUIBIO 3P PEKTa «MHOIOCTPYHHOI'O 3KEKTOPa» MO3BOJISET MOIy4YaTh XOJOHBIE CIOU
BO3/YIIHBIX IIOTOKOB C Pa3JINYHbIMU TEPMOJMHAMUYECKMMH NapameTpamu. OXJaxkIeHne 0eroBbIx
JIOPOKEK TPEHUs JIEBOTO 4 M PABOr0 5 TOPMO3HBIX MOIYAUCKOB OTPAaHUYMBAET IMOBBIIIEHUE TEM-
neparypsl Ha pabouyeil MOBEPXHOCTH HAKJIAAKH 3, HE MPEBBIIIAIONIEH JOMYCTUMYIO TEMIEPATypy
JUls ee MaTepualla, YTo yJIy4lllaeT U3HOCO-(PUKLIMOHHBIE CBOMCTBA Map TPEHMU.

B KOHCTpPYKLIMIO JIEBOTO TOPMO3HOTO TMONyAUCKa 4 BXOHAT: 3a00pHBIE OTBEpcTUS &,
OKpyXHOH kaHan 11 mepeMeHHOro cedeHusi (MEHBIIETO MO IUIOIMIAIU PAJAMATIBLHOTO CEUEHHUs B
BEpXHEH 4acTH TUCKa U OOJIBIIETO B €ro HWXKHEH 4acTW) W OTBOJAHBIE OTBepcTHs 9. B KOHCTpYK-
LMIO MPABOT0 TOPMO3HOI'O MOJIYAUCKA 5 BXOJAT: 3a00pHbIE OTBEPCTHS §, OKPYKHOM KaHan 12 me-
peMeHHOro ceueHus (OOJIBLIEro MO IUIOIIAAM PAJUAIBHOIO CEYEHHs B BEpXHEHM 4acTu AUCKA U
MEHBIIET0 B €ro0 HWKHEH 4acTh) U OTBOJHBIE OTBEPCTUS 9. BHyTpeHHME MON0CTH JeBOro 4 u npa-
BOT'0 5 MOJIyIUCKOB UICHTUYHBI, TOJIBKO MOBEepHYTHI HA 180° oTHOCHTENBHO ApyT Apyra. IIpu sTom
B BepxHel yacT noiynuckoB 4 u 5 kanan 11 coequnen ¢ kanajgoMm 12 Ha nonyokpy:kHocTH 0...7 ¢
nomonibio coren 13 nuddy3opHoro Tuma, a B HIKHEH X 9acTh KaHai 12 coequHeH ¢ kanamoMm 11
Ha MOJIyOKpYyXHOCTH 0...—7 ¢ moMoIukto comnen 14 quddy3opHoro Tumna, KOTOpble TakkKe UICHTHY-
HBbI, TOJIBKO BBINIOJHEHbI 3€PKAJIbHO OTHOCHUTENBHO IUIOCKOCTH CHUMMETPHH TEIUIOM30JISILIMOHHON
MPOKJIAJKHU, 6 IEPIEHAUKYIISIPHON K ocu Bpatienus aucka 1. Kpome toro, kananst 11 n 12 coenu-
HEHBI C OKPY)KAIOIIUM BO3JIyXOM C IOMOIIBIO MOMEPEUYHbIX OTBepcTuil (mepdoparun) 10, pacmo-
JIOKEHHBIX Ha 0OEroBOil JOpoKKe TpeHus mouynuckoB 4 u 5. [Ipu 3TOM momepedHbie OTBEPCTHS
(nepdopanusi) 10 momyauckoB 4 U 5 HaxomATCs ocepeanHe Mexay coramu 13 u 14 muddyzop-
Horo THMa. B mporecce TopMmoskeHus nmonepednsie orBepcTust (mepdoparwsi) 10 6eroBbIx 10pokeK
TPEeHMsI TUCKOB 4 M 5 MOCIIe0BATEIbHO MEPEKPHIBAIOTCA PA0OUYMMHU MOBEPXHOCTAMHU HAKIAA0K 3
KOJIOJIOK, YMEHBIIIAsi TEM CaMbIM IIPUTOK BO3yXa OKpY’KaroUIeil cpenbl B kKaHausl 11 n 12.

[Tpocnenum 3a HampaBiIeHHEM CKOPOCTHBIX TOKOB IMPKYJIUPYIOIIETO BO3AyXa B CHCTEME
OXJIAKICHMS Ha MYTH CJIEeI0BaHUS OT 3a00pHBIX 8 K OTBOJHBIM 9 OTBEpCTUSAM JIEBOTO 4 U MPABOroO
5 TOJIyANCKOB, a TAKXKe 32 MPOLEcCaMy, KOTOPbIE IPOUCXOJIAT C MOTOKAMU BCTPEYHOIO BO3/yXa NPH JIBH-
’KEHHHU aBTOTPAHCIIOPTHOT'O CPEZICTBA.

Crioco0 oxmaxieHus TMCKOBO-KOJIOA0YHOI0 TOPMO3a, OCYLIECTBISEMBIN C IOMOILBIO MHO-
TOCTPYHHBIX 3KEKTOPOB peaIn3yeTcs IByMs PeKUMaMHU.

Hepsbiii pexum. [ MHTEHCUBHOTO PAacCEMBAaHUSl aKKyMYJIUPYEMOH TEIUIOTHI B MOBEPX-
HOCTHBIX U MPUIIOBEPXHOCTHBIX c0aX [Ipu ux GpUKIIMOHHOM B3aUMOJIEHCTBUHM OETOBBIX TOPOKEK

TPEHHSI TOPMO3HBIX TOJTYIUCKOB 4 1 5 ¢ pabOYrMH MOBEPXHOCTSIMH HAKJIAJIOK 3 KOJIOIOK BO3IYX,
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3aXBaThIBAEMBIN 3a00PHBIMH OTBEPCTHSAMH 8 TOTIAIaeT B OKPYKHBIE KaHaib! 11 1 12 mepeMeHHOT0
CeYeHMUsI, I7Ie OH paclIUpsIeTCs U C:KUMaeTcs. BeimonHenrne okpykHbIX kaHaioB 11 u 12 nepemen-
HOT'O CEUEHUS C B3aMMOIPOTHBOIOIOKHBIMI KOHCTPYKTHUBHBIMU MTapaMeTpaMH CIIOCOOCTBYET yBe-
JIMYEHUIO CKOPOCTH JIBHJKEHUS BO3yXa B HUX 3a CUET Mepenajia AaBjieHus 1o ux anuhe. [Ipu atom
kaHabl 11 1 12 coeguHeHbl MEXaAy coOOM mo ux nepumerpy comnamu 13 u 14 nuddyzopnoro
THUIIA, KOTOPbIE BBI3bIBAIOT MTHOBEHHBIE MPOIIECCHI «PACIIMPEHHUE — CHKATUE U «CHKATHE — pacIIupe-
auey. [locienoBarensHOE MEpeKphITHE pabodell MOBEPXHOCTHIO HAKIIAIOK 3 OTBEpCTHH (Tepdopa-
uu) 10 OeroBbIX JOPOKEK TPEHUS MOIYIUCKOB 4 U 5 COCOOCTBYET IMyJIbCALlMU CKOPOCTU BO31Y-
Xa, IBIKYIIETO Ha JaHHOM ydacTke kKaHanoB 11 u 12. B 3T0 BpeMs mMpoMCXOAMT TMOACOC BO3TyXa
OKpY’KaroIen cpepl yepe3 He MepeKpbIThie oTBepcTHs 10 OETOBBIX JOPOXKEK TPEHUS JEBOTO 4 |
[IPaBoro 5 MONYIUCKOB B KaHaub! 11 u 12.

BTopo#l pexxum oxJIaXAeHNUs pean3yeTcsl IpU Pa3OMKHYTBIX Hapax TPEHHs TOPMO3a, KO-

ria Bce oTBepeTus (nmepgoparusi) 10 6eroBbIX J0poKeK TPEHHS JIEBOTO 4 U MPABOTo 5 MOIYAUCKOB
OoTKpBITHL. [Ipu 3TOM Oosblliee KOTHMUECTBO 0ObeMa BO3AyXa MomajgaeT B kaHaiuel 11 u 12, unTeH-
cuGUIUPYs BEIHYKJICHHOE OXJIAKICHUE TEJ MOy HCKOB.

Ha nepBom u BTOpOM pexXHMMax OXJIaKJEHUs, COOTBETCTBEHHO, MHTCHCU(UIIUPYETCS BbI-
HYXJIEHHO€ CHIKEHHE 0OBEeMHOM TeMIepaTyphl JeBOro 4 M MpaBoro 5 MoJIyJAUCKOB 3a CYET LUp-
KyJISIIIMA Bo3ayxa B KaHanax 11 m 12 u ero mojacoca uepe3 orBepctust (nepdopamun) 10 B uX moiro-
CTSIX.

VYcoBepluieHCTBOBaHHAsT KOHCTPYKIHMS MPEIJIOKEHHON CHCTEMBI OXJIAXIECHUS IO CpaBHE-
HUIO C CYIIECTBYIOLIMMH aHAJIOraMH UMEET CIEAYIOLUE OTIIMYUTENbHbIE TPU3HAKU:

— HMHTEHCU(UIMPYIOTCS TEIUIOOOMEHHBIE IPOLIECCHl MEXAY IMOBEPXHOCTAMHU OKPY)KHBIX
KAaHAJIOB MIEPEMEHHOI0 CEYEHMsI, PACIIONIOKEHHBIX B TEJIe JUCKOB CO CMELIEHHEM Ha YroJl T U CO-
eIMHEHHBIX MeX1y coboi comnamu auddysopHoro tumna. HapyskHble MOBEPXHOCTH OKPY>KHBIX
KaHaJIOB COEMHEHBI C MIOMOIIBIO OTBEpCTHH (mepdoparun) ¢ 6EroBbIMU JOPOXKKAMU TPEHUS JIHC-
KOB, YTO MO3BOJIHMJIO CO3/1aTh MHOTOCTPYHHBIN 33KEKTOPHBIH 3 (HEKT s UPKYTUPYIOLIETO BO3TY-
Xa, OXJIQXKIAIOILEeT o IMCKHU U, KaK CJIeJICTBUE, NTapbl TPEHUS TOPMO3a;

— MHTEHCUBHOE OXJIAKICHUE MOBEPXHOCTEN TOPMO3HBIX JUCKOB, @ TaKXkKe OJHOCTOPOHHUN
MOJIBOJ, TEIUIOTHI K UX TEIy IPU TOPMOKEHUSAX MMapaMu TPEHHs, CIIOCOOCTBYET YMEHBIICHHIO I10-
BEPXHOCTHBIX M INIyOMHHBIX TEMIIEPAaTYPHBIX I'PAJUEHTOB IMCKOB M, ClIE0BATEIbHO, TEPMOHA-
MPSKEHUM;

— NOBbIIEHUE YPPEKTUBHOCTH TOPMOKEHHM 3a CUET HEIOCTUKEHUS MOBEPXHOCTHBIMU
CJIOSIMU TTOJTUMEPHON HAKJIQAKH JIOIyCTUMOW TEMIIEpaTyphl B CBS3M C MHTEHCUBHBIM BBIHYXK/ICH-
HBIM UX OXJIQXK/ICHUEM;

— MPOrHO3UpYyeMasi MOBBIIICHHAS JOJITOBEYHOCTh METAJUIONOIMMEPHBIX Map TPEHHs TOp-
MoO3a.

Takum 00pa3oM, HHTEHCUBHOE BBIHYXJIEHHOE BO3YIIHOE OXJIAXAEHUE C MOMOLIBbIO 3(-
(dexTa «MHOTOCTPYHHOI'O KEKTOpa» IO3BOJSET CHU3UTh SHEPrOHArpy’kKEHHOCTh JHCKOBO-
KOJIOJIOYHOT'O TOPMO3a ¥ TEM CaMbIM YIyUIINTh H3HOCO-()PUKIIMOHHBIE CBOMCTBA U MOBBICUTD J0JI-
TOBEYHOCTb €r0 Iap TPEHHUS.

JHEpProHarpy:;KeHHoCTh 3J1eMEHTOB TOPMO3HOI'0 /IMCKA ¢ MHOIOCTPYHHOW cHCTeMOii
oxyazaeHus. [IpyHIUN NPOEKTUPOBAHUS TOPMO3HBIX JTUCKOB C MHOTOCTPYHHOH cuCTEMOH BO3-
JYUIHOTO OXJIQXJEHUs Ul JTUCKOBO-KOJOJOYHOIO TOPMO3a TPAHCIIOPTHOI'O CPEACTBA ONTHUMAaJlb-
HOW KOHCTPYKIIMM OTOKECTBIISICTCSI C PaBHOCTBIO, MOJIPA3yMEBAETCSl PABEHCTBO MAKCUMAJIBHBIX U
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SKBUBAJICHTHBIX HANPsDKEHUH WK K03((UIIMEHTOB 3aM1acoB MO HANpPSDKEHHSIM, T.€. paBHOBEPOSIT-
HOCTh pa3pylIeHUs BO BCEX pacueTHHIX ceueHusx. Hanbonee onacHoe ceuenue npu GppuUKIHOHHOM
B3aMMOJICHCTBUM Map TPEHHUS «IUCK — HAKJIAJKa» PACIOJIO0KEHO B 30HE IMOsica TPEHUs OXJIaxaae-
MOTO JTUCKA M3-3a €ro HepaBHOMEPHOT'O HArpeBaHMs, BEI3BAHHOTO HE3HAUYNTENIbHBIM K03 duimen-
TOM B3aUMHOTO MEPEKPBITHS Map TPeHHs TopMo3a (cM. puc. 5).

MopenupoBaHue SHEProHArpy>KEHHOCTH OXJIaXJ1aeMOro JIMCKa TOPMO3a IPy30BOrO aBTO-
mobuns mapku MAN wmomemn TGA 26.430 mpou3BOAMIOCH TPU IUKIMYECKAX TOPMOXKCHUSIX
(n=4) co ckopoctsimu (V1 = 60 xkm/4; V, = 30 KM/4) IIpu IBIKCHUU MEXAY HUMHE 45 ¢ mpu cie-
IOYIOIIUX UCXOTHBIX TAaHHBIX: JHaMeTp TopMo3HOro aucka d = 450 MM, paanychl MOSCOB TPEHHS
ry =400 mMm; r, =230 MM; TemmepaTypa Ha MOBEPXHOCTH Tosica TpeHusi gocturana t, =390 °C;
yAenbHbIe HAarpy3Ku B mape TpeHust Obutn P = 7,5 Mlla; koapduiument terioornaun oT padboynx
TIOBEPXHOCTEI [HcKa (o) Komebascst ot 50 10 75 Br/(m?-°C).

0)

1,2032e4
36211
£3105
0,048073 Min

350,03
347,38
343,83
340,28 Min I

105
10,048073 Min

Puc.6a, 6,6 2 0, e— Tepmoepammel (a, 6, 8) u pacnpedenenie meniogulx MoKos (2, 0, €) 8 MOPMO3HOM
OUCKe ¢ CUCMEMOTL OXAANCOCHUSL MUNA «MHO20CIPYIHBLIL IACEKMOP»: d, & — USOMEMPUsL C BbIPE3OM;
6, 0 — pponmanvhbwill 6UO HA OUCK, 8, € — NO NPOOOILHOMY CEUeHUI0 OUCKA
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Ananm3 Tepmorpamm (puc. 6 a, 6, 8) U pacrpene’eHus TEIUIOBBIX TOKOB pucC. 6 2, 0, e) B
TOPMO3HOM JIHCKE€ C MHOTOCTPYWHOW 3KEKTOPHOW CHCTEMOM BO3IYITHOTO OXJIAKJICHHS MOKa3al
ClenyrolIee:

— U3 TEPMOIPaMM CIIEAYET, YTO B CONPSIKEHHH «JIUCK — KOJOJKa» UMEETCS MepexoHas
KOJIbIIEBAsi 30Ha, COCOOCTBYIONIAS CKAUKy TTOBEPXHOCTHBIX TEMIIEPATYp, BbI3bIBAIOIIAS POCT TEM-
NepaTypHbIX TPaJUEHTOB;

— BereneHHbie 30HBI (I, 11, III u IV) Ha TepmorpaMmax yka3bIBarOT Ha MeCTa 3aMETHOTO
CHID)KEHHUSI TIOBEPXHOCTHBIX TEMIIEPaTyp YYAacTKOB JHMCKAa M3-3a €r0 KOHCTPYKTHUBHBIX OCOOEHHO-
cteit 1 3((HEeKTUBHOTO BBIHYKICHHOTO OXJIAKICHHS,

— pacrpezeneHue TEIIOBbIX IMOTOKOB 10 3JIEMEHTaM TOPMO3HOTO JMCKa SIBJSIETCSl HEPaB-
HOMEPHBIM; Ha MOsicaX TPEHHsI TEIUIOBbIE MMOTOKH pacpe/esieHbl paBHOMEPHO H3-3a UX IPPEKTHB-
HOT'O OXJIQXKICHUSI.

AnHanu3 o011ero Buaa moJjield SJKBUBAJICHTHBIX HAMPSHKEHUN TeJa 0XJIaXkK1aeMOro TOPMO3HO-
ro aucka (puc. 7 a, 6, ) mokasai cienyrolee:

0)

1,1662¢8
1,0003e8

I 668577
{ 502697
3,368¢7
1,7091¢7
5,0261e5 Min

I 6,6857e7
5,0269¢7
3,368¢7
1,7091e7
5,02615 Min

Puc. 7 a, 6, 6. Obwuit 6uod nonei
IKGUBAICHMHBIX HANPANCEHUI Mena
MOPMO3HO20 OUCKA C MHO2OCHPYIUHOT
INCEKMOPHOU CUCIEMOU OXTIANCOCHUS .
a — 8U0 U30MempuU ¢ ceveHuem OUCKa;

6 — pponmanvHwlll 61U QUCKA; 8 — CeUueHUe
oucka (6HymperHue noiocmu) ¢ ppoHmas-
HbIM BUOOM HA €20 DIAHCEKMOPHYIO CUCEMY

1,1662¢8
1,0003e8
| 83446e7
| 66857e7
| 5,0260¢7
3,368¢7
1,7091e7
5,0261e5 Min

— KOHIICHTPAaTOpaMH MEXaHWYeCKHUX HalpsDKEHHH SIBISIOTCS oTBepcTust auddysopHoro u
KOH(Y30pHOTO THIIA, TIONIEPEUHBIC IIEH, 3a00pHBIE W OTBOIHBIE OTBEPCTHUS, OKPYKHBIE KaHAIIBI
[IEPEMEHHOT0 CEYCHHUS 110 UX MEPUMETPY;

— Boigenennsle 30Hb1 (I, 11, 1II u IV) Ha pacnpenenenuu nosnei 3KBUBAJICHTHBIX HaIpsKe-
HUH yKa3bIBAIOT HA MECTa UX 3aMETHOTO CHIKEHUS, 0COOCHHO TeMIIepaTyPHBIX HAINPSHKEHUH U3-3a
YMEHBILIEHUS JHEPIOHATPYKEHHOCTH JIUCKA 3a CUET ero A3P(HEeKTUBHOTO OXJIAKICHUS;

— pacrpezaesieHue NoJel SKBUBAJIEHTHBIX HAIPSKEHUH 10 3JIEMEHTaM TOPMO3HOIO JHCKa
HOCHT KBAa3UTIOCTOSIHHBIN XapaKTep, KpOME MeCTa COTPSDKEHUS TOBEPXHOCTEH TMCKa ¢ (IIaHIeM.
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CpaBHEHHME BECOBBIX XapaKTEPUCTUK TOPMO3HBIX TUCKOB (CIIOIIHBIX U CAMOBEHTUIHNpPYE-
MBIX C LHMJIMHIPUYECKUMH IIHAINIAMH) [T0KA3aJ0, YTO TOPMO3HOM JTUCK C MHOTOCTPYHHOM 3KEKTOP-
HOM cucTeMol oxyaxaeHus mo Becy B 1,35 — 1,5 pa3a Gosblie MO CpaBHEHHUIO C CEPUIHBIM
CIUIOIIHBIM JuckoM U B 1,1 — 1,2 pasza — 1o cpaBHEHHIO C CAMOBEHTHJIMPYEMbIM TOPMO3HBIM JIHC-
KOM C UMJIMHAPpUYECKUMU MunaMu. [1o 3pPpeKTUBHOCTH BBIHYX ACHHOTO OXJIAXKIACHUS MPEIJI0KEH-
Hasi KOHCTPYKIMS JucKa npeBocxoauT B 1,9...2,1 pa3a crutomno# auck u B 1,4...1,6 pa3a camo-
BEHTWJIMPYEMBIN TUCK C IIUIIaMH.

3akiaouenue. [Ipeanoskena BbICOKOA((EKTUBHAS MHOTOCTpyHHas KEKTOpHas CUCTeMa
BO3YLIHOTO OXJIAX/IECHUS JHCKA TOPMO3a TPAHCIOPTHOIO CPEACTBA U OLIEHEHA YHEPrOHArpyKeH-
HOCTb pa3pabOTaHHOTO TOPMO3HOTO JTUCKA.
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NOQLIYYAT VASITOSININ "COX AXINLI EJEKTOR" TiPLi HAVA SOYUDULMA
SISTEMLIi DiISK-KUNDOLi OYLOCIN ENERJi YUKLONMOSI

9.X. CANOHMODOV, D.A. VOLCENKO, M.Y. CAVADOV, V.S. SKRIPNIK,
[.0. BEKIS, V.S. VITVISKIY

Mogalo ¢ox axinli ejektorun effektinin kdmoyi ilo noqliyyat vasitosinin disk-kiindali oylocin hava soyudulmasinin
intensivlogdirmasine hasr edilmisdir. Oyloc diskino qurasdirib kegirilmis hava soyudulma sistemi toklif edilmisdir. Soyudulma
sistemi ilo ayloc diskinin enerji yiiklonmosi, hom¢inin onun gorgin voziyyati qiymotlondirilmisdir.

Agar sozlar: nagliyyat vasitosi, disk-kiindali ayloc, siirtiinma ciitii, ayloc diski, hava soyudulmasi, ¢ox axinl ejektor,
termoqramlar, istilik carayanlari, temperatur garginliklori.

ENERGY-LOADING OF DISK-SHOE-BRAKE WITH AIR COOLING SYSTEM OF
"MULTI-JET EJECTOR" TYPE VEHICLE

A.KH. JANAHMADOV, N.A. VOLCHENKO, M.YA. JAVADOV, V.S. SKRYPNYK,
1.0. BEKISH, V.S. VITVITSKY

The article studies the intensification of air-cooling of disc-shoe brake of vehicle using the effect of multi-jet ejector.
The proposed air-cooling system is mounted in the brake disc. The energy loading of the brake disc with the cooling system is
rated, as well as its stress state.

Keywords: vehicle, disk-shoe brake, friction pair, brake disc, air-cooling, multi-jet ejector, thermograms, thermal
currents, thermal stresses.
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ISTISMAR GOSTORICILORI DISKRET TOSADUFI KOMIYYOTLOR
OLAN IDMAN VO QOZA-XILASETMO CIiHAZ, MASIN VO
AVADANLIQLARININ ETiBARLILIGININ Qi YMOTLONDIRILMOSI
METODLARININ TODQIQi

A.M. QAFAROV", B.H. SALAYEV"

Moqalado, istismar gostoricilori diskret tosadiifi komiyystlor olan idman vo goza-xilasetms cihaz, masin, vo ava-
danliglarinin etibarliliginin giymatlondirilmasinin riyazi-statistiki metodlar: arasdirilir. Alinan naticalor analiz edilir.

Agar sozlar: idman, goza, xilasetmoa, masin, avadaniig, etibarlilig, imtina, komiyyat, diskret, ehtimal, nazariyya.

Giris. Idman vo goza-xilasetmo cihaz vo avadanliglarinin etibarliligini gstaran osas amillar
kimi, onlarin imtina etmolori gobul edilir. Imtinalar iso 6z nvbasinda tobiatlorino gérs tosadiifi ha-
disalordir vo onlar1 xarakterizo etmok ti¢iin ehtimal nazariyyasinin va riyazi-statistikanin asas miid-
doalarindan istifads edils bilor.

Idman va goza-xilasetma cihaz vo avadanliglarinin imtinalari tosadiifi hadisolor, parametrlo-
ri tosadiifi komiyyatlor olduglarindan, onlarin etibarliliq xarakteristikalar1 da (imtinaya islomo ya-
xud imtinaya gador iglomo, islomo ehtiyati, islomo miiddati, elementlorin vo sistemlorin xarakteris-
tikalar1 vo s.) tasadiifi kamiyyatlor olurlar vo tasadiifi kemiyyatlarin paylanmasinin uygun funksiya-
lar1 ilo izah edilirlor.

Isin magsadi qoza-xilasetmo cihaz, masin vo avadanliglarinin etibarliliginin riyazi statistika
metodlarindan istifado etmoklo qiymotlondirilmokdir.

Tosadiifi kamiyyatlor sinagdan-simaga qiymatlori doyison komiyyatlordir. ©gor tosadiifi ko-
miyyatlor yalniz sonlu yaxud kiilli miqdarda hesablanan giymatlor ala bilorlarso diskret, verilmis
gapali vo agiq intervalda istonilon qiymatlori ala bilorlorse fasilosiz komiyyatlor adlandirilirlar.

Paylanmanin osas xarakteristikalr1 asagidakilardir [1-3]:

Paylanmanin inteqral funksiyasi F (x).

F(x) = P(x; < x), 1)
burada x — geyd olunmus qiymat, x; tosadiifi kemiyyatin ala bilacayi giymatdir.
Paylanmanin inteqral funksiyasinin (1) asas xassolori agagidaki kimi yazilir:

* Azorbaycan Respublikast Févgolado Hallar Nazirliyinin Akademiyasi
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F(—00)=0,F(+©)=1,0<F(x) <1,P(a<x; <b=F(b)—F(a). 2
Paylanmanin sixlig1 f(x).
. F(x+Ax)—F(x) dF(x)
flx) = Alalcr—r>lo Ax T dx
Paylanmanin sixlig1 asagidaki xassolora malikdir:

= F'(x) 3)

f(—o0 <x+ ) =>0, f fx)dx =1,F(x) = de(x): ff(x)dx,

b (4)
P(a<x<b)=F(b)—F(a) = ff(x)dx.
Paylanmaninn sorti sixlig1 C/ll(x) asagiaki ifadodon toyin edilir:
A) = f&x) — fX)
CP{x;>x} 1-F(x) )

Ogor tosadiifi kemiyyat kimi idman va gaza-xilasetmo cihaz vo avadanliglarinin imtinaya
godor islomo dovriinii gobul etsok, onda paylanmanin intiqral funksiyasina, onlarin imtina
ehtimallarini, paylanmanin sixligna — islodiklori dovrlorin paylanma sixliglarini, paylanmanin sorti
sixligina — imtinalarin bas verms intensivliyi uygun galacakdir.

Idman vo goza-xilasetmo cihaz vo avadanhglarmin etibarliligi ilo bagli mosalalerin hallinda
ohomiyyatli rol oynayan faktorlarin oksoriyyati tosadiifi komiyyatlor kimi gotiiriiliir. Belo hallarda
tosadiifi komiyyetlori xarakterizo etmok tli¢lin paylanma funksiyalarindan deyil, onlarin paylanmasi
haqqinda kifayst godor molumat veroan odadi gostoricilordon istifado etmok mogsado uygun hesab
edilir.

Tosadiifi komiyyetlorin asas xarakteristikalar1 kimi riyazi gézloms, dispersiya, momentlar,
moda, mediana vo variasiya omsali gotiiriliir.

Gostarilon parametrlor miixtalif ndv tosadiifi komiyyatlor ticlin miixtolifdir.

Mosalon, idman vo qoza-xilasetms cihaz vo avadanliglarinda bas veran sigrayisl vo gofloti
imtinalarda, onlarin torkib hissolorinin vo elementlarinin parametrlorinin doyismasi Olgiilon vo
qiymatlondirilo bilon faktiki qiymotlors malik olduqda (diskret tosadiifi komiyystlor olduqda) riyazi
gbzlomonin

M@) = xor = ) xPi(x) ©)

l
ifadasindan, todqiq edilon parametrlorin, fasilosiz doyismasi bas verdikda, yoni parametrlor fasilosiz

tosadiifi komiyyotlor olduqda, (messlon cihaz vo avadanliglarin hidravlik ve pnevmatik
sistemlorindo porsen vo silindr ciitlorinin detallarinin igloma prosesinds todricon yeyilmasi
naticasindo, dl¢iilorinin fasilesiz doyismasini qiymotlondirmasinda)

M@) = %o = ) 30Pi(x) ™

asililigindan, tosadiifi komiyyotlor fasilosiz vo qeyri monfi oldugqda (mosolon, detallarin
eksentrikliyinin qiymatlondirilmasindo)

ME) = 1= F@ldx = | pCods ®)
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diisturundan istifade etmok magsods uygundur.
Riyazi gozlomo M (x) eyni zamanda F(x) paylamasinin birinci tortibli baglangic momenti
kimi do gobul edils bilar. n tortibli baglangic moment asagidaki ifads ilo yazilir

+00

M, (x) = f X" dF (x). ©)

Tosadiifi komiyyatin dispersiyasi D, iimumi halda riyazi gozlomadon M (x) asili olaraq
D(x) = M[x — M(x)]? = M(x?) — M?(x) (10)
soklinds ifads edilir.
Fasilasiz kamiyyatlor tiglin dispersiya asagidaki kimi tayin edilir:
+00

D(x) = f [x — M(x)]?dF (x). (11)

Dispersiya tosadiifi kamiyyatlorin sopalonmasini xarakterizo edir vo F(x) paylamsinin
ikinci tartibli morkozi momenti rolunu oynayir.

Dispersiyanin osas nogsani, onun tosadiifi komiyyoatin oOlgiisiiniin  kvadrati ilo tayin
edilmasindadir. Buna goro do sopalonmo, adoton orta kvadratik sapma o ilo toyin edilir. Orta
kvadratik sapmanin 6l¢ii vahidi toesadiifi kemiyyatin malik oldugu 6l¢ii vahidi ilo eynidir. Orta

kvadratik sapma o,
o, = |VD(x) (12)
ifadasi ilo tayin edilir.
Variasiya amsali v,, orta kvadratik sapma o vo riyazi gbzlomadan M(x) asili olaraq

asagidaki diisturla hesablanir
O-X

Ve =7 )
Mediana (orta giymat), paylanmanin intigral funksiyasi 0,5-0 barabor oldugda fasilosiz
tosadiifi komiyyatin qiymotidir. Mediana kvantilin xiisusi halidir. P(x Sup) =F (up) =P

(13)

oldugda, P soviyyssinin kvantili u, kemiyysti ilo gdstorilir. Kvantil, F(u,) =P tenliyinin
kokiidiir. Mediana - P = 0,5 saviyyasinin kvantilidir [2, 3].

Moda, goza-xilasetma cihaz vo avadanliglarinin parametrlorinin doyismasinin paylanma
sixligt maksimum qiymot aldiqda tesadiifi kemiyystin giymatidir.

Morkoazlosdirilmis tosadiifi komiyyatin x" giymoti

x'=x—M(x) (14)
ifadosindan toyin edilir. Uygun olaraq normalasdirilmis toadiifi komiyyat x,
_ X
= (15)

diisturu ilo hesablanir.

Aparilan todqiqatlarin naticolori gostorir ki, cihazlarin, magmlarin, mexanizmlorin vo
avadanliglarin etibarliligmin giymatlondirilmasinds riyazi statistika qganunlarinin tatbiginin
miistosna shamiyyati vardir [12-15].

Etibarliliq nozoriyyasinds diskret dayison tosadiifi kemiyyatlorin giymotlondirilmasi iigiin
daha ¢ox binomal vo Puasson paylanmalarindan istifads edilir [1, 3, 7, 10, 11].

Binomal paylanma Bernulli tonliyi ilo
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P(x) = FICETS] ' P p*(1—P)"* =Cip*(1—p)" *,x=0,1,.. ,n (16)
yaxud paylanma funk51ya51
F) = ZP@) Z e TGO Z Cip'(1—p)"! (17)

ilo yazilir.

Burada p — bir ugurlu sinagm ehtimali, P(x) — timumi sinaqlarin say1 n olduqda, x ugurlu
sinaqlarin sayi, C;¥ — binomal omsallardir.

Binomal paylanmanin asas xassalori asagidakilardir:

1-—
M(x) =np,D(x) =np(1—p),v= npp' (18)
[10]-a goro n - o vo p — 0 olduqda, np = const vaziyystindo binomal paylanma,
Puasson paylanmasina A = np parametri ilo yaxinlagir.
Puasson paylanmasi

/’{x
P(x) = —rexp(—=4),x = 0,1.2,.. (19)
diisturu ilo, paylanmanin intigral funksiyasi iso
F(x) = Z T exp(—A1) (20)
i=1

ifadasi ilo verilir. Burada A = np.
Puasson paylanmsinin asas xarakteristikalar1 agagidakilardir:

M(x)zD(x)=/1vav=%. (21)

Ogoar bu va ya diger idman vo goza-xilasetma cihaz vo avadanliglar1 imtinalarinin daimi
intensivliyi ilo xarakterizo olunurlarsa, onda Puasson paylamasi, onlarin verilmis vaxt miiddatinda
imtinalarinin saymi gostara bilor.

A >9 olduqda Puasson paylamasi, normal paylanma ilo eyni riyazi gizlomo vo A
dispersiyas1 daxilindo approksimasiya oluna bilor. Idman vo goza-xilasetmo cihaz vo
avadanliglarinin ~ etibarliligini ~ Bernulli  sorbast sinaglari  sxemi ilo yoxladigda Paskal
paylanmasindan (manfi binomal paylanmadan) da istifads oluna bilor. Paskal paylanmasi, “ugurlu”
siaglarin sayinin miisyyanlogdirmak iiclin genis istifado olunur.

Paskal paylanmasi (manfi binomal paylanma)

P(x) =Ch,op?(1—p)*,x=0,1,..,R (22)

diisturu ilo, paylanmanin funksiyasi

F() = ) CRap*(1—p) @23)

ifadoasi ilo yazilir.
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R = 1 olduqda, Paskal paylanmasi (manfi binomal paylanma) handasi paylanma kimi gobul
edilir.

Bundan basqa idman vo Qoza-Xilasetmoa cihaz vo avadanliglarinin etibarliigini diskret
tosadiifi kamiyyatlor ilo xarakterizo etdikds giper handasi paylanmadan da istifads etmok olar.

Qiper handasi paylanmada yararli cihaz vo avadanliglarin olmasi ehtimali

Plx) = CitCN .
(x) = —x 1 < x < min(n, M) (24)
N

diisturu ilo, paylanmanin funksiyasi iso

CLCRz:
F(x) = Z MEN=M (25)
=0 N

ifadasi ilo verilir.
Qiper hondasi paylanmanin osas xarakteristikalari asagidakilardir:

nM nM(N—M)(N—-n) _ |[(N—M)(N—n)

PO = Ew oy YT T am- (29)

M(x) =

Burda, N — avadanliglarin imumi say1, n — se¢ilmis avadanliglarin say1, M sinaqdan sonraki yararli
avadanliglarin sayidir.

Qiper hondoasi paylanma, n < 0,1N vo M < 0,1 oldugda 4 =% parametrli Puasson
paylanmasi ilo, N = o0, n < 0,1N va 71:47 — P oldugdan vo P = % parametrli binomal paylanma

ilo, % — oo olduqda (26)-da verilmis riyazi gozlomali vo dispersiyalt normal paylanma ilo
approksimasiya olunurlar.

Notica. Aparilan todgiqatlarin analizi gostorir Ki, riyazi statistika metodlarindan istifads
etmoklo digor masin vo mexanizmlarlo borabar, qoza-xilasetmo cihaz, masin vo avadanliqlarinin
etibarliligini giymotlondirmok miimkiindiir.
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UCCJIEJOBAHUE METOJ0B OLEHKHA HAJE)KHOCTHU CIIOPTUBHBIX U ABAPHUIMHO-CITACATEJBHBIX
NNPUBOPOB, MAILIUH U OBOPYIOBAHHUH, SKCIIJIYATALHIUOHHBIE IIOKA3ATEJIM KOTOPBIX
SABJISIIOTCS IUCKPETHBIMU CJIYYAMHBIMU BEJTUYUHAMU

AM.TADAPOB, b.I'. CAJIAEB

B crarbe OGCyX(,HaIOTCSI MATEMATUKO-CTATUCTUICCKUE METOAbl OLECHKHW HAACKHOCTH CIOPTUBHBIX W aBapPIﬁHO-
criacaTelIbHbIX HpI/I60p0B, MalIvuH 1 O60pyI[OBaHHf/'I, OKCIUTyaTallMOHHBIC IT0KA3aTE/IM KOTOPBIX ABJIAIOTCA AUCKPETHBIMU CJ'[yL[aI\/'IHBIMH
BCIIMYHMHAMU. AHaJ’II/ISI/IpyIOTCH TIOTYYEHHBIE PE3YIbTATHI.

Knrwoueevle cnosa: cnopm, asapusi, cndceHue Mawlun, 060py()06aime, omkas, Ha()e()fCHOCmb, eeiuvduna, ()MCerm, cmamu-
CmuKa, 6eposimHocms, meopusl.

THE RELIABILITY EVALUATION METHODS OF SPORT AND EMERGENCY RESCUE INSTRUMENTS, MACHINES
AND EQUIPMENT, OPERATIONAL INDICATORS OF WHICH ARE DISCRETE RANDOM QUANTITIES

A.M. GAFAROV, B.H. SALAYEV

The article examines the mathematical-statistical methods reliability evaluation of sport and rescue equipment, machines
and devices, exploitative indicators of which are discrete random variables. The obtained results are analyzed.

Keywords: sport, accident, rescue, machines, equipment, failure, reliability, quantities, discrete, statistics, probability,
theory.
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UOT:622.24
QAZIMA ROTORUNDA YARANAN NASAZLIQLAR
VO ONLARIN ARADAN QALDIRILMASI YOLLARI

O.M. OLIYEV', N.A. OKBORLI"

Mogalo qazima rotorunun istismari zamani onun elementlorindo yaranan nasazliglarin bas vermo
sobablorinin askar olunmasina vo onlarin aradan qaldirilmasina hasr olunmusdur.

Acar sozlar: gazima rotoru, disli carx otiirmasi, zancir 6tiirmasi, dayaq yastigi, yeyilma, dagilma.

Giris. Milli Neft Strategiyasinin ugurla reallagsmasi naticosindo karbohidrogen ehtiyatlarinin
hasilatinin artirtlmasi yeni neft vo qaz quyularin qazilib istismara verilmoasini tolob edir. Neftin
mexaniki iisulla qazilmis quyulardan hasil edilmosi dovriindon baslayaraq hazirki marhaloys godor
yeni qazima avadanliglariin yaradilmasi vo movcud qurgularin tokmillogdirilmasi homiso diqqgot
morkozindo olmus va bu giin do 6z aktualligini saxlamaqdadir [1].

Masoslonin qoyulusu. Qazima avadanliglarinin hoddon artiq yiiklonmosinin tosirindon
toronon nasazliglarin yaranma soboblori, onlarin agkarlanma tissullar1 vo aradan qaldirilma yollar
aragdirilir.

Isin maqsadi - avadanhqglarin saz islomosini tomin etmok {i¢iin onlara gostorilon servis
xidmotinin yiiksaldilmasini vo qazima avadanliglarinn somaraliyinin giiniin vacib toloblorine
uygunlasdirilmasint doyarlondirmokdon ibaratdir.

Qazima rotoru quyularin rotor iisulu ilo qazilmasi prosesindo firlanmanin qazima komaorina
otiiriilmasi, endirib-qaldirma omaliyyatlar: prosesindo
qazima va qoruyucu boru komorini asili halda
saxlamaq vo onlarin acilib vo baglanmasi, homginin
quyularda gozalarin aradan galdirilmasi ti¢iin nozordo
tutulmusdur [2].

Rotor bucaq reduktoru olaraq, firlanmani
intigalin {ifiiqi valindan saquli asilmis qazima boru

komarina veran is¢i orqandir (sokil 1).

Sokil 1. Qazima rotorunun prinsipial sxemi
Rotorun aparan valina horokot qazma 1—¢ati; 2 —stol (masa); 3, 12 - dayaq yastiqlari;

4,5 —iclik; 6 — disli tac(aparilan konus ¢arx),
7 — aparan konus ¢arx; 8 —aparan val; 9 — xrap
doyison qutudan kardan Otiirmasi vasitasilo, bozi ¢carxi; 10— ulduzeuq; 11 - radial-dayaq yastuglar

bucurqadindan zoncir Otiirmosi vo ya Otiiriilmolori

“ Azorbaycan Dévlot Neft vo Sonaye Universiteti
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hallarda fordi intiqaldan verilir.

Miiasir gazima qurgularinda firlanmanin qazima kamarina 6tiiriilmasi rotorun funksiyasindan
cixarilaraq yuxart miiharriko verilmis, beloliklo do rotorun is rejimi xeyli yungiillosdirilmis vo
xidmot miiddoti artirilmisdir. Lakin quyularin osasli tomirindo istifado olunan rotorlar ovvalki
toyinatini saxlamaqdadir.

Toplanmis statistik molumatlarin analizino goro miioyyon olunmusdur ki, rotorun istismari
zamani real tomir dovrii toqribon bir il (3840 mas/saat) otrafinda, tomirarast dovriin miiddati iso
toxminon yarim il (480 mag/saat) togkil edir.

Avadanligin istismar1 prosesindo rotor hoddon artiq yiiklonmolors moruz qalir ki, bu da
qurgunun miixtalif detallarinin daim yeyilmasina gotirib ¢ixarir.

Is prosesindo doyisen isaroli dinamik yiiklonmolorin yaranmasi oturtma sothlorinin
yeyilmosino sobab olur. Yeyilmo disli Otlirmonin qovusmasinin
pislogsmasing, ugultunun, titromonin, zarbalorin meydana ¢ixmasina
gotirib ¢ixarir ki, naticods aparan disli ¢arxin dislori qaliq
deformasiyalara vo intensiv yeyilmoys moruz qalir.

Is zaman1 mexanizmdo ¢ox boyiik firladict momentlor yaranir.
Onlar konus sokilli disli 6tiirmonin todricon yeyilmasino sabab olur.
Koskin tokanlarin vo taqqiltilarin meydana ¢ixmasi hoaddon artiq
yeyilmonin va ya ¢arxin dislorinds yaranan nasazligin slamatloridir.
Agreqatin yoxlamasina aparan disli carxin milayinosindon baglamaq
laz'lr.ndlr (sokil 2, 3). Disli carxin disinin yey11m9‘s1'd1$olg9nla. t‘gy‘ln Sokil 2, Rotorun aparan dish
edilir vo agor qalinliq 10-12% azalibsa, onda disli ¢arx yenisi ilo carxnin voziyyati

ovoz olunmalidir. ©gor disli ¢arxin dislori sinibsa, o rotor stolunda
yerloson aparilan ¢arxa gora secilir vo yenisi ovoz olunur.

Aparan valin yastiglariin vo dayaq yastiglarinin siradan
¢ixmasi hallar1 daha ¢ox qoza islorinin aradan galdirilmasi zamani
agir yiiklonmalordos rast golinir ki, bu da qoza riskinin artmasina vo
miqgyasinin boylimosino sobob olur. Yastiqlarda osason qirilma,
dagilma hallar1 miisahido olunur. Bundan slavo gazima rotorunun

Sakil 3. Rotorun aparilan digli
dayaq yastiZinin digor yastiqla miiqayisods yeyilmosi bas verir. carximin (tacin) vaziyyati

Osas dayaq yastiginin hissolorinin yeyilmasi sababindon rotor
stolunun {izorinds olan disli ¢arx rotorun aparan valinin disli carxinin
iizoring oturur va naticados rotorun firlanma harokoti mohdudlasir. Bu
zaman osas dayaq yastiginin sarlarin iizorindo oturdugu hisso
¢ixarilir vo onun altina yeyilmays uygun olaraq metal halgo kosilib
yerlosdirilir, disli ¢arxlar arasinda ara boslugu borpa edilir.

Rotorun osasli tomiri zamani yastiglarin texniki voziyyastino

seperatoru va kiiraciyinin is¢i
xiisusi, yliksoldilmis diqqet yetirilmalidir (sokil 4). sathinin voziyyati

Is prosesindo dayaqlarin yeyilmosi oxboyu ara mosafasini artirir ki, noticodo titromolor
yaranir. Ona goro do dayaglarin tomiri zamani1 onlar1 diggotlo miiayino edir vo Olgiirlor. Qagis
yollarindaki soth qiisurlari yonma vo sonradan cilalanmanin kémoyi ilo aradan qaldirilir. ©gor
holgalords ¢atlar yaranibsa, onda onlari hokmon yenisi ovoz etmok lazimdir. Dayagin biitiin
kiiralori digqgotlo miiayino edilib-6l¢iilmalidir. ©gor shomiyyatli doracodo yeyilmo askar edilorsa,
onda kiiralor yenisi ilo oavoz olunmalidir. Dastdoki kiiralorin dl¢iisiiniin yol verilon konara ¢ixmasi
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0,02 mm toskil edir, rotorun qurasdirilmasindan sonra miimkiin oxboyu ara mosafs oan ¢ox 0,3 mm
buraxilir. Ara mosafasinin daha kicik giymotindo rotor daha ¢ox qizacaq, boylik giymatlorids iso
titromalor yaranacaq ki, bu da boyiik dinamiki yiiklonmalor térodo bilor vo hotta dayaqlarin
dagidilmasina gatirib ¢ixarar.

Aparan valin yastiglarinin yeyilmasi boyiik radial ara masafosinin yaranmasina sabab olur ki,
bu da natico etibart ilo digli ilismonin vo zoncir Otlirmasinin isine dagidict tasir gostarir. Osash
tomir prosesindo valin hondosi oxuna nazoron oyintisi miioyyon olunmali, oturtma yerlorinin
diametrlori toyin olunduqdan sonra yeyilmis yastiglar moacburi qaydada yenisi ilo ovoz
olunmalidir.

Rotor {igiin aparan valin burulma deformasiyasinin qiymatinin mohdudlasdirilmasi vacibdir.
Ona gora do qorxulu enina vo burulma ragslorini aradan qaldiran soraitin yaradilmasi vo vallarin
titroyiso davamliginin hesabi tisullarla yoxlanmasi oksor hallarda vacib sayilmalidir.Yorgunluq
dagilmast har seydon avval on bdyiik gorginlik konsentrasiyasi olan yerlords baglayir.

Ona gora do vallarin hocmi moéhkomliys hesablanmas: onlarin layihslondirilmosinin vacib
morhalasi hesab olunur.

Biitovliikdo rotorun vo onun miivafiq diiyiinlorinin normal istismarinin vacib sorti valin lazim
golon ayilms sartliyinin tomin olunmasidir. Valin haddan artiq ayilmasi zamani dayaq diiyiinlorinin
i§ soraiti pislosir (dayaqda sapfanin donmaosi ara mosafasinin qiymatini doyisir, naticods yag qatinin
qalinligr azalir) vo valda qurasdirilmis qovusan detallarin diizglin qarsiligl tosiri pozulur.
Dozgahlarda spindelin kifayot qodor sortliyinin olmamasi emal olunan detallarin sothinin
doqiqliyinds va tomizliyindo 6ziinii gostorir.

Valin qiisurlarindan biri isgil yuvalarinin yeyilmasidir. Bu qiisur isgilin vo ya isgil yuvasinin
deformasiyasina goro bucaq ara mosafosinin yaranmasina sobab olur. Noticodo rotorun intigal
zoncirinin, ulduzcugun mexaniki zorbalorinin yaranmasina gotirib ¢ixarir ki, bu da zencirin
qirilmasina sabab ola bilor.

Diizgiin layiho olunmus vo hazirlanmis 6tiirmo normal istismar zamani qizmamali vo is
miiddatinds giiclii sas-kily yaratmamalidir.

Yaglama Otlirmonin isine mithiim tesir gostorir. Disli ilismoenin yaglanmasi siirtiinmo
itkilorinin azaldilmasi, ilismade yaranan istiliyin Otiiriilmasi, siirtiinmodon yeyilmonin va dislorin
korroziyasinin qarsisint almaq igilin toyinatlanir. Qapali otiirmalorde yaglama fasilosiz, aciq
oOtiirmolordos iso dovri olaraq hoyata kegirilir.

Otiirmonin hoddon artiq qizmast vo kily omolo gotirmosi onun konstruksiyasinda,
hazirlanmasinda va siirtgii yaginin diizgiin se¢ilmomasinda ¢atismazliq oldugunu gostorir.

Digli otlirmonin temperaturun yiiksalmasi istiliyin kifayst qodor Otiiriilmomasindon yaxud
haddon yiiksok daxili itkilarin olmasindan bas verir.

Temperaturun yiiksolmasi siirtgli yaginin keyfiyystinin pis (siirtinmo artir), yaxud onun
ozliliyliniin boyiik (yag ¢alxalamaga sorf olunan giiciin artmasi), yaxud yagin normadan ¢ox
olmasi (yagi ¢alxalamaga sorf olunan artiq itkilor) sababindan do ola bilor. Ancaq tobii soyuma
zamani diizglin layiho olunmus vo yagin ndvii diizgiin secilmis disli carx Otiirmosi qizmanin
buraxila bilen sorhadi daxilinds islomalidir.

Sas-kiiyiin asas sobabi dovri sohvler, dislorin geyri-miintozom yiiklonmosi, homginin firlanan
detallarin statiki vo dinamiki tarazlagdirilmamasidir.
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Disloro diison geyri-borabor yiik vo ilismo prosesindo dislorin deformasiyasinin doyismosi
disli carxlarin rogsini toradir. Carxlarin hatta ¢ox da boylik olmayan ragsi val vo yastiglarla
gbvdayas Otliriiliir, onun titromasing sabab olur, bu iss giiclii sas-kiiylo miisayist olunur.

Konstruksiyada ¢atismazliglar olduqda, qeyri-doqiq hesablamada yaxud 6tlirmonin normal
istismar rejimi pozulduqda ¢arxlarin diglorinin zodslonmasi miimkiindiir. Rotorun disli 6tiirmasinda
zadoalonmalorin novlori agagidakilardir: sinma, ovulma, siirtiiniib yeyilmo, is¢i sathlorin iligsmasi.

Diglorin sinmasit osason yorgunluq xarakteri dasiyir. Disin hor ndvboti ilismoyo daxil
olmasinda dayison yiikiin periodik olaraq tosiri zamani onun kokiindo doyison oyilma gorginliyi
yaranir. Maksimal gorginlik konsentrasiyasi zonasinda miioyyon yiiklonma tsikllorindon sonra
catlarin yaranmasi miimkiin olur. ©gar dis bir torafli isloyirss, onda cat adaton dartilma zonasinda
omolo golir.

Hoddon artiq yliklonmo dislorin gofloton sinmasina gatirib ¢ixara bilor. Az miqdarda haddon
artiq yiklonmo axiciliq haddindon yuxari gorginlikloro gotirib ¢ixara bilor ki, bu da qaliq
deformasiya térador [3].

Dislorin kok hissoesinin méhkomliyini artirmaqla vo bu hissodo kegid oyrisinin radiusunu
artirmaq hesabina gorginlik konsentrasiyasini azaltmaqla, Otiirmonin sortliyini, hazirlanma
doqigliyini, carxlarin materiallarinin mexaniki xassolorini artirmaqla onlarin oyilmoyo qarsi
miigavimatini yliksaltmok olar.

Polad dislorin sothlorinin ovulmasi yag miihitinds isloyan carxlarin dislorinin kok hissosinda,
quitb xotti yaximliginda yaranir. Disin profili tohrif olunur, sothdo kolo-kdtiirlor yaranir, dinamiki
yiiklor artir. Bunun naticesindo ovulma prosesi giiclonir, qilitb xattindon asagida yerloson disin
profilinin is¢i hissosi dagilir. Otiirmonin titromasi vo sos-kiiy artir. Mohdud vo siddatlonan ovulma
novlori forglondirilir. Mohdud ovulma garxin eninin miioyyon montogosindo miivoqqoti olaraq
haddan artiq yiiklonma sababindon yaranir. ©Ogor dislorin sathinin borkliyi HB<350 olarsa, dislorin
uyusmasindan sonra belo ovulma dayanir. Dislorin sathine kifayat qodor boyiik gorginliklor tosir
edorso, ovulma cuxurlarinin amalo golma prosesi disli ¢arxlarin biitiin enini ohato edir vo siddatli
ovulma baslayir.

Miioyyon olunmusdur ki, yagin 6zliilityii boyiik olduqda dislorin tomas doztimliiliik haddi do
boyilik olur. Daha oziilii yag disloro olan dinamiki yiiklori sondiirorok, disli ¢arxlarin xidmot
miiddetini artirir. Yorgunluq dagilmasi prosesi bas verona qodar ilkin ¢atlar omolo golon sath gati
stirtlinmadan yeyilir.

Dislorin yeyilmasi is¢i sothlorin siirtiiniib yeyilmasi prosesinin naticosidir. Qapali 6tiirmolordo
yeyilma acgiq 6tiirmaya nisbaton ¢ox azdir.

Dislorin nisbi siirlismasi va sathlorin tomas sixilma gorginliyi bdyiik olduqca disin sathlorinin
stirtiiniib yeyilmasi do boyiik olur. Dislorin tomasinin baglangic vo son noqtalorinds nisbi siiriigmo
on bdyiik oldugundan, on bdyiik yeyilmo do dislorin bas va kdk hissolorinda olacaqdir. ilismo
qiitbiinds siiriisma olmadigindan yeyilms do minimum olacaqdir.

Yeyilma naticasinds evolvent profili tohrif olunur, dinamiki ytiklor artir, disin koki zsiflayir,
bu da disin kokiinds garginliyin yiiksalmasine sobab olur.

Yag pordosinin qalinligr kifayst qodor olmadiqda, maye siirtlinmosi tomin olunmur va
yeyilmonin giiclonmosina gotirib ¢ixarir.

Disglorin yeyilmosini nisbi siirligmonin vo sixilma gorginliyinin azaldilmasi, dislorin
sathlorinin yeyilmoyo davamliginin yiiksoldilmasi vo siirtgii yaginin diizgiin secilmosi ilo azaltmaq
olar.
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Disin sothinds sixilmis yag pardosi zonasinda yiiksok tozyiqin tosiri altinda dislor bir-birilo o
godar ilismada olurlar ki, bu sothlorin ndvbati nisbi harokotindo daha yumsaq metalin hissociklori
0z dis sothindon qoparaq, yerindo sirimlar yaradir ki, bu da ilisma ilo dagilmaya gotirib c¢ixarir.
Belo dagilma sakit gedisli, agir yliklonmis 6tiirmolords miisahido olunur. Cald gedisli 6tiirmoalords
yag pardasinin dagilmasi 6zliiliiyiin itirilmasina sobab olan yagin ¢cox qizmasi, boyiik yiiklonma va
siirlismo siiroti olan zonalarda temperaturun yiiksolmaosi noticosindo bas verir.

Yiikiin artirilmasi, siirligmo siirotinin azaldilmasi vo ozliiliiylin vo metalin yumsaqliginin
artirtlmasi ilo metalin qopan hissaciklori ¢oxalir.

Daha 0ziilii yaglarin totbiqi zamani plastik deformasiyalarin tohliikasi azalir.

Zoncir Otiirmalorinin isdon ¢ixmasinin osas sobablori zoncirin dartilmadan uzanmasi,
oynaqlarn, 16vholorin dagilmasi vo ulduzcugun dislorinin yeyilmosidir.

Zoncirin uzanmasi Otlirmonin istismar1 prosesindo gorilmo vo dinamiki qiivvalorin tosiri
altinda bag veran oynaqlardaki yeyilma naticasinds addimin bdyiimasidir.

Zaman kecdikco zoncirin addimi o qador boyliyiir ki, o ulduzcuga diizgli oturmur, ilismonin
pozulmasi va zoncirin ulduzcuqdan ¢ixma tohliikasi yaranir. Tocriibalor gostorir ki, zoncirin haddi
uzanmasi 3%-don ¢ox olmamali vo v >6 m/s olduqda daha az olmalidur.

Ulduzcugun dislorinin yeyilmasi
zorbo tosirli yiiklordo diyircoklorin ya-
xud oymaglarin dislor boyunca nisbi he-
rokoti naticosindo bas verir. Aparan ul-
duzcugun dislorinin yeyilmasi ilismoya
daxil olduqda aparilan hissonin zorbe-
sinin boylik giymot almasi naticosinoe

gora boyiik olur. Ulduzcugun yeyilmo-
sinin qiymotino disin profilinin formasi
tosir edir (sokil 5).

Zoncirin zadolonmosi hazirlanma zamani qiisurlarin olmasina goro do bas vers bilor.

&

Sokil 5. Ulduzcuglarmn isci sathlorinin vaziyyati

Valciglarin vo oymagqlarin 16vhalors keyfiyyotsiz preslonmosi zamani bu detallarin oturtma
yerlorindo donmosi bas verir. Beloliklo bozi bondlorin addimi miihiim doracodo artir. Belo
zadolonmali bir bandi olan zancirin isi magbul sayilmir. Zodslonmonin diger novii 16vhalorin yan
sathlorinin ulduzcugun yan sothi ilo siirtinmosinin naticosindo bas veron yeyilmodir. Belo
zodolonmonin sababi qurasdirmanin diizglin aparilmamasi vo zoncirin orta xottinin oyrixatli
olmasidir.

Otiirmonin islomo gabiliyyatinin osas meyar1 zancirin oynaglarmin yeyilmoyo davamhigidir.
Otiirmonin hesablanmasi ilo zencirin vo ulduzcugun elo optimal &lgiilori toyin olunur ki, dtiirmo
verilmis rejimdo onun elementlorinin zodslonmo qorxusu olmadan islomoe qabiliyystine malik
olsun.

Rotorlarda ikicargali zoncir &tiirmesindon istifade olunur. Istismar zamani zencirin qiriimasi
vo uzanmasi bag verir ki, bu da 6z ndvbesinde zoncirin tez-tez ¢gixmasina sabab olur. Belo oldugda
zoncirdon bir hisso ¢ixarilir vo bu uzanma miioyyon qoder kompensasiya edilir. Lakin sonraki
uzanmalarda zoncir addiminda ciddi doyisiklik yarandigindan bu tisul igo yaramir, ona goro do
zancir yenisi ilo avaz olunur.

Notica. Aparilmig praktiki miisahidolor noticosindo rotorun tez siradan ¢ixan hissolori
askarlanmig vo igsdon imtinanin asas sobabi kimi asas dayaq yastiginin normadan artiq yeyilmasi
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miloyyon olunmusdur. Noticado konus disli ¢arx 6tiirmosindo haddon artiq yiiklonmo bag verir ki,
bu da rotorun aparan valinin yastiglarinin vo zoncir ulduzcuqlarinin siradan ¢ixmasina sobab olur.
Ona gora do bu masalonin halling ayri-ayri elementlorin méhkomliyinin tomin olunmasi kimi yox,
sistemli sokildo baxaraq baltaya verilon oxboyu yiiklo onun firlanma tezliyinin qiymati do nozora
alinmagqla baxmaq lazimdir.
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HEUCIIPABHOCTH, BOBHUKAIOIIUE B BYPOBBIX POTOPAX, U IIYTU UX YCTPAHEHUSI
AM. AJIMEB, H.A. AKBAPJIN

B crartee wn3ydaroTcs NPUYMHBI HEHUCIIPABHOCTEH, BO3HUKAIOMNX B JJIEMEHTax OypoBOro poTopa MpH €ro
9KCIUTyaTaI|H, U IPEATIAraloTCsl CIOCOOBI UX YCTPaHEHHUS.

Knruesvle cnosa: 6yposoti pomop, 3y6uamoe 3ayeniieHue, yenHoe 3ayenietue, YROpHulil NOOWUNHUK, USHAWUBAHUE,
paspyutenue.
ROTARY DRILLING PROBLEMS AND THEIR ELIMINATION METHODS
A.M. ALIYEV, N.A. AKBARLI
The article studies the uncertainties that are found in the elements of the rotational rotor.

Keywords: drilling rotor, gearing, chaining, thrust bearing, wear, destruction.
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SILISIUM OSASLI FOTOELEKTRON GUCLONDIRICILORIN
ASAGI TEMPERATURLARDA TODQIQi

F.I. BHMODOV*?, F.N. ABDULLAYEV?, Q.S. OHMODOV??, R.O. OKBOROV??,
S.M. NURIYEV?, A.Z. SADIQOV??, S.S. SULEYMANOV'? R.M. MUXTAROV*

Toaqdim edilon isdo MAPD kollaborasiya ¢orgivasinds hazirlanmis silisium asasli MSFD-3NK fotoelektron
giiclondiricilarin fiziki xassalari asagi temperaturda tadqiq edilmisdir. MSFD-3NK fotodiodlari temperaturdan asi-
l1 olaraq 1°C doracays 61 mV forq oldugu miisyyan edilmisdir. Fotodiodun garanliq say1 (ing. “dark count™) tem-
peratur azaldiqca azaldigi va temperatur fargi -81°C olduqda garanliq say1 169 dofs azalmisdir. Asagi temperatur-
larda garanliq saym yaranmasinda geciken impulslarmn (GI) iistiinliik toskil etdiyi miioyyon edilmisdir. Homginin
do birinci fotoelektrona uygun golon amplituda gors ayird etmo temperaturdan asili olaraq doyismis vo temperatur
forgi - 93°C oldugda 32% azalmigdir. Belaliklo bu fotodiodlarin asag1 temperatur detektorlarinda totbiginin miim-
kiinliiyii tosdiq edilmisdir.

Agar sozlar: silisium, fotoelektron, fotodiod, temperatur, detektor.

Giris. Miiasir astrofizikanin vo zarraciklar fizikasinin asas problemlarindan bir gara maddoni
toskil edon yiingiil zarraciklarin geyd edilmasidir. Qara maddonin zarraciklori kainatin méveud ¢o-
Kisinin 27%-ni toskil etmosina baxmayaraq onlarin geydedilma ehtimali ¢cox kigikdir [1]. Bu zarra-
ciklorin miihitls qarsiligl tasiri zaif qarsiligl tasir (ing. “weak interaction””) mexanizmina asaslanr.
Belo oldugu halda onlarin geyd edilmo ehtimali kaskin azalir. Bu zarraciklori geyd etmok mogsadi-
la yiiksak tozyiqds sixilmis tasirsiz ksenon va arqon gazlarindan istifads edilir. Bu tacriibolordo isti-
fado edilon detektorlar asagi temperaturlarda islayirlor. Zaif qarsiligl tasirde olan zarraciklor atom
sira nomrasi boyiik olan ksenon va arqon niivalari ils elastik garsililigh tasirds olduqda 6z enerjisi-
nin ¢ox kigik hissasini onlara verir. Bu zaman ¢ox kigik enerji almis niivalor ¢ox az sayda ssintilya-
siya fotonlar1 yaradirlar [2, 3-5]. Buraxilan bu ssintilyasiya fotonlarinin doqiq geyd edilmosi detek-
tor tizarina diison gara madds zarraciklorinin parametrlarinin diizgiin toyin edilmosi ti¢iin olduqca
vacibdir. Hazirda ksenon vo arqon detektorlarinda yaranan ssintilyasiya fotonlarini qeyd etmok
ticiin fotoelektron giiclondirici kicik borulardan istifads edilir [1]. Lakin bu geydedicilarin osas ¢a-
tismazligr onlarin foton geydetma effektivliyinin 20%-don kigik olmasi, yiiksok gorginlikds islomo-
si, magnit sahasino hassashigi vo radioaktiv ¢irklonmis olmasidir [6, 7]. Bu gatismazliglar oksor
tocriibolordo geyd edilon hadiso hagqinda oldo edilon naticalorin dogrulugunu siibho altina salir.
Mahz bu sababdan do bu tip detektorlarin hazirlanmasinda yiiksak foton geydetmo effektivliyi olan,

! AMEA-Strateji Elmi Todgiqgatlar Morkozi
2 AMEA-Radiasiya Problemlori Institutu

¥ RYTN-Milli Niivo Tadgiqatlar Morkezi

4 Milli Aviasiya Akademiyasi
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asag1 temperaturda isloyon vo radioaktiv ¢irklonmamis qeydedicilordon istifads edilmasi oldugca
aktualdir. Belo foton geydedicilordon biri do silisium oasasli fotoelektron giiclondiricilor hesab edi-
lir. MAPD kollaborasiya torafindon 2014-cii ildo hazirlanmis MSFD-3NK tipli fotodiodlarin foton
geydetmo effektivliyinin 40% olmasi, radioaktiv ¢irklonmasinin vo asagi isloma goarginliyino malik
olmasi bu tip geydedicilarin mohz bels tacriibalords tothigine imkan vers bilar [8, 9]. Lakin MSFD-
3NK tipli fotodiodlarinin asagi temperaturlarda aparilan tacriibalards totbigi zamani islok parametr-
larinin saxlamasinin todqiq edilmomasi onlarin asagi temperatur detektorlarinda istifadesini moh-
dudlasdira bilor. Mahz buna géra do MSFD-3NK tipli fotodiodlarin parametrlorinin asagi tempera-
turda todqiq edilmosi oldugca vacibdir. Toqdim edilon is MSFD-3NK tipli fotodiodlarin parametr-
larinin -108°C - 20°C temperatur intervalinda doyismasSinin todqiq edilmasins hosr edilmisdir.

Eksperimental qurgu va tacriibi naticalor. isdo MAPD kol-
laborasiya gorgivasinde hazirlanmis MSFD-3NK tipli fotodiodlar-
dan istifado edilmisdir. Aparilan tocriibalor Rusiyanin Birlogmis
Niivo Todgigatlar: Institutunda hoyata kegirilmisdir. istifads edilon
fotodiodun parametrlori asagidaki kimi olmusdur: piksel sixlig
10000 piksel/mm?, is¢i gorginliyi 90V, tutumu - 180pF, foton gey-
detmo effektivliyi - 40% vo sahasi 3.7*3.7mm? Asagi temperatu-
run alinmasi ti¢iin maye azotdan istifads edilmis vo azota daxil ol-
ma dorinliyini doyismokls lazim olan temperatur tomin edilmisdir.
Olgmoalor zamani temperaturun doyismasi 1% olmusdur. Hazirlan-
mig tacriibi dovra sokil 1-do verilmisdir. Tocriibi dovra giiclondiri-
cilordon (G1 va G2), temperaturu toyin etmoys imkan veran rezis-
tordan, isiglandirici fotodioddan, Keithley-6487 monbayindan,
CAEN-5720 analoq ragem ¢eviricisinden (ARC) vo generatordan Sakil 1. Eksperimental dovra
ibarat olmusdur. Tacriibada azot daxilinds yerloson giiclondiricinin
(G1) giiclondirma amsal1 50 va kreostatdan xaricds yerlasan giiclondiricinin (G2) giiclondirma am-
sali 38 olmusdur. MSFD-3NK tipli fotodiodunun xassalori todqiq edilorkon fotodiodun iizarina
isigin otlrilmasi tictin 1 mm diametrli optik fiber kabeldon istifads edilmisdir. Bu yolla LED isig-
landiric1 diodunun xassalarine temperaturun tosiri aradan galdirilmisdir. Bununla yanasi asagi tem-
peraturlarda diodun sothinds maye gabarciglarinin yaranmamasi tigiin silkogeldon istifads edilmis-
dir. Daha sonra giiclondirilmis signal CAEN-5720 analoq raqom ¢eviricisi vasitasi ilo iglonarok per-
sonal kompiiterds saxlanmasi toskil edilmisdir. Signallarin islonmasi zamani C++ programlasdirma
dilinds yazilmis alqgoritmlordon istifado edilmisdir.

MSFD-3NK tipli fotodiodlarin asagidaki parametrlori temperaturdan asili olaraq todqiq edil-
misdir: desilmo gorginliyi, garanliq say (QS), birinci fotoelektronun pikino uygun golon amplitud
ayirdetmasi vo pikselin tutumu. Desilmo goarginliyi vo zaif foton selinin geydedilmasi zaman1 im-
puls generatorundan, CAEN-5720 ARC -don va giiclandiricilordon istifads edilmisdir. Signalin
imumi giiclondirilmoasi (G1*G2) 1900 olmusdur. Spektrlor ¢okilon zaman CAEN-ni generatorun
sinxron ¢ixisina birlosdirilmis vo integrallanma serhadi miimkiin qodoer minimum segilmisdir. I1kin
olaraq asag1 temperaturda istifads edilon giiclondiricinin (G1) parametrlarinin temperaturdan asili-
lig1 todqiq edilmisdir. Malum olmusdur ki, istifads edilon giiclondiricinin giiclondirmo amsali tem-
peraturdan asil1 olaraq bu ganunla doyisir: G=483.2+0.1212xT-0.0109xT2. Temperatur -100°C ol-
dugda giiclondirma omsalinin azalmasi 23%-don ¢ox olmusdur. Mahz bu dayismolor 6lgmalar za-
man1 nozars alinmigdir. Selvari fotodiodlarin giiclondirms amsalinin temperaturdan asililigini tayin
edorkon 450nm dalga uzunluglu isiglandirictya generatordan tezliyi 1kHz, davametms miiddoti
30nsan vo amplitudu 3,34V olan (-) qiitblii impulslar tatbiq edilmisdir. Bu zaman MSFD-3NK tipli

CAEN

070 akey

MSFD
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fotodiodunun fotogeydetmo effektivliyi (FQE) etalon fotodiodla miigayisado 5 dofs yiiksok olmus-
dur.

Sokil 2.a-da MSFD-3NK tipli fotodiodun -20°C temperaturda birinci fotoelektrona uygun
golon yiikiin gorginlikdon asililigi qurulmusdur. Toqgribon hor temperaturda desilma gorginliyinin-
don 2V yuxart gorginliya godor gorginlik totbiq edilmisdir. Desilmo goarginliyi olaraq yiikiin gargin-
likdon (Q-V) asililigina uygun golon xattin Q=0 oldugda gorginlik xattini kasdiyi noqto secilir. So-
kil 2-don goriindiiyti kimi -20°C-do MSFD-3NK tipli fotodiodlarin desilmo gorginliyi 85,7V ol-
musdur. Tatbiq edilon gorginlik intervalinda MSFD-3NK tipli fotodiodun giiclondirmo amsali 3,3—
7,4x10* arasinda doyismisdir.

a 86 -
1,2x10™ 1 b.
.20C 85 - °
" i
1,0x10 es MAPD-3NK
83
8,0x10™ -
> 82
= s
G 6.0x10" - 2 g1 1
80
4,0x10™ -
79
V, ~85,7V
2,0x10"" - 78
l e TR S S T
00 e R T B S S Ea B B SRR s e e [ -140 -120 -100 -80 -60 -40 -20
85 ) u, vs7 ] TC

Sakil 2. MSFD-3NK fotodiodunun zok elektronlu pikina uygun galon yiikiin garginlikdon (a.)
va desilma garginliyinin temperaturdan (b.) asililig

Sakil 2.b-do MSFD-3NK tipli fotodiodun Uy, desilmo goarginliyinin temperaturdan asililigi
verilmisdir. Malum olmusdur ki, MSFD-3NK tipli fotodiodun desilmo gorginliyi temperaturdan
asili olaraq xatti ganunla dayisir: Up=86,64 + 0,0616xT. Burada T - xarici miihitin temperaturudur
va selsi ilo ifado edilir. Alinan naticolordon malum olmusdur ki, MSFD-3NK tipli fotodiodun
desilmo gorginliyi sabiti 61mV/°C olmusdur. Bu iso mévcud olan analoglarina nisboton tempera-
turdan 7 % daha zoif asili oldugunu gostarir. Basqa sozlo MSFD fotodiodlara eyni bir ifrat gorgin-
lik tatbiq etdikds onlarin giiclondirmo omsali temperatur artdigqca azalir va ya aksi oldugda isa giic-
londirmo omsali artir. Belo yiiksok sahado temperatur azaldigca MSFD fotodiodun giiclondirma
omsalinin artmasi yiikdastyicilarin optik fanonlart buraxdigi miiddsto godor getdiyi yolun orta
uzunlugun artmasi hesabina bas verir. Bu zaman yiikdasiyicilarin iki togqusma arasinda daha gox
enerji oldo edarok qisa miiddatds astana enerjisini (3,6 eV) alds edir va zarba ils ionizasiya bas ve-
rir. Bu isa desilmoa gorginliyinin asagi garginliklor oblastina siiriismoasine imkan verir. Lakin tempe-
ratur artdigca geyd edilmis ifrat gorginlikdo giiclonma amsalinin azalmasi va desilmo gorginliyinin
artmast mohz yiikdasiyicilarin optik fanonlara enerji vermo ehtimalinin (gagis yolunun azalmasi)
artmast ila baglidir. Giiclondirmo amsalini artirmaq tigiin selvari proses bas veran oblastda elektrik
sahosini artirmaq lazimdir bu iso yalniz gorginliyin artirilmasi yolu ilo miimkiindiir (vo ya desilma
garginliyin siirismasi hesabina miimkiin olur). Mahz bu sobobdon do yuxari temperaturlarda
MSFD fotodiodda desilma gorginliyi artir. Bununla yanasi ionizasiyani xarakterizo edon digor bir
kamiyyot qadagan olunmus zonanin enidir vo bu komiyyat temperaturdan asili olaraq doyisir. Bi-
zim halda temperatur intervalinin tagriban -90 °C olmasina baxmayaraq gqadagan olunmus zonanin
eninin doyismasi toqribon 2 % yaxin olmusdur.

MSFD-3NK fotodiodlarinin pikselin tutumunu hesablamaq tigtin dQ/dU nisbati hesablanmig
vo hor pikselin tutumu digtin Cpi~4,8 107 F=4,8fF almmisdir. Daha sonra miixtalif temperaturlar-
da -38°C, -73°C va -108°C pikselloro uygun golon tutumun orta giymatinin doyismasine baxilmis-
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dir (sokil 3). Malum olmusdur ki MSFD-3NK tipli fo-
todiodun piksellarinin tutumunun orta giymati tempe-
ratur azaldigca xotti azalir: Cp= 5,489x10°
1542,048x10xT. Umumi temperatur doyismasi -80°C e
oldugda belo tutumun dayismasi 34%-dan ¢ox olma- e
misdir.

MSFD fotodiodlarin garanliq sayini todqiq edor-
kaon isiglandirict fotodiodlardan istifade edilmomisdir. szxt0" |
Analoji olaraq iki giiclondiricidon vo signalin gevril- B P X % p B
_rna_si iig:iin' isg CAEN analoq reqem_sal g:cviricisindap Sokil 3, MSFD-3N1;;01,‘0 diodlarmm
istifads edllml$d|r- S|qnalm qeyd edilmasi zamanu tri- piksellorinin tutumunun temperaturdan asililig
ger olaraq signalin 6ziinden istifado edilmisdir. Mo-
lumdur ki, garanliq say (QS) siirati asasan iki nov hadisalor hesabina formalasir: selvari oblastin p-
n kecidindo yaranan termal yiikdasiyicilar vo gecikon impulslar hesabina. Termal yiikdasiyicilarin
konsentrasiyas1 generasiya morkozlorinin sayindan va temperaturdan asilidir. Bununla yanasi
MSFD fotodioda totbiq edilan ifrat gorginlik artdigca saho hesabina yiikdasiyicilarin generasiya
morkazindan kegirici zonaya kegma siirati artir vo bu isa 6z novbasinds QS dayigsmasina sabab olur.
Moahz ona gora do 6lgmaloar forqli temperaturlarda va forgli giiclondirms amsallarinda aparilmisdir.
Sokil 4a-da garanliq elektronlara uygun golon amplitud paylanmas: géstarilmisdir. Olgmalorin yu-
xar1 temperaturu -27°C olmusdur. Buna sabab iso yuxar1 temperaturlarda QS ¢ox yiiksok olmasi
naticasindos tok elektronlu amplitud paylanmasi miisahids edils bilmomasidir. Qaranliq elektronlara
uygun golon amplitudlar millivoltlar tortibindos olmusdur. Daha sonra iso 5mV astana giymotino
uygun golon qaranliq sayim eyni bir giiclondirma amsalinda temperaturdan asili olaraq doyismasi
tadqiq edilmigdir. Giiclondirma amsalini eyni segmaklo yalniz temperaturun QS-in doyismasing to-
siri Oyranilmisdir. Sokil 4b-don goriintidiyti kimi QS temperaturdan asili olaraq eksponensial ga-
nunla dayisir vo temperatur forgi -81°C oldugda QS taqribon 169 dofs azalmisdir.

Bundan olavo eyni bir
temperaturda birinci garanliq
elektrona uygun golon qaranliq
sayin giiclondirma omsalindan
asitliligina da baxilmisdir (sokil
5). Bu zaman yalniz giiclondir-
mo omsalinin QS-ya tasiri Oyro-
nilmisdir. Olgmo temperaturu -

MAPD-3NK

3,6410"

QS(T)=9,44*10™exp(T/8,77)+6,045*10°

=250)

Qs (M

27°C  segildikdo ~giiclondirmo IR NI S T A A e
omsal1 36% artdlqda QS artmasi Sakil 4. MSFS?gﬁ}a{I.fotodiodlarmm qaranhq sayinn (a) ;/a 5 mV astana

bu zaman 28%-o yaxin olmus- qiymoatinda qaranhq sayinin (b) temperaturdan asililig

dur. QS-nin giiclondirmo omsalt

artdigca artmast MSFD  foto- 7 T .
diodlarinda garanliq elektronla- e’

rin saymin artmast vo bu yik-
dastyicilarin selvari prosesi bag- ¢
latma ehtimalinin yiiksok olma-

-108¢°

st il bagl olmusdur. Lakin 619- | -\l.x_ﬁ.

mo temperaturu -108°C seeil-  “¢ ‘

dikdo giiclondirmo omsali 36% e PR e mw e
artdiqda tok elektrona uygun Sakil 5. MSFD-3NK fotodiodlarinda qaranliq sayin giiclondirma

amsalindan asililigi
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QS-nin azalmast  75%-o yaxin olmusdur. Belo doyismalar isa yalniz -70°C-don asagi temperatur-
larda misahido edilmoya baslanmisdir. Belo doyismolorin miisahido edilmasi yalniz gecikon im-
pulslarin miisahide olunma ehtimalinin artmasi ils bagli ola bilor. Malum oldugu kimi yuxari tem-
peraturlarda da selvari prosesds yaranan yiikdasiyicilar miioyyan kigik bir ehtimalla tutma morkoz-
lori torafindon tutulur vo bu morkazlor yiikdasiyicilarint qisa bir zaman miiddatinds buraxir. Lakin
asag1 temperaturlarda tutma morkozlorinin yiikdasiyicilari buraxma miiddsti t=toxexp(Ei/KT) ga-
nun ilo doyisir. Burada o - yiikdastyicinin néviindon vo zona qurulusundan asilidir, E; - tutma mor-
kazinin aktivasiya enerjisi, k - Bolsman sabiti vo T - temperaturdur.

Asagi temperaturda tutma markazlorinin selvari prosesdon yaranan yiikdasiyicilar: tutma eh-
timal1 koskin artir vo demok olar ki, hor selvari prosesds yaranan yiikdasiyicilarin miioyyan hissasi
tutma markozlari torafindon tutulur. Bu morkozlards yiikdastyicilar uzun miiddot qala bilir vo miix-
tolif zaman miiddatinds buraxilirlar. Belo oldugu halda asagi temperaturlarda dayaz saviyyali miix-
tolif tutma morkozlori forqli zaman miiddstinds yiikdasiyicilart buraxirlar va bunlar ¢ox sayl pik-
sellordo selvari prosesi baslatdirirlar. Bunun naticasinda do GI kimi buraxilan yiikdastyicilar geyd
edilon signalin amplitudunun yuxari enerji oblastina siirligmosine im-
kan verir. Giiclondirmo amsali artidigca bu hadisalarin amplitudu vo
say1 da kaskin artir. Alinan naticalor gostormisdir ki, asagi temperatur-
da QS yaranmasinda osason GI asas rol oynayir vo bunun noticosinde 2
amplitudun artmasi miisahido edilir. Homginin miioyyon edilmisdir ki, ..
amplituda uygun golon ayirdetmo giiclondirmo omsali artdigca xotti %l
olaraq artir. Giiclondirmoanin artmasi eyni ilado FQE-nin artmasina so- ad
bab olur. Mohz ona gora do amplituda gora ayirdetmanin temperatur- o
dan asili olaraq doyismasini todqiq etmak ii¢iin eyni giiclondirmani Sokil 6. Amplitud ayird
se¢moak oldugca ohomiyyatlidir. Bunun {igiinds spektrdon birinci ga- etmasinin temperaturdan
ranliq elektrona uygun golon pikin standart konara ¢ixmasinin amplitu- asililigu.
da nisbati qurulmusdur (sokil 6).

Eyni bir giiclondirmos omsalinda birinci garanliq elektrona uygun golon pikin amplituda gors
ayird etmasi -30°C-da 64.7%, -40°C-da 64%, 86°C-do 52% vo -123°C-do amplituda gors ayirdet-
mod 43.5% olmusdur. Basqa s6zlo temperatur azaldiqca amplituda goro ayirdetmo azalir vo -93°C
temperatur forqi oldugda ayirdetma 32%-o Kimi yaxsilagir. Tok fotoelektrona uygun golon ampli-
tud ayird etmosi temperaturdan asili olaraq xotti ganunla doyismisdir (Amp. ayird. Etm = 72.5
+0.2357*T).

Alman naticalor bir daha siibut etmisdir ki MSFD-3NK fotodiodlar: asag1 temperatur detek-
torlarinda ugurla totbiq oluna bilar.

Natica. Tacriibi naticolordon miioyyon edilmisdir ki, MSFD-3NK fotodiodlarinin desilma
gorginliyi sabiti 61mV/°C tortibindodir vo temperatur azaldiqca desilmo gorginliyi xotti azalir.
MSFD-3NK fotodiodlarinin QS temperatur forgi -81 °C-o olduqda 169 dofs azalaraq yaxsilasir.
Asag1 temperaturlarda (-70 °C-don kigik) garanliq sayin yaranmasinda gecikon impulslar osas rol
oynayir. Bununla yanasi gostorilmisdir ki, tok fotoelektrona uygun golon amplituda gors ayirdetmo
temperatur forgi -93°C-o olduqda 32%-o kimi yaxsilasir. Bagqa sozlo alinan naticolor gostormisdir
ki, MSFD-3NK fotodiodlar asag1 temperaturlarda aparilan tocriibalords ugurla totbiq oluna bilar.
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HCCJETOBAHUE KPEMHHUEBBIX ®OTO3JEKTPOHHBIX YMHOXKUTEJER
ITPU HU3KUX TEMIIEPATYPAX

®.1. AXMEJIOB, ®.H. AB/IVJUIAEB, I.C. AXMEJIOB, P.A. AKBEPOB, C.M. HYPHEB,
A.3. CAIBIT'OB, C.C. CYJIEUMAHOB, P.M. MYXTAPOB

B paborte mpencraBieHBl pPe3yNbTAaThl HCCICAOBAHHUA (M3MYECKHX IapaMeTpPOB KPEMHHEBBIX (DOTOINEKTPOHHBIX
ymuoxuteneit MJIIO-3NK, kotopsre Oputi n3rotoBnensl B pamkax MAPD komutaGoparmu. BesiBieHO, 4TO ¢ M3MEHEHHEM
temmeparypsl Ha 1°C npobusHoe Hampsbkenne dporoanonoB MJIDJI-3NK nzmensiercs va 61mB. TemHoBoi#t cuer doroauona
C YMCHBIICHUEM TeMIepaTyphl MOHKAJCs, ¥ NpH pasHocTH -81°C TeMHOBOH cuer ymeHbmmics B 169 pa3. Ilpum Hu3KHX
TeMIlepaTypax Ha CO3aHHe TEMHOBOT'O CUETa TJIABHBIM 00pa3oM BIHUSIOT (GOTO((EKTH IociIe HMITYJILCOB. Takke aMILTHTY JI-
HOE pa3pellieHre CUTHaA, COOTBETCTBYIOIIEE IEPBOMY (OTOIIEKTPOHY, U3-3a U3MeHEHHUs TeMiepaTyps! Ha -93°C yMmeHbIH-
1och 10 32%. Takum oOpazoM, ObLTa MOATBEPsKAEHA BO3MOKHOCTh MPUMEHEHUS 3TUX (POTOAHOAOB B HU3KOTEMIEPATyPHBIX
JIETEKTOpax.

Knrouesvle cnosa: kpemnuil, homosnekmpon, homoouood, memnepamypa, 0emexmop.

STUDY OF SILICON PHOTO-ELECTRON MULTIPLIERS AT LOW TEMPERATURES

F.I. AHMADOV, F.N. ABDULLAYEV, G.S. AHMADOV, R.A. AKBEROV, S.M. NURIYEV,
A.Z. SADIGOV, S.S. SULEYMANOV, R.M. MUKHTAROV

This paper presents the results of a study of the physical parameters of silicon photomultipliers called MAPD-3NK that
were manufactured in a frame of MAPD collaboration. It was found that the MAPD-3NK photodiodes with a temperature
change of 1°C, the breakdown voltage is changed to 61mV. The dark count of the photodiode decreased with decreasing tem-
perature and, with a difference of -81°C, the dark count decreased 169 times. It was revealed that, at low temperatures, the
creation dark count is mainly affected by the after pulses effects. Also, the amplitude resolution of the signal corresponding to
the first photoelectron decreased to 32% depending on the temperature change of -93 °C. Thus, the possibility of using these
photodiodes in low-temperature detectors was confirmed.

Keywords: silicon, photoelectron, photodiode, temperature, detector.
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B3AMMOJIENCTBUE CKBAKUH - OCHOBHOM ®AKTOP CH-
CTEMHOCTH IPU PABPABOTKE HE®TSIHbIX MECTOPOXJIEHUH

A.X. IIIAXBEPJIUEB”

B paboTe npeiokeH MeToJ TMarHoCTUPOBaHMs B3aUMOJICHCTBUSI CKBRKMH ydacTka HeTsSHOI 3anexn
METOZOM KOPPEJALMOHHOr0 aHanu3a. [Ipum B3aMMOJECHCTBHM HECKOJIBKMX CKBaXKMH, PabOTAIOIINX HA OJIHOM
ydacTke, JI00ble N3MEHEHHUS peKuMa padoThl HAa OJJHOW CKBaKMHE OTPAXKAIOTCS Ha paboTe IPYroi, CTeIeHb B3a-
MMOJCHCTBHUS CKBXHUH ompenenseTcs kodddumnuenrom xoppemsiun. Hanboee mpocTsiM 1 yI0OHBIM TIOKa3aTe-
JIeM TECHOTHI CBSI3H SBIsIeTCS K03 duitnerT panrosoii koppemsmun CrimpMeHa, KOTOPBIA HCTIOIB30BaH B padore.
[Tosry4eHHBIC pe3yNIBTAThl IPU CPABHUTEIBHOM aHAJM3€ ITONTBEPKIAIOTCS PE3yJIbTaTaMH TPACCEPHBIX HCCIENO-
BaHui. [IpeasokeHHbIH HayYHO-METOANYCCKUI MOAXOM B COYETAHHU C AUCKPHUMHUHAHTHBIM KpUTepHeM (HOpMH-
pYeT npaBuiia U MpakTHYECKHE PEKOMEHJANK AJIsl 00BEKTOB Pa3pabOTKH.

Knrwouegvie cnosa:  xoppensiyuonnwiii ananus, kodgguyuenm pancogoi xoppersyuu Cnupmena, 83au-
Mooeticmeue HacHeMAamenbHbIX U 000bIBAIOWUX CKBANICUH, MPACCEPHbIE UCCIe008d-
HUSl, Kapma u30Kop, OUCKPUMUHAHMHBIL Kpumeputl, nogvluleHue Heghmeomoayu
nIACmos, unmencugurayus 00owvi4u Heghmu.

Benenne. CrcTeMHbBIE HCCIIEOBAHUS TPU PELICHUH 337134 He(Terazomo0buu B NEPBYIO
oyepenb HaleleHbl Ha YCTaHOBJICHHE B3aMMOJEHCTBUS U B3aUMOBJIHSHUS OOBEKTOB Ha3e€MHBIX U
MOJ3€MHBIX KOMMYHHUKAIMM pa3pabaTbiBaeMbIX HE(QTSIHBIX MecTOpoxaeHHH. OcoOblii mHTEpec
IIPEICTABISIOT TEOPETUYECKUE MU DKCIEPUMEHTANIBHBIC MCCICN0BaHUS, YCTAHABIIMBAIOLIUE IIPU-
YUHHO-CJIEICTBEHHYIO U (WJIN) CTaTUCTUYECKYIO CBS3b U 3aKOHOMEPHOCTH B3aUMOJCHCTBUS CKBa-
KHUH TOOBIBAIOIIETO W HArHETATEJBHOTO (OHIA MO KUIKOCTH, Boze, HedTu. ClokHas cuctema
bunbTpanun GIONI0B B HEOJHOPOIHON cpelie IpH HAJIMYMU B3aUMOJAEHCTBUS MEXy SKCIUTyaTa-
LUOHHBIMHM CKBa)XMHAMHM, KaK IO IIACTY, TaK M 10 Ha3€MHBIM KOMMYHMKAIUSM, [IE€PMAHEHTHO
BJIMSET Ha PEXHUMBI PaOOTHl CKBAXKHH M TEM CaMbIM OOECLIEHMBAET YCUJIMS IO WHAWBUAYAJIbHOU
ONITUMM3ALUHU KKIOH U3 CKBaXXMH 0€3 yueTa B3auMOBJIHSHUSL COCEHUX CKBakuH. Kak mpaBuio,
TAKOE COCTOSIHUE HE O3HAYAET ONTUMAJIbHON pabOThI BCEH TIACTOBOM crcTeMsl [ 1-2].

[Ipemnaraemerii ()parMeHT CHUCTEMHOTO MOJXOJA TO3BOJISIET YCTAHABIMBATH TEHICHIIUU
pa3BUTUSA IUIACTOBOM CUCTEMBI, KOHTPOJIUPOBATh [€PEPACIPEIEICHAE THAPOAUHAMUYECKUX T10TO-
KOB (DJIIOMJIOB, TPENOTBpAIIaTh IMOCIEACTBUS HEYCTOHYNBOCTH ()POHTA BBITECHEHHUS M 00pa3oBa-
HUSl (PpaKTAIbHBIX CTPYKTYp OOBOAHEHHS, OCYIIECTBIISATH ONTUMHU3ALMIO IyTEM PEryJIMpPOBAHUS

WucTutyT cucteMHBbIX uccaenosanuii, PAEH
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TEXHOJOTMYECKUX PEXUMOB pabOThl TPYMIbl B3aUMOJEHUCTBYIOIIUX CKBAXHH, oOecrieuuBasi Mpu
3TOM HAJICKHYIO TEXHOJOTHUECKYIO0 3(pPEeKTHBHOCTH M ONTHMAJIbHOCTH 3aBOJHEHHS B LIEJIOM IO
00BEKTY pa3paboTKH.

CrnenyeT OTMETUTh, YTO HaJIMuue (PAKTHUECKUX MPOMBICIOBBIX JAHHBIX HEJIOCTATOYHO JJIS
NPUHATHS pelIeHus U 0e3 HayYHO-000CHOBAaHHON MHTEPHPETalnu U TpaHC(HOPMALIUU TPATUIIUOH-
HOM MacCUBHOM MPOMBICIOBON MH(OPMALMU B KOHKPETHBIE U HEOOXOAMMBIE JIEMEHTHI 3HAHUS 00
00BEKTE pa3pabOTKH.

ILeap padoThl - McCIEA0BaHUE B3aUMOACHCTBHS CKBAaXXUH B OPraHMYECKOM COUYETAHHMHU C
JPYTMMHU COCTaBISIOIMMHI CUCTEMHOTO MOIX0/1a.

CraTucTHYeCKHEe 3aKOHOMEPHOCTH B3aMMO/ACiCTBHS CKBAKHH.

Haubonee nmpocTbiM mokazaTenem, XapakTepu3yIOUIUM TECHOTY B3aHMMOCBS3H MapaMeTpoB
nporiecca, spisiercs ko3puurenT pauroBoii koppensiuu CriupmMeHa, KOTOPBIN MO3BOJIAET 3HAUH-
TEJIBHO COKPAaTHTh 00BHEM BBIYHCICHUN M MPU 3TOM COXPAHUTH HAJECKHOCTh U HEOOXOAUMYIO J10-
CTOBEPHOCTH pe3ynbTatoB [1-3].

Koaddunment panrosoit koppemsiiinu CrupMeHa Ui HECBSI3aHHBIX PAaHTOB BBIYHCIISETCS
o popmyie:

R, =1- 0% 1)
n"—n

n
2 - o
rie S, = Z(Xi - yi) ,  1=1:n, Xj — paHry, NpUCBOCHHBIE NIEPBOMY CBOMCTBY MJIH IIPU3HAKY; Vi
i=L
- COOTBETCTBYIOLIME PAHIH, IPUCBOCHHBIE BTOPOMY CBOWCTBY WJIM IIPHU3HAKY; N - MaKCUMaJIbHOE
YHCJIO TOYEK B BBIOOPKE.

Jnst cBsi3aHHBIX paHToB K03 uuneHT CriupMeHa MpeICTaBIseTCs B CIeAyIOIEeM BU/IE:

_ %( 3—”)—51r—T1—U1 , (2)
\Lls( 3—n)—2T1_%( 3—n)—2u1}

1
rome T1= 1 3_t), U= —(u®—u), t ¥ U— COOTBETCTBEHHO KOJIMUYECTBO CBS3aHHBIX PAHIOB TIEP-
12 12 P P

BOM M BTOPOW paHXUPOBAHHBIX IOCJIe0BaTEIbHOCTENH. ECM KOJIMYECTBO CBA3AHHBIX PAHIOB He-
BEJIMKO, TO BKJIQJ WX B OmpeneneHne Rs He3HauuTeNleH U 3Ha4eHUsMH t 1 U MOXHO TIpeHeOpeyb,
COOTBETCTBEHHO (hopmyina (2) mpuauMaeT Bug Gopmysi (1).

Hwxke nemoHcTpupyercst criocod OIEHKH CTaTHCTUYECKOW 3HAYMMOCTH TTOJYYeHHBIX 3Ha-
yeHnii kodpdunmenta CnupMeHa Ha OCHOBE CIoco0a omperesieHus] KpUTHUECKUX 3HAYeHH CcTa-
TUCTHK, IPEJIOKEHHOTO B paboTe [4] u mpuMeHumoro st Beroopku n > 10.

HeoOxomumple 3aBUCHMOCTH JIsi BBIYMCICHUS KPUTHUECKHX 3HAYEHUH KOd(QHIMeHTa
CrnimpMmeHa Jutst 3aIaHHOTO YPOBHS 3HAYMMOCTH, TIPH YCIIOBUH, YTO KOO(PPHUIMEHTHI paHTOBOW KOP-
penuuy NpubIMKEHHO paclpeaeaeHbl HopMallbHO [3], onpenenstoTes no GopMyam:

P(R, >R) =1-®J1-nR|1+0.19 Rz—ni_1 ~1-o(\1-1R) @3)
_oll-Q)f 0191, o\ _#l-Q)
R(a,n)= 1 {1 n—1[(p 1-Q) 3]}~m_1 (4)
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O(x) u @(p ) - byHkuus u odpaTHasi GYHKIMS HOPMAIBHOTO paclpeaeseHus ¢ napaMmerpa-
mu (0,1); Q - ypoBeHb 3HAUMMOCTH OJHOCTOPOHHETO KpUTEpHs, Kak mpasmio, paBHeid 0,05; R -
BEpXHee KPUTUYECKOE 3HaYeHUE Kod((duIreHTa panroBoit koppemsinuu Crimpmena; 3HaueHuss O(x)
1 @(p) ciemyeT onpenesaTh u3 Tadnmi B [4].

Jnst onpeneneHus] B3aUMOCBSI3U MEXy MapameTpamu paboThl CKBKUH Ha HCCIIEAYEMOM
y4acTKe PacCUMTHIBAIOTCS KOI(D(UIIMEHTHI MAPHOH KOPPENSALUU MEXKAY 3HAUYCHUSIMU TPUEMHUCTO-
CTH HarHETATEJIbHBIX CKBAXXHUH U TOOBIYe HEPTH, BOJBI, JKUAKOCTH JTOOBIBAIOIINX CKBAXKHH.

B mpaktuke npumenenus: popmynbl CimpMeHa MOXKET CIOXKHUTBCS CHTYyalusi, KOTJa HC-
MoJIb30BaHNe Kod(h(dUIMEeHTa TapHON KOppeIsIUA HEIOCTATOYHO, a MMEHHO, KO3(PQHUIIMCHTHI
Crnmpmena Mexay AeOuTaMy CKBaKMH MOTYT OKa3aThCs «3alIyMJICHHBIMIY, T.€. HATUYHE WU OT-
CYTCTBHE CBSI3€ MEXIY JBYMsI CKBOXHHAMHU OOYCIIOBIICHBI BIUSHMEM TPEThEH CKBaKUHBI. JlJisi
WCKJTIOUEHHsI BIIMSIHUSL COCEHUX B3aWMOJICHCTBYIOIIMX CKBAaXMH HEOOXOJMMO SIMMHUHUPOBATH
BIUSIHUE TPETHUX CKBAKUH C MOMOIIBIO YacTHBIX Ko3(duumenton xoppensiuuu. Koadduuments
YaCTHOW KOPPEJISIIIMU, KOTOPBIE XapaKTEPU3YIOT CBSI3b MEKIY JBYMsI SIBICHUSIMH MTPU UCKITFOUSHHN

TPETBETO, PACCYUTHIBAIOTCS 110 HOPMyIIaM:
(3) _ Ri2—Ri_3Ry_3 . (2) _  Ri_3-Ry_3Rp_3 (1) _  Rz_3—Ri_2R;1_3
R1—2 R1—3 - RZ— - (5)

(1_R%—3)(1_R%—3) ,/(1_R%—2)(1_R%—3) (1_R%—2)(1_R%—3)

3 2 1 .
riue Ri_)z ; R]E_)3 ; Rg_)3 — ko3 PUIMEeHTHI YacTHOU Koppesiuu; Ry, Ris, Ros - ko dumuenTs!

napHoi koppemsiuuy; 1, 2, 3 - uHAEKCH cKBakuH. Hannune B3auMoJeHCTBUS MEXKy CKBaKUHAMU
OTIpeIeNIIeTCS IyTeM CpaBHEHUsS KO3()(UIMEHTa YaCTHON KOPPESIHMUA ¢ KPUTHYECKHM. Y TOYHE-
HHUE YaCTHBIMU KOA(Q(PHULHUEHTaMU KOPPEJALUH MIPEeIBAPUTEIIHO PACCUNTAHHBIX MApHBIX K03 du-
LMEHTOB KOPPEJIALNU MOBBIIIAET HE TOJBKO IOCTOBEPHOCTh KapTUHBI B3aUMOJECHCTBHS, HO U CTe-
NeHb MOOMJIBHOCTH 3aKaunBaeMoi Bojbl. HeoOX0AMMO OTMETHTh, YTO TECHOTA B3aMMOJEHCTBUS
CKBA)XMH CO BPEMEHEM MEHSETCs, IPU 3TOM Ul JaJlbHEHIIero aHajin3a peKOMEHIyeTCsl COXPAHATh
Y CPaBHUBATh PACUETHI CBA3EH.

B tabmuue 1 B kauecTBe npuMepa MpUBEICHBI HCXOAHbIE TaHHBIC U TIPOMEKYTOYHbBIE HTOTH
JUTSL pacueTOB KOPPEISIIUH 110 0TOOpam kuakoctu Tpex ckBaxun: Cl, C2 u C3. Koaddunment
panroBoii koppensauuu CriupMeHa Jijisi HeCBs3aHHBIX PaHroB (ckBakunbl C1, C2) BeIYUCISIETCS IO
dopmyne (1), st cBsi3aHHBIX paHroB (ckBaxknHa C3) ucnonbzyetcs Gopmydna (2). Koaddurments
YaCTHOM KOPPEJSALUH ISl Tap CKBAXHUH MPHU SIMMUHUPOBAHUY BIMSHUS TPEThEH PACCUNTHIBAIUCH
o popmynam (5).

Tabruya 1
HcxonHble JaHHbIE H MIPOMEKYTOUYHBIE MTOTH /I PACYeTOB KOPPeIsAIUU
no oréopam :xkuakoctu Tpex ckpa:xkun: C1, C2 u C3

Ne m/m| g, ckB. Cl1 | Panr P1 | g, ckB. C2 | Panr P2 | g, ckB. C3 | Panr P3 | (P1-P2)"2 | (P1-P3)"2 | (P2-P3)"2
1 1 1735 1 1033 1 2264 2 0 1
2 2 1641 3 643 3 2235 3 0 0
3 3 1645 2 770 2 2287 1 0 1
4 4 1382 6 459 12 2016 5 36 1
5 5 1264 9 536 4 1843 8 25 1
6 6 933 31 503 8 1858 7 529 576
7 7 934 30 474 9 1861 6 441 576
8 8 1078 22 522 5 2102 4 289 324
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9 9 1098 20 509 1726 9 169 121
10 10 1230 12 511 1378 10 36 4
11 11 1241 11 230 28 679 24 289 169
12 12 1176 14 370 19 782 19 25 25
13 13 1246 10 379 17 904 11 49 1
14 14 1145 15 267 24 861 14 81 1
15 15 1142 16 461 11 888 12 25 16
16 16 1007 27 465 10 853 15 289 144
17 17 585 33 148 31 789 18 4 225
18 18 882 32 377 18 840 17 196 225
19 19 452 34 255 25 552 29 81 25
20 20 1065 23 139 32 671 26 81
21 21 1004 28 135 33 674 25 25
22 22 1040 26 305 21 443 30 25 16
23 23 1123 18 300 22 442 31 16 169
24 24 1103 19 225 30 308 34 121 225
25 25 1091 21 294 23 314 33 4 144
26 26 1046 24 229 29 847 16 25 64
27 27 1134 17 237 26 660 27 81 100
28 28 1212 13 232 27 886 13 196 0
29 29 1042 25 126 34 731 21 81 16
30 30 963 29 383 16 700 225 169 42.25
31 31 1445 4 343 20 374 32 256 784
32 32 1331 7 392 15 755 20 64 169
33 33 1297 8 417 14 700 22.5 36 210.25
34 34 1404 5 420 13 628 28 64 529
CBsI3aHHBIX PAHTOB 0 0 2

B Tabnuie 2 npuBeaeHsI pe3ynbTaThl pacueToB KO3 (GUIIMEHTOB MapHOM U YaCTHOM KOp-

pesLun.
Tabnuuya 2
Pe3yabTaThl pacyeToB KO3(h(pULIMEHTOB NAPHOH M YACTHOI KOPPeJIsSIHI
[Tapbl cKkBaXKuH C1-C2 C1-C3 C2-C3
Sr 3808 4922.5 1883.5
(n"3-n)/6 6545 6545 6545
T1 0 0 0
Ul 0 0.5 0.5
[TapHas koppenauus 0.418 0.248 0.712
YacTHast KOppensIus 0.355 -0.078 0.692

Takum 06pa30M, OJIMMUHHUPOBAHUEC BJIUSAHUA TpeTBeﬁ CKBa>XMHBI Ha B3aI/IMO)IeI‘/lICTBI/Ie Iapbl

CKBa>XHWH OYCBUIHO.
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[Honyuennoe 3HaueHue ko3(PuiineHTa MOKHO MMOABEPrHYTh MPOBEPKE HA CTATUCTUYECKYIO
3HaguMocTh. [Ipy n > 10 (n=34) ¢ momomksio GopmyIibl (4) HAXOTUM KPUTHIECKOE 3HAYCHHE KO-
s ¢unuenta panropoit koppensiuuu Crnupmena R(a,n). CornacHo Ta0nuibl B [4] HAXOAUM COOT-
BetctBue (1-a) = 2.576.

2,576 0,19
R(a,n)== 1--=

5,745 33

Hannume noctaToyHOro KOJMYeCTBAa B3aMMOJEHCTBYIOIUX CKBAXKUH CBHJETEIIBCTBYET O

HEO0OXO0JMMOCTH HCIIOJIb30BAHUS CUCTEMHOI0 IOIX0Aa MpH peanu3auuu Texnonoruit ITHIT u UIH.

(2576” -3) = 0,44

Kpome Toro, oneHKy TexHOJIOTHUECKON 3()(HEKTUBHOCTH HYKHO OCYILIECTBIISITH MO0 BCEMY YYaCTKY
B IICJIOM, TaK Kak 0TOOp HEePTH 1m0 00pabOTaHHBIM CKBa)KHHAM MOJKET IMPUBECTH K CHIKEHUIO OT-
0opa 10 COCeTHUM B3aMMO/IEHCTBYIOIINM CKBa)KHHAM.

[Tocne momyueHns pacueTHBIX MApaMETPOB MO KaXKJON CKBAKHUHE U OJIHM3IIKAIINM CTPOSIT-
csl KapThl U30K0p. [IpuHIMI TOCTpOeHUsI KapT paBHBIX YPOBHEHN B3auMozeicTBus — u3okop [1, 2]:
JUIS KaKIO0M CKBa)KMHBI yyacTKa, pacCMaTpUBAEMOI Kak LIEHTpalibHasl, IOJICUUTBIBACTCS CpeHEe
3HavyeHue Ko3(duImenTa KOppensiy 3To CKBaKUHBI C COCEHUMH, KOTOpPBIE HAHOCATCS Ha Kap-
Ty B TOYKAaX PACHOJIOXKEHUS ITUX CKBAXWH, U CTPOATCS M30JUHUU YPOBHEH B3aUMOJEHCTBMS 110
NPUHATON B T€OJIOTUH MPOLEAYpPE MOCTPOSHUS KapT M30JUHHUN (M300ap, U30XO0p U T.1.), IO KOTO-
PBIM MOXHO BBIJIEIUTH 30HBI C MOBBIIIEHHBIMU M HU3KHMHU YPOBHSIMH B3aUMOJEHCTBHS, a TaKkKe
OLIEHUTb PaBHOMEPHOCTb JIpEHUpOBaHMs 3ajiexu. [lepuoauueckoe nocTpoeHne U CpaBHEHHE KapT
M30KOp 1O oTOOpaM He(TH, BOIBI, )KUIKOCTH HA pa3Hble MOMEHTHI BPEMEHH ITO3BOJIET Mpocie-
JUTh 32 U3MEHEHHEM KapTHHbI B3aUMOJEHCTBUS MOCIE MPOBEACHUS KaKUX-JIM00 Meponpustuii. B
30HaX C MOBBIIIEHHBIM B3aMMOJIEHCTBHEM Ha KapTax, HOCTPOCHHBIM IO 0TOOpaM BOJIbl, yBEIHYe-
HHE 0TOOPOB MOXET MPUBECTH K POCTYy OOBOJHEHHOCTH MPOIYKINH, MTPEKAEBPEMEHHOMY 00BO/I-
HEHUIO CKBAXKWH, HapsAy ¢ Apyrumu ¢axropamu: 6muzocts BHK, Hanuumne momomBeHHON BOJBI.
CornacHO JUCKPUMUHAHTHOIO KpuTepus [8], 10 3TUM CKBa)XMHAM AMCKPUMHUHAHT 110 BOJAE HUXKE
nyist D,<0, u Temn pocta BoJbI IPOUCXOAUT O€3 HACHIIICHHS.

CTpouTth KapThl H30KOP MOXKHO Kaxkible 6-12 mecdleB ¢ 100aBICHUEM HOBBIX IPOMBICIIO-
BBIX JIaHHBIX, 3aT€M CPAaBHHBATh UX C KapTaMu W30KOP 3a Mpeablrynuii nepuona.Takum odpazom
MOKHO B JMHAMMKE HUCCIIEI0BATh KAPTUHY B3aUMOAECUCTBUSA MEXy CKBa)KUHAMU, OLIEHUTH BbIpa-
OO0TKY 3aJIe)kKH M OIPEJeNIUTh MECTOIOIOKEHHE 3aCTOMHBIX M CJIA00APEHUPYEMBIX 30H He]TH,
YTOUYHSIIOIIMX WJINM MOATBEPXKIAIOLINX Pe3yabTaThl Npeablayliero 3ramna. [lpeumymiectBo mpemnio-
’KEHHOT'O aHaJM3a COCTOUT B TOM, YTO MOJIyuYe€HHAast HHPOPMAIUs KOCBEHHO OTPa)kaeT M3MEHEHUs,
IPOMCXO/IAIIME B IJIACTE HA OCHOBE ONEPATHBHO MMOCTPOSHHBIX KAPT, OTPAYKAIOIINX TECHOTY CBS3U
(bakTHIecKuX 0TOOPOB MO KHUIKOCTH, He()TH U BOJIC IKCILUTyaTAIMOHHBIX CKBaXkuH (puc.l, 2, 3).

B paGote paccMoTpeH 3Kcmpecc-MeTo A aHalln3a B3aUMOJICHCTBUSI CKBa)KMH, OCHOBAaHHBIH
Ha (aKTUYECKHX JIAaHHBIX PA0OTHI CKBAXKHUH: 00BEMOB 3aKa4KU BOJIbI B HATHETATEJIbHBIE CKBAXKUHBI,
0TOOPOB KHUIKOCTH, HEYTH U BOJBI U3 HOOBIBAIOINX CKBaKUH. EcTecTBEHHO, TpeOyeTcs nu3yyeHue
JAHHBIX O Ie0JOro-QpU3MUECKUX CBOMCTBAX KOJIJIEKTOPA (HAJUYME BBICOKOIIPOHHMIIAEMBIX KOJUICK-
TOPOB, TPELINH), JAHHBIX TUAPOAMHAMUYECKUX HCCIEAOBAaHUM, TPACCEPHBIX HCCIEIOBaHUM s
MOJATBEPIKJICHHS TOJIyYSHHBIX PEe3yIbTaTOB O B3aUMOJEHCTBHU CKBaXXHMH IO 3HAYUMBIM KOdPPu-
[UEeHTaM Koppessiiuu [5-8].
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AHanu3 kapT U30KO0p 110
JKUAKOCTH, Bome W To HedTh
JTaeT HEKOTOPOE IMpe/ICTaBICHNE
0 Tpoleccax, MPOUCXOASIIUX B
MEKCKBaKHHHOM TIPOCTPAHCTBE
Ha YpOBHE CTAaTUCTHYECKOTO
a"anuza. OJHAKO NPUYUHHO-
CJICICTBEHHYIO CBSI3b  MOXKHO
YCTQaHOBHUTh C TOMOIIBIO TpSsi-
MBIX TpacCEepPHBIX HCCIIEI0BA-
HUI W 3aTeM KOHTPOJHUPOBATH
MOJTy4YEeHHYI0O HMH(pOpMAIHIO C
MOMOIIBI0 KapT H30KOp JUIf
OTJICIIBHBIX MPOOJIEMHBIX
000COOJICHHBIX YYaCTKOB ILjIa-
cra. JIONMOJHUTENBHO MOKHO
HOJIY4YUTh HMH(POpPMALUIO O 3a-
CTOWHBIX U CIIA00IPEHUPYEMBIX
30HaX B MEXKCKBOXHHHOM IIPO-
CTPAaHCTBE, HAJMYUU PA3JIOMOB,
yrounuts DPEC, HeoaHopon-
HOCTb TIJIaCTa, CKOPOCTH [IBU-
JKEHUSI 3aKaylMBaeMOW BOJBI U
Jpyrue MmoKa3aTely.

B xkagectBe mpumepa
pPacCMOTPHUM Yy4YacTOK C HarHe-
TaTeNnbHOM ckBakuHoh HI1, B
KOTOpYIO OBLIT 3aKauyeH MHIUKa-
Top TpuHaTpuii dpochar 550 kxr
B BHJIC BOJHOTO pacTBOpa 00b-
emom 6 M°. B pe3yibTaTe HH-
TEepHIpeTali JaHHBIX, TIOJY-
YEHHBIX B Mpo0ax >KUAKOCTU B
OKPYXAIOMMUX  TOOBIBAIOIINX
ckBaxknHax C11-C18, caempr
WHAUKATOpa ObLTN 0OHAPYKEHBI
BO BCEX CKBaXMHAX, HO B OYEHb
MaJbIX KOJUYecTBax (Tabiuia

3).

Puc. 1. Kapma uacmublx u30K0p no negpmu yuacmea mecmopoNcoeHust

Puc. 2. Kapma wacmuuvlix u30Kop no 600e yuacmea MecmopotcoeHus.

Puc. 3. Kapma uacmmuvix u30Kop no sHcuoKoCmu y4acmra MecmopotcoeHus
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Tabnruua 3

Pe3yabTaThl TPaccepHbIX HCCIEIOBAHNI 3aKAYKH ME4YEHOM KMIKOCTH B cKkBaxxkuHy H1

Kon-60 | Ckopocmu npu- . | dakmuyeckan Cyaum. | Joas 600w,
Cymmapmubtii deoum | nocm. no
Ilepuod| cucmem xo0a Macca Inponuyaemocmsy
No hpexmuenolil 600bl, | mpyoxam
omoopagurvmpa- unouxamopa |6bIHECEHHOZ0 .. mpyook moka
n/n 00véMm mpyodok nocm. no| moka om
npoo yuu unHouKamopa
moka mpyoxkam| odwjezo
Kananos . . ..
max min max min | moka 00véma
cym. wm m/cym.  |w/cym. % M mrn? | | meym. %
Cll | 92.3 5 1428 | 113 3.0E-2 0.9 13.17 | 1.04| 0.05 0.41
Ci2 | 921 6 63.2 8.4 4.0E-2 2.1 577 |0.77| 0.07 0.50
Ci3 | 971 7 145.7 | 11.1 2.5E-2 1.1 17.45 ]1.33| 0.04 0.19
Cl4 | 96.9 7 161.0 6.0 0.1 7.7 1423 1053 | 0.19 0.62
Cl5 | 96.9 8 200.7 6.2 3.9E-2 2.4 16.84 | 0.52 | 0.06 0.64
Cl6 | 96.9 6 148.0 | 10.1 6.4E-2 29 2128 |145] 0.11 0.33
CI17 | 96.9 3 102.7 | 20.5 3.7E-2 1.6 16.86 | 3.37 | 0.06 0.31
Cl8 | 96.8 5 1225 | 13.7 4.4E-2 1.3 2420 | 2.71] 0.07 0.36
20.15 0.66
CornacHo pesyibTa- 12 L
TaM TPACCEPHBIX HCCIEHO- e ss0
£ 1 2
BaHUH, TUAPOIMHAMUYECKAS = pal w0
Ly 450 @
CBfI3b MEXJY HArHETATENb- g os q 00 ¢
HOM ®  JOOBIBAIOIUMU 3 ZZ fase g
& - 300 8
CKB&XHMHAMM YCTAHOBJICHA, 305 k 250 £
O/IHAKO 3HAYMMOCTH JTOM 5 e
30 150 3
CBSA3U B KaXIOM KOHKpPET- 02 ‘Xﬁ 100 °
HOM cCllydyae HEOOXOIMMO o M 5 a) h -
I/ICCJICI[OBaTI) FJ'IY6)KC 2 5 10 15 20 2‘5 3T0 35 4‘0 4‘5 S0 55 &0 éS 70 75 80 85 90 95
N BpemMa OT MOMEHTA 38Ka4YKH, CyT
Ilo pe3yibTaraM Puc.4. I'pagux nocmynnenus unouxamopa 6 ckeasxcury C14
TpPacCepHBIX HCCIEJOBAHUI
BUJIHO, YTO J0Js BOABI, MO- i 210
cTymaromei 1o Tpyokam { 290 .
TOKa OT O0mero obbeMa & a3 ’ 170 2
: 160 2
BOJIBI, J00BIBAEMOM CKBa- 208 s 2
JKUHaMH, COCTaBJISIET  OT g a2 s =
0,64% (ckBaxuna C15) m  =°° o g
0,62% (cxBaxkuna C14) no §:'5 -
204 z
0,19% (cxBaxxmua Cl13). 20.3 % :
MakcumanbHble  CKOPOCTH — * g, | L 2
Npuxoja WHAUKATopa Co- 0.1 A t i
10
0 P

crapmsitor  200,7  m/cyT.
(cxkBaxuna C15) u 161,0
M/cyT. (ckBaxuna Cl14).

u
40
Bpema or MoMe

10 20 30

S0 60
HTa 3aKa4kH, cyT

70

80

90

Puc.5. I'papux nocmynnenus unouxamopa 6 cxkeasicuny C15
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H3MeHeHrne KOHIIEHTPAIMK M0 OT/ENBbHBIM HHTepBasiaM (puc. 4, 5) BpEMEHU «CKadKaMI»
KOCBEHHO MOATBEPIKIAET BO3MOXKHOE CKAYKOOOpa3HOEe H3MEHEHUE BOJAOHACHIIICHHOCTH TIPH TIepe-
MEIIEHUH HEYCTOMYMBOTO (PpOHTA BBITECHEHUSI HEPTH BOJON. B 3THX IBYX COCEIHHMX B3aUMOJICH-
CTBYIOIIMX CKBR)XMHAX HAOJIOJACTCSl UACHTUYHAS KapTHUHA MO TEKYIIEMY M HaKOIUICHHOMY BBIHO-
Cy MH/INKATOpA.

Pacuer k03 (HUIIMEHTOB KOPPEISALIUY MEXKIY 3aKAYKOH BOJIbI B HATHETATEIBHYIO CKBAKUHY
HI1 n no6eryeit HeTH 1 BOBI JOOBIBAIOIINX CKBKWH ydacTKa, I/ie ObUT 3aKadeH Tpaccep, Mpei-
cTaBJieH B Ta0nuie 4.

Tabauya 4
3HaueHHua KO3(l)(l)I/IIlI/IeHTOB KOppe/Jsaiud B pa3/iMvdHbIC IEPUOAbI BPEMCHH
J106. ckB. JlanHble 08.2015-07.2016 03.2016-02.2017 JAMCKPUMUHAHT

Cl4 HeTh -0.144 0.463 Du <0
Cl4 BOJIA 0.245 -0.495 Ds >0
C15 HeTh -0.421 0.570 Du >0
CI15 BOJIA 0.256 -0.177 Ds >0
C18 HeTh -0.728 0.471 Du >0
C18 BOJIA -0.062 -0.329 Ds >0
Cl1 HeTh -0.414 0.139 Du <0
Cl1 BOZA -0.435 0.634 Ds >0
C17 HEPTH -0.561 0.517 Du >0
C17 BOJIA -0.513 -0.574 Ds >0
C12 HE(Th 0.095 0.102 Du <0
Cl12 BOJA 0.648 -0.092 D >0
C13 HEPTH -0.001 0.514 Du >0
C13 BOJIA -0.392 0.292 Ds <0
Cle6 HEPTH 0.269 0.361 Du >0
Cl6 BOJA 0.139 0.297 D >0

Pesynbrarel pacueTroB 3a 12 MecsieB 10 3aKayky Tpaccepa MoKas3ald, 9TO KOPPesIuoH-
HBIC CBSI3M MEXKIY 3aKauyKoW B HarHeTaTelbHYyI CKkBaXkuHy H1 n otOopamMu HeTH U BOJBI B OKPY-
JKAIOIINUX JOOBIBAIOIIUX CKBAKWHAX JINOO OTpHUIATENbHBI (TI0 6 CKB.), THOO cladble MONTOKUTEIh-
HBIE (TI0 2 CKB.), YTO CBHETEILCTBYET 0 Hed(pPekTHBHOCTH pexnma paboTsl ckBaxuH. [Tocnmemy-
romue 12 MecsiieB, BKIOYaOIKe 4 Mec. TpacCepHBIX UCCIEA0BaHUH, TIOKA3alld HAJTUYKE TI0JI0KU-
TEIHHON KOPPENSALNN MEXTY 3aKaUKOi U T00bIYeit He(hTH o BceM 8 CKBaKMHAM M OTPHULIATEIBHON
MEX/Ty 3aKa4KOi 1 0TOOpaMU BOJIBI.

ITocne coOTBETCTBYIOIIETO PEryIUPOBAHMS PEKUMOB Pa0OThl CKBAXKHUH y4acTKa 3aKadynBa-
eMasi B HarHeTaTeslbHyr0 CkBaknHy H1 Boma crama oOecrmieunmBaTh OKpYKArOIIHE TOOBIBAIOIINE
CKBKMHBI 3()(PEKTHUBHBIM BBHITECHEHHEM He(DTH M OXBATOM BBITECHEHHMEM IO Tuiacty. Otpura-
TeNbHAS KOPPEJSIUS MEX]y 3aKa4KOH U 0TOOpaMu BOJIBI 1O 5 CKBaKWHAM MOATBEPkAaeT 3P hek-
THBHOCTH CHCTEMBI TTOIZICPKAHHSI IIJIACTOBOTO JIaBIICHUS HA ’TOM OTPE3KE BPEMEHH.

AHanmu3 TUHAMUYECKOW KapTUHBI 32 3TH 12 MecsIeB ¢ MPUMEHEHUEM JUCKPUMUHAHTHOTO
KpUTEpHUsl TAKKE COOTBETCTBYET MpEArojiaracMoMy IOBEJCHUIO TIOKaszaTelel, 3a UCKII0UYeHHUEM
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ckBakuHbl C11 ¢ koapdunmenTom koppensuun no Bojae, pasubiM 0,634. [1o 310l ckBaXkuHe, CKO-
pee Bcero, He CIEMyeT OXKHUAATh MPOpbIBa BOJBI, MOCKONbKY DH<0 DB>0. Jlnsa ckBaxunabr C14
CKOPOCTb JIOJIM BOJIbl B IIOTOKE MO TPACCEPHBIM HUCCIEI0OBAaHUAM OTHOCHTEIBHO Bbicoka: 161 m/c, a
Mo pe3yjbTaTaM pacyeTa KOIPQPUIMEHT KOPPENALNU MEXKIy 3aKayKod BOJIbl B HarHETAaTEIbHYIO
ckBakuHy H1 u or6opom Hedtr n Boasl n3 ckBaxuHb C14 cOCTaBMII COOTBETCTBEHHO IO Tpac-
cepHbIx uccienoBannii -0,144 u +0,245, a mocne perynupoBanusi Haoboport (+0,463 u -0,495), uto
SBJIIETCS] 3HAUMMBIM B JIaHHBIX YCJIOBHUSX.

3akawuenue. [Tokazana BakHas poib (GakTopa B3aMMOICHCTBHS (POHIA TOOBIBAIOIINX U
HArHeTaTeNbHBIX CKBAKMH MPH ONTHUMM3AIMH CUCTEMBI Pa3padOTKH U B YaCTHOCTU HECTALMOHAP-
HOTO 3aBOJHEHHUS, KaK aKTyaJbHOW KIIOYEBOH TEXHOJOTMH He(Tera3og00bIBalOmIe OTPACIIH.
Oco0eHHO cleyeT OTMETUTh B3aWMOJIOMOJIHIEMOCTh M COYETAEMOCTh METOIOB HCCIIETOBAHUS
MOCTaBJICHHOW 3aJlauM: HeMapaMeTPUUECKUN CTATUCTUYECKUI aHau3 C UCMOJIb30BAHHEM MapHBIX
U YaCTHBIX KOPPEJSLMOHHBIX COCTABISAIOUINX, TIOCTPOEHUE KapT UXOKOP, UCIOIb30BAHUE PE3YIIb-
TaTOB TPACCEPHBIX MCCIEAOBAHUIN U PEIIAIONINX MPABUI IUCKPUMUHAHTHOTO KPUTEPHSL.

B pabGore npencTaBiieHbl pe3yabTaThl TEOPETHUECKUX, SKCIIEPUMEHTAIBHBIX M MPOMBICIIO-
BBIX UCCJIEIOBAaHUM C IMO3ULUHN CUCTEMHBIX HccienoBaHuid. CoueTaHue pasinyHbIX METOA0B, B TOM
quclie TPAJAUIIMOHHBIX, HATIPABICHHBIX HA MCCIEI0BAaHUE B3aUMOJICHCTBHS HarHETATEIbHBIX U J10-
OBIBAIOIINX CKBaKMH C IOMOIIBIO pacyeTa mapHbIX K03 duipentos koppemsiunun CrimpMeHa, 31u-
MUHUPOBAaHHBIX YaCTHBIMHM KOPPEJSLUAMHU, U UX HNOATBEPKICHHE C MOMOILBIO MPSMBIX Tpaccep-
HBIX MCCIICZIOBAHUN M TUCKPUMHHAHTHOTO KPUTEPHS OTKPHIBAET HOBBIE MMOTEHIIMATbHBIE BO3MOXK-
HOCTH B MHTEpIpeTanuu (akTopa B3aUMOBJIHMSIHUS CKBOKUH M Ja€T BO3MOXKHOCTH ONTUMH3HPO-
BaTh IMPOLIECC HECTAIIMOHAPHOTO 3aBOJHEHUS, PACCYMTAHHOTO Ha TOBBIIICHHWE He(TEOTaaun I1a-
CTOB M HHTEHCU(DUKAIMIO JOOBIYM HEPTH.

[IpennoxeHHbI HAYIHO-METOAMYECKUN TTOJXO]T SIBIIICTCS COCTAaBHOW YacCThiO OOIIEH CH-
CTEeMHOM KOHIICTIIMU pa3padO0TKU MECTOPOKACHUN KHUIKUX M ra3000pa3HbIX YTIEBOIOPOIOB.
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QUYULARIN QARSILIQLI TOSIRI - NEFT YATAQLARININ HAZIRLAMASINDA
SISTEMLIYIN 9SAS AMILI

9.X. SAHVERDIYEV

Magqalada korrelyasiya tohlili iisulu ilo neft yataglarinda quyularmin qarsiligh tesirinin diagnostik metodu toklif
edilib. Bir sahodo isloyon bir ne¢o quyunun qarsiliqh tosiri birinin is rejiminin hor hansi doyisikliklori, digorinin isino tosir
edir vo quyularin qarsiliql tesirinin derocasi korrelyasiyanin omsali ilo toyin edilir. Rabito sixliginin on sads vo rahat
gOstaricisi moqalads istifado edilmis Spirmenanin doraco korrelyasiya omsalidir. Miiqayisali tohlil zaman1 alinmis noticolor
todqiqatlarin trasser tadqiqatlari ilo tosdiq edilir. Diskriminant meyarla uygunluqda toklif edilmis elmi-metodik yanagma,
islonma obyektlori tigiin holledici qaydalar1 vo praktik tovsiyslori formalasdirir.

Agar sozlor: korrelyasiya tahlili, Spirmenanin daraca korrelyasiya amsali, tazyiq va hasilat quyularm qarsiligh tasiri,
trasser tadgiqatlar, izokor xaritasi, diskriminant meyar, laylarin neftveriminin artimi, neft¢ixarmanin intensivlagdirmasi.

INTERACTION OF WELLS - THE MAJOR FACTOR OF SYSTEMACITY WHEN
DEVELOPING OIL FIELDS

A.Kh. SHAKHVERDIYEV

The paper proposes a method for diagnosing the interaction of wells in a section of an oil reservoir by the method of
correlation analysis. In the interaction of several wells operating in the same area, any changes in the mode of operation in one
well affect the operation of another, the degree of interaction of the wells is determined by the correlation coefficient. The
simplest and most convenient indicator of the closeness of ties is the Spearman's rank correlation coefficient, which is used in
the work. The results obtained in a comparative analysis are confirmed by the results of tracer studies. The proposed scientific
and methodological approach in combination with the discriminant criterion forms the rules and practical recommendations for

development objects.

Keywords: correlation analysis, Spearman's rank correlation coefficient, interaction of injection and production
wells, tracer studies, isocore map, discriminant criterion, enhanced oil recovery, enhanced oil recovery.
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OIIEPATUBHBIN KOHTPOJIb COCTOSIHUS
CUCTEMBbI « CKBAJKHHA-IIJIACT»

E.B. MAMEJIOBA”

B pabote npemmaraeTcss METOMKA MCCIEAOBAHUS Ta3IU(THON CKBAXXHHBI IIPH €€ ITyCKe, YTO JacT BO3-
MOXHOCTB 005iee 000CHOBAHO MPUMEHSTH PEIICHUE W 03 JOTOIHUTEIBHBIX 3aTPaT OIPEICIUTh OCHOBHBIC TIOKA-
3aTEJH TU1acTa ¥ CKBAYKHHBI.

Kntouesvle cnosa:  caznugpmmuviii NOObEMHUK, KACAMeENbHOE HANPAdICEHUE cOgued, 00bem no2noujde-
MOt Heghmu, nyckogoe dasieHue.

BBenenne. YrpapieHHue MpoOLECCOM pa3padOTKH HEPTSIHBIX MECTOPOKICHUN TECHO CBS3a-
HO ¢ MHTeHCU(UKanuel HedTea00bIYH, YTO 00YCIIaBIUBAET HEOOXOAUMOCTh ONIPEICICHHUS U YTOU-
HEHHs TTapaMeTPOB IUIACTOBOW CHCTEMBI, HA OCHOBE aHAJIM3a MOJYYEHHBIX Pe3yJIbTaTOB MpPHU MPO-
Bejiennu [ MIC (ruapoanHaMU9IecKoro UCCiieI0Banus CkBaxuH) [ 1-5].

Jlyis onepaTUBHOTO MPHUHSITHS PEUICHHS IO PEryIHPOBAHUIO TEXHOJIOTHUECKUX U THAPOIU-
HAMHMYECKUX MOKa3aTesnell paOboThl Ta3MU(THBIX CKBAXKUH MpeAiaraeTcs MPUMEHEHHE JKCIIpecc-
METOJIa TIPH MX IyCKE.

ITocranoBka 3agaun. OCHOBHas Ujes MpelaraeMoro crocoda 3akio4aeTcst B olpeiene-
HUU OCTAaTOYHOr0 00beMa MPOIaBOYHOM JKUJIKOCTH B MPU3a00HHYIO0 MJIacTa. DTO MO3BOJSET OLe-
HUTH (PUIBTPALIMOHHO-EMKOCTHBIE XapaKTePUCTHKH, aHAIOTUYHO pe3yibTaTaM CHSTHS WHIWKA-
TOPHBIX AMArpaMM U KPUBBIX BOCCTAHOBJICHUS TaBJICHHUS.

[IpennaraeMplii MOAX0A HCKIIOYAET NMPUMEHEHHUE PA3IMYHBIX I€0JOTr0-TEXHOJIOIMYECKUX
MEPOIPHUITHH, TPEOYIOUTNX OMpeeIeHHbIC 3aTPAThI CPEACTB U BPEMEHH.

Pemenne 3agaun. Kak nokaspIiBaeT MpoOMBICIIOBAs MPAKTHKA, MyCK ra3iu(THONH CKBaKHHBI
B DKCIUTyaTallMIO — CIIOKHBIA TPOIECC, COMPOBOXKIAIOIINNCS TUHAMUKON TIACTOBOM JKUIAKOCTH,
KaK B CAMOM TIOJJb€MHHUKE, TaK U B IUIACTE.

JlaHHBIN TIpOIIECC 3aKITI0YASTCs B IOBEICHHH 3aKaYMBAEMOT0 Ta30BOT0 areHTa B 3aTPyOHOE
MPOCTPAHCTBO 110 YPOBHS OamiMaka MOJBEMHBIX TPYO, T.. B «OTKAaTUW» Ta3oM kuakoctu. [Ipu
STOM BBITECHSIEMBIHN (IIFOH]I TIEPETEKAET B IICHTPAIBHYIO TPYOY, UTO MPUBOAMT K TMOBBIIIEHUIO CTa-

*
AsepbaiipKaHCKHIA TOCYIapCTBEHHbIN YHUBEPCHTET He(TH U npomsbiiiuienHocTH (ATYHIT)
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TUYECKOTO YPOBHS M BOSHUKHOBEHHS JEMPECCHU HA IIIACT, KOTOPas, B CBOIO O4epeib, OyAeT cro-
cOOCTBOBATh YACTUYHOMY IOTJIOIIEHHUIO KUAKOCTH TUIACTOM.

[Ipu ycnoBum xopoieil MPOHUIIAEMOCTH TUIacTa UM HAJIUYUU B NMPU3a00HHOM 30HE CKBa-
’KMHBI TPELTMH 00BbEeM MepeToKa KUIAKOCTH U3 CKBAKHUHBI B IUIACT yBesnndyuBaercs. [Ipu HeBbICOKOH
MPOHUIIAEMOCTH IJIACTa WM HAJIMYMK Ha 3a00€ CKUH-(PaKTOpa, YTO CO3/1AET JOMOIHUTEIBHOE CO-
MPOTUBJICHHE, MPOITYCK KUJIKOCTH B IJIACT yxXyauiaercs. B cBoro odepeab, 00beM MOTIOoIaomei
KHUJIKOCTH OyJeT 3aBUCETh TAKXKE OT JaBJICHHS HAa YCThE CKBAXKHUHBI, CTATHYECKOTO YPOBHS M KOH-
CTPYKLIMH CAMOW CKBa)KUHBI.

Metoauka ucciaenopanus. [Iponssenem pacuer onpenenenus o0bema (ironaa mpH mycke
ra3nuTHON CKBa)XHWHBI C YUETOM YCTHEBOTO JABJICHUs, KOHCTPYKINHU IMOJIBEMHUKA, (PU3NIECKUX
CBOMCTB KUAKOCTH, CHUJIBI COITPOTHUBJICHHUS.

B oOmem Buae naHHYIO 3aBUCHUMOCTH JUIS OJHOPSAHOTO
IIOABEMHUKA MOXXHO 3aIlicaTh Tak: 9",

Vaor. = f (Paye D; p 13 1) (D -
rae V.. - o0beM moryomaemoit skuakoctd; D, d - BHyTpeHHHIH

Ah

JMaMeTp KOJOHHBI M MOJABEMHBIX TPyO; h - craTmdeckuii ypoBeHb

KHUJIKOCTH; P - IJIOTHOCTh XKHUAKOCTHU; U - TUHAMUYECKAs BSI3KOCTh
KHUIKOCTH; By - IyCKOBOE JaBJICHHE. B
Ha pucynke mokasana cxema raziau(THOrO MOJbEMHHUKA

MIPU €ro MyCKe.
3anuiieM ypaBHEHHE PaBHOBECHs JJIsl HE(PTH C yIETOM Ka-

CaTCJIbHOI'O HAIPsIKCHUA CABHUIa U YCKOPCHHA CB06OI[H01"O naac-

HHA B YaCTHOM BHUJIC! Puc. Cxema 2aznugpmnozo noov-
eMHUKa npu e2o nycke

P,Si = B,S; + pg(h + Ah)S, + tx(h + Ah) 2)

rae S; S, — Imomank nornepeyHoro ce4eHusi MeXXTpyOHOU 1 TPYOHOI CHUCTEMBI; T — KacaTelbHOe
HaNpsOKEHUE CABUTA; Y — CMOYEHHBIN NepUMeTp MoabeMHHKa; Ah — MOBBIIIIEHHE YPOBHS B MOIb-
eMHBIX TpyOax; h — morpyxeHue OaliMaka B IMOJIBEMHBIX CKBKMHAX IOJI CTATHYECKUN YPOBEHB;
L - TWIOTHOCTb JKUAKOCTH; § — YCKOPEHHE CBOOOIHOTO MaICHUS.

ypaBHCHI/Ie PpaBHOBCCHA 110 OGT:.GMy HOrJIOIICHHA IIJIACTOM U IIOAHATHUSA B HKT IMPUMET BUA:
Sch = S;:Ah + Vi, 3)

Pemast coBmectHo ypaBHeHus (2) u (3) OTHOCHTENBHO TMOBBIIIEHUS YPOBHS JKUIKOCTH B
TpyOe, MoIydnuM:

P.S.— ST(Py + pgh) —txh 1
pgSy + X Sy

(th - Vnor.) (4)

KacarenpHoe HanpsbkeHue cnBura (7) Uit JJAMUHAPHOTO M TypOyJIEHTHOTO peKuMa B 00-
IIeM BUJIE 3aIHCHIBAETCS 110 ciexyronei hopmyse:
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UZ
T=Aop (5)
8
TJie V — - CPeIHSS CKOPOCTh JABWKEHUS JKUIKOCTH B IMOABEMHBIX TpyOax; A — kodddummeHT rum-
PaBINYECKOTO COTMPOTHBIICHHS.
VuareM, 4To:
- ISl TAMHHAPHOTO PEXXHUMa JABWKEHHUS KHUJIKOCTH KO3(P(PUIIMEHT IHapaBIMIECKOTO COMPO-
TUBJICHUS ONPEACTISETCS IO opMyIie:

A=— (6)

- s TypOYJIEHTHOTO MOTOKAa KUIAKOCTU MpU R < 10° k03 dUIHEHT A OMpeneNnseTcs 1o

bopmyie:
0,3165
A=——

R, @

vD v
rae R, = Tp — yucso PeriHosb/ICa.

[IprHMMas BO BHUMaHME BBILIECKA3aHHOE, MOXKHO 3alKicaTh ypaBHEHUE (4) OTHOCUTEIBHO
00beMa MOTJIOMICHHUS KUAKOCTH TUIACTOM, KOTOPOE MPUMET BHI:

P,(D? — 2d?) + pghd? — txh
Voo = |02 = d2yh — 28 )+ pehd = T ®
PE= g

Pe3yabTaThl HccienoBanns. Kak BuaHO, JaHHOE YpaBHEHHE MOJHOCTHIO XapaKTepU3yeT
3aBUCHUMOCTh 00BEMa MOrJIOIEHUA KUJAKOCTH OT OCHOBHBIX XapaKTCPUCTUK I‘a3J'II/I(1)THOFO noab-
eMHHKa. [IpuMeHeHne JaHHON METOAMKH MO3BOJIUT PETyINMPOBATh 3HAYCHUS JAHHOTO 00BbeMa, YTO
IMMO3BOJIACT MOJYUYUTb HOBOC HAIIPABJICHUC UIA U3YUCHHA OCHOBHBIX IapaMETPOB IIACTA.

3akawuenue. [lpennoxxeHa pacueTHas METOAMKA OIpeAeTeHHs 00beMa TMOTJIOMAEeMO
KHUJIKOCTU NPU MyCKe ra3nuTHON CKBaXHHBI. J[aHHAst METOIMKA JaeT BO3MOXKHOCTh PelIaTh MHO-
TOYMCJICHHBIC 3aa4Yn COBMECTHOH pa6OTI>I CKBA>XUHBI U I1JIaCTa.

[lonyueHno ypaBHeHue Ui omnpejaenaeHus o0bema MOIJIOMIEHHU B 3aBUCUMOCTH OT OCHOB-
HBIX ITapaMeTPOB NOIBEMHUKA U KHUIKOCTH JJIs1 KOHKPETHOM CKBa)KHUHBI.
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“LAY-QUYU” SISTEMININ VOZiYYOTINO OPERATIV NOZARDT
Y.V. MOMMODOVA

Qeyd olunan metodika iizro qazlift quyusunu iso salarken slave xorclersiz lay ve quyunun asas gostaricilorini
hasablamagq olar.

Acar sozlar: qazlifi, siiriismanin toxunan garginliyi, layla udulan mayenin hacmi, isa salma tazyiqi.

OPERATIONAL CONTROL OVER THE SYSTEM CONDITION "WELL - REZERVOIR"
E.V. MAMMADOVA

The paper proposes a method for the study of a gas-lift well during its launch, which makes it possible to more rea-
sonably apply the solution and, at no additional cost, determine the main indicators of the formation and well.

Keywords: gas lift, shear stress tangent, volume of absorbed oil, starting pressure.
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NCCIEAOBAHUE ®UJIbTPALIMU BO/AbI
B IV'IMHUCTBIX IIVIACTAX

JI.C. TAJDKMEBA”

B crarbe mpescTaBiIeHBI pe3yJbTaThl JJAOOPATOPHBIX SKCIEPHUMEHTOB U NPOMBICIOBBIX HCCIEIOBAHUN
HarHeTaTeJIbHBIX BOJSTHBIX CKBAKUH. BBISBIEHO, 4TO NPU QHUIBTPAIIMK BOJBI B TIIMHUCTBIX ITOPOJAX UMEET MECTO
HapyIIeHUe JTHHEHHOTO 3akoHa (uibTparuu [lapcu, T. €. CYIIeCTBYeT HEIMHEHHBIH 3aKOH (MIBTpPALUH, MPH
KOTOPOM C yBEJIWYECHHEM IIepernajia JaBJICHUS YBEIHUMBACTCS MPOHUIIAEMOCTb 3THUX MOPOJ. DTO OOBSCHACTCA
QHOMAJIBHBIMH CBOMCTBAMM BOJSHBIX IUIEHOK, 0Opa3ylOMNXCsS HA BHYTPEHHEH MOBEPXHOCTH TBEPMABIX UYaCTHIL
TIOPOJIBL

[TonoOHbIe HccenoBaHMs IPUMEHSIINCH TAKXKE TIPH pa3paboTKe U IKCIUTyaTalni HE(TIHBIX MECTOPOXK-
I[CHI/II?I. HpOBeZléHHI)IC OKCIICPUMEHTBI U MIPOMBICIIOBBIC HUCCJICAOBAHUA MOKa3ajan, 4TO MpH (l)I/IJ'IpraHI/II/I BOJIbI B
TJIMHUCTBIX IUIACTaX HaJIMYME HAYaJIbHOTO TpaduWC€HTa OaBJICHUS MOXKET OBITH HCITOJIB30BAHO KakK peSepBHbIﬁ
HUCTOYHHUK ITOBBIIICHHWA HpI/IéMI/ICTOCTI/I HAar"HeTaTcCJIbHbIX BOASHBIX CKBAXXHH.

Knioueswvie cnosa: @urempayust 600bi, SIUHUCIBLIL NAACT, HEIUHEHbI 3AKOH QUIbMPAyUl, HA4aTbHbIL
2paouenm 0asieHus, Ha4aIbHblll nepenao 0aeieHUs U Ha2HeMAamenbHAas CKEANCUHA,
K03 puyuenm npuémucmocmu, napamemp Peiinonvoca.

Beenenue. [Ipu ¢puibTpanny BoAbI B TIIMHUCTBIX MOPOAAaX BBISIBICHO HAJMYME HEJIMHEWHO-
ro 3akoHa ¢uibTparuu [1] n HapymeHue 3akoHa GuabTpanuu Jlapewn [2], moka3aHo, 9TO ¢ yBEIH-
YeHHEM Mepenasa AaBJICHUs], YBEIUNYMBACTCS IPOHULIAEMOCTh 3TUX HOPOJ. DTO 0OBACHAETCS aHO-
MaJbHBIMU CBOWCTBAMHU BOISHBIX TUIEHOK, O0OPa3yIONMXCS HA BHYTPEHHEH MOBEPXHOCTH TBEPIBIX
4acTHIl IOposl |3, 4].

Jlo cux mop He OBIJIO0 M3YYEHO BIHMSIHHE JaBICHHUSA (PUIbTpallMy Ha 3HAYCHHE HAYaJbHOTO
rpaJyieHTa JaBJIeHUS P (UIBTPAIIMA BOABI B TIIMHUCTHIX TIOPOJIAX.

C aT0i1 LeNbI0 HAa YCTaHOBKe HccienoBanus miactoBelx Hedreil LIUTTH-IM, npoBoaunuce
crielMaibHble SKCIIEpUMEHTHI [1].

IMocTanoBka 3a7a4n M MeTOJ peuieHus. BrileonucanHble 3KCIIEPUMEHTHI TIPUMEHSIUCh
npu pa3paboTke HeTsHBIX MecTopoxaeHuit. Ha mecropoxaenun «JlapBuH OaHKachD» MOPOJIbI
Kupmaxkunckoit ceutsl (KC) comepxkat 30 + 40 % rinuabl. C 1enpl0 N3ydeHus BIUSHUS JTaBICHUS
HarHeTaHusi Ha MPOU3BOJUTENBHOCTb, T.€. Ha MPUEMHUCTOCTb HArHETATENIbHBIX CKBAXKUH, OBLIU
MIPOBEJICHBI CTICTIMATILHBIC TIPOMBICIIOBBIE HCCIICIOBAHMS.

: A3sep0aiipKaHCKHIi TOCY1apCTBEHHbIN YHUBEpCHTET He(TH 1 mpombiiieHHoCTH (ATYHIT)
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B nccienyemMbix BOISHBIX CKBaXKWHAX OBLIN CHATHI KPUBBIE ABYCTOPOHHEIO BOCCTAHOBIIE-
HUs 3200HOTO JaBJIeHUs] U OBUIM OIpeJiesIeHbl 3HAUEHUS IJIACTOBOTO JABJICHUS M HAYaJIbHOTO
nepenajga gaBjeHus. Heckonbko pa3 u3BMEHWICS PEKUM 3aKaYKK BOJBI, OCJIE YCTAHOBJICHHS pas3-
JMYHBIX CTAI[HOHAPHBIX PEKUMOB 3aKaYKH BOJBI B TUIACT ObIJIa OCTAHOBJICHA 3aKayka, M OBLIM CHS-
ThI KPUBBIE BOCCTAHOBJICHUS 3a00MHOTO JaBICHUS, IPU PAIUYHBIX PEKUMAX 3aKAYKU.

B xadecTBe HCHBITYeMOM KUIAKOCTH Oblila MPUMEHEHa IuiacToBas Bojaa. [IpuroroBieHHas
TJIUHUCTO-TIECOYHAs! CMECh Oblila pa3MellieHa BHYTPH KEepHOAEpKaTelsl YCTAHOBKHU U MO/ JaBJICHU-
em 30 MIla Obuta mogBEepruyTa BCECTOPOHHEMY BO3JIEHCTBUIO TUIPABINYECKOTrO Ckatus. Mcmbl-
TyeMmas noposaa cozaepkana 30 % B TITHHUCTBIX (HpaKIU.

OTtoT 00paszer] Mopo/Isl MOCIIE TIIATEIHHOTO BAKYYMUPOBAHHUS ObLT HACBIIIEH HCIIBITYEMOM
BOJIOM M ocTaBJieH B TeueHue 24 yac noj gasiaeHuem 0,3 MIla.

[Tocne sToro, HauUMHASA OT MUHUMAJILHOTO 3HAUEHUS CO3/1aBAEMOTO JIaBie-HUsl (PHIbTpAIN
(Apo = 0,55 MIla — HuXkKe ITOTO 3HAYEHHS HE MPOUCXOAUT (PUIBTPAIMHN), B 3aBUCUMOCTH OT JIaBJIe-
HUST QUIBTpAIK OB ONIpeIeIEH HaYaIbHBINA TIeperna] TaBIeHusT Ap,.

beun npuHATH clieqyrolMe Iociel0BaTeIbHbIE 3Haue-

Hus gasnenus Guibtpanuu: 1,5; 2,0; 3,0; 5,0 MIla. [Tpu kaxaom 50 Ap, =0

3HAYEHUM ITUX JaBJIE€HMH ObLIM CO3JaHBI CTAallMOHAPHBIE (yCTa- 401

HOBMBUINECS) (QUILTPALIMK BOJBI B IOPUCTOM CpeJIe U 3aTeM ObI- é{ 30 Ape=004amn

1M CHATHI KpuBble BoccTaHoBieHHs AasieHus (KBO), T. e. rpa- i 20 Ape=1.8amm

(UKH 3aBUCUMOCTH JIaBJICHUS OT BpeMeHH (puc. 1). 10 -
B pesynbraTe 3KCIIEPUMEHTOB, MOCJIENOBATENBHO OBLIH —t

10 20 30 4
HOJIydeHbl CIEAyIOIHEe 3HAUEHHUs] HAYadbHOro Iepenasia JaBie- e

Puc. 1. Kpusvie soccmanosnenus
0aseHUs Ha GbIX00e KOJOHKU Npu

TOB IIPUBE/ICHBI HAa PHUC. 2, KOTOPBIH MOKA3bIBACT, YTO C YBEIHUE-  Quibmpayuu niacmosoii 600vl uepes
2AUHUCMBLLL NECOK

4.0 \
3.0

3HaueHUH AaBiieHus ¢uibtparuu P = 3,0 MIla oHo paBHseTCS ; \
2,0

Hus: Ap, = 0,36; 0,18; 0,04; 0,0 MIla. Pe3ynbTarsl KCriepuMeH-

HUCM JaBJICHUA (1)I/IJ'IBTpaL[I/II/I (Ha‘-IaJ'IBHOFO I[aBJ'IeHI/ISI) 3HA4YCHUC

Ha4aJIbHOr'o neperazaa AaBJICHHSA 3aMCTHO YMCHBIIACTCA, U IPHU

Apy, aT™M

HYJIIO. 3aKOHOM€pHOCTb, MMOJIy4YCHHas B PE3yJIbTaTC OKCIICPHUMCH-

TOB, TMIOKA3bIBAET, YTO IPU (PUIBTPALIUU BOABI Yepe3 INIUHUCTYIO, ’ ‘\

MOPHUCTYIO CPCAY IPOABIIACTCS HaYaJbHBIN T'paduCHT OAaBJICHUS U 1.0
€r0 3HA4YCHHUEC 3aMCTHO YMCHBLIIACTCA C YBCIIMYCHHUCEM OABJICHUA \

0
¢unbTpanuy. 1o 20 30 40
Kak BumHO W3 pucyHKa 1, ¢ yBENIMYEHHEM JABJICHUS b

Puc. 2. I'paghux 3asucumocmu
HAuaIbHO20 nepenaoa 0asieHus om
JIEHUS] YMEHBIIAETCA, T. €. MOJIY4alTCs PEe3ybTaThl, 0J00HbIE 0aenus Ha 6x00e KONOHKU

Haru€taHusd BOAbI B IUIACT, 3HAYCHHUEC HAYAJIbHOI'O ICpeIiajia a1aB-

MIPOBEAEHHBIM JIA0OPATOPHBIM dKCHIEPUMEHTaM (pHuc. 2).

3HaueHHe HAYAJILHOTO Mepernajia JaBjIeHus AJisl 3Toro npuMepa uzmenusiocs ot 0,87 Mlla
JI0 HYJISL.

Ha puc. 3 u 4 npuBoasaTcss pe3yabTaTbl MPOMBICIOBBIX MCCIEI0BAaHUI HarHeTaTelbHOM
ckBaxkuHbl Ne 132, skcmnyarupyromeir Kupmakunckyio cButy (KC) mectopoxnenus «/lapun
OaHKachD».

[Tpn KaxI0M yCTaHOBHMBIIEMCS PEXHUME 3aKauKy M3MEPSUIOCh CyTOYHOE KOJIMYECTBO 3aKa-
YMBaEeMOM B IUIACT BOJbI. [lomydeHHbIe MHIMKATOPHBIE TUarpaMMBbl IpeicTaBlIeHsl Ha puc. 5. Kak
BUJTHO U3 3TOTO PUCYHKA, MH/IMKATOPHBIE JUArpaMMbl KPUBOJIMHENHHBI U 110 OTHOLIEHUIO OCH JaB-
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JICHUM OHHU SIBJISIIOTCS BOI'HYTBIMH, a4 110 OTHOIICHUIO OCHU 00bEMa 3aKauKH BOJbl — BBIITYKJIBIMH.

KpOMC TOIr'0, U3 3TUX AHAarpaMM BHUIAHO, YTO C YBCIMYCHHUEM JAaBJICHHUA HAruCTaHUA 3THU KPHUBLIC

BBIIIPAMIIAIOTCA, W IOCJICAHUC YYACTKH AAalOT BO3MOXXHOCTb YCTAHOBUTH ONTUMAaJbHBIN PEXKUM

3aKa4KH BOJAbI B IIJIACT.

[}
(=]

200

—

Q-107, sm’/sek
(3]
[=]

Eg 160

>

—
[=]

L

'"3 120

Puc. 3. nouxamopnas ouazpamma,
CHAMAs 8 KOLOHKE

10 20 30

0 50 0
Py, atm

N

10 20 30

40 50

t, uac

Puc. 4. Kpusvie 0sycmoponneii cmabunusa-
yuu cxe. Ne 132 obvexma I[IK mecmopoorcoe-

nus 0. [{apsuna

600

400

8.7 amm
,

200

128 amm

Ap=£7 arM

2Aps; Ap,
P =

Q=

Qldp)

Q= QP

—

/

r’fbso

Pu=1283m4

12
249,

—
n 160
Pus. Ap, amu

//

200

Puc. 5. HnouxamopHuie ouazpam-
Mol cke. Ne 132 oovexma IIK me-

cmopodicoenus 6. Jlapsuna

[Tomo6ubIe pe3ynbTaThl ObUIM MOTYYEHBI MO0 WHKEKIIMOHHBIM BOJASHBIM CKBaknHam NoNe

302, 244, 236, 215, 128 u 152. Pe3ynbTaThl MPOMBICIOBBIX HCCIIECIOBAHUN ITHX CKBAXUH MPUBO-

JATCs B Ta6JII/H_IC. I/IHI[I/IKaTOpHBIC JuarpaMMbl HArHEeTaTCJIbHBIX BOASAHBIX CKBA>XWH MOT'YT HCKPHB-

JIATBCA TI0 CICAYIOLIUM IMPpUYMHAM: HAPYHICHUC JINHEUHOCTU 3aKOHAa (bHJIpraL[I/II/I; IIOAKIFOYCHUC

JIOTIOJTHUTEIBHBIX MPOIUIACTKOB B OOIIYyI0 pabOTy MpPU BBICOKUX PENPECCHUSIX; BIHMSHHUE BBICOKOTO

JaBJICHHUA HAar"HeTaHWs Ha 3HAYCHHC Ha4YaJIbHOI'O (HJ'IaCTOBOFO) JaBJICHUSA W BO3HUKHOBCHUC T'MA-

PaBJIMYCCKOIr'o pa3pbiBa I1acTa MMpru CPaBHUTCIIbHO BbICOKUX NABJICHUAX HAIrHCTAHHA BOIBI.

Tabauua
Pe3ynbTaThl MPOMBICIIOBBIX HCCICA0BAHNNA CKBAKHH
B R LS
CyTouHas npu- VYerbeBoe 3aboiinoe Inacrosoe | Pempecens, | Z & S Ef’g £ E
NeNe e == 2 3<
EMHUCTOCTb, naeienue, Py JaBienue, P, nasienue, P Ap EgB & S E2E
CKBAKHIH M¥/eyT o8 g £ = §
' Mlla 2% |20 =%
1 2 3 4 5 6 7 8
37 2,1 14,1 1,98 0,27 18,69
215 82 3,2 15,1 12,12 3,08 0,05 26,62
161 4,0 16,0 3,88 0,00 41,49
45 4,0 15,4 11,57 38 0,35 11,84
128 68 5,6 16,2 « 4,6 0,15 14,78
118 7,0 17,6 « 6,0 0,0 19,67
48 3,8 16,8 14,4 2,4 0,70 20,0
152 94 54 18,4 « 4,0 0,27 235
130 6,2 19,2 «“ 4,8 0,19 27,08
192 7,2 20,2 “ 5,8 0,0 33.10
> oo 17,54 13,2 4,34 0,95 691
132 181 7:87 19,40 6,20 0,46 9,52
570 9.57 21,24 8,04 0,0 13,68
32 2,4 15,8 11,28 4,52 0,35 7,08
236 56 4,6 18,0 « 6,72 0,5 8,33
116 7,1 20,5 “ 9,22 0,0 12,58
30 5,54 20,7 16,6 4,10 1,10 7,32
244 114 7,24 22,4 « 5,80 0,68 19,66
254 9,00 24,16 « 7,56 0,0 33,60
30 5,64 17,54 13,2 4,34 0,95 6,91
302 59 7,50 19,40 «“ 6,20 0,46 9,52
110 9,34 21,24 “ 8,04 0,0 13,68
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Jlnst IpoBepKY HAJIMYMS TMHEWHOTO 3aKOHA (MIBTPAIMM 10 BCEM HCCIIEIOBAHHBIM HarHe-
TaTeIbHBIM CKBaXMHAM OBLIM TIOJICYMTAHBI 3HAUCHUS TapameTpa PeitHonbaca (mo ¢opmyne B.H.
[[enkauéna).

[TooOHBIE THAPABIMYECKUE PACUYETHI NPOBOAWINCH [UIS CAMBIX BBICOKO IPOU3BOJIH-
TEJIbHBIX PEKUMOB HccieoBaHusA. Bo Bcex cimywasx pacuéra, 3HaueHus: nmapamerpa Pelinonbaca
MOJIYYMJIMCh MEHbILIE CBOET0 KPUTHUECKOIO 3HAUEHUS; 9TO YKa3bIBaJIO HA TO, YTO HE UMEJIO0 MECTO
HapyIICHNS JIMHEHHOTO 3aKOHA (QHIBTPAIMN 1O UCCIIEIOBAHHBIM CKBAKUHAM.

Jia mpoBepKM HaNIWYMs THIPABIMYECKOTO pas3pbiBa IIacTa MO BCEM HCCIEIOBAHHBIM
CKBA)XMHAM IOJICYNTAHbI 3HAYEHHUSI TOPHOTO JABJICHHS, U OHU OBLIM COMOCTABIICHBI C MAKCHMAh-
HBIMHU 3HAYCHUAMH 3a00MHBIX JaBICHUHN, CO3/1aBAEMBIX ITPHU MPOMBICIIOBBIX UCCIIEIOBAHUSAX.

Bo Bcex paccMaTpuBaeMbIX ciydasix, 3HaueHHUs 3a00MHBIX JaBJICHUNA OBLIM Ha MHOTO
MEHBIIIE, YeM 3HAUYEHHUsS TOPHBIX JaBJIEHHM, KOTOPbIE YKa3bIBaJIM HA OTCYTCTBHE I'MJIPABINYECKOTO
pa3pblBa ILIACTA.

Takum 00pa3oM, MOKHO OTMETHTb, YTO UCKPUBJICHUE WHIMKATOPHOU JHArpaMMBbI MTPOUC-
XOAMJIO U3-32 BO3JEHCTBUS BTOPOTO U TPeThero (hakTopos. [1o OONBIIMHCTBY HCCIIEIOBAHHBIX WH-
KEKIIMOHHBIX BOJISHBIX CKBAXXHH WHAMKATOPHBIE TUArpamMmbl, B 00JACTSIX CPAaBHUTEIBHO MajbIX
cKkopocTell (uibTpanuu, UMeNn KPUBOJIMHEHHbBIE yUaCTKH, KOTOPbIE, B CBOIO OUY€pellb, TOBOPST O
TOM, YTO OJHOBPEMEHHO MOXXET MMETh MECTO BIHMSHHE BTOPOro M TpeThero (akropoB. Ho mis
KOJINYECTBEHHOH OLIEHKU BIIMSHUS KaxJ0ro (pakropa B OTAEIBHOCTH (BTOPOrO M TPETHET0) HEOO-
XOAMMO CHATH JJISl KaXKI0M UCCIIeyeMON CKBaKMHBI B YCTAHOBHUBILEMCS peXKUMe TPOQHIN 3aKay-
KH, C TIOMOIIIBIO TIYOUHHBIX pacxooMepoB (puc. 3, 4, 5).

Cnyyan yBenudeHHs KOd(PQPUIMEHTa MPUEMUCTOCTH HArHETATENIbHBIX CKBa)XKHH, C YBEJIH-
YEHHEM 3HAUCHHUS JIaBJICHUS] HaATHETAaHUsI, HAOIIOAAICh, TAK)Ke, B CKBAXKMHAX MOPCKOTO HEPTIHO-
ro MecTopoxaeHus octposa [lecuanoro.

[IpoBenénHbie SKCIIEPUMEHTHI U MPOMBICIIOBBIE MCCIIEIOBAaHUS TOKA3alld, 4TO, MpU (HUITb-
TpaluMy BOJBI B INIMHUCTBIX IJIACTAX, HAJMYME HAYAIBHOTO IPaJiu€HTa JaBJICHUS MOKET OBbITh HC-
MOJIb30BaH KaK Pe3epBHBIA UCTOYHUK MOBBIIICHHUS TPUEMUCTOCTA HHXKEKIIMOHHBIX BOJISHBIX CKBa-
KHH. [l 3TOro HeoOX0AUMO MPOCTO YBEJIWYMBAThH JaBJIEHUE BOJOHArHETaHUs B IUIACT, TaK Kak ¢
YBEJIMYEHUEM JaBJICHUs HarHeTaHWsl 3HaY€HHE HA4yaJbHOrO Nepernaja JaBJICHUS YMEHbIIAETCS B
30HE BO3MYULICHHUS I1J1aCTa.

3akioueHue. YBeIuueHUEe MPOHULIAEMOCTH TJIMHUCTBIX MOPOJ, C YBEJIMYEHUEM Tepenaaa
JABJICHUS] OOBSACHIECTCS aHOMAJBHBIMH CBOMCTBaMH BOJSHBIX IUIEHOK, OOPa3yIOIIUXCsS HAa BHYT-
PEHHEH MOBEPXHOCTH TBEPBIX YACTHIL ITOPOI.

C uenbro u3yyeHus BIMSHUA JaBICHUS (PUIbTpALMU Ha 3HAUYEHUE HAYaJIbHOIO I'PaJuEHTa
JABJICHUS TPU QUIBTPAIIMN BOABI B TNIMHUCTHIX TIOPOJAaX HA YCTAHOBKE JJISI UCCIICIOBAHMS TIJIACTO-
BeIX Hereit YUITH-IM npoBoaunuch crienuaibHble SKCIEPUMEHTHI.

Pe3ynbTaThl AKCHEPUMEHTOB MOKa3bIBAJM, YTO C YBEJIMYEHHEM JaBICHUS (UIbTpaIUU
(Ha4ambHOTO JaBJICHMS) 3HAUYCHHE HAYaJIbHOI'O Mepernasia JaBIeHUs] 3aMETHO YMEHBIACTCS, U TIPU
3Ha4yeHuu nasieHus Guiasrpannu 3,0 MIla oHo paBHsIeTCS HYIIO.

B cemu nHarnerarenbHbIX BOASHBIX ckBaknHax Kupmakuuckoit csutel (KC), mopckoro
HEPTSIHOrO MecTopoXkaeHHus «JlapBuH OaHKAChl», MPOBOAWINCH IPOMBICIOBBIE HCCIIEIOBAHMS,
10/100HbIE MPOBOJUMOMY SKCIIEPUMEHTY B JJAOOPATOPUU U MOITYUHIIUCH TAKUE K€ PE3YIbTATHI.

B craTthe mokazanbl 4 npUYMHBI, NIPUBOJAAIINE K UCKPUBICHUIO WHIMKATOPHBIX JHArpaMM.
[Tocme mpoBepKM M3BECTHBHIMH METOJAMHU BBISSBUIIOCH, YTO TIPU MCCIIETOBAHUH CKBOXMH HE OBIIO
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HapymeHus 3akoHa (uiIbTparuu Japcu m IMpoOMCXOXIEHHE THAPABINYECKOTO pa3pbiBa IUIACTA.
Jlnis IpOBepKY HAIMYMS BIMSIHUSL OCTAJBHBIX JIBYX (DAaKTOPOB HEOOXOIUMO CHATH MPOGMIb 3aKad-
KM B MHTEpBaJie (PUIbTPA C TOMOIIIBIO IITyOMHHOTO pacxooMepa.

[IpoBeéHHBIE PKCIEPUMEHTBI M NPOMBICIIOBBIE UCCIEOBAHMS MTOKA3aIM, YTO C yBEIHYE-
HUEM JIaBJICHUs] BOJOHATHETAHUsI MOYKHO YMEHBIIUTh 3HAYEHUE HAYAIBHOIO IpajiueHTa JIaBJICHUS
B IVIMHUCTBIX NMOPOAAX U YBEIMYUBATH MPUEMUCTOCTh CKBAXKHH.
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SUYUN GILLi LAYLARDA SUZULMOSININ TODQIiQi
L.S. HACIYEVA

Magqalods eksperimentlorin vo suvurucu injeksiya quyularinin modon tadgiqatlarinin naticalori toqdim edilmigdir. Askar
edilmisdir ki, suyun gilli suxurlarda siiziilmasi zamani Darsi xatti siiziilmo qanununun pozulmasi bas verir; yoni qeyri-xatti siiziilmo
ganunu moveud olur; bu zaman tozyiq diiskiistiniin artmasi ilo bu suxurlarin kegiriciliyi artir. Bu, suxurun bork hissacuklarinin daxili
sothindo omala galon su pardalorinin anomal xassalorils izahedilir.

Eksperimentlorin naticalori sokildo verilmis qrafiklo toqdim edilmigdir ki, bu da gostarir ki, siiziilmenin tozyiqinin artmasi
ila (baslangic tozyiqinin), baslangic tozyiq diiskiisiiniin qiymatinoe gora ¢arpacaq doracads azalir vo siiziilms tozyiqi qiymati 3 MPa-a
barabar olanda “0” sifira borabar olur.

Acar sozlor: suyun siiziilmasi, gil layi, geyri-xatti siiziilma ganunu, baslangic tazyiqin qradiyenti, baslangic tozyiq diiskiisii
va basma nasos, qobul etma koeffisienti, Reynolds parametri.

RESEARCH OF FILTRATION WATER IS IN CLAY LAYERS
L.S. HAJIEVA

The results of laboratory experiments and mine researches of forcing aquatic mining holes are presented in the article. It is
educed that, during filtration of water of takes place the breach of linear law of filtration of Darcy in clay breeds there is a nonlinear
law of filtration, at that with the increase of total pressure, permeability of these breeds increases. It is explained by anomalous proper-
ties of aquatic tapes appearing on the internal surface of hard particulate of breed.

Results of experiments are brought as the chart brought to a picture, that show that with the increase of pressure of filtration
(initial pressure), the value of initial total of pressure notedly diminishes and at the value of pressure of filtration, equal 3,0 MITa, it
becomes zero.

Keywords: filtration of water, clay lay, nonlinear law filtration, initial pressure gradient, initial pressure drop and injec-
tion well, injectivity coefficient, Reynold’s parameter.
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HUK-CIIEKTPOCKOIIMYECKOE UCCJIEJJOBAHUE
CYJIBb®AT-AHUOHCOJAEPKXAHIEI'O OKCUJIA TUTAHA

M.P. CAJIAEB", 9.A. TYCEMHOBA™, C.D. IOCYBOBA ",
M.P. AJIb-BATTBOTTU ", K.XO. AIDKAMOB ™, K.C. TACAHOB™

Metonom MK-criekTpockonuu MpoBeIeHO HCCIEA0BAHNE IBYX THIIOB JHOKCHIA TUTAHA: TPOMBIIUICHHO-
TO ¥ IPUTOTOBJIIEHHOTO 30J1b-T€Ib METOJIOM, MOIU(DUIIMPOBAHHBIX CyIb(aT-aHHOHAMH. Y CTAHOBJICHO, YTO B 3aBH-
CHUMOCTH OT METOZIa BBOJA Cy/Ib(}aT-aHHOHOB HA MOBEPXHOCTH JUOKCHIA TUTaHA (OPMHUPYIOTCS OTIHYHbBIE (pasbl:
N30JIMPOBaHHBIE CYIb(AT-TPYIIIEI IPH BBOJIE METOIOM HPOIUTKH U CyNb(haT-Cyab(puIHbIE TPYIITBI IPH 307Ib-TEIh
Meroze. MoauduipoBaHue MPOMBIIUICHHOTO JTHOKCH/Ia THTAHA CONPOBOXKIACTCS MOSBICHUEM HN30JMPOBAHHBIX
noBepxHOcTHbIX rpymn Ti-OH u cynb(ar-aHHOHHBIX IPYII, KOTOPbIe KOOPIUHUPYIOTCSI C METAJUIOM KakK MOCTH-
KOBBIIl OujieHTaTHBINH Jurang. OTMEYEHO, YTO 30JIb-T'elb 00pa3ell COJACPIKUT CIebl CIUPTOBOrO MpeKypcopa U
OTJIIMYaeTCs MOBBIMICHHON TUIPAaTHPOBAHHOCTBIO.

Knrwuesoie cnosa: HK—cnexmpocxonuﬂ; JUOKCHUIa TUTaHa, Cyﬂb(i)aT'aHI/IOH; 30JIb-T'CJIb MCTO; JIUT'aH .

Beenenne. Bo3pacratomuii ypoBeHb pa3BUTHs TEXHOJIOTUH TpeOyeT CO3aHHs MaTepHaioB
C BBICOKMMH SKCIUTYaTAI[HOHHBIMH XapaKTePUCTUKAMHU U YHHUKAJIbHBIMU (PU3MYECKHUMU M XHUMUYe-
CKUMH CBOMCTBaMU. Ha ceronHsImHuil 1eHb OAHUM 13 HanboJee NMepCreKTUBHBIX MATEPUANIOB SB-
JsieTcs AMOKCHU]L TUTaHA. JIMOKCH] TUTaHA CYLIECTBYET B BUJIE YEThIPEX MOAU(DUKALMI: aMOP(pHOH,
aHaraza, Opykura u pytuna. Haubosnee n3BecTHble U3 HUX — aHATa3 U PyTUI — HAXOMAT IIPUMEHe-
HHUE B KQUeCTBE KaTaJIU3aTOPOB, XUMHUECKHUX, T'a30BbIX CEHCOPOB, TUAJIEKTPUUECKOr0 MaTepuana B
KOHJIEHCAaTopax, pu 00pabOoTKe BOABI Ul Pa3I0KEHUs OPraHUYECKUX 3arps3HAIONIMX [IPUMECEH,
B Ka4eCTBE CAMOOYMIIAIOIUXCS MOKPBITHA OKOH M aHTHOAKTEpUAJIbHBIX areHTOB, LIBETOCCHCEOU-
JM3UPOBAHHBIX COJIHEUHBIX OaTapei, MUIMEHTa B JAKOKPACOYHOM MPOMBIIIJIEHHOCTH, B KOCMETHU-
Ke, MUILEBOM MPOMBIIUICHHOCTH, (apmareBTuke u np. [1-5].

PasznooOpasue chep n >PpPeKTHBHOCTH TPUMEHEHHS TUOKCH/IA TUTaHA OOBSCHSIETCS ONTH-
YECKUMHU, TEPMUYECKUMH, KaTAIUTHYECKUMH U IEKTPO(PU3NIECKUMHU CBOWCTBAMH JIaHHOTO MaTe-

*

HUHN «['eomexnonocuueckue npobremvl Hepmu, 2aza u xumusy, A3epoatiodicanckuii 20CyoapcmeeHHblil
VHUBepcumem Hemu u npoMbILUTEHHOCMU
Azepbaiiodcanckuil 20cy0apcmeennbill yHusepcumen Heqpmu u npomMbluLIeHHOCMU
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puaiia, KOTOpbIe B TOM WJIM HHOM Ka4eCTBE OTPEICITIOTCS TJIABHBIM 00pa3oM CTPYKTYPHBIMH U TEK-
CTYPHBIMH XapaKTEPUCTHKAMH, Pa3BUTOCTHIO IMMOBEPXHOCTH M JIOCTYITHOCTHIO aKTUBHBIX IIEHTPOB
BO BCEM 00BbEME.

AHNOH-MOTM(DUIIMPOBAHHBIC KATATUTHICCKHE CUCTEMBI HA OCHOBE OKCHJIOB IIMPKOHMUS, TH-
TaHa, OKCHJIa aJIOMUHUS HaXOJAT IIMPOKOE MPUMEHEHUE B peaklUsX U30MEpU3allud, THAPOU30-
MepH3aliK, aTKWINPOBAHUS U KPEKUHra yriieBoAopooB [6-8]. [Ipumepom nepcrnekTUBHOCTH CO-
3IaHUST TTOJIOOHBIX KaTaM3aTOPOB MOXKET CIYKHUTh Cylb(har-Moau(UIMpOBaHHBIN TUOKCH ITHP-
KOHUSI, KOTOPBI B peakuy “U30MepHu3alii OCH3MHOBBIX (Ppakuuii HE TOIBKO HE YCTYyMaeT Mo ak-
TUBHOCTH TIPOMBITINIEHHOMY XJIOPUPOBAaHHOMY OKCHIY aTIOMUHUS, HO U SIBISIETCS 00Jiee TEXHOIIO-
THYHBIM: OTJIMYAsiCh MPOCTOTOHN MPHUTOTOBICHHS W HU3KOH CTOMMOCTBIO, 00JIalaeT BBHICOKOW aK-
TUBHOCTBIO, CEJICKTUBHOCTHIO M TEPMHUUYECKON CTAOMIIBHOCTBIO [7].

Panee HamMy OblTa M3ydYeHAa KaTaJMTUYECKas aKTUBHOCTH CYJIb(aT-aHUOH MOIUMHUITUPO-
BAaHHOT'O JMOKCHJIA TUTaHA: MPOMBIIIJICHHOTO U MPUTOTOBIIEHHOTO 30JIb-T€JIb METOJIOM, U BBISIBIIC-
HO, YTO MOAM(DHUIIMPOBAHUE OKCHJIA TUTAHA OJHO3HAYHO MPUBOAMUT K YMEHBIICHUIO yJIEIbHOMN IM0-
BEPXHOCTH KaTaJM3aTOPOB, HO TOBBIIIACT WX KATATUTHUECKYIO aKTHBHOCThH B TPOIIECCE U30MEPH-
saiuu oneduuoB [9-11]. HakoruieHHBINH 3KCIEPUMEHTABHBIH MaTepHasl MO3BOJUI YCTAHOBUTD,
910 3()PEeKTUBHOCTH CyIb(aT-aHHOH-MOAU(PUIIMPOBAHHBIX OKCHIHBIX KATaTUTHUYECKUX CHUCTEM
3aBHCHT OT MHOKECTBA B3aUMOCBSI3aHHBIX (PaKTOPOB, TAKMX KaK MPEIBICTOPHSI HOCUTEIIS, CIIOCO0 1
YCIIOBUSI BBOJIa CyJb(aT-aHHOHA, KOJUYECTBO BBOAMMOIO Cylib(haT-aHHOHA, TeMIepaTypa MpoKa-
JUBaHMS KaTaJln3aTropa u Ip.

B xoze mpoBeIEHHOT0 CPaBHUTEIHLHOTO aHAIM3a METOJAAMH PEHTICHO(A30BOTO aHaJM3a,
AJIIEKTPOHHONH MMKPOCKOTIMM M MUKpOAaHadu3a ObUTH M3Y4eHbI (Pa3oBBI COCTaB U CTPYKTypa 00-
pas3moB cyib(haT-aHMOH-COJCPIKAIIUX TUOKCHIOB TUTaHa, B KOTOPbIE MOJN(UKATOP BBOJUIICS Me-
TOJIOM TIPOITUTKU U 30Jb-reib MeToioM [10]. TTokazano, 4T0 MOIU(PHUITUPOBAHKE TUOKCHIA TUTAHA
METOJIOM TPOMUTKU MPHUBOIUT K (HOPMUPOBAHUIO YIOPAIOUYEHHONW TMOBEPXHOCTHOW CTPYKTYPHI,
COCTOSIIIEH W3 CPOCIIUXCS KPUCTALUTUTOB pasmepoM 8-10 MKM; B JaHHOH CTPYKType Cyibdar-
aQHMOHBI CTAOMJIM3MPOBAHBI B MEXKOJIOYHBIX TIpaHunax. JlMokcua TuTaHa, MOIUGUIIMPOBAHHBIN
30J1b-T€JIb METOJIOM, MPEACTaBIsIeT COOOM PBIXJIO YNMaKOBAHHBIE KPYIHBIE arperaTbl pazMepoM
okoiio 30-32 mxM. B ero cocraBe oTMeueHO mosiBiIcHHE (a3bl TeTpacyib(uua TUTaHA, PacIoiio-
KEHHOTO TMPEUMYIIECTBEHHO Ha MOBEPXHOCTH. MUKPOCTPYKTYpHbIE OCOOEHHOCTH, B YaCTHOCTH
o0orarieHne MoBEPXHOCTH 30JIb-T'eJIb 00pa3iia Cepoil 1 YMEHBIIICHHE TUCTICPCHOCTH, 00YCIIOBIICHBI
YCJIOBHSIMU TIPUTOTOBIICHUS KaTaIn3aTopa.

[IpuHrMas BO BHUMaHHE, YTO CIEKTPaJbHBIE XapaKTEPUCTHKH (TIOJOXKEHHSI MAaKCHUMyMOB
MOJIOC, MX MOJIYIIMPHUHA, UHTEHCUBHOCTh) MHAMBHUIYaJbHOW MOJEKYJIbl 3aBUCAT OT MacC COCTaB-
JSIOUINX €€ aTOMOB, T€OMETPHUYECKOTO CTPOSHHSI, OCOOEHHOCTEH MEKAaTOMHBIX CHJI, pacrpeserie-
HUS 3apsana U T.0., a UK-crexkTtpsl omimuarorcss OONBINIOW WHIWBUAYATbHOCTHIO, MeTonm MK-
CIIEKTPOCKOINUU IIHUPOKO MPUMEHSETCS W SIBJISETCS EHHBIM MPU WUJSHTU(UKAIMN U WU3YYCHUH
CTPOCHHS TMOBEPXHOCTH KaTalIM3aTopoB. B HacTosmieir paboTe B MpoaoHKeHNE KOMIUIEKCHBIX HC-
CJIEIOBAaHMI BIIMSHUS TIPUPOABI M METOJa BBOJA Cyhb(haT-aHHOH-MOaupuKaTopa Ha (GUIKKO-
XMMUYECKHEe CBOWCTBA JMOKCHIA THTaHa, ¢ mpuMeHeHneMm merona MK-cnekrpockonuu ObuT U3y-
YeH MPOMBIIIVICHHBINA TUOKCHUI TUTAHA, & TAK)KE €r0 CYIb(PaTHPOBAHHBINA aHAJIOT, B KOTOPBIN CyJb-
(ho-aHMOH BBOAWICS TTyTeM MOAU(PHUITUPOBAHUS JUOKCUA TUTAHA IO BIArOEMKOCTH (TIPOMUTKA), a
TaK)K€ OKCHJI TUTaHA, MOJIy4YE€HHBIN 30J1b-TeIb METOI0M U COOTBETCTBYIOIIMIA MOAU(PHUIIMPOBAHHBII
oOpa3zerr, B KOTOPHIH Cyib(haT-aHMOH BBOJAUIIN HA CTAIUU TeIIe00pa30BaHHUS.
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MeTtoauka 3xcnepumenTa. [y vcciaenoBanuii ObUTH B3ATHI 4 THIIA KaTaJW3aTOPOB: HUC-
XOJHBIM TUOKCHJ TUTAaHA, a TAKXKe ero Cylb(aTUpOBaHHBIM aHAJIOT, B KOTOPBIH Cylb(o-aHNOH
BBOJWICS MyTeM MOAM(DHUIMPOBAHMS NUOKCHAA TUTAaHA IO BJIArOEMKOCTH (MPOMMUTKA), U TUTAH
OKCHJIa, MOJyYCHHBIH 30JIb-T€JIb METOIOM M COOTBETCTBYIOUIHH MOIMU(UIMPOBAHHBINA 00paser, B
KOTOpBIH Cylb(haT-aHMOH BBOJWIM Ha CTaJMM resieodpazoBaHus (METOA 30Jb-Tenb cuHTe3a). Co-
nepxaHue cylb(aT-aHMOHOB B MITU(PUIIMPOBAHHBIX 00pasiax cocTaBisio 3% macc.

HK-cnexktpsl o6pasnoB uccienoBamm Ha MK-cnektpomerpe ¢ @ypbe mpeoOpazoBaHHEM
BOMEM MB102 B guamasone 400-4000 cm™, paspernenne — 4 ey ™. [TOPOLIKH BBICYIICHHOTO M-
okcuaa TutaHa cMemmBaMch ¢ KBr B mponoprusix 1 mr obpasma /100 mr KBr u npeccoBanuch B
TaGIETKN «TOMIUHOI 50 Mr/cM® Iy HaBIeHHH 8 T/CM’,

O6cy:xnenne pesyabtaTtoB. MK-ncciaenoBanme npoMbIIUIEHHOTO HEMOIU(DUITUPOBAHHOTO
TiO, (puc.1, a, Tabi.) MOKa3ajao, YTO Ha €ro MOBEPXHOCTH MPUCYTCTBYIOT TPU THUIA THIPOKCHIIb-
HBIX TPYII, KOTOPBIM COOTBETCTBYIOT MOJIOCHI moriomienus (m.m.) npu 3420-3440, 1610, 1358,
1093 u 983 cm™. Habmonaemas y3Kasi T0JIoca MOTJIOMICHNUS B O00JacTH BaJCHTHBIX KOJCOAHMIA
3740 cm™, a Takoke mEpPOKas MoIOCa ¢ MAKCHMYMOM TIOTJIOMIEHHUs ipu 3420 cM™ COOTBETCTBYIOT
BaJICHTHBIM KOJIEOAHUSIM a/1cCOPOMPOBAHHOM BOJIBI U TUAPOKCHIIBHBIX TPYIII, CBA3AHHBIX C MIOBEPX-
HOCThIO OoKcujia TuTaHa. [lonoca normowmenus npu 1610 em™? COOTBETCTBYET Je(hOpMallMOHHBIM
xoneGanmsim & (HOH) apcopbuposannoii Boasr [12]. Otmeuennas mpu 1093 cm™ momoca morio-
HIeHUs OTHOCHUTCA K AepopmannoHHbM kojebanusm rpynn Ti—OH [13]. B MK-cnekTpe npompiii-
neHHoro HeMoxuduuupoBanHoro TiO, Takke 3apUKCHpoBaHa momoca mpu 983 cM™, COOTBETCTBY-
torias aedopmarrionHbM kostebanusm 6 (Ti—O(H)-Ti) B maccusHoMm TiO; [14].

ITomomenue

T
3500 3000 1500 1000 900
1

Boimosoe uncno, cM

Puc. 1. UK-cnexmp npombluiieHHo20 HeMoOupuyuposaniozo (a) u cyivgham-anuoumoouduyuposannozo (6) TiO,
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Pacmiugposka UK-cnexkTpoB uccienyembix oopasuos 110,

O06pa3er kataiu3aropa BonzoBoe unco, XapakTepuCTHYECKUI TUIT KoJieOaHN i
v, oMt
483 - 777 v (Ti-0O)
TTpOMBIIIUICHHBIH 983 3 (Ti—O(H)-Ti)
HeMoaudummupoBanubiii TiO, 1093 5 (Ti-O(H)-Ti)
1358 3 (Ti—O(H)-Ti)
1610 3 Me-(HOH)
3420, 3740 v (-OH)
483 — 800 v (Ti-O)
620 (S0.)”
983 S (Ti—O(H)-Ti)
991 (SO,
[TpOMBIIIUICHHBIH 1070 (S0.)*
cymbhaTaHHOH- 1095 3 (Ti-O(H)-Ti)
MOIU(HUITPOBAHHBIT 1110 (SO 4)2'
Tio; 1210 (SO)”
1358 3 (Ti—O(H)-Ti)
1610 3 Me-(HOH)
3380 v (-OH)
3400-3000 v (H")
3650, 3640 3 (Ti—O(H)-Ti)
3575-3735 v (-OH)
510 -910 v (Ti-O)
He momudurmposannsiii TiO,, 1050-1120 v (Ti -CO), & (Ti—O(H)-Ti)
MOJIYYE€HHBIH 30J1b-T€JIb METOJOM 1200 S(-OH)
1410 v Ti-(CO), 6 (Ti-O(H)-Ti)
1520-1645 3(H,0)
1690, 1680 3(H;0™)
3000 — 3650 v (-OH)
Cynbdar- 554 - 910 v (Ti-O)
AHHOHMOAN(DUIINPOBAHHBIH 1050-1120 v (Me-CO), 8 (Ti-O(H)-Ti)
TiO,, moMyYeHHBIIH 3071b-TCITh 1403 v Me-(CO), 8 (Ti—O(H)-Ti)
METOZOM 1600 — 1660 3 Me-(HOH)
3000 - 3650 v (-OH)

O6nacth Hu3KHX gacToT 480-800 cM™ oTBeuaeT BaneHTHBIM KoneGanmsm v (TiO). TTomoca
norsomenus npu 483 cm™ oTHOCHTCS K BaneHTHBIM KoneGanmsam Ti—O—Ti cesseii B pase aHarasa
[14]. Taxxke B MK-ciekTpe mpombIluieHHOTO HeMoAu(umpoBaHHoTro odpasia TiO, mepexpsiBa-
FOTCS TI0JI0CKI MTOTJIOMIEeH s ipu 578 1 620 cM™, XapaktepHsie s konebanuii Ti—O cBsieil B oKkTa-
sape TiOg pyrnna u anatasza [13], COOTBETCTBEHHO, YTO YKa3bIBA€T HAa OJHOBPEMEHHOE IPHUCYT-
CTBHE B OKCHJIHOW CHCTEMe pYTHJIa U aHaTa3a, YTO TAK)KE XOPOIIO MOATBEPKIACTCS MOTYyIEHHBIMU
Hamu paHee ganabiMu PDA [10].

[Tpu MmoxndunmpoBanuu npomsiinieHHoro Ti0; cynbhaT-aHmoHaMH HaOOp MPEKHUX MaK-
CHMYMOB I10JIOC TIOTJIOIIEHHUSI B OCHOBHOM OCTaeTcs 0€3 M3MEHEHH, HO TOSBIISAIOTCS U HOBBIE MO-
0Ckl Toromenus: pu 3650 u 3640 cm™, kotopsie, cornacHo [15,16], MOryT GBITH OTHECEHBI K
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M30JIMPOBAHHBIM TIOBEpXHOCTHBIM TpymmaM Ti-OH (puc.1, 6, Tabm.); mmpokas moyioca morJIonie-
HUst IpH 3575 e, KOTOpasi, COracHo [5], COOTBETCTBYET BOIOPOIHO-CBSI3AHHBIM MTOBEPXHOCT-
HeiM OH-rpynnaMm. MoguduimpoBanie Takke BbI3bIBaeT HEOOJBIION cABUT MOJ0CH 3740 em? B
HU3KOYACTOTHYIO 00JIaCTh, YTO CBHUIETEIHCTBYET 00 M3MEHEHHH XapaKTepa IMOBEPXHOCTHBIX TH/I-
pokcHIbHBIX Tpymil. Ha 3Tom ¢one B criekTpe MOAM(PUIMPOBAHHOTO 00pa3iia MOSABISETCS IIUPO-
Kast OecCTpyKTypHas mosoca noroienus B uatepsaie 3400-3000 em™, KOTOpasi MOXKeET ObITh 00Y-
CIJIOBJICHA MTPUCYTCTBUEM B 00paslie eI0KATU30BAaHHBIX IIPOTOHOB.

O mnpucytcTBUHM Cylb(aT-uOHAa CBUAETEIBCTBYIOT YETBIPE XapaKTEPUCTHUECKUE IOJIOCHI
norsomtenns B o6macti 1200-900 cm™ (oueHb crmbHas monoca moraoutenns mpu 1210 em™ 1 1110
cm, a Taroke 3HaunTenBHO Gosee cmabsie mpu 1070 em™t u 991 em™). [12]. Cormacho nuTeparyp-

HBIM JaHHBIM [12], HaOMojaeMble 4acTOTHI CyNb(aT-aHUOHHOM TPYMIIBI CBHIETEIbCTBYIOT O TOM,

M
/N

0) (0]
NS
AN
9TO B JIAHHOM CITy4dae OHa SIBJISICTCS MOCTUKOBBIM OupeHTaTHbIM Cp,0 O nurasaoM.

Ha pucynke 2 npenacrasinenst UK-criektpbr 00pasiioB TiO,, MOMy4eHHBIX 30/1b-T€Ib METO-
oM. B criektpe HemoauduimpoBaHHoro oopasna (puc.2, a) B obnactu noromieHus v(OH) kose-
Ganuii 3800...3000 cm mabmomaercs IUPOKasi WHTEHCUBHAS TOJIOCA TIOTIJIONICHHS, WMEIOIast
HECKOJIbKO MAaKCHMYMOB.
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§ 3500 3000
o
2 .
= 5
% mg
[ [ ))/ | | ! |
3500 3000 1500 1000 750 500

Boanosoe umcio, emL

Puc. 2. UK-cnexkmpul nemoouguyuposannozo (a) u moouguyuposannozo TiO,,
NOJYYEHHO20 301b-2ellb MEeNMOOOM

OOpamraet Ha cebs BHUMaHHe NpucyTcTBHE nostoc rornonienust v(OH) ¢ anomanbsHO BBICO-
knmu (3750, 3670, 3550, 3485 cvm™) i mmskumu (3115 1) 3HAYESHHUSIME MAKCHMYMOB, YTO CBHJIE-
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TEJNBCTBYET O CHJIBHOM THIAPATHPOBAHHOCTH 00Opa3lla JAWOKCHJA TUTaHAa M MPUCYTCTBHU OMpese-
JICHHOTO KOJIMUYECTBAa HEPA3JIOKUBIIEroCs TUApPOKcHaa TUuTaHa. OTMETHM, YTO TOJIOCHI MOTJIONIe-
HUS ¢ MakcumyMmamu okoio 3700 emt B HK-cnektpax 00pasnoB AUOKCHIA TUTaHA HaOJ01aIN
Takke aBTopsI [17-19]. JlanHbli GakT MOXKET OBITh 00YCIOBIICH MPUCYTCTBUEM B CTPYKTYPE THOK-
CHUJIa TUTaHA TPEX TUIIOB TUIPOKCOTPYIIIL:

a) xoHueBble OH-rpynmbl, He y4acTBYIOIIME B BOJAOPOJHOM CBSA3BIBAHUM — MAKCHUMYMBI
I10JIOC TIOTJIONIEHHS UX Koyebanuii 3856, 3747 CM_l;

6) OH-rpynmnsl, NPUHUMAIOIIKE Y9aCTHE B MHTEHCUBHOM BOJOPOJHOM CBSI3bIBAHHUH; MOJIO-
cul morsomenust v(OH) komeGannii TAKOBBIX FPYIIN JIexaT B mpenenax 3600...2900 cm * [17];

B) aHoMayibHO Hu3kue 3HadeHus V(OH), mposBisironrecs B Ha3BaHHOM CTIEKTpE, ITO3BOJIS-
10T TIPEIONI0KUTh MPUCYTCTBUE B CTPYKTYpe Ti0O, aTOMHBIX IpyMIl, IO CBOMM XapaKTEPUCTHKAM
ommkum Kk H30%.

[Ipenmnonoxxenne 0 NPUCYTCTBUU MOHA TUIPOKCOHHS TOATBEPKAAETCS 1e(hOpMallmOHHBIMHU
KoNeOaHUAMY CBA3aHHOM Boabl 1 noHoB H3O" mpu 1690 u 1680 em™?, aro TOBOPHUT O TOM, YTO IIPH
MPOCYIIMBAaHUK 00pa3na Oblyla ylaieHa JUIIb YacTh BOJBI. DTHU MOJIOCH XOPOIIO W3YYEHBI U CIy-
KaT aHAJIMTHYECKMMU Ha NpUCyTCTBHE B cTpykType TiO, nona rugpoxconus HzO" [17].

Hapsiny ¢ stum, obnacts mornomenust 6(H,O) 1520, 1650 taxke xapakrepusyercs He-
CKOJIbKUMH MaKCHUMyMaMH, YKa3bIBaIOIIMMHU Ha pa3HOOOpa3ue >HEPruH B3aUMOACHUCTBHS BOJIBI C
3JIEeMEHTaMU CTPYKTYPBI THAPATHUPOBAHHOTO JUOKCHIA TUTAHA, TO €CTh MPUCYTCTBHEM B 0OpasLax
KaK XUMUYECKH, TaK U GU3NICCKH CBsI3aHHOW BOJBI [17].

Ha nannom UK-cnextpe momumo Huskux gactoT 480-800 CM'l, OTBEYAIOIMX BaJEHTHLIM
konebanusm (TiO) u nedbopmanmonnsiM konebanusM akBakomiuiekcoB 6 Ti-(HOH), mossisroTcs
TIOJIOCHI BANICHTHBIX Konebanuii kommiekcoB Ti-(CO) mpu 1050 1 1100 cm™ u BanenTHbIE KoIeOa-
Husl THApOoKCHIbHBIX Tpynn (-OH) mpu 1200 em™?, KOTOpBIE O0YCIIOBJIEHBI CIIMPTOBOM MPUPOIOii
MpeKypcopa U PacTBOPHUTENS. DTO MOXKET OBITH CBSI3aHO C OCOOEHHOCTSIMM B3aUMOACHCTBUSA KOM-
MOHEHTOB — TUAPOJIU30M U3OIMPOIIIIATa TUTAHA B CPeJie M30MPONaHoIoBoro cnupra [20].

Taxxe npucyrctByet nosioca konebanuii v (Ti-O), cBuaerenscTBytomas o0 o0pazoBaHUH
JMOKCHA THTaHa. OTMEYeHO MPHCYTCTBHE TOro %e Habopa momoc (590 u 620 cm™), cooTBeTCTBY-
fonmx ¢aszam aHatasza u pyTuia, yto 1 Ha MK-criektpe mpoMbIIIeHHOro JHOKcHaa TuTana (puc.l),
YTO TaKKe CBUJICTEIHCTBYET O HAIWYMH MPUMECEH COOTBETCTBYIOIUX (a3 B CHHTE3MPOBAHHOM
30JIb-T€JIb METOAOM 00pasiie.

B UK-cnektpe cynbdar-annoumoauduipoBanaoro T10,, MOIYy4eHHOTO 30J1b-Teb METO-
oM (puc.2, 6, Tabin.), B ormmune or MK-cnektpa HeMoauduuupoBaHHOTO aHaiora, MOMUMO 00-
LIMX TOJI0C MOIJIOLIEHUH MPUCYTCTBYET M0J0Ca MOIJIOMIEHUS BHICOKOW MHTEHCUBHOCTH 1pH 1243.4
cm™, npuHaaIexKamas BaneHTHBIM KoneOanusM S=0O ¥ CBUICTENBCTBYIONIAS O HAIMYNN CyIbhaT-
HBIX TPYIII.

Hapsny c stuM B Xxoz1e pacmmdpoBKH XapaKTEPUCTUUECKUX IOJIOC ObLIO OTMEYEHO MOSB-
JIEHHE TI0JI0C MOTJIONIEHHs IPH BOTHOBOM umcie 1200 u 1100 cM™, KoTopble OTHOCATCS K BaJICHT-
HBIM KoJieOaHusM cBsizeil Ti — S B CynbhuIax, a TAKKE 0YCHb CIa0ble MOJOCHI MOTJIOMCHHUS IPH
2510 u 910 cM™, KOTOpBIE OTHOCATCS K BaJCHTHBIM M ae(OPMAIHOHHBIM KojeGaHusM B S—H-
rpyIIe cooTBeTCTBEHHO. ITonock! nornomenus npu 2500-2000 cM™ 1O MX MONOKEHHIO ¥ HU3KOI
MHTEHCUBHOCTH OBbLIIM OTHECEHBI K 00€pTOHAM HM3KOUYACTOTHBIX Kosiebanwuii [12].

B UK-cnekrpe cynbhatupoBaHHOro o6pasiia, NoJaydeHHOTO 30J1b-Tellb METOO0M, MO CpaB-
HEHUIO CO CIEKTPOM HCXOTHOTO aHAJIOTMYHOTO JMOKCHIA THTaHa HAOIIOAaeTcss yMEHBIIICHHE UH-
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TEHCHBHOCTH IOJIOCHI TIOTJIOMICHUS BaJIeHTHBIX KojeOannii OH n cMmemenue moysockl NOTrIomeHUs
BaJICHTHBIX KosteOanniit OH-rpyrm u3 o6nactu 3450 cM™ B BEICOKOYACTOTHYIO 061aCTh 0KOJIO 3491
cM™, 4TO OOBACHACTCS YMEHbIICHHEM UHC/Ia BOIOPOIHBIX CBSI3EH B MOAH(HIMPOBAHHOM aHAIIOTE.
Kpome TOro, MHTEHCHMBHOCTB TIOJIOCHI MOTJIOIIEHUS TUIOCKOCTHBIX Je()OpMAMOHHBIX KoJeOaHHH
OH casi3u B o6mactu 1381.1 em™ (Ti—O(H)-Ti) 3HAYHTETHHO yMEHBIIACTCS.

Taxke B MOAMGDHUIMPOBAHHOM 30Jb-T€b 00pa3lie, Kak ¥ B MCXOJHOM €ro aHajore, mpu-
cyrcTBYIOT Tojiockl v Me-(CO) u v (—CH). BepostHo, WacTs criupta abcopOumpyercs B Tmopax
CTPYKTYPBI BBICYIIEHHOTO T'€Isl.

3akmovenue. Pacimgposka MK-ciekTpoB 00pa3ioB Mo3BOJSET ClIeNaTh HEKOTOPHIE 3a-
KITIOYEHUS O BIMSHUM METO/A BBO/IA CyJb(haT-aHWOHA B COCTAB JHOKCHAA THTaHAa. O4eBUIHO, YTO:

- Ha IOBEPXHOCTH HEMOJU(UIMPOBAHHOIO IPOMBIIIJIEHHOTO TUOKCHAA TUTaHA HPUCYT-
CTBYIOT TPH THIIa THUAPOKCHIBHBIX TPYII, KOTOPbIE COOTBETCTBYIOT BAJICHTHBIM U J1e(OpPMaLINOH-
HBIM KOJIEOaHUSAM a1cOpPOMPOBAHHOMN BOJIBI M TMAPOKCUIIBHBIX IPYII, CBS3aHHBIX C IOBEPXHOCTHIO
MacCHBHOI'O OKCHJIa THTaHa; MOCJECIHUI MpeacTaBiIseT co00il CMEIIaHHYI0 OKCHJIHYI CHCTEMY
pyTHIIa M aHATa3a;

- mpu MOAUDUIMPOBAHUU TMPOMBIIUIEHHOTO T10; cynbhaT-aHHOHAME HAOOp TMPEKHUX
MaKCHUMYMOB I10JIOC IIOTJIOLEHUsI B OCHOBHOM OcTaeTcs 0€3 U3MEHEHMH, HO TMOSBIISIIOTCSA U HOBBIE
TMIOJIOCHI TTOTJIONIEHHSI, OTHECEHHBIE K M30JIMPOBAHHBIM MOBEPXHOCTHBIM rpymmam Ti-OH, cynbsdat-
aHMOHHBIM IpyIIaM, KOTOPbIE B JaHHOM Cllyyae KOOPAUHUPYIOTCS C METAJUIOM KaK MOCTHUKOBBIN
ounenratHbiil Cy, TUTAHT,

- Ha UK-cnekTpe nuokcuaa TuTaHa, MOMy4YeHHOTO 30JIb-Tellb METOAO0M, oOpamiaer Ha ce0s
BHUMaHUE MpUCyTCTBUE Tojoc nornomenus v(OH) ¢ aHoMabHO BBICOKMMHU U HU3KMMHU 3HAYCHU-
SIMA MAaKCUMYMOB, YTO CBHJIETEIILCTBYET O CHIIBHOW TMIPaTUPOBAHHOCTH 00pa3iia TMOKCHIA TUTA-
Ha U MPUCYTCTBUU ONPEAEICHHOI0 KOJIMYECTBA HEPA3JIOKUBILErOCs IMIPOKCHIA TUTAHA, a TaKXKe
HOSBIISIIOTCS TOJIOCHI BaJICHTHBIX KosiebaHuit komruiekcoB Ti-(CO) M TuApOKCHIBHBIX Ipymn (-
OH), xoTopsie 00YCIIOBIIEHBI CITUPTOBOW MPUPOIOH MPEeKypcopa U PacTBOPUTEIIS,

- B UK-cniextpe cynbdar-aHnoH-moaupunupoBanHoro Ti0;, MOIy4eHHOT0 30J1b-Tellb Me-
TosloM, B oTiimune oT MK-crnexrpa HeMoaupUIMpPOBAaHHOTO aHajora, MOMMMO OOIIUX I0JIOC I10-
IIIONIEHH IPUCYTCTBYET MOJIOCA MOINOIMICHNs BBHICOKOH HMHTEHCHBHOCTH mpH 1243.4 cm™, mpu-
Ha/JIeKalas BaJICHTHBIM KojieOaHMsIM S=0O M CBHUAETENBCTBYIOIIAs O HAJUYUU CYJIb(GaTHBIX
TPYII, OJHAKO HApsITy C 3TUM B XOJI€ pacIIu(ppPOBKU XaPaKTEPUCTUUECKUX TOIOC OBLIIO OTMEYEHO
HOSIBJIEHHE TOJIOC MOTJIOUIEHUsI, KOTOPBIE OTHOCSTCS K BAaJEHTHBIM U Je(hOpMallMOHHBIM KojeOa-
HUSIM cBsi3ed Ti — S B cynbdumax.
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SULFAT-ANIONTORKIBLI TiTAN OKSIiDIN iQ-SPEKTROSKOPIK TODQIiQi

M.R. SALAYEV, E.O. HUSEYNOVA, S.E. YUSUBOVA, M.R. AL-BATTBOTTI,
K.Y. 9COMOV, Q.S. HOSONOV

1Q-spektroskopiya iisulu il iki tip sulfat-anionlarla modifikasiya edilmis titan dioksidin todqiqi aparilmisdir: sonaye va
zol-gel tsulu ilo hazirlanmig. Miiayysn edilmisdir ki, sulfat-anionun daxil edilmo tisulundan asili olaraq titan dioksidin
sothinds miixtalif fazalar formalasir: hopdurma tisulu ils daxil edilma zamani izols edilmis sulfat-qruplar va zol-gel tisulu tizra
sulfat-sulfid qruplari. Sonaye titan dioksidin modifikasiyasi izolo edilmis Ti-OH soth qruplarinin vo sulfat-anion qruplarin
meydana golmasi ilo miisayot olunur ki, bunlar da korpi bidentat ligandlar kimi metal ilo koordinasiya olunur. Qeyd
olunmusdur ki, zol-gel niimunasinin tarkibindo spirt prekursoru izlori méveuddur va yiiksok hidratlagsma dorocasi ilo farglonir.

Acar sozlar: [Q-spektroskopiya; titan dioksid; sulfat-anion; zol-gel sisul; ligand.

IR-SPECTROSCOPIC RESEARCH OF SULFATE-ANION-CONTAINING TITANIUM OXIDE

M.R. SALAEV, E.A. GUSEYNOVA, S.E. YUSUBOVA, M.R. AL-BATTBOTTI,
K.Y. AJAMOV, K.S. GASANOV

Using IR spectroscopy, two types of titanium dioxide have been studied: industrial and prepared by sol-gel method,
modified with sulfate anions. It was found that, depending on the input method of sulfate anions, excellent phases are formed
on the surface of titanium dioxide: isolated sulfate groups when introduced by the impregnation method and sulfate sulfide
groups in the sol-gel method. The modification of industrial titanium dioxide is accompanied by the appearance of isolated
surface groups of Ti-OH and sulfate-anionic groups, which are coordinated with the metal as a bridge bidentate ligand. It is
noted that the sol-gel sample contains traces of an alcohol precursor and is characterized by increased hydration.

Keywords: IR spectroscopy; titanium dioxide; sulfate anion; sol-gel method; ligand.
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HIDRAT OMOLO GOLMOSININ QARSISINI ALMAQ UCUN
ISTIFADO EDILON METANOLUN DOQIQLOSDIRILMIS
SORF NORMASININ iISLONMOSI HAQQINDA

A.Y. COMORDOV’, 9.N. QURBANOV', M.O. HUSEYNOVA~

Neft-qaz yataqlarinda tabii qazin ¢ixarilmasi, hazirlanmasi va sahilo hidratsiz rejimlo noql olunmasini tomin
etmok {i¢iin metanol tadbiq edilir. Aparilan moadan tadgiqat islorinin naticoloring asason “Abseronneft” NQCI iizro
cixarilan vo noql edilon tobii vo somt qazinin termodinamiki parametrlori: tozyiq (P), temperatur (T), hasil olunan
qazin hacmi (Qgs,), nomliyin miqdar1 vo sair gostoricilori tohlil edilmis vo metanolun sorf normalar
daqiqlesdirilmisdir.

Aparilan elmi-todqiqat vo modon islorinin naticolorine asason metanolun doqiqlosdirilmis sorf normalarinin
islonmosi {igiin lazimi gostoricilor toplanmis vo metodikalar segilmisdir.

Qeyd olunanlari nozors alaraq vo vaxtinda modon soraitindo yaranan hidrat birlogmolorinin garsisini almaq
ficiin “Abseronneft” NQCIi-nin madanlorinds va laboratoriyada aparilan elmi-tadqiqat islorinin noticosinde alman
faktiki gostaricilorin osasinda NQCi-nin yataginda qazin noglo hazirlanmasi prosesinda istifade edilon metanolun
sorf normalarinin doqiqlosdirilmis tohlilinin aparilmasi vo onun totbiqi igi lizorindo sistemli nozarst etmok
magsads uygundur.

Agar sdzlar: tozyiq, mohsuldarhgq, ingibitor, namlilik, karbohidrogen, udulma.

Giris. Neft-qaz yataqglarinda tobii qazin ¢ixarilmasi, hazirlanmasi vo sahilo hidratsiz rejimlo
naql olunmasini tomin etmak ii¢lin metanol tadbiq edilir.

Molumdur ki, qazkondensat yataqlarinin istismar: zamani qazin termodinamiki gostoricilori:
tozyiq, temperatur, mohsuldarliq, lay sular1 vo s. faktorlarin deyismasi, texnoloji sistemds istifados
olunan metanolun sorf normasini doyismasina sabab olur [1-6].

Qeyd olunanlar1 nozors alaraq vo vaxtinda modon soraitindo yaranan hidrat birlogmolorinin
garsistm almaq iiciin “Abseronneft” NQCI-nin modonlorindo vo laboratoriyada aparilan elmi-
todgiqat islorinin noticesinda alinan faktiki gdstaricilorin esasinda NQCi-nin yataginda gazin noglo
hazirlanmasi1 prosesindo istifado edilon metanolun doqiqlesdirilmis sorf normalarimin tohlili
aparilmigdir.

Masalonin qoyulusu. Metanolun sorf normasinin hesabati gqazin temperatur, tozyiq vo
nomliyindon asilidir va har konkret sorait {iciin ayriliqda yering yetirilir.

* “Neftqaz elmi-tadqiqat layihe” institutu
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Qeyd etmok lazimdir ki, timumilosdirilmis heabat da aparmaq olar. Masalon, tozyiq,
temperatur vo nomlilik gdstoricilorine gora bir-birina anoloji olan bir qrup quyular {i¢iin ingibitorun
sarf normasini tadqiqat islorinin naticoloring asasan aparmagq olar.

Burada, nisbet forgi 10°-don yuxari olmamalidir [1].

“Abseronneft” NQCI-do totbiq edilon metanolun xiisusi
sorf normalarinin tohlili tigiin asas gostoricilor agsagidakilardir: ot
qaz fazasinda olan su buxarlari1 udmaq tiglin metanolun
miqdar1; qaz komorinin baslangic vo son naticalorinde qazin
torkibinds olan nomliyin miqdari; qaz axin1 vurulan islonmomis _+_
metanolun qatilig; islonmis metanolun qatilig;; qazin
torkibindo olan suyun (sorbast su) udulmasima sorf olunan

metanolun miqdar. ’ " on
Qazin naqle hazirlanmasi texnologiyasinda hidrat omalo

golmo temperaturunu asagi salmaq liclin qaz axiina vurulan i i
inqibitorun sistemdos yaranan itkilorinin yerino doldurmagq iiglin
sistemo lazimi1 miqdarda slavs inqibitor vurulur. Ona gors do, -_—
metanolun doqiqlosdirilmis sorf normasinin tohlilini apararkon - 3 %500 J/""'"'”"
asagidaki sobobdon omolo golon itkilor nozoro alimnmalidir —-

sag g — | e

[1,4,5,6]: metanolun gazla tomasda itkisi (buxarlanma);
metanolun maye karbohidrogenlords hall olmasi; qaz axininda  $akil 1. “dbseronneft” NOCI iizra tabii
metanolun maye fazasida vo ayri-ayr texnoloji xatlordo itkisi. gazin naqlo hazirlanmast sxemi

Holli iisullarl. “Abseronneft” NQCI {izro qgazin noqlo hazirlanmasi texnologiyas: vo
termodinamiki parametrlorin toyini. “Abseronneft” NQCi-do hasil olunan 100,0 min m®giin tobii
vo somt qazindan giindolik 22,5 min m® hocmindo qaz ii¢ Slgii qovsaginda (“Pirallahi-Yeni”, “1
may qosobasi”, “Pirallah1-Qala”) “Azeriqaz” IB va Qli-nin qaz sistemina tohvil verilir (sokil 1).

Kompressor tosorriifat: haqqinda “Abseronneft” NQCI-do 2 adod kompressor stansiyasi vardir.

—  KS-4-do 11 adad 2SQ-50 tipli elektrik intigalli kompressor, 2 adod 2SQ-8 vo 1 adad 2 SQ-
4 tipli kompressor qazin naql sistemina igloyir.

—  KS-5-do 2 adad 2SQD100 tipli elektrik intigalli kompressordan erlift sistemino istismar
olunur. 3 adod 2SQ-8 tipli elektrik intiqalli kompressor qazin naqli sisteminds isloyir. 3
adad 405QP-15/70 tipli kompressor va olavo 4 adod Almaniya istehsali olan AZN-2K-
112/360 tipli gazkompressor quragdirilmisdir 1, 4, 5].

Donizdo 23 sayli 6ziildon 2 quyu iizro 23 vo 166 sayli quyulardan orta giindslik tobii qaz
hasilat1 100,0 min m® togkil edir: o cimlodon - 23 sayli quyunun parametrlori: Py, - 10,8 MPa, Pp¢
—10,4 MPa; Pga.—10 MPa — 106 sayli quyunun parametrlori: Py,- 10,6 MPa, Prs— 9,8 MPa; Pqa—
8,8 MPa. Separatorun girisinds tozyiq 8,2 MPa, ¢ixisinda iso 7,2 MPa toskil edir.

Somt qazi. 2 quyu iizro somt qazi:

- 832 sayli quyunun parametrlori: Py, - 10 MPa, Py s— 8,4 MPa; Py, — 8,2 MPa, Qg - 12 min
m?/giin,

- 835 sayli quyunun parametrlori: Py, — 10,7 MPa, Phs— 8,8 MPa; Pqa.— 6,6 MPa, Qqa, — 10,5
min m¥/giin toskil edir.

Aparilan madan todgigat islorinin noticolorine asason “Abseronneft” NQCI iizro ¢ixarilan va
nogl edilon tobii vo somt qazinin termodinamiki parametrlori: tozyiq (P), temperatur (T), hasil
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olunan gazin hacmi (Qgg,), nomliyin miqdari vo sair gostaricilori tohlil edilmis vo metanolun sorf
normalar1 doqiqlosdirilmisdir.

Metanol gazin torkibinds tarazliq halinda olan su buxarlariin udulmasini tomin edir.
Metanolun bir hissasi qaz fazasi ilo, digor hissasi iso qazla ¢ixan maye fazasinda, sorbast lay sulari
vo maye karbohidrogen kondensatinda hall olur [1].

Aparilan elmi-tadgiqat vo madan islorinin naticaloring asason metanolun doaqiqlogdirilmis sorf
normalarinin islonmaosi {i¢iin lazimi gostaricilor toplanmis vo metodikalar se¢ilmisdir.

Metanolun timumi sarf normasinin miqdart asagidaki diistura asason hesablanir:

S=Dp-Dk 1)
Burada: S — metanolun iimumi sorfi, kq/1000m® D,— metanolun qazdan ayrilan su buxarlarina
g6ra sorfi, kq/1000m*; Dy — metanolun gaz fazasindaki sorfi, kq/1000m®.

Metanolun gaz fazasindaki olan su buxarlarina gora sorfi, asason qazin namlilik doracasindon
Vo qaz axinina vurulan tozo vo islonmis metanolun qatiligindan asilidir. Hesabat asagidak: diisturun
komakliyi ilo aparilir [1]:

_(W-W,)-C,
D=t @

Belo ki: Dy — metanolun qaz fazasindak1 su buxarlarina géro sorfi, kq/1000m*; W, — W, - methanol
vurulana geder Vo vurulandan sonar gaz fazasinda olan su buxarlarmin miqdari, kq/1000m?;
C; — C, - qaz axinin vurulacaq tozs Vo islonmis metanolun qatiligi, % kiitlo.

Qeyd etmok lazimdir ki, ¢ixarilan gazin her bir m®*~da olan suyun migdarini tapmagq {igiin 1-Ci
sokilda verilmis nomoqrammadan istifade edilir. Bu qrafike asason qazin tarazliq halinda tozyiqi,
temperaturu vo sixligidan istifade edorok hor bir m® qazda olan suyun miqdari toyin edilir.

“Abseronneft” NQCI-da aparilan todqiqgat isloerinin noticalori gdstordi ki, “Giinosli” yataginda
olan gazlarin sixligi 700-705 kq/ m® borabordir.

NQCI-do tobii gazin naqlo hazirlanmasi iigiin istifado edilon metanolun qatilig1 97% kiitlodir.
Texnoloji sistemdo islonmis metanolun qatiligt iso hazirlanan gazin hidrat omolo gotirmo
temperaturunun agagi salinmasindan (At) va spirtin fiziki-kimyavi xiisusiyyatlorindon asilidur.

Qazlarda hidrat omolo golmo temperaturunun molum qgiymatlorino osason asagidaki diistur

vasitasila istifado olunan metanolun doymus mohlulunda onun qatilig1 toyin etmok olar [1, 4]:
_ MAt 3)
2 7 KR+MAt

Burada: C, — metanolun islonmis moahlulda qatiligi, % kiitla; M — metanolun molekul kiitlasi;
M=60; K — metanol t¢iin amsal. Bu omsal 1220 borabordir; At — hidrat omolo gotirmo
temperaturunun depressiyasi; °C (asagi salinmasinin gostaricisi).

“Abseronneft” NQCI-nin gaz quyularinda aparilan todgiqat islorino gore hazirlanmis qazlifto
islodilon vo sahilo nogl olunan qazin quyu agzinda tozyiqi 6.0-6.4 MPa va temperaturu 22-23°C-dir.

Qaz1 separatorun girisindo drosel etdikden sonra onun tozyiqi 4.0-4.2 MPa vo temperaturu 6-8°C
diisiir. Qazin bu gostoricilori tam hidrat omols gotirma soraitine uygundur (sokil 2).
Onda: qazin hidrat omolo gotirmo temperaturunun asagi salinmasi verilon qiymotlora asason
asagidaki diisturla toyin edilir [1, 4].
ATgar= Thid = Thes 4)
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ATga; — qazin hidrat omolo gotirmosinin depressiyast, C; Thig - qazin baslangic ndqtods hidrat
omoalo gotirmo temperatu, °C: Thes - qazin hesabat

50

ndqtesinds olan temperatu, °C. 40 4
“Abseronneft” NQCI-nin modonlorinds  qazlifto o %° A /
islodilon gazin hesabat omoliyyati aparilan son texnoloji :;-fg Pa 7
néqtalords temperaturu 5+7°C-dir. %40 — /{
Modon soraitindo gostorilon faktiki gostaricilora gg Mgr_AN_/_/ 7,;%/
osason qazin hidrat omolo gotirmo temperaturunun asagi ig__ e ’/’/'”
salinmasinin tohlili aparilir. 30/ P 7/’ N (:))%
4-cii diisturda verilon qiymotlori yerino qoyaraq 20— N \':8‘#'
hesabat asagidaki kimi aparilir: ATq,=23-7=16°C. 15 '/ 4
Demoli, qazin hidrat omolo gotirmo temperaturu 16°C 8 //;/i'/'/ 1
asag1l salinmalidir. Lakin, qazin naqlini maneasiz tomin i/;’?/// f f !
etmak ticlin naql zamani prosess tasir edon digor amillori 3" | | :
do nozoro alaraq sistemdo hidrat omolo golmo tempera- 2e—5 s—36"5 20 25
turunu bir ne¢o doraca artiga, yoni “ehtiyat” temperaturu Sokil 2. Quazlarmn t>zyig tempemtwt' c
nozors almmagqla 2-3°C asag1 salinmalidir. sixhigdan asili olarag hidrat omal>

Verilon temperaturun (18+19°C) asagi salinmasini golmosinin asililiq qrafiki
tomin etmak liclin metanolun islonmis gatiligini toyin etmok lazimdir. Bunun tigiin 3-cii diisturdan
istifado edilir. Diisturda verilon giymatlor yerino qoyularaq hesabat aparilir:

, = —218 4100 = 32.0% kiitle
32-18+1220 [ Neifi| 740 fafmin g .= 40 3

Demali, qazin hor iki halda hidrat
omalo gotirmo temperaturunu asagi salmaq

&

Z LN A

§
N

ticlin islodilmis mohlulda metanolun qatilig
32.0% kiitlo olmalidir.
Hesabatla yanas1 aparilan  elmi-

N
R\ \\\\\\\\ \\ i
N
N
\

8 88833
NN

749
TANEND

Gy

todgigat  islorinin  naticasine  asason é;g y St
. 4
metanolun sulu mohlulunun qatiligindan 233 ZAAA A %
. n 3.0
asili olaraq qazin hidrat amoalo gatirmo fz.c /
temperaturunun  asagr diismosi  asililiq 50"0 YA 4
grafiki ilo toyin edilir (sokil 3). 28 i
- . . 03
Bu grafikdon istifado edorok modon 02 /’//
soraitindo qazin optimal rejimdo nogli %% = vaws /////
prosesi liglin  metanolun lazzim olan [ L
< S — AT VI
qatiligini segmok olar. 0.02|—/ A/ —
-60 -50 -40 -30 -20 -10 10 50 100 150 200 250300350

Hesabat1 aparmaq tigiin “Abseronneft” _
Sakil 3. Metanolun sulu mahlulunun qatiligindan

NQCI-nin moadonlorinds goriilon todqiqat asili olaraq qazin hidrat amala gatirma temperaturunun
islorinin naticosindo olde edilon faktiki asag diismasi asililiq qrafiki

gostaricilordon istifads edilir.
Asagidaki codvaldo “Abseronneft” NQCi-nin qaz quyularmda qazin qazlifto vo sahilo nagli
prosesinda olan faktiki gostaricilor verilmigdir.
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Cadval
Qazin asas gostaricilori Baslangic Sonuncu
1 Toazyiq, MPa (qazlifts islodilon qaz) 6.4 4.0
2 Qazin quyu agzinda temperaturu, °C 25-27 5-7
3 Qazda olan suyun miqdar1, kq/1000m° 0.5 0.3
4 Hidrat omolo golmo temperaturu, °C 18
5 Hidrat omolo golmo temperaturunun asagi salinmasi, "C(AT) 14-15
6 Metanolun qaz axmi ila golon sarbest suda itkisi, (metanolun 10-12 10-12
hor 1000m* qaza goro sorf normasina nisboton)

Cadvalds verilon faktiki gostoricilordon istifado edorok, hesabat asagidak: ardicilligla aparilir.
Birinci morhala: Metanol mye-su fazasi doymasina sarfinin miqdar1 asagidaki qaydada 2-Ci

diisturun komayi ilo aparilir.
_(0.5-0.2)-32.0

Dmeye =—-——— =0.1476 kq/1000m?*

Demoli, maye fazasina sorf olunan metanolun miqdari

0.1476 kq/1000m® olur. Eé \\\ \\\ \\ &\\ —
Ikinci marhalo: Metanolun qaz fazasinda olan sorfinin 10 Q\\ \\\ ¥ \\; I
hesabati1 aparilir. Hesabat asagidaki diisturla yerino yetirilir: s \\\‘5
Dg=0.1e a e C, (5) b
Burada: Dy — metanolun qaz fazasinda olan sorfi x —— s
kg/1000m® C, — islonmis mohlulda metanolun miqdari, % 1L U & 1 I J

kiitlo; o - metanolun gaz fazasinin doymasina sorf olunan
miqdarmin islonmis metanolun sulu mohlulundaki qatiligina Sakil 4. Metil spirti iiciin miixtolif tozyiq vo

nisbatdir. a - qiymoti tozyiq vo temperaturdan asili olaraq  femperaturda “o.” —mn giymoti. (“o.” —metil
hazir grafikdon toyin edilir (sokil 4). g, Sl sy sl oot

6.4 vo 4.0 MPa tozyiq vo 5-7°C temperatur oldugda “a”- qanhgina olan nisbatidir)
nin qiymoti 29-a borabordir. Hesabat asagidaki kimi aparilir:

Dg=0.1¢ 29 ¢ 0.32 = 0.928 kg/1000m*
Belolikls, maye vo qaz fazasinda metanolun sorf normasinin comi asagidak: kimi olacaqdir:
C = Dinaye +Dqaz = 0.1476 + 0.928 = 1.0757 kg/1000m®

Ucgiincii marholo: gaz axmi ilo golon sorbast suyun miqdarindan asili olaraq metanolun sorfi
nozaora alinir:

Notica. Diinya praktikasindan moalumdur ki, qazkondensat yataqlarinin istismari miiddstindo
quyulardan golon sarbast suyun miqdarimi toyin etmok praktiki olaraq ¢ox ¢otindir. Ona gors do,
hidrat ingibitorlarinin sorf normalarinin hesabatin1 apararkon ingibitorun marhalaslor iizro
hesablanmis xiisusi sorf normasinin tizorine sarbast suya gora 10-15% olave edilir.

Quyularin istismar miiddotindo asili olaraq, golocokdo sorbost sularin miqdar1 artacaqdir.
Hazirda “Abseronneft” NQCI-nin qaz quyularinda sorbast suyun miqdari metanolun {imumi sorf
normasinin 10-15% toskil edir.

Beloliklo, hesabatin bu morhalosindo metanolun sorf normasinin miqdart sorbast suya goro
12% artiq gotiiriilmolidir. Demoli: C = 1.0757 « 0.12 = 0.12908 kq/1000m®. Aparilan hesabatlardan
alinan metanolun sorf normasinin miqdar: asagidaki kimi olacaqdir [5]: C = 1.0757 + 0.12908 =
0.12 kq/1000m®. Beloliklo, “Abseronneft” NQCi-do gazin noglo hazirlanmasi prosesinde smolo
golon hidratin garsisim1 almaq tigiin totbiq edilon metanolun hor 1000m?® gaza goro sorfi 1.2 kq
olmalidir.
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Hidrat amala galmasinin garsisini almaq tigiin istifads edilon metanolun daqiqlasdirilmis sarf ...

Molumdur ki, gazkondensat moadonlorindo hor il istismar vaxti sistemdo termodinamiki vo
texnoloji gostaricilor (P.T. Qgaz, Qsu, Qon v 8.) doyisir. Ona gors har il totbiq edilon metanolun sarf
normalarinin doqiqlagdirilmis hesabatinin aparilmasi vo onun tatbiqi isi lizorinds sistemli nozarat
etmok mogsodos uygundur.
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PA3PABOTKA YTOYHEHHOI HOPMbI PACXO/IA JIJIsl TPEJOTBPAIEHUS
I'NJIPATOOBPA30BAHUA UCITIOJIB3YEMOI'O METAHOJIA

AJO. JUKOMAPJIOB, A.H. TYPBAHOB, M.A. TYCEHOBA

B HedTerazoBbix 3anekax Jisi H3BJICUCHHS U ITOATOTOBKU B 0€3rMAPATO0OPAa30BaHHOM PEXKUME U ISl 0OecIieyeH s OecIpernsiT-
CTBEHHOW TPAaHCHOPTHPOBKU HA Oeper MPUPOAHOro raza MPUMEHSIOT MeTaHoi. [Ipu mpoBeneHHH MCCIEA0BAHUN HA PE3yJbTaThl HA
HIAY «AGueponHedTh» TEPMOJMHAMHUYECKUX MOKa3aTelei TPaHCIOPTUPOBOEMOr0 MPUPOIHOTO M MOMYyTHOTrO ra3a: nasnenus (P),
temmeparypsl (T), oobema 100b1BaeMOro rasa (Qras), KOJIHYECTBA BIKHOCTH M T. JI. - ObUIM IPOAHAIM3UPOBAHBI TOKA3aTESIHN U OIpe-
JIeTIeHbI PACXO0/bl METaHOIA.

ITo pe3ynbTaTaM NpOBEACHHBIX HAYYHO-UCCIIEIOBATEILCKUX M POMBICIOBBIX PadOT MO YTOUHEHHOMY Pacxojy MeTaHosa Obl-
JI1 cOOpaHbl HY)KHBIE ITOKa3aTeNd U M30paHa METOAMKA ONpPE/EICHNs] yTOUHEHHOH HOPMBI PacXoza U Leaeco00pa3HOro CUCTEMHOIo
KOHTPOJIUPOBAHHUSL.

Knrwouegvie cnosa: oasnenue, npooyKmugHOCHb, UHSUOUMOP, G1AHCHOCMb, KAPOOUOPO2EH, NO2TIOWEeHUe.

ABOUT USING OF SPECIFIED CONSUMPTION RATE OF METHANOL TO PREVENT
THE FORMATION OF HYDRATES

A.Y.JOMARDOV, A.N. QURBANOV, M.A. HUSEYNOVA

Methanol is used to produce of natural gas in the oil and gas fields, process and transport it onshore without hydrates. Ac-
cording to the results of field research, the thermodynamic parameters of natural and associated gas produced and transported on
“Absheronneft” OGPD: pressure (P), temperature (T), capacity of produced gas (G), quantity of moisture and other parameters were
analysed, and consumption rate of methanol is specified.

Based on the results of the scientific research and field work, the necessary data were collected and the methodologies were
selected for using of specified consumption norm of methanol.

Taking into account the above mentioned it is advisable to carry out a detailed analysis of the methanol consumption norm
used in the gas processing at OGPD field and conduct systematic control over its application on the basis of actual data obtained as a
result of scientific research works carried out in the fields and laboratory of "Absheronneft" OGPD to prevent hydrate formations
occurring in field condition.

Keywords: pressure, productivity, humidity, inhibitor, hydrocarbon, absorption.
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NEFTCIXARMA SAHOSINDO
NANOTEXNOLOGIYALARIN iSTiFADOSI

H.F. MIROLOMOV ", C.I. MOMMODOV"™

Bu isdo nanotexnologiyalarin istifadesi ilo  neft hasilatinin vo neft veriminin yaxsilagdirma,
asanlagdirmasinin bazi metodlari aragdirilib. Neft verilmasinin artirilmasi figiin nanotexnologiyalarin istifadasi
aktual mosaladir. Bu masalonin halli iiclin osas istiqamatlori katalizatorlarin xiisusiyyastlorinds 6l¢ii effektlori
kimi, katalitik aktiv mosamoli materiallarda 6lcii effektlori kimi, qarisiglarin boliinmoesindo nanotexnologiyalar
kimi, nanotexnoloji ortiiklor kimi toqdim etmak olar. Bundan olave, 6tiiriiciilor, idaraetmo qurgulari soklinds olan
agilli sistemin bir hissasi kimi istifado olunmasi planlasdirilir.

Acgar sozlar: nanotexnologiyalar, neft sanayesi, nanomateriallar, nanoxiisusiyyatlor, innovasiyalar,
neftverimi.

Giris vo mosalonin aktuallhigl. Neft-qaz ¢ixarma sonayesinin miiasir vaziyyatinin tohlili
bunu demays imkan verir ki, diinyada nefto artan tolobat fonunda yeni yataqglarin kosfi ilo barabar
movceud yataqlarda islonmanin somoraliliyinin artirilmasi, ¢atin ¢ixarilan ehtiyatlarin istismara calb
olunmasi vasitasilo yataglarin son neftvermo omsalinin artirilmasi daha ¢ox 6nom dasimaqdadir.
Bunun iiclin quyudibi vo laya tosir iiclin yeni torkib, daha somaorali tisul vo texnologiyalarin
yaradilmasi talab olunur.

Moasalanin halli. Indi inkisaf yolu elmin, istehsalatin, inkisafin somorali miihitinin forma-
lagmasi ii¢lin alverisli iqlimi vo yiiksok texnologiyalarin totbigini tomin edo bilocok yanasmalari
tolob edir [1].

Bu yol istehsalatin formasaldirilmas: vo biliklorin totbiqi iiclin, yeni texnologiyalarin
inkisafi va totbiqi iiclin olverisli soraitin tomin edilmasini tolob edir. Miiasir nanotexnologiyalarin
inkisaf masalosi- nanotexnologiyalarin inkisafi iiclin yeni layihslorin hoyata keg¢irilmo imkani ti¢lin
yeni ideyalarin tapilmasi yolu ilo, kritik texnologiyalar siyahisindan ¢ixmaq {iglin yeni ideyalar
tapmaqdir. Neftqaz sahasindo nanoxiisusiyyatlorin istifadesi, texnoloji qurulusun ticarst moshsulu
olan, nanotexnologiyalarin aktiv istifadasi yolu ilo ola biler [2].

Neft verilmasinin artirilmasi {i¢iin nanotexnologiyalarin istifadosi aktual masoladir.

* Azorbaycan Dévlot Neft vo Sonaye Universiteti
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Neficixarma sahasinda nanotexnologiyalarin istifadasi

Nanodlgli voziyyatindo istonilon maddslor, onlarin makro hocmli vaziyystindon ¢ox
forglonon yeni kimyavi, bioloji vo fiziki xiisusiyyatlori oldo edirlor. Hal-hazirda hom fundamental
va tatbigi elm sahasinda, hom do sonaye va biznes sahoasinds yeni materiallar sinifindo maraq daima
artir [3].

Bu giino neftgixarma sahasindo nanotexnologiyalarin istifadasinin osas istiqgamatlorini
demok olar: katalizatorlarin xassalorindo 0l¢ti effektlori, katalitik aktiv mosamali materiallarda
Oleii  effektlori, qarisiglarin  boliinmosindo  nanotexnologiyalar, nanotexnoloji  drtiiklor.
Nanotexnologiyalar gazma prosesinin yaxsilagdirilmasi vo neft vo qaz ¢ixarmada istifade oluna
bilor. Nanotexnologiyalar neft vo qaz hasilatin1 yaxsilagdirilmasina komok edocoklor, neftin vo
qazin rezervuarda ayirmasi daha asanlagacaq, masalon, molekulyar soviyyods proseslorin daha
dorindan alnamagq vasitasi ilo.

Homg¢inin nanomateriallarin, ancaq inkisaf etmis funksional materiallar qismindo deyil,
hotta datciklor, otiiriiciilor, idarsetma qurgular1 daxil olmagla, miixtalif elementlorden ibarat olan
agilli strukturun ayrilmaz hissosi kimi istifads edilmasi ehtimal olunur.Hazirki todqiqatda on
maraqlt nanotexnologiya neft sonayesindo on maraqli nanotexnologiya olavalorinin  xiilasosi
verilir. Belo ki, masolon, isdo [4] nanohissaciklorin osasinda katalizatorlarin istifadasi todqiq
edilib. 1-100 olgiilii hissaciklordon istifado etmok katalizatorun aktiv sothini artirmaga imkan
verir. Bunun naticosindo soth, daxilindo nanohissociklor maksimal aktivlik gostordiyi asagi
koordinasiyali  torkibli alinir.Todqiqatgilar miirokkab kompozitdon tortib olan: nanokristaldan,
plastik morfologiyali ultrastabil seolitdon miiasir Kretinq katalizatorundan istifado etdilor. Bu
todqgiqatlar homg¢inin, neftin xammali, nikel vo vanadiumun ionlar1 kimi ¢irklondiron maddslarini
tuta bilon matrisanin mosamali strukturunu optimallasdirmaga da imkan verirlor.

Bu islor gostorir ki, mosamoli miihitlordo neft cixarilmasinin effektivliyini miioyyon edon
hadisalorin ionlara moxsus Olctilori-kapillyar gisterezis, ion miibadilosi, asfaltenlorin Sl¢iilori-
nanometrin onda bir hissasini togkil edirlor. Qata vurulan reagentlorin kimyavi vo ion torkibinin
mogqsadyonlii tonzimlomasi vo iistolik gata hatta gil torkibli qata fizioloji sahalorin tosiri “neft-qaz-
Su-qat” sistemindo ion tarazliginin doyisilmasinoe vo neftqaz ¢ixarilmasinin artirilmasia gotirocok
[5, 6, 7].

Indiyo qodor qatda kapillyarlar haqqinda elo tosavviir var idi ki, bu bir birlori ilo kosison
kicik borulardir. Aydin oldu ki, mesamoali mokanin strukturu basqadir, onun Ortliyli nahamar
olduguna gora daha ¢ox “Iran xalgasi ilo” miiqayisa edilo bilor. Istehsalatin mogsadi iso ondadir ki,
har hans1 hamar borudan deyil, ¢cotin nanometr hamarligi ilo olan borudan, hansindan ki o “asilir”,
neftin vo ya qazin molekulunu ¢ixartmaqdan ibarstdir. Burada lotos effektindon istifado etdilor.

Asan miiqayisa. Ogor bir neft damcis1 hamar gilizgiiniin iistiino diigso idi, onu adi siingorin
komayi ilo yigmaq olardi. ©gor bu damci xalca liflorin iizorino diisso idi o zaman siingor-yaxsi
assistent deyil. Bu nahamarligi formalagdiran gilli mineral kristallarin formasi nanodlgiilor
soviyyasindo movcuddur. Texnoloji mosalo ondan ibarat olub ki, masalon, kapilyyara tosir etmok
lazzmdir ki, kapilyar qiivvelorina tosir edon onun nahamarlii azalsin vo neft ondan ¢ixsin. Bu,
neftgixarma sonayesinds olan bir dona do uygunsuzlugdur-neftvermo uygunsuzlugu.

Yeno do neft vo qaz hasilatin1 yaxsilasdirmaga komok edocok nanotexnologiyalar.
Prosesi, maye vo bork cisim sorhoddindo olan proseslordon molekullyar soviyyads baxmaq
lazimdir va bu rezervuarda yagin vo qazin ayrilmasini asanlagdiracaq. Magsad - yag sudan daha
somarali neco ayrila bildiyni basa diismokdadir. Nanotexnologiyalar , sothi-aktiv maddalorin daxil
etmo soklinds neft verilmosinin artirilmasi tiglin istifade oluna bilor. Korroziyaya qarst 6triiklorin
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hesabina avadanligin etibarliliginin artirilmast  homginin  neft vo gaz sonayesinin  9sas
istigamatlorindon biridir. Yiiksok kiikiirdlii neftin hasilatinin bir qodor avvalki artimi ilo , soru
komarlori vo texnoloji avadanliq adi hallardan daha tez deqradasiya edir. davamliligin vo
korroziya davamliligin artiritlmasi ti¢lin nanotexnoloji ortiiklorin istifadosi, istilik miibadilosi bas
tutan yerin  Otriiylinii  yaxsilagdiracaq vo tomirls bagl bos dayanmalarin azalmasina gatiracok.
Etibarliligin artirtlmast homg¢inin saglamligin miidafiosi vo tohliikasizliyi {i¢iin ¢ox irali gedon
naticalari var.

Istiliyin vo tohliikosizliyin itirilmasi neftin vo qazin emali iizro avadanhigin iki osas
problemidir. Istilik itkisi enerjinin sonaye istifadesinin iimumi hocminin 50 % qodor toskil edir.
Nanotexnologiyalar, sonaye avadanligini istilik itkisindon tocrid edon aerogel kimi bir ixtidardir.
Kagiz parcasi kimi Ortiiylin qalinligi boru vo ya rezervuari tocrid edir vo tstolik sliso liflordon
ibarat olan izolyasiya. Bu qarisiq hom¢imin Kkorroziyaya qarst yliksok davamliligi tomin edir.
[zolyasiya istonilon metal sothindo sopolono bilor vo homginin borularin divarlarma daxilden
vurula bilon Ortiiklor var. Bu zaman karbohidrogenlorin siirligma siirati artir vo noql prosesi
asanlasir.

Natica. Nanotexnologiyalar neft¢cixarma sonayesinin inkisafinda boyiik rol oynayir. Bels
islorin arasdirilmas: imkan verir ki, nanotexnologiyalarin istifadesi neftvermo omsalinin
artirllmasina vo avadanliglarin etibarliginin artirilmasina imkan veracok.
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HCHOJb30BAHUE HAHOTEXHOJIOT U B HE®TEJIOBBIBAIOIIE OTPACJINA
I'.®. MUPAJIAMOB, 4.11. MAME]JIOB

B pabore paccMOTpeHBI HEKOTOpBIC METOABl YIydYlICHHUs, YHOpoUleHuss HepTenoO0sdu U HedTeoTmadu C
UCHOJIb30BAHUEM HAHOTEXHOJOTHH. OCHOBHBIC HANpPaBICHMS U PELICHHS STOI 3a7aud MOXHO CHOPMYJIHPOBATH Kak
pasmephblie 3Q(PEeKThl B CBOMCTBAX KaTaau3aTopoB, pa3MepHbIe SP(EKTh B KATAIUTHYSCKH AKTUBHBIX MOPUCTHIX MaTepHalax;
HAHOTEXHOJIOTHU B Pa3JICICHUM CMeceil; HAHOTEXHOJOTHYECKHe MOKPbITHA. [IOMHMO 5TOro, HaHOMAaTepHAIIbI INIAHUPYETCS
UCIOJIb30BaTh KaK YacTh CHCTEMbI, KOTOpas OyAeT BBINIIETh B BHAC Pa3iIMYHBIX JATYUKOB, IIPUBOJOB, YCTPOMCTB
YIIpaBJICHHUSI.

Knrouesvie cnosa: HAHOMmMeXHoJI02UulU, He(j)m}ma}z NPOMbIUTIEHHOCb, HaHoceochmea, UHHOBAYUU, He([)meom()alta.

THE USE OF NANOTECHNOLOGIES IN THE OIL-EXTRACTING INDUSTRY
H.F. MIRALAMOV, Ch.I. MAMMADOV

In this paper, the authors consider some methods of improvement, and simplification of oil production and oil recov-
ery with the help of nanotechnologies. The use of nanotechnologies in increasing of the oil recovery is an urgent task. The
main directions for solving this problem can be formulated as follows: dimensional effects in the properties of catalysts, size
effects in catalytically active porous materials; nanotechnologies in the separation of mixtures; nanotechnological coatings. In
addition, nanomaterials are planned to be used as a part of the intelligent system that will include different sensors, drives and
control devices. One of the papers considers the issues of how oil and water can be separated more effectively.

Keywords: nanotechnology, oil industry, nanoscience, innovation, oil recovery.
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YIIPABJIEHHUE JIEKTPOITPUBOJAMMU CYJOBbIX
I'PY30IOABbEMHBIX MEXAHW3MOB C IOMOIIBIO
TUPUCTOPHBIX PETYJIATOPOB HAIIPSKEHUSA

9.®. CYJITAHOB", 3.M. MAMEJIOB*

B crarbe paccMOTpeHBI BOIPOCH! YIIPABICHUS SJIEKTPONPHUBOAAMH CYAOBBIX IPY30HOABEMHBIX MEXa-
HHU3MOB C TIOMOIIBIO THPUCTOPHBIX NpeoOpa3oBaTeneil HANPSDKEHUS W yKa3aHbl MPEHMYIIECTBA JTAHHOTO
METO/1a YIPABICHUSL.

Kniouegvie cnoga: cyono, epy3ono0vbEMHbIIL MEXAHU3M, DIEKMPONPUEOO, MUPUCOD, NPeodpa308a-
meb HanpANCeHUs.

BBenenue. D1eKTpONPUBOABI CYAOBBIX TPY30MOIBEMHBIX MEXaHU3MOB BBITYCKAIOTCS C MPH-
MEHEHHEM JJIEKTPUUYECKUX MAIllMH U anmnapaToB, U3rOTAaBIMBAEMbBIX C YU€TOM CIEIU(PUKHA pabOThI
B MOPCKHUX ycioBusiX. Bcé o0opynoBaHue rpy30moabEMHBIX MEXAaHU3MOB, YCTaHABIMBAEMbIX Ha
OTKPBITOH nasry0e, J0DKHO OBITh pACCYMTAHO HAa OOJMBAHUE MOPCKOM BOJIOM, BIUIOTH J0 MOTPYXKe-
HUSI HA KOPOTKOE BpEeMsl 107 HAKaTHIBAIOIYIOCS BOJIHY, Ha BOBMOKHOCTh 00JIe/IeHEeH!s, Ha paboTy
B YCIIOBUSX BUOpAllMM W MOBBIIIIEHHOW TEMIIEpaTyphl, B 3aBUCUMOCTH OT paiioHa TuiaBaHus. Pe-
3yJbTaThl MHOTOYHCIICHHBIX HAOJIONEHUH TMOKa3bIBAIOT, YTO MJIS OTUX MAIIUH MU MEXaHH3MOB B
OCHOBHOM XapaKTEpHbI Neperpy3ka BO BpeMs 3KCIUTyaTallud, pa3pyllieHus OT JACHCTBUI MOBTOP-
HBIX CTATHYECKHUX W OJHOKPATHBIX CBEPXHOPMATHBHBIX HArpy30K, TeMIIEpaTypHbIC JAehOpMalluH,
BuOpanus u T.4. [1-5]. Mcxons u3 aToro, cpeau TpeOOBaHUM, TPEIBSIBISIEMBIX K TPY30IOAbEMHBIM
MEXaHH3MaM, 0co00€ 3HaUYCHUE UMECIOT TPeOOBAHUS B OTHOLICHHUH BHOPOYCTOWYMBOCTH, KOPITYC-
HOW TIPOYHOCTH M KOPPO3WOHHOW YCTOMYMBOCTU. DIJIEKTPUUECKOE 000PYI0BaHUE T'PY30MOAbEM-
HBIX YCTPOWCTB, MPEIHA3HAYCHHOE JJIs1 YCTAHOBKH Ha OTKPBITON Mayoe (9JIEKTpUYECKUE ABUTATE-
JIM, KOHTPOJIJIEPHI, KOMaH/IOKOHTPOJUIEPhI, TOPMO3HBIE MEXaHU3MBI U JIp.) JIOJDKHO OBITh BOJO3a-
IUMIIEHHOTO MCTOJTHEHWs. MarHuTHble KOHTPOJUIEPHI, PE3UCTOPHI, MpeoOpazoBareiu U Apyrue
anmapaThl, Oyy4d M3TOTOBJIECHBI B OpPBI3TO3aMIUIIEHHOM HCIIOJHEHUH, JOJKHBI yCTAaHABIMBATHCS
B 3aKPBITHIX TOMEIIEHUSX.

” Aszepbaiimkanckas ['ocynapcTBenHass Mopckast AkageMust
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IMocTranoBka 3agaumn. CoryiacHO C JEHCTBYIOIIMMH CTaHAAPTAMH, HAUMEHbBIIAs MOIIHOCThH
JIBUTATEIIS TIGPEMEHHOTO TOKAa Ha OOMOTKE HauOOJIbIIIel CKOPOCTH BpateHus s pexuma S3 (I1B-
40%), He moyKHA ObITh MeHbIIe 90% MOIIHOCTH, COOTBETCTBYIOIICH BBIOMPAHUIO TPOCA C HOMHU-
HAJIbHBIM TATOBBIM YCHJIMEM INPH MakCUMabHO#H ckopoctu. B pexume S1 (ITB-100%) nBurarensb
MEPEMEHHOTO TOKA JIOJDKEH JIOMYCKaTh paboTy rnpu MoImHocTH 50% HOMUHAIIBHOU, U B peskuMe S2
(ITB-25%) ¢ HauMeHbIIeit CKOPOCTHIO BPAIICHHS.

B obmiem ciydae npoomKUTETbHOCTh paOOTHI AJIEKTPOABUTATENs, U3MepsieMasi B IIPOLIEHTaX,
HAXOJUTCS U3 BBIPAKEHHUS

8% = — 2 100%
pab6 tnep
3nech: ths— MPOAOILKUTEIBHOCTD BKJIIOYEHUS IBUraTes; t,e, — 00Iee BpeMs IepepbIBOB B paboTe
3a OJIUH paOOYHA IIUKIT.

[Tpy BKIIOUEHHH SJIEKTPOJBUTATEINS C XOJOJHOTO COCTOSHHUS MPOJOJDKUTEIBHOCTD HETpe-
PBIBHOM paOOThI HA 0OMOTKaX HU3KOM M CpeIHel CKOPOCTHU JO0KHA COCTABIATh HE MEHEEe 5 MUHYT.

OnHuM U3 croco0OB perysmpoBaHHs CKOPOCTH BpallleHHs aCHHXPOHHBIX IBUTATeNel ¢ KO-
POTKO3aMKHYTBIM POTOPOM, NMTPUMEHSIEMBIX B JIEKTPOIPUBOJIAX CYIOBBIX TPY30MOIbEMHBIX MeXa-
HU3MOB, 00€CIIEUYUBAIOLINUM OTpaHUUYEHHUE MaNa3oHa PEryJIMpPOBaHUs CKOPOCTH U CHIKEHHUE IyC-
KOBOTO TOKa, SIBIISICTCS PETYIMPOBAHUE HAMPSDKEHHUS CTATOPHOM 0OMOTKH. KpoMe mpruMeHsieMbIX B
HacTosIIee BpeMsi TpaHC(HOPMATOPHBIX PErYIATOPOB HAIPSHKEHMS, TAKXKe IUPOKOE NMPUMEHEHHE
HAIIUTH TUPUCTOPHBIC PErYIIATOPhI HanpsbkeHus [3].

VYrpoméHHas NpUHIUNHAIbHAS CXeMa
TpEX(a3HOTO TUPHUCTOPHOTO  PEryISITOpa
HalpspKeHusl nokazaHa Ha pucyHke 1. Cu- ~U1
JOBasi 4acTh YKa3aHHOTO pETyisTopa Co- i
cTouT u3 6-tu (Mo 2 Ha ¢asy) BCTPEUHO- - - —_— -

Yy
[apajUIelbHO COEAMHEHHBIX TUPHCTOPOB. 73 SZ \ZX XZ 7& XZ

I[aHHEUI CXeMa IIO3BOJIACT IMPOXOKIACHUC

Toka B 000MX mojynepuojax (IOJIOXKH- WY ey

TENBHYIO TIOJYBOJHY HPOITYCKAaeT OJWH U3 ~U2

THPHCTOPOB, OTPULIATEIBHYIO - IPYTOii). I
PerynupoBanue HamnpssKeHHs — Ha (@

BBIXOJIE€ THPUCTOPHOI'O PEryjsTOpa Hamps-
xeauss (TPH) ocymectBisercs myrem
ciBura 1o (1)2136 SJICKTPUICCKUX HMITYJIb- Puc. 1. Cxema mpéxpazrnoco mupucmopHozo pe2yisimopa
coB. Ha ympaBnsromue 3JI€KTpOoAbl THPH- HanpAdICens

CTOPOB TMOJAIOTCA HMMIYJIbChl C CHCTEMBI

UMITYJIbCHO-()Aa30BOTO YIPABJICHUS, KOTOpass OOECIeYMBAET HUX CABHI HAa HEOOXOIAMMBIA YIIIOM
OTKPBITHS 0, B QYHKIIMH BHEIIHETO CUTHANA yripasieHus. [1pu yrie ynpasnenus o=0°HanpspKeHHE
U, Ha BBIXOJIE THPUCTOPHOTO PETYIISATOPA MPAaKTUIECKH OyIeT paBHO 3HaUYCHHUIO HanpspkeHus: U Ha
BXOJI€ (BHYTPEHHUM MAJ€HUEM HAIPsLKEHUS HAa TUPUCTOPE, MO MPUUMHE MAJIOTO 3HAYEHHSI, MOKHO
npeneOpeus). YBenndenue yria ynpasieaus (o>0°) Bea€T K CHIDKeHUIO HanpsbkeHus: U, Ha BBIXO-
ne peryasitopa [3].
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VYKazaHHBIN BUJ TUPUCTOPHBIX PETYJISATOPOB HAIMPSDKEHHS MOXKET OBITh MPUMEHEH TOJIBKO B
HEPEBEPCUBHBIX JIIEKTPONPHUBOAAX, T1e HE TpeOyeTcss M3MEHEHNE HANpaBIICHHS BPAIICHUS AJICK-
TPOJABUTATEIIS.

IIpumenenue mupucmopHuix pe2yiamopo8 HANPHCEHUsL 8 PEGEPCUBHBIX DJIEKMPONPUBOOAX.

B peBepcHBHBIX TUPUCTOPHBIX PEryJsATOpax HANPSHKEHHUS UCIOJIB3YIOTCS IATh Map TUPUCTO-
POB, MOJKIIOYEHHBIX BCTPEUHO-TapayljiesbHO (puc. 2). JlaHHBIA THUI TUPUCTOPHBIX PETYISATOPOB
HaNpsDKEHUsT 00ecreunBaeT MycK, PeBEPCHPOBAHNE, TOPMOKEHHE MPOTUBOBKIIOUEHHEM U PEXKUM
JIMHAMHYECKOTO TOPMOKEHHUSI ACUHXPOHHOI'O JIEKTPOJBUTATENs. YIIpaBJI€HUE PEBEPCUBHBIM TH-
PUCTOPHBIM PEryJIsITOPOM HAMPSIKEHHUST OCYIIECTBISIETCs mogadeid uMnyiascoB oT CUDY. Crnox-
HOCTh CXEMBI 3aKiIiouaercs B Hamuuuu 10-TH KaHAJIOB yIpaBieHHUs THpUCTOpamu. s paboTsl
3JIEKTPOJIBUraTessi B OJHOM Halpasiie-
HUM HMIYJIBCHI YIPaBICHUS («68nepéoy) A B C
MOJIAI0TCSI HA OTKPBITUE Nepeotll, 6Mopol

U mpemuvell apbl TUPUCTOPOB Ha (hazax
A, B u C. Ha nannowm stane wemesépmas R, 1A N | NN AN

U namas 1napbl JOJDKHBI OCTaBaTbCA 3a-

\j
.V510)
g

nepteiMu. [lpu 3TOM HampspkeHue Ha
3KUMBI CTaTOPHOH OOMOTKH JIOJKHO >

cnoy |

o 4 5
[OJABaThCs B MIOCIIEI0BATEIBHOCTU 4 — B -< | [ |
—c. . . !
Jlnsi peBepCUpPOBAaHUS BIIEKTPOJIBH- -2 “(C)/—c@—
rarensi, T... WM3MEHCHHUS HaIlpaBICHUS \’M\(/
BpaIlleHUs POTOpa, HEOOXOMMMO I10JaTh \—/

YIPABIAOMHUC HMIIYIECEI HA nepeyio, Puc. 2. Cxema mupucmopnoo pe2yisimopa
uemeepmyro U nAantyro napbl TUPUCTOPOB, HANpAdfNCEeHUst nepemerHo20 moka

a emopas N nepeas NOJLKHBI OCTaBaTbCA

3anepteiMu. [locnenoBarenbHOCTh (a3

HAIPSDKEHHUS Ha BBIXOJIE PEryJisiTopa (3axumax cratopa) Oyzaer a — ¢ — B [4].

I[J'I)I OCYHICCTBJICHHUA OTUHAMHUYCCKOTO TOPMOXKCHUS B CXEMC IIPCAYCMOTPCH PE3UCTOP RT, KO-
TOpBII?I BO BCEX PCXKUMAX ABUIATCIIA OCTACTCA IIYHTHPYIOIIUM nepeyro Ipyluily i TEM CaMbIM HE
OKa3bIBACT BJIMSIHHA Ha pa60Ty JABHUTATCIIA. HpI/I OCYHICCTBJICHUN AWUHAMHWYCCKOTO TOPMOKCHUA
AIIEKTPOABHUIATENSI, BPALIAIOIIETOCS «81epéoy, HEOOXOIUMO 3alepeTh MEPBYIO TPYIIY THPHCTO-
POB, TEM CaMbIM IpeKpalaeTcs LyHTUpoBaHue pe3uctopoM Rr. OOpaTHbIe THPUCTOPHI 6MOpPOl N
mpemuveli TPYNIbl TOXKE OcTalTcs 3anepTbiMu. Tupuctops! rpynnsl B u C OyayT pabotarh Kak
BBITIPSMUTENH (uemeepmas u namas TPyl 3anepTsl). [Ipu yka3aHHOM MOJI0KEHUH THPUCTOPOB
gyepe3 0OMOTKY CTaTopa MpOTEeKaeT MOCTOSHHBIN TOK, 00ecreynBast STUM BO3HUKHOBEHHE TOPMO3-
HOT'O MOMECEHTA W IIOCTOSIHHOI'O MArHUTHOI'O ITOTOKA. PCSI/ICTOp RT. oOecrieunBaeT OT'paHUYCHUC
TOKa.

3akawyenue. [IpemnokeHHass METOIUKA YIPABICHHS JJIEKTPOIIPUBOIOM CYIOBBIX TPY30-
NOABEMHBIX MCEXAHHU3MOB C IIOMOIIBIO THPUCTOPHBLIX PETYIATOPOB HAIIPSIKCHUSA o0ecIieunBaeT
OECKOHTAKTHBIN MYCK, PEBEPCUPOBAHUE M TOPMOKEHHE aCHHXPOHHOTO dJieKTpoaBurareis. JlocTu-
racTcia CHMIKCHHEC 3HAYCHHUA ITYCKOBOI'O TOKA ITPU ITYCKOBBIX PEKHUMAX ACUMHXPOHHOI'O 3JICKTPOABH-
raTcis.
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GOMI YUKQALDIRICI MEXANIiZMLORININ ELEKTRIK INTIQALLARININ TiRiSTOR
GORGINLIK TONZIMLOYIiCILORI iLO iDARD OLUNMASI

E.F. SULTANOV, EM. MOMMOSDOV

Mogqalado gomi yiikqaldirict mexanizmlorinin elektrik intiqallarinin tiristor gorginlik tonzimlayicilori ilo idars olunmast

aragdirilmis vo onlarin miisbat cohotlori qeyd edilmigdir.

Acar sozlor: gomi, yiikqaldirict mexanizm, elektrik intiqali, tiristor, gorginlik tonzimlayicisi.

CONTROL OF ELECTRICAL DRIVES ON THE SHIP’S LIFTING DEVICES
WITH THYRYSTOR VOLTAGE REGULATOR

E.F. SULTANOV, E.M. MAMMADOV

The article describes the control of ship lubrication electric drive with the assistance of thruster voltage regulators

and their advantages.

Keywords: vessel, cargo lifting mechanism, electric drive, thyristor, voltage regulator.
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AUSTENIT-BEYNIT CEVRILMOSININ TEMPERATUR
REJIMLORI

M.B. BABANLI", R.S. SAHMAROVA®, T.Q. CABBAROV", B.H. HUSEYNOV"

Tadqiqat isinde yiiksok dispersiyali perlitli cuqun ovezina yiiksak sixliga malik beynitli ¢guqunun alinma
rejimine baxilmigdir. Gosterilmisdir ki, yliksok keyfiyyatli sintetik ¢uqun tokmasini, izotermik tablama tsulu ila,
beynit strukturlu guquna ¢evirmok olar. Bu halda ¢guqunun fiziki vo mexaniki xassolori xeyli artir.

Acar sozlar: beynitli cuqun, perlit, austenit, izotermiki tablama, sintetik ¢cuqun.

Giris. Son zamanlar yiiksok keyfiyyatli izoleedilmis grafitli guqunlarin totbiqi zamani alinan
naticalarin analizi gostorir ki, austenit-beynit strukturlu guqunlar aslinde miiasir masinqayirmada
yeni konstruksiya materiali kimi istifads edilir.

Austenit-beynit ¢uqunlarin (ABC) totbiqi istismar xassalorini artirir, enerjiys qonaot edilir,
tokmonin ¢okisi azalir vo s. Bu baximdan, beynitli ¢uqunlarin alinma texnologiyasinin tortib
edilmasi aktual mosoladir.

Beynitli ¢guqunlara elo ¢uqunlar daxildir ki, onlarin metallik asas1 ya miioyyon godor, ya da
tamamilo beynitdon ibarat olur.

Mosalanin qoyulusu. Beynit strukturu austenitin 250+-500°C temperatur haddinds ¢evrilmasi
naticasindo yaranir. Bu o vaxt bas verir ki, austenitlogdirilmis ¢uqun fasilasiz olaraq elo soyudulsun
ki, stirot ya bohran stirotindon yiiksok, ya da izotermiki saxlama miiddstindon yiiksok olsun (beynit
cevrilma temperaturda).

Austenit 500+350°C temperaturda ferrito (o-faza) vo vy-austenito (yiiksok karbonlu)
pargalanir. Austenitin parcalanma temperaturunda uzun miiddst saxlanmasi, dispers karbidlori
omolo gotirir.

Austenitlosmo temperaturu yliksok olduqda, austenitdo karbonun galigi azalir vo sonraki
austenit pargalanmasi ¢otinlogir.

Austenitds hall olan karbonun miqdar1 austenitlogsmoe temperaturunda saxlama miiddstindon
asilidir.

* Azorbaycan Dovlot Neft vo Sonaye Universiteti
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flkin austenit donosinda amolo golmis a-faza (asag1 beynit strukturunda) martensit iynolori
ilo eynidir vo onun karbonla ifrat doymasi, martensit ils ferrit arasinda oldugu kimi araliq yer tutur.

Uzun miiddatli saxlanmadan sonra, ondan karbon ayrilir vo karbidlorin dispers qurulusunu
formalasdirir.

Beynit strukturlar1 geyri-stabildir, ona géro do ¢uqunun istismar1 vo taboksildilmasi zamamn
temperaturun maksimum qiymoti, austenitin izotermiki parcalanma temperaturundan yiiksok
olmamalidir.

Dalma nasos istehsal vo tomir edon Baki istehsalat miiassisosinin tokma sexinds bu nasosun
bazi hissalorinin maya doyarini asag1 salmaq mogsadlo elmi-todqiqat islori aparilmisdir.

Nasosun istiqgamatlondirici aparati va siirlisma yastiginin govdasi, hal-hazirda “Nirezist”
cuqunundan hazirlanir vo neft quyularindan neft-qaz-su-qum mohlulunun ¢ixarlmasinda totbiq
edilir.

Nasosun bu hissalori az golovi miihitds abraziv yeyilmaya maruz qalir vo ona gors do xiisusi
cuqunda tokma iisulu ilo hazirlanir.

Cuqunun kimyavi torkibi beladir, %: C-3,6; Mn-0,5; Si-2,5; Cu-5,0; Ni-12,0; Cr-0,8; Nb—
2,0; P<0,1; S<0,05.

Cuqunun mikrostrukturu ferritdon, perlitdon, galici austenitdon vo 16vhali grafitdon ibaratdir.
Brinelo goro ¢uqunun borkliyi-HB 130-150 haddindadir, istismar miiddoti 30—150 sutka toskil
edir.

Miislliflorin [1] tortib vo totbiq etdiklori texnologiya imkan vermisdir ki, bu hissalorin tolob
olunan xassalori, onlar1 “Nirezist” cuqun avazing, yiiksok keyfiyyatli sintetik guqunla ovoz edilsin.

Miialliflorin [2, 3] islorinda gostarildiyi kimi, bels strukturlu guqunun xassalori elo “Nirezist”
cuqunun xassalorino uygun golir. Buradan malum olur ki, nasosun bu hissalari {i¢iin daha yiiksok
sixliglt sintetik guqunun alinma texnologiyasinin tortib edilmasi vo tatbiqi aktual mosaladir.

Masalonin halli. Aparilan todgigat isinin mogsadi, muslliflorin [4, 5] totbiq etdiyi dispers
perlit strukturlu sintetik cuqunun texnologiyast avazindo, kimyavi torkibi vo tokmo texnologiyasini
doyismodon, daha yiiksok sixliglt beynit strukturlu sintetik ¢uqunun alinma texnologiyasi tortib
edilsin.

Bu mogsado nail olmagq tigiin asagidaki mosalalor holl edilmalidir:

1. Totbiq edilmis texnologiya ilo miiqayisali oritmo aparmagq, sinaq niimunalor va tokiiklor
tokiilmolidir.

2. Niimuno va tokiiklorin izotermiki tablama rejimlori tortib edilmali, sinaqdan kegirmali vo
fiziki-mexaniki xassolori agkar edilmolidir. Burada izotermiki tablama zamani yuxari vo asagi
beynit strukturlarinin alinma miixanizmlori verilmalidir.

Tacriibo naticesinde malum olur ki, 465+355°C temperatur haddindo ¢uqunun strukturunda
austenitin ¢evrilmasi beynit karbidinin ayrilmasi ilo baslayir. Beynit karbidi donoslorin sorhoddindo
inco vidmanstat 16vhaciklor vo dispers asqarlar soklindo goriiniir. Austenit-karbid strukturu bu
temperaturda uzun miiddot qalir. Temperatur azaldiqca karbidin ayrilmasi azalir. Yiiksokkeyfiyyatli
cuqunlarda beynit karbidinin ayrilmasi ardinca a-faza omola golir. Bu y-faza az miqdarda uzun
miiddoat galir.
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[frat soyma noticesindd
beynit karbidinin ayrilmasi da-
yanir, c¢evrilmo a-fazanin ayril-
masi ilo baglayir. Saxlama miiddoti
artdigca o-fazanin miqdar1 artir,
ayrica zonalar soklindo yerlosir vo
yuxarl beynitin zancirlarini
yaradirlar (sok.1).

Saxlama miiddoti artdigca
beynit zoncirlorinin say1 va eni
artir. Tocriibonin naticosi gostorir
ki, 300°C temperaturda, 30 saat
miiddatinds  austenitin  toxminon
50%-i yuxar1 beynito gevrilir.

Sonradan, temperatur azal-
digca g¢evrilma siiratlonir. Bu halda
strukturda todricon yuxari beynitin
asagl beynito cevrilmasi baslayir.
Prinsip etibart ilo, bu strukturlarda
morfoloji forq yoxdur (sok.1).

Asag1r beynit inco nazik
paralel 16vhaciklor soklindo for-
malasir (sok.2), onun en kosiyi
iynalori formalidir (iynovari mar-
tensitdon forqlonmir).

Natica. Gostorilmisdir ki,
yiiksok keyfiyyatli sintetik ¢uqun
tokmosini, izotermiki tablama
iisulu ils, beynit strukturlu ¢guquna
cevirmak olar. Bu halda ¢uqunun
fiziki vo mexaniki xassolori xeyli
artir. Austenit-beynit cuqunlarin
(ABC) totbiqi istismar xassalorini
artirir, enerjiyo qonast edilir, tok-
monin ¢aokisi azalir vo s. Bu ba-
ximdan beynitli ¢guqunlarin alinma

Sokil 1.Yuxar: beynitin l6vhalar dastasi
(300 C tokmada saxlama miiddati 30 saat).
Astlama HNOs, x1000

Sakil 2. Asagi beynitin l6vhalar dastosi
(250 C tokmada saxlama miiddati 30 saat).
Astlama HNOs, x1000

texnologiyasinin tortib edilmesi aktual masaladir. Austenit-beynit strukturlu cuqunlar aslinds
milasir masingayirmada yeni konstruksiya materiali kimi istifads edilir.
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TEMIIEPATYPHBIA PEXKUM AYCTEHUTHO-BEMHATHOI'O IIPEBPAIIEHHSI
M.B. BABAHIJIBI, P.III. ITAXMAPOBA, T.I'. JUKABBAPOB, b.I'. T'YCEIHOB
B paborte paccMoTpeH pexuM IOiydeHHs OCHHHUTHOrO YyryHa BBICOKOW IZIOTHOCTH BMECTO BBICOKOJHMCIIEPCHOTO
MEPJIUTHOIO YyryHa. YKa3aHO, YTO IIPU JHUThE BBICOKOKAYECTBEHHOIO CHHTETUUYECKOIO YyryH ¢ IPUMEHEHHEM MeToJa U30-
TEPMUYECKON 3aKAJIKA BO3MOXKHO €r0 MPEBpalleHUuE B YyryH OCHHUTHOH CcTpyKTyphl. [Ipy 5TOM 3HAYUTEIBHO IMOBBIIIAIOTCS

(u3IUecKre 1 MEXaHUIECKHE CBOWCTBA UyTyHA.

Kniouesvie cnoga: 6elinummnbiii 4yeyH, nepaum, ayCmeHum, u30mepmuieckds 3aKaiKd, CUHMemu4eckuil uyeyH.

TEMPERATURE MODE OF AUSTENITIC-BEYNITE TRANSFORMATION
M.B. BABANLI, R.S. SHAHMAROVA, T.Q. CABBAROV, B.H. HUSEYNOV
The paper examines the mode of production of high density bainitic iron instead of highly dispersed pearlitic iron. It
is indicated that when casting high-quality synthetic cast iron using the method of isothermal hardening, it is possible to trans-

form it into cast iron of a bainite structure. This significantly increases the physical and mechanical properties of cast iron.

Keywords: bainite cast iron, perlite, austenite, isothermal hardening, synthetic cast iron.
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BOITPOCHI U3BMEHEHHU A OTHOIIEHUN CEHCMHUYECKNX
CKOPOCTEM, MPUBOAIIMX K 3EMJIETPSICEHUIO

AT.P3AEB", C.P. PACVJIOB™, P.Sl. TAHUEBA™

YcranoBieHa npuirHa aHOMAJIbHOT'O U3MCHCHU L OTHOIIICHUH IMPOAOJBbHBIX U MONIEPEYHBIX ceiicmuue-
CKHX BOJIH, IPUBOAAIIHNX K 3EMJICTPACCHUIO. Hpeﬂnomeﬁ MaTeMaTHYECKHUH MOIXO0]I KOJUUYECTBEHHOTO ornpeacie-
HHS MI3MEHEHHUS JJAHHBIX OTHOIICHUI B 3aBUCUMOCTH OT 3HAUCHUS KOB(IJq)I/IHI/IeHTa HyaCCOHa. HOKa3aHO, qTo
OCHOBHOM HpH‘IHHOﬁ JaHHOT'O UBMCHCHUSA ABJIACTCA pa3IMunue MUHEPATIOTUICCKOTO COCTaBa FOpHOﬁ opoJabl B
o4Jare 3€eMJICTPACECHUA.

Knioueswie cnosa: copnas nopooa (I'Tl), 3emnempsicenue, celicmuyeckue 80J1Hbl, OMHOUEHUE CKOPO-
cmetl, npeden nPOYHOCMU, MUHEPALO2UYECKUL COCMAB.

Beenenue. YcremHslii IpOrHo3 3eMIIETPSICEHUN BKJIIOYAET IMPaBUWIBHYIO OLIEHKY Tpex
3JIEMEHTOB: BPEMEHHU, MECTa U MaclTada MPOrHO3UPYyEMOro 3eMJIETPSICEHUSI.

[Iporiecc mpoOrHO3MPOBAHUS 3EMIICTPSICEHUSI COCTOUT M3 HECKOJIBKUX I10CIIEeI0BATEIbHBIX
9TamnoB [1]: CTaTUCTUYECKOTO; TEKTOHUYECKOTO; (PH3MYECKOTO.

CraTtucTHuecKkoe MPOTHO3MPOBAHUE MPUTOJHO JJIs MPeIBAPUTEIbHON PabOThl MO J0JITO-
CPOYHOMY IJITAHUPOBAHHUIO ONTHUMAJIbHBIX CHCTEM KOHTPOJISI WM € MPeJOTBPAILEHUIO pa3pylie-
HUMH, JUIs1 KOTOPBIX JIEMEHTBI HEOIIPEIEICHHOCTH BIIOJIHE JOIYCTUMBI.

TexToHMUYECKOE NMPOrHO3UPOBAHME SIBJIETCSI BTOPBIM 3TAllOM U CBSI3aHO, B MEPBYIO Oue-
penb, C MAarHUTYI0M, TUIIOM M APYTUMHU TEKTOHUYECKMMHU MapaMeTpaMy OXKHIaeMOro B 3aJaHHOM
MECTE 3eMJIETPSACEHHS.

@dusnueckoe MPOrHO3UPOBAHME COCTOUT B TOYHOM OINpPEAEICHUU BCEX Tpex (akTopoB —
BPEMEHH, MeCTa M MacluTada 3eMJIETPSICEHUs 110 €r0 OCHOBHBIM PaCIO3HABAEMbIM CEHCMUYECKUM
npeaBecTHUKaM. TakuM oOpa3oM, KOHEUHas 11eb (PU3NYECKOTO IPOTHO3UPOBAHUS 3aKIIIOYAETCS B
JIEeTepMUHUPOBAHHOM IporHo3e. OCHOBHBIMU TpeOOBAaHMSAMHU AJsI TAaKOrO poAa pabdoT sABisAeTCA
JOCTaTOYHOE 3HaHUE (HU3MUYECKUX 3aKOHOB MEXAHUKH 3€MJICTPSICEHUH M TOUHBIH KOHTPOJIb (pU3Hu-
YECKUX COCTOSIHUM B CEHICMHUYECKOM PETMOHE M €r0 OKPECTHOCTSX B HYXKHbIE MOMEHTHI BPEMEHH.
JUst KOHTPOJIST (PU3UYECKOTO COCTOSIHUS CYLIECTBYIOT pa3iM4HbIe NpeaBecTHUKH. B paborax [1-3]
Hepe4rciIeHsl 15 BUIOB IPEIBECTHUKOB, UCIIOIb30BABUIMXCS B PA3HOE BPEMS U B Pa3HBIX PEruo-
HaX 3eMHOTO I1apa: CMEUIeHNE 3eMHOM TTOBEPXHOCTH, HAKJIOHBI U Aedopmarys, GOpIIOKH, MUKPO-
CEMCMUYHOCTh, MEXaHU3M OYara, aHoMaJIlMM KpHUIla 110 pa3jioMy, U3MEHEHUE OTHOLIEHUS MPOA0JIb-

Wucturyt cucrem ynpasnenus HAHA
A3zepObaiimKaHCKHI FOCYIapCTBEHHBIN YHUBEPCUTET HEYTH U MPOMBIIUICHHOCTH
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HBIX (V,) ¥ MONEPEYHBIX (Vg) CEUCMUYECKUX BOJH (V,/Vs), TEOMarHETU3M, SJIEKTPUIECKHE TOKU B
3emiie, AJIEKTPOCONPOTHUBIICHUE, BBIJICIICHNE Pa/lOHa, YPOBEHB MOJI3EMHBIX BOJ, HI3MEHEHHE 1e01Ta
HE(TSHBIX CKBAXKHH.

Cpenu HUX cliefyeT OCOOCHHO MOAYEPKHYTh MPEABECTHUKOBBIE M3MEHEHHUs MPOI0JIbHBIX
(v,) n monepeunbx (V) cKopocTei
CEICMHUYECKUX BOJH WJIM HMX OTHO-
LIEHHE, KOTOPOE OTMEYalloCh B CEMi-
cMuueckoM pervoHe. Ha pucynke
[IOKa3aHbl BPEMEHHBIC HW3MEHEHUS
OTHOIIIEHUSI CKOpPOCTEW celicMuye-
CKHUX BOJIH nep€a CHUJIbHBIMH 3CMIJIC-
tpsacenmsimu B [apme (Tamkuku-
ctan). [lo ocu opauHaT OTKIAAbIBA-

€TCsl OTKJIOHEHUE V), /Vs OT HOpPMAIlb-
HOTO 3HaYeHN1, a 3Ha4enue K 1o ocn Puc. Hsmenenus omuouieHuil ceticMuyeckux ckopocmetl, npeouecmeo-
a0cruce 3a1aeTcs Kak JIeCATHYHBIN sasuiue semaempscenuro 6 I apme (Tadoscuxucman)
norapuM ceHCMHUYECKON PHEPTHH B

TokoyIsix (K=13 cooTBETCTBYeT ceiCMUYECKON IHEPTUU 1013}1)1(). [Ipenceiicmuyeckre U3MEHEHUS
OTHOIIEHUN CKOPOCTEW B 3TOM MpUMEpe BechMa MpuUMeuarelbHbl. KpuBas uaeT cHavasia BHU3,
3aTEM BO3BpAILAeTCsl K HOPMAJIbHOMY YPOBHIO — K MOMEHTY OCHOBHOT'O TOJIYKA.

Kak BUAHO 110 pUCYHKY, [10 OCH OpAMHAT CKJIAJbIBAETCS] OTHOCUTEIbHOE OTKIIOHEHUE BEJU-
YUHBI V), /Vs OT HOPMAJIBHOTO 3HAUYCHUS 3a ompeiaeiieHHbId rnepuoj. Bemmunna K — sHepreTude-
CKHUH KJIacc.

IMocTranoBka 3agaun. Ecnu nogo0Has celicMOCKOPOCTHAsI aHOMAJIMS UIMEET MECTO Iepej
KaKIBIM 3eMJIETPSICEHHEM, TO OHA MOKET OBITh IIEHHBIM CHTHAJIOM M OCHOBAaHUEM PEIICHHS IMPO-
OJIeMBI IETCPMUHUPOBAHHOTO MTPOTHO3a. B 1essIX MOATBEPKACHHS TaKOH BO3MOKHOCTA BO MHOTHX
CTpaHaxX OBLIM MPOBEICHBI MHTCHCHBHBIE HCCIICTOBAHUS.

HekoTopsie rccnenoBanus MOATBEPHKIAIOT MOA0OHYIO BO3MOXHOCTh, OTHAKO CYIIECTBYIOT
U JApyrue, KOTOpbIe €€ ONpoBepraroT. PazHormacus MOKHO YaCTUYHO OTHECTH B CUET HEJOCTATOY-
HOM TOYHOCTHU OOBIYHBIX CEHCMOMETPHUYECKUX NAHHBIX, @ YACTUYHO B CYET aHU3OTPOIHMU TOPHBIX
nopoj. IHbIMH clioBaMU, KOJTMYECTBEHHO 3TO MOXKET BbIPAKaThCsl B 3aBUCUMOCTH OT HaIlpaBJICHUS
MyTH paCIpOCTPaHEHHUs BOJH 1O OTHOIIEHHUIO K Mpeo0iaaronieil OpueHTallud MUKPOTPEIIIHH.

Pemenue 3apaun. Huke HaMu TIPUBOJIUTCS TOMBITKA YCTAHOBUTH MEXaHU3M IOSIBICHUS
[pEeABECTHUKA aHOMAJILHOTO U3MEHEHUS! OTHOILIEHUSI CKOPOCTEHN MPOJIOJIbHBIX U MONEPEUHbIX BOJIH
vp/ Vg MPENICTOAIINX 3€MIIETPSICEHUM U OTBETUTH HA BOIMPOC: MOYEMY JaHHBINA MPEABECTHUK MOSB-
JIIeTCs B OJIHUX cydasx (Hampumep, 3emiieTpscenne B ['apMe) U He UMeeT CyIeCTBEHHOTO 3Hade-
HUS B APYTUX CIIy4asix (vp Jvs = Const). J1st aTOTO B MEPBYIO O4Yepe/lb YTOUHUM YHUCIIO (haKTOPOB,
CYLIECTBEHHO BJIMSIOLIUX HA COOTHOLLIEHUE v, / Vs.

Cornacno pabore [4] v, u Vs ONPEAETAIOTCS 1O CIEAYIOMUM HOPMyIIam:
A+ Z,u U 2
/ = ’— ;o A= —3 1
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i€ (9 — BCECTOPOHHEE 00BEMHOE CXKATHE; (4 — MOJYJIb CIIBUTa; P — IUIOTHOCTh CPEJIbl, B KOTOPOU
pacipoCTPaHSIIOTCS CEHCMUYECKUE BOJHBI.
Beipasum napameTpsl @ u y uepe3 moayib FOura (E) u [lyaccona (v) [5]:
E E Q &,
20+ YTy ETg U vEg
i€ 07 U 0y — COOTBETCTBEHHO NPOJIOJIbLHOE (0ceBOe) M 60KOBOE HanpsukeHue; £, £, — MPOJOIbHAS

“:

(oceBas) u moniepevnas (paauanbHas) nedopmanust; Q — MPHIOKEHHOE HATIPSDKEHUE.
CrenosarenbHo, OTHOLICHUE U, /Vs € YYETOM BBINIETIPUBEACHHBIX (GOPMYIT OyIET UMETH
CHEAYIONTUN BUI;

vy 1

= |——+1 2
Vs 1—2v+ (2)

Kak Buno u3 popmyisl (2), ¢ noBbllieHHEM 3HAYeHUS €, /€1, 3HAYEHUE V, /Vs TIOBBILIAET-

Cs1, 1 HA00OPOT, C TIOHMKEHUEM 3Ha4EHUs €, /E; 3HAUCHHUE U, /Vg TIANAET.

&
Jlist HopmanbHOTO 3HaYeHus v, /Vs=1,75 xoopduument [lyaccona v, unm otHomeHue =
1

umeer 3HaueHusa 0,2575. A mockonbky I'Tl B ouarax paziauyHbIX CEiCMOAKTUBHBIX 30HaxX Oyjer
HUMETh aHU30TPOIHIO 110 HANPSHKEHUIO M PAa3IMYHble MHHEPAJIOIMYECKHE COCTABbI, UMEIOLINE Pas3-
JIMYHBIC KaUYeCTBEHHBIE MOKa3aTeIu (MPOYHOCTh, JOOPOTHOCTh U CKOPOCTh PacIpOCTpaHEHUS Ceii-
CMHYECKUX BOJIH), COOTBETCTBEHHO 3HAYEHUSA V, / Vs OyIdyT pasinuynbiMu. B onHuX ciyyasx 3Ha-
YeHHE V,/Vs OymeT ONM3KO K HOPMAIbHOMY (TEM CaMbIM TEPAETCS €r0 MPEABECTHUKOBBIH d(-
dbexT), a B Ipyrux ciydasx OyIeT U3MEHATbCS CYIIECTBEHHO, Kak MpH 3emieTpsiceHuu B [apme.
OTH pa3nyus NIpoJIEeMOHCTPUPOBAHbI B TAOIUIIE, 3aMMCTBOBAHHBIE U3 pabOTHI [6].

Tabauua
Cpelume SHAYCHUA MMPOYHOCTH B 3aBUCUMOCTH OT MUHEPAJOIHI€CKOIo cocraBa I'm
T'opHas mopoza IIpenen npounocTu IIpenen npounocTu IIpenen npouHocTH Koa¢ppunnent
npu cxatuu, MIla | mpu pactsokenun, MIla npu casure, MIla [Tyaccona (v)
ITecyanux 89,6 3,1 9,0 0,27
I'panut 137,9 45 13,8 0,21

[oxcrapnss 3sHavyenus v u3 Tabauupl 1 B ypaaenue (2), mony4um 3Ha4€HUs U, / Vg: JUIs
necyanuka — 2,78; s rpanura — 1,65.

Takum 00pa3oMm, MMOJIy4eH YaCTUYHBIA OTBET HA BBIIIETIOCTABJIEHHBIH BOIIPOC MO0 AHOMAJIUU
(MPEIBECTHUKOBOMY KaueCTBY) 3HAYEHMS: VU, / Vs CYIIECTBEHHO 3aBUCHT OT MUHEPAIOTHYECKOTO
coctapa I'Tl, Tak kak myis necyanuka v, / vs = 2,78, a 3T0 3HaUECHHUE ABJISAETCA HOPMAIbHBIM [3]
(aHOManMs He TMPOSIBIAETCSA), a I TPaHUTa — HA000POT v, / Vs = 1,65, U OTHOCHTENLHOE OTKJIO-
HEHHE 3TOT0 3HAYEHUSI OT HOPMAJIBHOTO COCTABIISIET:

2,75 — 1,65
275
U, / Vs JUIS JAaHHOTO MMHEPAJIA MMEET ABHOE MPEBECTHUKOBOE KAYECTBO.

+100% = 40%

Kpowme Toro, kak ormeueHo B pabore [7], Ipu poMOMYECKON CUCTEME TPEIUH U, HE U3MeE-
HAETCSl, TOT/Ia KaK Vg cnajgaet. Tem caMbiM aHoManus 1o U, / Vs ynpounsercs. [1o MHEHHIO aBTo-

poB pa6OTBI [8], OCHOBHBIM HCTOYHHUKOM HU3JIYHYCHUS SABJIANOTCA BCPUIMHBI TPCUIIWH H HauoOoee
Ba>XHbIM MOMCHTOM ABJISACTCA 3aMCIJICHUC (prHTa BOJIH IIPU IPOXOKIACHHUU YCPEC3 001acThb BOKpYT
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BEPILMHBI TPEIIMH, T.K. BOKPYI' BEPIIUH CYHIECTBYET paspsbkeHue. llpn aToM cienyer OTMETHUTSb,
YTO KOTJ[a aKyCTHUECKHE CUTHAIIBI (CEHCMHUYECKHE BOJHBI) MEPEXOIAT U3 OJHON Cpelbl B APYTYIO,
MEHSETCSl CKOPOCTh MX PACIIPOCTPAHEHUS U OJTHOBPEMEHHO MPOUCXOJAT YACTUYHbIE OTPAXKEHUS OT
IPaHULBI MEXy IBYMSI COCTaBaMHU.

ITo muenuto Kacaxopsr [3]:

— B IMJIATAHCHOHHO-IU(DPY3MOHHON MOJIENH 3HAUEHHUE U, / Vs moHmKaeTes Ha 10-20%;

— YMEHBILIEHUEM MPOYHOCTH MOHMKAETCS CKOPOCTh PACHPOCTPAHEHHS CEMCMUYECKUX BOJH
(v , vs), KOTOpOE€ BUJHO M3 MPUBEJCHHBIX HAMU (OPMYII.

W3 BBIIEHU3II0)KEHHOTO MOXKHO C/IETaTh CIEAYIOIINE BHIBOIBI:

— IPU U3MEHEHHH MHMHEPAJIOTMYECKOr0 COCTaBa M IMOBBILIEHWH, B CPEIHEM, IPOYHOCTHU
(xpynkoctu) I'Tl nonmkarTCst 3HAYEHUSA U, / Vs, TAK KAK TEMII MOBBIIIEHUS] CKOPOCTH MOTIEPEYHBIX
BOJIH OOJIBIIIE, YEM TEMII MOBBIIIEHUS] CKOPOCTH TPOIOIBHBIX BOJIH;

— MpU HAKOIUJICHUH HANPSDKEHUS B Oo4are 3eMJIETPSICEHUS IO KPUTHUECKOTO 3HAYEHUs, T0-
SBJICHUH POMOHMYECKUX OPUEHTALMOHHBIX TPEIIMH W MOHMXeHuu npounoctu [Tl ckopocTts mpo-
JIOJIbHBIX BOJIH OCTA€TCsl MOCTOSIHHOM, @ CKOPOCTb IONEPEYHBIX BOJH MajaeT [7], MOBbIIIAETCS
3HayeHue Koodpuimenta [yaccona u, kak BUIHO U3 HOpMyIIbI (2), MOBBINIAETCS 3HAYEHHUE U,/ Vs;

— TpY TOBBIIICHUN C)KMMAIOIETO HAMPSKEHHs B O4are MpeACTOSIIEro 3eMJIETPSCEHUs 10
onpenencHaoro 3HadeHus (Q=100MIla) oobem I'TI ymeHbIIaeTcs, Tak Kak 3aKpbIBAIOTCS TPEIIH-
HBI, IPOUCXOUT JUCIOKAIMOHHBIN CIIBUT U yJaleHue Ne()EKTHBIX MECT U3 KPUCTAIUTMUECKUX pe-
metok Munepanos ['TI. IIpu stom I'TI cymectBenno ynpounsiercst [8-11], moHmkaeTcs 3HaAUCHUE
koo dunumenta Ilyaccona u, Cien0BaTENbHO, OTHOMIEHUE V), / Vs.

Taxum o6pa3oM, gaeTcst 000CHOBaHHE, IOYEMY B OJHUX CIy4asX aHOMAJIUS B OTHOLICHUSX
CKOpOCTeH (NMPOJOJIBbHBIX U IOMNEPEUHbIX) CEHCMUYECKUX BOJH HPEACTOSIIMM 3eMIIETPSCEHHEM
nosiBisieTcs (Kak MpPEeBECTHUK), a B Apyrux HeT. [losBieHue ykazaHHOW aHOMaiuKu oOyclaBiIuBa-
eTcs TeM, YTO Cpe/Hss IMPOYHOCTh MUHEPAIOB, TAKUX KaK CHJIMKAThl pa3IMYHOro cocrasa (poro-
Bble OOMaHKH, MTUPOKCEHBI, TPAHATHI U Jp.), KOTOpbIe cocTaBIsiioT 85% Maccsl TBepaoi 3K, a Tak-
e IIIaThl, MeCYaHUKH, SKJIOTUTHI U Jp., B 3aBUCUMOCTH OT KOMIIOHEHTHOTO COCTaBa M HampsiKe-
HUSI CKAaTUSI MEHsIeTCs cymecTBeHHO. OTCYTCTBHE aHOMAJIMK HAaOI0JaeTcsl Toraa, Korna Kodgdu-
uuent Ilyaccona MMeeT MOCTOAHHOE 3HAYEHUE M COOTBETCTBYET HOPMAILHOMY 3HAUEHHUIO U, / Vs.

Ha 31011 mouBe BO3HUKIIM NMPOTHUBOMNOJIOKHBIE MHEHHSI CEHCMOJIOTOB B BOIIPOCE HCIOJIB30-
BaHUS OTHOILEHUS CEHCMUUYECKHUX CKOPOCTEH KaK IPEABECTHUKOB 3eMIIETpsACeHUN. B 3TOM acnekre
Cpeay CYHIECTBYIOIUX MOJENEH, NMPETeHAYIOIUX Ha OOBSICHEHHE MEXaHU3Ma BO3HUKHOBEHUS
3eMJIeTpsICeHH, 0co00e MecTO 3aHMMAaeT IuiaTaHTHO-AU(dy3uonHas monens Hlonbua u Monens
amepukaHckux reodusukoB Y. bpeiica 1 A.M.Hypa [12], 4T0 m0O3BONISET ClenaTh BHIBOA O TOM,
YTO BO3HHMKAIOIIMNE MHUKPOCKOMUYECKHE TPEIIMHBI MPH TONAJaHWH B HUX BOJBI HE CIOCOOHBI
BHOBB 3aKpbIThCs, 00beM [Tl yBenuuuBaercs, Hanps>KeHUs BO3PACTaIOT, OAHOBPEMEHHO YBEJIUYU-
BaeTCsl MapoBOE€ JABJICHME M CHI)KAETCS NMPOYHOCTH MOpOJbl. Bce 3TO mpuBOIUT K paspsike
HanpsbKeHU — 3emierpsiceHusiM. OJTHAKO 3TO SIBJIAETCS KaYECTBEHHBIM OOBSICHEHHEM MU3MEHEHUs
BEJIMYUHBI U, / Vs. A TIPEIVIOKEHHBIH HAMH TIOJIXO/1 TIO3BOJISET KOJIMYECTBEHHO ONPEIEIUTD H3ME-
HEHMS 3HAYEHUs U, / Vs B 3aBUCUMOCTH OT M3MeHeHus kodppuumenta Ilyaccona (oTHOmEHME
nonepedHoi nedopmanuu €, K MPOAOIBHOM &, ).

3akuouenue. [Ipeoken NoaX0, OTPaXKAIOUIUN OTHOIIEHUE VU, / Vs B 3aBUCMOCTH OT
kodddunmenta I[lyaccona. Ilokazano, 4To n3MeHEHNE 3TOTO OTHOIICHHUS, TIIABHBIM 00pa3oM, 3aBH-
CUT OT MMHEPAJIOTMYECKOT0 COCTaBa FOPHON MOPO/IbI B OUare 3eMJIETPSICEHUSI.
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ZOLZOLIYO SOBOB OLAN SEYSMIK SUROTLORIN NiSBOTLORININ DOYiSiLMOSi MOSOLOLORI
A.B.RZAYEV, SR. RASULOV, R.Y. QANIYEVA
Zolzalaya gotirib gixaran diiz vo kondslon seysmik dalgalarin nisbatlorinin anomal dayismasinin sababi
miioyyonlosdirilmisdir. Homin nisbatlorin Puasson amsalinin qiymatindon asili olaraq kemiyyatcos toyin edilmasi tigiin riyazi yanagma
toklif olunmusdur. Zslzslo ocaginda dag siixurlarinin mineraloji torkibinin miixtslifliyi geyd edilon doyismonin osas sobabi oldugu

gOstorilmisdir.

Agar sozlar: dag siixuru, zalzala, seysmik dalgalar, stiratlar nisbati, barklik haddi, mineraloji tarkib.

QUESTIONS OF CHANGING THE RELATIONS OF SEISMIC SPEEDS, EARTHQUAKE
A.G.RZAYEV, S.R. RASULOV, R.Y. QANIYEVA
The cause of the abnormal change in the ratios of longitudinal and transverse seismic waves leading to an earthquake is es-
tablished. A mathematical approach to the quantitative determination of the change in these relations is proposed depending on the
value of the Poisson ratio. It is shown that the main reason for this change is the difference in the mineralogical composition of the
rock in the source of the earthquake.

Keywords: rock, earthquake, seismic waves, ratio of velocities, ultimate strength, mineralogical composition.
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YENIi KOSF OLUNMUS UGUR QIZIL YATAGININ GEOLOGIYASI,
FiLiZ KUTLOSININ MORFOLOGIYASI VO MINERALOGIYASI

A.D. VOLIYEV', S.M. QODIMOV*, A.9. BAYRAMOV*,
S.M. MOMMSDOV#*, C.R. IBRAHIMOV*

Magqalads ilk dofs olaraq 2016-c1 ildo AIMKL Sirkotinin Godeboy Kosfiyyat Qrupu torafindon kosf
olunan, Godoboy yatagindan Skm simal-qorbdo yerlogson sonaye ohomiyyotli Ugur qizil yataginin Godoboy-
Bittibulaq dorinlik qirilmasi hiidudlarinda yerlosmosine, geoloji qurulusuna, filiz kiitlesinin morfologiyasina,
minerallagma marhoalolorine, mineraloji torkibino vo prognoz ehtiyatlarinin hesablanmasina hosr olunmusdur.
Geoloji molumatlarin tohlili naticesinde miioyyon olunmusdur ki, Ugur sahasindo filiz kiitlosi “kasa” formasinda
dorinliyo dogru hom saquli vo hom do iifiiqi istiqgamotlordo azalan vo asason subvulkanik riolitlorin hidrotermal
doyismolorindon formalasmis metasomatitlords yerlogmisdir. Belo noticoyo golinmisdir ki, qizil filizlosmaosi osason
barit-hematit, az miqdarda massiv vo yarim-massiv pirit mineral assosiasiyalari ilo six slagodardir.

Agar sozlar: Godobay filiz rayonu, Ugur yatagi, minerallasma morhalolori,
mineraloji torkib, qizil.

Giris. Godoboy Filiz Qovsaginin geoloji qurulusunun asas xiisusiyyatlori vo filizlosmanin
spesifikasi onun dofolorlo tokrarlanan tektonik horokatlor, polisiklik magmatizm vo onlarla olagali
filizlosmo proseslori ilo sortlonon kifayot qodor miirokkob daxili qurulusu ilo saciyyslonon morkoz
tipli nohong Godoboy-Qaradag (Godobay-Slavyanka-Conlibel) vulkan-plutonik strukturundaki
geoloji-struktur movqeyi ilo miioyyan olunur. Kicik Qafqaz meqantiklinorisinin Somkir galximinin
oksor hissasini ohato edon bu iri tektono-magmatik struktur miixtolif yasli, forgli istiqgamotli vo
torkibli qirilma zonalar1 sistemlori ilo ¢ox miirokkoblogsmis, 6ziindo daha kigik vulkan-plutonik,
homginin morkaz tipli quruluslar (Yogundag, Qizilcadag, Almalitala, Slavyanka-Qaradag, Barum-
Barsum va d.) ehtiva edon ayri-ayr1 bloklara pargalanmisdir. Bu bloklarin ¢argivasi (otrafi) asason
Orta Yura vulkanitlorindon ibarat miirokkab qranitoid intruzivleri ilo tomsil olunmuslar. Els bu
bloklarda miixtalif formasiyalarin (qizil-mis-porfir, mis-porfir, qizil-mis-kol¢edan, mis-kolgedan,
mis-polimetal vo s.) yataqlart (Godoboy, Qaradag, Bittibulag, Ortops, Maarif) vo tozahiirlori,
minerallasma sahalori (Colpan, Sokorbay, Qizilca, Almalitala, Ayitalast vo s.) tosokkiil tapmiglar
[7]. Bir sira yataq vo tozahiirlor (Gadoboy, Qaradag, Maarif, Bittibulaq, Ortopa) icorisindo bazi
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yerlordo kolgedan filizlorinin linzalarini, linza-stoklarint vo stoklarini saxlayan mdéhtovi-damarciq
tipli sulfid filizlorinin genis yayilmasi ila saciyyalonirlor vo digaorlori (Masxit, Soytidlii, Parakond)
iso quzil-sulfid-kvars tipli damar-zonalarla tomsil olunurlar.

Yuxarida sadalanan geoloji faktorlar Gadoboy-Bittibulaq filiz diiyilinliniin hiidudlarinda
miixtolif metodlarla axtarig-kosfiyyat islori hoyata kegirilmoya asas olmusdur. Miialliflor torafindon
2012-ci ildo Gadoboy yatagindan 300m simal-qorbdo asagi sulfidlosmis sonaye shomiyyatli Qadir
epitermal qizilli mis-polimetal yatagi [12] vo 2016-c1 ilde sanaye shomiyyatli daha bir yataq — Ugur
yiiksok sulfidlogmis epitermal qizil yatagi kosf edilmisdir [1, 13].

Ugur quzil yatagi Azorbaycanin simal-qorbindo Kigik Qafqazin Godoboy filiz rayonunda,
Gonco sohorindon 48km conub qorbds, Godoboy qizil-mis modonindon Skm simal-qorbdo,
Dasbulaq kondindon 1km qgarbds eyni adl1 kasfiyyat sahasinin conub-gorq cinahinda yerlasir.

Ugur yatagimin da yerlosdiyi Ugur filizlosma sahosi Qizilcadag otoklorinin goarb, simal va
sorq cinahlarini ohato edir. Sahonin sorq cinahi daha doqiq Oyronilmisdir vo asagidaki digor filiz
tozahiirlorinin yeriistli hidrotermal doyismolori baximindan maraq kosb edon montagalor hesab
edilir: Qizilcadag misli vo Dasbulaq (Qorelski) hematitli kiikiird-kolgedani tozahiirlori [1].

Ovvallar-Sovetlor dovriinde Ugur kosfiyyat sahosinin do daxil oldugu orazido regional
xaritoalma vo irimiqyasl (1:50 000) geofiziki todqiqatlar (maqnit, elektrik vo qravimetrik kosfiyyat
iglori) hoyata kecirilmisdir. Buna baxmayaraq, homin orofodo saho hiidudlarinda sonaye
ohamiyyatli hor hansi faydali qazint1 yatagi askar edilmomisdir.

Masalonin qoyulusu. Qizil filizi yataglart Kicik Qafgazin miixtolif strukturlarinda genis
tomsil olunmus vo miixtalif geodinamik soraitlordo — adalar qovsii (Kigik Qafqazin simal-sorq
hissasi), riftogen (Kicik Qafgazin Morkozi hissasi) vo kollizion zonalar (Kigik Qafgqazin conubu)
omolo galmisdir. Qizil filizi yataqlarinin genetik tiplori strukturlarin amolo golmasinin geodinamik
soraitlorindon asili olaraq forglidir [2, 5].

Orta-Ust Yura dévrlorine aid vulkanik-¢6kmo, magmatik vo metamorfik siixurlar regionun
geoloji biindvrasini formalasdirir. Ust Bayos vo Kimmeric yasl plagiogranitlor, qabbrolar, dioritlar,
granodioritlor vo granitlor bu siixurlara aiddirlar [6, 10].

Godaboay filiz rayonu Lok-Qarabag struktur-formasiya zonasimin Somkir qalximimin Qarb
hissosindo yerlosir. Somkir antiklinorium heterogen quruluslu qirintili-qirisiq qurulusuna aiddir.
Qalxim (Somkir qraben-oyilmoesi) ilkin Alp morhoalosindo oyilmis formada olub, meridional
istiqgamotli daxili qraben oyilma vo horst-qalxmalardan ibarstdir. Bunlar Bat 6ncasi dovrds omolo
golmis iimumgqafqaz istigamatli qirisiqliglar ils saciyyoslonirlor. Semkir qalximinin daxili qurulusu,
geoloji inkisafi vo magmatizm osaslari yuxarida gostorilon uzununa vo enino pozuntularla
sarhadlonoan ilkin qurulusla saciyyslonir [3].

Somkir antiklinoriumunun osas qurisiqliq strukturlarinin elementlori sade qurulusu ilo
saciyyelonir vo antiklinoriumun iimumi uzanmasi istiqamatinds - Simal-Qarb istigamotindo uzanir.
Antiklinorium conubdan, amplitudas1 700-800 m-a gadar olan qirilib-qalxma tipli regional dorinlik
qirtlmast boyu Daskason sinklinoriumu ilo tomasdadir. Simaldan iso Kicik Qafqazonii dorinlik
qirtlmasi iizrs Kiir depresiyasindan ayrilir.

Ki¢ik Qafgazin simal-sorq hissasinds Erkon Yura (Bayos) zamani vulkanogen-metasomatik
mongali  kiikiird kolgedani, mis-kolgedan, kolgedan-polimetal, mis-enargit, barit-polimetal,
silisiumlu-hematit, barit-polimetal vo kaolinit formasiyalarina monsub yataqlar yaranmisdir [9]. Bu
siraya son illords askar edilmis Qadir qizil-mis-sulfid (kolgedan) [7, 8] vo Ugur kosfiyyat sahasindo
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lokallasmis Ugur qizil yataqlar
da olavo olunmusdur (sokil 1).
Ugur filizlosmo sahosinin daxili
qurulusunu
ikinci doracoli qirisiq strukturlar-
dan asagidakilar1 géstormak olar.
Mollali-Qaradag
sinklinalh. Bu strukturun oxu
Mollal1 adlanan yerdon bas-
layaraq, Soyiidlii kondino qodor

miirokkoblagdiran

uzanir. SOyldli kendi orazisindo
sinklinal Godabay
intruzivi ilo tutulur. Qaradag dag:
yaxinliginda yenidon meydana
cixir vo Ugur sahosinin Conu-
bunda  yerloson  Qizilcadagi
yaxinliginda soniir.
Maarif-Bittibulaq

tamamilo

Sakil 1. Ugur sahasinin geoloji xaritasi, ilkin migyas 1:38000

antiklinal. Qeyd olunan Sorti isaralor: 1 - Dordiincti dovr ¢okiintiilori: alliivial vo elliivial-delliivial; 2 - Alt Bat
- . .. . yarimmortobasi, metamorfik doyisilmis tuflar (subvulkanik fasiya); 3 - Alt Bat
antiklinal en dairasi 1st1qamet1nd9 yarimmortobosi, andezit torkibli kigik 6lgiilii tuf brekgiyalari; 4, 5 vo 6 - Ust Bayos yash
uz anmaqla Sgrng Pirbulaq riolit-dasit torkibli porfirlorin uygun olaraq subvulkanik, piroklastik vo lava fasiyasi; 7 -
. ’ . Alt Bayos yaslh andezit porfiritlor (lava fasiyast); 8 - Canax¢1 intruzivinin ikinci fazasi:
kondindon baslayaraq, Maarif granodioritlor, kvars-dioritlor; 9 - diorit torkibli intruzivlor; 10 - Ataboy-Slavyanka

plagiogranit intruziv massivi; 11 - qreyzenlogmis turmalinli téroms kvarsitlor; 12 -

kondinin Simalindan vo Oyridag
dagmin  Conubundan  kecorak
Bittibulag mis-morglimiis tozahii-

andezit porfirit torkibli daykalar; 13 - aplit daykalari; 14 - ehtimal edilon qirilmalar; 15 -
miioyyon edilmis qirilmalar; 16 - Bittibulag mis-morgiimiis yatagy; 17 - Qizilcadag
kiikiird-kolgedan tazahiirii; 18 - Dagbulaq (Qorelski) mis tozahiirii; 19 - Ugur quzil
yatagi; 20 - Ugur filizlogmo sahasi.

rino  ¢atir.  Maarif-Bittibulaq

antiklinali Alt vo Ust Bayosun effuziv vo effuziv-piroklastik siixurlarindan togkil olunmusdur.
Maarif vo Slavyanka kondlori arasinda antiklinalin tag hissosi Ataboy-Slavyanka intruzivi ilo
miirokkoblosmisdir. Agamali kondindon Qarbdas isa strukturun oxunda Canaxc¢i (Almalitala) kvarsh
diorit intruzivi yerlosir. Bu antiklinalin tag hissasindo Maarif mis-porfir, Bittibulag mis-morgiimiis
yataqlar1 vo b. tozahiirlor yerlosir [4].

Gadabay-Bittibulaq qirilmasi. Somkirgayin sol qolu olan Golingayasu ilo birlosmo
hissosindon baslayaraq, Simal-Qorb istigamatindo uzanir vo Goadobay sohori vo Gadoboy mis-
kolgedan yatagindan, Arixdam kondindon, Qizilcadagdan, Bittibulaq mis-morgiimiis tozahiiriindon
kecorok, Missuyu cayr boyunca uzanmagqla, Samanliq kondino c¢atir. Missuyu boyunca qirilma
meridional istigamat alir. Qirilma biitiin uzanmast boyu koskin kvarslagsmadan, kaolinlogsmodoan,
serisitlosmodon, miixtalif sulfid minerallasmalarindan ibarat olan hidrotermal doyismalarlo, ozilma
va ¢atlar sistemi ilo miisayiot olunur. On koskin hidrotermal-metosomatik doyismo Godaboy yatagi,
Qizilcadag vo Bittibulaq tozahiirlori saholorinds qeyd olunur. Bu sahalor asas qirilma zonalariin
Simal-Sorq vo en dairasing yaxin istigamotli qirtlmalarla kosisma saholoring tosadiif edir. Qirllma
zonas1 boyu Gadabay, Qadir mis-kolg¢edan yataqlari, Colpan kiikiird-kolgedan, Ugur Au-Ag yatagi,
Qizilcadag minerallagsma sahalori vo Bittibulaq mis-morgiimiis yatagi yerlogir [11].
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Yatagin geologiyasi. Somkir antiklinoriumunun Gadoboy filiz rayonunda, Godaboy-
Bittibulaq dorinlik qirllmast hiidudlarinda, Godoboy sohorindon 4,5km gimal-qorbdo yerlogon Ugur
filizlosmo sahosi Qizilcadagin simal-sorq vo qorb yamaclarini ohato edorok Bittibulaq mis-
morglimiis yatagina qodor uzanir. Saho Mollali-Qaradag sinklinalinin SmS, Maarif-Bittibulaq anti-
klinalinin CQ ganadinda yerloagir. Miitloq yiiksoklik noqtalori suayricilarinda yerlosorak, 1500-1900
m arasinda doyisir. Yataq tigiin az meylli relyef xarakterikdir. Relyefin belo olmasina baxmayaraq,
koklii siixurlarin yer iizorine ¢ixis1 coxdur. Sahanin az hissosi miiasir ¢okiintiilorlo ortiilmiisdiir.

Sahodo Alt Bayos yaslh andezit porfiritlorin lava fasiyasi (alt vulkanogen gat), conub vo
sarginda Ust Bayos yash riolit-dasit-porfir torkibli siixurlarin lava fasiyasi (iist vulkanogen qat)
genis orazini ohato edir vo siixurlar qirillma sistemlori ilo dogranmisdir. Simaldan Ataboy-
Slavyanka plagioqranit intruziv massivi ilo shato olunan filizlosma sahasinin conub-qgorbindo
yayilmis riolit-dasit-porfir torkibli siixurlarin piroklastik fasiyast Qizilcadagin sorq yamaci boyu
uzanir. Sahonin tektonik qurulusunda miihiim rol qirilma pozulmalarina, xiisuson, Godoboy-
Bittibulaq dorinlik qirilmasina moxsusdur. Qirilmanin sorq sorhodi simal-sorge 75-85° bucaq
altinda diigiir vo SmQ istiqgamotindo uzanaraq, sahoni iki bdyiik, Qorb vo Sorq hissolorino ayirir.
Qorb hissasi filizlosmays nazoran daha perspektivli hesab olunur. Qirilma pozulmalar1 boyu yer
sathindo zoaif vo orta limonitlogsma, kaolinlogsmo, hematitlosmo kimi doyismolors tez-tez rast golinir.
Sahodo dayka sistemi zoif inkisaf etmisdir. Osason andezitlor vo andezit porfirit tipli siixurlarin
toromo kvarsitlori yarmis SmQ va Q istigamatli dayka sistemloring rast golinir [1].

Ugur yatagr Bayos (Orta Yura) vo Titon (Ust Yura) yash siixurlarda lokallasan yiiksok
sulfidli qiz1l yatag hesab edilir. Qizil filizlosmosi riodasit torkibli brekgiyalardan ibarot Ust Bayos
yasli subvulkanik siixurlarda togokkiil tapmisdir (sokil 2). Subvulkanik kiitlo ilo tomas zonalarinda
bu siixurlar sonradan giiclii hidrotermal doyisilmoaye moruz qalmaislar.

Filizlosmo, asason, Ust Bayos yasli fumarol tipli turs vulkanizmin tasiri ilo intensiv tomas
metasomatik doyisikliyo ugramisdir. Ust Bayos yash riolit-dasitlordo vo onlarm aglomerat
tuflarinda vo téromo kvarsitlordo (hidrotermal doyisilmis siixurlar) tosokkiil tapmisdir (sokil 2).
Tomas hidrotermal doyisil-
mo, Ugur yatagimin yaxin-
ligdaki yiiksokliklordo yer
sathino ¢ixislart geyd olunan
plagiogranit  intruziyasinin
tosiri naticosindo bas ver-
misdir.

Ugur kosfiyyat saho-
sindo minerallasma monto-
golori regional planda da-
vamli olaraq izlonilon SmQ

istiqgamotli birinci tortib q1-

riima strukturu ilo idars olu- Soakil 2. Ugur kasfiyyat sahasinda rast galinan vulkanik va subvulkanik siixurlarin

nan SmQ, SmS, S vo C isti- petroqgrafik sakillori (20 dafa boyiidiilmiisdiir)
. A) Kvarsli andezit; B) Boz rongli afir strukturlu andezit-dasit; C) Aciq boz rongli moéhtovi
qameth struktur zonalarinin quruluslu dasit; C) Piritli téromo kvarsitlor; D) Piritlosmis, xlorit-epidotlasmus riolit; E) Agiq

qovsa g mda  to $ okkiil ta p- boz rongli kvarsli-plagioklazli riolit
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migdir. Tektonik qirllma SmQ 70-80° yatima malikdir. Morkozi zonanin tektonik qirilmalar
hidrotermal metasomatik doyisilmo vo qizil minerallagsmasi ilo miisayiot olunur [11].

Ugur filiz kiitlasinin morfologiyas1 vo mineraloji xiisusiyyatlori. Ugur yataginda askar
olunmus filiz kiitlosi kasa gsoklindadir. Yer sothindo (1850m horizontunda) filiz cismi planda
300x200 m, 1750m horizontunda iso 50x50 m toskil edir. Yataqda filizlosmonin saquli yayilma
diapazonu 110m togkil edir. Yataqda qizilin, giimiisiin vo misin paylanmasinda zonalliq miisahido
olunmur. Filizlogsms iki genetik tipdo — ilkin (10%) vo oksidlosmis (90%) filizlor soklinds tozahiir
etmisdir.

Ugur filizlosma sahasindon kegon Qizilcadag enins istiqgamotli qalinligi 15m-3 gadar olan
qirilma geyd olunur. Qirilma brek¢iyalagmis, silislosmis, hematitlogmis vo limonitlogmis siixurlarla
tomsil olunur. Tektonik strukturlar arasinda lokallasan filizlosma zonasinin intensiv kaolinlagmis va
icorisindo pirit, nadir hallarda xalkopirit fenokristallar1 olan siixurlar1 oksidlosorak giiclii
limonitlogmis vo oxralasmis stixurlardan ibarat “domir papaq” omalo gotirirlor.

Yataqda hidrotermal doyisilmo zonasindaki siixurlar lokal olaraq brekgiyalagsmas,
argillitlosmoa igarisindo iso giiclii limonitlogsmo vo hematitlosmo miisahido edilir. Tobii agilislarda
intensiv barit vo barit-hematit damarlar1 vo damarciglari, homginin “domir papaq’lar (sulfid
zonasinin iist hissosi) miisahide olunur. Umumi uzunlugu 270 metr olan ii¢ xondokdo (1, 2 vo 3
nomrali xondoklor) asas filizlosmo zonalarindan sinaqglar gotiiriilmis, qizila vo giimiiso nozoron
miisbot noticolor alinmigdir. 1 vo 2 ndomroli osas agilislardan gotiiriilmiis 550 odad sinagin
naticalarindan istifads olunmusdur.

Ugur yataginda ilkin filizlosmo, osason, hematit-barit-kvars-kaolin damar-damaqciqlari,
habelo piritin stok-stokverklori vo kvars-sulfid damarlarindan ibarat olmagla turs vulkanik
stixurlarda bas vermisdir. Yer sothindo ayrilmis filiz cisminin morkoazinds barit-hematit damar-
damarciq minerallagsmas1 dasi-

yan brek¢iyalar1 sementlosdiron
domir oksidlorinin vo hidro-
oksidlorinin toplanmasi miisa-
hids olunur.
Hematit-barit-kvars-

kaolin torkibli damarlar, damar-
ciglar vo brekgiyalar, homginin
pirit stok-stokverk vo kvars-

sulfid damarlart Ugur sahasinin
osas minerallagmasini  togkil
edir. Yer sothindo osas filiz
kiitlasinin - morkazinds  barit-
hematit minerallagmasi ilo toro-
mo kvarsitlorin  ¢ixislart mov-

_ SV

. . Sakil 3. Minerallasma tiplari, kern niimunalori
cuddur. CIXISIarln tizarinds (x1.0-2.0, Leica S84P0 binokulyari ilo ¢akilmisdir):
kvarsin va toroma kvarsitlarin a) bosluglarda barit kristallart (12.2m, 1Ne-li quyu); b) térams kvarsitlerds

. . barit-hematit vo limonitlosmis damar va damarciglar (14m, 1Ne-li quyu); b)
brekgiyalarini sementlogdiron kubik formali pirit kristalt (319.2m, 2Ne-li quyu); d) pirit damarciqlari (89.2m,

domir oksidlorin izlori goriiniir. 2Ne-li quyu)
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Asinma vo eroziya hissalorinds limonitlosmis filiz stoklarinin giiclii oksidlosma moahsulu olan
“qurmizimtil kiitle” izlonilir. Tipik domir papagi olan bu siixurlar xondok malumatlarina asason 5-
10 m galinliga malik olmagqla 0.3-3.5 g/t quzil vo 1.0-45 g/t giimiis saxlayirlar [11].

Quzilin yiiksok miqdar1 (3-6 g/t) asagidaki mineral assosiasiyalarda qeyds alinmigdir (syar
analizinin naticalorino asasan): 1. Barit-hematit-kvars-kaolin (Sakil 3a va 3b); 2. Hematit-kvars-
kaolin; 3. Barit-sulfid-kvars.

Quzilin  asagr  miqdart
(0.1-0.6 qg/t) iso asagidaki Au git
mineral assosiasiyalarda geydo
alimb: 1. Mohtovi pirit (Sokil
3c); 2. Pirit stok vo stokverklari
(Sekil 3¢); 3. Mohtovi pirit-
kovellin  damarciglart  (+/- i
firuzo). l

Hor bir assosiasiya ayri- " S
ayriliqda, lokavari vo hopmus
sokildo izlonilo bilor. Biitiin T e
assosiasiyalar siixurlarin intensiv e
kvarslasma areollarinda miisa- Sakil 4. “DataMine”(DataMayn) program tominati asasinda ehtiyatlarin

) . . .. hesablanmasi va blok modelin “ortoqonal” gériiniisii
hido oluna bilir. Mohtavi pirit

yataqda biitiin ilkin siixurlarda izlanilir.

Qeyri-filiz minerallarindan kvars, kalsit, barit, plagioklaz, xlorit, epidot, kaolinit, muskovit,
firuzo (alt horizontlarda) va s. genis yayilmisdir.

Geoloji modellosdirma. Sahoni qizil filizlosmosi ehtiyatina géro diinya yataqlar ilo
miigayisads kigik yataglar qrupuna aid edilir. Filiz cisminin geolomorfoloji yozumunda toxminan
20 intervalda geoloji kasilislordon istifado etmoklo tamamlanmisdir. Bu tohlillordon "Datamine"
program tominatinda karkaslarin formalasdirilmasi {igiin totbiq edilmisdir vo bu karkaslar sonradan
resurslarin gqiymotlondirilmasi {igiin asas zona (domaen/filizlosmis zonalar) kimi istifado edilmisdir
(sokil 4).

Filizlosma zonasinin 6lgiilori toxminon 300x200 metr, maksimum qalinlig iso 110 metrdir.
Modellasdirms tigiin miioyyanlogdirilmis asas filizlosmo zonasi planda 230x170 metr, qalinligi iso
toxminan 100 metrdir.

2017-2018-ci illordo AIMKL sirkatinin bas geoloqu H. Calobi vo “The Joint Ore Reserves
Committee (JORC)” sirkoti torofindon yataq sahasindo qizila axtarig-kesfiyyat-qiymetlondirma
islori aparilmis vo noticodo faktiki materiallar osasinda qizil filizinin C;, C,, C;+C,; vo Py
kateqoriyasi {lizro resurslar1 hesablanmisdir (codval).

Bu resurslar Azorbaycan Interneysnl Mayning Kompani Limited Sirkotinin apardig
geoloji-kosfiyyat islorinin naticolorino osason miioyyon edilmisdir. Naticolor yeriistii dag-
gazmalarindan (xondok, surf vo s.) vo buruq quyularindan alds olunan faktiki molumatlara, analitik
islorin naticalaring, hamg¢inin geoloji interpolyasiyaya vo ekstrapolyasiyaya asaslanir.

108



Yeni kasf olunmus ugur Quzil yataginin geologiyass, filiz kiitlasinin morfologiyasi va mineralogiyasi

Cadval
Ugur yatagi iiciin hesablanmus filiz ethiyatlar:

Tonnaj | Qizihin orta | Giimiisiin orta Quzil Glimiis

Yatagin ehtiyatlari miqdar1 miqdar1
Mt (a/t) (a/t) (Unsiya) | (Unsiya)

Olgiilmiis (C,) 4,12 1,2 6,3 164 841
Gostarilmis (C,) 0.34 0.8 3.9 8 44
Olgiilmiis+Gostorilmis 4.46 1,2 6.2 172 884
Prognozlagdirilan (P;) 2.5 0.3 2.1 27 165
Comi: 6.96 0.9 4.7 199 1049

Tadqiqat iisullari. Moqalonin asasina mialliflorin 2014-2018-ci illor orzinde Gadaboy-
Bittibulaq dorinlik qirlmast boyu vo o climlodon, Ugur filizlosmo sahasi hiidudlarinda apardigi ¢o6l-
todqiqat islori naticosindo topladigi materiallar vo onlarin laboratoriya todqiqatlarinin naticalori
goyulmusdur. Is prosesinds filiz sahasinin regional xaritasi nozordon kegirilmis vo yatagin geoloji-
struktur vo hidrotermal doyismolor xoritolori tortib edilmis, movcud olanlar iso yeni geoloji
molumatlar asasinda doqiqlesdirilmisdir. Petrografik-mineraloji todqiqatlar magsadilo 1000-o qodar
kimyavi, 20-0 yaxin miqdar1 spektral, 10 adod soffaf vo cilalanmis slif vo angliflorin tosvirindon
istifada edilmisdir.

Analitik todqgiqatlar ALS Chemex Sirkotinin todqiqat laboratoriyalarinda (LA-ICP-MS
metodu), AIMKL sirkotinin laboratoriyalarinda, eloca do, AMEA-nin Geologiya va Geofizika
Institutu morkozi laboratoriyasinda (“SEM” va ya “Scanning Electron Microscope” va XRD va ya
“X-Ray Diffractometer” metodlar1) aparilmigsdir. Toplanmis materiallara osason Ugur filiz
kiitlolorinin ilkin mineraloji xiisusiyyatlorinin dyronilmasi mosalalori yerino yetirilmisdir. Qrafik
materiallarin tortibinde miialliflor torafindon Datamine, Maplinfo, Leapfrog Geo, Surpac program
tominatlarindan genis istifads edilmisdir.

9lds olunmus naticalor. Todqiqati aparilan Ugur filizlosmo sahesindo genis yayilmis
stixurlar asason Bayos vulkanizminin mahsulu olaraq, ardicil diferensiallasmis bazalt-andezit-dasit-
riolit formasiyasit bazalt-andezit (alt bayos) vo dasit-riolit (iist bayos) subformasiyalarindan
ibarotdir.

Vulkanogen formasiyanin son turs morhalosindo (iist bayosun sonu) dasit-riolit torkibli
ekstruziyanin yaranmasi vo filizdasiyan flilidin ayrilmasi proseslori bas vermis vo bu alverigli
foaliyyotlo genetik olagodar olaraq Godaboy filiz rayonunda asagi-orta temperaturlu Ugur qizil
yatagi formalasmisdir.

Yataq rayonunda toxminon biitiin yan siixurlar az vo ya g¢ox dorocods hidrotermal-
metasomatik doyisilmaloro moruz qalmisdir. Bels yataqlarda hidrotermal-metasomatik doyisilmolor
asason propilitlordon va téroma kvarsitlordon ibaratdir.

Toromo kvarsit metasomatitlorinin on genis yayilmis paragenezislori kvars-kaolinit, kvars-
serisit va kvars-kaolinit-alunit minerallarindan tagkil olunmusdur.

Yataqda Oyronilmis filiz kiitlosi kasa formasinda olmasi toklif edilir vo filiz ehtiyatlar
kigik-orta olaraq giymaotlondirilir.

Osas filizlosmoa zonasi igarisindo qizilli barit-hematit damar-damarciq minerallagsmasina
malik téromo kvarsitlordon ibarotdir. Onlarin {stiinde kvars vo toromo kvarsit brekg¢iyalarini
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sementlogdiron domir oksidlori vo hidrooksidlori toplanir. Yer sothinin eroziyaya ugramis
yerlorindo miisahido olunan “qirmizi kiitlo” filiz cisminin vo stokverk tipli hematit filizlogmosinin
oksidlosma mohsuludur.

Noatica. Isin asas magsadi Ugur yataginin geoloji-struktur soraitinin va filiz cisimlorinin
morfoloji vo mineraloji xiisusiyyatlorinin Gyronilmasi, geoloji-kosfiyyat vo istismar islorinin
diizgiin istigamatlondirilmasi vo geoloji modellosdirilmasi masalalorinin dyronilmasindan ibaratdir.

Qarsiya qoyulmus moaqgsadlo olagadar olaraq miuolliflorin  todqiqatlar1  asagidaki
istigamatloro yonoldilmisdir: filiz sahasi vo yataq miqyasinda filizyerlosdirici strukturlarin todqiqi;
filiz sahosinin maqgmatik komplekslorinin geoloji  xiisusiyyatlorinin tadqiqi vo onlarin
filizomologalmodo rolunun miioyyanlogdirilmasi; filiz cisimlorinin morfoloji xiisusiyyatlorinin,
onlarin daxili qurulusunun vo maddi-mineral torkibinin Oyronilmesi vo minerallasma
moarhololorinin ayrilmast; filiz kiitlosinin axtarisin prognozlasdirilmas: faktorlarinin vo quzil
filizlosmasinin qiymotlondirilmasi.
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TEOJOI'O-MOP®OJIOI'O-MUHEPAJIOT'HYECKAS XAPAKTEPUCTHUKA
YI'YPCKOI'O MECTOPOXIEHUS 30JI0TA

A.A. BEJIVEB, III.M. TAJJUIMOB, A.A. BAIIPAMOB,
C.M. MAMMAJIOB, JI.P. UBPAX/IMOB

CTaTbsl NOCBSAIIECHA TEOJOTHYECKOMY CTPOCHHIO, MOP(OJIOTHH PYAHOH Macchl, STanaM MHUHEPAIU3alii, MUHEPAJIO-
IMYECKOMY COCTaBY U OLIEHKE MHHEPaJbHBIX PECYpCOB YTYPCKOTO 30JI0TOMECTOPOKACHHUS IIPOMBIIIIEHHOTO 3HAYEHMSI, pac-
TIOJIOKEHHOT0 B 5 KM 0T ['enabexckoro MectoposkaeHus Ha I'enabex-burtinbynarckom riryOHHHOM pasiiomMe U BIIEpBBIC pa3Be-
nanHoro ['eosnoro-passenounoit I'pymmoit ['emabexa AMI'KJI B 2016 romy. B pesynbrare reosorndeckoil MHTepHpeTanuu
BBISIBJICHO, YTO Ha YTYPCKOM YYacTKe PYIHOE TEJIO UMEET CIOKHYI0 (GOpPMY - «4Jallly», TOPH30HTAIBHO U BEPTUKAIBHO yBEIHU-
yuBaronytocsi B FO-3 HamnpaiieHnH; B OCHOBHOM Pa3MELICHO B METACOMATHTaX, 00pPa30BaHHBIX B PE3yJbTaTe IMAPOTEPMAIIb-
HOTO M3MEHEHHs CyOBYJIKaHMYECKHUX PUONUTOB. CIenaH BBIBOJ, YTO 30JOTOHOCHOE PyH0OOpa3OBaHHE B OCHOBHOM TECHO
CBSI3aHO ¢ OApUT-TEMATHUT, MACCHBHOW M MOJyMAaCCUBHON ITHPUTOBOH MUHEPAIBbHBIMU aCCOLMAIIUSIMH.

Knruesvle cnosa: I'edabexckuil pyoHuiil pation, Yeypckoe mecmoposicoenue, cmaouu MUHEePAIu3ayuu, MUHEPAIocu-
ueckuli cocmas, 30J10mo.

GEOLOGY, MORPHOLOGICAL AND MINERALOGICAL CHARACTERISTIC OF THE
UGUR GOLD DEPOSIT, GEDABEK ORE DISTRICT, LESSER CAUCASUS, AZERBAIJAN

A AVELIYEV, SH.M.GADIMOV, A A BAYRAMOV,
S.M.MAMMADOQV, C.R.IBRAHIMOV

The article is devoted to the geological structure, the morphology of the ore mass, the stages of mineralization, the
mineralogical composition properties and estimation of mineral resources of the Ugur gold deposit of industrial significance,
located 5km from Gedabek deposit on the Gedabek-Bittibulag deep fault and first explored by the Gedabek Exploration Group
of AIMCL in 2016. As a result of the geological interpretation, it was revealed that in the Ugur area the ore body has a
complex “bowl” shape, horizontally and vertically decreasing in the deeper direction; mainly located in metasomatites formed
as a result of hydrothermal alterations of subvolcanic rhyolites. It can be concluded that gold-bearing ore formation is mainly
closely related with barite-hematite, massive and semi-massive pyrite mineral associations.

Keywords: Gedabek ore region, Ugur deposit, stages of mineralization, mineralogical composition, gold.
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YANGINSONDURMO SAHOSINDO TOTBIiQ EDILON
MUXTOLIF KOPUKOMOLOGOTIRICi MADDOLORIN
SONDURMO XUSUSIYYOTLORININ TOHLILI

M.A. QURBANOVA®, $.0.9HMODOV "

Maogalads yangin sondiirmo sahasinds totbiq edilon mixtalif koplikomoalogatirici maddslorin séndiirms xii-
susiyyatlorinin miigayisali tohlili aparilmisdir.

Acar sozlor:  kopiikomalogatirici maddalor, yangin hadisalori, sintetik torkibli kopiikomalagatirici madda-
lar, ftortarkibli kopiikomalagatirici maddalor.

Giris. Elm va texnikanin, yeni sintetik materiallarin tatbigi ils istehsalin, kimya, neft vo qaz
sonayesi sahoalorinin siiratli inkisafi, texnoloji proseslords boyiik miqgdarda yangin va partlayis toh-
likkali maddalorin istifado edilmasi, ictimai va yasayis binalarin martoboalarinin va sahalorinin art-
mas1 yanginlarin xobardar edilmasi va soéndiiriilmasi daim digqat tolob edir. Févgalado Hallar Na-
zirliyinin verdiyi statistikaya osason, tezalisan vo yanar mayelor saxlanilan ¢onlordo bas vermis
yanginlar, imumilikds neft - kimya obyektlorinds bas veran yanginlarin 15% - ni togkil edir. Lakin,
bu ciir yanginlar miirokkob inkisaf prosesi ilo xarakterizo olunur va bir qayda olaraq, uzun middot
davam edir. Belo yanginlarin aradan galdiriimasi tigiin effektiv yanginsondiirticti vasitalor, xisusi
texnika vo boyiik sayda qiivvenin calb edilmasi talob olunur. Indiys kimi neft sonayesinds on iri
miqgyaslh yanginlar, karbohidrogen torkibli mohsullarin hasilati, naqli, emali vo saxlanilmasi ilo
moasgul olan miiassisalarin texnoloji sxemina daxil olan rezervuarlarda bas veran yanginlar olaraq
galir. Bu ciir yangmlar B sinifli yanginlar qrupuna aid edilir vo bels yanginlarin effektiv sondiiriil-
moasinds yanginsondiiriicii vasito kimi asason kdpiikomologatirici maddoslordon istifads edilir.

Osas hissa. Yangisondiirms tigiin kopiik amalagatiricilarinin miiasir keyfiyyati kegon yiizil-
lik arzindo formalasmisdir. Bu sahads ilk addim 1902-ci ilds Sankt - Peterburq soharinds kimyag1
Loran torofindon asasi qoyulmus kimyovi kopiik tizorinds ilkin tocriibalorin aparilmas: hesab olu-
nur [1]. Senayenin inkisaf etmasi ilo kopiiyiin keyfiyyatina olan yeni taloblor meydana ¢ixdi. Bu da
eyni zamanda, kopiikomologatirici maddoslorin tarkibinin tokmillasdirilmasi vo kopiik generatorlari-
nin yeni konstruksiyalarinin yaradilmasina sabab oldu. Kopiikemalagatiricilorin tarkiblari bir gayda

“ Fovqoelade Hallar Nazirliyinin Akademiyas
™ Azorbaycan Texniki Universiteti
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olaraq, istehsalg1 sirkot torafindon agiglanmir, buna gora do onlart miiayyon sinfs aid etmok ¢atinlik
toradir.

Kopiiklar, sothi - aktiv maddolarin su mohlullarindan olds edilir. Bu maddslorin asas forqlon-
dirici xassalori onlarin “su — hava” vo “su — karbohidrogenlor” fazalarinin sarhad tobagoalarinds sor-
bast sokilda hollolma, adsorbsiya olunmaq gabiliyystindon ibaratdir. Miixtalif név kopiik omalage-
tiricilori miiqayisa etdikdo, novlarlo yanasi, Kimyavi torkiblori, saciyyoavi xiisusiyyatlari va toyinat-
lar1 da nazors almaq lazimdir. Tosnifatlarina asason, onlar1 proteinli, sintetik, ftor - protein torkibli,
ftor - sintetik torkibli, universal novlors ayirmagq olar.

Protein tarkibli kopiikamalagatirici maddalor. Bu maddslarin asas forglondirici cohati k-
piik sabitlosdiricisi kimi imumi ifadasi [H2NR'(CONHR"”)n]COONa olan hidroliz edilmis tobii zii-
laldan istifado olunmasidir. Burada n = 3...6; R — miixtalif SAM olavali agagi molekulyar ziilallarin
va digar birlogmalarin hissalora ayrilma galigidir [9].

Ziilalli molekullarin miirokkab qurulusu va onlarin ayri - ayri hissalarinin sathindo, ziilalli
torkiblor asasina malik nisbaton sothi hissolords adsorbsiya imkani sayasinds [10] kopiiklor oldugca
yiiksok hidrostatistik vo termik davamliga malikdirlor, bu da tokrar alismanin garsisini almaga ko-
mok edir. Protein torkibli koptiklor qaynar metal sothlora (masalon, rezervuarlarin divarlari) tatbiq
edilo bilar, lakin yanacagla ¢irklonmolors gars1 oldugca hassasdir. Bununla slagadar olarag, kopii-
yiin tothigi zaman1 6tiirma bilavasito yanacaga yonlondirilmolidir. Rezervuarlarda yanginséndiirmo
tocriibasinda protein kopiiyliniin “miilayim 6tiirma” tisulu ils borta istigamatlondirilmasi (imkan da-
xilinds tangensial) nazords tutulmusdur. Ziilalli birlogsmalarin (SAM kimi) shamiyyatli ¢atigmaz-
l1ig1, onlardan orta va yiiksok artimli kopiik aldo edilmasinin miimkiin olmamasidir. Bu da proteinli
kopiik amoalagatiriciloarin taktiki imkanlar diapazonunu mohdudlasdirir [6]. Méveud ¢atismazliglara
baxmayarag, bazi dlkalor halo do protein torkibli kopiikomalogatirici maddalarin ucuzlugunu va
xammalin genis yayilmasini asas tutaraq yanginsondiirma sahasinds totbiq edirlor. Bu torkibli ko-
piikomalagatirici maddalordan respublikamizda imumiyyatls istifado edilmir.

Sintetik kopiik amalagatiricilarin asasini karbohidrogen SAM togkil edir. ©ksar hallarda
torkiblords sothi - aktiv anion va geyri - aktiv kation su mahlulunda pargalanan anion SAM - lorden
istifada edilir. Belo birlogsmolor yiiksok kopiik amalagatirmoa gabiliyystine malikdir, orta va yiiksok
artimli kopiik olds edilmasini toamin edirlor. Osas kopiik sabitlagdiricisi SAM - don olava, sintetik
torkiblorin boyiik oksoriyyoti miixtalif alavolordon ibaratdir. Digor kopiik amologatiricilards oldugu
kimi, bu alavalar do kdpilikemalagatirici maddalarin ya istismar xassalarini (donma temperaturu, su-
vagganliq, saxlanma, korroziya aktivliyi), ya da mogsad xassolorini (yangmsondiirma vo kopiik
omolagatirici qabiliyyati) tokmillosdirir.

Sintetik kopiik amalogatiricilorin kopiiklarinin yangimsondiirma xassolarinin todgiqi naticolo-
ri, onlarin tatbiq sahasinin protein torkibli kopiik amalagatiricilorindon daha genis oldugunu gésto-
rir. Neft mohsullart yangmlarinin sondiiriilmasi ilo yanasi, onlardan béyiik hocmli yanginlarin son-
diiriilmasinda da genis istifads edilir. Sintetik kopiiklorin ¢atismazliglar: haqqmnda danisdigda onla-
rin asag1 termik va hidrostatistik davamligini, xiisusilo do karbohidrogen ¢irklonmoasina qgarsi az da-
vamli olmasini geyd etmok lazimdir. Sintetik SAM molekullarinin geyri-polyar radikallarinin kar-
bohidrogen yanacaq mayelori ilo oxsarligi noticasinds sonuncular asanligla SAM holl olmasina so-
bab olur va bununla da, yanacagla tomasda olan kopiiyiin sabitliyini pozur. Bu proses hava ils sor-
haddo SAM mohlulunun yanacaq mayenin sathi gorilmoasi arasinda ziddiyyatli fargin olmasi natico-
sinds kopiik tobagalari boyunca karbohidrogenlorin asanligla axmast ils slagodar daha da giiclonir.
Bu proses, hamginin kopiiytin axin siiratinin artirilmasi ils do giiclonir. Belo ki, bu zaman kopiik
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kanallarinda yanacagin kopiik torafindon udulmasinin baslica aparici qiivvasi olan kapilyar yiiksiiz-
losmasi prosesi giiclonir. Sintetik torkiblorin yanacaq [11] ilo “sort” tomas soraitinds vo yaxud ya-
nacagin tobaqgo altindan sondiiriilmasi zamani effektivsizliyinin sobabi aydin olur.

Ftortarkibli kopiikomalogatirici maddalar. Proteinli vo sintetik kopiikk omologatiricilor
ticiin saciyyavi olan catigmazliglar ftor - proteinli torkiblorde shamiyystli doracods aradan galdiril-
migdir. Adindan da moalum oldugu kimi onlar ziilal va ftor torkibli SAM - don ibaratdir. Bu torkib-
lordon olds edilmis kopiik ziilali kopiiklarin on yaxsi xassalorini, yani yiiksok termik vo hidrostatis-
tik davamliligini 6ziinds saxlayir vo FSAM naticasinds yiiksok axma gabiliyyati vo karbohidrogen-
lorin tasirina qarsi neytralliq olds edir.

Ftor - protein torkiblori asason, protein torkiblor kimi hazirlanir, lakin sonraki morhalolordos
garisiga FSAM olava olunur. Tarkiblords istifado edilon miixtalif olavalor digar kopiik amalogatiri-
cilorinda oldugu kimi eyni magsadlor dasiyir: kopiiyiin sabitliyinin, davamliginin artirilmasi, don-
ma temperaturunun asagi salinmasi vo s. Yarandigi andan etibaron ftor - protein torkiblori rezer-
vuarlarda neft mohsullar1 yanginlarmin séndiriilmasi vasitalori arasinda osas yerlordon birini tut-
muslar vo bu gun do homin yeri gqoruyub saxlamaqdadirlar. Bu kopiik amalogatiricilorinin kopiiyt
vasitasilo bir ¢ox iri hacmli rezervuar yanginlari sondiiriilmiigdiir. Onlardan Amoko (ABS), Singa-
pur va digarlorinin adlarini ¢cokmok olar. Angus F.A. sirkatinin Singapurda tatbiq edilon FP70 ftor -
protein torkibli kopiik omologatiricisi bir sira inkisaf etmokdo olan 6lkalars ixrac edilir.

Miiasir ftor - protein torkiblor nisbaton asagi dayori, yiiksok saxlanma gabiliyyati (protein tor-
kiblarlo miiqayisado) ila farglonir. Xiisusilo neft moahsullarinin tabage altindan sondiiriilmasi baxi-
mindan effektivdirlar [7]. Ftor tizvi birlasmalarin an son Kimyavi nailiyyatlari ftor - protein torkibi-
no, effektivliyi artiran va totbiq sahosi diapazonunu genislondiran tobago amalagatirmo xiisusiyyati
olava etmok imkani verdi. Miiasir ftor - protein torkibli kopiikk amoaloagatiricilorindon genis hacmli
yanacaq tokiilmalari vo toyyars gazalart zamani bas veran yanginlarin sondiirtilmasi tigiin istifado
edilir .

Ftor - sintetik kopiik amalagatiricilari ilk dofs 70 — ci illarin avvallarinds «3M» (ABS) sir-
koti torafindon istehsal edilmisdir. Onlar adi sintetik kopiik amologatiricilorindon son doraco asagi
sothi garilmo sayasindo karbohidrogenlorin sothindo su tobaqosi yaratmaq effekti ilo forglanirlor
[13]. Tabago amalagatirma, karbohidrogenlora qars1 neytralliq, asagi hidro vo termik davamliq va
kopiik amalogoatirma gabiliyysti ftor - sintetik kopiik amoalogatiricilorinin tatbig sahasini miioyyon
edir. Daha oavval geyd edildiyi kimi, onlar genis sahalords karbohidrogen (yiingiil fraksiyalar istisna
olmagla) yanginlarinin sondiiriilmasi vo yanacagin tobago altindan sondiiriilmasi liglin (ayri-ayri
torkiblor tigiin) istehsal edilmis vo bu giin do tovsiys olunur. Tobago amologatirici kopiik amologati-
ricilorindon hava - kopiik yanginsondiiriicii qurgulart ti¢iin torkiblor gismindo istifado edilmosi ge-
nis yayilmisdir [12, 14].

Universal kopiikamalagatiricilarin totbig sahasinin genislondirilmosinds ilk addimlar sinte-
tik polimerli torkiblarin islonib hazirlanmasi vo protein torkiblorino FSAM - in slavo edilmosi ol-
musdur. Yanginsondiirma vasitolorinin inkisaf etdirilmasi ilo ftor - protein torkibli tabage amalogo-
tirici kopiik omolagatiricilori yaranmigdir. Hal - hazirda kopiik omalogatirici vasitolarin istehsali tiz-
ro aparici yerlari tutan sirkotlorin hamisi mohsul ¢esidloari arasinda universal kopiik amalagatiricisi-
no malikdir [7, 8].

Kopiik omologatiricilorinin tokmillagdirilma tarixi boyunca fiziki - kKimyovi xassalor, istismar
xarclorinin azaldilmasi, korroziya aktivliyinin azaldilmasi hesabina saxlanma miiddatinin uzadil-
masi, saxlanma zamanu sabitliyin artirilmasi, donma temperaturunun asagi salinmasi, islok qatiligin
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azaldilmasi vo s. istigamatinds doyisikliklora ugramisdir. Kopiik amolagatiricilorin istehlak¢1 xasso-
lori, xtisusilo qoruma va kopiik amoalogatirma gabiliyyati tokminlosmo istiqamatinds inkisaf etmis-
dir ki, bu da miivafiq olaraq xasso diapazonunun genislonmasini talob edir. Yuxarida deyildiyi ki-
mi, kopilik amologatirici kompozisiyalarin xassolori asason onlarin kimyavi torkibi ilo miioyyon olu-
nur. Tarkiblorin miirokkablasdirilmasi kompozisiyalarin bahalasmasina sabab olur. Yangin novlori-
nin miixtalifliyi daha ucuz, lakin az effektli tarkiblorin on effektli vo bahali tarkiblordon gonast ba-
ximindan daha sorfali olmasina gotirib ¢ixarir. Digor bir torafdon, basqa bir effektli torkiblorin isti-
fadasinin zoruri oldugu sortlor do méveuddur.

Kopiiyiin effetkivliyini vo yaxud yangisondiirmoa qabiliyyatini adston, yanginlarin stasionar
soraitlorde sondiiriilmo vaxtina asason qiymatlondirirlor. Effektivliyin daha otrafli xarakteristikasi
yanginin sondiiriilmoasinin (suda hoall olmayan birlosmolorin) miimkiin oldugu zaman miiddstinds
kopiik amalogatiricisinin minimal xiisusi sarfi vo yaxud verilmanin bohran intesivliyidir .

Onu da geyd etmok lazimdir Ki, kopiik amalogatiricisinin xassalari vo kopiiyiin xisusiyyatlo-
rindon olavo, bohran intensivlik YM-in tobistindon, onun sothi temperaturundan, tobagonin galin-
ligindan, kopiiyiin verilis tisulundan va s. asilidir. Buna baxmayarag, yanginséndiirma qabiliyyati-
nin miioyyan edilmasi tizro alds edilmis naticolor hatta, sadalanan amillorin nazars alinmasi ils bir-
monali sorh olunmur.

[3]-do 150 m? hacminds rezervuarlarda heksanin proteinli, tobago amalagatirici va spirtli ko-
piik amalogatiricilarinin zoif axinli kopliyii ilo vo sintetik kopiik amologatiricisinin yiiksok axinli
kopiiyii ilo sondiiriilmasi lizra aparilmig tocriibalorin naticalori verilmisdir. ©On yaxsi natico yliksok
axinli kopiikda, on pis natica isa - tabago amalagatirici kopiik amalagatiricisinds geydo alinmisdir.

Analoji olaraq [15]-da verilmis tacriiba sortlorini geyd etmok olar. Bu tocriibo zamani an
yaxs1 naticoni yiiksok axinli, an zaif naticani iss zaif axinli kopiik gostormisdir. O da geyd edilir ki,
zoif axinli kopiik yiiksok izolyasiya etma qabiliyyatino malikdir va yiiksok axinli kopiiyiin istifadasi
texniki cohatdon miirakkobdir. Proteinli kopiik amalagatiricilar hagqinda, daha avval aparilmis toc-
rlibalor zamani zoaif effekto malik olmalar siibiit edildiyindon sinagdan kegirilmadiklori deyilir.

Miixtolif karbohidrogenlori (heksan, heptan, dodekan, heptan vo dodekan garigigi, yiiksok
novli benzin, ag neft, dizel yanacagi vo neft) proteinli, ftor - proteinli, sintetik vo tobago amalogati-
rici kopiik omologatiricilarinin kopiiklari [2,18] ilo sondiirmiislor. Tacriiba naticasinda kopiiklarin
yanginsondiirma effektini itirdiklori suvasganliq haddlarinin névbati ardicilligi alds edilmisdir: pro-
teinli kopiik < sintetik va ftor - protein torkibli kopiik < tabago amalagatirici kopiik.

Avia yanacaglarin imiimi toyinath sintetik kopiik omologatiricisinin, yiiksok yangisondiir-
mo effektino malik sintetik kopiik omolagatiricisinin vo tobaqa omoloagatirici kopiik amoalogatiricisi-
nin zoif axinli kopiiyi ilo sondiiriilmasi zamani, yanginin yalniz tobago amologatirici kopiik vasite-
silo sondiiriilmasinin mimkiinlityii miisahidoe olunmusdur [15, 16].

Hoamginin, [5]-do orta axinli kopiiylin zoif effektivliyi sobobindon genis totbiq edilmadiyi
geyd olunur. Bir sira islords kopiiklo yangimsondiirmo problemlori Kifayot qodor otrafli vo obyektiv
isiglandirilir, rezervuarlarda bas vermis karbohidrogen yanginlarinin kopiiyiin iston va ftor - pro-
teinli kopiik omoloagatiricilorinin kdmoyilo yanacagin toboqo altinda verilisi tisulu ilo sondiiriilmasi
zamani miisahido edilmis an yiiksok effektlor hagqinda noticolor gostorilmisdir.

Qeyd olunur Ki, tabaga amologatirici kopiik amalogatiricilorinin kopiiyii ftor - protein torkibli
kopiik amologatiricilori ilo miigayisado daha az termik davamliga malikdir vo buna géro do rezer-
vuar yangmlarinin sondiiriilmasi zamani1 daha zaif naticolor gostorir. Bununla yanasi, bu kopik
omolagatiricilari novlarinin genis sahoalordo YM axmasi zamani bas veran yanginlarin sondiiriilmasi
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ticiin kopiiyiin yaxs1 yayilma gabiliyyati va su toboagasinin kdpiiyiindon yaranan goruyucu xiisusiy-
yatlarina gora daha iistiin olmasi bildirilir.

Angus Fire Armor (Ingiltora) sirkoti “Petroseal” adli ftor - protein torkibli kdpiik amalogatiri-
cisini reklam edoarkon, onun ilk névbads yanacaq tokiilmolori yanginlar1 vo daha sonra rezervuarlar-
da bas veran yanginlar {igiin tatbiq edilmasini moaslohat goriir. Sirkot 6z kopiik amalagatiricilarinin
90 m? sahasdo neft mohsullariin axmasi zamani bas vermis yanginlarin model {izra sondiiriilmasi
simagindan miivoffoqiyyatlo kegmasi barodo malumat verir. Homginin, yanacaq mohsullarinin ax-
mas1 zamani yaranmis yanginlarm ftor - protein torkibli kopiik amologatiricilorinin (xtisusils, “Pet-
roseal” vo “Alcoseal”’) komayi ilo daha effektli sokildo sondiiriilmasi do geyd edilir.

Noatica. Odabiyyat manbalarinin daha doqiq tohlili gostarir ki, eyni kopiik amalagatiricilorin
miixtolif noticalori aparilmis tocriiba soraitlorindon asili olaraq dayisir. Belalikla, oksor tadgiqatei-
lar, 0 ciimlodan Rusiya todqgiqatgilart [17] terafindon do miioyyan edilmisdir Ki, rezervuarlarda bas
veran yangnlar zoif axinli kdpiiklora nisboton orta axinli kopiiklor daha tez séndiiriir. Ilk baxisda
buradan belo gonaato golmok olar ki, sintetik kopiik omologatiricilari ilo sabitlosdirilmis bu kopiik-
lorin effektivliyi orta vo yiiksok axinli kopiiklor yaratmaq gabiliyystino malik olmayan protein tor-
kibli kopiik omolagatiricilarinin kopiiklorindon daha yiiksok olacag.

Sintetik kopiik omologatiricilordon alinan képiik neft mohsullarinin rezervuarlarda bas vermis
vo uzun miiddat davam edon genis yanginlar zamani az effektlidir. Hal - hazirda tacriibadas sintetik
kopiik omologatiricilorinden alinan orta axinl kopiiklordon va yaxud ftor torkibli kopiik omalagati-
ricilarinin zaif axinl kopiiyiindon istifado etmok toklif edilir [4].

Ftor - protein torkibli vo tobago amologatirici kopiik amalagatiricilorin miiqayisali effektlori-
nin giymatlondirilmosi zamani yaranan fikir ayriliglar1 da hamginin, naticalarin oldo edilmos sorait-
lorinin miixtalifliyindon irali galir [17, 18].

Miixtolif nov kdpiikemalogatiricilori miiqayisa etdikda, novlorla yanasi, Kimyavi torkiblori,
saciyyavi xiisusiyyatlori vo tayinatlart da nazera almaq lazimdir. Sadalanan, kopiikemalogatirici
maddalarin har birinin tatbiq sahasinds miiayyan ¢atismazliglar: vardir. Buna baxmayarag, miiasir
dovriimiizds do yanginsondiirma sahasindo SAM torkibli miixtalif kopiikomologatirici maddalor ge-
nis tatbigq olunur. Lakin, artiq bozi diinya doévlatlari B sinifli yanginlarin sondiiriilmoasinds digor al-
ternativ {isullarin totbigine calisirlar vo miioyyen monada buna nail olurlar. imtinanmn osas1 kimi
miioyyan sabablor ( ekoloji, igtisadi , effektivlik va s.) geyd olunub. Artiq, respublikamizda da bu
saha tizra yeni texnologiyalarin totbigina dair miioyyan isglor aparilir.
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MNMPUMEHSEMBIX B HEJISIX TOKAPOTYHIEHUS
M.A.T'YPBAHOBA, III.A. AXMEJIOB
B cratnpe IpOBEACH CpaBHHTeHLHLIﬁ AaHaJIn3 OTHCTYMIAIuX CBOICTB HBHOOGpa?:OBaTCJ’Ieﬁ, NPUMCHSCMBIX B obmacta
TIOXKapOTYILICHUA.

Knrouesvie cnosa: nenoobpaszosamenu, ghmopcooepoicawgue nenoobpazosament, nodxicap, CUHMemuyecKue y2ne6o0o-

POOHbIEe NEHO0OPA3Z06AMEU.

ANALYSIS OF FIRE EXTINGUISHING PROPERTIES OF FOAMING AGENTS
USED FOR PUTTING DOWN FIRE

M.A. GURBANOVA, Sh.A. AKHMEDOV

The article provides a comparative analysis of the fire extinguishing properties of blowing agents used in the field of

fire suppression.

Keywords: frothers, fluorine-containing frothers, fire, synthetic hydrocarbon frothers.
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HOBASI METOJUKA PACYETA MPOIYCKHBIX CIHIOCOBHOCTEM
3AKPBITBIX OPOCUTEJBHBIX CETEH 1 3AKOHOMEPHOCTH
PACHPEJEJEHUA CKOPOCTEN B KPYTJIBIX TPYBAX

B.I. AJIMEB, 3.T. AJIUEB , A.®. 3EMHAJIOBA”

B crartbe nokazaHo onpe/esieHne MPOIYCKHOH CIIOCOOHOCTH HAIIOPHBIX TPYOOIIPOBOIOB 3aKPBITOI Opo-
CUTENBHOH ceT. BrIBeieHa MPUHIMIIMATIBHO HOBAsk METOIUKA pacueTa 3aKOHOMEPHOCTHU pacHpeaeIeHUs: CKOpo-
CTel B KPYTJIBIX TPYOax, Ha 06aze KOTOPOH nomydeHa HoBast (pOpMyIIa ISl OTIPEEIICHUS COIIPOTUBIICHHUS JIBIDKE-
HUIO TIOTOKA B TPy0ax, YTO JaeT BO3ZMOXKHOCTD ISl JOCTOBEPHOTO OMPEEIICHNUS MTPOITYCKHOH CIIOCOOHOCTH TPY-
OOIIPOBOIOB 3aKPBITONH OPOCUTEIHHOM CETH.

Knrwouegvie cnosa: opocumenvuas cucmema, nponyckHas CHOCOOHOCb, 3aKOH pacnpeoeieHus
cKkopocmell.

BBenenue. Bece Oosee mmpokoe MPUMEHEHUE 3aKPBITHIX OPOCUTEIBLHBIX CUCTEM B CEITLCKO-
XO35IICTBEHHOM ITPOM3BOJICTBE BBI3BIBAET HEOOXOIUMOCTh JIOCTOBEPHOI'O OMPEIEIICHHUS MPOIYCK-
HOM CIIOCOOHOCTH MX TPYOOIPOBOJIOB, MPEACTABIISAIONICH HHTEPEC MPU MPOCSKTHPOBAHUH U CTPOH-
TEJIBCTBE ATHX CUCTEM. VI3BeCTHBIC TPEUIOKECHUS ISl PEIICHUS ATOW 3aa4d UMEIOT T€ WJIM HHBIC
HEJOCTaTKH, MPHUBOJSAIINE K PA3IMYHOTO POJa MOTPEIIHOCTSM BBIABAEMBIX HMHU PE3YJIbTATOB.
Takoe ToOJIOKEHHME BBI3BIBAET HEOOXOJIMMOCTh CHIBHEHIINX TEOPETHUUECKHX HCCICIOBAHUN IS
0oJiee TOCTOBEPHOTO OMPECIICHUS] IPOIMYCKHONH CIIOCOOHOCTH TPYOOIPOBOIOB 3aKPBITHIX OPOCH-
TEIBHBIX cUcTeM. [l pemieHus SToi 3a7aun MPekae BCEro OCTAHOBUMCS Ha aHAJIN3€ W3BECTHBIX
MPEAJIOKEHUH TI0 OMPENIETICHUIO0 MPOMYCKHONW CITOCOOHOCTH TPYOOINPOBOJIOB 3aKPBITHIX OPOCH-
TEIBHBIX CETEH.

Heapb crartbu. Co3mgaHue yCOBEPIICHCTBOBAHHOTO METOJIA pacyeTa MPOITyCKHOW CIOCcO0-
HOCTH TPYOOTIPOBOJIOB 3aKPBITHIX OPOCUTENBHBIX CETEH, KOTOPbIE JOCTOBEPHO OIPEACISIIOT CO-
MPOTUBJICHNUE ABMKEHUS U MX 3aKOHOMEPHOCTHU PACIIPEICTICHUS CKOPOCTEN B KPYTJIBIX TpyOax.

IMocTranoBka 3agauu. [[iist pereHus 3a/1a4u pacCMOTPHUM CYIIECTBYIOIITUE METOJIbI pacueTa
pacrpezeNieHns CKOpOCTel pyu TypOYJIEHTHOM JABUKEHUH BOJBI B Kpyrioi Tpyoe. OHAKO OHM HE
OTBEYAIOT TPEOOBAHMSIM JOCTOBEPHOTO OIPENETICHUS MPOIYCKHON CIOCOOHOCTH B KPYTJIBIX TPY-
0ax.

A3sepOaii/pKaHCKUH YHHBEPCUTET apXUTEKTYPhI U CTPOUTEIBCTBA
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3aKOHOMEPHOCTh PACHpPEACTICHNUS CKOPOCTEHl MMEEeT OCHOBOIIOJIATAIOIIEe 3HAUYEHHUE IIPH
peLICHNN MPAKTHUECKUX M TEOPETUUECKUX 3a7ay THIPABIUKH MMOTOKOB B HAMOPHBIX TPYOOIPOBO-
nax. OHa CIyXHUT TaKKe MCXOTHOM MO3MLKEHN AJI OLUEHKU CONPOTHUBICHUS ABMKEHHUIO MOTOKA B
TpyOOIpoBOIax.

DOKCHEpUMEHTAIBHBIM U TEOPETUYECKUM HCCIIEJOBAHUSAM PACIPENIEICHUs CKOPOCTEH IO
CEYEHHUIO TPYOOIPOBOIOB U COMPOTUBJICHUS JBMKCHUIO MOTOKA B HUX MOCBALICHBI paboThl: B.H.
I'onwapona [1], A.C. O6pazockoro [2], @.I'". Maiipanckoro [3], E.M. Munckoro [4], M.M. [lu-
nkoBckoro [5], K.Ammuaa, U. Tanaka [6], O.®. Hopaun, U.H. Ansrepr [7], B.A. Banonu [9], U.
Huxypanze [12] u [panara JI [8].

Heo6xonnmMo OTMETHTB, YTO CYIIECTBYET J102apuhmuiecKuii 3aKon pacnpedeneHus cKo-
pocmeil.

HaunGonee nagexxHoi 06a30ii /I BBIBOJA YPaBHEHUS pacIpe/IeNIeHUs] CKOPOCTEH MOTIIN ObI
ciyxuTh ypaBHeHus: PeiiHonbica [10]. Oagnako 3Ta cucreMa ypaBHEHMIl HE IO3BOJISIET PELIUTh
MOCTaBJICHHYIO 3a/1a4y B BUY TOT0, YTO OHA HE 3aMbIKAETCs M PEIICHUE 3TOr0 BOIPOCA BCTPEUALT-
sl C OYEeHb OOJBIINMH TPYAHOCTAMU. B npuHImIe, orapudMudecknii 3aK0H pacrpeieieHus CKO-
pocreii 6a3upyercsa Ha runotese JI. [Ipanaras o ToM, 4TO ATMHA IMyTH NTEpeMeIeHus (CBSI3b MEXITY
K03 GUIMeHToM TypOyJIeHTHOTO OOMEHA U MOJIEM CKOPOCTEi) y CTEHKU MPSIMO IPONOPIIMOHATbHA
PaCCTOSIHUIO «y» OT CTE€HKH, T.€. € = XY.

B cBoto ouepens, JI./I. Jlangay u E.M. JluBmun [11] u3 coobpaxenunii pasmepHocty, a U.
Hukypanze [12] Ha 6a3e maHHBIX SKCIIEPUMEHTAIBHBIX UCCIICIOBAaHUN B TPyOax ¢ MCKYCCTBEHHOM
[IEPOXOBATOCTHIO MPHIIUIM K YPABHEHHIO PacIpe/ieNieHHsI CKOPOCTEH B CIIEAYIOIIEM BHIE:

Ul* ==z +N (1)
rae U - CKopoCTh B pa3iiM4HBIX TOYKAX paguyca TpyOsl, M/c; X - koadduuuent Kapmana; x=0,4; r
- TeKyWIUi pamuyc TpyObl, M; A - BBICOTa BBICTYIOB IIepoxoBaTtocTu TpyObl, M; N - HexoTopoe

MOCTOSIHHOE YHCJIO0, ompenenseMoe u3 ombita; U« = (/T/p - nuHaMuveckas CKOpOCTh, M/C; T -
HallpsiKEHUE TPEHUS Ha CTEHKeE, T/M?; p - IIOTHOCTB, T/M°,
3nauenue noctostHHOM N B popmyiie (1) BblpakaeTcs Kak OTHOLLICHHE

N =22 2)

U.
rne U, - TaHHas CKOPOCTh Ha BBICOTE BBICTYIIOB IIEPOXOBATOCTH CTEHOK TPYO, M/C.

g TpyO pa3iIuyHbBIMU UCCIEA0BAHUSAMU MOIYUYEHBI pa3IMyHble 3HaUYeHHUs TOCTOSHHOTO N.
Haubonee o60cHOBaHHBIMHU M3 HUX MOKHO cuntaTh 3HadeHne N = 8,5, momyuennoe 1. Huxypamze
Ha 0a3e MIUPOKUX U THIATEIHEHO MOCTABICHHBIX OIBITOB.

Torma, npuanMas 3HaueHue X = 0,4 u mepexo/s OT HaTyPaIbHBIX K JECITHYHBIM JIoTapu Q-
MaM, ypaBHeHHE (1) MOYKHO MPUBECTH K BHIY:

—=575£g-+85 ©)

U,
Jlorapudmuyeckuil 3aKOH pacnpeneseHus ckopocTei (3), Kak MOKazalu HCCIeIOBAHUS
[13], xopoII0 YJIOBIETBOPSET OMBITY B Ipenenax Omvmxaimed k crenke 0,2 paguyca TpyOsI. [1o-
ATOMY NMPUMEHEHHE €r0 Ha BCEH TOJIIIE MOTOKA HE BCETa OMPaBIaHO.
Kpowme Toro, pacctosiHue OT CTEHKH, T/Ie MECTHasi OCPEHEHHAs CKOPOCTh PaBHIETCS CPe/I-
Hel cKopocTH Ha BepTukaiu u3 (1), momyyaercs B BUje

Ty = %" =0,37r, 4)
rIe 1, — paguyc Tpyosl, M; € — Hemeposo uncino (e = 2,72).
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Kak BugHO u3 (4), paccTosHHME OT CTEHKH T,, TJIé MECTHas OCpEJIHEHHas CKOpOCTb
paBHsIETCS CpelHEHl Ha BepTHKAJlE CKOPOCTH, HE 3aBUCUT OT COIpPOTHBICHUS TpPYyOBl W,
CIIeIOBATENIbHO, (POPMBI DITIOPHI paCIpENeNeHUs] CKOPOCTEH, YTO TakKe SIBISICTCS HEIOCTaTKOM
JorapuMHIECKOTO 3aKOHA.

Kak BumHO, nOrapupMUUECKUI 3aKOH paclpelesieHHsi CKOPOCTH BJOJb paanyca TPYObI
o0lajiaeT pPSOOM CYHNIECTBEHHBIX HEJIOCTAaTKOB, OTPHIATENIBHO BIHSIOMIMX HAa KOHEYHBIC
pe3ysIbTaThl PEHIAEMBIX C €r0 MOMOIIBIO 3a/ay.

Hapsiny ¢ noropupmMudeckuM 3aKOHOM OOIIEH M3BECTHOCTBIO TOJIB3YETCS TaKKE

CMeneHHoul 3aKOH pacnpedeienus CKopocmell, IMEIONIHIA clieayroiui oot Bua [13]
U

—= ()" (®)
Uo To

3neck Uy — CKOPOCTh HAa OCH TPYOBI, M/C; Ty — paanyc TpyObl, M; I' — TEKYIIIUNA paJNyC, M; 0. — ITOKa-
3aTelb CTENIEHH YpaBHEHUsI KPUBOI paclpeieIeHUs] CKOPOCTH.

PaznuuHbIMU HCCIIEIOBAaHUAMH MTOKA3aHO, YTO C IMMOMOIIBIO YpaBHEHUS (5) MOKHO PELIUTh
psizl 33124 KNHEMATUKU U CONPOTUBIIEHUS JBI)KEHHIO [IOTOKA B TpyOonpoBoaax. s 3Toro Heoo-
XOJIUMO 3HaTh 3HAUYECHHE MapaMeTpa o, SIBJISIFOLIErocsl IepeMeHHON BelnuyuHoM. C 3TOH LENbIo psij
uccleioBaTesel 3aHIMAaINCh BOIIPOCOM ONPEIEICHUS 3HAYCHHUS 0, KOTOPBIMHU TMOJYYEHBI Pa3Iny-
HbIE€ BUJIBI opMyd a7s o. [Ipudyem ogHM aBTOPHI CBSA3BIBAIM 3HAUYEHHUE 0. C KO PULImeHTOM 1mepo-
XO0BaToOCTH, Jipyrue — ¢ kodddunmentom Ille3un, TpeTbn — ¢ aOCOTIOTHON BEIMIMHOHN IIEPOXOBATO-
CTH ¥ IITyOWHON MOTOKA U T. 1.

Ilo noBoxy ypaBHEeHUs (5) MOKHO OTMETHTb, YTO IPU PA3IMUYHBIX MOJXOAAX K OIpexaese-
HUIO 3HAYSHHS 0. 1 HEOJHO3HAYHOCTH X KOHEYHBIX PE3yJIbTaTOB CYIIECTBEHHBIM HEJOCTATKOM €T0
SBIISIETCSA TO, YTO OHO, XOPOIIO OTBEYas OCHOBHOHM TOJIIE MOTOKA, HEOCTATOYHO COOTBETCTBYET
€My B IIPHJIOHHOM CJIO€.

W3 mpuBeaeHHoro kpatkoro anainusa ypaHeHuu (1), (3) u (5) cTaHOBSITCS OUEBHIHBIMU WX
HE/I0CTaTKaMH U, CIIeI0BAaTEIbHO, HEOOXOAUMOCTh JAJIbHEHIINX UCCIIEeI0OBAHUHN C LENbIO MOJyde-
HUs1 00Jiee COBEPIICHHBIX 3aKOHOMEPHOCTEN, CBOOOAHBIX OT HEJIOCTATKOB KaK JIOrapu(hMUUECKOT0,
TaK ¥ CTEIICHHOTO 3aKOHOB PacHpeaeIeHUsI CKOPOCTEH.

Pemenne 3apaun. Takas momneiTka ObUIa c/ienaHa JOKTOpPOM TexHHdyeckux Hayk Y.I'. Hy-
pueBbIM B pabote [14]. OnHako OH MOTYYHII JIMIIb HOBOE YPaBHEHHUE paclpelleieHus] CKOPOCTen
BJI0JIb pajinyca TPyObl CTENEHHOTO BH/A, KOTOPOE CYIIECTBEHHO oTindaercs oT (5). [Ipu pemennn
stoi 3anaun Y.I'. Hypues ucxoaut u3 ypaBHeHus napadossl B o0memM Buje (puc.l.):

(Ux- Up)*=2P(ro—r) (6)

B pesynbrare psna nmpeoOpa3oBaHU OH MPUXOAUT K YPABHEHHUIO PACHPENEIICHUS CKOPO-
CTeH BJIOJIb PaJyca B IPaHULIAX MEXKAY OCBIO TPYOBbI U BBICOTOM BBICTYIIOB LIEPOXOBATOCTH Ha €€
CTEHKE. DTO YPABHEHHE UMEET CIEAYIOLINMA BULL:
Uy = U 8,75 Z[1-(1-n) } U- (7)
31eck NPUHATHI clienyromue odo3HaueHus: Uy, — ckopocTk Ha ocu TpyObl, M/c; N = I/f, — OTHOCH-
TEJIbHBIN pajinyc.

a=(1+)(2+7) (8)

Hanee U.I'. Hypues ycTaHOBUII, YTO PacCTOSHUE OT OCH TPYObI, TJI€ MECTHAsI OCPEIHEHHAsS
CKOPOCTh paBHSETCS CPEIHEH CKOPOCTH Ha BEPTUKAIH, BBIPAXKACTCS TAKMM 00pa3oM:
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— 2\1/
MNep = 1- (E) ¢ (9)
Ecim nmets B By, 9TO aBTOpOM (7) TOTYYEeHA CBSI3b MEXKAY 0 U KOA(PDHUITUESHTOM COTIPO-

tuBnenus (apcu) A B Buze [14]:
1 [2,25-4,07V4
a” \/ 1-299V4 L5, (10)

TO MO’XKHO KOHCTaTHUpoBaTh: Gopmyna (9) Beipa-

s, ’KaeT 3aBUCHUMOCTb PAaCCTOSHHUS OT OCHU TpPYOBI,
\/M e MeCTHas OCpeIHEHHas CKOPOCTb paBHIETCS
|5 CpelHell CKOPOCTH Ha BEPTHKAIH, OT KO3(-
Io r_I_ ul (buIMeHTa CONPOTHBIICHUS A, CIIEIOBATEIBHO, OT

| BHUJIa SITIOPBI PaCIpe/Ie/ieHHs] CKOPOCTH M TIOTOMY

SIBJISIETCSI TIEPEMEHHON BEJIMYMHOU. DTO U SBIIS-
|m_ \_/\/T\}I,3 €TCsI OJTHOM M3 IOJIOKUTENBHBIX OTIMYUTEILHBIX
O0COOCHHOCTEH CTENEHHOr0 3aKOHa pacrpejere-
N HUSI CKOPOCTEH OT JIorapu(pMHUECKOTO.

Uy

A

Puc. 1. Pacuemnas cxema C npyroii croponsl, ipu =1 (4T0 cOOT-
BCTCTBYCT BbICOTC BBICTYIIOB LICPOXOBATOCTU HA
cTeHKe TpyOsbl) u3 (7) morydaeTcst 3SHaYeHUE JOHHOW CKOPOCTH Ha BBICOTE BBICTYIIOB IIEPOXOBATO-
CTH:
Ua=U, — 3,75£U* (11)

DTOMY MOJIOKEHHIO B paHee NpeasioKeHHOM ypaBHeHHHU (5) coorBercTByeT I = 0. Ilpm
3TOM 13 BeIpakeHus (5) monydaercss U, = 0, 4TO HE COOTBETCTBYET peajibHOMY IOJIOKEHHUIO Be-
1ieil, Tak Kak Bceraa umeeT mecto ycioBue Uy # 0.

Takum oOpazom, ypaBuenue (7), BeiBenenHoe Y.I'. HypueBbiM, cBOOOJHO OT 3TOTO HENO-
ctatka Gopmysl (5), 4TO CBUACTEILCTBYET O O0JIee BEICOKOW JOCTOBEpHOCTH (7).

Hano ormeruts, uro nomyuennas Y.I'. HypueBbiM 3aKOHOMEPHOCTH pacrpelesieHus! CKO-
pocreii (7) conocTaBieHa ¢ JaHHBIMH JIabopaTOpHbIX HccnenoBannii Hukypanze [12], uyto nmokasa-
JI0 MX BEChbMa OJIM3KOE COBIAJICHUE.

K coxanenuro, noktop texumueckux Hayk U.I'. HypueB He pa3Bui janbiie paOboTy HaJ
peUICHHEM 3TOH 3aJaud U OrpaHuYuJICAd NPUBCIACHHBIMH BbBIIIC PE3yJibTaTaMU, KOTOPbIE MOIYT
CITy’KUTh 02301 JJIs aIbHEHIINX UCCIICI0OBAaHHI B 3TOM HanpasieHuH. Kak ObLIO OTMEUESHO BBILIE,
U.I'. HypueB paccmotpen 3amady O pachpelesieHHH CKOpOCTed B 0OJIACTH MOTOKAa MEXIY OCHIO
TpYOBI ¥ BBICOTOM BBICTYIIOB IIEPOXOBATOCTH, T.€. 0€3 yueTa ABMKCHHS BOABI B MIPEENIaX BHICOTHI
BBICTYIIOB LIEPOXOBATOCTU. PaCCMOTPEHUIO pelleHHsT 3TOH 33Jaui MBI U TOCBSILNAEM CIIETYIOIIHIA
paszzen JaHHON paOoTHI.

3akonomepnocme pacnpedenenus ckoOpocmeil ¢ y4emom uiepoxo8amocmu.

Jnst perieHust 9Toi 3a1aun OepeM ypaBHEHHE pacipeesieHnst CKopocTeit B Buze (puc.1).

Ur = Ug(1- —) 1 (12)

To+4
3I[CCB A — BBICOTA BLICTYHOB HIepOXOBaTOCTI/I Ha CTCHKE pr6bl; M, 7" - OTCHHUTBIBACTCS OT OCH pr—

OBbL.

121



B.I" Anues, 3.1. Anues, A.®D. 3eunanosa

[Tpu 3TOM mosaraeM, 9To CKOPOCTh Y OCHOBAHMS BBICTYIIOB IIEPOXOBATOCTH PABHAETCS HY-
JIFO ¥ 4TO 3III0pa paclpeeeHnsl CKOpPOCTel NepeceKkaeT YCIOBHYIO JIMHUIO, IIPOXOIYI0 MO Bep-
[IMHAM [IepPOXOBATOCTEH B KOHIIE OTpe3Ka, OTCYUTHIBAEMBIM OT Hauajia KoopauHat (puc.l).

[pu r = roumeem U, = U, 1 ypaBHenue (12) npuHuMaeT BUa

1l
=U, (%) (13)
Paznenus (12) na (13) u pemas otHocutensHo Uy, monydynm
Uy = Up(1+2) 1 (14)

Janee u3 copmectHoro pemenus (12) mpu N = 8,45 u (11) naxoaum:
Uy _ 12,2a-169

Us | 845(a-2) (15)
C yuerom (15) ypaBaenue (14) npuBoauTcs K BUAY:

Ur _ 845(a=2) .1 To—T\ 1y

Uy 12,2a-16,9" i ) (16)

DTO M eCTh ypaBHEHHE pacIpe/ie]IeHHsI CKOPOCTEH B KPYTJIOH TpyOe ¢ y4eTOM BBICOTHI BbI-
CTYIIOB IIEPOXOBATOCTH.

B xadecTBe KOHTpOIISI COOIIOIEHUS TPAHUYHBIX yciioBuil u3 (16) npu r =17, + 4, T.€. y oc-
HOBaHUS BBICTYIIOB HIEPOXOBATOCTH, moiydaercss U, = 0; mpu r = 7, 9YTO COOTBETCTBYET BBICOTE

BbICTYNOB miepoxoBatocth, U, = U, u ypaBHenue (16) mpuHUMAaET BU/
Us _ 845(a-2) (17)
U, 122a-169
OpHMM U3 BaXXKHBIX MapaMEeTPOB B YPaBHEHUHU paclipeneieHus ckopocteil (16) sBisercs
MOKa3aresib CTETNEHHU 0, KOTOPBIH, Kak ObUIO OTMEUEHO BBIIE, UMEET IepeMeHHoe 3HaueHue. [1o-
3TOMY HUMeEET OOJIBILIOE TEOPETUYECKOEe M MPAKTUYECKOE 3HAUCHHE OIpe/esIeHHe BEIMYHHBI 3TOrO
napamerpa.
Jlnst petieHust 3TOM 3a/1a4M BOCTIONb3YeMCs TPaHUYHBIMU yCIOBUsAMH ypaBHeHus (16). Taxk,
npu r = 0 ckopocth U, COOTBETCTBYET CKOPOCTH Ha OCH TPYOBHI, T.e. umeet mecto U, = U, u ypas-

HeHue (16) BeIpakaeTcs CIICAYIONUM 00pa3oM:

_ 845(a-2) Toy 1o
1= 12,2a-16, 9( i ) (18)
JlorapudmupoBanue Beipaxkenus (18) MpUBOIUT HAC K YpaBHEHUIO
To—A, 12,2a-16,9
Eg’(T) =alg 8,45(a—2) (19)

1 1
[To-mpexuemy a = (1+ ;) (2+ ;)
Vpasuenue (19) naer BO3MOKHOCTb Uil onpezesieHus 3HaueHusi. OJTHaKO BBUAY CIIOKHO-

CTH 3TOTO BBIPAXXCHHS aHAJIIMTUYECKOE OMNpEesIeHue 3HAYeHHs BCTPEYAeTCs ¢ TPYAHOCTSAMH, TaK
Kak pemath ypaBHeHHe (19) mpuxomurcs HOI[60pOM [Toaromy ypasuenue (19) rpaduueckn n300-

paskeHO Ha puc. 2 B BUIE QYHKIHU 0=

YeHHE NapameTpa o, €CJIH 110 OCH a6CIII/ICC OTJIOKUTH Jiorapumsl oTHOWEHUS (1, — A)/A, a Ha ocH
Op/IMHAT HAaXOJUTh COOTBETCTBYIOIINE UM 3HAUCHHUS O.

JpyruMm BayKHbIM IapaMeTPOM JJIsl ONpeesIeHUs IPOIYCKHOM clIOCOOHOCTH TpyOOoIpoBoaa
aBisieTcst ko3 dunueHt conporusieHus (apcu) A TpyObl IBHKEHUS TOTOKA.

Conpomuenenue 08uxyceHUul0 NOMOKA 6 Kpy2nvlx mpybdax. JlocTtoBepHOe orpejenieHue
K03(pULIMEHTa CONPOTUBIIEHHSI IBUKEHUIO TOTOKA 3aBUCUT OT CTENEHU TOUHOCTH UCXOJHOIO ISt
3TOTO YpaBHEHHS PACIIPEeNICHHsI CKOPOCTEH BJIOJIb pajinyca TPYyObl.

122



Hoeas memoouxa pacuema nponyCKHblX cnocobnocmetl 3AKpbvIintblx OPpOCUMENbHBLX cemell ...

Jlo Hacrosimero BpPEeMEHH JUIS BIIOJHE PA3BUTOTO TYpOYIEHTHOTO TEUYCHHUS, T.C. IS
KBaJIpaTHON O0JIACTH CONPOTHBIICHUS, 32 UCXOJAHOE B OCHOBHOM IPHHUMAJICS JIOTApUPMHUICCKUH
3aKOH pacrpeneieHus] CKopocTeld. M3 3Toro 3akoHa, ¢ y4eToM OINBITHOrO yrouHeHus Hukypanse,
MOJTy4E€HO BBIpaKeHHE Tt KO UITMEHTA A B BHIE:

L _ s e
==20g2 + 174 (20)

OTa 3aBHCHMOCTH B JJAIbHEHIIIEM HaMH OyZeT UCTIOJIb30BaHa /Il OLIEHKH MPOIYCKHOM
CHOCOOHOCTH TPYOOITPOBOA B CPAaBHEHUH C PEKOMEHAYEMOI HaMU 3aBUCUMOCTBIO IS OTpeerne-
Hus K03 dummenta Jlapcu A.

Jyis perieHus 3To# 3a1a9M BOCIIONIb3YeMCS OOIIEU3BECTHBIM BhIpakeHHeEM [ 13]

Uo= Ugp + 3,75Ux (21)

Torna, npupasnsiB (11) k (13), ¢ yuetom (21) 1 cooTHOIICHHS

Uep _ 242 (22)

U, V2
MOJKHO TTOCJI€ HECJIOKHBIX TTPE0Opa30BaHU MOYIUTh (YOPMYITY JUISl ONIPEICIICHNST 3HAYCHHSI KO-

s duIMeHTa ruIpaBIMyeCcKOro TpeHHs! (COMPOTUBIICHHS ) A B CIIEAYIOIIEM BH/IE:
1

loia— 1 (23)

(a-2)[1-G P

3neck o ompexaensieTcss U3 rpaduka puc.2. mpu

S
\

To—A
M3BECTHOM 3HAYCHHUH fg"T, a 3HAYCHHE 0 — U3 BbIpa- |

xenus (8). Takum 06pa3zom, Mbl TIONYUUITU COBEPIICHHO

HOBOE ypaBHEHHUE (23) ans ompeseseHus: 3Ha4YeHUs KO-

S - v WO

3G GULMEHTa THAPABINYECKOTO TPEHUs A, IO3BOJIIIO-

M€ TOIYy4uTh 00Jiee JOCTOBEPHBIE U peallbHble 3Haue- 5 /

HUs 3TOoro Kosdduuuenta. YpasHenue (23) nmaer Bo3- 4

MOKHOCTh ONPEACTUTh BEIUYMHY KOA(PPHUIUEHTA THI- ; /

paBimueckoro Tpenus ([apcw) mis TpyO JrOOBIX Tua- )

METpPOB TPH M3BECTHBIX 3HAYEHUSX BBICOTHI BBICTYIIOB 0 N

X HICPOXOBATOCTH. To—4

123455789£g,‘4

JlocToBepHOCTh ypaBHEHHUs (23) KOCBEHHO MOJ-
TBEPIKIAETCSl TEM, UYTO YpaBHEHHE pacTpeesieHUs] CKO- Puc.2. I'pagpux sasucumocmu a=f(%) onst
pocteit (7) JOBOJIBHO TOYHO COOTBETCTBYET pEabHOMY HanopHeix mpyonposodos
pacmpeesieHuI0 CKOPOCTeH M0 CEYSHHIO TPYOBI, MOITy-
yeHHbIX Hukypanse B pesynbTare TIIATEIBHO MOCTABICHHBIX YKCIIEPUMEHTAIBHBIX HCCIIEIOBAHMUM
no ux u3Mepenuro. Uto kacaercs ypaBHeHus (16), To OHO sBisieTCs pa3BUTHEM ypaBHeHUsA (7) ¢
Y4EeTOM 30HBI IBHKCHUS ITOTOKA B IPEEIIax BHICOTHI BBICTYIIOB IEPOXOBATOCTH.

Conocmaegnenue pezynbmamog pacuiema Kol(puyuenma conpomuenenus no panuy-
HbIM hopmynam.

Kak ObU10 OTMEUEHO BBIlIE, OJHUM W3 OCHOBHBIX IApaMETPOB, OT JOCTOBEPHOIO OIpejie-
JICHUsI KOTOPOTO 3aBUCHT TOYHOCTH OMNpPENENICHHUs pacXoia BOABI, CIY)XUT KO3(GHULUEHT COmpo-
TUBJICHUS pyCIa ABMKEHHIO NMOTOKA (koadduuueHt Japcu) A. ITOT KorhGULMEHT HalIeH, HCXOAS
13 Jorapu(MUYECKOTo 3aKOHA pacrpeneieHus ckopocteit (16) — u3 ypaBaenus (23).
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Ecnu npoananu3upoBaTh 3T (HOPMYIIBI, TO MOKHO YBHJIETh, UTO JUISI TJIaKUX TPYO, KOraa
A=0 u3 morapudmuxu (20), momygaercs: A=0, 9ero He MOKET OBITh, TAK KaK a0COJOTHO TJIAIKUX
MOBEPXHOCTEH, 0COOEHHO CTEHOK TpYO, HE ObIBAET.

Uro kacaercs Hamrero ypaBHeHHs (23), To 3mech mpu A=) MBI UMeeM BBIpaXCHHE IS

OTIpeJICIICHHS COMMPOTHURIICHHUSI IBFOKCHUS TIOTOKA B TIAJIKUX TPyOax B BUC
1 _ 266

\/_7 a—2 (24)

B 3TOM BBIpakeHHH BCTYMAIOT B JICHCTBUE BS3KOCTHBIC XapaKTEPUCTUKHU MMOTOKA, U 3HAYE-
HUE A, BXOZAAMIETO B (8), MOMKHO OMPENENSIThCS C YUETOM ITHX XapaKTEPUCTHK (3TOT BOMPOC B
JTaHHOM paboTe He paccMaTtpuBaercs). OIHAKO 3TO OOCTOSTENHCTBO TAKKE CBUAETENBLCTBYET O
HECOBEPILECHCTBE JOTapu(pMHUIECKOTO 3aKOHA paclpeeleHUs] CKOPOCTel M BHITEKAIOIIEH U3 Hero
dbopmyisr (20).

B namewm jxe ypaBHenuu (16) 1 BbITEKAIONIEro U3 HETO BbIpakeHUs (23) 3TH HEOCTATKH
MOJTHOCTBEO OTCYTCTBYIOT, UTO CBHJIETEIBCTBYET O 00Jiee KOPPEKTHOM DEIICHUH 33aadd B STOM
ciryyae.

Hcxons u3 3TOro KpaTkoro, HO MPUHIMITHAILHOTO aHAN3a, MPEJICTABISIET HHTEPEC CPaB-
HEHHUE Pe3ysIbTaToB pacuera mo ¢opmynam (20) u (23), Tak Kak OT BeTUUUHBI K03 dummenta A Bo
MHOTOM 3aBUCHT IIPOITYCKHAs CIIOCOOHOCTH TPyOOIIPOBOIA.

Jlnst pacyera paccMoTpuM TpyObl aByX auamerpoB: d = 100 mm u d=1000 mm. OT™eTHM,
4To TpyOBI ¢ ArameTpoM 0=100 MM HauboJIee YaCTO MPUMEHSIIOTCS P MOHTaKE MPOIPECCUBHOM
TexHUKH mojuBa. Pacuer mms tpyo ¢ d=1000 MM paccmarpuBaeTcst sl CPABHUTEIBHOU OIECHKH
3Ha4yeHui A. TpyObl TaKOro Tuamerpa TakKe YacTo MPUMEHSIOTCS Ul BOJOCHAOXKECHHUS U APYTHX
neneit. [Ipu pacueTax pacCMOTPUM HECKOJIBKO BAPHAHTOB C PA3NWYHBIMHM 3HAYEHUSIMH BBICOTHI
BbIcTynoB mepoxosaToct A: 0,01; 0,005; 0,001; 0,0005; u 0, 0001 m.

[Ipu sToM st onpenesenust 3HadeHust A popmyisl (20) u (23) npuBesreM COOTBETCTBEHHO

K BUILY:
B 1
(26g~2+1,74)?

(25)

N[ =

(@-2)[1-(;57)"]

) (26)
a—(a—z)[l—( A )2]

ro+A4

A =0,565{

Toraa ast Tpy6st ¢ d =100 mm (1,=50 mm) ipu A=0,01 M 10 popmyite (25) Haxoum:
j— 1 —

N 0,05 2
(2bg55; +174)

Jnst onpenenenus 3Ha4eHUs A 1o Gopmyse (26) HeOOXOIMMO 3HATH BEIIMYHMHY TTOKA3aTels

0,05+0,01
=0,778
0,01

a. [Tostomy, 3nas 1, = 0,05 m u A= 0,01 m, HaxoauMm: {igr":A =lg
3Has ng"A—M = 0,778, u3 rpaduka puc.2 HaxoauMm 0=2,15.
1 1

2,15)(2+z,15) =36

Jlanee npu moMorm ypaBHeHus (26) onpenensieM 3HadeHue KodpdummenTa A:
0,0
(3,6—2)[1—(0_0T(1)_01)1/2'15

0,01
3.6—(3.6—2)[1—(m)1/2r15

Torpa u3 (8) 6yaem umets: o = (1 +

A=0,565{ 12 = 0,064

3naveHus A o Gpopmynam (25) u (26) mpu d = 100 M npuBoasTcst B Tadwmie 1.
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Tabnuua 1.
A M %0 T+ A gg% o a A 1o opmysiam (25),(26)
A
0,01 6 0,778 2,15 3,60 0,1000 0,064
0,05 10 11 1,040 2,50 3,20 0,070 0,043
0,001 50 51 1,708 4,00 2,81 0,038 0,027
0,0005 100 101 2,000 4,40 2,73 0,030 0,025
0,0001 500 501 2,700 5,60 2,57 0,020 0,017

W3 paccMoTpeHust pe3ysbTaToB pacueTa, IPUBOAUMBIX B Ta0Il. 1., BUAHO, YTO BO BCEX CIIY-
yasx 3HaueHrue Kod(PQPHUIMEHTOB COMPOTUBICHUS TPEeHHs A MO Hamieh gopmyie (26) moiydaercs
MeHbIIE, YeM 1o Gopmyiie (25), XOTsI ¢ yMEHBIIIEHUEM BEJIMYMHBI BHICTYIIOB IIEPOXOBATOCTH 3HA-
YeHHS A, OmpeeNseMbie TIo o0enM (opMyiiaM, MPHOIMKAIOTCS apyr K aApyry. CremoBaTelbHO,
MPOITyCKHAasi CIIOCOOHOCTh OJJHUX U TEX K€ TPyOONpoBOAOB 1O Haiiel ¢opmyie (26) momyyaeTcs
OosbIe, ueM 1mo gopmysie (25), Tak Kak A TIpH OTpeAeTICHUH pacXxoa BOJIbI BXOJIUT B 3HAMEHATEITh

ypaBHEHUS
Q=W-Vyp=W /87‘9-1'1’0

AHAJIOTHYHBIC PAaCYeThl BBITOJHEHBI U 151 TpYO ¢ auamerpom d = 1000mM (Tabiuia 2).

(27)

Tabnuua 2.
A M %0 n+4 Eg)% a a L o opmymam (25),(26)
A
0,01 50 51 1,708 4,08 2,80 0,037 0,027
0,05 100 101 2,004 4,60 2,70 0,030 0,023
0,001 500 501 2,700 5,60 2,57 0,020 0,017
0,0005 1000 1001 3,000 6,05 2,52 0,017 0,015
0,0001 5000 5001 3,700 7,00 2,45 0,012 0,012

Kak BunHO 13 maHHBIX Tabn.2, B 3TOM CiIydae 3Ha4eHHe A 1o Hamel ¢opmyre (26) momy-
YaeTcs CYHIECTBEHHO MeHbIIe, 4eM 1o dopmyne (25), u Iuib

Opd OYEeHb MalblX BelM4MHaX A (B JaHHOM Ciydae IIpH A
A=0,0001 m) 3Hauenus A mo ¢popmynam (25) u (26) coBnagaroT. 0.17
Jlyis GoubIie#t HArSIMHOCTH JMaHHbIe Tabn.l u 2 rpadu-
YeCKH M300pakeHbl Ha puc. 3 U 4, IPUBOAMMBIX HIKe. W3 aThX 013
PUCYHKOB 9€TKO BHIHO, 4TO 10 (opmyie (26) 3nayenue A Bce- %07
r7a Mojyyaercsi MeHsble, yeM 1o Qgopmyne (25), u nmumb npu 0,05
BEChMa MaJIbIX 3HAYCHHSIX A OHU MPHOIIKAIOTCS IPYT K IPYTY. 001 | "

60 7.0 80 90 10,0

Puc.3. I'paghux pynxyuu 1 = f(o) onn
21a0Kux mpyo

OnHako 3TH MPUOJIMKEHUS HOCAT CIIydyallHbIX XapakTep, T.K.
JUIS TTIAAKKUX TpYO, T.e. pu A= 0 mo popmyne (25) A=0, yero He
MOXeT ObITh, Hama (opmyna (26) ynpomiaercs U MPUHUMAET
BHL:
A=0,14(a-2)? (28)
B pa6ore I'. Hlnuxtunra [13] npuBoastces rpaguku cpaBHEHHs pe3yIbTaTOB pacyera JUls
IIaIKUX TPYO M0 CTEIEHHOMY 3aKOHY PAaCHpeesIeHUsl CKOPOCTEH ¢ JaHHBIMU SKCIIEPUMEHTAIbHBIX
W3MEPEHUH, I/1e 3HaYeHUs [ToKa3aTessl o MOAOUPAINCH C YyYETOM HauOOJIbILIEr0 COOTBETCTBUS pac-
YETHBIX M OIBITHBIX 3HAYEHWM CKOpPOCTEHN npyr npyry. IIpm 3TOM OKa3aiock, 4TO MEHBIIEMY 3HA-
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qennio umcna Peiinonbaca Re cooTBeTcTBYeT MeHbIee 3HaueHue o. Tak, npu Re = 4:10° 3nauenne
0=6; Re=2,310% 0= 6,6; Re= 1,1-10°, 0=7,0; Re= 1,1-10°%, 0¢=8,8; 11 ipn R = 210% u
Re=3,2:10% a=10.
Onpenenum 3HaueHue koddduumenta Japcu A i riagkux TpyO MpU NpHUBEIECHHBIX Be-
JMYUHAX 0, TIOJYYEeHHBIX U3 SKCHepUMEHTOB. [ 3Toro npexze onpenenum 3nadenue a. Cormiac-
HO BbIpaKeHUIO (&) mpu =6 umeem:

a=(1+3)(2+) =311

OnpenenenHble TaKUM 00pa3oM 3HaueHUs a U o 1o ¢popmyie (28) mpuBoasTcs B Tadbuuue 3.

Tabauua 3.
o 6,0 6,6 7,0 8,8 10,0
a 3,11 2,48 2,45 2,35 2,32
A 0,172 0,0323 0,0284 0,0172 0,0135

Jannbie Tabm.3. rpaduueckn m300pakeHsl Ha puc.3. Kak BUIHO U3 3TOTO PHCYHKA, 3Ha4Ye-
HUE A UMeeT HauOoJIbIlee 3HAaUCHUE TP A=0, a 3aTeM Pe3KO IMaJaeT U UMEET pealibHbIe JIJIs Tial-
KHUX TPYO 3HAUEHHS MPH O = 7, TaK KaK B MIIAJKUX TPyOax K03((HUIMEHT CONPOTUBJICHUS A HE MO-
KET UMETh Tak)Ke OOJbINNE 3HAYCHHSI, KOTOPhIEe HMEIOT MecTo mpu A > 7,0. Takum oOpaszom, Hare
ypaBHeHue (23) wiu (26) HOCUT 00U XapakTep 1Mo cpaBHEHHIO ¢ (hopMyioi (25) u oTiiHyaeTcst
OT Hee CBoel 0oJiee BHICOKOM TOUHOCTBIO U JJOCTOBEPHOCTHIO BHIZIABAEMBIX PE3yIbTATOB.

A T A T
0.08 \ 0,04 :
0,06 2/ 0,03 2/
0.04 >\\ 0,02 >\\
) — e
0,02 0,01
0,00 0.00
. Te—4 T To—4, To
05 1 15 20 25 Eg“T; ng 20 25 30 35 {g=—lg-
Puc.4. Kpusvie 3asucumocmu A = f(é’gr‘jA,' t’gz—“) no gopmy-  Puc.5. Kpusvie 3asucumocmu A = f([gr"A_A; [gZ—“) no gopmy-
aam (36a) — 1 u aam (36a) — 1 u
(39a) — 2 onst mpy6 ¢ ouamempom d = 100mm. (39a) — 2 onst mpy6 ¢ ouamempom d = 100mm.

BosBpamasics k Tabi. 1 u 2, n300pa3um ux pe3ynbTaThl rpaduuecku Ha puc. 4 u 5. U3 atux
PUCYHKOB BUIHO, YTO 3HaYeHMs A 1o Haweil gopmyne (26) Bceraa moay4yaroTcsi MEHbIIE, YEM T10
dopmye (25) u nuib MpyU BeCbMa MaJIbIX 3HAYEHUSIX A OHM NpHOIMKAIOTCA ApYT K Apyry. Takoe
MOJIO’KEHUE TOBOPHUT O TOM, YTO, IIPH MPOUYMX PABHBIX YCIOBUAX, IPU OJHOM U TOM K€ AHUAMETpPE
TpyOBI TIPOITyCKHAsI CIIOCOOHOCTH €€ M0 Hamiel GopMyre MoIyqdaeTcs CyIIeCTBEHHO OOJbIIe, 4eM
o ¢opmyie (25) uinu OIMH M TOT KE PACXO]] BOJBI B HAIIEM CITydae MOYKHO MPOITYCTHTH 110 TPyOe
C MaJIbIM TMaMeTpoM, 4eM 1o popmyie (25).

[Tokaxkem ckazanHOe Ha mpumepe pacuera. [Ipu pacyerax TpyOOIPOBOIOB B IEPBYIO OUe-
penp ornpenenseTcs 3HadeHne Kod((UIMEHTa COMPOTUBIECHUS A. DTOT BOIPOC HAMH PacCMOTPEH
BBIIIIE, PE3yIbTATHl PACUCTOB MPHUBEACHBI B Ta01. 1 u 2 coorBeTcTBeHHO s TPYO ¢ d = 100 MM 1
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d = 1000 mm. [lanee paccMOTpHM pELICHHE 3a7audl O MPOIYCKHOHN criocoOHocTH TpyOsl ¢ d=100
MM IIPU 3HaYEHUHU BBICOTHI BBICTYIOB IIepoxoBaroctu A=1,0mm.
H3BecTHO, 4TO CKOPOCTH BOABI B TPYOE ONPEEINISETCS U3 BBIPAKEHHUS

V= /879 iR (29)
rae R - ruapaBIdyecKuil pajnyc, M.

Ecim Mb1 0003HaunM 3HaueHHe Kod(duimeHTa CONpOTUBICHHS, MOJYICHHOTO W3 JIOTa-
pudmuueckoir popmyiiel (25) A, a mo Hameil popmyse (26) Ay, TO P OJHOM U TOM K€ YKJIOHE
TpyOOIpOBOAA i MOKHO COOTBETCTBEHHO HAITUCATh

V= /i—g iR, (30)

V, = i—f iR, (31)

Torna, paznenus (31) Ha (30), Oynem UMeTh:

V2 21 R
TRl s (32)
W3 5TOTO BBIpAXKEHUSI MOKHO MOTYYHTh!
Vo=V 72 (33)
[onmoxwum, 9TO ¢ TOMOIIL TPYOONIPOBOIA T0KAECBATIBHBIM ANIapaToM MOJAaeTcsl BOja, pac-
XO0JI KOTOpO#l HeoOXomumo ompeaeiuts. Juamerp tpyoonposona d; = 100 MM (Hapy>KHbIH aua-
metp) dy = 108 MM 1ipu TomKHE cTeHKH t = 4,0 MM), BBICOTA BBICTYITIOB miepoxoBaroctd A; = 1,0
MM. JIJ1s1 5TUX TaHHBIX 3Ha4YeHUE A4, Mo hopmyie (25) cocraBmstor A; = 0,038, a mo popmyre (26)

A,= 0,027 (cm. Tabmn.1). Ilpunumaem 3HadeHuem ykiona i = 0,01. Torma mo dopmyne (30) cko-

POCTh BOABI B TpyOOMpoBoae OyaeT
= [og ;e
V= 7 a (34)

IloncraBnsis COOTBECTCTBYIOIUC 3HAUCHUSA TaAPAMCTPOB, IMOJIYUUM:

Vy = /3238; +22-0,01=2,27 m/c

C yuerom 3nauenus A, = 0,027 no nameii popmyie (26) u3 (33) npu R;= R, OyIeM UMETh:

V,=227 [228-9 69 m/c

0,027

Teneps omnpenenrM MPOMyCKHYIO CIIOCOOHOCTH TPYOONpPOBOA MPH pacueTax Mo Jorapud-
MHUYECKOMY 3aKOHY pacrpeneneHust ckopocrteit (V1=2,27 M/c) U NOIy4eHHOMY HAMH CTETIEHHOMY
3akony (V2= 2,69 m/c). CoOTBETCTBEHHO OYZIeM UMETh:

Q1 = WV, = 7> V, = 3,14-0,05%2,27=0,00786 m°/c

Q. = WV, = rir® V, = 3,14-0,05%2,69=0,00931 m°/c

Taxum 00pa3om, MpOMmycKHasi ClIOCOOHOCTH TPYOOITPOBOJIA COTIACHO JOTaPUPMHUIECKOMY
3aKoHy cocTaBisger Qi = 7,86 11/c U 1Mo MpeIaraeMoMy HaMu cTerieHHOMY 3akoHy Q= 9,31 /c. A
3TO O3HAYAET, YTO B HAIIEM CITy4ae MPOIYCKHas CIOCOOHOCTH TPYOONpoBoIa noyyaercs Ha 18%
0oJbIlIe, UeM 1o JorapudmMuyeckoii popmyie.

Ecim npuHATE 32 TPOMyCKHYI0 CIOCOOHOCTH TpyOompoBoaa Q1 = 7,86 1/c, momydeHHy0 Ha
OCHOBE PacYeTOB I10 JOTapUPMHYECKIM 3aBUCUMOCTSIM, TO 3TOT K€ PACXOJ MIPU CKOPOCTH MOTOKA
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B TpyOomposoje ¢ d=100 mm paBHO# V= 2,69 M/c, MOTYYSHHOM O HAIICH CTETIEHHON (hopMyJie ¢
HEKOTOPOH HE3HAYUTEIHLHOM TOTPEITHOCTHIO MOYKHO MPOITYCTUTH IO TPYOOIIPOBOY C THAMETPOM

dy=2 /i: 2 /M=0,061 M
Vv, 3,14-2,69

Oromy BHyTpeHHeMy nuameTpy TpyOst mo ['OCT 10704-76 cooTBeTcTBYeT Tpyda ¢ HapyX-
HeIM auameTpoM d, = 70 MM u ToImUHON cTeHKkd t = 4,0 MM. Dta TommmHaa t = 4,0 MM mpuHATA
OJIMHAKOBOM ¢ ToyuHOM cTeHkH TpyOsl d = 100 MM (d; = 108 MM), 17151 yioOCTBa CpaBHEHUSI.

Ecnu Tenepb cpaBHUTH BEC OJHOTO MOTOHHOTO MeTpa TpyOs! ¢ d; = 108 MM 1 dp = 70 MM ,
TO MOKHO YCTaHOBHUTb SKOHOMUYECKUH 3(PPEKT OT mpuMeHeHHs B pacueTax Hamiei Gopmyiisl (26).

Cornacao I'OCT 10704-76 1 nm tpy6s! ¢ d; = 108 MM Becur 10,26 kr, a ¢ d; = 70 mm —
6,51 xr. Torma skoHOMHs MeTayla Ha | M TpyOBI MpH pacueTax mo Hamed dopmyne (26) 1o
cpaBHeHUIO0 ¢ hopmynoit (25) coctausier 10,26 — 6,51 = 3,65 «r.

Takum 00Opa3oMm, eciau B CTpaHe B TEUEHHE OJHOTO T0Ja MPH CTPOUTEIHCTBE 3aKPBITHIX
OPOCHTEINIbHBIX CeTel JPYruxX KOMMyHHKaimii ucrons3yercs 500 km tpy6 ¢ dy = 70 MM B3ameH
Tpy6 ¢ dy = 108 MM, TO oOllee KOIMYECTBO COIKOHOMIICHHOTO Metania coctaBut 500000. 3,65 =
1825000 xr nnu 1825 TH.

B Hacrosiiiee BpeMs HET cTaOWIBHBIX IIEH HAa MaTepUalbl, OHM YaCTO MEHSIOTCS B OCHOB-
HOM B Oonbiryro cropony. OnHaKo, eciy B3sTh CTOMMOCTh | T MeTalja Mo HBIHEIIHHM IeHaM
(rpy60) 20000 maHaToB, TO 00IIIast SKOHOMHUYECKast 3PPEKTUBHOCTh OT pUMeHEHus Tpyo ¢ d; = 70
MM Tpy0 BMecTo d= 100 MM 110 HaIIMM PEKOMEH/IALIUSIM, COCTABHT:

2 = 1825 - 20000 = 36500000 manaToB, wiu 36,5 MJIH. MAHATOB. DTO SKOHOMHUSI, [TOJIYUEH-
Hasi B CTOMMOCTH MaTepUaJIOB.

OaHaKo MOKHO MOACYUTATh SKOHOMHMIO U B PYTOM BapUaHTE, 3aKIFOYAIOIIEMCS B TOM, YTO
3a cYeT MojauyM BojbI 1o TpyOe ¢ d,; = 108 MM B koamuecTBe 9,31 J1/c, 10 HallleMy METOy pacueTa,
7,86 1/c mo norapudmuyeckum (HopmynaM MOKHO YBEIHUUTH IJIOUIAJM OPOLIAEMBIX KYJIbTYp U
MOJYYHUTh JOTOJHHUTEIbHYIO CEIbCKOXO3SHCTBEHHYIO MPOJYKIHNIO, 00ecneunTh OOoJbIIee YHCIIOo
HACEJIEHHBIX MYHKTOB, IPOMBIIIJIEHHBIX NPEAIPUITHI NUTHEBON U TEXHUYECKON BOJION U MOJCUU-
TaTh B CBSI3U C 3TUM SKOHOMUYECKHH 3P PEKT, KOTOPBIH OKaKeTCs BeChbMa 3HAUUTEIbHBIM. MOKHO
OCYIIECTBUTH PACUYETHI U ISl APYTHX JUAMETPOB TPYO U Ul KaKIOTrO JHaMETpa ONPENeIUTh KO-
HOMUYECKYI0 3()()eKTUBHOCTh OT NMPUMEHEHMs Halllero Meroja pacuera. Takum obpa3zom, npume-
HEHUS MPEJNoaraeMoro HaMu MeTo/Ia pacyeTa Mo ONPEENIEHUIO MPOITYCKHOM CIIOCOOHOCTH, TPY-
OOTIPOBOIOB 3aKPHITON OPOCUTEIBHOIN CETH, MOKA3bIBAET UX BBHICOKYIO JOCTOBEPHOCTh U B CBSI3U C
3TUM OOJBIIYIO YIKOHOMUYECKYIO d(PPEKTUBHOCTh CETBCKOXO3IUCTBEHHOTO MPOU3BOJICTBA U JPY-
THX OTPACIISAX Mpou3BocTBa [8-15].

3akiouenue. Bee Oosee mumpokoe npuMeHeHHe BojocOeperaroneil TeXHUKH MM0JIMBa Bbl-
3BaJI0 HEOOXOJAMMOCTH JIOCTOBEPHOTO OMpPEAENICHHs TPOIYCKHON CIIOCOOHOCTH HAMOPHBIX TPYOO-
MIPOBOJIOB 3aKPBITOM OPOCUTENIbHOM CeTH. B CBA3M ¢ 3THUM IyTeM TEOPEeTHYECKHX HCCIIEeI0BaHUI
BBIBEJICHA TIPUHIIUIHAILHO HOBAsi METOMKA pacdyeTa 3aKOHOMEPHOCTH paclpeIeTeHHsI CKOPOCTEH
B KPYTJIBIX TpyOax, Ha 6a3e KOTOpOii moydeHa HoBasi (hopmMysia JUIsl OTPEACTICHHs COTTPOTHUBICHHS
JBIKEHHIO TIOTOKA B TpyOax, 4TO JAa€T BO3ZMOXKHOCTb JJISi JOCTOBEPHOI'O OIpPENEICHUs MPOIyCK-
HOM CITOCOOHOCTH TPYOOIPOBOIOB 3aKPHITOM OPOCUTEIHLHON CETH.

3T0, B CBOIO OYEPE/Ib, AACT BOZMOKHOCTH Il MOIIIHOTO NOIbeMa CEbCKOX03IHCTBEHHOTO
MPOU3BOJICTBA, & TAK)KE CIKOHOMUT MOJUBHBIE TPYOBI ISl SKCIUTyaTalliM CUCTEM OpPOIICHHUS MPHU
OCTpPOM JIe(UIUTE BOJBI B PECITYOIIUKE.
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Hoeas memoouxa pacuema nponyCKHblX cnocobnocmetl 3AKpbvIintblx OPpOCUMENbHBLX cemell ...
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BAGLI SUVARMA SOBOKOLORININ SUOTURMO QABILIYYSTININ MUY YONLOSDIRILMOSININ
YENI USULLARI VO DOYiRMi BORULARDA SURSTIN YAYILMASININ MUNTOZOMLIYi

B.H. OLIYEV, Z.H. SLIYEV, A.F. ZEYNALOVA

Moagalada gapah suvarma sabokasinin tazyiq boru kemorlorinin 6tiirma gabiliyystinin miiayyanlagdirilmasi oks olunmusdur.

Dayirmi borularda siirstin yayilmasinin miintazemliyinin hesablanmast iiciin osasli yeni metod ortaya goyulmusdur. Homin metod
osasinda axina garsi borularda yaranan miigavimati miioyyanlosdiran yeni diistur alinmigdir. Oz névbasinds bu gapali suvarma
sobakasinin boru kamarlarinin 6tiirma gabiliyystinin etibarh sokildo miiayyan etmok imkanini yaradir.

Acar sézlar: suvarma sistemi, otiirma qabiliyyati, sirat bolgiisii ganunu.

NEW METHOD OF CALCULATION OF PASSAGING ABILITIES OF CLOSED IRRIGATION NETWORKS
AND REGULARITY OF SPEED DISTRIBUTION IN ROUND PIPES

B.G. ALIEV, Z.G. ALIEV, A.F. ZEYNALOVA

The article shows the definition of the throughput capacity of the pressure pipelines of the closed irrigation network. A fun-

damentally new method of calculating the laws of velocity distribution in round pipes was derived, on the basis of which a new formu-
la was obtained for determining the flow resistance in pipes, which makes it possible to reliably determine the throughput capacity of
pipelines of a closed irrigation network.

Keywords: irrigation system, throughput, law of velocity distribution.
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