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INPUHYAUTEJIBHOE OXJIAKAEHUE TPUBOCUCTEMbI

JIEHTOYUHO-KOJIOJOYHOI'O TOPMO3A BYPOBOH JIEBEJIKH
(uacts IV)

A.X. JDKAHAXMEJIOB®, H.A. BOJIbYEHKO ', 3.C. [INPBEPJIUEB’,
JI.A. BOJIbYEHKO ", B.C. CKPBIIIHBIK ~, B.M. UY®VYC"™

B crathe paccMmaTpuBaeTCs NIPUHYAUTEIBHOE OXJIAKACHHE TPUOOCHCTEMBI TOPMO3a C TMTOMOIIBIO
YKHUJKOCTH JINOO TTapOBO3YIIHOW CMECH, a TAKXKe JaeTcs IMPOEKTHas! OLIEHKA SHEPrOHArpyKEHHOCTH CO-
CTaBHOTO TOPMO3HOTO IIIKHBA.

Knrwouegvle cnoga: 1eHmouHO-KOI000UHBLI MOPMO3, Mpubocucmema, napvl mpenust, 0600 WKU6d, Ka-
Mepa ¢ AHCUOKOCMbIO, KOHGEKIMUGHDIL, KOHOYKMUBHBIU, PAOUAYUOHHBII Menio00-
MeH, JHCUOKOCMb, NAPOBO30YUIHAS CMeChb, KO3puyuenmvl menionepeoayu U ux
2paouenmul.

Beenenne. B 0eckOHEUHBIX IUIOCKMX U IWJIMHIPUYECKUX CTEHKAX paccMaTpUBAIOTCS J1Ba
TUIIA TPAHWYHBIX YCIOBHH — B OJHOM CIIy4ae Ha IOBEPXHOCTAX CTEHOK IOJAEPKUBAKOTCS IOCTO-

SIHHBIE TeMIIepaTyphbl l‘C1 u tcz (tcl > tcz ), a B APYroM — Hapy’KHAs TOBEPXHOCTH COCTABHOTO
000/1a MIKWBA MMOTOKAMH JKUJIKOCTH HJIM HAapOBO3JIYILIHOW CMECH ¢ Temmeparypamu [ & M t X,
(¢ x> ¢ )Kz) i [ 18, 1 t 118, (¢ 18, > t HBZ). ITpu 3TOM KO3 dULIMEHTEI TemIonEpenaun &) u &,

3a/aHbI B 000UX CTydasx. ILIoTHOCTH TerToBoro motoka ¢ = () / A (rze Q — kommuecTBO TemIO-

Thl, TEHEpUpyeMoe Ha paboueil MoBepXHOCTH 000/1a COCTABHOTO TOPMO3HOI'0 IIKHUBA; 4 — IUIOIAb
MIOBEPXHOCTH TPEHUS 000/12).

B pa6ote [1] 6bl1a npousBeaeHa oneHka 3()(PEKTUBHOCTH NPUHYIUTEIBHOTO BO3AYIIHOTO
OXJIQXKJIEHHS TEMIIEPAaTYPHBIM MeTo/I0M. M3BecTHO, YTO 00I11ee TEpMUIECKOE CONPOTHUBIICHNE TETI-
Jonepeaayy OnpeaessieTcs] BeTMIUHON

1 o 1
R=—+) L4+— (1)
A =l 2‘1 a,

rae 51. — TOJIILMHA CJIOS] CTPYKTYPBI; ﬂ,l. — K03((PUIMEHT TEIUIONPOBOAHOCTH CIIOSL.

AzepOaiimkanckas VmkeHepHas akageMus
* o v [
MBano-DpaHKoBCKHUI HATMOHATBHBIA TEXHMYECKUI YHIUBEPCUTET HepTH 1 raza (r. iBano-OpaHKOBCK, YKpanHa)
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O6IJ_I€€ COIIPOTUBJICHUC CKIAABIBACTCA U3 YACTHBIX — TCPMUUCCKOI'O COIIPOTUBJICHUA TCII-

JJOOTAA4YH Ra —— Hu Ra = —— " TCPMHYCCKUX COHpOTI/IBJ'IeHI/Iﬁ TCIIJIOMPOBOAHOCTU CJIOCB
1 2
6[1 6[2
R. =—t, O‘IGBPI,I[HO, YTO 3HAYCHHC R BCCriaa 60.]'[]91]_[6, yeM HauOoJIbIIee U3 3HAYCHUH COCTaBIIs-

1
i
IOLIUX €€ BeJIUYHuH [2].
Jlns uHTeHCU(UKALUU Terionepeaady HeoOXO0AUMO YMEHBUIMTh OO0Ilee COIpPOTHBICHHE
R 3a cuer nepsoro u tpethero ciaraemoro 3aBucuMocT (1) IMyTeM >KHIKOCTHOTO M IApOBO3-
JYIIHOTO MPUHYJUTEILHOTO OXJIaXKICHNS HU)KHEH 4acTH OCTaBHOI'O TOPMO3HOT'O LIKHBA.

¥
IMocTanoBka 3agaum. B 4 yactu paccMaTpuBarOTCs CIEAYIOIIUE BONPOCHL: MPUHYIUTEIb-
HO€ OXJXKICHHE KHIKOCTHIO M TMapOBO3AYIIHOW CMECHIO TPUOOCUCTEMBI TOPMO3a; MPOEKTHAs
OLIEHKa SHEProHarpyKEHHOCTH TOPMO3HOT0 IIKKMBA U €r0 MPOEKTUPOBAHHE.

Heap padothl. Pa3paboTka KOHCTPYKUMU NPUHYIUTEIBHOTO OXJIAXKACHUS TPHUOOCHUCTEMBI
JICHTOYHO-KOJIOJJOYHOTO TOPMO3a C MOCJIEAYIONIeH OLEHKOW ee HEePrOHarpyKeHHOCTH M Harps-
KEHHO-JIe()OPMUPOBAHHOTO COCTOSIHHUSI.

IIpunyauTeabHOE OXJIAXKIEHHE KHAKOCTHI0 W NMApPOBO3AYLIHOH CMechbl0 TpuOocHCcTe-
MbI TOpMO3a. OCOOEHHOCTHIO KOHCTPYKIIMU COCTABHOTO TOPMO3HOTO IIKUBA SIBJISETCS TO, YTO €r0
HIDKHSISL 4acTh 000pyIyeTcsi KaMepoi, B KOTOPO# B 3aBHCUMOCTH OT 0OIIel YHEPrOHArPYKEHHOCTH
COCTaBIISIONINX 000/a IIKKWBA TEIIOHOCUTEIh HAXOIUTCS B PA3IMYHOM TEPMOIMHAMHYECKOM CO-
CTOSIHHH.

Ha puc. 1 npountoctpuposansl stamnsl (VIII-XII) onpenenenus TemnoBoro 6agaHca BHYT-
PEHHHX U HapYXKHBIX MOBEPXHOCTEH MEpBOTO (@) U BTOPOTro (6) COCTAaBHBIX TOPMO3HBIX IIKUBOB
OypoBO# J1€0eKN MpPU UX HAarpeBaHUU, NPU €CTECTBEHHOM M NPUHYJIUTEIBHOM >KUJIKOCTHOM U
MapOBO3AYLIHOM OXJIKJIEHUU.

Bocemoii atan (VIII). B mpoMBIIUIEHHBIX YCTOBHUSX OMPEICIISIOTCS MMOTEPH TETUIOTHI Pajin-
AIIMOHHO-KOHBEKTUBHBIM TETNIOOOMEHOM IpPH BBIHYXKJICHHOM OMBIBAaHHM BO3IYXOM Hapy>KHOU

MaTOBOM MOBEPXHOCTH CTEHOK KamMepbl COCTABHOIO IIKMBA, a TaKXKe KOHIYKTHBHOI'O OTBOJA Tell-
JIOTHI KapKacoM KaMepbl OT HMKHEH 4acTU COCTaBHOIO TOPMO3HOro IIKKBA. IIpu 3TOM nepBslil 1
BTOPOI COCTaBHbIE TOPMO3HBIE IKMUBBI 000PYAYIOTCA KamMepaMu. B epBoM IIKMBE KapKac KaMepbl
HE TEIJIOU30JUPYIOT, a BO BTOPOM TEIUIOM30JIMPYIOT €r0 Hapy>KHble U BHyTpeHHHE cTeHKH. [lo-
CTYHArOT aHAIOTUYHBIM 00pa30M, KaK Ha TPEThEM 3Tale, U MOIy4aloT OTHOIICHHE TOBEPXHOCTHBIX

TeMIeparyp IepBOro (19 —t]) KO BTOPOMY (f,, —f,) WIKHBY C KaMepoii, KOTOPOE H OMpEeseT

A0JII0 TCIJIOTHI, paCCCUBACMYIO B OKPYXKAIOIYIO CPCAYy paarualluOHHO-KOHBCKTUBHBIM TennoodMe-
HOM, a TaK)XXC OLICHUBAIOT KOHHYKTHBHBIﬁ TEIJIOOTBO/JI OT HMXKHEN 4acTH 060)13 IIKKWBa B TCJIO Kap-

460-100
kaca Kamepbl. Tak, Hampumep, NPU COOTHOIICHMM YKa3aHHBIX TEMIEPATyp ——— =(),947

480-100
JIOJISl TETUTOTHI, KOTOPasi OTBOJUTCS TPEMS BHIAMH TEIJI00OMeHa OT 000/a IIKHUBA U €ro KaMephbl,
coctamiseT 5,3 % [3].

*
1, 2 1 3 yacTn OMyOIMKOBAHBI MTOCIEIOBATENHFHO B MPEABIAYIINX HOMepax KypHana «Bectaunk ANA»



IHpunyoumenvroe oxnasxcoenue mpubocucmemsl 1eHMOYHO-KOJIO000UYHO20 MOPMO3a OYPosoll iebedKu

ﬂ/ C - — 9 d? L | | | | g/ r — | , J/’ E — [ 9
N N
4 — \ % ===t = N ===
: NN @ R B g ® A=k
9/ z:) e —— b= T P
=7 = N ,
A I N~ I 5 = I A - T 1~ S B
ﬂ/ 0 | o 9 dj — — Y ﬂ/ E —l — - 9.} r ] 1 Y
N N )
i saasmes | 7 s \as
L EEEe—— 7l ® §L 777777777777777777 74 'g’zjj ORI @ =y ]
. | _—_ng ~—— — u L . L ] ___5/- s L —

Puc. 1 a, 6 — Smanwt (VIII-XI) onpedenenus meniogvlx nomeps 11eMEHMAMU COCHABHO20 MOPMO3HO20 WIKUBA NPU
DPAOUAUUOHHOM U CTLOHCHOM meniooomene: 17 — npope3u 6 Husichell wacmu 0000a; 18 — kpenesicnoii 6oam; 19, 20 — kna-
namwl: 6NYCKHOIL; ebinycKnoil; 21 — Kapkac Kkamepol; 22 — MenaoHoCUumens é pasiuiHoM COCHOAHUL

Jessateiii otan (IX). B mpoMBIIIIIEHHBIX YCTOBHUAX OMPenessitoT 3 (HEKTUBHOCTh KUIAKOCT-

HOT'O OXJIQXKJIEHUS, KOTIa 1BA TOPMO3HBIX IIKHMBA C KAMEPAMH SIBIISIIOTCS HATPETBIMU M HAXOATCS B
CTaTHKe.

BypoByto iebenKy OCTaHABIMBAIOT TIOCJIE LHMKIMYECKUX TOPMOXKEHHH JIEHTOYHO-
KOJIOZOYHBIMU TOPMO3aMH, UMEIOLMMH HarpeThle mapel TpeHus. B kamepbl cOCTaBHBIX TOPMO3-
HBIX IIKMBOB 3aJ1MBalOT 2/3 oObema xuakocTH. [Ipy 3TOM CTEHKH KaMepbl BTOPOrO TOPMO3HOIO
IIKMBA TEIUIOM30JUPYIOT. J{JIs OLIEHKH SHEProHarpy>kKEHHOCTH Ha JBYX LIKMBAaX 3aTSATHMBAIOT TOP-
MO3HBIE JICHTHl ¢ ()PUKIMOHHBIMU HAKJIAJKaMH U TI0 COOTHOUICHUIO M3MEPEHHBIX TEPMOIapaMu
IOBEPXHOCTHBIX TeMIeparyp ¢ (PUKIHOHHBIMU HaKJIaJKaMH U 10 COOTHOIIEHUIO M3MEpPEHHbIX

TepMOTapaMH TTOBEPXHOCTHBIX TEMIIEpaTyp (t“ -1,

)/ (t12 —to) NEPBOTO ¥ BTOPOTO MIKMBOB HAXO-
JISIT, KaKoe KOJMYECTBO TEIUIOTHI OTBEIEHO OT YacTei 000/1a TOPMO3HOTO IIKMBA MPU OTKIFOYEH-
HOM cHUCTeMe NMPUHYIUTEIHLHOT0 BO3IYIIHOTO UX OXJIaxaeHus [4, 5, 6].

Hecsrerit otan (X). B MpOMBINIICHHBIX YCIOBUSAX ONPENestoT 3(h(HEKTHBHOCTh TPUHY U~

TCJIBHOI'0 JXHUIAKOCTHOTO OXJIAKACHUA, KOI'Ja IMPOHUCXOIUT (pr/IKLII/IOHHOG BSaHMOHeﬁCTBHC map

TPEHHS ICHTOYHO-KOJIOIOYHBIX TOPMO30B OypOBOH JIeOSIKH.

CocraBHBIE TOPMO3HBIEC IKHBEI HMEIOT OTKPBITHIC TPUHYAUTEIBHBIC BO3IYIIHBIC CHCTEMEI,
a CaMU MIKUBBI OCTAIOTCS Pa30rPeThIMU U UMEIOT B KaMepax HarpeThle )KUIKOCTH, TOCIIe Yero Imy-
TeM IUKINYECKUX TOPMOKEHUH, 00eCTIeYNBAIONINX B3aMMOJICHCTBHE (PPUKIIMOHHBIX Y3JI0B TOPMO-
3a, TIOBBIIAIOT SHEPTOHATPYKEHHOCTh TOPMO3HBIX HIKHBOB JI0 TEMIIEPATYPHI BBIIIE JOITYCTUMOM
JUIs MaTepraioB PpUKIHMOHHON HakIaaku. [Ipu 3TOM QUKCUPYIOT BpeMsl poLiecca UX HarpeBaHUs
U TI0 COOTHOIICHHIO M3MEPEHHBIX TEPMOIApaMH IMOBEPXHOCTHBIX TEMIIEPATyp (t13 —to)/ (t] . —to)
IIEPBOTO ¥ BTOPOT'O TOPMO3HBIX IIKMBOB OLEHHBAIOT 3()()EKTHBHOCTH JKUAKOCTHOTO OXJIQXKICHHS

nap TPEHUsl IEHTOYHO-KOJI00YHOT0 TOPMO3a.
OpuuHagnareiif stan (XI). B mpoMBIINITIEHHBIX YCIOBHAX OHpenesioT 3()(eKTuBHOCTh

IIPUHYAUTCIIBHOT'O MMApPOBO3YHIHOIO OXJIAXKACHHUA, KOI'Jila ABa COCTAaBHLIX IIKHWBA ABJIAIOTCA HaArpe-
TBHIMH M HAXOJATCsA B CTATHKC.



A.X. Jlcanaxmeoos, H.A. Bonvuenxo, 3.C. I[lupsepoues, J[.A. Boavuenxo, B.C. Ckpoinnvix, B.M. Yygyc

BypoByto nedenKy OCTaHABIMBAIOT W 3aIMOJHSIOT MOJHBIM 00beM KaMep MapOoBO3AYIIHON
cmechio o AasienueM 0,11 MlIla, u mpu 3TOM TEMIOU30IUPYIOT CTEHKHU KaMephbl BTOPOT'O MIKUBA.
3areM, 3aTsSHYB Ha JIByX IIKHBAaX TOPMO3HBIE JICHTHI ¢ (DPUKIMOHHBIMU HAKJIAJKaMHU, a TaKXe IO

COOTHOIICHHIO MU3MCPCHHBIX TCPMOIIapaMH MOBCPXHOCTHBIX TEMIICPATYP (tls — to) / (t16 — to) nep-

BOTO U BTOPOTO TOPMO3HBIX IIKHMBOB ONpPEAEISAIOT, KAKOE KOJUYECTBO TEIUIOTHI OTBEIEHO OT ya-
cTeil 0001a TOPMO3HOTO MIKMBA MPHU OTKIIOYEHHON CHUCTEME MPUHYIUTEIHHOTO BO3AYIIHOTO WX
OXJIAKICHHUSL.

JBenannatelii stan (XII). B npoOMBIIUIEHHBIX YCIOBHIX ONPEAETSIOT 3PPEKTUBHOCTD Ma-

POBO3AYIIHOIO OXJIAXICHUS, KOT1a IIPOUCXOIUT q)pI/IKuI/IOHHoe B3aUMOJICHCTBHE AP TPEHUS JICH-
TOYHO-KOJIOJJOYHBIX TOPMO30B OYPOBBIX JIEOEIOK.

CocTaBHbIE TOPMO3HBIE UIKUBBI UMEIOT OTKPBIThIE PUHYIUTEIbHbBIE BO3AYIIHbIE CUCTEMBI,
a caMU WIKWBBI pa30TpeBarOT B KaMeEPAaxX C HarpeToi mapoBo3AyIHON cMechio. [locie 3Toro nmyrem
[UKJIAYECKUX TOPMOKEHH, 00eCTIeYHBAIONINX B3aUMOACHUCTBHE (DPUKIIMOHHBIX Y3JI0B TOPMO3a,
HarpeBaroT TOPMO3HBIE IIKKUBBI 10 IOBEPXHOCTHOW TEMIIEPATyPhI BBIIIE JOIYCTUMON ISl MaTEpHU-
aJI0B (PUKLIMOHHOW HAKIAIKH, (PUKCHUPYS TPU 3TOM BpEMs MPOLECcca WX HArpeBaHMS U MO COOT-

HOILLIEHUIO M3MEPEHHBIX TepMONapaMu MOBEPXHOCTHBIX TeMIIEepaTyp (t7 —to)/ (t8 —1,

) IEPBOTO U
BTOPOIr0 MIKMBOB OLICHHUBAIOT 3(1)(I)GKTI/IBHOCTI: MapoOBO3AYIIHOI'O OXJIAXKACHUA IMap TPCHUA JICHTOY-
HO-KOJIOAOYHOI'0 TOpMO3a.

TpuHaAUATBINA 3Tal CBOAUTCS K OIIPCACIICHUIO KOB(i)(I)I/ILII/ICHTOB pacupeaciaCHus TCIJIIOBbIX

IOTOKOB MEXJly OCTAaJIbHBIMHM COCTABIISIOIIMMHU TPUOOCHCTEMBI B CIEYIOLIEH MOCIe10BaTEIbHO-
cte [3]: HaxomAT K03(h(PUITMEHTHI TEIIONEepeaul B TEINIOOOMEHHBIX MpoIieccax depe3 TaKue MHO-
TOCJIOIHBIE OOBEKTHI, KaK:

— «HU3 BepxHel yacTtu 000/1a MIKMBA — HUPKYIUPYIOLUIUH BO3yX B KOJBLEBBIX LIMINHAPH-
YeCKHX 00beMax M B OTBEPCTHUAX MEPEropoI0K — BEPX HIHKHEH 4acTh 000/1a IIKUBA» OIPEaeIIeTCs
3aBUCHUMOCTBIO BUJA:

K - I , (1)
5 1 4
+ +
A A

rae o, — ko3 UIMEeHT TerIooTaauu OT HM3a M BepXa yacTeil 000/a MIKMBAa OMBIBAIOIIEMY HMX
BO3/IyXY.

— «OMBIBAIOIIUHN LHUPKYJIUPYIOIUN BO3IYyX B KOJIBLIEBBIX IWJIMHIPUYECKUX 00OBEMax U B
OTBEPCTHUSAX MEPErOpOIOK — HU3 HIDKHEH 4acTh 00072 IMIKMBA — OMBIBAIOIINI BO3IYyX» ONpeaess-
€TCs 3aBUCUMOCTBIO BUJIA

! 2)

rae oy — Ko3(pHUIHUEHT TeIIo0TJauu 0T MaTOBOM Hepabouel MoBepXHOCTH 000/1a NIKMBA K OMBbI-

BAaIOILLIEMY BO3yXY.
— «HU3 HWKHEN yacTh 000/1a IIKKUBA, BBIIOJIHEHHOTO MOJUPOBAHHBIM, - BO3AYIIHbIN 330D
B KaMepe — )KUJKOCTh B Pa3IM4HOM (Pa30BOM COCTOSIHHMY OIPENEsIeTCS 3aBUCUMOCTBIO BU/IA:
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K. = ! : 3)

rne o, &, — Ko3((UIHUEHTH] TEIUIOOTJaul OT HU3a HIDKHEH yacTH 000/1a HIKMBA K BO3IYXY M OT

HET0 K )KUJIKOCTU KaMEpPhbI IIKKWBA.
— «ciou KHUIKOCTH, HaXOHHHleﬁCH B pa3INYHOM (1)3.3OBOM COCTOSAHHHU — KOJIbIICBAsA CTCHKA
KaMEphbI — OMBIBaIOH_II/Iﬁ BO3OYX» OIIPEACTIACTCS 3aBUCUMOCTBIO BU/1A:

P B @
1 o, 1
+e 4
of A Ay

re og, Oy — KO3 UIUMEHTHI TEIIOOTIaYM OT KHUIKOCTH, HAXOISMIEHCS B Pa3IndHOM (Pa3oBOM
COCTOSTHUM K BHYTPEHHEH MOBEPXHOCTU CTEHKH U OT €€ Hapy’KHOM MOBEPXHOCTH K OMBIBAIOILIEMY

BO31yXYy; §,, A, — TOJIIMHA IMINHAPUYECKONH KOJIBLEBOH CTEHKH M KO(P(MUIUEHT TEIUIONPOBOI-

c
HOCTHU €€ MaTc€puraJjia,
HpI/I 9TOM I'paJUCHTBI KO3(I)(I)I/ILII/IGHTOB TCILJIONEpEaauu B TETMI000MEHHBIX nmponeccax 4e-

pe3 MHOTOCTIOWHBIE 00BEKTHI TPHOOCHCTEMBI TOPMO3a OTIPEACTISIOT IO 3aBUCUMOCTSIM BHJIA!

KI_KZ KI_KS
=—L 2 . 5 S 6
b05(0, + 1) ©®) 2050, +1,) ©)

K; - K K,—K
AKy=—3—4_; 7 =—3_ 6. 8
05( +1,) ™ Y05( + 1) ®

rne I, L, Ly, 1, ls, [;— IPOTSXKEHHOCTh 30H JAEHCTBHUS KaXJIOI0 MX PACCMOTPEHHBIX K03 duuu-

€HTOB TEIUIONepeIayu.

CormnacHo TeIuIOBON MOJENN BO3AYIIHO-)KUKOCTHOW CHUCTEMBI OXJaXKAECHUS (PUKIHOH-
HBIX Y3JIOB JICHTOYHO-KOJIOJIOUYHBIX TOPMO30B MEXKIY KOA(PPHUIMEHTaMHU TEIUIONEpeaaud JOKHO
cobmonarbes ycnoBue K, < Ky > Ki; Ky < Ks> K. Ilpu 3TOM cBOMCTBaMU BO30YX)Aaroniero Gpakro-
pa obmamaet ko3 dumment teruonepenadn Ks. OOBSCHIETCS 3TO TeM, YTO KUIKOCTh, HAXOIATIIAs -
Csl B Kamepe, MOXKET OBbITh B Pa3IMYHBIX (Da30BBIX COCTOSIHUSAX. MHOTOYHCIICHHBIE BEIMYUHBI KO-
3¢ HULIMEeHTOB TerTonepeadyu B MHOTOCIOWHOM O0BEKTE TPUOOCUCTEMBI ONIPENEISAIOT MOCIe MPOo-
BEJICHUS SKCIIEPUMEHTAILHBIX UCCIIET0BAHUM [7].

B Tabn. 1 mpuBeneHbl UCXOAHbBIE JAaHHBIE U PE3YJIbTAaThl PACYETOB KOI(PPHUIIMEHTOB TEILIO-
nepesavyn yepe3 AJIEeMEHThl MHOTOIIAPOBON CHUCTEMBI MPU NMPUHYAUTEILHOM OXJIAXKICHUH, a TAaKKe
UX TPAaJUEHTBl M paCHpEeesIeHUue TEIJIOBBIX IOTOKOB MEXIy MapaMu TPEHHUs JIEHTOYHO-KOJO-
JIOYHOTO TOPMO3a.

IIpu M3MEHEHUM SHEepProHarpy>XKeHHOCTH pabouell (MOJIMPOBAaHHOI) MOBEPXHOCTH 00012
coctaBHOro Topmo3Horo mkuBa oT 100 mo 450°C MuHUMAaNBHBIN KO3(PPHUIKEHT Teruionepenayn
UMEJ MECTO MEX/IY JIEMEHTaMU MHOTOCIOMHON CTPYKTYpbI «IIUPKYJIUPYIOIUN BO3yX B KOJIbLIE-
BBIX IIMJIMHIPHYECKHX 00BEMax M Yepe3 OTBEPCTHs B MEPEropojKax — HU3 BTOPOM dacTu 060xaa
IIKMBA — OMBIBAEMBIil BO3LyX», H TIPH 3TOM OH yBemuumics ot 11,9 mo 24,9 Br/(mM*-°C), To ecTb B
2,1 pa3a. MakcuMmanbHbli Ko3((duLIMEeHT Teruionepenayn B uHTepBasie Temreparyp ot 100 mo
450°C nHaOmromancs MEXIy JJIEMEHTaMH MHOTOCIOWHOW CTPYKTYphI «HepaOouas MOJUpOBaHHAsS
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MOBEPXHOCTh BTOPOI YacTH 000/1a MIKKBA — BO3AYIIHBIN 3330p B KUJAKOCTHOM Kamepe — KHIKOCTh
B pa3IuyHOM (ha30BOM COCTOSHHM», M IIPU 3TOM OH yBemmumics ot 114,7 no 152,0 Br/(m*-°C), To
ecTh B 1,3 pa3a. YBenuueHue nociaeHero o0bsiICHAETCSI HUHTEHCUBHBIM KOHBEKTUBHBIM M JTyYHCTHIM
TETI000MEHOM Hepabovel MOJMPOBAHHOW MOBEPXHOCTH 00012 MIKKBa (K03 (HUIIHEHT TEeTI00T 1a-
gy u3MeHsuicsa ot 151,2 no 218,9 BT/(M2-°C), U 3TO TIPU TOM, YTO MUMET MECTO My3bIPHKOBBIN pe-
JKUM KUIIEHMSI )KUAKOCTU B KaMepe.

IIpu paccMmoTpeHNH TpajueHTOB KOA(G(UIIMEHTOB TEIIoNepeaayd yCTaHOBICHO, YTO €ro
MUHUMAaJIbHAsl BETMYMHA MMeEJIa MECTO Yepe3 JIEMEHThI MHOTOCIOWHOM CTPYKTYpPBI «Cpefa Mex-
KOHTAaKTHOW 30HBI — BEPXHSS 4acTh 0002 MIKMBA — MUPKYJIUPYIOUINI BO3IyX B KOJBLEBBIX IH-
JUHIPUYECKHUX 00beMax u yepe3 oTBepctus B neperopoakax» (ot 100 go 450 °C), Ho npu 3TOM OH
yBemmumncst ot 0,01 10 0,18 Br/(M*°C-Mm), T.¢. B 18,0 pa3. C morpyKeHneM B KHIKOCTHYIO KaMe-
py rpamueHT Kod(dduIMeHTOB Termonepenadn yBeiauuuBaercss W cocrtaBimser  0,34...0,66
Br/(M*°C-MM). Tlo-BumuMOMy, HamGONBIIMII IpPagHeHT Kod(D(MUIMEHTOB TEIIoNepeayl HMEN
MECTO B 00J1aCTH KHIKOCTHOW KaMepbl, TO €CTh «CIJIOHN KUAKOCTH — KOJbIIEBasi CTEHKAa KaMephbl —
OMBIBAIOIINI BO3AyX BHEIIHHE CTEHKH KapKaca KamepbD» Ipu OOJIBIIOM I'paJUEHTE TeMIIEPaTyphl
MEXJly OMBIBAIOIIMMU CpeJaMH KapkKac KaMmephl, HO 3aro OH yBeiauuwics oT 1,64 mo 1,89
B1/(M*°C-MM), TO ecTh TobkO B 1,15 pasa. Takoe He3HAUNTENHHOE YBEIHUCHHE TPAJIHCHTOB KO-
3G GUIHMEHTOB TEIIONEpeaun 00bACHICTCS U3MEHEHHEM PEXXUMOB TEPMOJNHAMUYECKOTO COCTO-
SIHUS KHUJIKOCTH, IUPKYJIUPYIOLIEH B KaMepe COCTaBHOTO TOPMO3HOTO IIKHBA.

Taxkum 00pa3om, B MPOMBIIIJICHHBIX YCJIOBHSIX OCYHIECTBISIETCS] HArPEBAHUE IIUKINIECKU-
MU TOPMOXEHHUSMH U MPUHYAUTEIHHOE BO3IYLIHO-KHIKOCTHOE OXJIAXKICHHE COCTaBHBIX TOPMO3-
HBIX HIKUBOB JICHTOYHO-KOJIOJOYHOTO TOPMO3a, YTO TMO3BOJIAET OMPEICNIUTh MOTEPH TEIUIOTHI C
pazuaOHHO-KOHBEKTUBHBIM, KOHBEKTHBHO PaJMAIlMOHHBIM U KOHBEKTUBHBIM TEILIOOOMEHOM OT
UX MOBEPXHOCTEH B OMBIBAIOIINE CPEJbl, @ TAKKE KOHAYKTUBHBIM TEIIIOOOMEHOM OT KpPETeXKHBIX
BBICTYIIOB ITKUBOB K (hiaHmam GapabaHa nedeaku.

Taonuua 1

Hcxoanblie JaHHBIE H Pe3yJIbTATHI BBIYUCICHU KOI(PPHIHEHTOB TellIonepeIayu yepes
3JIEMEHTHI Iap TPeHHUs U pacnpeiesieHHe TeIVIOBBIX MOTOKOB MEKIy X MOBEPXHOCTIMH
¢GpuKIMOHHOI B3aMMO/1eiicCTBUSA JTEHTOYHO-KOJI0A0YHOT0 TOPMO3a
(c cocTaBHBIM TOPMO3HBIM IIKNUBOM) OypoBoii 1edenku ¥Y2-5-5

IToBepXHOCTHBIE TEMIEPATYPHI: 400/40

TOMHPOBAHHOI (£7)/MaTOBOH (f17) 100/40 | 150/80 | 200/160 | 250/210 | 300/250 | 350/340 o | 4501425

obona mxkusa,’C

TIOIHPOBAHHO (7y7) HIXHEH HacTh 80 100 120 150 190 220 | 240 | 210
o6oaa mkusa,’C

1 2 3 4 5 6 7 8 9

TomnmuHa:

CBOJIHAsI 000712 TOPMO3HOTO IIIKH- 35,0

Bad,, MM 6,0

TOPMO3HOU JICHTHI O, MM
(HPUKIHOHHON HAKITAKH (pacueTHAs) 15,0
Sy MM

MIPUIIOBEPX- BHEIIHETO Oy 3, MKM - - 5,6 8,2 15,0 14,4 - -

HOCTHBIX GIIOCB. |BHYTPEHHETO J, 5.6 8.2 11,4 144 | 1586 196 | 228 | 256
I o : : : : , , , ,
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KoadduimeHTs! TEII0NpOBOIHOCTH
MAaTepHaoB 3IeMEHTOB (DPHKIHOH-

Hoit maps1, B1/(m-°C):

. 25,8 26,0 26,2 26,4 26,7 26,9 27,2 27,5
00012 TopMO3HOTO IKKBA (4);

TOPMO3HOU JIEHTHI (A,.); 271
¢bpukunoHHOM Haknaaku (4,,); ’

BHEIIIHETO WJIM BHYTPEHHETO MIPUIIO- 0,736

BEPXHOCTHOT'O CJIOS HAKJIaAKu (A,,). 1.02
b

KoaddumumenTs Termnoornaun ot
noBepxHocTei, Br/(M*°C):

TOTUPOBaHHOM () 71,3 92,3 101,4 110,5 118,4 128,5
1 MaToBOH (ars5) 0601a|BEPXHSIS 4acTh

IIK1BA, 32,1 41,1 45,3 50,4 56,0 59,9 64,5

TIOIMPOBAHHOM () 151,2 165,3 170,8 181,2 193,4 202,2 209,8 218,9

1 MaTOBOH (@7) 006018 |HHXKHSS YacTh
HIKKBA. 32,1 35,1 41,4 46,8 52,3 57,4 61,5 66,3

Koaddummentst Termonepenaun
Yyepe3 MOBEPXHOCTH Map TPCHUS,
Br/(M*°C):

«cpeqa MEeKKOHTAKTHOM 30HbBI —
BEPXHsIsI 4acTh 000/1a IIKUBA — OMBbI- 19,9 23,2 26,5 29,8 33,1 36,4 39,7 42,9
Baromuii Bo3ayx» (K));

«cpesia MeKKOHTAKTHOH 30HBI —
MIPUIIOBEPXHOCTHBIN CIION HAKIIaIKU
— TEJ0 HaKJIaJKu — TOPMO3Has JICHTa
— oMbIBaroIuii ee Bo3ayx» (K5);

13,8 15,4 16,7 18,9 19,1 20,2 21,2 22,1

«HU3 BEpXHEH yacTH 000/1a IIKHUBA —
LUPKYJIUPYIOLINIA BO3AyX B KOJIbLIE-
BBIX [IMJIMHIPUYECKUX 00beMax U B 19,8 22,8 25,7 28,7 31,6 34,6 37,5 40,4
OTBEPCTHUSIX MIEPETOPOIOK — BEPX

HIDKHEH gacTi 00o1a mkuBay (K3)

«OMBIBAIOIIUH HUPKYIUPYIOMIUT
BO3/yX B KOJIbIIEBBIX LIMJIMHIpUYE-
CKHX 00bEMax M B OTBEPCTHUAX MEepe- 11,9 13,8 15,7 17,5 19,4 21,2 23,1 249
TOPOIOK — HU3 BTOPOii yacTu obona
IIKMBA — OMBIBAIOIIUH BO3ayX» (K});

«TONMPOBAHHAS TOBEPXHOCTH HUXK-
Heii 4acTh 00071 IIKKBA — BO3IYIII-
HBII 3230p B KaMepe — )KUJIKOCTh B
pa3HoM (azoBom coctostHUIY (K's)

114,7 120,5 126,1 131,6 136,9 142,1 147,1 152

«CIIOM KHUIKOCTH — KOJIbIIEBAs CTE€H-
Ka KaMepbl — OMBIBAIOIIUIT BO3LyX)» 19,8 23,1 26,3 29,59 32,8 36,1 39,3 42,5
(Ke).

I'paguentsr ko3 dunreHToB
TEIIoNepeiauu Yepe3 MHOTOCIIOH-
HBIE 00BEKTHI TPUOOCUCTEMBI
Topmo3a, Br/(mM*°C-Mm):

AK, = Ky — K>/0,5(1+1); 0,44 0,56 0,71 0,78 1,01 1,17 1,33 1,50
AK; = Ky — K3/0,5(11+15); 0,01 0,03 0,06 0,08 0,11 0,13 0,16 | 0,18
AKs = Ky — K4J0,5(15+y); 0,34 0,38 0,43 0,48 0,52 0,57 0,61 0,66
AK; = Ks — Kg/0,5(I5+5); 1,64 1,68 1,72 1,76 1,79 1,83 1,86 1,89
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IIpoexkTHasi OLIEHKA YHEPrOHATPYKEHHOCTH COCTABHOI0 TOPMO3HOT0 mKHUBa. OcTaHo-
BHUMCSl Ha MIPOEKTHOM OLIEHKE YHEPrOHArpy>KEHHOCTH COCTABHOIO LIKMBA JICHTOYHO-KOJIOJIOYHOTO
TOpMO3a.

Ha puc. 2 a, 6 npencraBiieHsl TepMorpaMma (@) U pactpeesieHIue TeIIOBBIX ITOTOKOB (6) B
Tese 000/1a COCTABHOI'O TOPMO3HOTO LIKMBA JIGHTOYHO-KOJIOAOYHOIO TOPMO3a C MPUHYIUTEIbHBIM
BO3/IYIIHO-XKUIKOCTHBIM OXJIQXKICHUEM.

[Tocne paccMOTpeHHs TEPMOTPaMM U pacpeeIeHUs TEIUIOBBIX MOTOKOB (puUc. 2 a, 6) cie-
JyeT OTMETUTb CIeayIolIee:

- pacripenienieHue TeMIepaTypbl U Kak CJIeICTBHE TEMIIEPATyPHBIX TPAJUCHTOB 110 TOJIIINHE
000/1a IIKMBa MPOUCXOAUT BOJIHOOOpa3Ho cBepxy (4,4°C/mm) u cuuzy (3,8°C/mm) OGmaronmapst
HAJIMYUIO BO3IYIITHBIX KaMep B 00one. OOBACHSAETCS 3TO CIEAYIOMINUM: MOCKOJIBKY KOA(h(GUIIUEHT
TETUIOOTIa4X KOHBEKTHBHBIM OXJIaXKICHUEM KHJIKOCTbIO HAMHOTO BBIIIE YEM BO3/IyXOM, TETJIOBEIC
MOTOKM MHTEHCHUBHO MPOTEKAIOT MEXAY KOJIbLIEBBIMH OTBEPCTUSAMHU MO TOJIIMHE 000]a K >KH[I-
KOCTHOM Kamepe, B KOTOPOil M OTBOAATCS KOHBEKTUBHO B IIUPKYJIUPYIONIYIO KUAKOCTH (puc. 2 6),
MOATOMY I10 TOJIIUHE 0007a MEXIy BO3AYIIHBIMU KOJIBLEBBIMH KaMepaMd BO3HHMKAET OOJbIION
rpagueHT Temnepatypsl (4,14°C/mMm). B aToM ciydyae BO3IyX BBICTYMAeT B POJIM TEIUIOM30JIATOPA
MEXIy BEpXHEH M HIKHEH 9acTAMH 0007a, CHIDKAs IPU 3TOM OINAcHO OOJBIION I'PaJUEHT TeMIIe-
paTypsbl 1O €ro TOJIIHHE;

- 110 TOJIIIMHE 000/a HIKMBa HaOJIOAAETCsl 30Ha MpOorpeBa Bo3iie 3a00pHOTO OTBEPCTHUS, B
KOTOpOH cpemusia Temneparypa cocrtasisier 170°C, u oHa Ha caMOM Jiefie SIBJISIETCSI MEHBIIIEH
BCJIE/ICTBUE JEHCTBHUSI KOHBEKTUBHOTO OXJIAKICHHSI OMBIBAIOLIMM BO3yXOM, KOTOPBIHA MOMagaeT B
BO3/IyX03a00pHUKH U MIPOHU3BIBAET BeCh 000/ (MHTEHCHUBHBIN TerooTBox). [Ipu 3ToM vacTh Ten-
JIOTHI TIEpETEeKAaeT KOHAYKTUBHBIM TEIUIOOOMEHOM B CTEHKH KaMephl, B KOTOPOH HAXOIMTCS OXJIa-
MKIAI0Iast KUJIKOCTh;

— TeMIeparypa UUPKYJIUPYIOIIETO IMOTOKa BO3yXa B KOJIBLEBBIX 00BbeMax 000Ja IIKHBA
YBEIUYMBAETCS OT CBOOOAHOTO Kpasi K €ro 3alleMIICHHIO, TOCKOJIbKY OH HarpeBaeTcsi OT BepXHEH
COCTaBJISIOLIEH 0001a IKMBA MEPETOPOIOK MEK/Y €r0 COCTABIISIOIIMMH.

[Tpu paccMOTpeHHMH COCTOSIHMS COCTaBHOTO 000Jja TOPMO3HOTO IIKWBA OT JACHCTBHS pas-
JMYHBIX BUJIOB HANPSDKEHUH (OT MEXaHWYECKHUX U TEIJIOBBIX HArpy3oK) ClieAyeT OOpaTHTh BHUMa-
HUE Ha:

— MaKCUMaJIbHbIE MEXaHWYECKHE HaNpsHKeHHs (puc. 3 a) BOSHHKAIOT HAa HepaOouel momm-
pOBaHHOI MoBepXHOCTH obona (243,6MIla) BcieacTBre ee mporuda M pacTsHKEHUS] OT JEHCTBUS
yAETBHBIX HarPy30K;

— 3a00pHBIE OTBEPCTHUS B CONPSDKEHUU C MEPBON KaMepol SBISIFOTCS CBOETO POAa KOHIICH-
TpaTopaMu HampsHKEHHUH, TOITOMY B MX 30HE TaKXKe BO3HHMKAET OYar MEXaHUYECKUX HANpPsHKEHUM
(3oHna III — 198,3MIla);

— OospIIME TeMIIEpaTypHble HanpshkeHus (puc. 3 6) HaOMIOAAIOTCS B MPUIIOBEPXHOCTHBIX
ciosix 000/a MIKKMBA, U KOTOpble pacnpoctpanstorcs no mupune (507,4 MIla) obona BeneacTaue
€ro pacIIupeHus;

— HepabOoUyI0 MOBEPXHOCTh 000/1a HAJl )KUKOCTHON KaMepol TeMITepaTypHbIE HAPSHKCHHUS
B HECKOJIBKO pa3 HUXKe, MOCKOJIbKY MPOUCXOAUT NHTEHCUBHOE KOHBEKTUBHOE KUIKOCTHOE U PaJu-
aIIMOHHOE OXJIKICHUE, YTO MPHUBOJUT K OOJBIIOMY I'PaJIMEHTy TeMIEpPaTyPHbIX HAMPSDKEHHH O
TONIMHE 000/1a IKUBA;
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o

Puc. 2 a, 6 — Tepmozpamma (a) u pacnpedenenue Puc. 3 a, 6 — Moodenuposanue nanpsasicenui:

mennoevix nomokoe (0) 6 mene 0600a MopmMo3H0O20 a — MeXaHuyecKux; 6 — memnepamypHuix, pa3eusalouiuxcs
WIKUBA JIEHMOYHO-KOI0004HO20 MOPMO3d C 6 0000 MOPMO3HO20 WKUBA IEHMOYHO-KOT000UHO20
RPUHYOUMENbHBIM 8030YULHO-HCUOKOCIHBIM mopmo3a ¢ NPUHYOUMENbHBIM 8030YUIHO-HCUOKOCHIHBIM
oxnaxcoenuem oxnaxcoenuem

— IPU PACCMOTPEHHUH OOIICH KapTHHBI TEMIIEPATYPHBIX HANPSHKCHUH, KOTOpbIe HAMHOTO
0oJIbIIIe B MPaBOM YacTH 0007a IIKHBA BO3JIE KPEMEKHOTO BBICTYIIA, MMOCKOJIBKY KHJIKOCTHAs Ka-
Mepa U 3a00pHBIC YCTPOUCTBA ISl 3aXBaTa XOJIOJHOTO IMOTOKA BO3yXa HAXOJATCS B JICBOW 4acTH
oboma;

— OCTpbIe KPOMKH CTEHOK YXHJIKOCTHOW Kamepbl U nu((y30pHbIE U KOHPY30pHBIE OTBEp-
cTHa 000/a IIKKUBA SIBJIIOTCS KOHIIEHTPATOpaMH TEMIEpaTyPHBbIX HAIpPsHKEHUH, MOITOMY B yKa-
3aHHBIX MECTaX TaKe Ha0JIF01al0TCs TTOBBIIIICHHBIC TEMITEPATyPHBIC HAIPSDKCHUS.

OnTuMu3aloHHOe MPOEKTHPOBAHNE COCTABHOIO IIKWBAa Topmo3a. [ pemieHus 3a-
J1ad MPOSKTHPOBAHUS AJIEMEHTOB ()PUKIIMOHHBIX Y3JIOB JIEHTOYHO-KOJIOJOYHOTO TOPMO3a MpUMe-
HSIOT amapar HeJIMHEHHOrO MPOrpaMMHUpPOBAaHMs, PEaIu3yeMOro B MoyJie onTuMu3anui. CMbIca
TIOCJIE/THEH 3aKIF0YaeTCsl B HAXOXKICHUHM TAaKUX BEIMYMH KOHCTPYKTHBHBIX MApaMeTpoB (TOPMO3-
HOTO IIKMBA W JICHTHI, a TaKke (DPUKIMOHHON HAKJIAJKW), MPH KOTOPBIX HEKOTOpas BEIUYMHA,
UMeHyeMas 11eJIeBO (pyHKIMel, MPUHUMAET 3KCTpeMallbHOE (MaKCUMalIbHOE MM MUHHMAJIbHOE)
3Ha4yeHue. [Ipu 3ToM psaa SKCIUTyaTallMOHHBIX M KOHCTPYKTUBHBIX NAapaMeTpPOB (PPUKIUOHHBIX y3-
JIOB TOPMO3a, HAXOJSALIMXCS B 3TOM JAWamNa3oHe, WK (YHKIMOHATBHBIX 3aBUCHMOCTEH TOJKHBI
yIIOBJICTBOPSTH OTPaHMYCHUEM B BHIE PaBEHCTB/HepaBeHCTB. ONTHMH3aLUOHHBIA aITOPHTM, KO-
Tophlii peanu3yercst B Ansys Workbench, o0magaer yHuBepcaibHOCTBIO, TOCTATOYHOM IS peliie-
HUSI TUTIOBBIX 33]1a4, HO B TO € BPEM, COJIEPIKHUT PsiJi 0COOCHHOCTEH, KOTOPhIC TOYHO HEOOXOIUMO
ydecTb. biok-cxema anroputMa npowLIIOCTPUPOBaHa Ha puc. 4.

C yBenuyeHHeM Macchl, B KOTOPOH pacrlpenenseTcs TeIIoTa, TakKe yBEINYUBACTCS I0-
BEPXHOCTH TEIUIOOTauH 000/1a TOPMO3HOTO IIKKMBA 32 CUET TEIIOPACCENBAEMOI MOBEPXHOCTH €T0
OOKOBBIX CTEHOK. [103TOMY BBIOOP KOHCTPYKIMU (DPUKIIMOHHOTO y3J1a IPOU3BOAUTCS B 3aBHCUMO-
CTH OT TpeOOBaHWI K ero rabapuram, SHEPrOHArpy)XKEHHOCTH MOBEPXHOCTHBIX U TPHUIIOBEPX-
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HOCTHBIX CIIOEB TMap Tpe-
HUSA, JONMYCTHUMOW YJeih-

OmnepalHH ¢ MOJETIBI
(PHKIHOHHOTO y37a

OnNTHMH3ALHOHHBIH

HOM Harpy3ke Ha KOHTAaKTe, C031aTh MOJIETH B LHKT
o Ansys Workbench
KOHTAKTHOH  KECTKOCTH 5ys Workbene ObHoBeHIe
3JICMEHTOB TIapbl TPEHWS, TIcXOAHbIH aHATH3 ;::;;ﬁ‘:"ﬁ:e
pa3BUBaeMOr0 TOPMO3HOTO mozeit: COTRH MOTENH
o — MEXaHHYCCKHX
MOMEHTa M JOMyCTUMOM I — !
o — Cobmronenue
IIOBEPXHOCTHOW TeMIIEpa- — TCKTPIIECKIX;
 reITTOBALX: VCIOBHA aHATH3A H
0OUYNX CJOEB i Tposenerie CHHTe3a
Typhl I pa — XHMHYECRHX, »| ONTHMH3ALHOHHOIO L
MOJIMMCPHOU HAKJIAJKH. —3MEKTPOMATHHTHBIX aHATH3a H CHHTE3a 110 —
J— CodnroaeHHe
IIpu npoexTHupoBa- ) ‘
P p p 'L LeaeBoi (yHKIHH; o oc:;::::}:m
HUMX COCTABHOI'O TOPMO3- CIpykTypHO- TePEMEHHBIX P
TapaMeTpHIecKHit :
HOrO IIIKMBa 3aJ1aBajlCh PaMETPIT TPOCKTHPOBAHHA: Pacuer Le1e50R
CHHTES: OrpaHHYeHHIT 1714 )
CIICAYIOIIMMHA  OrpaHu4e- — TeXHHYECKHE TpeGo- JTEMEHTOB MOETH Gy,
X BaHHA H YCIOBHA CBA3AHHOI ¢
HAAMH. paGoTEL: HEYBA3KAMH
— TeMIIepaTypa Io- — OLIeHKA IKCILTyaTallH- °rpa'ﬂ’1‘*em
_ OHHBIX TAPaMEeTPOB Map
BEPXHOCTU TPEHHS COCTaB J— TTporHostpopame
HOro TOPMO3HOI'0O IIKHWBa — KOHTAKTHO-HMITYIb- TIEpEMEHHBIX
cocrasisieT 390°C: CHOE B3aHMO/IeiiCTBHe TIPOCKTHPOBAHHA
’ nap TPeHH:; L
- oJMpOBaHHasA — OLICHKA IHEPTeTH- OnTHManbHaA
IUJIOIIAAb HH)KHeﬁ YyacTu YeCKHX ypOBHCH MOJEIb ITPH n
6 MOBEPXHOCTHBIX H Tla odecreyeHHOH Her
0boJa IIKMBa NOJDKHA CO- MPHIOBEPXHOCTHBIX CXOAHMOCTH
CcTaBIATL 2/3 miomagud OT CIIOEB JIeMEHTOB
TPeHHA
IMOBCPXHOCTH TPCHUMA i
BEPXHEU €ro 4acTH; Busyanusaims
— BHYTPEHHSIS MO- PE3YIBTATOB:
IHEPTOHArPY/KeHHOCTH;
BEPXHOCTh (mMaroBas) RebopMarmit:
KOJIBIIEBBIX KaMmep U OT- HANPAKEHHAR
BEPCTUH  MEXIy  HHUMHU 1
OxoH4aTeIbHaA
JIOJbDKHA cocTaBisaTh 20- (onTHMabHat) Mogens ¢

25% OT Hapy>XHBIX Maro-

Puc. 4 — bnok-cxema aneopumma OnMUMU3IAUUU KOHCMPYKMUBHbBIX

BBIX TOBEPXHOCTEH TOp-
MO3HOTO IIKHBa. Oddek-

napamempoe GpuKyUoHH020 y311a

THBHOCTD BO3/YIITHOTO
OXJIQXCHUS JIOJDKHA OBITh OJIMHAKOBAS 3a CUET KOJIMUYECTBA BO3/yXa, MOMAJIAI0IIET0 BHYTPh TOP-
MO3HOT'O IIIKHBA;

— TOJIIIMHA BepxHeH vactu mkuBa — 16,0-18,0 mm; HmwkHe# actu — 8,0-10,0 Mmm; 00BbemM
KaMepbl C JKUJIKOCTBIO JIOJDKEH 00ECTICUnTh OTBOJ KOJWYECTBA TEIUIOTH He MeHee 30% mpu TeMm-
neparype 390°C;

— rpaJIueHT TeMIIepaTyphl JUIsl BEpXHEH YacTu mkuBa — 110 25,0°C/MM; B TIeperopojike Ka-
mep — 1o 10,0°C/mm; uepes crenky kamepsl — 10 50,0°C/Mm.
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Ha ocHOBaHUM BBIIIEU3I0KEHHOI'O Ha puc. 5 a, 6, 6 IIPCACTABJICH YCPTCIK CIIPOCKTHPOBAH-
HOro COCTaBHOI'O TOPMO3HOT'O IIKHWBa C )KPII[KOCTHOﬁ KaMGPOﬁ. CJ'IC,I[YCT OTMCTUTDb, YTO KaMcpa
CIIPOCKTHPOBAaHa 6e3 BITYCKHOI'O Y BBIITYCKHOI'O KJIAITAHOB.

0) I__A
i ;
—
S A
6) A-A
/& 290
\er:\\& - 20
f[ R3 -

' =

V0

sH50

2100

Fnh5®
2 packy 5%

. —-—

Puc. 5 a, 6, 6 — CnpoekmupoeanHulii cOCMagHoll MOPMO3HOI WKUE OYPOCOIl 1ede0KU ¢ HCUOKOCHIHOIU Kamepoil

B Tabn. 2 npuBeneHbl OCHOBHbIE KOHCTPYKTHBHBIE U JKCIUTyaTallMOHHbBIE MapaMeTphbl ce-
PHUIHBIX ¥ YCOBEPUICHCTBOBAHHBIX AP TPEHUS JIEHTOUYHO-KOJIOJOYHBIX TOPMO30B.

[IpoBeeHHBIN CHCTEMHBIN aHAIW3 SHEPTOHATPYKEHHOCTH TPU TOCTOSHHBIX YACTBHBIX
Harpys3Kkax B Mapax TPEHHUsI CEpUHHOTO M yCOBEPIIEHCTBOBAHHOTO JIEHTOYHO-KOJIOAOYHOTO TOPMO-
3a (TabJ1. 2) Mo3BOIHII KOHCTaTUPOBATH CIICAYIOMIEE:

— pa3paboTaHHass KOHCTPYKIUSI COCTAaBHOI'O TOPMO3HOI'O IIKHBA C MPUHYJIUTEIBHON BO3-
JYITHO-XUJIKOCTHOW CHUCTEMOM OXJIQXKICHUS SBISETCS BBICOKOA((EKTUBHON (yBENIUYWICA AWHA-
MHUUYecKuil kKodpPuIueHT TpeHus T TOpMo3HOH MOMeHT Ha 13,1%) 3a cuer paboThl MarepHuaioB
(pUKIMOHHON HaKJIaJKH MPU MOBEPXHOCTHBIX TEMIIEpAaTypax HUXe aomyctumoi, T.e. 390°C, HO
IPU 3TOM HUMEJIO MECTO YBEIMYEHHE Beca U MOMEHTa WHEPIUU COCTaBHOTO TOPMO3HOTO IIKUBA,
COOTBETCTBEHHO, Ha 24,7% u 21,7% 10 CpaBHEHUIO C CEpUIHHBIM TOPMO3HBIM HIKUBOM;

— IIpU OJJMHAKOBOW paboyeil MOBEpXHOCTHOMN TeMIepaType CPaBHUBAEMBIX IIKMBOB 00bEM-
HbIE TEMIIEpPATypPbl B BEPXHEW M HIDKHEH 4acTH COCTaBHOrO IIKKMBa Ha 14,8% meHblle, yeMm cepuii-

HOTO IIKWBA, HO 3aTO B MEPBOM KOHCTPYKIIMH HAOIIOJAINCH OOJIbIITNE 00BEMHBIC TEMITEPaTyPHbBIS
rpaaueHtsl Ha 24,8%, HeXelnu B CepUHOM IIKUBE;
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nap TpeHus JICHTOYHO-KOJOJJ0YHbIX TOPMO30B

Taonuuya 2

OcHOBHbIE IKCIVIYAaTAlIMOHHBIC ITaApaMETPhbI CepHﬁHBIX N YCOBCPIICHCTBOBAHHBIX

ITaps! TpeHUs JEHTOUHO-KOJIOAOYHOI'O

Ne /m OKCIUTyaTallMOHHBIE TapaMeTPhI TOPMO3a:
cepuiiHbIe YCOBEPIIEHCTBOBAHHbBIE
1. Bec Topmosnoro mkusa, kH:
6e3 kamepbl 4,744 4,508
C KaMepoit 0e3 JKHUIKOCTH - 5,849
C KaMepou U KHUJIKOCTHIO - 6,303
2. MoMeHT MHepIMH TOPMO3HOTO 1IKU-
Ba, KI"M’:
0e3 Kamephl 233,85 221,89
C KaMepoii 0e3 KUIKOCTH - 278,48
C KaMepou U KHUAKOCTHIO - 298,58
3. Junamuyeckuit Ko UIHEHT Tpe- 0.33 0.38
Husl, f
CTaOWIIBHOCTD, O = fop/fmax 0,90 0,926
Konebanwve, 0,= fmin/fmax 0,79 0,83
4. Topmoxxenust:
3P EKTUBHOCTB, fBoq = acm/rz, 1/c2 0,00625 0,00643
npuBeneHHas 3¢ (PEeKTHBHOCTS, 102 102
Hapon = acm/(tz'Ag), 1/(02~r) 1,036-10 1,227-10
5. Y aenpHble Harpy3ku, p, Mlla 1,2 1,2
6. Topmo3zHoit MoMeHT, M7, kHM 174,3 200,7
7. Temmneparypbl u uX rpaauentsl, °C / COCTaBHOTO NIKHBA
(°C/mm) HIKUBa BepxHel | HIDKHEH
YacTH
TTOBEPXHOCTHEIE; 390/1,2 390/1,8 390/1,9
00BEeMHBIC 358/2,4 340/4,39 270/6,5
8. TemnepaTypHbIe HAIPSDKSHUS U UX
rpauerTh, MITa / (MTTa/vm) 796,85/4,61 406,56/9,24 189,79/3,04
9. M3Hoc Hakmagok, Ag, T 60,3 52,4

— TPaJMeHT TEMIEePaTypHBIX HANPSHKEHUH CO CTOPOHBI CBOOOIHOTO Kpas 00oma B €ro
BepxHel yactu cocraiser 13,03MIla/mM, B TO Bpemsi Kak CO CTOPOHBI 3alLEMJIEHHOT0 Kpas 0601a

mkuBa gocturaer 10,14 MIla/MM; uTo KacaeTcs HMKHEN dacTM 0007a IIKMBAa, TO 3JECH II0 €ro

JUTMHE HaOIOAI0TCS TPAIUCHTHI TEMIIEPAaTYPHBIX HANPSHKEHUH, COOTBETCTBEHHO, 2,51 MIla/Mmm u

6,59 Mlla/mm; B nepBoM ciydae 3TO OOBACHIETCS HEJOCTAaTOYHOM 3((EKTUBHOCTHIO BBIHYK/ICH-

HOT'O OXJIAXACHHA MaTOBBIX HOBerHOCTCﬁ (¢ I/ICHapI/ITeJ'IBHO-KOHHCHC&HHOHHOﬁ JKMJIKOCTHOM CHCTe-

MOI OMbIBaIOIICH MMOJIMPOBAHHYIO ITIOBCPXHOCTDH HM)KHEH 4acTu 060):[3..

HEKEJIU B CEpUIHBIX MTapax TPEHUs TOPMO3a.

— BECOBOM M3HOC HAKJIAJOK MEHBIIUI B yCOBEPIICHCTBOBAHHBIX Mapax TpeHus Ha 13,1%,

3akirouenue. HpOI/IJ'IJ'IIOCTpI/IpOBaH paC'—ICTHO-BKCHCpI/IMeHTaﬂbHHﬁ MCTOA OIpPCACICHUA

MOTEPh B OKPYKAOLIYIO CPEAY MOBEPXHOCTSAMH COCTaBHBIX TOPMO3HBIX IIKHBOB B ITPOMBIILICH-

HBIX YCJIOBHUAX IMPHU CCTCCTBCHHOM U BBIHYKJACHHOM OXJIAKACHUH BO31YXOM.
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QAZIMA BUCURGADIN LENTLI- KUNDOLI 9YLOCININ TRiBOSISTEMININ
MOCBURI SOYUDULMASI
(IV hissa)

9.X. CANOHMODOV, A.I. VOLCENKO, E.S. PIRVERDIYEV,
D.A. VOLCENKO, V.S. SKRIPNIK, V.M. CUFUS

Magqalode maye vo ya buxar hava qarisig vasitasi ilo aylac tribosisteminin macburi soyudulmasina baxilir, hamginin
biitov ayloc qasnaginin enerji yiiklonmasinin layiho qiymotlondirilmasi aragdirilir.

Agar sozlor: lentli-kiindali aylac, tribosistem, siirtiinma ciitlii, qasnagin ¢canbari, mayeli kamera, konveksiya, konduktiv,
radiasiya istilik miibadilasi, istilik miibadilasi proses, buxar hava qarisig, istilik kegirma amsallar: va onlarin qradiyentlori.

THE COMPULSORY COOLING OF TRIBOSISTEM OF THE BAND-SHOW
BRAKE OF THE DRILLING WINCH
(partIV)

A.Kh. JANAHMADOV, A.I. VOLCHENKO, E.S. PIRVERDIYEV,
N.A. VOLCHENKO, V.S. SKRIPNIK, V.M. CHUFUS

The article examines the compulsory cooling of braking unit tribosystem by means of the liquid or the steam-air mix
and also a design assessment of power loading of a compound brake pulley.

Keywords: a belt-winch brake, tribosystem, friction pairs, pulley rim, chamber with liquid, convective, conductive, ra-
diation heat exchange, liquid, steam-air mix, coefficients of heat transfer and their gradients.
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ONPEJEJEHUE KPUTUYECKOM TOJIIUHBI
ANPOPY3INOHHOTI'O CJIOA ITPU BOCCTAHOBJIEHUHN
MPEIU3UOHHLIX JIETAJIEH ®OPCYHKH

AT.TYCEMHOB', IIL.LH. ACAJIOB’, 3.P. ACTAHOBA®

CraThsi TOCBSIIEHA OIMPEICICHHIO KPUTHYCCKOW TOMIIUHBI JAu((Yy3UOHHOTO CJI0S BOCCTAHOB-
JICHHBIX MPELUU3MOHHBIX JeTajell pacubuintess GopcyHK myTeM Iud(y3MOHHONW METaTM3alUK B LEJIIX
obecrieueHus uX JOITOBEYHON pabOTHI.

Knroueswte cnoea: oughghysuonnvlii cioil, popcynka, npeyusuontsvlie 0emaiu, 80CCHAHOBNeHUE,
KpUmu4eckas moauund.

BBenenue. B paborax [1, 2] onucansl METObI BOCCTAHOBIICHUS U YIIPOYHEHHS TIPELIU3HOH-
HBIX JeTajeil myteM aAudQy3noHHoM MeTamum3auuu. s 6ojee 1eTalbHOr0 U3y4eHHUs MPOLIECCOB,
NPOUCXOASIUX Tpu MU Y3MOHHON MeTaTM3alui, ObUl MPOBENEH MHUKPOAHAIN3 CTPYKTYpPbI
1 Gy3MOHHOTO TTOKPHITUS U HCCIIETOBAHBI MUKPOCTPYKTYpa U Pa3oBbIii cocTaB AU(Hy3HOHHOTO
CJIOSl BOCCTAHOBJICHHBIX M YIPOYHEHHBIX MPELM3HOHHBIX AeTajeil pacnpuiuTens (GOopcyHKH Mo
r1yOuHe TI0 METOMKe, U3JI0KEHHOH B paboTax [2, 3].

[Tocne quddy3nOHHON MEeTayUTH3aIMK TOJIUHA TOKPITHS cocTaBiseT 100-120 MkM 1 ume-
et mukpoTsepaocts 16000-18000 MITa.

OcHOBHasi YyacTb. ABTOpaMH yCTaHOBJIEHO, YTO M3HOC BOCCTAHOBJIEHHBIX, YIIPOYHEHHBIX
JeTaned pacnpuuTens (GOpcyHKH sBIseTCS aOpa3uWBHBIM, COMPOBOKIAIOIIMMCS 3allleMJICHHUEM,
yAapHbIM JApoOJeHHMEeM W TiepeKaThbiBaHHMEeM a0pa3WBHBIX 4YacTHIl B 3a3ope. Paspymienue
NPEU3UOHHBIX OBEPXHOCTEH MPOUCXOAUT MOCTENEHHO, Pa3pyIIeHNEe YacTUI] — MTHOBEHHO [1].
[Tpu 3amemMiIeHUN 9acTUITBI MEXKIY KOPITyCOM PACIBUIMTENS U UTIBI (puc. 1 a) B HEli MTHOBEHHO
BO3HHMKAIOT HANPSKEHUS CXKATHUS, M MOCKOJIBbKY IBM)KEHHE WIUIBI Mpojoipkaercs (puc. 1 6, B), TO
OoHa JMOO BHEAPSAETCS B CHKHUMAIOIIME TMOBEPXHOCTH U MPOU3BOJUT MHUKpPOpE3aHue, b0
pazpyuaercs. [Iporiecc MUKpope3aHus MOKET HACTYIHTb MPHU COOTIOJICHUH COOTHOLEHUS [5]:

2 =05 (1)

Aszep0aiimkanckuil TeXHUYeCKUi YHUBEPCHTET
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rae h, — rmyOuHa BHeApeHHs abpa3uBHOH 4acTUIlbl B MaTepuall, Ipy KOTOPOH OHa pa3pylIaeTcs;
Ryp — IpMBEIEHHBIN paidyC YaCTHILIBL.
N.B. Kparenbsckum [5] ycTaHOBIIEHO, YTO BEJIMYMHA KPUTHUECKOTO HANpsHKEHHs a0pa3uBHOM

YaCTHUIBI [0'05] U TIOBEPXHOCTHAs TBEPAOCTb MarepHaloB H, MexXIy KOTOpBIMH CKUMAaeTCs

JacTuia, CBA3aHbl C 3aBUCUMOCTBIO (1) BBIPA)KCHUCM !

hP _ [Gad]
= @)
R 2H
np
OueBuIHO, YTO IIpH [O'aﬁ] s yactun kBapua ~ 400 MlIla um xopynna 1000 MIla u

TBEPJAOCTH MoBepxHOCTH neraieid cebime 15000 MIla BHeapeHHMs YacTHII M TMOCIETYIOLIETO
nporecca MUKpOpe3aHus MPOUCXOIuTh He OyneT. M3 aToro cienyer, 4To MeXaHu3Mbl aOpa3uBHOTO
W3HAIIMBAHUS TPEHU3UOHHBIX JeTalield pachbuinTeNss (OPCYHKH C YIPOUYHEHHBIMH ACTATSIMU
MOYKHO paccMaTpuBaTh Kak JpoOJeHre abpa3uBHBIX YaCTHII P MX 3alEMIICHHU B 3a30p€ MEXIY
BBICOKOIIPOYHBIMU TIOBEPXHOCTSAMH. W3HOC OyAeT ompenensirbcs BeIMYWHOM YCTaTOCTHOTO
paspymeHus MHUKPOOOBEMOB MOBEPXHOCTH.
[Tono6ubIi MexaHU3M OyAeT NpOSBIATH ce0st
Ha YOPOYHEHHBIX JETAIAX C JOCTAaTOYHOM
TONMIMHONW U(PQY3HOTO CIOosA, CHOCOOHOTO

IMPOTHUHUBOCTOATH PaspymIuTCIbHOMY BO3-

JEHCTBHUIO a0pa3uBHBIX YaCTHII.
HpI/I MeXaHHYeCKOM 06pa60TK6 yIIpou- Puc.1. Cxema 3auemnenun u papyuwienus adpazueHoil
yacmuybsl (3) MeHcoy n0GEPXHOCMAMU

HEHHBIX AeTajel ToimuHa quddy3HOTo CIIos uznwt (1) u kopnyca pacnvinumens (2)

MOJKET 3HAYUTEIHHO YMEHbIIAThCs (puc.2 a),

middy3Hoe TMOKpPBITHE HMEET XPYIKYIO P P
IIPUPOYy pa3pyILIEHUs, a CEpALIEBHHA JETAIN b 2a
— MATKHH  OTOXOKEHHBIM Metawl.  [lpm A

YAapHOM BO3I[CﬁCTBPII/I a6paSI/IBHBIX qaCcTHull U

MaJiol KECTKOCTU CHUCTEMBI ‘‘clloH-cep.i-

[IeBMHA BO3MOXHO pa3pylIeHHE MOBEpX- b
HOCTHOTO cjiost (puc. 2,6). YToOsl  HCKITIO- iw
YUTHh OSTO SBJIEHHE, HEOOXOAWMO 3HATh 7

KPUTHUYECKYIO TOJIIUHY CJIOs, TIPU KOTOPOM

emeé He OyJeT NMPOUCXOAUTH IMPO/IAaBIMBAHUE
CJIOS 3aleMJICHHOM a0pa3uBHON YaCTHUIICH.
Bynem paccmarpuBath cuctemy “ciom- P

Cep/lieBMHA” KakK IUIOCKUI CJOM BBICOKOMN a o
Puc.2. Cxema paspywienusn abpaszueHoil uacmuyvl u ough-

TBepHOCTH TOJIIIHHON h’ JeKaIIN Ha d)y3ll0HH020 ROKpblmus Mmanou moauiuHnbl.

IUTACTUYHOM TOJyInpocTpancTBe. Ha moepx-
HOCTh YHPOUHEHHOTO CJI0sl AEHCTByeT abpa-
3MBHAs 4acTUIA paguycoM R,,, HarpyxeHHas
OCECUMMETPUYHOM  yAapHOW  cujoi P,
MEPIICHINKYIISIPHON K TOBEpXHOCTH. [IprMem
JIOTYIIEHHUS:

a) paspylieHue abpasuBHOM yacTHLbI Ipy h>h,,; 6) paspy-
IIEHKUE NOKPBITUsA a0pa3uBHOM yacTuue npu h< hy,; 1 -
abpasuBHas acTHIa; 2 - TuPy3HOHHOE TOKPHITHE TOJIIIHU-
Ho#i h; 3 - cepanesuna; P - cuia, neiicTByromas Ha 4acTHILY;
a - paJyc KOHTaKkTa abpa3MBHOMN YaCTHIIBI C IIOBEPXHOCTHIO.
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- BEPXHUH TOBEPXHOCTHBIM CIIOM OJHOPOAEH, UMEET PABHOMEPHYIO TOJIIMHY MU KECTKO
CBSI3aH C CEPALUEBUHON; TPEHUE MEXKY CIOSIMU OTCYTCTBYET;
- MaTrepuayl CepALEBHHBI, €105 (MOKPHITHS) M YaCTHIBI XapaKTepU3yeTcs COOCTBEHHBIM

moxyseMm ymupyroctd (E;), koadduuuenrom Ilyaccona ( 4; ) 1 npefeabHbIM HaIPsSKEHUEM ([O‘i ]);

- HOpPMQJIbHBIE HANPSIKEHUS CJIOS M CEPIALECBUHBI B TOUYKE IEPECEUCHUs C HalpaBIECHUEM
cuiibl P paBHBI MEXy COOOH.

Takas 3amaya OTHOCUTCS K KIAcCy IUHAMHUYECKUX KOHTAKTHBIX 3azad. [[ns pernenus
OIIpeIeIEHHOTO TUIA MOAOOHBIX 3aJau Pa3InUHbIMUA aBTOPaMM pa3pabOTaHO HECKOJBKO CIIOCOOOB
UX pelleHMs], KaXIblii MX KOTOPBIX NPUMEHUM Ul ONIpeAerEHHOro Kiacca 3anad. Pemenue
KOHTaKTHOW TUHAMHUYECKOH 3aJ]aui B CTPOrOil MaTeMaTH4eCKOW MOCIIE€0BATEIbHOCTH BBIXOIUT 3a
paMKH Hammx uccinenosanuil. Iloaromy it npuOIMkEHHON OLIEHKH HECYILIEH CIIOCOOHOCTH CIIOs
MBI UCTIOJIB30BAJIN PE3yJIbTaThl pelIeHHs MOoJOOHOH 3a/1aun, MpUBeIEHHBIE B padoTe.

Jniss  ycTaHOBICHHsI HECyIIeW CIMOCOOHOCTH CHCTEMBI ‘‘CIIOW-CepAleBUHA’” JTOCTATOYHO
OIIPEEINTh BEIIMUUHY KpUTHUECKOH cuibl (Pp,), IpH KOTOPOM NPOUCXOIUT NPOAABIUBAHUE CIIOS,
a TaKKe COOTBETCTBYIOIIYIO €i KpuTH4ecKyro Tonmuny auddysuonnoro cios (hy,) U BeauIuHY
MecTHOro cmsatus (¢ ). Jlnga ompeneneHuss MakCHUMajdbHOM BEJIMYMHBI KPUTHYECKOM CHIIBI
B.M.AnekcanipoBeiM [6] MOJIy4YEHO BBIpaKEHHE:

8G-a’
F, BT 3)

L _ Ez(l_u3)
2(1-p,) (=2, )(1+ 1, )

ynpyroctu, Mlla;  E, — wmonyns ynpyroctu auddysnoro mnokpsitus, MIla; 1, Hy-

rie G= - Moxynb casura, Mlla; NPUBEAEHHBIN MOJYJb

COOTBETCTBEHHO K03(¢unuentsl ITyaccona aOpa3uBHOMN 4acTUIIbI, TOKPBITUSA U CEPILIEBUHBI; a —
paguyc oTneyarka, MM; Ry, — mpuBei€HHbINA pagnyc abpa3uBHON YaCTHIIBI, MM.

C npyroii CTOpOHBI, U3 YCIOBHS MOABUKHOCTH PaCCMaTPUBAEMOTI0 CONPSKEHUS “TUTYHXKEp —
BTYJIKa” BEJIIMUYMHA KPUTUYECKOH CHJIBI HE MOXET ObITh Ooublle CHIIBI, HEOOXOIUMOH Juis
paspyuieHus abpa3uBHON YaCTHUIIBI, U MOXKET OBbITh ompesieneHa [5]:

Pkp = TCij [Gab] (4)

CoriacHO JaHHOMY BBIPAKCHHIO BEIMYMHA KPUTUYECKON CHIIBI JIUIsI pa3pyIleHHs] YacTHUI
kopyHaa c¢ pasmepamu 20 mMkm u 30 mxm Oyzaer coctaBmare 0,31 H m 0.71 H. [ns pacuera
KPUTUYECKOH TommuHbl aup(dy3HoHHOrO cios npeodOpasyem BbolpakeHue (3). OOo3HauMM
oTHomIeHne TommuHbl cios (h) k pagumycy ormeuaTka (a) yepe3 A =h/a. [loacraBus B (3), mocie
npeoOpa3oBaHUs TOTYUHM:

—3 3Rnp 'Rkp '}\‘3'(1_H2)
w 4E

np

)

[MoacraBnsas Py, us (4) , nomyunm

—; 3“'Rsp N '[Gar]'(l_l’b)
v AE

np

(6)
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O6myro nedopManuio CUCTEMBI “CJIOW — CepJIleBHHA” MOXKHO pacCMaTpHBaTh KaK CyMMY
JIBYX COCTaBIsrOIHMX [3]:
o=0,+0a, , (7)
rne ¢, - ynpyras cocTaBidomas JaegopMaluu, MM; «, - IUIACTUYECKas COCTaBIIAIOLIAst
nedopmari, MM. YTIpyrasi COCTaBiIstonas neopMannu MOKeT ObITh ONpe/iesieHa M0 YPaBHEHHIO
I'epna:

A =k P2 (8)

kp

31-p2)]

rine K =3 L
4E,,p Rnp

KO3 (ULUEHT, 3aBUCIIIUMHA OT (GOPMBI U YIPYTMX CBOMCTB

COYJIapSIIOIIUXCS TEll.
[Tnactuyeckast cocraBistomas aedopManuu ¢, MOXET ObITh HailiJleHa Ha OCHOBE
AMITUPUIECKON 3aBUCUMOCTH akajgeMuka 0. A . MnumHckoro
[6,]=036HB; 9)
WIIH
P, =[o;]- F/036 (10)
rne HB — tBépaocts Marepuana, Mlla; F — miomane ornedarka, MM2; P, — cuna, nericTByromas

Ha vactuny, Mlla; [63] - MpeJen NpoYHOCTH Marepuana cepaueBunbl, MIla. Yuutsias, yto npu

COM3MEPUMBIX BEJIIMYUHAX a U ¢, IUJIOIIAJb OTIIEYaTKa F cBsa3ana c FHYGHHOﬁ MCCTHOI'O CMATHUA

a, Kak
F=2n-a-a, (11)
IMoacrasmss (11) B (10),
018-P,
oy =——2 (12)
n-a-|o,]

Cymmupys Beipaxkenue (12) ¢ BeipaxkenneM (9), momydanm

3(1-p*) R .p3 L 018,

4, R, " Twalo] )
Takum ob6pazom, BeipakeHus (3) u (13) MO3BOJISMIOT MPOU3BOANTH OIEHOYHBIC PACUETHI TIO
onpezeneHnto Hecyleill cnocoonoctu auddysnonHoro cnos. M3 Beipaxkenus (7) BbITEKAET, 4TO
KpUTHUYECKas TOJIIMHA CIIOSI IPSIMO MPOTOPIIMOHANIbHA pa3Mepy abpa3uBHBIX YACTHII, UX TIyOHHE
BHE/IPEHUSI M TIPEJeNly MPOYHOCTU MPHU CXKATUM M OOpPaTHO NPOMOPLUUOHANBHA MPHUBEIEHHOMY
MOJIyJII0 YIPYTrOCTH CUCTEMBI “‘ciioil — cepaueBuHa’. W3 Beipaxenuii (7) u (13) crnemyer, uto ¢
YBEIMYEHUEM TOJIIMHBI CJIOSI HECyIlIas CIOCOOHOCTh CHCTEMBI TOBBIIIaeTcs. I[loBBICHTH
IPOYHOCTHBIE CBOICTBA CepALIEBUHBI MPU TUPPY3HOHHON 00pabOTKEe MOXKHO, TPUMEHHB METO/IbI
TEPMHUYECKOH 00pabOTKH.
3akmovenue. [Ipy BOCCTaHOBIECHNN M YIPOYHEHHH MPEHU3UOHHBIX JIETaJIe PacIbIUTENS
dopcynkn nuddy3uoHHONH MeTaIM3alUeil TONIUHA CJIOsl TOJKHA ObITh OOJIbIIE KPUTUYECKOM
BEJIMUMHBI, U 3TO OyneT oOecrneunBaTh UX JA0JITOBEYHYIO paboTy. B oTimume ot pacu€THol cXeMmbl,
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Ha a0bpa3uBHYIO YacTHIly, KpOME HOpPMaJIbHOM CHIIBI, OyyT AEHCTBOBAThH M KacaTeIbHbIE, YTO MPH-
BeET K CHWKCHHUIO NPEIEIbHON BEIMUNHBI HAPSHKEHUN paspyleHUs JUIsl YACTULIBI M TEM CaMbIM
YBEJIMYUT 3ar1ac MPOYHOCTU CUCTEMBI “‘CIIOM — CepALEBUHA .
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FORSUNKANIN PRESIiZION DETALLARININ BORPASINDA DIFFUZIYALI QATIN
KRITiK QALINLIGININ TOYINi

0.G. HUSEYNOV, S.N. ASADOV, E.R. ASTANOVA

Mogqals diffuziya metallagdirma metodu ilo berpa olunmus forsunka piiskiiriiciiniin presizion hisselorinin
uzundmiirliililyiini tamin edon diffuziyali qatin kritik qalinliginin toyinina hasr edilib.

Acar sdzlor: diffuizyali qat, forsunka, presizion detallar, barpa, kritik qalinliq.

DETERMINATION OF THE CRITICAL THICKNESS OF THE DIFFUSION LAYER
WHEN RESTORING THE PRECISION PARTS OF THE INJECTOR

A.G. GUSEYNOV, Sh.N. ASADOV, E.R. ASTANOVA

This article is devoted to the determination of the critical thickness of the diffusion layer, the restored precision parts of
the nozzle atomizer by diffusion metallization, which will ensure their long-term work.

Keywords: diffusion layer, nozzle, precision parts, restoration, critical thickness.
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DAG SUXURLARININ REOLOJI XASSOLORI NOZORO ALINMAQLA
QORUYUCU BORU KOMORININ UZUNOMURLULUYO HESABI

S.H. ABBASOV"

Alian naticolorin analizi gostorir ki, Ozlii-elastiki dag silixurlar1 torsfinden sement ortiikdon
goruyucu boru komarinin yan sathino 6tiiriilon tozyiq zamani keg¢dikco todricon artir. Ona goro do oksor
hallarda qoruyucu boru kemarinin azilmasi va yaxud biikiilmasi qoruyucu boru komori quyuya buraxilan
anda deyil bir ne¢o miiddat kecdikdon sonra bas verir. Hesablamalar gostorir ki, zamanin eyni bir aninda
komor daxili oks tozyiqin azalmasi vo qoruyucu boru komorinin divarmin qalnligmin artmasina
baxmayaraq belo, kontakt tozyiqi artir.

Agar sozlar: gorginlik, deformasiya , mohkomlik , dag siixuru, dag tazyiqi, sement tabaqo.

Giris. Neft vo qaz quyularimin divarlarinin qoruyucu boru komorlori ilo moéhkom
barkidilmasi yataqlarin miivoffoqiyyastlo istismarinda asas masalalordon biridir. Qoruyucu boru
komarino tosir edon yiiklorin doqiq hesabati quyu divarmin etibarli borkidilmosinin osasini
toskil edir. Modon miisahidolori gdéstorir ki, qoruyucu boru komorlorinin geoloji miirokkob
soraitdo yan tozyiqdon ozilmasi hidravlik tozyiglordon biikiilmslordon forglonir. Ancaq Huk
modelinin totbiqi qeyri elastiki dag siixurlarinin tosirindon qoruyucu boru komorlorinin
biikiilmasinin sl sababini askar etmoys imkan vermir. Ona goro do neft-qaz quyularinin
divarinin borkidilmasi va qoruyucu boru keomorinin uzundmiirliilityo hesabati zamani dag
stixurlarinin reoloji xassalorini nazors almaq lazimdir.

Mosoalonin qoyulusu. Miirokkab reoloji soraitdo 6zlii-elastiki miihitdo qoruyucu boru
komarinin xarici tozyigo tab gotirmo qgabiliyyati ani olaraq yox, todricon xarici kontakt tozyiqi
borunun materialinin axma hoddine catmasindan sonra bas verir. Istismar dovriinde miirokkob
reoloji soraitdo qoruyucu boru komorinin mohkomliyinin dorhal pozulmasinin osas
sobablorindon biri 6zlii elastiki laylarda yan tozyiqin boru komorinin xarici sothing
oOtiiriilmasinin zaman kecdikco artmasidir. Bu asas sobabi nozors almaqla isdo qoruyucu boru
komarinin uzundmiirliilitys hesabat1 masalasine baxilmisdir.

Mbasalonin tadqiqi. Qoruyucu boru komori iiglin gorginliyin  komponentlorinin
zamandan asil1 ifadslori alinmig vo energetik mohkomlik sortindon istifado edorok 6zlii-elastiki
dag siixurlar1 ohatosindo olan qoruyucu boru komorinin  uzunOmiirliililyo hesabi1 todqiq
edilmisdir. Alinmis noticolor gostorir ki, qoruyucu boru komorinin divarinin galinligr vo

* Azerbaycan Dévlot Neft vo Sonaye Universiteti
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materialinin axma haddi no godor ¢cox olarsa onun istismar miiddatindo bir o gador yiiksok
olar.

Neft vo gaz yataqlarinin istismar1 quyu divarinin qoruyucu boru komorlori ilo méhkom
barkidilmasinden sonra baglanir. Quyu divarinin barkidilmasi bir qayda olaraq yandan tosir
edon dag tozyiqine vo daxili hidrostatik tozyiqa hesablanir. Yan tozyiq, dag tozyiqinin bir
hissasi kimi vo ya ona barabar gotiiriiliir.

P =EP,

Dag tozyiqi P, =yH , miioyyan dorinlikds yuxar1 qatdaki dag siixurlarinin orta xiisusi
¢okisinin homin dorinliyin hasilino borabordir. &-basqi omsalidir vo 0<&<1 araliginda
doyisir.

Endirmo prosesindo vo sonralar komor daxili vo xarici tozyiqlorin tosiri altinda olur.
Hesabi komiyyaot kimi xarici vo daxili izafi tozyiq gotiiriiliir. Xarici izafi tozyiq lay tozyiqi ilo
yaradilir. Onun qiymeti quyu monimsanildikds artir, ¢iinki bu zaman daxili hidrostatik tozyiq
azalir [1].

Darin laylara qazilmis miirakkab reoloji soraitli quyu divarinda dag tozyiqinin meydana
golmasi zamandan asili bir proses oldugundan ona elastiki miihit kimi baxmaq real
naticalordon uzaq olar. Ciinki qoruyucu boru komori, onun arxasinda sement tobagoasi vo ondan
sonra radiusu sonsuzluga yaxinlagsan miixtolif vo bircins tobagoli dag siixurlarindan ibarat
laylar 6zlorini miixtolif xassali reoloji miihitlor kimi aparirlar.

Quyu divarlarinin borkidilmoesi vo yataqlarin istismar1 zamani bu ndv yataqlarda
goruyucu boru komorlorini xarici tozyiqo hesabladigda reoloji modellordon homin zonalar
iclin uygun golonlorindon istifads etmoyi asaslandiraraq totbiq etmok daha maqsods uygundur.
Dag siixurlar1 homiso tozyiq altinda oldugundan onun gorginlik-deformasiya voziyyatini toyin
edarkon baslangic gorginlik voziyyati nozore almaq dag mexanikast masalalorinin hallindo
vacib masalolordondir. Ona gore do qoruyucu boru komarinin méhkomlik vo uzundmiirliilitye
hesabati zaman1 dag siixurlariin baslangic gorginlik voziyyatini nozors almaq lazimdir.

Miirokkab reoloji soraitdo kontakt tozyiqinin qiymoti qoruyucu boru komaorinin
materialinin axma haddino borabor oldugda qoruyucu boru komori 6z is qabiliyyatini ani
olaraq yox todricon itirir.

Dag siixurlarinin reoloji vo oOzlii-elastiki xassolorindon asili olaraq dag tozyiqinin
goruyucu boru komorinin yan sothing Gtiiriilmasi miixtslif templo bas verir [4].. Bu eyni bir
soraitdo siixurlarin miixtolifliyindon asilidir. Kontakt tozyiqinin zamandan asili ifadesindon
maraqli bir natico aldo edilir. Zaman kec¢dikco kontakt tozyiqinin qiymeti dag tozyiqinin
giymatindan artiq olur.

P, wEy
(1-n)

Bu artimin qiymoti vo tempi boru kemori vo quyu liilosinin radiuslari nisbatindon
asthidir. Ozlii-elastiki dag siixurlari torafindon sement értilkdon qoruyucu boru kemorinin yan
sathino Gtiiriilon dag tozyiqinin doyigsmasi qanunauygunluglarini bilmokls istonilon miihit ii¢iin
goruyucu boru komorlorini uzundmiirliiliiyo hesablamaq miimkiindiir. Sement ortiikdon
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goruyucu boru komorino oOtiiriilon dag
tozyiqinin  qiymati  qoruyucu
komorinin materialinin mexaniki sement

boru

Ortilyiin vo dag siixurlarinin reoloji
xassolorindon asili olub zaman keg¢dikca
artir vo t—o aninda dag siixurlar
tarafindon Otiirtilon yan tozyiqinin hamin
dorinlikdoki ~ maksimum
boraber olur. Is zamani qoruyucu boru
komorinin  biitovliiyliniin  itirilmasino
osas sobablordon biri onun yan sothino
Otliriilon dag tozyiqinin zamandan asili
olaraq artmasidir. Ozlii-elastiki miihitdo
goruyucu boru komorlorinin is qabiliy-
yotini itirmosi ani olaraq yox todricon
kontakt tozyiqi borunun materialinin
axma hoddins ¢atdigdan sonra bas verir.
Oxa simmetrik qoruyucu boru
komari iigiin sorhoad sortlorindon istifado
edorok miivazinat tonliklorini yazaq:

--F,

qiymating

0 _ 0
oyl  =-r,H Vo oy
p=a p=b

Kontakt gorginliklorinin zamandan asili ifadesi molum oldugunu nozoro

—— d_--a-—Od

Sakil 1. Hesabat sxemi

alaraq

a< p<b sorti daxilindo boru komarinin yan sathi {i¢iin gorginliyin komponentlori asagidaki

kimi toyin edilir:

2G du u
6?121 2k {( _Hk) Ly, k}
— <My dp
0 2G, [( Uy duk}
_ 1o, e, D | (1)
2 124, k 0 k dp

Vo ya

radial yerdoyismoni toyin edok.

2,2
ab

1, :E(b’g_—cﬁ)[(l—Zyk)(aZ}/mH—szc) +m[7mH—bZPk] (2)

Ozlii-elastiki dag siixurlar1 torafindon qoruyucu boru kamerinin yan sothins étiiriilon vo

(2)-ya daxil olan Py dag tozyiqi asagidaki kimi toyin olunur [2].
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(==l 1Y, @) BP-2u )+ A
”n{ (cz_bz)a ZGdJ[B’Gk(bz—a)+( “1ha. e
K

G, -b?) 22;1, 2G, a,

Kl —b*—c*1-2u,), o, A 1 o A
x 212 P = € ==
A (P -pPa, A 2G, A
Molumdur ki, gorginliyin maksimal qiymoti vo boru komorinin materialinin plastiki
voziyyato kegmasi borunun daxili sothindo bas verir. p=a qobul edorok (2)-ni (1)-do yerino

x Bze(lzt

yazmagla aliriq:

cT(I)I = _’YmH’.
o (?+p2)y,H-207p
02 = b2_ 42 ’ G)

ol = 2uk[abz H - bP]

Qoruyucu boru komorini mohkomliya hesablamagq iigiin energetik mohkomlik sortindon
istifado edirik [3].

= ot + 035 + 095 — 0]y 109, — 07,1 03y — 0Ly " 0y 4)
o, —effektiv gerginhkdlr.

(4) ifadesinin sag torofino daxil olan gorginliklorin komponentlori zamanin funksiyasi
oldugundan boru komorinin materiali miioyyon miiddotdon sonra gorginliyin axma hoddino
catir.

(3)-1i (4)-do noazoaro alagq:

:\/(ymH)2+ [(a2+b2)YmH_2b2'Pk]z +4Hi[azYmH—b2-Pk]z .

= =

(@ + b2 Yy, 1 267 - P Yy H 20, b +a® Yy, H - 267 - P |a?y, H - bP, 5
(bz _az)z B (bz _az)z * )

2wy, H oy, H —b*F,

b?-af

(5) ifadesino dag siixurlarinin reoloji, qoruyucu boru komori vo sement Ortiiyiin
mexaniki xassoalori daxildir.

+

(5)-in kdmayi ilo 5000 m dorinliys buraxilmis vo diametri 168 mm, divarinin qalinlig
10 mm olan qoruyucu boru komari uzundmiirliiliiys hesablanmigdir.

Hesabatdan alinmis noticolorin analizi gostorir ki, miixtolif markali poladlardan
hazirlanmis qoruyucu boru komorlori iiglin ekvivalent gorginlik miioyyon vaxtdan sonra
gorginliyin axma haddine catir. Yoni qoruyucu boru komorinin miioyyon miiddat orzindo
dayanigligimi itirmodon islomasini toyin etmok miimkiindiir. Alinmis naticolor gostorir ki,
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Dag siixurlarimin reoloji xassalori nazara alinmagla qoruyucu boru kamorinin uzunémiirliiltiys hesabi

goruyucu boru komorinin divarinin qalinligi vo materialinin axma hoddi no godor ¢cox olarsa
onun istismar miiddatds bir o godor yiiksak olar.

Natica. Qoruyucu boru komori {iglin gorginliyin komponentlorinin zamandan asili
ifadolori alinmisgdir.

Energetik mohkomlik sortindon istifado edorok ozlii-elastiki dag siixurlari ohatosindo
olan qoruyucu boru komorinin uzundémiirliilityo hesab1 verilmisdir.

Quyunun dorinliyi va istismar miiddotindon asili olaraq qoruyucu boru komorinin hansi
markali poladdan hazirlanmasi toyin edilmisdir.

Alinmis ifadoslorin kodmaoyi ilo qoruyucu boru komarinin daxilinds plastikliyin baslanma
an1 vo tamamilo plastik zonaya kegmasi vaxti toyin edilmisdir.
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PACYET OBCAIHBIX KOJIOHH HA TOJITOBEYHOCTH C YUETOM
PEOJIOTHYECKHX CBOMCTB 'OPHBIX ITIOPO/I

C.I. ABBACOB
Ananmmz PE3YJIbTATOB ITOKA3bIBACT, YTO HAPY’KHOE AaBJICHUC Ha O6C3HHyIO KOJIOHHY OT BS3KO-yHPYIoro ropHoro
MaccuBa 3a IEMEHTHON 000JI0UKOH YBEIIMYUBACTCA C TCUCHUEM BPCMCHHU. ITlo aToii NPpUYUHE CMATUC pr6I>I B OOJIBIIIMHCTBE
CJIy4acB NIPOUCXOJAUT HE Cpa3y IMOCJEC CITyCKa KOJIOHHbI B CKBa)KUHY, 4 B PE3YJILTATC Z[HI/ITGHLHOﬁ paGOTLI.
Pacuerst MOKa3bIBarOT, 4YTO BCJICACTBUEC YMCHBUICHUS OGpaTHOFO BJIMAHUW BHYTPUKOJIOHHOI'O JaBJICHUA C

YBEIMYEHHEM TOJNIIUHBI TPYO BO3PACTaeT KOHTAKTHOE JABJICHUE MPH OJJMHAKOBBIX 3HAYEHUSAX (PAKTOPa BPEMEHU.

Knrouesvie cnosa: Hanpsioicenue, beqbopjwat;uﬂ, npoYHOCNb, COPpHAA nopoda, 2OpHO€e 0&6/1€HM€, yemernmmHoe Kojibyo

ESTIMATION OF CASING DURABILITY CONSIDERING
RHEOLOGICAL PROPERTIES OF THE ROCK

S.H. ABBASOV
Analysis of the result shows that external pressure on the casing from the viscous-elastic rock massif increases by the
time. That’s why in many cases denting of casing doesn’t take place immediately but after some period.
Calculations show that at the same time the factor value of the contact pressure increases though the internal reverse

pressure decreases and the thickness of casing walls raises.

Keywords: tension, deformation, durability, rock, pressure, cement, layer.
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AVIASIYA KONSTRUKSIYALARINDA KOMPOZIT
MATERIALLARIN TOTBIQi VO
QiYMOTLONDIRILMOSI

0.S. MOSIMOV”

Maogalads mogsad kompozit materiallarin totbiqini miioyyanlogdirmok vo onlarin mexaniki xassoalorine
gora giymotlondirmokdir.

Agar sozlar: aviasiya konstruksiyalar, kompozit materiallar, elastiklik modulu, izafi eneryji.

Giris. Kompozit materiallarindan hazirlanmis mohsullar moéhkomlik vo  sortlik
xassaloring, hamginin korroziya dayaniqhigina goro sonayeds genis totbiq tapmisdir. Lakin
istismar prosesindo kompozit materiallarinda mikrozadslorin yigilmasi, zaman kecdikca
konstruksiyanin isloma gabiliyyatinin azalmasina gatirib ¢ixara bilor. Kompozit materiallarin
istehsali zamani miixtolif qiisurlarda meydana c¢ixir. Kompozit materiallarinin dagilmasi
metallara nisboton daha az Oyronildiyi Ugiin, etibarliga yiiksok tolobli olan mohsullarda
istifadosi bir qodor risklo baglidir (masalon, raket-kosmik texnikada). Notico kimi, kompozit
materiallarin voziyyatinin real zaman rejimindos nozarati lazimdir.

Dagilmayan nozaroti miixtolif iisullar (ultrasss, radiodalga vo s.) andazi Ol¢iilori boylik,
doyori yliksok olan cihazlar tolob edilir. Bu iisullarin komokliyi ilo real zaman rejiminds
(istismar miiddotindo) kompozit materiallarin nazarstini aparmaq olduqca ¢otindir, bazi
hallarda hotta miimkiin deyil.

Yuxarida geyd olunanla osason, todqiq edilon materialin bir hissasi tonzimloyici olaraq
KM vaziyyatinin nozarot {isullar1 xiisusi maraq yaradirlar. Bu baximdan KM-dan konstruksiya
1$ qabiliyyotinin dorocosi haqqinda 6zii “molumat verir”. Belo strukturlar1 intelektual
materiallar adlandirirlar.

Ogor material xarici vo daxili sortlorin doyismasine reaksiya vermok qabiliyyetindadirso, o
intellektual sayilir. Xarici sortlorin doyigmosini tobiot vo istismar sortlorinin, vo ya
konstruksiyanin fozada yerdoyismosini qobul etmok olar. Intellektual materiallarin reaksiyasi
qurgunun funksional xarakteristikalarinin doyismosidir. Bunun sayosindo intellektual
materiallar konstruksiyanin etibarligini vo effektivliyini ylikssltmayo, yeyilmoni vo istismar
xarclorini azaltmaga imkan verir.

* Azorbaycan Milli Aviasiya akademiyast
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Aviasiya konstruksiyalarinda kompozit materiallarin tatbiqi va qiymatlondirilmasi

Umumi halda iso asagida gdstorilon tosir ndvlorini lgmok lazimdir: mexaniki yiiklomalar;
temperaturun doyigmasi ilo bagl istilik tosiri. O mexaniki gorginliklorin yaranmasina togabbiis
edo vo mexaniki moéhkomliyin doyisikliyino apara bilor; miihitin tursuluq doracesinin
dayisikliyi ilo bagli kimyavi aktiv maddslarin itkisi, suyun olmasi va s. kimyavi tosiri.

Xarici tosirlorin Ol¢lilmosindon bagsqa, homginin intellektual materiallardan konstruksi-
yanin yeyilmo doracosine nazarat etmok lazimdir: Mexaniki yiiklomolor; Istilik tosiri; Kimyovi
(korroziyali) tosir

Coroyan kegiron hossas elementlorlo intellektual kompozit materiallarinin yaradilmasi
zamani xususi diqqot karbon liflorino ayrilir. Kompozit materiallarina karbon liflorin totbiqi
materialin ilk méhkomlik xarakteristikalarinin azalmasina gotirib ¢ixarmayacaq, ¢iinki karbon
liflorin en kasik Ol¢iilori hal-hazirda (toqribi 8 mkm) istifado olunan kompozit materiallarinin
basqa mohkomlondiron (armirloma) elementlorinin en kasik dlgiilori ilo miiqayiso edilo bilor.
Unutmaq lazim deyil ki, karbon liflori eyni zamanda moéhkomlondiran (armirlogon) vo hassas
elementlorin funksiyasini yerina yetira bilor.

Isin moaqgsadi - kompozit materiallarin totbigini miioyyonlosdirmokden vo onlarin
mexaniki xassalorino goro qiymotlondirmokdon ibaratdir.

Baxmayaraq ki, karbon liflori "yaxs1" xarakteristikalarin artmasiyla slagodar miihondislik
tonzimgisi adlandirmaq olmaz, onlar ¢ox faydali keyfiyystli informasiyani verirlor, belo ki,
analizi, struktur voziyyaotini xarakterizo edir. Komiir plastik kiitlosinin miigavimatini dlgarak
materialin formasini doyisdirilmis voziyyatino nozarot etmok, onun yorgunluq uzundmiirliiyii
vo zadonin derocesi haqqinda noticolori qiymatlondirmok, kompozitin tobagelosmasinin
doracosindon miihakimo yiirlitmok olar. Fasilosiz vo doylilmils karbon liflori intellektual
kompozot materiallar1 yaradaraq miixtalif polimer materiallara asan diffuziya olurlar. Lakin,
elmi monbolordon goriindiiyli kimi, komiir plastik kiitlosinin miigavimetinin doyisikliyinin
geydiyyati iiclin daha doqiq aparatura lazimdir, ona goro ki, karbon saplarinin miigavimatinin
doyisikliyinin geydiyyatina ehtiyac vardir. Bundan basqa, karbon saplar1 (elementar karbon
liflorinin dostolori) massivi yaratmaga imkan verir, vo onlarin méhkomliyi ilo qiisurlar yerini
miioyyanlosdirmoak olar.

Mosalonin halli. Hal hazirda dispers-doldurulmus polimer kompozitlorin suturuktur-
mexaniki xassalorini qiymotlondirmok {igiin bir sira yanasmalar mévcuddur. Bu yanasmalar
sirasinda on genis istifado olunan iisul baza polimer matrisino doldurulmus komponentlorin
sturukturu ilo miioyyonlosdirilir. Belo ilkin yanasma molum faktlara osaslanir . Bagqa sozlo
desok biitiin proseslor kompozitin xassalorini nozarot edon (relaksasiya, axiciliq, dagilma vo s.)
mohz polimer matrislordo reallasdirilir. Belo yanagmada kompozitin elastiklik modulu - E,
polimer matrisin strukturunu  “qiciglanma” soviyyosindon asili olaraq asagidaki kimi
hesablanir:

E =c(D; —3) (1)

Burada c-sabitdir, Dg-polimer matriso Otiiriilmiis izafi enerjinin lokal saho oOlgiisiidiir.
Doldurulmus kompozit polimer materiallinin elastiklik modulu — E ilo axicilig hoddi o
arasinda asagidaki asililig mévcuddur [1]
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o = E/6y )

burada y- Qryunayzen parametridir vo molekullar arasi slagoni xarakterizo edir.
Qryunayzen parametrini Puasson omsali ilo ifads edib toyin etmok olar:

vy =A ok 3)
burada A; - omsalinin qiymati (0,7--0,9) arasinda doyisir [2].

A;=0.9 gobul etsok yuxaridaki diisturlardan elastiklik modulunu toyin etmok iiciin
asagidaki diisturu ala bilarik :

E =(8.1Df —10.8) o, 4)

Aparilmis todqiqatlar [2, 3] gostorir ki, polimer kompozit miihitinds elastikiyyot
modulu E —ilo, axiciliq hoddi g; arasinda xatti olago mdévcuddur, hor iki parametr molekullar
arasi qarsiliglt alage qiivvasi ils toyin olunur.

Sokilds elastikiyyst modulu E ilo axiciliq haddi — o0, arasinda CBMIID- Al veo
CBMIID tipli kompozit materiallar1 arasinda olaqo gostorilmisdir. Sokildon goriindiiyii kimi
olago xotti xarakter dasiyir vo diiz xottin meylliyi (4) diisturu ilo uzlasir.

Kegirilmis todqiqatlar asas verirlor ki, hossas elementlorin totbiqi lifli polimer kompozit
materiallarda karbon saplar osasinda uzun miiddotli dagilma vaxti voziyyoti Vo
konstruksiyalarin xidmot miiddatini nazarat etmays imkan veracok

E,IMa
s}
4
A-1
0-2
0 50 100 150 o M

Sakil. Elastiklik modulu — E ila, axiciliq haddi — o, arasinda asililiq diagrami
CBMII3- Al — kompozit materiallar iiciin; CBMIID - kompozit materiallar iiciin

(1) disturunda Dy - in haddi giymatini doyarlondirak. Tadqiqatlara [3, 4] gora Puasson
omsalmin qiymoti real bark cisimlor {igiin v =0,475 bu da Df=21 qiymotino uygun golir.
Praktikada polimer materiallar ligiin v = 0,45 haddini kegmir vo ona gérs do Dy- in hadd
qiymoti Dy =11 -5 barabordir. Ds=1,33 olanda E=0 haddins ¢ixir, bu da Puasson amsalmin v =
-1 qiymotino uygun golir. Puasson omsalinin asagi qiymotino diismo sobobi ehtimali
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makromalekullarin  horokatliliyinin  mohdudlugu ilo olagolondirmok olar, yoni polimer
matrissaya mohdud miqdarla enerjinin daxil olmasi ils izah etmok olar.

Notica. Gostorilmigdir ki, hossas elementlorin totbiqi lifli polimer kompozit
materiallarda karbon saplar osasinda uzun miiddotli dagilma vaxti voziyyoti vo konstruk-
siyalarin xidmat miiddotini nazarat etmaya imkan veracak.

Puasson omsalinin asagi qiymotino diismosinin sobobi, polimer matrissaya mohdud
miqdarla enerjinin daxil olmasi ilo izah etmak olar.
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HCCIENOBAHUE U ONEHKA KOMITIO3UTHBIX MATEPHAJIOB
B ABUALIMOHHBIX KOHCTPYKIUAX

A.C. MACUMOB

B craTbe onpeneneHa BO3MOXKHOCTb IPUMEHEHHS KOMIIO3UTHBIX MAaTEPHANIOB U MX OLIEHKA HAa OCHOBE MEXaHHUYe-
CKHUX XapaKTEPHUCTHUK.

Kniroueswvie cnosa: asuayUOHHble KOHCMPYKYUU, KOMNO3unHovie mamepuaisl, Manﬂb ynpyeocmu, u3ObIMmoyHas
OHep2Usl.

RESEARCH AND ASSESSMENT OF COMPOSITE MATERIALS IN
AVIATION DESIGNS

A.S. MASIMOV

The article is definition of application of composite materials and their estimation on the basis of mechanical
characteristics

Keywords: aviation designs, composite materials, elasticity module, extra energy.
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OB30P AHAVIUTHNYECKHUX METOJOB ITPOI'HO3UPOBAHMUA
MPON3BOJIUTEJIBHOCTHU I'OPU3OHTAJIBHBIX CKBAKUH

(yacts 1)

JI.A. BOJIbYEHKO'

PaccMmoTpenbl MeTonbl pa3paboTky 3anexeld HeTH TOPU30HTAIBLHBIME CKBOKWHAMH, HX TIpe-
MMYIIIECTBA, OMBIT MPUMEHEHHSI TOPU3OHTAIIBHBIX CKBRXHH B YKpauHe U B Mupe. [IpuBenensl Kputepun
uX 3((HEeKTUBHOTO UCIOJIB30BAHUS, a TAKIKE AaHATUTHYCCKHE 3aBHCUMOCTH JIJIsl pacyera JAeOnuTa ropu3oH-
TAJILHON CKBaXXUHBI ¢ OECKOHEYHOM JIMHOM CTBOJIA.

Knwuesuvie cnosa: cucmema pa3pa60mku, 2OPU3OHMANIbHASA CKEAJICUHA, noKazameiu pa3pa6omi<u,
zopusonaﬂbelﬁ cmeou, npouseodumeﬂbHocmb CKB6AMNCUHDBL.

BBenenne. Haubonee pairioHanbHbIM HampaBieHUEM MOBbIIEHUS Kod(huiueHTa nedre-
U3BJICUCHHS TPYTHOU3BICKAEMbIX 3aMacoB HE(TH SBISETCS MEPexXo] Ha NMPUHIUIHAILHO HOBBIC
CHCTEMBI pa3padOTKH MECTOPOKIACHUN. | OpU30OHTAIbHBIE CKBAYKHHBI, KOTOPHIE UMEIOT OOJBIIYIO
TUTONIA/(b BCKPBITHS TUIACTOB, CHIDKAIOT (PHIIBTPALIMOHHOE COMPOTHBIICHUE U SBISIOTCA d(PPEKTUB-
HBIM METOJIOM HE TOJIBKO TOBBIIICHUS MPOU3BOAUTEIBHOCTH CKBA)XWH, HO U BEIWYMHBI HEe(PTEeU3-
BJICUEHUS U3 IPOAYKTHUBHBIX IJIACTOB.

Oco0eHHO Ba)KHO MPUMEHATH CHCTEMbI pa3pabOTKU ¢ TOPU3OHTAJIHHBIMU CKBOKMHAMH Ha
MECTOPOXKACHUAX C BBICOKOM I€0JIOTMYECKON HEOJHOPOIHOCTHIO, PACUICHEHHUEM, HAJTMUYUEM MHO-
TOYHUCIIEHHBIX 30H 3aMEILEeHUs MPOIYKTHUBHBIX TIACTOB, 30H BKIIMHUBAHUS, YYaCTKOB TOHKUX KOJI-
JIEKTOPOB.

Kaaccndukanmus ropu3oHTadbHBIX cKBaxXuH. ['opusoHTtanbHas ckBaxuHa (I'C) — 310
CKBa)KMHA KOHEYHOM JUITMHBI, OCh KOTOPOM MPOXOAUT MKy KPOBJIEH U MOAOMIBOM IIacTa C YIJIoM
HaksoHa 80...100° oTHocuTensHO BepTHKanu. CxeMa TrOpU30HTAIBLHOM CKBaXXKMHBI MMOKAa3aHa Ha
puc.1.

B 3aBucumMocTH OT TpaeKTOPHH TOPU3OHTAILHOTO CTBOJIA CKBAXHHBI U OT MPHHITON TeX-
Hosoruu Oypenus ['C yciaoBHO aensaT Ha 4 rpymnmbl: 1) CKBaXHHBI ¢ OOJIBIIMM pajnycoM Habopa
kpuBu3Hbl; 2) I'C cpennero paaunyca uckpusienus; 3) ['C manoro panuyca KpuBu3Hbl; 4) yiabTpa-
kopotkue I'C.

* o v [
HBaHo-®paHKOBCKHI HATMOHATBHBIA TEXHUYECKUH yHUBEpcUTeT HeTH U ra3a (r. iBano-OpaHKOBCK, YKpanHa)
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[ OpU30HTANIBHBIE CTBOJIBI, POXOIS
0 POJYKTMBHOMY IIJIACTY HA COTHH MET-
POB, a B OTJAENBHBIX CIIy4asX HECKOJIBKO
COTEH METPOB, MOI'YT OTKPHITH B HEOJIHO-
POJHOM IUIACTE YYACTKH TPEIIMHOBATBIX P
30H C MOBBIIIEHHON TPOHUIIAEMOCTBIO. DTO
MO3BOJIUT TOJAYyYHTh B OTHX CKBOKHHAX
NeOUTbl B HECKOJILKO pa3 BhINIE, YeM B 1
BEPTHKAIBHBIX. [TOSBISETCS BO3MOKHOCTE
pa30ypuTh Ta30HE(TAHBIE 3AICKH ¢ 0OJIb- e S

IIMMA TOJAra30BBIMH 30HAMH M BOJIOHE- [ ' e

(bT}IHbIG 3aJIC)KHM 3HAYUTCIIbHO MCHBIIHNM
KOJIMYCCTBOM CKBaXXHUH H p3.3pa6aTI>IBaTB

Pucynok 1. Cxema ckeadxcun:
3TA OOBEKTHI Ipyd MHUHHMAJIbHBIX JCHPEC- A — 2opuzonmanvnan; B - eepmukansvnasn

cusx [1,2].

MupoBoii 1 oTedecTBeHHBIH onbIT MpoBeaeHus I'C cBUIETENbCTBYET O TOM, YTO UX MpHU-
MEHEHHUE MO3BOJISET 3HAYUTENFHO YIYUIIUTh TEKYIIHe TEXHOJIOIMYECKHe MOKa3aTeNln pa3padoTKu
HU3KOIPOHUIIAEMBIX KOJIJIEKTOPOB, a B Psi/ie CIIydaeB MepeBecTH 3abanaHcoBble 3amachl HeGTH B
0asaHCOBBIE: B YACTHOCTH, TeMITIbl 0TOOpa He(pTH U3 cucteM ['C 1o cpaBHEHMIO C CUCTEMaMU Bep-
TUKaNbHBIX ckBaxuH (BC) moBemmarores B 3...5 pa3, yBeIHMUUBAIOTCS J€OMTHI CKBAXHUH, COKpa-
IAIOTCSI CPOKHU pa3pabOTKH 3ajeku. MOKHO MPeaoI0kKuTh, 4To mpuMeHeHue I'C B 3TUX yClIOBU-
SIX TO3BOJIMT OOECTICUNUTh TEMITbI BHIPAOOTKH 3alacoB Ha YPOBHE PEHTA0ENbHOCTH. ['010BOM TemMn
orOopa MoxeT ObITh He MeHee 2...3%, B To BpeMs Kak npu npuMeHeHur BC 3ToT nmokazartenb He
npesbiaet 1...1,5%. Ilpu 3ToM HEOOXOAMMO OTMETUTH, YTO YAEJbHBIE 3aachl B pacyeTe Ha OJIHY
I'C paza Beime, uem nist BC [3, 4, 5].

Ucnonp3oBanne 'C 3a cuer cokpamieHuss MX OOIIEro KoJumyecTBa Ha 0OBEKTax Tpelyer
3HAYUTENIbHO MeHbIIHX (B 1,5...2 pa3a) KanuTaabHBIX BJIOKEHUH Ha OypeHue CKBa)XKMH MPU OTHO-
cutenbHOM pocte (10 70%) croumoctu kaxaon I'C 3a cuer ycnoxHeHUs uX KOHCTpyKuui. OHa-
KO mpu MaccoBoM Oypenuu ['C CTOMMOCTh OJHOTO METpa MPOXOAKH, KaK IMOKa3bIBAET MUPOBOU
OTIBIT, MOKET OBITH J0BeZieHa A0 croumocTtu npoxonaku BC. Dto co3maer eme Oosee Omaronpusr-
HBIE TIPEANIOCHUTKHY /s TOBBIIIeHNUS 3 hexkTuBHOCTH Hcnob3oBanus ['C.

[Ipu npumMeHeHNH TEXHOJIOTUH Pa3pabOTKU HEPTIHBIX MECTOPOKACHUNA C UCIOJIB30BAaHUEM
I'C MoxHO JtocTHub cTaOMIbHOrO Kod(duuueHTa HedTensnnedeHus, pasHoro 60...80%, 3a cuer
creayrommx ¢aktopos: ['C MOTYT HCTIONB30BaThCS IS pa3pabOTKK Ha 000 CTaauy pa3IuYHBIX
MO THUITY U YCJIOBHI 3ajieraHusi KOJUIEKTOpOB; Npu npoBojke I'C MokHO o0ecneunTs nepeceueHue
HNPUPOAHBIX BEPTUKAJIBHBIX TPEUIMH B IUIACTE, YTO MO3BOJUT 10 MAKCUMyMa YBEIHYUTH MPOHUIIA-
€MOCTb TUIaCTa M OTOOPHI TUIACTOBBIX (DIFOMIOB; /Ul IPEHUPOBAHUS HE(PTSIHOTO KOJUIEKTOpa HYX-
HO OypUTh FOPU3OHTAIBHBIX CKBAXKUH B 4...5 pa3 MeHbIIe, YeM BepTHKaIbHbIX. C MOMOMIbIO MO-
JOOHBIX CKBAXHH MOKHO 00€CTIEUUTh Pa3pabOTKy MPOAYKTUBHBIX IIACTOB, 3aJE€TAIOIIUX O] PyC-
JaMH peK, 03ep, TOpP, TOPOJICKUMH COOPYKEHUSIMH U JIp.

OnpIT NPUMeHEeHHSI TOPU30HTAJIBHBIX CKBaKUH. [[epCTIeKTUBHBIMU METO/IaMHU yBEJIHYEe-
HUSI He(DTEU3BJICUCHUS U3 TUIACTOB CUMTAETCS TEXHOJOTHs pa3zpaborku 3anexeil ['C. PesynpraTs
TEOPETHUYECKUX HCCIIEeNOBaHUM Moka3aiu, 4To ned6utsl ['C mo cpaBHEHUIO C OOBIYHBIMU MOTYT
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ObITH TIOBBITIICHBI B 2...10 pa3, a koadpdunueHnt HedrenspiedeHus u3 mwiactoB — B 1,3...1,5 paza
[6].

I'C umeroT OOJBIIYIO0 MOBEPXHOCTh BCKPBITUSA TUIACTA, YTO CHUXKAET (DUIBTPAIIMOHHOE CO-
NPOTHUBJICHHE B NPU3a00iHOM 30He TuiacTa. KoaddumueHT packpsITis Ipyu 0OBIYHOM (BEPTUKAIb-
HoMm) Oypenun pased 0,01...0,02, a mpu ropuzontamsHom — 0,5...0,8; moa koadduimenTOM
BCKPBITHS IUIACTa IPUHUMAETCSI OTHOLIEHHE CYMMBI MHTEPBAJIOB BCKPBITHS IIACTa KO BCEMY MET-
paxy. B pesynbrare npumenenus ['C 3HaAYMTENBHO YBEIMYUBACTCS MPOJODKUTEILHOCTh OE3BO/I-
HOM 3KCIUTyaTaluu.

B Ykpaune I'C Oputa nmpoOypena B 1957 roxy B bopuciaBckom He(TEpOMBICIOBOM paii-
one. B 70-x rogax 6butn ipoOypenst I'C B JlonauHckoM HedTenpombicioBoM paitone. Ho mpuobpe-
TEHHBIN OIBIT HE Hallled MOJAEPKKHU CIIELUaTUCTOB AJisl HpoKoro BHeapeHus: I'C Ha MecTopox-
neusx Ykpaunel. 3a 2001-2003 roxabl 3aKOHYEHO CTPOUTENBCTBO YETHIPEX TOPU3OHTAIBHBIX
CKBA)KMH Ha 3aJie)KaX ¢ HU3KONPOHUIIAEMBIMH, MAJION TOJIIUHBI, 3aTIMHU3UPOBAHBIMHU KOJUIEKTO-
pamu. M3 3TUX 4eThIpex CKBaXXUH TPHU HAXOATCS B OKCILTyaTalH, OJHA — B OCBOCHUHU [7].

CTpouTenbCTBO CKBAXKHH C OOJNIBIIMM OTKJIOHEHHEM 320051 OT BEPTHUKAJIH YCIIEHIHO OCY-
IIECTBIISIETCS BO MHOTHX CTpaHaxX M peruoHax Mupa Ha cyie u Ha mope: B CILIA B Mekcukanckom
3anmuBe, B Kamndopuuu, Ha CeBepHoMm ckiione Ansicku, B Kanane, Kurtae, ABctpaniu, HoBoii 3e-
nanguu, Ha CeBepHOM Mope, B BenmukoOpuranuu, Hopserun, lanuu, ['epmanun, B Taunanne, Ma-
naiizum, Ungonesuu, Aprentune, Benecyane, Poccuu. Ecniu B 1981 rogy ropusoHTanbHoOe yaane-
HUE 32005 OT BEpTUKAIN CKBaXWH cocTaBmiio He 6onee 1500 M, To Ha 2011 rox ocymecTBiseTcs
OypeHHe CKBaXUH C TOPU3OHTANIBbHBIN yaaneHueM 3a0o0s 1o 12000 m. B Hacrosimiee Bpems B Mupe
npoOYPEHO U IKCIUTyaTUPYETCsl OOJIBIIOE KOTUYECTBO TOPU3OHTAIBHBIX CKBAKUH C OTKIOHEHUEM
3a00s ot Beprukanu. Ha menbde mrata Kamupopaus B CILIA ¢ MOpCKOH 3KCIUTyaTallMOHHOM
wiatopmbl ipu rayOuHe Bojbl 328 M MpoOypeHo peKopAHas HaKJIOHHO-HaNpaBiIeHHAsl CKBaXKMHA
¢ OompImM OTXOZIOM 320051 OT BepTUKamu (CkBakmHa «Spanish Bay»). Koneunas mimaa ctBONa
ckBakuHBI cocTaBmiia 10191 M, pakTudeckas BepTuKaibHas TiryOnHa paBHa 2336 M, TOpU30HTAITb-
Hoe cMmeleHue 3a00s ckBakuHbl — 9058 M. B ¢eBpane 2007 r. na mutarpopme Heritage komnanus
Exxon Mobil Production Company (cokp. Exxon Mobil) 3aBepmummia 6ypoBsie paboThl Ha JT00bI-
Baroleil ckBaxkuHe Sacate (SA-15). JlaHHas CKBakMHA yCTaHOBWJIA HOBBIM PEKOP] JJIMHBI TOpU-
30HTAJIBHOTO CTBOJIA [0 CEBEPOAMEPUKAHCKOMY PErMOHY U HOBBI MUPOBOI pEKOpPI U3MEPEHHOMN
JUTHHBI TTPOOYPEHHOTO CTBOJIA MOPCKOW cKBaXHHBI (10191 M, mpu akTHdeckoit riryOnHe CKBaXKH-
HBI 110 BepTHKanu 2336 m). SA-15 crana nepBoil 100bIBaroIIEi CKBaXKUHOU, TPOOYPEHHON B aHTH-
KJIMHAJIBbHOM cTpykType 3anaaHoro Cakeiita. B suBape 2011 r. komnanus Exxon Neftegas coo6-
MKIa O 3aBEPIICHUH OypeHHsl CaMOHM JUTMHHOW CKBa)KMHBI C OOJBIIMM OTXOZOM OT BEPTHUKAJIH.
l'opuzonransHas ckBaxkuna OP-11, pacnonoxennas Ha mectopoxaenun Ononty (Poccus), Takxke
MOCTaBHJIa PEKOP] TI0 TPOTSHKEHHOCTH TOPU30HTAIBHOTO cTBOJa — 11475 M. PabGora Oputa 3aBep-
meHa Bcero 3a 60 guei. Ob6mas anmuHa ctBosia ckBakuabl OP-11 Ha Mectopoxkaenuun OponTy co-
craBuwia 12345 m (7,67 mwin), TeM caMbM YCTaHOBJICH HOBBI MHpOBOW peKopj MO OypeHHIO
CKBKMH C OOJBIINM OTXOA0M 3a00s1 oT BepTukanu. OP-11 3ansuia mepBoe MecTo B MHpeE IO pac-
CTOSIHHIO MKy 3a00eM M TOUKOW 3a0ypuBanus 1Mo ropuzonTaym — 11 475 m (7,13 mumm). Komma-
HUs «OKcoH Hedreras mumuren» (OHJI) ocymecTBuina paboThl 1o OypeHHIO PEKOPIHON CKBa)KUHBI
Bcero 3a 60 qHei, UCTIONB3YS TEXHOJIOTUH CKOPOCTHOTO OypeHHs 1 KOMIUIEKCHOTO KOHTPOJIS Kade-
cTBa OypeHusi, pa3paboranHbie kommnanuend 306-«kcoHMoOUM», TOCTUTHYB CaMbIX BBICOKHX I10-
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kazareneit B Oypenun. C 2003 roga B pamkax «CaxanuH-1» ¢ MOMOIIBIO yCTaHOBKH «SIcTped» Obl-
70 npoOypeHo 6 u3 10 caMbIX AJIMHHBIX Ha miaHeTe ckBaxkuH. B 2011 romy Ha MecTOpoXIeHUU
00beM 100buu goctur 1,5 mutH. T. B 2015 roay npu O6ypenun ckBaxunsl Nel08 Ha Mopckoi Jie-
JOCTOWKOM cTanoHapHO# miatdopme mectopoxaenus umeHu Opust Kopuarnna B Kacrimiickom
mope 000 «JTYKOMJI-HikHeBOMKCKHEPTH YCTaHOBUJI HOBBII MUPOBOM PEKOPA MO KOJIUYECTBY
MIPOUJICHHBIX METPOB B OypeHUH ¢ OoibmmM cMerierneM 3a00s — 4908 meTpoB 3a ouH peiic O0y-
poBoro nonota B cekiuu 9S mroiimMa 0e3 CIyCKOMOABEMHBIX omepaunuii. Pekopl, ycTaHOBIEHHBIN
Jlykoitnom Ha ckBaxkune Nel08, moarep:kieH MupoBoit 6a3oii gaHHBIX Schlumberger/Smith Bits.
[Ipu BepTHKambHOU TITyOWHE CKBaKMHBI Beero 1565 M oOmiast mmHa ctBosia coctapisiia 8005 M,
YTO SABJISIETCS HAMOOJIBIIMM 3HAUYEHUEM B paMKaxX MPOEKTa MO0 OCBOSCHUIO MECTOPOXKIACHUS WUMEHHU
Kopuaruna (JIykoitn, HedTs u kanuran). OTKIOHEHHE 32005 OT YCThS SIBISETCS JOPOTOCTOSIIIIAM U
TEXHUYECKU CJIOXHBIM MEpOIPHITHEM, HO OHO OKYyMaeT ceOs, MO3BOJISS COKPATUTh PAacXoAbl Ha
JI0poroe noJjiBoIHOe 000pyAoBaHue U TpyOonpoBoasl. [IpubpexHble MECTOPOXKICHUS pa3padaThl-
BAIOTCS C MOMOIIBIO CITyTHUKOBOW CBSI3U. Ba)kKHBIM acleKTOM SBIISIETCS MPOTSHXKEHHOCTh TOPU30H-
TAJIBHOTO CTBOJIA CKBaXWHBL. OO0beMbl OypeHHs CKBaXHH C NPOTSHKEHHBIM TOPU30HTAIbHBIM
Y4aCTKOM C KaKJIbIM T'0JIOM YBEJIMUYMBAIOTCA KaK B OTEYECTBEHHOM, TaK U 3apyOexHOU MpaKTHKE
OypeHws.

[Mpumep TUMUYHON KOMIUIEKCHON CHCTEMBI pa3padOTKH, KOTOpas MPUMEHSIETCS Ha MECTO-
poxaenusx Poccuu, mpeacrapieH Ha puc. 2.

JlaHHas cucTeMa MO3BOJISIET MOBBICUTH TEMIIBI BBIPAOOTKHU 3amacoB Ha 3...5% mpu J0CTH-
xeHuu HedreussiaeueHus 10 50%.

Kax moxasbiBaroT pesysbTaTel OCBOEHMs M dkciuryatauuu ['C, uX mpou3BOAUTENBHOCTH
3HAYUTENIBHO HM)KE TEOPETHUYECKH BO3MOXKHOH. OIHOM M3 BaXKHEWIIMX MPUYMH HEIOCTATOYHOMN
s dexruBocTr ['C sBIAIOTCA, OYEBUAHO, OCOOBIE YCIOBUS BCKPBITUS MPOTYKTHUBHOIO ILIAacTa
TOPU30HTAIBHBIM CTBOJIOM, a TaKXe
NPOAOKUTENBHOE BO3JIEHCTBUE MPO-
MBIBOYHOM KHJKOCTH Ha IUIACT,
HECUMMETPUYHOCTh BIUSHUS Ha MIPH-
3a001HYI0 30HY Pa3IWYHbIX XHUMHYe-
CKHX areHroB U T.A. Jpyroii, He Me-
HEe BAKHOW NPUYMHON HETOCTHMKE-
HUS OXHUJA€MBbIX Ppe3yJbTaTOB 3KC-
mwyartauuu ['C siBisieTcst oTcTaBaHue
OpraHM3alMy MOAJEPKAHUS IUIACTO-
BOT'O JABJICHMUS.

Xots B TaTapcTaHe HaKOIUICH
onpeseNeHHbI  OMNBIT NPUMEHEHUS
I'C  (mpoexTupoBaHue, MPOKIAIKA,

KapoTax, KpCIIJICHUE, OCBOCHUC U

SKCIUTyaTaIusi), OJHAKO  PE3EPBHI Pucynox 2. Tunuunan KOMRJIEKCHAA cXeMa paspabomiu:
1 - KomMOUHUPOBAHKAA IKCHIYAMAUUOHHAA KOJIOHHA;

2 - cucmema mpyo; 3 - omknonumenu; 4 — naxkep; 5 - 20pu3oHmansHulii

TUBHOCTH ropﬂgoHTam,Hof/’I TEeXHOJIO- 3a000 cKeaxicunvl; 6 - ReCYAHUK; 7 - ZIUHUCIMASL NOKPLIUIKA;
8 - Hegpmenacvimennoit nnacm; 9 - 6000HaACHIUEHHBLIL RIACH

JanpHelmero mobimeHus 3ddek-

T €1IC JaJICKO HEC NCUCPITIaHbI.
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Ha npakTuke 9acTo UMeeT MECTO HeJJOCTATOYHO TOYHOE OIPEIeIEHUE TUTICOMETPHYECKOTO
IOJIOKEHUE TOYKM BXOJA B MPOAYKTHBHBIN IacT. B pe3ynpTare BMECTO peKOMEHAOBAaHHOH Ipe-
UMYIIECTBEHHO HUCXOJIIENH (OPMBI YCIOBHO TOPHU30HTAIBHOTO YYacTKa B JEHCTBUTEIBHOCTU
BBIXOJSIT CHHYCOHMJAIIbHBIE, V-00pa3Hble W JpPYrHe MOYTH Cily4aliHble KOH(UTrypauuu Hauboiee
LIEHHOT'0 U Ba)KHOTO yuyacTka cTBoja ['C nmpakTuyecky BHE CBSI3H € T€0JIOTHUECKUMH YCIOBUAMU.

UpesBbIvaifHas CIIO)KHOCTH yTpaBiieHus mporieccoM Oypenus ['C 6e3 HanexxHoi nHbOp-
MalMy O MPOAYKTUBHOM ILIacTe, (JaKTUYECKOM TE€OJIOTHYECKOM pa3MEIIeHUH OypOBOTO HHCTPY-
meHTa 1o kposie wiacta, BHK wnu I'HK npusoaut k camxenuto spdextusaoctu I'C.

Oco0oe BHUMaHHE CIIEAYET yAeIATh IpoOieMe BOCCTAHOBICHHS Oe3/eicTByromero Goxaa
ckBaxUH. OTHUM U3 CIIOCOOOB pEIIEHUs 3TOU MPOOIEeMBI sIBIIsseTCsl OypeHHEe BTOPBIX CTBOJIOB U3
9KCIUTyaTaI[MOHHBIX KOJIOHH.

IIpenmyuiecTBa ropu30HTAIBHBIX CKBA:KHH. B HacTosmiee Bpems B HeTeq00BIBAIOIICH
IPOMBIIIJIEHHOCTH HA0II0IaeTCsl MEAJICHHOE UCTOLICHUE 3a1acoB U Bce 0OJIbIIAs UX 4aCTh IPUXO-
JUTCS Ha TPYAHOJI00bIBaeMble MeCTOPOXKAeH!s. CI0KHOCTD HKCILTyaTallui TAKMX MECTOPOXKIEHHH
3aKJII0YAeTCsl B TOM, YTO OHHM XapaKTEPU3YIOTCS BHICOKOH BSI3KOCTHIO He(pTH M mmIenb(aMu Mopei.
Anamu3 3G QEeKTUBHOCTH NPUMEHEHUS TOPH30HTAIBHBIX CKBAXXHUH IOATBEpPXKIAETCS 3amacaMu
HeTH, KOTOpBIE MPOU3BOIATCS B 3amagHoit Cubupu u Poccnu, B 0011€i CyMMe OHH TIOCTHUTAIOT 12
MIIPJ. T.

HecMmotps Ha TO, 4TO CTPOUTENBCTBO TOPU3OHTAIBHBIX CKBAXKUH 110 3aTparaM Ha 10...15%
BBIIIIE, YEM BEPTHKAJIBHBIX, UX MPUMEHEHHE UMEET HEMajo MPEHMYIIECTB: YMEHBIICHUE CyMMap-
HOT'O KOJIMYECTBA CKBAXKMH HAa MECTOPOXKJIEHUSX; POCT YPOBHS J0OBIYM HE(TH; BOBJICUEHHUE B Pa3-
pabOTKy HOBBIX 3aJie’kel He(PTAHBIX IUIACTOB U3 BHICOKOBS3KOM HeTH.

Kpurepuu 3¢(pexTHBHOr0 HCNOIb30BAHUS FOPU3OHTAIBHBIX CKBA)KHH - OTHOCHUTEIb-
HO HeOouiblIMe IITyOMHBI 3aJIeTaHus IUIacToOB, He mpesblmatomue 1500 M; oOire TOMUHBL Ipo-
JQYKTUBHBIX TJIACTOB COCTABIAIOT 5...10 M; BO3MOXXHOCTb M3BJICUEHUS MPOIYKIMH U3 HU3KOMPO-
HumaeMbix (MeHee 0,05...0,075 MKM®) IUTACTOB; 106bIYa BHICOKOBSI3KHX He(yTel; OTCYTCTBUE Ia30-
BOM IIanky U ciaabast cBA3b HE(PTAHBIX 3ajeKell ¢ 3aKOHTYPHOM BOJOHOCHOM YacTbIO ILIACTA; 3Ha-
YHUTEIbHAs HEOJHOPOTHOCTh KOJJICKTOPOB 10 MPOCTHPAHHIO U HAJHMYUE BEPTUKAIBHOMN TPEUIHHO-
BaTOCTH MPOJYKTHBHBIX IJIACTOB; CTPYKTYPHO-JTHTOJIIOTHYECKOE CTPOCHHUE 3aJIEKEH, IPU KOTOPHIX
aMIUTUTY/1a KOJeOaHUI KPOBIM M MOAOIIBBI HE NPEBBIIMIAET MOJOBUHBI 3(PGEKTUBHON TOIINHBI
IUIACTOB; YIJIbI MaJAeHUs He(TEHACHIEHHBIX CIIOeB He IpeBblmaeT 45°; HU3Kasg CTeneHb pas30y-
PEHHOCTH 3aJIeXKEH ¥ JOCTATOYHO BBICOKUE 3HAYCHUS OCTATOYHBIX OalaHCOBBIX 3a11acoB He(TH.

O030p aHATUTHYECKUX METOI0B MPOTrHO3MPOBAHHMS MPOM3BOAUTEIHLHOCTH TOPU30H-
TaJbHbIX cKBa:kMH. ['C B Ooupliell cTemeHu, YeM BepTUKAIbHBIC, MO3BOJSIOT pa3padaThIBaTh
HETSIHbIE MECTOPOXKIACHUS MPH TUIACTOBBIX JABJICHUSX, OJM3KMX K MCXOJHBIM 3HaueHusM. Kak
W3BECTHO, 3HAYUTEIHHOE MPEBBIIICHNE TIACTOBOTO JABJICHHUS HaJ HadyaJIbHBIM IPUBOIUT K Oojee
BBICOKHUM TEMITaM OOBOJHEHHSI CKBa)KWH, K YMEHBIIEHUIO 0XBaTa IUIACTa MPOIECCOM BHITECHEHHUS
BCJIEJICTBUE YCKOPEHHOT'O MPOpPBIBA 3aKaYMBAEMOM BOJBI 110 Haubojee NMPOHUIAEMBIM INPOILIACT-
KaM MPOIYKTUBHOTO IUTacTa. BenencTue Boien3noxkeHHoro 0ypenune u sxcruryaramus ['C B Mupe
CTaJl OJHMM M3 HauOoJee BaXHBIX HANpaBICHUH HayYHO-TEXHHMYECKOrO Iporpecca B 00JacTu
pa3paboTKH HEPTAHBIX MECTOPOKIACHUIN U BOBJICYEHUE UX B IPOMBIIIUIEHHOE OCBOCHHUE TPYAHOM3-
BJICKAEMBIX 3aI1acoB HE(TH.
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Heo6xonmumo oTMeTHTh, 4TO0 MecTopoxaeHne Anbba B CeBepHOM MOpe SBISETCS MEPBBIM
MECTOPOXKICHUEM, OCBOEHUE KOTOPOTO 3aIUIAaHUPOBAHO TOIbKO 3a cueT I'C. Ha ceronusnmii neHb
B MHpe NpoOypeHo 6osee 26 ThIC. TOPU30HTAIBHBIX CKBAYKUH.

K nacrosimemy BpeMeHH OT€YECTBEHHBIMH U 3apyO€KHBIMHU HCCIIEOBATEISIMHU BBINIOJIHEHO
JIOCTaTOYHO OOJIBIIOE KOJIHMUYECTBO TEOPETHMUYECKUX M IKCIEPUMEHTAIBHBIX PabOT, MOCBSILEHHBIX
YCTaHOBUBIIEMYCS TEUCHHUIO KuJIKocTel u ra3oB B ['C.

AHanuTHYeCKUEe MOJENU Mpolecca CTalMOHAPHOTO MpuToka kuakoctd Kk I'C MoxHO
yCIIOBHO pa3aenuTs Ha 3 rpymnmbl: moaenu ['C 6eckoneunoit niunbl; Mojenu ['C KoHeUHOH ITHHBI;
mozenu I'C ¢ mepeMeHHBIM 110 CTBOJTY 3a00HHBIM JIaBICHUEM.

AHaJMTHYeCKHEe MeTOABbI OINpe/esieHus: MPOU3BOAUTENBHOCTH TOPH30HTAJBHBIX
CKBaKUH ¢ 0eCKOHeYHOI NJuHOi cTBOJA. Pacuer nebura I'C Ha ycTaHOBHBIIEMCSI pEXKHME pac-
CMOTpEH B TpyJax Takux yudeHslx, kak O.I1. bopucos, P.M. barnep, [l>xommu, Ixurep, Penapa-
Hymaiis, 1.5, Tlony6apunosa-Kouuna, B.I1. Mepkymnos u ap.

P.M. Barnep nomyuun mpoctyio (opMyidy Ul pacueTra MPOU3BOAUTEILHOCTH TOPU30H-
TAJIbHOW CKBA)KUHBI, PACIIOJI0KEHHON B IIEHTPE 3AJICXKH M0JI0CO00pa3HON POPMBI:

0= 2ntkLAP , 1)

R h
u-b ™%\ n — |—Inm

e

rie k — Ko3(UIMEnT IPOHNITAEMOCTH TIIACTa, M*; L - IUTHHA TOPH30HTATBHOTO YJACTKA CKBAKH-
HBI, M; AP — niepenaj 1aBJlI€HUsI MEXy IIaCTOM U 3a00eM ckBaxkuHsbl, I1a; 1 — koa¢pdunuent nu-
HaMHMYeCKOH BS3KOCTH IU1acToBOro Quronna, I1a-c b - o6pemubli kKoapdunmenT Hedt; Ry — paau-
yC KOHTYpa IMHUTaHusl, M; /i — 3P PeKTUBHAS TONIIMHA TUIACTA, M; F'c — PAJIYC CKBOKUHBI, M.

VpaBHenue (1) ¢dakTHuecku BbIpa)kaeT MPUHLUI SKBUBAJCHTHBIX (PUIbTPALMOHHBIX CO-
MPOTHUBJICHNH, BriepBbie copmynupoBanubiid FO.I1. bopucossim. [lepBoe cmaraemoe B 3HaMeHaTe-
Jie ompezessieT BHEIIHee (HIbTPAIIMOHHOE COMPOTUBICHUE OT KOHTYpa MHUTAHHS K MPSMOIHHEH-
HOH rajepee, a BTOPOE cllaraéMoe — BHYTpeHHee (DMIIbTPALIMOHHOE COIIPOTHUBIICHHUE, 00YCIIOBIICH-
HOE T€M, YTO B JECTBUTEIBHOCTH MBIl HMEEM HE TaJIEPEr0, a CKBAXKHHY .

PaccMoTpeHHbI€ BBILIE TOJ0KEHHUS CIIPABEAIUBLI TOJIBKO IIPH BBIIIOJIHEHUH 3aK0Ha Jlapcu.
[Tpu ¢umnpTpanuu rasa 4acto HabIIOAAIOT OTKIOHEHHME OT JIMHEMHOTO 3aKOHA, 00YCJIOBJIEHHOTO
0oJiee BBICOKMMHU 3HAYEHUSIMH CKOPOCTH (DMIIBTPAIIUH ra3a B MPH3a00iHOM 30He CKBaXKUH. B cBsizn
C 9TUM 3HAYUTEIIbHBIA UHTEPEC IPEACTABIIAECT METO ONPEAEICHHS IIPOU3BOAUTEIBHOCTH CKBAKU-
Hbl, nipeuiokeHHbId 3.C. AnueBbiM. CyTh MeTOJ1a 3aKJIIOYAeTCs B TOM, 4TO 00J7acTh (GpUIbTpalUU
¢rona pazouBaeTcs Ha JIBe 30HBL. B OTIaneHHON 0T CKBa)KUHBI 30HE MPOTSHKEHHOCTHIO (R - 0,54
+ r¢) TedeHue (urouAa B IUIACTE MOCTOSHHOW TONIMHBI CUMTAETCS IIOCKONAPAUIEIbHBIM, a B
30HE KOHBEPTCHIINH, JJIMHA KOTOPOH paBHA Ri = 0,5/, n3MEHEHNE T€OMETPUN TEUCHHUS MOJIEIAPY-
€Tcs IUIOCKOTapaslIebHON (GUIbTpanueil B miacTe mepeMeHHON TONIUHEL. B yacTHOCTH, B ciydae
M3MEHEHHUs TOJIIMHBI IUIacTa M0 MapadoIMYecKoMy 3aKOHY IPOU3BOIUTENbHOCTh HedTsHOM I'C
IIPY BBINIOJTHEHUH 3aKOHa J[apcu onpenensercs o ypaBHEHUIO:

47kLAP
0= . p : (2)
u-b Re—hvre, 2 0,5h—r +7--In Ry —htre
0,5h 0,5h —r, h—r.
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B dopmyse (2) ucnonp3zoBaHbl Takue ke 0003HAUYCHUS, Kak U B popmyiie (1).

3axiouenue. Takum 006pazoM, paccCMOTpeHa KiIacCHU(PHUKAIMS TOPU3OHTABHBIX CKBAXHH,
OTIBIT UX MPUMEHEHHUS, IPUBEACHBI KPUTEPUH UX 3()(HEKTHBHOTO UCIIOIB30BAHUS U aHATUTUYECKUE
METO/BI ONpEICTICHUSI TPOU3BOAUTEILHOCTH TOPU3OHTAIBHBIX CKBAKUH C OECKOHEYHOH IMHOU
CTBOJIA.
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HORIZONTAL QUYULARIN MOHSULDARLIGININ ANALITiK PROQNOZLASDIRMA
USULLARININ iCMALI
(I hissa)
D.A. VOLCENKO
Horizontal quyularla neft yataglarmin islonmesi metodlar1 arasdirilib vo onlarin Ukraynada ve diinyada totbiqi
tacriibasi vo stiinlilklorine baxilib. Onlarin semorali istifadesi, habelo analitik olaraq horizontal quyunun debitinin

hesablanmasi iigiin gdvdasinin sonsuz uzunlugu olan halda meyarlari verilmisdir.

Acar sozlor: iglanma sistemi, horizontal quyu, islonma géstoricilari. horizontal govda, quyunun mahsuldarhig.

REVIEW OF ANALYTICAL METHODS OF FORECASTING THE FLOWRATE OF HORIZONTAL WELLS
(part1)

D.A. VOLCHENKO
The materials of the first part of the article are considered the methods of developing oil reservoirs with horizontal wells,
their advantages, the experience of using horizontal wells in Ukraine and in the world. The criteria for their efficient use are

given, as well as analytical dependences for calculating the flowrate of a horizontal well with an infinite length of the trunk.

Keywords: system of development, horizontal well, development indicators, horizontal trunk, well productivity.
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MOJAEJIUPOBAHUE OCAXKAEHUA ACPAJIBTO-CMOJUCTBIX
BEIIIECTB BO BPEMSI TPAHCIIOPTUPOBKHU CHIPOM HE®TH

A.H.TYPEAHOB'

Wzyuen mpouecc ocaxiaeHus: acanabTo-CMOIUCTBIX BEIIECTB MPU TPAHCIOPTUPOBKE CHIPOI
HE()TH, OTMMUCAHBI OCHOBHBIE METO/IbI UX OCAXKICHHS  MOJICTUPOBAHHUS IIPOLECCA UX OYUCTKH.

Knroueswie cnosa: MoOenb, mexHono2Us, ocaxcoerue, ac@anrbmo-cMOIUCHble 8eliecmad,
MPAHCROPMUPOBKA CbIPOU Heghmu.

Beenenue. OuncTka myTeM Oca)JIeHUS ac(hanbTo-CMOIMCTBIX BELIECTB sl TPAHCIIOPTH-
POBKHM CBIpOH He()TH SIBISETCA CepbE3HON NPO0IEMOil B HEPTIHOM MPOMBIIIIIEHHOCTU. Ac(ab-
TO-CMOJICTBIE COEIUHEHHS OCIOXKHSIOT SKCIUIyaTallMI0 CKBaXXUH BCJIEICTBUE YIUIOTHEHUS U
KOJIbMaTalluy 1Op IUIAcTa, a TAK)Ke OTJIOKEHUS Ha BHYTPEHHEH MOBEPXHOCTH TPYO, B pe3ybTaTe
Yero CHIKAIOTCS IPOU3BOIUTEIBHOCTD U 3(PPEKTUBHOCTH pabOTHI CKBaKUH U TPAHCIIOPTUPOBKHU.

Leabl0 JaHHOTO MCCIENOBaHMS SBISETCSA pa3pabOTKa Pa3IMUHBIX METOAOB Ipoliecca
ocaxieHHsI ac(hanbTO-CMOIMCTHIX BEILECTB HA MOBEPXHOCTHU IIPU A0ObIUE, a TAKXKE MOATOTOBKE U
TPaHCIOPTUPOBKU HEPTH.

PaccMoTtpum mmpo0sieMy YIUIOTHEHHUS TOPUCTON cpebl acGhaabTO-CMOIUCTBIMU IPUMECS-
MH, cozepKaluMucsa B He(TH, Takue Kak AU((y3uOHHBIN Ipolecc MacconepeHoca 0T 00bEMa
AKUJIKOCTH K IOBEPXHOCTH TBEPION (pasbl, mpeamnonaras, 4To 4acTHLB! achalbTEHOB U CMOJ, J10-
CTUTILIME [TOBEPXHOCTH, C HAUOOJIbILIEH BEPOSTHOCTHIO OCAKAAIOTCS BCIIEICTBUE BBICOKOH cTere-
HU aJre3ud MEeXJIy HUMHU M IIepOXOBaTON BHYTpeHHEeH moBepxHocTH nopel. Ilpu 3tom otio-
KMBIIAsACS Macca MPOAYKTOB YIUIOTHEHHS B €AMHMYHOM IMIMHAPHUYECKOH HOpe omnpenensercs
11 y3HOHHBIM IEPEHOCOM K ITOBEPXHOCTH IIOP YACTHIL U Ompeiensercs ypaBHeHueM (1)

dmy, _
dt

J|E spp %2 (M

r=r,

rie my — YIUIOTHEHHHas Macca, 00pa30BaBILasCsd Ha NOBEPXHOCTU IPOAYKTOB; t — BpeMms
YIUIOTHEHHUS TPOIYKTOB; J — moiHbBIN Au(Qy3nOHHBINH MOTOK K MOBEPXHOCTH CTEHKH IOPHI U3
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00béMa KUAKOCTH; S, — IUIONAAb MOBEpXHOCTH mHop; D — sddexTuBHbli KOdIDPUIMEHT
MOJIEKYJIIPHOM M TypOyseHTHOH nuddysun; Cy — KOHLEHTpaLys NPOAYyKTOB YIUIOTHEHUS, I , —
CpeIHUI paguyc mnop.

[TpuHAB Maccy OTIOKHUBLIErOCs CIOSI My—PyVy (Py — INIOTHOCTh NPOAYKTOB YIIOTHEHUS,
vy — 00BEM IPOAYKTOB YIUIOTHEHUS ), IpeoOpasyeM ypaBHeHue (1) k Bumy:

vy _ Spb 3¢y
dat P, or > (2)

7"=}"p

ecan Vy(t=0)=0.
Crnenyer OTMETHTB, YTO NIPU JJAMMHAPHOM TEYEHUH JKHKOCTH B IOPaxX N3MEHEHHE
IIOPHCTOCTH CJI0S MOXKHO OIIPE/IENTUTh yPaBHEHUEM

i:l—ko—%[l—erf(al%)]=1—&2—:}0€ch(‘11;_\/%)- 3)

€o €o

rae a; - Kod(pQUIHMEHT, OonpeaeseMblil dKCIIepUMEHTaNnbHO; D — cymMMapHbid K03(pUIMeHT
MOJIEKYJISIPHOU M KHY/ICEHOBCKOM nuddy3un.

Kak cnenyer u3 ypaBuenuit (3) u (4), u3aMeHeHUE MOPUCTOCTH IJIACTa MPU COKPAIICHUU
CoJlepKaHusl MpUMecH B 00béMe HepTH MOXKHO ompeneianTb. UTo Kacaercs m3MeHeHHs aeOuTa
CKB2XHMHBI B 3aBHCHMOCTH OT TOPHCTOCTH M TPOHHUIIAEMOCTH, €r0 CJIEAYeT ONpPEICIUTh IO

dbopmye:

* € 3
w=n= ) @
rZie q ¥ qo - TEKYIIUi 1 Ha4aJbHBIN 1eOUT CKBaXKUHBI; £ — TeKyllas NIPOHULaeMOCTh.

[Ipu 3TOM 0COOBIII MHTEpEC TPEACTABIACT ompeseseHrue (aKTOPOB, BIMSIOMIUAX ITyTEM
OCaxJIeHHsI ac(albTO-CMOJIHUCTHIX BEIIECTB HA TPAHCTIOPTHBIE TPYOBI.

VY4uuThiBasi BBIMIEH3IOKEHHBIE PACCYXKACHUS, JOMYCKAIOIIUE BIHUSHUE TONEPEYHOM
CKOPOCTH TypOYJICHTHOTO INepeHoca u TypOysieHTHOU nuddy3un Ha ocakaeHHe, pacipeIeieHue
Y4acTHI] B TPyOe MOXHO OMHCATH CIEAYIOIINM YPAaBHEHHEM:

v g =1 =5 (r0r5) )
npu coomoaenun =0, c=c, % =0,

Yro Kacaercsi W3MEHEHMs BeNUYMHBI JU(G(PY3MOHHOTO MOTOKAa HpPU HU30TPOIHOM
TypOyJIECHTHOM TEYEHHH B LWIMHAPUYECKUX KaHalTax C OCAXICHHEM dYacTul 0Oe3 ydera
rpaBUTAlMOHHON coctaBisitomieii [1, 4], To, moacraBuB B ¢opmyiy (2), mocie HEKOTOPBIX
HECJIOKHBIX MaTeMaTH4eCKUX MpeoOpa3oBaHUN, MOXKHO MHOIy4dUTh (opmyiy (6), B KOTOpOi

MOKHO OIpCACINTb HAYAJIbHYIO KOHICHTpPALIUIO IIPOAYKTOB YIUIOTHCHHUSA B Typ6y.]'ICHTHOM
IIOTOKEC

1/2
Vi C
Vy=£ Syt piyo erf|a (i—’:) - t? (6)
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rae a — KodhQUIMEHT, ompeaeNnseMblil dKCIepUMEHTalbHbIMH JAaHHBIMH; Cyo - HadanbHas
KOHIIEHTPAIHS TIPOLYKTOB yIIIOTHEHHS B TIOTOKE; £x=V"/2r, — yJeIbHAS JUCCHIIAINSA SHEPTUHU B
€IMHUIIE MACChI )KUIKOCTH, U — CKOPOCTh TEUCHHUS )KUIKOCTH B ITOpax.

VYyurteiBas 00bEM U KOAG(ULIUEHT NPOHUIIAEMOCTH (€), MOXKHO ONPEICIUTh U3MEHEHUE
HOPHUCTOCTH CJI0s IPU TypOYJIEHTHOM TedeHUHU ypaBHeHHEM (7)

& * £
€o €o c

)1/2 o 0

Tie & — HayaJbHasi IOPUCTOCTH IIacTa; #( — HadaJlbHas MPOHUIIAEMOCTD ILIAcTa; Qg — 00ObEMHAs
JI0JIs YacTHI] 3arps3HeHuil ( B TOM 4Hcie acalbTeHOB H CMOJ) B TIOTOKE.

Kax u3BecTtHO [5], ocaxaeHus acgaibTO-CMOJIMCTHIX BEIIECTB HA MOBEPXHOCTH Kareib
BOJIBI B IIPOIIECCE Pa3JiesieHus] HePTAHOW SMYIBCHH OCYIIECTBIISIETCS PA3TUYHBIMUA METOJAMHU: 3a
CU€T rpaBUTALINH, EHTPOOCIKHBIX U MATHUTHBIX TOJICH; IMyTeM (HIBTPOBAHUS Yepe3 TBEPAbIC U
KUJKUE CJIOU C HCIIOJNB30BAHMEM PA3IMYHBIX TEXHOJOTWHA U T.1. B HEKOTOpBIX ciydasx mpu
UCTIONIb30BAaHUK ~ OoJiee  CIOXKHBIX ~ CTPYKTYpPHO-MEXaHMYECKHX  YCTPOWCTB  NPOUCXOJIUT
pazpyuienue 0oyiee yCTOMYMBOW 3MYJIbCHOHHOM CHUCTEMbI, 00pa3yrollielcss Ha rpaHuLe pas3jerna
He(Tb-BOJIA aJCOPOLIMOHHBIX CJIOEB, B COCTaB KOTOPOTO BXOAAT ac(asbTeHbI, MapapUHUCTHIE
CMOJIBI, 3arPA3HEHHBIE COJIM U MEXaHUYECKHE YacTULIbI [6,7].

AHanM3 cocTaBa 3TUX 000J0YEK MMOKa3bIBAET, YTO OCHOBHBIM CTAOMIIM3aTOPOM SIBIISIOTCS
acQarbTeHbl U CMOJIBI, COJAEpIKAIFe BHICOKOIUIABKHE NapaduHbl 1 HEOPraHWYECKHe MeXaHu4e-
CKue mpuMecd. MexaHu3M 00pa30BaHUSI Ha TOBEPXHOCTH aJCOPOIMOHHBIX IUIEHOK BKIIOYAET
T y3MOHHBIN MepeHoc Macchl BelecTBa (achanbTeHOB) U3 00bEMa HEPTHU K MOBEPXHOCTH Ka-
TIeJTb BOJIBI M aJICOPOIIHIO.

B pa6orax [8, 9, 10] moTok Macchl Ha MOBEPXHOCTH JIBUKYIIEHCS KAl 3a €IMHUILY Bpe-
MEHHU MPHU MaJIbIX 3Ha4eHusax Re=ua, /v.<<l ompenenen no gopmyie

= /4_” D _Me y1/2. 42
I 3 [ar nc"'nd] arAC\/E ’ (8)

rae D — xoad¢unuent MonexkyispHoi auddysun; 1ne U Mg —IMHAMUYECKas BSI3KOCTb CpPEIbl U
kar; AC=C, — Cs; Coy, Cs — conepkanue, COOTBETCTBEHHO, ac(paibTEHOB M CMOJI B 00BEME U Ha
MOBEPXHOCTH KaIlIi; U — CKOPOCTh IBUKCHHSI KarlH.

W3menenne maccel cepuueckoil Kaluid B pe3ysibTare 00pa3oBaHMs aJCOPOLMOHHOTO
cios onpexaensercs kak dm/dt=I , a Taxxe ¢ yuetom ypaBHeHUs (9) MO3BOJIAET ONPEACTUTH MACCy
KaIum

= Zapl+ 01— = g, <. g

TJIe I, — CPEIHUI painyc Kamnelb BOJbl; P, — MJIOTHOCTb aZ,COPOLIMOHHOIO CJIOSI.
Uro kacaeTcs onpeeeHus TOJMIIIHUHBI CIIOsI, TO €¢ MOKHO paccuuTath 1o ¢opmyse (10)

A 11 7Y24c
a—r == 0,65 [P—em] ZSt (10)

rae Pe - ua,/D — uucno Ilexne; y=ngm.; St=u/a, — uncno Ctpyxars.
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Hwxe paccMoTpeHo ompeieneHne CKOPOCTH OCAXKICHHS YaCTHIL TIPH JIBHKEHUU B BEPTH-
KaJIbHBIX M TOPU30HTAIBHBIX TpyOax [11-15].

Jlyis BepTHKAIBHBIX TPAHCIOPTHBIX TPyO BIMSHHE TPAaBUTALMOHHON COCTAaBIISIONICH Ha
OCaXKJIEHHE YaCTHUI] OTCYTCTBYET, MIOCKOJIBbKY CHJIa TPAaBUTALMH TapajuleibHa MOBEPXHOCTH OCa-
KACHUA, U MPO(PUIL OCAKICHHS MO CEYCHHUIO TPyObl MMEET CUMMETPUYHbIN Xapakrtep. Mcxoas
U3 aHATUTHYECKOTO pemieHus (7), CKOPOCTh OCaKJICHUS YaCTHUI] Ha MOBEPXHOCTH MOXKHO OTIpe/ie-

JUTH 110 popMyJie
1/3

a 1 §h e
Vo = Dr 3o lrop = (xR)s Brco(—D)" Ay exp | =LK piry| . (11)

rae Dr — kosp¢uument typOynentHoit auddysun wactuu; F=1,' — mocrosHHas BpeMeHH;
T,=Vg/g — BpeMs peIaKcalllu; Vo — HadalbHas CKOPOCTb OCAXKICHHUS YaCTHIl; P — YCKOpEHHE
CBOOOJHOTO MAaJICHUsS; 0 — YrOJI HAKJIIOHA TPYOBI K TOPU3OHTY; B — yroil B C€YEHUH TPYOBI; Co —
HayalbHasi KOHIEHTPALUs YacTHIl B MOTOKe; R — paamyc TpyOsl; £, — KoapduuueHT psana; & -

X
COOCTBEHHBIC YHCIIa YPaBHEHHS, 9L=JR1 (0)dO - narpamxeB macmTab TypOyIeHTHOCTH; Ry —
0

JlarpaHkeB BPEMEHHBIH KO3()(QUIIMEHT KOPPENSAIMH; (12 — CTENEHb yBICYEHHs YaCTUIL] CPEIOM.
[TockonbKy psif OBICTPO CXOAUTCS, JOCTATOYHO OTPAHUYUTHCS TPEMsI WICHAMH, U, BBEIS

0e3pa3MepHbIe BEIMUMHBl U, =Vollp H T+=TyU BeIpakeHue (11) 3anmumreM B ynmpoméHHOM
D

2/v >

Bujie (12)
Ues = Ao + Ay exp(~myu3t) — Ay exp(~mypiied), (12

R)1/3 2 )
rne  Ai=#, %, my = S;—’L(:—Z)l/ 3 (i)2 ,1=0,1,2... K03 PUIUEHTHI psifia, Up - AMHAMUYECKAS

CKOPOCTB TOTOKA.
Pemenue ypaBHenus (12) coBmagaer ¢ 3KCIIEPUMEHTATbHBIME JaHHBIMU O OCAXKICHHIO
YaCTHIl B BEPTUKAIBHBIX TPYOax.
OcaxxieHne B TOPU30HTANBHBIX TpyOax (opMUpPYEeT HECUMMETPUYHBIN CIIOH 110 CEUYSCHHIO
TpyObl. YpaBHEHHE JJIi CKOPOCTH OCQXKICHHS YaCTHII B TOPU3OHTAIBHBIX TpyOax Ipu
npeneopexeHnn 1 Hy3nOHHBIM TIEPEHOCOM TIPEIaraeTCs B CISAYIONTUM BHJIC:

0%
}%# + F(v' —v,) — Fugcosp = 0 (13)

TJI€ Vp — TEKYIas CKOPOCTh OCAXIEHHsI YaCTHUILl B 3aBUCUMOCTH OT yIJIa @.
B pesynbrare pemenust ypaBHenus (13) B mepBoM NpUONMKEHHH TOJYYEHO HIDKE
OTMCaHHOE BBIPAXKEHUE!

v,=ay (1 — a,;sin? %) , (14)
e ag, a; — Ko3QPUIHEHTHI, 3aBUCAIIME OT CKOPOCTH MOTOKA M BPEMEHHU PeaKCalHH.
U3 pemenuss ypaBHeHus (13) ciemyer, YTo TONIIMHA aJCOPOMPOBAHHOTO CIIOS 3ABHCHT

oT I[H(b(bySI/II/I YacCTull K IMOBCPXHOCTHU KaIlJid, pasMepa U IMOABMIKXHOCTH IMOBEPXHOCTHU KalICllb,
KOHLCHTpalInn aC(baJ'ILTCHOB B 00BEME MOTOKA.
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Jlna Pe =10"-10° (D=10" - 10°m?*/c), y = 0,8, AC/p, =107, St = 10*-10° nmomyumm: ai =

0,1 — 0,15. Bbonpmmue 3HadyeHuss uuciaa Pe, SBISIoNIAECS CJIECACTBUEM MAJBIX BEIWYMH
kodpurmenta auddy3un  YacTUIl KUAKOCTH, B HEKOTOPBIX Clydasx oOOyCIIOBIMBAIOT
npeobiiajaHie KOHBEKTHBHOTO TepeHoca BemecTBa Haa auddysuonHsiM. Hecmorps Ha
HE3HAYUTEIbHYIO TOJIIIMHY aJCOPOIIMOHHOTO CJIOSI MO CPAaBHEHHMIO C Pa3MEpPOM Karlld, €ro
MPOYHOCTH HA MOBEPXHOCTH Kamelb /Ui pa3IMyHbIX HedTel naMensercs B npeaenax 0,5-1,1 Ila.
Ancopbuus  acanabTO-CMOJMCTBIX BELIECTB Ha IIOBEPXHOCTH Kalejidb HPUBOIUT K
¢uKcanuu MX YacTHIl U 0O0pa3oBaHUIO cios. Eciau ckopocTu ancopOuuu U AecopOuuu Majsl 1o
CPaBHEHHIO CO CKOPOCTHIO MOJIaYM BEIIECTBA K MOBEPXHOCTU KaIUIM, TO IMpolecc oOpa3zoBaHUs
aZCOpOIIMOHHOTO CJIOSI JIMMHTHUPYETCSl ajmcopOmmer u  nmecopoOmmeid. [Ipeamonoxum, dTo
KOHIIEHTpalus aJcopOLMOHHOrO BemectBa B 00béMe paBHa Cy, a Ha mosepxHoctn — I'. ITlo
AQHAJIOTUHU C BBIBOJIOM ypaBHEHUS JISHIMIOpa, €CiIi CUUTaTh, YTO CKOPOCTh acOpPOIMK BEIIeCTBa
Ha noBepxHOCTH Karud Wa= BrCo(1-I'/T) m ckopocTs mecopbumu wp=arI[', To B paBHOBECHOM

COCTOSIHHH (WA=Wp)
KCo
1+KyCo ’

(15)
rae K=Br/ar, o, Br— noctosuuele, 3aBucsmue ot temneparypsl; Ko=Pr/arl»; I'e - MakcumanbHo
HACBIIIIEHUE TOBEPXHOCTH KAILIH.

BbiBOABI. YpaBHEHHE XOpOIIO COIJIACYEeTCS CO MHOTHMH SKCIEPUMEHTAIbHBIMU
JAHHBIMU 17151 He(pTeH pa3InYHbIX MECTOPOXKICHHUH.

MexaHu3M paspylieHHs] aJICcOpPOIMOHHBIX TUICHOK 3akKiodaercs B UGG y3HOHHOM
nepeHoce [TAB k moBepXHOCTH TJICHKH ¢ JanbHEHIIeH amcopOryel W MPOHMKHOBEHUEM B €€
00BEM TUIEHKH, B 0Opa3oBaHUU JAe(PEKTOB M TpemuH B €€ CTPYKType, B HW3MEHEHUU
MOBEPXHOCTHOTO HATSXKEHUS M CHIKEHUW TPOYHOCTHBIX CBOMCTB, YTO U3MEHSIET PEOJIOTUUECKUE
CBOICTBA MJICHOK Ha TpaHUIlE pas3jena «HedTh — BOJIay.

Takum oOpa3oM, HWCXOAs W3 YCIOBHHA TedeHHs He(TH, B JAaHHOM WCCIICOBaHUU
MPEUIOKCHBI MOJETH CKOPOCTH OCAKIACHHS ac(allbTO-CMOJIUCTBIX BEHISCTB B TPOIECcCax
n00bIYM, TpaHCIOpPTa M TOATOTOBKM HEPTH. OTH MOAENU OCHOBAHBI Ha MHTPAIIMOHHO-
muhGy3MOHHOM W MHTPAllMOHHO-TPABUTAIIMOHHOM MeXaHm3Max. [IpemoskeHHbIe (HOpMyITbI
MOXHO HWCIOJb30BaTh MPU HCCIACAOBAHMHM M pacueTe MPOIeccoB T0OBIYM, TpaHCIOpTa H
MOJITOTOBKU HEPTH C yUETOM OCAKIACHUS ac(haibTO-CMOIMCTHIX BEIIECTB.
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XAM NEFTIN NOQL ZAMANI QOTRAN-ASFALT MADDOLORIN COKDURULMOSININ
MODELLOSDIRILMOSI

O.N. QURBANOV

Xam neftin noqli zaman asfalt-qotran maddolorinin ¢okdiiriilmasi prosesi todqiq edilmigdir. Xam neftin noglindo

asfalt-qotran maddolorinin ¢okdiiriilmasi vo tomizlonmasi prosesinin modellosdirilmasinin asas metodlari gostorilmisdir.

Acar sozlar: Model, texnologivalar, ¢ékuntular, gatran-asfalt maddalor, xam neftin naqli.

SIMULATION OF ASPHALT- RESINOUS MATTERS PRECIPITATION DURING
CRUDE OIL TRANSPORTATION
AN. QURBANOV

The process of precipitation of asphaltene - bituminous substances during transportation of crude oil was studied.

The main methods of deposition and modeling of the process of asphaltene - bituminous substance purification during the
transportation of crude oil are described.

Keywords: model, technology, precipitation, asphalt- resinous matters, crude oil transportation.
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SIXILMAYAN OZLU-PLASTIK NEFTIN DOYISON
BASLANGIC TOZYIiQ QRADIYENTILO STASIONAR
YASTI-PARALEL SUZULMOSI

S.D. MUSTAFAYEV', T.U. XANKISIYEVA”

Mogqalada zolaqvari bircins layda sixilmayan Ozli-plastik neftin doyison baslangic tozyiq
gradiyentinin tozahiir etmosilo diizxotli kohrizo dogru yasti-paralel siiziilmosino dair stasionar
hidrodinamiki mosalolor holl edilmisdir. Birinci mosslode BTQ mohsuldar layda foza koordinati
aplikatdan, ikinci masalods iso -absisdon asili olaraq doyisir.

Hor iki mosalodo siiziilmo prosesini xarakterizo edon biitiin osas parametrlor ii¢iin disturlar
cixarilmigdir. Bu diisturlardan bels yataqlarm islonma layihasini tortib edonda, islonma proseslorini idara
edondo, yoni nazaratindo, tonzimlonmasinds vo uygun tadbirlarinin iglonmasinds istifads edilmolidir.

Agar sozlar: baslangic tazyiq qradiyenti, ozlii-plastik neft, bircins lay, yasti-paralel,
zolagvari lay, debit, siiziilma siirati, faza koordinati.

Giris. Ozlii-plastik neft yataqlarinin islonmosi zamam neftin doyisen baslangic tozyiq
gradiyentinin (BTQ) tozahiirii ilo mohsuldar layda siiziilmosinin miixtolif hallarina rast golmok
olar. Foza koordinatindan asili olaraq BTQ-nin doyigsmosi miixtalif sobablordon bas vers bilar.
Mosalon, siiziilmo aximinin  temperaturunun dorinlikdon asili olaraq doyismesi, neftin
sirismosinin baslangic gorginliyinin vo belaliklo BTQ-nin doyismosino gatirs bilar; siiziilmo
sliratinin artmasi v tozyiqin azalmasi axininin temperaturunun asagi diigmosine vo BTQ-nin
artmasia sobab ola bilor; iki miixtolif bir-birilo qarisan 06zlii-plastik neftlorin mosamali
miihitdo, qarigma zonasinda, qarisigin BTQ foza koordinatindan asili olaraq doyise bilor va s.
[1-4].

Mosalanin qoyulusu. Neftlorin layda siliziilmosinin biitiin bu gdstorilmis hallar1 {i¢iin
doqiq hidrodinamik hesabatlarin hoyata kegirilmosi mogsadilo BTQ-nin foza koordinatindan
asil1 olaraq doyismosi effektinin tosirini nozors almaq lazimdir.

Moqalads, BTQ-nin dorinlik z-don vo foza koordinati x-don asili olaraq doyismosi
hallarina baxilmisdir.

I hal. Ozlii-plastik neftin lay soraitindo BTQ-nin qiymoti dorinlik z-don asili olaraq
asagidaki xotti ganun iizro doyisir (sok.1):

" Azorbaycan Dévlot Neft vo Senaye Universiteti
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G=G+Z2 7 (1)
burada G-cari BTQ; G; G,-uySun
olaraq, mohsuldar laymn tavaninda
vo dabaninda BTQ-lori; h-layin
qalinligt; z-foza koordinatidir.

Pigh gl 1-ci gokildoki sxemdon go-

—_— N T < riniir ki, siiziilmo prosesi zolaqvari

AN : laydan diizxotli kohrizo dogru per-

> pendikulyar istigamotds bag verir.

X Gy Ozlii-plastik  neftin ~ siiziil-

L mosi  limumilogdirilmis Darsi qa-
nununa tabedir:

Sok.1. Faza koordinati z-dan asili dayisan BTQ tazahiir
edan zolagvari ozlii-plastik neft layinin sxemi

9 = i <dP + G) 2
burada ¥ — siiziilma siirati; k — layin kegiricilik amsali; 77— neftin struktur 6zliiliiyti; P — tozyiq;

. dp : . 1
x — foza koordinati; —, — tzyiq gradiyentidir.

Layin elementar tobagoesindas siiziilma sahasi, olacaq:
dF =B-dz 3)
burada: B — layin enidir.

Elementar tobogonin debiti, olacaq:

kdF (dP
dQ =9 -dF = _T(E-I_G)'
buradan:
dP dQ - n
dx  kdF
yaxud:
dP = _Zdil?dx_de 4

Bu diferensial tonliyi asagidaki sarhodlords inteqrallayaq:

Pkon. d L L
f dP:—ﬂf dx—Gfdx
Pr kdF ), 0

dQn
P, — Py, = TdF L+ GL;
burada L — layin uzunlugu; P, — lay tozyiqi; Py,p. — kohrizin dibindoki tozyiqidir.

buradan:

kdF (P, — Pyon) kdFG
dQ = -
nL n
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yaxud:

Bkdz(P, — P Bk G,—G
_ (P keh.)__(61+ 2 1-z)dz (5)
nL n
Qalinlig1 z olan zolaqvari layin asagi hissosinin debiti Q, tonlik (5)—don asagidaki kimi
toyin edilir:

dQ

sz 20 = Bk(Py — Pyop) fzdz _ Bk Z<G LG =G Z) dy
0 L 0 nJo ' h ’
_Bk(Pe—Pun) _ BkGy _ Bk(G:—G)) ,

z 7l 7 z 21k (6)
1) 7z=0 olanda: Q, = 0 olur;
2) z=h olanda, tonlik (6)-dan kohrizin debiti Q-nii asagidaki gokilds aliriq:
Bkh(P, — P,,,) BkhG, + G,
= L Ty 2 (7)
burada:
G, + G,
2 = Uor
Va:
0= Bkh(Py, — Py,p) B BkhG,, ®)

nL n
burada G,,-orta BTQ-dir.
Indi iso layda tozyigin sopalonmosi qanununu toyin edok; bunun iiciin (4) diferensial
tonliyini asagidaki digor sorhodlords inteqrallayaq:

X
P d X
f sz—ﬂfdx—G.f dx |
. kdF J .

dQn
Pk —P = kd_F x + GX,
buradan:
kDF(P, — P) kdFG
dQ = - dz 9
nx n
buradan:
Qz Bk(P, — P) Bk (% G, — Gy
0= | do=—r—a-— | (62 + 2227 dz
A (10)
ifads (10) —dan cari tozyiq, P olacaq:
_ Qznx Gy — Gy
P =P, Bz Gix h Xz (11)

Diistur (10) —dan Qz-i (11)-do yazib, alariq:

49



S.D. Mustafayev, T.U. Xankisiyeva

Py — Pion

- (12)
ifado (12) —don goriindiiyii kimi, tozyiqin sopalonmosi z-don asili deyildir.
Tozyiq gqradiyenti, olacaq:

P:Pk—

dP Py = Pron,

—_—= 13
dx L 13
Stiziilms siirati, olacaq:
kP,—P k kG, —G
g=—K kM g -2 1., (14)
n L " n h
Maosamo kanallarinda 6zlii-plastik neftin hoqiqi horokat siirati, «+ olur:
_dx 9
YT T m
burada: t — zaman; m — layin masamalik omsalidir.
Y-nin (14) ifadssini nazaros alaq:
dx k P,—P k k G,—G
_:_M__Gl__ 2 2., (15)
dt mpg L mn mn h
buradan:
dt = ax (16)
LPk—Pkah._LG _k(Gz—G1)_Z
-7 1= " ik
mn L mn mnh
Tonlik (16)-n1 inteqrallayaraq, alariq:
t= dx 17)
Tk P—Pin kG, _K(G,—G)
mn L mn mnh
x=L olduqda, t=T olur; onda diistur (17) —don aliriq:
L
T = 18
ka_Pkah._kGl_k(GZ_Gl)_Z (18)
mn L mn mnh

Diistur (18)-don goriindiiyti kimi, foza koordinati x-in artmasi ilo Ozlii-plastik neft
hissaciyinin layda yerdoyismo vaxti T artir.

IT hal. BTQ foza koordinati x-don asili olaraq, asagidaki xatti qanunla doyisir (sok.2):
G, — Gy

G =Gy +———"x (19)

Bu halda da siizlilmo timumilossdirilmis Darsi qanununa tabe olur:

ﬁz—%(Z—i—G) (20)

(-) isarasi onu gostarir ki, x — artdiqca P azalir.
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yaxud :

! G, k (dP G,—G

Gy | ﬁ:——(——G— z L. ) 21
! A
P | P, Siizilmo sothinin sahosi olur:
[}
A A N L F = B - h, burada B — zolaqvari laymn
AN = <1 -

N enidir, L — layin uzunlugudur.

AN vox Kohrizin debiti olacaq:

Bkh (dP

B <x'= Q:ﬁF:——(—— 1
L n \dx
< > G, — Gy )
- X
Sak.2. Faza koordinati x-dan asili dayisan BTQ tazahiir L
edan ozlii-plastik neft layinin sxemi buradan:
ar_ Qn Gy — Gy
dx  Bkh T L[
yaxud:
G,—G

dP = —%dx—aldx— 2 dx 22)

Diferensial tonlik (22)-ni asagidaki intervallarda inteqrallayaq:
P x x G, —G X
f dP=——Q77.fdx—Glf dx — = 1fxdx;
Py Bkh J, 0 L 0

0~ Bkh(P, — Pop) Bkh(Gy + Gy)

buradan, tapiriq:

23
L 27 (23)
Tonlik (22)-ni bagqa intervallarda inteqrallayib, tapiriq:
P x x G, —G X
f sz—ﬂf dx—Glf dx — —2 1fxdx;
Py Bkh J, 0 L 0
_ Qn G, -Gy,
| P=p, Bith x—Gix 51 X (24)
Ifads (23)-don Q-nin giymatini (24)-do yerino yazsaq, alariq:
_ Py — Pyop Gy + Gy G, -G,
P=Pp, I x + > x 5L X (25)

Tozyiqin sopalonmasi qanunu (25)-don goriindiiyii kimi, birinci haldan forqli olaraq, o
geyri xattidir.
[fads (25)-don tazyiq qradiyentinin diisturunu asagidaki kimi tapiriq:
dP Py = Pgop. G2 =G G — G
x- 1 T2 1 *
Stiziilme siirati olacaq:

(26)

19:Epk—Pkah._k(G1‘|'Gz)
n L 2n

(27)

yaxud:
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_Epk_Pkah._kGor

9= (28)
n oL n
burada:
G, + G,
or = 2
Mosama kanallarinda 6zlii-plastik neftin haqiqi harakat siirati olur:
_dx 9
S dt m
Diistur (27)-ni nazars alaraq, tapiriq:
dx_ k Pk_Pkah. k(Gl+Gz)
dt mpy L 2mnp
bu tonliyi doyisonlorarino ayirib inteqrallasaq, alarq:
dx
dt =
kP = Peon. k(Gy +Gy)
mn L 2mn
X
t= 29
T PPy KRG 4G @
mn L 2mn
x= L olduqda: t =T alinr:
L
T = 30
T P Py KRG 4G G0
mn L 2mn

Diistur (29)-la o6zlii-plastik neftin hissociyinin cari x koordinatindan korizodok
yerdoyismosino sorf olan vaxti, diistur (30)-la iso homin neftin qidalanma konturundan
kohrizadok yerdoyismasina sorf olan vaxti toyin etmak olar.

Noatica. Zolaqgvari bircins layda sixilmayan ozlii-plastik neftin doyison BTQ-nin tozahiir
etmosilo diizxotli kohrizo dogru yasti-paralel siizilmo axinina iki halda baxilmigdir: birinci
halda BTQ mohsuldar layda foza koordinati z-don, ikinci halda iso x-don asili olaraq diizxotli
ganun {izrs doyisir.

Hor iki halda, siiziilmo axininin biitiin 9sas parametrlori ii¢iin diisturlar ¢ixarilmigdir. Bu
diisturlardan belo yataqlarin islonmo layihosini tortib edonds, islonma proseslorinin gedisatini
tahlil edonds va onu tonzimloyonda istifade edilmalidir.

Birinci halda, foza koordinati z artdiqca, layda siiziilmo siirati vo kohrizin debiti azalir;
layda tozyiqin sopalonmasi qanunu z-don asili olmur v tozyiq qradiyenti sabit qalir.

Ikinci halda, kohrizin debiti vo siiziilmo siirati foza koordinati x-don asili olmur;
tozyiqin layda sopslonmaosi qanunu x-don asilidir vo geyri xottidir. Tozyiq qradiyenti iso x-don
xotti asililiga malikdir.

Hor iki halda neftin layda yerdoyismo vaxti iigiin do diistur ¢ixarilmigdir: birinci halda
bu vaxt foza koordinatlar1 x-don vo z-don asilidir; ikinci halda iss yalniz x-don asilidir.
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CTAIIMOHAPHAS IIOCKONAPAJUIEJIbHASI ®UJIbTPALIUA HECXKUMAEMOM
BA3KO-TUVIACTUYHOM HE®TH C HEPEMEHHBIM HAYAJIBHBIM I'PAJTMEHTOM JABJEHUS

C.J. MYCTA®DAEB, T.V. XAHKHIIINEBA

B crathe pemieHbl cTanioHapHbIC THAPOJAWHAMUYECKUE 33/1a4H O IUIOCKOMAPaICIbHON (MIBTPAMU HECHKHIMACMOM
BSI3KO-TIACTHYHON HE(TH B MOJI0COO0OPA3HOM OJHOPOIHOM IUIACTE K MPSMOJMHEHHOMN ranepee ¢ MposiBICHHEM ePEeMEHHOTo
HavaybHOTO rpaaucHTa nasienus (HI'JT).

Kniouesvie cnosa: nauanvhvliii epaouenm 0agieHus, 6a3K0-NAACMUYHAS Heghmb, 0OHOPOOHDBIIL NAACH, NIOCKONAPAT-
JIeTIbHBLL, NOL0CO0OPA3HBIIL NIACH, 0eOUm, CKOPOCHb QuUIbMpayul, RPOCMPAHCMEEHHAs KOOPOUHAMA.

A PLANE-PARALLEL STATIONARY FILTRATION OF VISCOUS-PLASTIC
OIL WITH VARIABLE INITIAL PRESSURE GRADIENT

S.D. MUSTAFAEV, T.U. KHANKISHIYEVA

The article solves the stationary hydrodynamic problems of the striped-shaped layer filtration of the viscous-plastic oil
arising changeable initial pressure gradient to the straight plumbing. In the first task Vortex Heat varies depending on the
coordinate of the space, in the second, depending on the abscissa.

In both tasks, formulas for all the parameters characterizing the filtering process are obtained. These formulas are used
in the compiling of the operating design of such layers in the management of the work, under control, stability, and a number
of other events.

Keywords: initial pressure gradient, viscous-plastic oil, plane-parallel, striped-shaped layer, flow rate, filtration rate,
coordinates of the space.

53



Cild 10.Ne2 Azarbaycan Miihandislik Akademiyasinin XOBIRLIRI Aprel — Iyun 2018
Vol.10.Ne2 HERALD of the Azerbaijan Engineering Academy April — June 2018

U0T:622.276.1

UFUQI QAZILAN QUYULARDA iZOTROP SUXURLAR
UCUN QUYU DiVARININ DAYANIQLIGININ TODQIQi

Y.0. ORUCOV"

Isdo iifliqi quyularm yolverilon gorginliyin qiymetinin qazma dorinliyindon asilihig1 toyin edilmis, hamginin
stixurlarin, quyu divarinin dayaniqligini tomin edon mexaniki xarakteristikalart vo qazma mohlulunun dévrii
verilmigdir. Bu tohliikasiz qazma rejiminin se¢ilmasi ii¢iin vacibdir.

Agar sozlar:  gorginlik, quyuagzi tazyiq, izatrop stixurlar, tarazhq tonliyi, deformasiya-gorginlik vaziyyati,
quyu divarimin dayaniqligi.

Giris. Molumdur ki, iifiiqi derin neft-qaz quyularmin ugurlu qazilmas: quyunun liiloatrafi
zonaya siixurlarin dayanigli probleminin halli ilo six baghdir. Qazilan quyunun dorinliyi bdyiik
olduqca liils otrafindaki siixurlarin dayanighiginin itmasi ilo slagadar qozalarin bas vermasi ehtimali
da artir. Qoazalarin logv olunmasi iso olavo texnoloji omoliyyatlarin aparilmasina, quyunun texniki-
iqtisadi gostaricilorinin  asagi diismosino gotirib ¢ixarir. Praktiki quyu divarinin dayanigliginin
tomin olunmasi probleminin halli, gazmagilarin 6z magsadlorine ¢atmasi ti¢lin hall olunmali asas
problemlordon biridir. Bu problemin hoalli, quyu divarinda omolo golon deformasiyalarin
prognozlasdirilmasi vo qarsist alinmasi tisullarinin miioyyon olunmasindan ibaratdir.

Masalonin qoyulusu: Liilostrafi siixurlarin izotrop oldugunu nazors alaraq quyu divarinin
mohkomliys hesabini aparaq. Tutaq ki, iifiiqi gazilan quyunun daxili radiusu r,, xarici radiusu
sonsuz uzun olan silindrik bir cisim kimi nazards tutulur (Sakil 1). Bu halda izotrop cisimlar {igiin
silindrik koordinat sistemindo iimumilogsmis Huk qanunu asagidaki sokildadir [1]:

€, =%(c5, -vo, —vcz)
€, =%(Gw —-VG, —vcz) (1)
€, =%(02 -vo, —vcsq,)

%
Azarbaycan Dovlot Neft va Senaye Universiteti
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Burada o©,,0,,0, —bas gorginliklor, ¢,,&,,&, —bas istiqamotlordo nisbi deformasiyalar,

E - Yunq moduludur.
Quyu qazilmig torpaq massivi liglin miivazinat

tonliklori sistemi iso asagidaki sokildadir [1]:
: @Z@, o, TP =0, i,j=123 2)
7 Burada x;-koordinatina géro differensiallamani;
\ K ] —indeksinin tokrarlanmasi iso birdon iico qoder

toplanmani ifads edir; F, —hocmi qlivvenin x; istigamo-

Sakil 1. Ufiiqi qazilan quyunun sxemi . .
tindo proyeksiyasidir.

Quvvalarin tasirinin asilt olmamasi prinsipinino osaslanaraq liiloatrafi zonada gorginlik
voziyyati iki qiivve amilinin, quyuagz tozyiqin vo slixurun agirliq qlivvesinin hesabina yaranir.
Demoali cari garginlik o, asagidaki kimi ifads oluna bilar:

— 0
G; =0, 0 3)

Burada &, —quyuagz tozyiqin hesabina yaranan garginlik, 03- —agirhq qiivvasinin hesabina

yaranan gorginlikdir.
Oz c¢okisinin tosiri altinda olan toxunulmamis torpaq massivi ii¢iin miivazinat tonliklor
sistemi asagidaki kimidir;
0 P
G, +pF, =0, i,j=123 4)

J
(2) va (4)-ii tarof-torafs ¢ixsaq alariq:

G, =0 ij=123 Q)
(5) tonliklor sistemini silindrik koordinat sistemindo gdstorsok asagidaki alinar:
do, 1
~+—\6,-06,)=0 6
-+, -5,) (6)
Quyuagzi tozyiqin hesabina yaranan gorginlik voziyyati iiglin Huk ganunu asagidaki kimi

olacaq:

z =%[&, vz, +5. )

r

5y =loo (6, +5.)] ™

g, :%[;z —V(E(p +EZ)]

(5)-don goriindiiyti kimi hacmi qiivvelor olmadigindan quyuagzi tozyiqin hesabina yaranan
garginlik vaziyyati miistovi deformasiya vaziyyatidir. Bu halda &, =0 olur. Onda (7)-nin iigiincii
tonliyindon

& =vz,+5) ®)

Onda (8)-1 (7)-do nozors alsaq vo bir sira gevirmadon sonra asagidaki tonliklor sistemi alinar:
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, =%(a5, -b5,) 9
o) ©)
g“’_f ac,—bo,
Burada a=1-v>;b=v+v>. (9-u G, vo G, —yd gora hall etsok:
_ E _
rT T (ag, +bg$)
(10)
el v,
¢_a2_b2 gr+ag‘/7

Hballi. Quyuagzi tozyiqin hesabina yaranan yerdoyismo vektorunun komponentlorini u,v, w

ilo isaro edok. Burada wu —radial, v—tangensial, w—boyuna yerdoyismolordir. Masalo oxa
simmetrik oldugundan nisbi deformasiyalarin u radial yerdoyismosindon asililig1 asagidaki kimidir
[1]:
_  du
& =—
dr

(11

d’u ldu u
PRI (12)

Molumdur ki, (12) tonliyinin imumi halli asagidak: sokildadir [3].

u=cr+cr” (13)
Burada ¢, vo ¢, inteqrallama sabitloridir vo asagida gostorilmis sorhod sortlorindon
miloyyan olunur.
r=r, oldugda &, =-P
(14)
r=o oldugda &, =0
Burada P- quyuagzi tozyiqdir.
Baxilan halda quyu divarinda yaranan gorginlik voziyysti miistovi deformasiya gorginlik
vaziyyati oldugundan deformasiyalar ancaq quyuagzi tozyiqin hesabina yaranir.

a:—P%-

) (15)
— ¥
O-(/J:P%

( 03») miiayyan edok

Molumdur ki, z =4 dorinliyinds torpaq massivinin hor bir elementi hortorafli sixilmaya
moruz qalir vo slixurun 6z ¢okisindon yaranan gorginlik voziyyati asagidaki kimi toyin olunur:

o, =0, =0, =—pgh=—yh (16)

Burada y, —sitixurun xiisusi ¢okisidir.
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(15) va (16)-ni (3)-do nozars alsaq:

7
o, =—Pr%—;/qh

r2
o, =Pr%—)/qh (17)
o, ==y,h

Molumdur ki, birinci yliklomado méhkomlik sorti asagidaki kimidir [2];
I} +20+v)l, =0’ (18)
Burada o, — verilmis siixur {iglin gorginliyin axma hoddi,
1,.I, — uygun olaraq gorginlik tenzorunun birinci va ikinci invariantlaridir;

lIy=0,+0,+0,
I, = —(O'rO'(/, +o0,.0,+ O'ZO'(/))

(19)

Molumdur ki, ilk plastik deformasiya silindrin daxili sothindo yaranir. r =1, olduqda
gorginlik voziyyati asagidaki kimi toyin olunur;

o, = —(P + th)
c,=P- ;/qqh (20)
o, ==y,h

(20)-ni (19)-da noazars alsaq;

I, ==3y,h } e
I, =P =3y’h’
(21)-1 (18)-do nazars alsagq;
201+v)P* +3(1-2v)yih* -0, =0 (22)
(22) tonliyini P —ya goro holl edok;
P2 = 2(1;% [o2 +3v - 1282 23)
(23) tonliyinin haqiqi hallorinin mévcud olmasi ii¢lin asagidaki sortin 6donilmasi zoruridir;
ol +3(2v-1)yn* 20 (24)
(24)-don verilmis siixur ti¢lin quyunun gazima darinliyinin béhran qiymotini miioyyon edirik;
hy=— Zo (25)

B2

(25)-dan & < hy sortini 6doyon doarinlikde yerlogon siixur iiclin quyuagz tozyiqin boéhran qiymatini

B o —3(1—21/)73}12
f _\/ 2(1+v) 20

miioyyon edo bilorik;
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Molumdur ki, deformasiya plastiklik haddins ¢atanda Puasson amsali v = 0,5 olur. Bu halda
(26)-dan

O-a
b= 5 27)
(27) Mizes sorti ilo tist-iisto diisiir.
Cadval 1
Verilmis siixurlarin xarakteristikalar
Stixur Axma Yunq Puasson Xotti Xiisusi ¢coki |  Masamo
haddi. modulu odadi v genislonmo 7,107 €,
c,, MPa E,107* omsali. n/m’
MPa a,10° 1/c°
qumsal 50 2,35 0,25 10 2.5 0,2
ohong 150 7,48 0,27 8 2,7 0,1
dolomid 245 8 0,25 7 2,9 0,25
gips 100 3,8 0,3 19 2,3 0,15
anhidrid 170 3.8 0,3 19 2,9 0,45
gil 100 2 0,3 5,8 2,7 0,3
Cadval 2
Verilmis siixurlar iiciin quyuagz tazyiqin bohran tozyiqin qazma
darinliyindan asihihig1
Stixur tigin £, , MPa
H 10'm qumsal ohong dolomit gips anhidrid gil
0,4 30,7 93,8 154,7
0,5 61,84 104,97 61,33
0,6 29,4 93,4 154,36
0,7 61 104,5 60,67
0,8 27,6 92,76 153,8
0,9 60,4 103,93 59,78
1 25 92 153
1,1 59,6 103,18 58,64
1,2 21 91 152,6
1,3 58,6 102,27 57,25
1,4 16,3 89,9 151,7
1,6 6,2 88,6 150,7
1,63 0
1,7 56,04 100 53,6
1,8 87 149,5
2 85 148
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2,1 52,6 56,97 48,6
2,5 80 144 48,17 53,22 41,75
2.9 42,34 88,6 31,88
3 38,7 85,94 24,75
338 0
35 63,3 133,5 29,24 79,75
3,97 0 722
4 50,2 126,2
4.1 46,91 122,9 67,75
45 28,9 1174 57
4,7 10,4 112 50,4
4,73 0
4.8 111,28 4238
5 106,7
5,35 0
55 93,51
6 76,45
6,8 25,86
6,898 0
P(MPa)

1e0] 3
140)
120
100) 2
a0
=]

40

h( 103m)

12 3 4 5 6 7 8 3 10111213 1415

Sakil 2. Har bir siixur iiciin quyuagzi tazyiqin bohran qiymatinin qazima darinliyindan
asthligi: 1 - qumsal, 2 - 2hang, 3 - dolomid, 4 - gips, 5 - anhidrid, 6 - gil.

Sokil 2-do bazi siixurlar {iglin quyuagzi tozyiqin bohran qiymatinin gqazima dorinliyindon
asililigr verilmisdir.
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Notica. Belaliklo, verilmis dorinlikds yerlogon izotrop siixur ii¢lin quyuagzi tozyiqin siixurun
xiisusi ¢akisindan asili olan bohran giymatini miioyyan etdik. Bazi siixurlarin mexaniki
xarakteristikalar1 vo basqa malumatlar codval 1-do verilmisdir.

REFERENCES

1. Aleksandrov A.V. Soprotivlenie materialov. Osnovy teorii uprugosti i plastichnosti / A.V. Aleksandrov, V.D. Potapov.
M.: Vysshaja shkola, 2007. 400 s.

AuexcanapoB A.B. Conporusnenne marepuanoB. OCHOBBI TEOPHUH YIPYTOCTH U IIacTUYHOCTH / A.B. Anekcanapos,
B.JI. [Toranos. — M.: Beicmias mikosna, 2007. — 400 c.

2. Gulgazli A.S. Plastichnost i polzuchest pri povtornom nagruzhenii. LAP LAMBERT. Academic Publising. 2012. 176 c.
I'yarazam A.C. IlnactudHocTh M moasydects mpu mnoBtopHoM HarpyxeHun. LAP LAMBERT. Academic Publising.
2012. 176 c.

3.  Kamke E. Spravochnik po obyknovennym differencialnym uravnenijam. Moskva.1961. 703 s.

Kawmke 9. CripaBoyHHK 110 00BIKHOBEHHBIM Jn(depeHnnatbHbM ypaBHeHUsM. MockBa.1961. - 703 c.

4. Kalinin A.G., Sultanov B.Z. Burenie naklonnyh skvazhin. - M.: Nedra, 1990. - 346 s.

Kamunun A.I'., Cyaranos Bb.3. Bypenue HakIoHHBIX ckBaxuH. - M.: Hezapa, 1990. - 346 c.

5. Willoughby D. Horizontal Directional Drilling: Utility and Pipeline Applications. 2005 . 267p.

6. Mommoadtagizado 9.M., Babayev E.F., Cabbarova G.V., Abisev A.Q. Neft-qaz yataqlarinda genislonan borularin
texnologiyasinin praktiki tatbiqi. Azarbaycan mithandislik akademiyasinin xabarlari. Cild 10. Nel. 2018. Soh.76-81

HCCJIEJOBAHUE YCTOMUYMBOCTU CTEHOK CKBAKWH ITIPY BYPEHUH
B I'OPU30HTAJIbHOM HAINIPABJIEHUWN JIVIS1 U30TPOIIHBIX ITIOPOJ

S.A. OPY]I)KEB

B paGote ompernenena 3aBUCUMOCTh 3HAYEHHS JONYCKAEMOrO IABJICHHS NPU OypEHHH T'OPH3OHTAIBHBIX CKBaKMH OT
rIIyOMHBI OypeHUs, a TaroKe IPHBOIATCS MEXaHWYECKHE XapaKTePHCTHKU IOPOJ, KOTOpBIE O0ECIeUMBAIOT YCTOHIHBOCTD
CTEHOK CKBaXHH H 000POT OYpOBOTO pacTBOpa. ITO BaKHO AJIS OYPHUIBLIMKOB IIPH BEIOOpE O€30IacHOTO pekuMa OypeHHsl.

Knrouesvie cnosa: Hanpsdicenue, OagieHue, U30MPONHLIL 2PYHM, VPABHEHUA pasHoGecus, 0epopMayuoHHO-
HANpSd#CEeHHOe COCMOAHUE, YCIMOUYUBOCMb CINEHOK CKBAMCUH.

INVESTIGATION OF THE STABILITY OF THE WALLS OF WELLS WHEN DRILLING
A HORIZONTAL DIRECTION FOR ISOTROPIC ROCKS
Y.A. ORUJOV

The proposed work determines the dependence of the allowable pressure when drilling horizontal wells from the depth of

drilling and mechanical characteristics of the rocks, which ensures the stability of the walls of the wells and the circulation of

the drilling mud. This is important for drillers when choosing a safe drilling mode.

Keywords: tension, pressure, isotropic soil, balance equations, deformation-tension, stability of walls of wells.
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OCOBEHHOCTH OCAKJAEHUA 1 OBPA3OBAHUA IIVIOTHOI'O
CJIOSI YACTHIL HA BHYTPEHHEM IOBEPXHOCTH TPYB

.P. MYCTA®AEBA"

B craTtpe paccmoTpeHa npobiema oOpa3oBaHUS IUIOTHOTO CJIOS YaCTHIl HA BHYTPEHHEH NMOBEPXHO-
CTH TpyO B pe3yibTaTe IMPOLECCOB XUMHYECKOW TEXHOJIOTHH, MPOTEKAIOUIMX B TPyOUaThIX ammaparax.
AHanu3 nporeccoB MOKa3all, YTO OTJIOKEHHSI Ha BHYTPEHHEH IOBEPXHOCTH TPYO ¢ 00pa3oBaHMEM ILIOTHO-
TO CJ0sl YaCTHIl YXYAIIAIT TEIJI000MEH C BHEIIHEH CPefoi, UTO SIBISIETCS CIEACTBHEM YObIBaHHS KO3(-
(pULMEHTOB TEIJIOOT/Aa4M U TEIUIONEepeaAadyr. Y CTaHOBJIEHBI YCIOBUS CUMMETPHYHOCTH MPOGIIS OTI0XKe-
HHUH 110 ceueHHIO TPYObl, U3MEHEHHMs TapaMeTPOB MPOTEKaHHs Hpoliecca MMPpH JIAMUHAPHOM U TypOyJieHT-
HOM TeueHHH. BeiBesieHbl (hOpMyIIbl OCHOBHBIX ITAPaMETPOB IEPEeHOca B TPyOax.

KunroueBsble ciioBa: niomuulil coil, ocaxcoeHue, mpyoa, KOHYeHMpayus Yacmuy, MoauuHa omuodiCceHul,
2UOPOOUHAMUYECKOe meYeHUe.

BBegenue. MHoOrHe Mpouecchl B XMMHUUECKON TEXHOJIOIHH, IPOTEKAIONIME B TPYOUaThIX ar-
napaTax, COIPOBOX/IAIOTCS OCAXIEHUEM M NMPWINIIAHUEM PA3JIMYHOrO poJia YacTHIl — MpUMecel K
CTEHKE M 00pa30BaHMEM IUIOTHOI'O HEOJHOPOIHOIO CJIOS HAa BHYTPEHHEW MOBEPXHOCTU TPYOBI C
OIpeIeIEHHON 1IEPOXOBATOCTHIO MOBEPXHOCTH Cios. IIpuMepoM Takux oOpa3oBaHMi SIBISIOTCA
napadUHUCTBIE OTJIOKEHMS B TpyOax IpPHU TPaHCIOPTHPOBKE HePTH, 0Opa3oBaHUE U OTIOKEHHE
JbJa B TpyOax IpHU TPAHCIOPTUPOBKE IPUPOAHOrO rasa, OTI0XKEHUE KOKCAa B TPyOUaThIX TOMOI€EH-
HBIX PEaKTOpax MUPOJIM3a U HarpeBaTeNIbHBIX Ieyax, OTI0KEHHE KPUCTAJUIOB MUHEPATIBbHBIX COJIeH
Ha [OBEPXHOCTH TPYO KOHJEHCATOPOB—XOJOMIBHUKOB, OTJIOKEHHS PA3INYHBIX YacTHUI] B TpyOax
TeNJI000MEHHHMKOB U T.J. Hamnuue Ha MOBEPXHOCTH IUIOTHOTO CJIOSI TOJIIMHOIO §, PacTyIIEro co
BPEMEHEM INIPOTEKAaHUsI MPOLIecca M XapaKTEePU3YIOLIETrocss HU3KOH TemIONpOBOIHOCTHIO MO CpaB-
HEHMIO CO CTEHKOH TpyObl, CYIIECTBEHHO BJIMSET HA MapaMeTpbl Macco- U TeIUlonepeHoca U Tuj-
POAMHAMUKYU TEUEHUsI, U3MEHAET 3TH IIapaMeTpbl, CO3/1aBasi HEYCTONYUBOCTh THAPOIUHAMUYECKO-
rO TE€UeHMs CyCNIEeH3MH M HEeCTAalMOHAapHbIE YCIOBUS NMPOTEKAaHUs BCEro mpoiecca. Takoe ocaxe-
HHUE JUI1 TEXHOJOIMYECKHX IPOLIECCOB SIBISETCS BBIHYKIACHHBIM, UYTO HMPUBOAUT K YBEIMUYCHUIO
HHEPreTHUECKUX U MaTepUalIbHBIX 3aTpaT Ha MpoBeaeHue mporecca [1-4].

O0pa3oBaHue IUIOTHOTO CJI0S HA NMMOBEPXHOCTU TPYO MPOUCXOIUT JIMOO HENOCPEICTBEHHBIM
OCaX/IEHHEM pa3IMYHbIX YaCTUIl U3 00bEMA MTOTOKA, 32 CYET MUTPALIMOHHO-TPABUTAIIMOHHOTO Me-
XaHMU3Ma; JINOO MyTeM IepeHOca BELIECTB K IMOrPaHUYHOMY CIIOK0 € IOCJIEAYIOUIMM IPOTEKaHUEM

* [ o o
AszepbaiipkaHCKUH TOCY JapCTBEHHBIH YHUBEPCHTET HE()TH M MPOMBIIUICHHOCTH
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Pa3UYHBIX XUMUYECKUX U (PU3UYECKUX IMPOIECCOB, HEMOCPEACTBEHHO HA IMOBEPXHOCTH C JIAb-
HEHITNM TPUWIMIIAHKUEM TPOYKTOB PEAKIMH K TIOBEPXHOCTH CTCHKH. JTO OTHOCUTCS K XUMHUE-
CKOMY 00pa30BaHUIO KOKCA Ha BHYTPEHHEH MOBEPXHOCTH TOMOT'CHHBIX TPyOUaThIX TEUYeH U peak-
TOPOB, 00pa30BaHUIO Mapa@UHUCTBIX OTIOKEHHH B TpyOax Ui TPaHCHOPTHPOBKU HE(DTH, KpH-
CTAJUIM3AIUH Pa3IMYHBIX KOMIIOHEHTOB (MUHEPAIBHBIX COJICH) U3 JKUAKOW Cpeilbl Ha TIOBEPXHOCTH
TpyOUaThIX KOHJCHCATOPOB U T. JI.

IMocranoBka 3anauu. CrnoxHast CTPYKTypa OTJIOKHUBILIETOCS CJIOS 3aBUCUT OT NPHPOJBI H
copTa 4acTHIl, OT X CBOWCTB M Pa3MepoB, a MIEPOXOBATOCTH MOBEPXHOCTH CIIOS ONpEIENseTCs
pa3mepamu u Gpopmoii yactuil [35,6].

Pemenue 3agaun. Vcxons U3 3T0ro, BO3HUKAET HEOOXOAMMOCTh ONPEICICHUS KOJIMYECTBa
MaccChl OTJIOKUBIIUXCS YaCTHI[ HA BHYTPEHHEW NMOBEPXHOCTH TPyObl. KonmmyecTBO Macchl OTIIO-
YKUBILUXCS YaCTHIl HA BHYTPEHHEH MMOBEPXHOCTH TPYOBI 71 MOXKHO OTIPE/ICTHUTh U3 YPABHEHHUSI

dm_I_DSON 1
ac TP 3RIR =R, )

IJIe m — Macca BemecTBa, R — paamyc TpyObl, I — MacCCOBBIN TIOTOK YacTHUIL K TIOBEPXHOCTH 3a €/I1-
HUILy BPEMEHH, S — MOBEPXHOCTh OTJIOKUBIIIETOCS CJIOS yacTuil, N — KOHIIEHTpanusl 4acTuil, Ry —
paccTosiHAE OT IIEHTpa TPYOBI IO MOBEPXHOCTH OTJIOKMBIIETOCS CJIOS HAa BHYTPCHHEW CTEHKE.
CornacHo puc.l 1 UCX0s U3 TEOMETPUIECKIX COOOpaKeHUH, OTIPEIeITAM
_ 2 2 _ 2
m= 7Z'|:RO ~(R,-5) }Lp_v = 7(2R,6-5°)Lp,
)
2
S=rx (R0 -0 ) L
rae L — nnavHa cinost OTI0KEeHUH, § — TONIIMHA OTI0XKEHHH, O, — INIOTHOCTb OTJIOKEHUIH,

[ToncraBuB BeIpakeHue (2) B ypaBHeHHE(1), OTYyYMM ypaBHEHUS U3MEHEHHS TOJIIIMHBI OT-

JIO)KeHUH B TpyOax B BUJE
dé D oN

Ez(RO_(s)EﬁR—)(RO—S)’ 5(t) r=0"

CrpykTypa npoussonHoit ON/Or Ha MOBEpXHOCTH TPYOBI OMpPEIENIeTCsS MEXaHU3MOM /(-

0

(y3MOHHOTO MEepeHoca YacTHUl] K MOBEpXHOCTU TpyObl. OOpa3oBaHKE MIOTHOTO CIIOSl HA BHYTPEH-
HEH MOBEPXHOCTU TPYO BIUSET U MEHSET CTPYKTYPY T'HMAPOJANHAMHYECKOTO TEUCHHSI, a TAKXKe BITU-
S€T Ha IIepeHOC TeIlIa U MaccChl.

OO0pa3oBaHue IMJIOTHOTO CJIOS YacTHUIl Ha BHYTPEHHEW MOBEPXHOCTH TPYO oIlpenensercs
MHOXECTBOM (DaKTOpPOB, CPEAN KOTOPHIX BaKHO OTMETUTH T'HJIPOAWHAMHYECKHE U TEPMOIHMHAMHU-
YEeCKHe YCJIOBHUS, PEOJOIHYEeCKHe CBOWCTBA IUCIIEPCHOW Cpeibl, aAre3MOHHYI0 COBMECTHUMOCTb
YacTull ¢ 00TeKaeMoil MOBEPXHOCTHIO, (PUZNKO-XUMUYECKUE TPEBPAILECHUS B MOIPAaHUYHOM CIIOE,
pa3Mepsl ¥ KOHIIEHTPAITUIO YaCTHII, OPUEHTAINIO 00TEKaeMOi MMOBEepXHOCTH U T.1. [7,8]. TTockoib-
Ky MpoHeCcChbl OCAXKJICHUSA ABJIAIOTCA HCOPCPLIBHBIMHU, TO 3TO O6yCHaBHI/IBaCT HerCpBIBHBIfI pocCT
TOJILIMHBI CJIOSI, BIUIOTH JIO MOJIHOM 3aKyMOPKHU TPyObl. AHaNN3 MOJOOHBIX MPOIIECCOB MOKA3all, YTO
OTJIOKEHHUS HAa BHYTPEHHEH MOBEPXHOCTH TPYO ¢ 00pa3oBaHHEM IIIOTHOTO CJIOS YacTHUI] C HU3KUM
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K03(p(pUIIMEHTOM TEIIONPOBOIHOCTH YXYAILIAeT TEIJIOOOMEH ¢ BHEIIHEH Cpeloi, 4To SBISETCS

CJIEICTBUEM YOBIBaHUS KOOPPUIIMEHTOB TEIUIOOTAAYH U Teruionepenaun (puc.l).
Ecnu oTnoxuBmuiics ciioit mo cedeHuro TpyObl
ABJISIETCS CUMMETpUUHBIM (puc.l), To, BBeas Oe3pas-

MEpHYIO TOJIIMHY OTIOXKeHHH B Bume [ =1-— %0 ,

BBIPa3MM OCHOBHBIE TapaMeTphl IepeHoca B TpyOax
yepe3 [ Kak: KOXPQPUIMEHT TEIUIOOTIAuu Ui Typ-

OyJICHTHOTO TE€UYEHHUS % ~ B u qua nammmapHo- -
0

—3/2
ro TE4YeHUs % ~ [7'7; koadduIMeHT Terore-
0

1
penaun K ~ Tln ,B‘l ; CKOPOCTb OTOKA % =p7;
0

Puc.1. Xapakmepnoe oopazosanue ciosn

B
—1 7
qHCIO Re — ﬂ ; CKOpPOCTb M 4acToTa Typ6y- ocesuiux Yacmuy Ha 6HympeHHel
Reo nosepxuocmu mpyoot

9 V -15/8 -15/4
JEHTHBIX MyJnbcauuid 4 Y= p u % ~ [ ; HMHTEHCHBHOCTh TYpOYJEHTHOCTH
A0 0

1/4 9] 1.
% = """ ; macmtab TypOyJIEHTHBIX MyJIbCAHH % ~ B ; cremens yBedyeHNs YACTHIL TTyIb-
0 0

CHUPYIOIIUM ITOTOKOM 'L% =~ ﬂ15/4; KOS(l)(l)I/II_[I/ICHT COIIPOTHUBJICHUSA B TPYGaX Ipu JaMHUHApHOM
PO

TEUYCHUHN % = [ u TypOyJCHTHOM TE€YCHUH % = "% (B 5TMX BBIPaKEHMSX HIDKHUI WH-
Lo 70

nekc «0» OTHOCUTCS K yucTod TpyoOe) (puc. 2) (0 — mapamerp, XapaKTepH3YIOIIUH OTHOIICHUE
CKOPOCTH OCaKJEHUS K CKOPOCTU AU(PPY3HOHHOTO MPOIIecca).

Crnemyer OTMETUTh, YTO YCJIOBHSI CHMMETPHYHOCTH MPOGUIIS OTIOKEHHH M0 CEUEHHUIO TPY-
OBl He Bceraa coONIOAI0TCA B TOPU3OHTAIBHBIX KaHaJaxX, MOCKOJIBbKY CHIIBI TPaBUTAIMH, HAIPaB-
JICHHBbIE BHM3, BCETJa OKa3bIBAIOTCS Ooublie APYrux cuil. CUMMETpUYHBIN MPOQHIb OCAKACHUS B
OCHOBHOM HaOJI0/1aeTCs B BEPTUKAIBHBIX KaHAJIaX, KOT/Ia CHJIbI TPABUTAIMH TIOYTH HE BIHSIOT Ha
OCaXJICHHE YaCTHI] U MTOCIIeTHEe TPOUCXOIUT 3a cUeT JU(PY3MOHHOTO MepeHoca K CTeHKE KaHaa.
Kak crnemyer u3 puc. 2, eciu B ciiy4yae JaMUHAPHOTO TEUEHHSI POCT TOJIIIMHBI OTIIOKEHUH B TpyOax
HOPUBOJUT K THIPOANHAMHYECKONW HEYCTOWYMBOCTH, TO JUI TypOYJIEHTHOTO TE€UCHHS 3TOT XKe (ak-
TOp BBI3BIBAET yBEJIMUEHHE JUCCUNIAIINN YHEPTUH, YMEHBIICHNE MaclITaba TypOyJIeHTHOCTH U CBSI-
3aHHOE C 3TUM 3aTyXaHHE MHTEHCUBHOCTH TYpOYJIEHTHOCTH. AHAJIOTUYHO, TI0 MEpe pocTa TOJIIH-
HBI OTJIOKEHUI Ha BHYTPEHHEH MOBEPXHOCTH TPYOBI, pacTeT KOA(P(HUIMEHT CONMPOTUBICHUS, CTe-

NICHb yBIICYEHUS YACTHUIL ITyJIbCUPYIOIIEH Cpeioi, HTHTEHCUBHOCTH TYpPOyJICHTHOCTH.
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Ipu f—>1,0=0, T.e. KOrma o
100

OTJIOXKEHUS Ha TOBEPXHOCTH TPYOBI
orcyTcTByOT, @ — 1. POCT TOMIUHBI "

OTJIO)KEHUH B Tpybax coO BpeMEHEM

YMCHBIIACT B OHpeHGHCHHOﬁ CTCIICHU 60

CKOpPOCTb OCAXKACHUA YaCTul, IIO-

40
CKOJIBKY C YBCIMYCHHEM CKOPOCTH

OCHOBHOTO IIOTOKa pacCT€T CKOPOCTb
20

OTpbIBa U YHOCA YaCTHIL, IIPOIIOPLHUO-

HaJIbHas KBaJpary ,I[HHaMPI‘-ICCKOfI —
0.2 0.4 0.6 0.8

CKOpPOCTH IOTOKA. OTpBIB 1 yHOC Ha- Puc.2. Hzmenenue 6e3pazmepnozo omnouienusn 6 om de3pasmepnoi

CTHL[ C MOBEPXHOCTH OTJIIOKHUBIIETOCS MOTUUHYL OMHOWIEHUT NPU N,y PAGHDIX:
1 — (-5)- ynenbHas sHeprus auccunaimy; 2 — (-15/4) - vacrora TypOy-
cIIosi HAOIOAaCTCs HpH yCIIOBUH, C€CIIHA JIEHTHBIX MyJbcauit; 3 — (-2)- ckopocTh motoka; 4 — (-1) -uucno U .-

Chjiia THUAPOAVMHAMHYCCKOIO OTpbIBa
BBIIIC, YCM CHJIbI aATC3HUU, NIPUUCM CKOPOCTb OTpPbIBA IPAMO IMPOIOPUHOHAIIBHA KBaJApaTy IAWHA-

MHYECKOMN CKOPOCTHU IIOTOKA.
Hpe)monaraﬂ, 4qTO YACJbHasA AUCCHUIIAUA DHCPIrurh B HM30TPOIIHOM Typ6y.]'leHTHOM IIOTOKC

Er~ U3/ d (d — nuametp TpyObI), MOXKHO 3aIMCATh: & :gROﬁ_S. B paGote [1] oTmeueHo, 4To B
U30TPOITHOM TYpOyJIEHTHOM MOTOKe Kod(h(duueHT Maccootnaun, wim unucio llepsyna Sh ompe-
JensieTcs Kak

£ R* 1/3

Sh=csc3 (2~
VC

riae C — KOHLEHTPALUs KUAKOCTH, S — ymcio IlIMuara, v, — KHHEMaTHYECKask BA3KOCTb Cpefibl, R
— paauyc TPyObl C YYETOM OTJIOKHUBILETOCS CJIOS Ha BHYTPEHHEN [MOBEPXHOCTU. YUYHMTHIBAS BBIIIE-
npuBenéHHbIE HOPMYIIBI, MOKHO HamucaTh: Sh=Sh,A3'”, T.e. ¢ POCTOM TOMIMHBI OTIOKEHHUIA
yucio Sh pacrer.

3axiouenne. IIpoBefeHHBIE MCCIIEI0BAHUS TIOKA3aIU, YTO OTJIOKEHHS HA BHYTPEHHEH I10-
BEPXHOCTH TPYO ¢ 00pa30BaHUEM IUIOTHOIO CJIOSI YACTHI YXY/IIIAKT TEMIOOOMEH ¢ BHELIHEN Cpe-
JIOH, 4TO MPHUBOIHUT K yOBIBAHHIO KOY()(HUIIMEHTOB TEILIOOTAa4YH U TEILIONEPeAaun. bbuto ycranos-
JIEHO, YTO YCJIOBHSI CUMMETPHYHOCTH HPOMUIIS OTIOKEHHI 110 CEYEHUIO TPYObI COOIIIOMAETCS HeE
TOJIFKO B TOPU3OHTAIBHBIX, HO M B BEPTUKAILHBIX KaHAJIaX, a TAKKE [IPOMCXOAUT U3MEHEHHE I1a-
paMeTPOB MPOTEKAHMS [IPOLIECca MPH JAMUHAPHOM M TypOyJIEHTHOM TeYeHuH. BriBenensl Gpopmy-

JIbl OCHOBHBIX IMapaME€TPOB IIEPEHOCA B pr6ax.
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BORULARIN DAXILi SOTHINDO HiSSBCHfLaRiN SIX QATININ
COKMOSININ VO YARANMASININ XUSUSIYYOTLORI

G.R. MUSTAFAYEVA

Moagqalado borulu aparatlarda bas veron kimya texnologiyasi proseslori naticesindo borularin daxili sothindo
hissaciklorin six qatinin yaranmasi problemina baxilmisdir. Proseslorin analizi gosterdi ki, borularin daxili ssthindes
hissaciklarin six ¢okiintii qatinin yaranmasi va istilik6tiirme emsallarinin azalmas: istilikverma naticesinds straf miihitls istilik
miibadilasini ¢atinlagdirir. Borunun en kasiyi tizra ¢okiintii profilinin simmetrililiyi, homginin laminar va turbulent axin zamani
prosesin parametrlorinin doyisilmasi sortlori miioyyen edilmisdir. Borulardaki osas 6tlirmo parametrlorinin ifadolori verilmisdir.

Agar sozlor: gatin sixligi, ¢6kma, boru, hissaciklorin qatiligi, ¢ékiintii qalinligi, hidrodinamik axin.

SPECIALITIES OF FORMATION AND SEDIMENTATION OF DENSE PARTICLES
LAYER ON INSIDE SURFACE OF PIPES

G.R. MUSTAFAYEVA

The paper considers the problem of formation and sedimentation of dense particles layer on inside surface of pipes as a
result of chemical technology, which is flow past in piping devices. Analyses of processes has shown , that deposition of
dense particles layer on inside surface of pipes worsens heat exchange with outside , that is result of heat emission and heat
transfer coefficients decreasing. Else determined symmetry conditions of depositions profile on pipe section, parameters
changing on laminar and turbulent process flowing. Proceeding from geometrical considerations has determines formulas of
main parameters at transferring in pipes.

Keywords: dense layer, sedimentation, pipe, particles concentration, thickness of sediments, hydrodynamic flow.
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YJIK 665.766.2

PA3ZPABOTKA TEXHOJIOI'MX NUCITOJIB3OBAHUSA PACTBOPOB
HA®TEHATOB VIS IIBIVIEIIOJABJIEHUA ITPU ITPOBEIEHU N
I'OPHBIX PABOT

M.C. AJJOCMAHOB®, M.III. ATAEB™", C.M. UBPATUMOBA",
['M. MAMEJIOBA™, .M. BAUPAMOB"

[IpoBeneHkI HccieIOBaHUS TI0 UCIIOJB30BAHUIO PACTBOPOB HAPTEHATOB B KAYECTBE YBIIAXKHSIOIICTO
BEIIEeCTBA IS MTOIABJICHUS TTBLTH, 00pa3yromIeiics U BRIACISIONICHCS IPH MTPOBEACHNN TOPHBIX PadoT.

Ha ocHOBaHWYM TIPOBENCHHBIX MCCIEIOBAaHUN pa3paboTaHa TEXHOJOTHS W YCTAaHOBKA, MO3BOJISIOIINE
HapAIy C TOAABICHUEM IIBUIH, 00pa3yromeiicss U BRIOCIIONICHCS IPU IPOBEICHUN TOPHBIX paboT, obec-
[IEYUTh €€ yJIABIMBAaHUE U JAJIbHEHIIEE UCIIONb30BAHUE.

Kniouesvie cnosa: zopuvie pabomul, KaMeHHbLE KAPbEPDL, KAMHEPE3HbLE MAUUNbL, NbLIENOOAGIeHUE,
PAcmeopwvl HapmeHamos, IPGHeKmueHOCMb NbLIENOOABICHUSL.

BBenenue. 3anblIeHHOCTh SBJSETCS OJHUM M3 OCHOBHBIX (DAKTOPOB 3arpsi3HEHUS] OKpYyXkKa-
IOIIEH cpeIbl, MOATOMY 00phOa C TMBIIBIO SBISAETCS aKTyaIbHOH MPOOIEeMOH.

N3BecTHO, 4TO pa3paboTKa MOJE3HBIX MCKOMAEMbIX COIPOBOXKAAETCS 00pa30BaHUEM M BbI-
JICJICHUEM TIBLTH, KOTOpasi OKa3bIBa€T BPEIHOE BO3JEHCTBHE HA 370POBbE TOPHOPAOOUYMX, MPHUBO-
JIUT K MIPEXKIEBPEMEHHOMY H3HOCY HCIIOJIB3yEeMOro 000pyAOBaHHMS, TOTEPE IIEHHOTO MUHEPAIbHO-
TO CBIPBS M 3arpsi3HSET OKpYy>Karomyto cpeay [1].

Kak u3BecTHO, 00111€€ KOTUYECTBO JOOBIBAEMBIX TI0 BCEMY MHPY TOPHOPYAHBIX MaTepHAIOB
coctapsieT 750 Mipa. TOHH B TOJI.

B nacrosiee Bpems B Azep0aiiikane oprannzoBaHo 150 kaMeHHBIX KapbepoB U3 pa3Be/aH-
HBIX 230 KaMeHHBIX 3aexeil. B 9THX Kapbepax exeroiHo jaobbBaercss 250-350 Thic. M° KaMHEiH.
92,8 % 3TUX MaTrepHajoB COCTAaBIISIET U3BECTHSK, puueM 15,3 % ByJIKaHMYECKOrO MPOUCXOXKIIE-
HUS1, HEOOJIBIIIOE KOJIMYECTBO — MEPKEIIb, MEJI, TIECOK U JP.

Esxeromno B pecnyONMKaHCKUX KaMEHHBIX Kapbepax jo0bBaercs 195 MIIH. MTyK KaMEeHHBIX
KyGHKOB, 80 ThIC. M> MPAMOPHEIX H M3BECTKOBBIX OOJIHIIOBOYHBIX KyCKOB. JIJIst 3TOM LM HCIOMb-
3YIOTCSI COTHM KaMHEPE3HBIX MAIMH U MEXaHU3MOB, KOTOPBIE SBIISIOTCS OCHOBHOW MPUYUHOM 00-
pa3oBaHus U BbiAeNeHHUs MbUTH. OHU 3aNBUISIIOT HE TOJIBKO aTMoc(epy KapbepoB, HO U OJIM3pacmo-
JIO’)KEHHBIX HACEJICHHBIX MyHKTOB, NAaCTOMIII, BOJOEMOB U Jp.

* v v
WuctutyT reonoruu u reodpusnkn HalonanbHo# akageMun Hayk AsepOaiikaHa
*%k o o o
AszepbaiipkaHCKUIH TOCY JapCTBEHHBIH YHIBEPCHTET HE()TH U IIPOMBIIUICHHOCTH
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C pa3BuUTHEM MPOMBIIIUICHHOCTH, PACITUPEHUEM HACEICHHBIX MYHKTOB M CTPOUTEIBCTBOM
JIOPOT PE3K0 BO3pOCIia MOTPEOHOCTh B CTPOUTENBHBIX MaTepuanax. B pe3ynbpTaTe 3TOTO YBEINYU-
JIOCh KOJIMYECTBO MPOBOJIMMBIX T'€0JI0T0-pa3BeAbIBATENILHBIX U TOPHBIX Pa0OT, KOTOPBIE MPUBEIH K
POCTY 3albIJICHHOCTH M HAPYIICHHUIO 3KOJOTHYECKOTO PABHOBECHSI, M, KaK CIICACTBHE, YBEINIHIAChH
MOTPeOHOCTh B MaTepuaiax JJisl MoJaBieHus nbutd [2]. O HAKO UMEIOIUECS MaTepUabl JIs TbI-
JIETIOJIABJICHUS 1 TI0 KAU4eCTBY, U MO0 KOJUYECTBY 3aMaCOB HE yJIOBJIETBOPSIIOT COBPEMEHHBIM TpeOo-
BaHUSAM. DTH MaTepUalbl HE 00pa3yloT COCIUHEHUN C MBUIbIO, MPOCTO YBIAXHSIIOT €€, a Bllara B
KopoTKkoe Bpemst ucmapsiercs. [loaTtomy oOpa3oBaBiascs npu mpoBeIeHHH TOPHBIX paboT IbLIb HE
YIJIaBITUBACTCS M B TaJIbHEHUINIEM HE MCIIOJIB3YETCS, YTO MPUBOIUT K TIOTEPE IIEHHOTO MHHEPAITEHOTO
CBIPbsSI M 3aTPS3HEHUIO OKPYIKAOIIECH CPE/Ibl.

Lenbio HacTOSALIEr0 HCCAEAOBAHUS SIBISETCA pa3paboTKa TEXHOJOTHH, TO3BOJISIONICH,
Hapsly C MOJIaBJICHUEM ITBUTH, 0Opa3yIONICHCS M BBIICISIIOIICHCS PU MTPOBEICHUH TOPHBIX padoT,
obecreunTh e€ yaBIMBaHNE U JalbHEHIIIee UCTIOTh30BaHNE.

Jlis nmpoBenieHMs McclieloBaHUN ObUIM MCIIONb30BaHbl KYCKH KaMHeEH, 0Opa3oBaHHBbIE IPHU
MPOBEJCHUH Pa0dOT B KAMEHHBIX Kapbepax Pa3IMYHBbIX MECTOPOXKICHUH, XUMUYICCKUE U MUHEPAJIO-
THYECKHE COCTaBbI KOTOPHIX MpE/CTaBlIeHbI B TabauIax 1-6.

Kak BumHOo n3 Tabmui 1-6, KaMHH, HCIIOB3yEeMbIE B UCCIIEIOBATEIBCKUX PaboTax, Mo CBOE-
My COCTaBY MPAaKTUYCCKU HE OTIUYAIOTCS, 32 UCKIIFOUCHHUEM TOTO, YTO B KAMHSX MECTOPOXKICHUS
Mapassl conepxanue K,O cocrasnser 1,03 %, a B octanbHbIX perronax B npenenax 0,29-0,35%.

Tabauua 1
CocraB kamMHell MUpIKeHXyHCKOT0 KAMEHHOI0 Kapbepa

Xumuueckuii coctaB %

v - i
CHOBHOC 1 Na,0 | MgO | ALO; | Si0, | P05 | SO; | KO | CaCO; | TiO, | MnO | Fe,Os
Ha3BaHHUE

Kamens 0,05 1,68 1.22 5,89 | 0,019 | 0,20 | 0,29 87,21 0,022 | 0,021 1,83

Munepanoruueckuii coctas, %

YcnoBHoe SiO; (o-KBapi) CaCO; (M3BECTHSIK) I'Ha Fe,0;
Ha3BaHUE
Kamens 4.4 89,26 5,36 1,30
Tabauya 2

CocraB kamHeii ['1031erckoro KaMeHHOro Kapbepa

Xumuaeckuii coctas %

YcnoBHoe

HASBAHIC Na,O | MgO | ALO; | SiO, P,05 SO, K,O | CaCOs | TiO, MnO | Fe,O3

Kamens 0,06 | 1,72 1,23 6,00 | 0,018 | 0,019 0,31 88,63 | 0,023 | 0,020 1,31
MuHepanorndeckuit coctas, %

YcnoBHoe Si0, CaCoO; R Fe,0,

Ha3BaHUE (oi-kBapIr) (M3BECTHSIK)

Kamens 4,5 89,20 54 1.2
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Tabauuya 3
Cocras kaMHeii Mapa3sHHCKOro KaMeHHOI0 Kapbepa
Xumuueckuit coctaB %
YcnosHoe ) ]
Ha3BaHHUeE Na,O MgO ALOs SiO, P,0s SO; K,0 CaCoO; TiO, MnO Fe,O5
Kamenn 0,06 | 1,76 1,19 5,90 | 0,031 | 0,020 | 1,03 87,21 0,023 | 0,013 1,49
Mumnepanorudeckuii cocTas, %
YcnoBHoe i0 -
SiO, CaCO; (u3 Cotiia Fe,0s
HasBaHHC (o-kBap) BECTHSIK)
Kamens 3,96 90,01 6.10 1.6
Tabnuua 4
Cocrap kamHeill Kapagarckoro kaMmeHHOro Kapbepa
Xumuueckuid coctaB %
Y .
CHOBHOC a0 | MO | ALO; | Si0, | P,Os | SO, | KoO | CaCOs | TiO, | MnO | FeOs
Ha3BaHHE
Kamenb 0,06 | 1,72 1,23 6,00 | 0,018 | 0,019 | 0,31 88,63 | 0,023 | 0,020 1,31
Musnepanorudeckuii cocras, %
vy i0
CJIOBHOE Si0, CaCO;, Cosia Fe,Os
Ha3BaHHE (o-kBapir) (M3BECTHSK)
Kamenn 4,5 89,20 54 1.2
Tabauuya 5
Cocras kamMHeii MaxmMyacKoro KaMeHHOro Kapbepa
Xumnueckuii coctas %
YcnosHoe ) )
waspamme  |N&20 | MgO | ALO; | SiO, | P,Os | SO; | KyO | CaCO; | TiO, | MnO | Fe)Os
Kamenp 0,03 | 1,03 1,26 6,00 | 0,020 | 0,01 0,35 87,0 0,022 | 0,019 1,50
Musnepanorudeckuii cocras, %
VYcenosHoe SiO, CaCoO; (m3-
r Fe,O
Ha3BaHHE (a-KBApIY) BeCTHSK) TMHA €03
Kamenn 4,7 90,00 6.0 1.3
Tabauya 6
CoctaB kaMHell DJIbYNHCKOI0 KAMEHHOI'0 Kapbepa
Xumnueckuii coctas %
YcnoBHoe ) )
nassarme |N@0 | MgO | ALO; | SiO; | POs | SO; | KO | CaCO; | TiO, | MnO | Fe,0;
Kamenb 0,05 | 1,05 1,78 5,59 | 0,018 | 0,020 | 0,34 89,0 0,022 | 0,019 1,59
Munepanorndeckuii coctan, %o
VYcnosHoe SiO -
e €aCo; (us I'muna Fe,0;
Ha3BaHUE (o-KBapir) BECTHSIK)
Kamenn 5,1 90,51 5.92 1.3
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Ha ocHOBaHMM MPOBEICHHBIX UCCIIETOBAHUN YCTAHOBJIICHO, YTO MPH HApPE3aHWU KaMHeW pas-
MepoMm 30x12x6 cM KOIWYECTBO BBIICTUBINCHCSA ThUTH cocTaBiser 6.4 1; 60x24x12 cm — 8.61.;
90x36x18 cm — 11.4r.

OaHUM U3 NIMPOKO UCTIOJIB3YEMBIX METOJIOB JUIS MTOJIABJICHUS TBUIH SBIISIETCS METO OpoOIlle-
HUS BOJIOH, CYIIIHOCTh KOTOPOTO 3aKIII0YAEeTCsS B TOM, YTO MPH B3aUMOJICHCTBUU KaIUIU KUAKOCTHU C
YacTUIeW NBUIM MPOUCXOAUT €€ CMadMBaHWE, 3aXBaT KaIUlell M OCaKJeHHE arperara — 4acTuia
TIBLTH + JKUIKOCTD.

[TpoBenénubie nccaenoBaHus MOKa3ail, 4To () (HEKTUBHOCTH MBUICMOIABICHHS TIPU OPOIIIe-
HUU BOJOU coctasisieT 75%.

C nenbto yBenndeHus 3pGEeKTUBHOCTH NbUICTIOAABICHUS MIPU MIPOBEICHUHN TOPHBIX padoT, a
TaKKe ISl JOCTHYKCHUS MTOCTABJICHHOW 1IEJTM B KA4eCTBE CMAYMBAIOIIETO BEIIECTBA ObLTH UCCIIE0-
BaHBI PaCTBOPHI HA()TEHATOB.

B kauectBe pacTBOopa HadTeHaTa ObUT MCHOJB30BaH OTXOJ HedrenepepabOTKU, o0pas3yro-
MWICS TPU BBIIEICHUM HEPTIHBIX KHUCIOT U3 HEPTENPOAYKTOB BOIHBIM PACTBOPOM E€IKOTO
HaTpWs - pacTBOp HadreHara Harpus R- COONa (rotHocTs 1,02-1,04 r/em’) [3].

UccnenoBarensckue pabOThl OBUIM TMPOBEACHBI B HECKOJBKMX HampaBlieHUsX. HawanbHble
OTIBITHI OBLIM MIPOBEIEHBI HA YyCTAaHOBKE, TEXHOIOTUYECKAsk CXeMa KOTOPOH TpeicTaBieHa Ha puc. 1.

OnBITHl TPOBOAMIIUCH CIIENYIOMKUM 00pa3oM. CHavyana kaMeHb (5) yCcTaHaBJIMBAETCS HA CTO-
ne (1) u no mycka B padoty muisl (2) cmaunBaercs (3, 4). B kauecTBe cMaumBaroiero BemecTna
JUISL TIO/IaBJICHUsI TBUTH OBUIM HCIIONIB30BaH PAacTBOP HadTeHaTa, KOTOPBIA NOOaBIsSETCS B TaKOM
KOJIMYECTBE, YTOOBI BJIIAXXHOCTh YBJIXKHSEMOTO0 MarepHuajia cocraBisuia He MeHee 12 %. Ilocne
3aBepiieHus] PabOTHI MOJIydeHHAs CMECh MBUIM M pacTBopa HadTeHaTa (6) mocTymaer B J103aTOp
(7), otkyna nmonaércs B mHek (8), a 3areM B pacnbuutenb (9) u ocymmrens (10). B ocymmurens
(10) cau3y nonaéres ropstumii Bo3ayx (11), koTopelii HupKyIupyeT B annapare. BricymenHas rpa-
HYJIMPOBaHHAasi CMECh NMbUTH U HadTeHaTa nmoctynaet B OyHkep (12), a 3arem oTIpaBisieTcs moTpe-
OUTENIO ISl UCTIOIb30BAHMS.

B pesynbraTe nmpoBeneHHBIX MCCIEAOBAHUN BBISIBICHO, YTO YCTAaHOBKA, NPEICTABICHHAs Ha
puc. 1, He B COCTOSHUU 00ECHEeYUTh MOJABJICHHE M yJIABIWBaHHE OOJBIIOrO KOJIMYECTBA IBUIH,
oOpa3yrolencs U BbIIESIONICHCS TP MPOBEIEHUHU TOPHBIX paboT. B cBsa3u ¢ aTuM Oblia pa3pabo-
TaHa yCTaHOBKA, UMEIOMIAsl PSJl MPEUMYIIECTB 10 CPAaBHEHHIO C MPEIBITYIIEH, TEXHOIOTHYecKas
cxema KOTOpOH Mpe/icTaBiIeHa Ha puc. 2.

[TommyuenHast cMech MbUTKM U pacTBopa HadTeHaTa u3 no3atopa (7) moctymnaer B IIHEK (8), a
3areM B rpanysstop (9) u ocymutens (10). Bricymennas rpaHyIupoBaHHas CMeCh MBUTH U HaTe-
HaTa 3neBaTopoM (11) momaércs B cuta (12), mocie mpoxokIeHUsT KOTOPBIX (PaKITHsS pasMepoMm 1-
4 MM (14) moctymaer Ha CKJIall, a OTTya OTHPABISETCS MOTPEOUTENIO ISl UCIIOB30BaHusA. A pe-
Typ (Menkast ppakius TOTOBOTO MPOYKTa pazMepoM MeHee | Mm) moctymnaet B mHeK (13), a 3aTem
B rpanyisaTop (9), dpakuus pazmepoM 5 u 6os1ee MM Mociie u3MenpdeHus B npoduike (15) aneBa-
TOpoM Takke mojaéres B mHek (13), a ortyna B rpanynsatop (9), riae oHH CMEIIMBAIOTCS CO CMe-
CBIO MBUIM M pacTBOpa Ha)TeHATA, MOCTYMAOUICH Ha TPaHYJISIIHUIO.

[TomyuenHasi rpaHyJIUpOBaHHAsl CMECh KaMEHHOW MUKW U HadTeHarta, coJepsKamias MUKpO-
3JIEMEHTBI, MOKET OBITh MCIIOJIb30BaHA ISl TIOTYYEHUS
ynoOpeHuii, B Ka4eCTBE M3BECTKOBOTO YJOOpEHHs HA KHCIBIX MOYBaX, a TAK)Ke BKAYECTBE CTPOU-
TeJIBHOT0 MaTepuaia.
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12 5
Puc.1.Texnonozuueckas cxema ycmano6xku 01 Puc.2. Texnonozuueckaa cxema yCmaHoeKu ons
nooaenenus nvlau, 0opazyoueiica u evloenaoueiica nooaenenusa nylau, oopasyoueiica u evidenaioueiica
npu npoeedenuu 20pHyIX paoom. npu npoeedenusn 20pHIX padom.

1 - crom, 2 - nmuina, 3 — mocyaa i pacTBopa HaTeHa- 1 — ctom, 2 — una, 3 — mocyzaa A pactBopa HadreHara, 4 —

Ta, 4 — pacTBOp HadTeHaTa, 5 — KaMeHb, 6 — cMech pacTBOp HadTeHaTa, 5 — KAMEHB, 6 — CMeCh IIBIIX U pacTBOpPa
IIBUIM ¥ pacTBOpa HapTeHaTa, 7 — 103arop, 8 — IIHEK, HadreHaTa, 7 — go3arop, 8 — mHek, 9 — rpanyisarop, 10 — ocy-
9 — pacnbuiutens, 10 - ocymurens, 11 - ropsunit murens, 11 —anesarop, 12 — cuta, 13 — muek 4 perypa, 14 —
BO31yX, 12 — OyHKep. rpaHyJIMpOBaHHAsl CMECh ITbUIN U HadTeHaTa (ppakius pasme-

pom 1-4 mm), 15 — mpobuiika asist petypa

C nensio yBennueHus 3(Q(EKTUBHOCTH MBLICTIONABICHUS IPU MPOBECHUN TOPHBIX paboT B
KayecTBE CMAayMBAIOIIETO BEUIECTBA OBLIM MCIIOJIb30BaHbI OTXO0/bI HedTenepepadboTku, 00pa3zyto-
Myecs TPHU BBIJACICHHM HEPTSIHBIX KUCIOT wu3HedTenpoaykToB. C UCIOIB30BaHUEM OTXOOB
HedTenepepadoTKU, 00pa3yONMXCsl MPH BBIICICHHH HE(PTAHBIX KUCIOT M3 HEPTENPOIYKTOB,
o0ecrieunBaeTcsi OXpaHa OKpy»karollel cpeqsl. B pe3ynbraTe npoBeseHHON paboThl obecreunBa-
eTcs TOAABICHHE M YJIaBIMBaHKE OOJBIIOTO KOJIMYECTBA MBLIH, 00pa3yromecs U BbLACISIOmeii-
Csl TIpU TPOBEJIEHUH TOPHBIX paboT U ModyvaeTcs IesieBas NPOAyKLHUs, KOTOpas MOXET ObITh HC-
MOJIb30BaHa JUIsl MOJydeHUsl YIOOpEeHHH, a TakkKe B KadeCTBE CTPOUTEIHLHOTO MaTepHara.

3akmouyenue. PazpaboTana cyiecTBeHHas HOBas yCTaHOBKA, MMEIOIIAst Psiji IPEUMYIIECTB
M0 CPaBHEHHUIO ¢ MepBUYHON. Pa3paboTanHas u UCHbITAaHHAs YCTAHOBKA UMEET OOJIbIINE BO3MOXK-
HOCTH, TaK KaKk 00OEeCTeuynBaeT MOAaBICHNE U yJIaBIUBaHUE OOJIBIIIOIO KOJIMYECTBA MUK, 00pasy-
IOLIEICS U BBIICTSIOUIEICS TPH MPOBEIEHUU T'OPHBIX padoT.
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DAG-MODON ISLORININ APARILMASI ZAMANI TOZUN YATIRILMASI UCUN NAFTENAT
MOHLULLARINDAN iSTiFADO OLUNMASININ iSLONMO TEXNOLOGIYASI

M.S. ALOSMANOV, M.S. ATAYEV, S.M. IBRAHIMOVA,
Y.M. MOMMODOVA, D.M. BAYRAMOV

Dag-modon islorinin aparilmasi zaman1 omolo golon vo ayrilan tozun yatirilmast {igiin nomlondirici madde kimi
naftenat mohlullarinin istifade olunmasi masalssi tadqiq edilmisdir.

Aparilan todqiqat isloerine esasen dag-maden isleri zamani emalo golon tozun yatirilmas: figlin qurgunun islenme
texnologiyasi va galacak istifadasi zamant onun udulmasi iglonmisdir.

Acgar sozlor: dag-moadon iglori; das karxanasi; daskason magsanlar,; tozyatirici; naften mahlullari; tozyatirilmanin
samaraliliyi.

DEVELOPMENT OF THE TECHNOLOGY USING NAPHTHENATE SOLUTIONS
FOR DUST SUPPRESSING IN CARRYING OUT MINING WORKS

M.S. ALOSMANOV, M.Sh. ATAYEV, S.M. IBRAGIMOVA,
G.M. MAMEDOVA, D.M. BAYRAMOV

Researches on the use of naphthenate solutions moisturizing substance for dust suppressing as formed and separated in
carrying out mining works have been done.

Based on the researches the technology and installation allowing to suppress dust formed and separated in the mining
works have been developed to provide it is catching and further use.

Keywords: mining operations, stone pits, stone-cutting cars, dust suppression, solutions of naphthenates, efficiency of
dust suppression.

71



Cild 10.Ne2 Azarbaycan Miihandislik Akademiyasinin XOBIRLIRI Aprel — Iyun 2018
Vol.10.Ne2 HERALD of the Azerbaijan Engineering Academy April — June 2018

Y/IK 621.327.8

OB OJJHOM METO/IE 3AIIIUTHI MEPEJIABAEMOIA
WH@®OPMALINA B TEJJEKOMMYHUKALIMOHHBIX CHCTEMAX

P.T. TYMBATOB", B.I'. UBPATUMOB"", P.®. UBPATUMOB™™*

PaccMoTpensl MeTobI Iepeaull U KpUNTO3AIUTH HHPOPMAIMK OT HECAHKIIHOHUPOBAHHOTO JI0-
cTyna K abOHEHTCKOW M ceTeBO JMHUI cBsizu. [IpeanoxkeH kpunrorpaguyecknii METO/ 3aIlUTHI Iepe-
naBaeMoil MHQOpManuM B TeleKOMMYHHKannOHHBIX cuctemax (TC), OoCHOBaHHBI Ha TEOPETHUKO-
WH()OPMAILIMOHHOM METOJIe KOTEPEHTHOTO CETEBOI0 KOAWPOBAHMS M METOJIe IIU(PPOBAHUS COOOLICHHH.

Knrwouegvie cnosa: HecankyuoHupoBaHHbIl OOCMYN, AN20PUMM, KPUNIMO3AUWUMA, KOOUPOBAHUE,
3quuma uH@opmayuu, KpUnmozspagpus, OmKpulmviil Koy, CeKpemHblil Kuioy.

BBenenne. B coBpeMEHHOM TeIEKOMMYHHKAIIMOHHOM IPOCTPAHCTBE BCE OOJIBIIE MOSBIIS-
IOTCSI HOBBIE BHUJIBI MYJIbTUMEIUHHOTO Tpaduka. HeoOXoauMOCTh TapaHTUPOBAHHOTO KayecTBa
ero oOCIy>KuBaHMA ¢ UCHoOJb30BaHUEM apxuTekTypHoll koHuenuuu NGN (Next Generation Net-
work) TpeOyeT co3aaHusi HOBBIX METOJIOB M CPEJCTB KPHUIITO3AIUTH HHPOPMALIUN OT HECAHKIIHO-
HUPOBAHHOTO JOCTYIA K aDOHEHTCKOM JIMHUU. DTO BaKHO Ul 0OecIedeHusl HaleXKHO U Ge3omac-
HOU mepefayn MH(OPMAIMKM CMEIIAHHOIO THIA, MOJ KOTOPOH Mojapa3yMeBalOTCs TOKYMEHTAlIb-
HOE cooOmieHne, nH(HOPMAaITMOHHBIN U TpadudecKuii daii, peueBoil Tpaduk, a Takke GakCUMIITb-
HbIe cooOtmenus [1].

be3zonacHoCcTh COBpEMEHHBIX MH(DOPMAIIMIOHHO-KOMMYHHUKAIMOHHBIX CUCTEM MOXKET ObITH
JOCTUTHYTa NMPUMEHEHHEM aJITOPUTMOB, 00€CIIEUNBAIONINX KOH(PUACHIIMAIBHOCTD U 1IEJIOCTHOCTD
XpaHAIIeNHcst 1 KPUIITOCTOMKOCTh NepefaBaeMoi HH(GOPMAIK CMEIIAaHHOTO TUIIA, a TakXke QyHK-
il uneHTuduKanun 1 ayreHTugukanun. ObecrnedeHne KPUNTOCTOMKOCTH 3TUMH allrOpUTMaMU
CBSI3aHO CO CJIOKHBIMH BBIYMCIICHHUSIMU ISl PELICHUS] HEKOTOPBIX, UMEIOIIUX OOJBIIYI0 aKTyallb-
HOCTb 3a]1auy.

B pabotax [2-5] npoBeneH aHanu3 Kinaccudukamms Kpuntorpahuaeckux MeToI0B Ipeod-
pa3oBaHus MH(MOPMAIMK U PACCMOTPEHBI B OCHOBHOM aJITOPUTMHUYECKHE METO/IbI 3alIUTHI Iepe/ia-
BaeMoil nHpopmarmu. ABTopamu padot [4-6] paccMOTpeHBI TEOPETHUKO-UH(OPMAIITMOHHBIE METO-
Jbl KOJJMPOBAHUS U KPUNTOrpaprUeCKUe aITOPUTMBI 3aIIUTHl HHPOPMALUU OT HECAaHKIMOHUPO-
BAHHOTO JI0CTyIa K aDOHEHTCKOW JIMHUU CBSA3U M MPEUIOKEHA CXeMa MOKIIOYEHUsS] TepMHUHAIb-
HOTO yCTpoiicTBa 3amuThl «I1apoipy» ¢ KoaupoBaHHEM aOOHEHTCKOW JTMHHH.

bakunckas Beicuias [llkona Hedru,
AzepOaiimkanckuil Texunueckuil Y HUBepCUTET,
Wuctutyt Cuctem Ynpasnennss HAHA

ko
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Hammmm mcciienoBanust MOCBSIIEHBI PEIICHUIO 3a/1a9¥ CO3JaHUS KPUITOTPadhUIECKOro Me-
TOJa 3alUThI TiepelaBaeMol MHPOPMAIIMK CMEIIAaHHOTO TUIIA, TO3BOJISIONIET0 00ECIeYnTh Iepe-
Jla4d ¥ KPUMTO3AIIUTH HHPOPMAIIHH.

O6mas mocranoBka 3aga4u. B paGorax [1, 6] 3amaya KpUNTO3AIIUTHI TIepeaBacMOn
nH(OpMAaIUU CMENIaHHOTO THITA UCCIIE0BaHa MPU ONPEICIEHHOM METO/Ie TIEpeiadl COOOIICHUH 1
MIPU OTPENEIEHHOM, KOHKPETHOM CIEHApWH NEUCTBHM Xakepa. Bo BceX ONMHCAHHBIX ClIydyasx CH-
CcTeMa TeJICKOMMYHHKAIMH TIPECTaBICHA B BUJC ITUKIMYECKOTO HaNpaBIeHHOTO rpada. B odmem
clly4ae paclipelielIeHHas CUCTeMa CBS3H U €€ TOIOJIOTHS CETH 3aJaloTcs B BUjE rpada:

G=W,E),V=[v,, j=1,2,.,N, 1, E = (ke ,kd) , (1)

rae: V' — MHOXECTBO y3JI0B 3B€Ha CeTH (MapHIpyTHU3aTOpOB), a £ — MHOXECTBO €€ Iyr-KaHaJloB
cs3u (KC).

Ha ocHoBe TOMmONOTHS CETH M CUCTEMHO-TEXHUYECKOTO aHaIn3a MaTeMaTuieckas Gopmy-
JUPOBKA pealln3alliy 3a/la4dl MpeAyiaraeMoro KpUnTorpaduyeckoro MeToia 3alluThl IepeiaBae-
MO# WH(POpPMAIUU IS OLEHKU 3PPEKTUBHOCTA KPUIITOCTOMKOCTH METOJIA 3aIUThl HHPOPMAITUH
OTMCBIBACTCS CIICYIONIEH 11esieBON (DyHKIMEH:

0,4, = Wlargmax (D, )], i=1Ln, ()

IIPH CJIELYIONIUX OTPaHUYCHUAX !

Ti.cps < i.cp.3.00n. > Cu S Ca.()on. > 17, S Nioon. > (3)

Tac: Dzﬁmax — MAaKCUMAJIbHOC 3HAYCHHUC IICPUOJa BPECMCHU, H606XOI[I/IMOC AJIs1 BBITTIOJIHCHHA OIlCpa-

UM JCIN(PPOBAHUS 3JI0YMBIIUICHHUKOM IIPH 3aliuTe MH(OpPMAIUU OT HECAaHKIIMOHHPOBAHHOIO
noctyna K aOOHEHTCKOW JMHHME, T, , —CpefHee BpeMs 3aJep)KKU MpU IMepepade [ —To MOTOKa

icp.3

coo0enusi; C, — CTOUMOCTb allllapaTHBIX U MPOTPaMMHBIX CPEICTB KpUNTOrpaduyeckoi cucre-
MBI 3alUThl HHPOpMaIHK; 7, — K03 duimeHT 3¢(heKTUBHOrO MCIOIb30BaHUS CETEBBIX PECYpPCOB

CUCTEMBI ICPCAAYIN U 3allIUThI HH(bOpMaLIHH IIpu nepcaavc [ —T0 IIOTOKA COO6IJ.[CHI/II>1.

Bripaxkenus (2) u (3) onpenensioT CyIIHOCTh paccMaTpHUBAeMOr0 KpUINTOrpaduueckoro
METO/Ia M CPEJICTB Ul €T0 pealin3alliil U BKJIIOYAIOT BaXKHbIE MOKA3aTEeNM KPUITOCTONKOCTH CH-
CTeMbI IpU Niepeaue HHGOPMaAIUU CMEIIAHHOTO TUIIA 110 KaHaJlaM CBSI3H.

Heap uccaenopanmnii. OCHOBHOM IENIbIO TAHHOW paOOTHI SABISIETCS CO3JaHUE KPUIITOrpa-
¢uueckoro Meroga 3amMTH HH(OpPMAIMK C YY€TOM CIIOCOOOB TepeIadn, alrOPUTMOB KPHUIITO3a-
IIMTHl U TEOPETUKO-UH(OPMALMOHHBIE METOJIOB KOAMPOBAHHS MEPEIaBa€MOro COOOILEHUs 1o
KaHaJlaM CBSI3H.

Cxema GyHKIIMOHUPOBAHUS HCCJIEyeMOr0 3BeHa U CPeACTB Kpunro3ammThl. [Ipouece
3aIUThl UHPOPMAIMK CMEIIAHHOTO TUIA OT HECAaHKLUHMOHHPOBAHHOIO JOCTyMa K aOOHEHTCKOM
JIMHUY CBSI3U NpEJIaraeTcs OCyIIeCTBUTH 110 CXeMe, MIPECTaBIeHHON Ha puc.l. 3mech npemycmar-
pHUBaeTCs 3alUTa rnepeaaBacMoil HHPOPMaIK C UCTIONB30BAaHHEM OTKPBITOTO U CEKPETHOTO KITIO-
Yeil.
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Kanan cBsi3u uis nepeaaun 3a-
n(poBaHHOTO COOOIIEeHUS, Y

[lepenaya wucxoaHO-

ro coobmienns, X | Onepanus Onepamus Ab6ouent-b .
”| wmdposanue AemHdpOBAHHE  [BoccraHOBIEHHOE HC-
AbGonent-A
T T XOJHOE coobuienue, X
Kitou mmd- Kirou nemmd-
poBanus, ke poBanwus, kd

Puc.1. Cmpykmypno-@ynKyuonanvHan cxema 3aujumsl UHGopmayuu om
HeCAnKYUOHUPOBAHHO20 OOCHYRA K ADOHEHMCKOU U Ceme6oll TUHUN C6:A3U

s obecrieueHHs CEKPeTHOCTU-HEAOCTYNHOCTH cTpyKTypsl TC mpu nepemaue uapopma-
UM 110 KaHATy CBs3M HanOosee d(P(EKTUBHBIMH M MEPCIIEKTUBHBIMU SIBJISIIOTCS METO/ CETEBOTO
KOAMpOBaHMs U MeTo[ mudposanus [3, 5, 6].

Hcnonp3oBanue A 3aliuThl HHOOPMAIIMKA OTKPHITOTO UM CEKPETHOTO KIIFOYe, ompeje-
JSIOLIMX KOHKPETHOE CEKPETHOE COCTOSHHME HEKOTOPBIX MapaMeTpoB aIropUTMa Kpunrorpagpuye-
CKOTO TMpeoOpa3oBaHus MHPOPMAIHH, 00ECTIeunBaeT BHIOOP OJHOTO BapHaHTAa U3 COBOKYITHOCTH
BCEX BO3MOXKHBIX JJISl JAaHHOTO airoputMa [6, 7]. Koy, ncnonp3yeMoil HaMu, OOBIYHO SIBIISIETCS
BHEIIHUM I10 OTHOIIEHHUIO K alroputMam mudpoBanus u AemudpoBanus WHGHOpMAIMU CMeEIIaH-
HOTO THIIA, OTPEACISIONINI KOHKPETHBIM B 3alIM()POBAHHOTO COOOIICHUS ¥ NP HAJTMYUH J1aH-
HOT'O HCXOJHOTO COO0IIeH s X.

B mpemuiaraemoii cxeme (puc.l) ceKpeTHOCTh CHCTEMBI TEIEKOMMYHHUKALIUU 00ecIieunBaeT-
Cs1 C TIOMOIIBIO KITI0Ya MU POBAaHUS U KITF0Ya AU POBAHUS.

Crnemyer OTMETHUTh, YTO CEKPETHOCTh COBPEMEHHBIX allOPUTMOB KPUITO3AIIUTE HHPOP-
Manyu, Npe€aHasHauYCHHBIX JId IIHPOKOI'O Kpyra HOHL3OBaTCJIeI>i, 3aKJIIOYacTCsA B IMMPUMEHCHUU
HEKOTOPOW MHAMBUIYAIBHOW JUIS Ka)KJOTO MOJIh30BATEINS UIIH Maphl MOJIb30BaTeNel KOMOWHAIMN
qHCcel U3 MHOXKECTBA BOBMOXKHBIX, Ha3bIBaeMOi KimodoM [1, 4].

AHaIM3 KpuNTOrpaguyeckoro Meroja 3amura uHpopmauuu. MeTos; OCHOBaH Ha
QITOPUTME KPUNTOrpapUUECKO CUCTEMBI C OTKPBITHIM KJII0UOM U Metoae RSA (Ha3BaH Tak 1o
HayalbHBIM OykBaM pamuiuii ee nzodperareneii Rivest, Shamir&Adleman).

JIutst 3aIUTEl IIepeaaBaeMoro cooliieHnss X OT HeCAaHKIMOHUPOBAHHOIO J0CTYIIA Mpe-
JaraeTcst OCyIIECTBUTh HEKOTOPOE MpeoOpa3oBaHNE MCXOAHOTO COOOIIEHHMS, Ha3bIBaeMOe orepa-
el mudpoBaHUS:

Xszd[y]7y:Eke[X]’ (4)

C yueroMm (4) 11st BOCCTAHOBJIEHHS UCXOMHOIO coobIieHns X H3 3aim@poBaHHOrO CO00-
WeHus Y npumeHsercs onepanus Jemu(ppoBaHUs C UCNOJb30BaHueM QyHkuuu D,,[V], anro-

PUTM peau3alui KOTOPOH OMUCHIBAETCS CIETYIOIUM 00pa3oM:
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Dy {E[X]} =X (%)

Takum 00pa3oM, aIrOPUTMBI KPHIITO3ALIUTE HHPOPMALIMHK TPEyCMATPUBAIOT PeaH3aliiu
ornepanuii mWudpoBaHus, IepeJadn U Aemn(poBaHUS COOOLICHUS C UCIIOIB30BaHHEM OTKPHITOTO
KITI0Ya.

C TOouKHM 3peHUs cofep KaTeIbHON YacTh Kiroueld kd u ke Bce alnropuTMbI KPUIITO3AIINTHI
TO/IPa3AeISAIOTCS Ha JBE OOJbIINE KaTerOPHH: CHMMETPUYHBIC aJITOPUTMBI M aJITOPUTMBI C OTKPBI-
TBIM KITIOYOM.

B nHamem ciydyae B OCHOBHOM HCIOJB3YIOTCS CHMMETPUYHBIE alTOPHUTMBI, COJEpKaIlne
OJIMHAKOBBIC KIIOYM JUIs UdpoBanus u nemmdpoBanus: kd = ke. DTo 03HayaeT, 4To B 0OIIEM
cilydae, KIfo4 kd MOXeT OBITh BBIYHCIICH 110 M3BECTHOMY 3HAa4eHHIO ke . Takue anropuTMbl Ha3bl-
BAIOTCSI, KPOME TOTO, OTHOKIIIOUYEBBIMH, WIIM AITOPUTMAMH C 3aKPBITHIM KIIFOYOM [5, 6].

OneHka KPUNTOCTOWKOCTH MeTO[a 3alMThl MHGopMauuu. /7 TOBBIIEHUS KPUITO-
CTOMKOCTH CHCTEMBl 3aIlUTHl HH(OpPMAIMK IeJIeCO00pa3sHO HCIOJIB30BaTh TEOPETUKO-
nH(popMaMOHHbIH MeTo [4-6], OCHOBAHHBII Ha CTAaTUCTUYECKOW HE3aBUCHMOCTH IeperaBacMon
MH(OPMAIMH CMENIAHHOTO THIA E,, [ X | OT ucxoaHoro coobuenus u3 A . IIpu 3ToMm mpemosnara-

€TCs, YTO Cpe/HssA B3aMMHas MH(GOpMAIMS MEXAY CIyYalHBIMH TaHHBIMH JOCTYITHA 3JI0YMBIII-
JICHHUKY. BaKHBIM yclIOBHEM AEKOAMPOBAHUS COOOIICHUS C HCIHOJIb30BAHUEM alTOPUTMA C OT-
KPBITBIM KIIFOUOM SIBJISIETCSI TO, YTO MOCTYIAIOIIUE Yepe3 KaHaJbl CBA3M K MOJydyaTello 3amudpo-
BaHHbIC cO00IEHUA E,,[V] He JO/KHBI COBIAJATh, €CIIM UCXOAHBIE COOOIIEHNS HCTOYHMKA Pa3-

JINYHBI, T.C.,
E [X1#E V], ke # kd (6)
Beipakenue (6) sSBISETCS aITOPUTMOM C OTKPBITBIM KIIFOYOM, KOTODPBIM HCHONB3YeT IS
3alUThl COOOIICHUS WK KaHajla nepeayn napy kimoueit ke u kd , npuduem kd He MOXKET OBITH

HPHEMIIEMBIM ISl IAHHOTO YPOBHs KpunToataku. Kimou kd sBiseTcss WHIMBHAYATBHBIM KIHOYOM
UU 3aKPbIMOU 4ACMbIO KNI0Ud.

IIpenmnoinaraercs Takxke, 4To B paccmarpubaeMoil TC MMEIOTCSI HECKOIBKO MOACUCTEM, CO-
crodmue u3 N, — KaHaJOB M 3JI0yMBIIUICHHUK BO BPEMs OJIHOH M3 Tepeiad CoOOLIeH s N0 KaHa-
JaM CBSI3M UMEET JAOCTYI K OJHOH U3 3THX mojacucteM. JlomyckaeTcs, 4To B JJAHHOM CIIy4ae CBSI3H
3JI0yMBIIIJICHHUKA U MOJCUCTEMBI C HECKOIBKMMHU IOTy4aTeNIIMU [TOCTABICHHBIE YCIOBHS HE MO-
T'yT OBITH BBIIIOJHEHBI.

Ha ocHoBe MH()OPMAIMOHHOTO MOKa3aTelisi HCTOYHUKA cOOOMeHus 4 , alropuTMa peanm-
3alM TpeJUlaraéMoro MeToja 3allUThl IepeJaBaeMoil MHPOpPMAIUU CMEIIAHHOTO TUIA MOXET
OBITh TOJIyYECHO CIIEAYIOIIEE YCIOBHE:

{H[K]~(T,, Cpu/ Ny =1 "H[A]}>0, (7)
rae: N, — KOJIMYECTBO KaHAJOB CBSI3M AJ Nepenadyd MHPOPMAalMU CMEIIAHHOIO THUIIA, KOTOPOE
JOCTYIIHO 3JI0YMBIIIJIEHHUKY; H /K | — 3HTpONUs OTKPHITOIO M 3aKpbITOro kitoda, K € ke, kd ;
C,.. —MaKCUMaJIbHOE 3HAa4Y€HHE IPOITYCKHOW CIIOCOOHOCTH KaHajoB CBA3M; H [ A] —3HTponus
MCTOYHMKA HHPOPMALMK CMEIIAHHOTO THIa; T, , — CPEIHEe BPeMs 3aIEPXKKHU IIPH Iepesae co-

o0IIeHNs.
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[Tonyuennoe ycnosue (7) cmocobcTByeT o0ecnedeHnIo TpeOyeMoro ypoBHS 3alUThI Tiepe-
JaBaeMoi MH(OPMAIMK M ONIPEIEIIeT KPUITOCTOUKOCTh CHCTEMbBI TEJIEKOMMYHHKAIIMU C MCIIOJb-
30BaHHMEM CUMMETPUYHOTO alropuT™Ma nepenadn coodmenus mo KC.

B cucremax 3amuThl HHGOPMALIUHU, HCIIOIB3YIOMUX CUMMETPHYHBIC AITOPUTMBI, BAXKHOE
MECTO 3aHHMAaeT pelleHHe 3a/la4yll HeOOXOIUMOT0 3aKPBITOrO, 3aLIUIIEHHOTO XPAHEHUs, CMEHBI U
pacmpocTpaHeHHs KIIIouei, KOTOPBIE TOJDKHBI OBITh OJMHAKOBBIMH U CHHXPOHHO M3MEHATHCS Ha
cTOpoHe mudpoBaHus U AeuTHPppPOBaHUSI.

CuMMeTpHUYHBIE AITOPUTMBI MOAPA3IACIAIOTCA HA TIOTOYHBIE, OCYIIECTBISIONINE TEKYIYIO
oTIepaIiio HaJ TEKyIIUM OWTOM TIOTOKa, M OJIOUHBIE, peaiu3yromue oOpaboTKy WHMOpMaIuy,
pa3duTyr0 Ha TpyNIbl OMTOB, Ha3bIBaeMble ONoOKamu. JlaHHBIE CpeAcTBa 3alIUTHI U CHOCOOBI 3a-
KPBITHSI UHYOPMAIIMU CUUTAIOTCS KPUITOrpauIeCKUMU METOJIaMH, KOTOPbhIC IIMPOKO HCIIOJb3Y-
IOTCSI [T 3alIUTHI peueBbIx cooduienuit B TC.

OpnHako, ocieiHne BHOCIT B 00pabaTbiBaeMyto HHPOPMALUIO OObLIYIO 3a1ePKKY T, , , €

KOTOPOM B psAJie CIydaeB MPUXOTUTCS CUATATHCS, OCOOCHHO B 3a/ladax 3aluThl HHOOpPMALUU OT
HECAHKIITMOHUPOBAHHOTO JIOCTYyTa K a0OHEHTCKOM 1 ceTeBoi ymHni cBsi3u B TC mpu mepenade pe-
4yeBoro Tpaduxka.

OmHMM W3 BaKHBIX TOKa3aTesiel KPUIMTOCTOWKOCTH CHUCTEMBI 3amuThl uHGopmaimu B TC

SBIISIETCSL CPEJIHEe BpeMsl 3aJIepKKu £/ T, , ] Ipy mepenade i-ro Tpaduka [8]. YuursiBas cpennee

p.s
BpeMsl ollepallii METOJ0M MH(poBaHUs COOOILEHHUs, crioco0a nepeayl 1 0COOEHHOCTH TeOPETH-
KO-UH(OPMALMOHHBI METOJAa CETEBOr0 KOJAMPOBAaHMUSA C HUCIIOJIB30BAHHUEM CTPYKTYpHO-
(QyHKIMOHANBHOH CXEMBI TPAKTOB CHUCTEM 3allUThl MH(QOPMAIMH, CPEIHEE BpEMs 3aAEPiKKH
E[T,,,,] B 00ILEM BUJIE MOKET OBITh OIPENENIEHO CIELYIOIINUM BEIPAKECHUEM:

N

3

1 ..
E[T;.cps] = N_ZE[T;‘]‘.cp.s (ﬂ’)] < T;.cp.&()on. > LJ= 19 Ny3 > (8)

V3 j=1

rae N, —obuee KoJIrM4ecTBO j-X OI0YHO-MOYIIbHBIX CUCTEM IIePeiadi TPAKTOB B CXEME 3allHThI
uH(opMalKK; 4 — KHTEHCUBHOCTH BXOJSAIIETO NEPe/iaBaemMoro peuesoro tpaduxa; E[T,, . (4)] -
Cpe/iHee BpeMsi B3BCIICHHOU 3aJIePXKH OT [ —T0 JI0 j —T0 OJIOYHO-MOIYJIbHBIX CUCTEM IMepeaadu

TPAaKTOB B CXEMe 3aIIUTHl HH(POPMAIHH.
B cucreme 3ammtel nHGOpMAIMKN cly4yaifHas BeJIMYMHA 3aAePKKU T, C Y4eToM BceX

i.cp.3
BO3MOJKHBIX KpUTITOTpaUIECKUX OIEpallyii, B TOM YHCIIe MOKa3aTeseil JOCTOBEPHOCTH Nepenadn
peueBoro Tpaduka [4] Ha OIHOM LWKIE HE JOJDKHA peBbIwars 7', (7,.),Te

P AT, (1) ST, o (2, )]1<300mc) < (10% +107), ©)

cp.3.J01L
rae P, (-)—BepostHOCTh omnOku KC B cucteme 3amuThl HHGOpMaLUU NpU NEpeaud peueBoro

ow
Tpaduka.

Bripaxenue (9) xapakTepu3yeT KPUIITOCTOMKOCTh CHCTEMBI 3alUThl HH(POPMAIH 1 Kade-
CTBO PalOTHI KAaHAJIOB CBSI3U C MOJCIyIINBaHUEM (wire-tap channel).

3akiouenue. B pesynbrare mccinenoBaHHUsS NMPEIUIOKEH KpUOTOrpaduuecKuili MeTo]| 3a-
HIUTHI TIepeiaBaeMoi MH(pOPMAIK CMEIIAaHHOTO TUTIA B TEIIEKOMMYHHKAIIMOHHBIX CHCTEMaX, UC-
HOJIB3YIOIINHA aJTrOPUTMBI PabOTHl KPUNTOrpaguIeckoro mu(poBaHHUsS U CETEBOTO KOJHPOBAHHUS
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coobmuienus. [Ipeaosxkena cTpyKTypHO-(YHKIIMOHAIBHAS CXeMa 3alUThl HHPOPMAIUK OT HECaHK-
LIUOHUPOBAHHOI'O JOCTyIa K a0OHEHTCKON M CETEBOM JIMHUI CBSA3U, KOTOpas 00ecleduBaeT Kpuil-
TOCTOMKOCTh CHCTEMBI 3aIIUThl MH(MOPMAIMK U BBHICOKYIO HAJEKHOCTh pabOThl KaHala CBSI3U NPU
mr(pPOBaHUH M KOJUPOBAHUU PEYEBOTr0 cooOIeHNUs. [10TydeHbl yCIIOBHS M aHATUTUYECKUE BhIpa-
KEHHUs, TI03BOJIAIOLINE OLIEHUTh MOKa3aTeNI KPUIITOCTOMKOCTH CUCTEMBI 3alllUThl MH(OpMau B
TEJIEKOMMYHHUKALMOHHBIX CUCTEMAX.
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TELEKOMMUNIKASIYA SiSTEML?RINDB ("):FURI'JLBN
INFORMASIYANIN BiR KRiPTOQRAFIK MUHAFiZd USULU HAQQINDA

R.T.HUMBOTOV, B.Q.IBRAHIMOV, R.F.IBRAHIMOV

Abunogi vo goboko rabito xotlorine icazasiz qosulmalardan miihafizo etmok t¢ilin informasiyanin verilig {isullarma vo
kriptomiihafizo vasitolerine baxilir. Telekommunikasiya sistemlorinde melumatlarin  sifrlonmasi  ve nazari-informasiya
koherent sobaks kodlama iisullarina asaslanaraq, otiiriilon informasiyanin miihafizasi ticlin kriptoqrafik tisul toklif edilir.

Agar sozlari: icazasiz qosulma, alqoritm, kriptomiihafiza, kodlama, informasiyamin miihafizasi, kriptografiva, aiq agar,
maxfi agar.

ABOUT ONE CRYPTOGRAPHIC METHOD FOR PROTECTION
TRANSMITTED INFORMATION IN TELECOMMUNICATION SYSTEMS

R.T. HUMBATOV, B.G. IBRAHIMOV, R.F. IBRAHIMOV

Methods of transmission and means cryptographic protection information from unauthorized access to the subscriber and
network communication line are considered. A cryptographic method protecting transmitted information in telecommunication
systems, which are based on the information-theoretic method coherent network coding and the method message encryption
are proposed.

Keywords: unauthorized access, algorithm, cryptographic protection, coding, information protection, cryptography,
open key, secret key.
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OPTIK LIFLI SOBOKOLORIN MONITORINQI

M.H. HOSONOV"

Optik lifli gobokolorin monitoring qurgusunun sxemi tortib olunmus, is prinsipi analiz edilmisdir.
Toqdim olunan monitoring qurgusunun asas vozifosi miixtalif dalga uzunluqlart ils isloyon optik lifli
sobokolords yaranan miixtolif zodolonmolorin vo icazesiz qosulmalarin  tez bir zamanda askar
edilmosi vo belo hallar agkar olundugu halda  kanallarin avtomatik olaraq diger kanallara
kommutasiya olunmasina baxilmisdir.

Acar sézlar: optik lifli sabakalor, monitoring qurgusu, optik kommutator, yarimsaffaf giizgii.

Giris. Optik lifli sobakalorin (OLS) iistiin cohatlorindon biri onun genis zolaqli spektro malik
olmasidir vo hal-hazirda optik kabellorin bu gostaricisinden istifade edarok OLS-don spektra gora
sixlagdirma tisulundan istifado etmoklo Tbit/san-lorlo informasiya otiirtilmosi, emali, seleksiyasi
hoyata kegirilir. Boyiik hocmo malik informasiyanin verilisi, gobulu, kommutasiyasi, seleksiyasi
zamant Otliriilon informasiyanin tam vo dayamiqlh istifadogilors catdirilmasi, effektivlik
gostaricilorinin stabilliyi [1,3,7], zodolonmo vaxti alternativ kanallara kommutasiya olunmasi,
fotonlarin sayinin doyismosi zamani (foton ogurlugu) kanallarin basqa ehtiyat kanallardan birino
kommutasiya olunmasi vo ya bloklanmasi, informasiya tohliikasizliyinin tomin olunmasi va s. an
vacib mosololordendir .

Hal-hazirda bu sahado goxsayl todqiqat islori aparilmasina, o ctimlodon, fotonlarinin sayinin
doyismosino nozarot etmok iiclin kriptografiya metodlarindan, icazssiz miidaxilolorin garsisinin
alinmasi ii¢iin sifraolonmas agarlarinin totbigindon istifado olunmasina baxmayaraq [5] yeni nozari vo
praktiki tisullarin yaradilmasi aktual mosalalordon biridir. Bununla slagodar optik sobokalorin
topologiyasindan asili olmayaraq optik sobokolordo optik signallarin tam monitoringi {i¢iin xatti
mikropyezomiiharriklordon istifado etmoklo yeni orijinal c¢oxfunksiyali, coxkanalli optik
kommutator (OK) hazirlanmigdir [6].

OLS-lorin avtomatik adaptiv monitorinq qurgusu

Monitoring sistemi agagida sorh edilonlori tomin edir:

- optik lifli sobakanin test-6l¢gma naticalorinin toplanmasini vo onun statik analizini aparir;

- statik analiz lifdo bag vera bilocok nasazliglart sabokado ciddi problem yaradana kimi onlar1
ovvalcadon askar edir vo onu prognozlasdirir;
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- sobokadas istifads edilon optik kabelin planli va profilaktik tomirinin, kabel sistemindo ciddi
goza va zadslonmo omoalo golmasini gozlomadon aparilmasi iiglin méveud imkanlart arasdirir;

- sobokonin yiiksok doracado tohliikesizliyini tomin edir. Belo ki, lifs icazo verilmodon hor
hans1 qosulma olduqda optik kanalda oslava itkilorin yaranmasinin garsisini alir. Bu da real vaxt
arzinds sistem torafindon agkar olunur va markazi serverds qeyd olunur;

- sobokonin vaziyyati haqqinda informasiyanin qrafiki tosvirini tomin edir vo s.

Sakil 1-do OLS-lerin monitoring qurgusunun (MQ) sxemi 6z oksini tapmisdir. Sakil 1-don
goriindiiyii kimi optik signallarin monitoringi xatti mikropyezomiihorikli OK-dan [6], optik lifli
rabito xotlorinin parametrlorini 6lgmo cihazi-reflektometrdon (OTDR-Optical Time Domain
Reflectometr), cari reflektoqrammalar gostarici tablosundan, ilkin e-kadastra uygun reflektoqram-
malarin verilonlor bazasindan, reflektogramlarin miiqayisa edici blokundan, miiqayiselorin
naticalorinin geydiyyatin1 aparan molumatlar bazasindan, molumatlar bazasina on-line qosulmus
sobokoyo nozarot edon operator terminallarindan ibarstdir. MQ-nin giris vo ¢ixislar1 eyni zamanda
Ain -don A4, -9 godor informasiya dasiyan miixtalif dalga uzunluglari {i¢iin hor iki istiqgamoto giris
va ¢ix1s funksiyasini yerina yetirir. MQ-nin har bir idaros vo harokat olunan yarimsoffaf giizgiilori
ona uygun giris, ¢ixisa va igiq selinin 1%-ni monitoring ti¢lin OTDR-o 6tiiriilmasine xidmaot edir.
Yarimsoffaf giizgiilorin giris vo ¢ixis portlarina adaptiv fokuslanmasi daxil olan idaroetmo
signallarinin kdmayi ilo mikropyezoelektrik miiharriklor torafindon ayri-ayriligda vo eyni zamanda
idars oluna bilar [2,4,6].
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Sakil 1. OLS-Iorin monitoring qurgusu

islomos prinsipi. Toqdim edilon MQ-su OLS-o ilo &tiiriilon optik signallarin soviyyasinin
monitoringi ilo borabor MQ-nin kommutatorunun 6ziindo yarimsoffaf giizgiilorin do adaptiv
olaraq nizamlanmasini (optik sualarin talob olunan giris vo ya ¢ixisa adaptiv fokslanmasini) hoyata
kegirir.

Monitorinqg zamami giris optik liflordon daxil olan vo ¢ixig optik liflors, idaro olunan
yarimgoffaf gilizgiilor vasitosi ilo kommutasiya olunan A, -don Asp-9 (Ay, dalga uzunluguna malik
kanallarin sayina uygun kommutatorun konstruksiyasi doyise bilor ) kimi dalga uzunlugunda optik
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stianin 99% faydali hissasi informasiya alicisina-¢ixis portlarina istiqamotlondirilir, 1%-i ise optik
sobaka ila dtiiriilon optik slialarin saviyyasina nazarat etmok liciin(monitoringi ti¢iin) istifads edilir.

[lkin etalon e-kadastra uygun reflektoqramlarin verilonlor bazasinda vo molumatlar bazasmin
moarkazi server sistemlorinds yerli vo magistral optik sobokods doaqiq elektron xaritodon ibarat olan
professional operativ informasiya sistemi quragdirilir. Sabokonin vaziyyati haqqinda informasiya vo
OK-ls aid biitiin sonadlor molumatlar bazasinda saxlanilir vo eyni zamanda qrafiki sokildo xaritodo
tasvir oluna biler. Eloca do xaritoys OK-in liflorindski nasazliglar, hamg¢inin onlarin yerlogdiyi yer
haqqinda doqiq ve tam informasiya daxil edilir.

Konkret olaraq, istor magistral, istor passiv optik sobokoslordon (PON) optik lif {izorindon

spektro goro sixlasdiriimis Zln =A+A4 +A4,+A, dalga uzunluglu optik siia idaros olunan
uf
istonilon yarimsoffaf giizgiiyo yonalo bilor.

Idara olunan yarimsoffaf giizgii eyni zamanda optik siizgoc rolu oynayir vo girisine daxil olan
har bir A,, — dalga uzunluguna malik optik siian1 optik lifloro yonoldir. Siianin istiqgamatinin ¢ixis
portlarina kommutasiyasi vo ya korreksiyasi idaroedici blokdan xatti mikropyezomiiharriklori idara
edon u-gorginliyin saviyyasing, t-miiddatine uygun idars olunur.

Idaro olunan yarimsoffaf giizgiidon daxil olan optik stianin 1 % -1 OTDR-o otiiriiliir.
OTDR vasitosilo verilmis ilkin proqrama osason istonilon vo ya biitiin kanallar {izro cari
reflektoqramlar ¢ixarilaraq reflektogramlarin miiqayisoedici blokuna 6tiiriiliir. Miiqayiss edici blok
eyni zamanda ilkin e-kadastra uygun verilonlor bazasindaki ilkin verilonlorlo cari naticolori
miiqayiso edorak noticolori molumatlar bazasina , oradan iso operator terminallaria yonoldir.
Operator terminallart ilo barabar OVS-da gozanin voziyyatine uygun olaraq oks slaqge ilo idars etma
bloku vasitasi ilo kanallarin bagqa kanallara vo ya sonmonin doracasine uygun optik kommutatoru
yarimsoffaf giizgiilorinin fokslanmasini nizamlamaga c¢alisir.

Qeyd olundugu kimi, OTDR-in ¢ixisindan daxil olan signalin soviyyasi “etalon” signalin
saviyyasi ilo miigayiso olunduqda burada ii¢ hala nozor yetirok (Bu parametrlor daxil olan optik
suanin a-sdnmasing, T-dispersiyasina uygun olaraq doyisir :

- OTDR-in ¢ixigindan daxil olan siqnalin saviyyasi “etalon” signalin saviyyasi ilo eynidir
(ur = we);

- OTDR-don daxil olan signalin soviyyasi ilkin e-kadastra uygun verilonlor bazasindaki
“etalon” signalin saviyyesindon kigikdir (uf < ue);

- OTDR ¢ixisindan daxil olan signalin soviyyesi ilkin e-kadastra uygun verilonlor
bazasindaki “etalon” signalin soviyyasindon bdyiikdiir (uf > ue).

I halda Optik kommutatorun girisine heg bir idaraedici komanda daxil olunmur (1-yasil xatlo
gostorilmigdir. vo bu halda idaroolunan yarimsoffaf giizgiilor torafindon istiqamatlor tizro 6tiiriilon
miixtolif dalga uzunluguna malik optik siialarin Gtiiriilmasinin normal halidir.

IT halda miigayiss edici sxeminin girisine daxil olan signalin saviyyasi ilkin e-kadastra uygun
verilonlor bazasindaki etalon gostoricilorindon kigik olduqda optik kommutatorun girisine
idaroetmo blokunun komoyi ilo yarimsoffaf giizgiilorin horokatini tonzimloyan horokotetdirici
mikropyezomiiharriko uf < u, —a uygun idarsedici gorginlik verilir vo bu halda idarsedici

glizgiinii uf = u, halia qador idars edir. u; = u, halinda iss harokatini dayandirilir, bu prosesa
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avtomatik olaraq OTDR qurgusunun kdmayi ils idars olunur. Ogar us = u, sorti donmirss sistem
abtomatik olaraq III hala kecir.

III halda iss  uf > u, oldugda (qirmizi rangs uygun) sobokonin monitoring zaruriyyati
yaranir.

Optik verilis sobokalorinde emal olunan optik informasiya selinin soviyyesi bir neco
sobabdan dayise bilar:

e Optik kabellorin liflorinin miixtalif sabablor naticasinds zodolonmasi zamani ,

¢ Optik liflords fotonlarin sayinin doyigsmasi zamani (foton itkisi vo ya ogurlugu),

e Optik kommutatorlarin yarimsoffaf giizgiilorinin diizgiin fokuslanmamasi1 zamant,

e Optik birlosma yerlorinds istifado olunan patckordlarda olan bosluglar vo zadolonmasi
sababindan,

e Optik muftalarda optik liflorin birlosmoe-qaynaq yerlorindo va liflords qaralma lokolorinin
yaranmasi zamani ,

e Aktiv va passiv optik sabakolords soboko avadanliglarindan birinds elektrik enerjisinin
kaosintisi vo ya zodolonmosi zamani vo s.

Toklif olunan adaptiv optik monitoring sisteminin {imumilogdirilmis sxeminin is prinsipind
osasan geyd olunanlar1 nazars alaraq sobokods yaranan problemlors uygun analizini asagidaki ifado
ilo géstormok olar:

Miigayisonin naticasi Idars olunan giizgiiyo tosir
Ur = U 0 harakatsiz

U > U, +1 saga

ur < U, —-1|= sola

U > U, Ur > U, problem var

U < U, ur < U, problem var

Beloliklo, sistem daimi avtomatik idaroetmo nozaroti altinda yerlogir. Sistemin isinin
doqigliyi etalon gostoricilorin qiymatlorilo cari reflektometrik parametrlorin  miiqayisosinin
naticalorine asason toyin edilir. Zodolonmis vo ya siibhali optik liflorlo otiiriilon optik signallar
avtomatik olaraq basqa liflors otiiriilmaklo barabar optik kabellorin zodslonma vo ya qozaya meylli
saholori avtomatik olaraq OTDR toroafindon toyin olunur, sobokoyo nozarst edon operatorlara vo
sobokonin qoza qruplarina nozarst edon texniki personallarin mobil vo ya stasionar terminallarina
otirilir.

Notica. Optik lifli gobokolorin adaptiv monitorinq qurgusu tortib olunmus, is prinsipi analiz
edilmigdir. Monitoring qurgusunun adaptiv islomosi ti¢lin optik lifli verilis sistemlorinin
parametrlorinin avtomatik 6l¢iilmasi vo sobokonin ilkin parametrlori ilo miiqayiso olunaraq yaranan
forgloro uygun sobokonin adaptasiya olunmasi vo digor kanallara kommutasiyasi tomin olunur.
Zodolonmis vo ya zodslonmoyo meylli optik liflorle Gtiiriilon optik signallar avtomatik olaraq basqa
lifloro otiiriilmoklo borabor optik kabellorin zodolonmo vo ya qozaya meylli saholori avtomatik
olarag OTDR torofindon toyin olunur, sobokayo nozarost edon operatorlara vo sobokonin goza
gruplarina nazarat edon texniki personallarin mobil vo ya stasionar terminallarina otiiriiliir.
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MOHHUTOPHHI BOJIOKOHHO-OIITHYECKHAX CETEN
M.I.TACAHOB

HpCﬂHO)KCHLI CXEMbI YIIPABJICHUSA MOHUTOPUHI'OM BOJIOKOHHO-OIITUYECKHUX cereit u TMIPpOaHAJIM3UPOBAHBI IIPUHIUIIBI KX
pa6OTLI. Baxwneitmras q)yHKI_II/ISI HpeI(HOX(eHHOﬁ CHUCTEMBI MOHUTOPHUHIA - TO, YTO OHA MNOCTOAHHO aHAJIU3ZUPYET PE3YJIbTAThbl
TECTUPOBAHNS BOJIOKOHHO-ONITUYCCKUX cerel u O6Hapy)KI/IBaeT HEMNOJIAAKNU OIITUYCCKOr'0 BOJIOKHA C pa3JIMYHbIMH JJIMHAMH
BOJIH, IPOTrHO3UPYET UX U IPU OGHapy)KeHI/II/I HEIOJIaAKH 160 HECAaHKIUPOBAHHOI'O IMOAKIOYEHUA K ONTUYCCKHUM KaHalaM
ABTOMATHYCCKU NEPEKITIOYACTCS Ha Z[pyl"OfI KaHaJl.

Knrwouesvle cnoea: e6onoxonnvie onmuueckue cemu, ycmpoﬁcmea MOHUmMOpUHaa, onmu4ecKutl Kommymamop, noy-
npo3HavHoe 3epKaio.

MONITORING OF FIBER-OPTIC NETWORKS
M.H. HASANOV
The schemes for controlling the monitoring of fiber-optic networks are proposed and the principles of operation of
fiber-optic networks are analyzed. The most important function of the proposed monitoring system is that it constantly
analyzes the results of testing fiber-optic networks and detects and predicts problems with an optical fiber with different
wavelengths and when a problem is detected and unauthorized connections to optical channels automatically switch to another

channel.

Keywords: optical fiber networks, monitoring devices, optical switch, semi-proprietary mirror.
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BINALARDA BAS VERON YANGINLARIN LOGV EDILMOSi Vo
MOHDUDLASDIRILMASININ KOMPYUTERLO MODELLOSDIRILMOSI

G.O. OBDIYEVA-OLIYEVA®

Magqalanin asas moagsadi binalarda bas veran yanginlarin mahdudlagdirilmast vo logv edilmasi
yollarin1 kompyuterlo modellogdirilmasi vasitasilo miiayysn etmokdan ibaratdir.

Acar sozlar: yangin, vizuallagma, modellasdirma, prognozlasdirma, u¢qun.

Giris. Miiasir memarlig-tikinti tocriibasinds binalar asagidaki kimi tesnif olunur: toyinatina
gora: miilki, sonaye vo kond tosorriifati; martobolorin sayina gora: birmartobali, azmartabali va ¢ox
martabali; ¢6l divarlarinin materialina gora: das vo taxta; odadavamliliq derocasine gors.

Binalarin saciyyavi xiisusiyyatlorini gdstoran toyinati, mortabalorinin say1 vo digar element-
lori, otaglarda yangilarin inkisafi vo sondiiriilmasinin yalniz ayri-ayri torafloring tosir gostore bilar.
Binalar, bir vo ya bir ne¢o miixtolif toyinatli otaglardan ibarat olan arxitektura qurularidir. Buna goro
ilk ndvbada binanin otaqlarinda yangin soraitini miioyyon etmok lazimdir. Yangin soraiti, binalarin
har hansi bir otaginda homin anda, goraitin yanan otagin hocminde qaz miihitinin sixligi, tozyiqi,
temperaturu, gaz miihitinin gatilig ilo saciyyalonir.

Binalarin otaqglarinda yanginlarin inkisafi zamani bu parametrlorin doyismosini miisyyan-
losdiron baslica amillor yangin yiikiiniin migdari, onun otaqda paylasdirilmasi vo aqreqat voziyyati
sayilir. Otaglarda yanginin inkisafi zamam qaz miibadilssi soraitinin omsali K, Qaz miibadilosi

soraitinin omsali dedikds (Kj), otaglarin arakosmo konstruksiyalarindaki oyuqlarin sahssinin S,

désomonin sahasine S, olan basa diistiliir:
Kg=2 (1)

a~ s,

Yuxarida gostorilon amillordon asili olaraq binanin otaglarinda yanginlarin inkisafi zamani

soraitin osas orta-hocmi parametrlori komiyyati vaxtin har bir aninda miixtolif olacaqdir [82,88,93].
Yanginlarin mohdudlasdirilmasi vo lagv edilmosinin kompyuterlo modellosdirilmasi marhaloli

sokilda yerina yetirilir.

I-ci modul: bu modulda hadiso bas veran obyektin (binanin) vizuallagdirilmasi aparilir.
Vizuallagma obyektin (binanin) fasad Ortiiyliniin yanginsondiiriilmosi zamani su tominatinin
hesablanmasi ti¢ilin nazards tutulub [1].

" Azorbaycan Respublikasinin Févgelade Hallar Nazirliyi
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Sok. 1. Binanin 3D vizuallagsdirilmast

Bu modulda - hadiso bas veran obyektin (binanin) layihasi tortib olunur. Layihonin
tortibatinda asagida qeyd olunan addimlara baxilir: binanin yerlosmo planin sxemi; yangin
hidrantlarinn yerlogsdirilmasi; yangin bildiricilorinin qurasdirilmasi.

2-ci modul: Yangmin sondiiriilmasi vo inkigaf parametrlorinin dinamikasimin real vaxt
rejimindo hesablanmasini hoyata kegirir. Bu modulda eyni zamanda yangin dinamikasinin
qisamiiddatli prognozlasdirilmasi da hoyata kegirilir.

Sokil 2-da geyd olunan grafiklorin tohliline asason otaglarin arakesmo konstruksiyalarindaki
oyuglarin sahasi vo onlarin hiindiirliiyli boytimoklo, temperaturun asagi diismosi vo yanmanin
imumi stiroti artdigda iso yangiin davamiyyastinin qisalmasi bas verir. Yangiin yiikii borabor
olduqgda, binalarin otaqlarinda yanginin inkisafinin xiisusiyystlori asason qaz miibadilosi goraitinin
komiyyastindon vo homin otagin hiindiirliiyiindon asilidir.

3-cii modul: ehtiyat su, koplik omologotiron madds vo hocmo goro karbon gazi ilo, toz
torkibli sondiirmo vo digar odsondiiriicii vasitalorin totbiq edilmasinin hesablanmasini yerina yetirir
[1,2].

Partlayisla slagadar gozalarin progqnozlasdirilmasi vo risklorin qiymotlondirilmasi:
Partlayis - maddolordon bdyilik miqdarda enerjinin ayrilmasi, zadoloyici vo dagidict zorbo
dalgasinin yaranmasi naticasindo bas veron yiiksok gorginlikli fiziki-kimyavi ¢evrilmo prosesidir.
Partlayict birlosmalor vo qarisiqlar fiziki xiisusiyyotlorine goro asagidaki névlere ayrilir: bork
birlosmalor vo ya qarisiglar; bazi tohliikali kimyavi maddslorin hava ilo qaz qarisigi vo s.; maye
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maddolor; maye qarisiglar; maye vo bark maddoslorin qarisigi; karbohidrogen torkibli qazlarin hava
ilo qaz qaris181; kondensasiya edilmis partlayict maddslar.
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Sak.2. Yangimin yayilma sxemi

Partlayisli yanma 2 rejimds bas verir. Bunlara deflagrasiyali yanma vo detonasiyali yanma
rejimlori aiddir. Deflaqrasiyali yanma rejimindo alov sos siirotindon kigik siiratlo, detonasiyali
rejimdo iso sas, yaxud ondan daha yiiksok siiratlo yayilir. Deflaqrasiyali yanma hava-benzin, qaz-
hava qarigiglarinin, baritin, hamginin pirotexniki torkiblorin yanmasi zamani1 bas verir. Detonasiya
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partlayigda zorbo dalgasi vo kimyovi reaksiya zonasi sos siirotindon yiiksok, sabit siiratlo bir-
birlorinin ardinca harakat edirlor.

Istehsalat obyektlorindo agi1q yerda, sixilmis vo tozyiq altinda, soyudulmagla mayelosdiril-
mis gazlar olan tutumlarin dagilmasinda, homginin asanligla partlayan mayelorin qoza yayilmasin-
da qaz-hava qarisiglarinin, istehsalat binalarinda iso hom qaz-hava, ham do qaz-buxar-hava va toz-
hava qarisiglariin partlayist miimkiindiir. Yuxarida qeyd olunan qarisiglarin partlayisi 3 asas zona
lizro qobul edilir: detonasiya dalgasinin tosir zonasi, partlayis mohsullarinin tosir zonasi vo hava
zorbo dalgasinin tasir zonasi.

Partlayisda movcud  soraitin  prognozlasdirilmasi miimkiin zodolonmo zonalarinin
Olciilorinin, insanlarin zadsalonma va obyektlorin dagilma doracasinin tayin edilmosindan ibaratdir.
Bu magsadls, sadslogdirilmis vo ya ehtimal prognozlasdirma iisullarinin birinden istifado olunur.
Prognozlagdirmanin sadolosdirilmis {isulunda zorbo dalgasinin zadoloyici tesiri onun On
cobhasindaki tozyiqin qiymati APf, kPa ils toyin edilir vo bu qiymato gors insanlarin zodslonma,
binalarin dagilma doracalori miioyyan edilir. Prognozlasdirmanin ehtimal {isulunda zarbs dalgasinin
zadoalayici tosiri hom zorba dalgasinin 6n cobhasindoki tozyiqin APf, kPa qiymati ilo, hom do
zorbo dalgasmin sixilma fazasmin impulsu I, kPa - san ilo toyin olunur. Zodolonma dorocasi
P ,tozyigin AP; vo zorbs dalgasinin sixilma fazasmin impulsunun I, funksiyasi olan
P, funksiyasindan asil1 olaraq toyin olunur.

Partlayish gozalar noticosindo yaranmis soraitin prognozlasdirilmasinda 4 dagilma zonasi
qabul edilir. Bunlar agagidakilardir: tam dagilma zonasi, APy = 50 kPa; giicli dagilma
zonasl, 30 < APy < 50 kPa ; orta doracali dagilma zonasi, 20 < APy < 30 kPa; zoif dagilma
zonasli, 10 < AP; < 20 kPa.

Soraitin - qiymatlondirilmasinds miixtalif masafalords tozyiqin A Py qiymatinin  toyin
edilmosindon sonra obyektin planinda 10, 20, 30, 40 vo 50 kPa qiymotlorine uygun radiuslar
cokilir vo zoif, orta, giiclii vo tam dagilma zonalar1 geyd olunur. Partlayis bina daxilindo bas
verdikdo qirintilar biitiin toroflora borabor yayilir, partlayis binadan xaricdo bas verdikdo iso
qurintilar zarba dalgasinin yayilma istigamatinds yayilir [3].

Partlayis A, B, E olan binanin daxilindo bas verarsa, ugqunlarin toqribi ol¢iilorini asagidaki
diisturlarla toyin etmak olar:

Ay ,m: 2L + A; By, m; 2L + By, (2)
harada L — qirmtilarin ugus masafasidir vo binanin hiindiirlilyiiniin yarisina barabordir:

L=3 ©

Partlayis binadan xaricdo bas verdikds, ugqunlarin Olgiilori, toqribi olaraq, asagidaki
diisturlarla toyin edilir:

Ay=L+A; Bye=L+B 4)
Ugqunun hiindiirliiytiniin (h, m) toyin olunmasinda asagidaki diisturdan istifads olunur:

h=y-H-(100 + kH) (5)
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harada y - u¢gqunun binanin 100 m? tikinti hacmina diison xiisusi hocmidir, k — sabit komiyyatdir,
partlayis bina daxilinds bas verdikds k = 2.5 bina xaricindo k = 2.

Bina vo siginacaqlardan xaricdo ohalinin gayitmaz itkisi, toqribi olaraq, asagidaki diisturla
hesablanir:

2/3
N,=P-GY (6)
harada P— ohalinin sixligidir, min insan/km?; G, — trotil ekvivalentidir, t.
Nean = (3 ...4)Ng s Nom = Ny + Nggn (7)

Binalarin dagilma doracosindon asili olaraq bina daxilindo yerlogson insanlarin itkisini
toqribi olaraq asagidaki diisturlarla hesablamagq olar:

Nim = Z?=1NiK1i; Nsgn = ?=1Ni.iimK2i; Nq = Niym — Ngan (8)

harada N; — i binasinda personalin sayi, insan; n — obyekds binalarin (qurgularin) sayi; N;m —
i binasinin dagilmasinda imumi itki; K;;, K,;— i binasinda itkilorin toyin olunmasi iigiin amsallardir
[4].

Qaz-hava qarnisiginin partlayisi naticasindd movcud soraitin proqnozlasdirilmasi: Qaz-
hava qarigiginin partlayisi noticosindo movcud soraitin prognozlasdirilmas: 2 {isuldan istifado
olunur. Birinci lisulda agiq yerdo partlayls zamani zodolonmo ocaginda 2 zona qeyd edilir:
detonasiya dalgasinin vo zorba dalasinin tosir zonasi. Agiq havada QHQ partlayisinin detonasiya
zonasinda maksimal tozyiqin A P,,, qiymoti tapilir. Detonasiya dalgasi zonasmin radiusu
asagidaki diisturla hesablanir:

r0=10-3%,m (9)
harada: Q— sixilmis karbohidrogen qazinin miqdaridir, t. K oamsali partlayis tohliikoli qarisiqlara
cevrilo bilon qaz vo buxarlarin hacmini xarakterizo edir vo qazlarin saxlanilma tisulundan asili
olaraq asagidaki qiymatlordo olur: K = 1— qazsokilli maddslor olan tutumlarda; K = 0,6 — tozyiq
altinda mayelosdirilmis gazlar ii¢clin; K = 0,1 — soyudulmaqla mayelosdirilmis gazlar {iciin;
K = 0,5 — tezalovlanan mayelorin dagilmasinda. diisturunda metan ii¢lin toyin edilon m; =
16; Cgt = 9,45 qiymatlorini yerinoe qoysaq:

r,=185-3/K-Q,m (10)

Karbohidrogen qazlarin partlayisinin naticalorinin toyin edilmasindo bu diisturdan genis
istifado olunur. Bu diisturla hesablamalarda ¢ox vaxt K = 0,4 — 0,6 gobul edilir. Hava zorbo
dalgasinin on cabhasindaki tazyiqin qiymsati APy partlayigin markazindan olan masafadon asilidir,

r

AP = f (r—) ,Cp = TLnisbetine gora tayin edilir.
APﬂ =100 kPa, APfZ = 50 kPaq, APf3 = 20 kPa, APf4 =7 kPa (11)
giymatlori {igiin ¢, = rL qiymati toyin edilir vo Ry, Rgo, R29, R;  zonalarmin radiusu
0

hesablanir:— = % ¢, disturundan R,, = j,7, , harada n — zonanin gostaricisidir (100, 50, 20 va s.).
0

To
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Kipliyi pozulmus tutumdan dagilmis QHQ-nin molum Q miqdar1 vo AP,,,, tozyiqi ligiin
giicli R; = Rsova R, = Ry, zaif dagilma zonalarinin radiuslari tayin edilir:
Rso = €50 " 755 R0 = €201 (12)

Detonasiya dalgasiin yayilma siirati hesablanir:

D= /x/Z(qu - 1)Q, (13)

harada y, — detonasiya mohsullarinin adiabat gostoricisi, @, — QHQ-nin vahid kiitlasinin partlay1s
istiliyi, yaxud QHQ-nin xiisusi yanma istiliyidir, C/kq.
QHQ buludunun tam detonasiya vaxti toyin edilir:

ta=" (14)
Asagidaki diisturlar detonasiya zonasinin radiusu hesablanir:

rn=175-3/Q (15)
Partlayis mohsullarinin tasir zonasinin radiusu hesablanir:

rn,=17'n (16)

Zorbo dalgasinin tosir zonasinda izafi tozyiqin qiymotini hesablamaq ticiin "P" nisbi
komiyyatinin qiymati hesablanir:

Y=0,24-2 (17)

51

harada 73— partlayls morkozindon izafi tozyiqin qiymstinin toyin edildiyi ndqtoys qodor olan
moasafadir. “i" nisbi qiymoatdon asili olaraq hava zarbs dalgasinin 6n cobhasindaki tozyiqin APy5
qiymati hesablanir:

700

(,/1+29,8 ‘P3—1)

Qaz - buxar — hava buludunun partlayisinin progqnozlasdirilmasi: Qaz-buxar-hava
(QBH) partlayis1 qizmis mayelorin vo sixilmig gazlarin emalinda, naql edilmosindo va
saxlanilmasinda bas veron qozalarda, dagilmis yanar mayelorin buxarlanmasinda yaranir. Yanar
maye vo qazlar olan aqreqatda qoza bas verdikdo, aqreqatda olan maye vo ya qaz biitlinliiklo otraf
miihito ¢ixir, boru komarlori baglanan ana qodor kegon miiddatds giris vo ¢ixis boru komarlorindon
maddalorin ¢iximi bag verir. Aparatin qazasinda straf miihito ¢ixan qazin kiitlosi asagidak: diisturla
hesablanir:

22
w.[1g ¥+0,158

Y < 2 olduqda APf3; = : ; ¥ > 2 olduqda APy = (18)

mg; = Ve + Vb)pq.b (19)

harada p, ,— qaz buxarlarinin sixhigidir, kq/m?;V;, = 0,01P,V;— aparatdan ¢ixan qazin hacmidir, m?;
P; — aparatda olan tozyiq, kPa; V;— aparatin hacmi, m?; V}, = V31 + V,,— boru komarindon ¢ixan
gazin hocmidir, m?; Vp; = Q.- boru komaori baglanana qodor ondan ¢ixan qazin hocmidir, m?; Q —
boru komorinin diametrindon, onda olan qazin tozyiqindon, temperaturundan vo s. asili olan va
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texnoloji reqlaments uygun olaraq toyin edilon qaz sorfidir, m*/san; V,, - boru komari baglandigdan
sonra ondan ¢1xan qazin hocmidir, m?:

Vpe = 0,01mP, Y1 17 Ly (20)

P, — texnoloji reqlament iizro boru komorindoki maksimal tozyiqdir, kPa; r;— boru komorinin 1
sahasinin daxili radiusdur, m; L;— boru komaorinin qoza aparatindan baglayici vintilo godar olan
uzunlugudur, m; n — boru komarinin zoadolonmis sahalorinin sayidir.

Mayeli aparatlarin gqozasinda mayenin miisyyan bir hissasi buxar soklinds ola bilar vo bu
buxar otraf havaya ¢ixaraq birinci buludu yaradir. Mayenin qalan hissosi altliga, yaxud sorbost
olaraq désomoya yayilir vo oradan buxarlanaraq ikinci buludu yaradir. Buxarm birinci buluddaki
miqdar (kq):

M(V1P1+VpPs)

my, =a
b1 R

21
harada a - qurgunun qaz fazasi ilo doldurulmus hocmi payidir. V;, Py, V), P,- yuxarida gostorildiyi
kimidir. T,,,— aparatdaki mayenin temperaturu, K; M — mayenin molekul ¢okisidir, kq/kmol;
R =8310C/(mol-K) — univerisal qaz sabitidir. Yayilan mayenin temperaturu T, onun T,
gaynama temperaturundan vo otraf miihitin T,,, — temperaturundan yiiksok olduqda (T, > T, >

T,.m) maye qaynayir vo ¢okisi m,; (kq) olan buxar omolo gatirir.

my q = i, @)
harada Lg— bark qizmig mayenin T,,, — temperaturunda xtisusi qaynama istiliyidir, C/kq;Cq., —
haddindon artiq qizma temperaturunda T, —mayenin xususi istilik tutumudur, C/kq-K; mm — bark
quzmis mayenin ¢akisidir, kq. T;,, < T, temperaturlu dagilmis maye buxarlanaraq ¢akisi m;; olan
buxardan ibarat ikinci buludu yaradir:

My, =W Fp - 1p (22)

harada W — mayenin buxarlanma intensivliyi, kq/(m?-san); F;, — buxarlanma sahasi, m?, althigin
sahasing, yaxud 0,05 m qalinligda yayilmis mayenin tutdugu sothin sahasina barabar gotiiriiliir; 7;,—
yayilmis mayenin buxarlanma miiddstidir, yaxud tam buxarlanma miiddatino barabar vo 3600 san
vaxtla mohdudlagan vaxt gqobul edilir:

mm

To = r (23)

- W-Fp

Dagilmis mayenin buxarlanma intensivliyi W sorgu kitabgalarindan, yaxud tocriibe
vasitosilo toyin edilir. Verilonlor olmadigda qizmamis, tez alovlanan mayelor iiglin asagidaki
formuldan istifado etmoyo yol verilir:

W=1-10"5P,\/M (24)
harada P; — doymus buxarin tozyiqidir, kPa vo asagidaki diisturla toyin edilir:

Lg(MTg ' =Tsom)

. 25)

Py =1013 exp
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Otraf miihito yayillmis yanar qaz (¢aokisi mq, kq) vo ya tez alovlanan maye (¢okisi mp, kq) hori-
zontal Olgiilori alovun yayilmasinin asagi gatiliq hadding (Cyq4p) uygun xstlo mohdudlasan partlayis
tohliikali bulud amals gatirir vo onun radiusu asagidaki diisturla hesablanir:

Ragn = 14,5632 (pq:gaqh) /3 (26)
harada C,q, — alovun yayilmasinin asagi qatiliq haddidir. Yayilmis yanar mayelorin buxarlarinin
binaya daxil olan miqdar1 asagidaki diistur ilo hesablanir, harada buxarlanma sahosi F, m?, torkibi
cokico 70 % vo daha az miqdarda holledicidon ibarat mayenin vo ya qarisigmn 1 litrinin 0,5 m?
sotha, qalaninin iso 1 m sotho yayilmasi sortindo hesablanir. Buxarlanma miiddoti 3600 saniyadon
cox olmamagla, tam buxarlanma miiddstino barabor gétiiriiliir. Bina daxilinde yayilmis mayenin
buxarlanma intensivliyi asagidaki diisturla toyin edilir:

W=1-10"5n/u- P, (27)

harada 7 - buxarlanma sothi iizorindo hava axinmnin temperaturu vo siiratindon asili olan
omsaldir; P; — doymus buxarin tozyiqidir.

Karbon, hidrogen, oksigen, xlor, brom vo ftordan ibarat olan fordi yanar maddslorin
partlayisinin tozyiqi agsagidaki diisturla hesablanir:

100¢pP,, — P, )mZ
Voan quSTX K

AP, = (28)

q.a

Istehsalat obyektindo partlayis naticalorinin operativ prognozlasdirilmasinda hesablamani
maksimal dagilma {igiin aparmaq mogsodouygundur, yoni hesab edilir ki, otagin azad hocmi
stexiometrik torkibli gaz ilo tam tutulub. Bu sorto uygun olaraq asagidaki diisturla hesablanir:

E — 100.V0.Z5tx.QStx, kC (29)

harada V, = 0,8 V,— otagin azad hocmidir, m?; V,— otagin hacmidir [2, 4, 5].

Notica. Binalarda bas veron yanginlarin logv edilmosi vo mohdudlasdirilmasinin
kompyuterls modellosdirilmasindon agagidaki naticalars nail olmaq miimkiindiir.

Fovqelads hallar zamani, onun naticalorinin aradan qaldirilmasi, idars olunmasi vo miivafiq
gorarlarin gobul olunmasi xiisusilo goza-xilasetmo, axtaris vo yangmsondiirmo omoliyyatlarinda
birbasa istirak edon qurumlarin birgs istifadasi {i¢iin xlisusi model islonmisdir.

Sozligedon kompyuter modellogdirilmosinin komayilo fovgolads hallarin naticolorinin
aradan qaldirilmasi1 zamani xilasedicilor, novbatgi-dispetcerlor, omoliyyat rohbarlori vo omaliy-
yata nozarat edon omokdaslar arasinda informasiya miibadilasini asanlagdiracaq, xilasedicilora
vo yanginsondiiranlora oamoaliyyat barado daha dolgun malumat vermoyo imkan yaradir.

Eyni zamanda omosliyyatlara rohborlik edan soxslora xilasetmo, yanginsondiirms omo-
liyyatlarini daha effektiv planlama, istonilon yerdon omoliyyatlara rahat nozarstetmo imkanlari,
homginin, toklif olunan diisturlar asasinda hadiso yerino colb edilocok texnika, canli qlivve va
vasitolorin sayini miisyyonlosdirmoyo zomin yaradir.

Yangnlar bag veron zaman daxil olunan molumat osasinda toklif olunan toxmini hesab-
lamalar osasinda a¢iq su monbolorindon istifado, hocmo gora karbon gazi, toz torkibli sondiirma,
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Binalarda bas veran yanginlarin logv edilmasi vo mahdudlasdiriimasinin kompyuterla modellosdirilmasi

nasos-slanq sisteminin hesablanmasi, sorfiyyatin, eyni zamanda calb olunacaq qiivva vo texnikani
tez hesablamaq gabiliyyati, qisa miiddotde prognozun verilmosini tomin edir.

Toklif olunan diisturlar esasinda qaz-hava qarisiginin, qaz-buxar-hava buludunun partlayisi
naticosindo bas vera bilocok hadisalorin prognozlasdirilmasi, sondiirmo tlizro aktiv horokatlorin
vaxtima xeyli yaxinlasmaga imkan verir.

Bundan alava ohalinin kogiiriilmasi mogsadilo hadiso bas veron orazido olan abunagilors
miivafiq mobil operatorlardan SMS vasitasilo xobordarligin gonderilomasi tomin olunur.
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YCTPAHEHHUE U OTPAHUYEHUE IIOKAPOB B 3JAHUAX C IOMOIIBIO
KOMIIBIOTEPHOI'O MOJAEJIMPOBAHUSA

I''A. ABAIMEBA-AJIVEBA

OcHOBHOI LCIBIO CTAaThU ABJIACTCA ONPEACICHUEC BCPOATHOCTU BO3HUKHOBCHHUA U PA3BUTHA MOXKAapOB HA 3TaHUAX C
TIOMOUIBIO KOMIIBIOTEPHOT'O MOACIIUPOBAHUS.

Knrouesvie cnosa: nooaicap, 6u3yaiu3ayusl, Moaeﬂuposanue, npocrosupoearue, 1aeunda.

ELIMINATION AND LIMITATION OF FIRE IN BUILDINGS USING THE
COMPUTER MODELING

G.A. ABDIYEVA-ALIYEVA

The main purpose of this article is to determine in advance the probability of occurrence and development of accidents
involving explosions by computer modeling.

Keywords: fire, visualization, modeling, forecasting, avalanche.
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Tadqiq olunan {sullar hisse-hissa optimallasdirma (particle swarm optimization, PSO) va
genetik alqoritmlor(genetic algorithms, GA) tokamiil optimallasdirma tisullarina (evolutionary computing
— EC) aid olub, elmi odobiyyatlarda optimallagdirma tiglin yaxs1 iisul oldugu qeyd edilib. Hisso-hisso
optimallagdirma evristik tisul olmagqla canliliarin(dostonin) sosial-psixoloji davranigina osaslanir. Hor iki
iisul goxistiqamotli axtarigsa xidmot edir. Genetik alqoritmlorin ¢atismayan cohoti y1g1lma problemi vo
imumiyyatlo nozori konstruksiyanin olmamasi ilo slagadardir. Maqalads bu alqoritmlorin miiqayisali
tohlilino baxilir.Matlab miihitindo kompiiter simulyasiyas: aparilmaqla PSO {isulunu istiinliiyli siibut
olunmusdur.

Acar sozlar:  bioloji dastalorin intellekti, hissa-hissa optimallasdirma, populyasiya, dasta, genetik
algoritm, diferensial tokamiil optimallagdirma.

Giris. Istehsal proseslorinin idaroedilmosi ¢ox sayda texniki, toskilati vo iqgtisadi xarakterli
masalolorin on yaxsi hallini tolob edir. Bu tip masalalor hall edilorkon iqtisadi-riyazi, adadi tisullardan
genis istifado olunur. Digor torofdon belo masalolorin optimal halli miirokkob masalo olsa da, yeni
metodologiyalarin tatbiqi ilo optimallagdirma tisullari ilo miimkiindiir [1,10,11,15].

Son zamanlar qeyri xotti, qabariq olmayan vo qeyri hamar (differensialana bilmoyan)
funksiyalarin global ekstremumlarinin tapilmasi (qlobal optimallagdirilimasi) ligiin ¢oxsayli evristik
alqoritmlor toklif olunmusdur. Bu alqoritmlor daha hibrid olub, optimallagdirilan funksiyalarin
kasilmoz, diferensiallana  bilon olmasi vo s. sortini tolob etmir. Belo alqoritmloro diferensial
evolyusion optimallagdirma (DEO-Differensial evolution optimization), genetik alqoritmlor (GA-
genetic algorithm), hisso-hisso optimallagdirma (PSO-particle swarm optimization) - tisulu daxildir.

Optimallagdirma {tisullar1 elmi oadobiyyatlarda imkan vo optimal hollin toyini proseduruna
goro miixtalif adlar altinda qruplagdirilib. Bu qruplagsmani toxminan asagidaki kimi ifads eds bilarik:
1) Bir6lgiilii optimallagdirma tisullar1 (masalon, Fibonaggi, Qizil bolgi, Parabola iisullar1 vo s.); 2)
Birbasa optimallasdirma tisullar1 (masalon, Sortsiz optimallasdirma vo ya Rozenbrok iisulu, Qaus
iisulu vo s.); 3)Birinci tortib optimallagdirma tisullar1 ( mosalon, Qosma qradient tisulu, kvazinyuton
tisullar, Levenberg-Markvard alqoritmi va s.); 4)ikinci tartib iisullar(mosalon, Nyuton iisulu, Nyuron-
Rafson tisulu va s.); 5) Xotti programlasdirma tisullar1 (masalon,Simpleks iisul, ellipsoidlor iisulu,
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Potensiallar tisulu va s.); 6) Qeyri-xatti proqramlasdirma tisullari(masalon, kvadratik programlagdir-
programlasdirma tisulu va s.); 7) Stoxastik tisullar ( masalon, Monte-Karlo {isulu, Tokamiil hesablama
alqoritmlori, Diferensial tokamiil hesablama alqoritmlori, hisse-hisso optimallasdirma vo ya dasto
hissalori (Particle Swarm Optimization) vo s.). Bu isdo stoxastik optimallasdirma iisullarina
baxacagq.

Tokamiil hesablamalar1 optimallagdirmanin, approksimasiyanin, verilonlorin emali moso-
lalorindo 6z somaraliliyini siibut etmisdir [14]. Tokamiil hesablamalarin tstiinliiklorino adaptivlik,
Oyronma qabiliyyati, parallellik, hibrid intellektual sistemlorin qurulmasi imkani aiddir. Bu iisul tobii
tokamiil prosesinin bazi formalizo edilmis prinsiplori {izorindo qurulub, lakin bu sahado miibahisali
problemlar do mévcuddur. Tokamiil hesablama tisullarinin elmi adabiyyatlardaki sorhi bir sira forqli-
liklorlo saciyyalonir. Belo ki, bu forqlori magsoed funksiyas: vo alternativ hallorin tosvir formalarina,
rekombinasiya, mutasiya operatorlari vo onlarin istifado ehtimallarina, se¢gmo prosedurlarina aid
etmak olar. Lakin alqoritmlorin iimumi sxemi demak olar ki, eynidir: Tokamiil parametlorinin toyini;

flkin populyasiyanin giymotlondirilmasi; Populyasiyaya daxil olan hollorin qiymotlon-
dirilmosi; Seleksiya; Replikasiya; Variasiya; Varis hallorin toyini, qiymotlondirilmesi; Yeni
populyasiyanin togkili vo an yaxsi gostoricinin miioyyon edilmosi. Tokamiil hesablama alqoritm-
lorinin giiclii vo zaif toroflorini agsagidaki kimi ifads etmok olar.

Giiclii toroflor: Hesablama effektivliyi; Qlobal optimallasdirma; Genis totbiq sahasi (planlas-
dirma, prognozlasdirma, klasterlogdirmo [1,4]; Hollorin, ilkin populyasiyanin sec¢iminin, zaruri
resurslar olana qodor evolyusiya prosesinin moagsodyonlii kodlasdirilma imkani; Bdoyiik olgtilii
hallorin miirokkob fozasinda axtarigin miimkiinliiyii; Paralel ¢oxolgiilii axtaris; Magsad funksiyasinin
tipino (xotti, geyri-xotti vo s.) mohdudiyyotlorin olmamasi;  Tokamiil hesablamalarin Soft
kompiitingin digor geyri-klassik paradigmalari ilo (masalon, neyron sobokalor, geyri-solis montiq,
ehtimalli mithakima, xaos nazariyyasi va s.) sinercisinin miimkiinliiyti;

Catismazliglar: hesablama siirotinin asag1 olmasi; tokamiil hesablamalarin evristik xarakteri
alinan hallin optimalligina zomanat vermir; ¢oxsayli hesablamalar; tokamiil modellosdirilmasinin son
fazalarinda nisboton agag1 somorolilik; adaptasiya problemlori.

Aparilan tohlilo asason geyd edo bilorik ki, tokamiil hesablamalar asagidaki masalalar iiciin
effektiv deyil: global optimumun tapilmasi mosolosi; miistoqil doyisonlordon asili olan hall; bir
doyisonin digarini listiinlomo doracasi mdéveud oldugda hallin axtarisi; optimumun istisna olunmasi
ilo magsad funksiyasinin biitiin noqtolordo qiymstlorinin nisboton eyni olmasi.

Tokamiil hesablama alqoritmlori asagidaki masalolor ticlin effektiv hesab edilo bilor:
coxolciilii optimallasdirma masalalori; stoxastik vo dinamik masalolor; kombinator optimallagdirma
masalalari; prognozlasdirma; qorar qobuletmo; klasterlogsdirma; obrazlarin taninmasi masalalori.

Tadgigatin maqsadi. Molumdur ki, biitiin gorar gobuletma masalalarinin asas torkib hissasi
olan qlobal ekstremumun axtarigt problemi aktula problemdir.. Bu monada keyfiyyotli qorar
gobuletms sisteminin qurulmasi global optimallagdirmanin effektiv iisulunun iglonmoasini, mévcud
tisullarin miiqayisosini tolab edir. Bels iisullardan biri DEO (Differensial evolution optimization)
diferensial optimallagdirma iisuludur [4].

Diferensial optimallagsdirma iisulu tokamiil hesablama texnikasina osaslanaraq qlobal
ekstremumun tapilmasimi tomin edir, moaqgsad funksiyalarini ciddi mohdudiyyatlordon azad edir vo
xuisusi evristik proseduralara goro ekstremumun tapilmasi siirati yliksok olur, bu da qorar qobul
etmodo zoruridir.
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Tokamiil hesablama alqoritmlori hal-hazirda da analitiklorin diqget morkozindo olan yeni
istiqgamatlordon biri olaraq qalir. Elmi odebiyyatlarda son onillikds genetik alqoritmlor , tokamiil
strategiyalari, tokamiil proqramlasdirma vo genetik proqramlagdirma kimi tokamiil alqortmlorindon
istifado olunur Hal-hazirda yiiksok effektli tokamiil alqoritmlorinin islonib hazirlanmasi {igiin
tokamiil alqoritmlorinin hibridlogmasi nazaors alinir. Partical Swarm Optimization(PSO) tokamiil
hesablama {isulu belo hibrid {isullara daxildir. PSO alqoritmini Russel Ebenhart (Electrical
Engineer) vo James Kennedy (Social Psychologist) ilk dofo 1995-ci ilde (both U. Indiana,
Purdue) hazirlamiglar. PSO populyasiyanin intellektualligina vo tokamiil prosesine asaslanan bir
alqoritmdir.

Hisso-hisso optimallagdirma (Particle swarm optimization (PSO))populyasiyaya osaslanan
stoxastik optimallasdirma tisulu olub, canlilar dostosinin intellektini toqlin edir. Bu {isulun osas
mabhiyyatini , alqoritmini bioloji canlilar dastosinin(quslar sinfi, baliq novlori) sosial davranisinin
tolqin edilmasi togkil edir. Bu tisul adadi optimallagsdirma iisulu olub, optimallagdirma funksiyasinin
doqiq gradientinin olmasini talob etmir.

Kenedi, Eberxart, Si [2,3] torofindon siibut olunmusdur ki, bu tsulda sosial davranis
imitasiya olunur. PSO alqoritmi sadadir va optimallagdirmaya xidmat edir. Kenedi, Eberxart [8]-do
canlilarin dosto intellekti adlanan intellekt vo PSO-nun falsofi aspektlori haqqinda otrafli molumat
veriblor. [5]-do Poli terofindon aparilan PSO haqqinda genis todqiqatlarin naticalori sorh edilib.
Qeyd edilir ki, bu iisul hisso adlandirilan miimkiin hall populyasiyalarini dostoklomaklo vo bu
hissolorin hollor miistovisindo sado riyazi formuldan istifado ilo yerini doyismoklo maoqsad
funksiyasini optimallasdirir. Yerdoyismo hollor miistovisindo tapilan on yaxsi hollo tabelilik
prinsipi lizro aparilir vo daha faydali holl (hisso) tapilana qodor davam etdirilir.

Bu iisul (PSO) tokamiil proqramlasdirma (TP) vo genetik alqoritm (GA) arasinda araliq
movqe tutur vo onlarin imkanlarini qismon dastokloyir.Genetik alqoritm ilo miiqayisade PSO elo
bir operatordan istifado edir ki, o operator konkret istigamotdo namizoad hollorin yerdoyismasinin
stiratini toyin etmoyo imkan verir. Bu da onun daha cold islomasino vo global minimumu toyin
etmayo xidmaot edir. PSO-nun TP vo GA asas forqi, calama(krossover) vo mutasiya operatorunun
olmamasidir. Namizod hollor (particle) 6zlorinin daxili siirati ilo yenilonir vo onlarin yaddasinin
olmasi bu alqoritmlori daha da mitkommal edir.

PSO va GA boazi oxsar xiisusiyyatlori do var. Hor iki alqoritm tosadiifi yaradilan bir qrup
populyasiya ilo baslayir, populyasiyani giymotlondirmok {igiin mogsod qiymsatlori var, popul-
yasiyant yenilayir vo tosadiifi yolla optimumu axtarir. Hor iki alqoritm ayri-ayriligda effektiv
notico aldo etmoyo imkan vermir. GA miigayisodo PSO-da informasiya miibadilosi tamamilo
forglidir. GA —da xromosomlar 6z aralarinda informasiyan1 boliisiirlor. Bels ki, biitiin populyasiya
bir qrup kimi faaliyyat gostorir. PSO-da iso Gbest-global informasiyan1 digarlorine o6tiiriir. Burada
bir ndv informasiya oOtliriiciisii var. Populyasiya ancaq on yaxs1 halli axtarir. GA miigayisads, PSO-
da biitiin namizad hallor, on yaxs1 hollori hotta lokal versiyada da tez ohato etmoyo malikdir.

Tokamiil alqoritmlari vo PSO arasinda iki asas forq vardir:

1) Tokamiil alqoritmi 3 asas mexanizm asasinda isloyir.

valideyinin niimayisi, fordlorin se¢ilmasi vo onlarin parametlorinin sazlanmasi. PSO iso 2
mexanizmo osaslanir, belo ki, PSO aciq se¢im fumksiyasini totbiq etmir. Se¢im funksiyasinin
olmamasi1 burada axtarigin aparilmasi ii¢lin liderlorlo kompensasiya olunur. PSO—da tokamiil
algoritmlorinds olan nosil davamgilart anlayis1 yoxdur.
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2) Tokamiil alqoritmlori va PSO arasinda ikinci forq fordlorin hansi yolla manipulyasiya
olunmasidir. PSO els bir operator istifads edir ki, o namizad hallin (particle) hansi istigamatdo
yerdoyismosi liglin namizad hollin siirotini toyin edir. Buna istiqgamotlonmis mutasiya operatoru
kimi baxmagq olar, bels ki, istiqgamat namizad hallor personal best (Pbest-bir fordin vo ya namizad
hallin indiya godor olan on yaxsi movqgeyi) vo global best (fordin vo ya {imumi namizadin
populyasiyanin indiys gador olan biitiin tizvlori arasinda on yaxs1 movqeyi)gostaricilori iizra toyin
oluna bilar. Ogar Pbest istigamati Gbest istiqamati ilo eynidirss onda potensial axtaris bucagr kicik
olacaq, Belo ki, genis bucaq genis axtaris sahosini ohato edir. Miigayisoads tokamiil alqoritmi
mutasiya operatorundan istifads edir, bununla da namizad hallori istonilon istigamotdo qura bilir.

PSO -canlilarn etik davraniglarinin genislonmaosi olub, optimallasdirma ti¢lin meta evristik
strategiyaya osaslanan populyasiyaya nozarat edir.

Populyasiyanin intellekti asagidaki prinsiplors asaslanir [12]:

1.Yaxinlq olgiisii: vaxt vo foza; 2.Miixtaliflik; 3.Dayaniqlq; 4.Keyfiyyat; 5.Uygunlasma.

PSO eftektivliyini ifado edon bir ¢ox iistilinliiklor var [13]:

1. Sado vo asan istifads oluna bilmesi; 2) Az va ¢evik idareetmo parametrlorinin tolob
olunmasi; 3) Fordlorin vo qongsulugda olan on yaxsi fordlorin saxlanilmasi ligiin effektiv yaddas
qabiliyyati; 4) Mogsadlora vo parametrlora qarst hossasligin az olmast; 5) Populyasiyanin miixto-
lifliyini saxlanilmasimin effektivliyi; 6) Miixtalif saholors totbiqinin effektivliyi; 7) Az hesablama
ilo ytliksok keyfiyyatli sabit hallin alds edilmasi.

Bu alqoritmin is prinsipini basa diismok ii¢lin sads bir masoloys baxaq.

Masalonin qoyulusu [2]. Hor hansi bir gdliin bir baslangicindan (A) digor torafdon (B)
qayi81 yola ¢ixir(Sokil 1.).Bu gayiglarin magsadi goliin an dorin ndqtasini toyin etmokdir. Qayiqlar
har dofa harokot etdikco aldigi naticalori boliistirlor, hor iki qayiq hoarakot edorok dorinliyi olciir, bu
zaman (A) qayig1 olan yer daha dorin olur, bels olan halda (B) qayig1 A-ya toraf harokat edir, bu
dofads diisdiiyii dorinlik (A)-nin dorinliyindon kigik olur vo yenidon (A)-ya torof bir az da horokot
edir. Qayiqlar har dofa harokat etdikca diisdiiklori dorinlik naticolarini bir-biri ilo bolisiirlor vo hor
dofs hansi daha darindirso, diger qayiq daha darin olan qayiga toraf horokat edir. Bu proses an darin
noqtonin tapilmasi vo qayiqlarin eyni yerds goriisiinoe godor davam edir vo sonda on optimal ndqto
tapilir. Onu da geyd edok ki, har bir qayiq hor dofo diisdiiyli dorinliyi 6z yaddasinda saxlayir ki,
lokal minimuma diisma ehtimali olmasin.

Mosalonin hall iisulunun osas ideyasini aydin ifado etmok {igiin asagidaki termin vo
isarolomolori nozordon kegirok. Alqoritmin osas ideyasi asagidaki kimidir. Oyanilik {igiin bu
alqoritmi qusun yem axtarmast ilo miiqayise edok. Canli olaraq quslar, alqoritmdo iso bu namizad
hallor(particles) gotiiriilir. Yem axtarmaq {g¢iin otraf miihiti axtaris edir, alqoritmdo bu hal
funksiyanin yaxs1 gostoricilorini tapmaq liclin obyektiv sahoni axtaris etmokdir. Quslarda
informasiya Otiirmo akustik vo optik vasitolorlo molumatlarin doyisdirilmasidirse, alqoritmdos iso
bu uygun sahodo yerlosmo haqqinda informasiyanin doyisdirilmosidir. Asagidaki isaralomolordon
istifado edocayik (Sokil 1).

Particles (X;) — populyasiyaya daxil olan fordin vo yaxud problemin miimkiin olan

hallinin mévqeyi, Velocities (v, )-fordin 6z movqeyini yaxsilasdirmaq {i¢iin dayismoli oldugu

istigamat, Personal best (pbest) - bir fordin (namizad hallin) indiya gador olan on yaxs1 mdvgeyi,
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Global best (gbest) - (fordin (iimumi namizadin) populyasiyanin indiys qodar olan biitiin tizvleri
arasinda on yaxs1 movqeyi.

- P (t) Personal best

4

’ X, (t+1)

/

X,()

o T A

G(¢) Glob.best

Sokil 1. PSO algoritminin is prosesi

X,(t)hollin cari voziyyoti, X,(f)hollin iroli horoket edorok hollin yeni voziyyaeti
X, (t+1) yerdoyismosidir.

X, (¢ +1) vaziyyatini hesablamaq tigiin agagidaki diisturdan istifads edilir.
X.(t+)=X,@)+v,(t+1]) (1)
v, (t+1) = wy, (0) + ¢, (B(O) ~ X, (D) + ¢, (G, (1)~ X, (1) @)
Burada w -inersiya ¢okisi cari anda olan hollin siirotino onun ovvolki siirotinin tosir
doracesi, Py = P (1) — X,(¢)— ifadesi hollin cari vo avvalki vaziyyetinin forqini ifadesi, ¢, -
dork etmokla (koqnitiv) dyrotmo faktoru, G, = G,(¢) — X, (¢), Global best , populyasiyada olan

biitiin hollor arasinda bir hallin on yaxs1 voziyyati ilo, ovvalki voziyyatinin forqinin ifadesi, ¢, -

etik(sosial) oyratma faktorunu ifado edir.

Holl iisulunun alqoritmi asagidaki kimidir:

Birinci marhalaoda  fordlorin movqgeyinin vo siiratlorinin tosadiifi  qiymotlondirilmasi
apartlir.

Tkinci marhalads hor bir ford {iciin F(x) faydaliliq funksiyasmin qiymoti hesablanir. Dgor
cart Lider Pbest-don bdyiik olarsa, cari lider Pbest olaraq toyin edilir, oks halda avvolki Pbest
saxlanilir.

Ugiincii marhalada yeni segilon Pbest Gbest-lo miiqayiso olunur, agar Pbest bdyiik olarsa
Pbest Gbest olaraq toyin olunur, oks halda avvalki gbest saxlanilir.

Dordiincii marhalada har bir ford tigilin siirat (1) vo voziyyat (2) toyin olunur.

Beginci marhalo hesablama meyar1 6donilon hallarda yerins yetirilir.

Altinct marhalada 6donilmayon meyara rastlasdiqda proses dayanir.

Sonuncu morhalods>  Global minimum toyin olunur. Alqoritmin is prinsipi asagidaki
kimidir. Tosadiifi secilon fordlo (particle) iso baslanilir. Hor bir hissociyin vaziyyati (position),
stirati (velocity) va bundan ovvalki voziyyati haqda yaddas: var. Ford bir yerdon digor yers horokot

96



Takamiil hesablamalara asaslanan iisullarin tadqiqi

etdikdo, bu zaman hesablanan mogsad funksiyasinin qiymati bu hissaciyin indiyo kimi olan
qiymatlari ilo miiqayisa olunur. ©gar alinan gostarici avvalkindon yaxsidirsa, onda Pbest olaraq bu
gostarici segilir, oks halda kéhno ( yaddasda olan ) Pbest olaraq saxlanilir.

Toyin etdiyimiz Pbest gostoricisini biitlin populyasiyanin on yaxst Gbest gostoricisi ilo
miiqayiso edirik. ©gor Pbest boyiikdiirso onda bu gdstorici Gbest olaraq toyin olunur. Hissociyin
stiroti vo vaziyyati yenilonir. ©gor biitliin hissaciklor bu ndqtoys golib catiblarsa, o zaman optimal
hall tapilir.

Bildiyimiz kimi fordler 6z aralarinda informasiyan: boliisiirlor. Lakin bazan els olur ki, bu
informasiya paylasmasi biitiin iizvlor ilo deyil, yalmiz ki¢ik qonsulugda yerloson fordlorlo
paylasilir. Bunlar arasinda qonsuluq topologiyasi yaranir. Populyasiya qonsulara boliiniir, burada
fordlor on yaxs1 gostorici Lbest (lokal best) adlanir vo 6z qonsular ilo bdliisiirlor. Bu qonsuluq
topologiyasi lokal minimuma diismonin garsisini alir , paralel axtarig aparir vo eyni zamanda
axtarig prosesinin siirotini azaldir. Burada bir ne¢o név qonsuluq topologiyalar var.

Asagida PSO vo genetik alqoritmls optimallasdirmanin miiqayisesine misal {izra baxagq.

Mbasalonin halli. PSO islomo prinsipine sads bir misalda baxaq ve optimal minimumu
tapaq[31].

F(x)=x(x-8) funksiyasinin minimumunu t=0 anindan, [-10 10] araliginda, siiratlondirmo
omsali C1=C2=2, inersiya ¢okici W=0.5 ilo, Rand [0 1] (rand har iterasiyada doyisir) olan halda
hesablayaq.

flk onco tosadiifi olaraq t=0 anminda hissaciklorin (particle) voziyyat (position) vo siirati
(velocity) asagida verilmisdir. Bu qiymolorlo biz f(x) funksiyasini hesablayiriq. Moagsadimiz
optimal minimumu tapmaqdir. Burada birinci hissocik F(x)=-7 bizo lazim olan optimal
minimumdur. Bunu nozere alaraq diger namizadlori do t=1 zaman aninda Gbest=7, Lbest=xi
asagidaki diistura osason hesablayaq .

v(t +1) =wv(t) +c,rand(L, — X (t)) + c,rand(G, — X (1))

Xt+D)=X@@)+v(t+1)

Namizad hall (Particle 1)

Vi(1)=1.5

X1(1)=8.5

Yararliliq: f(x(1))= 4.25Namizad hall (Particle 2)

V2(1)=6.5

X2(1=4.5

Yararliliq: f(x(1))=-15.75Namizad hall (Particle 3)

V3(1)=-0.8

X3(1)=8.2

Yararliliq: f(x(1))=1.64 Namizad hall (Particle 4)

V4(1)=9.7

X4(1)=3.7

Yararlhihq: f(x(1))=-15.91

Miigayiso i¢iin gotiirdiiylimiiz holl etdiyimiz misalda mogsod funksiyasi F(x)=x(x-8),
Interval- [-10 10], populyasiyanmn 6l¢iisii pop_size = 50, Iterasiyalarm say1- 100, inersiya ¢oki-
w = 0.5, stirotlondirmo omsallart ¢l = 2 vo ¢2 = 2 gotiirtilmiisdiir. Noticolor sokillor 2,3-do
verilmisdir.
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Sokil 2. PSO ila kompiiter simulyasiyasinin naticasi

Problem Setup and Results Options
= Population
Solver:  ga - Genetic Algorithm -
Problem Populstiontype  Double Vector =
Fitness function: Sgenetic Peopulation size Use default: 20
Number of variables: 1 @ Specify: 50
Creation function: _Use constraint dependent default -
Constraints:
Linear inequalities: L be
Linear equalities: Aeq beq Initial population: @ Use default: []
Beunds: Lower: [-10) Upper: [10] Specity:
Nonhnear constramt function: Indtial scores: ® Use default: []
Run solver and view results Specity:
Use random states from previous run Indtial range: ® Use default: [0:1]
Start ! Specity:
Current teration: 51 Clear Results = Fitness scaling
Cptmizaton runnng Scaling function:  Rank -
Opt termnated.
Cbjectve function vakue: @%ﬂlﬁ)
Optimizaton termnated: average In the fitness value less than sptons. ToFun.
Y = Selection
Final t
e e Selection function: | Stochastic undorm -

Sakil 3. GA ila kompiiter simulyasiyasinin naticasi

Qeyd edok ki, PSO iiglin parametrlorin qiymatlori hall olunacaq problemin qoyulusundan
asilidir. Parametrlorin qiymaotlondirilmasing aid bir ¢ox tadqiqatlar — Si, Karlis vo Dozer[6] Van
den Berqa, Klerka vo Kennedi[7], Trelea, Bratton vo Blekvel, Everso moxsusdur. Bu tisul daim
tokmillosdirilir vo onun basqa alqoritmlarle sinercilorine [9]-da baxilir. Usulun siiratinin artirilmasi
ilo slagoadar problemlar do arasdirilib. Bu iisulun interval cabrins asaslanan modifikasiyas: lizro do
kompiiter simulyasiyas1 aparilib. Istor solis, istorso do interval tip qeyri-miioyyanliyi ifado edon
tisulla hesablamalar ~ PSO iisulunun dstiinlilylinii siibut edir. Sadelik ii¢iin yalnmiz solis
hesablamalarin naticalorini veririk.

Goriindiiyli kimi GA ilo hesablamanin naticosi Global Best. Position (Qlobal mévqe) =4,
Global Best. Cost (Qlobal giymat) = -15.9999, PSO ils iso Global Best. Position (Qlobal mdvqe)
=3.4485, Global Best. Cost (Qlobal giymat) = -15.9999.

Natica. Optimallagdirma tisullarinin miigayisasindon goriiniir ki, PSO alqoritminds global
giymatin alds olunmasit movqgeyi GA ilo miiqayisads 14% kicikdir, yoni bu gostorici lisulun
effektivliyini stibut edir. Bu iisulun miixtolif sahslords iqtisadiyyatda, tibbda, texnikada, ¢evik
istehsal saholorindo, robotlu idaroetmods mosafonin toyinindo,roqomli tosvirlorin emalinda,
neftgixarmada quyularin qazilma mdvqgeyinin toyininds totbiqi daha doaqiq naticalor aldo etmaya
imkan verar.
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AHAJIM3 METOJ0B, OCHOBAHHBIX HA 3BOJIOIMOHHBIX BBIYNCJIEHUAX

JLA.TAPJAIIOBA, H.U. TACAHJIbL

PaccmarpuBaroTcs 7Ba MOMYNSAPHBIX Pa3paOOTaHHBIX MOJAXOAA — TEHETHYECKHE aTOPUTMbI M METOJ POS YaCTHII,
HCTIONB3yeMbIe B 3aJadax ONTHMH3AIMH. MeTo[ posi 9YacTHIl SBISETCS IBPUCTHYECKHM METOJOM IIOHCKA, B OCHOBY
MeToJla TIOJIOKEHA COLUATBbHO-TICHXOJIOTHYIECKas oBeaeHueckas Moaens tonmsl. Y MPU Ta e 3¢ (eKTHBHOCT, YTO U IPH
T'A, HO CO 3HAUUTEINIBFHO JTyUIIeH BEIYUCIUTEIBHON (D PEKTHBHOCTEIO (MEHBIIE OLCHOK (DYHKIINH).

Kniouesnvie cnosa: pogoil unmennexm, onmumMusayus pos yacmuy, NONYAAYUs, 2eHemudeckuli aieopumm, areopumm
onmumuzayuu OugdepenyuansHotl I6010Yyul

ANALYSIS OF METHODS BASED ON EVOLUTIONARY COMPUTING
L.A. GARDASHOVA, N.I. HASANLI

Two of the popular developed approaches are Genetic Algorithms and Particle Swarm Optimization, both of which are
used in optimization problems. Particle Swarm Optimization (PSO) is a relatively recent heuristic search method, whose
mechanics are inspired by the swarming or collaborative behavior of biological populations. PSO is similar to the Genetic
Algorithm (GA) in the sense that these two evolutionary heuristics are population-based search methods. PSO has the same
effectiveness (finding the true global optimal solution) as the

GA, but with significantly better computational efficiency (less function evaluations).

Keywords: Swarm intelligent, particle swarm optimization, swarm, particles, genetic algorithm, differential evolution
optimization.
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GUC KABEL XOTLORININ DiGOR YERALTI
AVADANLIQLARLA MUHAFIZOSININ XUSUSIYYOTLORI

i.0. HUSEYNOVA®

Digor elektrik avadanliglarindan forqli olaraq, boyiik mesafads va daha ¢ox zadsloanmays meruz qalan,
elektrik otiirlicti giic kabel xatlarinin xiisusiyyatlari maqalads analiz edilir. Xiisusilo yeralt1 kabel xatlorinin
miihafizosinin ohomiyyati vo onlarin miixtolif zodolonmolora ugramasi (yaginti, yeraltt vo axar sular,
torpagin korroziyasi, izolyasiyalariin ¢irklonmasi va s.) masalalar xiisusilo shats edilmisdir. Mixtalif név
miihafizo texnologiyalarindan daha miinasib olan katod miihafizosine baxilir. Verilonlors asason 110 kV
kabel xatlorinin torpaga birlosdirilmasini hoyata ke¢irmok maslohat goriiliir.

Acar sozlar: elektrik avadanhqlari; giic kabel xatlori; katod miihafizasi; torpaga birlasdirilma.

Giris. Elektrik stansiyalarinin paylayict qurgularinin, yarimstansiya avadanliglarinin vo
elektrik yeralt1 xatlorinin (EVX) dayaqlariin torpaglayici qurgular {igiin torpaq korroziyasi énca
torpagin aqresivlik doracasindon asilidir . Qeyd etmok lazimdir ki, azmis corayanlarin bu proseso
tosiri ¢ox az oldugundan imumilikdo ondan miihafizo tisulu istifado olunmur, olunsa da timumi
gobul olunmus qaydalar asasinda yerino yetirilir. Torpagin korroziya aktivliyi onun xiisusi
miigavimatindon asilidir. Istismar gaydalarina gore belo gabul olunub ki, korroziyadan miihafizo
tadbirleri torpagin xiisusi miiqavimatlorinin qiymsti 2040 Om.m arasinda olanda basqa sozlo
nisbaton ¢ox yaxsi keciriciliya malik olan torpaglarda hayata kegcirilir. Elektrik avadanliglarinin
istismar qaydalarina osason torpaqlayict qurgularin korroziyadan miihafizosinin miimkiin totbiq
qaydalarma osason torpaqglayict qurgularin Kkorroziyadan miihafizosinin miimkiin totbiq
qaydalarindan istifado etmokls torpaglayicilarin igomo miiddatini artirmaq miimkiindiir. Mosalon
torpaqglayicinin en kasiyinin sahosini artirmaqla, osinkovalanmis poladdan istifado etmoklo vo
beton 6ziillordon istifado olunmasi vasitosilo hoyata kegirmok miimkiindiir [1-6].

Normativ senadlorde hamginin bu mosolonin tam halline timumilikde aydinliq gotiro bilmir.
Buna asason homin miihafizs iisullarina ayriligda baxmaga iistiinliikk verdik. Bu mosalonin halli ilo
masgul olan miitoxassislor aktiv miihafizs iisullarindan, masalon katod miihafizs tisulundan istifado
etmoklo torpaq korroziyasinda miihafize iiciin, paylayict qurgularin, hava xatlorinin dayaqlarini
korroziyadan miihafizosindon istifado olunmasini toklif edirlor.

* Azorbaycan Dovlot Neft vo Senaye Universiteti
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Giic kabel xatlorinin digor yeralti avadanhiqlarla miihafizasinin xiisusiyyatlori

Toqdim olunmus mogalonin mogsadi glic kabel xotlorinin digor yeralti avadanliglarla
miihafizasinin xiisusiyyastlorinin analizi asason 110 kV kabel xatlori liclin miithafizo ndviinii se¢ib
osaslandirmaqdan ibaratdir.

Metodologiya. Katod miihafizo iisulu osason bahali vo mosul metallik elementlorin
korroziyadan miihafizoesindo istifado olunur. Mosalon miixtolif miirokkob texnoloji proseslordo
istifado olunan xiisusi yerdon hidroezolyasiyali su su borularinda, kabel xatlorindo, su ¢onlorindo,
vo 1. a basqa qurgularda korroziyadan qorunmagq Tgiin istifado olunur. Bundan forqli olaraq
hidroizolyasiyas: olmaya vo bdyiik sahoni ohato edon saxolonmis torpaqlayicilarin miihafizosi
nisbaton ¢ox bdyiik enerji tolob edir, bu sorto géro katod miihafizosinin moagsadouygunlugu toyin
olunmalidir.

Paylayici1 qurgularin torpaqglayicilarinin katod miihafizasi holo ki asaslandirilmayib, bels ki,
kegiriciliyi bdyiik olan torpaqda torpaqglayicilarin miigavimoti norma haddindo olmasi {igiin
iimumilikds saquli istigamata torpaga vurulmus 5-10 elekrod vasitasilo yerina yetirilo bilor. Ancaq
bu ndqtodo hom ildirim otiironlorin vo hom do bosaldicilarin cubuqglarda torpaqlayicilarin da
birlogsmolidir. Saquli yera vurulmus polad c¢ubuglarda potensialin borabor paylanmasini tomin
etmok {igiin xiisusi polad setkalarindan istifads edilir. Homin ¢ubuglar tam korroziyaya moruz qalsa
belo onun normal igino monfi tasir etmir. Belo setkalarin katod miihafizosinin, tobii torpaqlama
milgavimotini do nozora almagla biitlin torpaqlayicilarin tam miigavimotino barabar olan anod
torpaqlayicilarinin yaradilmasini tolob edir. Ele bu mogsad onun {i¢iindiir ki, homin torpagqlamalari
poladdan diizoldondo katod corayanlarinin anod torpaqlayicilarina axini zamani korroziya norma
haddinds olsun. agor anod torpaqlayicilart xiisusi materialdan qrafitdon hazirlanibsa onun doyari
katod miihafizesina sorf olunan enerjinin doyarinden ¢ox olacaq. Bu deyilondon belo ¢ixir ki, on
asas masals torpaqglayict qurgularin dayari, korroziyadan miihafizenin deyerindon ¢ox olacaq. Odur
ki, korroziyadan miihafizonin on somarali iisulu passiv iisullardir. ©On diizglin tisul poladdan
prufilinin va en kasiyinin se¢ilmasi, verilmis miiddoto goro se¢ilmasidir. Dayaqlarin fundamentinin
korroziyadan miihafizosi tiglin xiisusi todqiqatlara osaslanmis eyni cinsli torpagin sopilmosi vo
metal elementlorinin minimal uzunlugu va. s olmalidir. Bu tadbirlor praktiki olaraq dayaqlarin
torpaqlanmasi {i¢iin fundamentin tobii kegiriciliyini nozors alinmasini tamamilo inkar edir. Belo ki,
dayaqlar tglin torpaglama dairovi diametri Kkorroziyanin siirotini nozoro almagla 20-30 ilo
hesablanmis torpaqlayicilardan istifado edilmosi toklif olunur. Istismar gaydalari imkan verir ki,
tobii torpaqlayict {igiin elektrik kegiriciliyi olan betonlar (betel) istifado edilsin. Bu materialdan
asasan boyiik hacmi miigavimato malik olan torpaqlarda suntlayici rezistorlar kimi istifado etmok
ticiin suntlayici rezistorlar kimi hava agarlarini agiciliq qabiliyyetini artirmaq tiglin generatorlarin
otalotini sondiirmok ti¢iin yiik miigavimatlori ballast miiqavimat kimi istifado olunur.

Ancaq bu material hazirlayanlar onun totbiq sahasini artirmagq li¢iin torpaqlayici qurgularda da
istifado etmok istoyirlor. Bunun ii¢iin iki osas istiqgamotds torpaqlayict qurgularda osas element kimi
(elektrodlar, birlogdirici miistovilor va. s) basqa funksiyalar dasimirsa hotta domir-beton
momulatlar kimi istifado oluna bilor [3].

Birinci halda betilin totbiqi sadoco olaraq torpaqglayict qurgularda polad materiallarin onlarin
elektriki xiisusiyyatlorini pozmadan torpaq korroziyadan qorumagqdir.

Tadqiqatlar gostarir ki, poladdan hazirlanmis vo diametri lazimi islomo miiddatine hesablanmig
torpaqlayict qurgulara nisboton bu iisulun iqtisadi effektivliyinin olmamasidir. Belo ki, betel
miigavimatinin hazirlanmasinin miirokkabliyi, onlarin 6lgiilorinin mohdudiyyatliyi, 6z aralarinda
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bir birlosmo texnologiyasinin olmamasi bu lisulun adi torpaglayici qurgulardan baha olmasina
sobab olur.

Ikinci halda betelin totbiqi imkan verir ki, domir-beton konstruksiyalarin tobii kegiriciliyindon
istifado etmoklo onlar1 xiisusi korreziya xiisusiyyatli torpaqglarda istifads edilmasini tomin edir.

Bazi hallarda betel torpaqlayicilart hava xattlorinin fundamentlorinin va ya dayaqlarini istismar
gaydalarina asason karreziyadan miihafizo olunan hissolorinds istifads olunur, ancaq bu hallarda bir
¢ox texnoloji problemlari hall etmok lazimdir. Masalon nomliyin hopmasina garst dozumlii olan vo
0z aralarinda birlogmis beton armaturlardan va betel elementlarindon istifads etmok lazimdir.

Torpaglayici qurgularin yer altinda olan hissasinds os¢inkovlanmig poladdan istifado edilmosi
bir ¢ox todqgiqatlarda mogsodydnlii olmamasini gostormisdir. Bunu onunla olagolondirirlor ki,
qalvanik oslags sobobindon miihafizo olunmayan polad sahalar, sinklo miihafizo olunan armaturlarin
korroziyaya ugramasi cohotdon ¢ox siddotli gedir. Elo bu sobobdon do yer altinda olan
torpaqlayicilarda sink yoxdursa onlar1 xiisusi qaynaq aparatlar1 vasitasilo birlosdirmak lazimdir.

Elektrik stansiyalarinin vo nohong yarimstansiyalarin yerlosdiyi saholorde yeralti energetik
qurgularinin, yeralti istilik otiiron borularin neft vo qaz borularinin, su borularinin, domir-beton
fundamentlarinin torpaqlayict qurgularinin korroziyadan miihafizasi praktiki olaraq birgs miihafizo
olunmalidir. Biitiin yeralti texnoloji qurgular baxmayaraq ki, onlar hidrolizasiya ilo tomin olunub
va ya digor Usullar ilo onlar 6z aralarinda hom do torpaqlayici qurgular arasinda elektriki alago var.
Belo ki, elektrik miihorriklorinin intiqallari, giic kabel xattlorinin vo nozarot kabel xottlorinin
elektronlar1 arasinda elektriki alago var. Belo birgo miihafizonin miirokkobliyi hor seydon ovval
miihafizodo istirak edon miixtolif elementlorin olmasidir, ¢iinki hor bir element liclin miixtolif
miihafizonin tolob etmasidir (kabellor iiglin bron vo aliminium vo qurgusun ortiiklori, turboborular
liclin iso miixtolif materiallar). Ancaq stansiyadan vo yarimstansiyadan ¢ixan yiiksok gorginlik
kabel xotlori, turboborularin elektriki izolyasiyasi boazi hallarda orazinin ¢ixisinda izolsedici
sonluqglar qoyulmalidir. ©n ¢ox praktiki maraq yag ilo doldurulmus yiiksok vo algaq tozyiqli 110kv-
luq vo yiiksok gorginlikli kabel xatloridir, hansilari tiglin biitiin trassa boyunca katod miihafizosi
tolob olunur.

Stansiyalarin vo yarimstansiyalarin paylayict qurulusuna daxil kabel xotlorini {ist Ortiiyliniin
mithafizoys ehtiyaci varsa onu hokmon torpaqlayici qurguya istismar tohliikesizlik ndqteyi-
nazardon birlosdirmolidir. Horgond ki, torpaqlayicinin 6ziinlin miihafizoys ehtiyaci olmasa belod
onlar kabelin miihafizo zonasina diisiirlor, ¢linki homin qurgular katod miihafizo stansiyasindan
coxlu azmis caoroyanlar sovururlar. Bels ki, paylayict qurgunun 6z miigqavimati kabelin imumi
sizma corayaninin miiqavimotindon azdir. Oksino tohliikesizlik ndqteyi nozordon katod
miithafizosinin effektivliyini artirmaq ti¢lin miihafizo olunan kabel ilo torpaqglayict qurgu arasinda
miiqavimaoti artirmaq masaloni ¢otinlosdirir vo halo ki, koordinal halli yoxdur.

Bu problemin halli iiglin otrafli molumat [2-4, 7-9]-da verilib, burada hall olunan mosslonin
mogzi kabelin ortiiyii ilo torpaqlayict qurgu arasinda qarsiliql paralel qosulmus diod ventillorindon
ibaratdir. Ancaq bu sorti nozore almaq lazimdir ki, proses zamani kabelin Ortiiylinde miihafizo
potensiali diodun isloma potensialindan ¢ox olmasin. Giic kabel xattinin katod miihafizosini sxemi
sakil 1-da verilmisdir.

AT- anod torpaqlayicisi; IGM- idars olunan coroyan monbayi; IB-idaraetmo bloku; K-kabel
xotti; SR-suntlama rezistoru; L-ekranin induktivliyi; ©1CM-slava idareetmo corayan manbayi; TQ-
torpaqlayici qurgu.
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Giic kabel xatlorinin digor yeralti avadanhiqlarla miihafizasinin xiisusiyyatlori

AT- anod torpaglayici

. ) ICM - idaraolunan corayan monbayi
IGM Is IB - Idaroetmo bloku

K- Kabel xotti

SR - suntlama rezistoru

L — ekranm induktivliyi

BICM - slavo idareetms corayan monbayi
. x L TQ — torpaqglayict qurgu
[ VW
/N7
TQ
=
Sakil 1. Giic kabel xattinin katod miihafizo qurgusunun birlosma sxemi.
a) b)
E
EkS R ks R l
R l l AT R
o
Rar T R f Lyr l
I I RT
K | '
_ Lir
Eks R K GD
Rl ¢ \ E=Uj
AT -— -
Ix Iy

Sakil 2. Katod miihafizasinin uygun elektriki sxemi:

a) ilkin sxem; b) alava miiqavimat nazara almaqla hesabat sxemi (Rs — suntun miiqavimati); c) hesabat sxemi

Burada R, - anod torpaglamanin miiqavimoti; Ejs — katod stansiyasinn EH.Q; I —
kabelin miihafiza caroyani; R, - toyin etmak ti¢lin qabul edak ki,

Burada I, - anod torpaglanmasimin corayani.
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1.O. Hiiseynova

Baxilan sxemloar {i¢iin sorf olunan giic:

R, +R R
Sq =202 ——F =251+

Rt'Rk Rt
R..R,-R R
S =2U2-M=ZS (1 + k
b ° R.(R; +R,) e ( Rt+Ra)
2R, + Ry Ry
5,,=2U§-2I;(—_R=25k-(1+R—)
9 9

Burada R; — torpaglanma qurgusunun miigavimati; Ry — kabelin miigavimati; R, - rezistorun
miigavimati (2-ci sokls bax).
Ug
S k = R_
k

Sorf olunan giic miihafizo potensiali-UZ altinda olan sxemin kegiriciliyino miitonasib
olacaq.

Ry~ kabelin giris miigavimatidir, bu miigavimot kabelin torpaqlanmayan sonluga giron
yerdon hesablanir. Bu noqtade potensial - U2 6zu do kabelin miihafizo dorocosini tomin edon
potensialdir.

Sokil 1-do gostorilon kabel xottinin miihafizo sxemas: 110 kv-luq vo yiiksok gorginlikli
kabel xatlorinds istismar ndqteyi-nazardon ¢ox sarfalidir.

Olavo rezistor suntu iiciin (Rx = R, olduqda) slave miigavimatin qiymatindon asili olaraq
sarf olunan giiciin asililiq qrafiki sokil 3-do gdstorilmisdir.

S/Sk A
3
5 \ /S, Sa
4
3
\\
2 \
1 \\\
o —

(=]
—_
[\

3 4 5 So /Stor

Sakil 3. Olava miiqavimatin qiymoatindan asili olaraq sarf olunan giiciin asililigq

Sokil 3-don goriindiiyii kimi torpaqlayici qurgunun miigavimati miihafizo olunan obyektin
miigavimotindon nozors carpacaq dorocods az olanda kabelin katod miihafizosinin energetik
effektini artirmaq Ui¢iin kabelin ekranini torpaqlayici qurgunun miigavimatini enerji tolob etmoyon
passiv element vasitosi ilo birlogdirilmolidir.
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Giic kabel xatlorinin digor yeralti avadanhiqlarla miihafizasinin xiisusiyyatlori

Naticolor. Cox aktiv aqressiv torpaq zonasinda katod korroziyasindan miihafizo {igiin passiv
miihafizs tisullarindan istifads etmoak lazimdir. Aktiv katod miihafizosindon tozs layihs olunan hava
xatlorinin torpaqlayici qurgularinda yarimstansiya torpaqlayicilarinda istifade etmok moqsadyonlii
deyil. Praktiki cohatdon 110 Kv-luq vo daha yiiksok gorginlikli yagla doldurulmus kabel xatlorindo
iist Ortiiyliniin miihafizaya ehtiyaci olarsa onu hokmaon torpaqlayiciya qogmaq lazimdir.
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OCOBEHHOCTH 3AIMTHI CHJIOBBIX KABEJBLHBIX JUHUHN U IMTOJI3EMHOI'O OBOPYJIOBAHMUSI
N.A. TYCEMHOBA

IIpoananu3npoBaHbl OCOOECHHOCTH CHJIOBBIX KaOEIBHBIX JIMHHMI OdJEKTporepenad, KOTOphIE HMEIOT 3HAYUTENbHYIO
MIPOTSDKEHHOCTD U MOJIBEPralOTCs MOBPEKACHHUAM OOJIBINE, YeM JPYTHe THIIBI MIEKTpHIecKoro obopynoBanus. Ocobo oTMmeye-
Ha BaXHOCTH 3AIUTHBIX MEPONPHATHH B OTHOIICHHH HOA3EMHBIX KaOCNbHBIX JIMHUH, KOTOPBIE IIOIBEPraroTCsl Pa3InuHBIM
TUIAM MOBPEXAEHUH (OCaIKH, MOA3EMHBIE M CTOYHBIE BOZIBI, KOPPO3HOHHAs aKTHBHOCTH II0OYB, KOPpPO3Wsi 000JIOYEK,
3arpsA3HEHUE M30JSITOPOB M T.11.). PaccMOTpeHBI pa3uyuHbIe THITBI 3aIUTHBIX TEXHOJOTHH, CpeIH KOTOPBIX Hanbosee mpeo-
YTHUTEJILHOH siBIIsieTcs KaToAHas. CoriacHoO NPUBEICHHBIM JaHHBIM PEKOMEHIyeTCsl IPOBOAUTH 00s3aTenbHOe 3a3emiuenue 110
KB-HBIX KaOeNbHBIX JIMHHAH.

Knrwuesvie cnosa: oJ1eKmpu4eckoe 060py006anue, cunogule Kabenvhvie JUHUUU, KamooHas 3awyuma, 3aszemiieHue.

PECULIARITIES OF PROTECTION OF POWER CABLE LINES AND LATE EQUIPMENT
I.LA. HUSEYNOVA

Features of power cable power lines that are of considerable length and are damaged more than other types of electrical
equipment are analyzed. The importance of protective measures for underground cable lines, which are subjected to various
types of damage (sediments, underground and waste water, corrosion activity of soils, corrosion of shells, contamination of
insulators, etc.) is especially noted. Various types of protective technologies are considered, among which the cathode is the
most preferable. According to the data given, it is recommended to conduct mandatory earthing of 110 kV cable lines.

Keywords: electrical equipment; Power cable lines; Cathodic protection; Grounding.
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BJIUAHUE CUCTEMBI MEHEJIDKMEHTA KAYECTBA
HA YPOBEHD YCJIYI B COEPE I'PY30BbIX ABUAIIEPEBO30OK

A.A. TACBIMOB’

PaccmoTpeHa npo6ieMa BHEAPEHUST U Pa3BUTHSI CUCTEMbl MCHEDKMEHTA Ka4eCTBa B IPY30BbIX aBHA-
kommanusax. Ha ocHoBe TpeboBanuii Mexxaynapoanoro Crarmapra ISO 9001:2015 chopmynmupoBans! oc-
HOBHBIE 33J[a4M aBHATIEPEBO3YMKOB IPU BHEIPEHHUU B IMPAKTUYECKYIO JAEATEIBHOCTh NPUHIIUIIOB MEHEIK-
MEHTa U KPUTEPHEB KauecTBa MUPOBOTO YPOBHSI.

Knwoueswie cnosa:  zpysosvie aguanepegosku, CUCmemMa MeHeONCMeHMA Kauecmed, YCuyeu,
cmanoapmol, IhGexmusHocmy YnpasieHus, npoyeccHvlil NOOX00.

BBenenme. Ha cerogusiiHuii 1eHb OJHUM M3 OCHOBHBIX BUAOB ASSITEIbHOCTH aBUAKOMIIAHUI
SIBJISIFOTCSI TPY30BBIC aBUANIEPEBO3KH. Y YUTHIBASI TEHACHIINIO Pa3BUTHS MEKyHAPOIHON aBHAINH U
JUHAMHUKY SKOHOMUYECKOW CUTyalMd BO BCEM MHUpPE, IPUOPUTETOM OCHOBHBIX 3a/lad KOMIIAHUI
(OCYIIECTBISIONUX TPY30BBIE ABHATIEPEBO3KH) OMPENETISIOTCS, MPEXkIAEC BCErO, BHICOKUM YPOBHEM
YIOBJIETBOPEHHOCTU 3aKa3UYMKOB U COXPAHEHUEM YPOBHSI CTaTyca cCaMOM aBHAKOMIIAHUW HA MEX-
JyHapoJHOM pbiHKe. He ManoBaXHBIM (aKTOPOM SIBJII€TCSI M TO, YTO OCHOBHOM crieln(UKOM 1aH-
HOM OTpaciy SBISIETCS MPOIECC OPTaHU3alMU U OCYIIIECTBICHUS MOJIETOB HA O€30MaCHOM YPOBHE.

Ceroansi, B yCJIIOBUSX JKECTKOW PHIHOYHOW KOHKYPEHIUH, PEIIAOIINM (PaKTOpOM JJist I0JITO-
CpO‘lHOFO HpOHBeTaHI/ISI KOMIIAHUU CTAHOBATCSA HpOIIHBIC JIOBepI/ITeJII)HLIe OTHOIIICHUS C KJIMCHTA-
mu. KadecTBeHHOE 00CTY)KUBAaHUE KIIMEHTOB - HE TOJILKO OJTHO M3 KOHKYPEHTHBIX MPEUMYIIECTB,
BO MHOTUX c(epax AeATeTLHOCTH 3TO CTajl0 €AWHCTBEHHBIM KOHKYPEHTHBIM MPEUMYIIECTBOM.
KauecTBO 00CTyXKMBaHUS - HOBBIH CTaHIAPT, IO KOTOPOMY KJIMEHTHI CYJISAT O Ka4yeCTBE MPOIyKTa
0o cepBuca.

IMocTanoBka 3anauu. [loTpeduTensM ycinyr rpy30BBIX aBHAIEpPEBO30K BCEra HEOOXOIMM
BBICOKHI YPOBEHB OTPECIIEHHBIX XapaKTEPUCTHK, KOTOPHIC yIOBIETBOPSUTH OBl UX MOTPEOHOCTH.
Ceroansi, Korja TEHJICHIIUS Pa3BUTHS BOCTPEOOBAHHBIX MHTEPECOB W OXHIAHWN MOTpEeOUTENCH
MOCTOSTHHO PACTET M M3MEHSIETCS, aBUAaKOMIIAaHUH CTAJIKUBAIOTCS C PSAIOM MpodiieM B cdepe KOoH-
KYPEHTOCIIOCOOHOCTH M MPOTPECCOM Pa3BUTHsI CaMUX KOMIaHWW. VIMEHHO ¢ 3TOil 1enbio, aBua-
KOMITAaHMH JOJKHBI pa3BUBATh U COBEPIICHCTBOBATH pabouue Mporecchl U chephbl YCIyT, KOTOPBIC
3HAYUTENHHO MOTYT IMOBJIUSTH Ha MOBBIIIIEHUE YPOBHS YJOBJIETBOPEHHOCTH M MEXaHU3M YCOBEp-
MICHCTBOBAHMS CHCTEMBI MEHEIDKMEHTA.

" HarronansHast Akazemust ABramin AsepOaiimpkana
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Bruanue cucmemvi MenedIcMeHmMa KA¥ecmaea Ha yposens YCiye 8 cgepe 2py308biX agUANepeso3ox

Hcnoab3oBanue MpoecCHOro moaxona. OOIENnpU3HAHO, YTO OCHOBHBIM HAIPaBICHUEM
YCOBEPIICHCTBOBAHUS COOTBETCTBYIOLIMX CUCTEM aBUANPEINPUATHN Ha BCEX dTamax e€ nesiTelib-
HOCTHU sIBJIAeTCSl pa3paboTka u BHenpeHne CUcTeMbl YTpaBlieHUS HAa KaY€CTBEHHOM YPOBHE WIIH
ke, Kak npuHATO €€ Ha3biBaTh «Cucrembl Menemkmenta KauectBa» (nanee CMK). Ykazannas
CUCTEeMa JIOJDKHA COOTBETCTBOBaTh TpeboBaHusM HOpM MexayHapoanoro Crangapra ISO cepun
9000. OcHOBHBIE TE3UCHI TIPOIIECCOB YIPABICHHS U PETIIAMEHTHI B 00J1aCTH MEHEDKMEHTa MEXKTy-
HapOAHBIX HOPM aBHALIMOHHOTO PEryJMpOBaHMs CChUIAOTCS Ha TpeOoBaHus cranaapra [SO-9001.
B nannom Cranmapre 3a OCHOBY B3ST HPOLIECCHBINM MOAXOJ, KOTOPBIH BKJIIOYAET B CEO0Sl LUKJI
«Ilnanupyii (Plan) — Beimoansii (Do) — Ilposepsii (Check) — Yayumaii (Act)» (PDCA -
Deming Cycle) u puck-opreHTUPOBAHHOE MbILILIEHHE.

CoBpeMeHHbII PHIHOK MEKIYHAPOIHBIX TPY30BBIX aBHAIIEPEBO30K BBHIHYKIAET aBHAIEPEBO3-
YUKOB CO3/aBaTh HOBbIE MEXAaHU3MbI IO MOJAJIEPKAHUIO U PA3BUTHUIO KauyeCTBAa OKa3bIBAEMBIX
YCIIyT, peajiu3yeMble B paMKax CUCTEMbl MEHE)KMEHTa KauecTBa. B cBO1o ouepenb, JaHHbIE MeXa-
HU3MBI 3apOKIAI0T B TOTPEOUTEISIX YBEPEHHOCTh B TOM, YTO 00S3aTEeNbCTBA, 3asBIEHHBIE CO CTO-
POHBI aBHANEPEBO3YNKA, OYAYT BBHIIIOJIHEHBI HA KAYECTBEHHOM M 0€30MacHOM YpOBHE.

C rogamu mpeicTaBlieHUE O “KayecTBE’ W YPOBHE €ro 3HAYeHHs] HEOJHOKPATHO MEHSIIOCH.
Ecnu panee mpezmonaraaocsk, 4T0 COOTBETCTBHE padOYMX MPOIECCOB MPEANMCAHHBIM CTaHAAPTaM
— SIBJISIETCS] KAYECTBOM, TO MO0 MEpEe Pa3BUTHS PHIHKA aBUAIEPEBO30K U Pa3BUTHUS Chep MapKeTHHTa
CTAJI0O OYEBHAHBIM, YTO TAKOTO MOHHMAaHHS ‘‘kKadecTBa’ He AocTarodHo. CTajao OYEBHIHO, YTO
NPEIBOCXUIICHNE TOTPEOHOCTEH MOTPEOUTENs — SIBISETCS JIyYIIMM KadeCTBOM OKa3bIBaeMbIX
yCIIyT U 3QPEKTUBHBIM CPEICTBOM MAPKETUHTA.

Haunnas ¢ 1994 (nanee B 2000, 2008) u B pe3ynsrate - B 2015 rogy Mexaynapoanoi Opra-
Hu3anuen no cragaapruzanun SO 6pu1H chopMyTUpOBaHbI KOHKPETHBIE TEPMUHBI 110 KAYECTBY U
orpeziesieHbl HOBbIE TPeOOBaHUs ISl BCEX OTpacieil 6usHeca v MpoMbiluieHHOCTH. OCHOBHOMU (o-
KyC OBLT Tak k€ HalpaBJieH Ha ONpeziesieHne TpeOOBaHUN B YAaCTH YIIPABICHHUS PUCKAMHU.

HeocriopuMbIM BBITOJHBIM U 3G (EKTUBHO-PE3yIbTATUBHBIM (DAKTOPOM JIJIsI aBUAKOMITAHHH,
BHEJpUBIIEH B cBOIO JesTenbHOCTh Cucremy Menemxmenta KauectBa, B cooTBeTCTBUU C TpebO-
BaHusMu MexayHnapogaoro Crarmapra [SO-9001:2015, sBasiroTcsi: CIOCOOHOCTH CTAOMIIBHO
oOecrieynBaTh pabodne MpOIecChl U OKa3bIBaTh YCIYTH, OTBEYAIONINE TPEOOBAaHHAM MOTpeOUTE-
JIei, CTPOro COOTBETCTBYIOIIMX 3aKOHOJATEIBHBIM M HOPMATUBHBIM PETJIAMEHTaM; COJICHCTBUE B
OTIpeIeIEHNH BO3MOXKHBIX METOJIOB M CIIOCOOOB pa3BUTHSI MPOILIECCOB, HANPABICHHBIX Ha MOBHI-
IIEHHE YPOBHS YJOBJIETBOPEHHOCTU MOTpEOHUTENEH; BO3MOXKHOCTh JEMOHCTPUPOBATH COOTBET-
CTBUE TpeOOBAaHHMSM HOPM CHCTEMBI YIIPAaBJICHHS Ha KaueCTBEHHOM YpOBHE; oOecredeHHue KOH-
TPOJISL U YNPaABICHUS PUCKAMH U BO3MOKHOCTSMH, CBSI3aHHBIX C JESATEIIBHOCTbIO CaMOil aBUaKOM-
MaHUK U CTPATErMYECKUMU 1EJIIMU Pa3BUTHS YCIYT B c(pepe rpy30BbIX aBUATIEPEBO3OK.

CucremMa MeHEKMEHTA KadecTBa JIOJDKHA BBIMOJHATH PAJ BaXHBIX (PYHKIHIA, CrIOCOOCTBY-
IONIMX JOCTIKEHHIO TaKHUX Iieyieil Ou3Heca, Kak ompeseieHne 00sS3aHHOCTEH BBICIIEr0 PYKOBO/-
CTBa, MAapKETHUHT, COBIT, JIFOJICKHE PECYpChl, yIpaBiIeHHe 000pyJ0BaHUEM, paclipeieeHue, (PruHaH-
CBI, JTFOOBIE IpyTHe (PyHKINH, CIIOCOOCTBYIOIINE JOCTIKEHUIO TeJIel On3Heca.

IpakTuka BHeapennss CMK Ha apuanpeanpusitum. CrucreMa yrpaBiIeHUs HA KaueCTBEH-
HOM YPOBHE B aBHAaKOMITAHHUAX BKIIIOYACT B CeOsl: CTpATETHMYECKOe IUIaHUPOBAHUE M Pa3padOTKY,
JIOKYMEHTUPOBAHUE, a TAKXKe IPUMEHEHHE IIPOLIECCOB B PaMKaX aBUAIPEIIPUATHS.
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A.A. I'aceimos

CdopmynupoBannsie B crannaprax [SO cepun 9000 nmpuHIMIBI MEHEHKMEHTA M KPUTEPUHU
KayecTBa BOOpanu B ce0s1 OCHOBHOM OIBIT MHPOBOI'O COOOILECTBA MO CO3/JaHHI0 KOHKYPEHTOCIIO-
cobHoro 6usHeca. OCHOBHBIMH 3ajlauyaMM JIaHHBIX NPUHLUIIOB IPU BHEAPEHUU B MPAKTHUYECKYIO
JIeSITENIbHOCTh aBUAIIEPEBO3UNKOB SIBIISIOTCS:

1. Yay4meHnue NOHMMAHMSA NOTPEOHOCTEH M 0KMIAHUS 3aMHTEPECOBAHHBIX CTOPOH.

B nanHOM cryyae aBHaKOMITAaHHMHM HEOOXOIUMO ONPEICTUTh BHEIIHHE U BHYTpEHHHE (aKTo-
PBl, UIMEIOIIME OTHOUIEHHE K €€ LIeJIN U CTPaTerHuecKoMy pa3BUTHIO. J[aHHBIE IPOIECChl JOCTUTa-
IOTCsI TTIOCPE/ICTBAM IPOLIECCOB MOHUTOPUHIA M aHAJIN3a MH(MOPMAIMK O BHYTPEHHHUX U BHEIIHUX
npooiieMax.

2. Onpenenenne 00J1acTH IPUMEHEHHUsI CHCTEMbI YIIPaBJIeHMSI.

O6nacte nmpumenenuss CMK nomkHa ObITh IPOCTON, JOCTYHNHOM M JOKyMEHTHpoBaHHOW. C
ATOM LIE€TbI0 B aBUAKOMIIAHUH JOJKHA OBITh pa3paboTaHa U BHEIPEHA CHCTEMa yIpaBlieHUs HEe00-
XOJUMBIMHU INPOLIECCAMU M MEXAHU3MOM HX B3aMMOJAEHCTBUSA. [laHHAs cUCTeMa JOJDKHA MOAJEp-
KHUBAThCS, AHATM3UPOBATHCS HA IPUMEHUMOCTD U a/IeKBATHOCTh, a TAKXKE ITOCTOSIHHO YJIy4lIaThCS.
OcHOBHBIM k€ (haKTOpOM 00JIaCTH OMpe/IeleHNs JODKHA SBISATHCS OPUEHTALUsl Ha MOTpeOuTes,
TaK Kak Jiro0ass aBHaKOMITaHUS, 3aBUCSIIAS OT HUX, JIOJDKHA ‘“OyBCTBOBATH TEKYIIHE W OyIymine
noTpeOHOCTH. VIMEHHO C 3TOH 1eIbI0 aBUANIEPEBO3UUKHU, OCYIIECTBIISAS I'PY30II€PEBO3KH, JOKHBI
CTPEMUTHCS MPEB30UTH OKUJAAHUS CBOMX KIMEHTOB.

3. YcraHoB/IeHME IOJIMTHKH.

VYcTraHOBIEHHEM HOJIUTUKU B aBUAKOMIIAHUU OIPEJENseTCs HalpaBI€HUEM pa3BUTHUSA U TEH-
JICHLIUN yCOBEPIIEHCTBOBaHUS pabounx IpoueccoB. JJaHHBIN TOKYMEHT SBISETCSA CYTBIO OIpeje-
JeHus opM, CTpaTernuecKux Lesied U 3a1a4, CTOSIMIUX Mepe]] aBHanepeBo34nkoM. Briciiee pyko-
BOJICTBO, YCTAHABJIMBAs MOJUTUKY B 00JIaCTH Ka4eCTBEHHOI'O yMpaBieHus (MU Kak e€ el Hasbl-
BatoT «llonutukoit KauectBay), myOIUYHO OmNpeesseT OCHOBHBbIE MPUOPUTETHI U LIEHHOCTHBIE
OpPHEHTAINH, KOTOPBIX KOMITaHUS OyJeT NpUACP)KUBATHCS B OTHOIIEHWH BCEX 3aWHTEPECOBAHHBIX
CTOPOH (COTPYAHUKH, TOTPEOUTENH, MOCTABIIUKU U Jp.). [omuTrka B obacTu KayecTBa J0JDKHA
COOTBETCTBOBATH IIEJISIM aBUAKOMITAHUH, BKIIOYATh 0053aTEIbCTBA COOTBETCTBOBATH TPEOOBAHUAM
u nocrossHHOMy yiydmeHnro CMK, a Taxxke peryiasipHO aHaIM3MpPOBATHCS Ha MOCTOSIHHYIO MpH-
TOZHOCTb.

4. Onpenesienne 06s13aTeJbCTB M paclpe/ie/ieHHs1 0TBeTCTBEHHOCTH U NMOJTHOMOYHIA.

Jnst 3¢ (eKTUBHOCTH YIPaBIeHUsI Ha KaYECTBEHHOM YPOBHE B KOMIIAHWU HEOOXOIUMO Ompe-
JeNUTh 00s3aTeIbCTBA U KOMIIETEHTHOCTh BCETrO IepcoHala. B 3aBUCHMMOCTH OT crenU(pHUKH U
CYLIHOCTH pabod4ero Ipolecca BBICIIMM PYKOBOACTBOM PACIpPEEIISIOTCS MOJHOMOUYUS U OTBET-
CTBEHHOCTH JIJIs1 COOTBETCTBYIOUINX AOJKHOCTHBIX MO3ULIMM.

5. BeipadoTka neJsieit B odsacTu yiayuumenuss padouux npoueccoB CMK u nianmposa-
HHMS UX JOCTH:KEHHsl, a TaK ke omnpejesieHue JAeiicTBUIi B OTHOLIEHHH PHCKOB M BO3MOKHO-
cTeil KOMIIAHHMH.

B nanHOM city4yae HEOOXOJUMO OTMETUTh O 3HAUUMOCTH CUCTEMHOTO MOJIX0a K MEHEKMEH-
Ty, KoTOpas sBisgeTcs 3 (HEKTUBHON OMOPOH i JOCTHKEHHsI TIOCTaBICHHbIX Leneil. s onpene-
nenus neneit B oonactu ynyumenuss CMK HeoOXoauMo CBOEBpEeMEHHO 00eCeunBaTh MPOIECCH
MOHHUTOPHHIA U MOCJEYIONIEr0 aHAIN3a MOJyYEHHbIX JaHHBIX 110 BCEM O0JIaCTSIM cdep JIesTelb-
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HOCTH aBHMakOMIaHuu. Llenu mo pa3BUTHIO KavyecTBa JOJDKHBI OBITh HAINIPABICHBI Ha YJIy4IICHHE
KeJlaeMbIX pe3yJIbTaToB, IPEAOTBPAIEHUE WIN YMEHbIICHNE HEXXEIaTeIbHbIX MOCIEeICTBUH U 10-
CTHKEHME IOCTOSTHHOTO YJIyUIlIeHHs. YUUThIBas CHEUU(UKY NESITEeNbHOCTU KaKIO0ro CTPYKTYPHO-
ro mojpaszeyieHusl B aBUAKOMIIAHWH, JIOJDKHBI pa3padaThIBATbCS MEPONPUSTHS MO JOCTUKEHHUIO
IIOCTABJICHHBIX I1eJIeH ¢ YYETOM BO3MOKHBIX PUCKOB M BO3MOXKHOCTEH KOMITaHUH.

6. Opranmnsanus npoueccos odecnedeHust JIOACKHMH pecypcamMu, HHPPacTPYKTypbl U
paboueii cpeasbl.

Ilepconan, BBINOJMHAIOUMM pabOTy, BIMSIONIYI0 Ha COOTBETCTBHE YCTAHOBIJIEHHBIM Tpebo-
BaHUSM, JJOJDKEH ObITh KOMIIETCHTHBIM HA OCHOBAHMU IOJYYEHHOI0 00pa30BaHUs, ONbITa paboThI,
npoQeCCHOHANBHOW TOJATOTOBKM M HEOOXOIUMBIX HaBBIKOB. MH(pacTpyKTypa M OKpy’Karomas
cpefla TaKkXKe UTPparoT He MAJIOBAXXHYIO POJIb B CHCTEME MEHEIKMEHTa KauecTBa.

7. ObecneyeHne MpPoIECCOB KOMIIETEHTHOCTH, OCBEIOMJIEHHOCTH M TpeOOBaHuUil B 00.1a-
CTH JOKYMEHTHPOBAHHOM HHopMaIMH.

Omnpenensisi KOMIIETEHTHOCTh II€pcOHaia, padoTa KOTOPOro BIHMSET Ha KadecTBO IPOM3-
BOJUTENBHOCTH U 3(dexktuBHOCTs nponeccoB CMK, BriciIee pyKOBOJACTBO JOJKHO ONPEAEIUTH
MUHMMYM KBaJH(PHUKAIIMOHHOTO YPOBHS JUISI COOTBETCTBYIOUIMX JOJDKHOCTHBIX MO3HMIUH (CM.
nyHKT 6). Jlns 3 dexkTuBHOro (GyHKIMOHUPOBAHUS CUCTEMbI MEHE/DKMEHTa KauyecTBa B aBUAKOM-
[IAaHUU, PYKOBOJACTBO JIOJDKHO ONPEAETIUTh MPOLECCHl B 00JaCTU OCBEJOMIIEHHOCTH BCETO MEPCO-
Hana:

- 0 MTOJIUTHUKE B 00JIACTH KaYecTBa,

- 0 LIeJIsIX B 00J1aCTU Ka4ecTBa U MEPOIIPUATHUH 110 UX JOCTHKEHHIO, a TaK XKe

- 0 BO3MOJKHBIX ITOCTIE/ICTBHSIX HECOOTBETCTBUS YCTaHOBIEHHBIM TpeboBanusiM CMK.

B ob6nactu obecnieueHuss TpeGOBaHUI IO JOKYMEHTHPOBAaHHON HMH(OpManu HEOOXOAMMO
OIIPEJICJIUTh CUCTEMY B JOKYMEHTAJIbHOU ()OpME B 4ACTH YIPABJICHUS:

- opsiiKa pa3paboTKU U OOHOBJICHHUS JJOKYMEHTHPOBAHHBIX MIPOLEYP,

- HACHTU(DUKAIMY U UX OMIMCAHUS,

- (hopMaTa ¥ NEPUOJUYHOCTU AHAIM3A U YTBEPXKAEHUS HA IIPUTOJHOCTD U aI€KBATHOCTb.

8. Onpenesienne TpeGoBaHMI K YCJIyramM aBHalNepeBO3OK, pPa3palOoTKM HOBBIX BH/I0B
YCJIYT, KOHTPOJIsI IPOLeCCOB H YIIPABJICHHSI HECOOTBETCTBYIOLIEH yCJIyrou.

OOecneunBasi mpolecc Irpy30BOM aBHANEpEBO3KU Ha BHICOKOKAUECTBEHHOM YPOBHE, aBUa-
KOMIIaHHsl JIOJKHA ONpPEAENIUTh YPOBEHb BO3MOXKHOCTEH M CIIOCOOHOCTEH BBINOJIHUTH COOTBET-
CTBYIOIIME TPpeOOBAaHUSAM K OKa3bIBaeMO# yciyre. B mporecce ananuza TpeOOBaHUM, MPEAbSBIsC-
MBIX K yCIIyraM aBUAalepeBO30K, ABUAKOMIIAHUS J10JKHA YUUTHIBATH!

- TpeOOBaHMsI HOPM MEXITyHAPOIHBIX M 3aKOHOJATEIbHBIX MPaBUII aBHAIIEPEBO30K, a TAKXKe,
OTIpeJIeNIEHHBIX CO CTOPOHBI MOTpeduTeNel,

- TpeOOBaHUsI HE ONpe/eNEHHbIE MOTPEOUTENEM, HO HEOOXOAUMBbIE ISl CIeHU(UUHOTO WU
IpeIHA3HaYeHHOT 0 HCI0JIb30BaHUs (IIEPEBO3Ka OMACHBIX U LIEHHBIX IPY30B, )KUBOTHBIX U T.1I.),

- TpeOOBaHUs1, ONpeIeIEHHbIC ABUAIICPEBO3UNKOM,

- TpeOOBaHUs1, yKa3aHHbIE B JOTOBOPE WM 3aKa3e, HE yKa3aHbl BBIIIIE.

[TockonbKy Ha CETOIHSIIHUNA JIeHb KauYeCTBEHHBIN cepBUC sBIsIETCS 3()()EKTUBHBIM UHCTPY-
MEHTOM IIpoliecca MAapKeTHHIa, TO OH O0ECHeYrBaeT YCTOHUMBOE KOHKYPEHTHOE MPEHMYILECTBO
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Ha MEXKAyHApOJHOM DBbIHKE. 3a4acTyl0, 3TO €IMHCTBEHHOE KOHKYPEHTHOE NPEUMYILECTBO, KOTO-
poe ecTh y aBHAalNepeBO3YMKOB, pabOTaIOMIKX B chepe Ipy30BbIX aBHANEPEBO30K, I'71€ MHOXKECTBO
KOMIIaHUI IIpeyIaraer, 1o CyTu, OAMHAKOBBIC YCIYTH B JAaHHOM OTpaciy.

OIHMM M3 OCHOBHBIX IPUHIIMIIOB CUCTEMBI YNPABJIECHUS Ha Kau€CTBEHHOM YPOBHE B aBHa-
KOMITAaHUSIX SIBJIETCS MPOLECC YIPABIEHUS HECOOTBETCTBYIOLIEH YCIYyrol M WMHBIX HECOOTBET-
CTBMM, BIMSIOIUX HA KAUE€CTBO OKa3bIBAEMBIX yciyr. JlaHHas yciryra AoKHA ObITh MIECHTU(DUIM-
pOBaHa U yNpaBIATHCS, C LIE€IbIO HE JOMYIIEHHs U NMPEJOTBPAILEHUs e€ B MOCIeAYIOIEeH esTeNb-
HOCTH KOMIIAaHMU. YIpaBJI€HHE, OTBETCTBEHHOCTb U MOJHOMOYMS 110 JAHHOMY HaIpaBIICHUIO
JIOJKHBI OBITH OTIpeJieNIeHbl JOKYMEHTHPOBAHHON POy POH.

9. BeipaGoTka MexaHM3Ma NPOLECCOB MOHHUTOPHHIA, W3MEPEHHUs, AHAJIN3a H OLECHKHU
(BKJIIOUAS OTIpe/iesiIeHUs] YPOBHS Y/I0BJIE€TBOPEHHOCTH NMOTPeduTEN€i).

[TpuHATO CUUTATh, YTO U3MEPEHUE, MOHUTOPHHT, OLEHKA U MOCIEAYIOIUe IEHCTBUSA 110 T10-
JTy4eHHON MH(OPMAIUH SBISIOTCS OCHOBHBIMU criocobamu obecrieuenus Toro, uro CMK pabGoraer
Ha JIOJDKHOM YPOBHE U BBINOJHSIET TPeOOBaHUE 110 MOCTOSIHHOMY YJIyUIIEHUIO. Y UUThIBAs CIIELU-
(GUKy OesTeJbHOCTH aBHAaKOMIAHUH, OCYIIECTBISIONIMX CBOIO AEATEIBHOCTH B COOTBETCTBUH C
TpeOOBaHUSAMU MEXIYHAPOIHBIX U 3aKOHOJATENIbHBIX HOPM aBHAIIMOHHBIX MPABUII, IPOLECCHI MO-
HUTOPUHTOB U BHEIIHUX ayJUTOB 00ECIEUNBAIOTCS HA PETyJIIPHOM OCHOBE KaK CO CTOPOHBI HaIH-
OHAJIbHBIX aBHALIMOHHBIX BJIACTEH TaK U MEXAyHAPOJHBIX aBUALIMOHHBIX opraHuzanuid. C 1ensio
HOBBIIIEHHS] YPOBHS CHCTEMbl MEHEIXKMEHTAa aBUAaKOMIIAHUS JOJDKHA pa3paboTaTh BHYTPEHHIOIO
CHCTEMY MOHUTOPUHIOB. JlaHHbIE METO/bI JOIKHBI IEMOHCTPUPOBATH CIIOCOOHOCTH PabovuX Mpo-
neccoB CMK nocTuub 3arulaHUpOBaHHBIX pe3ysbTaToB. OIHUM M3 OCHOBHBIX U 3((EKTHBHBIX
BUJIOB IIpOllecCa MOHUTOPUHIA PAcCMATPUBAETCSl BHYTPEHHUH ayJIuT, CIIOCOOCTBYIOIIUI BhISBIIE-
HHIO U OIIEHKE PUCKOB U BBIpaOOTKE MEPONPUSATHI, HAIIPABIEHHbIX HA CHI)KEHHE PUCKOB U IOBbI-
meHue 3pPeKTUBHOCTH paboUKX MpoLeccoB. Briciiee pykoBOACTBO AOJIKHO ONPENETUTh HOPSJOK
IUITAHUPOBAHUS U MPOBEJCHUS BHYTPEHHUX ayJUTOB B YCTAHOBJICHHBIE CPOKH, OCYIIECTBIISIEMBIX C
y4€TOM TEKYILEro COCTOSIHUSA U BaXKHOCTH IPOBEPSAEMBIX IPOLIECCOB U chep NesITeIbHOCTH, a TaK
e Pe3yJIbTaTOB MPEAbIIYIINX ayJUTOPCKUX NMpoBepok. HeoOxonumo onpenenuTs KpUTepuu, 00-
7acTh MPUMEHEHHUS, YaCTOTY TPOBEAEHHS M METO/bl BHYTPEHHUX ayauToB. HemanoBakHbIM (ax-
TOPOM SIBJII€TCSI BEIOOp U MOATOTOBKA ayJUTOPOB, JESITEIbHOCTh KOTOPBIX JOJKHA 0OecreunBarTh
00BEKTUBHOCTD, 3(P(PEKTUBHOCTL U HE3ABHUCUMOCTH Ipoliecca ayaura. [lonyuennas unpopmanus B
XO/ie BHYTPEHHErO ayJauTa sBJISETCS 3HAYMMBIM CPEJICTBOM YIPABICHUS B OOJACTH YIIPaBICHUS
HECOOTBETCTBUSAMMU U ONpeeNICHUs Lienel 1o pa3BuTHio npoueccos CMK.

He menee 3ppeKTUBHBIM METOZOM U3MEpPEHHSI OLIEHKH paboThl CUCTEMbI MEHEIXKMEHTA Kaue-
CTBa SIBJISIETCS M3ydeHUe UHPOopMaLuu o0 yA0BJIETBOPEHHOCTU NOTPEOUTENIEM YPOBHIO OKa3bIBae-
MBIX YCIYT CO CTOPOHBI aBHarnepeBo3duka. [1oaHbINH U BceCTOpOHHMN aHAMU3 HHPOPMALUU O BOC-
HPUATUN MOTPEOUTENIEM YAOBIETBOPEHHOCTH BBINOJHEHUS OXHIAEMBIX YCIyT M BO3MOXKHOCTb
INPUMEHEHUS MPEUIOKEHHBIX MU PEKOMEHAALMI MO YIy4YIIeHUIO NpeICTaBIsieT aBUaKOMIIaHUU
IPEKPACHYI0 BO3MOXKHOCTb Pa3BHBATh CIEKTP OKA3aHHBIX YCIyI U MOBBIIATh YPOBEHb ABUAKOM-

INaHWKU Ha MEKAYHAPOAHOM PBIHKC.
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10. IocTosiHHOE yayUYllIeHUE.

[TocTosiHHOE yITydIIeHUE NeSTEIFHOCTH aBUAKOMITAHUH B IIEJIOM CJIEIYeT PaccCMaTpUBaTh Kak
ee HeM3MeHHYI0 1enb. OCHOBHOM mporecc (OpMHUPOBaHUS cTpaTeruu pasButus npoueccoB CMK,
paccMaTprBaeMbIX Kak IeJTU M0 KayecTBY, 3aBUCHUT OT 3(h()eKTUBHOCTH aHAJIHM3a IPOLIECCOB CUCTE-
MBbl YIPaBJIEHUS CO CTOPOHBI BBICIIEIO PYKOBOJCTBA. Bpiciiee pyKOBOACTBO aBHANPEANPHUATHS
JIOJDKHO IPOBOJUTH AHAJINM3 CHUCTEMbl MEHE/KMEHTa KauecTBa uepe3 3alUIaHUpOBaHHBIE IMTpOMe-
KYTKHA BPEMEHU Il TOrO, YTOObI yOEIUThCS B MOCTOSHHOM COOTBETCTBUH, a/IeKBATHOCTH U pe-
3yabTatuBHOCTH CMK.

Cucrema Menemxkmenta KauectBa mpencraBnser co0oil HamaKeHHBIH MeXaHHM3M pabounx
IPOIIECCOB, MIPH NMPABHILHOM B3aUMOJICHCTBUU KOTOPBIX ONPEEIISETCS YPOBEHb pe3yibTara Kade-
CTBEHHOM paboTHI Ha BCeX dTanax (GyHKIHOHUPOBAHMS JEATEIbHOCTH aBUaKOMIAaHUU. D HEeKTHB-
HO BHEJIPEHHAsl CHCTEMa YIpaBJIeHHs Ha KaueCTBEHHOM YpPOBHE, 00eclieuHBaeT yBEpEHHOCTb, B
TOM, YTO OpPraHU3alUsl CIIOCOOHA MPENIOCTABIATh COOTBETCTBYIOLINE YCIYTH, OJHOCTBIO OTBEYa-
IOIIMe TPeOOBAaHUSIM OTOBOPEHHBIX COTJIAIICHH, YPOBHIO KayecTBa OKa3bIBAEMBIX YCIYT, CBOE-
BPEMEHHYIO OpraHu3aluio 00bEMa paboT 3a yCTaHOBICHHBIN MEPHO/ BPEMEHH NPH MUHUMAIIbHOU
3arpare HeMpeIBUICHHBIX PACXO0B.

Benymmuit 6putanckuii xypHan «Flight International» B ogHO#M U3 cBOMX MyOJMKalMu OTMe-
TWI: «...B HaleMm opueHTHPOBaHHOM Ha CEpPBUC OOIIECTBE, KAUECTBO OOCTYKUBAHUS CTAJIO ropas-
70 Oosee BaXXKHbIM (PaKTOPOM ycliexa KOMIAHMU. Te KOMIIAaHUH, KOTOpble MIYT MO IMyTHU COBEp-
IICHCTBOBAHMS CBOETO CEpBHUCA, MOIyYar0T HECOMHEHHOE KOHKYPEHTHOE MPEeUMYIIECTBO HaJl Te-
MU, KTO B TOM OTCTaeT».

3akmovenue. VccinenoBanusi MoKa3pIBalOT, YTO HA CETOAHSANIHUN JI€Hb, OJHA W3 TJIABHBIX
npo0JIeM 3aKII0YaeTcsi B TOM, YTO MEHEKEPhI He JKeIaloT paccMaTpuBaTh 0OCITyKUBaHUE KIIMEH-
TOB KaK MapKETHHIOBYIO CTpaTeruio. MHOIrMe CKJIOHHBI CUUTATh €r0 YeM-TO BPOJIe MOCIEPOAaXK-
HOT0 00CTy’KMBaHUS, OTHOCSILErOCsl K COBEPIICHHON clelke, a He K OyaymmM npogaxam. Ho uc-
CJICZIOBAaHMSI TIOKA3bIBAIOT, UTO IS MHOTUX KOMITAaHHMH TOBBIIICHHE KAYeCTBAa CEPBUCA CTAHOBHUTCS
6omee 3(GEKTUBHBIM MHCTPYMEHTOM YBEIWYCHHUsI 00BbeMa MPOJaK U MPHOBUIM, YeM MapKETHHT,
NPOJIBIKEHUE WIIM XKe MPOCTO cama pekjaMa. B KoMnaHusx, rje B COOTBETCTBUHU C TPeOOBAHUSIMU
YCTQHOBJICHHBIX HOPM CHUCTEMbI KQUE€CTBEHHOT'O YIPABJICHUS pa3pabOTaHbl aHAIM3UPYEMbIE LIETH
1o paboTe ¢ KJIMEHTaMH — Mocieyromas eé 1esTeIbHOCTh NPUHOCUT MPUOBUIb U ONpeseNseT co-
OTBETCTBYIOIIMI YpOBEHb aBUAKOMIIAHMM HAa MEXIYHAPOJIHOM DPBIHKE IPY30BBIX aBHAIEpPEBO30K.
[Monmasnsromee OONBIIMHCTBO aBUANEPEBO3YHKOB HCIIONB3YEeT CBOM COOCTBEHHBIE TapU(bI, Kak
NpaBUIIo, OTIIMYAoNecs OT opunuaabHbIX Tapugos, ykazanusle B TACT (The Air Cargo Tariff).
TonbKO T€ KOMITAaHUH, KOTOPBIM YJAJIOCh OJIarOnpusTHO pa3paboTaTh, BHEIPUTH, TOAJICPKHUBATH U
pa3BUBaTh CHUCTEMY MEHEPKMEHTa KadecTBa, CHOCOOHBI OCYLIECTBISATh KaueCTBEHHBIC YCIYTH B
cdepe aBHanepeBO30K, onpeaessis 0ojee HU3KUN Tapud Ha Ipy30Bble aBUANEPEBO3KH, IIPU 3TOM,

COXpaHsiia KOHKypeHTOCHOCO6HBII‘/JI YPOBCHb Ha MEKAYHAPOAHOM PBIHKC.
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YUK AVIADASIMALARIN SAHOSINDO KEYFiYYOT MENECMENTI SiSTEMININ
XiDMOT SOVIiYYOSINO TOSIiRi

A.A. QASIMOV

Yiik aviasirkatlords keyfiyyat menecmenti sisteminin totbiqi ve inkisafi problemlorine baxilmisdir. Beynolxalq Standart
ISO 9001:2015 toloblorine asasen menecmentin prinsiplorinin vo diinya saviyyali keyfiyyst meyarlarinin tocriibi foaliyysto
totbiqi zamani aviadastyicilarin asas vazifalori miiayyen edilmisdir.
Acar sizlar: yiik aviadasimalari, keyfiyyat menecmenti sistem, xidmoatlar, standartlar, idaraetmanin samaraliliyi, sistem
yanasma.
IMPACT OF QA SYSTEM ON SERVICE LEVEL OF AIR CARGO
A.A. GASUMOV
The problem of implementation and development of Quality Management Systems in the field of air cargo is considered.
The main tasks of air carrier when implementing principles of management and quality criteria based on requirements of

international standard ISO 9001:2015 in practical activities are formulated.

Keywords: cargo air transportation, Quality Management Systems, services, management effectiveness, process
approach.
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AZORBAYCANDA ELEKTRON TiCAROTIN TOSKILININ
HUQUQI VO TEXNIKI MOSOLOLORI

R.N. NURBLIYEVA®

Magqalads elektron ticaratin yaranmasi, onun togkili, program tominatindan, inkisaf dinamikasindan, eyni
zamanda elektron ticarat haqqinda Azasrbaycan Respublikasinin ganunu vo imumi miiddealarindan bohs edilir.
Miollif mogalodo miiasir dovrds kompiiter texnologiyalarmin tokmillogdirilmasi, elektron ticarstin inkisafini
aciqlayir.

Acar sozlor:  elektron ticarat, program tominati, hiiquqi tonzimlamo, internet texnologiyalar.

Giris. Qeyd etmok lazimdir ki, oOlkodo miasir informasiya vo kommunikasiya
texnologiyalart infrastrukturunun inkisaf etdirilmasi, dovlot idaragiliyinin biitiin sahalorilo yanasi
elektron ticaratin siiratli inkisafina da zomin yaradir. Buna goro do, Azorbaycan qanunvericiliying
osason elektron ticaratin togkil edilmasi {iciin dovlot soviyyasindo todbirlorin hoyata kecirilmosi
vacib masalolordon biridir.

Miiasir dovrde kompiiter texnologiyalarinin tokmillosdirilmasi elektron ticaratin inkisafina
boyiik tokan vermisdir. Iqtisadi proseslarin Informasiya vo Kommunikasiya Texnologiyalar1 (IKT)
osasinda idara edilmasi, istor konseptual, istorss da totbiqi baximindan qlobal masalslordan biridir.
Mbohz bu baximdan elektron ticarstin miiasir dovriin toloblorine uygun formalagdirilmasi, onun
toskili vo inkisaf etdirilmasi istigamatindo bir ¢ox tadbirlor plani islonib hoyata kegirilmisdir. Belo
ki, miiasir IKT-don igtisadiyyatin real sektorlarinda genis istifade olunmas, bazar infrastrukturunu-
maliyy9, biznes, ticarat vo s. informasiya texnologiyalar1 asaslarina ¢evirmayo imkan verir. Bu iso,
elektron ticarat va elektron marketing sobokoalorini yaradir.

Elektron ticaratin inkisaf marhalolori. Hazirda diinyada elektron ticarst omoliyyatlari,
globallasmis igtisadiyyatn biitiin sahalorini ohato edir. Umumiyyatlo, informasiya texnologiyalar
global miqyasda ictimai miihits ciddi tesir gdstormok imkanina malikdir. Kompyuter texnologi-
yalarmin tokmillosdirilmasi, fordi kompiiterlorin kiitlovi yayilmasi, elektron kommersiyanin
inkisafinda, siiratlondirilmosindos xiisusi shomiyyato malikdir. Elektron ticarot 6zliiylindo ticaratin
spesifik formasi oldugu ii¢lin, onun {izarino tariflor va ticarot iizro bas sazis olan (WTO) torofindon
nazards tutulur vo biitovliikds totbiq olunur [1-7].

Avropa Ittifaqi Komissiyast (AIK) torofindon — 1995-ci ildo elektron molumatlarin
miibadilesi {izro niimunovi sazis qebul edilmisdir. 2000-ci ilin fevralinda GEFAKT (Idaroetmado,

* Azerbaycan Milli Aviasiya Akademiyast
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ticaratdo vo nogliyyatda proseduralarin vo praktikanin sadslogsdirilmesi ilizro morkozin tovsiyalori)
hiiquqi mosalalori iizro is¢i qrupu elektron ticarot iizro sazisin layihasini toklif etmigdir. Homin
sonad elektron molumatlarin miibadilosi {izro niimunovi saziso (EDI intershonge Agrument)
osaslanir. Elektron ticarat sahosindo Beynolxalq Ticarot Palatasi (International shamber of
Commerce - ICC) layiho isloyib hazirlamisdir. Bu, layihodo osasan, elektron ticarat vo marketing
ilo baghh olan biitiin xorclor vo o©hdosliklor haqqinda informasiyanin agiglanmasi nozordo
tutulmusdur.

Elektron kommersiyanin on genis yayilmis novlorindon biri, elektron ticarstdir.
Umumiyyatlo elektron ticarot dedikda, elo ticarat formasi basa diisiiliir ki, hom 6domso sistemi, ham
do mohsullar elektron vasitalorin komayils toqdim edilir.

Elektron ticarot — informasiya sistemlorindon istifado edilmoklo mallarin alqi-satqust,
xidmatlorin gdstorilmasi vo islorin goriilmasi tizro hoyata kegirilon foaliyyat noviidiir [5].

Elektron ticaratin inkisafin1 internetsiz tosovviir etmok miimkiin deyil. Buna goéra do
internetin inkigaf tarixino nozor salmaq maraqhdir.

1998-ci ildo OECD - (Organization for Economic Coperation and Development) - Kanada
hokiimati «Sorhadsiz diinya; qlobal elektron ticaratin potensialinin reallagdirilmas» mdévzusunda
Ottava konfransi kimi tanian boyiik konfrans kecirilmisdir. Konfransda elektron ticarat sahasindo
global mosalalora baxilmigdir. Umumiyyatlo, beynalxalq tocriibado, xiisusilo do Avropa Birliyindo
konardan informasiya xidmaotlori oldo olunarkon elektron mohsullarin xidmat kimi vergiya calb
olunmasi va verginin istehlak yeri {izro tutulmasi movqeyi Ustilinliik toskil edir. Bu mévqe OECD
torafindon da tasdiqlonmigdir. Bu ciir yanasmada asas problemlar elektron ticaratin B2C sisteminin
noviinds qalir. Bels ki, konardan informasiya xidmatlori aldo olunarken burada alicit ©DV — iizro
vergi 6doayicisi hesab olunmur.

Umumiyyatlo, internet texnologiyalar1 elektron biznesin, onun osas komponenti olan
elektron kommersiyanin siirotli inkigafina giiclii tokan vermisdir. Miitoxassislorin fikrinca, elektron
kommersiyanin B2B modeli sirkotlorarasi hoyata kegirilon tranzaksiyalarin genis diapazonunu
ohato edir: bu model torofindon mohsuldarligin artimi asagidakilarla sortlonir: sovdologsma
prosesinin avtomatlagdirilmasi noticosindo somaraliliyin artmasi; yeni vasitogilorin bazarda
potensial iqtisadi istiinliiklori; tolob vo toklifin miitogokkil bazar vasitosilo birlogsmosi; sirkatin
saquli inteqrasiya olma doracosinin doyigmasi.

Elektron ticarotdo elektron sonod dovriyyosi vasitogisi torofindon xidmot gostordiyi
alicilarin vo saticilarin gqanunsuz faaliyyati, qanunsuz informasiya otiirmasi barads solahiyyatli
dovlst organlarinin miiraciotino asason xidmatlorin alicilarinin, saticilarin miisyyonlogdirilmosina
imkan veron molumatlarin toqdim edilmosino goro — fiziki soxslor otuz bes manatdan qirx
manatadok, vozifali soxslor iso doxsan manat migdarinda, hiiquqi soxslor li¢ yiiz manat migdarinda
corima edilir.

Qeyd etdiyimiz kimi, elektron kommersiyada vasitogilor dord kateqoriya iizro
tosniflosdirilir:

e Brokerlor — miivafiq komissiyon miikafatina isloyon alicilarla saticilar arasinda olan
vasitagcilardir;

e Dilerlor — malgondoronin malinin sahibino cevrilir, alis vo satis qiymaoti arasindaki forq
hesabina qazanc oldo edirlor;
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o Auksionistlor — sdvdologsmolordo foal istirak edirlor vo qiymot mexanizmini miioy-
yonlogdirirlor. Onlar eyni zamanda internet - texnologiyalarinda auksionlarin kegirilmasina ¢okilon
xarclori azaldirlar;

e Birjagilar — ikitorofli bazarin niimayondoslori olmagla 6z miistorilorine saytlarinda bir sira
xidmatlor gostorirlor. Bu, B2B — birjalar daimi olmayan forvard miiqavilolori asasinda foaliyyot
gostarirlor;

- B2B — (business — two - Business). Elektron kommersiyanin bu novii sirkotlor arasinda
movcud elektron kommersiya miinasibatlorini miioyyan edir. Masalan, sirkat 6z veb-sayt1 vasitosilo
boyilik vo kicik miiossisolor {i¢iin sonaye tochizati ilo mosguldur. Burada mogsod yerli biznes
niimayondolori, onlarin, istehsal etdiklori mohsullar vo gostordiklori xidmotlor barado
informasiyalar1 potensial alicilara c¢atdirmaq yolu 1ilo biznes olagolorinin  qurulmasini
dostoklomokdan ibaratdir;

- B2C — (business — two — Concume, biznes-istehlake1). Elektron kommersiyanin bu névii
onunla xarakterizo olunur ki, burada miistori kimi mallarin vo xidmatlarin aliglarini vo 6donislorini
Internet vasitosilo hoyata kegiron fordi soxs mosgul olur;

- C2C — (Concumer — two — Concume) — sistemlori iki istehlak¢1 arasinda hoyata kegirilo
bilor. Burada har hansi bir soxs satmagq istodiyi mohsulu Internet auksionlarda yerlosdirmosi kifayot
edir; bu giin diinyada on genis yayilmig www.ebay.com saytid1.

- G2B — (Converment - two — Business, Administrasiya - Biznes) — dovlat sifarisino xidmat
edon, biznes kateqoriyasina sirkotlorlo hokumot toskilatlar1 arasinda baglanilan biitiin
sovdologsmolor daxildir. Masalon, ABS-da hokumat torafindon planlasdirilan alislar hagqinda
informasiya internetds yerlosdirilir vo sirkotlor 6z tokliflorini elektron tisulu ilo gondars bilirlor [1].

Alicinin
hpcql’n

Maliyyas vasitogisi
(6donis sistemi)

Saticinin
Bank

Front — office
(Web - vitrin)

Saticinin
anbari

Noqgliyyat
xidmaoti

Maliyys axini
Informasiya axim
-----% Malaxim

B2C - sisteminin funksional sxemi
Elektron B2B bazariin inkisafi iigiin osas sortlori Avropa dlkalori vo ABS-la miigayisado
Azarbaycan {iciin xeyli forqlidir. Ballidir ki, Qarbda elektron biznes prosesi 1980-1990-c1 illordo

sabit iqtisadi artim dovriinde yaranmigdir. Bunun osasinda sirkotlorin todricon kompiiterlogmosi
dururdu. Homin illorde Respublikamizda iqtisadi subyektlorin yeni ictimai-iqtisadi sistema uygun-
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lasmas1 prosesi gedirdi. Homin illordo 0Olkodoki miiossisalorin tosorriifat foaliyyotinin
tokmillogdirilmoasi deyil, miiossisonin mévcudlugunun tomin edilmosi mosalasi dururdu.

Azdrbaycanda elektron ticaratin toskili. Azorbaycanda elektron B2B bazasiin inkisafini
stiratlondiron osas amillor asagidakilardan ibarotdir:

1) 2003-cii ildon baglayaraq sonaye saholorinin dir¢olmasi va iqtisadi artimin yaranmasi;

2) Igtisadiyyatin soviyyasinin artmast:

3) Firmanin maddi-texniki tochizat foaliyyotinin somaraliliyini artirmaq cohdlori;

4) Olkodo bdyiik maliyyo imkanlarma malik sirkotlorin yaranmas;

5) Internet istifadogilorinin saymin siiratlo artmast;

6) Sirkotlorin todricon kompiiterlogsmasi;

7) Ozl sirkotlordo menecmentin soviyyosinin getdikco artmasi.

Miitoxassislorin apardigi arasdirmalara goro 2009-cu ildo B2B bazarinin hacmi 6 milyon
dollar hocmindo doyarlondirilmisdi. Bildiyimiz kimi elektron ticarotin xiisusi ¢okisi giindon-giino
artir. Belo ki, Invesp.com saytinin molumatlarma goro 2011-ci ildo elektron ticaratin hocmi diinya
tizro 680,6 mird ABS dollar1 olmusdur. Lakin, 2015-ci ildo bu gostarici 1,4 trin ABS dollar1 olacagi
gbzlonilir.

Azorbaycanda «Elektron ticarot hagqinda» qanun 2005-ci ildo qobul olunsa da, bu qanun
2008-ci ildon hoyata kegirilir. Belos ki, 2008-ci ilin dekabrin 2-ds «Silver Key Azarbaycan» sirkati
Azorbaycanda ilk dofo olaraq «Visa» vo «Master Card» torofindon xiisusi lisenziya almis vo
«Golden Pay» adli onlayn 6doma sistemi qurub, sirkatlors vo dovlst qurumlarina toqdim etmisdir.
Bundan sonra Azorbaycanda elektron ticarat formalagsmaga baslamisdir.

Elektron ticarotin inkisafi miixtolif 6lkelordeki on taninmis firmalarin mallarinin diinya
bazarina daxil olmasini tomin edir, bu sirkstlorin on global sazislora qosulmasina imkan yaradir.

Elektron ticarat sisteminin yaradilmasi zamani ticarot amoliyyatlarinin hayata kegirilmasi,
toklif olunan omtoslorin vo xidmoatlorin névii vo ¢esidi, elektron ticarat biznesinin inkisaf
perspektivlorinin - idaro edilmosi mexanizmlori, omoliyyatlarin  maliyyolosdirilmosi  {izro
alternativlorin mévcud olmasi, hesablagmalarin toskili vo s. nozors alinmalidir.

Azorbaycanda elektron ticaratin toskil edilmasi asagidakilarin dovlst soviyyesinds miioyyon
edilmasini tolob edir.

e Elektron ticaratin moagsadini v asas prioritetlorinin toyin edilmasi

e  Elektron ticaratin togkili tiglin toklif olunan amtaslarin xidmatlorin sertifikatlasdirilmasi

e Elektron ticarat sahasinds foaliyyatin lisenziyalasdirilmasi

e Elektron ticarot ilo bank omoliyyatlarinin, gomriik xidmatinin, vergi sistemin
olagolondirilmasi

e Elektron ticarat sistemi ¢arcivasindo informasiya miibadilosinin standartlagdirilmasinin
toskili

e Elektron ticarat sahosinds istirak edon toraflorin maraqlarinin qorumasina yonoldilon
tohliikasizlik todbirlorinin giiclondirilmasi.

Biitiin bunlarla yanasi, Azorbaycan Respublikasinin ganunvericiliyindo asason elektron
ticarotin hoyata kegirilmosi ii¢lin bir ¢ox toxiresalinmaz maosalolor: elektron ticarstin osas
prinsiplori, elektron ticaratin hiiquqi tonzimlonmasi, kommersiya bildirisi, miigavilonin baglanmasi,
miiqavilonin baglanmasina aid toloblor, miigavilonin icrasindan imtina, miiqavilonin icrasi, elektron
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ticaraot haqqinda ganunvericiliyin pozulmasina goéro mosuliyyotin timumi osaslari, vasitogiliyin
mosuliyyati vo s. masalalor 6z oksini tapmusdir.

Elektron ticaratin hiiquqi tonzimlonmasi vo onun asas prinsiplori asagidakilardan ibaratdir:

1) Azorbaycan Respublikasinda elektron ticaratin hiiquqi tonzimlonmasi;

2) Istirakcilarm hiiqugi berabarliyi;

3) Istirak¢ilarm amlak miistoqilliyi;

4) Istirak¢ilarm idaro sorbostliyi;

5) Miilkiyyatin toxunulmazligi;

6) Miigavilo azadligy;

7) Sahibkarliq faaliyystinin maneasiz hoyata kegirilmasi;

8) Mallarin, xidmatlorin vo maliyyo vesaitlorinin sorbost horokati;

9) Hiiquglarin mohkomoado miidafiasine tominat verilmasi.

Elektron ticaratin hayata kegirilmasina xiisusi raziliq (lisenziya) tolob olunmur. Belo ki,
xtisusi raziliq (lisenziya) tolob olunan foaliyyot saholorindo elektron ticarot aparildiqda, satici
ganunvericilikdo miioyyon edilmis gaydada homin faaliyyato xiisusi raziliq almalidir.

Hiiquqi va fiziki soxslor elektron ticarat sahasinds hiiquq vo vazifolorini qanunvericiliya,
bagladiqlar1 miiqavilolora asason oldo edir vo hayata kegirirlor [5].

Umumiyyatlo elektron ticarotdo satici ilo alici arasinda miiqavilolor elektron sonod
formasinda baglanir.

Elektron ticaratin tanidilmasi magsadilo satict kommersiya bildirisindon istifado edo bilor.
Bunlar, bildirisin kommersiya xarakterli olmasinin aydin bildirilmosi, eyni zamanda bildirisi
goéndoranin adi vo linvani diizglin gqeyd olunmali, gostorilmali, satisin stimullasdirilmas1 magsadilo
ganunvericiliklo icazo verilmis giizostlor, miikafatlar aydin gostorilmoli, oldo olunan sartlor agiq,
birmonali ifade olunmalidir. Qeyd edok ki, saticiya (tochizat¢iya) birbasa miiraciot etmoys imkan
veran malumatlar, o climlodon internet vo elektron pogt iinvanlart vo onlarin saticist barado sorbast
suratdo, xilisusondo xarc ¢okmodon aldo edilmis molumatlar kommersiya bildirisino aid edilmir.
Satict istomoyon soxslorin geydiyyatdan ke¢gmosino imkan yaratmali vo bu qeydiyyata riayot
etmolidir.

Notica. Aparilan arasdirmalar gostorir ki, bir ¢ox dlkalor informasiya texnologiyasinin son
nailiyyatlorindon istifado edorok oOziinlin elektron ticaroat sistemini yaratmiglar. Belo sistemlor
miiasir bazar infrastrukturunun miihiim torkib hissalarindan biri kimi ¢ixis edir. Bu kimi sistemlorin
yaradilmasi, yalniz informasiya texnologiyasi sahosindo oldo edilmig son nailiyystlor asasinda
miimkiindiir. Lakin belo sistemlorin foaliyyati dovlst himayasi olmadan miimkiin deyildir. Belo ki,
hom hiiquqi tominat, hom do maliyys baximindan dovlotin elektron ticaratin toskilindo rolu
boyiikdiir.

Elektron ticarotin inkisafinin siirotlondirilmosi tiglin genis imkanlar aldo edilmosi imkan
verir ki, Azorbaycanda da elektron ticaratin inkisafi sahasindo asas magsadlors nail olmaq tigiin bir
cox iglor goriilsiin. Elektron ticarotin inkisafi {iclin lazim olan olverigli normativ sonodlorin
yaradilmasi, homginin elektron ticarotin inkisafina mane olan soboblorin aradan qaldirilmasi ii¢lin
operativ tadbirlorin goriilmasi olduqca vacibdir.
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MPABOBBIE U TEXHAHYECKHWE BOIMPOCHI SJIEKTPOHHOM TOPT'OBJIN B ASEPBAVIJIVKAHE
P.H. HYPAJIMEBA
B craThe paccMaTpHBAIOTCS BOIPOCHI MOSIBJICHUS SJICKTPOHHOW KOMMEPLHH, OPraHU3alMd M JIWHAMHUKH Pa3BHTHS
3JIEKTPOHHOM TOPIOBIH, a TAKKEe IPUMEHEHHE 3aKkoHa AP B 001acTh 37EKTPOHHOI KOMMEpLHH. ABTOP paccMaTpUBacT B
YAaCTHOCTH, HCTOPUIO Pa3BUTHS COBPEMECHHOW KOMITBIOTEPHOIH TEXHOJIOIMH, YIyYLICHHS MPUMEHCHHS W HCIIOJIb30BaHUS
KOMITBIOTEPHBIX TEXHOJIOTHI, OOBACHSET pa3BUTHE IEKTPOHHON KOMMepLuH B A3epOaiimxane.
Knroueevie cnoea: >1eKMpoHHAS KOMMePYUs, NPOSPAMMHOEe obecnedeHue, Npagosvle HOPMbl, UHMEPHeNI-
mexHono2uu
ORGANIZATION OF LEGAL AND TECHNICAL PROBLEMS OF ELECTRONIC TRADE IN AZERBAIJAN
R.N. NURALIYEVA
The emergence of electronic commerce in the article, organization and dynamics of software development, as well as
electronic commerce and general provisions of the law are discussed. The author tells the story of the modern era of computer
technology. Author in the modern era of computer technology improvements, explains the development of electronic

commerce.

Keywords: electronic commerce, software, legal regulations, internet technologies.

118



Cild 10.Ne2 Azoarbaycan Miihondislik Akademiyasimin XOBIRLIRI Aprel — fyun 2018
Vol.10.Ne2 HERALD of the Azerbaijan Engineering Academy April — June 2018

UOT 621.472:662.997

ABSERON YARIMADASININ TOBIii IQLIM SORAITINDO GUNOS
SIRINLOSDIRICi QURGUNUN EKSPERIMENTAL TODQIiQI

F.F. MOMMSDOV"

Mogqalads giines sirinlosdirici qurguda istilik akkumulyasiya materiallardan istifads etmokls
istiliyin uzunmiiddstli saxlanmasi prosesine baxilmigdir. Qurgunun effektivliyinin yoxlanilmasi
magsadils tacriibalor aparilmig, qurgunun mohsuldarligi vo moveud istilik itkilori toyin edilmisdir.

Acar sozlor:  giinas sirinlagdirici qurgu, istilik akkumulyasiya materiali, sabit temperatur,
mahsuldarhg, istilik-energetik parametrlior.

Giris. Son zamanlar insan torofindon otraf miihito yiiksok templo artan tesir noticosindo
istilik, kimyavi, radioaktiv, otraf miihitin ¢irklonmasi (su, hava, torpaq), yanacaqlardan isa xiisusilo
do neftin, qazin, yiiksok keyfiyyotli komiir kimi asan aldo edilon ehtiyatlarinin siiratli sokildo
azaldilmasi kimi neqativ effektlor goriinmoyo baslayirlar. Uranin emalinin yeni tisullar1 vo istilik-
niiva geviricilorinin yaradilmasi imkani1 hatta enerji nohanglori {iciin do, istilik vo ekoloji ¢irklonma
problemlorini, o ciimlodon tullantilarin saxlanilmasit vo bas vera bilocok qozalart aradan
qaldirmayacaqdir. Bels tipli stansiyalarin istismar1 naticasinds kiilli migdarda su sorf olunur ki, bu
da miqyash sokildo ekoloji falakoto gotirib ¢ixarir.

Diinyada osas ekoloji problemlordon biri do diinya ohalisinin igmali suya olan tolobatidir.
Hal — hazirda diinya ohalisinin saymin giinlii — glindon ¢oxalmasi ilo igmoli suya olan tolobat
miivafiq olaraq artmaqdadir. BMT-nin molumatina gora, diinyada toxminon bir milyard insan (hor
altinci soxs) tomiz su i¢o bilmir [1]. Bu proses Azarbaycanda da inkisaf edorok hal — hazirki dovr
ti¢lin ohalinin say1 10 000 000 — a gatmigdir.

Baxmayaraq ki, Azarbaycan da boyiik su ehtiyatlarina malikdir, son illor respublikada on
boyiik diqget yetirilon saholordon biri do istehlak¢ilarin keyfiyyatli igmali su ilo tomin olunmasi
sistemidir.

2010-cu ilin dekabrinda Azorbaycanda Baki sohorinin igmali su ilo tomin etmok magsadilo
meqa layihalorin biri olan Oguz-Qabalo-Baki layihasinin acilist kecirilmigdir. Bu layihoys uygun
olaraq, uzunlugu 262 km, diametri 2 metr vo mohsuldarligi 5 m*/san olan boru xotti tikilib
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istifadoya verilmisdir. Oguz-Qabale-Baki su komerinin faaliyyati naticosindo Baki gohari ohalisinin
75 faizi fasilosiz tomiz vo diinya sohiyyo toskilatinin standartlarina uygun olan, keyfiyyatli su ilo
tomin edilocokdir. Bu layiholorls paralel olaraq respublikada doniz suyunu sirinlogdirmasini hoyata
kegirmok ti¢iin anonavi lisullardan biri olan oks osmos tisulu vo xarici istehsalgilarin qurgularindan
istifado etmok gorar gobul edilmisdir. Bu mosololor miixtalif dovrlords bir ¢ox miislliflorin elmi
osarlorindo ortafli baxilmisdir [2,3,4,5]. Lakin onlarin heg¢ biri glinos enerjisindon istifads etmoklo
Xazar donizi suyunun sirinlogdirmasini aragdirmamigdi.

Moqsad: Bununla bagli, Azorbaycanda hom igmaoli su, kond tosarriifati sahosindo suvarma
maqsadilo, qida sonayesi, emal sonayesi, bir sira zavod vo fabriklor ii¢lin, o ciimlodon do neft
sonayesindo istifado olunan suyun tolob olunan miqdarini sabit saxlamaq ii¢iin respublikanin on
boyiik su ehtiyati olan Xozor donizi suyunun sirinlosdirilmasi lazim golir.

Abseron yarimadasinin tobii iqlim soraitine uygun olaraq, giinos sirinlogdirici qurgunun
istilik-energetik parametlorinin toyin edilmasi vo eksperimental naticolorin analiz edilmosi kimi
tadqiqatlar aparilmisdir [6]. Bu tadqiqatin davami olaraq, glinas sirinlasdirici qurgunun somaralilik
gostaricisinin artirilmasi, davamli is qabliyyatinin tomin edilmasi vo mohsuldarligin yiiksoaldilmasi
maqsadilo bir sira texnoloji holl masalalori yerino yetirilmisdir. Qurgunun texniki parametrlori
haqqinda otrafli molumat odobiyyatda [6] verilmisdir. Hal-hazirda isa, torafimizdon xiisusi olaraq,
yarimbuludlu hava soraitinds vo asason do, giin arzinds sopolonan giinos radiasiyasinin ¢cox oldugu
bir zaman {iglin, texnoloji prosesin davamliliginin tomin edilmasi vo sabitliyin pozulmamasi
mogsadilo giinos sirinlogdirici qurguda istiliyin saxlanmas1 vo Otiiriilmasi {i¢lin yeni tocriibi
todqiqatlar aparilmaqdadir.

Mbasalonin qoyulusu: Giinos sirinlosdirici qurgunun somaraliliyine miixtalif faktorlar tosir
gdstorir. 11k olaraq, giinas radiasiyasmin intensivliyi, kiilok siirati, otraf miihitin temperaturu, giinos
stiasin1 kegiron soffav tobagonin tomizliyi, soffav toboqo sothindo toplanan kondensatin qalinligs,
qurgunun otraf sothlorinin izoliyasiyasinin keyfiyyati vo qalinlii, slia qobul edon qara soth
tizorinds ki, suyun qalinlig1 vo tomizliyi, qurgunun istilik itkilorinin minimum olmasi, qurgunun
handasi formasi, giinege dogru doqiq istigamatlonmasi va s. Gostarilon parametrlor oavvalcs, qurgu
daxilinds yaranan temperatura vo sonda iso qurgunun mohsuldarligina tosir edir.

Masalonin halli: Qurgunun hondasi formasi, optimal sokildo giinos stialarini qobul edilmasi
ticlin hazirlanmis vo maksimal uduculuq qabiliyystino malikdir. Belos ki, qurgunun siia qabul edon
metal sothi, asag1 vo arxa 90°-lik miistovilor olmagla, yan toraflordon do bir birino qaynagq vasitasilo
borkidilmigdir. Qeyd edilon toroflorin hor birinin arxa hissasing isa istiliyin saxlanmasi vo duzlu
suya Otliriilmasi ticlin istilik akkumulyasiya materiali olavo edilmisdir. Hermetik sokildo
hazirlanmis hor 4 torof istilik akkumulyasiya materiali ilo doldurulmusdur. Istilik akkumulyasiya
materialinin totbiqi qurgunun otalstliyini tomin edir vo sabit temperaturun alinmasina sabab olur.
Bu tipli todqiqatlar, yoni istilik akkumulyasiya materialinin istilik-energetik xassolorinin Oyro-
nilmasi va istifadasi lizro torafimizdon avvallor ds tocriibolor aparilmigdir [7]. Tabii iqlim soraitindo

qurgunun tocriibi sinaglarinin aparilmasi mogsadilo, hom birbasa, hom do sopolonan radiasiyaya
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malik giinlor seg¢ilmisdir. O climlodon, qurgunun hom istilik akkumulyasiya materiali ilo birlikde vo
istilik akkumulyasiya materialsiz sinaqlar1 aparilmisdir. Aparilmis tacriibolorin naticolori asagidaki

cadvalds verilmisdir.

Cadval
Giinas sirinlasdirici qurgunun, tabii iqlim soraitinds istilik akkumulyasiya material ilo
birlikdd va istilik akkumulyasiya materiali olmadan aparilmis sinaqlarin naticalari.

Umumi o Qurgunuq mohsuldarligi,
Giiniin iino Havanin Kiilayin litr/saat
gunos temperaturu, siirati, Istilik Istilik
saatlar1 radiasiyasi, 0 . .
2 C m/san akkumulyasiya | akkumulyasiya
Vt/m o .
materiali ila materialsiz
7.00 54 22 1,6 0,120 0,110
8.00 221 25 1,6 0,350 0,290
9.00 385 28 1,5 0,520 0,360
10.00 503 31 1,4 0,610 0,510
11.00 612 35 1,3 0,650 0,590
12.00 701 37,5 1,3 0,680 0,640
13.00 756 38,5 1,2 0,720 0,660
14.00 719 38,5 1,2 0,690 0,610
15.00 651 38 1,2 0,630 0,580
16.00 509 37 1,3 0,580 0,530
17.00 520 35,5 1,5 0,520 0,450
18.00 473 33 1,5 0,440 0,380
19.00 358 30 1,8 0,360 0,300
20.00 287 27 1,9 0,280 0,220
21.00 116 25 2,0 0,210 0,160
22.00 68 23 2,0 0,150 0,110

Cadvalds verilmis tocriibi naticolordon goriindiiyli kimi, istilik akkumulyasiya materiali ilo
doldurulmus giinos sirinlosdirici qurgu, istilik akkumulyasiya materialsiz qurguya nisbotdo daha
mohsuldardir. Bu onunla izah olunur ki, sirinlosdirici qurguda bas vers bilocok istilik itkilori
ovvolcadon istilik akkumulyasiya materiali torsfindon udularaq, asagi potensial soklindo
sirinlosdirilocok suya otiirtiliir. Bundan olava, istilik akkumulyasiya materialinin olmasi, qurgunun
daxilindo daha uzunmiiddatli is rejimini tomin etmoklo yanasi, buxar-qaz qarisiginin omalo golmasi
vo istilik vo kiitlo miibadiloesi prosesinin intensivlogmasi hesabina, qurgunun mohsuldarligina
birbasa miisbot tosir gostarir.
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[llik aparilmis tocriibolor gdstarir ki, istilik akkumulyasiya materiali olave edilmis giinog
sirinlogdirici qurgu orta hesabla yay aylarinda 14-24 saat, payizda 12-20 saat, qisda (gilinosli
giinlordo) 8-14 saat, yazda iso 10-18 saat is qabiliyyatino malik olur. Bu tip giinas sirinlosdirici
qurgular otalatli iso malikdirlor vo miioyyon miiddot arazinds sabit temperaturun alinmasini tomin

eda bilirlor.

Q,q/saat
600

et

500 /

300

200 -

100

0 ) T T T T T 1
20 30 40 50 60 70 80 90 t°C 100
Sakil 1. Giinag sirinlasdirici qurgunun mahsuldarliginin (qram/saat) temperaturdan asithhigu.
Q,litr/ay
140 -

120

100 ,/'/::'\
80 - /

60 e \
N
o / '\\‘

0 Ll Ll Ll Ll Ll Ll Ll Ll 1

| | ] v v Vi Vil Vil IX X XI Xl
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Sakil 2. Giinas sirinlagdirici qurgunun maohsuldarliginin (litr/ay) ilin aylarindan asithig.

Burada, 1- istilik akkumulyasiya materiali ila, 2 - istilik akkumulyasiya materialsiz.
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Aparilmig tocriibolorin naticolori gostorir ki, giinos sirinlogdirici qurgu, kifayst qodor
yiiksok mohsuldarliga malikdir. Istilik akkumulyasiya materiali ilo, istilik akkumulyasiya
materialsiz aparilmig tocriibolor zamani, qurgunun daxilindoki temperaturdan asili olaraq,
yaranan mohsuldarliq (sokil 1) vo qurgunun ilin aylar1 iizro mohsuldarligi (sokil 2) toyin
edilmis va toklif edilon akkumulyasiya sisteminin somarali olmasi 6z tosdiqini tapmigsdir.

Tacriibalor zamani1 qurgunun mohsuldarligina birbasa tosir gostoron gilinos radiasiyasi
intensivliyi vo kiiloyin siiratinin tosiri do qiymotlondirilmigdir. Malum oldugu kimi, giinos
radiasiyasi intensivliyi azalan zaman va kiiloyin siiratinin yilikselmasi, sirinlesdirici qurgunun
15ino manfi tosir gostarir vo istilik-miibadils prosesi zoifloyir. Siialanma vo konvektiv yolla bas
veran itkilorin toyin edilmasi {i¢iin hesablama aparilmisdir. Qurgunun yan, arxa, iist toroflori vo
istilik akkumulyasiya materialinin 6ziindon yarana bilon istilik itkilorini {imumilikds
comloyorak, giinos radiasiyasinin miixtalif intensivliklorindo, yaranan itkilor (g, )(sokil 3) toyin
edilmigdir.

Ui, kkal/m’saat
35

A
30 4 /
1=1000 Vt/m?2

25
/
20 / 1700 Vt/m
15 - /4
- 1=400 Vt/m?> .

10
—
/’_/r/—"
5 ———
0 L L )
0 10 20 30 40 50 60 70 80 90 t,°C 100

Sokil 3. Giinag radiasiyasinin miixtalif intensivliklorinda iimumi istilik itkilorinin (q,,) giinas sirinlasdirici

qurgusunun temperaturundan astiligr.

Sokil 3-don goriindiiyli kimi, qurguda bas veran itkilor ciizidir vo demoak olar ki, qurgunun
normal foaliyyatino heg bir tosir gostormir. Bu tipli giinos sirinlosdirici qurgularin totbiq edilmasi
naticasinda il orzinds orta hesabla, hor m* sahadon 1300-1500 litr distillo suyu almagq olar.

Natica. Toklif edilon istilik akkumulyasiya materiali ilo tochiz edilmis giinos sirinlosdirici
qurgusundan almmis yiiksok tocriibi noticolor sistemin effektiv olmasmi gdstordi. Istilik
akkumulyasiya materialinin totbiqi sayesinds sabit ¢ixis tomin olunmusdur. Ovvalki qurgu ils

miiqayisado, bu yeni qurguda istilik itkilori daha azdir, lakin mohsuldarlq iso yiiksokdir.
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3KCHEPUMEHTAJILHOE UCCJIEJOBAHHUE COJTHEYHOM OIIPECHUTEJIbHOM
YCTAHOBKH B KNIMMATHYECKHX YCJIOBUAX AITIIEPOHCKOT'O ITOJTYOCTPOBA

. 0. MAMEJIOB

B cratse paccMaTpHBaIOTCS MPOLECCH JONTOBPEMEHHOTO aKKyMyJIHPOBAHMUS TEIUIOTHI C UCIONB30BaHUEM TEILIOAK-

KyMyJHPYIOIIHX MaTePHaIOB B COJTHEYHON OIPECHUTENHON ycTaHOBKe. Ha OCHOBE IPOBEACHHBIX YKCIIEPUMEHTOB B COJTHEU-

HOM OIIPECHUTEIIC OIIPEACIICHBI TPONU3BOANUTEIBHOCTD U TCILUIOBBIC IIOTEPU.

Knrwuesvie cnoea: conneunas onpecHumeJjlbHas yCmaHoeKd, menﬂoaKKyMyﬂupy}omuzZ mamepuai, cmabunvHas mem-

nepamypa, npoweodume/zbuocmb, menJjiodHepeemudecKue napamempbol.

EXPERIMENTAL STUDY OF SOLAR DESALINATION PLANT IN THE CLIMATE
CONDITION OF THE APSHERON PENINSULA

F.F. MAMMADOV

The article deals with the processes of long-term heat accumulation using heat-accumulating materials in a solar de-

salination plant. Based on the experiments conducted in the solar desalted, productivity and heat losses were determined.

Keywords: Solar desalination plant, heat-accumulating material, stable temperature, productivity, heat-energy pa-

rameters.
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BOITPOCHI KOMIIEHCAIIMY MMOTPEINTHOCTEM
COJIHEYHBIX ®OTOMETPOB, BBI3BAHHBIX BJIUAHUEM
ATMOC®DEPHOI'O A9PO30JIsA

E.H. AJIMEBA”

HUccrenoBana BO3MOXXHOCTh KOMIICHCAIIMU ITOTPEITHOCTEH MHOTOBOJHOBBIX COJHEYHBIX (HOTOMETPOB,
MOSIBIISTIOIIMXCS U3-32 BIMSHUS aTMOC(epHOro aspo3oiisi. [IpoBe/icHHBIC UCCIICAOBAHMS TO3BOJIMIN BBISBUTH H3-
OBITOYHOCTH B MPOIIEIypax KOPPEKIMH B U3BECTHBIX TPEXBOJHOBBIX CONTHEYHBIX (hoTomerpax. [Ipemiararorcs asa
HOBBIX CII0C00a MOCTPOSHHSI CKOMIICHCHPOBAHHBIX (poTOMETPOB. B mpenaraeMpIx MOCTpOSHISIX MPOIeaypa Kop-
PEKIIH OTPAHUYHUBACTCS BEIUMUCICHHEM U YCTAHOBKOM OJTHOTO KOPPEKTUPYIOIIETO TOKa3aTels.

Knrouegvie cnoga: pomomemp, ammocghepa. aspo3oiv, NOSPEUHOCHb, KOPPEKYU.

Beenenne. HauGonee BecoMbIM (akTOpoM, MPUBOJSAIIUM K PaUOMETPUYECKUM HCKaXe-
HUSM B atMocdepHoit poromerpun YD, Bunumoro u HawanbHoro MK muamazona siBiseTcst a’po-
3051b. ClielyeT y4ecTb, YTO COJHEUHas paauanus Haubojee akTUBHO OCIadiIsieTcs caxel, KoTopas
K TOMY € IOJIBep)Ke€Ha JUHAMHUYeCKOM TpaHchOpMaluu BO BpeMeHH. V3MeHeHne onTHYecKuX
CBOWCTB Ca)kl BHOCUT HEONPEICICHHOCTb B PE3yJIbTAaThl (POTOMETPUIECKUX M3MEPEHUH, 4TO TO-
YEpKUBAET aKTyalbHOCTh PUHATHS MEP MO YCTPAHEHUIO YKA3aHHOW HEONPEIEIEHHOCTH.

Leab pa6oTbl. B HacTosmel craThe OOCYKAAIOTCS BO3MOKHOCTH pEATH3ANMHA MEp 10
HEeUTpamu3aluy BIUSHUS a9P030Jisl Ha TOYHOCTHBIE NOKa3aTenn (POTOMETPUIECKUX YCTPOUCTB.

PaccMoTpuM OCHOBHBIE IPU3HAKK U IPUYUHBI BIUSHUS BPEMEHHON HECTAaOMIBHOCTH a’po-
3014 Ha (POTOMETPUUECKUE U3MEPEHUSI.

Kak ykasbiBaetcst B pabore [1], crapeHue caku sIBISETCS OJHOW M3 MPUYMH HEOMpeeieH-
HOCTH IIPU OLICHKE MPSIMOTO U KOCBEHHOI'O BO3ICHCTBHS a’p030Jis HAa KIMMAaTHYECKUE ycClloBus. B
TO BpEMS KaK CBEKasi a3p030JIb B HCXOAHOM COCTOSIHUM SIBJISIETCS THAPO(GOOMYHON U BHEUTHECME-
LIAHHOM, TO IOCPEJCTBOM MEXaHU3MOB KOATyJISIUU, KOHACHCAUN UIH (POTOXMMUYECKUX MPOLeC-
COB CBEXasl a’p030Jib BO BPEMEHHU IEPEXOJUT B COCTOSHHE BHYTPEHHEro cMemnBaHus. Takue
MPOLIECCHI CTAPEHMSI BO3AEUCTBYIOT Ha THIPOCKONIMUYECKHE KadyecTBa aspo30Jis, MPOLECC UX POCTa,
M3MEHEHHUE UX ONTHUYECKUX CBOMCTB M BpeMsl )KM3HH a3po30JbHBIX yacTull. B pabote [1] npusene-
HBI HEKOTOPbIE CYTOYHbIE M CE30HHbIE OCOOCHHOCTH IMPOIIECCOB CTapeHus a’po3oiei. Tak, B Teue-
HUE JIETHETO MEepHOo/ia B THEBHOE BPEMs OKUCH CEpbl UTPaeT JTOMHHHUPYIOIIYIO POJib B 3TOM IpO-

* v
Asep0aitmxanckas HanronanpHas akageMus aBUaliuu
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1ecce, U MPOLECC CTapeHUsl JUIUTCA 2-8 4acoB. 3UMOM yKa3aHHbIE BPEMEHHbIE MacIITaObl coXpa-
HSIIOTCS, OJTHAKO B ATOM Ciy4ae JOMUHHUPYIOMINUM (PaKTOPOM SBIISIETCS HUTpAT aMMOHUsA. B HouHOE
BpeMs IIpoIiecChl KOHAEHcaluu ociaadeBatoT. [Ipu 3TOM Koaryssius BHICTyIIaeT B Ka4eCTBE OCHOB-
HOTO (haKTOpa CTapeHHs, BpeMEHHOI MaciTad koToporo cocrasiser 10-40 q.

Kak coobmaetcst B padote [2] snemenrtapubiii yriepon (BC) sBnsercs 0CHOBHOM KOMIIO-
HEHTOHN CakM, KOTOPBIH, IOTJIONIasi COJTHEUHYIO PAIHALUIO, IPSIMO HAarpeBaeT BO3AYX, IPEBPALLAET
COJIHEYHYIO paJHallfio B CBOIO BHYTPEHHIOIO SHEPTUIO (YBEIMUUBAETCS TEMIIEPATYpa CaKu) U U3-
Jdyd4aeT TEIUIOBYIO MH(paKpacHyo paguanuio. B oOmiem ciryyae, 4acTHIIBI CaXkKH Y4acTBYIOT B CO-
3/1aHUU TPEX TUIIOB TEMIIEPATYPHOro rpaaueHTa: (1) reMnepaTypHblil rpaiueHT, NOSBISIOLINICS B
TEUYEHUE JIHA, PU MPUCYTCTBUM CaXH, B pe3yJibTaTe 4ero arMocdepa HarpeBaeTcs, a 3emMJis OXJia-
xaetcs; (2) HOYHOM TeMIepaTypHbIM I'paJiueHT, MOSBISIONMNICS IPU IPUCYTCTBUM Caku, KOTJa
aTMocdepa u 3eMJsl HarpeBaeTcs; (3) THEBHON U HOYHOM TeMIepaTypHBI rpaueHT TeMIepaTyphbl,
MOSIBJISIIOILMICS TIPU OTCYTCTBUU Ca)XH, OJTHAKO MPH MPUCYTCTBUH aJCKBATHOIO BO3AyXa HarpeTo-
ro caxkeil, B pe3yspTare uero armocepa HarpeBaeTcs, OJHAKO TeMIepaTypa 3eMJIM He MEHSIETCS.
Taxum 00pazom, caka OKa3bIBaeT CI0KHOE METEOPOJOrHYECKOe BO3/ICHCTBUE U CIIOCOOHA MOBIH-
SITh Ha KJIIMMATUYECKUE YCIOBUS TUIAHETHI.

Kak nokazano B pa6ote [3], B pe3yabTaTe yBIOKHEHUS a3p030J1s HaJl OKEaHOM M3MEpeHHast
BEJIMYMHA ONTUYECKOH TUIOTHOCTH a3PO30JIsi MOKET UMETh BeNTMUMHY, 0oibmryto Ha 50% 1o cpas-
HEHMIO C HEYBJIAXKHEHHBIM a3po3osieM. Kak mokasanu npoBefeHHBbIE SKCIEPUMEHTAIbHbIE HCCIIe-
JIOBaHMsI U3MEpPEHHAs BEIMYMHA ONTHUYECKOM MJIOTHOCTH a3p030Jis IPH OTHOCUTEIBHOM BIIAXKHOCTH
85% 6bu1a Ha 30% BeILIE yeM Tpu 40%-HOW OTHOCUTENBEHON BIAXKHOCTH.

B pa6ore [4] coobmraercs, yTo ruApodoOHIHas ca’ka CyIIeCTBEHHO HE U3MEHSET CBOH OIl-
TUYECKHE CBOICTBA U CTPYKTYpPY IIPH MEPEXO/E OT CYyXOH cpeabl K BIaxHOH cpene. OnHaKo, THI-
podunmueckas caka MmojBepeHa CHJIbHOMY BIIMSHUIO NMapoB BoJbl. ['uapoduinyeckas caxa noj
BO3/ICHCTBHEM BIIXKHOM aTMOC(ephl MOABEPTaeTCsl OCHOBATEIBHOW PECTPYKTYPHU3ALUH, B PE3yiIb-
TaTe 4Yero ONTUYECKUE CBOMCTBA Ca)XHM CWJIBHO M3MEHSAIOTCS. Tak, Hampumep, COrNIaCHO JaHHBIM
NpUBEICHHBIM B [4] onTHYECKasl IJIOTHOCTh B BHICOKOW CTETIEHU TUAPOGUIHIECKOM

caxu Bcero 3a 20 MuHyT MOoxeT yBenuuuthes oT 0,02 1o 0,15 mpu noBBIIIEHUHA OTHOCH-
TenbHOM BiaakHocTH 10 100%.

BrrnenpuBeneHHbI KpaTKuil 0030p BPEMEHHOT'O pa3BUTHs ONTHYECKUX CBOWCTB «CBe-
KHUX» a3p0O30JIel TTO3BOJISIET HAM OINPENEIUTh T€ OCHOBHBIE CPEICTBA aTMOC(HEPHBIX U3MEPEHUH B
YO, sugumom u 6mkHeM UK nuanasonax, B KOTOpbIX 3 (GeKT cTapeHus MPUBOIUT K HEOTpee-
JIEHHOCTH TI0JTy4Y€HHOT'0 pe3yJIbTara.

1. [lupanamerpuueckue n3mepenus ooueit paauanuu ConHua.

2. @oTOoMeTpUYECKUE U CHEKTPOMETPUUYECKHE U3MEPEHHsI O0LIEero Koin4yecTBa armochep-
HBIX T'a30B.

3. JIuapHble U3MEpPEHUsL.

B To0 xe Bpemsi aTMocdepHbIii a3po30iib 001a1aeT APYTUM BaXKHBIM CBOWCTBOM, 3aKJIIOYa-
IOIIMMCSL B TOM, YTO pacipejesieHrne 00beMHOM KOHIIGHTPALUH a’po30Jii UMeeT OMMOJAIbHBIN
XapakxTep, T.e. CyMMapHasi ONTHYeCKast TNIOTHOCTh adp030JIs Tz MOXKET OBITh MPEJICTaBICHA B BUIC
OIIpeIeTICHHON KOMOMHALMK ONTHYECKUX IUIOTHOCTEH MEIKOAMCIIEPCHOTO (7y) U KPyIHOIMCIEPC-
HOTO (7.) aspo3ois. IIpu 3TOM Ba)KHO y4UecCTh CIEIyIOIIHEe CBOMCTBA BBIIICYKA3aHHBIX JUCIEPCH-
OHHBIX COCTaBJISIOLINX:
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Bonpocw KomneHcauyuu noepemnocmeﬁ COJIHEYHbIX ¢0m0Memp06, 6bl36AHHbLIX BIUAHUEM ...

1. ®akTUYECKH OTCYTCTBYET CTAaTUCTUYECKAs CBSI3b MEX]y MEJIKOAUCIEPCHBIM U KPYIHO-
JUCTIEPCHBIM COCTAaBIISIOLINM a3pP030JIei.

2. OnTHyeckas TUIOTHOCTh KPYIMTHOJIUCIIEPCHOM COCTABJISIONICH a’po30iis (PaKTUUYECKH HE
3aBUCHUT OT JUIMHBI BOJIHBI, B TO BpeMsI Kak ONTHYECKasi INIOTHOCTh MEJIKOAUCIIEPCHON COCTaBIISAIO-
HIeH CUIIBLHO 3aBUCUT OT JUTMHBI BOJHBL. JTa 3aBUCUMOCTb U3BECTHA B BUJIE€ SMIIUPUUYECKON Popmy-
76l AHTCTpeEMa, COrIacHO KOTOPOH

-
Ty = BA (1)
rue: B =1 (A=1 MKM); o — ToKa3aTens AHrcrpema.

Taxkum 00pazoM, UCXOAHBIMH TPEOOBaHUAMH Ul pa3pabOTKU CKOMIIEHCUPOBaHHBIX (oTO-
METPUYECKUX YCTPOMCTB ABIISAIOTCSA:

1. Cuntesupyembiii (HOTOMETp JOJKEH OOECNEeYUTh HEUTpaau3anuio BIHMSHUS 3¢QdeKTa
CTapeHus Ha pe3yJsIbTaT U3MEPEHUSI.

2. CuHTE3UpyeMblil (OTOMETP JAOKEH YUECTh BBIICIIPUBEICHHBIC AUCIIEPCHO — BOJTHOBBIC
CBOICTBA ONTHYECKUX MJIOTHOCTEH (PAKIIMOHHBIX COCTABIISIIOIIMX a3pP030JIsl.

Jlerko moxaszaTh, YTO MOJEIb TPEXBOJIHOBOrO (hOTOMETpa IMpeIoKeHHOro B padote [5]
BIIOJIHE Y/OBJIETBOPSET 3TUM TpeOoBaHUsAM. Tak, (QyHKIUS MPOMEXKYTOUHOTO MpeoOpazoBaHUS,
MpeUIOKEHHAS B JAHHOW paboTe UMEET CIeIy O BU/T

z = Ilkl(ﬂ“l)'[;%(/%)
137 (%)

2)

rae: li(A;) — curnan Ha BbIXOJE i — TO oTOMeETpa, paboTarolIero Ha JJUHE BOJHBI Ai; Ki —
KOppeKTUpYyronme Ko3(hGUIneHTsI.

[ns manpHelero aHaian3a BOCIONIb3yeMcsl 3akoHOM byrepa-bepa, koTopelil B Auana3zoHe
JutiH BoiiH 0,3 — 0,7 MKM UMeEeT CIIeIyIOIui BU/T

[(A) = I, (A)e " ln e (een, ()] 5

rae: lo(A) — BenmmurHa COJTHEYHOH MOCTOSTHHOW Ha JUTMHE BOJIHBI A; M — BO3IYIITHAS MAcCCa; Tos(A) —
ONTHYECKas IUNIOTHOCTh 030HA; Tpex(A) - ONTHYECKAS IVIOTHOCTh PENIEEBCKOTO PACCESHUS; Taop(A) -
ONTHUYECKAs TNIOTHOCTH a3PO30JIsl.

C yueroMm (2) u (3) MOXKHO HOJTYYUTH CIECAYIOLINE YCIOBUS MOJHOW Pa3AeabHOW KOMIIEH-
caluy BIUSHUS (GPAKIIMOHHBIX COCTABIISIIOIIMUX a3p030J1s, a Takke d3ddexra cTapeHus.

kit (A))d (1) + kst (A3)d (1) =kt ,(A,)d (1) 4)
ki, (A)d () + kyr . (A5)d (1) = ko, (A,)d . (1) (5)

rae: dft) u d.(t) - cOOTBETCTBEHHO KO3()(HUIMEHTHI, IOKA3bIBAIOIIUE HM3MEHEHHE ONTHYECKHX
CBOWCTB MEJIKOMCIIEPCHOTO M KPYITHOAMCIIEPCHOTO a3po30iis u3-3a 3(Pp(PEeKTOB cTapeHHs U TMrPo-
CKOIUYECKOT0 pOCTa.

Kak BuzsHO u3 BeipaxkeHuii (4) u (5) MHOXUTENH d/(t) U d () COKpAILAIOTCS U B IPUHIIMIIE B
JalbHEHIIEM He BJIMACT Ha Pe3yJIbTaThl BhUUcIeHUs KoddduimentoB ki u ks ucxoano npunss k,
=1.
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OnHako, MOXHO INOKa3aTb, YTO TPEXBOJHOBBIA (OTOMETp ¢ ABYXIapaMeTpHUYEcKOil Kop-
peKLuel, MpeUI0KeHHbII B paboTe [5] UMeeT HEKOTOPYIO N30BITOYHOCTh B OTHOIIEHHH MEp KOp-
PEKTUPOBKHU. Tak, eciu y4ecTh HE3aBUCUMOCTB T OT A, TO € yueToM Kk, =1 u3 BelpaxkeHus (5) nme-
eM

r.(kitky) =1, (6)
T.C.
ki+ky =1 (7)
Bripakenue (4) ¢ yuetoM k; =1 uMeer crieayromuit BUI
kit (A)+ kst (A3) =7,(4,) )
VYuureias (7) u (8) umeem
kvt () + (L=k)r(A3) =7,(4,)
170031

ke () =7, ()]=7, () = 7,(4) ©

U3 Beipaxkenus (9) nmeem

f () -7, (Ay)
k1: f 2 f 3 10
T () =7, () (10)

[Tomryaennoe Beipakenue (10) qaeT ocHOBaHME MOIaraTh, 9TO BeIHMUWHA KoddduimenTta k;
BCEI/Ia MEHbIIIE €AMHHUIIBI, eCTh A< A< Az ¥ T(A1) > T(Ay) > T(N3).

Bripaxkenue (10) Taxke maeT OCHOBaHUE MPEIIOKUTH JBA HOBBIX CIIOCO0A TMOCTPOSHUS
CKOMIICHCHPOBAHHBIX TPEXBOJIHOBBIX ()OTOMETPOB.

1. JImuHbl BOJIH Aq, A; U A3 paccCMaTpPUBAIOTCS B KaueCTBE HEM3MEHHBIX BEIMYHMH. B aTOM
cirydae koapdunment k; Beruucnsercs no ¢popmyse (10).

2. Cauraem, 4to mapameTpsl kK, A; u A; Hem3MeHHbI. [Ipu 3TOM BenMdnHA A, MOXKET OBITh
n3meHeHa. M3 Beipakenus (10) umeem

r, ()= ke, () -7, (A |+ 7, (20

11
A=,y -1, 00 ] 0, (a0} (1

3akmoyenue. OT™MeTHM, 4TO 00a BBIIICYKa3aHHBIX CIIOCOOOB CIOCOOHBI 00ECTIEYHThH Ta-
KYI0 )K€ TOYHOCTh KOMIICHCAIIUU BIIUSTHHS a3p0O30Jis, KOTOpas 00ECIeYrBACTCS B TPEXBOJIHOBOM
doTomeTpe ¢ IByXmapaMmeTpudeckoi koppekien. OqHaKo, IepBHIil U3 MPEI0KEHHBIX BAPHAHTOB
M0 CPABHEHUIO CO BTOPHIM BapUAHTOM 00JIaIa€T TeM MPEUMYIIECTBOM, YTO B HEM 00ECIIeUnBaCTCS
B3aMMHasi KOMIICHCAIMSI HECTAOMIILHOCTH KOTOpasi MOKET OBbITh BhI3BaHA M3-3a M3MEHEHHS KO-
duruenra f.

Takum 00pa3oM, MPOBEIECHHBIE HUCCIICAOBAHKS MO3BOJIHIN BBISIBUTH CYIIECTBYIOIIYIO W3-
OBITOYHOCTB B MPOIIEypax KOPPEKTHPOBKH U3BECTHBIX TPEXBOJHOBBIX COJNHEUHBIX (DOTOMETPOB C
napaMeTpuuecKoil koppekiuei. [Ipemioxkensl 1Ba HOBBIX crioco0a IMOCTPOSHUSI CKOMIICHCUPOBAH-

128



Bonpocw KomneHcauyuu noepemnocmezl COJIHEYHbIX ¢0m0Memp06, 6bl36AHHbLIX BIUAHUEM ...

HBIX TPEXBOJHOBBIX (bOTOMeTpOB B KOTOPBIX ITpoucaypa KOPpCKTUPOBKU OTPAHUYINBACTCA BbIYHC-
JICHHUEM U yCTaHOBKOﬁ OIHOI'O KOPPEKTUPYIOLICTO ITOKAa3aTeJIA.
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GUNOS FOTOMETRLORINDO ATMOSFER AEROZOLUNUN TOSIiRi NOTICOSINDO
YARANAN XOTALARIN KOMPENSASIiYASI MOSOLOLORI

Y.N. OLIYEVA
Coxdalgali Giinos fotometrlorinds atmosfer aerozolunun tesiri naticesinde yaranan xatalarin kompesasiyasi imkani
tadqiq edilmisdir. Aparilmis todqigatlar molum tigdalgali Giinog fotometrlorindo korresiya prosedurlarinda olan izafiliyi askar
etmays imkan vermisdir. Kompensasiya edilmis fotometrlorin qurulmasinin iki yani tisulu toklif edilir. Toklif edilon qurgularda
korreksiya proseduru bir korreksiya edon gostoricinin hesablanmasi vo totbiqi ilo mohdudlanir.
Agar sozlor: fotometr, atmosfer, aerozol, xatas, korreksiya.
QUESTIONS ON COMPENSATION OF ERROR OF SUN PHOTOMETERS OCCURRED
DUE TO EFFECT OF ATMOSPHERIC AEROSOL
Y.N. ALIYEVA
The possibility of compensation of error of sun photometers occurred due to impact of atmospheric aerosol is researched.
The held researches make it possible to reveal the surplus of correction procedures used in known three wavelength sun pho-
tometers. Two new methods for construction of compensated sun photometers are suggested. In the suggested constructions

the correction procedure is limited by calculation and installation of single correction parameter.

Keywords: photometer, atmosphere, aerosol, error, correction

129



MOQALOLORIN TORTIBATI QAYDALARI

Jurnalin redaksiya heyati jurnalin elmi istigamatina
uygun golon, he¢ bir yerdo nogr olunmayan, digor
jurnallara verilmoyon moaqalalorin olyazmalarina baxir.

Mogqals azorbaycan, rus ve ya ingilis dillorinda
yazila bilor vo onun bir niisxesi redaksiyaya toqdim
olunmagla, agagidakilart 6ziindo oks etdirmolidir:

1. Moqalonin adi, miialliflorin adi (3 dilds
tarciimosi), isin yerino yetirildiyi miisssisonin ad;

2. UDK kodu;

3. Annotasiya, 5 climlodon ¢ox olmayaraq (3 dilds
torciimosi);

4. Acar sozlor, 10 sdzdon ¢ox olmayaraq (3 dildo
torclimasi);

5. Mogalonin matni;

6. Odobiyyat siyahisi
malumat);

(monbs haqqmnda tam

7. Sokilalt1 yazilar va codvallar;

8. Miialliflor hagqinda mslumatlar (adi, soyadi,
atasinin adi, elmi doracasi, elmi riitbasi, vozifasi, telefon
ndmrasi, e-mail adresi), hans1 miislliflo yazisma aparil-
mali olundugu qeyd edilmali;

Mogqalonin slyazmasina miiossiso rohbarinin imzast
ilo raziliq maktubu slave olunmalidir.

Motnin yenidon yigilmasi zamani yarana bilocok
nogsanlar1 aradan qaldirmaq mogsadi ilo moqalo motni
Word for Windows formatinda, Times New Roman
srifti ilo elektron soklindo do redaksiyaya toqdim edil-
molidir.

Olyazmanin nosri t¢lin mialliflordon 6donis alin-
mir.

MPABHAJIA O®OPMJIEHUSA CTATEN

Penxormerns xypHama pacCMaTpHBaeT PYKOIUCH
cTatelf, KOTOPbIE COOTBETCTBYIOT HAYYHOMY IPOGUIIIO
KypHaja, HUTJE He OMyOJMKOBaHBI M HE TepelaHbl B
pEemaKIny IPYTHUX KypHAJIOB.

B penakumio ciemyeTr mpencTtaBuTh 1 3K3eMIULIp
CTaThbd  Ha  a3epOailUKAHCKOM,  PYCCKOM  WJIH
AHTJIMIICKOM S3BbIKE, KOTOPBIN BKIIFOYAET:

1. HaspaHue cTaThbu, MMEHA aBTOPOB (C IMEpPEBO-
JIOM Ha TPU S3bIKA), HANMCHOBAHHS YYPCSIKICHUH, TIC
OBLTa BBIMTOJTHEHA PaboTa;

2. Koamt YIK;

3. AHHOTaIyio, 10 5 MpemIoKeHuH (C IepeBoIoM
Ha TPH S3bIKA);

4. Kitouessie ciioBa, 10 10 cioB (¢ mepeBojoM Ha
TPH S3bIKA);

5. Tekcr craThy;

6. Cromcox mnmTeparypel (C yKa3aHHEM IIOJHBIX
CBEJICHUI 00 MCTOYHHUKE);

7. TlompucyHOYHBIE OANKCH U HAAMUCH K TaOIH-
aM.

8. Ceemenuss 00 aBropax (damwims, WM,
OTYECTBO, Y4Y€Has CTCICHb, YYCHOC 3BAHUC, NOJLKHOCTD,
tenedoH, e-mail) ¢ ykazaHuem aBTopa JUIsl IEPEITUCKH.

K pyxonucn HEOOX0AMMO TPHIIOKUTH COIIPOBOIN-
TEJIFHOE MHCHMO C TOAMKCHI0 PYKOBOIUTENS YUpexkie-
HUSL.

C 1eJp0 UCKIFOYEHHS OIIeYaTKU IPH BEPCTKE CTa-
TBH HPOCH0A NPHUCITATH TEKCT U PUCYHKH B 3JICKTPOHHOM
Bugae B ¢popmare Word for Windows, mpudrt Times
New Roman.

[Tnata ¢ aBTOpOB 3a MyOJNMKALMIO PYKOIHCH HE
B3bIMaeTCsl.

ARTICLE FORMATTING RULES

The Editorial Board reviews manuscripts of potential
arcticles matching the profile of scientific journal, never
were published or submitted for review to other publish-
ings.

The Author/s should submit one copy of article in
Azerbaijani, Russian or English, including next:

1. Title, authors’ names (translated into three lan-
guages), name where the actual research was con-
ductied;

2. UDK codes;

3. Annotations up to 5 sentences (translated into
three languages);

4. Keywords, up to 10 words (translated into three
languages);

5. Atrticle full text;

6. References (with full
sources);

7.  Captions to figures and tables;

8. Informations about authors (surname, first
name, academic degree, academic rank, position, phone,
e-mail) with correspondence detail.

It is necessary to include a cover letter with a signa-
ture of head of institution.

In order to avoid typographical errors in a layout ar-
ticle, please send text and pictures electronical Word
format, and Times New Roman font.

No fees charged for the manuscript publication.

information about

130



Azorbaycan Miihondislik Akademiyasinin
XOBORLORI

HERALD
of the Azerbaijan Engineering Academy

BECTHHUK
A3epbaiizkanckoil MH:keHepHOT AkaieMun

Beynalxalq elmi-texniki jurnal
The international science-technical journal
Mesrcoynapoonulii HayYHO-mMeXHUYECKUL HCYPHA

Cild 10. Ne 2
Vol. 10. Ne 2
Tom 10. Ne 2

BAKI -2018

Informasiya sobasinin miidiri
N.Z. Oskarova

Nosriyyat vo yayim sobasinin miidiri
A.M. Danziyev

“Azorbaycan Miihondislik Akademiyasinin
XIBIRLIRI>
jurnali redaksiyanin kompyuterlorinds y1gilmis va
hazir diapozitivlerdon “Apostroff”
matbaasinds ofset iisulu ilo ¢ap olunmusdur.

Capa imzalanmis 7.06.2018,
format1 60x84 1/8,
kagiz tabasirli, f.¢.v. 16.5
Tiraji 1255 ad.








