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HNPUHYAUTEJBHOE OXJIA’KAEHUE TPUBOCUCTEMbI

JIJEHTOYHO-KOJIOJOYHOTI'O TOPMO3A BYPOBOM JIEBEJKHN
(dactb 2)

A.X. JDKAHAXMEJIOB", A.1. BOJIBYEHKO ~, O.C. IMPBEPJIUEB’,
JI.A. BOJIBYEHKO™", B.C. CKPBIITHBIK ", BM. UY®YC™

B Marepuajiax CTaTbu MPUBCICHBI TEII000MEHHBIE IPOUECCHI ITPU OMBIBAHUU KUAKOCTBHIO HOBerHOCTeﬁ
CTCHOK KaM€p COCTAaBHOI'O TOPMO3HOI'0 HIKMBAa B JICHTOYHO-KOJOAOYHOM TOPMO3€ U IMOTCPU TCIJIOTHI B OKPY-
KaKIYIO Cpeay MOBEPXHOCTAMU COCTABHBIX TOPMO3HBIX IIKWUBOB B IIPOMBIIIJICHHBIX YCIOBUAX ITPU €CTECTBEH-
HOM M BBIHYXXJICHHOM OXJIAXKACHUH BO3YXOM.

Knroueswvie cnosa: n1eHmouHo-Koa10004HbIL MOPMO3, mpubocucmemd, napvl mpenus, 0600 WKUsd,
Kamepa ¢ HCUOKOCmbl0, KOHBEKMUBHDILL, KOHOVKIMUBHDIU, PAOUAYUOHHBI
menyiooOMeH, Ymanvl Menioéo2o OAIAHCA.

Beenenne. B nepBoii yacTu MaTrepuanoB CTaTbU PacCCMOTPEHO OCOOCHHOCTU KOHCTPYKIIMU
BO3/yIIHO-)KUAKOCTHOH CHCTEMBI OXJAXICHUS TPUOOCONPSIKEHUH JIEHTOYHO-KOJIOJOYHOIO TOp-
Mo3a OypoBoii JIeOeIKM U TEMI0BOM OanaHc TPUOOCUCTEMBI C OXJIAXKICHUEM U €T0 YCIIOBUS TEILIO-
0o0MEHa; rpaIneHTHAs TEOPUS! OXJIAKICHUS TPUOOCUCTEMBI JICHTOUHO-KOJIOIOYHOI'O TOPMO3a.

Cocrosinne npodiaembl. Hannmune AByX JIGHTOYHO-KOJIOJOYHBIX TOPMO30B IO TOpLaM Oy-
poBOIi 1e0eIKK MO3BOJIAET TEMIIEPAaTypHbIM METOJI0OM OLIEHHBATh YPPEKTUBHOCTH €CTECTBEHHOTO,
BBIHYK/ICHHOI'O Y IIPUHYINUTENBHOIO OXJIAKIEHHUS PA3INYHBIMU TUIIAMH TEIIOHOCUTEIIEN NOJIUPO-
BAaHHOW U MaTOBBIX TOBEPXHOCTEN COCTAaBHBIX TOPMO3HBIX IIKUBOB [ 1, 2].

Mertop omnpezeneHus TEMIOBOro 6agaHca (pPUKIHMOHHBIX Y3JI0B JEHTOYHO-KOJIOJOYHOTO TOPMO3a
OypoBoii 1eOe KU MPU MX MPUHYAUTEIBHOM BO3YIIHO-KUAKOCTHOM OXJIaXKACHUHU Oa3upyercs Ha
croco0ax HarpeBaHMs IUKIMYECKUMH TOPMOXKCHUSMM, €CTECTBEHHOIO CHM)KEHHS JHEproHarpy-
KEHHOCTU U NPUHYJUTEIBHOTO OXJIAXKIEHHS Pa3IMYHbIMU TEIUIOHOCUTEISIMA COCTAaBHOTO TOPMO3-
Horo mkusa. [Tpu aToM onpenenaroTcs NoTepu TEIIOTH B TEJIE U MPU €€ Mepeaade KOHTYKTUBHBIM
TEMJI000MEHOM OT KPEIMEKHOI0 BBICTYIIa TOPMO3HOTO IIKUBA K (h1aHIy 6apabaHa, M OT y4acTKOB
HapyKHO! MOBEPXHOCTH HMKHEHM 4acTH 00072 IIKMBA K KapKacy KaMepbl C )KHJIKOCTBIO, a TAKXKe
OT MAaTOBBIX U IOJIMPOBAHHBIX IOBEPXHOCTEH COCTABHOIO TOPMO3HOIO HIKHMBA U CTCHOK KaMEpHI.
Bo Bcex ciydasx HarpeBaHHs1, ECTECTBEHHOTO M IPUHYIUTEILHOIO OXJIAXKIE€HHS MATOBBIX U MOJIH-
POBAHHBIX IIOBEPXHOCTEN COCTABHBIX TOPMO3HBIX HIKUBOB UMEIOT MECTO CJIEIYIOIINE BUJbI TEILIO-

AszepbOaiimkanckas MHxeHepHas akageMust
ok o - o
NBano-DpaHKOBCKUI HAITMOHATBHBIN TEXHUYCCKUI YHHBEpcUTET He(hTH U ra3a (r. iBano-DpaHKOBCK, YKpanHa)
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oOMeHa: KOHBEKTUBHBIH, paUallMOHHBIA U UX KOMOMHAIIMY B 3aBUCUMOCTH OT CTENEHH HarpeToc-
TH MTOBEPXHOCTEN IIKUBOB.

IMocTanoBka 3agaun. B nanHoi myOIMKamuyu pacCMOTPEHBI CIISIYIOIINE BOIIPOCHI TIPUMe-
HUTEJIBHO K periaeMoi npobieme:

— TEIUIOOOMEHHBIE MMPpOUECChI ITPU OMBIBAHUHN KUIKOCTBIO HOBerHOCTCﬁ CTCHOK KaM€p CO-
CTaBHOT'O TOPMO3HOTO IIKMBA B JIEHTOUYHO-KOJIOJOYHOM TOPMO3E;

— IIOTEPH TEIUIOTHI B OKPYXKAIOLIYIO CPelLy NOBEPXHOCTAMHU COCTABHBIX TOPMO3HBIX LIKHBOB
B IIPOMBIINIJICHHBIX YCJIOBUAX ITPU OXJIAXKICHUUN €CTCCTBEHHO U BBIHYXXJICHHO BO31YXOM.

Heuas padorbl. Pa3zpaboTka KOHCTPYKIMU NPUHYIUTEIBHOTO OXJIKICHUS TPUOOCUCTEMBI
JICHTOYHO-KOJIOJIOYHOTO TOPMO32a C IMOCJEAYIOLIEH OLEHKOW €€ 3HEepProHarpy>kKeHHOCTH W Hamps-
KEHHO J1e()OPMUPOBAHHOI'O COCTOSTHHSL.

Tenoo0MeHHBIe POLECCHI IPH OMBIBAHMM KUAKOCTBHIO MOBEPXHOCTEH CTEHOK KaMmep
COCTABHOI'0O TOPMO3HOI'0 IIKHBA B JICHTOYHO-K0JIOI0YHOM TOpMo3e. TeriooOMeHHbIe Mpoliec-
Cbl, MNPOUCXOAAIIUC C TEIJIOHOCUTCIIAMU .
(BO31yXOM, >KMIKOCTBIO, HAXOMSILIYIOCS B OmbiBatomui BO3AYX
TPEX TCPMOAUMHAMUYICCKUX COCTOSIHI/ISIX) uc

Topmo3snad nenta

TCJIOM KaMEpbl, © C MAaTOBBIMU W IIOJIUPO- (Dpl/IKlIHOHHaH HAKJIaIKa

BaHHBIMH TOBEPXHOCTSIMHM 4acTE€Hd TOPMO3- . -
[IpunoBepXHOCTHBIN ClOi

OMBIBAIONTHI BO3IYX /

[IpunoBEepXHOCTHBIH CIIOH

HOIo mKHBa M KaM€pbl UMCIKOT CJIOXXHYIO /f?

cucremy. TernoBast MoJens TpUOOCHCTEMBI

C BO3AYHIHO-XKUAKOCTHBIM OXJIAXKJICHUCM

map TpCHUA JICHTOYHO-KOJIOAOYHOI'0 TOP- BepXHsis 4acTh 0601a

MO3a MpHUBeJieHa Ha puc. 1. TopMo3HOTO mKUBa

Ha yactu HwkHel Hepaboueil mo- L{HpKYTHPYIOIIHIi BO3AYX

IMPOBaHHOI moBepxHOCTH A 10 06pasy- T ——

TOPMO3HOTO IIKHBA

[Tomuposannas padodas u Hepaboyast
MOBEPXHOCTL 000a

forei 000/1a TOPMO3HOTO TIKUBA, HAXOJISI-

nielcss HaJl KaMepoil ¢ JKUAKOCTBIO IPOUC- Kamepa ¢ 0 .

. . MbIBAIO LM
XOJUT JIYYUCTbIH TEMI000MEH: OABOIUTCS MEPOXKHIKOCTHOH " ﬂy];L([
KOHJIyKTUBHBIM TEIJIOOOMEHOM OT IOJH- CMECPIO
poBaHHOM paboyeil MOBEpXHOCTH 0001a OwmpbIBaO LN BO3AYX
IIKKBA TCIUIOBOM MOTOK ¢, W B COOTBCT- Puc. 1. Tennosas modens mpudocucnmemul ¢ 6030yutHoO-

HCUOKOCHLHBIM 0XT1AMNCOCHUEM c])pukuuouubtx y3ao0e6

CTBMM C 3aKOHOM CTC(baHa-BOHBHMaHa
J1IeHMOUHO-KOI000YHO20 mopmo3sa

OTBOAUTCA IIOTOK COOCTBEHHOIO n3jy4dc-

4
must wiotHoctbto £C T, rae & - KodpQUUUEHT YepPHOTHI MM U3ITydeHHs (11 aOCOMOTHO dep-
noro rena £=1,0), T, - Temneparypa 1o1upoBaHHOI IOBEPXHOCTH 060/1a IIKKBA, A TIOCTOSHHAs
C =5,75- 10°* BT/ (M2 ><K4). Takum 00pa3om, TpaHUUIHOE YCIOBHE JUI TIOTOKA TEIUIOTHI C yue-

TOM JIYYHUCTOTO TEIJIOOOMEHa MEXKIY YacThio Hepabodeil MOJIMpOBAaHHOW IMOBEPXHOCTHIO 00072
IIKKMBA U OXBATHIBAIOIIEH €€ KUIAKOCTHIO, HAXOIAIICHCS B KaMepe U UMEIOIICH aOCOTIOTHO YEPHYIO
HOBCPXHOCTb, IPUHUMACT BUA!
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oT .

29 g seC T i
onla BTy M
oT 4 4

—A— =eC|\T'-T7), 2
ol (70-11) @)

4 o o
rne 1, - Temmeparypa KHAKOCTH Ha JOCTATOYHOM YJQJICHHH OT IOJMPOBAHHON Hepaboueil 1o-

BEpPXHOCTH 000/1a TOPMO3HOTO IIKUBA.

Hccnenyem B aHaMUTHUECKOM BHJI€ YCTAHOBHBILIEECS PACIPEICIICHUE TEMIIEpaTyp, BO3HH-
KaIOIIKX B TEJIE KaMEPhl B €€ BEPXHEH 4acCTH MPU MOCTOSIHHOM YPOBHE HAaXOJSIIEHCS B HEH JKUJI-
KOCTH BCJIEZICTBHE COBMECTHOTO BO3/ICHCTBHUSI KOHBEKTUBHOTO U JIYYHCTOTO TerioooMeHna [3].

Cumraem, 4yTo TeMIlepaTypa IO BEPXHEMY IMIHHIPUYESCKOMY KOJIbITy KaMephl (0001 IIKH-
Ba) TI0 TOJIIIMHE /I U3MEHICTCS HE3HAYUTEIILHO 10 CPABHEHHUIO C TMEPENajoM MO0 TOPU30HTATLHOM
oOpasyromeid. Torna rpaHMuHbBIE YCIOBUS, 3aJaHHBIC 110 paadaIbHOMY HampaBlIeHUIO, 00bEIUHS-
10TCs ¢ MU depeHIINaTbHBIM YPaBHCHHUE TEILIONPOBOIHOCTH ITyTEM WHTETPUPOBAHUS 1O ITOU KO-
OpIMHATE.

[Tycth Temmneparypa ombiBaroiero Bozayxa 7. (puc. 2 u 3), k03 QHUIHUEHT TEIUI00TAa4YH OT
KUJIKOCTH K BHYTPEHHEH TTOBEPXHOCTH HIKHETO IMHJIUHIPHUIECKOTO KOJIbIA Oy U OT HAPYKHOH ee
MMOBEPXHOCTH K OMBIBAIOIIEMY BO3IYXY Op, KOOD(HUIIMEHT TETUIONMPOBOIHOCTH MaTepHaia CTCHKH
KaMepbl A, CTENICHb YEPHOTHI TIOBEPXHOCTH JKUIKOCTH € HE 3aBHCTH OT KOOPMHAT U TEMIIEPATYPHI.
Kamepa ¢ konbueBbiM nuameTpoM D cunTaercsi 06CKOHEUHOM B HampaBiICHUH OCH Z, KUIKOCTb —
a0COFOTHO YePHOU U UMEET TeMrepaTypy T

Hayvano koopaunar pacrnosnoskeHo Ha ypoBHe xuakoctu (7 u T, - TeMnepaTypbl: cyxoil 4ya-
CTH KaMepbl U CMOYEHHOMU KHUJIKOCTBIO).

B cuy oceBoil cumMmeTpun 3a7aud ypaBHEHHS CTAIMOHAPHOW TETJIOMPOBOIHOCTH ISt

3JIEMEHTapHOT'0 KOJIbLIa BEICOTOW dz 3alMIIETCS B BUJIE

d’T, 4 ma :
Ah— +a(T,-1)-a,(T'-T!)-q,=0  (z>0);
zZ
dsz 4 _ 4 3
//ih d 2 +a(7;_TZ)_am(TZ _Tofc)_ac(TZ _TJIC)=0 (Z<O)’ ( )
A

OpUYeM pe3yabTUPYIOLIMH JIyYUCThIM TEIJIOBOM MOTOK OT Hepabouyel MOBEPXHOCTH CYyXOH 4acTh
o0oj1a IKKBa B Touke M paBeH

q, (M):g ach4 _acjj;4 ay/ _O-T;i' J. ay +1_8J.qﬂd‘//NM ’ )

F Fy ¢ %
rac HepBLIfI WICH ONpCACIIACT MIIOTHOCTD CO6CTBCHHOFO H3JIYy4YCHUA, BTOpOﬁ nu TpeTI/Iﬁ — HpI/I06pe-
TCHHOI'O IIOTOKOM TCIJIOTBI OT U3JIYUYCHUS APYIUX TOYUCK HOHHpOBaHHOﬁ Hepa60qel71 NOBCPXHOCTHU
HIDKHEN 4acTu 0601[3 IIKKWBa U MMOBEPXHOCTH KHUIKOCTHU, HOCJ‘IGI[HI/Iﬁ — OTPAXXCHHOTI'O IIOTOKA TCII-
NOTHL. DneMeHTapHblil Koddduument obmydenns dy ,,, MIOMAAKN dF, MIomankoi dF, B 06-

meM Cliydae BbIYUCIIACTCS 110 (bOpMyJ'Ie
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CoSy/,, COSY/
Ay = 5 dF,,, ©)

nr
LA y, Uy, — YIIbl MEXIy HOPMAJSIMHU K 3JICMCHTAPHBIM IUIOLIAIKAM dF, U dF,, UAIHHIpUYC-
CKOM 000JIOYKH M MPSMOM, COSUHSIONICH Toukn N 1 M, npuHAJJIe)KAIINE dTUM TUIOIIAAKaM; 7 —

paccrostHue Mex 1y ToukaMu N U M, MMEIOIMH OCEBbIE KOOPIUHATHI Z N U Zy,.

9 i 4 2
/A AN — AT - V}
1 N
% =
7 A7, ]
I, Wyl o S
79 /] . g—

Puc. 2 a, 6. Dpuxyuounsiit y3en 1eHmMoUH0-K0J10004HO20 MOPMO3a OYPO6OIl 1e0e0KU ¢
OMbBIEAHUEM HCUOKOCMBIO HOGEPXHOCEN CMEHOK Kamepbl:
a — Mamogulx, 6 — NOAUPOBAHHOU U MAMOBbIX, 1 — mopmo3nas ienma;
2, 3, 4 — ¢hpuxyuonnas Haknaoka ¢ paboueti NOGEPXHOCMbBIO U C KPENeNCHOU Naankou,; 5, 6, 7, 8 — mopMo3HOU WKUG ¢
pabouetl nogepxHocmuio, pebopoamu u Kpenesichvim goicmynom; 9, 10 — eepxrsis u HudiCHsA yacmu 0000a;
11 — so30yxozabopruku; 12, 13, 14 — omeepcmus: oupdhyszopul, konghyzopsl, yununopuueckue; 15 — konvyegvie 06vemvl;
16 — kpeneorcnwitl 6oam,; 17, 18 — knananvi: énycknou,; gpinyckuou; 19 — konvyesasn kamepa, 20— scuoxocmo;
21 — noauposamnnas NOBEPXHOCMb HUNCHEU Yacmu 0600 WKUBA.

al zZ & Z :

P = — :ﬂ\
™ £ N
' % >
as etk — — |~
T ! 2
h o — — - /,Zf
] W o
- T hT T 7 ¥ —
LW T ] -
L., ) I
_ Tax Ix "
I —— X dp FOpaz

Puc. 3 a, 6. ZKuokocmnas kamepa, 6MOHMUPOBANHAA 8 HUNCHIOIO Yacmb 0000a wiKkuea (a) u
ee pacuemnasn cxema (0):
£ — koaghpuyuenm wepromol unu uznyueHus (01 abcorromuo yuepnozo meaa £ = 1,0); Ty — memnepamypa noaupoeaHHoll He-
paboueti nogepxnocmu HudicHell yacmu 0600a wikusa; Ty, Tc— memnepamypol: HCUOKOCMU U OMbIEAIOWEl 6030VUIHOU CPEObI;
Ok O.c — KO puyLenmovl menioomoayu om: HCUOKOCMU K CIeHKe KamMepbl;, CIEHKU KaMepbl K OKPYICAIOUeMY 8030YXY

Ecnn (@ - nonsapHslil yron LMIMHAPA, TO, BBOJS 0003HAUECHUS

Ay, (6)

Iy p=
g_D g D

HETPYAHO MOJIYYUTh

10
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— 2 .
CoSY/,, =COSY = ! cosgoz o =D7[1+2(§—77)2—005¢} ’ )
\/5\/1+2(§—77) —Ccos@
2
dF, :%dq)dn'

Ha ocnosge (5) ... (7) Haxonum

T (1-cosg)dg 7 :
[t !dnl[l_coﬁz(g—n)ﬂz [K(eman
P 1 COS(p)d(D [(4/—77)2 +3/2}|§—ﬂ| (8)
é/ — 3 :1_ 3 ’
77 'g[l cos+2(§ 77) } [14‘(5_77)2]4

rae K (g’;]) - s1po (YHKIMH, 3aBUCALINE OT OCEBBIX KOOPAWHAT Z y U Z,, TO OTHOLICHHIO K

KOJIBIIEBOMY AuaMeTpy D.

PaccmaTpuBas ny4, ucmyckaeMblii aOCOIIOTHO YEPHOM MOBEPXHOCTHIO JKUIKOCTH, B Kaye-
CTBE KOTOPOTO BBICTYIIAET TOYKA IMOJIMPOBAHHON HEepabodel MOBEPXHOCTH 000/a MIKMBA, HAXOIs-
LIEICS Ha €ro MPOEeKLUNH, UMEEM MHTErpaIbHOE COOTHOUIEHUE N0 BCEH IJIOMAAN KPYroBOro 3epKa-
JIa )KUAKOCTHU T,

IdWNM=TK(§J7)d77’ ©)

MIPU YCIOBUH, YTO TEMIIEpaTypa KaMephbl paBHA TEMIIEPATYPE KHUIKOCTH.
Nwmes B Buay (8) u (9), monydaem

q,I(M)=e{%E4—acITl4K(§,n)dn—acT$jK(é,n)dml%gfqﬂ(77)K(§,77)d77} (10)

BBO):[SI 6€3MCpHHC HNEPEMCHHBIC

T .. : : . ah. ea T’ . «_n
19_:—19 121,2500,%, :L’ :ﬁ’ Bi= y p=—-—-C C —> (11)
YT 1 ea,T' " a : A a d D
rne Bi — kputepuit buo, nepenumenm ypaBuenus (3) u (10) B Bume
£ d*3, -
—L+1-3 —v(3 -9, )-vg=0, (£ >0); (12)
Bl ( )-vq=0, (¢ >0)
§ d’9, 4 g4 .
+1 19 —m 19 19 19 _19 =0, é/<0 B (13)
Bl dé/ ( ) ( 2 oo) ( )
B 1o xe Bpemst ypaBHenue (12) ¢ yquOM 3aBUCUMOCTH (8) TPHUHUMAET BU]T
34.[34 K(&,n)dn- yfl({na?ﬁlajK{n ) q(n)dn (£<0) (14)
MIPU CJICAYIOMIUX TPAHUYHBIX YCIOBUSAX:
ds . d8 . -dS d3g
A (0)=005 L% (_on)=05 $(0)=4(0)5 L% (0)=L%2 (0 (15)
Anmpokcumupyem sapo pyHkun K (g“ , 77) 9KCIIOHCHIMATLHON (QYHKITHEH
K(<.n) ~o M

11
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Torna
n n
J K(Enydn = [ & ag=—e (¢ > ). (16)
Ha OCHOBAHHH 4Yero HaxoauM Juis (14) N
I 0 4
§(6)=8'(6)= [ 8 (n)an-[ 8 (m)e ™ -5 4
0 ¢ 2 (17)

+(1—€)TQ(77)€2(“)6177 +(1—g)Tq(,7)eZ(M)d

Juddepenunpys Boipaxkenue (17) qBakasl M BbIUMTAs U3 HEro yueTBepeHHoe (17), umeem
2 2 g4
T4 4eq=29 . (18)
dg dg
B cBs3u ¢ Tem, 4TO JyYHCTHIH MOTOK HA OECKOHEYHOCTH IOJDKEH PABHATHCS HYIIO, a B
HayvaJjie KOOPAWHAT CIIpaBeIuBo cooTHomeHue (17), rpannynbie ycmoBus s (18) 3anuceiBaroTcst
B CJICYIOIIEM BUJIE

4

4 —2 19 -2
q()=0; q(0 IS "y (1 gjq dp. (19)

Herpynno mposeputs, uto npu 4 =9 = const cucrema ypasrenuii (18), (19) umeer pe-
ICHHUEC

§' = e (20)
a(<)= A

Pemenne (20) mpu § =( COOTBETCTBYET U3IYYEHHUIO MONYOECKOHEYHON DPABHOMEPHO

HArpeTOl KaMephbl B MPOCTPAHCTBO, & MPH ¢ () - HA aDCOJIOTHO YEPHOE JHHIIE Kamepsbl. Jlyuu-

CTBIM IIOTOK 3aTyXaeT Ha PACCTOSIHUU [ =3 D/ (2\/5 ) , @ €r'0 MaKCUMaJIbHasl NHTEHCUBHOCTD

q‘1(0)=1f\7;(T4 ~T}):

PaccmoTpum teneps pemenne ypasaenuit (13), (14), (18) npu rpannunsix ycnoBusix (13) u

(20).
B ciyuae orcyrersus usnydenus (V=0) pemenue ypasuenuii (13), (14) u (16) umeer Bun
G=h—B e (£>0) G=h,~f e (£<0), @1
rae
k=i g = JI+m (k—k,): 7=\/E. i 1+m8, .
1 Y lem T E T am
gtk o _Billem) (22)
1+ \/1+m 4

HpUYEM k, ¥ k, MOXKHO TPAKTOBATh KaK PABHOBECHBIE TEMIIEPATYPHI KAMEPHI HA OECKOHEYHOCTH.

12
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[Mpu v # 0 pemieHne CUCTEMbI YpaBHEHM Takke OyaeMm wmckath B dopme (21), moHumas

NOA k, ¥ k, PaBHOBECHBIE TEMIICPATYPhl B YCIOBUSAX JIYYMCTOIO TEIIOOOMEHA, CBA3AHHBIE Clle-
JTYIOIIAMHU COOTHOIICHUSIMHU:

-k v(k=8)=0:  1-k,m(k,~3,)-v(ki = !)=0. (23)

[ToncraBum (23) B Buje, yA0OHOM ISl HAXOXKICHHS k1 u k2 METOJIOM TI0CJIE€/I0BATEIIHbHBIX

IPUOIIMKEHUI:

P L kz_\/l my ~(emk g1 (24)
\% 1%

Hapametpet S, 5,7, ), HAXOIATCS U3 YCIOBHI COMPsDKCHHUS, ciieayromux u3 (16)
Bi+B=k—k, 5 yp=1.p (25)
a Taxoke ux ypasHenuit (13) u (14) npu ¢ =0.
[Tockonbky B ypaBHeHue (13) BXOIUT ¢, IpeABapUTEIHHO HEOOXOIUMO OTPENIEIUTh €r0 U3
(17). pu ¢)1, 3aJlaHHOM coOoTHolIeHueM (21), ¢ yueToM niepBoro yciosus u3 (18) monydaem

q($)=Ce ™ —4y; B x

3 2 3 (26)
x kl e—m“ _ 6k1 ﬁl e—271§ 9k131 e—3714 _ 4ﬁ1 e-471§
2 2 2 ’
7, —4e 4y —4¢ 97/ —4¢ 16y, —4¢
MPUYEM CUUTACTCS, YTO nzylz —4e+0 (n=1,2,3,4) .
Ucnonszys BTopoe ycnosue u3 (18), Haxoaum
2e ,B
k4 34 L
4(2+;/1)k3 6(2+2}/l) (2+3;/1)k » 244y
X 2 1 2 lﬂl 2 1:31 - 2 :31
v, —4e 4y —4e 9y, —4e 16y, —4e

Honaras { =0 B ypasuenusx (13) u (14), nocne noacranoBku B Hux (21) u (26) npuxo-

JIUM K CIICIYIOIUM HETMHEHHBIM alireOpandyeckuM ypaBHEHUSIM:

& 1 £ 1
28| 1- . —88 kv| 1- . +
‘ { 1+e 47/1+2\/E} UL 1e 3p424e

1 1 527/2
+1282 klv|1 8| 8vk'| 1 +1-=L |+
Ak { 1+I 2y1+2\f} { ( 1+\F 71+2\FJ Bi

l+f[ 19;] 5

2 2
VB +av Bk, + VK + B, {4%; +1+m_2_73}:o. (28)
l

VpaBHenust (25) u (28) 00pa3yloT MOJHYIO CHCTEMY YPAaBHEHUM A ONpeAeeHus
B, Bys 74,7, B obleM Buie pelienue ee MOKHO CTPOUTH HA OCHOBE METOJa MOCIIECI0BATENbHBIX

NpUOITIKEHWH, B pe3yJIbTaTe Yero pacipeeieHne TeMreparyp rnpeacrasisercs B popme (26).
PaccMmoTpuM TpH 4acTHBIX Citydast.

13
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1. Tlpu v=0 u3 (28) u (25) cnenyer peuieHne

Bi. Bi(l+m) oy (k-k). , r(k-k) (29)
n= > V= ’181— ’182_ ’
9 9 Nty e

COBIIAJIAIOIIEE C TOYHBIM (28) B ciIydae OTCYTCTBHSI U3TyUEHUS.

2. B Hauboree HHTEPECHOM MU IIPAKTUKK Bapuante mpu ¥, >>1, y, >>1 u3 (28) cnenyer

1

K=k =) ——— (k' =k*
B 1 (1 :Bl) 2(1+\/;)(1 ch) ;
7 2? 1+2v 5 zfl(ﬂl)
. k 4_k4
LI P G ) i TR (30)
P,
Taxk kak B COOTBETCTBUH C (25)
Bo=ki—ky=Bys g, —— 1P, (1)
’ kl_kz_ﬂl

BTOPOE COOTHONICHUE PUHUMAET BU]L
2 k1 _kz _181
7=
B

3HaueHus ), W [}, ONpPENEIAIOTCA W3 YCIOBUSA MEPECEYEHHsS KPUBBIX y°= f1( ﬂ1) u

jz fz (kl _kz_:Bl):g(:Bl)'

},12 =g ( ﬂl) npu 0 < S, <k, —k,, ¢ TOMOIIbIO KOTOPBIX HA OCHOBaHUH (31) nmyrest S, u y, .
3. B ciiyyae HHTEHCUBHOI'O TEIIOOTBO/IA B JKUAKOCTh 11 >> 1 .
Torma u3 (38), (31) u (24) nomyyaem
kZ 21991(’; ﬂzzo; ﬂlzkl _l99IC’

Bi

7 -7 1+2v|1- (k7 +3)(k+9,) |- (32)

|
2(1++e)

Takum 00pa3om, pacrpeielieHHe TeMIlepaTyp B KaMepe HMeeT BH/]

glzkz_(kl_lgm)e_“ (§>0)’ % =9, (§<O)’ (33)
re k, :4/1_k2 +9.
\%

OnHako Ooitee IIPOCTBIM METOAOM ABJIACTCA OLCHKA TCIUIOBBIX IMOTEPHL OT HOBerHOCTCﬁ

COCTaBHBIX IKUBOB — TEMIIEPATYPHBIA METO/I, PEaTU3yeMbIil B IPOMBIIIUICHHBIX YCIOBUSIX HA JIBYX
JICHTOYHO-KOJIOIOYHBIX TOPMO3ax OypoBoii nedenku [4-6].

IMoTepsi TEMIOTHI B OKPYKAIOIIYI0 CpPedy NMOBEPXHOCTSMH COCTABHBIX TOPMO3HBIX
IIKWBOB B MPOMBINIIEHHBIX YCJIOBHSX NMPH OXJIAKICHUH €CTeCTBEHHO W BHIHYKIEHHO BO3IY-
XOM.
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IpunyoumenvHoe oxnasxcoenue mpubocucmemul 1eHMOYHO-KOIOO0UHO20 MOPMO3a OYPOsol 1ebeoKU

Jlnist u3MepeHust IOBEPXHOCTHBIX TEMIIEPATyp Map TPEHUsI 3aMKHYTOTO U Pa30MKHYTOTO CO-
CTOSIHUSI TOPMO3a UCIOJb30BAICA IPPEKT CKONIB3SIIECH TepMOnapbl, a TaKKe s FaJIeTHOTO JaT-
YHKa TEIIOBOT'O IOTOKA JJIs HCCIIEAYEMBIX TOBEPXHOCTEH COCTABHOIO TOPMO3HOT'O IIKUBA.

[epeiinem k paccmorpenuto cemu 3TtanoB (I-VII) ouenku temnoBoro 6ananca BHyTPEHHUX
1 HapYXXHBIX HOBEPXHOCTEH MEpBOTO (a) U BTOPOTo (0) COCTAaBHBIX TOPMO3HBIX IIKUBOB OYpOBOM
ne0eIKM MPU UX HAarpeBaHWM, €CTECTBEHHOM U MPUHYIUTEIHLHOM BO3AYIIHOM OXJIAKICHHUU (CM.
puc. 4).

Ilepsiif stan (1I). B mpoMBINIIIEHHBIX YCIOBHUAX ONPEIESIOTCS MOTEPU TEIIOTHl KOHBEK-
THUBHO-PAJMAIIMOHHBIM TEIUIOOOMEHOM IpU paboTe MPHHYIUTEIbHON BO3AYIIHOW CHCTEMBI OXJIa-
AKJIEHUsI, OMBIBAIOIIECH BHYTPEHHHE IOBEPXHOCTH HW)KHEH M BEpXHEH 4acTH COCTABHOIO 00072

TOPMO3HOTO IIKKBA. JTal OCYIIECTBIIACTCS 0€3 JKUIKOCTHBIX KaMep.

B mepBoM cOCTaBHOM TOPMO3HOM IIKMBE OTKJIIOYAIOT CHUCTEMY NPUHYIUTEIBHOTO OXJIa-
KJICHUS TUPKYITUPYIOIIETO BO3/1yXa, @ BO BTOPOM — OCTaBJISIOT €€ OTKPBITOH. [Ipu 3TOM HapykHbIE
MaTOBBIE U TIOJIMPOBAHHBIE (KpOME pabOUMX) MOBEPXHOCTH COCTABHBIX HMIKMBOB TETUIOM30JIMPYIOT OT

OKpYXKaroLIel Cpe/ibl.

Puc. 4 a, 6 — Smanwt om I-20 0o VII-20 onpedenenus meniogvlx nomeps 3J1eMeHmMAMU COCHIABHO20
MOPMO3H020 UWIKU6a npu paduauuomiom U C/10IHCHOM Meniooomene:
1 — mopmosnas nenma, 2, 3, 4 — ppukyuonnaa Haknaoka ¢ ycukamu u paboueii n08epXHOCMuio, 5, 6 — mopmo3Houl
WKUG U e20 0600, 7, 8§ — noauposannasn pabouas u nepadoyas nogepxnocmu 0600a; 9 — pebopovl wiKkusa;
10 — xpenesicnwitl sbicmyn wkusa, 11, 12 — HudCcHss u 8epXHssA yacmy wKued, 13 — 6030yxo3a60pHuKiL;
14 — connosvle kananwi; 15 — konvyesvle kamepul, 16 — coeOunumenvhvle omeepcmus
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[uKIMYecKUMH TOPMOXKEHHSIMH JIOBOJST TEMIIEpaTypy MOBEPXHOCTH TPEHHUS TMEPBOTO CO-
CTaBHOTO TOPMO3HOTO IIIKWBA OT MHUHHUMAJIBHOW f; 0 #; (BBIIEC JOIMYCTUMOW JUIsi MAaTEepPHAaOB
(pUKITMOHHON HaKIAAKK), GUKCUPYS MPU STOM TEMIIEPATYpHI t| U t; C IIOMOIIBIO TepMOoTIap, a TakK-
K€ BpeMsl HarpeBaHus T padoyeil MOBEPXHOCTH MEPBOT0 TOPMO3HOTO mIKKBa. [Ipu sTOM ukcupy-
IOT TeMIeparypy t3 ¢ MOMOIIBIO TepMOIap BTOPOrO TOPMO3HOIO IIKKWBA. B jainbpHEWIIeM myreMm
YCPEIHEHHS 3aMEPEHHBIX TEMIIEPaTyp Ha pabOYuX MOBEPXHOCTIX 0000B IEPBOTO M BTOPOTO CO-
CTaBHBIX IIKMBOB YCTaHABJIHMBAIOT WX cOoOTHOIIeHHE. [locienHee xapakTepu3yeT OTHOIIEHHE BTO-
poro (23 - t;) K iepBoMy (Z,- ;) COCTABHOMY IIKUBY, KOTOPOE U OMpEIeIIseT IO TEIUIOTHI, pacce-
MBACMOIl B OKPYXAIOIIYIO Cpeqy KOHBEKTUBHO-PAAMAIMOHHBIM TeruiooOMeHoM. Tak, Hampumep,
480-100
500-100
Csl B OKPYXKAIONIYIO Cpelly KOHBEKTHBHO-PAIUAIMOHHBIM TEIZIOOOMEHOM OT BHYTPEHHHX MOBEpPX-
HOcTel 000/1a COCTaBHOTO TOPMO3HOTO IIKKUBA, COCTaBIsAeT 5,0%.

IpU COOTHOILICHUH yKa3aHHbIX TEMIIEpaTyp —0.95 J0Js TEIUIOThI, KOTOpas pacCeUBaET-
b

Bropoii stam (II). B MpOMBIIIIICHHBIX YCIOBUSX OMPENEISIOTCS TOTEPH TEIUIOTHI panali-
OHHO-KOHBEKTHBHBIM TEIIOOOMEHOM OT BHYTPEHHHUX MOBEPXHOCTEH 000IOB IIKMBOB U UX MOJIH-
POBaHHOI paboyeil MOBEPXHOCTH MPH HAXOKJICHUH IIKUBOB B cTatuke. [Ipu 3TOM 3acekaioT Bpemst

T @CTECTBEHHOTO OXJIXK/ICHUS YKa3aHHBIX TOBEPXHOCTEH COCTABHOIO TOPMO3HOTO IITKUBA.
BypoByto nebeqKy OCTaHABIMBAIOT C HArPEThHIMU MapaMU TPEHHsS JICHTOYHO-KOJIOJOYHBIX
TOPMO30B, YTO TIO3BOJISIET 3aTSHYTh TOPMO3HBIC JICHTHI U MOCAAUTh (DPUKIIMOHHBIC HAKJIAIKK Ha
MOJTUPOBaHHYIO (Pabodyr0) MOBEPXHOCTH 000/1a COCTABHOTO TOPMO3HOTO IIKHBA, M C TIOMOIIBIO
TaJICTHBIX JATYMKOB 3aMEPSIOT TEIUIOBBIC TMOTOKA ¢ M WX YCPEAHSIOT U 1O 3aBUCHUMOCTH BHIA
t,—t,=qo /A (rae A — npuBeJEHHbIA KOY()QULIHMEHT TEMIONPOBOAHOCTH MaTEPHATIOB IIPOBOJIOK
TaJIETHBIX JATYMKOB; 0 — TOJIIMHA TOBEPXHOCTHOTO U MPUIIOBEPXHOCTHOTO Clost paboueii moBepx-
HOCTH o00o0la IIKWBA) M TI0 COOTHOIICHHIO PACCUYNTAHHBIX MOBEPXHOCTHBIX TEMIIEPATyp
(t'l—to)/ (t'z—to) MEPBOTO M BTOPOTO COCTaBHBIX TOPMO3HBIX IIKMBOB OLIEHHBAIOT B CTaTHKE
WHTEHCUBHOCTh PaJMAallMOHHO-KOHBEKTHBHOTO TEIJIO0OOMEHAa MX BHYTPEHHUX IOBEPXHOCTEH MU

HIOJINPOBAHHOM paboyell MOBEPXHOCTH A0 TEMIIEPATYPbl OKPYKAIOIIEH Cpebl.
Tperuii stan (II1). B npoMbIIIIeHHBIX YCIOBUSAX ONPEAETSAIOTCS MMOTEPH TEIUIOTHI Pajua-

IIMOHHO-KOHBEKTUBHBIM TEIIIOOOMEHOM IIPU BBIHY)KJIEHHOM OMBIBAHUH BO3yXOM INOJIMPOBAHHON
HapY>KHOM IOBEPXHOCTH HIKHEW 4YacCTH COCTABHOIO TOPMO3HOIO HIKMBA. B mepBOoM COCTaBHOM
TOPMO3HOM IIKHMBE H YKa3aHHOH MOBEPXHOCTH TEIUIOM30JIALUS OTCYTCTBYeT. lIpuHyauTenbHble
BO3JIyIIHBbIE CUCTEMBI B 00OMX COCTaBHBIX TOPMO3HBIX LIKUBaxX padotatot. I[locTymaroT aHamorud-
HbIM 00pa30M, KaK M Ha IIEpBOM 3Tarle,! MOoJIy4aloT OTHOLIEHHE OBEPXHOCTHBIX TeMIepaTyp nep-
BOIO (¢, —¢,) KO BTOPOMY (t3 —tl) LIKMBY, KOTOPOE OINpPENEINSeT A0 TEIUIOTHI, PACCEHMBAEMOU B

OKpY’KaIONIyI0 CpPely paJaualliOHHO-KOHBEKTUBHBIM TeriooOMeHoM. Tak, Hampumep, MmpH COOT-

HOLIEHNH yKasaHHbIX Temmeparyp 460-100 o .- noms Temnorss, xotopas paccemsaercs B
480-100

OKPYKAIOIIYIO CPEy palualliOHHO-KOHBEKTUBHBIM TEIUIOOOMEHOM OT HapY>KHOW MOJMPOBAHHOU
MMOBEPXHOCTH HIKHEN YacTH 000/1a TOPMO3HOT'O IIIKMBA, COCTaBisIeT 5,3 %.

YerBeprtsiii otan (IV). B mMpOMBINIICHHBIX YCIOBUSX ONPEACTSIOTCS MOTEPH TEIUIOTHI pa-
JIMAIIMOHHO-KOHBEKTHBHBIM TETZIOOOMEHOM OT MX TMOJIMPOBAaHHBIX Pa0OYHMX U HEPaOOUUX MOBEPX-

HOCTEH IIpU HAXOXKACHUHN INKHUBOB B CTATHUKE.
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Tpunyoumenvhoe oxaadicoeHue mpudocucmemvl IeHMOYHO-KOI000UHO20 MOPMO3a OYPO6oIl 1eHedKu

3aMepeHHBIe TCIIJIOBBIC ITOTOKHU ( OT IMOJIUPOBAHHBIX pa6oqnx u Hepa60tn/1x HOBerHOCTeﬁ
C IMOMOIIBKO TAJCTHBIX AJAaTYMKOB CHa4dajla YCPCAHAIOT, a IIOTOM II0 3aBUCHMOCTH BHA

t,—t,=qo / A ONpenensiOT SHeProHarpyKeHHOCTh MOMMPOBAHHEIX PAOOUMX M HEpabodMX Mmpo-

THUBOIIOJIOKHBIX TIOBEPXHOCTEH COCTABHOTO 000712 TOPMO3HOTO IIKKBA. [Ipu 3TOM mpencTaBiseTcs
BO3MOJKHBIM OTPEJICNIUTh TPATUEHTHI TEMIIEPATypPhI 10 TOJIIIMHE BEPXHEH M HIDKHEH JacTu 06oaa
TOPMO3HOTO IIKHUBA.

[satetit oTan (V). B npoMBIIUIEHHBIX YCIOBUSAX OMPEIENISIOTCS OTEPU TETIOTHI paiualiy-

OHHO-KOHBEKTHUBHBIM TEIUIOOOMEHOM IPH BBIHYKJIEHHOM OMBIBAHUU BO3AYXOM HApY)KHBIX MaTo-
BBIX TOBEPXHOCTEH COCTABHOTO 000/a IMIKKBA, a TAK)KE €r0 BHYTPEHHHX MAaTOBBIX TOBEPXHOCTEM.
B nepBoM miknBe HapyKHbIE MATOBBbIE IOBEPXHOCTH TEIIOU30IMPYIOT. [locTynaroT aHamoruuHbmM
00pa3oM, Kak Ha BTOPOM 3Talle, U MOJIy4aloT OTHOLICHUE YHEProOHArpyKEHHOCTH TIEPBOTO (15 — t])

KO BTOPOMY (l‘3 - tl) LIKUBY, KOTOPbIE U ONPEIEIISIOT JOJII0 TEIUIOTHI, PACCENBAEMOI B OKpYXkKaro-
HIYI0 Cpeay paauallMOHHO-KOHBEKTHBHBIM TeriooOMeHoM. Tak, Hampumep, MpU COOTHOUICHHH

YKa3aHHBIX TEMIIEpaTyp 480-100 —(,95 JOJIs TCIUIOThI, PACCCHBACMOM B OKPYXKAIOILYIO Cpey
500-100
paznanoOHHO-KOHBEKTUBHBIM TETJIOOOMEHOM OT Hapy>KHBIX MAaTOBBIX IMOBEPXHOCTEH INKKBA, CO-
crasiseT 5,0 %.
ITecroit stan (VI). B mpOMBINIIEHHBIX YCIOBHSIX ONPEACISIOTCS MOTEPH TEIUIOTH pajua-

[IMOHHO-KOHBEKTUBHOM TEIJIOOOMEHE MAaTOBBIX M MOJIMPOBAHHBIX PaOOYMX M HEPAOOUMX MOBEPX-
HOCTEM IIKUBOB, ITPU HAXO0XIEHUU UX B CTaTHKE.

OcranaBnuBaoT OypoBYIO J€0E/IKY C HarpeThIMHU MapaMH TPEHUS JIECHTOYHO-KOJIOJIOYHBIX
TOPMO30B M 3aTATMBAIOT TOPMO3HBIE JIEHTHI C HAKJIAJKAMHU U C IOMOIIBIO TaJIETHBIX JATUYUKOB
OTIPENIENIAIOT TEIJIOBBIE IMOTOKH, M3IydaeMble IMOJUPOBAHHOW (pabodei) MOBEPXHOCTHIO 00012
IIKKBA, 3aT€M UX YCPEAHSIOT, IIOCJIE YeTr0 PaCCUUTHIBAIOT ITOBEPXHOCTHBIE TEMIIEpaTyphl, U3 KOTO-
PBIX POPMUPYIOT COOTHOIIICHHE (t's— zo) / (1'6— zo) NEPBOI0 U BTOPOro MKUBOB. [Ipu 3TOM onpene-

JSIETCSl BpPEMsl €CTECTBEHHOTO OXJIaXJICHHUS U OOBEMHOW TeMIlepaTypbl MaTOBBIX MOBEPXHOCTEH
00071 IIKKBA MPU UX paJUalliOHHO-KOHBEKTUBHOM TEIJIO00MEHE.
Cenbmoit stan (VI). B mpoMbIIIIEHHBIX YCIOBUSAX ONPEEIIAIOTCS NOTEpH TEIJIOThl pajna-

LUOHHO-KOHBEKTUBHBIM TEIUIOOOMEHOM OT KPEIEKHBIX BBICTYIIOB TOPMO3HBIX IIIKUBOB B TEJIO
(hnana 6apadbana gedeaKu.

Jns peanuzanuy JaHHOTO 3Tara CHUMAIOT TETIOM30JISLIUIO C KPETIeKHOTO BBICTYIIA IEPBO-
ro mKuBa. Pexxum TopMokeHHs: U BpeMst (HYPUKIIMOHHOTO B3aUMO/ICHCTBUS Map TPEHHS COOIFOIAI0T
TE e, YTO U Ha pabouuX MOBEPXHOCTIX 000I0B TIEPBOIO M BTOPOTO IIKUBOB, & 3aTE€M yCTaHABIIH-
BaIOT HX cooTHomIeHue. [locneiHee XapakTepu3upyeT OTHOMICHNE SHEPTOHATPYKEHHOCTH IIEPBOTO
(¢, —1,) KO BTOPOMY (f, —¢,) LIKUBY, KOTOPOE M ONPEACISCT JOJO TEILIOTHI, KOTOPAs OTBOJXUTCS

KOHAYKTUBHbBIM TENJI000MEHOM OT KPCIIC)KHBIX BBICTYIIOB HIKUBOB B TCJIO (bnaHua 6apa6aHa Jie-

oenku. Tak, HampuMep, IPU COOTHOIIIEHUH YKA3aHHBIX TEMIIEPATypP 480100 = (.95 A0JIA TETUIOTHI
500—-100

cocrapisieT 5,0 %. JlaHHbIN 3Tanm Bcerna OCYHIECTBISETCS MOCJE OLEHKHU SHEProHarpy>KeHHOCTH
IPUHYIUTEIBHOIO BO3AYLIHOIO OXJIAKIECHHSI TOPMO3HBIX IIIKHUBOB.

17
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BLIBOZILI. Takum 06p8.30M, IPpONJIFOCTPHUPOBAH paCLIeTHO-BKCHepI/IMeHTaHBHLIfl METO
OIIPCACJICHUA IIOTCPb B OKPYKAKOIIYIO CPpEAY MOBCPXHOCTSAMH COCTABHBIX TOPMO3HBLIX INKHBOB B
IMPOMBIINIJICHHBIX YCJIOBUAX IMPU €CCTCCTBCHHOM U BBIHYKACHHOM OXJIAXKJICHUH BO3YXOM.

REFERENCES

1. Janahmadov A.Kh., Volchenko A.L., Pirverdiev E.S., Volchenko N.A., Vitvickiy V.S., Chufus V.M. Prinuditelnoe
ohlazhdenie tribosistemy lentochno-kolodochnogo tormoza burovoy lebedki (chast 1). // Vestnik Azerbaydzhanskoy
inzhenernoy akademii, 2017, T.9, Ne3, s.18-30.

H:xanaxmenos A.X., Boibuenko A.U., [Iupsepaues I.C., Boubuenko H.A., BurBuuxuii B.C., Uypyc B.M.
IpunyauTeIbHOE OXTaXICHHE TPUOOCHCTEMBI JICHTOYHO-KOJIOJOYHOTO TOpMO3a OypoBoii iebeaku (dacts 1). / BecTHuk
AszepOaifxaHckoi nHxkeHepHO# akanemun, 2017, T.9, Ne3, c.18-30.

2. Tribologiya / A.L. Volchenko, M.V. Kindrachuk, D.A. Volchenko [i dr.] / Kiev-Krasnodar: «Play», 2015. — 371 s.
Tpubosorust / A.W. Bonbuenko, M.B. Kunnpauyk, /I.A. Bonbsuenko [u ap.] // Kues-Kpacuonap: «[lnaii», 2015. — 371 c.

3. Proektnyy i proverochny raschet frikcionnyh uzlov lentochno-kolodochnyh tormozov burovyh lebedok / A.Kh. Janah-
madov, D.A. Volchenko, D.Yu. Zhuravlev [i dr.]; pod obshh. redakciey akademika A.Kh. Janahmadova. Standart. — Baku:
«Apostrofty, 2016. —312 s.

IIpoekTHBIH M NPOBEPOYHBIH pacueT (GPHUKIMOHHBIX Y3JIOB JICHTOYHO-KOJIOJOYHBIX TOPMO30B OypOBBIX JeOenok /
Az.X. Jlxanaxmenos, /I.A. Bonbuenko, JI.10. Xypasnes [u ap.]; moa obmi. penakiueii akagemunka A.X. J[xaHax-
menoBa. Ctanaapt. — baky: «Anoctpoddy», 2016. — 312 c.

4. Prochnost, ustoychivost i kolebaniya tazhelonagruzhennyh obolochechnyh konstrukeiy / V.F. Gribanov, I.A. Krohin, N.G.
Pinichkin [i dr.]. — M.: Mashinostroenie, 1990. — 368 s.

IIpoyHOCTH, YCTOWYMBOCTH M KOJIEOAHMS TSDKEIOHATPY)KEHHBIX 000sI04edHbIX KOHCTpyKimii / B.®. 'pubanos, N.A.
Kpoxun, H.I'. [Tuanukus [u ap.]. — M.: Mamunoctpoenue, 1990. — 368 c.

5. Janahmadov A.Kh. Fiziko-stohasticheskoe tribomodelirovanie / A.Kh. Janahmadov. — Baku: Elm, 1988. — 152 s.
JixanaxmenoB A.X. Ousnko-croxactuueckoe tpubomoaenuposatne / A.X. [kanaxmenon. — baky: Dim, 1988. — 152 c.

6. Vliyanie vodoroda na iznosostoykost materialov v parah treniya tormoznyh ustroystv / M.V. Kindrachuk, D.A. Volchenko,
N.A. Volchenko [i dr.] / Fiz.-him. mehanika materialiv. — 2017. — Ne 2. — c. 135-141.

BrusiHue BOOpOAa Ha M3HOCOCTOMKOCTh MaTepUajoB B Mapax TPEHHs TOPMO3HbIX ycrpoicTs / M.B. Kunnpauyk, J.A.
Bonbuenko, H.A. Bospuenko [u ap.] // Di3.-xim. Mexanika matepianiB. — 2017. — Ne 2. —c. 135-141.

QAZIMA BUCURGADIN LENTLI- KUNDOLI 9YLOCININ TRiBOSiSTEMININ
MOCBURI SOYUDULMASI
(I hiss?d)

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

Mogalodo lentli-kiindsli oylocds biitdv oyloc qasnagmin kamera divarlarinin sothlorinin maye ilo yuma vaxti horarat
miibadilo proseslori; tobii vo mocburi hava ilo soyuma vaxti sonaye soraitindo biitév oyloc qasnaqlarinin sothlori ilo otraf
miihita istiliyin itmasi masalalarina baxilib.

Agar sozlor: lentli-kiindali aylac, tribosistem, siirtiinma ciitlori, gasnagin ¢anbari, maye ila kamera, konveksiyali,
konduktiv, radiasiya istilik miibadilasi, istilik balanst marhalalari.

FORCED COOLING OF THE SHOE-BAND BRAKE TRIBO-SYSTEMS
OF DRILLING DRAW-WORKS
(Part II)

A.Kh. JANAHMADOV, A.I. VOLCHENKO, E.S. PIRVERDIYEYV,
D.A. VOLCHENKO, V.S. SKRYPNYK, V.M. CHUFUS

The article provides details on following: the heat exchange processes during the liquid washing of the inside surfaces
of the shoe-band brake pulley chamber; the heat loss into the medium by the brake pulley surface in the industrial conditions
with natural and forces cooling of air.

Key words: shoe-band brake, tribo-system, frictional pairs, pulley rim, fluid chamber, convective, conductive,
radiation heat exchange, heat balance stages.
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QEYRI-STASIONAR GORGINLIKLORDO YORGUNLUQ
ZODOLONMOLORININ TODQIQI

AM. QAFAROV", M.S. ROHIMOVA™

Doziimliilik hoddindon asagida yerloson gorginliklorin zodolonmolorin toplanmasina  tosiri tocriiba
vasitasilo dyronilmigdir. Tacriiba vasitesilo miioyysn olunmusdur ki, (,5o , seviyyesindon asagi gorginliklorin

zadalonmalarin toplanmasina tasiri miioyyen edilmomisdir.

Acar sézlar: doziimliiliik haddi, yiik, zadalonma daracasi, garginliklar, dispersiya, ehtimal, yorgunlug.

Molum oldugu kimi geyri-stasionar yiiklomalor zaman1 yorgunluga goro hesablamalarda
zadalonmolorin toplanmasi gorginliklorin maksimal qiymatindon doziimliilik haddine qodor
olan intervali ohato edir. Beloliklo, dozlimliilik hoddindon asag1 gorginliklorin méhkomliyo
tosiri nozoro alinmir. Bununla borabor aparilan tocriibalords zodolonmo doracasinin artmasi ilo
yanasi doztimliilik hoddinin todricon asagi diisdiiyii gobul edilir. Ona goro do doziimliiliik
hoddindon asag1 gorginliklorin zadolonmolorin toplanmasina tosirini xarakterizo etmok lazim
golir [1-5]. Bu sahodo oldo olan tocriibalorin noticalori ¢ox mohduddur vo belo yiiklomolor
zamani zadalonmolarin toplanmasi goraiti barade ardicil malumat verilmir.

Doéziimliilik haddindon asagi gorginliklorin rolunu aydinlasdirmagq tigiin ikipillali blok
yiiklomoalorindon istifado edilmisdir (sok.1). Sinaqdan kegirilon niimunolor standarta uygun
gotiiriilmiisdiir. Niimunalor 20N2M markali poladdan hazirlanmigdir. Niimunalorin sinag UKI-
10M tipli qurguda yerins yetirilmisdir.

I

Gﬂ G“ 1 G“ m
1,26, 1,26, 120,
09 I R Gf{ T Gfl N 671
s G,] o
0,70 |-
0,500 |--
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Sok.1 Iki pillali blok yiiklomalori

Fovgoelads Hallar Nazirliyi
" Azorbaycan Dévlot Neft vo Senaye Universitet
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N= N(o) korelyasiya asililigin1 qurmagq ti¢lin tocriiboalorin naticolori [2] sayli adobiyyatda

gobul edilmis metodika {izra yerina yetirilmisdir.
Homin metodikaya géro miixtolif dagilma ehtimalina malik yorgunluq oyrilorinin riyazi
ifadolori asagidaki kimi toyin edilir:

+K,8, Jlgo, ~lgo)+lgN +K,S,,, (1)

IgN,; = _Umso%

Burada m,,, —yekun korelyasiya tonliyinin maillik dorocesi gostoricisinin miitloq
qiymatidir vo P=50% dagilma ehtimalina uygun golir; K, — dagilmamaq ehtimali omsalidir
[2]; S, -maillik dorocesi gostoricisinin osas meylliyl; /go, —amplituda gorginliklorin
logarifmas1; Igo, —gorginlik logarifmasinin  orta qiymeti; Ig N, — uzundmiirliiliiklorin
loqarifmasi; /g N — uzundmiirliiliik logarif-masinin orta qiymsti; S,, — paylanma o6l¢iistidiir.

Uzundmiirliiliiylin logarifmasinin orta qiymati

_ ilg N;
lgN=2= )
n
Gorginlik logarifmasinin orta qiymaoti
_ ilg G;
lgo==—r0 3)
n
Secmo qarigiq markozi moment iso asagidaki kimi hesablanir:
1 — —
Mt =ﬁ§1(lg6i—lgcxlgNi—lgN) 4
Uzunomiirliilikk vo gorginlik logarifmasinin asas meylliklori
1 2 —
SN:\/;;l(lgNt_lgN)z (5)
1 —
= lgo, —1 6
o \/n_llzl(gq ¢o) (6)
Se¢mo korelyasiya amsali
__Hin 7
"S5 s (7

Yekun korelyasiya tonliyinin maillik doracasi gostoricisinin miitloq qiymati belo toyin
olunur:

Sy ®)

Msgoy =1~
SO'

Maillik doracasi gostaricisinin asas meylliyi

.2
S ©)

o

Paylanma 6l¢iisti

Sy, =SyV1—r? (10)
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Qeyri-stasionar gorginliklorda yorgunlug zadalonmalarinin tadqiqi

Sy =0,48256 vo S_=0,05069 qiymatindo »=0,9983,m=9,503 aliriq. Korelyasiya omsa-
linin sifira borabor olmasi haqqinda sifir hipotezini yoxlamaq {iclin Fiser c¢evrilmosindon
istifado edirik. Bu ¢evrilmoyo goro tosadiifi qiymotin paylanmasi asagidaki kimi hesablanir:

1+ 1, 1+09983

u= lln —1

n =3,5347
2 1-r 2 1-09983
Orta kvadratik meyli hesablayaq:
c, = ! ! =0,3780

“n-3 J10-3
a =0,05 qiymotindo codval 3-don [2] P=1 —% =0975 ehtimali tigiin z,,,s =196 tapirq:

Zy975 * O, =1,96-0,3780 = 0,7409
Baxilan misal goraitindo

|u| < Z a -0,

boraborsizliyi 6donmir, yani
u=3,5347 2z, 450, =0,7409

Alinan naticalor sifir hipotezinin gobul edilmosini rodd edir vo tsikllor say1 ilo gorgin-
liklor arasinda six korelyasiya slagosinin oldugunu gostorir.
Taocriibonin naticalorinin statistik emali cadval 1-do gostorilmisdir.

Cadval 1
20N2M markah poladdan hazirlanmis niimunalarin yorgunluq tacriibalorinin

reqressiya analizinin naticalori

Ne S X N;-107° Vi (xi _37) (x; —)_c)z (J’i _J_’) (v —})2 (xi _J_C)(yz' =)
I 465,60 | 2,66801 | 0,0701 | 4,8457 |+0,08985| 0,00807 | -0,8605 | 0,7404 -0,0773
2 | 441,35 |2,64478 | 0,1073 | 5,0306 |+0,06662| 0,00443 | -0,6756 | 0,4564 | -0,0450
3 | 417,10 |2,62024 | 0,2212 | 5,3447 |+0,04208| 0,00177 | -0,3615 | 0,1306 | -0,0152
4 | 392,85 |2,59422 | 0,3934 | 5,5934 |+0,01606| 0,00025 | -0,1114 | 0,0124 | -0,0017
5 368,60 | 2,56655 | 0,6611 | 5,8202 |-0,01161| 0,00013 | +0,1140 | 0,0129 -0,0013
6 354,00 | 2,54900 | 0,9270 | 5,9670 |-0,02916| 0,00085 | +0,2608 | 0,0680 -0,0076
7 394,20 | 2,54307 | 1,1413 | 6,0574 |-0,03509| 0,00123 | +0,3512 | 0,1233 -0,0123
8 | 344,30 |2,53693 | 1,2553 | 6,0987 |-0,04123|0,00169 | +0,3925 | 0,1540 -0,0161
9 | 339,50 |2,53084 | 1,3608 | 6,1337 |-0,04732 0,00223 | +0,4275 | 0,1827 -0,0202
10 | 337,56 |2,52835 | 1,4793 | 6,1700 |-0,04981 | 0,00248 | +0,4636 | 0,2151 -0,0231
Comi 25,7816 57,0628 0,02313 2,0958 -0,2198

S(y, —Y) = 0,006095
i=1
Statistik emalin noticosindo o vo N parametrlori arasinda korrelyasiya tonliyi oldo
edilmis vo bu tonlik dagilma ehtimali P=50% olan yorgunluq oyrisinin maili hissosi ifads
edir:
Ig N, =30,207-9,503/g G, (11)

Sok.2-do gostorilon reqressiya xotti alinmis (11) tonliyino uygundur.

21



A.M. Qafarov, M.S. Rahimova

Reqressiyanin nozori xotti li¢iin etibarliliq sahosini qurmaq moqsadi ilo tocriibi reqresiya
xotti otrafinda dispersiya qiymaotini toyin edirik:

S? =

: 1
Sy, -1) = o= 0006095 =0,00076

n—2i-l
Onda reqressiyanin empirik xottinin tonliyinin parametrlorinin dispersiya qiymat-
londirilmasi (w,n, =1 {giin)
2
S zs_zmz(),oooom;
10
S* 000076

= =0,03286.
$(x,—xf 0023130

Dispersiyanin riyazi gdzloma qiymaotini asagidaki diistur ilo toyin edirik:
S3 =0,000076+0,03286(x —2,57816)".
Reqresiya xottinin etibarliliq sahasi sorhadi belo hesablanir:
Y—ta,R-Sy<n<y+ta,R-Sy (12)

P =0,95% etibarliliq ehtimali ii¢lin ardicil uygun hesablamalar codval 2-do verilmisdir.

Cadval 2
tor =2,306 Vo a.=0,05, R=8 qiymatlorinds 95%-li etibarhliq sahasinin

yorgunluq ayrisinin hesablama naticalari

Ne G, ., MPa X; Vi S}%i Syi Lo.R 'S}’f Vi —tar 'S}’f Yitlar .Sy[
I | 465,60 | 2,6680 | 4.8529 | 0,000340 | 0,0185 0,0427 4.8102 4.8956
2 | 44135 | 2,6447 | 5,0737 | 0,000220 | 0,0149 0,0344 5,0393 5,1081
3 417,10 2,6202 5,3069 0,000130 0,0116 0,0267 5,2802 5,3336
4 | 39285 | 2.5942 | 5.5540 | 0.,000084 | 0,0092 0.0212 55328 55752
5 | 368,60 | 2.5666 | 5.8170 | 0,000080 | 0.0089 0.0205 5.7965 5.8375
6 354,00 2,5490 5,9839 0,000104 0,0102 0,0235 5,9604 6,0074
7 349,20 2,5431 6,0402 0,000116 0,0108 0,0249 6,0153 6,0651
8 344,30 2,5369 6,0984 0,000132 0,0115 0,0265 6,0719 6,1249
9 339,50 2,5308 6,1564 0,000150 0,0122 0,0281 6,1283 6,1845
10 337,56 2,5284 6,1800 0,000157 0,0125 0,0288 6,1512 6,2088

N =N(oc) asililigint toyin etdikdon sonra tocriibolor iki pillsli blok yiiklomalori ilo
davam etdirilmisdir (sok.1). N=N(c) asililigm toyin edorkon doziimliliik haddinin
6, =336,9MPa oldugu miioyyon edilmisdir.

Doziimliiliik haddindon asagi olan gorginliklorin uzunémiirliilitys tosirini 0yronmok ti¢lin
tocriibolor asagidaki kimi aparilmisdir. ©vvalco tocriibo I sayli ikipillali blok (sok.1) iizro
yering yetirilmigdir. Blokdaki maksimal gorginliyin qiymeti 1,2c , soviyyosino, minimal
gorginliyin qiymati is9 09c_, soviyyesino uygun gotlirilmigdir. Blokdaki maksimal
amplitudaya uygun tsikllor say1t », =1-10*, minimal amplitudaya uygun tsikllor », =4-10* -2

borabar gobul edilmisdir. Yoni blokdaki iimumi tsikllor sayr »=5-10* kimi gotiirilmiisdiir
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Qeyri-stasionar gorginliklorda yorgunlug zadalonmalarinin tadqiqi

(maksimal amplitudaya uygun nisbi tsikllor say1-0,20, minimal amplitudaya uygun nisbi

tsikllor say1 iso — 0,8 ). Tocriibalor niimunslorin dagilmasina qodor aparilmis vo I sayh
ikipillali blok yiliklomslorinde niimunalorin orta dagilma tsikllorinin sayr N, =685160 qabul
edilmisdir (cadval 3).

Cadval 3
ikipillali blok yiiklomalarinds niimunslorin dagilma tsikllori

Ne I blok 11 blok 111 blok

1 834200 1154200 4405100

2 512500 1102900 4405900

3 708800 1245300 4800000

4 754300 1107400 4200000

5 616000 1005900 4600000

Dagilmaya uygun tsikllor 685160 1123100 4482200

sayinin orta qrymsati

Novbeti II saylt ikipilloli blokdaki maksimal gorginliyin qiymoti sabit olaraq 1,26,
soviyyesindo saxlanilmis minimal gorginliyin qiymeti iso 0,7c_, soviyyesino qodor asagi
salinmigdir. Blokdaki maksimal vo minimal amplitudaya uygun nisbi tsikllor say1 sabit qalmis
va II blok iizro orta dagilma tsikllorinin say1 N, =1123100 qgobul edilmisdir.

Daha sonra III sayli ikipillali blokdaki maksimal gorginliyin qiymati yena sabit olaraq
saxlanilmis (1,20 , soviyyesindo), minimal gorginliyin qiymoti 0,5 , soviyyosind borabor
gobul edilmisdir. Blokdaki maksimal vo minimal amplitudaya uygun nisbi tsikllor say1 da sabit
saxlanilmig vo III blok {izro orta dagilma tsikllorinin say1 N, = 4482200 qabul edilmisdir.

Doéziimliilik haddindon asagi gorginliklorin bu
gorginlikdon yuxar gorginliklorlo birgo tosirini asagi-
daki kimi izah etmok olar: PN

1) I, II vo III blok yiiklomalarindo blokdaki )
birinci yiiklomoenin saviyyasini sabit saxlayib, ikinci
yiiklomanin soviyyasinin doziimliiliik haddindon asa-
g1 soviyyalarlo ardicil olaraq azaldilmasi nlimunalorin =~ 2|

G,
12

']
420

uzundmiirlililyliniin artirilmasi ilo naticolonir. Bu da
doztimliiliik haddindon yuxari gorginliklorin tesirin-
don yaranan yorgunluq catlarmm omologolms siiro- ™’
tinin azalmasina gotirib ¢ixardir. Belslikls, sinagdan
kegirilon niimunolorin dagilma tsikllorinin artmasma
komok etmis olur;

2) Blok daxilindaki yiiklomolorin nisbi uzun-

N

Sok.2. 20N2M markali poladdan

R . L . . . hazirlanmig niitmunalarin yorgunlugq ayrisi
Omiirliiliiyliniin doyismasi niimunalorin dagilma miid- - tacriibi reqresiya xatti; 2 - etibarliliq

dotino tosir edir; sahasinin 95%-2 uygun sarhadlori.
3) Blok daxilindoki  doziimliiliik haddindon
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yuxar1 gorginliklorin soviyyasini doyismoklo do niimunonin dagilma miiddotino tosir etmok

olar;

4) Doziimlilik haddindon asag1 o , >, >050 , gorginliklorinin yorgunluq ¢atlarinin

omologalmasinde istiraki qobul edilir. 0,50 , soviyyssindon asagi gorginliklorin zadoslon-

molarin toplanmasinda istiraki nozors alinmur.

—_
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HUCCIEJOBAHUE HAKOILVIEHUA YCTAJIOCTHOI'O TIOBPEXJIEHUSA ITPU
HECTAIIMUOHAPHOM HAIIPSI>KEHUU

AM.TADPAPOB, M.C. PATUIMOBA

HpI/I oMoy J3KCHEPUMEHTAa HU3YYCHBI JIEUCTBUS HaHpSDKCHI/Iﬁ HUXKC IIpeaecia BbIHOCJIMBOCTU CYMMHUPOBAHUA

HOBpEeXJIeHNH. JI0ka3aHo, UTO HMKHAS IPAHMIA MOBPEXKJAOMMX Hanpskenuid 6mmska x - 0,50, . Crexrpbl HanpskeHui

HHWKE HE YHACTBYIOT B HAKOINJICHUAX YCTAJIOCTHOI'O IMOBPEIKACHUS.

Knioueevie cnosa: npe()e/l éblHOCIUBOCMU, HAZPY3KA, CMENEHb noepeofc@eﬁu}z, Hanpsoicerue, ducnepcuﬂ,

BEPOSIMHOCNb, YCMAIOCMb.

STUDY OF ACCUMULATION OF FATIGUE DAMAGE
IN NO STATIONARY TENSION

AM. GAFAROV, M.S. RAGIMOVA

An influence of tensions below the limit of the total fatigue damage has been experimentally studied. It has been

proven that the influence below the level of damaging tensions is near to 0,56 _,. The tensions specters are not included into

the fatigue damages accumulation.

Key words: durability limit, loading, damage degree, tensions, dispersion, probability, fatigue.
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AHAJIMTUYECKOE OITPEAEJIEHUE PAINYCA KPUBU3HbI
MHPOPNJIA KYJIAUYKA KYJIAYKOBOI'O MEXAHU3MA
C POJIMKOBBIM TOJIKATEJEM

U.A. XAJIWJIOB®, C.X. KEPUMOB", A.C. UMAHOB’

B crarbe aHaAIMTHYECKN ONpEAENeH PaJnyC KPUBH3HBI PO KyJlauka B MOJIIPHOW KOOPJIMHATHOH cHCTEMe Mpu
CHHYCOMJAJIbHOM 3aKOHE JBMKEHUS TOJKaTeNs. [y mpoBepKH HOCTOBEPHOCTU AHAIUTUYECKUX PEIICHUH MPOBEAEH YHCICH-
HBII 3KCIIEPUMEHT U IOCTPOEHBI JUarpaMMbl [IEpeMELICHUs, CKOPOCTH, YCKOPEHUs IBHKEHUS TOJIKATeNs, JuarpaMMa pajuyca
KpPHUBU3HBI M IpodmIb Kynauka. [IpeanoskeHHBIM METOIOM PaInyC KPHBU3HBI IPOQHIIS ONPEACISSTCSI HE TOJIBKO IS Olpese-
JIEHHBIX TOJIOKEHHH MEXaHWU3Ma, HO M JUIS LEJIOTO IIMKJIA ABIKEHHS Kylauka. DTO, B CBOIO OYEPe/b, yCTPAHIET HAJOOHOCTD
JOMOJHUTETIBHBIX TPAa(pUIECKUX MOCTPOSHUH MPU BBIYEPUMBAHUHN PO Kyladka U MO3BOJISIET NPOTHO3UPOBATh HANEKHO-
CTHU KyJIauKOBOTO MEXaHU3Ma.

Knroueswie cnosa: paouyc kpususnul, Kyiauko8blll MEXAHU3M, X00 MOAKAMeNs, NOJAPHAS. KOOPOUHAMHAS
cucmema, gasa yoaienusl, y2oi nO8OPoma.

Beeoenue. KynaukoBble MEXaHM3Mbl IIMPOKO HCIOJIB3YIOTCS BO MHOTMX COBPEMEHHBIX
TEXHOJIOTHUECKUX, TPAHCTIOPTHBIX U Jp. MalllMHaX-aBToMaTax. Hapsmy ¢ mpocToToi U KOMIaKTHO-
CTBIO 3TH MEXaHU3MbI 00J1a/1al0T U HEKOTOPBIMU IPYTMMHU npeumyniectBamu. COCTOSIINN U3 IBYX
MOJIBYKHBIX 3BEHBEB (KYJAYOK W TOJKATENb) MEXaHHU3M C BBICOKOH TOYHOCTHIO BOCIIPOU3BOIUT
IBWKEHHE pabodero opraHa MammHbl. [loMUMO 3TOT0, 3TH MEXaHU3MBI MOTYT MpPEBpaIaTh HeIpe-
PBIBHOE BpallleHHE KyJlauKa K MPEpbIBUCTOMY JBUKEHHIO BBIXOJHOTO 3BEHA.

B Hacrosiee BpeMsi JOCTaTOYHO MIMPOKO M BCECTOPOHHE HCCIIEAOBAH CTPYKTYPHBIH, KH-
HEMAaTHUUYECKUN U TMHAMUYECKHUI aHaIu3, a TAK)KE CUHTE3 PAa3IMYHBIX HIMPOKO PACIPOCTPaHEHHBIX
B TEXHHUKE KYyJAuKOBBIX MeXaHu3MoB [1,2]. HecmoTps Ha yriyOieHHOE MCCeI0oBaHUE dTUX MeXa-
HHU3MOB, PaJNyC KpUBU3HBI NPOQUIIL KyJIauka /0 CHX MOp HEJOCTaTO4HO m3ydeH. HajexHocTh u
JIOJITOBEYHOCTh KYJIAYKOBOTO MEXaHH3Ma B MEPBYIO OYepeb 3aBUCUT OT KOHTAKTHOW MPOYHOCTH
MEXJly KyJIauKOM U ToJIKaTeseM. B cBoro ouepenib, KOHTAKTHAs! IPOYHOCTh HAINPSMYIO 3aBUCUT OT
pajauyca KpUBU3HBI IIpoduiis Kyjgauka. Bo Bpemst paboThl Ky/lIaukoBOr0O MeXaHHW3Ma B ¢a3zax yia-
JICHUS. ¥ TPUOTIDKEHUS TOJKATENsl PAJNyC KPUBU3HBI KyJladKa MEHSETCS B 3aBUCHMOCTH OT yIJia
noBopoTa Kyiadka. C y4eToM H3MeHEeHHs pabounX Harpy30K Ha TOJIKATENb pelIeHHe KOHTAaKTHOU
3ajauu eie Oosnblie ycaoxHsercs. Onpenenenue paanyca poiauka TOJIKaTeNs TOXKe TeCHO CBS3aHO
C paauMycoM KpUBHU3HBI Kynauka. [losToMy uccienoBanue paanyca KpUBH3HBI KyJlauka B 3aBUCH-
MOCTH OT yIJla IOBOPOTa KyJIauKa sIBJISIETCS aKTyaJlbHOM 3a7aueil.

*
AzepOaitkanckuii TexHIUeCKU YHUBEPCUTET
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[Ipu nmpou3BOJIbHBIX 3aKOHAX JBMKEHUS TOJIKATEINs He-
KoTopble aBTOphl [1,2] s ompeneneHus paguyca KPUBU3HBI 2
KyJlauKa IMOJb30BAJINCHh KMHEMATUYECKUM aHAJIW30M MEXaHM3-

Ma. [Ipu cuHTe3e MEeXaHU3MOB 3aKOH JBHMKEHUS TOJKATENs 3a-

JTaeTCsl, MOATOMY Ul ONPEJCNICHUs] pajuyca KpUBU3HBI HEOO- <
XOJTUMO TIOJTH30BAaThCA 3aKOHOM JBM)KCHHS BBIXOIHOTO 3BEHA. \GD\
[IpoBeneHHbIi NUTEPATYpHBI aHaIM3 MOKa3bIBAET, YTO MpPH
KMHEMaTHYEeCKOM aHAJIM3€ KYJIauyKOBBIX MEXaHHW3MOB OTpee-
JIeHHE pajnyca KpUBU3HBI KyJauKa HEIOCTaTOYHO paccMoTpe-

HO. Paguyc KpUBU3HBI pacCMOTPEH TOJIBKO JUISl ONpPENEICHHbIX
NOJOXKEHUI MeXaHM3Ma, TaK KaK 3aKOH JBMKEHUsS TOJKATels
AQHAIUTUYECKH HE ONPEJENICH NPU LEIOM IUKIE IBUKEHHS Ky-
nauka. Takas mocTaHOBKa 3a7aydl HE 0TOOpakaeT OOIIyro Kap-
TUHY 3aBUCHUMOCTH PaJNyca KPUBHU3HBI OT yIj1a IOBOPOTA.
Mamemamuueckaa moodens: Ha puc. 1 npencrapieHa

KMHEMATUYECKasi CXeMa LEHTPAJIbHOI0 KYJIaYKOBOTO MEXaHU3-
Puc. 1. Kunemamuueckas cxema
aszvl yoanenus ponukosozo

yC TPAKTHYECKOTO TMPOPmIs Kyjadka, R - TEKYIIUH paanyc- MmoJKamens YeHmpanbHozo
KyJ1a4Ko6020 mexanuima

Ma C POJIMKOBBIM TOJIKATCICM. 3I[CCB - MHUHUMAaJIbHBIN pagu-

BEKTOp, (; - yroj IMOBOpOTa KyJladka, S; - TEKYIIUH X0 TOJIKa-
TeJsL.

OO0o3Havas MOJSIpHbIE KOOPAWHATHI TOUKM B mpoduiis Kynadka 4depe3 ¢, U R, KpUBH3HY
pOodUIIST MOXKHO MPEICTABUTH CIEAYIOUIMM 0Opa3zom [3]:
_R*+2(R') -R-R"
- 3 5 (1)

(R2 +(R') )z

rme R' u R - npomsBojHEIE TIEPBOTO M BTOPOTO MOPSIKA PAAMyC-BEKTOPA OTHOCHTEIBHO TIOMSp-
HOTO yTJIa.

Cornacho puc. 1 Hanumiem:

K

R=r,+S§, 2)
MuHuManbHBIN paguyc Kyjnadka 7, ONpeeseTcss U3 yCIOoBHs Nepeaayl CUl IPU CUHTE3e

paccMaTpuBaEMoOro KyJadukKoBOTO MexaHu3Ma. B maHHO#H paboTe 3TOT BOMpPOC HAMH HE paccMaTpu-
BaeTCsl.

B OBICTpOXOMHBIX MallMHAX IMHAPOKO MPUMEHSIOTCS KYJIa4yKOBBICE MEXaHU3MBI C Oe3yaap-
HBIMHU 3aKOHAMH JIBFDKCHHS TOJKarels. B TakMx MeXaHW3Max 3aKOH JBWKCHHS (TIepEeMEICHUS,
CKOPOCTH M YCKOPEHHSI) TOJIKATeJIsl UMEET TUIaBHBIN (0e3 CKadykoB) xapakTep. B kauecTBe mpumMepa
MO>XHO TIPUBECTH CHHYCOMJAJIBbHBIN 3aKOH JBMKCHHS, KOTOPBIH IMIMPOKO PACTPOCTPAaHEH B pas-
JINYHBIX 00JIaCTSIX TEXHUKH [3-6]:

, 2mh . 2m
S =?‘sm—-(p[ (3)
¥ ¥
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Ananumuueckoe onpeodenerue paouyca Kpususmbl NpoQuiis Kyiauka KyJiauko8020 MeXaHusmd C...

3nmeck /i - monHOW Xxox TonKarens, S” - 3aKOH aHaJOra YCKOPEHHs TOJKATens, ¢, - yroi (assl

yZaJeHMsl TOJIKATEIs.
Jlnist IpOCTOTHI MPUMEM 3aKOH JIBHIKEHUS TOJIKATelNs B (a3ze MpUOIMKEHUS UICHTUYHBIM K
daze ynanenus. [Ipu HauanbHbiX @; =0 ycnoBusx S=0 u S'=0, mocie AByKpaTHOTO HHTEIPHPO-

BaHHs S” OTHOCHUTEILHO @; NOJIYYUM CJICAYIOUINE BBIPAXKECHUS [JIs1 CKOPOCTH U NIEPEMEIICHU S

h 2
S'=—/1-cos —n-(p[. 4)
Py Py
1 2
S=h-| 2 sin —n-(p,. (5)
¢, 2 (o,

Tak KaK 7, NOCTOSHHOE, TO, COTJIACHO YPABHEHHIO (2), MOIYUHM:
R=r,+S., R=S", R'=S§"
[Tocse onpenenenuss R u R" MOXHO BBIUMCIUTL KpUBH3HY K Mpoduiis Kyjiadka, corjac-

HO (2). Tak kak pagnyc KpUBU3HBI PaBEH OOpPaTHOMY 3HaYEHHIO KpUBU3HBI K, TO TEKYLIUIl paguyc
KPUBM3HBI OyJIET ONPEAEIATHCS CIIeLyIONIM 00pa3oM:

3
S Re@y) .
Pi=k R>+2-(R'Y - R, R/ ©

Pesynomamut uccneoosanusn: Cornacto (6), mpoBeieM YUCICHHBIN SKCTICPUMEHT U OIpe-

JeUM PAJIAyC KPHBU3HBI TP CIEAYIONIMX BXOIHBIX JaHHBIX: MHUHUMAJILHBIA paauyCc KyJadka
0
17, =60MM, dasa ynanenus @, =60, dasa BepxHero BrICTOS @, = 40°, dasa npubIIKEHUS
0 o _ .
@, = 60", monuelii xox Tonkarens i =20 mMM. ITocTpouM rpaduky 3aBUCHMOCTEH MepeMeleHNUs!

(puc.2), ckopoctu (puc.3) u yckopeHus (puc.4) Toukaress OT yriia HOBOpOTa KyJiayka.

3aBucHMOCTE CKOPOCTW TONKaTena ot yrna noeopora

3aBUCUMOCTb nepemelleHMA TONKaTeNa oT yrna NnoBopoTa
R mm %

80

75

70

65

60

0 30 60 90 120 150

ofi), dar

@ . 2pad

Puc.3. 3asucumocmsp CKopocmu moJikamesnsn
om yliia noeopoma Kyjiaika

Puc.2. 3asucumocms nepemeujeHus
monaxkamens om y2na n060PoOmMa Kyiauka
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HOJ’Iy‘ICHHBIC JuarpaMmbl HOATBEPKAAOT JOCTOBEPHOCTb aHAJIUTUYCCKUX BBIKJIAJO0K.

CornacHo ypaBHEHHIO (6) MOCTPOUM TpapuK 3aBUCUMOCTH pajiyca KPUBU3HBI OT yria Mo-

BOpOTa Kysauka uist pas3sl yaaneHus Toakatess (puc.S):

3aBUCMMOCTb YCHROpPEeHMA TONKAaTeNna o1 yi/ia NnoBOpoTa

/

/

120/ 140

/

80 1 160

@,, epad
Puc.4. 3asucumocms yckopenus moakamens
om y2na nogopoma Kyiauxka

180

3aBMCUMOCTb pafnyca KpHMBM3HbI OT YIa NOBOPOTA

MM

Q. , epao

Puc.5. 3asucumocms paouyca Kpueu3snol
KylauKka om y2na nogopoma

CkaukooOpasHas hopma 9Toii auarpammsl B paiione ~5° n ~20° yria moBopoTa (. TOBOPUT

0 TOM, 4YTO IIpH 3TUX 3HAYCHUAX KPUBHU3HA KYyJIadKa HpI/I6J'II/I)Ka€TCH K HpHMOﬁ JIMHUU. HpI/I I10J10-

JKUTCJIBHBIX 3HAYEHUAX LO; KpUBU3HA KyJlayKa BBIYKJIasd, a NPUA OTPULATEIbHBIX 3HAYCHUAX O,

KpUBH3HA KyJlauKa BOTHYTasl.

Takum 06pa3oM, Mbl MOKEM OIPEAETUTh KPUBU3HY KyJlauka HE TOJIBKO JJIs

OIMPCACJICHHOI'O IMOJOXKCHUA MEXaHU3Ma, HO U B 3aBUCUMOCTH OT YyTJia IIOBOPOTAa IIPpU IOJHOM 00o0-

pore kymauka (0<¢@ <27). D10 naer Ham

BO3MOXHOCTH IIOCTPOUTh MNPO(UiIb KyJlauka
(puc.6) 0e3 MOMONHUTENBHBIX TIpadUIecKux
IIOCTPOEHHUM.

BoiBOABI. AHANUTHYECKU OIpEaeIcHA
KpUBH3HA KyJlauKa HE TOJIKO Ul OIPENENIeH-
HOT'O IIOJIOKEHUS MEXaHU3Ma, HO U B 3aBHCH-
MOCTH OT yIja IIOBOPOTa IPU LEIOM LUKIE
IBIDKEHUSA Kynadka. IIpemIoskeHHBId METO.
JaeT HaM BO3MOXHOCTb IMOCTPOUTH HPOQHIIL
KyJdauka 0e3 IOMOJIHUTENBHBIX TpadUuecKux
NOCTpoeHuM. 3Hasi paguyc-KpUBU3HY KyJauka,
MOKHO OIIPEIEIUTh KOHTAaKTHYIO IIPOYHOCTb
napbl «POJIMK-KYJIayOK» 10 BCEH NIUHE IpO-
¢wisd Kyjgauka U TeM CaMbIM IPOTHO3UPOBAThH
JOJTrOBEYHOCTh KyJa4KOBOI'O MEXaHHU3MA.
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DIYiRCOKLI ITOLOYICILI YUMRUQLU MEXANIZMIiN YUMRUGUNUN
PROFILININ OYRILIK RADiIUSUNUN ANALITIiK TOYINi

[.8. XBLILOV, S.K. KORIMOV, 8.S. IMANOV

Taqdim olunan maqalods italoyicinin horoketinin sinus qanununa tabe oldugu hal iigiin polyar koordinat sistemindo
yumrugun profilinin ayrilik radiusu analitik toyin edilmisdir. Analitik hellin diizgiinliylinii yoxlamaq magqsadi ilo odoi
eksperiment aparilaraq itolayicinin horokatinin yol, siirat, tocil, yumrugun oyrilik radiusu diaqramlart vo yumrugun profili
qurulmusdur. Toklif olunan iisulla yumrugun oyrilik radiusu yalniz ayri-ayri vaziyyetler iigiin deyil, yumrugun tam firlanma
tsikli {i¢lin miioyyen edilir. Bu da 6z ndvbesindo yumrugun profilinin ¢okilmesi zamani olave qrafiki qurmalarin vacibliyini
aradan qaldirir vo yumruqlu mexanizmin etbarligini prognoz etmays imkan verir.

Acar séozlar:  Oyrilik radiusu, yumruglu mexanizm, italayicinin yolu, polyar koordinat sistemi, uzaqlasma fazasi,
donma bucag.

ANALYTICAL DEFINITION OF CURVATURE RADIUS OF CAM PROFILE
OF THE CAM MECHANISM WITH THE ROLLER PUSHER

LA. KHALILOV, S.K. KERIMOV, A.S. IMANOV

In the presented article, the curvature radius of the cam profile in the polar coordinate system at the sinusoidal law of
pusher movement has been defined analytically. In order to check the reliability of analytical decisions, the numerical
experiment has been made and the diagrams of moving, speed, acceleration of the pusher movement, the diagrams of curvature
radius and the cam profile have been constructed. The radius of the curvature profile is defined by the offered method not only
for certain positions of the mechanism, but also for the whole motion cycle of the cam. In turn, it eliminates need for the
additional graphical constructions in drawing of the cam profile and allows to predict reliability of the cam mechanism.

Key words: curvature radius, cam mechanism, push-rod movement, polar coordinate system, removal phase, rotation
angle.
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IMEPEJJAYA U IEPEPACIIPEJIEJIEHUE YIIPYTOM SHEPTUH
HABUBAEMOI'O KAHATA HA BOYKY BAPABAHA B
CIIYCKONIOABEMHOM OBOPYJ1OBAHUU

(uacrts I)

B. C. CKPBIITHBIK"

B marepuanax cTaThby HNPOMITIOCTPHPOBAHO (HPOPMUPOBAHHE FAPMOHMNYECKUX BOJH YNPYrod SHEPTUH B
napax «Oouka OapaGaHa — BUTKHM KaHaTa» M «BUTKM KaHaTa — BUTKM KaHaTa» IIPH ee Iepenade B MPOJOJIBHO-
MONIEPEYHOM H ITIOTIEPEYHOM HampaBieHUsX. [Ipon3BeneHa olleHKa HarpyKEHHOCTH BUTKOB KaHATa IPH UX (QpHK-
IIHOHHOM B3aUMO/IEHCTBHH.

Knrwouesvle cnosa: xkanammwlii bapaban nebedku, bouxka bapabana, kanam, nepeodaua u nepepacnpeoeiexue ynpy-
201l SHEpeUU, 2apMOHUYECKUE BOIHbL, NPOOOIbHO-NONEPEYHOE U NONEPeiHOe HaNpasieHue.

BBenenne. YpoBeHb MEXaHH3AIMN TEXHOJIOTUYECKOTO MPOIIECCA ONPENENseT CTENeHb CO-
BEPIICHCTBA COBPEMEHHOTO MPOM3BO/ICTBA, €0 MPOU3BOAUTEIBHOCTh. ABTOMATH3AIMS TIPOU3BO/I-
CTBEHHBIX MPOIIECCOB HEBO3MOXKHA 0€3 MPUMEHEHHsS] COBPEMEHHBIX MEXaHHU3MOB CITYCKOIOIbEM-
HOTrO 000pyI0BaHUs, HAJIS)KHOCTh KOTOPBIX oOecnieunBaeTcs: Oecriepe0oitHON paboToi map TpeHus
«Oouka OapabaHa — KaHaT» U «KaHAT — KaHAT» MPH €ro MHOTOCIOWHOW HaBHBKe. Pemmaemas mpo-
OsemMa TpeOyeT KOHIENTYaJbHOTO TOJXO0Ja C TOYKHM 3pPCHHs Mepefadd M IepepactpeeicHUs
yIPYroil SHEPruM HABUBAEMOro KaHaTa Ha 0O4Ky OapabaHa Ha KpaHax, B JU(TaX, B MAXTHBIX
NOJJbEMHBIX MaIlIMHAaX, B ieOeaKkax OypoBbIX YCTAHOBKAX U T.[.

Cocrosinne npodembl. HaBuBka kaHata Ha 604Ky 6apabaHa B JIF0OOM CITyCKOIIO{bEMHOM
MeXaHU3Me MMPOU3BOJIUTCS KauYeCTBEHHO TOJBKO B TOM CIIydae, €Ciii OYAET BBIIEPKAHO YCIIOBHE,
910 S, — S. > 0, TO ecTh HaTsHKCHHE HaOeraronero KoHma kanara (Sy) Bceraa O0oJblle HaTSHKESHUS
coOeraromero koHma kanara (Sc). BbIXOAUT, U4TO IpaJIMEHT HATSHKCHUSI KaHATa SIBISICTCS IMOJIOKH-
TEJILHOW BEIMYMHON. B TakoM cirydae nmpuxoauTcst paccMaTpuBaTh G GexT «mmuish» [1].

HInumm mpUMEHSIFOT TIPU TPOU3BOJICTBE MAHEBPOBBIX pabOT Ha JKEJIE3HOIOPOIKHBIX MYTSIX,
B MOPTAax M JIOKaxX, JJIs MOAbEMa SIKOPeH Ha CyAax, MOATACKUBAHHS PAa3IMYHBIX TPY30B U T.IL
DddexT «mmmnsy peanmsyeTcs NMpU HAMOTKE KaHaTa Ha Oouky OapaGaHa TpW TOJOKUTEIBHOMN
BenmuuHe Sy — S¢ = Fr 1 o0ecnieurBaeTCs €ro 1mocajika ¢ HATATOM Ha MOBEpXHOCTH 004k, [nuis
— 910 Jebenka ¢ (PPUKIMOHHBIM OapabaHOM, C TOPH3OHTAJIHHOW MM BEPTHKAIBHON OCBIO €Tro

%
VBano-®paHKOBCKHIT HAMOHAIBHBIN TEXHUUECKNIT yHUBEepcUTeT He(bTH U rasa (r. lIBano-OpankoBck, YKpanHa)
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BpameHus. KaHar, coelMHEHHBIN C TPy30M, HE 3aKperuisieTcst Ha Oouke OapabaHa U GPUKIIMOHHO
B3aUMO/ICHCTBYET C HUIM CBOMMH HECKOJIBKHMMHU BUTKAMH, HAMOTAaHHBIMU Ha HETO, H YJIEPIKUBACTCS
YacTh KaHaTa OT NPOCKAJb3BbIBAHHS OTHOCUTENHHO HeOomibmoit cmwioit SC, mpukiagpiBaeMol K
coOeraromeii ero BeTBH. ITO MO3BOJISIET pab0TaTh C KAHATOM OOJIBIION UITMHBI TIPU MaJIbIX pa3Mepax
nuaMerpa 6ouku 6apabana. Torna HaTskeHne Haberaromiei BeTBU KaHaTa, COeIMHEHHOM € TPYy30M,
COCTaBUT
S, =S.e’,

rae f — TMHaMUYecKUd KOd(QPHUIUEHT TPEHUS MEXIY KaHaToM M 004koi Oapabana; f = 0,12 ...
0,15 — mpu rmankoi 60uke 6apabana u f= 0,15 ... 0,2 — mpu Gouke OGapabaHa, UMEIOIIEH HAa CBOCH
MOBEPXHOCTH HEBBICOKME TPOIOJBHBIE pedpa; a — yron ooxBara O0ouku OapabaHa KaHAaTOM, paj.

KoHcTpykiusi KperuieHus: KaHaTa Ha OapabaHe JOJDKHA OBITh HA/ICKHOMW, JOCTYITHOM st
0CMOTpa, yoOHOH JUTs 3aMeHbI KaHaTa M JOCTaTOYHO IPOCTOW B M3roToBieHHU. Kanat B mecte
KpEIUICHHS HE JIOJDKEH TOJBEpraThesi pe3koMy u3ruly. CymiecTByeT MHOTO Pa3HOOOpa3HbIX KOH-
CTPYKIMI KpeIJICHUs KaHaTa Ha OapabaHe; mpUMepbl HEKOTOPBIX M3 HUX MPHBEICHBI HA puUC. 1 a,
0. IlpaBumamu Ykpaunel u A3zepOaiimxana oOyCIOBICHO KpeIUIeHHE KaHaTta Ha OapabaHe wiH
NPYOKUMHBIMU TUTAHKAMU WU KIWHOBBIMHU 32)KUMaMH, 00€CTICYHBAIOIINMHE HAJ/IC)KHOCTh KpeILie-
HUSL.

OcTtaHOBUMCS Ha pacyeTe KpeIUICHHs KaHaTa IUIAaHKOM ¢ ABYMsI BUHTaMH K TelTy OOUYKH JIu-
Toro 6apabana (taodu. 1).

Puc. 1 a, 6. Cxemul 3aKpennienus Kanama Ha 004Ke dapadana HAKIAOKamu:
a, 0—o0noit u 0symsa; 1 — kanam; 2 — 6ouka éapadana; 3 — nakiaoxu; 4 — 6on1mol;
S Simax — HAMAIICEHUE KAHAMOG: NEPEO NPUNCUMHOI HAKNAOKOI U 6 npouecce noovema zpy3a

B mpuBenennbix 3aBucuMocTsx (1) — (11) wcmomb30BaHbl CIEAYIOUINE YCIOBHBIC
obo3nayenust: [ = 0,16 — MUHUMAaTBHBIN TUHAMUYECKUN KOA(PPHUINEHT TPEHHSI MEXIy KaHATOM U
IOBEPXHOCThIO Oouku OapabaHa; a; = 37 — MHHUMaJIbHBIA yrosn obxBara Oouku OapabaHa
HENPUKOCHOBEHHBIMU BUTKaMHU KaHaTa; V, — CKOpOCTh MoJbeMa rpysa, m/c; Ex = 1,2 10" — mo-
IyJlb YIPYrOCTH CTaNbHOTO KaHata, [la; Ax — miomaapr MeTaTiuecKoro MONepedyHOro CEYeHHUs
KaHaTa, M°; H — HOMMHAJIbHAs BBICOTA MOBEMA TPY3a, M; 0j7p — KOOQ(HUIIMEHT, 3aBUCSIINI OT THIIA
JBUTaTeNs, MPUHUMAaeMbIi o;zp = 1,0 — nmis nBurareneld ¢ KOPOTKO3aMKHYTBIM DPOTOpoM 0e3
peryaupoBaHusl MyCKOBOTO MoOMeHTa, app = 0,8 — mug nBurarens ¢ ¢a3HbIM POTOPOM IIPH
yIpaBJIeHUH CUJIOBBIMU KOHTpoJiepaMu U ayp = 0,6 — mist nBurateneil ¢ (a3sHbIM POTOPOM MPHU
YIPaBIEHUH C TIOMOUIbI0 MAarHUTHBIX KOHTPOJUIEPOB; f — MPHUBEJCHHBIH  JWHAMHYECKHMA
KO3 (HUIIUEHT TPEHHsI MEKAY KaHATOM M IJIAHKOW, UMEIOIIeH TpaneluenaalbHOe CEYeHNE KaHABKY;
Jf — yroi HakjioHa OOKOBOM I'paHU 3KUMHOW KaHABKU HA TUIAHKE, OOBIYHO MPUHUMAEMBI paBHBIM
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B.C. Cxpvinnoik

40,0° momykpyriablMH KaHaBKkamu fi= f u F; = 2fN; a = 2m — yroa obxBarta Oouku OapabaHa
BUTKOM KaHaTa oT Touku b 10 Touku B.

Taonuua 1
Pacuyer kpenuienusi KaHATA MJIAHKOM M IBYMS] BUHTAMU K TeJly 00UYKHU JIMTOT0

0apabana (puc. 1 a, 0) [1]

HanmenoBanue PacuetHsle 3aBucUMOCTH
Harsxenne kanara nepes NpuKMMHOU § =S el 1)
IUIaHKOM B T. A e ’
MakcumasbHoe padodee HaTsSKEHUE B
Smax = SHO.M ’ Kd ; (2)

KaHaTe MpU NoAbEME Ipy3a
Koadpunument nuaaMuyecknx Harpy3ok - \/ .

durment 1 Py Ky=1+V,0,,E A /(98S,,H); (3)
Harsxenne kaHaTa B MeCTe €ro KperuieHus S,y =04S,,.. 4)

Cryyaii KperuieHus IIaHKOM ¢ IByMs BUHTaMH KaHaTa Ha Oouke OapabaHa

Cunbl TpeHus:

— MEXJTy KaHATOM M TUIAHKOW, H KAHATOM U F =(f+f)N; (5)
OapabanoMm Ha ydacTke AB fo=f/sinp; (6)
— MeXJy KaHaToM 1 0apabaHoM o _1[
Ha yuyactke bB Fy,=85-S, z—ef“ SKp —(f+f1)N]; (7
— IO/ NPM>KMMHOM NTaHKoU Ha ydactke BI' F,=F =(f+f,)N; (8)
VYaepxxanvie kanTa Ha OapabaHe

p 2 0ap Sy =F+F,+F; ©)
coOurojaeTcst Korja:
CHJIa 3aTSHKKU OJTHOTO BUHTA HA o

N=S, /[r+fice +1)) (10)

IUTAHKE COCTABUT
CHJIBI TPEHHUSI, BOCTIPUHUMACMBIC KX TbIM F, = fN. (1

BHUHTOM KPCIUICHUS INIAHKH

"3 NPUBCACHHOI'O pacye€Tra CJICAYCT, YTO BaKHasd POJIb OTBOAUTCA B KPCIUICHUH KaHaTa K
Temy 60ouku OapabaHa criiaM TPEHHUS MEKIY dJIEMEHTaMH HETIOABHKHOTO COSTMHEHUSI.

IMocTranoBka 3agaun. B nanHoi myOiauKanuu paccCMOTPEHBI CIEIYIONIUE 3a/1a4K IpUMe-
HUTEJILHO K TaHHOU mpoliieme:

— nipu (POPMHUPOBAHUY TAPMOHUYECKUX BOJH YIPYTOH SHEPIUU B mapax «O0apabaH - BUTKH
KaHaTay MpH ee Mepeaayue B pa3InIHbIX HAlPaBICHUAX:

— MPOIOJILHO-TIONIEPEYHOM;

— TOTIEPEYHOM;

— OLIEHKE Harpy>KeHHOCTH BUTKOB KaHaTa MPHU UX GPUKIIMOHHOM B3aHMMOICHCTBUU.

Leab padoTbl — 060CHOBaHUE MIEpeIayy U MepepacipeieleHus YIpyroi sHepriui HaB1Ba-
eMoro kaHara Ha 004Ky OapabaHa B CITyCKOTIOTbEMHOM 00OPY/TOBaHHH.

®opMupoBaHUe TAPMOHUYECKHX BOJIH YIIPYIOil 3JHeprum B mapax «0apadaH - BUTKH
KaHaTa» NMPH ee NMepeaye B Pa3TuYHbIX HANPABJIEHUAX:

IIponoabHo-nonepedyHoM. CoBpeMEHHOE MPECTABICHNE O PEalbHOM CTPOSHHUU TBEPJBIX
TEJI, KOTOPBIMH SIBJISIFOTCSL KaHAT U OapabaH, JOCTAaTOYHO YOIUTEIhHO PACKPBIBACTCS AUCIOKAIH-
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eil. Bce Tak Ha3zbIBaeMbIe «CTPYKTYpPHO-UyBCTBUTEIIBHBIC» CBOMCTBAa MaTepUAllOB KaHaTa WU Oapa-
0aHa CBsI3aHBI C BOBHUKHOBEHHEM, Pa3MHOXKEHUEM, ABIKEHHEM U B3aUMOJICHCTBUEM JIUCIIOKAIIHIA.
B ocHoBe Bcex mpencTaBieHU O MPOYHOCTH U TUIACTHYHOCTH METAITIMUECKUX MaTepHAIOB JIeXKAT
JaHHBIC 00 MX JAUCIOKAIMOHHOM CTpOeHHMHU. OOBSCHEHHE PE3KOro Pasanyus MEKAY MPOYHOCTHIO
HOJIYYEHHOTO M JKCIUTyaTHPYEeMOT'0 METalula B y3Ji€ TPEHHs OCHOBBIBACTCS TAK)KE Ha HAJTHMYHU
nucnokanuil. JluciokanoHHast CTpyKTypa B 00beMe 3JIEMEHTOB KaHaTa U CTeHKH 00uku 6apabaHa,
HUMEIOIINX KPUCTAUTUYECKUE PEIICTKH, PEaTu3yeTcsl Ha UX MOBEPXHOCTSAX B BHJE TOHKOW CUCTEMBI
CTYTIEHEK, BIAJMH U BBICTYIIOB, T.€. MUKpopenbedom [2].

VYcnoBust 11t MpeodI1aAatoniero pa3BUTHsI TeX WM HHBIX MPOIEcCOB, 3()(HEKTOB U SBICHUN
B TIOBEPXHOCTHBIX CJIOSIX METAJJIOB KaHaTa U OapabaHa onpeeNstoTcsl BHEITHUMU MEXaHUYECKUMU
BO3JICHCTBUSIMU MMITYJIbCHOTO XapakTepa, Cpeaoil, MaTepralaMH JUCKPETHO TPYIIMXCS Map, OTHO-
CUTEJIbHBIMH UX pa3MepaMu M GopMoil (MacmTaOHbI (pakTop) M HANPSHKEHHO-IE(OPMHUPYEMBIM
COCTOSTHEM 00beMOB MeTasuia (pacTsHKeHHe, CKaTue, U3ruod, KpyueHue).

ITon neiicTBuem Tekymux u3MeHeHuil Gpopmupyercs pabouee COCTOSHHE MOBEPXHOCTHOIO
CJIOSI TIPOBOJIOK MPSJCH KaHaTa U BHEITHEH MOBEPXHOCTH CTEHKHM O0uku OapabaHa, KOT/ia MX Mare-
pHanbl UMEOT (a30BbIe COCTABBI, CTPYKTYPHI, @, CIIEA0BATEIILHO, U CBOWCTBA, OTIMYHBIE OT HCXO/-
HOTO COCTOSIHUS. B TMOBEpXHOCTHBIX CIIOSIX, IPU B3aHMMOJCHCTBHU Mapbl «BUTKU KaHaTa — OOuKa
OapabaHa», BO3HUKAIOT TPOIECChl, 3(O(EKTH U SBICHUS, BO3MOKHOCTH PA3BUTHS KOTOPHIX 00Y-
CJIOBJICHBI UCXOTHBIM COCTOSIHUEM HX IMOBEPXHOCTEH M YCIOBUSMU IKCILUTyaTallUH.

Mukpopenbed, CTpyKTypa, ynpyrue CBOWCTBA U IMPOYHOCTHBIE XapaKTEPUCTUKHA MaTepHa-
JOB KaHata W OOYKkM OapabaHa WCHBITHIBAIOT HEOOpaTHMMbIE HM3MEHEHHUS TIPU JTHUCKPETHO-
(PUKIIMOHHOM M3 B3aWMOAEHCTBHH, (HOPMHUPYIOLINE CBOCOOpa3HbIE COCTOSHUS MOBEPXHOCTEH U
MTOBEPXHOCTHBIX CIIOEB ITOCIIE CHATHUS HArPy3KHU TPEHUEM B TEXHOJOTHUYECKHX ONEpaluUsIX MOoabeMa
¥ cIycKa OypoBOTO HHCTPYMEHTA.

B 3aBrcuMoOCTH OT XapakTepa MpoIecCoB, siBICHHUN U ()(EKTOB, MPOUCXOISIINX BO BpEMs
paboThl y37a TpeHHs «KaHaT — Oo4yka OapabaHay, MOCIe 3aBEepIICHUs er0 (PPUKITMOHHOTO B3aMMO-
JEUCTBHUSA MOTYT HPOU3OWUTH CIIEYIOIIUE OCTATOUHBIC M3MEHEHHE B MX TMOBEPXHOCTHBIX CIIOSX:
MeXaHUYEeCKOe YIPOYHEeHHUEe 100 pa3ynpoyHeHue; hazoBoe ynpouHeHue J1u00 pasynpodyHeHue 0e3
W3MEHEHHS WM C M3MEHEHHEM XMMHUYECKOr0 COCTaBa, N3MEHEHHE MUKpOpebeda BBICTYIIOB ILIO-
I1aJI0K TPEHUS ¥ HAPSHKEHHOTO COCTOSIHUSI TIOBEPXHOCTHBIX CIIOEB.

HoBble BO3MOKHOCTH IIPU MOJICIIMPOBAHUY TIPOIIECCOB TPEHHS U M3HAIINBAHUS MOSBIISIOT-
Csl B CBSI3M C BBEJICHHEM ITOHSATHS POTAIIMOHHOW Je(OpMaIiH, BBI3BIBAIONICH CTPYKTYpHBIE H3Me-
HEHHMsI Ha HECKOJIBKUX MAacIITa0HBIX YPOBHSAX B METAJUIAaX Mapbl TPSHUSI.

CTpyKTypa HOBEPXHOCTHBIX CJIOEB METAIMYECKUX MAaTepHaliOB 110 COBPEMEHHBIM IIpe[-
CTaBJICHUSM SIBJISCTCSI MHOTOCJIONHOM [3].

[Tocne BO3ACWCTBHSI MHOXECTBA YAAPHBIX MMITYJIIBCOB MPH CONPUKOCHOBEHHH MHUKPOBBI-
CTYIOB Tapbl TPEHUS «KaHAT — Oouka OapabaHa», UMEIONIUX PA3IMYHYI0 MOILIHOCTh M3-32 Pa3HoO-
CTH YCWIMH HaTsDKeHHs HaOeraromield u cOeraromiel 4acTu BUTKA KaHaTa, BBI3bIBAsi IPU 9TOM pac-
TSDKEHHUE MTPOBOJIOK BEPXHUX MpSICH KaHaTa M C)KAaTHE MPOBOJIOK HIDKHUX Npsiiel kaHarta. Takum
00pa3oM, Ha MOBEPXHOCTAX MaTepuasioB (GOPMUPYETCS] MHOKECTBO LIEHTPAIBHBIX 30H, KOTOPbIE
OyZAyT OTpakaTh aKThl MHOTOCTPYHHOTO TEUCHHUS MEXY 30HaAMU IEPEMEIICHUSI MAaTepPHaJIOB MOCe
IPOXOXKJCHUS TPOJONBHON BOJHBEI Hedopmanuu. [lociae MHOrokpaTHoro aedopMHpOBAaHMS ITH
30HBI OyJIyT BBITJISICTH HAMOA00HME KHIKOCTH-XOJONA ¢ OeCropsaouHON CTpyKTypoil. B3aumo-
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JeMCTBUE LIEHTPAIbHBIX yIapHO-Ae(OPMALIIOHHBIX 30H C COCEAHUMHU 00bEMaMH MAaTEPUAIIOB IIPO-
UCXOJUT 3a CYET POTALMOHHBIX 3(P(PEKTOB ¢ BO3MOXKHOI aHanorueil npouecca TEUCHHs BA3KOU
KUJKOCTH B IIPUIIOBEPXHOCTHOM ciioe. IIpyu 3TOM, Kak B epBOM, TaK M BO BTOPOM CIIydasiX, B3au-
MOJIEHCTBUE LEHTPAJIbHBIX IIOTOKOB € JIAMUHAPHBIMU MOACIOEBbIMU JIBU)KEHUSIMU COIIPOBOXKIAET-
cs1 BOSHMKHOBEHHMEM BHXpeil. Buxpeas mpocnolika B METaJlllax MOXET COCTOATh M3 HECKOJIBKUX
rap BUXPEBBIX HIHYPOB CO BCTPEUHBIM BpallleHHEM LIHYpOB B Kakaoi nape. C BHEIIHEH CTOPOHBI
poTalMoHHbIe 00pa30BaHus OyayT Kak Obl CKOJB3UTH IO JJAMUHAPHOMY IOJICJIO0, MPEICTABIISIO-
meMy co0Oi CTPYKTYpy C HEpaBHOBECHBIMH stueiikamu. [losocoBas M miamedHas CTpyKTyphl Tak-
&Ke 00ecneunBaoT poTaloHHble 3G deKThl. [Ipu 3TOM mIaneyHas CTPYKTypa UMEEeT CTaTHYECKYIO
nedopmarmio okono 50,0-60,0% u npeacraiseT co00H OOBIYHO COBOKYMHOCTH MPSMOYTOJIBHBIX
o0pa3oBaHMii, B OCHOBHOM, HOIIepeyHOil opueHTarmu. [lonocoBast CTpyKTypa COCTOUT U3 pOTaIy-
OHHBIX TOMEPEYHBIX M0JIOC, PACHOI0KEHHBIX MOCIEI0BATENbHO U CIIOCOOHBIX K Pa3MHOXKEHUIO U
JIBIDKEHHIO BIUIyOb MaTepHasoB IOA ACHCTBUEM IOJEeH HANpsDKeHMH B Mmapax «kaHaT — 0odka Oa-
pabana». Takum 0Opa3oM, MPoucxoauT GopMupoBaHKE MONEPEUHBIX BOJIH Aedopmaruu [4].

[TepeiineM K MaTeMaTH4eCKOMY OMMCAHMIO MPOLECCOB (POPMHUPOBAHUS MPOAOJIBHBIX U TIO-
MEPEYHBIX BOJIH, BBI3BIBAIOIIUX KOJIEOaHHs Mapbl TPEHUS «KaHAT — Oouka OapabaHa», U K COOTHO-
HIEHUSIM MEXJly X CKOPOCTSIMHU PaclpOoCTpaHEHHUI.

OOwwmil Bua ypaBHEHHUS JIBWXKEHMS YHPYTOM Cpelbl — 3TO PaBEHCTBO CHIIbI BHYTPEHHUX

. 0o, .
HaMNpsHKEHUN ik HPOM3BENCHUIO YCKOPEHHMS I{; HA MAacCy €IMHHUIBI 00beMa Tela, T.€. Ha €ro
Xk
IJIOTHOCTb P!
0G;
ik _ .
— = pli,. (12)
0ox;,

B gacTHOCTH, ypaBHEHHUS ABMKCHUS M30TPOIIHOM YIPYrOM Cpelbl MOXKHO HAIlMCaTh HEIO-
CPEJICTBEHHO IO aHAJIOTHHU C ypaBHeHHEM paBHoBecus [4]. meem
.. E E
pu = Au+
21+p) 2(1+p)(1-p)
[Tockonmbky Bce aedopmanuu SIBISIOTCS MaJbIMH, TO pPacCMaTpPUBA€MbIE B TEOPHH

grad divu. (13)

YIPYTOCTH JBH>KEHUM IIPEJCTABISAIOT COO0M Majble, KaK FOBOPAT, yIpyrue KojaeOaHMs, WIN BOJ-
Hbl. HauHeM ¢ paccMOTpeHus IIIOCKOH yIpyroil BOJIHBI B HEOTPAHUYEHHON U30TPOIIHOM cpee, T.€.
BOJIHBI, B KOTOpPOH Aedopmanus u sABisiercs GyHKIUEH TOIBKO OT OJHOW U3 KOOPJIUHAT, HAIIPUMED,
oT x (1 oT BpeMmeHH). Bce mpou3BoHbIe 10 ¥ M z B ypaBHeHuH (13) mcye3aroT, U TMoJydaeM st
OT/IEJIbHBIX KOMIIOHEHTOB BEKTOPA U CIIEAYIOINE YPABHEHHSL:

O’u, 1 0%u, u, 1 azuy

- T =W >~ 325 =0 (14)

ox~ ¢ Ot ox~ ¢ ot
ypaBHEHHE JUIA U, TAKOE e, KaK JUlsl U,; Tocjie BBEeJeHHs 0003HaueHnil Bua

3K"+4G" A, +2G" G"
¢ = = ’ C =5

3p p p
rae K", G" — monynu: cxxatusi; ciBura; 1, — koddduiment Jlama;

M0JIy4aeM CJIETYIOIINE BbIPAXKECHUS
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, ¢, = |—.
p(l+p)(1-2p) 2p(1+p)

Vpauenust (14) mnpencraBiastoT co00il OOBIYHBIE BOJHOBBIE YpaBHEHHS B OJHOM

W3MEpPEHUH, U BXOJSILINE B HUX BEJIUUUHBI ¢; U C; SIBISIOTCS CKOPOCTSAMHU PACIPOCTPAHEHUS BOJIHBI.

o = E(l1-p) _ £ (15)

Bunum, 4To cKOpOCTh pacnpoCTpaHEHHs] BOJHBI OKA3bIBACTCS PA3IMYHON /JII KOMIIOHEHTHI U, C
OJIHOM CTOPOHBI, U KOMIIOHEHT Uy, U — C JIPYTOM.

Takum o0Opaszom, ympyras BOJIHA TPEACTaBIsSET COOOW IO CYIIECTBY JBE HE3aBUCHUMO
pacnpocTpaHsifonecs: BOJMHBL. B ogHOW W3 HEMX (u4,) CMEIICHWE HAIPaBJICHO BIOJbL pac-
NPOCTPAHEHUS] CaMOM BOJIHBI; TaKas BOJHA Ha3bIBaeTCs MPOAOJIbHOM (pUC. 2) U pacHpOCTpaHsIeTCs
CO CKOPOCTBIO ¢;. B ipyroit (u,, u.) — cMeleHne HanpapaeHO B IJIOCKOCTH, NEPHEHANKYIIPHON K
HATPaBJICHUIO PACIPOCTPAHECHUS; Takas BOJIHA Ha3bIBAETCS MOMEpedyHoi (puc. 2) W pacmpoc-
TpaHseTcd CO CKOPOCTBIO C;. 3aMETHM, 4YTO, Kak BUAHO U3 (15), cCKOpoCTh pacmpocTpaHEHHs
NpOAOJBHBIX BOJH Bceraa OoJbllle, YeM CKOpOCTh TMONepedyHbIX. Bcerma wumeer wecrto
HEPaBEHCTBO:

CHJIbHOE ciaboe

¢ >ct\/5; ¢ >ct\/§. (16)

CuiapHOE HEpPaBEHCTBO MOJYYEHO IPH YCIOBUM, YTO U

MeHsieTcsl Juilb B mpexaenax ot 0,25 go 0,5 jqis maTepuaioB ) A 9
Ilpodonsnas
GONHA

Uy

.
KaHaTa u OapabaHa. o
W3BectHO, 9TO W3MeHeHHWEe oObeMa Tpu aedopmanuu 0

ONpe/IeNIAeTCS CYMMOW  JUAaroHaJlbHBIX  WICHOB  TEH30pa {
nedopMaruu, T.e. BETUIUHON u; = div u.

B HOHCpG‘IHOfI BOJIHC UMCHOTCsI TOJIbBKO KOMIIOHCHTHI U,

U, ¥ TIOCKOJIbKY OHH HE 3aBUCST HH OT V, HU OT Z, TO JUIS TaKOH
BoyHBI div u = (0. Takum oOpa3oM, MomepeyHble BOJHBI HE
CBSI3aHBl C M3MEHEHHEM O0beMa OT/AENbHBIX YYacTKOB Tena. Z¥—————————— —

HanpoTuB, ans mpomonbHBIX BOMH div u # 0; 3TH BOJHBI Puc. 2. HPO@"”"”""{” nonepeu-
Hble 60IHbL YRPY2OIL IHEPIUU

COTIPOBOKAAIOTCS «PACTSIKEHHEM — C)KaTheM» (KaHaTa) U «CKa- KAHAMA 11X KOMHOHEHIbL

THEM — pacTsHKEeHHUEM» (CTeHKH O0uKku OapabaHa).

Paznenenne BOJNIHBI Ha JBE HE3aBHCHMO PACIPOCTPAHSIOMIMECS C PA3HBIMU CKOPOCTAMHU
YacTH MOXHO IPOM3BECTH M B OOILIEM ciydae MPOU3BOJIBHOM (HE IUIOCKOW) yNpyroil BOJHBI B
HEeOorpaHMYeHHOM MpocTpancTse. [lepenumiem ypasuenue (13), BBes B HET0 CKOPOCTH ¢; U C;.

u=clAu+(c; —c)grad divu. (17)
[IpecTaBUM BEKTOP U B BUIE CYMMBI JABYX YacCTeH:
u=u+u, (18)
IIPH 3TOM OHH yOBJICTBOPSIIOT YCIOBUSM
divu, =0; (19)
rotu, =0. (20)
113 BeKTOPHOTO aHAJIM3a U3BECTHO, YTO TAKOE NPE/CTABICHIE BCEr/1a BOSMOXKHO (BEKTOpA B
BHJIE CYMMBI POTOPA HEKOTOPOT'O BEKTOPA M TPAJIMEHTa HEKOTOPOIO CKANSpPa).
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[Tpu noxacranoBke u = u; + u, B (17} nomydaem:

ih, +ii, = cA(u, +u, )+(cf —c} )grad divu,. (21)
[TpumennM k 00euM CTOPOHAM 3TOT0 ypaBHEeHUs onepanuio div. Ilockonsky div u, = 0, TO

Ca 2 . 2 2 .
divii, =c;Adivu, +(c; —c; )Adivu,,
WIH
div(ii, —cfAu, )= 0.

C npyroil CTOpOHBI, 70f CTOSALIETO B CKOOKAaX BBIPAXKEHUS TOXKE PaBeH HyJIO B cuiy (20).

Ho ecnu rot m div HEKOTOpPOro BEKTOpa HCYE3alOT BO BCEM IPOCTPAHCTBE, TO 3TOT BEKTOP
TOK/IECTBEHHO paHEH Hymo. Takum o0pas3om,

d’u,
ot
AHaJIOTUYHO NPUMEHS K ypaBHeHuIo (21) onepauuto rot ¥ IOMHs, 4To rot u; = 0 u 4to rot

—c/Au, =0. (22)

BCSIKOTO TPAJIMEHTA PABEH HYJIIO, HAXOAUM:
rot(ii, — ¢} Au, ) = 0.
[Tockonbky div cTosiliero B CKOOKax BBIPAXKEHHUS TOKE PAaBHO HYIIO, TO BO3BpaIlaeMcs K
YpaBHEHUIO TOTO K€ BUA, Kak U (22):
0%u
or?
VYpasuenus (22) u (23) npeacTaBiIsSIIOT OO0 OOBIYHBIC BOJIHOBBIE ypaBHEHHUsS (B TpeX

L—c]Au, =0. (23)

n3MepeHusx). Kaxkngoe U3 HUX COOTBETCTBYET PACIPOCTPAHEHUIO YIPYTOil BOJIHBI CO CKOPOCTBIO,
COOTBETCTBEHHO, ¢; WM ¢;. OfIHA U3 ITUX BOJH (#;) HE CBA3aHA C U3MEHEHUEM 00beMa (B CUITy div
u, = 0), a Apyras {#7) cOnpoBOKIAETCSI O0BEMHBIMU CKATHSIMU U PACTKECHUAMHU.

B MOHOXpOMaTH4EeCKOH YIIPYroi BOJHE BEKTOP CMELICHUS UMEET BUJ

u= Re{uo(r)rf"‘”’ } (24)
r1e uy — GYHKIMA KOOpAUHAT. DTa (GyHKUIHUS YIOBICTBOPSACT yPAaBHEHUIO
clAuy + (¢ — ¢’ ) grad divu, + ®°u, =0, (25)

nojyyaroniemycss npu  noactaHoBke (24) B (25). IlpomonmpHas W momepedHas 4YacTH
MOHOXPOMATHYECKOM BOJIHBI YIOBJIECTBOPSIOT yPaBHEHUSIM

Auy +kfu, =0, Au, +klu, =0, (26)
rae k= w/c;, k, = w/c, — BOIHOBBIE BEKTOPHI MPOJI0JIBHOMN U MOTIEPEYHOI BOJIH.

Ha puc. 3 a, 6 nponsunoCTpUpPOBAHO JIEHCTBUE MPOAOIBHBIX U MOTIEPSYHBIX BOJIH YIIPYTOM
SHEpPIMM KaHaTa IIpU pa3IM4YHBIX YCWIMSAX HaTsDKeHMs ero HaOerawomieil BeTBu. Paboto-
CIIOCOOHBIMH SIBJISFOTCS JIBE€ CXEMBI PE3YJIbTHPYIOIICH YIIPYroi SHEPTHH MPH MOAbEME TIEPBOTO H
BTOpPOTO BUTKOB ITPH (POPMHUPOBAHUH BTOPOTO CJIOSI.

B xanatHoM Gapabane rpaHuuei pasena mpoaoJbHON U MOMEePeYHON YyIpyroi BOJHBI SIB-
Jst0TCsl ero 6opra. OCTaHOBUMCS Ha POJIM MPOJIOJILHOW M TIONIEPEYHOW BOJHBI B (POPMUPOBAHUH
MIEPBOTO BHTKA KaHAaTa BTOPOTO CJIOS BO3JIE KOJIBIIEBOM MOBEPXHOCTH ympyroro 0opra OapabaHa.
[Ipu moaxoe mpeanocieTHero BUTKA KaHaTa MEPBOTo CJI0s K 3a30py MEXKIy ero OOKOBOM MOBEPX-
HOCTBIO M KOJIBIICBOW IMOBEPXHOCTHIO yIpyroro 6opra 6apabaHa mocieHuid BUTOK KaHaTa Jaedop-
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o |

Wmmﬂﬂﬂmwm“ﬂ””““ x
Jaye, IOCIE€ 4Yero HEeU3pacxodOBaHHas YIpyras
DHEPIHs TIPOJOJBHOM BOJHBI CMEIINBAETCS C < . /\N\/ﬁm\

yOpyroil »HEprued NOJOCHEBIIEH IONEPEYHON

MHPYETCSl 3a CUET MPOJOJIBHON COCTABIISIOLIEH a) /JT
yIpYyroi 3HEpruu M 3aKyNOpPUBAET yKa3aHHBINA BbI- >
]

e 3a30p, CO37aBas TEM CaMbIM paclOpPHOE yCH-

BOJIHBI, HBJ'IHIOH.ICﬁCH HNPOAYKTOM HAIPAKCHHO- z'

,ZIG(bOpMHpOBaHHOFO COCTOSAHUA DBJICMCHTOB KaHa- Puc. 3 a, 6. Ilpooonvuvie (6 nnockocmsax ylOx u

Ta, CMCIICHHE KOTOPBIX HAIPABICHO B MIOCKOCTH,  V'0X) u nonepeunsie (6 naockocmsax y0z u y'0z))
GOJIHBL YNPY2OUl IHEPZUU KAHAMA RPU MAKCU-

. Manvnom (a) u yeenuuuegarouiemcs (0) namssyice-

HCHHUA BOJIHBI, YTO ITO3BOJISACT 3a CUCT CyMMapHOI/I HUUu Haﬁeza}omeﬁ 6emeu Kanama u ux pe3yiomu-

YIPYTOi SHEPrHH BOJH NPHUIIOJAHUMATH BUTOK Ha Ppyrowas ynpyaz 3nepzus (z0x u z'0x’)

NEPIEeHINKYIIPHON K HANpaBICHUIO PacIpocTpa-

BeicoTy (1,1 — 1,2) nuamerpa kaHata U NPOU3BO-

JUTHh (HOPMHUPOBAHKE BTOPOTO CJIOS BUTKOB KaHaTa, Ha MEPBOM M3 KOTOPBIX MPOUCXOIUT pasjelie-
HHE SHEPIrUu YNPYTHX BOJH HA TPOJOJBHBIE M IMOMEPEYHbIE COCTABISIONINE, KOTOPBIE CIIOCO0-
CTBYIOT HABMBKE BTOPOIO CJIOSI KAHATA HA TIEPBBIN CIIOM.

IMonepeunom. [lonepeunsie konebaHus CTPyHbI KaHaTa MpPU MHOTOCIOWHON HaBHBKE Ha
00uKy OapabaHa pacCMOTPUM MPUMEHHUTEIHHO K IIAXTHOW IMOABEMHON MAallMHE C Y4eTOM TOTO,
YTO MpU OOJBIION CKOPOCTH IBHKEHHS KaHaTa BO3HUKAIOT BUOpammu 004Yku O6apabaHa U CTPYHBI
KaHaTa.

M3meHenue panuyca nmpyu MHOTOCTIOHHON HAaBUBKE BBI3BIBACT MOSBICHHUE JOMOTHUTEIBHBIX
YCKOpPEHHMI B KaHaTe B MOMEHT orubaHusi 604Ky O6apabaHa BUTKOM, KOTOPBIA MPOXOIAUT HUXKE, a
IIPYU ATOM BBIIIE HAMATHIBAEMBIH BUTOK OCYIIECTBISIET CKa4K0OOpa3HOe MepeMelIeHne BJI0Jb 00-
pasyromieil 6apabaHa, YTO MPUBOJUT K BO3HUKHOBEHHUIO BBIHYXKICHHBIX IOIMEPEUHBIX KOJeOaHui
CTPYHBI KaHaTa MOAbEMHOI0 MEXaHU3Ma. B HEKOTOPBIX Cilydasx aMIUIMTYy/a MONEPEeYHbIX Kosela-
HUHW CTPYHBI KaHATa MOXKET IOCTUTATh BEJIMUMHBI, KOTOpask MPUBEJET K BBIXOy BUTKOB KaHATa M3
KaHaBOK HAIPaBJISIOLIUX IKUBOB.

PaccMoTpuM BBIHYX/IEHHBIE MONEpEYHble KOJEeOaHUs CTPYHBI BCJIEICTBUE HMITYJIbCOB-
yIapoB TI0 BUTKaM KaHaTa Ha Oouke OapabaHe MIaxTHOW moabeMHOW MamuHbl [5]. [Tonepeunsie
Kosie0aHusl CTPYHBI KaHaTa OMUCHIBAIOTCS TU(PepeHINANTbHBIM YPaBHEHUEM

82u 2 62u
_g 2OH 27
or? o ox? @7)
rac Clcm2 = Sﬂ =const , C HAYaJIbHbIMHU U FpaHI/IIIHI)IMI/I yCJIOBI/IHMI/I HpI/IZ
P,
120 -u=0; M0, (28)
o
o'u
x=0-u=o;x=l—¥=](t), (29)

rae U - monepeyHsle OTKIOHeHus; [,.p,,S, - JUIMHA, JTUHEHHAs IUIOTHOCTh M PACTKCHHE

CTPYHBI.
CunraeMm, 4TO BEJIMYMHA YCWINS PACTSIKEHHS CTPYHBI SBISIETCS MaKCUMAJIBHON U BEJINYH-

HOI moctosiHHOM. Havasio oTcuera mpuHATO y 0JI0Ka M HAIPaBJIECHO B CTOPOHY MOABEMHOT0 Oapa-
Oana.
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Yckopenne | (t ) Ha OTPAaHWYEHHBIX YYaCTKaX KaHaTa ONPEIeIIeTCs] TAKUM 00pa3oM:

j s 0<t <1
J,cos—1'; npu <tv<t;
T
0, npu T, <T<T 4T,
, ; 1 STSH+T,
Je)= (30)
Jo cosT—(r'—t] 1) mpu T 4T, ST 2T 4Ty,
1
0, npu 21, +1, <1<t

B cucreme (30) uHTEpBansl 7', T, T, ONPENENAIOT BPEMs MOIHOro 00opora 604Kku Oa-

pabaHa, KMHEMaTU4eCKOoe JeMCTBHUE (IOMOJHUTEILHOE YCKOPEHHE YYacTKOB KaHaTa Ha OrpaHU-
YEHHOH JJIMHE) U BPEMsI MEXKIy UMITYJIbCAMH-YIapaMH.

OuyeBUIHO, YTO (QYHKIIHS, KOTOpas OTBEUYAET MEPEMEIEHUI0 BUTKA KaHaTa Ha OTpaHUYEH-
HBIX y4acTKaX, AIMEET B

T z
&)= dz ] j)dy: - (¥'20) (31)
1Y T
jo[—lj {1 —cos —T'J ; npu  0<1 <1
T T,
o\
2jo[—lj ; npu  T<T <1+ 1,
u ' n 32
f@=l (32)
jU(T—lj {3 + cos 1(‘52 - r')}; npu T AT, ST L2+ 1,
T T
T 2
4j0(—1j ; npu 21, +1, <1 <10
n

C nmomompio MeTona Jlamambepa 3amucbiBaeM o01ee perieHne ypapHeHus: (32) B 3aKpbl-
TOM opme:
u(x,v)=0, (x - a,,v)+ @, (x + a,,7), (33)
rae @) ¥ @, - 1Baxabl QYHKIHH, KOTOPbIE HENPEPHIBHO AU((PEepEeHIUPYIOTCS, ONpeeIseMble U3
HAYAJILHBIX ¥ TPAHUYHBIX YCIIOBHM.
Hcnone3ys HauanbHbIe yeinoBus (28), momydaem
(Pl(x)+ (Pz(x): 0;
—ag;(x)+ag)(x)=0,
¢} (x)+ 05 (x)=0; —gi(x)+ gy (x)=0,
0(x)=05 @5 (x)=0, mpn 0<x<l,,, 1 ¢;(x)=C]; ¢4(x)=C3,
e C u C} - HEKOTOpbIe KOHCTAHTBI, CyMMa KOTopbiX C+ Cj =0 . Taxum obpasom, ¢,(x)=C] u
(pz(x)z—Cl"(OSxSlcm).
B o6ueM, BbIOOp KOHCTaHTHI C| HE BIMSET Ha pELIEHUE, MOCKOJIbKY B BbIpaxkeHHe (34)

(34)
(35)
niim

OTKy/1a

BXOJUT CyMMa ¢, + ¢, U, TAKUM 00pa3oM, KOHCTaHThl B3aUMHO HuBenupyorcs. [loaromy cunta-
eMm, 4yto BenuuuHa C) =0 . Htak,
9,(x)=0; ¢,(x)=0 mpu 0<x</, . (36)
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['panuunbie ycioBus (29) npUBOASAT K BBIPAKEHUSAM

(=, T')+ 0, (a,,T)=0; (37)
1lon = n ™)+ 95 (L + a0, 7)= £ (7). (38)
[TpousseneM B ypaBHeHUsAX (37) u (38) 3amMeHy NepeMeHHOMH, cuuTas, 4To n=a,,t . Torma
¢:(=n)+,(n)=0; (39)
o (l=1)+ @, (I +n)=/(n). (40)

®opmynsl  (39) u (40) cipaBeuBbl IIpH THOOBIX 77 > () M OTJIMYAIOTCS OT 3aBUCUMOCTEMH
(34) u (35), KOTOpBIE ONKCBIBAIOT IIPOLECCHI, TpoUcXoasaIIue B uHTepBane 0<x </, . Takum obpa-
30M, ypasHenue (36) onpesensier 3nauenus bynkumit ¢,(x) 1 @, (x) Ha orpesxe [0,7,, ]. Mokakewm,
y10 Gopmyisl (39) u (40) 0HO3HAYHO OMPENEISIFOT ATH (PYHKIIMM HAa COOTBETCTBYIOIIHMX ITONY-
ocsax: QYHKIMIO @) - HA onryoc — o0 < x </, 5 GyHKIHMIO @, - Ha nojtyocu 0 < x <co. DT HOJIy-
OCH - €CTECTBEHHAsI 00JIaCTh onpeaeneHus st GyHKIuH @ U @,, MOCKOJIBKY 13 3aBUCUMOCTH (33)
BBIXOJIUT, 4TO (DYHKIUS () ONpeJiesieHa PU MPOU3BOJIBHBIX YnciHax x—at ,rae 0<x </ ¥ 7'>0,
M, CJIENIOBATENBHO, x —q,, 7' PACTIPOCTPAHAETCS HA MOIYOCh —oo < x </, . AHAJIOTHYHBIE COOOpa-
JKEHHUS CTIPaBEIJIUBBI U U1l PYHKIIUH ;.

BBeneM HOBYyI0 mepeMeHHyI0 & =-1, onpenensgemyro uarepsaiom —/, <& <0. [Tockomus-

Ky N>0 (O <n< Zcm) Y IIpuHUMasi BO BHUMaHue 3aBucumocti (36) u (39), nonyyaem
¢, (8)=0,mpu —1,, <E<0. (41)
Paccmotpum teneps untepsan /,, <n <2/, . Cuuras nepeMeHHy &=1-/

cm

HaXO/IUM, 4TO

0<g<l, u 0<[, —&<I, . Iosromy u3 pasenctsa (36) u (40) BeiTekaer, uto ¢, (I, —&)=0;
ol —&)+ 0, (0, +8)= /(&) Urak, ¢,(L,, +&)= /(5), orkyna

02 (n)= (1) Loy SN2, (42)

B KOHIle KOHIIOB, MyCTh 7] - MPOM3BOJILHOE IMOJOKHUTENbHOE uuciio. Tornma, cuuras, 4To

E=1,,+ n(é >0) nonyuaem o, (L, —&)+o,(L,, + i) =f (i) , TO €CTh II0Jy4aeM PaBEHCTBO

(pl(_n)+(p2(2lcm +n):f(lcm +n) (43)
Borutd u3 ypaBHeHus (42) ypaBHenue (43), nonydaeMm
0, (n+2L,)=0,(n)+ f(n+1), n20. (44)

[ockonbKy 7+ 21, #0 U 1#0, TO U3 paHee MOMYICHHON 3aBUCUMOCTH (39) crenyeT

¢(-n-21,,)=-9,m+2L,); 1 ¢, (-n)=—9,(n).
IMoacTarisis [Ba MOCIIEAHNX YPaBHEHHUS B BhIpaskeHue (43), moirydaeM 3aBUCHMOCTh BHa

¢ (-n-2.,)=0,(-n)-f(n+1,), n>0. (45)
Takum o6pa3om, u3 3aBucumocteit (37), (43) u (45) Haxoaum, 4TO
(pz(n)zo, 0<n<l,; (46)
0> ()=~ )5 L, SM=2L5 (47)
0, (n+2L,)=0,(n)+ f(n+1,,), n20. (48)

TlepBhie Ba paBeHCTBA OMpeeNsoT GyHKIMIO ¢,(n) B unTepsane (0,27, ], a mocnemmss

cm

pacnpocTpaHseT 3Ty QYHKIHMS IOCIE0BATENILHO U3 HHTEpBAlla [0,2[(,,”] B MHTCPBA [Zlc,m ,4lcm], u3
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untepBana [21,, .41, | B untepsan [41,, 61, | u Tak nanee. TIpoMTIOCTPUpYEM MONyHEHHBIE 3aBHU-

CHMOCTH Ha HECKOJIBKHX IIEPBBIX MHTEPBAJIaX.
Ilycrs 27, <E<3[, . Cunmras n=¢-2/,,,
—¢,(n)=0. Bmecte ¢ Tem, cornacHo Bhipakenuio (48), ¢,(m+2L,)=0,(m)+ f(n+7,,), wim
o,(n+2L,)=f(n+L, ) ITocnennee BeIpaKEHUE 3aIIMCHIBAEM B BUJIC
9,()= (=1, ), mpu 21,,, <E<31,,,
OTKYJla Ha OCHOBaHUU ypaBHEeHHS (48)
9. (n)=fn=1,,), mpu £, <n <3l (49)
Cuwras, yto n=§—-2/, B uHTepBane 3/, <&<5/, , nomyyaem [, <n<3/, ,a U3 ypaBHe-

nonyuyaeM 0<n</,6 u u3 paBeHcrBa (47)

Hust (49) maxomum ¢,(n)= f(n—1,,). TloacTapnss nocieanee BhIpakeHue y ypasHenus (48), mo-
JTy4aeM 3aBUCHMOCTb BUJIA
e,(n+2L,)=f(n~1,)+ f(n+L,), L, <n<3L,,
i 0o(&)=16=31,,)+ f&~L,), 3L, SESSL,,;
oKy 0,(n)=s(n-1,,)+/(-31,), 31, <E<5L,,. (50)
[TpuBeaeHHOE BBIIIE ypaBHEHHUE MOKHO PAcIIPOCTPAHUTh Ha JI000# HHTEpBaJI, TaK YTO

0, (n)=r(~1,,)+/(n=34,)+ f(n-5L,), npu 5L, <n<70,,,  (S1)
U TaK Jaiee. AHaJOTHYHBIM 00pa3oM ompenesnsercs u GyHKIH Ha JIIo0OM WHTEpBaJie IJIMHbBI Ka-
HaTa, HaMaThIBaEMOM Ha OouKy OapabaHa.

Takum oOpazom, ypaBHeHus (34), (46), (50) u (51) no3BoNSIOT NMpeACTaBUTH OOIIee perie-
HUEe ypaBHeHUs (27) B 3aMKHYTOM BHUJIE, TPHUEM (PYHKITUU (pl(x—at) u o, (x+at) HUMEIOT TaKou

BU:
0 np)<t Sl””’ic ;
— /(‘E’ lcm +)C] np lcm +x < 'E, < ycm +x’.
oy o ey
I 3 3 5 (52)
(Q(x_ d{) —J_ /i:(‘ﬂ cm +XJ +(T' cm +xj:| n p cm +X S ,ﬂ S cm +x’.
oy oy oy oy

. f{(T, IMHJ{ s +x]+“{ . (Qk—l)lcm+x}} " (2t S(2k+1)l(,m+x)
a

a a a a

cm cm cm cm cm

rac K- IMMOBTOPSAEMOCTD ITPOUECCOB HABMBKH BUTKOB KaHATa.

L, —
0 npl) <7 SLx;
aCm
‘{‘E, lC”‘l_x] np lCﬂl_x S ,C[ S yﬂm_x ;
a'”’l aL’m a(.‘”l
‘ (53)
l — 3~ Y - s, —
(pz(erat') — ‘{(T, cm x]‘i‘(’f’ cm X]:| np om™ X ST’ < Zem x}.
aCm a(."n aCm acm

e e

f{[ﬂﬂ}t — 4 np
a,, aq a

ac‘m acm cm cm

rae f (r') OTIpeIETISIETCS 3aBUCUMOCTHIO (32).
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[Tony4yeHnHble 3aBUCIMOCTH OMHCHIBAIOT MONIEPEYHBIC KOJIeOaHUs CTPYHBI KaHaTa B MHTEP-
Bane 0<x </ B mo0o0i IPOMEKYTOK BPEMCHH, HAXOXKICHNE BUTKA KaHATa Ha Oouke OapabaHa
IIaXTHOM IIOJbEMHOM MaIllWHBI.

OneHka Harpy:kKeHHOCTH BHTKOB KAaHATAa NMPH UX (PPUKIMOHHOM B3aMMOJEHCTBHM.
W3BectHO, uTo Tpu aedopmarmu Gouku OGapabaHa NMPOMCXOAMT OCIAOJICHUE HATSDKEHHS paHee
HAMOTaHHBIX BUTKOB KaHaTa. JTO ocliabJeHNe BO3HUKAET M3-3a2 TOTO, YTO O] JeHCTBUEM KaHaT-
HOW Harpy3ku Oouka Oapabana medopmupyercs B paauadbHOM HampaBieHud. Kpome Toro, mpu
MOJIX0/1€ TIPOJIOTIBHOM U MOMEePEYHON YIPYyrol BOJHBI K MOCTETHEMY BUTKY KaHaTa, CONPUKACAIO-
HIEMYCS C YIPYTOi KOJBIIEBOM TTOBEPXHOCTHIO Oapabana [6,7]. [Ipu 3TOM yacTh ynpyroit sHepruu
CMCIIAHHBIX BOJIH 3aTPavMBACTCA HAa MPUIIOJHATUC IEPBOIr0 BUTKA HA BBICOTY BTOPOI'O CJIOA U IIPpHU
9TOM HauuHaeTcs ero gopMmupoBanue. Ha mepBoM BUTKE BTOPOTO CIIOSI POUCXOIUT paselicHHE
paHee CMEIIaHHBIX BOJH Ha CaMOCTOSITEIBHYIO ITPOIOJIBHYIO U HonepeyHyto. boiee mMomHas mpo-
JOJIbHAsI yIpyTasi BOJHA ONEpeskaeT 10 CKOPOCTH IMONEPEYHYI0 YIPYTyI0 BOJHY IpU (HopMHpOBa-
HHUM BTOPOTO CJIOS HABMBKH KaHaTa Ha 004Ky OapabaHa. 3a cYeT 3TOro MpPOUCXOAUT YBEIHYCHUE
yIpYyroil HEPTUU MPOJOJIbHBIX U MOMEPEYHBIX BOJH B Hayane (pOPMHUPOBAHHS OYEPETHOTO CIIOS
HaBUBKM KaHaTa Ha 00uKy OapabaHa.

CHauana paccMOTPHUM MOBEPXHOCTHYIO PHEPTUI0 KOHTAKTUPYIOMUX Tes. [loBepXHOCTHBII
cioi kaHata U Oouku Oapabana oOnamaeT OONBLION AKTUBHOCTHIO. DTO OOYCIOBIIEHO TEM, YTO
BHYTPHM TBEPAOro Tejla Ka)Abli aTOM KpHUCTala OKPYXEH JPYrMMU aTOMaMHu M CBSI3aH C HUMHU
MIPOYHO HE 1O BCEM HAMPABJICHHUSIM, a y aTOMOB, PACIOJIOXKEHHBIX HA MOBEPXHOCTH, C BHEIIHEH
CTOPOHBI €CTh «cOocenu» TMPHU (PPUKIIMOHHOM B3aUMOJICHCTBUU Maphl «KaHAT — Oouka OapabaHay B
BHUJIC TAKUX )K€ aTOMOB. B CBSI3M C 3TUM B MMOBEPXHOCTHOM CJIO€ Y aTOMOB Ka)JIOTO TBEPJIOTO Telia
OCTAIOTCSI CBOOOIHBIEC CBSI3M, HAJMYUE KOTOPBIX CO3/1aeT BOJIU3M MOBEPXHOCTH aTOMOB (MOJIEKY-
JsipHOE) TpUTsDKeHHe. UTOoOBI MPU TAKOM HECHMMETPUYHOM CHJIOBOM TIOJIE aTOM KPUCTaJlla HaXo-
JIUJICSL B PABHOBECHHU, HEOOXOAUMO WHOE, YeM BHYTPH KPHCTAJIa, PACHOJI0KEHUE aTOMOB CaMOro
BepxHero cios [3].

[ToBepXHOCTHBIE aTOMBI BCIIEACTBUE CBOOOTHBIX CBsI3ei 00JIamaroT OOJNBINON SHEPTHEH,
HEXXEJIM aTOMbI BHYTPH TBEPJOTO Teia. M30bITOK SHEPIUM, OTHECCHHBIN K €JMHUIIC TOBEPXHOCTH,
Ha3bIBAIOT YACJIBbHOM MOBEPXHOCTHOM PHEPrHUel WIM IPOCTO NOBEPXHOCTHOW 3Hepruei. [lonnas
SHEPrusl KPUCTAIIa COCTOUT U3 BHYTPEHHEH M MOBEPXHOCTHOU »Hepruu. [locaenuss nmponopiuo-
HaJlbHAa TIOBEPXHOCTH paszzena ¢a3, IoATOMY OCOOEHHO BO3pacTaeT MpH JAUCIEPTUPOBAHHH TBEP-
1pIx Te1. OHa BO MHOTOM OIIpeJIeNisieT CBOHCTBA BHICOKOMOJIEKYIISIPHBIX CHCTEM-KOJUIOUIOB.

[Tpu cONMPUKOCHOBEHUH JIBYX OJMHAKOBBIX TeJ («KaHAT — KaHAT») MMOBEPXHOCTHAS YHEPTUS
MCUE3aeT U MOXET BBIACITATHCS B BUJIE TEIUIOTHI WIIM 3aTPATUTHCS HA MOACTPONKY B KpUCTAJUIHYE-
CKOM pelIeTKe 0JTHOr0 KPUCTA/LIA K APYroMy.

[Tpy CONMPHUKOCHOBEHUM IBYX pa3HBIX Tenl («kaHaT — Oouka OapabaHa») MOBEPXHOCTHAsS
SHEpIusl HE NCYE3aeT, a 3aTPAaYMBACTCs HAa MOACTPONKY B KPHUCTALTHYECKON PelIeTKe OJJHOTO KpH-
cTaJljia K IpyroMy B Tese ¢ 0ojee caaboil MOBEpXHOCTHOM SHEPTHUeil, T.€. B KaHaTe.

B nporecce GhpHKIIMOHHOTO B3aMMOACHCTBHS KaHaTa ¢ Bpamfaromieiicss 0oukor OapabaHa
€r0 MUKPOBBICTYIIBI HCIBITHIBAIOT MUKPOUMITYJIHCHI CO CTOPOHBI MUKPOBBICTYIIOB O0uKHM OapabaHa.
B nanmpHeiimeM BepxHHE TPsAM NEPBOTO CIIOS BUTKOB O00ukM OapabaHa (PUKIIMOHHO B3aUMOJICH-
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CTBYIOT C HIDKHMMH TIPSASIMH BTOPOTO CJIOS BUTKOB M Tak nanee. HopmanbHbBIE cOCTaBISIONINE
3TUX MUKPOBBICTYIIOB HENPEPHIBHO BO30YXKIAIOT KOJEOAHUsI YYaCTKOB KaHATa, HAXOMIAIIMXCS Ha
O0ouke OapabaHa, Kak IeJIOTO, B HOPMAJIbHOM HAlpaBiICHUH. JKCIIEPUMEHTAIBHO J0Ka3aHo [1-6 u
ap.], 9T0, HECMOTPs Ha OECHIOPSIOYHOCTH THX MHKPOBBICTYIIOB, KX COBOKYITHOCTb ITOJICPKHBACT
HETIPEpBIBHBIE HE3aTyXalollhe HOPMaJbHO HaNpaBiCHHBbIC KoleOaHHs KaHaTa, OCHOBHAs 4YacTb
KOTOPBIX, BBUJY MX Majlod aMIUIUTYAB! (JIOJM MHKPOMETpa WIM MHUKPOMETpPHI), OnM3Ka K COo0-
CTBEHHOU 4aCcTOTE JTMHEHHBIX KOJeOaHui

vel B (54)

2n\\m,

rae ki, — K09QQUINEHT KOHTAKTHOM JKECTKOCTU KaHaTa; M, — Macca y4acTKa KaHaTa, paBHOIO
OJTHOMY CJIOIO BUTKOB.

Bot nouemy npu BeIOOpe KaHATa HaJl0 UMETh B BHU]Y, YTO €CJIM OH CBHUT M3 TOJCTBIX IPO-
BOJIOK, TO UMEET MOBBIIIEHHYIO KOHTAKTHYIO KECTKOCTh, HO XOPOILIO COMPOTHUBISETCS a0pa3uBHO-
My u3HOCy. C yMEHBIICHHEM JHaMeTpa MPOBOJIOK YBEINYMBACTCS TMOKOCTh KaHAaTa, HO OJHOBpPE-
MEHHO BO3PAacTaeT U3HOC MPOBOJIOK, YMEHBUIAETCS €ro CTPYKTYypHas MPOYHOCTHh (0OCOOEHHO MpH
MHOT'OCIIOMHOW HABUBKE), COKPAIIAETCS CPOK CITYKOBI.

PaccmarpuBaembie koneOanus, OyIydd aCUMMETPHYHBIMHE, TPUIIOAHUMAIOT HEKOTOPBIE U3
BUTKOB KaHaTa Ha y4acCTKaxX €ro CJI0EB U CHIKAIOT CHITY TPEHHS.

Yem Ooipllie CKOPOCTh HAaBUBKHM KaHaTa Ha O0YKy OapabaHa M Ha OYEPETHOU €ro CIoi
HAaBHUBKH, TEM WHTCHCHBHEE HOPMAJIbHBIE COCTABIISIOIINE MUKPOUMITYJIBCOB MEXKTY MUKPOBBICTY-
naMy B3aMMOJCHCTBYIOIIUX Tap, TeM OOJIbIIe aMIUTUTYAa pACCMAaTPUBAEMBIX KOJICOAHUIA, TEM BbI-
e CpeJHUH YpOBEHb, HAa KOTOPOM IPOCKAIb3bIBACT KAaHAT, TEM MEHBIIE IHCKPETHO-
(OPUKITMOHHBIM TTOBEPXHOCTHBIA KOHTAKT M TEM MEHBIIE CHJIa TPEHHUS. DTHM MOXKHO OOBSCHUTH
npoucxosiee ociaabaeHre HaTsSHKeHNs paHee HAMOTAHHBIX BUTKOB KaHaTa Ha 004Ky OapabaHa.

PaccmoTpum sHepreTuueckuil 6ajmaHc map AMCKPETHO-(QPUKIIMOHHOTO B3aWMOJCHCTBUSA
cimydaeB: A — «bouka OapabaHa — HIDKHUE TIPSAIU KaHATa MEPBOTO CJIO0s HAaBUBKM»; b — «BepxHHE
MIPSITU KaHaTa MepBOTO CJI0s HABMBKU — HIU)KHUE TIPSAM KaHATa BTOPOTO CIIOS HABUBKWY; B — Bepx-
HUE TPSAM KaHaTa BTOPOTO CJIOS HABUBKHU — HIDKHHE TIPSIM KaHATa TPETHETO CJIOS HABUBKWY MPH
MOCTOSIHHOM U NIEPEMEHHOM YCHIJIMH HATSLKEHMsI YacTed KaHaTa, HO IIpU YCJIOBUH, 4TO S, — S, > 0.

B Tabun. 2 mpuBeeHbI COCTABISIONINE SHEPTETUIECKOTO Oallanca, KOTOpble OyayT MCIIOIb-
30BaHbI JUUISl OIEHKU COCTOSIHUS BBIIIE MEPEUUCIICHHBIX Map (GPUKIIMOHHOTO B3aMMOJCHCTBHS MPH
HaBMBKE KaHaTa Ha 00Ky Oapabana. B Tabi. 2 ncrnonb3oBaHb! cieayronye 0003HaYeHUs: T, — Kaca-
TeJbHBIE HanpsokeHus; V, Vi, V, — CKOpOCTH: HaBMBKHM BUTKA; PACIPOCTPAHEHUS MPOJOJILHONW H
MOTNIEPEYHON yIpyroil BONHBL, Ay, A, — TUIOMAAN: KOHTAKTHOI'O B3aUMOJIEUCTBHUSI; MMONIEPEUHOTO
CEUEHHUs KaHaTa; @ — YIJIoBasi CKOPOCTh BpalleHus: 6apadbana; G — Moyb ciBUTa.

[TpuBenennsie 3aBucuMoOCTH (55)-(61) B Tabs. 2 MOTHOCTBIO MOATBEPKAAIOT BBIIIE H3JI0-
JKEHHBIN MaTepual M JaloT OTBET Ha Bompoc: «Kakas M3 HaBUBOK KaHaTa Ha OOuky OapabaHa 3¢-

(beKTUBHEW: C TOYKM 3PEHHUS DHEPreTUUYECKOW KOHLEMIUHU, IPU TMOCTOSHHOM WM MEPEMEHHOM
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HATsHKEHUH 9acTel kaHata?» VcXo/s U3 BBIIEU3IIOKESHHOTO, TPEACTABIISETCS BOSMOKHBIM BBECTH
MIOHSATHE «IHEPTeTHYCCKHI YPOBEHb CJI0s1 HABMBKH KaHaTta». M3 aHanm3a Tali. 2 cieayer:

— TIpH MTOCTOSIHHOM YCHJIMY HATsSDKEHHS YacTel KaHaTa IpH yCIIoBHH, 4yTo AS OyneTr MakcH-
MaJIbHBIM Ha BCEM IIPOTAKCHHUU €TI0 HABUBKH, DOHECPICTUYCCKHUEC YPOBHU CJIOCB KaHaTa 6YJIYT KBa-
3MO/IMHAKOBBIMH;

— [P TIEPEMEHHOM YCWJINHU HATsDKEHMS YacTel KaHaTa MpH yCIoBUH, uTo AS Oyner u3me-
HITHCA OT min J0 max Ha BCEM IMPOTAKCHUU €0 HABUBKH, DHEPIrETUYCCKHUC YPOBHU CJIOCB KaHaTa
OyayT pa3HbIMU;

— BO30y))aaromuM (pakTopoM B mapax «Oouka 6apabaHa — KaHAT» U «KaHAT — KaHAT) SBIIS-
€TCA ux HaHpH)KeHHO—IIC(I)OpMI/IPOBaHHOC COCTOSIHHUEC, a4 TAKXXC HMMITYJIbCHBIC CHJIbI TPCHMHA, ,uef/i—

CTBYIOIIIMC HA UX DJICMCHTBI B IIPOAOJILHOM U IOIMCPCHYHOM HAIIPABJICHUAX.

Taonuya 2
OueHka JHepreTU4eCKMX YPOBHell cj10eB BUTKOB KaHATa HA 0ouKe Oapadana
PacueTHble 3aBUCUMOCTH Ycunusi HaTsDKEHHsI YacTel KaHata
MIOCTOSIHHBIE | [IEPEMECHHBIE
[Taps! AUCKPETHO-(PPUKITMOHHOTO B3aNUMOICHCTBUS
JUISL CITy4aeB:
A | B | B A | B | B
1 Cuna TpeHus AS momKHO OBITH MaKCH- AS MOMKHO yBeTMYMBATHCS HA
' F.=S8,-8,=AS.(55) | MaJbHBIM Ha BCEM NPOTsI- BCEM IPOTAKEHUH HABHBKH
JKCHUW HaBUBKHU KaHata. KaHaTa.
5 MoMeHT TpeHHs He u3mensiercs 3ameTHO Wzmensiercst 3aMeTHO TIpH T1e-
' M, =(S,-S,.)R,.(56) | mpu mepexo/ie ¢ BUTKA HA pexojie ¢ BUTKA Ha BUTOK KaHa-
BUTOK KaHaTa. Ta.
3 Juaamuueckuii kodhdunmeHt
TpCHHA Ocraercsi Bce BpeMsi KBa3u-
S =1/0,. (57) | mocrostHHBIM. Bce Bpemst u3meHsercsl.
4 KoHTakTHast MOIIHOCTB
TpEHUs:
OIHOr0 BUTKa SIBNAETCS BENMYMHON TIEPEMEHHOM, TOCKOIBKY MMPOUCXOTUT
P, =f5,VA,,; (58) | usmenenne napamerpos: £, o, # Ay
CJIOSI BUTKOB He u3mensiercs 3ameTHO W3mensiercst 3aMeTHO TpH T1e-
P =M. (59) | opu mepexoje ¢ BUTKA Ha pexone ¢ BUTKa Ha BUTOK KaHa-
BUTOK KaHaTa. Ta.
5 MomnocTr YHpYTHX
BOJIH: IPOJOJIbHOM
Pnp =EVA,; (60) | 3aBucut ot CKOpPOCTH PacIpoOCTPaHEHUs YIIPYTOil BOJIHBI.
TONEPEYHOU 3aBHCHUT OT MOIYJISI CABUIA MIPSJCH KaHaTa Ha CJIOSIX U CKOPO-
P,=G"V,A,. (6l) | ctu pacpocTpaHeHus yIPyTroi BOJIHBI.

BoiBoabl. Takum 00pa3oM, Ha OCHOBaHHH TEOPETUUECKHUX MCCIICOBAHNN YCTaHOBIICHBI 3a-
KOHOMEPHOCTHU Tepeauu U IepepacipeiesieHrs YIpyroil 3HEprud HaBUBaeMOI'o KaHaTa B Iapax
TpeHus «bouka OapabaHa — KaHAT» U «KaHAT - KaHAT», BBI3BIBAIOLIME MPOJIOJIbHO-TIONEPEUHbIC
rapMOHHYECKHE KOJeOaHHs CTPYHBI KaHaTa.
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ENDIRMO-QALDIRMA AVADANLIQLARINDA BARABAN COLLOYINO DOLANAN KANATIN
ELASTIK ENERJISININ OTURULMOSI VO YENiDON PAYLANMASI
(I hissd)

V. S. SKRIPNIK

Mogalodo "baraban ¢olloyi — kanat vidolori" vo "kanat vidolori — kanat vidolori" ciitliiklorindo elastik enerjinin
harmonik dalgalarinin formalagsmasi uzununa-enino vo ening istiqgamotlordo onun 6tiiriilmosi vaxti tosvir edilmisdir. Onlarin
friksion qarsiligl tosiri zamani kanat vidolorinin yiiklonmasi qiymotlondirilmigdir.

Acar sozlor: bucurgadmm kanat ¢alloyi, baraban ¢allayi, kanat, étiirma va elastik enerjinin yenidon paylasdirilmast,
harmonik dalgalar, uzununa — enina va enina istigamat.

TRANSMISSION AND REDISTRIBUTION OF THE ELASTIC ENERGY OF WRAPPING
CABLE ON THE BARREL DRUM OF THE PULLING-UP EQUIPMENT
(Part I)

V.S. SKRYPNYK

The materials of the article illustrate the formation of the harmonic waves of the elastic energy in the pairs “drum bar-
rel — cable turns” and “cable turns — cable turns” in its longitudinal-transverse and transverse movements. The load on rope
turns during their frictional interaction is estimated.

Key words: cable winch of draw-works, barrel drum, cable, transfer and redistribution of elastic energy, harmonic
waves, longitudinal-transverse and transverse movements.
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UCCJIEJOBAHUE CBOHMCTB CKBAKMHHBIX MAKEPYIOIIHUX
JIEMEHTOB ITPU IIOITEPEYHOM Y IAPE

B.T. MAMEJIOB, A.Jl. CYJIEMMAHOBA

B cTathe m3ydaroTcsi CBOMCTBAa CKBAXMHHBIX NMAKEPYIOIINX >JIEMEHTOB MpH momepedHoM yaape. C 3Toif menbio
TIPOBEAEHBI HCCIEIOBAHUS BBICOKOAIACTHYHBIX PE3WHOBBIX YIIIOTHUTENBHBIX SJIEMEHTOB M TIOCTPOEHA JHarpamma
«HANPSHKEHHOW e opMaliny, OCHOBAaHHAsI HA METO/IE ITONIEPEeYHOTo yaapa.

Knroueswie cnosa: creadicunnvie nakepylowiue yniomHumenbHsle YCmpoicmad,
OuHamuyecKkull xapakxmep 0eopmMuposans, yoap, ynpyeas ooaiacmo,
naacmuyeckds 0eghopmaysl.

Beeoenue. YBenuuenue riryOuHbI CKBRXXHH MIPEIbSABISIET Bce O0Jee BHICOKHE TpeOOBaHUS K
YIJIOTHUTEIBHBIM y3J1aM MaKepoB MPH TWHAMUYECKHUX YCIOBUAX nedopmupoBanus [1]. Bee cymie-
CTBYIOILIME METOJbI ONPEJCIICHUsI MEXaHUYECKUX CBOMCTB BBICOKOIJIACTUYHBIX PE3MHOBBIX IaKe-
PYIOIIMX 3JEMEHTOB U JUHAMUYECKUX 3aKOHOB HedopmupoBanusi o(E) OCHOBAHBI HAa BBIBOJAX

TEOPHUH PACTIPOCTPAHECHHUSI YIIPYTO-IIIACTUYECKUX BOJH IIpH NpooiasHoM yaape [1-3]. CymecTBen-
HBIM HEJOCTaTKOM 3THUX METOJOB SBJIETCS MX OIPAaHUYEHHOCTb B TOM, YTO OHU NPUMEHHMBI B
OCHOBHOM K METAJUIOKOHCTPYKIMSIM U TOJIHBI JJIs1 HEOOJIBIIOTO AUana3oHa CKOpoCcTel yaapa.

Ha ocHOBaHuM BBIBOJOB paclpOCTpaHEHUs BOJIH MpH nonepeyHoM yaape [1,3] B pabote
pa3paboTaH HKCIEPUMEHTAIBHBIA METO/] OTNPEICICHUSI TUHAMUYECKUX METOAOB J1e(hOPMHUPOBAHUS
o0 (&) ymnoTHUTENS CKBaKUHHOTO TTaKepa.

HccnenoBanus nokasajin, 4YTO 3TOT METOJ IPUMEHUM ISl MATEPUAJIOB ITOJIMMEPHO-3J1aCTO-
MEPHOH CTPYKTYpHI (KarpoH, MOJUBUHWI CBUHIIA U T.J.), @ MPUMEHUMOCTh €T0 K BBICOKOIJIaCTHY-
HBIM PE€3UHOBBIM YIUIOTHUTEISAM OCTABAIACH HEBBISICHEHHOM.

B Hacrosmieil craTbe NPUBOIATCS Pe3yJbTaThl UCCIENOBAHUNA BBICOKO3JIACTUYHBIX PpE3U-
HOBBIX YIJIOTHUTENIbHBIX 3JIEMEHTOB MaKEePYIOIIUX YCTPOHUCTB (CKBaKMHHBIX MAKEPOB) U IMArpaM-
Ma «HarpspKeHHe-aedopMalys», OCHOBaHHAsI HA METOE MOMEPEYHOTO yapa.

Ilocmanoska éonpoca. OnpeneneHyue TMHAMUYECKOTO 3aKoHa AeopMHUpoBaHus O =0 (&)

MIPH TIONIEPEYHOM yaape, coryiacHo [1,3], cBoguTcs K pemeHuto AU GepeHInatbHOTO ypaBHEHUS
BUIA

dEV L0 98 g 2O
dr)  fy) ( )d7 oll+) O .
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rie
P 4
f(r)=m, .0(27)=T(1+s). 2)
sin
11 dTf (1-cosy)g
(/)(7/):I _._:(.—7)0 3)
go de sin y
3necy 9, — ckopocTh yaapa, £ — aedopMmanus Pe3UHOBOrO YIUIOTHEHWs, 7, — Macca

CAMHUILBI AJIMHBI 06pa3ua, T — HaTsKeHHUe.

1 df(y). 1 (@j

BBomst o603HaueHust & =————-%; 7 =m,——
fly) dar " fr)\dy

npuBoauM (1) x

2
de :§(1+8)d—g+7](1+6‘)2 =0 (4)
dy dy
de
Pemms »to YpaBHCHHUEC OTHOCUTCIIbHO d_ , IOJTYYHM:
de &, (&Y
— =2+ || =] -n|dr. 5
lve |2 (2} T (3)
Wnrerpupys, umeem
e=(1+g)-e” -1, (6)

rac
_HE_ ey |
@-!2 [2j n|-dy

3nas 3aBucuMocTh ¢ = £(y ), u3 (2) onpenenum T = T'(y ). Takum o6pa3om, momydaem u-

HAMUYECKYIO 1MarpaMMy PacTsDKCHHs B IapaMeTpHIecKoi hopwme.
W3yqenue IKCIEPUMEHTAILHOI 3aBucHMOCTH 9 = 9(y) u T =T(y).

CYH_IHOCTL MCTOAA MNOICPECHYHOr'o yJdapa 3aK/II04YacTCs B IOCTPOCHUU HHHaMquCKOﬁ Jua-
I'paMMbl T = T(}/), ncxonasda u3 BKCHCpHMCHTaHBHOﬁ 3aBUCUMOCTH 9 = 9(7/).

Ucnbitanust mpoBOUINCH HA/l CylIecTBYOMMME Mapkamu pe3unbl (UPII-128) ymnoTHu-
TEJIbHBIX KOHCTPYKIIHI ¢ HEOTHOPOIHBIM COYETAaHHEM MapoOK PE3UHBI. DKCIICPUMEHTHI TPOBEICHBI
B CIIELIMAIbHO pa3paboTaHHOM ycTaHoBKe (puc.l) [4]. DkcriepuMeHTHI TPOBOAUINCH CO CKOPOCTHIO
JI0 TOCTIKEHHS TMHAMHUYECKOTO pa3pbiBa B 0Opas3iax.

Ha puc.2 npencraBiieHsl pe3ysbTaThl UCIBITaHUS 00paslia pe3uHOBOro YIUIOTHUTENA. Bo
BpeMs ynapa Obljia alipou3Be/IeHa TAK)KE PErHCTPALUs HATSKEHUS B TOUKAX 3aKPEIUICHUs HCIIBITY-
emMoro obpasia (pe3nHOBbIe YIJIOTHEHHUs). J{JIs1 9TOr0 HCIOIB30BATUCH TEH30METPUIECKUE TaTIH-
k. CHrHaj OT JaTdrKa MojaBajcs Ha BXOJ KaXJI0ro TeH3oMeTpudeckoro npubopa MCB-3, ¢ ko-
TOPOTO CHUMAJIHNCh JaHHbIE HATSDKEHHS HA 3aKPEIUIEHHOM KOHIIE MCTIBITYeMOTO o0paslia 3aBHUCH-
MOCTH BPEMEHH OT cKOpocTel ynapa. O6pabotanHbie kpusble T'(9) M1 PE3MHOBOTO yIUIOTHEHHS,

NpeCTaBIEHHbIE HA PUC.2, TOKA3bIBAIOT, UTO JJIsl PA3JIMYHBIX CKOPOCTEH yJaapa BUIEH XapakTep-
HBIN pa3pbIB MPU MEPEXOJE OT YIPYTOrO COCTOSHHUS K IITACTHYECKOMY.
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Puc. 1. Yemanoska onsa ucnvimanus zepmemusupyiowieii cnocoonocmu
Ynnomuumenvnozo snemenma nakepa:
@) YNIOMHUMENbHBLL JJIeMEHM ¢ AKCUATbHBIMU OMBEPCUAMY, 0) YIIOMHUMETbHBLU deMeHm
¢ cummempuunblMu omeepemusimu; 1, 2 - Koekmopbl blcok020 0agnenusi; 3 - cunoeas kamepa, 4 - nopuiens, 5 - urcupy-
fowutl yzen; 6 - wmox, 7 - HUJICHSS YRopHas wailoa; 8 - nampyobok, uMumupyowutl 00Ccaouyo KoioHHy; 9 - 6epxHsas ynopHas
watiba; 10, 11 - cmeonwl, 12 - yniomnumenshuiii snemenm; 13 - komnencamop; 14 - nacoc; B; + By — eenmunu 0ns ynpaeie-
Hus pabomoti yemarnoexu, JI;, JI,, J1;, Jl,; - nunuu 0as 3akauxu scuokocmu, M, My, M, M, - manomempeor.

Obpadomka IKchepuMeHmMa1b HBIX PE3)IbManoe6.
DKcriepuMeHTaIbHas 3aBUCUMOCTh 3 = 19(;/) XOPOIIO aMMPOKCUMHUPYETCS CIIEAYIOUMMHU
GyHKIUAMU:

- JI CYHICCTBYIOIINUX MAapOK PE3UHbBI YINIOTHUTCIIbHOT'O 3JICMCHTA!

9o —26,174y° +205,27y° + 20y o
0,698y '
JUUISL HCOI[HOpOJIHBIX MapOI( pCSI/IHOBHX YHJIOTHI/ITCJII)HLIX 3JICMCHTOB:
137,257 —9,072y°
9= 37,25y -9,072y ’ ®)

1,309y

O0paboTKa KCIEPUMEHTATBHBIX JAAHHBIX MPOU3BOIUTCS C TIOMOIIBIO ClieAyronmx (op-

MyII:
f[fb(y)dy
e=(1+g,) e -1, )
P9
T=—7"=. 10
sin*(1+€) (10)
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Ha puc.3 u puc.4 npeacraBiieHbl JuarpaMMbl CKaTHUs JUIsS CYIIECTBYIOIIMX M HEOIHOPOI-
HBIX MapoK pe3uHbl yrmioTHeHus. Ha atux rpagukax kpusbie | COOTBETCTBYIOT CTaTUUECKUM J1Ha-
rpaMMaM, IOCTPOEHHBIM JJIs UCCIEAYEMBIX MaTepUalloB, a Kpuskle Il — nuHaMu4ecKuMm.

001 002 003 004 005

Puc.2. 3asucumocmo cunwi
HamaadceHus om cKkopocmeil
yoapa K yniomHumennim
1 — cymecTByIomas MapKka pe3uHbl;
2 — HEOJJHOPOIHOE COYETAHUE
MapOK PE3UHOBBIX YIUIOTHCHUI
X — 3KCIIEPUMEHTAJIbHBIE PE3YIbTATHI
JUI CYHIECTBYIOIINX MapOK PE3UHBL
0 — COOTBETCTBEHHO HEOTHOPOIHOE

0,06 VL, mcex

x

002 004 006 008 010 0,12 =

Puc.3. 3asucumocmo namssicenusn
npu nonepeunom yoape
PE3UHOBHIX YNIIOMHEHUTL
OT OTHOCHUTENBHOHU ehopMaiu
1 — crarndeckoe ehOpMHUPOBAHHUE;

2 — muHaMUYecKoe epOpMUPOBAHUE —
pacucTHbIC
X — 3KCHepI/IMeHTaJ'IBHLIe JTAHHBIC
CYIIECTBYIOIIETO YIIJIOTHEHUS
Mapok pe3uHsl (ucm.1293)

005 0,10 015 020 025 030 &
Puc.4. 3aeucumocmo namsiicenus
npu nonepeunom yoape pe3uHosvlx
ynjaomHenuil
OT OTHOCHUTENIBHOU AehopMaLiiun
1 — craTnueckoe neOpMHUPOBAHUE;
2 — nuHaMHu4ecKoe nedopmMupoBaHue.
— paC‘{CTHBIe, o — 3KCHCpI/IMCHTaHB-
HBIC JaHHBIC COOTBCTCTBCHHO HCOI-
HOPOJHBIX CO‘{eTaHI/Iﬁ PE3UHOBBIX
YILIOTHEHUH

COYE€TAaHUEC PE3NHOBLIX yHJ'IOTHeHI/Iﬁ

Ananus pe3yiomamos.
AHanmu3 KpHUBBIX MOKa3bIBaeT, YTO NuHamu4eckue KpuBbie (II) yexar Bbillle CTaTHUECKUX,

MpUYeM MPOJOHKUTEIBHOCTh AMHAMUYECKOTo J1e(OpPMUPOBAHUS Ui MAaTEPHAJIOB YIUIOTHEHHS
MEHBUIE MPOJIOJIKUTENBHOCTH CTAaTHYECKOT0 aedopmupoBanus. Tak, A yIJIOTHEHUS CYLIECTBY-
FOIIUX MapOK PE3WHBI Pa3phbIB MPH CTATHUECKOM JIePOPMHUPOBAHUH TIPOUCXOIUT MPHU JehopMaIiiu
0,15, a npu nuHamuyeckoMm nedopmupoBanuu 0,12. Jinst HEOJHOPOJHBIX COUYETAHUN MAapOK Pe3u-
HOBBIX YIIJIOTHEHUH Pa3pbIB MPHU CTATHUECKOM AedopMupoBaHum s nedopmanuu 0,3, v mpu au-
Hamuueckom — 0,2,

AHanu3 S3KCIEPUMEHTOB, IPOBEIEHHBIX HAJ HEOJHOPOJHBIM COYETAHUEM PE3UHOBBIX
VIUIOTHEHUN U CYIIECTBYIOUIMX MapOK PE3UHbl YIUIOTHEHUS MMOKA3bIBAET, YTO TEOPETUUECKUE pe-
3yJlbTAThl TIPU MOTIEPEYHOM yJape UIsl METaUIOB (CBHHEI) XOPOIIO COTIACYIOTCS C IKCIIEPUMEH-
TOM.

Bu16oowl. 1lonyyeHo aHAIUTUYECKOE BBIPAXKEHHUE ISl OLIEHKU MPOYHOCTHBIX CBOMCTB Ma-
TEPHUAJIOB CKBA)KMHHBIX YIIJIOTHEHUH NP MONEPEYHOM yJape.

[ToxazaHo mpeuMynIeCTBO METO/Ia MOMEPEYHOro yAapa, IPUMEHUMOIO HE TOJIBKO K MaTe-
puaiaM yIJIOTHEHHUS BBICOKOAJIACTHYHBIX CTPYKTYp MaTepUalioB, HO U K MeTajylaM (CBHHEII), TaK
KaK M3MEPEHHEM OJHOIO MapaMeTpa ) -yria U3J0Ma MOKHO MOJyYUTh BCE XapaKTEPUCTUKH MaTe-

puaa.
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QUYU PAKERLaini ELEMENTLBRiN xAsseLeRiNiN
ENINO ZORBODO TODQIQI

V.T. MOMMODOV, A.C. SULEYMANOVA

Mogalads quyu pakerlayici elementlorinin kdndslon zarbs zamani xassolorinin todqiqine baxilmisdir. Bu
magqsadlo yiiksok elastikli rezin elementlorin todqiqi aparilmig, enino zorbos metodu osasinda “gorginlikli
deformasiya” diaqrami qurulmusdur.

Acar sozlor: Quyu pakerlayici kiplondirici qurgular, deformasiyanin dinamiki xarakteri, zorba, elastiki
saha, plastiki deformasiya.

INVESTIGATION OF THE PROPERTIES OF WELL PACKING ELEMENTS
DURING THE TRANSVERSE IMPACT

V.T. MAMMADOV, A.J. SULEYMANOVA

The investigation of the properties of well packing elements during the transverse impact is considered in
the article. For this purpose, research was carried out on highly elastic rubber sealing elements and the stress
strain diagram was constructed based on the method of transverse impact.

Key words: downhole packer sealing device, the dynamic nature of the deformation, impact, elastic area,
plastic deformation.
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ENERJIYO QONAOTLI TEXNOLOGIYALARIN TOTBIQI iLO QAZ
NOZAROT-OLCU SISTEMININ TOKMILLOSDIRILMOSI

H.F. MIROLOMOV,” E.X. [SKONDOROV"

Qaz tochizatinin osas xiisusiyyatlorindon biri qaz hasilati ilo onun istehlaki arasinda bas veron
uygunsuzlugdur. Miasir dovrdo enerjiyo gonaotli texnologiyalar osasinda tobii qazin ¢ixarilmasi, noqli vo
istifadosi zamani qazin hacminds yaranan disbalansin miioyyon edilmosi aktualliq kosb edir.

Mogalods gazin hacmindo yaranan balans forqi ilo bagli problemin holli, bu moqsadlo nozarst-6l¢ii
sisteminin tokmillogdirilmosi masaloloring baxilmigdir. Keyfiyyotli yoxlama - nozarst iisulunun kegirilmosinin
zoruriliyi gostorilmisdir. Miioyyon edilmisdir ki, faktiki karbohidrogen itkilorinin qiymotlondirilmesi qaz
balansinin mithiim torkib hissesidir.

Acgar sozlar:  gonaoatli texnologiya, qaz itkilari, qaz-6l¢ii qovsagi, xatalar, balans forqi, qaz tachizati,
qaz paylayict stansiya.

Azorbaycan Respublikasinin orazisindo hasil olunan gazlar (Qaradag Simal DRES-ni,
Qaradag vo Qalmaz yeralti gqaz anbarlarini nozoro almasaq) 6z tozyiqlori ilo Respublika
orazisindoki movcud soboko gaz xatlori vasitosi ilo istehlakgilara nogl olunur.

Tobii qaz universal vo gonaotli bir yanacaq ndvii olmaqla, biitiin istehsal saholorindo
somoaraliliyin artirllmasinda vo insanlarin sosial-moigot soraitinin yaxsilagdirilmasinda on
mithiim amil olaraq qalir. Tobii qazin diger yanacaq ndvlari ilo miiqayisade ekoloji cohotdon
istlinliiyii xtisusi shomiyyat kosb edir. Bu baximdan Xozor donizinin Azaorbaycan sektorunda
kosf edilmis yeni qaz-kondensat yataqlarinin istismara verilmosi ilo bagli qaz sonayesi
perspektivds yanacag-energetika kompleksinds aparict yerlordon birini tutacaq vo yaxin 20-30
ilds tobii qazin enerji dasiyicilart sirasinda rolu daha da artacaqdir.

Yaxin golocokdo Azarbaycanda tobii vo somt qazlarinin hasilatinin vo ona olan talabatin
artmasini vo movslimlo olagadar qaz tochizatindaki geyri-barabarliyi nozora alaraq moévcud
qaz- naql sisteminin sabit isini tomin etmok mogsadi ilo hal-hazirda onun texnoloji baximdan
ayrilmaz hissosi kimi istismarda olan yeralti qaz anbarlar1 (YQA) da xalq tosorriifati {i¢iin
boylik shomiyyat kosb edir vo onlarin dovlatin enerji tohliikesizliyinin tominatinda ovozedilmoz
yeri vardir.

Respublikada qaz tochizatinin hal-hazirki on osas xiisusiyystlorindon biri qazin hasilati
ilo onun istehlaki arasindaki uygunsuzlugdur. Bu uygunsuzlugun miivafiq sokilde tonzim-

*
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lonmosi vo miimkiin qodor etibarli qaz tochizatin1 tomin etmok {igiin méveud YQA-larin foal
gaz hacminin artirilmasi tolob olunur. Bu kontekstds geyd edok ki, YQA-larin foal gaz hocmini
artirmagq ti¢lin onun yeralt1 va yerlistl infrastrukturlarinin yenidon qurulmasi vacibdir. Bu halda
Respublikanin YQA-lar1 vahid qaz sisteminin, o ciimlodon strateji ohomiyyat kosb edon ixrac
komorlorinin sabit nogl rejimini do tomin edo bilocok. YQA-larin tokmillogdirilmosi Azorbay-
canin qaz tosarriifatinin koklii suratdo barpasinin vacib komponentlorindondir.

Qaz-naql sisteminin asas xiisusiyyatlorindon biri do onun tranzit qaz-naql rolunu
oynamasidir. Bu qaz-naql sistemi vasitasi ilo Rusiya Federasiyasindan vo oksino, Iran Islam
Respublikasindan vo oksing, habels Glirciistana vo s. qaz noqli hayata kegirilir. Bununla yanasi,
Azorbaycan orazisindo istismar olunan magistral vo soboko qaz komorlorinin soranliq,
bataqliq, seysmik aktiv, dagliq vo s. saholordon kecdiyini nozoro alaraq, onlarin daimi
tadqiqinin aparilmasi, komarin kecdiyi sahalorin hidrogen gostoricisi (pH), korroziya soraiti, bu
sahodo movcud elektrik xotlorinin tosiri va s. tadqiq olunmasi vacibdir.

Bozi gaz paylayict stansiyalara modonlordon daxil olan qazlar TOCT 5542 - 87-nin [1]
toloblorino uygun hazirlanmadigindan, bu qazlarin soboko qaz komorlorine Gtiiriilmasi
naticasinda kamarlarin normal is rejimi pozulur.

Hal-hazirda enerjiyo qonaotli texnologiyalarin totbiqi ilo tobii gazin hasilati, naqgli vo
istifadosinin biitlin texnoloji proseslori zamani qazin hocmindo yaranan balans forqi
probleminin halli vo nozarat-6l¢ii sisteminin tokmillosdirilmasi masalasi 6z aktualligi ilo digqet
¢okir. Bu mosolodo gazin ugotu vo nozarot-6l¢ii sisteminin asagidaki asas istigamatlori nozors
alimmalidir:

- qazpaylayic1 sobokalords sorf olunan qazin hacminin miioyyon edilmasi vo bunun
miiqavilo sortlorindo oks olunmasi;

- istehlak olunan gazin tolabatin normativ qiymetlori ilo miiqayiss edilmesi va bu
giymatlors uygunlasdirilmast;

- tobii qazt nogl edon toskilatlarin vo istehlakeilarin Olgli-nozarot sistemlorinin
tokmillogdirilmasi;

- qazpaylayict sabakoda nogl olunan gazin sarfinin 6l¢iilmasi ligiin mitkommeal sistemin
yaradilmasi.

Nozarat-0l¢li sisteminin milkommal olmamas1 vo kommersiya qovsaqlarinin qeyri-
doqiqliyl naql olunan tobii qazin effektiv istifadosini ¢otinlogdirir vo onun hacminin miisyyon
edilmoasi prosesindo tochizatci - istehlak¢r miinasibatlori sisteminds balans forginin hesabina
yaranan maliyys itkilorino sobob olur. Ona goro do enerjiyo qonaatli {isul vo texnologiyalarin
totbiqi ilo bagli todbirlorin hoyata kecirilmasi vo nazarat-6l¢ii sisteminin tokmillagdirilmasinin
yuxarida geyd olunan asas istigamatlorinin reallasdirilmasi mithiim xalq toesorriifati shomiyyati
dasiyir vo gostorilon biitiin todbirlor qaz tesorriifatinda bu qiymotli yanacagin somorasiz
istifadosino yol agan sobablorin askarlanaraq aradan qaldirilmasina yonoldilmolidir. Qeyd
olunanlar1 nozoro alaraq, bu moqalodo naql olunan tobii qazin tochizatgi - istehlak¢1 sistemino
daxil olan nozarot-Sl¢ii qovsaglarinda yaranan balans forqlori arasdirilmis, onlarin asagi
salinmas1 yollar1 nazordon kegirilmisdir.

Sokilds tobii qazin hasilati, nagli vo istifadasinin biitlin texnoloji proseslorindo nagl olunan
gazin hocminin 6l¢iilmasi vo ugotu zamani yaranan balans itkilorini minimuma endiro bilon
nazarat-0l¢ii sisteminin prinsipial sxemi gostorilmisdir.
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Sokil. Qazin hacminin olciilmasi iiciin nazarat-ol¢ii sisteminin prinsipial sxemi.

Texniki cohotdon osaslandirilmis qaz dl¢ii qovsaqglarinin (QOQ) totbigi ilo toklif olunan
sxemlo konkret tochizatgr vo istehlak¢i mdvqeyindon itki miqdarlarinin (AV, AV;) onlara
moxsus QOQ-na uygun, razilasdirilmis xotalarla kompensasiya edilmosi kimi sado va odalotli

yolla timumi balans itkilorinin (AVy) aradan qaldirilmasina nail olmaq miimkiindiir [2]:
A

burada, V, vo V; - miivafiq olaraq tochizatcinin va istehlak¢inin QOQ-da 6lgiilon qazin
hocmi, AVy - timumi balans itkisi, AV, vo AV; - uygun qovsaqglarda balans itkilori, A; vo A; 1s9
miivafiq qovgaglar {igiin miitloq xata hadlarinin qiymatloridir.
03 = A} 307 ()
AVy =V - V; Vi=2XiVi
Umumi balans itkisinin (AVy; ) qiymotino osason tobii gazin noqli, paylanmast vo
istifadosi zamani Ol¢ii-nozarot sisteminin no dorocado diizglin qurulmasi barado miihakimo
yiirlitmak olar. Qazin Olgii-nozarat sisteminin isinin diizglinliiyli 6z tesdiqini  asagidaki
barabarsizliyin yerino yetirilmasi ilo tapir:

|AVs| < AV, 2)
burada, AV}, - balans itkisinin buraxila bilon haddi qiymatidir.
AVp = D] + 4 3)

harada ki, A; - istehlak¢inin QOQ-da miitloq xotalarn iimumi comidir:

A - JH (4)

(2) borabarsizliyinin 6donilmomasi iso dlg¢li-nozarat sisteminin  diizgiin  foaliyyat
gbstormadiyini gostorir.

Movcud soraitin tohlili vo giymotlondirilmosi isinin tochizat¢inin metroloji xidmoti
torofindon yerino yetirilmosi mogsodouygun hesab edilir. Bunun {i¢iin ilk névbodo hesabat
dovriindo istehlak olunan tobii qazin hocmi (2) borabaorsizliyinin yerino yetirildiyi dovr ilo
miiqayise olunur. Miiqayiss {i¢iin miivafiq baza materiallarinin moévcud olmadigi halda iso
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istehlakcinin  QOQ-da daha bdyiik doqiqliyo malik vasitolorin  komokliyi ilo nozarot
dlgmolorinin aparilmasina zorurat yarana bilor. Bu mogsadlo istehlak¢inin QOQ-da nozarot-
Olcli cihazlariin vo ya komplekslorinin yerlosdirilmasi {i¢lin saholor nozordo tutulmalidir.
Nozarat 6lgmalorinin naticolori o zaman miisbat hesab edilo bilor ki, asagidaki boraborsizlik
tomin olunsun:

Vi = Vo | < 14| + Ay )

Burada, 1}, vo A,, miivafiq olaraq nazarat dl¢gmalari zamani qazin hacmi va nozarat-0l¢ii
kompleksinin miitloq xatasinin qiymatidir.

(5) borabarsizliyinin tomin olunmasi onu gostorir ki, dlgmads yol verilon xota,
istehlak¢inin QOQ-daki gdstoricidon azi 2 dofo artiqdir. Yoni, nozarat edilon QOQ metroloji
cohotdon hom yararli, hom do yararsiz hesab edilo bilor. (5) borabarsizliyinin tomin
olunmamasi iso yoxlanilan kompleksin metroloji baximdan yararsiz oldugunu gostorir.
Istehlak¢inin qovsaginda nozarat yoxlamasinin noticolori miisbat olarsa vo metroloji cohotden
yararli hesab edilorso bu zaman tochizatginin QOQ-da nozarat yoxlama kegirilmosino zorurat
yaranir. Bu zaman sual yaranir: 6lgmodoki xotanin artmasi na daraca AV}, kriteriyasini inkar
edo bilor?

Sads bir misal1 nozordon kegirok: tutaq ki, NV sayda istehlak¢iya malik olan qazpaylayici
sistem U¢ilin gazin istehlak hocmi ilo nisbi xota haddinin qiymaetlori toxminon borabordir. Bu
halda istehlakginin QOQ-da 6lgmonin miitloq xotast da toqribon eyni olar. Gostorilon
komiyyotlor arasinda boyiik forglor yarandiqgda iso bu komiyyatlorin toxminon eyni
qiymatlorina uygun istehlakcilar qruplart formalasdirmaqla biitiin miilahizalori bir qrup
corcivasindo aparmag, sonra iso naticolori birlosdirmok lazim golir. (4) boraborliyindon

A; = /NA; (6)
aliriq.
Beloliklo, (3) diisturunu asagidaki kimi yaza bilorik:
AV = A +NA; (7
Nazarot yoxlamanin naticalori miisbat olarsa
AVh_ = At +2 NAl
yaza bilarik.
AV}, - buraxilabilon haddinin nisbi artimini asagidaki kimi yaza bilorik:
—_yNAi
AV = Gy

V= NV, qobul etsok alariq:

e~ ®)
Ae+y/NDA; — (1+VN)

Beloliklo, 6lgmo qovsaqglarinda nozarst yoxlamanin kecirilmosi ilo N-in kifayst qodor
boylik gqiymatlorindo mévcud olan vo xatas1 buraxilabilon haddi asan metroloji baximdan nasaz
qgovsagin askarlanmasina imkan yaradir. ©gor yoxlamanin naoticolori miisbat olarsa, bu zaman
buraxilabilon hadd daxilindo metroloji baximdan nasaz qovsaqda belo 6lgmo xotasinin iimumi
balans forqino tosiri az shomiyyat kosb edacokdir. Bu, onunla izah olunur ki, verilon qaz hacm-
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lorinin toplanmasinin naticasi tachizat¢i ilo miiqayisado istehlakg¢ilarda shamiyyatli doracoda
az xotaya malik olur.

Tosvir edilon nazarat iisulu imumi balans itkisinde metroloji amilin mohdudlagdiril-
masina vo ya aksino, bu amil shomiyyatli miqyaslara malikdirsa (yani, |AV;| + 24A; comindon
artiq olarsa) onun askar olunmasia imkan yaradir. Nozarat-6lgmo sisteminin hor hansi bir
govsagi metroloji nasaz oldugu halda balans itkisinin ¢ox da bdyiik olmayan qiymatlorinds bu
nozarat Usulu daha effektlidir. Ogor istehlak¢inin biitiin qovsaqlarinda nazarat yoxlamanin
noticolori miisbot olarsa, bu zaman tochizat¢iya moxsus nozarot-Ol¢li qovsaginin mdvcud
etalonla miiqayisoli yoxlanmasina ehtiyac yaranir.

Beloliklo, tobii qazin noqli, paylanmasi, istifadosi vo nozarst-6lgmo sistemlorinin
foaliyyotinin qiymetlondirilmosi liclin qazin hacminin balansi aparilmalidir. Bu sistemlorin
foaliyyetinin diizglinliiyiiniin gostoricisi balans forqinin buraxilabilon hoddi qiymatidir. Balans
forqinin yaranma sabobi kimi 6l¢gmo qovsaqlarinin metroloji xarakteristikalarinin aradan
qaldirilmast tiglin oksor hallarda yuxarida tosvir olunan iisulla keyfiyystli yoxlama - nozarotin
kecirilmosi kifayot edir. Faktiki itkilorin qiymotlondirilmasi, o ctimlodon, boru komaorlorinds
yiikksok tozyiq altinda qazin hocminin qiymotlondirilmosi - qaz balansinin miithiim torkib
hissaloridir.
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OB YCOBEPHIEHCTBOBAHHHM KOHTPOJbHO-U3MEPUTEJILHOM CUCTEMBI I'A3A
C MIPUMEHEHUEM SHEPTOCBEPETAIOIIEN TEXHOJIOT A

I'.®. MUPAJIAMOB, 3.X. UICKEH/IEPOB

OnHO#t M3 OCHOBHBIX 0COOCHHOCTEH ra30CHA0KEHHUS SIBISICTCSI HECOOTBETCTBHE MKy M00bIUCH U MOTpebieHneM ra-
3a. B Hacrositee Bpemst onpejesneHne aucbananca B 00beMe raza Ha OCHOBE YHEprocOeperaronx TeXHOIOrui npu 100bI4e,
TPaHCIOPTHPOBKE U UCIIOIb30BAHUH IIPUPOIHOTO T'a3a HMEET aKTyalbHOE 3HAYCHUE.

B cTartbe ObIIM PacCMOTPEHBI BONIPOCHI, CBSI3aHHBIE C pelIeHneM IpobiieMbl 00pa3oBaHusI JucbanaHca B 00beMax rasa
M YCOBEPIICHCTBOBAHMUS C 3TOMH EJIbI0 KOHTPOJIbHO-U3MEPUTEIBHOM cucTeMbl raza. O00CHOBaHA HEOOXOJMMOCTh TPOBECHUS
Ka4eCTBCHHOT'O KOHTPOJISI M YCTAHOBJICHO, YTO OICHKA (PAKTHUECKUX TIOTEPh YIIICBOIOPOIOB SBISICTCSI COCTABHOMN YacThIO TIPH
cocTaBJIeHHH OajiaHca rasa.

Kniouesnle cnosa: snepeocbepeeaiowasi mexnHonio2ust, NOMepu 2a3d, KOHMPOLbHO-USMEPUMENbHbLIL Y3ell, NOZPEULHOCTIb
usmepenull, OUCOAIAHC 2a3a, 2a30CHAOICEHIe, 2a30PACPEOeUMenbHAS CIMAHYUS.

IMPROVEMENT OF GAS MEASIRING AND CONTROL SYSTEMS USING ENERGY
EFFICIENT TECHNOLOGY

H.F. MIRALAMOV, E.Kh. ISKENDEROV

One of the main features of the gas supply is the discrepancy between the production and supply figures. Currently,
finding the imbalance in the gas volume during production, transportation and consumption based on the energy efficient
technologies have an importance.

The article examines issues related to the problems of finding the imbalance in the gas volume and optimizing the
measuring and control systems. It is established the necessity to do the quality control and measure the hydrocarbon losses as
an integral part of the gas balance.

Keywords: energy efficient technology, gas losses, gas measuring unit, errors, discrepancies, gas supply, gas distri-
bution station.
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MULTI-CRITERIAL ESTIMATION OF THE CORROSIVE DAMAGE
OF THE GAS-PIPELINES SECTIONS AT AMBIGUOUS EXPERT OPINIONS

S.A. AGHAMMADOVA"

The linguistic model has been developed for estimating the corrosive damage of the gas-pipeline sections at the opti-
mistic and pessimistic expert opinions of the influencing factors.

For solving the given task, the generalization method is obtained for the multi-criterial choice of the best alternative in
the case of rules of fuzzy productions, the antecedents and consequents of which are given by fuzzy sets with the mixed be-
longing functions.

Key words: rules of fuzzy productions, “upper” and “lower” belonging functions, interval fuzzy sets of type IL.

Introduction. The main reasons of magistral main gaspipelines (MG) breakdowns are
corrosion destruction and corrosion gracks under the tension [1]. That’s why the problem of
estimation of the corrosion danger level of MG areas has a great significance. For solving of
this problem in the conditions of inaccuracy, incompleteness and uncertainty of initial data and
also insignificance of expert opinions relatively to the values of criterial parameters of the pro-
cess, the technology of fuzzy modeling is more constructive [2].

Perspective direction of the development of the methods of decision making in fuzzy
initial information is linguistic approach on the base of fuzzy sets theory and linguistic variable
[3]. To the present time concrete practical and theoretical results have been obtained in this
direction. Their analysis allows to formulate main problems appearing in the development and
realization of the methods and models of making decisions in fuzzy initial information [4-7].
Fuzzy sets of the first type (FST1) A are usually used for presenting of terms of input and out-
put linguistic variables [LV] in decision making models.

In this work linguistic estimation model of limiting corrosion availability in gaspipe-
lines areas is studied. For solving of the problem, method of multicriterial choice of alterna-
tives with information about the preference of the person making decision (PMD) given in the
form of fuzzy assertions[8-9]. Unlike work [7], where method of multicriterial choice of alter-
natives is used in the case of rules of fuzzy productions (RFP) with antecedents and conse-
quents, given in the form of fuzzy sets of the first type (FST1), we consider more general sys-
tem of support of decision making on the basis of interval fuzzy sets of the second type
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(IFST2) using Mamdani’s algorithm of fuzzy inference[10]. [FST2 A determined with the help
of footprint of uncertainty are characterized by “upper” uz(x)and lower uz(x) functions of

belonging[11-12]. Essentially, two sets of the first type fuzzy sets A and A can be put to set Z,
as ,ui(x) = pz(x) andpg(x) = Ki (x). In discrete universum we get interval discrete fuzzy set
of the second type IDFST2, to which two discrete fuzzy sets of the first type
DFSTlcorrespond.

1.  Statement of the problem.

As variable factors influencing the speed of the grouth of corrosion defects we accept
the following factors:

1. Specific electrical resistance of the soil p (Om:M), counting in corresponding
spreading of electrodes heterogeneity of the soil along the depth of gaspipeline lying and indi-
rectly characterizing presence of subsoil waters in the zone of underground installations;

2. Oxidated — restoration potential of soil (B), so called redox potential or potential
“pipe-ground”, characterizing speed of corrosion destruction of steel under the influence of
microbiological activity of unaerobic bacteria;

3. Level of the tension in gaspipelines walls (MPa);

4. State of the metal, determining residual thickness of the pipe wells from the pro-
ject one, %;

5. Level of the danger of anomaly, determined by the difference 1-F, where F is the
value of integral index F, estimated by all defects of the metal in the area.

Factors 1 and 2 can be obtained by use diggofing examination and electrometric
measures in the open areas of gas pipeline. Factors 4 and 5 are obtained by magnetic tomo-
graph method (MTM). Factor 3, characterizing strain-deformation state (SDS) of gas pipeline,
is one of the important internal factors of corrosion development conditioning possibility of its
appearing and development.

Investigation of the gas pipeline can be carried out using inside pipe devices-fault-
detection (IPD) or magnetic tomography method (MTM). The other methods don’t provide
100% control of pipeline metal and don’t give reliable information about technical state of the
object along the whole length. For carrying out inside pipe fault detection it is necessary to
mount pipeline with cameras of inlet-receiver of cleaning devices and fault detection devices
to provide required regime for passing fault detection devices. In carrying out the investigation
by magnetic tomography method change of exploitation regime of the pipeline and extra ex-
penditures on the preparation of the inspection are not required. Besidesit, in using MTM
method estimation of the level of mechanical tension of the object is carried out considering
with count of tensions concentration. Value of integral index F (complex normed index of
anomaly danger level according to guide document GD 102-008-2002) is calculated on all
faults of the gaspipeline tube metal [13]. Under the “anomaly” the area of the pipeline is under-
standed, on which declination of magnetic field conditioned metal defects or big level of strain
— deformation state (SDS) has been fixed, jointly causing concentration of mechanical tensions
distinguished from back ground values. The following types of metal defects are considered: 1)
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metal loss characterizing corrosion defeats of common or local type, erosion wear and et cet; 2)
cracklike defects, including coefficient of cracking strain (CCS) state defects-strain-corrosion
cracks; 3) change of geometry; 4) infringement of completeness; 5) defects of welded joints; 6)
anomaly of strain-deformation state. For inadmissible defects (requiring urgent repair) value F
is in the borders of0<F<0,2; for defects in the borders of admissible anomalies 0,2<F<0,55; all
areas with a good condition with value F>0,55 can be exploitated in the working regime with-
out repairing-restoring arrangements also in faultless areas.

In calculations of anomaly danger level it is accepted to distinguish:

- magnetic anomaly of the third stage (good state of metal), characterized by a small
corrosion wear and not causing big concentration of mechanical tensions. According to GD
102-008-2002 such anomalies with index F>0,55 don’t need carrying out repairing-restoring
works.

Magnetic anomalies of the second stage (admissible state of metal) with Fe(0,2;
0,55], require carrying out planned repair in speeded terms;

- anomalies of the first stage (inadmissible state of metal) are characterized by the
index Fe(0; 0,2]; such defects are liable to the urgent repair;

As input variables, influencing speed of the grouth of corrosion defect, we shall accept
the followings:

X —1s a specific electrical resistance of soil (Om-m);

X, — isoxidated-restoring potential of the soil, redox-potential (B);

X3 — level of tensions on the walls of gaspipelines (MPa);

X4 — the state of metal, determined (from the project one) by residual thicknes of pipe
walls, %;

X5 —is the level of anomalies danger (1-F).

In accordance with influence level of variables X, X,, X3, X4, X5 on appearance and
development of corrosion, their weight coefficients will be counted in calculations:

5
o, =0,12; ®, = 0,08; ©w; = 0,25; 0w, = 0,35; s = 0,20, Z w; =1
i=1

For determination of workability of the areas with defect it is necessary to control
gaspipeline metal along the whole length, to estimate possibility of availability of change-over
of defect areas to the limiting state because of through corrosion or cracking and offer planes of
in first turn repair of MG areas. That’s why as output variable as in the for ourmer work [14],
let’s choose “Possibility of availability of limiting corrosion (PALC)”, by count monotone in-
crease of this parameter from variable “Potential predicted corrosion velocity (PPV)”. In set-
ting up fuzzy model of estimation evaluation of output variable all considered variables are
fuzzed, that is to each variable is given corresponding fuzzy value-linguistic variable (LV). As
first input LV “Specific electrical resistance of soil” we’ll use term-set T;=(“low”, “average”,
“high”), for the second input LV “Oxidated-restoring potential of soil” — T,=(“very lowe”,

“low”, “average “, “high”), for the third input LV “tension level in gaspipeline walls” —
T3=(“low”, “average”, “increased”, “high”), for the fourth input LV “Metall state” — Ts=
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29 ¢¢ 99 ¢¢

(“bad”, “average”, “good”) for the five input LV “Level of anomaly danger” — Ts=(“low”, “av-
erage”, “high”). A belonging functions of the terms of input LV are shown in our work [14].

In the rules fuzzy productions, shown below, for output variable “PALC” (let’s men-
tion it through Y) the following terms are used : To=(“low”, “moderate”, average”, “increased”,
“high”), which we’ll replace correspondingly with the terms: “unsatisfactory” (US), “almost
satisfactory” (AS), “satisfactory” (S), “more than satisfactory” (MS), “very satisfactory” (VS)
characterizing level of conclusion truth of “PALC”. The abbreviation “S” is English “satisfac-
tory”; “US” is negation of S, that’s “not S”’; “AS” is almost S; “MS” is more S; “VS” is very S.
Let’s determine each of LV terms in the form interval fuzzy sets of the second type (IFST2)
introduced in [11-12], which have “low” and “upper” functions of belonging (FB) at xeJ={0;
0,1;0,2;...;1}.

We’ll suppose:

ps(x) = xvx,  pz(x)=x  x€J;
P =1-p:() =1-x  Iz0) =1-p:(x) =1-xVx,x€]J;
H() =2%, () =xVA,  x€j
() =1-Hm=0) =1-x'x, fIg@)=1-pz0)=1-x"x€];
() =x% axl()=x*, x€];

Let’s mention terms of X variable through X ;; X;; X 3 in the order their position in
T;. Let’s mention through X, ;, X53,X24. Terms of Xy; X351, X352, X33, X34— terms of X3; X4 1,
X42,Xa3—terms Xy4; Xs 1, Xs2, Xs3— terms of Xs. Considered gaspipeline areas will be named
by alternative s u; (j=1,... jo).

As an example we’ll consider 4 areas (j=4) of “Kazi-Magomed-Kazakh” gaspipeline:
62-70km (j=1); 134-135km (j=2); 139-140,5km (j=3) and 154-155,5km (j=4), for which expert
)

interval evaluations(ai

,bl.(j )) of the change of sign i for object j are given in table, on the
basis of which it is easy to calculate “low” ai(,il) and “upper” ﬁi(,{)evaluations of belonging func-
tion of X;; for object / on the belonging functions of terms X;; of signs of i (i=1,2,...,5) count-
ing weight coefficients o;
al, = w; py (al@), L=y (bi(])) ) (1.1)
where £4,(x) — is the belonging function of term X;;, and here x4 ;(x)=0, if xgsupp X;; (supp Xi;
— is support of term .X;, that is set of x, for which g4 ;(x)#0).
Onbeasis (1.1) each term X;; of X; variable can be presented in the form of IFST2, de-
termined in discrete base set U= fu,uz,us,uy )}
= a1 a; @ a; 3 a; 1@
X. = L Uq, l'— u, , —/u , 4 u }
. {ﬁum/ ' ﬂi,l(z)/ ’ Bi,l(3)/ ’ ﬁum/ *

For estimation of corrosion velocity we’ll use the following rules for fuzzy products

(RFP):
d;: If (X=X3,1) then (Y=US); d,: If (X=X3_) then (Y=AS);
ds :If (X=X33) then (Y=S); d4: If (X=X34) then (Y=MS);
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ds :If (X=X 1) then (Y=S); ds: If (X=X>) then (Y=AS);

d; :If (X=X 3) then (Y=US); ds: If (X=X34) then (Y=US);

dg :If (X=X33) then (Y=S); dio: If (X=X32) then (Y=MS);

d11 Af (X:X2’1) then (Y:VS), d12 If (X:X5,3) then (Y:VS),

d13 Af (X:XS’z) then (Y:S), d14 cIf (X:Xi]) then (Y:US),

d15 Af (X:X4,3I/I X5,1) then (Y:US);dmZ If (X:X4,21/I X5,2) then (Y:S),

d17IIf (X:X4,1I/I X5,3) then (Y:VS)

where X;; and US, AS, S, MS, VS are presented by interval fuzzy sets of the second type
(IFST2).

Table
Expert interval estimates

Residual thick | Specific electrical ) . ) )
. . Potential of “pipe- | Tension level in
Location Anomaly danger | ness of tube wall resistance of : L
. . ground” in volt pipeline walls
place of area level from the project s0ilOm-M
A (X2) MPa (X;)
one, in % (Xy)
0,814-0,845 | 1 16,5+0,5
62-70 km | 0,527-0,715 | 1I 19,240,5 0,63-1,56 (-0,617)—(=0,538) 1,71-1,95
0,114-0,279 | III 46,610,5
0,819-0,833 | 1 14,8+0,5
134-135km| 0,511-0,674 | II 16,7+0,5 2,76-3,28 (—0,525)—(—0,6050) 1,65-1,88
0,09-0,195 | III 42,240,5
0,815-0,824 | 1 14,240,5
139-140,5
Km 0,582-0,688 | 1I 15,3+0,5 8,6-11,3 (—0,493) — (-0,511) 1,75-1,98
0,154-0,224 | 111 40,60,5
1541::1155’5 0,856-0,874 | 1 13,240,5
0.635-0.789 | 1I 14.0£0.5 12,7-16,4 (-0,351) — (-0,533) 1,6-1,95
0,215-0,374 | 111 38,440,5

The problem interesting for us is formulated following form: to calculate satisfaction
in sense of determination from section 2 for each alternative u;e U and chose from them a al-
ternative with more satisfaction evaluation which requires urgent repair, as the more truth of
PAMC among considered assemblage of alternatives corresponds to it.

2. Method of problem solving.

For solving of given problem let’s use method of multicriterial choice of alternatives
offered in [8-9] for the case of fuzzy sets of the first type (FST), generalizing it for the case of
interval fuzzy sets of second type (IFST2). The essence of the method is concluded in the fol-
lowing.

Let sets of decisions to be characterized by the set of criteria X;,Xo,...Xg, that’s 1s lin-
guistic variables on the base set of Uj,U,,...,Uq correspondingly. Set of some criteria with cor-
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responding values is characterized presentations of PMD about satisfaction (suitability) of the
solving. Output variable S (Satisfaction) is also linguistic.
In the common case statement dj (rule of fuzzy productions (RFP)) has the form.

di - If (Xi1=Ag,1 and Xo=Aj,and... and X,=Ay,) then (Y=Dy) (2.1)
Let’s mention crossing (Xi1=Ak,1NXo=As,2N...NX=Ak,q) throughX=A. Each rule dj consists
of part IF, called antecedent and part THEN called consequent. Variables Xj,..., X, and Scan
accept both linguistic (for example, “bad”, “average”, “god”), and number values. Base of
rules, presenting set of fuzzy rules di(k=1,...,N) of the form (2.1) with linguistic variables is
called linguistic model. Finding of minimum of its functions of belonging (FB) corresponds to

the operation of crossing for fussy sets:

i @) = min (g, (), b, @) i (), veV, (22)
where V=UxU,x...xUg; v=(u1, ua,...,uq); Hay (uj)— is the value of affiliation of element u; to
fuzzy set u A Then rule (2.1) can be written in the form of fuzzy implication:

di: If (X=Ay) then (Y=By), (2.3)
where A=A 1N...NAyq.
Let’s mention base set U or V through W. Then Ay — is fuzzy subset W; Dy — is fuzzy

subset of single interval /=[0,1] of leng 1. Implication of fuzzy sets (2.3) is expressed by the
follofing one [7]:

pa(w, ) =min(1,(1-pa(w)+ pp(i)), (2.4)

where H — is fuzzy subset from WxI, weW, i el. Analogously statements d;,d,,...,dyare trans-
ferred to the sets H; Hy,...,Hx. Set is their combination is.

D:H1/7H2f7.../7HN (25)
and for each (w,i) eWxI
o, D) = min (uy, (w,0)) (26)
k=1,N

Let’s describe method of choice of alternatives j (j=1,...,g), each of which is described
by fuzzy subset G; from W.
Satisfaction of alternative j is on the bases of compositional rule of fuzzy inference
E=G;-D, (2.7)
where FE is fuzzy subset of interval 1. Then

He, (1) = max <min (ua W), up (w, i)))- (2.8)

Comparision of alternatives takes place on the basis of point evaluations. o~ level set
(ae(0,1]) is determined for fuzzy set A as:
Ay ={xlua(x) za,  xeJ} (2.9)
For each A, average number of elements — M(A,) can be calculated. For set from n
elements
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M(4,) = Z % (2.10)
X€EAy

Then point value for fuzzy set A:

F(4) =

j T MA dar, 2.11)
0

max
where o, 1s maximal value o inwhich A, is not empty set.

In the choice of alternative it is found satisfactory for each from them and correspond-
ing point evaluation is estimated. The best one will be alternative with its biggest value.

Above mentioned method is based on fuzzy sets of the first type (FST1). More com-
mon system of support of decision making on the basis of IFST2 by using algorithm of
Mamdani’s [10] fuzzy inference has been considered in [11-12] where expressions for “low”
and “upper” FB have been obtained for resulted IFST2. These expressions themself and their
prove are big, that’s why we’ll not show them here. Let’s show on the example how it is possi-
ble to generalize method [7] in the case of interval fuzzy set of the second type.

3. Numerical solution of the task.

The problem about the alternative choice with more satisfaction formulated at the end
of section 1. is support systems of decision making containing g=>5 inputs and one output.

First of all let’s calculate values (1.7)by count of table 1.

a) =012 al) =0; aly = 0; a¥ = 0,12; a) = 0; 2 = 0;
a® =0; af) =012 o) =0; a¥) = 0; a¥) = 0; o = 0,12;
@ =012; pY = 0; ﬁ(l) = 0; ﬁ(Z) 012; g2 =0; g2 = 0;
3 =0; B3 =0,12; B3 = 0,018; 8% = 0; Y = 0; Y = 0,12;
al) =0; al) =0; aly =0,008; afy) = 0,08;a) = 0; al) =0; alf) = 0,08; ay = 0;
al) =0; aly) =0; al) =0,08; a) = 0;as) = 0; al) =0; @'Y = 0,08; &) = 0;
W=0; g =0; B =001 B = 0,085 = 0; B =0; B =0,08; 7 = 0,08;
0 =0, g1 =0; B = 0,08 pY = 0,5 = 0; Y = 0; B = 0,08; ¥ = 0;
aglg =0,225; ) = 0,225 aft) = 0; @) = 0;a{f) = 0,25; &l = 0,05; ¢ = 0; ai?) = 0;
al’) = 0,225; aly =0,25; §33) =0; a§34) =0;al?) = 0,25 oy = 0,025 a (‘” =0; a (‘” =0;
W =025 BY =0237; B = 0; B = 0; 8 = 0,25; B = 0,242; [3(2) = 0; ,8(2) = 0;
& =025, p%) =025 B2 = 0; B = 0,8 = 025; Y =0,237; g9 = 0; g = 0;
al) =0,35; afﬁz) =0; al) = 0; al) = 0;af) = 0,35; aF =0; a) = 0;
al) =035 al) =0; al) =0; a¥) =035 a{ =0; a{¥) = 0;
M — 0,35, B = 0; 3(1) = 0; B2 =035 p2 =0, [3(2) =0,
@ = 0,35; ﬁ(s) =0; g2 = 0,54 = 035, g =0; g = 0;
al) =0; i) =02 al) =02} =0; a{) =021=02; a}) = 0;
al) =0; al) =02 (3)_0 aé‘? =0; al =02 alf =0;
W =0; pY =02 ﬁ(l) 02 g2 =0; 2 =02; 32’23) =02
(3> =0; B =02 ) =028 =0; B =02 Y =02;
Where we ﬁnd
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- 0,12 0,12 012 0,12
X, ={012/1'012/2’ o/us /”4} Yoz = {/ul’ /2’012/”3’ /u“}

- 0,12

Xy, :{ —/uy; /uz, /u3,012/u4} X21—{ —fuy ; /uz, /u3, /u4}

- - 001 008, 008 008

X, _{/ul’ﬁ/uz’_/u3'_/"4}’ X2'3_{0008/u1’008/ 2’008/ 3'008/”‘*}

- 008, 0,08 - 0,25 025 025 0,25
X, _{008 —o /2 /“3’ /”4}' X1 = {0225/”1'025/”2’0225/u3’025/u4}
- 0,237 0242 025 0,237 -

s, ={0225/”1’005/”2'025/”3'0025/”‘*} X“:{_/”l‘_/”2‘_/”3;_/”4};
- - 035 035 035, 035

s, _{ /ul'ﬁ/”z’ﬁ/u3'6/”4}’ Xay = {035/”1’035/”2’035/”3'035/”4}

- 0. 0 0 -

Xa2 :{ /ulia/uzFﬁ/u326/u4}i X43={—/u1;—/u2;—/u3;—/u4};

- 0, 0, 0 - 0,2

s, ={/1;6/”2‘6/”3;6/“4};X52 {02/”1’02/2'02/3'02/ }

Foo = (s s s
Let’s first make calculation of “upper” FB for resulting IFST2, mentioning all calcula-

tions with vinculum above, as only “upper” FB of input and output LV will be used. Using rule
(2.2) we’ll get corresponding fuzzy set ﬁkk = 1,17 for d;

M, = {0,25/u; ;0,25/uy ;0,25 /us ; 0,25/u,};

ﬁz = {0,237 /u;;0,242/uy ; 0,25 /us ; 0,237 /u,};
={0/u;;0/uy;0/us;0/us}; M4 ={0/u1;0,12/u;;0/us; 0/us};
{0,12/u,;0/u;;0/us;0/u,}; M6 ={0/u;;0,12/u,;0,12/u3;0/u,};
={0/u;;0/u;;0/u3;0,12/u,}; Ms ={0,08/u,;0,08/u;;0/usz;0/u,};
= {0,01/11,; 0,08/ 0,08/u5; 0,08/11,}; My = {0/1y;0/15;0/ug; 0/11,}
1= {0/uy50/uy50/us;0/wy}; My = {0,2/11130,2/11550,2/u3 5 0.2/us};
3= {0,2/11330,2/u550,2/13;0,2/u}; Myy = {0/11330/uz50/u530/1,;
= {0/u;0/u;0/u530/1}; Myg = {0/11130/11550/us 5 0/us};

M7 ={0,2/u1;0,2/uy50,2/u550,2/us}.

Using rule (2.4) of transfer of implication If(X = ﬁj) then (Y =

IRSIRSIRSIRSIISINS]

E
|

fall]
~.

.)in the expression

J J

0 01 02 03 04 05 06 07 08 09 1

_ u]/0,88 098 1 1 1 1 1 1 1 1 1
D =u,||0,92 1 1 1 1 1 1 1 1 1 1y

u3 110,92 1 1 1 1 1 1 1 1 1 1

u, 110,92 1 1 1 1 1 1 1 1 1 1

For calculation of satisfaction of each alternative let’s apply rule of compositional in-
ference (2.7), where E; is a satisfaction level of alternative j; G; is image of alternative j in the
form of fuzzy subset from U=(u; wu, w3 uy, where G; 1s singleton:
Hg; (w) =0, u=u,, Hg; (u) = 1, u = u;; Dis a functional solving. Then
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iz (D) = max (mm (16, (01551, i)))
With other words, Ej is j line in matrix D.

Let’s use procedure of comparison fuzzy subsets E](] = ﬁ) in intervall=[0, 1], using
level sets.
£, ={0,88/0;0,98/0,1;1/0,2;1/0,3:1/0,4;1/0,5;1/0,6:1/0,7;1/0,8;0,9/0,9;0,75/1},
F,=1{0,92/0;1/0,1;1/0,2:1/0,3;1/0,4; 1/0,5:1/0,6; 1/0,7;1/0,8;0,9/0,9; 0,75/1};
,=1{092/0;1/0,1;1/0,2; 1/0,3; 1/0,4;1/0,5; 1/0,6;1/0,7; 1/0,8;0,9/0,9 ; 0,75/1};
+=1{092/0; 1/0,1; 1/0,2;1/0,3;1/0,4;1/0,5;1/0,6;1/0,7; 1/0,8; 0,9/0,9;0,75/1};
F (El) =0,523; F (EZ) =F (Eg) =F (E) = 0,525

Analogously calculation of “low” FB for resulting IFST2 is carried out.
E, ={0,65/0; 0,68/0,1; 0,74/0,2; 0,81/0,3; 0,9/0,4; 1/0,5; 1/0,6;1/0,7;1/0,8; 0,925/0,9;0,775/1};
E, ={0,65/0;0,68/0,1;0,74/0,2;0,81/0,3;0,9/0,4;1/0,5;1/0,6;1/0,7;1/0,8;1/0,9;0,95/1};
E; =1{0,65/0;0,68/0,1;0,74/0,2;0,81/0,3;0,9/0,4;1/0,5;1/0,6 ;1/0,7; 1/0,8;0,9/0,9;0,95/1};
E, =1{0,65/0;0,68/0,1;0,74/0,2;0,81/0,3 ;0,9/0,4 ;1/0,5 ;1/0,6;1/0,7;1/0,8;1/0,9;0,95/1};

F (El) =0592; F (EZ) =0,610; F (53) =0608; F (E) = 0,614

trp| b

Let’s consider alternative u; as 1its more satisfactory alternative if average point
tionF (ﬁfj) = %(F (Ej) + F(Ej))will be the biggest. These evaluations for alternative u;, us, us,

usare equal to 0,552; 0,567; 0,566; 0,569. The biggest average evaluation of satisfaction is at
alternative us. Consequently, foru, biggest truth of PALC and it must be repaired urgently.

Conclusion.

Unlike ordinary fuzzy sets (fuzzy sets accessory of the first type (FST1)), having
unique function (FB), interval fuzzy sets of the second type (IFST2) have “upper” and “low”
function of belonging. Particularly, such fuzzy sets are formed by optimistic and pessimistic
expert opinions.

Applying of IFST2 allows to count of whole expert information, not using average ex-
pert evaluations on FST1 basis.
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BiRMONALI OLMAYAN EKSPERT ROYIi UZRO QAZ KOMORI SAHOLORINDO
KORROZiYADAN DAGILMANIN COXMEYARLI QiYMOTLONDIRMO DOROCOSI

S.9. AGAMMODOVA

Magqalada qaz kemari sahslorina optimist va pessimist faktorlarin, linqvistik tasiredici modelinin korroziyadan dagilma
daracesinin qiymotlondirilmosi mosoalosine baxilmisdir. Verilmis mosolonin hollindo qeyri-selis mohsul qaydasi halinda
coxmeyarl! secimin uygun alternativds, qeyri-salis ¢oxluqda verilmis toyinolunan va ardicil, birmenali olmayan moxsusluq
funksiyalar1 alinmigdir.

Agar sozlar: mahsullarin geyri-salis qaydalari, "yuxari" vo "asagr"
coxluglar intervall.

mansubiyyat funksiyasi, ikinci név geyri-salis

MHOI'OKPUTEPUAJIBHASI OHEHKA CTEIIEHW KOPPO3MOHHOI'O NTOBPEK/IEHUSI
YYACTKOB I'A30IPOBOJA IMTPU HEOJHO3HAYHBIX OKCIIEPTHBIX MHEHUSX

C.A. ATAMMEJIOBA

Pa3paborana nuHrBHCTHYECKAs MOJIE/b OLEHKH CTEIEHH KOPPO3HMOHHOTO MOBPEXKICHUS Yy4aCTKOB ra3olnpoBoja NpH
ONTHMHCTHYECKHX M MECCUMUCTUYECKUX IKCIEPTHBIX OLEHKaX BIUSIOMMX (akTopoB. i1 peuieHus JaHHOM 3a1a4n noryde-
HO 0000IIeHre MeToJa MHOTOKPHTEPHAIBLHOTO BBIOOpA HAMIYUIIEH albTepHATUBHI B CIydae MPaBHI HEYETKUX IPOIYKLIHH,
AHTELE/ICHTHl 1 KOHCEKBEHTHI KOTOPBIX 3aJIaHbl HEUETKUMH MHOXECTBAaMH C HEOTHO3HAYHBIMH (DYHKIUSIMHU ITPUHAIICKHOCTH.

Kniouesvie cnoga: npasuna neuemxux npoOyKyull, «BepXHsA» U «HUICHAAY QYHKYUU NPUHAONEIHCHOCTNU, UHMEPBAlb-
Hble HevemKue MHOJICeCmaa 6Mmopo2o mund.
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BORULARIN SIiLIKAT-EMAL ORTUKLORINDO YARANAN
CATLARIN DIAQNOSTIKASI

N.Y. IBRAHIMOV', E.N. IBRAHIMOVA"

Borularin daxili silikat-6rtiiklorin sothlorindo mikro-makro ¢at qatlarinin yaranma sobablorinin diag-
nostikasina baxilmisidir. Todqgiqatlar gostorir ki, ¢atlarin yaranma saboblori drtilkdo omals golon deformasiya, tosir
edon amillor va texnoloji proseslordir. Nozori totqiqatlarla, bu ¢at qatlarinin hondosi Olgiilorinin toyini {igiin
ifadolor alinaraq praktiki hesablamalar yerina yetirilmisdir.

Acar sozlar:  silikat ortiiklor, ¢atlarin yaranmasi, elektrik miiqavimati, mikro ¢atlarin handasi él¢iilari,
catlardan kegan corayan siddati.

Giris. Neft-modon vo kimya sonayesindo silikat-emal ortliklii borularin genis totbiq
edilmosino baxmayaraq, bu ortiiklorin sothlorindo texnoloji proseslor zamani makro—mikro ¢at
qatlar1 omolo golir. Borularin ortiiklorinds ¢atlarin vo qiisurlarin yaranma sobablorindon biri do
texnoloji prosesin diizgiin se¢ilib yerina yetirilmomasi, miithandislorin hazirliq soviyyesi va
iscilorin qaydalara riayot etmasidir. Biitiin bunlar1 nozors alaraq silikat-emal oOrtiiklii borularda
yaranan catlarin miixtalif novleri mévcuddur. Bunlara cizilmalar, ulduz sokilli ¢at zolaqlari,
dalgavari va yivvari zolaq catlari, nazik tiik sokilli xatlor vo baliq” pulu” formasi, qara noqtali
lakalor, xirda desikli nazik catlar vo s. novlori aiddir.

Aparilan tadqiqatlar gostarir ki, borularda silikat ortiiklorin texnologiyasinin doqiqli-
yindan asili olaraq yaranan mikro ¢atlardan makro catlarin yaranmasi miisahido olunur.

Bunlar1 nozars alaraq boru ortiiklorinin sathlorinds yaranan c¢at gatlarinin diagnostikasi
miirakkab bir problem kimi qalir. Catlarin diagnostikasi ticlin hom nozori, ham dos eksperimen-
tal todqiqatlar aparmagq tolob olunur.

Nozari tadqiqat. Nozori todqiqat ligiin qeyd etmok lazimdir ki, bu ¢at qatlarinin
handasi Olgiilari silikat-emal Ortliylin markasi vo qalinligindan asili olaraq mikro ¢atlar 0.3-1.0
mm, makro catlar iso 1.0-5.0 mm civarinda gobul edilorok doyisilir. Istisna hallarda iso ¢atlarin
olgiilori 5-10 mm-a qader cataraq tohliikali vaziyyet yarada bilor.

Bu catlarin novlordon on tohliiksli olanlar1 “Baliq pulu”, ulduz sokilli catlar, dalgavari
vo qabarigli ¢atlaridir. Bunlarin aradan galdirilmasi miioyyon ¢otinliklor yaradir. Onlarin da
yaranma sobobi hom texnoloji prosesin gedisindon, hom do soyuma zamani temperatur
diismosindon asilidir. Belo ki, 400-600°C -don otaq temperaturasina qodor soyudulan zaman
yaranan gorginlik, catlarin yaranmasimin osas sobobidir. Cat qatlarinin yaranma ehtimalini
bilmok {igiin, ona tosir edon biitiin amillor vo parametrlor toyin edilmolidir. Bu halda ayrica
olaraq texnoloji prosesdon yaranan ¢at gatlarin vo eyni zamanda gorginlikdon yaranan catlarin

" Azorbaycan Dovlot Neft vo Senaye Universiteti
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nazari tadqiqatlarinin aparilmast mosolosi qarsiya qoyulmusdur. Borularin ortiiklorinds cat
gatlarinin toyini {i¢iin texnoloji qurgu islonib hazirlanmisdir [1,2]. Bu qurguda todqiqat
aparmagq ticlin yoni, silikat emal Ortiiklordoki catlarin toyini {igiin ¢atlarda yaranan gorginliyi,
coroyan siddstini vo onlarin elektrik miiqavimatini olagslondirarak riyazi model qurmaq
vacibdir. Aydindir ki, bu qurgunun koémaoyi ilo yaranan qapali elektrik dovrasindo yliksok
gorginlikli impuls corayanla, elektromaqnit sahasinin enerjisi yigilaraq ani vaziyyatds elektrik
sahasinin enerjisina ¢evrilir. Nozari todqiqat ticlin elektromaqnit sahasinin enerjinin, elektrik
sahasinin enerjisind ¢evrilmasi qanuna osaslanaraq asagidaki molum ifadodon istifado etmok
olar [3.4].
di du

Burada, L-dovrii impuls gorginliyinin induktivliyidir; C- ¢at sahosino diison elektrik
tutumudur; 1, u-dovrads corayan siddati vo gorginlikdir;

Catlarda coroyan siddoti kegon zaman dovrodo 6zlino induksiya hadisosini omoalo
gatiron elektrik dovrasinin gorginliyi Om qanun tonliyi ilo ifads edilir [2—4].

U=ir+L % )
(2) tonliyini diferensiallandirmaqla asagidaki ifadoni almaq olar.
du di d?i
E =T E + L E (3)
(3) diferensial tonliyindo (1) —ifadesini nozoro aldiqda asagidaki diferensial tonlik
alinir.
di di d?i
LE_C(T'E-}_LE (4)
. . 2 .
Buradan: Lﬂ= Crﬂ+CLd—;
dt dt dt
Tanlikds qruplagdirma aparmaqla alinir.
d?t di
CLF-}'(CT'—L)E—O (5)

Burada r vo t — Ortiiylin catlarinda coroyan siddoti kegon zaman sothdo yaranan
elektrik miigavimat vo kegon coroyanin zaman miiddotidir.

(5)-diferensial tonliyin halli {i¢iin, xarakteristik tonlik tortib olunur.

CLy?+(Cr—-Dy=0 F%— gobul olunur.
Bu tonliyin holli asagidaki ifadeni verir.
_L-cCr -0
Yomm o o YiT
Xarakteristik tonliyin holli osasinda diferensial tonliyin timumi holli asagidaki kimi

alinir.

I =c+cyexp (%) t (6)

c1, ¢, — inteqrallama sabitloridir, baslangic vo sorhad sortlorinden toyin edilir. Belo ki, t =
0; i = 0;c; = —cy; Miigavimot r=0-+1.0 Om. gobul edilir, 7,,,,=1.0 Om. olduqda t,,4, =10

san; iq.,=10 A; gobul etmoklo, ¢, —komiyyoti asagidaki ifads ilo toyin edilir.
10

G =——pr— (7)

explo(%)—l

66



Borularn silikat-emal ortiiklorinds yaranan ¢atlarin diagnostikast

Beloliklo, alinmis diferensial tonliyin hollindon, ¢at gatlarinda kegon coroyan siddoti,
catin ara boslugunda yaranan elektrik miigavimotinin zamana goro doyismosi ilo asagidaki

asililiq alinir.
10 L—Cr

L= explo(%)—l eXp( LC )t (8)

Praktiki tatbiqi. Catlarin araboslugunda yaranan elektrik miiqavimatinin vo coroyan
siddatinin asililiginda L, C-komiyyastlorinin adadi qiymatlori gdstarilon civarlarda da dayisilir
[4,5].

L=2+4 gh, C=4-+ 6F, oOrtiiylin qalinlig1 §=0.5-+2.0 mm civarinda doyismosi zamani
coroyan siddoti i = 0 = 104 vo elektrik miigqavimati r=0.1 <+ 1.0 Om. mm civarinda gobul
olunur. (8) diisturu vasitasi ilo yuxaridaki parametrlorlo hesabatlar yerins yetirilmisdir.

Bu giymotlor asasinda araboslugunda yaradan ¢at qatinin elektrik miigavimatinin ( 8)
diisturu vasitesi ilo toyin edorok catlarin uzunlugu vo dorinliyi asagidaki kimi hesablamaq
miimkiindiir. Belo ki, ¢at gqatinin miigavimatini bilorok molum diisturla ara boslugun o6lgiilorini

hesablamaq miimkiindiir [5—6].

l l
rT=pI=p5 (9)
Burada: S= (0.01+1)§ — ortiiyiin en kosiyinin sahosi gotiiriiliir. Ortiik {igiin xususi
miigavimat p=0.1+1.0 Om. mm qoabul edilir. 1 - ¢at qatinin uzunlugudur( 9) diisturundan
tayin edilir.
Yoni, [ = % — giymatinds ¢at qatinin uzunlugu ortiiylin molum galinligina gora ()
tayin edilir. Bu hesablamalar1 miixtalif qalinligda ortiikler {igiin aparilaraq codvaldoki para-
metrlorin qiymatlori alinir.

Cadval.
Cat qatlarinin hondasi parametrlarinin tayini
Ne | Ortiiyiin Caroyan Ortiiyiin Xiisusi Catlarin Catin Catin
markasi siddati qalinhg: miiqavimat elektrik uzunlugu qalinhg:
i, 4 o, mm p, Om.mm | miigavimoti l,mm 6, mm
¥, mm
1. | DI1-40 2-4 10-30 0,1-0,2 1-2 1,5-2 1,5
2. | OI1-50 4-6 30-50 0,4-0,6 2-4 1,0-1,2 2,5
3. | BI1-60 6-8 20-70 0,6-0,8 4-6 0,5-0,8 3,5
4. | OII-80 8-10 7-10 0,8-1,0 6-8 0,8-1,0 4,2

Notica. Aparilan todqiqatlar gostorir ki, silikat-emal Ortiiylin qalinlig1 artdiqca, cat
qatlarinda yaranan elektrik miigavimoti intensiv artir. Bununla yanasi xiisusi miigavimatin
tosiri cilizi hiss olunur. Qeyd etmok lazimdir ki, ¢at gatinin ara boslugunda olan xiisusi
milgavimat coroyan siddstinin artmasina sobab olur ki, bununla 6rtiilkdo yaranmis ¢at gatlarinin
dorinliyini artir. Beloliklo, nozori vo praktiki todqiqatlarin aparilmasi ilo belo naticoys golmok
olar ki, silikat — emal Ortiiylin sathlorinde catlarin handasi 6lgiilorine tosir edon osas amillar,
ortiiylin gqalinlig1, markasi vo Ortiiyiin ¢at qatinda yaranan elektrik miigavimotindon asilidir.

Borularin silikat emal Ortiiklorindo ¢atlarin yaranma diaqnostikasi aparilmigdir.
Aparilan nozori todqiqatlar arasinda ¢atlarin araboslugundan kecon elektrik coroyanin, miigavi-
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matdon vo zaman miiddatindon asililigi riyazi ifadesi alinmisdir. Bu asililiq vasitasi ilo arabos-
lugundan keg¢on miigavimaeti toyin edorok ¢at gatlarinin hondasi 6l¢iilori toyin olunmusdur.
Tadqiqgatlar gostorir ki, araboslugun hondosi 6lgiilori texnoloji prosesdon vo yaranan

gorginlik deformasiyalardan tam asili olaraq doyisir.
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JUATHOCTHUKA OBPA30OBAHUS TPEIIUH B CUWJIMKATHBIX [IOKPBITUAX TPYD
H.}O. UBPATMMOB, 2.H. UBPATIMOBA

IpencraBieHo wuccieqoBaHuEe 00pa30BaHHMs MaKpO- MHUKPOTPELIIMH Ha BHYTPEHHEH IOBEPXHOCTH CHIIMKATHOTO
HOKPBITHS CTANBHBIX TPYO. PaccMoTpeHa npuynHa BOSHUKHOBEHUSI MAKPO- MUKPOTPEIIUH 10 BCEH MOBEPXHOCTH CHIIMKATHOTO
TTOKPBITUS TPYOBL.

TTpoBEJICHO TEOPETHYECKOEe HCCICAOBAHUE OIPEICICHHS OCHOBHBIX DPAa3MEpOB TPCUIMH M BIMSHHE OCHOBHBIX
(hakTOpOB Ha 00pa30BaHHE TPEILIHH.

Knroueevie cnosa: cunuxamuvie NOKpuimus, 00paA3068aHUe MPEWUH, PAMEPbL MUKDOMPEWUH, SIeKmpuieckoe
conpomueierue, Cuid moxd.

DIAGNOSTICS OF CRACKS IN SILICATE COATED PIPES
N.Y. IBRAGIMOV, E.N. IBRAGIMOVA

The article studies the macro—micro cracks in the inner surface of the silicate coated steel pipes. The causes affecting
the formation of the micro—macro cracks on the entire surface of the silicate coated pipe are also considered.

A theoretical study is carried out to determine the main dimensions and the influence of the main factors on the
formation of cracks.

Key word: silicate coating, crack formation, microcrack dimension, electrical resistance, electric current.
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JIMATHOCTUPOBAHME MNOTEPU CTPYKTYPHOM YCTOHYH-
BOCTU TPAHCIIOPTUPYEMBIX AHOMAJIbHBIX HE®TEM

I.T. UICMAMBUIOB®, U.T. ECIIOJIOB™, K.I'. AKTIEPOBA"

Ha ocHoBe 00pabOTKH SKCIIEPUMEHTAIBHBIX JAHHBIX 110 UCIIBITAHUIO Pa3JIMYHBIX BHICOKOBSI3KMX aHOMAIIbHBIX He(TeH
Kazaxcrana u AzepOaiiipkana Ha peoTecTe MoKa3aHa BO3MOKHOCTh IPUMEHEHHMS 9KCIIOHEHIINABHOM PEeoJIOrHYecKoil Moaenu
JUISL OIIMCAHUSI PEOJIOTUYECKOT0 MOBEICHHUSI CTPYKTYpooOpasyomux HeTel. Y CTaHOBIEHO, YTO ONPEAETAIOMNMI (aKTOPaAMH
ABJAIOTCS HAIMYME W B3aMMOAEHCTBHE B HHMX Mapa(UHOBBIX, ac(ambTEeHO-CMOJUCTBIX COCTABIAIOMNX. DTO MO3BOJSIET OIle-
HUTB BPEMS CTPYKTYPHOH pelaKcanud, T.e. BpeMs, KOTOPOE COOTBETCTBYET Hawdaldy MOTEPH CTPYKTYPHOH yCTOMYIMBOCTH CH-
CTEMBL.

Knrwouesvie cnosa: 6bICOKO6A3KAA Hed)mb, CMpYKmypHasi ycmodlmsocmb, peojiocuyeckoe ucmedoeayue, ¢M3MKO-
Xumuveckue ceoﬁcmea, epems pejlakcayuu, peojlocudecKas MOde/lb, Heycmoﬁlm@ocmb.

W3BecTHO, 4TO, B OTJIMYHME OT BHEIITHETO (MarucTpalbHOTO) TPyOONIpOBOa, MPU BHYTPHIIPO-
MBICJIOBOM TPAHCIOPTE YaCTO UMEET MECTO TPAHCIOPTUPOBKA MHOTOKOMITIOHEHTHBIX, MHOTO(a30-
BBIX CMeCei OT CKBa)KMHBI JI0 MYHKTOB cOOpa W MOATOTOBKHU HE(PTH, I/i€ MPOAYKIHUS MOCTOSHHO
MEHSET CBOM (PU3MKO-XMMHUYECKHE U PEOJOTMYECKHE CBOICTBA, a TAK)KE TOBAPHBIC KAYECTBA BO
BpeMeHH. KonyecTBO BO3HMKAIOLIUX TEXHUKO-TEXHOJOTMUYECKHUX 3a[au B TEXHOJOTUYECKUX TPY-
60onpoBoJax, TPeOYIOUMX CBOETO PELICHHUs, ropa3fo pazHooOpa3Hee U MOPOH CIIOXKHee, YeM Ipu
MarucTpaIbHOW TPAaHCHIOPTHUPOBKE HEPTH. YIydlIeHHWE MX TEXHOJIOTHUECKUX YCIOBHHA U A dek-
TUBHOCTH JKCIUTyaTalll TPeOyeT CO3/1aHusI BEICOKOA((HEKTUBHBIX CIIOCOOOB MEPEKAUYKH PEOJIOTH-
YECKHU CIJIOKHBIX CHCTEM Ha OCHOBE dHeprocoOeperaromeil TexHojgoruu. MHTeHcudukamms mpouec-
coB cOOpa M TpaHCHOPTa HEPTIHBIX CUCTEM TECHO CBsI3aHA TAKXKe C MPOOIEMON yMEHBIICHUS TH/I-
PaBIMYECKOTO COMPOTHBICHHUS (IHEPro3arpaToB). [Ipu 3TOM BecbMa aKTyaJbHBIM SIBISIETCS pa3pa-
00TKa PEKOMEH AN 10 MPUHIMITHATIHLHO HOBBIM, TEXHOJIOTUYECKH BO3MOKHBIM PEIICHHUSIM ITyTeM
IeJICHANPABICHHOTO BO3/ICHCTBHS HA PEOJIOTUUECKHU CIIOKHBIE HEPTSIHBIE CUCTEMBI TTepel U B TPO-
1ecce TPAHCIOPTA, @ TAKXKe MO HCIIOIb30BAHUIO HAECKHBIX MHKCHEPHBIX METOJIOB THMpaBIHYe-
CKOTO pacyera TpyOompoBOoIHBIX cucTeM. [lo Mepe pazButus TpyOONpPOBOIHBIX OOBEKTOB BCe 0O-
Jiee BO3pacTaloT OOIIMe pacxXo/Ibl SHEPTHH U MAaTEPUANIOB, a TAK)KE YUCIIO OCJIOKHEHHUH, YTO Mpe/-
orpezesnsieT He0OX0AUMOCTh MOBBIMIEHUS YPPEKTUBHOCTH (HYHKIIMOHUPOBAHUS TPYOOITPOBOIHBIX
cucteM. OTMeUeHHOE Haubosiee OCTPO MPOSBISETCS MPU NEpeKauke MHOTOKOMITIOHEHTHBIX, PEOJIO-
THYECKH CIOXKHBIX HepTel 1 He(DTAHBIX AIMYIIBCHIA ¢ Pa3IMIHBIMU BKITIOYeHHUIMH [ 1-3,5].

A3zep0baiiKaHCKUI TOCYIapCTBEHHBIH YHUBEPCUTET HE(DTH U IPOMBIIICHHOCTH,
KasHUIINmyHaiiras

sk
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[IpoBeneHHble 1a00paTOPHBIE UCCIIEOBAHMS MMOKA3bIBAIOT, YTO JJIs HepTell MecTopoxe-
Huil XKetwi6aii, Kapaxxan6ac u Kanamkac (Kazaxcran), a Taxke ans mectopoxkaeHuit Mypanxa-

mibl, Kropcanru, Canraugan (Azep0aiipkaH) XapakTepHO TOBBIIIICHHOE COJICpPKAaHHE CMOJI U ac-
¢ansrenoB. Hedtu mecropoxnenuit XKetwi6ait, Jonunnoe, Kapuman, Kropcanru u Canrayan npe-

JIeTIbHO HACBIIIEHBI BHICOKNUM, Oojee 12%, conepkaHneM pacTBOpEHHOro napaduHa, mpeacTaBis-

fo1ero coboif cMech TBEP/BIX YIIEBOIOPOIOB ¢ TeMmieparypamu miasneus 60-80°C. dusmko-

XMMHUYECKHE CBOMCTBA yKa3aHHbBIX He(Tel mpencTaBieHsl B Tadmumax 1 u 2.

Taonuua 1

Du3nKo-XxMMHYECKHe CBOMCTBA Iera3upoBaHHON He)TH MecTopokIeHnii Kerbidaii,
Kapaxaun6ac, Kanamkac, loiunnoe u Kapuman (Ka3zaxcran)

Tapamerpe! MecTopoxaeHus
Ketpi6ait Kapasxanbac Kanamxkac Honunnoe Kapuman
Inotrocts pu 20, °C 0,8436 0,9394 0,9027 0,7942 0,8412
CoJ1.BOJIBI OTC. OTC. 0,189 1,26 0,41
Con.o01meii cepsl 0,1109 1,9549 1,4641 0,0151 0,0540
TeMm-pa 3acTbIBaHUS 31 -15 -11 9 29
I:fyf:czzmp“ 34 12 8 12 32
[Mapadpunst 14,28 1,37 3,93 13,14 17,08
Temmnepatypa ruiaBe- 61 i 6 55 60
Hus mapaguna, °C
CMoJ1bI 16,72 9,1 5,6
AcdanbTeHs 10,76 3,0 21 0,6
Kunemar. Bsi3kocTh
20°C - 11783 105,74 21,66 -
30°C - 532,38 63,21 6,08 -
40°C 17,69 268,43 39,39 3,63 13,08
50 °C 12,74 148,63 26,42 3,21 10,27
60 °C 9,379 88,86 18,48 2,66 7,10
Tabnuua 2

Pu3NK0-XUMHYECKHE CBOMCTBA 1era3upoBaHHON HeTH MecTopokIeHnii MypaaxaHibl,

Kropcanru, Canrauan (Asepoaiigxan)

MectopoxaeHus
ITapameTpsl MypanxaHinsl, Kropcanru Canravan

ITnmotrOCTS TIpH 20, e 0,9224 0,8991 0,9108
Tem-pa 3acTbIBaHUsA 19 17 21
CMoJIBI 10 7 4.7
[Mapadpunst 7 15 20
AcdanbTeHsl 3 4 4,3
Kunemar. Bszkocts nipn 20 °C 1078 590 089

70




Jluaenocmuposanue nomepu cmpyKmypHoU yCmoudugoCcmu mpaHcnopmupyemvlx aHOMAbHbIX Heghmell

PesynbTarsl peosniornyeckux U pU3NKO-XUMUUECKUX UCCIIETOBAHUNA MMOKA3bIBAIOT, YTO HEPTH
psla yKa3aHHBIX MECTOPOXKICHHUH, TOMUMO CBOMCTB BS3KOCTH U IUIACTUYHOCTH, MOTYT 00JIaJlaTh
TaK)Ke YNPYTrUMH, BSI3KOYIPYTMMHU CBOMCTBAMM, HAJIM4YUE KOTOPBIX MOYKET NPUBECTH KaK Kaude-
CTBEHHBIM, TaK M KOJMYECTBEHHBIM U3MEHEHUSIM B CUCTEME.

Kak moxa3pIBaloT pe3ynbTaThl HCCIe-

JIOBaHUH TOCIIECTHHUX JICT, TIPH TCUCHUH TaKUX n-210-2
CTPYKTYPUPOBAHHBIX JKUAKOCTEH BO3HHKAIOT 20'13;)2‘:'2
HEYCTOMYMBOCTH W TypOyJIH3alMs [OTOKOB 18000

3aJ10JIT0 70 JOCTMKEHUs uMcia PeitHonbiaca 16000
CBOEr0 KpPUTUYECKOro 3HaueHus. IllosTomy 14000

noBbleHne 3(pekTuBHOCTH (HYHKIMOHUPO- 12000
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== 5 (1)
ot?
WnTerpuposanue (1) mpu MOCTOSHHOM & J1a€T:
P = Qo — (P — P )exp(—7% /) (2)
Y =tlpw — (9o — @o)exp(—T% /)] 3)
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IJI€ Qo (o, - COOTBETCTBEHHO IOIABMKHOCTH JKUIKOCTH NMPH T= (0 M HaWOOJbIIEM HANpPSHKEHUH
casura T (puc.3).
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3aBUCHMOCTEH B KOOpAMHATAX [n ¢, 7 [Ipr 3TOM ciretyeT MOCTPOUTH IS KAk 0N UCITBITHIBAEMBIN

cHCTeMBI 3aBUcHMOCTH @ = f(1%) (puc. 3, 4):
2

A )
In P= in (Peo—90) - ® (4)

DKCTPAIoSIHs YKCIIEPUMEHTAIBHBIX JaHHBIX JJIS OTMEYCHHBIX HEPTel B KoopauHatax [n
¢=f(7°) npencrapieHa Ha puc.4.
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Ind 4ln(p
4
35 3,5
3 3
25 2,5
2 2
1,5 1,5
1 1
0,5 12, Na2 0,5 12103, Na?
0 0
0 10 20 30 40 50 60 70 1 2 3 4 5 6 7 8

eTblball === KapymaH  e==g===J10/MHHOE

g \ypaAXaHbI KIOPCAHTN sl CaHrayvanbl

Puc. 5. Ikcmpanonsayun 0GHHBIX BUCKOZUMEMPUU
0151 CHPYKmMYPUpPOoGaAHHvIX Heghmeil
2
Kaszaxcmana Inp=f(t")

72

Puc. 6. Sxcmpanonayua 0aHHBIX 8UCKOZUMEMPUU
013 CMPYKIMYPUPOBaHHbIX Hedhmell
Asepéaiioncana Inp=f(t°)



Jluaenocmuposanue nomepu cmpyKmypHoU yCmoudugoCcmu mpaHcnopmupyemvlx aHOMAbHbIX Heghmell

Kaxk BuIHO U3 TaGuuIbl 3, 3HAUCHUsI TAPAMETPOB CTPYKTYPHON YCTOWYHBOCTH JJIsl paCCMAaT-
puBaeMbix He(Telt Kazaxcrana u AsepOaiikaHa CHIIbHO OTJIMYAIOTCS IPYT OT Apyra.

HeTpyaHo noka3aTh, 4TO 3aBHCHMOCTH (2) M PEOJIOTHYECKOE ypaBHEHHE MaKCBEIUIOBCKOTO
THIIa, KOTOPOE MOJIOKEHO B OCHOBY MeTozia Kpocca, npy pasnokeHuu B psjl wieHOB exp(—Tt2 /)
u (1+ 1%/4 G*)” NOIMHOMOB YETHOI CTENEHH, YTO MO3BOJSIET CUNTATh YKA3AHHbBIC yPABHEHMS aHA-
JIOTHYHBIMH.

T (Poo—P0) 2 (Poo—Po) 4
=—[1+ - + ... 5
Y 7]0[ Pox t Poe? t ] ( )
LA S T S
Y= o [1+8G2 Lmbrvrriiiny ceend] (6)

Tak kak T2/a 6e3MepHa, TO Takke KOY(GPUIMEHT CTPYKTYPHOM YCTONYMBOCTH 2, IOIDKEH
OBITH BETMYMHOMN TOM ke MPHUpPOJBI, 9To U T2, ConocTapiss Belpaxkenus (5) u (6) U mpupaBHUBas
napameTphl pu T2 ¢ yuetom G = 1)y/6, 11 onpeeneHus BpeMEHH pelakcaluu 6 cTpyKTypHpo-
BaHHBIX CHCTEM, B TIEPBOM IPUOIIKEHIH MOYKHO TPETIOKHUTD CIIEAYIOIIee COOTHOLICHHUE!

_ 8+(Poo—Po)
0 = /—Wog )

[To ¢popmyse (7) OblTH paccUUTAaHBI BpeMeHa peaKcalliy sl KaKI0M UCTIBITYeMON HePTH U
CpaBHEHBI CO 3HAYCHHUSMHU BPEMEH PeJIaKcalliy, BEIYUCIECHHBIM coriacHo Metoauke Kpocca (Tabd-
muna 3) B ornuuuu oT Hedred Kaszaxcrana mokasano MX YJOBIETBOPUTEIIBHO COBMAJEHHUE IS
He(Telt AzepOaiikaHa.

Tabnuua 3
[oxsmxkHOCTS, [1a”'c” Bpewmst penakcauuu 0%107, ¢
HcnbiTyemblie 5
0o 0 x, I1a ITo metomuke | Ilo sxcmoHEHITMATBHONU
CHUCTEMBI
Kpocca MoOJeNnu
XKerpi0aii (Ka3.) 24 113,7 7,12 939 94.9
Kapuman (Ka3.) 85 140,8 6,09 526 16,7
Homunnoe (Kas.) 15,0 74,4 20,25 390 92,1
Mypanxanisl (A3) 15,2 46,9 1304 69 74
Kropcanru (A3) 9,6 30,6 1923 122 98
Canraygai (A3) 9,5 23,0 1923 72 66

BeiBoabl. B pe3ynbrate 00pabOTKM SKCHEPUMEHTAIBHBIX JaHHBIX 110 MCIBITAHUIO pa3jiny-
HBIX BBICOKOBSI3KHMX Hedreil KazaxcTana u Azep0aiimkana ObIJIO yCTaHOBJICHO, YTO PEOJIOTHUECKOE
YPaBHCHHE SKCIIOHCHIIMAJIBHOT'O THUIIA, YYUTBIBAOIIECC MOJC/IN B ClIydac CprKTypHOﬁ YCTOI\/’ILII/IBO-
CTH MHOTO(a3HBIX CHUCTEM, SBISETCS aHAJIOTOM YPAaBHEHUs JHHEHHON BSI3KOYNPYTOH KHIKOCTH
MaKCBEJIJIOBCKOTO THIIA, W €ro SKCTPAIOIISALHUS TO3BOJISIET O0Jiee TOUHO U OTEPATUBHO OMPEACTATh
BpeMsl CTPYKTYpPHON peJakcaluH, T.. BpeMs, KOTOPOE COOTBETCTBYET Haually NOTEPU CTPYKTYp-
HOW YCTOMYUBOCTH CHUCTEMBI.
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ANOMAL NEFTLORIN NOQLi ZAMANI STRUKTUR DAYANIQLIGININ POZULMASININ
DIAQNOZLASDIRILMASI

Q.Q. ISMAYILOV, I.T. YESPOLOV, K.H. DKBOROVA

Qazaxistan vo Azerbaycanin miixtalif yiiksokozliliiklii anomal neftlori tizorindoki reoloji sinaq tocriibslorden alan
moalumatlar asasinda strukturamolagatiron neftlor ticiin exponental reoloji modelin totbiqinin miimkiinlilyii gésrarilmisdir. Osas
miioyyan edici amillor kimi onlarm torkibinds parafin, asfalten vo qatranli komponentlarin istiraki vo onlarin qarsiliqlt tasiri
geyd olunmusdur. Bu struktur reloksasiya vaxtmi-sistemin struktur dayaniqliginin pozulmasinin baslangicina uygun golon
vaxti qiymoatlondirmok {i¢iin imkan verir.

Acar sozlar: yiiksakozIliliiklii neft, struktur dayaniqhg, reoloji tahlil, fiziki-kimyavi xassalor, reloksasiya vaxti, reoloji
model, geyri-dayaniqliq.

DIAGNOSIS OF LOSS OF TRANSPORTED ABNORMAL OILS’ STRUCTURAL STABILITY
Q.Q. ISMAYILOV, L.T. YESPOLOV, K.Q. AKBAROVA

Based on processing of experimental data on the testing at rheotest of various high viscosity abnormal oils of
Kazakhstan and Azerbaijan was shown the possibility of applying exponential rheological model to describe the rheological
behavior of the structure-forming oils. The most determining factors are the presence and interaction of paraffin, asphalt-
resinous components in oils. This makes it possible to evaluate the structural relaxation time, i.e. the time corresponding to the
beginning of the loss of system’s structural stability.

Key words: heavy crude oil, structural stability, rheological study, physical and chemical properties, relaxation time,
rheological model, instability.
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NEFT QARISIQLARININ REO-NANO-KIiMYOVi
XUSUSIYYOTLORI HAQQINDA

Q.Q. ISMAYILOV', V.X. NURULLAYEV", M.B. ADIGOZOLOVA"

Magqalada miixtalif ¢esidli neft, neft mohsullar1, kondensat niimunalari qarisiqlarinin keyfiyyat gostaricilari va reofiziki
xiisusiyyatlorinin anomal olaraq doyismosi ¢oxlu sayda laboratoriya sinaqlart asasinda tasdiq edilmisdir. Qarigan mohsullarin
¢esidi vo kiitlo payindan asili olaraq vo oksor qarisiglar {iglin xassolorin additiv doyigmoalori,, onlarda miisbot vo monfi
sinerqizmin movcudlugu askar edilmisdir. Neftlorin qarismast ilo bagl yaranacaq fosadlara yol verilmomasi {igiin ilkin olaraq
onlarm laboratoriya soraitindo genis todqiq edilmosinin zoruriliyi gostorilmisdir. Bas veran anomalligin osas sobablordon
birinin qarisan neftlorin kimyovi torkibi (asfalten, parafin vo qatran birlogsmolorinin miqdarinm) ilo bagli olmasi
tosdiqlonmigdir. Digor sobob kimi neftlorin torkibindo metallarin(vanadium,nikel,domir) movcudlugu versiyast da iroli
siiriilmiisdiir.

Agar sozlar: keyfiyyat gostoricilori, neftlorin qarigsmasi, ozliiliik, donma temperaturu, additiviik qaydasi, kimyavi torkib,
¢Okiintiilor, asfalten-parafin-qatran birlosmalori.

Neft-modon praktikasinda neftin texnoloji boru komorlori ilo noqli zamani miixtolif
reofiziki xiisusiyyatlors malik mayelorin, hamg¢inin onlarin qarisiglarinin (o ciimloden sulu,
qumlu, gilli vo s.) miirokkab relyefli vo termobarik soraitdo, strukturu molum olmayan hors-
kotloring tez-tez rast golinir. Istismar quyularindan baslayaraq neftin hazirlanmasi monto-
gelarinadak madandaxili texnoloji boru kamarlorinds monokomponentli va bircinsli olmayan,
osason ¢oxkomponentli, multifazli heterogen sistemlorin noqli prosesi bas verir. On baslicasi
159 quyu mohsulu zamandan asili olaraq daima 6z fiziki-kimyavi va reoloji xiisusiyyatlori ilo
yanagl, amtoa keyfiyyatini do doyismis olur. Mahz bu sobabdon texnoloji boru komarlori
sistemindo bas veron texniki-texnoloji masalolorin vo miirokkoblosmolorin say1r daha da c¢ox,
halli isa ¢otin olur. Bu problemlorin bdyiik bir qismi naql olunan sistemlorin reoloji cohatdon
miirokkabliyi, onlarin anomal xiisusiyyatlora malik olmasi ilo alagadardir. Digar torafden, bu
sistemlorin sulagmasi ilo texnoloji ¢otinliklor daha da coxalir. Modon soraitindo yiiksok
ozlilikli vo anomal sulagsmis neftlorin y1§ilmasi, hazirlanmasi vo naqli oksar hallarda boytik
miirokkoblosmalarls bagli olur va enerji xorclorini xeyli artirir.

Hal-hazirda Azarbaycan neftlorinin timsalinda neft qarisiglar tigiin keyfiyyat gostarici-
lorinin hansi neftlorin vo neco garismasindan asili olmasi, bu zaman spesifik problemlorin
yaranmasi ilo bagli aparilan elmi-todqiqat islorinin say1 vo ohato dairasi genislonmokdodir. Bozi
qarisiglarin “arzuolunmazligi”, neftin ¢ixarilmasi, hazirlanmasi vo noqli zamani texnoloji pro-
seslor do ciddi problemlor yaratmasi, onlara additivlik qaydasimin totbiq olunmasinin

*
Azarbaycan Dovlat Neft va Senaye Universiteti
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yolverilmazliyi mosalonin aktuallig1 vo problemin hallinin vacibliyi vo shomiyyatindon xobor
Verir.

Harada yaranmasindan asili olmayaraq su faizinin artmasi hesabina heterogen qarisigin
miiloyyon bohran sulagsma hoddindon baslayaraq, su-neft emulsiyalarinda anomal reoloji
xiisusiyyotlor meydana ¢ixir. Belo ki, sulagma faizi yiliksoldikca, yaranan su-neft emulsiyala-
rinin Ozliiliik vo sixliq gostaricilori do kaskin artmaga baslayir. Dispers fazanin-suyun miioyyon
faizlorindo dispersion miihit - neft sanki su ilo «doyur», artiq qalan su iso tobagologsmo vo
koalessensiya proseslori noticosindo ayrilaraq, sorbost su fazasini yaradir. Bu zaman neft
emulsiyalarinda inversiyanin mdvcudlugu (emulsiyalarin tipinin doyismesi) he¢ do birmonali
qarsilanmar.

Miixtolif ¢esidli vo reo-fiziki xiisusiyyotlora malik olan quyu mohsullarinin noqli
zamani, onlarin hans1 keyfiyyat gostoriciloring, reoloji va fiziki-kimyovi xassolora malik olmasi
nainki nazore alinmir, hotta Azaorbaycan neftlorinin timsalinda, demok olar ki, he¢ todgiqat
obyekti belo olmayib.

Molumdur ki, sulagma dorocasi vo temperatur amili geyri-nyuton neftlorin reoloji xiisu-
siyyatloring tosir edon osas amillordon hesab edilir. Qeyd olunan amillor neftlorin daxili struk-
turu vo Ozliiliik xassalorini shomiyyastli doracods dayiso bilir. Diinya tacriibosindon malumdur
ki, neftqaz¢ixarmada neft qarisiglarinin y1gimi1 vo noqlini hoyata keciran boru kemarlarindos
makroskopik bark fazanin ¢cokmasi vo tixaclarin yaranmasi hallar1 tez-tez bas verir (sokil 1).

Bozi miitoxossis vo alimlor bu halin bag vermosini bazi neftlorin nano tobiottli olmasi,
reoloji miirokkob neftlordon kristal omologotirmoys meyilli olan bork karbohidrogenlorin
ayrilaraq ¢okmosino gotirib ¢ixaran sistemin aqreqat dayanigliliginin asagir diismosi vo
kristallasma prosesinin daha c¢ox molekullar vo yeni yaranan nanohissociklorin qurulusu,
Olciisii, formas1 vo horokotliliyindon asili olmasi ilo izah edirlor [1-4]. Tohlil gostorir ki,
miixtolif neftlorin garismasinin “bir araya sigmazligi” cokiintiilorin bas vermosi ilo yanasi
qarisigin  keyfiyyot gostoricilori vo praktiki vacib olan parametrlorinin  (mosolon, six-
liq, ozliilik, donma temperaturu, hocm vo s.) anomal doyismosindo do 6ziinli gostora bilir.
Hotta iki “yaxs1” stabil yanacagi qarigdirdigda “problemli”- agir hissaciklorin ¢dkmasi ilo
miisahids olunan garisiq da omolo gals bilir.

Sakil 1. Neft qarisiqlarinin yigilmast va naqli zamani boru kamarlarinda makroskopik bark fazanin
¢0kmasi va tixaclarin yaranmasini aks etdiran foto-slaydlar.
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Miixtolif ¢esidli, reoloji miirokkob neftlorin bir-biri vo ylingiil neft, o climlodon
holledicilorlo garisaraq boru komarlori ilo nogli zamani bas veran bir sira ¢otinliklorlo yanas,
onlarin saxlanmasi, eloca do tohvili va gqobulu proseslorinds  disbalans hallarina da rast golinir.
Bir sira neftlor vo neft mohsullar1 bu baximdan hotta “arzuolunmaz” ciitliikk do sayila bilor.

Nogl vo saxlanma zamani neft itkilori ilo bagl tohlil gdstorir ki, bir-birindon 6z
xassalorine gora kaskin forglonon komponentlorin qarigmas1 zamani hocm itkisi yarana bilir.
Neftlorin vo neft mohsullarinin naqli zamani onlarin qarigmasi zamani hocm itkisinin olmasi
barodo ilk normativ sanad 1996-c1 ildo Amerika Neft Institutu torofindon dorc olunmusdur. Bu
clir hallarin agir neftlorin (neft mohsullarinin) ytingiil neft mohsullar1 ilo gqarigmas: zaman da
bas vermasi miimkiindiir. Misal ii¢lin, bitumu xam yiingiil neftlo qarisdirdiqgda alinan hocm,
komponentlorin com hacminden az da ola bilor. Qeyd etmok lazimdir ki, bu ciir hacm itkisi heg
do maddonin fiziki itkisi ilo bagli olmur vo dasman yiikiin com kiitlosi qarisma zamant
doyismoz qalir.

Tabii neftlords asili voziyyatdo olan kolloidlarin, o ciimlodon, asfaltenlorin xassolorinin
Oyronilmosing, nanokolloid asfaltenlorin ayri-ayr1 neft qarisiglarinda 6ziinli neco aparmasina
bir ¢ox islor hasr olunub. Neftlordo asilt voziyyotdo olan nanokolloid asfaltenlorin miirokkob
faza diagraminin sorhi ilk dofs olaraq 2006-c1 ildo todqiqatgilar torafindon sorh edilmisdir [3-
5]. Bels ki, miialliflor torofindon asfalten nanokolloidlorinin faza diaqramlarinin ilk versiyalari
qurulmus vo miioyyon edilmisdir ki, faza ¢evirmolorinin oksor sorhodlori praktiki vacib olan
qatiliq vo temperatur diapazonlarinda yerlosir. Mislliflor faza g¢evrilmolori sorhoadlorinin
neftlorin qarigmasi zamani “bir araya sigmazliq” problemi ilo alagoli ola bilocoyini do iddia et-
mislor. Qeyd olunanlarla yanasi, bu sahoads ilkin malumatlarin ¢ox mohdud olmasi ucbatindan
statistik tohlil aparmagin miimkiin olmadigin1 da vurgulamis vo “bohran” parametrlorinin
taqribi qiymatlarinin golocokds daqgiqlasmasinin zaruriliyini gostormislar.

Todgigatgilar miioyyon etmisdilor ki, Atabaski (Kanada) bitumunun nogli zamani
onun yiingiil neftlo qarigdirilmasi naticosindo standart soraitde 6zliiliiyii 40-45 % asag1 salmaq
miimkiin olur. Ancaq bitum — yiingiil neft qarisiginin 6zliiliiyiinii daha da asag1 salmaq miim-
kiin olmamigdir. Belo ki, 50 % yiingiil neft qatilmis bitumun noqli zamani xeyli problemlor
yaranmigdir. Bu problemlor asason boru komoarindo xeyli bark asfalten ¢okiintiilorinin ¢okmasi
ilo bagli olmusdur. Bu zaman bitumun (yani asfaltenlorin) miqdarinin ¢ox az oldugu qarisiglar
ticlin problemlorin yaranmasi is9, demak olar ki, gézlonilmaz olmusdur. Aparilan bu tadqiqat-
larda ¢cox maraqli bir mosolo do askar edilmisdir. Bels ki, bitum va ylingiil neftin hansi1 ardicil-
ligla garigdirilmasimin da ¢ox shomiyyat kosb etmasi agkar edilmisdir. Miioyyon edilmisdir ki,
yiingiil neftin az-az boylik hocmds bituma slavo edilmosi zamani ¢okon asfalten kolloidlorinin
hacmi tadricon ¢oxalir vo ¢okiintiilorin koskin artmasi yiingiil neftin qarisigda migdarinin 67 %
oldugu hala tosadiif edir. ©ksing, bitumu bdyiik hocmds ylingiil nefto slava etdikds iss, onun
ilk damcisinin olavo edilmesi ilo biitiin asfaltenlor ani olaraq bork kolloid hissociklorinog
cevrilorak ¢okiir. Bu proses bitumun 33 % qatiligina kimi davam edir [6].

Qeyd etmok lazimdir ki, neftlorin qarigmasi zamani ayri-ayr1 qarisiqlarda kolloid
sistemlorin (asfaltenlorin) xassolori vo ¢evrilmo ganunauygunluglar1 haqqinda tocriibi todqiqat-
larin vo nazori molumatlarin say1 ¢ox az oldugu tigiin qarisiglarin “bir araya sigmaz” olub-
olmamasinin toyini {i¢lin osason empirik meyarlardan istifado edilmisdir. Ayri-ayr1 yanacaq-
larin qarismasi zamani onlarin keyfiyyeotini yoxlamaq ii¢lin xiisusi testlor do mévcud olmusdur.
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Homin testlor yanacaqlarda bork kolloid sistemlorin ¢dkmosi kimi hallarin bas vermosini
komiyyotco xarakterizo etmoyo imkan vermisdir. Maosalon, ABS-da normativ sonod kimi,
ASTMD 4740-02-“Neft yanacaqlarinin tomizliyi vo “bir araya sigmazligin1” dameci lokasi
tisulu ilo toyininin standart tisulu”nu misal géstormok olar. Rusiyada bu testin modifikasiyasi
olan OCT PJI 31.27.03-95 “Yanacaqlarin bir araya sigmazligina nazarat tisulu” adobiyyatda
“damc1 niimunasi tisulu” adini almisdir. Qeyd olunan testlorin osasini asfaltlarda holl olmayan
kolloid hissaciklorinin askar edilmasi proseduru toskil edir.

Digor neftlor kimi, Azarbaycanda da istehsal olunan neftlor fiziki-kimyavi xassoalori vo
reoloji xiisusiyyatlorine goro ¢ox miixtalifdir. Ayri-ayr1 yataqlarin neftlori bir ¢ox hallarda
yiiksok 6zliilikk vo donma temperaturu, torkibindo parafin vo asfalten birlogsmalorinin olmasi,
homginin sulagsma dorocalori ilo forglonir. Azorbaycan neftlori keyfiyyotindon asili ola-
raq miivafiq standartlara cavab veron sortlorlo 6lkodaxili NEZ-lora vo ixraca gondorildiyi tigiin
onlarin reofiziki-kimyavi gostariciloring ciddi nazarat edilir.

Qeyd etmok lazimdir ki, qarisan neftlorin keyfiyyst gostoricilori hagqinda mslumat-
larin olds olunmasi tokco neftlorin ucotu iiclin deyil, homg¢inin onlarin daxil oldugu qarisma
montogalori, ¢onlor vo emal miiossisalorinin is rejimlorinin prognozlasdirilmasi {igiin do vacib-
dir. Movcud olan normativ sonadlords vo adabiyyat monbolorindo miixtalif neft qarisiglarinin
asas keyfiyyat gostaricilorinin toyininin miioyyan edilmis ciddi qayda va asililiglar {izro hayata
kecirilmosi gobul edilmisdir. Ancaq diinya praktikasinda oldugu kimi, Azorbaycan neftlorinin
qarigmasi amilinin onlarin fiziki-kimyavi va reoloji xilisusiyystloring tasirinin naticolori gostarir
ki, ideal mohlullara aid edilon model vo hesablama sxemlori homin qarisiglar {i¢iin ohomiyyatli
daracados forglona bilor. Masolon, iimumi gobul edilmis additivlik qaydas: real neft qarisiqlar
iiclin parametrlorin prognozlasdirilmasi zamani xeyli forqli naticolors gotirib ¢ixara bilor [7].

Asagida neftlorin garismasimma miixtolif ¢esidli Azorbaycan neftlorinin timsalinda
baxilmisdir. Bu mogsadle “Bulla”, “Siyazon”, “Qaraguxur”, “Muradxanli” yataglarindan isteh-
sal olunan xam neftlordon vo “Umid” yataginin kondensatindan istifade olunmusdur. “Bulla”-
BN, “Siyozon”-SN vo “Qaraguxur’-QN, “Muradxanli - MN”, “Bulla”- 89 sayli quyu neft-
lorinin vo “Umid” kondensatinin asas reoloji vo fiziki-kimyoavi xassalorini oks etdiren ilkin
laboratoriya analizlorinin noticolori vo onlarin aparilma tisullar1 cadval 1-do verilmisdir.
Cadvoaldon goriindiiyii kimi, secilmis neftlor sulasmis neftlor olmagqla torkiblorino goro bir-
birindon forglonir. Neftlordon forqli olaraq kondensat niimunasinds demok olar ki, suyun izlori
askar edilmisdir. Yuxarida geyd olunanlart nozoro alaraq miixtolif c¢esidli neftlorin vo neft
mohsullariin bir-biri ilo, homginin kondensatla qarigsmasinin onlarin keyfiyyat gostoricilorino
tosiri todqiq edilmisdir. Laboratoriya todqiqatlart “BN-SN”, “BN-QN”, “A-76-DY (yay)”,
“Umid” kondensati-“Bulla”(quyu Ne§89), Muradxanl nefti qarisiglar1 iigiin birincilorin miixtolif
kiitlo paylarinda aparilmis vo qarisiglar ligiin keyfiyyot gostoricilori toyin edilmisdir [7-11].
Homin neftlorin fiziki-kimyavi xiisusiyyatlori, torkiblorindo olan ballastlarin miqdart va
vanadium, nikel vo domir elementlorinin beynolxalg ASTM D 5708 induktiv plazma {isulu ilo
toyini lizra naticolori codval 1-do verilmisdir. Qeyd olunan naticalora qarisan neftlorin kimyovi
torkibinin tosiri mosalolorine BN vo QN neftlorinin garismasi timsalinda baxilmis vo bu zaman
homin neftlorin qarisma ardicilligt da (yoni BN+QN, yoxsa QN+BN) todqiqat obyekti
olmusdur.
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Cadval 1

Bulla (BN), Siyazan (SN) va Qaracuxur neftinin (QN), Muradxanh qarisiq neftinin (MQN) va
“Umid” kondensatinin reofiziki-kimyovi xarakteristikalar1 vo torkibindski Vanadium, Nikel va
domirin beynalxalqg ASTM D 5708 induktiv plazma iisulu ils toyin edilmis naticalori.

Ilkin gétiiriilon neftlor. “Bulla “Umid”
o Kondensat | Analizlorin
.. .. nefti
Gostaricilor (qu 1 aparilma
BN [ SN | QN MN duyu (quyu Ne stllar
Ne89)
10)
Sixliq 20° C-do, kg/m’ 973,4|19789| 914,7 876,7 976 806 QOST 3900
Kinematik dzliilikk, mm?/s, 20° C 15,76 8,23 | 6,41 83,32 axmir 11,40 QOST 33
X to-
Qatranlarin miqdart, % (kiitlo)-lo 1027 [11,12| 1328 | 1832 3,1 1,0 romato
qrafiya
Asfaltenlorin miqdari, % (kiitla)-1o 0,23 | 0,81 0,64 4,86 0,11 0,2 QOST 11858
Parafinlorin migdar1, % (kiitlo)-lo 13,34 1,18 | 2,53 6,21 6,4 28,0 QOST11851
Doymus buxar tozyiqinin toyini, kPa 16,2 | 13,9 9,7 234 - 41,23 QOST1756
Donma temperaturu, °c +9 -6 +3 +9 13 -1,6 QOST20287
Mexaniki qarisiqlar, % (kiitlo)-lo 5,72 | 4,83 6,42 0,0234 0,368 0,335 QOST 6370
Duzlarin miqdari, mq/1 480,6(398,4| 530,3 473 1135,336 7,314 QOST 21534
Suyun miqdari, % (kiitlo)-1a 4321357 | 564 0,15 75 izlor QOST 2477
Vanadium, mq/kq 0,87 1 0,94 | 0,92 1,57 0,82 0,03
Nikel, mg/kq 1,78 | 1,83 1,96 3,51 1,73 0,07 ASTM D 5708
Domir, mqg/kq 443 | 4,75 4,82 8,16 4,39 0,21

Todgiqgatlarin noticolorine asason [7, 8] BN vo QN neftlorinin garigmasi zamani
qarisigin keyfiyyat gostoricilorinin doyigmosinin additiv olmamasi neftlorin qarismamasinin
QN:BN=40:60% nisbatinds iso sixliq, ozliiliik, qatranlarin miqdari, doymus buxar tozyiqi,
donma temperaturu kimi parametrlorin hatta anomal doyisikliys moruz qalmas: tosdiq olun-
musdur. Keyfiyyat gostoricilorinin analoji olaraq doyismosi BN vo SN neftlorinin garigsmasi
zamani da bas vermosi ( SN:BN= 55:45 %), bu zaman sixliq, 6zliiliikk, qatranin miqdari,
donma temperaturunun koskin artmasi, doymus buxar tozyiqinin azalmasi miisahidos edilmisdir.
Mulliflor [7, 8] torofindon neft mohsullarinin qarismasi (A-76 benzini ilo dizel yanacaginin
(DY) timsalinda) tadqiq edilmis vo garisma amilinin mahsulun keyfiyyat gdstariciloring tosiri
Oyronilmisdir. Biitlin hallarda qarisiglar {igiin tocriibi sinaqlar asasinda toyin edilon parametr-
larin (s1xhq, ozliiliikk vo fraksiya torkibi) qiymatlorinde anomalliq miisahido olunmasa da, bu
qiymatlor additivlik qaydasina goro hesablanmis qiymatlordon xeyli forqlondiyi, bu zaman on
boylik forgqlonmonin sixliq iiglin uygun olaraq garisigin1 10:90 %, 6zliiliik {i¢iin iso 60:40 %
nisbatindo bas verdiyi gostorilmisdir. Benzin-dizel yanacagi qarisiginin fraksiya torkibinin do
doyismaosi analoji olaraq qeyd olunan nisbatlordo miisahido olunmusdur.

Neftlo kondensatin garisdirilaraq boru komaori ilo nogl olunmasi, 6zliiliiylin azalmasi
hesabina samarali hesab olunsa da, kondensatin 10 %-don asag1 qatiliglarinda qarisigin arzu-
olunmazligi ilo bagh miislliflorin [7] aldo etdiyi noticalor praktiki ohomiyyatli naticolordir. Belo
ki, bu zaman donma temperaturunun anomal artmasi boru komarinin iginin miirokkoblogmasi,
hotta dayanmasi ehtimali xeyli artmis olur. Sulasma doracosindon asili olaraq neft-kondensat
qarisiginin donma temperaturu, kondensatin yalniz 20 %-don ¢ox qatiliq hallarinda additivliys
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osason xotaya yol verilmodon toyin edilo bilor vo bu qarisiqlar additiv qarisiglar hesab oluna
biler.

Qeyd olunan todqiqat islorinin davami kimi miislliflor torafindon eyni zamanda neftlorin
miixtolif kiitlo paylarina uygun garisiqlarinda olan qatran, asfalten vo parafin birlogsmolorinin
miqdarindan asili olaraq qarisigin keyfiyyot gostoricilorinin - sixliq, 6zliilik vo doymus buxar
tozyiqinin (DBT) neco doyismasi tadqiq edilmis va alinan naticalor uygun olaraq sokil 2-5-do
gostorilmisdir.

Sokil 2-5-don goriindiiyli kimi, baxilan neftlor {iclin garisdirilma ardicilliginin to-
siri demok olar ki, olmamisdir. Ancaq qatran, asfalten vo parafin birlosmolorinin miqdarinin
qarisigin sixhigl, ozliliyii vo doymus buxar tozyiqino tosiri iso ohomiyyetli doracads ol-
magqla bazi hallarda iso bu tesir anomallig1 ilo forqlonmisdir.

DBT parametri ilo miiqayisods sixliq vo kinematik ozliilitylin doyismasi daha xarakterik
olmusdur. Belo ki, qatranin 13-14,5 %, asfaltenlorin 0,55-0,82 %, parafinin iso 8,5-11 %
doyisma intervallarinda olan tosirlor anomalligla miisahide edilmisdir (sokil 2,3).
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Qatran vo asfaltenlorin miqdarindan asili olaraq iso homin parametrlorin doyismesindo
histereziso oxsar hadiso miisahido edilmisdir. Neft qarisiglari {ictin DBT parametri iso osason
qatran vo asfaltenin miqdarinin ¢oxalmasi ilo azalmaga, parafinin ¢oxalmasi ils iso artmaga
meyilli olmusdur (sokil 4). Askar olunan maraqli naticoelordon biri do onunla bagli olmusdur
ki, BN va QN neftlorindo qatran va asfaltenlorin ilkin migdarinin uygun olaraq 10,27; 0,23 va
13, 28; 0,64 toskil etmasino baxmayaraq neftlorin qarigsmasi zamani kiitls payindan asili olaraq
onlarin doyismesi additivliys uygun golmomis, kiitlo paymin miioyysn qiymatilorind artma vo
azalma hallar1 miisahids edilmisdir. Hotta onlarin miqdarinda ilkin maksimal qiymatls miiqayi-
soda coxalma da bas vermisdir. Belo ki, qatran vo asfaltenlorin migdarinin maksimal qiymatlori
uygun olaraq 14,48 vo 0,78 % toskil etmisdir (sokil 5). Bu qiymatlor garisigda BN vo QN neft-
lorinin nisbati 58:42 % olduqda bas vermisdir. Qatran vo asfaltenlordon forqli olaraq neftlorin
qarismas1 zamani komponentlorin qarigsma ardicillifindan asili olaraq qarisan neftlorin kiitlo
payimin artmasi ilo parafinin miqgdarinin qarisigda monoton olaraq azalmasi (BN+QN) vo ya
artmasi (QN+BN) bas vermisdir. Bu zaman anomalliq hali miisahido olunmamisdir (sokil 5).
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Neft qarisiglarinda olan asfalten birlogsmolorinin aqreqatlasmasi vo kolloid sistemlorini
omolo gotirmasi hagqinda miilahizolor mévcuddur [2-5]. Tesadiifi deyil ki, homin asili halda
olan kolloid hissaciklorinin qarisigda hocmi hissosinin ¢oxalmasi qarisigin sixligr vo ozliilii-
yliniin anomal doyismosino sobob olur. Hotta elo qarisiglar ola bilor ki, qarisan neft kompo-
nentlorinin tomas zonasinda ¢dkon hissociklor (¢okiintiilor) miioyyon hocmdo foza strukturu
yaratmaqla homin zonanin 6zliliyiiniin kaskin artmasi hesabina tam borkimosine do gotirib
¢ixara bilar.

Moalumdur ki, neftlorin torkibinde miixtalif miqdarda olan qatran-asfalten kimi miirokkob
torkibli yiiksok molekullu birlogmalor nefti tiind, hatta qara rongs boyayir vo sabit olmadiqlar
ticlin miixtalif kimyavi doyisikliklora, xiisiisan oksidlosmoys ugradir. Element torkibine golinco
qatran-asfaltenlor C, H, S, N, O vo metal birlosmolorinin (porfirinlorin) olmasi ilo miisahids
olunur. Qatran-asfaltenlorin neftin torkibindo olmasi arzu olunmazdir, beloki neft¢ixarmada vo
neftin noqlinds boruda ¢okiintiiniin omolo golmasing, hotta tixaclarin vo gozalarin yaranmasina
sobab olur. Akademik A. X. Mirzocanzads ilk dofo olaraq 1976-c1 ildo 504046 Ne-li patent
isindo neftlorin vo neft mohsullarinin reologiyasini, onlarin torkibindo olan parafin, qatran vo
asfaltenlorin mikro qurlusuna fiziki vo kimyovi iisullarla tosir etmoklo yaxsilagdirilmasinin
mimiik{inliiyiinii gostormisdir. Bu ciir elmi arasdirilmalara oasason, miiasir dovrdo ABS-in
alimlorinin apardig1r elmi islordo US Patent 7029570 B2, 2006, neftdo olan qatran-asfalten
maddolorin metallarla xiistison Vanadium va Nikello bagl fikirlori boylik maraga sobab olmus
va labarator sinaqlarinda 6ziinii dogrultmusdur.

Madonlords istehsal olunan neftlorin 6zliiliiyliniin qatran, asfalten vo parafinlo yanasi,
metallarin (V, Ni, Fe va s.) olmasi ilo do bagliligi miisyyon edilmisdir. Odur ki, son vaxtlar
diinya bazarinda neftlorin torkibindo olan metallara ciddi nozarot olunur. Metallara nozarot
miivafiqg ASTM D, EN, ISO, QOST, BP va digor standartlar ¢argivesinda tonzimlonir. Neftdo
metallar osason qatran-asfalten maddolorinin torkibindo porfirin kompleksi sokilindo olur.
Neftlordo qatran-asfaltenlorin miqdart artdiqca, onlarin torkibindoki metallarin miqdar1 veo
ozliliiklori artmis olur.

Biitlin bunlara osaslanaraq torofimizdon, Azarbaycanda istehsal olunan BN, QN vo MN
neftlorinin torkibindoki metallar miiasir ASTM D 5708 Induktiv Plazma iisiilii ilo toyin edil-
misdir. Tadqiqati aparilan BN, QN vo MN neftlorindo uygun olaraq V-0.87; 0.92; 1.57
mq/kq; Ni-1.78; 1.96; 3.51 mq/kq vo Fe-4.43; 4.82; 8.16 mq/kq olmusdur (codval 1).

Tadqgiqatlarimizin naticalori vo aparilmis elmi tohlillor neftlorin torkibindoki metallarin
(V, Ni, Fe vo s.), movcudlugu vo oksidlogmosinin neft qarisiglarinda anomal xiisusiyyatlorin
yaranmasi saboblorindon biri oldugunu sdylomoys asas verir. Bu zaman homin metallarin tobii
emulgator rolunu oynaya bilmasi do miimkiindiir.

Neftdo su, mexaniki garisiqlar vo suda holl olmus halda bir sira duzlar olur. Neftin,
suyu, mexaniki qarisiglar: 6ziindo holl etmasing tosir edon amillordon on baslicast onun kim-
yovi torkibidir. Belo ki, aromatik vo doymamis karbohidrogenlor, naften vo parafin karbo-
hidrogenlordon forqli olaraq suda nisbaton yaxst hall olur. Neftin torkibinde olan bark parafin,
suda pis hall olur, gatran vo asfaltenlor iso torkibinds olan hetroatomlu birlosmolorin hesabina
su ilo davamli birlogsmolor omolo gotirir. ©Omolo golmis birlosmolor neft¢ixarmada vo neftin
noqlinds anomal proseslorin yaranmasina sobab olur.
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Qeyd olunanlar1 nozoro alaraq torofimizdon todqiq olunan neft qarisiglarinda olan
ballastlarin - su, mexaniki qarisiglar vo qatran-asfalten-parafin birlogsmoalorinin ¢6kmasi pro-
seslori do tadqiq olunmusdur. Bu magsadlo (QN+BN) vo (SN+BN) neft garisiglari {igiin uygun
olaraq daha ¢ox xarakterik olan 42:58 vo 55:45 % nisbatlori toadqiq edilmisdir. Qeyd olunan
qarisiqlar {igiin keyfiyyot gostoricilorinde anomal doyisikliklor miisahide olundugu {i¢iin mohz
homin garisiglar todqiqat obyekti kimi secilmisdir. Homin qarisiglar 30 giin miiddotindo
saxlanilaraq todqiq edilmis vo hor 5 giindon bir qarisigdan ¢okon cokiintiilorin (mexaniki
qarisiq, qatran, asfalten vo parafinlor, su vo onda olan duzlarin) migdar1 toyin edilmisdir.
Todqiqatlar homin miiddotdo standart soraitde (t=20 °C) aparilmisdir. Daha sonra temperatur
65 °C-o qodor artirilaraq hor 5 °C-don bir olmagqla ¢okiintiilorin miqdart toyin edilmisdir.
Cokiintiilorin temperaturdan asili olaraq toyini doyismoez zaman forqi ilo (hor 3 saatdan bir)
hoyata kecirilmisdir. Todqiqatlardan alinan naticolor (QN+BN) vo (BN+SN) qarisiglart iiglin
uygun olaraq codval 2 vo 3-do gostorilmisdir. Codvallorden goriindiiyli kimi, ¢okiintiilorin
miqdarina vaxtla yanasi temperatur amilinin do tosiri shomiyyatli derocads ¢oxdur. Bels ki, 30
giin arzinds ¢okiintiilorin miqdart monoton artaraq, demok olar ki, stabillogsmosino baxmayaraq
temperaturun sonradan artmasi ilo shomiyyatli doracads intensiv coxalmaga baslamisdir.

Qeyd etmok lazimdir ki, qarisigda olan ¢okiintiilorin adi soraitdo saxlanilaraq 6z-6ziino
tam ayrilmasi miimkiin deyil. Neftlorin torkibinds galan gatran va asfaltenlor dayanighi emul-
siyalarin yaranmasinda da osas rol oynayir. Tohlil gostorir ki, QN+BN qarisiginda (codval 2)
30 giin arzindo amals galon 2, 94% ¢okiintiiniin torkibinds mexaniki qarisiglarin miqdart 1,86;
qatran-asfalten-parafinin miqdar1 isa 1,08% toskil etmisdir. Temperatur amili ils tasirdon sonra
(65 °C-o godor qizdirdigda) ayrilan ¢okiintiilorin miqdar artaraq 4,97% olmusdur ki, bunun da
asas hissasini - 4,38 %-ni mexaniki qarisiqlar togkil etmisdir. BN+SN qarisig1 ti¢ilin iso 30 giin-
don sonra limumi ¢okiintiilorin imumi miqdart 2,86% (1,84%-1 mexaniki qarisiglar, 1,04 %-i
qatran-asfalten-parafin), temperatur amilinin tosirindon sonra iso homin miqdarlar uygun
olaraq 4,82; 4,24 vo 0,53 % toskil edilmisdir (codval 3). Cokiintlinlin yaranmasi mexaniki
qarisiglarin vo qatran-asfalten-parafinlorin kobud dispers sistemlor omalo gatirmasi ilo bag
Verir.

Cadval 2
QN-vd BN neftlorinin 42:58 % nisbatinds qansiginda vaxt vo temperaturdan asih
olaraq cokiintiilorin ballastlarin miqdarinin tayini iizra naticalor

T=20°C
Temperatur, °C
Gostori- Vaxt, giin
cilor
1| s |10 1520 2530253035 |40 45| 50|55 | 60| 65
Cokiin-
tuntn 124 [ 1,89 | 235 | 251 | 2,79 | 2.86 | 2,94 | 3,09 | 3,56 | 3,88 | 4,19 | 4,51 | 4.62 | 475 | 4.86 | 4,97
miqdari,
% (kiitlo)
Suyun
miqdar, | 16,7 | 18,9 | 19,6 | 20,8 | 21,7 | 22,4 | 23,1 | 25,8 | 272 | 29.4 | 30,7 | 32,1 | 33,7 | 34,6 | 35.4 | 368
% (kiitlo)
Duzlarin
miqdarl, 197,8 | 209.,6 | 226,3 | 240,2 | 260,4 | 290,8 | 310,7 | 320,2 | 341,7 | 366,8 | 385,4 | 400,9 | 416,1 | 427,5 | 432,9 | 443.,6
mgq/1
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Cadval 3
BN va SN neftlorinin 55:45 % nisbatinds qarisiginda vaxt vo temperaturdan asih
olaraq c¢okiintiilorin ballastlarin migdarmnin tdyini iizra naticalor

T=20"°C
Gostor- Vaxt, glin Temperatur, °C
iciler 1 5 10 15 20 25 30 25 30 35 40 45 50 55 60 65

Cokiin-
tiiniin
. 1,08 | 1,47 | 1,81 | 2,09 | 2,48 | 2,72 | 2,86 | 2,98 | 3,23 | 3,46 | 3,85 | 4,21 | 4,43 | 4,65 | 4,78 | 4,82
miqdart,

% (kiitlo)

Suyun
miqdart, 143 | 158 | 17,1 | 183 | 19,3 | 20,7 | 21,3 | 22,9 | 24,8 | 25,7 | 26,9 | 27,2 | 28,9 | 29,2 | 30,1 | 31,4
% (kiitlo)

Duzlarin
miqdan, 197,8 | 209,6 | 226,3 | 240,2 | 260,4 | 290,8 | 310,7 | 320,2 | 341,7 | 366,8 | 385,4 | 400,9 | 416,1 | 427,5 | 432,9 | 443,6
mgq/l

Qeyd: Cokiintiilorin temperaturdan asili doyigsmasi hor 3 saatdan bir miioyyon edilmisdir.

Qatran, asfalten vo parafinin kiitlosinin bu cilir doyismosi onlarin qurulusundan asili
olaraq bas verir. Bunun osas1 qatran, asfalten vo parafinin qurulus doyiskonliyi ilo torkibindo
olan molekullarin arasindaki mikro mosamolorin prosesdon avval basqa qurulusda olmasi ilo
olagodardir.

Bu mosamolorin 6l¢iilorindon asili olaraq, absorbsiya olmus maddolor (neft, duz, cod su
vo s.) qatran, asfalten vo parafinin kiitlosini doyismis olur. Onu da nozoro almaq lazimdir ki,
neftlorin torkibinin vo temperaturun istonilon doyismosindon sonra asfalten kolloidlorinin
tarazliq halina kegmaosi prosesi bir ne¢o giin ¢oko do bilor.

Belolikls, Azorbaycan neftlorinin timsalinda miixtolif qarisiglarinin keyfiyyot gosto-
ricilorinin neftlorin ilkin xassolori vo neco qarismasindan asili oldugu gostorilmisdir. Bir sira
hallarda neftlorin qarigmasi zamani keyfiyyat gostoricilorinin anomal olaraq doyismosi, bazi
qarisiglarin iso spesifik problemlor yaratmasi vo timumiyystlo “arzuolunmaz” olmasi askar
edilmisdir. Bu ciir qarisiglara additivlik qaydasinin totbiq olunmasinin yolverilmazliyi nazora
alimmal1 vo rasional garisiglarin alinmasi magsadils ilkin laboratoriya sinaqlarinin aparilmasi
zoruri hesab olunmalidir. Belsliklo, aparilan todqiqatlar naticesindo miioyyaon edilmisdir ki, neft
qarisiqlariin reofiziki xiisusiyyatlorine onlarin kimyavi torkibi ohamiyyatli doracads tosir edir.
Torkibin miixtolifliyindon asili olaraq neftlorin qarismasi1 zaman1 mexaniki qarisiqlar, qatran-
asfalten-parafinlor vo suyun ¢okmaosi bas verir. Hatta bu zaman qeyd olunan yiiksok molekullu
kimyovi birlogsmalor asfalten vo gatranlarin qarisiqlarda kiitlo faizinin artimi da miisahido
olunur. AQP miqdarinin doyismasi onlarin qurulusundan asili olaraq bag verir. Bunun osas
sobobi AQP-nin qurulus doyiskonliyi ilo torkibindo olan molekullarin arasindaki mikromo-
samolorin prosesdon ovvol basqa qurulusda olmasi ilo olagodardir. Bu mosamolorin 6l¢ii-
lorindon asili olaraq, absobsiya olmus maddolor (neft, duz, cod su vo s.) qatran, asfalten vo
parafinin miqdarini doyismis olur. Onu da nozors almaq lazimdir ki, neftlorin torkibinin va
temperaturu istonilon doyismosindon sonra asfalten kolloidlorinin tarazliq halina kegmaosi bir
ne¢d giin davam edos bilir.
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O PEO-HAHO-XUMHUYECKNX OCOBEHHOCTAX HE®TAHBIX CMECEW
I'.T. ACMAMBIIIOB, B.X. HYPYJUIAEB, M.b. AJIBITE3AJIOBA

B crathe mpuBeEICHBI pe3yNbTaThl UCCICAOBAHHHNA KAYCCTBCHHBIX M PEOXMMHUYECKUX TOKa3aTeiel
cMecell pasHocOpTHBIX Hedreld m HedrenmpomykToB. [lokazaHa HEOOXOAWMOCTh ydYeTa B3aMMOJCHCTBHS
CMCIIUBAIIUX HePTEH U PCOHAHOXUMHUYECKUX 0COOCHHOCTEW He(TIHBIX cMecell. YKka3zaHa HEOOXOIUMOCTh
MPEABAPUTEIHLHOTO UCCIICIOBAHUS M aHAJIKM3a B TA0OPATOPHBIX YCIOBHUSIX JJIsI IPEAOTBPAICHUS OCIOKHEHHUH,
CBSI3aHHBIX CO CMEIICHUEM HE(TEH.

Knwuesvie cnoea: nokaszamenu kauecmea, cMmewleHue Hegmell, 613KOCMb, mMeMnepamypa
3acmuvleéanus, Npasuia a0OUMUEHOCMU, XUMUYECKUN COCMAB, 0CAOKU, CMON0-NApapUHO-acharbmenosvle
OMIIOJICEHUSL.

ABOUT RHEO-NANO-CHEMICAL SPECIFICS OF THE OIL MIXTURES
Q.Q. ISMAYILOV, V.H. NURULLAYEV, M.B. ADIGOZALOVA
The article examines the rheological and qualitative parameters of the different grades of the oil mixtures
and the oil products. It shows the necessity to take into account the interaction in the oil mixtures and their
rheological and chemical properties. The article states an importance to conduct the preliminary research and

analysis in the laboratory to prevent complications associated with mixing oils.

Key words: quality indicators, oil mixing, viscosity, solidification point, additive rules, chemical
composition, sediments, paraffin, resin asphalt deposits.
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KOHIEINIUA PASBUTUSA OIITUKO-2JIEKTPOHHBIX
IHPUBOPOB

S.T. JDKAMAJIOB, K.A. ACKEPOB”

B pamkax pasBUTHS CHUCTEMBI YIIPaBJICHUS BOOPYXKCHHEM apMuH, B HHTepecax MuHucrepcTtBa OO0pOHBI
AsepOaitkanckoir  PecriyOnuku, pa3paboTaHbl W OPraHW30BaHbBI TMPOW3BOJCTBA PA3JIMYHBIX CJIOXKHBIX OINTHKO-
9JIEKTPOHHBIX MPUOOPOB. BriepBrie co3/1aHbI NPOM3BOACTBA PA3IMYHBIX BHIOB ONTHYECKUX JleTanel u ceTok. Pazpabo-
TaHbl CIICLMAIBHBIE METOJUKH, MO3BOJIIONINE M3MEPSATh ONTHYECKUE MapaMeTpbl M3JETHH 10 M MOCHe MPOBEICHHS
MEXaHUKO-KIMMaTHYECKHX HCIbITAaHUN. Bee BUIBI pa3pab0oTaHHBIX ONTHYECKUX TPUOOPOB 0J00PEHBI B BOOPY)KEHUH U
YIIOBJICTBOPSIIOT TPEOOBAHUSAM, NPEIbSIBISEMbIM 3aKa3uMKaMH JUIs BOCHHBIX H3JIENIUI C y4ETOM OSKCIUTyaTallMOHHBIX
YCIOBHH. YCTaHOBIEHO, YTO MPOU3BOJMMBIC NPUOOPHI HE YCTYMAIOT IO ONTHYECKUM IapaMeTpaM CYIIECTBYIOIINM
COBpPEMEHHBIM aHaJloraM 3apyOeXHBIX 00pa3IoB.

Kniouesvie cnosa: xonnumamopnule npuyensl, u30eius cneyuanrbHo20 Ha3HAYeHUs, OUONmMpUs, Menioeu3u-
OHHbIE NPUOOPBI, KOJIUMATNOD XOA0OHOU NPUCTPETKU.

N3BecTHO, 4TO yKpenaeHne 00OpOHHON MOIY CTPaHbl B IEPBYIO OUEpPEAb 3aBUCUT OT IIpa-
BWJIBHOW HAy4YHOW OpraHW3alliy CHCTEMBI YIPABJIEHUA BOOpYXEHHEM apmuu. B MuHucrepcTse
O6oponnoii [Ipomemutiennoct (MOII) AszepOaiimkanckoir PecnmyOnuky OIHMM M3 BaXKHBIX
HalpaBJICHUH sBIsETCA Pa3paboTKa M yCOBEPIICHCTBOBAHUE ONTUKO-3JIEKTPOHHBIX MPHOOPOB
CHELNAIbHOTO Ha3HAUCHMSI.

B cBs3u ¢ 3TUM  OOIIMPHO MPOBOJATCSA TEOPETUYECKHE U (PyHIAaMEHTAIbHBIE HCCIEI0BA-
TEJIbCKUE PAa0OTHI IO Pa3pabOTKE AIEKTPOHHO-ONTUYECKUX NMPHUOOPOB U CUCTEM AJIS CIIELUAIBHOTO
HazHaueHus [1-3].

B 2006 rony Bnepssie npu MOII 65110 co3aano Ontuko-MexaHnuecKkoe MpOru3BOICTBEH-
HOe OObeIMHEHHE, M MPUOOPOCTPOCHUE CTANI0 YCIEIIHO Pa3BUBATHCA. BbUIM BBIOpaHBI CaMble
Jy4dllIMe CIEeUUAIUCTB B 00JIACTH (U3UKH, M HAYaJIUCh pabOThl MO pa3pabOTKe U MPOU3BOACTBY
CHENUATBHON MPOIYKIIMA 00OPOHHOTO Ha3HAYCHHUS.

OcHoBHO# 3aauelt 6bUI0 00ecTIeYeHNne HYX/I CUIOBBIX CTPYKTYp PECIyOJIMKH ONTHYECKHU-
MU IpHUlesIaMy, TpUOOpaMU HOYHOTO BUAEHUS, TEINIOBU3MOHHBIMHU M ONTHYECKUMHU CHUCTEMaMH,
NPUMEHSIEMBIMH B BOOPYKCHHUHU.

OnTuKO-3/1€KTPOHHOE NMPUOOPOCTPOCHUE SBISETCS B BBICHIEH CTENEHM HAYKOEMKOW U
CJIOKHOM OTPACIIbIO MPOMBIIIIEHHOCTH, TPEOYIoIel OOIMIMPHBIX U TITyOOKUX 3HAHUM B Pa3IMIHBIX
pasnenax (pU3MKHU: AIEKTPOHHKE, ONTHKE, (PH3UKE TBEPIOTO TeNa, a TAK)KE B 00IaCTH MPEIM3UOH-

X
MunucrepcrBo O60pOHHON TPOMBIIIIIEHHOCTH A3epOaiiKkana
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HOM MeXaHW4YecKoil 00pabOTKH METaJIIOB U CTeKia. BoBce He ciydaiiHO, 4TO OTpacib ONTUYECKO-
ro nNpubOpPOCTPOEHHUSI — B OTPAHUUEHHOM MPOU3BOCTBE, B MPOMBIIICHHO PA3BUTBIX CTPAHAX MHU-
pa. B cBsi3u ¢ aTHM ciiexyeT 0co00 OTMETHTH, YTO BIEpBhIe B A3epOaiipkaHe OpraHu30BaHO MPO-
M3BOJICTBO LEJION raMMBbl CIOXHBIX ONTHKO-3JIEKTPOHHBIX MPHOOPOB B MHTEepecax MuHHCTEpCTBa
Ob6oponb! Azepbaiimkana.

BpIcOKMiT ypoBEHB ONTHUKO-3JIEKTPOHHOTO MPUOOPOCTPOSHHSI BO MHOTOM OIPENEISIET CTe-
NeHb 000POHOCTIOCOOHOCTH CTPAaHbl U MUHUMHU3UPYET BO3MOXKHBIE TIOTEPU B )KUBOH CHIJIE U TEXHU-
K€ B YCIIOBHUSIX pEAIbHBIX O0EBBIX AeicTBUiA. [loaTBEp)KICHIEM STOMY SIBISIETCS TO, YTO MHOTO CHIT
BKJIQJIbIBAJIOCh B CO3[JaHUE U Pa3BUTHE ONTHYECKOIO MPOU3BOJCTBA, HAYYHO-IIPOU3BOJACTBEHHBIX
7abopaTopuil M UCHBITATENBbHOW 0a3bl JUIs pa3pabOTKH W MPOU3BOACTBA KOHKYPEHTOCTIOCOOHBIX
OTITUKO-DJIEKTPOHHBIX MPUOOPOB CIIEIUATBHOTO HAa3HAYEHHsI, YTO Jaji0 HaMm OOJbIINE MPOU3BO/I-
CTBEHHBIE BO3MOKHOCTH OBICTPO M KAaueCTBEHHO B HEOOXOJMMBIX KOJIMYECTBAX HM3TOTABIMBATH
onmuuecKkue 0emanu u3 CMmexkna:

- TUH3BI CO CPEepUYECKUMH U TUIOCKUMHU MOBEPXHOCTSAMH, 10 50 MM 1uamerpa, TOYHOCTD
M3rOTOBJICHHUS TIOBEPXHOCTEH KOHTPOJIMPOBATIACH COBPEMEHHBIM HHTEP(HEPOMETPOM;

- CKJICEHHBIE ONTHYECKHUE JIETAH, CKJIEHKa TPOU3BOMIACEH C UCTIOIb30BAHUEM TEXHOJIOTUN
YIIBTPa3ByKOBOI'O OTBEP/CHUS, YTO 00ECIEUNBAIO U3TOTOBJICHHUE y3JI0B BHICOKOW TOYHOCTH, CTOM-
KHX K BO3JICHCTBUIO MEXaHUYECKHUX M KIIMMATHYECKUX (DaKTOPOB;

- IPU3MBbI U3TOTABIMBAJIKCH MIPSIMOYTOJIbHBIE, POMOHUECKHE, KyOu4ecKue, CKIICCHHbIE;

- pa3IUYHBIC CETKH M IIKAJbI, CIIOCOOBI M3TOTOBJICHHS — IPAaBUPOBAHNE C MOMOIIBIO TaH-
Torpada uimu GororuTorpaguuecKkuii ¢ pazMepamMu IEMEHTOB OT 8 MKM;

- MOKPBITUSI HAHOCWJIUCh BaKyyMHBIM HJIM XUMUYECKUM CIIOCOOOM ISl BUIUMOM U OJIMXK-
Heit MK-o0mactu criekTpa ciaeayonyx BUI0B: IPOCBETISIONINE, 3epKalbHbIe, 3allIUTHBIC TPO3pad-
Hble U UHTEeppEepeHInOHHbIe punbTpytomue. [lapaMmeTpbl MOKPBITUS KOHTPOIUPOBAIUCH ITAJIOHA-
MU C TIOMOILBIO COBPEMEHHOTO CIIEKTpo(OoTOMETpA.

K mapamerpam onTuueckux neTaneld, KOTOpble OOBIYHO KOHTPOJIUPYIOTCS B MPOIIECCE U3-
TOTOBJICHUSI JeTaliel, a Takxke mpoBepstoTcs B nabopatopusix u OTK, oTHocarcs: rabapuTHbie
pa3Mepsl (TOJNILKHA, TUaMeTp, AJIMHA, IHUPUHA U T.I1.), pPaJUYyChl KPUBU3HBI, (POKYCHBIE PACCTOSHUS
1 (OKYCHBIE OTPE3KH, YIJIbl TPU3M, KIHMHBEB U (acok, popMa W 4uCTOTa TTOBEPXHOCTEH, IIEHTPH-
poBaHue, HeNmapaIETbHOCTh 00Pa3yIOMINX MIHHIPUIECKUX JINH3 [2, 4].

[Ipu >TOM OCHOBHBIE TpeOOBaHHMS K CHCTEME MEHEPKMEHTa (KaueCTBO OpTraHM3aIlHi,
OCYIIECTBIISIONINX UCCIIEeOBaHMs, pa3paboTKy, MPOU3BOJICTBO, MOCTaBKY, OOECIIeUeHUE IKCILTya-
TallMM, PEMOHT W YTHJIHM3AIMI0O BOSHHOH MPOIYKIIMH, HANpPaBJICHHBIE HAa OOECIIEYEHUE COOTBET-
CTBUSI BOCHHOW MPOAYKIIMU TPEOOBAHUSAM TaKTUKO- TEXHUYECKOTO 3a/IaHUS 3aKa3yrKa U yCIOBHSIM
KOHTPAKTa Ha BCEX CTAJUAX KU3HEHHOTO IIMKJIa BOGHHOW MPOIYKIMH) YCTAHABIMBAIOTCS CTaHAAp-
Tamu [3-7].

Taxke MBI HaXOJUMCS B TECHOM COTPYJHUYECTBE C BEAYIIMMHU TMPEANPUATHIMHU TaKUX
ctpaH, kak Poccus, Typuus, benapyce, Pymbraus, I'epmanust, M3pauns u Upan B obmacti oOMeHa
OTIBITOM HAay4YHO- MCCIIEIOBATEIbCKUX PA0OT M MO pa3paboTKe ONTHYECKHX MPHUIIENIOB, MPUOOPOB
HOYHOTO BUJICHUS M TETUIOBU3MOHHBIX MPUOOPOB. 3a KOPOTKOE BpeMsi MHOTHE pa3pabOTKU MPHUHS-
TBI K BOOPY>KEHHIO, OBLIIO OPraHU30BAaHO CEPUITHOE MTPOU3BOJICTBO HIKETIEPEUNCIICHHBIX U30€/UiL:
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- TPY BUJA KOJUTMMATOPHBIX MPHUIIETIOB Map-
ku KN-A, KN-AW u RS-M c kpacHOW TOUYKOM,
pa3paboTaHHOW IS HABEICHWS Ha II€ITh aBTOMATH-
YECKOT'0 CTPEJIKOBOTO OPYKHS MPH CTpesbOe B JIO-
OBIX YCIIOBHSX OCBEIICHHOCTH: B JJHEBHOE BPEMsl, B
CyMepKax, HOYbIO MPH MCIIOIH30BAHUHA COBMECTHO C
npudopaMyd HOYHOTO BHJICHHS (OYKAMH HOYHOTO

BUACHUA WM MOHOKYJIIpaMXd HOYHOI'O BUIACHHSA

tuna A-100) [1]. [Ipumensr pa3zpabotanbl B pas-
JUYHBIX BapUaHTaX MCIOJIHEHUS JJIs HalpaBlIsio-
X TUIIA «JIACTOYKHH XBOCT», HpHerHHCHHBIfI Ha
OOKOBOI YacTH CTBOJBHOM KOPOOKH OpYXKHS WM
UMEIOIINN  TOCaIoYHOE MECTO: HAIpaBIISIOIIAs
wianka tumna “Picatinny rail MIL-STD 1913”. Kon-
JMMaTOPHBIE TPHUIIETHl YCTAaHABIUBAIOTCS HA aBTO-
Matel AK Bcex moaudukarnmii, aromatsel G3, G36,

nynemersl FN, BuHTOBKM M-16 BCcex Moaupukanuii 1 Ha Jpyrue aBTOMaTHYECKUE CTPEJIKOBbIE
OpYXHS C ABYMS THUIIAaMH IMPHULEIBHON Mapku. Bo Bpemst pa3paOOTKH KOJUIMMATOPHBIX MPHIIETIOB
MBI TECHO COTPYAHMYAIM ¢ IBenckod dupmoii “Aimpoint AB”, 6enopycckoit pupmoii “BEJIO-
MO”, Hoocubupckoii (poccuiickoit) OM3 u npyrumu pupmMamu, SBISIFOIIMMUCA OJHUMH U3 Be-
JTyITUX KOMIIAHUH Ha MUPOBOM PBIHKE B c(pepe pa3paboTKy KOJTTMMATOPHBIX MTPHIIETIOB [8,9].

[Mpunuun nefcTBus pazpabOTaHHBIX HAMHM KOJUTMMATOPHBIX MPHUIETIOB OCHOBAH Ha OTpa-
KEHUU CBETOBOIO JIyya OT IIOBEPXHOCTHU pa3zeia ABYX JMH3 00bekTHBa. O0€ JUH3BI MJIOTHO COB-
MEIIEHbl U HAKJIOHEHBI O] HEOOJBIIUM YIJIOM K IMPOAOJIBHOW OCH KOJTMMAaTOPHOTO TpHIIETA.
Hcrounuk cBeTa, UCIYCKAIOIUHI Jy4 ¢ ATUHON BOJHBI 650HM, Oe30macHON /i1 11a3a, BMOHTHUPO-
BaH Ha BHYTpPEHHEW MOBEPXHOCTH KOpIryca Ommke K OKyispy. Jlyum cera, oTpask€HHbBIE OT IO-
BEPXHOCTH pa3Jiesia 0ObEKTUBHBIX JIMH3, HapajIebHbI U MOJHOCTHIO UCKIIIOYAIOT SIBJICHUE Mapaj-
nmakca. HakioH JTMH3 XOpOILIO BUICH C HApYXXHOH CTOPOHBI 00beKTHWBA. HapykHBI Kopryc u
TpyOKa C JMH3aMU M3TOTABIMBAIOTCA M3 QIIOMUHHS U 3alUIIAIOTCS HNPOYHBIMU MOKPBITHUAMHU.
JIMH3BI UIMEIOT MHOT'OCIIOMHOE MOKPBITUE, YBEIUYMUBAIOIIEE MIPOIyCKaHue cBeTa. OnTudeckas cxe-
Ma HE NpPEeAyCMaTPHBAET YBEIWYCHUE HM300paKEHUS, CTPEISIOT U3 OPYXKHSA C KOJUIMMATOPHBIMU
npunenamu Ha auctaHiyy 10 100 M, mpeaycMoTpeHa peryIupoBKa MOJIOKEHUS KPAaCHOW TOUYKH Ha
MUIIIEHU B BEPTHUKAILHOM M TOPU30HTAJIHHOM MOJOXKEHUU IBYMs OTAEIHHBIMH OapabaHUMKaMHU.
Hamm pa3paboTku SIBISIOTCS T€PMETUYHBIMU
U HE YCTYNAKT HEKOTOPBIM ONTHYECKUM IIa-
pameTpaM CyILECTBYIOIIMX MHUPOBBIX aHAJO-
roB 00pasmoB Takux cTpaH, kak Poccus, bena-
pycw, UlBeumsi, Mzpawmnb, ['epmanus u T.1.
[8,9].

- mpunen QON-1 TeneckonuyecKuit
st rpanatometoB [1I'O-7B3  nmpennaznauen
JUISL HABEJICHHsI Ha 1IeJIb PYYHBIX IPOTHBOTAH-
KOBBIX TPaHaTOMETOB, BEACHHUS NPULEIbHON
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CTpeNBbObI C UCIIOJIB30BAHUEM 5 pa3HbIX OOEMPHUIIACOB U HAOIIOACHNUS
3a nojiem 60s. Pa3paboTanHas HOBasi ceTka Mpullesia Mo3BOJIIET U3Me-
PATH PACCTOSHUE 10 CTAHAAPTHOH IeNIM, YIUTHIBATh OAITMCTUKU pa3-
JMYHBIX OOEMPUIIACOB, a TAKXKe BHOCUTH OOKOBBIE MOIMPABKU B MOJIO-
JKEHHE JIMHUW TPULENUBAaHNS. [ epMETHYECKUI KOPITYC 3aIlOIHEH CY-
XUM a30THBIM Ta30M JUIS TPEIOTBPAIIEHUS 3aTI0TEBAHUS ONITHYECKIX
JIMH3 TPU PE3KOM MU3MEHEHUHU TemnepaTypsl. C MOMOUIbIO CHEHAIbHO
pa3paboTaHHOTO MPHUCTIOCOOTICHHUST K TPHUIENIY YCTaHOBIIEH MPUOOP
HOYHOrO BHUJEHUS MOHOKYJSp A-100, KOTOpBII MO3BONISIET UCHOIB30-
BaTh NPULET B HOUHOE BpEMS CYTOK.

- pa3paboTaH M YCOBEPIUICHCTBOBAH OPYAMMHBIN KOJIIMMATOP

K-1, mnpenHa3HaueHHBIN [UIsI TOPU3OHTANIBHOM HABOAKHU OpPYAUs MpU
OTCYTCTBMM €CTECTBEHHBIX yJaJICHHbIX TOUYEK HABOJKU U B YCIIOBHSIX
OrpaHUYEHHON BUJUMOCTH: HOUYBIO, B TYMaHe, IPH 3a/bIMJICHUU OT-
HEBOH MO3UIMH, IIPU PACIOJIOKEHUN OPYAHS B 3aKPBITHIX MMO3ULUAX,
COBMECTUM C ONTHYECKUM mpuuesoM MuHomera MIIM-44M. Hamu
pa3paboTaHa HOBas MpaKTUYECKas CUCTEMa OCBELICHUS LIKaJIbl JAJIs
TEMHOTO BPEMEHH CYTOK, a Takxke TpeHorn K-1 MY mis ymoOGctBa
YCTaHOBKH.

- MUHOMETHBIN onTuueckuil npuren MIIM-44M npennaszHa-
YeH JUIs HaBeIEeHUs MMHOMETA MPH CTpeab0e C 3aKPBITHIX MO3HMINH.
[Ipunen cHaGXeH yrIOMEpHBIM MEXAHH3MOM M MEXaHH3MOM YIJIOB
BO3BBIIICHUS CO IIKaJaMH rpy0oro u TouHOro oTcyera. Vimeercs nBa
YPOBHS JJIsl TOPU3OHTUPOBAHUS TpULIETa U OJUH JJI BEPTHUKAIbHOMN
HAaBOJKU CTBOJIAa MHUHOMeTa. J[iiss paboThl B TEMHOE BpeMsl CYTOK |
HamMH ObUTH pa3paboTaHbl HOBBIE BAPHAHTHI CHUCTEMBI OCBEIICHUS
MPULIETBHOW CETKM M LKAl MeXaHU3MOB HaBeaeHus. [lpu otcyrt-
CTBUU €CTECTBEHHBIX YJAJCHHBIX TOUEK HABOJKH MPHIIET MOXKET UC- |
I10JIB30BaThCsl B KOMIUIEKCE ¢ OpyAuHHBIM KosumMaTopoM K-1. Ilpu- |
LebHAsI CeTKA COAEPIKHUT CHELMATIbHYIO LKAy Ui paboThl ¢ KOJ-
JUMaTOPOM.

B nacrosmee Bpems Ha MOII (OnTuko-MexaHHYECKOM Tpo-
W3BOJICTBEHHOM O0BETMHEHNH) pa3paboTaHbl 1Ba BUAA COBPEMEHHBIX TEJIECKOIMMYECKUX CHaifrep-
CKHX TpHIENOB ¢ nepeMeHHbIM yBemudeHnem, Mmapku CTOH (4-14)x50 u CTOH (6-24)x50. IIpu-
LENbl ¢ IEPEMEHHON KPAaTHOCTHIO MOTEHIIMAIBLHO TEMHEE, IIO3TOMY JUISl UX MPOU3BOJCTBA TPeOy-
10TCs1 O0JIee KaueCTBEHHBIE JIMH3bI, HO TaKHE MPHIIEIB U 00Jee YHUBEPCAIbHBI, TOCKOJIBKY IT03BO-
JSIFOT U3MEHSITh I10JI€ 3PEHHs], YToJI KOTOpPOro 0OpaTHO NMPONOPLMOHAJIEH KPATHOCTH: 4eM OoJiblIe
KpPaTHOCTb, TEM MEHBIIE MOJe 3peHHU. DTH MPULIENBl ObUTH MOJCPHU3UPOBAHBI JUIsi CHAUTIEPCKUX
BHHTOBOK, CO3JIaHHBIX pazpaborumkamu mnpeanpustaii MOIT mapkoit “Ucturman”, “Kypsza” u
np. Pa3paboTyvki CKOHCTPYHMPOBAIN CHCTEMbI KPETJICHHs! IIPUIIEJIOB HA CHAMIEepPCKUe BUHTOBKH C
CHJIHOW OTJIauell, MpU4eM IMPULIEI TOJKEH OBLT JIETKO CHUMATBHCS C BUHTOBKH M JIETKO CTaBUTHCS
Ha Hee 0e3 CHIKEHUS] MEeTKOCTH 00s. [Ipuiiens yaoBIeTBOPSAIOT TPEOOBAHUSAM, IPEIBIBISIEMbIM K
HUM TI0 HaJEKHOCTU M CTOMKOCTH MEXAaHMKO-KIMMAaTHYECKUM HchbITaHueM. OnThyeckue mapa-
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METpBI HE YCTYINAIOT CYIIECTBYIOLIMM COBPEMEHHBIM aHAJIO-
ram 3apy0exHbix oopasuos [10,11].

- ONTHYECKHN KOJUIMMATOP XOJOAHOM NPHUCTPEIKH
tuna SAK pa3zpaboTaH AJis BHIBEPKM YCTaHAaBIMBAEMBIX Ha
OPY’XKMHM ONTHYECKUX M OINTHUKO-3JEKTPOHHBIX MPHUIIEIIOB,
BBIBEPKH IITATHBIX MEXaHUYECKHUX MPHULIETBHBIX MPHUCIIO-
COOJIEHWH, a TaKKe Ui KOHTPOJSI BBIBEPKH IPUIEIOB Ha
OpPYXHMHM TOCJE Mapllel, JAIUTEIbHOT0 XpaHeHHus 0e3 IMpo-

Bepku 00s crpenbOoil. Mcnonp3oBaHue ONTHYECKHUX KOJI-
JMMATOPOB XOJIOIHOM MPUCTPENKHU MO3BOJISET CYIIECTBEHHO
9KOHOMHTH Ooemnpunacsl. Hamu paspaboTaH HOBBIH BHIOU3ME-
HEHHBII BapHaHT KOPITyca M CTBOJBHBIE BKJIA/IBIIIN, KOTOPHIE TIO-
BBICHJIM TOYHOCTh W yA0OCTBO TPHUMEHEHHUS KOJUIMMATopa Ii0
CPaBHEHHUIO C CYIIECTBYIOIIMMHU aHAJIOTaMHU.

- pa3paboTaHbl TpU3MATUYECKHE OWHOKIM C KOMIIACOM
7x42 u 10x40 npegHazHayeHHBIE JIsl MIMPOKOIO CIEKTpa MpuMe-
HEHUS, B TOM YHUCJIE JJIsl pEIICHUs pa3Iu4HbIX O0eBBIX 3a/1a4. bu-
HOKJIb BJISIETCSl HAJCKHBIM U YAOOHBIM CPEJICTBOM HAOIIOJICHHS
yaJeHHBIX O0OBEKTOB C BO3MOKHOCTBIO OINpPEACTICHHUS X OPHUEH-
THpA, TPUMEPHBIX YIJIOBBIX pa3MEPOB, MArHUTHBIX IOJICH U IpoO-
BEJICHUSI TAKTHYECKHX OTEPAIii C IETbI0 YIPABJICHUS CTPEIBLOOH.
VY 100HBINA 00pe3MHEHHBIN KOPITyC MO3BOJISET HAJICKHO yIEPKUBAThH
OWHOKJTb B PyKax U MPEOXpaHseT oT ynapoB. Pa3paboran ¢ ygeTrom
CHEIHMaIbHBIX TPEOOBAaHUI K FePMETUYHOCTH, YTO MO3BOJSET IKC-
IJTyaTUPOBATh JAHHBII OMHOKIIb B YCIOBHUAX MOBBIIICHHON BIa’KHO-
ctu. IlpocBernenHas onrtuka 00eCNEeYMBAIOT BO3MOXKHOCTH [UTH-
TEJIBHOTO U YA0OHOT0 HAaOI0IeHUS 32 OOBEKTAMH.

- mpubOp HOYHOrO BUAEHUS MOHOKYJsAp A-100 mpennazHa-
YeH JJIsS WCIIOJIb30BaHUS B IMPABOOXPAHUTEIHHBIX OpraHax, CIell-

MOJPa3/IeJIEHUsIX apMUU U JAPYTUX CHIOBBIX CTPYKTYpax IUlsl BU3Y-
QJIBHOTO HAOJIOJCHUS U NPUIETUBAHUS COBMECTHO C THEBHBIMH U
KOJJIMMATOPHBIMH IPUIENIaMH B YCIOBUSAX HOYHOTO BpeMmeHH [1]. M3roToBnensl npubopsl HOYHO-
ro BUJACHUS U3 IUIACTHYECKOro MaTepuana (TMoluamMuIa) ¢ yIydlIeHHBIMU TTapamMeTpaMu U yJa00-
HBIMH JUIsl IPAKTHUYECKOT0 NTPUMEHEHUs. B U3enusax MpUMEeHsUINCh IeKTPOHHO-ONTHYECKHE TIpe-
o6pasosarenu 2" i 3 mokoseHuii npoussoacTsa Gupmel “FOTONIS”.

JI1 Kaskoro n3zienust CO3AaHbl CHeYUAIbHble UIMEPUMETbHbLE CIEeHObL, TTO3BOJISIONINE
U3MEPSTh U KOHTPOJIUPOBATH ONTHUECKUE NTapaMeTPsl J0 U MOCIIe IPOBEACHUS MEXAHUKO-
KJIMMaTUYECKUX UCTIBITAHUMN:

-poKyCcHOE paccTOsTHUE OOBEKTHBA, MM;

-BUJIMMO€ YBEJIMYEHUE, KpaT;

-YIJIOBOE NOJI€ 3pEHHUs, YIII. Tpask;

-IMana3oH IUONTPUWHON HACTPOUKH, INTD;

-IMaMeTp BXOJHOTO 3padka, MM;
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-yAaJleHUue BXOJHOTO 3payuka, MM;

-11ar BbIBepKH, yria.c (MOA);

-4HCJIO Tpagalii IPKOCTH MPUIIEIBHON MapKH U CETKU;

-BHJIUMBII pa3Mep NpUIeTIbHON MapKH, YIJI.MUH;

-IMana3oH BHIBEPKH B TOPU30HTAIBHOM M BEPTUKAIBHOM HANpaBICHUSX, YTII.TPAI,

-KOHTPOJIb MAPAMETPOB DIIEKTPOHHO-ONTHUECKUX npeobpaszosareneii (DOIT) nokonenus 2
WA 3;

-IIeHa JeJICHUS YPOBHS, MUH;

-rabapuTHBIC pa3Mepbl, MM;

-Macca, kI .

HagexxHocTh M3nenuii  ymoBIETBOPSET TpeOOBaHUAM, MPEABIBISIEMbIM 3aKa3uyUKaMU C
YUETOM SKCIUTyaTallud UX B COBOKYITHOCTHU C OPY>KHEM.

Co3znanbl 1a00paTOPUN HE TOJIBKO OMpeEeseHUs] TapaMeTpoB MPHOOPOB HOYHOTO U JTHEB-
HOTO BHUJCHHS, a TakkKe JJaboparopus KIMMATHUYECKUX W MEXAaHWYECKHX HCIBITAHUN, KOTOpBIE
UMEIOT OOJIbIIOE 3HAYEHHUE ISl JAIBHEHIIETro yCIEIIHOTO Pa3BUTHS HAYYHO-TEXHUYECKOTO Harl-
paBnenuss MunucrepctBa OO0poHHON MpoMbIIUIEHHOCTH A3epbaiimkanckon Pecnyonuku, 4to, B
CBOIO O4Ye€pe/ib, OMpENesieT HOBYIO CTPATeTHI0 OOOPOHHOW MPOMBIIUIEHHOCTH ISl COJNEHCTBHS
JanbHeHIIeMy YCKOPEHHOMY Pa3BUTHIO SKOHOMHUKH.
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OPTIK-ELEKTRON CIiIHAZLARIN INKiSAFI KONSEPSiYASI
Y.T. CAMALOV, K.8. 8SGOROV

Maqalada silahlanmanin idars edilmasi sisteminin inkisafi daxilinde Azarbaycan Respublikas: Miidafia nazirliyinin
tolabatin1 tomin etmok {i¢lin bir ¢ox miirokkob qurulusa malik optik-elektron cihazlarin yaradilmasi vo istehsalinin togkili
mosaloloring baxilmisdir. {1k olaraq miixtolif ndv optik hisselorin va torlarin istehsali sahasi yaradilmigdir. Mexaniki va iglim
sinaqlarmdan ovval vo sonra optik cihazlarin parametrlorinin 6l¢iilmosi {iglin xiisusi 6l¢ii metodlart vo qurgulart islonib
hazirlanmigdir. Biitiin yaradilmis optik cihazlar sifariscinin harbi cihazlara vo onlarin istismar sortlorina qoyulmus toloblara
cavab verdiyi ligiin silahlanmaya qobul edilmigdir. Gostorilmisdir ki, istehsal olunmus cihazlar optik parametrlorino gors xarici
6lks analoqlarindan geri qalmurlar.

Agar sozlor: kolimator nisangahi, xiisusi tayinatly momulat, dioptriya, teplavizion cihazlar, soyuq atas kolimatoru.

CONCEPTS OF DEVELOPMENT OF OPTIC-ELECTRONIC DEVICES
Y.T. JAMALOV, K.A. ASGAROV

As part of the development of the army weaponry control systems, the production of a whole range of sophisticated
optic-electronic devices with the interests of the Ministry of Defense of the Republic of Azerbaijan were developed and
organized. For the first time, the production of various kinds of optical parts and grids was created. Special methods and
measuring test units are developed to quantify the optical parameters of products before and after the mechanical and climatic
tests. All kinds of the developed optical instruments were adopted for the armament and met the military product requirements
set by the customers with respect the operational conditions. It is established that the manufactured devices are not inferior to
the modern analogues of the foreign production with respect to the optical parameters.

Key words: collimator sights, special purpose devices, diopters, thermal imaging devices, cold shootout collimator.
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TEPMOCTABHWJIBHBIE JATYUKHA XOJIJIA HA OCHOBE 1In,,Ga,Sb

C.3. JAMUPOBA", C.A. 3EMIHAJIOB", B.A. TAUPOB"

B pabote npoaHanm3upoBaHa BO3MOXKHOCTh CO3JaHMS JTAaTIYHMKA XO0JUIa Ha OCHOBE TBEPIBIX PAacTBOPOB Inj.
«Ga,Sb. [TokazaHo, 4YTO MAaTUYWKH, CO3aHHBIC HA ocHOBE In; Ga,Sb, 00mamatoT OOJIBIION YYBCTBUTEIHHOCTHIO H
ONITUMAJIFHBIMHU 3HAUYCHUAMH K03((UIMeHTa TIepeaayl 10 HANPsDHKCHHUIO, B CPABHCHHUU C IPYTUMHU JaTYHKAMH.
OTO0 maeT BO3MOXKHOCTh HM3TOTOBJICHHUS JaTYMKOB Xoiuta Ha ocHoBe Inj. (Ga,Sb mis rpagyrpoBKH MarHUTHOTO
T0JISl B Pa3HbIX TEXHUUECKHUX YCTPOUCTBAX.

Knrouesvie cnosa:  xkospuyuenm Xonna, 21ekmponposooOHOCHb, NOOSUNCHOCTb, 80IbMOBASL
yyecmeumenvrocmo, In;. ,Ga,Sh.

Beenenne. ['anbBanomMarHuTHbIE 3(P(EKTHI IPUBIEKAIOT BHUMAHUE B CBSA3U C TEM, YTO Ha UX
OCHOBE BO3MOXKHO CO3J[aHHE PsJa YCTPOMCTB U MPHOOPOB, 00IaJAIOMNX IEHHBIMH CBOWCTBAMHU.
Pemmenne npuknagHbIx mpo0aeM BBIIBUTAET HEOOXOAMMOCTh U3yUYEHUsI CBOWCTB IIOJIyIIPOBOJIHU-
KOBBIX MaTepuaJIoB ¢ OOJIbIION MOJBMKHOCTBIO HOCUTENEH 3apsiia.

IMocranoBka 3axaun. OTHUM U3 HAIIPABICHUN NMPUMEHEHHs JaTYMKOB, paboTarommx Ha 3¢-
(exre Xoua, ABISIETCSA CO3/1aHUE AATYMKOB 3.1.C. X0OJJIa, HA OCHOBE KOTOPBIX PA0OTAIOT yCTPOii-
CTBa JUIsl ONepallui YMHOKEHHsI IByX JIEKTPUYECKUX BEJIIMYMH, YCTPOUCTBA JAJIsl CUNTHIBAHUS Mar-
HUTHBIX 3alMCeH, N3MEPEHUs SJIEKTPUUECKOTO TOKA U JIp.

B orianume oT MeXaHWYECKUX M ONTHYECKUX AATYMKOB, JATUMKU Xoijaa 001agaioT BasKHBIM
NPEUMYIIECTBOM — OHHU MIPAKTUYECKH HEUYBCTBUTEIbHBI K MEXAHUYECKUM BO3JCHCTBUAM U U3MeE-
HEHHUIO NTapaMEeTPOB OKPYKAIOLIEH cpelibl, IPU 3TOM 00ECIeUnBAIOT MUHUMHU3AIMIO CTOUMOCTH TO-
TOBOTO pereHus. JInHeiHple qaTynuky XoJuia XapakTepu3yloTCsl IByMs MTapaMeTpaMH — YyBCTBH-
TEJIBHOCTBIO M JIMHEHHOCTBIO B 3aJaHHOM JiMana3zoHe padounx remnepatyp [1,2].

Tak, onepanys yMHOKEHHSI IBYX JJIEKTPUYECKUX BEIUYMH, YCTPOUCTBA JIJIsl CYUTHIBAHUS Mar-
HUTHBIX 3aHCEH, N3MEPEHUs SJTEKTPUUECKOTO TOKA U JIP.

Meton ucnbiTanusa. C TOYKH 3pEHUsT TEXHUYECKOTO MCIIOJIB30BaHMS TaJIbBAHOMArHUTHBIX
SIBJICHUH, TOJIyIPOBOJHUKOBBIC BEIIECTBA OJDKHBI YIOBJIETBOPATH HEKOTOPHIM KadyeCTBEHHBIM
TpeOoBaHUAM U 001aJaTh TOCTATOYHBIMU JUIsl IPAKTUUECKUX IieJed QU3MUeCKUMH XapaKTepUCTH-
Kamu [2].

OcHoBHBIE TpeOOBaHUS K TIOTYITPOBOAHUKAM TP KCIIOIb30BaHUU 3 dekra Xomra [3]:

" Wucruryr @uznkn HAH Azepbaiimkana
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1. CoxpaHeHue TUHEWHOTO XapaKTepa 3aBUCUMOCTH 3.]1.C. X0JUIa OT WHAYKIIMH MAarHUTHOTO
TOJIST;

2. Crnabas 3aBucUMOCTb K03 dummenta Xouia U COMPOTUBICHHS MTOTYIIPOBOTHUKA OT WH-
JQYKIIUU MarHUTHOTO TIOJISI ¥ TEMIIEPATYPBHI;

3. IlpocToTa M3rOTOBICHHUS | JOCTATOYHAS MEXaHUYECKasi POYHOCTH 00Pa3IOB.

Jatunku XoJula XapaKTepU3YHOTCs, B OCHOBHOM, KOA((HIIMEHTOM TMepelavyn Mo HampsiKe-
HUIO, KOTOPBIN BeIpaxaercs popmyioi [1]:

BblX

7

8x

77:

A
W3BecTHO, uTo K03 dureHT Xosmia R onpenensercs BeipaxkeHueM R = — (n - KOHIEHTpa-
en

ust Hocutene 3apsana, A — Xosi-¢akrop Hocuteneit). [Ipu cunbHoMm Beipoxkaenun A=1. Toraa,
NpUHUMAs PAJ] JOMYIIEHUH, TOIyYuM
2R2.10-16
n=0.25 u'B*-10",
rze (L — HOJBMKHOCTh JIEKTPOHOB, B — MHAYKIMS MarHUTHOTO 110J1s1, BbIpaxkeHHas B ['C).
KoaddunuenT nepenauu mo MOIHOCTH n~u2 .
He meHee BakHBIM ABJsIeTCSI KO3((UIMEHT 4yBCTBUTEIBHOCTH (BOJBTOBAs UyBCTBHUTEJIb-
HOCTb), KOTOPBIH OIpEeesieTcs OTHOLUICHUEM:

E

ymax:?’

n

n

(Ex - HampsiKEHHOCTh XOJIJIOBCKOTO OIS ), Ymax B PA3BEPHYTOM BHJIE€ 3aBUCUT OT

H .
B [1] mokazano, 4to y~,|—= . Takum 00pa3oM, MaTepuabl ¢ OONBIION MOABUKHOCTHIO DJIEK-
n

TPOHOB U MUHUMAJIbHON KOHLIEHTpalueH, cnabo 3aBUCSIICH OT TeMneparyphl, 00Ja1at0T JTyqIlu-
MU CBOMCTBAMH JJIsI IPAKTHYECKOTO TPUMEHEHHS.

VY OGonpmmHCTBAa MATYUKOB XoJuia KOA(P(OUIMEHT Mepeaadd Mo MOIIHOCTH C yBEIUYCHHUEM
TEMIIEPaTyphl 3aMETHO MaJaeT. DTO CBSI3aHO C TEM, YTO MOCTOsTHHAsE Xoyia U KOA(PPUIUEHT Te-
penayu 1mo TOKy y 3THX JaTYMKOB B pabodeil 00JacTu Temmeparyp ¢ yBEIHUYEHHUEM TEeMIIepaTyphl
Na/1aeT, a BXOJHOE CONPOTHUBIIEHUE, KaK MPAaBUJIO, BO3PACTAET.

CornacHO BBIIIEU3JIOKEHHOMY, AaTYUKKA XOJIJa, U3TOTOBJIEHHBIE U3 T€PMaHHUS U KPEMHHUS,
paboTaroT B y3KOM pabodyeM HHTEpBajie TeMIIepaTyp M HE YIOBIETBOPSAIOT psiay TpeOoBaHUA,
OPEIbSABISIEMbIX JaTYUKaM XOJlIa.

Bo MHOrHX citydasx TpeOyroTCs HaTYMKHA XO0JUIa C TOJIOXKUTEIBHBIM KO3()(OUIIMEHTOM Tepe-
Jlaud 1O HampspkeHuto. [IpruMenenne Takux J1aT4uKoB XOJula C MOJIOKUTEIbHBIM TeMIIEPaTyPHBIM
KOX(PHUIIMEHTOM, BEPOSTHO, B COCTOSIHUHM YCTPAHUTh MHOTHE TPYAHOCTH, BO3HUKAIOIINE B CIOXK-
HBIX JIEKTPOTEXHUYECKUX U PATUOTEXHUYECKUX YCTPOMCTBAX.

JKcnepuMeHTAIbHbIE JaHHbIe U MX o0cy:xneHue. IIpeqnaraeMblii HaMM JIETUPOBAHHBIN
TEJTYPOM SKBUMOJISIPHBIN COCTaB TBEpIOro pactBopa IngsGaysSb obnamaer B mmpokoM Temmnepa-
TYpHOM MHTEpBAJIC MOJIOKUTEIBHBIM TeMIEpaTypHbIM KOA(PHUIIMEHTOM Mepefadyd Mo HarpsbKe-
HUIO OJIarofapst CII0KHOU 30HHON CTPYKTYpE 30HBI IPOBOIUMOCTH [4].
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Tepmocmabunvrvle damyuxu xonnia va ocnoge In; ,Ga,Sb

Ha puc.1. npeacrasnensl TemnepaTypHble 3aBUCUMOCTH Kodpduumenta Xomia R u anekrpo-

MIPOBOJHOCTH G.

10°

R, em'/Kn

G, Om” oM

10" 10
100 200 300 400 500
T.K

60

=

0

U, mxB

0 3 pure 10 15

Puc.1. Temnepamypnasn 3asucumocms kodppuyuenma Xon-  Puc.2. 3agucumocms 3.0.c. Xo1a om uHoyk-

aa R u anexkmponposoonocmu o 6 In ;Ga,sSh <Te>

uuu maznumnozo nons 6 InysGa,ysSh <Te>.

BunHo, 9To R ¥ ¢ B mupokom uHTEpBaje TeMreparyp ciado 3aBHCAT OT T, 94TO yIOBIETBOPSI-
€T OCHOBHBIM TpeOOBaHUSM K JatunkaMm Xomia. B cocrase IngsGagsSb <Te> npu 300 K koHIiieH-

TpaLHs U MOABMKHOCTH HOCHTENIeH 3apsiaa paBHbI 6,14 107 cv™ 1 6500 cM’/B-C, COOTBETCTBEHHO.
Cnabast TemnepaTypHasl 3aBUCHUMOCTh Kod(dduuueHnta Xoiga U 3JAEKTPONPOBOJHOCTH SIBISETCS

OCHOBHBIM Tpe6OBaHI/I$[M K JaTdyuKam 3.1.C. Xomna.

TemnepaTtypHble KO(hDOUIIUEHTH MOABWKHOCTA U Kod(ddunmenTa Xoira, cOOTBETCTBEHHO,

paBHBI:
LA 100% = 0.05%T " :
u dT
1 dR

+——-100% = 0.02%7T "
R dT

Ha puc.2 npencraBieHa 3aBUCUMOCTH 3.1.C.
Xouma OT UHAYKIIMA MarHUTHOTO TIOJISt B TBEPABIX
pactBopax In; «Ga,Sb. DTa 3aBUCHMOCTh MOTyde-
Ha TP TOJIIMHE TUTACTHHBI jJatunka Xosuia 200
MKM H pabouem Toke [=100 Ma. Kak BunHo,
9.1.C. XoJljla JIMHEWHO 3aBUCUT OT B BIJIOTH 10
15 «I'c, 4TO ynOBIETBOPSIET BbILIEYKa3aHHBIM
KPUTEPUSIM.

B Tabmurie mpuBOIATCS TaHHBIC TeMIIEpaTyp-
HOro KOA(UIMEHTa IMepenayd Mo HaNpsHKEHUIO
JUIST TaTYMKOB XOJla M3 Pa3IMYHbIX MaTepUaIOB
[1].

W3 tabnuiel BUIHO, YTO Y Halle NpUMEHsC-
MBIX JaTYUKOB XOJJIa TeMIlepaTypHasi 3aBUCH-
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Tabauua.

Koagppuyuenm nepeoauu no nanpssicenuio
oamuuxa Xo1a 6 HeKOMOopPbvIX 00pa3uax

Tun natunka TemnepaTypHbliii K03(-
(UIUEeHT TIepeavn 1Mo
HaNpsHKEHUIO
Si IXK-7 -1
Ge I1XC-0,5 -0,6
InAs, 213 -0,2
In,_Ga,As (x=0,25) -0,1
In; 4Ga,Sb (x=0,5) +0,3

Vy (BoIx

BX

Puc. 3.Cxema ycmpoiicmea oamuuxa
Xonna




C.3. Jlamuposa , C.A. 3eunanos, b.A. Taupos

MOCTb KO3((ULIMeHTa Nepeiayyl 10 HANPSHKEHUIO OTpUIaTelIbHA.

Jatunku Xomna, nsrotosnennsie u3 In;Ga,Sb (x= 0,5), mo TepMoCcTaOUILHOCTH CPABHUMBI C
matankamu w3 InjGayAs  (x=0,25); oOnamaroT  JOCTAaTOYHOW  MPEUMYIIECTBEHHOM
YYBCTBUTEIBHOCTBIO, MOJOKHUTEIbHBIM TEeMIIEpaTypHbIM Kod(dduuneHToM mnoctossHHOM Xosa,
BCJIE/ICTBUE Yero KOA(POUIMESHT NIepeIaun 10 HAMPSDKEHUIO PACTET C YBEITMUSHHUEM TEMITEPATYPHI.

3akiiouenue. [lomoxkurenbHoe 3HaueHHEe KOd(QHUIMEHTAa Iepelauyd I0 HANPSDKEHHIO Y
natunkoB Xomwra w3 InjGa,Sb  (x=0.5) mno3BomsieTr 0OBEAUHUTH Tapbl JATYUKOB XOJuia
napajuieJIbHO MO0 TOKOBOMY KaHANly M TIOCJIENOBATENILHO IO KaHAJlaM BBIXOIHBIX CHTHAJIOB C
natunkoM u3 cmiasa In;,GagAs (x=0.25), 4yTO NO3BOJSAET MOMYYUTh HE 3aBUCALIMM OT
TeMIIepaTypbl BBIXOAHON XOJTOBCKHM curHai (puc.3).

Takoe 0O0benMHEHHE NAaTYMKOB C TOJOXKHUTEIBHBIMH U OTPULIATEIHHBIMU KO3 PHUIIHMEHTAMU
nepeIavy 10 HAIPSDKEHUIO JTaeT BO3MOXKHOCTD CO3/1aTh JATYUK C HE 3aBUCSIIAM OT TEMIIEPATyPhI
HYJIEBBIM XOJIJIOBCKUM CHTHAJIOM, paboTarommm B nHTepBasie temrneparyp ot 80K mo 440K.

DTO MaeT BO3MOXKHOCTH CO3JaTh HAa OCHOBE aartynkoB Xoiwia u3 In;Ga,Sb cencopsl mms
IPaaydpOBKH MAarHUTHOTO TIOJIS B PA3JIUYHBIX YCTPOHCTBAX.
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IN, xGAxSB OSASINDA TERMOSTABIL HOLL SENSORLARI
S.Z. DOMIROVA, S.0. ZEYNALOV, B.A. TAHIROV

Isdo In;,Ga,Sb bork mohlullar osasinda yaradilan Hol sensorlarinin miimkiin olan variantlari analiz olunmusdur.
Bunlar asasinda yaradilan sensorlar yiiksok hassasliga goro, digor sensorlarla miiqayisado gorginliys gora 6tiirmo omsali daha
optimaldir. Bu iistiinlityiino gors In;,Ga,Sb osasinda hazirlanan Hol sensorlart imkan verir ki, onlardan maqnit saholorinin
daracalonmoasinda vo miixtalif mexaniki qurgularda istifade etmok olar.

Agar sozlor: Holl amsali, elektrikegiriciliyi, yiiriikliik, garginlik hassasiigi, In;_.Ga,Sh.

THERMOSTABLE HALL SENSORS BASED ON In,,Ga,Sb
S.Z. DAMIROVA, S A. ZEYNALOV, B.A. TAHIROV

The paper analyzes the possibility of creation of the Hall sensor on the basis of solid solutions In;, Ga, Sb. It is
demonstrated that sensors created on the basis of In;, Ga, Sb have the high sensitivity and the optimum values of the
voltage transfer ratio in comparison with other sensors. This gives the possibility to manufacture the Hall sensors on the basis
of In;, Ga, Sb for a calibration of the magnetic field in the different technical devices.

Key words: Hall coefficient, conductivity, mobility, voltage sensitivity, IN;_,GA,SB.
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BJIUSAHUE MPSAMBIX MTHOCTPAHHBIX THBECTULINAI
HA 9 KOHOMUKY

O.H. MAPKOBA", P.A. TYCEMHOB™

B crathe mpencraBieHa XapakTEpHCTHUKA TPSMBIX HHOCTPAHHBIX HWHBECTULUHUH M PACCMOTPEHBI aCMEKThl
WHBECTUIIMOHHOW TIOJIMTHKH B 3KOHOMUKe A3epOaiimkanckoi PecryOnuku.

Knrwouessie cnosa: uHeecmuyuu, UHBECMUYUOHHAS NOJIUMUKA, UHOCMPAHHble UHEECMUYUU.

PannonanbHas sKOHOMUYECKasl MMOJMTHKA B HACTOSILEE BPEMS — HEOTbEMJIEMAsl 4acTh
(YHKIMOHMPOBAHUS KaXIOTO TOCYAapCTBA. DKOHOMUYECKAs MOJUTUKA - 3TO CIIOKHOE SBIIE-
HUE, TaK KaK OHa COCTOMT M3 HEMAJIOr0 KOJIMYECTBA B3aUMOCBSI3aHHBIX 3JIEMEHTOB, OJTHUM M3
KOTOPBIX U SBJISIETCS HHBECTUIIMOHHAS MOJIMTUKA FOCY1apCTBa.

WHBecTULIMOHHAS IOJUTHUKA — 3TO KOMIUIEKC MEPOIIPUATHUI, TPOBOJAUMBIX TOCY1apCTBOM
U NPEeIIPUATUSAMH B BUJI€ YCTAHOBIIEHUS] MAcIITa00OB, HAIIPAaBICHUN MCIIOIb30BaHUsI U UCTOY-
HUKOB TIOJYYEHUS MHBECTULUI C Yy4eTOM HEOOXOIUMOCTH OOHOBJIEHHS OCHOBHBIX CPE/ICTB
IPOM3BOJICTBA U MOBBIIIEHUS] TEXHUYECKOTO YPOBHS MPOU3BOACTBA [2].

B mporiecce npoBeneHst KPYMHOMACIITAOHBIX MOJTUTHYECKUX, IKOHOMUYECKUX M COLIH-
JIBHBIX MPpeoOpa3oBaHuil, KOTOPbIE HANPABIEHBI HA CO3/IaHUE OJArOMOIyYHBIX YCIOBUN IS
HOJIOKHUTEIBHON JAMHAMUKU SKOHOMMYECKOTO POCTA, KIIIOYEBBIM COCTABJISIOIIUM SIBISETCS
WHBECTUIIMOHHAS JIEATEIbHOCTh. Kpome TOro, MOBBIIIEHNE WHBECTUIIMOHHONW aKTUBHOCTH SIB-
JsIeTCsl OAHON U3 OCHOBHBIX MPO0OJIeM B Iporecce peopMUPOBAHUS SKOHOMUKH.

OxoHOMUKY A3epOaiipkaHa OTHOCAT K PbIHOYHO20 mMuny, B KOTOPOM, KaK U3BECTHO, XO-
3STMCTBYIONINE CYOBEKTHI CaMH MPUHUMAIOT PEIICHUS O BIOKEHUH MHBECTUIHH, IPHYEM KO-
HOMUYECKHE areHThl (PMHAHCUPYIOT KAIUTAJIOBIOKEHUS CaMOCTOSTEIbHO WIIM 3a CUET 3auM-
CTBOBAHUS CPE/ICTB HA (DMHAHCOBBIX PhIHKAX.

I'maBHOH 11€7bI0 MPABWIIBHOTO W TPAMOTHOIO MOAXO0Ja K MHBECTHLHUSAM SBIISETCS POCT
3¢ (EeKTUBHOCTH MTPOU3BOJICTBA, KOTOPHIM MPUBOAUT K MakCUMHU3aluKu npuosuin. Poct apdek-
TUBHOCTH TIPOM3BOJICTBA, B CBOIO OYEPE/Ib, TPEOYET OMpEe/IeICHHBIX TEXHOJIOTHIECKUX U3MEHE-
HUH B COCTOSIHMM 0a30BBIX OTpAciei, 4TO BIIeYeT 32 CO00 OONbIINE KATUTAIOBIOKECHHS [2].

OI'bOY BO Kanununrpaackuii rocy1apcTBEHHbBII TeXHUUECKHH yHUBEPCUTET, banTuiickas rocy japcTBeHHast
aKaJeMust PEIOOTIPOMBICIIOBOTO (IIOTa

* [
HanmonansHas akagemust aBuanun AzepOaiimxana
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B pecnybnuke AzepOaiimkaH, kak 1 BO MHOTHX Apyrux ctpanax CHI', HecMoTps Ha me-
PUOIMYECKOE OXKUBIICHHUE WHBECTUIIMOHHOTO Tpoliecca, HaunHas ¢ Hadana 90-x romoB XX
BEKa, MPOJOJKAETCS «MHBECTULIMOHHBIN rosion». B mpouecce pedpopmupoBaHus 3KOHOMUKU
AzepbaiikaHa CTallo SICHO, YTO COOCTBEHHBIE CPEJICTBA MPEINPHUATHI U OpraHu3alui sBIIs-
I0TCS TJIABHBIM UCTOYHHKOM MHBECTULIMH. B TedeHue Bcero nepuoa peopMUpOBaHUS KPEIU-
Tl KOMMeEpUecKHX OaHKOB, OIOJKETHBIE CpPEACTBa, MOPTQeETbHbIE MHBECTUIIMA U CPEICTBA
HACEJIEHUsl HE CTaJM JOCTAaTOYHO HAJIC)KHBIMU M CTAOMIIBHBIMHU pecypcamu ISl HHBECTUPOBa-
Hus. B HacTosmee Bpemsi skoHOMUKa A3epOaiipkaHa UCIBITHIBAET OIPOMHBIN 1e(pUIIUT BHYT-
PEHHUX CPCACTB, CTPEMUTCIIBHOC CTAPCHNUE NPOMBIIIJICHHO-ITPONU3BOACTBCHHOT'O IOTCHIIMAJIA U
OCTPYIO HEOOXOJIMMOCTh 00ECTICUeHUsI TEXHOJIOTUYECKOTO MEPEBOOPYKEHHUS MPOMBIIIIEHHBIX
oTpacneit. [[pyrumu ciioBamu, HallMOHaIbHAsl SKOHOMHKA A3epOailykaHa UCTIBITHIBACT 3HAUN-
TCIBHBIC HOTpe6HOCTI/I B UHBCCTHUIIUAX.

['pamoTHas rocynapcTBeHHAss MHBECTUIIMOHHAS MOJUTHKA MTO3BOJIUT PEUINTh BCE BOIIPO-
Chbl ¥ TIPOOJIEMBI IPUBIICUYCHUSI MHBECTULIUN B IKOHOMUKY CTpaHbl. [IpaBuibHas HHBECTUIIMOH-
Has MOJUTHKA TOCYAapCTBa — ATO KOMIUIEKC BCEX XO3SIICTBEHHBIX MOJXOJO0B U PEIIEHUH, KO-
TOpBIE ONPEAETSIOT 00beM, CTPYKTYPY U HAIPaBIICHUS HCIOIb30BAHMS MHBECTHIIMM B KaXKIOU
cdepe 1 oTpaciii YKOHOMHKH [4].

OcHoBHAas 1 CJIb FOCYILapCTBCHHOI;'I I/IHBGCTHL[HOHHOﬁ IMNOJIMTUKHU - 3TO IPEKAC BCCIoO
(opmupoBaHue OIArOMPUSATHBIN YCIOBH, KOTOpbIE OyIyT COJACHCTBOBATH NMPHUBIICYECHUIO U,
OJTHOBPEMEHHO, MOBBIIICHUIO 3(PPEKTUBHOCTH HMCIOIB30BaHUS MHBECTHIIMOHHBIX PECYPCOB B
Pa3BUTHUH YKOHOMHUKH U COLIMATILHON CpeJibl BCEro rocyAapcTBa.

OpueHTanueld KOMIETEHTHON WHBECTUIIMOHHOW IMOJUTHKA JOHKHBI OBITH CIEAYIOIIHNE
IPUOPUTETHI:

- ompenesaeHre HEOOXOAUMBIX 00bEMOB MHBECTHUIIMM U1 KaXJI0r0 NEpUoaa BPEMEHU U
1o ¢hoopmMam COOCTBEHHOCTH;

- onpeeseHue MPaBUIbHON CTPYKTYpPbl HHBECTULIMM, TO €CTh paclpeereHue ux no oT-
pacieBoii, BOCIIPON3BOCTBEHHON, TEXHOJIOTUYECKON, TEPPUTOPHAIBHON COCTABIISIOLIEH.

- BBIOOp MPUOPUTETHBIX LIETICH U 3a/1a4;

- oBbIIIeHUe YPPEKTUBHOCTH UHBECTUIUH.

B BBIIICYITOMAHYTOM OITPCACICHUUN 3aKI0OYaCcTCsd BCA CYIIHOCTDH HHBCCTHHHOHHOﬁ T10JIN-
TUKHU U €€ COCTaBISOMUX. TakumM o0pa3omM, MOXKHO JaTh 00Jiee MIMPOKOE ONpe/IeIeHIE NHBE-
CTI/IIII/IOHHOﬁ MOJIMTUKHU IroCyaapCTBa KaK KOMIIJICKCA B3aUMOCBS3aHHBIX ueneﬁ nu MepOHpI/IﬂTI/Iﬁ
N0 O0ECneueHU0 HEeOOXOIMMOTO YPOBHSI U CTPYKTYpPbhl KaIUTAJIOBIOKEHUH B IKOHOMUKY
CTpaHbl U OTHAEJbHBbIC €€ cepbl U OTPACIH, MO TMOBBIIIEHUIO WHBECTUIIMOHHON aKTUBHOCTU
BCEX OCHOBHBIX COCTaBHBIX JIEMEHTOB BOCIIPOM3BOACTBEHHOM JESATENbHOCTH, TAKUX KaK Hace-
JeHue, IpeanpuHUMarTeie u rocynapcrsa. MIHBIMU clloBaMH, WHBECTUIIMOHHAS MOJIMTUKA —
3TO JIEATENBHOCTh TOCYapPCTBA, HAMIPABJICHHAS HA MMOMCK UCTOYHUKOB MHBECTHUINI U yCTAaHOB-
JIeHre HanboJiee menecoo0pa3HbIX 00JIacTei UX MCIoMb30BaHus [1].

CpCHI/I OCHOBHBbIX ueﬂef/i HHBGCTHL{HOHHOﬁ IMNOJIMTUKHU TOoCyHdapCTBa CJICAYCT OTMCTUTH
clIeyIolee:

- obecrieueHne CTPYKTYPHOTO peOpMUPOBAHNUS SKOHOMUKH,
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Bnusnue NPAMBIX UHOCMPAHHbIX quecmuuuﬁ HA S9KOHOMUKY

- TOBBIIIEHUE AKTUBHOCTH MPEANPUHUMATEIILCTBA W YACTHBIX WHBECTHULIHIA;

- OpraHM3alys HOBBIX pabOUYNX MECT;

- TIPUBJICYCHHE WHBECTUIIMOHHBIX PECYPCOB U3 PA3JIMYHBIX UCTOYHUKOB, BKIIIOYAs] MHO-
CTpaHHBIC UHBECTHUIIUH;

- TIOBBIIIEHHE 3aUHTEPECOBAHHOCTU B CO3JaHUU HETOCYJAPCTBEHHBIX CTPYKTYp, AJIA
HAKOTUICHUs (DMHAHCOBBIX CPEACTB HACEJICHHsI HA MHBECTUIIMOHHBIC 11ETIH;

- CO3/IaHM€ MPABOBBIX YCIOBUM U TApaHTUN JUIsl pa3BUTHUS UIIOTEYHOTO KPEIUTOBAHMUS;

- pa3BUTHE JIU3UHTa B UHBECTULIMOHHOMN J€SATEIbHOCTH;

- CO3JJaHUE MPABOBBIX ACIIEKTOB MO 00ECTICUCHUIO TOCYAAPCTBEHHOM MOAACPKKHA MAIOTO
Y CPEIHETO MPEePUHUMATEIHCTBA;

- YCOBEPIIEHCTBOBAHKUE M YMPOIIECHUE CUCTEMBI JbIOT U CAHKIUU MPU OCYIIECTBICHUH
WHBECTUIIMOHHOTO MPOIIECCa;

- CO3/aHMe YCIOBUU 1751 (hOPMHUPOBAHUS U JAIBHEUIIEro pa3BUTUS BEHUYPHOTO MHBE-
CTUPOBAHMUSI.

Crenyer OTMETUTbh, YTO CYIIECTBYIOT Pa3IMuMsl MEXKIY TEPMUHAMH «TOCYJApCTBEHHOE
peryJIMpoBaHNE MHBECTUIIUNY» U «UHBECTUIIMOHHAS MOJUTHKA». IHBECTUIIMOHHAS TOJUTHUKA
MO>XET HE UMETh CTPOTHX PhIYAaroB pPeryivpoBaHus. B TO Bpems Kak roCylIapCTBEHHOE pery-
JUPOBAHUE WHBECTUIIMOHHOW JESITENLHOCTU TOJPa3yMeBAaeT HAIMYUE TMOJOOHBIX PHIYAroB U
BKIIIOUAET B c€0S 3JIEMEHTHI M MHCTPYMEHTBI, KOTOPhIE HE UMEIOT MPSIMOTO OTHOIICHUS K HH-
BECTUIIMOHHOM ITOJIMTHKE.

l'ocynapcTBeHHOE peryinupoBaHHE€ WHBECTUIIMOHHOW aKTMBHOCTH OCYILECTBISIETCS IO-
CPEACTBOM 3aKOHOJATEIbHBIX HOPM M aKTOB, a TaK)KE€ Yepe3 TOCYIapCTBEHHOE TUIaHUPOBAHHUE,
pa3pabOTKy M BHEJIPEHUE TOCYAAPCTBEHHBIX MPOTPAMM Pa3BUTHS COIUATBLHON M AKOHOMUYE-
CKOM cepbl, TOCYIapCTBEHHBIE HHBECTUIINU, CYOCHINH, JIbTOTHI, KpeauToBanue. [Ipu rocy-
JAPCTBEHHOM PETYJIMPOBAHUN WHBECTHIIMOHHOW NEATETHHOCTH OYCHb BAXKHO HAWTU TapMo-
HUYHYI0 KOMOMHAIIMIO PEIHOYHON CBOOOBI M TOCYAapCTBEHHOTO PEryIUpOBaHU [4].

locynapcTBeHHOE perynupoBaHUs BKIIIOUAETCS B ceOs e U 3aJa4yd, MOCTaBICHHBIC
nepej oOpraHamMu rocyapCTBEHHOM MCIOJHUTENbHOM BJIACTH, @ TAKXKE CPEJICTBA U MHCTPYMEH-
ThI, UMEIOLIUECS B HAJTMYUH Y TOCYAapCTBa B HACTOSIIIIMI MOMEHT.

l'ocynapcTBeHHOE perynHpOBaHNe HHBECTUIIMOHHOM JESTEILHOCTH MPEICTABIISET COOOM
COBOKYIHOCTh TOCYAAPCTBEHHBIX MOJXOJ0B U PEUICHUHN, 3aKPEIUICHHBIX B 3aKOHOJATEIHCTBE
roCy/IapcTBa, OPTaHU3AIMOHHBIA M TIPAaBOBBIX (OPM, B paMKaxX KOTOPHIX WHBECTOP MOXKET
OCYIIECTBIISITh UHBECTUPOBAHUE. J[pyruMu ClioBaMH, peryJdpoBaHUE - 3TO HE YTO MHOE, KaK
IpoLiecC NPSIMOrO YIPaBIEHUS TOCYJAPCTBEHHBIMU MHBECTHULHUSMH C MOMOIIBI HAJIOTOBOM
CHCTEMBI TOCYIapCcTBa (HAJIOTOBBIX CTABOK M HAJIOTOBBIX JIBTOT), PUHAHCOBOM MOJIEPIKKH (10-
Talui, CyOCUANH, CCyl, KPEAUTOB IO JBIOTHOW MPOIIEHTHOW CTAaBKE), KPEIUTHOW IMOTUTHKU
rocyaapcTBa, 1eHoo0pa3oBaHus, GMHAHCOBOM MOJTUTHKE, BKIIOYAs BBITYCK B OOpaIlleHHE IICH-
HBIX Oymar (akiuii u oonuranmii) [4].

B Hacrosiiee Bpemsi pu OCYIIECTBICHUN UHBECTUIIMOHHOM MOJIUTHKUA TOCYIapCTBO PY-
KOBO/JICTBYETCS CJICIYIOIIUMH MPUHIIUIIAMH:
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- YMEHBUIEHUE CYIIECTBYIOIIUX MPOLEHTHBIX CTABOK /10 TAKOTO YPOBHS, KOTOPBII COOT-
BETCTBYET A(h(PEKTUBHOCTH MHBECTHUIMI B JaHHBII CEKTOP YKOHOMUKH HAa OCHOBE cOallaHCHUpO-
BAaHHOTO OOJPKETa ¥ TTOHKECHHS HUHIISAINN;

- mpoBeJieHHe peopMbl B HAIOroBOM cdepe, KoTopas MpeaycMaTpyuBaeT yHnopsiaoyuBa-
HU€ WHBECTUIIMOHHBIX BO3MOKHOCTEH CYObEKTOB PHIHKA, YIIPOIIEHUS U CTPYKTYPHOE U3MEHE-
HUE CYILECTBYIOLIEH B HACTOSILEE BPEMSI HAJIOTOBOM CUCTEMBI, @ TAK)KE YCOBEPLIEHCTBOBAHNE
aMOPTHU3ALUOHHON MOJUTUKY;

- 171 TIOBBILLIEHUS] MHBECTULIMOHHON MPUBJIEKATEIBHOCTH Psifa NPEANPUITHI MTpoBe-
JIeHHe Tpoliecca X peopMUPOBAHUS;

- pa3paboTKy OpraHHu3allMOHHO-IIPABOBBIX MPEANOCHUIOK CHUKEHHSI HHBECTUIIMOH-
HBIX PUCKOB, YTO IMOBJIEYET 3a COOOW CTUMYJIUPOBAHUE YBEIUUYEHUS] COEPEKEHUN HACENEeHNUs,
MPSIMBIX UHBECTHUIMI BHYTPEHHUX U BHEITHUX UHBECTOPOB;

- moBbllieHHe 3PGEKTUBHOCTH MCIOJIB30BaHUS OIOKETHBIX MHBECTUIIMOHHBIX pe-
CYpCOB Ha OCHOBE UX KOHKYPCHOTO pa3MelIeHUs B OIpeieleHHbIe chephl, CMEIIaHHOTO TOCY-
JTApPCTBEHHO-KOMMEPUECKOro (PMHAHCUPOBAHUSA MPUOPUTETHBIX WHBECTHUIIMOHHBIX MPOEKTOB,
MOJIYYEHUS] TOCYAAPCTBEHHBIX TapaHTU 1O YaCTHBIM HMHBECTULMSAM M YCWIEHHUS TocyAap-
CTBEHHOT'O KOHTPOJISI 1I€JIEBOTO UCIOJIb30BaHUsI OIO/IKETHBIX CPEICTB [4].

[TockonbKy B HACTOSIIIMI MOMEHT IPOMCXOIUT BCeoOmas riodanu3anus SKOHOMUKA U
HMHTEPHALMOHAIN3ALUS UHBECTULIMM, TO CO3JAaHUE YCIOBUMN ]ISl COBEPLIEHCTBOBAHUS KOPIIO-
PaTUBHBIX OTHOILLICHUN M IPUBEJECHUE YPOBHS KOPIOPATUBHOTO YIPABICHUS B OT€YECTBEHHBIX
KOMITAHMSIX K MEXKIYHAPOIHBIM CTaHAAPTaM SIBJISIETCS OTAEIIbHBIM BaXKHBIM IIPUHIIUIIOM UHBE-
CTULIMOHHOW MOJUTUKH rOCyapcTBa.

Ha coBpemenHoM dTamne pa3BuUTHS azepOaiipKaHCKON YKOHOMUKH PErHOHAILHON MHBE-
CTUIIMOHHOM MOJMUTHUKE OTBOJUTCS TaKkKe 0O0JIbIIOE 3HaYCHHE.

WHBecTuIMOHHAS MOJUTHKA CTPaHbl, B LEJIOM, U PETHOHA, B OTIEIbHOCTH, 3aBHCHUT OT
TOT0, KaKUM 00pa30oM MPOTEKAET WHBECTUIIMOHHBIN MPOIECC, KOTOPBIN 3aKII0YAaeTCs B MHOTO-
CTOPOHHEH JEATENIBHOCTH BCEX YYaCTHMKOB BOCIIPOM3BOJICTBEHHOIO IpoOliecca MO HapallyBa-
Huto BBII u BPII [4].

BanoBelii BHyTpeHHU# npoaykT (0T aurauiickoro Gross Domestic Product), obmenpu-
HATOe cokpameHne BBII, - MakposKOHOMUYECKHH ITOKa3aTellb, OTPAXKAIOIIHWNA PHIHOYHYIO
CTOMMOCTb BCEX KOHEYHBIX TOBAPOB U YCIYT (TO €CTh NMpEeAHA3HAUYEHHBIX JIJISl HEITOCPEICTBEH-
HOT'O yNOTpeOJIeHHs), TPOU3BEAEHHBIX 3@ I'0Jl BO BCEX OTPACISIX 3KOHOMHUKU Ha TEPPUTOPUU
rocynapcTsa i NoTpeOaeHus], IKCIIOPTa U HAKOIJICHUS], BHE 3aBUCMMOCTH OT HAllMOHAJIbHOU
MPUHAJJIKHOCTU UCIOJIb30BaHHBIX (DaKTOPOB IPOU3BOICTBA.

Banosoii perrnonansubiii mponykt (BPII) — mokasarens, u3mMepsionuii BaJIoByO 100aB-
JIEHHYI0 CTOMMOCTb, UCUHUCISAEMbI MYTEM HCKIIIOUEHHS] U3 CYMMAapHOM BaJOBOM MPOLYKLIUU
00BEMOB €€ mpomexxyTouHoro notpednenusa. Ha HanmonansHoMm ypoBHe BPII cooTBeTcTBY-

€T BAJIOBOMY HallMOHAJBbHOMY IIPOAVYKTY, KOTOpLIfI ABIACTCA OAHHM U3 0a30BBIX IIOKa3aTe-

JIeH CUCTEMBI HaltMOHAJIbHBIX CUYCTOB.
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B nporuiecce ”HBECTHIIMOHHOM 1€ATEIBHOCTH pa3HOOOPa3HBIX YYACTHUKOB BOILJIOIIAIOTCS
B JKHU3Hb peaibHble, (PMHAHCOBbIE, AOJITOCPOYHbIE, KPATKOCPOUHbIE, TOCYJapCTBEHHbIE, YacT-
HbI€ U THOCTPAHHbBIX HHBECTUIUH, TO €CTh PEAIU3YIOTCS BCE BUAbI MHBECTHUIIMIA.

l'ocynapcTBO B MHBECTUIIMOHHOM JIESITEIIBHOCTH MOXKET BBICTYNATh B HECKOJIBKUX KaTe-
TOPUSIX M MPEJICTaBISITh COOO0M OpraHn3aTopa HHBECTUIIMOHHO-(DMHAHCOBOTO PHIHKA, YYACTHH-
Ka WHBECTUIIMOHHO-(PMHAHCOBOTO PHIHKA HIJIM MEHEIKEPa HHBECTUIIMOHHBIX MTPOIIECCOB.

WNuBecTuimu mpeacTaBiseT co00i CaMOCTOSITENbHBIN BUJ BIOKEHUH, BKIIOYAIOIIUN B
ce0st HHCTPYMEHTHI M TEXHOJIOTHMH HAKOIUIeHUS. VIHBECTHpOBaHHE MOXKET MPOXOIUTh B OJUH
WM HECKOJIbKO »TamoB. O0a 3Tu dTama CTaBsT mepes coO0O0W TOJIBKO OJHY IeNb — CO3JaHue
WHBECTUIIMOHHOTO KalMTalla U MHBECTUPOBAHNE B 9KOHOMUKY CTpaHBI [4].

WNHuBecTuIMy KIIacCCUPUIUPYIOTCS HA TPU TUIIA, B 3aBHCHUMOCTH OT OTICPUPYEMBIX IIEHHO-
CTEU: peanvbHble, puHAHCOBbIE, UHMENTIEKMYAIbHbIE.

PeanpHble HHBECTULIMU MPECTABIIAIOT COOOM AIIEMEHTapHOE BIIOKEHUE CPEACTB B MaTe-
pHalibHbIe aKTHBBI (BEIIECTBEHHBIN KalMUTal: 3/1aHus, 000pYyJ0BaHKHe, TOBApPHO-MaTepUaIbHbIe
3armachl 4 Jp.) 1 HeMaTepHalbHble aKTUBBI (TTATEHTHI, JTUIEH3UH, «HOY-Xay» U JIp.).

[Ton ¢uHAaHCOBBIMM HMHBECTHUIUSMU MOHUMAIOTCS BIIOKEHHE (DMHAHCOBBIX CPEICTB B
[IEHHbIC OyMaru (aKIuu, BEKCENsl, OOJUTAIMH U Ap.), 0AHKOBCKUE BKIIAbI, ICTTO3UTHI U T.1I.

BrnosxeHne GuUHAHCOBBIX CPEIICTB B TBOPUYCCKUI MOTEHIMAN OOIIECTBA, OOBEKTHI MHTEI-
JEKTyalbHOW COOCTBEHHOCTH, BBITEKAOIIINE U3 aBTOPCKOT0, N300PETaTEIbCKOTO U MaTEHTHOTO
npaBa, — 3TO YXe peporaTiBa MHTEJUIEKTYaIbHbIX UHBECTHUIIUH.

[To xapakTepy yyacTusi B MHBECTUPOBAHUU BCE MHBECTULIMU PA3JEISIOT HA npsaMvle, He-
npsamvle u nopmepenvhoie.

[lon mpsMBIMM HMHBECTUIUSMU MOHUMAETCS HEMOCPEICTBEHHOE y4yacTHE HHBECTOpa B
BBIOOpE 00BEKTAa MHBECTUPOBAHUS M BIIOKCHHH CPEJICTB 0€3 TOCPETHUKOB. B TOM citydae, Ko-
r7la UHBECTUPOBAHUE OCYIIECTBISIETCS Yepe3 MOCPEAHUKOB, MBI HIMEEM JIEJIO YXKE C HEMPSIMBI-
MU WHBecTUIMsAMU. Hampumep, npuoOpeTeHne TuiaMi UHBECTUIIMOHHBIX CePTH(PUKATOB HH-
BECTHUIIMOHHOTO (DOH/IA, KOTOPHII pa3MeIIaeT MoJydeHHbIE CPEJCTBA B 00OBbEKTHl HHBECTUPOBA-
HUS TI0 CBOEMY YCMOTPEHUIO, YYacTBYET B YIPABICHUU UMH U pacIpeiesseT 4acTh MpUObLIN
cpenu kaueHToB. [lopTdenbHble MHBECTUIIUM - 3TO HE YTO MHOE, KaK BJIOXKEHHE KaluTalla B
pa3nuyHbIe IICHHBIE OymMaru

HNHBecTopaMu MOTYT BBICTYIATh (PU3NUYECKHUE U IOPUIUIECKUE JTUIA, KOTOPhIE HEMOCPE/I-
CTBEHHO OCYIIECTBIISIIOT BIIOKEHHUE COOCTBEHHBIX, 3a€MHBIX M IMPUBJICUCHHBIX CPEICTB B (HOp-
me punancupoBanus [3].

B kadecTBe MHBECTOPOB MOTYT BBICTYNATh: OTIEIBbHBIC CTPAHBI, IPABUTEILCTBA CYOBEK-
TOB U Jpyrue o0pa3oBaHus; OPraHbl perHOHAIbLHON BIACTH, MYHUIIUTIATUTETHI, YIIOTHOMOYEH-
HBI€ B 3aKOHOJIATEJILHOM MOPSIKE Ha OCYHIECTBICHUE WHBECTUIIMOHHOMN NESTEIbHOCTH; UHBE-
CTUIIMOHHBIE ()OH/IBI; KOMMEPUECKHE OpraHu3alluy U APyrue IPUINYECKUE JIUIA; COBMECTHBIE
OPEIIPUSTHSI WIH OPTaHU3AINH; 3apyOeKHbIC MPEATNPUATHS WM OPTaHU3alUN; OTEYSCTBEH-
HBbIC W 3apyOCKHbIE (DM3MUECKHE JIUIA; MPEJACTABUTEIHCTBA MHOCTPAHHBIX TOCYJIApCTB; MEXK-
JlyHapOJHbIE OpraHU3aI1u.
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M HBECTUIIMOHHON N1E€ATEIBHOCTH OTBOAMTCS Ba)KHasl pPoOJib M B IPEANPUHUMATEIbCKOU
cdepe s3xkoHOMHUKH. CaMbIMU U3BECTHBIMU ()OPMAMU MHBECTULIUOHHON JIESITEIBHOCTH SIBIISIOT-
Csl HpsiMble U MOPTQeNbHbIE HWHBECTULIMU, OTIMYUTEIBHBIM Pa3IMndMeM MEXKIy KOTOPHIMU
OOBIYHO SIBJISIETCS CTENEHb KOHTPOJS Haja npeanpustusmu. Kak npaBuio, cTeneHb KOHTPOJIS
HaJl IPEANPUATUSAME ONpPEEIIeTCsl XapaKTepucTUKaMu coocTBeHHOCTH. [Ipu ocymecTBieHnn
VMHBECTUIIMOHHOMN AESITENbHOCTU MO (hOpMe MPSMBIX MHBECTHUIMI MMEET MECTO BCEOOBEMITIO-
I KOMMEpPYECKUN KOHTPOJb, a 0 (opMe MOpTHETbHBIX WHBECTUIMI HAOII0JAeTCs JIUIIb
HOJy4YeHHe MPUOBLIH, TOCKOJIbKY MPUObLIb U SIBJISIETCSI OCHOBHOM IENIBIO MOPT(ENbHBIX HHBE-
crunui [3].

[To mepe Gosee riry0okoro BoBiieueHus: A3epOaiikaHa B IPoOLeCChl MHBECTHPOBAHMS TI0
MEXIYHAPOAHBIM MPAaBUJIaM PYKOBOJACTBO CTPaHbl BBIHYK/IEHO pelliaTh BOIMPOCHI, BOZHUKAIO-
LIME IIPU B3aUMOJICVCTBUY HALIMOHAJIBHOM NOJIUTUKU U MEKIyHApPOJHBIMU HOPMAMU UHBECTH-
LUOHHOM AEATEIBHOCTH, CAMBIM IIEPBBIM M3 KOTOPBIX SABJIAETCS BOIIPOC ONPEACIICHHS TOHATHUS
«TpsIMbIe UHOCTpaHHbIC HHBeCTUITUN (ITU).

B HacTosmiee Bpems cymiecTByeT kak MUHUMYM Tpu rpymnmsl Teopui I[IMN. CornacHo
IIEPBOM I'pyIIIIE, IPsIMble HHOCTPAHHBIE NHBECTULUHU ONPEACIISIIOTCS KAK MPEAEIbHO y3Kas Ka-
TEropusi MPSIMbIX UHBECTUIIMNA, CBSI3aHHBIX C MEpeIBIKEHUEM (PU3NYECKOro Kamuraia 3a Ipe-
JieNbl HallMOHAJIBHBIX IpaHUll. B COOTBETCTBHM CO BTOPOW IPYIIION peanu3anus KaluTajo-
BJIOKCHUH OCYHIECTBISIETCS MyTEM CO3JaHUs OIpeNeIeHHOW HHQPACTPYKTYpbl (COBITOBOI,
MapKEeTHHTOBOM, JIOTUCTUYECKOM), HE CBS3aHHOW HAIPSMYIO C IepeMelIeHueM MPOU3BO/I-
CTBEHHOT'0 KanuTtana. TpeThs rpynna TeopHil NpsSMbIX HHOCTPAHHBIX UHBECTHUIIUI UCTIOIb3YET
Haubonee Oonee mmpokoe ompenenenue [IMU, cormacHo KoTopoMy mepenada yrpaBlieHYE-
CKMX HAaBBIKOB, JOKYMEHTAIIMHU U T.II., a TAKXKE CBA3aHHBIE C 3TUM 3aTpaThl U SBISIOTCA MPs-
MBIMU MHOCTPAHHBIMU MHBECTULIMSIMHU.

OOLIEenpUHATO, YTO UHOCHPAHHbBIE UHBECMUYUU — HTO BIOKEHUS (PMHAHCOBBIX U JIPY-
TUX CPEACTB 3a TpaHULEN HAIMOHAIBHOIO TOCYJapCTBAa HMHBECTOpPA JUIS CO3/IaHMSI HOBBIX
NPEANpUATHA WM PacIIUpEHust yxe cymecTByomux. «IloprdenbHbie» MHBECTUIIMM OYEHb
CUJIBHO OTJIMYAIOTCS OT MNPAMBIX MHBECTUUUN. CaMbIM 3aMETHBIM OTJIMYHMEM SBIISIETCS TOT
(hbakT, YTO HHBECTOP HE UMEET U HE JKEJaeT UMETh COOCTBEHHOE BJIMSIHUE HA XOJ1 JIe]l MHBECTU-
PYEMOTO MM TMPEANPHUATHS WU OpraHU3aIliy, MOCKOJIbKY HHBECTOP JUIIb MPHOOPETAeT aKTH-
BbI B (hopMe LIEHHBIX Oymar [uisi u3BledeHus npuoOsuin. [Ipu Takoit ¢hopMe WHBECTHPOBAHUU
CO3/JaHME HOBBIX IIPOU3BOJCTBEHHBIX MOIIHOCTEM U MOCTOSIHHBI MOHMTOPUHI UX MCIOJIB30-
BaHUs BOBCE HEOOSI3aTEIbHBI.

Kak mpaBuio, npsMble HHOCTPAHHbIE MHBECTUIIMU 3aKIIIOYAIOTCS B IPUOOPETEHUU MHO-
CTPaHHBIM MHBECTOPOM HE MEHEE JECATH NPOLICHTOB JOJU B YCTaBHOM KaIlUTAJIE IPEATPHUsI-
Tus. V3 BCero BBIIIIECKA3aHHOTO BBITEKAET JIBa OCHOBHBIX BbIBOJA. [lepBbIil BRIBOA: mpuoOpe-
TEHHUE OJHUM MHOCTPAHHBIM MHBECTOPOM IAKETa aKIUM, COAEPKAILEro HE MEHEe JECATUIIPO-
LEHTHOW N0, JOJKHO PacCMAaTpHUBATHCS B KAa4ECTBE NMPAMOM MHBECTMLHH. B ToMm ciyudae,
€CJIM TPYIIIa JIUI TPUOOpETeT MakeT aKIUii KOMMEpPUECKON OpraHu3alliu, coAepkKaliui aecs-
TU- ¥ OoJyiee MPOLEHTHON [10JIU, TT0JJOOHOE MHBECTHPOBAHHME PACCMATPUBAETCS KaK BIIOKEHUE
cpeacTB 1o ¢Gopme noprdenbHbIX HHBeCTUIMH. ClenoBaTenabHO, MOCIe MOKYIKU AECATUIIPO-
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LEHTHOTO TaKeTa aKUWUN IPEANPUATHS MOSBISICTCS HACTOALIAs BO3MOXKHOCTh PEaIM3aLUAN
HaAOJIOCHUS ¥ IPOBEPKH (PYHKIIMOHUPOBAHMS TOTO WM MHOTO mpeanpustus [1].

Opnako, HECMOTPA Ha TO, YTO BIAjAEiel] ACCATUIIPOLICHTHOIO IaKeTa akIWi OpraHu3a-
Uy 00J71a1aeT BO3MOYKHOCTBIO BJIMSTH Ha JESATENIbHOCTh MHBECTHUPYEMOW MM OpraHHU3alllH,
KOHEYHOHN LIEJIBI0 U OCHOBHBIM CTPEMJIEHMEM HHBECTOpA SIBIISIETCA OCYIIECTBISATH IOJHBIN
KOHTPOJIb (YHKIIMOHUPOBAHUS JaHHON OpraHU3aliH.

PaccmoTpumM, k mpumepy, peakuil ciydail, KOrjla OpraHu3alus COCTOUT BCETO U3 JIBYX
YYaCTHUKOB, OJIMH U3 KOTOPBIX BaazxeeT 10% umm 20% akuuil npeanpusTus U, pazymMeeTcs, He
MOKeT 00a/aTh MPaBOM BIMSHUS Ha (YHKIMOHUPOBAHUE NPENNPUITUS U, YK Tem Ooliee,
OCYIIIECTBIISATH KOHTPOJIb €r0 JAESITEIbHOCTH.

B nanHO# MHTepmpeTanuy MojA TEPMHUHOM «KOHTPOJIbY» MOApa3yMeBaeTcsl HaOIroAeHue
3a JIeATENbHOCTBIO MPEANPUITHS UM OpraHU3alUU C LENbI0 MPOBEPKU €ro padoThl WU OCY-
IIECTBJIIEHUE TOTAILHOTO HAA30pa 3a ero padoroil. TakuM 00pa3om, KOHTPOJIb HHBECTOPA NMe-
€T MECTO JIMIIb B TOM CJydae, KOIrja MHBECTOp 00JajjaeT MpaBOM M BO3MOXHOCTbIO CBOETO
BMEIIATENLCTBA B (PYHKIMOHUPOBAaHUE U pabOTy AaHHOTO TpeAnpusTus. [1onHbI KOHTPOIb
CUCTEMBI YIPABIEHUS OPraHU3allMU MO3BOJISIET MHBECTOPY MO-HACTOSALIEMY BIIMATH Ha JAEIO-
BYIO aKTMBHOCTb MHBECTUPYEMOM MM OpraHU3alMM, YTO MOXKET OBbITh OCYILECTBIEHO TOJIBKO
npu o0aJaHUK MAKeTOM aKIMi B pa3Mepe JIBe TPETH U Clydae BIAJCHUS JABYMS TPETSIMHU
YCTAaBHOTO KallWTalla JaHHOW opranu3anuu. Eciu nanHoe ycioBue He COOMI0NaeTCs, TO Kax-
JI0€ TIPUHATOE MHBECTOPOM pPELIEHHE M0 KOHTPOIIO JEATEIbHOCTH OpPraHU3alliid MOXET ObITh
COpBAHO BJIAJIENIbLIAMU ITAKETa aKI[Mi, KOTOPHIE B COBOKYITHOCTH COCTAaBJISIIOT TPETh I'OJI0COB.

W3 Bcero BBIIIECKA3aHHOTO CIIEAYET, IOYEMY MPSMBIMU MHOCTPAHHBIMM MHBECTULIUSAMU
CUMTAIOTCA MMEHHO T€ KAlIUTaJIbHBIC BIOKEHUS B NPEANPUATHUSA, BCICIACTBHE KOTOPHIX MHBE-
CTOp MOJIy4aeT KaK MUHUMYM JIB€ TPETH aKLMH JAHHOTO MPEANPUATUS U BMECTE C TEM MPHOO-
peTaeT mpaBo KOHTPOJIS €ro AeATENbHOCTH, KOTOPBIN JTA€T MHBECTOPY €€ OJHO MPaBo — Ipo-
BOJUTDH (DUHAHCOBBIE BJIOYKEHUS B pa3BUTHE MPOU3BOJICTBA HA TAHHOM MPEANPUATHH.

Kpome xanuTanoBioXeHUH MHBECTOPOB, NHBECTULMOHHAS AEATEIBLHOCTb NPEANPUATUS
MOXeT OBITh POBEJICHA 3a CUET COOCTBEHHBIX U 3a€MHBIX cpeacTB. OIHAKO, MOCKOJIBKY 3aeM-
HBIE CPEJICTBA PAHO WJIM MO3JHO HEOOXOJMMO BEPHYTh, TO OCHOBHOMW YNOp IpPHU MPOBEACHUU
MHBECTUIIMOHHONW aKTUBHOCTH MPEIIPUATHS HY)KHO JIeJIaTh Ha COOCTBEHHBIE CPEACTBA, KOTO-
pble UMEIOT TaK Ha3bIBAEMYIO «HAI[MOHAIBHOCTBY», TO €CTh MOTYT OBITh WJIM OTE€YECTBEHHBIMU
WJIM NHOCTPAHHBIMHU.

B cnyyae npsMbIX MHOCTpaHHBIX MHBECTHLIMN HEPEIKO MHBECTOP UCIOJIb3YET COOCTBEH-
HBIE CPEJCTBA TOJIBKO JJISl MOJIyYEHUs IaKeTa aKLUi, Nalolui eMy MOJHbIA KOHTPOIb Aes-
TEJILHOCTU TPEANPHUITHSA, a TIPH BIOKEHUH (PUHAHCOBBIX CPEJICTB B PAa3BUTHE AAHHOTO IpE.-
NPUATHUS UCTIONB3YET KPEIUThI, IIOTy4YEeHHbIE UM B HHOCTPAHHBIX OaHKax. B pe3ynbraTe 3Toro,
HOCKOJIbKY TMPOLIEHTHI MO0 KPEAUTY BCEr/a BKIIOYAIOTCS B OOIIME 3aTpaThl IPOU3BOJCTBA, Ce-
0eCcTOMMOCTD BBIITYCKAaeMOM MPEANPUATHEM MPOAYKINN YBEIHMYUBACTCS, M KaK MPaBUIIO, pa3-
Mep MpUObUIN 10 HAIOr0O0JI0KEHUS YMEHbIIaeTcs. B KOHEYHOM uTOre yMeHblIeHHE NMpUObI-
JH, KOTOpasi 00J1araeTcsi HaJIoroM MPUBOAMT K TOMY, 4YTO B OIOJDKET rocyaapcTBa MOCTYMAET
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CyMMa HaJIora B rOpa3/io MEHbIIEM KOJUYECTBE, UeM OXKHUAAJIOCh. BhlllieonucanHas cuTyanus
BJICUET 3a CO00I OOMBIINE MOTEpU OFOKETa TOCY1apCTBA.

JlanHast cuTyalus He MOKET Ha3bIBATbCA MPSAMBIMU UHOCTPAHHBIMU MHBECTHIIMSIMH, T10-
CKOJILKY MHBECTOP B 3TOM CITydae C MOMOIIbI0 MHUMOTO MHBECTUPOBAHMS 0OecTieunBaeT ceost
MPaBOM Ha TMOJyYe€HHE KPEIUTOB B MHOCTPAHHBIX OAHKAaX, a, KaK U3BECTHO, JIOObIE 3aeMHbBIC
CpEelCTBa, MOTYYEHHbIE IOPUANUYECKUM JIMLIOM JUIsl PA3BUTHUSI TPOU3BOJACTBEHHBIX MOIIHOCTEH,
HE SIBJISIFOTCS MPSIMBIMU MHOCTPAaHHBIMH UHBECTUIUSAMU [1].

Ha ocHoBe HECKONBKUX KIACCH(PUKALUN MPSMbIX HHOCTPAHHBIX HHBECTULIUN BBIJEISICT-
cs1 ceMmb BuoB 11NN :

- CO3J/IaHHE ITYyTEM CTPOUTEITHCTBA HOBOTO MPEATNPUSITHS;

- YBEJIMYEHUE JACATEIHLHOCTH ITYyTEM PACIIUPEHUS YK€ CYIIECTBYIOMIETO MPEATPUSITHS;

- IepeMeIleHre CYIIECTBYIOMIErO MPEANPHUITHS Ha HOBO€ MECTO JUCIIOKAIIUU;

- OpraHu3aiusi COBMECTHOTO MPEANPUATHUS, KOTOPOE SIBJISIETCS CIEACTBUEM KakK CTpare-
THYECKOT0 COI03a;

- yCTpaHEHHE KOHKYPEHTOB WK (PUPM U3 JIPYTHX OTPACICH MyTeM HMX MOTJIOMECHUS IS
TUBEpCU(DUKAIINN HX JACSITETbHOCTH;

- MIPUHATHE YYaCTHs B aKIMOHEPHBIX KalUTalaX MPEAIPUITHNH-KOHKYPEHTOB Ha YPOBHE
nopT¢enbHbIX UHBECTUIUH;

- o0BeAMHEHNE TPEANIPUATHN ITyTeM CusiHusA [3].

[TosiBreHHe BHEIIHUX TTOTOKOB MHBECTHUIIMM 00YCIOBIEHO HECKOJIBKUMHU (pakTOpamu, Ko-
TOpbIE MOKHO OOBEAMHUTD B JIBE OCHOBHBIC TPYIIIIHI:

- MaKpO’KOHOMUYECKHE (TOCYIapCTBEHHAs MOJIUTUKA, POCT BHYTPEHHETO BAaJIOBOTO IPO-
IyKTa, )KOHOMUYECKUE U MOJUTHYECKUE U3MEHEHUSI B MUPOBOI SKOHOMHUKE);

- MUKPODKOHOMHUYECKHE (MMPOU3BOICTBEHHBIE (DAKTOPHI, BHYTPUPBIHOYHBIE (DAKTOPHI, U3-
JIEP>KKH, O0YCIIOBIICHHBIE TPAH3aKIMUIMU) [4].

AHaMM3Upysl TEOPETHUYECKHUE ACIEKThl WHBECTHIIMOHHOW aKTUBHOCTH MOKHO CJIENaTh
MPaKTUYECKHE BBIBOIbI, KaCaIOIIMECs] MHBECTUIIMOHHON AesTenbHOCTU. [IpoBeneHne BHelHEeN
WHBECTUIIMOHHOM MOJIUTUKHI BO3MOXHO MPH HAJTHUUUU OTPEACTIEHHBIX YCIOBUM:

- CYIIECTBOBAaHUE HEIBYCMBICICHHOM MPaBOBOI 0a3bl HA YpOBHE 3aKOHOB M aKTOB, KO-
TOpbIE 00ECIICYNBAIOT MIPABOBOE PETYIMPOBAHUE WHOCTPAHHOW MHBECTUIIMOHHOW IEsATEIHHO-
CTH;

- HaJTM4He CTaOMITLHOCTU C TOYKH 3PEHHSI MAKPOIKOHOMUKH,

- BJIO)KEHHE MHBECTHUIIMNA HE TOJBKO B MHPPACTPYKTYpPY, HO U B OTPACIH, KaCaIOIIUECs
chepsl yciyr;

- MpaBOBas 3aIIMILEHHOCTh COLMANIBHBIX TPYII C HU3KUM YPOBHEM J10XO0/1a;

- BHEIPEHUE SKOJOTUUYECKHUX MMPOCKTOB IO 3aIIUTE OKPYKAIOIIEH CpeJibl.

B HacTosiiee BpemMsi OCHOBHBIC HHOCTPAaHHBIC WHBECTHUIIMH B peciyOnke A3zepOaiimkan
HATPABISIOTCS B HE()TEAOOBIBAIOIIYIO OTPACb. J{JIs1 MPOMOPIMOHATIEHOTO Pa3BUTHS YKOHOMH-
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Bnusnue NPAMBIX UHOCMPAHHbIX quecmuuuﬁ HA S9KOHOMUKY

KU HE00XOAMMO HE TOJIBKO YBEIMUYEHHE HHBECTULIMOHHBIX BIOXKEHHUH, HO U YBEJIUYEHUE 10X0-
JIOB, TO3TOMY MpHUOBLIb, MOJIYYEHHYIO TpU TMpoJake HEPTENPOIyKTOB LEIECO00pa3HO
HAIMpaBJIATh HA Pa3BUTHE APYTHUX CEKTOPOB IKOHOMMKH.

Ecnu cnenoBath 1aHHOMY IPaBUITY, TO MOBBIIIEHUE WHBECTULIMOHHON aKTUBHOCTH WHO-
CTpaHHBIX WHBECTOPOB MPUBEJET K POCTY SKOHOMUYECKOTO Pa3BUTHS, YMEHBIIECHUIO WU Pe-
LeCCUU MH(IISIMOHHOTO YPOBHS, YMEHBUICHUIO KOJMYeCTBa 0e3pa0dO0THUIIbl, 32 CUET CO3JIaHus
JIOTIOTHUTEIBHBIX pabOYMX MECT.

Taxum 06pa3zom, MpoBest aHAIU3 YCIEXOB a3zepOaiKaHCKO 5 KOHOMUKH B 00J1aCTH UH-
BECTULIMOHHOM JEeSATETbHOCTH, HEOOXOIUMO OTMETUTH, YTO MPOrpaMMa rocy1apcTBEHHON MH-
BECTHLIMOHHOM MOJUTHUKH B OYyIIeM AOJKHA MPUAEPKUBATHCS CIIEIYIOUIUX TPUHIUIIOB!

- HaJIM4YME TOJUTHUYECKON CTaOUIILHOCTHU B CTPAHE;

- IOBCEMECTHOE BEJCHUE KOHTPOJIS M y4eTa 32 SKOHOMHUYECKUM U (PMHAHCOBBIM COCTOSI-
HUEM NPEAIPUATHH;

- HOJ/Iep>KaHUe BHICOKOTO TEXHUYECKOI'O YPOBHS IPOU3BO/ICTBA;

- coOmrofieHne MPONOPLUOHATBHOCTH COOCTBEHHBIX M BHELIHMX HWHBECTUI[MOHHBIX
CPEACTB;

- OCYIIECTBJICHHUE BO3MOXXHOCTH MOKYIKH TEXHOJIOTHYECKOTO 000PYIOBaHHS COTIACHO
JM3UHTOBBIM JIOTOBOPAM;

- IPEIOCTABJICHUE TOCY1apCTBEHHBIX JIBTOT;

- HOJJEp)KaHUE IPYKEITOHOr0 XapakTepa B3aUMOOTHOILEHHUH ¢ MHBECTOPaMH;

- FapaHTUPOBAHHOE COOJIIOJICHUE BCEX IIPAB BHEIIHUX HHBECTOPOB;

- IPO3PAYHOCTh UHBECTUIIHOHHOW aKTUBHOCTH

3akioueHue. B TeueHne HENMpOIOHKUTENBHOTO MEepHoAa OOl 00beM BHEIIHUX HH-
BECTULIMH B SKOHOMHUKY A3epOaiikaHa, COrJIacHO CTaTUCTUYECKUM JaHHBIM COCTaBWII Oolsee
30 mapxa. gomut. CHIA, pa3mepbl rocy1apCTBEHHBIX MHBECTUIIMN YBEIMUUIUCH B 7—8 pa3, pocT
00beMa BHYTPEHHET0 BAJIOBOTO MPOIYKTa COCTaBMI 2,3 pasa.

Opnnako HEOOXOAUMO yKa3aTh, YTO JIOJII MHBECTULMI OT MHOCTPAHHBIX MHBECTOPOB B
o01eM o0beMe MHBECTUIINM C KaXIbIM TOJ0OM yMeHbIaeTcs, coctaBuB B 2014 rony 71,9%, a
B 2015 rogy — 63,5%.

[TosToMy asst yBenMYeHUs 0JIM MHOCTPAHHBIX MHBECTHLIMN B SKOHOMHKY A3epOaiipka-
Ha HEOOXOUMO pa3paboTaTh U BOIUIOTUTH B KHU3Hb PALIMOHAIBHYIO U PaBUIIbHYIO HHBECTH-
LMOHHYIO MOJMUTHUKY, KOTOpast Obl TECHO KOPPEIUPOBAIACh C MOJIUTUKON rocyJapcTBa B o0ua-
CTH TIPOMBIIUIEHHOTO CEKTOpa SKOHOMHUKH. B3ammopelicTBHE MHBECTHUIIMOHHON M MPOMBIII-
JIEHHON TOJUTHKU TOCYJapcTBa MPEIOCTaBUT BO3MOXKHOCTh HAlPaBUTh MHOCTPAHHbBIE MHBE-
CTHLIMU KaK B OBICTPOOKYIIA€MbIE€ MPOEKThI, TAK U B T€ Cepbl FKOHOMUKH, KOTOPbIE UMEIOT
Ba)XKHOE 3HaueHue JUIst 3 (PEeKTUBHOrO pa3BUTHUS CTPaHbl HA YPOBHE MHHOBALMM U COLIMATIbHBIX
POTPaAMM.
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BiRBASA XARICi INVESTISIYALARIN iQTiSADIYYATA TOSIiRi
O.N. MARKOVA, R.A. HUSEYNOV
Magqalads birbaga xarici investisiyalarin xarakteristikalar1 taqdim olunmus ve Azarbaycan Respublika-
sinin iqtisadiyyatina investisiya siyasatinin aspektlorine baxilmisdir.
Agar sdzlar: investisiyalar, investisiya siyasati, xarici investisiyalar.
INFLUENCE OF DIRECT FOREIGN INVESTMENTS ON THE NATIONAL ECONOMY
O.N. MARKOVA, R.A. GUSEYNOV
This article reviews to the specifics of the direct foreign investments and examines aspects in the invest-

ment policy of the Azerbaijani economy.
Key words: investment, investment policy, foreign investment.
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MHOTOKAHAJBHBIN IBE30OJIEKTPUUECKU
KOMMYTATOP AJAIITUBHBIX ONITUYECKNUX CETEN

M.I.TACAHOB®

[Tpoananu3npoBaHel BO3MOXKHOCTH TPUMEHEHHUs MbE303NEKTPHIESCKHX MPUBOAOB AT KOMMYTAIIMH ONTHYECKUX
KaHAJIOB M pa3pabOTaH aJanTHUBHBIA MHOTOKAHAIBHBIN MBbE30JIEKTPHUECKHN KOMMYTATOp onTHueckux cereil. [loctpoena
YIIPOIIEHHAs JNEKTPUIECcKas SKBUBAJICHTHAsS CXeMa Mbe303IEKTPUIECKIX MUKPOABHUTaTeNneil. PaccunTaHbl mapamMeTpsl mbe30-
NMEKTPUIECKHX MUKPOABUTATENEH, TOCTPOSHHBIX Ha OCHOBE IEKTPOMEXaHHIECKON aHATIOTUH.

Knrwuesvle cnosa:  mukponvesosnekmpuyeckuil NPU8oo, ONMUYECKUl KOMMYMamop, a0anmugHvlil MHO2OKA-
HABHBIL KOMMYMAMOop, 3ePKAio 8 8Uoe MHO20Y20IbHUKA, YNPABasiouee YCmpocmao,
ONMuUYecKoe 8010KHO, IKGUBANCHIMHASL CXeMA.

BBeneHue. 3a CpaBHUTEIBHO KOPOTKYIO HUCTOPUIO Pa3BUTHUS ONTHUYECKUX CETEH ObLIO pas-
paboTaHO OrPOMHOE YHUCIIO Pa3IMYHBIX TUIIOB KOMMYTaTOPOB ONTUYECKUX CUTHAJIOB, OCHOBAHHBIX
Ha pa3HbIX (pu3nueckux npuHImmax [1].

CoBpeMeHHbIE BOJOKOHHO-OITHYECKUE CHCTEMBI CBS3U CTaBsIT HOBBIE 3a/1a4d IEpe]] KOM-
MYTUPYIOIUMH yCTPOHCTBAMU ONTHUYECKUX KaHajoB. ['J1aBHOM 3ajadyell TAKMX KOMMYTAaTOpPOB sB-
asiercst obecreueHne MaKCUMalIbHO BBICOKOTO OBICTPOJIEHCTBHUS, TOCTATOYHOTO JJIsi pa3padaTbiBa-
€MBIX TEPaOUTHBIX ONTHYECKHUX JIMHUM CBSA3H, 3(PPEeKTUBHOCTh U oOecrieueHne MUHUMAJIbHO BO3-
MOXHOH Y/I€JIbHOM CTOMMOCTH, a TAKXKE CHIKEHHE NOTPeOJIsseMON MOIIHOCTU 110 CPABHEHUIO C
CYIIECTBYIOIIMMH 3JIEKTPOHHBIMH aHajoraMH. PelieHue 3TuUX 3ajjad BO3MOXKHO C NPHUMEHEHHEM
TPaJULIMOHHBIX MEXaHUUYECKHUX, DIIEKTPO-ONTUYECKUX, TEPMO-ONTUYECKUX, KUIKOKPHUCTAJLIHYe-
CKHX, MOJYHPOBOJAHUKOBBIX, HHTEIPAIIbHO ONTUYECKUX, MHUKPOIIEKTPOMEXAaHUUECKUX M JIPYTUX
ycTpoiicts [2,3].

OIHMM M3 NEepCNEeKTUBHBIX MyTeH pelieHus NpoOIeMbl ABISETCS NPUMEHEHHE MbE303JIeK-
TPUUYECKUX Je(IeKTOpoB [4] u MpHUBOIOB [5], HA OCHOBE KOTOPBIX BO3MOYKHO CO3aHHE HOBBIX
MHOT'OKaHAJIbHBIX [1b€303JIEKTPUUECKUX KOMMYTATOPOB ONTUYECKUX KAHAJIOB.

1. AJanTHBHBIA MHOTOKAHAJIbHBIH ONITHYECKUI KOMMYTATOP
O060011IeHHYI0 CXeMY aJalTHBHOIO MHOTOKAHAJIBLHOI'O KOMMYTAaTOpa ¢ MPUMEHEHUEM MHK-
POTIBE30AIEKTPUUECKUX MPUBOJIOB JJISI MEPEKIIOUEHUsI ONTHYECKUX KAaHAJIOB MPEJICTABUM B CJie-

nyroriem Buje (puc.l):

*
AzepOaitmxanckuii TeXHHYeCKH yHUBEPCUTET
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4
-(‘e Vopaenaemule sepkano  |4— IIsesonpozon

Baok 3
yIpas e

Puc.1. Obob6wennan cxema adanmugHo20 MHO2OKAHAIbHO20 KOMMYMAMOPa ¢ RPUMeEHeHUeM
MUKPONbE30IIEKMPUYECKUX RPUBOO08 OJ151 REPEKTIOUEHUS ONMUYECKUX KAHAN08.

Kak BugHO u3 puc. 1, MyJITUIUIEKCUPOBaHHBIN

B €IUHBIM ONTHYECKUUM CUTHAJ Z/ln JIEMYJIbTUILICK- 1 Omnraeckoe

EOJIOKHO

).1‘1“.1"' t "-""
CHPYETCS CBOUM COCTaBIIAIOIIMM /4, IOCPEACTBOM . ‘

ynpasisieMoro 3epkana (1) ¢ momoupro crnennaibHOro

Os10Ka yripaBiieHus (2) Mbe30MPUBOIOM BpalaTeIbHO- b = 2
o o Vipaenaemele
ro aswxeHust (3). B ganHo# cxeme HOBU3HOW SIBJISI- : fl  seprano

eTcsl y3eJ1, 00pa30BaHHBIN COUETAHHUEM YIPABISIEMOTO

3epKajia ¢ Mbe30MPHUBOOM BPAILIATEIbHOTO IBHKEHUSI.
Ha puc. 2 npuBeneHa cxema y3ia, sIBJISIOILIErO-

Csl COYETAHHUEM YIIPABIIIEMOT0 3epKajia C MbE30MPHUBO- yopaancecs

J0M BpallaTCJIbHOT'O ABWXKCHUS.

Ha puc 2.a mokazaHo codeTtaHue AByX y3JIOB U
0JIOK yrpaBiieHus1, a Ha puc 2.0 moka3aH paspe3 A-A a)
OTpa’KaTeJIbHOIO0 MHOIOYIOJBHOIO 3€pKaya. B 3aBU-  Puc.2. Cxema ysna, obpazosannozo coue-
CHAMOCTH OT TMOCTABJIEHHOM 3a/Jaud pa3pe3 oTpaxa-  MAHUeM «(ynpagriemoe 3eprailo — nbes-
TENBHOTO 3€pKala MOXKET UMETh pa3jiNuHyl0 FeOMET- onpucoo.
puueckyo KoHurypauuio. Ha puc 2.0 oH BBITISIINT
KaK reoMeTpuueckas (purypa B BHJIe BOCbMHUTPAHHUKA.

Ha puc. 3 npuBeneHa (yHKIMOHATIbHAS CXeMa aIallTHBHOTO MHOTOKAHAJIBHOTO TThE303JICK-
TPUYECKOTO KOMMYTATOPa C OJIOKOM yIIPaBICHHUS.

Kak BugHO 13 puc. 3, ycTpoiicTBO conepkuT ontuueckuil kadens (OK) ¢ xunamu ontuye-
ckoro BojiokHa (OB) - 1, ¢ HaKOHEUHUKOM (POKYCHUPYIOIIEH JTHH3HI - 2, THE30IEKTPHUECKUI MHK-
pOTIPUBOJ — 3, PEBEPCUBHBIN POTOp - 4, BOCBMHUIPAHHOE OTpakaTeabHOE 3epKajo — 5 u OJOK
ynpaienus - 6 [5].

bnok ynpaBneHust Mbe303JIEKTPUIECKOT0 KOMMYTATOpa MOKa3aH Ha PUC. 4 U TpEeIHA3HAYCH
JUIs FOCTUPOBKHM JIyda, OTPAQXKEHHOI'O OT BOCBMHUIPAHHOIO 3epkajia. ITOT OJI0K oOecredyuBaeT OI-
TUMAaJIbHBIN TPHEM U TIepeHarpaBleHHe JTydell Ha BBIXOJHOE YCTPOHCTBO. DIEMEHTHI MbE303JeK-
TPUUYECKOTO ONTHYECKOT0 KOMMYTaTOpa C aJlaliTUBHBIM 3€pKajioM U OJIOK yIpaBJIeHUsS KOHCTPYK-
THUBHO pa3MeEIIEHbl B OJJHOM KOpITycCe.
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Mnozeokananvhbiii nb€303ﬂ€Kmpull€CKMﬁ Kommymanop aA0anmueHbIX ONMUYECKUx cemell

[Ibe30nnekTprueckuii  on-
TUYECKUI KOMMYyTaTop ¢ ajar-
TUBHBIM 3€PKaJiOM, IOKa3aHHBIM
Ha puc. 4, paboTaeT ClIeAYIOLUUM
obpa3zom:

Yacte mortoka wuH(pOpMa-

OUOHHOT'O U3JIYUCHU A, BBIXOIAIIAA

6
Bnox
OT OIITUYECKOI'0 BOJIOKHA, BBbIJC- Ay As ‘ln VIpaEneHA

JIICTCA KakK BTaHOHHBIﬁ OIITHU4YC-
Puc. 3. Dynkyuonanvnan cxema adanmueno20 MHOZOKAHANbHO-

CKHM CHI'HAJl, KOHTPOJIUPYIOIINH 20 NbE30IIEKMPUUECKO20 KOMMYMAMOpPa

HpHHHHH pa6OTLI KOMMyTaTOpa B 1 — onmuueckoe B0JIOKHO, 2 — JIUH3A, 3 —pa30eﬂeHHbze Ha cneyu-

nenmoM. [lodToMy  BBIACNEHHBIN  asbubie uacmu nveszosnemenmol 6 6uoe yuaunopa; 4 — 0euicyujuti-
MOTOK MOCTYIaeT Ha BXox (oTo- ¢l Ha 0be CMOopoHbL Pe6epCUBHbILL POMOP OKPY2I0ll (hopMbl,
5 — npuxpennennoe 6 pomop ompasicamenvhoe 3epKaio
8 6U0e B0CbMUSPAHHUKA, 6 — OIOK ynpaesienus
BaHUS B DJIEKTPUYECKUN CHUTHAJ Nbe300NMULECK020 KOMMYMAamopd.

nepenaeTcsi B OJIOK CpaBHEHUS.

NpUEeMHUKAa W TIOCie Mpeodpaso-

Eciu manpsbxeHue CHrHana, Io- S ——

CTYTAIOMIETO OT (POTONPHEMHHUKA, l

PAaBHO HAINPSHKEHUIO DTAIOHHOIO Creva || y::::::” R Y“\!’;’;’o’:_{':’:;gf | [Vapasmmesre

CUTHAalla, TO HA BBIXOJE CXEMbI DN | paccormocopamna | | mheso MEMC 3epKaio

CpaBHEHHsI HE BBIJICISACTCS CUTHAI OTT i

paccornacoBanus. [Ipu paccorina- poTonpueMHHKA OT(:_[{L&::;'E

COBAaHMU  CHCTEMBI  Pa3HOCTb

HANpPSDKEHUS  Yepe3  YCHJIMTEIb Puc. 4. Bnok ynpasnenus nve3031eKmpuiecKozo
Kommymamopa

CHTHaJla paccOIacOBaHUs Iiepe-
JTAeTCsI B y3€JT YIPABISIONIETO YCTPOMCTBA Mbe30MUKpOdIeKTpoMexanndeckoii cuctemsl (MEMC).

Bo3zeiicTBue Ha BOCBMHUIPaHHOE OTpakaTEJIbHOE 3€pKaJI0 M KOMIICHCAIUsl Pa3HOCTHOTO
CUTHAJa NPUBOAMT CHCTEMY B HCXOJHOE IOCTHMPOBAHHOE cocTosiHUe. Takum oOpas3om, cucrema
HaxXoquTCda I0J IOCTOAHHBIM KOHTPOJIEM CHUCTCMbl aBTOMATHYCCKOI'O YIIPABJICHUSA, a4 TOYHOCTbH
paboThI CUCTEMBI OTIPEACISIECTCS AMIUTUTYIHBIM 3HAUCHHEM 3TATIOHHOTO HANPSHKCHUSI.

2. DKBHBAJIEHTHBIE CXeMbI Ibe303/1eKTPUYECKHX MUKPOABHUIaTe e
[IprMeHeHne Nbe3031eKTPUUECKUX a/IallTUBHBIX MHOTOKaHAJIbHBIX KOMMYTaTOPOB B BOJIO-
KOHHO-ONTHYECKOH CETH TECHO CBSI3aHO C pacuéToM pabounx XapaKTepUCTUK MbE303IEKTPUUECKUX
MUKpOJBUTATENECH U pacuéToM ux mapameTpoB. [103TomMy paccMOTpUM MOCTPOEHUE SKBUBAJIECHT-
HOW CXEMbl Ha OCHOBE 3JIEKTPOMEXAHNYECKON aHAIOTUHU [6] U MMOJIyduM MaTeMaTHYECKHE BbIpaKe-
HUSI, XapaKTepHU3HIoIue padoune napaMeTpsl Mbe30IEKTPHUECKIX MUKPOJIBUTATEIIEH.
Ha puc. 5 npencrasieHa ynpolieHHas SKBUBAJICHTHAS CXEMa MbE303JIEKTPUUECKUX MUKPO-

JBUTaTENEH, B KOTOpoi R, M R,; BKIIOYAIOTCA B LENb MOOYEPENHO MPH IOMOIIH KiItouel K, u

K, COOTBETCTBEHHO, OT CXEMBI YNpaBiIeHHs (pUC. 5.a).
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Puc. 5. Ynpowennan skeueaneHmuas cxema nve3031eKmMpuidecKux MuKpoosuzameJei

[pu BKIIOUEHMH KOHTaKTa K, UIyHTHPYFOTCS CONPOTHBIEHUS R, ¥ BBOJMTCS B LEMb CO-

n

IIPOTHUBJICHUA R KOTOpPOC COOTBCTCTBYCT B33.PIMOI[€I>1CTBPIIO IMbC303JICMCHTAa C POTOPOM, a IIpU

np ?

BKIIIOYEHHH KOHTaKTa K| WIYHTUPYIOTCS COMpoTHBIEHUs R, u

B LCIIb BBOAUTCA COIIPOTHUBIICHUC R06 , KOTOpPOC O3HA4YacT OTCYT- 4 R(t)
CTBUEC BSaHMOHeﬁCTBHH MCXKAY IMNbE302JICMEHTOM H POTOPOM, R ——
JKECTKO MPUKPETUIEHHBIM K MOABUKHOW YaCTH MOITYIPO3PAYHOTO - v o

obp

-
>

3epKajia. YKa3zaHHas Ha pUC 5.2 DKBUBAJICHTHAs CXeMa MOXET
OBITH Mpe/ICTaBICHA KaK IeTh C TIEPEMEHHBIM ITapamMeTpoM (puc.

t
Puc. 6. Bpemennan ouazpamma

5.06), W3MEHEHHWE COMPOTHUBIICHHUS KOTOPOTO MPOUCXOIUT CKAY-  compomuenenus nve3ornekmpu-
K00Opa3Ho, KaK MOKa3aHo Ha puc. 6. 4ecKo20 MuKpoosuzamens npu
ezo pabome

N3 >KkBUBAJIEHTHOM CXEMBI, TOKa3aHHOW Ha PHUC. 5.a U
puc. 5.6, noay4um:

iy =n,0;, u,=mM,
E . o
rane n,=2bd,/S,,, m, =2aR,/® - npuBenéuHble KOIPPUIMECHTBI IEKTPOMEXAHUUCCKOH

aHaJoruy. 3HaueHHe BXOIHOTO TOKa B YNPOIIEHHON cxeMe 3aMerenus (puc. 5.6) paBHo:

.U
L= — > (1)
RS.\’
. Ry - R(7)
rne U, =U, sinwt - npunoxeHHoe HampshkeHue; R = R, +———~- - BXOIHOE CONPOTHBIIE-
R, +R(2)

HME LeNH, R, - CyMMapHOe COINpPOTHBIECHHE aKyCTHYECKUX MOTEPb, R, - CONPOTUBIECHUE HArpy3-
ki, R(1)- mepeMeHHOE CONPOTHUBIICHUE, OTpaXkarollee paboTy (PUKIHOHHOTO KOHTAaKTa (Mbe30-

JIEMEHTa C POTOPOM).
3HayeHUe TOKa B HATPY304HOM CONPOTHBICHHU:

1 R®O-U, _ R(1)-U,

iy = - @)
Rsx RH + R(t) RIRH + (Rl + RH) ’ R(t)
Hanpspxkenue Ha 3a)KuMax Harpy3KH:
R, -R(t)-U,
U, =R, i, ——Fu RO-Uy 3)

RIRH + (Rl + RH) ' R(t)
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Mnocokananvhbiii nb€303ﬂ€KmpuH€CKuﬁ Kommymamop aA0anmMueHbIX ONMUYECKUX cemell

HepeMeHHoe COIIPOTUBJICHUEC R(Z) MOKHO IIPEACTAaBUTH KaK
np + Ro6 + 2(]znp + Roﬁ)

2 T
C 1enbi0 YIPOIIEHUSI PEIICHHs TOCTABICHHON 3a/1a4r ¢ HEOOJIBIION TOTPEITHOCTHIO Orpa-

R
R(t) =

(cos a)t—écos3a)t+%c055w1) 4)

HUYHAMCSI OCHOBHOM MaPMOHHKO# MlepeMeHHo# cocraBisitonieid R(1):
R(t)=R0(1+mUy - wt) (5)
R, +R

.
e R, = % - IIOCTOSIHHOE CJIAraroliee MEPEMEHHOTO CONPOTUBRIICHUS;

4(Rnp + Roé)
m=—————— - [NIyOuHa MOTYJISIIIUY TIEPEMEHHOTO COTTPOTHBIICHHS.
(R +R,)
np 0
IMoxcraeiss 3navenne R(7) B (1), (2) u (3), HAXOIUM CIIEAYIOLIHE BEIPAXKEHUS JJIs1 TOKOB
i,; nHanpsokenus U, :
. a,+b coswt )
i =————U, sinwt
¢, +d, coswt

_ @, +b,coswt

iy U, sinot (6)
¢, +d,coswt
U, =Ryiy
rae a,=R,+R,; b =mR;; ¢ =RR,+R/(R+R;);

d =mR,(R, +R,); a,=R,; b,=b; ¢,=c¢; d,=d,.
[Tpeobpasys Beipakenue (6) 1 0OTOpACHIBast TAPMOHUKY 00Jiee BBICOKOTO MOPSJIKA, HAXOAUM
TOKH Y HalpsDKCHUE HAa HATPY3Ke B CIIEAYIONIEM BHJIC:
i, =(A4,-sinwt + B, sin2wt)-Um

iy =(A,-simwt+ B,sin2wt)-Um @)
U, =(4,-sinwt+ B, sin2wt)-Um-R,
4 = U —-0,25b,d, B - b,c, —0,5a,d,
e N CT T —d?)
k k k k

Ha ocHoBanumn INOJIYUCHHBIX MATEMATUYCCKUX BLIpa)KCHI/Ifl onpeacjaimm MOITHOCTb HOTpe6—

As1eMOH B ceTi F} ¥ MOILHOCTb Ha NEPEIBUKHON YaCTH MbE30IEKTPUUECKOT0 MUKpOABUraTens Py:

17 A4 -U?
B=—[U, idt == (8)
T 0
MOH_IHOCTB Ha HCpCI[BPI)KHOfI YacCTH MbE30DJICKTPUICCKOI'0O MUKPOABUIaTEIIA:
PZ—?_([UZ-szt— : 9)

Toraa K03 PHUIMEHT 1MOJIE3HOTO AEHUCTBUS 7] pa3pabOTaHHOTO MbE303IEKTPUIECKOTO0 MHK-

poaBuraress OyJeT UMETh BU/I;
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P, (4 B}
=oAL B 10
T T ) (10

3akouenue. [lpemioxkeHa HoBasi cxema aJanTHBHOIO MHOTOKaHAIBHOTO IhE303JIEK-
TPUYECKOTO KOMMYTAaTOpa ONTHUYECKUX KAHAJIOB C MHUKPOMBE3OIJIEKTPUUECKUM JBUTATEIIEM.
IIpuBeneHb MaTeMaTUYECKUE BHIPAKEHHS TAPAMETPOB MbE30IJIEKTPUUECKUX MUKPOIBUTATEIEH Ha
OCHOBE DKBUBAJICHTHOI CXEMBI, TOCTPOSHHON Ha MOJA00HMH AIEKTPOMEXaHUIECKON aHAJIOTHH.
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ADAPTIV OPTIiK SOBOKOLORIN COXKANALLI PYEZOELEKTRIK
KOMMUTATORLARI

M.H. HOSONOV

Optik kanallarin kommutasiyasi ii¢iin mikropyezoelektrik miihorriklorin totbiqi imkanlar1 arasdirilmis vo adaptiv
coxkanalli optik gsobokolorin pyezoelektrik kommutatoru todqiq edilmisdir. Pyezoelektrik miihorriklorin sadologdirilmis
ekvivalent sxemi qurularaq parametrlori hesablanmigdir.

Acar séozlar: mikropyezoelektrik miiharrik, adaptiv ¢oxkanalll optik sabakalarin pyezoelektrik kommutatoru, idaraedici
qurgu, optik lif, ekvivalent sxem.

MULTI-CHANNEL PIEZOELECTRIC SWITCH OF ADAPTIVE
OPTICAL NETWORKS

M.H. HASANOV

The possibilities of using piezoelectric drives for switching optical channels and developed an adaptive multichannel
piezoelectric switch for optical systems. Builtsimplifiedelectrical equivalent circuit of piezoelectric =~ micro-motors. The
parameters of piezoelectricmicro-motors built on the basis of electromechanical analogy.

Key words: micro-piezoelectric drive, optical commutator, adaptive multichannel commutator, polygon mirror,
control device, optical fiber, equivalent scheme.
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UDC 681.51
COXMEYARLI YANASMA OSASINDA KADR SECIMI

S.Y. SALMANOV"

Mogalods kadr se¢iminin idaro edilmosi, xiisuson do, bir ne¢o soxsin arasindan namizodlorin segilmosi
masalosing baxilir. Praktikada mohz on yaxsi se¢im etmok iiciin mohz namizadlor hagqinda miioyyan vo qeyri-
miloyyon molumatlar verilonlor bazasina daxil edilir vo ekspertlorin kdmayi ilo bu molumatlar analiz edildikdon
sonra se¢im aparilir.

Acar sozlar: garar-qabul etma; kadr se¢imi; ilkin malumatlarin natamamiigi; coxmeyarl yanasma.

Isci qiivvoesi segilorkon osas mosalolorden biri bir ne¢o soxsin arasindan tolobloro cavab
veran mohz bir soxsin secilmosidir. Bu masalo hal-hazirda ¢ox aktualdir, lakin bu se¢im ¢ox
zaman lazim olan tolobloro cavab vermir. Bu moqalods iddia olunan solis vo qeyri-solis
miioyyonlik arasinda olan forqi ayird etmok tolob olunur. Bu halda miioyyon olan materiallar
verilonlar bazasina daxil olunur. Tam miioyyan edilmayan verilonlor ekspert verilonlorin totbiqi
ilo analiz edilir. Verilonlori analiz etmok {i¢iin verbal doyisonlor daxil edilir. Daxil olunan
parametrlorin real qiymatlori baza ¢oxluqlart ils edilir. Baza ¢oxluqlarinda ekspertlor vasitosilo
geyri- salislik funksiya soklindo gostorilir. Qorar gobul etmo modeli ikidollu qrafa soklinds
ekspertlor vasitosilo geyri-solis miioyyonlik soklindo gostorilir. Qorar gobul etmo maosalalori
montiqi-linqvistlik modellors aid olub, coxkriteriyali qorar gqobuletmo mosalasi soklindo hall
edilir. Burada ¢ox meyarli geyri-solis meyarlar miioyyon edilir, gorar qobul etmo modelinin
mahiyyati ifado edilir, qorar-qobul etmo marhalalorls islonir vo 1 yerlorino namizadlorin toyin
olunmasi haqda qorar gobul edilir.

Qorar gobul etmo geyri-miioyyaonlikdir; ¢ox meyarlidir; modellogsmadir; siini intel-
lektdir; kadr se¢imidir; qeyri-miisyyan verilonlordir (malumatdir).

Personalarin idars edilmosinds asas masolo konkret yerlors [1,2], toyinatin verilmasidir
[3-5].

Kadr se¢imino ¢ox diqqoet yetirilir, belo ki, bu mosalo bir ¢ox is yerlorindo bir qayda
olaraq miiossisesinin idaroetmo movqgeyino uygun sokildo miixtalif ndv testlorin [1,2,6]
kegirilmasilo hoyata kegirilir. Bu tip islorin analizi gosterir ki,(montiqi geyri-salis modelin
islonmosi zaman) ekspertlor is yerlorina namizadlorin gqobulu zamani testlorin naticolorinin da

3
Azorbaycan Dovlot Neft vo Sonaye Universiteti
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geyri-miioyyanlik ohomiyyatli dorocods olmalidir. Ekspertlorin bilik soviyyasinin asagi olmasi
mohz moaqsadyonlii gorarin gobul olunmamasi ilo noticalonir, kadr se¢imi zamani1 ¢oxmeyarli
gorarin gobulu osas meyarlardan biridir. Bu zaman hoyata kegirilon omoliyyatlarda verilonlorin
salis halli tolob olunur.

Masalonin parametrlorinin halli: Bu masalays amaliyyatlarin todqiqi kimi do yanagsmaq
olar. Kadr se¢imindo geyri-miioyyon sortlorlo toyin olunma mosalosi kimi bu masolonin
parametrlorinin formalizasiyasinin osas xiisusiyyatlorina baxaq. Saokil 1-do gdstorildiyi kimi is
yerino gobul olmaq istoyanlori masolonin hoallinds ilkin verilonlor kimi, is yerlorini iso tam vo
natamam verilonlora ayiraq. Bu verilonlor bilavasito verilonlor bazasina daxil edilir.

Is yerlorina islo tomin olunan
nimayandalor haggqinda moalumat

Miiayyan olunan Qeyri-miioyysn
verilonlor verilonlor
| | | |
Vosiqoda Dovlot vo bagqa Miisahibolor Ekspertlorin
olanlar togkilatlardan haqqinda sorgularina
olan moalumatlar moalumat cavablar
Ovvolki is yenidon Imtahan haqqinda Test
olan verilonlor olan verilonlor verilanlari

Sak. 1. Verilonlarin tasnifati

Qeyri-miioyyon verilonlorin islonma xassoloring baxaq. Qeyri-solis masalo qrafast kimi
geyri-salis verilonlorin formalasdiricisin1 holl edok. [8] cadvaldon geyri-salis miioyyanliya
osaslanaraq G = (x, F), burada x- yiiksalon ¢oxluq olan F = {< M < Xi,Xj > X, Xj >>}; i,j =
I,n - qrafikinde mosaloni holl etmok iigiin x vo F ¢oxluglarinin giymatlorini tapmaq lazimdir.
x ¢oxlugu altinda X= X; x Xy, X;, X €X, X; UX; = X, X; N X, = @ burada X; =
{x1, %2, .., X}, |X1| = m goxluguna iso diizolmok istoyonlorin niimayondosi kimi, X, =
{Xms1) Xmazs 0 Xn}, |X2| =n -iso is yerlorini bildiran goxlugdur.

F qeyri solis qrafikindon X ¢oxlugunun xassolorini toyin edok. Belo ki, bu
xassolor solis vo qeyri-salis sokildo do wverilo bilor. Toalobloro uygun namizadlorin
isadiizolmo xassolorine goro olan P; = {pli, P, ..., pﬁ}, i = [, m, is yerlorinin xassolorino goro -
Py = {pls1,Prizs iPghd = L.

Onu da geyd edok ki, mosalonin avvalcadon toyin parametrlorine geyri-salis kimi
baxilir.
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Py = {< iy, (di)/(dy) >}, (d)eD k =1 g,

Burada Dy px baza c¢oxlugunun qeyri-salis doyigenlorini toyin etmok ti¢lindiir.
Mosgullug morkoszindon verilon molumata osason miisssisonin kadrlar sobosindoki miimkiin
coxluglar Py vo P,-dir. Pi- moasgullugu tizro hor bir namizad i-, soxsiyyat vosiqosinds verilonlar,
tibbi miiayinonin verilonlori, P; goxlugunu P? coxlugu altinda toyin edok. P; —coxlugu asagidaki
clementlordon ibaratdir: P;- icragi, Pj-togobbiiskarliq, P, innovasion disiinco torzi, Ps-
informasiya texnologiyalariva kommunikasiya vasitolorindo igslomo bacari@i, P¢-xarici dil
qgabilliyati, P;-professionalliq, Pg-maddi vaziyyati, Pg- talob olunan omok haqqi, P;; -konflikto
qosulmamagq, Py, -adaptasiya olma, Pj; kollektivdo islomo bacarigi, Pj, insanlar1 idarsetmo
bacarigi  Pjs-basqalarina hormatlo yanagma, P{ -mantiqi diigiincs torzi, P;, -6ziino aminlik,
Pjg- yaradici togabbiis, Pjo- doyison soraito uygunlasma, P,,- hor bir risko hazir olma, P;;-
operativ sokildo gorar gobul etmo, P,,- konflikli anlarda voziyyotdon ¢ixmaq, P;3- beynalxalq
tacriibani bilmasi va biliklora yiyslonmasi

P — coxlugun elementlori kosilmoyon ¢oxluglara béliiniirlor:

e Pl ={pi,p} Pi P4, Pi, Pe Py} bunlar iso gabul olmaq istoyon namizadlorin soxsi

keyfiyyatlorini gostorir;

e cox meyarl gorar gobul etma.

Subyektiv qiymotlondirilmoyos osason gorar qobul edorkon, asas notico geyri-solis xotti
programlagdirma metodlarini totbiq etmaklo verilir.

Qeyri-solis programlagdirma modelino baxaq. Simmetrik vo simmetrik olmayan
modellor. Simmetrik model asagidak: sokilds verilir.

CTX >Z,
AX <B, (1)
X =0.

Burada n 6l¢iida C, X olan qeyri salis vektorudur, m 6lgiilii B-qeyri-salis vektordur. A-
m n qgeyri-salis mxn Olgiistindadir.

Ogor biitov funksiya verilon parametrlo gors is yerlorino namizadlori toyin edirso, qeyri-
solis mohdud sokilda geyri-salis coxluqlar kimi qabul olunur, demsli burada simmetrik geyri-
solis xatti proqramlagdirilma totbiqi edilir.

Ogor u (x), i=l,m, x € X -mohdud funksiyadir, u (x), j=I,n, x € X -biitdv funksiyadir,
bu zaman funksiya bu gokilds olacaq up, (x)= ur Opg, (<), (i=Ln, j=l,m x€X)

Qeyri-simmetrik modellarin biitév funksiyasi-salis, mohdudlasdirma-qeyri-salis, tolob
olunan axtaris iso maksimal salis hall sokildo gostorilir:

0, F(x)<infF,
S(R)
F(x)- ilgfp])’*"
( s~
e (X)) =9 ——————, mf F < F(x)<supF,
Ham sup F—inf F S(R) (x)=s 51{)3;
sty B (2)
1. supF < F(x).
S(R)
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Sok.2.

Burada SR- qeyri solis faza holli R dasiyicisidir. Is yerlorino namizodlor segorkon bir
deyil mosalonin hollinds bir ne¢o meyara diqqot yetirmak lazimdir. Mosolon sok.2-do gosterilon
hor bir zirvo P, = {p£+1,p£+2, ...,pé},j =I,n mioyyon olan r + 1, r + 2, ..., g meyarlara
uygun ola bilor. Mohz bu sababdon ds ¢oxmeyarli gorar gobul etmo meydana ¢ixir.

Coxmeyarli qorar gobuletmo iiclin miioyyon iki istigamat mdvcuddur-¢ox mogsadli
gorar qobul etmo vo ¢ox atributlu qgorar qobuletma. Birinci istigamot li¢lin faza halli
kasilmayan, ikincisi igiin iso — diskret olmalidir. Birinci istiqamat {igiin olan ¢ox meyarli qorar
qabul etmo masalesinin funksiyasinda salis maksimal halli tapmaliyiq. Qeyri salis ¢oxluqglar
funksiyasindan goriirik ki, pup tonliyindo o — boraborliyi ¢oxlugun faza hollidir. pgpr (I')
maksimal ¢oxluguna aid olan kosison funksiya noqtosi p; “holli” geyri-salis funksiyaya aid
olan solis maksimal x, holl etmo imkani yaradir.Belo ki, masalo iki moarholoada:

e xsomorali hollin toyini, onda VxeX F(x)< F(%);
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Coxmeyarli yanasma asasinda kadr segimi

e optimal olan kompromis hallin tapilmasi iso, biitlin tam funksiyanin tapilmai {i¢iin
gobul olunan gorarlara aid olunur.

Cox meyarli qorar gobul etmoyo geyri-solis qrafada baxaq. Is yerlorino namizodlor

coxlugu kimi A alternativ c¢oxlugunu toyin edok. Bu zaman A={x;, x,, ..., Xu!}.

-1 yerlori ligtin C;-kriteriyalar1 g-r har bir is yeri tiglin xarakterik xassolori, yoni C; =/ c’, , 6‘27
(j'é , Cg 2C 7 d :ﬁ j=l,n geyri-solis meyarlari tapsaq.
(y i \,u i J)U(,u i f\,u i, )u(,u " f\ﬂ i ,,)u(u i w,u y 1,)u
u(u O, J)u(,u o OV, )U U(,Upim O fh e ;.)R-J(,U m OV Hm )\

) . —7634
- (’t L OV Homy )U(" Lig !P.{?’P?')' 2=26,34. 3)

Hor bir j — is yeri {igiin geyri-salis kasigon 6zlilylindo m niimayondodon m yaxsisini
secmayo imkan yaradir.

Buradan da aydin olur ﬁ; =C-f1 "’\(xfj M..r "(xsj '”"(:',Sf ki, Cé, d =1,9, j=1,n hor
bir meyardan miixtolif osaslar toyin edilocok. Miixtolif is yerlori liclin kompyuter biliyi, dil
biliyi, tohsili vo s. Hor bir meyar {i¢iin C'é' - aésdsdi mioyyon olunmusdur ki, bu da
ekspertlor torofindon miihiim olan d is yerlori liclin  j -meyar1 ilo xarakterizo olunur.

Bu halda sec¢im (4) asagidaki kimi olacagq.

=€) (&) (&) ~(E)

4)
H oy
J_ bi
ad 34
{
S 5
mmD ﬂ U(;z wu oy O ;:p%.,pj,)a_;(;ng, M ;ipg,pg)u
'T =] (‘
ol
A i oy )\J. U e Y AY li N L(dv
(‘Upi’ f ‘r.vj'p;) (‘uﬁéi \’l {P:JPQ‘] (‘Up}: s !.v:;.v;:) (6)

m — niimayandoalor arasinda olan j -ig yerlorino qaydalarin totbiq olunmasi 7 - geyri-solis
(4) va ya (5) qiymotlor almaga imkan verir. Ogor i — alternativi d meyarla isaro etsok C é, hor
bir is yerlori ii¢lin i=1, m, d=1,9, j= 1,n. Buzaman funksiya

L, =maxD.. u, €9
k Ry i J + Ry (7)
Belaliklo hor bir konkret yerlor {i¢iin ekspertlor torafindon morhoslslors uygun funksiya
secilir vo bundan sonra yekun qorar verilir.
Notica. Bu modeldo toklif olunan qorar qobul etmo nisboton forglidir. Is yerlorino

namizodlor segilorkon ¢otin formalizo olunan xassolor, miiossisolordo miixtolif pesolor {izro
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universal sokildo se¢im aparilir gorar gobul etmo morhalslorlo alqoritmlasir ki, bu da program
olavasinin tatbiqi ilo hall edilir.
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NNOABOP KAJIPOB HA OCHOBE MHOI'OKPUTEPHUAJIBHOTI'O ITIOJAXOJA
C.5. CAJIMAHOB

B crathe paccmaTpuBaeTcsi BONPOC YIPaBICHHS MEPCOHANIOM, B YaCTHOCTH, MO00pa MPETEHCHTOB U3 MHOXKECTBA
mun.  JIns oCyIIecTBICHHsS Ha TPAKTHKE HAWIYYIIEro I[oa00pa IEepCcOHaNa B YCIOBUSAX HEMOJTHOTH HH(OpMAIHUU
PEKOMEHIIyeTCsl MMEIOIIYIOCS O TMPETEHICHTaX WH(O pMAlWI0 ACIHTh Ha IMOJHOCTBI0 W HE IIOJHOCTHIO OMNpE/ICICHHEIC,
KOTOPBIC MOKHO 3aHECTH B 0a3y TaHHBIX WA aHATHM3UPOBAThH C MOMOIIBIO SKCIIEPTHBIX JAHHBIX COOTBETCTBEHHO.

Knrouesvle cnosa: npunsimue pewenuii, no06op Kaopos, HeNOIHOMA UCXOOHOU UHGOPMAYULU, MHOLOKPUMEPUATbHbLE
peuienus.

MULTICRITERION APPROACH IN STAFF RECRUITMENT
S.Ya. SALMANOV
The article examines the human resources management, in particular the selection of candidates from the variety of
individuals. For the practical purposes, in order to improve the selection process in the conditions of incomplete information it
is recommended to separate the available data into the complete and incomplete fully and completely, which can be added into

the database and be analyzed with the help of experts respectively.
Key words: decision-making, recruitment, incompleteness of initial information, multi-criteria decision.
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KARBON QAZININ IQLIM DOYISMOLORINO TOSIRI

S.9. 9HMODOV", M.S. DHMODOVA ™

Mogalodo, son 15 ildo iglim doyismolori sahosindo aparilan todqiqatlar aragdirilarag, bu doyismolordo
karbon qazinin na qadar rol oynadigi 6yronilmis vo bozi miilahizalor sdylonilmigdir

Agar sizlar:  karbon qazi, iqlim dayismalori, Yera istiqamatlonmis istilik siialanmasi, Yerin va
atmosferin energetik balansu.

Karbon qaz1 Yer atmosferinds. Yerin vo atmosferin enerji balansini arasdiran
tadqiqatgilar [1] belo naticaya galmislor ki, parnik effektinin yaranmasinda osas rolu buxar vo
aerozol halinda olan su oynayir. Bu effekto miioyyan olavoni karbon qazi vers bilar. Bels ki,
CO; molekulunun intensiv udulma zolag: Yerin istilik stialanma spektrinds yerlosir. Qeyd edok
ki, stialanmanin su vo karbon gazinin molekullar ilo udulmasi fozanin miixtalif yerlorindo bas
verir. Bildiyimiz kimi su asason troposferin 10 km —don asag: hiindiirliiklorinds toplanmisdir.
Sonradan hiindiirliik artdigca onun miqdar1 kaskin sokildo azalir. Bunun oksino olaraq, karbon
gazi, havanin konvektiv harokoti vo karbon qazi molekulunun atmosferdo yasama miiddstinin
boyiik olmasi naticosindo hava ilo garisir. Noticodo karbon qazi istilik siialarin1 udmagla, su
molekullarindan forqli olaraq atmosferin hiindiir tobagalarinds bu silialarin monbayi kimi qabul
edilir. Lakin, belo yliksokliklordo atmosfer temperaturunun hiindiirliikdon asililigi monoton
olmur. Demali, karbon qazinin atmosferdo toplanmasi onun istilik sialanmasinin doyismosine
birmonal1 tosir etmir. Bununla da qeyd etmok lazimdir ki, Yer atmosferinde karbon qazinin
miqdarmin artmasi vo onun atmosferin infraqirmizi stialarinin intensivliyine tasiri ¢ox doqiq
tohlillor tolob edir. Atmosferdo karbon gazinin artmasina vo onun Yerin enerji balansina
tasirinin ayri-ayr1 aspektlorine nazar salaq.

Sok.1-do karbon ddvraninin osas monbolori gostorilmisdir [2]. Bu molumatlarin
doqiqliyinin miioyyon mohdudiyystino baxmayaraq, gostorilon diagram karbon dévraninin osas
xUsusiyyotlorini 0zilindo oks etdirir. Fotosintez, atmosferdo karbon qazinin azalmasina sobab
olan osas prosesdir. Fotosintez prosesinin miirokkob xarakteri [3] onu gostorir ki, bu proses
onda istirak edon bitkinin noviindon, inkisaf fazasindan vo birdo onun bas verdiyi xarici

*

AzTU-nun “Sanaye ekologiyasi vo HFT” kafedrasinin professoru, f.-r.e.d.
AMEA, H.Oliyev adina Cografiya Institutunun dissertanti

sk

119



S.0. Ohmadov, M.S. Ohmadova

soraitdon asilidir. Fotosintez prosesinin xarakterino goro, fotosintezin elementar kimyovi
prosesindo istirak edon karbon atomlarinin sayindan asili olaraq, bitkilor C; vo C4 qruplarina
boliiniir. Bugda, diiyii, lobya daxil olan C; bitki qruplan {i¢iin proses, CO, molekullariin
araliq mohsullarla toqqusmasi zamani bas verir. C4 qrupuna daxil olan bitkilar ii¢iin 1s9, CO,
molekullar1 avvalca hiiceyra torofindon tutulur, sonradan iss proses baglt molekullarin istiraki
ilo bas verir. Bu iso, fotosintez prosesinin siirotinin, onun bas verdiyi soraitdon miixtolif
asililigina gatirib ¢ixarir. Homginin bu, otraf havadaki CO, molekullarinin miqdarindan da
asilidir [4]. Fotosintez prosesi ilo yanasi, okean iizorindo atmosferdoki karbon qazinin azalmasi,
onun okeanda hall olmasi ilo slagadar ola bilar. Bu iso CaCOj; névlii karbonatlarin yaranmasina
gotirib ¢ixarir. Karbonatlarin pargalanmasi atmosfera qalxan karbon qazi selini yaradir.
Atmosferds karbon gazinin artma monbalarindon biri kimi, ¢iiriima prosesini vo homg¢inin bitki
vo mikroblarin nofas almasini da géstormok olar.

Bildiyimiz kimi, insanin hoyat
foaliyyati do karbon gazinin atmosferds art-
masina gotirib ¢ixarir [5]. Insanin tosorriifat
foaliyyatinin tosiri naticosindo yaranan CO,
selinin an ¢ox hissasi yanacaq resurslarinin
(kOomiir, neft vo qaz) yandirilmast ilo slage-
dardir. Belo ki, karbon qazi tullantilarinin
35% -1 komiriin, 36% neftin vo 20% tabii
gazin yandirilmasi naticosindo yaranir. CO,

o . .
tullantilarinin 3% sement  istehsalt il Sok.1. Karbonun dévraninda Yer atmosferinds karbon
baglhdir. Yerdo qalan tullantilara, odunun vo  selinin manbalari. Gostarilan giymatlor ild> milyard ton

bioyanacaglarin istifadosi sobobdir [6]. karbonla ifads olunmusdur.

Conubi Amerika, Afrika vo Asiyanin tropik

(37.000)

(10. 000)

rayonlarinda megalorin mohv edilmosi atmosferds karbon qazinin artmasinda bdyiik rol oynayir
[7]. Hor il, demok olar togriben 1,5%10° km® tropik meso mohv edilir. Bu prosesin Yer iqlimino
tosirini miioyyan etmok ¢ox ¢otindir. Bir torofdon, mohv edilmis meso orazilori sonradan kond
tosarriifat1 istehsalinda istifads olunur ki, burada fotosintez prosesi asas rol oynayir. Digor
torofdon, mesolorin mohvi bosalmis orazilordon suyun buxarlanma xarakterini doyisir. Bu da
mesalarin mahvinin Yerin iqliming tosirini birmanali etmir.

Sok.1-do olan diagrami digor aspektdon tohlil edok. Karbon qazinin atmosferdoki
miqdarimin miiasir qiymatindo, onun biitiin manbalar lizro atmosfers axan ( daxil olan ) seli,
atmosferdon konar olma selinin com qiymotindon ¢oxdur. Bu iso onu gostorir ki, miiasir
soraitdo atmosferdo CO, molekullarinin miqdar1 artir. Hal-hazirda Yer atmosferindo CO,
formasinda 8*10'’q ( 100 mlrd.t ) karbon mdveuddur. Miiqayise ticiin gostorak ki, atmosferdo
suyun orta kiitlosi 1,3*10"q, atmosfer havasmin kiitlosi iso 5,1*¥10*'q-dir. Karbon qazi
molekulunun atmosferdo yasama miiddati iso toqribon 4 ildir. Bu miiddst orzindo karbon qazi
atmosferdo hava ilo elo qarisir ki, bu zaman atmosferdoki CO, molekulunun miqdari, onun
monbayindon konarda 6lgmo noqtosindon asili olmur. Bu sobabdon, karbon qazinin atmosfers
daxil olma vo xaric olma selinin geyri-miioyyanliyini nazors alaraq, atmosferdo CO,-nin
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artmasini tohlil edorkon, 6lclilmiis komiyyotdon ( atmosferin karbon gazinin miqdar) istifads
etmok daha asandir. Forz edok ki, Yerin karbon balansinda, insan foaliyyati ilo bagl seli nazors
almiriq vo elo diistinok ki, karbonun Yer sothindon vo oksino olan biitiin sellori doyismir.
Ciinki, karbonun Yerds vo okeandaki miqdari, onun atmosferdoki miqdarindan xeyli ¢oxdur.
Naticods, karbon qazinin atmosferdoki miqdar1 onun sonaye asrindon avvalki miqdart qodor
olacaqdir. Masalon, 1750 —ci ilo kimi olan miqdar1 gqodor. Bu miqdar karbonun buzlaqlardaki
cokiintiilorindon alinan tohlilo asason 260 + 280 ppm toskil edir vo 10 000 il miiddotinds
doyismomisdir [8].

E E b
& 400 [Mayna Loa Observatory || : &405 S N ) A ) A A S A ) 0
~ M.HJ . e L} s s )
£ 380 | Ll > e e o o o o o e =
360 — . P
£ = 23050 [ - P TT e
2 340 —-— 2 P, 3 o L
£ | £ 7 1~ . 5 B
8”320 m“** 8“390 N ) S Y
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Sok.2 Mauna Loa observatoriyasinin él¢iilarina asason atmosfer havasinda karbon
qazinin migdari.
a) son yarim asr arzinda va b) son illor arzinda

CO; molekullarinin atmosferdoki miiasir miqdart vo onun tokamiilii haqqinda daha
dolgun molumat ABS, Havay adalarindaki Mauna Loa observatoriyasinda aparilan 6lgmo-
lordon alina bilor [9]. Bu observatoriya doniz saviyyasindon 3400 m hiindiirliikkdo yerlosir. Bu
1s9 karbon gazimnin insan faaliyysti ilo bagli olan vo digor manbalarin tosirini istisna edir.
Atmosferdoki karbon gazinin miqdarimin 1958—ci ildon baglayan monitoringi miiasir dovra
kimi fasilosiz olaraq davam edir. Bu monitoringin naticalari karbon gazinin migdarinin ayliq vo
ya illik orta qiymatlori kimi sok.2-do verilmisdir. Sok.2-do gosterilon malumatlara asasan CO;
molekullarinin atmosferdoki miqdar1 1959-cu ildoki 316 ppm -don, 2015-ci ildoki 402 ppm -2
kimi doyismisdir (1 ppm = 10° ) Sok.2 a-dan gériindiiyii kimi, CO, molekullarinin miqdar
atmosferds stiratlo artir. Hogigoton karbon qazinin atmosferds artma siirati il arzinds 1959—cu
ildo 0,7 ppm -don, 2015—ci ildo 2,1 ppm -o kimi doyismisdir. Karbon qazinin atmosfedoki
miqdarinin fasli doyigsmolori (sok.2 b)

conub yarimkiirssi ilo miigayisads E 500
L . . a
fotosintezin simal yarimkiirosindo o 400
daha intensiv olmasi ilo slagodardir. 'g 300 }
. . . . A
Noticods, simal  yarimkiiresinde =, 200 [/ vl s fW\ f\\/\f\l "U\Nfﬁf“‘w b |
S 5 o
fotosintezin basladigi may aymndan ~ © 100
o 800 700 600 500 400 300 200 100 Bizim eradan
sentyabra kimi olan miiddotdo karbon min il evvel
qazimin Slgiilon miqdarinin azalmasi Sok.3 Kecmisda karbon qazinin atmosferdaki miqdar:

. (buzlaq buzlarinin tohlilindan)
bas verir.
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Hal-hazirda karbon gazmnin atmosferdoki orta illik artimi (2,1 ppm) 4,4*10° ton
karbonun yandirilmasina uygun golir. Bu isa bu illordoki hasil olunan yanacaq resurslarinin
(komiir, neft, qaz) torkibindoki karbondan bir qodor azdir. $ok.2 b-don gériindiiyii kimi
atmosferdoki karbon qazinin miqdar1 2014-cii ilde may aymdan sentyabra kimi 402 ppm-don
395 ppm-a godor azalmis vo 2014-cii il may ayindan 2015-ci il sentyabra kimi 395 ppm-don
404 ppm-s kimi artmusdir. Bu iso birinci halda 15*10° ton karbonun atmosferdon ¢ixmasina,
ikinci halda iss 19%10° ton karbonun atmosfera daxil olmasima uygun golir. Gériindiiyii kimi,
artiq biz, karbon qaziin atmosferdoki miiasir miqdar1 vo onun doyismae siirati haqqinda olan
molumatlara malikik.

Karbon gazinin atmosferdoki miiasir miqdarinin monitoringi ilo yanasi, bu parametrin
kegmigdoki tokamiiliinii 0yronmok {i¢iin, buzlaglardaki cokiintiilordo olan karbon gazinin
miqdarmin tohlilindon istifads edilir. $ok.3-do karbon qazinin migdarinin ke¢misdo zamandan
asili olaraq doyismosi verilmisdir [10]. Bu komiyyatin ossilyasiyasinin dovrilik xarakterini
nozoro almasaq, geyd etmok olar ki, karbon gazinin miqdarinin orta gqiymeti bizim eradaki
giymato yaxindir.

CO; molekulunun atmosfer havasinda siialanmasi. Atmosferdo karbon gazinin
olmadigini nozoro alsaq, siialandirici atmosfer iiglin miitloq gara cismin modeli ¢orgivasindo
hesablanmis tarazliq stialanmas1 T, = 244K temperaturu ilo xarakterizo olunardi. Bu iso

“Yer-atmosfer” sisteminin enerji balansindan alman qalxan istilik stialanmasinin
Jy =0T =200Vt/sm> qiymetino uygun golir (burada o - Stefan-Bolsman sabiti olub
5,67*10"Vt/m*K* qiymotine berabordir).

Aparilan hesablamalar gostorir ki, karbon qazi atmosfers daxil edildikds, qalxan
stialanma selinin azalmasina (sok. 4) vo buna uygun olaraq Yerin temperaturunun artmasina
gatirib ¢ixarir. Sokildon gorilindiiyii kimi qalxan slialanma selinin doyigsmasi AJ nisbaton azdir.
Bu sobabdon, karbon qazinin atmosfers daxil edilmesi ilo olagadar, Yer temperaturunun

artmas1 AT asagidaki qiymati alir.

AT:%ﬂzl,gK

0

Belo olduqda, atmosferdo karbon qazi molekullarinin iki dofs artmasi vo ya azalmasi
stialanma selinin elo doyismosina gatirib ¢ixarir ki, bu da noticonin model xotasin1 asmir. Buna
gora do, karbon qazimin miiasir qiymatlorinda onun migdarimin géstorilon dayismalari he¢ da
Yer temperaturunun dayismasina gatirib ¢ixarmir soylomak daha diizgiin hesab oluna bilar.

Eyni zamanda karbon qazinin hal-hazirdaki miqdarinin iki dofs artmasi vo ya azalmasi
naticosindo Yerin orta temperaturunun doyigsmosi nisbaton ¢ox deyil vo hesablama xotalarini
asmayib, toqribon 0,1 K-o borabordir. Buradan belo noticoyo golmok olar ki, karbon gazinin
miiasir migdarimin iki dofo artmast Yerin qalxan istilik siialanmasinin va bununla alagadar
Yerin orta temperaturunun dayismasina gatirib ¢ixarmayacagq.

122



Karbon gqazimin iglim dayismoalarina tasiri haqda bazi miilahizalor

Bu naticonin yiiksok doqiqliyini vo etibarligini tomin edon goraitin olverisliyini qeyd
edok. Karbon qazi molekullarimin atmosferdo yasama miiddstinin boylik olmasi, karbon
qazinin atmosfer havasi ilo moéhkom qarigmasina sobab olur. Demak yiiksok hiindiirliiklorda,
CO; molekullarinin manbolorindon vo monsablorindon uzaqda karbon gazinin miqdari hom
mokan, hom do zamana goro sabitdir. Karbon qazinin atmosferdo yaratdigi qalxan istilik
stialanmasi ytliksok hiindiirliiklorde formalasir. Ona gora do atmosferin qalxan istilik siialanma
selinin spektrin asas hissasinds nizamsizliq yaradan havanin namliyi, buludlarin mévcudlugu,
atmosfer tozu kimi amillor karbon qazi molekullarinin siialanma zolaginda gdriinmoz olurlar.
Bu sababdon, agor atmosfer temperaturunun hiindiirliiylin funksiyas1 kimi profili verilibsa,
yiiksok doqiqlik ilo karbon gazi ilo bagli qalxan istilik siialanma selini hesablamagq olar. Yaxud,
karbon gazinin udulma zolaginda siialanma selinin dl¢lilmiis qiymotlorino osason atmosfer
temperaturunun hiindiirliik profilini toyin etmak olar.

Karbon qazinin atmosferds Yera istiqgamotlonmis istilik siialanmasi. Indi do karbon
gazi1 molekullar torofindon yaranan vo atmosferdon Yero istiqgamotlonon istilik siialanma selini
toyin edok. Sok. 5-do Yer sothinin temperatur doyismosinin karbon gazinin miqdarindan
asitlilig1 gostorilmisdir. Forz edilir ki, atmosferin digor parametrlori doyismir. Xiisusi halda,
karbon qazinin atmosferdoki miiasir qiymotina nisboton miqdarini iki dofo artirmaqla Yerin
qlobal temperaturunun artim qiymati agagidaki kimi

~ 7 T
olar 5 I
AT =0,4+0,2K 2 ¢ [ %_ ! % ’f"f‘f‘%“‘%
Asagidaki sobobloro goro galxan siialanma " | iC?(Cag)i,O.tOl:ufu
selini toyin etmok, Yer sothino golon spektral 1 2 3 4 5 6 7 8 9

stialanma selini toyin etmokdon daha doqiqdir. Sok.d Atmosfers gistorilon migdarda

Birincisi, Yer sothino yaxin karbon qazinin karbon gazi daxil etmakls (agar avvaldan
atmosferda karbon qazi yox idisa)
atmosferin qalxan istilik siialanma selinin

miqdarma tosir edarak, yer sothino yaxin CO,-nin doyismasi AJ .

monbalari vo absorbentlori yerlogir. Bunlar iso onun

paylanmasimi qeyri-borabor edir. Ikincisi, Yer
sothino yaxin karbon qazi molekullarinin yaratdigi AT,K

stialanma, qismon digor komponentlorin, o 1 e e e e e e e
ciimlodon yer sothino yaxin toz ve riitubetin istilik 057 | %)i,ﬂ%
sialanmast ilo ekranlagir. Ugiinciisi, istilik oo+ o L
. . R o 5~ i e e o
stialanmasinin spektral xatlori bir-biri ilo kasisir. Bu o e B
. . g Ce T e e s e e e
amillor, Yer sothi yaxinliginda istilik stialanma 2%: S S ) B
.. ) 1.0 T ¢(€0,), 0.01%
selinin toyininin doqiqliyini azaldir ki, bu da "1 5 § 1 t € 7 B O
toqribon 40% qiymatlondirilir. Sak.5 Karbon qazinin miiasir qiymati ila

miiqayisada migdarimin dayismasi
hesabina Yer sathinin temperaturunun
olaraq, atmosferdoki karbon gazinin baxilan prob- dayismasi.

Yer iqliminin doyismo mexanizmi. Faktiki
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lemi, Yer vo atmosfer parametrlorinin, xiisusi ilo do insan foaliyyoti noticosindo bas veron
doyismaosi naticosinds iqlimin doyigsmasi problemlorindon biridir. Bels ki, karbon qazinin Yerin
energetik balansinda rolu az olduguna goro, diger amillor Yerin iqliminin tokamiiliinde daha
ohomiyyatli rol oynaya bilor [11].

Yerin vo atmosferin energetik balans1 asason atmosferdoki sudan asilidir. Ona gors do
onun miqdarmin dayismosi iqlimin doyigsmasing tosir edir [12]. Belo do, su buxar1 Yerin vo
onun atmosferinin energetik balansinda infraqirmizi siialanmanin monboyi kimi ¢ixis edir.
Halbuki, aerozollar, o climlodon buludlarin torkibinds olan aerozollar Yerin energetik balansina
nainki istilik siialanmasinin effektiv monboyi kimi [13], hotta giinos siialarinin oksetdiricisi
kimi do tosir edir. Qeyd edok ki, aerozollarin atmosferdo miqdar: lokal xarakter dasiyir. Xiisusi
ilo aerozollarin miqdar1 simal yarimkiirasindo, conub yarimkiirasindon 3 dofo ¢oxdur [14].

Su buxar1 vo digor komponentlor kimi, yer sothino yaxin toz da belo bir rol oynaya
bilor. Baxmayaraq ki, onun tasiri adaton lokal xarakter dasiyir. Digor parnik qazlar1 da Yerin
istilik balansina az da olsa 6z tohfolorini verirlor. Onlarin atmosferdoki miqdar1 karbon
gazindan forgli olaraq, daha yiiksok templo artir. Masalon, 1750-ci ildon atmosferdoki metanin
miqdar1 150% -don ¢ox artmisdir [15]. Hal-hazirda atmosfer ozonunun bas veron siirotli
azalmasmmi da Yerin energetik balansinda nozera almaq vacibdir. Ciinki, ozon parnik

qazlarindan biri sayilir.
Beloliklo, Yer igliminin doyismosini tohlil etdikdo ¢oxlu sayda amillori nozora almaq

lazimdir. Onlardan haer hansi birini Yerin energetik balansinin doyismasina gatirib ¢ixaran vo
atmosfer parametrlorinin doyigsmasini xarakterizo edon parametr kimi qobul etmak rahatdir.

Belo bir parametr kimi, Arrenius [16] XIX asrin sonunda karbon qazinin atmosferdoki
miqdarindan istifado etmoyi toklif etdi. Bu ciir praktika genis yayillmaga basladi. Ciinki,
atmosferdo bas veron doyisikliklori tosvir etmok ii¢iin karbon qazinin miqdar1 daha stabil
parametr sayilir. ©lbatts, bu maqgsad li¢lin masalon, doniz saviyyasinin illik gqalxmasindan da
(2,9 £0,4 mm [17]) istifado etmak olar. Bu iso iqlimin doyismasina gotirib ¢ixaran Yerdoki
soraitin doyismosini xarakterizo edo bilordi. Atmosferin voziyyatini xarakterizo edon digor
parametrlordon do istifado etmok olar. Bunlardan hor birinin doyigmosi uygun olaraq Yerin
temperaturunun doyismosina gotirib ¢ixarir. Lakin, atmosferdo karbon qazinin miqdarindan
istifado etmok daha rahat vo tarixi metod kimi gobul edilmisdir. Belo yanasma torzinds Yerin
orta temperaturu karbon qazinin atmosferdoki miqdarinin funksiyas: kimi gobul edilir. Bu
olagonin xarakteristikas1 olaraq, atmosferdo karbon qazinin 2 dofs artmasi ilo Yerin orta
temperaturunun doyismosi oI gotiiriiliir. Bu iso tarazli iqlim hossashigi (equilibrium climate
sensitivity ) adlanir. Mohz bu komiyyat tez-tez iqlim doyismosinin 6l¢iisii kimi istifado olunur.
Ustolik, nozoro almaq lazimdir ki, karbon qazinin miqdarinin doyismasi ilo atmosferin digor
parametrlorinin doyismosi do bas verir. Bu komiyyot dofslorlo orijinal islordo hesablandigi
kimi, uygun olaraq milli vo beynalxalq programlar ¢orcivasinds do hesablanmisdir. Ayri-ayri
hesablamalarin detallarina varmadan son noticoni qeyd edok [18]
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Karbon qazimin iglim dayismoalarina tasiri haqda bazi miilahizalor

ST =(3,0+1,5)°C

Baxilan parametrin bu qodor yiliksok qgeyri-miioyyonliyi, atmosferin diger para-
metrlorinin do yliksok qgeyri-miioyyonliyi ilo olagedardir. Bunlar iso planetin tokamiilii
prosesindo, karbon gazinin miqdarinin atmosferdo doyismosi ilo birgo bas verir. Bu halda
iqlimin tokamiiliiniin real xarakteri nozors aliir. Atmosferdo karbon qazinin miqdarinin
doyismasi ilo yanasi, digor parametrlorin doyismosi do bas verir.

Yerin iqlimini xarakterizo edon vo ona tosir edon parametrlorin 6lgiilmo ¢atinliyino
diqgoat yetirok. Bu ilk novbado atmosferin su buxarina vo aerozollara — atmosferin istilik
stialanmasini miioyyon edon osas komponentlora aiddir. Bu komiyyatlorin  sixliginin
doyismolori, onlarin orta giymatlorinin toyin etmo doqiqliyini olduqca asir. Bu iso miioyyon
naticalar ¢ixarmagq iiglin daha vacibdir. Belo bir problem iglimin doyismo xarakteristikasi kimi
istifado olunan, Yerin orta temperaturunun Ol¢iilmasi ilo slagedardir. Aydindir ki, Yerin
temperaturunun mokan, giindolik, fosli doyismolori on dorocolora ¢atir. Halbuki, iglim
doyigsmosinin tohlili ii¢lin onda birlor tortibindo doqiqlik tolob olunur. Bununla belo, daha
etibarl tohlil li¢lin bdyiik informasiya monbayinin olmasi vacibdir.

Natica. Atmosferin karbon gazinin Yerin energetik balansina tosirinin aparilan tohlili
asagidaki noticoya gotirib ¢ixarir. Yer vo atmosfer sisteminin energetik balansinda osas enetji
itkilori, spektrin infraqurmizi hissosindoki istilik stialanmasi ilo olagadardir. Bu ise 6z
ndvbasindo atmosferdoki su buxarit vo aerozollarla baglidir. Karbon qazi isa bu proses iiciin
ikinci doracali mona kosb edir. Karbon gazinin migdarmin miiasir dévrdoki giymatlorindo,
onun miisahido olunan artimi, atmosfer sorhadlorindon yuxari qalxan infraqirmizi siialanma
selina az tosir edir. Yer sothino golon bu seli iso artirir. Noticads, atmosferdoki karbon gazinin
miqdarmin iki dofs artmasi, Yerin iqlimins tosir edon digor atmosfer parametrlorinin doyismoz
qaldigt voziyystdo Yer sothinin orta temperaturunun 0,4%+0,2 K qoder artmasma gatirib
cixarir. Bu qiymet, karbon qazinin miqdarinin iki dofs artmas ilo Yerin orta temperaturunun
empirik doyismosindon (3,0i1,5K ) oldugca azdir vo Yerin orta temperaturunun vo karbon
qazinin dayismosinin miisahidos giymatlorinin approksimasiyasidir. Bununla yanasi, empirik
qiymat karbon qazinin miqdarimin atmosferds artmasi ilo yanasi, Yerin iglimina tosir edon
digor parametrlorin doyismasini do nozoro alir. Buradan bels notico ¢ixir ki, karbon qazinin
atmosferda artmasi miiasir saraitda iqlim dayigmasina sabab olan asas amil deyil.

Belalikls, karbon qazinin atmosferdoki miqdari ancaq energetik balansin vo uygun
olaraq Yerin igliminin doyismosini xarakterizo edon olverisli gostoricidir. Bu sobabdon, Yerin
miisahido olunan orta temperaturu ilo karbon qazinin atmosferdoki cari miqdar1 arasindaki
nisbat soziin osl monasinda gobul edilo bilmoz. Sonuncu onu gostorir ki, ogor yanacagin
yandirilmasi zamani atmosfers atilan karbon gazinin arasini kossok, bu Yerin miisahido olunan
iqlim doyismosindo 6ziinii az biiruzo veracokdir.
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O BJIMSIHUU YTJIEKHCJIOI'O I'A3A HA UBSMEHEHUE KJIMMATA
HI.A. AXMEJIOB, M.III. AXMEJIOBA
B cratee mpoaHanmM3MpPOBAaHBI KIMMAaTHUECKHE W3MEHEHMA 3a mocienHue 15 mer. O6o3HaueHa
POJIb YITICKHUCIIOIO rada B 9TUX UBMCHCHUAX U JaHBI HEKOTOPBHIC PEKOMCHIAIINHN.

Kniouegvie cnosa: yenexkucivii 2a3, KIUMamuieckue usMeHenus, menjiogoe usiyienue na 3emuo,
onepeemudeckull bananc 3emau u ammocpepoi.

THE CARBON DIOXIDE IMPACT ON CLIMATE CHANGE
Sh.A. AHMEDOV, M.Sh. AHMEDOVA
The article studies a various works carried out on the subject of climate change over the past 15

years. It analyses an impact by the carbon dioxide on these changes and provides some considerations.
Key words: carbon dioxide, _climate change, thermal radiation directed towards the Earth,_the

energy balance of the Earth and atmosphere.
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ABSERON YARIMADASINDA GUCLU KONVEKTIV
PROSESLORIN KOMPLEKS TOHLILI

N.S. HUSEYNOV', A.V. KORIMOVA", A.A. AGAYEVA"

Magqalads ekstremal soraitds giiclii ildirim prosesinin va giiclii leysan yagisin bag vermasinin sinoptik va
meteoroloji soraitinin kompleks tohlilino baxilmisdir.

Agar sézlar: dayanigsizliq enerjisi, ildirim, leysan yagus, doniz arktik hava kiitlalori.

Tadqiqatin maqsadi. Atmosferin dayaniqsizliq soraitindo miisahido edilon tohliikali
meteoroloji hadisalarin, ildirim, dolu, giiclii leysan xarakterli atmosfer yagintilarinin kompleks
tohlili boyiik ohomiyyat kosb edir [2,3]. Abseron yarimadasi, o ciimlodon H.Oliyev Beynolxalq
aeroportu orazisindo ilin kegid dovrlorindo konvektiv buludlar vo onlarla slagodar tohliikali
meteoroloji hadisolorin miisahido edilmasi hallar1 daha c¢ox tokrarlanir [5]. Bu baximdan
mogqalodo Abseron yarimadasi timsalinda geyd edilon tohliikali atmosfer hadisolori kompleks
tohlil edilmisdir.

Tadqigatin tohlili va naticalori. Faktiki miisahido materiallarinin tshliline goro
sentyabrin 28-1 giindiiz saatlarindan etibaron 29-u sohar saatlarinadok 6lke orazisinde qeyri-
sabit hava goraiti miisahido edilmis ildirim, giiclii leysan yagis, dagliq vo dagatoyi orazilords iso
sulu qar vo qar miisahido edilmisdir.

Sentyabrin 28-1 gilindliz saatlarindan 29-u sohor saatlarinadok Baki vo Abseron
yarimadasina diigon yagintinin miqdart 18-65 mm togkil etmisdir [7].

Sentyabrin 25-don etibaron oxu Skandinaviya yarimadasina yonalmis tozyiq yali
yaranmaga baslamisdir. Homin miiddot orzindo morkozi Xozor donizinin simalinda olan 3
qapal1 izobara malik siklon mévcud olmusdur. Bu zaman doniz arktik (DA) hava kiitlolorinin
miilayim enliklora dogru harskati baslamisdir. Homin hava kiitlslori Xozor denizi vo Qafqaz
orazilorino Spitsbergen vo Qrenlandiyadan miilayim enliklorin antisiklonlar1 sistemindo daxil
olur vo burada il boyu miisahido olunurlar. Bu proses zaman1 adoton DA hava kiitlolori conuba
dogru horokot edorok miilayim qursagin soyuq kontinental hava kiitlolori ilo transformasiyaya
ugrayir, lakin ilin soyuq dovriindo daha siirotlo horokot etdiyindon 6z ovvolki xassoalorini bir
godor saxlaya bilir. Mohz bu sobabdon, Abseron yarimadasinda hava soraiti koskin pislosir vo
qeyri-sabit kegir. Eyni ilo tohlilini apardigimiz proses zamani da sentyabrin 25-don baslayaraq
DA hava kiitlalori conub sorgo harokot etmislor. Daha sonraki giinlordo Qara donizin gorbindon
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kecorok miilayim enliklorin havasi ilo transformasiyaya ugramis, respublika orazisino qorbdon
daxil olmuslar. Beloliklo, sentyabrin 27-si geco saatlarindan etibaron soyuq DA hava kiitlolori
bizim srazimizs daxil olmusdur. Noticads, havanin temperaturu avvalki giinlers nisbaten 4-6°C
asagl diigmiisdiir. Giin orzindo sohar saatlarinda zoif simal-gorq, glinorta saatlarinda iso simal,
simal-qarb istiqgamatli kiiloklor miisahids edilmisdir.

Sokil 1-in (a) bandindo 28 sentyabr tarixindo 00.00 UTC-ds bdyiik sinoptik miqyasda
orazimiza daxil olan bulud sisteminin peyk tosviri gostorilmisdir. Soklin (b) bandinds iso 16.00
UTC-do radar tosviri gostorilmisdir. Bu tosvirde yasil rongds olan hissolor yagis vo ya zoif
leysan yagis, sar1 rongdo olan hissolor miilayim leysan yagis, narinct rongds olanlar iso giiclii
leysan yagis hadisasini gostarir.

Glin orzindos leysan yagis vo fasilolorlo ildirim miisahido olunmugdur. Homin giin {igiin
tortib edilmis model molumatlarina (GDAS-Global Data Assimilation System) osason
atmosferin dayanigsizliq voziyyeti tohlil edilmisdir. Bu zaman atmosferin dayaniqsiz
voziyyetini xarakterizo edon vo ildirimin prognozlasdirilmasinda istifado olunan — Vayting,
Showalter (SI), Lifted (LI), Total-Totals (TT), S vo Thompson indekslori hesablanilmigdir.
Qeyd edok ki, adlar1 ¢okilon indekslorin bazilorinin qiymatlori no gador bdyiik olarsa, ildirim
ehtimali bir o gader bdyiik olur. Lakin, SI vo LI-nin daha ki¢ik monfi gqiymatlori atmosferds
konvektiv proseslorin intensivliyinin asas gostoricisi kimi qobul edilir [4, 6, 8, 9].

a) b)
Sakil 1. 28 sentyabr 00.00 UTC-ya olan peyk tasviri (a) va 16.00 UTC-ya olan radar (b) tasviri

S indeksi ildirimin intensivliyinin prognozlasdirilmasit vo onun ohato etdiyi orazinin
sahosi ticlin istifade olunur vo bu indeks Total-Totals indeksinin qiymotlori osasinda hesablanir.
Aparilan hesablamalar naticosindo alinan komiyyst 40-dan boyiik olarsa, bu zaman ildirim
prognozlasdirilir.

Total-Totals indeksi 6ziindo iki gdstoricini oks etdirir: Vertical Totals (VT) vo Cross

Totals (CT). Vertical Totals 6ziindo statik dayaniqligi vo ya 850-500 hPa-da temperaturun
saquli gradiyentini oks etdirir. Cross Totals indeksi iso 850 hPa-da seh noqtasi temperaturunu
oks etdirir. Bu indeksin 44-don kigik qiymotlorindo ildirnm  prognozlagdirilmir [9].
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Hesablamalar noticosindo miioyyon olunmusdur ki, adlari g¢okilon indekslorin maksimum
giymatlori 09:00 vo 21:00 UTC-ds miisahido olunmusdur (Sakil 2).
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Sokil 2. 28.09.16 tarixinda Total-Totals va S indekslarinin qiymoatlori

Homin giin liciin model molumatinin tohlili gostorir ki, yer sothindon 1,5 km va 3,0 km
hiindiirliiklords seh noqtasi catismazligi (Agso, A7o0) vo 500 hPa - da havanin temperaturu kigik
qiymatlor almisdir. Lakin, Vayting (K) indeksinin tohlilino osason, qis aylarinda 500 hPa
izobarik soviyyoado havanin temperaturunun kigik, yay aylarinda iso boylik qiymaotlorindo
ildirrm miisahide olunur. Model molumatina asason, giin orzinds yer sothinds havanin orta
temperaturu 19,7 OC toskil etmisdir.

K indeksi temperaturun saquli qradiyentino asaslanmagqla, asagi troposferdo havanin
ritubati, homginin havanin riitubstli qatinin saquli gilicli nozaore alinmaqla hesablanir. K indeksi
ildirnmin yaranmasi veo inkisafi iiglin vacib olan hava kiitlosinin konvektiv dayanigsizliq
dorocosini xarakterizo edir. Indeksin 20-don bdyiik qiymotlorinde ildirim prognozlasdirilir.
Umumiyyatla, bu indeksin qiymati no godar yuxari olarsa, bir o qodar giiclii ildirim va leysan
ehtimal olunur (Sakil 3).
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Sokil 3. 28.09.16 tarixi iiciin K vo Thompson indekslorinin qiymoatlori
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[ldirimin intensivliyinin qiymotlondirilmesi iigiin istifado edilon indekslordon biri do
Thompson indeksidir. Bu indeksin 25-don boyiik giymatlorinds ildirim ehtimali mévcud-
dur [9].

Konveksiyanin fiziki mahiyyastino asason atmosferds adiabatik qalxan hava hissaciyi na
qader isti vo riitubatli olarsa, proses bir o godor intensiv bas verir. Bu da dayanigsizligin
kriteriya qiymatlorinin hesablanmasinda Showalter (SI) vo Lifted (LI) indekslorinin daha kigik
monfi qiymatlorinin atmosferds konvektiv proseslorin intensivliyina miitonasibliyinin
gostaricisi kimi qobul edilir. Hor iki indeks sifirdan kigik qiymatlor alarsa, bu atmosferin
dayanigsiz voziyyatds olmast demokdir (Sakil 4).
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Sakil 4. 28.09.16 tarixi iigiin Lifted va Showalter indekslarinin qiymatlari

Qeyd edok ki, SI vo LI vasitosilo ildirim hadisasinin prognozlagdirilmasi miilayim
enliklordo siklonun isti sektorunda qalxan hava aximnlarinda 6ziinii dogruldur. Qiitb hava
axinlar1 zamani vo ya qisda yagintilarin prognozlasdirilmasinda bu indekslorin totbiqi 6ziinii
dogrultmadig miioyyon olunmusdur [6].

Cadval 1
28.09.16 tarixinds giin arzinds miisahids olunan ildirim
va miivafiq hesablanmis indekslor
Faktiki Indekslora asason ildirrmin prognozlasdiriimasi
Saat hava
(UTC) (ildirim) K TT S LI SI Thompson
00:00 olmayib + + - - - -
03:00 olub + + - - - -
06:00 olub + + + - - +
09:00 olub + + + - + +
12:00 olub + + + - - +
15:00 olub + + + - - +
18:00 olub + - + - - -
21:00 olmayib + + + - + +
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Yuxarida geyd olunan qrafiklordo (Sokil 2, 3) indekslorin minimum qiymatlori 00 vo 18
UTC-do miisahido edilmisdir. Qeyd olunan saatlarda yer sothindon 1,5 km vo 3,0 km
hiindiirliiklords seh ndqtesi catismazligt (Asso, A700) bOylik qiymotlor almisdir. Faktiki hava
haqqinda miintozom hava moalumatlarina ssason homin saatlarda ildirim miisahido edilmomisdir
(00:00 UTC) vo ya homin saatdan sonra ildirim foaliyyoti dayanmisdir (18:00 UTC).

Cadval 1-do “+” isarasi ildirimin olacagini, “-” isarasi olmayacagini bildirir. Saat 21:00
UTC—do biitlin indekslords (Lifted indeksi istisna olmaqla) ildirirmin prognozlagdirilmasina
baxmayaraq, qeyd edilon atmosfer hadisasi miisahido edilmamisdir.

17.10.16 tarixindo giinorta saatlarindan 18.10.16 sohorodok Baki vo Abseron
yarimadasina diison yagintinin miqdart 7-90 mm toskil etmisdir [7]. Birinci proseso oxsar
olaraq bu proses zamani da Simali Afrika, Italiya orazisinden baslayan tozyiq yalinin oxu
Skandinaviya yarimadasinin simalina qodor uzanmisdir, diger torofdon iso qiitb siklonunun
cokokliyi Morkozi Sibir orazisindon Qara donizin qorbine qodor uzanmisdir. Bununla da
oktyabrin 15-don etibaron DA hava kiitlolorinin miilayim enliklore dogru harokoti baslamigdir.
Daha sonra homin hava Kkiitlolori Qara donizin simal-sorqindon kecorok orazimizo simal-
qorbdon daxil olmuslar. Bu zaman havanin temperaturu ovvalki giinloro nisbotdo 8 - 10 °C
asagl diismiisdiir. Giin orzindo sohor vo gilinorta saatlarinda miilayim simal, simal-gorq, axsam
vo geco saatlarinda iso giiclii simal, simal-qorb istigamatli kiiloklor miisahido edilmisdir.

Sokil 5-in (a) bandinda 17 oktyabr 00.00 UTC vaxtinda respublika iizorinds miisahido
olunan bulud sistemi gostorilmisdir. Soklin (b) bondindo iso 12.00 UTC-do radar tosviri
gostorilmisdir. Yuxarida qeyd edildiyi kimi yasil ronglo yagis vo ya zoif leysan yagis, sari
ronglo iso miilayim leysan yagis hadisosi tosvir olunmusdur.

Sakil 5. 17.10.16 tarixinda 00.00 UTC-ya olan peyk tasviri (a) vo 12.00 UTC -ya olan radar (b) tasviri

17.10.16 tarixi Ugcilin tortib edilmis model molumatlarina ssason atmosferin dayaniq-
s1zliq vaziyyati tohlil edilmisdir. Tohlillor gostorir ki, yer sathindon 1,5 km vo 3,0 km hiindiir-
liiklordo seh noqtosi catismazligi (Agso, A7o0) kigik qiymatlor almigdir. Bununla da atmosferds
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yiiksok riitubat tutumu hesabina giiclii topa-yagis buludlar1 yaranmisdir. Model moalumatlarina
ssason yer sothinde havamin temperaturu orta hesabla 12,3 °C toskil etmisdir. indekslorin
hesablanilmasi naticosindo malum olmusdur ki, yuxarida adlar1 ¢okilon indekslorin heg birinds
ildirim prognozlasdirilmar.

Hor iki tarixde miigahido edilon proseslori tohlil etmok iiciin faktiki hava molumati

(METAR), peyk tosvirlori, doppler radiolokatoru vo model malumatlarindan istifade edilmis-
dir. Aparilan tohlillordon moalum olmusdur ki, respublika arazisinde konvektiv buludlarla slaqe-
dar tohliikali atmosfer hadisslori vo onlarin intensivliyi dayanigsizliq enerjisi vo hava kiitlo-
larinin transformasiyasi ilo six baghdir.

—
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KOMILIEKCHBIN AHAJIN3 CUJIBHBIX KOHBEKTUBHBIX ITPOIIECCOB
HA AITIMEPOHCKOM IOJYOCTPOBE

H.IIL TYCEMHOB, A.B. KEPUMOBA, A.A. ATAEBA

B crarbe BBIMOIHEH KOMIUICKCHBIN aHAIN3 CHHONTHYCCKUX H METCOPOJIOTUIECCKUX yCHOBHﬁB CE30H 06pa3OBaHI/I$I

MOIIIHOTO TPO30BOTO MPOIECCa U CHIBHOTO JIMBHEBOTO JIOMK/IS.

Kniouesvie cnosa: snepeus neycmouuusocmu, 2po3d, TUSHebl 004C0b, MOPCKOU APKMUYECKULL 8030YX

THE COMPREHENSIVE ANALYSIS OF THE STRONG CONVECTIVE PROCESSES
IN THE ABSHERON PENINSULA
N.SH. HUSEYNOV, A.V. KERIMOVA, A.A. AGAYEVA

The article provides the comprehensive analyses of the synoptic and meteorological conditions in season of behind the

severe thunderstorm and the heavy torrential rain.

Key words: unstable energy, thunderstorm, torrential rain, arctic marine air.
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