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IMTPUMEHEHUME ®OPMYJIbl MU IJIEPA JJIA
OIIPEJAEJIEHUS TAPAMETPOB MUKPOIIMKCEJIBHBIX
JJABUHHBIX ®OTOJINO010B

AM. IALLIAEB", X.U. ABYJUIAEB', P.M. MYXTAPOB’

Paccmotpena mogudunupoBanHas popmyna Muiepa, SMINPUYECKH ONUCHIBAIONIAS 3aBUCH-
MOCTh K03((HINEHTa YMHOXEHHUS JTABUHHOTO ()OTOAMOA U YUUTHIBAOLIAS TTaJJCHUE HANPSDKCHUS B
MOCJIEI0BATENIFHOM COMPOTHBICHUN MPHOOpa. DKCHEPHUMEHTAIBHO MOKa3aHO, YTO JaHHas GopMyia
MOXET C XOpOILIeH TOYHOCTHIO ONMUCHIBATH pa0OTy KaK OOBIYHBIX, TAK 1 MUKPOIHKCEIBHBIX JTABUHHBIX
¢doroaronoB. [y 3TOro HEOOXOAMMO OIPEAEIUTH MapaMeTp Mmuiuiepa U3 CTAMOHAPHOW BOJIBT-
ammepHoit xapaktepuctiku (BAX) goToToka B maBuHHOM doToanoze. [Tokasano, 4ro auHeiHas SKc-
Tpanossius cTanuoHapHoit BAX naBHHHBIX (OTOANOIOB, pabOTAIONIMX KaK B OOBIYHOM PEXXHUME, TaK
u B pexxume ['elirepa, mo3BoJsieT onpeneauTh padbodne mapameTpsl IpuoopoB.

Knroueevle cnosa: nasunmwviii homoouoo, KpemHuesvle homoymMHoNCument,
Hanpscerue npooos, MJID/].

BBenenue. MukponukcenbHbie JaBuHHbIE GoToauoanl (MJID]]), Takke U3BECTHBIE KaK
KpEeMHUEBBIE (POTORIEKTPOHHBIE YMHOXKUTENH, IIUPOKO 00CYXkIAI0TCS B HAYYHOU JIUTEpaType.
B Ommxaiimme roasl oxumaercs maccoBoe npumeHeHue MJID]J] B mpubopax st HAydHBIX
UCCIICIOBAaHUI U NMPOMBIIUIEHHOM o0opyaoBanu# [1, 2]. B psane sxcnepuMeHTOB (GU3UKHU BbI-
COKHMX DHEpPIHil, B TOM YHCIIE€ B paMKax MEXAYHapOIHBIX NMpoeKToB, Takux kak HL-LHC,
COMPASS (LHEPH, lIseitnapus) u NICA/MPD (OUAU, dy6Ha, Poccus), nmpennonaraercs
WX WCIOJh30BAaHUE B COCTaBe NeTeKTOpoB dactuil [3]. HeobxomuMocTh pa3paOOTKH HOBBIX
METOJO0B ompeeneHus xapakrepucTuk MJID /[ BbI3BaHO T€M, YTO UX KOHCTPYKLMS U MPUHIUIT
paboThl 3HAYUTEIHHO OTIMYAIOTCS OT TPATUIIMOHHBIX JAaBUHHBIX (hoToamnooB (JID]]). Pabo-
yasi moBepxHocTh MJID/] cocTOUT M3 HE3aBUCHUMBIX P-N-TIEPEX0I0B (MUKPOIUKCENEH) ¢ pas-
Mepamu He Oonee 100umx100um, coemuHEHHBIX C OOIIeW MMHOW Yepe3 WHIWBUIYyaTbHbIC
MUKPO-COTPOTHBIICHUS. KaXkKIIblii MUKPOIMHKCENb CIIOCOOEH paboTaTh B TaK Ha3bIBAEMOM pe-
xume [eiirepa, T.e. PU NPHIOKEHHOM HAIPSHKEHUH BBIIIE MPOOOWHOTO — B 3TOM PEXHUME
ko3 purmeHT yMHOKEHUST (POTOITIEKTPOHOB B HUX MOXKET MPEBHIIIATH 10°. TTo sroit MPUYHHE
HE Bce MeTobI n3MepeHus napameTpon JIO/[ npumenrumsl B ciiydae MJID/I.

B nannoit paGoTe mokazaHa BO3MOXXHOCTb TMPHMEHEHHUS WM3BECTHON SMITMPUUYECKON
dbopmyasl Mwinepa [4] nns onpenenenus padounx napamerpoB MJID/I. s mydmiero coBma-

* v
AsepOaiimkanckas HanmonansHas akazeMus aBUALUH



AM. Ilawaes, X.U. Aboynnaes, P.M. Myxmapos

JICHUS PACYETHOW 3aBUCUMOCTH KOA(PPUIMEHTA JaBUHHOTO YMHOXXEHUS M OT NMPUII0KEHHOTO
K (oroanony Hampspkenuss Uy ¢ 3KCepUMEHTATbHBIMU JaHHBIMU, HAMU IpeJIaraeTcsi Uc-
NOJIb30BaTh MoAuQuKanuio (GopMyiasl Muiepa, YYUTHIBAIOUIYI0 MaJCHUE HANPSHKCHHUS Ha
MOCJIEI0BATEILHOM COTPOTUBJICHUH Ry 3NEeKTprUdecKoil uenu npudopa [5, T. 2].

M=——-7:27, (1)

Ubr
rae Uy — HampsbkeHue npoOos p-n-mepexoga jaBuHHOro ¢oroxuona, U,,=U; — J;- Ry —
HalpsKEHUe, HEMOCPEICTBEHHO Majarollee Ha p-n-nepexone, Uy — NpUIoKeHHoe K Mpuoopy
HanpspKeHue, J; — MomHbIN TOK B oronuone, Ry — 3 (heKTuBHOE CONPOTUBICHUE PE3UCTOpa,
MOCJIEIOBATENIbHO COEAMHEHHOTO C JIABUHHBIM (DOTOAMONOM, kK — SMIHUPUYECKUN MapaMmeTp
Muepa.

BobiBoa pa6ouux ¢popmy.a. [TomHslit Tok J; 7aBUHHOTO (OTOANONA B pabOUYEM PExXHU-

M€ MOXXHO BBIPA3UTHh KaK
Jy=d,+ M-\l +1,,), ©)

rae Js; — MOBEpPXHOCTHBIM TOK YT€UKH, HE YYACTBYIOIIMI B JABUHHOM TIpoliecce, /; — NHULIMU-
pYIOIIMI JaBHHY OOBEMHBI TEMHOBOH I'€HEPAllMOHHBIA TOK, /,;, — HHULUHUPYIOMINN JIABUHY
¢doroTok. Bennuuny 1, caenyer usMepsaTh IpU HU3KUX HaNpsDKEHHAX Ha Goronnone (00bIYHO
Uas~ Us/5), ipu koTOpBIX 3aBefioMo M = 1. J[nMHa BOJHBI HCTOYHMKA CBeTa (Hampumep, cBe-
TOJINO/IA) JOJKHA OBITh TAKOH, YTOOBI CBET MOJHOCTHIO MOTJIONIAJICS B 00ETHEHHOM 061acTu p-
n-repexoza npuoopa.

PaccmoTpuM mporece ycuieHusi MoCTOSIHHOTO (oTtoToka. [l ycuneHHoro (oToToka
Jph MOKHO 3aIIHCaATh

®opmyna (1) mokaseiBaeT, uto npu M>>1 (Hanpumep, npu M > 10) Benuuunsl Uy, u
Uy nocTaToyHo Onusky, T.e. yposiersopserca ycaosue AU / Uy, << 1, tne AU = Uy, — Upp, 1
BoIpakeHue (U, / Us,)* B 3uamenarerne gopmysl (1) MOKHO PasiOKHTh B PSiL 110 Majoil Be-
mnuune (AU / Uy,y). B pesynbrate, yAOBIETBOPUBIINCH IEPBHIM WICHOM pa3OXeHUs, MOIy-
YUM yNpoUIeHHYI0 Gpopmyny Munepa:

1 1
M= , @
k I_Ud*M']ph'RO
Ubr
13 KOTOPOU ClIelyeT ypaBHEHHUE ISl onpeAesieHus K03 UinenTa yMmHokeHus: hoToToka M:
U,
JthO'Mz_(Ud_Ubr)'M_ l: =0. ()

PemB ypaBHenue (5), mosydaem clenyroniue BeIpaXeHHs sl KoddumueHTa yMHO-
JKEHUS U JJaBUHHOTO (DOTOTOKA B IprbOpe:
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2
— Ubr — Ud _ Ubr _ Ubr B Ud (6)
20,R, |\ KRy ) 20 ,R,
2
Jph :Iph. Ubr_Ud _ Ubr -7 h_Ubr_Ud . (7)
ZIthO kltho P lehRO

Hewussecturie nmapametpsl Uy, 1 k MOXHO ompenenuTs 3 BAX mpubopa npu u3BecT-
HbIX BennunHax Uy U 1y, OngHako BeipakeHHs (6) U (7) JOCTaTOYHO CIOXKHBI Ul IpaKTHYe-
CKOT'0 IPUMEHEHHUS.

B oGmnactu nanpspxkenuit Uy < Up, MOXKHO TIpeHEOpEYb BETMUMHON MaleHHs HampsoKe-
HUS Ha TIOCJIeI0BAaTEIbHOM pe3ucTope Ry. Torna u3 Beipaxenuit (3) u (4) nomyuum

1 k
——=—,-U,). @®)
Jph phUbr ’ ¢

Bripaxxenue (8) mo3BossieT onpenenuts napametpsl Uy, U k, NCTIONIB3YsI IMHEHHYIO DKC-
TPAIOJSALMIO SKCIEPUMEHTAIIBHON 3aBUCUMOCTH ]/Jph oT Hanpsbkenus Uy

B oGnactu Hanpspkenuit Uy > Uy, Henb3sl IpeHeOpedb BETMUYMHON MaJeHUs HaIpshKe-
HUSL Ha IOCJIEAOBAaTENIbHOM pe3ucTope Ry M3-3a 3HAUUTENBbHOW BEIMYMHBI KOXPPHUIHMEHTA
YMHOXEHUS. B 3TOM ciydae B ypaBHeHHH (5) MOXXHO mpeHeOpeub TpeTbUM uieHoM. Toraa
NOJIyYMM JIMHEHHBIC 3aBUCUMOCTH M U J,;, OT NPUIOKEHHOTO K JJABUHHOMY JIMOJly HampsKe-

HUS:
Uu,-U
M = ( d br) . (9)
IthO
U,-U
Jph — ( d br) . (10)

Ry

Crnenyetr oTMETUTH TOT (akT, 4To BeIpakeHUs (8-10) MOTyT OBITH MOJTYyUYEHBI TAKXKE U3
6osee TouHON PopMyITbl Tt KO PHUITEHTa YMHOKEHUS, SBISIFOIIEHCS PEIICHUEM ypaBHEHUS
HEIMPEPHIBHOCTU TOKA B JTaBUHHOM (hoToamone [5, Tom. 1, ¢.107]:

1
—, 11
-1 (11)

int

M=

w
rac Iint = ja - CXp| — j(O{ —ﬂ)dy dx — HUHTErpal HOHU3aIuu, W — TOJIIITUHA O6eI[HeHHOFO (K1 (e)1
0 x

p-n-niepexona ¢oTonuoaa, a u S — K0IPHUIMEHTH HOHU3AIUN JJI AJIEKTPOHOB U JIBIPOK CO-
orBercTBeHHO. Hanpsikenne npoGost onpenensercs us ycuosust 1, (U, =U, ) =1,
OuyeBuHO, UTO BEIUYHMHA [;;; 3aBUCUT OT MPHIOKEHHOTO HampsikeHus Uy, U O3TOMY

BeIpaskeHue (11) MOXKHO pa3iokuUTh B psiJ MaJlOTO apryMeHTa Z = ((U o~ Upn )/ U, br)<< 1, e
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moxuo 3amucate: [, (z)=14+a-z+..., roe a — npoussoagmas I[,, B Touke mpobos

(U,, =U,,). Y10BIeTBOPHBIINCH MEPBHIM YICHOM Pa3JI0KEHHUS, MONYyIHM

1 1
M= 12
U, (12)
Ubr

rne U, =U,—J,-Ry~U, —J Ry — Benmuuna HANpPsIKEHUs, HETIOCPEJICTBEHHO TMA/IaK0-

mero Ha p-n-niepexoze npudopa. [lpu a = k Bepakenue (12) MOTHOCTHIO COBMAAAET C BBIpa-
xeHueM (4). Ito o3Hauaer, yTo ympolueHHas Gopmyna Muuiepa (4), Oyaydun npeanoKeHHON
SMIIMPUYECKU, UMEET JO0CTaTouHoe (u3ndeckoe oOOCHOBaHME. 37ech mapamerp k (Wiu a)
OIIPEAEIAETCS CKOPOCTHIO U3MEHEHUS MHTETpajia MOHU3ALNU [y

CpaBHeHHe ¢ 3KCIEePHUMEHTAJIbHBIMHM JaHHBIMHU. B KauecTBe 3KCIepUMEHTaIbHBIX
0o0pa3oB yisi IPOBEPKU CIPABEVIMBOCTH BBHIINICYKA3aHHONM METOAMKHU OBLIM BBIOpaHBI TpU
THIIA JJABUHHBIX (POTOMOMIOB OT pazHbIX mpousBoauteneid: MJIDJ] S10362-11-025U ot dwup-
Mbl Hamamatsu [6], oqHONMUKCETbHBIN JaBUHHBIN (HOTOMMOJ, U3TOTOBJICHHBINH WTaIbIHCKOU
komnaboparmeit “ITC-irst” [7] u naBunHb QoTomnon APD-33-128V, U3roToBICHHBIH HAMH
coBMecTHO ¢ kommanuen Zecotek [8]. Ilpubop S10362-11-025U umen pabouyro MIONMIaab
ImmX1mm, Ha KoTOpO# pacnonaramuck 1600 nukceneit ¢ pazmepamu 25umx25um. [Ipudop
ot “ITC-irst” cocTosut U3 eqMHUYHOTO MHUKCcEeNs pazmepoM 40um>40um ¢ mocaea0BaTeIbHBIM
racsM MuKpopesuctopoMm Ry = 350 kQ. ®doroguon APD-33-128V sBausicst 0ObIYHBIM J1a-
BUHHBIM (pOTOIMOOM C pabouelt miomaapo 3mmx3mm.

[onusbiit TeMHOBOM TOK J; 1aBuHHOTO (poToarona S10362-11-025U, usmepeHHslii npu
U, = 15V, e npesbiman 30pA. B kauecTBe MCTOYHMKA MOCTOSIHHOT'O CBETa MCMOJIb30BAJICS
IIOJIYTIPOBOIHUKOBBII CBETOAUO/ € JJIMHOM BOJIHBI 0K0JI0 450nm. BennunHa MTHULIMHUPYIOIIETO
naBuHy (oToTOKa, M3MepeHHas npu Uy = 15V, cocraBnana [, = 120pA. 3atem B obOnactu
Us>15V usmepsinach 3aBUCHMOCTb BETHYUHBI (POTOTOKA Jp;, OT MPHIIOKEHHOIO HAIPSKECHUSL.

Ha pucynke 1 npencraBieH rpadux
3aBUCUMOCTH O0OpaTHOTO 3Ha4YeHHs (POTOTO-
ka 1/J,, naBunHOrO oromuona S10362-11-

16108

-1

—_ 2

025U oT npuinoeHHOro HanpsKeHus (Kpu-

<C
Bast /). DKcTpamnojsiuuend JIMHEMHOW 4YacTu Qﬁ
SKCIEPUMEHTANILHON KPHBOM M C UCTIONB30- Ubr= 6878V
BaHUEM BbIpakeHHs (8) ObUIM OmpeseneHb '
napametpsl Uy, = 68.78V u k=1.64. Ilony-

YCHHBIC AAaHHBbIC OBLIM HCIIOJIB30BaHbI npu

HOCTPOCHUHM  AHAJIOTHYHOM  3aBUCHMOCTH i 65 s o i

(xpuBas 2) Ha ocHOBe (GopMmyibl (7), B KO- Ua, V

Puc. 1. 3asucumocmo oopammuoii eenuvunsl
domomoxa om npunodcennozo HanpadceHuA:
MMPUHUMAJIOCH PAaBHBIM MOCJICAOBATCIBHOMY 1 — Ikcnepumenmanvnas Kpueas; 2 — pacuemuas

COIPOTUBIICHUIO NHUKcenen R, =220k Kpusas na octose opmyns Munnepa

Topoil 3 (deKTUBHOE COMPOTHBICHUE R

10
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Bennunna R, onpezaensnack ¢ nomomblo npamoir BAX mpubopa. beuio ycraHoOBiIE€HO, 4TO
YBEIIMYEHUE BEJIIMUYMHBI MOCJIEIOBATEILHOTO CONPOTUBICHUA Ry 10 3MC2 HEe NMpUBOAUT K 3a-
METHOMY M3MEHEHHIO XapaKTepa KpUBBIX B o0sactu HanpspkeHud Uy < Uy, .

Kak BuaHO u3 pucynka 1, HabmogaeTcst Xopolee COBMAAeHNE PACUETHBIX U IKCIIEPH-
MEHTaJIbHBIX KpUBBIX B obnactu Uy < Up,, T.€. B JTaHHOW 00JIACTH HANPSDKEHUNM OCHOBHBIC Xa-
pakTepucTuku (PoTOoTOK M KOIPPHUIMEHT YMHOKEHHS) JAaBUHHOTO (HOTOAMOAA TOCTATOYHO
TOYHO OMHUCHIBaOTCs hopMynorr Musiepa.

B ob6nactu nampsikenuit Uy > Up, pacdeTHbIE M SKCIIEPUMEHTAIBHBIC KPUBBIE CYIIe-

CTBEHHO oTiHMyaroTcs (puc. 2). 3aech popmyna Muniepa JaetT TUHEHHYIO 3aBUCUMOCTh (HOTO-
TOKa OT BeNUYMHBI Uy, a SKCIIEpUMEHTaNIbHasl KpuBas uMeeT GpopMy, OM3Kyro K mapabonuye-
CKOM 3aBUCUMOCTH. CBSI3aHO 3TO ¢ KOHCTPYKIMEH U npuHIUNoM padbotsl MJID/, k KOoTOphIM
oTtHocuTCsl uccnenyemslii goroanon S10362-11-025U. UzsectHo, uto MJID]] coctout u3
MaTpUIbl HE3aBUCHUMBIX P-N-NEPEXOJI0B (MUKCceNel), MpUYeM KaxAblil NMHUKCEIb COEIUHEH C
o0ILIel MIMHON 4Yepe3 MHIUBHMIYyalbHBIH MHUKpope3ucTop R,. HecmoTps Ha TO, 4ro 0Opasen
OCBEIIIAETCS] CBETOM MOCTOSIHHOM MHTEHCUBHOCTH, KaXAbIi MUKCENb pabOTaeT B UMITYJIbCHOM
pekuMe, yCUIuBas eIMHUYHbIE (PoTo3neKTpoHbl. KpoMe Toro, npu (puKCHpOBaHHONW MOIIHO-
CTH CBETa YHUCIO CpabOTaBIIMX MHUKCENEeH yBETMUMBACTCSA MPOMOPLUOHATIBHO BeanuuHe Uy -
Uy, 1 moaTOMY 3¢ (hekTrBHAs IPoBOAUMOCTS (1/R() B 1ienu mpubopa yBEIMYUBAETCS C POCTOM
BenuauHbl Uy - Up,. Eciu 3aBUCHMOCTB BETUYHHBI 1/R) OT PUTI0KEHHOTO HATIPSHKEHUS MPE-
CTaBUTH B BUje creneHHoro psaga A + B - (U; — Up,), To u3 Beipaxkenus (10) nonyuum

— (Ud _Ubr) - : (13)

0

J

ph (Ud B Ubr ) 0

rne 0 > I, A u B — KO3pPUIMEHTH! pa3IokKeHUs. ITO 03HAYAET, YTO €CIIU 3KCIIEPUMEHTAIIb-
HbIC JaHHbBIC, MPUBEICHHBIC HA pHC. 2a, mepe-

ctpouts B Buae Gynkuuu $/J oh "~ U,, o

IIOJDKHA OBITH O0JIacTh JIMHEWHOW 3aBUCHMO-
CTH, DKCTPAMNOJISIIHUS KOTOPOH TepeceKaeT OCh
X B Touke Uy,.

-1

-2

Upr=68.78V

[IpaBoMepHOCTH TAaKOro MOAXOAa JTOKa-
3bIBAIOT JIaHHBIE Ha puUC. 2b, TOae NpHBeneHa

68 685 7! 69 695 70

“ VeV sasucumocts §/J ,, ot Uy mpu 6 = 1.64.

3 4 -1
< 510

BunHo, 4T0 3KCTpanoysuys JUHEHHOrO y4acT-
Ka KpMBOM IepecekaeT ocb X B TOUKE HaIps-

. XKeHus npobos npubopa. Takum oOpa3om, MbI

Upr=6878 V

MMEEM €Ille OJIUH CIOCO0 OIpeIeNeHus Hampsi-
xeHus nmpoodost MIID/I.

68 685 69 695 70

Ua, V
Puc. 2. 3asucumocms pomomoxa om
NpUNOINCERN020 Hanpacenun: 1 — IKchepumen-
manbHas Kpueas, 2 — pacuemHas Kpueas Ha
ocnose popmynst Munnepa

Tenepb paccMOTpUM ONHUCAHHBIN B pa-
6ote [7] omHONMUKCENbHBIN JIABUHHBIA (HOTOIH-
OJl C TMOCIIEJOBATEIbHBIM MHKPOPE3UCTOPOM.
Ha pucynke 3 (kpuBas /) mpuBeneHa 3aBHCHU-

11
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MOCTh K03 dunrerTa ycmienus: M Tako-
ro (oroauona OT MPUIOKEHHOTO Hampsi-
xenus Uy, B3aras u3 padotsr [7]. [Ipu-
6op paboran B pexume [elirepa
(Us>Up,=30.85V), mpu koropom (HoTo-
JMOJ PErucTPUPOBAT €IWHUYHBIE (POTO-
anekTpoHbl. Ecnu 3a cpennuit ¢poToTok
Ly, B3aTh Bemuuuny g/Ro-C, = 8.47pA, TO
BeIpakeHue (9), momydeHHoe U3 GopMy-
761 Musuiepa, XOpouIo OMUCKHIBAET SKCIIe-
pUMEHTaJIbHYIO0 3aBUCUMOCTh M ot Uy
(kpuBas 2, puc. 3). 3aech g — 3aps dJIeK-
TpoHa, Ry = 350kQ — comportuBieHHE
MOCTIeIOBATENbHO BKIIFOUEHHOTO MHUKPO-

pesuctopa, ¢, =q 2% =54 fF —sddexk-

d

THUBHAas eMKOCTh IMOa, OnpeensieMas u3
HAKJIOHA KCIIEPUMEHTAIbHOM 3aBUCUMO-
ctu M ot Uj,.

[IpennoxenHas Bblllle METOJUKA
ObLTa TaK)Ke UCTIOIb30BaHa JIJIsl OMMUCAHUS
AKCIIEPUMEHTAJIBHBIX PE3yJIbTaTOB, IIO-
JTy4EHHBIX C TIOMOIIBIO JTABHHHOTO (OTO-
muona APD-33-128V, paboraromero B
OOBIYHOM pexuMme (T.€. HE B PEKHUME
I'eitrepa) [8]. Ha pucynke 4 mpeacraBieH
rpaduK 3aBHCUMOCTH OOpaTHON BETUYH-

2.108
b=

15106

1108 |

Up,=30.85 V
5.10% l T T

030 305 31 315 32 325 33 335 34 345 3/ 355 6
Ug, V
Puc. 3. 3asucumocmo korppuyuenma ycunenusn 00-
HORUKCENbHO20 JOMOOU0Oa om nPuiLoHceHH020
Hanpscenusn: 1 —Ixcnepumenmanvuan kpusas [7], 2
— pacuemnasn Kpueas na ocrose hopmynvt Munnepa

25108 -

—-1
-2

2108 -

1/dph: AT

15108 |

1.108 -
Upr=129.1V

5107

~

~

122 123 124 125 126 127 128 129 130
Ug, V

Puc. 4. 3asucumocms 0d6pamuoii geruyunbl Ponmomo-

Ka om npunodcennoz2o nanpaicenus Kk APD-33-128V:

1 - 2xcnepumenmanshan Kpueas, 2 — pacuemnas Kpu-

gasn Ha ocHoge chonmviant Munnena
HBl ()OTOTOKA OT MPUIOKEHHOTO HAmps-

KeHus. HUIMUpYomuil TaBUHY TIOCTOSHHBIA (POTOTOK, M3MEPEHHBIN npH notenuuane Uy =
30V, coctaBun 0.2nA. DxcTpamnossuueil KpuBo / ObUIM ONpeaeneHbl HanpsbKeHUue npooost
npudopa Uy, = 129.1V u napamerp Mumiepa & = 0.81. DTy nanHble ObUIM UCIIOIB30BAHbI IS
MOCTPOCHMSI PACUeTHON 3aBUCUMOCTH Ha OCHOBE (hopMyiibl (7) IMpHU HArpy30YHOM CONPOTHUB-
nenuu Ry = 1kQ. U3 puc. 4 BuaHO, 4TO pacyeTHas KpuBas 2 JOCTATOYHO XOPOIIO COTIacyeTcs
C DKCIIEpUMEHTAJIBHOM.

BoiBoabl. Takum 00pa3oM, MOXKHO CA€NaTh CIEAYHOIIUE BBIBOABI O IMPUMEHHUMOCTH
MOIUGUIMPOBAHHON (popMynel Muiiepa U 0 BO3MOXKHOCTH OTIPEICICHUS TapaMeTPOB JIABUH-
HBIX (oroanonoB. MoaudpunupoBannas ¢opmyna Muuiepa, B KOTOpPOHl y4YTEHO NaJeHUE
HAIpsDKEHUS B IOCJIENOBATEIbHOM CONPOTUBIEHUM, MOXKET C JOCTaTOYHO XOpOIIEH TOUYHO-
CTBIO ONKCHIBATh XapaKTEPUCTHKH KaK OOBIYHBIX, TAK U MUKPOIMHUKCEJIBHBIX JJABUHHBIX (hOTO-
mronoB. s aToro napamerp Musuiepa cienyer onpeaenuTs u3 ctaunonapaoit BAX ¢oroTto-
Ka B JIJABUHHOM (OTOANOIE.

12
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C moMoIbio JTMHEHHON 3KCTpanonsauuu crauuonapHoil BAX naBuHHBIX (OTOIMOIOB,
paboTaronux Kak B 0OBIYHOM peXHMe, TaKk U B pexxume ['eiirepa, MOXKHO OIpPENECIUTh HANPS-
XKeHue nmpoOos mpudopa.
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MIiKROPIKSELLI SELVéRI FOTODiODLéRIN PARAMETRLORININ TOYIN
EDiLMOSI UCUN MILLER DUSTURUNUN TOTBIQi

A.M. PASAYEV, X.I. ABDULLAYEV, RM. MUXTAROV

Selvari fotodiodun giiclonmo omsalini tosvir edon vo cihazin ardicil miigavimotinde gorginlik diisgiistinii
nozors alan modifikasiya edilmis empirik Miller diisturuna baxilmisdir. Eksperimental olaraq gostorilmisdir ki, bu
diistur hom adi, hom do mikropikselli selvari fotodiodlarin isini yiiksok doqiqlikls tosvir eds bilor. Bunun iigiin
selvari fotodiodda fotocarayanin stasionar volt-amper xarakteristikasindan (VAX) Miller parametrini miioyyan
etmok lazimdir. Gostorilmisdir ki, hom adi rejimds, ham do Heyger rejiminds isloyan selvari fotodiodlarin
stasionar VAX-nin xatti ekstrapolyasiyasi cihazlarin is¢i parametrlorini milayyan etmays imkan verir.

Agar sozlar: selvari fotodiod, silisium fotovurucular, desilma gorginliyi, MSFD.

APPLICATION OF MILLER FORMULA FOR DETERMINATION OF PARAMETERS
OF MICROPIXEL AVALANCHE PHOTODIODES

AM. PASHAYEV, Kh.I. ABDULLAEV, RM. MUKHTAROV

The modified Miller formula is reviewed which takes into account the voltage drops in the serial resistor
of the avalanche photodiode. It is proven by experimental data that the modified Miller formula can describe
operations both on the regular and micropixel avalanche photodiodes with a good enough precision. The Miller
parameter must be determined from a static voltage-current curve of the photocurrent in the avalanche photodiode.
It is shown that operation parameters of the devices can be determined using a linear extrapolation of the voltage-
current curve for both the regular avalanche photodiode and one operating in the Geiger mode.

Key words: avalanche photodiode, silicon photomultiplier, breakdown voltage, MAPD.
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MUASIR GIROSTABILIZATORLAR VO ONLARIN
TOTBIQ SAHOLORI

T.i. KORIMLI"

Mogqalads giroskopik stabilizasiya sistemlorinin miiqayisali tohlili aparilmis, ugus aparatlarinda
totbiq edilon stabilizasiya qurgularinin dayaniqligint vo idars olunma caldliyini artirmaq ii¢iin tokliflor

verilmisdir.

Acar sozlor:  giroskop, girostabilizator, rotor, sarbastlik daracasi, kinetik moment,
giroskopik moment, atalot momenti, inersial navigasiya sistemi,

kosmik aparat.

Giris. Giroskop va giroskopik stabilizatorlar miiasir aviasiyada olduqca genis totbiq
edilon qurgulardan olub, isloma prinsipi, konstruktiv vo digor olamotloro géro olduqca c¢esidli
tosnifata malikdir. Bu olamotlordon biri do giroskopun rotorunun sorbostlik dorocosidir ki,
ondan asili olaraq, giroskopik qurgular, uygun olaraq bir, iki vo {ii¢ sorbostlik dorocoli
giroskoplara boliintir. Amerika Birlogsmis Statlarinin (ABS) vo Boytik Britaniyanin (BB) elmi-
tadris vo miihondis adobiyyatlarinda ise giroskopik cihazlar yalniz 6lgiilon sorbastlik doracasine
gora sifir, bir vo iki sarbostlik dorocoali giroskoplara boliiniir [1].

Giroskop soziinii elmo ilk dofo fransiz alimi Leon Fuko gotirmisdir (yunan dilindon

torciimado “giros”-firlanma, “skopeo” miisa-
hido edirom monasini verir). 1852-ci ildo
Paris Elmlor Akademiyasinda L.Fuko dii-
zoltdiyi giroskopla Yerin firlanmasini tocriibi
olaraq niimayis etdirmisdir (sokil 1). Daxili
cor¢ivodo qurasdirilmis nazimgarx (rotor) isci
voziyyotdo {ifiiqi miistovido yerlogsmis fir-
lanma oxu otrafinda yiiksok siiratlo firla-
dilarkon xarici ¢or¢ivoys nozoron nazimegarxin
firlanma oxu sabit qalmisdir. Firlana bilon
daxili ¢or¢ivo (daxili Kardan asqisi) xarici
cor¢ivonin daxilindo quragdirilmisdir. Xarici
cor¢ivo  (xarici Kardan asqisi) cihazin

) Azarbaycan Milli Aviasiya Akademiyasi
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govdosino yuxari torofdon ipak sapla asilmis, asagi torofdon i1so iyno ilo govdoyo sdykonmisdir.
Fukonun yaratdig1 giroskopik qurgu ii¢ sorbostlik dorocosino (ABS vo BB-do iki sorbostlik
doracali adlanir) malik idi. Yer kiirosinin sothino nozoron giroskopun donmaosinin miisahido
olunmas1 li¢lin nazimgarxin firlanma oxunun ucunda qurasdirilmis uzun oqrob (gdstorici ox)
vasitosilo skalaya nozoron horokot tocriibonin ugurla kegmaosini siibut etmisdir [2,3].

1880-ci ildo Awvstriya or-
dusunun leytenant1 Lyudviq Obri
ingilis miihondisi Henri Uatxeyd

torofindon yaradilmis torpedonun  Ufugi sikan
Istiqamat siikam

(sualtt mormi) yon iizro istiqa-
motlonmasini tomin edon giros-
kopik stabilizasiya sistemini ilk
dofs olaraq praktiki mogsadlo tot-
biq etmisdir (sokil 2). Sta-
bilizasiya sisteminin i§ prinsipine
goro atos agmamigdan ovval tor-
pedo vo sixilmis hava ilo yiiksok
siirotlo firladilan giroskop  ho-
doflo eyni istiqgamoto tuglanir.
Atos agildigda torpedonun tapsirilmis yondon konara meyl etmosino baxmayaraq giroskopun
tuslanmig istigamoti hodof istigamotindo qalir. Meyletmodon asili olaraq, giroskop zolotniko
tasir edarak, silindr, porsen va istiqamat siikani vasitasile torpedonun harokat istigamatini hodaf

Porsen
Cfugi sikan Silindr
Istigamat siikant

Sakil 2. Torpedonun (sualtt marminin) istiqamatlonmasini
tamin edon giroskopik stabilizasiya sistemi

istigamoti lizro yonoltmoys baslayir vo bu, torpedonun istiqgamoti giroskopun tuslanma
istigamati ilo iist-iisto diisono qodor davam edir. Torpedo hodof istigamati {izro horakot etdikdo
zolotnik vo istigamat siikan1 neytral vaziyyotda qalir. Torpedo hodofdon yayindiqda daxilde
qurasdirilmig ti¢ sorbostlik doracali giroskop zolotniki sola vo ya saga horokot etdirmoklo,
sixilmig havanin enerjisindon istifado edorok porseni miivafiq olaraq sag vo ya sola
yerdoyismoyo moruz qoyaraq, istiqamot siikanini sola vo ya saga horokot etdirib torpedonu
tapsirilmis yon iizro istiqgamotlondirmisdir [3].

1886-c1 ildo fransiz admirali Fleriz torofindon gominin yirgalanmasi zamani goy
cisimlorine nozoron gominin yerlogsmasinin cografi en dairosini sekstanla miioyyon etmok
maogsadilo pnevmatik intiqalli giroskopla siini yaradilmis iifiiqi meydangali optik cihaz toklif
edilmisdir [3].

Yirgalanma zamani {ifiiqi meydancali optik cihazla gdy cisimlorino nozoron gominin
yerlosmosinin cografi en dairosini miioyyon etmok vo gomido yerloson toplardan atilmig
atoslorin doqiqlosdirilmosi mogsadilo 1904-cli ildo alman miihondisi Otto Slik gomini
biitovliikkdo boyiik giroskopla stabillogdirmok gorarina golmisdir. Onun toklif etdiyi giroskopik
yirgalanma sakitlogdiricisinin sadolosdirilmis sxemi sokil 3-do verilmisdir. 56000 kq. kiitloyo
malik gominin daxilinde 502 kq. kiitlali giroskop vo onun rotoru olan nazimgarx saquli
firlanma oxu istiqgametinde qurasdirilmisdir. Tufanli donizde qurgunun simagi zamani kinetik

momentin - H ¢ox olmasindan vo dalga ilo gominin yana oyilmo siirotindon asili olan
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giroskopik momentin - My gominin uzununa oxu boyunca bdyiik qiymote ¢atmasi hesabina

gominin yirgalanmasim 1+2° giymote qoder azaltmaq miimkiin olmusdur.

Toyyara pilotu Lourens Sperri toyyaronin idaro edilmosi zamani yaranmis c¢otinliyin
toyyaranin kifayat qodor dayaniqli olmamasi ilo olagodar bildirdiyi naraziligi onun atasi Elmer
Sperrini kren vo tanqaj lizro avtomatik stabilizasiya sisteminin-avtopilotun prototipinin
yaratmaga sovq etmisdir.

1914-cii ildo Parisdo diinya sorgisi zamani pilot L.Sperrinin idars etdiyi giroskopik
stabilizatorun qurasdirildig1 hidrotoyyarado 100 m. hiindiirliikdo hakimlorin istiraki ilo ugusun
yerino yetirilmosi zamani toyyaro mexaniki ganadin iistiino ¢ixmagqla oyici kren momenti
yaratmasina vo bu zaman pilotun qalxaraq ollorini yuxar1 qaldirmasina baxmayaraq, toyyaro
ifiiqi voziyyotdon konara ¢ixmamigdir.

Belalikla, pilotlarin isini yiingiillosdir-
mok moqsadilo avtomatik idarsetmays malik

Nazim-carx
Giroskopun

gbvdasi toyyaronin ilk rosmi ucgusu geydo alinmisdir

[3].

Bu tarixi ekskursiyani davam etdir-
modon, geyd etmok yerino diisor ki, giros-
koplar miiasir dovrde do miixtalif toyinath
Samiad ucus aparatlarinin, homginin digor yonlondirici

sminin . . .

govdasi sistemlorin asas baza elementi olmaqla yanasi,
Oziinomoxsus inkisaf morhololorindon keg¢mis
vo miixtolif fiziki hadisolora vo xassoloro
osaslanan yeni-yeni novloro malikdir. Asagida
son illor orzindo yaradilmis belo giroskoplarin
tipik niimunolorinin timsalinda, giroskopik
cihazlarin vo sistemlorin miiasir soviyyasinin miiqayisali tohlili togdim edilir.

Osas hissa. Fozada baza istiqgamotlorinin modellogdirilmosi metodundan asili olaraq

giroskopik sistemlor platformali (fiziki modellogdirilma) vo platformasiz (analitik modellos-
dirilma) ndvlera boliiniir. Platformali giroskopik sistemlor iso 6z ndvbosinde stabillogdirilmis

Sakil 3. Otto Slikin giroskopik ywgalanma
sakitlasdiricisi

oxlarin sayina gors biroxlu, ikioxlu va ligoxlu ola biler.

Qurulma prinsiplorine vo giroskoplarin roluna gore platformali giroskopik stabilizasiya
sistemlori asagidaki tiplors boliiniir [4,5]:
Bilavasitoli giroskopik stabilizatorlar (BQS);
Indukatorlu giroskopik stabilizatorlar (IQS);
Qitivvali giroskopik stabilizatorlar (QQS);
Indikatorlu-qiivvali giroskopik stabilizatorlar (IQQS)
BQS xarici stabillogdirici oks alagoye malik deyil. Belo QS hadaf koordinatorlarinda
kosmik aparatlarin bilavasito stabilizasiyalar1 {igiin istifado edilir. BQS bir qayda olaraq,
stabillogdirilon elementi vo ya platformani bir ox lizro idara edorok (biroxlu), oslinde
mahiyyotino goéro boyiik kinetik momento malik iki vo ya {i¢ sorbostlik doracali giroskopu
Ozilindo oks etdirir. BQS-stabilizasiya obyektino bilavasito tosir edorok, hoyoacanlandirici
momenti tam, yaxud gismon kompensasiya etmok moqsadi ilo, yalniz giroskopik momentdon
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istifado edib, birbasa stabilizasiya masolosini yerino yetirmok iiclindiir. Bu tip giros-
tabilizatorlarin konstruksiyalarinda, adoton, stabilizasiya oxlar1 istiqgamatinds moment yaradan
giroskopdan basqa, digor bir tasiredici konstruksiya olmur.

IQS daxili oks alagoys malik deyil. Burada hoyacanlandirict momentin kompensasiyasi
yalniz vo yalniz, yliksiizlosdirici miihorrikin yaratdigt moment vasitosi ilo miimkiindiir, belo
ki, hoyacanlandirict moment stabilizasiya oxunun presessiyasimi yaratmir. IQS-in hossas
elementini platformanin tolob olunan voziyyotdon meyl etmosini 6lgon tli¢ sorbastlik doracali
giroskop vo ya dinamik sazlanan giroskop toskil edir. Belo IQS Inersial naviqasiya
sistemlorindo (INS) genis totbiq edilir.

QQS daxili vo xarici stabillasdirici slagalora malikdir. ©lagalarin effektivliyini artirmaq
magsadila giroskoplarin kinetik momentlorinin miimkiin qader boyiik qiymoate malik olmasina
calisir. Bu moqsadlo giroskoplarin rotorlart sixlifi cox olan materiallardan xiisusi formada
hazirlanir. Kinetik momento nozoron giromiihorrikin giicti, kiitlosi vo hocmi xarakterizo edilir
[6]. QQS-nin hossas elementi, adoton, iki vo ya ii¢ sorbostlik dorocoali giroblok iizorindo
yaradilir. Belo QS boytik kiitloyo malik cihaz vo qurgularin (tuslama qurgulari, teleskoplar,
gravimetrlor, Oziiistiqamotlonon basghqglar vo s.) fozada stabilizasiyasi ii¢lin vo ya kobud
sistemlorda ilkin istigamotlonma vericilori kimi totbiq edilir.

IQQS daxili vo xarici stabilizasiya olagolorina malikdir. Belo QS stabilizasiya oxuna
tasir edon xarici hayacanlandirict momentin xarakterindon asili olaraq 6ziinii ya indikatorlu QS
ya da qiivveli QS kimi aparir. IQQS-nin hossas elementini bucaq siireti vericisi vo ya
inteqrallayici-diferensiallayic1  giroskop toskil edir. IQQS-nin kinematik sxemino goro
hoyacanlandirict momentin kompensasiyast osason yiikslizlogdirici mihorrikin yaratdig
moment vasitosi ilo miimkiindiir. 1QS, QQS, 1QQS-do istifado edilon vo yiiksiizlosdirici
miihorrikin bazasinda qurulan intigallarin novlori iso elektrohidravlik, elektropnevmatik vo
elektromexaniki ola bilor. Olbatto, on yiiksok xiisusi giic gostoricisino goro elektrohidravlik
intiqallar olsa da, coldliyina vo torkib elementlorinin vo konstruksiyanin minimallagdiriimasi
baximindan elektrik intiqallar1 daha miiasirdir [7].

Girostabilizatorlar INS-do genis totbiq edilir. INS fozada yerlogmo vaziyyatinin toyin
edilmosinin elo iisuluna aid edilir ki, bu zaman he¢ bir konar cisimlordon vo olamatlordon
istifado edilmir. Yoni, biitiin hossas elementlor bilavasito ug¢an aparatin (UA) bortunda
yerlogdirilir. Xotti tocilin inersial Olgmo cihazlar1 olan akselerometrlor girostabilizatorlu
platformalarda qurasdirilir. Girostabilizatorlu platforma giroskopun osas xassosi asasinda, yoni,
fozada 6z oxunun movqgeyini doyismoz saxlamaq xassosi asasinda akselerometrlorin hossas
oxlarinin doyismoz iifiiqi voziyyatlorini tomin edir. Bu sortlor daxilinde dlciilon tacil iki dofa
ardicil olaraq inteqrallanir vo UA-nin vaziyyatinin koordinatlarinin doyismasi miioyyan edilir.
Belalikla, koordinatlarin toyin edilmesi tapsirigr ilo bir qovsaqda yigilmis girostabilizatorlu
platforma vo akselerometrlor INS-i yaratmis olur. Bu osas tapsiriga, homginin kren, tanqaj vo
vurnuxma (yon) bucaglarmin toyin edilmosi masolosi do daxildir. Amma giroskopik
stabilizatorlu platformaya (QSP) malik miiasir INS-lorin miiasir konstruksiyalar1 doqiq
mexanika, avtomatik idaroetmo nozoriyyeasinin, elektronika, mikroelektronika vo hesablama
texnikasinin son nailiyyeotlori osasinda demok olar ki, bir intellektual mexatronik sistem
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soviyyoesindo yaradilir. Lakin istonilon halda, INS-in konstruksiyasini miioyyon edon tosnifat
yena do QSP-in reallasmasi noviindon asilidir. ©gor QSP fiziki olaraq, anonovi, firlanan rotorlu
giroskop osasinda, ii¢ sorbostlik dorocali kardanli asqinin g¢orgivasi formasinda yaradilibsa,
onda bu, platformali INS-dir, ogor QSP, daha dogrusu, INS-in {ifiiqi miistovisi giroskop vo
akselerometrlorin verilonlori osasinda riyazi model formasinda yaradilibsa, platformasiz, yaxud
kardansiz INS-dir. Belo INS-do lazerli va lifli-optik giroskoplar tatbiq edilir [8,9,10].

Girostabilizatorlar tapsirilmis koordinat sistemindo faydali yiikiin stabilizasiyasit vo
voziyyetini idare etmak iiciin totbiq edilir. Stabilizasiya obyekti olaraq, radiotexniki antenalar,
optik cihazlar vo onlarin torkib hissolori (teleskoplar, periskoplar, giizgiilor, prizmalar), raket vo
mormilorin  6ziiydnaltmo basliqlar1, platformali INS-in akselerometrlori, magnitometrlor,
toyyaralorin ciitlogdirilmis top liilolori, ugan, o ciimlodon kosmik aparatlar (neco ki, 6zlorinin
harakatinin, eloco do torkib avadanliglarinin voziyyostlorinin stabilizasiyasi ii¢lin), vo istonilon
tayinath miixtalif 6l¢ii cihazlar ola bilar.

Yeni layiholordon biri pilotsuz ugus aparatinda (PUA), yan goriiniisiin radiolokasiya
stansiya antenasinin stabilizasiya sistemindo totbiq edilon iigoxlu girostabilizator olub, antennin
voziyyatini stabilizasiya edir (sokil 4), onu konar tosirlordon, zorbolordon vo vibrasiyalardan
miihafizo edir [11].

Oldugca kom-
pakthig ilo secilon A-
VIEW videomiisahido
sistemi  helikopter-
lords vo kigik toyyars-
lordo uguslarin tohlii-
kaosizliyini tomin et-

. . Saokil 4. PUA-nin yan goriiniigiin radiolokasiya stansiyasinin antenin
mok  mogsadi s, stabilizasiya sistemindo tatbiq edilon iicoxlu girostabilizator

pilotlarin ucgus tapsi-
rigmin yerino yetirilmosini asanlasdirmaq, sutkanin geco saatlarinda vizual goriiniisii tomin
etmok moqsadi ilo totbiq edilir, hom¢inin oturtma meydancalarinda, axtaris vo xilasetmo
todbirlori zamani istifado edilo bilor. Lakin is prosesi zamani videomiisahido kameralarinin
vaziyyatlorinin yliksok soviyyados stabilizasiyasi tolob olunur ki, bu moagsadlo 3 odod kardanl
girostabilizator totbiq edilmisdir. Qeyd etmok lazimdir ki, faydal yiikiin fozada stabilizasiyasi
zamant bir licoxlu girostabilizator ovozino iic odod biroxlu stabilizatorun totbiq edilmosi
xarakterik haldir. Belo ki, bu zaman voziyyatin stabilizasiyasini hor bir ox {izro ayriligda yerino
yetirmok imkani yaranir. Dogrudur, bu zaman konstruktiv miirokkabliyin vo gabarit dlgiilorin
nisbaton artmast mosoalolori yaranir, lakin miimkiin olan hallarda bu prinsipdon istifado etmok
oldugca olverislidir. Hagqinda danisilan A-VIEW videomiisahido sisteminin videokame-
ralarinin voziyyotlorinin fozada stabilizasiyasini totbiq etmok moqsadi ilo bu prinsipdon istifads
edilmisdir [12].

Miiasir PUA-da istifado edilon digor bir optik-elektron sistem (sokil 5.)
girostabilizatorlu optik-elektron sistem adlanir vo PUA-da biitdv sutka arzinde yerli orazido
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miisahido aparmaq, ugusda olar-
kon obyektlorin  axtaris1  vo
askarlanmasi, mosafolorin 6l¢iil-
mosi moagsadi ilo quragdirilir.

Bu optik-elektron sistemin
osas texniki gostoricilori ¢orgive-
sindo (obyektlorin vo insanin
mosafodon agkar edilmosi Ti¢iin
maksimal mosafo 3000 km; Sokil 5. PUA-da istifads edilon girastabilizatorlu
gormo  sahosi uygun olaraq, optik-elektron sistem
57.0°x 46.0° -1.7°x 1.3° vo 12.0°
x 9.0°; lazerli moasafo 6lgonlor liclin 6lgmo mosafosi 50-3000 m; 6lgmo doqiqgliyi: 2 m vo s.)
tolob olunan istismar gostoricilorini tomin etmok moqsadi ilo optik sistemin vaziyyatinin
stabilizasiyasin1 tomin edon girostabilizator totbiq edilmisdir.

Onun texniki gostaricilari iso asagidaki kimidir: yellonma bucagqlari: iifiiqi ox iizrs qeyri-
mohdud; saquli ox iizro -130° ...+ 20°; vizirloma xottinin {ifiiqi vo saquli oxlar iizra bucaq
siirati: 100 dar/san, bucaq tocili 90 dor/san’ [13].

PUA-nn telekameralarinin miiasir girostabilizatorlarinin
tipik niimunalorindon biri sokil 6-da gostorilmisdir.
Bu girostabilizator telekameranin  optik  oxunun

tapsirilmig vizirlomo istiqgamating nozoran stabilizasiyasi ligiin,
homg¢inin telekameranin PUA-nin govdosino nozoron movqe-
logmo bucaglarin1 6lgmak {igiin totbiq edilir. Girostabilizatorun
faydali yiikii, yoni stabilizasiya obyekti PUA-da qurasdirilan
Samsung SCZ- 2370 modelli telekameradir. Onun texniki
gostoricilori iso agagidaki kimidir: yellonma bucaqlari: kurs
izro £110° tanqaj lizro 80°(+10... -70°); tanqaj lizro qurulma

o e . L Sakil 6. PUA-nin
bucagi 40° bucaq stabilizasiyasinin doaqiqliyr +I1dor/dag; telekameralarinin miiasir

maksimal idaroetmo siiroti 30 dor/san; istifadoys hazirolma girostabilizatorlarinin tipik

miiddoti on ¢oxu 10 san., kiitlosi 2 kq, qabarit ol¢iisii 210 mm, niimunasi. Samsung SCZ- 2370

elektrik qidalanma gorginliyi 12-24 V toskil edir.
Girostabilizatorun idars edilmasi ikikoordinatli coystik torofindon, yaxud stabilizasiya

oxlarinda yerlogon vericilorden daxil olan signallar asasinda yerina yetirilir.

Girostabilizator asagidaki is rejimlorine malikdir:

- start, enmo vo ¢okilis yerino yaxinlagsma zamani telekameranin gévdoyo nozoran iki ox
iizro stabilizasiyast;

- iki ox lizro telekameranin movqgelogsmosinin giroskopik stabilizasiyasi vo idars edilmosi;

- giroskopik stabilizasiya rejimindo gévdonin izlonilmasi [ 14].

“Orlan-10” PUA kompleksi miirokkob cografi vo iqlim soraitindo obyektlorin kosfiyyati
magsadi ilo tayin edilmigdir, homginin axtarig-xilasetma amoliyyatlarinda istifade edils bilor
(sokil 7.).
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Miirokkob cografi iglim soraitindo kifayat qodor
etibarli istismarin miimkiinliiyliniin osas saboblorindon
biri do yiiksok dayanigli soviyyoyo malik olmasidir.
Kompleks modul prinsipi ilo hazirlanmis oldugu {igiin
sistemin yliksok etibarliginin on osas tominatcist ayri- é
ayrt modullarinin dayanigligidir. Mbohz, telekamera
modulunun etibarliligi vo dayamighg: girostabilizatorlar ¢ . :
vasitasi ilo tomin edilmisdir [15]. Miirokkob meteoroloji  g,xir 7. “Ortan-10” PUA kompleksi
soraitdo (kiilokli havada vo turbulentlikds) yiiksok siiratli
kosfiyyat iglorinin vo ¢okilislorin aparilmasi iigiin telekameralarin idaro edilmoa coldliyini,
stabilizasiyasini vo dayaniqli isini tomin etmok qarsiya qoyulan moagsadlordon hesab olunur.

Miiasir hava gomilorinin ucusunun avtomatik idaro edilmosi, homginin onlarin
meteoroloji antenalar ilo skanerlonma masalalarinin halli prosesinde foza vaziyyatlorinin kren
vo tanqaj iizro idaroedilmosi vo stabilizasiyasi INS-in signallari osasinda yerino yetirilir
[16,17,18,19,20,21].
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Sakil 8. Meteoroloji antenanin skanerlonma rejimlori

Sokil 8-do ucus hiindiirliiyiiniin miixtolif soviyyalori (yiiksok siia, uzaq mosafs, yaxin
mosafd) lizro meteoroloji antenanin skanerlomo rejimlori togdim edilmisdir.

Kosmik aparatlarin (KA) voziyyeotinin stabilizasiyast {iclin mixtolif metodlardan
istifado edilir [22,23]. Raket-dasiyicidan ayrilan peykdo miioyyon bucaq siirati oldo edilir. Bu
zaman radiosistemlorin antenalarini diizgilin istigamatlondirmok magsadils peykin firlanmasinm
dayandirmaq lazimdir [24]. Agir vo orta kosmik aparatlarin (KA), peyklorin stabilizasiyas1 vo
istigamatlonmasinin etibarliligint artirmaq magsadi ilo qiivvali giroskopik komplekslor (QQK)
totbiq edilir [25,26]. QQK giroskopik momentlorlo KA-da stabillosdirmo vo dayaq koordinat
sistemina nozoron proqramla dénmo rejimlorinds idarsedici momentlor yaradir. Yiiksok kinetik
moment aldo etmok mogsadilo giroskopun rotorunun atalot momenti boylik qiymoto malik olur.
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Belo rotorun g¢atigsmayan cohoti kinetik momenti az olan adi rotorlu miihorriklo miigayisodo
isodiismo vo tormozlanma miiddotinin xeyli cox olmasidir.

Sokil 9-da giroskop wvasitosilo stabiliza-
siya edilon peykin sxemi verilmisdir [26].
Giroskopun  1-rotoru peykin 5-govdasine
nozoron bir sorbostlik dorocosine  malikdir.
Rotor OZ oxu otrafinda 2 vo 3-elektrik
miiharriklorinin - komoyi ilo giroskopun 4-
govdosindo qurasdirilmisdir.  Peyklo  birgo
giroskop 1ii¢ sorbastlik dorocosine malikdir.
Giroskopun rotoru siiroti  yi§an zamani
firlanmadan yaranan reaktiv moment peykin
govdosini rotorun firlanmasinin oksi
istigamatindo dondermayas moruz qoyur. Peykin

Sakil 9. Giroskop vasitasila orbitda stabilizasiya

edilon peyk govdosinin dénmomosi iigiin rotorun M%°

reaktiv momentini yaradan yiiksiizlogdirmo
qurgularindan istifads edilir. Bu qurgularin
yaratdigi momentlori o ciimlodon, 6-mayeli-reaktiv miihorriklorinin P ciit qiivvelorinin L

qoluna tosir gostordiyi M, momenti ilo kompensasiya edilir. Qorarlagmis rejimdo giroskopun
rotoru OZ oxu lzra sabit QOZ =const bucaq siirati ilo firlandigda rotorun M. reaksiya

momenti giroskopun rotorunun vo elektrik miiharrikinin firlanma dayaqlarinda yaranan MY

miiqavimot momenti ilo tarazlasdirilir. Belo halda rotor sabit siirot ilo firlandigda
yiiksiizlosdirici miiharrik vo mayeli-reaktiv moment sondiiriildiikdo artiq peykin govdesi OZ
oxu otrafinda firlanmir. Toklif edilir ki, giroskopun rotoru doyison otalot momento malik
nazim-carxla ovozlonsin. Belo olan halda giroskopun rotoru siirot yigma aninda adi rotorlu
giroskopla miiqayisado daha kicik otalot momentino malik olarsa, onda rotorun reaktiv
momenti do ki¢ik giymeto malik olar. Bununla da rotor nominal firlanma siiratino daha tez
catmaqla yanasi, peykin gdvdesinin donmomasini tomin etmok mogsadilo rotorun reaktiv
momentini azaltmagq {igiin yiiksiizlogdirmo miihorrikin vo ya mayeli-reaktiv miiharriklorin tolob
olunan kompensasiya momentlori do azalacaq. Noticodo kompensasiya li¢ilin sorf edilon olavo
enerji do azalacaq. Qorarlagmis rejimdo rotor nominal stabil siirotlo firlandigda otalot
momentinin mexaniki olaraq artirilmasi kinetik momentin, bununla da dayanigligin yiiksok
olmasini tomin edor. Rotorun dovrlor saymi azaltdigda, otalot momentinin mexaniki olaraq
azalmast tormozlanma miiddatini kifayot qodor azaltmaqla yanasi, yiiksiizlogdirma
momentlorini yaradan qurgularin enerjilorino gonaot etmasing, peykin xidmot miiddatinin
artmasina va stabilizasiya caldliyinin yiiksalmasina sabab olar.

Noatica. Ucgan aparatlarda, o climlodon, pilotsuz ugus aparatlarinda, kosmik aparatlarda
totbiq edilmis girostabilizatorlarin qisa xiilasosi osasinda, texnoloji, konstruktiv vo digor
mixtolifliklorlo bagli xiisusiyyatlorinin miiqayisoli tohlili aparilarkon molum olmusdur ki,
kiilokli vo turbulentli hava soraitindo yiiksok siirotlo ugan PUA-nin vo onun hissalorinin
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istigamatlondirilmasinin daqiqliyini, caldliyini vo dayanigligni artirmaq megsadilo 6ziindo
indikatorlu vo qiivvali stabilizasiya sxemlorinin miisbot xtiisusiyyotlorini oks etdiron
stabilizatorlarin kombinasiya olunmus sxemindon istifado daha moagsodsuygundur. Belo ki,
qiivvali stabilizatorun celdliyi, indikatorlu stabilizatorun iss doaqiqliyi daha yiiksok qiymoto
malikdir. Bununla yanasi, giroskopun rotorunun kinetik momentini artirmaq mogsadilo rotorun
otalot momentini ¢oxaltmaq cohdlori natico etibarilo giroskoplarin isodiismo vo tormozlanma
miiddatlorinin nisbaton artmasina vo bununla da miixtolif toyinatl stabilizasiya qurgularinin vo
kosmik aparatlarinin stabillogdirilmosinin coldliyini asagi salir. Bu mogsadlo giroskoplarin
isadiisma va tormozlanma rejimlorinds rotorlarin otalost momentini mexaniki olaraq azaltmaq,
rotor nominal siirats ¢atdiqda iso kinetik momenti artirmaq mogsodilo otalst momentini
mexaniki artirmaq Ug¢iin yliksok dinamiki xarakteristikaya malik doyigon otalot momentli
rotorlarin layiholondirilmasina ehtiyac duyulur.

Qeyd etmok lazimdir ki, MAA-da son illor orzindo bu istiqgamotdo aparilan todqiqat
iglorinindon biri do PUA-da totbiq edilmosi nozordo tutulan, otalot momenti doyison yeni nov
girostabilazatorun yaradilmasina hosr edilmisdir.
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COBPEMEHHBIE THPOCTABUIN3ATOPBI 1 OBJIACTH UX TIPUMEHEHUSA
T.1. KAPUMJIN

B cratee MIPOBOAUTCH KpI/ITI/I‘IeCKI/Iﬁ 0630p TUPOCKOIMMYCCKUX CUCTEM CTa6I/IJ'II/I3aIII/II71, peaACTaBJICHBI
PpeKOMCHAANN [JId YBCJINYCHUA YCTOfIQHBOCTH n 6I>ICTp0TLI YIpaBIsICMOCTU CTa6I/IJ'II/I3I/IpyIOHII/IX YCTpoﬁCTB,
MMPUMEHACMBIX Ha JICTATCJIBHBIX allraparax.

Knroueesvie cnosa: cupockon, eupocma6uﬂu3am0p, pomop, cmeneHsv 060600bl, KUHemu4ecKkuil MOMeHm,
ZMPOCKOI’IMI{€CKMIJ MOMeHnm, MH@pquHHbllZ MOMeHRMm, UHepyualbHasl HasUucAyuoHHasl cucmema, KocMuYecKull
annapam.

MODERN GYROSTABILIZERS AND THEIR APPLICATIONS
T.I. KARIMLI

The article gives a critical review of gyroscopic stabilization systems and provides recommendations to
increase the stability and controllability of stabilizing devices used in air planes and space shuttles.

Key words: gyroscope, gyrostabilizer, rotor, degrees of freedom, angular momentum, gyroscopic moment,
moment of inertia, inertial navigation system, space shuttle.
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HAHOTPUBOJIOTHYECKHE IMPOUHECCHI IPA DJIEKTPUYECKOM
PA3PANE B IUCKPETHBIX OMUYECKHNX KOHTAKTAX
METAJUIOITIOJIMMEPHBIX TAP TPUBOCUCTEM

AX. JOKAHAXMEJIOB®, A.M. BOJILYEHKO", M.SL.JDKABAJIOB’,
A.B. BO3HBIIT", S1.B. KYPBUISK™, O.5. CTAJIHBIK™

PaccmoTpeHbl HAHOTPUOOIOTUYECKUE MPOIECCHl MPU JICKTPUUCCKOM pPas3psie B JIHC-
KPETHBIX OMHUYCCKUX KOHTAKTaX METaJUIOMOJIMMEPHBIX Map TpUOOCHCTeMBbl. PackpriTa mpupoaa
pa3pyIeHNs MOTMMEPHBIX TUIEHOK HAKJIaIOK.

Kniouesvie cnosa: HaHOMpUOOI02UYECKUEe NPOYECChl, INEKMPUYECKULl pa3-
PpAO, NONUMEPHAS NIEHKd, OMUYeCKUll KOHMAKm, UH-
oHceKxmupyrowue d1eKmponsl, 00veMHbIU 3aps0.

Beenenune. [IpoTrBopeunBbIe TUIOTE3HI O 3aPOXKICHUHN, PA3BUTUHN U PeaU3allii B3pPbI-
Ba U UCKPOBOro pazpsja [l] mpuMEHUTENbHO K METAJUTMYECKUM TEIUIONPOBOAHBIM YacTHULIAM
MOJIMMEPHOTO CJIOSI HAKIAJAKU B TpUOOCHCTEME M MOJUMEPHOH IJICHKU B TPUOOCOMPSHKEHUN
IpU DJIEKTPOTEPMOMEXAaHMUECKOM TPEHHMU 3aCTaBHJIM HAaC OOpaTUThCS K HAHOTpUOOJIOTHYE-
ckuM mporeccam. [locieqHre UMEIOT MECTO B JUCKPETHBIX OMHYECKMX KOHTAKTaxX MeTalio-
HOJMMEPHBIX Map TPUOOCUCTEMBI.

Cocrosinne nmpodaemMsl. 1o 37eKTpUYECKON JOJITOBEYHOCTHIO MOTUMEPHON TUICHKH,
oOpa3oBaBiielicss Ha pabovell MOBEPXHOCTH HAKIAIKU MPH (PPUKIMOHHOM B3aMMOJCHCTBUH
JBYXCJIOMCTBIX CTPYKTYp WJIM OKa3aBIIEHCS Ha paboyeil MOBEPXHOCTH METAJUIMYECKOTo 3Je-
MEHTa 3a CYET MacCOIepeHoca, oIpa3yMeBaeTCs BpeMs UX CYIIECTBOBAHUS B 3JIEKTPUUYECKOM
nojie, T.. BpeMsi OT MOMEHTa MPHJIOKEHUS MO BEIMYMHE MOCTOSHHOTO WM TNEPEMEHHOIO
HaANPSDKEHUsS 0 TPOo0O0s MIICHOK.

Bennuuna, oOpaTHast ONTOBEYHOCTH, XapaKTEPU3yeT TEMII Ipolecca MOJTOTOBKH
npo6os tuieHku. [Tocaenuss craaust MEKTPUUECKOro pas3pyIIeHUs IUICHKH MOJuMepa — co0-
CTBEHHO MPOOOIi — pa3BUBACTCS 32 BpeMs 105107 ¢ [2, 3].

B pesynbTare nccienoBaHuil yCTaHOBJICHO, YTO BETUYMHA IPOOUBHOM HAIIPSKEHHOCTH
3aBHCHUT OT MaTepHajia MUKPOBBICTYIIOB METAJUIMYECKOTO (GPUKIIMOHHOTO JeMeHTa. Bennuu-
Ha U, (Temn yBenmueHust Hanpspokenus (U, = U/d, tae U - HanpspKeHUE TPWIOKEHHOE K TUICH-

* v
Asepbaiimpkanckas HaronansHast akageMus aBUaniuy
ek o o o
Bano-®paHKoBCKMI HaMOHAIBHBII TEXHUUECKHI yHUBepcuTeT HedTH U rasa (r. liBano-OpankoBck, YkpanHa)
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Hanompubonozuueckue npoyeccol npu s1eKmpuieckom pazpsaoe ¢ OUCKPEemHbIX OMUUECKUX ...

Ke; d — TOJIIMHA TIJIEHKH)) PacTeT C yBEIIMUYEHHWEM padOThl BBIXOJIa JIEKTPOHOB C MOBEPXHO-
CTeH MATEeH KOHTAKTOB MMKPOBBICTYIOB METAIMYECKOr0 (PPUKIMOHHOTO 3JeMEHTa. DTOT
(bakKT CBUAETEILCTBYET O TOM, YTO WHKEKIIMOHHBIE MTPOLIECCHl HA OMMUYECKUX KOHTAaKTax B Me-
TaJUIONOJIUMEPHBIX TpHOOCHCTEMAaX UTPAIOT BAXKHYIO POJIb B pa3pylIeHUN MOJIMMEPOB B dJICK-
TPUYECKOM TIOJIC.

UTto kacaeTcs Ta30BBIX Pa3psA0B, UMEIOMIUX MECTO MEXIY MHKPOBBICTYIIOB METAJIO-
MOJIMMEPHBIX MMap TPEHUsS, TO OHU TOJABJISAIOTCS 3apSAHBIMU CBOMCTBAMH MHKPOKOHICHCATO-
POB, KOTOpBIE 00pa3yroTCs MEXAy OOKOBBIMU IOBEPXHOCTSIMU UX MHKPOBBICTYIOB. Kpome
TOr0, Ta30BbIe MPOMEKYTKH 1,0 MKM B MOJISIX ¢ HAIPSIAKEHHOCTHIO ~10° B/cm He poOUBaIOTCS
[4]. TlooToMy mnpu aHanmu3e [aHHBIX, MOJYYEHHBIX MPU H3YYEHUU DIICKTPONPOUYHOCTHBIX
cBOMCTB TOHKUX (d<1,0 MKM) IJIEHOK TIOJIMMEPOB, BO3/ICUCTBUE TA30BBIX Pa3psA0B HA TUICHKH
MOKHO HE YYHMTBIBATh /@K€ TOTJa, KOTJa B AKCIIEPUMEHTaX HE MpPelyCMAaTPUBAIHUCH CHEIH-
QJIbHBIE MEPBI 10 MOJABICHUIO YACTUYHBIX Pa3psAI0B MEXIY OOKOBBHIMU IMOBEPXHOCTSIMH MHUK-
POBBICTYIIOB.

[To mHeHuto aBTOpOB [5, 6], B paboTax ¢ MOHMKEHHOM IUIOTHOCTHIO, BHI3BAHHOMN Jie-
CTPYKIIMEH MaKPOMOJIEKYJ B IIOBEPXHOCTHBIX CIIOSIX MAPhl «METAJUI-TIOJIUMEDY, YBEITHUNBACTCS
JUTMHA CBOOOHOTO TIpo0era 3JIeKTPOHOB. DTO OOCTOSITEILCTBO CO3JACT YCIOBHS JJIsl YAApHOU
MOHM3AIMN MOJIEKYJI, YCUJIEHHOI CPOJICTBOM K 3JIEKTPOHY MOHA, YTO B CBOIO OY€pE/b, BbI3bI-
BaeT BO3pacTaHHE JJIEKTPUYECKOTO TOKa
(ommueckoro) (cm. puc. 1). Breiensromascs a) 0)

Ommuyueckuil moxk npogodzmlocmu

IIPU 3TOM TEIUIOTa UHULUUPYET Pa3pyLICHUE
MOJIMMEPHOTO €10t U 00pa3oBaHUS B HEM

Ipeitighosviit mok npogo-

KaHaJIOB Mpo00s. 3aMeTHOE CHIDKEHHE IUIOT- OuROCr
HOCTH TOJIMMEPHOTO CJIOS MPOUCXOIUT TOJb- 2 U\ TR D :
KO B Pe3yJIbTaTe €ro MaccolepeHoca Ha pabo- S e AT
Yyl0 MOBEPXHOCTh METAIIMYECKOTO (PUKIHU- «,»: 6)
OHHOTO ?JIeMeHTa (MepeMEIIeHUE MaKpPOMO- e A0 Moansii mox
JIEKY).

Heobxoaumo oOpaTuTh BHUMAHHUE €111e Cyneprosuyus moxos T
Ha psag 00CTOATENHCTB. Bo-mepBeix, o0pa3o- 20 \
BaHUE pa3pbIXJIEHHOW oOnactu (o0mactu ¢ \
MOHMXEHHOM IJIOTHOCTBIO, B Tpejene — Io-
JOCTH MEXIy OOKOBBIMH MOBEPXHOCTSIMHU 0 o] -

0 1,0 2,0 :

MHUKPOBBICTYTIOB) OKOJIO OMHUYECKOTO KOHTaK- T.C

Puc. 1 a, 6, 6. I'paghuueckue 3aeucumocmu

Ta MHUKPOBBICTYIIOB HNPHUBEACT K IMOBBIIICHUA
MEPMOCIUMYTIUPOSAHHBIX PA3PAOHBIX MOKOS,

MOTEHIMAIBHOTO  Oapbepa Ha  BEIMYUHY, 2eHepupyemblX HA NOBEPXHOCMAX OGYXCIOUHBIX
OIpEAEIAEMYIO TIOJIOKEHUEM YPOBHS IIPOBO- CMpYKm)p, Om 6peMenu:

a — MIMITyJIbCHOTO TOKa; O — TOKOB: OMUYECKOW U qpeiido-
AUMOCTHU MaTepuajia, IMPUICTraromero K Me- BOii IIPOBOIMMOCTH, ¥ KOPOTKOTO 3aMBIKAHHS MUKPOBBI-
TANIMYECKOMY MHKPOBBICTYIY H, CIICOBa- CTYTIOB; B — NIOJIHOTO TOKA; NIPH YACILHEIX HArPY3Kax 0,4

MIIa u noBepxHocTHOM Temnepatype 180°C map TpeHust
TCJIbHO, CHMIXCHHUIO HWHTCHCHBHOCTHU WHIKCK- MOJIEJILHOTO JIEHTOYHO-KOJIOJOYHOTO TOPMO32
LIUH.
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A.X. Picanaxmeoos, A.U. Bonvuenxo, M A [casados, A.B. Bosuwi, A.B. Kypvuisik, O.5. Cmaousix

Bo-BTOpBIX, B TOHKUX IUICHKaX HEJb35 0XKUIATh OOJBIIOTO (JIABUHHOTO) YCUIJICHUS TO-
Ka TOJIBKO 3a CYET yJapHOM MOHM3ALMU MAaKpOMOJIEKYJI IO TOW K€ IPUYMHE, I10 KOTOPOH 3a-
TPYAHEH MPOOOH KOPOTKUX ra3zoBbIX NMPOoMexXyTKoB. Ilpu tommmue mienku d = 100 HM Juis
CO3AHMS  IEKTPHUYECKOro MONs ¢ HAmpskeHHOCThI0 ~10° B/CM I0CTATOYHO HANPSIKEHHS
~10 B. OyeBHAHO, YTO B 3TUX YCJIOBUAX MHOTOCTYNEHYAThI MPOLIECC YMHOKEHUS 4YHUCIa
3JIEKTPOHOB (YCHJICHHS TOKA) HE peallu3yeTcsl, MOCKOJIbKY SHEPrusi HOHU3ALMU MOJIEKYJ CpaB-
HuMa ¢ BenmmunHoM 103B. Hakoner, HeoOXOAMMO YYUTHIBaTh, YTO OOpa3oBaHHE 00JACTH C
MOHWKEHHOM TUIOTHOCTHIO MOYKET MPOM30MTH JIMILIb 3@ BIOJIHE OonpenenaeHHoe Bpems. Cueno-
BaTENIbHO, B TEYCHHUE HEKOTOPOTO BPEMEHH JOJDKHO HAOIIOAATHCS M yCHWIME TOKAa. DKCIepH-
MEHTaJbHO TAKOTO IOCTEIIEHHOTO YCHJICHHUS TOKa He HaOmonaercs. MI3BECTHO, YTO KaTacTpo-
¢dudeckoe HapacTaHue ToKa (IPoOOit) MPOUCXOAUT 32 BPeMsI ~10%-10" ¢ [2, 3].

[IpuBeneHHbIe BHINIE JaHHBIE HEOOXOAMMO YUYUTHIBATh INPH pa3padOTKe MeXaHH3Ma
mpo0Oosi TOHKWX TUICHOK IMOJMMEPOB HAKIANOK B TpuOocuctemMax. MexaHu3M oOCyXaajcs B
paborax [5, 7, 8] mpUMEHUTENBHO K «YUCTHIM» TMOJMMEPHBIM IUIEHKaM. ABTOPBI YKa3aHHBIX
paboT onuparoTcs Ha runore3y Kao o pa3pylieHuu MIeHKH MOJMMEPOB B 3JIEKTPHUUECKOM I1O0-
Jie, U3JI0KEHHYI0 B paboTe [6]. B mocnennei nmpeayiokeH MeXaHu3M pa3pbiBa, B OCHOBE KOTO-
pOTo JISKUT MPEINonokeHne 00 00pa3oBaHUU TOPAYUX IJIEKTPOHOB, CIIOCOOHBIX MHUIIMHPO-
BaTh pa3pblB XMMHMUYECKUX cBs3el. IIpum 3TOM paccmarpuBasicss MHOIOCTaJAMMHBIA IIpOLECC,
BKJIIOUAIOIUI MH)KEKIHMIO 3JIEKTPOHOB U3 MOBEPXHOCTEH IATEH KOHTAKTOB MUKPOBBICTYIIOB
METAJUINYECKOT0 (PUKIIMOHHOTO 3JIEMEHTAa B MOBEPXHOCTHBIA CJIOH MOJMMEPHON HAKIAJKH
IyTEeM 3aXBaTa WH)XEKTUPOBAHHBIX 3JIEKTPOHOB Ha JIOBYILIKH, BBI3bIBAIOIINM OCBOOOXKIECHUEM
B K&XXIOM aKT€ SHEPruu Ha riIyOMHE pacloJiO’KEeHHUs JIOBYIIKH, Iepeaady 3TOil 3Hepruu Apy-
TOMY 3JIEKTPOHY, T.€. BO3HMKHOBEHHME TOPSYMX 3JIEKTPOHOB, B3aUMOJCUCTBUE IMOCIEIHUX C
MaKpOMOJIEKYJIaMH, Pa3pblB MaKpOMOJIEKYJ Ha CBOOOJHBIE paguKajbl, 3aXBaT MOTEPSIBIIMX
SHEPIHIO AIEKTPOHOB JOBYIIKAMHM U T.JI.

B cBoux paccyxaenusx Kao He yunThIBaeT CiaeayOLUE BOIPOCHL:

— KOJIMYECTBEHHBIE JaHHBIE O TEMIIAX MPOTEKaHUsI OTJAENbHBIX CTaUIl YHEPreTUUECKON
LIEITHON pEaKLUu;

— BEpOSATHOCTH Tepefayd BCell OCBOOOXKIAEMOM IMpH 3axBaTe 3JEKTPOHA JIOBYILIKOM
SHEPI'UH IPYroMy dJIEKTPOHY;

— BEPOSATHOCTh PACCEMBAHMS YKAa3aHHOM BBILLE YHEPTHH 10 KOJIEOATETbHBIM CTEIEHIM
CBO0OIBI MAaKPOMOJIEKYJT 0€3 TIepe1aun ee AIEKTPOHY;

— MEXaHU3M Iepeaun SHEPIUH JIEKTPOHY U BEPOATHOCTh NEPENAYN SHEPTUH B 3aBU-
CHUMOCTH OT PacCTOSHUS MEX]Y JIOBYIIKOHN U 3JIEKTPOHOM,;

— BEPOATHOCTB Pa3pbIBa CBA3EH MEXKAY JIOBYIIKON U JIEKTPOHOM IIPU BO3IEHUCTBUM HA
HUX CPaBHUTEJILHO HU3KO3HEPI€TUYECKUX IEKTPOHOB;

— BO3MOYKHOCTb IPOTEKaHUS SHEPIETUUYECKUX LIEMHBIX PEAKLUil B MOJUMEpPAxX IO CBO-
00 JHOpaAUKATBHOMY Ty TH.

3agaum UcciIeI0BAHUIM:

— DJIEKTPUYECKHE TOKH B MOBEPXHOCTHBIX M MOJINOBEPXHOCTHBIX CIOSX MOJIMMEPHON
HaKJIaJIKH;
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— JIIEKTPONPOOOl B AMCKPETHBIX OMHYECKHX KOHTAKTaX METaJUIONOJUMEPHBIX Map
TPUOOCUCTEMBI;

— JIOKAJIbHOE pa3pylICHHE MOJUMEPHBIX TUICHOK B OMHUYECKHX KOHTaKTax TPHOOCOMpsi-
JKEHUS.

Leab paGoTbl — 060CcHOBaHNE MEXaHU3Ma MPOOOs TOHKUX MOJIMMEPHBIX IUIEHOK B Me-
TaJUIONOJIMMEPHBIX Map TPEHUsI TPUOOCUCTEMBI.

DJieKTprYecKkHe TOKH B NMOBEPXHOCTHBIX U MOANOBEPXHOCTHBIX CJOSIX MOJMMep-
HOIl HakjJgaaku. Ousznyueckas KapTHUHA MpoIecca SJICKTPU3ALUMUA MOBEPXHOCTH MOJIUMEPHOM
HAKJIAJKU MPU 3JIEKTPOTEPMOMEXAHUUECKOM TPEHUU CBOJUTCS K CIEAyoLIEMY. Y 1apssich O
MOBEPXHOCThH MOJIMMEPHON HAKIAIKHU, SJIEKTPOHBI METAIUTMUECKOTO (PPUKIIMOHHOTO JIEMEHTA
IpU JTUCKPETHOM OMHUYECKOM KOHTAKTE BBIOMBAIOT HECKOJIHKO BTOPUYHBIX IJIEKTPOHOB, MPH-
BOJIL K 00pa30BaHMIO BOJIM3H MOBEPXHOCTHU MOJIOKUTENIBHO 3apsDKEHHOTO clost. Beixon smuc-
CUU BTOPUYHBIX 3JIEKTPOHOB, OINpPEAEEMbId OTHOILIEHUEM YHCIIa SMMUTHPOBAHHBIX 3JIEKTPO-
HOB K YMCIy TMEPBUYHBIX, 3aBUCHT OT HEPIUU 3JEKTPOHOB U CBOWCTB MOBEPXHOCTH. s
OOJIBIIMHCTBA TOJUMEPOB €r0 MAKCHUMAaJIbHbIE 3HAUEHUS JOCTUTAIOT 2 - 5 IPU SHEPTHUsX Mep-
BUYHBIX 3JIeKTpoHOB 150 - 300 3B, a mpu OOJMbIIUX HEPTUSAX BBIXOJ CHATACT MO 3aKOHY !
[9]. MoxHO oxuaate, yTo npu 3Heprusax V > 10 k3B Beixon smuccun He npesbicut 0,2. Ilpo-
HUKasg B ITyOb MOBEPXHOCTHOTO CJOS HAKIAIKH JJIEKTPOHBI TEHEPUPYIOT Mapbl BTOPHUYHBIX
HOCHUTENEH ¢ OTHOCUTENFHO HEOOJIBIION SHEPrHel, TaK YTO MOCIEAHNUE TOBOJIBHO OBICTPO 3a-
XBaTBIBAIOTCS. [IpruCyTCTBHE BTOPUYHBIX 3JIEKTPOHOB O0YCIOBIMBAET MPOBOIUMOCTD, KOTOPAS
OKa3bIBaeTCs, TaKUM o00pa3oM, HHAYIHUPOBAHHON oOJIydyeHHWeM (paaualnroOHHAs MPOBOJIH-
MocTh). OHa Ha HECKOJbKO MOPSAKOB BEIMYMHBI MPEBBIINIAET COOCTBEHHYIO MPOBOIMMOCTH
Mmatepuaina. Hampumep, 11s TedioHa 3HaYEHUS 3TUX MPOBOJUMOCTEN COCTABISIOT COOTBET-
creerno 107 1 102% Om™-em™. BcenencrBrue CTOIKHOBEHUM MEPBUYHBIE SJIEKTPOHBI 3aMEIJIs-
IOTCA U B KOHIIE KOHIIOB 3aXBaThIBAIOTCS, YTO M MPHUBOJUT K 0Opa30BaHHIO HAYAJIIBHOIO pac-
IPEJIEICHNUs] OTPULIATENBHOTO 3apsia, IPOCTUPAIOLIErOCs Ha TIIyOMHY IOBEPXHOCTHOIO CJOs
HaKJIAJIKH.

DNEeKTpUYECKHe TOKU B TMOJMMEPHBIX HAKJIAJKaX, KOTOpPbHIE SBJISIOTCS 3JIEKTPETaMH,
MOTYT OBITh BBI3BAHBI IIEJIBIM PSIOM MIPUYUH, B TIEPBYIO OYEPE/Ib, IPOIECCAMH TPEHUS 3a CUET
M3MEHEHHUS AJIEKTPUYECKOro MOJs WK 3apsja dJEKTpeTa cO BPEMEHEM WJIM MPOCTO €ro MpHu-
CYTCTBHEM B MOBEPXHOCTHOM U TOJIOBEPXHOCTHOM CIJIOSIX Hakjaaku. B obmeM ciydae TOk
CKJIQ/IBIBAETCS C IBYX KOMIIOHEHT: OJIHA U3 HUX — TOK MPOBOAMMOCTH — 00yClIOBJIeHa Qu3nye-
CKUM JIB)KEHUEM 3apsJI0B UYepe3 MONepeyHoe CeUYeHUE MOMOBEPXHOCTHOTO CJI0s HAKIIa KU, a
BTOpasi — TOK CMEIIEHUS — MOSIBIISIETCS BCJICCTBUE PEakTUBHBIX d(dexToB. [ pacuera »THX
TOKOB HEO0XOAUMO 0OpaTUTCS K BPEMEHHOM 3aBHCUMOCTH HEKOTOPBIX U3 BEJTMYHH.

[T1OTHOCTH TOKa MPOBOAUMOCTH i, (X, ) CBA3aHA C IJIOTHOCTBHIO PEATBHBIX 3aPSIOB p;
(x, f) ypaBHEHHEM HEMIPEPHIBHOCTU

dp. (x,t)/dt =—di_(x,t)/ dx, 1)

rae x — KoopAuHara; f — BpeMs.
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Ypasuenue [lyaccona Buna g,&dE / dx = p(x) BMeECTe C 00BEMHOM ITIOTHOCTHIO 3apsia

P = pPr + Pp NO3BOJISET UCKIIIOUUTH U3 ypaBHEHUA (1) IUIOTHOCTS p,. IHTErpupyeM 3aTeM 1o X ¢
y4eToM p,, = -dP,/dx, Ioay4nuM ypaBHEHHUE JUIi HE 3aBUCALIEH OT KOOPJUHAT BEJIMUUHBI — M10JI-
HOM TUIOTHOCTH TOKa i(%):

+ic(x,t)a (2)

dP, (x,t
i(t) =&,& dEc(;;’t)+ > (1)

dt

T€ &), & — NUAJNEKTpUYECKass MPOHULIAEMOCTh: BaKyyMa; MOJMMEPHBIX MaTepuanos; E(x) —
HaIPSKEHHOCTh MPUIOKEHHOTO BHEIIHETO AJIEKTPUUECKOrO MOJIsl, AEUCTBYIOIIAs HA MOBEPX-
HOCTHBIH CJION HAaKIaAKK; P,(X) — KBa3UIIOCTOSIHHAS MUKPOCKOIIMYECKU CMELIEHHBIX 3aps/I0B.

Crosiiue B mpaBOMl 4acTH WIEHBI MPEACTABISIOT, COOTBETCTBEHHO, IJIOTHOCTH TOKa
CMEIIIEeHHUs, TOKa JIETIONIAPU3allii U TOKa mpoBoauMocTh. [locnennee ciaraemoe Takxe pa3ou-
BalOT HAa KOMIIOHEHTBI, COOTBETCTBYIOIINE ABM)KEHUIO HOCUTENIEH pa3HOTO 3HAKa

i,(x,0) =g+ u,p., (x,0)+ u_p,_(x,0)[E(x,1), 3)

rae g =e(n, y, +n_g_)- IPOBOAUMOCTD IIOBEPXHOCTHOTO CJIOS MONUMEDPA; [+, (- - TIOJABUX-

HOCTb IOJIOKUTEIBHBIX U OTPULIATEIbHBIX 3apSI0B C YUETOM UX BO3MOKHOI'O 3aXBaTa.

[InoTHOCTH 3THX HOCUTENEU eny + p, + U en. + p,. CKIAIbIBAIOTCS U3 OJHOPOJIHBIX IO
IPOCTPAHCTBY COOCTBEHHBIX KOMIIOHEHT eny U en. U, BOOOIE rOBOPSI, 3aBUCAIIMXOT KOOPIH-
HAT U30BITOYHBIX KOMIIOHEHT p, + U p,.. B (3) 4JeHBI B KBaJPaTHBIX CKOOKAX OIMpPEIeSIOT OMH-
YECKUH TOK U TOKU U30BITOUHOTO 3apsi/ia OJOKUTENbHBIX U OTPUIATEIbHBIX HOCUTEICH.

[ToMUMO HE3aBUCMMOCTH OT X BHYTPU IMOBEPXHOCTHBIX M MOJIOBEPXHOCTHBIX CIIOEB
HAKJIa/I0K TIOJIHBIA TOK i (f) MPUHUMAET TO K€ 3HAYEHHE U B BO3YIIHBIX 3a30paxX MEXKIY Me-
TaJUIONOJIMMEPHBIMH IapaMH TPEHUS, U BO BHEIIHEW 1enu. TOK B BO3AYLIHOM 3a30p€ MEXIY
METAJJIOTIOIMMEPHBIMU TIapaMU TPEHUS], U BO BHEIIHEH LieNu. TOK B BO3IYLIHOM 3a30p€ MEX-
1y OOKOBBIMHU TIOBEPXHOCTSIMU — 3TO YUCTHIN TOK CMEIIEHHUS, TO3TOMY

i(1) = &,6,dE, (t)/ dt . (4)

HeobOxomuMo paccmoTpeTh (2) Ha caMoit rpaHMIle «padodasi TOBEPXHOCTh HAKITAIKH —
BO3YIIHBINA 3230p». 3alUIIEM YCIOBHE HEMPEPHIBHOCTU AJIEKTPHUECKOTO CMEIICHUST Ha Tpa-
aune x=0

£0€E(0,1) — 06, E (1) = 0,.(0,) = P, (0,2), (5)
npeamnonaras Mpyd 3TOM HAJIMYKME HA 3TOW MOBEPXHOCTU PEATBHBIX 3apsioB C INIOTHOCTHIO O

U TOISAPU3aLUOHHOrO 3apsana P,. IloncraBuM Teneps HaiineHHoe u3 (5) mone E B (2), Torna
npu x=0 OyaeM uMeThb

dE\(1) , do, (0.1)

i(t)=¢,& +1,.(0,2). (6)
(1) =¢, " 7 (0,7)
C yuetom (4) 3TO paBEHCTBO MTPHOOpPETAET BUJI
i.(0,t)=-do,(0,t)/dt . (7)
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OTCIOI[a BUJHO, YTO TOK U3 NOBCPXHOCTHOI'O CJIOS OIIPCACIIACTCA CKOPOCTBLIO Y6BIBaHI/IH
IMMOBCPXHOCTHOT'O 3apsaia CO BPpCMCHEM.

B OTCYTCTBUC 3a30pOB MCXKIAY MCTAJUIONOJIMMCPHBIMU ITapaMU TPCHUA IIPU SJICKTPO-
TCPMOMCXAHUYICCKOM, (I)pI/II(I_[I/IOHHOM B3aHMOHeﬁCTBHH C YUYCTOM CBs3HU IIPpU x=0+Ax nojrydacm

Ax
jép(x,z‘)dx =-P,(0,7)

M

(HpI/IHI/IMaCM, YTO B HaAYajJbHBIA MOMCHT KOHTAaKTa pa6oqel71 IMMOBCPXHOCTU HOHHMCpHOfI
HaKJIaJKHu ¢ MCTAJTIJIIMYCCKHUM (pr/IKI_[I/IOHHLIM 9JICMCHTOM PCAJIbHBIC 3apdbl HA HeH OTCYTCTBY-
IOT) nose E onuceiBaeTcs BBIPAKCHUCM

£6E(0,1) = 6, (t) — P, (0,1)

[ToncranoBka 3Toro pesyiprara B (2) aaet npu x=0 (Ha OCHOBaHUU BTOPOT'O MpaBUIIa
Kupxroga) cnenyromiee BoipaxkeHue

i(t)=do, (t)/dt +i,(0,1). )

B Boipaxkenuu (8) mponsseneHa 3ameHa O (f) MHIYLMPOBAHHBIM 3apsoM o, (1) C

YYETOM TOTO YTO &;; = —G,; IPH B3aUMOJIEHCTBUM AP TPEHUS.

1

Ha ocHOBaHWM 3HAaHWS TOKOB, SIBJISIONIMXCSI XapaKTEPHBIMHU, MEPEHIEM K SBICHHIO
3JIEKTPOTPOOOS.

DJIEKTPONPoOoii B JTUCKPETHBIX OMHYECKHX KOHTAKTOB METAJ/LIONOJMMEPHBIX Nap
TpudocucreM. B padorax [5, 7, 8] nokazaHo, 4TO B MOJUMEPHOM CJIO€ HAKJIAZAKU UMEET MECTO
IIHYPOBAHHUE TOKA, KOTOPBIN SIBJISICTCS MHKEKIIMOHHBIM U MPOTEKACT HUTEBUIHBIMH KaHAJIAMH
Majoro ceueHus. Jluamerp xaHaiaoB npo6os paBHsuics ~10 Mxwm [7]. brarogapsi BeIIEICHUIO
TETUTIOTHI PH TIPOOOE TTPOUCXOTUT KapOOHU3AIMsI CTEHOK KaHaia mpooost. [Ipu aTom BenmunHa
10 cM? paccmaTprBaeTcs Kak BepXHHIA Mpeiel TUIOMAHA CeIeHHs TOHKHX HUTEBUIHBIX KaHa-
JIOB IOJIMMEPHBIX TUIEHOK, 110 KOTOPBIM MPOTEKAET TOK.

OnHOM U3 MPUYMH BO3HUKHOBEHHS TAKMX KAHAJIOB SBISETCS HEOJAHOPOIHOCTh MOBEPX-
HOCTH MATEH KOHTAKTOB MUKPOBBICTYIIOB METANINYECKOTO (PPUKIIMOHHOTO 3JIEMEHTA, & UMEH-
HO HaJIMYMe Ha HUX BBICTYIIOB, BHI3BIBAIOIINX YCHJICHHE JIEKTPUIECKOro mosst. B tabm. 1 mpu-
BesieHBI popMmyitel (9)-(12) miis onpenenenus K03)PUIMEHTOB YCHUIICHHS DJIEKTPUISCKOTO T10-
JIs1 B 3aBUCHMOCTH OT (POPMBI 3JICKTPOIOB HA MUKPOBBICTYIIAX U TIPU UX PACIIOJIOKEHUH OTHO-
CUTEJIIBHO APYT IpyTa.

AHanu3 npuBeneHHbIX 3aBUcUMocTel (9)-(12) mokaspiBaeT, 4To HauOOJIbIIEe BIUSIHUE
HA BENUYMHY KOIPPUIMEHTA YyCUJICHHUS MO OKa3bIBA€T YMEHBIICHHE DPACCTOSHHUS MEXIY
MHUKPOBBICTYIIaMH, BeIyIlee K ero yBenunueHuto. OTHaKO, BBITIOJTHEHHBIC PACUYEThl MOKA3ajIH,
yto npu d1/h=2,0 (d, — paccTosiHIEC MEXTY IDIOCKUMH JJICKTPOAAMH) YBEITHICHHE KOIPDHUITH-
€HTa YCUJICHUS TI0JIsI TI0 CPAaBHEHUIO CO cirydaeM Koraa di/h>>1,0, ve npebimaet 10,0%.
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Tabauua 1
Boipa:keHus 1Jis onpeaeseHusi K03QGpUIHEHTOB YCHIEHHUS 3JIeKTPHUYECKOr0 MOJIf B
3aBHMCHMOCTH OT (pOPMBI IJIEKTPOI0B HA MUKPOBBICTYNAX M UX PACIOJIOKEHHH

dDopMa QJICKTPOJ0OB Ha

MUKPOBBICTYIIAX ¥ UX Koaddumuenr ycunenus nosns, g YcnoBHble 0003HAYCHUS
pacoIoXKeHHE
rae: Ujye, U - HanpsKeHHO-
ITmockue [10] qg=U 1, / U, (9) | cti noKanBHEIX mONTEiT HA
BEPIIHHE BBICTYIIA
C BepIIMHOM B BUJIE T10- h 02 rje: A, r — BBICOTA U PAJHYC
g 1,2( N 2,15) .0 .
aychepsr [10] r BBICTYIIA;
Hanuuue nonysnumncou-
JATLHOTO BBICTYIIA HA g(Ax) = S _ ﬁ +10, (1) rnue: Ax — paccTosiHue OT
OJTHOM M3 TIJIOCKHX 3JIEK- 14 2Ax /7 7 BEPIIMHBI BBICTYTIA;
TpomoB [11]
rae: S — pacCTOSIHUE MEXKITY
S BBICTYIAMH;
BIIM3K0 pactonoKeHHbIe q,=q|1- exp(—2,322) , UD | o _ nonosmma PacCTOSHUS
IEPOXOBATOCTH MUKPO- MKy (OKyCaMu 3IUTUTICA

mpu Ax=0; g=1+f h/r;_l r=(h*-c*)/(h) npu HEGOMBIIIX
B= [ar th(c/h)—c/ h] 3HAYEHUAX OTHOLLIECHUSA h/F

3Hauenue f=1 u g=1+h/r

BBICTYTIOB [10]

Pacuets1, BbITONIHEHBI IO 3aBUCUMOCTM (9)-(12) mpeacTaBieHHBIX B Ta0d.1, mO3BOIH-
T TOJTYYUTh TpadudecKkue 3aKOHOMEPHOCTH MPOWLTIOCTPUPOBAHHbBIE HA puc. 2 a, 6. 13 aHa-
JN3a TIOCTICTHUX BBIXOJIUT CIIEAYIOIIEE:

— BO BCEX chydasx (PPUKIHMOHHOTO B3aUMOJCUCTBUS C YBEIUYCHHEM T'€OMETPUUECKOTO
COOTHOIIIEHUSI MUKPOBBICTYTA //F UMENIO MECTO yBelnnueHue Kod(h( UIIMEeHTa YCUICHUS DIIeK-
TPUUYECKOTO TOJIS ¢; Ha MPSAMBIX 1, 4 11 5 3aMeTHOTO yBennmueHus KOd(PPUIIMESHTOB ¢ HE HAOIIO-
Jaoch (CcM. puc. 2 a);

— HanOoJIpIliee YBeTUYCHHE KO3 PHUIMEHTa ¢ UMEI0 MECTO TIPH COOTHOMICHUH /4/r=2,0
NPY HATHYUN TIOTYITUTICOMAATIFHOTO BRICTYIIA HA OJTHOM U3 IUIOCKUX AJIEKTPOIOB U COCTABHIIO
4,3;

— MUHHMMAaJIbHOE yBelnnyeHue koddduiinenta g HabI0IaI0Ch B UHTEPBAJIC U3MEHEHUS
h/r=0,77-2,0 ipyu HaTUYUU TONYDIUIICOUIATHLHOTO BBICTYINA Ha OJHOM U3 IUIOCKHUX DJIEKTPO-
noB 1 u3Mensuics ot 1,0 go 2,0.

Takum 06pa3om, JTOKaIbHAS HATIPSHKEHHOCTD IOJISI MOYKET B HECKOJIBKO Pa3 MPEBBINIATH
CPEIHIOI0 HaIPsDKEHHOCTh. {7151 peanu3anuu cpeHeil mpoOUBHOM HaINpsHKEHHOCTH 1mods (2,0-
6,0)-10° B/cM HEO6XOmMMO, YTOOE! B HAYAIBHBI MOMEHT BpeMsl IPHIOKCHHOE HANPSIKCHIUE
coctaBmiio npuMepHo 107 B/cM. B CTOMb CHIBHBIX MOMSX BO3HMKAET MHTCHCHUBHAS HHIKCKIIHS
HOCHUTEJICH 3apsaa U3 OMHUYECKHX KOHTAKTOB MUKPOBBICTYIIOB METAJUTMYECKOTO (PPUKIIHOHHO-
r'0 AJIEMEHTa B MOJIMMEPHBIN 0N HakIaAKu. [Ipy 7TOM MpOUCXOIUT 3aXBaT HOCUTENEH 3apsiaa
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rIyOOKMMHU JIOBYIIKAMH IOJIU-

a
) 500 Mepa, cocoOCTBYS TEM CaMBbIM
4,50 22
_ HaKaIjIuBaeMylo 00BEMHOTO
4,00 -—
150 ™ 3apsiga. OOpa3oBaHHe MOCHeN-
2 —
300 =T ,/3 HETO CHIDKAET HaIpPsHKEHHOCTH
s e 1° y NEKTPUYECKOTO TOJS Y MUKpPO-
2,00 B A L e S > BBICTYIIOB, YTO B CBOIO OUYEPE/Ib,
— - - ----------------’---1-- -"
150 ————RaERa BEAET K pE3KOMY CHIDKEHUIO
ot 7 HHKEKI[MOHHBIX TOKOB.
0,50 o
on 100 A 143 200 Husknii ypoBeHb TOKOB
6) o YTE€UKH B CWJIBHBIX HOJSAX M3-3a
350 /8 OTPaHUYEHUS] WHXKEKIHUU HOCH-
3,00 //,_ Tenei 0OBEMHOTO 3apsiia sBIIs-
o // 7 -~
250 = €TCsl TEM CBOICTBOM, KOTOpOE
2,00 — OTJIMYacT IOJIUMEPHBIC HaKIand-
1,50 — e
: KU OT TOJIMMEPHBIX MaTepHajoB
1,00
1,00 200 hfr 300 a0 C XOpOUIMMH TPAHCIOPTHBIMU

Puc. 2 a, 6. 3axonomepnocmu uzmenenus KoIgguyuenmos ycu- CBOMCTBAMH.

Aenus (q) INeKmpuuecKkozo noas om Gopmel 31eKmMpoo0s8 Ha MUK- Hcxonss w3 BBIMIEH3IIO-
POBbLICIYNAxX u NPU UX PACHONOICEHUN OMHOCUMENLHO Opy2 Opy2a,
a maxice COOMHOUEHUA 2e0MempPUiecKUxX napamempos: a — nps- .
masa 1 — nnockux; Kpueas 2 — ¢ epuwiunamu 6 guoe noayceep; BaTh, YTO NPOOOH TOHKHX I10-
Kpuevle 3, 4 u 5 — npu Hanuyuu nOAYINUNCOUOATILHBIX BLICHIYNOE JTUMEPHBIX TJICHOK BBI3BAH:
Ha 00HOM U3 NJIOCKUX ITIEKMPOO08; 6 — Kpuevle 6, 7, 8 — onu3ko
PACNOI0HCEHHBIX ULEPOXOBAMOCHIEll MUKPOGLICIYNOG

KCHHOI'0O MOXHO KOHCTaTHUpPO-

— JICWCTBUEM B MOJIMME-
pe TmoJieM, KOTOPOE€ SIBIISIETCS
pE3YNIbTaTOM CIIO)KCHUS BHEIII-
HEro MoJisl ¥ MoJsl 00bEMHOT0 3apsija;

— JIOKaJIbHBIMHU TPOILIECCaMH, PAa3BUBAIOIIMMUCS B MECTE YCHUJICHHS 3JIEKTPUUYECKOTO
TOKa, KOTOPOE U CIIOCOOCTBYET JOKAJIbHOMY Pa3pyIICHHIO MTOJIUMEpa;

— 3BOJIIOLIMEN 00BEMHOTO 3apsija, KOTOPbIM MHULUUPYET JIOKAJbHOE YCUIIEHUE Hamps-
KEHHOCTH JIEKTPHUIECKOTO OIS,

— MOIIIHBIM BCIUIECKOM 3JIEKTPUUYECKOTO TOKA, MPUBOMISINETO K 00pa30BaHHIO B IOJIU-
MEpHOH IJICHKE KaHaia Mpo0ost (TIOCTEeIHSS CTaIus SJICKTPUUECKOTO Pa3pyIICHHsI TUICHKH T10-
IuMepa);

Temn mporecca HakOIJIGHHsS] MU3MEHEHHH B MOJIMMEPHOM CIIO€, 3aKaHUYMBAIOIIETOCs
coOCTBeHHO MTPOOOEM, MOKHO XapaKTepHU30BaTh BEIIMUYUHON, OOPATHOM JOJTOBEYHOCTH TOJIH-
MepHoro cios [12].

Kak yxe otmeuarnock, BpeMs (opMUPOBaHUS KaHayia Mpo0Oosi B MOBEPXHOCTHOM CIIO€
MOJMMEPHON HAKJIAJIKE COCTABJISET 10%-107 ¢. Cunraercs, uro paspyiieHue nonumepa (oopa-
30BaHHE TIOJIOTO KaHajla ¢ MPOBOMSIIMMU CTCHKAMH B Pe3yJbTaTe HCMAPEHHs] KOMIIOHEHTOB
noJimMepa U 00pa3oBaHMsI CaXH) MPOUCXOIUT BCIESACTBUE BBIICICHUS JIKOYJICBON TEIUIOTHI U
pazorpeBa MaTepUaIoOB MPU BRICOKUX TEMIIEpaTypaxX BCIBIIIKK IPU PE3KOM BO3PACTAHUHU DJICK-
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Tpuueckoro Toka. KapOonusanus nmonumepa (caxkeodpazoBaHue) IPOUCXOAUT MPU TEMIIEPATY-
pe 1800K [13]. IIpu 3To0i1 Temneparype 3a BpeMs 5 100 ¢ (OymeM cuuTaTh, YTO TAKOBO BpEMsl
pasBuTHs IPo0OOsI) B BBICICHHOM 00BhEME pa3phiBaeTCs 2/3 XUMUYECKUX CBSI3CH C DHEPTHUEH ~
2,0 3B. lns pa3orpeBa noimuMepa 70 3TOH TeMIiepaTypsl B aauadaTuyeckoM mpoiiecce, T.e. 0e3
ydera TeII0oOMeHa ¢ OKPYIKAIOLIEH cpe/Ioii, He0OXOMMMO 3aTPaTHTh IpUMEpHO 3,0 KIDK/CM’
(yaenmpHash TEIUIOEMKOCTh MoimMepa mpuHsata paBHod 2,0 J[x/(r'K)), 4ro COOTBETCTBYET
YACIbHOW MOIIHOCTH TEIJIOBBIICTICHUS BO BpeMs MpoOost 6-10* MB1/cM’. Dta BenuuuHA B
noste HampspkeHHOCTH  10'B/CcM cooTBETCTBYeT IUIOTHOCTH ToKa 6-10°A/cM?. OpHako Benn-
YUH TOKA, MO-BUJIUMOMY, HEOCTATOYHO JJII OBICTPOTO Pa3pyIICHUS MOJUMEPa, MOCKOJIBKY B
pEATbHBIX YCIOBUSX HEOOXOIMMO yUYUTHIBATh MTHOBEHHBIM OTTOK TEIUIOTHI OT pa3orpeBae-
MOTO TOKOM KaHana Oaxe mpH BpemeHn ~10%c.

JlokajibHOe pa3pylieHHe MOJUMEPHBIX MJIEHOK B OMHUYECKHUX KOHTAKTAX TPH-
O0oconpsizxkenusi. [[poBeneHUE OLICHKH MOKA3bIBAIOT, YTO Pa3pYyLICHHE MOJIUMEPHOU IIJIEHKH
(oOpa3zoBaHMe KaHaIa MPo00s) 00YCIOBICHO HE TOJBKO MMITYJIBCHBIM JICHCTBHEM HOPMAaIbHO-
IO YCWIHS TNPHU 3JIEKTPOTEPMOMEXAHMYECKOM TPEHUH B COIPSDKEHHWH, HO U NMPOTEKAHUEM B
TEUCHHH KOPOTKOrO BPEMEHH TOKOB OYEHb OOJIBIION rtoTHOCTH (~10A/cM?). OueBHIHO, 9TO
BBICOKAsI MJIOTHOCTh MHXKEKIIMOHHBIX TOKOB B OMHUYECKUX KOHTAKTaX B JABYXCIIOMCTBIX CTPYK-
Typax «OJIMMEP-METaUD» MOXKET HaOJI0AaThCs TOJNBKO TOTA, KOT/a HAMPSHKEHHOCTh MOJIeH
(co3maBaeMbIX MHUKPOKOHICHCATOPAMHU) OKOJO OOKOBBIX CTOPOH MHKPOBBICTYIOB OJIM3Ka K
YKa3aHHOHN BeianurHe. ECTeCTBEHHO mojarath, YTO BOSHHUKHOBEHHE CHIIBHBIX JIOKAJIBHBIX IO-
JeH B TPEIIPOOMBHOM COCTOSHUH OOYCIIOBJICHO JOCTAaTOYHO JUIMTEILHBIA IEPECTPOMKON B
MOJIMMEPHOM CJIO€ HaKJIaAKU, (POPMUPOBAHUEM M BOSHUKHOBEHHEM B HEM HUTEBUIHBIX KaHa-
JIOB C BBICOKOM IMJIOTHOCTbIO OOBEMHBIX 3aps0B, YCHJICHHBIX MOBEPXHOCTHBIMHU 3apsiIaMHu.
Torga MexaHH3M 3JIEKTPUUECKOTO pa3pylIEHUs MOJUMEPHBIX IJICHOK (3ap0K/I€HUE U pa3BH-
THE TIPOIIECCOB, TOJATOTABIUBAIOIINX 00pa30BaHUE TPOBOSIIINX KaHAIOB, U COOCTBEHHO IPO-
0ol momuMepa, UMEIOIIETO BIAJAUHBI OT JACUCTBUS UMIYIbCHBIX HOPMAJIBHBIX YCUIUN U MPO-
0ol momuMepa u3-3a MPOTEKaHUs TOKA BBICOKOW TMIOTHOCTH) Ha KAUECTBEHHOM YpPOBHE Mpe-
CTaBUTH CIEAYIOIIUM 00pa3oM.

[Tpumem amist OIPEEICHHOCTH, YTO YCIOBUS JIJISI MHKEKIIUU JIEKTPOHOB M3 OMHUYECKO-
IO MITHA KOHTAKTa METAJUIMYECKOTO BBICTYNA TPUOOCONPSKEHUS B OJIMMeEp Oojiee Oyaromnpu-
ATHA, YEM JUI UHXKEKUUHU AbIPOK U3 MATHA KOHTAKTa MOJUMEPHOIO0 MUKPOBBICTYIIA, U3-3a TOTO,
9TO Oapbep, CKBO3b KOTOPBIM AJIEKTPOHBI TYHHEIHPYIOTh B METaiUT (Tpoiie, padoTa BhIXOIa
3JIEKTPOHOB M3 MeTajuta 0oJible 3a padoTy BBIXO/1a HOHOB W3 nonmMepa, 1.e. Wy >Wi). Torna
IIpU ACUCTBYIONICH pa3HOCTHU MOTEHIIUATIOB B TPUOOCOMPSHKEHUH HAYMHACTCS MHXKEKITHSI DIIeK-
TPOHOB B monuMep. TyHHETHMpPOBaHUE MPOUCXOAUT HE CO BCEH MOBEPXHOCTH MSTHA KOHTAKTA
MUKPOBBICTYIIA, a JIUIIb C OTACTBHBIX PACIOJIOKEHHBIX Ha HEM MHKPOOCTPUM, Ha KOTOPBIX
BEJIMYMHA HANPSDKEHHOCTU AJIEKTPUYECKOTO OIS MPEBOCXOANUT CPEHEe 3HAUYCHHUE. DIIEKTPO-
HBI 3aXBaTHIBAIOTCS JIOBYIIKAMH B TIOJMMEPHOM ciioe. OOpa3yroImuicsl OTPHUIIATEIbHBIA 00b-
€MHBIN 3apsij] MOHMKAET HANPSXKEHHOCTD MOJI y BEPIIMHBI MUKPOOCTPUI HA MSATHE KOHTAKTa
MHKPOBBICTYIIA, B PE3yIbTaTe Hero JOCTATOYHO ObICTPO, 3a Bpemsi 10°-107 ¢, mpowmcxomur
YMEHbIIIEHUE HMHXEKIMOHHOTO TOKa. [Ipy TIIOTHOCTHM OTpUIATENILHOTO OCTATOYHOTO 3apsiaa
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~10" em ero mose GyeT CpaBHUMO ¢ MOJIEM IISITHA KOHTAKTa META/INIECKOTO MUKPOBBICTY-
1a, ¥ WHKEKIMOHHBIA TOK CTaHET OYE€Hb MallbIM. B TO ke BpeMs mpu yBETUYCHUU HATPSKCH-
HOCTU TIOJISl Y MATEH KOHTAKTOB METAIUTMYECKUX MUKPOBBICTYNOB Ha 10,0% TOK WMHXKEKIUH,
KaK IOKa3bIBAIOT OIEHKH MO 3aBucuMoctu Daynepa-Hopareiima s peanbHBIX Oapbepos,
Bo3pactaeT B ~ 10 pa3 nipu BeicoTe 6aphepa 2,0-2,53B.

BcenenctBue BbIrOpaHus CBSI3YIOUIMX KOMIIOHEHTOB W3 MOJMMEPHOTO CIJIOSI HaKJIaJIKH
IpU JOCTUKEHUHU UM TEMIIEPATyphl BbIIIE JOMYCTUMOW IJIsl MaTepHalioB BO3HUKAIOT Ha pado-
Yel TTOBEPXHOCTH HAKIIAJKW OCTPOBKH JKHIKOCTH. [lociemnue o6iagaroT OOJBIION AJIEKTPO-
MIPOBOAHOCTBIO, CIOCOOCTBYSI TEM CaMbIM MHXKEKIIUH JIBIPOK B mosiumMep. B pesymbrare TOro
dbopMupyetcst 00J1aK0 MOJOKUTEITHHOTO 0O0BEMHOTO 3apsiia, KOTOPOE HAYHET JBUTATHCS B CTO-
POHY TISITEH KOHTAKTOB METAJUIMYECKUX MUKPOBBICTYIIOB, YCHUJIMBAS y UX MTOBEPXHOCTEH MO,
YTO B CBOIO OUY€pe/ib, MPUBEIET K YCHWJICHUIO WHTEHCUBHOCTU WHXKEKIIMH AJIEKTPOHOB U T.1.
Takum 00pa3oM, MOKHO KOHCTaTUPOBATh O HAIMYUHU TOJIOKHUTEIHHOW 0OpaTHOM CBSI3U, KOTO-
past sIBIIsIeTCSI HEOOXOJMMBIM YCIIOBHEM PE3KOTO YCHIICHHS TOKA, TIPUBOISIIETO K Pa3pyIIeHUIO
TBEPAOI0 MOJUMEPA, HAXOASIIEr0Cs MEXIYy OCTPOBKAMH KUAKOCTU. [T0CKOIBKY MHIKEKIIMOH-
HbI€ TOKU 3KCIOHEHIUAIbHO 3aBUCAT OT HANPSHKEHHOCTH MOJI HA TPaHMIIE OMHUYECKOTO KOH-
TaKTa «METaI-MIOIUMEpP», Jaxke HEOOBIIOe YBETUUCHUE HAMPSIKEHHOCTH MOl Y MUKPOBBI-
CTYIOB MPHUBOJMUT K CYIIECTBEHHOMY BO3PACTaHUIO TUIOTHOCTH HMHXKEKIIMOHHOTO TOKa. JTO
00CTOSITENNLCTBO M O0YCIABIMBACT MPU HAIMYUHM YKA3aHHOM BBIIIE TOJOKUTEIBHON 00paTHOU
CBsI3M, HAOJIIOMAOIIEeCss Ha OMbITE, PE3KOEe BO3pacTaHUE TOKa, MPUBOJSIIEECS K MPoOOoIo Mo-
auMepa. DJICKTPOHHO-IBIPOYHAS PEKOMOWHAITUS CIOCOOCTBYET YCKOPEHHUIO MPOOOS BCIIEH-
CTBUE KOMIIEHCAllUM OOBEMHOIrO 3apsja 3a CUeT BHAJWH B MOJUMEPHBIX IUJICHKAX IMOJA Aei-
CTBUEM HMMIYJIbCHBIX HOPMAJIbHBIX YCHJIMWA, BOZHUKHOBEHHEM MHUKPOKOHJEHCATOPOB MEXKAY
OOKOBBIMU MOBEPXHOCTSIMU MUKPOBBICTYIIOB U T.J., TAK U 32 CUET BbIJICICHUS SHEPTUU.

BeiBoa. Takum 00pa3oM, MPOWLIFOCTPUPOBAHBI HAHOTPHOOJIOTHYECKUE MPOIECCHI
(MH)KEKTUPOBAHME 3aps0B, BOSHUKHOBEHHE MUKPOKOHJIEHCATOPOB, BOBHUKHOBEHHE TOBEPX-
HOCTHBIX U 00BEMHBIX 3apsA0B PAa3IUYHBIX 3HAKOB U T.J.) MPH AJIEKTPUUYECKUX pa3psaax, BO3-
HUKAIOIIUX B TMOJUMEPHBIX IJICHKAX TUCKPETHBIX OMHUYECKUX KOHTAKTaX METAJLIONOJIMMEp-
HBIX Map TPUOOCUCTEM.
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TRiBOSISTEMLORIN METAL-POLIMER CUTLORININ DISKRET OMIiK
KONTAKTLARINDA ELEKTRiK BOSALMA ZAMANI NANOTRiBOLOJi PROSESLOR

9.X. CANOHMODOV, A.I. VOLCENKO, M.Y. CAVADOV,
A.V.VOZNIY, Ya.V. KURILYAK, O.B. STADNIK

Tribosistemlorin metal polimer ciitlorinin diskret omik kontaktlarinda elektrik bosalma zamani

nanotriboloji proseslor tadqiq olunub. Kiindolorin polimer pardslorinin dagilmasinin tobisti askarlanmisdir.

Acar sozlar: nanotriboloji proseslor, elektrik bosalma, polimer parda, omik kontakt, injektlosdirilon

elektronlar, hacmi yiik.

NANOTRIBOLOGICAL PROCESSES AT ELECTRIC DISCHARGE IN DISCRETE OHMIC
CONTACTS OF METAL-POLYMER PAIRS OF TRIBOSYSTEMS

A.Kh. JANAHMADOV, A.I. VOLCHENKO, M.Y. JAVADOV,
A V.VOZNYI, Y.V.KURYLYAK, O.B. STADNYK

The nanotribological processes are examined during the electric discharge in the ohmic contacts of the

metal-polymer pairs of tribosystems. The nature of destruction in the polymer film coating is discovered.

Key words: nanotribological processes, electrical discharge, polymer film, ohmic contact, injected

electrons, volumetric charge.

34



Cild 8.Ne3 Azarbaycan Miihondislik Akademiyasimmn X9OBIRLIRI Iyul — Sentyabr 2016
Vol. 8.Ne3 HERALD of the Azerbaijan Engineering Academy July — September 2016

BJAUAHUE DSKCIVIYATAIIMOHHBIX ®AKTOPOB HA
PABOTOCIIOCOBHOCTbB PEAYKTOPA

3.10. ACJIAHOB®

B cratse onpenensercst KOppeAIMOHHAS 3aBICUMOCTh HANIPSHKCHUN B PEAYKTOpaxX OT BETUYHUHBI
OKpY>KHOTO MEPTBOTO Xoja. IIpeacraBieHsl XxapakTepHBIE TEH30TPaMMBI HAIIPSHKCHHUHN B IETATSX PEIyKTO-
pa TpH pa3IMYHBIX BEITHYWHAX OKPYKHOTO MEPTBOTO XOJAa, 3aBHCHMOCTH MEXAY OKPYKHBIM MEPTBBIM
XO0JIOM PeOyKTOpa M HaNpsDKEHUEM B 3yObAX 3y0UaTHIX KOJIEC.

Knroueswvie cnoea: menzocpamma, meHzomemp, meH300amyuxu, pedykmop, Mepmebvlii
X00, noje KOppeKyuu, pecpeccus.

VYcTaHoBIEHO, UTO YBEIMYEHUE OKPY>KHOIO MEPTBOTO XOJa MPHU SKCIUTyaTallud YXY[I-
IIaeT peAyKTopa paboTOCIOCOOHOCTh U OTPHUILIATENILHO BIUSET Ha paboTy Beero uzaenus (1-3).
[ToaTomy mipu aHamM3e HKCILTYyaTAIMOHHBIX (DAKTOPOB OBLIHM OIPEIETICHBI CICAYIONINE 3aauu:

® OIICHUTHh BIUSHHUE BEIUYHHBI OKPYXHOTO MepTBoro xonaa (OMX) Ha nuHaMHUKY
HaIpsKEHUHN B JETANSIX PEAYKTOPA;

e  OICHUTH BiIHsHUE BeauurnHbl OMX peaykTopa Ha HAJAS)KHOCTD paOOTHI U3ICITHS;

®  ONpEIeNHTh MPeleIbHYI0 BETUYNHY OKPYKHOTO X0/J1a pEAYKTOpA.

OreHka BIMSIHUSL BETUYHHBI OKPY)KHOTO MepTBOTO X012 (OMX) peaykTopa Ha HEpaB-
HOMEpHOCTb NepeJaud KPYTALIET0 MOMEHTa KPUBOIIMIIOM, BEIMYMHY M XapaKTep Hampsike-
HUM B 3y04aThIX KoJiecaX U KOHMYECKOM POJMKOMOAIIUITHUKE OCYIIECTBIISAIACH TEH30METPOM.

[lepenaBaemasi Harpy3ka Ha CTEHJE, UMUTUPYIOIIEM PabOTy pEayKTOpa B YCIOBHSIX
JKCIUTyaTallid Ha KPHUBOILUI, KOHTPOJIUPOBAIACH C MOMOILIBIO  IMPOBOJOYHBIX JIATYUKOB.
['maBHBIMM HampsDKEHUSIMU Ha TMOBEPXHOCTH KPHUBOILMIIA, MOJABEPraeéMOro CKPYYMBAHHUIO B
3aBUCHMOCTH OT HAIpPAaBIIEHUS OTYETA YIiia, MOTYT OBITh HANpsDKEHUS, BhI3BaHHBIC aedopma-
nuel cxxatus uinu nedopmanueit pactsokeHus. [1o3Tomy Ha KpUBOIIMIT HAKJIEUBAIUCh YETHIpE
naTanka mox yrmom 45° k ero ocH M pacIoNoKEHHBIE MOMAPHO Ha AUAMETPATLHO POTHBOIIO-
JIO’KHBIX 00pa3yIoNuX Baja.

[Ipu uccnenoBaHWM CyMMAapHBIX HANpsDKEHUH MPOBOJIOYHBIE JATYMKU HAKIECHUBAIHChH
HA AJIEMEHTHI, UCTIBIThIBAIOIIHE Hanbonbinue aedopmanuu. s 3y0uaTeix KOJIec TAaKUMU dJie-
MEHTaMH SIBIISIIOTCS 3yObsi, HA TOPIBI KOTOPHIX M HAKJIEHBAIUCH AaT4uku. [IpudeM matymku

sk
AzepOaitpKaHCKUI TOCYIapCTBEHHBIH SKOHOMUYECKUI YHUBEPCHTET
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3.10. Acranos

HaKJIEUBAJIMCh Ha 3yObsl KOJieca, MOCAKEHHOTO Ha KpUBOWIUN (Z=65) 1 cONpsraeMoro ¢ HUM
(Z=23). TenzomeTpupoBaHUEe 3yObEB MIPOBOIUIOCH 10 MOCTOBOM CXEME.

W3mepenune oOceBbIX HArpy3oK, ACHCTBYIOIIMX HA KOHMYECKHUH POJIUKOMOIIIMITHUK
7207, pacnioJ0KEHHBIM Ha LIEHKe KPUBOLINIA, OCYIIECTBIIOCH C IOMOIIBIO CIEUAIBHO 13-
TOTOBJICHHBIX JUHAMOMETPUYECKHUX KOJICII.

W3MeHeHne BEMYUHBI OKPY>KHOI'O MEPTBOTO X0J1a MMHTHPOBAJIOCH M3HOCOM IILIUIIE-
BbIX BaJIOB. OTCYTCTBHE M3HOCOB y BCEX APYTHX JAETAlEed peLyKTOpa MO3BOJIAIO MCKIIOYHTH
BIIMSIHAE TOCTOPOHHMX (DakTopoB. Pa3Mepsl B IUIMIEBBIX COEIMHEHUAX PENYKTOpAa MU3MEHs-
JMCh B COOTBETCTBUHM C TaOII. 1.

Tabnuuya 1.
Tabdauna pa3MepoB HLIHIEBBIX COCIUHEHNI peyKTOpa

HaumenoBanue neranu OTKIIOHEHUS 3azop |OTKIOHEHUS 3a3op
IInunesoii Ban I1 -0,03 -0,1
[1InieBoe oTBepeTHE 3y0UaToro Koieca 2 +0,03 0,06 +0,03 0,13
[InnieBoe oTBEpcTHE 3y0UaToro kKoieca 3 +0,04 0,07 +0,04 0,07
Inunesoii Baa 11T -0,02 -0,05
IImumeBoe oTBepcTHe 3yduaToro kKoyeca 4 +0,03 0,05 +0,03 0,08
[InuieBoe oTBepcTHE 3y0UaToro Koieca 5 +0,04 0,06 +0,04 0,09
Inuuesoi Ban IV +0,03 -0,1
[1InnieBoe oTBepcTHE 3y0UaToro kKojeca 6 +0,03 0 +0,03 0,13
[ImunieBoe oTBepcTHe 3yOUaTOro Koyeca 7 +0,04 0,01 +0,04 0,14
Kpupomun V +0,03 +0,03
[InnieBoe oTBEpCTHE 3y0UaToro Kojeca 8 +0,04 0,01 +0,04 0,01
OKpy>KHOH MEPTBBIA X0 PEIYKTOPa 115° 210°

H3mepenune OKpy:KHOTO MEpPTBOTO XO0Ja MPOBOJMWINCH MPH MOCTOSHHOM CTaTHUYECKOM
MOMEHTEe TpeHHs penykropa, paBHoM 0,3 Hwm. Kaxmas 3ameHa NUTHIEBBIX BaJIOB, 0Oecredn-
BAIOIIMX OYEPEIAHYIO BEIMYMHY OKPYKHOTO MEPTBOTO XOJa, COMPOBOXKIAIACH OCMOTPOM pe-
JYKTOpA C LENbIO BBISIBICHUS M YCTPAHEHUS! BO3MOXKHBIX Ae(EKTOB U ero npupadboTkoii [4,5].

XapakTepHble TCH30TPAMMBbI, TOJyYEHHBIC 32 OJUH O0OPOT KPHBOIIUIA TPU Pa3ind-
HBIX BEJIMYMHAX OKPYXHOIO MEPTBOrO XOJa M MOCTOAHHOHN Harpy3ke 350 Hwm, mokaszanbl Ha
puc.1. Ha TeH3orpamMMax HaHeceHbl 0003HAUE€HUS HYJIEBBIX JIMHUN ocuuiuiorpada, 3amnvcaH-
HBIX OTHOCUTENIbHO HuX. [lonepeyHpIMU TMHUSMU [TOKa3aHa 3alKich OTMETYHKA BpeMeHH. Pac-
CTOSIHHE MEXJYy JABYMS COCEJHHUMH OTMETKaMH BPEMEHH COOTBETCTBYET IYTH IMEpeMeIleHuUs
nentsl 3a 0,1 cex. TeH30rpaMMbl HATJISITHO OTPA3WIH BIMSHUAE KPUBOIIIHIIA U OKPY>KHOTO MeEp-
HOT'O XOJIa Ha HAMPSDKEHUS B JAeTalsaX peaykropa. M300paxkeHHBIC Ha TeH30rpaMMax rpaduku
1 u 2 oTpaxaroT HampspkeHHe B 3y0Oe 3y0uarhix kojec. I'paduku MMEIOT XapakTepHBIN JUIs
ABOJILBEHTHOTO 3alleTIeHUs BU/. J[aTunky ObLITM HaKJIEEHBI TOJIBKO HA OJMH 3Y0 KaXXIOTO KO-
neca. 3y0 manoro 3ydouaTtoro kojeca 7 3a OIMH 00OOpOT KPHBOIIMIA BCTYMAET B 3allCTICHHE
TpH paza, uTo oTpaxaercs Toukamu A,b,C rpaduka 1. 3y0 Gombiioro 3ydouaroro kojeca 8 3a
OJIMH 000POT KPHUBOIIIMIIA COBEPIIAET OJUH 000POT, YTO HAIIIO OTPaKEHUE Ha rpaduke 2 TOY-
kou D.
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01- myneBas auHHs 3y04yaToro Koseca; |- 3anuch HanpspKeHuUi B 3y0; 02 - HyneBas JIMHUS
3ybuatoro Kojeca; 2 - 3anuch HanpspKeHuit B 3yoe; 03 - HyseBast IMHHS KPUBOILIUMA; 3 -
3aMuch HaNpsDKeHUH B kpuBowuie; 04 - HyneBas TUHUS NOALIMIIHUKA; 4 - 3aUCh
HanpspkeHui B noxmunuauke; A,B,C,J1 — XxapakTepHble TOUKU

Puc.1. Xapakmepnvie men3ozpammul HARPANHCEHUI 8 0emansax peoykmopa npu OKpyIHcHoM
Mepmeom xooe: a - II50; 0 - 2100; 6 - 3050; 2- 4300; 0-570"

[To Mepe yBenuueHUs: OKPY>KHOTO MEPTBOTO X0J1a HANIPSDKEHHSI B 3yObSIX CONPSATAEMBIX
3yOUaThIX KOJIEC YBEIHUYMBAIOTCS, O YEM CBUJCTEIbCTBYET XapaKTepHBIN BCIUIECK (Touka B),
MEePEXOIANINN OT TJIABHOTO 110 MTHI000pa3Horo. [Tnmoo6pa3Hblil XapakTep HaNpsHKEHHs B 3y0e
CBHJICTEIILCTBYET O IOSBJICHUHU yJApOB TNPU YBEIUYECHUH OKPYKHOTO MEPTBOTO XOJ/a, U 0CO-
GerHo mpH ero 3HaueHun 430-570°.

W3ydyeHnue TeH30rpaMM IO3BOJIUIO

BBISIBUTh ~ XapakTep 3aBUCUMOCTHU = | l l < //
HaMpsHKCHUN B 3y0e 3y04aToro Koje- = k
ca OT BEJIIMYMHBI OKPYKHOTO MEPTBO- 220
o X071a. % 200 %
Ha ocHOBe TeH30rpaMm IIO- E o e L
CTpoeH TpaduK, OTpaXKaroUIUil 3aBU- :
CUMOCTh HANpPSDKEHHH B 3yOe 3y0Oua- § e // x
TOTO KOJIeca OT OKPYXKHOTO MEPTBOTO < 140 4
X0Jla TpU MAaKCHUMAaJIbHOM Harpyske 120 ,/
(puc 2). C yBenuyeHHeM OKpPY>KHOTO ‘oo 5¢
MEPTBOTO XOJa PEIyKTOpa HampshKe-
HME Ha 3y0e 3y04YaToro Kojeca pe3ko 0 it g,
Bo3pacTtaer. Tak, €eciid Impu OKPYX- Puc.2. 3asgucumocms uzmenenus HanpadDceHuil na 3yoe
HOM MepTBOM xXoJne l 150 HpI/IHHTB 3y6uam020 Kojqieca om geiudulbl OKPpYIIHCHO20 MEePmMeE0o2o

xo00a npu nazpysxe M=350 Hm
HanpsbkeHus 3a 100%, to npu 570" P Py

oHH OynyT cocTaBiATh 220%.
['padux HAMpsOKEHUS] B KpH-
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3.F0. Acranos

Boure (kpuBas 3, puc.l) UMeeT CUHYCOUJANbHBIN XapaKkTep, UTO CBUIETENLCTBYET O 3HAKO-
MEepeMEHHbIX Harpy3kax. HampsbkeHue B KpUBOIIMIIE B MPHUAETaX OJHOTO U3MEHSETCS U 3aBH-
cut oT nosoxkeHust mumna «K» (puc.3). B Toukax 1 u 3 HanmpsoKeHUsT B KPUBOIIUIIE COOTBET-
CTBYIOT HYJIEBBIM 3HAaUCHUSIM. B Toukax 2 u 4 HanmpspKeHUs MaKCHUMallbHbIE, HO pa3IU4HbIe IO
HANpPaBIICHUIO, MPUYEM B TOYKE 2 €€ BEIWYHHA OOJbINe, YTO OOBSICHICTCS BIMSHHUEM CHII
WHEpLUU TMOABEIIMBAEMOI0 Ipy3a M NOJABECKU. V3MeHeHuEe HanpsHKeHUW B MOJIUIMITHUKE
(xpuBas 4, puc. 2) HOCUT TaKXe CUHYCOUJAIbHBIN XapaKTep, HO UMEET B JIEBOW HUYKHEN 4acTu
TEH30TPaMMBbl HCKakeHHYI0 (opmy. Cu-
HYCOUJAJBHBIM XapakTep HampsyKeHUs B
MOJUIUITHUKE HAXOJIUTCSI B COOTBETCTBUU C
HaIMpaBJICHUEM U BEJIMYUHOW HANPSKECHHI
Ha KpuBommne. [3, 4, 5]. UckaxeHnue HUXK-
HEW JIEBOW BETBM CBS3aHO C JICHCTBUEM Ha
MOJIMIUITHUK OCEBBIX HArpy30K OT KOCO3Y-
Ooro 3youaroro xoneca 8 (cm. puc. 5). [Ipu
HAIMYUU HA KPUBOIIHUIIE KOCO3yOOro 3yo0-

qaTroro KoJieca 51 3HaKOHepeMCHHOﬁ

Harpy3Ku MIPOUCXOTUT W3MCHCHHUE
HaIpaBJICHUs YCUJIUS, CO3/1aBaeMOro KoJe-
COM, M, COOTBETCTBEHHO, Harpy>Xe€HUE WJIU

pa3zopyXeHHe MOAIIUITHUKA, YTO U (PUKCH-
Puc.3. Ocnoenbie non0icenun KpueoOwuna POBajOCh TCH30AaTYUKAMU.
3a 00un 06opom HccnenoBanre BHOpAlMU  BBIOJI-
HSUIOCh TaK)K€ Ha OCHOBE aHajH3a TEH30-
rpamm, Ha KOTOPBIX 3aperuCTpUpOBaH KojeOaTeNbHBIN Mpolecc netaneil penxykropa. Ha ten-
3orpammax (puc.l) pazau4auMbl KPpUBBIE, OTpaXkaroliue KoyieOaHus jaetaned peaykropa. Kpu-
Bble 1, 2 XapakTepu3yroT KoneOanus 3yduaThix kojiec. Ha rpadmukax, oTpakaronmx 3ammch
HaIpsDKEHUs B KpuBomuiie (KpuBas 3) W NMOAIIMITHUKE (KpuBas 4), B MecTax HauOOJIbIIEro
yAQJICHHs OT HYJIEBOW JTMHUM HabJtoaeTcs Koyiebanue, 3amMcanioe B Buje 3yoroB. O06paboT-
Ka 3amucu KoJeOaHWi MpPOBOIMIACH B COOTBETCTBHHM C OCHOBHBIMH MOJIOKCHUSMU TEOPHH
BUOPOMETPHHU U TeOpuH KojebaHuu (Tabd:i.2).

Ha rpadukax (puc. 4, 5) nokasaHa 3aBUCUMOCTb aMIUIUTY/bl KOJeOaHHii 3y0uaToro Ko-
Jieca, KPUBOIIUIIA U MOAIIUITHUKA OT Harpy3Kd U BEIMYMHBI OKPYKHOTO MepTBOro xona. U3
rpaduKOB BUJHO, YTO MO MEPE yBEJIWYEHHs HArpy3KU Ha KPUBOIIMIIE U OKPYKHOTO MEPTBOIO
X0J1a aMIUTUTYy1a KOoJIeOaHUW I BCEX JeTale BO3pacTaer.

OpnHako Ui KaXXIO0W JeTaid HaOJI01aloTCcs U CBOM OCOOCHHOCTH: TaK, aMIUIUTYyia KO-
nebaHui 3y0uaToro Kosieca Mpu YBEJIMYEHUH OKPYKHOTO MEPTBOTO XO0/a OT 115° 1o 305° He-
CKOJIBKO cHIDKaeres, a ot 305° 1o 570° pe3ko BozpactaeT. [Ipu Harpyske 9,35 kI'm u okpyx-
HOM MEPTBOM XOJI€& 210° 3a(hUKCHPOBAHO BO3pacTaHHE aMIUIUTY/bI KOJIeOaHUH, YTO, OYEBH/I-
HO, CBSA3aHO C SIBJICHHEM PE30HAHCA.
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Bausnue sxcnayamayuonusix ghakmopos na pabomocnocobHocms pedykmopa

Tabnuya 2.
Pe3yabTaTnl 00padOTKH 3an1MCH KOJIeOaHUI
OTKIIOHEHUS 3azop OTKIIOHEHUS 3azop OTKIIOHEHUS 3azop

-0,1 -0,1 -0,1

(-0,03) (-0,03) (-0,03)

+0,03 0,13 +0,03 0,13 +0,03 0,13

+0,04 0,07 +0,04 0,07 +0,04 0,07
-0,4 -0,4 -0,4

+0,03 0,43 +0,03 0,43 +0,06 0,46

+0,04 0,44 +0,04 0,44 +0,04 0,44
-0,1 -0,4 -0,7

+0,03 0,13 +0,03 0,43 +0,03 0,73

+0,04 0,14 +0,04 0,44 +0,04 0,74

+0,03 +0,03 +0,03

+0,04 0,01 +0,04 0,1 +0,04 0,1

305° 430° 570

Ha ammurtyne konebanuii 3y04aToro koJjieca OJaronmpusiTHO CKa3bIBAIOTCS 3a30pPHI B
IUIAIEBOM COETUHEHUH, B PE3yJIbTaTe Yero MpOUCXOIUT KOMIEHCAIHs MOrpeuIHoCTel H3ro-
TOBJICHHS M MOHTaXka 3y04aToro komeca. [lomydaercs cBOEro pojia «IIaBaroIas MOABECKaY,
CHOCO6CTBYIOH_[aH CHMXXCHUIO aMIIJIUTY/IbL KOHGGaHI/IH.

BwmecTe ¢ Tem upe3mepHOe yBeTUUYEHHUE 3a30POB B IIJIUIIEBOM COCAUHEHUN U CBSI3aHHOE
C HUM yBEIMYEHHUE OKPYKHOTO MEPTBOTO X0J1a YBEJIIMUMBACT aMIUIUTYy KojiebaHnuil 3yduaro-
ro koieca [4, 5, 8].

AMIUTATY/1a KOJeOaHW KPUBOIIWIA U TIOMNIMITHAKA TIPU Majol Harpy3ke He3HauH-
TEJIbHO 3aBUCUT OT BEJIMYMHBI OKPY>KHOTO MEPTBOIO X0/1a. Y BEIMUYEHHE OKPY>KHOTO MEPTBOIO
xoma ot 115° 1o 305° B GonbmHCTBE CJIIy4aeB Harpy>KeHUs IPUBOJUT K HEKOTOPOMY CHUXKE-
HUIO aMIINIUTYAbl CHUKCHUIO aMITJIUTY/IbL KOHGGaHI/Iﬁ KpuBoIIuIia.

DTO0 sIBIICHUE CBA3AHO C KOJICOAHUSIMH 3y0UaToro Kojeca, pacrojioKeHHOTO Ha KPUBO-
mrne. [Ipu panpHeleM yBeIMYeHUH OKPY>KHOTO MEPTBOTO X0/a HaOJIrogaeTcsi pe3koe BO3-
pacTtaHue aMIUTMTYIbl KojeOaHuii kpuBomuna. [Ipu oOmiel TeHIeHIMY TUIaBHOTO BO3pacTaHUs
aMIUIUTYAbI Kosie0aHUI KpUBOILIUIIA U TOJIIMITHAKA 10 MEPE YBEIHUEHUSI OKPYKHOTO MEPTBO-
ro X0/la B HECKOJBKUX TOYKaX 3a(UKCHUPOBAHO PE3KOE BO3pACTaHUE aMIUIUTYIIbI KOJIeOaHH,
BBI3BaHHBIX SIBJICHUSIMHU pE30HAHCA.

AMIuiTya kosieO0aHui eTaneil peaykTopa mokasaHa Ha puc.l. XapakTepHble TEH30-
IpaMMbl HaIIPSKEHUH B JIETANIAX PEIyKTOpa IMPU OKPYKHOM MEPTBOM XOJI€:

a-115%6-210%8-305% r-430°% x-570°

VYBenn4eHueM BETUYMHBI OKPY>KHOTO MEPTBOTO Xoja OT 1 15° o 570° YBEJIMUMUBAETCA B
3-3,5 paza. YacroTa konebaHuil OCHOBHBIX JIeTallel peayKTopa oTpaxkeHa Ha rpadukax (puc. 6,
7,8,9).

Ha puc. 6 BugHO, 9yTO WacToTa KOJieOaHWH 3yOUaTOro Kojeca CHHXKACTCs BABOE INPHU
YBEJIUYECHUHU OKPYKHOI'O MEPTBOI'O X0Ja OT 115° 10 210°. Ommaxo IIpU JAIBHEHIIIEM yBEIMYe-
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3.10. Acranos

HUH KaK Harpy3Kd, TaK U OKPY>KHOTO MEPTBOTO XOa, YaCTOTa KOJICOAaHUH MPAKTUYECKH OCTa-
eTcs Hem3MeHHoU. YactoTa kojeOaHuii 3y0uaToro Kojeca M3MEHSETCs KpaTHO YHCITy 3yObeB U
KOJINYECTBY 000pOTOB. J[ByKpaTHOE CHM)KEHHE YacTOThI KoJieOaHui 3yduaToro kosueca o0bsic-
HSETCA OJIAarONPUSATHBIM BIUSHUEM 3a30pOB B IIUTMLIEBOM COCTUHECHUU.

Yacrora koneGaHUH MOAIIMIIHUKA HA OCHOBHBIX PEXKHMMaxX HCHBITAHUS Majo U3MEHS-
J1aCh C YBEIMYEHUEM OKPYKHOT0 MepTBOro xoza. JIums npu Harpyske 350 Hm oHa cHukanach
110 MEpe YBEIMUYECHHSI OKPYKHOTO MEPTBOT'O X0J1a, KaK 3TO BUJHO U3 rpaduka Ha puc.’.

CHuXeHue 4acToThl KoeOaHui COBNANAeT ¢ PEe3KUM BO3pAacCTaHUEM aMIUIUTYABI KOje-
0aHMi MOJNIIMITHUKA, TIOKa3aHHOTO Ha puc.6. YactoTa xoneOaHUil KpUBOIIMIIA 3aMETHO CHU-
JKAETCsl 110 MEPE YBEJIIMYEHHSI OKPYKHOTO MEPTBOIO XOJa MpU 3HAYUTEIbHBIX HAarpyskax. SIB-
JICHHE PEe30HaHCa OTPa3UJIOCh HA YacTOTE KOJICOAHWH KPHUBOLIMIIA MPHU MajJol Harpyske. Xa-
pakTep KoseOaHUH OCHOBHBIX JETallell peayKTopa, UX aMIUIUTYAa U 4acTOTa 3aBHCAT KaK OT
HAarpy3KH, TaK U OT OKPY>KHOT'O MEPTBOIO XOJ4a.

HauOonpiieMy BIHMSHUIO OJBEPKEHA aMILTUTYAA KojaeOaHuil, Bo3pacTarolias o Mepe
YBEJIMYEHUSI OKPYKHOro MepTBoro xozaa. HauOosbiiemMy BIMSHHIO HOJBEpXKEHA aMILIUTYIA
KoJieOaHui, Bo3pacTarolias o Mepe yBEeIUYCHHS OKPYKHOTO MepTBOTO Xoaa [1, 2, 4, 8, 9].

Ha xapakrepe koneGaHMii TakKe CKa3bIBAIOTCS PE30HAHCHBIC SIBICHUS, IEPUOANYECCKH
BBI3BIBAIOIINE PE3KOE YBEIMUEHHE aMIUIUTYIbl KOJI€OAHWH OCHOBHBIX JAETalell pemayKTopa.
VYBenuyenue BUOpAIIi OCHOBHBIX A€Talel pelyKTopa MPUBOAMUT K IMOBBIIICHUIO HEPAaBHOMEP-
HOCTH IIE€pelayy KPYTSILEro MOMEHTA KPUBOIIMUIIOM.

B tedyenne o6opoTa KpUBOLIMIIA TPOUCXOAUT U3MEHEHUE 3HAKA HATPYXKEHUS B JIETAIIAX
pEenyKTOpa, B CBA3M C ITUM JBaXK]bl BEIOMPAETCS] OKPYKHOU MEpTBBIN X01. B MOMeHT BbIOMpa-
HUS 3a30pOB B KHHEMAaTHYECKON LENU PEIyKTOpa CKOPOCTh BHYKEHUS KPUBOILUIIA yBEINYH-
BaeTcsa. CKOpPOCTh ATOTO ABMKEHUS onpenensercs GopmMyIioi:

V=V, +o.t, (1)
rne: V, - pabouast CKOPOCTh KPUBOIINIIA; @, =CONst - KacaTelIbHOE YCKOPEHHE; t - BpeMs BbI-

OOpKH OKPYKHOTO MEPTBOTO XO/Ia.

C yBenuyeHHEM OKPY)KHOTO MEPTBOTO XOJa PEIyKTOpa BpeMs €ro BRIOOPKH BO3pacTa-
€T, a CIIeIOBATEIbHO, YBEIMYMBACTCS M CKOPOCTh V. B KOHEUHBII MOMEHT BBIOOPKH KPHBO-
IIUTIOM OKPY’KHOT'O MEPTBOT'O X012 IIPOUCXOIUT U3MEHEHHE CKOPOCTH /10 V/, 3a BechbMa MaJIbIit

MPOMEXYTOK BPEMEHH, T.€. yaap. [Ipu ynape nuaMeHeHrne KOIu4ecTBa ABUKEHUSI KPUBOILIUIIOM
HpI/IMeT BUI.
m(V -Vy) =S, 2)
I/IBMGHGHHG KOJIMYECTBA ABUXCHHUA KpI/IBOH_II/IHa yz[aprlx I/IMHy.IIbCOB BO MHOI'O pa3
6OJIBIJ_IG I/IMHy.IIbCOB 3a TO XKEC BpeM}I BCEX BHCIIHHUX CHUII, HpI/IJIO)KeHHBIX K KpI/IBOH_II/IHy. C YBC-
JIMYEHUEM OKPYKHOI'O MEPTBOTO XOJa CyMMa JEHCTBYIOIIHUX HA KPUBOLIUI YAAPHBIX UMITYJIb-
COB YBEJIIMYHMBAETCS, a CJIEAOBATENILHO, YBEIUUMBAIOTCS JeOopMaLus U aMIUTUTYAa KoJeOaHH
JleTae peayKTopa, a Tak)Ke HEPAaBHOMEPHOCTD IEpelayd KPYTALIEr0O MOMEHTAa KPUBOLIUIIOM.
DTO IPUBOJIUT K PE3KOMY YBEIMUYEHUIO W3HOCA JCTAJICH PEAYKTOpa U MOTEPE €ro CIyKeOHBIX
CBOJCTB.
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3.F0. Acranos

OnpenesieHne KOPpeIsIIUOHHON 3aBUCHMOCTH HANIPSI)KEHUN B 3y0UaThIX KoJiecax
OT BeJIMYMHBI OKPY:KHOT0 MepTBOro xoaa. OIHUM U3 OCHOBHBIX MOKa3aTelel COCTOSHUS
peayKTopa SIBISIETCS HAaNpsDKEHHE B 3YyObsiX 3yO0daThix Kojiec. M3HOC 3yObeB CIOCOOCTBYET
BO3pPAaCTaHUIO JTUHAMHUYECKOW COCTAaBIIAIOIICH CyMMapHOW Harpy3ku Ha 3yObsi. CymMMapHBIN
M3HOC JIETaJiell peayKTopa, T.€. U3HOC 3YObEeB, IUIUIEBBIX COCIMHEHUN, MOAIIUIHUKOB U T.1.
MPUBOJUT K YBEJIMYECHHUIO OKPYKHOI'O MEPTBOI'O XO1a.

VYcTaHOBIEHHE 3aBUCHUMOCTH MEXIY CYMMAapHBIM HalpsDKEHHEM B 3yObsiX 3yOuaThIX
KOJIEC U OKPYIKHBIM MEPTBBIM XOAO0M PEAYKTOpA MPEACTABIIIET 3a4a1y, UMEIOIIYIO IIPaKTHYe-
ckoe 3HaueHue. [1o mosydeHHbIM JaHHBIM TOCTPOEHO MOJIe KOPPEKIUH (pHc.S).

XapakTep pacroyioKeHUs TOYEK Ha KOPPEKIIMOHHOM II0JIe MOJCKA3bIBAET, YTO TEope-
TUYECKas JIMHUS PETPECCUH ABIISIETCS MPSIMOM, T.€. BBIPAXKAaeTCs ypaBHEHUEM

J.=a+b,, (3)

rae a u b - HeusBecTHBIC apameTpsl [4, 5, 6, 7, 8, 9] .

[TapameTpsl a onpenenstoTcs U3 ypaBHEHUI

Zy:na+b2x, 4)

‘ L Z x:a2x+b2x2 (5)
Q% y

OnHako B KOPPEAIMOHHON TabauIle Bapu-
jm # aHTHI X, Y U UX COYETAHHS BCTPEUAIOTCS C Ompee-

Hanpaxenne, xI'/mm?
A

// ¥ JeHHbIMU 4acToTamu. IlosTomy Bce cymmBl B
ypaBHeHHﬂx:Zx;sz;Z y;ny yaobHee BBbI-

YUCJINUTH BO B3BCHICHHOM BUIC. YT1o0ObI YKa3aTb Ha

3TO, OyIeM CTaBUTh TOYKY HaJ O0003HAYCHUEM

o . . 2. .
100 200 300 «zl Nsoo 600 KOKJ0M CyMMBI: Zx, Zx ; Zy, Zyx . Kaxnmoe

Puc.8. 3asucumocmo mexncoy OKpyIHcHbIM Y3 3TUX BBIPAXKECHUN UMEET, TAKUM 06pa30M, JOBOSI-
MEPmMEbIM X000M PeOYKmopa u HanpaiceHu-
em 6 3y0bax 3youamuix xonec. Ilone xoppe-
aayuu, mnupuyeckas (1) u meopemuue- B camMmoMm  [Ielc, OycTe  IHPHU3HAK

ckasa (2) aunun pezpeccuu X3 Xy XgsXysXspeereny X (S - uucno uHTEpPBANIOB).

KM CMBICII: IIPOCTOM U B3BEILICHHOW CYMMBI.

YacToThl 9TUX 3HA4YE€HUH 0003HAYNM COOTBETCTBEHHO uepe3 h,,h,,hy, h, , hs,....h .

Zx HMMEET, BO-TIEPBBIX, CMBICI POCTONH CYMMBI Zx, MOABOASIIEH UTOT 3HAYCHUN X

AJIL BCECX DJICMCHTOB COBOKYIIHOCTH, T.C. COCTOUT M3 N YWICHOB X. ZX HUMECT, BO-BTOPLIX,

CMBICJ B3BEIIEHHOW CYMMBI Zhi *X; , MOABOASALIECH WTOr MO S PAa3IMYHBIM 3HAYCHHUAM X,,
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Bausnue sxcnayamayuonusix ghakmopos na pabomocnocobHocms pedykmopa

Ka)X/10€ U3 KOTOPBIX MOBTOpsETCS A, pa3. JTa cymMMa COCTOMT, TAKMM 00pa3oM, U3 S 4IEeHOB
2
BUAA X;/,. AHAIOrMYHO Ul APYTUX CYyMM Zx ;Z y;ny. Torpa cucteMa HOPMAaJIbHBIX

ypaBHeHUH (5) 3amUIIeTCs B BUIE

2y=na+b2x, 2xy=a2x+b2x2.

Cucrema HOpMaJIbHBIX YPaBHEHUH TSI KOPPEISIITUOHHON Tab.3:
254=100a+30000b,

83650=30000a+11000000b.
Pemas sty cucremsl, momyunm a=1,43, b=0,0037, oTkyna:
yx=0,43+0,0037x. (8)

[To aTOMy ypaBHEHHIO CTPOUM MPSAMYIO PETPECCUU Ha T0JIe Koppessiinuu [4, 5, 6, 7]. U3
rpadMKOB BHUIHO, UYTO YBEIMYCHHUIO OKPY>KHOT'O MEPTBOTO XOJia PEAYKTOpa Ha 100° cootsert-
CTBYET CPEIHUN MPHUPOCT HAMPSDKEHUS Ha 3yOax 3youareix kosec Ha 0,4 kI['/mm. Jlist onpene-
JICHUS] TECHOTBI CBS3H MEXAY OKPY>KHBIM MEPTBBIM XOJ0OM U HANpsKEHUEM B 3yObsX 3y0UaThIX
KOJIeC BEIYHCIsIEM KOI(PPUIIMEHT KOPPEISIUU 10 hopMyIie:

nz.: xy—z.: XZ.: y
P = 0,653 )]

3akiarouenue. Takum 00pazom, MPOBEIECHHBIMU HCCIEAOBAHUSAMHU MOJIYYEHBI Xapak-
TEpHbIE TEH30I'PaMMbl HAIIPSDKEHUN B JETANAX PEAYKTOpa MPU Pa3IUYHBIX 3HAUYCHUSX OKPYXK-
HOT0o MepTBOro xoja. [TomydeHbl 3aBUCMOCTH U3MEHEHHs HaIlpsHKEHUH Ha 3yObsiX Kojeca OT

BEJIMYMHBI OKPYKHOT'O MEPTBOI'O X0/1a TP Pa3INYHOM Harpys3Ke.

VYcTaHOBIIEHBI M3MEHEHHS aMIUINTY/bl KoJIeOaHU 3y04aTroro kojeca OT Harpy3ku H
OKpYKHOTO MepTBOro xona. OmpeneneHbl U3MEHEHUS aMIUIUTY/bl KoJeOaHUsl KPUBOLIUIA U
OKpPY)KHOTO MEpPTBOTO XOJa. YCTaHOBJICHbl M3MEHEHHUs YacCTOThl KOJICOAHUS KPHUBOIIMIIA H
OKpPY’KHOTO MEPTBOT'O XOJa M YacTOThI KOJIeOaHMs MOJALIMITHUKA OT HArpy3KH U OKPYKHOTO
MEPTBOTO XOJa.

Omnpenenena KOppeIsSUOHHASA 3aBUCUMOCTh HANPSsDKEHUN B 3yO0UaThIX Kojecax OT Be-
JUYHUHBI OKPYKHOTO MepTBOro xona. [loctpoena xoppensunoHHas Tabiuna As pacyeTa Teo-
PETUYECKON JINHUM PETPECCUU. Y CTAHOBJIEHA 3aBUCHUMOCTh MEXAY OKPYXHBIM MEpPTBBIM XO-
JIOM PEIyKTOpa U HampsDKEHUEM B 3yObsiX 3yOuaThix Kojec. OmpeaeneHbl Mol KOPpessiuy,
AMIIMPUYECKAS U TEOPETUUECKASL JINHUU PETPECCUH.
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REDUKTORUN iSGORMO QABILiYYOTINO iSTiSMAR AMILLORININ TOSiRi
Z.Y. ASLANOV

Magqals Reduktorun iggérma qabiliyystine sinaq amillerinin tasiri va korelyasiya asililiginin toyinina hasr

edilb. Dairoavi 6li gedisin miixtalif qiymatlorinds reduktorun detallarinda gorginliklori xarakterik tenzoqramlari
reduktorun dairavi gedisi ilo digli ¢arxlarin dislorinds gorginlik arasinda asililiq togdim edilir.

Acar sozlar: tenzogram, tenzometr, tenzoverici, reduktor, dairavi olii gedis korelyasiya sahasi, reqresiya.

INFLUENCE OF OPERATIONAL FACTORS ON GEARBOX PERFORMANCE
Z.Y. ASLANOV

The article defines the correlation between stresses and peripheral backlash. The properties of the tensor

stresses, the relationship between the peripheral backlash of gearbox and stresses in the teeth of gears are present-
ed for the different values of the peripheral backlash.

Key words: tensogram, tensometer, tensosensor, gearbox, backlash, correction field, regression.
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ELEKTROQOVS USTOORITMO USULU iLO SOTHO
YEYILMOYO DAVAMLI ORTUKLORIN COKILMOSI VO TIG
USTORITMO USULU ILO SOTHIN MODIFIKASIYASI

F.M. SIRZADOV’, &.H. SADIXOV"

Isdo materiallarin sothlorinin yeyilmoys ve korroziyaya qarsi davamliligimmi artirmaq ve olarin
borpasit ii¢lin elektroqdvs Tlistooritmo (listoritmo) iisullar1 totbiq olunarag, sotho osason xromla
legirlonmis ortiiklor cokilmis vo elektrod iisulu ilo cokilon ortiiklor olave olaraq TIG (Tungsten Inert
Gas) qaynagq iisulu ils iistoridilorak termik emal olunmusdur. Alinmig sathlorin doyoarlondirilmasi {iciin
ortik ¢okilmis vo emal olunmus materiallarin mikrostruktur vo  borkliyi miiqayise olunaraq,
qiymatlondirilmisdir. Alinmis yeni tobagolorin ovvalki ortiiklo miiqayisade mikrostrukturunun
narinlagsmast vo barkliyinin yiiksoldilmesi onlarin tribotexniki xiisusiyyatlorinin yiiksaldilmasine va
prosesin somaraliliyina asas verir.

Acar sozlar: tribotexnika, iistaaritma, modifikasiva, TIG (Tungsten-inert-gas).

Giris vo masalonin aktuallii. Tribotexniki magin hissalarinds yeyilmonin intensivliyini
azaltmagq {i¢iin materialin se¢ilmasi, sothin emali vo kontakt sathlori arasinda yag tobaqgasinin
tomin olunmasi asas rol oynayir. Tribotexniki materialin se¢ilmoasindo vo sothin emalinda osas
kriteriya kimi siirtiinmo omsali vo yeyilmo intensivliyi nozordo tutulur ki, bu da materialin
mohkomliyindon, sothin tribotexniki xiisusiyyatlorindon, mexaniki, kimyovi — termiki
emalindan asili olub, iqtisadi baximdan somorali olmalidir.

Materiallarin yeyilmoya garst davamliligini yiiksoltmok ii¢iin konstruktorlar ¢alisirlar ki,
sada vo somarali iisullar tatbiq etsinlor. Ilkin olaraq onlar tokmo zamani vo ya sothin emalr ilo
problemi hall etmayo cohd edirlor. Bu somarali olmadiqda, soths yeyilmays davamli ortiiklorin
¢okilmosi toklif olunur. Ortiikcokmo {isullari amoliyyat xorclori baximimdan sonuncu, amma
keyfiyyot baximindan ¢ox ohomiyyatlidir. Burada tolobata uygun, oan ucuz osas material segilir
vo onun lizorind yeyilmoyos davamli ortiiklor c¢okilir. Nozori vo real todqiqatlar gostorir ki,
osason yiiksok legirli materiallar adi poladlarla miiqayisado daha da yeyilmoyo davamli olurlar.
Amma, belo materiallar yliksok material xorclori baximindan bdyiik 6lgiilii bilitév masin
hissolorinda har zaman totbiq oluna bilmir. Ortiikcokma iisullar1 vasitasi ilo yalniz hisselorin
sothindo bu ciir Ortiiklorin alinmasi material xorclorini azaldir. Bu tsullarin monfi torafi,
mexaniki emal xarclorinin hocmindon asilidir. Digor torofdon, masul hissolora bu ciir bark

*
Azarbaycan Texniki Universiteti
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ortiiklorin ¢okilmasi vo bahali emal texnologiyasinin totbiqi onun istismar1 zamani alde olunan
somara ilo miiqayise olunmalidir [1 - 7].

Masin hissoalorinin  dmiiruzunlulugunu artirmaq {igiin, xrom legirli Ortiiklorin soatho
cokilmesi, osason o halda mogsado uygundur ki, kontakt sothlorini miintozom yaglamaq
miimkiin deyildir (yiiksok siirlismo siirotlorindo ve agir yiiklonmolords). Belo ortiiklor yaglarla
yiiksok kimyovi aktivliyo vo absorpsia xiisusiyyotlorino malik olub (poladlarla miiqayisodo
4 - 5 dofo yiiksokdir), kasib yaglama soraitindo sothlori quru stirtiinmoadon qoruyur. Yiiksok
faizli xromla legirlonmis materiallar, homginin ortiikgokmo omoliyyatlar {i¢iin do yararhdirlar.
Belo materiallar qaynaq vannasina daxil ola bilocok oksigen vo azotla birlosdikds, oyuqlara
sobab olmur vo omoalo golon zorarsiz xrom - oksid vo -nitrid birlogsmolori tribotexniki baximdan
somaralidir [2, 8, 9].

Mogalada yeyilmis sathlorin barpa olunmasi va sathds yeyilmoyos davamli tabago almaq
iiciin elektrod vo TIG qaynaq {isullar1 1lo 6rtiikkgokmo vo bu iisullarin kombinasiyasimin
miimkiinliiyii todqiq olunmusdur.

Eksperimentlorin planlasdirilmas1 va reallasdirilmasi. Burada iqtisadi baximdan
somorali olan, Ortiik ¢okilocok osas materiallar kimi EN-GJV-400 markali ¢uqun vo 42Cr4
markali az legirli polad se¢ilmisdir (cod. 1).

Cadval 1.
Sathlaring ortiik cakilocok materiallarin markasi va nazori kimyavi torkibi

Kimyovi torkibi, %

Osas material

C Si Al Mn Cr Cu Ni
EN-GJV-400 2,7-3,8 0,5-2,9 <0,1 0,2-0,6 <0,1 0,6 -1,0 0,2-0,6
42Cr4 0,4 0,3 - 0,6 1,0 - <0,3

Sotha ¢okilocak ortiik materiallarinin fiziki-mexaniki, texnoloji va istismar xiisusiyyatlori
torkibdo olan legirloyici elementlorin konsentrasiyasindan vo Ortiiyiin mikrostrukturundan
asihidir. Yuxarida geyd olunan nozori molumatlara osaslanaraq, yliksok kontakt gorginliklorino,
olverissiz yaglama soraiting, korroziyaya, ovulmaya, zorboaloro vo abraziv miihito qarsi davamli
olan oOrtiikgokmo elektrodlart vo moftili secilir [10]. Bu materiallarin torkibi vo ¢akilocok
oOrtiiyiin borkliyinin nozori qiymatlori asagidaki codvallords verilmisdir.

Cadval 2.
TIiG-lo iistaoritmo materialinin tarkibi va cokilocok értiiyiin nazori barkliyi

Kimyovi torkibi, %

. Nozori
TIG — Mofil C Si Mn Cr Rest barklik
UTP A DUR 600 mislo 6rtuliib 0,5 3 0,5 9,5 Fe HRC55

Elektrodla oOrtiikk ¢okmodo istifado olunan materiallarin novii vo torkibi iso cad. 3- do
togdim olunmusdur.
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Cadval 3.
Elektrodlarin tarkibi va ¢okilacak ortiiyiin nazari barkliyi
Kimyovi torkibi, % ;
Elektrodun novii Y ’ tl)\l gﬁ‘rli
C |Si|Mn|V |Mo|W |Nb| Cr | B | Qalam orkil
Domir asashi elektrod- UTP 81 1,0 | 0,5 ] 0,5 - - - - - - 350HB
Iggl;elsm xiuisusi elektrod- UTP 0.05 | 04 | 05| 10 ) i ) ) ) 250HB
gr(t)l(ib ortlilmiis elektrod- UTP 5 ) i ) ) i ) 35 ) HRC62
P Fe
Rutlll;? ortlilmiis elektrod- UTP 45 ) i 1506512255235/ - HRC65
Ledurit 65
Qolovi asasli materialla ortiilmiis
elektrod- UTP DUR 600 0.5 123|047 - ) ) ) ? ) HRCS7
T590 markali elektrod 32 122112 - - - - 25 1,0 HRC64

Secilmis Ortiikgokma materiallarindan bozilori yiiksok miqdarda legirloyici elementlara
malikdirler ki, (cad. 3) bu da ilk baximdan somarali deyildir. Qeyd etmok lazimdir ki, totbiq
olunan materialin vo texnologiyanin iqtisadi baximdan no dorocods somorsli olmasi, yalniz
istehsal xorclorindon ibarst olmayib, hemg¢inin dmiiruzunlugunun, etibarligin artmasindan vo
tomir xorclorinin azalmasindan irsli golon somora do nozors alinaraq, doyorlondirilmalidir [8].

Experimentlor asagidak: sortlor daxilindo aparilmisdir:

- Cuqun niimunslorin Ol¢lisiic 30x25x15mm, polad niimunoalorin Olglisii  iso
25x50x10mm-dir. Miistasna olaraq ¢uqun niimunanin biri 30x40x400mm o6l¢iids gobul
olunur (sak. 3);

- Ustooritmo iigiin elektrod vo TIG qaynaq iisullari, astoritmo iso TIG oritma
texnologiyasi ilo hoyata kegirilir;

- Ortiikcokma va oritma omoliyyatlari sabit coroyanla aparilir;

- Tadqiqgatlar otaq temperaturunda aparilir;

- Osas materiala elektrod vo TIG qaynaq iisullar vasitosi ilo drtiiklor ¢okilir;

- Elektrodla drtiikgakilan sothlor TIG oritma iisulu ilo termik emal olunur;

- TIG qaynaginda miidafio qaz1 kimi arqon istifads olunur;

- Soth tobogesinin analizi {i¢lin mikrostrukturun vo barkliyin analizi aparilmisdir

- Mikroskop altinda mikrostrukturun goriiniisiinii yaxsilasdirmaq ti¢lin, xromla
legirli olan materiallar beraha -1 (1000 cm® su — H,O; 200cm’ xlorid tursusu — HCI; 24g
ammoniumhidrogenfluorid — (NH4)HF,-100cm® osas holledici; 1g kaliumdisulfit -
K»S,0s5 ), polad, cuqun vo asag legirli poladlar iso nitrid (nital: 1 — 10 ml azot tursusu
HNOs; 100 ml etanol) vo pikrin (pikral: 2 — 4g pikrin tursusu HO-CgH; (NO»)3; 100 ml
etanol) tursulari ilo agilanmigdir.

Elektrodun ortiiylinden vo ndviindon asili olaraq, qaynaq aparatinin monfi qiitbii ya
elektroda ya da materiala qosulur. Qoalovi asashi ortiiklors malik elektrodlar miisbat, rutillo
ortiilmiis elektrodlar iso manfi qiitbe qosulur. Elektrodlarin asas istehsal parametrlori cad. 4- do
verilmigdir.
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Cadval 4.
Ortiikcokma amaliyyatlarimin parametrlori
Qaynaq parametrlori
= = = g .- : E
Qaynagq elektrodlarinin novii s < g .5 g0 S E | g8 _% 5
S5 | 8% £ 2 °eQ |g8=| O
eS| 28| 25| 25 | 288 28
3| & o¢ | vs |OFE| E
@) @) > m 2| O
Domir oasasli elektrod- UTP 81 110
g
Nikelsiz xtisusi elektrod- UTP 807 110 §
<
Rutills 6rtiilmiis elektrod- UTP 7100 140 | ‘= g g s
: : a 5 =
Rutills &rtiilmiis elektrod- UTP Ledurit 65 170 = S,-“ 2 _é
He)
Qolovi ilo ortiilmiis elektrod- UTP DUR 600 160 5
T590 markal1 elektrod 200

Cad. 5- do moftillo TIG 6rtilkgokma zamam totbiq olunan qaynaq parametrlori toqdim
olunmusdur.

Elektrodla gaynaq omoliyyatindan sonra, qaynaq tikisinin hondosi parametrlorini vo
materialin xiisusiyyetlerini doyismok mogsadi ilo soth TIG iistaritmo {isulu ilo emal olunmus,
Ortliylin quisurlart (gatlar, oyuqlar, hondasi xotalar) tamamiylo vo ya qismon aradan
galdirilmigdir. Bununla yanasi, homginin material termik emal olunmus vo sathdo yeyilmoyo
davamliliga imkan veroacok, narin mikrostruktur alinmis, borklik yiiksoldilmisdir.

Cadval 5.
UTP A DUR 600 moftili ilo TiG iistooritmos zaman1 qaynaq parametrlori

Qaynaq Tikisin Qaynaq Qaynaq Elektrodun Qaynaq Moftilin Arqon
corayani qalhigi, stirati, basliginin sothdan tikisinin diametri, qazin
(DO), mm mm/daq rogsi olan eni, mm miqdari,
A tezliyi, mosafasi, mm l/daq
1/daq mm
30-130 <3 50-130 20-40 2-2,5 5-6 03,2 8

Elektrodla c¢okilon ortiiklorin TIG oritmo iisulu ilo emal: iki hissodon ibarotdir (cod. 6).
Ilkin olaraq soth <40A carayanla qizdirilir, sonra iso qaynaq corayaninin, ayaqla idara olunan
pedal®“ wvasitosi ilo 40-140A hiidudlarinda tonzimlonmosi ilo sothin oridilmosi aparilir.
Omoliyyatin keyfiyyoti osason subyektiv amillordon asilidir. Belo ki, orimis materialin
axiciligini nozaratds saxlamaq {i¢iin, qaynaq vannasinin axiciligindan vo rongindon asili olaraq,
qaynaqg1 qaynaq siiratini, qaynaq corayanini, elektrodla material arasindaki mosafoni va enerji
manbasinin mévgeyini tanzimlayir.
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Cadval 6.
Elektrodla ¢okilmis értiiklorin TiG- I aridilmasi zamam qaynaq parametrlori
Qaynaq Oritmadan Qaynaq Qaynaq Qaynaq Elektrodun Qaynaq Arqonun
caorayani avval tikisinin stirati, basliginin sothdon tikisinin verilma
(DO), qizdirma hiindiirliiyt, mm/doq rogsi olan eni, hocmi,
A corayant, mm tezliyi, mosafosi, mm l/dagq
A 1/daq mm
80-145 20-40 <3,5 40-70 20-70 2-3,5 5-7 6

Verilmis elektrodlarla {istooridilmis ortiiklorin orimo temperaturlart yliksok oldugundan,
onlarm TIG —ls oridilmasi zaman1, daha ¢ox qaynaq corayani talob olunmusdur (cod. 6).

Ortiiklarin tadqiqi. Niimunolorin mikrostrukturunun keyfiyyatco qiymotlondirilmosi vo
todqiqi tciin IMATEC sokil islomo programli LEICA DMRM isiq mikroskopu istifado
olunmugdur. Borkliyin 6lciilmasi iso DURIMET barklik 6lcen cihazla, 100 qram yiik altinda
aparilmis vo borkliyin qiymoti modifikasiya olunmus tobagonin sothi {izro dlciilorak, Vikers
iisuluna (HV) asason orta qiymatlori miioyyon olunmusdur.

Ortiik ¢okilon cuqun- EN-GJV-400 texniki vo fiziki xiisusiyyotlorino géra yarpaqsokilli
va kiireformal1 grafito malik ¢uqunlar arasinda yerlosir (sok. 1). Belo ¢guqunlarin mikrostrukturu
grafitdon, ferritdon vo
perlitdon ibarotdir ki,
narin perlit vo kicik
Olctlii ferrit yeyilmoyo

qarst davamliliq baxi-
mindan arzu olunmaz-

y" dir.

Ustooritma  tisulu

—=—  Vasitosi ilo sathina ortiik

Ferrit Perlit QOrafit cokilmis 42Cr4 pola-

Sokil 1. EN-GJV-400 cuqunun miixtaolif miqyaslarda mikrostrukturu, dinin mikrostrukturu
olciilmiis barklik 375HV

sok. 2-do tosvir olun-
musdur.

Sok. 2-do verilmis
42Cr4 materialin mikro-
strukturu osason marten-
sitden ibaratdir. Belo bir
struktur poladin siiratlo
soyudulmasi naticosindo
alinir vo karbonlu po-
ladlar igorisindo on yiik-
sok yeyilmoyo davam-
liliga malikdirlor [11].

Sok. 3-do  EN-

! / 200 pm

[ikin karbid Martensit

Sokil 2. Termik emal olunmus 42Cr4 poladin miixtalif miqyaslarda
mikrostrukturu, olciilmiis barklik 312HV
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GJV-400 cuqunun sothino T590 elektrodu ilo ¢okilmis Ortliylin mikrostrukturu tosvir
olunmusdur. Orintinin soyuma vaxtindan vo qaynaq iisulundan asili olaraq, martensit (sok. 3)
vo ledeburit (sok. 4) strukturlar aldo etmok olar.

Mikrostruktur orintinin siirotli soyumasi ilo oldo olunur vo yeyilmoyo garst yiiksok
miigavimoto malik olub, burulmaya davamlidir (sok. 3). Belo bir strukturlar iigiin martensit
matriksdo geyri-ardicil paylanmis M;Cs; nov karbidlor xarakterikdir. Torkibdo martensitlo
yanagi qaliq austenit, beynit vo perlitdo vardir ki, martensitin miqdarinin ndvbati artirilmasi
termiki emal1 tolob edir. Termiki emalla bu miimkiindiir, ¢iinki M;C; qarisiq karbidi termik
stabil olub, temperaturun artmasi ilo grafitlogmir [12-14].

Qeyd etmok lazimdir ki, torkibindo xrom olan ortiiklorin strukturu asason xrom-karbon-
nisbati ilo miioyyan olunur. Cr>5% olduqda, Cr;C; karbidi sementitlo- Fe;Cs birlikdo, Cr>10-
12% olduqda iso, Cr;Cs karbidi strukturda sorbast ayrilir. Torkibdo 21-28% xrom olduqda 1s9
(Cr,Fe)»3C¢ karbidlori tistiinliik togkil edir vo dentritlor arasi evtektik karbid narin alinir. Hor iki
karbid formas1 domirin karbidindon barkdir vo asason narin, kiiroformali ayrildigda yeyilmoya
miiqavimati artirir. Ev-
tektikadan yuxart kon-
sentrasiyalarda kobud
karbidlor omolo golo
bilor ki, (T590, UTP
7100) bunlar da kon-
takt yiiklonmosi zamani
sinaraq,  materialdan
ayrila bilor [12-14].
Ortiik Osas material Ogor niimunanin
Olciisti kicik olarsa, on-

Sakil 3. T590 markal elektrodla EN-GJV-400 markali cuqunun iizarina o
¢cakilmis értiiyiin mikrostrukturu. Niimunanin élciisii 30x40x400mm, da soyuma stirati azalir

olciilmiis barklik 830HV va T590 elektrodu ilo
cokilmis Ortiiylin struk-
turu ledeburito gevrilir
(sok. 4,a). Belo struk-
tur parlaq vo olduqca
narin iynovari
(Cr,Fe);,Cs karbid 16v-
hasina malik Ferritdon,
(Cr,Fe);Cs vo
(FeCr)23Cs—
karbidlorindon  ibarat

Evtektik karbid ~ Perlit Karbid iynalorinin yaminda vo austenit qurlusundan
i i i ] d tensit rii, lori . . .
Dentritlor arasi iynavari evtektik arasinda martensit ruseymiari ibaratdir (thektlk kar-
Sokil 4. T590 markal elektrodla 42Cr4 markali poladin iizavina ¢okilmis bid iynalori arasindaki
ortityiin Mikrostrukturu. Niimunanin olciisii 30x25x15mm ¢ox narin ayrilma).
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Ogor sathin strukturunda kobud karbidlor alinarsa, sothin yeyilmoyo davamliligi azalir vo
yiik altinda olan sothdo ovulmalar smnmalar miisahido olunur [13]. TIG iisteritmo {isulu ilo
sothlor olavo olaraq emal olunmus vo sothdo daha da narin mikrostruktur almaqla tribotexniki
xsiisiyyatlor yaxsilasdirilmisdir (sok. 4,b). Homcinin, TIG iistoritmodon sonra sathin borkliyi
839HV—don 933HV—yo godor artmigdir.

Sothin mexaniki-texnoloji xiisusiyyotlorini daha da yaxsilasdirmaq tigiin, yiiksok legirli
xrom elektrodlar1 tatbiq olunur. Amma bdoyiik hacmli karbidlor daxili gerginliklorin hesabina
asanligla mikrocatlar omolo gotiro bilorlor (sok. 5,a). Todgiqatlarla siibut olunmusdur ki,
mikrocatlar karbidin miqdarinin artmasi ilo 6nce artir, amma 20-25% karbid hacmindon
baslayaraq yenidon azalirlar [13].

UTP 7100 elektrodu ilo sotho ¢okilon tobogenin TIG oritmo iisulundan sonra mik-
rostrukturu daha da narinlasmis (sok. 5,b), karbidin miqdar1 vo borklik 601 HV-don 658 HV—yo
qodor artmigdir.

Novbati olaraq sotho torkibindo digor modifikasiyaedici-legirloyici elementlor olan (cad.
3) elektrodlarla ortiiklor ¢okilmisdir (sok. 6). Xiisusi tosiredici element molibdendir. Nikel, mis
vo manqan da borkliyi artirir, eyni zamanda qaliq austeniti stabillogdirir. Bu sobabdon bu
elementlorin torkibdo
maksimal miqdari
mohdudlasdirilir [13].

Saok. 6- da veril-
mis mikrostrukturlar-
dan aydin olur ki,
UTP  Ledurit 65
elektrodu ilo ¢okilmis
\ , L 3 ortiiyi  TIG  oritmo
Dentritlar arasi iynavari oytektik " " tisulu ilo termik emal
etdikdo, donaciklorin
otrafinda olan kar-
bidin miqdar artir,
donaciklorin birlogmo-
si  yaxsilasir, narin
struktur  alimir  vo
barklik  966HV-don
1217HV-ya godor
yiiksalir (sok. 6,b).

Yeyilmoys da-
vamli novbati  ortiik
UTP DUR 600 elek-

Sakil 5. UTP 7100 markal elektrodla 42Cr4 markali poladin iizarino
¢akilmig ortiiyiin mikrostrukturu

— e trodu ilo ¢okilmisdir
S$akil 6. UTP Ledurit65 markali elektrodla 42Cr4 markali poladin (sok. 7). Alman funk-
iizorina ¢okilmis ortiiyiin mikrostrukturu sional &rtiikda xrom va
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karbonun miqdar1 ovvalki ortiikloro nisboton asagi olsa da silisiumun torkibdo migdarinin ¢ox
olmasi (cad. 3), mohkomlik borklik vo elastiklik kimi xiisusiyyatloro shomiyyatli tosir edir.

TIG oritmo ilo sothin termik emalidan sonra, denaciklorin birlosmosi yaxsilasmis (sok.
7,b), amma xrom karbon nisbotino osason borklik 816HV-don 78 7THV-ya qodor azalmisdir.
Oritmadon sonra donaciklorin sarhoddinin korroziyaya miigavimoti artdigindan asilayict madds
bu sahoani tam hall eds bilmamisdir (sak. 7,b).

Material xarclorini nozors alaraq, sathlora UTP 81, UTP 807 elektrodlar: vo UTP A DUR
600 moftili ilo asas materialdan bork olan ortiiklor ¢okilmisdir. UTP A DUR 600 maftilli TIG
listooritmo omoaliyyati liglin nozordo tutulur vo ¢okilon ortiiylin mikrostrukturu névbeti sokildo
tosvir olunmusdur.

Struktur perlitdon, xromun vo domirin karbidindon ibaratdir (sok. 8). Ag soboko xrom vo
domir karbidlorinin birgs ayrilmasim tosvir edir. Ciinki, torkibds 12%-9 qador xrom olduqda,
domir vo xrom karbidlori birgs ayrilirlar.

UTP 81 elek-
trodu ortiik materiallart
icorisindo material xor-
ci  baximindan on
somaralisi olub, onun
mikrostrukturu  asagi-
daki  sokildo  tosvir
olunmusdur.

Elektrodla ortiik-
¢okmoadon sonra mik-

rostruktur  perlit vo
S$okil 7. UTP DUR 600 markali elektrodla 42Cr4 markali poladin ferritdon ibaratdir (sok.
iizorina ¢okilmis ortityiin mikrostrukturu 9,q) Ortuyun TIiG

,a).

(Cr,Fe)Cs Martens

Ustoritmo  dsulu ilo
termiki emalindan
sonra perlit narinlagir
vo ferritin  miqdan
artir, borklik 575HV-
don 684HV-yo qodor
yiiksalir (sok. 9,b).
Ortiiklorin moh-
komliyini va yorulma-
ya qarsl miigavimatini
artirmaq magsadi ils,
sotho torkibindo vana-
dium olan UTP807
elektrodu ilo  ortiik
¢okilmisdir (sok. 10).

Sakil 8. UTP A DUR 600 markal elektrodla EN-GJV-400 markali cuqunun
iizorina ¢okilmis értiiyiin mikrostrukturu. Olgiilmiis barklik 750HV
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Elektrodla ¢okilon
Ortiiylin  strukturu perlit
vo ferritdon ibaretdir ki,
bu da yeyilmoyo
davamliliq baximindan
olverisli deyildir. TIG
oritmo iisulu ilo sothi

.’(-a :ﬁ ~ »’N“ i“ termik emal etdikdon

Sakil 9. UTP 81 markal: elektrodla EN-GJV-400 markali cuqunun sonra, vanadiumun
iizavina ¢akilmis ortiiyiin mikrostrukturu karbidi ayrilir vo borklik

664HV-don 773HV-ya
godor artir (sok. 10,b).
Notica. Yeyilmis
sothlorin yenidon bar-
past vo saothds yeyil-
moyo davamli Ortiiklor
olda etmok  iigiin,
elektrod vo TIG qaynaq
dsullar1  vasitosi il
cuqun - EN-GJV-400

Sokil 10. UTP 807 markal elektrodla EN-GJV-400 markah vo polad - 42Cr4 dan
cuqunun iizorina ¢akilmis drtityiin mikrostrukturu hazirlanmis  material-

larin sothlorino Grtiiklor

cokilmis vo elektrodla
cokilmis ortiiklor TIG iistaritmo {isulu ilo termik emal olunmus, qaynaq tikisinin parametrlori
vo sathin tribotexniki xsusiyyatlori daha da yaxsilagdirilmigdir.

Mogqalodo osason sotho xromla legirlonmis oOrtiiklorin oridilmosi todqiqi olunmusdur.
Ciinki, belo ortliklorin yaglara olan kimyavi aktivliyi vo absorpsiyasi poladlara nisboton yiiksok
olub, qaynaq va aritmo omoliyyatlari li¢iin {istiinliiklora malikdirlor.

TIG {istoritmo iisulu ilo termik emal olunan ortiiklords, torkibdo olan legirloyici
elementlorin migdarindan vo orimis metalin borkimo vaxtindan asili olaraq, narin mikrostruktur
oldo olunmus, donaciklorin sorhaddi/birlosmasi yaxsilagdirilmis vo torkibdo karbidin miqdari
artirilmigdir. Maraqli hala T590 vo UTPDURG600 elektrodlart ilo ¢okilon &rtiiklorin TIG
istoritmo iisulu ilo emalinda rast golinir. T590 elektrodu ilo cokilmis Ortiiyiin ledeburit
strukturu martensito ¢evrilir vo borklik artir. UTPDURG600 elektrodu ilo ¢okilmis oOrtiiyiin
martensit strukturu modifikasiya olunaraq, donociklorin sorhoddinin korroyiyaya davamligi
daha da yaxsilasir. UTP7100 vo UTP Ledurit 65 6rtiiklorinin mikrostrukturlart TIG emalindan
sonra daha da narinlasaraq, borklik artir. UTP807 &rtiiyiinde do TIG emalindan sonra barklik
artmagqla yanasi, vanadium karbidinin ayrilmas1 miisahido olunmusdur.
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Tasokkiir. Isin tocriibi hissosi Berlin Texniki Universitetinin , Birlosdirmo vo ortiik-
¢cokmo texnologiyas1 kafedrasinda aparilmigdir. Experimentlorin aparilmasinda gostordiyi
qaygiya gora Prof. Dr.-Ing. Dr. h. c. L. Dorn - a togokkiir edirik!

Qaynaq materiallar1 ,,UTP Qaynaq Materiali MMC* (UTP Schweiimaterial GmbH)
torofindon tochiz olunmusdur. Firmanin amokdaslarina, xiisuson xanim Aufmuth Edith -o
tosokkiir edirik!
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HAHECEHME M3HOCOCTOMKHUX MOKPBITUA METOJOM
JEKTPOJAYTOBOM HAILJIABKH

@M. IIINP3AJIOB, A.X. CAJIbIXOB

B craThe 060CHOBBIBaETCS 11€7IECO00PAa3HOCTD MPUMEHEHHU METOI0B HAIUIAaBKH NPH HAHECEHUH MOKPBITHI
JIETHPOBAaHHBIM XPOMOM M TIpH TepMHueckoil oOpabGoTke mocie cBapku Metogom TIG mis moBblmeHus
YCTOMYMBOCTH MTOBEPXHOCTEH MaTEpUAIOB MIPOTHB W3HAIIMBAHUS U KOPPO3HUH, & TAKKE TSI UX BOCCTAHOBICHUS.
JlaroTcst cpaBHEHHS TBEPAOCTH M MUKPOCTPYKTYPHI HAHECEHHBIX MOKPBITUI MaTepUANIOB JIO0 M TIOCIE 00pabOTKH.
ITony4yeHHbIN HOBBIN CJIOH, B CPABHEHHH C TBEPAOCTBIO U MHUKPOCTPYKTYPOU MPEABIAYIIETrO CJOs, 3HAUUTEIBHO
TOBBIIIACT €r0 TPHOOTEXHUYCCKIE XapaKTePUCTUKU U 3(H(HEKTUBHOCTS.

Kniwouesvie cnosa: mpudbomexnuka, Hannaexa, moouguxayus, TIG (Tungsten-inert-gas).

WEAR-RESISTANT COATING BY ELECTRIC ARC CLADDING
F.M. SHIRZADOV, A.H. SADIKHOV

The article explains the feasibility of using the cladding methods for coating the alloyed chromium and
follow up the heat treatment after the TIG welding to improve the stability of material surfaces against wear and
corrosion, as well as the resoration. The compariosn data on hardness and microsturture before and after treatment
are provided. The resulting new layer, in comparison with the hardness and microstructure of the previous layer,
significantly increases its tribological performance and efficiency.

Key words: tribotechnics, cladding, modification, TIG (Tungsten-inert-gas).
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OINPEJIEJIEHUE KOO®PUIIUMEHTOB NOI'JIOIEHU S
N NPEJIOMJUIEHUSI KPUCTAJIJIOB TIlInS, U TlInS,
¢ 0.3% INPUMECSAMM <Co, Fe, Mn u Cr>

A.3. BAJIAJIOB, P.M. CAPJIAPJIbI", T.H. BE3UPOBA’,
M.IO. OCUDOB’, A.A. OPYDKEBA”

B pabote nmpuBoasSTCS pe3yNIbTaThl UCCIENOBAaHUI ONTHYECKUX KOHCTAHT KpuctawioB T1InS, u
TInS; ¢ 0.3% npumecsmu <Co, Fe, Mn u Cr> B nanpHe# nHppakpacHOW 00JIaCTH CIIEKTpa METOAAMHU
teparepuoBoil TDS (Time-Domain Spectroscopy). ITockonbky 3Ti MaTepuaibl 00J1aal0T CHIBHBIMU
JIMHUSIMA TIOTJIOIIEHHS B MCCIIEyEMOH TepareplioBoi 00JIacTH CIIEKTpa, TO IS TIOJTyYESHHUS TaHHBIX O
K03(UIMEHTaX NPETOMIICHHS M TOTJIOMIEHHUs HCIIOIb30BaHO HECKOJBKO MeTonMK. [losrydeHsr ya-
CTOTHBIC 3aBUCHMOCTH KO3()(DMIIMEHTOB MpEIOMIICHHS U TIOTJIOIICHMSI B TepareploBoil obyacTy da-
crot 0.2 — 0.4 THz.

Knrouegwie cnosa: Time-Domain Spectroscopy, coomnowenus Kpamepca-Kponuea, mepa-
eepyosas obaacmov, Kod3phuyuenm nozrowjenus, Kodp@uyuenm npe-
JIOMAEHUSL, CREKMPbL OMPANCEHUSL.

BBenenmne. IlepectpauBaeMbie U KOTEPEHTHBIC TEPAreplOBbIE MCTOYHUKH H3ITYYCHUS
ABJIIFOTCA OJJHUM M3 KJIIOYCBBLIX 3JICMCHTOB IIPU XUMHYECKOHU I/I,Z[GHTI/I(I)I/IKaL[I/II/I JJIEMCHTOB Ha
paccTossHUM B OMOMEIUIIMHCKOMN JMAarHOCTUKE TepareproBOi CHEKTPOCKONUH, HAIPUMED, Te-
parepuoBoe 30HAMpoBaHUEe atMocdepsl, uccienoBanue JHK, nerextupoBaHue B3phIBUATHIX
BemectB 1 CBRN. TepareprioBas TDS cnekrpockonus 3anmuchiBacT BpeMeHHYIO (GopMy cur-
HaJla JO0 U IIOClie MpOoXoJia 4Yepe3 KpUCTal. 3aTeM BHIMONHsSETCcs uyucieHHoe @Dypbe-
npeoOpa3zoBanne oOoux curHaioB. OTHomieHue ObicTporo dypre-mpeoOpa3oBaHUs MPOIIE/I-
HIeTr0 CUTHaja K MaJallleMy CIeKTpy AaeT kodduimenTt nponyckanus Kpucraiuia. Eciou co-
XPaHUTh HaAYaJlbHOC BPEMA MCKAY ABYMS IMPOBCACHHBIMU U3MCPCHUSAMHU, TOI'Jd 6I:ICTpO€
@ypbe-npeoOpa3oBaHUE MO3BOJIUT MOJYYUTh KaK MOJAYJb BEJIWYHMHBI MPOIMIEIIEr0 CUrHaja,
Tak u ero ¢asy.

1. MeToanka pacyera CIeKTPOB MOIJIOIIEHUS] W OTPA:KeHHUs] MPH TMOMOIIM COOT-
Howenuii Kpamepca-Kponura.

Meton Kpamepca-KpoHura mo3BoJsieT ONpEaesiTh ONTHYECKHE KOHCTAHTBI M3 CIIEK-
TPOB OTPAKEHUSI.

Uccnenyempie oOpasupl kpuctamwioB T1InS, npenctaBisoT co0oi MIACTUHKY ¢ Tapai-
JeTbHBIMU CTOPOHAMH, JIJIsl TAKUX 00pa3LioB KOA((PUIIMEHTHI OTPAXKEHHUS U MOTJIOMICHUS MOTYT

* [}
A3€p6aI/IZ[)KaHCKa$I Hannonansuas aKaacMus aBualluu
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OBITH C OOJIBIION TOYHOCTBIO OIPECIIEHBI METOIOM, IPEAIOKEHHBIM aBTopamu B [1]. B maTte-
puanax, IEMOHCTPUPYIOIIMX CUJIbHBIE OOJIACTH ONTHYECKOTO MOTJIOIMICHUS, HHTCHCUBHOCTh
IPOILEAIIET0 Yepe3 o0pasell CUrHaima MOKET ObITh MEHbIIE IIyMa. B Takux ciydasx MHTEH-
CHUBHOCTbH IMPOIIE/IIEr0 CUTHAJa OYTH HyleBas U ero ¢asza Hem3BecTHa. OOBIYHO Takas Ipo-
OiemMa pemaeTcss U3MEPEHUEM TEepareploBbIX CIEKTPOB Ha OTpakeHUe. MBI HCHOJIb30BAIH
KOMOUMHHUPOBAHHYI0 METOJUKY, KOTOpas MO3BOJSET MOJYYUTh KOA(PQHUIMEHT MOIJIOIIEHUs U
MpeIoMIIeHUs, HCHoyb3ysl TeparepuoByo TDS wmeromuky. I[lociemoBaTenbHO H3MEPSIIUCH
CIIEKTPBI OTPAKEHUS U MPOIYCKaHUs M MpHU noMouu cootHomeHnuid Kpamepca-Kponura pac-
CUHTBIBATIHMCH KOA(PPHUIHUEHTHI MOTIOMECHNS U TpestiomiieHus kpuctasia TlnS,.

£(0) = &,(0) + iz, (@) (1)

o Anp (@, — )
glw)y=n-k=¢,+y —~—1
j

)

2 2\2 2 2
(@ —0’) +y,0

W 4mp.wy,

&,(®) =2nk = Z = 3)

2\2 2 2
=) + )0
&> Pjs @y, ¥, - BBICOKOYACTOTHASA JMDJIEKTPUYECKAs MPOHMLAEMOCTh, CHUJIA, PE30-

HAHCHAs 4acToTa M 3aTyXxaHue j—To ocuwuiatopa. Kak BumHo u3 ypaBHeHUs (3), QyHKIHS
®er(®) MPUHUMAET MaKCUMaJIbHOE 3HAYEHUE MIPU YaCTOTE MONEPEYHOr0 ONTHYECKOTO (POHOHA
¥ MaKCUMyM () YHKITHH

2 -1 -1
] [_ gfl(a)):l_ 82(60) _ ?)1] (goo _80 )7// . 4
" g rel(w) oo, -o) + 7 @
1 2 i 7
TIPH 9acTOTaX TPOONBHEIX ONTHYECKHX (OHOHOB . TakuM 0Gpa3oM, 3Has AUCTIEPCHOHHBIE
COOTHOILICHHS, MOXHO HANTH YaCTOTHI MPOAOJTBHBIX M MONEPEUHBIX ONTHYECCKHX (DOHOHOB.
CHI1a j-ro OCIHMILIATOPA BEIYHMCIISAETCS TI0 ClIeaylomeil popmyre:

2 n 2 2

_ 800 a)li _1 H a)li B a)li (5)
Pi= 4 2 2 2
T\ Wy J#i a)lj Wy

HapaMeTpLI OCHHUJIJIATOPOB HAXOAATCA M3 IMMOATIOHKH IO SKCIICPUMCHTAJIBHBIC CIICKTPhI
OTpaXCHUH. ﬂ.]'[ﬂ 3TOr0 B KQ4ECTBE MMOATOHOYHBIX ITapaMETPOB HCIOIB3YIOTCA &, ,Oj, a)ij’ }/j .

Hcnionb3ys Beipakenus (1-5), Beraucisercs kpuBas R(w). Koaddumuent orpaxkenus uepes
MOKa3aTesy MPEJIOMIICHHUS U TTOTJIONICHUST UMEET BUIL:

R_(n2_nl) +k 6)

- 2 2
(n, +n)" +k
ITpu 3TOM MOAYNb U (aza KO3 UIIMEHTA OTPAKESHHS OTIPEIEISIOTCA KaK

2n.k
¢=arcig——"—
ny —n; —k;

(7)

B mornomaromux cpempax AuIEKTpUYecKas IPOHUIIAEMOCTh COJIEPKUT MHUMYIO YacTh
é= €+ & B 3TOM Clly4yae MoKa3aTeib MPEIIOMICHUSI CTAHOBUTCS KOMIUIEKCHBIM: /1 = ntik.
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JlelicTBuTenbHasT 4acTh IOKa3aTeNs MPEJIOMIICHUS OMMCHIBACT AUCHEPCHI0 Kod(puIeHTa

PETOMIICHUS
& ++& +é&;
NnN=1—
2 (®)
a MHUMasl 4acTh — AUCIIEPCUI0 KOAP(UIIMEHTA MOTTIOMICHUS
k=¢/2n 9)

AHanu3 CHekTpoB IpH nmomouy cooTHoumeHui Kpamepca-Kponura mo3BosiseT mosmy-
YUTh JUCIEPCUM JIEUCTBUTEIBHOM W MHHUMOW YacTel IUAJIEKTPUYECKOM MPOHMUIIAEMOCTH, a
TaK)Ke CIEKTP KO3(PPUIIMEHTOB MOIJIOMICHNUS U MPeJIOMIICHHs. B HEKOTOPBIX Cilydasx mpu 00-
paboTKe 3KCIEPUMEHTANBHBIX CIIEKTPOB OTPAXKEHUS U MOTJIOMIEHUS OHOBPEMEHHO HCIOJIb30-
BAJINCh JTUCNEPCHOHHBIM aHanu3 W aHanu3 Kpamepca-Kponwura. IlpenBapuTenbHO CHEKTPBI
OTPa)KEHUSI CBEPSUIUCH C PACCUUTAHHBIMU CHEKTPAMU OTPAXKEHUS U3 JAHHBIX CIIEKTPOB IPO-
MyCKaHWsS U KOPPEKTUPOBATIUCH B 00JACTH HU3KHX YaCTOT CO CHEKTPOM OTPAKEHUS METAJLIH-
YeCcKOro 3epkana. B obmactu mpo3pauHocTH H3MEPSUIHCh KaK CIIEKTPHI OTPAXKEHHUs, TaK U CIEK-
TPBI MPOITYCKAHUS, MPU ITOM KOA((UIIMEHTHI MOTIOMIEHUS M MPETOMIICHHS PACCUUTHIBAINUCH
Kak npu nomoinu cootHomennit Kpamepca-Kponura, Tak u u3 cnektpo nponyckanus. [Tomy-
YEHHBIE PE3YNbTaThl HAKJIAbIBAIINCh U CPABHUBAJIUCH, J1ajiee MPOU3BOANIACH KOPPEKTUPOBKA,
cBs3aHHas ¢ (pa3oi BOJHBIL. [IpermyIecTBo 1aHHOTO METO/Ia 3aKII0YAeTCs B TOM, YTO OH I03-
BOJISET MOJIYYUTh 3HAUYEHUSI ONTHUYECKUX KOHCTAHT, C OOJIbIIEeH TOYHOCTHIO UCIIOJIB3YS JaHHbIE
CIEKTPOB IMPOIYCKaHUs, IPH 3TOM JaHHBIE O (a3e, MPOIyHIeHHbIE B 00JIACTH CUIBHOTO I10-
TJIONICHUS], BOCCTAHABIMBAINUCH U3 IaHHBIX 1O CIIEKTPaM OTpakeHHUs. TakuM myTem ObLIHU IO0-
Jy4eHbl JaHHBIC TSI KOI(PPUIIMEHTOB MPEIOMIICHUS B 00JIACTH MPO3PAYHOCTH KPUCTAILIIOB C
OOJBIION TOYHOCTHIO U MAJIBIMH IITYMaMH.

OTa MeTOIMKa MCIIOJIb30BAIACh JJIS OIpeiesieHus K03()(PUIMEHTOB peToMIICHHS U T10-
rJIoeHus uccienyemMeix KpuctamioB TlInS;, a taxxke kpuctamnoB TlInS, ¢ BHeapeHHBIMU
npumecsimu Co, Cr, Mn u Fe.

3HaHHE ONTUYECKMX KOHCTAaHT B TepareplroBoi 0OJACTH YacTOT MO3BOJSET BBISICHUTDH
BO3MO>KHOCTh UCIIOJIb30BAaHUS 3TUX COCMHEHUN B KaUeCTBE JE€TEKTOPOB, GUIHTPOB, HCTOYHH-
KOB M3JIy4CHHMs, TIOJSIPU3AaTOPOB U JIpYrux npubopos. McciaenoBaHne ONTHUECKUX KOHCTAHT
IpY TIOMOIIHM TepareproBoil crekTpockonuu Bo BpemeHHou obnactu (THz-TDS) mo3Bonser
nojy4yath MHPOpMaLUio 00 ONTHYECKUX Mapamerpax (kKo3dduuueHT mperomieHus n u Imo-
TJIOIIEHUS (1) B IOBOJBHO HMIMPOKOM CHEKTpalIbHOM obnactu 0e3 ucronp3oBanus ananusza Kpa-
Mepca-Kponura. OTo CBS3aHO ¢ TeM, YTO B IIPOLIECCE IKCIIEPUMEHTA 110 U3MEPEHUIM CIIEKTPOB
MPOMYCKaHUsS (OTPaKEHUsI) U3MEPSIOTCS 00€ COCTABISIOIIME MPOIIEIIIETO Yepe3 KPUCTAILT
CUTHAJIa — aMIUIUTYAbI U (pa3bl BOJTHBI.

2. ITosryyeHune JaHHBIX 00 ONTHYECKUX KOHCTAHTAX U3 CIIEKTPOB NMPONMYCKAHUS.

B cnydae nccnenoBaHusi CIIEKTPOB IPOITYCKaHUS BBIMOIHAETCS CIEAYOIAs MOCIEN0-
BaTEIbHOCTb U3MEPEHUI: U3MEPSAETCs ONOPHBIN TEParepLOBbIii CUTHAI U 3aTEM CUTHAJI, IIPO-
HmIemui 4epe3 oOpasell, BHIYUCISIETCS OTHOIICHUE aMIUTUTYAbI MPOIIEAIIEro CUTHANA K UC-
XOJJHOMY CUTHAJy, 4TO TO3BOJISIET MOJIYYUTh BPEMEHHYIO (hopMy curHana. 3aTeM pacCuuThl-
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BAIOTCS 3HAYCHUS KO3 PHUIMEHTOB MperoMiIeHUs U noriomeHus. CoekTpsl IpOmyCKaHus Ja-
10T HanOoJiee HAZISKHYIO0 U TJOCTOBEPHYIO HH(POpMAIINIO 00 ONTHYECKUX MapaMeTpax MaTepua-
a.

Jns monydeHust MHPOpMauu 00 ONTHYECKUX IMapaMeTpax MmaTepuaia HeoOXOAUMO
3HAHHE JIEKTPOMATHUTHOTO OTKJIMKA TOMOT€HHOT0, H30TPOITHOTO 00pasia ¢ napaieIbHbIMA
wiockocTsaMu. [Ipu 3TOM aMIUIMTYy/a TeparepoBOro CUrHaia JO0JDKHA OBITh JOCTATOYHO Cia-
0a, 9TOOBI AIIEKTPOMArHUTHBIA OTKJIMK OBUI JIMHEeeH. JJIs mapaienbHOTo TeparepoBoro Jryda
KOMIUIEKCHBIH KOA((UIIMEHT MpOITycKaHUsl 3aBUCHT OT TOJIIMHBI 00pa3ia ¥ KOMIUIEKCHOTO
ko3 duureHTa nmpeaoMiaeHuss Marepuaia. [Ipy HoOpManTbHOM HaJeHUH Jy4da HAa KPUCTAJLI BbI-
pakeHHe MOKET OBITh 3aITUCAHO B BUJE:

T(w)=te = _4—n_2€xp[— (- ])Qd}FP(a))
(i +1) c (10)

31ech ¢ — CKOPOCTh CBETa B BaKyyMe, 0=27f — Kpyropas 4acToTa 1

FP(w) = !

— 2

. (11)

— exp| —2 jﬁgd
n+1 c
FP(w) cooTBeTCTBYET BKJIAAy BCEX BHYTPEHHHMX OTpakeHHUil B oOpasue. pyrumu cio-
BaMH, 3TO BBIpaKeHHME ommchiBaeT pe3oHaHc Dabpu-Ilepo. Koadduuuent normomenus (o)
MIPOTIOPITHOHANICH KOA(PPHUIIMEeHTY SKCTUHKIMU (k), MHUMOW 9acCTH KOMIUIEKCHOTO KO3 duIm-
€HTAa MPEIIOMIICHUS 71
4k
c
KommiekcHbit K03 pUIIMEHT mperIoMIIeHUsl MaTepuana Moy4yaercs, KOrja Mbl HC-

a(em™) = (12)

10b3yeM COOTHOIEHHUS Toxen (®) — Treop (®) = 0, TIE Toren (@) U Treop () KOMIUIEKCHBIE BEIIH-
YUHEI.

3. l'[onyqe}me JAHHBIX 00 ONTHYECKNX KOHCTAHTAX U3 CIIEKTPOB OTPA’KCHUSA.

B ciiydae u3MepeHus CIEKTPOB HAa OTPaKEHUE MPOBOJISTCS U3MEPEHUs CIIEKTPOB OTpa-
JKEHHUS OT o0paslia M CIEKTPhl OTPAKECHUS METAJUIMYECKOTO 3epKajia, 3aKPEIICHHOTO Ha MECTE
oOpa3sua, koTopblit mpuHuMaetcs 3a 100%.

[Ipu HOpMaTLHOM MAJIEHUH TEPArepPIIOBOTO U3ITYYCHHUS Ha KPUCTAILT KOIDPHUIIMEHT OT-
paXXeHUs 3aIUIICTCs B BU/IE:

= ; ~2i%nd
Rl@)=re? =25
n+]]_ nw—1 872?nd (13)
n+1

B 0CHOBHOM CIIEKTpPBI OTpaKEHUsI U3MEPSIOTCS Ha 00pa3lax WK OY€Hb TOJICTBIX, WU
UMEIOIIUX OOJBIION KOA((UIMEHT MOTJIOMEHNS, TO €CTh HAa TaKUX 00paslax MPOBOAUTH HU3-
MEpeHHs CIIEKTPOB MPOIYCKaHUs HE IMPeJCTaBiseTCs BO3MOXKHBIM. Ecnu mpeHeOpeus BHYT-
PEHHUM MHOTOKPATHBIM OTPaXCHHEM OT 0OpaTHOM MOBEPXHOCTH, BhIpaxkeHue (13) 3amurmercs
B BUJIE!
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n—1
n+1

VYpaBuenue (14) MOKeT OBITh AaHATUTHYECKU PEIICHO MPH MIOMOIIH PAaBEHCTBA /7 = n — ik Kak
(YHKITHS TOJIBKO KO3 (PHUIMEHTA OTPAKEHHUS U (Da3bl BOJIHBI:

R(w)=re" =

(14)

1-7? i 2rsing,
n= =
1-2rcosg, +r? 1-2rcose, +r?

5

CornacHo mpuBeIeHHBIM (QopMysaM, U3 CIEKTPOB MPOIYCKAaHUS U OTPaXKEHUsS KpH-
CTAJUIOB paccuMTaHbl KO3PPUIMEHTH IperomiieHUs U mnoriouieHus kpucramioB TlInS; u
T1InS,; ¢ 0.3% npumecsamu <Co, Fe, Mn u Cr> (pucysku 1 — 8).

Ha pucynke 1 mpuBoAWTCS 4acTOTHASI 3aBUCUMOCThH KO3(PUIHEHTa TOTJIONICHUS KPH-
crayuia TlInS,, monyuenHast u3 u3MepeHuit cuekTpa npomyckanus (kpusas 1). Crektp noruo-
LIEHUS 3TOTO K€ KPUCTAIIA, PACCUUTAHHBIN M3 JAHHBIX 110 U3MEPEHUSIM CIIEKTPOB OTPAKEHUS
(xpuBas 2). BunHbl cuiibHBIE TUHUM TIoTJomeHus Ha yactorax 0.4 , 1.0, 1.5 THz. Otu nunun
noryiomeHus: Ha yactotax Boitie 2.0 THz cBsi3aHbl ¢ CHIIBHBIM 0JTHO(OHOHHBIM TOTJIOMIEHUEM
KpHUCTaJa.

Ha pucynke 2 mnpezicraBieHa 4acTOTHas 3aBUCHUMOCTb KOX(DQHUIMEHT MperoMIIeHUs
kpucrama TlInS,, momyueHHas U3 CIEKTPOB MPOMYyCKaHUs, mocie (ha3oBOM KOPPEKTHPOBKHU
(xpuBas 1), U3 CEKTPOB OTpakeHUs (KpHUBas 2) U PacCUYMTAHHAS IIPU ITOMOLIY COOTHOIIECHUMN
Kpamepca-Kponura (kpuBas 3).
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Yacrota (TI') Yacrora (TTm)
Puc.1. Yacmommnas 3asucumocms koIgpgpuyuenma Puc.2. Hacmommnas 3aeucumocmsy KodIpgpuyuenma
noznowenus kpucmanna TlnS,, nonyuennas u3z npenomnenun kpucmanna TlnS,:
uMepeHuil cnekmpa nponyckanus (kpueas 1). — NOJIYYeHHAs U3 CNEKMPO8 NPONYCKAHUS, Noce

Cnexmp noznouwieHus Imozo rce Kpucmaniia, pac- asosoti koppexmuposku (kpusas 1);

CUUMAHHBLI U3 OAHHBIX RO USMEPEHUAM CHEKMPO8 — us cnexmpos ompanicerus (kpusas 2);
ompameﬂu}l (Kpuea}l 2) — paccHyumantas npu nomowju COOmHouwerHuu

Kpamepca-Kponuea (kpusas 3).

Ha pucynke 3 mpuBOAWUTCS OTKOPPEKTHPOBAHHBIA CHEKTP KOAD UIIMEHTA TpeoMIe-
Hus (KkpuBasi 1) 1 OTKOPPEKTUPOBAHHBIN CIEKTpP MorjomeHus (kpuBas 2) kpucramia TlInS,.

Ha pucyHke 4 npuBOIUTCS YaCTOTHAs 3aBUCUMOCTH KO3 (HUIMEHTA MOTJIOMIEHUS KpU-
crayuia TlInS, <Co>, nony4yeHHas U3 U3MEpPEHHid criekTpa npomyckanus (kpusas 1). Crektp
TIOTJIOIIEHUS ITOTO XK€ KPUCTAJUIA, PACCUMTAHHBIN U3 JAHHBIX MO0 U3MEPEHUIO CIIEKTPOB OTpa-
XKEeHUs (KpuBasd 2).
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Ha pucynkax 6-8 nmpuBonaTCs CIIeKTpbl npornyckanus kpucramia T1InS, nerupoBanHo-
ro 0.3% Cr, Fe u Mn. Kak BugHo u3 pucynkos, 0.3% npumecu Cr, Fe 1 Mn He BHOCAT cBOMX
JIUHUN B 3TON 00J1acTH crieKTpa. TeparepiioBblii cCriekTp GopMupyeTcs 3a CYET CHIIbHBIX JIMHUN
nornomieHus: By cummerpun kpuctamia TlInS,.
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TIInS, VO 0,3%-li <Co, Fe, Mn VO Cr> ASQARLARI iLO ASQARLANMIS TIInS,
KRiSTALLARININ UDULMA VO 9KS OLUNMA OMSALLARININ MUOYYONLOSDIRILMOSI

A.Z. BODOLOV, R M. SORDARLI, T.N. VOZIROVA,
M.Y. YUSIFOV, A.A. ORUCOVA

Mogqalads TIInS, va 0,3% <Co, Fe, Mn u Cr> asqarlart ilo asqarlanmig TlInS, kristallarinin optik
konstantlarinin spektorun uzaq infroqirmizi oblastinda THZ spektoroskopiyasi (Time-Domain Spectroscopy)
metodu ilo todqiqinin neticolori verilmisdir. Bu materiallar spektroun todqiq olunan terahers oblastinda giiclii
udulmaya malik olduglarina gérs sinma va udulma amsallar1 haqqinda malumat almaq iigiin bir ne¢s metodikadan
istifade edilmisdir. Sinma vo udulma amsallarinin terahers tezliklor oblastinda (0.2 — 0.4 THs) tezlik asililiglar
almmisdir.

Acar sozlar: zaman hall spektoroskopiyasi, Kramers-Kroning alaqasi, terahers oblast, sinma amsali,
udulma amsali, oks olunma spektoru.

DETERMINING THE COEFFICIENTS OF ABSORPTION AND REFRACTION OF THE
CRYSTALS TlInS,; AND TlInS,; WITH 0.3% IMPURITIES <Co, Fe, Mn and Cr>

A.Z. BADALOV, R.M. SARDARLI, T.N. VAZIROVA, M.Y. YUSIFOV, A.A. ORUJOV

The paper presents the results of studies of the optical constants of crystals TlInS, and TlInS, with 0.3%
impurities <Co, Fe, Mn and Cr> in the far infrared region of the spectrum methods terahertz TDS (to Time-
Domain Spectroscopy). Since these materials have strong absorption lines in the study of terahertz spectral range,
to obtain data on the refractive index and absorption used several techniques. The frequency dependence of the
refractive index and absorption in the terahertz frequency range 0.2 - 0.4 THz.

Key words: time domain spectroscopy, Kramers—Kronig relation, terahertz region, refraction coefficient,
absorption coefficient, reflectance spectr.
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RATIO OF POWER INDICATORS IN THE SYSTEM
«DRILL STRING — DRIVE»

B.A. PERMINOV', V.B. PERMINOV"", Z.H. YAGUBOV', E.Z. YAGUBOV"

Work is devoted to research of the power indicators of the drill string in the drilling operation
and the definition of the necessary conditions for maintaining the dynamic equilibrium of the system.
It was shown that the accumulation of potential energy in the bottom of the column is more than the
kinetic energy of the upper part always provokes relaxation oscillations in the system.

Makes recommendation, that to enhance the dynamic stability of the work regime is neces-
sary increase the moment of inertia of the drive of column and reduce the weight of the bottom hole of
column.

Key words: relaxation oscillations; dynamic stability; form stability,; strain energy,
moment of resistance.

When you rotate the drill string due to the influence of dissipative forces arise relaxa-
tion oscillations of the drill string, which under certain power relations between the drill string
and the drive can lead to a regime of forced oscillations of the drive of motor.

Indeed, in the well drilling mode the drill string rotation transmission occurs from the
wellhead to the bottom. Thus, due to the impact dissipative forces on the drill string, in the
wellbore it becomes possible to stop a certain portion of the column, and twisting of the
stretched portion, and, after accumulating a sufficient level of potential energy, disruption of
column bottom with acceleration of rotational of column. Stock of potential energy in the elas-
tic column in rotation of upper part of is greater, the greater the resistance force, that hinder of
the rotation of the drill string. In [10] it is shown that the drilling process is accompanied by
self-oscillations with the costs of power to overcome them is not more than 30% of the motor
of drive. However, with an increase in the moment of resistance to rotation of the drill string,
these costs can increase dramatically. The sharp increase of moment of resistance can be at-
tributed to an increased axial load on the drill string. According to [10] found that the dynamic
balance helically bent drill string, rotating in a borehole, may be provided with three types of
movement.

1. The rotation of the considered site the drill string around of an own curved axis:

— with the sliding, relative to the borehole wall;

* v v v

VXTHHCKHUI TOCYIapCTBEHHBII TEXHUYECKUI YHUBEPCHUTET, I. YXTa
ok

00O «I'a3npom Tpancras Yxra», I. YXTa
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— without sliding, with a reverse rolling on the borehole wall (planetary motion or
column circulation).
2. The rotation of the helically curved column around the borehole axis.
3. Transitional kind of movement is disorderly beating of individual sections or the en-
tire drill string.

We compare the energy costs of rotation of the first /¥, and second W, types.

The rotation of the column around its own axis is possible in case [4] W, <W,. Condi-
tions defining the rotation spirally curved columns around borehole axis, conditioned by
W, > W, . Transition movement type is characterized by W, =W, .

At first type of rotation, energy that expended is the sum of the elastic energy of the

helical spiral and the energy that is numerically equal to work of the friction forces in one revo-
lution of the rotor:

2 2 2
W, =U+4, = rPeR-EL g PR

2-(2'E-[+P-R2)2 4.E-1 ()

The energy expended at the second form of the rotation is numerically equal to the
work to overcome the friction forces in one revolution of the rotor and the energy of pressing
with spiral bending and the centrifugal forces of rotation [9]:

W2:n.D.m.1+i.w2.n.R.u.D.l_ )
4-F-1 g

In the formulas (1) and (2) the following notation:

U — the elastic energy of helical spiral; A4, — work of friction forces in one revolution
of the rotor; P —axial load; R —well radius; E -1 — elasticity of the drill string; / — length
pipe string; u — resistance coefficient between the pipes and the borehole wall; g — weight of
unit of length string; g — acceleration of gravity; ® — angular rotation speed of the pipes; D,
d —borehole diameter and diameter of the drill pipe.

From the third conditions of rotating of the drill string, when W, =W, , can be find the
dependence of the moment of resistance to rotation from the axle load:

1 PP-R-pu-D 1 1 g0 -d>-D-n

M =— "2 " R P+—.
8 E-I 2 32 R

3)

According to expression (3) the dependence of the moment of resistance to rotation is
determined by a quadratic equation of the value of the axial load, and the square of the angular
velocity ® and coefficient of friction p. It was noted [5, 6, 7], that the moment of friction, in
turn, depends on the angular velocity of the drill string ® and coefficient of friction p.

Calculate the dependence of friction torque with the bending deformation of the drill string
and the different angular velocities is extremely difficult, so in Figure 1 shows the experi-
mental dependence of the moment of resistance to rotation.
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The dependence has a distinct falling

kKN'm M,

300 ; part with increasing axial load caused by
250 P )f\ the change in the speed of rotation of the
i’, / \ column as a result overlay of relaxation

20 / / \ oscillations.
150 Disruption of mode of operation of

7 "\ srupt
. , / the drill string and the occurrence of re-

44 . o
// laxation oscillations was measured by the
» _ = variational structure of torque gradient
— L
it measurement [2, 8].

60 R0 100 120 140 160 180 200 kN

As noted previously [3, 4], the largest
sampling of energy from the engine for
the rotation of of the drill string occurs at
the critical value of the axial load:

R _Jg.ﬂ.ﬂ.E.].af -D-q
"N g R-4moper) “4)

which is fully consistent with the schedule of the experimental curve M, = f (P) on figure 1.

Figure 1 — The dependence of the moment of
resistance of the axial load M . = f (P )

With further increase of the axial load due to loss of stability of shape drill string under the
influence of torque forms the spiral shape of stable equilibrium. Ie, in this case, the stretched
portion of the column can be rotated only around the wellbore. Moment of resistance to rota-
tion thus reduced owing to reduction of the moment of friction at the distribution of forces of
pressing of large numbers portions of the column of drill pipe to the walls of the well. With an
increasing number of bending half wavelengths increases frequency of the relaxation oscilla-
tion.

The increase in power consumption on the rotation of of the drill string at occurrence of
relaxation oscillation leads to disruption of the dynamic equilibrium of the system "drill string
— drive". Indeed, according to experimental data at the critical value of axial load of power
consumption of energy on rotation of the drill string reaches 57% [3, 4], which is higher than
the threshold of energy balance "drive — drill string". Violation of the energy balance can lead
to disruption of the dynamic equilibrium system "drill string — drive." To evaluate the dynamic
equilibrium is sensible to assess sustainability of the system.

Consider the dynamic conditions of stability of the system "drill string — drive" on the
example of the use of the electric drive DC Independent
excitation.

The power of the electric drive is made under the
scheme thyristor converter-motor (TC-M). Structure of the
power part includes: an electric motor, thyristor converter,
matching transformer and smoothing reactor (Figure 2).

. o Figure 2 — The equivalent
Management electromechanical characteristics of circuit TC-M svstem

TC-M system has the form:
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E, .. -cosa R
= d max _Iﬂ . A% , (5)
k-@ k-@
where: E, _ — counter EMF of the armature circuit; & — coupling coefficient; @ — magnetic
flux in the motor circuit; coso. — motor power factor; R,y =R, +R, +R, +R, , , R, —motor

armature resistance; R, — switching resistance R, — active resistance of the transformer; R, .,

— the average resistance of valves;
The processes of electromechanical energy conversion in the TC-M system are de-
scribed by the following equations in the operator form of writing:

K, U, =(T, p+l)e,;

e,—e=Ry (T, p+1)i,;

e=k-D-w , (6)
M=k-®-i_

M-M =J o p

en

where: U, — voltage of control on input TC; K, = — amplification factor voltage TC;

y

T =0,01 ¢ —small time constant, which consider discreteness, delay and availability of fil-

mn

ters in the system phase-impulse control; e, M — counterEMF and electromagnetic torque of

the motor; M — resistance torque on the motor shaft; J, — motor inertia moment.

Structural sche-

me the open-loop sys- ., @‘

tem TC-D has the form Ul Kk, | e /R, | i M 11| @

shown in Figure 3. Nr,-p+| |7, -p+1 '@_'? "7 >
In recording M.

equations by means of Figure 3 — Structural scheme the open-loop system of electric drive

the speed of the ideal
idling and stiffness of the mechanical characteristics

M (T, - p+1)=p-(0, —o)
Kmn .Uy :(Tmn 'p+1)'en (7)
M-M.=J, -0 -p
e, : (8)

(D =
" ko

Structural scheme will be takes the form shown in Figure 4.

For inrush current limiting and torque in the modes when arising for any reason me-

chanical overload exceed overload capability of the motor, equal to / =2,5-1,, necessary

5. 0on.

to have an automatic torque limiter, developed by a valid value. Permissible motor torque is
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determined by the maximum

permissible load mechanism Uk, |a[1] i B | M 11| o
under the terms of the me- i Y T p+1] ed
chanical strength. On the other ?Mf

hand, its multiplicity in rela-
tion to the rated torque must
not exceed the overload ca-
pacity of the motor. Selected of these conditions the torque will be called the retaining torque,
and the current, which provides this moment, let's call the retaining cur-

Figure 4 — Transformed structural scheme the open-loop
system of electric drive

and mark as M

cmon. 2

cmon.

rent /_,,, = .
k@

In the bundled thyristor device used uniform block system of regulators on integrated
circuits YBCP-A4. The system consists of unified elements-cells: operational and matching
amplifiers, detector with galvanic isolation of input and output circuits, filters of setpoint ad-
juster, functional converters and power supplies. The cell also includes components for limiting
output voltage of amplifiers, one of which is assembled on the transistor and allows you to
change limit of voltage of amplifiers in the range 1.5 ... 10 V, and the other - from the diodes
and provides a fixed level of limiting.

Parameters of mechanical part of the system.

Gear ratio

0‘)1 _ nl

where n,, ®,, n,, o, —frequencies rotational and angular speed of the motor and the drill.

1000
i, =——=12
500
The data of drill pipe shown in Table 1.
Table 1
The data of drill pipe shown
Name Unit of Value
measurement
The outer diameter of the pipe mm 214
The inner diameter of the pipe mm 194
The length of pipe m 12
The weight of unit length of the pipe kg/m 23,5
Modulus of elasticity kG/sm’ 6-10°

Mass of pipe
m=1[-vy,
where [ —length of pipe; y — weight of unit length of the pipe.
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m=12-235=282 «I'.

The moment of inertia of the pipe

J _m-!Dz—dZP

mp 8

where D, d — outer and inner diameter of the pipe.

5

~282-(0,214> —0,1912)
™ 8
The torsional rigidity of the pipe
n-G- (D4 -d* )
¢, =
g 32-1

where G —modulus of elasticity.

=0,325 x[-Mm>.

5

8 4 4 )
o 34810 (0214 =0191) 000 HoM
v 32-12 pan

Under load, in the transmission of torque in the kinematic scheme "output shaft - oper-
ating element" radial forces arise, which lead to bending deformations of the pipe string. In the
absence of sufficient data, we assume that the torsional pliability (the value inverse to) will be
equal to the bending. Then equivalent pliability of the pipe will be equal to the sum of torsional
and flexural pliability. The value of the equivalent stiffness of the pipe in such a condition will
be:

¢, 500-10°

a.mp 2

= 250.10° ™
rad

The total moment of inertia of the pipe string is determined by expression

_ lK 'Jmp _ 1000‘0,325
‘ / 12

mp

J =271 kG-m”.

The total hardness coefficient

[ -C . .103 .
¢ Cuy 12:25000° 40 Nom.
" / 1000 rad

K

In the transition to a two-mass system, design scheme "electric drive — pipe string —
working body" is shown in Figure Sa.

To go to the circuit shown in Figure 5b, necessary adduction the moment of inertia and
rigidity coefficient to the motor shaft, while considering that the transfer the engine - output
shaft of reductor is absolutely rigid.

The resulted to the motor shaft, moment of inertia of the pipe string is equal

S de 21

== =68 kG,
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The reduced hardness

o G310
K .2 2 >
I 2 rad

Then, in the final design sche-

me of mechanical part in Figure 5c

J'
J, =J, +—L =175+ 038
2 2

=178,4

J
kG-m?; J, :7":3,4 kG-m?;

C12

S

Bem

Ji+

Ce

bmm.

[\S)

_>M:

a

|

J' Myl | J,
; |
Bem
b
CIZ
M,
Ji 2
ﬂlZ

Figure 5 — Initial (a), the reduced (b) and the final (c) the

N-m

C' =0,75-10° .

rad

calculated scheme of the mechanical part of the system "elec-
tric drive — pipe string — working body"

The angular frequency of natural oscillations of the considered mechanical part of sys-

tem

Q. = Clz'(J1+J2)

0,75-10° -(178,4+3,4)

12 Jl . J2

Period of natural oscillations

T,

Linear frequency of natural oscillations

flz:_
T,

:

2-m 2-314
QIZ

1

178,4-3,4 S

T 0.42

15

=0,42 s.

=2,38 Hz.

rad

Figure 6 shows a complete scheme of the system "drill string — drive".

Given the schemes of drive (Figures 4, 5c, and 6), as well as simulation of DC motor
drives [1] and the construction of the structure of the drill string [3, 4] carried out the construc-

Cm; Cm;, ;6 (10)xB
PY/N (4
1
o [)
U,.| 31 TI
—1 —l1 |
L L L

Figure 6 — Scheme a subordinate current control
and speed in the system TC-D

69

tion of the overall
structure of the "drill
string - drive", ex-
amining the drill
string as a two-mass
model, with taking
into account the ex-
pressions 5-8 (Fig-
ure 7).



B.A. Perminov, V.B. Perminov, Z.H. Yagubov, E.Z. Yagubov

M |1
Usm |T-p+1) | K | @l VR P 1] fay|Ga ) 1
T,-p | |Lwpe | Lo+ [ =—10H | |2 g
Uom

k,,

Figure 7 — Structure scheme of the system "drill string — drive"

Here, on the input of the system supplied specific voltage U, which determine modal

parameter rotational speed of the drive shaft ,. Stabilization of angular velocity is imple-
mented using slave control system with the converter &, in the feedback loop. The electrome-

chanical circuit DC motor includes:

: : : : . T, -p+1
— unit of electromechanical conversion with a transfer function W, (p)= % ;
M ’ p

— unit of thyristor converter type "thyristor converter — drive" TC-D with the transfer

function W, (p)= TL;)H;

mn

. - 1/R
— unit of armature circuit W, ( p) =—2=
T, -p+1

Control voltage of the thyristor is defined as U, = e, —e, and read with a feedback ad-

der 2. Output drive circuit consists of a torque converter k- @ and the inertial mass of the drive

shaft

T The structure is covered feedback with torque conversion in the the EMF.
1° P

The mechanical part of drive and drill string are determined by elasticity C,,, viscous
friction f3,,, moment of inertia of the second mass J, . In the adder 4 is supplied the moment
of resistance, which takes into account dissipative forces M, .

Operator polynomial open-loop system with reduced transformations and lowering or-

der with respect to the moment of resistance can be written as M _ can be written as
ao‘p3+al-p2+a2'p+a3:0, 9)

where, taking into account the given numerical data, a,=3,4; a, =197; a, =49.82;
a, = 9418 — nns riryOounsl npoxoaxu ckBakuHsl 1000 m.

Moment of inertia of the second mass for this case is J, =3,4-10° =3400 kG -m®.
We define the stability of the system, using the criterion of Routh-Hurwitz.

The determinant of the third order:
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A, =la,|=[197]=197 > 0;
197 9418

3,44 4982

a, a, O] [197 9418 0

Ay=la, a, 0[=|34 4982 0 |=-209142324<0.

0 a a) |0 197 9418

a, da,

A, = ‘ = =—-22206,66 < 0;

a, a,

Determinants of the second and third order are negative, hence, the system "drill string -
drive" in the drilling operation is unsustainable at specified values. It will be appreciated that
the coefficient a, determined mainly by the value of the moment of inertia, and the ratio - val-

ue of the moment of inertia J,, and the ratio a, — value of the moment of inertia J,. The mo-

ment of inertia J, is a variable quantity and depends on the depth of penetration wells. Obvi-
ously, it is possible to find such length of the drill string, at which the the stability boundary of
the system occurs. At the same time the first mass moment of inertia remains constant. This
case corresponds to equality:

a,-a,-a,=a,-a,-d,, (10)

from whence, a,=2887, which corresponds to depth of the penetration well

[ = ﬂ =306,4 m.
2,77-3,4
The ratio of the moments of inertia in this case m = i = & =0,17~0,2.
J, 3,4-306,4

It is obvious that for the mode of drilling by an adequate margin of stability, conditions
must be observed J, >0,2-J,

J,>02-J,, (11)

Inasmuch as J, determined by the depth of penetration, and J, for this particular drive
is a constant value, that limit value J, should be determined by from the condition (3) for the

maximum penetration depth and, if necessary, ground part of the drive must be equipped with
additional flywheel.

Conclusions:

1. Relaxation oscillations in the system "drill string - drive" appear as a result a viola-
tion of the dynamic equilibrium of the system.

2. The dynamic equilibrium system "drill string - drive" determined by the stability of
this system.

3. To ensure the stability of the system "drill string - drive" must be observed inequality:

i>0,2.

2
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4. Relaxation oscillations in the "drill string - drive" the system can be compensated for
through increasing the moment of inertia of the motor drive, for example, the use of a flywheel.
5. Decrease of relaxation oscillations promotes to decrease of the mass of bottom hole
assembly, which leads to a substantial reduction of the kinetic energy of the mass m, and to a

corresponding decrease J, .
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"QAZIMA BORUSU - INTIQAL" SISTEMIND® ENERJI
GOSTORICILORININ NiSBOTI

B.A. PERMINOV, V.B. PERMINOV, Z.X. YAQUBOV, E.Z. YAQUBOV

Mogqals qazima rejiminde qazima borularinin enerji veziyystinin paylasdirilmasinin todqiqatina va
sistemin dinamik tarazliginin saxlanilmasi ti¢iin vacib sortlorin toyinino hosr edilmisdir. Gostorilmisdir ki, yuxari
hissonin kinetik enerjisindon yuxari borunun asagi hissesinde potensial enerjinin yigimi homiss sistemda
relaksasiya rogslorinin yaranmasini tohrik edir.

Is rejiminin dinamik dayaniqh@inin artimi iiciin, boru intigalnin stalot momentini artirmaga vo boru
ucunun kiitlasini azaltmaq tovsiys olunur.

Acar sozlor: relaksasiva ragslori, dinamik dayanmiqhq, forma dayaniqligi, deformasiya enerjisi,
miiqgavimat momenti.

COOTHOIIEHUE SHEPTETUYECKUX MMOKA3ATEJIEA B CHCTEME
«BYPUIBHAS KOJIOHHA — ITPUBO/I»

b.A. IEPMHUHOB, B.b. IIEPMIHOB, 3.X. AI'YBOB, 2.3. AT'YBOB

PaboTta moCBsAImIEHa WCCIIEOBAHUIO TIEPEePACIPEICIICHAs JHEPTETUIECKUX COCTOSHHHA OypHUIHHOU
KOJIOHHBI B pPEXHME OypeHHS W ONpEeICNICHHI0O HEOOXOIMMBIX YCIOBHH IUII COXpaHEHHUS JWHAMHIYECKOTO
paBHOBecusi cuctembl. [lokazaHo, 4TO HaKOIUIEHHWE MOTEHLUUAILHOW SHEPTrUU B HIDKHEH YacTU KOJIOHHBI CBBILIE
KAHETHYCCKON JHEPTHH BEPXHEH YaCTH BCErla MPOBOLUPYET BO3HUKHOBCHHE PEJIAKCAIIMOHHBIX KOJCOAHWH B
cucTeMme.

Jaétcs pekoMeHIays Ui TOBBINICHUS JHHAMUYECKOW YCTONYUBOCTU pekMMa pabOTHl YBEIHYHBATH
MOMEHT MHEPLHH MPUBOJIA KOJIOHHBI U YMEHBIIATh MacCy HU3a KOJIOHHBI.

Knrwouesste cnoea: peraxcayuontvie Konebanus, OUHAMUYECKA YCMOUYUBOCHb, YCHOUYUBOCHb (PopMbl,
9Hepaus Oeopmayuu, MOMeHm CORPOMUBTEHUS.
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TRANSPORTATION OF MAZUT USING CAVITATION
TECHNOLOGIES

V.H. NURULLAYEV"

The paper studies the physical-chemical and rheological properties of mazut, the scientific
methods of influencing the admixtures with abnormal properties, an information on the development
of new technologies providing the efficiency of admixtures and technologies. The stability of mazut is
a most important indicator, that means the ability not to break and separate into two distinct phases —
mazut and water.

The physical and chemical properties of mazut and oil products found in Azerbaijan reservoirs
at the border of cavitation zone are tested in the laboratory conditions, the results of analysis are given
in the tables. The analyses show that a usage of the cavitation technologies with respect to mazut and
oil products can improve their rheological and quality indicators. On the basis of these facts it is estab-
lished the efficiency of using the cavitation technologies for the transportation of mazut.

Key words: cavitation, flash point, asphalthenes, mazut transport, bubbles, cracking.

Introduction. Specifics of pipeline transport of fuel oil are defined by its special chemi-
cal composition, structural and mechanical properties, the increased viscosity, high temperature
of hardening, anomaly of a curve of a current. Fuel oil is developed from coal, slates, but gen-
erally it receive from oil in the course of its direct distillation or at high-temperature processing
of intermediate fractions. Cracking fuel oil contains products of deeper oil refining, than
straight-run. Quality of oil fuel oil is regulated by GOST 10585 by which distinguish naval F5
and F12 fuel oil, M40 and M100 fuel oil, including fuel oil with the State Quality mark of
M40B and M100B. The brand of fuel oil is determined by its conditional viscosity at 50°C, but
sometimes and at temperatures of 75 and 80 of oC. Except the naval and furnace special oven
fuel oil for metallurgical industry is developed. Depending on density and viscosity distinguish
average M40 and M40B easy for F5 and F12 and heavy M100 fuel oil, and according to the
content of sulfur — low-sulphurous, sulphurous and high-sulphurous. The properties of fuel oil
established by standards are provided with compounding of the remains of oil processing with
low-viscous fraction. On the elementary structure oil, fuel oil coincides with initial oil, but dif-
fers in the lowered percentage of carbon and hydrogen. Warmth of combustion of oil fuel oil in
terms of solid fluctuates on average from 39900 to 41460 kJ/kg and above for light low-
sulphurous fuel oil. Flash temperature in an open crucible varies from 90 and 110 OC and in the
closed crucible it is 20-40 °C less, temperature of ignition makes 500-600 °C.

* Management oil pipelianes “SOCAR”
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Density of fuel oil of direct distillation is equal 880-950 kg/m’, but at flood is slightly
higher, and because of similarity of density of fuel oil and water its bullshit is complicated.
Density cracking fuel oil about 1015 kg/m’, but can reach 1060 kg/m®, with increase in tem-
perature density decreases approximately by 6 kg / m® in everyone 10 °C.

The thermal capacity averages 2,2 kJ/(kg."C) and depending on change of temperature
changes ranging from 1,6 to 2,5 kJ/(kg.’C). The coefficient of heat conductivity changes within
0,1-0,16 W/(m"C), and its average value makes 0,14 W/(m°C).

Viscosity of fuel oil strongly depends on temperature and can double at decrease in
temperature on 10 °C. In such conditions the current of fuel oil qualitatively doesn't differ from
a current of usual homogeneous liquid and corresponds to Newton's equation, however de-
mands the raised energy expenses as large viscosity of fuel oil is much higher than viscosity of
light oil products [1].

Water contains in fuel oil in quantity from 0,5 to 1,0 % but if at plum open steam is
used, water content of fuel oil can reach 3-5 %. During the transporting and storage in capaci-
ties quality of fuel oil changes. As a result of continuous oxidation, polymerization, chemical
reactions, hydrocarbons of fuel oil turn into the firm products which are dropping out in a de-
posit.

In cold weather during a warming up of railway tanks sharp steam, the content of water
in fuel oil can reach 10-15%. During further storage fuel oil is in addition flooded by atmos-
pheric moisture. Analyses of quality of the fuel oil which is stored in capacities on one of oil
depots showed that the content of water in the tests which are selected at the level of 4-5 m
from the bottom reaches 5%, and in benthonic layers of-12 %.

Therefore, research of physical and chemical and rheological properties of fuel oil, sci-
entific search of methods of impact on properties of the mixes having abnormal physical and
chemical properties development of the new technologies providing profitability of their prepa-
ration, and technical means for implementation of these technologies are a paramount task. For
black oil emulsions the most important indicator is their stability, that is ability during certain
time not to collapse and not to be divided into two forming phases - fuel oil and water. In the
conditions of formation of black oil emulsions when transporting fuel oil on limit of the section
fuel oil — water can exist more long time of a drop of water therefore the emulsion water in fuel
oil is formed. From the thermodynamic point of view water fuel oil emulsions belong to unsta-
ble systems [2].

Materials. Taking into account stated, the disperse system formed by liquids with such
various properties what are possessed by fuel oil and water has to be the extremely unstable
and possess the life time limited minutes. Actually, water black oil emulsions with which it is
necessary to deal in trade practice, possess stability, expressed life time in hours, days, and in
certain cases emulsions aren't stratified for years.

Studying of the mechanism of stabilization of water fuel oil emulsions allowed to draw
a conclusion that stability of emulsions depends not so much on the quantitative maintenance
in them of asphalthen, how many from that in what state they are. It was established that pos-
sess the greatest emulsifying ability of an asphalthena in the colloido-dispersion state which is
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coming nearer to a point of their flokulyation, loss from solution. The main factors defining a
condition of an aspalthen fuel oil are their hydrocarbonic structure and existence of substances
— the deflokulyant interfering coagulation of ashpalthen.

Various mechanical suspensions which are surely present at production have also great
influence on increase of stability of water black oil emulsions.

It is possible to explain with the considered features of the mechanism of a current of
paraffinic and no parafins fuel oil distinctions of their behavior near hardening temperature. So,
cracking remains, not incorporating paraffin, keep the fluidity though which is strongly low-
ered at a temperature, the smaller maximum temperature of hardening. The analysis of curves
of a current of fuel oil, shows that at a temperature over 40-50 of °C fuel oil behaves as the
Newtonian liquid, and at lower temperature are noted characteristic for pseudo-plastic liquids
of feature.

Deviation degree from the Newtonian properties at different fuel oil various, but at a
temperature over 30-40 of °C in general remains small. In the field of temperatures less than
30-40 °C current of fuel oil coincides with a current linearly and nonlinear and viscoplastic
liquids.

Noted features of fuel oil as the transported environment define not only economic fea-
sibility, but also technical capability of its transportation through pipelines. Proceeding from it
the technology of pumping of fuel oil in the basis coinciding with technology of pumping of
low-viscous liquid water, oil, becomes complicated introduction of the operations providing
decrease in energy of pumping of fuel oil to expedient level.

Pumping of fuel oil in a ring wall layer from low-viscous liquid, according to this way,
high-viscosity and low-viscous liquids move in the pipeline in such a way that liquid with
smaller viscosity forms a steady ring in which high-viscosity liquid moves at pipe walls. In-
crease of capacity at the expense of increase in thickness of a wall layer is smaller than its de-
crease caused by reduction of a share of high-viscosity liquid in the general stream. Therefore
the volume content of low-viscous liquid isn't recommended to increase over 40-45%. Mini-
mum content is limited mainly to stability of a wall layer and makes about 10%. As low-
viscous liquid it is possible to apply water, low-viscous oil or oil products, water solution of a
high-molecular polymeric compound, for example, ethylene alkol-oxides, polymers and copol-
ymers of vinyl alcohol, solutions of polymers of acrylamides in combination with the lowest
alkilakrilata or methacrylates.

The main difficulty arising when pumping fuel oil in this way consists water in fuel oil
which viscosity can be above initial high-viscosity liquid is in danger of violation of integrity
of a ring from the low-viscous environment, and also in possibility of education, in case of use
of water or water solutions of an emulsion.

Process of storage of fuel oil as reserve fuel often comes to an end with that the need
for it occurs later, than expires the regulated period of storage. As a result of evaporation of
easy fractions fuel oil loses the standards up to total loss of ability to burning. The technology
of cavitational processing of sub-standard fuel oil with its transformation to a homogeneous,
resistant fine emulsion with a complete recovery of necessary physical characteristics is of-
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fered. The received emulsion can be again put on storage. In a year processing is recommended
to be repeated.

Results and Discussion. As a result not only the resources spent for updating of reserve
fuel are saved but also the problem of utilization of sub-standard fuel oil is removed. Process
fuel oil plum from tanks in a cold season is characteristic use of steam in quality the heat carri-
er for its warming up. As a result water content of fuel oil considerably increases and energy-
intensive technologies of thermal upholding with the subsequent drainage of oil-contaminated
waters are applied further to its decrease to standard sizes. The technology of creation of the
water-black oil emulsion (WBOE) guaranteeing reliable operation of the heat unit at water con-
tent of fuel to 30 % and excluding operation of thermal upholding of the flooded fuel oil is of-
fered. As a result not only the resources spent for warming up of fuel oil in the course of up-
holding are saved but also the problem of collecting, cleaning and utilization of oil-
contaminated commercial waters is removed. Process of preparation of fuel oil for burning in
coppers and technological furnaces is rigidly regulated regarding temperature of heating of the
fuel coming to torches. The offered technology of preparation and burning of the water-black
oil emulsion (WBOE) allows significantly (on 40-50 °C) to reduce fuel temperature when giv-
ing on torches, providing necessary quality of a torch with a secondary raspyl of WBOE micro
explosions of the water droplets containing in it, to refuse use couple for a raspyl of fuel oil to
provide self-cleaning of surfaces of heating in coppers.

Process of burning of WBOE is characterized by decrease in thermal losses from a
chemical and physical nedozhog, and also reduction of losses with the leaving gases owing to
decrease in coefficient of excess of air. Thus, use of technology of preparation and burning of
WBOE reduces expenses of energy resources on heating of the given fuel, increases efficiency
of the boiler equipment and reduces a specific expensedry fuel oil [3-5]. Existence at the enter-
prise of liquid hydrocarbonic waste or illiquid assets will allow to use them as components of
the water-fuel composition (WFC) on the basis of fuel oil. The offered technology of prepara-
tion and burning of VTK will give the chance to replace part of regular fuel oil with cheaper
raw materials and, thereby, to cut a specific consumption of regular fuel and product cost. The
offered technology of preparation and burning of a water black oil emulsion WBOE complete-
ly removes a problem of collecting, cleaning, storage and utilization of the commercial waters
polluted by oil products. Process of burning of WBOE in fire chambers of coppers and techno-
logical furnaces differs from burning of standard fuel oil in reorganization of a torch, replace-
ment from a high-temperature zone of burning of free nitrogen of air and burning of excess of
air practically to a stekhiometriya. In general it leads to decrease in emission of nitrogen oxides
by 30-40 %. The effects of secondary dispergating realized when burning by WBOE reduce,
practically to zero, chemical and physical (soot education and issue benz(a)pyrene) didn't burn
up from fuel. The main objective of oil refinery is increase of efficiency of oil refining, includ-
ing increase in the output of light oil products. At oil refineries technology of allocation from
oil of light fractions is cracking (thermal, catalytic or hydrocracking) which cornerstone phase
transitions, characteristic for oil disperse systems are. It is possible to influence kinetics of
phase transitions chemicals (surface-active substances - surfactant, additives, etc.) and physical
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fields (thermal, electromagnetic, hydrodynamic, etc.). As a result of such intervention the radi-
us of a kernel and thickness of the adsorptive solvate covers of difficult structural unit which is
an element oil disperse changes systems. The offered technology of cavitational processing of
oil before cracking accelerates diffusion of oil in a paraffin cavity, intensify process of its de-
struction. Acceleration of dissolution of paraffin goes at the expense of an intensification of
hashing of oil on border oil-paraffin and actions of impulses of pressure which as if spray par-
affin particles. Oil activation by a cavitational field leads to increase in an exit of light fractions
by 5 % — 25 %. The problem of pipeline transportation of paraffin of the containing oil is con-
nected with its low fluidity and rather high temperature of hardening. The technology of cavita-
tional processing of oil at a stage of its preparation for transportation through the oil pipeline is
offered. Intensive cavitational impact by means of a dispergator on the paraffin and asphaltic
components containing in oil leads to their partial destruction and increase of degree of disper-
sion. As a result viscosity of oil decreases by 15-20 %, temperature of hardening goes down on
15-20 °C, deposits of paraffin on walls of oil pipelines becomes less intensive. Application of
technology allows to improve conditions and to increase process productivity pipeline trans-
portation of oil to cut a specific consumption of depressor additive. Modern requirements to
quality of a paving bring a new type of the bituminous to the market knitting for production of
asphalt concrete mixes. These are the polymeric and bituminous knitting (PBK) — bitumen,
modified by block copolymers of butadiene and styrene. The existing technologies of receiv-
ing PBV based on use as the reactor mixer of colloidal mills are unproductive (5-8 m*/hour),
energy-intensive (to 160 KW/hour), demanding introduction to bitumen expensive softener —
industrial oil.

Process of hydrodynamic cavitational processing is carried out in the special device a
passive hydrodynamic dispergator due to the directed and adjustable transformation of poten-
tial and kinetic energy of a stream of the liquid which is forcibly pumped over by the hydraulic
the pump via the reactionary camera of a dispergator. The specified transformations of energy
in special zones of a hydrodynamic dispergator process of formation of gas, or steam-gas cavi-
tational bubbles (cavities) which in the subsequent at increase of local hydrostatic pressure in
liquid are closed results and is supported (collapse). Closing of cavitational bubbles is followed
by intensive shock wave processes with emergence of local zones of ultrahigh pressure and
temperatures (tens — hundreds of thousands atmospheres and degrees of C, respectively) and
the cumulative (sharply directed) pointed shock impact on nearby sites of liquid, surrounding a
zone of a collapse of a cavitational bubble [6-7]. Cavitational process in a passive hydrody-
namic dispergator is realized in such a way that all the shock and wave phenomena occur di-
rectly in a liquid stream, without mentioning material of the case and elements of a cavitational
lattice of the reactionary camera, than absence of a cavitational erosion and durability of a de-
sign of a dispergator is providedIn the course of pointed shock and wave influence there are
structural and molecular changes in the difficult molecules, agglomerates and the globuls
which are initially present at transportion liquid destruction of organic and mineral impurity.
The processes accompanying cavitation warm and a mass transfer, and also lead the jet cur-
rents arising further on a stream of liquid to intensive hashing and dispergating of multicompo-
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nent immiscible liquids and firm inclusions with education homogeneous and resistant in time
to stratification of fine emulsions and suspensions. Basic element of the offered resource-
saving technologies is passive hydrodynamic cavitational dispergator of own development.

The energy which is distinguished in the course of a collapse of a bubble has enough
for excitement, ionization and dissociation of molecules of liquid, gases and substances with
high elasticity of steam in a cavitational cavity. Part from them, for example, destruction and
dispergating of solid bodies, emulsification of liquids, cleaning are obliged by the origin to
blows at a to slam of cavities and to microstreams near bubbles. Other effects, for example,
calling and acceleration of chemical reactions are connected with ionization at formation of
cavities. Cavitational processing allows to increase an exit of fractions at an identical tempera-
ture of an fraction. From here it is possible to draw a conclusion that the hydrodynamics and
the ultrasonic fluctuations created by it accelerate diffusion of oil in a paraffin cavity, intensify
process of its destruction. Acceleration of dissolution of paraffin goes at the expense of an in-
tensification of hashing of oil on border oil-paraffin and actions of impulses of pressure which
as if spray paraffin particles.

In the course of cracking the energy which is distinguished at a collapse of cavitational
bubbles is used for a rupture of chemical bonds between atoms of big molecules of hydrocar-
bonic connections. Energy of a rupture of communications changes in hydrocarbons over a
wide range, approximately from 40 to 400 kJ/mol. Durability of communication of C,-H is
less, than C-H, atom of hydrogen it is easier to tear off in the middle of a molecule of normal
paraffin, than since the end. Energy of a rupture of the C-C communications in molecules of
normal paraffin also decreases to the middle of a carbon chain a little, i.e. long hydrocarbonic
molecules are automatically broken off in a middle part [§8].

Process of cracking proceeds in all oil products. As cavitational bubbles can be generat-
ed by means of intensive acoustic radiation in any liquids, it is possible to assume that the rup-
ture of chemical bonds, thus, can be carried out in any chemical compound at intensity of a
sound of the corresponding durability of binding energy. In a place of break of a chemical bond
any radical has to be connected. At a lack of free radicals of the reactionary environment of a
molecule with nonsaturated communication can be curtailed in a ring, forming cyclic or aro-
matic connections.

The analysis of samples showed that after cavitational processing extent of transfor-
mation of any class of organic compounds was insignificant and didn't exceed 1,1 %. Products
of cavitational influence are normal alkanes and their isomers and products of an avtookislena
oxygen-containing derivatives of the processed organic substrata which are formed as a result
of oxidation of an organic phase by the oxygen dissolved in it. On the basis of the obtained
experimental data the assessment of power efficiency of cavitation when carrying out cracking
of alkanes which made 0,002% is made. Thus, cavitation use directly for initiation of chemical
transformations in processes of cracking of various organic compounds. Impact of cavitation is
shown first of all in effects of heating of the processed liquids and an intensification the ter-
moliz of processes in them. At a collapse of cavitational bubbles for very short time (less than
1 micro sec.) temperature reaches some thousands of degrees Celsius and pressure more than
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1000 atm. develops. Thus, directly in a stream the conditions for oil processing stated above
are created. In a consequence of big stability of working frequencies high uniformity of a
ready-made product is reached and the output of light oil products to 3-5% raises. It should be
noted that this technology allows not to dehydrate crude oil which contains to 20% of water,
and, subjecting it to impact of ultrasonic cavitation, to involve in a row the chemical reactions
leading to formation of alcohols simple and esters, thus calorific properties of fuel at decrease
in its prime cost increase [9,10].

The pilot studies conducted by us show that, when passing through a cavitational zone
rheological properties of the Azerbaijani fuel oil improve.

Experiments were made on the device of the cavitational influence established on the
line of the pipeline which is the hollow cylindrical case of variable section including the
smooth narrowing providing cavitation emergence (figure 1.2). The working part of a
hydrodynamic pipe serves for obtaining high speeds of a stream at which pressure falls to value
of pressure of saturated steam. Cavitation arises as on the examinee the sample placed in this
part of a pipe and on walls of the pipe here. Essential advantage of this method in comparison
with others is that circumstance that here we deal with true hydrodynamic cavitation.

Results of the preliminary mathematical modeling and comparison of efficiency of
two accepted models of the flowing channel are presented in the table 1.

From results of numerical modeling of a current of liquid it is visible that at low
numbers of Reynolds (number 1 and 5) of
the running stream cavitation not it is
formed, and, respectively, there are no
conditions of wave cavitational processing.

At increase in Rem there is a growth
of a zone of cavitation behind the first row
cylinders, but behind the second row the
cavitation zone is practically absent. At
Z % further increase in Rein behind the second

Figure 1. Fuel oil circult'ltion when processing row of cylinders the zone is sharply formed
1. Tanks for fuel oil stlé‘fagec.";“}lstﬁilot(’;ff valves. 3. The pump continuous cavitation (it in the table is
giving. 4. Cavitator. 5. Filters of thin cleaning. designated as o0), which extends on all

e
1 '

" settlement area.
- When modeling it is received that
3 g g m@ with growth of speed the running stream
2 o there is a growth of cavitational zones, so far
100 3 at some value of speed behind the second
row of cylinders the zone the continuous
isn't formed cavitations.

Figure 2. Cavitator for fuel oil.
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Table 1.
Results of preliminary mathematical calculation

No Sin Rein Smax Pin Vys Re LZ1 LZz
Ne | Variant s x10° m/s atm. 1/c, x10° x10° m m
1 1 7,32 1,61 19,43 2,21 0 0,88 0 0
2 1 10,25 2,26 28,48 | 4,34 0,75 1,23 0,019 0
3 1 15,85 3,49 41,38 | 7,89 0,89 1,90 | 0,023 0,01
4 1 19,20 4,22 50,61 12,85 1,31 2,30 0,041 o0
5 2 7,66 1,69 18,33 | 2,21 0 0,46 0 0
6 2 11,29 2,48 28,22 | 4,34 0,81 0,67 | 0,005 0
7 2 15,45 3,40 38,63 7,89 0,98 0,93 0,006 00

9, -Average speed of the running stream before the first row of cylinders; v, - Frequency of failure of
whirlwinds; Lz;- The cavitation zone size after the first row of cylinders; Lz,- The cavitation zone size
after the second row of cylinders.

Though forthe first row of cylinders at identical input parameters (number 3 and 7) the
cavitation zone, which size, according to authors is formed is more optimum from the point of
view of intensity of course cavitational processes that promotes creation of the fine qualitative
emulsion.

For the accounting of features of hashing in flowing paths it is chosen the criterion of
hashing of Dy based on impurity consumption size the output section carried to a liquid
consumption through a continuous platform for the set time interval:

S M_1z": 1 12": "y po_q 1
Qi_qil _n,lQi, GQ_M n'l(Q )r Q — 1+0C'O'Q,
L= 1=

Where S;, - the area of the markers which passed through % platform in time a, ¢; - a
consumption of the liquid passing through »n platform during 6, , O; - dimensionless
consumption of mix during J;, n - number of single platforms, M - Q; - population mean of size,
a=1/3 — the scalar calibration parameter.

After end of the transitional stage connected with start of a current the behavior of
vortex structures accepts the pronounced periodic character. It is shown and in dynamics of
criterion of Dy, which for everyone the own period has currents.

Results of a pilot study are shown in the table 2.

Irreversible changes of viscosity, pressure of saturated steam, shares: paraffin, the
asfaltenovykh and resinous hydrocarbons, occurs after pass through a cavitational zone for
once.

Cavitation in oil is resulted by microcracking process, it leads up molecules to
destruction. The share, resinous and the asfaltenovykh of hydrocarbons increases. Thus, if the
mass fraction of paraffin hydrocarbons in a stream decreases, as it is known, isn't dependent on
a share resinous any more and the asfaltenovykh of hydrocarbons quantity the
asfaltosmoloparafins of deposits will decrease. Despite change of parameters oil, its elementary
players aren't changed. This give the grounds, at hydrodynamic cavitation in oil occurs phase
transformations. At phase transformation, each phase separates from competitive an interface
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at which crossing chemical and physical characteristics of fuel oil fractions almost instantly
change. Change of such factors by application of cavitation at pipeline transport is one of ways
of fight with, asphaltrezin-paraffin deposits.

Table 2.
Results of fuel oil property change in cavitation zone
Ne Before supposed After the
Test (name and detals) cavitation zone. supposed Method
cavitation zone.

1 Density: 15°C — da, kq/m’ 918,1 910,4 ASTM D1298

Spesific gravity 60/60 °F 918,6 868,4
2 API Gravity, "API 22,55 38, 84 ASTM D1250
3 Sulphur , %-mass 0,238 0,176 ASTM D4294
4 water, %- mass 0,24 0,15 ASTM D4006
5 Kinematic viscosity, ¢St

50 °C-do 98,68 65,39 ASTM D445

80 °C-do 12,43 8,75
6 Flash point, open cup, "C 96 68 ASTM D92
7 Pour point, °C +27 +3 ASTM D5853
8 Sediment by extraction, %- mass 0,0334 0,0283 ASTM D375/99
9 Flash point, closed cup, "C 52 43 ASTM D93
10 Merkaptan sulphur, ppm 48,6 40,3 UOP 163
11 Hydrogen sulphide, ppm 5,1 4,8 UOP 163
12 Con. carbon res. %- mass 3,63 2,31 ASTM D189
13 Chlorine in fr. 204 OC, ppm 9.3 7,6 ASTM D4929
14 Total nitrogen, ppm 1225 1195 ASTM D4629
15 Ash content, %-mass 0,083 0,049 ASTM D482
16 Asphalthenes, %-mass 0,73 0,46 P 143
17 Brome (Iodine) num. gr. of brome (iodine) in 8,5 10,2 ASTM D1159/1160

100 gr. frac. 360 °C, q/100gr

18 Vannadium, ppm 53 4,9 ASTM D 5708
19 Nickel, ppm 11,3 10,5 ASTM D 5708
20 Iron, ppm 13,9 11,7 ASTM D 5708
21 Arsenic, ppm 12,2 12,4 ASTM D 5708
22 Copper, ppm 1,6 1,3 ASTM D 5708
23 Lead, ppm 2,2 1,9 ASTM D 5708
24 Sodium, ppm 9,2 8,7 ASTM D 5708
25 Silicon, ppm 17,7 16,8 ASTM D 5708
26 Aluminum, ppm 27,1 25,2 ASTM D 5708
27 Calsium, ppb 18,4 17,6 ASTM D 5708
28 Molecular weight, /Mol 443,94 374,58 ASTM D2502
29 Characterization factor, SU 11,96 13,16 UOP 375
30 Distillation (in vakuum, 6 mm Hg.), °C

Initial boiling point 176 142

10 % - distilled at 258 214 GOST 2177

50 % - distilled at 397 352

80 % - distilled at 540 463

Final recovered, % v/v 565 493>

But, despite improvement of rheological properties of fuel oil if process happens long
time, it can lead to emergencies in petrowire systems. The main lack of this device is intensive

82




Transportation of mazut using cavitation technologies

cavitational wear of its working surfaces generating cavitational bubbles which most part
collapses on these surfaces. As shown in the table the general the number of sulphurous
connections and metals at cavitation don't change, and it brings to corrosion of working
surfaces. Besides because of presence of metals as a part of porphyrines, cavitational processes
influences relaksasionny properties of the nefty. And also mass the ballast share as a part of
fuel oil (mechanical impurity, chloride salts and water) at dynamic and static measurements
decreases that influences on commodity qualities of fuel oil.

Conclusions. On the basis of the made supervision and studying of nature of impact of
cavitation on oil, it is possible to draw a conclusion that cavitation leads to destruction of
paraffin and supramolecular structures of oil, associates, micelles and reduction of their size
that promotes decrease in viscosity. But eventually, the shattered particles reestablish
intermolecular communication that leads to restoration of dynamic viscosity of oil. The
working part of a hydrodynamic pipe serves for obtaining high speeds of a stream. However
the erosion begins in 16-24 hour after the beginning of tests, and for its emergence stream
speed higher than 40 m/s is necessary. After cavitational zones in pipes there is a water
hammer. On the basis of the made supervision and studying of nature of impact of cavitation
on oil, it is possible to draw a conclusion that cavitation leads to destruction of paraffin and
supramolecular structures of oil, associates, micelles and reduction of their size that promotes
decrease in viscosity. But eventually, the shattered particles reestablish intermolecular
communication that leads to restoration of dynamic viscosity of fuel oil.

Experiments showed that after cavitational processes dynamic viscosity of the
Azerbaijani fuel oil decreases by 11%. For oil restoration of initial value of viscosity within 68
hours after processes is characteristic.

It follows from this that on the basis of cavitational processes it is possible will
determine the general consistent patterns of regulation of physical and chemical properties of
oil for use in technology of pipeline transport of the fuel oils.
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MAZUTUN KAVITASIiYA TEXNOLOGIYASI iL9 NOQLI
V. X. NURULLAYEV

Magqalads mazutun fiziki-kimyavi va realoji xassalori tohlil edilmisdir. Anomal fiziki-kimyavi xassali
sistemlora yeni texnologiyalarin totbiq edilmasi ilo iqtisadi semaraliliyin artirilmasinin  miimkiinliyi
gostorilmisdir. Mazut emulsiyalarinin asas gostoricilori onlarin davamli olmasi vo zaman kec¢dikca dagilmayaraq
iki fazaya —mazut, suya ayrilmamasidir.

Laboratoriya soraitinds kavitasiyanin kegid sorhadlorindo Azarbaycan neftindon alinmis mazutunun fiziki
vo kimyovi xassolorinin tohlili aparilmigdir, homin naticolor codvolds verilmigdir. Aparilmis todqiqatlar gostorir
ki, neft vo neft mohsullarina kavitasiya prosesini totbiq etmaklo onlarin reoloji xarakteristikalarini vo keyfiyyat
gostaricilorini yaxsilagdirmaq miimkiindiir. Biitiin gostorilon miiddoalara osaslanaraq, mazutun noaqli zamani
kavitasiya texnologiyalarinin totbiqinin perspektivliyi vurgulanir.

Agar sozlar: kavitasiya, alisma temperaturu, asfaltenlor, mazutun naqli, gabarciqlar, kreking.

TPAHCIIOPTUPOBKA MA3YTA KABUTAIIMOHHBIMH TEXHOJIOT'USIMUA
B.X. HYPVYJIJIAEB

B crarbe nmpuBeneHsI uccuenoBaHuS (PU3NKO-XUMHYECKIX M PEOJIOTUIECKUX CBOMCTB Ma3yTa, HAyYHBIN
MIOMCK METO/IOB BO3AEHCTBHS Ha CBOWCTBAa CMecel, MMEIOIIMX aHOMAaJbHBIC (U3MKO-XMMHUYECKHE CBOICTBa,
CBEJICHHSI O pa3paboTKe HOBBIX TEXHOJOIMH, OO0ECIeYMBAIOIMX HSKOHOMHYHOCTH IIOJIrOTOBKH CMeced |
TEXHUYECKUX CPEACTB Il BHEAPEHUS TEeXHOJOTuH. s Ma3yTHBIX AMYJIbCUN CaMbIM Ba)KHBIM MOKa3aTeleM
SBISIETCS MX YCTOMYMBOCTB, T. €. CIIOCOOHOCTH B TEYEHHE ONPEICICHHOTO BPEMEHM HE paspymiaThCsi U HE
paszmensaTbes Ha JBe oOpasyromue (a3el — Ma3yT M BOAy. B 11abopaTOpHBIX YCIOBHSIX NpPOaHAIU3UPOBAHBI
(U3MKO-XMMUYECKHEe 0COOCHHOCTH Ma3yTa U He(TEeIIpOoyKToB A3epOaiipkaHa Ha IpaHHIIe KaBUTAIIMOHHOM 30HBI,
pe3yIbpTaThl IpUBEACHHI B Tabumie. [IpoBeneHHbIE NCCIIeA0BAaHMS MTOKA3BIBAIOT, YTO, IPUMEHUB KaBUTAI[HOHHEBIC
TEXHOJIOTHM K Ma3yTaM H He(PTenpomyKTaM, MOXXHO YIYYIIUTh HX PEOJOTHYECKHE XapaKTePUCTHKH U
KadeCTBEHHBIE TOKa3aTenu. Ha ocHOBe MpHBEACHHBIX (DAKTOB YTBEpKIACTCS MEPCHEKTHBHOCTH MPUMEHEHHS
KaBUTAIIMOHHBIX TEXHOJIOTHH TIPH TPAHCIIOPTHPOBKE Ma3yTa.

Knrwoueevte cnoea: xasumayus, memnepamypa 6CHblWKU, Acharmensvi, MpAHCHOPMUPOBKA MA3Ymd,
ny3vipu, KpeKuHa.
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MONOKLINAL NEFT YATAQLARININ iSLONMOSi PROSESINDO
YARANAN BOZiI MUROKKOBLOSMOLOR

(Siyazan monoklinal neft yatagi timsalinda)
F.T. MURVOTOV", A.Q. KORIMOVA", G.G. MOMMODOVA ™

Mogqaloads, Siyozon monoklonal neft yataginin islonmosi prosesindo bas veron bir sira
miirokkoblogsmolor vo yaranma sobablori aragdirilir. Problemin holli moqgsadilo neft hasilatinin
artirtlmasinda yeni qazilacaq quyularda intervalli siizgoclorden istifado edilmesi ilo yanasi, kdhno
quyularda istifado olunan ononovi tadbirlorin tosir mexanizmi ilo forqlonon daha somorali {isul va
texnologiyalar tovsiyys olunur.

Acgar sozlar:  uzun siizgaclar, qatranliq, mexaniki qarisiglar, ozliliik,
neftin tomizliyi, sulasma.

Neft yataglarinin istismar1 prosesindo miixtolif geoloji—fiziki vo texnoloji soboblordon
bir sira miirokkoblogsmolor yaranir ki, bunlar da hasilati azaldaraq, digor texniki—igtisadi
gostaricilore 6z monfi tasirini gostarir.

Siyazon monoklinal neft yataglarinda (SMNY) miixtalif rejimli, tozyiqli, mohsuldarliq
vo hacm siiziilmo xarakteristikasina malik bir ne¢a laymn eyni vaxtda sistemsiz halda istismar
olunmasi praktiki olaraq uygunsuzluqglarla miisahids olunur. Bels olan halda miixtalif saciyysli
suxurlar kompleksindon quyuya dogru giiclii axin naticosindo araliq, tavan vo daban sularinin
neftlo-qazla birlikdo horokotino siini imkanlar yaranir. Laylarin tobii tocrid olunmasi pozulur,
miixtolif xiisusiyyotloro malik lay fluidlorinin tomasi ilo torkibi vo xiisusiyyotlori doyisir, lay
neftinin  strukturu pislosir, keyfiyyot gostoricilori asagi diisiir, sularin aqressivlik xassolori
ohomiyyatli deracado artir. Yeralti vo yeriistii avadanliq korroziyaya ugrayir, tez-tez siradan
cixir [1, 2].

SMNY-da 1998-ci ildon 2014-cii ilo godor olan ddvrde hasil olunan neftin torkib vo
fiziki-kimyovi xassolorinin illor izra doyismo dinamikasi sokil 1-da verilmisgdir.

Dinamikadan da goriindiiyii kimi homin orofodo neftin sixligr 855,0 — 905,0 kq/m?3,
ozliliiyt 8,2 — 29,8 sst, torkibindo qatranin miqdar1 16,0 — 40,0 %, mexaniki qarisiglarin
miqdar1 1,0 — 23,3 % intervalinda doyisir. Bu analoji tendensiya yatagin biitliin sahslorinds
Oziinili gostorir.

* Neftin, qazin geotexnoloji problemlori vo Kimya Elmi Todgiqat institutu
™ Azorbaycan Dovlot Neft vo Sonaye universiteti
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Sokil 1. Siyazon monoklinal neft yataginin islonilmasi prosesinda
neftin fiziki-kimyavi xassalorinin dayismasi:
1-xiisusi ¢aki; 2-tomiz neft; 3-ayrilmis su; 4-mexaniki qarisiqlar;
5-gotran; 6-6zliiliik
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Sokil 2. Siyazon monoklinal Sadan sahasinin islanilmasi prosesinda
lay suyunun fiziki-kimyavi xassalarinin dayismasi:
1-xiisusi goki; 2-mineralliq; 3-bome (“Be);
Nat+K*

4-HSO3 ; 5-Cl; 6-Na'+K"; 7-Ca; 8-Mq; 9—T

mohsulunun sulagmasi siiratlonir. Masoloys yataqda istismarda olan

Lay nefti ilo
yanasi, lay suyunun
da xassalori va torkibi
islonilmo  prosesindo
xeyli dayisir. Yatagin
Sodan neftli-qazli sa-
hasi ligiin bu baxim-
dan verilon dinamika
deyilonlori bir daha
tosdigloyir (sokil 2).

Qeyd olunan
saboblor (quyudibi ot-
raf zonasinda tempe-
ratur rejimin pozul-
mast vo asag diis-
masi, lay tozyiqinin
azalmasi vo s.) ilo ola-
godar olaraq asfalten
— parafin — qatran
(APQ) maddolori kris-
tallagaraq ovvolco qu-
yudibine yaxin zona-
lara ¢okiir vo getdikco
quyudibindon  uzaq
mosafolords layin igo-
risino dogru yayilir,
keciriciliyi ~ ohomiy-
yotli dorocodo azal-
daraq, quyularin neft
hasilatini  minimuma
endirir, su hasilat: da-
ha da artir, quyu

1702 sayli quyunun

timsalinda baxaq: quyu 27.01.2007-ci il tarixindo istismara verilmisdir. Istismar obyekti

Maykop vo Koun ¢okiintiilorinden ibaratdir. Istismar komori (5!') 1250m-o endirilmisdir. Tk
siizgocin intervalt 1250 — 488 m-dir (siizgocin uzunlugu 762 m). Quyu ii¢lin bozi istismar

gostoricilorinin doyismo dinamikasi sokil 3- do verilmisdir.

Dinamikadan da goriindiiyii kimi istismarinn ilk ilinds quyunun hasilat1 4,9 t/giin neft,
3,8 t/giin su olmusdur (sulasma 44%). 2007-cii ildon 2013-cii ilo godor olan miiddotdo quyunun
neft hasilat1 0,3 t/giin-o diismokla, su hasilat1 4,9 t/glin-o qalxmisdir (sulagsma 94%).
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Monoklinal neft yatagqlarinin islonmasi prosesinda yaranan bazi miirakkablasmalar

Quyuda 05.08.2013-

cii il tarixindo aparilmig E T
alava stizgocin agilmasi ° 4 " .
todbiri ilo olagodar olaraq, e £ fﬁ 54 ) i
slizgacin intervali we e ©f 3 il e
1250+295 m ¢atdirilmigdir i E E Bnie Qsu
(slizgocin uzunlugu 955m). i ° 67: g
60 0.
Todbir somorasizlik- . ¢
. 1200 { 10 - 50 {4 50
lo  noticolonmoklo, quyu ¥ | e
todbirdon sonra 10t/giin su e ’ -
hasilat1 ilo istismar olun- 8 S i
musdur. Quyudan miixtalif " 1.0._
dovrlordo gotiiriilmiis neft 5 a 0 : >
Y tilNer
niimunolorinin  fiziki—kim- ad e =
. . .. . . Sokil 3. 1702 N-li quyu iiciin istismar gostaricilorinin dinamikasi:
yavi analizlarinin naticalori Q, — neft hasilati; Qg, — su hasilati; a—su faizi; hg,,—slizgacin
bir-birindon kaskin olaraq uZUnlugu; Nepi; — tomirlorin say1.
forglonir (codval).
Cadval
Quyu Ne | Analizin Tomiz | Xiisusi | Ayrilmis | Neftin Qatranin Neftin torkibinda
aparilma | neft, % ¢oki, su, % | ozlili- | miqdar, % mexaniki qari-
tarixi kq/m? yii, Sst siglarin miqdari, %
1704 15.05.2007 | 99,5 847,1 0,4 1,3 16 0,1
27.08.2013 | 6,23 898,7 7,7 13 24 23,07
1702 14.02.2007 | 88,5 876,06 11 9,7 18 0,5
27.08.2013 | 77,33 | 892,92 2,67 19 30 24,0
1761 06.06.2008 | 43,5 897,8 55,5 11,3 12 1,0
26.08.2013 | 12,0 899,1 16 37,5 20 72,0

Cadveldan goriindiiyli kimi 2007-ci ilden 2013-cii ilo godar olan dovrds quyu neftinin
xtisusi ¢okisi 16,9 kg/m?, torkibindoki mexaniki qarigiglarin miqdart 23,5%, qatranin miqdari

12%, ozliiliiyli 9,3 Sst (48,9%) artmagqla, neftin tomizliyi 11,17% azalmigdir.

Bu anoloji monfi tendensiya yataqda istismarda olan digor coxsayli quyularda

(1704,1760,1761,1762,1763,1768 va s.) da 6zilinii gostormigdir (bax cadval).

Beloliklo, sozligedon yataqda totbiq olunan tamamlanma texnologiyasi (hazir uzun
stizgaclor) neftin kolloid strukturuna, reoloji xassalorine manfi tasir gostorir, 6zliililylini artirir

va nefti ¢gatin ¢ixarilabilona gevirir [3].
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Bels olan halda yatagin islonilmasi prosesindo geoloji, hasilat, ekoloji vo s. risklorin
azaldilmasi, neft hasilatinin stabillogdirilmasi {i¢iin yeni qazilacaq quyularda hazir iiziin
stizgaclorin totbigindon imtina etmoklo, intervalli siizgoclordon istifado edilmasi ilo yanasi,
kohno quyularda istifado olunan ononovi todbirlordon tosir mexanizmi ilo forqlonon daha
innovativ iisul, metod vo texnologiyalarin islonilmasi vo totbiqi tovsiyys olunur.
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OB OCJIO)KHEHUSIX B IPOLECCE SKCILTYATAIIMM MOHOKJIMHAJIbHBIX
HE®TSHBIX MECTOPOXIEHUU
(Ho npumepe Cusiz3aHbCKo20 MECMOPOANCOeHUs)

@©.T. MYPBATOB, A.T'. KEPUMOBA, I'T. MAMEJIOBA

B crathe aHanM3MPYIOTCS HEKOTOpBIE OCIOXKHEHHUS, BO3HMKAWOIIME B IPOLECCE OSKCILTyaTalluu
Cus13aHBCKOTO MOHOKJIMHAJIBHOTO HE(PTSIHOTO MECTOPOXKICHUS U IPUYMHBI UX BOZHUKHOBEHHUSL.

C nenplo pemieHus MpoOJIeMBl, Al YBEJIMUCHHs NOOBIYM He(TH Ha BHOBH IPOOYPEHHBIX CKBa)XKHHAX,
Hapsly ¢ MCHOJIb30BaHUEM MHTEPBAIBHBIX (DHIBLTPOB PEKOMEHYETCsl IPUMEHEeHUe Ooee () (HEeKTUBHBIX METOIUK
U TEXHOJOTHUH, KOTOpBIC OTIMYAIOTCS OT MEXaHHW3Ma BO3ACHCTBUS TPAJULHUOHHBIX METOJOB Ha CTapbIX
CKBa)KHHAX.

Knrouesoie cnosa: onunnvie puibmpol, CMOIUCIOCTb, MEXAHUYECKUE CMECU, 83KOCMb, YUCMOMA Hepmi,
00800HEeHHOCb.

ASPECTS OF COMPLICATIONS OCCURRING IN OF MONOCLONAL OIL FIELDS
(in the example of Siyazan field)

F.T. MURVATOV, A.Q. KERIMOVA, G.G. MAMEDOVA
The article analysis the aspects of complications arising in the Siyazan monoclinal oilfields and
their causes.
In order to address these problems and increase the production of newly drillied oil wells, along with the
interval filters it is recommended to use more efficient methods and technologies, which are different from the

traditional of impact on old wells.

Key words: long filters, gummosis, mechanical mixtures, viscosity, oil purity, water encroachment.
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FONTAN QUYULARININ ISTISMAR XUSUSIYYOTLORINI
NOZORO ALMAQLA QALDIRICININ HESABI

M.S. ROHIMOVA®

Maqalado, istismar soraitinds gdzlonilon debiti, lay tazyiqini, quyu derinliyini nozare
almaqla har mohsuldar qat {igiin qaldirici boru komorinin diametri vo uzunlugu toyin olunmusdur.

Acar sozlar: quyu, tazyiq, boru kamoari, fontanetma, diametr.

Fontan armaturunun etibarli islomosi qaldirici borularin  moéhkomliyindon,
diametrinin Ol¢lisiiniin dlizgiin hesablanmasindan, galdirici borularinda yaranan tozyiq
itgilorindon vo sairodon asilidir.

Belo ki, galdirict borularin méhkomliyi lazimi dorocods olmasa borular qirila
bilor, armatur boltlardan ayrilib yera diiso bilor vo miixtalif miirokkab proseslor yaranar.

Ona goro do qaldirici borularla bagli gqiymotlondirmo hesabati aparmaqla borabor
texnoloji rejiminds se¢imino digqgoat verilmoalidir.

Fontan armaturlar1 konstruktiv vo mohkomlik olamotlorino goro asagidaki
xlisusiyyatlori nozors almaqla qiymotlondirma hesabatinin aparilmas:

1. Isci tozyiqo goro. Istismar zamani gdzlonilon tozyiqin qiymotindon asili olaraq
quyu agzinda verilmis is¢i tozyiqo hesablanmig fontan armaturu qurulur.

2. Icra sxemino goro.

3. Quyuya endirilon qaldiric1 borularin corgslorinin sayina gora.

Qaldirict borular kamarinin diametrini vo uzunlugunu har bir mohsuldar lay ii¢iin
gozlonilon debitdon, lay tozyigindon, quyunun dorinliyindon vo istismar soraitlorindon
istifado edoarak tacriiba yolu ilo miioyyon olunur. Qaldirict borularin sorti diametrlori 33-
don 114 mm-o godordir [1,2].

Fontan quyularinda iki corgolorin borularin totbiqi genislonon gazin enerjisindon
daha da somorali istifado etmoys vo quyu dibindo qum tixaclarinin omolo golmasini
aradan qaldirmaga imkan verir.

%
Azarbaycan Dovlot Neft vo Senaye universiteti
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Adoton fontan quyularina eynidl¢iilii komor endirilir. ©ksor hallarda diametri 73
mm olan borulardan, yaxud miixtolif diametrli borularin kombinasiyasindan ibarat
olan pillali komardon istifads olunur.

4. Baglayici tortibatlarin konstruksiyasina gora. Baglayic1 tortibatlara tixach
kranlar, yaxud diizaxinli (sok 1) tixacli kranlar (sok.2) vo pazli siyirtmolor aiddirlor.

IS
e R 4y,
7

7

Sok.1. Diizaxinh siyirtma Sok.2. Tixacl kran

Diizaxinli siyirtmonin xiisusiyyatlori ondan ibarotdir ki, maye axminin horokati
zamani neft vo qaz kiplondirici sothlorlo toxunurlar vo bunun sayosindo onlarin
yeyilmosi az olur.

Pazli siyirtmo ilo miiqayisods ke¢id tixacli kran1 boyiik korroziya dayanatliliyine
malik olmagqla, ki¢ik ondazs Slgiilori va kigik kiitlosi olur.

5. Armatur govdosinin kegid kosiyinin vo yan ¢ixis xotlorinin Slgiistine goro.
Kegid kasiklorinin diametrlori 50-don 150 mm-o godordir. Yan ¢ixislarinin diametrlori
50-don 100 mm-o qodordir.

Quyunun fontanetmasi miioyyon texnoloji rejimdo miimkiindiir ki, bu da quyunun
debitinin, quyudibi P,, quyuagzi P, vo boruarxasi Py, tozyiqlorin qiymotlarilo
xarakterizo olunur. Zaman kec¢dikco qaldirici doyisdirilo bilordi. Lakin bir torafdon
baslangic dovrds lay tozyiqi olur ki, bunun da gdstaricisi quyuagzi tozyiq P,-dir. Digor
torofdon qaldiricinin doyisdirilmosi miirokkob prosesdir. Ona goro galdiricini biitiin
fontan etmo dovriine layiholondirirlor. Bu zaman fontan qaldiricisimi fotntan etmonin
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Fontan quyularimin istismar xiisusiyyatlorini nazara almaqla qaldiricinin hesabi

optimal rejimdo son sorait ligiin hesablanir, sonra iso baslangic soraitlor iiglin maksimal
rejimdo maye buraxma qabiliyyatino yoxlanilir.

Ogor hesablanmis qaldirict ilk debiti buraxa bilmirso, onda onu baslangic soraitlor
iclin maksimal rejimdo yenidon hesablanilir. Fontan galdiricisinin hesabatinin osasini
quyularin miixtalif tipli fontanetmo sortlori togkil edir. Borularin uzunlugu L, az vo
diametri boyiik olarsa, tozyiq itgisi AP, bir qodar az olar. Buna uygun olaraq quyudibi

tozyiqi Py az tolob olunan vo debiti bir godor ¢ox olar:

Ly?
AP, =A—— 1
wp = AP (D
burada A —hidravliki miigavimot omsalidir; v —borularda mayenin horokat siiratidir.
P, —[fj = Hgp+AP, + P, @)

1 —mayenin siiziilmosi rejiminin gostaricisi, ky — miitonasiblik omsalidir.

Istismar komoarindo boyiik olmayan uzunluglu vo miimkiin olan maksimal
diametrli fontan borular1 endirilir. Quyuda miixtolif yumalarin miimkiinliiyiini
monimsomo vo bogma vaxtl mayelorin doyisdirilmosi, digor texnoloji omoliyyatlarin
aparilmasi, istismar komori korroziyasinin azalmasi vo s tomin olunur [3,4].

Mohsulda qum oldugda (qumlu quyular) borular1 perforasiyanin (siizgocin) asagi
desiklorino qodor, parafin olduqda iso parafinin gévdodo ¢Okmaosi dorinliyino godor
endirilmolidir. (2) ifadesindon quyunun Q debitini vo uygun minimal quyudibi
fontanetmo P, ,;, tozyiqini toyin etmok olar. Mahsulun n, sulasmasinin fontanet-

monin sonunda hesablamaq iigiin texniki-iqtisadi hesablanmalar1 mogsodouygundur.
Fontan quyularinda NKB-nin bagmagi o derinlikdo olmalidir ki, orada neftdon qazin
ayrilmasi baglasin. Fontan borularinin L uzunlugunun vo fontanetmonin minimal
quyudibi P, ,,;, tozyiqinin hesab1 qazlift fontanetmosi sortinin istifadasilo yerino yetirilir
[5,6].

Borularin d diametrilo bu hesabatin aparilmasi zamani debit Q-don asili olaraq
(P, = 6MPa): Q t/giin 100-200>200d mm (sarti) 43,60,73,89,102.

Sarti diametri 73 mm olmagqla, uzunluga vo P, ., -un hesabati naticosinds az tosir
edir. Fontanetmonin sonu {i¢iin optimal rejimdo mohsuldarliq diisturundan istifade
etmoklo tapmagq olar.

d, =0263 \/ Leg \/ Q.Lpg (3)
P-P\Lpg-(R-P)

Fontanetmonin sonunda Q,=Q,, debitini vo sulagmani iglonmo layihasino osason
qabul etsak. Tozyiq P,-ni mohsulun neftqaz yigma sortino osason hesablanilir.

Ogor borularin hesablanmis diametri standart qiymotine borabor deyilso onda
kicik standart diametri qobul edilir. Pilloli boru komori asagidaki kimi hesablanir:
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I = (dk — dl )L (4)
’ (dz - dl)
l,=L-1, ()

l;, I, - kigik d; vo boyiik d, standart diametrloro uygun golon NKB-nin asagi vo yuxari
seksiyalarinin uzunluqlaridir.
NKB-nin hesablanmis diametri fontanetmonin baslangic dovriindo Qg debitlori
tomin etmolidir ki, bunu da biz islonmonin kompleks layihasino asason aliriq.
Fontanetmonin baslangicinda maksimal rejimdo qazlift fontanetmosinin sortlorine
osason hesablama ii¢iin molum olmayan quyuagzi P, tozyiqini toyin edok [6]:

Gq.f = R()mux (6)

2
|:G0 _O('p Pl + Pz —P():|(l—l’lb)= 0’282(Lpg) Iz (7)
d"“ (R =PRI

2

uygunolaraq p =P, P,=Pp,  olar.
Fontanetmonin baslangicinda », =0-dir. (7) ifadesini qrafoanalitik yolla yaxud da
iterasiyalar (dofolorlo tokrarlamalar) tsulu ilo holl edilir. Q, >0, 6 olarsa, onda

fontanetmonin baslangic vo son sortlorini 6doyon d, diametrli borular endirilir. Ogor
0,. <0, olarsa, onda (3) ifadosini maksimal mahsuldarliginin baglangic soraitloring

asason yenidon hesablamagla aparilir vo buradanda Q, =0, , gobul edilir, yoni

d =0263 /ﬂs /me (8)
“ P -P

diametri standart diametrlo {ist-listo diismiirso, onda alinan qiymoto yaxin

d

diametrli boru segilir.

basl

Natica. d,,, diametrli borularin maksimal diametrindon bdyiik olarsa, istismar

komorini endirmaklo quyunun borularla vo halqovi foza {izro quyunun fontanetmasini
hall etmak miisbat natico verir.

Govdodo parafinin, duzlarin, ¢okiintiilorin, laydan qumun daxil olmasi vo s.
hallarinda boruarxasi foza iizrs istismart mogsodouygudur.
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PACYET HOABEMHHUKA C YYETOM 3KCILTYATAIIHOHHBIX
CBOUCTB ®OHTAHHBIX CKBAKNH

M.C. PATUMOBA

B cratbe OIMPCACIAIOTCA AUAMETP U JJIMHA HNOABEMHOTIO pr60np0130,ua I KaXXA0ro mnpoAaAyKTHUBHOTO
CJI0s1, C YYE€TOM OKHUAaCMOT O Zle6I/ITa, IIaCTOBOI'O JaBJICHUSA, FHy6I/IHLI CKBaXXHWHBI U 3KCILTYaTallMOHHBIX YCHOBHﬁ.

Knroueevie cnosa: cksadxcuna, oasierue, mpyoonposoo, pormat, ouamemp.

CALCULATION OF THE HOISTING tube WITH RESPECT TO
OPERATIONAL PROPERTIES OF GUSHING WELLS

M.S. RAGIMOVA

The article defines the diameter and length of the hoisting tube for every productive layer in reservoir with
respect to the expected flow rate, the reservoir pressure, the well depth and the operational conditions.

Key words: wells, pressure, pipelines, gushing, diameter.
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QAZ SAXLAMA ANBARLARININ TOSNIFATI

0.9. OLIYEVA®

Mogqalado qaz saxlama anbarlarinin tosnifati haqqinda astrafli malumat verilmisdir.
Eyni zamanda mogqalads biitlin qaz anbarlarindan tocriibii shemiyysti olan tikenmis vo
tilkonmoys isloyon neftqaz, qaz vo qazkondensat yataqlarinda yaradilmis qaz anbarlarinin
dstiinliiyii  verilmisdir. Qaz saxlama anbarlarmin tutumunun va ¢ixarila bilon gazin
miqdariin hesablanmasi qaydalar1 moqalodo 6z oksini tapmisdir. Moaqalodo qazsaxlama
anbarlarina vurulan aktiv qazin hesablanmasinin qaydasi da gosterilmigdir. Maqalade qaz
yatagl ilo qaz saxlama anbarmin forqi do aydinlagdirilmigdir. Qaz saxlama qaz anbarinin
yaradilmasi iigiin yer iistii avadanliqlar kompleksinin sxemi da verilmisdir.

Acgar sozlar:  tiikonmis neft (qaz) yatagi, yeralti gazsaxlama anbarlart
(YOA), texnoloji sxem, tasnifat.

Molumdur ki, sohar vo sonaye miiassisalorinin tobii qaza olan tolabat1 fosillordon asili
olaraq miixtolif olur. Bununla olagadar olaraq il boyu, xiisusilo do qis aylarinda biitiin
tolobatcilarin qaza olan ehtiyacint 6domok iiglin olavo monbolorin yaradilmasina ehtiyac
yaranir. Bu ¢atinliklorin qarsisini almaq ti¢lin ehtiyat monbayi kimi yeralti qaz anbarlarindan
istifado edir.

Miixtalif qrup isladicilorin qaza olan tolobatinin zamana goro doyismosi (yay, qis) aylar,
hoftolor, giinlorlo vo saatlarla xarakterizo olunur. Xiisusi olaraq gazin tolobatinin yay-qis
aylarinda doyismasi boyiikdiir. Bunun da sobobi qazin istilik {iciin istifadssi ilo olagodardir (qaz
peglori, monzillorin v rayonlarin kotel qurgulari vo IEM) kotel = sonaye miiossisolori. Qaz
talobatinin ayliq doyismo omsali, K, - ayliq faktiki tolabatin orta ayliq faktiki tolobata olan
nisbatina deyilir

_ Kim

Kim - Ksm (1)
_ Y.

Qs.m - 12°

Burada @ - qazn illik tolobati, m’.

Yay zamani artiq qazin hansi ki, qis zamani iglodicilors verilir, onu saxlamagq iigiin (qaz
komorinin ritmik isi zamani) orta illik buraxma qabiliyyati illik tolobata uygun yeralti qaz
saxlama anbarlar1 qurulur.

Qaz tolobatinin fasillordon asili olaraq doyismosini diizoltmok ii¢iin lazim olan qaz1 {i¢
tisulla toyin etmok olar.

*
Azarbaycan Dovlot Neft vo Sonaye universiteti
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Qaz saxlama anbarlarinin tasnifati

1. Temperaturun doraco-giin ¢atismayan sayina gora.

2. Isladiciloerin biitiin qruplari iizro, istilik {iciin qaz normasina gora.

3. Qaz tolobatinin ayliq doyismo norma omsalina gora.

Qaz yataginin yeralt1 qaz saxlama anbarindan forqi odur ki, qaz yatagindan qaz ¢ixarilir,
yeraltt qaz anbarina iso qaz vurulur. Yeralti qaz anbarinin yeriistii avadanligi sokil Nel-do
verilmisdir. Qaz magistral qaz komari 1-don 2 Ne-li boru kamari ilo 3 - kompressor stansiyasina
daxil olur.

Burada o toz tomizloyici ilo tomizlonir sonra iso lazimi tozyigo kimi sixilir. Eyni
zamanda qaz kompressorlarda yagla ¢irklonir vo 80+120°C temperatura kimi qizir. Qazi, yeralti
gaz anbarma vurmamisdan gqabaq, onu 5 Ne-li seperator da, qradirne 6, kunclu asorber 7-do,
stizgoc 8-do tomizloyib soyudub, hazirlanmis qazi qazpaylayict punkt vasitosilo 10 Ne-li
quyuya vurmaq Ugiin istigamatlondirirlor. Quyudan ggtiiriilon qaz ayr1 atqr xotti ilo qaz
paylayict punkta (QPP) daxil olur, harada ki, seperator 11 vo 12 — do sudan, suxurdan vo
kondensatdan tomizlonir, sonra iso studé1ser 13-don, sorfolgon 14-don vo 15 - kollektor vasitosi
ilo 9 - quruducuya daxil edilir.

Qaz magistral gqaz komorino sonra iso kompressorun gobuluna verilir. ©gor onun
tozyiqi kifayot etmir (boyiikdiirso) onda, yeralti qaz anbarindan birbasa qaz komorino vermok
lazimdir. Yeralti qaz anbarina gqaz vurmaq vo gotiirmok ii¢lin gazin miqdarini, gaz yataginin
lahiyoalondirilmoasi vo islonilmosindo istifado edilon diistur vasitasi ilo toyin etmok olar (qazin
sorfi onlarda + isarasi ilo gazin vurulmasi iso — isarasi ilo qobul olunur).

Qaz anbarinin aktiv gqaz tutumu balans olaqgosi ilo ifado olunur.

Q, =0 Tst (Pmax _ Pmin) )

Tlay'Pst Zmax Zmin

burada {2 - qazla doymus masamali sahonin hacmi.
P max vo P min - qaz anbarinda max vo min orta tozyiqin qiymaot
Z - yiksok sixilma omsal

Ogor lay rejimi subasqili rejimdirso, onda (2) diisturuna a olavo edilir. Onda

Ts Pmax _ Pmin
Qu=0-A7 000 (Zmax - me) )
A - qiymoti 1-don 2+3—0 kimi doyisir.

Bu omsallar tigiin toqribi giymotlori gobul etmok olar. Ogor lay kollektorun hocmi
stizilmo gostaricilori qazdoyma sahosinin gostoricilori kimidirso, onun qalinligi gazdoyma
sahasinin qalinligina yaxindirsa, onda A-n1 1,05 - 1,1 gabul etmak olar. Sulu saho qaz doyma
sahoasi kimi yiiksokdirsa, hesablama qalinligina goroe masslon A-nin birden artmasi, A amsalinin
1,5 -2 hotta 3-9 barabar qobul etmak olar.

Tiikkonmays islonmis yatagin qaz saxlama anbarina ¢evrilmasinin prinsipco sadsliyine
baxmayaraq, faktiki olaraq tez-tez ciddi ¢atinliklor bas verir.

1-ci - ola bilsin ki, qaz yatagi, qaz anbarinin tikintisinin zoruri yerindo yerlogsmasin.

2-ci - yatagin avadanligi kohno olsun vo qaz anbarinin istismari ii¢iin yararsiz olsun.
Onda hamisin1 yenidon tikmok lazimdir vo eyni zamanda kohno quyulart da logv etmok
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zaruriyyati yaranir. Noticads yeni quyularin qazilmasi talab olunur ki, bu da kapital xorclorinin
artmasina sabab olur.
3-cli - madon yatagi olduqgca boyiik askar oluna bilor.
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Sakil. Yeriistii avadanhqlar kompleksinin sxemi

Boyiik yataqlarda yaradilan gqaz anbarlarinda bufer gazinin hocmido boyiik olur. Buna
goro do qaz anbar1 baha baga golir. Ogor bu hocmi azaltsaq, tozyiq azalacaq vo onda daha ¢ox
miqdarda quyular tolob olunacaq vo kompressor stansiyasinin (KS) giicii artirilacaq. Bundan
basqa bufer qazinin tozyiqinin azalmasi ilo yataga daxil olan suyun miqdar1 artacaq ve quyular
sulasib siradan ¢ixacaqdir. Basqa vacib ohomiyyatli soboblordo var. Buna goro tiilkonmoyo
islomis yataqlarda qaz saxlama anbar1 yaradilanda, miitloq todqiqat vo hesabat aparilmalidir.

Qazsaxlama anbarlarinin tutumunu toyin etmak {i¢iin iglodicilorin gqaz sorfinin
xarakterini bilmok zoruridir. Il orzindo gazsaxlama anbarina hesabatla vurulan qazin hoacmi vo
bu miiddst orzindo ¢ixarilan qazin hacmi aktiv qaz hocmi adlanur.

Adoton hesabat ii¢lin asagidaki miixtaliflik omsallar1 gobul edilir.

Sezon omsali K,; glin Kgy; saathiq Kgae

q
Kser = qs.m/qs.q Koue = sq/qs.m Ksqar = qs/qsq

Burada qsm, qsq, qs - uygun olaraq qazin orta ay, giin vo saatliq sorfidir.
Qaz saxlama anbarinin aktiv tutumunu Q, —n1 agagidaki diisturla toyin etmok olar.

_ON
Qa - E Z(Ksez - 1) (4’)
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Qaz saxlama anbarlarinin tasnifati

Qq — 1l arzinda talab olan qazin miqdari n- omsallarin say1, n>1 (adoton 5 - 6)
Q. — qiymati il arzindo istilik sisteminin yiikiindon asili olaraq, buda Qg-1n 10 %-ni toskil edir.

Qazsaxlama qaz anbarinin yaradilmasi tigiin osas etibari ilo asagidaki sortlor olmalidir.

Qaz tutumu ( tilkenmis qaz vo qazkondensat yatagi); qazi qazsaxlama anbarina vurmaq
iciin quyu fondu; qazsaxlama anbarina vurulan ve ¢ixarilacaq qazin miqdari; lazimi qazin
vurulmast ti¢lin yiliksok tozyiqli gazkompressor stansiyasi.

Qaz tutumunu hesablamaq iiglin tutum kimi istifado edilocok tiikonmis qaz vo
gazkondensat yatagin cari gostoricilori (moasamaliyi, kegiriciliyi, yatagin rejimi, yatagin neftlo,
su, qazla doyma omsallari, lay tozyiqi, temperatur, yatagin quyu fondu, tutumun laya vurulacaq
gazin monboyi, monbayin qazsaxlama anbari ilo olagosi, qaz komori, kompressor stansiyasi.
Qazsaxlama anbar1 kimi istifado olunacaq yatagda miioyyon todqigat islori aparilir. Qaz
anbarmin iglonilma layihasi hazirlanmalidir. Layihads birinci névbade layimn islonilms rejimi
toyin edilmolidir. Vo bundan sonra iglonmo rejimindon asili olaraq layihe iizro basqa
gostaricilor tayin edilmalidir.
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KIIACCUOUKALNIUA TOA3EMHBIX I'A30XPAHUWJINII
O.A. AJIMEBA

B crathe oTpakeHbl NpPEHMYIIECTBA Ta30XpPaHWIMIL, CO3AAHHBIX Ha HCTOMIEHHBIX M HCTOLIAIOIIMXCS
He(Tera3oBbIX M ra30KOHACHCATHBIX MECTOPOXKICHUAK, a TAKXKE METOJB! BEIUMCICHHUS 00BheMa Ta30XPaHMIHI] 1
KoJIM4ecTBa JoObIBaromierocss Trasza. JlaHel METONBI BBIYMCICHHS AaKTHUBHOTO Tas3a, IIONAIOMIETOCS B
ra3oxpaHmInIma. PaccMorpena cxema KOMIUIEKCa IIOBEPXHOCTHOTO 000PYIOBAHHUS ISl CO3TAHUS Ta30XPAHMIIHIIA.

Knrouesvie cnosa: ucmowennvie negpmsinvle (2a3) mecmopodcoenus, noosemuoe eazoxparunuwe (I1I'X),
MEXHONOSUYECKAs CXeMd, KIACCUDUKAYUSL.

CLASSIFICATION OF UNDERGROUND GAS STORAGES

O.A. ALIEVA

The article describes the advantages of storage facilities built on depleted and depleting oil and gas
condensate fields, as well as methods of calculating gas storage volume and the amount of gas produced. The
methods of calculating the active gas fed into the gas storage are given. The scheme of the complex surface
equipment to build gas storage facilities is reviewed.

Key words: depleted oil (gas) field, underground gas storage (UGS), technological scheme, classification.
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MATEMATHYECKOE MOJIEJIMPOBAHHUE ITPOLIECCA
CTPYKTYPOOBPA3ZOBAHUA HE®THU B IIVIACTE - KOJIVIEKTOPE
HE®TSHBIX MECTOPOXXIEHUI

C.P. PACYJIOB", A6.I'. P3AEB’, B.B. OPVJI)KEB", I.P. MYCTA®AEBA"

B cTarse mokaszaHo, 4TO Mpolecc CTPYKTypooOpa3oBaHus HE(PTH B KaUIIIpax Ijiacta KOJJIeK-
TOpa MOYKHO OIIHCATh MPH IIOMOIIM M3MEHEHUs BA3KOCTH BO BpeMeHH. [Ipemmaraercs maTemarnde-
CKasi MOJIEJTb HKCIIOHCHIINAIBHOTO XapaKTepa, aleKBaTHO ONMCHIBAIONIAS BHIICYKa3aHHOE H3MCHEHHUE
C YU4E€TOM CYIIECTBEHHOTO BIHSHUS BSI3KOCTh HEPTH Ha OCTATOYHYIO HE(PTEHACHIIIIEHHOCTH IJIACTOB.
[TomyueHnass MaTeMaTH4YeCKasi MOAETHh MOKET OBITh HCIIOJIB30BAHA IS pEIICHUS ITPOOIeMBI pa3pa-
OOTKHM TPYJHOM3BICKAEMBIX 3aIIaCOB HE()TAHBIX MECTOPOIKICHHUH.

KuroueBble cji0Ba: mamemamuueckas Mooels, 853K0Cmb, NiACm, Npoyecc
cmpyKmypoobpaszosanus, mpyoonposoo.

OnHO# U3 OCHOBHBIX IpoOieM pa3zpaboTku HedTea0ObIBAIOIIEH MPOMBIIUIEHHOCTH SIB-
asiercst mpobiema yBenuueHus Hereoraauun. M3BecTHO, 4TO K03 PuimeHT n3BneueHus Hehtu
U3 macra u3Mensiercs B npezenax ot 0,2 no 0,7, yacto He npebiaet 0,5.

Kak ormeueno B pabote [1], o1HOI U3 MPUYMH TPYTHOU3BIEKAEMOCTH HEPTH U3 IJIACTA,
CIIEyeT CYUTATh MOJIEKYJISIPHO—TIOBEPXHOCTHBIE MPOIIECCHI, MPOUCXOAALINE Ha TPaHUIIE pa3-
nena HepTh — MopomooOpasyoIKe MUHEpaIbl — orpedeHHas Bojaa. Pacrpenenenue ruapo-
GuIbHBIX U TUAPOPOOHBIX YUACTKOB, MX YHUCIIO M YEPEJOBAHHUE 3aBUCAT OT MPUPOJBI IOPOIO-
00pa3yronmx MUHEPAJIOB, PU3NKO — XUMHUYECKUX CBOMCTB, HACBHIIIAIOMIMX IJIACT KUAKOCTEH U
coJiepKaHue B HUX NOrpeOeHHoM Bojbl. IIpu 3TOM cienyer OTMETHTh, YTO OCHOBHAsI YacTb
MOPOBBIX KaHAJOB (65-85%) sBnsieTcst runpodoOHOii u ruApodhoON30BaHHON HEPTHIO U Ta30M.
C 1enblo MCCIEIOBAaHUS ATHX IMPOLECCOB, MPOUCXOIAIMINX Ha TPAHUIIE pa3fena XKHUIKOCTH U
ra3a ¢ nopoaoo0OpasyronmMu MUHepatamu, akaaeMukoM Pebenaepom I1.A. u ero mkomoii [2],
Mapxkacunpim W.JI. [1] u ap. co3gana cienuaibHas 00J1aCTh HAYKU «(PU3HKO-XUMHYECKasT Me-
XaHHUKa.

C yd4eroM BBILIEU3TIOKEHHOTO, MPOLECC CTPYKTypooOpa3oBaHus HEPTH B KamMLIspax
I1acTa — KOJIJIEKTOpa MOKHO OMUCATh MPH MOMOIIY U3MEHEHHUS BSI3KOCTH BO BpeMEHU. Xapak-
TEp ATOr0 U3MEHEHMs IMpPHUBEICH Ha pHUCyHKe. V3 pUCyHKa BHAHO, YTO CYHIECTBYET YeTKas
CBSI3b MEXKIY BpEMEHEM HaxOKACHUS He(TH B 3a30pe (Kamwuisipe) U BA3KOCTHIO, KOTOpas 3a-
BUCHUT OT cBoicTBa Hedtu (comepkanus B Heil [IAB — acdanbTeHOB) M BeTMUMHBI 3a30pa

*
A3sep0OaiipKaHCKUi TOCYIapCTBEHHBII YHUBEPCUTET HE(PTH 1 IPOMBIIUICHHOCTH
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Mamemamuueckoe mooenruposanue npoyecca CmpyKkmypooopazo8anus Hegpmu  niacme ...

MEXIy TBEPABIMU MOBEPXHOCTSAMHU WU PaTUyCcoOM
kamuuisipa. C yBelIMYEHUEM BPEMEHH IPOXOXKJIe-

T ~

= - HUs (t) U3MEHEHHE BSA3KOCTH ({) MPOUCXOIUT IO

KpPUBOM, CTpeMsIIeHCcs K HACBIIICHUIO, TIe U — BA3-

A
\Il

KOCTh HE()TH, KOTOPAsi HE UMEET CTPYKTYPHI.
BBuay CyliecTBEHHOTO BIUSHHS BS3KOCTH

MJaCTOBOM HE(PTH HA OCTATOYHYIO He(TeHaChI-

IMCHHOCTh MPOAYKTUBHBIX IIJIACTOB W TOI'O, YTO

At
«—> BSI3KOCTDH SABJISIETCA OJHHUM U3 BAKHEUIINX CBOUCTB

BA3KOCTB, nyds

IJIACTOBBIX (DITIOMIIOB, B TAHHOW CTaThe Mpejiara-

T

0 BpeMi, yac t €TCsA MaTeMaTHYeCKasg MOJEIb DKCIOHEHIIUAILHOTO

3 XapakTtepa, aJIekBaTHO (C morpemHocTbio 3%) onu-
Puc. I'paghuueckasn 3asucumocms Kpueoi

paszona eazkocmu nedmu om epemenu npo-  CbIBAIOLIAA KPUBYIO, IIPCACTABICHHYIO Ha PUCYHKE.
X0dcoenus ee 6 3azope (Kanuunape)

p(t) = uo + (p1 — o) (1 — exp (— %)) D

rae u(t) — BeMYMHA BA3KOCTH B MOMEHT BPEMEHH t, g U [4; — COOTBETCTBEHHO HIDKHSS U
BEPXHsIsl TPAHUIIBI HHTEPBAIa U3MEHEHHUSI BI3KOCTH, T — XapaKTepuCTUUECKOE BpeMsl, OIpeie-
SIEMOE 10 KPUBOM C UCIIOJIB30BAHUEM METOJa KacaTeIbHOM.

Kak BumHO U3 (hOpMyIbI, TEOPETHUECKOE BpeMs MEPEeXOTHOTO Mpollecca paBHO OECKo-
HeYHOCTH. [IpakTHdecku ke Mo KpHUBOMY pa3roHy (puc.) ompeaensercs (akTUIeCKoe BpeMs
npoBeneHus: dkcrepuMerTa. C 3TOW Menblo, MPOBOJUTCS KacaTeNbHAs M TEPICHIUKYISAP B
M000# Touke (0OOBIYHO OJIMDKE K CepelMHE) KPUBOM JI0 MepeceueHus ee ¢ JIMHUEH Uy (t = ).
Torma mpoekius oTpe3ka KacaTeIbHON Ha OCH BPEMEHHU W OyneT BenuunHOW T, KoTopas Kak
BUJHO u3 puc. paBHa 1,43At. IIpu 3TOM, BpeMs IEPEXOAHOrO Ipouecca (BpeMs OMBITA) tyep €
BeposTHOCTBIO 0,95 OyneT onpenenstbest kak 47T.

Takum oOpa3om, moydyeHHAss MAaTEMAaTUYECKasi MOJIEh MOXKET OBITh UCIIOIB30BaHA ISt
pereHust mpodeMbl pa3paboTKH TPYAHOU3BICKAEMbIX 3aI1aCOB HEPTSIHBIX MECTOPOKICHUH.

Hapsiny ¢ BBIIIEN3I0KEHHBIM, aKTYaJIbHBIM SIBIISICTCS TaKXKe paloOHaIbHAs TPaHCIIOP-
TUPOBKa 100bIBaeMoii HePTsHOM d3Mybcuu (HD) mo TpydonpoBoay 10 YCTaHOBKH IMTOATOTOBKH
He(TH, KOTOpas TpeOyeT pa3pabOTKH MAaTEeMAaTHYECKUX MOJIEICH /I pacdyeTra XapaKTepPUCTUK
notoka HD (HEeHbIOTOHOBCKOM KHIKOCTH).

BrimenoctaBnenHas 3a1a4a pemiaercs cieayomuM oopazom. CHavasa ¢ HCMOJIb30BaHU-
em OanaHca CuiI, JEHCTBYIOIMNX Ha IWIHMHIPHYECKUN HJIEMEHT )KUIKOCTH panyca » W JJIMHBI
[ omumem [4]

2mrlt = mr?AP (2)
WK
_TAP
T

IJie T — HanpshKeHUe TpeHwus (caBura); Ap — nepenaj AaBjieHus B yaacTke / TpyoompoBoa.
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I[JISI HaMpsKCHUA TPCHUSA Ha CTCHKC MOJIYyUacM:

RAP
Tw =" 3)

rae R — paguyc tpybomnpoBoa.
CnenoBarenbHO, T = T,,,7/R ¥ rpalu€HT CKOPOCTH OMPEEIISIETCS CICTYIOIHUM 00pazoMm:

du
-2 = @) = f(rur/R) @)
ITocite MHTErPUPOBAHUS ITOTYYaETCSI
R
() = j f(twpdr (4a)

[Mockonbky u(r) = 0 mpu AOMYIIECHUN YCIOBUS NMPWINNIAHUS KHUIKOCTH K CTEHKE (OT-

CYTCTBHUE CKOJIBXKEHUS) Aajiee HAXOIUM:
R

R
Q =] 2nru(r)dr = nf u(r)dr? (5)

Q — pacxox HEPTIHOH SMYIBCHH.
WuTerpupoBanue 1o 4yacTsm Jaet

R
Q=m lrzu(r)|§ — f rzdu(r)l,
0

Tak, kak u(r) = 0, rorga

R r
Q=r | rrepdr (6)
0
[oncraBus r = Rt /T, NOIy4uM
Q 1 (v,
5= | T )
w Jo

COOTHOIIIEHHE MEXy CKOPOCTHIO W TEPEenajoM JaBJICHHUS MOXXET OBITh BBIBEJICHO W3
dbopmynel (7) MyTeM YUCIEHHOTO MHTETPUPOBAHUS C UCIOIB30BAHUEM MONYYEHHBIX U3 OIbI-
TOB 3aBUCUMOCTEH f(T).

I[JISI MATEMATHUYCCKOT'O OIMMCAaHU S 3KCHepI/IMeHTaJIBHBIX JAaHHBIX 3aBUCUMOCTH HaHpH)Ke-
HUS CIBUTA (7) OT CKOPOCTHU CABHUTA ), IPUBEIACHHBIX B [5] mpemaraercs SKCIIOHCHIIMAIbHBIN
3aKOH B CJICTYIOIIEM BUJIC:

TZA[].—QXP(%)]-FB (8)
A, B 1 A — skcriepuMeHTaNTbHBIE KO PUITUEHTHI, OTIpeiesieMble U3 JaHHBIX [5].
[Tpudem paszmeprocth A u B sBasercs [1a, A — 1/cexk.
B pesynbrare ornenkn 3tux KoddduimeHToB Gopmyna (8) mproOpeTaeT ClaeayIOIIHUA
BUJI:

T =1000 [1 — exp (—%)] + 300 9

Crenyer OTMETHTh, YTO UJCHTU(DHUKAIIKASA TIO0 TaHHBIM [5] ¢ OTHOCHTEILHOMN MOTPEIIHO-
CThIO0 6,5% aneKBaTHO OMHMCHIBACT IKCIICPUMCHTAIbHBIC TaHHBIC [5] U MOXKET OBITh MCIOJIB30-
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Mamemamuueckoe mooenuposanue npoyecca CmpyKmypooopazosanus Hegpmu 6 niacme ...

BaHa Ul ONHCAHUS aHOMAIbHBIX (CTPYKTYypUpOBaHHBIX) HedTelt 1 HD ¢ HEHBIOTOHOBCKUM
XapakTepOM TECUCHHS.
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NEFTIN CIXARILMASI VO NQQLi ZAMANI STRUKTUR OMOLD GOLMOSI
PROSESININ RiYAZi MODELLOSDIiRiLMOSi

S.R.ROSULOV, A H. RZAYEV, V.V. ORUCOV, G.R. MUSTAFAYEVA

Magqalads neftin lay-kollektor kapillyarlarinda struktur amalo galmasi prosesini 6zliililylin zamandan asili
olaraq doyismasi vasitasi ilo ifads etmok miimkiinliiyii gosterilmisdir. Lay neftlorin 6zliililyliniin qaliq neftlorin
¢ixarilmasina ciddi tosirini nozoro alarag, onun zamandan asililigini adekvat ifado edon eksponential xarakterli
riyazi model toklif olunmusdur.

Toklif olunan model neft yataglarmin ¢otin ¢ixarilan ehtiyatlariin iglonilmasi probleminin halli ii¢iin
istifads oluna bilor.

Acar sozlar: riyazi model, 6zliliik, lay, struktur amalo galmasi prosesi, boru xatti.
MATHEMATICAL MODELLING OF OIL FORMATION IN THE COLLECTOR
LAYER OF OIL DEPOSITS
S.R. RASULOV, A.G. RZAYEV, V.V. ORUDJEV, G.R. MUSTAFAYEVA

The oil formation process in the collector layer of reservoir can be described by the changes of viscosity
over the time.

The mathematical model of exponential nature adequately describes the abovementioned changes by
considering an influence of the oil viscosity on the residue oil saturation of the reservoirs.

The obtained mathematical model can be used for solving the problems of the heavily extracted reserves of

oil deposits.

Key words: mathematical model, viscosity, reservoir, structure formation process, pipeline.
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FAZA KECIDLI MATERIAL 9SASLI GUNOS ISTILIKDOYISDIRICI -
HELIOREAKTOR AKKUMULYASIYA SISTEMININ TOCRUBI
NOTICOLORININ ANALIZi

F.F. MOMMSDOV"

Mogqalods giinas istilik enerji sistemlorindo miixtolif faza kecidli materiallardan istifado
etmoklo istiliyin uzunmiiddstli saxlanmasi prosesino baxilmigdir. Universal helioreaktorda aparilmig
tocriibolor osasinda sistemin istilik effektivliyinin, istilik-energetik parametrlori vo movcud istilik
itkilori toyin edilmisdir.

Acar sozlar:  giinas istilik enerji sistemlori, faza kegidli material, helireaktor, istilik-
energetik parametrlor, istilik akkumulyatoru.

Giinos istilik-enerji sistemlorinds istiliyin akkumulyasiya edilmosi hor zaman aktual
mosalalordon hesab olunur. Indiki zamanda da, miixtalif {isul vo vasitolordon istifade etmaklo,
giinos enerji sistemlorindo istiliyin akkumulyasiyasi hoyata kegirilir [1,2]. Belo iisullar daha
cox boyilk giico malik giinos istilik-elektrik stansiyalarinda 6z totbigini tapir. Istilik
akkumulyasiya materialinin secilmosi zamani, orta vo yliksok temperatur vo tozyiq inter-
vallarinda onun istilik-fiziki xassolorinin neco doyismosini bilmok vacibdir. Istilik
akkumulyasiya materiallar1 gaya vo ya c¢ay daslarindan ibarst olmagla, isti havanin saxlanmasi
ticlin [3] vo yliksok istilik tutumuna malik miixtolif mayelordon ibarat olmagla isti su vo ya
digor istilikdasiyicilart qizdirmaq {igiin istifads edilir [4].

Hazirki todqiqatda geco do daxil olmaqla, giiniin istonilon vaxtinda giinag siias1 selinin
sixligimin vo otraf miihit temperaturunun doyisdiyi zaman, isti su vo buxar alinmasi kimi
texnoloji proseslor lizra tolob olunan temperaturun tomin olunmast tigiin, termiki xiisusiyyatlori
davamli olan istilik akkumulyasiya materialindan istifads edilmasi nozords tutulmusdur.

ovvalki todqgiqatlarda [5,6,7] miixtolif faza kecidlorino malik istilik akkumulyasiya
materiallarindan istifado edilmisdir. Bu todqiqatlara osason, demok olar ki, biitiin hallarda,
istilik akkumulyasiya materiali ilo doldurulmus hocm giinog energetik qurgusu ilo yalniz istilik
miibadilo aparati ilo slagolondirilmisdir. Bu is9, olava olaragq, istilik va elektrik enerji itkilorinin
yaranmasina sabab olur. Bu sokilds, istiliyin saxlanmasi vo tadricon istifade edilmasi zamani
asagidaki catismamazliglar meydana galir.

*
Azarbaycan Dovlot Neft vo Sonaye Universiteti
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e Sabit temperatur iizro is-
tiliyin uzun miiddatli saxlanmas1 vo
texnoloji prosesd oOtiiriilmosi
cotinlosir;

o lkikonturlu  sistem  {izro
istilik akkumulyasiya materialinin
horakat etdirilmosi {igiin olava enerji
tolob olunur;

o Istilik akkumulyasiya mate-
rialimin hocmi vo kiitlosi hoddon
artiq boyiik olur.

Bu kimi problemlorin aradan

. e : qaldirilmas:  mogsadilo ilk  dofo
Sakil 1. Giinas istilikdayisdirici — helioreaktor akkumulyasiya olaraq, giinos istilikdoyisdirici —

sisteminin laboratoriya qurgusunun iimumi goriiniisii. . . .
yaqurs & 4 helioreaktor akkumulyasiya siste-

minin laboratoriya qurgusu islonib
hazirlanmisdir. Tocriibo qurgusunun imumi goriiniisti sokil 1-do verilmisdir.

Bu qurguda 20-350°C temperatur intervalinda istilik akkumulyasiya materiallarinin
miixtolif istilik-energetik parametrlorini todqiq etmok miimkiindiir. Todqiqatlarin aparilmasi
stasionar rejimdo nozards tutulmusdur.

Giinos istilikdoyisdirici — helioreaktor akkumulyasiya sisteminin ilkin olaraq, bir nec¢o
dofa yoxlanilmasi magsadilo su — su sistemi iizro tocriibalor aparilmisdir. Hazirki tadqiqatda
159, “XC” novlii tomiz parafin vo mum gotiriilmiisdiir. Bu istilik - akkumulyasiya materiallar
tobiatdo zongin olmagqla yanasi, yiiksok istilik-energetik parametrlora malikdirlor [8]. Parafin vo
mumun osas parametrlori asagida verilmisdir.

Cadval
Istilik akkumulyasiya materiallari olan parafin vo mumun istilik — fiziki xassalari
Parametrlor Parafin Mum
et [ noév II név I n6v [ noév II név I no6v
Orimo temperaturu,’C 28 35 100 79 86 125
Soyuma temperaturu,’C 26 36 102 76 84 122
20°C-do sixligs, kg/m’ 875 888 954 961 964 966
Istilik tutumu
’ 1 1 172 1 171 1
5+ 18°C-do, kC/(kq) 80 65 7 68 7 76
Xiisusi istilik tutumu
’ 1,8/2,4 1,8/2,4 1,8/2,4 - - -
-5 - 18°C-do, kC/(kq K) o e e
Hocmi geniglonma, % 11 10 10 8 8 9
Istilikkecirma,

0,25 0,22 0,2 0,64 0,61 0,7
25°C-do Vt(mK) ’ ’ ’ ’ ’ ’
Kinetik 6zliiliik

4 4 1
40°C-do, mm?s ,5 3, 8,5 6,9 8,8 8,9
Alisma temperaturu, °C 166 181 311 - - -
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Gostorilon parametrlorlo yanasi, parafin vo mumun diger miisbat fiziki-kimyovi
xassalora do malikdirlor.

Fiziki xassolori:

e Faza kecidi iiciin bdyiik istiliyin olmasi; ifrat soyuma effektinin olmamasi; Kigik
ozliilik amsalina malik olmasi; Ciizi elektrikkecirma gabliyyatine malik olmast;
Regenerativ sistemlords daha faal istifadoays malik olmasi; Maye halinda qeyri —
polyar oldugu tigiin diger maddalarls qarisa bilmomasi.

Kimyavi xassolori:

e Biitiin materiallara gars1 kimyovi inertdirlor; Aqreqat halinin tsiklik doyismasi
zaman1 uzundmiirlii vo stabil sokilde galirlar; 250 —270°C temperatura qodor
qizdirildiqda stabillik pozulmur; Toksiki deyildir; Korroziyaya ugramir;
Kimyavi sabit va dayaniqlhidir; Qaynama hali olmadig tiglin yiiksak temperatur
va tozyiqlords tohliiko yoxdur.

Ekoloji toroflori:

e 100 % tobii mohsuldur; Ekoloji tohliikasiz maddalor olmaqla, hec bir sokilda tobiato
vo mikroorqanizmo monfi tosir gdstormir; Insan saglamlig {iciin toksiki vo
zarorli xassalora malik deyildir; Istanilon sokilda gida sanayesindo do istifado
oluna bilar; Tomizlonmis sokilds yenidon dofalorls istifads gabliyyatino
malikdirlor.

Konstruksiyanin istilik effektivliyinin qiymatlondirilmasi.

Odobiyyatda [9] verilmis prinsipial sxem {lizro gilinos istilikdoyisdirici — helioreaktor
akkumulyasiya sistemindo asililiglarin toyin edilmosi magsadilo bir sira texnoloji parametrlorin
doyisdirilmasi ilo tocriibolor aparilmisdir. Qizdirilan su vo havanin vahid zaman orzindo,
stasionar rejimda sorfi uygun olaraq kq/saat;m’ / saat va siiroti m/san Slgiilmiisdiir. Qurgu
daxilindoki istilik akkumulyasiya materialinin temperaturuna nozarot edilmosi tigiin 1 odad
LATR vo 2 odod termovericidon istifado edilmisdir. Miixtolif temperatur intervallarinda
qizdirilan su vo havanin istilikdoyisdiricinin daxili borusu ilo diiz vo oks axin istigamatlorindo
horokoti tomin edilorok texnoloji sxem {izro alinan noticolor geyd edilmisdir. Bu mogsadlo,
tacriilba qurgusunda daxili boru iizra hava axini rejimino baxaq: Burada tacriibslor, havanin
siiratinin 1;1,5;2m / san qiymotlorinde vo 20+200°C temperatur intervallarinda aparilmisdir.
Temperatur addiminin hor biri 20°C  gétiiriilmoklo, eksperimentlor stasionar rejimlordo
aparilmigdir. Eksperimentlor hor bir stasionar rejimdo minimal olaraq 6,8,10, maksimum 24
saat miiddotindo yerino yetirilmisdir. Maye axininda iso siirot diapazonu ¢ox kicik olmaqgla
laminar Ozlii-qravitasiya rejimi miisahido olunur ki, burada da istilikvermo omsali
a =4256Vt/(m*° C) toskil edir. Buna asason, qurgudaki daxili borunun uzunlugu boyu daxili
T,, voxarici T, = divarin temperaturu 6l¢tilmiisdiir.
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160

120 A

80

40 1

20 zaman,t, saat 24

Sakil 2. Istilik akkumulyasiya sisteminda zamandan astli olaraq
temperaturun dayisma dinamikasu.

Burada, 1,2,3 oyrilori uygun olaraq, hava axininin 1; 1,5; 2 m/san siiratlorindo
qizmasi naticasinds sistemin soyumasinin zamandan astlilig1; 4,5,6 ayrilari
uygun olaraq, hava axininin 1; 1,5; 2 m/san  siiratloerinds sistemin stasionar

rejima ¢ixma miiddatinin zamandan asililig1 verilmisdir.

Q Vvt

4000 +
L
2600

1
2000
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0

0 4 8 12 16

1000 \

20 zaman,t, saat 24|

Sakil 3. Daxili borunun divarindan qizdirilan hava axinina
olan istilik selinin zamandan asililig1.
1,2,3 ayrilari uygun olaraq, hava aximinin 1; 1,5; 2 m/san
siiratlorindo verilmigdir.

T°C
90 4

p——
60 \-\

50 4

40

20 T T T T T 4
0 4 8 12 16

20 zaman,t, saat 24

Sokil 4. Qurgunun izoliyasiya sathinin temperaturunun zamandan
astli olaraq dayismasi.
1,2,3 ayrilori uygun olaraq, hava axininin 1; 1,5; 2 m/san
siiratlorindo verilmisdir.
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Sokil 2-don goriindiiyii
kimi sistem maksimal olaraq,
200°C-yo qodor qizdirilir.
Stasionar rejim oldo edildikdon
sonra iso 3 miixtolif siirotli
hava axin1 daxili boru ilo
horokot etdirilir. Zaman keg-
dikco sistemin soyuma dina-
mikas1 bas verir. Digor torof-
don daxili boru ilo hava
axininin horokati tomin edilon
zaman da qurg§unun stasionar
rejimo ¢ixma zamani da toyin
edilmisdir.

Sokil 3-da istilik akku-
mulyasiya materiali ilo shato
olunmus daxili borunun diva-
rinin sathinden qizdirilan hava
axinina tosir edon istilik seli-
nin zamandan asilt olaraq,
azalmasi miisahido edilmisdir.
Temperatur azaldiqca, istilik
selinin do tosiri azalir. Sakil 4
— do iso helioreaktorun iize-
rindoki  izolyasiya qatinin
daxili sothinin temperaturunun
zamandan asili olaraq, azalma
grafiki  verilmisdir. Goriin-
diiyt kimi, bu asililiq da gqanu-
nauygun olaraq, zaman keg-
dikco soyuma bas verir vo
istilik itkilori azalir.

Sistemin istilik-ener-
getik hesabati.

Sistemin istilik-energe-
tik hesabatinda osas problem
istilik akkumulyasiya materia-
lindan daxili boruya vo qiz-
dirilan miihito verilon istiliyin
miqdarinin toyin edilmasidir
[10]. Bunun ii¢iin istilik akku-
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mulyasiya materialindan daxili boruya olan istilik paylanmasinin toyin edilmasi ii¢lin asagidaki
asililigdan istifado edok [11]:

Thue =Tyt (0,92+0,94) 5 gy = %(Tb.d.fq ~ T, (0,92+0,94)

Burada, 7,, - quzdirmanin (son)7 miiddati orzindo boru divarmnin sothinin tempe-

raturudur, °C; T, ,_, - quzdirmanin (baslangic) 7—1miiddati orzinds boru divarinin sathinin

a,Fn . e . .

o sistemdoki istilik akkumulyasiya materialinin soyuma temp-
Gp

1

idir, ¢'; «, - boru divarindan istiliyin verilmosi miiddotindo istilikvermo omsalidir,

temperaturudur, C; m =

2

Vt/(m**C); F, - daxili borunun sothinin sahesidir, m”; n - istilik akkumulyasiya

qurgusunda olan borularin sayidir, bizim halda bu n =1 toskil edir; ¢, - istilik akkumulyasiya
materialinin istilik tutumudur, C/(kq-° C); p, - istilik akkumulyasiya materialinin sixhigidir,
kq/m’; V - istilik akkumulyasiya materialimn hocmidir, m’; A, - istilik akkumulyasiya
materialinin istilikkegirmo omsalidir, V¢/(m-"C); & - istilik akkumulyasiya materialiimn
yerlogdiyi hocmin yarisimin enidir, m; 7, vo 7, - uygun olaraq, soyuma vo qizdirma
miiddatloridir, san ;
Qrro :;Z—R - Termo elektrik qizdiricinin (TEQ) sothindon ayrilan istilik selinin
TEQ
miqdaridir, V¢/m?; I - TEQ-dan kegon coroyan siddatidir, 4; R - TEQ-nin miigavimotidir,
Om; S, - TEQ-nin sothinin sahasidir, m*; (0,92+0,94) - istilik akkumulyasiya sistemindo
omolo golon timumi istiliyin miqdaridir, hansi ki, bu istilikdon timumi istilik itkilori ¢ixilir,
yani, sistemin sirf 6ziindo somoaralilik 0,92+0,94 arasinda doyisir. Istilik akkumulyasiya
sistemindo mdvcud olan istilik akkumulyasiya materialinin akkumulyasiya gabliyystini (b),
Vt-s | (m* " C) asag-
daki diisturla hesabla- 5%

maq olar: - ————%
b — ﬂqclpl » /ﬁ-—_r
2
Secilmis faza || !

kecidli materialin akku- | |

mulyasiya qabliyyati

. . . . 5 1
imkan verir ki, bu sistem

0

ticlin  tolab olunan
temperatur intervalinda

20 40 60 80 100 120 140 160 180 T,°C 200

o o Sakil 5. Umumi sistemda yaranan istilik itkilorinin temperaturdan asiilig.
effektiv 1§19y9 bilsin. 1,2,3 ayrilari uygun olaraq, hava axinmin 1; 1,5; 2 m/san siiratlorinds verilmisdir.
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Faza kegidli material asash giinas istilikdayisdirici — helioreaktor akkumulyasiya ...

Istilik itkilorinin toyini.

Giinos istilikdayisdirici — helioreaktor akkumulyasiya sistemindo bas vera bilacok
itkilorin toyin edilmasi moagsadilo, miioyyon metodiki yanagma nozordon kecirilmisdir
[12,13,14]. Bunun iigiin, istilik akkumulyasiya sistemindo istilik itkilorini toyin edok:

AQ = makcp(Tak =T,

Burada, T, - akkumulyasiya sisteminds yaranan temperaturdur, °C; 7, - otraf miihitin,
havanin temperaturudur, °C'; m,, - faza kecidli akkumulyasiya materialinin kiitlosidir, kq ;
c, - faza kegidli akkumulyasiya materialinin xiisusi istilik tutumudur, C/(kq-K)

Giinos istilikdoyisdirici — helioreaktor akkumulyasiya sisteminin iizorindoki izoliyasiya
gatinin olmasina baxmayaraq, istilik itkilorinin yaranmasi labiiddiir. ©sason konvektiv iisulla
bas veron istilik itkisini, yoni helioreaktorun sothindon otraf miihito olan istilik itkisini toyin
edok:

0=dQ/dz = kAT, ~T,)
Burada, k - istilikotiirma omsalidir, V#/(mK); A - istilik ayrilan sathin sahosidir, m” ;

z - zamandir, saat .
Hor iki barabarliyi birlogdirsok, onda alariq:

T(z)-T, =[T(z=0)~T,|exp(-zkA / m c,)

Belo sistemlorin f.i.0.-m1 hesablamagq {i¢iin xiisusi hali nozers almaq lazimdir: Ilkin
olaraq, bilmak lazimdir ki, sistem hans1 texnoloji proses liciin totbiq edilacok. Bu, iki hal {i¢iin
ola bilar: 1-cisi yliksok temperaturlu texnoloji proses, 2-cisi asagi temperaturlu texnoloji
proses.

Gk =OXP(=Z") =V,
E,=exp(-2Z")=v.,
Burada, Z* - 6lgiisiiz zamandir; v, - akkumulyasiya sisteminin f.i.0.-dur.

Aparilmis hesablama va tocriibolorin analizi gostarir ki, enerjiyo gonaat vo ekoloji tomiz
texnologiyalarin inkigaf etdirilmosinde miistosna ohomiyyat kosb edon alternativ enerji
qurgularinda istiliyin uzunmiiddotli saxlanmasi va texnoloji proseso Otiiriilmasi prosesinin
tadqiq edilmasi digor sonaye sahalorindo do genis miqyash vo bdylik somara aldo edilmasine
imkan yaradir.
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AHAJIN3 OKCIIEPUMEHTAJIBHBIX PE3YJIBTATOB AKKYMVYJINPYIOIIIUX CUCTEM
T'EJIMOPEAKTOPA HA OCHOBE MATEPUAJIA ®A30BOI'O IEPEXOJIA

o.0. MAMEJIOB

B CTaThbeC paccMaTpuBarOTCA IMPO1ECChI JAOJITOBPEMEHHOTO AKKyMYJIMPpOBaHUSA TCILIIOThI C

HCIIOJIb30BaHUEM PA3JIMIHBIX MaTepHaIoB (a30BOTO MEPEX0/1a B COTHEYHBIX TETUIOHEPTeTHUECKUX cucTeMax. Ha
OCHOBE TIPOBEICHHBIX 3KCIIEPHIMEHTOB B YHHMBEPCAIHHOM TEIHOpPEaKTOpPe ONpEeAeTCHBl TaKWe MOKa3aTelH, Kak
TeIuIoBast 3P PEKTUBHOCTD, TEIIOIHEPTETHIECKHE TapAMETPHI U TEIIOBBIE MTOTEPH.

Knroueesvie cnoea: conneunvie meniosvie dHepeemu4decKkue cucmembvl, mamepuai 470306020 nepexo@a,

celuopeakmop, menjiodnepeemudecKkue napamempaol, menjiogou AKKYMYJIAAmMop.

ANALYSIS OF EXPERIMENTAL RESULTS OF STORAGE SYSTEMS FOR SOLAR HEAT
EXCHANGER - SOLAR REACTOR BASED PHASE CHANGE MATERIAL

F.F. MAMMADOV

The article examines the processes of long-term heat storage using the different phase change material in

the solar thermal power systems. On the basis of experiments in the universal solar reactor such factors as thermal
efficiency, heat and power parameters and thermal losses were identified.

Key words: solar heat energy systems, phase change material, solar reactor, heat energy parameters, heat

accumulator.
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HEYETKASI KOTHUTUBHAS MOJEJIb LA KOMILIEKCHOH
OHEHKMU ITPOAOBOJIBCTBEHHOU BE3OITACHOCTH

P.P. P3AEB’, D.T. AJIVMEB, B.M. TACAHOB®, 3.P. JDKAMAJIOB"

PaspaboTana n onmcana THMOBas HEYETKasi KOTHUTHBHAS MOJENb AJIsI OLCHKH YPOBHS MPOIO-
BOJILCTBEHHOM 0€30MacHOCTH AJSI CTPaH, TJe OTCYTCTBYET TapaHTUPOBAHHBIN PETYIAPHBIA JOCTYII
HaceJIeHHsI K BEICOKOKAUECTBEHHOM MHIIe, HEOOXO0ANMOH ISl BEICHHUSI aKTUBHOTO M 37I0POBOTO 00-
pasa ®H3HHU. 32 OCHOBY BbIOpaHa KOTHUTHBHASI KapTa, OXBAaTHIBAIOIIAS JOCTATOYHO OOJBIION CIIEKTp
(aKTOpOB BIMSHHS Ha IMPOJOBOJILCTBEHHYIO 0€30MAaCHOCTh, yTBEPKICHHBIX CTpaTerHyeckoil pa-
MouHo#t nporpammoii FAO UN (mposoBosbCTBEHHAsI M CENbCKOX03sHcTBeHHAs opranuzanus OOH
FAO UN - Food and Agriculture Organization of the United Nations) ma 2014-2017 romsr. s
(opmanmzay MPUYNHHO-CIEACTBEHHBIX CBS3eH MEXAY yKa3aHHBIMH (PaKTOpaMU HCIIOJIb30BaHBI
orpaHHYeHHbIe HA0OPB! HEUETKHUX JIOTMYECKUX TIPaBHIL.

Knrouesuvie cnosa: npodoeoﬂbcmeeﬂnaﬂ 6e30nacnocmb, KOcHUmMuUeHAas Kkapma, Heueémkas
KOZHUMU6HAA MO()@JZb, cucmema HeueémrKo20 8vl800d.

Beenenne. B Ctparernueckoil paMo4Hoi porpamme u cpegHecpouynoM riane FAO UN
Ha 2014-2017 roast [1] chopmynupoBaHbl r00adbHbIE TECHACHIIMH W OCHOBHBIC BBI3OBHI B
IJIaHE MPOJAOBOJBCTBUS U CEIBCKOIO XO35MCTBA, KOTOPHIE MOAPAa3yMEBAIOT CYLIECTBEHHBIN
poCT crpoca Ha MPOAYKTHl MUTAHUS, 3aTSKHOE OTCYTCTBHE MPOJIOBOJILCTBEHHON Oe30macHo-
CTH, HENPaBUJIBHOE NMUTAaHUE, B TOM YHUCIE MPOIOJDKAIOLIEECS PAaCHpPOCTPAHEHHUE OKUPEHUS
cpeau HacelneHusi, 0eJHOCTh B CEJIbCKUX PalOHAX, YCIOKHEHHE CHUCTEM CEIbCKOXO3SIHCTBEH-
HOT'O IPOM3BOJICTBA U IIPOU3BOJICTBA MPOJIOBOJILCTBUS, 00JIee JTMHAMUYHbIE TIOTOKU B TOPTOBJIE
CEJIbCKOXO03SMCTBEHHBIMUA TOBAapaMM M MU3MEHSIOLIMECS IIPAaBWJIa UX PETYJINPOBAHUS, U3MEHE-
HHE KJIUMaTa, a TakKe HeOOXOIMMOCTh B 00Jiee COBEPIIIEHHOM YIPaBJIEHUH B YCIOBHIX Hapac-
TaIOIIEN CI0KHOCTHU ITPOLIECCA CEIBCKOX03IMCTBEHHOTO PA3BUTHSI.

B nacrosimiee Bpemsi FAO ocyniecTBiseT Mepbl MHCTUTYHHOHAIBHOTO XapakTepa,
HalIpaBJIEHHBIE HA 3aBepIlECHUE Mepexona oT (GOopMyIUPOBAHUS PE3YNIbTaTOB HA OCHOBE IMOJ-
X0/1a, IPEAIONIArarIlero NCI0Ib30BaHNE TaK HA3bIBAEMON CTAaTUYECKOM MATpHULbI, K HOCALIE-
My 0oJjiee cTpaTern4ecKHii XxapakTep Mojaxo/y, OCHOBAHHOMY Ha «yIpaBJIEHUH, HAIIPAaBJICHHOM
Ha JOCTUXEHHE KOHKPETHBIX pe3ysbTaToBy. COINIACHO 3TOMY MOJAXOAY CTaHOBUTCS BO3MOXK-
HOW KOHIEHTpAIMs YCHWJIMHA BOKPYT JCHCTBUH, HEOOXOIUMBIX Il JTOCTH)KEHUS JKEIAeMbIX
pe3yabTaToOB HAa BCEX YPOBHSX, YTO, B CBOIO OYepe/b, TpeOyeT HAIWYMs HAay4YHBIX OCHOB
ynpapiaeHus: 3Q(GEeKTUBHOCTHIO PabOThl, OTYETHOCTU MO pe3ysibTaTaM M HUCIOJIb30BaHUS WH-
dbopMaruu B 11eNIIX COBEPIICHCTBOBAHUS PUHATHUS PEILICHUH.

: Huctutyt Cucrem Ynpasnenus HAHA
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Bba3oBoii ocHoBo#t ynpasienus 3¢dexkruBHOCTBIO padoThl FAO MOXET CIyKHUTh MOJIENb
(a BIOCIENCTBUU W CHCTEMa) JJsi KOMIUIEKCHOW OIICHKH MPOMEKYTOYHBIX (TAaKTUYECKHUX),
CTpATETHYECKUX U TJ0OAIBHBIX PEIICHUNA B 00JIACTH OOECIeYeHHs MPOJOBOJIILCTBEHHON Oe3-
OTIaCHOCTH, COCTABISIOIIMMU KOTOPOM JOJKHBI OBITH OPUEHTHPOBOUHBIE pe3yabTaTtel FAO [1,
ctp.16]. [ToaToOMy B LENAX COBEPIICHCTBOBAHUS MOHUTOPUHIA PE3YJIbTATOB U COOTBETCTBYIO-
1€l OTYETHOCTH BO3HHUKAET HEOOXOAUMOCTh B (POPMUPOBAHUU CHUCTEMBI Ui ONPECICHUS U
KOMIUIEKCHOW OLIEHKH MHAMKATOPOB JJIsi CTpaTernyeckux Ienen (pe3ynbTaToB B 001acTu pas-
Butusi) FAO, opraan3aniioHHBIX PE3YyJIbTaTOB U UTOTOB.

Kak u nr06ast opraHM3allmOHHO-TEXHOJIIOTUYECKAsi CHCTEMa, CHCTeMa MOHUTOpPUHTA pe-
3yapTaToB U oTu€THOCTEM FAO (CMPO FAO) siBnisiercs cuctemMoil TyMaHUCTUYECKOrO THIIA,
T.€. CUCTEMOI, B KOTOPOH CYyILIECTBEHHAs! POJIb MPUHAIJICKUT CYKJICHUSIM U 3HAHUSIM YeJIOBEeKa
[2]. B oTiiMunMe OT MEXaHUCTUYECKUX CHCTEM, MOBEIECHHUE KOTOPBIX JOMYCKAeT YUCICHHOE
ONKCaHNEe, TYMaHUCTUYECKHE CHCTEMBI SIBISIOTCS ¢1abo CTPYKTYpUPYEMBIMHU U ropasfo Oosee
cinoxubiMu. [Toatomy agexkBatHoe yrpaBiaeHue CMPO FAO sBnsiercs BecbMa CIIOXKHOMU, ¢1a00
CTPYKTYPUPOBAHHOM M, COOTBETCTBEHHO, TPYAHO (POpMaIM3yeMOil mpoIeypoil.

CymectBytonie pa3padOTKH MOJOOHBIX CHCTEM IPEeAyCcMaTpUBalOT NMPUMEHEHHE CHU-
CTEMHOTO MOAXO0/a, MO3BOJIAIONIET0 KOHCOIMAUPOBATh pa3Hble MO CBOECHU MPUPOJIE MPOILECCHI,
MPOTEKAIINEe B HHPOPMAIIMOHHOM cucTeme. TeM He MeHee, Ha CerOJHSIITHIN JIeHb OJHUM U3
Hanbosee aJeKBaTHBIX WHCTPYMEHTOB JJIsl OMHMCAHUS W UCCIEIOBAHHS CIAa00 CTPYKTYPHPO-
BaHHbIX cucteM (CC) siBnsiercs kocnumuenoe mooenuposanue (KM), KOTOpoe aKTUBHO HpH-
MEHSETCS MPU MOCTPOCHUH CHUCTEM MOIACPKKH NPUHATHS PELICHUN B YCIOBHSIX HEOIpene-
néuHoctH [3-5]. IIpu 3TOM OCHOBHBIM MPEUMYIIIECTBOM MAaTE€MaTHYECKOTO armapara KOrHU-
THBHOT'O aHaJIW3a SBJISETCA MPENOCTaBiIsieMas UM BO3MOXKHOCTh aJaNTAlMM MOJAEIUPYEMOU
CHCTEMBI K BO3MOKHBIM U3MEHEHUSIM BO BHEILIHEN cpenie [6].

Ha coBpeMeHHOU cTamuu pa3BUTHS WHOOPMAITMOHHOM M CMEKHBIX TEXHOJOTHUN JIr00ast
cuctema, nogoonast CMPO, sBnsieTcst BCETo JIMIb aBTOMAaTH3UPOBAHHOM, T.€. HE MOXET CyIIle-
CTBOBATh cama 1o cebe WK, IPYTHUMH CIIOBaMH, B OTPBIBE OT YesioBeka. OHa CIIYKHUT YeIOBEKY
U UM ke oleHuBaerca. [loaTomy orpezneneHre U KOMIUIEKCHAs OLEHKA HWHJIUKATOPOB IS
ctparernueckux nenei (CL[) FAO, oprann3alinoHHbIX pe3yJIbTaTOB U UTOTOB UMEET HE TOJIBKO
O0BEKTHBHYIO, HO ¥ CYOBEKTHBHYIO COCTABISIONIYIO, TOCKOJbKY B KOHEUHOM HUTOrEe TaKue
OLICHKH OCYILECTBJISIOTCS CaMUM YEJIOBEKOM. DTO SIBISETCS JTOCTATOYHO BAXKHBIM (PakTOpOM,
KOTOpBIN 00yciaBiIuBaeT HEOOXOAMMOCTh IPUMEHEHHS] KaYECTBEHHBIX KaTErOpHil I OLEHKU
peleHui, T.€. TEpPMOB JIMHTBUCTUYECKUX MMEPEMEHHBIX, SBISIOIINUXCS OCHOBHBIMU CTPYKTYp-
HBIMH €IMHUIIAMU €CTECTBEHHOTO S3bIKa CyOBheKTa ynpasineHus. Kak ciencrsue, IMEHHO JaH-
Hasl TapagurmMa U OOBSCHSET HEOOXOAMMOCTh MPUMEHEHHUS MaTEeMAaTHYeCKOTO armrmaparta He-
4ETKOW JTOTUKU. B KOHEUHOM HTOTE, CyOBEKTUBHOE MBIILJICHUE OTBETCTBEHHOTO 32 MPUHSITHE
PELICHUI CTAHOBUTCSA NPUYUHOM IMOSABJIECHUS JAUANa30Ha TaK HAa3bIBAEMOW «YCJIOBHOW IPUEM-
JIEMOCTH» B IIKaJ€ OLEHOK WHAMKATOPOB LIEJEH, OPraHU3AallMOHHBIX PE3yJIbTaTOB U UTOTOB
FAO [7].

IMocTanoBka 3agaun. OCHOBHBIMHU IlIaraMH Ha IMMyTH CO3/IaHUs CUCTEMbl MOHUTOPUHTA U
OLIEHKH PEe3yJabTaTOB M oTyeTHOCTEW FAQO sBIAIOTCS: MpEABUACHUE, TPEIOTBPAICHUE, JIOKA-
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JAM3alus ¥ YCTpaHEHUE HENPaBUIIbHBIX pemieHuid. [Ipu aTom ompeneneHue M oLeHKa MHAMKA-
TOPOB CTPAaTErMYECKUX L€, OpraHN3allMOHHbBIX PE3YJbTaTOB U UTOTOB BCETJAa OTHOCUTENb-
Ha, a )KEJaHHUE NPUIIHCATh €l YUCIOBOE 3HAYECHHUE HEIPUEMIIEMO C TOUKHU 3PEHHUS JajJbHEUIIEH
MHTEPIIPETALIMA KOMILJIEKCHBIX Pe3yIbTaToB. MOHUTOPUHT pe3ynbTaToB U oTyeTHOCTEN FAO —
MOHSTHE KOMIUIEKCHOE M HE MOXXET pacCcMaTpUBaThCSA B BUIE MPOCTONW COBOKYIHOCTH CBOMX
B3aMMOCBS3aHHBIX W/WJIM B3aMMO3aBHCHUMBIX COCTaBISIOUINX, T.K. KaXXAasi U3 HUX KPUTUYECKU
3HayuMa. [103ToMy pu KOMILJIEKCHOM OLIEHKE Pe3yJIbTaTOB U OTYETHOCTEW YMCIEHHOE OIKCa-
HUE (UM YCPETHEHUE) COCTaBHBIX MHIUKATOPOB SBJISIETCS] COBEPILIEHHO HEMTPUEMIIEMBIM.

OTnu4UTENbHBIMA OCOOEGHHOCTSIMH, KOTOPbIE HEOOXOAMMO YUUTHIBATH NMPH CO3AAHUU
CMPO, sBrsiroTcst: 1) HEMOTHOTA W HEOMPEIEICHHOCTh UCXOAHON WH(POpPMAIIUU O COCTaBe U
xapakrepe (aKTOpOB, ONPENEISIOMUX CTPAaTErnYecKue 1eNr; 2) HAINYHe MHOTOKpUTEpHAIIb-
HBIX 33/1a4 BBIOOpa aJbTEPHATUB, CBA3aHHBIX C HEOOXOJMMOCTBIO yueTa O0bIIoro yrucia ¢ax-
TOPOB, OIpPEAETSIONUX CTpPAaTerHuecKue Leau; 3) Hanuuue OONbIIOTro YMcia KauyeCTBEHHBIX
MoKasaresei, KOTopble HeOOXOIMMO YUUTHIBATh IPU PEIICHUH 3a]a4 pa3pabOoTKU U BHEAPEHUS
CHUCTEM KOMIUICKCHOH oreHkH (akTopoB, onpeneistomux CILI; 4) HeBO3MOXXHOCTh MPUMEHE-
HUS KJIACCHYECKUX METOJ0B ONTHUMH3AIUH.

YuuTeiBas NpUBEICHHbIE TPeOOBaHU, HEOOXOAMMO pPa3paboTaTh TaKyl0 MOJENb IS
KOMILJIEKCHOW OLIEHKH MPOMEXYTOUHBIX (TAaKTUYECKUX), CTPATETHUECKUX U TIO0OAIBHBIX pe-
HICHW B 00JacTH oOecreYeHus: POJAOBOILCTBEHHONH 0€30MacHOCTH, COCTaBISIONIMMH KOTO-
pO¥ TOJKHBI OBITH OPUEHTUPOBOUHBIE pe3ynbTaThl FAO.

Heuérkas kormuTuBHass mopeab CC: oOmue nmpuHmunbsl nocrpoeHus. KM CC
npeaycMaTpuBaeT pa3paboTKy (GOpMaJIbHBIX MOJENEH U METOAOB, NO3BOJISIOIINX YUUTHIBATH
TaK Ha3blBa€Mble KOTHUTHBHBIE BO3MOXKHOCTH CyOBEKTa yNpaBJIEHUs, [10Ipa3yMeBaIOIINE €ro
BOCIIPHUATHE, NPEICTaBICHUE, IO3HAHNUE B MPEIMETHON 00JacTu, MOHMMaHUE U OOBSICHEHHE
IPOMEKYTOUHBIX IIPOOJIEM NpU pEIIeHUM 3aAay yrpasieHus. [Ipu 3TOM OCHOBHBIM HMHCTPY-
MEHTOM TaKOro HccienoBaHus sBisercs koruutuBHas kapra (KK), kotopas oTpakaer wMHIuU-
BUAyaJIbHBIE W/WIM CyOBEKTHUBHBIC IPEICTABICHHUS HCCleayeMoi mpolbiemsl, sBieHus. KK
BKJIIOYAET B ce0s1 6azucHbie (aKkTOphl (KOMIIOHEHTHI) U TPUYMHHO-CIICICTBEHHBIE CBS3H MEXKIY
HumH [7]. C coaepxaTeiabHON TOUKH 3peHusi 6a3ucHble (HaKTOPBl OTOXKIECTBISIOT U OTPaHU-
YUBAIOT HAOIIOJaeMble SIBJICHUS KaK BHYTPH MCCIEyEMOM CHUCTEMBI, TaK U B OKpYXKarolleH ee
cpene. Otu (GaKkTOpbl HHTEPIPETUPYIOTCSA CYyOBEKTOM YIIPABIEHHS KaK CYIIECTBEHHbIE, KIIIOUe-
BbI€ MapaMeTpPbl WU, APYTMMHU CIOBaMH, KaK MPHU3HAKK HAOIIOJAEMbIX 3K30T€HHBIX U JHJIO-
TCHHBIX SIBJICHUI U MPOLIECCOB.

ITo cyrn KK — 310 opreHTHpOBaHHBI Ipad HaJ MHOKECTBOM (PAKTOPOB, OTPAKAIOLIHIHA,
B HaimeMm ciydae, cnocod crpykrypupoBanusi CC u cocrosnuil. VzyueHue B3auMOIEHCTBHS
¢axTopoB B pamkax KK mo3BosnsieT onieHuBaTh paclpoCTpaHEHHE UX BIMSAHUN U, TEM CAMBIM,
OTIHCHIBATh MOBEACHHE (COCTOSIHUS) HCCIIENyeMOi cucTeMbl. B cBoro ouepenp, ananus KK mo-
BEJICHUS MCCIIEyEMOM CHUCTEMBI MOJpa3yMeBaeT HAXOXKACHUE Hanbosee 3HaYUMbIX (PaKTOPOB
BIIMSIHUSA U OLEHKY BO3JEHCTBHE 3TUX (PAKTOPOB APYr Ha Apyra. ITO MPEAOCTABISAET BO3MOXK-
HOCTh IIPUMEHATH KJIACCUYECKUE METOABI TEOPUH CUCTEM, B YACTHOCTH, JUJISI MOJECIUPOBAHMS,
aHaJIM3a TUHAMUKHU U YIIPaBJICHUS.
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PaccmotpuMm Heuétkyro korHuTuBHYI0 Mojens (HKM) Ha ocHOBe TpUBHAIBHOTO TIpUMeE-
pa KK, no3Bossroneii B 00Iux yeprax aHaJIU3UpOBaTh MPOOIeMy MOHUTOPUHTA TAKTHUECKHUX,
CTpATETHYECKUX U TJO0OAIBHBIX PELICHUN B 00JIACTH OOeCIeYeHHs MPOJOBOJIILCTBEHHON Oe3-
omacHoctH (I1B) mpu 00paboTKe MAHHBIX C UCTOIH30BAHUEM CPEICTB BBHIYMCIUTEIBHON TEX-
HUKH (puc. 1).

E — MexaHu3mbl A — Vposens IT5 F — Kommuiekc npak-

obecreueHus > THYECKUX pe3yJIbTa-
TOB, BHITEKAIOIINX
«H» u3 nevicteuii FAO
v “ (Iporecchl, MaTepu-
D —I'no6anbHbie “» «+H» aJbHBIE TIPOYKTHI U
e FAO YCIIyTH)
i A
«+t» «“«»
\ A 4

G — Kommieke me-
pompusatuit FAO no
»

«H» JIOCTIDKEHUIO UTOTOB

C - Crparernueckne |  “™ | B - Opranusanu-
Pe3yIBTaTHI OHHBIE PE3YIILTATHI

A
A

Puc. 1. Kocnumuenan kapma onsa ananusza npoonemut ooecnevenun INb

Kak Buano u3 puc. 1, npoOiema MOHUTOPUHTA TAaKTUYECKUX, CTPATETMUYECKUX U TJIO-
OanpHBIX perieHuil B oomactu obecriedeHus [1b B ympomeHHoN GopMe ONMUCHIBAETCS B BUJIE
HETOJIHOCBSI3HON CTPYKTYpHI, cocTosimen u3 dakropoB A, B, C, D, E, F, G u ayr, orpaxato-
IIMX COOTBETCTBYIOIINE MPUYMHHO-CIICCTBEHHBIE CBSI3M MEXy OTACIbHBIMM U3 HUX. B nan-
HOM Cllydae 3TO 3HAKOBBIM rpad: 3HaK «—» 03HAYAeT, YTO MPU YBEIHMUEHUU UCXOTHOTO (PaKTo-
pa 3HaueHue 3aBUCSIIETO OT HEro (pakTopa yMEHbIIAETCs, U HA000POT. A 3HAK «+» O3HAYaer,
YTO yBEJIMYEHHE UCXOTHOTO (paKTOpa BIEYET 3a COOOW yBeIMYEHHE 3aBUCUMOTO.

PaccmoTpuMm nosenenue 3amkHyTol nojacuctemsl A—-B—C—->D—A npu yBennueHun
MaciTaboB MPUMEHEHUS OpraHu3aMoHHbIX pemeHuii FAO. OueBuaHO, YTO yBETUUYEHUE ITUX
MaciTaOoB MOBJIEYET 3a cO00M yBeNInYeHNE MacIITa00OB JOCTHKEHUS CTPATETHUECKUX PE3YIb-
TaTOB, a 3TO, B CBOIO OYEpE/ib, CYIIECTBEHHO PACIIUPUT CIEKTP II00ATBHBIX 3a/1a4, YTO HEMHU-
HyeMo OyJeT criocobcTBOBaTh MOHMKeHUI0 ypoBHs I1b 1, kak ciencTBue, HOHU3UT HEOOXOIH-
MOCTb MPUMEHEHHSI OpraHu3alMOHHbIX pemeHnii FAO. D10 o3HavaeT, 4To mpolecc «3aTyxa-
HUS» BO3/ICHCTBYIOINIErO Ha nojacucreMy 4epes (akrop B curnana npuBeneT K crabuinzanuu
BCET0 KOHTYpAa, T.€. Oy/IeT OCyIIeCTBIATHCS IPOTHUBOACHCTBUE OTKIOHEHHUIO.

[IpencraBnennas Ha puc. 1 cxemMa MOHUTOPHHTA TAKTHYECKUX, CTPATETUUYECKUX U TJIO-
OanbHBIX pemieHuid B o0iactu obecneuenus [1b sBisercs Bce ke TPUBHAIBHOMU, T.K. Ha Mpak-
TUKE B3aMMOJEHCTBHS JBYX (hakTopoB, Hampumep, B u C ocymecTBisorcs mo 6osee Clox-
HbIM (DYHKIIMOHAJIBHBIM 3aKOHOMEPHOCTSIM, KOTOpPbIE€ B MPUBBIYHON TPaJIULMOHHO MaTEMaTH-
yeckoi GopMe oueHb TpyAHO GopmMann3oBaTh. [103TOMYy BO3HHKAaET HEOOXOAUMOCTh MPUMeE-
HATh MEXaHHU3M HEUETKOTO JIOTUYECKOTO BBIBOJA JJIsi OMMCAHUS IPUYUHHO-CIIEICTBEHHBIX CBSI-
3ell MKy KOHIIETITaMU TaKOTr0 MOHUTOPHUHTA, a caM aHaJIW3 MPOBOJAUTHh HA OCHOBE TaK Ha3bl-
BaeMbIX He4E€TKUX KOrHUTHBHBIX KapT (HKK) [8]. IIpu sTtom y3moBeie daktoper HKK unTEp-
MPETUPYIOTCS Kak HeuéTkue MHoxkecTBa (HM), a mpuunHHO-CIeICTBEHHBIEC CBSI3U MEXIY HHU-

112



Heuémras kxoecnumuenas mooens 0Jist KOMNIEKCHOU OYEHKU npOOO(iOJZbCI’ﬂGEHHOlZ bezonacnocmu

MU YCTaHABIIMBAIOTCS HA OCHOBE OTPAaHMUYEHHOT0 HabOpa HEUETKUX JTUHTBHCTUUYECKUX TPABUII
(HJIIT), onpenensiromux B TOM YUCIIE U BECOBbIE KOI(PPUIIMEHTHI CBS3eH MEXAy (aKTOpaMHU.
[TonobOHoe ¢opmanbHoe onucanue noseaeHuss CC u, B 4aCTHOCTH, MPOOIEMbl MOHUTOPHHTA
TaKTUYECKUX, CTPATETHUECKUX U II100aNbHBIX peuieHuid B obnactu obecrieuenus I1b HazoBEM
HKM.

HJIIT popmupyrotcs B umruinkatuBHOU Gopme «Ecnu ..., Toraa ...», HampuMmep, B BHJE:
«Ecmu xz1 ecTb Ax1 ¥ Xgo €CTb Ao U ... U Xpy €CTh Ajy, TOTHA Y €CTh By, TOE X4 (j=1+n; k=1,
2,...) — BXOJHBIE XapaKTEPUCTUKU, MPEJCTABICHHbIE KaK JMHTBUCTUYECKHE IMEepEeMEHHbIE
(JIIT); y — Berxoauas JIII; Ay u By — TepMsl (3HadeHus) cooTBeTcTBytomux JIII, omuceiBaeMbIx
B Buae HM.

Tunoasi xkoruuTuBHass kapta s ¢gopmupoBannss CMPO. OnHoll M3 BaKHBIX
¢ynkunit FAO sBnsercst c6op, aHaau3 WU MOHUTOPUHT JAaHHBIX W MH(pOpMAIMU B 00JacTsX,
cBs3aHHbIX ¢ MaHnatoM FAO, u ynyumenue goctymna Kk HuM [1]. Ota QyHKIMs BKItOYaeT pas-
paboTKy U pa3BUTHE MUPOBBIX U PETMOHANBHBIX TEHACHLUU, MEPCIEKTHB, IPOEKTOB U peak-
I[UU Ha HUX MPaBUTEJILCTB U APYTUX 3aUHTEPECOBAHHBIX CTOPOH (Hampumep, B YaCTU MOJIUTH-
KU, 3aKOHOJATeNIbCTBA U NMPAKTUYECKUX JACUCTBUM), a TaKkKe MPSIMYIO MOJIEPKKY CTpaH B pas-
BUTUU UHCTHUTYIIMOHAJIHHOTO MOTEHIMANA, HEOOXOAUMOTO JIsI pearnpoBaHus Ha OOHAPYKEH-
HBIC BBI30BBI U TIOMCKA BO3MOXHBIX BapuaHTOB. OYEBUIHO, UYTO JMaHHAS (PYHKIHS SIBISETCS
BaXHEHIIIUM MHCTPYMEHTOM, C MOMOIIbI0 KOTOporo FAO opraHu3oBBIBAaET U MPOBOAHT COO-
CTBEHHYIO paboTy juist moctikeHus ceonx CLI.

Ha puc. 1 mpencrasnena ynpomenHas KK nns ananuza npoGnemsr obecrieuenus [1b B
neinom. Oguako, Hanpumep, A orieHku ClI u BhITEKaronMX W3 HUX T00ambHbIX 3a1ad FAO
HEOOXOUMO YYHMTHIBATh HCKIIOYUTENIBHO OOJBIIOE KOJIUYECTBO PA3HOIUIAHOBBIX (PAKTOPOB,
onpenenstomux, coocrserHo, camu CILI. [ToaTtoMy ans opraHu3anvd W HampaBJIeHHUS CBOEH
pabotel FAO chopmuposana [1] marpuiy, BkItodarmyto 5 crpyktypabix neneit (CLI), o6o-
3HauaeMbIX yix (k =1,2,.., 5), u pakropos, onpenenstonmx CLI, o603HauaeMbIX Xy (j = 1,.., n):

npu k =1 (ronox, npobiemsr orcyrctBus I1b u Humera — y;):

X1 — (hu3HUecKas TOCTYIHOCTh PECYPCOB; X 2 — IKOHOMHUYECKAs! JOCTYITHOCTh PECYpPCOB;
X13 — JIOXOJbI HACEICHUS; X4 — JOCTYI HACEJIEHUs K MPOU3BOJICTBEHHBIM aKTHBaM; X|5 — KO-
HOMMYECKUE U IPYTUE KPUBHCHI; X6 — MOJIUTUUECKHE 0053aTeIbCTBA CTPAHBI; X7 — 001IIee Mo-
HUMaHUE IpoOJieM U pEelIeHUH; X g — MEXaHU3MbI YIPaBIEHUS U KOOPIUHAINH; X 9 — COTJIACO-
BaHHOCTb CTpPATETUH, MPOTrpaMM U MHBECTHUIUI; X 19 — T€HAEPHOE HEPABEHCTBO;

npu k = 2 (mpegocraBieHre TOBApPOB U YCIYT CO CTOPOHBI CENbCKOT0, JIECHOTO U PHIOHO-
T'0 XO3SIICTB YCTOWYUBBIM 00pazoM — y,):

Xp] — HEXBATKa U Jerpaaanus 0a3bl IPUPOIHBIX PECYPCOB; X; — IKOCUCTEMHBIC YCIIYTH U
OHMOJIOTHYECKOe Pa3HOOOpa3ue; X3 — U3MEHEHHE KIIMMATa; Xp4 — MUTPAIHS; X5 — HOBBIE YIPO-
3Bl Xp6 — Y3KHE MECTa B YACTH YIPABJICHHS M Pa3paOOTKH MOJUTHKH; X7 — YCTOMUUBOCTH KO-
Pa3BUTHSL; X29 — YCTOWYUBOCTD COIPA3BUTHS;

npu k =3 (MacmTabbl HUIIETHI B CETbCKUX palioHAX — V3):
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X3] — OPUEHTUPOBAHHOCTh MOJIUTUKU; X37 — IOCTYN K MPOU3BOICTBEHHBIM aKTUBaM U pe-
cypcam; X33 — JOCTYI K yCIyTaM; X34 — OOIIECTBEHHBIC OpraHU3alluu (COMMANBHBINA KalnuTaN);
X35 — BOBMOXHOCTH 3aHSTOCTH; X36 — YCJIIOBHS TPYJA; X37 — COLMATIbHAS 3allIUTa;

npu k = 4 (mpeAnocbUIKK K CO3JaHUI0 HA MECTHOM, TOCYIapCTBEHHOM, PETHOHAIBHOM U
MEXIYHApOJAHOM YPOBHSX OoJiee MIUPOKUX MO 0XBaTy U Oojee 3P(HEeKTUBHBIX CEITbCKOXO03SIi-
CTBEHHBIX U MPOJIOBOJIbCTBEHHBIX CUCTEM — Y4):

X41 — OJIarONIPUSATHOCTH YCJIOBHS; X4p — MOTEHIMAN (C YYETOM HPUBJICYCHHS] YACTHOTO
CEKTOpa); X43 — II00ATBHBIC PHIHOYHBIC CHCTEMBI;

npu k = 5 (ycTOMUMBOCTh CPEACTB K CYIIECTBOBAHHUIO MEPE] yrpo3aMu U KpU3UCAMU —
ys):

X5] — BEPOATHOCTh CTUXUMHBIX OCJICTBUI; Xs52 — BEPOSITHOCTD YPE3BbIUYANHBIX CUTYalluil B
IIPOJOBOJIBCTBEHHBIX LIEMOYKAX; X53 — BEPOATHOCTh COLIMATIbHO-IKOHOMUUYECKUX KPU3UCOB; X54
— BEpPOSITHOCTh BOOPY)KEHHBIX KOH(IUKTOB; Xs55 — BEPOSATHOCTD 3aTSHKHBIX KPU3UCOB; Xs56 — Ma-
paMeTpsl YCTOWYHUBOCTH (YA3BUMOCTB); Xs57 — IOTPEOHOCTH; Xsg — TyMaHUTApHAsl 3allluTa U 3a-
IIMTa B NEPEXOAHBIA MEPUOM; Xs59 — YPOBEHb CTPATErMYECKOr0 MAapTHEPCTBA B JTOCTUIKEHUU
pe3yabTaTOB.

B [1] mpencrasnena xnaccudpukanus (HakropoB BIMSAHUA MO cooTBeTcTByromuM CII u
CTPYKTYpHU3allUsl MPUHUMAEMbIX UMHU BO3MOXKHBIX 3HAYEHUM, MCIOJHEHHAs B BUIE TEPMOB
coorBercTBytomux JIII. Ilepeuncnennsie 3nech ¢aktopsl Oyaem cuutarh JIII, kaxkmas w3
KOTOPBIX B KQUECTBE CBOETO 3HAUCHUSI MPUHUMAET OJHO U3 YKa3aHHBIX B TEPM-MHOXKeCTBe. B
MPUBBIYHOM CMBICJIE TIpejacTaBieHHas B [1] kmaccudukanus ¢GakTopoB COIpsDKEHA C
pelieHrneM KOMOMHATOPHOM 3aJaud BecbMa OOJIbLION pa3MEPHOCTH U C BBICOKUM YpPOBHEM
HeonpeneneHHoct. [loaromy, ucxonst u3 He€, 3amady oneHku ypoBHs IIb paccmoTrpum mo-
cpeacteoM HKM [8], B ocHOBE KOTOpOro JiexxuT npeacrasieHnas Ha puc. 2 HKK, oxBarbiBa-
fomas Bce pakropsl u3 nepeuyns CI[ FAO.

Onucanne npuunHHO-caeacTBeHHbIX cBsizeii B HKK. IlpencraBnennsie Ha puc. 2
MPUYUHHO-CJICICTBEHHBIC CBSI3M MOXHO OMHUCATh C MOMOIIBIO JocTtarouHoro Habopa HIIIL
st aToro no kaxaomy u3 ocHoBanuil st CI[ FAO 3a ocHOBY BeIOEpEM CIEIYIOIINE HETPO-
TUBOPEUYMBBIE BHICKA3bIBAHMUSI.

CI1. Yposens 2on00a u nuwiemot:

a,: «Ecnu ¢usmueckas M SKOHOMHYECKAsl JIOCTYIMHOCTH HEOTPaHWUYCHHBIC, TOXOJbI HACEICHUS
BBICOKHE, JOCTYIl K MPOM3BOJICTBECHHBIM aKTHBAM HEOTPAHMYCH, SKOHOMHUYECKHE U IPYTHe KPHU3HCHI
HEOII[yTUMbIC, MOJUTHUYECKUE 005A3aTebCTBAa COOIIOMAIOTCS B JOCTATOYHOM 00BEME M HMEET MECTO
MOJTHOE [TOHMMaHUE TipobneM u perrenuii 116, ucmonb3ytoTes 3QheKTUBHBIC MEXaHU3MEBI YIIPABICHUS U
KOOPJIMHAIINHU, COTJIACOBAHHOCTh CTPATErHH MPOTPpaMM M MHBECTUIIUH BBICOKAs, a TaKKE OTCYTCTBYET
TeHICPHOE HEPABEHCTBO, TOra MpodieMa rojoja U HUIIEThl aDCOIFOTHO HEYYBCTBUTEIIBHASDY,

ay: «Ecnu (usmueckas M SKOHOMHYECKAsl JIOCTYIMHOCTH HEOTpaHWUYCHHBIC, TOXOJbI HACEICHUS
BBICOKHE, MOJUTHYECKHE 00I3aTeNLCTBA COOIIOAAOTCA B JOCTATOYHOM O00BbEME U HUMEET MECTO MOJIHOE
nmoHuMaHue npobsieM u pemrenuit 16, ncnonas3yroTest 3¢ HeKTHBHBIC MEXaHU3MbI YIIPABICHUS U KOOP-
JUHAIIMY, COTVIACOBAHHOCTh CTPATErMH MPOrpaMM M MHBECTHUIIMI BBICOKAs, a TaKKEe OTCYTCTBYET I'€H-
JISPHOE HEPABEHCTBO, TOT/Ia MPOOJIeMa TOJI0Ia U HUIIETHl OUYCHh HEYYBCTBUTEIIEHAS,

as: «Ecnn pusuueckas ¥ SJKOHOMHUYECKast JOCTYITHOCTH HEOTPaHUYCHHBIC, OJUTHYCCKUE 00s3a-
TEIBCTBA COOJIIOAIOTCS B OCTATOYHOM O00BbEME M MMEET MECTO IMOJIHOS ITOHUMaHHe Ipo0JIeM U pelle-
Huii [1b, ncnonbs3yroTcs 3 PeKTUBHBIE MEXaHU3MEBI YIIPABJICHUS U KOOPAWHAIINY, a TAK)KE COTIIacOBaH-
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HOCTb CTPATCTUM IIPpOrpaMM U I/IHBCCTI/ILII/II‘/JI BBICOKas1, TOorJa npo6neMa rojoga U HHUIICTHI bosee ueM
HCYYBCTBUTCIIbHAN),

«=»

T'noGasbHbIe PBIHOYHBIE CUCTEMbBI

Torenuuan (c yuérom
HPHBIICYCHHS YACTHOTO
cekTopa)

«H»

BraronpustHocTs «h»

ycnoBus

«H»

\ 4

A

y

D: IIpeAnochlIKY K CO3/IaHUIO HA MECT-
HOM, TOCYIapCTBEHHOM, PETHOHAIBHOM
¥ MEXKIYHApOJHOM YPOBHSX OoJiee mu-

POKHX 10 OXBaTy U Ooiiee 3 HeKTuB-
HBIX CEJIbCKOXO3SHCTBEHHBIX M MPOJIO-
BOJILCTBEHHBIX CHCTEM

«=»

BeposatHoCcTh cTUXUIHBIX

OencTBHit

«=»

BeposartHocTs upe3BbIuaii-
HBIX CUTyaluii B pojio-
BOJILCTBEHHBIX LIETIOYKAX

ITapameTpst
YCTOHUMBOCTH
(ys13BUMOCTH)

L=

[ToTrpebHOCTH

L=»

«=»

BepOHTHOCTB conuraJbHO-
OKOHOMHUYECKUX KPU3HUCOB

I'ymaHuTapHas 3amuTa
U 3allUTa B EPEX0-

HBII 1epuox

«t»

«=»

«=»

«=»

«=»

OpueHTHPOBaH- OO01u1ecTBEHHBIC

HOCTH MOJIUTUKH OopraHu3anyu
(coumnanbHbIA
KaruTan)

JocTyn x npo-

H3BOJICTBEHHBIM

aKTHBaM U Bo3moxxHOCTH

pecypcam 3aHSATOCTH
VYcnosus tpyna

Joctyn k ycinyram

«=»

C OoIraJbHasd 3amura

C: MaciuTa0bl HULIETHI B CEIbCKUX paioHax

BepostHocTs BOOpyXKEH-
HBIX KOH()JIUKTOB

«=»

BepOHTHOCTB 3aTSXKHBIX

YpoBeHb cTpareruye-
CKOTO MapTHEPCTBO B
JIOCTH)XCHHH pe3yibTa- |-

TOB

«t»

A

CTBa YCTOWYHMBBIM 00pa3oM

B: IlpenocTaBieHne TOBapoB U YCIYT CO CTO-
»| DOHBI CEIBCKOrO, JIECHOTO U PBIOHOTO X035~

K d 4acTu ynpaBJic-

HUS U pa3paboT-

TO pa3BUTHUA

HexBatka n VYcroitunBocTh
“« Jerpaganms 9KOJIOTHYECKOTO
TIPUPOIHBIX pasBuTHs
pecypcoB
YcroitunBocTh
V3kue mecta B 3KOHOMHYECKO-

KU IMOJIMTUKH

YcToiuuBoCTh
COIMAJIbHOTO
«» Wsmenenns pasBuTHs
KJIIMaTa
«» Murpars DKOCHCTEMHBIC
yCIyTH 1
«» OGHOJIOrHYECKOe
Hoselie yrposst pasHooGpasne

Puc. 2. Heuémxkan kocnumueHnasn kapma ons ananusa I16

KPH3HUCHIOB
» E: YCroifuMBOCTb CPEACTB K CyIIe-
CTBOBAHUIO IIEPEX YTPO3aMH U KPH- <
3UCaMH
F: Yposens I1b
dopmupoBanue
1. Hanuyue ronoja wiv HeJloelaHus, 100aIbHBIX
»| orcyrcrsue I16 neneit
> 2. YpOoBeHb HHIIETHI
| 3. Crenenp palMOHANBHOTO Pacro-
7| psDKeHUs IPUPOIHBIMU PECYPCAMHU U
P ux ucnonb3zoBaHus
—>
A: T'onon, orcyrctsue I1b u Heoenanue
A
«» IMonurnueckue Dusudeckas »
N 00s13aTeNbCTBA JIOCTYITHOCTh
pecypcoB
Oo6mee moHu-
«= MaHHe 1poo-
DKOHOMUYECKAst >
«t» nel\:{ U penie- JIOCTYIHOCTh
HHH pecypcos
«» MexaHu3MBI Jloxozbl .
«t» YUpPaBICHUA 1 HaceNeHHs
KOOPIMHAIIHUSI
CornacoBaH- JHoctyn Hacene-
«n» «“» HOCTb CTpa- HUS K TIPOU3-
Teruit, mpor- BOJICTBEHHBIM «=»
PaMM I HH- aKTHBaM
BECTULIMI
«H»
«t+» T'ennepnoe DOKOHOMHYECKHE «»
HEPaBEHCTBO u JIpyrue
KPH3HUCHI

115




P.P. P3zaes, 3.T. Anues, B.U. I'acanos, 3.P. [icamanos

as. «Ecnu usmueckas M SKOHOMHYECKAsl JIOCTYIMHOCTH HEOTpaHWUYCHHBIC, TOXOJbI HACEICHUS
BBICOKHE, JOCTYI K MPOW3BOJCTBEHHBIM aKTHBaM HEOTPaHWYEH, TOTJa MpoOiieMa rojiofia M HHUIIETHI
HEYYBCTBUTEIBHAS;

as: «Ecmm ¢u3nyeckas 1 SKOHOMHYECKAs JOCTYITHOCTH OTPaHUYCHHBIC, JOXO/Ibl HACEICHUS HU3-
KHe, JIOCTYI K MPOU3BOJICTBEHHBIM aKTHBaM OTPaHWYCHHBIN, TOT/IA MPOOJieMa TOJIOJIa U HUIIEThI TyB-
CTBUTENBHAN;

a¢: «Ecnu dusmueckas M SKOHOMHYECKAsl TOCTYHMHOCTH OTpaHUYCHHBIC, IMOJIMTHYECKHE 00s3a-
TENBhCTBA COONIOIAIOTCS B HEJIOCTATOYHOM 00BheME U MMEET MeCTO ciaaboe MOHMMaHUe MpooJieM U pe-
urenuit 116, ncnonb3yrores HeadPeKTHBHBIE MEXaHU3MBI YITPABIICHUST U KOOP/WHAIINH, a TAKXKE COTJIa-
COBAHHOCTh CTPaTETWU MPOTPAMM M WHBECTHIIMU HH3Kas, TOTAa MpobiieMa rojoja W HUMIICTH Oojee
YeM YyBCTBUTEIIbHAS;

a7: «Ecnn pusmyeckas u 95KOHOMHYECKAs! JOCTYITHOCTH OTpaHUYEHHBIE, TOXObl HACEICHNS HU3-
KHe, MOUTHYCCKHE 00s3aTeNIbCTBA COOIOAIOTCS B HEIOCTATOYHOM OOBEME W MMEET MecTo cliaboe
noHnManue npobiem u perienuii 11b, ucnonb3yrorces Hed(h(PEKTHUBHBIC MEXaHU3MBI YIIPABICHUS H KO-
OpAMHALINHU, COTIIACOBAHHOCTh CTPATETHUH MPOTPaMM M WHBECTHIMH HHU3Kas, a TakKe FeHIepHOe Hepa-
BEHCTBO 3aMETHOE, TOT/Ia ITpo0OJieMa roJIo/ia ¥ HALIETH OYeHb YyYBCTBUTEIIbHANY;

as: «Ecmu (u3nyeckas 1 SKOHOMHYECKAs JOCTYITHOCTU OTPaHUYCHHBIC, JJOXO/IbI HACEICHUS HU3-
KH€, TOCTYN K MPOU3BOJCTBCHHBIM aKTUBAaM OTPaHHYCH, SKOHOMHUYECKUE W JPYTUe KPU3HUCHI OIIYTH-
MbI€, TOJINTUYECKHE 00SI3aTeNBCTBA COOIOAIOTCS B HEAOCTATOYHOM O0BEME M MMEET MECTO IIOJIHOE
HenoHnMaHue npobsieM u pemeHuit [1b, ucmons3yorcs HedhEKTUBHBIE MEXaHU3MbI YIIPABJICHUS H
KOOPJIMHAIINY, COTIACOBAHHOCTh CTPATETHH MPOrPaMM M WHBECTHIIMN HHU3Kasl, a TAKXKE TCHIEPHOE He-
PaBEHCTBO 3aMETHOE, TOT1a IIpodJIeMa rojioja ¥ HUIIETHI CIUIIKOM YyBCTBHTEIHHAS.

AHaIu3 3TUX BHICKA3bIBAaHHUH, KaK IPHYMHHO-CIICJICTBEHHBIX CBSI3eH MEXY (haKTOpaMU BIUSHUS,
C OJTHOW CTOPOHBI, U YPOBHEM T0OJI0Jla ¥ HEJOSHAaHHs, C APYTOi, TIO3BOJSET ONPECIIUTh BXOIHBIC Xa-
paktepuctuku (kpurepuu) B Bune tepmoB JIII xi; (A=1+10) (cm. Tabn. 1) u Berxomguoit JIII y; — uys-
CMBUMENbHOCMb NpobiemMbl 2071004 U HedoedaHus. Toraa BICKa3bIBaHUS dj—dg MOKHO 3aIlMCaTh BUIC
caenyromux HJIIT:

a;: «Ecnu x| =HEOTPAHWUYEHHASL ¥ Xx;=HEOTPAHUYEHHASl U X;3=BBICOKME U X;;=HEOTPAHWUYEHHBIA u
X{s=HEOILYTUMBIE H X;=JOCTATOYHBIE # Xx|7=IIOJHOE H Xx;g=dO®EKTUBHBIE H X;g=CWJIbHAS u
X1,10=OTCYTCTBYET, Toraa y;=ABCOJIOTHO HEUYBCTBUTEJIbHAS»;

ay: «Eci x=HEOTPAHUUEHHAS 1 x;,=HEOIPAHUUEHHAS U X135=BbICOKHUE H x;¢=IOCTATOUYHbIE H X{7=[10JIHOE U

X15=ODOEKTUBHBIE U X1¢=CUJIbHAS 1 x; ;c=OTCYTCTBYET, Toraa y;=OYEHb HEYYBCTBUTEJIbHASI;
ay: «Ecmu  x)=HEOTPAHWUYEHHASI ® Xx)=HEOTPAHUYEHHASl ¥ X;=JIOCTATOUHBIE U x;=IIOJIHOE ¥u
X1§=IDDEKTUBHBIE U X¢=CUJIbHAS, Torja y;=BOJIEE YEM HEUYBCTBUTEJIbHASI»;

ay. «EBcmu x=HEOTPAHUYEHHASl ¥ x,=HEOTPAHUYEHHASl ¥ x;3=BBICOKUE U X;=HEOT'PAHUYEHHbIH, Torna

¥1=HEYYBCTBUTEJIbHAS»;
as: «Ecmu  x=OTPAHMYEHHASl © Xx,=OTPAHMYEHHASL ¥ Xx;3=HU3KUE U x;;=OTPAHWUYEHHBI!, Torna
Y1=UYBCTBUTEJILHAS»;

as. «Bcnum x| =OTPAHWUYEHHASL ¥ Xx,=OTPAHUYEHHASl U X|s&~HEJJOCTATOYHBIE ¥ Xx;=CJIABOE H
X1s=HED®®EKTUBHBIE ¥ X19=CJIABAS], TOrza y1=BOJIEE YEM YYBCTBUTEJIbHASI;

ar: «Ecan x;;=OTPAHUYEHHAS U Xx;,=OTPAHUYEHHAS U X3=HU3KUE U X;,~HEJJOCTATOYHBIE ¥ X{7=CJIABOE H
X1s=HED®®EKTUBHBIE 1 X19=CJIABASI 1 X| 17=3AMETHOE, Tor/1a y;=OYEHb UYBCTBUTEJIbHA 51»;

ag:  «Ecmu x| ;=OFPAHUYEHHASl ® X;=OI'PAHWUYEHHAS W x3=HU3KHUE W x;~OTPAHMYEHHBIA ¥u
X1s=CYLIECTBEHHBIE # Xx;c=HEJOCTATOUHBIE u X{7=CJIABOE W Xs=HED®®EKTUBHBIE u X;¢=CJIABASl H
X1,10=3AMETHOE, Tor/ia y;=CJIMILIKOM 4YBCTBUTEJIbHAS.

CL2. IIpedocmasnenue mosapos u yciyz co COPOHbL CEIbCKO20, 1€CHO20 U PbIOHO20 X03A1i-
cmea ycmouuuevim oopazom:

b,: «Ecnm HexBaTKa W jaerpajanusi 0a3bl MPUPOAHBIX PECYPCOB HEOI[YTUMBIE, IKOCHCTEMHBIC
yCIIyTH B OMONIOTHYECKOe pasHoOOpa3ue MIMPOKHE, U3MEHEHHE KIMMaTa He3HAUMTEIbHOE, 8 MUTPAITUs
HECYIICCTBCHHAs, HOBBIC YIPO3bl HECYIICCTBCHHBIC, OTCYTCTBYIOT y3KHME MECTa B YaCTH YIPABICHUS H
pa3paboTKH MONHUTUKH, a TaKke HaOII0AaeTcs CHIIbHAS YCTOWYMBOCTH B IKOJIOTHYECKOM, IKOHOMHYE-
CKOM H COIIMAJIbHOM Pa3BUTHSX, TOT/Ia MPOIecC MPEIOCTABICHUS TOBAPOB M YCIYT CO CTOPOHBI CEJb-
CKOT0, JISCHOTO ¥ PBIOHOTO XO3SCTBA SBJSICTCS YEPECUypP YCTONUNBBIM;
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by: «Ecnu HexBaTka W jaerpananusi 0a3bl IPUPOAHBIX PECYPCOB HEOI[YTUMBIC, YKOCHCTEMHBIC
yCITyTH ¥ OMOJIOTHYECKOE pa3HOOOpa3He MIMPOKHE, N3MEHEHUE KIIMMaTa HE3HAYUTEITFHOE, OTCYTCTBYIOT
Y3KHE MECTa B YACTH YIIPaBJICHUS W Pa3pabOTKH MOJIUTHKY, a Takke HAOIIOaeTCsl CHIIbHAS YCTONYH-
BOCTh B 3KOJOTMYECKOM, S3KOHOMUYECKOM U COLUAIBLHOM Pa3BUTHUSIX, TOTNA MPOLECC MPEAOCTaBICHUS
TOBapOB M YCIYT' CO CTOPOHBI CEIBCKOTO, JIECHOTO M PHIOHOTO XO3AWCTBA SIBIIETCS OYEHb yCTOWYH-
BBIMY;
bs: «Ecnu HexBaTka W jaerpananusi 0a3bl IPUPOAHBIX PECYPCOB HEOI[YTUMBIC, YKOCHCTEMHBIC
yCIIyTH ¥ OUOJIOTHYECKOE Pa3HOOOpa3ue IMUPOKHEe, OTCYTCTBYIOT Y3KHE MECTa B YaCTH YIPABICHUS H
pa3paboOTKH MOJUTHKH, a TaK)Ke HAONI0aeTCs CUIbHAS YCTOWYMBOCTh B 9KOJIOTUYECKOM, YIKOHOMHUYE-
CKOM U COIIMAIIbHOM Pa3BUTHUAX, TOTAA MPOIECC NPEJOCTABICHUS TOBAPOB U YCIYT CO CTOPOHBI CEIb-
CKOT0, JIECHOTO U PHIOHOTO XO3SCTBA SBIACTCS OOJIee YeM YCTONYHUBBIMY;
bs: «Ecnm HexBaTKa W jaerpajanusi 0a3bl IPUPOAHBIX PECYPCOB HEOI[YTUMBIE, IKOCHCTEMHBIC
yCIIyTH B OMOJIOTHYECKOe pasHoOOpa3ue MIMPOKHE, U3MEHEHHE KIIMMaTa He3HAUMTEIbHOE, 8 MUTPAITUs
HECYILIECTBEHHAs!, TOTAa MPOLECC MPEIOCTaBICHUS TOBAPOB U YCIYT CO CTOPOHBI CEBCKOTO, JIECHOTO U
PBIOHOTO XO3SHCTBA SBIISETCS YCTONIHBBIMY;
bs: «Ecnm HexBaTKa W merpaganus 0a3bl IPUPOIHBIX PECYpPCOB CYIIECTBEHHBIC, YKOCHCTEMHBIC
YCIIyTH ¥ OMOJIOTHYECKOEe pa3HoOoOpasue CKyIHbIC, M3MCHCHUE KIMMAaTa CYIIECTBEHHOS, a MUTPAIUs
TaK)Xe CyIIECTBEHHAs, TOr/la MPOLEecC MPeAOCTaBICHUS TOBAPOB U YCIYT CO CTOPOHBI CEIBCKOI0, JieC-
HOT'O U PBHIOHOTO XO3SHCTBA ABISETCS HEYCTONYHUBBIMY;
bs: «Ecnm HexBaTka ¥ nerpaganus 0as3bl MPUPOIHBIX PECYPCOB CYIIECTBEHHBIC, YKOCHCTEMHBIC
yCIyTH ¥ OMOJIOTHYECKOe pa3sHOOOpa3ue CKyJIHbIC, MMEIOT MECTO Y3KHE MECTa B YaCTH YIPABICHUS H
pa3paboOTKH TOJMTUKHU, a TaKKe HaONtoJaercsl cinadas YCTOHYMBOCTh B 3KOJIOTHYECKOM, SKOHOMHUYE-
CKOM M COITMAJIbHOM Pa3BUTHSX, TOT/Ia MPOIeCcC MPEIOCTABICHUS TOBAPOB M YCIYT CO CTOPOHBI CEIb-
CKOTO, JISCHOTO ¥ PBIOHOTO XO3SICTBA SBISIETCA 0OJIee YeM HEYCTOMUUBEIMY.
b;: «Ecnm HexBaTka ¥ jnerpaganus 0as3bl IPUPOIHBIX PECYPCOB CYIIECTBEHHBIC, YKOCHCTEMHBIC
YCIIyTH ¥ OMOJIOTHYECKOEe pa3HOoO00pas3ne CKyAHbIe, U3MEHEHHE KIMMaTa CyIIECTBEHHOE, UMEIOT MECTO
y3KHE MECTa B YaCTH YIIPABJICHUS U pa3pabOTKU MOJUTHKH, a TAKKe HaOIIomaeTcs ciabas ycTondu-
BOCTh B KOJIOTUYECKOM, SKOHOMUYECKOM U COLIMAILHOM Pa3BUTHUSAX, TOT/Ia MPOLECC MPEAOCTaBICHUS
TOBApOB M YCIYT CO CTOPOHBI CEIILCKOTO, JIECHOTO U PHIOHOTO XO3SWCTBA SIBJISIETCSl OUYEHb HEYCTONYH-
BBIMY;
bs: «Ecnu HexBaTka ¥ jnerpaganus 0as3bl IPUPOIHBIX PECYPCOB CYIIECTBEHHBIC, YKOCHCTEMHBIC
YCIIyTH B OMOJIOTHYECKOoe pa3HooOpasue CKyJHbIe, N3MEHEHHE KIIMMaTa CYIIECTBEHHOE, MUTPAIUs Cy-
IIIECTBEHHAs1, HOBBIE YTPO3bI CYIIECTBEHHBIE, UMEIOT MECTO y3KHE MECTa B YAaCTH YNPABJICHUS U pa3pa-
OOTKHM TIOJINTUKH, a TAKXXe HaOIIONaeTcs ciiadas YCTOWYMBOCTh B SKOJIOTHYECKOM, SKOHOMHYECKOM H
COIIMAIBHOM Pa3BUTHSIX, TOTJa MPOLIECC MPEAOCTABICHUS TOBAPOB M YCIYT CO CTOPOHBI CEIHCKOTO,
JIECHOTO M PHIOHOTO XO3SIMCTBA SBISIETCA CIIMIITKOM HEYCTONYHUBBIMY.
B naHHOM citydae BXOTHBIMH XapaKTepUCTHKaMHU ((aKTopamMH BiIUAHUA) ABIsA0TC TepMbl JIIT x;
(7=1+9), a BerxomubiMu — 3HaueHMs JII1 y, — yposensv ycmouiuusocmu npoyecca npedocmasienus mosa-
PO8 U YCIye CO CHOPOHbL CENbCKO20, eCHO20 U pbloH020 Xxo3aticmea. C yuy€ToM 3asBICHHBIX B BBICKA-
3piBaHuAX 3HayeHui JIIT y,, a Taxke o0o3HaueHHbIX B Tabn. 1 repmos Bxoanou JIII x,; (j=1+9), 3anu-
IeM BBICKa3bIBaHUs bi—bg B Bune ciemyrontux HJIIT:
by: «Ecnu x=HEOIYTUMBIE H X5,=IITPOKUE ¥ X,3=HE3HAUUTEJILHOE U X2,=HECYIIIECTBEHHAS U
X25=HECYIIECTBEHHBIE U X26=OTCYTCTBYIOT U X7=CUIbHAS U X2s=CUJIbHAS U X20=CUJIbHASL, },=YEPECUYP
YCTONYMBBI»;

by: «Ecnu x=HEOIYTUMBIE H X5,=UIUPOKUE ¥ X»3=HE3HAUUTEJILHOE U X2=OTCYTCTBYIOT U X,7=CUJIbHAS 1
X25=CUIIbHAS ¥ X,0=CUJIbHAS, TOT/Ia y,=0YEHb YCTOUUMBBII»;

bs: «Eciu Xy =HEOILY TUMBIE H X5)=UIMPOKUE H X,=OTCYTCTBYIOT H X,7=CUJIbHAS U Xog=CUJIbHAS 1
X20=CHJIbHAS, TOraa y,=BOJIEE YEM YCTOWYUBbIII»;

by: «Eciu X, =HEOILY TUMBIE | X5,=UIMPOKUE ¥ X»3=HE3HAUYUTEJBHOE W X»,=HECYILIECTBEHHAI,
1,=YCTOUYUBBIII»,

bs: «Eciu x,=CYIECTBEHHBIE H X5,=CKYJIHbIE U X3=CYIECTBEHHOE 1 X,4=CYUIECTBEHHAA,
Y7=HEYCTONUUBBII»;
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be: «Eciu x,1=CYILLIECTBEHHBIE U X,,=CKYHBIE U X,s=UMEIOT MECTO H X,7=CJIABAS U X,3=CJIABAS U
X29=CJTABASI, ¥,=BOJIEE UEM HEYCTOWUHNBbI1»;

by: «Ecmm x,;=CYILLIECTBEHHBIE U X,,=CKYHBIE U X,3=CYIIECTBEHHOE U X,,=MMEIOT MECTO H X,7=CJIABAS 1
Xog=CJIABAS U X29=CJIABASI, y,=OUEHb HEYCTONUMUBBII»;

bg: «Ecmu x,;=CYILIECTBEHHBIE H X,,=CKYHBIE U X,3=CYILECTBEHHOE U X,,=CYILIECTBEHHAS 1
X25=CYIECTBEHHBIE 1 X2=UMEIOT MECTO | X7=CJIABASI M X,5=CJIABASI H X29=CJIABASI, y,=CJIMIIIKOM HE-
YCTOMUMBBIIA.

CI3. Macuimaovt Hunemupl 8 ce1bCKUX PATLOHAX:
c1: «Ecnu opueHTHPOBAHHOCTH MOJUTHKY HAICJICHHAS, JOCTYITHI K TIPOU3BOJICTBEHHBIM aKTHBAM U pe-
cypcam, a TaKke K yCIIyraMm JOCTaTOYHbIE, OOIIECTBEHHBIC OPTaHU3aIH CUIHHBIE, BO3SMOXXHOCTH 3aHS-
TOCTH HEOTPAaHWYCHHBIE, YCIIOBHUS TPyJa AOCTOWHBIC, a COI[MANIbHAS 3allUTa JOCTAaTOYHAs, TOT/Ia Mac-
MITa0Bbl HUIIETHI B CEIBCKUX paHOHAX MH3CPHBICY;
¢,: «Ecnu OpueHTHPOBAHHOCTH MOJUTHKY HAIlCJICHHAS, JOCTYITHI K TIPOU3BOJICTBEHHBIM aKTUBAM U pe-
cypcam, a TakKe K ycIlyraM JOCTaTOYHbIE, YCIOBUS TPy/Aa OCTOMHBIE, a COI[MabHAs 3allliTa JOCTa-
TOYHAs, TOTJIa MacIITaObl HUIIETHI B CENBCKUX PaliOHAX OYCHD MajbDy;
¢3: «Ecnu OpueHTHPOBAHHOCTH MOJUTHKY HAICJICHHAS, JOCTYITHI K TIPOU3BOJICTBEHHBIM aKTHBAM U pe-
cypcam JOCTaTOYHbIE, YCIOBUS TPyAa HOCTOHHBIE, a COMaIbHAas 3allluTa JOCTaTOYHAs, TOTa MacIITa-
OBI HAIIETHI B CEITBCKUX palioHaX 00JIee YeM MaJIbly;
¢4: «Ecnu OpUeHTHPOBAHHOCTH MOJUTHKY HAIlCJICHHAS, JOCTYITHI K TIPOU3BOJICTBEHHBIM aKTHBAM U pe-
cypcaM, a TaKke K yCIyraM JOCTaTOYHbIe, OONIECTBEHHBIC OPraHW3allii CHIIbHBIC, TOTIa MAaCIITa0bI
HUIIETHI B CEJIBCKUX PaiiOHaX MaJbley;
¢s: «Ecm OpHEeHTHPOBAaHHOCTh TIOJUTHKY HE HAlleJICHHAs], JOCTYIbI K MPOU3BOJCTBEHHBIM aKTHBAM H
pecypcam, a Takke K yCIyraMm OrpaHHYCHHbIC, OOIIESCTBEHHBIC OpraHU3allii OTCYTCTBYIOT, TOTIa Mac-
ITa0bl HUTIETHI B CEIIBCKUX PaliOHaX OOJIBIIHCY;
¢¢: «ECIM OpHEHTHPOBAaHHOCTH TIOJUTHKY HE HAlleJICHHAS, JOCTYIIbI K MPOU3BOJCTBEHHBIM aKTHBAM H
pecypcam OorpaHHYCHHBIE, YCIOBHS TPy/ia HEIOCTOHHbBIE, a COIMANIbHAS 3alllUTa HEJOCTATOYHAS, TOTIa
MacmTaObl HUIIETHI B CENBCKUX paiioHax Ooliee YeM OOJIbIIIHE.
c7: «Ecm OpHEeHTHPOBAHHOCTH TIOJUTHKY HE HAleJIeHHAsl, JOCTYIbI K MPOU3BOJICTBEHHBIM aKTHBAM H
pecypcam, a Takxke K yclyraM OTpaHHYEHHBIC, YCIIOBHS TpyAa HEIOCTOWHBIC, a COIMANIbHAS 3allluTa
HEJI0OCTATOYHAS, TOT/Ia MacIITa0bl HUIIETHI B CEIbCKUX PAOHAX OYeHb OOJBIIHE;
cg: «Ecm OpHEeHTHPOBAHHOCTH TIOJUTHKY HE HAlleJIeHHAsl, JOCTYIbI K MPOU3BOJCTBEHHBIM aKTHBAM H
pecypcam, a TakXe K yclyraM OrpaHHdYeHHbIe, O0IECTBEHHBIC OpPTraHU3aI[Ul OTCYTCTBYIOT, BO3MOXHO-
CTH 3aHSATOCTU OTPaHHYCHHBIC, YCIOBUS TpyJa HEIOCTOHHBIC, a COIMAIbHAs 3allluTa HEJA0CTATOYHAS,
TOTJ]a MAaCIITa0bl HUIIETHI B CEIbCKUX pallOHaX OTPOMHBIEY.
B sTrom ciydae kpuTepusaMu oneHKH SBIBFOTCs TepMbl JIIT x3; (j=1+7), a BEIXOTHOW XapaKTepH-
ctukoit sBisercs JII1 y; — macuumabur nuwgemol 6 cenvexux pationax. Torna nepevnCICeHHBIC BRICKA3HI-
BaHUS C;+Cg 3aMUIIEM B BUJie cooTBeTcTBYromux HIIIT:
c1: «Eci x3;=HALIEJIEHHAS ¥ x3,=JJOCTATOYHbII 1 x33=IOCTATOYHBIN 1 x3,=CUJIbHBIE U x35=HEOIPAHUUEHHBIE
¥ X36=/IOCTOMHBIE 1 x37=IOCTATOUHAS, y3=MU3EPHBIE»;

¢5: «Eciu x3;=HALEJIEHHAS ¥ X3,=JOCTATOUYHBIN u X33=OCTATOUHBIN U X3,=TOCTONHBIE U X3,=[I0CTATOUHAS,
¥3=OYEHb MAJIbD»;

c3: «Eciu x3;=HALEJIEHHAS U x3,=JJOCTATOUHbBIN U x3s=IOCTONHBIE U x3,=JOCTATOUYHAS, y3=BOJIEE YEM MA-
JIbIy»;

c4: «Eciu x3;=HALEJIEHHAS ¥ x3,=JJOCTATOYHbBIH U x33=]IOCTATOUYHBIA U x3,=CUJIbHBIE, y3=MAJIbIE»;

cs: «Eciu x3;=HE HAIIEJIEHHAS U X3,=OTPAHUYEHHBIN ¥ x33=OT'PAHIYEHHbBIN U x3,=OTCYTCTBYIOT,
¥3=BOJIbILIUEY;

ce: «Eci x3;=HE HALEJIEHHAS 1 X3,=OTPAHUUEHHBII 1 x3,=HEJOCTOMHBIE U Xx37=HEJJOCTATOYHAS, y3=BOJIEE
YEM BOJIbLIMEY;

¢7: «Eci x3;=HE HALIEJIEHHAS 1 X3,=OTPAHUUYEHHBIN ¥ x33=0T'PAHUYEHHbII U x3,=HEJIOCTOMHBIE
X37=HEJIOCTATOUHAS, y3=0YEHb BOJIbLLIUEY;

cg: «Eciu x3;=HE HAIIEJIEHHAS U X3,=OTPAHUYEHHBIN 1 x33=OT'PAHUYEHHBIN U X3,=OTCYTCTBVIOT U
X35=OT'PAHUYEHHBIE U X3¢=HEJIOCTONHBIE U x3,=HEJIOCTATOUHASI, 3=OT'POMHBIEY.
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CL4. IIpeonocwinku K co30anuio Ha@ MECHHOM, 20CYOAPCHIBEHHOM, PEZUOHATLHOM U MeXHCOy-
HAPOOHOM YPOGHAX D0/lee WUPOKUX NO oxeamy U 0o.1ee IPPheKmusHbvIX Ce1bCKOXO3AUCHBEHHBIX U
nPO00BOTLCMBEHHBIX CUCHIEM:
dy: «Ecnu yciioBust JOCTATOYHO ONArONPHUATHBIC, TOTEHIHAN (C yYETOM MPUBJICYCHHS YACTHOTO CEKTO-
pa) BBICOKHIA, a TII00abHBIE PHIHOYHBIE CHCTEMBI SABIISIOTCS TMPEAIOYTHTEIHHBIMH, TOTAA MPEIMTOCHUIKH
K CO3/IaHUIO CENIbCKOXO3AWCTBEHHBIX U MPOJOBOJIBCTBEHHBIX CHCTEM SIBIITIOTCA BEChMa CYIECTBEHHBI-
MY,
d>: «Ecnn yCcIIoBUSI HEIOCTATOYHO OJIAarONPUSATHBIC, MOTCHIIUANT (C YI6TOM HPUBIICUYCHUS YACTHOTO CEK-
TOpa) BBHICOKHH, a TII00ANBHBIE PHIHOYHBIC CUCTEMBbI SBIISIOTCS MPEANOYTUTEIbHBIMU, TOT/IA MPEIIO-
CBUTKUA K CO3JJaHUI0 CEIThCKOXO3SMCTBEHHBIX M MPOAOBOJILCTBEHHBIX CHUCTEM SIBISIOTCS HE3HAYUTEIh-
HBIMIY;

d;: «Ecnn ycioBust JOCTATOYHO ONAaromnpHsATHBIE, TOTEHIHAN (C yYETOM MPHUBJICYEHHUS YaCTHOTO CEKTO-
pa) HU3KHIA, a TII00aNbHBIE PHIHOYHBIE CHCTEMBI SBJISIFOTCS MPEIMOYTHTEIFHBIMHU, TOTJA MPEANOCHUIKH
K CO3JIaHUIO CEIThCKOXO03SIHUCTBEHHBIX U MPOIOBOJILCTBECHHBIX CUCTEM SBISIOTCS HE3HAYUTCILHBIMIY,

dy: «Ecnu ycrnoBHsI HEIOCTATOYHO ONAroNpHsTHBIC, TTOTSHITUAN (¢ YYETOM MPHUBJIICUSHHS YAaCTHOTO CEK-
TOpa) HU3KHH, a TTI00aNIbHBIC PHIHOYHBIC CHCTEMBI SIBJISIFOTCS MIPEAIIOYTUTEIbHBIMY, TOT 1A TIPETIOCHLI-
KU K CO3JJAaHHIO CEIhCKOXO03SIMICTBEHHBIX U MPOJIOBOIBCTBEHHBIX CHCTEM SIBIISIOTCS HE3HAYUTEIHLHBIMIY,;
ds: «Ecnu ycnoBust HeOnaronpusTHbIC, TOTEHIHAN (C y4ETOM MPUBJIICYCHUS YaCTHOTO CEKTOPa) HU3KUH,
a r100abHbIe PHIHOYHBIE CHCTEMBI SIBIIAIOTCA MPEANIOYTUTENBHBIME, TOT/Ia TPEAIOCHIIKH K CO3IaHUIO
CEJIbCKOXO3SIMICTBEHHBIX ¥ MTPOJIOBOJIBCTBEHHBIX CHCTEM SIBIITIOTCS HE3HAYUTCIHHBIMIY,;

de: «Eciu rinobalibHbIe PEIHOYHEIC CUCTEMBI SBIISIOTCS HENPEIOYTUTEIBLHBIMYU, TOT/Ia TPEATIOCHIIKN K
CO3/IaHHUIO CENbCKOXO3SIMCTBEHHBIX U MPOJOBOIBCTBEHHBIX CHCTEM SIBIISIFOTCS HE3HAYUTEIHHBIMI.

B TepMuHax 3HaYeHHWH BXOIHBIX M BBIXOJHBIX JHHTBUCTHYECKHUX XapaKTEPHUCTUK 3TH IMpaBHIIA
OYIyT BBITJISIETh KaK:

d,: «Ecnu x4/ =JIOCTATOUYHO BJIATOIIPUSITHBIE U X4,=BbICOKWIA U x43=TIPEJITIOYTUTEJILHBIE, TOrIQ
Y4=CYILECTBEHHbIEY;

dy: «Ecnu x4/ =HEJIOCTATOYHO BJIATOITPUSITHBIE U X4=BbICOKUI 1 x43=TIPEAIIOYTUTEJIbHBIE, TOT/Ia
Y4~HE3HAUUTEJIbHBIEY;

d5: «Eciu x4;=JIOCTATOYHO BJIATOITPUSTHBIE U X4, =HU3KUI 1 x43=TIPEJJTIOYTUTEJILHBIE, TOTIA
¥4~HE3HAUUTEJIbHBIEY;

dy: «Ecnu x4/ =HEJJOCTATOUYHO BJIATOITPUSITHBIE U X4,=HU3KUI U x43=TIPEJITIOYTUTEJILHBIE, TOra
¥4~HE3HAUUTEJIbHBIEY;

ds: «Ecnu x4/ =HEBJIATOTIPUSITHBIE U X4,=HU3KUI U x,3=TIPEJITIOYTUTEJILHBIE, TOrja y4=HE3HAUUTEJIbHBIE;

ds: «Ecru x,3=HETPEJIITIOYTUTEJIBHBIE, TOra y,~HE3HAUWUTEJILHBIEY.

CH5. Yemoituusocmo cpedcme K cyuiecmeosanuio nepeo yepo3amu u Kpusucamu
e;: «Eciin BEpOSATHOCTH CTUXWUHHBIX OCIICTBHUU, YPE3BBIYANHBIX CHTYAITMil B MPOJOBOJLCTBEHHBIX II€-
MOYKaX, COIUAIBHO-9KOHOMHUYECKIX KPHU3HCOB, BOOPYKEHHBIX KOH(IMKTOB, a TaKXKe 3aTSDKHBIX KpH-
3MCOB HU3KHUE, YI3BUMOCTh clabas, MoTpeOHOCTH yIOBJICTBOPEHHBIC, TyMaHUTapHAs 3alUTa U 3aluTa
B [IEPEXOIHBIN MTEPHOJ CUIIbHBIE U YPOBEHb CTPATETHUECKOr0 MapTHEPCTBA B JOCTIKEHUH PE3yIbTAaTOB
BBICOKHIA, TOTIa YCTOWYHBOCTh CPEJACTB K CYIIECTBOBAHMIO TEPEA YIpo3aMH M KPU3UCAMH B BBICIIEH
CTCTICHH HAJCKHASN;

e,. «Ecnu BEepOSTHOCTH CTUXWMHHBIX OCICTBUM, YPE3BBIYAWHBIX CUTyallUid B MPOJOBOJILCTBEHHBIX IIe-
MOYKaX, CONUAITLHO-3KOHOMUYECKUX KPU3HCOB HU3KHUE, YSI3BUMOCTH Ci1adas, MOTpeOHOCTH yOBIETBO-
peHHBIC, TYMaHHUTAPHAS 3all[1Ta U 3aIIUTa B TIEPEXOAHBIN ITEPUOJ] CUIbHBIE  YPOBEHb CTPATETHIESCKOTO
MapTHEPCTBA B JOCTHKCHUHU PE3YJIbTATOB BHICOKHI, TOT/IA YCTOWYMBOCTh CPEJCTB K CYIIECTBOBAHHIO
mepe] yrpo3aMu M KpU3UCaMH OYeHb HAJEKHAN;

e;. «Eciii BEpOSATHOCTH CTUXUHHBIX OCIICTBHUH, YPE3BBIYANHBIX CHTYAITMil B MPOJOBOJLCTBEHHBIX I1€-
IOYKaX HU3KHUE, YA3BHUMOCTH Ci1a0asi, MOTpeOHOCTH YAOBICTBOPCHHEIC, TyMaHUTAPHAS 3alllUTa U 3alllu-
Ta B IEPEXOHBIN NEPHO/I CHIIbHBIE U YPOBEHD CTPATETHYECKOTO MAPTHEPCTBA B TOCTHKEHUH PE3yIbTa-
TOB BBICOKHH, TOTJ[a YCTOHYMBOCTh CPENICTB K CYIIECTBOBAHHIO IEpe] yrpo3aMu U KpH3ucamu Oolee
4YeM HaJISKHASDY,
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e4. «Ecnu BEpOSTHOCTH CTUXMUHBIX OCICTBUM, YPE3BBIYAWHBIX CUTYallUid B MPOJOBOJILCTBEHHBIX Iie-
MOYKaX, CONMAIHHO-DKOHOMHYECKUX KPU3UCOB U BOOPY)KEHHBIX KOH(INKTOB HU3KHE, TOT/Ia YCTOWYH-
BOCTbH CPEJICTB K CYIIIECTBOBAHUIO TIEPE ] YTPO3aMH U KPU3UCAMH HAJEKHAN;
es: «Ecnu BEepOSTHOCTH CTUXWUHHBIX OCICTBUM, YPE3BBIYAWHBIX CUTYallUid B MPOJOBOJILCTBEHHBIX Ile-
MOYKAaX, COIUATbHO-9KOHOMUYECKIX KPHU3HCOB M BOOPYXEHHBIX KOH(IUKTOB BBICOKHE, TOTA yCTOM-
YUBOCTH CPEJICTB K CYIIECTBOBAHHIO ITEPE yTPO3aMU M KPU3HCaMU HEeHaIeKHAS»;
es. «Ecnu BEpOSTHOCTH CTUXWMUHBIX OCICTBUM, YPE3BBIYAWHBIX CUTyallUd B MPOJOBOJILCTBEHHBIX Iie-
IOYKaX BBICOKHE, YSI3BUMOCTh CHUJIbHAS, MOTPEOHOCTH HEYAOBICTBOPCHHBIC, TyMaHUTApHAS 3allUTa U
3alUTa B MEPEXOJHBIN MeproJI ciaadble M YPOBEHb CTPATETHUECKOTO MapTHEPCTBA B JOCTHKCHUU pe-
3yJAbTAaTOB HU3KHUM, TOra YCTOMYUBOCTH CPEICTB K CYLICCTBOBAHHUIO IMEpE] YrpO3aMH U KpHU3UCAMU
Oomee ueM HeHaACKHATY,;
e7. «Ecnu BEpOATHOCTH CTUXHUHHBIX OCICTBUM, YPE3BBIYAMHBIX CUTYallUid B IPOIOBOJILCTBEHHBIX IIe-
MOYKaxX, COIHNAIbHO-3KOHOMHYECKUX KPHU3HCOB BBICOKHE, YA3BHUMOCTH CHIJIbHAS, TOTPEOHOCTH HEYIO-
BIICTBOPCHHBIC, TYMaHHUTAPHAsI 3al[UTa U 3alUTa B TIEPEXOAHBIN MEPHOJ CJIadble U YPOBEHb CTpATETH-
YECKOT0 MapTHEPCTBA B JOCTIXKEHUHU PE3yIbTAaTOB HU3KUH, TOTJa yCTOHYNBOCTh CPEICTB K CYIIECTBO-
BaHUIO TIEpe]] yTpo3aMH U KPU3UCAMH OYE€Hb HEHAIEKHAS»;
eg: «Ecnu BEpOSATHOCTH CTUXMUHBIX OCICTBUM, YPE3BBIYAWHBIX CUTYallUd B MPOJOBOJILCTBEHHBIX Iie-
IOYKaX, CONUATBHO-Y)KOHOMUYECKUX KPU3HUCOB, BOOPYKEHHBIX KOH(IMKTOB, a TaKXe 3aTSDKHBIX KpH-
3MCOB BBICOKHE, ySI3BUMOCTh CHJIbHAS, MOTPEOHOCTH HEYIOBIIETBOPEHHBIC, TYMaHHUTApHAS 3aIlIUTa U
3alUTa B TEPEXOHBIN TEpHOJ| C1a0ble U YPOBEHb CTPATETUYECKOrO MAPTHEPCTBA B IOCTHKCHHH Pe-
3yJbTAaTOB HU3KHUM, TOTJa YCTOMYMBOCTH CPEICTB K CYIIECTBOBAHUIO MEpei Yrpo3aMH U KpHU3UCAMU
CIIMIIIKOM HEHAICKHAS.
B tepMmuHax 3Ha4YE€HWI BXOAHBIX W BBIXOJHBIX JIMHTBHCTUYECKHX XapPaKTEPHUCTHK 3THU BHICKA3bI-
BaHUs OyAyT BBITIISAICTh KaK:
e): «Ecnu x5;=HU3KAS 1 x5,=HU3KASI U X53=HU3KAS 1 x54~HU3KAS 1 Xs5=HU3KAS U x56=CJIABAS 1
X57=YJIOBJIETBOPEHHBIE 1 x55=CUJIbHAS U X5¢=BbICOKWIA, Tor/1a y5=B BBICIIEN CTEITEHUA HAJIEXXHASI»;
ey: «Eci x5;=HU3KAS 1 x5)=HU3KAS U X53=HU3KASI U X5c=CJIABAS 1 X57=Y JIOBJIETBOPEHHBIE 1 x5g=CUJIbHAS 1
X59=BBICOKHI, Tor1a ys=OYEHb HAJIEXXHASI»;
e3: «Eci x5;=HU3KAS 1 x5)=HU3KASI U X56=CJIABAS ¥ X5;7=YJIOBJIETBOPEHHBIE ¥ X5s=CUJIbHAS 1 X50=BbICOKUI,
Torza ys=BOJIEE UEM HAJIEXXHAS»;
e4: «Eciu x5;=HU3KAS 1 x5,=HU3KASI U X53=HU3KAS 1 x54~HU3KAS, TOra ys=HAJIEXHAS»;
es: «Eciu x5;=BBICOKAS 1 X5,=BbICOKASI U X53=BbICOKAS 1 X5,=BbICOKASI, TOT/Ia ys=HEHAJIEXXHAS»;
es: «Eciu x5;=BBICOKAS 1 X5,=BbICOKASI U X5s=CUJIbHAS U X5;=HEYJIOBJIETBOPEHHbIE U X5g=CJIABASl 1
Xso=HU3KUI, Torma ys=BOJIEE YUEM HEHAJIEXXHAS»;
e7: «Ecnu x5;=BBICOKAS ¥ X5,=BbICOKASI U X53=BbICOKAS 1 X5s=CUJIbHASI U X57=HEY JIOBJIETBOPEHHbIE U
Xs5g=CJIABASI U X5o=HU3KUIA, Toraa ys=OUEHb HEHAJIEXHASI»;
eg: «Eci x5;=BbICOKAS 1 x5,=BbICOKAS 1 x53=BbICOKAS U X54=BbICOKASI 1 X55=BbICOKAS U X5s=CUJIbHAS
X57=HEYJIOBJIETBOPEHHBIE 1 X5g=CJIABASl 1 X5¢=HU3KUH, Tora ys=CJIMILKOM HEHAJIEXXHAS».
ITo cymecTBy, npuBeneHnabie 5 HabopoB HIIIT ¢popMUpYyIOT COOTBETCTBYIOIINE CHCTEMBI HEUYET-
KHX BBIBOJIOB, JUIS PeaTU3aI[ii KOTOPBIX HEOOXOAMMO OIMCATh TEPMBI U3 JICBBIX U MPABBIX YacTeH mpa-
BUJI B BUJC HEUETKUX MHOXKECTB. UTO KacaeTcs TEPMOB M3 IPABBIX YacTe — 3HAYEHUN BBIXOJHBIX
JMHTBUCTUYECKUX TMEpeMeHHBIX ), (A=1+5), TO MX MOXXHO OCTATOYHO JIETKO OMHCATh C MOMOIIBIO
(GYHKIUHM MPHHAIICKHOCTH, BOCCTAHABIMBAIONINX COOTBETCTBYIoNMe HM Ha MUCKpETHOM YHHBEPCY-

me U={0; 0.1; 0.2; ...; 1}. B wacTHOCTH, JUI TIPaBWI @ — dg TAKOBBIMU OynyT [9]: AS=ABCOJIOTHO
Lu=1,
HEUYBCTBUTEJIBHAS: o (u)= 0 VIS=OYEHbL HEYYBCTBUTENBHAS: pys(u)=u’, ucU;,

b b

MIS=BOJIEE YEM HEUYBCTBUTEJIBHAS: W6 (1) = «/; , ueU; ISSHEUYBCTBUTEJBHAS: pys(u)=u, uc U,

S=4YBCTBUTEJIbHAS: Ws(u)=1-u, ue U, MS=BOJIEE UYEM UYBCTBUTEJIbHAS: W) =v1—-u, uel;
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VS=OUEHb  YYBCTBUTEIBHAS:  wys(u)=(1-u)’, wueU; TS=CIMIIKOM  YYBCTBUTEJBHASI,
0,u=1,

s () = uel.
lLu<l,

[IpaBuna d, — dg, KOTOpBIE CTPYKTYPHO OTIMUYAIOTCSA OT OCTAIBHBIX, MOYKHO CPAaBHUTEIHHO JIETKO
peanu3oBaTh C IOMOIIBIO penakTopa Fuzzy Inferences System B HoTaruu maketa MATLAB.

HeuéTrkas Mogenab /sl OLEeHKH OKOHYATEJILHBIX PpPe3yJabTaToB. s MOdyueHHs OKOHYa-
TEeIbHOU oneHKU pe3ynbTaToB FAO, a uMeHHO, A onpeAeNicHUs arperipOBaHHOIO MOKAa3aTelsl YPOB-
ua [1b, Bocmosnb3yeMcst MPUBBIYHBIM CITOCOO0M MTOCTPOCHIMSI CUCTEMBI HEUETKOTO BEIBOAA. J[i1s1 ATOTO 32
OCHOBY BO3bMEM CIICYIONIUI HA0Op HEPOTHBOPEUHMBHIX BHICKA3BIBAHUIA:
ri: «Ecim mpoGriema rotosia ¥ HAMIETH YyBCTBUTEIBHA U TIPOIIECC MPEIOCTABICHHUS TOBAPOB U YCIIYT CO
CTOPOHBI CEILCKOTO, JICCHOTO M PHIOHOTO XO3SICTBA SABISETCS HEYCTOWYMBBIM, TorAa ypoBeHb [1b sB-
TISETCSI HU3KIM;
ry: «Ecny B TONOJHEHUE K CKAa3aHHOMY MPEINOCHUIKM K CO3/IaHUIO CENbCKOXO03UCTBEHHBIX U MPOA0-
BOJIbCTBEHHBIX CHICTEM SIBJISIFOTCS HE3HAYUTEIFHBIMA U YCTOWYMBOCTH CPEJCTB K CYIIECTBOBAHUIO Tie-
pen yrpo3aMu U Kpu3ncaMy HeHalexKHast, Toraa yposeHb [1b sBnseTcs Oonee ueM HUZKAMY;
r3: «Ecin JONOJTHUTENBHO K YCIOBUSIM, OTOBOPEHHBIM B 7, H3BECTHO, YTO MAacIUTaObl HULICTH B CEJlb-
CKuX paiioHax Oosbiine, Toraa yposeHs [1b uepecuyp HU3KHiD»;
ry: «EBcom mpobiieMa rojiofjla ¥ HHUIIETHl YyBCTBHUTENbHA, MACINTaObl HUIIETHl B CENBCKUX palioHaxX
OoJpIye, a TaKKe MPEATNOCHIIKY K CO3JaHUI0 CETbCKOXO3SIICTBEHHBIX M MPOAOBOJIICTBEHHBIX CHCTEM
SIBJISIIOTCS. HE3HAUUTENBHBIMY, a YCTOMUKMBOCTh CPEACTB K CYIIECTBOBAHMIO MEPE]l YyIPO3aMU U KpU3H-
caMM HEHaJIeXkKHas, Toraa ypoBeHb [1b oueHb HUBKHI;
rs: «Bcom mpobiieMa rojiofjla U HHUIIETHl YyBCTBHUTENBbHA, MACINTaObl HUIIETHl B CENBCKUX palioHax
OoJbIIMe, TPEIMOCEUTKH K CO3JJaHHIO CEIbCKOXO3SHCTBEHHBIX U MPOJIOBOJIBCTBEHHBIX CUCTEM SIBIISIOT-
Cs1 HE3HAUUTEIbHBIMU, HO MPU 3TOM YCTOMYUBOCTh CPEJICTB K CYIIECTBOBAHUIO MEPE] YIPO3aMH U KpH-
3UcaMM HaJiexxHasi, Torja ypoeHs I1b Bce paBHO HUBKUI;
rs: «Ecmu mpobrema Tosioia M HUIIETHl HEYYBCTBUTEIbHA, MPOIECC MPEIOCTABICHUS TOBAPOB U YCIIYT
CO CTOPOHBI CEJIBCKOTO, JICCHOTO M PHIOHOTO XO3SHCTBA SBIISICTCS YCTOMYUBBIM, & MACIITA0bl HUIICTHI B
CEIILCKUX paiioHaX HEOOJBINE, TOTIa YPOBEHD [1b BBICOKHI.

Ha ocHoBaHmM TpHBENEHHBIX PACCYXAEHHUH MBI MOXEM JIETKO COPMHUPOBATH MOJIHBIA Habop
KpUTEPHUEB OIICHKU B BUJIC TEPMOB 5-TH BXOJHBIX U 1-0¥ BbixomHoi JIII st mocTpoeHus NPUYHHHO-
CIIeICTBEHHBIX cBs3ei. [Tocnenuue chopmyaupyem 1o cpeactsam cieayrommx HIIIT:
ry: «Eciu x;=4YBCTBUTEJIbHA 1 X,=HEYCTONUMBbINA, TOraa ypoBeHb z=HU3KUID»;

r: «Ecii x;=4YBCTBUTEJIbHA 1 x,=HEYCTONUUBBIN 1 x,~HE3HAUMTEJIbHBIE 1 xs=HEHAJIEXXHAS, Toraa z=BOJIEE
YEM HU3KU»,

r3: «Ecau x;=4YBCTBUTEJIbHA U x,=HEYCTOWYMBBIN 1 x;=BOJIBIINE U X,~HE3HAUUTEJIbHBIE U xs=HEHAJIEXXHAS,
Toraa z=4YEPECUYP HU3KU1»;

r4: «Ecnu x;=4YBCTBUTEJIbHA 1 x;=BOJIBIINE U X,~HE3HAUWTEJIbHBIE 1 xs=HEHAJIEXXHAS, Toria z=OYEHb HU3-
KUii»;

rs: «Ecnu x;=4YBCTBUTEJIbHA U X3=BOJIbILIUE U x4=HE3HAUUTEJIbHBIE U Xs=HAJIEXXHAS], Tora z=HU3KUIi»;

r¢: «Ecii x;=HEUYBCTBUTEJIbHA U X,=YCTONUUBBII 1 x3;=HEBOJIbLLIUE, Tora z=BbICOKUI».

Hcmonp3yemple B 3THX NMpaBWIIaX 3HAYEHHS JTMHTBUCTHYECKON NMEpeMEHHOW z 3alafiiM B BHIE
HEUYETKHUX MMOAMHOXKECTB YHHBEpCaILHOTO quckpetHoro MuHokectBa U={0; 0.1; 0.2; ...; 1}, Hampumep,
YueU ¢ nomolipio cieayomux GyHKIUH npuHamiexxkHoctd: L=HU3KWUA: p;(u)=1-u; ML=BOJIEE YEM

HU3KM: W, (u)=+1—u; VL=OuEHb HU3KMI:  p(u)=(1-u)’; TL=YEPECYUYP  HU3KHIi:

0,u=1,

u)=4
gy (1) Lu<l:

s omucaHusl TEPMOB M3 JIEBBIX YacTe MpPaBWJI HEOOXOIMMO MPOBECTH MPEABAPUTEIBLHBIC HC-
CIICZIOBAHMS, CBSI3aHHBIE CO COOPOM peleBaHTHON MH(POPMAILUK U3 TPEAMETHBIX 00JacTel U ¢ mpoBe-
JCHUEM CTaTHCTUUYECKOI0 aHAIN3a, BKIIIOYasl IpeIBapUTeIbHbIE OLIEHKU (PAKTOPOB KOTHUTHBHOM KapThI
U3 puc. 2, ¢ TeM 4ToOBI c(hOPMHUPOBATH YHUBEPCYMBI Ul TOCTpoeHHs cooTBeTcTByromux HM. Iloxa-

H=BBICOKUM: pp(u)=u.
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JIyH, 3TO SABJSCTCS CAMBIM CIIOKHBIM M 3aTPATHBIM IO BPEMEHH MPOIIECCOM, IS peallu3allii KOTOPOTo,
B IIEPBYIO OYepeab, HEOOX0AMM IOCTyM K 6a3am manabix FAO UN.

B [10] npennaraercs MeToa MHOTOKPHUTEPHUATLHOTO BEIOOpA AJIbTEPHATUB B YCIIOBHSIX HEOIIPEIe-
JICHHOCTH, B OCHOBE KOTOPOTO JIGKUT MPUHIIHIT ITEPeCeUCHUs HEUETKNX Kputepres bennmana-3ane u 9-
OayThbHAS MIKaja JIMHTBUCTUYECKNX OIeHOK Caatu. CyTh U HOBH3HA 3TOTO METO/IA 3aKIF0YAEeTCA B TOM,
YTO OH HE TpeOyeT TPYAOEMKHX MPOIEAYD, CBSI3aHHBIX C TIOCTPOEHHEM U 00pabOTKON MaTpHIl MapHBIX
CpaBHEHHH. BMECTO 3TOr0 HMCHOJB3YIOTCS CHENHMAaIbHBIE COOTHOIICHHS, OCHOBAaHHBIE HA CPaBHEHUU C
HauXy/lleH albTepHATUBON 1 HAUMEHEe BAXXHBIM KpUTepueM. TeM He MeHee, U JaHHBIH MEeTO MHOTO-
KPUTEPUAIBbHON OIEHKH HY)KJAETCS B MEPBHYHOW CTATHCTUYECKONW COBOKYITHOCTH JAHHBIX W3 Tpe.-
METHBIX 00JIaCTEH.

OpnauM U3 HanOoJee MPOCTHIX U aICKBATHBIX CITOCOOOB OMMCaHUs TEPMOB U3 JICBBIX YaCTEH MpH-
BeneHHbIX HJIIT MoryT 66T HM, mmocTpoeHHBIE TIO OITIOPHOMY BEKTOPY, CKaxeM, (ai, ay, ..., a,), TOC a4
— onienuBaeMeblit Ha I1b peruon (ctpaHa), XapakTEepHU3YIOIIHICSI CBOMMH JAHHBIMU 110 KaXKIOMY U3 (ak-
TopoB B coctaBe KK, mnpeacrasnennoit Ha puc. 2. Hampumep, B 3TOoM ciaydae HM
A=HEOT'PAHMYEHHASI, KaK ojHO 13 3HaueHwit JII1 «@usuueckas docmynHocms pecypcoey, MOXKET Bbl-
TIISIIETh Kak:

Z:”’A(ul)+“A(u2)+m+u/1(un)’

a, a, a,
rae wy(uy) (k=1+n) — 3HaueHne YHKINH NPUHAJICKHOCTH MOKa3arens GU3NIECKON TOCTYITHOCTH pe-
CYPCOB 1y, perroHa a; k A. 31ech B KadecTBe (hyHKIMH NPHHAIEKHOCTH MOXKHO BEIOPATH TAYCCOBCKYIO
dysKIMIO: Wy (1) =exp{-(u-uy)*/c;’}, TIE Gf° — IIOTHOCTH (IMCIEPCHS) PACTIPEEICHHS COCEIHUX dIIe-
MEHTOB, BRIOMPAIOMIASCS MHIANBUAYAIBHO IS KQXKIOTO CIydasl.

[Ipennaraembie B cTaTbe TUIMOBBIE MOAETH HYKOAIOTCA B CTPYKTYPHOM M MapaMeTPHYECKOM
00y4eHnH, ¢ TeM 4YTOObI MPETEeHI0BAaTh HA HEOOXOAUMYIO CTEIeHb aJleKBaTHOCTH ITOCTAaBICHHON 3a/a-
ye. [Ipeanoxkennas Ha puc. 2 KK BoOGpana B ceOst aOCOM0THOE OOJIBIIMHCTBO (GaKTOPOB, BIUSIOIIMX HA
ypoBeHb IIb. IIpeanaraemplii mOAX0A UMEHHO TEM U XOPOIIl, YTO SBJISIETCA B ONPEACICHHOM CMBICIIE
TMOKMM TI0 OTHOIICHUIO K BO3MOJKHBIM JIOTIOJIHEHHSAM W/HIM YTOYHEHHUSIM, KOTOPBIE MOTYT OBITH
NPEIbSBIICHBI SKCIIEPTAMH W/HIIH 3aKa3unkaMu. TeM He MeHee, Jake B MPETIOKCHHOM «HECOBEPIIICH-
HOM» BapHaHTe MOJEIb, HE BhIIaBas aOCONIOTHBIX 3HAYCHUH s orleHKH ypoBHe# I1b permona, cro-
coOHa pearupoBaTh Ha BO3MOXHbIE n3MeHeHHs B kKoHuentax KK u craTh ocHOBO# 1151 hopMUpOBaHHS
ro0anbHBIX neneit FAQO B OTHOIIEHUY HYXIAIOIIMXCS CTPaH.
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ORZAQ TOHLUKOSIZLiYININ KOMPLEKSLi QiYMOTLONDIRILMOSi
UCUN QEYRI-SOLIiS KOQNiTiV MODEL

R.R. RZAYEV, E.T. OLIYEV, V.I. HOSONOV, Z.R. CAMALOV

Foal vo saglam hoyat torzi {iglin tolob olunan yiiksok keyfiyyotli qida mohsullarim1 ohali terofindon
zomanatnli miintozom monimsomoasini  tomin etmodiyi Olkolordo orzaq tohliikesizliyinin soviyyesini
qiymotlondirmok mogsadils niimunovi qeyri-solis koqnitiv model islonilmis vo tosvir edilmisdir. BMT FAO-nun
Strateji Corcive Proqraminda 2014-2017-ci illor iigiin tosdiq edilmis orzaq tohliikosizliyino tosir gdstoron
faktorlarin kifayat qodor genis spektorunu ohats edon koqnitiv xarite asas kimi seg¢ilmisdir. Bu faktorlar arasinda
movcud olan sabab-natica alagalarini formalizasiyast magsadilo geyri-salis mantiq qaydalarinin mahdud toplulart
istifads edilmisdir.

Agar sdzlar: arzaq tohliikasizliyi, kognitiv xarita, geyri-salis kognitiv model, geyri-salis ¢ixarilis sistemi.

FUZZY COGNITIVE MODEL FOR A COMPREHENSIVE FOOD SECURITY
R.R.RZAYEV, E.T. ALIYEV, V.I. HASANOV, Z.R. JAMALOV

The authors developed and described a typical fuzzy cognitive model to assess the level of food security
for countries where there is no guaranteed regular access of the population to high-quality food needed for an
active and healthy lifestyle. As basis, it is selected cognitive map, which covers quite a large range of factors af-
fecting to the food security, approved by Strategic Framework of FAO UN, 2014-2017. To formalize the causal
relationships between these factors it used the limited sets of the fuzzy logic rules.

Key words: food security, cognitive map, fuzzy cognitive model, fuzzy inferences system.
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OLKOMIZIN XUSUSIYYOTLORI NOZORO ALINMAQLA KLASTER
NOQLIYYAT-LOGISTIKA MODELLORININ ISLONMOSI

C.Q. HOSONOV"

Magqalads Azarbaycan Respublikasinda loqistika va naqliyyat-loqgistik klasterlorla bagli masalaler
aragdirilmis, onlarin formalagdirilmasi vo somorsli foaliyyati ii¢iin tolob olunan sorait aydinlagdirilmis, yerli
xiisusiyyetlor nazera alinmaqla, naqliyyat-loqistika klasterinin modeli vo mdvcud elementlari asasinda
klasterlorin formalasmas: istiqamatlori toklif olunmusdur.

Acar sozlar: naqliyyat, dahlizlor, ehtiyatlar, strategiya, loqgistika, klaster, diversifikasiya,
ixtisaslasma, sinerji.

Beynolxalq nogliyyat dohlizlorinin, informasiya vo kommunikasiya sistemlorinin inkisafi,
transkontinental korporasiyalarin yaranmasi, beynoalxalq miinasibatlorin keyfiyyatco yeni
marhalaya kegmasi miiasir iqtisadi toloblora uygun yanagmalar, tisul vo metodlar tolab edir.
Qodim Yunanistanda iqtisadi termin kimi formalasmis logistikanin (hesablama incosonati) 6lko
igtisadiyyatinin inkisafi {iclin miihiim shomiyyati vardir. Miiasir loqgistika mohsul, xidmot vo
insan resurslarinin ehtiyac duyulan yerdo vo tolob olunan zamanda catdirilmasi {igiin bir
vasitoya ¢evrilmisdir. Istehsal, satis vo ¢atdirilma logistikasiz ¢ox ¢otindir, miirokkob sistemlor
ticlin 1so faktiki olaraq geyri-miimkiindjir.

Loqistika, maddi vasitolora tolob olunan zamanda, hoqiqi qiymats vo lazim olan
miqdarda sahib olmaq imkanidir. O homg¢inin dasinma, istehsal, satis zoncirindo hor hansi
gecikmo, yaxud gqabaglama, uygunsuzluq, qiymet forqi, artiq emal olunmus mohsulun
toplanmast, pul vasaitlorinin itirilmasi, yaxud dovriyyadan ¢ixarilmasi demakdir.

Logqistikanin funksiyasi, maddi resurs axininin, ona uygun olan maliyya vo informasiya
axinlarinin togkilindon ibarst olub, mohsul gondoriginin yiiksok keyfiyyatlo tomin edilmasi
iclin somarali tonzimloma sisteminin yaradilmasi, miimkiin qodor az mohsul hesabina sirkotin
sorbast bazar miihitindo paymnin artirilmasi vo raqabotdo listiinliik gazanmasini tomin etmokdir.
Bunun ii¢ilin asagidaki masaloalorin hoalli vacibdir [1]:

- maddi resurslarin yerdayismasi barado molumatlarin yigilmasi, comlonmasi, tohlili vo
Otiirtilmosi;

- material ehtiyatlarinin todariikii vo torkibinin miioyyan edilmasi;

- loqistika obyektlorin yerinin se¢ilmosinin osaslandirilmasi;

*
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- anbar tosariifatinin alicinin toloblarine uygunlagdirilmasi;

- saxlanmaya vo gablasdirmaya toloblorin 6denilmasi;

- yiikiin miistoriya c¢atdirilmasi t¢lin noqgliyyatin, dasinma ndviiniin secilmasi vo
marsrutun miioyyanlosdirilmasi.

Yuxarida gostorilon masolalorin hoalli tigiin asagidakilart hoyata kegirmok lazimdir:

1. hazir mohsulun toplanmis molumatlara tam uygunlugunun tomin olunmasi, material
axinina ciddi nazaratin toskil edilmosi;

2. mohsullarin toyin edilmis yero catdirilmasi strategiyast vo texnologiyast miioyyon
olunmagla, onlarin horokatinin idars olunmasi tisullarinin hazirlanmast;

3. istehsal, daginma vo anbara yi1gilma mosololori miiayyonlagdirilmali, tolob vo imkanlar
arasinda forq aydinlagdirilmali, miivafiq markerlordon istifado olunmaqla, mohsul va
gablasdirma formalarinin standartlagdirilmasinin tomin edilmaosi.

Son zamanlar Azorbaycan Respublikasinda loqistika sirkotlori sobokalorinin inkisaf
etdirilmosi iroliyo dogru osasli addim kimi qiymotlondirilmolidir. Hal-hazirda Azorbaycan
diinya xoritosindo miiasir loqistika vo noqliyyat morkozi kimi 6z layigli yerini tutmaga
baglamigdir [2].

Azorbaycanin bu sahodoki moveud imkanlart 6lkomizlo borabor, Giircilistan, Qafqaz vo
Morkozi Asiyada biitlin nov loqistik xidmotlori, naqliyyat ve yiikk dasimalarimi hoyata
kegirmaya lazimi sorait yaradir.

Cadvel 1-do Avropa-Qafqaz-Asiya noaqliyyat dohlizlorinde Azaorbaycan sektorunun
foaliyyati verilmisdir.

Cadval 1
Avropa-Qafqaz-Asiya naqliyyat dahlizinin Azarbaycan hissasinda

naqliyyatin foaliyyati [3]
2000 2003 2008 2009 2013

Yiik dovriyyosi (milyon ton-kmlo) 8405 12394 12973 11793 13987
IDomiryol nogliyyati 5240 7052 8217 6208 6361
Daniz naqliyyati 2098 3793 2438 3107 4013,1
IAvtomobil naqliyyati 1067 1549 2318 2478 36133
Sornisin dovriyyasi (milyon sarnisin-kmla) 3049 3142 4120 4399 5699
IDomiryol nagliyyati 310 417 669 670 382
IDaniz nagliyyati 3 4 5 4 5
IAvtomobil naqliyyati 2736 2721 3446 3725 5311

Yiik dasinmasindan 3lds olunan galir

113936 | 178907 | 262593 | 268455 | 476360
(min manatla)

IDomiryol naqliyyati 73369 | 104547 | 156819 | 115256 | 189675
Doaniz naqliyyati 28801 | 57275 | 49863 63741 81534
IAvtomobil naqliyyati 11766 | 17085 55911 89458 205151

Sornisin dasinmasindan slds olunan galir

19313 | 22197 | 30382 | 48196 106452
(min manatla)

IDomiryol naqliyyati 1028 1782 2389 2149 3008
Daniz naqliyyati 308 445 940 889 1259
IAvtomobil naqliyyati 17978 | 19970 27053 45158 102185
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Olkonin iqtisadi potensialinin artmast vo mdvcud imkanlardan somorali istifado
olunmas1 miivafiq loqistik klasterlarin yaradilmas1 masalalorini qarsiya qoyur.

Odabiyyatda loqistik klaster, iqtisadi klasterin infrastruktur bdlmesi va yaxud onun
yarimsistemi kimi gostorilir.

M.P.Voynarenkoya goro, klaster mohsulun, yaxud xidmeotlorin rogabot gabiliyyotini
yiiksaltmok, regionun iqtisadi yiiksoalisini tomin etmok moqsadi ilo elmi miiossisalor vo yerli
icra hakimiyyoti orqanlar1 ilo six omokdasliq edon sahibkarliq strukturlarinin orazi-saho iizro
koniillii birliyidir [4].

M.Portera goro klasterin sarhadlorini aralarinda giiclii iifiqi, saquli va struktur slagalori
olan sirkotlor ohato etmolidir. ©lagoalori zoif olan sirkostlor bu sorhadlorin hiidudlarindan
konarda galmalidirlar [5]. Onun rohborliyi ilo Harvard Universitetindo ABS iqtisadiyyatinin
Klaster tohlili layihosi hoyata kegirilmisdir (Cluster Mapping Proyect) [6].

Bu layiho ¢orgivasindo iqtisadiyyatin saholori 3 kateqoriyaya bolliniir: yerli sonaye,
resurslardan asili sonaye vo ticarat-miibadilo sahoslori.

Yerli sonaye saholori osas etibar1 ilo yerli bazarin tolobatina yonolmisdir vo digor
regionlarla rogabotloro nadir hallarda rast golinir. Bu saholoro tibbi xidmot, kommunal-
tosorriifat, porakondo satis, tikinti vo bir sira digor saholor daxildir. Bu kateqoriyada kegmis
sovetlor dovriiniin yerli sanaye anlayiginin bazi oxsar elementlorini gérmok olar.

Ikinci kateqoriyaya sonaye saholori iiciin resurslarin yaradilmasi ilo mosgul olan
muossisolor daxildir. Onlar, bir qayda olaraq, tobii resurslarin istifadsys yararli vo alverisli
oldugu yerlordo comlonir, digor milli vo beynolxalq regionlarla roqaboto girmok imkanlarina
malik olurlar. Belo saholora neftin ¢ixarilmasi, filiz modonlorinin istismari, kond tosarriifati
mohsullarinin emali ilo moaggul olan miiassisalor, nogliyyat qovsaqlari vo s. daxildir.

Ucgiincii kateqoriyaya daxil olan saholors satisa mal ¢ixaran sirkotlori aid etmok olar. Belo
sirkotlor mohsullarin1 regionlara vo xarico gondorirlor. Onlar miixtolif regionlarda yerlogsolor
do, foaliyyatlori yerli maddi resurslara asaslanmir, miiassisolorin raqabat gabiliyyati miihiim rol
oynayir, ahalinin mosgulluq soviyyesi miixtalif olur, diger regionlarla miiqayisade xorclor
geyri-boraborliyi ilo forqlonir. Belo saholoro  aviasiya miihorriklorini,  avtomobillori,
elektronika vo elektrotexnika mohsullarini, filmlori satisa ¢ixaran miiossisolori misal gdstormok
olar.

Regional iqtisadiyyat saholorinin diversifikasiyasina vo ixtisaslagmasina miinasibotdo
iqtisadgilar miixtolif, bozi hallarda diametral oks-movqgelordon ¢ixis edirlor. Bazi iqtisadgilar
regionlarin miioyyon dar saho {izro ixtisaslasmasii toklif edir vo bu soraitdo onlarin
iqtisadiyyatlarinin daha siiratls inkisaf edocayi fikrini miidafis edirlor [7,8].

Igtisadgilarm bir qismi regionlarda sonayenin miixtolifliyinin vo rongarangliyinin
torofdar kimi ¢ixis edir vo hesab edirlor ki, bu halda onlar innovasiya colbetmo baximindan vo
yaradict yanagsma ndqteyi-nozarindon daha boyiik iistiinliiklor qazana bilarlor.

M.Proter hesab edir ki, konkret sonaye sahosi, klaster daxilindo saholorarasi
miinasibatlori agkarlamaq ti¢lin miinasib deyil vo normal foaliyyat {i¢iin saholorin ixtisaslagmasi
deyil, klasterlorin ixtisaslagmas1 daha somorolidir. Bu baximdan saholor deyil, klasterlorin
miixtolifliyi iqtisadiyyatin diversifikasiyasinin asas gostaricisi kimi qobul edilmolidir. Bu da 6z
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ndvbasinda bir-biri ilo six tasarriifat slagalorinde olan klasterlor tiglin giiclii iqtisadi osas ola
bilor.

Klasterlorin on maraqlisi, noqliyyatin loqistik klasterloridir vo onlar Azarbaycan
Respublikasi iigiin xiisusi ohomiyyat kasb edo bilorlor. Loqistik klaster foaliyyot novlorino goro
bir-biri ilo olagoali olan vo cografi cohotdon eyni orazido yerloson sirkotlorin loqistik foalligi
kimi basa diisiiliir.

T.E. Evtodievaya goro, loqistik klasterlor, miioyyon orazido comlosmis, bir-birilo
qarsiliglt olagoli olan vo bir-birini tamamlayan, ayri-ayr1 sirkotlorin vo biitovliikdo
miiossisalorin rogabot qabiliyyatlorini giiclondiron, resurs axini proseslorini optimallagdiran,
xtisusi togkil edilmis vo inteqrasiya olunmus loqistik sistemdir [9].

Eyni zamanda miizakirs obyektlori miistoqil iqtisadi vahidlar oldugundan isin istiqamati
vo qazanc monbalari lizro foaliyyot gostoricilori list-iists diismali, yaxud maksimum deracodo
yaxinlagsmalidir. Oks-halda sistem klaster olmur vo bir qurum kimi effektivliyini itirir.

Nogliyyat-loqistika, klasterlori iqtisadi, noqliyyat vo loqistika klasterlorinin
xUisusiyyatlorinin oxsar cohatlorini 6ziindo comloyir, resurs axini prosesind tosiri optimallasdirir
vo sistem soklindo 0Oziindo birlosdirir. Belo birlosmolor ayri-ayr1 strukturlarin rogabot
tistlinliiklori reallagdirildiqda vo sinerji effekti aldo olunduqda samorali sayilir[10].

Nogliyyat-loqistika klasterlorinin asas forqlondirici xiisusiyyatlorindon biri strukturlar
arasinda miinasibatin transformasiyasidir. Miinasibotlor “barama” effekti ilo, biitov siklin
foaliyyoti dovriinds yaranir, inkisaf edir vo tamamlanaraq bitir, hor yeni sikildo tokmillasir,
daha ¢evik vo somarali olur.

Beynolxalq Bankin tortib etdiyi Logqistikanin somorolilik indeksi tohlili edilorkon
miioyyon edilmisdir ki, 2012-ci ildo 91-ci yeri tutan Belarusiya geriloyoarok 2014-cii ildo 166
0lko arasinda 99-cu yeri tutmusdur [11]. Somoralilik indeksi bu 61k ils ticarot foaliyyati aparan
dlkolorin ekspertlori ilo aparilan sorgu osasinda tortib edilmisdir. Indeks elektron sorgu iisulu
ilo, 6 komponentli rogomlorin 5 balliq skala iizra qiymetlondirilmasi naticosinde miioyyan
edilmisdir. Sorguda ekspedisiya, noqliyyat vo gomriik iizro Avropa Assosiasiyasinin
(CLECAT) vo Avropa Biznes Assosiasiyasinin (EBA) tomsilgilori istirak etmiglor.

Sorgu naticolorinin subyektiv xarakter dasimasina baxmayaraq (Azorbaycan bu
toskilatlarda tomsil olunmur), partnyor 6lkslorlo miinasibatlor baximindan maraq dogurur.

Masolon, Cin Xalq Respublikasi iizro bu indeks miivafiq roqomlorlo artsa da (2012-ci ildo
3,49 bal, 2014-cii ildo 3,53 bal), 6lkonin tutdugu yer 27-don 28-o gerilomisdir. Azorbaycan iso
2,64 balla 2012-ci ildoki 89-cu yerdon 2014-cii ildo 2,45 balla 125-ci yera enmisdir (Codval 2).

Tadqgiqatlarin naticalori gostarir ki, Azarbaycan Respublikasinin mévgelarinin bu sahado
gerilomosi, artim templorinin digor 6lkolorlo miiqayisade asagi olmasidir. Klaster siyasatinin
osas mogsadi iqtisadi inkisafin yliksok tempinin tomin edilmesi vo iqtisadiyyatin
diversifikasiyasidir. Bunun {i¢iin osas istehsalcilarin, xidmot saholorinin, elm vo tohsil
miiassisalorinin rogabat qabiliyyatinin yliksoldilmasi tolob olunur.

Son bes ildo Azorbaycanin nogliyyat sektoruna 14,5 milyard dollar sormayo qoyul-
musdur. Bunun togribon 12 milyard dollar1 yol-nagliyyat sisteminin inkisafina yonoldilmisdir.
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) Cadval 2
Diinya Bankinin 2012-2014-cii illardaki Beynoalxalq LSI reytinqinin
bazi 6lkalor iizra miiqayisd

= | x5 g E =
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E SE | & g3 |¢ |g2° |Z°
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1 2 3 4 5 6 7 8 9
01(2012) Almaniya 4,11 4,00 4,34 3,66 4,14 4,18 4,48
01(2014) 412 | 4,10 4,32 374 | 4,12 4,17 4,36
07(2012) Yaponiya 397 | 3,79 4,19 3,55 4,00 4,13 426
10(2014) 391 | 3,78 4,16 352 | 3,99 3,95 4,24
08(2012) Boyiik Britaniya 3,95 3,74 3,95 3,66 3,92 4,13 4,37
04(2014) 4,01 3,94 4,16 3,63 4,03 4,08 4,33
15(2012) Amerika Birlogmis Statlar 3,86 3,68 4,15 3,21 3,92 4,17 4,19
09(2014) 392 | 3,73 4,18 345 | 3,97 4,14 4,14
17(2012) Fransa 384 | 3,63 4,00 3,30 3,87 4.01 437
13(2014) 3,85 3,65 3,98 3,68 3,75 3,89 4,17
22(2012) Italiya 3,64 3,38 3,72 3,21 3,74 3,83 4,08
20(2014) 3,69 | 3,36 3,78 354 | 3,62 3,84 4,05
27(2012) Cin XR 349 | 3,16 3,54 3,31 3,49 3,55 3,91
28(2014) 353 | 321 3,67 350 | 3,46 3,50 3,87
37(2012) Latviya 3,25 2,94 2,88 3,38 2,96 3,55 3,72
36(2014) 3,40 | 3,22 3,03 3,38 3,21 3,50 4,06
39(2012) Tiirkiys 3,22 2,82 3,08 3,15 3,23 3,09 3,94
30(2014) 350 | 322 3,53 318 | 3,64 3,77 3,68
47(2012) Hindistan 312 | 2,70 2,91 3,13 3,16 3,14 3,61
54(2014) 3,08 2,72 2,88 3,20 3,03 3,11 3,51
62(2012) Kazaxistan 2,83 2,38 2,66 3,29 2,60 2,70 3,25
88(2014) 2,70 | 2,35 2,58 268 | 2,72 2,83 3,24
89(2012) Azorbaycan 264 | 2,14 2,23 3,05 2,48 2,65 3,15
125(2014) 245 | 2,57 2,71 2,57 2,14 2,14 2,57
94(2012) Rusiya 2,61 2,15 2,38 2,72 2,51 2,60 3,23
90(2014) 2,69 2,20 2,59 2,64 2,74 2,85 3,14
102(2012) Ukrayna 2,57 | 2,02 2,44 2,79 2,59 2,49 3,06
61(2014) 298 | 2,69 2,65 295 | 284 3,20 3,51
110(2012) Pakistan 2,53 2,05 2,08 2,91 2,28 2,64 3,08
72(2014) 2,83 2,84 2,67 3,08 2,79 2,73 2,79
114(2012) Tiirkmonistan 2,49 2,14 2,24 2,31 2,34 2,38 3,51
140(2014) 230 | 231 2,06 256 | 2,07 2,32 345

Bu mogsadlo Baki soharinin Olot gqosobasinds yeni doniz limaninin ti¢ morhalods tikintisi
nozordo tutulmusdur. Layihonin 2008-2010-cu illori ohato edon birinci morholosindo
konteynerlorin, «ro-ro» tipli gomilorin vo adi (universal) quru yiiklorin gobulu {i¢iin 2 boro, 3
yiik korpiisii tikilmig, 2011-2013-cii illori ohato edon ikinci morhoslosinds 3 yiik korpiisii inga
edilmis, Son {igiincli marhoalasinda iso 2 slava yiik korpiisiiniin tikilorak istifadoye verilmasidir.
Limanin insa layihasi 400 milyon dollardan artiq qiymotlondirilir. Liman g¢oxmodullu
olacaqdir. Bu orazido logistik morkozlo yanasi, azad iqtisadi zonalarin yaradilmasi da
planlasdirilir.

Aparilan todqiqatlarin analizi gostorir ki, noqliyyat-loqistika klasteri, mohsulun
gondorilmasi, lazimi soviyyado saxlanilmasi, miisayiot edilosi vo ¢atdirilmasi ilo mosgul olan
miixtolif togkilatlarin, onlara xidmot edon qurumlarin vahid mogsad otrafinda foaliyyotlorini
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tomin etmoli vo bu sahodo rogabot qgabiliyyotinin yiiksoldilmasino yd&nolmolidir. Miiasir
nogliyyat-loqistika klasterlori Azorbaycandaki movcud iqtisadi sorait vo imkanlart nozoro
almali, bazar iqtisadiyyat1 soraitindo somorali foaliyyot gOstormok qabiliyyotino malik olan
koniillii birliklor kimi faaliyyat gostormalidirlor.

Azarbaycan tliglin 6nomli olan xammal — enerji — mohsul resurslarinin xarici bazarlara
cixarilmasinin optimal tominati miixtalif mosololorde 6z oksini tapir vo milli klaster modelinin
formalagdirilmasinda asagidaki elementlor istirak edir:

1. bazarin asas subyektlori (istehsal sirkotlori, emal girkotlori, vasitogilor);

2. nogliyyat sirkotlori (su nogliyyati, hava noaqliyyati, domiryol noqgliyyati, avtomobil

noqliyyati, boru komorlori);

3. xidmat sirkotlori (ekspeditorlar, brokerlor, anbar vo terminallar, maliyya vo sigorta
sirkatlori, tolim, tohsil, konsalting sirkatlori, tomir vo servis sirkotlori);

4. dovlot nozarot toskilatlari (Nogliyyat nazirliyi, gomriik, standartlagdirma vo
sertifikatlagdirma orqanlari, fito-sanitar, baytarliq noezaratlori, Ekologiya nazirliyi,
Vergilor nazirliyi, Iqtisadi inkisaf nazirliyi).

Yuxarida gostorilonlori nazors alaraq milli klaster modelini asagidaki kimi toqdim eda

bilorik (Saokil 1).

Azorbaycan Respublikasinin Milli Klaster modelini reallasdirmaq {i¢iin asagidaki

moarhololorin olmasi vacibdir:

- alinmis molumatlarin emal
miiddatinin minimuma endirilmasi;
- sifariglorin icra miiddatinin
qisaldilmast;
- chtiyat axin1 prosesinin

fasilasizliyinin tomin edilmasi;

- rogabat noticasindo yaranan
dstiinliiklorin  aragdirilmasi, yara-
dilmasi va tomin edilmasi;

- subyektlorin vo icazo
verilmis iqtisadi foaliyyotin forma

Vergilor nazirljy;

vo noviinden asili olmayaraq, qanun
qarsisinda borabarliyin vo ganunun
aliliyinin tomin edilmasi;

- azad rogabot soraitinin vo
soffafligin ~ davamliliginin ~ tomin

edilmoasi; Sakil 1. Azorbaycan Respublikasinin Milli Klaster modeli

(&
AN
Nerpzeu bW

- tolobatin maksimum vo
dolgun sokildo 6donilmasi;

- toklif olunan ¢esidin alicinin talablorine uygunlugunun tomin edilmasi.

Azorbaycan Respublikasinda zonalar {izro asagidaki klasterleri formalagsdirmaq
miimkiindiir:
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1. Simal regionu iizra:

a) Sumgqayit sohorindoki kimya sonaye miiossisolori, Sumqayit texnoparki, siiso
zavodu, mahlic vo toxucu-trikotaj miisssisalori, sohor infrastrukturu, regionun inzibati-dévlot
vo kommersiya strukturlari;

b) Xagmaz, Quba, Qusar rayonlarinin meyvo-torovoz tosorriifatlart vo meyvo-torovoz
emal1 miiassisalori;

c) Baki-Rostov, Baki-Thilisi-Qars, Baki-Astara-Tehran, Baki-Bilosuvar-Naxg¢ivan
avtomobil vo domiryollart;

d) Azorbaycan-Rusiya domiryolu, Sirvan vaqon c¢esidlomo stansiyasi, Haci
Zeynalabdin Tagiyev adina qoasobadaki anbar va yiik terminallari, yeni yaradilacaq terminallar,
hava liman1 bazasinda Sumqayit naqliyyat-loqistika klasteri.

2. Qaradag rayonu orazisinde:

a) Olot beynolxalq doniz ticarot limani, tikilmokdo olan hava limani, Songocal neft
terminali, Baki-Tbilisi-Ceyhan boru komarinin Baki-Sirvan hissosi;

b) Holcim sement zavodu, Qaz emali zavodu, Baki Darin 6ziillor zavodu, Azorbaycan
Beynolxalq ©Omoliyyat Sirkoti, Nogliyyat-ekspedisiya sirkotlori;

c¢) Baki-Rostov, Baki-Tbilisi-Qars, Baki-Astara-Tehran, Baki-Bilosuvar-Nax¢ivan
beynolxalq avtomobil vo domiryollarina xidmat edon sistemlor vo quruluslar;

d) «Sadorok» vo «Bino» ticarat markozlori, Xocahoson vo Sulutope gomriik-yiik
terminallari, Qaradag-Bibiheybot yiik stansiyalari, regionun inzibati-dovlot vo kommersiya
strukturlar1 bazasinda «Qaradag noqliyyat-loqistika klasteri».

3. Gonco, Mingagevir, Yevlax zonasinda:

a) Gonco alliminium, avtomobil va cihazqayirma zavodlari, Gonca yiik stansiyasi, sohor
infrastrukturu, regionun inzibati-dévlot vo kommersiya strukturlari;

b) Baki-Rostov, Baki-Tbilisi, Baki-Balakon-Laqodexi, Baki-Tbilisi-Qars, Baki-Astara-
Tehran, Baki-Bilosuvar-Nax¢ivan beynslxalq avtomobil vo domiryollarina ¢ixist tomin edsn
sistemlor va quruluglar;

¢) Mingagevir vo Yevlax sohorlorinin sonaye miiossisolori, kommersiya strukturlari;

d) Regionun meyvo-torovoz istehsali, saxlanilmasi vo emali miiossisolori bazasinda
«Ganco nogliyyat loqistika klasterix.

Aparilan analizlorin noticolori gostorir ki, klasterlosdirmonin moqsodyonlii inkisaf
istigamotinin  toyin  edilmoasi  elmi, innovatik, mihondis, sosial infrastrukturlarin
mohkomlondirilmasine vo onlarin miiasir toloblora cavab vermosino sobob olacaq, alinan
miisbot naticalorin istehsal prosesloring totbiqi hesabina boyiik iqtisadi vo sosial somara
veracokdir. Bu iso iqtisadi inteqrasiyanin foallasdirilmasma ve xarici investisiyalarin calb
olunmasini tomin edon miihitin formalasdirilmasina tokan veracokdir. Belo todbirlorin hoyata
kegirilmosi miiasir texnologiyalarin totbigino, mohsul vo xidmaetlorin beynolxalq bazara
cixarilmasina gorait yaradacaq, beynoalxalq soviyyado rogabast gabiliyyatliyinin yiiksoldilmosino
xidmat edacakdir.
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PA3PABOTKA MOJEJEN TPAHCIIOPTHO-JTOT'HCTHYECKHUX KJIACTEPOB
C YYETOM OCOBEHHOCTEUN CTPAHbI

Hx.I'. TACAHOB

B crartee wmcciemyroTcsi BOIPOCHI, CBSI3aHHBIE C JIOTHCTUKOH ¥ TPaHCIIOPTHO-JOTMCTUYECKUMHU
KiacTepaMu B AsepOaiikaHckoil PecnyOiniike, TpeOyemble ycinoBus Uit MX (OPMHUPOBAaHUS U 3(PPEKTUBHOMN
JeaTenbHOCTH. [IpeanaraeTcss Mo#eNb TPaHCIIOPTHO-JIOTUCTHYECKOTO KiacTepa M HampabieHHs (GOpPMUpPOBAHHUS
KJIACTEPOB HA OCHOBE CYIIECTBYIOIINX JJIEMEHTOB C YI€TOM MECTHBIX 0COOCHHOCTEH.

Knrwoueevle cnoea: mpancnopm, Kopuoop, pecypcei, cmpamezus, JOSUCMUKA, Kidcmep, ousep-
cuguxayus, cneyuanuzayus, CUHep2usl.

MODELLING OF COUNTRY BASED TRANSPORT-LOGISTICS CLUSTERS
J.G. HASANOV

The article examines approaches of the transport and logistics cluster in Azerbaijan, the required
conditions for their formation and effective operation. The transport-logistics cluster model and the directions of
their formation based on existing elements is proposed by taking into account the specifics of local conditions.

Key words: transport, corridors, resources, strategy, logistics, cluster, diversification, specialization,
synergy.
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SORFOLCONLORDON iSTIFADO OLUNMAQLA SU
ITKILORININ TOYIN EDILMOSININ TODQIiQi

T.M. AGARZAYEV "

Ohalinin giindalik tosorriifat-moigot tolobatlarindan biri do su tochizatidir. Su tochizatinin
fasilosiz olaraq hoyata kegirilmasi istor insanlarin rahat hoyat torzi baximindan, istor su sobokasinin idara
olunmas1 baximindan, istorso do xidmot gostoron torofin kommersiya maraqglari baximindan prioritet
mosalolordondir. Su gobokasinin normal foaliyyoti iiglin osas sortlordon biri do su itkilorinin
azaldilmasidir. Moaqalods saygaclasma prosesini hoyata kegirarak su sorfiyyatinin daqiq hesabatinin
aparilmas1 mosalesine toxunulmusdur. Mogalenin  hazirlanmasinda  “Azersu” ASC-nin baza
molumatlarindan va “Azarsu” ASC Su tochizati sistemlorinin idars olunmasi $oébasinin tacriibs
materiallarindan istifado olunmusdur.

Acar sozlar: su itkisi, elektromagnit, saygac, su tachizati, su balansi, istehlak olunan su.

Istehsal olunmus suyun istifadogiyo miintozom olaraq catdirilmas: vo istehlak olunmus
suyun istifadogi torafindon doyorinin 6donilmosinin togkili prosesi asagidaki amillordon asilidir:
e Tolabat1 6dayacak qodar su hacminin todariikii
e Su sobokolorinin istismara optimal sokildo yararli olmasi
e Istehlak olunan suyun hocminin diizgiin 6l¢iilmosi
e Istehlak olunmus suyun doyorinin 6donilmasinin tomini

Sadalanan amillor su tolobatinin planlasdirilmasinda, su balansinin tonzimlonmasinda
osas faktorlar olmaqla yanasi su itkilorinin toyin olunmasi vo hesabatinin aparilmasi
istigamoatindo do miihiim rol oynayir.

Su itkilori su tochizati sisteminin isinin somoraliliyinin asagi diismosino sobab olur.
Bunun iigiin do su itkilorinin toyin olunmasi vo qarsisinin alinmasi hom iqtisadi, hom do
ohalinin dayaniqli su tachizatinin hayata kegirilmasi baximindan boyiik shomiyyats malikdir.

Su tochizati sistemlorinds su itkilorino istor magistral, istor mohollodaxili, istorse do
binadaxili sabokalords rast golinir. Su itkilori fiziki itkiloer, 6lgmo zamani saygac xatalar1 vo
geyri ganuni istifado naticosindo formalagir.

Su itkilori sobokoya birlosdirilmis 6l¢ii cihazlar1 vasitasi ilo riyazi moddellor asasinda
toyin olunur. Itkiyos gedon suyun toyin olunmasi vo garsisinin alinmasi iizro todbirlor plam
Sxemda tosvir edilmisdir [1].

Itkilorin toyin olunmas1 iigiin on sado iisul A ndqtosindon B ndqtosino godar olan
mosafodo 4 ndqtasindo qurasdirilmis sorfélgonin gostoricisi ilo B ndqtosinds qurasdirilmis

* “Azorsu” ASC
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sorfolgonin gostaricisi arasinda olan forqin miisyyon edilmasidir. B ndqtasinds sorfin azalmasi
2-3% hoaddini kegorso homin araliqda su itkisinin oldugu hesab edilir [2].

AQ = 04-0Op (1

Burada:

AQ- A noqtosindon B ndqtasine qodar olan masafads su itkisi, m’-ls; O4- 4 ndqtesindon
kegon suyun miqdari, m*-ls; Q- B ndqtesinden kegon suyun miqdari, m*-lo

Saygac gostoricilori arasinda yaranmis minimal forq (2-3% haddina godsr) borunun
daxili korroziya, saygac xotalar1 vo ya 6lgmo vaxtlar1 arasindaki zaman forqlori noticosindo
yaranir.

Suyun doaqiq geydiyyatinin aparilmasi {i¢iin birinci sort suyun paylandigi obyektlorin
giriging sorfolgonlorin qurasdirilmasidir. Sorfolgonlor osas xotdon ayrilan birlogsmolor tizorinds
quragdirilmalidir. Noticolorin  doqiqliyi {i¢iin sorfolgonlorin texniki gostoriciloro uygun
yerlosdirilmosi vo say8acin texniki gostoricilorine uygun boruda suburaxma qabiliyyatinin
tomin edilmasi vacibdir.

Sxem.
Itkiya gedon suyun tayin olunmasi (a) va qarsisinin alinmasi (b)
iizra tadbirlor plani
a) - et :
Itkiya gedan suyun olciilmasi iizra tadbirlor
Sabakaya verilmis suyun Istehlak edilmis suyun
miqdarinin 6lciilmasi migdarimin olciilmasi
b) Itkiya gedan suyun azaldilmast iizra tadbirlor
"Su itkilori ilo P ayl?YlCI zona Su aximtilarinin
miibarizo"nin shali sev1yyesmd? tezqum agkarlanmasi vo
arasinda tosviqi idars edilmosi garsisinin alinmasi
Miiasir tipli Qeyri qanuni birlos-
Sobokanin su saygaclari ilo molorin agkarlanmast
sazlanmasi tominat Vo qarsisinin alinmast
Qraﬁk r'ej im'i.nden Avadanliq va tomir
fasilosiz repms islorin keyfiyystinin
kegid yaxsilasdirilmasi
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Bina tipli yasayis evlorindo qurasdirilan saygac gostoricilori ilo binanin iimumi giris
xattinin lizarinds qurasdirilmis saygac gostaricilori arasinda yaranan forq homin bina daxilinde
itkiyo getmis suyun hesablanmasinda asas faktordur. Bels ki [2],

AQ=Qy- (qitqetqst...qn) (2)

Burada:

AQ- itkiya gedon suyun miqdari; Q; — binanmn giris xotti lizorinde qurasdirlmis
saygacin en kosiyindon kegon suyun miqdari; ¢;, ¢», ¢3, g, — binadaxili menzillors qurasdiriimis
saygacin en kosiyindon kegon suyun miqdart.

Son dovrlerds “Azarsu” ASC-nin xidmat sahasi lizra su sobakalarinin yenidonqurulmasi
iglori ¢orgivasindo binadaxili su sobokosinin pillokon qofosine ¢ixarilmasi inovativ tisul kimi
giymatlondirilmolidir. Bu iisulun totbiqi saygaclarin xidmot gostoron toskilatin niimayondosi
torofindon miitomadi olarag maneasiz oxunmasina, saygaclara geyri-qanuni miidaxilo riskinin
azalmasina gorait yaradir.

2011-ci ildon bari “Azersu” ASC-do ohali vo geyri ohali abonentlari {i¢iin ononavi
mexaniki saygaclarla yanasi on Odonisli smartkart tipli Elektromed, Metlab vo Abseron
saygaclarindan, magistral komorlordo suyun paylanmasinin vo sorfiyyatinin 6l¢iilmosi ii¢lin
miuasir tipli ABB, Khrone vo Endress Houser markali elektromaqnit sarfolconlordon istifade
olunur [3].

2012-ci ildo “Azorsu” ASC-nin Su tochizati sistemlorinin idaro olunmasi sdbaosi
torofindon Nizami rayonu, Ozbokistan kiigosi tocriiba poliqonu kimi segilmis, su itkilorinin
garsisinin alinmasinin hesablanmasinda model olaraq istifado olunmusdur. Bu da 6z oksini
Cadvelda tapmisdir.

) Cadval.
Nizami rayonu, Ozbakistan kii¢asinds yerlason binalar
vd onlarin gostaricilari

I morhala
IT marhalo w
. e I morholo . L On 0donisli smart
Gostaricilor N Hidrofor tipli nasos N .
Tacriibadon avvel L saygaclarla tochiz
vo fasilosiz rejim .
edilmo
Binalarin say1 12 adad 12 odad 12 odad
Evlorin say1 (shali abonenti) 188 odad 188 odad 188 odad
Qeyri ohali abonentlarinin say1 10 10 10
Saygacli abonentlarin say1 150 150 198
Ohalinin say1 543 nofor 543 nofor 543 nofor
Suyun verilmo rejimi 6 saat 24 saat 24 saat

Modelin totbiqi zamami ilkin morholodo Ozbokistan kiigasindo yerloson binalarin su
tochizat1 sistemlorinin baza molumatlar1 toplanmigdir. Toplanmis molumatlar osasinda orazinin
su sorfiyyatinin hesabati aparilmisdir. Modeldoki bas veracok doyisikliklori miisahido etmok
ticiin ikinci marhalads arazids hidrofor tipli su nasosu quragdirilmis vo suyun verilma rejimi 6
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saatdan 24 saata kecirilmisdir. Ugiincii morhalodo iso tocriiba poliqonundaki biitiin abonentlor
on 0donisli smart saygaclarla tochiz edilmislor.

Goriilmiis islor noticosindo tocriibo poliqonunda ayliq su sorfiyyati vo itkiyo gedon
suyun miqdar1 marhalali formada sokildoki kimi doyismisdir.

Naticads ilkin morhslodo sabokoys verilon su 3600m*/ay teskil etmoklo 38,3%-i itkiys
gedirdiso, sonuncu morhoalodo sobakaye verilon su ils istehlak edilon suyun miqdar1 arasinda
balans oldo olunmus (sobokoys verilon su 4500m’/ay, itki faizi - 0%), qeyde alinmayan itkilorin
vo sorfiyyatin miimkiinsiizliiyii tomin edilmisgdir.

Gostorilon modelin iri miqyash oraziyo totbiqi zamani geydo alinan itkilorin orta hodd
normasinin nazars alinmasi zaruridir.

Ve Ayhq su sarfiyyati ™
14000 |m’®

11839
12000 I I sobokeys verilmis suyun
miadari
10000 8642 M istehiak olunan suyun migdan
8000 T itkiyea geden suyun miqdari
111
6000 ! 4500 4500
4000
2000
0
- J

itki faizi-38.3% itki faizi-73% itki faizi-0%

m? Ayligsusarfiyyati

14000 I I Sobokays verilmis suyun miqdan
12000 - ==
I 'stehlak olunan suyun miqdan
10000 | 3642 N itkiys gedan suyun migdar
8000 -
| I
G000 4500 4500
4000 - 3600 —3197— — = ——
2220
2000 - —1330 l — .
1tki faizi-38,3% 1tki faizi-73% itki faizi-09

Sokil. Nizami rayonu, Ozbakistan kiicasinda ayliq su sarfiyyatinin
marhalalar iizra tasviri
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Belalikls, todgiqat zamani bu noticoya golinmisdir ki, 6n Odonisli smart saygaclarin
totbiqi zamani1 sabokoys verilmis suyun miqdar1 doqiqlosdirilir, sobakoya verilmis su ilo
istehlak edilmis suyun (shali torofindon istifado olunmus vo doyari 6donilmis suyun) sorfiyyati
arasindaki forq azalir va itki faizi minimuma enmis olur.
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HNCCIEJOBAHHUE INTOTEPU BOJAbI ITPU UCITOJIb30BAHUU CYETYUKA
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RESEARCH OF WATER LOSSES BY USING WATER METERS
T.M. AGHARZAYEV

One of the daily household-communal demands of people is water supply. The continuous implementation
of water supply is priorities for the relaxed lifestyle of the people or well management of water network and
commercial interests of serving side. One of the main reasons for normally operating of water supply system is to
reduce water losses. The article examines the issues with an installation of the water meters to accumulate data on
a water consumption. The article contains data from "Azersu" OJSC and some practical materials on the
management of water supply systems in the division of "Azersu" OJSC.

Key words: water losses, electromagnetics, water meters, water supply, water balance, water consumption.
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avadanliqlar ve texnologiyalar», 2013-cii ildon «Siirtiinma va yeyilma problemlari», 2014-cii ildan
«American Association for Science and Technoloqy (AACIT)» (ABS) elmi jurnallarinin redaksiya
kollegiyasinin izvii tasdiq olunub.

1998-ci ilds Ingiltaranin Beynalxalq Biografiya Markazi torafinden giimiis medalla, 2000-ci
ilda isa qizil medalla taltif olunmus vo “XX asrin gorkemli elm adam1” faxri adina layiq goriliib.
2000-ci ilde Amerika Biografiya Institutu tarafinden elmde xidmatlorine gére qizil medalla vo
“Beynalxalq safir” ordeni ils taltif olunub.

2006-a1 ilde miihandislik elminin inkisafindaki xidmatlarine gére Miihandislik Akademi-
yasinin qizil medalina layiq goriiltb.

2011-ci ilde “Miihandislik sohrati” ordenina, Beynalxalq Miihandislik Akademiyasinin Boyiik
qizil medalina, Ukrayna Miihandislik Akademiyasi Podqorni adina qizil medalina ve Qazaxistan
Respublikas1 Miihandislik Akademiyasinin “Miithandislik s6hrati” qizil medalina layiq goriiliib.
2012-ci ilda jurnalistlarin tasis etdiyi “Votonparver alim” qizil medali ila taltif olunub. 2015-ci ilda
Azarbaycan Miihandislik Akademiyasinin “Miihandislik Rasadsti” qizil medal;, 2016-ci ilds
“Beynalxalq Miihandislik Akademiyasinin Foxri Qizil Nisani1” farglanma nisan1 ve Diplomu ila taltif
olunub.

2014-ct ilde 9.X. Canahmadov Rusiya Tebiat Elmlori Akademiyasi torafinden Tribologiya
sahasindaki elmi kasfina géra Nobel miikafati laureat:1 P.L. Kapitsa adina qizil medala layiq goriiliib.

Azarbaycan Respublikasi Tahsil Nazirliyi tarafindan 2000-ci ilds kegirilon «9n yaxs1 elmi is»
adli miusabigads “Texniki elmlar iizra neft vo qaz quyularinin barpasi li¢iin avadanhqlar kom-
pleksinin islonmasi va tatbiqi lizra” isina gors laureat olub. 2007-ci ilde NASA (ABS) Qrantina sahib
olmusdur. 2014-cii ilda ixtiraciliq sahasinda Respublika miisabigasinin laureat1 adini qazanib.
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9.X. Canahmadov 350-dan artiq asarin, o ciimladan, 50 monoqrafiyanin va kitabin, darslik va
dars vasaitinin va 30-dan ¢ox patentin miisllifidir. Onun elmi asarlari tekca MDB deyil, elaca da
xarici 6lkalords mashurdur. ingiltars, Almaniya, Cexiya, Slovakiya, Avstriya, Rusiya, Yunanistan, Ya-
poniya, Polsa, Ruminiya, Italiya vo b. 6lkslards tribologiya ve tribotexnika problemlsrine hasr
olunan Diinya kongreslarinds, Beynalxalq simpoziumlarda va regional konfranslarda va
yigincaqlarda maruza ila ¢ixis etmakla Azarbaycani san moétabar elmi maclislarin tribunalarinda
layaqgatla tamsil edib.

Olkemizin tarixinds ilk dafa olaraq “Metalpolimer siirtiinma ciitlarinin iist gatlarinda kontakt
- impuls garsiligh tasiri naticasinds yeyilma — friksion xarakteristikalarinin dayisma qanunauy-
gunluglar” adl elmi kasfin miusllifidir (Diplom Ne 462, 2013-cii il). 2014-cii ilde “Metalpolimer
clitlorin isci qatlarinda elektrotermomexaniki siirtiinms prosesinin qanunauygunlugunun real-
lasdirilmasi” adli névbati elmi kasfi (Diplom Ne 476, 2014-cii il) edib.

Onun elmi asarlari diinyanin bir ¢ox elmi jurnallarinda - “MamuHoBenenue” (RF), “Friction
and Wear” (ABS), “BectHuk mamwuHoctpoeHusi” (RF), “Ilpuknasnas Mexanuka” (Ruminiya),
“Mexanuka” (Polsa), “Mamunoctpoenue” (RF), “Ilpo6sieMbl MalIMHOCTPOEHUSI U aBTOMaTU3aluu”
(Macaristan), “Azarbaycan Miihandislik Akademiyasinin xabarlari” va digar niifuzlu jurnallarda
darc olunmusdur.

9.X. Canahmadov «Fiziki-stoxastik tribomodellasdirma» (1988), «Neftqaz avadanliglarinda
tribotexniki problemlar» (1998), «Neftqaz avadanliglarinda elastomerlarin mexanikasi» (2002),
«Neft tribologiyasi» (2003), “Ekologiyada sinergetika vea fraktallar” (2012), “Tribologiyada
sinergetika va fraktallar” (2014), “Dagilma mexanikasina fraktal yanasma” (2015) va s. elmi
asarlarin miisllifidir. Mashur Amerika nasriyyati “Springer” onun fundamental monogqrafiyasini
"Synergetics and Fractals in Tribology" (2016) ingilis dilina tarciima edarak nasr edib va bu asarlar
alim ve miitexassislarin boylik ragbatini qazanaraq beynalxalq niifuzunu artirib.

Onun tagabbiisii va bilavasita istiraki ilo 1997-ci ilds «Tribotexnika» ixtisasi lizra Ali maktaba
gabul hayata kecirib va bu proses indi da davam edir.

9.X. Canshmadov azarbaycan dilinds ilk dafe yazilan “Tribologiyanin asaslar1”, “Qazima
masin va avadanliglart”, “Tetbiqi mexanika” va “Aviasiya materialsiinashigl” darsliklarinin miisl-
lifidir. Hamcinin, azarbaycan dilinda ilk dafs yazilmis bir neca darslik ve dars vasaitlari hamin
ixtisaslar tizra milli kadrlarin hazirlanmasi ticiin avazsiz tohfadir.

Elmi faaliyyatinin asas istiqamatini masin va avadanliglarda tribotexniki problemlar va
onlarin saha lizra tacriibi tatbiqi taskil edir. “Yeyilmanin termomexaniki nazariyyasi’nin (1988) va
“Strtiinmanin elektrotermomexaniki nazariyyasi’nin (2012) musllifidir.

Bu nazariyyslar friksion cilitlorin termomexaniki yiiklanmasi zamani1 dagilma (yeyilma)
mexanizminin fiziki mahiyyatini arasdirmag, istilik proseslarinin kinetikasina soyutma saraitinin
tasirini dayarlandirmak, sath qatlarinda asagi sixligh dislokasiyalarin ve sath alti qatlarda ¢at
amoalagalma intensivliyini prognozlasdirmagq, friksion materiallarin rasional secilmasina ve kontakt
sathinda istilik dagilmasinin idara olunmasina imkan verir.

Onun rsahbarliyi altinda respublikamizda ve xarici 6lkslards 20-ys qadar namizadlik va
doktorluq dissertasiyalar1 miidafia edilib.

1989-1990-a1 illarda SSRI Ali Tahsil Surasinin iizvii, 1992-1993-cii illords iss Azarbaycan
Dovlat Ali Ekspert Surasinin iizvii olub.

1994-2006-ci illorde dissertasiya surasinin hamsadri, eyni zamanda Azarbaycan
Respublikasi Tahsil Nazirliyi EImi-metodiki “Masinqayirma va metallurgiya” surasinin bélma sadri,
2006-2009-cu illards isa Azarbaycan Respublikasi Prezidenti yaninda AAK-1n texniki elmlar iizra
ekspert surasinin sadri olub. 2013-cti ilde Beynalxalq Miihandislik Akademiyasinin Prezidentlar
Surasinin izvi secilib.

2009-cu ilden yeni tasis olunmus «Azarbaycan Miihandislik Akademiyasinin Xabarlari»
Beynalxalq elmi-texniki jurnalinin Bas redaktorunun muavinidir.

2013-ctiilden Londonda nasr olunan SAEQ elmi-texniki jurnalinin Bas redaktordur.

9ziz dhad Canshmadov, Sizi Azarbaycan Miithandislik Akademiyasinin tizvlari va “Azarbaycan
Miihandislik Akademiyasinin Xsbarlari” jurnalinin kollektivi adindan Azarbaycan elminin inkisa-
finda boyiik xidmatlari olan elm va ictimai xadimini, anadan olmaginizin 70 illiyi miinasibatila
samimi galbdan tabrik edir, Siza méhkam cansagligl, elmi-pedaqoji islarinizds ugurlar arzulayiriq!
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