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UCCJEJIOBAHUE ®U3NYECKUX CBOVMCTB
CIIVIABA IIT-3B

H.I. JDKABAJIOB", K.A. ACKEPOB™

B craThe m3yueHBI TEKCTypa U OpPHCHTANMOHHAS 3aBUCHUMOCTE Monyis FOnra (E), ynensHOrO
JJIEKTPOCONPOTHBIICHUS (p) ¥ MAarHATHONH BOCIPHAMYHBOCTH () MPOMBIIUICHHBIX JIUCTOB CIUIABA
I1T-3B mocie X0nomHO#W aeopManuy, ONPEACICHbl YIPYTUe U KHHECTHYCCKUE XapaKTCPUCTHKH MO-
HOKpucTauioB crasa [IT-3B. YcranoBneH BkIaj CTPYKTYPHOH M KpHCTaIOTPadUIECKOW COCTaB-
JISFOIIMX B JIEKTPHUECKOE COTPOTHBIICHUE pPacCMaTPUBAEMBIX JHCTOB. PaccunTan Ko GUIIMEHT TeK-
CTYPHOTO YIPOYHEHHS TAKUX JINCTOB B YCIOBUAX ABYXOCHOTO COAaHCHPOBAHHOTO HATPYKEHUSI.

Knrwoueesvte cnosa: mexkcmypHoe ynpoirneHue, 6eyxocnoe C6a]lchup0661HHO€ Hazpyasrcenue, macHum-
Hasl 60CNPUUMYUBOCNTb, AHU30OMPONUAL, 2€KCA2OHAIbHDBLLL OPmOmPOI’lelIJ aucm.

BBeaenue. Pa3BuTre COBpeMEHHONW KOCMHAYECKON WHHOBAIMOHHON TEXHOJIOTHU OTKPBIBAET
HOBBIE BO3MOKHOCTH JJIs1 TIOJIYYEHHsI MAaTEpUAJIOB U CIUIaBOB, HCIOJIb3YEMBIX B KOCMUUECKHX Jie-
TaTeNbHBbIX ammaparax. biarogapss yHHUKalbHOMY COYETAHHMIO MPOYHOCTHBIX U IJIACTUYECKUX
cBoiicTB crutaBbl cuctemsl Ti— Al — V; BT6, BT6,, [1T-3B u [1T-3B,; Hanum mmpokoe mpuMeHe-
HUE B IPOMBILIUIEHHOCTH.

Cocrosinne npodJembl. B nureparype u3ydeHbl BO3MOKHOCTH YIIPaBJICHUsI KPUCTAJLIOTpa-
(ruecKoil TEKCTYpOH, pa3BUTHE aHU30TPOIIMU MEXAHWYECKHX CBOWCTB B M3JIEJIMAX ITHX CILIABOB
MOCPEACTBOM Pa3IMYHbIX BUIOB TepMOMexaHudeckoir o0padotku [1, 2]. Hamu uccnenoBansl du-
3MYECKHUX CBOMCTB JAHHBIX MAaTE€PHAJIOB: YIEIBHOIO 3JIEKTPOCONPOTUBICHUS (p), MATHUTHOM BOC-
NPUUMYUBOCTH (7)), TETIONPOBOIHOCTH, 3 dekra Xona, KOTOpbIE B TUTEpaType MPAKTUIECKH HE
U3Y4YEHbl. DTH XapaKTEPUCTUKU HE SBJISIOTCS CIY>KEOHBIMH, HO UMEIOT Ty K€ (PU3UYECKYIO MPUPO-
1y, 4TO U MEXaHWYeCKue CBoWcTBa. [109TOMY ecTecTBEHHOM SBJISAETCS IMOCTAHOBKA 33Ja4M O IIPO-
THO3MPOBAHUU M KOHTPOJIE TAKUX CBOMCTB, Kak mpejaen Tekydectu (O), mpeaen npouyHocTH, Kodh-
(PUIUEHT TeKCTYpHOrO YIPOYHEHHUS (K.T.Y.) [0 TaHHBIM aHU30TPONHH (PU3MUECKUX CBOUCTB.

IMocTanoBka 3agaun. B nannoit paboTe paccMaTpuBaeTcs TEKCTypa U OpUEHTAI[MOHHAS 3a-
BucuMocTb Moayis FOura (E), ynenbHOro 3i1eKTpoCconpoTUBICHUS (p) 1 MarHUTHOW BOCIIPUUMYU-

*
AsepOaiimkanckas HxeHepHas akageMust

EES
MunuctepcTBo 000POHHOH NMPOMBIIUIEHHOCTH A3epOaiiixkana
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H.I'. ][ricasaoos, K.A. Ackepos

BOCTH ( ) ) TPOMBINUICHHBIX JUCTOB ciniaBa [1T-3B mocne xomoqHON nedopMaIim, onpenesiroTcs
yIOpyTrue U KHHETUYECKHE XapaKTePUCTHKH MOHOKpHcTamuioB cruaBa II1T-3B m paccumtsiBaeTcs
KOA(pGUIIMEHT TEKCTYpHOTO YIMPOUYHEHUS JIMCTOB B YCIOBHSX JABYXOCHOTO cOajlaHCHPOBAHHOTO
HOTPYKECHHUS.

HcxomusiM  MaTepuaaoM Ui UCCIIeIOBaHHMA
CIIYKWIM npoMblluieHHble auctel [1T-3B, npokaTan-
upte ipu Temmeparype 800°C. Jledopmariis mpoBo-
JUIIach NMPU KOMHATHOM TeMIlepaType Ha MPOKATHOM
cTaHe ¢ AuamMeTpoM BajkoB 160 mm g0 oGxatus €=20,
40, 60 u 80% no tomuuHe. M3 momydyeHHBIX JUCTOB
BbIpe3aiu 00paslbl Al PEeHTreHOrpaUUecKux uc-

cinenoBanmidi. [lomocHbIe  (UTYPBI  OTPEICIISIINCH
penrreHorpaduueckuit B Cu-K, nznyyenun mMeronom
Ha OTpa)K€HUE M MPOCBET Ha PEHTreHOrpaduyecKoM
mudppakromerpe “JIPOH-3M” ¢ yuetom nedokcu-
poBku mno pabote [3]. [lomocubie durypsr (I1D)
{0002} cruraBa IIT-3B mocne pa3mu4HBIX CTEMICHEH

nedopMaIiii  XoJOIHOW MPOKATKOW B TIPOJOJBHOM

HanpaBJICHUHU IIPEACTABICHLI HA PUC. 1. Puc. 1. Ionocuvie ¢ueypor {0002} nucmos
. cnaaea IIT-3B nocne xonoonou npoxamxu
Z[J'I?I HN3YUYCHUSA OPUCHTAIIMOHHOM 3aBUCHMOCTH a) 00 20, 6) - 40, 6) - 60, 2) - 80% o6xcamus

monynst FOHra m ynenpHOTO 3JIEKTPOCONPOTHUBIICHHUS

U3 TIOJIY4EHHBIX JIMCTOB BBIPE3ajH B INIOCKOCTH MPOKATKHU MPSIMOYTOJIbHBIE 00pa3isl anuHoi 100 u
mupuHor 10 MM 1o pa3nuyuHBIMU yriaMu K HampasieHuto npokatku HII: ¢=0, 15, 30, 45, 60, 75
1 90°. DKCIepUMeHTANbHbIE 3HAUEeHHs BennunH Moyist FOnra (E”) onpeensauch JMHAMHYECKAM
METOJIOM, a YAEJIbHOTO 3JIEKTPOCOMPOTHUBIICHUS (p) — YETHIPEX30HIOBBIM MeToAOM. CTaTucThye-
cKasi 00paboTKa MOTYUYEHHBIX JaHHBIX Jana s Moyt FOHra oTHOCHTeNnbHYIO morperHocTsb 1%,
amsa p-0,6% npu kodppunuente Hagexxuoct 0,98. Ilpu nocrpoenun Gpynkuuii E(@) u p ()
YWIHA BHEIIHIOKO ONTOTPOITHYIO CUMMETPHIO JIUCTA, aOPMUPOBAHHYIO TPSMOI MPOKaTKOW. B aToM
ciydae Dypbe-paznoKeHne OPUEHTAHOHHOM 3aBrucuMocTH [E(¢)]” comepxut tpu kosddummenTa
Ao, Az, As,a p(¢)— aBa kodpduuuenta By, B,:

[A((p )]-1 = Ao+ Ascos2 ¢+ A4cosd [0) (1)
p(¢ ) = Byt Bycos2 ¢ )

Haxoxnenue 3nauenuit Ay, A;, A4, By, B ocymecTBisanu u3 ycnoBUS MUHUMU3AIUU

hopm:
ST [ VE(@i)— (Ag+ Axcos2 ¢ + Ascos4 ¢ )]* — min (3)

Y i1l p2(9i) — ( By + Bacos2 ;)] — min “4)
Hudbdepenumpys (3) u (4), monydaeM CUCTEMBI YpaBHEHUH OTHOCUTEIBHO Ay, A,, A4 1 By,

BzI
TAg+ AY ie1c082 @+ Ay imicosd ¢ =Yic1 1/ E(o5)

Aoy 21082 @i+ Ay 108’2 @i + AsY 110082 @i - cosd @ =Y i-1c082 0/ B2( )
Aoz7i=1cos4 Q;t Azz7i=1cos2(p icosd @+ A4Z7i=1cosz4 0= Z7i=1cos4 o/ Ea((p D) (%)



Hccneoosanue ¢uzuuecxux ceoticme cnaasa I1T-3B

7By + By i1c0s2 @i =Y im1 p2(01)
BoYi-1c082 @i + B2Yi-1005°2 ¢ = Yiet p (¢ 1)c0s2 @

(6)

I'paduku dyaxmuit  E(@) u p(¢), paccuntanubix mo (1), (2), Ko3pPHUIHEHTH B KOTOPHIX

ornpezeNieHbl U3 CUcTeM ypaBHeHu# (5), (6), npuse-
JIeHbI Ha puc. 2 U 3.

B untepsaie [0; 90°] opueHTanHoHHAas 3aBH-
cuMocTh E(@) m p(¢) ans Bcex HCCIEeTyeMBbIX JTH-
CTOB SIBJISIETCSI MOHOTOHHOHM, NpUYEM MaKCHUMyM
¢byakmun  E(@) HabmiomaeTcs B MOTIEPEYHOM
nanpasnenuu (ITH), ynkuuu p(¢) — B HIL.

JIuctel, mpokaranHsle 10 € = 20%, nmpakTude-
CKHM M30TPOIHBI B IUNIOCKOCTH JINCTA OTHOCHTEIBHO
BeianuuH E u p. IIpokatka no E=40% npuBoautr k
pocty koaddunmeHTa aHuzoTponuu Moxyis FOHra
Ne =( Eyaxt Euin / Emin ) © 100% mo 10%, a mst
YAETBHOTO 3ieKTpoconpoTuBieHus a0 1,2%. [anb-
HeHlas MpOoKaTKa MPaKTUYECKH HE W3MEHSET Xa-
paKkTep OPUEHTAIIMOHHOW 3aBUCHUMOCTH BelndyuH E
up.

st n3ydeHuss aHM30TPONTMY MarHUTHOM BOC-
npuuMunBoctu cruiasa [IT-3B Beipe3anuch oOpas-
bl B BUAE NPAMOYTOJBHBIX IapauIeICIHUIIEI0B
Maccoid He Oonee 30 MT mMOJ TEeMHU K€ YIiaMu K
HanpasneHuto npokatku (HII), yto u ans E u p.
[lepen wm3MepeHUsMU O0pa3mbl OOKUTAINCH TIPU
400°C B BaKkyyMe B TedeHue | 4daca AJisl CHUXKEHHS
BJIMSIHMSI HaKJIeNa v MPOTPaBIMBAIMCH HA [NIyOUHY ~
0,2 MM nnsi CHSATHS HAPYIIEHHOTO TPH PE3Ke TMOo-
BepXHOCTHOTO cios. Ilocie TpaBieHust oOpasibl
MIPOMBIBAJIUCH B CIIUPTE U JBAX/Ibl AUCTUIIINPOBAH-
HOUM JIEWMOHH30BAHHOU BOJE.

N3mepenuss 3KCHepUMEHTAIbHBIX — 3aBHUCH-
MOCTEe MarHuTHOW BocmpuuMuuBoctd (MB) ot
HanpspkeHHOCTH MarHutHoro monst (H) mposo-
quichk Metonom dapajesi, KOTOpbIH OCHOBaH Ha
W3MEPEHUH CWIIBI, JEWCTBYIONIEH HA HCCIIENYEMBIN
oOpa3zel, MOMEIIEHHBIH B HEOTHOPOIHOE MATHUTHOE
nojie. OCHOBHOM 4acTbi0 U3MEPHUTENHHOU YCTaHOB-
KU SIBJISIFOTCS OYEHb YYBCTBUTEIIBHBIE TOPCHOHHBIE
BEChl, KOTOPOH TOYHOCTb MU3MEPEHMI COCTaBIslIa
1%. VYcraHOBKa MO3BOJSAET NPOBOIUTH W3MEPEHUS

}-.U‘,On-ﬂ
44,2 \\\
it “‘~\\ i
34 B, "Gk
1430
: 2
142,6 N O
; \ N <
#4232 BEEN ks
: : a
18 il \ ;
g
: I~
4 ; m
o 5 J0 45 o0 y .J“,e,cmd

Puc.2. 3asucumocms y0enoHo2o 31eKmpoconpomuee-
HusA om Hanpaenenusa 8 aucmax cnaaéa I1T-3B nocne
XONOOHOU NPOKAMKU
a) 00 20, 6) - 40, 8) - 60, 2) - 80% obaxcamus
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Puc.3. Anusomponus moodyna FOnea é nucmax cniasa
1IT-3B nocne xon00Hot npoxamku
a) 0o 20, 6) - 40, 8) - 60, 2) - 80% oboxcamus
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MB B MarHMTHBIX MOJSIX HAMPSKEHHOCTHIO OT 0,3 110 6 KD.

AHN30TPONMSI MAarHUTHOM BOCIIPUMMYHMBOCTH M3MEPSIAch IPU JIBYX OPUEHTALMAX UCCIENY-

€MbIX o6pa3u013 OTHOCHUTCJIBbHO MAar"tuMTHOI'O IIOJIA. HepBaﬂ OopucHTaluuA COOTBECTCTBOBAJIa HOP-

MaJbHOMY HampaBlieHHIo K Tutockoctr yimcta (HH), a BTopas ompenensuiack yriamMu BeIpe3KkHn 00-
pasiia u3 MPOKaTHOTO JIMCTA, KOTOPhIE cOoCcTaBsn cooTBeTcTBeHHO 0, 15, 30, 45, 60, 75, nu 90
rpaaycoB k HamnpasieHuto npokatku (HIT). DkcnepumenTanpHblie 3HaueHUs] MB, BIUsHHAE CTETICHU

negopMani Ha aHW30TPONMHUIO MAarHUTHOM BOCHPUUMYHUBOCTH () B IUIOCKOCTH JIUCTa U B HOp-
MaJTbHOM HAIpaBlIeHuH K miockoctu npokatku (HH), mpu y -10"" M/ kr npusenens: B Ta6mn.1.

Taon. 1.
JKcnepuMeHTaAIbHBIE 3HaYeHuss MB
€=20% € =40% € =60% e=80%
¥ B TLIOC- A B TLIOC- X B IUIOC- X B IUIOC-
0] Yo KOCTH o KOCTH o KOCTH Yo KOCTH
MIPOKATKH MPOKATKH MIPOKATKU MPOKATKH
0’ 347 284 342 278 346 274 345 275
15° 346 286 345 281 347 273 347 274
30° 341 288 342 283 344 270 344 271
45° 343 289 344 280 345 271 342 275
60° 344 282 346 281 348 275 345 276
75° 345 284 345 284 349 275 347 270
90° 344 286 341 282 343 273 343 274

B otnmume ot [4] HenmuHEHHOCTH TOJEBBIX 3aBUcUMocTeil y = y (H) okaszamack B mpenenax

norpemHocTy 3xcnepuMenTa (1%). g kaxaod cTeneHd o0XaTus 3HAYEHUS Yyy YCPEAHSIIUCH.
3HAYEHUS Yy U Ypu OIPENETSUINCH U3 COOTHOILIECHUM aHamoru4HbIM (2, 4, 6). PesynbraThl pacue-

Ta 3HAYCHUS MarHUTHOW BocrpuuMuuBOCTH () cruiaBa I1T-3B, momydeHHbIe cTaTHCTHYECKOH 00-

paBoTKO#t SKCIIepUMEHTANBHBIX AaHHEIX (- 10''M/Kr), npeacTasieHs! B Ta6m.2.

Taon. 2
Pe3yJ1bTaT]>I pacueTa 3HaYCHUs MATHUTHOM BOCIIPUMMYHUBOCTH
€, % XHH XHH XHH
20 345 +1 286 +4 285 £2
40 344 £2 280 +4 283 £3
60 344 £2 275 +4 285 +3
80 346 +2 272 +4 272 £2

[Tonp3ysick MOJENBI0 OPTOTPOIHOIO JHMCTA, YCTAHOBWINM AHAIUTUYECKYIO CBSI3b MEXIY
CBOMCTBaMHM BTOPOUW TEH30PHOM Pa3MEPHOCTH MOHO- M MOJUKPHUCTAILIA TEKCArOHAIIBHOW CUMMET-
pHUH Yepe3 UHTerpajibHble XapakTepucTuku TekcTypsl (MXT):

2
[I=<a’;3>;

4 .
L=<a"13>;

2
L=<a3>;

4
Is=<a"3> ;

10

2
L =<a%33>;

2 2
I[s =< a3 o3>




Hccneoosanue guszuuecxux ceoticme cnaasa I1T-3B

<> - 03HAYAET YCPEIHEHUE HAIIPABIIAIOINX KOCUHYCOB Ok , 330X OPUEHTALMIO KpHU-
CTaJUINTa OTHOCUTEIHHO CUCTEMbI KoopauHar, cBsazaHHoi ¢ nuctom (HII, ITH, HH), mo Bcem BO3-
MOKHBIM OpueHTalusIM. MHTerpaibHble XapakKTepUCTUKH TEKCTYPhl PACCUMTHIBAINCH U3 MOIIOC-
HOW TUTOTHOCTH TipsiMoii mosrocHoi (urypsr (ITTID) (0002) mo [12]. Pe3ympraThl pacdyera WHTE-
rpanbHble XapakTepucTuku Teketypbl (MXT) mucroB cmnasa [1T-3B mocne xononHOM mpoKaTku ¢
pa3IMYHBIMU CTEHCHSIMH 00KaTHi MpeacTaBieHsbl B Ta0d. 3.

Tabn. 3
Pe3y.m,TaT1>1 pacuyeTa MHTEIrpaJIbHbIC XaPAKTePUCTUKH TEKCTYPhI
€, % Il Iz 13 I4 I5 I6
20 0,117 0,132 0,751 0,025 0,031 0,111
40 0,718 0,181 0,748 0,011 0,060 0,009
60 0,686 0,170 0,761 0,011 0,060 0,007
80 0,509 0,158 0,791 0,006 0,052 0,005

Hns mucro citasa I1T-3B no nanaeiM UXT 1 aHM30TpONIMM MarHUTHOW BOCTIPUUMYHUBOCTH
(MB) paccunTanbl KOMIOHEHTHI TEH30pa MarHUTHOM BOCHPHHUMYHBOCTH COOTBETCTBYIOIIETO MO-
HOKPHUCTAJJIa U3 BBIPAKCHHIA:

(Yt do) /2= 00+ (3 =) (L tl) /2
Y= X1+ (%113

3HaveHUs ¥; MOHOKPUCTAIIOB CIUIaBa IIPH JIOBEepHUTeNbHOM BepositHocTH 0,96 coctaBuiu:

(x=268%6uy;=368+10)10"" m’-kr'.

B paGore [5] moka3aHo, 4TO HETUHEHHOCTH TOJIEBBIX 3aBUCUMOCTEH MOXKET OBITh CIIEIICTBU-
€M OJTHOM U3 TpeX MPUYHH:

1. Brinenenue peppoMarHuTHBIX IpUMeECeH, COJEPKAIIUXCS BCEria B MapaMarHuTHBIX Me-
Tajuiax B TBEPAOM pacTBOPE, B BHIIE CAMOCTOSTEIILHOM (a3bl, B pe3ysbTaTe TuIacTuIeckoi nedop-
Mamuu [6].

2. N3meHeHHE cleKTpa 3JIEKTPOHOB, KOTOPOE MPOUCXOAMT BCIEIACTBHE YBEIHUEHUS WU
YMEHBIIIEHUSI MEXATOMHBIX PACCTOSTHUHM, YTO MPUBOJUT K U3MEHEHHIO YHCIIa 3JIEMEHTAPHBIX Mar-
HUTHBIX MOMEHTOB [7].

3. CymiecTBOBaHHE B siIpaxX MUCIOKANNN OOJBIIOTO YKCIIa HOCUTEICH MarHUTHOTO MOMEH-
Ta, MEXIY KOTOPBIMH CYIIECTBYeT OOMEHHOE B3aMMOJICHCTBHE, O0yCIaBIMBAIOIIECE MOSBICHUE
(beppoMarHuTHOM CTPYKTYpHI [8].

B mone3y amcnmokanuoHHOW Mojaenu ¢eppoMarHeTn3ma [8] CBUIACTEIBCTBYIOT SKCIICPH-
MEHTaJIbHbIe UcCleA0BaHus [9], B KOTOPBIX YCTAHOBIIEHA KOPPEJSLMS IUIOTHOCTH JUCIOKAIU C
BEJIMYMHON HETMHEHHOCTH MOJEBhIX 3aBucuMocTelt y= y(H).

CornacHo 3TO# Mojenu, MOsIBI€HHE 3aBUCUMOCTH MB OT HampspkKeHHOCTH MarHUTHOTO
nosnist (H) B mumactuuecku ehOpMHUPOBAHHBIX KpUCTAIIaX YKa3bIBaeT Ha TO, YTO OHU MPHOOpETH
(dbeppoMarHuTHBIE CBOICTBA B Ipollecce MmiacTuyeckoit nepopmanuu. Ha ocHOBaHMH 3TOT0 MOKHO
OKHJaTh, YTO OTCYTCTBHE TOJEBBIX 3aBUcHMocTei y = y(H) yka3piBaeT Ha Maiyio BeJIHMUHUHY
CTPYKTYpHOTO BKJIaJia Kak B (PU3NYECKHE, TaK U B MEXaHMYECKHE CBOICTBA M3y4yaeMbIX JIHCTOB
crasa [1T-3B.

11
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Jlnst mpoBepKH 3TON TUITOTE3bl M3 JAAHHBIX 1O Py U Pry ¥ MHTETPATBHBIX XapaKTEPUCTHK
tekctypsl (MXT) [10] onpenensuinck ¢ y4eToM MEX3EpEHHOTO B3amMozaeicTBus mo [11] xommo-
HEHTBl TEH30pa YJEIbHOI'O 3JIEKTPUUECKOrO COMPOTHBIICHUS MOHOKPHCTAIUIOB pP; M P3, a 3aTEM
PaCCUUTHIBAIUCH CTPYKTYPHBIA M KPUCTAIIOrpaQHUECKUI BKIAIbl B YIEIBHOE 3JIEKTPOCOIPOTHB-
JICHHE pacCcMaTpUBAaeMbIX JIMCTOB. 3HAUEHUS P, p3 MOHOKpucTamioB ciuiaBa [1T-3B cocraBumnu:
p1=144.3-10" OmM ; ps= 128,3-10° Om-m. Kpucramiorpaduueckuii BKIIaj, pacCIUTHIBACTCS IO
dopmyne [10]:

P'xprer = (3= p1) L + pi (7

i1=1, 2, 3 coorBerctByet HII, ITH, HH cooTBeTcTBeHHO, a CTPpYKTYpHBIi BKiIa 1o [11]:
Plerpyer == (P3= p1 ) [ 1= (1)"1/ 2p1 + ps. ®)

Taon. 4.

K.T.y. ¥ pacueTHbIe 3HAYEHHUS] CTPYKTYPHOI'0 U KPUCTANIOrpaguuecKoro BKJIaia u
yleJIbHOE 3J1eKTPOCONPOTUBIIEHUE JIUCTOB

Pun’ 108, OM'M Pun’ 108, OM'M Prx’ 108, OM'M K.T.y.

g, % CTPYKT. | KPUCTAJI. | CTPYKT. | KpHUCTal. CTPYKT. | KpPHCTAI.
20 -0,34 132,3 -0,6 142,40 -0,07 142,30 1,29
40 -0,12 132,24 -0,01 143,90 -0,00 142,30 1,33
60 -0,11 132,14 -0,04 143,18 -0,09 141,55 1,31
80 -0,10 131,66 -0,03 144,31 -0,02 142,70 1,31

W3 naHHBIX, MIPUBEJCHHBIX B Ta0J. 4, CIEAYET, YTO CTPYKTYPHBIN BKJIAJ MOKHO HE YYHUTHI-
BaTh MPU PACCMOTPEHHH CBOWCTB MCCIIEOBAHHBIX JUCTOB. [loydeHHBIE pe3yabTaThl TO3BOISIOT
UCIIOJIb30BaTh KpUCTaLTorpaduieckyro cBs3b [10] ynpyrux cBOHCTB MOHO- U TOJHMKPUCTAIIOB U
NPUMEHHTH K OIICHKE K.T.y. runote3y E. K. AmikeHa3u o reoMeTpuyeckoM NoA00HH OPUCHTAIIOH-
Hoii pBepxHocTH 1/E(@) 1 1/6¢2(p) [13]. B pabote [10] ¢ mpeHeOpekeHnEM MEX3EpEHHOTO B3an-
MOJICHCTBUS TIOJTy4eHa CBs3b E(() rekcaroHalbHOOPTOTPOITHOTO JIMCTa ¢ KOHCTAaHTAMU MOJATIIH-

BOCTH MOHOKPHUCTAIIJIOB Sji:
E(p=[x+2yy"2(¢) + Z y'4()]" 9)
rae x=Si1; Y=Si3-Su+%Ss4; Z=Si1+S33-2S13-Su
v'a(9) = Licos* ¢ + Lsin* ¢ + Va(Ii+ I)sin2 @
v'4(9) = Licos* ¢ + Issin* ¢ + 1,5 Iesin™2 @

U3 pesynerato no E(o), 1y, 1, 14, s, 1¢ mocpencTBoM MeTona HEMMHEHHOTO MPOTpaMMHPOBa-

HUs U3 [9] momyueHo:

S1=1,077810"" M*/m ; S33=10,9392:10"" M%/m; 2S;3+ S4s=0,657-10""M*/u.  (10)
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PaccmarpuBas 3nauenus moaynst FOura B HH kak kommoHneHTy S3333 OpTOTPOMHOTO JIUCTA,
paccunrtamm E,y, mo popmyne [9]:

EHH: ( S3333 )-1: X+2y13 + Z(1-211-212+ I4+15+I6) (1 1)

Koaddunuent texkctypHoro ynpoyHeHus (K.T.y.) JIMCTOB B YCJIOBHUSX JABYXOCHOTO cOayiaH-
CHPOBAHHOTO HAarpy>XeHus orleHnBaiy, cornacHo rumnotese E. K. Amkenasu, no popmyie:

K.T.y. = OGo2un/ 602(@)Min =Euw/ E((P)min (12)

K.T.y. 1 pacueTHbIe 3HaUEHHS CTPYKTYPHOTO M KPHCTAIIOrpaMuecKoro BKIAAa U yIEIbHOE
aneKTpoconpoTuBieHue auctoB ciasa [1T-3B npeacrasnens! B Ta61.4.

W3 monydeHHBIX pe3ynbTaToB (Tad.4) ciemyer, 4to aedopMariiss XOJOTHOW IMPOKATKOM
MPAaKTHYECKU HEe U3MEHsET K.T.y. JIcToB cruiaa [1T-3B B ycioBusix AByXOCHOTO cOanaHCUPOBaH-
HOTO HAarpy>KeHUsL.

3akimovyenue. OpUeHTAMOHHAS 3aBUCUMOCTh Moy st FOHTa 1 yIenbHOTO COMPOTUBIICHUS
B unTepane [0; 90°] sBnseTcs MOHOTOHHOM, MpUYeM MakcuMyM Monyns FOHra pocTuraercs B
MOTNIEPEYHOM HANpaBJICHUH, a yJEIbHOTO 3JEKTPOCONPOTUBICHUS — B HAIIPABJICHUN MPOKATKU JTU-
cta. MakcuMasnbHasi aHU30TPOIUS JAHHBIX CBOMCTB HaOJIIOAETCsl IPU MPOKATE CO CTENEHBIO € =
40%. AHU30TPONHSI MArHUTHBIX CBOMCTB B IJIOCKOCTH JIUCTA MPAKTUYECKH OTCYTCTBYET.

AHM30TPOTINSI MAarHUTHBIX M 3JIEKTPUUYECKUX CBOMCTB jucToB ciaBa [IT-3B B ocHOBHOM
onpezensercss Kpucramwiorpaguueckoil Tekctypoil. CTpyKTypHBIM BKJIaJ MOXKHO HE YYHMTHIBaTh
IIPU PACCMOTPEHUHU CBOWMCTB UCCIIEJOBAHHBIX JIHCTOB.

KoMIoOHEeHTBI TEH30pOB MOJATIMBOCTH, YAEIHHOTO 3JIEKTPOCONPOTHBICHHUS M MarHUTHOM
BOCIIPUMMYHMBOCTH MOHOKpHUcTaa ciuiasa [1T-3B paBHsI:

(S11=1,0778 ; S33=10,9392; 2S5 + Su=10,657)-10"" v’/11,

(pi=144,3; ps=1283)10" omm,

(11=268; y3=368)- 10" m’/xr.

Jedopmarus X0JIOAHON MPOKATKOM MPAKTUIECKN HE M3MEHSET KOA(P(OHUITMEHT TEKCTypHOTO
YIPOUHEHUS B YCIOBHSX ABYXOCHOTO cOATaHCUPOBAHHOTO HATPYKEHHUS.
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PT-3V ORINTISININ FiZiKi XASSOLORININ TODQIiQi
N.H. CAVADOV, K.O. 8SGOROV

Magqalads soyuq deformasiyadan sonra ssnayeds istifade edilon veraqsokilli PT-3V arintilarinin magnit niifuzlulugu
(), elektrik miiqavimati (p), tekstura vo Yung modulunun (E) orientasiya asililiqlar todqiq edilmisdir. Eyni zamanda PT-3V
arintisinin monokristallarinda elastiki vo kinetik xarakteristikalar1 toyin edilmisdir. Todqiq edilmis veraqlerde struktur ve
kristallografiq torkibin elektrik miiqavimetins tosiri qiymotlondirilmisdir. Ikioxlu balanslagma yiiklonmasi goraitinds veraglorin
tekstur sortlogdirmo omsali hesablanmigdir.

Acar sizlor: tekstur méhkomlik, ikioxlu balanslasdirilmis yiiklonma, magnit niifuzlulugu, anizotroplug, heksaqonal
ortotrop varaq.

RESEARCH PHYSICAL PROPERTIES OF PT-3V ALLOY
N.G. JAVADOV, K.A. ASKEROV

In this article, we studied the texture and orientational dependence of Young's modulus (E), electrical resistivity (p) and
magnetic susceptibility (y) of industrial sheets of PT-3V alloy after cold deformation, determined the elastic and kinetic
characteristics of single crystals of PT-3B alloy. The contribution of the structural and crystallographic components to the
electrical resistance of the sheets under consideration were established. The coefficient of textural hardening of such sheets
under conditions of biaxial balanced loading is calculated.

Keywords: textural hardening, biaxial balanced loading, integral characteristics, magnetic susceptibility, anisotropy,
hexagonal orthotropic sheet.
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BJIMSTHUE BJIATH HA DKCIIJIYATAIIMOHHBIE TAPAMETPBI
TPUBOCOINPS)KEHUN TOPMO3HBIX YCTPOUCTB
U EE YJIAJIEHHUE C X IOBEPXHOCTEN

A.X. JDKAHAXMEJIOB®, A.. BOJIbMEHKO ™, M.S1. JDKABAJIOB',

ko R

H.A. BOJILMEHKO™™, J1.10. )KYPABJIEB", E.C. ®EJIOTOB

[TokaszaHo BIMsIHKE BIIard Ha TPUOOTEXHUYECKHE apaMeTphl PPUKIMOHHBIX Y3JI0B TOPMO3HBIX
YCTPOMCTB. Y CTaHOBJICHO TEPMOCTAOWIN3AIIMOHHOE COCTOSTHUE 00012 OapabaHa M MIKKMBA, KOTOPOE
HEOOXOMMO YUHTHIBATh IPH TEIUIOBHIX pacyeTax IHap TPEeHHs, Hapsay C JOIMYCTHMOW TeMIepary-
poli s MatepuanoB (GpuxknnoHHON Haknmaaku. [IpeanokeHo yCTpOHCTBO AJsl NPUHYANUTEIHHOTO
yIaJICHUsI BJIAarW C TOBEPXHOCTEH Map TPEHUS TOPMO3HBIX YCTPOMCTB, BBIMONHSIONINX (YHKIUN
OTPAaHUIUTENS [UISl TEIUIOBBIX SIBIICHUI.

Kniouesvie cnosa: mopmosnoe ycmpoiicmeo, napa mpeuus, éiazd, NOIUMEPHbLIL U MEMaituieckul
puryuoHHbLIL dNEMEHM, YCMPOUCEO 05 YOANEHUS 6l1AU.

Beenenne. DhdekTuBHOCTL NEHCTBUS (PPUKIIUOHHBIX Y3JI0B TOPMO30B, NPUMEHSIEMBIX B
MaIIMHOCTPOCHUH, 3aBUCUT OT TOT'O, KAKOE KOJIUYECTBO BJIATH IMOMNAJAET HAa TIOBEPXHOCTH UX Map
TpeHus. B maHHOM ciydae OOBEKTaMH SBIIOTCS OapaOaHHO- M JHCKOBO-KOJIOJIOYHBIE TOPMO3a
TPAHCIOPTHBIX CPEJICTB, TUCKOBO-KOJIOAOYHBIE TOPMO3a HKEIE3HOI0POKHOTO TOABIKHOTO COCTaBa
¥l JICHTOYHO-KOJIOIOYHBIE TOPMO3a OYpOBBIX J1eOeoK. Bo Bpemst mox s, TIpH mepeeszie yepe3 Bo-
HYIO TIperpaay TPaHCIIOPTHOTO CPEICTBA, MPU SKCILUTyaTallid BO BIAXKHYIO CBHIPYIO MOTOAY HIJIH B
YCIIOBUSIX KpailHEro ceBepa mapbl TPEHHsI TOPMO3a IOIBEPIKEHBI BO3IEHCTBHIO Biiary. [locienusis
pasnaraercsi Ha BOJAOPOJ U KUCIOPOA, KOTOPbIE IPUHUMAIOT aKTUBHOE yYacTHE B XUMHUYECKUX pe-
AKX, CBA3aHHBIX C OKHCIHMTEIbHO-BOCCTAHOBUTEIILHBIMU MPOIIECCAMH M TPOILIECCAMU HABOJIO-
pPaKUBAHHS TIOBEPXHOCTH CTAJBHOTO METAJUIMYECKOTO (DPUKIIMOHHOTO AieMeHTa. OOpa3oBaBIIUii-
csi Bomopoa A yHANPYET B MOBEPXHOCTHBIN CJIOI CTaJbHOTO (PUKIIMOHHOTO 3JIEMEHTA, BBI3bI-
Basi €r0 OXpYNUMBaHHUE. YKa3aHHOE OOCTOSTEIbCTBO U BHI3BIBAET MHTEHCUBHBIA BOJIOPOIHBIN H3-
HOC TPYILEHCS METa/UTH4ecKoi moBepxHOocTh. [1loaTOMy mpobiiema ynaneHus BIIATU C MOBEPXHO-

Aszep0baiipkaHcKast HHXKEHEPHAs! aKkaJIeMuUst
VBaHo-®PpaHKOBCKUI HAIMOHANBHBIN TEXHUUECKUH yHUBEpCUTET He(TH U ra3a (1. liBano-OpaHkoBck, YkpauHa)

EETY
Ky0aHnckuii rocyiapcTBeHHBIN TexHOIOrH4Yeckuil yausepeuter (r. Kpacnonap, Poccust)
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CTe map TPEeHHUsI TOPMO3HBIX YCTPOWUCTB SBISIETCS aKTyaabHOH. OcTaHOBUMCS Ha paboTax, MOCBs-
IICHHBIX BJIMSHHMIO BJIQKHOCTH BO3JyXa Ha DKCIUTyaTallMOHHBIE IapaMeTpbl UCIIBITHIBAEMBIX Iap
TpPEeHHUS.

B napax tpeHus «Msrkoe xenes3o - MArKoe xene3o» npu Harpyske p = 1.0 MIla c ysenu-
YEHHEM OTHOCHUTEJIHbHOU BJIAKHOCTU BO3/1yXa B MEKKOHTAKTHOM 30HE YBEJIMYMBACTCS U BEIMYMHA
yEIBHOr0 M3HOCa ee 31eMeHTOB [1]. B aTom ciiydae mpoaykramu M3HOCA SBISETCS METaJlIMyue-
CKUIl TIOPOIIOK, KOTOPBIM CIIOCOOCTBYET Pa3sBUTHIO Ipoliecca CXBaThiBaHUA. [Ipw ymeHbIIeHHH
YIeNBHBIX HArpy30K 10 p = 510" [1a 3aBHCHMOCTb y/I€/IBHOTO M3HOCA OT YBEIMUEHHOI YACIbHOI
BJIQ)KHOCTH BO3/TyXa B MEKKOHTAaKTHOM 30HE U3HOC ITapbl TPEHUSI YMEHBIIIAETCS.

Brimonnennsie uccnenoBanus [2-6] CBUAETENBCTBYIOT O TOM, YTO C YBEJIMUYEHUEM OTHOCH-
TeJIbHON BIAXKHOCTU BO3AyXa B Mapax TPEHUs HAOIIOAAeTCs yBEIMYEHHE U3HOCA UX pabovHX MOo-
BEPXHOCTEH, BBI3BAHHOIO POCTOM MOMEHTa TpeHus. Kpome Toro, ormedaercsi, 4To yBEIMUYECHHE
BJIQXKHOCTH OKPYKAIOLIeH cpeibl MOKET BbI3BAaTh YBEIUUEHHE N3HOCA MOJIMMEPHOT0 (PPUKIIMOHHO-
ro anemMenTa Oosbiie yeMm B 200 pa3 [1]. B To ke Bpems B pabotax [2, 5] oTMedanoch, 4To ¢ po-
CTOM MapUUAJIBHOTO JaBJIECHUS BOJSHOIO Iapa B MEXKOHTAKTHOM 3a30pe Map TPEHUS YMEHbBIIAET-
Csl MOMEHT TPEHHUS, a CJIeI0BaTeNIbHO, U BEIMYMHBI N3HOCA (PPUKLIMOHHOTO MaTepuaa.

Takum 00pa3om, U3 paCCMOTPEHHBIX PadOT CJEeIyeT, YTO OTHOCHTEIbHAs BJIa)KHOCTh BO3-
Jyxa, MOMAJAIOLIEr0 B MEXKOHTAKTHYIO 30HY Iap TPEHMsI, HECET JOIOJHUTEIBHYIO0 HAarpy3Ky U
BBI3bIBACT N3MEHEHHUE MX IKCIUTyaTallMOHHBIX 1apaMeTPOB.

BnusiHue Bmarm Ha TpPUOOTEXHHUYECKHE MapaMeTphl (DPUKIMOHHBIX Y3JI0B TOPMO3HBIX
YCTPOMCTB HEOOXOIMMO PACCMATPUBATh Yepe3 MPU3MY:

- KOppO3Hs H3-3a BO3ACHMCTBUSA BJIard, COJU WIHM APYTUX COCTABISIOUIMX OKpY>Karouiei
Cpenbl;

- IPSIMOTO MPe0OPa30BaHuUs TEIJIOBOM SHEPTHH B AIEKTPUUECKYIO Mapax TPEHUs;

- BJIEKTPUYECKOro OasaHca TOKOB B 30HE KOHTAKTUPOBAHUS Nap TPEHHUS;

- MEXKOHTAKTHOH ra30Boi cpe/ibl BO (GPUKIIMOHHBIX y3JIaxX;

- HAHOTPUOOJOTUUECKUX MPOLIECCOB, KOTOPHIE MPOUCXOAAT Ha pabOYMX MOBEPXHOCTAX Map
TPEHUS U B IPUIIOBEPXHOCTHBIX CIOSX (PPUKLIMOHHBIX HAKIIAJOK.

Bce 310 HEOOXOAMMO paccMaTpUBaTh C TOYKM 3PEHUS BIMSHUS JKUIKOCTH (BOMBI, Mapa u
BJaru), T.e. MHOTOKOMIIOHEHTHOM CHCTEMBI CO CBOMCTBAaMHU JAMAIJIEKTPUKA, MOJYNPOBOJHUKA M
npoBoaHuKa. [ToaTOMy mpobiiema yaneHus BiIard ¢ MOBEpXHOCTEH TPEHUS TOPMO3HBIX YCTPOICTB
SIBJSICTCS aKTyaJIbHOM.

IMocTanoBka 3agaun. B nanHOM MaTepuane CTaTbU PacCCMOTPEHBI CIEAYIOIIHE BOIPOCHI
NPUMEHHUTENBHO K JAHHOW Ipobieme:

— peXUMBbI pabOThI Map TPEHUS TOPMO3HBIX YCTPOUCTB;

— 0COOEHHOCTH KOHCTPYKIIMH U paboTa yCTpOWCTBA sl YAaJIEHUs BJIard ¢ MOBEPXHOCTEH
TPEHHUS:

— O6apabaHHO- U JIGHTOYHO-KOJIOO0YHOTO TOPMO3a;

— IUCKOBO-KOJIOJIOYHOTO TOPMO3a.

Leab pa6oTsl — pazpaboTka 3HHEeKTHBHOTO YCTPOUCTBA TSI TPUHYIUTEIBHOTO YIaIeHUS
BJIary C MOBEPXHOCTEH TPEHUSI TOPMO3HBIX YCTPOICTB, MPUMEHSIEMbIX B MAITUHOCTPOCHHH.

Peskumbl paGoThl ap TPeHUs: TOPMO3HBIX YCTPOICTB.

Pexumbl paboThl map TpeHus 6apabaHHO- W JUCKOBO-KOJIOJAOYHBIX TOPMO30B TPAHCIIOPT-
HBIX CPEJCTB, a TaKXe JICHTOYHO-KOJIOJIOYHBIX TOPMO30B OYpOBBIX JI€OEIOK HOCAT anepuoiuye-

16



Brusnue érazu Ha s3xcniyamayuonHle napamempsl MpubOConpaiCeHui MmopMo3HbIX YCHMPOUCHS ...

CKUHM IUKINYECKAN Xapakrep. McnblTanre TOPMO3HBIX YCTPOWCTB TPAHCIIOPTHBIX CPEACTB MPOBO-
muTcst o HopMmaMm EBporietickoii skoHOMHYeckoi komuccnu nipu Opranuzarun OObeTMHEHHBIX
Hanwuit [6] Ha Tpex tunax pexxumon: «0», «I» u «lI». HyneBoii Tum ucnsiTaHuil OTHOCUTCS K MpeJI-
BApUTENBHOMY. [IepBBIA THIT UCTIBITAHUI OTHOCUTCA K HUKINYECKOMY PEXKUMY, & BTOPOU - K JJIH-
TenbHOMY. Kak npu nepBoMm, Tak U BTOPOM THIIE MCIIBITAHUN OapabaHHO- U IMCKOBO-KOJIOIOUHBIX
TOPMO30B TPAHCIIOPTHBIX CPEJCTB Ha MX MOBEPXHOCTAX TPEHUS Pa3BUBAKOTCA TEMIIEpATyphl, Mpe-
BBIIIAIOIINE JIOMYCTUMBIE U MaTepHaloB (PUKIUOHHBIX Hakmagok. OIHAKO HE OHU CHHKAIOT
3¢ deKTUBHOCTH AeHcTBUs OapabaHHO- U TMCKOBO-KOJIOIOUYHBIX TOPMO30B M3-3a MOMNAJAaHus BIark
Ha UX pabouyue MOBEpXHOCTH MPH JBMKEHUH TPAHCIOPTHBIX CPEJICTB.

CraOnnM3anmoHHOE TEMJIOBOE COCTOSHUE METAJUIMYECKOTO (PPUKIIMOHHOTO 3JIEMEHTa OT-
BEYAET TEPMOAMHAMUYECKOMY PaBHOBECHIO, B KOTOPOM BHYTPEHHHUE NapaMeTpPbl CUCTEMBI SIBJIS-
I0TCS OMUHAKOBBIMU. [Ipu 3TOM TOpMO3HOW OapabaH WM TOPMO3HOH HIKUB MMEIOT CIIOKHYIO
¢dbopMy U UX Bce BHYTPEHHHUE MMapaMeTPhl HE 3aBUCAT OT KoopauHat. C 3TOW TOYKH 3pEHUs MPoIece
YCTaHOBJIEHHUSI TEPMOJUHAMUYECKOIO PAaBHOBECHS MOYKHO paccMaTpUBaTh Kak MPOLECC BbIPABHU-
BaHUS BHYTPEHHHX I1apaMeTpPOB, KOTOPBIA COINPOBOXKIAETCSA MEPEHOCOM TEIUIOBOM SHEPrHMHM OT
METAJUTMYECKUX (DPUKIMOHHBIX AJIEMEHTOB /10 UX (PIaHIIEB M KPEMEKHBIX BBICTYIOB JI0 TE€X MOpP,
noka He OyJeM MMeThb OTPHIATEIbHBIA TEeMII HAarpeBaHUs METAJUIMYECKOrOo (PPUKLIHMOHHOTO dJie-
MEHTa TPH MOJOXKHUTEIBHOM TeMIle HarpeBaHus ero (ianna. M3BecTHO, 4TO B TepMOIMHAMHYE-
CKHMX IIpoleccax TeMIIepaTypa OINpeAeIaeTcs KaK napaMeTp, NOCTOSHCTBO KOTOPOro XapaKkTepHU3y-
€T IOJIO)KEHNE TEPMOAMHAMMUYECKOT0 paBHOBecHs. Kpome Toro, BelpaBHUBaHHE TEMIEpaTyp Me-
TATHYECKUX (PPUKIIMOHHBIX 3JIEMEHTOB M UX (JIAHIIEB U KPETIEKHBIX BBICTYIIOB COITPOBOXKAAETCS
KOHBEKTHUBHBIM U PaJMAallMOHHBIM TEINIOOOMEHOM OT X MAaTOBBIX MOBEpXHOCTEeH. C 3TOW TOUKH
3peHHs TeMIIepaTypa IPUHAIICKUT K 000OIIEHHBIM TEPMOAMHAMUYECKUAM MOTEHIMAIaM, a €€ OT-
KJIOHEHHE OT PAaBHOBECHOT'O YPOBHS OIpPEAEISIOT HHTEHCUBHOCTH Ipoliecca Termiooomena [6, 7, 8]
B 3aBUCHUMOCTHU OT TOTI'0, HAarpPEBAETCS WM BBIHYXKJIEHHO OXJIaXAA€TCs METANTMYECKUI (PPUKITHOH-
HBIH 3JIEMEHT.

[lepBoHayasibHO PacCMOTPUM MPOLIECC HArPEBAHUS METAJUIMYECKOro (PUKIIMOHHOTO 3Jie-
MeHTa. B ycraHoBHBIIEMCS pexXuMe dHEprusa W, mocTymnaromnas B CUCTEMY M3BHE, 34 CUET JAMCCH-
Halyuyd MEXaHWYEeCKOH SHEPTUU B TECTOBYIO NPH PEATM3ALUHU YIENbHBIX HAarpy3ok (Wy+AW) Bo
(PUKIMOHHBIX y3J1aX TOPMO3HBIX YCTPOMCTB JIOJKHA PACCEATHCS B OKPYKAIOILYIO Cpelly OT MaTo-
BBIX MIOBEPXHOCTEH METAITMUECKUX (PPUKIIMOHHBIX 3JIEMEHTOB.

[Tpu mosiBneHnu B TprOOCHCTEME BO3MYIICHHS (B BHJE Kamlelb BOJIBI MM TEPMOOKHCIIH-
TEIbHON JECTPYKUUH CBSA3YIOUIUX KOMIIOHEHTOB MOJMMEPHBIX (PPUKIMOHHBIX MaTEpUANIOB MPHU
TeMIepaTypax BBIIIE JOMYCTUMOM) U3MEHIETCS TEIUIOBOE COCTOSHUE METAIUIMYECKUX (PPUKIHOH-
HBIX 3JIEMEHTOB. [Ipeanonokum, 4To BO3MYILIEHUE MPOSBISIETCS B U3MEHEHUHU TOJBKO OJHOTO Ma-
pametpa II, T. e. MOBEPXHOCTHBIX TEMIIEPATYp METAUIMYECKUX (PUKIMOHHBIX 3JIEMEHTOB, U
VIMEHHO OHH OIPENEIIAIOT UX AANBHEHIINN TEIUIOBOW pexuM. [Ipeamnonoxum nanee, 4To U3MEHe-
HUE MaJIo, T. €. YTO PacCMaTPUBAIOTCA TOJIBKO TaKHE OTKJIOHEHHS, IPU KOTOPBIX YUACTKH KPUBBIX
TEMIIEPATyp, ONPEAEISIIOIINX TEIJIOBOM PEXHUM, MOXHO CUUTaTh JIMHEWHbIM. B BO3MyIIEHHOM
TEIUIOBOM PEXHUME MU NepepacnpeaciCeHUN SHEPTUU MEXy MAaTOBOM M IOJIMPOBAHHOM MOBEPX-
HOCTSMHU METAJUIMYECKOTO (PPUKLIMOHHOTO 3JEMEHTa U3-32 MPUHYIUTENIBHOTO OXJIAXKJIEHUsS IO0-
cnenneit (mpu nosienennu All) stor 6ananc HapymiaeTcs, Tak Kak IMPOUCXOUT U3MEHEHHE CBOMCTB
TPUOOCUCTEMBI, IPH KOTOPOM 3HEprus noryomaerca. Ecnu cBoiicTBa TpHOOCHCTEMBI TaKOBBI, UTO
pacxon sHeprun W=Wy+AW nocne OTKIOHEHHUS TEIIOBOIO pekruMa (Tocie BO3MYIIEHUs) OyneT
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MPOUCXOANTh O0Jiee MHTEHCHUBHO, YeM yBenmdeHue sHeprum AWy=f(I1), KOTOpyr0 MOXET IaTh
1I0CJI€ BO3MYIICHUS OYEPEIHOE B3aUMOACHUCTBHIE (PPUKIIMOHHBIX y3JI0B, TO HOBBIN (BO3MYILIEHHBIH)
TETUIOBOM PEXHUM BEJIET B TPHOOCUCTEME K MOJICPIKAHHIO TIPEKHETO TEIIOBOTO PexuMa (WK pe-
uMa OJTM3KOTO K HEMY), T.e. TpuOocucTemMa OyneT ycroiumBa. M3 3Toro ornpeneieHus yCTOW9H-
BOCTH (CTaOMIBHOCTH) CIIEYET, YTO MAaTEMAaTUYECKU 3aIMCAHHBIM YCIIOBHEM €€ COXPaHEHHUS, WIIH.
KaK rOBOPSIT, KpUTEPHEM YCTOHUYMBOCTU K OyleT yclioBue
AW [ AIT > AWy = All
Wi B g epeHnnaibHoi hopme
d(V,- W)dll1<0.

Brenem oboznauenune Wp- W=AWy u Ha30BeM ero M30LITOYHOW 3HEpPrUeil. JTa dHEpPTHS
MOJIOKHTENbHA, €CJIM OTIONHHUTEIbHAS SHEPTHs TEPMOXMMUYECKON pPeakluuu JeCTPYKIUH CBS3Y-
IOIIMX KOMIIOHEHTOB MaTepHUaioB (PPUKIIMOHHBIX HAKIAIOK U PATUAIIMOHHOTO TEIUIOOOMEHA MEX-
Ny paboYMMU MOBEPXHOCTSIMU TIap TPEHHs TOPMO3HOTO YCTpoicTBa OylIeT BO3pacTaTh HHTEHCHUB-
Hee, YeM SHEeprHsl Harpy3Ku TpUOOCHCTEMBI, BKIIIOYas MOTEPH HA pabOTy TPEeHHUsS B €ro (PpUKIMOH-
HBIX y351ax. Kpurepun ycTOWYMBOCTH TETIEPh 3aMUIIETCS B BUIC

K= aawy) <0
dii
nm K < 0.

TermnoBoil peKUM yCTOWYUB, €CJIA MPOU3BOAHASL OT M30BITOUHOW YHEPTUH TIO OTIPEIEIISIO-
memy napametpy I, T. e. Temmeparypa oTpuIlaTeIbHA TTOJUPOBAHHOW MOBEPXHOCTEH (HPHUKITMOH-
HOTO METaJUTMYECKOTO 3JIEMEHTA PA3IMYHBIX BHUIOB TOPMO3HBIX ycTpoicTB. Heobxomumo 3ame-
TUTh, YTO HE3HAUUTEIbHAS JIOJISl SHEPTUU METAJUTMIECKOTO (PPUKIIUOHHOTO AJIEMEHTa PacXOyeTCs
Ha (OPMHPOBAHUE ABOMHOTO AJIEKTPUYECKOTO CIIOS MO CXEME «IOJIMPOBAaHHAsI MOBEPXHOCTh Me-
TAJTMYECKOTO (PPUKIIMOHHOTO 3JIEMEHTA - padoyasi MOBEPXHOCTh (PPUKIIMOHHON HAKIIATKI.

Pe3koe u3MeHeHne yACnbHBIX JIOJICH TEIUIOTHI pabodeil 30HbI (PUKIIMOHHOW HAKJIAJIKU, KO-
TOpasi UJEeT Ha aKKyMYJIMPOBAHUE TEIUIOTHI C€ MPUIIOBEPXHOCTHBIM CJIOEM IPOCIIEKHUBAETCS B Ce-
peluHe JUIMTEIFHOTO PeXHMa HCIBITaHUH 0apaOaHHO-KOJIOJOYHOTO TOPMO3a, MOCIE YEeTr0 TeMI
HArpeBaHus CTA0MIU3UPYETCS U CTAHOBUTCS PAaBHBIM HIKHEMY YPOBHIO IPUIIOBEPXHOCTHOTO CIIOS
Hakmagku. OOBSACHIETCS 3TO TEM, YTO B MIPUIIOBEPXHOCTHOM CJIO€ HAKJIAJKH HAYMHAETCS] B3aUMO-
JICCTBUE KOMIIOHEHTOB (DPUKIIMOHHBIX MaTEPUAIIOB, HOCSIINX XapaKTep SHIOTEPMHUYECKHX peaK-
1005028

[Tpu 5TOM 3HaYMTENbHAS YaCTh YHEPTUH UJET HAa GOPMUPOBAHHE JIBOMHOTO 3JIEKTPUIECKO-
ro ciosi «paboyasi MOBEPXHOCTh (DPUKIIMOHHBIX HAKJIAIOK (HE B3aMMOJCHCTBYIOIIMX C METaJLTHYe-
CKUM (PUKIMOHHBIM 3JI€MEHTOM - HIDKHUM YPOBEHb HPUIIOBEPXHOCTHOTO CIIOSI HAKJIAZOK»), a
TakXKe Ha BBIJCJICHHE Ta30BOMl CMECH M €€ MOHM3ALWIO, TaK U Ha JIECOPOIMIO BIAard U3 KUIKUX
¢pakuuii, 00pa30BaBIIMXCS B IPUTIOBEPXHOCTHBIX CIIOSIX HAKIIAIOK.

Kpome Toro, B mampHeiIeM rmocie MOJOBHHBI BPEMEHH JIMTEIBHOTO HAarpeBaHHS BO3-
MOYKHBI HHBEPCHSI TOKOB 3JICKTPU3AIMH MO CXEME IIOJMPOBAHHAS MOBEPXHOCTh METAILTHYECKOTO
(pUKLIIMOHHOTO 3JIEMEHTA - MOHU3UPOBaHHAsI Ta30Basi Cpea», TaK U IecOpOLUs Biaru - «padbodas
MOBEPXHOCTh (PPUKLIMOHHBIX HAKIAJOK - HWKHUH YPOBEHb MPUIIOBEPXHOCTHOTO CIIOS HAKIIAIOK»
NPU TOJIOKUTEIILHOM KBa3UCTAaOMIBHOM TEMITE MX HarpEBaHMUSL.

UYro KacaeTcsi TEMIIOB OXJIAXKACHUS pabodeil 30HbI IPUIIOBEPXHOCTHOTO CIIOSI U €r0 HIKHE-
ro YpOBHS (PPUKIIMOHHON HAKIIAAKH, TO IPUMEPHO K KOHILy YETBEPTOM MUHYTHI (ITOCIIE 3aBepIie-
HUSI UCTIBITAHUN ) OHHM CTaOWJIM3UPYIOTCS MIPH OTPHUILIATENILHBIX TEMITAX OXJIKICHUSI.
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Oueprus AWy noimkHa ONpeaensiThes sl TPHOOCUCTEMBI B LIEJIOM, C YY€TOM BCEX BIIHSIO-
MIAX TPOIECCOB (HAarpeBaHMs, OXJAKICHHS, PaJHAllMOHHOTO TEIIO0OMEHa W TePMOXHUMHUYECKOU
JECTPYKIUH CBS3YIOUIMX KOMIOHEHTOB ()PUKIIMOHHOTO MaTepuaja) TOJBKO MOCJIE C MOMOIIbIO
kputepust (K<(0) npou3BOJUTCS OIleHKa SHEPTOCUCTEMBI C TIPHUBJICYEHUEM TOKOB 3JIEKTPHU3ALUU B
napax «IpUMOBEPXHOCTHBIA CIIOM HakialoK — paboune MOBEPXHOCTH HAKIAJOK» (M B3auMOJIEH-
CTBYIOIIME C METATMYECKUM (PUKIIMOHHOM 3JIEMEHTOM) M «paboyue MOBEPXHOCTH HAKIAIOK -
METAITMYECKUN (PPUKIIMOHHBIN JIEMEHT», COSTMHEHHBIX MKy COO0H HOHU3UPOBAHHOM Ta30BOM
CMEChIO U JiecopOiueit Bnaru. MlHBepcus TOKOB OCYLIECTBIIAETCS B OOPaTHOM HaIpaBJICHUH, T. €.
IIPOMCXOANT U3MEHEHUE 3HaKa TOKOB AIEKTPU3aLIUH.

[TpoBoaMMast cOTacHO BBHIMIEYKa3aHHOMY KPHUTEPUIO YCTOMYMBOCTH (CTAOMIBHOCTH) TPH-
00CHCTEMBI TIO COOTHOILIEHHUIO: KOA(PPUIIMEHTOB U3IydaTebHOW CIIOCOOHOCTH MOJMPOBAHHON M
MaTOBOW IMOBEPXHOCTEH METATMYECKOTO (PPUKIIMOHHOTO 3JEMEHTa M DHEPrHeld TepMOXUMHUYE-
CKHUX peaklUud, MPOUCXOIAUIMX HPU AECTPYKIMH CBS3YIOIIMX KOMIIOHEHTOB, HAXOJALIUXCA BO
(GPUKIIMOHHON HAKIIAJKE U UX YHEPreTHYECKUX XapaKTEpPUCTUK B YHUCTOM BUJE T. €. 0€3 CTPYKTYp-
HBIX CBS3€H C IPYrMMHM KOMIIOHEHTAMH B HAKJIAJKE, NOKA3bIBAET MHTEHCUBHOCTH BHEIHETO BO3-
JNEHCTBHS Ha TPUOOCUCTEMY C TOUKH 3pEHUS] CTAOWIM3AIMU TEIIOBOTO COCTOSHUS €€ MeTajlInye-
CKOTO (PpPUKIIMOHHOTO 3JIEMEHTa MPH W3MEHEHUU (PU3UKO-XUMHUYECKHX CBOWCTB MOBEPXHOCTHBIX
cJ10eB (PPUKIIMOHHBIX HAKIIAJOK.

OCo0eHHOCTH KOHCTPYKIMU M padoTa YCTPOHCTB I yAaJleHHs] BJIAru ¢ MOBEPXHO-
cTell TpeHus:

e (Dapa0aHHO- M JIEHTOYHO-KOJI0JI0YHOI0 TOPMO3a

VY naneHue Biaru ¢ HOBEPXHOCTEH TpeHus: 6apadaHHO-KOJIOA0YHOTO TOPMO3a TPAHCTIOPTHO-
ro CpelCTBa MPOU3BOAUTCS AJI TOTO, YTOOBI UCKIIIOUUThH CHIDKEHUE ero 3()h(HEKTUBHOCTH U HEIO-
MyLIEHUs nonagaHus GPUKIUOHHBIX HAKJIAJOK B 30HY JIOMYCTUMOW TeMIIepaTyphl Uil UX MaTepu-
aJIOB, a TaK)Ke MPEJAOTBPAIICHHS ToMagaHusi 000/1a TOPMO3HOTO OapabaHa B 30HY CTaOMITH3AIOH-
HOT'O TEIUIOBOTO COCTOSIHUS.

Ha puc. 1 npencraBiieH nonepeyuHsiii pa3pe3 0apadaHHO-KOJIOAOYHOTO TOPMO3a C YCTPOK-
CTBOM ISl IPUHYIUTEIHHOTO yJaJIeHHsI BIIaTH C €r0 MOBEPXHOCTEH TPEeHHs, Ha pHC 2, a, 6 TPOWII-
JIOCTPUPOBAHO TOJIOKEHHUE KaIlsId BOJIbI Ha BOTHYTHIX MMOBEPXHOCTAX 0007a TOPMO3HOTO Oapaba-
Ha; Ha pHC. 3, @, O, 6 IOKA3aHO IMOJOKEHNE KaIUT! BOJbI HA MOBEPXHOCTAX (PPUKIIMOHHBIX HAKJIa-
JIOK C COKOBBIM, BEPXHUM M HUKHUM PACIOJIO0KEHUSIMHU TOPMO3HBIX KOJIOAOK.

bapabaHHO-KOIOIOUHBIM TOPMO3 COAEPKHUT TOPMO3HOM Oapaban, umeroumii 06ox 2 ¢
BHYTpeHHeH 3 (paboueii) n HapykHOU 4 (He pabodeif) moBepxHOCTsIMH. Ha HapyXHOW TTOBEpXHO-
cti 4 060o1a 2 cO CTOPOHBI €ro CBOOOAHOIO Kpasi BHIINOJIHEH MPUJIUB B BHUJE MOJIKPEIUISIOIETO
koJsblia 5. C MPOTUBOMOJIOKHONU CTOPOHBI 0001 2 Oapabana / compsikeH ¢ (QaHIEeM 6, B KOTOPOM
BBITIOJIHEHBI OTBepcTHs 7. C MOMOIIBIO MOCTIeTHNX TOPMO3HON OapabaH / mpUKperieH K (IaHIy
CTYNUIBI § CHU3Y Yepe3 POJUKOBBIM MOAMUMHUK (), KOTOPBIA ONMUpaeTcs Ha Moyyoch /] 3a1Hero
MOCTa.

BryTpu TopMo3Horo 6apabaHa / ycTaHOBIIEHBI TOPMO3HBIE KOJOJIKK /2, K OCHOBaHUAM /3
KOTOPBIX MPHUKPEIUICHBI C MOMOUIbIO 3aKJIETIOK /4 (PpUKLMOHHBbIE HAKIAAKU /5, umerouie pado-
YyI0 TIOBEPXHOCTH /6.

C nepabouelt cTOpoHbI OCHOBaHUS /3 KOJOJOK pa3MelleHbl UX pedpa xecT-KocTu /7, Ko-
TOpPBIE MEXKIY CO00M coeMHEHBI MajiblieM /8 ¢ mpoToukoi /9. B mocneaHio0 mocaxeHa OTTsDKHAS
HUIMHApUYecKas npyxuaa 20.
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Co cBoOotHOTO Kpast 0601a 2 TopMo3HOTO OapabaHa / yCTAaHOBIICH HAMPABIISIFOIIHNA JUCK 2 1.

bapabaHHO-KOJI0TOUHBII TOPMO3 paboTaeT cieayronmmM odpa3om. [Ipu TopMokeHnn TpaHC-
MOPTHOTO CpeACTBa paboune MOBEPXHOCTH (HYPUKIIMOHHBIX HAKJIAJIOK /5 MOCPEICTBOM TOPMO3HBIX
KOJIOZIOK /2 TIpmKUMAIOTCs K paboueit moBepxHocTH 3 00601a 2 TopMO3HOTO OapabaHa /, 3TO BBI-
3bIBACT TCHEPHPOBAHUE TEIUIOTHI HAa UX MOBEPXHOCTAX. [ eHeprpyemas TerioTa OTBOAUTCS B aTMO-
cdepy ¢ moMoIIs0 opedpeHHoro oxmaaurens 22. Bo BpeMs T npu nepeesie TPaHCTIOPTHOTO
CpeZICTBa Yepe3 BOJHYIO MPETpaly WK MPU SKCIUTyaTalliy BO BIAXKHYIO CHIPYIO ITOTOTy BKIIOYAIOT
UCTOYHUK MOCTOSTHHOTO TOKa, HANIPSHKEHHUE OT KOTOPOTO C OTPUIIATEIBHOTO Momtoca 30 moJaroT Ha
OXJIaJUTENb 22 W KaWJUISIPHO-TIOPUCTHIN coi 26 ocHOBaHUM /3 KOJOJOK /2, a ¢ OJOKUTEIHHO-
ro moiroca 3/ - Ha IOBEPXHOCTH TpeHus 3 oboma 2 6apabaHa / M METALNTUIECKUX (PPUKITMOHHBIX
AIIEMEHTOB 29, paCOI0KEHHBIX [0 IEPUMETPY TOPMO3HBIX KOJIOIOK.

[Ipy >TOM oOCyIIECTBISETCS MPOIECC
AIIEKTPOOCMOCA T.€. JBWKEHHE (BJIarW C IIO-
BepxHOCTe TpeHuss oboxa 2 Oapabana [/ u

516295 14

221234 13 1
2 0N (] :."

(PUKIMOHHBIX HAKIAMOK /5 MO KamMUIAPHO-

MOPUCTBIM LMJIMHIPUUECKUM dBJEeMEHTaM 24 g~ 2;.-30
00o1a 2 Gapabana /, HakIago0K /5 U METaIH- 17 4031
YeCKUX (PUKIIMOHHBIX JIEMEHTOB 29 KOJIOJ0K 18
12 3a cyeT co3aHus Pa3sHOCTH AIEKTPUUECKHUX 53

21

MOTEHITHAIOB MEXK/y TOPSIYUMH U XOJIOTHBIMH
TOpIIAMH  KaWIISIPHO-TIOPUCTHIX  ITWIIHHIPU-
YECKUX DJJIEMEHTOB 24, CHOCOOCTBYIOIIEMY - B

BO3HMKHOBEHHUIO TaK HA3bIBAEMOTO IMOTEHIMA-
Jla TEYCHUS, ¥ 00ECIICUMBAIONIEMY TIEpEeMeEIIIe-

Puc. 1 — Ilonepeunwiii pazpe3 6apabanno-Ko10004H020 MOPMO-
3a ¢ yempoucmeom 015 NPUHYOUMeENbHO20 YOALeHUs 81A2U C €20
HHE BJIard K oxXJajauTeno 22 u K ciow 26 Ka- nosepxnocmeii mpenus

NWIISPHO-IIOPUCTOTO  MaTepuana, I/€ OHa
coOupaercs u pacceuBaeTcsi B atMochepy.
Takum 00pa3om, MPeASIOKEHHOE TEXHH-

22

28

YECKOE pEIICHUE TMO3BOJSAET YAAIATH C IO-
BEPXHOCTEW TpeHusi O6apabaHHO-KOJIOJO0YHOTO

TOpMO3a He TOJBKO BJAry, HO M JKHJIKHE Puc. 2 — Ionooicenue kanau 8006l (a) HA 6OSHYMbBIX NOBEPXHO-
cmsx 0600a MOPMO3HO20 WKUBA

¢pakmuu ¢ TOBEPXHOCTEH  MOJMMEpPHBIX
(OPUKIIMOHHBIX HAKJIAJOK HE TOJIBKO TpHU 3a-
MKHYTOM, HO U Pa3OMKHYTOM TOPMO3€, YTO
MO3BOJIUT MOBBICUTH €ro 3P(HEeKTUBHOCTH JIEH-
CTBHUA.

YcTpolcTBO 111 NPUHYIUTEIBHOTO

yIaJeHus BJIark C MOBEPXHOCTEH TpeHus Oa- Puc. 3 — Ilonoscenue kaniu 6006l (6) Ha NOBEPXHOCMAX PPUK-

paﬁaHHO-KOHOI[OLIHOFO TOPMO3a  COIEPIKHUT YUOHHBIX HAKIAOOK ¢ 60K08bIM (a), sepxnum (0) u HuUMCHUM (8)
N Pacnonodicenuem mopMo3HbLX KOI000K

oxJanuTeNnb 22, BHITIOJHEHHBIM B BUE Opeo-

PEHHOI'O KOJIbIld, U3IOTOBJICHHOI'O M3 KAIIUJUIAPHO-IIOPUCTOTIO MaT€puraia, COCAMHCHHOI'0 C IIOMO-

IIBI0 CKBO3HBIX PaJMAIbHBIX OTBEPCTHH 23, BBIMOJHEHHBIX B 000/1€ 2 TOPpMO3HOTO Oapabana / ¢

PaBHOMEPHBIM HIaromM, B KOTOPBLIC YCTAHOBJICHBI KallUJIJIAPHO-IIOPUCTHIC HMUJIMHAPHUYCCKHUE 3JIC-

MeHTHI 24. Bo (I)pI/IKLII/IOHHLIX HakKJIaaKax 15 KOJIOJOK 12 Taxyke BBINOJHEHBI CKBO3HBIE paaualib-
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HBIE OTBEpCTHUs 25 OONBIIETO TUaMeTpa ¢ paBHOMEPHBIM IIarOM C YCTAaHOBJICHHBIMU B HUX KarMJ-
JISIPHO-TIOPUCTHIMUA IUIUHAPUYECKUME 35ieMeHTamMu 24. Ocu otBepcTuit 23 u 25 cMelleHsl U To-
TOMY He coBnaaarT. Lunuuapuyueckue sneMeHTsl 24 HakIaAoK /5 CBOMMH TOPIIAMH KOHTaKTH-
PYIOT co cjoeM 26 KanWUIIPHO-IIOPUCTOr0 MaTepuaia, pacioiioKeHHOTO BO BHajuHe 27 OCHOBA-
HUMl /3 K00AOK /2 M MMEIOIIETO JIEKTPOU3O0ISIUOHHYIO TOUIOKKY 28. AHAIOTHUYHOM MOAIOXK-
KOM MOKPBIBAETCS] MOBEPXHOCTh OXJIaAuTeNs 22 epe]] HapecCOBKOM Ha HEPabOUyl0 OBEPXHOCTh
4 06oma 2 TopmosHoro O6apabana /.

KOHCTpYKTUBHBIMH 3JIEMEHTaMHU KaNWJUISIPHBIX CTPYKTYp SIBISIOTCS JAMCKPETHBIC IMJIMH-
JpUYeCKHUe BOJIOKHA M3 MEIH, HEPXKABEIOIICH CTalli, HUKEIS, aIFOMUHUS WIH HEKOTOPBIX JIPYTUX
MeTauioB. OCHOBY TEXHOJIOTMM W3TOTOBJICHUS KANWUIAPHBIX CTPYKTYpP COCTaBISIOT MPOIECCHI
BOIJIOKOBaHMsI, CIIEKaHUs U MpeccoBaHus. B KOoHEUHOM UTOre MOPUCTHINA MaTepuai U3 CIeUCHHBIX
METaJUTMYECKUX BOJIOKOH MPECTABISAET COOOH MOCTATOUYHO MPOYHYIO KOHCTPYKIIMIO B BHJIE OXJa-
quTens 22 U WIMHAPUYECKUX AJIEMEHTOB 24, B KOTOPBIX JAUCKPETHBIE [UIUHIPUYECKHE BOJIOKHA
pacmoI0kKeHbl NePHEeHAUKYIISIPHO MOBEPXHOCTSIM TPEHHS TOPMO3a.

Ha puc. 2 a, 6 mporwyuTFOCTpUPOBAHO TIOJI0KEHHIE KATUTH BOJBI () B CAMOM BBICOKOW M HU3-
KON TOukax Ha paboueil MOBEpXHOCTH 3 Bpamiamomerocs ooboga 2 6apabana /. Ha puc. 3 a, 6, 6
n300pakeHbl Karii BOAbl (6) Ha pabounX MOBEPXHOCTSAX /6 (PPUKLMOHHBIX HAKIaJOK /5 HEemo-
JBIDKHBIX TOPMO3HBIX KOJOJOK /2. MMeromux OOKOBOE, BepXHEe W HIDKHEE PACHOJIO0KEHHE B
IUIOCKOCTH 0apabaHHO-KOIOA0YHOro TopMo3a. [Ipu 3ToM 00beMBbI Kamellb BOAbI (a U 6), MOMAaBIINe
Ha TOBEpXHOCTh 3 0001a 2 Gapabana 1, HaxozAIIErocs BO BpamaTebHOM JBI)KCHUHU, U Ha TIO-
BEPXHOCTH (DPUKIIMOHHBIX HAKIAJOK /6 W METAIUIMYECKUX (DPUKIIMOHHBIX AIEMEHTOB 29 TOPMO3-
HBIX KOJIOAOK /2 B 3aBUCHUMOCTH OT TEIUIOBOTO COCTOSIHUSI MEPEUYUCIICHHBIX BbIIIE MOBEPXHOCTEH
BEIyT ceOs Mmo-pa3HoOMY.

Uro kacaercs 3JEKTPUYECKOM CXEMbl MOJKIIOYEHHUS YCTPONCTBA Ui MPUHYIUTEIHHOTO
yJaJeHHsl BJIard ¢ MOBEPXHOCTEH TpeHus 6apabaHHO-KOJIOJOYHOTO TOPMO3a, TO B HEM OXJIAJUTEIh
22 1 KanuJUSIPHO-TIOPUCTHIN ciior 26 ocHOBaHMi /3 KON0/I0K /2 TIOJICOEAMHEH K OTPHUIIATEIIbHOMY
noJirocy 30 KCTOUYHMKA MOCTOSHHOTO HATPSKEHUS, a TOBEPXHOCTH TpeHus 3 oboxa 2 6apabana [ u
MeTaJIMuecKue (PPUKLMOHHBIE AJIEMEHThI 29, paclojI0kKEeHHbIX MO MEPUMETPY TOPMO3HBIX KOJIO-
JIOK /2, COeIMHEHBI C TIOJOKHUTEIBHBIM ITOJIFOCOM 3/ HCTOYHUKA TOCTOSTHHOI'O HAIPSKEHUS.

[Tyrem perynupoBaHus HampsKEHHsI, U TOCTUTAETCs yIaleHne HEOOX0IMMOT0 KOJINYeCTBa
BJIarH C IOBEPXHOCTEH TpeHUs 6apabaHHO-KOJIOIOYHBIX TOPMO30B TPAHCIIOPTHBIX CPEICTB.

Oco0EeHHOCTRI0 KOHCTPYKIIMH yCTPOIMCTBA Al yAAJICHHUs BIard ¢ MOBEPXHOCTEH map Tpe-
HUS JIGHTOYHO-KOJIOJIOYHOTO TOpMO3a OypOoBO Je0e KU ABIISETCS TO, YTO OXJIaJUTElb paclojara-
€TCsl CO CTOPOHBI Hepabouel MoBepXHOCTH 00o0ja MmKHBA. [Ipr 3TOM CO CTOPOHBI TOPIEBHIX IO-
BEPXHOCTEH KaKI0M HAaKIaJKM HAHECEH KalWUIAPHO — IMOPUCTBIA CIOM, KOTOpBIM mpu padore
TOpMO3a B pailoHax kpaiHero ceBepa Poccun yremnsercs. B octanbHOM paboTta cxoa ¢ ycTpoii-
CTBOM NPUMEHAEMOM Ha 0apabaHHO-KOJIOIOYHOM TOPMO3€ TPAHCHOPTHOTO CPECTBA.

® IMCKOBO-KOJIOJ0YHOI0 TOPMO3a

JIMCKOBO-KOJIOIOUHBI TOPMO3 UMEET CBOM OCOOCHHOCTH YAAJCHHsS BJIAard ¢ €ro padouymx
MTOBEPXHOCTEN.

Ha puc. 4 nzo0paxkeHa cxema JUCKOBO-KOJIOJIOYHOTO TOPMO3a, MTOTIEPEYHBIN pa3pe3 U ero
YCTPOMCTBO /7Sl yIaJIeHUs BJIaru ¢ MOBEPXHOCTEH TPEHUSI.
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JIMCKOBBIN TOPMO3 COAEPKUT KOPITYC
1 TOPMO3HOIO JUCKA C TOPLEBBIMHU MOBEPX-
HOCTSIMU 2 TPEHUS U TEHEpPalHUd TEIJIOTHI,
OpeOpeHHBIN OXJIATUTENh 3, PACION0KEHHBIH
Ha nepudepun Kopryca / U paccerBarOLIHiA
aKKyMYJIMPOBaHHYIO TEIJIOTY B aTMmocdepy,

BCTaBKM 4 W3 M30JUPYIOLIEr0 KalWUISIPHO-
MOPUCTOrO MaTepuaja B BUIE KOJIEL, OTAe-
JSIOUIME OXJIAAUTENb 3 TOPMO3HOTO JUCKA OT
MIOBEPXHOCTH 2 TPEHMsI, NCTOYHUK IOCTOSH-
HOTO HAINpSDKEHUS C OTPULATENBHBIM J H
IIOJIOKUTENBHBIM O TIOJIFOCAM M, TOPMO3HBIE
KOJIOAKH 7, TPHUKPEIUIEHHBIE C IOMOUIBIO
TOPMO3HBIX MOABECOK & K HEMOABUKHBIM
onmopam 9. B cpenHeil 4yacTH TOPMO3HBIX
MOJABECOK & BMOHTHUPOBAHBI H30JUPYIOLINE
BCTaBKH [(), BBINOJHEHHbIE W3 KaMWUISIPHO-

nopucroro marepuana. HemoaBmxuble omo-
pbl 9 UMEIOT OpeOpEeHHBIH BIarocOOpHUK /1.

K orpunarensHoMy nosoocy 5 MoACOequHeE-

HBI OXJIAJHUTENb 3 W HEIOIBHKHBIE OTOpPBI 9, Puc. 4 cvz, 6, 6 — Cxema OUCKOBO-KOLOOOYHO20 MOPMO3A f:
. YCMPOUCcmeom 05l yOaieHUst a2l ¢ e20 NOBEPXHOCHel
a MOJIOKUTEIBHBIN MOJII0C 6 COSAUHEH C II0- mpenus

BEPXHOCTSIMH 2 TPEHUS U TOPMO3HBIMU KO-
nonkamu 7. TopMo3HBIE KOJIOAKU 7, TOPMO3-
HBI€ MOABECKU 8 M HETOABIKHBIE OMOPHI 9 CBEPXY MOKPBITHI CJI0EM KaMUISIPHO-IIOPUCTOTO MaTe-
puana.

JluckoBbIf TOPMO3 PabOTAET CIETYIOITIM 00pa3oM.

[Tpu TOpMOXKEHUH KONOAKU 7 MPUKUMAIOTCS K TOBEPXHOCTSM 2 TPEHUS U TeHEpalUU Terl-
JOTHL. AKKyMyJHpyeMast TeIUIoTa OTBOJUTCS B aTMOC(EPY C MOMOIIBI0O OPEOPEHHOTO OXJIAXKICHHS
3. Bo Bpems OIS WIM BO BIQXHYIO CHIPYIO MOTOJYy BKJIIOYAIOT MCTOYHHUK MOCTOSHHOTO TOKa,
HanpspKeHHE OT KOTOPOTO € OTPUIATETIHHOTO IMOJIF0CA 5 MOAAI0T Ha OXJIAJAUTENh M HEHOABIKHYIO
omnopy 9, a ¢ MOJIOKHUTEIHHOTO TI0JIt0ca 6 - HAa KOJOJKHA 7, U MOBEPXHOCTh 2 TpeHus. [Ipu atom
UMEET MECTO NIPOIeCcC 3IEKTPOOCMOca U MO/ ACUCTBUEM 3IIEKTPOOCMOTHYECKUX CHJI Bjlara C mo-
BEPXHOCTH 2 TPEHHS NEepeMEIacTcs B OXJIaAuTelNb, a C TOPMO3HBIX KOJIOJIOK 7 - B HETIOABIKHYIO
onopy 9 Ha BiarocOopHUK //, T1e cobupaeTcs U paccenBaercs B atMochepy.

3akiaodenue. Takum oOpa3oM, HapsAy ¢ YUETOM JTOMYCTUMON TeMIIEpaTyphl sl MaTepu-
aoB ()PUKITMOHHOW HAaKJIAJKW TIap TPEHUS TOPMO3HBIX yCTpOWCTB (Oapa-0aHHO- M JICHTOYHO-
KOJIOJIOYHBIX, a TaK)Ke JUCKOBO-KOJIOAOYHBIX) HEOOXOUMO YUUTHIBATh TOPMOCTAOMIN3ALMOHHOE
COCTOSTHME MX METaNIMYecKUX (PpUKIMOHHBIX 3JeMeHTOB. Kak mepBoe, Tak U BTOPOE COCTOSIHUE
MOYKHO MPEIOTBPATUTH TOIBKO C TIOMOIIBIO YCTPOIMCTBA JUIS MPUHYAUTEIFHOTO YAAJICHUS BIIATU C
MOBEPXHOCTEH Map TOPMO30B.
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OYLOC QURGULARININ TRIBOQOVSAGININ iSTISMAR PARAMETRLORINO
RUTUBOTIN TOSIRI VO ONLARIN SOTHDON GOTURULMOSI

9.X. CANBHMSDOV, A.l. VOLCENKO, M.Y. CAVADOV
N.A. VOLCENKO, D.Y. JURAVLYOV, Y.S. FEDOTOV

Oylac qurgularin friksion diiylinlorinin texniki parametrloring riitubatin tasiri gostarilib. Friksion kiindslorin materiali

ti¢iin buraxilabilon temperatur ilo birlikda siirtlinms ciitlorin istilik hesabina zoruri nezers alinan gomborli qasnagin ve nazim
gasnagin termosabitlogdirilmis vaziyyoti miioyyon olunub. Istilik hadisalari ti¢iin mohdudlayici funksiyani icra edon ayloc
qurgularin siirtiinms ciitlerinin sathinden riitubatin macburi gétiiriilmesi tiglin qurgu toklif olunub.

Acar sozlor: aylacli qurgu, siirtiinma ciitii, riitubat, polimer va metal friksion element, riitubatin gétiiriilmasi ii¢iin qurgu.

INFLUENCE OF HUMIDITY ON EXPLOITATION PARAMETERS OF TRIBOCOUPLING
OF BRAKING MECHANISMS AND ITS REMOVAL FROM SURFACES

A.Kh. JANAHMADOV, A.I. VOLCHENKO, M.Y. JAVADOV
N.A. VOLCHENKO, D.Y. ZHURAVLEV, E.S. FEDOTOV

The article examines the impact of humidity and moist on the tribotechnical parameters of the frictional units of braking
mechanisms. The thermostabilization states of the drum and pulley rim are established, which must be included in any thermal
calculations of friction pairs, along with the ultimate material temperature of the friction lining. The proposed forced moist
removal device from the surfaces of friction pairs of braking mechanisms acts as a limiter for thermal phenomena.

Keywords: braking mechanism, friction couple, humidity, polymeric and metal frictional element, moist removal device.
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AHAJIU3 MATEMATHYECKUX METOJZOB ITPU UCCJIEJOBAHUN
HAJIEZ)KHOCTHU U JOJTOBEYHOCTU MAIIIMH U OBOPYJIOBAHUM,
PABOTAIOHIUX B 9KCTPEMAJIBHBIX YCJIOBUAX

AM. TA®APOB’, IL.T. CYJIEUMAHOB®, ® M. KAJIBUEB"", B.A. TA®APOB™"

O,HHI/IM U3 OCHOBHBIX MCTOJ0B OLCHKHW HAACKHOCTH U JOJIOBCYHOCTH MAalllMH H 060pyz[013a—
HPII7[, pa60Ta}on1Hx B JOKCTPEMAJIbHBIX YCJIIOBUAX, ABJIAIOTCA MATECMATUYCCKUC MCTOMbI. B cratbe
pacCMaTpuBaOTCA BOMNPOCHI, CBA3AHHBLIC C MPHUMCHCHUEM Pa3IMYHBIX CIIOCOOOB MAaTEMATUYECKOM
CTaTUCTHUKU TP ONPECACICHUN HAAC)KHOCTU MAalIWH XU MCXaHU3MOB. AHaHI/ISI/Ipy}OTCH IMOJTYYCHHBIC
3aKOHOMEPHOCTH.

Knroueswte cnosa: 060py006aHue, Ha()leCHOCWlb, IKCmpemdailbHble )Y Cl106UA, 00]120661!H00mb,
cmamucmuka, CﬂyltalZHa}l seluvuUHdA.

BBenenne. Ilo pe3ynbraraM MHOTOYHCICHHBIX HCCIIEAOBAHHM, MMOKA3aTeNH HAJAEKHOCTH H
JIOJITOBEYHOCTH OOOpYIOBaHHUS BO MHOTHX CIIydasix SIBJSIOTCS ClydalHbIMHM BenuuuHamu [1-4].
Jns momydeHust 1OCTaTOYHOM MH(GOPMALMU O CIyYaiHbIX BEJIMYMHAX MHOTJA MOXKHO IPUMEHSTH
He (DYHKUMHU pacmpeeseHus, a X KOJIWYECTBEHHbIE XapaKTepUCTUKH. [Ipu oneHke mapameTpoB
CIIy4aiHbIX BEJTMYMH HauOosee MPUeMIIEMbIMHU X XapaKTePUCTUKAMU SBIISIOTCS: MaTeMaTHUECKOE
OKUJaHWE, AUCTIEPCHs, MOMEHTHI, MO/Ia, MeinaHa U kodddunmenT Bapuaruu [3-5].

Heabio padoTshl SBISETCS UCIIOIB30BAaHUE PA3IMYHBIX MATEMAaTHYECKHX METOJIOB CTATUCTUKU
IpU OICHKE HaJIe)KHOCTH U JIOJITOBEYHOCTH MAIIMH U 000pYyIOBaHUH, SKCIUTyaTUPYEMBIX B IKC-
TpeMaJIbHBIX YCIOBHUSX.

IlocranoBka u pemenue 3agaun. /i ciyyailHbIX BEJTMUUH MPUMEHSIOTCS PA3IMYHbIEC BHJIBI
U MHTEPIpETaluyi MaTeMaTHYECKUX OXKHUIaHUMI:

— JUIS CIy4alHBIX BEJMYUH, MMEIOIINX CKAaYKOOOpa3HBIH IHCKPETHBINM XapakTep, TaKHX,
HanpuMep, Kak BOJHHCTOCTh IMOBEPXHOCTH, MOKHO HMCIIOJIB30BAThH CIIEIYyIOIIee ONMCaHNe MaTeMa-

My == ) xiP(x) @

i

THYCCKOI'O OKHMAAHUA:

Axanemust MUC AzepOaiimkanckoit Pecrrybmuku
AszepOaiimkanckas ['ocynapctsennast Mopckas Axagemus
l'ocynapcreennas Hedtsnas Komnanus AzepOaiimxana ('HKP)
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— TSI IIEPOXOBATOCTH MOBEPXHOCTH, UMEIOIICH HENPEPBIBHBIN CITy4allHbIi XapaKTep:
+oo +o0 ()
My = J_ xf()dx = [__ xdF(x);
— TSI HEKOTOPBIX MOTPEHIHOCTENH (OPMBI JeTajiell, MMEIONINX MOJTOKUTEIBHBIA HENPEPHIB-
HBIN XapakTep:
M,=]| [1-F)]dx=| P(x)dx.
0 0
[IpuHuMasi BO BHUMaHHE TO, YTO MaTEeMAaTHYECKOE OKHIAHHE MOYKHO XapaKTEpHU30BaTh Kak
HavYaJIbHBIM MOMEHT pacrpeaesienus F(X), MOXKHO 3aITHCaTh:

M, (x) = f+oox"dF(x). @

— 00

I[I/ICHCpCI/IH C YUCTOM MAaTCMATHYCCKOI'0 OKHUJAHWA 3alIMChIBACTCA 3aBUCUMOCTBIO:
D(x) = M[x — M(x)]* = M(x*) — M?(x). (5)

st mokazarenei kayecTBa MOBEPXHOCTH IETANEH, ABISIOMIMNXCS HEMPEPHIBHBIMU CITyYaiHBI-
MU BEJIMYMHAMHU, TUCIIEPCUN OMUCHIBAIOTCA KaK:

D(x) = [*7[x = MGOPdF (x) . (©)

Pa36poc pe3ynbTaToB M3MEPEHHUs] MOXKXHO XapaKTepU30BATh CPETHUM KBAIPATUIECKUM OTKIIO-

op = |\/D@)| . (7)

KOB(b(bI/ILII/ICHT Bapuanyu ONpeacCsICTCa 3aBUCUMOCTBIO

HEHUEM O,

O-X
Ve = M) ®)
HopmupoBaHHasi BeJTMUUHA X 3aITUCHIBACTCS BBIPAKECHHEM
_ X
X = o )

[TapaMeTppl TOUHOCTH M KadecTBa MOBEPXHOCTH, UMEIOLIUE XapaKTep IUCKPETHOCTH, YaCTO
AHATM3UPYIOTCS ¢ TPUMEHEeHHEM OMHOMHUAITBHOTO 1 [TyaccoHOBCKOTO pactipeaeneHuii [5—7].
bunoMuanbpHOE pacupeeneHue 3auchbIBa€TCsl 3aBUCUMOCTBIO:

P(x) = ——P¥(1 — P)"% = CXP*(1 — P)"*, x =0,1,..,n (10)

x!(n—x)!

U IIPH HEOOXOAUMOCTH 3a1aeTcs pynkuueit F(x):

F(x) = Y50 P() = Yoo Pi(1 — P)" i = $2 CLPI(1—P)™ L. (11)

1=0 j1(n—i)!

[pu npoBeIeHUH IKCIEPUMEHTOB: P— BEpOSITHOCTD UCTIbITaHust; P(X) — BEpOSATHOCTD X
YCIICIIHBIX UCTIBITaHui; C;) — ONHOMHAIBHBIC KO PHUIIUEHTHI.
XapaKkTepUCTUKU OMHOMHUAIILHOTO PACTIPE/ICIICHUS XapaKTEPU3YIOTCS KaK

1-P

M(x) =nP; D(x) =nP(1—-P); V= — - (12)
Pacr[pe/:[eﬂeHI/Ie HyaCCOHa OIMUCBIBACTCS BBIPAXKCHHUEM
P(x) = %exp(—/l), x=012,.. . (13)
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Jlst pactipenenenus [lyaccona nHTerpanbHas (byHKuHﬂ 3alKCHIBACTCS KaK
F(x) = —exp( A), rae A = np. (14)

OCHOBHBIE XapaKTEPUCTUKH pacrpeeiicHus [lyaccona BeIpakaroTest popMyIaMu:
1
M(x) = D(x) = 4, V_\/_T (15)

Pacnpenenenune [TyaccoHa MOKHO PUMEHSATH TIPH OlICHKE HAJIS)KHOCTH MAIllUH U 000py10Ba-
HUH, UISI KOTOPBIX CBOMCTBEHHBI TOCTOSHHBIC MHTCHCHBHBIC OTKA3bI.

[Tpu uccnenoBaHUM HaEKHOCTH MAIIHH U MEXaHM3MOB, pa0OTAIOIINX B YPE3BbIUANHBIX CH-
TyalusX ¥ 3KCTPEMaTIbHBIX YCIOBHSIX, PACIIPEICIICHHE CIyYaiHbIX BEJIHMUYUH MOXKET OBITh IpOaHa-
JU3UPOBAHO C HCIIOJH30BAaHUEM OTPHIIATEIIBHOIO OMHOMHMAJILHOTO pacmpesesieHus (pacmpeserne-
aue [Tackans) [3]

P(x) =Ci .y PRA-P)*, x=0,1,...,R (16)
®yHkuua pacnpenenenus [lackais 3anuceIBacTCs BEIpaKEHUEM
F(x) = X0 Cli—1 PR(1—P)" . (17)
Pacnpenenenue [lackans xapakTeprusyeTcsl 3aBUCHMOCTSIMU:
RU_P) — Ra-P) =t
M()_ ) D(X)— pz U_\/m (18)

Pacripeniencnue Ilackans xapakTepu3yeT YHCIO «OTPHULATEIBHBIX» PE3YJIbTaTOB Ipelie-
CTBYIOIIEMY YHCIY «IOJIOKUTEIBHBIX» PE3YJIbTATOB MPH MPOBEICHUU SKCICPUMEHTOB IO CXEME
bepaym. OHO YacTO MPHUMEHSCTCS NMPH IUIAHMPOBAHUM HMCIIPABHBIX HM3ICIUN MPU HM3BECTHOM
Opake. MoxeT OBITh TaKXe MCIIOJIb30BAHO MPU ONPE/ICIICHUU HAJACKHOCTA MAIIMH U 000pyI0Ba-
HUIA IPU U3BECTHOM HX OTKa3e.

[Tpu oreHKe HAZCKHOCTH MAIIMH U MEXaHU3MOB, SKCIUTYaTHPYEMbIX B UPE3BBIYAUHBIX CHTYya-
IIUSX M SKCTPEMAIbHBIX YCIIOBUSIX, MOKHO HCIIOJb30BaTh METOJ] PABHOMEPHOTO pacipeeicHus. B
TEOPHH HAJICKHOCTH PABHOMEPHOE PACIPE/ICTICHUE MOXKET XapaKTepH30BaTh MapaMeTphbl 3JIeMEH-
TOB, CUCTEM, Harpy3ky u jp. IIpu 3TOM yka3aHHBbIC TMOKa3aTeld NMPUHUMAIOT JIt000OC 3HAYCHHE B
M3BECTHOM MHTEepBaye a , b [2], [8], [9]:

F(x)—b— f(x)—b— a<x<bh. (19)
OCHOBHBIMI/I XapaKTCPpUCTUKAMU PaBHOMCPHOI'O paClIpCACICHUS ABJIAIOTCA:
at+b (b a) _ 2(b-a)

M(x) =22, D(x) = Ve = Sy (20)

Jlig onpenenenus XxapakTepUCTUKN HApaOOTKK MalllMH U 000pyA0BaHUH, SKCIUTyaTUPYEMBbIX B
Ype3BbIYANHBIX CUTYALMsIX U 3KCTPEMAJIbHBIX YCIOBUSAX, IPH UX OTKa3e, MOCTOSHHON MHTEHCUB-

1
HOCTH OTKa30B A = const u HapaOOTKH t = - MOXHO HCIIOIb30BaTh SKCIOHCHIMANHOE paciipe-

ACJICHUEC, KOTOPOC XapaKTCPU3YyCTCA 3aBUCUMOCTAMMU:

F(x) =1—exp(—Ax), f(x) =2dexp(—1x), x=0 (21)
DKCIOHEHIINAILHOE PACIIPEEICHHE XapaKTEPU3YETCs CIIELYOIIMMH MTOKA3ATEIAMM:
M(x) =%, D(x) =Ai2 , V=1 (22)
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Jlnst onucaHusl H3HOCOBBIX OTKA30B WJIM KOTJIa U3HOC SIBJISIETCS CIEICTBHEM OOJIBIIOTO YHCIa
Pa3IMYHBIX MMPUYHH, YaCTO HUCIOJIB3YeTCs] HOPMalbHOE pacrpenenenue (pacmpenenenue ['aycca).
YacTo HOpMaTbHOE paclpeielieHue CYUTACTCS MPEACTbHBIM IS APYTHX BHIOB PacIpeICICHU.

HopmanbsHoe pacnipenieneHie OnuchIBaeTCs CIeTyIONMMH 3aBUCUMOCTSIMU:

R _ = -1 _G=?
F(x) = oV2r f—oo exp[ 202 ]dx' f(x) NG exp[ 202 ] ) (23)
OCHOBHBIMHU XapaKTePUCTUKAMUA HOPMAIIBHOTO pacmpeiesieHust spisitores M(x) = p,
D(x) =02 V= % rae —oo < u < +o0ou ¢ > 0 — mapameTpsl cIBUTa U Macmirada.

Huoraa, npu HE0OXOAUMOCTH, HOPMAJIbHOE paclpeeieHue MOXKHO HPEACTaBUTh (QYHKITHEH
Jlamnaca @ (z)

®(z) = % Jy exp (— ?) dz , p(z) = % exp (— ?) (24)

Ecnu npu n3mMepeHnsx mapameTphsl XapaKTepHU3YIOTCs TOIBKO MOJOXKHUTEIbHBIMU 3HAYEHUSIMH,
TOrJa MOJy4YaeTcsl YyCEeUYEHHOE HOPMAaJbHOE pacHpeielIeHUe W BHOCSTCS YTOYHEHHUS B PACUETHI.
[1n0THOCTD BEPOSTHOCTH XapaKTEpHU3yeTCs Kak HOpMajbHOE pacrpeiesieHue, HO ¢ Kod(duimen-
TOM TpornopiuoHaisHocTH C.

F0 = o[-0 o

C — ompenensiercs U3 yCcaOBUs, OTPAHUYCHHOTO TIpeieTIaMi U3MEHEHUSI.

s onpenenenust koddpoumpenta C cienyeT MpUMEHATh Tadbmuiel GyHKmy Jlammaca wim
KBAaHTHJICH HOPMAJIBHOTO PACIIPEIeTICHHS.

[Tpu 0 < x < 00 XapaKTEepUCTHKH YCEUEHHOTO PacHpeIeeHUS UMEIOT (hopMy:

M(x) = M(x) + Ro, D(x) = &% = g2 [1 —R? — R@]. (26)

Wnrerpanbuas GyHkuus ams (25) 3anuceiBaeTcs B BUIE
F(x)=C E +d ("‘U"")] . 27)

Ecim 310 cirydaiiHble BENMYHHBI, JIOTApU(GM KOTOPBHIX PacIoioXkeH 1o 3akoHy [aycca, mx

MOKHO XapaKTCPU30BaTb J'IOI‘apI/I(bMI/I‘IeCKI/IMI/I HOpMaJIbHBIMU pacCIipCaACICHUAMU

(lnx - 2)]

F(x)=o_m

1
flo) = ox\2m ex

p[ O gy, x> 0 (28)

OCHOBHBIE XapaKTEPUCTHKHU JOrapu(PMUUECKUX pacrpeaeseHuil UMEIOT HEKOTOpble 0COOEH-

HOCTH U OIIMCBIBAKOTCA (I)OpMYJIaMI/II
2

M(x)=exp|lu+—

5|, D) = exp2u+0?) [exp(a®) — 1],

V =.exp(c?) -1 (29)

g 00bsCHEHUSI TPUYMH OTKAa30B ¢ MOHOTOHHOM MHTEHCHUBHOCTBIO MPUMEHSIETCS pacipene-
nenne BeitOyrra, KOTOpoe OMMUCHIBASTCS 3aBUCUMOCTSIMHU

F(x)=1—exp [— (E)b] L f(x) = g(g)b_l exp [— (g)b] , x>0 (30)
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[Tpu pacnipenencHnn Beiibyura n3MeHeHHe mapamMeTpoB (POPMBI MPUBOIUT K H3MEHEHHIO Xa-
pakTepa rpadukoB pacnpezneneHus. Takas 3aKOHOMEPHOCTh MOXET 0OECIIEYUTh COBIAJCHUE KC-
MEPUMEHTAIBHBIX JAHHBIX C TEOPETUUECKUMU ONMHUCAHUSIMHU.

XapakTepHbIe TOKa3aTen pacrpeneicHus Beil0ymma omuchIBalOTCS CIEAYIONMMH BBIpaKe-
HUSIMU:

M(x) = aK, D(x) = a®(C = K?), V = % —1. (31)

B pacnpenenenun BeitOymia MOKHO YBUAETh YacTHBIE CIydad 3KCIOHEHITMAIBHOTO pacIpe-
nenenust (mpu b = 1), pacnpenenenue Panest (b = 2) u 61130CTh K HOPMATBHOMY PACIIPEICIICHHIIO
(mpu b = 3,5).

Jia 3anucu pacrpenenenus BeitOymnia nnoraa npuMmensiercs gopma, oTiaryaromasics ot gpop-
myisl (30)

F(x) =1—exp(—1x%), f(x) = alx* Texp(—1x%). (32)

rneax=b, 1= (1)17.

F = gzl G) ow (-3) ax 10 = g5 () e (<) 9

a > 0 u b > —1 B raMma-pacnpe/ieJICHUH SIBIISTIOTCS MapaMeTpaMu Maciitada u popMel.
[TokazarensimMu ramMmma-pacrpeziesieHus! sIBISIFOTCS:

M(x)=a(b+1), D(x)=a?*(b+1), V= 34)

1
ﬁ.

Ecnu pe3ynbTaThl H3MEPEHUsI HMEIOT OJIMHAKOBBIC 3KCIOHEHIIMABHBIC PACIPEIC/ICHUsI, TOT1a
UX cymMMa OyJeT XxapakTepu30BaTh raMMa-pacrpeseneHie. IT0 1aeT BO3MOXKHOCTh IPUMEHSThH €€
TSl OTIMCAHUS MAIIUH ¥ MEXAHU3MOB C PE3E€PBUPOBAHUEM JICTATCH WM Y3JIOB C JAbHEUIINM 3a-
MEIICHHEM.

[Mpu aHanu3e HAIEKHOCTH MAIIHH ¥ MEXaHU3MOB HHOT/]a BO3HUKAIOT CUTYALIUH, TIPH KOTOPBIX
cliydaifHasi BEIMUHMHA SBJISETCS COYETAHHEM OoJee IBYX BEIHYHH.

Torna dyukuun fi(xq), fo(x2), ..., fn(x,) SBASIOTCA (GYHKIMAMH TIOTHOCTH BEPOSTHOCTH
Pa3HBIX CITyYaiHBIX BEJIMYHMH U CYMMa BEPOSTHOCTEH ITUX BeNn4uH P; OylneT paBHa eAuHHIIE.

) = Pifi(x1) + Pofo(xp) + o + P fn () = iz Pifi(x) (35)
SIBJISIETCS IUIOTHOCTBHIO COYETAHUI pacTpeIe/ICHHUIA.
Torma naTerpanbHas GyHKIHUS OyaeT uMeTh Gopmy
F(x) = PyFy(x1) + PoF, () + -+ + B Fy () = Yo PiFi(x)) . (36)
F;(x;) — uarerpanbuele GyHKIMKM pacrpenencHnit miotHoctu f;(x;). Torma, cormacuo dop-
Myiisl (35), MaTeMaTHYECKOE OKHIAHUE COUCTAHUS PACTIPEICTICHHI 3aIHIIIETCS B BUIE
M(x) = PyM; (x;) + P, My (x;) + -+ + BuMy (x,) = Xieq PiM;(x;) (37)
Ipu olleHKE HAIEKHOCTH MAIIMH ¥ MEXaHM3MOB YacTO MPUMEHSIETCS IEHTPATbHAS MPEIeib-
Hasi TeOpeMa, TPU KOTOPOH CITydailHbIe BETMINHbI OMUCHIBAIOTCS HOPMAIIbHBIM 3aKOHOM

lim,,_,., P {a << b} = d(b) — d(a). (38)

rac ny - MaT€MaTH4ICCKOC OXKUIAHUC, TlO'2 - AUCIIEpCH.

NzBectHo [4], 9TO ecnu Harpy3ka M MPOYHOCTH pacmpesieeHsl mo 3akoHy ['ayca, To 3amac
MPOYHOCTH (MX KOMITO3UIMS) TaKKe OyAeT paclpeaesiThCs 0 HOPMAIbHOMY 3aKOHY
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L — M(L))*
p[_( ON| 59

1

f@) orJfEex 207

Cxoxwue popMyssl MOTYT OBITH IOITYYEHBI U IS APYTUX 3aKOHOB pacHpeieIeHUs] Harpy3Ku U
npounoctH [10 — 12].

ITpu ompenesneHnn HAIEKHOCTH C Y4€TOM MHHHUMAJIbHOW CTOMMOCTH MOKHO HCIIOJIB30BaTh
Meton Jlarpanxa.

Jns pemenus 3agaun MetogoM Jlarpamka meneBast QyHKIUS (J1arpaH)XKuaH) 3alyChIBAETCS B
BUJIE

L(R;) = C(R) +y[Q(R) — Qo), (40)

TI€E y — HEONIPEAETIEHHBI MHOKATEID Jlarpanxa.

Pemienne 3amaun cBOOUTCS K PELICHUIO YPAaBHEHUN C HEU3BECTHBIMH MOKa3aTEIsIMU

ki, ky . kn vy [4]:

aL(k) [chﬁy(zq )]:o, i=12..,n

(41)
R;
s
i=1
[ocne quddepenmpoBanus NepBbIX N ypaBHEHUN
¢ + yqfilnqi =0, (42)
OTKyJa
R; _ _ C
T ing, +)
[Tocne nocranoBku Beipaxkenus (43) B (41) onpenensiercs, 4To
n
1 Ci _ 44
y Lalng, ~ @ 49
=1
OTKyJa
n
_ 1 Ci (45)
Y Qo & Ing;
i=1
Torma ypaBuenue (43) mpuoOpeTaer BU
qRi _ CLQO
A (46)
Ing; Y7 1lnq
OTKyJa
R /Z ( Ci)—l[A+l h] 47
i = lnql QO l lnql - lnql n( i) ) ( )
rne
h; = ,P=1 ! 1-p)" 48
L lnql n! P (48)

AHanoruyHo pemacTCAa 06paTHa51 3aJa4da OoIITUMHU3alluHU.
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[Tpu 06paboTKe JaHHBIX MCCIEA0BATEIBCKUX UCIIBITAHUI HCIIOIB3YIOTCS SKCIIEPUMEHTAIIbHEIE
JIaHHbIE, U3MEPSEMbIE TTapaMeTphl M MX HEM3BECTHHIE 3HayeHus. Hamboliee TOUHBIMU JaHHBIMU
SIBJISIFOTCS. TOYEYHBIE BEIMYMHBI M MAaTEMATHYECKHE OXKHIAHUS, XapaKTEPH3YIOIIUE HECMEICH-
HOCTB OIIEHKH.

HecMmelennas oleHKa X* SBISETCS JOCTOBEPHOM TOI/IA, KOIJA XapaKTepU3yeT 3aKOH MaKCH-
MaJIbHBIX YHCEIL, T.€.

lim P{|x* — x| < e} =1, (49)
n—-oo

€ — OTHOCHTEJbHAsI TOYHOCTH HCCIIEIOBAHHOTO MapameTpa.

[Ipu BBISIBIEHHH TOYEYHBIX OIEHOK YacTO MPUMEHSIOT crocol mpaBaononodus. [Ipu stom
MeToJie GYHKIHS MTPABI0NOI00HS NMEET HAUOOIBIITYIO BEJTHUNHY.

[Ipu pacyere TOYEUHBIX OICHOK IO PE3yJIbTaTaM WCIBITAHUN HCIIONB3YIOTCS Pa3JIMYHbIC Me-
TOJBI. J{JIsl TOUEHHOH OLIEHKU TPU OTKa3e 00BbEKTa MOXHO HCIIOIB30BAaTh YKCIIOHCHIIMAIBLHBIN 3a-
KOH pacrpe/eNIeHUs

f(&) = Aexp(=2t), (50)

t — 3HaUYeHne HapaOOTKM Ha OTKa3.

Jn1st TOYeYHOH OIICHKH B JaHHOM CIIydae MPHUHUMAETCS TOJBKO A, XapaKTepU3YrOIlask HHTEH-
CUBHOCTH OTKA30B.

[Ipu ncnonp30BaHUM 3aKOHA ['aycca Ui TOUSYHON OICHKH OCHOBHBIMH ITapaMeTpaMH SBIISI-
IOTCS TIOKA3aTelH [L U G.

(t —w?
t) = exp [ ———=—). 51
f(@®) oy 252 (51)
HpI/I TOYESYHOU OLICHKC IMMapaMETpPOB C IPUMCHCHUEM HOI‘apI/I(bMI/I‘ICCKI/I HOPpMAJIbHOI'O 3aKOHa
1 (Int — ,u)z]
t) = ——exp |- —|. 52
f(@®) e P 52 (52)

OueHku noka3zaTesield BEIYUCISIOTCS 10 popMysiam JUisi HOpMajibHOTO 3aKoHa [13].
[Tpu TOYEUHOI OIIEHKE MapaMeTpoB MO OIpeneeHu0 Beidymia nX MOYKHO XapaKTepHu30BaTh

3aBUCUMOCTBIO
b—-1 t b

r0-2)"" onl- )]

a

[Tapametps! a 1 b BEIOMpAIOTCS B 3aBUCUMOCTH OT IUIaHA MCIBITAHWN yKa3aHHBIX B paboTax
[14-16].

Pacuet pecypca npu moyiHbIX, YCEUEHHBIX U MHOTOKPATHBIX YCEUEHHBIX UCTBITAHUIX OIpeie-
JISIETCSI TI0 METO/IMKE, N3JI0KEHHOU B padote [4].

Hanpumep, /Ui X010BOM 4acTH I'YCEHHMYHBIX MAIIMH M IMJIUHIPONOPIIHEBON TPYIIbI ABHUTa-
TeJe TpakTopoB B JOopeMOHTHOe Bpems V=0,3, ansi MeXaHU3MOB TPAaHCMHUCCHM M JIBUraTelei
TpaktopoB V=0,4, 1j1s1 y3J0B TPAaHCMHUCCUHU U TPAKTOPOB B MEXPEMOHTHOM mepuoae V=0,6, mis
NOJIIMITHUKOBBIX y3JI0B, BaJOB 3y04YaThIX Tepenad, pabOTalONIMX B 3aKPBITBIX arperarax,
V=0,4+0,6 (mpu Gomnpmioii 3arpyske V~0,4), mig meranei, TepsArommx padboToCmOCOOHOCTh B OC-
HOBHOM H3-3a BHE3aIHBIX 0TKa30B, V=0,8. Eciu npu ucneiTaHusx He 0TKa3ajlo HE 0JHO 000pya0-
BaHUE, TOT/Ia MPOU3BOJUTCS pacyeT HUKHEH TOBEpUTEIbHON I'paHUIIbl XapaKTEPUCTUK HaJleXKHO-
cru [4].
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Omnpenenenne CpeHETO YUCIa OTKa30B MAIIMH U MEXaHW3MOB 32 YCTAHOBJICHHYIO HApaOOTKy
OOBIYHO PAaCCUUTHIBAIOT KAK 110 OT/IEIbHBIM MAIllMHAM, TaK U IO OTACIHHBIM y3JIaM.

[Ipouenypa ucnpITaHu TPEIIIECTBYET UX MIIAHUPOBAHUIO, 3aKIIFOYAIOLIEMYCS B ONIPEICTICHUH
MoKa3aTesield HopMaTHBa M KOJIM4YecTBa obopynoBanwmii [15, 17].

OaHuM U3 CrIOCOOOB, UCMIOIB3YEMBIX ISl COKpAIIEHUSI KOJIMYECTBO HKCIIEPUMEHTOB, HE CHH-
JKaIOIIMX Ka4eCTBO MPOBEPEHHBIX M3MENNHN, ABISETCA NpuMeHeHne Kpurepusa Heiimana-IIupcona.
CyImHOCTh KpUTEpUS 3aKIIOYACTCSl B COIMOCTABIIEHHME BBHIOOPOYHOM OLEHKM R* ¢ MpUEMOYHBIM
HOPMAaTUBOM R,,,,. VauteiBaetcs npeanonoxenne Hy (Ry = Ry) n pennonoxenne Hy (Rgp < Ry).

OnHUM U3 TPUMEHSEMBIX CTIOCOO0B KOHTPOJIS HAJEKHOCTH SBIISIETCS METO JIBYXCTYIIEHYATO-
ro KOHTpOJIA U JApyrue Meronbl. [lapTuu ¢ O4eHb HU3KMM WM BBICOKMM YPOBHEM HaJI€KHOCTHU
MO’KHO OMPEIEIUTh U MPU MEHbIIEM KOJIHYECTBE SKCIIEPUMEHTOB. [IJi1 3TOro J0CTaTOYHO MpUMe-
HUTb METOJI IOCIIE0BATEILHOTO KOHTPOJIS HAJEKHOCTH ¢ UCIOJIb30BaHUEM KpuTepus Banbna [9,
10, 18].

3akiroyenue. Bee onncanHble BhIIIE MATEMAaTHYECKUE METOBI IPUMEHUMBI IIPU OLICHKE Ha-
JEKHOCTH U JOJATOBEYHOCTH MALIUH U 000py10BaHU, paboTaIOMINX B SKCTPEMAIbHBIX YCIOBHSIX.
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EKSTREMAL VOZiYYOTLORDO iSLOYON MASIN VO AVADANLIQLARIN ETiBARLILIGININ
VO UZUNOMURLULUYUNUN TODQIQIND® RiYAZI METODLARIN ANALIZI

A.M. QAFAROV, P.H. SULEYMANOV, F.M. KOLBIYEV, V.A. QAFAROV

Ekstremal vaziyystlordo isloysn masmn ve avadanliglarin etibarliligmin  va  uzundmiirliiliyliniin

qiymatlondirilmasi iiglin asas metodlardan biri riyazi metodlardir. Maqalads, masin va avadanliglarin etibarliligimimn
toyin edilmesi liglin miixtolif riyazi statistika metodlarin totbigi il bagli mesalslors baxilir. Alinan
qanunauygunluqlar miizakirs edilir.

Agar sozlar: maginlar, avadanhglar, etibarliliq, riyvaziyyat, statistika, metodlar, tasadiifi komiyyatlor,

funksiyalar.

ANALYSIS OF MATHEMATICAL METHODS IN THE STUDY OF RELIABILTY
AND DURABILTY OF MACHINES AND EQUIPMENT WORKING IN EXTREME CONDITION

AM. GAFAROV, P.H. SULEYMANOV, FM. KALBIYEV, V.A. GAFAROV

One of the main methods of evaluating the reliability and durability of machines and equipment working in

extreme condition is the mathematical methods. The application of different mathematical statistics methods to
determine the reliability of the machinery and equipment is considered in this article. Obtained consequences are
discussed.

Keywords: machines, equipment, reliability, mathematics, statistics, methods, random quantity, functions.
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OVUNTU POLADININ MAQNIT XARAKTERISTIKALARINA
ELASTIK DARTILMANIN TOSIRi

T.M. PONAHOV', V.i. DHMODOV ", A.O. [SAYEVA®

Ovuntu poladindan hazirlanmis momulatlarin istismari prosesindo gorginliklorin soviyyosinin
maqnit metodlar1 ilo giymetlondirilmasinin miimkiinliiyliniin miisyyon edilmosi maqsadi ilo, biroxlu
dartilmanin maqnit xarakteristikalarinin doyismasine tasiri tadqiq edilmisdir. Termik emal zamani va
biroxlu dartilmada ovuntu poladinin maqnit xarakteristikalarinin dayigsmosinds askar edilmis anomaliya
materialin mosamsliliyi ilo alagalendirilir. Maqnit xarakteristikalar1 poladin tablamas1 va tab oksilmasi
zamani bag veron qurulus doyismolorino qarst ¢ox hossasdirlar vo bundan olavo reallagsmalarinin
sadaliyi ils forglonirler. Dagitmadan miiayine etmanin maqnit metodlar1 polad memulatlarda va istismar
zamani konstruksiya elementlorinda tasir gosteran gorginliklorin saviyyesini giymetlondirmak iigiin
perspektivli metod hesab olunur.

Agar sozlar: tablama, garginlik, ovuntu polad.

Giris. Mexaniki xarakteristikalarin yiiksoldilmosi iiglin tablamaya vo tab oksilmoys moruz
goyulmus materialin hocmindo mosamslorin sothinin artmasinin mdévcudlugu ovuntu poladinin
plastiki deformasiyasin inkigafinin mexanikasina giiclii tosir gostorir. Yiiksok kefiyyotli mohsul
almaq {g¢iin termik emaldan sonra ovuntu momulatinin qurulus halinin vo masamalilik
xarakteristikasinin dagitmadan miiayino {isulu aktual mosaloya ¢evrilir [1]. Eyni zamanda termik
emal edilmis ovuntu poladlarindan olan momulatlarda maqnitostrukturoskopiyaya hasr edilmis islor
acig-askar kifayot qador deyil [2, 3]. Bu islords, bels bdyiik problemin yalniz ayri-ayr1 masalolorino
toxunulmusdur.

isin magsadi. Bisirilmis ovuntu poladlarinda tosir edon gorginliklorin giymotlondirilmasi
metodlarini iglomok iiglin, miixtolif qurulus halinda olan, niimunslorin magnit xarakteristikalarma
deformasiyanin tasirinin dyronilmasi maraq kosb edir.

Verilmis masalo. Sokil 1, a-da miixtalif temperaturlarda tabi oksilmis niimunalorin H/H
koersitiv qlivvalorin nisbi qiymaetlorinin axiciliq haddins gatirilmis, totbiq edilmis  dartici
gorginlikdon asililigi (Heo-niimunalorin dartilmadan ovvol baslangic halda koersitiv qiivvadir)
verilmigdir. Sakil 1, b, c-do anoloji asililiglar maksimal maqnit niifuzlugu vs galiq induksiya ti¢lin
verilmisdir.

Gortiniirdiiyli kimi, nisbi koersitiv qiivvonin xarici dartict gorginlikdon asililig1 asason qeyri-
monoton xarakter dasiyir: dartilmanin baglangic etapinda koersitiv qlivve azalir, xarici dartici

* Azorbaycan Memarliq vo Insaat Universiteti
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gorginliyin sonraki artmast zamani isa Ho/He (6/002) asililiginda minimum omalo gotirorak artir.
Dartilmanin elastiki deformaiya oblastinda yaranan bu minimumun sababi anonavi tokma karbonlu
poladlar {igiin odobiyyatda kifayot qodor otrafli miizakira edilib [1]. ©dobiyyatdan molum olanlar
timumilosdirarok sdylomok olar ki, niimunslorin dartilmasi zamani H.—in geyri-monoton doyismasi
osason iki faktorun tosiri ilo miioyyon olunur. ©vvala, bu pay domen qurulusunun yenidon
qurulmasi ilo alagadar niimunalorin elastiki deformasiyasi zamani gotirilmis maqnit anizotropiya ilo
sortlonir. Dartilma zamani maqnitostriksiyast vo xarici gorginliyi eyni isaroys malik materiallar
liclin, dartict elastiki gorginlik totbiq edilmis yiikiin istiqgamati boyunca yenidonmagnitlonmo
prosesini asanlasdirir. Bu zaman 90-doracali domen sorhadlori faktiki yox olur ki, bu da niimunsnin
koersitiv qiivvesinin miioyyan qodor azalmasina gotirir. Dartilmanin sonraki elastiki vo daha
sonraki plastiki deformasiya oblastinda materialda daxili gorginliklorin vo dislokasiyalarin
sixliginin artmasi ilo olagadar olaraq He—in artmasi iistiinliik toskil edir. Bu iki oks tendensiyanin
roqabati naticasinds H(o) asililiginda minimum yaranir.

H/Heo B./Byo

T.°C
1291 0150
A 250
11 w40
®570
D650

Na=t™ % -'J..'.'"")

PRI e o .- 0.0
w -Tab oksilmosiz

08 - — os . v
0.0 05 10 15 20 00 0s 10 15 20
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Sakil 1. Tablamadan va sonraki tab aksilmadon sonra axiciliq haddina gotirilmis 5S0H2M ovuntu polad:
niimunalarinin nisbi koersitiv qiivvasinin (a), maksimal maqgnit niifuzlugunun (b) va qaliq magnit
indukiyasinin (c) xarici dartict gorginlikdon asuiligr.

Eyni miqdarda legirlayici elemento malik, lakin karbonun konsentrasiyasi ki¢ik olan (0,35
kiit %) ovuntu konstruksiya poladlar {i¢iin [2] isindo analoji asililiglar miisahido edilmisdir. Askar
edilmisdir ki, Ho/Heo(e) asililiginda “minimumun dorinliyi” (Ho/Heo (0/0p2) asililiina anoloji)
digor eyni sortlordo niimunoalorin mosamoliliyi ¢ox olduqca daha bdyiik olur. Bunu, osason 90-
doracoli domen sorhadlorine malik baglayict domen qurulusunun formalagmasi ilo izah edirlor.
Bununla belo forz edilir ki, mosamali poladlarda 90-doracoli domen sorhadlori eyni quruluslu
tokmo poladlara nisboton ohomiyystli doracade boyiik olacaq. Bir halda ki, magnitoelastiki
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anizotropiya 90-doracali domen sorhodlorinin hocmini azaldir, onda daha boylik masamaliliys vo
belaliklo yiiksok konsentrasiyali 90-doracali domen sorhadlorine malik ovuntu poladlarinin elastiki
deformasiyas1 zamani bu azalma daha nozors carpacaq olacaqdir. Bizim halimizda H/H (6/602)
asililiginda mosamoliliyin miixtolif gqiymotinin “minimumun dorinliyino™ tosiri minimaldir. Belo
ki, biitin niimunslor eyni masamaliliys malikdir (toqribon 5 %). Lakin, mosamslor rolunu
zoifmaqnit sementit daxilolmalar1 o zaman oynaya bilor ki, onlarin 6lgiisii elo olsun ki, onlarin
yaxiliginda 90-doracali domen divarlarina malik baglayici domenlor omolo golo bilsin. Yeri
golmiskon geyd etmok lazimdir ki, H/Hy (o/002) asililifinda minimumun qiymati vo vaziyyati
miixtolif qurulus hali ilo, mohz karbid daxilolmalarin miqdar1 vo 6l¢iisii ilo alagadardir. Ovuntu
poladlarinda  dartilmanin baslangic etapinda maqgnit borkliyinin azalmast maksimal maqnit
niifuzlugunun artmasina sobab olur. Niimunolorin sonraki dartilmasi maqnit barkliyinin artmasi ilo
miisayat olunur, bu da pm.y qiymotinin azalmasina gotirir (sokil 1, b). 250 °C qodor temperaturda
tab1 oksilmis niimunslore totbiq edilmis gorginlikdon asili olaraq qalig maqgnit induksiyasinin
doyismosi maksimal maqnit niifuzlugunun 6ziinii aparmasina anolojidir. 490 °C godor vo daha
yiiksok temperaturlarda tabi oksilmis niimunolordo o-nin artmasi ilo B;-in qiymoti monoton azalir
(sakil 1, ¢).

Sokil 1,a va 2-don goriindiiyii kimi, S0H2M ovuntu poladi iiglin totbiq edilmis maksimal
sahodo alinmis koersitiv qiivve niimunolorin deformasiyasi zamani ovvalco azalir, xarici dartict
gorginliyin sonraki artmast zamani H/H (6/0p2) asililiginda minimumun omolo gatirorok azalir
(sokil 1, a). Zoif sahslordo (Reley oblastinda) yenidonmagqnitlonma zamani vaziyyst oksinadir:
niimunolorin deformasiyasinin baslangic etapinda koersitiv qiivve ovvolco artir, sonra iso

1R (o 0y, ) dyrisindo maksimum amalo gatirarak azalir (sokil 2, a).

0,05 0,05 L%~ o
B0 1% )

04 704
h.” [ h

G/G()’z

co o.s 1.0 1.5 2o

Sakil 2. Tablamadan va sonraki tab aksilmadon sonra axiciliq haddina gatirilmis 5S0H2M ovuntu
polady niimunalarinin b,,,,=0,05 (a) va 0,4 Tl (b) qgiymatlarinda maxsusu histerezis ilgayindan
alinmus koersitiv giivvasinin xarici dartict garginlikdon asililigi

Bu maksimumun voziyyati tab oksilmo temperaturundan asili olaraq (0,3-1,0)c, inter-
valinda doyisir. Orta saholordo (by=0,4 TI) yenidonmagnitlonmo zamani xarici dartici
gorginliklorin artmasi ilo biitiin niimunslords koersitiv qiivve monoton artir (sokil 2, b). 150, 570 vo
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650 °C temperaturlarda tab oksilmodon sonra niimunolrin dartilmasimn elastiklik oblastinda /. **
qiymoti 10 % artir, 250 vo 490 °C temperaturlarda tab oksilmodon sonra iso 20 %-don cox artir,
Tabi oksilmomis vo 150 °C temperaturda tabi oksilmis tablanmis niimunolorin 2% /h%' (o/ 04.2)
asililign dist-listo diisiir. Zoif sahoalordo (byx=0,05 TI) O6lgiilmiis koersitiv qiivve totbiq edilmis
gorginlikdon asili olaraq elastiklik oblastinda iki dofoys godor arta bilor. Eyni zamanda H,, hco’4 ,
Umax VO B; kamiyyatlorinin doyismasi 30 %-1 agmur.

Natica. Qeyd etmok lazimdir ki, hco,os komiyyati H, hf’4 , Mmax VO B; kimi xarakteristikalarla
miiqayisodo daha bdyiik xota ilo toyin edilir. Buna goro do termik emal edilmis S0H2M ovuntu
poladindan hazirlanmis momulatlarda dartic1 gorginliklorin soviyyasini giymotlondirmok iigiin /. -*
komiyyati daha iistiindiir. Belo ki, o ovvala daha kigik xota ilo toyin edilir, ikincisi nlimunas dagilana
godor monoton artir.
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BJIMSIHUE YIIPYT'OI'O HATSKEHUS HA MATHUTHBIE XAPAKTEPUCTUKH
YTUJINMPOBAHHOMU CTAJIN

T.M. IIAHAXOB, U1.B. AXMEJIOB, A.A. UICAEBA

C nenbio onpeseneHus BO3MOXKHOIO OLICHUBAaHKS BEJIMUUHBL YPOBHSI HATSXKCHUS B IIPOLIECCE IKCILTYaTAlUK U3CIIHH,
M3TOTOBJICHHBIX U3 YTHIMPOBAHHOM CTalld, UCCIECJOBAaHO BIUSHUE OJHOOCHOIO HATSKCHUS Ha U3MEHEHUE MArHUTHBIX
XapaKTepPUCTHK. AHOMaNs, BBISIBIICHHASI C U3MEHEHHEM MarHUTHBIX XapaKTepPHUCTUK BO BpeMs TEPMHUIECKOI 00paboTKH 1
OJHOOCHOTO HATSKEHMS YTUJIMPOBAHHOM CTalH, CBSI3aHA C MMOPHCTOCTHIO MaTeprana. MarHUTHBIE XapaKTEPUCTUKH OYEHb
YYBCTBHUTENIBHBI K CTPYKTYPHBIM U3MEHEHUSIM, IPOHCXOSIIIMM BO BPEMsI OTXKUTA U 3aKaIKU CTallM, U OTJIMYAIOTCS MPOCTOTOM
UX peanu3anuy. MarHuTHbIN MeToA O3 pa3pyIeHus SBISETCS MEPCIIEKTUBHBIM METOOM OLIEHKH YPOBHS HATSKEHUS
CTaJIbHBIX U3ENUI U KOHCTPYKIIHOHHBIX 3JIEMEHTOB BO BPeMs 3KCILTyaTalluu.

Knrwoueevle cnosa: omoicue, HamsoiceHue, YMUIUpoeaHHas cmaib.

EFFECT OF ELASTIC TENSION ON THE MAGNETIC CHARACTERISTICS OF RECYCLED STEEL
T.M. PANAHOV, V.I. AHMEDOV, A.A. ISAYEVA

In order to determine the possible evaluation of the level of tension during the operation of a product made of
recycled steel, the effect of uniaxial tension on the changes in magnetic characteristics was investigated. The anomaly revealed
with a change in the magnetic characteristics during the heat treatment and uniaxial tension of the recycled steel was associated
with the porosity of the material. Magnetic characteristics are very sensitive to structural changes that occur during annealing
and hardening of steel and, moreover, differ in their ease of implementation. The magnetic method in the analysis without
failure is a promising method for estimating the tension level of steel products and structural elements during operation.

Keywords: annealing, tension, recycled steel.
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PISTONLU NASOSLARDA PISTON-OYMAQ CUTUNUN
YEYILMO XARAKTERISTIiKASI VO BORPASI UCUN
TOKRAR EMALI PROSESI

N.Y. IBRAHIMOV"

Pistonlu nasoslarin piston-silindr ciitlorinds abraziv, hidroabraziv va eroziya-korroziya yeyil-
molorinin parametrlori toyin edilmigdir. Bu yeyilmoalords siirtiinmanin yolu, oxboyu vo en kasiklor-
do yeyilmonin darinliklori vo elocads yeyilmanin intensivliyinin todqiqatlari aparilmisdir. Piston vo
silindr-oymagq ciitliniin barpa olunmasi {igiin tokrar emalin parametrlori todqiq edilmisdir. Bu para-
metrlordon mexaniki emalin hoddi meyiliklori va isci sothlorin kolo-kdtiirliyii toyin adilmisdir.

Agar sozlar:  Pistonlu nasoslar, piston-oymagq-ciitii, yeyilmanin xarakteristikasi, yeyilmonin inten-
sivliyi, en kasik va oxboyu yeyilmalar, barpanin tokrar emali, sathin kala-kotiirliiyii.

Giris. Pistonlu qazma nasoslar1 miihitin yiiksok tozyiqlorinds vo temperaturasinda isloyorok
0z is qabiliyyatini siirtinma dilytlinlori arasinda hermetklik pozulmayanadok saxlaya bilirlar. Biitiin
konstruktiv texnoloji tadbirlar bu vacib funksional tolablori tomin edilmoasina yonaldilir. Lakin ciit-
lorin hermetik vo doqiqlik gostaricilori bir-biriylo baglidir. Hidravlik diiylin hissolorinin hartorafli
Oyronilmosina baxmayaraq onlarin doqiqliyinin gostaricilori va istismar etibarliginin tomin edilmasi
an vacib sartlordon hesab edilir.

Qeyd etmok lazimdir ki, piston 6zayi termiki emal oluna bilon xiisusi poladdan isti ddyma
ilo hazirlanir. Piston gdévdoasi on bdyiik tozyiglora hesablanmasdir. Uzarinds olan yariqlar onu gos-
torir ki, piston bu dorinliys godor yeyilo bilor. Gévdonin flansi on az yeyilon hissolordon biri olub
uzundmiirlitys malikdir [1, 2] .

Sothin xiisusi emal1 is3 onun oymagq sathina siirtlinmadon yeyimasinin qarsisini alir vo pis-
ton- oymagq ciitliniin dmriinii uzadir. Piston iizorinds olan yariglarin dorinliyi 0.25-0.75 mm olmali-
dir. Bu yariglardan istifade etmoklo emala daxil olan pistonlarda yeyilma haddini asanligla toyin et-
mok olar. Digar torofdon tozyiqin diigmasi pistonlarin doyisdirilmosina lazim oldugunu bildirir. Na-
sazliq tez bir zamanda moalum olur vo daha miirokkob xatalarin garsisinin alinmasi miimkiindiir.

Onlarda da 0.25-0.75 mm yeyilmas miqdar isars edon pillali yariglar hazirlanir. Neft olma-
yan va ya az miqdarda neft mohsullarinin istirak etdiyi soraitdo isloyon nasoslarda pistonlar ytiksok
yeyilmoys davamli tomiz rezindon hazirlanir.

Digor bir malum texnologiyaya gors iki pistonlu qazma nasoslarinin pistonlarin hazirlan-

: Azarbaycan Dovlat Neft vo Sanaye Universiteti
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masi li¢iin biitév v plastik halgolordon istifado etmakls y1g1lmis pistonlar totbiq edilir. Qeyd etmok
lazimdir ki, biitiin sonaye emal iisullarinin 6zlori miioyyan ¢irklonmo yaradirlar. Ona gora do sath-
lorin ¢irklonmasi onlarin tomizlonmo iisullarina uygun tosnifatlasdirmaq mogsodo uygundur.

Masalonin aktualligi. Hisso sothlorinin paslanma izlorindon, ¢irkdon, o ciimlodon neft moh-
sullarinin qaliqlarindan azad etmok iigiin tomizlonmosi nazorde tutulur. Is¢i sothlorinds korroziya
mohsullarindan tomizlomok {i¢iin mexaniki tomizloma {i¢iin tomizlomao iisullarindan basqa torkibin-
do xlorid tursusu, kagiz kiitlesi, formali vo su olan miixtalif paslar vo eloco da torkibindo 1% sink
daxil edilmis xlorid tursusu vo ya 15%- 1i sulfat tursusunun mohlulundan istifado edilir. Hisso soth-
lorinin ¢irk vo ya yaglardan tomizlomok ii¢lin yuyucu mayelor gisminds soyuq va isti sudan (70-
90°C) , isti qolovi mohlullar1 vo yagsizlasdirict mayelor (benzin, kerosin, aseton) istifads edilir. His-
s9 sothlorini korroziyadan qorumagq tiigiin golovi mohlullarina 0.2-0.5 % xrom anhidridi va natrium
nitrit olave edilir.

Qolovi vo tursulu mohlullarin tasirini neytrallagdirmaq moagsadi ilo tomizlonmis hissalori
qaynar suda tomizlayirlor. Yuyucu maye sorfinin miqdarini azaltmaq, yuma prosesini asanlagdir-
magq va siiratlondirmok mogqsadi ilo hissalor gabagcadan isti buxar il iifiirtilorok tomizlonir.

Hisso sothi no godor ¢irkdon vo neft mohsullarindan yaxsi tomizlonarso ¢okilon rezin ortiik
bir o godar satho méhkom va etibarli yapisir vo alt tobaga bir o gadar korroziyadan qorunmus olur.
Bununla tomizlik vo yuyulma proseslori basa ¢atmaqla piston vo oymagq sisteminin yeyilmadon do-
qiq Ol¢tilarinin toyini va barpa texnologiyasinda tokrar emalin isloyib hazirlanmasi qarsiya qoyulan
maosolonin aktualligint 6ziinds oks etdirir.

Piston-oymagin yeyilmoys davamhgimin tahlili. Nasoslarin on ¢ox agir is soraitindo pis-
ton-silindr oymagi ciitii isloyir. Qazma nasoslariin pistonlar1 rezin metal birlosmasindon ibarat bir
hissadir. Taxma plastmas holgoloro xiisusi toloblor qoyulur, o ciimlodon vurulan mayenin bdyiik
tozyiqlorinds radial istigamatde deformasiya edorak araboslugunu kiplosdirmak imkani, boytik toz-
yiq va temperatur soraitindo mayenin sizmasinin qarsisini alir. Kiplosdirici rezin materiallarin istili-
yo doziimlityii 135-250°C do tomin edilir [ 1, 2].

Aparilan todqiqatlar gostorir ki, piston-silindr ciitlorinds siradan ¢ixma hallarindan biri do
kipliyin tomin olunmamasidir. Silindr oymaginin iglome miiddatinds kiplasdirici element olan rezin
va plastik material oymagin daxili sothlorini siirtiinms ilo yeyilmoys moruz edir. Bununla silindirin
daxili divarinda araboslugu amals golir. Bu amillar silindr-piston ciitlorinin i§ rejimini pozaraq tez
bir zamanda siradan ¢ixma hallarina gotirib ¢ixarir. Silindr oymaginin yeyilmasinin sobabi vo xa-
rakterlori ayri-ayri yerlordo abraziv hissaciklorin tosirindon yaranir. Bu amolo golon cizgilor daha
dorindon gedorak miixtalif dorinlikds yariglar yaradirlar ki, bunlarin naticesinds kiplikdon basqa,
sothlordo intensiv yeyilma bas verir. Bunlar1 nozors alsaq piston-silindr ciitlorindo dorinliyi miioy-
yan gadar olan sathlordon intensiv yeyilma ilo olan bu ciitlorin etibarligr vo uzundmiirliiyli toyin
edilir. Bu amillorin aradan qaldirilmasi ii¢lin asason hazirlanmis silindirik oymagqlarin daxili sathls-
rindo mohkomliys vo yeyilmoyo davamliginin artirilmasi tokrar emalla yerina-yetirila bilar.

Bir ¢ox zavodlarda hazirlanan oymaqlarin materiallar1 polad-45 va polad-40X olmagqla isci
daxili sathlari yiiksok tezlikli corayanla tablama proseslarini yering yetirirlor. Bir ¢ox zavodlarda
hazirlanan silindirik oymaglarin istismar miiddatini artirmaq {i¢iin Polad-70 materialindan ytiksok
tezlikli corayanla olave qizdirma ilo vo yaxud sementlogms iisulu ilo mohkomlik vo yeyilmo da-
vamlig1 bir nego dofo artirilir. Qeyd edok ki, elmi todqiqat institutunda yiiksok tablama prosesi ilo
yanasi azotlasma va iz ¢cokmoklo davamlig artirmaq miimkiin olmusdur [3,4].

Aparilan sinaqglar gostorir ki, silindirik oymaglarin bor , nikel, ¢uqunla iiz ¢akilorak (2.9%
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C, 1.8% B, 3.7% Ni, 10% Mn, 0.8% Si) torkibindo oymagqlarin yeyilms davamligini artirirlar. Eyni
zamanda silindirik oymagqlarin uzunémiirliiylinii artirmaq tigiin miixtalif yeyilmoya davamligi soth-
lori olan g¢uqunlardan istifado edilir. 9sason borlasdirilmis (3% C, 2% B, 8% Mn, 1.5% W, 0.6%
V) torkibinds silindirik oymaqli detallarin barkliyini HRC=65+75 haddins ¢atdirmaq miimkiin ol-
musdur [5,6].

Sonayedo aparilan sinaglardan belo goriiniir ki, borlagdirilmis oymaglarin uzunémiirliiyii
2.5-3.0 dofo ¢ox olur. Nainki, adi polad borularda hazirlanmis silindirik oymaqli ciitlorin eyni so-
raitdo islonmaosinin naticoaloridir.

Bunlar1 nazors alsaq bir ¢ox hallarda silindirik-oymaqlarin yeyilmo davamligr vo kiplosdi-
rilmasini sothlorin méhkomliyini vo borkliyin artirmaq vasitasi ilo oldo etmok olar. Bu hallar ho-
miso miisbat naticalari vermir, silindirik oymaq 6z déziimliiylinii miirokkeb soraitds itirorak siradan
cixir. Uzun miiddoatli tomirdon sonra silindirik oymaqlari tokrar emal edorok onun sathlorindo bor-
pa texnologiyasi aparirlar. Bu tisulla gors siirtlinma ciitlorinds olan sathlorin molum olan 6l¢tilorini
miioyyon hondosi formaya gotirarak, kolo-kétiirliik vermasi ilo miixtolif mexaniki emaldan istifado
edilir. Tomirs daxil olan gqazma nasoslarinin silindirik oymagqlarinda aparilan tocriibi 6l¢gmalarin no-
ticalari gostarir ki, silindir oymaglarinin boyiik oksariyyati bir torafli yeyilma, ¢ox az qisminds iso
borabor yeyilmo hallar1 miisahido edilir [4-6].

Texnoloji irsiyyat halindan forqli olaraq istismar irsiyyati hali nasos vo onun mexanizmlori-
nin i qabiliyyatinin parametrlori ilo, is soraiti vo is rejimini nazaras almaqla nasosun sorf edilmis re-
sursunun miqdar1 arasindaki olagoni oks etdirir.

Hidravlik hissa sathlorinin ayri-ayri sahalorinds yeyilmonin intensivliyi onlarin sathlorin st-
rukturu vo gorginlik soviyyasindon asilidir. Bu da hidravlik diiyiin hissslorinin hazirlanmasinin bii-
tiin texnoloji amoliyyat ardicilligini, istismar miiddatinds tosir edon qiivvalorin novlerinin ardicil-
ligin1 shats edir.

Miiasir neft-modon nasoslari, quyularin gazilmasinda va istismarinda genis diapazonda tex-
noloji rejimlori yerina yetiron, miixtolif konstuksiyalardan ibaratdir [7, 8]. Neft-madon quyularinin
qazilmasinda va istismarinda istifado olunan nasoslarin boyiik bir hissasini pistonlu nasoslar togkil
edir. Bu nasoslarda qisa miiddotds hidravlik diiyilinlor siradan ¢ixaraq qurgunun etibarligint va
uzundmiirlitylinii asagi salir.

Piston—silindr oymag ciitiinds siradan ¢ixmalari toyin etmok {i¢iin istismar soraitini dorin-
don Oyranib, imtinanin sobablorini tohlil edirlor. Piston-silindr ciitiindo oymagin sothlorinds abraziv
hissaciklorin tasirindon cizgilorin, styrimlarin, ovuntularin vo qopmalarin omalo golmasi miisahido
olunmusdur. Aparilan totqiqatlar gostorir ki, piston-silindr oymaginda intensiv yeyilmanin asas sa-
bablarindon biri do yuyucu va gilli mohlullarin torkibinin vo texnoloji proseslorinin doyisilmasi ilo
silindr-oymagin sathlorinda geyri-barabar siirtiinmalarin naticalaridir [7, 9].

Cadval 1-ds silindr-oymagqlarin tokrar emalinin parametrlori gostorilmisdir.

Silindr-oymagin enina kosik miistovisinds radial yeyilmo miioyyon ganuna uygunluga ma-
lik olur. Yeyilmonin boyiik haddi oksor hallarda oymagin asagi hissolorinde miisahide olunur. Bu
yeyilma mohlullarda olan agirlagdiricilarin vo abraziv zorraciklorinin ¢okisinin doyigsmasinag tosiri
vo xassalari ilo izah edilir. Bunlara baxaraq siradan ¢ixmis hissolorin todqiqati gostorir ki, silindr-
oymagin ehtimal olunan birtorafli radial yeyilmasina sobab, eyni zamanda silindr oymaglarinin me-
tal sathlorindo piston 6zayinin elastik kiplosdiricisindo yaranan gorginliklordir ki, bunlarda oymaq
va pistonun arasinda olan ara boslugunun ciddi artmasina boyiik tosir géstormis olur.
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Cadval 1
Silindirik oymaqlarin yeyilmo xarakteristikasi
Yeyilmonin Siirtiinma- Oxboyu En kasikdos yeyil- | En kasikdo - | Yeyilmonin in-
novleri nin kasikdo ma dorinliyi, gopmalarin sa- | tensivliyi,
yolu, (mm) | yeyilma (mkm) (mkm) y1, (m-1) (mkm/saat)
Abraziv 12.82 180 125 49 0.0382
Hidroabraziv 18.94 250 234 58 0.0048
Eroziya 21.22 380 286 64 0.056
Eroziya-Korroziya 31.46 425 322 82 0.0078

Silindr-oymagin daxili sothlorinds yaranan qiisurlar, yoni siyrilmalar, miixtalif cizgiler,
gopmalar vo ¢okoklor hidroerroziya proseslori ilo do miisahido olunur. Bununla slagodar olaraq pis-
ton kiplosdiricilorinin yeyilma novlori miixtolif olaraq on genis yayilmis silindrik -oymagin is¢i sot-
hi ilo pistonun 6zayinin yaratdig: ara boslugundan ¢ixan abraziv maye sirnaginin yaratdigi yorul-
madan dagilma proseslordir [9].

Bu araboglugunun artmasi vo tozyiqin asagi diismosino sobob olur. Goriindiyi kimi, tozyi-
qin 2030 MPa godor artmasi, arabosluguna uygun olaraq 0.50-0.75 mm civarinda doyismosina
sobab olur.

Aparilan todqiqatlar gostarir ki, piston va silindr-oymagi arasinda olan araboslugu mohlulda
olan abraziv hissociklorin 6l¢iisiindon bdyiik olmalidirlar. Tacriibalor gostorir ki, piston vo silind-
rik-oymagin is¢i sothlori arasindaki ilkin araboslugunun optimal giymati 0.5-0.8 mm civarinda qo-
bul edilir.

Takrar emal prosesinin tadqiqi. Silindr oymagi is¢i sothinin yeyilmasi daxili sathlorin ko-
siyinda, bir orta vo iki kenar kasiklorda vo ya hor kosikdo 6lgmo aparmagla toyin edilir. Olgmonin
naticolori gostarilmis qiymatdon artiq olarsa silindr oymaginin daxili sathlori yonulur vo ya yeni
oymaglarla oavaz edilir. Digor torofindon rohbar sonadlor gostorir ki, normal yeyilmo prosesi gedon
silindr oymagqlarin yeyilms miqdarindan asili olaraq daxili sathlori yonmaq olar. Bu zaman yonma-
larin imumi qalinligy, silindr oymaginin ilkin divarinin galinligindan 15 % ¢ox olmamalidir.

Silindirik oymaginin daxili is¢i sothinin 25% dok uzunlugunda 0.5 mm dok dorinlikdo olan
c1ziq va zadalor miixtalif mexaniki emal iisullart ilo aradan galdirilir. Yeyilmis silindr oymaginin
daxili sathlori, ovalligi doqiqlik kvalitet iizro gostorilon 6lgiilordon artiq olmamalidir. Daxili silind-
rik sothin yonma va pardaglanmasindan sonra kole-kétiirlilyii R, 1.25-don asag1 olmamalidir. i¢ yo-
nugdan sonra silindirlor hidravlik sinaqlara moruz galir. Hidravlik sinaqglar sinaq tozyiqinds tolimata
uygun yerina yetirilir. Pistonla- silindr oymagi arasinda araboslugu xiisusi alatla, silindr oymaginin
daxili sothinin bir torafindon pistona sixmagqla 6l¢iiliir. Ara boslugunun ¢ixis qiymati asagidaki ifa-
do toyin edilir [6, 8].

K=(0.013-0.015)d (1)

Burada d - silindr oymaginin daxili diametridir.

Nozoars alsaq ki, hidravlik silindrlorin divarinin qalinhig1 asagidaki ifads ilo toyin edilir.

_d ’4J+3P
S_z 40—3P+K0 2)

Burada P - silindrds an bdyiik tozyiqdir; o - silindrin divarinda yaranan on boyiik radial gor-
ginlikdir. K, - tokrar {i¢ yonmalarin nazars alan olave omsaldir, K;=0.01+0.015 qgobul edilir.
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Pistonlu nasoslarda piston-oymagq ciitiiniin yeyilma xarakteristikasi va barpast tigiin tokrar emali prosesi

Silindirik oymagqlarinin vo piston 6zayinin tokrar emalinin iqtisadi somarasi oldugca ¢ox-
dur, Osason do hazirlanmasi nisbaton ¢otin olan silindir oymaglarinin tokrar emali materiallara qo-
naot etmaklo yanasi, mexaniki emalla bagli xarclori do azaltmaga imkan verir. Silindrik oymagqlari
tokrar emal edorok istifado etmok, yoni silindirin is qabiliyyatinin barpa edilmasinin miimkiinliiyii-
nil nazars alaraq, bu hissonin barpasi tigiin yeyilmis hissalorin tomir dl¢iilarinin istifadesi daha mog-
sadouygun hesab edirlor.

Silindirik oymaqlarmin daxili sothlorinin tokrar emali prosesi kobud vo tomiz i¢ yonus vo
pardaq omoliyyatlarinda tolab olunan forma doqiqliyinin vo sothin kolo-kdtiirliiyiinii alds etmak
ticlin yerino yetirilir. Texnoloji proses hazirliq amsliyyatlarindan, termiki emal, tokrar emal, nozarot
vo kimyavi- termiki emal omoliyyatlarinda ardicilligla istifads edilir. Qeyd etmok lazimdir ki, pis-
ton 6zayi termiki emal oluna bilon xiisusi poladdan isti ddyma ilo hazirlanir. Piston gévdasi an bo-
yiik tozyiqlors hesablanmisdir [8, 9].

Digor bir malum texnologiyaya gors iki pistonlu qazma nasoslarinin pistonlarin hazirlan-
mast liglin biitov va plastik halgalordon istifade etmakls yigilmis pistonlar totbiq edilir. Silindirik-
oymagin sothlorinds tokrar emalin parametrlori codval-2-do gostorilmisdir.

Cadval 2
Piston-silindr ciitiiniin tokrar emalh
Hissonin | Isci sothinin | Hoddi meyillik- | Isci sothinin Termiki
ad1 diametri, mm lori, mm kolo-kotiirliiyii Materiali Emali
Ra (mkm)
Silindr oy- Polad 70 Tabayiiksoltma
magi 130-200 D3 0.63 DST 1050 YCT h>3 mm
60...64
Piston Polad 45 | Sothi méhkomlon-
ozayi 130-200 D238 1.6 DST 1050 | dirmo aparilmir

Natica. Tadqgiqatlar gostarir ki, silindrik-oymagin handasi formadan meylli hazirlanma hal-
larina rast golinir. Bu hallarda silindr- piston diiyiinlorinds pistonun silindr boyu harakoti zamani
deformasiya vo gorginliklorin qiymatinin doyismasi hallart miioyyon fosadlara gotirib ¢ixarda bilor.
Biitiin bunlar1 nazare alaraq piston-oymagq ciitiindo yarana bilon xatalar1 aradan qaldirmaq iicilin
miixtolif konstruktiv vo texnoloji hall yollar1 islonib hazirlanmalidir. Beloliklo, biitiin toplanmis
molumatlar osasinda arasdirmalar aparib silindr-piston ciitiiniin etibarli§inin vo uzundémurliiyiiniin
artirtlmasi ti¢lin asason silindrin sathlorinin méhkomliys davamliginin va barpa tisullarinin segil-
masi vo tatbiq edilmasi tovsiys edilir.

Silindr-piston diiyiiniin is prinsipi genis olub miixtalif soraitlorlo xarakterizo olunur. Bu so-
raitlorin on asast silindr-piston diiyliniin kontakt sahslorinds temperaturanin, tozyiqin, suratin, aktiv
miihitin vo s. amillorin ani doyisilmasi nozords tutulur. Bundan basqa kontakt sothlorinin funksio-
nalligy, istismar soraitinin, konstruksiyalarin miixtalif miixtolifliyi miihiim yer tutmasi nazors alin-
malidir.

Siirtiinon diiytlinlords yeyilmonin miixtalifliyi do asas sortlordon biridir. Ona gors do silindr-
oymagin hazirlanma texnologiyasi, istismar xarakteristikalar1 va sathlorin yeyilmo ndvlori miihiim
rol oynayir. Bu amillorin tosir xarakteristikalarint M.M.Xrusovun, J.V.Kragelskinin, S.H. Babaye-
vin vo bagqalarinin elmi asarlorindos rast golmak olur.
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XAPAKTEPUCTHKA NU3HAIIMBAHUSA U ITIOBTOPHASI OBPABOTKA
JJI51 BOCCTAHOBJIEHHUS HUJIAHAPA-ITIOPIIHSA ITOPINHEBBIX HACOCOB

H.}O. UBPATMIMOB

OmpeneneHsl napaMeTpsl abpa3suBHOTO, THAPOAOPA3UBHOTO M HPO3MOHHO-KOPPO3HOHHOTO HM3HAIIMBAHUS IMINHIpA-
TIOPIIHS MOPIIHEBBIX HAcocoB. IIpoBeNeHO HCCIeoBaHUE ITyTH TPEHWS, TNIyOWHBI M3HAIIMBAHHS IONEPEYHBIX M OCEBBIX
CEYEHUH LIMIUH]POB.

Jlnst BOCCTaHOBNEHMS W3HOIIEHHON IOBEPXHOCTH IUIMHAPA-TIOPIIHSA ONpPEAENeHbl MapaMeTpbl MeXaHH4ecKoi
MIOBTOPHOH 00pabOoTKK MOBEpXHOCTEH. PaccunTanbl 3HaUEHUS YHCTOTHI U IMIEPOXOBATOCTH MOBEPXHOCTH LIMIIMHAPA HACOCOB.

Knroueswie cnosa: nopuiHeebvle HACOChl, uuﬂqup—nopmeHh, Xapakmepucmuka Hacocd, UHMeHCUEHOCHb USHAUUBAHUA,
nonepevHvle u ocesvle UHAWUBAHUS, NOGMOPHAsL o6pa6omm npu 60CCMAHOBIEHUU, UWUepOX08aANnIOCHb NOEEPXHOCHIU.

HARACTERISTICS AND RE-TREATMENT FOR RESTORATION
OF RECIPROCATING PISTON PUMPS

N.Y. IBRAGIMOV

Parameters of abrasive, hydro-abrasive and corrosion wear of piston pumps are determined. At the same time, the fric-
tion path and the wear depth of the transverse and axial sections of the cylinder are studied. To restore the worn-out surface of
the cylinder-piston, the parameters of the mechanical re-treatment of the cylinder-piston are determined. The values of purity
and roughness of pump cylinder surfaces are calculated.

Keywords: reciprocating pumps, wear characteristics and wear intensity, transverse and axial wear, reprocessing du-
ring restoration, surface roughness.
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MAGISTRAL BORUKOMORLORININ HOLQOVI QAYNAQ
BIiRLOSMOLORININ ETIBARLILIGININ TODQIiQi

M.S. ROHIMOVA®, F.M. QAFAROV", G.I. NAMAZOVA"

Mogqaloads sadalosdirilmis siiratlondirms {isulu ilo termiki emalin korroziya doéziimliiliiyiine to-
sirinin tadqiqi masalalarine baxilir. Biitiin qaynaq birlogmasinin mithiim xiisusiyyati tokce mohkomli-
yin deyil, ham da birlagmenin hermetikliyinin tomin edilmasidir. Niimunsalords korroziya doziimliili-
yiiniin tayin olunmasi otaq temperaturunda geyri-elektrolit mithitde niimunalarin tam yiiklonmasi ha-
yata kegirilmisdir. Aparilmis todqiqatlarin naticasinds optimal rejimlards yerine yetirilon termiki ema-
It zaman1 qaynaq birlogsmasinin korroziya siiratinin asag1 diismesi miigahidos olunur.

Acar sozlar: magistral boru kamarlari, gaynaq birlasmalori, etibarliq, istismar.

Giris. Hal-hazirda XX osrin 60-70-ci illorinds tikilmis magistral boru kemorlori sobokasi is-
tismar edilir. Maye karbohidrogenlorini noql edon magistral boru komarlorinin 80%-i vo magistral
qaz kemarlorinin 25%-don ¢oxu 0z istismar miiddetini basa vurmaq iizradir. Nozors alsaq ki, ma-
gistral boru kamarlarinin bir hissasi XX asrin 60-c1 illorinin baslangicindan istismar edilir vo onla-
rin istismar miiddoti 50 ilo yaxinlagir. Belaliklo, 6z istismar miiddatini basa ¢atdirmis magistral bo-
ru komoarlari ticlin onlarin etibarli istismar1 problemi kifayat qoador aktualdir.

Masalonin qoyulusu. Uzunmiiddastli istismar prosesinds polad boru komarlori ils vurulan
mohsulun va xarici miihitin tosiri noticosindo metal borularin vo qaynaq birlosmolorinin struktur
halinin doyismasi bas verir.

Materialin kéhnalmasini vo deqradasiyasi proseslori ilk ndvbado kovrak dagilmada miiqavi-
motin asag1 diismosi ilo miisayiot edilir. On ¢ox nozors carpan effekt magistral boru komarlorinin
gaynaq birlogsmalarinin bircins olmayan sahslorinds qeyd edilir. Zorbs 6zliiliiyilinlin soviyyasinin
xeyli asag1 diismosi naticasindo ¢atlarin yaranmasi vo inkisafi potensiali artmis olur. Belsliklo, qo-
za dagilmasinin ehtimali artir.

Masalonin holli. Hal-hazirda mohkomlik etibarliginin saxlanilmasi tizra osas tadbirlora
yiiksok tozyiqli sinaqglar, miiayino naticalorine goras segma tomir vo moveud boru komorlorinin do-
yisdirilmasi daxildir. Qeyd olunan iisullardan har biri kifayst qodor yiiksok effektivliys malik ol-
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masina baxmayaraq, xeyli qiisurlara malikdir. Bels ki, yliksok tozyiqli hidrostatik sinaqlar noinki
borularin miixtalif qiisurlarini askar edir, gismon iso méhkomlik xassolorini barpa etmis olur [1].

Eyni zamanda bu sinaqlar asagidaki catismazliglara malik olur: qisa, lakin dorin korroziya
zodolonmolarini agkar etmir, bu da 6z névbasinds sizmalarin amologalmasina gotirib ¢ixarir. Metal
borularda ytiksok gorginliklorin tasiri naticesinda plastiki deformasiyalar metalin tez sinmasina go-
tirir. Borudaxili toftigin naticolori {izro segmo tomir texnologiyasinin totbiq edilmaosi tohliikali zodo-
lonmoys malik etibarli sahalorin miioyyon edilmasini tomir edir.

Ancaq hal-hazirda istifado olunan borudaxili toftis birinci névbado qaynaq birlogmolorindo
biitiin tohliikoli qiisurlar1 tapmaga imkan vermir, diagnostik todqiqatlar iizro hesabatlar hondosi
Olciilorin izahi sahasindo sohvloro malik olur; defektoskoplarda qeyd olunan biitiin qiisurlar yekun
hesabatinda oks olunmurlar [2]. Bundan bagqga bu ciir yanagsma mexaniki xassalori asagi saviyyali
saholorin agkar olunmasina vo barpa edilmasino imkan vermir.

Bu vaziyyatlori nozors alaraq, magistral boru komarlori sistemi ii¢lin aktual mosslo uzun-
miiddatli istismar olunan boru komarlarinin etibarliginin ytiksaldilmasi iizra yeni effektiv todbirls-
rin islonmosi vo totbiq olunmasidir, hom do dagilma olmayan metodlarla metalin faktiki voziyyati-
nin qiymatlondirilmasi va biitiin boru komari sisteminin tohliikasiz istismari ehtiyatinin uzadilmasi
problemidir.

Borunun asas metalinin vo gqaynaq birlogmalori metalinin mexaniki vo istismar xassolorinin
borpa edilmosi xiisusi termiki emalin hoyata keg¢irilmosi hesabina bas verir. Uzunmiiddotdo islomis
magistral boru komarlorinin halgovi qaynaq birlosmalorinin istismar xassalorinin barpa edilmasinin
optimal soraitlorinin toyin edilmasi magsadilo tocriibi todqiqatlar aparilmisdir. Magistral boru ko-
morlorinin uzunmiiddastli istismarindan sonra halqavi qaynaq birlosmalorinin barpaedici termiki
emalinin iisulu iglonmis vo texnoloji rejimlori miioyyon edilmisdir [3].

Boru komorlorinin gaynaq birlogmolorinin, korroziya doziimliiliiyliniin mexaniki xassalori
va mikrostrukturu barads aparilmis todqiqatlart tocriibads toklif olunan tisulun yaxsi perspektivlori
oldugunu siibut edir.

Optimal rejim iizra islomis metalin zorbo Ozliiliiyiliniin qiymatlori 50% artirilir. Bu zaman
mohkomlik hoddinin giymaetlorinin asagi diismasi clizidir vo méhkomlik hesabatlarinin aparilmasin-
da nozoro alinmaya bilor. Mexaniki xarakteristikalarin doyismosi metalin qaynaq birlogsmosinin
mikrostrukturunda uygun dayisikliklarls tasdiq olunur.

Sadoslogdirilmis siiratlondirmo {isulu iizro termiki emalin korroziya doziimliiliiyiino tosiri
barados todqiqatlar aparilmigdir. Korroziya doziimliiliiyiiniin toyini osas metaldan kosilmis niimunos-
lards, termiki tosir zonasinin va qaynagq tikisinin, agiq qab otaq temperaturunda qarisdirmadan kor-
roziya miihitindo-qeyri elektrolitdo tam yiikloma yolu ilo aparilmisdir. Aparilmis todgigatlarin nati-
cosinda askar edilmisdir ki, optimal rejimlords yerins yetirilon termiki emal qaynaq birlogmasinin
korroziya siiratini 4%-o qodor asag1 salmis olur [4].

Boarpaedici termiki emalin istifado olunmasi onun effektivliyinin dagilmayan {isulla qiymot-
londirilmasini tolab edir. Magistral boru kamaorlarinin halqavi qaynaq birlogsmalarinin yerina yetiril-
mis barpaedici termiki emalin effektivliyinin qiymatlondirilmasinin osas meyar1 kimi soyyar bark-
lik 6lgonlorlo borkliyin 6lgmalori qiymatlorinin asagi diismo gostoricilorini istifado etmok heg do
dogru deyildir, ¢iinki borkliyin qiymati méhkomlikls slagalidir va zarba 6zliiliiyliniin doyismasi
barodo molumat vermir. Mexaniki xassolorin dagidici {isullarla qiymotlondirilmasi névbati tomir
islorinin aparilmasi zoruratini moagsadyonlii saymir. Bununla olagadar olaraq, boru komorlorinin
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halqavi qaynaq birlosmalorinin borpaedici termiki emalinin effektivliyini oan ¢ox obyektiv sokildo
toyin edon zorba dzliiliyiiniin xarakteristikasinin qiymati ilo slagolondirilir.

Usulun mahiyyati ondan ibaratdir ki, zorba 6zliiliiyiinii materialin nisbi daralmasindan asili
olaraq asagidaki diisturla toyin edilir:

Azy-L,ch/m2 (1)
1-y

Burada A-zerbo 6zliilityii, mKc/m?; \ —nisbi daralma, nis.vah.; ¥ —dogiqlosdirici emsal,
asagidaki qiymotlors malikdir: y =0,61 olanda w >0,8; y=0,76 olanda 0,6 <y <0,8;y =0,81
olanda 0,4<y <0,6; y=1,19 olanda 02<w <04; y=1,66 olanda  <0,2.

Bu zaman materialin nisbi daralmasinin qiymatini [5]-da oldugu kimi toyin edirlor:

16,4+80-k-S
=- 0 2
7 100 )

Burada y —nisbi daralma, nis.vah.; S — izin enidir, mm; k —tam boliinmo omsali olub,
asagidaki qiymotloro malikdir: yiik 1000 N olandak =1; yiikk SOON olanda & =1,414; yiik 300N
olanda & =1,825; yilk 200N olanda £ =2,235; yliik 100N olanda k=3,161; yilk SON olanda
k=4,472.

Magistral boru komorlorinds halqavi qaynaq birlosmalorinds termiki emalin aparilmasi
keyfiyyatino nozarat {igiin verilmis {isulun totbiginin imkaninin yoxlanilmasi uzunmiiddot islomis
magistral boru komarlarinin halqovi qaynaq birlosmalarindon hazirlanmis makrosliflorle aparilmis-
dir. WPM tipli borklik 6lganin piramidal identoru 200N qiivva basilmasindan sonra alinmis izlor
PMT-3 tipli mikrobarklik 6lgon okulyar-mikrometrinin kémayilo 6l¢iilmiisdiir. Bundan sonra zorba
ozliililyling sinaqlar tigiin niimunalor hazirlanmig va standart iisulla sinaqglar aparilmigdir [5].

Aparilmis sinaglarin naticosindo askar edilmisdir ki, toklif olunan tisulla zorbs 6zliiliiyiiniin
toyininin xatas1 (dagilma olmayan metodla) DUIST 9754 iizra toyin edilmis baza qiymetlarilo mii-
qayisada 15%-don ¢ox yiiksalmir [6]. Bu zaman dagidici olan metodla alinan hesabi giymatlor to-
yin edilon giymatlorindon asagi olmusdur ki, bu da dagilma olmayan tisulla holqovi qaynaq birlos-
masinin zarba ozliiliiyliniin toyini zamani magistral boru kamarinin istismarinin etibarligina miisbot
tosir gostorir: zorbo Ozliiliiyii tizra 6ziino moxsus ehtiyat omsali alinir.

Beloliklo, zorbo ozliiliiyiliniin dagilma olmayan {isulla nozarstinin verilonlori osasinda ma-
gistral boru kamoarlorinin halgoavi gaynaq birlosmalarinin barpaedici termiki emalinin aparilma tisu-
lu dziiniin texniki effektivliyini gostorir. Usulun istehsalatda totbiqi onun igtisadi magsady®nlii ha-
linda miimkiindiir. Bu zaman toklif edilmis tisulla tomir islorinin aparilmasinin iqtisadi cohotdon
giymotlondirilmasi mosalasi yaranir [7].

Noatica. Beloliklo, uzunmiiddot islonmis magistral boru komarlorinin halqovi qaynaq birlos-
molorinin istismar etibarliginin toklif edilon barpaetmo tisulu barpaedici termiki emalin aparilmasi
yolu ilo 6z totbiginin potensial texniki-iqtisadi somarsliliyini gdstorir vo tomir islorinin aparilma
tocriibasindo totbiq edils bilar.
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HCCJIEJOBAHUE HAIE?KHOCTH KOJIBIIEBBIX CBAPHBIX
COEJUMHEHUU MATHUCTPAJIBHBIX TPYBOITPOBOAOB

M.C. PATUMOBA, ®.M. TA®APOB, I"'"1. HAMA30OBA

B cratee paccMaTpuBalOTCS BOIPOCH HCCIICNOBAHMS BIMSHHS TEPMHUYECKOH 0OpabOTKM Ha KOPPO3HOHHYIO
CTOMKOCTh II0 YHPOIIEHHOMY YCKOPEHHOMY MeTony. BakHOH 0COOSHHOCTBIO BCEX CBapHBIX COCIWHEHWH SBIISETCS
obecriedeHre HE TOJHKO MPOYHOrO, HO ¥ IUIOTHOTO, TO €CTh I'€pPMETHYHOTo coenuHeHus. OmpenescHue KOPPO3HOHHOM
CTOMKOCTH MPOBOJIMIOCH HA 00pa3lax, U3rOTOBIEHHBIX U3 OCHOBHOTO METAJlIA, ITyTEM TOJIHOTO MOTPYKEHUS B HEAIEKTPOIHUT
— KOPPO3HOHHYIO CpEly, HaXOAAIIyIOCS B OTKPHITOM COCyA€ NpH KOMHATHOI Temmeparype Oe3 mnepememnBaHusi. B
pe3yabTaTe MPOBEACHHBIX MCCIEI0BAHMH BBISBIEHO, YTO TepMHYecKas 0O0paboTKa Ha ONTHMAJBHBIX PEXHMMAX MPHBOIUT K
CHIM)KEHUIO CKOPOCTH KOPPO3HUU METAJlIa CBAPHOTO COETUHEHNSI.

Kniouesvie cnosa: macucmpanvivle mpyoonpogoosl, ceapHvie COeOUHeHUsl, HAOEHCHOCHTb, IKCNIYAMAYUSL.

RESEARCH OF RELIABILITY OF RING WELD
OF PIPELINE CONNECTIONS

M.S. RAGIMOVA, F.M. GAFAROV, Q.I. NAMAQZOVA

The article deals with the investigation of the effect of heat treatment on corrosion resistance using a simplified acce-
lerated method. An important feature of all welded joints is the provision of not only a durable, but also a dense, that is, a sea-
led connection. Determination of corrosion resistance was carried out on samples made of base metal, by completely immer-
sing in a corrosive medium-nonelectrolyte, which is in an open vessel at room temperature without stirring. As a result of the
conducted studies, it was found that heat treatment at optimal conditions leads to a decrease in the corrosion rate of the weld
metal.

Keywords: main pipelines, welded joints, reliability, operation.
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SOYUDUCU QURGUDA ISTILIKOTURMO PROSESIN
MODELLOSMOSI OSASINDA YEKUN TEMPERATURUN
PAYLANMASININ QiYMOTLONDIRILMOSI

.. HOBIBOV", R.S. NOCOFQULIYEVA®

Magqalads deniz yataqlarinda hasil olunan qazin sahils 6tiiriilmasinds, elaco do istismar quyularinda hasilatin
soviyyasinin saxlanmasi moqsadils istifade olunan kompressorlarda is¢i agentin (somt qazi) sixilmasi naticesinda
temperaturun yiiksolmasini nozors alaraq yeni quruluslu soyuducu qurgu toklif edilmis vo qurguda istilik miibadilo
prosesinin modellogmasi, ¢ix1§ temperaturlarin (soyuducu su va soyudulan qaz) qiymatlandirilmasine imkan veran
riyazi modellar verilmisdir.

Acgar sozlar. qaz miiharrik kompressorlari, kompressor stansiyalar, istilik miibadila edicisi, soyuducu,
daniz suyu, sixilmig vo qizmig qaz, istilik dasiyicilari.

Moévzunun aktualhi@i. Neftqaz vo qaz kondensat yataglarinin islonmosinds vo yenidon qu-
rulmasinda neft sektorunun qarsisinda duran asas masalalor sirasinda “qazin hasilati, yigilmasi, ha-
zirlanmast va naqli” sisteminds yiiksok keyfiyyatli neft-madon avadanliglarinin tomini vo onlarin
mitkommal yerlosdirilmosidir [1]. Hazirda Azorbaycan Respublikasinda hasil olunan qazin osas
hocmi doniz yataglarinda formalasir vo onun bir hissosi sahilo Gtiiriiliir, digor hissasi iso istismar
quyularinda hasilatin saviyyasinin saxlanmas1 magsadils tatbiq olunan qazlift istismar iisulunun eh-
tiyaclarin1 6domok {iciin istifads edilir. Bu moagsadlo tolob olunan tozyiq ¢oxpilloli kompressorlar
(iki va ti¢ pillali) vasitasi ilo yaradilir [2, 3, 4].

Azarbaycan soraitinds hasil olunan gazin naqli {iciin istifads olunan kompressor stansiyala-
rinda (KS) tozyiqin tonzimlonmasindo asason gaz miihorrik kompressorlarindan (QMK) istifado
olunur. Burada qaz QMK-nun 1-ci pillesindo Py,= 0,45...0,5 MPa yiiksoldilorok Pg,= 1,8...2,0
MPa qodor catdirilir. Bu zaman sixilan qazda temperatur gostoricisi T=115+118°C qodar ytiksalir.
Mohsulun sonraki istifadasi ti¢tin, onu QMK-nun 2-ci pillasinin girising 6tiirmazdon avval tempera-
turun T=35+38°C qodor soyudulmasi vacibdir. Bu mogsodlo KS-da soyuducu sistem nozords tutu-
lur.

*
Azarbaycan Dovlst Neft vo Sanaye Universiteti
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Sistemin asas ele-

menti soyuduculardir vo o]é’%
hazirda neft-kimya, neft- =
gaz emal1 va neftqaz ¢ixar- f % %7
N . A ]
ma sonaye saholorindoki A | e e e
KS-da boru-futlyar tipli = I — —
-—— - e -—

soyuduculardan istifado

olunur [5, 6] . A
Hazirda SOCAR-In  ayingas

KS-da osason futlyar bo-

ruly soyuduculardan isti- 7777 7
¥,

— e — — — —— — — — —— — — — —— —

>

fado olunur. Onlar bir s;a ~ ¥—H & | ———————
miisbot keyfiyyatloro (yiik- mla z
sok istilik vermo omsals, ‘§,§

qazin guig

D

Soyulmug

asagl vo yuxarl tozyiqlor
rejiminds is gorma qabiliy-
yotino  géro, konstruk- Sok. Yeni quruluslu soyuducunun funksional sxemi

siyanin sadoliyi vo servisi)

forqlonsalor do, irithacmli vo metal tutumlu olmalari, istismar prosesindo yiiksok sos-kiiylilyii vo
titromolor yaratdiglarina goro, eloco do tomir prosesinin ¢otinliyi sobobindon miioyyon moh-
dudiyyatlorls totbiq olunurlar [7, 8].

Maqals toklif olunmus yeni quruluslu soyuducuda [9] (bax sok.) istilikdtiirma prosesinin
modellogsmasi asasinda yekun temperaturun paylanmasinin qiymatlondirilmasino hasr olunmusdur.

Sxemdon goriindiiyii kimi soyuducu agent (doniz suyu) birinci borunun girisindon (A)
qurguya daxil olaraq ikinci borunun sferik dibino torof istigamotlonir. Sonradan birinci vo ikinci
borularin arasindaki boslugu dolduraraq ikinci va ii¢lincii borular arasinda horokot edon qizmis qazi
soyudaraq (B) ¢ixisindan qurgudan konarlagdirilaraq yenidon soyutma sistemina gondorilir. Bu
zaman (C) girisindon qurguya Otiiriilon qizmis qaz soyuduldugdan sonra (D) ¢ixisindan
kompressorun 2-ci pillasing otiiriiliir.

Soyuducu qurgunun etibarli is rejimi prosesdo istirak edon hor iki agentin son
temperaturlarinin verilon sortlor daxilinds tominindon asilidir.

Tadqiqatin maqsadi. Todqgigat isindo toklif olunan soyuducu qurguda istilik miibadilo
prosesinin modellogmasi vo sonda temperaturlarin (soyuducu suda vo soyudulan gqazda)
giymatlondirilmasine imkan veran riyazi modellorin alinmasi masalasi qoyulmusdur.

Masalonin halli. Sak.1-don goriindiiyti kimi istilik miibadilesinds istirak edon hor iki agent:
doniz suyu vo gaz, qurgunun daxilindo horokot etdiklori zaman silindrik vo sferik konstruksiyaya
malik metal sothlor boyunca harakat edirlor vo miibadils prosesindo, eloco do onun riyazi modelinin
islonmasinds onlarin birgs tasirinin nazors alinmasi vacibdir.

Istilik miibadilosi qurgusunda hor iki agent {i¢iin istiliyin yayilmasinda istilikke¢irmonin
rolunun ¢ox ki¢ik olmasini va istiliyin baglica olaraq konvektiv kd¢iirmos yolu ilo yayilmasini gobul
edok. Onda qurgunun silindrik zonasinda borular arasinda istilik miibadiloesini nozoro almagla
istiliyin yayilmasi prosesinin riyazi modelini asagidaki sokilde yazmaq olar [10]:

qurgunun silindrik zonasinda horokat edon soyuducu agent (doniz suyu) ii¢iin
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ST, aT,

CW.pW-W:_UW.CW.pW-W-l_OC (Tg_Tw)

)

Soyudulan agent (sixilmis qaz) ligiin
oT, oT, 2
Cg'pg'a_fZ_Ug'Cg'pga_j_“ (Ty-Tw)- @
Burada C,, va C; uygun olaraq soyuducu suyun vs qazin istilik tutumudurlar;
Pw Vo pguygun olaraq soyuducu suyun vo qazin sixhigidirlar;
T,, vo T, uygun olaraq soyuducu suyun vo qazin temperaturudirlar .
(1), (2) tonliklor sistemi ti¢iin
Tw(x,0) = v (%), 3)
T 4(x,0) = y4(x) )
baslangic sortlorinin verildiyini forz edok. Soyudulan agentin qurguya daxil oldugu hissodo
temperaturu molum oldugu ii¢iin (2) tonliyi {i¢iin sorhod sortini
Ty(0,t) = f,(®) 5)
soklinds yazmagq olar.
(1) tonliyi iiclin sorhad sorti, sok.1-don goriindiiyli kimi, qurgunun sferik konstruksiyanin
baslangicinda verilmolidir. Bu sorhad sortini almaq t¢iin sferik konstruksiyanin yerlosdiyi hisso
tictin istilik balansi tonliyini yazaq

TRV, * Cpy * Py * (T, (0,8) — TO(E)) = 2nr2Ra((Tg(l, £) — T, (0, t)).

Buradan soyuducu agentin horokat etdiyi silindrik borunun baglangicindaki sorhod sortini
almagq olar
4raTy(1,t) + Ruy, - Cy, - py, Ty (t)

Rv,, ' C, ' py +4ra

Burada T;2(t) — soyuducu agentin qurguya daxil oldugu hissadaki temperaturudur.

Belalikla, masala (1), (2) tonliklor sistemini, (3), (4) baslangic va (5), (6) sarhad sortlorini
odayan T, (x,t) va T,(x,t) funksiyalarinin tapilmasindan ibarat olur. Lakin qoyulan masslonin

T,(0,t) =

(6)

imumi halda analitik hollini qurmaq miimkiin olmadigindan odadi hall iisullarindan istifade
edilmasi zorurati yaranir.

(1)—(6) masalasinin adadi hallini tapmagq ii¢lin sonlu-forglor tisulundan istifads edok [11, 12].
Bumoagsadlo {0 < x <[,0 <t < T} oblastinda

@ne = {(x0, )i, = ih, t; = jT,i = 0,1,2,...,n,j = 0,1,2, ..., m}

sobakasini daxil edak.

Burada h = [/n, T = T/m— uygun olaraq x va t doyisonlorino goro soboko addimlaridir.
Daxil edilmis @y, sobakasinds (1)-(6) masalasinin sonlu-forq analoqunu agagidaki sokilds yazaq

A ), -1 J—i i
Cw " pw— z = _ﬁw “Cw " Pw ﬁa(’rwi - Twi ) (7)
Téi_Té.i_i T;i_Téi—l j-1 j-1
Cgpg ——F =0y Cg F—F7——x (Tgi — Ty, ) ®)
i=1n,j=0m,
Twi = Ywio )
Tg: = Ygir (10)

; _4raT);'+Rv, -G, p, Ty

wo —

11
Rv,, - C, " py + 41 abn
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T)y=f; - (12)
Gortindiiyl kimi, (1)—(6) diferensial masalasinin diskret analoqu (7)—(12) xatti cabri tonliklor
sistemindan ibaratdir. Bu sistemin dayisonlari iss axtarilan T, (x, t) va T, (x, t) funksiyalarinin @y,

sobakasinin dilylin ndqtalorindaki taqribi Td;i v ngi giymatlorindan ibaratdir. Alinmis bu sistemdon
TMJ,L, v T;z doyisanlorinin qiymatlorini agagidak: askar diisturlarla tapila bilir

h-Cy - pw 7 Oy " Cy " Pw

T}, = Ty + T,
i h'Cw'pw"l'T'ﬁw'Cw'pw Wi h'CW'pw+T'79W'Cw'.Dw Wint
x<-h-T . )
+ )7 —T1)7h).
h.CW.pW—I_T.ﬁW.CW.pW(gl Wi )
j h-Cy-pg j-1 TGy Py T

T, = o+ .
9gi h'Cg'pg_i'Tﬁg'Cg'pg 9gi h'Cg'pg_l'Tﬁg'Cg'pg gi-1
x-h-t
+
h-Cy-pg+t-95:-Cy4-F
Toklif edilmis model osasinda aparilan hesablamalar naticosindo soyuducu vo soyuyan

(T3 = Ta)

agentlorin temperatur gostoricilorinin qurgunun ¢ixisindaki vo eksperimental Slgmalorlo miisyyon
edilmis eyni adli parametrlo miiqayisali tohlili codvalds verilmisdir.

Cadval
Parametrlorin miiqayisali tahlili

Soyuducu suyun axin siirati, m/san.

Istilik dastyicilar 05 1.0 15 2.0 23 30

59.8" | 53.1 36,8 | 361 | 357 | 353
58,3 52,6 35,7 35,5 35,3 35,1
Suyun temperaturunun dayismesi,OC 39,2 34,3 27,7 25,3 22,2 22,1

Qazin temperaturunun doyismosi,’C

Qeyd: Kasrin siiratindos hesabatdan alinan, maxracinds iso eksperimentl miioyyan edilmis gostoricilordir.

Notica. Beloliklo, alinmis naticalorin tohlilindon goriindiiyii kimi soyuducu agentin axin
stirotinin doyismosi ilkin morhoslodo (9 = 0,5-1,5 m/san) soyudulan qazin temperaturunun
azalmasina intensiv tosir etdiyi halda, sonraki siirot hodlorindo bu gdostorici kicik intervalda doyisir.
Soyuducu qurguda istilik miibadilo prosesinin modellosmosi vo sonda temperaturlarin
miioyyanlosdirilmasi mogsadi ilo alinmis riyazi modellor prosesin adekvat giymotlondirilmasino
imkan yaradir.
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OLIEHKA PACHPEJEJEHHA KOHEYHON TEMIEPATYPBI B TEIINIOOBMEHHUKE
HA OCHOBE MOJAEJIUPOBAHUSA NPOLIECCA TEIIVIOIIEPEJAYUN

N.A. TABHUBOB, P.C. HAJDKA®I'VJIMEBA

VY4uThIBas MOBHIINICHHE TEMIEPATyphl NP Iepeaade JOOBBAEMOT0 B MOPCKHX MECTOPOXKJICHHAX ra3a Ha Oeper, a
TaKKe B pe3yibTaTe CKaTHs pabodero arcHra (IMOIYTHOTO Ta3a) B KOMIIPECCOPaX, MCHOJB3YEMbBIX C IENbI0 MOICPKAHHS
YPOBHsI 10OBIYH B AKCIUTyaTHPYEMbIX CKBOXHHAX, B CTAaThe MPEIJIOKCHO XOJIOIMIBHOE YCTPOHCTBO HOBOW KOHCTPYKLHMH H
NpPUBEICHB MaTeMaTHYeCKHEe MOJISNH, MO3BOJSIONINE OLCHMBATh BBIXOAHBIC TeMIEpaTypbl (OXJIaKAaromed BOIbI H
OXJIAKAAEMOTO rasa).

Knrwoueevie cnosa: 2A30MOMOpPHbIE KOMNpeccopbvl, KoOMnpeccopHole CmMaHyuu, menﬂoo6MeHu6amerb, XOﬂO()u/leMK,
Mopckas 60()61, corcamulil U noc)oepembni 2as, menjioHocumenu.

ESTIMATION OF THE FINAL TEMPERATURE DISTRIBUTION IN THE HEAT EXCHANGER
BASED ON THE HEAT TRANSFER PROCESS

I.LA. HABIBOV, R.S. NAJAFQULIYEVA

Considering the increase in temperature during the transfer of gas produced in offshore fields to the coast, as well as a
result of compression of the working agent (associated gas) in compressors used to maintain the level of production in the
exploited wells, the article proposed a new design refrigeration device evaluate outlet temperatures (cooling water and cooled

gas).

Keywords: gas compressors, compressor stations, heat exchanger, refrigerator, sea water, compressed and heated gas,
coolants.
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NEFTLORIN QARISMASININ VO SULASMASININ DONMA
TEMPERATURUNA TOSIRININ TODQIiQI

Q.Q. ISMAYILOV', E.X. ISKONDOROV",
F.B. ISMAYILOVA®, M.A. MOLIKOV"

Mogqaloado neftlorin qarigsma vo sulagmasinin donma temperaturuna tosiri todqiq edilmisdir.
Agir neftlorin nisbaten yiingiil vo asagi donma temperaturuna malik neft vo kondensatla qarigdiril-
mas1 naticesinda sulagma amilinin donma temperaturuna tosiri dyranilmis, bazi hallarda donma
temperaturunun anomal olaraq doyismosi miioyyan edilmisdir. Bazi qarisiglara additivlik qaydasi-
nin totbiq edilmasinin yolverilmozliyi gostorilmisdir.

Acar sozlar:  Neft qarisiglari, donma temperaturu, agir neftlar, sulasma amili, reoloji xassalor,
neft-kondensat qarisigi, asfalten-qatran-parafin birlagmalarei.

Giris. Neft-modon praktikasindan molumdur ki, neftlorin qarismadan vo ya qarisdirilmadan
yigilmasi, hazirlanmasi vo naqli proseslori, demak olar ki, istisna togkil etmir. Son zamanlar apari-
lan todqiqgat islori siibut edir ki, neftlorin garigsmasi vo sulagmasi onlarin reoloji vo fiziki-kimyavi
xassaloring shomiyyatli doracads tosir gostorir [1, 2, 3, 8 ]. Bir ¢ox hallarda agir, tez donan neftlorin
naql prosesini yaxsilasdirmaq mogsadils onlar yiingiil neftlor vo kondensatla qarigdirilaraq naql
olunur. Bu ciir qarigmalar reoloji miirokkob neftlorin axiciliq gabiliyyating yaxsi tasir etdiyi ligiin
enerji xorclorini asag1 salir. Buna baxmayaraq, texnoloji neft komorlorinin istismar tocriibasi gosto-
rir ki, neftlorin qarigmasi ilo bagl komaorlorin isindo miirakkablogsmalor, enerji vo naql xarclarinin
coxalmasi bas verir ki, bu da onlarin istismar somarsliliyini azaltmis olur [4 — 7].

Tadqiqat obyekti. Bozi hallarda, hotta neftlorin “donmas1™ naticasindo boru xatlorinin isi
tam dayanmis olur. Qeyd olunanlar1 nozors alaraq qarigma va sulasma amillorinin neftlorin donma
temperaturuna tosiri laboratoriya sinaqlar1 osasinda torafimizdon aragdirilmisdir.

Yiiksok ozliliikli, tez donan agir neftlorin nisbaton yiingiil vo asag1 donma temperaturuna
malik neft vo kondensatla gqarismas1 zaman1 donma temperaturu parametrinin doyisilmasinin tadqi-
qi Bulla-doniz, Siyozon yataglarinda gonlordon gétiiriilmiis neftlorinin vo “Umid” yatagmin kon-
densat1 niimunalorinin garigmasi timsalinda baxilmisdir. Bu mogsadlo, standart soraitdo, sixligi
973,4 kq/m’, kinematik ozliiliiyii 16,0 mm?*/s olan vo Bulla yataginda ¢onden gotiiriilmiis qarisiq

*
Azarbaycan Dovlot Neft va Sanaye Universiteti
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neftin, sixlig1 978,4 kq/m’, kinematik ozliiliiyii 8,0 mm?/s olan, Siyazon yatagi nefti ilo vo sixlig1
806 kg/m’, kinematik 6zliilityii 11,4 mm?*/s olan Umid yatag1 kondensat ilo miixtolif qarisiqlarmin
fiziki-kimyavi xassolari tadqiq olunmusdur. Qeyd olunan sistemlor, kondensat istisna olmaqla su-
lasmis olmus vo onlarda suyun faizi uygun olaraq 43,2 vo 35,7 % toskil etmisdir. Hor ii¢ niimuna
torkibinds asfalten, qatran va parafin (AQP) birlogsmalarinin olmasi ilo saciyyoslonmis vo homin nii-
munolordo onlarin migdar1 uygun olaraq 0,23; 10,27; 13,34, 0,81; 11,12;1,18 va 0; 1,0; 28,0 toskil
etmisdir.

Mosalanin qoyulusu. Tadqgiq olunan neftlorin vo kondensatin, eloco do onlarin miixtalif qa-
risiglarinin donma temperaturlart TOCT 20287-91-5 uygun olaraq laboratoriya sinaqglar1 osasinda
toyin edilmisdir. Qarismadan ovval neftlorin vo kondensatin donma temperaturunun uygun olaraq
+13, -6 va -1,6 °C olmasi miioyyen edilmisdir. Neftlorin vo neftlo kondensatin qarisiglari tigiin
donma temperaturunun toyin edilmis qiymatlori uygun olaraq cadval 1 vo 2-do verilmisdir.

Cadval 1

Siyazan neftinin miixtalif kiitlo payinda Bulla-daniz nefti ilo qarisiqlar:
iiciin donma temperaturunun qiymatlari

Yiingiil neftin kiitlo pay1 | 0.01 | 0.05 0.1 0.15 0.2 025 | 03| 035 ]| 04
Donma temperaturu, °C +9 +9 +6 +6 +3 +3 +3 0 0
Yiingiil neftin kiitlo pay1 | 0.45 0.5 0.55 0.6 0.65 | 0.75 | 0.8 0.9 1.0
Donma temperaturu, °C +3 +9 +3 0 0 -3 -3 -6 -6
Cadval 2

Kondensatin miixtalif kiitlo paylarinda agir Bulla-daniz nefti ils qarisiglar:
iiciin donma temperaturunun qiymatlari

Kondensatn -\ | .0 | 0,04 | 0,06 | 0,08 0,1 | 02| 04| 06| 0.8 | 098] 1
kiitlo pay1
Donmatempe- 3| o 415 | 145 414 | 413.5] 410 | 7 | +4 | 41 | -1 | -16
raturu, °C

Yiiksok ozliiliiklii agir Bulla-doniz neftinin Siyazon nefti vo kondensatla sonuncularin miix-
tolif kiitlo paylarinda garisiglar iiclin donma temperaturunun doyismasini xarakterizo edon asililig-
lar uygun olaraq sokil 1-do vo 2-do gostorilmisdir. Sokil 1-don goriindiiyii kimi, neftlorin qarismasi
zamani donma temperaturu neftlorin hansi nisbotds qarigmasindan asili olaraq anomal dayisikliya
moruz qalir. Belo ki, Siyozon neftinin 40%-dok garigma halina kimi donma temperaturu azalir
(9°C-den 0°C-ya kimi diisiir), 40 %-don 50 %-dok koskin olaraq +9 °C-kimi artir, daha sonra don-
ma temperaturunun -6 °C-dok azalmasi bas verir. Beloliklo, agir neftin yiingiil neftlo qarisdirilaraq
somarali sokildo nogl edilmasi {igiin onlarin rasional nisbotdo garigdirilmasi lazimdir. Sokil 1-don
do goriindiiyli kimi, neftlorin yari-yar1 qarigmayan biitiin hallar1t magbul hesab edils bilor. On slve-
risli qarigsma iso donma temperaturunun monfi oldugu — qarisan neftin 0,6-dan ¢ox oldugu kiitlo
paylarma uygun golir. Donma temperaturunun anomal doyismasi hali agir neftlo kondensatin qaris-
dirtlmasi zamani da bas vermisdir. Bels ki, sokil 2-don goriindiiyli kimi, neft-kondensat qarisiglari-
nin heg do biitiin nisbatlorinds additivlik qaydast 6ziinli dogrultmur. Neftlo kondensatin garisdirila-
raq boru komari ilo naqli 6zliiliiyiin azalmasi hesabina somorali hesab edilse do, kondensatin 15%-
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don asagi qatiliglarinda garisigin donma tempe-
raturunun anomal artmasi (4-5°C) arzuolunmaz-
dir. Belaliklo, sokil 2-don goriindiiyii kimi, neft-
kondensat qarisiginin donma temperaturu, so-
nuncunun 20%-don ¢ox olan qatiliq hallarinda
additivliys asason, xotaya yol verilmadon toyin
edilo bilor vo onlar arzuolunan qarisiglardir.

Qeyd etmok lazimdir ki, tadqiq olunan
Bulla-doniz agir neftinin digor bir agir neftlo
(Qaraguxur, p=915 kq/m’), torkibindo yiiksok
molekullu AQP (uygun olaraq 0,64; 13, 28 vo
2,53%) birlosmoalor olan vo donma temperaturu
+3 °C toskil eden neftlo do garisiglari laboratori-
ya siaqlar1 osasinda yoxlanilmis vo notico eti-
bar1 ilo additivlik qaydasinin pozulmasi hallari
askar edilmisdir. Neftlorin miixtalif kiitlo payla-
rinda qarigmalari zamani donma temperaturunun
ayri-ayr1 qarigiqlar li¢iin toyin edilmis qiymatlori
cadval 3-do, grafiki asililiq iso sokil 3-do gosto-
rilmisdir.
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Siyazan neftinin kiitle payi

Sakil 1. Siyazon neftinin miixtalif kiitlo payinda Bulla-daniz
nefti ilo qarisiglar ii¢tin donma temperaturunun dayismasi
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Sakil 2. Kondensatin miixtalif kiitlo paylarinda agir Bulla-
daniz nefii ilo qarisiglart iigiin donma temperaturunun

dayigmasi
Cadval 3
Qaracuxur neftinin miixtalif kiitlo paylarinda olan qarisiqlar iiciin
donma temperaturunun giymatlori
Qaraguxur nefti-
nin kiitlo pay1 0| 005|01]0,51{0,2/03|04|05]06] 0708|0910
Donma

temperaturu, °C | +9| +9 | +9 0 0[O0 O |46 | +6| +6 | +3 | +3 | 13
Sokil 3-don goriindiiyii kimi, Qaraguxur o 10
neftinin 10 %-dak qatilifinda donma temperaturu 2 g
dayismoz olaraq +9 °C, 15 %-don 40 %-dok olan E 5
intervalda 0 °C, 50 — 70 % intervalinda +6 °C, da- E 4
ha sonra iso azalaraq +3 °C toskil edir. Beloliklo, 2
baxilan neftlorin qarigmas1 zaman olverisgli, rasio- § 0

e 0 0.2 0.4 0.6 0.8 1

nal variant kimi Qaraguxur neftinin 15 + 40% qa-
tiliq hadlarini gostormak olar. Bels ki, bu qatilig-
lar zaman1 garisigin donma temperaturu on asagi
olmagqla 0°C toskil edocokdir.

Xam neftlor iiglin sulasma amilinin do va-

Qaracuxur neftinin kiitla payi
Sakil 3. Qaracuxur neftinin miixtalif kiitlo paylarinda
Bulla-daniz nefti ilo qarisiqlari iigiin donma
temperaturunun dayismasi

cibliyini nozoro alaraq miixtolif sulasma doracalorindo donma temperaturunun neco doyismosi do

tadqiq olunmusdur.
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Masalonin halli vo miizakirasi. Sulasmasinin neftlorin donma temperaturuna tosiri Olot-
doniz yataginda 44 sayli quyudan gotiiriilmiis xam neft nlimunosinin siagi asasinda todqiq edil-
misdir. Ilkin olaraq gotiiriilon neft niimunosinin laboratoriyada analizi aparilmis, neftin sixlig1,
donma temperaturu vo torkibinds olan ballastlarin — suyun, mexaniki qarisiglarinin vo xlor duzlari-
nin miqdar toyin edilmisdir. Alinan molumatlar
cadval 4-do verilmisgdir. Codval 4-don goriindiiyii
kimi, neftin ilkin sulagmasi 7 %, donma tempera-
turu iso 23 °C toskil etmisdir. Sonra tadqiq olunan
neft niimunasi siini olaraq 80 % sulagdirilmis va
har bir sulagsma doracasinds neftin donma tempe-
raturu toyin edilmisdir. Donma temperaturu,
homginin neftin ilkin sulagsma doracasindon asagi

w
o

[
o

Donma temperaturu, © C
= N N
w [=] w

w

o

. . . 0 20 40 60 80 100
sulagsmalarda da toyin edilmis vo donma tempera- Sulasma daracasi, %
turunun miixtolif sulasma doracolorindo doyismasi $okil 4. Neftin donma temperaturunun sulasma

doaracasindon asililig

cadval 5-do va sokil 4-do gostorilmisdir.

Sokli 4-don goriindiiyli kimi, neftin donma temperaturuna on ¢ox tesir asagi sulagsma doro-
cosinda bas verir (10 %-dok). Daha sonra bu tasir, demak olar ki, 6ziinii géstormir. Sinag1 aparilan
susuz neft niimunasinin donma temperaturu +13 °C-don sulasma naticosindo 23 °C-dok artir. Bu
amilin madon y1gim-naql sistemlorinin boru xatlorinde (esason, doniz soraitindo) nozors alinmasi
¢ox vacibdir.

Cadval 4
Olat-daniz yatagi, 44 sayl quyudan gotiiriilmiis neft niimunasinin ilkin
analizinin naticalori

Adi Suyun miqda- Sixliq, kq/m3 Donma tem- | Mexaniki ga- | Xlor duzlar,
11, % peraturu,0C r151q, % mq/dm3
Quyu - 44 7 851,1 23 0,121 253,34
Cadval 5

Neft niimunasinin miixtalif sulasma daracalorindo donma temperaturunun
toyin olunmus qiymatlori

Sulagma doro-
cosi, % 0 3 5 7 10 | 15 |20 |30 |40 | 50 |60 | 70 | 78

Donma tempe-
raturu, 0C 13 | 18 | 18,5 | 23 24 | 22 | 24 | 23 | 21 | 22,5 | 22 | 21,5 | 23

Natica. Beloaliklo, yiiksok ozliliikll, agir neftlorin bir-biri, yilingiil neftlo vo kindensatla qa-
risdirilaraq nogl olunmasi zamani bir sira hallarda donma temperaturunun anomal olaraq doyismaosi,
bu baximdan bozi qarisiglarin hatta “arzuolunmazIigr” askar edilmisdir. Bu ciir qarisiqlara additiv-
lik qaydasinin totbiq edilmasinin yolverilmozliyi nozors alinmali vo rasional qarisiglarin secilmosi,
sulasma amilinin donma temperaturuna tosirinin toyini maqsadilo neftlorin laboratoriya soraitindo
genis todqiq olunmasi ¢ox vacibdir.
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HCCIETOBAHUE BJIUSHAS OFBOJTHEHWSA 1 CMEIIEHUS HEGTER
HA TEMIIEPATYPY 3ACTBIBAHUSA

.. ACMAMBUIOB, 3.X. UCKEH/IEPOB, ®.5. UCMAWBIJIOBA, M.A. MEJIUKOB

B crarpe ucciaenoBano BimsiHUE q)aKTOpOB CMCUICHHUA U 06BOIIHGHI/I$I Ha TeMIEpaTypy 3aCTbIBaHUs Heq)TefI. I/I3y‘IeH0

BIMsHHE (haKTopa OOBOJHEHHOCTH IIPH CMEIICHHH TsDKEIbIX HedTed Ha TeMmIepaTypy 3acThIBaHHS. B HEKOTOPBIX Cirydasx
BEIIBIICHO aHOMAJbHOE M3MEHEHHE TEMIIEPaTyphl 3acCTHIBAHUS M HEHNPUTOJHOCTh HMPUMEHEHHS MpPaBHI aXJUTHBHOCTH IS
HE(TIHBIX CMeceH.

Knrouesvie cnosa: negpmanvie cmecu, memnepamypa 3acmulanus, msgiceivie Hemu, Gakmop 006600HeHHOCMU,

peojocudecKue ceolicmea, H6¢m6KOH0€HCCZmHaﬂ cmecoy, acqbaﬂbmoauozzonapaqbunocmble coeouneHusl.

INVESTIGATION OF INFLUENCE OF WATER ENCROACHMENT AND COMBINATION
OF OILS ON FREEZING POINT

Q.Q. ISMAYILOV, E.Kh. ISKENDEROV, F.B. ISMAYLOVA, M.A. MELIKOV

The influence of water encroachment and combination of oils on freezing point is studied in the article. It was studied

the influence of the water encroachment at the mixing of heavy oils on the freezing point. In some cases, it was identified an
abnormal change of freezing point and impossibility of the application of the additivity rule for oil mixtures.

Keywords: oil mixtures, freezing point, heavy oils, water encroachment, rheological properties, oil-condensate mixtu-

re, asphalt-resin-paraffin compounds.

56



Cild 11. Ne2 Azarbaycan Miihandislik Akademiyasimmn X9BIRLIRI Aprel — Iyun 2019
Vol. 11. Ne2 HERALD of the Azerbaijan Engineering Academy April — June 2019

UoT 665.71

NEFTLORIN QRUP TORKIBININ
QARISMASININ TOSIRI

M.B. ADIGOZOLOVA®

Magqalada bir nego neftlorin qarigmasi zamani qrup torkibinin doyigmosi masalalori tadqiq
olunmusgdur. Miioyyon edilmisdir ki, neftlorin miixtalif nisbotlordo qarigmasindan asili olaraq onlarin
torkibindoki aromatik, naften vo parafin karbohidrogenlorinin miqdarinin doyismoesi miioyysn
ganunauygunlugla miisahide olunur.

Acar sozlar:  neft qarisiglari, keyfiyyat gostoricilari, qrup tarkibi, aromatik karbohidrogenlor, naften
karbohidrogenlar, parafin karbohidrogenlar, fraksiya tarkibi, qaynama temperaturu.

Giris. Malumdur ki, neftin istehsali, naqli vo saxlanmasi proseslorindo miixtalif ¢esidli
neftlorin garigsmasi vo bu zaman yaranan ¢okmo proseslori ¢coxsayli amillorlo xarakterizo olunur
ki, bu da noql prosesi zamani daha ciddi vo aktual bir problema ¢evrilir. Miixtoalif ¢esidli vo
xassali neftlor bir gayda olaraq, eyni boru komori ilo nogl olunmasi, eyni bir ¢ona yi1gilmasi no-
ticasindo onlarin qarismasi bas verir ki, bu da onlarin keyfiyyat gdstaricilorine xeyli tosir edir.
Boazi neft qarisiqlan tiglin sixliq, ozliiliik, hacm vo digor praktiki ohomiyyat kosb edon para-
metrlorin hotta anomal gokildo, koskin doyismasi hallart son illorin tocriibosinds tez-tez rast go-
linon hallardandir [1, 2, 3, 8]. Diinyada oldugu kimi, Azorbaycanda da torkibindo asfalten, pa-
rafin vo gatran olan neftlorin ¢ixarilmasi, nogli vo saxlanmasi proseslorindo, xiisusilo do asagi
temperaturlarda onlarin reoloji xiisusiyyatlori pislosdiyi iigiin “lay-quyu-boru komorlori” siste-
mindo yliksok molekullu birlogmolorin ¢okmasi bag verir. Bu da 6z névbasinds texnoloji pro-
seslorin pislogsmasino gatirib ¢ixarir. Bu ciir neftlorin y1§imi, naqgli vo emali zamani texnoloji
proseslarin somaraliliyini artirmaq vo iqtisadi baximdan yaxs1 naticalor olds etmok mogsadilo
agir xam neftlorin ylingiil neftlorlo garisdirilmasini hoyata kegirilir. Lakin miixtalif ¢esidli xam
neftlorin bir-biri ilo vo ya ylingiil neftlo qarigdirilmasi zamani xiisusi problemlorin yaranmasi
hallar1 danilmazdir. Todqiqatlar gostorir ki, bu problemlorin yaranmasinin asas sobobi miixtolif
xam neftlorin garigsmasi ilo onlarda ¢okmao ehtimalli asfaltenlor kimi iizvi bark hissociklorin ol-
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masidir. Hololik bunun sababi 6z izahini, miixtalif versiyalarin olmasina baxmayaraq tam tap-
mayib. Moalumdur ki, xam neftlor torkibindo olan digor ballastlarin - su, mexaniki qarisiqlar,
xlor duzlarinin miqdarina géro do miixtolif olur. Bir ¢ox hallarda neftlorin garigsmasi zamani as-
falten, parafin, vo qatranlarla yanasi qeyd olunan ballastlarin da ¢cokmaosi bas verir.

Isin maqsadi. Azorbaycana moxsus miixtolif xam neftlorin osasinda gotiiriilmiis ayri-
ayr1 neft qarigiglarinin keyfiyyot gostoricilorine qarisan neftlorin kimyavi torkibinin tosirinin
tadqiqi.

Mbosalonin qoyulusu. Azorbaycan neftlorinin timsalinda hal-hazirda neft qarisiglar
iclin keyfiyyat gostaricilorinin neftlorin ¢esidliyindon vo qarigma nisbatindon asili olaraq qaris-
masi naticosinds texnoloji problemlorin yaranmasi ilo bagl aparilan elmi-todqiqat islorinin oha-
ta dairasi genislonmokdadir. Neftlorin qarigsmasi, yigilmasi, hazirlanmasi vo naqli zamani tex-
noloji proseslords ciddi problemlor yaranmasi, additivlik qaydasinin totbiqinin yolverilmazliyi
bu ciir neft qarisiglarinin yaranmasina sabab olan amillorin genis vo hartorafli todqiq olunmasi-
n1 glindomo gotirmoklo mosalonin aktualligl vo problemin hallinin vacibliyi vo shomiyyatindon
xoboar verir. Mogalodo Azorbaycana moxsus miixtolif xam neftlorin osasinda gotiiriilmiis ayri-
ayr1 neft garisiglarinin keyfiyyot gostoricilorino qarigan neftlorin kimyovi torkibinin tosirinin
todqiqi asasinda oldo olunmus naticalorin tohlili 6z oksini tapmisdir. Bu mogsodlo Bulla (BN),
Qaraguxur (QN) vo Siyozon (SN) neftlorini segorok onlarin keyfiyyat gostoricilori tohlil edil-
misdir. Neftlorin qarigmas1 zamani qarigan neftin kiitlo payindan asili olaraq qarisiqlarin key-
fiyyot gostaricilorinin neco doyismaosi aparilan todqiqat islorindo genis sorh edilmisdir [ 4-7,9].

Mbosalanin halli. Moqalodo miixtalif ¢esidli Azarbaycan neftlorinin timsalinda neftlorin
fraksiya torkibinin va karbohidrogenlorin, fraksiyalarda imumi migdarinin toyinino baxilmis vo
bu torkib osasinda qarigmasinin diagnostikast hoyata kegirilmisdir. Bu mogsadlo miixtalif Bul-
la, Qaraguxur vo Siyazon yataqlarindan istehsal olunan xam neftlorden istifads olunmusdur.
Bulla-BN vo Qaracuxur-QN vo Siyozon - SN neftlorinin, eyni zamanda onlarin miixtslif nis-
botlordo garisimlarinin miixtolif temperaturlarda fraksiya torkibi vo karbohidrogen miqgdarin
oks etdiron todqigatlarin naticolori cadvaldo verilmisdir. Codvoldon goriindiiyii kimi, secilmis
neftlor sulagmis olmaqla torkiblorino géro bir-birindon xeyli forqlonir.

Bu gostaricilarindon neftlorin qarigmasi zamani onlarin qarsiliqh tesirini tadqiq edon za-
man istifado olunmusdur.

Arasdirmalar noticesinde komponentlarin nisbotlordon asili olaraq neftlorin qarismasi
zamani torkiblorindoki aromatik (AK), naften (NK) vo parafin (PK) karbohidrogenlorin miqda-
rinin doyismasi miisahido olunmusdur (sokil 1-3). Sokil 1-don goriindiiyii kimi, garisma nisbo-
tindon asili olmayaraq, biitiin hallarda AK-nin miqdar additivlik gqaydasina osason toyin edil-
mis qiymoatdon (21%) az olur. Naften vo parafin karbohidrogenlorin dayismasi do bir ¢ox hal-
larda additivliys uygun golmir. Belo ki, naftenlor {i¢iin bu hal BN: QN: SN=3:1:1 nisbatinds,
parafin karbohidrogenlor ii¢iin isa bu uygun olaraq 1:1:2 vo 1:1:3 nisbetlorinds, yoni asason
SN neftinin migdarinin ¢oxalmasi ilo miisahido olunur. Hor iki halda PK-nin miqdar1 azalir.
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Sakil 1. BN, ON VO SN neftlorinin miixtalif garismalarinda aromatik
karbohidrogenlarin (%) davismasi
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Sakil 2. BN, QN VS SN neftlarinin miixtalif qarismalarinda naften
karbohidrogenlarin (%) dayismasi
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Sakil 3. BN, ON VO SN neftlarinin miixtalif garismalarinda parafin
karbohidrogenlavin (%) dayismasi
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Cadval

Analizlor ii¢iin ilkin gotiiriilon, Bulla nefti (BN), Qaracuxur nefti (QN) vo Siyazon neftinin
(SN)fraksiya torkibinin vo karbohidrogenlorin, fraksiyalarda iimiimi migdarinin tayini

Neftlor iiciin BN:QN:SN|BN:QN:SN|BN:QN:SN|BN:QN:SN|BN:QN:SN|BN:QN:SN|BN:QN:SN/Aparilmig
aparllmls BN QN SN 1:1:1 2:1:1 1:2:1 1:1:2 3:1:1 1:3:1 1:1:3 siaq
analizlorin adlar nisbatds nisbatds nisbatds nisbatda nisbatda nisbatds nisbatds iisullari
SIthkz(/);(;‘dg’ 317,8838,4868,3 842,7 | 8362 | 840,1 | 849,1 | 831,6 | 8409 | 851,8
Fraksiya torkibi:

Qaybas.°C. | 51| 62|77 | 68 61 64 69 59 64 70
100°C % - lohocm| 4.5 | 6.0 | 8.5 | 7.5 6.0 7.0 7.5 8.0 6.5 7.5
120°C % - lo hoem.| 9.0 |12.0{15.5] 13.0 | 12.0 | 125 | 135 | 11.0 | 125 | 14.0
150°C % - lo hoem.| 13.5[17.0|18.5| 165 | 160 | 165 | 17.0 | 155 | 17.0 | 17.5
160°C % - lo hoem.  16,5]20.5|21.0| 190 | 19.0 | 200 | 200 | 180 | 195 | 205 | oy
180°C % - lo hoem.| 19,0(24,0(25,0{ 23,5 | 22,0 | 23,0 | 235 | 21,5 | 235 | 240 | 3900
200°C % - 1o hocm.| 23,5(26,5(29,0| 27,0 | 26,0 | 26,5 | 275 | 255 | 265 | 275 %(1)73;
220°C % - Io hacm.| 26,5(29,0(33,5| 29,5 | 29,0 | 30,0 | 30,5 | 285 | 295 | 315
240°C % - Io hacm.|29,0{32,5(38,5| 35,5 | 22,0 | 33,5 | 350 | 315 | 33,0 | 360
260°C % - Io hocm.|31,5(35,0{41,0| 37,5 | 350 | 36,0 | 37,0 | 340 | 355 | 380
280°C % - Io hocm.|35,0(38,5(45,5| 41,5 | 38,0 | 39,0 | 41,0 | 380 | 39,0 | 42,5
300°C % - Io hacm.|37,5[41,0(50,5| 43,0 | 41,5 | 42,5 | 450 | 405 | 42,5 | 46,0
320°C % - lo hocm.|40,0|44,5(54,5| 47,5 | 44,5 | 460 | 48,5 | 440 | 460 | 49,5
340°C % - Io hacm.|43,5[48,0(57,5| 50.5 | 48,5 | 46,5 | 52,0 | 475 | 49,0 | 53,0
350°C % - Io hacm.|46,5[52,5[61,0| 54,0 | 52,0 | 535 | 555 | 51,0 | 53,5 | 56,5

Neftlorin
s aost
%-1o (kiitlo)
miqdari
Amm?i‘gh'm' 19,5420,9721,78| 20,53 | 20,26 | 20,49 | 20,89 | 20,08 | 20,51 | 21,04
Naft‘&g)h'lgr' 28,1232,6438,32 32,78 | 31,63 | 32,84 | 3429 | 30,85 | 32,69 | 34,82
Parafzg%h'lgr' 52,34146,3939,90 46,69 | 48,11 | 46,67 | 44,82 | 49,07 | 46,80 | 44,14
AK/PK 0,3730,4520,546 0,439 | 0421 | 0,439 | 0466 | 0,409 | 0438 | 0,476
AK+NK/PK  (0,9101,155/1,529 1,142 | 1,078 | 1,142 | 1,231 | 1,038 | 1,136 | 1,265

Noatica. Belaliklo, miixtalif ¢esidli neftlorin qarigmasi1 zamani onlarin qrup terkiblorinin
doyismasinin bir ¢ox hallarda additivlik qaydasina uygun golmomaosi askar edilmis vo neft
qarisiqlarinda qrup torkibinin doyismosinin diagnostikasi osasinda ayri-ayri neftlorin qaris-
masinin rasional variantinin sec¢ilmasinin miimkiinliiyii gostorilmisdir.
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O BJIMSTHUA CMEIIEHUS HE®TEN HA UX TPYIIIIOBOM COCTAB
M.b. AIIBITE3AJIOBA
B crarbe BCCIIe0BaHbI IPOLECCH H3MEHEHHUSI IPYIIIIOBOTO COCTaBa He(hTeH NPH MX CMELIMBAHKUHU. Y CTAHOBJICHO, YTO B
3aBHCHMOCTH OT COOTHOIICHHS CMCIIMBacMbIX He(d)Teil  M3MECHEHHE KOJMYECTBa apOMAaTHYECKHUX, HAa(TECHOBBIX H
napaHOBBIX YIJIEBOAOPOJIOB B HX COCTABE IPOMCXOIUT C ONPEACICHHBIMU 3aKOHOMEPHOCTSIMH.
Kniouesvie cnosa: nepmsnvie cmecu, noxazamenu Kauecmed, 2pynnogoil cocmas, apomMamuiecKue y2neeooopoob,
Hagmenosuie y2ne6000poosl, napaghunogsle yeiego00poosl, (PPAKYUOHHBII COCMAB, MEMNEPAMYPA KUNEHUS.
THE EFFECT OF OIL MIXING ON THEIR GROUP STRUCTURE
M.B. ADYGEZALOVA
The article examines the changes in the group structure of oils while mixing. It was determined, that depending on the
difference of oil mixing ratios the change of amount of aromatic, naphthenic and paraffin hydrocarbons follow the certain

rules.

Keywords: oil mixtures, quality indicators, group structure, aromatic hydrocarbons, naphthenic hydrocarbons, paraf-
fin hydrocarbon, fractional structure, boiling temperature.
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GENIS HAL PARAMETRLORINDO BUTANOL-1 VO DIiZEL B0
YANACAGI QARISIGININ ISTILIK TUTUMU

B.C. DOHMODOV™

Butanol-1 va dizel B0 yanacag1 xususi kolbalarda deqazasiya olunur va tomizliyi Karl Fischer 756 KF
titratronundan istifads etmokls yoxlanilir. Sonra xususi birlasdirilmis kolbalardan istifads etmoklo muvafiq
Xp1=(0.0, 0.1773, 0.3493, 0.5514, 1.0) mol fraksiyalarinda vo ya V}.1=(0.0, 7.0, 15.79, 30.04 vo 100.0)%
hocm faizlorinds binar qarigiqlar hazirlanir. Butanol-1, dizel BO yanacagi va onlarin garisiglarinin atmosfer
vo doymus buxar tozyiqlorinds izobarik istilik tutumunun cp/(C~kg'1-K'1) Olcililmosi ticiin aparilan tocriibolor
Pyris 1 tipli differensial skaner kalorimetrindo yerino yetirilmisdir. Ol¢ii yuvas1 7=573.15 K temperatura vo
24 bar tozyiqo godor davamlidir. Olgmolor (263.15+468.15) K temperaturlarda, atmosfer p=0.101 MPa vo
doymus buxar P/MPa tozyiqlorindo aparilmigdir. Butanol-1 vo dizel BO yanacagi garisiglarinin istilik
tutumunun tocriibi olaraq alinmis naticolori analitik olaraq empirik polinom tonlik vasitasi ilo yazilmisdir.

Agar sozlar:  Dizel B0, butanol-1, izobar istilik tutumu, izoxar istilik tutumu, differensial skaner
kalorimetr, genis hal parametri.

Giris. Diinyada ononavi yanacaqlarin miqdar1 tikonmoys dogru getdiyi iiclin onlarin
giymatlorinin geyri-stabilliyi, istehsal va istifado zamani otraf miihito doyon zarar vo s. kimi amillor
alternativ enerji monbaolorinin inkisafi zoruratini yaradir. Eyni zamanda otraf miihito atilan karbon
gaz1 iqlim doyismolorino sobob olur [1]. Alternativ enerji monbalorinin istifadesi kimi ononoavi
yanacaqlara miixtolif alternativ olavalor etmoklo hom timumi yanacagin miqdari artirilir, hom do
yanmadan sonra atraf miihits atilan zororli xaric qazlarin miqdar1 azalir. Toqdim olunan maqalada
dizel yanacagina alternativ olavo kimi butanol-1 gotiirtilmiisdiir. Butanol-1 biokiitlo asasli yenilona
bilon yanacaqglar qrupuna aiddir vo etanol istehsali zamani biokiitlo xammalindan spirtlorin
fermentlogsmasi yolu ilo alinir.

Bildiyimiz kimi, dizel miiharriklori ilo igloyon avtomobillorinds yanacaq 220 MPa-a qodor
tozyiq altinda vurulur. Galacakds daxiliyanma miihorriklori texnologiyasinin inkisafi istiqgamotindo
bu tozyiqin 400 MPa vo daha yiiksoys qaldirmaq nozords tutulmusdur. Bu da miiharrikin vo sonda
avtomobilin siirotinin artmasina vo qisa zaman aninda optimal siirotin alinmasina gotirib ¢ixarir.
Son illords butanol-1 — in dizel yanacagina alternativ kimi oslave edilmoasi, bir-basa miihorrikde
istifadasi vo miihorrikin xassolorinin analizi bir ¢ox elmi islordo 6z oksini tapmisdir [2]. Bozi
alternativ olavolor iso miiharrikin imumi konstruksiyasina vo texniki gostoricilorine elo do tasir
etmirlor vo miivaffoqiyyatls istifads edilirlor [3—-8].
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Genis hal parametrilarinds Butanol-1 va Dizel B0 yanacag: qarisigunin istilik tutumu

Butanol-1 klassik kimyovi madds vo genis istifado saholorino malik oldugu {igiin onun
istilik-fiziki xassolori otrafli dyronilmisdir. Lakin dizel yanacagi stabil kimyoavi maye olmadig {i¢iin
miixtolif monbalordan ¢ixan neftdon alinan dizel yanacagi da miixtalifdir. Tok bunu demak bas edor
ki, dizel yanacagimin sixlig1 820-850 kq-m™ intervalinda doyisir. Buna gora dizel BO yanacaginin
va onun butanol-1 ilo miivafiq fraksiyalarinda vo se¢diyimiz genis hal parametrlori intervalinda
istilik tutumunu ilk dofa biz 6l¢acayik.

Tacruba materiallari. Ultra tomiz butanol-1 (Ww=99.995%, absolute for analysis
EMPLURA®, CAS No. 71-36-3, Art. Nr. 8.22262.2500) Merck Schuchardt OHG (Almaniya) vo
diinya standartl dizel BO yanacagi (Shell Global Solution DK5037).

Cadval 1.
Butanol-1 va dizel B0 yanacagi qarisiglarinin konsentrasiyalari
Morhals gram cm’
Vakuumda olan kolba 147.1955
Vakuumda olan kolba + Dizel B0 312.2430
Dizel BO 165.0475 201.18421
Vakuumda olan kolba + Dizel BO + Butanol-1 324.5030
Butanol-1 12.2600 15.14253
Qaris1q 177.3075 216.3267
Butanol-1 — in konsentrasiyasi, % Wp.1—=6.9145% V5.1=6.9998
kiitls % hocm, %
Butanol-1 — in x mol fraksiyasi x=0.1773
Morhals gram cm’
Vakuumda olan kolba 135.1763
Vakuumda olan kolba + Dizel B0 260.9620
Dizel BO 125.7857 153.32614
Vakuumda olan kolba + Dizel BO + Butanol-1 284.2370
Butanol-1 23.2750 28.74734
Qaris1q 149.0607 182.0735
Butanol-1 — in konsentrasiyasi, % wp.1=15.6144 Vp.1=15.7889
kiitlo % hacm, %
Butanol-1 — in x mol fraksiyas1 x=0.3493
Morhals qram cm’
Vakuumda olan kolba 110.9190
Vakuumda olan kolba + Dizel B0 229.6580
Dizel BO 118.7390 144.73659
Vakuumda olan kolba + Dizel BO + Butanol-1 279.9740
Butanol-1 50.3160 62.14614
Qarisiq 169.0550 206.8827
Butanol-1 — in konsentrasiyasi, % Wp.1=29.7631 V5-1=30.0393
kiitls % hacm, %
Butanol-1 — in x mol fraksiyas1 x=0.5514

Secdiyimiz niimunolor xiisusi kolbada vakuum altinda deqazasiya olunduqdan vo Karl
Fischer 756 KF titratronunda tomizliyi yoxlanilir. Sonra xususi kolbalarin komayi ilo asagidaki
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codval 1-do gostorilon fraksiyalarda qarisiqlar hazirlanir. Hazirlanmis qarisiglarin ¢okisi xtisus
elektron torzids - ED224S (Sartorius, Almaniya) 0.0001 q doqiqliklo 6l¢iiliir.

Bu gayda ilo biitlin qarisiglarin biitiin konsentrasiyalarn hazirlanmisdir. Qarisiglarin hocm,
kiitlo vo mol fraksiyalar1 asagida codval 2-do verilmisdir:

Cadval 2.
Butanol-1 va dizel B0 yanacagi qarisiglarinin konsentrasiyalari
V-1, hacm % 0.0000 6.9998 15.7889 30.0393 100.0000
Wp.1, kiitlo % 0.0000 6.9145 15.6144 29.7631 100.0000
Xp.1 /mol fr. 0.0000 0.1773 0.3493 0.5514 1.0000
M/kq-mol 0.2150 0.2053 0.1930 0.1731 0.0741

Tacriiba prosesi. Butanol-1, dizel BO yanacagi vo onlarin qarisigqlarinin atmosfer vo
doymus buxar tozyiqlorindo izobarik istilik tutumunun cp/(C-kg'l-K'l) Olciilmosi liglin aparilan
tocriibolor Pyris 1 tipli differensial skaner kalorimetrinds yerino yetirilmisdir (Sokil 1).

Diferensial skaner kalorimetri
materiallara temperaturdan asili  verilon
istiliyi ¢ox yiiksok doqiqliklo 6lgmoys imkan
verir. Qurgunun osas elementi daxilindo
Olciilocok madds olan platin-iridium orintisi
ilo Ortiilmiis paslanmayan poladdan hazirlan-
mis yuva, qizdiricilar vo platin termorezistor-
lardir. Olgii yuvas1 7=573.15 K temperatura
vo 24 bar tozyiqo godor davamhidir. Olgii
yuvasina toxminon 30-70 mq niimuna
yerlogdirilir vo iki paralel 6l¢li yuvasindan
istifado etmaklo yerina yetirilir. Birinci 6l¢li
yuvasinda olgiilocok maddo, ikincisinds iso
etalon maddo (sapfir) yerlosdirilir. Tocrii-
balar temperaturun sabit siiratlo doyismasi metodu ils yerina yetirildiyi li¢iin har iki 6l¢ii yuvasinin
temperaturu bir-birina borabor saxlanilir. Istilikvermo siirati tocriibalorde 3 K/doq. segilmisdir [9].
Olg¢ii yuvalarinda niimunoler miixtalif (6l¢iilocok niimuna vo adobiyyat qiymatlori avvalcaden doaqiq
molum olan etalon niimuna) olduglarina gors, yuvalarin hor ikisinin sabit temperaturda saxlanmasi
ticlin onlara verilon istiliyin miqdar1 forqli olur. Bu istilik forqlorine gors istilik tutumu hesablanir:

e (T)=°1, ()

Olgii yuvas1 avvalca bos, sonra doldurulmus maye ilo birlikdo torazide ¢okilir vo onun
daxilindoaki mayenin miqdar: tapilir. Eyni qayda ils ikinci 6l¢li yuvasi da torazide ¢okilir [9]. Hor
iki Ol¢li yuvast qurgunun xtisusi hissasing yerlosdirildikdon sonra qurgu tam avtomatik olaraq iso
diisiir, ilk 6nca Olcti yuvalari iki dofa 150 °C-don -70 °C-ya gadar soyudulur vo qizdirilir. Bu zaman
istiliyin verilmo siiroti 10 K/doq. hoddindo saxlanilir. ikinci proses halinda niimunolor 50 K
intervali ilo 150 °C-don -70 °C-yo godor soyudulur vo qizdirilir. Yeno do istiliyin verilma siirati 10
K/dag. haddinds saxlanilir. Daha sonra verilmis istilik miqdarinin osasinda [istilik axin1 — vaxt

Sak.1. Pyris 1 tipli differensial skaner kalorimetri [9].

oyrisi, @(t)] izobar istilik tutumunu asagidaki diisturlarin komayi ilo hesablamaq olur [9]:
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msapﬁr B . q)mimune (T)_ q)bus (T) _ (I)niimune (T) B q)bos (T)

T = T - K T ‘ ’ 2
cp( ) cpsapﬁr( ) mm)mune B (I)sapﬁr (T) - q)bus (T) ( ) mm)mune B ( )
Burada K(T') temperaturdan asili kalibrlomo amsali olub asagidaki kimi tapilir [9]:
K(T)=c Mg "B 3)

T)- :
Psapﬁr( ) q)sa/?ﬁr(T)_q)bos(T)

Toqdim olunan maqalads butanol-1, dizel BO yanacagi vo onlarin qarisiglarinin 7=(263.15
— 468.15) K temperatur intervalinda vo atmosfer vo doymus buxar tozyiqlorindo izobarik istilik
tutumu cp/(C-kg'l-K'l) tocriibi olaraq 6l¢iilmiisdiir. Tocriibolor dofolorlo tokrar edilmisdir. Alinmig
naticalor cadval 3-do har 10 K-don bir verilmisdir. Sakil 2-do butanol-1, dizel BO yanacagi vo
onlarin qarisiglarinin atmosfer vo doymus buxar tozyiqlorinds tocriibi olaraq analiz edilmis izobarik
istilik tutumunun ¢,/ (C-kg'-K™") miixtolif temperaturda 7/K konsentrasiyadan asililig1 verilmisdir.

Cadval 3.
Butanol-1 — dizel B0 qarisiginin atmosfer tazyiqindos istilik
tutumunun cp/(C-kg'l-K'l) tacriibi qiymoatlori.
Xbutanol-1, MOl hissasi
0.0000 | 01773 03493 | 05514 |  1.0000
T/K Vutanol-1, Yo - hacm faizi
0.0 | 7.0 1579 | 3004 [ 1000
¢/(C'kg" K™

263.15 1799.53 1851.83 1905.20 1977.02 2113.63
273.15 1844.22 1892.45 1945.28 2019.03 2182.20
283.15 1887.84 1937.61 1994.28 2078.02 2260.21
293.15 1930.49 1985.57 2049.02 2133.02 2347.41
303.15 1972.26 2034.98 2106.93 2206.94 2443.01
313.15 2013.23 2084.74 2165.99 2276.93 2545.74
323.15 2053.50 2134.05 2224.66 2346.00 2653.95
333.15 2093.16 2182.36 2281.84 2423.83 2765.75
343.15 2132.29 2229.30 2336.79 2488.77 2879.03
353.15 2170.99 2274.69 2389.12 2547.92 2991.62
363.15 2209.35 2318.48 2438.66 2609.00 3101.36
373.15 2247.45 2360.74 2485.48 2662.00 3206.17
383.15 2285.38 2401.60 2529.78 2714.00 3304.20
393.15 2323.25 2441.24 2571.86 2760.06 3393.85
403.15 2361.12 2479.86 2612.06 2806.00 3473.95
413.15 2399.11 2517.62 2650.67 284591 3543.77
423.15 2437.29 2554.63 2687.93 2884.00 3603.17
433.15 2475.75 2590.91 2723.93 2917.03 3652.70
443.15 2514.59 2626.37 2758.58 2958.00 3693.62
453.15 2553.90 2660.75 2791.53 2983.86 3728.10
463.15 2593.76 2691.00 2822.12 3013.12 3759.23
468.65 2615.95 2710.80 2837.59 3030.09 3776.37
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Sakil 2. Butanol-1 — dizel B0 garisigimin izobarik istilik tutumunun c,/(C kg™ -K™) miixtalif temperaturda T/K konsentrasiyadan

asthihigr: ¢, 263.15K; M 273.15K; A, 283.15K; @ 293.15K; #,303.15K; M 313.15K; A, 323.15K; @ 333.15K; #,

343.15K; M 353.15K; A, 363.15K; @ 373.15K; ¢, 383.15K, Ml 393.15K; A,403.15K; @ 413.15K; #,423.15K, ¥
433.15K; A, 443.15K; @ 453.15K; #,463.15K,; Il 468.65 K.

Tacriibi naticonin iimumilasdirilmasi: Todqiq olunan butanol-1 vo dizel BO yanacaginin
atmosfer vo doymus buxar tozyiqlorinds ¢,(pg ya s, 7,x) 1stilik tutumu empirik polinom tonlik vasitosi
ilo yazilmisdir:

c,/(J-kg" -K")= Zn:aiT" : (4)

burada: a; polinomun omsallaridir vo cadval 4-do verilmisdir.

Alinmis tocriibi naticolorin empirik tonlik vasitosi ilo yazilmasi butanol-1 {iglin Ac,/c, =

100-(cp exp=Cp cal)/Cp exp = £ 0.01%, dizel BO yanacagi tigiin Ac,/c, = 100-(cp exp=Cp cal)/Cp exp = £ 0.02%
orta nisbi xata vermisdir.
Qarisigr toskil edon butanol-1 vo dizel BO yanacaginin izobarik istilik tutumunun tocriibi
naticolorinin tonlik ilo yazilmasindan sonra qarisiglar iigiin atmosfer vo doymus buxar tozyiqlorindo
istilik tutumunun konsentrasiya vo temperaturdan asililigi iiglin asagidaki formada empirik tonlik
hazirlanmisdir:

3 .3 .
y( Pooro ) = S(x/mol i) 3 q,(TIK ), )
i= Jj=

burada: g;;— (5) tonliyinin omsallaridir vo codval 5-do verilmisdir.
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Cadval 4.
(4) tanliyinda @; amsallarinin qiymatlari.
a) butanol-1
ay a a,
-23502.8045706606 423.127542637313 -2.77467824697277

a; a, as

0.883160039558228-10™ -0.13436353941981-10™ 0.785140077009-10™
b) dizel BO
ay a a,
63.4177019498666 10.6715485019306 -0.0175932706258731

as

0.14982929595897-10™
Cadval 5.
(5) tonliyinds g;; omsallarimin qiymoatlari

Goo =455.9261019 g2 =135.1477835 g0 = 0.1497809549-10”
qo1 =4977.747691 q13=-157.328961 g31 =-0.1461735009-10”
qo» =-16154.10817 g0 = -0.3783420129-10~ g3 =0.3010091204-10"
qos = 18288.20477 g1 =0.150583102 g3 =-0.3742342538-10”
q10 = 6.008842245 g2 =-0.3571181928
g = -47.63529006 q» =0.4312149091

Butanol-1 va dizel BO yanacagi qarisiglarmin istilik tutumunun (5) tonliyi ilo yazilmasi
zaman1 u(Ac,/c,) = £ 0.18 % nisbi orta xota alinmigdir. Bu tonlikler butanol-1, dizel BO yanacag:
vo onlarm qarisiqlarmi miixtolif istilik-fiziki xassolorinin (izotermal sixilma xr/MPa™, izobarik
termiki genislonmo ap/K'l, xtisusi izobarik vo izoxorik istilik tutumu forqlori (cp-cv)/C-kg'l-K'l,
termal tozyiq omsali y/MPa-K™', daxili tozyiq pi/MPa, izobarik istilik tutumu cp/C-kg'1~K'1, 1zo-
xorik istilik tutumu ¢,/Ckg' K", sos siiroti w/m-s' vo izoentrop genislonmo omsali )
hesablanmasi {i¢iin vacib tonlikdir.

Butanol-1 vo dizel BO yanacaginin izafi molyar istilik tutumu C;im/C-mol'l-K'1 eyni

zamanda molekullarin qarsiligh cazibasi haqqinda otrafli informasiya {i¢iin vacib parametridir vo
asagidaki kimi hesablanir:

Com =Compr — X Cpra — (1-x)- c,

mD’ (6)

E . . - . v ege
burada: Com - butanol-1-in vo dizel BO yanacagimin izafi molyar istilik tutumu, ¢pmpr, Cpma Vo

¢pm,p Uygun olaraq qarisigin, butanol-1-in vo dizel BO yanacaginin molyar istilik tutumu, x butanol-
I-in mol fraksiyasidir. Sakil 3-do butanol-1 vo dizel BO yanacadi binar qarisiginin 7=(273.15-

468.15) K temperatur intervalinda izafi molyar istilik tutumunun Cf,m /C-mol™-K™" butanol-1 — in

mol fraksiyasindan asililig1 verilmisdir.
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Sakil 3. Butanol-1 va dizel B0 yanacagi binar qarisigimin T=(273.15-468.15) K temperatur intervalinda izafi molyar istilik
E
tutumunun Cp m/C~mol'1 K" butanol-1 — in mol fraksiyasindan asilihgi: #, 263.15K; M 273.15K; A, 283.15K; @,

293.15K; <, 303.15K; [0 313.15K; A, 323.15K; O, 333.15K; ¢, 343.15K,; Il 353.15K; A, 363.15K; @ 373.15K;
3 383.15K, [0 393.15K; A, 403.15K; O, 413.15K; ¢, 423.15K; M 433.15K; A, 443.15K; @ 453.15K; O,
463.15K; [J 468.15 K.

Qeyri-polyar molekullarin istiraki ilo olagodar olaraq spirt molekullarinda H-rabitolori

zoifloyir va sistem zoif molekullararas: qarsiligl tosir gostorir. Izafi molyar istilik tutumunun ij

/C-mol™- K™ miisbot qiymeti gostorir ki, istilik tutumunun genislondirilmosi spirt molekullar
arasinda hidrogen rabitolorinin qirilmasi hesabina miimkiin olur.

Natica. Butanol-1-in, dizel BO yanacaginin x,1=(0.0, 0.1773, 0.3493, 0.5514, 1.0) mol
fraksiyalarinda va ya V;,.,=(0.0, 7.0, 15.79, 30.04 vo 100.0)% hocm faizlorinds binar qarisiqlarinin
T=(263,15+468,15) K temperatur, atmosfer p=0,101 MPa vo doymus buxar p/MPa tozyiqlorinds
istilik tutumu tocriibi olaraq Ol¢ililmiisdiir. Alinmig tocriibi noticalori osasinda istilik tutumunun
(cp, T,x), asilihglarinin butanol-1-in mol fraksiyasindan asili analitik tosvirlori ii¢iin empirik ton-
liklori alinmigdir. Butanol-1 vo dizel BO yanacagi binar qarisiglarinin dizel miiharriklorindo alterna-
tiv yanacaq kimi istifads edildiyi zamani1 miiharrikin piiskiirma sisteminin layihalondirilmasi, digor
istilik-fiziki xassoalari arasdira bilmok iiglin vacib tacriibi naticolor alinmisdir vo coadval saklinds
tortib edilmisdir.
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TEINNJIOEMKOCTb PACTBOPOB BYTAHO.I-1 1 IU3EJIBbHOI'O TOIIJIMBA B0 B LINPOKOM
JUATIO30HE MNAPAMETPOB COCTOSHUSA

B.JI. AXMEJIOB

BriepBrle B mMpoKOM JHama3oHe MapaMeTpOB COCTOSIHUS OMHAPHBIX cMecel TOIMBa OyTaHO-1 M AN3EIBHOrO TOILIHBA
BO ¢ mompHBIME monsimu Xy =(0.0, 0.1773, 0.3493, 0.5514, 1.0) wu o6bemubiMu nipoueHTamu V;,1=(0.0, 7.0, 15.79, 30.04 u
100.0)% O6bLTH M3y4YeHBI SKCIIEPIMEHTAIbHBIE 3HAYEHHS TEMIOEMKOCTH IIPU TeMIepaTypHOM auana3oHe 7=(273.15 + 468.15)
K u armocdeprom nasienuu p = 0.101 MIla, naBiennn HacbiuieHHoro napa Py/MIla, ony4eHbl SMIUPHYECKUE YPABHCHHS
U1 QaHATUTHYECKOH 3arucy H300apuuecKoil 1 H30XOPHOM TETIIOEMKOCTH.

Knroueswvie cnoga: ouzenv B0, bymanon-1, usobapuueckue menioemMkocmu, U30XopHvle MenioemMKocmu,
oup@epenyuanshuvlii CKAHUPYIOWUL KATOPUMEMD, WUPOKULI OUANO30H NAPAMEmpPOs.

SPECIFIC HEAT CAPACITY OF 1-BUTANOL AND DIESEL B0 FUEL BLENDS
AT WIDE RANGE OF STATE PARAMETERS

B.C. AHMADOV

For the first time in a wide range of parameters of the state of binary mixtures of butanol-1 fuel and diesel fuel BO with
molar fractions x.; = (0.0, 0.1773, 0.3493, 0.5514, 1.0) or volume percentages V}.; = (0.0, 7.0, 15.79, 30.04 and 100.0)%,
experimental values of the specific heat at a temperature range of 7= (273.15 + 468.15) K and atmospheric pressure p=0.101
MPa and saturated vapor pressure Ps / MPa were studied, obtaining empirical equations for analytical recording of isobaric and
isochoric heat capacities.

Keywords: diesel B0, butanol-1, isobaric heat capacity, isochoric heat capacity, differential scanning calorimeter, wide
range of parameters.
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T'PYIIIOBOM COCTAB APOMATUYECKHUX YTJIEBOJIOPO/I0OB B
MPOAYKTAX OKCUKPEKUHI'A BAKYYMHOTI'O I'A30MJIS

D.A. TYCEMHOBA"

MeToIoM XpOM-MacC-CIICKTPOMETPHHU OMpPEeICHBI OCOOCHHOCTH TPYIIIOBOTO COCTaBa W MOJCKYJISIPHO-
MacCOBOT'0 PAaCIpEeSCHUs] apOMATHYECKUX YTIIEBOAOPOJIOB B MPOIYKTAX OKCHKPEKHUHIa BaKyyMHOTO Ia3oiiis,
TIOJYYCHHBIX B ycHoBUAX 1% 1 2%-HOH CTEIEHN OKUCIICHHS CHIPhs. Y CTAaHOBJIICHO, YTO apOMaTHYECKHE YTIIEBO-
JIOPOJIbl TIPENCTABICHBI MOJICKYJaMH, BKIodaromumu g0 40 aTOMOB yriepojia B alKHIBHOM OKPYXKEHHH, U
BKJIFOYAIOT MOHO-, OM- ¥ TPUIMKIMYECKUE, & TAKIKE CEepOCOJepKaIlue CTPYKTypbl. OTMEUYeHO, 4TO B 00pasiax
OKCHKPEKHHra KOHIIEHTPAIMsS MOHOAPOMATHYECKHUX YIIICBOJIOPO/IOB B 2 pa3a BhIIIIE, YeM Y TPAJUIIMOHHOTO KaTa-
JUTAYECKOTO KPEKUHTa, TOT/Ia KaK KOHIICHTPAIHS TTOIHAPOMATHICCKUX U cepocoaepkammx (OeH3THodeHa U ero
C,-C5—TOMOJIOTOB) HHXKE, M YMCHBIIACTCS TEM CHIbHEE, YEM BBIIIC CTCTICHb OKUCIICHUS CBIPhS (32 HCKIFOUCHUEM
Ha(TaIMHA, KOTOPBIA B YCIOBUSIX 1%-HOU CTENIECHU OKUCIICHHS CHIPhS HE3HAYUTEIHHO BHIIIE).

Knrouegvle cnosa: oxcukpexume, 6aKyyMHbulll 2d30Uib, apomamuyeckue yeieeo0opoosl, Hagpmanut, ge-
HaHmpeH, 6eH3muogeH.

BBenenne. C MHOTOOOpa3neM yTieBOIOPOIOB, TTOTYIaeMbIX Ha HedTenepepadaThIBAOIINX
3aBoJlaX B XOJ€ JECTPYKTHBHBIX MPOIECCOB, CBSI3aHbl BO3MOXHOCTU PACIIMPEHUs aCCOPTUMEHTA
BBIITYCKAEMOM MPOIYKIMHU, a TaK)Ke MEPCHEKTHBBI Pa3BUTHS HEPTEXMMHUYECKOTO KOMILIeKca. B
ATOM CBS3M MPOLIECC OKUCIUTEIBHOIO KAaTAIUTHUYECKOTO KPEKUHra (OKCHKPEKHHra) BaKyyMHOTO
razoitns [1-4] npencrasnsieT co0oil MepCNEKTUBHBIN MeTO ] nepepaboTKu HePTIHOro Chipbs. B
XO7ZIe MIPOBEICHHBIX PaHee MCCIIEOBAHUI YCTAaHOBJICHO, YTO MCIIOIb30BAHNE ONTHMAIBHBIX YCIIO-
BUI OKCUKPEKUHTA MO3BOJIAET YBEJIIMYUTh OTOOP (pakiuii: npu 1%-Hoil cTerneHu OKUCIEHUs BaKy-
YMHOT'O Ta30iiJisi BO3pacTaeT BbIXo/ OeH3MHOBON (hpakuuu; npu 2%-HOW CTENEHU OKUCIICHUS BaKy-
YMHOTO Ta30iJIs — YIJIEBOJOPOJHBIX T'a30B. METOIOM XpOM-Macc-CIIeKTPOMETPUH YCTAHOBJICHO,
410 00pa3yroluecs Mpu 3TOM KUAKUE MPOAYKTHI MO TPYNIOBOMY COCTaBY OTIMYAIOTCS OT IMpPO-
IYKTOB, MOJy4aeMbIX B X0JI€ TPAJUIIMOHHOTO KaTAIUTHUECKOTo KpeKuHra [S].

Heabro HacTosmmeil paboThI ABISETCA AETAIBHOE M3YyYEHHE CTPYKTYpPHO-TPYHIIOBOTO CO-
CTaBa apOMaTUYECKUX YIieBoA0poAoB (ApY) xuAKuX Qpakuuil NpoayKTOB OKCUKPEKUHTA, a TaK-
e UX MOJICKYJISIPHO-MAacCcOBOE pacIpeiesieHHe.

MeToauka s3xcnepuMenTa. B kadectBe o0bekTa uccneaoBanuii 6611 BeiOpan Bl (H.k.270-

A3sepbaiipKaHCKuii TOCyJapCTBEHHbIH YHUBEPCUTET HE(TU U IIPOMBILIICHHOCTH
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k.K. 500°C) xak HamboJee TUIMYHOE CHIPhE YCTAHOBOK KAaTaJTUTHYECKOTO KpeKuHra. PDu3mko-
XUMHUYECKasl XapaKTEePUCTUKa BaKyyMHOTO Ta3oiiis, cooTBercTBytomero TY 38.1011304-2004, a
TaK)Ke YCJIOBUS MPOBEIECHUS TPAJAULMOHHOTO U OKHCIUTEbHOTO KaTaJUTHYECKOTO KPEKUHTa IPU-
BeJICHBI B paboTax [2-5].

Brixos raza kpekuHra onpeaessuif no ero 00beMy U MJIOTHOCTHU, BBIXOJ KOKCAa — BECOBBIM
METOJIOM IO aJCOPOLIMU JUOKCH]IA aCKAPUTOM, KOJIMYECTBEHHBIN BBIXO/ KUAKUX MPOITYKTOB (O€H-
3UHOBOM (hpakiuu H.K. — 195 °C, nerkoro razoist 195 — 350 °C u TspKenoro ra3ois - ocraTtka >
350 °C) no pesyabTaram auctwuinuu (dppakuuonupoanus). OnpeneneHue GpakUuOHHOTO CO-
CTaBa MPOAYKTOB TPAJWLUOHHOIO M OKHCIUTEIBHOIO KaTAJUTHYECKOIO KPEKMHIa IPOBOJIMIM B
cootBercTBuM ¢ ['OCT 2177-99.

KonunuecTBeHHbIi aHanM3 NPOAYKTOB pPEAKUUU OCYIIECTBISUIM METOAOM XpOM-Macc-
cIieKTpockomnuu [5].

PesyabTaThl M uX o0cyxaenme. B xoje uccienoBaHuil, mpexae Bcero, ObUT OIMpeaesieH
rpynnoBoi coctaB ApY *UIKUX (PpaKIuidl MPOTYKTOB OKCUKpeKHHra npu 1% u 2% creneHu okuc-
neHus ceipbs (Tadi. 1). Kpome storo, s Toro, 9ro0b UMETh BO3MOKHOCTB TIPOBECTH CPABHUTEIb-
HBII aHaM3, ObUTH MOJIyYEHbl PE3yJIbTaThl TPYMIOBOIO COCTaBa ChIPbs MPOIIECCa, a TAKXKe MPOAYK-
TOB MPEBPALLEHHS ATOTO K€ ChIPbS B YCIOBHUSIX TPAJIUIIMOHHOTO KaTaIUTUYECKOTO KPEKUHTa.

Tabnuua 1
I'pynnoBoii coctaB ApY B *KMAKUX (Ppakumsx

Conep:xanue, Mr/Ja
. | TpaxduHOHHBIH CreneHb OKHCJIEHHS
HaumeHoBaHue rpynn BaKnyt/IHBIH KaTaJauTH4e- CHIPbS B YCJIOBHAX
yIJ1€BO0PO/IOB rasoub CKMii OKCHMKPEKHHIa
(ceipye) KPEKHHT 1% 2%
MAV* 64 12 620 935 25621090 | 8315120
[TAY ** Hadranun u ero romosoru 8272678 10 403 840 11402023 | 4669 028
ITAY** denanTpeH U €ro TOMOJIOTH 11 318 547 11263 575 10 806413 | 5813 837
[MAV** ¢ mac.Becom 202 2083 125 2 298 746 1 637 233 1118151
[TAY**, c mac.Becom 228 1291103 947 128 1 026 982 441 044
[MAY**, c mac.Becom 252 721 705 286 713 408 815 154 487
[MAV** ¢ mac.Becom 276 5124 8636 4329 3408
Benzornodenst 1972 342 1426 720 1 607 683 799 600

*  MAY — MOHOIMKIHYECKHAE apOMATHIECCKUE YTIIEBOIOPOIBI;

** TIAY — NONUIHAKIHYECKAE apOMATHICCKUE YTIIEBOIOPOIBI.

[To maHHBIM XpOM-Macc-CIEKTPOMETPUN YCTAHOBJICHO, YTO B COCTaB BCEX 4-X HCCIIeye-
MBIX 00pa31oB BXOIAT /10 40 aTOMOB yriiepojia B alKUILHOM OKPY>KEHUU. BBIsBICHO, UTO BO BCEX
uccieayeMbIXx obpasnax ApY mpeacTaBieHbl MOHO-, OW- M TPUIMKIMYECKUMHU CTpyKTypamu. OT-
MEUEHO TaKXke MPUCYTCTBUE cepocoepkaimx ApY.

B cocrtaBe chipbs — BaKyyMHOTO Ta30iisi — HauOOJIbIIIee KOJWYECTBO MPUXOAUTCS HA de-
HAHTPEH W €ro TOMOJIOTH, HAMMEHBIIEe — Ha MOHOIMKJIMIECKUE apOMaTHUYECKHUE YTIIEBOIOPOJIbI.
Tak, B mopsiike BO3pacTaHus TpyHbl ApY BaKyyMHOTO T'a30MJIsT MOXHO pacipeaesuThb B PS;

MAY <TIAY (276) < IIAY (252) < IIAY (228) < Benzomuogenvi < [I14Y (202) <

< Hagpmanun u eco comonoeu < @enanmpen u e2o 20MOI0U.
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B ycnoBusix TpaguiinoHHOTO KaTaAIUTUYECKOTO KPEKUHTA MOTyYeHHbIN KaTaiu3aT, B OTIIH-
YUe OT UCXOJHOTO ChIPhS, COJAEPKUT B ocHOBHOM MAY. CrnenyeT OTMETUTh, YTO JIaHHAsI TEHJICH-
IIUsT COXPAHMUTCS U JJIS MPOIYKTOB OKCHKpekuHTa. KoHIeHTpanus ¢eHaHTpeHa U ero roMoJIoroB
ocTayiach MpakTUYECKH MpexHel. [[puanmas 3To Bo BHUMaHKeE, CIeAyeT, YTO B MOPSJIKE BO3pacTa-
HUS cojaepxaHue Tpynn ApY ocTaercss TMpeXHUM, 3a HCKIOYEHHUEM JAUaMeTpalibHO-
MIPOTUBOIIOI0KHOTO ToJIoXKeHUsI MAY':

1IAY (276) < TIAY (252) < IIAY (228) < benzomuogenvr < I[1AY (202) <
< Hagpmanun u eco comonoeu < @enanmpen u e2o comonocu < MAY.

VYCcnoBusS OKCUKPEKHMHTa BHOCST CBOM KOPPEKTHBBI: OTHOCHTEIBHO TPAIHIIMOHHOTO KaTa-
JUTHYECKOTO KpekuHra koHueHTpauus MAY u ITIAY (252) ysenuuuBaercs, a IIAY (276) —
yYMEHBIIIaeTcs MouTH BABoe. Kpome Toro, yBenmuunBaeTcs cofepanne HadTaluHa U €ro TOMOJIO-
roB, 6enzoruodenos u [TAY (228). Konuenrpauus peHaHTpeHa U €ro roMoJIoroB, B OTJIMYUE OT
BBIILICTIEPEYUCIICHHBIX TPy, CHIKaeTcs. Takum oOpa3om, rpynnsl ApY B MpPOIyKTaX OKCHKpe-
kuHTa TIpu 1%-HOH cTeneHn OKUCICHUS ChIPbs IPEICTABICHBI:

1IAY (276) < IAY (252) < IIAY (228) < benzomuoghenvr < [IAY (202) <
< @enanmpen u eco comonoau < Hagpmanun u eco comonoeu < MAY.

['pynnber ApY B mponykTax OKCHKpeKHHTra npu 2%-HOW CTENeHH OKHUCICHHS BaKyyMHOTO
CBIpBS, TaK ke, Kak ¥ npu 1%, npeacrasieHsl B 0CHOBHOM MAY, HO B 3HAQUHUTENBHO MEHbBIIEH
KOHIIEHTpAIMK (CHU3WIOCH B Oosiee ueM B 3 pa3a). YMeHbIICHHE KOHIIEHTPAIUN XapaKTEePHO JUIs
Bcex 0e3 MCKItoueHUus Tpymnn ApY JaHHBIX YCIOBUUA OKCHUKPEKHHIa, W, KaK Mbl YBUJIUM Jajiee
(Tabu. 2), cyMmMapHast KOHLIEHTpaIHs HHIUBUYaIbHBIX YIIIEBOJOPOJOB Y 2%-HOH CTETIeHN OKHC-
JIeHHUsI OKCUKPEKHMHIa TakkKe MUHUMaJIbHAsl CPEeU BCeX UCCleAyeMbIX o0pa3ioB. CoriacHo moiy-
YEHHBIM KOHIEHTpaUusiM, rpynnbsl ApY npu 2%-HO# CTENeHH OKHCIEHUS ChIpbs 0 BO3PAaCTaHHUIO
pacnojyiaratorcs B psiji, MICHTHUHBIA 1%-HOM CTENEHN OKHUCIEHHSI OKCUKPEKUHTa, ¢ TOM pasHULIEH,
YTO B JIaHHBIX YCJIOBUSAX KOHIIEHTpauus (peHaHTpEeHa U ero roMoJOroB BbIlle, 4YeM HadTaluHa U
€ro rOMOJIOTOB:

IIAY (276) < IIAY (252) < IIAY (228) < benzomuogenvr < I[1AY (202) <
< Hagpmanun u eco comonoeu < @enanmpen u e2o comonocu < MAY.

JleTanpHBIN aHANA3 pacmpeaeiieHns HHIUBUAyalbHbIX [IAY mpencrasien B Tabmuie 2. B
CBIpbE JIOMHUHHMPYIOT CIEIyIOIMe S5 KOMIIOHEHTOB: (iayopeH, (QeHaHTpeH, aHTpaleH,
OeH3(a)aHTpalleH, Kpu3eH. B mpoaykrax TpaauIMOHHOTO KAaTATUTHYECKOTO KPEKHHIa KOJIMYECTBO
¢dyopena u antpaueHa yBennumiock Ha 40% u 17%, coOTBETCTBEHHO, KpHU3€HAa YMEHBIIMIOCH Ha
60%, a (eHaHTpalleHa OCTaIOCh MPAKTUYECKU HEM3MEHHBIM. OCHOBHOE K€ OTJIMYME 3aKIH0YaIOCh
B OoJyiee yeM 6-KpaTHOM YBEIMYCHHWU KOHIEHTpAalWU HaTaluHAa U CHIDKEHHH BCeX 0e3 MCKIoue-
HUs OeH3-coaepxkanux [TAY.

Paccmotpenue pesynpTaToB pacnpeneneHuss MHAUBUAYanbHbIX [IAY B mpoaykrax okcu-
KPEKUHTa MO3BOJIMIIO BBISBUTH IENBINA P OTIIMYUTEIBHBIX OCOOCHHOCTEH B CPaBHEHUH C MOKa3a-
TeISIMU TPAJAMIMOHHOTO KaTaIUTHYECKOro KpekuHra. Tak, B ycimoBusix npu 1%-Hoil creneHu
OKHCJICHHS KOJIMYECTBO Ha(TalmMHA TMPEBBIIIAET MOKA3aTeNH TPATUIMOHHOTO KaTAIUTHYECKOTO
KpPEKHHIa TIOYTH B 2 pasa, TOrAa Kak npu 2%-HOHU CTENEHN OKUCIEHHS 3TOT I10Ka3aTellb CHUKAET-
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cs B 4 pasa, 4TO SBJISETCS HAUMEHBIINM CPeJl UCCIeTyeMbIX 00pa3ioB. Taxke 3HAYUTEIbHO BO3-

POCIIO coJiepKaHKe KpU3eHa.

Taonuya 2
Biausinue ycJ0BHIl KATAJIMTHYECKOT0 KPEKMHIa HA pacipeesieHHe HHAMBUAYAJbHbIX [IAY
. . | CtreneHb OKHCJIEHNS CHIPbS B
IMomuukiauyeckue apoma- | Bakyymuniii | TpaanunoHHbBIA
N YCJIOBHSAX OKCHKPEKHHIa
THYeCKHe YIiIeBOAOPOAbI, ra3oiib KaTAJTUTHYe-
M1/ (chIpbe) CKMii KpeKMHT 1% 2%
Hadranun 12 433 79 641 148 854 34475
Anena¢Tuiex 6963 6292 5519 2 028
Auenadren 16 502 21776 26 727 9152
diryopeH 128 222 179 494 143 006 84 390
deHaHTpeH 737779 743 199 654 512 389202
AHTpaneH 58 313 68 178 63 336 37074
®iryopaHTeH 22 677 26 981 22 299 12 251
[upen 48 166 44 521 41010 23 287
ben3s(a)anTparnex 53 402 44 640 47203 21128
Kpuzen 239 552 97 956 178 299 72 603
Bens(b+j+k)dmyopanren 20 273 12 182 16 117 5476
bens(a)nupen 13 439 4099 4123 1302
Wunen(1,2,3-cd)mupen 5181 1136 2531 294
Bens(ghi)nepunen 2 894 1721 979 784
Juben3(ah)anTpatieH 2993 1 699 6013 1335
> 15 uHAUBUAYAJIBHBIX Y/B 1368 789 1333514 1360 528 694 781
0)
450 N 5044
315 ¢ 2
—C3 4044
300 . C3
925 - S 3044
150 2044 c1 -/
Cl 0
75 o 1044 : / ¢_______________.
0 »— * e 3 44
Chipbe - IIpomyxTsr TIpO/tyKTBI OKHCIIUTENBHOTO CrIpbe — IMpomykTsl TIpoyKThI OKUCITUTENLHOTO
BaKyyMHBIN TPaAUIMOHHOI 0 KaTaJIMTUYECKOTO KPEKUHTa BaKyyMHBbII TPAIMIHOHHOTO  KaTaTMTHYECKOTO KPEKHHIa

ra3onib KaTaJIMTUYCCKOI o

KpE€KUHIra

1%

2%

Ta30iIb

KaTaJINTHICCKOTI 0
KpEKHHTa

1% 2%

Puc.1. Cpasnumenvbrnoe MOIEKYIAPHO-MACCOBOE pacnpedeienue Hagmanunos (a) u gpenanmpenos (6) 6 coipve u npoOyKmax
MPAOUYUOHHO20 U OKUCTUMENbHO20 KAMATUMUYECKO20 KDEKUHEA.
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Konnentpamust ¢myopeHa, ¢peHaHTpeHa M aHTpalleHa CHIDKAeTCs, HO HE3HAuYuTenbHO. B
IPOAYKTaX OKCUKPEKHMHIa Npu 2%-HOW CTENEHW OKHUCIIEHUS BAKYYMHOI'O Ta30Is COJEpKaHHUE
Bcex rpymi [TAY saBnsieTcss HAUMEHBIIUM CPEM paccMaTpuBaeMbIX 00pa3oB. TeHIeHIHs CHIKe-
HUs OeH3-copepkamux [TAY, oTMedeHHas U1 IPOAYKTOB TPAIUIIMOHHOTO KaTATUTHYECKOTO Kpe-
KHHTa, SBJISIETCS CIPaBEUIMBOM U JUIs 3TOro obpasua.

3aBUCHUMOCTh TPYIIOBOIO COCcTaBa Ha(TaIMHOB M (peHaHTpPEeHOB OT Ouorpaduu odpasia
UMEET UMEeEeT YHUMOJAIBHBIN XapakTep U UMeeT psn ocodennoctei (puc. 1). Tak, MakcuManbHast
KOHIIEHTpalusl HaQTaJTuHOB B MPOIYKTaX OKCUKpEeKUHra mpu 1%-HON CTeNeHn OKUCIIEHUS CBhIPhS
npuxoautcs Ha ero Cs, a npu 2%-Hoit — Ha Cys-romonoru (puc.l, a). OCHOBHOE KOJINYECTBO
(eHaHTPEHOB, BHE 3aBHCHUMOCTH OT CTENCHHM OKHCJICHUS BaKyyMHOTO Ta30iis, cocTaBisIoT Ci—
(enantpensl (puc.l, 6). CpaBHUTENbHBIM aHAIN3 CBUAETEILCTBYET, YTO MAacCOBOE COJEp)KaHHUE

3TUX TOMOJIOIOB B INPOJYKTaX OKCUKPEKHMHIA HMKE, YEM IPHU TPAAULHMOHHOM KaTAIUTHYECKOM
KPEKUHTE.

06) 580
480
- 380
=
25 280
C‘\ 202
30 & 180 vw 228
MW202
6§ 10 MW20. 80
2
300 / 4000
250 Mw 2
3300 MW 276
200
- 2600
i~ 150 [
' 100 1900 4
50 1200
y Cy276
0
500
ChIpbe — 3 [pomyxTe! IIpoayKTHI OKUCIUTENHEHOTO ChIpbe — IIpomykTsl IIpoayKTHI OKUCIUTENHEHOTO
BaKyyMHBIH TPaAUIMOHHOTO  kaTaIUTUYECKOrO0 KPEKHHIa BaKyyMHBbII TPaULMOHHOTO  KaTaJTMTHYECKOTO KPEKMHIa

Ta3oiIb KaTaJIUMTHYCCKOIo 1% 2%
KpEKUHTa

rasoiiib KaTaJUTHYECKOTa 1% 2%
KPEKHHTA

Puc.2. Cpasnumenvhoe MOIEKYIAPHO-MACCOBOE pacnpedenetue 8blCOKOMONEKYIAPHBIX NOAUADOMAMUYECKUX
yene6o000po0os (a - MW 202; 6 - MW 228, 6 - MW 252; 2 - MW 276) @ cbipbe u npodykmax mpaouyuoHHO20
U OKUCTUMENbHO20 KAMAIUMUYECKO20 KPEKUHEd.

CpaBHeHHE H3MEHEHHUS COJEpPKAHUS BBICOKOMOJICKYJSIPHBIX HEHJICHTU()UIIMPOBAHHBIX
[TAY ot cTeneHu OKHCIEHUS ChIPbsl B YCIOBHUSIX OKCUKPEKHWHIA CBUAETEIBCTBYET 00 aHTUOATHOM
M3MEHEHUH KOHLIEHTPALMKA BCEX TOMOJIOTOB 3TOr0 THIIA YIIIEBOAOPOIOB, T.€. pu 2%-HoM OKK nx
KOHIIEHTpaLus HWxkKe, yeM npu 1%-HoMm, 3a uckiitoueHreM rojosiiepaoro MW 276 (puc. 2).
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[IpoBenenue CPaBHUTEIBHOTO 704000 -
aHanmu3a JaHHBIX, TOJIYyYEHHBIX B XOZE — —
W3y4eHUs HEMIEHTH(HUIMPOBAHHBIX BbI- RN —
cokomounekysipueix [IAY ¢ monexynsip- soa000 14— [Tl ] Lo
HEIM BecoM Oojiee 202, IOKa3bIBaeT, 4TO |
IPOAYKTHl  OKCUKPEKMHIA  COXPAHSIOT 04000 1
TEH/ICHIINIO Ha YMEHBIICHNE KOHIIEHTpa- 304000 - w
nuu storo tuma ITAY Taxke M OTHOCH-
TEIbHO TPAJMIUOHHOTO KpeKuHTa. B el
npoaykTax okcukpekunra y ITAY c mo- 104000
neKyJsipHbIM BecoM 202 u 228 npeobia- 1_ r I_r
natot Cy-romornory, a y ITAY ¢ Moneky- e~
JAPHBIM BecoM 252 u 276 npu 1%-Hoii s ot . . e s i o
rasoiins KaTamiTHYeCKoro 1% 2%
cTeneHu okucieHus coipbs — Cy, mpu 2%- KDSKHIA
HOH — TOJIOSIIEPHBIE. - nubensTHObEE: - Cy mubensTHObCH:
Cpenu mpounx OCOOCHHOCTEH, - Cy- mufersrasoiess: H - Cs- auSensTHOeH.

OOHAPY)KCHHBIX NPH HCCIENOBAHUH 00- Puc.3. Cpasnumenvroe MONEKYIAPHO-MACCOBOE pacnpedenenue

pa3ioB OKCUKPEKHUHTA, 06pa]_uaeT Ha ceos Oubensmuoghenos 6 coipve u NPOOYKMax mpaouyoOHHO20 U OKUC-
BHUMAHHE 3HAYUTEILHO 60Hee HH3Kast JAUMENIbHO20 Kamalumuieckoco KpeKuHeda.
KoHIeHTpanus 6enstnodena u ero C, —C3-roMoI0roB, yMEHBIIAIOMASACS TEM CHIIbHEE, YEM BBIIIE
CTeTeHb OKUCIIEeHUs chIpbs (puc.3). Uckmouenne coctasmnset Toiabko Ci-0en3troden, mpu 1%-noi
CTENEHH OKHUCIICHUSI BaKyyMHOT'O Ta30iiig 3Ta CTENEHb MPEBBIIIACT MOKA3aTeIl, OTMEUEHHBbIE IS
IPOAYKTOB TPAJUIIMOHHOIO KPEKHMHIA, OJHAKO C IMOBBIIIEHUEM CTENEHH OKucieHus 1o 2%, Ci-
O0eH3THO(EH TOKE HAYMHAET MOMYMHSATHCS OO0IIel 3aKOHOMEPHOCTH CHUKEHHSI CEpOCOACpKAIIUX
apoMaTHYeCcKHuX CTpyKTyp. Huskoe copep:kanue 3Toro kiacca COeJMHEHUH 0COOEHHO Ba)KHO BBU-
Iy MX OTPULATEIHHOTO BIMSHHUS Ha KaueCTBO NMPOIYKTOB HE(YTEXUMHH, a B CIIydae IMOyUCHHS
MPOMEXYTOUYHBIX MPOIYKTOB 3aTPYAHSAIOT U yIOPOXKAIOT UX MOCIEIYIOIYI0 nepepadoTky [6-8]. A
€CJIM MPHUHATh BO BHHMAHHUE, YTO JIaHHBIE MPOLIECCHl B MOAABIIAIONIEM OOJBIIMHCTBE SIBISIOTCS
KpPYNHOTOHHA)XHBIMH, TO UX IPUCYTCTBUE OKa3bIBAET HErATUBHOE BJIMSHUE U HA SKOJIOTHIO.

3akiaovenue. Takum 00pa3om, B X0Ji€ MPOBEIEHHOTO JAETATBLHOTO U3yYEHUS! CTPYKTYpPHO-
TPYIIIOBOTO COCTaBa apOMaTHYECKHX YIrieBOAOPOA0B (ApY) KUIKUX (paKIuil MPOIYKTOB OKCHU-
KPEKHHTa, a TaKKe MX MOJIEKYJISPHO-MAacCCOBOTO pacHpeAeseHuss ObLIM BBISBICHBI CIETYIOLIHNE
OCOOEHHOCTH: B COCTaB ChIPbsl — BAKYYMHOTO T'a30JIs, a TaKXKe KHUJKUX MPOJTYKTOB €ro OKCHKpe-
KHMHIa U TPAAUIMOHHOIO KATaIUTHYECKOTO KPEKMHIa BXOAAT OJUHAKOBBIE TOMOJIOTHYECKHE PSI/IbI
apOMaTHYECKHX YIJIEBOJOPOJOB; B 00pa3llax OKCHUKPEKHHIa Mpeo0saaloT MOHOLMKINYECKUE
apoMaTHYECKHEe YIIEBOIOPOAbl; KOHIEHTPAMOHHbBIE H3MEHEHHSI B MOHOIIUKIMYECKUX apoMaTHye-
ckux yriaeBogopoaos: 1% OKK > KK > 2% OKK; cpenyn nneHTHGUIIMPOBAHHBIX NOJIHapOMaTHYe-
ckux yriesogoponoB npu 1% OKK momunupyer HadTanun u ero romosory, a mnpu 2% OKK —
(heHAHTpPEH U €ro roMoJIOTH; B 00pa3liax OKCUKPEKHWHTa KOHIEHTpalus ApY HUKe, YeM Tpaaullu-
OHHOTO KaTaJUTUYECKOTO KpPeKHHIa (3a uckimodenneM Hadranuna rmpu 1% OKK, koropslit He3Ha-
YUTEJIHHO BBIIIE); CEPOCOJIEpIKALINe MOJMapOMaTHUECKHUE YIIIEBOAOPOIbl B MPOIYKTaX OKCHKpE-
KMHTa TpeacTasieHbl 6enztuopenoM u ero C;-Csromonoramu, KOHIIEHTpPAIMsI KOTOPBIX HIKE,
yeM B oOpaslle TpaJWIHOHHOTO KaTaJIUTUYECKOTO KPEKMHra, M yMEHBIIAETCS TeM CHIIbHEe, YeM
BBIIIE€ CTETNIEHb OKUCIJICHHUS ChIPhS B IPOIIECCE OKCUKPEKUHTA.
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VAKUUM QAZOYLUNUN OKSIKREKINQ MOHSULLARINDA AROMATIK
KARBOHIDROGENLORIN QRUP TORKIBi

E.A. HUSEYNOVA

Xrom - mass-spektrometriya metodla vakuum qazoylunun oksikrekinqinde xammalin 1% vo 2% oksidlesme zamani
alinmis mohsullarinda aromatik karbohidrogenlerin qrup torkibinin xiisusiyyastlori ve molekulyar-kiitlovi bolgiisii miiayyen
edilmisdir. Miieyyen olunmusdur ki, aromatik karbohidrogenler karbonun 40-a qoder atomlu alkil miihasirads olan molekullar-
dan, mono-, bi - va trisiklik, hamginin kiikiirdtorkibli strukturlardan ibaratdir. Qeyd edilmisdir ki, oksikrekinq niimunalorinda
monoaromatik karbohidrogenlorin qatiligi ansnavi katalitik krekings nisboton 2 dofo daha yuxari, halbuki poliaromatik va
kiikiirdtorkibli daha agagudir (benztiofen va onun C,-C; — homologlart), onlarin azalmasi xammalin oksidlasme daracasi na qo-
dar yuxari olsa daha giiclii bas verir (naftalindon basqa, hansi ki, xammalin oksidlasmo daracasinin 1%-liq soraitinds bir az
yuxart).

Agar sozlor: oksikreking, vakuum qazoylu, aromatik karbohidrogenlor, naftalin, fenantren, benztiofen.

GROUP COMPOSITION OF AROMATIC HYDROCARBONS IN VACUUM
GASOLINE OXYCRACKING PRODUCTS

E.A. GUSEINOVA

The characteristics of the group composition and molecular weight distribution of aromatic hydrocarbons in the vac-
uum gas oil oxycracking products obtained under conditions of 1% and 2% oxidation of the raw materials were determined by
chromium-mass spectrometry. It has been found that aromatic hydrocarbons are represented by molecules comprising up to 40
carbon atoms in the alkyl environment and include mono-, bi- and tricyclic, as well as sulfur-containing structures. It was
noted that the concentration of monoaromatic hydrocarbons is 2 times higher in traditional samples than in traditional catalytic
cracking, while polyaromatic and sulfur-containing (benzothiophene and its C,-C; homologues) are lower and decreasing the
stronger the higher the oxidation state of the feedstock (naphthalene, which under conditions of 1% degree of oxidation of raw
materials, slightly higher).

Keywords: oxycracking, vacuum gas oil, aromatic hydrocarbons, naphthalene, phenanthrene, benzothiophene.
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XARICI VO SORT MUHITO DAVAMLI POLIMER
KOMPOZISiYALARIN YARADILMASI

V.C. COFOROV', S.0. BEKTASI", S.M. XOLILOVA”,
G.R. BABAYEVA', G.N. QULIYEVA

Poliolefinlor (tullantilar) vo tobii mineral siixurlarin atqilar1 osasinda miixtolif kiit% nisbatlordo
kompozisiyalar hazirlanmis, onlarin fiziki-mexaniki xassalori-mohkomlik haddi (o), nisbi uzanma (g), srintinin
axiciliq gostoricilori (©AG) toyin edilmisdir. Mioyyan edilmisdir ki, sintez edilmis poliakrilat appret kimi
kompozisiyaya 5-7% daxil edildikdos vo doldurucunun migdarinmi 80%-dok artirdigda niimunonin méhkomlik haddi
daha yiiksok qiymat alir. 11.3MPa-dan 17.4 MPa-dok artir. Kompozisiyada appretin tosiri ilo doldurucu: motris
soth arasinda olaqo yaranmagqla hom do tam qablagdirilmanin tomin olunmasi vo fazalararasi sothdo adgeziya
xassosinin yiiksoldilmasi ila saciyyslonir. Bels ki, uyusmaya daha yaxsi sorait yaranir.

Agar sozlar: agsagi sixliqh polietilen, polimer kompozisiya, matris, appret, doldurucu, vezuvian,
arintinin axiciliq géstaricisi, méhkamlik haddi, nisbi uzanma, uyusma

Giris. Respublikamiz tobii sorvatlordon ibarat zongin 6lkadir. Miixtolif qurulus vo torkibo
malik tobii sarvotlorin somarali istifado olunmasi on aktual problemdir.

Tobii ehtiyatlarin tikonmosi — (tobii mihitin dagilmasimna) - on osas otraf miihitin
mihafizosindo (OMM) tohliikali neqativ hallarin bas vermosino on osast ekoloji tarazligin
pozulmasina gatirib ¢ixarir vo golocok nosilloro saglam, saf tobiot ¢atdirmaq ciddi problem
qarsisinda qalir.

Belo ki, planetin ekoloji tarazliginin pozulmasi — atraf miihitin qeyri saglam miihitin amolo
golmosi tobiotdo ciddi qlobal tohliikonin bas vermasi demokdir vo belo tohlilkenin garsisinin
alinmasi yalniz otraf miihitin qorunmasi- otrafa atilan tullantilarin minimum hadde endirilmasi on
osas tobiotin miihafizesinin miimkiin ola bilocayine {imid edilir. ©Otraf miihitin miihafizasi
probleminin hollindo osas cohotlorindon baslicas1 tobii tosirlorlo yanasi antropogen amildir.
Problemin hallinin miixtalif tisullar1 malumdur. Polimer vo plastik kiitls tullantilarinin tokrar emals,
istehsal zamani standarta uygun golmayon polimer vo moisatde yaranan polimer tullantilar1 va tabii
stixurlarin atqilarindan doldurucu kimi istifads edarak texniki magsadlar {i¢iin polimer kompozisiya
materiallarinin miivafiq polimer sorbentlordon istifado edorok lovho-Ortiiklorin yaradilmasi vo

“ AMEA Polimer Materiallar1 institutu
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moqsadyonlii istifadosi mosalonin gismon do olsa hallino tokandir, hom do ekoloji, iqtisadi vo
texnoloji cohotdon olverisli hesab olunur. Polimer kompozisiya materiallarinin (PKM) sort soraitdo
istifadosi mohdud miqyasda todqiq olunub. Xarici vo sort miihitin tosiri zamani material 6z
xassasini kaskin dayisir vo keyfiyyoti agag diisiir, noticods istismar gostaricilori tolobata cavab vera
bilmir, belalikls atrafda zararli polimer tullantilar: ¢oxalir.

Elmi tadqiqat isinin moqsadi. Toqdim olunan moaqalods otrafi ¢irklondiron polimer
tullantilarinin utillosdirilmasi naticasinds yiiksok istismar xassolorine malik polimer kompozisiya
materiallarinin yaradilmasi igin asas magsadi kimi qarsiya qoyulmusdur. Polimerlorin-agagi sixliqh
polietilen (ASPE), secilmis tobii slixurlar vo mogsadydnlii sintez edilmis miivafiq appretin istiraki
ilo funksionallasdirilmasi noticosindo xarici vo sort miihito doziimlii kompozisiya materiallarinin
almmasina nail olunmasinin miimkiinlagdirilmasi, problemin hallinds istifads olunan polimerin
qurulus vo torkibindon, funksionalligindan, temperatur vo ionlasdirict amillorin destruksiyaedici
xiisusiyyatlorindan, eloca do, doldurucu kimi istifado edilon siixurun torkibindon, dispersliyindon,
komponentlorin optimal miqdarindan asili olur [1,2].

Respublikada nozora carpacaq miqdarda asagi sixligl polietilen istehsal olunur ki, onlarin
istehsalat vo moisot tullantilar1 da miivafiq olaraq ¢oxalir. Onlardan maqsadyonlii istifado etmokla,
problemin halli istigamatinds elmi tadqiqat islorinin aparilmasi maqsadouygun hesab olunur. Qeyd
edilon sahodo poliolefinlor, asason asagi sixlight polietilen vo mineral siixurlarin atqilar1 osasinda
eloco do, miivafiq polimer appretlorin sintezi vo
totbigi ilo yeni nosil polimer kompozisiya
materiallarin yaradilmasi boyiik ohomiyyat kosb edir

Codval 1

Vezuvianin kimyoavi torkibi

. L Kimyovi Miqdari, %
[3,4]. Kompozisiyanin hazirlanmasinda istifado birlosmolor VvVl V2
olunan metal vo metal oksid torkibli doldurucular Na,O 0.050 0.060
osasinda kompozitlorin alinmasit  vo onlarin sort MgO 3.250 3.440
miihito qarst davamliliginin gismon do olsa tomin ALO; 15.860 15.370
edilmosi, elmi vo tocriibi chomiyyat kosb etmoklo on Si0, 36.710 35.240
vacib vo aktual mosalolordondir [5-7]. Mohz bu P20s 0.018 0.017
. g .. SO, 0.027 0.031
baximdan poliolefinlor-asagi sixlight polietilen va
li tobii siixurl tail lit . lit K,O 0.030 0.260
yerli 9. i sux1.1r arin atqi ar"1 Tseo it, vezuvian, p“er i f CaO 30540 32420
bentonit, kaolin, vulkan kiilii va. s asasinda xiisusi Tio, 0051 0,047
xassalora malik polimer kompozisiya materiallarinin MnO 0.032 0.029
hazirlanmast  vo onlarin  sort miihito qarst Fe,0, 4.820 4.240
davamliliginin  todqiqi, nazori vo tocriibi  elmi YTI 8.400 8.600
ohomiyyat kosb edir. Qeyd: VV-1 - qurudulmus vezuvian;

VV-2 — qurudulmamis vezuvian

Isin yerina yetirilmasi. Todqigat isindo ASPE

va onun tullantilari, yerli mineral siixurlar vo onlarin Codvol 2

atqilar1 osasinda o ciimlodon vezuvian ilo miixtolif

. . . Vezuvianin mineraloji torkibi (%-lo
kiit.% nisbatlordo doldurulmus sistemlorin yaradil- ) (Yolo)

Niimu- CalgMgFezAlw (Mg,Al)ﬁ(Si,Al)4

mas1 onlarin sonaye vo texnikanin miivafiq saho- nonin | (Si3079)(OH)g 0,0(OH)s
lorindo  texniki mogsadlor iiciin istifado miimkiin- | sortiadi |  (vesuvianit) (xlorit-serpentin)
VV-1 71.3 28.7

liiyli isin osas mahiyyati hesab edilir.

Bununla slaqodar: VV-2 754 : 24.6
. . . . . Qeyd: VV-1- qurudulmus vezuvian;
- yeni nasil polimer kompozitlorin yaradil- VV-2 - qurudulmamis vezuvian

masi;
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- kompozisiyada istifado edilon doldurucularin torkibi, dispersliyi, optimal miqdarinin
miioyyanlosdirilmasi;

- polimer kompozitlorin yaradilmasinda secilmis polimer appretlorin sintezi vo kom-
pozitlordo optimal miqdarinin miisyyanlosdirilmasi;

- hazirlanmis niimunslords miigayiso mogsadi ilo appretsiz vo appretin istiraki 1ilo
keyfiyyatli kompozitlorin alinmasi, onlarin qurulus doyisikliyinin naticalorinin arasdirtlmasi vo
todqiq imkanlariin miioyyonlosdirilmasi;

- miivafiq tovsiyslorin toklif olunmasi asas mahiyyati hesab olunur.

ASPE vo mineral doldurucular asasinda sort vo xarici miihito qars1 davamli kompozisiyalarin
almmasi sahoasindo todqgiqatlarin aparilmasini nozors alaraq, miiqayiso mogsadi ilo appretsiz vo
appretlosdirilmis keyfiyyatli kompozitlorin alinmasina nail olunmas: tigiin coxsayli kompozisiyalar
hazirlanib va onlarin fiziki-mexaniki gostoricilori toyin edilmisdir.

Doldurulmus sistemdo doldurucu kimi alunit (madi), seolit, bentonit, vezuvian, kaolin,
vulkan kiilii vo s. istifado edilmisdir. Moaqalodo doldurucu kimi vezuvian suxurundan istifado
edilmisdir (cadval 1,2). Vezuvian siixuru Respublikamizda miixtolif qiymotli kimyavi elementlordo
zongin tobii mineraldir. Torkibi osason kalsium vo alimunium silikatlarla miirokkeb qurulusa
malikdir. Vezuvian siixuru Azorbaycanin Goadoboy rayonunun orazisinin mis filizi yatagi
silsilosindo rast golinir; holo tam otrafli todqiq edilmomisdir. Genis totbiq imkanlar1 sahosindo
tadqgiqatlar aparilir. Vezuvian siixurunun atqilarindan polimer kompozisiya materiallarinin
almmasinda ilk dofo doldurucu kimi istifadosi torofimizdon hoyata kegirilmisdir. Vezuvian
suxurunun kimyovi vo mineraloji torkibi va difraktoqram torkibi asagida verilmisdir (sok.1) [8].

2500 — l

1600 — AAMMH

WS

400 —

Intensity (counts)

100 —

5
2Theta (°)
Sak. 1. Vezuvianin difraqtogrammast

Difragtoqrammadan goriindiiyii kimi stixurun asas torkibi a-kvars SiO, (25-30°) vo miivafiq
digor oksidlordon, asason Al, Ca, Fe vo s. oksidlordon ibaratdir.
Alman kompozisiyalarin doldurucunun miqdarmin (G), dartilma zamani mohkomlik

haddindon (o) vo nisbi uzanmadan (€) asliliglar1 sokillords verilmisdir. (appetsiz vo appretin istiraki
ilo) (sok.2, 3).
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Sak. 2. Kompozisiyanin mohkomlik haddinin Sak. 3. Kompozisiyada nisbi uzanmanin

doldurucunun migdarindan asililig

doldurucunun migdarindan asuilig

Qeyd. Eyni nisbat kompozisiyalarin appretsiz vo appretlo miigayisosi zamani appretin istiraki
ilo alinan niimunslori méhkomlik hoddi daha yiiksok qiymaot aldig1 miisahids edilir. Bu hal appret
kimi istifads olunan poliakrilatin matris doldurucu sothi arasinda adgeziya xassasinin yiiksalmasi

ilo olagodardir.

Sokillordon goriindiiyli kimi niimunalorin miixtalif kiit.% nisbotlorinde doldurucunun miqdari
miioyyon hoddodok mohkomlik hoddinin giymoti ilo diiz, nisbi uzanma ilo tors miitonasiblik

ganunauygunluglari ils saciyyslonir.

Alinan  niimunolorin  fiziki-me-
xaniki xassolorini (o) daha da yiiksaltmok
mogsadi ilo onlarin torkibine laboratori-
yada moqsadyonlii istigamotdo sintez
edilmis polimer appret-poliakrilat daxil
edilorok miiqayiso mogsodi iiclin hom
appretsiz, hom do appretin istiraki ilo nii-
munolor hazirlanmis vo todqiq edilmisdir.
Aparilan todqiqatlarin naticaloring asason
miioyyon edilmisdir ki, ASPE:Vezuvian
asasli kompozitin mohkomlik haddi ilkin
xammala nisbaton 11,3 MPa-dan 15,84
MPa-dok  (appretsiz), 17,4MPa-dok
appretin istirakinda artir, nisbi uzanma iso
630%-don 24% vo 28%-dok miivafiq ola-
raq azalir. Noticoloro osason appret-
lasdirilmis kompozitlorin torkibine metal
oksidlorinin (Fe,O;, AlLOs;, PbO va.s)
daxil edilmosi ilo daha keyfiyyotli po-
limer kompozisiya materiallarinin alin-
masina nail olunur. Aparilan tocriibalorin
naticolort codvellordo verilmisdir (codval
3,4).

Cadval 3

Asa@ sixhiqh polietilen vo vezuvian asash
kompozisiyalarin fiziki-mexaniki xassalori

(appretsiz)
K . = : s y
. o'mpo Mohkan.lllk Nisbi OAG
zisiyalar haddi uzanma /10do
% 6, MPa g, % 4 1
PE-100 11,30 630 2,6
PE-70
10,62 57 1.4
D*-30
PE-60
D-40 11,90 50 0,5
PE-40
D-60 13,86 36 0,6
PE-30
D70 14,25 32 0,4
PE-25
D75 15,0 24 0,6
PE-20
D-80 15,84 24 1,7
*yezuvian
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Codval  3-don  goriindiiyii
kimi motris-doldurucu  20:80%
nisbatinds ilkin xammala-ASPE-2
nisboton mohkomlik haddi 11,3

Cadval 4

Asa@ sixhiqh polietilen vo vezuvian asash
kompozisiyalarin fiziki-mexaniki xassalori (appretld)

Méhkomlik |  Nisbi 9AG

MPa-dan 15,84 MPa-dok artir, . . 0 911.1 ! .

. . Kompozisiyalar % haddi uzanma
nisbi uzanma iso 630%-don 24%-
dok azal o, MPa g % q/10daq

O il dedon atindivii Kim PE-70

9 .V'e -don goriindiiyii kimi, D30 9,59 115 2.8

kompozisiyada doldurucunun 80% -

. . C Appret” -5
miqdarinda appretin (poliakrilatin) PECO
istirak ilo ilkin xammala nisbaton D-40
mohkomlik hoddi 11,3 MPa-dan Appret-5 10,92 83 23
17,4 MPa-dak artir, nisbi uzanma PE-50
iso 630%-don 28%-dok azalir. D-50 13,03 28 1.7
Alinan naticalor hoam Appret-5
doldurucunun optimal miqdart ils, PE-40
hom da secilmis vo istifads edilon D-60 13,86 30 0,7
polimer appretin maotris:doldurucu Appret-5
soth arasindaki alagonin PE-30
yaranmasi-adgeziya xassosinin D-70 15,3 32 0,4
artmasi il saciyyolonir. Appret-5

Notica.  ASPE(tullantilar), PE-20

vezuvian siixurunun atqilar1 osa- D-80 17,4 28 -
sinda miixtolif kiit.% nisbatlords Appret-5

kompozisiyalar hazirlanmigdir.
Kompozisyalarin optimal kiit.%

nisbati ASPE:Vezuvian=20:70

*  yezuvian
** poliakrilat

miioyyon edilmisdir. Homin nisbatdo niimunonin dartilma zaman1 méhkomlik haddi 17,4MPa daha

yiiksok qiymat alir.

Alinmis kompozisyalar sonayenin vo moisotin miivafiq sahalorindo texniki magsadlar {i¢iin

konstruksiya materiallarinda istifadosi tovsiya olunur.

Tadqiqat isi iqtisadi vo ekoloji cohatdon alverisli hesab edilir.
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CO3JIAHUE NOJUMEPHBIX KOMITO3HUIINMI, YCTOMYUBHIX K BHELITHUM
N ATPECCHUBHBIM CPEJJAM

B.J. IVKADAPOB, C.A. BEKTAIIHN, C.M. XAJIMJIOBA, I'.P. BABAEBA, I HI'YJIMEBA

Ha ocHOBe 0TX0/10B MOJIMONICPHUHOB M MHUHEPATHHBIX IIOPOJ] MPUTOTOBIEHH KOMIO3UINY B PA3INYHBIX MACCOBBIX
COOTHOIICHUSX U OIpPEACNICHBl UX (DM3UKO-MEXaHHIECKHE CBOWCTBA, B YACTHOCTH, HpeJeN MPOYHOCTH (G), OTHOCUTEIILHOE
yIUITHHEHHE (€) U TIOKa3aTeNIn TEeKy4eCcTH paciuiaBa. Y CTAaHOBIICHO, YTO HpH gobaBke 5-7% CHHTE3NPOBAHHOTO MOJMMEPHOTO
anmpeTa-nojuakpuiaTa B KOMIO3ULIUHM U MOBBIIIEHUH KOJIMYeCTBa HamoigHuTens a0 80 macc. % MOMydeHHBIE MaTepHalbl
oOmamatoT Oosee BBICOKMM IpeaenoM mpoyHoctd - oT 11.3 nmo 17.4 MPa. JleiictBuem ammpera MeXay MaTpuuedl U
HAIOJIHUTENIeM O0ecreunBaeTcss IOJHAs YNAaKOBKA M BBICOKAs aJre3uss Ha IOBEPXHOCTH paspena (a3, ymydiiaercs
COBMECTHMOCTb.

Knrwoueevie cnosa: norusmunen Hu3Kou HJAOMHOCMU, NOJAUMEPHAS KOMNO3Uuyus, mampuya, annpenm, HAnoJIHUmeibv,
BU3YBUAH, NOKA3amejlb meKyyecmu pacniaed, npec)eﬂ npoyHocmu, omnocumeﬂhnoeyc)ﬂuﬁel-me, coemecmumocnis.

THE CREATION OF POLYMER COMPOSITIONS RESISTANT TO EXTERNAL
AND AGGRESSIVE MEDIA

V.D.JAFAROV, S.A. BEKTASHI, SM. KHALILOVA, G.R. BABAYEVA, G.N. GULIYEVA

Based on the waste of polyolefins and mineral rocks compositions were prepared in various mass ratios and their
physico-mechanical properties were determined, in particular, the tensile strength (g), relative elongation (c) and melt flow
rates. It was found that , with the addition of 5-7% synthesized polymer finish polyacrylate in the composition and increasing
the amount of filler to 80% of resulting materials have a higher tensile strength and grows from 11,3 to 17,4 MPa. Action
between the matrix and filler ensures complete packaging and high adhesion on the surface of the phase separation, improves
compatibility.

Keywords: low density polyethylene, polymer composition, matrix, appret, filler, visual, current melt ratio,  tensile
strength, rerative elongation, compatibility.
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WCCJEJOBAHUE YCJIOBHUH MMOJTYYEHUS XUMHUUYECKH
MOINPUITNPOBAHHOI'O KAYYYKA METOJIOM
MHOI'O®AKTOPHOI'O IINTAHUPOBAHUA

P.D. MYCTADAEBA *

MetonoM MHOTO(GAKTOPHOTO IIAHUPOBAaHHS Mpolecca MOAUGHUKALNN OyTaJHeH-CTHPOIBHOTO
KaydyKa OJIMTOMEPOM SITUXJIOPTUAPHHA YCTAHOBICHO, YTO HAWYUIIHHA BBIXOJ MOTU(PHUIIUPOBAHHOTO
Kay4ayka — [PH [POBEICHHH PEaKIUK B TeUeHHE 6 4acoB, Temmeparype 65°C 1 JoGaBICHHH B PeaKIi-
oHHy10 Maccy 0.07066 mol snmxiopruapuHa.

Kniouesvle cnosa: 6ymaouen-cmuponbHblil KAYYyK, 01U20INUXIOPUOPUH, NIAHUPOSAHUE IKChe-
pumenma, MoouduKayusi.

BBenenmne. lccnenoBanue sBIsSETCS 3KCIIEPUMEHTOM, €CIIM BXOJHBIC MEPEMEHHBIE M3Me-
HSIIOTCSL KCCJIEIOBATENIEM B TOYHO YUMTHIBAEMBIX YCIOBHSIX, TO3BOJISSL YIPABIATH XOA0M OIBITOB U
BOCCO3/1aBaTh WX PE3YJIBTAThl KXl pa3 MPH NOBTOPEHUH C TOYHOCTHIO JI0 CIIyYalHBIX OMINOOK
[1-3]. Tlog mmaHuUpoBaHWEM OSKCIEPUMEHTA TIOHUMAETCs TpoIenypa BbIOOpa dYHCla OMBITOB H
YCIIOBUI UX MPOBEJIEHUS, HEOOXOAMMBIX JIJIsl PeLICHHs MTOCTaBICHHOM 3a7aun ¢ TpeOyeMoi TOUHO-
cThi0. Bce mepeMeHHBIE, ONpenensione n3ydyaeMblii OOBEKT, M3MEHSIOTCS OJHOBPEMEHHO IO
CHeNHaNbHBIM TpaBwiIaM. Pe3ynbTaTsl SKCIIEpUMEHTa MPEACTaBIAIOTCS B BHJE MaTeMaTHYECKOU
MojieH, o0Iaiaroleil onpeeleHHbIMA CTATUCTUYECKUMH CBOMCTBAMH, HAIIPUMEP MUHUMAJIbHOMN
JTUCTIEpCUEl OIEHOK mapaMeTpoB Monenu [4-8]. B MHOTO(haKTOpHBIX TUTHAX OJTHOBPEMEHHO Baph-
UPYETCs] HECKOJIBLKO (PAKTOPOB, a HE KaXKJbIi B OT/ICIBHOCTH.

B muiaHupoBaHuMM SKCIIEpUMEHTa caM DSKCIEPUMEHT paccMaTpUBAaeTCsd Kak OOBEKT
UCCIICIOBAaHNS M ONTHMM3ALMHU. 37€Ch OCYIIECTBISETCS ONTHMAJIbHOE YIPABICHHE BEIECHHEM
AKCIIEPUMEHTA; B 3aBUCHUMOCTH OT XapakTepa H3ydaeMoro oOBeKTa W Ielel Hcciae10BaHus
000CHOBAaHHO BBHIOMPAIOTCS THIT IDTAHUPOBAHHS SKCIIEPUMEHTA, METOJ] 00paOOTKH JaHHBIX.

sk
AzepOaiipkaHCKUI TOCYIapCTBEHHBIH YHUBEPCUTET HE()TH U MPOMBILIIIICHHOCTH.
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[TnanupoBanre MHOTO(AKTOPHBIX AKCIIEPUMEHTOB — HOBBIA IOJIXOJI K OpraHU3alud U
NPOBEIECHUIO AIKCTPEMAIIBHBIX HCCIEIOBAHUI CIIOKHBIX cHcTeM. llmaHnpoBaHme 3KcrneprMeHTa
MO3BOJISIET COPA3MEPUTh YHCIIO ONBITOB MOCTABICHHOM 3a/1aue.

[TnanupoBanre MHOTO(AKTOPHBIX SKCIEPUMEHTOB C COKpaIleHHeM mepedopa BapHaHTOB
SBJISIETCS MOILHBIM CPEJCTBOM MOBBIICHUS 3(P(PEKTUBHOCTH UCCIEIOBAHUM M YMEHbBILICHUS 3aTpat
BPEMEHHU U CPEJICTB Ha dKcIiepuMenT [9-11].

Hesb cTaThM — CIUTAHUPOBATH HPOIECC MOAU(DUKAIMH OyTaIUeH-CTHPOIBHOTO KaydyKa
OJIMTOMEPOM MUXJIOPTUAPUHA U3BICUCHUEM MaKCUMyMa HHGOpMAIUH MPH 3aJaHHbIX 3aTpaTax Ha
SKCHEPUMEHT U MUHUMH3AINHN 3aTPaT MPH MOTyYeHUH MH()OPMAIMH, JOCTATOYHON ISl peIICHHS
3azay.

Pemenne 3agaun. MeTogoM MIaHUPOBAHHUS MHOTO(PAKTOPHOTO 3KCHEPUMEHTa MOoJydyeHa
MaTeMaTH4YecKasi MOJeNlb Ipolecca XUMUIEeCKOi Moaudukanuy OyTaJueH-CTUPOIBHOTO KaydyKa
OJIUTOANMUXJIOPTUAPHUHOM.

Ha peakuuto B3aumozeiicTBust OyTaiueH-CTUPOIBHOTO KayyyKa ¢ OJUTO3IHUXIOPTUIPUHOM
¥ Ha BBIXOJI MOJU(PHUIMPOBAHHOTO KaydyKa BIHUSIOT CleAyromue GakTopbl: Z; — BpeMsl peaklu,
uac; Z, — Temmeparypa peakuu, 'C; Z; — conepxanue IXI' B pacTBOpe, MONb; KOHICHTPALIHS
pactBopa BCK B 6en3zosne moctostaHa (5%-HbIi pacTBOp OeH307a).

JUIs yCOBEpPUIEHCTBOBAaHUS IPOLIECCA HCIIOJIB30BaH CHMIUIEKCHBIH METOJ IUIAHUPOBAHUS
AKCIIEPUMEHTOB, KOTOPBIN MO3BOJISAET B JIt0OOE BpEMS BBEICHUE B SKCIIEPUMEHT €Ille OJHOro (ak-
TOpa, He YYTCHHOTO B MPOIIECCe MPEIBAPUTEIHHBIX OMBITOB [2]. DTO HEOOXOAMMO B TEX CIydasx,
KOI'Jla U3y4aeMbli MMPOLIECC PacCMaTPUBAETCS B 3aBUCUMOCTH TOJBKO OT «X» (haKTOpoB (B TO Bpe-
Ms KaK OH 3aBUCHT emie oT (X+1)-ro ¢akropa, u BenuyuHa 3Toro (X+1)-ro ¢akropa mno Kakum-To
NpUYMHAM HE BIUCHIBACTCA B AIKCIEPUMEHT). [Ipu 3TOM B SKCHEPUMEHT IO CYIIECTBY BBOMST
TOJIBKO OJIHY TOYKY, KOTOpasi BMECTE C MCXOJIHBIMH 00pa3yeT cuMiuiekc yxe B (X+1) mpoctpan-
CTBE.

W3 npeaBapuTenbHBIX ONMBITOB ObljIa BEIOpaHA MCXOJHAS TOYKA — IIEHTP HAYAIbHOTO CHUM-
TUIeKca ¥ MacIITadbl Mo ocsiM HepeMeHHbIX (akTopoB. OCHOBHON ypOBEHb U MHTEPBAJIBI BApbUPO-
BaHUs (aKTOPOB MPUBEICHBI B TabmmIe 1.

[TpousBenem mnpeoOpa3oBaHHe KOOPAWHAT, MPUBOJAIIECE «HATYpalbHBbIE MEPEMEHHBIE K
Oe3pa3MepHBIMY, UCTIONB3Ys (POPMYITy KOJUPOBAHUS:

X ==~ (1)

JUJi IpaKTHYECKOTO MCIOIb30BAHUS CUMIUIEKCHON MaTpUIlbl 3apaHee MOJACYUTAIN YUCIIO-
BbIEC 3HAUCHUS €€ IIEMECHTOB.

Hcnonb3ys BBIACIEHHYIO YaCcTh YHCIOBOW MaTpHIbl cuMiuiekca (X) u GpopMysbl KOTUpO-
BaHUS, MOJTYYHM MaTPHILy UCXOJHOTO KOMILIEKCA 5 HATypallbHbIX IEPEMEHHBIX.

B Tab6n1.2 mpuBeaeHa MaTpHIla HCXOAHOTO CHUMIUIEKCA B HATYPAIbHOM MaciiTabe v moiyde-
HBI HKCIIEPUMEHTAJIbHbIE JaHHbBIE MO COAEPIKAHUIO CBSA3aHHOTO XJIOpAa B pe3yJibTaTe MPOBEICHUS
OTBITOB B TOYKAX cUMILIEKca (cTpoka onbIToB Ne 1-6). Kaxkplil onbIT B MaTpulle CUMILIEKca Io-
BTOPEH J[Ba Pa3a, T.€. CPEIHHE HKCIEPUMEHTAIbHBIE 3HAYCHUS COJACPKAHUS XJIOpa MOIYyYeHBI 1O
JIBYM TapaijielIbHbIM U3MepeHusM (Tabi.2).
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Kak BumHO u3 Ta01.2, HaMIydmum siBiisieTcst onbIT Ned, 3aMeHUM TOUYKY 4 €€ 3epKaJbHBIM
OTpa)KeHHEM TOYKOH 7 M HaiiieM yCIOBHs sl IPOBEICHUS HOBOTO OIBITA B3aMEH MCKITIOUUTEIh-

HOTO.

YcioBus IPOBEICHUS OMbBITA B OTPAKESHHOMN TOUKE HAXOUM C TIOMOIIBIO hopMyJI.
(k+2) _n  y(o) _ ylo ;—
X7 =2.X-X j=1,23,.x

k+1

S

X(c) — i=1
J k

Cnauana HaxoJIUM KOOPAUHATHI TOUKH 2 —
IIEHTpa TpaHu, oOpazoBaHHOK Toukamu 1,2,3,5,6.

Takum oOpa3oM, Touka 7 BMECTE C OCTaB-
muMucs o0pasyeT cumruieke 1, 2, 3, 5, 6, 7 (cm.
tabi.2). Ilociae mpoBeneHWs] ONMBITOB B TOYKE 7
Hauaydmed Toukor cummiekca 1, 2, 3, 5, 6, 7
OKaszanach To4yka 5. Ee oTpaxxeHHe OTHOCUTENBHO
rpaau 1, 2, 3, 6, 7 #aeT ycIOBUS CIEAYIOIIETO
onbITa U T.4. OnbITel Ne 8 1 9 ObuIH paccUuTaHbI U
IIPOBEJEHBl BMECTO XY/IIIUX IO PE3YJIbTaTy OIIbI-
ToB Ne 5 u 6, cooTBeTCTBEHHO. Pe3ynbTarhl 3THX
9KCIEPUMEHTOB OTpa)keHbl B Ta0iu.3. M3 maHHBIX
TaOJIUIBI BUIHO, YTO CHCTEMa CHMIUIEKCOB HA4H-
HAeT BpallaThCsl BOKPYr HEKOTOpod Touku (5,0-
5,2% cBs3aHHOTO XJIOpa), KOTOpas Onm3Kka K
HanOoJiee BBICOKOMY KPUTEPHIO KadyecTBa (OMBIT
Ne 7).

[ToBTOpsiem ombiT Ne 7, umeronuii Hanbo-
Jiee BBICOKOE 3HAaueHWe Kpurepus kadecta. Ilo-
BTOPHBIN HKCIIEPUMEHT MOBTOPSET 3Ty BEIUYUHY,
YTO O3HAYAET, YTO MBI YK€ HAXOAMMCS B TOYKE
ONTUMYyMa, T.€. CUMILIEKC 3akpyriuics. [loatomy
nocne ombiTa Ne 3 ObIJIO pemieHO JA00aBUTH emie
onuH (akTop, a UMeHHO: Z; — koHneHTpamus bCK
B pacTBope, %.

Jo cux mop dhakTop Ze Mo IepKuBaICS Ha
MOCTOSTHHOM ypoBHE (Zs= 5%). [nst Toro 4ro0sl
BBECTU 3TOT (DaKTOp B CXEeMy IJIaHUPOBAHMS,
HEOOXOJIMMO JIOTIOJHUTH CEPHUI0 OIBITOB, BXOJIS-
mux B cumiuieke 1, 2, 3, 7, 8, 9 onsitom Nel0. 3a

()
i=e 3)
Tabnuua 1
YpoBeHb U MHTEPBAJIbI BAPbUPOBAHMS
daxTopos
Z, Z, Zs
Z; 6,0 6,5 0,0540
AZ,; 2,0 15 0,0162
Tabnuuya 2
MaTpuiia uCX0AHOTO0 CUMILJIEKCA
Ne onbiTa Z, 7z, 75
1. 7,0 69 0,0573
2. 5,0 69 0,0573
3. 6,0 56 0,0573
4. 6,0 65 0,0441
5. 6,0 65 0,0540
6. 6,0 65 0,0540
7. 6,0 65 0,0679
Tabnuuya 3
MaTpuna nocjaeayomnero CMuMILIeKCca
Ne ormbI- Z, Z, Z, V. %
Ta
1. 7,0 69 | 0,0373 3,5
2. 5,0 69 | 0,0573 3,6
3. 6,0 56 | 0,0573 6,0
7. 6,0 65 | 0,0679 6,8
8. 6,0 65 |0,0635 5,2
9. 6,0 65 |0,0673 5,0
10. 6,0 65 |0,0618 5,2

€JMHUILY BapbUpoOBaHUs npuHUMaeM A Zg = 2%, 3a ocHOBHOU ypoBeHb Zs = 5%. Torna ¢opmyna

KoaupoBaHus TSt pakTopa Z; OyneT uMeTh BUI:
Z¢—5

X6 = X6:0

2

BBICOTy MECTUMCPHOI'0 KOMILUICKCA ITOJYYUIIN 1O (I)OpMyJ'Ie
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P.2. Mycmacgpaesa

k+1
hy = 5
kT ) ©)

T7e: K — pa3MepHOCTh cumIuiekca. [Ipu k=6 umeem hs=0,764.
Paccunraem 3Hauenus apyrux ¢axtopos s omnbitTa Ne 10. 3HaueHus MepBHIX MATH (HaKTO-
POB HaXOJUM Kak cpeaHee apu(MEeTHIEeCKOe U3 COOTBETCTBYIONIUX 3HAYECHUN KOOPIUHAT MATPHUIIGI
cumiuiekca 1, 2, 3, 7, 8, 9 (cm.tabi.3).
7200 =79 =6,0uac 7" =7z” =65"C (6)
Z{” =0,0618; Z{'” =0,000537; 2"V =0,688 (7
3HaueHue MOTOTHUTEIHHOTO (haKTOpa HAXOIMM, UCTIONB3Ys GOpMyITy Tepexoa:
22 =5+2X02 =5+2(X0 + hy)=5+2(0+0.764) = 6,50% (8)
OmnwiT Ne 10 coBmecTHO ¢ Toukamu 1, 2, 3, 7, 8, 9 00pa3yeT yke MeCTUMEPHBI CUMITIIEKC
1,2,3,7,8,9, 10. [locie peanuzanuu onpiTa U MPOBEACHUS aHAIM3A MOJYYCHHBIX PE3YJIHTATOB
MIPUHAMAEM peIlIeHUe 3aBEPIIUTh MPOIECC, TaK KaK BO3OOHOBIICHHE TPOIIECCa KOTPAKEHUSI) YIKE C
Y4ETOM IIECTH BapbUPyEeMBIX (PAKTOPOB HEIENeCO00pa3HO BCIEACTBHUE TOTO, YTO IMOTYYCHHBIH
pesynbTat ombita NelO (y=5,2 % xyopa) ¢ ydeToMm yke mecTtu (pakTopoB MouTu Ha 2% Xyxe pe-
3ynbpTata ombita Ne 7. Takum 00pa3oM, B KaueCTBE ONTHUMAIBHOTO PEKOMEHIYIOTCS YCIOBHS TPO-
necca omnbita Ne 7. J[nst coctaBnenus (BbIBOJIa) YPaBHEHHSI PETPECCUU PACCUUTACM 3HAUCHUS Baph-

upyeMbIx (hakTopoB B Oe3pazmepHOM BHJE NO (popMynaMm koaupoBaHus. [lomydeHHsle 3HaYCHUS
Xjj mpuBeicHBI B Ta01.4

Tabnuua 4
3HaveHHe BapbHpyeMbIX (PAKTOPOB N0 (hopMyJIaM KOAUPOBAHUS
Ne omeITOB X, X5 X3 y* Vi
1. 0,5 0,2867 0,2037 3,5 3,49
2. -0,5 0,2867 0,2037 3,6 3,39
3. 0 -0,58 0,2037 6,0 6,04
4. 0 0 -0,611 0,75 0,77
5. 0 0 0 33 3,26
6. 0 0 0 34 3,34
7. 0 0 0,8580 0,8 7,04
10. 0 0 0,4815 5,2 5,47

CuMIIEKCHBIE TUTaHBI — HACBIIICHHBIC TUIAHBI, YUCJIO OMBITOB B KOTOPBIX PABHO YHCIY KO-
a¢dunmeHToB B ypaBHeHUH perpeccuu. KoaddunmenTs! perpeccun onpeaenstores mo hopMyiam:

N
DV y

by =" b =20 Xy, ©)
i=1

rae N=k+1 — 9HCII0 ONBITOB; K — Pa3MePHOCTh CHMILIEKCa (YUCIIO (PaKTOPOB).
Paccunrannbie o 3THM ypaBHEHUSM (OTBITHI Ne 1-6) KOA(PUIIMEHTH pEerpeccun OKa3a-
Jach PaBHBIMU:
80 = 3,378; 6:=4,236;
61=0,20; 64=0,132
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6, =-3,061; 65 = - 0,06.
Tor/:[a YpaBHCHHEC PETpeCCUU UMECT BHU/ (B 6e3pa3Meprlx CI[I/IHI/II_[aX)I
$=3375+0,20X, —3,061- X, +4,296- X +0,132- X, —0,06 X (10)

[IpoBoaMM CTaTUCTUYECKUI aHATU3 MOMYYEHHBIX pe3yabTaToB. VIcXoaHbIEe JaHHbBIE JJIs Ta-
KOTO aHaJIN3a ¥ HEKOTOPBIE PE3YJIbTAaThl PACUeTOB MPUBEICHBI B TA0I.S.

Tabnuuya 5
Hcxonnble 1aHHBIE I/ CTATHCTHYECKOT0 aHAIN32
Ne ombITa Vi Y, Y, S? Y e v —f/)2
1. 4,25 2,75 3,5 1,1250 3,49 0,0169
2. 2,9 4,3 3,6 0,98 3,39 0,0529
3. 6,35 5,65 6,0 0,245 6,04 0,000625
4. 0,57 0,93 0,75 0,0647 0,77 0
5. 2,65 3,95 3.3 0,845 3,26 0,00652
6. 4,0 2,8 3.4 1,72 3,34 0,000625
- - - 3,9788 - 0,07667
[TpoBepsieM OAHOPOJHOCTH JUCIEPCUH S f no kputepuio Koxpena. Cymma nucnepcuu
paBHa:
6 Z(yin - )2
D 57 =39798; §7=2t (11)
i=1 m—1

rzie m=2 — 4UCI0 MapauIeIbHBIX OIBITOB.
Kputepnii Koxpena Oyner:
Sk LI25
Y g2 3,9788

i

G

=0,2827 (12)

i=1
Tabmuunaoe 3HaueHue kputepus Koxpena mist ypoBHs 3HaunMoctu P=0,05 u gucen crere-
Helt cBobonwl fi=1 u £,=6, Tak kak (fj=m-1=1); (£,=N=6)/

G, (f;:S,)=G-095(1,6) = 0,7808 (13)

CrnenoBatesbHO, JUCTIEPCUH OJHOPOJIHBI U TUCHEPCHS BOCIIPOU3BOIUMOCTH OINPENEIAETCS
KaK CpeHssl apupMeTHIECKast:

n

> s

. &7 39788
Ssocnp. - N -
HpI/I 9TOM YHCJIO CTCIICHEH CBO60I[BI AUCIICPCHUH BOCIIPOU3BOJIUMOCTH PaBHO:

=0,6633 (14)

Sooenp. = N(m=1)=6(2-1)=6 (15)
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OneHuM 3HAYUMOCTH TMOJYYEHHBIX KO3(D(PUIIMEHTOB ypaBHEHUS! PETPECCUH 10 KPUTEPHIO
CrerogenTa. Iy CHMIUIEKCHOTO TUIaHa Jucnepcus K03 GUIMeHToB pacCUUThIBaeTCs 1Mo GpopmyIe:

Sy =28, (16)

socnp.

T.€. K03 (PHUIMEHTHI ypaBHEHUS PETPECCHUH, TIOTYICHHBIE TI0 CHMIUIEKCHOMY IIJIaHYy, ONPEACIISIOTCS
C MEHBIIIEH TOYHOCTEIO.

Sy =2-0,6633 =1,3266, S, =1L1518 (17)

2

cpo=1I

OnpenensieM t — OTHONIEHUE I BCEX KOI(PMHUIMEHTOB yPOBHS PETPECCHU: f; =——— , KOTO-
bj

poO€e CpaBHUBAETCS C TaOIUYHBIM l‘l_p ( f ), rae f=N(m—1). Ecin l‘j < t_,(f), TO COOTBETCTBY-

UMK KOOQPUUMEHT b, KaK HE3HAYMMbIA OTCEUBACTCS U3 YPABHEHHUSI PETPECCHN.

3,375 4,296

ty = =2,930 ¢, =3,7298 (18)
1,1518 1,1518

=220 01736 4, =232 _ 01146 (19)
1,1518 1,1518

=200 56576 1 =290 _ 00521 (20)
L1518 1,1518

Tabnuunoe 3Hauenne kpurepus CThIO/IEHTA t0.05(6) = 2,57 . Takum obpazoMm, koapdurueH-

THI 81, 84 U 85 HE3HAUMMBI, T.€. OIIPEJICIICHHbIE JIJIsl HUX f - OTHOIIEHUs MeHblIe TabnuyHoro. [Tocne
UCKITIOUCHHS HE3HAUYUMBIX KOd(D(PUIIMEHTOB ypaBHEHHE PETPECCHH IPUMET BUJL:

$=3375-3,061- X, +4,296- X, (21)

[IpoBepsiem aieKBaTHOCTB 3TOTO ypaBHEHHA 0 kputeputo Ouinepa. Jucnepcus ajgexpat-
HOCTH OTIPEAEISAETCS M0 YPaBHEHUIO:
N
mZ(yl -y )2
2 i=1
Sa0. = N7 (22)
rzae {=3 — 9yucno 3HaYUMBIX KO3((HUIUEHTOB B YPAaBHEHUH PETPECCHUH.
Tabnuunble 3HaueHus kpurepust Gumepa g p = 0.05.
fi=N-{=6-3=3 - uncino cTeneHei cBo0O bl AUCIEPCUH ATEKBATHOCTH.

f, =N(@m—-1)=6-1=6 - 4ucno creneHei cBOOObI TUCIIEPCUU BOCIIPOU3BOIUMOCTH.

Eciu F<F,_,(f;S;), TO ypaBHEHHE a[IEKBATHO SKCIICPUMEHTY.

Tabmuuroe 3naueHune kpurepus Pumepa p =0,05; f; =3, f; =6 Oynmer F 0,95 (3,6)=4,8 u
ypaBHEHHUE PErpeccuu, TaKUM 00pa3oM, aJleKBaTHO HKCIIEPUMEHTY.

Teopus m1aHupoBaHUS MHOTO(AKTOPHOTO SKCIIEPUMEHTA MO3BOJISIET Pa3paboTaTh METOH-
Ky IpOBeIeHHUs] HEOOXOIUMBIX 3KCIIEPUMEHTOB U MOyYUTh HY)KHbIE 3aBUCUMOCTH. Kaxxias ropu-
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30HTaJIbHAS CTPOKA MATPHIIBI — 3TO YCIOBHS OIBITA. Y CIIOBHSI OIBITOB YPE3BBIYANHO pazHO0Opa3-
HBL. VI3BeCTHO, 4TO MpPH INIAHKPOBAHUM MHOTO()AKTOPHOTO SKCIIEPHMEHTa Bce (PAaKTOpPBI M3MEHS-
IOTCSI OZTHOBPEMEHHO.
[TnmanupoBaHue OMBITOB METOJOM MHOTO()AaKTOPHOTO SKCHEPUMEHTA OBUIO OCYIIECTBICHO

Ha OCHOBE KCIEPUMEHTAJIBLHOTO IUIaHa. TpagullMOHHBIM CIOCOOOM OBUIM MPOBENEHBI IKCIEPU-
MEHTHI B J1a0OpaTOPHOM PEAKTOPE, BCIAESACTBHUE YETO COCTABIIEHA MATPHIIA JITAHUPOBAHMS.

B Tabnmumax 6 m 7 moka3zaH OCHOBHOW YpOBEHBH (PaKTOPOB, M3MEHEHHWE IPENEeOB U JTaHa
MaTpHUla IUIAHUPOBAHUS MHOTO(PAKTOPHOT'O AKCIIEPUMEHTA.

OcHoBHOIi YpoBeHb (aKTOPOB U U3MEHEHUE Mpe/IesioB

Tabnuua 6

HazBanue Macmitabbl eCTECTBEHHBIX (DAKTOPOB
X X5 X3
['maBHBII ypoBEHb 5,0 63 0,07
N3Mmenenue npeaena 1,0 2 0,002
Hwxuuii npenen nsmMeHeHust 4,0 61 0,068
Bepxuuii npenen naMeHeHus 6,0 65 0,072
Tabnuya 7
MaTtpuua nJiaHMPOBAHUS IKCIIEPUMEHTA U Pe3yJIbTAThI ONILITOB
KoaupoBanHubie 3HaUeHUS HE3a- Bxon Brixon
Ne BHCUMBIX IIEPEMEHHBIX HatypanbHble 3HaueHUs Y min, Y max,
rp. rp.
X, X, X3 Z,Yac. | Z,,°C | Zsmoms.
1 -1 -1 -1 6,0 65 0,0540 3,49 3,50
2 +1 -1 -1 8,0 65 0,0540 3,39 3,60
3 -1 +1 -1 6,0 75 0,0540 6,04 6,40
4 +1 +1 -1 8,0 75 0,0540 0,77 0,79
5 -1 -1 +1 6,0 65 0,0702 3,34 5,20
6 +1 -1 +1 8,0 65 0,0702 7,04 7,50
7 -1 +1 +1 6,0 75 0,0702 5,47 6,50
8 +1 +1 +1 8,0 75 0,0702 5,60 6,70
9 -1,68 0 0 10,08 70 0,0621 3,415 4,35
10 +1,68 0 0 13,44 70 0,0621 5,2517 5,55
11 0 -1,68 0 7,0 109,2 0,0621 5,755 5,45
12 0 +1,68 0 7,0 126,0 0,0621 3,185 3,75
13 0 0 -1,68 7,0 70 0,0972 6,14 6,2
14 0 0 +1,68 7,0 70 0,1179 7,16 7,4
15-20 0 0 0 7,0 70 0,0621 6,1 6,4

Kak n3BecTHO, nporecc MOIU(HUKAINN BBIPAKACTCS CIEAYIOIINM YPaBHEHHEM PETPECCHH:

Y=botbix;+brx,tbsx3+b 12X X2+b 13X X3

(23)

3nech X - pakTop mpouecca, b - koapdunments! ypaBueHus. [lokazanubie Ko3QHUIMEHTHI

XapaKTepU3yIOT JTUHUH (DAKTOPOB B3aMMOJCHCTBHS BIHSIONIETO Y deKTa.
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[To ypaBHenuto perpeccun (23) paccumtanbl KO3()PHUIMEHTHI, B Pe3yiIbTaTe BBIBEICHO
CJIEIyIOIlEeE YPaBHEHUE PETPECCHUMU:
(YZ)max:7; 1 8+0,062'X1‘0,01 ‘X2+2,96‘X3-0,024'X2‘X3 (24)
(Y2)max=7,2038

CratucTHYecKH TTPOAHATU3UPOBAHO YPAaBHEHHE PETPECCHU: a) HETOYHOCTH OIbITa; 0) Co-
OTBETCTBHE KOA(PDHUIIMECHTOB YPABHCHHUS PETPECCHH; B) aJeKBATHOCTh MOJIEIHN 1T PACCMOTPEHHO-
ro mporecca.

DKCIEpPUMEHThI TUCIIEPCHOTO TUIAHUPOBAHUS C IIEHTPa MATPHUIIBI OBUTH BBISBICHBI Ha OC-
HOBE MPOBEICHHBIX MApaJICIbHO OIBITOB:

1 m

Szzm—_lkzzl(Yk -Y,,)? =0,00186

r7ie M — YKCII0 NapauiebHBIX OMBITOB Y - CPEAHEE 3HAYCHHUE BBIXOA.
Pacrnipenenenne koapduirienTa ypaBHEHHs pErPECCHH BRIPAKEHO Cienyromen (opMyIioi:

$%,=S%/N=0,000093 (25)

ITosryueHHsbIe pe3yabTaThl IO3BOJISAIOT HA OCHOBE KpuTepus CThbIOJEHTA HAUTH NIPaBUIBHBII
npenenbHbIi Ko unmeHT:

t-S
|bi|= or —t.S2 =0,000093- 2 = 0,000186 (26)
U

3nech t=1,7-3 uzmensercs B npenenax. Takum oOpa3oM, MOTYyYEHO CIAEAYIOLIEe YpaBHEHHE
perpeccuu:
Y=7,18+0,062-x;-0,01-x,+2,96-x3-0,024-x5-X3 (27)

PacueTsl MOKa3bIBAIOT, UTO TIOKA3aTe M D15, D13 Henpuroaue!. It MPOBEPKH aeKBATHOCTH
npeiaracMo MaTEeMaTHYECKOM MOJeNu mporecca MOIU(UKAUK HMCIOJIb30BaHA CJICIYIOIIAs

dbopmyna:

N
Z Yy = Yhes)
S2, = 4|i|—|es =0,00364 (28)

3neck | - wucno npurogssx kodddurmenros 1=5.
Kpurepuit ®uiepa onpezaensercs no cienyroueil popmyse:
»_ 0,00364

F=82,4/S%=—""—""""_10956 29
T 7000186 (29)

Ecnu 3nauenust cBooboaubix kKpurepues f1=2 u f,=3, Torna TabauuHble 3HAYEHUS KPUTEPUS
Oumepa: F(12,3)=8,74

U3 mepasenctBa F>F=8,74>1,956 crnemyeT anekBaTHOCTH MpearaeéMoil MaTeMaTHIECKON
MOJICJIH Tpoliecca MOIUPHUKAIIUN OyTaIUeH-CTUPOIBLHOTO KaydyKa OJIUTO3MXJIOPTUIPUHOM.

Ha ocnoBe npenmaraeMoii MaTeMaTHYECKON MOJIETN OCYIIECTBIIEHA ONTUMHU3AIUS TaHHOTO
nporiecca. BrIsBlIeHbI ONTHMAaIbHBIC 3HAUCHUS TOKa3aTeJIel TEXHOJIOTHYECKOTro mporiecca. 3Havue-
HMS ONITUMAJIBHOTO TI0Ka3aTelsl BBIXOJa YCTaHOBIIEHBL: Y 0p=6,751rp.
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MaKCI/IMaJ'IBHOMy BBIXOAY COOTBCTCTBYIOT OIITUMAJIbHLIC 3HAUCHUSA MoKa3aTese:

x1=6,0 uac., x,=65°C, x;=0,07066 MOJb.

3akiayenue. MeTogoM MHOTO(AKTOPHOTO TUIAHUPOBAHUS TIporiecca Momupukanuu Oy-

TaAUCH-CTUPOJIBHOTO KaydyKa OJIMTOMCPOM SIUXJIOPruiprHa yCTaHOBJICHO, YTO HaPIJ'Iy‘IIlII/Iﬁ BbI-
X0 MOI[I/I(I)I/II_II/IPOBaHHOFO KaydyKa JOCTUIac€TCs IpHU IMPOBCACHUN PCAKIMU B TCUCHUC 6 4qaCoB,

temmeparype 65°C u B peakimonHoit Macce 0.07066 MOIb SIUXIOPrUAPHHA. IIpoBEICHHBIC B

YCIIOBHAX OIITUMAJIbBHOTO PCKUMa OIIBIThI MOATBECPKAAOT JOCTOBCPHOCTD IMOJIYYCHHBIX PE3YyJIbTa-

TOB. MeTo/ IUTaHUPOBaHUS MHOTO(AKTOPHBIX SKCHEPUMEHTOB COKpAIIAeT KOJUYECTBO OIBITOB,
IIPY 3TOM yMEHbINAs 3aTpaThl BPEMEHHU U CPEJICTB HAa IKCHEPUMEHTHI. JIaHHBII METOA MOBBILIAET
3G (GEeKTUBHOCTh HUCCIEOBAHUNA M TO3BOJSET MOJAYYUTh MOJIU(MUIMPOBAHHBIA OJIUTOMEPOM

SMUXJIOPTHAPUHOM OyTaINeH-CTHPOIBHBIN KaydyK C MaKCUMAaJIbHBIM BBIXO/IOM.

10.

REFERENCES

Onishhenko Z.V. Modifikaciya elastomerov soedinenijami s epoksidnymi, gidroksilnymi i aminogruppami.
Tem.obzor. - M.:Cniiteneftehim, 1984. — 72 s.

Onumenko 3.B. Moaudukanus 31actoMepoB COeANHEHUSIMHE C ATTOKCUAHBIMU, THAPOKCHIBHBIMUA  aMUHOTPYIIIIAMH.
Tem.0030p. - M.:Ilauntanedrexum, 1984. — 72 c.

Doncov A.A., Kanauzova A.A., Litvinova T.V. Kauchuk-oligomernye kompozicii v proizvodstve rezinovyh izdelij. -
M.: Himiya, 1986.-216s.

Jonuos A.A., Kanaysosa A.A., Jluteunosa T.B. Kayuyk-onuromMepHsie KOMIO3UIMU B IPOU3BOJICTBE PE3NHOBBIX
m3aenuii. - M.: Xumust, 1986.-216¢.

Ahnazarova S.L., Kafarov V.V. Metody optimizacii eksperimenta v himii i himicheskoj tehnologii. - M., 1985. - 327 s.
Axmna3zaposa C.JI., Kadapos B.B. MeTozbl onTuMH3aluy SKCIIEPUMEHTa B XUMUM U XUMUYECKOH TeXHONOruu. - M.,
1985.-327c.

Bonder A.G. Matematicheskoe modelirovanie v himicheskoj tehnologii.- Kiev: Vsh, 1973. — 215 s.

Bonnepp A.I'. Maremaruueckoe MOAEIUPOBAHUE B XUMUUECKOU TexHoIoruu.- Kues: Bui, 1973. — 215 c.

Kuzichkin N.V. i dr. Metody i sredstva avtomatizirovannogo rascheta himiko-tehnologicheskih sistem. - L.: Himiya,
1981. - 152 s.

Ky3nukun H.B. u ap. MeToibl ¥ cpeacTBa aBTOMaTU3MPOBAHHOTO PAcUyeTa XMMHUKO-TEXHOJIOTHUECKHX CUCTEM. - JI.:
Xumus, 1981. — 152 c.

Ruzinov L.P., Slobadchinova R.I. Planirovanie eksperimenta v himii i himicheskoj tehnologii. - M.: Himiya, 1980. —
280 s.

Py3unos JLII., Ciio6agunnosa P.HU. [InanupoBanue 3KCIIEpUMEHTa B XMMUHU U XUMHYECKOH TexHOonoruu. - M.: Xu-
must, 1980. — 280 c.

Hartman K., Leckij E., Shefer V. Planirovanie eksperimenta v issledovanii tehnologicheskih processov. - M.: Mir,
1977. - 552 s.

Xaprman K., Jlenkuii 3., Illledep B. [Inanuposanue sxkcriepuMeHTa B HCCIEI0BAHUH TEXHOIOTHYECKUX ITPOLIECCOB. -
M.: Mup, 1977. - 552 c.

Bilalov Y.M., Abdullaeva LI.T., Kaibova T.M., Yusubov F.V. Issledovanie sinteza modificirovannogo FFP oligomera
i ego otverzhdeniya metodom planirovaniya mnogofaktornogo eksperimenta / Azerb. him. zhurn., Nel, 2003, s . 160-
164.

Bunanos SI.M., Aoayuiaesa U.T., Kau6osa T.M., FOcyooB ®.B. VccnenoBanue cuHTe3a MOIU(PHIUPOBAHHOTO
OOII onuromepa u ero OTBEP KIACHHUS METOIOM INTAHUPOBAHHS MHOTO(GaKTOPHOTO IKCIepuMeHTa // Azep0. XuMm.
KypH., Nel, 2003, c . 160-164.

Bilalov Y.M., Yusubov F.V., Mamed Gasanzade D.S. Issledovanie svojstv kompozicij na osnove modificirovannyh
elastomernyh smesej // Azerb.him.zhurn., Ne4, 2003, s. 38-41.

Bunanos 51.M., IOcy6oB ®.B., Mamen I'acan3zane JI.C. HccienoBanue CBOWCTB KOMIO3HULINI Ha OCHOBE MOIuu-
IUPOBAHHBIX 2JTACTOMEPHBIX cMecei // A3zep0.xuM.kypH., Ne4, 2003, c. 38-41.

Bilalov Y.M., Yusubov F.V., Ragimova A.A. Issledovanie svojstv elektroprovodjashhih kompozicij na osnove
modificirovannyh smesej termoplastov mnogofaktornym planirovaniem // Izv. VTV Azerb., Ne3, 2003, s. 38-42.
Bunanos 51.M., IOcy6os @.B., ParumoBa A.A. VccnenoBanue CBOICTB 3IEKTPOIPOBOASIINX KOMIIO3UIUNA Ha OC-
HOBe MOAU(HUIHPOBAHHBIX CMeceil TepMOILIacTOB MHOT0(hakTOpHbIM ruianupoBanueM // 3. BTB Azepb., Ne3,

2003, c. 38-42.

91



P.O. Mycmadghaesa

11. lbragimov Ch.Sh., Babaev A.l., Gulieva S.N. Modelirovanie processov sistemy razdeleniya komponentov frakcij
piroliza neftyanyh uglevodorodov // Vestnik Azerbaijanskoj Inzhenernoj Akademii, T. 5, Ne 4, 2013. S.73-85.
Hoparumos Y.111., Badaes A.HU., I'yiimeBa C.H. MoaennpoBaHue NPOLECCOB CUCTEMBI pa3/ieieHHsI KOMIIOHEHTOB
¢pakimii muponusa HeTSHBIX yriaeBoaopoaos // BectHuk Asepbaiimkanckoit MmxeHnepnoit Axagemun, T. 5, Ne 4,

2013. C.73-85.

KAUCUKUNUN KiMYAVi quiFiKAsiYASI PROSESININ PLANLASDIRILMASI
USULU iLO TODQIiQi

R.E. MUSTAFAYEVA

Coxamilli tocriibonin planlagdirilmasi {isulu ilo butadien-stirol ~ kaugukunun epixlorhidrin oliqomeri ilo
modifikasiyasi prosesi todqiq edilmisdir. Riyazi modelin todqiqi ilo miioyyan edilmisdir ki, modifikasiya prosesi 6 saat
miiddotinde, 65 °C-do vo EXH-nin reaksiya miihitindo 0.07066 mol qatiliginda aparildiqda modifikasiya edilmis BSK-nin

yiiksok ¢iximi alds edilir.

Acar sozlor: butadien-stirol kauguku, epixlorhidrin oliqomeri, tacriibonin planlasdiriimasi, modifikasiya.

STUDY OF PROCESS CHEMICAL MODIFICATION RUBBER BY A METHOD
OF PLANNING EXPERIMENT

R.E. MUSTAFAYEVA

By method of multifactor planning of process of modification of styrene butadiene rubber epiclorohydrin oligomer it
is positioned that the best yield modification rubber is reached at carrying out of reaction within 6 hours, temperature 65°S with

and the introducing in reactionary mass 0.07066 pier of epichlorohydrin.

Keywords: styrene-butadiene rubber, oligoepichlorohydrin, experiment planning, modification.
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IMPUMEHEHUE KOMBUHUPOBAHHBLIX YPABHEHUI
YCTAHOBUBHIET'OCs PEXKUMA U TEIIJIOBOI'O BAJIAHCA
JIJIA MOJIEJTUPOBAHUS PEXKUMOB DJIEKTPUYECKUX CETEH

A.B. BAJJAMETOB’, D.J1. XAJIUJIOB”

B TpaMIIMOHHBIX pacueTax YCTaHOBHUBIIETOCS PEKUMa IJIEKTPUUECKON CETH HE YUUTHIBAIOTCS
3aBHCHUMOCTH aKTUBHBIX COTPOTUBJICHUHN MPOBOA BO3AYIIHOW JIMHUHU OT TEMIEPATYPhl OKpPYKaIoIIen
Cpelbl U TOKOB B BETBAX. [l MOBBIMICHUS] TOYHOCTH PACUCTOB YCTAHOBUBIIETOCS PEKUMa TpeOyeTcs
TeMIepaTypHasi KOPPEKIIHs COMPOTUBIICHUS BeTBei. B manHO paboTe mpeacTaBiIeH METO, OCHOBAH-
HBI HA COBMECTHOM PCIICHUN HEITMHEHHBIX YPABHCHUHM YCTaHOBHBILIETOCS PEXHMA DIICKTPHICCKON
CETH M TEIUIOBOTO OayiaHca MPOBOJOB BO3MYIIHBIX JTUHUNA. Pe3ybTaThl IpOBEICHHBIX PACUYETOB YCTa-
HOBHBIIICTOCS PEKUMA HA Pa3IIMYHBIX TECTOBBIX CXeMaX MOKAa3alld, YTO, HEy4eT TeMIICpaTypHOH 3aBH-
CHUMOCTH aKTHUBHBIX COTNPOTHBICHUI MOXKET MPUBECTH K OLIMOKAM B MOTEPE MOIIMHOCTH JUIS OTHAEIb-
HBIX Harpy>KeHHBIX THHAAX 10 10% ¥ 111 cyMMapHBIX oTepb cucTeMbl 10 30%, 9To ABIsEeTCS HEelo-
MYCTHMbBIM B MOJICTUPOBAHUH PEKUMOB DIIEKTpHUYECKOH ceTH. [IpuBeieHbI pe3ybTaThl MOICITHPOBA-
HHSI YCTAHOBUBIIUXCS PEXHUMOB C y4ETOM TEMIIEPATYPHOH 3aBUCUMOCTH COTIPOTHBIICHUI MPOBOJIOB
Ha TIpuMepe 6 Y3ITOBBIX CXEM.

Kniwouegvle cnosa:  ycmanosusWULics pesicum, ypasHeHuss Meniogozo DAlanHca, d1eKmpuieckast
cemby, NO2OOHbIE YC06US, MOK JUHUU, AKMUBHOE CONPOMUGIEHUe, MeMnepanmy-
Pa npogooa, pewienue HeUHelHbIX YPaGHeHUll.

BBenenue. B cBs3u ¢ BBICOKMMHU TeMIaMH pOCTa Harpy3Kud MakCHMallbHOE MCMOJIb30BaHHE
IPOMYCKHON CIOCOOHOCTH BO3AYIIHBIX JuHMNA (BJI) MOXeT ObITh JOCTUTHYTO MpPH HAJIWYHH J10-
CTOBEPHOM MH(OpPMAIMK O COCTOSHUM JIMHUH, a TaKKe (PaKTHUECKUX JaHHBIX O TeMIepaType mpo-
BOJIOB U IUTIOTHOCTH MPOTEKAIOIIETr0 TOKA.

Jlyis TOBBIIIEHUSI TOYHOCTH pacueTa MEPEeMEHHBIX MOTEPh JIEKTPOIHEPTHUH B BO3IYLIHBIX
JMHUAX JIEKTpoIepeadyn HeoOX0oArMa OLEHKAa aKTHBHBIX COMPOTHBICHHH MPOBOIOB C YYETOM
MPOTEKAIOLIETO IO JIMHUAM pabovyero Toka, TEMIIEPATyphbl OKPYKAIOIIEro BO3/1yXa, CKOPOCTH BET-
Pa ¥ TEIUIOTHI COJIHEYHOTO U3ITYYECHHUS.

ITpu ompenesneHun TEXHOJOTMYECKUX MOTEPh JIEKTPUUECKON SHEPIuu IO IEKTPUUYECKHM
CeTsIM HEeOOXOJMMO YYMTBHIBATh TEMIEPaTypy MPOBOJIA, BIUSIONIYIO HAa BEJIMYMHY aKTHBHOIO CO-
IPOTHUBIIEHUA. TeMIeparypa NpoBoJa, B CBOIO OYEPE/Ib, 3aBUCUT OT PEXKMMHBIX M KIMMaTHUECKUX

*
A3ep6an/:[>1<aﬂcmn HAaYyYHO-HCCJIEA0BATEIIBCKUU U ITPOEKTHO-U3BICKATCIIbCKUN NHCTUTYT DHEPICTUKU
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(aKTOpOB: IUIOTHOCTH TOKA, TEMIIEPATYPhl OKPY>KAIOIIETO BO3YyXa tz, CHJIBI U HANIPABICHUS BETPA,
WHTEHCUBHOCTU coJHeYHOW pamuanmu U Jp. [1-10]. OnHako W3BECTHBIE AITOPUTMBI pacdeTa
ycTaHoBuBLIerocs: pexxuma aekTpudeckux cereid (PYPOC) u onenku coctossHus mpeHedperaor
TEMIEePaTypHBIMH 3aBUCHUMOCTSIMH M B COOTBETCTBYIOIIMX HPOTpaMMax CONPOTHBIICHUS TpPaHC-
¢bopMaTOpOB, BO3AYIIHBIX JIMHUN U KaOened MpenCTaBisIOTCS MOCTOSHHBIMU. B CBsi3u ¢ 3TUM
pesynbTaThl PYPOC umeror Hekotopyto ommOky. B [1-10] moka3ano, uTo npeHeOpexeHne Kop-
PEKIMel CONMPOTHBICHHUS BETBU B 3aBHCUMOCTH OT TEMIEpaTyphl MOXKET NMPHUBECTH K CYIIECTBEH-
HBIM OIIMOKaM B OTEPSIX MPH CHIBHO 3arpy>KeHHBIX peskuMmax 10 10% s olmieit cxemsbl, a  J1st
oTIenbHbIX BeTBer 10 30%.

MogenupoBaHre BO3YIIHBIX JHMHANA OOBIYHO TPEAIOaraeT MOCTOSHHOE CONPOTHUBIICHHUE
TIPOBOJIA IPH MCXOHO 3aaHHOl Temneparype 20°C. OxHako (akTHUecKas TeMIepaTypa IpoBoja
BJI o6sruno mocturaer 90-120°C u Gomee. Takum 0OpasoM, BaKHO aHAIH3HPOBATH BIHSHHE
MOBBILIICHHUS] TEMIIEPATYPBI NPHU IKCIUTyaTalluU JIMHUU 3JIEKTPOIEpelaud Ha TaKUe 3JIEKTPUUECKUE
BEJIMUMHBI, KaK MOTEPU U MOTOKH MOIIIHOCTH.

Heabto naHHOM PpadoThl SBISETCS pa3padOTKa aNropuTMa M OIEHKa KOJIMYECTBEHHOTO
BIMSHHMSI TOKa HAarpy3kH, TeMmIepaTypbl MpOBOJA, CKOPOCTH BETpa, COJHEYHOM paJualud Ha
aKTHBHOE COIPOTHUBJICHHE MPOBOJAOB, a TAKXKE OMNpEJesIeHHE MOTPEeUIHOCTEH pacyeTa TroJOBBIX
HEPEMEHHBIX TTOTEPh JIEKTPOIHEPTUH.

B [6] npennoxena mogens BJI, ocHOBaHHas Ha yNpOILEHUU ypaBHEHUS TEIUIOBOro OajlaHca
(YTB) IEEE Std.738. Ilpm sTOM mpenrnoyiaraetcs, 4YTO TMOTEpH TeIUla W3-3a M3IYYCHHS U
KOHBEKIIMHA MOXHO arMpoOKCUMHPOBATH KaK JIMHEHHYIO (PYHKIHIO OT TeMIepaTyphbl OKpYy>Karomiei
Cpepl.

B [7] paccmaTpuBaeTcs TeMriepaTypHas 3aBUCUMOCTD ITOTOKOPACIIPEICIICHHS.

B TpaguuuroHHOM CONpPOTHBIEHHUS MPOBOIOB JMHUN MPUHUMAIOTCS MOCTOSHHBIMH, TOTOMY
YTO OHU OKa3bIBAIOT HEOOJIbIIIOE BIUSHUE HAa M3MeHeHue HampspkeHus DC. OnHako TemmepaTypa
NPOBOJIA, CONPOTUBIICHNUE U MOTEPU SBISIOTCS B3aWMO3aBHCHMBIMU U W3MEHSIOTCS 3HAYUTEIHHO
pU HOpMaJbHOM (QYHKIIMOHHMpOBaHUU. OTKa3 OT yueTa U3MEHEHUS COMPOTUBICHHUS OTHOCUTEIBHO
TEeMIIEPaTypbl MOKET MIPUBECTHU K CYLIECTBEHHBIM OLIMOKAM B pe3ysibTaTax pacueTa.

B pa6otax [4, 7, 10] wuccnemyroTcss pa3iddHbIE aJTOPUTMBI TeMIEpaTypHO-3aBHCUMOTO
MOTOKOPACIIPEICICHHUS:

- monHbI Metoa HetotoHa-Padcona;

- YAaCTMYHO Da3JeJICHHBIH aJrOpUTM, B KOTOPOM TEMIIEpaTypa OOHOBISETCS OTIENBHO OT
OOBIUHBIX IEPEMEHHBIX;

- OBICTPBI pa3IeIeHHBI METOI,

- TIOCJIEIOBATENBHO Pa3AeICHHbINA METO/.

Vyer tremnepatypsl npoBoaa BJI Heo6xonuM Jisi MOHUTOPUHTA JTMHUNA 3JIEKTpornepenay 1
ydeTa TEIUIOBBIX OrpaHMYCHHWH M JOMyCTHMOCTH HpOBHCaHUS (rabapura), OIEHKH IOTEPh B
pamMKax OIICHKM COCTOSIHUSI JUIsl paclpeiesieHusi 3aTpaT B PBIHOYHBIX YCJIOBHUAX (IO Yy3J1aMm),
ontuMuzanuu pexxuma I39C, U3yueHus: BIUSHUS TEMIIEPATypHOU 3aBUCUMOCTH KoJblieBbIX DC Ha
HeoaHopoaHocTs JC.

Cy1iecTByeT HECKOJIBKO METO/I0B JIJIsl CHM)KEHHUSI OLTMOKH B CONPOTUBIIEHUU B 3aBUCUMOCTH
OT TeMIIEPaTypPbl, KOTOPBIE YK€ UCTIONb3YIOTCS.

B nmanHHO# pabore mpemnaraeTcs MOAXOM JUIS Y4eTa TEMIIEpaTypHOH 3aBHCHMOCTH
COMPOTHUBIIEHUHN »HEpreTHYecKoil cuctembl. Temmeparypa sBiusercs (yHKIHEH moTepb, MOTEpH
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SBISIFOTCS (DYHKIIMEH CONPOTHBIICHUS U TOKA, & COMPOTUBIICHUE SBISIETCS 3aBHCUT OT TEMIIEpaTy-
Temmneparypel. B gaHHOM  ciay4ae 3TH  COOTHOIICHHS  CBS3BIBAIOTCS C  OOBIYHBIM
MOTOKOPACIIPEIETICHUEM C MOMOUIbI0 OJJHOBPEMEHHBIX YpaBHEHUH JUIsl CTAl[MOHAPHBIX PEKUMOB
COINPOTHUBIIEHUH, TOTEPH U TEMIIEPATYP.

VY 1enbHOE aKTUBHOE COIPOTUBIICHUE TPOBOIOB BO3AYIIHBIX JTUHUIA PaBHO

R=Ry-[1+a-t, -20)

rne Ry - ymenpHOe akTHBHOE COMPOTHBICHHWE Tpu Temmepartype mpoBoma 20°C, OM/kMm; o =
0.00403 - TemmepartypHbId KOI(PPUIUEHT SIEKTPUUECCKOTO COMPOTHBICHHS CTaJICATFOMUHEBBIX
pOBOJIOB, 1/rpan; t,, - Temneparypa nposoaa, °C.

Temmnepatypa npoBoja B popmyie (1), kak mpaBuiio, Hem3BecTHAa. OHA 3aBUCUT OT OOJIBIIIOTO
yrcina (pakTopoB W, B MEPBYIO OYEpe/b, OT MPOTEKAOUIETO IO MPOBOAY JJICKTPUYECKOTO TOKa,
TEMIIepaTypbl OKPY’KAIOIIEr0 BO3/1yXa U CKOPOCTH BeTpa. B TpaauIMOHHBIX pacdyeTax MepeMEeHHBIX
HOTEPb AIIEKTPOIHEPTHH AKTUBHBIE CONPOTUBIICHUS MPUHUMAIOTCS 110 CIIPABOYHUKAM, B KOTOPBIX
OHM mpuBeAeHH K Temmeparype 20°C. B ydmem ciaydae aKTUBHBIE CONPOTHUBIICHUS
MEePECUYUTHIBAIOTCS C YIETOM TEMIIEPaTyphl BO3AyXa t.

Meton pemenusi. 3aBUCUMOCTb TEMIIEpPaTyphl NMPOBOJA OT IApaMETPOB BHEIIHEH Cpebl
MOXET OBITh MPEJCTABICHA B BUJE YpPaBHEHUs TEIUIOBOrO OanaHca mpoBoja, k xkoddduimeHTs
KOTOPOTO TSI Pa3IMYHBIX CITydaeB BIEpBbIe ObUTH ToydeHbl bypremopdom [1].

VYpaBHeHHE TEIIOBOro OanaHca JUis YCTaHOBHBIIETOCS TEIJIOBOro pexunma BJI 3ammceiBa-
eTcs cieayromuM obpaszom [ 35, 8]:

PRy -ft+a-(t,, - 20)}+ P. = md, (k + &, e, —1,) (1)

rae | - tok munum, A; R20 - comportuBnenue mposoja npu 20°C, Om/M; o - TeMrepaTypHbIi
ko3 durment conpotusienus nposoaa, 1/°C; ty, - Temneparypa nposoja, °C; t, - Temneparypa
Bo3ayxa, °C; ki, k; - kKoad¢uuueHT Temioornaud MpoBOJA NMPU KOHBEKTHMBHOM M JIYYHCTOM
tertoo6mene, BT/(M2°C); P, - TemioTa CONHEYHOro M3IydeHHMs, morjiomaemas | M IpoBoja B
eIMHULy BpeMeHu, Bt; d,,, - anameTp nposoza, M.

B ypaBHenun (2) seBas 4acTh IMpeICTaBIsIeT COOON MOTJIOUIAEMYIO TEIJIOTY COJHEYHOTO
U3JTy49eHUs] ¥ TEIUIOTY OT TOKOBOM Harpy3KH, a IpaBas 4acTh COCTOUT U3 CyMMBbI KOHBEKTHBHBIX
NOTEPh U MOTEPh Ha PaJHALIUIO.

Kosddunuent rtemnootnaun nydeucnyckanuem ompeneisercs mno ¢opmyne Credana-
bonernmana [3,5]:

k,
ty—1, | 100

2

567e (27341, ) (27341
100

i€ € - IOCTOSTHHAS JIyYEUCITYyCKaHH (CTETIeHb YepHOTHI IPOBOJIA).

Kosddunuent temnooTnayn KOHBEKIMEH B o0O0MIEM BUJEC ONPEICISIETCS HUCXOAS W3
KPUTEPHAIbHBIX YPAaBHEHHI KOHBEKTUBHOTO TeIuIooOMeHa. OHAKO B peasIbHBIX YCIOBHUSIX BCET/A
€CTh ~ HEKOTOpoe JABWKeHMEe Bosayxa. CommacHo  pe3yiapTaTaM — MCCIEINOBAHMU,  IpHU
AHTUIMKJIOHMYECKOM XapakTepe MOrobl MUHUMAJIbHYIO CKOPOCTh BETpa MOXKHO IPUHSATH PaBHOM
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0.6 m/c, Ipy TUKIOHUYECKOM XapakTepe morosl - 2 m/c [6]. Tlo omyOmukoBaHHBIM MaTepHuaiam

ceccun CUT'PE Taxke pekoMeHIyeTcss MpUHAMATh MUHIMAIIbHYIO CKopocTh BeTpa 0.6 m/c [5].
BoabmmHcTBO aBTOPOB [1, 5] cX0I4TCS HAa TOM, YTO MPHU MAJBIX CKOPOCTAX BeTpa (V<5 m/c)

K03(p(pUIIHEeHT TeI00TJauM KOHBEKIINEH MPUOINKEHHO PACCUUTHIBAETCS 110 BBIPAKECHUIO!

a, = 3.5;//\/% 3)

rze y - K03 QUIMEHT 3aBUCUMOCTH TETJIOOTJau MPH KOHBEKTUBHOM TEIJIOOOMEHE OT yIJia aTakh
BETpa VB

TenoBoe MoaeJMpoBaHHE 3JIEMEHTOB 3JHepreTH4eckux cucreMm. CoOINpOTUBICHHE
MIPOBOJIOB POMOPIMOHAIBHO TEMIEpaType B COOTBETCTBUU C [6]:

ty + T

Re=Ro\ 20%7
F

(4)

rae R, - comporusnenue nposona; T - TemnepaTypa npoBoja; Ry - conpoTuBieHre npoBoja npu
temneparype 20°C; Tg- TemieparypHast KOHCTAHTA.
TemnepatypHast koHcTanTa T 3aBUCHT OT MeTasuia nipoBoja: 234,5 °C mnsa menu, 228,1 °C
JUISL ITFOMUHUS [6].
B Mozenu TenioBoro conpoTHBIIEHUS, TOBBIIEHHE TEMIIEPATYPhl yCTPOWCTBA IPUHUMAETCS
JIMHEWHO MPOMOPIIMOHATBHOMN TEIIIOBOM MOITHOCTH YCTPOKCTBA, TO €CTh IMTOTEPSIM YCTPOMCTBA:
I

7 =R,. 5)

Temmeparypa mpoBojia HE MOXET OBITh HHXKE, YeM TEeMIIEpaTypa OKpPYKaIOMIeH Cpemabl ts.
Temnepatypa mpoBoza t,, paBHa CyMMe TEMIIEpaTypbl OKpYy:Karomed cpelsl t, U MOBBILCHUS
TEMIIEpaTypbl IPoBoza At Haj OKpyXKaromen cpenoi th,=t,+At. Takum o0pa3zoM, A TeMIepaTypsl
npoBoja u3 (2) momydaem

tnp :te+R9'APt (6)

Bripaxass AP B Buie (QyHKIMU OT HANPSHKSHUSI SHEPTOCUCTEMBI H TEMIIEPATYPbl COCTOSIHUS
T, BeipaskeHue (3) MOKeT OBITh HETIOCPEICTBEHHO BKIIIOYEHO B aJITOPUTM pacuera Y YP.

CornacHo [7], mpu HOPMaJbHBIX YCIOBUSX OJKcrutyatauuu Q, u Qg MoOryt ObITh

anmpOKCHUMHUPOBAHBl KaK JIMHEHHbIE (YHKIMM TOBBIIMICHUS TEMIIEpaTypsl TPOBOAA Hax
OKPYKAaroIIe BO3IYXOM, TO €CTh

0,~K,(t,~1,), O ~KUlt, 1) (7)

Koadurmentsl KOHBEKTUBHOTO W JYYHCTOTO TermmooOMeHa Q, u Q TMOCTOSHHBI ISt
3a/laHHBIX YCJIOBHIA: TEMIIEPATYPhI OKPYKaIOIIeH cpeapl, 0apOMETPHUECKOTO TaBICHHUS M CKOPOCTH
Betpa [7]. Ucnions3ys Q, 1 Qy, (5) MOKHO MPEACTaBUTh B BUJIC:

0,+0,=(K, +K,)-Ar. (8)
Wcnonp3oBanne Harpea IPOBOJA COJHEYHBIM H3iydeHueM (pamuaunuen) O, =P.d,,

IIO3BOJIACT MO,I[I/I(I)I/IL[I/IpOBaHHyIO BEPCUIO (3) HamucaTtb JJId IIPOBOJOB BOB,I[yHlHOﬁ JIMHUUN:

96



HpumeHeHue KOM6uHup06aHHblx ypaeﬂeﬂuﬁ YCmaHosUuesuecocs pexcuma u menjiosoco banamuca ...

1
_ 9
K,+K, ©)
Jns moboro 3aganHoro mposoga Q,, Qq m Q, MOryT OBITH ONpeAEeNeHBl MO 3aJaHHBIM

MOTOAHBIM YCJIOBHSIM MPUHUMAEMBIMHU MOCTOSSHHBIMU Jy1st petienns Y YP O3C ¢ yyeTom n3MeHeHuit
TEeMIIEpaTypbl IPOBOAOB.

t, =1, +(AP+QP).

YpaBHeHHS YCTAHOBHBHIMXCS PEKHMMOB € Y4YeTOM TeMIIePAaTypPHOH 3aBHCHMOCTH
conporuBiiennii. Kak Obu10 0OTMEUEHO BBIIIE, YPaBHEHHS YCTAHOBUBIIUXCS PEXHMOB C YU4ETOM
TEMIIEPaTypHOM 3aBUCHMOCTH COINPOTUBJICHUH HCHONB3YIOT TPU OCHOBHBIE MOIU(PUKAIIUN
oObruHoro YYP meronom Hetorona-Padcona:

R(6,U,T)= VZV( ,(T)-cos(s, - 5,)+ B,(T) sin(s, -5, )= P, - P,, (10)
Qi(é"U’T):I/iZH:I/j(Gij(T)'Sin(é‘i_é‘j)_Bi/(T)'cos(é‘i_§j))=R2,i_PH,i (11)
H,(6,U,T)=T, (T +Rpy-,(T) (Ui2+U_/2‘))_2gif(T)‘Ui'Uf 005(51‘_5,1)- (12)

VYVYP (10) — (11) ornmyarorcs oT oObl4HBIX TeM, 4Tro Gj M By sBistorcs QyHKIuen
TeMIepatypsl coraacHo (1).

Brruncnenue HebamaHCOB IMPOU3BOJUTCA 110 YPABHCHHUAM!

AR =(P,-P,)-P(5.U.T) (13)
AQi :( 2. _QH,i)_Qi(é"U’T) (14)
AH; =0-H,(3,U,T). (15)

He6anmancel, moydennsie 1o (13-15), MO3BONIAIOT YTOYHUTH BEKTOP COCTOSIHHSI PEIICHUEM
ypaBHenuit (10-12) meromom Herorona-Padcona. B cBa3um ¢ pobaBieHueM TemmepaTypbl K
BEKTOPY COCTOSIHUIO MaTpula SIkoOu mpecTaBiseTcs CIeayoImM 00pa3om:

0P P oP ]
05 oU oT
00 80 0
J(6,U,T)= a%%a_g . (16)
OH 6H oH

| 05 oU oT |

Cocrasisromuye 4acTHeIX Mpou3BoaAHbIX H oTHOCHTEnbHO & 1 U MOTyT OBITH paccunuTaHbl U3
(12).

AKTUBHasE ¥ pEaKTUBHAs MPOBOAMMOCTH BETBH 1j SABISAIOTCS (YHKIMEH NapaieIbHOro
AKTUBHOTO M PEAKTUBHOT'O COMPOTUBIICHUI:
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YacTtHbIe IMPOHU3BOJHBIC HESBHOM (I)yHKL[I/II/I 110 TEMIICPATYypEC MPpOBOJa OIIPCACITIAIOTCA 110

oP _ a})z . agkn . aRkn . aPI . abkn . aRkn
aTkn agkn aIakn aTkn abkn aRkn aTkn ‘

(17

Ilocne OIpCACIICHUA MaTpPHILIbI SIxkoOu YTOYHAIOTCA 3aBUCUMBIC IICPEMCHHBIC ypaBHeHHﬁ:

PEORT Apl)
U(V+1) - U(V) + J(é‘(v)’ U(V), T(V))_l . AQ(V) (18)
T(V+1) T(V) AH(V)

IHonnble TemmeparypHo-3aBucUMble YYP. VYpaBHeHHS Y31OBBIX HaNpsOKEHUN U
TEIUIOBOro OajaHca pelaroTcs Kak euHas cucteMa MetooM Hetotona-Padcona.

Ha puc. 1 mnpuBemeH anroputM TMOJHBIX TEMIEPATypPHO-3aBUCUMBIX Y YP, KOTOpBIit
BBITIOJIHSET CIEAYIOIINE [Iaru:

1. compoTuBIIEHHS BETBEH YTOUHSIOTCS B COOTBETCTBUM C IOCJIEAHHM YTOUYHEHHEM
TeMIIEpaTyphl IPOBOOB;

2. YTOUHSIETCS MAaTpULA y3J0BBIX IIPOBOJUMOCTEN;

3. BerumMCIsieTcs MaTpuia Skoowu;

4. Beruncisercs Hebamancel 1o (13) - (15);

5. mepeMeHHbIe ypaBHEHUHN YTOUHSIOTCS B COOTBETCTBUU C (18).

[y moBTOpSIETCS 10 TIONYYEHUS KeJIaeMOM TOYHOCTH T10 MyHKTam 1-5.

W3-3a pa3nuuuii ypaBHEHHI TEIUIOBOTO OanaHca OT YpaBHEHUH Y3IIOBBIX HANPSIKCHHMA
YXYAIIAeTCs] CXOAUMOCTh BBIYUCIIMTENIBHOTO MIPOLIECCa.

B WacTuuHO pa3nenreHHOM METONIE TEMIEPATYPHO-3aBUCUMOTO peuieHus Y YP ypaBHeHUs
BEKTOpa HAIPSKEHUS] COCTOSIHUS OTAENIEHBI OT YPABHEHUI TEMIIEPATYPHOIO COCTOSHUS:

5(v+l) 5(V+l) . AP(V)
{ }:{ [T rols U TN (19)

U(v+l) U(V+l AQ(V)

o[}, 69,00, 70 ], @

3arem MMPOU3BOJUTCS YTOYHCHUC BEKTOpPA COCTOAHHA B COOTBETCTBHUU C

[5(V+1)]: [5(V)]+ J;l . [AP(V)] (21)
)= o]+ g5 -[ao®] (22)
L B R IV (23)
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Paznienennpie anropuT™Mbl MOTYT OBITh BKJIFOUESHBI
B CYHIECTBYIOIIME MPOTpaMMbl Y YP, Tak Kak pacdeTsl
TEMIIEpaTypbl MOXHO paccMaTpuBaTh KaK OTAEIbHBIN
MOJyJIb.

AJITOPUTMBI  TIOCJI€I0BATEIbHOI0 YTOYHEHHS
TeMNepaTypbl CHavajia pemarT oObvuHble YYP Ha
OCHOBE OIICHOK (DMKCHpOBaHHOW TemrepaTypsl. Jlamee
BBIUMCIISIIOTCS  TEMIIEpaTypbl BETBEH Ha  OCHOBE
pesyabTatoB PYPOC u ucnonb3yoT temmneparypy s
OOHOBJIEHHMsA CONPOTHBIEHMH M Yy, HebanaHchl
MOIIHOCTH U TEMIIEPATYPhI 3aTE€M MEPECUUTHIBAIOTCS 110
YTOYEHHBIM TpoBoauMocTsaM. [Ipouecc mponpomxaercs
¢ TpagunuoHHeIMU YYP ¢ wucnosp3oBaHuEM
YTOYHEHHOTO  Yy;;. OCHOBHBIMH IpeMMyLIECTBAMU
MIOCJIEA0BATENBHOIO TMOAXO0MA SIBJISIOTCS IPOCTOTA, a
TaKk)kK€ BO3MOXHOCTBH JIETKO HCIIOJb30BaTh H3BECTHBIC
ITOPUTMBI MOTOKAa MoIIHOCTU. HepocTaTkoM sBisieTcs
pewienre YYP npu KakIOM U3MEHEHHH TEMIEPATYpHI.
Anroput™M MOXeT TpeboBaTh OoJibiie BpeMeHu. OaHako
MOKET OBITh CXOOUTHCS OBICTpee, TaKk Kak TpeOyercs
MUHUMaJIBHOE BpeMsl s OLEHKM TemIeparyp u
petenus YYP.

[Ipaktuueckass peanuzanus YYP-T3 Takosa:
TEMIIEpPaTypy OKPYKAIOIIUK cpelbl Mo BCell cucreme
MOJKHO TMOJIYYUTh MO JaTYMKaM, YCTaHOBJICHHbIM B BJL.
OTH U3MepeHHss MOTYT OBITh IMOJYYEHBI M3 CHCTEMBI
coopa gannbix (SCADA). [Ipyrum BapuaHTOM ObLIO OB
MOJyYUTh JaHHBIE O TEMIEpaType OT MOJCUCTEMbI
«IIPOTHO3 MOTO/bI» B COYETAHUU C HArPy3KOH.

MopenupoBanue.  Pazpaborana ~ MATLAB
nporpamma pacuera PYPOC-TM. Anroputmer PYPOC
C YYEeTOM TeMIEepaTypHOH 3aBHUCHMOCTH aKTHBHOTO
COMPOTUBIEHUS TPUMEHSUIUCh JJIS JIBYX TECTOBBIX
CUCTEM:

1. 6-y3nmomass oSkBuBaJieHTHas cxema 110 kB
(puc.2).

2. MomudunupoBanHasi BEpCcHS TECTOBOH 6-
y3noBoit cuctemsl IEEE (puc.3).

Mertoz noanex YYP
C }'quOM
TeMIepaTypH

Ycranasaenune
HCXOJHOrO MpHO-
mxerna d, U, T

I
OGHoOEIeHHe

MPOBOIHMOCTEH
Y vz

Y

Brmuncienune
MaTpHue Axodn J

PacuerHrle
HeOaTaHCH
AP, AQ, AH

A 4

OoroETeHHE
nepemenneix 5, U, T

Ha

Konen

Puc. 1. Anecopumm memnepamypHo-
sasucumvix YYP

Bce BerBH OBLIM CMOJICIUPOBaHbl € HMCIIOJIb30BAHHUEM O6H_Ief/'l TepMI/ILIeCKOfI MOJICIN

cormacao (3). Bce mpoBoma cumMTalOTCs AMOMHUHUEBBIMH. Temrieparypa OKpYy)KaroImeld cpembl

npunsTa 25°C. HomuHansHble Harpy3ounsie notepu P, = I°R, monyuens! npu vanpsokernn 1.0 o.e.
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AC-185-17,2km

v

AC-240-14 km 5
| >
1
AC-240-14 km
] >
A I
AC-500-26 km 3 I
1
AC-500-26 2 I
I

Puc. 2. 6-y3nosasa sxeusanenmnas cxema 110 kB

TEMIICPATYPBI IPOBOJAa OT IMOTOKA MOIIHOCTHU JIA CXEMbI pI/IC2

B Ta6J'II/IL[e 1 OpeACTaBJICHbI PE3YJIbTAThI paCd€Ta MOTEPh MOMIHOCTHU C YUYCTOM HU3MCHCHUA

Taonuua 1.

Pe3yabTaThl pacueTa yCTAHOBMBILEI0CSl PesKMMAa 110 pa3padoTaHHOM mporpaMmme JJis
JKBHBAJIEHTHOM cXeMblI ¢ 6 y3j1amMu.

BerBu | Mommuocts | Tpr Cormpo- Pe3ynpraTel moteps MommuocT PYP
TUBJICHUE

MBA ’c 0.e TpanuunonHsle, C yuerom Temre- OTHOCHTENIBHOE

MBT patypsl, MBT IOBBIIICHHE, %0
1-2 180 53.60 0.0140 4.27 4.785 11.928
1-3 170 50.12 0.0139 3.80 4.201 10.424
1-4 100 45.38 0.0155 1.41 1.53 8.511
1-5 80 37.86 0.0150 0.92 0.96 4.348
1-6 45 29.60 0.0227 0.38 0.39 2.632
CymmMapHbIe oTepu 10.79 11.87 9.97

Yuer TtemmnepaTypHOU 3aBUCUMOCTH B Y YP yBennumMBaeT cyMMapHbIe IOTEPH B HATPYCHHBIX

muausx. Cymmapsbele motepu no tpaauuroHHomy PYPOC 10.79 MBT u B 3aBUCHMOCTH OT
TEeMIEpaTyphl JI OTJEIbHBIX BeTBeH MpUBOAUT 10 12%, a st obweit cxemsl 10%.

Puc. 3. 6-y3nosas mecmogas cxema IEEE
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['eneparyst v moTpebieHe B y37ax 6-1 y3JI0BOW CXEMBI B 0.€. IPUBEACHHI B Tabmwue 2.

Taonuua 2.

Harpy3sku y3,10B 6-1 y3J10B0i TecToBoii cxembl IEEE.

Ne y3noB/mMomHOCTH 1 2 3 4 5 6

I'eneparus Prex 1.0569 0.5 0.6 0 0 0
Qren 0.1715 0.74 | 0.8812 0 0 0

ITotpebGiienne Par 0 0 0 0.75 0.68 0.65
Qrar 0 0 0 0.7 0.7 0.7

B Tabnuue 3 mpeacraBieHbl pe3yabTaThl pacueTa NOTEPh MOIIHOCTU C YY€TOM U3MEHEHUS
TEMIIEPATyphl IPOBOAA OT MOTOKA MOIIHOCTH JUISl CXEMBI pUC.3.

Taonuua 3.
Pe3yabTaThl pacuyera yCTAHOBHBIIETOCS PeKUMA VISl CXeMBbI puc. 3.

Homepa Temmepa- PesynpraTe noteps Mommuoct PYP

BETBEU Typa, TpanumonHsie, C yuerom temmne- | OTHOCHUTETBHOE

’c MBrT patypsl, MBT MOBBILIEHUE, Y0

1-2 37.75 0.9049 0.9773 7.99

1-4 40.1 1.0876 1.1574 6.42

1-5 44.2 1.0735 1.1678 8.78

2-3 26.01 0.0403 0.0407 1.00
2-4 47.02 1.5051 1.6289 8.23

2-5 37.82 0.4979 0.5274 5.91

2-6 27.06 0.5833 0.5888 0.94
3-5 29.33 1.0936 1.1275 3.10
3-6 43.3 1.0034 1.0806 7.69
4-5 25.57 0.0362 0.0385 6.18
5-6 25.69 0.0496 0.0528 6.49

Pasnmuumst B pacdeTHOM moTepe ABISIFOTCS HanOoJiee BRIPAKEHHBIM TSI CHITHHO HATrpy)KEHHBIX
nuHUM. MaKCcUMallbHOE YBEJIMYEHHUE IOTEePbh MOIIHOCTH s BeTBeW TecToBOM cxembl [EEE
coctaBuio 0.94 + 8.78% . CymMmapHbIe MOTEPH YBETUIMIUCH Ha 6.5%.

[IpakTuueckoe perieHne ypaBHEHMH ycTaHOBUBIIIETOCS pexkuma JC ¢ yueToM TeIJIOBOTO
Oamanca MOXHO MPOBOJMTH M0 TEMIIEPATYPE OKPYKAIOIMICH CPEIbl TI0 TaTYNKAM, YCTAHOBICHHBIM
1 DKCILTyaTHPYEMBIM B pealibHbIX YCIOBUAX U 0 JaHHBIM SCADA cuctembl.

Jpyrum BapuaHTOM SIBJISIETCS TIOJMyUYE€HHUE JAHHBIX O TEMIEPaType OT BHEUIHUX IOJICUCTEM,
TaKUX KaKk MOAYJIb TPOTHO3a TMOT0JIbI B COUETAHUH C HATPy3KOH.

Bonee BbicOKOe pazpelieHre TpU HM3MEPEHUU TEMIIEpaTypbl MO BCEM 3JIEMEHTaM
HCCJIEYyEMON CHUCTEMBI MOXKET TOBBICUTH JOCTOBEPHOCTH PACUE€TOB YCTAHOBHMBIIETOCS PEKHUMAa

9C.
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3akioyenue. B Hactosmiee BpeMsi ecTh HEOOXOOUMOCTH CIHEIMAIbHBIX KOMITBIOTEPHBIX
MpOTpaMM, BKJIIOYAONIUX MOJENH JJIEKTPUYECKON CETH, BKIOYAOMUX YYP W ypaBHEHUA
TEIUIOBOTrO 0OaylaHca JUIsl aHal3a YCTAHOBHBIIMXCS PEXKHUMOB, IMO3BOJIIONIUX OCYIIECTBIATh
HEINOCPEICTBEHHYIO OLIEHKY 3HAUYE€HUI TeMIiepaTypsl 35ieMeHToB DC.

HccnenoBaHbl anropuTMbl pELIEHUS YPABHEHHMM 3JIEKTPUYECKOTO M TEIJIOBOTO PEKUMOB.
IlpennoxeHbl  aqrOpUTMBbl,  YYHUTHIBAIOIIME  TEMIEPATYpHBIE  3aBUCUMOCTH  aKTHUBHBIX
CONPOTHBIIEHUH, KOTOpBIE YIYYIIAOT OLEHKY MOTEPh IO CPaBHEHHIO C TPaJWLUOHHBIM
MOTOKOPACIIPEACIICHUEM.

IIpoBeneHO cpaBHEHHE MOJHBIX M Pa3JEICHHBIX AJITOPUTMOB ITOTOKOPACIPENEICHUS H
IPOBEJEHO MX CpPaBHEHHE Ha TECTOBBIX 3aJadax. Pe3ynpTaThl aHanu3a Ha TECTOBBIX CXEMax
ANEKTPUUECKON CETH IMOKA3bIBAET, YTO TEMIIEPATypa OKAa3bIBAET CYLIECTBEHHOE BIMSIHHE Ha
pacnpeeseHue NOTOKOB U IOTEPh MOIIHOCTH.
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HpuMeHeHue KOM6uHup06aHHblx ypaeﬂenuﬁ YyCmaHosueuecocst pexcuma u menjiosoco banauca ...

ELEKTRIK SOBOKOLORININ REJIMLORININ MODELLOSDIRILMOSi UCUN QORARLASMIS
REJIM VO IiSTILIiK BALANSI TONLIKLORININ BiRGO TOTBIiQi

9.B. BALAMETOV, E.D. XOLILOV

Qorarlagmis rejimlorin ononovi hollinds hava xatti meftilinin aktiv miigavimatinin straf mihitin temperaturundan va
budaqlardak: carayanlardan asililifi nezere almmur. Qorarlagsmis rejimlorin  hollinin doqiqliyinin artirilmasi {iglin budaqlarin
miiqavimotinin temperatur korreksiyast tolob olunur. Bu moqalodo qorarlasmis rejimlorin vo hava xotti moftilinin istilik
balansinin qgeyri-xatti tonliklerinin birge holline osaslanan metod toklif olunmusdur. Miixtalif test sxemlori {izorinds yerino
yetirilon hesablamalarin noticeleri gostorir ki, aktiv miigavimetlerin temperatur asililifinin nozere alinmamasi ayri-ayri
yiiklonmis xatlordoki itkilorin giymotinde 10%, sistem iizro iso 30%-o qodor xotalara gotirir ki, bu da elektrik gobakalori
rejimlorinin modellagdirilmasinds yol verilmoazdir. 6 dilyiinliik test sxemlori niimunssinde miiqavimatlorin temperatur
astliligini nazers almagla yerina yetirilmis hesabatlarin naticolari verilmigdir.

Agar sozlor: qorarlasmis rejimlar, istilik balanst tonliklari, elektrik sabakasi, nocoonvie hava saraiti, xattin carayani,
aktiv miiqavimat, maftilin temperaturua, qeyri-xatti tanliklorin halli.

APPLICATION OF COMBINED EQUATIONS OF THE STEADY-STATE AND THERMAL BALANCE
FOR MODELING ELECTRICAL NETWORK MODES

A.B. BALAMETOV, E.D. HALILOV

In the traditional calculations of the steady-state mode of the electrical network, the dependences of the active
resistances of the air-line wire on the ambient temperature and currents in the branches are not taken into account. To increase
the accuracy of steady-state calculations, a temperature correction of the resistance of the branches is required. In this paper,
we present a method based on the joint solution of nonlinear equations of the steady-state electric network regime and the
thermal balance of the wires of overhead lines. The results of the calculations of the steady-state regime on various test circuits
showed that the non-account of the temperature dependence of the active resistances can lead to errors in power loss for
individual loaded lines up to 10% and for total losses of the system up to 30%, which is unacceptable in modeling the modes of
the electric network. The results of simulation of steady-state regimes with allowance for the temperature dependence of the
resistance of wires are presented using the example of 6-node circuits.

Keywords: steady state, heat balance equations, electric network, weather conditions, line current, active resistance,
wire temperature, solution of nonlinear equations.
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NEFTIN ILKIiN EMALI TEXNOLOJI KOMPLEKSININ OSAS
APARATLARI UCUN EKSPERIMENTLORIN TOSKILI

A.A. SOFOROVA”™

Avtomatlagdirilmis idareetmo sistemlorinin layiholondirilmasindo miirokkeb vo shomiyyatli
morhololordon biri do idarsetmo obyektlorinin identifikasiyasidir. Toqdim olunan moqalods
identifikasiya masolasi kimi tonzimloms sisteminin simtezi masalosinin halli nozords tutulur. . Mohz
idarsetma obyektinin &tiirma funksiyasi tapildiqdan sonra tenzimloms sisteminin parametrik sintezi
hayata kegirilir. Malumdur ki, bels sistemlarin sintezi {iglin obyekti idaraedici vo hayacanlandirici tosir
kanallari lizro identifikasiya etmak lazimdir. Obyektin har hansi bir kanal iizra 6tiirma funksiyasinin
alinmas {iglin sistemda baorabar intervallarla informasiy nin yigimi talsb olunur. Bu problemin halli
magsadi ilo neftin ilkin emali qurgusunda miioyyan plan {izra eksperimentlor toskil olunmus vo
naticolar alinmisdir.

Acar sozlar: identifikasiya, tonzimlonan parametr, 6tiirma funksiyasi, idaraetma obyekti

Giris. Respublikamizin yanacag-enerji kompleksino daxil olan miiossisolor arasinda on
vacib texnoloji sistemlordon biri neftin ilkin emalini tomin edon yag istehsali profilli neft emal
qurgularidir [1]. Bu qurgularin asas mogsadi xam neftdon yiiksok keyfiyyot gostoricilorine malik
genis ¢esiddo siirtkii yaglarinin istehsalini tomin etmokdon ibaratdir. Neftin ilkin emali qurgulariin
idaraetmo sistemloring hasr edilmis elmi-tadqiqat islorinin tohlili gostorilmisdir ki, bu texnoloji
sistemlor idaroetmo obyekti ndqteyi-nazorindon 6ziindo bir-biri ilo miixtalif texnoloji olagoalordos
birlosmis ¢ox Ol¢iilii aqreqatlar birlogdirir vo hor bir texnoloji aparat rejim parametrlori baximindan
genis diapozonda islodiyindon miirokkab sistemlordir.

Molumdur ki, bels sistemlorin sintezi ii¢lin obyekti idarsedici vo hoyacanlandirict tosir
kanallar {izro identifikasiya etmok lazimdir. identifikasiya mosalolori dedikdo idaroetmo obyektlori
lclin Otiirma  funksiyalarinin alinmasit noazords tutulur. Mohz idarsetmo obyektinin Gtiirmo
funksiyasi tapildigdan sonra tonzimlomo sisteminin parametrik sintezi hoyata kegcirilir. Obyektin
hor hansi bir kanal {izro Otiirmo funksiyasinin alinmasi {i¢iin sistemdo borabor intervallarla

sk
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informasiyanin y1gimi talab olunur. Bu problemin halli mogsadi ils texnoloji obyektlords miioyyan
plan iizro eksperimentlor toskil olunur vo aparilir [2, 3].

Masalonin qoyulusu. Obyektin otiirmo funksiyasinin alinmasinda adoton aktiv tocriiba
metodlarindan istifado olunur. Ciinki, har hans1 bir obyektin miioyyon bir kanal {izro (idaroedici vo
hayacanlandirici tosir kanallar1 tizra) dinamik modelini alarkon bu obyektin girisine tokan sokilli
signal verilir. Bu mosalonin qoyulusu zamani asas problem ondan ibaratdir ki, elo etmok lazimdir
ki, obyekta hayacanlandirict tasir verilondon sonra texnoloji proses 6z reqlamentini pozmasin. Ona
goro do tocriiboni baglamamigsdan ovval prosesin texnologiyasi vo onun reqlamenti digqgotlo
aragdirtlmali vo dyronilmalidir.

Digor bu problem iso odur ki, adoton belo tocriiboalor aparilarkon todqiq olunan obyektin
daxil oldugu dovra agiq voziyyotdo saxlanilir. Bu da 6z ndvbosindo hor hansi bir konar tosir
naticosindo prosesin 6z reqlamentini pozmasi ehtimalini artirir. Bu, xiisusi ilo birdévrali sistemlora
aiddir. Ona gora do masalonin qoyulusu texnoloji prosesin 6z reqlamentini pozulmamasi sorti ilo
tocriiboni gapali dovro iizro aparilmaqla, tonzimloyicinin sazlama parametrlorinin tolob edilon
keyfiyyot gostoricilorini 6doyon optimal qiymatlorinin hesablanmasindan ibaratdir. Bu iso tonzim
sistemlorinin sintezi zamani toklif olunan metodikanin iistiin cohadlorinden biridir.

Masalonin halli. Tacriibonin aparilmasi zaman1 obyektin girisino miioyyan standart signal
verilmigdir vo bu zaman verilon signal elo seg¢ilmisdir ki, texnoloji rejim 6z buraxila bilon
haddindon konara ¢ixmasin. Adston har hansi bir tacriibanin aparilmasi ii¢lin maksimum bir saat
kifayot edir. Obyektlorin identifikasiyasi ii¢lin aparilan tocriibolorin bir qismi qapali dévra {izro
apartlmigdir. Bu zaman todqiq olunan obyektdo tonzimlonon parametrin tapsiriq giymoti buraxila
bilon hodd daxilindo miioyyon qodor doyisdirilmisdir vo obyektin giris vo ¢ixis parametrlori
miioyyon intervallarla 6l¢iilorok geyd olunmusdur [4]. Tocriibonin sonunda iso biitiin tonzimlonon
parametrlor 6z avvalki qiymatlorine gotirilmisdirlar.

e Jlkin olaraq sistemo qosulmus tonzimloyicinin sazlama parametrlori doyisdirilir:

W(p)= Kzs (7;

L —> 0, Td;‘f —0)

e Idaroetmo obyektinin 6tiirmo funksiyasi hesablanir.

e Miivafiq metodlardan birinin komayi ilo tonzimloyicinin sazlama parametrlorinin tolob
edilon keyfiyyat gostaricilorini 6doyon optimal qiymatlori hesablanir [5].

Asagidakt niimunads, ELOU-AVT-2 qurgusunun K-2 rektifikasiya kalonunun yuxarisinda
temperaturun tonzimlonmosi iiglin birdovroli tonzim sisteminin sintezi mosolasino baxilimisdir.
Kalonun yuxarisinda temperatur 2 tonzimloyicisi ilo tonzimlonir. Tonzimloyiciys temperaturun cari
giymoti 1 vericisindon daxil olur. Tonzimloyicinin ¢ixig signali iso suvarma xotti iizorindo
gqoyulmus 3 icra mexanizmino verilir. Qapali tonzim sistemino PI tonzimloyici qosulmusdur.
Izodrom vaxtinin baglamlmasindan sonra (Tin — o) texnoloji prosesde tonzimloyicinin ¢ixis
signali  #=59%, kalonun yuxarisinda temperatur (tonzimlonen parametr) y,=120"S, bu parametrin

tapsiriq qiymoti iso  x,0=7/20"S olmusdur.
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Sakil. Kalonda temperaturun tonzimlonmasi sxemi va tonzimloma
prosesinin kegid prosesi ayrisi

Alinmis kecid prosesi ayrisi vo temperaturun tonzimlonmasi sxemi sokildo gostorilmisdir.
Bu oyri osasinda ATS (avtomatik tonzimlomo sistemi)-o qosulmus tonzimloyicinin sazlama
parametrlorinin optimal qiymaotlorinin hesablanmasi iiglin genislondirilmis amplitud-faza tezlik
xarakteristikasinin kdmayi ilo aparilan analitik metoddan istifade olunmusdur.

Notica. 2-tonzimloyicisinin tapsiriq qiymatinin tokan sokilli artirllmasindan sonra yeni
gorarlagsmis rejimo asagidaki giymotlor uygun olmusdur:

u, =63%,y, =124,5°8,x,, =125°S

Hesabatdan alinmis naticalor belo olmusdur:
Qapali sistemin 6tiirmo funksiyasi:

0.134p +1

Wi (p)=0.86
(P) 0.554p* +1.173p +1

Sis

Tonzimloma obyektinin tiirma funksiyasi:
0.134p+1 o045p
3.958p” +7.553p +1

Pi tonzimloyicinin sazlama parametrlorinin optimal qiymatlori:

W,,(p)=2.93

K, =3.099; T,=2.226
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Sistemo P tonzimloyici qosmus olsaq, onda bu tonzimloyicinin sazlama parametrinin
optimal qiymati
K,=4.436

olar.
Qeyd edok ki, bu tonzimlayicinin sazlama parametrlorinin alinmis optimal qiymatlori
sonma daracasi 75% (m = 0.221) olan hal {i¢lin hesablanmigdir.
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OPI'AHM3AIUSA DKCIIEPUMEHTOB JJIs1 OCHOBHBIX AIIITAPATOB
HE®TENEPEPABATBIBAIOIIEI'O TEXHOJIOI'MYECKOI'O KOMIIVIEKCA

A.A. CAOAPOBA

OIHUM M3 CIOXKHBIX W BaXHBIX 3TallOB NPOEKTUPOBAHHUS ABTOMATH3MPOBAHHBIX CHUCTEM YIIPAaBJICHMS SBISETCS
uneHTudukanms 00bEKTOB ynpasieHus. B cratbe paccmaTpuBaeTcs npobiemMa HAeHTU(GUKAIMY KaK 3a/ia4a CUHTE3a CHCTEMBbI
perymupoBanus. [lapamMeTprdeckuil CHHTE3 CHCTEMBI PEryIHPOBAHUS OCYIIECTBILSIETCS IOCJIC HAXOXKACHUS IIepefaTOdHOI
¢yHKIny o0bekTa yrpasieHus. FI3BecTHO, 9TO JUIsl CHHTEe3a TaKHX CHCTEM 00BEKT He0OX0ANMO HIACHTH(GHIUPOBATE 10 KaHa-
JIaM yTpaBJICHUS U BO3MYIIEHHs. [l TOro 4TOOBI HOJNYYHTH NEPEAATOUHYI0 (YHKIUIO JII0O0Tr0o 00BEKTa 10 KaKoMy-Inoo
KaHaJly, HeoOXoIuM cOOp HAaHHEIX B CHCTEME C PaBHBIMHM HMHTepBalaMd. J{Is pemeHus >ToH 3amadn OBUIM IPOBEICHEI
9KCHEPUMEHTBI 10 KOHKPETHOMY ILIaHy ¥ HOJIy4eHBI IPUEMIIEMbIE PE3YJIbTAThI.

Kniouesnie cnosa: uoenmupuxayus, pecynupyemvlii napamemp, nepeoamodnas GyHKYus, 00beKm ynpagieHus.

ORGANIZATION OF EXPERIMENTS FOR THE MAIN APPARATUS OF OIL
REFINING TECHNOLOGY COMPLEX

A.A. SAFAROVA

One of the complicated and important stages in the design of automated management systems is the identification of
management objects. The article identifies the problem of identification as the simplification of the regulatory system. .
Parameterization synthesis of the regulatory system is performed after the control object is found. It is known that for the
synthesis of such systems, the object must be identified in terms of managing and exciting effects channels. In order to receive
the transfer function of any object on the channel, it is required to collect data in equal intervals in the system. In order to solve
this problem, experiments on a specific plan were made and the results were obtained.

Keywords: identification, adjustable parameter, transfer function, control object.
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SKOHODPU3UKA - HOBEVIIINI METOJ MATEMATHYECKON
35KOHOMUKHU C UCITOJIb30BAHUEM KOHILIEILIUA
CTATUCTUYECKOUN ®U3UKU"

P.I. BEJIUEB ', O.A. IbIILINH ", A.A. J[DKAHAXMEJIOB™

JlaH aHanwM3 MpEeuMyIIeCTB MPUMCHEHHS 3aKOHOB S9KOHO(MHU3UKHU C UCTIOIB30BAHUEM METOJIOB
KBaHTOBOH CTaTUCTHKH, HEIMHEITHOTO OCPEIHCHUS W KOTEPCHTHBIX MEp PHUCKA IUIS OMUCAaHUS (HOHIIO-
BBIX U BAJIIOTHBIX PHIHKOB. [I0Ka3aHbI BOBMOXHOCTH HCCIIEIOBAHHSI [TOBEACHUs (DHHAHCOBBIX BPEMEH-
HBIX PSIIOB Ha OCHOBE HMX (DpaKTaJbHBIX IOKa3aTeseil, MO3BOJSIONINX PAcCMaTpUBATh B KayeCTBE
HICOJIOTHIeCKOH 0a3bl COBpeMeHHOW (PUHAHCOBOW TeopwH W (UHAHCOBOTO OWM3HECAa KOHIICTIIHIO
(hpakTanbHOTO PHIHKA, aJTbTEPHATUBHYIO THIOTE3e ((HEKTUBHOTO M CAMOPETYIIUPYEMOTO PhIHKA.

Knrwuesvie cnosa: konogusuxa, opaxmanvHulii polHOK, Oupdscesoe 8pems, UHOeKC PpaKkmanibHOCMu,
K8AHMOBAs IKOHOMUKA.

Beenenme. [Ipu paccMOTpeHUM OAHOMEPHBIX MEpP PHUCKa U3MEPSETCS PUCK OJHOMEPHBIX
CIIy4aiiHbIX BEJIMYMH, UMEIOUIMX CMBICII CTOUMOCTH MopTdeneii, BhIpa)keHHOW B €IMHUIIAX HEKO-
TOpO# 6a30BOM BatOTHI. Takoil TOXO ONpaBAaH B TOM CiIydae, KOT/ia UMeeTcs 0a30Bas BaIIOTa,
WIH B TOM CJIy4ae, KOrja B KOHEUHbIII MOMEHT BpeMEHHU Bce (DMHAHCOBbBIE O3UIIMU JTUKBUIUPYIOT-
csl, T.€. TIPEBPAIIAIOTCS B HEKOTOPOE KOJMYECTBO €ANHUI] 0a30BOro akTuBa. OHAKO TaKOW MOIXO0.
HEeyn00eH, HanpuMep, MPHU ONHCAHUU MOPTQENs, COCTOAIIETO M3 HECKOJIBKUX BAJOT, KOTJa HET
€IMHON «KaHOHMYECKON» BaJIOThl, K KOTOPOH MOJHKEH MPUBOAUTHCS moprdens. B Takom cioydae
ropa3zo0 €CTeCTBEHHEE IMOJIb30BAThCA TOIX0A0M, npeanoxkeHHsM FO.M. KabanoBeim [71-72], npu
KOTOPOM MOPT(Qesb ONUCHIBAETCS HE KaK YUCIO, @ KaK BEKTOP, [ — 1 KOMIIOHEHTa KOTOPOTO UMEET
CMBICIT KOJIMYECTBA €MHMUIL { —i BaJIIOTHI B opTdere.

Ecnu onmceiBaTh mopTdenu Kak BEKTOPbI, TO BO3SHUKAET HEOOXOJUMOCTh PacCMOTPEHUS
MHOTOMEpHBIX Mep pHcKa. [IoHATHE MHOTOMEpHOW KOrepeHTHOW Mephl PHCKa OBUIO BBEIEHO B
pabote D.Kymau, M.Menne6a, H.Ty3u [73], a Takke ObUTO paccMOTpeHO B paborax [74, 75]. Ux

[Iponomxenue crateu. Hawamo —B Ne 1, T.11, 2019.
EES
AzepOaiipxaHcKas HHKEHEpHas aKaJeMus
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MOJIXOJ1 HAIleJIeH Ha TO, YTOOBI y4ecTh ONEPalMOHHBIE U3AEPKKUA NP OOMEHE OHOM BaJIOTHI Ha
napyryo. OJHAKO B MX MOJIENU OTIEPALIMOHHBIEC U3JIEPKKH SABISAIOTCS HECIydaiHbIMH. Takum oOpa-
30M, HE YYUTBIBAETCS PUCK, CBS3aHHBIM C M3MEHEHHEM OOMEHHBIX KYPCOB, SIBJISIOIIMUKACS Ha CEro-
JTHSIIITHWNA JeHb OJJHUM U3 BaKHEHIINX (PMHAHCOBBIX PUCKOB.

[ToHsiTHE MHOTOMEPHBIX KOT€PEHTHBIX MEP PUCKA, YUUTHIBAIOIIEE PUCK OOMEHHBIX KYPCOB,
BBeJIeHO B paborte [75] u pa3zBuro B [76]. B otnuuue ot [73], MaTpuia 0OMEHHBIX KypCOB CUMTa-
ercs B [76] caydaitnoit. [Tomumo 3a7aun n3MepeHns: COOCTBEHHOTO prUCKa MOPTQEIsi, BaXKHON SIB-
JsieTcsl 3a71a4a paclpeieNieHus] pPrcKa MEXy HECKOJIbKUMH 4YacTsMU moptTdens (Harmpumep, pac-
npeneieHne prcka mopTdens OoNbIIoi GUPMBI MEXTy MOPTHETIMU Pa3TUIHBIX OTAEIOB 3TOM
¢dbupmebl). 3amada pacrpeneseHusl pUcKa TECHO CBsi3aHa ¢ TPOOJIEMOi OmpeIesieHus] pUcka — BKJIa-
na. ['eomerpuueckoe pemieHue 3TUX 3a4ay Il MHOTOMEPHBIX KOT€PEHTHBIX MEp pUCKa JaHO B
pabote [76]. IlomydeHHBIE pE3yNbTaThl SBJISIOTCS MHOTOMEPHBIMH AHAJIOTAaMHU PE3yJIbTATOB W3
[76].

@DpakTaJbHbIH aHAIM3 (UHAHCOBBIX BPEMEHHBIX PS/I0OB

Haunnas eme ¢ 1950-X ro0B cpeay CHENHMAINCTOB XOPOIIO OBIT U3BECTEH TE3UC O TOM,
4TO «O0BUIICEHUs YeH DONbUUUHCINEA (PUHAHCOBBIX UHCMPYMEHMOE8 HA PA3HBIX MAcumadax epemenu
u yenwvl sHeuirne noxodicu. Ilo enewnemy udy epagurka nabarooamensb He MOJMCEM CKA3AMb, OMHO-
CAMCA U OAHHbIE K HEOeNbHbIM, OHEBHbIM U YACO8bIM UsMeHeHusamy [77]. YKa3aHHOE caMoIio-
Jno0ue Ha COBPEMEHHOM SI3bIKE O3HayaeT, 4To (DUHAHCOBBIE BPEMEHHBIE PSI/Ibl ABISIOTCS hpakma-
aamu [78]. OCHOBHOH XapaKTEPUCTUKOW TaKMX CTPYKTYp, KaK M3BECTHO, SBISETCS (ppakTaibHAS
pasmepHocTh Xaycnopda—besukoBuya D [79]. B cimyyae XaoTHUeCKMX BPEMEHHBIX PSIOB ATOT
nokaszatenb omnpeneiser uaaeke Xepcta H (D = 2 — H, KOTOpBINA SIBISETCS TTOKa3aTeeM TepCcH-
CTEHTHOCTH (CHOCOOHOCTH COXPAHATH OINPEEeNICHHYIO TeHCHIIUIO BpeMeHHOTo psaa. OqHaKo s
HaJIe)KHOTO BhIuMcieHus: D (a taxke H) TpeOyercst ciMmkoM OONBIION penpe3eHTaTUBHBIA Mac-
mTad, 9YTO UCKIIOYAET BO3MOXKHOCTh HCIIONB30BaHUS D B KauecTBe MOKAa3aTels, ONpPeeIIOnIero
JIOKaJIbHYIO TMHAMUKY BPEMEHHOTO psijia.

ITpoctelimmuii cnoco® BeIYUCIEHUS (PPAKTATBHON CTPYKTYPBl XAOMUYECKUX BPEMEHHBIX Psl-
006, IMEIOIINX KpaiiHe HeperysPHBIM XapaKTep IMOBEeIECHNUs, OCHOBAH Ha BBIYMCICHUN KIECTOYHOM
pasmepHoctu Dy, (pazmepHoctn MunkoBckoro) [79]. dns Haxoxaenus D), TUIOCKOCTh, Ha KOTO-
poii ompeneneH rpaduk BPEeMEHHOTO psijia, pa30MBaeTCsl Ha KJICTKH pa3MepoM §. 3aTeM IMpH pas-
mnaHbIX § crpoutcst Gynknus N(§), paBHAs YHCTy KIETOK pa3Mmepa 8, B KOTOPBIX COIEPIKUTCS
XOTsl OBl OJHA TOYKa rpaduka. PasmepHocTh D, ompenenseTcs M0 yrily HakjoHa JHHUU perpec-
cuu N (&) B 1BOMHOM JIoTaprPMHUIECKOM MaciTade.

W3BectHO, 4uTO B 0oOmem ciydae Dy, = D, HO OYeHb YAacCTO BBIMOJHACTCS PABEHCTBO
Dy =D.

Jlnst onipeiesieHusl JIOKJIbHOW AMHAMUKHU B padore [80] BBOAATCS HOBBIE ()paKTaIbHBIC MO-
Ka3aTeNu: pasmMepHOCmb MUHUMATbHO20 NOKpoimusi D, W CBA3AHHBINA C HEW unOeKC ppaxmanvro-
cmu p. Jlna naxoxnenus D, rpaduK BPEMEHHOTO Ps/ia MOKPBIBAETCS MPAMOYTOJIBHUKAMHU € OCHO-

BaHUEM O TaKHM 00pa30M, 4TOOBI ATO MOKPHITHE OBLIO MUHUMAIIBHBIM TIO TDIOMIAIKE, CM. PUCYHOK
2 [80].
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Puc.2. Dpazmenm xnemounozo (cepuiii NPAMOY20NbHUK) U MUHUMATLHOZO
(4epHblli npsAMOY20NbHUK) NOKpbimull 2pagura ¢paxmanvhoi Gynkyuu na ompeske [t;_q, t;].
Ouesuono, Ymo MUHUMANbHOE NOKPbIMUE MOYHEe KIeMOUHOZO.

Toraa BbIcOTa MPSAMOYTOJIbHUKA Ha OTpeske [t;_q,t;], t; <ti_; =6 (i =1,..,m) Oymer
paBHa ammuiutyae A;(5), KoTopas paBHA pa3HOCTH MEKIYy MaKCHMAIBbHBIM U MHUHUMAJIbHBIM 3Ha-

yenusiMu Gpyukiun f(x) Ha 3TOM oTpeske. tae f(x) — byHKIWMs, onpeaensomas rpapuk uccie-
JyeMOTO BpeMEHHOTO psifa. Beenem Benmnuuny

Vi (8) = ZAi(S). (13)

[onnyro mnyomans MHHUMAIBHOTO HOKphITUsA S, (8) MoxHO 3anmmcath B Buie S, () =
V;(8) - 8. Tak xak miomasp annpOKCUMAIMU MOKPBITHS PSIMOYTOJILHUKAMH C OCHOBAHUEM § MPH
6 — 0 yJIOBIETBOPSET CTENICHHOMY 3aKOHY

S(6)~6%"P mpué -0,
TO

Vi(6)~6"#npud - 0, (14)

rne u =D, —1wu D, =Dy = D. Onnako, HECMOTPs Ha MOCJIEIHEE PABEHCTBO, JUIS PEabHBIX
(pakTanbHBIX (QYHKIMH MUHUMAJIbHBIE M KIETOYHBIC MOKPBITHS MOTYT JaBaTh Pa3IUYHbIC MPH-
omwkennst Beanauabsl  S(§) K acuMmnrotrHueckomy peskumy (13), mpudeM 3TO pasinvue MOKET
OBITh BEChbMa 3HAUYUTENIbHBIM. BenunHy [ €CTECTBEHHO HA3bIBATh UHOEKCOM PpaAKmanbHOCMU.
HccnenoBanne moBeneHUs IICHOBBIX PSAIOB aKIIHiA, IPOBEACHHOE B paboTe [81] Ha ocHOBe
6a3el qarHbIX ¢ 1970 1. mo 2002 r. TpuAnaTH KOMIaHui, Bxoasammx B uHaekc Jloy—/xonc (Dow
Jones Industrial Index DJI I). Tlokasano, 4ro ObICTpbIA BeIXON BenuuuHbl Vp(§) Ha cTeneHHOM
acUMIITOTHYeCKUui pexuM (13) mo3BosseT BOIHE HAJISKHO BBIYUCISATH HHAEKC (HPAKTATIBHOCTH U
U Ha MaJIbIX MHTepBaiax. JlanpHelme ucciaeroBanus mokKas3aiu, YTO CTEIICHHOW 3aKOH ist (QyHK-
unn Vi (8) BBITONHAETCS € yAMBUTENLHON TOYHOCTHIO HA HHTEPBAJIE MACIITA0OB BPEMEHHU OT He-
CKOJIBKUX MHHYT JI0 HECKOJIBbKHX JeT. [1o 3Toii nmpuunHe penpe3eHTaTuBHBIN MaciTald, He0OX01u-
MBIH JUIsl ONIPE/IENEHUs. Pa3MEPHOCTU D), U CBA3AHHOTO C HEW UHJEKCA (DPAKTAIBLHOCTH [ C TIPH-
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€MJIEMOH TOYHOCTBIO, COACP)KUT Ha J[Ba MOPsIKA MEHBIIE JaHHBIX, YeM MacmTal Jjs ompezene-
HUSI Iokasarenst Xepcta H. DTo mo3BosseT cymecTBeHHO MPOIBUHYTHCS B PEIICHUH JBYX OCHOB-
HBIX 33/1a4 aHajiu3a (PUHAHCOBBIX BPEMEHHBIX PSIIOB — 3a/1a4dl WIACHTU(UKAIIMM U 3a/1a4H TPOrHO-
3a.

Konuenuusi ppakTaabHOI0 pbIHKA

bazoBoit Monenbio (MHAHCOBOTO BPEMEHHBIX PSIIOB SIBJISETCS MOJENb CIy4ailHOTrO Oyx-
JaHWs, KOTOpas BriepBbie ObuTa moctpoeHa Jlyncom bamenbe [82] B 1900 r. (3a math neT 10 Moje-
M OpPOYHOBCKOTO JBM)KECHHUS, NMPEATIOKEHHOW DUHIITEHHOM) M UCHOJIb30BaHA UM JUIS ONUCAHUS
noBeneHus 1ieH akmmii Ha [lapmkckoit hoHmoBOM Oupke. B pesynbraTe mepeocMBICIEHUS 3TOM
MOJIeTI BO3HHKIJIA KoHUenus 2¢gdexmusrnoco peiaka (Effective Market Hypothesis, EMH), Ha
KOTOPOM II€Ha B IOJIHOM Mepe OTpa)kaeT BCIO JOCTYNMHYI0 MHGpopmanuio. s cymecTBOBaHHS
TaKOTO PHIHKA JOCTATOYHO MPEAIOJIOKUTH, YTO HA HEM JEHCTBYET OOJIBIIOE YUCIO MOIHOCTHIO
MH(GOPMUPOBAHHBIX, PAIMOHAIBHBIX areHTOB, MMEIOIIUX OJIHOPOJHBIE MPEANOYTEHUS, KOTOpPbIE
MI'HOBEHHO KOPPEKTHPYIOT LIEHbI, MPUBO/IS UX B COCTOSIHHE paBHOBECHs. EcTeCTBEHHO, 4YTO OCHOB-
HOW MOJIEJIBbIO TAKOTO PHIHKA SBIISIETCS] MOJIEIb CITydaitHOTro Onykaanusi. Bce ocHOBHBIE pe3ynbTa-
ThI KJIacCUYECKOM Teopun GpuHancoB (moptdenbHas teopusi, Moaeiab CAMP (Capital Asset Pricing
Market), monens bmka—Illoyn3a u ap.) ObUIM MOMydeHBl B paMKax MMEHHO Takoro moaxoia. B
HacTosIee BpeMsl KOHIENUs 3PEeKTUBHOTO PhIHKA BCE €Ile MPOJ0JDKAET UTPpaTh JTOMHUHHUPYIO-
HIYIO POJb U B (PUHAHCOBOM TeOpHH, U B prUHAHCOBOM OuzHece [14].

Opnnako yxe kK Hayainy 60-X roioB MPOIJIOT0 BeKa SMIUPUUECKUE MCCIEIOBAHUS MTOKa3a-
JIM, YTO CHJIbHBIC U3MEHEHHMS psAfa JOXOAHOCTEH NMPOUCXOIAT 3HAYUTEIBHO Yallle, YeM CIIeI0BaJIO
OBl 0XHJaTh, UCXOJS U3 HOPMAJIBHOTO paclpeiesieHus], BCIEICTBUE TaK Ha3bIBaeMOW MPOOIeMbl
«TOJICTBIX XBOCTOBY», IIPUYEM TaKHE M3MEHEHHUSI OOBIYHO CIIEOBAIIN JIPYT 32 APYrOM, J€MOHCTPH-
pys 3 dexT knactepuzannu BoNaTuiIbHOCTH. OTHUM U3 NEPBBIX, KTO MOABEPT BCECTOPOHHEN KpHU-
TUKE YKa3aHHYI KoHUenuuio, obu1 benya Manaens6pot [23]. [eiicTBUTENbHO, €CIM BBIYUCIUTH
3HaueHue nokasarens Xepcra H = 1 — pu ansd kakod-1ub0 akIUH, TO 3TO 3HaYEHHE CKOPEE BCETO
Oyznet oTiim4HO oT 3HadeHust H = 0,5, COOTBETCTBYIOIIETO MOEIN CIIy4aifHOTO Oy KIIaHuSsI.

B ocHoBe Mozenu ciy4aifHOTO ONy>KIaHHS JIeXKaT JIBa MOCTyiara. Bo-miepBhIX, mpuparie-
HUE LEeHBI (WK Jorapu(MoB MpupaleHuil eHbl, KOTOPbIE PACCMAaTPUBAIUCH B PA3IIUYHBIX MOJIU-
¢dukanusax moaenu bamense [84,85]; ykazaHHOe pa3nndue HE SBISETCS CYIIECTBEHHBIM) Ha JIFOOOM
MHTEpBajJie BPEMEHU MMEIOT HOpMajbHOE (TayccoBO) pachpeiesieHHue, KOTOpoe ClelyeT U3 LEeH-
TpaJIbHOM MpeneabHON TEeOpeMbl Kak pe3ybTaT CyMMHPOBAHHs JOCTaTOUYHO OOJBIIOrO YMCia He-
3aBHCUMBIX CIIYYalHBIX BEJIMYHMH C KOHEUHOU Aucnepcruend. Bo-BTOPBIX, 3TH NMpUpaNIEHHs HA HETe-
peCceKaronInXcsl UHTEpBalaX SBJSIOTCS CTAaTUCTUYECKH HE3aBUCUMBIMU. VIMEHHO OTKa3 OT MepBOTO
MoCTyJIaTa MpPU COXPaHEHUH BTOPOTO mpuBen MaHaens0poTa K pacCMOTPEHHUIO CIIy4alHOTro Mpo-
recca, KOTopbeiii oH HazBan nonemom Jlesu (Levi flight) [83]. OTka3z oT BTOpoOro mocrynara mpu
COXpPaHEHUU IE€PBOT0O IPUBEN €r0 K BBEJICHHUIO IOHATHS 0000WeHHO20 OPOYHOBCKO20 O8UMCEHUs
(Fractional Brownian Motion) [86]. [ToBeneHue BpeMeHHOTO psina, it kKotoporo H # 0,5, MoxkHO
OMHcaTh C MOMOIIBIO JIFOOOr0 U3 3TUX mporeccoB. [Ipu 3ToM B KadecTBe HII€0JIOTUYECKOM 0a3bl
00BIYHO, UCTIONIB3YIOT KOHYenyuio ghpakmanvrozo pwinka (Fractal Market Hypothesis, FMH), ko-
TOPYIO IPUHSATO pacCMaTpUBaTh B KadecTBe anbTepHaTuBbl EMH. DTa KoHUIENMs mpeanonaraer,
YTO Ha PhIHKE UMEETCS IMPOKHUIA CIEKTP areHTOB C Pa3HbIMU MHBECTUIIMOHHBIMHU TOPU30HTAMHU U,
CJIEZIOBATENIbHO, C Pa3HBIMH MPEANOYTEHUSIMH. DTH TOPU30HTHI M3MEHSIOTCS OT OIHOM MHUHYTHI
JUISL 6HYMPUOHEBHBIX TPEHIEPOB 10 HECKOJBKUX JIET Ui OaHKOB M KOpropanuil. YCcTONYHMBBIM
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MOJIO’)KEHUEM PAaBHOBECHSI HA TAKOM PBIHKE SBIICTCS PEXHUM, MIPH KOTOPOM CPEIHSS JTOXOIHOCTh
HE 3aBUCHUT OT MacmTaba, eClIi He CUNTATh YMHOXKEHHS Ha COOTBETCTBYIOIIUI MacIITaOHBIN KO-
s pumment [83]. [TockonapKy ykazaHHbBIH KO3 DHUITMEHT UMEET HEOTIPECICHHBIN CTENIEHHOH MoKa-
3aTelb

dP~(dt)". (15)

(dP — w3MeHeHHe 1IeHbI, COOTBETCTBYIOIIEE HHTEPBAIY BpeMeHH dt), TO peub (PaKTHUECKH HIIET O
LEJIOM KJIacCe€ PEKMMOB, KaKIblii M3 KOTOPBIX OINpEAENsieTcs] CBOMM 3HadeHueM mokazartens H.
[Tpu sTom 3nauenne H = 0,5 oka3pIBaeTcs BHOJHE paBHOMPABHBIM C JIIOOBIM JAPYTHM 3HaUYCHHEM
0<H<1.

bnmuzkue coobpakeHus cTamu MOBOJAOM ISl CEPhE3HBIX COMHEHUH (cM, Hanmpumep, [87,88])
OTHOCHUTENIFHO CYIIECTBOBAHUS JIEHCTBUTEILHOTO paBHOBECHs Ha (DOHJOBOM DPBIHKE, a CIIeI0Ba-
TEJIbHO, 1 OTHOCUTENIbHO 0OOCHOBAHHOCTH T€OPUHU (PMHAHCOB.

Jnst prHAHCOBBIX BPEMEHHBIX PSIOB CHEIUAIMCTHI BBLACISIOT TPU THUMA JIOKAIBHBIX CO-
CTOSHMI: TpeHJ (HampaBle€HHOE IBI)KEHHE BBEPX WM BHH3), (AT (OTHOCHUTEIFHO CTaOMIIbHOE
COCTOSIHHE), CiTydaiiHoe Onyxkaanue (MpoMeXyTOUHOE COCTOSIHUE MEXTy TPEHIOM U (piaTom). Jlist
TOTO 4TOOBI COOTHECTH 3HAUYEHHE HMHJEKCAa (PPaKTAIBHOCTH [ C COCTOSHUSAMHU (DUHAHCOBOIO Bpe-
MeHHOTO psina, B [81] BBoguTcs pyHKkmms p(t) Kak Takoe 3HaYCHHE U, KOTOPOE €Ie MOXKET ObITh
BBIYUCIIEHO C MPUEMIIEMON TOYHOCTHIO HA MHHMMAJIBLHOM, NMPEAIIECTBYIOMEM ¢ uHTEpBane 7,. B
cllyyae HEeTIPephIBHOTO apryMeHTa t B Ka4eCcTBE TaKOTO MHTEPBala MOXKHO ObLIO OBl B3STh IMPOU3-
BOJIHO Masiblii mHTepBaji. OHAKO MOCKOIBKY Ha MPAaKTUKE (PMHAHCOBBIA BPEMEHHBIH Psil BCEeTAa
MMEET MUHUMAJIbHBINA MaciuTab (Hanpumep, OJIUH JIEHb), TO T, UMEET KOHEYHYIO [UIUHY.

Ha puc.3 [81] npencraBien TUNUYHBIA (parMeHT ILIEHOBOTO psAja JJs aKUMH OJHOW U3
KOMTIaHWH, BXOAAmuX B mHIEKC Jloy — JI>KOHCa, BMECTE C BBIYMCICHHOW IS ATOro (parMeHTa

ynxmit p(t)

#(f) aockprices § [ 43
19

17
15+

1, il L .
e gy *”"l | s
I

13 4 '

11+ H+‘ U

Ll ‘ ML

07 4 ’/J\d————\_—\ '

05

0.3 +rrrrrrrrrTTTTTTTT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
~vr2eeagR

ko
~1

61
64

Puc.3. Exceonesnvie yenvt axyuii komnanuu “Exxon Mobil Corporation” (anonckue ceeuu, npasas wikaia) u
epaghux ynryuu p(t) (cniownas Kpueas, neeas wKaia)

W3 puc.3 BumHO, 4TO HA HHTEpBaAC MEXTy |-M U 39-M nHEM, r1e TIeHBI BeayT ce0s OTHO-
cuTenbHO cTadbmwibHO (GidT), K(t) > 0,5. lanee oMHOBPEMEHHO C pa3BUTHEM TpEeHJA Ha rpaduke
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nieH, u(t) pesko magaer no 3HaueHui, MeHpmux 0,3. Hakonem, mocie 56-ro JHS, KOTJa ICHBI
HAXOATCS B TIPOMEKYTOYHOM COCTOSTHUM MEXIY TpeHAoM H ¢GudToM, U(t) Bo3BpamaeTcs K 3Ha-
yernto U = 0,5. Takum 00pa3oM, UCXOIHBIN Ps OKa3bIBACTCS TEM CTaOWIIbHEE, YeM OOJIbIle (.
[Tpu sTom ecm 1 > 0,5, To Habmromaercs ¢udT, a ecnu 1 < 0,5, To HabrOMaeTcs Tpena. Hakower,
ecmm 4 =~ 0,5, TO psit HAXOMUTCS B COCTOSIHAN CITYYaHOTO OJTy)KIIaHUs, KOTOPOE SIBIISIETCS IIPOMeE-
JKYTOUYHBIM MEXAy TpeHAoM u (mdToM. Teopermdeckoe 000OCHOBaHWE YKa3aHHOW KOPPEISIIUU
MpUBEJIEHO, HATIpUMeED, B [89].

Uccnenoanne ¢ynkmmm y(t) Ha OCHOBE 0a3bl POCCUICKUX (BXoasmuX B wHIeKC MMBB)
n amepukaHckux (Bxomsuux B DJII) kommaHuii BMecTe ¢ COOTBETCTBYIONIMMH HHICKCAMU 3a Jie-
CATH JIET TO3BOJISIET C OYEBHJIHOCTBLIO TIOKA3aTh BbIJENCHHOCTh 3HaueHust H=0,5 [81]. Ha puc.4.
[81] mpencraBieHbl TUITMYHBIC pAacTIPECICHAS] BEPOSITHOCTH 3HAYEHUN WHJEKCA U TSI BPEMHHOTO
psana ogHoM U3 akumi, BXosamux B DJII, Ha yyacTkax ¢ pa3nuuHOi JIUTENIBHOCTHIO (0T 8 10 256
nHei). Bee pacnipeneneHus ABISIOTCS aCHMMETPUYHBIMU. JTO 03HAYAET, YTO B CPETHEM 3HAUCHHE
WHJEKCa PPaKTATBHOCTH JJIS 3TOHM aKIMK Ha COOTBETCTBYIOIIUX MHTEPBAIaX OTIMYHO OT 3HAYCHUS
u = 0,5 (u, cnemoBarensHo, H=0,5). OxgHako, Bce yKa3aHHBIC paCHpECIICHUS WMEIOT TJIABHYIO
Moty uMeHHo mipu i = 0,5.
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Puc.4. Pacnpedenenue eeposmnocmeli 3Ha4eHus UHOEKCA [L 015l pAO0A OHE8HbIX UsMeHeHull yenvl akyuii komnanuu “Ford” 3a

nepuoo c 03.01.2000 2. no 30.11.20102. (scezo 2745 3anuceti mopeogvix OHell, coOepuCaAuUX UHGOPMaAYUIo 0 YeHax OmKpbl-

MU U 3aKPLIMUA, d MAKHCE 0 MAKCUMATLHOU U MUHUMATLHOU YeHAax 3a Kaxcovlll Oens). Dyuxyus u(t) paccuumoisanacs no

npeoulecmeyowuM UHMep8aam, cooepiucawum om 8 00 256 sHaueHuil, 3amem CMPOUTUC, IMAUPULECKUE NAOMHOCMU PAC-
npeodenenus no 3HAYEeHUAM [L 8 KA*COOM Clyyae

B nepBom npubmmkeHnn o01ias KapTuHa, HabIto1aeMasi BO BCEX psjiaX, OKa3bIBASTCS Clie-
nyromei. Oyakmwst @(t) coBeprmaeT KBa3UIepuoIuIeckue KoedaHusi okoJo moioxkenus = 0,5
mexay 3HadeHusiMu U < 0,5 u u > 0,5. [Ipu 3TOM BpeMEHHO# PsiJi HETIPEPBIBHO HW3MEHSET CBOU
PEXUM, IEPEXO/Is U3 TPEH[IA Yepe3 COCTOSTHUE ciydaitHoro Onyxaanus Bo GpiadT u oopaTHo. Bpems
OT BPEMEHHM ISl KAKAOTO Psijia TOSBIAIOTCS U UCYE3aI0T COCTOSIHUS ¢ OTHOCUTEIBHO CTAOWUIbHBI-
MU 3HaueHusIMHU U (cM. puc.3). Cpenn Takux cocTossHUM pexkuM 1 = 0,5 3aHUMaeT SBHO NpUBHIIC-
TUpOBaHHOE ToOJoXkeHue. [1g Kakooro BpEMEHHOI'O pPsijia OH SIBISETCS CaMbIM JUIMTEJIBHBIM Ha
BCEX MHTEpBAJIaX, colepkaninx 8 u Oojee Touek. Hem3aMeHHBI XapakTep yKa3aHHBIX KOeOaHUi
BOCIPOM3BOIUTCS Ha BCEX MaciuTabax, HauMHasi OT caMbIX MajbiX. [Ipy 5TOM OCHOBHBIM COCTOSI-
HHEM SIBJISIETCS. IMEHHO CllydaifHoe OMy’KIaHue, KOTOPOE OCTAETCs TJIaBHBIM PEXHMOM IMPHUTSKe-
HUS Ha BceX MaciuTadax.
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[Tpu mporHo3upoBaHUHM OYIYyIIETO TMOBEICHHSI BPEMEHHOTO psija OCOOBIH MHTEpeC Ipel-
CTaBJISIET 3a/1a4a OMPEEIICHNS PAHHUX TPEIBECTHUKOB KPUTUIECKOTO TMOBeACHUS psina. OauH u3
MOJXO/0B K PEIICHUIO 3TOW 3a/auu cOCTOUT B cieayromieM [81]. Ha ocunose (13) BBoguTcs cpen-
usist ammutyaa A(8) mo hopmyie

A(8) =< A(6) >= m~1V;(5) (16)

1

Ywmuoxkas (13) Ha m™ ~§ u noacrapiss B (14), momyaum

A(8)~6" npu 6§ - 0, (17)

rne H, =1 — p. Conoctabnss H,, ¢ puc.3, Mbl IIOJTy4aeM MOATBEPAKIACHHUE TOTO, YTO STOT MHIEKC
SIBIISICTCSI TTOKA3aTeJIeM MEPCUCTECHTHOCTH BPEMEHHOTO psijia U MPsSMBIM 00OOIIEHHUEM MOKa3aTelst
Xepcra Ui citydasi MaJIbIX HHTEPBAJIOB.

Crenennas gynaknus B (17) o6namaer ocoObIM CBOHCTBOM: YeM MEJJICHHEE OHA YMEHbBIIa-
ercs (Mo CpaBHEHHIO ¢ (PYHKIMEH C APYrUM CTETICHHBIM TokazatesneM) npu § — 0, Tem ObIcTpee
OHa Bo3pacTaeT mpu 6 — oo. OTcroa cleayer, YTO U3MEHEHHE PEeKHMMa CHCTEMBI, CBSI3aHHOE C
PE3KUM YMEHBIIEHHEM U (YBETMUIEHUEM MOKa3aTens H,), IPUBOAUT B JTATbHEHUIIEM K MOIABIICHUIO
MEJIKOMACIITA0OHBIX KOJICOAHUH W OTHOBPEMEHHO K YBEIIMYCHHUIO KPYITHOMACIITA0OHBIX KOJeOaHui
psna. OTO O3HAYAET, UTO pe3Koe YMeHbUleHue MEeIKOMACUMAOHbIX KOIeOaHUull 8 HACmoswem npu
onpeoeneHHbIX YCI08UAX MONMCEM CMAmMsb NPeO8eCMHUKOM CUTbHBIX KPYIHOMACUWMAOHBIX Koaeba-
HUtl 8 Oyoyujem.

[To cymectBy, yka3aHHbIH Y(PQPEKT yBETUUEHHs] KPYIMHOMACIITAOHBIX KOJIEOaHWH mpu
YMEHBIIEHUH MEJIKOMACIITa0HBIX O3HAYaeT, YTO TEHJAEHIIMH B CIIOKHBIX CHCTeMax (IPUpPOIHBIX,
COLIMANIBHBIX M TEXHOJIOTUYECKUX), (POPMHUPYIOLIHECS OUYeHb MEIJICHHO M HE3aMETHO, HO UMEIO-
[IAE TOBBIIICHHYI0 HEYKJIOHHOCTh, CO BPEMEHEM YacTO CTAHOBSTCS TJIOOATLHBIMU, OINPEIEIIsis
OCHOBHOI BEKTOp Pa3BHUTHUS TakMX cucTeM. CielyeT OTMETUTh, YTO JaHHBIN 3((EeKT aHaIOTHYeH
SIBIICHHIO CAaMOOPTaHU30BaHHOW KpUTHYHOCTH [90], a XOpoIIo U3BECTHBIN 2¢hdhexm 3amuuubs (T0-
JIaBJICHHE BBICOKOYACTOTHON KOMIIOHEHTHI IIyMa), KOTOPBIA OOBIYHO IMPEIIIECTBYET MPUPOIHBIM
KatacTpodam (Hampumep, 3eMIIETPSICEHUSIM), SBIISICTCS YaCTHBIM MPOSBICHUS YKa3aHHOTO 3] dek-
Ta.

Monens m3meHenus 1ieH (15) MOKHO OXapakTepu3oBaTh Kak yHugpaxkmanvuyto (MOHO-
bpakTaTbHY0), WMEIONIYI0 TIOCTOSHHBIM TIOKa3aTtedh Xepcra. HampoTuB, TpeIoKEHHYIO
b.Mangens6potoMm B padore [91] Mmonens

P(t +dt) — P(t)~(dt)H®, (18)

rae mokaszarenb H(t) HenmpepbhIBHO U3MEHSETCS CO BPEMEHEM W NMPUHUMAET MHOJCeCma8o 3Hade-
HUI, MO)KHO XapaKTepU30BaTh KaK MYIbMu@paxmaibHocms ¢ IIEPEMEHHBIM ITOKa3arejeM XepcTa.

B mocnenyromeit padote [92] Manaens0poT NPUXOANT K KIHOYEBOW HEE: MOXKHO OTKa-
3aThCsl OT BBIPAKEHUS IIEHBI C MOMOIIBIO IMIEPEMEHHOTO TOKa3aTellsi, OCHOBAHHOTO Ha OOBIYHOM
BPEMEHH, KOTOPOE IMOKa3hIBAIOT YAChl, a IPEICTABUTH c€0€ M3MEHYMBOCTH C TIOCTOSTHHBIM TTOKa3a-
TeJieM, HO B «OUPKEBOM BPEMEHH, KOTOPOE TE€UYET B OYEHb HEMPABWILHOM PUTME. DTa KOHIICTIIIHS
COBEpIICHHO 3aKOHHA, TTOCKOJIBKY, KaK M OOJIbINAsl 9acTh YEJIOBEUSCKOMN NEATSIILHOCTH, OUp)ka He
MOJUMHSACTCS BPEMEHHU, KOTOPOE M3MEPSIOT (PU3NUYECKHE YacChl; COBCEM HA0OOPOT, €¢ aKTHBHOCTH
MOCTOSTHHO TO YCKOPSIETCS («Pa3orpeBacTcs»), TO 3aMeIIIeTCs («OXTaKIACTCS»).
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B BeimeykazanHoii pabore MaHIens0pOT yKa3bIBaeT Ha OMPOMETYUBOCTD TPEIIOKEHHOTO
B [78] m mepBoM u3AaHUM KHUTH [77] «HATJSIAHOTO» WM «TaKTHYECKOT0» MaTeMaTH4eCKOro
ompezeNieHNs KOHIenHy ppakrana: MHOXKECTBO E ¢dpakTaibHO, ecnu aBa uncia Dyg U Dr, KOTO-
PO€ MOXHO COIOCTABHTH JIFOOOMY MHOXECTBY, YIOBJIETBOPSIOT HEPABEHCTBY

Dyp > Dr, (19)

rae Dyp —pasmepHocTs Xaycaopda—be3nkosa, u BeauunHa Dy TpencTaBiseT coboi TOIMONIOTH-
geckyro pasmepHocts Dy = 0,1,2,3 mis Touky, MpsSMoid, KBaapara U Ky0a, COOTBETCTBEHHO.

OpmHaKo CyIIeCTBEHHBIE HEAOCTATKH STOW KOHIICTIIINH, CTABIINE BCKOPE SBHBIMH, 3aCTaBH-
a1 Manaens0poTa OTKa3aThCs BO BTOPOM H3JaHUM KHHUTHU [77] OT 3TOoro ompeneneHus. Tem He
MEHEE €T MPOIOIHKAOT IMTUPOBATH, @ OHO MIPOOJIKAET COMBAThH BCEX C TOJIKY.

[To ompenenennro [92], Hekotopas dhyHkims y = f(x) obmamaeT ouacoranrbHoU camoagh-
@unHocmbo, €CH ee peaylupoBaHHas ¢opMa, IMONydIeHHas CkaTheM Tpaduka QyHKIIMH B OTHO-
IIEHUHN Ty, TIO APTYMEHTY X U B KaKOM — JIHOO JPYrOM OTHOIIEHWM T, MO Y, OyJET MOJHOCTBIO
UJCHTUYHA (TOYHO MJIU TOJIBKO CTAaTHCTUYECKH) JII000I ee yacTH, MeHee MPOTHKEHHOM BO BpeMe-
Hu. Takoe addurHOE TIPeoOpazoBaHNe HA3BIBACTCS MUATOHAIBHBIM, TaK KaK €ro MaTpulla UMEET
TOJIBKO JMaroHaJbHBIC JIEMEHTHI, HE PaBHBIE MEKIY COOOM.

Ha ocHoBe atoro onpenenenwus, B [92] maercs HaOpocok mojeneii, 00pa3oBaHHBIX CaMO-
ahGUHHBIMHA PEKYPCUBHBIMU KOHCTPYKIIUSAMU. VICTIONB3YSl MHTEPBAIIBI, IIPOCKIIMHA KOTOPHIX PaBHBI
Xm U Vi, MOXKHO BCETJa OINpPEAETUTh BEMUYMHY Dy KakK MOJIOKUTENIbHBIM KOPEHb CIIEAYIOLIErO
(byHIAMEHTALHOTO MTOPOXKIAIONIETO YPAaBHCHUS

ZlymlDT =1 (20)

Torna pucyHok, 0Opa30BaHHBIA X, U Yy, JOJDKEH OYAET acCOIMUPOBATh C IPYTUM «YyKO-
POUYEHHBIM» PUCYHKOM, 00pa30BaHHBIM HHTEPBAJIAMH Y, U

X = Y |PT (21)
ITo CaMOMY CBOEMY IIOCTPOCHUIO 3Ta MOJCJIb 6yI[eT yHH(bpaKTaﬂBHOﬁ C IIoKaszaTeJieM

Bpewmsi, Ha koTOpoe oHa ccbuiaeTcs, OyaeTr OupkeBbIM BpeMeHeM. OHO U3MEHsSIeTCsl Mpo-
MOPITMOHAIBHO X,,, TOT/Ia KaK OOBIKHOBEHHOE BpeMs (BpeMsi, KOTOPOE TIOKAa3bIBAIOT YaChl) H3MEHS-
€TCS IPOTIOPLIUOHANBHO X,,,. BBIOIHUB PEeKypPCUBHYIO MHTEPIONALIUIO, ITOTydaeM, 4To OupkeBoe
BpEMs, €CJIM OTCUUTHIBATh €TO B €AMHUIIAX OOBIKHOBEHHOTO BPEMEHH, MPEICTaBIIsAeT co00H (yHK-
1110, KOTopasi OyJeT He TOJBKO BO3pacTarolel (4To pazymeercs camo co0oil), HO U MyIbTU(paK-
TAJILHOM C MOKa3aTeleM

Hy, = 10g Y /10g Xy, (23)

VYHu(}pakTanrbHOCTh O3HAYAET T€ CIIydau, Korna Bce H,, WICHTUYHBI, a MyIbTU(PAKTATH-
HOCTb — IIPOTUBOIIOJIOKHBIE CITyYau.

TakuM o0pa3oM, U3 BBILIEU3IOKEHHOIO MOKHO CJENIaTh CIEAYIOUINI BBIBOA: MYyJIbT(hpaK-
TaJIbHBIE MOJEH MOTYT OBITH MPE/ICTABICHB! B BUAE YHU(PPAKTATHHBIX MOJAEIEH, N3MEHSIIOIINXCS
B MYJIbTU(QPAKTATEHOM OUPKEBOM BPEMEHHM C TIOCTOSHHBIM IOKa3aTejaeM XepcTa, OnpeaesieMbIM
dbopmynoii (22).
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3akioueHue. Pe3ynpTaThl TEOPETHUECKUX U SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUI MTOKa3al,
YTO yBEJIMYCHHE KPYIMHOMACIITaOHBIX KoJeOaHWH BPEMEHHBIX PS/IOB MPH YMEHBIICHHH MEIKO-
MaciTaOHBIX B HACTOSIIEM TPHU OMPEIEICHHBIX YCIOBUSIX MOXET CTaTh MPEKYpCOPOM (TIPEIBECT-
HUKOM) CHJIBHBIX KPYITHOMACIITaOHBIX KoseOaHuil B OymymieM. YacTHBIM TIPOSBICHHEM 3TOTO (-
(exTa SBISETCS XOPOIIO U3BECTHBIN APQPEKT 3aTUIIIbs (1T0/IaBICHUE BBICOKOYACTOTHOW KOMIIOHEH-
TBI IIIyMa), KOTOPBIHA OOBIYHO MPE/IIECTBYET MIPUPOIHBIM KaTacTpodam.

[Tony4yennsie MynbT(hpaKTadIbHBIE MOJENIN MOTYT OBITh NPEJCTABICHB B BUAE yHU(PAK-
TAJIBHBIX MOJIEJNeH, M3MEHSIONIUXCS B MYJIbTU(PAKTAILHOM OUPKEBOM BPEMEHH C MOCTOSHHBIM
ToKa3areyieM Xepcera.

[Tony4yena HOBast MO/EIb NMOBEJCHUSI (PMHAHCOBBIX IIEH, B COOTBETCTBUH C KOTOPOW MYIIb-
TU(PpaKTATbHBIE MOJIENM (PUHAHCOBBIX BPEMEHHBIX PSJJIOB MOTYT OBITh TPEACTABICHBI B BHJC
yYHU(DPAKTATBHBIX MOJIEIICH, N3MEHSIOINXCS B MyJIbTU(DPAKTATHEHOM OHPKEBOM BPEMEHH.
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EKONOFIZIKA - STATISTIK FiZIKANIN KONSEPSIYASININ TOTBIQI iLO RiYAZI
IQTISADIYYATIN YENi METODU

R.G. VOLIYEV, O.A. DISIN, A.©8. CANOGHMSDOV

Fond va valyuta bazarlarinin tesviri {igiin kvant statistikasi, orta qeyri xatti va riskin koqgerent deracesi metodlarindan
istifadoasi ila ekonofizika qanunlarinin totbiqinin Gstiinlityliniin analizi verilib. Somarali va 6zii nizamlanan bazarimn farziyyassina
alternativ miiasir maliyys nazeriyyssinin ideoloji bazasi va maliyys biznesi kimi fraktal bazarin konsepsiyasini arasdirmaga
imkan veron fraktal gostoriciler asasinda maliyye miivaqqati siralarin xasiyyatinin tadqiqinin imkanlar1 gosterilib.

Acar sozlor: ekonofizika, fraktal bazar, birja vaxti, fraktal indeksi, kvant iqtisadiyyat.

ECONOPHYSICS - THE NEWEST METHOD OF MATHEMATICAL ECONOMY
WITH USE OF CONCEPTS OF STATISTICAL PHYSICS

R.Q. VELIEV, O.A. DYSHIN, A.A. JANAHMADOV

The analysis of advantages of application of laws of econophysics with use of methods of quantum statistics, nonlin-
ear averaging and coherent measures of risk for the description of the stock and foreign exchange markets is given. Possibili-
ties of a research in the behavior of financial temporary ranks on the basis of their fractal indicators, allowing to consider the
concept of the fractal market alternative to a hypothesis of the effective and self-regulating market as ideological base of the
modern financial theory and the financial business, are shown.

Keywords: econophysics, fractal market, exchange time, index of fractality, quantum economy.
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K BOITPOCY O ITPABOBOM PEI'YJIMPOBAHUU CPEIACTB
VHIUBUJY AJIN3AIIMU TOBAPOB B ASEPBANKAHE

P.A. UCMAMJIOBA"

PaccMOTpeHO UCIIOIb30BaHNE TOBAPHBIX 3HAKOB U reorpa)uecKix yKa3aHuil Kak CpeICTB WH/IH-
BUJIyaJIM3al[i TOBAPOB M UX Pa3IMYUTEIbHBIX 0coOeHHOCTeH. [IpencTaBieH aHamu3 MpaBOMEPHOCTH 3ape-
THCTPUPOBAHHBIX reorpaduueckux ykazaHuil B CBETE UX ONpeeNIeH s, JAHHOTO B 3akoHe A3epOaiikaH-
ckoit PecryOmmkm «O TOBapHBIX 3HAKAX M reorpapUIecKuX yKa3aHUSIX).

Kniouesvle cnosa: unmennexmyanbHas coOCmeeHHOCHb, cpeocmaea UHOUSUOYATU3aYUY mosapa,
MOBAPHbIL 3HAK, 2e02paPuiecKue YKazaHus.

BBenenue. JXXectkas KOHKYpEHLIMSI 32 MUPOBOM PBIHOK COBITa TOBApOB IpeJoaraeT ooec-
NeYeHNe UX KOHKypeHTocnocoOHocTH. [To Mogenn amepukaHckoro ydeHoro J[xepoma MakkapTw,
Ha KOHKYPEHTOCIOCOOHOCTh BIUSIOT YeThIpe (pakTopa: MPOIYKT, IIeHa, KaHaIbl pacIpOCTPaHEHUs
u nponaBwxkeHue. [lo MHEHHIO CHELMAINCTOB, HE MEHEE Ba)KHBIM (DAaKTOPOM SIBISIETCS y3HaBae-
MOCTb TOBapa Win yciyr [1]. B 3Toli ¢BsI3u NOBBICHIICS MHTEPEC K MCIIOJIB30BAHUIO CPEACTB UHIIU-
BU/yaJU3al[Mi TOBApOB, B YACTHOCTH TE€X, PEMyTallUsi KOTOPHIX CBSA3aHA C UX OCOOBIM KaueCTBOM,
4yTO 00s3bIBaE€T HAIIMOHAJIBHOE 3aKOHOAATEIHCTBO BBOJUTH NPUHATHIE B MUPOBOW MpakTUKE 000-
3Ha4YeHus. Peructpanus ToBapHBIX 3HAKOB M reorpauyuecKux yKazaHUH JOJDKHA CTaTh 3allUTOMN
MHTEPECOB OTEUECTBEHHBIX MPOU3BOIUTENECH, KOTOPbIE MOTYT IIPETEH0BaTh Ha HEe.

MocranoBka 3agaun. [Ipunsateiii 3akoH Azepbaiipkanckoi Pecrry0nnku «O TOBapHBIX 3Ha-
Kax U reorpamuecKux yKa3aHUSIX» PETYIHPYeT PETUCTPAIMIO, TIPABOBYIO 3alIUTY U HCIIOIb30Ba-
HUE TOBApHBIX 3HAKOB U reorpaduueckux ykazanui. HecMoTps Ha TO, 4TO mpaBoBasi OXpaHa 3THUX
JBYX pa3IMYUTENbHBIX OOBEKTOB MHTEJUIeKTyanbHOM cobctBeHHOCTH (MC) oObenuHeHa OIHUM
3aKOHOM, CIIEIyeT Pa3INudaTh KaK UX UACHTH(DUIIMPYIONIYIO COCTABIISIONIYIO, TaK ¥ TPAHUIIBI IIpaBa
Ha HUX.

ToBapHBIii 3HAaK, XOTA U SBJISETCS 0003HAYEHUEM JUISl OTJIMYUS TOBAapa OJHOTO MPOU3BOIM-
TEJI OT COOTBETCTBYIOIIETO TOBAapa APYroro MPOU3BOAUTENS, CIYKUT JUIS UACHTH(PUKALINY TIpe/-
NPUATUHN, TTOCTABIISIOIIMX HA PHIHOK ATOT ToBap. [Ipu 3ToM mpaBooOiasarens HaAeleH UCKIIOYH-

%
A3zepOaiipkaHCKH TOCYJapCTBEHHBIH YHUBEPCUTET HE(TU U IIPOMBIIIICHHOCTH
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TEJIbHBIM TMPABOM, 3aIMPEIIAIONUM JPYTHUM NPEINpUATUSM HCIOIb30BaTh 3aperucTPUpPOBAHHBIN
TOBapHBIN 3HAK [2].

I'eorpaduueckoe ykazanue uaeHTU(UIUPYET TOBAP U MPUBSA3AHO K reorpaduyeckoil MecTHo-
CTH, TJIe OH IpousBeneH. [Ipou3BOUTH OJMH U TOT K€ TOBApP MOTYT OJHOBPEMEHHO HECKOJBKO
MPEINPUITAN, HAXOIAIINXCS B TOW ke reorpaduueckoil MECTHOCTH.

[IpaBoBast oxpana ToBapHOro 3Haka Kak oobekra VC cymiecTByeT co AHS MPUHSATHS MEPBbIX
MEKIyHAPOIHBIX KOHBEHLIMH U COTJIallleHnH, 6e3 N3MEHEHUs ero MOoHATHS. TepMuH «reorpaduue-
CKHE YKa3aHMs» B MEXIYHapOJHOH MPAKTUKE MOSBUIICS OTHOCUTENIBHO HEAABHO, Toraa kak B [la-
PYKCKOM KOHBEHIIMH 0 OXpaHe MPOMBIIIEHHONW coOcTBeHHOCTH 1883 T. cpean 0ObeKTOB UHIU-
BUJyaJU3alMi TOBapa ObUIM «yKa3aHUS MPOUCXOXKIECHUS» U «HAUMEHOBAHUS MECT MPOUCXOXK/IE-
aHus». [loctanosnenue EBpornetickoro Cosera ot 14 utonst 1992 r. perymupyert oxpany reorpadu-
YEeCKUX YKa3aHWi ¥ HAMMEHOBAHUI MECT MPOUCXOKIEHUS CEIbCKOXO3SUCTBEHHON MPOIYKIIMH U
MPOJOBOJILCTBEHHBIX TOBapoB. JKeHeBckuil akT JluccaboHCKOro coriameHusi, NpuHATbIN 20 mast
2015 r., mpegycMaTpuUBaeT MPaBOBYIO OXpaHy reorpaduvecKkoro yKa3aHHs, YCTaHABIMBAIOIIETO
CBSI3b ONPEJICTICHHOT0 KaueCTBa TOBapa C €ro reorpauueckiuM MpoUCXoxkaeHueM [2].

Hcnonb3oBanHoe B 3akoHe A3zepOaiikanckoil PecnyOmuku «O TOBapHBIX 3HaKax U Ieo-
rpadUuecKuX yKa3aHHUSIX» ONpe/elIeHHEe Teorpauiyeckoro ykazaHusl MOJTHOCTBIO COTJIACYeTCs C
ero ompezaeneHueM B COrjamieHUH MO TOPrOBBIM ACMEKTaM HMHTEUIEKTYaJbHOM COOCTBEHHOCTH
(TPUIIC), mpunsarom B 1994 r.

[IpencraBisieTcss MHTEPECHBIM MPOAHATN3UPOBATH MPOLECC PErHCTPALMH TreorpaduIecKoro
yKa3aHusl B CBETE €ro ompezeseHus B 3akoHe «O TOBapHbBIX 3HaKaX U reorpadUyeckux yKa3aHH-
X,

O6cy:xnenne. 3akon AzepOaiimkanckoi PecryOnmkn «O TOBapHBIX 3HAKax W reorpaduye-
CKHMX yKazaHUsAx» Obul mpuHAT B 1998 r., omHako Tonbko 28.12.2010 1. ObUIO 3aperuCTPUPOBAHO
nepBoe reorpaduueckoe ykasanue. Ha ceronusinmii neHb B A3zepOalipkaHe MpoBeleHA peru-
cTpanus 35 reorpaduueckux ykasaHWid, 3 U3 HUX — MuUHEpanbHble Boabsl Poccun «k ECEHTYKW,
«ECEHTYKU-14», «kKECEHTYKU-17», 1 — utanesuckuii ceip «PARMIGIANO REGGIANO», 6 —
rpysuHckue BuHa «AXAIIIEHW», «KUH/I3MAPAYHW», «MYKY3AHU», «TBUIIIN»,
«XBAHUYKBAPAY, « HIUHAHIAJIN», octanbHble TeorpadhudecKue yKa3aHUs — Ha UMsI MECTHBIX
npeanpUHUMATENEH.

CornacHo ctathi 1 rnaBbl 1 3akoHa AzepOaiipkanckoit PecnyOnuku reorpadguyueckoe yka-
3aHHE — 3TO0 0003HAUYEHHUE, YKA3bIBAIOIIEEe HA CBSI3b MPOUCXOXKICHHS TOBapa C ONpPE/IeIeHHBIM I'e0-
rpaduyeckuM 0OBEKTOM U CBS3bIBAIOIIEE 0COO0E KaueCTBO M Jpyrue KadecTBa TOBapa C €ro reo-
rpaduyeckuM npoucxoxacHuem [4].

B MupoBoii mpakTrke reorpapuueckie yKazaHus HCIOIb3YIOT Il 0003HAUYEHHSI CeIbCKOXO0-
3SIICTBEHHBIX MPOAYKTOB, MPOJYKTOB MUTAHUSA, BUH M KPENKUX HAMHUTKOB, PEMECIEHHBIX U IMPO-
MBIIUICHHBIX u3aenuid. HecMoTps Ha TO, 4TO B paccMaTpUBaeMOM 3aKOHE HE OTOBOPEHBI TOBApHI,
KOTOpBIE MOTYT OBITh 00O3HAauUeHBI reorpauuecKuM yKa3aHHWEM, OJTHO3HAYHO YKa3aHO Ha WX
npeaHa3HadeHue g 0003HaueHUs TOBapa.
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Kaxk u3BectHO, 1101 TOBapOM B IIKPOKOM CMBICIIE TIOHUMAETCS MaTepHalibHasl WK HEMaTepu-
anbHasi COOCTBEHHOCTh, peajn3yeMasi Ha PHIHKE U COCTABJISIONIAs 00BEM CHIENOK B PHIHOYHBIX OT-
HOILIEHUSIX MEX/1y MPOJIaBLIOM U MOKYMaTeIeM.

B s1oit cBa3M oOpamaioT Ha ce0si BHUMaHue reorpaduyeckue yka3zaHusi, BHECEHHBIC B pe-
ectp NeNe C 20170003 - C 20170012 mon nazBanmeMm «Lonkaran limon dolmasi», «Qax quru
dolmay, «Bak1 ag san1 dolmasi», «Abseron zeytun dolmasi», «Kaongarli qira dolmasi», «Qalabs qoz
dolmas1», «Quba alma dolmasi», «Salyan baliq dolmas1», «Ismayili pip dolmasi», «Ordubad gura
dolmas1». B xadectBe 3asBUTENs BBICTyIHIa AcCCOIMAIMS HAIMOHAIBHOW KynuHapuu AszepOaii-
JDKaHa.

AzepOaiikaHcKasi KyXHsl IPUHAUIEKUT K OJHON M3 CaMbIX MHTEPECHBIX KyXOHb MHpa, pe-
HEeNThl a3epOaiPKaHCKOW KyXHHU BOILIUIM B MEHIO MEXIYHApOJIHBIX KyXoHb. HecoMHeHHO, 3aciy-
JKUBAET YBAXKEHUs CTpEMJICHHE ACCOIMAllU HAIlMOHAIBHOM KyJluHapuu AsepOaiikaHa 3alIUTUTh
NPUOPUTET HAILIEr0 HApOJAa Ha TPAJUIMOHHBIC KYJIHMHAPHBIE PELENIThl U COXPAaHUTh UX JAJs Oymy-
IIEr0 MOKOJEHUs. J|eHCTBUTENBHO, Y KYJIMHAPHBIX PELENTOB CYIIECTBYET reorpaduyeckas JIoKa-
JM3a1us, YKa3blBaroIIasi Ha CBSI3b C OMPEJIEICHHBIM TeorpaduueckiuM 0ObEeKTOM, U, 6€3 COMHEHUS,
0oco0ble KayecTBa KakIoro OJroJa CBsi3aHbl ¢ €ro reorpaduyeckuM mpoucxoxjaeHueM. OnHako
OTCYTCTBHE KaK TaKOBOTO OOBEKTa PHIHOYHBIX OTHOILIECHHH — TOBapa — HE MO3BOJIAET OTHECTH KY-
JIMHApPHBIE PELENThl K 0003HaYEHUIO «reorpaduueckue ykazaHus». B nanHoM ciydae s unpop-
MUPOBaHUS OOIIECTBA O TPATUIMOHHBIX pelenTax azepOailkaHCKON KyXHH LieJIecoo0pa3Ho Moj-
TOTOBUTH WJUTIOCTPUPOBAHHBINA aibOoM «Azorbaycan dolmasi”, BKIIOYArOMNN BCE PEIETITHI 3TOTO
0Jt0/1a, ¥ 3aIIUTUTH €r0 U3JJaHNE CBUIEeTeIbCTBOM 00 aBTOPCKOM npase. Takum oOpa3om, OyaeT
OCYIIIECTBJIEHA «KOCBEHHAs 3alllUTay» KYJIMHApPHBIX penentoB. OTpoMHbIE BO3ZMOXHOCTH ISl MH-
(dbopmMupoBaHUs 001IECTBA MPEAOCTABIISIOT HHTEPHET-PECYPCHI, a TAK)KE TACTPOHOMHUYECKHE TYPBHI.

Hpyroe aeno, Korjaa KyJIMHApHBIA PEeleNT UCIIOIb30BaH MPU U3TOTOBJICHUH KOHKPETHOTO TO-
Bapa KaK B Cilydae IIEKHMHCKOW MaxJjaBbl, SIBISIOIIEHCS HCKIIOUUTENIBbHBIM 00Opa3loM azepOaii-
JDKAHCKOW KyXHH. DTy OpPEXOBO-MEIOBYIO CIIaJJOCTh HMPAKTUYECKH HEBO3MOXKHO NPHTOTOBHUTH B
JIOMAIITHUX YCIIOBUS, AE€TAIM peLenTa JAepKaTrcsi B CEKpeTe U MepeJatoTcsl U3 MOKOJICHUS B MOKOJIe-
Hue. O6o3nauenne ToBapa «lllekuHckas maxjaBa» JOJDKHO 3aHSATh CBOE JOCTOWHOE MECTO B pe-
ecTpe reorpapMuecKuX yKa3aHuu.

Xotenoch Obl OCTaHOBUTHhCS Ha reorpaduueckux ykazanuax Ne C 20110003 u Ne C
20110004, 3aperncTpHpOBAHHEIX MOJ] OJHUM U TeM ke HazBanneM «DUZDAGy. ITepBoe 0THOCHT-
Csl K DKOJIOTHYECKH YHCTOM, HE CONEpIKaIIe TsHKENbIe METaUTbl THINEBON CONH, JOOBIBaGMOM 13
pyaHukoB ropel [ly3nar, pacnonoxeHHoi B 12 km ot r. HaxuueBanb. Bropoe reorpaduueckoe
yKa3aHue 3aperucTPUPOBAHO JUIsI MEAMIMHCKHUX YCIYT, OKa3blBa€MbIX B (PU3MOTEpANeBTHUECKOMN
MOJI3EMHOH JIeueOHHIIe, PacoJIOKEHHOW B 3TOH ke rope. He Moryr ObITh 1Ba 00BEKTa 3aperu-
CTPUPOBAHBI MOJI OJJHUM U TE€M k€ Ha3BaHUEeM. Perucrpanus JaHHOTO 0003HAYSHMS JJIs MHUILEBOM
COJIM OTpaBjaHa, MOCKOJBbKY 0OBEKT MpeaAcTaBisieT coboit ToBap. TpyaHO MpeacTaBUTh, HACKOIBKO
B MHPOBOM MaciuTabe Ha3BaHWE JAHHOH TOpbl JAaCT MPEACTABICHUE O MPOMCXOXKIACHUHM TOBApa.
Ecnu yuects, uto noj reorpaduyeckuM 00bEKTOM MOHUMAETCS Kakas-1100 TeppuTopus ¢ opuu-
aJbHBIMU T'paHUIAMU (CTpaHa, PETMOH, HACENEHHBIH MYyHKT, MECTHOCTh U T. J.), TO IpPaBUIbHEH
6bUT0 OBI Ha3BaTh reorpaduyeckoe ykazanne kak «NAXCIVAN DUZDAGy. ITosTropHas peru-
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ctpamusa o6o3Havenus «DUZDAG» 11 MeIUIMHCKHX YCIYT, BEpOSTHO, 0OYCIOBIEHAa HEmMpa-
BIJIBHOW TPAKTOBKOHM CTaThU 8 3aKOHA, yKa3bIBAIOIIEH Ha BO3MOXHOCTH HCIIOJIB30BAHUS TeOoTpa-
(udecKoro ykazaHusl KaKk XapakTepHOTo 3JieMeHTa ToBapa Win yciyrd. [IlpuHumas Bo BHUMaHUe,
YTO JICYEHUE MPOU3BOJUTCS B COJIIHBIX MELIEpax TOTO ke MPOUCXOXKACHUs, reorpapuueckoe yka-
3aane «DUZDAG» He 6yayT BBOAUTH B 3a01TyK/CHHE JKENAIONIIX BOCIOIB30BATECA YHUKATBHBI-
MU JIeueOHBIMU CBOMCTBAMHM MPH JICUEHUH aCTMBbl, aJlJIepriuu, OpoHxurta. be3 moBTOpHOI peructpa-
UM OHO MOKET OBbITh MCIOJB30BAaHO JUIsl HAMMEHOBAHHS CAaHATOPHS, PACIOJIOKEHHOIO BOIHM3U
HETO OTEJIsl, ISl PeKJIAMHBIX IPOCIEKTOB, POJUKOB U IPOYETO.

BrI3bIBaeT BOCXMILEHHE perucTpanus reorpaduyeckux ykazaHui moj Ha3BanueMm «Baskal
kolagayis1 YALXI ISPIROK», «Baskal kolagayisi DUVAG», «Baskal kolagayisi HEYRARIy,
«Baskal kolagayis1 -7 rong», «Baskal kolagayis1 Abbasali» (NeNe C 201019/01 — C 20160007-
023/01). [IpeameTroM perucTpanuu 3THUX reorpadUyecKux yKa3aHWW SBISIOTCA Kslaral — Haluo-
HaJIbHBIN TPaJMLIMOHHBIN KEHCKUN TOJIOBHOM IJIATOK, CHUCKABIIMKA CBOK M3BECTHOCTh U peIyTa-
MO PBIHKA Oyarogapsi cBoeMy kadecTBy. Becom 125 1, OH JIeTKO MPOXOAUT Yepe3 OTBEpCTHE 00-
py4JaJIbHOTO KoJiblia. 3asiBUTeNeM BbICTynwia gupma «/[xaxanrup-T», nmpousBoasias Ksuiarau B
cenennn backan MecmanyuinHckoro paiiona AzepOaiixana.

He menee 3naunmMa peructpamus reorpaduueckux yKa3aHui JUist 0003HaUYCHHUS KOBPOB 11O
naspanueM “Irovan qrupu Irovan sohor xalgas1”, “Iravan qrupu Ostorik xalgasi®, “Irovan qrupu
Zongozur xalgast” (NeNe C 20150002 - 2015004). OpurvHaibHbIi OpPHAMEHT, TOHKOCTb Y30POB,
HACBHIIIEHHOCTH [IBETOB, OOJbIIIAst MJIOTHOCTH Y3JIOB U IpYTHe KauecTBa MPOCIaBHIIN a3epOaiiKaH-
CKHE KOBpBI Ha Bechb MHp. B Hacrosiee Bpems Mo XyI05KeCTBEHHO-TEXHUYECKUM OCOOCHHOCTSIM
BBIJICTISIIOT CEMb MPU3HAHHBIX KOBPOBBIX HIKOJ A3zepOaiijkaHa, KaKaas U3 KOTOPHIX JOJKHA I10
IpaBy 3aHATH CBOE MECTO B peecTpe reorpaduueckux yKa3aHHuu.

Azepbaiikan OoraT TpaauLUsMU, CPEId KOTOPBIX Ba)KHOE MECTO 3aHUMAIOT HApOJHBIE pe-
Mecjia M JIeKOPaTUBHO-NPUKIAJAHOE UCKyccTBO. Cpean HMX MOKHO OTMETUTh T'OHYApHOE JIeJo,
IUIETeHUE IIMHOBOK, KOP3UH, M3TOTOBJIEHUE PACIHCHBIX CYHAYKOB, TAMOYPHYIO BBIIIMBKY H T.II
Bo3spocuuit unTepec k Haiiel cTpaHe B MOCJEIHEE BpeMsl CIIOCOOCTBYET MPUTOKY TYPUCTOB, KO-
TOpbIE CTPEMSTCS MPHOOPECTH MAMSTHYIO BEIllb, CYBEHHUp, U3/1ETUS HAPOJHOTO MPOMBICIA U JIPY-
THE TOBapbl. JDTO OOS3BIBAET HAC AKTHBH3UPOBATH PabOTy MO OOECTICUEHUIO MPABOBON OXPaHBI
TOBapOB, HAa/IEJICHHBIX OCOOBIMH CBOMCTBaMHU, C MMOMOIIbIO reorpa)uuecKux yKa3aHui pernoHoB, a
TaKKe 3alIUTUTh IpaBa MpearpuHUMaTeNel 0T HeA0OPOCOBECTHOM KOHKYPEHLIUY.

Azep0aitxanckomy ['ocymapcTBeHHOMY ATEHTCTBY 0 HHTEIICKTYaJIbHOW COOCTBEHHOCTH
COBMECTHO C MHHIIMATHBHOM TPYIION ClieyeT OKa3bIBaTh MOMOIb MPEANPUHUMATENSAM JIs BbI-
SIBJICHUS IPOAYKLIMH, MOJIeXkKAaIlIel OXpaHe ¢ MOMOIIBI0 reorpaduyeckux ykazaHuil.

3akmovenue. Vcrnonb3oBanue reorpadMueckux yKa3aHUH IMO3BOJUT PErHOHAJIBHBIM TOBA-
POIPOU3BOIUTEINSIM YKPENUTh CBOM MO3MIIMK KaK Ha PhIHKAX Hallei cTpaHbl, TAK U Ha BHEIIHEM
PBIHKE, 0JIarOTBOPHO CKAXETCSI HA IKOHOMHYECKOM Pa3BUTHH KaKJI0TO PETHOHA, a TAKKe 3aIlUTUT
npaBa MpearnpUHIMATEICH OT HeJOOPOCOBECTHON KOHKYPEHIIHH.

CrpaTernueckuM HampaBiI€HUEM JOJDKHO CTaTh 3aKJIIOUYEHHE JBYCTOPOHHUX U MHOTOCTO-
POHHHUX JIOTOBOPOB O B3aUMHOM IPHU3HAHUM PErHCTpalMM reorpauyecKkux yKa3aHHH, a Takxke
NPUCOEIMHEHNE K MEX/TyHapOIHBIM JOTOBOPaM I10 OXPaHe CPE/ICTB MHINBHIYATH3alUH TOBapa.
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4. “Omtos nisanlar1 ve cografi gostaricilor” haqqinda Azerbaycan Respublikasinin qanunu.

AZORBAYCANDA MOHSULLARIN FORDILOSDIRMO VASITOLORININ HUQUQI
TONZIMLONMOSi BARODO MOSOLOLORO

R.A. ISMAYILOVA

Mashsullarin fordilasdirilmasi vasitasi vo onlarin forqlandirici xiisusiyysti kimi amtos nisanlart vo cografi gostarislorin
istifadosi nozorden kecirilmisdir. Azorbaycan Respublikasinin “Omtos nisanlart ve cografi gostericiler haqqinda” ganununda
gostorilmis onlarin toyini zamani qeyde alinmis cografi gostericilorin dogruluq analizi toqdim edilmisdir.

Acar sozlor: aqli miilkiyyat, mahsullarin fardilasdirma vasitalori, amtoa nisani, cografi gostaris.

ABOUT LEGAL REGULATION OF GOODS INDIVIDUALIZATION MEANS IN AZERBAIJAN
R. A/ ISMAYILOVA

In article discussed the usage of trademarks and geographical indications as means of individualization and their
distinctive ability. Presented analysis of the legality of registered geographical indications in their definitions given in “On
Trademarks and Geographical Indications” law of Azerbaijan Republic.

Keywords: Intellectual property, means of individualization of goods, trademark, geographical indications.
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QLOBAL IQLIMIN COXILLIK DOYiISMOLORININ MOVSUMI
XUSUSIYYOTLORI VO ONLARIN SOBOBLORI

S.9. ODHMODOV", M.S. OHMODOVA™

Mogalodo miixtolif mokan-zaman miqyaslarinda iglim todqgiqatlarinin naticolorinin tovsiri
mosalalorine baxilmigdir. Osas diqqgat, parnik gazlarinin vo aerozollarin Simal vo Conub yarim-
kiiralorinds temperatur doyismosinin fasli xiisusiyyatlorinin formalagmasindaki roluna verilir.

Acar sozlar: parnuk qazlari, aerozollar, iqlim dayismoalori, fasli xiisusiyyatlor.

Umumi miiddoalar. Cox sayli todqiqat islori [1-3, 5-9] géstorir ki, iqlimin qlobal vo
regional doyismalorinin miimkiin xarici vo daxili sobablori atmosferin qaz vo aerozol torkibinin,
glinos sabitinin, Yerin firlanma siirotinin, atmosfer vo okeanin iimumi sirkulyasiyasinin, okean vo
atmosferin qarsilight olagesinin doyismolori [10], homg¢inin iqlim sistemindo diiziino vo oks
olagalordir. Miiasir iglim doyismelorinin on aktual mosalalori, 2010-cu il Kiyev sohorinde “Iglimin
global vo regional doyismoalori” adi altinda kegirilon Beynoalxalq konfransda miizakiro edilmisdir
[4]. Konfransda 14 6lkonin 150 taninmis alimi istirak edirdi.

Iglimin orta ayliq vo mdvsiimi xarakteristikalar1, homginin temperaturun sutkaliq vo illik
gedisinin doyismasinin amplitudu iizerinds aparilan analiz, qlobal vo regional iqlim doyismalorinin
on “inca” xiisusiyyatlorini {izo ¢ixartdi [6, 7]. Bu iso 6z ndvbasindo belo doyismalorin miimkiin
saboblarini miioyyan doracodo basa diismoys imkan verir.

Karbon gazinin miqdarinin iki dofs artmasini nozors almagqla iqlim modellari, temperaturun
global illik amplitudunun azalmasini gostorir [8]. Eyni zamanda, atmosferin aerozollardan
tomizlonmosi yay aylarinda temperaturun qalxmasina vo notico olaraq, temperaturun illik
amplitudunun artmasina gotirib ¢ixartmalidir.

Oksor todqgiqatlarda miiasir istilosmo, on az1 onun trend komponenti, atmosferdoki parnik
qazlarmin monbs vo axinlarinin, insanin tosorriifat foaliyyati noticasindo doyismosi il
olagolondirilir [8].

*

AzTU, Beynolxalq Ekologiya vo Hayat Faaliyyatinin Tohliikssizliyi Akademiyasi
AMEA, H.Bliyev adma Cografiya Institutu

sk

123



S.0. Ohmadov, M.S. Ohmadova

Molum oldugu kimi [4-8] tobii vo antropogen monsali aerozollar iqlim sisteminin radiasiya
rejiming isti movsiimdo, xiisusilo yayda tosir edirlor.
Qeyd olunan todqiqgat islorini tohlil edib, aerozollarin molum olan mévsiimi xiisusiyyatlorini
nozors alarag, son 130 il miiddotindo elo dovrlor secilmisdir ki, atmosferin aerozol ¢irklonmasi
minimal olsun. Ug belo dovr ayrilmisdir: 1881-1901, 1924-1945 va 1996-2012 illor. Atmosferin
maksimal aerozol ¢irklonmosi 1962-1995 d6vrds miisahids edilmisdir (codv.).
Osas materialin tagdimati. Ayrilmis dovrlor iiclin (codv.) temperatur anomaliyalarinin
doyigsmasino baxmamisdan ovvol, 1883-cii ildon 2012-ci illoro kimi ardicil olaraq hor onilliklor
tictin Simal yarimkiirosindo yay vo qisda vo biitovlikdo Simal yarimkiirasindo temperatur

anomaliyalarinin xarakterini tohlil edok.

Cadval

Aerozollarin va karbon qazinin iqlims radiasiya tasirinin indeks qiymatlori

Atmosferin asag1 vo yiiksok cirklonma

Atmosferin se¢ilmis agagi vo yiiksok ¢irklonmao

dovrlori dovrleri tiglin karbon qazinin vo aerozollarin

Gostaricilor radiasiya tosirinin farqi
1881-1901 | 1924-1945 | 1996-2012 | 1962-1995

Aerozollarin radiasiya toesirinin indekslori, Vt/m” -0,26 -0,14 -0,21 -0,59
(1881-2010 —cu illar {igiin norma -0,33 Vt/m?)
Karbon gazinin radiasiya tosirinin indeksi, Vt/m” 0,09 0,30 1,50 0,79
Karbon qazinin vo aerozollarin iqlimo radiasiya -0,17* +0,16 +1,29 +0,20
tosirinin forqi

* . . IR . . s . P . g
Aerozollarin radiasiya tesirinin rolu, karbon qazinin radiasiya tesirinin rolundan boyiik idi.
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Sakil 1. Simal yarimkiirasi tiiin biitiinliikda (sol) va Simal yarimkiirasinin quru hissasi iitin (sag)
onilliklor iizra yayda (a, b) va qigda (c, d) temperatur anomaliyalarr.
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Sok.1-don goriindiiyli kimi yuxarida qeyd olunan dovr {i¢iin qisda temperaturun monfi
anomaliyalar ilk 40 ildo vo son 30 ildo maksimum qiymot almigdir. Lakin, son onilliklords (2003-
2012 iller) temperaturun anomaliya komiyyatlori qisda vo yayda uygun olmuslar. Quruda iso
temperaturun anomaliya qiymaotlori yayda qisa nisboton hotta boyiik idilor. Yayda ilk qirx illikde
temperaturun moanfi anomaliyalar1 qisa nozaron shamiyyatli doracods az olmusdur. 30-cu va 40-c1
illords iso temperaturun miisbat anomaliyalar1 yayda oksina, qisa nazoran yiiksak idi.

1963-don 1982-ci illoro kimi olan zaman kosiyi 6zliniin miioyyon monfi vo ya miisbot
temperatur anomaliyalari ilo forqlonir. Ancaq ndvbati onillikds (1983—-1992-ci illor) yayda vo qisda
temperaturun miisbot anomaliyalarinin orta qiymotlori miisahido olunmusdur. Ovvallor geyd
olunmusdur ki, 1963-don 1992-ci illorin dovriino kimi karbon qazinin va aerozollarin iglimo orta
radiasiya tasiri, isare cohatdon oks olsa da, qiymotca yaxin olmusdur (0,65 Vt/m? yaxin) [9].

Baxilan dovr {igiin, karbon qazinin vo aerozollarin radiasiya tosirinin doyigmosinin
miigayisali qiymatlondirilmasi {igiin radiasiya tosirinin uygun indekslorindon istifads olunmusdur
[9]. Sokil 2-do karbon gazinin vo aerozollarin onilliklor {izro (a) vo segilmis dévr (b) liglin com
radiasiya tosirinin diaqramlar1 verilmisdir. Biitlinliiklo, com radiasiya tosirinin gedisat1 son 40 ildo
artim ilo xarakterizo olunur. Bu iso atmosferdo karbon gazinin artmasina uygun golir (sok.2a).
Lakin, ayri-ayri dovrlordo (1924 1945-ci illor) atmosferin aerozollarla azaciq ¢irklonmo
xtisusiyyatlori {izo ¢ixir.

130 ilden artiq dovr li¢lin atmosferds temperaturun, karbon qazinin va aerozollarin ¢oxillik
doyisma xiisusiyyatlorino baxaq.

Asag1 temperaturlar dovrii (1881-1922-ci illor).

Bu dovrde qisda temperaturun monfi anomaliya qiymatlori, yay faslindaki temperaturun
anomaliya qiymatlorindon toqribon 1,5 dofo ¢ox olmusdur. Bu dovriin son hissosi daha ¢ox
atmosferin aerozollarla girklonmaosi ilo xarakterizo olundugu halda, CO,-nin miqdar1 az olmusdur.
Karbon qazinin miqdarinin asagi oldugu dovre asagi qis temperaturlart uygun golmalidir.

Yiiksak yay temperaturlar dovrii (1924—1945-ci illor).

Yay temperaturlarinin anomaliyalarinin, qis temperaturlarinin anomaliyalarindan yiiksok
olmugdur. Bu on “tomiz” atmosfer dovrii idi. Aerozollarin miqdart minimal qiymaotlor almigdir
(indeks A=-0,14 Vt/m’). Temperaturun doyismosinde karbon qazinin radiasiya tesirinin rolu ¢ox
olmayib, aerozolun rolu ilo bir soviyyado olmusdur.

Yay va qis temperaturlarinin azaciq anomaliya dovrii (1960—1980-c1 illor).

Temperaturun doyismasinds karbon gazinin va aerozollarin rolu eyni doracods olmusdur.

Yay va xiicusilo do qis temperaturlarinin yiiksok anomaliya dovrii (1983-2012-ci illor).

Bu elo bir dovr idi ki, karbon qazinin rolu, aerozollarin rolunu shomiyyatli doracodo
tistoloyirdi ( V#/m” -dan ¢ox). Bu d6vrde qis temperaturlar1 daha gox artmali idilor.

Molumdur ki, iqlimin parnik istilosmosi nozoriyyasi ndqteyi-nozorinco yanassaq,
temperaturun yiiksolmasi daha ¢ox yuxari enliklordo olmalidir. Bu, albedo oks alagonin rolu va yer
sothi yaxinliginda soyumanin yaratdigi giiclii qravitasiya sabitliyinin tasiri ilo alagadardir.

Yuxarida geyd etdiklorimizi nazors alaraq sdylomak olar ki, agar iqlimin miiasir istilosmasi
parnik tobiatlidirse, onda o, 6ziinii daha ¢ox ilin soyuq foslinds yuxar1 enliklords biiruze vermolidir.
Lakin, daha tez-tez kontinentin morkozindo hiindiirliiyo goro inversiya paylanmasi miisahido
olunur.
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Sakil 2. Karbon qazinin va aerozollarmm 1881-2010-ci illarin miixtalif dovrlorinda
com radiasiya tasirinin qiymatlori.

Son 10-15 ilds, atmosferin vulkanik aerozollardan tomizlondiyi bir vaxtda, yay
anomaliyalari, qis anomaliyalarina nisbaton daha siiratli templo artmaga baglamisdir (2003—2012-ci
il dovriinds yay temperaturlarinin anomaliya qiymatlori qisdakindan yiiksok olmusdur).

1962-don 1995-ci illoro kimi olan dovr atmosferin on giiclii aerozol c¢irklonmasi ilo
xarakterizo olunurdu. Bu dovriin sonunda qis temperaturlarinin yay temperaturlari ilo miiqayisodo
anomaliyalarinin shomiyyotli artmasi miisahide olunmusdur. Bu dévriin bdyiik bir hissesindo qisda
oldugu kimi, yayda da temperaturun giymotco ¢ox olmayan miisbat vo monfi anomaliyalar1 qeyd
olunmusdur. Qeyd etmak lazimdir ki, bu dovrds karbon qazinin radiasiya tesiri, aecrozolun igaraco
oks radiasiya tosirindon az forqlenirdi (cadv.). Cox ehtimal ki, bu qisda oldugu kimi, yayda da
giymatca boyiik olmayan anomaliyalarin formalagmasina gatirib ¢ixarmisdir.

Son dovrda ( 1996-2012-ci illor ) daha asas antropogen parnik gazinin (CO,) miqdari va
natico kimi onun iqlims radiasiya tosiri shomiyyatli doracods artmisdir (codv.). Bu iso temperaturun
ilin yay foslindo artmasi ilo miigayisads, qisda temperaturun daha ¢ox artmasina gotirib

¢ixartmalidir.
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Belaliklo, ogor yuxarida dediklorimizi nozors alsaq, onda iglimin doyismasindo atmosferin
aerozol ¢irklonmasinin rolu, atmosferin tomizlonmasinin sonuncu dévriinden (1996-2012-ci illar)
forqli olaraq, birinci (1881-1901-ci illor ) va ikinci (1924—-1945-ci illor) dovrde daha ¢ox nazara
carpirdi.

Qis temperaturlarinin yay temperaturlarina nisbaton siiratlo artmasi hesabina “yay — qis”
temperaturlarinin anomaliya forqinin azalmasi 1996-dan 2012-ci ilo kimi dovrds karbon qazinin vo
digor parnik qazlarimin miqdarinin daha intensiv artmasi ilo olagodardir. Bu zaman onun orta
radiasiya effekti aerozolun radiasiya effektindon 1,3 V#/m’ qodor ¢ox idi.

Osason okeanlar ilo ohato olunmus Conub yarimkiirasinds, haradaki iglim sistemi Simal
yarimkiirasindon forqli olaraq daha otalstlidir, iqlimin doyismasindo aerozol ¢irklonmasinin 6ziinii
gostorma xiisusiyyatlori, XIX asrin son dovriinden XX asrin 70-ci illorins kimi zaif hiss olunurdu.
Kecgon asrin 20-40-c1 illorinds iqlimin istilogsmoasi burada praktiki olaraq hiss olunmazdir. Conub
yarimkiirasinds “yay—qis” temperaturunun anomaliya qiymatlorinin forqi Simal yarimkiirasin-
dokindon orta hesabla 1,5 dofs azdir. Dovriin sonraki ardicil onilliklorinin temperatur anomaliya-
larinin qiymoti, burada da homginin Simal yarimkiirasindokindon 1,5 dofo azdir. Temperatur
anomaliyalarinin daha ¢ox miisbat vo uygun qiymatlori sonuncu 40 ilin ham qisinda, hom do
yayinda xarakterikdir.

Qeyd etmok lazimdir ki, son onillikdo (2003-2012-ci illor ) Simal yarimkiirasinds oldugu
kimi, Conub yarimkiirasinin quru hissasindo temperaturun miisbot anomaliya qimatlori qisdan
forqli olaraq, yayda ¢ox olmusdur.

Son 50 illik dévrde yay vo qis temperaturlarinin artma siirotinin doyismosini toyin etmok
mogsadi ilo 15 illik ortalama intervalindan istifadoe etmokls siiriison trendlor hesablanmigdir.

Simal vo Conub yarimkiirssi, homg¢inin ayri-ayriligda Simal vo Conub yarimkiirssinin quru
hissasi liglin, qis vo yay temperaturlarinin anomaliyalarinin xatti trendlorinin tohlili gostordi ki,
onlar shomiyyatli dorocods zaman doyismolorino malikdir. Trendin qiymati malum xatti trend
tonliyinin y = ax + b « omsalinin qiymati ilo xarakterizo olunur.

Sokil 3-do 15 illik ortalama intervali {izro xatti trendin & omsalinin qiymati verilmisdir.
Miioyyan olunmusgdur ki, 15 illik intervalin oksor hallarinda temperaturun anomaliya trendlori
miisbot olmusdur. Lakin, onlarin doyismo xarakteri, yay vo qis fosillori, homg¢inin Simal vo Conub
yarimkiiralori ii¢lin forqlonir. Temperaturun yay anomaliyalari tigiin 70-ci illorin ortalarindan cari
yiizilliyin baglangicina kimi trend qiymatlorinin artmas1 miisahids olunur.

Son onilliklor havanin temperatur anomaliyalarinin xotti trend qiymaotlorinin azalmalari
geyd olunmusdur.

Qis vaxti1 Simal yarimkiirasinds temperaturun anomaliya qiymatlorinin doyismo xarakteri
miioyyon qodor forqli olmusdur: onillik ardicilligin koskin sigrayisi, sonra xotti trendlorin
qiymatlori zaif doyisir, sonuncu 10-15 ilds iso temperatur anomaliyalarinin xatti trendlorinin xotti
trendlorinin qiymatlorinin intensiv azalmasi miisahido olunmusdur. ©n sonuncu illordo temperatur
anomaliyalarinin trendi hotta monfi olmusdur.

Bu o demoakdir ki, iglim doyismosinin fasli xiisusiyyatlorindo yeni faza baslanir. Homg¢inin
geyd etmok lazimdir ki, Simal yarimkiirosinds temperatur anomaliyalarinin qiymatinin asagi
diismosi, elo bir dovrds bag vermisdir ki, bu dovrds atmosferds parnik gazlarinin migdarinin siiratli
artim1 miisahido olunurdu.

Yiiksok en dairslorinds temperaturun doyismosinin bir az forqli xarakteri miisahido olunur:
burada temperatur anomaliyalarinin qiymati 2002-ci ildon baslayaraq, on yiiksok olmusdur. Hotta
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ayri-ayri illorde normadan 2,5°C artiq olmusdur. Arktik en dairolorinde (60— 90°) temperatur ilk
dofo olaraq, kecon yiizilliyin 40-c1 illorin avvallorindoki temperaturundan (Arktikanin maksimum
istilogsmasi [5]) yliksok olmusdur.

Simal yarimkiirasinin quru hissasindo temperatur anomaliyalarinin xatti trendinin qiymati
biitovlikkds Simal yarimkiirasindon forqli olaraq, qisda orta hesabla 2 dofs yiiksok, yayda iso bir
godor az olmusdur.

[008 —*cg —————— Simal yanmkiirssj}————————————| | 008 (TR~ Conub yarimkiirssi————
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S$akil 3. Hava temperaturunun anomaliyalarinn trend qiymoatlarinin dayismasi.

Conub yarimkiirasindo temperaturun anomaliya trend qiymatlorinin doyigmaosinin zaman
qurulusu daha ifadoli dovrii xarakter dasiyir. 70-ci illordo 90-c1 illorin sonuna kimi olan dévrdo
trend cox zoif olmusdur. Conub yarimkiirasindo temperatur anomaliyalarinin xotti trendinin
qiymati, Simal yarimkiirssindon farqli olaraq, orta hesabla 1,5 dofs az olmusdur. Bu qiymat Canub
yarimkiirasinin quru hissasinda, biitovliikdo Conub yarimkiirasine nisbaton ¢ox idi.

Natica. Belolikla, bels bir naticaya golmok olar ki, digar daxili vo xarici iqlim amalagatirici
amillori (atmosfer vo okeanin timumi sirkulyasiyasi, iqlim sisteminds diiziina vo aksino slagalar,
giinos aktivliyi vo s.) nozoro almadan global va regional iglimin miiasir doyismalorinin mokan —
zaman Xxiisusiyyatlorini izah etmok geyri miimkiindiir.
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CE30HHBIE OCOBEHHOCTH MHOTI' OJIETHUX U3MEHEHHW I''TOBAJIBHOT'O
KJIMMATA U UX TIPHYHUHBI

HI.A. AXMEJIOB, M.III. AXMEJIOBA
B cratke pacCMOTpPEHBI BONPOCHl HHTEPIpPETALMKM PE3YJIbTAaTOB HCCIICAOBAHHS KJIMMara B  pasIMYHBIX
MPOCTPaHCTBEHHO-BPEMEHHBIX ~ MaciuTabax. Ocofoe BHHUMaHHE YAEJICHO AWCKYCCHOHHBIM BOIIPOCAM OLECHKH POJIH
MAPHUKOBBIX I'a30B M a3po30Jiell B YOPMUPOBaHUH CE30HHBIX 0COOCHHOCTEH M3MeHeHus Temmeparypbl CeBepHoro u FOxHOro
MOJTyHIapUi.
Knrwouegvle cnoea: znobanvhviii KIumMam, pecUOHANbHBIN KIUMAam, KIUMamooopasyrowue @axmopsi, UMeHeHUs
Kaumama.
SEASONAL FEATURES OF THE LONG-TERM CHANGES IN GLOBAL
CLIMATE AND THEIR CAUSES
Sh.A. AXMADOV, M.Sh. AXMADOVA
The article reviews some questions of the climate research results interpretation in different spatial and temporal scales.
Particular attention has been paid to the argument on the evaluation of the greenhouse gases and aerosols role in forming the

seasonal characteristics of temperature changes in northern and southern hemispheres.

Keywords: global climate, regional climate, climate-forming factors, climate change.
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