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MOJIAPU3AIIMOHHBIE MPOIECCHI M DJIEKTPETHBIE CBOMCTBA
B KOMIIO3UIUAX NOJUITPOIMUWJIEH/HAHOI'JIMH TUITA Na*
MOHTMOPWIJIOHUT

lMAME,Z[OBA PACMUA JIATUD kbi3b1
’KYPBAHOBA CUMA AMIOB Kbi3bl
'MAMEJIOB ®YAJ A3U3 or.bl
Cymeaumckuii 2ocyoapcmeennvlll yuusepcumem. I-ooyenm, 2-accucenm
AXMEJIOBA AP3Y MYCA kbI3bl

A3zepbatiodcancrutl 20Cy0apCmeeHHblll IKOHOMUYECKUL VHUSepCUmenm, O0O0YeHm
Rasmiyya2011@mail.ru

Knwuesvie cnoea: nonunponunen, HAHO2TUH, KOMNO3UMHbIE MAMEPUATBL,  IJIEKMpPenHble
ceolicmea.

B pabome uccrnedosanvi snexmpemmuvie c8olicmea u npoyecc NOAAPUIAYUU HAHOKOMNOZUMOB HA
ocnoeée nomunponunena (II1) u namoenun muna Na*  mommmopunnonuma. 3nas — eenuuunv
KOMNEHCAYUOHHO20 HANPANCEHUs. IeKmpemd, HAUOEHHO20 U3 IKCNepUMeHma, no uU3ecmuol opmyne
BLIYUCTICHbL  3HAYEHUST NOBEPXHOCMHLIX NIOMHOCMU 3ap008 O, HAKONIEHHbIX HA NOBEPXHOCU
NeKmpemos npu diekmpomepmononapuzayuu. B ceazu ¢ mem, umo noauoneuHwl, cooepoicaujue
000a8KU HAHOZIUH, 001A0AIOM INEKMPEMHBIMU  CEOUCMEAMU, OHU NPEOCMAGIAIOM HAYYUHLIL U
NPAKMUYecKull uHmepec.

Beenenne. [losyueHue MOJUMMEpPHBIX  MaTepuanoB, O0JAJAOLUIMX  KOMIUIEKCOM
YJIy4IIEHHBIX UM HOBBIX CBOMCTB, SIBJIIETCSI OAHUM U3 NEPCIEKTUBHBIX HAIIPaBICHUN B HAayKe
0 ToJMMepax M MaTepuanoBereHHMH. K HUM OTHOCATCS HOBeWIIME THUIBI (PYHKIMOHAIBHBIX
MaTeprasoB, Ha3bIBAEMbIX HAHOKOMIIO3UTaMH, KOTOPbIE MOT'YT OBbITh MCIIOJIB30BaHbl B CaMbIX
pasHOOOpa3HBIX  OTpacisiX  NPUMEHEHHs IOJIMMEpPHBIX MaTepuainoB. PocT uHTepeca K
AIIEKTpETaM CBSI3aH ¢ OypHBIM pa3BUTHEM (PU3UKU U XUMHUU. [IpakTHuecku Bce MpuMeHsieMble Ha
IIPAKTUKE DJIEKTPETHI W3TOTOBJISIIOTCS M3 IOJUMEPHBIX JTUAJIEKTPUKOB. OJEKTPETBl — 3TO
aMop(HbIe U TOJUKPUCTAIUIMUECKUE AUDIIEKTPUKH, JUIUTEIHHO COXPAHSIOIINE MOISIPU30BAaHHOE
COCTOSIHUE TIOCJIE CHSTHSI BHEIIHErO JJIEKTPUYECKOTO TIOJS, BBI3BABLIETO IOJIIPU3ALIUIO
JUDJIEKTPUKA, U CO3AAIOLIUE DJIEKTPUUYECKOE IMOJII B OKPY’KAIOIIeM IpocTpaHcTBe. M3 sToro
OIPEACIIEHUS CIEAYET, YTO MIEKTPET ABJIAETCSA 3alOIAPU30BAHHBIM JUDJIEKTPUKOM, TOYHO TaK
JKe, HampuMep, Kak M TNoJspu30oBaHHas mnbe3okepamuka [1]. Jlns monydeHus >JI€KTPETOB
JUDJIEKTPUK, TIOMEUICHHBIA B 3JIEKTPUUYECKOE II0JIE, MOABEPralOT ONpPENEICHHOMY BHEUIHEMY
BO3/ICICTBUIO, KOTOPOE CHOCOOCTBYET MPOLECCY MHIPAallMM 3apsDKEHHBIX 4acTull. Takumu
BO3JCUCTBUSIMM MOTYT OBbITh HarpeBaHMe, OCBEIEHHE, MarHuTHOE TIO0JIe, MEXaHHYEeCKoe
HaNpsDKEHUE, paJloaKTUBHOE O0IYYEHHE U JIp. DJIEKTPETHI ABISIOTCS AIEKTPUUECKUM aHAJIOTOM
MIOCTOSIHHBIX MarHUTOB. B Hacrosiiee BpeMsl OHM HaxoJAT IIMPOKOE NMPUMEHEHHE B TEXHUKE.
Jlnana3oH MX HMCMONb30BaHUS MPOCTUPAETCS OT OBITOBOM TEXHUKH /0 TEXHUKU CIIEHUATBHOIO
HaszHaueHUs. [loaToMy, mpakTHdeckas MOTPEOHOCTh IONYYEHHs DJEKTPETOB C 3aJaHHBIMHU
CBOMCTBaAMM CTUMYJIUPYET pacliupeHHe (U3NYECKUX HCCIEAOBAaHUMU, JIEKAIIMX B OCHOBE TaK
Ha3bIBAEMOT0 AJIEKTPETHOIO COCTOSIHUS JUAJIEKTPUKOB [2].

M3BecTHO, 4TO HOCHUTENH 3apsiia B Mpolecce NOIAPU3ALUN HAKAIIMBAIOTCA MTPEUMYIIECT-
BEHHO Ha TpaHMIax pasjena (a3 u Ha HEOJHOPOAHOCTIX. HakomneHue HocuTenel 3apsnaa Ha
rpaHule paszzaena (a3 MeHseT Mex(pasHble B3aUMOJEWCTBUS, a 3TO MOXET IPUBECTH K
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WU3MEHEHUIO 3JICKTPUYECKHUX, POYHOCTHBIX W JPYTHX CBOHCTB KoMmmosuiuu [3]. OtcyrcTBUe
€IJMHOTO MHEHUS O BJIMSIHUM HAKOIUIEHHOIO 3apsjia B Ipoliecce MOJSIpU3aluy Ha IPOYHOCTHbIE
CBOICTBA BBI3BIBAET MOBBILIEHHBIA MHTEPEC K M3YUYEHUIO BJIMSHHS HA 3TH CBOMCTBA Ipouecca
MOJISIpU3alMi, KOTOPBIA B CBOKO OYEpEIb CO3JAET 3JIEKTPETHOE COCTOSHHUE KOMIIO3ULMHU Ha
ocuose III1 u Hanornun tuma Na'MonTmopumnonut. [Toka3aHo, YTO HAHO KOMIIO3MT COCTaBa
[I1+2,0  06.%Na’MOHTMOPHMIIIOHNT ~ 06TAMAIOT  ONTHMAIBHBIMH  TE€PMOIIEKTPETHBIMH
xapakrtepuctukamu  [4]. DU3UKO-XMMUYECKHE  CBOMCTBA  HAINOJIHEHHBIX  IOJMMEPOB
OTIpEeIAI0TCS HEKOTOPhIMH (pakTOopamu: pa3zmepoM, (OpMOH, TEKCTYPHUPOBAHUEM YaCTHUI]
HAllOJIHUTENIE Y WX B3aUMHBIM PACHOJIOKEHUEM B MATpPUIE CTENEHbIO HaIOJIHEHUS,
B3aUMOJICICTBUEM MEX/y HAIOJHUTEIEM U CBA3YIOIIMM, XapaKTEPUCTUKAMH IOJIUMEPHON
MaTpuipl. Pa3smep wyacTuil TpaJWIMOHHO MCHOJIB3YEMbIX HAIMOJIHUTEIECH BapbUPYETCS OT
HECKOJIBKMX €IUHHUIl J0 COTEeH MHUKpoMeTpoB. B mocneanue 10-15 ner cramu mmpoko
NPUMEHSATh HAINOJIHUTEIH, pa3Mep KOTOPBIX XOTS Obl B OJIHOM HAINPABICHUU JISKUT B
HAaHOMETPOBOM JAuana3zone. HaHOKOMIIO3UTHI 00J1aJatl0T psIOM MPEUMYIIECTB [0 CPABHEHUIO C
MUKpOKOMIIO3UuTamMu. OJIHUM U3 TMEPCIEeKTHUBHBIX  HAMOJIHUTENEH JUIsl  MOJUMEPHBIX
HAaHOKOMITIO3UTOB SIBJISIFOTCSL Pa3JIUYHbIE BUJbI CJIOUCTBIX TJIMHUCTBIX MUHEpanoB. OHU IIHUPOKO
pactpoCcTpaHeHbI B IPUPOJC U UMEIOT HEOOIBIIIYI0 CTOUMOCTb.

JKCNePUMEHTAJIbHbIE pe3yJabTaTbl M HX 00cykIeHHe. bbliu HM3roTOBIEHBI CMecU
nopomkos I1I1 1 HarormmENA™ MOHTMOPHJIOHHTA B Pa3HBIX COOTHOIIEGHHAX KOMIIOHEHTOB, a
3aTeéM U3 O3THUX CMECEl METOJOM TOpAYero IPECCOBaHUS NPU TEMIIepaType IUIaBICHUS
MOIMMEpHON M@TpHubl mox xaBiaeHueM 15 MIla B Teuenne 10 MHHYT OBUIM H3TOTOBICHBI
HaHOKOMIO3uTEl  I1I1/HanormuuNa’ MOHTMOPWIIOHHTa B BHAE IUIGHKH, C JadbHEHIIHM
oxyaxzaeHueM. OOpa3ibl ObUIM TOJYYEHBI B Pa3HBIX TEMIIEPATypHO-BPEMEHHBIX PEKUMAX
KPUCTAIIM3AIUH, a UMEHHO, MeJjieHHOM oxJaxaeHuu (MO), korna oOpasisl 0XJIaKIA0TCs 10
KOMHATHOW TeMIIepaTypbl CO CKOPOCThIO 2 rpaa/MuH u ObictpoM oxnaxnaenuu (BO) B cmecu
nen-Bojaa co ckopocthio 30 rpag/mun. Hamu Obimu ccnenoBanbl bO 06pasibl.

Taxxke cieayer OTMETHTh, YTO B HaHOKommosute 111/ Na+MOHTMOpI/IJIJIOHI/IT nobaBka
OnL1a BBeneHa 10 40% oObvemHOro conepxkanus. Jpyrumu cioBamu, 100aBKa MOHTMOPHIIJIOHUT
Na® wrpaer pomb HamonHMTENs. 3aTeM MHIYKIMOHHBIM METOJOM ObIIO ONpEeNeHo
KOMIIEHCAIIMOHHOe HampspkeHue Uy DIeKTpeTHOro COCTOSHUS HaHOKOMIIO3UTHBIX TLIEHOK
[II1/Na"MOHTMOPUIITIOHNT, ~ MMEIOIUX  pa3HEIE

COOTHOILIEHUS] KOMIIOHEHTOB. oy 10-'\
Ha puc.l mnpeacraBieHbl 3aBUCHMOCTH N \\
MOBEPXHOCTHOW IUIOTHOCTHU 3apsiJIOB G OT BpeMEHH £ \ ..
BBIICPKKHA T JUIS HAHOKOMIIO3uTOB IIII/MOHT- = ¢ N —In \ i
Mopwionut Na',  UMelomuX pasHble COOTHO- 6 | "‘“s\ — :g
HIEHUs] KOMITOHEHTOB -—\\d 2
Ha ©pwuc.2 mnpusenensr kpuBble TCJ| 2 S~ .
komnosuimii TITT/Na* MOHTMOPHIIIOHHT, TIpU pas3- o N
NTUYHBIX 00BEMHBIX cofepxkaHuax Na'  MoHT- ° o 2 %0 40 S0 60 70 80
MOpHIUIOHUT. OOpa3upbl B BUE MIEHOK TOJIIMHON EYT-
150-160 mxy nomspusosannch npu E, = 5:10°B /m Puc.1. 3asucumocmu nogepxnocmmoti
n T, = 393K B teuenne 1 yaca. BugHo, 4yto B HAOMHOCIU 3apsIO0E SAEKIMPEmos om
3aBUCUMOCTH OT OT COJICp)KaHUHM HAITOIHUTEIS BDEMEHU UX GBIOCPIICKIL
mwiomans nox kpuBbix Toka TCJ, u3 koropoi 1.Na" monmmopunnonum—10%;
BBIYMCIIAJIOCh KOJMYECTBO 3apsI0B, YMEHbIIAETCH. 2.Na" monmmopunnonum—0%;
BusHo, uto 3aBucumMocth BenuuuHbl Toka TCJI ot 3.Na" monmmopunronum—30%;
06.% Na' MOHTMOPHIUIOHUT B KOMITO3HIIHAX 4.Na" monmmopunronum—40%;
XapaKTEPU3YIOTCS KPUBOM C OKCTPEMYMOM IIpH 5.Na"yonmmopunnonum-20% .

BBICOKMX  Temmeparypax 1=420-430K (xp.1).
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HOJZ}lpLBaL;MOHHble npoyeccsl U djiekmpeniHovle ceolicmea 6 KOMNo3uyusix
+
I’lOJZuI’lpOI’luJZeH/HaHOZJZuH muna Na MOHRMMOPUIIORUM

C yBenu4eHHEM COJEpKaHUST MOHTMOPWJUIOHWTA M3-3a arjoMepaluil YacTUI[HATIOJIHUTENS
sHaueHust Toka TCJ] monHmkaercs. M3BecTHO [5], 4TO MOBEPXHOCTHAs IUIOTHOCTH 3apsiOB

Lofyy
HAKOILJICHHBIX Ha MOBEPXHOCTH 3nekTpera npu DTII onpenensiercs mo gopmyne ©= g K
rmue 8028,8510_12 Kn?/ H»MZ, €=2,2, Uy KoMIleHCallMOHHBIC Hampspkenue, d- TOJIIMHA
HAHOKOMITO3UTHOM IJICHKH.

bbutn  BBIUMCIIEHBI TO BBIIICTIPUBEIACHHONW (opMysne 3HAYCHHS TOBEPXHOCTHOMU
IUIOTHOCTH 3apsiIoB G NIl HAHOKOMIIO3UTOB, UMEIOIINX Pa3Hble COOTHOIICHHUS] KOMIIOHEHTOB U
BBIJICP’KAHHBIX B TEUCHHUE PA3JIUYHBIX BPEMEH.

[TonydyeHnHble pe3ynbTaThl MOKA3bIBAIOT, YTO CYIIECTBYET OMpENEICHHAs B3aUMOCBSI3b
MEXy BEIUYMHONW OOBEMHBIX 3apsOB W 3HAYCHUSMHU COJICPKAHUU HAMOJHUTEIS U ©. DTU
pe3yNbTaThl TMOKA3bIBAIOT, YTO CYIIECTBYET OMpEICJICHHAs B3aMMOCBS3b MEXKIY BEITUYHMHON
00beMHBIX 3apsAf0B U 3HaueHUsMH E,, u o. II10THOCTH CTAOMIIM3MPOBAHHBIX 3apsOB B
12 1, 10°3A KOMIIO3UIMSAX B  3aBUCUMOCTH  OT

ol KOHIIGHTpAllMd HAHOTJIMH U YCIOBUH
N MOJIIPU3AIUU U3MEHSETCSI U TIO3BOJISIET
ol BBHIOMPATh ONTUMAIHBIA PEXKUM, TJE
o 3HaueHus E,, sBIsIETCS HaUOONBLIMM.
by ) OTH 3aps/ibl, HAKOIJICHHBIE B MPOIECCe

& MOJIIPU3AIUU, MOTYT CO3/1aBaTh CHIIb-
_:_ ‘ HOE BHyTpgeHHee MOJIE C HaIpsKEH-
s 2 Y HocThio 10° B/M, paccuntbiBaeMoe Kak
= il E, = 8%3 U TEeM CaMbIM YCHWJIUBATh

U3MEHEHHS MeX(a3HbIX B3aMMOJCHCT-

Puc. 2. Kpusvie TCJ], cuamvle 011 Komnosuyusi  BUH MEKIY KOMIIOHEHTAMH HAHOKOMIIO-
IIT+Na"  mowmmopunnonum,  npu  pasiuunblx — 3UIHH.

obvemmnbix  cooepacanusx  Na'monmmopunnonum, W3BeCcTHO, YTO HOCUTEIIN 3apsjia
npeosapumensHo  NOOBepeHymou  J1eKmpomepMono- g mporecce MOIAPH3AIMH HAKATIIABA-
aspuzayuu npuE,,=5-IOGB/MuTn:393K6mequue IOTCS Ha TpaHHuUe pasgena (a3 u
yaca: 1 - III/Na" monmmopunnonum (96:4); 2 -
IITI/Na"  moummopunnonum (90:10); 3 - IIII/Na*
moummopunnonum (80:20) 06.%

HEOJHOPOAHOCTSAX. YacTh W3  HUX
3axBaThIBACTCS JIOBYIIIKaMHU -
QJICKTPUYCCKHU AKTHBHBIMU I[e(l)CKTaMI/I
marcpualia, CIIOCOOHBIMHU 3aXBaTHIBATH U
yIIep)KUBATh HOCUTENb 3apsaa. HakoruieHue HocuTenei 3apsaa Ha rpaHulle pasaena ¢a3 MeHseT
MC)K(l)aSHBIC B3aI/IMOI[CI\/'ICTBI/I$I, a 3TO MOXCT MPUBCCTH K HU3MCHCHUIO IMPOYHOCTHBIX CBOICTB
KoMmro3uiui. OTCYTCTBHE €IMHOTO MHEHHS O POJM HAaKOIUICHHOTO 3apsiia B Tpoliecce
nojsipu3alnMii Ha HOPOYHOCTHBIC CBOMCTBA BBI3LIBAET ITOBLIIICHHBIN HHTEPEC K HIYUCHUIO
BIMSIHAS Ha OTH CBOMCTBa IMpolecca MOJSPHU3AlNU, KOTOPBIH, B CBOK OYepeilb, CO3JacT
SIIEKTPETHOE COCTOSIHUE KOMITO3HUIIHHU[6].

3. 3akmouyenne. TakuMm 00pa3oM, TONYYCHHBIC OSKCIICPUMEHTAIBHBIC PE3yJIbTATHI
IIOKAa3bIBAOT, 4YTO I[O6aBKa HAHOI'CJIs1 Na+ MOHTMOPUJUDIOHUT B IIOJHUMEP MMOJIUIIPOIHIICHA
YBEJIMYHMBACT KOHIICHTPALIUU LEHTPOB JIOKAJIM3AIMU SJICKTPUUYCCKUX 3apsjiOB, T.C. Ha TPaHUIIE
paszena mojauMepa U HaHorensh 00pa3yroTcsi Mek(asHble MPOCIONKH, KOTOPhIe MOTYT HIPaTh
JIOBYILIKU JIJISL 3apsijIOB, B PE3yJbTATe YEro MOTYT YBEJIHUYMBATHCS TUIOTHOCTh U CTAOMIBHOCTD
SJICKTPETHBIX 3apsAa0B. Nsmenenus Me)KCbaSHBIX BSaHMOHeﬁCTBHﬂ U TOJIOIMHBI IPHUT'PAHUYHOTO
CJIOSI MOTYT TOBIIUSITH HA TIPOYHOCTHBIC CBOMCTBA HAHOKOMIIO3HIIUH.
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XULASO
POLIPROPILEN/Na* MONTMORILLONIT TiPLi NANOGIL 9SASLI KOMPOZITLORDO
POLYARLASMA PROSESLORI VO ELEKTRET XASSOLORI
Mommadova R.L., Qurbanova S.A., Mommadov F.O., Ohmadova A.M.

Agar sozlar: polipropilen, nanogil, kompozit materiallari, elektret xassalori.

Isda polipropilen (PP) vo Na" montmorillonit (MMT) nanogili osasinda alinmis nanokmpozitlorin
elektret xassolori vo polyarlasma prosesi todqiq olunmusdur. Elektretin eksperimentdon tapilmisg
kompensasiya gorginliyinin qiymetini bilorok molum diisturla (motns bax) elektrotermopolyarizasiya
(ETP) zamani elektretin sothindos yi1gilms yiiklorin o Sothi sixliginin giymatlori hesablanmsdir. Miiayyan
edilmisdir ki, PP/ Na" montmorillonit tipli kompozit niimunalori iiciin,t saxlanma miiddotinin verilmis
giymatindo yigilmis yiiklorin o miqdarinin nanogilin miqdarindan asili olaraq doyismosi miirokkob
xarakter dasiyir.

SUMMARY
ELECTRET PROPERTIES AND POLARIZATION PROCESSES IN POLYPROPYLENE/ Na*
MONTMORILLONITE TYPE NANOCLAY BASED COMPOSITES
Mammadova R.L., Gurbanova S.A., Mammadov F.A., Ahmadova A.M.

Key words: polypropylene, nanoclay, composite materials, electret properties.

This paper deals with the electret properties and polarization process of nanocomposites on the
base of polypropylene (PP) and nanoclay typed Na*montmorillonite. Evaluation of surface density of
charges on the surface of the electrets during electrothermopolarization has been calculated by formula
knaving the value of compensation tension found in experiment of electret.

Daxilolma tarixi: [lkin variant 04.07.2017
Son variant 26.12.2017
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NCCIEAOBAHUE IMHAMMNYECKHUX BOJIH B ITOPUCTBIX CPEJAX,
HACBIIIEHHBIX ) KUJIKOCTbBIO

BABA/I/KAHOBA BYCAJISA TAM3A KbiI3bl

Cymeaumckuil 20cy0apCmeyHHbIlL YHUSepCcumenm, 00yeHm
vusalall@gmail.com

Knwouesvie cnoea: ummecpanvioe npeobpasosanue Jlannacca, ocecummempuunvle KoaeOaHus,
mepMosaA3KOynpy20cmy, 0edhopmuposarue, OUHAMUYECKUE BOTIHbL

VpaBHEHHUs JBHKEHHS TIOPUCTHIX CPEJl, HACBILICHHBIX JKHAKOCTHIO, B ciydae [F = CONst,

umerot Buf [1,2]:
2

_ 0 _ _ o, _
NAzul + grad[(A+ N)e +Qg]: ?(Pnul + p12u2)+ ba(uz _Ul)
1)
0? _ _ o, _
grad[Qe+ Rg]: o (pllul +p22u2)+b5(uz _ul)'

rae U; u U, BEKTOp CMELIEHUs CKeJIeTa U KUAKOCTH; € u & - 00beMHble JleopMaluy CKelleTa U
xuakoctd; N, A,a ¥ R-xoobduuuentsr M.A.buo; oy, Py, U P,,-TIPUBEJCHHBIE TJIOTHOCTH,

YJOBJIETBOPSIOIINE COOTHOLLEHUSIM
T :
P =pu+pn=0=Bpr, P =PrtPi=LP
. T a1c
30eCb O, M O - INIOTHOCTU JKUJIKMX M TBEPABIX KOMIOHEHT, O M 0" - COOTBETCTBYIOLINE
IUIOTHOCTH B arperaTHOM COCTOSIHMH.

Ipu orcyrcreun auccunanuu D =0 ypasnenne (1) mpumer Gonee mpocroit Bua. Otciona
CJIEIyeT, YTO CKOPOCTH BOJHBI HE 3aBUCST OT YacTOThl @, T.€. HE UCIIBITHIBAIOT Auciiepcuto. Tormaa
cucteMy ypaBHeHUs (1) MOXKHO pacllienuTh Ha TPU BOJIHOBBIE ypaBHEHUS [3,4]:

— 2 — 2 i —
Ag; =Cl g, Ay =CW g, 1=12 (2)
371ech BBEJIEHBI ClIeyIonue 0003HAUCHHUS:
U = gradd; +roty;; @, =g, +¢,, ®, =S¢ + 5,0, Y1 =110

JI1s1 BBIACHEHHMSI IOCTPOCHHBIX MOJEJIEW B IPSIMOYIOJIBHON CUCTEME KOOPJANHAT PACCMOTPUM
pacrpocTpaHeHHE HECTALMOHAPHBIX TOBEPXHOCTHBIX BOJIH B YIIPYTO-TIOPUCTOM Ccpe/ie HACHIIEHHOM
xuakoctelo. [lpenmonoxum 4YTo, HAYago0 KOOPAMHATHOM CHUCTEMBI JIEKUT Ha TpaHUIIE
MOJTYTUIOCKOCTH, a ocb OZ HampaBiieHa B IITyOb CpeIbl.

TaHrenuanbHOE NEpEMENIEHHUE CKEIETa U KHIKOCTH 0003HaunuM depe3 U 1 U™, HopMaIbHOE

nepeMeNIeHe CKeJIETa U KUIKOCTH 0003Ha4uM yepe3 WS U W™ COOTBETCTBEHHO [5,6]. B mopax stu
BEJIMYUHBI OMIPENIEISIIOTCS CIEAYIONUMEU GopMyTaMu

_dpte) oy, . _dpte) Oy

uc :
OX 0z 0z OX
un OBt Bogz) pdy . B+ ) | Srdy -
OX 0z 0z OX
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e @, (X, 2,t)— CKaJIApHBIE TIOTEHIIHAITBI (j = 1,2), a 1,//(X, Z,t) BEKTOPHBII MOTEHLIA ITEpEMe-
wenunit. Hanpsokenus o B CKeJIETE U HANPSHKEHHE & B AKUIKOCTH 4epe3 JeopMalii BHIPaKaroT-
cs popMmynamu:

O =218, + 0y O3 =285, 01, =0, =00 0y =11,8 +17756

O3 = 2111€33+ 05y, O =158 +1],E, (4)
rZie €jj —KOMIIOHETHl aedopMalii B CKeJeTe; &j —AeQOopMaluu B JKUIKOCTH; 7Jx — IOCTOSIHHbIC
(k =1,2,34).

KommoHeHTH!I gedopManiim B CKEIETE U B )KUJIKOCTH ONPEACIISIOTCS CIECIYIONINM 00pa3oM:
ou® 1(ou® ow* | ow*
11251 elBZE(E-'- x } €33 = oz (5)
g1 = U . & :l(au"‘ +8W)Kj' Eqq = W= & =&t &s3
ox P 2lez oax ) ¥ ez
[Ipenmonoxum, 4TO Ha TPAHUIIE MTOJIYIIOCKOCTH 33/IaHbl HAIIPSKCHUS
o33 = (100 )5(x)5(t) mpu  2=0; o = 5od(x)5(t) npu 2=0 (6)

31ech 0y —MOCTOSIHHAS; O (t)— nenbra pyakus Jupaka [3,6]:
B HauanbHBIE MOMEHT BPEMEHHU CHUCTEMa HAaXOAMUTCA B TOKOE, TOTJAa HayalbHbIE YCIOBHS
OyayT B BUJIC:
(0]':%:0 mpu t =0 (j=1,2); 1//=8—VI=O mpu t =0 (7)
ot ot
[IycTh Ha 6ECKOHEYHOCTH OTCYTCTBYIOT BO3MYILIEHHUS:
9i(x,2,t) >0 mpu z —>o0 (i =12); w(x,z,t)>0mpu z —> o0 (8)
MaremaTuueckuy 3aia4a CBOJUTCS K PEUICHUIO CUCTEMbI TuddepeHInaibHbIX ypaBHeHHH (2)
Ipy rpaHuyHbIX (6), (8) U HauanbHbBIX (7) yCIOBUSX.
[Ipemensist uHTerpanbHoe mnpeoOpa3zoBanue Jlamulaca mo BpemeHH t W HMHTErpajgbHOE
npeoOpazoBanue Oyphe MO KOOPAUHATE X K ypaBHEHIO (2) ¢ yueTom ycioBuu (7) momydaem:
4205 o5 —0: V0 _maz o 9)
dz2 iPi =Y, 472 Y =
rie @; (é, z, p) U 1/7(5, z, p) u306pakenns GpyHKmmin @;(X, z,t) U y/(x, Z,t) COOTBETCTBEHHO; P -

2
napametp npeoOpazoBanus Jlamnaca; & -napamerp npeoOpazoBanus Oypbe; Mj = /52 +—.
Cq
]

OO61ue peuienust ypaBHeHH (9), orpaHUYEHHBIX Ha OECKOHEYHOCTH, UMEIOT BUIL:

—_z §2+J% 7 §2+JL2
~ C% . ~ (;2
9,(&.2,p)=ce P (i=12), l&zp)=ce ' ® (10)

rac Cl,C2 u C3 MMOCTOAHHBIC HHTCTPUPOBAHUA.

Yuureisas (10) B (3) ans nepemertienuii [6], momyyaem:

- -z §2+p—22 -z §2+p—22 p2 -z §2+p—22
c : \" ¢ " ¢ 2 V" ¢
U (51 Z, p) = _Iq Cle '+ CZe 4+ C3 é: + C_2€ 8
3

- 2 -z §2+p—22 2 -z §2+p—22
We(&,2,p)=—¢, /§2+p—2e “ —c, /§2+p—2e e
Cl C2
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-z §2+p—2 -z §2+p—2 2 -z §2+p—2
UEG _ of o5 2, P ¢
(é:’z’ p)__lq Clﬂle +C2ﬁze +ﬁ3c3 5 +C_2e
3
2 -z £2 Lz 2 -z &2 LZ ; -z §2+L2
W(e,z,p)=—af |é2+ e d —cp e2 4+ D e V7T d —igpce TR
Ci Cs

rae S, B, u B, xkopHu ypasHenus (10).

HeusBectHbie KOA(PQHUIMEHTHI ONPEACIACTCS W3 T'PAHUYHBIX YCIOBHM, KOTOpHIE B
M300paXKEHUSIX UMEIOT BU/;

Gypy=1-0, npuz=0; =0, npu 2=0; =0 npuz=0
[ocrie 9TOro st U306pAKEHHS TIEPEMENIEHHI TTOTyaeM:

2 2 2
~. -z §2+5—2 -z §2+:—2 -z §2+S—2
U(§,z,p:ae t ta,e C ra,e ?

- - -z §2+p—22 - -z §2+p—22 - -z §2+p—22
U™(&z,p)=BUS (& 2, ple R+ﬂ2tJ§(§,z, ple Rwsu;(é,z. pe ' ¢ (11)
- - fz,/fﬂp—f ~ fz,/rfﬂ%z

W™ = WS (& z,pe ' %+ BWS(Ez,pe T,

31ecy BBEJCHBI CleayIoIIe 0003HaYCHHUS:

i C2
%] =%[—,311(2—£)+ %R p)]; B =§—1°C; B = ch; ;

4577100\/5“ \/§z+ +[mic2(1— o0)— oo [2£ + c2p)

Ri(& p)=

- 4§nm{ g+ m Cf\/cfz + ]\/é +-— +a(2& +c3p)
ct

a=—MyC50s +MCih; Gh =2mp& +MC2p; Qo = 2771§+m202 p;

M=7+10f; My =15+

Jli1st iiceie1oBanMsl TIOJTyYEHHBIX PENIEHHH PACCMOTPUM CIEAYIONIME CIyUaH.

[IpenmnonoxuM, 4TOo HMCKOMBbIE (DYHKIMHHM 3aBUCAT OT OJHOM KOOpPAMHATBl Z, TOTAa W3
ypaBHenus (11) mis 1/1306pa>1<eH1/1;1 CMellleHuH noay4aem [5]:

W p)zé{ e +773(1_00)_O-0771 (774 2.0 « eszzﬂ

Gy C, (0[1772 _052771) 175C,
(Z p) oﬁ1 c1 3(1_(70)_‘70771 174C, ﬂe_% Be SZZ
1 2
ol e lmm-nm) |

OpruHajIbl 9TUX TEPEMEILEHUI ONPEAENAIOTCS HOPMYIaMH:
VVC(Z,I) _ —ié"(t _ij 4 051(1— O'o)_0'0771 |:0!202 év(t _i] _é‘y(t _LJ:|
o4y G C, (0(1772 - a2771) a6 G Cyy
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L

4Gy G, C, (051772 —-Q, 771) a6 2

rae o '(t)— npousBoHas pyHkIuK Jupaka .

[TosydeHHOE peleHne NCCIeI0BAHO B CIACIYIONIMX 3HAYEHUSX TaPaMETPOB:
R=0,7-10"MIIa; Q=0,2-10*; p, =06 102 kr/m?;

p,, =016-10°krm®’; p, =-01-10"kr/m®; 4=0,3-10"MIla;
N=04-10°MIla; o,=02; B, =06; B,=-4

P, =0,02; c, =1Iw/cek; c, =2m/cek; ¢, =1,9m/ cek;

n, =004, n,=071 n,=0,64 n,=15

t =0,2cek.

S~

v

Puc.1. I'paghux 3a8ucumocmu nepemeweHuss om KoopoOuHamol

N3 rpaduka BUIHO, YTO MEpEeMENICHHE Ha IMOBEPXHOCTH TMOJIYIPOCTPAHCTBA 3aTyXaeT C

TCYCHHUEM BPEMCHH U q)pOHT BOJIHBI B CKCJIICTC U B JKUAKOCTH OHNPCACIACTCA YpPaBHCHUAMU

t

X=— (k=123)(c, #0)

w

k
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XULASO
DINAMiK DALGALARIN MAYE iLO DOLDURULMUS MOSAMOLI
MUHITLORDO YAYILMASININ ARASDIRILMASI
Babacanova V.H.

Acgar sézlar: Laplasin inteqral ¢evirmasi, simmetrik dalgalar, termodzliielastiklik, deformasiya,
dinamik dalgalar
Maqalade maye ilo doldurulmus masamali miihitlorde dinamik dalgalarin yayilmasi mosalasi Laplas
cevirmasinin komayi ils hall edilmis vo yerdsyismonin yarimfazanin sathi {izerinde zamandan asili olaraq
sondiiyil gostorilmisdir.

SUMMARY
INVESTIGATION OF DYNAMIC WAVES PROPAGATION
IN POROUS ENVIRONMENTS SATURATED BY LIQUID
Babajanova V.H.

Key words: integral Laplace transform, symmetric waves, termoviscoelasticity, deformation, dynamic,
waves
The article deals with the propagation of dynamic waves in porous environments by means of the
Laplace transform and shows that displacement on the half-space surface decays over time.

Daxilolma tarixi: [lkin variant 10.05.2017
Son variant 26.12.2017
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3AJIAYA KPYUEHUA 111 HEOJHOPOJHOM TPAHCBEPCAJIBHO —
W30TPOINHOM NJIUTHI IEPEMEHHOM TOJIIIAHBI

INAXBEPJIMEBA I'tOJIbHA3 HAPUMAH kbI3b1

Baxunckuil crassHckuil yHugepcumem, npenooaeamelv
bgng @ mail.ru.

Knwouesvie cnosa: ypasnenue pagrogecus, HeOOHOPOOHbIE YPABHEHUs, 0OHOPOOHbIE YPAGHEHUS,
NO2PAHCONIHbIE PelieHUs, ACUMNIMOMUYECKULl Memoo.

MeTo10M acUMOTOTHYECKOTO MHTETPUPOBAHUS YPABHEHUI TEOPUH YIPYTOCTH HU3Yy4daeTcs
3a7a4ya Kpy4eHHs JUIsl  HEOJAHOPOJHOW TPAaHCBEPCAIbHO-U30TPONHON IUIMTHI MEpEMEHHOU
TomuuHel. [locTpoeHbl HEOTHOpPOOHBIE U  OXHOpPOJAHBIE pemeHus. Ha  ocHoBaHUM
ACHMIITOTUYECKOTO aHAIHM3a Pa3bsICHEH XapaKTep HAPSHKEHHO-1e()OPMHUPOBAHHOTO COCTOSIHHUS.

BBenenne. B [1-3] moctpoeHa o0miass Teopusi H30TPOMHONW KOHMYECKOH  OOOJIOUYKH
nepeMeHHoi TonmuHbel. B [4,5] MeromoM acMMNITOTHYECKOIO WHTEIPUPOBAHUS YpaBHEHUM
TEOPUM YIPYTOCTH M3y4eHa OCECUMMETpPUYHAs 3a/1aya TEOPUHU YNPYTOCTH Ul HEOJAHOPOIHOU
TPaHCBEPCAIBbHO-U30TPONIHON KOHUYECKOH O0O0OJOYKM U JUIsl TPaHCBEPCAIbHO-U30TPOITHOM
IUTUTHL TIepeMeHHO# TommuHbl. B [6] uccienoBana 3amava KpydeHHs i HEOJHOPOHOM
TpaHCBEPCAIbHO—M30TPONHON KOHMYECKON OOOJIOUKM M TOKa3aH OcoObli ciydail, korna yroiu

pacTBOpa CEpeIMHHON MOBEPXHOCTH (), = 7 COOTBETCTBYET TPAHCBEPCATHLHO-M30TPOIHON HEO/I-
2

HOPOJHOW TUUTUTE MEePEMEHHOMN TONIIUHBI. 37eCh pedb UJET He O 0ol mTe. Meercs B BULy
TOT YaCTHBIA BHJI KOHUYECKMI 000JIO0YKH, PACCMOTPEHHOH B [4] KOTOPBIH OHA TIPHHUMAET HPH

BBIPOXKJIEHUU €€ CPEIMHHON MOBEPXHOCTH B IIOCKOCTh. DTOT CIIy4ail BBIPOKIEHHUS OCOOBINH U
TpeOyeT OTAEIbHOTO UCCIEeI0BaHNUS.

1.IlocTanoBkM 3aaa4u. PaccMoTpuM 3a7ady Kpy4eHHs] HEOJHOPOIHOM TpaHCBEPCATbHO—
W30TPOIHOMN TIJTUTHI C IMHEHHO U3MEHSIOIEHCS TONIIUHON, KOTOpast MpeCTaBisieT coO00M Temo ¢

JBYMS KOHMYECKHMH M JIByMs C(epHUecCKMMH IPaHHIAMH (TOJIIMHA KOoTopoit N =& ,rme 1 —

PACCTOSAHUEC OT LICHTPA IIJIUTHI, & - Maibpit napaMeTp), B c(bepp[qec}(oﬁ CUCTEME KOOpAUHAT
00J1aCTh 3aHATYIO TUIMTONH 0003HAUYUM Yepe3

F:{FISFSFZ,%—gSHS%+€,OS¢S27Z'}.

VYpaBHEHHE paBHOBECHS IPH OTCYTCTBHM MAcCCOBBIX CHJI B C(EpUUECKON CcHCTeMe
koopaunar I', 0, @ umeer Bun [7]:
oo,, +1 do, 30,,+20,C190

_|_
or r o6 r

rne  Oyy,s Oyp- KOMIIOHEHTBI TEH30pPA HANPSIKEHHH, KOTOPBIE BBIPAKAIOTCS YEPE3 KOMIIO-

0, (1)

HEHTY BEKTOpa MEePEeMEIIESHUN CIEAYIOMEeM 00pa3om [7]:

ou u G ( ou
o, = Gl( 8r¢ _ij O o :T( ag —u,ctg 9). (2)

[Hoacrasnss (2) B (1) umeem:
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3adaua kpyuerus 0151 HeOOHOPOOHOU MPAHCEEPCATLHO — UBOMPONHOLU NIUMDbL

nepeMeHHoﬁ moJilUHbl

ou ou

e 22 —2:6(p)| =2
on on on

rae u, =u,(p,77)- KOMIIOHCHTAa BEKTOPA CMCILICHHS; G(77),G,(n7)- monmynu cnaBura pac-

jtgsn +6%G, (AN, =0, (3)

CManI/IBaeMHﬁ KaK TIIPpOU3BOJIbHAA IIO0JOXUTCIIbHAA HCIIPCPbIBHAA q)YHKLII/IH HepCMeHHOﬁ

0-6 r
mn = 0 p=—-HOBbIE 0€3pa3sMEPHBIC IEPEMEHHBIC, 6, = O+6 _Z. yrojl pacrBopa
€ r, 22
CPEIMHHON TOBEPXHOCTH; ¢ :b_MaﬂHf/’I rnapamerp, XapakTepU3YIOLIUN TOJIIUHY TUIATHI;

0? 0

Ay =p’ —+2p—-2Znel-Ll pelp]
op? op

HpeI[HOJIO)KI/IM, YTO Ha KOHUYCCKHUX I'paHULlaX 3aJaHbl TPAHUYHBIC YCJIOBUA

G "
O | yoss = (77)( +eu tg&ﬁ] =t (p) (4)
<5Z7 877 n=t1

3neck t* () -nocrarouno raankue byHKIMK 1 OTHOCUTEIbHO € uMmetoT mopsaok O (1).

2.IlocTpoeHne HeOMHOPOAHBIX pemenuii. YacTHele pemieHus ypaBHeHHs (3), KOTOpbIC
VIIOBJICTBOPSIOT HEOJHOPOJHBIC TpaHWYHBIC YCIOBHS (4), HA3BIBACTCS HEOTHOPOIHBIMH
PCLICHHUSIMH.

[lepexoguM K TMOCTPOCHHMIO HEOAHOpoAHOro pemieHus. Pemenune 3amaun (3), (4)
OTBICKMBAEM B BHJIC:

uw=g‘l(u¢0+guwl+52u¢2+...). 5)

[Tocne moncrtanoBku (5) B (3), (4) momydaeM COOTHOWIEHHS ISl Kod()PHUIIMEHTOB

pasnoxenust (5):

U¢0 =C,(p), (6)
=C,(p), )

2

1 y
uq)z:IW(_[Gl(X)dXJ pgéf’ )+pt (p)-(7+1)- K—DC 1(P)+Cs(0). ()

-1
rac

oi\P) = Gl(o) ' (9)
AC,(p) =0, (10)
Ang(p):—Wle(ﬂ) (UG( )(IG (x)dedyjdn_
T (12)
)] (0) 0 _c®@
—(616;(0?% (Pt (p))+‘“’(GZ(G—«f)?)pt(p),

t(p) =t (p)—t (p) G = [r* -G, (7)dn

3. MMocTpoeHue M aHAIU3 OAHOPOAHBIX peleHUii. OTHOPOIHBIM pELICHHEM Ha30BEM
BCAKOE pellleHue ypaBHEHHUS (3), yIOBJIETBOPSIOLIEE YCIOBHIO OTCYTCTBHUS HAIpsDKEHUH Ha

KOHMYECKUX IPaHUIax MIHTEL [locTpouM oxHopoausle pemenus. [lonoxum B (4) t*(p) =0:
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M(au

Geq)‘ n=tl — 6_7;0 +eu, tgé’ﬂ)‘ n=tl — 0. (12)
OteickuBas pemenus ypasaenus (3),(12) B Buue
1
u,(p.m)=p 2v(n) (13)
HOJyJaeM:
Av = ZZV, (14)
rie

Av = _2;[[(6 (77)(1/'(77) +ev(n)tgen )], —2&G(m)(v'(n7) +
& G1(77)

+&v (1) -tgm)tgm]+%V(77); (G@)v'(7) +8V(77)t9677)( = 0}-

A - cHMMeTpHYHBIH omepatop B rmibOeproBom mpocrpanctee L, (—L1)c Becom

2
G, (17)cos en [6]. CnenoBarenbHO, Bce COOCTBGHHBIC 3HAueHHS Ay (A) =z, BemecTBeHHSI,
COOTBETCTBYIOIINE CHUCTEMBI COOCTBCHHBIX (YHKIIUU SBISIOTCS OPTOTOHAIBHBIMU IO BECY
G1(77)(:05577 B [-1;1]

Viiva)= j G, (i (mv, () cos endn = 5, (15)

I[lpu &—>0 g pemenus (14) BocCHmONIB3yeMCSI AaCHUMOTOTHYECKUM METOIOM [8].
OnHOpOJHBIE pEIlIeHUsl, COOTBETCTBYIOIIME IIEPBOMY HMTEPAIMOHHOMY IMPOLIECCY, MOXKHO

nomyanth u3 (5)-(11),ecian B HUX MOTOKHTH t* (o) = 0. B pesysbrare nonyyaem

uy’ (0,17) =Cp~* cosan. (16)
Pewenue (16) COOTBETCTBYET COOCTBEHHBIM 3HAYCHUAM Z, = —%
HaHpH)KGHI/IH, COOTBCTCTBYIOIIUEC ITICPBOMY UTCPALITMOHHOMY ITPOLECCY, UMCKOT BU/:
g =%€1(n)cosm;o—§2 =0. 17

Bropoii utepaiioHHo#i nporecc 371ecb OTCYTCTBYET, T.€. OTCYTCTBYET pelleHHe, UMEIoLIee
xapakrtep KpaeBoro 3¢ dekra.

Pewenne ypasHenus (14), COOTBETCTBYIOLIEE TPEThEMY HTEPALMOHHOMY IIpoLeccy,
OTHICKHBAEM B BUJIE

V=v,+&V,+...; Z=$_1(50+6‘252+...). (18)

[Tocne mnoacranoBku (18) B(14) nans mepBBIX UICHOB PAa3lIOKEHUS TMOJIydaeM
CHEKTPAIBHYIO 3a/1ady, OINHMCHIBAIONIYI0 BHXPEBOE pEIIEHHE TPAHCBEPCATBHO — HW30TPOITHOU
IUIUTHI HEOJHOPOIHOM 1o TonuuHe [6]:

Av, =2V, (19)

Ao = {— : (G (77))' ;G(17)v,(17) =0npun = il}-
G, (7)

2 TIOTy4aeM:

I'ne
1)

Jlns onpenenenus V2 u

23



3aoaua kpyuenus 0151 HeOOHOPOOHOU MPAHCEEPCANLHO — U3OMPONHOU NAUMbL
nepemenHou MmoauuHbl

(G Vi (1) +826,(1)v,(2) = 200G (v () — (G ()vo () —
Glnvotn) [ 28,0, =3 Ju()-vol). 20)
G5 (1) +7vo (1)) ,-a= 0. (21)
Pemenne (20) —(21) nmem B Bue:
Van () =§anpvop(n)—jxv0n(x)dx. (22)

(22) ynosnerBopsietT rpanuuHbIM ycsioBusM (21). [Tocne moacranosku (22) B (20), (21) ¢
yaeroM (15) momyqaem:

1
Am =" o2
50n 5

(n=m)

{ on j G (77)( [x- vm(x)devOm(n)dmz [GVen () -von (m)- ndn]

o= J @ity + [ Gy i (n)[ J xm(x)dx}d z

Ozn = 2510n {2I177G(77)Vén(77)v0n(77)-d77 +%+50§ jl G, (7)o (77)( jl x-v0n(x)dxjd ,7],

Pemenwus, COOTBETCTBYIOIIME TPETHEMY UTEPALIMOHHOMY MPOIIECCY UMEIOT BUI:

- L1 !
u (p,n) = Z(Enp "24D,p ZJ-V(? ),
= (23)

rac

v () =vo, () + 82{—IX~V0n(X)dX {%IGl(n)v(fn (17)-m*dn +

+ JG (1) vea (7)- [_[ XVon (X)dx]d 77] Voo (17) + Z Son IGl (m)-

$5, 52_

[IXVOH(X)dXJVOm(n)dnHZIG(n)vm(n) Vo (17) - 7777 VOm(n)}+0(82);

1 1
E,.,D, - npou3BoJbHbIE IOCTOSHHBIE.
O6umm pemennem (14) Oymer cymma pemenuit (16), (23), cOOTBETCTBYMOIIUX
BBILICTIPUBCAACHHBIM  yrepaliliOHHBIM IIPOLECCAM:

u, (p.1) =ui) (p.m) +u (o.17). (24)

J1s HanpsKEHUH MOoJTydaeM:

© 3 3
_ O 9 z-82 N 9| -z,-3/2 |
Gﬂ/’ - O-p(p +§Gl(n)|:En(zn 2}0 Dn (Zn + ij :| Vn (77)’ (25)

G(n) ¢ ] ]
Ty :¥Z[Enpz“ 24D, | (v) ) + £V, () g )

n=1

(26)
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Llaxsepouesa I'.H.

Omnpeznenum Xapakrep MOCTPOCHHBIX OAHOPOIHBIX pelieHnid. Kpyrsimii MomeHt M,
HaMpsHKEHUM, JEUCTBYIOIUMX B CEUCHUH pP= const umeer Bun;
6, 1
— 3 H] _ 3 3 2
M, =2zr Z)[10,(/,sm 0d0=2rr¢p '[1%0 cos® en dn. 27)
[Tocne noacranoBku (25) B (27) OKOHYATETHHO MOTYyYAEM:
1
M, =—672C[G, (1) cos® an dn.
-1

[Toctosnnass C mpu  OTCYTCTBUM BHEUIHMX YCHJIMH Ha OOKOBBIX IOBEPXHOCTSIX,
NPONOPUMOHANbHA KPYTAIIMM MOMEHTaM M, HAaIIpSDKEHUW, JEHUCTBYIOIIUX B CEYCHHUH

= const.

HamnpsikeHHOE COCTOSIHMM, COOTBETCTBYIOLIEE TPETbEH TIPYIIE PELICHUN, SBIACTCS
CaMOYpPaBHOBEIICHHBIM B Ka)KJIOM C€YEHUU O = CONSt M MMeeT XapakTep MOrPAHUYHOIO CIIOS.

,Z[OHyCTI/IM, B C(l)CpPI‘-ICCKOfI YaCTH I'paHUIIbI 3aJaHbl HAITPSAKCHUA
O-W‘P:Ps - hs (77)! (S = 112) (28)
3,H6CL hs (77) JO0CTATOYHO I'NIaAKHEC (1)YHKI_II/II/I " YOAOBJICTBOPAIOT YCIIOBUSAM PAaBHOBCCHUA. Ha

ocHoBe (25), (28) umeem:

G cos ® 3) .-
Opp = 11(77) &L My, +ZGI(77)|:(Zk _Ejp 2B, -
275p° [ G, (17) cos® endn -
]

3) .-
_(Zk +EJP ‘ 3/2Dk :|Vk (77);

Hoxacrasmss (29) B (28) 1 yMHOKas [OJyYEHHBIE PABEHCTBA HAV, (17)C0S &7 ¥ MHTErPHUPYS B

(29)

npenenax [-1;1] ¢ yuetom (15) nomydaem:

3 7z -3/2 3 -2,-3/2
z. —— |p" T -E —|z2 +— e.Do=a,,
( n szn n ( n szn n SN (30)
0 - G
e a, = [h (v, ()osen dush, () =, ()~ S SE Ly
B 27p? [ G, () cos® endn

-1
13 cucremsr (30) onpesiensieM HEM3BECTHBIC IOCTOSIHHBIE E D, -

BeiBoabl. Ha ocHOBaHMHM METO/1a ACHMITOTHYECKOTO UHTETPUPOBAHUS YPAaBHEHNUN TEOPUH
YIPYTrOCTH IOCTPOEHBI HEOJAHOPOIHBIE, OAHOPOJHBIE PEUICHUS U U3Y4YEH XapaKTep HapsKEHO-
nehOpMUPOBAHHOTO COCTOSHUS.

JIUTEPATYPA

1. MextueB M.®. AcCHUMNTOTHYECKUH aHAIM3 HEKOTOPHIX MPOCTPAHCTBEHHBIX 3aJau TEOPUHU
YIPYrOCTH JUIsl OJIBIX Tedl. baky: Omnm, 2010, 316 c.

2. AxmenoB H.K., Mextues M.D. AHanu3 TpexMepHOW 3ajadd TEOPUM YHPYTOCTH IS

HEOJIHOPOJHOI0 YCEYEHHOro 1nojoro konyca // Ilpuknagnas maremaruka U Mexanuka, 1993,
T.57, Ne5, ¢.113-119.

3. AxmenoB H.K., Mextues M.®. OcecuMmMmeTpudHas 3aqada TEOPHH YIPYTrOCTH JUIS
HEOJHOPOJHON TUIMTHI TMepeMeHHOW TonmuHel/[IpuknagHas MaremMaTHKa W MEXaHHKA.

1995.1.59, Ne3, ¢.518-523.
25



3aoaua kpyuenus 01151 HeOOHOPOOHOU MPAHCEEPCANLHO — U3OMPONHOU NAUMbL
nepemenHou MmoauuHbl

4. AxmenoB H.K., Mextues M.®., [laxsepaueBa ['.H. Ananu3 ocecuMMeTpuyHON 3aaauu
TEOpUHU YIPYTOCTHU JJISi HEOAHOPOJHOW TPaHCBEPCATIbHO-U30TPOMHON KOHMYECKOH 000JI0YKH
// W3Bectusi BhicmuX yueOHbIX 3aBeneHuit Ceepo-KaBkaszckuii permon. EcrecTBeHHBIE
Hayku, 2015, Ne2, ¢.5-11.

5. AxmenoB H.K. , [llaxBepauea ['.H. Ananuz tpexmepHOW 3a7auv TEOPUU YIPYTOCTH IS
HEOJIHOPOJHON TPAHCBEPCATbHO-U30TPOIHOM  IUIMTHI MEPEMEHHOW TONMMMHbBL. // BicHuK
HarionansHoro Texmiudoro ysisepcurery «XIIi», Cepus « MexaHiKo-TeXHONOTI4HI
cucteMu Ta Komriekcu», Ne7 (1179), 2016, ctp. 8-12

6. babaesa I'.H. 3amaua kpydeHus i HEOJHOPOJHOM TpaHCBEPCATHHO-U30TPOITHON

KOHHMYeCKorW o0osouku.// Azorbaycan Texniki Universiteti. Elmi Osorlor, fundamental

elmlor, N 3, cild X1 (43), 2012, 5.104-113

Jlypse A.N.Teopusa ynpyroctu.M.: Hayka, 1970, 939 c.

8. I'ompnenseiizep A.JI. TloctpoeHue npHONMIKEHHOW TeOpuHM OOOJIOYEK TMPU MTOMOIIH
ACUMITOTUYECKOTO HWHTETPUPOBAHUS YypaBHEHHU Teopuu ynpyroctu // IlpuxiagHas
MaTeMaTHKa 1 Mexannka, 1963, 1.27, Ned, ¢.593-608.

~

XULASO
DOYIiSON QALINLIQLI QEYRI-BIRCINS TRANSVERSAL-iZOTROP LOVHONIN
BURULMA MOSOLOSI
Sahverdiyeva G.N.

Acar sozlar: tarazhq tonliyi, geyri-bircins hall, bircins hall, sorhad lay: xarekterli hall, asimptotik
metod.
Elastikiyyat nozariyyasi tonliklarinin asimptotik inteqrallanmasi metodu ils doyison qalinligli geyri-
bircins transversal-izotrop 16vhonin burulma masalasi todqiq edilir. Qeyri-bircins, bircins hallor qurulur
vo gorginlik-deformasiya voziyystinin xarakteri dyranilir.

SUMMARY
TORSION PROBLEM OF A VARIABLE THICKNESS INHOMOGENEOUS
TRANSVERSELY- ISOTROPIC PLATE
Shahverdiyeva G.N.

Key words: balanced equation, heterogeneous solution, homogeneous solutions, boundary layer
solutions, asymptotic method
Torsion problem of variable thickness inhomogeneous transversely-isotropic plate is studied by
method of asymptotic integration of equations of elasticity theory. Systems of inhomogeneous and
homogenous solutions are set up. The nature of strain-deformation state is clarified.

Daxilolma tarixi: [lkin variant 13.04.2017
Son variant 26.12.2017
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Fenol vo anilinin metillosmo prosesini aparmaqda asas magsad onlarin metil homologlarini
almaqdir. Fenolun monometil homologlarina anizol vo krezollar, anilinin monometillosmo
reaksiyasinin mohsullarina iso N-metil anilin vo toluidinlor aiddir. Sadaladigimiz mohsullar ssas
iizvi vo neft-kimya sintezi sonayesinin qiymotli mohsullari vo yarimmohsullar1 sayilir. Onlar
osasinda aqrokimyoavi mohsullar, pestisidlor, qatranlar, boyalar, otirli maddslor, vitaminlor, dorman
preparatlari, asqarlar, polimerlar istehsal olunur [1-3].

Fenol vo anilinin metillosmo prosesindo metillosdirici kimi metil halogenidlor, metanol,
dimetilefiri, formaldehid, qurulusunda metilol qruplar1 olan sulfotursularin duzlari, torkibindo
miitohorrik metil qrupu olan karbohidrogenlordon (masalon, metil-, dimetil-, trimetilbenzollar va s.)
istifado olunur [4-6]. Todqgiqatlarda katalizator kimi miixtslif metallarin halogenidlori, oksidloari,
onlarin kombinasiyasi, homginin aliimosilikatlar seolitlor vo onlarin modifikasiya olunmus
niimunolori, heteropolitursular gotiliriilmiis [7-12] vo bozi hallarda praktik ohomiyyat kosb edon
naticalar alda olunmusdur.

Magalads fenol vo anilinin metanolla alkillosmo reaksiyasinda ilk dofs olaraq nanodlgiilii
rutenium-titan torkibli oksid katalizatorunun istiraki ilo aparilmig todqiqatlarinin noticolori verilir.
Bu katalitik sistem elektrokimya sonayesindo istifadasini tapmis xiisusi metodika asasinda sintez
edilmisdir. Katalizatorda rutenium oksidin titan oksidino olan mol nisboti 0.43:1 toskil edir.
Kontaktin morfoloji qurulusunun todqiqi [13] noticasindo miioyyon edilmisdir ki, niimunonin
mixtolif saholorindo iki név sothlor mévcuddur. Bu sothloro hamar sothlor vo globullar aiddir.
Hamar sothlorin miixtalif yerlorindo atomlar miixtolif ciir yigilir. Atomlarin miixtolif qofaslords
yerlogsmasi ciddi tonzim olunur. Hamar atom qofaslorinin fonunda ayri-ayr1 hacmli nanoklasterlor
olur ki, onlarin 6l¢iilori 3 nm togkil edir. Qlobullara goldikds, qeyd etmak lazimdir ki, onlar bir nego
olgiili saviyyalora malikdir. Asag1 soviyyados onlar bir-biri tizerinda yerlosmis, dlgiilori 1-3 nm olan
hocmli Kklasterlordon ibaratdir. Gorlindiiyti kimi, rutenium-titan kontaktt nanodlgiilii torkib
hissolorino malik olan kompozitdir.

Tacriibolor axar novlii reaktoru olan laborator qurgusunda aparilmis, alinan moshsullarin
analizi xromotoqrafik va spektral iisullarla hoyata keg¢irilmisdir.

Rutenium-titan torkibli katalizatorun istiraki ilo anilinin metanolla alkillosmo reaksiyasinin
naticalari cadval 1-do fenolun metanolla garsiligh tesirinin naticalori iso cadval 2-do verilmigdir.

1-ci codvaldon goriindilyli kimi, rutenium-titan torkibli katalizatorun istiraki ilo anilinin
metanolla alkillogsmoasi digor katalizatorlarla miiqayisodo daha asag1 temperaturda bas verir. Belo ki,
240 °C temperaturda anilinin konversiyas 8.5 %, 320 °C temperaturda 23.0 %, 380 °C temperaturda
150 comi 28.0 % toskil edir. Temperaturun 140 °Cc qaldirilmasi anilinin ¢evrilma doracasini ~19.5 %,
80 °C artmas iso konversiyan1 14.5 % coxaldir. 320 C-don sonra prosesin temperaturunun
qaldirilmasi anilinin konversiyasini comi 4.5 % artirsa da, bu zaman reaksiya mohsullarinin torkibi
vo onlara goro selektivlik xeyli asagi diiglir. Belo ki, 320 C temperaturda N-metilanilino gora
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selektivlik 74.0 %, 380 °C-do iso 32.0 % olur. Bu zaman anilin molekulundaki karbona goro
metillosmo mohsullarinin selektivliyi comi 5.8 % artir. Bu da temperaturun sonraki artmasi ilo yan
gevrilmolerin siirotinin artdigii gdstorir. Demoli, temperaturun 320 °C-don yuxari galdirilmasi
rutenium-titan kontaktinin alkillosmoa qgabiliyyatini xeyli asag1 salir vo onun xassalorino manfi tasir
gostorir. Asagi temperaturda (240 °C) nanoélgiilii katalizatorun N-alkillosmo reaksiyasint yiiksok
selektivliklo (98.0 %) hoyata kecirmosi do bu katalizatorun maraqli cohati sayilmalidir. 280 °c
temperaturda alinan alkilatin da torkibi maraq dogurur. Osason, N-metilanilindon (87.5 %) ibarat
olan garisigda 2-metilanilin vo 4-metilanilinin ¢evrilmis anilino goro hesablanmis ¢iximlar1 uygun
olaraq 10.0 va 1.5 % toskil edir ki, onlarin da bir-birindan rektifikasiya yolu ilo ayrilmasi texnoloji
cotinlik torotmir.

Beloalikla, todqiq etdiyimiz {isul ¢evrilmoyon anilin vo metanolun sistemdo ¢oxdafalik dovr
etdirilmasi yolu ilo onlarin tam ¢evrilmosino nail olmaga imkan verir vo alinan mohsullarin
tomizliyinin talab olunan soviyyads olmasina sorait yaradir.

Cadval 1.
Rutenium-titan kontaktinin istirak: ilo anilinin metanolla alkillogsma reaksiyasina temperaturun tasiri.
Reaksiyanin goraiti: v-0.8 st v=1:2.5 mol/mol.

Reaksiyanin Reaksiya mohsullarinin ¢evrilmis anilino gora hesablanmis ¢iximlari Anilinin
temperaturu, Toluidinlar N-metil anilin konversiyasi,
°’c orto meta para %

240 - - - 98.0 8.5

280 10.0 - 15 87.5 15.4

320 19.2 - 5.5 74.0 23.0

380 215 1.0 8.0 32.0 28.0

Cadval 2.

Rutenium-titan kontaktinin istirak: ilo fenolun metanolla alkillosma reaksiyasina temperaturun tasiri.
Reaksiyanin soraiti: v-0.8 st*, v=1:2 mol/mol.

Reaksiyanin | Reaksiya mohsullarinin gevrilmis fenola géra hesablanmig sxemlori Fenolun
temperaturu, | Anizol 2-metil- 3- vo 4- 2.6- Identifikasiya | konversiyas,
°c fenol metil- dimertil- olunmus %
fenollar fenol maddolor
280 - 71.0 - 17.8 10.0 18.0
300 - 73.5 - 20.0 5.5 20.0
320 - 75.0 - 20.5 3.5 25.5
360 - 74.0 1.0 22.0 2.5 26.0

Cadval 2-do verilon naticalorin tohlillorindon aydin olur ki, asasi xassoli anilindon forqli
olaraq daha ¢ox tursuluga malik olan fenolun nanodlgiilii katalizator vo metanolun istiraki ilo
katalitik ¢evrilmasi anilinlo miiqayisads xeyli forqlidir.

[lk névbods, fenolun metanolla qarsiligh tosirinin 280°C temperaturdan baglayaraq
gercoklosmasi anilinlo miigayisado 40°C forqin oldugunu gostorir. Qeyd etmok lazimdir ki, digor
katalizatorlardan forqli olaraq, nanodlciilii katalizator bu reaksiyani da nisboton asag1 temperaturda
gercoklosdirir.

Anilindon forqli olaraq, fenolun metanolla alkillosmosindon alinan katalizatda oksigena
(O-) gora alkillosmo mohsullarina, o ciimlodon anizola rast golinir. Anilin olan halda azota (N-)
gora alkillogmo katalitik prosesin asas ¢evrilmosi kimi miisahido olunmusdur.

Digor torofdon fenol olan halda nanodl¢iilii katalizatorun istiraki ilo m- vo n-krezollar da
alinmir vo asas reaksiya mohsullarina fenol niivesindoki o- vaziyyatds olan karbonlarda elektrofil
ovozetmo reaksiyasi hesabina omolo golon 2-metilfenol vo 2.6-dimetilfenolu géstormok olar. Proses
zamani temperaturun artmast ilo (280 OC-don 320 0-ye) 2-metilfenola goro reaksiyanin selektivliyi
ovvalco 4.0 % artaraq 75.0 %-o catir, daha sonra iso 360 °C-do 2-metilfenola goro prosesin
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selektivliyi az doyisir. 2-metilfenoldan forqli olaraq, 2.6-dimetilfenolun g¢evrilmis fenola gore
hesablanmis ¢iximi temperaturun artmasi ilo ¢oxalir. Goriindiiyli kimi, temperaturun 280 9C-don
360 %-yo qaldirilmasi bu mohsula gora selektivliyi 4.2 % artiraraq 22.0 %-o catdirir.

Alkillosmo prosesindo substrant kimi fenol gotiiriildiikdo onun konversiyasi da anilinlo
miiqayisads bir qodor yiiksok olur. Hor iki halda alinan mohsullarin miigayisosi onu da gostormisdir
ki, fenolun metanolla alkillosmo prosesindo torkibi doqiq miioyyanlosmoyon maddalor do alinir ki,
onlarin ¢iximi temperaturun artmasi ilo azalir. Anilin olan halda bu kimi birlogsmolor omalo golmir.
Giliman olunur ki, miihitin hidrogenlo durulagdirilmasi katalizatorun torkibi vo xassalorino bilavasito
tosir gostorir vo anilindon forqli olaraq, fenolun gismen hidrogenlogmosi hesabina identifikasiya
olunmamis mohsullarin alinmasi ilo naticolonir. Digor torofdon miioyyon edilmisdir ki, durulasdirici
olmayan halda nanodlgiilii kontaktin alkillosmo reaksiyasindaki aktivliyi ¢ox azalir vo istismar
xassolori asagi diisiir. Cox giiman ki, durulagdirict olmayan miihitdo katalizatorun qurulus vo
torkibinds do qismon doyisikliklor bas verir.

Anilin va fenolun metanolla alkillosmo prosesindo alinan katalizatlarda metanolun konar
cevrilmasi hesabina (2CH3;OH—->HCOOCH;3+2H,) metilformiat alinir. Temperaturun artmasi (>320
0C) ilo onun parcalanmasinin siiroti artir vo qaz halinda aliman mohsullar igorisindo karbon
oksidlorinin vo suyun miqdar1 ¢oxalir. Maraqlidir ki, nanodlgiilii katalizatorun istirak: ilo fenolun
metilformiatla qarsiliglt tosirindon anizolun 62.0-96.0 % selektivliklo alindig1 ovvalki
todqiqatlarimiz [14] naticosinds tosdiq edilmisdir. Bu zaman fenolun konversiyasi temperaturun 240
9C-don 320 °C artirlmasi ilo 8.3 %-don 22.5 %-o qalxir vo alman alkilatlarda krezollarm biitiin
izomerloring rast golinir.

Belaliklo, fenol vo anilinin metanolla alkillosmo reaksiyasinin durulasdirict vo nanodlgiilii
rutenium-titan torkibli oksid sisteminin istiraki ilo tadqiqinin naticalori yuxarida miioyyon etdiyimiz
imumi vo forqli ganunauygunluglart {izo c¢ixarmisdir. Katalizatorun torkibi vo Olgiilorinin
nanosoviyyado olmasi, tursu osast xassolori bir-birindon forqlonon, lakin hor ikisi birinci nov
ovozloyici olan substantlarin metanolla garsiligl tesirinin xiisusiyyatlori durulagdiricinin prosesin
0ziino vo katalizatorun katalitik xassolorino bilavasito tosiri son noticads katalitik sothds gedon
alkillogsmo reaksiyasinin bagvermo sxeminin aromatik birlogsmonin tobistindon asili olaraq, forqli
oldugunu gostorir. Beloliklo, fenol vo anilinin metanolla alkillosmo reaksiyasinin naticolorinin
miiqayisali tohlili imumi va forgli ganunauygunluglari miioyyon etso do, golocokdo bu istigamotdo
daha inca todqiqatlarin aparilmasina ehtiyac vardir.
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PE3IOME
KATAJIUTUYECKHUE CBOMCTBA HAHOPASMEPHOM OKCHUJIHOM CUCTEMBbI
IPU AJIKUJIUMPOBAHUU ®EHOJIA U AHWIMHA METAHOJIOM
Mypaooe M.M., Azaee A.A.

Knrouesvie cnoesa: qbeHOJZ, AHUIUH, MemAaroj, aIKUJIUposaHue, HaHOpClB’Meprll:i, Kamanusamop,
KUCJIOMHO-OCHOBHbIE CBOUCMEA.
O6Cy)KIleHI)I CpaBHUTCIIbHBIC JAHHBIC PCaKIHU AJIKUJIUPOBaHUSA @CHOHa U aHWJIMHAa MCTAaHOJIOM B

NPUCYTCTBUM HAHOPA3MEPHOW PpPYTEHUU-TUTAaH OKCUIHOW cucreMbl. IIpuBeneH aHamu3 OCHOBHBIX U
MOOOYHBIX MPEBPAILEHUH, UMEIOIUX MECTO B IPOLIECCax, U JaHHbIC BIUSHMS KaTaau3aropa U pa30aBUTENs
Ha 9TH NIPEBpaLICHUS.

SUMMARY
THE CATALYTIC PROPERTIES OF NANOSCALED OXIDE SYSTEM IN METHANOL
ALKYLATION OF PHENOL AND ANILINE
Muradov M.M., Aghayev A A.

Key words: phenol, aniline, methanol, alkylation, nanoscaled, catalyst, acid-based properties.
The comparative data of the reaction of alkylation of phenol and aniline with methanol in the presence

of nanometric ruthenium-titanium oxide system are discussed. The catalytic properties of nanoscaled oxide
system in methanol alkylation of phenol and aniline are analyzed.
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Moaqalads “Yagsil kimya min asas miiddaalar: sirasina daxil edilmis ion mayelarinin istiraki ilo
(oligo)alkilaromatik mahsullarin alinmasu iizro aparilan islorin qisa icmalt verilmig, bu sahanin aktual vo
perspektiv olmasindan bahs edilmigdir.

Aromatik karbohidrogenlorin olefinlorlo alkillosmosi kimya sonayesindo on vacib
proseslordan biridir. ©nonavi olaraq bu reaksiyalarda homogen (AICIs, HF, H,SO4, H3PO4, vos.)
[1,2] vo heterogen (miixtolif seolitlor, metal vo metal oksidlori, bu sathlora ¢okilmis tursular va s.)
[1,2] tipli katalizatorlardan genis istifado olunur. Homogen Kkatalizatorlar yiiksok aktivlik
niimayis etdirir, lakin oksor hallarda ekoloji cohatdon slverissiz, korroziya qabiliyyatlidir, tokrar
istifadosi miimkiin deyil vo mohsullar katalizatordan c¢otinliklo ayrilir. Bu proseslorin
aparilmasinda istifado olunan heterogen katalizatorlar iso oksor hallarda aktivlik vo selektivlik
gostoricilorinin  asagi olmasi, regenerasiyanin ¢otin aldo edilmosi kimi catigmazlhiglar ilo
xarakterizo olunur [2].

Son illor bu proseslor {igiin "Yasil kimya"-nin osas miiddoalar sirasina daxil olan ion
mayelori (IM) alternativ holledici vo katalizatorlar kimi boyiik digqet qazanmisdir. IM-nin tokrar
istifado imkanma malik olmasi, iizvi birlosmalorlo vo metaliizvi katalizatorlarla uygunlugu,
reaksiya mohsulundan asan ayrila bilma qabiliyyati ¢ox vacibdir [3-5].

Toqdim olunan qisa icmalda ion mayelorinin son illordo xiisuson alkillogsmo
reaksiyalarinda todqiqgi haqqinda molumat verilmisdir. IM-nin istiraki ilo aromatik
karbohidrogenlorin, izo-parafinlorin, feniloksidlorin olefinlorle, miixtalif halogenidlarlo (benzil
xlorid, asetil xlorid va s.) alkillosmasi genis todqiq olunmusdur [3-8].

Molumdur ki, [1, 2] alkilaromatik birlosmalor elm vo texnikanin miixtslif sahslorindo, o
climlodon dorman va insektisidlorin sintezindo miihiim araliq birlogmalar, sothi aktiv maddslor
va sintetik yuyucu vasitolor, odviyyat sonayesinda qatqilar, sothi aktivliye malik sulfonatlarin,
tomizlayici, boyayici, emulsiyaomalagatirici, filizlorin xirdalanmasinda, nanotexnologiyalarda
osas komponent kimi genis istifads olunur.

Alkillogsmo reaksiyalarinda, osason, xloraliiminat tipli ion mayelorindon istifado olunur. Bu
IM metal duzlari, oksidleri ilo birgs istifado olunma, miixtolif sothloro ¢okilmo imkanlarina
malikdir [3-8]. Asagida verilon konkret misallarda bu sistemlor, onlarin istiraki ilo alinan
mohsullar haqqinda qisa melumatlar verilmisdir.

Moanbado [9] 1-etil-3-metilimidazoliumheksafliiorfosfat ([emim][PFg]) vo 1-etil-3-
metilimidazoliumheksafliiorantimonat ([emim][SbFg]) IM don istifado edorok aromatik
karbohidrogenlorin olefinlorlo alkillosmo reaksiyalarini aparmislar. Burada (birgs) katalizator

31


mailto:ymnkpi@gmail.com

Aromatik karbohidrogenlarin ion maye tipli kompozit katalitik sistemlorin
istiraki ilo (oligo)alkillagsma proseslori

kimi skandium (III) trifliiorometansulfonat ([Sc(OTf)3]) istifads olunmusdur. Noticado, olefinin
yiiksok konversiyasi vo monoalkilatlar iizro yiiksok selektivlik oldo olunmusdur.

Benzolun heksen-1 ilo alkillosmasi trietilaminhidroxlorid ssasinda alinan ([EtsNH][CI-
FeCls] vo [EtsNH][CI-AICI3]) IM-lorin istiraki ilo aparilmisdir [10]. IM-nin HCI ilo
modifikasiyasi tomiz monoalkilat mahsulunun alinmasina gatirib ¢ixarmigdir.

Milliflor benzolun 1-oktadesenlo alkillosmosindo  butilmetil imidazolium torkibli
([bmim][CI-FeClz]) IM - ni istifads etmislor [11]. Bu ion mayesinin istifadasi [omim][CI-AICI3]
IM-na nazaren monoalkilbenzollarin yiiksok selektivlik ilo alinmasina gatirib ¢ixarmisdir.

Toluolun iiglii-butil xloridls alkillogmasinds aliiminium xlorid tipli - [EtsNH][CI-AICI5] IM
totbiq edilmisdir [6]. Noticada, p-iicliibutiltoluol 82,5% selektivliklo alinmisdir. IM dofalorlo
tokrar istifade olunmus va ilkin katalitik aktivliyini saxlamigdir.

Michael Driver va omakdaslari toluolun va o-ksilolun (oliqo)propilen ils alkillosmasini 30-
50°C-da metil-iiglii-n-butilammoniumaluminat tipli IM-in istirak1 ilo hoyata kecirmislor [12].

Qiao vo digoarlori benzolun 1-dodesenlo vo ya xlorometanla alkillosmasini HCI — la
modifikasiya olunmus etilmetil imidazolium torkibli ([emim][CI-AICl3]) ion mayesinin istiraki
ilo aparmislar. Yiiksok ¢evrilmo va selektivlik oldo olunmusdur [13].

Wang va digarlari butilmetilimidazolium tarkibli ([bmim]Cl-FeCl3) ion mayesinin istiraki ilo
benzolun 1-dodesenls alkillosmosini aparmuglar. Ion mayesinin tursulugunun tosiri, miqdari,
benzolun 1-dodesens molyar nisbati, reaksiya temperaturu vo 1-dodesenin ¢evrilma vaxti, iki izomer
izra selektivlik arasdirilmisdir. Noticolor gdstormisdir ki, yalniz turs ion mayelori katalitik aktivlik
gostarir vo aktivliyi azalmadan tokrar istifado oluna bilir. Optimal reaksiya soraitindo 1-dodesenin
¢evrilma nisbati va iki izomerin selektivliyi 34,3 - 100% haddindadir [14].

Xi vo basqalart benzolun 1-dodesenls alkillosmosindo miixtalif alkil qruplart (butil, oktil,
dodesil va s.) vo miixtalif halogenid (xlorid, bromid, yodid va s.) kation vo anionlarindan ibarot
1-alkil-3-metilimidazoliumhalogenid - aliiminium xlorid tipli ion mayelorindon istifado etmislor.
Biitiin bu ion mayelori arasinda [bmim][Al,ClgBr] IM-nin daha yaxs1 katalitik aktivliys malik
oldugu miioyyanlogdirilmisdir [15].

Zhu va bagqgalar1 xloroaliminat tipli ion mayelarinin istiraki ilo C19-Cy3 torkibli olefinlorla
benzolun alkillogsmasini aparmiglar vo xatti alkilbenzollar almiglar [16].

Donq vo basqalar1 benzolun Ci-Cig alfa olefinlorlo  1-butil-3-metilimidazolium-
xloraliiminat ion mayesinin istiraki ilo alkillosmosini Oyronmiglor. Otaq temperaturunda 30
doaqiqge arzinds ali olefinin ¢evrilmosi 98%, 2-alkilbenzolun selektivliyi iso 46 % olmusdur [17].

Kitabda benzol va ya toluolun Cy-Cyg a-olefinlorlo ion mayelari istirakinda alkillosmasi
iclin olverisli proses toklif olunmusdur. Olefinin g¢evrilmasi 99,9%-don, monoalkilbenzol vo
monoalkiltoluolun selektivliyi iso 85% vo 90%-don yuxar1 olmusdur. Miixtalif kation torkibli
bromxloroaliiminat tipli ion mayelori istiraki ilo o-metilnaftalinin uzun zoncirli alkenlorlo
alkillogsmosi arasdirilmigdir. Butilpiridinium bromxloroaluminat ([BuPy][Br—AICl3]) ion
mayesinin daha yaxs katalitik gabiliyyatli oldugu miioyyon olunmusdur. Todgiqatgilar IM-in
istirakt ilo dialkilmalonat, asetoasetatin fenil halogenidlorlo C-alkillogsmosini, ki¢ik molekullu
aminlorin sado alkilhalogenid vo tosilatla N-alkillogmoasini aparmiglar [9].

L.Y.Piao vo omokdaslar1 torofindon 1-butil-3-metilimidazoliumxloraliiminat ion
mayesindon istifado etmoklo monododesildifenil oksid sintez olunmusdur. Difeniloksidin alfa-
dodesenlo alkillosmasi 80°C- do aparildiqda, difeniloksidin 1-dodesena molyar nisboti 7, 1-
dodesenin ion mayeyo molyar nisboti 2 gotiiriildiikdo on yiiksok ¢ixim oldo olunur. Reaksiya
zamani daha asag1 temperaturda [bmim][CI/AICI3] IM - don katalizator kimi istifado olundugda
1so monododesil difeniloksidin maksimum ¢iximi 90%-3 yaxin olur [18].

Ying Xiao vo basqalar1 torafindon benzolun alkilhalogenidlorlo 1-etilpiridinium-
trifliioroasetat torkibli ([EtPy] [[CF3COQ] -FeC13]") IM-in istiraki ilo alkillosmosi aparilmisdir.
Gostorilmisdir ki, yiiksok selektivlik 50°C-da olda olunur [19].
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Sun Xuewen va omokdaslari torafindon benzolun propilenls alkillosmasi FeCls vo xlor-
butilpiridinhidroxlorid asasinda alinan ion mayesi istiraki ilo aparilmis vo kumol alinmigdir.
Gostarilmisdir ki, reaksiyanin ilkin marholosinds alkillogsma asas reaksiyadir, asagi temperaturda
propilenin yiliksok konversiyasi bas verir, sonraki morholodo transalkillosmo osas reaksiya hesab
olunur, reaksiyanin temperaturunu miivafiq olaraq artirdigda kumolun selektivliyi artir [20].

Sun Xuewen vo omokdaslar1 izotop miibadilo metodu ilo benzolun I1-dodesenlo
alkillosmosindo  AlCla/butil-metilimidazoliumxlorid IM-nin Kkatalitik tesir mexanizmini
aragdirmislar. Bu mogsadlo deyteriumlagsmis benzolun (CgDg) 1-dodesenlo alkillogsmasi
aparilmis, alinan mohsullar analiz olunmus, IM—nin ovvalki vo reaksiyadan sonraki qurulusu
aragdirilmigdir [21].

Curt B. Campbell vo omokdaslart metiltributilammoniumxloraluminat ion mayesinin
istiraki ilo 0-ksilolun C14—Cgo+ alfa — olefinlorls alkillogsmasini aparmuslar [22].

LV Chunsheng vo amokdaslar1 [EtsNH][CI-AICI3] ion mayesi istiraki ilo benzol vo desen —
1 — in alkillosmosi vo desen — 1 — in oliqomerlosmasi ilo siirtkii yaglar1 almislar. Alkillosmo
mohsullart asason dialkilbenzol vo desen—1—in pentamer, tetramerindon ibarst olmusdur. Alinan
mohsullar yiiksok 6zliiliik indeksina (114 — 164), asagr donma temperaturuna (monfi 48 — monfi
62 °C), orta molekul kiitlosina (425 — 620) malik olmusdur [23].

Icmalda miisllifler torafinden IM - don istifade etmoklo miixtolif aromatik birlosmolorin
alkillosmo reaksiyalart genis tosvir olunmusdur [24].

Icmalda ion mayelorinin sintezi, totbiqi haqqinda genis molumatlar verilmisdir. Burada
miixtalif alkillogsmo reaksiyalari, o climlodon fenol vo annizolun alkillosmasi ii¢lin istifads oluna
bilon IM ohatali tosvir edilmisdir. lon mayelarinin mineral tursularla miiqayisali olaraq xassalori
aragdirtlmigdir [25].

Huping Luo vo omokdaslari xloroaluminat IM-lerinin istiraki ilo izoparafinlorin vo
aromatik Kkarbohidrogenlorin olefinlorlo alkillosmasini aparmuglar. Gostorilmisdir ki, IM-do
bifazali kataliz naticasindo yliksok naticalor alds etmok miimkiindiir vo katalitik sistem hatta bork
tursularla birgo dofalorls tokrar istifado oluna bilor [26].

Qeyd etmok lazimdir ki, alkillosma reaksiyalarinda fordi IM-dan basqa, onlarin metal vo
metal oksidlori, siiso, aktivlogmis karbon vo s. iizorino hopdurulmus, silikagel, MCM — 41,
selolitlorlo calanmis formalarindan da genis istifado etmok olar [27]. Silisium oksidi {izorine
hopdurulmus IM miixtalif aromatik birlosmalorin (benzol, toluol, m-ksilol va s.) asetil xloridlo va
ya onun anhidridloari ilo alkillogsmasindo vo asillogsmasindo do genis istifado edilmisdir. Silikat vo
alimosilikat torkibli mezomosamoali materiala (MCM-41) hopdurulmus ion mayesindon -
[((EtO)3Si)*C5C1im][FeCls] benzolun benzilxloridlo alkillasmasi reaksiyasinda istifado olunmast
haqqinda malumatlar verilmisdir.

Shen vo basqalar1 fenolun tglibutil spirti ilo [bmim]PFg, 1-metil-3-oktlimidazolium
tetrafluoroborat [omim]BF, vo digar ion mayelorinda, bork tursular vo onlarin satho ¢okilmis
formalar istiraki ilo alkillogmosi lizra miiqayiseli toadqiqatlar aparmislar. Gostorilmisdir ki, bu
soraitdos 2,4-di-ligliibutilfenolun selektivliyin1 64,9%-a qodar artirmaq olar [28].

Uzun zoncirli (Cy11,Cq2 olefinlor) alkenlorlo a - metilnaftalinlorin ion maye va seolit
katalizatorlar1 ilo alkillogsmasi arasdirilmisdir. Uzun zoncirli olefinlorin yiiksok cevrilmasi vo
monoalkilnaftalinlorin yiliksok selektivliyi alde olunmusdur [9].

Miiolliflor torofindon icmalda silisium oksidi {izorino ¢okilmis xloraluminat tipli ion
mayelori Fridel — Krafts reaksiyalarinda genis aragdirilmisdir. Yiiksok selektivliya malik (98%)
monoalkilat mohsullar aldo olunmusdur [29].

De Castro vo basqalari [bmim][CI-AICl3] ion mayesini silisium vo aliimiinium oksidi
sothlorino hopdurmagqla alkillosmo reaksiyasinda istifado etmislor. Reaksiyalar fasilosiz maye
faza vo fasilesiz qaz-faza sistemli xiisusi tipli reaktorda ("batch reaktor") aparilmigdir. Benzolun
dodesenlo alkillosmasinda sotha ¢okilmis ion mayelori daha yaxs1 aktivlik géstormisdir [30,31].
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Joni vo omokdaslar silisium oksidi sathino ¢okilmis xloroaluminat tipli IM - don istifado
etmoklo suspenziyada kumolun alkillogsmosini aparmislar vo burada katalizatorun yiiksok
selektivlik vo aktivlik gostordiyini miisahids etmislor [32].

fon mayelorinin alkillosmo proseslorinds istifadesinin perspektiv olmasini, onlarm
istifadosi ilo aparillan sonaye proseslori do bir daha tosdiq edir. Belo ki, Cinds hal-hazirda
faaliyyat gostoron "loniklylation"” prosesindo xloroaliiminat tipli ion mayelorindon vo onlarin mis
duzlar1 ilo modifikasiya olunmus formalarindan genis istifadoe edilir. Bu ion mayelori ilo
izobutanin 2-buten ilo vo ya etilen ilo alkillosmosi aparilir [7].

Qeyd etmok lazimdir ki, son illorin patent adobiyyatinin [33-43] arasdirilmasi miivafiq
sahonin aktualliin1 bir daha gostorir. Bu patentlorin ¢oxunun lisenziyast qabaqcil sonaye
firmalar1 vo sirkatlori torafindon totbiq olunmagq {igiin alinir. Belo firmalardan biri do Azko Nobel
olmusdur. Bu patentdo benzolun 1-dodesenlo xloraliiminat tipli IM-in istiraki ilo alkillosmo
proseslorindon bohs edilir [7].

fon mayelorinin  miixtolif neft-kimya proseslorindo, o ciimloden aromatik
karbohidrogenlorin olefinlorlo alkillogsmosindo todqiqi sahesindo AMEA-nin akademik
Y .H.Mommadasliyev adina Neft-Kimya Proseslori Institutunda da ugurlu arasdirmalar aparilmis
[3, 44-57] va yliksak elmi naticalar alda edilmisdir.

Beloalikls, bu kicik icmaldan goriiniir ki, ion mayelori miixtolif alkillogsmo proseslari {igiin
ikifazali sistemlordo olverigli miihitlor, holledicilor, (birgo) katalizatorlar kimi genis istifado
oluna bilon maddslordir vo galacak {igiin genis perspektivlors malikdir.
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PE3IOME

IMPOLECCHI (OJIMT'O)AJIKHJIMPOBAHUA APOMATHYECKHUX YIJVIEBOAOPOAOB B

IMPUCYTCTBHUU KOMIIO3UTHBIX KATAJIMTHUYECKHUX CUCTEM UOHHO-
KUJIKOCTHOI'O THIIA
Mameooea E.M., Anuesa P.B., Kapaeea .M.

Knroueeswle cnosa: (onueo)ankunuposarue, apomamuieckue yeieeo00poobl, UOHHbLE HCUOKOCHILL.
B  crathbe npuBeneH  KpaTKuii  0030p  MPOBOJMMBIX  pa0OT MO  MONYYCHHIO

(onMro)anKuIapoMaTu4ecKuX MPOAYKTOB B MPUCYTCTBHM HOHHBIX JKMAKOCTEH, BXOIMIIMX B psA
OCHOBHBIX acIeKToB «3eleHol XuMun». OTMeuaeTcs akTyanbHOCTh M MEPCIEKTUBHOCTh 3TOH 00JacTu.

SUMMARY
(OLIGO)ALKYLATION PROCESSES OF AROMATIC HYDROCARBONS IN THE
PRESENCE OF IONIC LIQUID TYPE COMPOSITE CATALYTIC SYSTEMS
Mammadova Y.M., Aliyeva R.V., Garayeva E.M.

Key words: (oligo)alkylation, aromatic hydrocarbons, ionic liquids.
In the article brief overview of conducted work was given for obtaining (oligo)alkylaromatic

products in the presence of ionic liquids which was included in the list of the main aspects of “Green
chemistry”. Also, actuality and perspective of this field have been described.
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Son variant 26.12.2017
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AHTHUKOPPO3UHUHBIMU CBOUCTBAMM B KUCJIOU CPEJE

''AXPAMAHOB PAIIIN ®APPYX orJbl
1OPYI[)KEB KAMAJI I KAHAXME/] orubi
2HIAXFEJII[I/IEB OU3YJIN XAHAJIU orabl

3MAMEI[OBA AUHYP AJIUM KbI3bl
Cymeaumcxuii 2ocyoapcmeentblil yHugepcument,
1-0oyenm, 2-nayunvlii compyoHuk, 3-npenooasameinb
aynur_mamedova_74@mail.ru

Knwouesvie cnoea: amunocnupmel ayemunieHogo20 padd, uHeUOumop, Kucias cpedd, adcopoyus,
KOppO3usl, CKOPOCMb KOPPO3UU, KOPPOZUOHHAS NIOWAOs, CIMENeHb 3aujumbl.

BBenenne. J[lanHas paboTa NOCBANICHA TOJXYYCHUIO IMKIMYECKAX AIlCTHIICHOBBIX
aMHHOCIIMPTOB M MCCIIEJOBAHUIO WX HUHruobupyroummx cBoiictB. CojepxkaHue B MOJIEKYyJIe
STWJICHOBBIX, ALIETUICHOBBIX, TMIPOKCHJIBHBIX M aMUHHBIX TIPYII CPaBHUTEIBHO JIy4Ile
00ecTeynBarOT aJCOPOIMI0 WHTUOWTOpAa Ha CTaMd. AHAIM3Bl PE3YIbTATOB IPOBOJAUMBIX
CEpUIHBIX OIBITOB IOKAa3bIBAIOT, YTO HHTUOMpYIOLee AECHCTBUM IOJIYYEHHOTO COEAMHEHUS
3aMETHO NPEBOCXOJUT H3BeCTHbIE. TakuM o00pa3oM AOOMJIMCH pacIIMPEHHUs] aCCOPTHUMEHTA
U3BECTHBIX HHIMOUTOPOB.

N3BecTHO, 4TO 10 CBOEMY (PM3UKO-XUMHYECKOMY M XMMHUYECKOMY CBOMCTBAM aMUHOCIHUPTHI
UMEIOT OOJIBIIOE NMPAKTHYECKOE 3HAUCHHE W TPEACTABISIIOT 3HAYMTENBHBIM MHTEPEC B KayeCTBE
HNOTEHIMAIBHBIX OMOJIOTMYECKH aKTUBHBIX COeMHeHUH. biaronaps 1ByM peakLnOHHOCIIOCOOHBIM
LIEHTpaM, UMEIOIIUMCSl B COCTaBE aMUHOCITUPTOB, OHM HAIIUTM B OOJBIIMX MaciiTabax NpUMEHEHHe
B obOsactu (apMakoIOruy, B KauecTBE IECTULMAOB B CEIILCKOM XO3SIICTBE, B KauyecTBe
MIOBEPXHOCTHO-aKTHBHBIX BEILECTB B HAPOJHOM XO3SIMCTBE, B KAaueCTBE NPHUCATOK K TOILUIMBAM B
ABTOMOOMJIBHOM MPOMBIIIJIEHHOCTH, B KAU€CTBE aHTUKOPPO3UOHHBIX HHTMOUTOPOB B XUMHUYECKOM U
He(DTEXMMHUUECKOM TEXHOJNOTMH, a TaKKe B KauyecTBE aHTUKOPPO3UOHHBIX HHIMOMTOPOB IpU
pa3paboTKe HKeNe30-0ETOHHBIX KOHCTPYKIHiA 1 T.11. [1].

TexHonornyeckue mpoueccsl, CBI3aHHbIe ¢ 00padOTKON METAIJIOB B pacTBOpax KUCIOT B
MAIIMHOCTPOCHUH M METATypruu, B XHMHUYECKOM M HEPTEXUMHUECKOW MPOMBIIUIEHHOCTH
XapaKTEepU3YIOTCS MOTEPSIMU METAJIOB B PE3yJIbTaTe UX KOPPO3ZUOHHOTO pa3pyuieHus [2].

[IpumeneHnne MHTHOMTOPOB KOPPO3UM — HamOosee PAlMOHANbHBIA MYTh JUISl 3alllUThI
00OpyIOBaHUS W W3JAEIHHA, HAaXOIAIUXCAd B 3aMKHYTOM O0OBbeME KOPPO3MOHHOH Cpeipl.
Wmeronuiics Ha CEroAHSIIHUNA JIeHb AaCCOPTUMEHT HWHTUOMTOPOB HEIOCTATOYEH  JUIS
oOecrieyeHns MOTPEOHOCTU MPOMBIIIIEHHOCTH. KpoMe Toro, MHOTHE M3BECTHbIE HWHIMOUTOPHI
TOKCHYHBI, JTUOO TNPOSBISAIOT 3alUTHBIE CBOMCTBAa B Y3KOM JHAala30HE YCJIOBUN MpPOTEKaHMs
KOPPO3MOHHBIX MpoLeccos [3].

B cBsa3u ¢ 3TUM, NOUCK HOBBIX, HETOKCHYHBIX, J((EKTUBHBIX U TEXHOJIOTHYHBIX
MHTHOMTOPOB aKTyalleH U B Hacrosiuiee Bpems. Hacrosimas HayyHO-HccaenoBaTenbekas pabora
ABIIIETCS TMPOJOJDKEHWEM U Pa3BUTHEM HCCIEIOBAaHUM IO CHUHTE3y MAaJIOTOKCHYHBIX
aMUHOCIIMPTOB C MOBBILIEHHBIMU aHTUKOPPO3UOHHBIMU CBOMcTBaMH. ClielyeT TaKKe OTMETUTH,
YTO TMOJY4YEHHOE COEJMHEHHUE, BCJIEJCTBUE HaJUM4Msi B HUX MOJIEKYJIE€ AaKTHUBHBIX
(GYHKIMOHATIBHBIX TPYII, MPEACTABIAIOT OONBIION HAYYHBIH U MPAKTHYECKUN HHTEPEC.

M3BecTHBI alleTWIIEHOBBIE aMUHBI M AMHHOCHMPTHI, oOJjajnaronye (U3noIOTrHUECKU
AaKTUBHBIMU CBOWCTBaMU. M3 JIUTEpaTypHBIX M TNAaTEHTHBIX HCTOYHUKOB HMMEIOTCS TaKXKe
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CBeZIcHHsI 00 WMHTHUOWPYIONIEM CBONCTBE HEKOTOPHIX aMUHOCIHPTOB allETUICHOBOTO psia
HOPMAaJILHOT'O CTPOCHUS B KUCITBIX CpeiaX HEPTIHBIX CKBAXHH [4].

OpHako, MHTHOMPYIOIIME CBOMCTBA HUKIMYCCKUX  AIlCTHJICHOBBIX aMUHOCIHPTOB, K
KOTOPBIM OTHOCHTCSI OIMChIBAEMOE BEIECTBO S-[4-MeTi- (2-0KcH-3-Au3THIaMHUHOIIPOIIOKCH) -
2-TIeHTUHWI | -Ouiukio-(2,2,1) -renteH-2 B IUTEpaType HE OMUCAHBI.

W3BecTHO, YTO MpHUMEHEHHWE aMUHOB B KaueCcTBE MHTMOMTOpa KOppo3uu craiu B 25%-

HOM PacTBOPE CEPHOMN KHUCIIOTHI IIPH 60°C crenenb 3amuThl (2) cocraBmser 5712%, a mpu 80°C

14+1%, 49TO W CBHUICTEILCTBYET O HEIOCTATOYHOW 3(PPEKTHBHOCTH HHTHOMTOpPA B AaHHBIX

ycIoBusX. Takue MHTHOUTOPHI B MpoMbIluieHHOCTH Ha3biBaroT AHITO-cMech anmudatudeckux
amMHHOB, oOmas Gpopmyna koropeix R—NH;, R—alr C15—Cag [5].

Ilenpto mgaHHOW pPAOOTHI SBISETCS CHHTE3 HOBOTO COCIWHEHUS aMUHOCIHPTA,
obecreunBaroero ero 0oJjiee BBICOKYIO WHTHOMPYIONIYI0 aKTUBHOCTh B KHCIIOH cpeae u
paciupeHre acCOpTUMEHTa UHTMOUTOPOB KUCIOTHOM Koppo3uu ctanu [6].

Xumudeckas GopMysia HOBOTO CHHTE3UPOBAHHOTO aMHHOCIIMPTA BBITJISAUT CICTYIOIINM
o0pazoM:

CH OH
3 CoHs

I I
CH,—CH=CH—C—0—CH,—CH—CH,—N |
— I 2 2 NCHs
CHs

ITocraBneHHas 1eIb TOCTUIAETCS UCIOJIb30BAaHUEM JIAaHHOI'O BEIECTBA, COJEPIKAILETo B
CTPYKTYpPE MOJIEKYJIbI HETIPEICIbHBIE CBSI3H (STUICHOBYIO U AlleTUIICHOBYIO), THIPOKCHUIIBHYIO
AMHMHHYIO TPYIIbI B KAUECTBE MHTMOMTOpPA KOPPO3UH CTAIU B CEPHOM KUCIIOTE.

W3BectHO, uTO 5-[4-MeTH-4-(2-0KCH-3-IHATHIAMUHOIIPOIIOKCH )-2-TIEHTHHUII |-OHIIUKIIO-
(2,2,1)-renteH-2 TmONydYArOT IMCHOBOM KOHICHCAIMEH 6-MeTHII-6-(2-0KCH-3-IUATHIIAMUHO-
nponoxcn) -1-renTeH-4-uHa ¢ UMKIONEHTAJUEHOM B SKBUMOJISIPHOM COOTHOLIEHHE Npu 165-
170°C B TeueHue 7 4acos. [Ipu sTOM BBIXOJ MpOAYKTa cocTaBiseT 86,4% (mo Teopun). Kpome
TOrO, yKa3aHHOE BELIECTBO C BBIXOJAOM 82% MONy4YeH MpH B3aUMOJCUCTBUH 5-[4-meTmi-4-
TITAIUTOKCH-2-TIEHTHHIJ | -On1inKi10-(2,2,1)-renrena-2 ¢ TU3THIAMUHOM.

JKCIepUMEHTAIbHAA YaCTh.

I. Moayuyenne 5-[4-meTnii-4-(2-okcHu-3-AMITHIAMUHONIPONOKCH)-2-TIEeHTUHIJI|-OM HK-
7a0-(2,2,1)-renten-2. a) Cmecs 7,6 T (0,03 MoJb) 6-MeTHIT-6-(2-0KCH-3- TUITHITAMHHOTIPOIIOKCH )-
l-renten-4-un u 2 T (0 03 Moib) MUKIONEHTAJIUEHA HAarpeBaloT B [PHCYTCTBAN 0,6 T
THPOXMHOHA B 3aMasHHOM aMITysie B TedeHHe 7 4acoB mpH Temmeparype 165-170°C

BakyymHol pasronkoil BelmenstoT 8,3 1 5- [4 metun-4-(2- OKCI/I-3-,Z[I/13TI/IJ18.MI/IHO-
NPOTOKCH )-2-IeHTHHU |-Outinkia0-(2,2,1)-renren-2 ¢ Tyun=157- 158°C (I mm), n3=
1,4890; d2° = 0,9716; MR, = 94,78; Bbluncieno 95,68. Beixon mpoaykra 86,45%. Haiineno
(%) C 75, 20 H-10,46; N-4,46 CyHs3 NO;. Beruucneno (%) C-75,24; H-10, 35 N-4,38 UKC
(em™) 34,50; 1090 (OH); 2240 (C=C); 1590, 1645 (C=C).

6) B tpexropnyto xondy momemator 3,7 v (0,05 monb) audtminamuna, 5 r (0,02 mons) 5-[4-

METHIT-4-TIIUIUI0KCH-2-TICHTHHWI |-OMInKi0-(2,2,1)-renteHa-2 U 3arem I[O6aBJ'I$IIOT 15 wmn

JMOKcaHa 1 8 MiT Bojsl. CMech B K0JIOe TepeMeIlnBaioT ¢ HarpesanueM npu 50-55°C B Teuenme

5 4acoB. 3aTeM MPOAYKT PEaKIMH HACBHIIAIOT €KUM KaJHeM, dKCTParupyroT 3pupoM, cymar

OC3BOJHBIM €IKMM KaJlHeM W Pa3TOHSIOT B BakyyMme. Beimeneno 7,13 r (82% ot teopun) 5-[4-

MeTni-4-(2-okcu- 3-}1H63TI/IJ‘IaMI/IHOHp0HOKCI/I) -2-neHTUHW | -Ou1KIo-(2,2,1)-rentena-2 c
T1n=156,5-158°C (I mm), n2° = 4880; d2° = 0,9710.

1. KonnquTBeHHy}o OILICHKY HHm6I/Ipy}omeI71 CIIOCOOHOCTH OMMCHIBAEMOTO BEIIECTBA
IOPOBOJAT TPABUMETPUYECKHMM METOJOM (IO MOTepe Macchl KOppo3upyromiero obpasna 3a
OJIMHAKOBOE BpEMsS B pacTBOpax, COOTBETCTBEHHO, YUCTOH WM WHTHOMPOBAHHOW KHCIIOT).

HcnpiTanust NpoBOJAT € MUIACTUHKAMU U3 MAJIOYTAepOoArCTON cTanu Mapku Ct. 3 pazmepom 30X

20X3 wmwm. Ilepen KakapIM ONBITOM, OOpa3el MOJUPOBATM MEXaHHYECKUM CIOCOOOM 110
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Cunme3s u uccnedosanue YUKIUYeCKUX ayemuieHO8bIX AMUHOCRUPIOS,
001a0arWUX NOBBIUEHHBIMU AHMUKOPPOZULIHBIMU CEOUCBEAMU 8 KUCTIOU Cpede

MOJy4YeHUs1 OJeCTAIIeHd OJHOPOIHOW TOBEPXHOCTH, OOE3KUPUBAIM CIHPTOM U alETOHOM.
ArpeccuBHON KOPpO3MOHHOM cpenod ciayxunn 5;15 m 25% pacTtBopa CepHOM KHCIIOTHI.
W3mepenns npoBOAWIM IIPU TEMIIEpaTypax 20°C, 60°C u 80°C. Bpewms ucnbiTanus 2 yaca.
WuruOupoBaHHble pPAacTBOPbl TOTOBWJIM HEMOCPEICTBEHHO mepea ombiToM. KomaudecTBo
napajuieIbHbIX UCHBITAHUN paBHO 3. {751 KOJIMYECTBEHHOW OLICHKHM KOPPO3UOHHON CTOHWKOCTH
CTaJId HCIIOJIb30BAJIM YCPEIHEHHbIE 3HAueHUs HaumboJiee BOCIPOU3BOAUMBIX pPE3YIbTATOB.
Pe3ynbraThl HCIIBITAaHUS IPUBEICHBI B TA0IHIIE.

Tabauua
Dppexmusnocms unecubUmMopa KOppo3uu CMAIL 8 CEpHOl KUCIOMme
KoHIeHTp. MHTHOUT. Koni. 20°C 60°C 80°C
coenH.(popMyIT H,SO, " 5 y " 5 y " 5 y
1 2 3 4 5 6 7 8 9 10 11 12
be3 no6aBku 0,05 51 - - 49,1 - - 156,7 - -
C nobaBkoit 14 | 725 | 36 | 179 | 635 | 28 63,5 595 | 2,5
5%
CoenuHeHus 0,1 0,7 | 862 | 7,3 49 | 90,1 | 10,0 | 43,0 725 | 3,6
dopmyisr | 0,2 065|872 | 78 | 275|949 | 178 | 411 73,7 | 3.8
bes nodaBkn 7,9 - - 93,6 |- - 3326 |- -
C nobaBko#t | 0,05 19 |759 |41 |272 |709 |34 156,2 | 530 |21
15%
Coemunennst | 0,1 12 |848 |66 |64 932 | 146 |126,1 | 621 |26
dbopmynsr | 0,2 09 [886 |88 |37 96,0 | 25,3 | 96,1 711 |34
be3 no6aBku 10,7 | - - 170,8 | - - 736,8 | - -
C no6aBkoit | 0,05 1,7 |841 |63 |372 |782 |46 351,2 |516 |2,07
25%
Coenmunennst | 0,1 14 |89 |76 |161 |906 |10,6 |3125 |570 |23
dopmyisr | 0,2 09 |916 |119 |147 |914 |116 |290,6 |60,0 |25

2 o _ Mmomyq, 2
K—ckopocts koppo3uu, r/m“uac, ompenensemas ¢opmynoin K = — r/M“4ac, Mg-M;—Bec
06pa3ua A0 U IOCJIE KOPPO3UOHHBIX I/ICHBITaHI/II\/'I, T, T—BperI HUCIIbITaHHUA, 4YacChl, S—HJ’IOH.[&I[I)
2.
00pa3uoB, M"; Z—CTeleHb 3alUThl OT KOPPO3UHU
K
0 1
Z=———-100%
Ko

Ko 1 K{-cKopocTh KOppo3uH B OTCYTCTBUM U MPUCYTCTBUM UHTUOUTOpA

. Ko

Y -x03¢dpuLmeHT TOpMOKEHUST KOPPO3UH, onpeaessieMoil no popmyne Y = .
1

PesynbraTrel M ux oOcy:xaenme. Kax BHIHO W3 pe3yabTaTOB MCIBITAaHUM, KOTOpBIE

IpUBENEHbl B Tal0Jl., C yBEJIWYEHHEM KOHIIEHTpAIMH OIKCHIBAEMOIO COEAMHEHUS B CEPHOM
KHCJIOTE CTETICHb 3alUThl YBEIMYMBACTCS HE3aBUCUMO OT 3HaueHUs KoHLeHTparuu (5,15,25%)
U TEeMIIepaTyphl (20,60,800C). B cpene cepHOM KHCIIOTBI OIKMCBIBAEMOE BEILECTBO 10
UHTUOHMPYIONIEMY JCHCTBUIO 3aMETHO MPEBOCXOIUT HM3BECTHBIC, YTO MOXKET OBITh OOBSICHEHO
COJIEpKAHUEM B CTPYKTYPE MOJIEKYJIbl JaHHOTO COEAMHEHUS HENpeeNbHON CBsI3U (ITHIICHOBAs
U aleTHIEHOBas), T'MJPOKCHJIBHOM M aMUHHOW Tpymmbl, OOecreuuBarolield CpaBHUTEIbHO
JyHIIyIO acopOIIo HHrHONTOpa Ha cTand. B 25%-HOM pacTBOpe cepHoil kucnotsl mpu 60°C

CTereHb 3aIuThl (Z) sl K3BECTHOTO ONMMCHIBAEMOTO BelecTBa cocranisier 571+2% u 78,2%, a

ipu 80 °C 14+1% u 51,6% ,cOOTBETCTBEHHO.

BoIiBoabl. AHaTM3HUPYS MONYYSHHBIC PE3YJILTAThl MOKHO C/IENIaTh BHIBOJ O TOM, 4TO 5-[4-
MeTHIT-4-(2-0KCcH-3- THeTHUIIAMUHOIIPOIIOKCH )-2-TIEHTUHII | -OuInKI10-(2,2,1)-renTen-2 MOJKET
OBITH MCIIOJIB30BaH B KAU€CTBE HHIMOUTOPA KUCIOTHON KOppo3uu. [1oBbIeHre HHIHONPYIOIUX
JIeMCTBUU JAHHOTO BEILIECTBA, OOBSCHIETCS COJEp)KAaHHEM B MOJIEKYJIE HENpeeNbHbIX CBs3el,
THAPOKCHIIBHON M aMUHHOW TpYMIOH, KOTOpble OO0ECeunuBaloT JYUIIyI —aJcopOIuio
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uHTHOUTOpa Ha cTanu. C yBeIMYeHHEM KOHIICHTPAILUU MOJIYYeHHOTO POAYKTa B KUCIION cpelie,
CTENEHb 3alUThl YBEJIMYUBAETCA HE3aBHCHUMO OT 3HAYEHUs KOHIICHTPALMH U TEMIIEPaTypbl
JTAaHHOM Cpeibl.
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XULASO
TURS MUHITDO YUKSOK ANTIKORROZIYA XASSOSINO MALIK TSIKLiK ASETILEN
SIRASI AMINSPIRTLORIN SINTEZi VO TODQIQi
Qohramanov R.F., Orucov K.C., Sahgaldiyev F.X., Mommoadova A.A.

Acar sozlar: asetilen swrasi tsiklik aminspirtlor, inhibitor, turs miihit, adsorbsiya, korroziya,
korroziya siirati, korroziya sahasi, miihafizo daracasi.

Hazirki is asetilen sirasi aminspirtlorin alinmasina vo onun turs miihitdo inhibitor xassasinin
tadqigine hasr olunmusgdur. Torkibinds etilen, asetilen, hidroksil vo amin qruplarinin olmasi, inhibitorun
polad terofindon yaxsi adsorbsiya olunmasini tomin edir. Coxsaylt tocriibslordon alinmig noticolorin
analizi gostorir ki, alinmis maddenin inhibitor xassosi malum inhibitorlarinkindan daha yiiksakdir. Eyni
zamanda molum inhibitorlarin ¢esidinin artirilmasina nail olunmusdur.

SUMMARY
INVESTIGATION AND SYNTHESIS OF CYCLIC ACETYLENIC AMINO ALCOHOLS
POSSESSING INCREASED ANTICORROSIVE MEANS IN ACIDIC MEDIUM
Gahramanov R.F., Orujov K.J., Shahgeldiyev F.Kh., Mammadova A.A.

Key words: amino alcohols of the acetylene series, inhibitor, acidic medium, adsorption,

corrossion, corrosion rate, corrosion area, degree of protection.

The present research is about the identification of cyclic asetylenic amino alcohol and
investigation of its inhibitor feature in acidic medium. The existence of ethylene, acetylene, hydroxyl
and amino groups in the content of inhibitor provides its adsorption by steel. The analysis of
outcomes through the numerous experiments shows that inhibitor feature of identified substance
exceeds the features of the known ones. Meanwhile, increase of the range of known inhibitors has
been achieved.

Daxilolma tarixi: [lkin variant 03.02.2017
Son variant 26.12.2017
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ANTIKORROZIYA XASSOLI MUXTOLIF TORKIBLI
KOMPOZIiSiYALARIN STANDART METAL NUMUNOLOR UZORINDO
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Acgar sozlar: konservasiya mayelori, korroziya, inhibitor, tabii neft tursusu (TNT), maye kauguk,
nitrobirlosma.

Korroziyadan miidafia vasitasi kimi T-30 turbin yagi miihitinda maye kaucuk vo miixtalif torkibli
inhibitorlardan konservasiya mayelori hazirlanaraq tadgiq olunmusdur. Inhibitor kimi TNT-nin 310-
360°C temperaturda qaynayan fraksiyasiun Ni, Co, Zn, Mg Vo Ba duzlarmn a-olefin asasl
nitrotoramalarla qarsiliqgh kompleksindon istifado olunmusdur. Alinmis  kompozisiyalarin fiziki-kimyavi
xassalori tadqiq edilmis vo STA-449 F3-termal analizatoru vasitasilo termoqravimetrik analiz (TQ/DTA)
aparilaraq temperaturdan asuli olaraq, kiitlo dayismoalari miiayyan edilmisdir. Toadgigatlar inhibitorun 7
Vo 10% qatihiginda « CORROSIONBOX-1000E» adli tacriiba kamerasinda kondensasiya Va atraf miihit
olmagqla, iki fazada, standart polad l6vhalar iizarinda sinagdan kegirilmisdir.

Giris. Korroziya prosesinin yaranmasinin 2sas Sobabi metal konstruksiyalarinin istismar
soraitindon asili olmayaraq, miihitin aqressiv torkib hissosi ilo reaksiyaya girorok sorbast
enerjinin azalmasi hesabina termodinamik davamsizliq géstormasinin naticasidir [1-3]. Metal
konstruksiyalart osasinda yaradilmis miirokkob texnoloji qurgularin korroziyadan miidafio
sisteminin qurulmasinda konservasiya mayelorindon genis sokildo istifade olunur [4;5].
Konservasiya mayelarinin torkibindos korroziyadan miihafiza vasitesi Kimi inhibitorlarin effektiv
tadqiqi iqgtisadi baximdan somorali olmasi vo totbiq texnologiyasinin sads struktura malik
olmasma osaslanir. Korroziya inhibitoru kimi son illor daha ¢ox kompozisiya torkibli
reagentlorin totbiqi aktualliq toskil edir [6; 7].

Toqdim olunan isdo tobii neft tursularmin 310-360°C temperaturda gaynayan
fraksiyasinin Ni, Co, Zn, Mg vo Ba duzlarinin nitrobirlosmolorlo birgo kompleksindon alinmig
inhibitorun, maye kaugukla kompozisiyasinin T-30 yagindaki mohlulu korroziyadan miihafizo
mogsadils tadqiq olunmusdur.

Tacriibi hissa. Hazirlanmis miixtalif konservasiya mayelarinin torkibindaki inhibitor
xassali birlogsmalar asason 3 komponentdon ibaratdir: tobii neft tursusunun metal duzlari, alifatik
osasli nitrotoromolor vo maye kauguk. Holledici miihit kimi “T-30” markali turbin yagindan
istifado olunmugdur. Konservasiya mayelarina komponent kimi Azarbaycan neftinin kerosin va
dizel fraksiyalarindan ayrilmis texniki neft tursularinin iizvi halledicilords hall olan metal duzlar
elmi odobiyyatda molum olan isullarla sintez edilmisdir. Alinan maddoloro alifatik osasl
nitrobirlosmo olavo olunaraq maye kauguk istiraki ilo kompozisiya hazirlanmigdir.
Kompozisiyani togkil edon aktiv komponentlorin miqdart 1:1:1(qram) nisbatinds gétiiriilmisdiir.
Prosesds istifads olunan nitrobirlosma C14H>g a-olefina optimal soraitds nitrat tursusunun tasirilo
sintez edilmisdir. Alinan kompozisiya T-30 yaginda hall edilorok (7% vo 10% olmagla)
konservasiya mayesi kimi standart polad 16vholor iizorinds smnaqdan kegirilmisdir. Prosesdo
komponent kimi istirak edon maye kauguk (asagi molekul kiitloli M, ~1800-3000) sonayedo genis
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totbiq sferasma malik stereorequlyar quruluslu 1,4- sis-polibutadien osasinda alinmusdir.
Mikrostruktur: 1,4 cis-75~80%; 1,4 trans-18~22% ; 1,2-manqalar-2~7%, mangqalarin say1~80 [8;9].

Sintez olunmus duzlarin nitrobirlogsmalarls birga kompleksindon alinmis inhibitorun, maye
kaucukla kompozisiyasinin fiziki-kimyavi xassolori todqiq edilmis vo Cadval 1-do verilmisdir
[10].

Cadval 1.
Konservasiya mayelarinin asas fiziki gostoricilori.
e e Cihazin Niimunsalor
Gostaricilorin ad1 adi ASTM 1 > 3 ) 5

. Stanhope | ASTM
Donma temp. °C Seta D2386 -25 -28 -30 -30 -30
Ozliiliikk ASTM
mm?/san,°C40 TW4000 D445 53.99 65.59 56.47 62.05 65.3
Ozliiliik, ASTM
mm%san,°C100 TW4000 D445 7.63 8.64 7.98 8.32 8.51
Sixlhiq, q/sm® 4[5)(')\8% D5002 0.9090 | 0.9058 0.9093 0.9015 | 0.9042

Numunoloarin tarkibi

1. T-30 + maye kauguk + TNT-nin Co duzu + nitrobirlosma
2. T-30 + maye kauguk + TNT-nin Ni duzu + nitrobirlogma
3. T-30 + maye kauguk + TNT-nin Zn duzu + nitrobirlogsmo
4. T-30 + maye kauguk + TNT-nin Mg duzu + nitrobirlosma
5. T-30 + maye kauguk + TNT-nin Ba duzu + nitrobirlosma
Tempera- Kiitlo Kiitlo
tur °C itkisi,mg | itkisi,%
20 0 -
40 0.4 3.63
60 1.0 9.09
80 1.5 13.63
100 2.0 18.18
120 3.4 30.9
140 4.5 40.9
160 5.0 45.0
- 180 5.4 45.09
200 5.8 52.72
_ ) ) N 220 6.0 54.54
Sakil. 1. Niimuna 4-iin TG/DTA ayrisi. 20 64 5811
260 6.6 60.0
280 7.4 62.27
300 8.5 77.27
Cadval 2. T-dan asili olaraq kiitlo dayigmasi 320 10.3 93.63
340 10.8 98.18
360 11.0 100

Hazirlanmig konservasiya mayelorinin termoqravimetrik tohlili (TG/DTA- temperaturdan
asili olaraq kiitlo doyismolori vo differensial termiki analizi) {igiin STA-449 F3, NETZSCH
termiki analizatorundan istifado edilmisdir [11]. Proses azot gazi axininda va temperaturun
dogigoda 20° yiiksolmasi soraitinde aparilmisdir (Cadval 2). Niimuna 9-un (Cadval 3) termiki
analizinin tohlili gostorir ki, DTA ayrisinds heg¢ bir kimyavi doyisiklik bas vermir, 360°C-da
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meydana golon pik kompozisiyanin tam dagilmasmna uygundur. TG (Termogravimetrik)
analizindo (S2kil.1) arimis kiitls itkisinin hamar oyrisi miisahido olunur ki, bu da kompozisiyanin
homogen olmasini tasdiq edir.

Eksperimentlor DCO1 (CR4) markali standart polad 16vhalar tizarinds aparilmisdir. Polad
niimunanin asas tarkibi beladir: C%~0.07; Si%~0,01; Mn%-~0.2-0.35; Ni%~0.06; S%~0.025;
P%~0.02; Cr%-~0.03; Al%~0.02-0.07; Cu%-~0.06; Fe~balans. Nimunolorin 6l¢iisii
150x100x1mm hoddinds gotiiriilmiisdiir. Polad 16vhalar spirt vo deionizasiya olunmus su ilo
tomizlonir, tacriiba tigiin hazirlanir.

Sinaq prosesi son ddvriin miiasir texnoloji qurgularindan olan «CORROSIONBOX-
1000E» adli tocriibbo kamerasinda movcud standartlar ¢orgivasinds hoyata kegirilmisdir.
Miiayyon edilmis parametrlor soraitinds tocriibo kamerasinda sinaqlar iki fazada aparilmisdir:
kondensasiya fazasi vo atmosfer fazasi. Tocriibo kamerasinda davamli simagi1 yerino yetirmok
tiglin standart parametrlor elektron qurgular vasitasilo tonzimlonir. Bu parametrlora kondensasiya
fazasina kameranin temperaturu vo sinaq middati, otraf miihit fazasinda isa namlondiricinin
temperaturu, smaq miiddoti Vo kameranin temperaturu aiddir. Kondensasiya fazasinda bu
parametrlor: smaq miiddsti 1dog-9999 saat, kameranin temperaturu 20°C-50°C, otraf miihit
fazasinda iso nemlondiricinin temperaturu 20°C-80°C, kameranin temperaturu 20°C-50°C vo
siaq miiddati 1doq-9999 saat intervalinda miioyyanlosdirilmisdir.

Natica vo miizakiralor. Codval 3-don goriindiiyii kimi, metal 16vhalor T-30 turbin yagi
vo maye kaugukun fordi miihafizosi zaman1 miivafiq olaraq 31 vo 56 giin korroziyadan miidafis
olunursa, inhibitorun istiraki ilo bu gostaricilor Kifayst godor yiiksokdir. Bels ki, inhibitorun 7%
qatiliginda (TNT-nin Co duzu + Nitrobirlosma + Maye kauguk) kondensasiya fazasinda metal
16vhalorin korroziyadan miihafizosi 301 giin, otraf miihit fazasinda iso 354 giin olmagqla, 10%
qatiliqda iso miivafiq olaraq 322 giin vo 397 giin olmagqla tocriibs prosesi davam etmisdir. Maye
kaucukun kompozisiya torkibino tosirini miioyyon etmok ticlin noaticalorin miiqayisali tohlili
aparilmigdir. Belo ki, maye kaugukun istiraki olmadan yuxarida qeyd etdiyimiz torkib (TNT-nin
Co duzu + Nitrobirlosma) miivafiq fazalarda 98 vo 207 giin olmagla, korroziyadan miidafio
effekti gostormisdir ki, bu da, goriindiiyii kimi, miigayiso olunan naticadan (322 vo 397 giin ) ¢ox
asagidir. Maye kaugukda metil qruplarinin sis- voziyyatdo yerlosmasi metal sothino adsorbsiyani
asanlagdirir ki, bu da miihafizs tobagesinin mohkomlonmasine sabob olur.

Eyni zamanda sinaqdan kegirilon digor torkibli TNT-nin metal duzlarinin (Ni, Zn, Mg vo
Ba) nitrobirlosmolorlo qarisiq komplekslori asasinda hazirlanmis konservasiya mayelarinin do
korroziyadan miidafis {igiin gostordiyi effektivlik talobata nazaran ¢ox yiiksok naticadir.

Cadval 3.
Konservasiya mayelorinin sinag naticalari.
Korroziyadan miihafize miiddati,
KompozisiyalarinT-30 yaginda mahlulu giinlo
Ne
- Kpmponentlerin Kondensasiya Atmosfer fazasi
Torkibi migqdari, %-ls fazasi
Inhibitor Mohlul
1 2 3 4 5 6
1 | Maye kauguk - 10 31 56
TNT-nin Ni duzu 50
2 Maye kauguk 50 10 % 202
TNT-nin Ni duzu 33,3
3 | Nitrobirlosmo 33,3 7 267 311
Maye kauguk 334

44



Agazada Y.C.

1 2 3 4 5 6
TNT-nin Ni duzu 33,3

4 | Nitrobirlogsmo 33,3 10 280 350
Maye kauguk 33,4
TNT-nin Co duzu 50

S Maye kauguk 50 10 100 219
TNT-nin Co duzu 50

6 Nitrobirlosmoa 50 10 % 207
TNT-nin Co duzu 33,3

7 Nitrobirlosma 33,3 7 301 354
Maye kauguk 33,4
TNT-nin Co duzu 33,3

8 | Nitrobirlogsmo 33,3 10 322 397
Maye kauguk 33,4
TNT-nin Zn duzu 33,3

9 | Nitrobirlosmo 33,3 10 293 336
Maye kauguk 33,4
TNT-nin Mg duzu 33,3

10 | Nitrobirlogms 33,3 7 284 311
Maye kauguk 33,4
TNT-nin Mg duzu 33,3

11 | Nitrobirlogms 33,3 10 297 323
Maye kauguk 33,4
TNT-nin Ba duzu 33,3

12 | Nitrobirlogsmo 33,3 10 289 326
Maye kauguk 33,4

Todgigatlar naticasinds miioyyan edilmisdir ki, belo garisiq komplekslarin mineral
yaglarla kompozisiyalarinin inhibitorluq xassolori duzun va nitrobirlosmoalorin ayri-ayriligda
mineral yaglara olavo olunmasi ilo hazirlanmig eyni qatiliqli kompozisiyalara nozoron daha
yiiksok miihafizo effektino malikdir. Bu onunla izah olunur ki, belo komplekslor metal sothino
daha yaxs1 xemosorbsiya olunaraq korroziyadan méhkam miihafiza tobaqasi yaradir.

420
] —a—C <
400 —e—D
380 —4—E
] —v—F
360 - —e—B v7
340
1 -
320 v .
- /.
300
0/A o/

280 +

Korroziyadan miidafia, sutka

260

] ./
2401 /

220

7 8 9 ' 10 ' 11

inhibitorun migdari, %

Sakil 2. Sintez olunmug duzlarin kompozisiya saklinda konservasiya mayelari kimi
sinaq naticalorinin grafiki tasviri.

T
2 3

Kompozisiya soklindo konservasiya mayelarinin sinaq naticalorinin inhibitorun
qatiligindan asililig: qrafiki sokilds asagida ifads olunmusdur:
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Tacriiba kamerasinda aparilan eksperimental siaqlarin codvaldoki naticesindon goriiniir
ki, hazirlanmis konservasiya mayelorinin sonayeds metallarin korroziyadan effektiv
miihafizasinds totbiqi miimkiindiir. Konservasiya mayesinin hazirlanmasinda istifads olunmus
komponentlor igtisadi cohatdon samorali va ekoloji baximdan tohliikasiz olmagla, istehsal
texnologiyas1 sado struktura vo zongin xammal bazasina malikdir. Belo ki, ham miihit kimi
istifado olunan T-30 yagi, ham do inhibitor funksiyasi yerino yetiron asqarlar Vo maye kauguk
kifayat godor ehtiyati olan xammallar osasinda istehsal olunur.

Yekun. Aparilan eksperimentlor naticosindo moalum olmusdur ki, sintez olunmus TNT-nin
metal duzlart vo nitrobirlosmoalorin kompozisiya soklindo konservasiya mayesi kimi totbiqi
zamani metal 16vhoalorin miihafizo effekti (322, 397 giin vo s.) daha yiiksok olur. Bu da onunla
izah olunur ki, duzlar vo nitrobirlosmolor asasinda hazirlanmis kompozisiyalar sinergizm effekti
yaradaraq metalin sothino daha yaxsi xemosorbsiya olunur. Digor torofdon bu birlogsmolor suya
nazaran daha qiivvetli ligand olduglar {igiin metal sathinds olan su molekullarini ¢ixarir vo orada
mohkom miihafizo tobagosi yaradir.

Konservasiya mayesinin hazirlanmasinda istifads olunmus komponentlar igtisadi cohstdon
somoarali va ekoloji baximdan tohliikasiz olmagqla, istehsal texnologiyasi sada struktura va zongin
xammal bazasina malikdir. Belo ki, hom miihit kimi istifado olunan T-30 yagi, hom ds inhibitor
funksiyas1 yerina yetiron agqarlar vo maye kauguk yerli xammallar osasinda istehsal olunur.
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PE3IOME
HNCCJIEJOBAHUE PASHOCOCTABHBIX KOMIIO3HUIIHI, OBJIAJIAFOIINX
AHTHKOPPO3MOHHBIMHU CBOMCTBAMM HA CTAHJAPTHBIX METAJLJIMYECKUX
OBPA3IIAX.
Azazaoe E./Dic.

Knrwouesnvie cnoea: xoncepsayuonnvie H#HUOKOCMY, KOPPO3US, UHSUOUMOD, NPUPOOHAsST He(hmAHAs
kucnoma (ITHK), sxcuoxuti kayuyk, HUumpocoeouHeHus

[Ipu yyacTuu KUAKOTO KaydyKa U HUTPOCOCAUHEHHH, TOTyYSHHBIX Ha OCHOBE (i-0JIe(UHOB Cy4Hos,
comeii  Ni, Co, Zn, Mg u Ba ¢pakuuii npupoaueix HepTsHbix kucioT (I[THK), kunsmumx npu
temneparype 310-360°C, B TypOuHHOM Macine T-30 ObUIM W3TOTOBJICHBI M WCCIICOBAaHBI B KaueCTBE
KOHCEPBAIMOHHBIX JKUJKOCTSH KOMIIO3UIMH Pa3IMYHBIX COOTHOIICHHUH B cOcTaBOB. C IENbI0 H3YYCHUS
ObuIM  UCCeIOBaHBl (PU3MKO—XUMHUYECKHE CBOMCTBAa KOMITO3MLMHU. TepMorpaBUMETpUYECKUil aHaN3
(TT/DTA) o00pa3uoB NpPOBOIWIM C HCIOJNB30BaHHEM TepMHudeckoro anammzaropa STA-449 F3.
UccnenoBanns Obiti nipoBeneHb! mpu 7-10% KOHIEHTpAIIMi HHTHOUTOPA, B UCIIBITATEIHEHON KaMepe oI
na3paaneM «CORROSIONBOX-1000E» B 1ByX (ha3ax, BKIFOYAIONINX KOHIEHCAIMIO M OKPYIKAOITYIO
cpeny.

SUMMARY
THE RESEARCH OF ANTICORROSIVE COMPOSITIONS WITH DIFFERENT
CONTENTS ON STANDARD METAL SAMPLES
Aghazade Y.J.

Key words: conservative liquids, corrosion, inhibitor, natural petroleum acid (NPA), liquid rubber,

nitro compound.

In this paper, the compositions of the T-30 turbine oil with Ni, Co, Zn, Ba and Mg salts of the
natural petroleum acids (NPA) boiling in the range of 310 — 360°C, nitro compounds those are produced
on the basis of the a-olefins and liquid rubber have been investigated in different ratio and contents as
conservative liquids. The physical and chemical properties of the produced compositions have been
studied and effects of temperature on inhibition efficiency and thermodynamic parameters have also been
reported. STA-449 F3-thermal analyzer was used for the thermogravimetric analysis (TG/DTA) of the
prepared conservative liquids. The researches have been conducted with different concentrations of
inhibitor on the steel sheets in condensation and environment phases in the experiment chamber called
«CORROSIONBOX-1000E».

Daxilolma tarixi: [lkin variant 21.06.2017
Son variant 26.12.2017

47



Sumgqay1t Dévlat Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmosi

Cild 17 Ne 4 2017
UOT 547.1

FENILASETILENILKARBINOLUN QLISIDIL EFIRININ
DIHIDROSILANLAR iLO HiDROSILILLOSDIRILMOSI
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’NOSIROVA IRADO MOMMBOD qiz1
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Acar sozlar: hidrosilan, hidrosillagdirma, silisium - tizvi birlagma, hidroksiefir, valent
raqsi, udulma zolagi, epoksid qrupu, cianetil efiri.

Fenilasetilenilkarbinolun qlisidil efirinin platinohidrogenxlorid tursusunun katalizatorlugu
ilo dihidrosilanlar ilo qarsiligh tesiri reaksiyalar1 tadqiq edilir. Miioyyan edilmisdir ki, reaksiyada
istifado olunan biitiin dihidrosilanlar avazlayicilorin tobioti vo qurulusundan asili olmayaraq, o-
oksid halgasina toxunmadan fenilasetilen siras1 qlisidil efirinin {icqat karbon-karbon slagosino
birlagir vo Si-H rabitali etilen siras1 epoksibirlosmalor omalo gotirir.

Doymamis asetilen siras1 epoksiefirlorin miixtolif torkib vo quruluslu hidrosilanlarla
katalitik hidrosilillogdirilmo ciximi1 vo reaksiyalarin istigamati bir cox faktorlardan asilidir (1-2).
Proparqil radikalinin doymamis karbonundaki ovozloyicisinin tobiotinin C=C olaqgasinin
aktivliyino tosirini vo bununla olagadar hidrosilillosmo istigamatini Oyronmok maqsadi ilo
fenilasetilenilkarbinolun qlisidil efirinin gobul etdiyimiz soraitdo miixtolif dihidrosilanlarla
reaksiyalar todqiq edilir. Miioyyan edildi ki, dihidrosilanlar silisium atomundaki avazloyicilorin
tobiotindon asili  olmayaraq, platinohidrogenxlorid tursusunun istiraki ilo asanligla
epoksibirlogmonin C=C olaqgosino birlogir vo etilen sirast Si-H olagoli  silisium-iizvi
epoksibirlogsmolor omalo gotirir:

O O
/N 1 /N
C¢HsC=CCH,0CH,CH - CH, + RR"SiH, —> CgH;CH=CCH,0CH,CH - CH,
SiRR™H
R= R1:C2H5 (|), C3H7 (”), C4H9 (|||), C5H11 (lV), C6H5 (V), R:CHg, R1: C6H5 (Vl), R= C2H5,
R'= CsHs (VII), CH,CsHs (VII1), CHz CH2CeHs (1X), CHz CHz CH2CgHs (1X);

(1) sxemli reaksiya iizro sintez olunan maddalorin torkib vo quruluslan fiziki-kimyovi analiz
tsullart vo kimyovi isullar ilo siibut edilir [3-5]. Qaz-maye xromatoqrafiyasina osason (R
xromosorbentinds silikol yag1; temperatur 230C°; aparici gaz helium; V=1,91/san) I maddosi ancaq bir
1zomerdan ibaratdir va reaksiya istigamotinin doyismasi ilo diger izomer, yani struktur izomer qarisigi
saxlamur. Bu kimyavi tomiz I maddesinin iQ- spektrinds 1610, 2120 vo 3055 cm™ zolaglari

@)
—~CH=CH -, = SI-H v» —/C-\C< gruplarini oks etdirir. Eyni zamanda qeyd etmok lazimdir ki, bir
cox hallarda spektrdoki 1265-1240 cm™ saholordoki udulmalar a- oksid halgasini xarakterizo etso do,
bu maddsnin spektrindoki 1255 em™ ragsi Si-C olagesino maxsusdur. Gosterilen ragslor, homginin NMR-
spektrinda digor siirtismalor do oks olunmus vo udulma signallarinin intensivliklorinin nisbati gézlonilona
uygundur. I Maddosinin NMR-spektrinds CgHs-radikali iictin 7,2 m.b.h., olefin protonlar iiciin
O
_CH=C-5.86-6.24 m.b.h. multipleti geyd olunur. Si-C=C-CH;,0 grupuna maxsus ¢ = 4.21 dubleti
oks olunur. Oksimetilen qrupuna 3,73 m.b.h. signallar1 iso 3.73m.b.h. sahado goriiniir. —CH,-
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CH- halgasinin protonlar1 iss 2.80, 2.50 vo 2.30 m.b.h siirlismasi xarakterik multipletlor soklindo
oks olunur. Si—-C—CHj3 qrupuna moxsus protonlar yaxilmis tripletlor soklindo morkozi 1.13 m.b.h.
sahasing, >Si—CHy— qrupuna moxsus yaxilmig protonlarin multipletlori isa 0,85 m.b.h. markozo
malikdir.

Molekulda Si-H olagesindon birinin saxlanilmasi, hamginin hidrosilillogdirmoys aktiv
olmasi I maddasinin allil spirtinin B-sianoetil efiri ilo reaksiyasindan miivafiq epoksinitrilin XI
alinmasi da tosdiq edir:

)
7\
C¢HsCH=CCH,0OCH,CH - CH, + CH,=CHCH,0OCH,CH,CN —>
Si(C,yHs),H
O
7\
— C6H5CH=CCH20CH2CH - CHZ
(C,Hs), SICH,CH,CH,OCH,CH,CN
Alman XI maddssinin iQ-spektrindo 2250 sm™ intensiv udulma -C=N qrupunu oks etdirir.

1- Fenil-2-dietilsilil-3-glisidiloksipropen -1 (1)
0)
/N
C¢HsCH=CCH,0CH,CH - CH,
Si(C,Hsg),H

Oks-soyuducu, damci qifi vo termometr ilo tochiz edilmis reaksiya kolbasina 18,8q
(0.1g/mol) tozo qovulmus 1- fenil-3- glisidiloksipropin -1, 35 ml quru tiofensiz benzol va 0.01
ml platinohidrogenxlorid tursusunun izopropil spirtinds 0.1N mohlulu yerlosdirilir. Kiitls 70°C
temperatura kimi qizdirilir vo qizdirict iso salinaraq iizorino damci qifindan zoif axinla 8.8q
(0.1g/mol) dietilsilan damciladilir. Dihidrosilan verilib qurtardigdan sonra reaksiya kiitlosi olavo
olarag 18 saat benzolun gaynama temperaturunda gaynadilir. Ertosi giin kiitlodon holledici
govulur va qaligdan asagi salinmis tozyiq altinda 16.8 q 1-fenil-2-dietilsilil-3-glisidiloksipropen-
1 (1) alinir. Tqay - 131° C (0.5 mm), ng® 1.5196, d,*° 1.0034. MR tap. 83.70, MR hesab. 83.26.
Epoksiolefina gora ¢ixim 61%. Tapilmisdir, %: C 69.72, 69.96; H 8.91, 8.99; Si 10.28, 10.42.
C16H240,Si. Hesablanmisdir, %: C 69.51, H 8.75, Si 10.16.

Analoj1 tocriibe soraitindo II-X maddalori sintez edilmisdir vo bozi fiziki-kimyovi
gostoricilori cadvaldo toqdim edilir: 1-fenil-2-dipropilsilil-3-glisidiloksipropen-1(11),1-fenil-2-
dibutilsilil-3-glisidiloksipropen-1 (I11), 1-fenil-2-diamilsilil-3-glisidilokpropen-1 (1V), 1-fenil-2-
difenilsilil-3-glisidiloksipropen-1  (V), 1-fenil-2-metilfenilsilil-3-glisidiloksipropen-1(VI), 1-
fenil-2-etilfenilsilil-3-glisidiloksipropen-1(VII),  1-fenil-2-metilbenzilsilil-3-glisidiloksipropen-
1(vin), 1-fenil-2-B-feniletilsilil-3-glisidiloksi-propen-1(1X), 1-fenil-2-y-fenilpropilsilil-3-
glisidiloksipropen-1(X).

1-Fenil-2-dietilsilil-3-(2'-oksi-3'metoksi)propen-1 (XI)
C6H50H=C = CHzoCHz - CH = CHzoCHg
Si(CoHg),H  OH
Mexaniki qarigdiric1 vo aks-soyuducu ilo tohciz edilmis ikibogazli reaksiya kolbasina 20.4

q (0.64 g/mol) absolyut metil spirti vo 3 damc1 iicfliiorlubor efirati yerlosdirilir vo kiitlo 5°C
temperatura qader soyudulur. Qarisdirict iso salinir vo damci qifindan astadan 8.3 q (0.03 g-mol)
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tozo qovulmus 1-fenil-2-etilsilil-3qlisidiloksipropen-1 (I) maddesi damciladilir. Epoksisilan
verilib qurtardiqgdan sonra otaq temperaturunda reaksiya kiitlosi olavo olaraq 8 saat qarigdirilir.
Sonra kiitloden avvalca artiq miqdar metanol qovulur vo qaliq asagr salinmis tozyiq altinda
fraksiyalagdirilaraq 9.26 q 1 fenil-2-dietilsilil-3 (2'-oksi-3'metoksi)propen-1(XI) ayrilir. Tqay.
155° C (0.5 mm c.s.), ng®® 1.5235, d,*° 1.0172, MR tap. 92.71, MR hesab. 92.01, Epoksiolefino
gora ¢ixim 75 %-dir. Tapilmisdir, % : C 66.38, ; H 9.32, Si 15.81; C17H2303S1. Hesablanmisdir,
% : C 66.19, H 9.15, Si 15.56.

I Maddosinin allil spirtinin B-sianetil efiri ilo qarsihiqh tasiri (XII).

O
/ N\
C6H5CH=CCH20CH2CH - CH2
(C,Hs), SiCH,CH,CH,OCH,CH,CN

Damci qifi, oks-soyuducu vo qarisdirict ilo tochiz olunmus reaksiya kolbasina 6.0 q allil
spirtinin B-sianoetil efiri va 0.01 ml 0.1 N platinohidrogenxlorid tursusunun izopropil spirtinda
mohlulu yerlosdirilir. Qarigdiricini igo salib kiitloni 70° C temperatura kimi qizdirir va iizoring
¢ox zoif siiratlo 14 q tozo qovulmus 1-fenil-2-dietilsilil-3-glisidiloksipropen -1 damciladilir. Si-H
olagali epoksisilan slave etmokls, kiitlonin temperaturu 140°C-s gadar yiiksalir. Sonra reaksiya
kiitlosi asag1 salinmis tozyiq altinda qovulur vo 15.6 q epoksinitril ayrilir. Tgay. 202° C (0.5 mm
C.S.),nd20 1.5183, d,° 1.0494. MR tap. 11.74, MR hesab. 111.18. Epoksiolefino gora ¢ixim 78%-
dir. Tapilmisdir, %: C 68.52, N 3.79; Si 7.51 CyH33NO3Si. Hesablanmisdir, % : C 68.35, N
3.62, Si 7.26

Element torkibi; %

T
Bur- qay,’ MR Tapilmigdir Hesablanmigdir Cl;(l
5= 1 7¢ dz mo%
mo, =05 HZDO 4 Tapil - Hesab-
Ne P Pl lanmis | € H Si C H Si
(mm) misdir dir

Il 144 |1.5174|0.9885| 93.25 | 92.76 | 71.14 | 9.46 | 9.53 | 71.00 | 9.27 | 9.22 | 57

I | 152 11.5125]0.9815|101.75|101.86| 72.46 | 9.98 | 8.61 | 72.23 | 9.70 | 845 | 51

IV | 159 |1.5120|0.9801|110.42|111.28| 73.56 | 10.2 | 7.91 | 73.28 | 10.1 | 7.79 | 48

V | 208 |1.5632|1.0701|113.11|113.88| 77.41 | 6.59 | 7.62 | 77.38 | 6.49 | 7.54 | 45

VI | 176 [1.5391|1.0392| 93.53 | 94.06 | 73.73 | 7.41 | 9.27 | 73.50 | 7.19 | 9.05 | 47

VIl | 181 |1.5398|1.0399| 97.88 | 98.57 | 74.38 | 7.59 | 8.71 | 74.03 | 7.46 | 8.65 | 46

VIIl | 188 |1.5426|1.0411| 98.18 | 98.87 | 74.46 | 7.66 | 8.82 | 74.03 | 7.46 | 8.65 | 43

IX | 194 |1.5385|1.0302|102.85|103.50| 74.71 | 7.86 | 8.41 | 7451 | 7.74 | 8.30 | 44

X | 199 [1.5348]1.0269|106.01/106.84| 78.16 | 8.41 | 8.12 | 74.95 | 8.01 | 7.97 | 46
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PE3IOME
Ir'maPOCUJINJINPOBAHUE TJIMIUAUJIOBOI'O D®UPA
OEHUWJIALNETUJIEHUJIKAPBUHOJIA JUTHNAPOCUJTAHAMU
Tapesepoues I1I.A., Pycmamoe K.M., Hacuposa U.M.

Knrwoueevle cnoea: cudpocunad, 2uOpoCUIUIUPOBAHUE,  CUOPOKCUIPUD,  KPEeMHULI-
opeanuyeckue CcoeOUuHenus, 6aieHMmHble KOIeOaHUs, INOKCUOHAS
2PYNna, noaiocvl NO2I0UeHUsl, YUAHOIMULO8bII dup.
HccnenoBana peakuus B3aUMOJCHCTBUS JHOPIaHOCHUIAHOB C  (DEHHIIAICTUIICHUII-
KapOWHOJIOM B IIPUCYTCTBHHU TUIATHHOXJIOPHCTOBOJJOPOHON KUCIIOTHI.

VYCTaHOBIIEHO, YTO HE3aBHCUMO OT 3aMECTHTEJIeH aToMa KPEeMHHs BCE HCCIIEOBAHHBIC
THJIPOCHIIAHBI CEJIEKTUBHO MPUCOEAUHSIOTCS 110 alleTUIICHOBOW CBSI3H MPONAPTHIBHOM TPYIIIIBI C
00pa3oBaHUEM HENPEICIbHBIX KPEMHHUHOPTaHMYECKUX 3MOKCUIPHUPOB €O CBs3bI0 Si—H.

SUMMARY
HIDROSILYLATION OF GLYCIDYL ETHER OF PHENYLACETYLCARBINOL
WITH DIHYDROSILANE
Tarverdiyev Sh.A., Rustamov K.M., Nasirova |.M.

Key words: hydrosilane, hydrosilylation, silica-organic compound, hidroxyether, valent

vibration, absorption strip, epoxide group, cyanoethyl ether.

Interaction reactions of glycidyl ether of phenylacetylcarbinol with dehidrosilane have
been investigated by the catalyst of platinum hydrogen chloride acid. It has been found that, all
dihydrosilanes used in reaction merges to triple carbon-carbon bond and formulates Si—H related
epoxy compounds.
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B cmamve onucan cunmes noguix amuoog 1, I1-ouc-(euopoxcukapbornuimemuimuo)-1-gpenurzmana.
IIposedenvt uccnedo8anusi NOIYUEHHbIX AMUOO8 6 KAYecee aHMUMUKPOOHOU NPUCAOKU K CMA30YHO-
oxnaxcoarougum scuoxocmam (COXK).

CoenuHeHus, copeprkallie B CBOEM COCTaBE aTOMBI a30Ta U CEPbl, MOT'YT HAWTH camMoe
IIMPOKOE TPUMEHEHHE B PA3IUYHBIX OOJIACTSAX HPOMBIIUICHHOCTH, HCIOIb30BaThCs B
MEAMIMHE, XMMHYECKON TeXHOJOoruu M OuorexHojoruu. Cpeau HHUX 3HAYUTEIIbHOE MECTO
3aHUMAIOT aMUbI KUCIIOT.

Tak, amMuabl OpPraHWYECKHX KHCIOT HCIONB3YIOTCS KaK IIacTU(hUKATOPBl OyMarw,
UCKYCCTBEHHOM KOXH, MOJUBUHWIXJIOPHJA, OSKCTPareHTbl HEKOTOPhIX paJHOaKTHBHBIX
METAJIOB, ChIph¢ B  MPOU3BOJCTBE moJauMepoB [l], mpoMexyTodHbIE TNPOAYKTHl B
CHHTE3€ Kpacuteneld, B KauecTBe aHTUMHUKPOOHOM mpucaaku K Bono3MyiabcHoHHbIM COX, a
TaKXe Kak cyab(haMUIHbIe IpenapaTs [2] B MeAUIIUHE.

B nureparype onmcaHbl pa3iuyHbe CIIOCOOBI MOJYYEHHUS aMUJOB KapOOHOBBIX KHCIIOT.
Haunbonee mupoko npuMeHseMbIil Crioco0 3akioyaercs B MPeBpalieHUH KapOOHOBOM KUCIIOTHI
B XJIOPAaHTUJPU] C JaJbHEMIINM B3aUMOJEHCTBUEM €r0 C aMMHUAKOM WJIM aMUHOM [3], Takke B
MOJIyYUEHUU aMUJOB MpPSAMBIM aMHUJMPOBAHHEM KapOOHOBBIX KHCIOT [4-6], MUHYS CTaauio
oOpa3oBaHus XJOpaHruapuaa. V3BecTeH Takxke crnocod MOJydeHMs He3aMElIEHHBIX aMHJI0B
KapOOHOBBIX KHCIIOT MUPOJIM30M UX aMMOHHUMHBIX coielt [7].

Hamu BmepBble cuHTEe3UpoBaHbl aMufibl  1,1-OMc-(TMAPOKCHUKApPOOHMIMETHIITHO)-1-
(denunmdTaHa. Peakuus ocymecTieHa B B€ CTaquM: 1. peakiyeld THMIUPOBAHUS aleTO()EeHOHA
MEpKaIlTOYKCYCHOW KHUCIIOTOM TMojlydyeHa Ouc-kuciota mno [8]; 2. mpoBeldeHa peakuus
nosiyueHHoro 1,1-Ouc-(rugpokcukapOOHUIMETHITHO)-1-heHnaiTana ¢ psaIoM apoMaTHYECKUX
aMuHOB. CXeMBbI peakluii IPUBEIEHBI HUXKE:

c? H3(>< SCH,COOH
HSCH ,COOH
CH. 2 @ SCH, COOH

-H,0
(1)
O H
Il |
CH;  SCH,COOH CH, SCH,C-N—R
AN 4 NS
/C\ C\
SCH,COOH + 2H,NR — s SCH.C ~N—R
O H (2)
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R= 7 N\ ;—CH, ; —C,Hq

Peakmust amMmuupoBaHus MPOBOIUIIACE B 3-X TOPJIOBOM KOj0e, CHAOKEHHOW MEIIaIKOW 1
obpatHbIM xoyomwIbHUKOM. [lpu mocrossHHOM mepememuBanun kK 0,035 moms 1,1-Owmc-
(TUAPOKCUKApOOHMIMETUNTHO)-1-eHmmaTana B pactBope Oenzona mobGammsuin 0,003 momnb
OopHOI KUCIOTHI. 3aTeM 1o nopuusam nodasisumm 0,07 Moib cooTBEeTCTBYIOIIEro amuHa. CMech
narpeBaiu npu 80°C u nepeMemmBanu eme B Teuenue 2-10-tu wacos. Ilocie 3aBeplieHus
peaKIuu, pacCTBOPUTENb OTTOHSUIM B BaKyyMe€ BOJOCTPYHHOTO Hacoca, a IOJTYyYCHHbIE aMUIbI
BBIJIETISUIN [IEPEKPUCTATN3ALUEN U3 COOTBETCTBYIOLIETO PACTBOPUTEISL.

CuHTEe3UpOBaHHBIE aMU/IBI 1,1-6uc-(ruapokcuKapOOHUIMETUATHO)-1-peHnnrana
NPECTaBIsUIN cO00i MOPOIIKOOOpa3HbIE BEIIECTBA, XOPOIIO PAacTBOPUMBIE B BOJE M CIHPTE.
Brixon mpoaykToB coctaisieT 56-97%.

CoctaB M CTpyKTypa CHUHTE3UPOBAHHBIX COEAMHEHMH IOATBEP)KIACHA 3IIEMEHTHBIM
aHanu3oM u ganubiMu K- u SIMP-cniekTpos.

B HK-cnekrpax aMUJI0B 1,1-6uc-(amKOKCUKapOOHMIMETHIITHO)-()eHUIIITAHOB
oTcyTcTBYIOT mojockl nornomieruss -NH; u C=0O rpymnm, a nosBisiOTCs MOJOCHI MOTJIOMIECHUS
mpu 1675 em™  moxrBepxaarompe Hammume amugHoro -N-C=O (parMeHTa B MONEKYIe
coequHeHUN. YmmpeHHas mosioca moriomeHnus B oOmactu 2800-3000 emt XapaKTEePU3yeT
BajieHTHbIE Konebanuss —CH apomarnyeckoro xosbua. [lomocel nornomenus npu 710 emt u
770 cm™ xapaktepusyloT Hemiockue aedOpPMAIMOHHBIC KONECOAHNS apOMATHYECKOTO KOJNbIIA.
ITonocst mormottennst B obmactsix 570 em™ 1 1100-1200 cM™ cooTHeCeHBI K 1e(hOPMALHOHHBIM
U BajeHTHBIM KosiebanusM C-S cBs3u coorBercTBeHHO. [lomoca mormomenus npu 1204 el
crekTpe nupuauH-2-amun 1,1-Ouc-(ruapokcuKkapOOHMIMETHIITHO)-1-peHnITaHa XapaKTepH-
3yeT MUPUANHOBBIH HUKIL

B AMP-cnextpax amunoB 1,1-Ouc-(aakokcuKapOOHUIMETHIITHO)-apUIITAHOB B 00JIACTSIX
1,92 u 2,02 m.n1. B BUJE CHUHIJIETA MPOSIBISIIOTCA CUTHAJIBI MPOTOHOB METUJIBHOM TPYIIIBI; B
obnactu 3,33 M.A. B BUJE AyIUIETa CUTHAIbl MPOTOHOB METUJIEHOBOM T'PYMIbl, MYJIbTUILIET B
obnactsx — 7,45; 8,12; 8,25; 8,96 u tpuruer B obnactax 7,12 u 7,26 M.I. COOTBETCTBYET
CUTHaJlaM IIPOTOHOB apoOMaTH4YecKoro Kojbla. CHrHaibl NPOTOHOB AaMUIHOM TPYIIIbI
HposIBIISIETCS B BUJIE MynbTuIuieTa B oomactu 10,01 m..

Cunre3upoBaHHble amuiabl 1,1-0uc-(ruapokcuKapOOHMIMETHIITHO)-1-peHunsTana OblIu
HCCIIEIOBaHbl B KauecTBE AHTUMHUKPOOHOW mpucaaku K 5%-HOW BOJHO-dMYJIbCHOHHOU
CMa30YHO-0XJIKIAIOIIEH KUIKOCTH «A3EpoiT-5».

OneHky OMOIMIHONW aKTUBHOCTU 3asBJICHHOr0 coeluHeHus ocymecTBisin no 'OCT
9.085-78. B kadecTBe TeCT-KYJIbTYpP UCIOIH30BAIIH:

baktepun: Mycobacterium-phlei, Pseudomonas aeruginosa, Pseudomonas fluorescens,
cyiabdarpenyuupyromie Oaxkrepun. [puObl: Aspergillus niger, Penicillium chrysogenum,
Trichoderma koningii u gpoxokenono6ubie rpudbl Candida tropicalis.

B nyHkm B arapu3MpOBaHHOW NUTATENBHOW Cpele BHOCAT MCCIENYEMOE BEIIECTBO B
3aJaHHON KOHLEHTparuu. [Ipu 3TOM MCHONB3YIOT BOJHBIE PACTBOPHI MCCIIEYEMBIX BEIECTB B
0,5% xonuerpamusax (Mac.%). O Hanuuuu 6aKTEPUIUAHON U QYHTUIUIHON aKTUBHOCTU CYIST
o pa3Mepy auameTpa 30HbBI MHTHOUPOBAaHHS (MM) pOCTa TECT-KYIbTYp, KOTOpas BO3HUKAET
BOKPYT JIYHOK C UCCJIElyeMbIMU COEIMHEHUSAMHU, a B Cilydae cyib(arpeaynupyomux 6akrepuit

OIlCHKYy BeayT B Oamrax. O OamioB — OTCYTCTBHE pPOCTa MHKPOOPTaHU3MOB, MOJHAS
0aKTEepHOCTOUKOCTh; | 6aT — pOCT MEKPOOPTAaHU3MOB €7IBa 3aMETEH, 3aMETHBI 30HbI OTCYTCTBUS
pocTa MHKPOOPTaHW3MOB, VIOBJIETBOpPHUTENbHAs OakTepuoctoiikocth, |l Oamma — He

HaOJI0/1aeTCsl 30H OTCYTCTBUS POCTa MUKPOOPTaHHW3MOB, HEOAKTEPUOCTOMKOCTh. B Kkauectse
0a3pl CcpaBHEHHS (PTaJiOHA) B AHAIOTHYHBIX YCIOBHSX OBLIM HCHBITAaHBI S5%-HBIH pacTBOP
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Cunmes u ucciedosaHnue Ho8blx aAmMuUo08 — NPOU3B00HBIX AUemopeHoHa

Azepona-5 0e3 100aBKM HCCIEAYEMBIX COCAMHEHUWH, a TakKe IIMPOKO HCHOJIb3yeMblld B PD
OmonuIHBIN TTpenapat «Bazuny.
Pe3ynbraTel HCIIBITAaHUI TIPUBEICHBI B TAOJIHIIE.

Tabauua 1.
AHMUMUKDOOHASL AKMUBHOCTb UCCIE00BAHHBIX COCOUHEHUIL

JluameTp 30HBI yTHETCHHS POCTa
O6pa3siibt KonnenTtparmus,% MHUKPOOPraHU3MOB, MM

Bakrepun ['pulmnr Cynbdarpenymupyromme

[upunun-2-amun 1,1-
ouc-(ruapoKcuKapOOHHMII- 0,5 14 20 0
MeTHITHO)-1-hermmrTana

Bensumamun 1,1-0mc-
(ruapokcuKapOOHUIME- 0,5 15 18 -
THITHO)-1-permmTana

Byrunamug 1,1-6uc-

(TunpoxcukapOoOHMIME- 0,5 + 15 -
TUITHO)-1-heHnnaITana

Bazun (3Tanon) 0,5 10 10 +
COX 0e3 Ouonmaa 5 + + -

Kak BUHO U3 JaHHBIX TaOJUIbl, CHHTE3UPOBAHHBIE COEMHEHUs 00JIaal0T TOCTaTOYHO
BBICOKOUM OaKkTepUIUIHON U (DYHTHIIUAHOW aKTUBHOCTHIO. Cpeau MCCIeIOBAaHHBIX COCIUHEHUN
HaUOOJIBIIIYIO 3¢ PEeKTUBHOCTD MIPOSIBIISICT MUPUINH-2-aMHU/T 1,1-6mc-
(THAPOKCUKAPOOHUIMETUITHO)-1-heHmmTan. Bricokast 3((GEeKTUBHOCTh JaHHOTO COCTUHECHUS,
[O-BUAMMOMY, CBsi3aHa C OoJbIIeld OCHOBHOCTBIO NHMPHAMHOBOIO Koiblia. Pe3ynbTaThl
WCIIBITAHUN TOKa3bIBalOT, 4To Basun B 0,5%-HOM KOHIIEHTpalMM TMOAABIISIET POCT Kak
OaKkTepuagbHOM, TaK U IPUOHOM MHUKPOGIIOpPHI TOpa3 0 B MEHbIICH CTENEHH, YeM HMUPUIUH-2-
amun  1,1-Ouc-(ruapoxkcukapOOHUIMETHITHO)-1-heHnmITana mpu TOH K€ KOHIEHTPAIHH.
[TpenMyI11€CTBO CUHTE3UPOBAHHOIO COEAVHEHMS 3aKI0YAeTCs €1le U B TOM, YTO B OTJINYUE OT
«Ba3uHa» oOHO monaBiseT pocT cyiabdarpeaynupyrommx Oakrtepuil. VcnblTaHus Takxke
noKasajly, 4YTO NHpUAMH-2-amMua 1,1-Ouc-(TuaApOKCHKapOOHUIMETUATHO)-1-hbeHmnsTan B
coctaBe COX «A3epoin-5» He BbI3bIBAET KOPPO3UHU.

Takum o00pa3oM, TNpPOBEJCHHbIE HCCIEIOBAHUS IOKa3ajlM, 4YTO CHHTE3HMpPOBAHHBIC
COEIMHEHUS MPEBOCXOAAT MO AHTUMHUKPOOHOW 3 ¢deKTHBHOCTH mpenapaT «BasuH» u Moryt
ObITh UCMOJNB30BaHbl Ul 3aAIIUTBl OT MHKPOOMOJIOTHYECKOTO0 TOPaXXEHHsS BOJHBIE U
BO/1I0OMYJILCHOHHBIE paboune pactBopsl COXK.
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XULASO
ASETOFENONUN TOROMOLORININ YENi AMIDLORININ SINTEZI VO TODQIQi
Osmanova S.F.

Acar sozlar: asetofenon, amidlar, antimikrob asqar, yuyucu-soyuducu mayelor
Magqalada 1.1-bis-(hidroksikarbonilmetiltio)-1-feniletanin yeni amidlorinin sintezi qeyd edilmisdir.
Alinmis amidlorin yuyucu-soyuducu mayelors antimikrob asqar kimi tadqiqi aparilmigdir.

SUMMARY
SYNTHESIS AND INVESTIGATION OF NEW AMIDES —
DERIVATIVES OF ACETOPHENONE
Osmanova S.F.

Keywords: acetophenone, amides, antimicrobial additive, cutting fluids

The synthesis of novel amides of 1,1-bis-(hydroxycarbonylmethylthio)-1-phenylethane has been
described in the article. The synthesized amides have been investigated as an antimicrobial additive to
cutting fluids.
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Acar sozlar: bitki, bal arilar, cicak tozu, varomum, nektar, bal.

Ariciliq diinya xalglarinin on qadim mosguliyyostlorinden biri olmusdur. Paleontoloji
(qazintilar noticosindo) molumatlara osason onlar artiq paleozoy erasina, yoni ibtidai insanin
meydana golmosindon toqriban 55-60 milyon il dnco mdvcud olmuglar. Maddi modoniyyat
abidolorindon goriindiiyli kimi, bal arilar1 hamiss insanlarin hayatinda miioyyen rol oynamisdir.

Arigiliq kond tesarriifatinin on golirli sahalorindon biri olmagq]la, insanlari ¢ox giymatli gida vo
miialicavi ohomiyyoto malik olan bal, giilom (¢i¢cok tozu), voromum, ar1 zshari, ar1 slidii vo mumla
tomin edir. Bal vo digor arigiliq mohsullart uzun zamanlardan bori molum olan mialicovi
xiisusiyyatlorina goro tobabatds getdikcos daha genis istifado olunur. Bal arilan bitkilorin tozlandiril-
masinda da miihiim rol oynayirlar. Onlar ¢i¢okli bitkilorin ovazsiz tozlandiricilaridirlar. Kond
tosarriifatt bitkilorinin tozlandirilmast iizro biitiin islorin 80-90%-ni bal arilar1 yerino yetirir. Bal
arilar1 ilo tozlandirma noticasinds bitkilorin mohsuldarligi 25-40% yiiksalir.

Material vo metodlar. Tadqgiqat islori 2014-2016-c1 illorde Ismayilli rayonunun orazisindo
miixtolif biotoplarda aparilmigsdir.  Todgigat zaman1 ©.M.Quliyevin (3) makrokapilyar {isulu vo
onun ekspedisiya soraitindo totbiq olunmasi metodikasindan istifado olunmusdur. Tocriiba vo
miisahidalor ¢ol vo laboratoriya goraitindo yerino yetirilmisdir. Bunun iiglin miixtalif yerlordo
stasionar saholor ayrilmisdir. Ayrilmis stasionar sahalordo miintozom olaraq miisahido aparilmis
vo orazinin nektar veron bitkilori todqiq edilmisdir. Todqigat zamani orta hesabla bir bitkido
acmis ¢icoklorin miqdarini, homin bitkinin ¢igoklonmosi miiddstini, bir hektarda olan bitkilorin
imumi saymi va bir ¢i¢ayin giindalik ifraz etdiyi nektarin milligramlarla migdarini bir-biring
vurmagla, homin bitkinin bir hektar sahasindon gotiiriilon nektarin miqdar1 miioyyon edilmisdir.

Bir hektar sahodon alinan balin toxmini miqdarin1 hesablayarkon Rusiya Ariciliq
Institutunun omokdaslarinin (1) vo ©.M.Quliyevin (3) tacriibalorinin noticalorindon istifado
edilmigdir. Tadqiq olunan rayonun nektar veron bitki florasin1 dyronmok vo onun nektar
mohsuldarligin1 miiayyon etmak ii¢lin ekspedisiya soraitindo doqiq hazirlanmig makrokapilyarlar,
refraktometr “AB” vo millimetrli xotkesdon istifado olunmusdur.

Naticolor va onlarin miizakirasi. Miisahidolor zamani miioyyon edilmisdir ki, bal
arilarmin bitki ¢igoklorina qonmasi intensivliyi asason ¢igoklarin ifraz etdiyi nektarin kimyoavi
torkibindon ¢ox asilidir. Cigoklorin ifraz etdiyi bu nektarin torkibinds qlitkoza vo fruktoza ilo
borabor saxaroza da eyni miqdarda olarsa, onda arilar bu g¢igoklor ilizorindo intensiv olaraq
islayirlor. Belo bitkilora ag akasiya, yonca, coks, kdyak, poruqg, siirve, qantopar vo sairo bitki
novlori aiddir.

Nektarinda qliikkoza vo fruktoza ¢ox, saxaroza iso az olarsa, belo bitkilordo arilar daha
hovaslas isloyirlor. Masolon: qilli daraqgigoyi, ¢in filbahari, meso daraqgicoyi, giinobaxan va sairo
bitkilor.

Ogor bitkinin ifraz etdiyi nektarin torkibindo saxaroza coxluq toskil edorso, onda arilarin
belo bitkilordon nektar toplamasi haddindon ¢ox zsifloyar, yaxud da tamamils dayanar. Bu nov
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bitkilora Qafqaz azgilini, coman yoncasini, kandolasi, oyri yumurtaliqli yemisani vo saironi misal
gostarmok olar. Ismayilli rayonu orazisinde miisahido etdiyimiz osas nektar veron bitkilorin
tizorindo arilar ¢ox hovaslo isloyirlor. Bu bitkilorin ¢igoklori orta hesabla bir giindo daha ¢ox
nektar ifraz edir, nektarinin torkibinds gliikkoza vo fruktozanin miqdar yiiksokdir vo ¢igoklomasi
uzun miiddot davam edir. Ismayilli rayonunun osas nektar veron bitkilori vo onlarin bozi
xUsusiyyotlori asagidaki cadvalds sorh edilmisdir.

Ismayilli rayonunun bal va ¢icok tozu veran bitkilori

Cigoklonmanin - g
miiddati = = o = o -8
S | S |E53EE |54
= o 5 "Og.g'ogt_szs‘a
S5 §5 |E3E|EE 5|2z
g2| 22 |98=528|5¢°
Neo Bitkilorin adi g = 8E |55 & g § -l 8%
baglan g 5 =2 | S g2 8 S|S3 @
- sonu Em| €T |[¥Cc:c|¥ 55|88
gict S| dE ;2::@.?28
I S° | Z 8| =8E&|-0
o M SETE Ay
B o
]
1 2 3 4 5 6 7 8 9
1 | Pyrus caucasica Fed. - Qafgaz | », 28V | 8 |12500 |120 |80 0.09
armudu
o | Malus domestica Boch. —ev | 44, 30V | 14 |13500 |165 |97 0.1
almasi
3 | Crataegus kyrtostylaFingerhut | 0\, | 151 | 20 |3000 |580 |35 05
- yemisan
4 | Rubus sanguineus Friv. - 20V | 2511 | 35 | 1000 |630 |400 | 1.0
gansirali boyiirtkon
5 | Prunus domestica L. - gavali | 30.IV | 10.V 9 4500 |50.1 |300 |05
g | RObiniapseudacacial. —ag |\, 5.VI 15 | 7000 |51.0 |250 |05
akasiya
7 Igtgsciaucas'ca Rupr. —Qafqaz | 1o\ | 221 | 12 | 200000 | 1456.6 | 800.0 | 10.0
8 | Tilia cordata Mill. — tirokvari coko | 10.VI | 20.VI | 11 | 190000 | 1180.0 | 640.0 | 9.0
g | Barbareavulgaris R.Br. - 5.V 6Vl | 30 |160000 | 1500 |90.0 | 1.0
qovsvarl VQZQI'Qk
10 | Onobrychis transcaucasica 20VI | 25VII | 35 | 215000 |224.7 |135.0 |15
Grossh. — Zagafqaziya xasasi
17 | Melilotus officinalis (L)Dest— |, \, | 39\ | 37 | 150000 | 2665 | 1255 | 1.6
xasanbiil
12 | Medicagosatival.emvass- | oo\, | gqy) | g5 | 420000 | 106 | ogh0 |30
okin gara yoncasi 0
13 | Trifolium repens L. — ag yonca | 20.VI | 5.VIIl | 40 | 175000 | 320.4 | 1250 | 1.5
14 | Trifolium pratense L. —gomon | 1o\, | 33y | 46 | 165000 | 477.0 | 2700 | 3.0
yoncasl
15 | Eryngium campestre L. —¢ol | 1o\ | 20vin | 35 | 50000 | 1480 | 850 | 1.0
zimbirtikani
Eryngium nigromontanum
16 | Boiss et Bahsc. — Qaradag 16Vl | 20vIll | 35 | 65000 | 1470 |870 |10
zimbirtikani
17 | Lythrum salicaria L. - 25V | oVl | 45 | 350000 | 3720 | 2400 | 3.0
sOylidyarpaq aglarot
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Ismayilli rayonunun asas bal va ¢i¢ak tozu Veran bitkilori

1 2 3 4 5 6 7 8

18 Eﬁ;ﬁ;‘“m hirsutum L. —tikld | 50\, | 50y | 50 | 58000 | 1056 |641 | 1.0

19 | Epilobiummontgnum L. —dag | oa\, | 10vy | 40 | 55000 | 1040 |63.0 |09
onagrasi

20 | Echium vulgare L. — adi kdyok | 10.V 30.VI 50 | 145000 | 1288.3 | 700.0 | 8.2

pq | Phlomis pungens Willd. S.L.— | o\, | o\ | 47 [s8000 |2220 | 1200 |15
tikanli bozaqgiil

97 | Phlomis tuberose L. - 20V | 30.VI | 40 |120000 |187.1 |103.0 | 1.0
yumrukdk bozaqgiil

o3 | Leonurus villosus Dsf. - 10.VIL | 30Vl | 52 | 190000 | 588.0 | 2305 | 3.0
Aslanquyrugu

24 E;?Egys annua L. —birillik 30V | VI | 36 | 350000 |1193 |700 | 1.0

25 Sg’;ﬁgys lanata jacq. —pambiqht | 5\ | 9o \/y1 | 45 | 200000 | 380.9 | 2205 |25

26 ﬁg‘rﬁzf silvatica L. —meso 20V1 | 22VII | 32 | 250000 | 2440 |1505 | 2.0

o7 | Salvaverbenacal. - 2V 20VII | 78 | 210000 | 2838 |155.0 |20
minagigak siirvo

pg | SalvanemorosaL.—qurugdl | 1oy, | o9\ | 66 | 215000 | 3707 | 2355 | 2.2
Survasi

29 (?t“ga”“m vulgare L. —adidara | 15\, [ o1\ | 40 | 175000 | 3258 | 1650 | 2.0

30 | Mentha longifolia (L) Huds. — | o\, | o5\ | 50 | 178000 | 4081 | 2254 | 2.5
uzunyarpaq yarpiz

31 | Dipsacus strigosus Willd. - 25V1 | 5VII | 41 | 80000 |2755 |1885 |2.2
qulli daraq ganqal

32 | Dipsacus silvestris Huds. - 6\VII | 15VIII | 40 |58000 |232.0 |1350 |25
meso daraq qanqali

33 | CephalariacaucasicaLitw. — | oo\, | o6 vy | 31 | 175000 | 776.9 | 6200 | 7.2
Qafgaz gantopari

34 | Cucurbita maxima Duch. - 25V1 | 5VII | 40 |12000 |1368 |69.2 |1.0
gabaq (borani)

35 | Helianthus cultus Wenzl. - 25VII | 15VIN | 22 | 55000 |701 | 445 |07
giinobaxan

3 | Echinops sphaerocephalus L. - | 4 /11 | oo | 30 | 140000 | 825.0 | 495.0 |5.3
toppuztikan

37 | Arctium lappa L. - pitraq 10.vIl | 15.vIlIl | 35 | 60000 |5255 |2850 |3.0

38 g;r:g:fs hamulosus — adi 5.VI 6\VII | 30 | 125000 | 150.6 | 90.2 |15

39 | Cirsium ciliatum (Murr) MB. | o4 1 | 1gvin | 30 | 120000 | 150.8 | 925 | 1.3
— essokqanqgali

40 | Centaurea iberica Trav. - 10VI | 28VvIl | 70 | 998500 | 1555 |615 | 1.0

Iberiya xosaveri

Cadvalds tadqiq edilon rayonun orazisinds asas nektar veran bitkilorin ¢igoklomo miiddoti,
bir hektar sahads olan bitkilorin imumi miqdari, bir ¢igayin giindslik ifraz etdiyi nektarin
milligramlarla miqgdarin1 bir-birins vurmaqla hor hansi bir bitki ndviiniin bir hektar sahosindon
gotiiriilon nektarin miqdari, bir hektar sahadaki bitkilordon toplanan balin miqdar1 va bir hektar

bitki sahasi ti¢lin nezards tutulan ari ailalorinin say1 verilmisdir.

Cadvoldon goriindiiyii kimi, 40-a godar bitkinin nektar ifrazetmo xtlisusiyyati dyronilmisdir.
Miiayyon edilmisdir ki, 33-0 qodor osas bal veroan bitki novii hor hektardan 100-don 1456
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kilograma qodor nektar vera bilir. Yerds qalan 7 bitki iso 12 kilogramdan 70 kilograma qader
nektar verir. ©.M.Quliyevin (3) gostordiyi kimi, nektar verma xiisusiyyatino gora agac va kol
bitkilorino nisboton (coko agaci istisna olmaq sorti ilo) ot bitkilorinin daha ¢ox mohsuldar olmasi
muoyyen edilmisdir. Tadqiq olunan bitkilorin nektar mohsuldarlifindan asili olaraq, asas bal
veran bitkilorin bir hektar sahasino codvoaldo gostorilon sayda ar1 ailoesini qoymagq olar.

Ismayilli rayonu orazisinds todqiq edilmis osas bal vo gigok tozu veron bitkilorin bozi
novlorini: ev almasini, bdyiirtkoni, gavalini, xosonbiilli, ag vo ¢omon yoncasini, xasani, cokoni,
pitraqi, ganqali vo essokqangalini tosvir edok.

Alma on yaxs1 meyva, bal va ¢igok tozu veran bir bitkidir. Almanin tasarriifat ochomiyyati
do bdyiikdiir. Hava soraitindon asili olaraq, ismayilli rayonunda alma agac1 may aymin birinci
onglinliiyliniin sonunda vo ya ikinci ongiinliiyliniin ortalarinda ¢igoklomoyo baslayir. Almanin
cicoklomosi 14 giin davam edir. Miigahidoalor gostormisdir ki, ev almasinin bir ¢igayi giin orzindo
orta hesabla 1,40 mq nektar ifraz edir. Bir hektar sahods olan ev almasinin ¢igoklorindon orta
hesabla 16,5 kq nektar alina bilor. Bir hektar alma bagindan toxminon 9,7 kq-a qodor bal
gotirmok olar Ona goro do bir hektar sahodo olan alma agaclarini tozlandirmaq vo nektar
toplamagq ticiin 0,1 ar1 ailosi nozards tutulur.

Boyiirtkon Ismayilli rayonu soraitinde iyun aymin ikinci ongiinliiyiiniin sonunda
cicoklomoyo baslayir. Cigoklomo miiddoti 35 giin davam edir. Boyiirtkon kol bitkilori igorisinda
yaxs1 nektar vo ¢igak tozu veran bitkidir. Bu bitkinin bir hektar sahasindon 63,0 kq nektar alinir.
Beloalikla, bir hektar boyiirtkon sahasindon toxminon 40 kq-a gador bal gotiirmok olar. Bitkinin
bir hektar sahasinda 1,0 normal ar1 ailasi saxlamaq noazards tutulur.

Xagonbiil (balli yonca) ikiillik bitki olub, Azorbaycanin biitiin bolgolorinds yayilmigdir.
Xoasonbiil alkoloidli, efirli, yagl vo yaxsi bal veran bitkidir. Cigoklomo miiddeti 37 giin davam
edir. Bir hektar xogonbiiliin okin sahasi 266,5 kq nektar vers bilor. Bir hektar sahodon 125,5 kq-a
godor bal gotiirmok olar. Yoni xogombiiliin bir hektar okin sahasindo 1,6 ar1 ailosi saxlamaq
miimkiindiir.

Ugyarpaq yonca goxillik ot bitkisidir. ©.M.Quliyevin (3) gdstordiyi kimi, Azorbaycanda bu
bitkinin 30-dan ¢ox ndvii yayilmisdir. Azarbaycan oarazisindo an ¢ox ¢6l yoncasi, sabdar, ag
yonca vd ¢amon yoncast yayllmigdir. Miisahido edilmisdir ki, hava goraitindon asili olaraq bal
arilar1 asasaon isti vo quraqliq dovriinds bu bitkilordon nektar toplayirlar. Yuxarida gostorilon ag
va ¢amon yoncasinin ¢igakloma miiddati uzun olub, iyun aymin ikinci ongiinliiylinden baslayir
va avqust ayinin avvallorine qodor davam edir. Miioyyon edilmisdir ki, a§ yoncanin bir hektar
okin sahasinin nektar mohsuldarligi 320,4 kilogramdir. Bir hektar okin sahasindon 125,0 kq bal
gotiirmak olar ki, bunun hesabina da 1,5 ar1 ailoesi saxlamaq miimkiindiir. =~ Comon yoncasinin bir
hektar okin sahosinin nektar mohsuldarlig1 477 kq olmusdur. Bir hektar okin sahasindon gotiiriilon
balin toxmini migdar1 270 kq ola bilor. Beloliklo, bir hektar okin sahasine 3,0 ar1 ailasi qoymagq olar.

Xasa Azorbaycanin dagliq vo dagotoyi rayonlarinda genis yayilmis coxillik ot bitkisidir.
Xasanin bir ¢ox novlori vardir. Bunlardan da bizim respublikanin rayonlarinda okin xasasi vo
hiindiir xasa novlori genis surotdo yayilmisdir. Xasadan heyvandarligda vitaminli yem vo
arigiligda iso yaxst bal veron bitki kimi istifade olunur. Todqiqat rayonunda xasa hava
soraitindon asili olaraq iyun ayimn ikinci ongilinliiylindon ¢icoklomoyo baslayir vo ¢igoklomo
miuddati 35 giin ¢okir. Bir hektar okin sahosinin nektar mohsuldarligi 224,7 kq-a borabordir. Bir
hektar xasanin okin sahosindon gétiiriilocok balin toxmini miqdar1 135 kilogramdir ki, bunun
hesabina da 1,5 ar1 ailosi saxlamagq olar.

Coko agac bitkisi olub, Azarbaycan orazisindo onun 4 novii: Qafqaz cokasi, lirokvari coko,
priminko cokasi va iriyarpaq coka yayilmisdir. Coks bal arilart ticlin hom bal, ham da ¢igak tozu
veran agac bitkisidir. Iyun aymin ovvallorinden ¢icoklomoya baslayir. Cigoklomosi 12 giin davam
edir. Arigiligda cokonin ndvlerindon Qafqaz cokesi veo tirokvari coke birinci daracali bal veran
bitki hesab edilir. Qafqaz cokasinin bir hektar sahasinde olan bitkilorin nektar mohsuldarlig
1456,6 kg-a gatir. Demali, bir hektardan gétiiriilo bilocok balin toxmini miqdar1 800 kq ola bilor
Ki, bunun hesabina da 10 ar ailasi saxlamaq miimkiindiir. Uroakvari cokonin bir hektar sahasindo
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olan bitkilordon 1180 kq nektar alina bilor. Bir hektar sahodon gotiiriilo bilocok balin toxmini
miqdar1 640 kq-dir. Bu hesabla da tirokvari cokenin bir hektarinda 9 ar1 ailasi saxlamaq olar.

Pitraq Azorbaycanin dagliq rayonlarinda ¢ox genis yayilmis ikiillik bitkidir. Pitraq xalq
tosarriifatinin miixtolif saholorinds istifade olunan vo yaxs1 bal veran bitkidir. Iyun aymin birinci
onglinliiyliniin sonu, yaxud ikinci ongiinliiyiiniin avvalinds ¢igokloyir. Cigoklomo miiddoti 35
giin davam edir. Bir hektar okin sahosinin nektar mohsuldarligi 525,5 kilogramdir. Bir hektar
pitragin okin sahasinin bal mohsuldarligi 285 kg-a catir. Bu qodar balin yigilmast tigiin bir hektar
sahoyo 3,0 ar1 ailosi qoymagq olar.

Azorbaycanin orazisinds ikiillik ot bitkisi qanqalin bir ¢gox névleri yayillmigdir. Bunlardan
yaxs1 bal veron vo genis yayilani adi gangal noviidiir. Adi ganqgal on yaxsi bal va ¢igok tozu
veran bitkidir. Cigoklomasi iyun ayimin avvallorindon baslayib, 30 giin davam edir. Bir hektar adi
qanqgal sahasinin nektar mohsuldarligi toxminon 150,6 kilogramdir. Bir hektar okin sahasinin bal
mohsuldarligi 90,2 kg-a ¢atir. Bu bitkinin bir hektar sahosino 1,5 ar1 ailosi qoymaq olar.
Odobiyyat molumatlarina asason Azorbaycanda essokqanqgalinin 20-don artiq novii yayilmisdir.
Essokqanqali da ikiillik ot bitkisidir. Essokqanqgali iyul ayinin ikinci onglinliiyiliniin axirlarinda
cicokloyir. Cicoklomo miiddati 30 giin davam edir. Bir hektar okin sahosinin nektar mohsuldarligi
150,8 kg-a borabardir. Bu bitkinin bir hektar sahasindon gotiiriilo bilocok balin toxmini miqdari
92,5 kg-a ¢atir ki, bunun hesabina da bir hektar sahads 1,3 ar1 ailasi saxlamaq olar.
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PE3IOME
OCHOBHBIE IIBIIBIIEHOCHBIE U MEJOHOCHBIE PACTEHMU 1
B UCMAWJIJIMHCKOM PAMOHE
TI'aoumoe B.A., Cyneiimanosa H.M., Illaumedoea U.X.

Knroueevie cnosa: nuenunas cemvs, pacmetue, MEOOHOCHAS NYed, NbLIbYd, HEKMAp, Meo.

B cratee mpuBOAsTCS MaHHBIE TIO CPOKAaM IIBETCHUS PACTEHUH — OCHOBHBIX HEKTapOHOCOB,
o0IIeMy 4uCITy 3THUX pacTeHHWH Ha JaHHOM y4YacTKe, KOJMYECTBY IIPOM3BENIEHHOTO PACTeHUSIMH HEKTapa,
MPHOIM3UTETFHOMY KOJIMYECTBY MENa, MOMYyYEeHHOTO C JAaHHOTO YYacTKa, U MPEIyCMOTPEHHOMY YHCITY
MMYEIUHBIX CEMEH ISl HErO Ha TEPPUTOPUM paiioHa miomaasio B 1 ['a. B xone uccnenoBanuii nu3y4eHsl
HEKTapOHOCHBIE 0coOeHHOCTH 40 BUIOB PaCTEHUI.

SUMMARY
MAIN HONEY AND POLLINIFEROUS PLANTS OF ISMAYILLI REGION
Gadimov V.A., Suleymanova N.M., Shammadova I.H.

Key words: plant, honey bees, pollen, nectar, honey

The article presents the data obtained during the study in 1 hectare area, according to flowering
period of plants the main nectariferous, the total number of plants in this area, the amount of nectar
produced by plants - the approximate amount of honey obtained from this area and the provided number
of bee families for this area. Nectar features of 40 plant species were examined.

Daxilolma tarixi: [lkin variant 01.03.2017
Son variant 26.12.2017
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Acgar sozlar: modellosdirma, qeyri-salis Petri sobakasi, c¢evik istehsal modulu, avtomatlasdiriimig
kompleks.

Giris. Paralel asinxron proseslorin todqiqi vo modellogdirilmasi geyri-miioyyonlik, geyri-
solislik, zaman, resurs vo digor mohdudiyyetlorlo xarakterizo olunan verilonlorin
formalizasiyasidir. Sistemin modellosdirilmosi i¢lin osas verilonlor bas veron hadisolor vo onlar
arasindaki montiqi olagolordir. Elementlorin miirokkab struktur, funksional vo sobab-natico
olagolorinin  geyri-miioyyon  parametrlorlo  verilmosi  sistemin layiholondirilmasi  vo
modellosdirilmasi prosesini ¢atinlosdirir. Bu halda modellogdirms aparat1 kimi geyri-salis Petri
sobokasi (PS) vo onun miixtolif modifikasiyalarindan istifado perspektiv istigamotdir. Magalado
geyri-miioyyan sortlor daxilindo paralel isloyon ¢evik istehsal = modullarindan ibarat
avtomatlasdirilmis kompleksin qeyri-solis Petri sobokasi soklindo idarosetmo modelinin
qurulmasina baxilir.

Bir marsrut iizra avtomatlasdirilmis kompleksin sabaka modeli. Paralel isloyan ¢evik
istehsal modullarindan ibarst avtomatlasdirilmis komplekss ii¢ ¢evik istehsal modulu daxildir
(Sok.1): (CIM), hor bir modula daxildir: qurgu (QR), senaye robotu (SR), iki saxlayic1 : S; - emal
olunmamig detallar ti¢lin ; Sy — emal olunmus detallar {igiin ; iki nogliyyat manipulyatoru (NM);
emal edilmomis detallarin saxlayicis1 (EDS); emal edilmis hazir detallarin saxlayicis1 (HDS);
paylayict y18ici robot (PYR); avtomatlagdirilmig anbar (AA).

Avtomatlagdirlimis kompleksin idaroetma modeli modifikasiyali geyri-salis PS soklindo
tosvir edilir [1]:
Cf :(Np! f!l'/uO)
burada :

* N, =(P,T,1,0)- modifikasiyali geyri-salis PS-nin strukturudur: (P ={p;},(i=1n) - sonlu
geyri-solis movgelor coxlugu; T{t},(i=1m)- sonlu qeyri-solis kegidlor coxlugu;
I:PxT—>(01) vo O:TxP—>(01 - uygun olaraq kecidlorin giris vo ¢ixis
funksiyalaridir);

* —f=(f,f,,..,f.) - geyri-salis keg¢idin yerino yetirilmosinin monsubluq funksiyasi
vektorunun qiymatlaridir, har bir f; €[0,1],[Vi e (1,2,...N)] , N- natural adadlar ¢coxlugudur;

* —A=(,4,,...,4,) - kecidin yerino yetirilmasinin hoyacanlanma hoddi vektorunun
qiymatloridir, har bir 4 €[01],[Vie (1,2,...,N)];

% — o=, 145,...,0) - baslangic markerlosmo vektorudur. Bu vektorun hor bir elementi
sobakenin uygun movqgeyinds yerloson bir markerin geyri-salis monsubluq funksiyasinin
giymoti ilo toyin olunur, hor bir 2 €[01],[Vie (1,2,...,N)].
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Modifikasiyali qeyri-salis PS-nin cari voziyysti x = (¢, i,,..., 14,) vektoru ilo toyin edilir.
Bu vektorun elementlori (g €[01]) p, eP modvqgesindo yerloson bir markerin qeyri-salis

monsubluq funksiyasiin qiymati ilo toyin olunur.
Modifikasiyali geyri-salis PS-nin t; e T kegidi hor hanst £ cari markerlosmosindo

min{m;}> A4, /lie (L,2,....N)]A[1(p;,t,) > 0]
sorti 6donildikds icazalidir.
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Sakil 1. Avtomatlasdirilmis kompleksin struktur sxemi

Modifikasiyali qgeyri-solis PS-nin t; eT kegidi cari 4 markerlogmosindo icazolidirss,
geyri-salis tj ke¢idi yerino yetirildikdon sonra yeni alnan u=(u,4s5,...,s;) markerlogsmo

vektorunun elementlori asagidaki diisturla toyin edilir:

har bir p, eP, O(p;,t,)>0 ¢ixis movgelari liglin:

pi =max{e, min(g, £ )HI(Vp; € P) A

O(t,, pi)>0]

[ie@2,...N)IA[I(p;,t)]>0.

Avtomatlasdirlimis kompleksin foaliyyot modeli [2]-do verilmis alqoritmin totbiqi ilo
qurulur.

Qeyri-salis Petri sobakasinin movqelar va kegidlor ¢oxlugu asagidaki kimi toyin edilmisdir.
Movgelar goxlugu: P1- NM HDS-in mévqeyindadir, tutqac qurgusu baghdir; Po- NM EDS-o
detal bosaldir; P3- NM HDS-in mévgeyina dogru harakot edir; P,- NM HDS-in mévqeyindadir,
tutqac qurgusu agiqdir; Ps- NM HDS-don emal edilmomis detal gétiiriir; Ps- NM CIM1-in giris
saxlayicisina dogru horokat edir, tutqac qurgusu baghdir; P- NM CIMI1-in giris saxlayicist
movgeyindadir, tutqac qurgusu baghdir; Pg- HDS bosdur; Po- HDS-do detal var; Pip- EDS
bosdur; P11- EDS-ds detal var; P1,- PYR HDS-in mdvqgeyina harakat edir; P13- PYR HDS-don
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detal gotiiriir; P14- PYR hazir detali AA-nin saxlayicisina yerlosdirir, emal olunmamis detalla
yiiklonir; Pis- PYR EDS-in moévqeyindadir, tutqac qurgusu baglidir; Pig- PYR EDS-o detal
yerlogdirir; P17- PYR HDS-0 dogru horokot edir, tutqac qurgusu agiqdir.

Kecidlor ¢oxlugu: t; - NM emal edilmis detali HDS-o bosaltmaga baslayir; t; - NM-in
bosaltma prosesi basa ¢atdi; t3 - NM EDS-in yiiklonmas movqeyindadir; t4 - NM EDS-don emal
edilmomis detallar1 yiiklomays baslayir; ts - NM-in EDS-don yiiklomo prosesi sona ¢atdi; tg -
NM CIM-in yiiklonmo mévqeyindadir; t; - PYR-in EDS-do yiiklomo prosesi sona catds; tg - PYR
HDS-in bosaltma moévqeyindadir; ty - PYR HDS-in bosaltma prosesina basladi; t;o - PYR —in
HDS-ds bosaltma prosesi sona ¢atdi; t1; - PYR EDS-in ylikloma mdvqeyindadir; t1o — PYR EDS-
don yiiklomo prosesina basladi.

Sobokonin kegidlorinin giris f = {fi J- }, ¢ixig h= {hi J- }, d= {di j} insidentlik matrislorinin

elementlori asagidaki kimi toyin edilorok idaroetmo modelinin strukturunu formalagdirir [2,3 ]:

{1, ogar P;el(t;), h {1, agar P, eO(t)), —Lagar piel(t;). p; 20(t)),
ij =

0,0g0r 1P, & |(tj), 0, ogor piEO(t]-), dij =11, ogor pifl(tj)’piEO(tj),
0,0gar p;l(t;),p; 2O(t,),

ij

O OO 000000 OoO o
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Bir marsrut iizro avtomatlasdirilmis kompleksin idaroetmo modelinin graf-sxemi Sak. 2. do
gostorilmisdir.

Sakil 2. Bir marsrut iizro avtomatlagdirilmis kompleksin idaraetma modelinin grafik sxemi

Natica. Bir marsrut iizro avtomatlasdirilmis kompleksin modeli qurulmusdur. Modelin
movgelari tigiin kegidlor coxlugu toyin olunaraq struktur formalagsmis, sobokonin qrafik sxemi
1slonmisdir.
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B nmokmame paccmarpuBaeTcs CO3JaHHE CTPYKTYPBl MOJIENH  YOPaBICHHS TapajuieTbHO
paboTaromux MPOU3BOACTBEHHBIX MOMYJEW CO CTPYKTYPHBIMH JJIeMEHTaMH HedeTkoi cetu llerpm.
CdopmupoBaHbl BXOHBIC, BEIXOIHBIC, HHIIMICHTHBIC MaTpUIlbl. Pazpaborana cTpykTypa u rpaduueckas
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SUMMARY
MANAGEMENT MODEL OF AUTOMATED COMPLEX CONSISTING
OF THE PARALLEL MODULES
Mustafayev V.A., Zeynalabdiyeva 1.S., Rufullayeva R.A.

Key words: modeling, fuzzy Petri nets, flexible production modules, automated complex.

In this thesis the development of management models of the complex consisting of automated
parallel modules is reviewed as a subject matter. The structure of management model of the automated
complex consisting of parallel flexible manufacture modules and a graph-scheme of a route of the model
are introduced.
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Magaloda dinamik obyektlorin faza portretlorinin MATLAB-Simulink texnologiyast asasinda
qurulmasina  baxilmigdr. Osas maSalo faza trayektoriyalarimin saymi artirmaqla faza portretini daha
effektli vo informativ etmakdan ibaratdir. Simulinkda 2l ilo daxil edilon baslangic sartlarin sayt mahdud va
yorucu oldugundan bu prosesin M-faylin kémoayi ila vo ya MATLAB-da proglamlasdirma yolu ilo
avtomatlagdirilmast vacib praktiki ahamiyyat Kasb edir. Metodikanin tistiinliiyiinii t25diq edan konkret
misallar verilmisdir.

1. Faza portretlorinin qurulmasimin Klassik iisullari. Faza portreti - faza traektoriyalari
coxlugundan ibaratdir. Qeyri-xotti sistemlords tarazliq noqtslorinin tipi miixtalif, say1 iso Xatti
sistemlordo oldugu kimi bir deyil, ¢ox oldugundan faza traektoriyalar1 biitin ¢ozbetmo
oblastlarn1 ohato etmolidir. Bundan basqa, tarazliq noqtolorini vo sistemin dinamik
xususiyyatlorini adekvat todqiq eds bilmak tigun onlarin sixligi kifayyat godor olmalidir.

Faza portretlorinin qurulmasinda, asason, iki usuldan genis istifads edilir [1,2]:

- analitik {isul;

- grafoanalitik olan izoklin tisulu.

Bu tisullar, asasan, iki6l¢iilii obyektlor tigtin dnamlidir.

Farz edok ki, iki tortibli (n=2) obyektin sarbast harokati asagidaki tonliklo verilmisdir:

y+f(y,y)=0.

Xp =Y, X, =Yy avoazlomosi etmokls, bu tonliyi vaziyyst koordinatlarinda yazilmis
ekvivalent tonliklor sistemina gotirmoak olar:

dx

L= fl(xl’ Xz) )
dd;[ ()
dtz = fz(xl’xz)-

Baslangic sortlor sifir olmayib, sarbast harokat yaradir.
X 0)= X101 X2 0)= X20
Burada x,x,—faza vo ya voziyyot koordinatlari; f,f,— tmumi halda geyri-xotti
funksiyalardr.
1.1. Analitik iisul. ©gor (1) diferensial tonliyinin analitik halli mévcuddursa, tapilmis X, (t)
Va X, (t) hallori faza trayektoriyasinin parametrik (parametr t-dir) formada verilmis tonliyidir.

Bozi hallarda ilkin diferensial tonliklor ovozino (1)-do ikinci tonliyin birinciys
boliinmasindan alinan bir tortibli tonlikdon istifads olunur:
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dX2 — fl(Xl’ XZ) ] (2)
Xm f2 (Xl’ XZ)

Bu tonlik faza traektoriyalarinin diferensial tonliyidir. Analitik hall mévcuddursa bilavasito
faza trayektoriyalarinin X, = (X, X, Xo) tonliyini almaq olar.

1.2. Qrafoanalitik iisul. Faza trayektoriyalarini qurmaq mogsadi ilo avvallor izoklin,
delta-iisul, Pell vo s. qgrafiki tisullardan genis istifado edilirdi. Lakin kompiiterlarin vo oadadi
inteqrallama tisullariin meydana galmasi naticasinds bu iisullar 6z aktualligini itirmokdadir.

Izoklin iisulu. Ifado (2) — ni asagidaki sokilds yazaq:

dx2 — fl(xl’ XZ) — k(Xl, Xz) )
dx, (%, %)
Goriindilyi kimi, K(x,X,) kemiyyati (%,X,) noqtesinde faza trayektoriyasina cokilon

toxunanin bucaq amsalidir. Faza trayektoriyasinin istiqgamati (X;,X,) ndqtesinin yaxin otrafinda
bu toxunanin istigamotine yaxin oldugundan kifayot Qodor six toxunanlar saholi faza
trayektoriyalarini qurmagq olar.
Toxunanlar sahasini qurmag magsadi ilo bu sahanin
fl(Xl’XZ) =k. (3)
f2 (Xl’ X2)
tonliyindan istifads etmak olar. x, vo x, dayisonlarine bizi maraglandiran oblastdan miixtalif
giymotlor verorok hor dofo k-n1 hesablayib (x;,X,) koordinath noqtedon o =arctgk bucagina
malik olan toxunanin kigik parcasini ¢okmoak olar. Lakin bu yol rasional olmayib, toxunanlar
sahasinin ganunauygunlugunu izlomayi ¢atinlosdirir.
Bu sobabdan k-ya k e[—K;,, K] intervalindan sabit giymatlor vermakls, hor dofo uygun
X, =@ (X,K), k=const oyrisini qururlar. Bu tenlik geyri-askar (3) tonliyinin x, doyisenina
nozaron holl edilmasi naticasindo alinmisdir vo izoklinin tonliyidir. Demali, izoklin faza
trayektoriyalara ¢okilon eyni mailliya malik toxunanlarin handasi yeridir. Burada izo — “sabit,
doyismaz”, klin iso “toxunan” demakdir. izoklinin tonliyi Xotti sokilda olur.

Har bir izoklin ayrisi lizerinda istigamati tayin etmok iiciin miioyyon interval ilo k =const
sabit qiymotino uygun bir-birino paralel olan toxunanlarin kigik pargalar1 ¢okilir. Sonra hor hansi
bir izoklinin tizarindon baslayaraq uygun toxunana paralel vo névbati izoklini kasana gadar diiz
Xatt ¢okirlor vo s. Bu halda faza trayektoriyasinin hisso-hisso Xotti aproksimasiyasi bas verir vo
doagiqglik izoklinlorin sixligindan asili olur.

Nozori miiddoalart daha yaxsi basa diismok mogsadils bu bélmeni misal ilo yekunlasdiragq.
Ikigat inteqgrallayict obyekt % =X,, X, =U

X.
liclin faza treyektoriyasinin qurulmasina ket| ALt 4/ _} o s =145
baxaq. Bu halda izoklinin tonliyi: w7
X, =% k=0 A = a=1635

u=+1 qgobul edok. Sokil 1-di bucaq
omsalinin K={-2,-1+1,+2} qiymotlorindo 0
miivafiq izoklinlor (qirig-qiriq xatlor) va
toxunanlar sahasi gostorilmisdir.
Goriindiiyl kimi, u=+1 qiymatinds
faza traektoriyalar1 parabolalardan ibaratdir.
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2. Simulinkdas baslangic sartlarin al ilo daxil edilmasi. Obyekt kimi siirtiinmoys malik
Olmayan riyazi roqqasin sarbast horokotinin faza portretinin qurulmasina baxaq. Obyektin tonliyi

[3]:
d?0/dt* =k, sin@, k =g/l
Burada m —yiikiin kiitlasi; 6 — tarazliq vaziyystindon (saquli) meyiletms bucagr; | — milin
uzunlugudur. Yy=X=60,X=y= 0 isaro etsok, roqgasin voziyyot koordinatlarinda tonliyini
alariq:

Xl = X2,
X, =—k; sinx,
y = Xl'

Stirtiinmo movcud olmadigindan bu obyektin stasionarlart “moarkaz” tipli (sonmayan ragsi
proses) tarazliq noqtalorindan ibaratdir.
X . Sakil 2, a vo b-ds baslangic x10 va x20
sortlorinin 18 qiymoti ii¢lin qurulmus faza
portreti vo tonliyin hollinin Simulink sxemi

4

3k m

ot 1 gostorilmisdir

| Y | Faza portreti MATLAB-in  omrlor
( \ pancarasindo  yazilmig plot(x1, x2) omrinin

0 \@} 1X; komoyi ilo alinir. Goriindiiy kimi, 18 sayda

Al | baslangic  noqtodon  istifado  olumasina

baxmayaraq, faza portreti cox seyrok
alinmigdir. Tarazliq ndqtslorinin kigik otrafini
ohato edon baslangic ndqtalori slave etmokls,
, , faza traektoriyalarinin sixligini artirmaq olar.

'
M
T

1

o
T
I

Bu olduqgca yorucu amoliyyatdir-

x2
1=
P L | T ]

(» %s s I
x20 %S
Integrator Scope

Integrator 1

[00O0000000000O0O0OOOOO ]

x10

[-4-3.2-3.16 -3.1 -2 -1 -0.5(-0.2-0.10.10.20.5123.13.163.24] Constant 3

H%J‘b X1

S

-3

To Workspace
> x2

To Workspace 1

Sakil 2. b)

Inteqrallaycilarin rejimlori (bloka iki dofa klik etmoklo parametrlor pancarasini agmaq):
External reset-none; Initial condition source-external (Saokil 1,2) vo ya internal. Axirmci
rejimds baslangic sortlori ol ilo bilovasito parametrlor pancarasins do daxil etmok olar [-4 1 3... ]
vo ya M-fayldan ictifado etdikdo 1-ci inteqrallayicida x10, 2-cido x20 yazmaq lazimdir. Ol
texnologiyasinda baslangic sortlorin say1 barabar vo ya hor hansi inteqratorda bir adad ola biloar.

To Workspace blokunun rejimi: Variable name-x1, 2-ci blokda x2; Save format-Array.

68



Riistamov Q.0., Agayev U.X., Oliyeva S.B.

Xotti sistemlor koordinat baslangicinda yerlagon

X2
yegano tarazliq voaziyystino malik oldugundan O;M\\\ y ]
baslangic sortlorin ol ilo doyigdirilmasi bu halda | |
nishaton gonoatboxs hesab oluna bilor. Bir misala | |
baxag. 0l ]
Forz edok obyekt ikinci tortib aperiodik dayaniqhh | |

obyektdir: vl 0
B 1 04}
52 1+255+1 06 _
Xarakterstik tonliyin koklori: s;=-2, $,=-0.5. 08y i
Sokil 3-do uygun olaraq 16 baslangic vaziyyst 15 M 0 05 1 15

liclin qurulmus faza portreti gostorilmisdir.Simulinkdo )
hall sxemi Sakil 2-da verilib. Sokil 3.

X, =—0.5%, %, =-2.5% asimptotlarmin daxilina

faza tracktoriyalar1 diismadiyindon bu oblasti todgiq etmok miimkiin deyil. Bu ¢atismazliq
baglangic sortlorin ol ilo yorucu artirtlmasi ilo gismon aradan qaldirila bilar.

3. Faza portretlorinin Simulinkda M-faylin komayi ilo qurulmasi. Baslangic sortlorin
gerenasiyasint avtomatlagdirmaqla (mosolon, separatrisalar ilo ayrilmis cozbetmo oblastlari
daxilindo yerloson tosadiifi kombinasiyalar soklindo vo ya baslangic sortlorin M-faylda
programlagdirma yolu ilo ki¢ik addimla doyisdirilmasi vo s.), baxilan “ol texnologiyasini”
shomiyyatli doracads tokmillogdirmok olar.

Bu metodikan1 surtiinmoya malik olan riyazi roqqasin faza portretinin qurulmasi misalinda
aragdiraq. Obyektin vaziyyat tonliyi:

X = Xy,
X, = —sinx; +0.5x,,

Burada 0.5x, toplanani siirtiinmo yaratdigindan ovvoalki misaldan forgli olarag, bu
obyektin tarazliq noqtolorinin tipi “dayaniqli fokus”-dur (dayaniqli rogsi proses).

1 X2 1 X]_:y r’
R >
Inf&giato Integrator 1

054" TP

Scope

=

To Workspace

Fcn > X2
sinu) 4 ToWorkspacel

Sakil 4.
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M-faylindan istifado etmokls, faza portretinin qurulmasi asagidaki osas bandlordon
ibaratdir.

1. Tanliyin hallinin sokil 1 vo 2-ys uygun Simulink sxemi qurulur (Sakil 4).

Intagrallayicilarda ovvaldo gdstorilon rejimlori oldo edorok avtomatik doyisdirilocok
MATLAB dayisonlori x10 va x20 yazilir. To Workspace bloklarinda Array rejiminds simout-
un avazina X1 va x2 yazilir. Save (yadda saxlamaq) edib ad qoyulur (bizim halda, pendulum).

2. Faza portretinin qurulmasini avtomatlagdirmaq moagsadilo asagidaki M-koddan istifado

etmok olar
- Editor - C\Users\Gazanfar RustamoviDesktopipedul.m =l -
= — I————-—
File Edit Text Go Cell Tools Debug Desktop Window Help A

NEH $RR9 oS- AdAeasp |kl-8~ >0 +)
BB | - Lo + | = (11 x |52t o | @ |
1 - hold on [
2 = ®¥10=-2:1:2 % xl-= gore baslangic s=srtler intervali
3 = x20=-5:1:5 % =x2-ve gore baslangic sertler intervali
4 — sim('pendulum') %5imulink modeslin adi
5 — ploci{xl,=x2) % QOrafik
& — hold o

script Ln @ Col 9 OWVR

3. Program icra olundugdan sonra faza portreti gorunan pancars agilacaq (sokil 5).

X' = Ax+Bu
y = Cx+Du

State -Space

Sokil 5. Sakil 6.

Baslangic sortlorin M-fayla daxil edilmis intervala vo addima uygun olaraq alinmis faza
portreti 55 faza traektoriyasindan ibarotdir. Lazim golorso, tracktoriyalarin sayimni artirmaq olar.
Qeyd edok ki, faza portretinin qurulmasinin avtomatlagdirilmasinda obyektin matris formasinda
verilmis voziyyot modelindon ds istifado etmak olar (Sakil 6).

4. MATLAB-da proqlamlasdirma. Indi MATLAB-da bilovasits proglasderma yolu ilo
faza portretinin qurulmasina baxaq. Obyekt alagali xatti tonliklor sistemindon ibaratdir:

dx/dt = x+ 3y,
dy/dt = -5x+2y.
Ovvalco M-faylda diferensial tonliyin sag torafi yazilir.
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File Edit Text Go Cell Tools Debug Desktop Window Help A A X
NEH| ¢RI |- Maedf|B-8-] >0~
BLE| - 10 [+ =11 x| E O
' 1 function d=dxdclit,®) O
z - d=[x (1) +3%x(2) ;-5%x (1) +x(2)];
ddtl Ln 2 Col 30 |OVR

MATLAB-1n amrlor pancarasindo yazilan program vo 11 traektoriyadan ibarst faza portreti
Sakil 7 a va b-da gostorilmisdir.

0.04

0.03

> figaye (1)

== hold on 00

> for theta =[0:10] *pi/5 001
xO0=1le-5*[cos(theta) ;sini(theta) ] : 0
[t,x]=od=s45 (@dxdtl, [0 8] ,=0): 0.01
plotixi{:, 1), x(:,2]) 0.02
End -0.03
-3 70'%‘,03 —0,62 -0 I01 0 0,61 0 EJE O,bS
a) b)
Sokil 7.

Sokil 7,b-do oxlarla gostorilon faza siirstinin
istigamati  geyd edilmodiyindon tarazliq voziyyetinin
tipini toyin etmok miimkiin deyil. Bu sobobdon olava
todqiqatlara ehtiyac var. Xotti obyekt halinda tarazliq 1.5000 + 2.840&i
voziyyetinin  tipini  det(sl —A)=0  xarakteristik ans =
tonliyinin koklorino (A matrisinin moxsusi odadlori)
osasaon toyin etmok olar. eig(A) funksiyasindan istifado
edorok MATLAB - da maxsusi adadlori tapaq:

Koklarin haqiqi hissalori sifirdan bdyiik oldugundan tarazliq voziyyoti dayanigsizdir - tipi
“dayaniqsiz fokus” (sokilden goriiniir), yani proses dayaniqsiz rags1 prosesdir.

Natico. Hazirda MATLAB - Simulinkds faza portretlorinin qurulmasmin kompyiiter
texnologiyalarinin standart vo universal vasitalori zoif inkisaf etmisdir. Bu sobabdon miixttalif
todqiqatcilar ¢coxlu sayda forqli alqoritmlor toklif etmokdadirlor.

Mogalods baxilan iisuldan istonilon dinamik obyektin faza portretinin qurulmasi {igiin
istifado etmok miimkiindiir. Osas ¢atismayan cohat tadqiq olunmamis, geyri-miisyyoan vo xaotik
sistemlorin  keyfiyyotli faza portretlorini qurmaq ti¢lin insanin ohomiyyatli derocads
miidaxilasinin talob olunmasidir.

== A=[1 3:-5 2]:
> 21g(Ah)

1.5000 - 3.840&1
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PE3IOME
IMOCTPOEHHUE ®A30BbBIX IOPTPETOB CUCTEMBI PEI'YJIMPOBAHMUSI B
MATLAB - SIMULINK
Pycmamos I' . A., Azaee Y. X., Anuesa C.b.

Knrouesvie cnoea: ounamuueckuii oovexm, ¢pazoswiti nopmpem, MATLAB-Simulink, M-
Gaiin, mamemamuyecKull MasmHux

B cratee paccMoTpeHa TexHOJIOTHS mOcTpoeHus ¢(a3oBeix moptperoB B MATLAB-
Simulink. OcHoBHOli 3agaueii sABJSCTCSA yIydllleHHE dYuciaa (a3oBBIX TPACKTOPHUH C MEJBIO
nosydeHus: 0oJiee CopepikaTeIbHbIX (ha30BbIX MOPTPEeTOB. BBomumoe Bpyunyio B Simulink
YUCII0 HAYaJbHBIX YCIOBUH SBISETCS OrPAHMYEHHBIM ¥ OOPEMEHHTEIBHBIM, IO3TOMY
aBTOMATH3allMsI TOTO MPOIEcCa C MCIOJIB30BAaHUEM MPOTPAMMHBIX CPEICTB SBJISICTCS BaXKHON
NpakTU4YecKol 3amaueii. B pabGore c 3TOH menprio wucmonb3oBan M-daiin u  mpsmoe
nporpammupoBanue B MATLAB. /laHbl KOHKpETHBIC IPUMEPHI.

SUMMARY
CONSTRUCTING PHASE PORTRAITS OF THE REGULATORY SYSTEM IN
MATLAB - SIMULINK
Rustamov G.A., Agaev U. Kh., Alieva S.B.

Key words: dynamic object, the phase portrait, MATLAB-Simulink, M-file, mathematical
pendulum

In the article reviewed the technology of construction of phase portraits in MATLAB -
Simulink. The main taks to improve the number of phase trajectories in order to obtain
meaningful more perfect phase portraits. Input by hand in Simulink number of initial conditions
is limited and cumbersome. Therefore, the automation of this process with the use of software is
an important practical task. The paper used for this purpose M-file and direct programming in
MATLAB. Specific examples are given.
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Acar sozlar: mexaniki mohkomlik, kapsulamalagatirici polimer, polimerlaosma daracasi, “qaynar
lay”, trayektoriya

Giris. Aparilmig todqiqat islorinin tohlili gdstorir ki, polimer materiallarla
kapsullagdirilmis mineral gilibro donslorinin keyfiyyot gdostoricilorinin yaxsilagdirilmasinda

onun mexaniki moéhkomliyi xiisusi ohomiyyat kasb edir [1].

Mexaniki moéhkomliyin artirilmast giibro donslorinin torpaqda hollolma miiddatini
uzadir, onun havanin riitubstini udaraq nomlogmosinin qarsisini alir, anbarda saxlanilma
middotini artirir. Buna goro do mexaniki mdhkomliyin artirilmast vo onun polimer
kapsulomoalogatirici vo prosesin parametrlorindon asililiginin dyronilmasi nozori vo praktiki
ohomiyyat kasb edir.

Mogqalodo mogsad kapsullagdirilmig giibro donoslorinin kapsulomalogatirici polimerin
qalinhigindan, polimer mohlulunun gatiligindan, polimerlosma doracesindon, denalorin harokat
trayektoriyasinin uzunlugundan asililig1 6yronilmisdir.

Tacriibanin qoyulusu va naticalarin tahlili. Tocriiba Sokil 1-do géstorilmis konus dibli
silindirik “qaynar lay” aparatinda aparilmisdir. Giibra donalori (NH,NO3) 5 tutumundan (1)
“qaynar lay” aparatina verilir, buraya (2) ventilyatorundan qaynadici agent (hava) verilir.

Qaynadict agent (3) qizdiricisinda 80°S-yo qodor qizdirilir. Stabil “qaynama”
alindigdan sonra donslori kapsullagsdirmaq ti¢giin “qaynar lay”a (4) tutumundan selliilozanin
suda holl olan va bioloji pargalanan toromosinin (Na- KMS) miixtalif qatiliqli (10, 15, 20%-1i)
mohlullart verilir. Kapsullagdirilmig donoslor (6) stuserindon xaric edilir vo qablasdirilaraq
anbara gondorilir.

Tacriibo miiddatinds vo tacriibadon sonra kapsullagdirilmis giibro denslorinin mexaniki
mohkomliyi toyin edilmisdir. Mexaniki mohkomliyi toyin etmok tiglin dlgtilori (1+3) mm
olan kapsullagdirilmis ammonium sirasi (NH4NO3) donslorindon 20-30qr. ayrilir. Hor
niimunadon formalar1 bir-birine yaxin olan 20 adad segilir, siiso biikso yerlogdirilir vo qapagi
ortiiliir. Otaq temperaturunda 12 saat miiddotindo saxlanilir. Sonra donslor ardicil olaraq
VTS-10 markali cihaza kegcirilir. Hor bir denoni sixmaqla, onun dagilmasina sorf olunan
qiivvoni tayin edirlor. Mexaniki mohkomlik X, qramla (q) asagidaki formul ilo toyin edilir [4].
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kapsulomalagatirici polimerin va prosesin asas parametrlorindon asililiginin tadqiqi

P1+P,+Ps... Py
20

X = , q

burada, P; + P, + P; .... P, - donalorinin dagilmasina sorf olunan qiivvalardir, g-la.
Danoalorin statik mohkamhyl X, M Pa, (Kq Q /smz) is9 asagidaki formul ils toyin edilir.

=l B 063727 M Pa, (Kg 0/sm?)

2
20-S 2074
4

burada, P;- bir denonin dagilmasina lazim olan qiivva, N (KqQ); S-donalarin en kosik sahasi ,
m?(sm?); d;-istifads olunan fraksiyada donslorin orta diametri, m(sm) [4].

Giibra

5 Tullanti aazlar

A\ 4

Anbar

Sakil 1. Qaynar lay aparati. 1-qaynar lay aparati; 2-ventilyator; 3-qizdirici;
4-polimer mahlulu ticiin tutum, 5-kapsullasmamis giibra donalari iictin tutum,
6-kapsullasdirimis donalorin xaric olmast iigiin stuser, T-¢ilayici.

(5)-bunkerindon (1)-qaynar lay aparatina verilmis (1--3) mm olgiilii NH4N O3-donoslori
novbo ilo kapsullasdirildigdan vo qurudulduqdan sonra yuxaridaki qayda ilo mexaniki
mohkomliyi yoxlanilmigdir. Mexaniki mohkomliyin polimer Ortliylin qalinligindan, polimer
mohlullarin  qatiligindan vo donolorin  hondoesi  dlgiilorindon  asililign  qrafiki  sokilde
gostorilmisdir.

Qrafikdon goriiniir ki, kapsulomologotirici polimerin qatiliginin artmasi ilo mexaniki

(22 -9 ¢atir. Bu polimer mohlulunun torkibindoki

polimer kiitlolorinin artmasi ilo, kapsulun divarmin qalinlasmasi ilo olagadardir. Danalarin
diametrlorinin do artmast mexaniki moéhkomliyi artirir. Bu da donslorin diametrlorinin artmast
ilo sahonin azalmasi vo vahid sahoyo diison polimerin artmasi ilo alagodardir. Lakin onu da
geyd etmok lazimdir ki, polimer mohlulunun qatiliginin artmasi ilo mahlulun 6zililiiyl artir
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vo borularda vo ¢iloyicido onun horokoti mohdudlasir, ona gora do kapsullagdirma maogsadi
ilo 15%-1i polimer mohlulundan istifads etmok daha mogsodsuygundur.

d, 3-10°
M I1a
X d, 2-10°
d.1-10°
6__
At
2__
: | : >
10 15 20 C%

Sakil 2. Mexaniki méhkomliyin polimer kapsulomalogatiricinin
qatiligindan va danalarin hondasi ol¢giilarindan asililigt.

Mexaniki mohkomliya tosir gostoran amillordon biri do kapsulomologatirici polimerin
polimerlosmo doracoesidir. Polimerlosmo doracasini doyisdirmoklo, daha az mosroflo daha
yiiksok mexaniki mohkomliys malik kapsullagdirilmis giibro donslori oldo etmok olar. Bu
mosaloni dyronmok ii¢lin polimerlosmo dorocasi 65,70,80,85 vo 90 % olan Na- KMS
gotliriilmiisdiir vo bunlarin hor birindon 15 %-1i mohlul hazirlanmigdir. Hazirlanmis mahlulla

yuxarida gostarilon qaydada (1-<-3) mm 6lgiido NH4NO5 donslori kapsullagdirilmigdir.
Kapsullasdirma prosesi sona yetdikdon sonra yuxarida gostorilon qaydada densalorin mexaniki
mohkomliyi tayin edilmisdir. ©ldo edilmis naticolors asason donolorin mexaniki méhkomliyi
ilo polimerlogmo doracasi arasinda asililigin qrafiki qurulmusdur.

kq@

sm?

; T T T T T Pq%
65 70 75 80 85 90

Sakil 3. Mexaniki méhkamliyin polimerlaosma daracasindon asililigi:
1d =1073;2d =2-1073;3d =1-10"3m.
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Qrafikdon goOriinlir ki, polimerlosmo dorocosinin  artmasi donolorin  mexaniki
mohkomliyinin azalmasina, oksino, azalmasi iso mexaniki méhkomliyin artmasina sobab olur.
Bu onunla slaqadardir ki, polimerlosma doracasinin azalmasi kapsula-omalagatirici polimerin
makrozoncirindo hidrofil qruplariin sayi azaldir, bu da onun mohkomliyinin vo suda hall
olmasinin azalmasina sobab olur. Polimerlosmo doracasinin artmasit iso polimer zoncirindo
hidrofil gruplarinin saymin ¢oxalmasina vo donslorin mexaniki moéhkomliyinin azalmasina
sobab olur. Mexaniki mdhkomliyin formalagsmasina tosir gostoron amillordon biri do
kapsullasdirma prosesindo giibro donalorinin harokot trayektoriyalarinin uzunlugudur,(L).

L,m
V=23

0,02 V=2,0
0,015 V=18
0,01 T
0,005 T

| | 1 1 N

T T | |

2 4 6 8 X, kg/sm?

Sakil 4. Giibra danalorinin mexaniki méhkamliyinin harakat trayektoriyasindan
asuihq qrafiki. Qaynadici agentin siirati: 1) v=2,3m/san;2) v=2,0m/san;
3) v=1,8m/san; giibra danalarinin diametri d=2mm.

Horokot trayektoriyasinin uzunlugunun mexaniki mohkamliys tosirini dyronmok {igiin
diametri 2mm olan ammonium soras1 giibrosindon 100qr miqdarinda ¢okarak “qaynar lay”
aparatina kegirirlor vo 80°%s temperatura qador qizdirilmis gaynadict agentlo (isti hava axini

ilo) normal qaynama yaratdigdan sonra donalar iizarins 7 ¢iloyicisi ilo Na KMS-nin 15%-li
mohlulu verilir. Bu zaman trayektoriyanin uzunlugunu artirmagq {i¢iin qaynadici agentin siirati
1,8 = 2,3 m/s intervalinda goétiiriiliir. Proses basa ¢atdiqdan sonra yuxarida gostorilon qaydada

mexaniki mohkomlik toyin edilmisdir vo alinan naticalor osasinda mexaniki méhkomliyin
trayektoriyanin uzunlugundan asililiginin qrafiki qurulmusdur (Sokil 4).

Qrafikdon goriindiiyli kimi, stirotin 1,8+ 2,3 m/s intervalinda doyismasi trayektoriyanin
1,5 dofs, donslorin kapsullagma zonasinda qalma miiddatinin ise 1,2 dofoye qodor artmasina
sobob olur. Noticodos, kapsulun qalinligi artir. Kapsulun galinliginin artmasi iso mexaniki
mohkamliyin artmasina sobab olur. Trayektoriyanin uzadilmasi tiglin siiratin artmasi vacibdir.
Lakin siirotin ~ 2m/s-don ¢ox olmas1 donalorin ugmasina sobab olur ki, bu da onlarin polimer
mohlulu ilo gériismesi miiddatini azaldir. Ona gore do optimal siiret kimi 2m/s gotiiriilmasi
daha mogsodouygundur.

Yuxaridaki naticalari tohlil edorok bizim terafimizdon mexaniki mohkomliklo gostorilon
parametrlor arasindaki asililiglari ifads etmoak ti¢iin asagidaki empirik formul toklif edilmisdir.
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6 .
X= (1)
-1 - ne | _ — _7T_D2_ My (M—M,)
6k - ZDO [exp( 2'3Kn my ng) 1] » €= V;) P F= 4 ' Pd Mo(M—M;)

oldugunu nozars alsaq, mexaniki mohkomliyi asagidaki kimi ifado etmok olar.
%DO [exp(—2,3Kn:nq—fl -lgx)—l]-Vp-p
Dy- M4 (M-Mp) (ﬂDZ s) @

Mo(Mz2-M1) \ 4

Burada, 8, — kapsulun galinligi, mkm; C — polimer mohlulun gatiligi, D, — donalarin ilk
diametri, m; P; — polimerlosmo daracasi, %; F — giibro donolori layinin timumi
sahoasi, m?; M, M, — sonaye polimerinin orta addektiv molekul kiitlosi; M; — polimer
zoancirindaki elementar halgalarin molekul kiitlosi; M, — hidrofil qruplar1 olan
halgalarin molekul kiitlasi; K, — polimer materiallardan asili olan kinetik omsal;
:—;lgx — donalorin gaynar layda kapsullasma miiddatini ifads edir; & —donoalor

X =

arasindaki bos hocmdir, m3.
(1) vo (2) tonliklorinds istifado olunan parametrlordon asili olaraq, giibro donslorinin
mexaniki moéhkomliyini doyisdirmok olar.

Beloliklo, aparilmis todqigat noticosindo giibro donolorinin mexaniki moéhkomliyinin
kapsulomologatirici polimerin galinligindan, polimer mohlulunun qatiligindan, polimerlosmo
doracosindon, donoslorin horoket trayektoriyasinin uzunlugundan asililigi  dyronilmisdir.
Alinmis naticolor asasinda mexaniki mohkomliklo gdstorilon parametrlor arasinda asililigt
ifado edon emprik formul verilmisdir. Bu formul osasinda miiosyyon parametrlori
doyisdirmakla, donoslorin mexaniki méhkomliyini doyisdirmak olar.
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PE3IOME
NCJEJOBAHHUE 3ABUCUMOCTHU HOBBIIIEHUSI MEXAHUTYECKOW ITPOYHOCTH
KAIICYJIMPOBAHHBIX T'PAHY.JI YIOBPEHU OT OCHOBHBIX IAPAMETPOB
KAIICYJOOBPA3YIOUIMX TOJJUMEPOB U ITPOLHECCA
Pycmamoe A.HU., Kapamameoos I'.A., Mameoosa LLL.I., A3um-3a0e A.A.

Knrwouesvie cnosa: mexanuueckas npoyHOCMb, NOAUMED NOLOWAIOWULL KANCYTY, CKOPOCHb

noauUMepU3ayUL, KUNSWULl Ciotl, mpaekmopus.

B crathe uccnenoBaHO TOBBINICHUE MEXaHHMUYECKONW MPOYHOCTH TPaHyN KaICyJIHPOBAaHHBIX
ynoOpeHuil W ero 3aBHCHMOCTh OT OCHOBHBIX IIapaMeTpOB IMpollecca, Karcyaoo0pa3yromero
nomumepa (Na- KML]) u movHBl TpaekTopuu ABMKEHUs TpaHyd. ONpeiencHo, YTO IMOBBINICHUS
TOJIIUHBI  Karcyl000pa3yrolero MoiuMepa, KOHIICHTpAIMKA TIOJMMEPHOTO pAcTBOpa, IUaMeTpa
rpaHyJ yAOOpEHUH, ITMHBI TPACKTOPHUH TPaHyJI YAOOPESHUN U YMEHBIIICHUE CTCIICHU MOJUMEPU3AIINN
nmojuMepa 3 pas3a yBEIUYHMBACT MEXaHMUYCCKYIO TIPOYHOCTh. [Ipu 3TOM ompeseneHo, YTO U3MECHEHUS
CKOPOCTH KHWITIIIETO areHTa (Bo3dyxa) AOKHO Obith B wmHTepBane (1-2,3)m/c. Ha ocHoBe
MOJYYEHHOTO pe3yJIbTaTa HaMHU MPEUIOKEHO SMIPUIECKOE YpaBHEHUE, OTPEeNsIoniee 3aBHCUMOCTh
MeXaHU4YeCKOM IMPOYHOCTH OT BBIMICYKA3aHHBIX MMapaMETPOB.

SUMMARY
INVESTIGATION OF DEPENDENCE OF INCREASE OF MECHANICAL STRENGTH OF
THE CAPSULATED GRANULES OF FERTILIZERS ON BASIC PARAMETERS OF
CAPSULE-FORMING POLYMERS AND PROCESS
Rustamov Y.l., Qaramammadov G.A., Mammadova Sh.G., Azim-zade A.A.

Key words: mechanical strength, capsule-absorbing polymer, polymerization rate, boiling

layer, trajectory.

In this paper the increase of mechanical strength of granules of the capsulated fertilizers and its
dependence on basic parameters of process, capsule-forming polymer (NA-CMC) and motion path
length of granules have been investigated. It has been determined that the increase in thickness of
capsule-forming polymer, concentration of polymer solution, diameter of the granules of fertilizer,
path length of the granules of fertilizers and decrease of degree of polymerization of polymer in 3
times increase a mechanical strength. In this case it has been determined that the change of boiling
agent (air) rate would be in the range of (1-2,3)m/s. On the basis of results obtained by us the
empirical equation determining the dependence of mechanical strength on above-mentioned
parameters has been proposed.

Daxilolma tarixi: [lkin variant 21.04.2017
Son variant 26.12.2017
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AHAJIN3 DOPEKTUBHOCTU CMEIIAHHBIX
PACHPEAEJUTEJIBHBIX QJIEKTPUYECKUX CETEN HU3KOT'O
HAINPAKEHUA
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Knroueesnle cnosa: cucmema 3nekmpocrabiceHus, sHepeocoepe2arowids cucmemd, IKOHOMUYecKas
aghpexmuerHocmy, naderue HANPSICEHUs, NOMePU MOUWHOCTIU

Cxema TpaIuIIMOHHON CHCTEMbI LIEHTPAJIM30BAHHOI'O 3JIEKTPOCHAOKEHUs moTpedureneit
CEJIbCKOW MECTHOCTH, MMEIOIas MPOTsHKEHHBIE JIMHUU, HE MO3BOJISET 00ECIeUnTh MOKa3aTenn
KayecTBa DSJIEKTPOSHEPIUH, HAJEKHOCTM M 3KOHOMHYHOCTH. [lokasaHa HeoOXOAMMOCTh
MOJICpHM3AIUN cUCTeMBI 3JiekTpocHa0xkeHus 0.38/0.22 kB u npemioxkena sneprocoeperaromnias
CUCTeMa DJIEKTpOoCHAOKeHHs. J[s1 3IIeKTpOCHAOKEHHSI TOTPeOUTENeH CEeNbCKOH MECTHOCTH
npeJiaraeTcsl NepeT Ha CMElIaHHbIe KOMOMHUPOBAHHBIC pacpe/eIUTEIbHbIC ANEKTPUUECKUE
cetn 0,4xB ¢ cerpro 0.66-1 xB. IlpuBeneHbl XapakTepHCTUKN IHEPrOCOEPErarmmeil cucTeMbl
3eKTpocHaOKeHUs KOMOMHaIMEeR pacmpenenuTensHoi snektpuueckoit cetn 0,4kB ¢ ceTbio
0.66 xB wm 1 kB. [Ipu 3TOM moTepu B d3HEprocOSperaromieii CucTeMe dJIeKTPOCHAOKEHUS B 2 U
Oosee paza HIDKe, yeM B TpaauironHoi 0.38/0.22 kB.

ITocTanoBka npodaemsbl. Ha coBpeMeHHOM 3Tane pa3BUTHS OT€YECTBEHHON IHEPrEeTUKU
JIOCTAaTOYHO OCTPO CTOUT BOMNPOC Iepexoja K OSHEeprocOeperaromiuM TEXHOJIOTUSM B
CEJIbCKOXO035HCTBEHHOM MIPOU3BO/ICTBE, 4TO 00yCIIOBJIEHO BO3paCTalOIIUM
AJIEKTPONOTPEOIEHUEM U CHH)KEHHEM KadecTBa IJIEKTPUUECKOM PHEPruu Uil pa3BUBAIOLIMXCS
CEJIbCKOXO035HCTBEHHBIX MMOTPEOUTENIEH.

OnexkTpuyeckas  JHEprusi, IOCTaBsieMas DSHEProCHAOXKAIONIMMU  OpraHU3alUsIMU
NOTpEeOUTENSIM 1O JOrOBOpaM, BBICTYNAeT Kak TOBap 0COOOro BHJA, XapaKTepU3YIOLIUICs
COBIAJICHHEM BO BPEMEHM IPOLECCOB MPOM3BOJCTBA, TPAHCIOPTUPOBAHUS M MOTpeOIeHUs, a
TaK)K€ HEBO3MOXKHOCTBIO €ro XpaHeHHs] M Bo3Bpara. COOTBETCTBEHHO, KaK K TOBapy JHOOOro
BHJIA, K DJIEKTPOIHEPTUU IPUMEHHUMO MOHATHE «KauecTBO». OTKIOHEHHE NT0Ka3aTeeil KauecTBa
AIIEKTPOPHEPTUHM OT YCTAHOBJEHHBIX CTaHAAPTAMHM yXYJAUIA€T YCJIOBHUS OKCIUIyaTaluu
3JIEKTPOYCTAHOBOK KaK CETH, TaK U MOTPEOUTENEH.

[lenb craThy 3aKiIoyacTCs B aHAIW3€ NYyTEH CHU)KEHMS MOTEPb, NMOBBILIEHUHM KAauecTBa
AIEKTPUIECKON SHEPTUH U pa3padOTKe YHEPTOCcOEPETaroIei CUCTEMBI JJIEKTPOCHAOKEHHS.

OCOOEHHOCTD IEKTPUYECKUX CETeH CeNbCKOXO3SHCTBEHHOTO0 Ha3HAuYEHHs — 3TO OoJiblIast
paccpeoTOYeHHOCTh MOTPEeOUTENEN AIEKTPOIHEPTUH, KOTOpast U 00yCIaBiIMBaeT 3HAUUTEIbHbIE
npoTsbkeHHocTH ceteil 10(6) u 0,4 kB, Oonpiine paccTOSHUS MEXIY MyHKTaMU MOTpeOseHus,
MaJible BEJIMYMHBI OTPEOIECHUS B KAXKJIOM y3JI€ U HE3HAYUTENIbHYIO TUIOTHOCTh AJIEKTPUYECKON
Harpy3ku B MecTe NoTpeOsIeHusl.

Ha cerogusimuuii AeHb CYHIECTBYIOT CXEMbI 3JIEKTPOCHAOKEHHUSI CENbCKOro XO035HCTBa,
KOTOpbIE MOCTPOEHBI B BHJIE LEHTPAIbHOW MOHU3UTENBHOW TpaHC(HOPMATOPHOM MOACTaHIINH,
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Ananus s¢hpghexmusnocmu cmeutanHvlx pacnpeoerumenbHulx
INeKMPULECKUX cemell HUBKO20 HANPA’CeHUs

pa3MEIICHHON B LIEHTPE IEKTPUUYECKUX HArpy30K HACEJIEHHOI'O IYHKTA, @ paclpeesIuTEIbHbIC
cetu 0,4 kB pacxoasTcs B pa3Hble CTOPOHBI OT MOJCTAHIINU.

[ToBcemecTHO 3HauuTeNbHAsE 4acThb pactpenenautenbHbix cereil 0,38 kB Haxoxutcs B
HEYJIOBJIETBOPUTEIILHOM TEXHUYECKOM COCTOSHUHM, U SIBISIETCS HCTOYHUKOM CYILECTBEHHBIX
IOTEPh 3JIEKTPOIHEPTUU H3-3a HAJIUYUS B CETSIX IPOBOJOB PA3IMYHBIX MapOK, OKHCIIEHHBIX
CKPYTOK, HECUMMETPHUYHBIX HAarpy3oK, OOJBIION MPOTSKEHHOCTH, OTCYTCTBUSI CTaOMIBHOCTH
ypoBHS HanpsokeHus U T. 1. [Totepu B 3TuX cetsix poxomst a0 60 % o0mux motepb 007IaCTHBIX
sHeprokommanuid.  CenbCKuME  CETH  XapaKTepHU3ylOTCS  3HAYUTENIBHBIM  KOJUYECTBOM
nospexxaennii  BJI-0,4xB ¢ Hew3oiMpyeMbIMH TPOBOJAMH Ha JKEJI€300€TOHHBIX OIOpax.
OcHoBHble moBpexaeHus Ha BJI-0,4 kB — oTcyrcTBHE KOHTakTa Ha BBOJAE M Ha JIMHUH,
OTKJIFOUEHHUS 3aIIMTHl OT KOPOTKUX 3aMbIKaHUM, OOpBIBBI MPoBOJAOB. Ha cerogHsmHuil 1eHb B
HEIPUTOJTHOM JUIsl SKCILTyaTalldd COCTOSIHUM HAXOJUTCS OIPOMHOE KOJIMYECTBO BO3TYIIHBIX
nuHui HanpspkenueM 0,38 kB.

TpaagunuoHHAsA cHUCTeMa JJeKTpocHaOxkeHus. IlpuBoauTcs aHaNIM3  TEXHUKO-
YKOHOMHYECKUX TOKa3aTelIeld CHCTEMBI dJIEeKTpocHaOkeH s moTpeduteneit D9C Aszepbaiimkana
U TI0Ka3aHO, YTO COBPEMEHHBIM 3Tam pa3BUTHS SHEPTETUKH XapaKTEPU3YETCs BO3PACTAIOLINM
AIIEKTPONOTPEOICHUEM, Pa3BUTHEM MAJIbIX YaCTHBIX OOBEKTOB, (epM, UMEHMH U pPOCTOM
paccTosSHUM OT LIEHTpa MUTaHUS 0 WHAUBUAYaJdbHBIX morpebuteneit 0.38/0.22 kB, xoTopsie
IPUBOJAT K CHM)KEHHUIO KauecTBa 3jekTpuueckoil snepruu (K99) u nosbliienuto norepp 99 B
aMeKTpuUYecKux cerax. [lokazaHa HEOOXOAMMOCTh MOJEPHU3AIMHI CUCTEMBI JIEKTPOCHAOKEHUS
0.38/0.22 xB u mpenoxkeHa sneprocoeperaromnas CUCTeMa JICKTPOCHAOKEHUSI.

CymectBytomias TpexdaszHas 4eTbIpeXIpoBoAHas cucteMa annekTpocHabxkenus 0.38/0.22 kB
XapakTepU3yeTcss PAJOM HEIOCTATKOB: OOJBIIMM HCIIOJB30BAaHUEM I[BETHBIX METAJIIOB,
BBICOKMM YpoBHeM moTepb D3 (15% wu OGonee), HeynoBieTBopuTeabHBIM KO3, CBsI3aHHBIM C
NpEeBbIIIEHHEM KO PHUIIMEHTOB HECHHYCOUIAILHOCTH, BEICOKUM YPOBHEM MOTEPh HAIPSKEHHS,
BBI3BIBAIOIINM HEIOMYCTUMbIE OTKIIOHEHHS HAMPsHKEHUS Y OTJANICHHBIX moTpeduTeneid. Bee aTo
NPUBOJUT K 3HAYUTEIBHBIM YOBITKAM JJIEKTPOCHAOKAIOMIMX OpPraHU3aluid, a TakKe MPUHOCUT
3HAYUTENbHbIN Bpea norpedbutensm D3. [IporsskenHocts cerei 0.4 kB coctaBiser 60.1 Thic.
kM. JlnmuHa gunepos 6-10 kB xonebnercs ot 15 km 1o 25 kM. ITorepu 239 B POC 0.4, 6-10 kB
coctaBisitoT 60% oT cymmapHbIX oteps B 93C.

K mpuopUTETHBIM MEpOIPHUATHAM [0 CHUKEHHUIO TexHu4eckux noreps 23 B POC 0.4-10 kB
OTHOCSTCS: HUCIOJb30BaHME HanpsokeHus 10 kB B kauecTBE OCHOBHOTO HamlpsyKEHUS
pacrpeieuTeIbHON CEeTH; COKpalleHue paauyca paeiictBus crpoutensctBa BJI 0.4 kB B
Tpex(da3HOM HCIIOJIHEHUH; UCIIOJIb30BaHUE MAKCUMAJIbHOIO JOMYCTUMOIO CEYEHHUs MpOBOAA B
9C 0.4-10 kB ; mpumenenue cToaboBbIX TpaHnchopmaTopoB Manoi MomiHocTr 6-10/0.4 kB ms
cokpaiteHus npotskeHHocTu cereit 0.4 kB u nmoteps 93 B HUX; O0Jiee MUPOKOE UCTIOIb30BAHUE
ycrpoiictB FACTS, Smart-Grids aBroMaTHYecKOTo peryIupoBaHus HAPSDKEHHS O] HArpy3KOit
CPEICTB MECTHOI'O PETYJINPOBAHUS HANIPSLKEHU [T NOBBIIEHUS KOO U cHUXKEHMS ee TOTepb.

Cxema JlelieHTpaTM30BaHHOM dHEprocOeperaromieil CHCTEMBI JIEKTPOCHAOKEHHS TTOKa3aHa Ha
puc. [1-3]. Bea pacnpenenutenbHas CeTh BBINONHAETCS Ha BBHICOKOM HampsbkeHun 10 kB, a
pacnpenenenne 29 Ha HanpsbkeHuH 0.4-0.23 kB ocymecTBisieTcs myTeM KOPOTKUX COEAMHEHUN
0T TpaHcdopmaropa K HOTpPEeOUTENSIM, YTO MO3BOJIAET HCKIouaTh coopyxkeHue BJI 0.4 kB
(puc.1).

[IpenBapuTenpHas OlIEHKa KOHOMHUYECKOH 3((eKTUBHOCTH IyTeM peKoHcTpykKiuu 10%
cereii 0.4 kB mpotspkenHocTeio Bhime 0.6 kM B AzepOaiimkanckoit 99C MOXKHO TOOUTHCS
cHmkeHus noteps 99 B POC ¢ 15% no 4% u coxoHOMHUTH B rog 10 77 miH. kBr.u 93.

CpaBHEHHE HSKOHOMMYECKHX PACUETOB JBYX CHCTEM OJJIEKTPOCHAOXKEHHUS MOKa3ajo, YTO
sHeprocOeperampmas cucreMa HMEeT Jy4llle TEeXHUKO-d)KOHOMHUYECKHE II0Ka3aTelu II0
CPaBHEHUIO C TPATUITMOHHOW CUCTEMOM AIIEKTPOCHAOKEHUSI.
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[ToaToMy, CYILECTBYIOIIYI0 CHUCTEMY LIEHTPAIBbHOIO pPAacCHpEeiesIeHUsl 3JIEKTPOIHEPIHU
1eJeco00pa3HO 3aMEHUTh CHUCTEMOW MAaKCHMaJbHOW JElEeHTpalIU3aluHh, YTO TO3BOJIUT
3HAUUTENIBHO COKPATUTh MIOTEPU U KAITUTAIOBIOKEHUS.

KomOununpoBanHasi 3Heprocoeperawiias cucrema djiekTpocHad:kenusi 0.4 kB u 0.66-
1kB. Cxema KOMOMHHMpOBaHHOW 3HeprocOeperaromieil cucremsl nekrpocHadxkenus 0.4 kB u
0.66-1kB mokazana Ha puc. 1 [4].

Jlenentpanu3oBaHHas sHeprocOeperaroias CUCTEMa 3JIEKTPOCHAOXKEHUs IPEACTABISAET
co0oil cucreMy pacnpesenenus Ha HanpsokeHud 10 kB ¢ n3onupoBaHHBIMU [TPOBOJAMH MapKu
CUII, c ycTaHOBKOW Ha OMOpE MUTAIOUIEH CETH B MAaKCHMAaJbHON OJM30CTH K MOTPEOUTEIIO
OJIHO- WJIU TpeX(a3HOW MOHU3UTEIBHONW TpaHCc(hOpMaTOPHOH MOACTAHIIMU MOITHOCTBIO 10, 16,
25, 40 xBr. IIpu sTom pacnpexnenurensubie cetu 0,38/0,22 kB npaktuuecku orcyTcTBytoT. OHI
MpeACTaBICHBl TOJNBKO B Buiae BBOaOB 0,38/0,22 kB or TpaHchopmaTopHOW MOJACTaHIIUH K
norpeduremnto. [Ipu 3Toii cucreme cieayeT NpeaycCMOTPETh BO3AYIIHYIO MTPOKIIAJIKY IPOBOAAMMU
mapku CHII. 3ammry Ha CTOpPOHE HHU3KOTO HANPSHKEHUS HAJICKHUT  OCYHIECTBHUTH
ABTOMATUYECKUMU BBIKIIOUYATENSIMU C MaKCUMaJbHOM U IuddepeHIraTIbHON 3alUToN, YTO
o0ecnevnT MeKTPoOe30MaCHOCTh U KOHTPOJIb 32 HECAHKIIMOHUPOBAHHBIM OTOOPOM.

6-10-20 kB

1kB TP 6-10-20/0.4-1 kB

Puc. 1. Kombunuposannas suepeocbepezarowas cucmema dnekmpocnadoicerus 0.4-1 kB.

Cnenyer TakXke OTMETHTb, YTO €CIIH B CHUCTEME TPAJUIMOHHOIO LIEHTPAIN30BAHHOTO
3NIeKTpocHa0keHus xene300eToHHble onopsl BJI-0,4 kB paccraisitores uepes kaxable 25 M, TO
MpHU JIelleHTpaIn3anuu xene3o0eronnsie onopel BJI-10 kB paccraBnsrorces kaxasie 50 m. Co
ctoponsl 10 kB 3ammty TpaHchopMaTOpHONH MOACTAHIMU CIEAYyeT MPEAYCMOTPETh
pPa3beAMHUTEIIMU-TIPEIOXPAHUTEISIMH.

BHenpeHune 310 cuUCTEMBI TO3BOJIUT OTKA3aThCsl OT MarMCTPAJIbHBIX PaclpeAeIuTENbHbBIX
cereit 0,38/0,22 kB, a Taxke BO3AYIIHBIX CETEW HAPYKHOTO OCBELIEHUS, MPOXOISAIIMX IO
TEPPUTOPHUH JKUIIOTO MoceKa [4].

CpaBHUTebHBIH aHAJIN3 pacnpefeUTe]bHbIX JJIeKTPHYECKHUX ceTeli HH3KOro
HanpsikeHusi.  CyllecTByrolMe — paclpeAenuTeNbHble  dnekTpuueckue cetu 0.4 kB.
Tpaguunonnsie pacnpenenurenbHbie cetu 0.4kB, nmpumeHsemble B HACTOAIIEE BPEMS, UMEIOT
P CYILIECTBEHHBIX HEAOCTATKOB!

1. HeGonbmas npomyckHasi cnocoOHoCTh ceteit 0.4 kB;

2. Orpannyenue JuymmHbl oT PII 10 moTpeburens mo 10MyCTUMOMY HaIlpsDKEHHIO, OOBIYHO
nmMeromemMy 3HadeHnus 200-600 m;

3. bonpime naneHus HaPsDKEHUH U MOTepH eKTposHeprun aunui 0.4 kB.
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4. Kommepueckue norepu B ceTsx 0.4 xB.

5. Huzkue ITKD.

Konuemnus KOMOMHUPOBAaHHON pacripeAeauTeabHol anekrpuueckoit cetn 0,4xB ¢ ceTbio
0.66-1 xB.

[TpeumymiecTBa cmemanHoi pacnipenenurenbHoit cetn 0.4 kB u 0.66-1 xB:

1. YMmenbmenue npotsbkeHHocTr auHui 0.4 kB 3a cuet BBenenus 0.66-1 kB;

2. BonbIas mpoIrycKHasi CIOCOOHOCTB;

3. YMeHblIeHHEe TEepPUTOPUM Ji CTPOUTEIhCTBA paCHpEAe/IUTENIbHON CEeTH 3a CYeT
ymenblenus konudectsa T1I u oxpannsix 30H BJI;

4. YMeHblIeHHEe KOMMEPUYECKHUX OTEPh;

5. Cumxkenue cebectoumoctu crpoutesbetBa POC 3a cyeT IKOHOMHM yYacTKOB 3E€MIIH,
yMeHbleHusa konudectBa TII, ymenbenus npotsbkeHHoctu BJI;

6. IloBermenue [TKD.

B komOmHMpOBaHHOW pacnpenenuTenbHol 3nmekTpuueckord cetn 0,4kB m 0.66-1 B,
BO3MO>KHO MCIOJIb30BaHUE COOTHOILIECHUI HANPsKEHUH, IpUBEeHHbIE B Ta0. 1.

Taénuya. 1
Bapuanmer cmewannvix POC 0.4xB ¢ cemvio 0.66-1 kB
Ne HomunansHoe HanpsbxeHue, B MakcnManbHOE HalpspKeHue, B
da3Hoe JIuneitnoe ®da3Hoe JIunelinoe
1 220 380 240 420
2 380 660 420 726
3 660 1143 726 1257
4 525 910 577 1000

I[IpuMep KOMOMHHUPOBAHHOM pacHpee/JUTeIbHONH JJekTpuyeckoii cetu 0.4xkB ¢
cerbio0 0.66-1 kB. J[lna npumepa Bo3bMeM TpaHCPOPMATOPHYIO MOJACTAHIMIO C
tparcopmaropom momHOCTEIO 100 KBA w ymmuuto anekrponepenaun 0,38/0,22 kB. Ilycth
JuinHa TuHUK coctasisgeT 700 M, konuyecTBo notpeduteneit - 40.

BbInonHUM 3KOHOMHMUYECKHH pacdeT TPaAUuIlMOHHOM M »HeprocOeperaronieil cucTemsl
AIIEKTPOCHAOKEHHUS C OAMHAKOBBIMU TEXHUUYECKMMHU MTapaMeTpaMH.

Jns  ompeneneHUss TMOTEPh DJCKTPUYECKOH HSHEPruM B CETH OBUIO  BBITIOJIHEHO
MOJCIUPOBAaHNE PEXKUMOB TOTpeOsieHuss cpeiactBamMu  Multisim  gig obeux  cucteM
snekTpocHabxkenus (puc. 2). B pesynprare wmoaenupoBaHus [5-6] cymmaphHbie moTEpH
AIIEKTPUUYECKON SHEPruu (C y4eToM HOTEeph B JIMHUM M B TpaHCHOpPMATOpax) B TPaJUIIMOHHON
cucrteMe snekTpocHaOkeHus cocraBwim 4108,44 kBt/ron, a B sHeprocOeperaromeii - 61,32
kBt/ron.

0.4xB 0.4 KB 0.23 B
10kV 1B
| A-35 I >
|
| Lkm TP-1 >
160 0.4xB

Puc.2. Kombunupoganuvie pacnpedenumenvhvie cemu (.4 kB ¢ cemwro 0.66-1 kB
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Ha puc.2 nokasansl Tpu Tpancopmaropa mo 60 kBA ¢ nnunoit BJI 0.4 kB mo 3*(2*300)
M. [TapameTpsl MPOBOJOB 711 CMEIIAHHBIX pacnpenenutenbHbix cereid 0.4, 0.66 u 1 kB
NPUBEJICHBI B TAOIUIIE 2.

Tabruua 2.
Ilapamempul npo6o0os

ro, X0,
Mapka npoBoga OM(}KM OM(/JKM

A-16 1.94 0.4
A5 1.28 0.385
A-35 0.85 0.374
A-50 0.588 0.339

[Tanenue HanpsHKEHUST B JIMHUM JUTMHOW 1KM ompezensercs o Gopmye:
=3 . 1
AU =431 R @)

rac R-akTHBHOE COIIPOTUBJICHUC JIMHHUU.
MaxkcumansHas nepeaaBacMasd MOIIHOCTD paBHA:

S=+3-1 U 2
V3 max (2)
rIe
) Imax=lmax"F'
Imax = 2.5 A/um” - MakcuManbHas TJIOTHOCTh TOKA B JIMHUH, F — cedeHue npoBoa,

U — HampsikeHue JIMHUH.
Harpy3souHsie moTepu 371€KTPOIHEPTUU B JIMHUU ONPEACISIOT Mo Gpopmyre

a2
AW =312 -T-Ry (3)

3nech Imax -MakcuMasnbHasi TOKOBasi Harpyska, R, - SKBHBaJE€HTHOE CONMPOTHBIICHUE JIMHUWY;
T - mepuoxn BpeMeHH.

Boinonnen aHanu3 majieHus HAIPSDKEHUS, 3aBUCHUMOCTH YACIbHBIX MOTEPh MOIIHOCTH OT
nepeaaBaeMoil MOIIIHOCTH, MPOIMYCKHON CIOCOOHOCTH JIMHHHM B 3aBUCHUMOCTH OT HaIpPSKEHUS
JUIs1 BO3YILIHOM JIMHUM CEYEeHUEM 35 MM (0.79 Om/xm).

I'paduyeckne 3aBUCUMOCTH TAaJACHHUS HANPSDKCHHS, YACIBHBIX TOTEPh MOIIHOCTH,
MPOIMYCKHOW CIMOCOOHOCTH JIMHUM B 3aBHCHUMOCTH OT HAMPSDKEHUS JUIS BO3AYIIHOW ITHUHUHU
cedenuem 35 Mm> MIPUBEJICHBI, COOTBETCTBEHHO, Ha puc. 3, 4, 5.

70 180
3 AP, kBT/kMm
AU, % / 160 Jt
60
140
50
/ 120
40 100
30 80
// 4 pd
- - 60
| &
10 o | — 40 - Lo |
) g B S N B b 20 =a R—
0 1 S yBA o L T S, kBA
0 25 50 75 100 125 150 175 200 225 250 0 25 50 75 100 125 150 175 200 225 250
|—0—0A4KB —a— 0.66 xB +1KB| |+0.4KB —.—0.66KB+IKB|
Puc. 3. 3asucumocmu nadenus HanpsalceHus. Puc. 4. 3asucumocmu yoenibHbIX nomeps
om nepeoasaemou MOUHOCMU. MOwHOCMU OM nepedasaemol MOUWHOCMU
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Pe3ynbrarhl aHanm3a IMOKa3bIBAIOT, YTO

MOTEPH BJEKTPOIHEPTUU B  DIEKTPUUYECKOU

300 Smere MBY. cetu 0.66 kB mpuUBOAATE K YBEIMYCHHIO

JTAIBHOCTh OOCTYXMBaHUSI MOTpeOHUTENEH B

/ 1.65 pasa Oosnbliie, 4eM B IJICKTPUUCCKON CETH

0.4 xB. A, npu ncnosib30BaHuN HaNpsKeHUs 1

kB nanpHOCTH 00CIY)XMBaHUs TMOTpeOHUTENeH
pactét B 2.5 pa3za.

[Ipu nmvHE mepexadyyn MOITHOCTH Ha 1 KM
muauu 0.66 kB motepu momHoctH 2.7 pasa
- menbie, yem B JjuHun 0.4 xB. A, npu
WCIOoNb30BaHuK HampspkeHust 1 kB mmmnoit 1
KM TMOTEpPU MOIIHOCTH 6 pa3a MEHbBIIE, YeM B
munu 0.4 kB.

350

250
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150 |
-

100

T
\

50

F, mu

/
e
i

10 2 0 40 50 60 70

[—*—04xB —8—0.66xB —4—1:B]

Puc. 5. l[Iponyckuas cnocobHocms
JIUHUU 8 3A6UCUMOCTU OTH HANPSAICEHUS.

BoiBoabI

1. Cxema  TpaWIMOHHOW  CHCTEMBI  LEHTPAIM30BAHHOTO  DIIEKTPOCHAOKEHUS
noTpedureneit cenbckoit MmectHocT 10/0.4 KB, nMerommx NpoTsHKEHHBIC JTUHUHU, HE TMTO3BOJISECT
o0ecneunThb M0Ka3aTean KauecTBa, HaJIEHOCTU U SKOHOMUYHOCTH 3JIEKTPOIHEPTUH.

2. lna oSHeprocHaOXXeHUsi CENbCKUX TMOTpeOuTeNnell mpeanaraercs NepedTd Ha
KOMOMHHMPOBAaHHYI0 CHCTEMY pAaclpeAeieHUs] AJIEKTPO3HEPIHMH, YTO [O3BOJSET PELIUTh
npobiieMy obecrieueHus: KadecTBa, HaAeKHOCTH U 3 (HEKTUBHOCTH SIIEKTPOIHEPTUH.

3. B COBpeMEHHBIX YCIOBHSIX B LEIIX OOECHedeHUs MOTpeOuTeNeil CenbCKOX03HCT-
BEHHOM MNPOIYKIMM 3JIEKTPOSHEPTHUel BBITOJHO C TOYKM 3PEHUS TOBBIINICHUS HAJIEKHOCTH,
3¢ (}EeKTUBHOCTH U TOKa3aTeslell KadecTBa DD COOPYKEHHE HOBBIX paclpeieUTeNbHbIX ceTel
0,66+1 kB 1 3aMeHa cTapbiX ceTeil Ha HOBBIE.

4. Tlepexon na POC no 0,66+1 kB obecrneunBaeT yBeIU4eHHE MPOMYCKHON CIIOCOOHOCTH
CeTeil, paciupeHne auana3ona 00CIyKUBaHuUs MOTpeOUTeNnel, 3HaYNTETbHOE CHIKEHUE TIOTEPh
MOIIHOCTH U 3JIEKTPOIHEPTUH.
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XULASO
ALCAQ GORGINLIKLI QARISIQ PAYLAYICI ELEKTRIK SOBOKOLORININ
EFFEKTIVLIYININ ANALIZI
Balametov A.B., Salimova A.K., Hactyev N.I.

Acar sozlar: elektrik tachizat sistemi, enerjiya qanaat sistemi, iqtisadi samoara, garginlik diigkiisii,
giic itkilori

Uzun  xottlori olan kond orazilorinin markoazlosdirilmis elektrik tochizatinin onanavi sisteminin
sxemi elektrik enerjisinin keyfiyyetini, etibarliligini vo iqtisadi gdstericilarini tomin etmays imkan vermir.
0.38/0,22 kV enerji tochizat sisteminin modernlogdirilmosi zorursti vo enerjiys qonaot enerji tochizati
sistemina kecid toklif edilir. Kond tosarriifati istehlak¢ilarini elektrik enerjisi ilo tomin etmak ti¢iin 0,66-1
kV sabokasi ils 0,4 kV-luq qarisiq sebokalara kegmok toklif olunur. Enerji genast edon 0,66 kV vo ya 1
kV-luq sobaka ilo paylayict 0,4 kV-luq elektrik sobokasinin qarisigindan ibarot enerji tochizati sisteminin
xarakteristikalar1 verilir. Bu halda enerjiys qonast edon enerji tochizati sistemindoki itkilor, ononavi
0,38/0,2 kV-lug tachizat sistemlorindakindan 2 dofadan do gox azdir.

SUMMARY
ANALYSIS OF EFFICIENCY OF MIXED DISTRIBUTION ELECTRIC
NETWORKS OF LOW VOLTAGE
Balametov A.B., Salimova A.K., Hajiyev N.I.

Key words: power supply system, energy-saving system, economic efficiency, voltage drop, power
losses

The scheme of the traditional system of centralized electricity supply to rural consumers, which has
long lines, does not allow to provide such indicators of electricity quality as reliability and economy. In
article the necessity of modernization of the 0.38/0.22 kV power supply system is shown and an energy-
saving power supply system is proposed. To provide electricity to rural consumers, it is proposed to
switch over to mixed combined 0.4 kV distribution networks with 0.66-1 kV network. The characteristics
of an energy-saving power supply system are given by a combination of 0.4 kV distribution network with
a 0.66 kV or 1 kV network. At the same time, the losses in the energy-saving power supply system are 2
and more times lower than in the traditional 0.38/0.22 kV.

Daxilolma tarixi: [lkin variant 16.11.2017
Son variant 26.12.2017
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JJAATHOCTUPOBAHUE HEMCIIPABHOCTEM ACUHXPOHHOI'O
IJIEKTPOABUI'ATEJIA 110 UBSMEHEHUIO PACITPEAEJIEHUA
NHAYKIHUHA B JIOBOBBIX YACTAX OBMOTKH CTATOPA

2AXMEI[OB JAUSAP ACJIAH oray
'MYCTA®AEB PAY® UCMANI orJ1y
Azepbatiodcanckull HayuHO-UCCIe008amMeNbCKUL U NPOCKMHO-U3bICKAMENbCKUL UHCIMUMYM SHep2emuK,
1-npogpeccop, 2- ouccepmarm
AXMEJIOB ACJIAH AUSAP oray

Cymeaumckuii 20Cy0apcmeenublll yHugepcumem, 0oyeHm

Knirouesvie cnosa: macnummnoe noine, ClCuHXpOHHbllZ eﬂeKmpoagueameﬂb, uHayKI/ﬂ/lﬂ, obmomka
cmamopa, MeHCBUmMKoBsoe Kopomkoe 3dMblKAHUe, OuazHoCmuKa
MEeXHU4YeCKo2cO0 COCMOsAHUAL.

Paccmompenvr  6onpocel  OuacHOCMUpO8aHUsi  MEXHUYECKO20 — COCMOAHUSL — ACUHXPOHHO20
9AEKMPOOBUAMENSL NO PACHPEOeNeHUI0 MACHUMHO20 NOJISL 8 30He J10008bIX Yacmell 0OMOmKYU cmamopa.
Iloxazano, umo 078 OYeHKU MEXHUHeCKO20 COCMOAHUS OOMOMKU CMaAmopa  ACUHXPOHHOZO
anekmpooguzamens 8 npoyecce ee pabomvl U 8blAGICHUE 8 PAHHEl CIAOUU NPOAGIEHUS MEHCEUMKOBHIX
3aMbIKaHUll, 8 Kayecmee OUACHOCMUPYIOWe20 UHMOPMAMUBHO20 Napamempa yenecooodpasto
UCTIOTB306AMb AKCUATLHYIO COCMABTAIOUYIO UHOVKYUL T10008bIX Yacmeti 0OMOMKU.

Beenenne. Jlns IUMarHOCTUPOBaHMS TEXHUUYECKOIO COCTOSHUS OOMOTKHM —cTaropa
ACHMHXPOHHBIX 3JeKTpoaBurareneit [AJl] manoit u cpeanelt MomHoCTH Hanboee YPPEeKTHUBHBIM
SBJISICTCS METOJ] HEMTOCPEICTBEHHOI'O U3MEPEHUs MOJIel B JOOOBBIX YaCTAX OOMOTKHM MAlMHBIL.
[Tpu 5TOM HY’KHO YYUTBIBATH CJIEIYIOIINE OCOOEHHOCTH:

1. HeoOXoauMOCTh HCIOJIb30BAaHUSI MaJlOrabapUTHBIX JaTYUKOB B CBA3M C HEOOJIbIION
JUIMHOW BBUIETOB JIOOOBBIX YacTel

2. Hanmuuue QeppoMarHUTHBIX M KOHCTPYKTMBHBIX 3JIEMEHTOB, HCKaXaoolUmX (opmy
M3MEpSIEMOro CUrHaJIa.

Kak u3BecTHO, npu NpOSBICHUH MEKBUTKOBOIO KOPOTKOI'O 3aMBIKaHUsI B OOMOTKE cTaTopa
BO3HUKAIOT JIOMOJHUTENbHbIE MATHUTHBIE MOJIS, YTO IPUBOJUT TAKXKE K POCTY MarHUTHOTO TOJIS
B 30HE JI0OOBBIX uacteid oOMoTku. [losTomy mpu nuarnoctupoBanuu AJl ¢ u3MepeHHEM B
J000BBIX YacTSIX pacHpelesieHuss IMOJsl MOXKHO B paHHEH CTaJuM BBIIBUTh MEXBUTKOBOE
KOPOTKO€ 3aMblkaHue B 0OMoOTke cTaropa. CymiecTBYIOMUN crnocod AUarHOCTUPOBAHUS
oOMoTkH AJ[ C 1enbpl0 BBISIBJICHHS MEXBUTKOBBIX 3aMbIKaHWM, OCHOBAaHHOI'O Ha HM3MEPEHUU
nojei paccesHUs B 00JacTH Ma30B CTaToOpa, pa3paboTaH A MalluH OOJBIION MOIIHOCTH U
MPUMEHEHUE €ro JUIsi MallliH MaJlod M CpelHeHd MOIIHOCTH O4YeHb TpyaHo [l]; a cmocoO,
OCHOBAHHBIM Ha OIpeeeHNH BUOPAMOHHON M aKycTHYecKux napameTrpoB A/l [2], He Bcerna
s deKkTUBEeH U3-3a TPYIHOCTH BbIIEICHUN M3 OO0mIeH (QUIyKTyalluu UCCIIETyeMbIX MapaMeTpoB,
00pa30BaHHBIX TOJIBKO OT pacCMaTPUBAEMON HEUCIPABHOCTH.

ITocTanoBka 3amaum: Kak M3BeCTHO 3JIEKTPOMarHUTHOE I0J€ B 30HE JIOOOBBIX YacTel
00OMOTKHM CTaTopa UMEIOT TPU COCTABISIOIINX:

- aKCUaJbHYIO, HAIIPABJIEHHYIO 110 OCH MAIlIUHBI;

- paauanbHYyIO, HAPABIEHHYIO 110 PagUyCy;

86



Axmeoos JI.A., Mycmaghaes P.HU., AXmeoog A./].

- TaHreHIUAJbHYIO, HAIIPABJICHHYIO MO KacaTeIbHOW K OKPY)KHOCTH C KOHTYPOM Ha OCH
MAIIIFHBI.

Bce Tpu cocrapnsoomme MUHIYKIUM UMEIOT MAaKCUMyM B MPSMOJIMHEHHOM ydYacTKe Ha
BBIXOJIC U3 Ma3a CTaTopa, a 3aTeM MOHOTOHHO YOBIBAIOT IO JUIMHE BiieTa J0O60Bo# yacTH [3]. Kak
clenyeT W3 MPOBEICHHBIX HCCIEAOBaHUM, M3 BCEX TPEX COCTABIISIONIMX HMHIYKLIHUU B KOHIIE
BBUIETA JIOOOBBIX YaCTEH HAMMEHBIIYIO BEJIMYMHY UMEET aKCHAJIbHAsI COCTABJISIFOIIAS WHIYKITUH.
[TosToMy nJisi 3KcIpecca OLEHKHM TEXHHYECKOoro coctostHust AJl, ¢ 1elbi0 MOBBIIIEHUE
YyBCTBUTEIBHOCTH K MEXBUTKOBOMY 3aMBIKaHHMIO, NMPUHUMAETCS CIOCOO, OCHOBAaHHBIA Ha
KOHTPOJIMPOBAHUU M3MEHEHUSI aKCHAJIbHOM COCTABIISIONICH 3JIEKTPOMArHUTHOTO TOJS B KOHIIE
71000BBIX YacTel 0OMOTKH cTaTropa. BeIOOp ee B kKauecTBE KOHTPOIMPYEMOTO IMapaMeTpa, TakKe
MO3BOJISIET OBBICUTh YYBCTBUTEIBHOCTh K M3MEHEHUIO CYMMApPHOTO 3JIEKTPOMAarHUTHOTO TOJI,
BBI3BAaHHOTO TIOSIBJICHUEM MEXBUTKOBOT'O KOPOTKOTO 3aMbIKaHUsI B 0OOMOTKE CTaTopa.

JKCcNepUMEHTAJILHASL YacTh. VI3MepeHue 3JeKTPOMarHUTHOTO MOJI B TOPLIOBOM 30HE
CTATOPHON OOMOTKH OCYIIECTBIISCTCS C MMOMOIIBIO IIYIOB C YKPEIUICHHBIMH Ha HUX JAaTYHMKAMH,
COCTOAIIUX U3 PEPPOMArHUTHOTO CEP/IEYHUKA, MHOTOBUTKOBOM KAaTYIIKW, HAMOTAHHOTO TOHKUM
MEHBIM MPOBOJIOM Ha KapKac.

JUIs  u3MepeHHs COCTABJISIOIIMX IO B JIOOOBBIX 4YacTsX OOMOTKH, Iyl dYepes
CIeIMallbHOE TPOCBEPIIEHHOE OTBEPCTHE Ha KOPIIyCe MAIIMHBI OIYCKaJCsi BO BHYTPb JO
CONPUKOCHOBECHHMSI HIDKHETO JJATYMKA C JIOOOBOM YaCThIO U (PUKCUPOBAIICS JIJIS IPESIOTBPALICHUS
MOTPEITHOCTH, BBI3BAaHHOW OTKJIOHEHHEM OT OCH. C IOMOIIBIO COCAMHHUTEIIBHBIX IPOBOJIOB
CUTHAJI C JIaTYMKOB IMOJABAJICS MOOYEPEAHO HA BOJbTMETp. s ompexdeneHust pacnpeneneHus
aKCHaJIbHOW COCTaBISIONIEH MHAYKIUU B JOOOBOM 4acTh OOMOTKHM CTaTOpa MPOBENEHBI OMBITHI
Ha Tpexdaznoii AJl, Tuna 4A100S4Y3 ¢ HomuHaIBHON MoIIHOCTEIO 3,0 KBT, Hanpsoxennem 380
B, Tokom 6,1 A, ckopoctbio BpameHusi 1450 o6op/mun,KI1J1-83%, cost=0,8 co cnenyromumu
OOMOTOYHBIM JaHHBIMU: THI OOMOTKH CTaTopa OJHOCIOMHBIM KOHIIEHTPHUYECKUH, YHUCIIO
BHUTKOB B CEKIIMK — 36, quameTp rnpoojaa — 1,2 mm, mar oomotku — 1—12; 2—11; 3—10.

Teopernueckasi yactb. C 1€TbI0 IKCIIEPUMEHTAILHOTO TOATBEPKICHUS H3JI0KEHHBIX
MOJIOKEHUH M TOJIy4YEeHHUs JAHHBIX, XapaKTePU3YIOIIUX BIMSHUE MEKBUTKOBOI'O 3aMBIKAHUS B
00MOTKE cTaTopa Ha MapaMeTphl JIEKTPOMArHUTHBIX MPOIECCOB, ObUTa MPUMEHEHA METOIUKA,
CYIIHOCTb KOTOPOM 3aKJIFOYAETCsl B TOM, UTO, CO3/1aBasi MEXBUTKOBOE 3aMbIKaHUE UCKYCCTBEHHO,
ompenessieM W aHAIM3UPYEM DJJIEKTPOMAarHUTHBIE TMPOIECCHl B MaiuHe. lckyccTBeHHBIE
3aMBIKaHUS MEXAY BUTKAMU B Pa3IMUHbIX (Da3HBIX OOMOTKAX CO3/AI0OTCS C MOMOIIBIO POBOJIOB,
MIPEABAPUTENILHO BBIBEJACHHBIX HAPYXKy W3 JTOOOBBIX 4YacTed CEKIUM OOMOTKHU. (i1 mMuTanuu
MEPEXOJHOTO COMPOTHUBIEHHS B TOYKE 3aMbIKaHHs, IPOBOJIa BBIBEACHHBIE U3 CEKIIHH,
COCIMHSIOTCS MEXAYy CO0OM depe3 peryJupyeMoe COMPOTUBICHUE, IO3BOJSIONICE TaKKe
U3MEHATH 3HAYEHHS TOKAa B KOPOTKO3aMKHYTOM KOHTYpE M TIONYyYUTh HEUCIPABHOCTH
Pa3IUYHOM CTETIEHU TSHKECTH T10 TOKY.

[Ipu »sTom peiictByromee 3HaueHue OJIC, HMHAYKTUPOBAHHOE B JIaTYUKE, MOKHO
OTIPEJICTTUTH TI0 BBIPAKEHUIO:

E = 4,44BWSf )
I'ne B- ungyxuus, Tz, W - umMcio BUTKOB B KaTyLIKe JaT4MKa, O - IUIOMIAAb BUTKA, M2 f -

gacTtora Toka I'm.
U3 (1) 3HaueHne UHIYKIIMH PaBHO:

B=E/(4,44ws.f)=E/220-K (2
rae K-sBisiercs MOCTOSHHOM JJis JAaHHOW KaTyIIKH JaTdyuka WU ONpPENeNseTcs METO/I0M
ATAJIOHHOW KaTYIIKH, 3HaYeHHe ee mpuHumaoch 0,6 1072

B mnporecce 3KCepUMEHTAIBHOIO HCCIIEIOBAaHUS CUTHANBI M3 BBIXOJOB JIaTYMKOB
NOCJIEAI0BATENBHO IOJABAJINCH HA BOJBTMETP, a 3HAYECHHUS HMHAYKLUUU ONPEIEIUINCH 10
BbIpaxkeHHIo (2). B xkauecTBe npumepa Ha puc.l. mokazaHbl KPUBbIE pacHpeesIeHNs aKCHAIbHOM
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Huaenocmuposeanue HeucnpasHocmetl ACUHXPOHHO20 IIeKMPOoOsu2amens no U3MeHeHUIo
pacnpeodeneruss UHOYKYUU 8 10008bIX 4acmsx 0OMOmMKU Cmamopa

COCTaBIISIIONIEH MHIYKIIMU B PEKMME HATrPY3KH TPU 33JaHHOM HCKYCCTBEHHOM MEKBHTKOBOM
3aMBIKaHHUH, COOTBETCTBEHHO, B JIOOOBBIX 4acTsax (a3el B u C 0OMOTKM cTaTropa, B Imporecce
paboTHI UCCIIETyeMOTO aCHHXPOHHOTO JIBUTATEIIS.

M3 aHanmm3a 3KCIepUMEHTAIBHBIX JaHbIX YCTAHOBIICHO, YTO IIPH HOMHUHAJIBHOW HArpy3Ke
OIIyTHUMBIC W3MEHEHUS B TIOKA3aHUSAX JATYUKOB HACTYIIAET MPU TOKE B MEKBHTKOBOM KOHTYpE
3ambikaHus Oonee 1,3l Ilokazanwe MaTyMKOB, YCTAHOBJEHHBIX B JJOOOBBIX YaCTSIX OOMOTKH C
WCIIPABHBIMU CEKIUSIMHU ObLTH HE3HAYUTEILHBIMU. B CBS3H C ATHM MOSBIISETCS BO3MOXHOCThH HE
TOJIBKO B paHHEH CTaJUU Pa3BUTHUS BBISIBUTH MEKBHTKOBOE 3aMBIKaHHE B OOMOTKE cTaTopa, HO U
OTIPEICIIUTh CEKIIMHU, B KOTOPBIX 00pa30BaHbl KOPOTKO3aMKHYTHIE BUTKH.

Bz,mTn 6
S o]
wd
4 1 /Q’/C/
o

; /—-0/20%
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Puc 1. HUzmenenue axcuaibHou cocmagnaoueli UHOYKyuu 8 10008blx 4acmsax 0OMOmMKY cmamopa
NPpU MEHCGUMKOBOM KOPOMKOM 3AMbIKAHUU 8 cekyusx, 1- ¢ gpasze B u 2- ¢ ghaze C, 6
peoicume Haepysku A/

3akmouenue. Ilpu nosBIEHMHM BO BCHIMTHOM OOMOTKE cCTaTopa KOPOTKO3aMKHYTBIX
BUTKOB, XapaKTEPHO PACIPEICICHUE AKCUAJIbHOM COCTABISAIOIIEH 2JEKTPOMArHUTHOTO IOJS B
KOHIIE BbIJIETA JOOOBBIX YaCTeH 3HAUUTEIBHO MEHSETCH.

KoOHTpoJsIb yKa3aHHOW COCTaBISIOIIEH MHAYKIUU MPHU JUArHOCTUPOBAHUU TEXHHUYECKOTO
cocTossHusl A/l MO3BOJIMT B paHHEH cTaiuu OOHAPYKUTh MPOSBICHNUE MEKBUTKOBOTO 3aMbIKaHHUS
B Ipouecce paboTbl MamuHbl. [Ipenno’keHHBII METOJI TakkKe MOYKHO TPUMEHUTH IS
JIMarHOCTUPOBAHUS ABYXCIOWHON neTneBoi oOMoTku ctatopa A/l.
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XULASO
STATOR DOLAGININ ALIN HiSSOLORINDO iNDUKSiYANIN PAYLANMASININ
DOYiSMOSINO GORO ASINXRON ELEKTRIK MUHORRIKLORININ NASAZLIQLARININ
DIAQNOSTIKASI
Ohmadov D.A., Mustafayev R. I., Bhmadov A.D.

Asar sézlor: magnit sahasi, asinxron miihorrik, induksiya, stator dolagi, sargilararasi
qisaqapanma, texniki vaziyyatin diagnostikast.

Maqalads asinxron elektrik miihorriklorinin texniki vaziyyastinin stator dolaginin alin hissalarinde
maqnit selinin  paylanmasmma  goro diaqnostikasi mosalolorine baxilmigdir. Asinxron elektrik
miithorrikinin texniki voziyyatinin ig prosesinds qiymotlondirilmasinin aparilmasi vo stator dolaginda
sargilararasi qisaqapanmanin erkon miisyyon edilmasi iiclin informativ parametr olaraq dolagin alin
hissalorindo induksiyanin aksial toskiledicisinin giymotindon istifade edilmosi mogsadouygun olmasi
gostorilmisdir.

SUMMARY
DIAGNOSING FAULTS OF ASYNCHRONOUS ELECTRIC MOTORS BY CHANGING THE
DISTRIBUTION OF INDUCTION IN THE FRONTAL PARTS OF THE STATOR WINDING
Ahmadov D.A., Mustafayev R.l., Ahmadov A.D.

Key word: magnetic field, asynchronous engine, induction, stator winding, interterm closure,

technical condition diagnosis.

The problems of diagnosing the technical state of an asynchronous electric motors according to the
distribution of magnetic field in zone of the frontal parts of the stator winding. It is shown that as
informative parameter the use of estimate of axial component of induction in frontal parts of the stator
winding is expedient for the evalution of technical state of an asynchronous electric motor in the work
process and detection of an interterm closure in the stator windimg in the early stage.

Daxilolma tarixi: [lkin variant 16.11.2017
Son variant 26.12.2017
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Inkisafin miiasir saviyyasinds innovativ foaliyyet istehsal olunan, istehlakiginin toloblorini
daha asagi istehlak doyari ilo 6doyon innovativ moahsulun yiiksok keyfiyyatinin tomin olunmasi
liclin vacib olan iqtisadi artimin vo rogabot qabiliyystinin yiliksalmosinin on vacib sistem
amillorindon biridir. Innovativ faaliyyat innovasiyanin yaradilmasma, maddilosdirilmasine vo
hoyata kecirilmasing, yani naticonin aldo olunmasina yonalmisdir. Naticolor yeni texnologiyalar,
mohsul novlori, xidmatlor, onlarin bazara tosviqine sobab olan vo hazirda miiasir miiossisalorin
inkisafinin osas amili kimi molum olan istehsal, inzibati, kommersiya xarakterli togkilati-texniki
gorarlardir. Innovasiyalarin on illordir ki, har bir sirketinin osasinda durdugu Qorbi Avropa
Olkoalorindon forqli olaraq, respublikamizda da innovasiyalara son vaxtlarda shomiyyat vermoayo
baslamiglar.

Innovasiya proses vo ya mohsulun effektivliyinin keyfiyyatli artimini tomin eden, bazar
toraofindon tolob olunan yeniliklorin totbiqidir. Togkilati inkisafin vo istonilon sirkotin rogabot
gabiliyystinin  giiclondirilmosinin  9sas amili, homginin innovasiyanin  yaradilmasi,
monimsanilmasi, genislondirilmosi vo istifado olunmasini birlogdiron innovativ foaaliyystin
noticosi adlanir. Istonilon sirketin toskilati toroqqisinin vo rogaboat qabiliyyatinin
giiclondirilmasinin asas amili, eloca do innovasiyanin yaradilmasi, tokmillosdirilmasi, yayilmasi
vo istifado olunmasindan ibarat innovasiya foaliyyotinin noticesidir. Innovasiya foaliyystinda
yaxsilagdirilmis keyfiyyot gostoricilorino malik olan mohsul vo xidmatlorin istehsalinin on yeni
texnologiyalarmin tokmillogdirilmosindon ibarst olan, mdvcud bazara daha sads, rahat vo ucuz
mohsullarin ¢ixarilmasini nazords tutan “toxribat¢i innovasiyalar” boyilik shomiyyeto malikdir
[6]. Buna goro do istehsal prosesindo toxribat¢i innovasiyalarin hortorofli  totbiqi,
texnologiyalarin, elmi nailiyyatlorin vo istehsal prosesinin tokmillogdirilmasinin iglonmasinin
miiasir istifadesi liclin on vacib istiqgamot vo osas hesab edilir. Ancaq, tosssiif ki, innovativ
foaliyyoto toxribatg1 yanasmalarin potensialt Azarbaycanda da sonuna gadar gobul edilmomisdir.

Yuxarida gostorilonlora osaslanaraq, verilon isdo asas mogsad yaxsilasdirilmis istehlakci
xususiyyotlorino vo yliksok keyfiyyot gostoricilorino malik innovasiyali tekstil materiallarinin
istehsal olundugu tekstil sonayesindo toxribatg1 innovativ texnologiyalar todqiq olunmusdur. Bu
giin miiasir bazarda qadin geyimlori {i¢lin bizim hoyatimizi yaxsilasdiran vo yiingiillosdiron genis
cesiddo innovativ parcalar movcuddur. Yeni texnoloji materiallarin totbiqi miixtalif quruluslu
yaxsilagdirilmis vo yeni xilisusiyyotli materiallarin, masolon, “Kosmetotekstil” adli parcalarin
istehsalina gorait yaradir. Bunlar agilli parcalardir ki, onlardan kosmetik effekto malik olan,
dorinin xarici goriiniisiinli vo keyfiyyatini yaxsilasdiran, bununla da orqanizmdon artiq mayenin
cixarilmasina komok edon geyim ogyalari hazirlanir. Bu kimi materiallarin torkibinde xiisusi
aktiv hissociklordon toskil olunmus, dori ilo tomasda biitiin sotho borabor sokildo paylanan vo
kosmetik vo farmaseptik sonayeds genis istifado olunan mikrokapsullar var [1,2]. Buna goro do
aktiv hissaciklorin mikrokapsullasdirilmasinda innovasiya texnologiyalarinin tatbiqi els pargalar,
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geyim novlari istehsal etmays imkan verir ki, onlar yalniz geyim olmasin, hom do kosmetik
effekto malik olsunlar.

Innovativ parga istehsalinda on genis imkanlara malik Legion Optima 250 parcasidir. O,
insan1 zororli tobiot amillorindon qoruyur. Homin parganin torkibi tobii pambiq vo yiiksok
istismar xtisusiyyatlorino malik pambiq vo poliefir liflordon ibaratdir. Terkibindoki yiiksok
miqdarda tobii pambiga goro par¢a yaxsi nofos alir, nomi hopdurur, ¢ox méhkom poliefir liflor
189 istismar prosesindo slavo miidafio yaradan mohkomliyi, az yigigmani vo geyimo asan qullugu
tomin edir [3]. Bundan basqa, miiasir geyim hom do sonaye mohsulu vo elmi-texniki toraqqinin
noticosi hesab edilir. Buna goro do tikis momulatlarinin istehsalinin inkisafinin miiasir
morhalasinin xiisusiyyatlorindon biri do diinyada hoyat soviyyasinin qaldirilmasi vo miiasir bazarda
mohsullarin satis1 zamani rogabotin artirilmasinin nozordos tutulmasina goro mohsullara olan
istehlak, estetik, istismar, sonaye xtlisusiyyatlori kimi komlpeks toloblorin xeyli sortlondirilmasidir.
Bunlara asason Nyu-Yorkdan olan Sensatex Sirkoti “agilli parga” isloyib hazirlamigdir. Totbiq
edilon “Interconnection” texnologiyast parcanin liflorina barkidilmis, badonin miixtolif biometrik
parametrlori haqqinda molumati cip vo ya adi kompyuterlora Otliron miixtolif Otiiriiciilorin
istifadosing imkan verir. Bu texnologiyanin osas xiisusiyyati ondan ibaratdir ki, onu istonilon parca
ndviinda: pambiq, ipak, likrali va s. istifads etmak olar [2]. Belslikls, bu ciir parcalar miiasir bazara
buraxilan on perspektivli innovativ gorarlarin hallindon sayilir.

Ustolik miiasir geyim hazirda daha ¢ox miiasir alimlorin elmi nailiyyatlorinin tatbiq
obyektina ¢evrilir. Beloa ki, alimlorin tekstil sonayesinda innovativ elmi nailiyyatlori naticasindo
Intelligent Tekstil kompaniyas: torafindon “Elektron parca” asgorlor iiciin elektrik kegiriciliyina
malik olan, elektriki miioyyan yera Otiiron saplar yeridilmis materialdan islonib hazirlanmigdir.
Osas istiinlik parcanin enerjisinin saxlanmasit vo hotta zodolonmosi zamani foaliyystini davam
etdirmosidir. Elektromaterialin avtomatik tomizloma prosesi totbiq zamani yiiksok mohkomlilik
va sabit temperaturu saxlamaga imkan verir [3].

Miiasir inkisaf morholosinda genis totbiq sahasina malik xiisusi geyimlor boylik shomiyyat
dasiyir. Modellor o godor diisliniilmiis vo praktik olmusdur ki, 6z miidafio xiisusiyyotlorini
goruyub saxlayaraq giindolik geyimloro daha ¢ox yaxinlagsmis, insanlarin hoyat vo
saglamliglarin1 qoruyub saxlamis eyni zamanda 6z xidmati Ohdoaliklorini yerino yetirmisdir.
Miiasir xiisusi geyimlorin innovativ halli, birincisi, i51q qaytarma, demak olar ki, a¢iq havada
istismar ii¢iin nozordo tutulmus biitin geyim modellorindo olur. ikincisi, riitubatli soraitda
istismar1 nozordo tutulmus xiisusi geyim, xisusilo rezinlonmis parcadan hazirlanir. Belo
geyimlorda biitiin tikislor mdhiirlonir, yani six baglanir. Bu sobabdan bu ciir geyimlorin istehsal
zaman xiisusi riitubat tosirine qars1 davamli olan méhkam saplardan istifads olunur.

Bununla yanasi, insan1 yiiksok temperaturdan, istilik siialanmasindan, qigilcimlardan,
sigramalardan, metal orimosindon, 100 °C vo daha ¢ox qizmus sothlordon qoruyan geyimlorin
hazirlanmasinda on osas element xiisusi sintetik, miixtolif¢esidli oda davamli tikis saplaridir ki,
onlarin totbiqi yangindan miihafizo xassoli geyimlorin hazirlanmasina yeni yanagsmadir. Homin sap
alovun vo 350 — 400 °C temperaturun tosiri altinda bir doqiqe miiddotinds 75%-don ¢ox qirllma
qiivvesini qoruyub saxlayir. Temperaturun 420-460 °C-ya qodor artirllmasi zamani qirilma qiivvasi
avvalki vaziyyatin 45 — 60 %-no malik olur. Miixtolifcinsli tikis saplarmin toklif olunan qurulusu iki
texnoloji kegidli burma va yerli firlatma avadanliglardan istifado edorak, sarimagla oldo olunur. Bu
prosedurlar yiiksokkeyfiyyotli vo miinasib qiymatli tikis saplar1 oldo etmoys imkan verir [7]. Buna
goro do yerli bazarda yliksok temperatur vo istilik siialanmasindan miidafio sahosindo on uygun
parcalar Rusar vo Arselon lif vo saplar1 asasinda hazirlanmig, 500 °C dagilma temperaturuna malik
kombino edilmis, qatlanmis vo burulmus Strenq saplarindan togkil olunmus, lazimi miidafio vo
istismar xtisusiyyatlorina malik pargalar magsadouygun sayilir.

Homginin yeni naslin xiisusi geyiminin innovativ halli kimi antistatik “Fantom” pargasi
islonib hazirlanir. Parganin iiz torofi momulatin biitiin xidmot miiddsti orzindo miidafioni tomin
edon goriinmoz damali strukturdan ibarotdir. Bu ciir parca antistatik mohkom metallagdirilmig
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liflordon toskil olunmus, beloliklo do, mexaniki zadolonmalors, cirilma vo yuyulmaya maksimal
doziimli, statik elektrik toplanmasi zamani qigilcimlarin yaranmasina, suya, yaga vo s. qarst
kompleks miidafioni toskil edir [3,5].

Bazarda miixtolif zamanlarda ayaqqabiya rahatliq vo komfortluluq veran, onun qurulusuna
vo mogsadouygunluguna, formasia, homginin icliyin materialinin ndviiniin baglanmasina
xidmot edon sado va tolobata uygun igliklorin iglonib hazirlanmasi vacibdir. Ayri-ayr istehlak
materiallarinin istehlak¢ilariin fordi xiisusiyyetlorini nozere alaraq, verilmis iclik novlerinin
qurulusu layihalondirms vo material baglamasinin se¢imi bdyiik shamiyyato malikdir. Qoyulan
icliklorin dstiinliiyli, onlarin ayaqgabinin alt vo ya istiino borkidilmomesidir ki, bu da
istehlak¢inin arzuolunan rahatliq, z6vq miixtalifliyi vo movcud tibbi problemlorino géra segmok
va ya doyigsmok imkaninin olmasi kimi miisbat faktdir. Ona goro do miiasir morhoalods torkibinds
antibakterial hopdurmalar1 olan, ayaqgqabinin i¢indo uzun miiddot rahatliq vo gigiyenik
xtlisusiyyatlori dostokloyan, garisiq kotan pargadan hazirlanmig “Sanitazed T99-19” i¢liklorinin
istehsalin1 masolonin halli hesab etmok olar. Hopdurma, gidalandirict hissociklor vasitasilo otraf
mithitdon miixtolif mikroblar1 udaraq miixtslif bakteriya vo goboloklori mohv edir, qarsiligh tosir
zamani yoluxma riskini azaldir, xosagolmoz iylorin yaranmasinin qarsisini alir, saglamliq {i¢iin
tohliikosizdir, allergik reaksiyalar1 yox edir, yuyulma vo sterillogdirmoys doziimlidiir vo
istifadoyo kifayat qodor olverislidir [2].

Tekstil sonayesindo daha moqsadyonlii vo innovativ hoall olaraq geyri-xstti olmayan
kavitasiyali elektrik bosalmali (KEB) yun liflorin emali texnologiyasinin totbiqi hesab edilir.
Holli ondan ibaratdir ki, yiiksok keyfiyyat oldo etmok ticlin (KEB)-dan vannaya daxil olan yunun
avvalcadon tomizlonmasini nozards tutan ikimorhslsli yuyulmanin texnoloji prosesindon istifads
etmok vacibdir. (KEB)-do mineral vo iizvi ¢irklonmolorin yox edilmosi aparilir, liflorin {ist
qatinda piy Ortiiyii ¢irklorini dagidir. Daha sonra yun, yuyucu mohlulu olan garisia daxil olaraq
tamamilo minerallardan, lizvi vo yag qarisiqlarindan tomizlonir [8]. Belsliklo, alinan yuyulmus
yunun torkibinds islonmis texnologiyaya asason 1,63% piy qaliglari, 15,6% nomlik, 0,8% bitki,
1,54% mineral qatisi81 qalir ki, bu da yunun yiiksok keyfiyyat gostaricilorino malik xeyli slverigli
va faydali innovativ iisulla yuyulmasindandir.

Sonda geyd etmok lazimdir ki, tekstil sonayesindo ekoloji cohotdon tomiz vo ultradobli
mallar arasinda kotan materiallar miithiim yer tutur. Onlar tobii olaraq boyanmis kotan liflors,
miistosna tobii xiisusiyystlors, yiikksok doziimliiys, gigiyenikliyo, tobii bakterisidliys, ekolojiliyo
vo tobiiliyo malikdirlor. Bu arada kotan materiallarin fermentlorlo emali, kotan liflordo
materiallarin badii vo rongli formalasdirilmasina genis imkan yaradan lignin va tobii boyalari
saxlamaga imkan verir, bu da kotan xammaldan daha tamliqla istifadoyo vo yerli bazarda kotan
momulatlarin istehsalinda raqabat qabiliyystinin artirilmasina imkan verir. Bundan olava, kotan
paltarlarda materiala deformasiya veron vo yumsaldici tosir gostoron, yapisqanli birlogmolora
riitubatin tosiri on mithiim ohomiyyato malikdir. Hidrofil momulatli liflors riitubstin tosiri daha
ohomiyyatlidir, belo ki, o, geyimin yapisqanli birlosmolorinin xiisusiyyatlorine tosir gostorir.
Yapisqanli birlogsmalorin oyilmasi, xarakteristikasinin doyisdirilmasi asasin ndviindon vo elaca
do, osas parcanin strukturunun xiisusiyyatlorindon vo sothinin qalinhigindan asilidir [1, 4].

Oyronilon materialin tohlili bir daha siibut edir ki, “toxribat¢1” texnologiyalar, adaton,
istehlak¢inin toloblorini tomin edon genisgesidli innovativ parcgalar buraxildigi yeni bazarlarin
yaranmasina gotirib ¢ixarir. Bundan olavo, “toxribatc¢1” innovasiyalar daimi istehlaker iiglin
nozords tutulmur, neco ki, onlarin komayilo tokmillagdirilmis mohsullar artig mévcud olan
bazara c¢ixarilir. Bu da bir torofdon tekstil sonayesindo toxribat¢i innovativ qorarlarin totbiqino
osaslanir vo bu sahado miisbat notico verir, homginin bizim hoyatimizi yaxsilagdiran mohsul vo
xidmotlorin bazara ¢ixarilmasini tomin edir. Miivafiq olaraq, digor torofdon paltar istehsalinda
yeni imkanlar yaranir vo onlarin insan orqanizmins adaptasiya xiisusiyyatlori ancaq tekstil
sonayesindo elmi nailiyyatlor sayssindo miiasir istehlak¢min toloblorini tomin edon keyfiyyatli
geyim istehsali yaradila bilor. Beloliklo, tekstil sonayesinin miiasir elmi nailiyyatlori elmin yeni,
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yaxsilagdirilmis xiisusiyyotloro malik innovativ tekstil materiallarinin istehsal prosesinin elmi
islonmasinin tokmillogdirilmasini talob edon yeni inkisaf moarhalosine kegid almasina imkan verir.

Natica. Qeyd etmok lazimdir ki, innovativ miihitin inkisafi mithiim ohomiyyat kosb edir
ki, bu da fundamental vo totbiqi todqigatlarin noticolorino osaslanan elmi—texniki islomolorin
yeni istehlak xiisusiyystlorino malik olan bazar mohsuluna gevrilmasing tosir edir. Uygun olaraq,
innovasiyalar miiasir diinyada daha bdyiik maraq yaradir vo tokco arzuolunan deyil, hom do
hoyati vacib elemento ¢evrilir. Bundan basqa, parca istehsalinda vo xidmatlorin gostorilmasindo
innovativ  foaliyyot, istonilon miiossisonin miitloq nailiyystlori, mohsulun istehsalinin
keyfiyyatinin yiiksoldilmosi, istehlak¢inin toloblorinin  tomin olunmasi iiclin  miitlaqdir.
Biitiinliikdo innovasiya foaaliyyatinin miixtolifliyi biitlin miimkiin toskilati olagolorin on yaxs1
icragilarla omokdasliga colb edon istonilon innovativ foaliyyotlo birlosmaosidir. Buna goro do
innovativ foaliyystin toskili daha iimumi xarakters malikdir vo, bir qayda olaraq, miiasir elmi-
istehsalat foaliyyatini hoyata kecirmok {i¢iin totbiq edilo bilor.
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PE3IOME
HOBBIE UHHOBAIIMOHHBIE TEXHOJIOI'MHU B IPOU3BOJICTBE TKAHHU
Paoxncados H.C., Ymyoosa X.H.

Knwouesvie cnosa: unnosayuu, noopwleHvle UHHOBAYUU, DPBIHOK, UHHOBAYU-OHHbIE MKAHU,
MEKCMUNbHbIE MAMEPUATDL.

CraThs MOCBSIICHA H3YYCHHIO MTOIPHIBHBIX HHHOBAIIMOHHBIX TEXHOJIOTHH B 00JIACTH TEKCTUIILHOM
MPOMBIIIICHHOCTH. AHAIN3 M3YYEHHOTO MaTepualia MoKa3all, YTO CETOJHSITHHNA COBPEMEHHBIH PBIHOK
UMeeT IMUPOKUA  aCCOPTUMEHT WHHOBAI[MOHHBIX  TKaHEH, YIOBICTBOPSIONIMX  MOTPEOHOCTH
noTpeduTeNnel, MO3BOJSIONINA MMOTYYUTh MaTepHUaabl Pa3HOOOPA3HBIX CTPYKTYp, KOTOPBIE SBISIOTCS
pe3yJIbTaTOM WHHOBAIlMOHHOTO HAYYHO-TEXHHYECKOTO Mporpecca. COBPEMEHHBIC HAyUHBIC JOCTHUKCHUS
TEKCTHIILHOMN MPOMBIIIIICH-HOCTH TIO3BOJIIOT OCYIIECTBUTD MEPEX0/1 HAYKH Ha HOBBI YPOBEHH Pa3BUTHS,
TpeOYIOIINY BHEIPEHUS HAyYHBIX Pa3pa0OTOK B MPOIIECC MPOU3BOJICTBA, YTO CIOCOOCTBYET OTKPBHITHUIO
HOBBIX BO3MOJXKHOCTEH B MPOU3BOJICTBE KAaYCCTBEHHOW OJCKIBI, YIOBJICTBOPSIONICH COBPEMEHHBIM
TpeOOBaHMIM TIOTpeOUTETCH.

SUMMARY
NEW INNOVATIVE TECHNOLOGIES IN FABRIC PRODUCTION
Rajabov I.S.,Umudova Kh.I.

Keywords: innovations, blasting innovations, market, innovative fabrics, textile materials

Acrticle is devoted to studying of blasting innovative technologies in the field of the textile industry.
The analysis of the studied material showed that today's modern market has the wide range of the
innovative fabrics satisfying needs of consumers, allowing to receive materials of various structures
which are the result of innovative scientific - technical progress. Modern scientific achievements of the
textile industry allow to carry out transition of the science to a new level of development demanding
introduction of scientific development in production process that promotes opening of new opportunities
in production of the qualitative clothes meeting modern requirements of consumers.

Daxilolma tarixi: [lkin variant 23.01.2017
Son variant 26.12.2017
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Sumgayit Dovlot Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmosi

Cild 17 Ne 4 2017

XRONIKAL QEYDLOR

2017-c1 il tlzro Sumgayit Dovlot Universitetindo asagidaki konfranslar planlagdirilmis vo

kecirilmigdir:

» Magistrantlarin XVI Respublika elmi konfransi (11-12may)

* Tolobo Elmi Comiyyatininlll Tolobs elmi konfransi (24 may)

* Riyaziyyatin nozari va totbiqi problemlori. Beynolxalq elmi konfrans (25-26 may)

» Igtisadiyyatin roqabatliliyinin yiiksoldilmasi yollar1. Respublika elmi konfrans ( 17-18 oktyabr)

* Funksional monomerlor vo xiisusi xassali polimer materiallari: problemlor, perspektivlor vo
praktiki baxislar. Beynolxalq elmi konfrans (15-16 noyabr)
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