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NCCIEAOBAHUE PABOTBI BBIXO/IA 9JIEKTPOHA B
HOJYNNPOBOJHUKOBBIX TBEPJIbIX PACTBOPAX p-Bi,Tez-Sb,Te; U n-
Bi,Te;s-Bi,Ses METOJAOM KOHTAKTHOU PASHOCTHU NOTEHLHHUAJIOB

'BAPXAJIOB BAPXAJI LIABAH orJiy
UCMAMBLIIOB PAMU3 ME3AXUP orJry
*MCMAWMBIIIOBA XAIUIXKA UKPAM rpi3bl
Cymeaumckuii 20cy0apCmeeHHblll YHUsepcumen,
1-npoghbeccop, 2 doyenm, 3-movromop

bbarhal@mail.ru

Knwouesvie cnosa: paboma 6vixo0a, NpOCMPAHCMBEHHII 3aps0, NOBEPXHOCHHbIE COCHMOSHUS,
KOHMAKMHAS PA3HOCMb NOMEHYUAN08, IIeKIMPOXUMUYECKOe MPAaGeHUe

TepmornekmpouHbIM  MemoOOM KOHMAKMHOU PA3ZHOCMU NOMEHYUAN08 UCCIe008aAHO  GIUAHUE
0bpabomku nOBePXHOCMU Ha pabomy 861X00a IeKMPOHA ons MOHOKPUCTAILIO8
ROJYNPOBOOHUKOBLIX — MEeepobix  pacmeopos  p-BiyTez-Sb,Tes u  n-BiTes-BiSes.  Ioxasano,  umo
9IEeKMPOXUMULECKOe MpaGleHue NOBEPXHOCMU KPUCMANN08 NPUSOOUm K UIMEHEeHUl0 pabomuvl 6blXood
anexkmponos (PBD): ona kpucmannos p-muna BiTes-Sb,Tes PBD yeeruuusaemces Ha 0,28 3B, a ona
kpucmannog N-muna BiyTes-BiSe; PBD ymenvwaemes na 0,47 5B. Dmu usmenenus 6 3unauenusx PBO
00BACHAIOMCA  USMEHEHUeM KOHYEHMPAayuu UMerwuxcs Ha NO8ePXHOCMU JOKAIbHBIX 00pa306aHull,
UMeWUX cpoOCMB0 K dNIEKMPOHY.

CBolicTBa IOBEPXHOCTH IOJYNPOBOJHUKOB W TpaHUL] paslieia METaJI-NOIYIPOBOJHUK B
3HAYUTEJIbHON Mepe 3aBHUCAT OT HPUPOJbl MOBEPXHOCTHBIX 3JEKTPOHHBIX COCTOSHUM M 3apsja,
3aXBaUYEHHOI'O0 HA IMOBEPXHOCTH WJIM Ha TIpaHulle pasjgena U (opMHUpYOIEro o01acTh
POCTPaHCTBEHHOTO 3apsina [1].

OO6nacTh MPOCTPAHCTBEHHOI'O 3apsiia BO MHOTOM ONpEAENSeT MPOLEcChl MPOTeKaHUs TOKa
4yepe3 TpaHMIly pasfiesia M, B KOHEYHOM c4eTe, CBOMCTBA MOJIYIIPOBOAHUKOBOrO npudopa. B cBoro
oyepelb XapaKTepUCTUKH OOJAacTH MPOCTPAHCTBEHHOro 3apsija (BeIMYMHAa W 3HAaK H3ruda
SHEPreTUYECKUX 30H, CKOPOCTh PEKOMOMHAIMM U JAp.) 3aBUCAT OT TaKUX (PUIUKO-XUMHUYECKUX
CBOMCTB ITIOBEPXHOCTH, KaK 2JIEMEHTHBIN COCTaB, KPUCTAIUIMUECKAsI CTPYKTYpPa, JIEKTPOHHOE CTPOE-
Hue. B cBsI3u ¢ 3TMM KOHTPOJMpPYEMOE M LEJIECHANPaBICHHOE YIPABJICHHE CBOMCTBAMM TI'PaHUIIBI
pasfena KOHTAKTHOIO MaTepuajla C IOJYIPOBOJAHUKOM BO3MOJKHO TOJBKO IIPU COBMECTHOM
W3Y4YEHUM BIUSHUS XapaKTEpUCTUK OOJACTH MPOCTPAHCTBEHHOIO 3apsiia Ha paboTy Io-
JYIPOBOJHUKOBOIO MpHOopa U (PU3MKO-XMMHUYECKHUX CBOWCTB IOBEPXHOCTH Ha IapaMeTpbl
00J1aCTH MIPOCTPAHCTBEHHOIO 3apsi/a.

OnHUM M3 YyBCTBUTENIBHBIX METO/J0B OOHAPYXEHHMS W3MEHEHMH MOBEPXHOCTHOTO 3apsia
ABJIETCS M3MEpeHHe padOThl BBIXO/IAa 3JIEKTPOHA: BCAKOE M3MEHEHHE pabOThl BHIXOJAA CBA3AHO C
M3MEHEHHEM YCIOBUH Ha TMOBEPXHOCTH U TMOJHOCTBIO OOYCJIOBJIEHO COOTBETCTBYIOUIMMHU
HapyLICHUSIMH PaBHOBECHUS B IBOWHOM MOBEPXHOCTHOM clioe. BbICOKasi 4yBCTBUTEIBHOCTH PabOThI
BBIX0J1a K PA3IUYHBIM (paKTOpam, ONPEIEISIONIMM COCTOSHUE TOBEPXHOCTH KPUCTAJIA, TO3BOJISET
MCIIOJIb30BAaTh €€ JIJIsl OLEHKU COCTOSHUS IIPUITOBEPXHOCTHBIX CTPYKTYp [2].

Jnst onpeneneHus paObOThl BHIXO/1A 3JIEKTPOHA HaAMU OBUT BBIOpAaH TEPMORJIEKTPOHHBIN METOA
KOHTaKTHOM pPAa3HOCTU MOTEHUMANIOB [2-4]. DKcleprUMeHTajdbHas YCTaHOBKAa il MPOBEACHUS
HKCHEPUMEHTOB OblJIa aHATIOTUYHA YCTaHOBKE, MOJPOOHO ONKMCaHHON B [5].
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N3mMepeHnss mpoBOAWINCH B BaKyyme 10° Ia. [Tapel B cucreme 3aMOpaKMBaIU KUJIKUM
azotoM. Ilocie BakyymupoBaHHs Iepel IPOBEJCHUEM H3MEPEHHMH NPOBOIWIM aKTUBUPOBAHHE
Karoza.

HccnenoBanu paboTy BbIXOAA Ui HOJIYIPOBOJHUKOBBIX 00pa3loB Kak HeOOpaOOTaHHBIX
1ocjae pe3kd M3 KPHUCTAIOB Ha MIai0bl, TaKk W 00pa3IoB, MOBEPXHOCTU KOTOPBIX TOCIE PE3KU
00pabaThIBaIU JEKTPOXUMUUECKUM TPABICHUEM.

B nacrosmeit pabote paboTy BbIX0/a 3JIEKTPOHA ONMPEACISIA TEPMOAIIEKTPOHHBIM METOJIOM
U3MEpEHUsI KOHTAKTHON Pa3HOCTU IOTEHIUAJIOB - METOAOM CMEILECHUS XapaKTEPUCTHK.

MeTto cMmelleHus: XapakTepUCTUK (METO AHJEpPCOHA) OCHOBAH HA CHATHM BOJBTaMIIEPHBIX
XapaKTepUCTUK B OOJACTH BIMAHUSA IPOCTPAHCTBEHHOI'O 3apsijia Ha TEPMO3JIEKTPOHHBIM TOK
IIOOYEPEHO JUIS ABYX KOJIJIEKTOPOB (aHOJOB) U3 PAa3JIMYHBIX MCCIEAyEeMbIX MaTepuaioB. [Ipu sTom
IIPU CTPOTO OAMHAKOBOW I'€OMETPHM PACIIOJIOKEHUS KOJUIEKTOPOB B O0OUX CIIydasX UMEET MECTO
[apajuleJIbHOE CMEIIEHUE BTOPOM XapaKTePUCTUKU OTHOCHUTENbHO IEPBOM Ha BEIMUYUHY
KOHTAKTHOM pa3HOCTU MOTEHIMAJIOB MEX1y MaTepHajaMM 3TUX JIBYX KOJUIEKTOPOB. 3Has paboTy
BbIXOJIa NIEPBOIO KOHTPOJIBHOTO U MCXOJs U3 3KCIEPUMEHTAIBHO OMNPEIECIIEHHON TakuM 00pa3oM
KOHTAKTHOM pPa3HOCTM NOTEHIMAJIOB MOXHO HaiWTH padoTy BbIXOJAa Marepuansa BTOPOIO
KOJUIEKTOPA.

Heo6x0auMo0 OTMETUTbH, YTO MpPHU PA3IUYHOM I€OMETPHM JIEKTPOJOB BEIMYMHA CMEICHHS
XapaKTepUCTHK OyIeT paBHAa KOHTAKTHOM pPa3HOCTH MOTEHIMAJIOB WM PAa3HOCTH PadOT BHIXOJA
JBYX KOJUIEKTOPOB JIMILIb IIPU TOKE HAa KOJUIEKTOP, paBHOM Hymwo. Iloaromy naxe B ciydae He
napajuieabHocTh BAX MOXHO ONpenenuTh KOHTAKTHYIO Pa3HOCTh MOTEHLMATIOB, IKCTPANOIUPYS
BEJIMYMHBl M3  CMEIIEHH [pU  pPa3HBIX TOKax [JO  HYJEBOIO  3HAYEHUs  TOKa.

OTHUM METOJIOM Mbl BHAYaJle ONPECIIMIN KOHTAKTHYIO Pa3HOCTh NOTEHLIMAJIOB MEXIY IBYMS
KOJIJIEKTOpaMu (TaHTall U HUKENb), paboTa BbIX0/1a KOTOPBIX U3BECTHA.

Pesynprarel 3TMX W3MepeHM IpuBeneHbl Ha puc. 1. Ilpu cHATHM XapaKTepHUCTHUK
HalpsbKeHHe "3a/lepKKH' MoJaBaad Mexay KoiulektopoM u kartogoM. Ilpu stom Uy=6,5 B;
Iu=3,0 A; Uy,=4,4 B. Oxcrpanonupys 3aBUCHMOCTb BEJIUYMHBI HAINPSHKEHUSI CMEIIECHUS
XapaKTepUCTUK OT CHJIBI TOKa JI0 HYJEBOIO 3HAYEHHUs TOKAa HAXOAMM KOHTAKTHYIO Pa3HOCTb
MOTEHIIMAJIOB MEX/1Y HUKEJIEM U TaHTAJIOM.
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Puc. 1. BAX cucmemsi 801oghpamossiti kamoo - koanekmop uz Ta (1) unu Ni (2) u
3A8UCUMOCIIU MENHCOY HANPAICEHUEM CMEUEHUs. XAPAKMEPUCTUK U cunol moka (3)

Kak BunHO u3 puc. 1, ona cocraBnser Ugpy = Oni - @1a = 0,42 2B.

CpaBHMBas TOJyY€HHOE M3 OIbITa 3TO 3HAUYCHHE C PAa3HOCTbIO PabOT BBIXO/AA 3THX
AIIEMEHTOB, IPUBEICHHBIX B [2]: @ni - O1a = 0,38 3B (1iput @ni = 4,50 3B, ¢t = 4,12 3B) o6Hapyx)1BaecMm
Xopollee corjiacue.
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p-BizTeg-sz

BAX mis obpasuoB BiyTes-ShoTes (p-tumn) u BioTes-BioSes (n-tum) npuBeneHsl Ha puc. 2.
Tam e npuBegeHa BAX onmopHOro TaHTaJIOBOr0O KOJUIEKTOPA.
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Puc. 2. BAX cucmemvl gonvghpamoswiti kamoo - konnekmop u3 Ta (1), nonynpoeoonux p-muna
Bi,Tes-ShyTes (2) unu n-muna Bi,Tes-Bi,Se; (3), nosepxnocmu komopuix ne noosepeanucy 06pabomx e ;
4 u 5 - 3a8ucumocmu mMexcoy HanpsaHceHuemM CMeweHUs XapaKmepucmuk u cuioti moxka 0 cucmemvt Ta / p-
Bi,Tes-Sb,Tesu Ta /n-Bi,Tes-Bi,Ses, coomeemcmesenno.

13 puc. 2 HaxXO0JUM KOHTAKTHYIO Pa3HOCTh IIOTCHIHUAJIOB MCKAY MOJYIIPOBOAHHUKOM
p-TUIla U TAaHTAJIOM

Ulen = (Pp-TI/[l'[ - (PTa =- 0,40 3B
1 MEX/1y MMOJIYIIPOBOIHUKOM II-THIIA U TAHTAJIOM
U2Kpl'[ = OQn-tun - PTa = 0,70 3B
Torma paboTsl BeIxoAa kpuctamioB BiyTes-SbyTes (p-tum) u Biy Tes-BioSes (N-Tum) cocraBst
Qponun = ¢ (Ta) - Ulpn =4,12-0,40=3,725B (1)
Qe = ¢ (Ta) — UP gy =4,12 40, 70 = 4,82 5B )
AHAJIOTUYHBIE HM3MEpPEHHs JUIsI O0paslloB, MOBEPXHOCTH KOTOPBIX OBUIM IOJABEPTHYTHI
AIEKTPOXUMUUYECKOMY TPaBJICHHIO (pUc. 3), MAIOT CISAYIONINUE PE3YIbTaThI:
@prun = ¢ (Ni) - UL =4,50 - 0,50 = 4,00 5B (3)
Qnornn = @ (Ni) — U n =4,50- 0,15 =435 5B (4)

L10% A

N & QA ®

4 2 0 2 4 6 8 10
U,V
Puc. 3. BAX cucmemur 6onvgppamosuiii kamoo - konrekmop uz Ni (1), nonynposoonuxu n-muna Bi,Tes-
Bi,Ses (2) unu p-muna BiyTez-ShoTes (3), nosepxnocmu komopwix nodsepeanico 371eKmpoxumMuieckol
obpabomx e. Ha écmaske - 3a6ucumocmu mMexncoy HANPsiiceHuem cCMewenus Xapakmepucmuk U CUnot moxka
ons cucmemwt u Ni / n-BiyTesz-BipSez (1) u Ni/p-BiTes-ShyTes (2)
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bapxanoes b.111., Hcmativinos P.M., Hcmativinosa X. 1.

AHanu3 MOJYYEHHBIX PE3YJIbTATOB IMOKA3bIBAET, UTO ANEKTPOXUMHYECKOE TPABICHUE
MOBEPXHOCTH KPUCTAJIOB MIPUBOJIUT K U3MEHEHHIO PaObOTHI BbIX0/1a 31eKTpoHOB (PBD): st
KpHUCTAJUIOB p-THna Bi,Tes-Sh,Te; PBD yBennuunBaercs Ha 0,28 3B, a 11 KpuCTauioB N-TUNA
Bi,Tes-Bi,Se; PBD ymensinaercs Ha 0,47 sB. OTu u3MeHeHus: B 3HaueHHsIX PBD MOXHO
OOBSICHUThL HM3MCHCHHEM KOHIIGHTpAIMy HWMEIOIIMXCS Ha TMOBEPXHOCTH JIOKaJIbHBIX
00pa3zoBaHUM, UMEIOIINX CPOJICTBO K DJICKTPOHY.

JI1s1 0OBsICHEHHUS TIOYYEHHBIX PE3YJIbTAaTOB MPEACTaBUM pabOTy BBIXOJA AJIEKTPOHA

(PBD) xak cymmy nByx ciaraemsix [6]:

¢= 0s - L,

re @s - BKJIag B PBD 3jIeKTpOCTaTHUECKOTO Oaphepa Ha I'paHUIE METAI-BaKyyM, [l -
ANEKTPOXUMHUYECKHM noTeHuan (yposenb depmu) B 00beMe kpuctamia. O4eBUAHO, YTO (s
OyneT 3aBHCETh OT CBOMCTB M MPOIECCOB, MPOUCXOAAIIMX Ha IMOBEPXHOCTH, TOT/A Kak
aBisieTcsl QYHKIHMEH TOJbKO 00BbEMHBIX XapaKTEePUCTUK KpucTaia. B OOBIYHBIX YCIOBUSIX,
T.€. Ha BO3JlyX€ MOBEPXHOCTH IMOJYIPOBOJHHMKA BCErJa MOKPHITA CI0EM OKHCIOB. Kpome
TOTO Ha IMOBEPXHOCTH aJICOPOUPYIOTCS UYKEPOJIHBIC - aTOMBI WU MOJIEKYiIbl. HakoHerr, Ha
MOBEPXHOCTH BCET/Ia CYIIECTBYIOT CTPYKTYpPHBIC I€(EKThI, BO3HHMKAIOIIUE B TIPOIIECCEe
CKQJIBIBAaHUSI M PE3KU KPUCTAJJIOB - BAKAHCUU, aTOMbI, CMECTHUBIIEHCS CO CBOMX 3aKOHHBIX
MECT B y3JlaX B MEXJI0Yy31usd. Bce 3TH mpuUMECHbIE M CTPYKTYpHbIC HApYyIIEHUS MOTYT
CIIYKUTh UICTOUHUKAMU TTOBEPXHOCTHBIX COCTOSIHUI, SHEPIrETUYECKUE YPOBHU KOTOPBIX pac-
MOJIOKEHBI B 3alIPEIIEHHON 30HE MOJTYIPOBOJHUKOBOTO KpUCTaJIa.

B npomecce 2neKTpO’PO3ZMOHHOW pE3KH KPHUCTALUIOB BO3MOXHO — TMOSIBICHUE
JIOTIOJIHUTENIBHBIX CTPYKTYPHBIX HAPYUIEHWW B PE3YJIbTATE B3aUMOICHCTBUS 3JICKTPUYECKOTO
pazpsima ¢ oOpabaThIBAEMBIM KPHCTAUIOM, KOTOPBIE MOTYT H3MEHSTH €ro AJIEKTPO(U3HMUYECKUE
CBOMCTBA.

HccnenoBanue riyOHHBI M CTPYKTYPbI HAPYIICHHOTO CJIOS HA TOBEPXHOCTH pe3a MO3TAITHBIM
CTpaBJIIMBAaHUEM M PEHTTEHOBCKHMMH METOJAMH II0Ka3ajo, 4TO TIyOMHAa HApyIIEHHOTO CIIOS IS
kpuctauioB BiyTes-ShyTes (p-tum) cocrasisiet ~ 30 MkMm, a 1yt KpuctawioB BipTes-BioSes (n -tum) -
0K0J10 20 MKM.

B mporecce 37€KTPO3PO3UOHHOM PE3KU BO3ZMOKEH TAK)KE MEPEHOC MaTepualia 3JIEKTPO/IOB
Ha TIOBEPXHOCTh pPa3pe3aeMoro KpHUCTaUla MOJ00HO TOMY, Kak 5TO MPOUCXOIUT TpH
3JIEKTPOUCKPOBOM JierupoBanuu [7-8]. IllapkupoBanHbie TakuM 00pa3oM B TIOBEPXHOCTHBIN CIIOM
KpUCTaJIJla YacTHIIbl MaTepuayia 3JIeKTpoja (Boib(ppama) MOTYT TaKkKe CIYXKHUTh JIOKAJIbHBIMU
LEHTPaMH, BHOCSIIIMMU OTIPE/ICIICHHBIH BKJIA]] B CIEKTP MOBEPXHOCTHBIX COCTOSTHHH.

Takum O6p2130M, IIpu BCAKOM BOS]IGI\/JICTBI/II/I Ha TOBCPXHOCTb KpUCTAJIa W HN3MCHCHUH
COCTOSIHMSI TIOBEPXHOCTH (CIEKTpa TIOBEPXHOCTHBIX COCTOSIHHI) OyIeT W3MEHSThCS JIMIIb
aNeKTpocTaTuyeckas cocrasisomas PBO, T.e. usmenenune PBD mpu 3ToM paBHO H3MEHEHUIO
ANEKTPOCTATUIECKOTO Oapbepa (MMOBEPXHOCTHOTO MOTEHIMANA) s , T.€. AP = AQs .

OueBHIHO, YTO COCTOSIHHEM IIOBEPXHOCTH KPHCTaUla MOXKHO YIPaBIATh, IMOJBEpras ee
pa3aMYHbIM BUAAM O0OpabOTKM M BO3JIEHCTBUI M TakUM O00pa3oM YOpPaBIsATh BEIMYMHOMN
MOBEPXHOCTHOTO TIOTEHIHANA (s, @ 3HAYUT U PaOOTOI BBIXO/Ia IIEKTPOHA (.

Ecrmu Ha MOBEpXHOCTH TMOJTYIIPOBOJHWKA N-THMA IOCIE PE3KH MPEeo0SIaaloT aKIenTOPHEIE
MIOBEPXHOCTHBIE COCTOSTHHS, OHM OYAYT 3aXBaThIBATh AIEKTPOHBI M3 MPUIIETAIOIIEH K MOBEPXHOCTH
o0beMa KpHCcTallIa ¥ IOBEPXHOCTh OY/IET 3apsHKeHa OTPHUIIATEBHO.

He Oynp MOBEpXHOCTHBIX COCTOSHHI, paboTa BBIXOJA JJIsl KpUCTAIa N-THIIA paBHsIACH OB
NpUOIM3UTENBHO BEIUYMHE DBJEKTPOHHOTO cpoacTtBa . Ilpu Hamuyum jke MOBEPXHOCTHBIX
coctosiHui (puc. 4, @) paboTa BeIXOJa YBEIUYMBACTCSA HA BETUYMHY MTOBEPXHOCTHOTO MOTEHIIMANA

Qs, T.C.



Hccneoosanue pabomvi 6b1x00a 21€KMpOHA 68 NOYNPOBOOHUKOEbIX MEepOblX PACHEOPAX
p-BiyTes-ShoTes U n-BiyTes-BiSes memoodom konmaxkmmot paznocmiu ROMeHyuanios

On=X 1 Pns
AHAJOTMYHBIM CIIEKTP AaKIENTOPHBIX IOBEPXHOCTHBIX COCTOSHHI, BO3HHMKAIONIMHA Ha
MOBEPXHOCTH KPUCTAJIOB p-THUIIA TIPH MICHTHYHBIX YCIOBHX PE3KH, OyIET 3aXBaThIBATh JBIPKH U3
00beMa KpHCTaIlIa ¥ 3apshKAThCS IOJIOKHUTENLHO (puc. 4, 6).
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Puc. 4. Duepeemuueckas ouazpamma 0 ROIYNPOBOOHUKA N-MUNA NPU OMPUYaAmenbHOM 3apsoe,
COCPe0OmMOYeHHOM HA NOBEPXHOCHHBIX COCIOSIHUSX (@) U NOTYIPOBOOHUKA P-MUNA,
NPU ROLOHCUTNETLHOM 3apsioe NOBEPXHOCIHBIX COCTHOsAHULL (D)

PaGora BbIX0OJa IPY 5TOM yMEHBIIAETCS HA BEIMYUHY HOBEPXHOCTHOIO IOTEHIHUANA Pps. Tak
KaK MpU OTCYTCTBUH MOBEPXHOCTHBIX COCTOSIHUN paboTa BhIXOa JJIsSI TIOJYIPOBOTHUKA p-
THIIa paBHA

Gp-x*Eqg ,
rie Ey - mmpuna 3anpeneHHON 30HBI TONYNPOBOJAHMKA, TO B PAcCMaTPUBAEMOM CIydae, HpH
HaJINYUH IOBEPXHOCTHOTO MOTEHIMANA (Ps, pab0Ta BBIXOJ1a JUIsl KPUCTAIUIA P-THIIA COCTABUT:
Pp=%*+Eg- Pps.

Kak yka3piBasioCh BbIIIE, 3JIEKTPOXMMHYECKOE TPABICHUE MOBEPXHOCTH KpHUCTaLIa
CIIOCOOCTBYET  YAAJCHUIO HAPYHMIEHHOTO TIOBEPXHOCTHOTO CJIOS  KPHUCTAJIOB, yCTpPaHSET
MOJIMKPUCTAINTMYECKUM CTIOM, UCKAXEHUsI PEIIETKU. DTO NMPUBOJUT K YMEHBUIEHUIO KOHIIEHTPALUU
MMOBEPXHOCTHBIX COCTOSIHUM - TOUEUHBIX Ne()DEKTOB, BAKAHCUN U T.I., ABJISFONIUXCS JTOBYIITKAMH IS
cBOOOIHBIX HOCHUTENEH 3apsia.

Ucxons u3z o0cyxmaeMon MOJIETTH, MOKHO YTBEPKJIATh, YTO PEKOHCTPYKIIHS MOTEHIIUATBLHOTO
penbeda B pe3ynbraTe 3JIEKTPOXHUMHUECKOH O0OpaOOTKH JOJKHA MPUBECTH K
ymenbiiennto PBD s kpucramioB BiyTes-BiSes n-tuma u yBenuuennto PBD s kpucramios
Bi,Tes-ShyTes p-tumna, uTo X0opoIio coriacyercs ¢ IKCIEepUMEHTAIbHBIMU JIAHHBIMU:

AQp= @p" —(Pn0 =435-482=-0,47>B
Ay = @p™". ¢p° =4,00-3,72=+0,28 5B
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XULASO
YARIMKECIRICI p-Bi2Te3-Sb2Te3 VO n-Bi2Te3-Bi2Se3 BORK MOHLULLARINDA
ELEKTRONUN CIXIS iSININ KONTAKT POTENSIALLAR FORQI METODU iLO
TODQIQI
Barxalov B.S., Ismayilov R.M., Ismayilova X.I.

Acar sozlar: cixis isi, foza yiikii, soth hallari, kontakt potensiallar forqi, elektrokimyavi asindirma

Yarimkegirici p-Bi2Te3-Sb2Te3 vo n-Bi2Te3-Bi2Se3 bork mohlullarinda elektronun ¢ixis isi kontakt
potensiallar forqi metodu ilo tadqiq olunmusdur. Gosterilmisdir ki, kristallarin sathinin elektrokimyavi
agindirilmasi elektronlarin ¢ixis isinin doyisikliyino gotirir: p-tip Bi2Te3-Sh2Te3 kristallarinda elektronlarin
cixis isi 0,28 eV artir, n-tip Bi2Te3-Bi2Se3 kristallarinda iso elektronlarin ¢ixis isi 0,47 eV azalir.
Elektronlarin ¢ixis isinin giymatlorindaki bels doyisikliklor niimunslarin sothinds elektrona harisliye malik
lokal hallarin konsentrasiyasinin doyigmasi ils izah olunur.

SUMMARY
STUDY OF ELECTRON WORK FUNCTION IN SEMICONDUCTOR P-BI2TE3-SB2TE3
AND N-BI2TE3-BI2SE3 SOLID SOLUTIONS USING THE CONTACT POTENTIAL
DIFFERENCE METHOD
Barkhalov B.Sh., Ismaiiov R.M., Ismayilova Kh.l.

Key words: work function, space charge, surface states, contact potential difference, electrochemical

etching.

The influence of surface treatment on the electron work function for single crystals of semiconductor
p-Bi2Te3-Bi2Se3 and n-Bi2Te3-Bi2Se3 solid solutions has been investigated by the thermoelectronic
contact potential difference method. It was shown that electrochemical etching of the crystal surface leads to
a change in the electron work function (EWF): for p-type Bi2Te3-Bi2Se3 crystals, EWF increases by 0.28
eV, and for n-type Bi2Te3-Bi2Se3 crystals, EWF decreases by 0.47 eV. These changes in EWF values are
explained by a change in the concentration of local entities on the surface that have affinity to electron.

Daxilolma tarixi: [lkin variant 09.07.2019
Son variant 27.08.2019
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O KOPPEKTHOM PA3SPEIIIMMOCTH HEKOTOPBIX HOBBIX KJIACCOB
3AJJAY TUITA KOHIH JJIAA THIIEPBOJIMYECKOI'O YPABHEHUA
YETBEPTOI'O ITOPAIKA

S®EHIN CAIEJIAH HACPEJIWAH ormny

Baxunckuii cocyoapcmeennwiii ynusepcumem, A3epbatiodxcan, 0oyenm

Knrouesvie cnosa: 2unep60ﬂuqecme ypasHeHue, JNOKAJIbHbLL xapakmep, 06p(1n’IH(l}l 30()(11{(1,
cyulecmeosarue peuleHus, peuleHue 3(10(1’{1/!, KOppeKmHoe peulerue.

B pabome paccmampusaemcs 3adauwa Kowiu kiaccuuecko2o muna 015 sunepooIuyecko20 ypagHenus
uemeepmozo NoOpsAOKa U HAXOOUMCSA KAACCUYecKoe peuteHue 3mou 3aoayu. Jlna 3moeo ypasHeHus maxoice
paccmampusaemcs 3a0ava Kowu HO8020 muna 10KaibHO20 Xapakmepa U HAUOeHO KOPPeKMHOe peuleHue
3adauu. Iloxazano, umo knaccuueckoe peutenue 3adauu Kowu coenadaem c peuienuem OaHHOU 3a0ayqu u

Haobopom.

B pabore uig runepOoaMuecKuX ypaBHEHUH 4eTBEPTOro MopsaKa nocrasieHa 3aaada Komm
HOBOT'O TUIIA, HANJECHBI YCIIOBHsI KOPPEKTHOM Pa3pelIMMOCTH 3TOM 3aa4H.
[ns ypaBHeHUs
2

Vo u)(%,Y) = DA (X, Y)DYDLu(x,y) = 25 5(x, y), (1)

i, j=0
(X, ¥) €G = (X, %) % (Yo, ¥1): (Ap 2 (X, y) =1)

PacCMOTPUM CIIEAYIOIIUE YCIOBUS:

U(X’ y)‘yzs(x) = l//0,0 (X)1
ux (X’ y)‘yzs(x) = l//l,O (X);

Uyy (X, y)‘y =11(X), )

=s(X)
u X, = X),
x2y( y)‘yzs(x) ¥21(X)

x€Gy = (X, %),
KOTOpbIE MOHO paccMarpuBaTh Kak YCIoBHs Koliu KiacCMYeckoro BHIA, THE j (x) -
3a/1aHHble QYHKIMHU (OTpaHMYEHHs, HAKIaIbIBaEMbIE HA HUX, OyayT yTouHeHnsl Huxke); Y = S(X) -
3ajlaHHasi, CTPOr0 MOHOTOHHO yObIBaromast QyHKIHUs, IpUIEM S(XO) =Y, S(Xl) =Yo-
Bynem npeanonarats, uro ¢ynkumn A j(X,Yy) u3sMepumbl Ha G, A j€Lp(G),

0<i,J<1, wm cymecTByloT  HeOTpHUATENbHbIE  (DYHKIUH Ag j(¥)eLly(Xo. %),
Ai(,)z (X) € Ly (Yo, Y1) Takue, uro
10



S¢penou C.H.

0 0 . . _ o>
A OO <AL 00 AL )| < A2 (y), 1,1 =02,
s ypaBHeHust (1) pacCMOTPHUM TakKe CIEIYIONINE YCIOBUS JOKAIBLHOTO XapaKTepa:
Vo,0U =U(Xg, Y1) = Zg 0;
V30U = Uy (Xo, Y1) = Z10;
3)
Voau=Uy(Xo, Y1) = Zp1;

V3aU =Uy, (X0, Y1) = 2315

(v200) (9 =00 (V)| =500, X< Gy=(%,%)
()00 =U,z, (V) =251(X), XE Gy = (X, %);
y=s(x)

(o2 =02 (Y| =205(4). ¥ <Gz = (Yo, 1)

A =02 )

rie X =v(Y) - pynxuus obparnas nis Y = S(X).
Iycts Wéz’z) (G),1< p<oo - npocrpanctso Beex dpynkumit U e L, (G), ana koropsix

) =21,(Y), Y€Gy = (Yo, Y1)

cymiectBytior B cMmbiciie C.JI.CoGoneBa [1] o00600mieHHbIE TPOU3BOIHBIC D)i( D;u IS Lp (G) ,
I, ] =0,1,2. MoxHO nokasaTh, 4To s CYLIECTBOBAaHHUs pelieHus U eWéz’Z) (G) zamaum (1),(2)
HEOO0XOAUMO, YTOOBI [Tt QYHKIIUN Vi (X) BBIIONHSINCE YCIOBHS

W0.0:¥10:¥11 €C(G);
4)

s(x)
%{%,o(x) - yj wl,l(v(y))dy} €Ly (%0, %)

q v(y)
ay 1Y) - )Z[Wz,l(x)dx € Lp(Yo. Y);

d!d v(y) v(y)

— — 1% - X)dx |— x)dx | e L V1),
ay| ay| Voo Jwo09dx | = yr,(00x € Ly (yo, )
KpoMe Toro, eciu (QyHKius U eWéz’z) (G) pemenue 3amaun (1),(2), To 3Ta Ke QYHKUUS €CTH
pelicHue 3a71a41 (1),(3) npu HEKOTOPOM (ZO,O 12101201211, 22,0 (%), Zy1 (x),
202(Y),212(Y) e RxRxRxRx L (Xg, %) x Ly (Xg,%) % L (Yo, Y1) x L (Yo, ¥1)-

X0 X0

11



O KOppekmHoul paspeutumocmu HeKOmopuvlx HO8bIX K1accos 3aday muna Kowu ons
2unepboIU4ecKo20 ypasHeHus 4emeepmozo nopsaoKa

BepHo u 00paTHOE, B TOM CMBICIIE, 4TO eciay U eWéz’z) (G) ects pemenne 3amau (1),(3),

TO OHa ABIAETCs pemenneM 3anaun (1),(2) npu HEKOTOPBIX Y o (X)W o(X), w11(X),w51(X).

Tem He MeHee, ycioBus (3) HMEIOT HEKOTOPOE MPEUMYIIECTBO 110 CPABHEHHIO C YCIOBHSIMH
(2). OTO MpeuMylIECTBO 3aKJIIOYaeTCs B ClEAyIoleM: eciii ypaBHeHue (1) paccmarpuBarh mnpu

yenosusax (2), o Ha dymkumu o o(X), Wy 0(X), w11(X), w,1(X) (kpome HekoTOpBIX

«CaMOCTOSTENIBHBIX» YCJIOBUH, HAJaraéMbIX Ha HUX B OTACIBHOCTH) HY)KHO HAKJIaJbIBaTh TAKKE
ycnoBus (4) THIA COTJIaCOBaHUS, KOTOPbIE OTHOCATCA K YHUCIY YCIOBUH, HEOOXOAWMBIX IS
cymectBoBaHus pemenus 3aaauu (1),(2).

Teopema. 3anaua Komwu (1),(3) u ee conpsikeHHasi cucteMma

@i j = @i j»
(02, 1)@) = 02(2), 7€GCy; (@,1)(), £€Gy,1,]=01,

(@22 )7, 8)=0,,(7,8), (.6) €G,
ast moboro 2 =(20,210,201, 211,220,221, Z0,2:212:222) €Ep 1 @ =(000. 010,901,
P11,92,0,P211 Po,2:Pr2:V22) € Eq uMeroT  enuncTBenHBIe pemenns U EWSZ’Z) (G) mu
f :(f0,0’ fl,O’ fO,l’ fl,l’ leo, lel, f0,2’ fl,2’ f2,2) S Eq n i 9TUx peIHeHI/Iﬁ CIIpaBCAJIMBBI

OLICHKU
U0y <Ma el 7], <M° -l

0
rae Mg u M " - mocrosiumsie, He 3aBucsIIEe OT Z U (.
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XULASO
BOZi DORDUNCU TORTIB HIPERBOLIK TONLIK UCUN YENi NOV
KOSI MOSOLOSININ KORREKT HOLLI HAQQINDA
Ifondi S.N.

Agar sozlar: hiperbolik tonlik, lokal xiisusiyyat, tors masala, hallin varligi, masalanin halli, korrekt hall

Isdo dérdiincii tortib hiperbolik tonlik iiciin klassik sokildo Kosi mosalasina baxilib, masalonin korrekt
halli tapilir va verilon tonlik {igiin lokal xarakterli yeni nov Kosi masslosina baxilib, masslonin do korrekt
halli tapilir, gostorilir ki, yeni név Kosi mosalssinin holli eyni zamanda klassik sokildo baxilan Kosi
masalasinin hallidir va tarsina klassik sokilds verilmis masalonin halli név Kosi masalasinin hallidir.
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SUMMARY
ABOUT CORRECT SOLVABILITY OF SOME NEW CLASSES OF TYPE
OF CATCHES TASKS FOR HYPERBOLIC EQUATION OF FOURTH ORDER
Efendi S.N.

Key words: hyperbolic equation, local character, inverse problem, existence of a solution, problem
solution, correct solution.
The paper considers the Cauchy problem of the classical type for a fourth-order hyperbolic equation
and finds a classical solution to this problem. For this equation, we also consider the Cauchy problem of a
new type of local character and find the correct solution to the problem. It is shown that the classical solution
of the Cauchy problem coincides with the solution of this problem and vice versa.

Daxilolma tarixi: [lkin variant 27.09.2019
Son variant 21.10.2019
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HCCJIEIOBAHUE BOJIHOBBIX ITPOHECCOB B TOJICTOCTEHHOM
TPYBE IO AEMUCTBUEM BHYTPEHHEI'O JABJIEHUSA

lBABAIDKAHOBA BYCAJISA 'AM3A rbi3bl
’AJIMEBA YJIbBUSI CAHT'AH rbi3bt
Cymeaumckuii 20cyoapcmeenHulil yHusepcumem, 1-ooyenm,2- cm.npenodosamens
Ulaliyeva_71@mail.ru

Kntouegvle cnosa: ounamuueckue 80aHbl, yuiuHopuueckue @yukyuu beccensa, unmezpanvHoe
npeobpaszosanue Jlaniaca, moicmocmennas mpyoa, OpuSUHaL peulenul.

OnHO¥ U3 BaXKHBIX 33[]a4 MEXaHUKU Je(POPMHUPYEMBIX TBEPBIX TEI SBISIFOTCS MCCICOBAHUS
HECTAlMOHAPHBIX JMHAMMYECKUX BOJH B LWJIMHIPUYECKUX TeJIaX, KOTOpPbIE CBS3aHbl KaK C
HeTEera3oBOM OTPACIbIO, TAK M CO MHOTHMH APYTUMH OTPACIsIMU. DTH 3aJa4ll HCCIEHAYIOTCS
MaTeMaTUYEeCKUMHU METOIAMH.

AHanoruuHple 3a7a4ul JUIsl MOJbIX LUIMHAPOB U3 YOPYIMX M BS3KOYNPYTHUX MAaTE€pHANIOB C
OTpeieICHHBIMU LIEJISIMU HCCIIeZIOBaHbI B paboTax [2,4], a B paborax [1,3] ¢ yueToMm BsI3KOCTH
MIOJIyYEHHOE pEIIeHNE aHAIU3UPOBAHO ISl KOHKPETHBIX SIEP.

B nannoii pabote mccinen0BaHO PacpOCTPaHEHHE HECTAMOHAPHBIX JTUHAMHUYECKUX BOJH B
TOJICTOCTEHHOU TpyOe METOAOM MHTETPAIBHBIX MPEOOpPA30BAHUN U OPUTHHAJ PEUICHUH ONpeneieH
C TIOMOIIIBIO Pa3IOKEHUs MIIMHApUYeckuX pyHkuuii beccens B psg pekyppeHTHBIX popMyII.

[Ipenmnonoxum, 4TO0 B IMJIMHIPUYECKON cHUcTeME KOOpAMHAT Ha OECKOHEYHO JIMHHYIO

TOJICTOCTEHHYIO TpyOy JAEWCTBYeT BHYTPEHHsSISI CHJa p(t). Matepuan TpyObl NpUHHUMaeM
M30TPOIHBIM U OJHOPOIHBIM. IlycTh TpyOa ¢ BHYTPEHHUM pPaglycoM d M BHEUIHHM PaJnyCcoM b
npu { <0 Haxomutes B mokoe, a B Moment Bpemenn [ =0 neiictByer BHyTpennee nasnenue [1,2].
o, (a)=p(), M
o, (b) =0.
OnpenenyM HanpsKEHHO-Ie(POPMALMOHHOE COCTOSIHUE TPYObl B MOCJIETYIOIIME MOMEHTHI

BpPEMEHH.
VYpaBHEHME IBUKEHUS UMEET BUJL:

_ 2
0o, +Gr o, _pa u(r,t)

r
= 2
or r o’ @)
Ecii IMEIT MECTO T€OMETPUYECKHE COOTHOIIEHHS
. ou . u
=— = — 3
o 7o ®)
TOTrga CbI/I?;I/I‘—IeCKI/Ie COOTHOICHUS TPUHUMAEM B BUC!
o, =(A+2u)e + e, 0,=Ac, +(A+2u)e, 4)
HaYaJbHBIE YCIIOBUH HYJIEBBIE
U(F,O)Z%:OHth=O (5)
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OTtcroga BUIHO, YTO TOCTAHOBKA 33/1a4M MAaTEMATHYECKH CBOJUTCS K PEIICHUIO YPABHCHHUS
(2) pu rpaHKYHBIX ycoBHsX (1) 1 HaYaNbHBIX YCIOBUAX (5), T O, 0, - HANPSDKCHUS, &,&,, -

nedopmaruy, u(r,t) - nepemerenns, A - ko3punuent [yaccona, A - MOIYJIb CABUIA.
[Ipumensst unterpansHoe npeodpaszoBanue Jlamnaca no t k ypaBuenuio (2) ¢ yuerom (3), (4)
u (5) momygaem: [3,5]
o%u(r,s) 1 au(r,s)
o’ r o
raeS - mapamerp mnpeoOpazoBanus Jlammaca, U(r, S) - u300paxkeHne (QyHKIUHA u(r,t) no
, 8

Jlanacy, & :C_Zl

(@ +ri2)U(r, 5)=0 (6)

A+2
C= 1[ S £ CKOPOCTb PAacIpOCTPaHEHUsI BOJH, o - INIOTHOCTh MaTepuasa TPYOsl.

O6miee perenue ypaBHeHus (6) UMeeT BU/I:
u(r,s)=Al,(ar)+BK,(ar) (7)
3necs | 1 (ar) u K1 (Otr) - muwmuHapudeckne Qyakmmm beccensi,A w B- TOCTOSHHBIC

WHTETPUPOBAHUS, KOTOPBIE OMPEIEIAIOTCS U3 TPAHUYHBIX YCIIOBUM.
I'pannunslie ycnosus (1) B uzobpaxenusx Jlamnnaca uMeroT BU:

o, :(l+2y)%+%ﬁ(r,5) =p(s)mpulr =a
& =(1+2u) aﬁg's) +%U(r,s):0HpI/I r=b.

[MoxcraBnsst pemenue (7) B M300paKCHHBIX TPAHUYHBIX YCIOBHSX, TOJTYy4aeM CHCTEMY
YPaBHEHUI, U3 KOTOPOU A U B onpenenstorcs B CASAYOIIEM BUE:

A= E(S) Z4
A+2u 2,1,-1,1,
pes) %

A+2u 1,2,-1,7;°
VYuursiBas 3HaueHust 4 U B B ypaBHeHuH (7), 1300pakeHNEe PELIeHU MOoTyYaeM B BUJIE

pGs) z,ly(ar) - 2K, (ar)

u(r,p)= 8
(r.p) A+2u 2,7, - 7,1, ®
rac
2, = 1,(02) + 2% (o)
oa
1+am
Z, = K,(ca) - K, (ca)
aa
1+am
Z, = b I, (ab) + 1, (ab)
1+am
Z,= ab Kl(ab)_Kz(ab)
A
m= .
A+2u
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Pasnaras mununapuueckue Qynkiuu B psan Teisopa [3] B OKpECTHOCTH TOYKH &, = Omn
Eb =0 , HaXoIuMm
b-a ,
I, (ab) = Iy[aa(l+T)]: I, (cal+¢,))=1,(ca) + cag, | (ca) +...
K, (ab) = Ky[aa(l+ &)= K, (ca) + aagbK;(aa) +...
r-a ,
I, (ar)=1[call+ T)] =1, (call+¢,))=1,(ca) + cas, | (ca) +..

K, (ar) =K, [call+¢,)]=K, (ca) + cas, K| (c@) +...

b-a r-a
rae &, = - & = " . Torga ¢ momonipio hopMyITbI
') =1, (2)+ L1
y y+1 7 y
Ky (@=2K, @)Ky, (2)
OIIpeIesieM.
a’p, +op, +
2,2, 2,2, =L P B TPy (Ga)K, (aa) + K, (@)1, (aa)]
()
a(m—b)
z,1,(ar) = 2,K,(ar) = T+ q [, (ca)K, (@) + K, (ca)l, (ca)]
g, (ab—m?) (b—a)(2b—a) m ,.
plsz7 P, = a%b , pszge‘s,
_ r(5ab —b? +a?)
a’b '

VYyuteiBas (9) B pemennn (8), moigydyaeM HM300pakeHHE pEIICHUs MMOCTABIECHHOM 3a1adyul B
CJIEIYIOILLEM BHUJIE:

U(r,s):(m—b)sﬁ(s){ 2 S+q }
Pb(A+2u) (S°+ 4SS+ 4,
HUIIN
a(r.s) = (m—b)SP(s){ s__, q_ 2} (10)
Pb(A+2u) [ (S+By,)" +B° (S+By) +8
rae g, = eb , b= p3C1 B = Pot ;182 :ﬂz__l-
m-—b Ps Py 4

OTtcroga BHJHO, YTO BBIYMCICHHE OpHUIMHANA pPEIIEHUWH IOCTAaBICHHOM 3aJaud CBOAMUTCS K
HaXO0XKJICHUIO OPUTHHAJIOB CIENYIOIUX (PyHKITHIHA

o(r,s)= ﬁs ; w(r,s)= ﬂq .
(S+71)2+ﬂ2 (S+?1)2+ﬂ2

OpuruHanbl >THX (YHKIUNA BBIYHUCISIOTCS B CIEAYIONIEM BHUIE B 3aBUCUMOCTH OT
JTUCKPUMHUHAHTHL: [ 1,3]

2
[Ipennonoxum 4o f, — Tl >0.

Tornma
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2 IB :Hl ﬁ12
)= 2!  —LLt
o(r,1) 4[32—/5'1 e 2 sin(4/ B, - 2 +7)

— Bl —45,

1

2q ﬁl ﬂlz t)

W(r,t)zﬁe 2 sin(y/ 3, -

Ecmu S, — '371 <0, Torma

T =arcty

p(rt) = 22\@ e ?'sh( ﬁl - Bt

1 2

1

2 /3’1
=20 et B g
v ﬂlz _4

[ToaTomy pernieHne NOCTaBICHHON 3aJ]a4ui OTPEEIIAeTCs CIeYIOIUMU (popMynaMI/I [3]:

_amy) o, ],
O b 2wag O {e sl o

+qsin(,/ﬁz B H — ﬂl

2(m—b) dp(t) , | 5 B
) = ke 2 , Sh(;[ = - f,t+ 17,
ey PO +2u) B —4p, Ot {e [\/FS( 4 )

+qsh[1/ﬂl - p,t ]]} npu B, — ’81 <0,

(11)

rze * - o3HadaeT 0ObIYHYIO CBEPTKY QYHKIUN

t
fO*g® =] f(t-0g()dr.
0
N3 pemennst (11) BUgHO, 9TO BOJTHOBOM MPOIIECC 3aTyXaET MO AKCIIOHECHIIMAIBHOMY 3aKOHY U

1
KOX(QPUIIMEHT 3aTyXaHUs paBeH — o
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XULASO
QALIN DiVARLI BORUDA DAXILi TOZYiQ ALTINDA YARANAN DALGA
PROSESLORININ TODQIiQi
Babacanova V.H., Oliyeva U.S.

Agar sozlar: dinamik dalgalar, silindrik Bessel funksiyalari, Laplasin integral ¢evirmasi, galin divarl

boru, orijinal hallor.

Deformasiya olunan bark cisim mexanikasinin vacib masaslalorindon biri do geyri-stasionar dalgalarin
miixtolif miihitlords yayilmasi masalosidir. Riyazi tisullarin komayi ilo hall olunan bu mosalsler sonayenin
bir cox sahalari ilo, o climlodon neft-qaz sonayesinds maye vo qaz mohsullarinin dasinmasi ils baglidir. Ona
gora do, mogalads baxilan masola praktiki noqteyi-nozordon aktualdir.

Mogalodo qalin divarli boruda daxili tozyiqin tosiri ilo yaranan geyri-stasionar dinamik dalgalarin
yayilmast masalasine baxilir.

Baxilan masalo Laplasin inteqral ¢evirmosinin komoayi ilo hall edilmisdir vo timumi hall surati
Besselin silindrik funksiyalar1 vasitasilo toyin edilmigdir. Hallin orjinali silindrik Bessel funksiyalarmin
siraya ayrilisinin kdmayi ilo vo rekurrent diisturlarinin vasitasi ils toyin edilmisdir.

Sonra alinan holl todqiq edilmis vo yaranan dalganin yayilma siiratinin zamandan asili olaraq
eksponensial ganun ilo azaldig1 gostorilmisdir.

SUMMARY
STUDY OF WAVE PROCESSES IN THICK-WALL PIPE UNDER
THE ACTION OF INTERNAL PRESSURE
Babajanova V.H., Aliyeva U.S.

Key words: dynamic waves, cylindrical Bessel functions, Laplace integral transform, thick-walled

tube, original solutions.

Studies of unsteady dynamic waves in cylindrical bodies are one of the important problems of
mechanics of deformable solids. These problems, investigated by mathematical methods are associated with
the oil and gas industry in the transportation of oil and gas products, and with many other industries.

The article deals with the problem of propagation of unsteady dynamic waves in a thick-walled pipe
arising under the influence of internal pressure.

The problem is solved by the method of integral Laplace transformations. The image of the General
solution is defined using Bessel cylindrical functions. The original solutions are determined by the expansion
of Bessel cylindrical functions into a series and recurrent formulas.

Then the obtained solution is investigated and it is shown that the velocity of wave propagation over
time decays exponentially.

Daxilolma tarixi: [lkin variant 31.05.2019
Son variant 10.09.2019
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2.6-DIIZOPROPILFENOLUN KATALITIK ALINMA
PROSESININ TODQIQi
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Acgar sézlar: fenol, 2-izopropilfenol, 2-propanol, alkillagsma, Pd-HSVM seoliti, ¢ixim, selektivlik

2,6-diizopropilfenolun alimmasinda, fenolun 2-propanolla alkillosmo reaksiyasina vo 2
izopropilfenolun 2 propanolla garsiliglh tosirine asaslanan vo har biri digori ilo rogabstds olan iki
morhalali proses todqiq edilmisdir. Pd-HSVM seoliti istirakinda fenol vo 2 propanol asasinda 2-
izopropol va 2,6-diizopropilfenollar qarisiginin 82,5% selektivliklo vo 1:0,3 mol nisbatinda, 2-
izopropilfenolun 2 propanolla alkillosmasindon iso 2,6-diizopropilfenolun 91,5% selektivliklo vo
37,0% c¢iximla alinmasina nail olunmusdur.

Olkomizin neft emali vo neft-kimya sintezi sonayesinin mévcud xammal bazasini va texnoloji
imkanlarint nozoro alaraq izopropil spirti osasinda qiymotli yarimmohsul vo mohsullarin
istehsallariin yaradilmasi ¢cox aktual goriiniir. Belo proseslora aromatik birlosmalorin, o ciimlodon
fenol vo krezollarin 2 propanolla alkillosms reaksiyasina asaslanan mono- vo diizopropilfenollarin
alinmasini misal gostormok olar. Qeyd etmok lazimdir ki, son illor fenolun propil vo izopropil
toromolorindon  polimerlor {iglin monomerlor, qatranlar, antioksidantlar, antiseptik vo
dezinfeksiyaedici preparatlar istehsal olunur va onlarin istifads saholori genislonir [1-3].

Maqalads 2,6-diizopropil fenolun katalitik alinma prosesinin tadqiqinin naticalori verilir.

2.6-diizopropilfenolun alinma prosesi iki istigamotds todqiq edilmisdir. Birinci halda fenolun
izopropil spirti ilo alkillosmo reaksiyasi 6yronilmis, ikinci halda isa 2-izopropilfenolun 2-propanolla
qarsiliglt tosiri tofsilati ilo todqiq edilmisdir.

Todgiqatlar palladium torkibli silisium oksidinin qatiligt artirilmig seolitlorin istiraki ilo
aparilmigdir. HSVM no6vlii seolitdo modul 25 olub palladiumun qatiligr 1.0 kiitlo % toskil etmisdir.
Pd-HSVM Kkatalizatoru Rusiya Federasiyasi Elmlor Akademiyasmin N.D.Zelinski adina Uzvi
Kimya Institutunun sintez {isuluna [4] osason alinmis vo onun aktivlesdirilmasi tokmillosdirilmis
yolla hoyata kecirilmisdir.

Tacriibalar tarpanmaoz layl katalizatoru olan reaksiya aparatinda aparilmis alinan mohsullarin
analizi gaz-maye xromatoqrafiya isulu ilo Xrom-5 cihazinda ovvollor gostorilmis qaydada [5]
aparilmis, NMR spektrlor iso Bruker AV-300 (Almaniya) aparatinda ¢okilmisdir.

Fenolun 2-propanolla alkillogmasi oksigena goro bas vermir. Bunu alinan alkilatlarda onun
izopropil efirinin yoxlugu da tosdiq edir. Katalitik prosesdo bas veron asas gevrilmalor fenol
molekulunda karbona goéra ardicil birlosmonin hayata kegmasidir. Tadqiq edilmis soraitdo asason
monoalkillogma iistiinliik togkil edir. Xammaldak: spirtin mol paymin iki dofs artirilmasi alinan 2-
izopropilfenola gore reaksiyanin selektivliyini 83.0%-don 76.5%-o, ili¢ dofo artirilmasi iseo bu
gostoricini daha 14.5% azaldaraq 62.0%-0 godor azaldir.

Fenolun izopropil spirti ilo qarsilight tesirinden alinan mohsullara 2-izopropilfenol, 2.6-
diizipropilfenol, 4-izopropilfenol, 2.4-diizopropilfenol, triizopropilfenollar aiddir (codval 1). Bu iso
katalitik prosesdo asagidaki ¢evrilmolorin bas verdiyini gostorir:
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2.6-diizopropilfenolun katalitik alinma prosesinin tadqiqi

OH
.

> HO_% :>
- H,0

Cwxami va selektivliyino gors ikinci reaksiya mohsulu 2.6-diizopropilfenoldur ki, bu da 2-
izopropilfenolun ardicil alkillosmo mohsuludur. Xammaldaki spirtin mol nisbatinin fenola nozoron
iki dofs artirilmasi bu mohsula gors selektivliyi praktiki olaraq iki dofo artiraraq 15.5%-o qaldirir.
v = 1:3 mol/mol nisbatinds 2.6-diizopropilfenolun selektivliyi 20.5%-o catir. Fenol hidroksilinin
birinci ndv avazlayici olmast onun para istiqgamatlondirici xiisusiyyatini do {izo ¢ixarir vo Pd-HSVM
istirakinda az da olsa 4-izopropilfenol vo 2.4-diizopropilfenol da alinir. Miiayyan edilmis soraitdo
(T-360°C, v —0.7 st!, v = 1:1 mol/mol) alinan 2-izopropilfenol ve 2.6-diizopropilfenola géro
prosesin selektivliyi uygun olaraq 83.0 vo 8.0%, onlarin mol nisbati iso 10:1 togkil edir. Bu zaman
baslangic fenola goro hesablanmis 2-izopropilfenol va 2.6-izopropilfenolun ¢iximi uygun olaraq
51.0 vo 4.9% olur.

e Ty gu—

H,0

— HO

Cadval 1.
Fenolun 2-propanolia alkillagsma reaksiyasinin tadqiginin naticalori.
Reaksiyanin soraiti: T-360°C, v —0.7 st™

Fenolun Fenolun Alinan mohsullarin ¢evrilmis fenola gors hesablanmis ¢iximlari, %
2-propanola K )
onversiyasli, - - — - - " = "
ola}n mgl % 2-izopropil 2.6-diizopropil 4-izopropil 2.4-diizopropil
nisbati fenol fenol fenol fenol

1:1 61.5 83.0 8.0 3.0 2.0

1:2 70.2 76.5 155 5.0 2.5

1:3 83.0 62.0 20.5 8.0 4.5

Cadval 2

2-izopropilfenolun 2-propanolla alkillasma reaksiyasinin naticalori.
Reaksiyanin soraiti: T-360°C, v —0.7 st™

2-izopropilfenolun 2- 2-izopropil Alman mohsullarin ¢evrilmig 2-1zoproop11fenola gora
fenolun hesablanmus ¢iximlari, %
propanola olan mol Konversivasi
nisbati o yast, 2.6-diizopropil 2.4-diizopropil 2.4.6-
0 fenol fenol triizopropilfenol
2:1 40.5 91.5 6.0 1.0
1:1 53.5 85.0 9.0 3.0
1:2 65.0 78.5 14.4 5.5

Fenol va 2-propanol osasinda 2-izopropilfenol yiiksok cixim vo selektivliklo alinirsa, 2.6-
2-izopropilfenolun

diizopropilfenolu

izopropil

spirti

ilo

alkillogmosi

moqsadouygundur. Alinan naticalor (cadval 2) dediklorimizi siibut edir.

Goriindiiyii kimi 2-izopropilfenolun 2-propanolla garsiliql tesirindon 2.6-diizopropilfenol,

ilo

2.4-diizopropilfenol aliir. Katalitik prosesde asagidaki ¢evrilmalorin bas verdiyi lizo ¢ixir.
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" 1z

—> OH

-H0 - HQO
> OH

2-izopropilfenolun izopropil spirti ilo alkillosmasinds do hidroksildeki oksigena gore
ovozetmo bas vermir. Elektrofil ovozetmo osason 4- vo 6-voziyyotindo olan karbon atomlarinda
ardicil gokildo gedir. Xammaldaki komponentlorin mol nisboti alinan mohsullarin ¢ixim vo
selektivliyine bilavasito tosir edir. Monoizopropilfenolun xammaldaki mol paymin spirto nozoran
iki dofs cox olmasi alinan 2.6-diizopropilfenolun selektivliyini 91.5%, iki dofs az olmasi iso bu
gbstoricinin 78.5% diismosino sorait yaradir. ikinci halda 2.4-diizopropilfenola goro selektivlik
14.4% olur ki, bu da v = 2:1 mol/mol halla miigayisado 8.4% coxdur. Spirtin xammaldaki mol
paymin iki dofo artirilmasi ekvimolyar nisbatlo miiqayisado alinan 2.4.6-triizopropilfenola gors
selektivliyin 2.5% artaraq 5.5%-o ¢atmasina sobab olur. Miiayyon edilmis soraitdo (T-360°C,
v —0.7 st', v = 2:1 mol/mol) alinan 2.6-diizopropilfenolun ¢iximi 37.0%, hemin temperatur vo
hacmi siiratds, lakin xammal komponentlorinin ekvimolyar nisbatinds isa ¢iximi1 45.5% olur.

Umumiyyatls, Pd-HSVM seoliti istirakinda fenol vo izopropil spirti asasinda bir va ya iki
moarhals ilo mono vo diizopropil tdromalorin yiiksok texnoloji gostaricilorlo alinmasi vo onlarin
praktiki shomiyyat kosb etmasi aparilmis todqiqatlarin 6nomli naticosi kimi {izs ¢ixir.

OH
OH +A
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PE3IOME
HNCCIEJOBAHUE KATAJIMTHUYECKOI'O ITPOILECCA ITOJYUYEHUSI
2,6- TMU30IPOITUJI®EHOJIA
Azaee A.A., I'aoscuesa X.A., llaxmaxmunckas I1.T., Mymanaumoea K.M.

Knrouesvie cnosa: ¢enon, 2-uzonponungenon, 2-nponownon, amkuauposanue, yeoaum Pd-HI[BM,
8bIX00, CENeKMUBHOCD

B nonydenun 2,6-mumsonponuigeHosia UCClIeqoBaH IBYXCTaAMWHBIA MpoLecc, B KOTOPOM KaxIas

CTajusi KOHKYPUPYET C JIPYrOil, a MMEHHO PEaKIus ANKIIUPOBaHUS (heHOoNa 2-TPOINAaHOIOM U PeaKius

B3aUMOJIecTBHA 2-130nponmidenoa ¢ 2-npona-HoioM. B npucyrersun Pd-HLIBM Ha ocHoBe dheHona 1 2-

MpoMaHoiia TOJNyYeHa CMech 2-H30MpOonwil U 2,6-TUU30NpONMiI(QEeHONIOB ¢ CeNeKTHBHOCTBIO 82,5% u

MOJIPHOM COOTHOIIICHWH YKa3aHHBIX HpoaykToB 1:0,3. B cirydae ankuiaupoBaHus 2-u3onpormi-deHona 2-
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2.6-diizopropilfenolun katalitik alinma prosesinin tadqiqi

MIPOITOHOJIOM JOCTUTHYTO IOJy4YeHHe 2,6-aum3ompornumidenona ¢ ceiaekTUB-HOCThi0 91,5% u BBIXOI0M
37,0%.
SUMMARY
STUDY OF CATALYTIC PROCESS OF OBTAINMENT
OF 2,6-DIISOPROPYLPHENOL
Aghayev A.A., Hajiyeva Kh.A., Shakhtakhtinskaya P.T., Mutellimova K.M.

Key words: phenol, 2-izopropilphenol, 2-propanol, alkylation, Pd-HSVM seolit, expenditure,
selectiveness

In the preparation of 2,6-diisopropylphenol, a two-stage process was studied in which each stage
competes with the other, namely the alkylation reaction of phenol with 2-propanol and the reaction of 2-
isopropylphenol with 2-propanol. In the presence of Pd-NCVM on the basis of phenol and 2-propanol the
mixture 2-isopropyl and 2,6-diisopropylphenol with selectivity of 82.5% and a molar ratio of the specified
products 1:0,3. In the case of alkylation of 2-isopropyl phenol by 2-proponol, 2,6-diisopropylphenol was
obtained with a selectivity of 91.5% and yield of 37.0%.

Daxilolma tarixi: [lkin variant 11.02.2019
Son variant 22.04.2019
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Mbaqgalada kanifolun qisa sakilds alinma moanbalari, xassalori, istifads sahalori, modifikasiyast va
polimer kompozisiya materiallarinin, onun asasinda aktiv alavalor kimi miixtalif funksionalovazli
birlagmalorin sintezi, yeni polimerlarin alinmasi ilo alagadar olan adabiyyat materiallart va miiallifin oz
tadqiqatlart naticasindo alinan yeni asagr va yiiksaokmolekullu birlagmalor sahasindski naticalor
sistemlasdirilmis va iimumilosdirilmisdir.

Hal-hazirda sonayenin yiiksok siiratlo inkisafi ilo slagadar olaraq yeni alternativ xammal mon-
bolarinin miioyyan edilmasine bdyiik ehtiyac vardir. Bu ndqteyi-nazordon Respublikamizda genis
meso-agac emall sonaye zavodlarinin olmasina baxmayaraq, halslik burada mego-kimya sonayesinin
inkisafina nail olunmamuisdir. Belo ki, meso tosorriifati mohsullarindan xammal kimi istifado
edilmasi ¢ox ohomiyyatli vo vacib masalolordon biridir. Mess-kimya sonaye mohsullarindan biri
kanifoldur ki, o da agac siresindon skipidarin qovulmasindan sonra qalan tritsiklik doymamis
tursularin qarisigindan ibaratdir [1].

Kanifol kimya sonayesinin 80-don artiq sahalarinds, o ciimladan, selliiloz-kagiz sanayesinda,
lak-boya istehsalinda, sintetik kauguklarin alinmasinda, poligrafiyada, yuyucu maddoslorin
hazirlanmasinda, modifikasiyaedici alavalor kimi polimer kompozisiya materiallarinin alinmasinda
vo s. genis istifado olunur [2].

Kanifol bir sira arzuolunmaz xassolora do malikdir ki, bunlar da onun daha genis totbiq
saholorino malik olmasina mane olur: bunlardan kanifolun asagr yumsalma temperaturuna vo
kovrokliyine malik olmasini, asan oksidlogmoys, suya qars1 hossas hidrofil xassaye malik olmasini,
yiiksak tursu adadinin olmasini, asan kristallagsmasini va digor xassolorini gostormak olar. Ona gora
do oksor hallarda kanifoldan istifado olundugu hallarda tomiz kanifoldan deyil, asas etibari ilo onun
toromolorindon — efirlorindon, amidlorindon, duzlarindan, anhidridtorkibli birlosmalarindon ilkin
xammal va ya modifikasiyaedici olavolor kimi genis istifade olunur.

Odobiyyat materiallarindan molumdur ki, kanifolun modifikasiya olunmus toéra-molorindon
polimer kompozisiya materiallarin hazirlanmasinda aktiv olavalor kimi istifade olunmaqdan basqa,
tibb praktikasinda da genis istifado oluna bilon insektisid vo fungqisidlorin alinmasinda, bozi
fizioloji-aktiv preparatlarin yaradilmasinda da totbiq olunurlar [3].

Diinyanin bir ¢ox 6lkorinds, o climladon, Azorbaycanda iynoyarpaqli agaclar kifayot qodordir.
Miioyyon edilmisdir ki, Rusiyada bu tip agaclar yer kiirasinds biitiin agaclarin 40%-ni togkil edir.
Bunlarin hamisi asas etibari ilo kiiknar, sam va s. novlora aiddir.

Bu giin yerli vo alternativ xammal osasinda xiisusi ohomiyyot kosb edon polimer
materiallarinin  hazirlanmas1 aktual problemlordon biridir. Modifikasiya olunmus kanifol bu
noqteyi-nozordon xiisusi sinif birlosmoalordir ki, onlarin asasinda sintetik kauguklar, lak-boya
materiallar, kagiz, karton vo digor materiallar almaq miimkiin olur. Modifikasiya olunmus
kanifoldan polimer materiallarinin hazirlanmasinda istifade edilmosi ilk ndvbado materiallara
hidrofob xassalor vermis olur.
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Miioyyon edilmisdir ki, miixtolif ndv agac sirslorindon alinan gotran tursulari demok olar ki,
eynidir vo osas etibari ilo abiyetin, levopimar, pimar tursularindan ibarotdir.

Sam agaci sirolorinin kimyavi torkiblorinin unikal olmasina baxmayaraq sonayedo onlarin
emalindan kanifol vo skipidar alinir. Kanifolun emalindan alinan mohsullardan effektli sothi-aktiv
maddalor kimi taxta plitalorin hazirlanmasinda hidrofibizatorlar kimi, yol ingasinda biitiin Grtiiklor
liclin emulgatorlar kimi istifado olunur. Rezin-texniki momulatlarin hazirlanmasinda kanifoldan
momulata elastiklik vo saxtaya davamliliq xassolori vermok ii¢lin olavo kimi, rezin kleylorin

hazirlanmasinda, linoleum istehsalinda va s. genis istifads olunur.
COOH COOH COOH

abiyetin levopimar polyustr

E COOH

neoabiyetin dihidroabiyetin izopimar

COOH COOH

Kanifol torkibi 80-85% timumi formulu CijgH2—COOH olan tritsiklik qotran tursularinin
qarisigindan ibaratdir. Senaye miqyasinda kanifolu miixtolif xammal menbolorindon alirlar. Sam
agact sirolorinin torkibinds 75%-0 qodor kanifol vo 18%-0 qodor skipidar vardir. Skipidarin
destillosindon sonra yerds qalan kanifol hissasi istifads {igiin yararl olur. Kanifolun torkibino daxil
olan gotran tursular1 6z quruluslarina goro ilkin xammalin torkibinds olan gotran tursularindan
forqlonir. Belo ki, xammalin emali zamani goatran tursularinin quruluslarinda polimerlosma prosesi
bas verir.

Kanifolun modifikasiya edilmasi. Kanifolun yiliksok reaksiyayagirmo gabiliyyatino malik
olmasini nozors alaraq, adoton onu modifikasiyaya ugradirlar. Kanifol miixtalif metallarla asanliqla
reaksiyaya girorak, rezinatlar omolo gatirir. Kanifolun mangan va qurgusun duzlari sikkativ kimi,
sink vo kalium rezinatlar iso suyadavamli lak vo boyalarin torkibindo istifads olunurlar.

Kanifolun molekulunda karboksil qrupunun olmasi (onun turs xassali olmasi) ondan miixtolif
efirlorin vo rezinatlarin alinmasina sabab olur. Onun tsiklik fragmentlorinds iso doymamis qruplarin
olmas1 onun polimerlogsma, hidrogenlosmo, dehidrogenlosma, disproparsionallagsma reaksiyalarinda
istirakini tomin edir.

Kanifolun modifikasiyasin iki istigamotds aparmaq olur: gotran tursularimin xassolorino
uygun olaraq, hom do onlarin torkibinde olan karboksil qruplarinin ve ikiqat rabitalorin hesabina.
Ona gora do lizvi tursulara xas olan biitiin reaksiyalarda o istirak edir (qolovi va spirtlorla, duzlarla):

C,,H,,—COOH + NaOH — C ,H,,COONa + H,O

197729 197729

Kanifolun torkibino daxil olan gatran tursularinin molekullarinda iki reaksiya morkozi — iki
ikiqat rabitolor (qosulmus olagolor soklinds) vo karboksil qrupu vardir. Ona goro do kanifol
karboksil qrupuna ikiqat rabitoyo xas olan efirlogmo (miixtalif bir vo bir ne¢o atomlu spirtlorlo),
miivafiq duzlarin vo amidlorin alinma reaksiyalarina, spirtlora reduksiya olunma va anoloji olaraq
birlosma, kondensasiya, hidrogenlogsmo, polimerlosmo vo s. reaksiyalarinda istirak edirlor. Bu
reaksiyalarla bagli qisa molumat asagida verilir.

Kanifolun gatran tursularindaki doymamazhgqla slaqadar xassalori. Kanifol torkibindo
doymamis rabitolor oldugundan oksidlosmoyo garst geyri-stabil olur. Havanin oksigenino qarsi
boylik reaksiyayagirmo qabiliyystino malikdir [4]. Kanifolun molekulunda ikigat rabitolor
olduguna goro onlar abiyetin tursusu torkibindo qosulmus olagoli iki ikigat rabitonin oldugundan
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daha tez oksidlasir. Bir sira hallarda qeyd olunan reaksiyanin tesirindon kanifolun keyfiyyati asagi
diisiir. Lak vo sabunlarin torkibinds olan kanifolun bels reaksiyalarda istirakinin naticosinds onlarin
rongi getdikco tiindlosir. Bu hadisolorin qarsisini almagq {igiin kanifolun torkibindo olan doymamis
rabitolorin miqdarinin azaldilmas1 lazimdir. Adoton bunu homin rabitolorin hidrogenlogmosi
reaksiyasi lizro aparirlar. Bozi hallarda disproparsionallasma metodu ilo do bu hadisslorin qarsisini
almaq olur. Bozon hor iki reaksiya eyni zamanda bas verir. Kanifolun hidrogenlosmosi kimyavi
reaksiyasi iizro adoton oksidlogsmoyo davamli olan kanifol oldo etmok olur. Bu reaksiya 1 mol vo ya
2 mol hidrogenin birlogmasi ilo gedir:

COOH COOH COOH COOH
-H, +H, +H,
- —_— —_—

Kanifolun davamliligini artirmaq mogsadilo bir sira hallarda onun hidrogenlogmosi yox,
dehidrogenlogsmosi reaksiyas1 aparilir [5]. Hidrogenlosmis kanifoldan isi8a qarst doziimlii
sabunlarin, yapisqanlarin hazirlanmasinda istifados edilir.

Kanifolun polimerlosmasi. Kanifolun xassolorinin yaxsilagdirilmasi {i¢iin ilk névbado onun
torkibino daxil olan gotran tursularinin molekullarinda olan ikiqat rabitolorin miqdarinin azaldil-
masidir [6-8]. Bu adoton mineral tursularin istirakinda kanifolun katalitik polimerlogsmosi yolu ils
hoyata kegirilir. Polimerlogsmo prosesi zamani alinan dimer mohsullar miixtalif spirtlorlo efirlora
cevrilir vo onlardan yiiksok temperatura doziimlii maddslor kimi poligrafik boyalarin torkibinds
istifado edilir.

Ikigat rabitonin miqdarin1 azaltmaqla kanifolun keyfiyystini artirmaq, onu katalitik
polimerlosmo yolu ilo do hoyata kecirmok miimkiindiir. Lakin bu proses adoton polimerlosmo
adlansa da hoqgigotdo o, dimerlosmo reaksiyasidir. Belo ki, reaksiya mohsullar1 bu reaksiya
naticasinda polimer birlogsmolori deyil, dimer birlogsmolordir. Katalizator kimi bu reaksiyalarda sulfat
va fosfor tursulari, BF3, SnCls, ZnCl,, H3BO3, HF vo b. halledici kimi isa benzol, toluol, CCls, H-
heksen va s. istifads olunur.

Polimerlosmo zamani alinan kanifolun tursu ododinin asagi olmasi naticesindo ondan vo
qliserindon istifads etmoklo efirlorin alinmasi1 prosesi hoyata kegirilmisdir. Bu tisulla gliserin
efirlorinin alinmasina az miqdarda qliserin sorf edilir. Alinan efirlor daha yiliksok donma
temperaturlarina vo 0zliiliiyo malik olurlar. Polimerlogsmis kanifoldan poligrafiya sonayesindo
istifado oluna bilon rezinatlar alinir. Bu istiqamotdo alinan kanifol daha bork, tursuya davamli vo
yiiksok 0zliiliilyo malik olur vo o, yeni olavo xasso dasiyan xiisusiyyoto—kristallasmaya davamli olur.
Polimerlogmis kanifoldan energetika sonayesindo, radio-texnikada vo elektrotexnikada, lak vo
boyalarin torkibinds istifads olunur.

Kanifolun disproporsionallasmasi.  Kanifolun disproporsionallagsmas1  reaksiyasini
aparmagla da kanifolun doymamazligin1 aradan galdirmaq olar ki, bu da onun miixtalif tasirlora
qarst davamliligini artira bilor [9]. Bu proses kanifolun torkibine daxil olan gotran tursularinin
molekullarinda hidrogen atomlarinin molekullar arasinda yenidon paylasmasina asaslanir. Qatran
tursular1 adoton konarda hidrogen atomlar1 belo olavo edilmodon eyni zamanda hidrogenlogo vo
dehidrogenloso bilir. Bu bir qayda olaraq qotran tursularinin bir molekulundan hidrogen
molekulunun ayrilmasi vo digar molekulun birlosmasi naticasinds olur. Noticoads dehidro-, dihidro-
vo tetrahidro- abiyetin tursular1 alinir. Bu proses yiiksok temperaturda (180-350°C) vao katalizator
istirakinda gedir.

Kanifoldan kondensasiya reaksiyasi naticasindo alinan moahsullar. Kanifolun torkibina
daxil olan doymamis tritsiklik tursularin konyuqs olunmus ikiqat rabitolori ilo miixtalif
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diyenofillorin kondensasiyasina aiddir. Buna oayani misal, levopimar tursusu ilo malein anhidridi
arasinda gedon reaksiya noticosindo maleopimar tursusunun alinmasidir:

COOH
2

COOH o COOH
<
omerlﬂl.ma . o o
150-. 200°C 7
X
° o]
X

[0}

Kanifolun doymamis birlogsmolorlo modifikasiyasi zamani fumar, malein, akril, itakon vo
sitrakon tursularindan, malein va sitrakon anhidridlorindan istifads olunur [10-15]. Malein anhidridi
ilo kondensasiya 150-220° C temperaturda aparilir. Malein vo fumar tursulari ilo bu reaksiya 170°C-
do aparilir. Umumiyyatla, reaksiyanin temperaturu 190-200°C-dir.

Kanifolun duzlar kristal (bork) maddolor deyil, onlar suda vo hidroksil qruplar1 saxlayan
maddalords hall olurlar, karbohidrogenlords iso holl olmurlar. Kanifolun agir metallarla duzlar
amorf maddolordir, hidrofil xassoys malikdir vo yalniz geyri-polyar iizvi halledicilords hall olurlar,
onlar1 oritmoklo vo ya ¢okiirtmokls alirlar. Oriya bilon rezinatlart kanifola osas1 karbonatlar, metal
oksidlori vo ya hidroksidlari alava etmoklo almaq olur. Cokdiiriilon rezinatlar1 kanifol sabunu ilo
miivafiq metal-larin duzlar arasindaki reaksiya asasinda alirlar.

Levopimar tursusu ilo digor doymamis anhidridlorin qarsiligli tssirinden alinan adduktlar
osasinda epoksid torkibli birlogsmolor alinmigdir. Asagidaki sxemdo levopimar tursusu ilo
tsikloheksen-4-1,2-dikarbon tursusunun anhidridindon miivafiq adduktun vo onun osasinda
kanifolun epoksi toromolorinin alinmasi gostorilmisdir [11]:

o}
C\\o/”\Z_X
Q? @:C\ Q@C(co EXH Qi@qc/o
+ / g
CcO

COOH COOH

Umumiyyatlo, aparilan diyen kondensasiya reaksiyalarinda malein anhidridindon basqa
diyenofil kimi diger doymamis anhidridlorden ds istifado olunmusdur. Bu reaksiyalar 2 miixtolif
soraitdo aparilmigdir [12]:

/ \O / \o
|zomerIﬂLm;|
150 200C

COOH COCOH COOH

Sintez edilmis birlosmoalorin molekullarinda yiiksok reaksiyayaqabil karboksil vo anhidrid
gruplarinin olmasi onlarin mono- va diaminlarls reaksiyasindan amid tursularin, poliamidoimidlarin
vo epixlorhidrinle qarsiligh tesirindon iso epoksid gotranlart kimi yararli olan qlisidil efirlorinin
alinmasma imkan yaradir. Sxemdon goriindiiyii kimi hor iki istiqgamotdo alinan bis-addukt PV X
torkibindo yiiksok stabillosdirici tosirino malikdir. Belo ki, par¢alanma temperaturu (Tpar) 300°C-0
gador artir vo kompozisiyanin mohkomliyi yiiksolir. Istifado olunan bis-addukt eyni zamanda
plastifikator va stabilizator rolunu oynayir. PV X-polimeri ii¢iin effektli stabilizator almaq moagsadila
alternativ xammal monbayi olan kanifol osasinda asagida gostorilon sxem iizro kiikiirdtorkibli
epoksid birlogsmolori sintez edilmisdir [13]:

26



Pirquliyeva M.C.

Me COOH HOOC Me Me COOH

—»
ABN,A
\ Bis-addukt

\ 7\,OOC Me Me COO. /" 7

00C_ Me / \
—>

Epoksi-kanifol Epoksi-kanifolun bis-adduktu

Tarkibinds politsiklik fragmentlor saxlayan vo yliksok isi18a, istiliya vo suyaqarsi stabilliyi ilo
forglonan polimer materiallari almaq mogsadilo [14,15] islords levopimar tursusunun akril tursusu
vo malein anhidridi ilo diyen kondensasiyasindan alinan adduktlar vo onlarin reduksiyasindan
alinan spirtlorin asasinda, miivafiq qlisidil efirlori sintez edilmis vo onlarin barkidilmasi yolu ils
polimer kompozisiya materiallar1 hazirlanmigdir:

Me COOH Me Coo’ W
0
ZcooH ijigi £l 1
Me

L COOH \Coo/\F

Me, ,CH,OH Me, ,CH,0”
é[gi /N 2
— Me

“CH,OH \CHZO/\F

Miiayyon edilmisdir ki, alinan kanifolun epoksi toromolori yaxs1 slagalondirici olmagqla yanasi
lak-boya, elektro vo radiotexnika sonayesindo istifado olunan kimyovi stabil materiallar
hazirlanmasinda genis istifads olunur.

Akril tursusu istirakinda alinan adduktlardan (ditursulardan va dispirtlordon) diqlisid efirlari,
maleopimar tursusu vo ondan reduksiya yolu ilo alinan spirtlorden iso triglisidil efirlori alinmisdir:

COOH
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Me,,CO0” X7 Mg CH o/\7 H,OH
% CHZO/\7 CH,OH
Me

T ~coo 7 CH,O g CH,0H
0
Me, ,COOH Me_COOH (CO\ Mg COOH
7 COOH o co,
Me Me })
l “COOH l co
Mey CH,OH Me, ,CH,0” \70 Me,,COO” \70
00”7
—_— e
Me Me Me (@]
“CH,OH “CH,07 7 ~co0”" 7
0 0

ovvallor sintez edilmis anhidridtorkibli adduktlara miixtolif aminotursularla tosir etmoklo,
imidtorkibli ditursular vo onlarin amid téromslori alinmis vo onlardan modifikasiyaedici maddslor
kimi miixtalif elastomerlorin, o ciimlodan, butadiyen-stirol kaucuku osasinda hazirlanan rezinlorin
xassalorinin yaxsilagdirilmasinda istifads edilmisdir [16,17]:

HOOC,_ ,Me HOOC. ,Me
/C(\) /CO\
/o N-(CH.,),-COOH
HOOC M
¢ ~ch co”
NH,- (CHZ)n-COOH
Me O
Co HOOC_Me HOOC Me
C{) CcO
/0 \N-(CHz)n-COOH
CcO CO

Alinan ditursular sonradan amid téromalorina ¢evrilmis vo onlardan texnoloji olavalor kimi
istifado etmoklo butadiyenstirol kaucuku osasinda yiiksok keyfiyyatli rezinlorin hazirlanmasinda

istifado edilmisdir.
‘] N- (CHz)n -COOH Me ‘T N- (CHz)n CONH,
NH2 (CH,),-COOH

HOOC Me HOOC Me H,NOC Me

Imidtorkibli ditursular poliefir vo poliamid polimerlori almaq iiciin yaxsi monomerlordir,
onlarin téromolari iso polimer kompozisiya materiallarina kimyavi vo termiki davamliliq vers bilon
aktiv olavalar kimi istifads oluna bilor.
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PVX osasinda tibb toyinatli momulatlar hazirlamagq {i¢iin toksiki olmayan plastifikatorlardan
istifado edilir. Bu mogsadlo [18-21] islordo levopimar tursusunun akril tursusu ilo
kondensasiyasindan alinmis addukt osasinda alifatik spirtlorden istifade etmoklo efirlor sintez
edilmis vo onlarin PVX kompozisiyalarl torkibindo plastifikasiyaedici xassolori dyronilmisdir:

” ‘] ‘]

HOOC Me HOOC Me R'O0OCMe

R-—CH<CH3 R=CHs i CiHy ; CgHy i CeHpr
3

Plastifikatorlarin plastifikasiyaedici xassolorinin onlarin polimerlori 6zlorindo holletmo
qabiliyyatlorinin miiayyon edilmasi ilo bagh oldugunu nazars alaraq, sintez edilmis plastifikatorlar
PVX kompozisiyalar1 torkibindo todqiq edilmisdir. Tacriibalorin naticolori gostormisdir ki, sintez
edilmis plastifikatorlar agagi toksikliyo malikdirlor. Onlarin istiraki ilo hazirlanmis kompozisiyalar
159 yiiksok termiki va reoloji xassalor gostarirlor.

Anhidridterkibli levopimar tursusunun N.N'-R- bis- imidlorinin diyen kondensasiyasi
osasinda sintezi [22] isdo molumat verilmisdir:

CO

A S — Q@@(%
S

HOOC

bis-imid HOOC kanifol-bis-imid COOH

Miioyyon edilmisdir ki, reaksiya soraitindon asili olaraq ovvolco mono- vo bis- amidotursular,
sonradan iso bis-imidlor alinir [23]:

co RN, COOH co
N-R-NH,
CONH-R- NH2 co

HOOC HOOC HOOC

[33] sayli isdo anhidridtorkibli pimar tursusunun SOCI; ilo qarsiligh tesirindon onun
xloranhidridi alinmis vo polivinil spirti ilo uygun olaraq fazalararas1 kataliz soraitindo TEBA
istirakinda asillogsmo reaksiyasi aparilmisdir.

Reaksiyanin gedisi onun soraitindon asili olaraq todqiq edilmis vo prosesin optimal soraiti

miiayyan edilmisdir [24]:
CI oC,Me
C\ TEBA-CI ; NaOH W
benzol O0—oC Me
cQ
TEBA-CI = PhCH,(Et);N*Cl- 0
e
co

Aliman modifikatorlarin suda hollolmast vo onlarin suda aktivlik xassolori Oyronilmisdir.
Kanifolun imidtorkibli ditususunun xloranhidridi sintez edilmis vo onun osasinda polikondensasiya
metodu ilo alifatik diaminlordon istifado etmoklo poliimidoamidlor sintez edilmisdir [25]. Alinan
polimerlorin qurulusu vo termiki stabilliyi spektral, kimyavi va termiki analiz iisullarindan istifado
etmoklo miioyyon edilmisdir:
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HOOC, ,Me CIOC, ,Me

i 0
C
\ "\ NH,-R-NH,
Me N-(CH,)n-COOH —» N-(CH,n-COCl ~—*——=>»

/ /

OC Me ||
/CQ

— /N-(CHZ)n—CONH-(CHZ)G-NH1;

~cob

Poliimidoamidlorin sintezi iki Usulla aparilmigdir: 1-ci isul anhidridtorkibli levopimar
tursusunun dimetilformamid mohlulunda diaminlorlo qarsiligh tosirino asaslanir. 2-ci lisulda iso
imidtorkibli aminotursularda yuxar1 temperaturda 06zii-6ziino polikondenslosmo yolu ilo son
naticaya nail olunur.

Imidtorkibli aminotursular iso anhidrid qruplar1 saxlayan diaminlorin qarsiligh tosiri
naticasinda oldo edilir.

Kanifoldan aliman  efirlor. Plastifikatorlardan  istifado  etmoklo  polimerlorin
plastiklosdirilmasini tomin etmok {iglin on olverigli tsullardan biri polimerlorin quruluslarinin
modifikasiya edil-mosidir. Bu iso polimerlorin torkibino xiisusi maye vo bork maddoslorin
(plastifikator-larin) slave edilmasi ilo hoyata kegirilir. Belo olan halda alinan materiallarin elastikliyi
vo saxtaya davamliliqlar1 yaxsilasir, onlarin 6zliiliikklori, emal temperaturu asag: diisiir vo emal
prosesi asanlagir.

Coxtonnajli polimerlordon plastiklogsdirmaye adston PVX, PC, PA, polikarbinatlar, epoksid vo
polifenilformaldehid gotranlari vo s. istifado olunur. Plastifikatorlarin alinmasinda oan perspektiv
istigamatlordon biri {izvi tursularin efirlosmasidir. Efirlosmo reaksiyasi avtokatalitik prosesdir vo
karbon tursular1 bu prosesin gedigini asanlasdirir. Lakin bir sira hallarda bu reaksiya {izro istonilon
naticoys nail olmaq miimkiin olmur. Ona goro do bu reaksiyanin siiratini artirmaq moagqsodils
katalizatorlardan istifads olunur. Katalizator karbonil qrupundaki karbon atomunun miisbat yiikiinii
artirir vo reaksiyani efirlorin alinmasi istigamatine yonaldir. Bir qayda olaraq sulfat, xlorid, bor vo
digor mineral tursulardan katalizator kimi istifads olunur.

Asagida kanifolun akril tursusu ilo adduktundan vo torkibindo ciit karbon atomlar1 olan
spirtlordon plastifikatorlarin alinma sxemi verilmisdir:

, Zcoom, CooH ROH,. Qigjtcom

HOOC Me HOOC Me ROOC Me

Biratomlu vo ya coxatomlu spirtlorlo kanifolun miirokkab efirlori lak-boya sonayesindo genis
istifado edilir vo onlarin alinmasi katalizator istirakinda vo ya katalizator olmayan soraitdo aparilir.
Biratomlu spirtlordon alinan efirlor 210-300°C-do qaynayan maye maddolordir. Coxatomlu
spirtlordon — etilenglikol, dietilenglikol, qliserin, pentaeritrit vo s. alman efirlor iso bork
maddolordir. Coxatomlu spitlorlo reaksiya biratomlu spirtlors nisboton daha asan gedir.

Kanifol asanligqla ¢oxatomlu spirtlorlo daha asan reaksiyaya girdiyindon oksor hallarda
kanifolun qliserin vo ya pentaeritritlo efirlorini sintez edirlor. Masalon, qliserinlo bu reaksiya
asagidaki sxem iizro gedir:

OH 0-CO-CygHag
C19H29'COOH + HO{ —> ClgHZgCOO{
OH 0-CO-C oMy
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Kanifolun amid toromosindon kagiz vo kartona hopdurulmasi, kaugukun regenerasiyasi,
kimyovi zohorli maddolorin — herbisidlorin vo flotoreagentlorin vo s. birlosmolorin  alinmasi
moaqsadils istifads olunur [26-28].

Kanifol asasinda alinan rezinatlardan sikkativ kimi poliqrafiya sonayesinds istifado olunur.
Sikkativler boyalarin plastikliyini yaxsilasdirir (bitki yaglarinin osasinda hazirlanan oliflorin
qurumasina komoklik gostormoklo tezlosdirir) va siiratlondirir.

Kanifol siini dori istehsalinda emulsion yaglamalar, dezinfeksiyaedici maddo kimi, piy
sonayesindo kanifoldan sabun hazirlanmasinda (qida piyi ovozino) istifads olunur. Sabunun yuyucu
qabiliyyatini artirmaq ticlin tosorriifat sabununun torkbindo kanifol birlosmosinin miqdar1 48%-2
godor olur. Kanifol birlosmolorindon sur§uc hazirlanmasinda vo corrahiyado istifado olunan
plastirlarin da torkibinds genis istifado olunur [29].

[30,31] islords levopimar tursusunun akril tursusu vo 4-tsikloheksen-1,2-dikarbon tursusunun
anhidridi ilo kondensasiyasindan alinmis tursular vo onlarin reduksiyasindan omolo golon dispirtlor
osasinda epixlorhidrindon istifado etmoklo, miivafiq olaraq onlarin diqlisid vo triglisid efirlorinin
sintez edilmasi vo uygun barkidicilordon istifade etmoklo strukturlasma proseslori 6yronilmisdir.
Borkidilmo vo alinan kompaundlarin termodestruksiya proseslori tadqiq edilmis vo prosesin enerji
aktivliyi hesablanmis vo son mohsullarin termiki vo mexaniki xassolori todqiq edilmisdir [32].
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PE3IOME
KAHU®O.Ib — AJTBbTEPHATUBHBIA HCTOYHUK CBIPbSI 1151
HOJIUMEPHBIX MATEPHUAJIOB
Hupzynueea M.C.

Knroueswle cnosa: kanugonv, moouguxayus, noIumMepusayust, MaieuHo8bll aHeuopuod, SMOKCUO.

B crathe cucTeMaTH3MpOBaHBI W OOOOIIEHBI MMEIOIIMECS B JIMTEpAType MaHHBIC 10 IMOJYYESHHIO,
CBOMicTBaM, 0ONacTsIM MpUMEHEHHsT KaHU(OIH, ee MOTU(PUKAIIMA W CHHTE3y Ha €€ OCHOBE pa3InYHBIX
(bYHKIIMOHAILHO3aMEIIIEHHBIX COCTUHEHHI KaK MEPCIEKTUBHBIX JT00ABOK, MMOTYYCHUIO HOBBIX TOJUMEPOB H
MOJTUMEPHBIX KOMITO3HUIIMOHHBIX MaTepraioB. Tarkyke MpeACTaBICHBI MOJIYYECHHBIC aBTOPOM PE3YJbTaThl
UCCIIEIOBAHUI TI0 CHHTE3y Ha 0a3e KaHU(OJIM HOBBIX HU3KO- U BHICOKOMOJICKYJIIPHBIX COCTUHEHHIA.

SUMMARY
ROSIN IS AN ALTERNATIVE SOURCE OF RAW MATERIALS
OF POLYMER MATERIALS
Pirguliyeva M.S.

Key words: rosin, modification, polymerization, maleic anhydride, epoxide.

The data on the preparation, properties, areas of application of rosin, its modification and synthesis of
various functionally substituted compounds as perspective additives on its basis, the preparation of new
polymers and polymer composition materials available in the literature have been systematized and briefly
summarized in the paper. The results of the investigations on synthesis on the basis of rosin of new low- and
high-molecular compounds obtained by author have been also presented.

Daxilolma tarixi: [lkin variant 13.12.2019
Son variant 24.12.2019
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TEPMOJIMHAMUYECKHA AHAJIN3 PEAKLIN TPEBPAILLIEHUS
MPONMUJIEHA U U30IMPONUJIOBOIO CIIUPTA B ALIETOH

AYIIIAYPOBA HYPJIAHA UJIXAM rei3bl
A3zepbatiodncancrull 20Cy0apCmeeHHblll YHUsepCumem Hegmu u RpOMbIUAEHHOCHU, OOKIMOPAHM
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nurlana.dushdurova@mail.ru

Knwouesvie cnosa: ayemown, nponunieH, U3ONPONULOSHIL CHUPH, MEPMOOUHAMUYECKUTI AHATU3,
oKucnenue, decudpuposanue.

Metoauka pacdera. l3menenue nsHeprum ['nOOca pacCUMTBHIBAIM METOJIOM TeMKHHA
[[IBapumMaHa COrjiacHO ypaBHEHUIO:

0 0
AG = AH 298 - TAS 298- T(A4 Mg + AbM; + AC'M _p),

0
rae, AH 29 - teroBoit 3 dext xumuueckoi peakuuu mmpu 298 K;
0
AS 298 - y3MeHeHNe SHTPONIUU XUMUYecKor peakiuu npu 298 K;

A% Ab u Ac' - wu3meHeHne K03()OUIMEHTOB TEMIIEPATYPHOH 3aBUCUMOCTH TEILIOEMKOCTEH
BELIECTB, YYaCTBYIOUINX B XUMUYECKON PEAKINU

ACp = Ad + ABT +AC'T?

Mo, M1, M3 - k03¢ GUIIHEHTHI, 3aBUCSIINE TOJIBKO OT TEMIIEPATYPHI.
3HaueHusi CTaHIAPTHBIX TepMoAuHaAMHUYeckux GyHKui npu Temneparype 298°K, a Takxke
k03 durmenToB o, b, €, ¢' B mUpokoM HHTEpBaNe TeMIeparyp s HCXOJHBIX PEarcHTOB U
MPOAYKTOB peakuuu ObUIM B3ATHI U3 COpPaBOYHbIX Ta0nuil [7]. BeiOpaHHble 3HaueHUs
TEPMOJUHAMHYECKHUX BEIMYUH MPUBEJICHBI B Ta0M. 1.

Tabnuua 1.
TeDMOOMHCZMu’{€CKu€ 6EJIUYUHDbL uCXOOHblx peacenmoes u npodykmoe peakyuu
BemmecTtBo AHojgg Soo Cp=1(T)

a b*10° c*107° c*10°
i-C;H,OH -272590 309,91 8,67 303,1 0 -115,8
CsHg 20410 266,94 12,44 188,38 0 -47,6
CH3;COCH;, -217570 294,93 22,47 201,80 0 -63,50
H, 0 130,52 27,28 3,26 0,50 0
H,O -241810 188,72 30,00 10,71 0,33 0
O, 0 205,04 31,46 3,39 -3,77 0

Oﬁcy)K):[eHI/Ie pe3yJabTaToB. PeaKHI/IH OKHCJICHUS IPONHUJICHA IIPOTEKACT COIIaCHO
YPaBHEHHUIO:

Cs3Hg + 1/20,= CH3COCHj3 + -237,98 kK

Kak BHMAHO, peakuus >K30TEPMHYECKAs M IPOTEKAET C yYMEHBUIEHHEM O0BEMA, MOITOMY
YBCJIMYCHHUC JaBJICHUA CMCIIACT PCAKIIUIO B CTOPOHY 06p330BaHI/I$I aleToHa.

AHGTOH n3 I/I30Hp0HI/IHOBOFO CHI/IpTa MOXHO HOquaTB KakK JlerI/IﬂpI/IpOBaHI/IeM, TaK "
OKHUCJIINTCIbHBIM ACTUAPUPOBAHUCM HUCXOIHOTO CIIMpTa. PeaKHI/Iﬂ ACTUAPUPOBAHUA
M30IIPONMIIOBOTO CITUPTA IPOTEKAET COINIACHO YPABHEHUIO:

C3H;0OH = CH3COCH;3 + H, + 55.02 xmx
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BuaHo, 4ro peakmus 3HIOTEPMHYECKass M MPOTEKAET C yBEIHMUYEHHEM O0beMa, MO3TOMY
yBEJIMYEHUE JIaBJICHUS CMELIAeT PEaKLUIO BJIEBO.

Peakiusi OKMCITUTENHHOTO JETUAPUPOBAHUS HM30IMPOMIIIOBOIO CHUPTA MPOTEKAET COTJIACHO
YPaBHEHHIO:

C3H;0OH + 1/20,= CH3COCHj3 + H,0O + -186,79 xmx

Kak BUIHO, peakiys 5K30TepMHUUECKasi U IPOTEKAET TaKXKe C yBEJIUUYEHUEM 00beMa, I03TOMY
C YBEJIIMYCHUEM JIaBJICHUS PEAKLIUs CMELIAETCs BIEBO.

PaccunTannble 3HaueHust 3Hepruu I'm60ca npuBeneHsl HWxe B Tabnuue 2. BunHo, yTo €
YBEIIMYEHUEM TeMIepaTypbl peakiuu sHepruu ['mbOca ans peakiy OKUCIEHHs IMPONWICHA U
OKHMCIIMTEIBHOIO JAETHIPUPOBAHUS H3OMPOIUIOBOIO CHUPTAa HMEIOT CUJIbHBIE OTpULATEIbHbIE
3HAYEHHUs, YTO YKA3bIBA€T HAa BBICOKYIO TEPMOJMHAMHYECKYIO BO3MOXKHOCTH MPOTEKAHUS ITHX
peakuuid. DHeprus ['mb6ca peakuuu AErHMAPUPOBAHUSA U30IPONMIOBOIO CIUPTA YMEHBLIAETCS OT
20,65 xmx npu 300K mo -15,08 xmx mpu 600K, uto ykasbiBaeT Ha yBEJIWYEHHE CTENECHU
IIPEBpAILEHHs] CIUPTA C POCTOM TEMIIEPaTyphl PEAKIIUU.

Taonuuya 2.
Tepmodunamurecku paccuumanHvle 3Haverus snepeun 1 ubbca 0as peaxyuil OKUCAEHUSI NPONULEHA,
dezuépu OBAHUA U OKUCIUMETIbHO2O dezudpupoecmwl u3onponuio60c0 cnupma.

Peakiinn Oneprus ['nbbca, AG, KIDK.

300 350 400 450 500 550 600
Ortcrerne 21532 | -21154 | -207,74 | -20393 | -2001 | -196,26 | -192,4
MPOMUJICHA
OxucnuTenbHoe
ACTHAPHPOBATIIE 207,86 | -211,39 | -21496 | -21854 | -222,11 | 22565 | -229,16
H30IPOITNIIOBOIO
crupTa
Herunpuposanue
H30TIPOIHIOBOTO 20,65 14,86 8,97 3,0 -2,99 9,03 | -1508
crpTa

1,2
1
0,8
X
=
S 0,6
2 1
55 2
0,4 3
0,2

200 300 400 500 600 700 800 900 1000 1100
Temneparypa, K

Puc. 3asucumocmo mepMOduHaMLmeCKu PABHOBECHO20O 8b1X00a ayemoHa usz nponujiena
Uu uzonponuilioeoco cnupmada.
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Tepmoounamuueckuil aHanus peakyuii npespaujerus nponuileHa
U U30NPONUTIOB020 CRUPMA 8 AYEMOH

Ha pucynke 1 mnpuBeneHbl pacCUMTAaHHBIC 3HAYEHUS TEPMOJUHAMHUYECKH BO3MOXKHBIX
BBIXOJIOB alleTOHA B PEaKIMIX OKUCIEHUS MPOIUJIeHAa U U30MPOIUIOBOTO criupTa. BuaHo, uto mmis
peakiuil OKHUCIEHUS MPOIUIIEHA W W30MpommioBoro cnuprta BiioTh g0 1000K Beixox ameroHa
paseH 100%, B TO BpeMs KaKk B PEaKIMH JETHAPUPOBAHUS U30IPONIIOBOTO CIIMPTA BBIXO/ alle€TOHA
Bo3pacraert ¢ 1.5% mpu 300K no 100% npu 700K.

Takum o00pa3oM, Ha OCHOBAaHMU TPOBEACHHBIX PACYETOB MOXKHO CKa3zaTh UTO IIpH
temneparypax Huxke 600K ¢ 1enbro nonydeHus aueToHa NpeAnoYTUTEIbHbIMU SBJISIIOTCS peakLun
OKHCJICHUS MPOIUJICHA U U30MPONMIIOBOrO CIIUPTA, B TO BpeMs Kak Mmpu Temreparypax Bbiie 600K
BCE TPH PEAKIMH MOTyYCHUS al[leTOHA TEPMOJINHAMUYECKH BBITO/IHBI.
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XULASO
PROPIL VO iZOPROPIL SPIRTININ ASETONA CEVRILMOSININ
TERMODINAMIKI ANALIZI
Dusdurova N.I.

Acar sozlor: aseton, propilen, izopropil spirti, termodinamiki analiz, oksidlagma, dehidratasiya.

Propilenin oksidlogmasi vo dehidratlagsmasi, eloco do izopropil spirtinin oksidlosdirici dehidratlagsmasi
naticasinds asetonun alinmasi prosesinin termodinamiki toedqiqi aparilmigdir. Miisyyan edilmisdir ki, 300K
yuxar1 temperaturda Hibbs enerjisi biitiin arasdirilan reaksiyalar ti¢iin monfi qiymato malikdir vo izopropil
spirtinin  oksidlosdirici  dehidratlagmas1  reaksiyasi1  dehidratlasma reaksiyasina nisbaton daha
magsadouygundur. Belo ki, 300K-don baglayaraq asetonun miimkiin olan ¢iximi izopropil spirtinin
oksidlosdirici dehidratasiyasinda 100%-o barabardir.
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SUMMARY
THERMODYNAMIC ANALYSIS OF THE CONVERSION OF PROPYLENE
AND ISOPROPYL ALCOHOL INTO ACETONE
Dushdurova N.I.

Key words: acetone, propylene, isopropyl alcohol, thermodynamic analysis, oxidation,

dehydrogenation.

A thermodynamic study was carried out for production of acetone by the reactions of propylene
oxidation, dehydrogenation and oxidative dehydrogenation of isopropyl alcohol. It was found that the value
of the change in Gibbs energy has a negative value for all the studied reactions at temperatures above 300K.
It has been shown that the reaction of oxidative dehydrogenation of isopropyl alcohol is more preferable than
the reaction of dehydrogenation of isopropyl alcohol. So beginning from 300K, the theoretically possible
yield of acetone in the oxidative dehydrogenation of isopropyl alcohol is equal 100%.

Daxilolma tarixi: [lkin variant 20.02.2019
Son variant 22.04.2019
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BiTKi MONSOLI DiZEL YANACAQLARININ ALINMASI VO
ISTIFADOSININ OSAS ISTIQAMOTLORI
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Agar sozlar: bioyanacaq, biodizel, bitki yaglari, yanma moahsullar, transefirlogsmoa, efirlogsma,
trigliseridlor, ekoloji tohliikasiz dizel yanacaglart

Hazirda naqliyyat enerji istehlakina gora ikinci on boyiik sonaye sahasidir vo bu, har il 1.1%
artir [1]. Hazirkt voziyyatdo bu enerjinin osas hissasi benzin, maye qaz, dizel yanacagi vo tobii qaz
kimi onanavi yanacaqlar torafindon tomin olunur.

Lakin bu tip yanacaqglarin istifadosinin istixana effekti yaradan qazlarin yaradilmasi, tursu
yagislart vo qlobal istilosmo kimi ekologiya iiclin ¢ox zororli olan effektlori var. Ekoloji
problemlorlo yanasi, xam neft ehtiyatlarinin azalmasi vo mineral enerji dasiyicilarinin istifadasi
naticosinde Yer Kiirasinin ekologiyasinda bas veron donmoz doyisikliklor alternativ enerji
monbalorine kegilmasini zoruri edir [2]. Diinyanin aparict Olkolori torafindon yeni enerji
monbalaring kegid planlari tosdiglonib vo miixtalif direktivler qobul olunub .

Bitki vo heyvan monsoli yaglarin sada spirtlorlo transefirlosma prosesinds istehsal oluna bilon
biodizel yanacagi barpa oluna bilmasi, asan va tez parcalanmasi, daha az ekoloji zarorli olmast vo
istiin yanma somaraliliyine malik olmasi sobabindon neft monsali dizel yanacagi iigiin perspektivli
ovazedicidir. Belo ki, 65-70 °C alisma temperaturuna malik olan neft monsali dizel yanacag: ilo
miiqayisada 120-150 °C alisma temperaturuna malik biodizel yanacagi daha az yanici vo partlayict
hesab olunur. Noticada, biodizelin istifadossi, dasinmasi vo saxlanilmasi nisboton daha asan vo
tohliikesizdir. ©lava olaraq, biodizel istehsali inkisafda olan 6lkslords qida yaglarnin istehsalinin
artmasina vo bununla da kond tesarriifat1 sonayesinin inkisafina tokan vers bilor [3].

Biodizel yanacaginin alinmasi iiciin xammal. Bitki yaglariin spirtlorls alkoqoliz prosesi
onlarin biodizelo ¢evrilmosi li¢ilin istifads olunan on genis yayilmis vo inkisaf etdirilmis iisuldur.

Bu zaman biodizel istehsali liclin asas xammal kimi qida, geyri-qida vo heyvan monsali
yaglar, eyni zamanda tullant1 yaglar1 istifade olunur. Yeni xammal monbolori tapmaq vo nisbaton
bahali qida yaglarinin istifadesini azaltmaq moqsadils bir sira elmi aragsdirmalar aparilmisdir [4].

Bir sira todqiqatlarda  biodizel yanacagi kimi birbasa bitki yaglarimin istifadesi todqiq
olunmusdur. Masalon, giinobaxan, pambiq, qargidali vo zeytun yaglarini neft monsoli dizel yanacagi
ilo qarigdiraraq laboratoriya soraitinde 4 gedisli, su ilo soyudulan, 6 silindrli dizel miiharrikindo
(Mercedes-Benz OM 366LA) smnaqdan keg¢irmisdir. Miioyyon olunmusdur ki, bitki yaglar ila
qarigdirtlmis yanacagin istifadosi tiistii qazlarinin miqdarini azaldir, lakin dizel yanacaginda bitki
yaglarinin faiz nisboti artdiqca azot oksidlorinin (NOy), karbon monoksidin (CO) vo yanmamis
karbohidrogenlorin miqdari artir [5].

Moalum oldugu kimi, biodizel yanacagi miixtalif bitki vo heyvan monsali yaglar vo sado
spirtlor osasinda aliir. Bu zaman istifado olunan spirtlorin molekul ¢okisi alinan biodizelin
ciximma va Xxiisusiyatloring tosiri boyiikdiir. Belo noticoys golinmisdir ki, on yiiksok ¢ixim
metanolla, on asagi ¢ixim iso propanol-2 ilo oldo olunur [6]. Bundan olava, saxoli quruluslu
spirtlordon istifado iso alman biodizelin donma temperaturunu azaldir. Istifado olunan spirtlordo
karbon atomlarinin sayinin artmasi ilo biodizelin ¢iximi azalir [7].
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Biodizel yanacaginin alinmasi iiciin katalizatorlar.

1. Qalovi katalizatorlar. Biodizel efirlorinin alinmasinda katalizator miihiim rol oynayir.
Umumiyyatlo, bu prosesdo istifade olunan katalizatorlar homogen vo heterogen olmagqla iki qrupa
ayrila bilor. Bu qruplarin har biri iss ayriliqda turs, qolovi va qarisiq ikifunksiyali katalizatorlar kimi
tosnif olunur.

Homogen golovi katalizator kimi on genis istifado olunan katalizatorlar natrium vo kalium
hidroksidloridir. Bu katalizatorlar hom yiiksok aktivliyos malik olduqlarindan, hom do asan vo ucuz
olds edildiyindon biodizel istehsali tiglin genis miqyasda istifado olunur. [§]

Bir sira todqiqatlarda soya, giinabaxan vo tullanti yaglarinin alkoqoliz prosesinds NaOH va
natrium metoksid (NaOCHg3) kimi natrium osash katalizatorlarin kalium osasli katalizatorlardan
daha yiiksok katalitik aktivlik gostordiyi agskar olmusdur. [9]

Lakin kalium hidroksidin do ugurla istifadoesi bir sira todqigatlarda qeyd olunmusdur.
Mosalon, qus yagt vo metanolun 65°C-do 1% (kiit.) KOH katalizatorunun istirak: ilo metanolun
yaga nisbati 6:1 olan transefirlogsma reaksiyasindan 380 daqiqs sonra 97% ciximla biodizel alinmasi
vo baliq yaginin 0.5% (kiit.) KOH katalizatorun istifadesindo metanolun yaga nisboti 6:1 olan
32°C-do aparilan ¢oxmorhololi transefirlosmo reaksiyasindan 360 doqige sonra 96% c¢iximla
biodizel alinmasinda KOH katalizatorunun digor qolovi katalizatorlrdan daha istiin olunmasi
gostorilmisdir. [10]

2. Turs katalizatorlar. Asag1 keyfiyyotli xammaldan (torkibindo sorbost yag tursulari (
SYT) olan) biodizel efirlorinin alinmasi {i¢iin turs katalizatorlardan efirlosma, daha sonra isa golovi
katalizatorlardan transefirlosmo prosesindo istifado etmok olar. Transefirlosma re-aksiyasi zamani
tursu katalizator da istifado oluna bilor, lakin tursu katalizatoru ilo gedon transefirlogsmo
reaksiyasinin siirati ¢ox zaif olur vo yagin biodizelo ¢evrilmosi toxminon 24-48 saata bas verir [11].
Qeyd olunan katalizatorlarin arasinda miivafiq olaraq sulfat tursusu, metansulfat tursusu vo fosfat
tursusu on yiiksok aktivliys malik katalizatorlardan hesab olunur.

3. Heterogen katalizatorlar. Yiiksok aktivliyino vo nisboton ucuz giymatine géro homogen
katalizatorlarin biodizel istehsalinda genis istifado olunmasina baxmayaraq homogen katalizatorlar
prosesdo yenidon istifado oluna bilmir. Bu baximdan, heterogen katalizatorlar iqtisadi vo ekoloji
cohatdon daha olverisli hesab olunur, cilinki bu tip katalizatorlar hom mohsuldan asan ayrilmaqla
tomizlonmo morhalosini aradan ¢ixarir, hom do yeniden istifado oluna bilirlor. Lakin heterogen
katalizatorlar daha yavas reaksiya siirotino malikdirlor.

Biodizel yanacaginin alinmasinda todqiq olunmus bork  katalizatorlar kimi miixtolif
dastyicilara hopdurulmus golovilor [12], polimer-gel katalizator [13], tursularla islonmis seolitlor
[14], nano 6l¢iilii metal oksidlori vo onlarin garisiglarini misal gotirmak olar [15-17]. Qeyd olunan
katalizatorlarin arasinda yiiksak galovi aktivliying, az hall olmasina, istifadssinin asanligina vo daha
ucuz olmasina gors kalsium oksid digqet morkoezindadir .

Ucuz vo aktiv kalsium osasl katalizatorlarin oldo olunmasi {i¢iin bir sira tobii vo tullanti
monbolori aragdirilmisdir. Bu tipli kalsium birlosmolori qizdirilarkon biodizel istehsalinda istifado
oluna bilon CaO birlogmasing ¢evrilirlor. Miioyyon olunmusdur ki, baliqqulagi gabiqlarinin 120
doqiqo orzindo 900°C-do kalsinasiyast noticosinde CaO omolo golir ki, bu da palma yagi veo
metanolun transefirlosma prosesindos katalizator kimi istirak edo bilor. [18]

Yumurta vo xor¢ong qabiglarindan da CaO menbayi kimi istifade olunmugsdur [32]. Olds
olunan katalizator giinabaxan yagi vo metanol arasinda gedon transefirlosmo prosesinda istifado
olunub vo 180 doqige arzinde 60°C temperaturda spirtin yaga mol nisbati 9:1 olan transefirlosmo
prosesindon 94.10% c¢iximla biodizel alinmasi tosdiq edilib.

CaO katalizatoru ii¢lin dasiyict kimi NaY, KL vo NaZSM-5 seolitlori istifado olunub. NaY
zeolit, metanol / soya yag1 molar nisbati 9:1, reaksiya temperaturu 65 ° C, reaksiya miiddoti 3.0 saat
vo katalizator 30 % kiit (yaga goro) oldugda biodizelin ¢iximi 95% toskil etmisdir. [31, 32]

4. ion mayelori vo amintarkibli katalizatorlar. Biodizel istehsalinda bir sira iizvi qolovi
katalizatorlar da istifade olunur. Pambiq yag1 vo qizardilmis tullant1 yaglarinin metanoliz prosesi
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ticlin tetrametil ammonium hidroksid (TMAH), benziltrimetil ammonium hidroksid (BTAH) kimi
amin osasli maye katalizatorlar totbiq olunmusdur. Noticolor gostormisdir ki, qeyd olunan hor iki
katalizator biodizel istehsali ii¢lin yiiksok aktivliyo malikdir [20].

Pambiq yag1 vo qizardilmis tullant1 yaglarindan biodizel istehsali iiglin torkibinds golovi metal
olmayan 1,1,3,3-tetrametilquanidin (TMQ) katalizatoru da test edilmisdir [21]. Miioyyan
olunmusdur ki, yagdaki SYT-1nin amin katalizatoru ilo reaksiyaya girmasi sobobindon sabun omalo
golmir vo reaksiyani asagi tursuluga malik olan yag tursularinin amidlorinin va tetrametilquanidinin
iizvi duzlariin yaranmasina yonoaldir.

Bitki yaglar1 vo spirtlordon alinan bioyanacaqlarin alinmasinda ion mayelari dasiyici kimi
(komokei maddslor) vo ya osas katalizator kimi istifado edilo bilor. Birinci halda trigliseridlorin
transefirlogsmo proseslorindo ion mayelarindon istifade prosesdo iki fazali sistemin daha tez amals
golmasino sobab olur. Bu halda torkibindo gliserin olan suda hall oluna bilon mohlulun ¢ixarilmasi
transefrlogmo reaksiyasini tarazligini saga dovrii yonoldir, asas mohsulun ¢iximin artirir [22,23].

fon mayesi kimi xolin xlorid: ZnCl, ion mayesi, [Sn (3-hidroksi -2 metil-4-piron [(H20),]
kompleksini 1-n-butil-3-metilimidazoliy tetraxlorindat ([IMT] [InC14]) ion mayesini, galayla 1-n-
butil-3-metilimidazoliyheksafliiorfosfat ([IMT] [PFg] asasinda kompleksi ion miibadilali qatranlara
hopdurmagla alinan kanalizatorlar todqiq olunmusdur [24].

Lapis va basqalar1 biodizel yanacagi almaq tigiin katalizator kimi [BMI] [NTf,], [BMI] [BF4]
vo [BMI] [PFg] ion mayelorini sinagdan kegirmislor. On yaxsi natico [IMT] [NTF;]-don isitifads
edorkon alinmigdir ki, bu da biodizel efirinin 98% ¢iximin1 tomin etmisir [25].

5. Fermentlorin katalizator kimi istirakinda biodizelin alinmasi.

Biodizelin alinmasinda yeni bir katalitik proseslor fermentlorin istifadasilo hoyata kegirilir.
Belo yeni katalizatorlar kimi miixtolif lipazlar sinaqdan kegirilib. Lipazlarin katalizator kimi
iistiinliiklori: daha asag1 temperatur (20-50°C), tomizlonmomis xammaln istifadosi, sorbost yag
tursularinin istifadesi, immobilizasiya olunmus lipazlarin tokrar istifadosi, mogsodli mohsullarin
asan yuyulmasi, Lipazlarin gen miihandisliyi tisullari ilo modifikasiyasinin miimkiinliiyli. Lipazlarin
katalizator kimi ¢atigmazliglari: reaksiya uzun miiddot aparilmast vo lipazlarin metanol-etanol vo
omals golon gliserin miihitinds deaktivasiya olunmasidir [26].

Hal-hazirda sonayedo  bir sira lipazlar istifado olunur. Onlardan on genis yayilmisi
makromasamoali polimetilakrilata immobiliza olunmus Candida antarctica-dan alinmis Novozym
435, Rhizomucor miehe-don alinmis vo anionito immobilizo olunmus Lipozyme RM IM,
Thermomyces lanuginosus-dan alinmig vo qranula olunmus silikagelo immobilizo olunmus
Lipozyme TL IM lipazalar istifado olunur [27, 28].

Lipazlarin tokrar istifadesi {iglin onlar miitloq hansisa dasiyicilara immibilizasiya olunmalidir.
Bu zaman dasiyicilar iqtisadi noqteyi-nozordon olverisli olmalidirlar. ©n ucuz dasiyicilar kimi
silikagel , diatomit vo kaolinit [29,30] istifads olunur.

Fiziki iisullarin biodizel yanacaginin alinmasinda istifadasi.

1. Mikrodalgalar tasirinds biodizelin alnmasi.

Transefirlosmo reaksiyasinin aktivlosdirilmasi ti¢lin yag vo spirt tobogolorinin daha yaxsi
qarismasint tomin etmok mogsodi ilo bir sira metodlardan, o ciimlodon mikrodalgali isitmo,
ultrasasli kavitasiya vo superkritiki metodlarindan istifado olunmusdur.

Biodizel yanacaginin alinmasinda bitki yaglarmin spirtlorlo katalitik transefirlosmo
reaksiyalarlinda yiiksok polyarlia vo mikrodalgalar1 udma qabiliyystina malik olan metanol
istifado olunur. Masalon, Gude va basqalar1 [31] apardiqlari todqiqatlarda mikrodalgalar tesirinda
biodizelin alinmasi1 prosesinin miiddstini ononovi iisulla miiqayisado 2 saatdan 6 doqigoys dok
azalmasin1 vo eyni zamanda biodizelin daha yiiksok ¢iximinin (adi tisuldan 4,1% daha ¢ox) oaldo
edilmasini subut etmislor. Bundan slava, mikrodalgalar tasirinds aparilan prosesin enerji istehlaki
288 kC, adi soraitdo aparilan prosesdo iso 3150 kC toskil edir vo bu da birinci prosesin daha
alverisli oldugunu tastigloyir.
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Bundan olave, mikrodalgali tesir superkritik soraitdo aparilan geyri-katalitik transedfirlosmo
reaksiyalariin tokmillogmasi {igiin do istifads oluna bilor, xiisuson do torkibinds su olan xammallar
iiclin, ¢linki su molekullar1 dipol momentino malikdirlor vo elektrik sahosino haossasdirlar.
Mikrodalgalar tosirinds dipollar yiiksok tezliklo doyison elektrik saho iizro yonalmoyo cohd edir vo
naticads lokal qizmalar bas verir.

Bu istigamotdo aparilan islor kimi qurudulmus vo nom mikroyosunlar yaginin superkritik
soraitdo transefirlosma proseslorini qeyd etmok olar. Moalum oldugu kimi, biodizel yanacaginin
super kritik soraitdo qeyri- katalitik almmmas1 prosesi 350 °C vo 15 MPa tozyiq altinda aparilir vo
miirokkab texniki sorait vo qurgular tolob edir vo iqtisadi ndqteyi nozarindan alverisli sayila bilmoz
[32].

2. Ultrasasli dalgalar tasirindd biodizelin alinmasi.

2000-ci illordon baslayaraq ultrasosli dal@alarin kimyovi todqiqatlarda istifadesi daha g¢ox
genislonib. Aparilan todqiqiatlar noticosindo aydin olmusdur ki, ultrasasli dalgalart kimyovi
reaksiyalara tosiri asagidakilardan ibaratdir: axinin akustik garismasi, sos tozyiqinin tosiri altinda
maye siirotinin artmasi, kavitasiya qabarciglarinin partlamasi noaticosindo omalo golon tozyiqin
tosirindon  molekullarda kimyovi olagolorin zoiflomosi.Osas tesiri axirinci gostorilmis effekt
gostorir.

Ik dofs olaraq ultrasasli dalgalarin biodizel yanacagmin almmasi iiciin [33] isin miiolliflori
molumat vermiglor vo qeyd etmislor ki, reaksiya miiddotinin, istifado olunan katalizatorun
miqdarinin azalmasi vo spirtin daha az nisbatds istifadasi bu név aktivlosmoni unikal edir vo mohz
buna gors do hal-haziradok bu todqiqatlar azalmadan davam etdirilir.

Ultrasas enerjisi katalizatorlarin daha kigik hissalera parcalanmasina sobab olur vo bu da 6z
ndvbasinds katalizatorun sothinin vo onun reagenlorlo kontakt sothini artirir vo daha uzun miiddot
stabilliyinin saxlanilmasina gatirib ¢ixarir. Buna gora do bu prosesds bark katalizatorlarin istifadosi
maqsado uygundur [34].Bu isin mioslliflori hotta biodizel efirlorinin alinmasinda istifado olunan
Novozym 435 ferment katalizatorun aktivliyinin artmasi1 haqqinda malumat vermislor.

Yuxaridakilart nozoro alaraq bu prosesin sonayelosdirilmosi vo catismazliglar1 aradan
galdirmagq tigiin alavo texniki vo elmi tokmillosdirilma tolob olunur.

Ultrasasli dalgalar istifadosinds katalizatorlar 6z aktivliklorini itirmir vo yenidon istifads
oluna bilar.

3. Superkritik soraitlords biodizelin alinmasa.

Biodizel efirlorinin daha effektiv alinma iisullarinin iglonmasi hor zaman glindomdadir va belo
proseslor sirasinda superkritik soraitlordo aparilan proseslor digqgot nozorindadir. Qeyd etmok
lazimdir ki, mayenin temperaturu kritik haddi asanda o superkritik halda olur vo demok olar ki, hor
bir maddoni 6ziinds hall etma qgabiliyyatino malik olur. Bu effekt bir ¢ox proseslords todqiq olunub,
o climladon biodizelin alinmasinda [35].

Superkritik soraitlords biodizel efirlorinin alimmasi proseslori iki istigamoatds geds bilor.
Birinci istiqgamot {lizro katalizatorun istifadesilo adi soraitde aparilan prosesdo mogsadli mohsullarin
sonradan superkritik karbon dioksidilo ekstraksiyasi, diqor bir prosesds iso alkaqoliz prosesinin
birbasa superkritik halda olan metanolla (Tkp = 513,0 K Pxp = 8,04 MPa) katalizatorsuz
aparilmasidir. Ikinci istiqamat iizro aparilarkon yag/spirt fazalarmin ayrilmasi miisahido olunmur.

Bu proses bir sira todqiqat islorindo metanolun 6ncadon 350 © C -dok qizdirilmasi ilo 24-36 s
orzindas spirt:yag nisbati 42:1-100:1 oldugda sinaqdan kegirilib [36].

Digor bir isdo lipazlarin istifadesinde superkritik CO; miihitindo aparilan ekstraksiya
prosesinin {stiiliklori vo biodizel yanacagmin bir- vo iki morhololi alinma prosesi todqiq
olunmusdur .

Hal-hazirda sonayeds alinan biodizel yanacaglari ananavi neft asasl dizel yanacaqlarindan bir
qador bahadirlar vo bunun sabobi birbasa istifado olunan xammalin qiymati ilo baghdir. Bitki
yaglariin miixtalif yagl bitkilorin tumlarindan superkritik soraitds aparilan ekstraksiya prosesi do
alinan yaglarin kifayot qoder ucuzlagmasina sabab ola bilar [37].
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tokmillogmolidir. Belo tokmillogsmalor hom yeni katalizator ndvlerinin tapilmasi, hom do proseslorin
asag enerjili dalgalar tosirindo, masolon, ultrasos, mikrodalgali siialanma, maqnit dalgalar1 vo s. bu
kimi tasirlor vasitasilo aparilmasindan ibarst olmalidir.
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PE3IOME
OCHOBHBIE HAITPABJIEHU S ITOJIYUYEHUSA U1 UCITIOJIB3OBAHUS
JAU3EJBbHBIX TOIIJIMB PACTUTEJBHOI'O ITIPOUCXOXJIEHUS
Anuesa 3.M.

Kntouesvie cnosa: oOuomoniuso, 0Ouoousenb, pacmumenbHvle MAcid, NPOOYKMbL C2OPAHUS,
mpancagup, s¢QupHvle macna, mpueiuyepuosl, SKON02UHecKU Oe3onacHvle
OusenbHble MONIUBa
B craTtbe mpencTaBieHsl CyIIECTBYIONIIHE METO/BI ITOTY4YeHHsT OMOIM3EIbHBIX TOIUIB, COBPEMEHHBIE
TEH/JCHIMH TIPOW3BOJCTBA M HCIONB30BAHUSI MX C YYETOM COBPEMEHHBIX cTaHiapToB. [lokazaHo, uTo
OCHOBHBIMU TCHJICHLMSMH MpOIecca MONYyUYCHHs CIOXKHBIX 3(UPOB >KUPHBIX KHCIIOT, MCHONB3YEMBIX B
Ka4ecTBe OMOAN3EIs, SBISIOTCS BEIOOP JOCTYIHOTO CHIPHsS, IIOMCK aKTHUBHBIX KaTalIW3aTOPOB, ONpPEICIICHUE
YCIOBUH HCIOJB30BaHMsI 3THX KAaTalIM3aTOPOB, a TaKKe pa3padOTKa TEXHOJOTHH TMONyYeHHs WX MOJ
BIMSHUEM Pa3UYHBIX (U3MYECKUX BO3AEHCTBUH. PaccMOTpeHBI BapuaHThl TONXYyYEHHS OHOIM3ENbHBIX
TOIUIUB B IIPOIECCAaX YIbTPA3BYKOBOH KaBHTAIMH, MUKPOBOJHOBOTO H3IIyYECHUS, TOBEJACHHEM CBHIPBS JI0
CBEPXKPUTHUYECKUX YCIOBHH, OTMEUYEHBI MOJOKUTEIBHOE U OTPHUIATEIFHOE BIMSHUE 3THX MPOLECCOB Ha
KPUTHYECKHE KPU3HUCHBIE YCIIOBHS, a TAK)Ke MPOLECCHI MoJ] Bo3aeiicTBueM (u3ndeckux BoiH. Ha ocHoBaHuM
JUTEPaTypHBIX HCTOYHUKOB OBLIO YCTAHOBJIEHO, YTO OCHOBHOH TEHICHIMEW B IIONYYEHHH AJIKAIOBBIX
3QHUPOB KHUPHBIX KHCJIOT pPACTHTENBHBIX Macell SBIAETCS HCIOJIB30BaHHE aMHHOCOJCPIKAIINX
KaTaJIn3aTOpPOB O] BIUSHHEM (PUINUECKUX PaKTOPOB.

SUMMARY
MAIN DIRECTIONS OF OBTAINING AND USING OF BIO-BASED DIESEL FUELS
Aliyeva Z.M.

Key words: biofuels, biodiesel, vegetable oils, combustion products, transephyr, essential oils,
triglycerides, environmentally friendly diesel fuels
The article presents modern methods for producing and using biofuel diesel fuels, as well as current
trends in the processes of acquiring biodiesel, taking into account modern standards for their use. It was
shown that the main trends in the development of the process for producing alkyl fatty acid esters used as
biodiesel are the selection of available raw materials, the search for active catalysts, the determination of the
conditions for the use of these catalysts and various processes. The processes of using biodiesel fuel, such as
ultrasonic cavitation, electromagnetic field, laser and microwave effects, as well as the effect of raw
materials on critical crisis conditions, as well as processes under the influence of physical waves, are
considered. Based on literature sources, it was found that aminocatalysts and the process are used under the
influence of physical factors in the production of fatty acid alkyl esters.
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YENI FUNKSIONALOVOZLI PIRAZOLINLORIN SINTEZi VO
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Agar sozlar: 1,3,5-funksionalovazlipirazolinlar, monoxlorsirka tursusunun metil efiri , etilenxlorhidrin,
1,2-dibrometan, allil bromid, antimikrob faalliq

5-(Dialkilaminometil)-3-metilpirazolinlorin miixtolif elektrofil reagentlorlo - ekvimolyar migdarda
trietilaminin istiraki ilo sirka va monoxlorsirka tursularvmin xloranhidridlori ila, qalovi miihitds iso
monoxlorsirka tursusunun metil efiri, etilenxlorhidrin, 1,2-dibrometan vo allilbromid il reaksiyalari
aparilmig va yeni pirazolin téromoalori sintez edilmisdir. Alinan birlagsmalorin torkiblori, qurulusiar: va
xassalori Oyronilmis vo miiayyan olunmugdur ki, sintez olunmugs 1,3,5-avazlipirazolinlor miixtalif nov
bakteriyalara qarsi yiiksak antimikrob faalliq gostorirlar.

Hal-hazirda hoam tibda, hom do sanayenin miixtalif sahalorinde miithiim oshomiyyat kasb edon
xiisusi torkibli funksional qruplara malik heterotsiklik azotlizvi birlogsmolorin olverigli sintezi
disullarinin iglonilmasi vo hoyata kegirilon sintez reaksiyalarinin todqiqi oldugca bdyilik maraq
dogurur. Bu sinif birlosmalor (masalon, nikotin tursusu téromalari, pirrollar, izoksazollar, pirazollar,
pirazolinlor vo s.) genis totbiq sahslorine malikdir.

Miixtolif funksionalovazli heterotsiklik azotlizvi birlosmalorin xassslori onlarin qurulusundan,
molekulundaki funksional qruplarin tobistindon va siklds voziyystindon asilidir. Bu tip birlogsmalor
kimyovi torkibindon vo qurulusundan asili olaraq tibbdo dorman preparati, korroziyaya gqarst
inhibitor, kond tosarriifatinda ziyanvericiloro qars1 miibarizods xiisusi vasitolorin hazirlanmasinda,
polimer materiallar1 istehsalinda vo lak-boya sonayesinds genis totbiq edilir.

Qeyd etmok lazimdir ki, bu baximdan heterotsiklik birlosmalorin maraqli niimayandslorinden
olan pirazolin toromolori diqgoti daha ¢ox calb edir, bels ki, onlar ilk névbads bioloji tosiro malikdir
[1]. Pirazolin niivalorina bir ¢ox tabii birlogsmalorin torkibinda rast galinir. Mohz bu sobabdon dos son
zamanlar bu sinif birlogmolorin sintezi vo mithiim xassalorinin todqiqi xiisusi ohomiyyat kosb edir.
Miixtolif funksionalovazli pirazolinlorin bazi niimayondslori tibdo qizdirmasalici, agrikasici, sis vo
soyuqdoymo oleyhino, antidepressant, antidiabetik, antioksidant kimi vo s. istifado oluna bilon
dorman maddolorinin alinmasinda istifado olunur [2-5].

Odobiyyatda pirazolin téromslorinin sintezi istiqgamotindo miixtolif elmi molumatlara rast
golmok miimkiindiir. Masalon, bu tip birlosmoalorin 3-furil-arilpropenilketonlarin fenilhidrazinlo
kondenslogmosindon [6], xalkonlarla tiosemikarbazid vo semikarbazidin [7], hidrazin hidratin [4]
qarsiligh tesirindon, pentafliiorbenzolasetofenonun fenilhidrazinlo reaksiyasindan [8] vo s. alinma
yollart malumdur. Bu qeyd olunanlari nozors alaraq, 5-(dialkilaminometil)-3-metilpirazolinlorin
miixtolif elektrofil reagentlorls reaksiyalar1 hoyata keg¢irilmis, onlarin ganunauygunluglar1 vo alinan
mohsullarin torkiblori, quruluslar vo xassolori todqiq olunmusdur.

Odobiyyat arasdirmalarina istinad edilorok, doymamis ketonlar osasinda  5-
(dialkilaminometil)-3-metilpirazolinlor (I a,b) sintez olunmusdur [9]. Alinmis 3,5-ovazlipirazolin
molekulunda miitoharrik hidrogen atomu saxladig: ti¢iin miixtalif elektrofil reagentlorlo asanligla
reaksiyaya daxil ola bilir. 5-(Dialkilaminometil)-3-metilpirazolinlorin (I a,b) sirke vo monoxlorsirko
tursusunun xloranhidridlori ilo qarsiligh tasiri ekvimolyar miqdarda trietilaminin istiraki ilo susuz
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efir mihitindo 15+25°C temperaturda 4-5 saat miiddotindo reallasir. Noticodo, 63-70% ¢iximla 1-
asetil- vo 1-(2-xlormetilkarbonil)pirazolinlor (II, III a,b) alinir. Miioyyon olunmusdur ki, 5-
(dialkilaminometil)-3-metilpirazolinlarin (I a,b) karbon tursularinin xloranhidridlari ilo reaksiyasi
zamani miioyyon miqdar qatran da alinir. Qatranin amolo golmasinin garsisini almagq tigiin olverisli
sorait miioyyon edilmisdir. Belo ki, miivafiq pirazolinin (I a,b) susuz efirdo mohluluna 0+5°C
temperaturda xloranhidridlori slave etdikdon sonra reaksiya kiitlosini sirko tursusunun xloranhidridi
ilo reaksiya zamani1 15-20°C, monoxlorsirko tursusunun xloranhidridi ilo reaksiya zamani iso 20-
25°C temperaturda 4-5 saat miiddotindo qarisdirdigda gatranin alinmasi miisahido edilmir vo bu da
osas mahsulun ¢iximina miisbat tasir gostarir.

Pirazolinlorin yeni téromolorini almaq vo onlarin ¢evrilmolorini hoyata kegirmok maqsadilo
5-(dialkilaminometil)-3-metilpirazolinin (I a,b) monoxlorsirka tursusunun metil efiri ilo reaksiyasi
Oyronilmisdir. Efirin torkibindoki aktiv metoksi qrup hesabina yenidon c¢evrilmolor aparmaq
miimkiin oldugu iiclin geyd olunmus istiqgamotdo miivafiq tocriibolor aparilmisdir. Miioyyon
olunmusdur ki, ekvimolyar miqdarda kalium karbonatin va 5-(dialkilaminometil)-3-metilpirazolinin
(I a,b) suda suspenziyasina monoxlorsirka tursusunun metil efiri ilo qarsiliql tosirinden 5-
(dialkilaminometil)-1-(metoksikarbonilmetil)-3-metilpirazolinlor (IV a,b) alinir. Sintez reaksiyasi
65-70°C temperaturda 6 saat miiddotindo hoyata kegirilmis vo noaticads 60-65% c¢iximla yeni
pirazolin birlogmolori (IV a,b) sintez edilmisdir.

Elmi odobiyyatda funksional torkibli pirazolinlorin sintezino aid bir sira molumatlar olsada
pirazolin osasinda azot torkibli heterotsiklik spirtlorin sintezi istigamotindo moalumatlar azsaylidir.
Bu sobobdon todqgiqatlar mohz bu istigamotdo davam etdirilmigdir. Azot torkibli heterotsiklik
spirtlori almaqda moqgsod, onlar asasinda yeni pirazolin toromslorini sintez etmokdir. Bununla
olagoadar olaraq, 5-(dialkilaminometil)-3-metilpirazolinin (I a,b) etilenxlorhidrinlo reaksiyasi
Oyronilmisdir.

Aparilan eksperimental aragdirmalar gostordi ki, ekvimolyar miqdarda 5-(dialkilaminometil)-
3-metilpirazolinlorin (I a,b) etilenxlorhidrinlo kalium hidroksidin sulu mohlulunda garsiliqh tosiri
naticasinda 1-vaziyyatindoki hidrogen atomunun hidroksietil qrupu ilo oavoz olunmasi ilo miivafiq
olarag 1-(2-hidroksietil)-5-(dialkilaminometil)-3-metilpirazolinlor (V a,b) oldo edilir. Bu yeni
pirazolin toromalarinin ¢iximi 69-71% toskil edir.

Molumdur ki, bir molekulada uzlagsmis bis(pirazolin) halqosi saxlayan birlogsmolor boyiik elmi
vo praktiki maraq dogurur [10-11]. Bu tip birlogsmalorin bioloji foalligi monopirazolinlorle
miiqayisodo c¢ox yliksokdir, homginin onlar coxniivali komplekslorin alinmasi {iglin osas
xammallardan hesab olunur.

Yeni bis(pirazolin) birlogsmolori almaq moagsadilo sintez olunmus 5-(dialkilaminometil)-3-
metilpirazolinlo (I a,b) 1,2-dibrometanin reaksiyasi hoyata keg¢irilmis vo miioyyan edilmisdir ki, 1,2-
dibrometana kalium hidroksid vo dimetilsulfoksid miihitinds ikiqat artiq miqdarda pirazolinlo (I a,b)
tosir etdikdo 60-66% c¢iximla 1,2-bis(5-(dialkilaminometil-3-metilpirazolin-1-il)etan (VI a,b) alinir.

Molekulunda allil qrupu saxlayan yeni pirazolin toromolorinin sintezi moqgsadi ilo 5-
(dialkilaminometil)-3-metilpirazolinlo (I a,b) allil bromidin reaksiyast aparilmis vo miioyyon
olunmusgdur ki, ekvimolyar miqdarda pirazolinls (I a,b) allil bromidin kalium hidroksidin artiq
miqdarinda suda mohlulunda qarsiligli tosiri  noticosindo  5-(dialkilaminometil)-1-allil-3-
metilpirazolin (VII a,b) toromolori alinir. Sintez reaksiyast 35-40°C temperaturda, 2 saat
miiddotindo aparilmis vo 65-70% ¢iximla yeni pirazolin birlosmolorinin (VII a,b) alinmasi ilo
naticolonmisdir.

Sintez olunmus yeni funksionalavazli 1,3,5-pirazolinlorin (II-VII a,b) tomizlik doracesi NTX-
tisulu ilo, quruluslari iso IQ- vo NMR *H-spektroskopiya ilo miioyyon olunmusdur.

1,3,5-Ovazlipirazolinlorin (II-VII a,b) IQ- vo NMR 1H-spektrl:;rind:;n aydin olmusdur ki,
sintez olunmus pirazolinlarin (II-VII a,b) IQ- vo NMR 1H-spektrlarinds ilkin maddenin (I a,b) 1Q-
vo NMR 1H—spektri ilo miigayisado N-H fragmentino moxsus udma zolaqlart itir. Belo ki, 1-asetil-5-
(dietilaminometil)-3-metilpirazolinin [R=0.69 (benzol:etil spirti — 4:1)] (II a) IQ-spektrinds ilkin
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maddonin (I a,b) iQ-spektri ilo miiqayisodo N-H fragmentino moxsus 3309 sm™ sahode miisahido
olunan udma zolag: itir vo miivafiq udma zolaglart meydana ¢ixir (v, sm™); 2967 (CH), 1743
(C=0), 1434 (C=N).

/ N
/ Nk
(VII a,b) (11 ab)
_Me
O
R\ /R ,—L
O
b L,
AN
Me /N\N R R
v\\ IV a,b)

N
/ \
R

R=Et (a), R=(CH,),0(CH,), (b)

1-Asetil-5-(dietilaminometil)-3-metilpirazolin  birlosmosinin (I a) NMR *H-spektrindo
(CDCls, 8, m.h.) 0.87 t [6H, N(-C-CH3s)2], 1.83 s (3H, CCH3), 2.10 s (3H, COCH3), 2.34-2.46 m
[8H, (CHa, H-4), N(-CH2-)2, CH,N] vo 3.60 m (1H, CH, H-5) xarakterik qruplarin signallari askar
olunmusdur ($akil 1).

5-(Dietilaminometil)-1-(2-xlormetilkarbonil)-3-metilpirazolinin (111 a) [R#=0.72 (heksan:etil
spirti— 4:1)] 1Q-spektrinda (v, sm™) miivafiq CH (2978), C=N (1417) vo C=0 (1682) qruplarinin
udma zolaqlar1 ilo birgs 760 vo 710 sm™ saholordo C-Cl rabitosinin udma zolagi da askar
olunmusdur.

5-(Dietilaminometil)-1-(metoksikarbonilmetil)-3-metilpirazolin birlogsmasinin (IVa) [R{=0.68
(heksan:izopropil spirti — 1:3)] iQ-spektrindo 2967 sm™ pirazolin halqasinin CH, 1713 vo 1744 sm™
karbonil qrupunun (C=0), 1658 vo 1629 sm™ heterotsiklik halganin C=N rabitasinin, 1151 vo1203
sm™ sahodo iso C-O-C rabitesinin udma zolaglar1 miisahido olunmusdur.
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Sakil 1. 1-Asetil-5-(dietilaminometil)-3-metilpirazolinin (11 a) NMR *H-spektri.

(IV a) birlosmasinin NMR *H-spektrinds (CDCls, 8, m.h.) 0.88 t [6H, N(-C-CHa3),], 1.81's
(3H, CCHg), 2.15-2.61 m [8H, (CH,, H-4), N(-CHz-)2, CHyN], 3.43 m (1H, CH, H-5),
metoksikarbonilmetil radikalina moxsus sinqglet soklinds 3.60 (3H, OCHj3) vo 4.02 (2H, >N-CHy)
gruplarmin signallar1 agkar olunmusdur (Saokil 2).

Sokil 2. 5-(Dietilaminometil)-1-(metoksikarbonilmetil)-3-metilpirazolinin (IV a) NMR *H-spektri.

1-(2-Hidroksietil)-5-(dietilaminometil)-3-metilpirazolinin (V a) [R{=0.79 (heksan:efir — 3:1)]
[Q-spektrinds asagida geyd olunan qruplara xas udma zolaqlar1 qeydos alinmisdir (v, sm™): OH
(3403), CH (2967, 2873), C=N (1435, 1385), C-O (1202), homginin, OH (1053) vo pirazolin
halgasiin C-H (873, 770) qrupunun deformasiya titrayisi.

1-(2-Hidroksietil)-5-(dietilaminometil)-3-metilpirazolinin (V @) NMR 'H-spektrindo (CDCls,
6, m.h.) dietil radikalina moaxsus multiplet soklinds 0.93 [6H, N(-C-CHj3),] va 2.61 [4H, N(-CH2-),]
fragmentlorinin, 1.84 s (3H, N=C-CHj3), 2.96 m (2H, CH:N), hidroksietil grupunun (>N-CH,-CH,-
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OH) 3.17 m [2H, N-CH,], 3.57 s (2H, CH;0) va 3.77 s (1H, OH) fragmentlorinin, pirazolin
halgasinin 2.44 m (2H, CHjy) vo 3.177 m (1H, CH, H-5) protonlarinin signallar1 agkar olunmusdur
(Sakil 3).

Sakil 3. 1-(2-Hidroksietil)-5-(dietilaminometil)-3-metilpirazolinin (V a) NMR *H-spektri.

1,2-Bis(5-dietilaminometil-3-metilpirazolin-1-il)etanin (VI a) [R{=0.74 (heksan:izopropil
spirti — 4:1)] 1Q-spektrindo 3-metil-5-dietilaminometilpirazolinin (I a) [Q-spektri (sokil 2.16) ilo
miiqayisade >N-H fragmentinin udma zolaginin avozins, bis(pirazolino) moxsus 2967, 2934 sm™
pirazolin halgasinin CH qrupunun, 1632, 1577, 1438 halqanin C=N fraqmentinin valent titroyisino
aid miivafiq udma zolaqglar1 geydo alinmisdir.

Sakil 4. 5-(Dietilaminometil)-1-allil-3-metilpirazolinin (V11 a) NMR *H-spektri.

Sintez ~ olunmus  5-(dietilaminometil)-1-allil-3-metilpirazolinin ~ (VII a) [R{=0.76
(heksan:izopropil spirti — 3:1)] 1Q-spektrindo asagida qeyd olunan xarakterik udma zolaglari
miisahide olunmusdur, (v, sm™); 2967, 2964 (pirazolin halgasmm C-H grupunun), 1673 (halganin
C=N rabitasinin), 1629 (allil qrupunun C=C rabitosinin).

(VII a) pirazolin birlosmosinin NMR "H-spektrindo (8, m.h.) iso 1.89 s (3H, CCH3), 2.41 m

49



Yeni funksionalavazli pirazolinlorin sintezi va xassalori

[(8H, N(-C-CHs),, (CH2, H-4)] vo 2.6 m (2H, CH;3N), 3.26 m [1H, (CH, H-5)], 3.65-3.72 m [4H, N(-
CH32-)2], homginin allil grupuna xarakterik olan 3.49 m (2H, N-CH,), 5.21 s (2H, =CH;) v 5.91 d
(1H, =CH-) fragmentlorinin miivafiq signallari1 agkar olunmusdur (Sakil 4).

Tacriibi hissa.

5-(Dialkilaminometil)-1-asetil-3-metilpirazolinlorin sintezi (I a,b). 0.025 Mol 5-
(dialkilaminometil)-3-metilpirazolin (I a,b) 50 ml quru dietil efirinds hall edilir. Duz-buz qarisigi
vasitasi ilo qarisiq 0+5°C temperatura qodor soyuduldugdan sonra qarisiga ekvimolyar miqdarda
0.025 mol sirke tursusunun xloranhidridi, sonra iso 0.025 mol trietilamin damci qifi vasitasi ilo
olavs edilir. Reaksiya kiitlosi 4 saat miiddotinds 15+20°C temperaturda qarigdirildigdan sonra 2%-li
natrium karbonatin sulu mohlulu ilo yuyulur vo efir gat1 sudan ayrilir. Sulu hisso efirlo ekstraksiya
olunur, avvalki sudan ayrilmig hisso ilo birlogdirilorok, MgSQ, tlizorindo qurudulur. Holledicini su
nasosu vasitosi ilo qovulur, galan hisso vakuumda fraksiyalara ayrilir.

5-(Dialkilaminometil)-1-(2-xlormetilkarbonil)-3-metilpirazolinlorin sintezi (III a,b).
0.025 Mol 5-(dietilaminometil)-3-metilpirazolinin (I a,b) 50 ml quru efirdo mohlulu kolbaya
yerlosdirilarak, tizarina 0.025 mol trietilamin slavs edilir. Reaksiya kiitlasi 0+5°C temperatura qodor
soyudulur vo 0.025 mol monoxlorsirks tursusunun xloranhidridi dame1 qifi vasitasi ilo olavo edilir.
Reaksiya kiitlosi 1 saat middstindo homin temperaturda, sonra iso 5 saat miiddotindo 25+30°C
temperaturda qizdirilmaqla qarigdirilir, soyuduldugdan sonra iso 5-(dialkilaminometil)-1-asetil-3-
metilpirazolinin (II a,b) ekstraksiya {isuluna uygun olaraq islonir.

5-(Dialkilaminometil)-1-(metoksikarbonilmetil)-3-metilpirazolinlorin sintezi (IV a,b).
0.05 mol 5-(dialkilaminometil)-3-metilpirazolin (I a,b), 30 ml etil spirti vo 0.05 mol kalium
karbonatin 20 ml suda mohlulu kolbaya yerlosdirildikdon sonra qarisdirici igo salinir vo 35+40°C
temperaturda 0.05 mol monoxlorsirks tursusunun metil efiri damci qifi vasitasi ilo slava edilir.
Reaksiya kiitlasi 4 saat miiddetinds homin temperaturda qarigdirilir. Soyuduldugdan sonra reaksiya
mohsulu 50 ml su ilo yuyulur va iist toboqo ayrilir. Alt tobaqoe benzolla ekstraksiya olunur vo benzol
laylar1 ayrilir vo onlar laylart dncodon ayrilmis iist tabaqe ilo birlesdirilorok, MgSQO, {izorinds
qurudulur. Holledici qovuldugdan sonra, reaksiya kiitlosi vakuumda fraksiyalara ayirilir.

5-(Dialkilaminometil)1-(2-hidroksietil)-3-metilpirazolinlorin sintezi (V a,b). 0.1 Mol 5-
(dialkilaminometil)-3-metilpirazolin (I a,b) kolbaya yerlosdirilir. Uzorino 0.15 mol kalium
hidroksidin 30 ml suda mohlulu olave edilorok, 30°C temperaturda 15-20 doqiqe miiddstindo
qarigdirilir. Damer qift vasitesi ilo 0.1 mol etilenxlorhidrin alave edilir. Bu zaman nozarat etmok
lazimdir ki, reaksiyanin temperaturu 35°C-don yuxar1 qalxmasin. Etilenxlorhidrini slave etdikden
sonra reaksiya kiitlasi 30+35°C temperaturda 1 saat miiddstindo qarigdirilir. Sonra qarisiq ayirici
qifa kecirilorok osas toboqo ayrilir. Sulu toboqo iso iki dofo benzolla ekstraksiya olunur, benzol
laylart osas toboqo ilo birlosdirilorok, K;COj3; flizorindo qurudulur. Holledici su sirnagi ilo
qovulduqdan sonra qalan reaksiya kiitlosi vakuumda fraksiyalara ayrilir.

1,2-Bis(5-(dialkilaminometil-3-metilpirazolin-1-il)etanlarin sintezi (VI a,b). 0.06 Mol
kalium hidroksid vo 20 ml dimetilsulfoksid kolbaya yerlosdirilorak, garisdirici iso salinir. Uzorino
0.04 mol 5-(dialkilaminometil)-3-metilpirazolin (II a,b) olave edilib 20+25°C temperaturda 25
dogiqeo miiddotindo qarigdirilir. Sonra qarisigin {izorino damci qifi vasitesi ilo 0.06 mol 1,2-
dibrometan olavo edilorok 1 saat miiddotindo 25+30°C temperaturda qarisdirilir. Reaksiya basa
catdiqdan sonra garigigin tizerine 10 ml su slava edilir vo ayirici qifa tokiilorok osas toboqa ayrilir.
Sulu hisso benzolla ekstraksiya edilir, ayrilmig benzol laylar1 osas toboagoa ilo biradirilib, K,COj3
tizorindo qurudulur. Holledici qovduldugdan sonra, qalan reaksiya kiitlosi vakuumda fraksiyalara
ayrilir.

5-(Dialkilaminometil)-1-allil-3-metilpirazolinin  sintezi (VII ab). 0.02 Mol 5-
(dialkilaminometil)-3-metilpirazolin (I a,b) vo 0.03 mol kalium hidroksidin 20 ml suda mahlulu
kolbaya yerlosdirilir. Sonra 0.02 mol allil bromid damc1 qifi vasitasi ilo reaksiya kiitlosina slave
edilorok 2 saat miiddstinds 35+40°C temperaturda qarigdirilir. Soyuduldugdan sonra qarisigin
izoring su olave edilir, asas taboaqo ayrilir, su tobaqgasi iso benzolla ekstraksiya edilir. Benzol lay1
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ayrilib asas tobaqo ilo birlosdirilir vo MgSO, lizerinds qurudulur. Hoalledici qovuldugdan sonra,
reaksiya kiitlosi vakuumda fraksiyalara ayrilir.
Sintez olunmus birlogmalarin fiziki-kimyavi gostericilori cadvalds gostorilmisdir.

Cadval .
. . Tapilmis,%
Ne l\:‘lgrdmdaTLljn Taay- scﬁ/tr.nm. c. n2? d20 Hesablanmis, % Cixim,%
C H N
lla | CuHuN,O | 125-127%/4mm | 1.4830 | 0.9870 | 2223 | 9.09 ) 20.35 70

62.55 | 9.95 19.89

o 58.09 8.56 18.21
Ib C11H19N30, 150-152%4mm | 1.5274 | 1.1108 58.67 8.44 18.67 68

o 54.63 8.02 17.48
Il a C1:H2CIN;O 160-162°/3mm | 1.4950 | 1.0431 5377 8.15 1711 67

o 51.64 7.16 16.59

o 59.43 8.95 16.92
IVa C12H23N350 153-155°/3mm | 1.5010 | 1.0485 5975 9.54 1742 65

o 56.04 8.37 16.10
Vb C12H21N304 166-168°/4mm | 1.5118 | 1.1042 56 47 823 16.47 62

. 62.48 | 11.21 | 20.38
Va C11H23N30 140-141%3mm | 14850 | 09764 | oo | 1560 | 1072 69

. 59.07 | 9.31 | 17.98
Vb C11H21 N30, 146-147°/3mm | 1.5105 | 1.0026 | o= | 956 | 1820 71

o 65.94 | 10.99 | 23.30
Vlia CaoH4oNs 124-126°2mm | 1.5087 | 1.9836 65.93 | 1098 | 23.08 66

. 62.07 | 9.68 | 22.09
VIb C,oH3sN6O, 160-162°/2mm | 1.5105 | 1.0537 | <0 | 97g | 2243 66

. 67.75 | 11.17 | 19.85
Vlila CiHosNs 137-139°2mm | 15065 | 0.9648 | oo | 1100 | 20.09 70

: 63.85 | 9.61 | 18.46
Vilb C1H N3O 166-168°/2mm | 15156 | 1.0226 | ~'c> | oas | 1583 68

Alinmis pirazolinlorin (II-IV a) antimikrob xassolorinin todqiqi seriyalarla durulagdirma tisulu
ilo Oyronilmisdir. Test olaraq qrammiisbot orqanizmlordon qizili stafilokoklar (St. aureus),
grammonfi bakteriyalardan bagirsaq c¢oplori (E. coli) vo goy-yasil irin ¢oplori (Ps. aeruginosa),
hamginin goboloklor (C. albicans) gotiiriilmiisdiir. Bakteriyalar1 becormok tiglin otpentonlu aqar
(OPA), gobaloklori becormak ti¢ilin 1so Saburo gidalt miihitindon istifado edilmisdir.

Okmolor tocriibalords istifado olunan bakteriyalar {igiin 37°C temperaturlu termostatda 24
saat, goboloklor iigiin iso 28°C temperaturlu termostatda 48 saat miiddotindo saxlanilmisdir.
Tacriibalor sinaq siisolorinin hor birine 1 ml-do 500 mln mikrob hissaciyi olan emulsiyadan 1-2
damla damizdirilmigdir. Hor bir sinaq siisosinds hor 10, 20 dogigodon bir, 1 saat miiddotindo okmo
aparilmigdir.

Miioyyon olunmusdur ki, maddolor 1:100 nisbotindo durulasdirildigda biitiin sinaqdan
kecirilmis test-kulturlara qars1 giiclii antimikrob foalliq gostorirlor. Sinaqdan kegirilmis maddslor
1:200 nisbatindo durulasdirildigda madds (II a) vo (IV a) gdy-yasil irin ¢oplarino garst 20 daqiqo,
bagirsaq ¢oplorino qarst 40 doqiqo miiddotinds, maddo (III a) iso hor iki bakteriyalara garst 20
doqigo miiddatindo antimikrob tosir gostorir. Maddolor 1:400 nisbatindo durulasdirildigda maddo
madda (IV a) gOy-yasil irin ¢Oplorine qarst 40 doqige, bagirsaq ¢Oplorine qarst 60 doqiqe
miiddotindo, maddo (I a) vo maddo (III a) iso gOy-yasil irin ¢oplorine qarsi 20 daqiqgo, bagirsaq
coplorino qarst 40 doqiqo miiddotindo antimkrob foalliq gostorir. Maddolor 1:800 nisbatindo
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durulagdirildigda madds (I1I a) qizil stafilokokklara qarst 60 doqiqoe, kandida gobaloklarine qars1 40
doqgigo miiddoatindo, maddo (II a) quzihh safilokokklara vo goboloklora garsi heg¢ bir tosir
gostormadiyi halda, gOy-yasil irin ¢Oplorino vo bagirsaq ¢Oplorino qarst 60 vo 40 doqigo
miiddotindo, maddo (IV a) iso qizili stafilokokklara vo gdy-yasil irin ¢oplorino qarsit 60 doqiqgo,
kandida gobaloyina qarst 20 doqiqe miiddatine antimikrob tosir gostarir.

Gostorilonlori nozors alaraqg, belo noticoya golmok olar ki, imumilikde sinaqdan ¢ixarilan 1-
(2-xlormetilkarbonil)pirazolin (IIT a) va 1-(metoksikarbonilmetil)pirazolin (IV a) birlosmalari qizili
stafilokokk vo Kandida goboaloyino qarsi yiiksok antimikrob faalliq gostorir. 1-Asetil-5-
(dietilaminometil)-3-metilpirazolin (I a) birlosmosi iso bagirsaq ¢Oplorine vo goéy-yasil irin
¢Oplorino qarsi yiiksok antimikrob foalliq gostorir.

Beloalikla, 5-(dialkilaminometil)-3-metilpirazolinlorin sintezi vo gevrilmalari istiqgamatinda
aparilan tocriibi aragdirmalar noticosindo onlarin adobiyyatda molum olmayan yeni effektli sintez
iisullar islonmis va zarif iizvi sintezin tolabatini1 6doyon yeni bioloji foal maddalor alinmigdir.
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PE3IOME
CUHTE3 Y CBOICTBA HOBBIX ®YHKIIMOHAJIbHO3AMEIEHHBIX IIMPA3OJIMHOB
Kapaesa A.P.
Kniouesvie  cnosa.  1,3,5-¢pynkyuonanvrnosamewjenuvle  NUPA30IUHLL,  MEMUNIOBI  IDuUp

MOHOXNIOPYKCYCHOU KUCAOMbL, 3MUIeHXA0p2udpun, 1,2-oubpomsman, aniun
OpOMUO, AHMUMUKDOOHASI AKMUBHOCTID
BsaumopeiictBueM S-(IHaIKHIaAMAHOMETHI)-3-METHJIIUPA30IMHOB C PAa3IMYHBIMU  3JIEKTPO(PHIIb-
HBIMH pEareHTaMl — XJIOPAHTHAPHIAMH  YKCYCHOH M MOHOXJIOPYKCYCHOW KHCJIOTBI B TPUCYTCTBUU
SKBUMOJIIPHOT'O KOJIMYECTBO TPUITUIAMHHA, a B MISIOYHOHN Cpe/ie METHIIOBBIM 3(hUPOM MOHOXJIOPYKCYCHOM
KHCIIOTBI, 3TWICHXJIOPTUAPUHOM, 1,2-TMOpOMATAaHOM W ajuiiil OPOMHUIOM CHHTE3UPOBaHbBI HOBbIC 1,3,5-
(yHKIMOHANEHO3AMEIICHHBIE ~ THMPa30dWHBL.  V3ydeHO  cojepkaHue, CTPYKTypa W CBOWCTBa
CUHTE3MPOBAHHBIX COCIUHCHHN W OOHApYKEHO, YTO CHHTE3UPOBaHHBIC 1,3,5-3aMEICHHBIC MUPAa30JIUHbBI
00J1aJ1a10T BBICOKOW aHTUMHKPOOHOI aKTHBHOCTHIO B OTHOIIICHUY PA3JIMYHBIX THUIIOB OAKTEPUH.

SUMMARY
SYNTHESIS AND STUDIES OF NEW FUNCTIONALLY SUBSTITUTED PYRAZOLINES
Garayeva A.R.

Key words: 1,3,5-functionally substituted pyrazolines, methyl ether monochloroacetic acid, ethylene
chlorohydrine, 1,2-dibromethane, allylbromide, antimicrobial activity

By interaction of 5-(dialkylaminomethyl)-3-methylpyrazolines with various electrophilic reagents -
with chloranhydrides of acetic and monochloracetic acids in the presence of triethylamine in equimolar
amounts, but in alkaline medium with methyl ether monochloroacetic acid, ethylene chlorohydrine, 1,2-
dibromethane and allylbromide have been synthesized the new 1,3,5-functionally substituted pyrazolines.
and their biological activity has been studied. The content, structure and properties of the synthesized
compounds were studied and it was found that the synthesized 1,3,5-substituted pyrazolines have high
antimicrobial activity against various types of bacteria.
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XXI asrda texnologiyanin inkisafi noticasinds igtisadiyyatin, xiisusilo moisat texnikasi istehsalinin
vo xidmat sferasimin inkisafi insanlarm hayat vo saglamliglarinin, homg¢inin amlaklarinin tohliikasizlik
soviyyasinin yiiksaldilmasi kimi vacib masalalarinin hallini zoruri edir. Bu da 6z névbasinds biitiin név
mohsullarin ekoloji tohliikasizliyinin yiiksoldilmasini tolab edir.

Istehlak mallarinin istehsali, istismari, saxlanmasi, dasinmasi, realizasiya vo utillosdirmo
proseslorinin tohliikkasizliyi dedikdo votondaslarin hoyati vo saglamligina, omlakina, dovlot
omlakina, otraf miihits, heyvan vo bitkilorin hoyat vo saglamlhigina ziyan vura bilocok risklor
olmamali, yaxud onlara yol verilmomalidir. Bu ciir toyin edilon tohliikasizliyi bioloji, mexaniki,
sonaye, yangin, termiki, kimyavi, elektrik, niivo vo radiasiya, partlayis tohliikosizliyi qruplara
boliirlor.

Otraf miihitde insanin tohliikesizliyini sorti olaraq 3 qrupa bolmok olar: hayat foaliyyatinin
tohliikasizliyi, amayin tohliikasizliyi, antropogen tasirlordon otraf miihitin miihafizasi.

Hoyat foaliyyatinin tohliikasizliyi bir torofdon xarici tobii soraitlo bagh (biosfer sofaiti), diger
torofdon insanin miasir texnika tizorindo qurulmus tosorriifat-peso foaliyyati ilo bagli (texnosfer
sorait) amillorlo miioyyonlosdirilir. Texnosfer maddi vo sosial-iqtisadi tolobatlarin 6donmaosi
maogsadils, insan torafindon biosferin birbasa vo ya dolay1 yolla doyisdirilon sahasidir.

Antropogen amillar, insanin tosadiifi vo ya moqsadyonlii foaliyyati sabobindon yaranan otraf
miithit amillorinin mocmusudur. Yaranma moanbalorindon asili olaraq, antropogen amillori fiziki
(atom enerjisindon, avtomobil, domiryol, hava nogliyyatindan istifads, kiiy, vibrasiya vo s.),
kimyovi (miixtolif texnogen proseslordon yaranan kimyoavi ¢irklonmalar), bioloji (qida
mohsullarindan, insanlardan yasayis vo qidalanma monboyi kimi istifado edon viruslar, bakteriyalar
vo digor parazitlor), sosial (insanlarin qarsiliglt miinasibatlori vo comiyyatdo birgo yasayisla olagoli
amillor) novlorine boliirlor.

Son illor antropogen amillorin tobioto tosiri koskin artmisdir. Bu iso qlobal ekoloji
problemlorin yaranmasina gotirib ¢ixarmisdir: istixana effekti, ¢irkli yagislar, megsolorin qirilmasi,
otraf miihitin zararli maddslarls ¢irklonmasi, planetin bioloji miixtslifliyinin azalmasi.

Taobioto edilon tohliikoli tosirlor dedikde, insanlarin saglamliginin pislosmesing, omok
qabiliyyatinin azalmasina, hatta 6liimo sobab olan antropogen tosirlor basa diisiliir.

Omoak prosesinda tohliikasizliyin tomin edilmasi, insanlarin saglamligi vo omok qabiliyyatli
olmas1 miithiim shamiyysts malikdir. Molum masaladir ki, omak tohliikasizliyi istehsal amillari ilo
yanasi, dolayr yolla texnosfer amillordon asilidir. ©moyin tohliikosizliyini tomin etmok iigiin
toloblors, normalara vo qaydalara malik olan qarisiq alagoli standartlar islonib hazirlanmigdir.

Otraf miihitin miihafizosine xidmat edon sistemin moagqsadi otraf miihitin idare edilmesini
yaratmagqla, toskilatlarin foaliyyotinin xiisusi sistemini yaradib, toskilatlarin foaliyyeotinin otraf
miihito monfi tosirini azaltmaq, yaxud aradan qaldirmaqdir. ©Otraf miihitin idara edilmosinin
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somarali sisteminin yaradilmasini tomin edon miixtolifkateqoriyali, o climlodon beynolxalq
standartlar iglonib hazirlanir vo totbiq olunur. Bu standartlar togkilatlarin ekoloji vo iqtisadi mogsad-
lora catmasina xidmat edir. Hazirlanan vo istehlak edilon mohsullardan asili olaraq, otraf miihitin
mihafizosinin toskili vo ona miimkiin tosirlorin qiymotlondirilmosi mohsulun hoyat tsiklinin
qiymatlondirilmasi ilo slagodardir.

Otraf miihitin mihafizosinin daha bir sistemi mohsullarin vo xidmetlorin  mocburi
sertifikatlagdirilmasi ilo otraf miihitin miihafizosini nozords tutur.

Insanlara hor giin tohliikali tosir edon monboalordon biri do, miixtelif ndv mashullardir. Bu
mohsullar bioloji, yaxud fiziki-kimyavi mongali ola bilir. Odur ki, insanlarin hayati, saglamligi,
omlaki, homginin mohsullarin keyfiyyatindon, onlarin emal proseslorindon, miixtalif islorin
goriilmosi keyfiyyotindon asili olur. Mohsullarin (homg¢inin iglorin vo xidmatlorin) istehlak¢inin
hoyati, saglamlig1 vo otraf miihit {iclin tohliikosizliyini tomin edon, o ciimlodon istehlak¢inin
omlakinin qorunub saxlanmasi {igiin nazorde tutulan toloblor mocburi olur vo miivafiq hiiquqi
sonadlords verilir [6].

Ogor mohsul insanlarin hoyati, saglamligi, omlaki vo ekoloji tohliikasizliyi tizro gostoricilora
malikdirsa, onlar mocburi sertifikatlasdirmadan kegmolidir. Istehsal, dasinma, realizasiya vo
istismar zamani insan TUg¢ilin meydana ¢ixa bilocok tohliikolor, asagidaki olamatloro goro
tosniflogdirilo bilar:

- Yaranma monbolorino goro tohliikalori daxili vo xarici olmaqla 2 qrupa boliirlor. Tohliiko
monbayi dedikdo mohsulun bir vo ya bir neco tohliikasizlik gdstaricisinin qiymatinin doyismasing
sabab ola bilon hadiso basa diisiiliir. Tohliikolorin daxili yaranma monbalorine moahsulun 6ziindo
olan potensial tohliikalor, yani onlarin sxem-konstruktor hollindon, strukturundan, ilkin materiallar
vo komplektlosdirci elementlordon irali golon, istehsal vo istismar soraitindo {izo ¢ixan tohliikolor
aiddir. Tohliikolorin yaranmasinin xarici monbalorine xarici amillorin tosiri ilo meydana ¢ixan vo
mohsulun xassslorinin vo parametrlorinin doyismasing sobob olan tohliikolor aiddir;

- Insana tosir xarakterino géra tohliikolor birbasa vo dolayr tohliikelors béliiniir. Birbasa
tohliikolor mohsulun istehsali vo istehlaki zamani yaranir. Dolay: tohliikalor mohsulun reallagdigi
xarici miihitin slini yaradilmig sahasi ilo iizo ¢ixir;

- Tohliikali tesirlorin oxsarligina gors.

Hiiquqi vo normativ-texniki sonadlordo tohliikasizliyin tomin edilmosi iiglin asagidaki sinaq
novlori nozards tutulur:

- mexaniki, elektiriki, termiki, kimyovi, yangin, partlayis vo siialanma tohliikesizliyi,

- mexaniki sinaqlar zamani1 materiallarin asagidaki xassa parametrlorinin qiymatlori toyin
edilir: sixlqg, barklik, elastiklik, mohkomlik, kdvroklik, plastiklik, asinmaya davamliliq, yorulma,
axma;

- elektrik tohliikosizliyi sinaqlarinda materiallarin  elektrik  kegiriciliyi, polyarlasma,
dielektrik catigmazliglari, elektrik i1zolyasiya xassolorinin qiymatlari toyin edilir;

- istilik tohliikesizliyinin tomin edilmosi ti¢lin materiallarin istilik kegiriciliyi, istilik tutumu,
istidon genislonmasi, istilikdon yorulma, yumsalma, orimo temperaturlari, qizmaya, soyuga
davamliliq, konveksiya parametrlori, istilik stialanmasi;

- Yyangin tohliikosizliyinin tomin edilmosi ii¢lin materiallarin alisma temperaturu, yanma
temperaturu, alovun yayilma indeksi, materialin yanma siiroti vo tilistlilonmo omsali kimi
parametrlor qiymatlondirilir;

- kimyavi tohliikesizliyin tomin edilmosi {iciin kimyovi tosirlorin birbaga vo dolay1 ola
bilmosi nozoro alinir. Birbasa kimyovi tohliikoli tosirlor insana vo otraf miihito bilavasito tosir
gostorir (mos: havaya gaz, buxar vo ya aerozollar goklindo atilan tohliikoli kimyovi maddalor).
Dolay1 tohliikali kimyavi tasirlor korroziya vo nomlonma proseslorinds meydana ¢ixir;

- bioloji tohliikali tesirlorin yaranma sobablori ¢ox sayda amillordon asilidir. Bunlara
miixtalif maqgsadli preparatlarin islonib hazirlanmasi, torpaga va suya antropogen tasirlar, insanlarin
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vo heyvanlarin miialicasi, miixtolif gdbalok ndvlorinin materiallara vo mohsullara tosiri kimi bioloji
amillori aid etmok olar.

Molumdur ki, bir sira dielektriklorin temperaturunun yiiksolmasi vo yanmasi insanlarin
saglamlig1 vo hoyati {i¢iin tohliikoli olan qazsokilli kimyovi maddslorin ayrilmasina sobab olur.
Digor torofdon bazi istehsal sahalorindo isci heyoto aerozollar vo hoalledicilorin buxarlar tasir edir.
Tohliikasizlik noqteyi-nozorindon bu maddslorin konsentrasiyast buraxilan hadd normasindan ¢ox
olmamalidir [3, 5].

Moisot soraitinds insan saglamlig iiglin tohliiko monboyi ola bilon kimyovi mohsullarin genis
cesidi movcuddur: boyaq materiallari, holledicilor, yapisqanlar, qatranlar, pigmentlor, plastmas
mohsullar, geyri-lizvi giibralor vo s. Biitlin bu mohsullar kimyavi tohliikesizliyin qiymotlondirilmasi
baximindan sertifikatlasdirmadan kegmolidir.

Tohliikoli kimyovi tosirlorin parametrlorinin  qiymatlondirilmosi {icin mixfalif 6lgmo
metodlart movcuddur:

- optik metodlar (kolorimetrik, fotometrik, fotoelektrometrik, elektrooptik, liiminessent);

- elektrokimyavi 6l¢ma metodlar1 (kondumetrik, kulonometrik);

- elektrofiziki metodlar (istilik, kalorimetrik, ionlagdirma metodlar1);

- kombinos edilmis metodlar (kiitlo-spektrometrik, xromatoqgrafik).

Yeri golmiskon, demak olar ki, miioyyon texnoloji proseslor bas verdikds, yoni yanginlar
oldugda holledicilorin buxarlanmasi, partlayislar, alisma vo kdzormolor kimi spesifik soboblor
noticosindo insan vo otraf miihit iiciin kimyovi tohliiko yarana bilor. insan orqanizmino vo otraf
miithito metallarin, geyri-metallarin, homginin onlarin birlosmalorinin qazlari, buxarlari, yaxud
aerozollar1 soklindo tosir gostors bilor. Kimyavi maddslorin insan orqanizming tasirinin xarakterino
gors asagidaki kimi qruplasdirilir: toksiki, qiciglandirici, sensibilizasiyaedici, kanserogen, mutagen.

- Toksiki tasirlor — fiziki vo kimyavi xassolorlo xarakterizo olunan zoharli maddslarin tosiri
naticasinds insanlarin, Uimumilikde biitiin canli orqanizmlorin zohorlonmosine gotirib ¢ixarir.
Mosalon: mado-bagirsaq traktinda koskin agrilar, udma zamani agrilar, qanli qusma tursu vo
golovilarlo zohorlonmanin olamatloridir.

- Qiciglandiricr tosirlor — goziin, tonoffiis yollarinin va agciyarlorin selikli gisasina tosir edir.
Boazi hallarda eyni zamanda toksiki tasirlorlo miisayiat edilir.

- Sensibilizasiyaedici tosirlor (sensibilizasiya-hassasliq) — insan (heyvan) organizminin va ya
onun ayri-ayrt orqanlarinin hor hansi qiciglandirictya hossasligini artirir. Sensibilizasiya bir sira
allergik xastaliklorin asasin1 toskil edir.

- Kanserogen tosirlor — insan orqanizmina tosir edon kimyovi xassolor, miioyyon soraitlordo
xar¢ong va digar sislorin yaranmasina sobob olur.

- Mutagen tosirlor — genetik informasiyanin saxlanmasina, onun hiiceyradon-hiiceyraya,
nosilden-noaslo dtiiriilmasine cavab veran irsi strukturlart doyisdiren fiziki vo kimyavi amillordir. Irsi
informasiyanin maddi dasiyicist vo vahidi gendir.

Giindolik hoyatimizda miitomadi olaraq istifads etdiyimiz kimyavi mohsullarin oksoriyyati
tohliiko monboyi hesab edils bilor. Bu mohsullarin bazilori asagidakilardir:

- Otaq spreylori: torkibi ¢goxlu miqdarda tohliikali kimyovi maddslarle zongindir. Torkibdoki
formaldehid agciyar vo selik membranlarina zaoror verarak, xor¢ongs yol aca bilir. Kigik molekullar
yandirici xiisusiyyatde olub, gbze, doriys, agciyarlora zarar verir, hossas insanlarda 6liimciil agciyar
sislorina sabab ola bilir. Bazi otaq spreylari zoharli allergik reaksiyalara sabab oldugu kimi, bazilari
do torkibindo aerozol propelanlart oldugundan tonoffiisii ¢otinlosdirir vo sinir sisteminin
pozulmasina sobab ola bilir.

- Agardicilar: tonoffiis zamani vo dori ilo tomasda olduqda doride problemlor yaranir,
tonoffiis ¢otinlogir. Bazi hallarda miixtalif mogsadli agardicilar qarisdirilir ki, bu zaman da zoharli
xiisusiyyatli gazlar omolo galo bilir.
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- Paltaryuyan vasitolor: agiza diisdiikdo vo ya kicik tozcuglarin buruna getmosi ilo iirok
bulanmasi, qusma, sixilma, hotta ~ komaya diiso bilor. Yuyucularda olan boya vo otirloro qarsi
hassasliq da miimkiindiir.

- Naftalin: zohorli torkibo malikdir. Basgicolonmasi, basagrisi, gozdo, dorido, tonoffiis
sistemindo korlayici tosiroe malikdir. Naftalinli miihitde uzun miiddst qalmaq, qaraciyar kataraktina
sobab olur.

- Tonofflis orqanlarina vo agciyorlors, mode-bagirsaq traktina, dori Ortiiyline, selikli

gisalara, gan-damar sistemino (imumilikdo insan orqanizming) olan tasirlor tohliikali vo
zararli tosirlors bolliniir. Tez-tez rastlagdigimiz vo miixtolif soraitdo insan orqanizming tosir edon
qaz, holledici va aerozollar mévcuddur, onlardan bozilori asagidakilardir:

- Dam qaz1 (CO) — daxili oksigen ¢atismamazlig1 yaradir, gandaki hemoqlobini parcalayir.
Insanda basagrilar1, qulaglarda kiiy, basgicollonmosi, iirokbulanma, qusma, son noticads, qicolma,
siiurun itmasi va hatta 6liimlo naticalanir.

- Karbon gaz1 4-5% olduqda tonoffiisds ¢otinlik yaranir, 10% olduqda iss narkotik xarakterli
tasir baslanir va 6liimla naticolona bilir.

- Kiikiird qaz1 vo hidrogen-sulfid qazi tonoffiis yollarmin selikli qisasin1 qiciglandirir,
yiiksok dozada olduqda gicolmalara vo ani 6liima sabab olur.

- Benzol-yiiksok konsentrasiyasi morkozi sinir sistemini dagidir, qanda doyisiklik yaradir,
maye benzol eritemaya vo ekzemaya sobab olur.

- Istehsalat vo moiset soraitinde aseton vo benzin kimi holledicilor istifads edilir ki, onlarin
da buxarlar1 insan saglamligina monfi tosir gostorir. Aseton kumulyativ tosiro malikdir, xroniki
zoharlonmaya sobab ola bilir. Benzinin natamam yanmasindan dom qazi ayrila bilir ki, bu da toksiki
xarakter alir.

- Bir sira istehsalat saholorindo insan organizmino qeyri-metallarin, metallarin vo onlarin
birlogmolorinin aerozollari tasir edir. Qeyri-metal aerozollarina silisium, selen va tellur oksidlorinin
aerozollari aid edilir. Bu aerozollar tonoffiis yollarinin vo agciyarin isini ¢otinlosdirir.

- Metallar vo onlarin havada birlogsmalorinin aerozollarina vo buxarlarina asagidakilar aiddir:
berillium, vanadium, kobalt, civa, qurgusun, uran vo digor metallarin aerozollar1 [1, 2].

- Berillium vo oun birlogsmalarinin buxarlar1 vo aerozolu agciyarlori, dorini agir zodslayir,
g0zl qiciglandirr, yiiksok toksiki xassoyo malikdir, kaskin vo xroniki xostsliklor térado bilir.

- Vanadium birlogsmalari qan dévranini doyisdirir, tonoffiis yollarini vo darini qiciglandirir.

- Civa buxarlar1 kaskin xroniki zohorlonmolora sobab olur, bels xastaliklorin simtomplart al
barmaqlarinin, dilin vo iimumilikds biitiin badanin titromasidir.

- Kobalt toksikidir, tongonafaslik yaradir, mado-bagirsaq traktina tosir edir, doride koskin
dermatitlor yaradir.

- Nikel duzlarmin dari xostoliklori torotdiyi molumdur. Qurgusunun birlogsmalari zohorlidir,
sinir sistemina va qana tasir gostarir, boyraklordo, stimiiklords toplanir, xroniki zoharlonmaya sobab
olur.

- Tallium — morkozi sinir sistemini, modo-bagirsaq traktini, boyroklori agir zodoloyir, sagi
tokdir.

- Uran — boyraklarin xroniki xostaliklorini vo orqanizmin siia xastaliyini toradir.

- Xrom — dari vo burunda selikli gisan1 zadoloyir.

Biitiin bunlar1 iimumilosdirsak, deyo bilarik ki, tohliikali tosirlora texnogen tohliikonin torkib
hissasi kimi baxilmalidir.

Son zamanlar antropogen amillarin tabiato tasirinin kaskin artmasi naticasinds yer kiirasinin
quru sahosinin 97 min km? orazisi antropogen tosirs moruz qalmisdir, 52 min km? orazisi iso hololik
0z halim1 saxlamaqdadir. Bu iso gqlobal ekoloji problemlorin yaranmasina gatirib ¢ixarmisdir.

Otraf miihitin miihafizesi sahosindo ohalinin vo ictimai birliklorin istirakin1 vo beynslxalq
omokdasligr gliclondirmok lazimdir.
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PE3IOME
IKOJIOI'MYECKAS OITACHOCTD PEAJIM3YEMBIX ITPOAYKTOB
Ackeposa ®.A., Hacuposa 3.T.

Knrwouesvie cnoea: sxonocuueckas 6e30nachocmv, Xumuueckas npoOyKyus, npoMbllUIeHHbLE
0MX00bl, MENCOYHAPOOHbIE CIMAHOAPMbl, KOHMPOJIb

B XXI Beke s pa3BUTHS 3KOHOMHKHM LIMPOKO HCIIOJIB3YIOTCS XUMUYECKHE MIPOILYKTHI U
HOBBIE€ TEXHOJIOTMU B OBbITY. DTO CTAaBUT KU3Hb U 370pOBbE JitoJed mox yrposy. Ilostomy B
COBpEMEHHBIM nepuos TpeOyeTcs MOBBIIIEHHE HKOJIOIMYECKON O€30IacCHOCTH BCEX BHJIOB
XUMHUYecKoM  mpoaykuuu. B HedrerazomoObiBaromelt < u  HedrenepepabarbiBaromien
INPOMBIIJICHHOCTH B OOJNBIIOM KOJMYECTBE O00pa3yloTCs MHOTOATANHBIE OTXOABl. OTH
crienn(puYecKre BEeLIeCTBAa B HEKOTOPBIX JKUJKOCTAX M I'a3ax NPEACTaBISIOT CEPhE3HYI0 ONAacCHOCTb
JUIg dKoJorudeckon cpenbl. Takum oOpasom, st oOecreueHus: HKOJIOrMYEecKoil Oe3omacHocTH
HE00XO0/IMMO MOCTOSIHHOE OOHOBJIEHHE MEXIYHApOAHBIX CTAaHAApPTOB U YCHUJIEHUE KOHTPOJIS 3a UX
BHEJPEHUEM.

SUMMARY
ENVIRONMENTAL HAZARD OF PRODUCTS SOLD
Asgarova F.A., Nasirova Z.H.

Key words: environmental safety, chemical products, industrial waste, international
standards, control

In the XXI century, chemical products and new technologies in everyday life are widely used
for economic development. It also puts people's lives and health at risk. Therefore, in the modern
period, it is necessary to improve the environmental safety of all types of chemical products. In the
oil and gas and oil refining industry, multi-stage waste is generated in large quantities. These
specific substances in some liquids and gases pose a serious environmental hazard. Thus, in order to
ensure environmental safety, it is necessary to constantly update international standards and
strengthen control over their implementation.
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Ha ocnosanuu npogedennvix ucciedoganuili 6viio bIA61€H0, YMo NAYMUHHBIN KlelW 6 HAYdale C80e20
NOsBNEHUSL HA PACEHUSIX 02YPYa U OAKAANCAHA NOCETAEeMC sl HA HUNCHUX aucmbax. Habnwoodenus nokasanu,
YMO  UMMEHCUBHOCMb NUMAHUS  Klewell npu cpasHumenvuo HusKkol memnepamype (nuxce 17-18°)
npomexaem o4eHb MeONeHHO U NOIMOMY OMHAMUE HeOOTbUUUMU NOPYUAMU COKA pACmenull 8 npoyecce
NUMAanUs Kiewel 8 3aMemHbIX NOBPENCOCHUSX NPOSIGIAEMCsL He cpa3zy. YeenuueHue YucieHHoCmu Kiewel u
nopajicenue pacmerull 60 8pemsi Ux Gecemayuu 6 NPUPOOHLIX YCaosusix Amwepona npomexaem 6onee
UHMEHCUBHO C UIOHS, KO20d CPeOHeCYmMoyHas memnepamypa cmabunsio cocmaensem 22-24°C. B ycnosusix
Anwepona, 2de eocnodcmeyem KIUMam CyXux cyOmMpONnuKos, 3a 6ecemayUoHHbI Ce30H VKA3AHHbIN GUO
knewa - T.turkestani pazeueaemcs 6 15-mu noxonenusx. Hucrennocms Kieweti u memn ux nOpajiceHus: 8
npoyecce gecemayuu pacmeHull 8 NPUPOOHbIX YCA08UAX Anuiepona npomexaem 60aee UHMEHCUBHO C UIOHS,
K020a cpednecymounan memnepamypa cmabuivho cocmasnsem 22-24°C.  Hsyuenue enonocuu passumus
KAewa npo8oOULOCh 8 YCII0GUSIX UHCEKMAPUSL.

[layTvHHBIE K€M — IIMPOKO PACIPOCTPAHEHHBIE BPEAUTENH, MAPA3UTUPYIOLIUME HAa BCEX
BUJAX pacTeHUH, KpOME€ TeX, KOTOpblE NPOM3pacTaloT B BOJHON cpene.[7] s udernoBeka oHU
Oe3omnacHbl. [IUTaOTCS pacTUTENBHBIM COKOM Ha MPOTSDKEHUU BCEW JKU3HU, TEM CaMbIM MPUHOCS
Bpe. He BBIHOCAT BBICOKOW BIIAXKHOCTH.

[TayrunHble Kkiemm cemeiictBa Tertanychidae mnpuHOCST cepbe3Hblil ymiepd MHOTUM
CEIILCKOXO03sMCTBEHHBIM KynbTypam.[1,2.4.5] D10 otHocuTcs u k T.turkestani, kKoTopsiii U3BeCTEH
KaK Cepbe3HbIi BpeIUTeIh, OCOOCHHO XJIOMYaTHUKA, KaK B A3epOajiikane, Tak U B CpenHeil A3um.
XapaKkTepHbIMU MPU3HAKAMU MOPAXKEHUS XJIOMYaTHUKA KIICIIAMHU SIBISIOTCS: OTCTaBaHUE B POCTE,
OTMHUpPAHHE U ONaJCHUE JUCThEB M OyTOHOB U np. [3,6]. YV pacTeHuid, MOpakeHHBIX KIICUAMU,
YMEHBINAETCSI KOJIMYECTBO BOJIbl, YTHETAETCSl (POTOCUHTE3, yMEHBIIAETCS KOJIMUECTBO YIIEBOJIOB U
a30THCTBIX BELIECTB, TOBBIILIAETCSI OCMOTHUYECKOE J1aBICHUE.

Martepunan u Meroauka wucciaenoBaHusi. ONBITHI A8 ONpeAENeHUS  pa3MeEpoB
BPEIOHOCHOCTH B ECTECTBEHHBIX YCIOBHUSX CEBEPO-BOCTOUHOrO AsepOailjkaHa Ha oOrypuax Hu
Oakya)kaHe TPOBOJWINCH B OBOIIEBOJUECKUX XO3AHCTBaxX ATIIIEpOHA, a TaKXKe B YCIOBHAX
HKCIEPUMEHTa B MHCEKTAapUU Ha pacTeHHsX acoid, ToMara u orypua.

B ecTecTBeHHBIX yCIOBUSX OBUIM TMOAOOpaHBI JBa TUIWYHBIX JUIS 30HBI y4acTKa,
HaXOJAIIUXCS, 110 BO3MOXHOCTH, B OJMHAKOBBIX MTOYBEHHO-KIMMAaTHUECKUX YCIIOBUAX. Pa3BuTHe
pacTeHMI Ha 00OMX ydacTKax MPOTEKAIO MPUOIU3UTENBHO OAMHAKOBO. Jlis oOciemoBaHMiA,
MIPOBOAMMBIX B MEPBOM JeKaze Mas, OblI0 M0J00paHO /IBa y4acTKa — OMBITHBIA M KOHTPOJBHBIN
pasmepom o 100 M. 31ech Ha pacTeHUsAX ObUIM OTMEUEHBI €IUHUYHBIC DK3EMIUISIPHI KIICIICH:
KOHTPOJIBHBIN K€ y49acTOK ObuT cBOOOAEH OT HuX. OpHAaKoO, s MCKIIOYEHUs CIIy4alHOCTEH, Ha
KOHTPOJIBHOM YYacTKe B TOT K€ JIEHb paCTeHMsI ObUIM ONpBICKaHbl aKapULMIHBIM Mpenaparom. Ha
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Ka)KJIOM y4acTKe OBbLIO BBIOpAHO W 3a3TUKETHpPOBaHO 1o 50 pacTeHuil orypra u Oaknaxana. OauH
pa3 B J€KaJy Ha ONBITHOM U KOHTPOJBHOM Y4YacCTKax y pacT€HUI PEruCTPUPOBAIIUCH: TEMII POCTA,
[[BETCHHUE, II0A000pa30BaHNe, CO3PEBaHNE, TUHAMUKA 3apPAKCHUS JINCTHEB, a TAKXKe OINpeeIeHUe
MAacchl yporKas.

Pe3ysbTaThl Hecae10BaHUA. AHAIN3 PE3yIbTATOB HAOIIOIEHUS MOKA3bIBAET, YTO KIICIIN B
Hayajie CBOETO IOSIBJIIEHUS Ha PACTEHMSIX Oryplia U OakiiaXkaHa IOCEJISIOTCS Ha HYDKHUX JIUCThAX. B
HepBBII/I nepuo 3apaxkeHusi pacreHus (B TeueHue 25-30 nHel mpu cpeAHECYTOYHOW TeMmeparype
17-18° C) Ha 3aceleHHBIX KJCIIAMH JIMCThSIX HE 3aMETHBI CJIEAbl TMOBPEKICHUM, XOTS MpHU
SKCIEPUMEHTAIBHOM 3apakeHHH pacTeHuii orypua JByMsl CaMKaMy KJellla NMPU CPeIHEeCYTOYHOU
temmeparype 27°C, MOBPEKICHHS HA IHCTHIX XOPOLIO 3aMETHBI JaXe HEBOOPYKCHHBIM TIIa30M
yxke yepe3 24 yaca. 910 yKasblBacT Ha TO, 4TO MHTCHCHBHOCTb HTaHNA KJIEIIEH MPH CPAaBHUTEIBHO
HU3KOM Temriepatype (Huxe 17- 18° ) IPOTEKAET OYCHb MEJJICHHO U MTO3TOMY OTHSTHE HEOOIBITUMU
MOPLHUSAMHU COKa PACTEHHUH B IPOLIECCE NMUTAHUS KJEIIEH B 3aMETHBIX IMOBPEXKICHUAX MPOSBIIAETCS
He cpa3y. Bo3pacTaHue 4MCIEHHOCTH KJELIEH Ha JINCThAX PACTEHUH NPUXOIUTCS Ha IMEPBYIO
JeKaay uioHs. B 3To Bpems y 3apakeHHBIX PACTEHUN MOSIBIISIFOTCS TOXKEITEBIINE JTUCTbS, JTUCThS CO
cienamu noBpexaeHui. [Ipu  cpaBHEHMM CTENEHU MOBPEXKICHUS THUMM KJEIlaMu JBYX BHJIOB
pacTeHuii — orypra M Oakja)kaHa MOXKHO TBEpIO yKa3aTh Ha TO, YTO pacTeHHE orypua Ooiee
MOJIBEPKEHO BIUSHUIO 3TUX KJIEIIel, yeM pacTeHus OakiaxkaHa. Eciii B X03SIICTBEHHBIX YCIOBUSAX
Ha OJTHOM JIMCTE OT'ypIla MPU CHIBHOM 3apakXeHUH uMenock B cpenHeM 30-40 B3pocCIbIX KIlelleH, To
Ha pacTeHHMH OakiakaHa STOT IMOKaszaTeidb HHUKOrAa He mpeBblman 15-20 sx3emmisipoB. B
COOTBETCTBUHM C 3THUM, MOPaXEHHBIE YYACTKHU Ha JHCThsIX orypua mnpessimanu 50,0% muctoBoit
IJTACTUHKH, TOT/Ia KaK Ha pacTeHusx Oakiaxkana — miib 10,0-20,0% ot obmiel miomaiu.

Pesynbrarel HaOMOAeHMII Ha MCCIEAYEMBIX Yy4YacTKax HaJ COCTOSIHHEM 3apa)KCHHBIX
KJICIIaMU U KOHTPOJIbHBIX PAaCTeHHI, CBOOOJHBIX OT HUX, NMpUBEIeHbI B Tabiumax 1 u 2. Kak BugHO
U3 3TUX MaTepHalioB, YUCIEHHOCTb KJELEH M TEMII UX MOpPaK€HUs B IPOLIECCE BEreTaluu
pacTeHuil B TNPUPOAHBIX YCIOBUSIX ATIIEpOHa MpoTexaeT Ooyiee MHTEHCUBHO C HIOHS, KOT/AA
CpeIHEeCyTOuUHasl TeMIepaTypa CTaOUILHO COCTaBIsIeT 22- 24°C. Tlpu 5TOM YHCICHHOCTD KiIeweii Ha
JUCTBSIX OTypIa B OTHAEIBHBIX CIy4asX AOCTUTaeT MaccoBoil uncineHHocTH (cBoime 100 ocobeii Ha
JIUCT), TOTJla KaK Ha JHMCThIX OakiiakaHa YMCIEHHOCTh Kielled He mpeBbimaeT 50 3K3. Ha JIHCT.
Benenctue 3TOro onajeHue JIMCTbEB Ha PACTEHUAX OTyplla HAUMHAETCS C CEpEAMHBI MIOHS, a Y
Oakja)kaHa — B KOHIIE MIOHs, W HaOJIOAAlIOCh 3TO IOCHE YBEIMUYEHHs] UYUCIEHHOCTH KIEHIEH.
VHTEeHCUBHOCTD OMaJIeHUs JINCTHEB y pacTeHUi orypua Obuia Bblme (Tadia. 1, 2), yem y pacTeHuit
OaknakaHa. B 1enoM KOJIMYECTBO OMNAaBIIMX JHMCTbEB Yy 3apaKCHHBIX KIEIIAMU PACTEHUN
HaunHaercs Ha 15-20 gHell paHblle, KOJIMYECTBO e OMABIINX JHCTHEB y 3apakKeHHBIX PACTEHUH B
8-10 pa3 Gosbie, 4eM y KOHTPOJIBHBIX. B TakoM ke mopsiike MPOUCXOAUT ONaieHIe II0A00PTaHOB
y 3apayK€HHBIX M 3JI0POBBIX PAaCTEHUM orypua 1 OakjaxkaHa.

B nepBblil mepros pa3BUTHS y 3apak€HHBIX M 3J10pPOBBIX PACTEHUH orypua u 6akiaxaHa pocT
U pa3BUTHE MPOTEKAIOT HOpMaibHO, OIHAKO MOCiIE Hayaja ONAJACHMS JIMCTbEB Yy 3apaKCHHBIX
pacTeHHI HAaUMHAETCsl OTCTABAHMUE B pocTe. B pe3ynpraTe 3apakeHHbIE PACTEHHs OTCTAIOT B POCTE
6onee uem Ha 12 cMm. (Tabmn.2). Ilpu 3ToM OBUIO BBISBICHO, YTO Y 3apaKCHHBIX PACTEHUH
Oakyia)kaHa M OTyplia COKpAIlaeTcs AJIMHA MEXI0Y3JIUi, CTBOJIBI CTAHOBSTCS TOHBINIE, @ K KOHILY
aBr'ycTa pOCT MX IOYTH OCTaHABIIMBAETCS, TOT/IA KaK Yy 3J0POBBIX PACTEHUH Oakia’kaHa B YCIOBUSAX
AmnepoHa, X0Ts ¥ MEIJIEHHO, HO IPOJOKAETCSL POCT 10 KOHIIA OKTAOPSL.

[Ipouiecc nuTaHus 3TUX KIELIEH Ha pacCTEeHMSIX Oryplia U OakyiakaHa OKa3bIBaeT BIUSHUE U HA
X ypoxkai. B ycnoBusax AmimiepoHa y 3apa)X€HHBIX KJICIAMU PACTEHUH IUIOABI IO pa3sMepaMm H
Macce OBUTHM MEHBIIE, YeM Y 3J0pOBBIX pacTeHuid. OJHAKO 3TO KacaeTcs JUIIb IUI0/0B,
MOSIBUBLIMXCS BO BTOPOU NEPHOJ IIIOOHOIIEHUS.

N3yuenune kiemeid B CEBEpO-BOCTOYHOM AsepOaiijkaHe, SBIAIONUXCS BpeIUTEIMU
OBOLIHBIX KYJbTYp, IOKA3aJl0, YTO B TOM PETHOHE IIHNPOKO U MOBCEMECTHO PACIPOCTPAHEH JIUIIb
T.turkestani. B stom pernone u3ydeHue (EHOJIOTHH Pa3BUTHUS KJEIa MPOBOJMIOCH B YCIOBHUSX
MHCEKTapHsl MPU €CTECTBEHHBIX KIMMATHUYECKUX YCIOBMsX. Kilemu BOCHUTBHIBAINCH HA JHUCTHIX

orypria.
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IInooosumocmo u gpenonocus pazeumus 1. Turkestani na oeownvix Kynemypax
U MPABAHUCTNBIX PACMEHUSIX 8 YCIL08UAX Ceaepo-60CmMOouUH020 Azepbaiiodicana

3uMyrOIIMe CaMKH KJella ObUTM B3AThl B MPUPOIE C JINCTHEB €XKEBHKH B KOHIE (eBpais,
KOTI'/Ia Ha JIMCThIX ObUIM OOHApY>KEHbI TOJBKO MaJIOAKTUBHBIE CaMKH Kiema. B Hadane mapta B 10
yamek [leTpu Ha 4YMCTBIE JHUCTHA OTYpLa, BHIpAIICHHBIE B JaOopaTopuu, OBLIM MOMEIICHBI IO
OJIHOM ocobu mepe3umMoBaBiieil camku. HabOmroneHue 3a pa3BUTHEM KIEla U CMEHA JIHCTHEB
IIPOBOAWINCE peryispHo. OTIOKEHHbIE SHIAa CUCTEMATUYECKU INPOCMATPUBAINUCH MOJ JIYNOW U
OTMEYAJIOCh BpEMsl MOSBICHHUS JIMYMHOK, HUM(} U uMmaro. M3 mosBUBHIMXCA HMMAaro, mocje Hx
KOIYJISIUM, CHOBAa OTCAaXXUBAJIOCh IO OJHOM CaMKe M BECh IPOLECC MOBTOPSJICS 3aHOBO. JTHU
OIIBITHI TIPOOJIKAINCH 10 HACTYIUICHHS MOHMKCHHS CPEIHECYTOYHON Temmeparypsl Hike 10°C,
KOTOpas B YCIOBHMAX ATIIEpOHAa NMPHUXOIUTCS Ha KOHEL HOsOps-Havano aekalOps. PesymbraTsi
HaOII0ICHUH TTPUBEACHBI B TAOIHIIE.

W3 npuBeaeHHBIX NaHHBIX BUHO, YTO B YCIOBUAX AIIIEpPOHA, I7I€ TOCIIOACTBYET KIMMAT CyXUX
CYOTpONMKOB, 32 BEreTAllMOHHBIA CE30H YKa3aHHBIM BUJ KJElla pa3BUBAETCS B 15-TH MOKOJICHMSX.
Becennee npoOy»xieHne MxX HauMHACTCS ¢ KOHIA (heBpasisi — MepBOW MOJIOBUHBI MapTa. B 310 Bpems
rojia Ha AMNIIEPOHCKOM MOJIYOCTPOBE B OTHENIbHBIC MEPUOJIBI JHEBHAs TeMIlepaTypa arMochepHOro
BO3yXa JOCTUTaeT 15-20° C. Bee a10 IIPUBOJUT K KPAaTKOBPEMEHHOM aKTMBU3ALMU KJIELIEH, a 3TO B
CBOIO OYepe/b IPUBOIUT K TOMY, UTO YK€ 22 MapTa ObUTH OTJIOXKEHBI IIEpBbIC siilla, IMOPUOHAIBEHOE
pasBHTHE KOTOPBIX TpH Temmeparype 13,6°C i OTHOCHTEIBHO BIaXKHOCTH BO3IyXa 69% IpoTeKano
MEIJIEHHO W 3aBepLIMWIOCh uepe3 28 nHel. Ilpu gaHHOM TeMiepaTypHOM pEKUME pa3BUTHE NEPBOTO
MIOKOJIEHUS KJIELEN 3aBepIlaeTcs b uepe3 44 qHsl.

B ycnoBusix ceBepo-BocTouHOro AsepOaiiykaHa ¢ Hayana CEHTSOps CHOBAa YBEIMYMBACTCS
KaK IPOAOJKUTENBHOCTh OTHENbHBIX CTAAUM pa3BUTHUs, Tak WU o0OLas MPOAOKUTEIbHOCTh
pa3BuTus Kiemed. B palioHe Halux McCaeA0BaHUN aKTUBHOCTbH 3THUX KIEIIEH MPOJOJIKAETCS 10
MocJeIHeH TATHAHEBKA HOsOps. B HoAOpe Ha nMCThAX OakiakaHa W TOAOPOKHUKA MOXKHO
BCTPETUTh CaMOK C 3MMHEW OKpPacKOM M MOJIOJBIX CAMOK CBETJIO-3€JIEHOro ILBeTa. B cepennne
OKTSOpS Ha OBOIIHBIX pacTeHHsIX (OakiakaH W TO3JHME TOCAJKU TOMaTa) M TPaBSIHUCTHIX
pacTEeHUsIX MOBCEMECTHO B 3HAYUTENbHBIX KOJIMYECTBAX OTMEUYEHBbI fila 3TUX Kiemel. Takum
00pa3omM, yCTaHOBIICHO, YTO Ha AMIIEPOHE TYPKECTAHCKUI KIIEII Pa3MHOXKAETCsI ¢ MapTa 1o HOsIOpb
Y 3a 3TO BpeMs UMeeT 15 mokoJieHui.

B Xynar-Xaumacckoli 30He, pacnojoKeHHOU B ceBepHOM A3zepOaiikaHe, aKTUBHOCTb 3THUX
KJIeIell B BECEHHUI CE30H HACTYMAaeT 3HAUUTENIbHO M03Ke, BCIEACTBHUE YEro SHIEKIa Ka ux Obuia
obHapyxena ymmb 9-10-ro ampens, To ecth, Ha 18-20 mHel mo3xke, yeM Ha AmmepoHe. B atom
peruoHe yxoja Ha 3MMOBKY HauumHaeTcs B mpenenax 18-20 okTsaOps, Korjga KIemM BHAJAloT B
3UMHIOK0 Jauanay3y. TypkecTaHCKMN NayTHHHBIM KJelll B 30HE HU3MEHHBIX JIYTOB MOXET
IIPaKTUYECKU pa3BuUBaThcsi B Il MOKOJEHMAX, @ B 30HE MNPEATOPHBIX U CPEAHETOPHBIX JIYTOB
Kyb6unckoro u Kycapckoro palloHOB NepuoJbl aKTUBHOCTH KJellla HAaYMHAIOTCS C MOCHeAHEH
JeKaspl amnpens U MPOJOJDKAIOTCS JIMIIL MO TMEpBYIO JAeKaay OKTAO0ps. B aToil yactu permona
MaKCHMaJbHasl YUCIEHHOCTh KJIEIIa MPUXOJUTCS Ha UI0Jb. B aBrycre Kienm MHOTOYHMCIEHHBI, HO
3/1€Ch CPEIU HUX JOMUHUPYIOT CAMKH C 3UMHEHN OKPacKOi U KJIEIIY MEHEE aKTHBHBI.

Ha paBHuHHBIX Jyrax B paiioHe XynaT-XauMacCKOW HU3MEHHOCTH MAaKCUMAJIbHBIM IHK
YHMCJIEHHOCTH MaJaeT Ha UIOJIb U aBI'YCT MECALBI U K ’TOMY BPEMEHHM 3/1€Ch 3aBEPIIAECTCS] Pa3BUTHE
TpeX MOKOJICHUH, TOr/1a KaK Ha Iore peruoHa AmnuiepoHa MUK YMCIEHHOCTHU KIIeed MPUXOAUTCS Ha
UIOHB, UIOJIb U aBI'yCT MECSILBL, a 10 3TOTO 3aBEPILAETCS Pa3BUTHE 4-X IeHEpaluil KJella.

Takum 00pa3om, perysasipHbIMH HCCIIEJOBAaHUSIMH YCTAaHOBJIEHO, YTO B Pa3HBIX MPHPOIHO-
KIMMaTHYEeCKUX 30HaX CEBEpPO-BOCTOUHOro AszepOaiijkaHa MEpUOJbl aKTUBHOCTH ITHX KIEHIeH
MIPOTEKAIOT B Pa3HbIE CPOKH U PETYIUPYIOTCS OHM KIMMATHUYECKUMHU YCIOBHUSIMH, BCIEJICTBUE YETO
B Pa3HbIX KJIMMAaTHYECKUX 30HAX KJEIIM Pa3BUBAIOTCS [0 PA3HOMY U JAIOT Pa3IMYHOE KOJIUYECTBO
nokosieHud. Tak, B 30HE MOJYNYCTHIHb C JKapKUM KIMMAaTOM CYXHUX CYOTPONHUKOB KJIell
pa3BuBaeTcs B 15-TH MMOKOJIEHUSX; B 30HE HU3MEHHBIX JIYTOB C YMEPEHHBIM TEILIBIM KIMMAaTOM — B
11-tu, a B 30HE NMPEATrOPHBIX U HU3MEHHBIX JYTOB C YMEPEHHBIM KIIMMAaTOM — B 9-TH MOKOJIEHUSIX.
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W3yuenmne (eHomoruu pa3BUTUS KICLIEH B YKa3aHHBIX MPUPOJHBIX 30HAX U OIpeIesiCHHE
IIEPUOJOB MX AKTUBHOCTH B KaXIOW M3 3THUX 30H JAJ0 BO3MOXKHOCTb OIPENEIUTh U IHK HX
YUCJICHHOCTH B KaXJ0OM U3 3TUX PETHOHOB.
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XULASO
AZORBAYCANIN SIMAL-SORQ BOLGOSINDO TOROVOZ BiTKILORINDO VO
OTLUQLARDA YAYILMIS T.TURKESTANI NOVUNUN NOSiL MOHSULDARLIGI
VO INKISAF FENOLOGIiYASI
Muradova E.9., Oliyeva M.Q., Qadirzads F.I.

Agar sozlar: Abseron, bitkilor, gona, zorarverici, fenologiya

Aparilmis tadqiqatlar asasinda miisyyon edilmisdir ki, horiim¢ak bdcayi amolo golmosinin avvalinds
xiyar vo badimcan bitkilorinde asagi yarpaqlarda maskunlasir. Miisahidslor gostorir ki, nisboton asagi
temperaturda gonalarin gidalanmasinin intensivliyi (17-180-don asag1) ¢ox yavag-yavas bas verir vo buna
goro do gonalorin qidalanmasi prosesinds bitkilorin siresinin kigik porsiyalarindan uzaqlagdirilmasi
gdzogarpan zodslordo dorhal goriinmiir. Gonolorin saymin artmasi vo bitkilorin vegetasiyast zamani
Abseronun tobii soraitinde moglubiyyati iyun ayindan etibaron daha intensiv sakilda bas verir, orta giindalik
temperatur sabit 22-240S togkil edir. quru subtropik iglimin hokm siirdiiyii Abseron soraitindo vegetasiya
movsiimiing gora gononin gostarilon névii - T. turkestani 15 nasilds inkisaf edir. Gonogargoklorin say1 vo
Bitkilorin tobii goraitindo vegetasiya prosesindo onlarin maglubiyyat tempi iyun ayindan etibaron daha
intensiv gokildo davam edir, sutkaliq orta temperatur sabit 22-240S toskil edir. Gononin inkigaf
fenologiyasinin dyranilmasi insektariya soraitindo aparilmisdir.

SUMMARY
FERTILITY AND DEVLOPMENT PHENOLOGY T.TURKESTANI ON VEGETABLE
PLANTS AND HERBACEOUS PLANTS IN NORTH-EASTERN CONDITIONS OF
AZERBAIJAN
Muradova E. A., Aliyeva M. G., Qadirzade F. I.

Key words: Absheron, plants, mite, pest, phenology

On the basis of the conducted research it was revealed that spider mite at the beginning of its
appearance on the plants of cucumber and eggplant settle on the lower leaves. Observations have shown that
the intensity of feeding ticks at a relatively low temperature (below 17-180) is very slow and therefore the
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removal of small portions of plant juice in the process of feeding ticks in noticeable damage is not
immediately apparent. The increase in the number of mites and plant damage during their vegetation in the
natural conditions of Absheron occurs more intensively since June, when the average daily temperature is
stable at 22-24° S. In the conditions of Absheron, where the climate of dry subtropics dominates, during the
growing season, the specified type of mite - T. turkestani develops in 15 generations. The quantity of claws
and rate of their defeat in the process of vegetation of plants in the environmental conditions of Absheron
flow more intensively from June, when an average daily temperature makes 22-24°C stably. The study of
phenology of development of tick was conducted in the conditions of insectarium at under artificial lighting.

Daxilolma tarixi: [lkin variant 22.10.2018
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TAENIA HYDATIGENA HELMINT NOVUNUN ABSERON BOLGOSi UZRO
YAYILMASININ OYRONILMOSI
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Agar sozlar: teniidoz, invaziya, hiindiirliik qursaqlar, kaproloji miiayina, tam helmintoloji yarma.

Azarbaycanda, xiisusila saxsi vo fermer tasorriifatlarimin genis inkigaf etdirildiyi Abseron-Xizi
iqtisadi rayonunda teniidozun 6yranilmasi iizro bazi malumatlarin olmasina baxmayaraq, son illara gadar
bu problem, demak olar ki, dyronilmomis qalmisdir. Bu magsadlo tadgiqatlara basladig, adi ¢okilon
arazilords teniidozun Oyranilmasini qarsimiza magsad qoyduq. Tadgiqatlar zamam ilk olaraq homin
arazilorada montaqgalor tizra yoluxmam Oyrondik. Taenia hydatigena névii invaziyanin yiiksak
ekstensivlikla Altiagac (16,3%), Quzildora (12,9%), Kiidar (12,5%), nisbaton asagi ekstensiviiklo isa
Hévsan (5,4%), Zira (8,8%) va digor kondlardo qeyds alinmisdir. Daha sonra T. hydatigena néviiniin
qoyunlar arasinda yayilmasi hiindiirliik qursaqlart iizra oyronilmisdir. T. hydatigena névii invaziyanin
hom ekstensivliyina (13,7%), hom da intensiviliyina (1-34 qovuq) gora alcaq daghq zonada diizanlik va
dagatayi zonalara nisbaton iistiinliik taskil etmisdir.

Giris. Azorbaycanda, xiisusilo soxsi fermer tosorriifatlarinin genis inkisaf etdirildiyi
Abseron-Xiz1 iqtisadi rayonunda teniidozun Oyronilmosi {izro bsazi molumatlarin olmasina
baxmayaraq, son illoro gador bu problem, demok olar ki, dyronilmomis qalmigdir. Aparilan
todqiqatlar iso 40-50 il bundan ovval aparildigindan tarixilik baximdan kéhnalmisdir vo hazirki
tosorriifat sisteminin monzorasini tam oks etdirmir [6]. Bu mogsadlo adi ¢okilon orazilords
teniidozun Oyronilmasini qarsimiza moagsad qoyduq, soxsi fermer qoyunguluq tosorriifatlarinda
kaproloji vo tam helmintoloji miiayinalor apardiq [2]. Umumiyyatlo, parazitin araliq sahibi ohli
va vohsi clitdirnaqglilar, insandir. Demoali qoyunlar da bura daxildir. Axirincr sahib iss ohli vo
vohsi yirticilardir. Lokalizasiyasi: axirinci sahiblorde nazik bagirsaq; araliq sahiblorads piylik,
misaqiro, plevra, tosadiifi hallarda basqa orqanlarda- agciyorlords, qida borusunun selikli
qisasinda, dalaqda, sidik kisosindo, diqfragmada, 6d kisasinds, 0d axarinda, balaliqda,
yumurtaliqda parazitlik edir. Yayildig: yerlor: har yerdo yayilmisdir [1].

Material vo metodlar. Homin orazilords teniidoz toradicisini dyronmok mogsadile elmi-
todqiqat islorine 2016-2017-ci illorado baglanmisdir. Yoluxmanin intensivliyi helmintoloji yarma
iisulu ilo miioyyon edilmisdir. Teniidozun diagnostikasinda tam helmintoloji yarma iisulundan
istifade etdik [3]. Yarma zamam ayri-ayr1 orqanlar ozilorok xirdalandi, yuyuldu, helmintlor
tapilaraq y181ld1 vo 70 faizli spirt mohlulunda konservlogdirilorok saxlanilmisdir [4]. Tadqiqat
islort homin orazilorin miixtalif montagolorindoki qoyunguluq tosorriifatlarinda vo Baytarliq
Elmi-Todqigat Institutunun Parazitologiya laboratoriyasinda aparilmigdir.

Alinan naticalor va onlarin miizakirasi. Taenia hydatigena novii Abseron yarimadasi va
Xi1z1 rayonun miixtalif kand va qasabaleri iizra tadqiq edilmisdir. Noticalar cadvalds verilmisdir.

Cadvaldon goriintir ki, T.hydatigena novii ilo yoluxmaya on yliksok Altiagac kondindo rast
golinir- 16,3%, an zoif yoluxma iso Hovsan kondindo askar edilmisdir- 5,4%. Todqiqat zamani T.
hydatigena noviiniin qoyunlar arasinda yayilmasi hiindiirliik qursaqlari {izrs do dyronilmisdir.
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Taenia hydatigena helmint néviiniin Abseron bolgasi tizra yayilmasinin dyronilmoasi

Cadval..
Taenia hydatigena noviiniin Abseron yarimadasi va ona bitisik Xizi rayonu arazilorinda
tadgiqat mantaqalari tizra yayilmasi

) . Yoluxub, Invaziyanin L.
Todgigat ) ngqlq. bas hesab1 ekstens}i]vliyi, LL,
mantogolori edilmisdir . adadls
ilo %-1o
Ziro 79 7 8,8 3-14
Hovsan 55 3 5,4 2-7
Mastaga 42 - - -
Miisvigabad 29 - - -
Fatmay1 48 - - -
Novxani 84 11 13,1 2-24
Mehdiabad 20 - - -
Xirdalan 17 - - -
Ceyranbatan 21 2 9,5 2-23
Z. Tagiyev 69 7 10,1 1-10
Yeni Yasma 29 - - -
Qobu 36 3 8,3 1-9
Sulutops 33 - - -
Glizdok 24 2 - 1-12
Surabad 12 - - -
Miisvigabad 20 - - -
Altiagac 43 7 16,3 1-34
Qizildara 62 8 12,9 1-15
Tudar 48 6 12,5 -
Comi: 771 56 7,3 1-34

Aparillan todqiqatlar noticosindos miioyyon olunmusdur ki, T. hydatigena ndovii
invaziyanin hom ekstensivliyina (13,7%), hom ds intensivliyina (1-34 qovuq) gore alcaqdagliq
zonada diizonlik vo dagotoyi zonlara nisboton istiinliik togkil edir. Bizim fikrimizo goéro, bu,
alcaq dagliq zonada qoyunguluqla moasgul olan tosarriifatlarin sayinin ¢ox olmasi vo bundan irali
golorok T. hydatigena ndviiniin axirinct sahiblorindon olan g¢oban itlorinin ¢ox olmasi ilo
olagadardir. Hom do al¢aq dagliq zonada vohsi itkimilorin (¢aqqal, canavar, tiilkii) do sayi
coxluq togkil edir [5].
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PE3IOME
MN3YUEHUE PACIIPOCTPAHEHUS T'EJIBMUHTA TAENIA HYDATIGENA
HA TEPPUTOPUSX ABHIEPOHA
Azaesa A.H., Hcaesa K.K., Axynoosa C.M.

Knwuesvie cnosa: menuooos, uHeasusi, GblCOMHble NOSCA, KANPOHOLO2UYecKoe obOciedosanue,
NOIHOE 2eTbMUHMONIOSUYECKOe GCKPbIMULE.

HecmoTpss Ha TO, 4TO €CcTh HEKOTOpHIE JaHHBIE MO HM3YYCHHIO TEHHOM03a B A3sepOaiipkaHe,
0COOCHHO B 3KOHOMHYECKOM pernoHe AOmepoH-XbI3bl, TJC IIUPOKO pa3BUBAIOTCS YACTHBIC |
(depmepckue X03sCTBa, 3Ta MpobiieMa 10 HeAaBHET0 BPEMEHHU MOYTH He M3ydanach. VcciaenoBanus xe,
npoBeneHHble 40-50 ner Hazan, ycTapeiad ¢ MCTOPUYECKOH TOYKH 3PEHHS M HE TOJHOCTBIO OTPaXKaroT
KapTHHY HBIHENIHEH XO34HCTBEHHOM cHUCTeMbl. B cTaThe MOCTaBi€HAa 3aJadya U3Y4YUTh TEHUOAO3 B
yKa3aHHbIX O00JAcTAX. ABTOpaMH IPOBEICHBI KalpOJOTHYECKUE U TOJNHBIC T'e€IbMHUHTOJIOTHYSCKHE
UCCJICJIOBAaHUS B YaCTHBIX M (PePMEPCKUX OBIIEBOJUECKHUX XO3SIMCTBAX, MO IyHKTAM M3YYCHBI 3apaKeHHs
Ha 3THUX Teppuropusx. T. hydatigena xapakTepusyercsi BBICOKOH SKCTEHCHBHOCTBIO MHBAa3WU B AJitarad
(16,3%), I'seuamepe (12,9%), Kiomap (12,5%), a OTHOCHTENBHO HM3KOH 3KCTEHCHBHOCTHIO B I'OBcaH
(5,4%), 3upa (8,8%) u apyrux aepeBHsx. I1o BBICOTHBIM MosicaM ObLJIO HM3Yy4YCHO PACIPOCTPAHCHHUE
pasnoBuaHocteir T. hydatigena cpemu osen. Kak BumHO, mo skctenctuBHoctu (13,7%), Tak u 1o
uHTeHcuBHOCTH (1-34 my3bIps) wHBa3uM pasHoBHAHOCTH T. hydatigena B miockoropbsix mpeodiagaror
Haa paBHUHHBIMU U NPCATOPHBIMUA 30HaAMU.

SUMMARY
STUDY OF THE SPREAD OF HELMINTH SPECIES TAENIiA HYDATIGENA
ON REGION ABSHERON
Agayeva A.N., Isaeva K.K., Ahundova S.M.

Key words: taeniasis, invasion, high-altitude zones, capronological examination, full
helminthological autopsy

Despite the fact that there are some data on studying of a taeniasis in Azerbaijan, especially in
Absheron-Khizi economic region where private and farmer farms are widely developed, this problem has
not almost been studied until recent years. Studies conducted 40-50 years ago are outdated from a
historical point of view and do not fully reflect the picture of the current economic system. With this
intention, we set out to study taeniasis in the indicated areas, carried out caprological and complete
helminthological studies in private and farmer sheep farms. Initially, we have studied the points of
infection in these areas. Type T. hydatigena is characterized by high extensiveness of invasion in
Altiaghach (16.3%), Gyzyldere (12.9%), Kudar (12.5%), and relatively low extensiveness in Hovsan
(5.4% ), Zira (8.8%) and other villages. Then, the distribution of T. hydatigena species among sheep was
studied in the high-altitude zones. Both in extensivity (13.7%) and in intensity (1-34 bladders) invasions
of T. Hydatigena species in plateaus prevail over lowland and foothill zones.
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Acar  sozlor:  patternlor — metodologiyasi,  magsingayirmanmin  miirokkab  momulatlarinin
layihalandirilmasi,  parametrlasdirilmis  model,  ALS,  avtomatlagdirilmis
layihalondirmo.

Patternlor vasitasilo masinqayirma momulatlarimin avtomatlasdirilmis layihalondirma
sistemi. Masingayirmanin miirokkob mamulatlarinda-parametrik asililigin yaradilmasi, izlonilmasi
vo modifikasiya edilmosi tolob olunan hissolor vo qurasdirmalarin sayr ¢oxdur, ALS torofindon
verilon vasitolor iso kifayat qodor isin rahathiini tomin etmoys imkan vermir. Masingayirma
momulatlar1 modellorinin tohlili géstormisdir ki, basa ¢atdirilmis layiho 6ziino miihondis torafindon
modelin doyisdirilmasi tiglin ilizlonmali vo redakto olunmali minlorlo parametrlori daxil edir.
Parametrik modelin somarasi vo doqiq planlasdirilmasi zamani rabitolorin sayini bir-ne¢a yiizliiklora
qodor azaltmagq olar [1]. Ancaq miitoxassislorin todqiqatlarina asason layihagi 9sas mosaloys ziyan
vurmadan fikrindo 50 parametrdon artiq tuta bilmoaz [ 2,3 ].

Aparilan todqiqatlar gostorir ki, tok pattern masingayirma momulatlarinin parametrlomo
prosesindo yaranan biitlin mosalalori tam holl etmoys gadirdir. Qeyd etmok lazimdir ki, pattern
dillorinin iyerarxik strukturu corgivesindo totbiq edilmosi alinan hollorin effektivliyini xeyli
yiiksoldir. Beloliklo, pattern dillori parametrlosdirmo mexanizmlorinin inkisafi yolunda ndvboti
addim olur. Patternlorin komokliyi ilo layiholondirme metodikalarinin totbiqi masinqayirmanin
mirokkob momulatlarinin layiholondirilmasinin avtomatlagdirilmasina yeni torofdon baxilmasina,
qovsaglar vo qrafik birlogdirilmalor soviyyesindo parametrlogmodon funksional bagliliq
soviyyasindo parametrlosmoyo ke¢moyo imkan yaradir. Patternlor iyerarxiyasi onlarin arasindaki
ifiiqi vo saquli rabito ilo saciyyalonir vo burada saquli rabitalor hallorin totbiqinin ardicilligini vo
daha asag1 soviyyoli patternlordon daha yiiksok patternlor soviyyasinin alqoritminin
formalagdirilmasim gostorir. Ufiigi rabitolor birsoviyyali patternlorin qarsiligh baglhiligini tomin edir
va elaca do hoallin modifikasiyasi tiglin bir patternin digori ilo ovoz edilmasinag imkan yaradir.

Magsingayirma sahosindo avtomatlagdirilmis layiholondirma sistemine qoyulan toloblorin
Oyronilmasinin noticalorino vo patternlorin  vasitosilo islonmis metodlarin tohlilino asason
ixtisaslasdirilmis avtomatlagdirilmis layihalondirmo sistemi “Pattern System” yaradilmisdir.
Sistemin timumilosdirilmis struktur sxemi sok.1-do togdim olunmusdur.

Sistemin qurulusu masingayirma patternlori bazasini, patternlorin ayrilmasi altsistemini,
patternlorin inteqrasiyasi altsistemini vo patternlorin sistemlosdirilmasi vo kataloglasdiriimasi
altsistemini 6ziindo comloyir.

Sistemin arxitekturast kimi klassik arxitektura olan “Kliyent - Server” sec¢ilmisdir. O,
toplanmis informasiyanin morkozlosdirilmis formada saxlanilmasi, son istifadogilorin is¢i
stansiyalarina diison hesablanma yliikiiniin azaldilmasi1 vo ¢oxistifadogilik rejimindo sistemin is
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soraitindo verilonlor bazasi biitovliylinliin tomin edilmosino sorf olunan xorclorin azaldilmasi
haqqinda analiz aparmaga asas Verir.

Kataloglasdirma ve
sistemlogdirma
altsistemi

Patternlerin idars Patternlorin ALS-a
| ‘ edilma altsistemi —® integrasiya altsistemi —l

Muessisanin ALS-i

Masingayirmanin

p Pattern ayrimalasi

pattern bazalar altsistemi l
Istifado olunmus patternlor Layiha Uzrs texniki
iizro sanadlor komplekti sanadlarin komplekti ALS vasitelerinde modeller

Sak. 1. Patternlorin tatbiqi ilo layihalandirma sisteminin
qurulus sxemi

Sistemin layihoalondirilmasi morhslesinde ona islonilon layiho vo orada istifade olunan
patternlor iizro sanadlor komplektinin yaradilmasi imkani daxil edilmisdir. Eloco do masinqayirma
sahasindo istifado olunan bir ¢cox ALS-lorin oksariyyati ilo onun sonraki inteqrasiyasi imkani daxil
edilmisgdir. Bu, pattern proqramlasdirilmasinin totbiqi vo ALS-in xarici qosulma vasitolori olan
universal interfeys hesabina olds olunur.

Belo sistemin totbiqi ilo masingayirmanin miirokkob momulatlarinin layihslondirmo
metodikasini bir ne¢a marholoys ayirmagq olar:

1. Layiholondirmo sisteminin baslangic i3 morholosini pattern kitabxanasinin konkret
layihalondirma sahasi ii¢lin lazim olan standart hallorlo doldurulmasi hesab etmok olar. Patternlori
isloyib hazirlayan altsistemin xiisusi aydinlasdirma vo katologlasdirma alstlori ilo layihodon on
ugurlu holli se¢ib pattern bazasina toplamalidir.

2. Layiholondirma islori yerina yetirilororkon bazada toplanmis hollor layihoys daxil edilir vo
patternlori idars edon altsistemin vasitalari ilo konkret masolonin ehtiyaclarina uygunlasdirilir. Bu
altsistemin alotlori hoalli formalasdiran parametrlorin pozisiyalagdirilmasi, hesablanmas1 vo
diizeldilmasi masalalorinin halline yonaldilmisdir.

3. Miiossisado istifado edilon ALS-in patternlorin inteqrasiyasi altsistemi layihoyo totbiq
etmok {i¢iin uygunlagdirilmig pattern alir, onu daha yiiksok soviyyali yigma hissosine gevirir vo
verilmis parametrloras uygun sazlayir;

4. Layihos tizorinds isin gedisinds bilavasito layihag¢inin tizorino ugurlu hoallorin geyd edilmasi
vo onlarin pattern bazasinda saxlanmasi vozifasi diisiir. Beloliklo, “Pattern System” sistemi ilo is
prosesi 2-ci marhaloys qayidir.

“Pattern System”-in tatbiqi ilo patternlorin ayrilmasi alqoritmi. Toklif edilon alqoritma
osason totbiq sahosindon patternlorin ayrilmasi prosesini asagidaki addimlar goklndo taqdim etmok
olar:

1. Layiholondirma prosesinds tokrar olunan ardicilliglarin tapilmast;

2. Hollin tokrar totbiq olunmasi ehtimalinin prognozlagdirilmasi;

3. Verilmis konkret mosalonin halli iiclin patternlorin totbiqinin effektivliyinin tohlili
(analizi).

Patterno uygun sonoadin formalasdirilmasi {i¢iin lazim olan informasiyalarin toplanmasi,
. Pattern haqqinda informasiyanin saxlanmasi {igiin xiisusi vasitalarin totbiq edilmasi.

ok
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Miirakkab masingayirma elementlarinin avtomatlasdiriimis
layihalondirma prosesina pattern sistemin totbiqi

Layihonin pattern formatina salinmasi alave vaxtin sorf olunmasi tolab edir vo miivafiq
olaraq, bu sorflor hamiso 6ziinii dogrultmur. Patternin yaradilmasinin magsadouygunlugu haqqinda
gorar gobul edilorkon hallin sonraki layihalors totbiq edilmasi imkaninin toyini olduqgca vacibdir.

Patternin yaradilmasinin moqsadouygunlugunu toyin etmok iiciin onun islonmosina sorf
olunan vaxtin vo onun golocokdos totbiq olunmasindan alinan gqazancin qiymotlondirilmosi zoruridir.
Bunun {i¢iin patternin totbiqinin effektivlik omsali asagidaki kimi verilo bilor:

Tpx(N+1)
Kie. ==
Tp n+Tn nXN
burada N — hallin tokrar tatbig edilmasinin ehtimal edilon sayidir;
Tp.n — patternin va layihanin islonmasine sarf olunan zaman;
Th. n — patternin komokliyi ilo layiholondirmo zamani; T, — layihonin islonmosine sorf
olunan zamandir.

Patternlorin saxlanmasi vo Kkataloqlasdirilmas1 qaydasi. Masingayirmanin miirakkob
momulatlarinin patternlorinin sistemlosdirilmasi vo kataloglasdirilmasi altsisteminin iglonmasi
zamani onlarin saxlanmasi1 metodikasinin iglonmasi zorurati meydana ¢ixir [3,4].

Sistemlosdirmo vo kataloglasdirma altsistemi hollorin verilonlor bazasinda saxlanmasini
nazords tutduguna gors patternlorin verilonlor bazasinda saxlanmasi {i¢iin iki yanasma islonmisdir:

e Parametrlosdirilmos - deklarativ yanagsma. Bu zaman verilonlor bazasinda patternlorlo
tosvir edilon hazir qovsaqglar (diiyiinlor) vo onun sazlanmasina imkan veron funksional asililiglar
saxlanilacaqdir;

e Parametrlosdirilmo - prosedur yanasma. Bu zaman verilonlor bazasina qovsagin
formalagdirilmasi alqoritmlori daxil edilocokdir.

Bu yanagmalarin tohlili gostorir ki, parametrlogdirilmo - deklarativ yanasma daha iistiindiir,
clinki patternlorin layihoys totbiq edilmesinin tezliyinin, etibarliliginin vo siirotinin daha yaxsi
xarakteristikalarint tomin edir. Secilmis saxlanma metodu {iglin patternlorin  saxlanmasi
yanasmasina daha ¢ox uygun olan verilonlor bazasi strukturu islonmisdir [4,5].

Masingayirma tigiin pattern strukturunun vo onlarin asas layiholondirmoa alqoritmlorinin
islonmasindon sonra [6], pattern dillorindo pattern yerinin toyin edilmasi, patternin yeri haqqinda
informasiyanin saxlanmasi vo onun istifadaci tigiin necs ¢ixarilmasi haqqinda suallar yaranmigdir.

Digor saholorin analizinin naticolorine goro, masingayirma tigiin patternlor asagidaki
kateqoriyalar tizro tosnif edilmalidir:

e ohato saholorino goéro (tam layiho, ayri-ayr1 funksional qovsaqlar, qovsaqlarin
komponentlori);

e totbiq obyektina goro;

o reallagdirilan funksiyalara goro;

Ayri-ayr1 patternlorin vizuallagdirilmasinin miimkiin variantlarinin vo pattern dillorinin
imumi strukturunun todqiqi noticosindo iki kateqoriyada informasiyanin ayrilmasina osaslanan
yanagma yaxs1 hesab edilir.

Sistemdo saxlanan obyektlordon formalasdirilmis patternlorin tam siyahisini iyerarxik agac
saklinda tosvir etmak ¢ox rahatdir. Bu vizual komponentin iyerarxik strukturu istifadaciys qarsiligh
olaqo yaratdigi patternin iimumi pattern dili strukturunda yerini daha tez askar etmoyo komaoklik
gostoracok.

Movcud olan patternlorin tosviri iiglin agacsokilli strukturun totbiq edilmesi pattern dili
cor¢ivasinda onlarin bir-biri arasinda inteqrasiyasini toqdim etmaya, bir patterni digori ilo avozetmo
metodikasinin islonmosino miivafiq daha yiliksok soviyyoali patternlorin daxili strukturunun
formalagdirilmasini aparmaga imkan verir. Ancaq bu, o sortls ola bilar ki, ovazlonan vo ovoz edon
pattern bir iyerarxik saviyyaye malik olsun.

Patternlorin effektiv kataloglagdirilmasi {igiin soraitin formalasdirilmasi zamani patternlorin
saxlanmas1 liglin artiq islonmis baza verilonlorino bir sira xiisusiyyatlor olavo olunmusdur. Bu, o
mogsadlo edilir ki, yeni verilon bazasi patternlor osasinda yigimin formalasdirilmasinin rahathigini
tomin etsin, direktoriyanin fiziki invanini patternin fayl komponentlori ilo birmanali toyin etsin.

1)

70



Hiiseynov A.H., Talibov N.H., Eyyubov K K.

Noatica. Aparilan todqiqatlar gostorir ki, patternlor vasitasils layihalondirma metodologiyasinin
totbiqi parametrlogdirilmonin aparilmasi zamani funksional rabits soviyyoasino kegmoyo imkan verir
vo beloliklo masingayirmanin miirokkob momulatlarinin layihslondirma zamanini vo eloco do
onlarin ilkin layiholondirme zamanmi ohomiyystli dorocods azaldir. Baxilan sistem
masingayirmanin miirokkob momulatlarina aid texniki sonadlorin diizgiin komplektini almaga, yeni
daha rahat vo oyani sokildo layiholorin parametrik modellosdirilmosini hoyata kegirmoys vo
biitovliikde layihonin yerina yetirilmasi zamanini azaltmaga imkan verir.
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PE3IOME
CUCTEMA ABTOMATU3UPOBAHHOI'O IIPOEKTUPOBAHUS CJIOKHBIX
MAHNIMHOCTPOUTEJIBHBIX DJIEMEHTOB HA BA3E IATTEPHOB IPOEKTUPOBAHUS
TI'yceiinos A.I., Tanviooe H.I'., o606 K. K.

Knrouegvle cnosa: memooonozuss nammepHos, NpOeKMupoOSanUe CLONCHbIX MAUUHOCPOUMETbHBIX
usdenuti, napamempuzogannas  mooenvb, CAIIP, asmomamu3zuposanuoe
npoexmuposanue.

B  cratee paccMoTpeHa ~ CHUCTeMa  aBTOMATH3MPOBAHHOI'O  NPOCKTHUPOBAHHS  CJIOMKHBIX
MAIIMHOCTPOUTENLHBIX ~ M3JICNIMA, OCHOBaHHAS HA  WMHHOBAI[AOHHONW  METOMOJIOTMHM  TMATTEPHOB
MPOCKTUPOBAHUSI JIJIsl 00JIACTH MAIIMHOCTPOCHUS. PacCMOTPEHBI OCHOBHBIE MPUHIIUIBI TPOSKTHPOBAHUS C
HCTIOJIb30BaHUEM MATTEPHOB, MPEUMYIIECTBA TAKOTO MOAX0/a, & TAKIKE CTPYKTYpa, PYHKIIUU U Pean3aIiusl
CHCTEMbI aBTOMATU3UPOBAHHOTO IPOCKTUPOBAHHUS C MTOMOIILIO MTATTEPHOB.

SUMMARY
APPLICATION OF PATTERN SYSTEM ON AUTOMATED DESIGN PROCESS OF COMPLEX
MACHINE-BUILDING PRODUCTS
Huseynov A.H., Talibov N.H., Eyyubov K.K.

Key words: pattern methodology, design of complex machine-building products, parameterized model,
CAD -systems, computer-aided design.

The article considers the computer-aided design system for complex engineering products based on
the innovative methodology of design patterns for the field of engineering. The basic principles of designing
using patterns, the advantages of this approach, as well as the structure, functions and implementation of
computer-aided design using patterns are considered.
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Mbaqalads diskret xarakterli dinamiki miirakkob sistemlor kateqoriyasina aid edilon miiasir ¢evik
istehsal sistemlarinin yaradilmasi va tatbiginds ¢oxsayli mexatron qurgulardan tagkil edilmis cevik istehsal
modullart “kollektiv ”larinin layihalondirma marhalalorinds modellagdirilmasi, kompiiter eksperimentlari ilo
tadqiq olunmasi va real obyektds faaliyyatinda paralellik va asinxronluq prinsiplori gozlonilmakla qarsiliqli
alagads idaraetma alqoritmlorinin islanmasinin halli masalalorina baxilmigdir. Robototexniki komplekslari
layihalandiran miitaxassislorin faaliyyatlarinin prioritet istigamoatlori tadqiq edilmis, proseslorin dinamiki
imitasiya modellasdirilmasi vo 3D modellori iigiin xiisusilogdirilmis program tominatlarvun isi analiz
edilmisdir. Imitasiya modellasdirilmasi program komplekslarinin islonmasinin méveud vaziyyatinin analizi
yerina yetirilmis va imitasiyanin naticalaorinin animasiya tisullarindan istifads etmoklo kompiiter
eksperimentlori ilo tadqiqi masalalorina baximuigdir.

Diskret xarakterli dinamiki miirokkab sistemlorin layiholondirilmasi marhalslari ¢oxiterasiyali
proses olmagla, ixtisasli, miixtalif toyinatli miitoxassislorin kollektiv foaliyyati ilo yerino yetirilon
bir prosesdir. Layiholondirmo tocriibosi gostorir ki, oksor hallarda layihslondirmonin ilkin
morhololorindo  (sistemotexniki layiholondirmo — yoni texniki tapsiriq, eskiz vo texniki
layiholondirmo maorhalalori) nozords tutulan nozori vo tocriibi ideyalar son naticods, xiisuson do
sinaq va totbiq morhalslorinds 6zlorini dogrultmur ki, bu da 6z ndvbasindo nozords tutulmamis
catismazliglar1 aradan qaldirmagq ticiin alavo vasaitlor tolob edir vo layihalondirmo miiddastinin siini
sokilds uzadilmasi ilo miisayiot olunur.

Problemin asasli holli iiglin genis yayilmis tsullardan - miiasir modellogsdirmo aparatlari
bazasinda kompiiter —modellosdirilmosindon, informasiya-kommunikasiya texnologiyalarina
osaslanan avtomatlagdirilmis layiholondirmo alotlorindon, layiholondirmonin biitiin morhalolorinds
genis istifado edilmosi miihiim istigamat hesab edilir.

Diskret xarakterli dinamiki mirokkab sistemlor (DDMS) kateqoriyasina aid edilon yeni
avtomatlasdirma vasitolori — sonaye robotu (SR), avtomatik idars olunan noqgliyyat sistemlori (NS),
programla idars olunan dozgahlar, anbar sistemlori vo s. bazasinada yaradilan, iki vo li¢olgiili
fazada qarsiliglt olagodo foaliyyot gdstoron gevik istehsal sistemlorinin (CIS) layiholondirilmasindo,
modellogdirilmasindo vo idaro edilmosinds do miiasir informasiya texnologiyalarinin istifadosi
aktualliq kosb edir. Miiasir CIS-lorin yaradilmasi vo totbigindo goxsayli mexatron qurgulardan
(MQ) toskil edilmis cevik istehsal modullar1 (CIM) “kollektiv’lorinin layiholondirmo
morhololorindo modellosdirilmoasi, kompiiter eksperimentlori ilo todqiq olunmasi vo real obyektdo
foaliyyotindo paralellik vo asinxronluq prinsiplori gozlonilmokls qarsiliqli slageds idarsetmo
alqoritmlorinin  iglonmosi masololorinin  hoalli, robototexniki komplekslori layiholondiron
miitoxassislar kollektivlarinin prioritet istiqgamatlorindon biridir.

Qeyd edok ki, CIS-in asas komponentlori olan CIM-lor 6z daxillarinds bir-biri ilo ortaq isci
zonalarda garsilighh olagodo foaliyyot gostoron MQ-lar toplusundan toskil olunur vo asinxron
avtomatlar kimi digor CIM-larlo sinxronlasdirma sartlori gozlonilmoklo CiS-in idarsetmo sistemi
(IS) ilo koordinasiyali idara olunur. CIM-larin MQ-lar1 oksor hallarda qeyri-miioyyyonlik soraitindo
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geyri-salistlik sortlori gorgivasindo foaliyyat gostorir. GoOstorilon hala situasiyalardan asili olaraq
CIM-lorin bir-biri ilo son magsada nail olmagq iiciin qarsiligl olaqoeds foaliyyetlorinda da rast galinir.
Odur ki, onlarin koordinasiyali idare olunmasi {iglin anenovi iisullar 6ziinii dogrultmadigindan,
biliklors va siini intellekt elementlorine asaslanan yanasmalarin, model vo alqoritmlorin iglonmosi
talob olunur.

CIM-lorin ayri-ayriliqgda vo CiS-in fiziki modellorinin smaq va totbiq marholalerinda todqiqi
¢otin vo bazi hallarda miimkiinsiiz oldugu ii¢lin onlarin layihalondirilmasinin biitiin morhslslorinda
kompiiter modellosdirilmosi metodlarinin totbiqi miithiim shomiyyat kasb edir.

Icmalda, DDMS-in, o ciimlodon homin kateqoriyaya aid edilon CiS-in layiholondirma
morhoalolorindo kompiiter modellogdirilmasi iisullar1 ilo todqiqinin miiasir voziyyastinin tohlili vo
movcud tsullarin, islonmis model va alqoritmlorin miiqayisali analizi masalslorine baxilir.

Moalum oldugu kimi kompiiter modellosdirilmosi fordi kompiiterlorin yaranmasi ilo genis
istifado sahosi tapdi. Bu onunla olagodardir ki, fordi kompiiterlor qrafiki displey ve proqram
tominat1 osasinda miiasir vizual modellosdirmo alotinin meydana ¢ixmasini tomin etdi. Kifayot
qodor tam analitik vo alqoritmik modellorin ciddi riyazi yazilisi ovozine, vizual modellosdirmo
modelin yazilisinda qrafiki formadan istifads edir vo todqiqatin naticosini goriiniislo tosvir etmoys
imkan yaradir.

Modellosdirilon sistemin qrafiki tosvirinin osas elementi bir-biri ilo funksional olago ilo
birlosdirilon vo ayri-ayri komponentlorin obrazlarindan qurulmus struktur sxemdir. Naticolorin
tosviri liglin riyazi qrafika, eyni zamanda iki vo ligdl¢iilii animasiyadan istifads olunur.

Istonilon obyektin sistemli analiz {isullari ilo todgiginde obyektin modelini qurmaq lazimdir.
Modellasdirms yaradici proses olmaqla, onu yerina yetirondon riyazi biliklors, praktiki vordislors vo
ovvalcadan tadqiqatlarin naticolorini gérmak bacarigina malik olmagi tolob edir.

[1]-do miirokkob dinamiki sistemlorin vizual modellosdirilmosindo miiasir kompiiter
texnologiyalarindan istifado edilmosi masaloalorine baxilir. Bu mogsadlo hibrid sistemlor anlayisi
mizakiro edilmoklo, miixtolif fiziki xassoloro malik olan c¢oxkomponentli sistemlorin
layihalondirilmesinde miixtalif yanagmalara baxilir. Miasir modellogdirmo dillori vo vizual
modellogdirms {igiin yaradilmis qrafiki proqram vasitalorinin xiisusiyyatlori gostorilmisdir. UML
universal modellosdirmo dilinin osas anlayislart 6z sorhini tapmisdir. UML, Simulink, Model
Vision Studium vo Anylogic dillarinden istifade etmokls, masalalorin holli metodikas1 verilmigdir.

[2]-do kompiiter modellogdirilmasino daha genis monada baxilir. Gostorilir ki kompiiter
modellogdirilmosi (KM) miixtolif név modellorin vo uygun modellosdirma iisularinin proqram
realizasiyasi osasinda yaradilmisdir: riyazi anlayislarla qurulmus vo todqiq edilon riyazi modellar;
fiziki modellogdirma — eksperimental todgiqat iisullari; imitasiya modellosdirilmosi (IM). Bu halda
modelin davranist vaxt intervalinda todqiq edilir, yoni obyektin fiziki vo riyazi modellori asasinda:
hondasi modellogdirmo — kompiiterdo hondasi obyektin todqiqi vo noticelorin monitorda tosviri
(vizualizasiya modellori). Gostorilir ki, KM-in istifadosinin osas {istlinliiyli ondadir ki, onunla
aparilan eksperimentlor real obyektlordo ¢ox baha basa golir vo oldugqca miirokkobdir. Kompiiter
eksperimentlorinin hondasi modellorlo vizualizasiyasi naticalorin daha oyani olmasini vo realliga
yaxinligini tomin edir.

Robototexniki komplekslorin islonmasinds proseslorin dinamiki imitasiya modellogdirilmasi
va 3D modellori {iciin xiisusilosdirilmis proqram tominatlar tolob olunur [3]. Gostarilir ki, robotun
harakat trayektoriyasini “offline” proqramlasdirma (OLP) {isulu ilo yaradilmas1 bir ne¢co marhaloda
yerina yetirilir: birinci marhalods robotlagdirilmig sahonin biitiin qovsaqlarinin — detallar, texnoloji
miihit, robot, alot vo s.-nin doqiq CAD modeli (Computer Aided Designed — avtomatlagdirilmig
layihalondirma sistemi) yaradilir; ikinci morholods vizual 3D miihitindo texnoloji saho
modellosdirilir; ndvboti morhalodo robot-manipulyatorun detala torof horokotinin vo texnoloji
omoliyyatin yerino yetirilmasi {i¢iin horokat trayektoriyasinin dayaq noqtolori hesablanir. Horokot
trayektoriyast miioyyon toloblori 6domolidir: togqusmalarin  olmamasi; movgelogsdirmonin
keyfiyyatinin tomin edilmasi; robotun harokast siirotinin tomin edilmasi vo s. Horokot
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trayektoriyasinin hesablanmasi vo yoxlanisindan sonra istehsalat soraitindo robotun totbiginin
realizasiyasini tomin etmok {i¢iin idaraedici kontrollerin alqoritmi islonilmalidir.

Miiasir kompiiter texnikasini sonaye vo texnikada layihoslondirmo, imitasiya vo sinaq vasitosi
kimi istifado etmok olar [4]. Bu yanasma kompiiter sistemlorinin, o climlodon stoliistii fordi
kompiiterlorin mohsuldarliglarinin yiiksalon siirotlo artmasi noticosindo aktuallagmis vo miimkiin
olmugdur. Eyni zamanda yeni bir istiqgamotin — kompiiter simulyasiyasinin yaranmasi
stimullasdirilmisdir. Umumiyyatlo, simulyator dedikdo hor hansi bir prosesin, apparat vo texniki
vasitonin mexaniki vo ya kompiiter imitatoru (imitasiyali idara edilmosi), daha doqiq desok realliga
uygun situasiyalarin imitasiyasinda kompiiterin istifado edilmosi nozordo tutulur. Gostorilon {isul
diskret xarakterli dinamik sistemlorin, o ciimlodon robototexniki sistemlorin todqiqindo genis
istifado edilir. Robototexniki simulyatorun osas obyekti virtual robotdur, yoni virtual mihitds
yaradilan real robotun imitatorudur.

3D modellogdirma layiholondirilon obyektin hoyat dovriiniin biitiin layiholondirme
morhoalolorinds istifado edilmoalidir. Bu istiqgamoatds ¢oxlu kompaniyalarin 3D modellosdirmo paket
komplekslori movcuddur. Masolon, metalkoson dozgahlarin layiholondirilmosindo {i¢olgiilii
modellorin qurulma problemlori vo todqiqi masalalorino KOMITAC-3D ALS miihitinds baxilmigdir.
Autodesk kompaniyasinin toklif etdiyi vo genis yayilmig 3D Max  paketi miihitindo 3D
modellosdirma masalalorine baxilir vo s. [5].

3D modellasdirmos vo animasiya iisullarinin sonraki inkisafi 1955-ci ildon baslayaraq dinamiki
sistemlorin todqiqi metodologiyas1 kimi IM-in yaranmast ilo six olagadardir. Malum oldugu kimi
IM-in osas catismayan cohotlorindon biri eksperimentin gedisi miiddatindo prosesin izlona
bilinmamasidir, yani natico ancaq proses qurtarandan sonra molum olur. Odur ki, prosesin gedisini
dinamikada izlomok ii¢clin 3D modellogsdirmo osasinda yaradilan animasiya modellosdirilmosi
tisullar1 IM ilo paralel inkisaf etmoys baslad: [6].

Gostorilir ki, ilk IM baza kimi FORTRAN va ALQOL universal programlasdirma dillori vo
onlarin miixtalif versiyalar1 osasinda yaradilmis xiisusilosdirilmis IM dillori istifade edilmisdir.
Sonraki morholoda prosesydniimlii IM dillori vo imitasiya eksperimentlorinin naticalorinin vizual
tosviri liglin animasiya proqram komplekslori (Proof Animation) yaradildi. Kegon osrin 90-c1
illorindon baslayaraq qeyri-proqramg istifadogilor iigiin interfeysli, IM-in animasiyas1 imkanl IM
miihitli program komplekslori yaradildi.

Umumiyyatlo, IM-in inkisaf tarixi 1960-c1 ildon baslayaraq onlarm proqram vasitolorinin
evolyusiyasi asasinda bir-birini ovozloyon alti nasl kimi tosnflondirilir vo gdstorilir ki, hor on ildon
bir IM-in yeni, daha genis imkanlara malik olan versiyalar1 yaradilmigdir. Qeyd etmok kifayotdir ki,
XXI osrin ovvollorine kimi xiisusilosdirilmis IM dili olan GPSS-in 20-yo qgodor versiyasi
yaradilmigdir [7,8,9].

Miiasir IM program vasitolori siini intellekt elementlorindon, yeni informasiya
texnologiyalarindan genis istifado etmoklo yaradilir. Belo ki, modelin quruldugu miixtalif
komponentlordon, eyni zamanda qrafiki interfeysdon istifado etmoklo modelin yaradilmas: prosesi
avtomatlagdirilir vo modelds eksperimentlor togkil edilir. Bu halda xiisusilosdirilmis kompiiter
miihiti (mos. Arena, Anylogic, GPSS World vo s.) yaradilir ki, o da proqramlagdirmant
komandalarin ardicilligi soklinda yerino yetirilmasini tolob etmir vo istifadagilor grafiki model
kitabxanasindan istifado etmoklo, standart formalar1 doldurmaqla modeli tortib edirlor [10].

Gostorilir ki, genis yayillmis GPSS versiyalar1 ilo borabor Rusiyada XJ Texnologies
kompaniyas1 torafindon eyni bir modelds diskret hadisa, sistem dinamikasi vo agenti 6ziindo oks
etdiron Anylogic modellosdirmo sistemi islonmisdir. Bu név ¢oxsaxoli yanasma mdvcud IM-lori
ticiin xarakterik deyildir vo agent modellari hatta genis istifads olunan GPSS World versiyasinda da
yaradilmamigdir. Xiisusilogdirilmis kompiiter miihiti imitasiya prosesinin vizualizasiyasini, optimal
hollinin axtarisini tomin etmoklo, IM vasitolorini standart riyazi kompiiter sistemlorina - Simulink
paketino, Matlab, Mathematika sistemlorino vo s. daxil etmok imkanina da malikdir. Bu iso 6z
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novbosindo homin sistemlorin imkanlarindan istifado etmoklo IM-in funksional imkanlarmi
genislondirir.

Robototexniki komplekslorin modellosdirilmasi vo todqigi iigiin miiasir IM program
komplekslorinin yaradilmasinda osas tendensiyalardan biri onlarin genis toyinath kitabxanalarinin
yaradilmas1 vo IM program komplekslorinda layihalondirilmis komponentlorden 6z moqsadlorina
catmaq {i¢iin istifado etmok imkanlarma malik olmasidir. ABB RobotStudio modellogdirmo
programinda bu problemin halli 6z oksini tapmisdir. Bels ki, bu program kompleksi 6zlinomoxsus
genis toyinath kitabxanaya malik olmaqgla borabor, homin kitabxananm1 yeni CAD modellor ilo
zoanginlogdirs bilir [11, 12, 13].

CIS-in IM-do mosalenin halline yéniimlii universal proqramlasdirma dillerindon vo proseslarin
programlasdirilmasina  yoniimlii xiisusilosdirilmis IM dillorindon istifade etmoklo kompiiter
eksperimentlori miirkkoblogdiyindon, somorali hesab edilmadiyindon bu mogsadlo siini intellekt
iisullarina osaslanan problemy®dniimlii IM sistemlorinin islonmosi aktualdir. Ancaq oksar programlar
programgiya deyil, sistem analitiklorino yoniimlii oldugundan istifadog¢idon modellogdirilon obyekt
haqqinda biliklordon basqa kompiiter elmlori sahasindo do biliklors malik olmagi talob edir. Digor
torofden bu név IM program komplekslori qeyri-miioyyanlik soraitindo faaliyyat gdstoran dinamiki
sistemlorin IM va todgqiqi {i¢iin somorali hesab edilmir. Problemin halli konkret predmet sahosinin
modellosdirilmasi ii¢iin lokal IM sistemlorinin yaradilmas: perspektiv istiqgamot hesab edilir.

IM-in miixtalif totbiq saholorinda tolobatin artmasina baxmayaraq, homin saholorin potensial
istifadogilorinin IM, kompiiter modellasdirilmasi vo animasiya iisullarinin nazari vo praktiki osaslari
barada osash biliklorinin mohdudlugu, onlarm IM program komplekslorinden genis istifado edo
bilmoemasi ilo noticolonir. Siini intellekt elementlori osasinda yaradilan IM-in intellektual vasitolori
olan G2, ReThink, Arena, RDO va basqa intellektual siustemlor IM-do miioyyon masalolorin hallini
yerina yetirirsa do bu istigamotds halo do halli tolob olunan masalalor méveuddur. Ugurlu yanagma
kimi Bauman adina MDTU-da RDO dilinds IM-nin islonmasi vo sazlanmas: ii¢iin yaradilmis RAO
Studio program kompleksini gostormakl olar [14, 15].

CiS-in coxsayli spesifik xiisusiyyatlori mdvcuddur ki, analitik modellorde onlar1 nozare almaq
oksor hallarda miimiikiin olmur vo CIS-in dinamikada todqiqino imkan vermir. Odur ki, CIS-in
xlisusiyyotlorini nozora alan, garsilighh olagodo foaliyyot gostoron alt sistemlorinin texnoloji,
nogliyyat-tutum idars sistemi va s., vahid model soklindo todqiq etmok lazimdir. Bu halda CIS-in
layiholondirilmosi onun komponentlorinin ayri-ayriligda vo CIS-in kompleks sokildo biitdvliikdo
tosvirlorinin yaradilmasindan ibarotdir. Odur ki, CIS-in tam todqiqi kompiiter modellogdirmasino
osaslanan istehsal sistemlorinin IM-dir vo imitasiyanin naticolorinin animasiya iisullari ilo tosviridir.

Gostorilir ki, CIS-in layiholondirilmosindo texnoloji, toskilati vo idaroetmo xarakterli
yanagmadan yararlanmagq lazimdir. CIS-in strukturu iyerarxiyali oldugundan onun idaroetms sistemi
do iyerarxiyali struktura malik olur va altsistemlorin qarsiliql slagasi merkozi idarsedici kompiiter
vasitisilo yerina yetirilir. Bu halda idarsetma sistemi paralel foaliyyatli komponentlarin isini yiiksok
stirotli miiasir kompiiterlorin psevdoparalellik xassosindon istifado etmoklo tomin edir.
Psevdoparalellik prinsipinin asas ¢atismamazligi ondan ibaratdir ki, markozi kompiiterds yaranan
problemlor biitiin idaroetmo sistemini, o ciimlodon CiS-in foaaliyystini iflic voziyyoto salir. Bu
problemi hall etmok iigiin robot vo ya CIM “kollektiv”’lorini idara etmok {iciin multiagent
idaroetmodon istifado etmok aktuallasir [16].

Son vaxtlar robotlarin “kollektiv”’ davranigint modellogdirmok vo todqiq etmok ii¢lin yeni bir
istigamot — qrup, “slirli” texnologiyasi iisularindan istifado etmoklo idaroetmo sistemlorinin
yaradilmas: aktuallasir. Ozu-6zunu toskil etmo, adaptasiya vo etalogiya prinsiplori osasinda
davranislarini hoyata kegiron obyektlor asagidaki kimi tosnif olunur: mobil robotlar (sualti, suiistii,
yeralti, yeriistii vo s.); canli orqanizmlor (hosaratlar, quslar, heyvanlar, insanlar); virtual obyektlor
(program agentlori, informasiyalar, psixoloji, sosial vo siyasi hadisalor). Gosterilir ki, bu
texnologiyanin inkisafi miirokkob xarakterli diskret dinamiki sistemlorin do tadqiqinds perspektivli
istigamaot hesab olunacaqdir [17].
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Diskret dinamiki sistemlorin imitasiya modellasdirilmasi ila tadqiqi
va imitasiyanin naticalarinin animasiyasinin movcud vaziyyatinin analizi

Diskret dinamiki sistemlarin, xiisuson do bu kateqoriyaya aid edilon CIS-in modellosdirilmosi
va kompiiter eksperimentlori ilo todqiqinin mdvcud vaziyyatinin aragdirilmasi, bu moagsadls istifado
edilon modellogdirmo tisullarinin inkisafi morhaloalori vo miiqayisali analizi, bu sahodo goriilocok
nozori elmi-todqiqat vo praktiki islorin asagidaki prioritet istigamotlorinin hoyata kegirilmasini
stimullasdirir.

1. Miirokkob xarakterli diskret dinamiki sistemlorin layiholondirilmasinin  biitn
marhalallorinds, xiisuson do sistemotexniki layihslondirmo morholasinda, layihalondirilon obyektin
yaradilmasimnin  mogsadouygunlugunu qiymotlondirmok {i¢iin kompiiter ~modellosdirilmosi
prinsiplorine asaslanan imitasiya modellogdirilmasi proqram komplekslorindon istifade etmok vo
imitasiyanin noticolorinin animasiya Usullar ilo iki vo {i¢ol¢iilii fozada todqiqi somorali yanasma
olmagla daha da tokmillogdirilmalidir.

2. Imitasiya modellosdirilmasi vo onun noticalorinin dinamikasinin tosvirlori iiciin istifado
edilon animasiya program komplekslori 1960-c1 ildon baslayaraq har on ildon bir evolyusiya - bir-
birini avazloma yolu ilo alt1 nosillik bir hoyat dovrii — universal proqramlasdirma dillori asasinda
IM-don, siini intellekt elementlori asasinda yaradilan intellektual IM-no kimi, kegmisdir. Gostarilon
IM program komplekslori pesokar IM miitaxassisloring yoniimlii olmaqla, demok olar ki, potensial
istifadogilor, yoani konkret predmet sahoalorinin miitoxassislori iiclin olyetorli deyildi vo onlardan
olavo olaraq kompiiter biliklorine yiliksok soviyyads nail olmlari talob olunurdu.

3. IM-in ndvboti nosillorinin yaradilmasi miiasir informasiya texnologiyalarindan, siini
intellekt elementlori vo multiagentli idaraetmo asasinda potensial istifadagiys yoniimlii intellektual
interfeysli IM vo animasiya komplekslorinin islonmaosi istiqgamatindo inkisaf edocokdir.

4. IM vo animasiya proqram komplekslorinin inkisafinda digor konsepsiya méovcud
yiiksokfunksional imkanlara malik  modellosdirma sistemlori miihitinds foaliyyst gostormok
imkanina malik vo 0z predmet sahoalorinin yiiksokixtisasli miitoxassislori olan potensial
istifadogilora yoniimlii lokal IM vo animasiya iisullar1 program komplekslorinin islonmasidir.
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PE3IOME
AHAJIN3 CYHIECTBYIOHIETI'O COCTOSHUSA UCCIEAOBAHUSA JUCKPETHBIX
JUHAMHWYECKHX CUCTEM UMUTAIIMOHHBIM MOJEJIUPOBAHUEM U AHUMAIIMEN
PE3YJBbBTATOB UMUTAILIUN.
Xanunos 3.0.

Knwoueswvie cnosa: umumayus, anumayus, 3D mooderuposanue, komnviomeproe MOOenUposaHue

CraThsi TIOCBSIIEHA BOMPOCaM CO3JAaHHUS COBPEMEHHBIX THOKHX MPOHM3BOACTBEHHBIX CHCTEM,
OTHOCSIIUXCS K KaTeropud JAMHAMUYECKHX CJIOXHBIX CHCTEM JIUCKPETHOTO THIA, U BOIPOCAM peIIeHUs
Pa3pabOTKH aNrOpUTMOB YIPABICHHUS C YUYETOM MOAEIMPOBAHMS HA 3TAle NMPOCKTHUPOBAHMUS «KOJUICKTHUBA»
TMOKUX TIPOU3BOJICTBEHHBIX MOJYJEH, COCTOSIIMX W3 MHOTOYMCICHHBIX MEXaTPOHHBIX YCTPOKCTB,
HCCIIC/IOBAaHUSI HA OCHOBE KOMITBIOTEPHBIX IKCIIEPUMEHTOB M C COOJIO/ICHHEM MPUHIUIIOB Mapajuiein3Ma 1
ACUHXPOHHOCTH B JCSTEJBHOCTH peajbHOro oObekTa. lloka3aHel NPUOPUTETHBIC HAIPaBIICHUS
HCCIICIOBAHNH KOJUIEKTUBA CIEIIMATUCTOB B 00IaCTH POOOTOTEXHUUECKUX KOMIUIEKCOB. [IpoBeneH anamms
JAMHAMUYECKOr0 UMHUTAIIMOHHOTO MOJIETIMPOBAHUS [IPOLIECCOB U PACCMOTPEHA padoTa CIeUaIU3UPOBAHHOTO
nporpaMMHoro obecrneuenuss s 3D mopeneii. IlpoBeneH aHanu3 COBPEMEHHOIO COCTOSHHS Ipoliecca
pa3paboTKH KOMIUIEKCa MPOrpaMM HMHTAIMOHHOTO MOJAEIMPOBAHUS, C HCIIOJIB30BAaHHEM METOAOB
aHUMAall{, Ha OCHOBE KOMITBIOTEPHBIX AKCIEPHMEHTOB PACCMOTPEHBI 33JaYd HUCCIIEIOBAHHUS PE3yIbTaTOB
UMUTAIHH.

SUMMARY
ANALYSIS OF THE EXISTING CONDITION OF RESEARCH OF DISCRETE DYNAMIC
SYSTEMS BY IMITATION MODELING AND ANIMATION OF THE IMITATION RESULTS
Khalilov E.O.

Key words: imitation, animation, 3D modeling, computer modeling

The article is devoted to the creation of modern flexible production systems belonging to the category
of dynamic complex systems of discrete type, and the solution of developing control algorithms taking into
account the modeling at the design stage of the “team” of flexible production modules consisting of
numerous mechatronic devices, research based on computer experiments and observance of the principles of
parallelism and asynchrony in the activity of a real object. The priority research directions of the team of
specialists in the field of robotic complexes are shown. The analysis of dynamic simulation modeling of
processes was carried out and the work of specialized software for 3D models was considered. The analysis
of the current state of the process of developing a set of simulation programs using the methods of animation
based on computer experiments, the problems of studying the results of imitation are considered.
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OBJECTS WITH UNCERTAINTY
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In the paper an analytical method for synthesizing the knowledge base described as tables of linguistic
rules (TLR) of fuzzy controllers for dynamic object with uncertainty, illustrated in the table of fuzzy
linguistic rules, has been proposed and on the bases of its application intelligent systems were developed and
their mathematical and computer modeling were conducted. The simulation results showed the practical
effectiveness for the TLR of the fuzzy regulator synthesized by the proposed method.

Introduction. A design engineer synthesizing technological processes, mechatronic devices,
and robotic control systems is facing various types of uncertainties. As an example, the nonlinear
ity of the object is, lack of adequate modeling, and information, difficulty in forming factors
affecting the quality of control system could be shown. In add, in some cases (analytic or heuristic-
logical) consideration of human experience in the formulation of control makesto be possibile of
simplicity and to be satisfactory of the system efficiency [1-7].

Although, there are numerous approaches to application the development of synthesis of such
devices, robots, technological process control systems based on Zad's fuzzy set theory [1-6],
synthesis of fuzzy linguistic regulators for poorly formed complex dynamic objects did not work
well enough. Therefore, this area is very relevant for the development of fuzzy control principles
and algorithms.

The experience of creating and using automatic control systems (ACSs) for complex objects
under uncertainty conditions has shown synthesized ACSs based on simplified model of the object
(A, PI, PI, PID, etc.) do not meet the criteria of robustness and stability [1,6]. It should be noted that
in the controlling of non-stationary objects, [6,7] known fuzzy regulatos did not theoretically and
practically adequately work in the use of the basic or adaptation contours.

In some cases, if a mathematical model (i.e. differential equation) of a dynamic object is
known, then the fuzzy regulator is positioned as a relay. If such approximation is possible, then in
the class of nonlinear systems the analysis and synthesis of the control system analytically is not
problematic. However, such approach (i.e. replaced by a fuzzy linguistic nonlinear relay
characteristic) creates a problem (question). There is a point (u;(.) = u;4+1(.)) for the two fuzzy
terms given in the same universium, which include both of the same membership functions, i.e. the
values of the membership functions in two neighboring fuzzy sets are the same, then the question of
what linguistic rules should be used arises.

Except for the above, if to some extent it is possible to apply the linguistic synthesis [5 - 6]
for first order dynamic objects, then it is not possible to apply the linguistic synthesis metods for the
second order dynamic objects.

When measuring the input variable at the current time, an membership function, different from
the original membership function, must be created. In this case, the membership of the measured
x(t) input variable must be maximum at t point, i.e. u(x(t) = 1.0. in this moment the question of
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selection contorl value is arised. The present paper is devoted to the development of synthesis
metod for the fuzzy linguistic regulators, taking into account the above problems.

The Analytically Synthesis Method of TLR for Fuzzy Regulators with Two-Input and
Single output. Let us assume, the dynamic object with uncertainty can be characterized by a
state variable and its rate of change (in other words, by derivative), i.e.

= f(x(®), u(®)).

However, the exact mathematical model-differential equation of the object is not known, but
the changeable areas, namely universums U, X, X are known: x € X, x € X, u € U. As it is known,
for the synthesis of any automatic control system the mathematical model of the object must be
synthesized after the establishment (identification) the differential equation of the object. Let's,
taking into account the latter and expert’s initial knowledge about the object, establish a fuzzy
linguistic model of the object

Therefore, as the initial information, let’s divide the corresponding universums of the state
variables -input, output, and its rate of change (in this respect, the time step At = const) into
U, X, X nine fuzzy sets :

X, = Xi, x]L = X], uy, =U,, i,j,T =19 ; (13.)
PBx;, = X; € T(x) %, = X; € T(x)
NB, NM, NS, NZ, Z, PZ, PS, PM PB NB, NM, NS, NZ, Z, PZ, PS, PM PB

The fuzzy terms for each variable are defined by their corresponding membership functions,
such as triangles (or gauss) are selected:

xip =X =) xeXhu(x)€[01,X;, € X, i=19 (1b.)
o= X ={tu@®teXlw®e0l1l,X,cX, j=19
Uy = Ur = {wuyW|u€eUlu(u)€e [0:1]’ﬁr cvu, r=19
The first letter of the linguistic term set N- is negative, P is positive, and the second letters,
respectively, S-smol - small, M-medium - medium, B-big and Z- mean zero.
The geometric description of fuzzy linguistic term sets can be described as follows.

FIS “ariables Hembershlp function plclts sier s

NZ Z PB

XN
::_ \W /

in p-ut waria bl& ‘error”

Fig 1. Geometric description of the membership functions for the fuzzy linguistic term sets.

Parameters for the membership functions of fuzzy term sets u;(-), u;(*), u,-(+) are chosen so
that at the intersection of adjacent curves(ex. triangular wings) u(-) = a (for example, @ = 0.5)

In order to use the fuzzy approach based on the initial judgments, for the input variable during
implementation of the logical extract operation based on the composite operation it is necessary to
construct the membership function so that u(-) =~ 1, for example in u = U(t) value u(u(t)) = 1.
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Let's assume, TLR for the dynamic model of the object controlled according to initial
knowledges can be described as follow (ObTLR).

ObTLR
XiL

Uy NB NM NS NZ z PZ PS PM PB
NB z NS NM NB NB NB

NM PS Z NS NM NM NM

NS PM PS Z NS NS NS

NZ PB PM PS z NZ NZ NS NM NB
z PB PM PS PZ z NZ NS NM NB
PZ PB PM PS PZ PZ z NS NM NB
PS PS PS PZ z NS NM
PM PM PM PS PS Z NS
PB PB PB PM PM PS z

xj, = X; —term sets for change of rates of output.

The ObTLR is a dynamic model showing the dependence of the object output speed x;;, on
output variable x;; and controlling input linguistic variables u,,, reflects the following statements —
claims:

If control u,, = U, is positive big (PB) and output of the object x;, = X; is positive small
(PS), Then change of rates of the output x;;, = )?j is positive medium (PM), otherwise

If control w,, = U, is positive big (PB) and output of the object x;, = X; is positive
medium(PM), Then change of rates of the output x;;, = )?J is positive small (PS), otherwise

......................................... (2)

The model written by the expression (1.2), i.e. the TLR is designed on the basis of the
reaction of the object with steering-leap-changing effects:

Let us assume, the task g effect of the closed system is given to the the positive input of the
comparison element, and output of the object x to the negative input, then control error in output of
the comparison element
e=g—x (3)

is formed. Then linguistic output of the comparative element could be described by the folowing
expression:

ey = Ey = "X, Gyr) o 4)
according to (1) let’s select nine fuzyy term sets for the linguistic variables E; , X, G, in the last
expresion

gi = G; € T(Gy) e = E e T(Xy, Gy )

NB, NM, NS, NZ, Z, PZ, PS, PM (5)
PBx;, = X; € T(x) NB,NM, NS ,NZ, Z, PZ, PS, PM, PB

NB, NM, NS, NZ, Z, PZ,

The membership functions of fuzzy term sets in (5) expression are analogically constructed as
triangle (guassian) functions in the corresponding universums analogically to (1.1), i.e.

9 =6 ={g.u(@lgechu(g €016 <G, i=19 (6)
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e, =E ={epuje)ecElu(e) e[01LESE, j=19

Note that (3.) error is often defined by linguistic terms depending on the sign of the task effect
and the sign of the output of the object.

Analogically to (1) in the TLR of the comparison element the fuzzy linguistic term sets of the
control task effect- G;, and EjL error are defined as follows:

CeTLR

%, | NB NM NS NZ Z PZ PS PM PB
NB Z PZ PS PM PB PB PB PB PB
NM  |[NZ Z PZ PS PM  |PB PB PB PB
NS NS NZ Z PZ PS PM PB PB PB
NZ NM [ NS NZ Z PZ PS PM PB PB
Z NB NM NS NZ Z PZ PS PM PB
PZ NB NB NM | NS NZ z PZ PS PM
PS NB NB NB NM | NS NZ z PZ PS
PM NB NB NB NB NM  |NS NZ Z PZ
PB NB NB NB NB NB NM  |NS NZ Z

e;.- fuzzy term sets of the error.
Note: The following statements are valid for logical comparison of fuzzy linguistic terms in
the same universium:

NB- NB=Z; NB- NM=NZ; NB- NS=NS; NB- NZ=NM;NB-Z=NB; NB-PZ=NB;NB-PS=NB; NB-
PM=NB; NB-PB=NB; PB-NB=PB ; PB-NM=PB;PB-NS=PB;PB-NZ=PB;PB-NZ=PB; PB-Z=PB;
PB-PZ=PM;PB-PS=PS;PB-PM=PZ;PB-PB=Z.

Since, the error derivative for aforementioned and the fixed (ie g = cont) value of the task
effect is

6(0) = —x(0),

fuzzy term sets of error derivatives ¢, = E, are defined by the opposite output sign of the object:

PB, PM, PS, PZ, Z, NZ, NS, NM, NB

Thus, if the schedule of desired switching process for the closed-loop control system is presented,
then designed on the bases of it the desired table of linguistic rules (i.e. dynamic model x;;, =

X; = Tas(Xy, Gji ) of the system with quality indexes will be as follows:
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Table of Linguistic Rules for the desired system (Des TLR)

XrL

9 NB NM NS NZ Z PZ PS PM PB
L

NB Z NZ NS NM NB NB

NM PZ Z NZ NS NM NB

NS PS PZ Z NZ NS NM

NZ PM PS PZ Z NZ NS NM NB NB
Z PB PM PS Pz Z NZ NS NM NB
PZ PB PB PM PS PZ Z NZ NS NM
PS PM PS PZ Z NZ NS

PM PB PM PS Pz Z NZ
PB PB PB PM PS PZ Z

xj;, - fuzzy terms of output derivatives.

Suppose, on the bases of the desired switching process of the closed-loop control system

depending on error or task, a dynamic model, i.e. TLR is constructed: £, = FL (E*, G%) . In other
words, the FarsTLR of the desired system depending on the task and task of the closed-loop control
system, , will be as follows acording to directly conversion of DesTLR :

DesTLR
g7
NB NM NS NZ Z Pz PS PM PB
JiL
NB NB NM NS NZ Z NZ
NM NB NM NZ Z NZ NS/PS
NS NS NZ Z NZ
NZ NZ Z
Z Z
PZ Z PZ
PS NZ 4 Pz PS
PM NS/PS | NZ 4 Pz PM PB
PB NZ Z PZ PS PM PB

éj;, — fuzzy term setss of error derivatives.

The linguistic synthesis problem can be formulated as follows: it is needed to define TLR
for the fuzzy regulator that the ObTLR could provide the presented fuzzy dynamic object with
the shift from starting state x;; ,x;, to the final state xg; ,xg; with the desired quality (DesTLR)

The solution of theproblem -the analytically TLRsynthesis of a fuzzy regulator is defined
with the following schema-logical formula.

(TLR of fuzzy object) * (TLR of fuzzy comparison element ) *(TLR of desired fuzzy closed-
loop system) =>--------- > (TLR of fuzzy regulator )

The TLR of the fuzzy regulator, analytically synthesized linguistically, is as in the following
table.
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Table of Linguistic Rules of Fuzzy Regulator (TLRFR).

EL NB NM NS NZ Y4 PZ PS PM PB
NB PB PM NB NB NM Z
NM NB NB NM NS Z PZ
NS NB NB NM NS NZ Z PZ PS

NZ NB NB NM NS NZ Z PZ PS PM
4 NB NM NS NZ Z PZ PS PM PB
PZ NM NS NZ Z PZ PS PM PB PB
PS NS NZ 4 PZ PS PM PB PB
PM NZ Z PS PM PB PB
PB z PM PB PB PB PB

u,, = U, - Fuzzy term set of controls.

Technical realization of fuzzy control system. For the purpose of illustrating the
effectiveness of the above synthesis method, according to Fuzzy Logic Toolbox and Simulink
packages in the MATLAB, Computer modeling of the control system contsructed with the the
simplified transfer function model of a fuzzy dynamic object and TLR of linguistically synthesized
fuzzy regulator was implemented (Figure 2) [7].

A graph of an experiment-switching process of computer simulation of a fuzzy control system
is presented in Figure 3.

According to Quality Indicator of close-loop control System (Analytic Synthesis) proposed

PTLR and in [7] presented PTLR the quality of controlt was evaluated by integral squared errors

Q= fOT e?(t)dt. The past PTLR presented in [7] Q. = 31.46, but in the new synthesized system
(13.69 in Display block) Qy.n; = 13.69. Quality - @ has improved almost three times. As you can
see, the movement of the system is quite stable, but also provides the quality indicators - dynamic
accuracy. The linguistic synthesized PTLR also provides an astatic feature for regulating error in a
fuzzy control system, i.e.e(t =T) = 0.

mmmmmmm

Fig. 2. “S” model of fuzzy control system and QZIOT e?(t)dt evaluation

Note: In order to properly understand the dynamics of an object, it is necessary to pay attention
to the time unit of the output change rate and the approximate value of the object's time constant. If
there is no information about TLR of the object, but but its structure and data (measurements) about
its activity is known, then black box model of the object i.e.identificating via the neural network
(Neurol Networks Toolbox), Intelligent Control (IC) is realized with the TLR of above synthesized
Fuzzy Regulator [7]. The results of the neural IC are comparable to that fuzzy IC.
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Bl scope — — =
R - i i = =

m

|

4

Fig 3. Graph of the transition process of fuzzy control system (one experiment)

Final result. According to the method proposed in the article the application of linguistic
synthesized fuzzy regulators for intelligent control of dynamic objects with uncertainty has shown
that high quality indicators in the control systems: dynamic accuracy (see Figure3.1., 3.2), stability
and error accuracy are provided. The results of the modeling conducted for several types of
dynamic objects have been proven to be sufficiently universal for the proposed TLRFR .

REFERENCES

1. Jafarov P.S, Zeynalov E.R, Jafarov S.M. Synthesis of Fuzzy Controllers for Astatic Objects,
Described by Differential Equations with Fuzzy Coefficients. Proceedings Fourth intern.
Conference on Soft Computing, Computing with Words and Perceptions in System. Antalya,
Turkey, August 27-28, 2007, pp.316-324

2. Jafarov P.S, Zeynalov E.R, Jafarov S.M . Fuzzy Controllers analitic synthesis and modelling for
the objects with fuzzy dynamic models. Eighteens intern. Conference on Application of Fuzzy
System and Soft Computing. Helsinki, Finland, September 1-3, 2008, pp.290-295

3. Zeynalov E.R, Jafarov P.S., Jafarov S.M.and oth. The Method of Analytical Synthesis of
Controllers for dynamic objects described by fuzzy differential equations. Tenth international
Conference on Application of Fuzzy System and Soft Computing. Lisbon, Portugal, August 29-30,
2012, pp.85-94

4. Jafarov P.S., Zeynalov E.R., Jafarov S.M., Mustafayeva A.M. The Analytical Method of
Synthesis of Control with a Fuzzy TS model for control of Flexible Joint Robot Arm. Sixth
intern. Conference on Soft Computing, Computing with Words and Perceptions in System
Analysis, Decision and Control. Turkey, Antalya 1-2 September, 2011, pp.107-113

5. Kudinov U.l., Dorokhov IN, Pashchenko FF Fuzzy regulators and control system. Issue 3, 2004,
pp.2-14

6. OnishenkoO.F. Universal fuzzy regulator // Electrotechnical-computer systems. Ne7(83), 2012.

7. Aliyev R.A., Jafarov S.M. and ozer. Principles of construction and design of intelligent systems.
Baku: Nargiz, 2005, 368 p.

84



Aliyeva A.S.

XULASO
DINAMIK OBYEKTLOR UCUN QEYRI-SOLIS TONZIMLOYICILORIN
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Oliyeva A.S.

Acar sézlar: geyri- salis tanzimlayici, lingivistik gaydalar cadvali (LQC), dinamik obyektin LQC

modeli, mansubiyyat funksiyasi, qeyri- Salis term ¢oxlug.

Toqdim edilmis maqalads qeyri miioyyanliys malik geyri-salis lingivistik gaydalar cadvali (LQC) ila
tasvir olunan dinamik obyektlor iigiin intellektual-geyri salis tonzimlayicilorin LQC soklindaki biliklor
bazasinin sintez olunmasinin analitik @isulu toklif olunmus vo onun totbigi osasinda intellektual idarsetmo
sistemlori layihalondirilarok onlarin riyazi vo kompiiter modellosdirilmasi aparilmigdir. Modellagdirilmanin
naticalari toklif olunmus iisul asasinda sintez olunmus geyri-salisnzimlayicinin universalligi vo somoraliliyi
MATLAB miihitinds aparilmis eksperimentlorlo praktiki olaraq ishat edilmisdir.

PE3IOME
METO/I CUHTE3A HEUETOI'O PET'YJIATOPA J1JId IUHAMUYECKHUX
OBBEKTOB C HEOIIPEJAEJIEHHOCTBIO
Anuesa A.C.

Knioueswie cnosa: neuemxuii pecynamop, mabauysl auneeucmuyeckux npasun (TJ111), ounamuyeckuii

00veKm, QYHKYUSL NPUHAONEHCHOCTU, HeYemKue mepmM MHOXHCeCMEd.

B mpencraBieHHOI cTaThe MpeACTaBIeH aHAIUTHIECKUN MeTo ] cCuHTe3a 0a3wl 3HaHWil B (hopme JII'K
HUHTCIJICKTYAJIbHO-HCUYCTKUX PCTYIATOPOB A AUHAMHUYCCKUX O6’beKTOB, OIIMCAaHHBIX B Ta6JII/IHC HEYCTKUX
muarBuctudeckux mnpasun (JITK), nMmeromux HeompeaeneHHOCTh, U Ha OCHOBE €ro NPUMEHEHHs ObuIn
pa3paboTaHbl CHCTEMBbl HWHTEUICKTYQJIBHOI'O YINpaBIEHHs M TPOBEICHO MX MaTeMaTHUECKOE U
KOMIIBIOTEPHOE MOJEIUpOBaHue. Pe3ynbTaThl MOIEINPOBAHMS MPAKTUUECKH JTOKa3adl YHHUBEPCAIbHOCTh U
3G PEKTHBHOCT, CHHTE3MPOBAHHOTO HA OCHOBE MPEAJIONKEHHOTO METOAa HECHMMETPHUYHOTO PEryisTopa
sKkcriepuMenTamu B cpene MATLAB.

Daxilolma tarixi: [lkin variant 04.11.2019
Son variant 05.12.2019
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Acar sozlar: unifikasiyali modellosdirma dili, agent, multiagent sistem, arxitektura, reaktiv agent,
avtonom agent.

Program agentlori (PA) texnologiyalari son illordon siini intellekt vo informasiya
texnologiyalar1 sahosinin on vacib vo aktual konsepsiyalarindan birini tomsil edir ki, bu da
miirokkob kompiiter sistemlorinin konseptualizasiya vo qurulma iisullarini asasl olaraq doyisir.

Multiagent sistemlorin osasl totbiqi qorar qobulunu dostokloyon informasiya sistemlorindo,
osason aktual vo etibarli informasiya toqdim etmoyi bacaran miirokkab funksional miihit olan
idaraetma sistemlorinds ifads olunur.

Hal-hazirda elo sosial-igtisadi sistemlor movcuddur ki, onlarin multiagent texnologiyalarin
(MAT) kdmayi ilo layiholondirilmasi aktual masoaladir, bels ki, ¢oxlu sayda miiasir sistemlorin vo
toskilatlarin miirokkobliyi elo saviyyaya ¢atir ki, onlarda nohang informasiya axininin mévcudlugu
morkozlosdirilmis idarasetmoni somarasiz edir. Bu iso agent texnologiyasinin totbiqini aktuallasdirir.

Agent miioyyon miihitlordo foaliyot gdstoron vo 6z mogsadlorino uygun olaraq avtonom
davrana bilon hesablama sistemidir. Burada avtonomluq dedikde, adston, agentin insanlarin (vo ya
basqa agentlorin) birbasa miidaxilosi olmadan 6z foaliyyotine vo daxili voziyyotine nozaratetma
qabiliyyotinin olmas1 basa disiiliir. Agentlordon istifado edon proqramlasdirma sahasindoki
avtonomluq anlayisi ilo obyektydnlii proqramlagdirmadaki inkapsulasiya arasinda miioyyon oxsarliq
vardir [1].0byekt bazi voziyyastlori inkapsulyasiya edir, yoni elo nozarst edir ki, ona giris yalniz
oziinlin toqdim etdiyi metodlarla miimkiin olur. Bundan forqli olaraq, agent yalniz miioyyen
voziyyati deyil, davranis1 da inkapsullasdirir. Agent-cevik davranighi obyektdir. Yoni obyekt
asagidakilara malik olmalidir [2]:

1. Yuxarida deyilon monada avtonomlug;

2. Hossasliq, yoni 6z miihitini 6z sensorlar1 ilo gobul etmok vo buradaki doyisikliklors
vaxtinda cavab vermok;

3. Foalliq, yoni 6z miihitindoki harokatlora sadaco tasir etmok deyil, hadisalori gabagcadan
g0ora bilmok, gabaglayict vo magsadyonlii harokot etmok, lazim goldikdo, togobbiisii alo almag;

4. Sosialliq — 0z tapsirigini yerino yetirmok iiclin digor agent vo insanlarla linsiyyat qurmaq
vo partnyora 0z tapsirigini yerind yetirmokdo komok etmok.

Multiagent sistemlor (MAS) — bir-birlori ilo qarsiligh foaliyyat gostors bilon agentlor
coxlugundan ibarat olan sistemdir.

Agentyonlii sistemlorin  (AYS) qurulmasinda iki yanagsmani forqlondirmok olar: vahid
avtonom agentin realizasiyasi vo ya MAS-1n islonmasi.

Avtonom agent yalniz istifadogi ilo qarsiligh foaliyyat gostorir vo agentyonlii proqramlar
cargivasinda lazim olan biitiin funksional imkanlari hoyata kecirir. Buna qarst MAS — biliklors
osaslanan vo miioyyon miihitlordo foaliyyat qabiliyystine malik olan, eyni zamanda bir-birilo
miloyyon miinasibatlordo vo qarsiligh tosirdo olan, miioyyon tapsiriglar formalasdiran, fordi vo
birga foaliyyatlor toplusuna malik olan ayri-ayr altsistemlorin (agentlorin) birlogmosi kimi qurulur.
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MAS-in islonmo prosesi c¢otin vo zohmotli prosesdir, belo ki, layihoci {iglin doqiq
formalasdirilmali vo bazi miioyyon standartlara asaslanmalidir [3].

AYS-in layiholondirilmoesinin metodologiyast halo ilkin inkisaf morholosindadir [3-7].
Molum yanasmalari 4 asas sinfo bolmok olar [4]:

-obyektyonlii programlasdirma (OYP) metodlart vo uygun geniglonmolordon istifado edon
texnologiyaya osaslananlar;

-miihandis biliklarin ananavi metodlarindan istifado edanlar;

-togkilatyonlii molumatlara osaslananlar;

- bu li¢ sinfin metodlarii miixtalif doracads kombina edanlar.

Bu moqalods obyektyonlii analiz vo unifikasiyalt modellogsdirmo dilindon (UML) istifado
etmokls, agentlorin layiholondirilmasi prosesinin bazi aspektlorine baxiriq.

Program agentlorindos irali siiriilmiis talobatlar toplusu ilo OYP-doki1 xiisusyyatlatlori miigayisa
etdikdo aydin olur ki, OYP texnologiyas1 MAS-larin proqram realizasiyasi {i¢iin daha slverislidir.
Belo yanagsmadan agentlor arasinda qarsiligli faaliyyet {iclin mesaj miibadilosindo, eyni zamanda
toplanma va miras prinsiplorinds istifads olunur.

Agenti UML sinfi vo metodlar terminlari ilo tasvir etmozdon 6nco informasiyal otraf miihitlo
qarsiligh foaliyyotdo olan sado agentin arxitekturasina baxaq (sokil 1). Burada otraf miihit kimi
Internet, korporativ saboko vo ya virtual xiisusi soboka (VPN) ola biler.

Giris verilanlori

AGEN Sensor @
Alomin vaziyyastinin
qiymotlondirilmasi Otraf
Qayda- miihi
Srt — Horokat haqda uhit
Horokot qorar gobulu

Effekto —

Cixis verilonlori

Sakil 1. Sads agentin arxitekturasi.

Sokildon goriindiiyii kimi, agent otraf miihiti 6z sensorundan qgobul edir, sonra gobuletmo
osasinda 6z effektorlar1 ilo horokoti se¢ir vo yerino yetirir. Sensorlu giris mesajlar1 sobokoya o6tiiro
bilar [5].

Agentlorin  programlasdirilmasi {iciin OYP-nin miixtslif dillorindon istifado etmok olar. Lakin
daha cox JAVA dilindaon istifado olunur. Burada agent-obyektdir vo bu xiisusiyysting gora bir sira
forgliliyo malikdir. Aktiv olmaq tliglin agent Java dilinin istonilon obyekti kimi daxili hadisslor
ardicilligina malik obyekt olmalidir.

Miihitin analizi naticesinds Java dilinde agentin yaranan tipik hadisslor ardicilliginin tsiklinin
program kodu asagidaki kimidir:

Environment e; // miihitin vaziyyati
RuleSet r; //qaydalar y1gim
while (true) { state = senseEnvironment(e); /miihiti qiymotlondirmok
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a = chooseAction(state, r); //harokoti segmok
e.applyAction(a); //harokati yerino yetirmok }
Bu dovri proses sonsuzdur vo agentin davamliligini tomin edir.

un()
Aagent | while (true)
b:Behavior Collection e.takeAction(b.getActione.gel
e: Environment e
run() | T »  Environment
v
Behavior Collection takeAction()
elements: Vector getlnput( )
getAction) e T N
"™ Action State
Behavior
Inhibits: Vector
:\Aﬁthtes 0 getAction(state)
En ibits () Vector: match:
xecute () For each b in elements

If (b,matches(state))
Match add(b);

For each b in match
Inhibited=false;
If(c inhibits(b))
Inhibited=true;
Break;

If(! Inhibited)
Return b
execute(state);
Returnnull;

Sokil 2. UML diagramlar sinfi saklindas reaktiv agentin arxitekturasi

Obyekt soklindo realizo olunan agent {iglin avtonomluq obyektin biitiin metodlarinin qapali
elan olunmasi yolu ilo hoyata kegirilir. Onda agent yalniz 6zii 6z metodlarini ¢agira bilor vo basqa
heg¢ bir agent onu moagsadlorinden uzaq heg¢ bir harokat etmays mocbur eds bilmoz. Digor agentlor
belo agentlo miihitde hadisalori vo mesajlar1 dolay1 generasiyaetmo yolu ils slaqs yaradir ki, hamin
agent bu ilinsiyyati qobul eds va cavab vera bilar.

Agento digor agentlorlo moslohatlosmo imkanini {linsiyyot yaradir. Mesajlarin 6tliriilmosi vo
gabulu yolu ilo hayata kegirilon maslohatlor agents 6z faaliyyeti ilo amokdaslig1 uzlasdirmaga imkan
verir [6].

Isdo osason agentlorin basa diisiilmosini vo yaradilmasini asanlasdiran UML sinfinin
diagramlarmin  komoyi ilo tipik agent arxitekturalarmin (reaktiv vo BDI-arxitektura)
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layihalondirilmasine baxilir. Verilon niimunslor agent arxitekturasinin hor bir funksional aspektini
oks etdirmir, yalniz tipik agent arxitekturalarinin realizasiyasinin iimumi sxemini verir [8].

Qeyd edak ki, reaktiv agentlor — miihitin voziyyeti haqda informasiyani saxlamir, hodofqurma
bacarig1 yoxdur, sadoca cari gobuletmoys “OGOR-ONDA” qaydalar tipins uygun olaraq cavab verir.
Agentin reaktiv arxitekturalar sinfinin diaqrami sokil 2-do gostorilmisdir.

Burada Agent sinfi (klass) — agenti, Behavior Collection sinfi - agentin davramis metodlar
kolleksiyasini, Behavior sinfi — agentin davraniglar metodunu, Action sinfi —agentin faaliyyoti vo
nohayat, Environment vo Stare siniflori —agenti ohato edon miihit vo ona uygun vaziyyatlori tomsil edir.

Agent sinfinin run( ) —metodu agentin cari davranis metodlar1 va otraf miihitin vaziyyatlori ilo
toyin olunan harokatlori yerina yetirir. OYP-do obyektlor kolleksiyasi getAction() horokot se¢imi
funksiyasinin program kodunu doyismodon davranis metodlarini olave etmays vo silmoyo imkan
verir, bu zaman davranis metodlar1 siyahisina baxmagq tigiin interfeysdon istifado etmok olar.

Hor bir davranig metodu otraf miihito uygun olduqda hoyocanlanir vo onlarin hor biri diger
davranis metodlarin1 bloklaya bilor. Burada getAction() funksiyast O(n) kimi oOl¢ililmiis icra
miiddotino malik oldugundan elo do effektli deyildir. Burada n- davranis metodlarinin sayidir. Bu
funksiyanin icra miiddotini hallor agacindan istifado etmoklo O(logp)-o qodor vo ya aparat
vasitolorindon istifado etmokla, O(1)-o0 godor azaltmaq olar. Layiha¢i tominat vermalidir ki, otraf
miihitin hor voziyyastine on az1 bir davranig metodu uygun golir. Bunun tigiin biitiin giris signallarina
uygun golon, lakin miihitin digor voziyyotlori {iclin davranislar metodlar1 torofindon bloklanan
davranislar metodunu toyin etmok olar.

BDi-agent arxitekturas1 tolob-arzu-inam (belief-desire-intention, BDI) modeli osasinda
qurulmusdur. Qeyd edok ki, arzu, tolob vo inam uygun olaraq onun vaziyoytini, mogsad vo
planlarin1 sorh edo bilor. Inam 6ziindo siibhoni (inaniram ki, A tapsirigini yerino yetira bilorom),
digor agentlorin imkanlarina inami (Man inaniram ki, B agenti “C” tapsirigini yerins yetirs bilor) vo
otraf miihit haqqinda tesoavviirlori (monim sensorlarim asasinda giiman edirom ki, mon divarin 3 m
yaxinligindayam) saxlayir. Tolob o vaxta kimi qorunur ki, onlar yerino yetirilmir vo ya onlarin
qurulmasi miimkiinsiiz olsun.

BDi-agentlorin arxitekturast UML siniflorinin terminlori ilo sokil 3-do gdstorilmigdir. Burada
Beliesef, Desireset vo IntentionSet — inam, arzu va tolob toplusunu toqdim edir. Belief, Desire vo
Intention siniflori iso - uygun olaraq inam, arzu vo tolobdir. Bu arxitekturan1 ovvalki goxholli
metodun yerina istifado edirlor. Bununla da yerina yetirilon sistem movcud talobin tatbiq olunub-
olunmadigi kosilmoz dévri olaraq yoxlayir. ©gar o totbiq olunmursa, agent stopCurrentintention()
metodunu yering yetirir vo bu metod da talob sinfinin stopExecuting() metodunu ¢agirir.

Belolikla, tilib 6z isinin kosilmasi vo yaddasin tomizlonmasina cavab verir.

Hor toloboa bu bacarigimi vermoklo, biz toobin 6z isini dayandirdigi anda nazords tutulmus
ehtiyatlarin resurslarinin yaranmasi noticesinde meydana golon ¢ixilmaz veziyyetlor (deadlock)
aradan qaldirir.

N&vbati program kodu BDi-agent programmin iki osas dgvriinii izah edir: A, B, D vo I
doyisonlori uygun olaraq agenti, onun inam, arzu va toloblorini tomsil edir:

Agent::run(){

Environment e; e.run(); //otraf miihitin obyektinin iso salinmasi

while(true) {

| = a.getBestIntention();

if (l.execute(a)) //agar tolob yerina yetirilibsa

asDremove(I.goal); //arzunu aradan qaldirmaq

¥
k
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Agent

B:BeliefSet
D:DesireSet
P:IntentionSet
I:Intension

E: Environment

-
—————
—————
L =-="

Run()

currentintensionOK{] ]:boolean
stopCurrentintension()
getBestintension():intension

Environment

a:Agent

getinput(Agent) BeliefSet
takeAction(Agent,Action)
run()

DesireSet

Elements: Vector

IntensionSet

Elements: Vector

getApplicable(BeliefSet):DesireSet
add(Desire)
remove(Desire)

getApplicable(DesireSet,BeliefSetBeliefSet): \
IntensionSet

\

Intension

a:Agent

e: Environment
priority:int
goal:Desire

Satisfiles(Desire):boolean
Execute(Agent):Boolean
Context(BeliefSet):Boolean
stopExeting( )

I

Desire

Type:string
priority:int

context(BeliefSet):boole

X

BeliefSet

IncorporateNewObs(BeliefS

Belief

Sakil 3. UML diagramlar sinfi saklind> agentin BDI-arxitekturast

Agentin Run () metodu on yaxsi totbiq oluna bilon tolobi secir vo yerino yetirir. Ogor tolob
yerino yetirmo funksiyasi true qiymotini qaytarirsa, onda arzu oldo edilmis olur vo arzular
toplusundan silinir. Ogor askar edilso ki, daha totbiqo yaramir, onda tolob dorhal 6z execute()
metodunun ¢agirisindan ¢ixir.
Yuxarida OYP dilindon istifado etmoklo agent arxitekturalarina dair imumi gostorislor
verilmisdir.

UML
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dilinin istifadosi agent arxitekturasinin daha yaxsi basa diisiilmosi, onlarin
layihalondirilmasinin va realizasiyasinin alverisliliyi ilo asaslandirilir.
Umumiyyatlo, agent sinfi diagramlarinin UML-da qurulmasi onlarn oynadiglari funksional
toyinati, onlarin arasindaki qarsiliql foaliyyati vo agentlorarasi asililiq imkanlarini nazords tutur.
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Agentlorarasi qarsiligl slags vo asililiq yalniz tam MAS quruldugda miimkiin olur ki, bels
MAS mesajlarin  noglini  toskil edon infrastruktur kataloq xidmotini vo hadisolorin
molumatlandirilmasini tomin edir.

Agentlorin MAS-da qarsiligh oalagosi “agent-kliyent” mesajlarinin gobulu, otiiriilmosi vo bu
mesajlarin “agent-server” ilo emali vasitosils bas verir. Eyni zamanda miixtalif voziyyetlorde eyni
agentlor hom kliyent, hom server kimi ¢ix1s edo bilorlor. Agentlorin garsiliqli harokot protokollarinin
tosviri ardicilliq (sequence diaqram) diaqraminin qurulmasi yolu ilo yerino yetirilo bilor. Bu tip
diagram agentlor arasinda molumatlarin 6tiirtiilmasi ardicilligini oks etdirmoya imkan verir.

Agentlorin davraniglariin spesifikasiyasinin UML dilinds tosviri liglin voziyyatlor diagrami
vo foaliyyot diaqramindan istifads etmok olverislidir.

Miioyyon davraniga malik hor MAS agenti 6z davranis ssenarisini hoyata kegirorkon miioyyon
harakatlor yerino yetirorok miixtalif voziyyatds ola bilar, yoni bir voziyystdon digarine kego bilor.

Real sistemlordoki bir ¢ox agentlorin davraniglarini sonlu avtomatlar nozoriyyssi baximindan
tosvir etmok olar, bels ki, agentin davranisi onun vaziyyatlorinds (foaliyyat rejimlorinds) oks olunur
vo vaziyyatlor diagrami (statechart diagram) onu grafik tosvir etmoys imkan verir.

Horakot diaqrami voziyyatlor diagraminin sonraki inkisafini nazards tutur. Bu tip diaqramdan
hom do modellasdirilon obyektin vaziyyatlorini oks etdirmok ii¢lin do istifads edilo bilor, lakin bu
diagramin osas toyinati obyektin foaliyyot prosesinin voziyyatini oks etdirmokdon ibarstdir. Qeyd
olunan diaqramlar proseslorin yalniz ardicilligmi deyil, hom do budaqlanmasini vo hotta
sinxronlagmasini gostors bilir.

MAS-1n layiholondirilmasi iiclin baxilan yanasma, UML universal modellogsdirmo dilindon
istifadasing, layihociyo movcud standartlara osaslanan MAS-larin ¢evik basa diislilmosino imkan
verir [6].

Umumi halda, UML dilinin kdmoyi ilo MAS-in islonmosi vo reallasdiriimasinda sistemin
iimumi xarakteristikasini, agentlorin vo magsadlarin strukturunu, eyni zamanda agentlorin qarsiliqlt
olago vo davranis protokollarinin spesifik xiisusiyyatlorini segmak olar. Bunun ii¢iin UML dilinin
asagidaki diagramlarindan istifado etmok olar:

- sistemdon diaqram variantlar1 soklinds istifado etmoklo prosesin funksional tosviri;

- agentlorin UML-ds paketlor soklindo identifikasiyasi va cavabdehlik oblastinin toyini;

- diaqram siniflorinin istifadesi ilo agentlorin arxitekturasinin tosviri;

- faaliyyst diaqgramindan istifads etmoklo har agentin tapsiriginin spesifikasiyasi;

- protokollarin tosviri.

Beloliklo, UML dilinin diagramlarinin asas novlorini vo onlarin MAS-in islonmasi zamani
miixtolif aspektlorin tosvirindo totbiq imkanlarini tohlil ederken, belo noticoyo golmok olur ki,
layiholondirmanin obyektyonlii metodologiyasina asaslanmaqla MAS-in layihalondirilmasi rahat
yerino yetirili, MAS-m islonmasi prosesinin formalagsmasina imkan verir, hom¢inin MAS-in
reallagdirilmasi li¢iin zoruri olan miixtalif proseslori birlogdirir [7].

Hazirda MAS-larin layiholondirilmosinin timumi metodologiyas: olmadigindan yuxarida
deyilonlorin osasinda asagidaki naticoyo golmok olur ki, UML dilinin istifadosi ilo reallasan vo
obyektyonlii layihslondirma metodologiyasina osaslanmaqla proqram agentlorinin islonmasi bu
yanasmadan istifadoni aktuallagdirir vo onun bir sira elementlorinin agent nozoriyyasino alavo
edilmasi MAS-larin iglonmasinin hor bir addimda optimallagdirilmasini vo rahatligini tomin edir.
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PE3IOME
HEKOTOPBIE ACIHHEKTBI IIPOEKTUPOBAHUS MHOT'OATEHTHBIX CUCTEM
C BHEAPEHUEM YHU®UIIUPOBAHHOI'O SAA3bIKA MOJAEJIUPOBAHUS
Canumoea M.P.

Kniouesvie cnosa: ynuguyuposannwvlii A3bIK MOOEIUPOBAHUS, AEHM, MHO20GA2EHMHAS CUCMeMA,

apxumexmypa, peaxKmueHbli a2eHm, a6mMOHOMHbIL ASEHM.

B cratee paccmarpuBaeTcd psA  BOIPOCOB IMPOEKTUPOBAHWUSA MHOTOAreHTHBIX CHCTEM C
WCTIONBb30BaHUEM YHU(DHUIHUPOBAHHOTO sI3bIKAa MOAEIHpoBaHus. C HCHOIb30BAHHEM HMHTEPAKTUBHOIO SI3bIKA
MPOTPaMMHUPOBAHUSI  BBIIAeTCs psiil  OOMIMX TPHKAa30B Ha pa3pabOTKy apXHUTEKTYphl areHTOB.
[Ipoanann3upoBaHO MOBENECHUE AareHTOB, U3yYEHO B3aUMOJCHCTBHE areHTOB B CTPYKTYpPE MHOTOAreHTHBIX
cucteM. PaccMoTpeHs!I npaBuiia B3auMOJEHCTBHSI IPOTOKOJIOB B3aUMOJIEMCTBHS ar€HTOB C MCIIOJIb30BAHUEM
SI3bIKa YHU(PHIIMPOBAHHOTO MOJIETUPOBAHUSI.

SUMMARY
SOME ASPECTS OF DESIGN OF MULTIAGENT SYSTEMS WITH
THE APPLICATION OF UNIFIED MODELING LANGUAGE
Salimova M.R.

Key words: unified modeling language, agent, multi-agent system, architecture, reactive agent,

autonomous agent.

The article discusses a number of design issues of multi-agent systems using a unified modeling
language. Using an interactive programming language, a number of general orders are issued for the
development of an agent architecture. The behavior of agents is analyzed, the interaction of agents in the
structure of multi-agent systems is studied. The rules of interaction of agents interaction protocols using the
language of unified modeling are considered.
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Agar sozlar: geyim, rahatlq, psixoloji komfort, elastik parca, xassa, orta yiiklanmo, yiiksak yiiklonma,
istilikvermo.

Giris. Komfortlulug aspektino uygun olaraq, burada insan duygularina uygun geyimin
olgiilori (tactil-fit); taktil- toxumalar soviyyoesindo duyulan hissiyyat (taktil); istilik - nomlik
hissiyyat1 se¢ilmisdir.

Geyimin istifadosindo rahatliq, bu insanin horokotinin sorbastliyinin tomin edilmasi ilo
olagodardir vo iki osas amildon asilidir. Onlardan birincisi geyimin konstruksiyasidir. Geyimin
konstruksiyast molumat bazasinda olan genis siyahinin osasinda hazirlanir. Layiholondirmo
morholasinin geyri-adiliyi, onun miistaqil istigamatlordo vo miixtalif variantlarda tortib edilib
yaradilmasidir. Geyimin layihalondirilmasindo osas molumatlar siyahisina materialin elastikliyi do
daxildir. Bu, konstruksiyadan sonra ikinci asas amildir vo geyimin rahatligini tomin edir.

Geyimin komfortluluq aspektlori. Geyimin genis monada komfortlulugu, 6ziinds bir nego
keyfiyyat aspektini vo onun problemlorini 6ziindo birlogdirir. Onlar asagida gdstorilonlordon
ibaratdir:

a) geyimin istifadosi zamani rahatliq, insanin horokstino minimum miigavimat géstormasi,
insanin badon dlgiilorine uygunlugu, hazirlandig1 materialin elastikliyi vo s.;

b) psixoloji komfort;

¢) insan orqanizminin istilik balansinin saxlanmasina yonsldilon istilik komfortu.

Bir torofdon psixoloji komfort insanin estetik toloblorino uygunlugu ilo, digor torofdon iso
insan dorisinin materialla tomast zamani yaranan taktil hissiyyatla toyin edilir. 9dobiyyat
manbalaorindon psixoloji komfortla bagli olan molumatlara asason demok olar ki, bu aspekt az
Oyronilmigdir. Taktil hissiyyat dorinin tozyiq reseptorlarinda yaranir. Adoton digor aspektlorin
totbigindon miisbat natico alindiqdan sonra psixoloji komfort aspekti totbiq olunur. Qeyd etmok
lazimdir ki, taktil hissiyyatin insanin fizioloji tebisti ilo alagadar olmas: fikirlori do mdvcuddur.
Belo hesab edilir ki, adi voziyyatdo kompleks saplardan ibarst pargalardan hazirlanmis geyimdo,
qadinlar 6zlorini kisiloro nisboton daha az komfortda hiss edirlor [1, s.178]. Ona goroa do, qadinlar
iiclin soyutma effekti olan parcalardan hazirlanmis geyimlor daha ¢ox vordis edilmisdir.

Subyektiv komfortun miisyyonlosdirilmasinda, pargalarin insan badoni ilo tomasinin tobioti
boyiik rol oynayir. Lifin zorifliyi xlisusi mona kosb edir. Belo ki, lifin zarifliyi onun méhkomliyina
asash sokilds tosir edir. Yun, neylon vo viskoz liflorinin garisigindan toxunan pargalarin todqiqi
gostordi ki, méhkomlik 4-cii doraco radiuslu liflors miitonasibdir.

Birinci amil liflorin xotti sixlig1 materialin dori ilo tomasina asash tasir edir [1, s.182]. Tabii
ki, pambiq lifinin zerifliyi parcaya yumsaqliq vo hamarliliq verir, yunun kobudlugu iso oksina,
parcaya narahatliq vo kolo-kétiirliik verir. Bu isa 6z ndvbasinds dorids hiss olunur. Likewise vo
Mehrtens [1, s.182] materialin narahathigmin hiss edilmasi vo ayr1 — ayri liflorin méhkomliyi
arasindaki asililiglart Oyronmiglor. Molum olmusdur ki, materialla dorinin tomast zamani
hissiyyatlarin forqli olmasi, liflorin név miixtolifliyindon deyil, materialla tomasin hondosi
Olgtilorindon asilidir.
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Ikinci amil materiala toxunma zamani hiss olunan xasso ( istilik va soyuqluq tesiri yaradan),
toxunma sathinin olgiilori kimi ortaya ¢ixir. Bu vaziyyetin xarakteristikasini ilk dofs olaraq Rees [1,
s.182] vermisdir. O, parganin hamarlig1 ilo dorinin soyuqlugu hiss etmosi arasindaki olageni
identifikasiya etmisdir. Daha sonra iso siibut olundu ki, soyuqlugu hiss etmo vo “yapisqanliliq” ,
genis dayaq sothino malik olan pargalara daha ¢ox xarakterikdir. Kigik dayaq sathino malik olan
parcalarda iso bu azdir. Reesin dediyi voziyyet, miixtolif soviyyado nomliys malik olan parcalara aid
olunur. Lakin, Hock soyugun hiss olunmas1 da parcalarda namliyin artmasi ilo yarandiginit miioyyan
etmis vo bunu parcalarin st sothindo temperaturun asagi diismosi ilo olagodar oldugunu
bildirmisdir. Bu ciir yanasma soyumanin siiroting osason dayaniqlt sothin, hacminin, toyini
metodunun yaranmasina sabob oldu [1, s.182].

Uciincii  amil Materialda nomliyin olmasi1 vo bu nomliyin materialda paylanmas: ilo ortaya
cixir. Torkibi yarimyun olan geyim ii¢iin pargalarin todqiqi [1, s.183] gostordi ki, materiallarin
torkibindoki qarisiglarin az miqdarda doyismosi, onun nomliksaxlama qabiliyyatine nozors ¢arpacaq
doracads tasir edir. Bu bazi liflorin miixtolif voziyyetlors doyismasi ilo izah olunur. Yuxarida geyd
olunan hallar subyektiv hiss ola bilor vo parcanin nomliyinin buxarlanmasi ilo bas verir [1, s.183].

Dordiincii amil taktil komfortudur vo statik yiiklii zorraciklorin toplanmasindan yaranir.
Onun artmasi, ayri-ayrt liflorin elektrik kegiriciliyinin asagi olmasi, otraf miihitdo nomliyin
saviyyasinin az olmasi zamani yaranir. Materialda statik elektrik yliklomalorinin qarsisinin alinmasi
iclin, materialin toxunusunda daha yiliksok hiqroskopikliys malik olan liflorden istifads etmok
lazimdir [1.soh.183].

Geyimin badonds dasinmasinda istilik komfortu. Istilik effekti, geyimdo on miihiim
amillordon biridir [2]. O, metabolizm prosesinds badondon straf miihits verilon istiliyin miqdarinin
saviyyasi ilo tayin olunur [3]. “Komfort” sézili termik neytral voziyystdo olmaq demokdir. Bels ki,
temperatur komfortu zamani istilik nizamlayicilar1 gorginlik hiss etmirlor. Amerika alimi Uebbom
komfortu asagidaki kimi xarakterizo edib: “Komfort — bu insanin elo voziyyastidir ki, bu zaman o,
otraf miihitin mikroklimatindan momnundur [4]. ©traf miihitin eyni faktorlar: biitlin insanlara eyni
tosir etmadiyindon, hesab olunur ki, mikroklimat haqqinda rayi sorusulanlarin 80% momnundursa,
onda bu hal komfortlu hesab olunur [5].

Stiratli horokotds vo yliksokliys qalxanda orqanizmdo gorginlik yiiksalir vo temperaturun
badonds artim1 bag verir. Orqanizm, dorhal bu gorginliyi azaltmaq ti¢ilin artiq istiliyi tor vasitosilo
badandan konara yonaldir.

Istiliyin badondon uzaglasdirilmas: asagidaki 4 osas iisulla bas verir:

1) “quru” isti axinla materialda-istilikverma;

2) isti vo nom hava, geyimin altindan onun “itolonmosi” ilo materialda olan desiklordon

oturilir;

3) badonin otraf miihitde horakatinin sayasindo, isti vo nom hava materialin mosamalorindon

xarica italonir.

4) materialin liflorindon nomliyin xaric edilmaosi.

Sokil 1-do dori hissosinin sxematik tosviri gostorilir. Burada geyimlo ohato olunmus dori a)
orta yliklonmads, b) yiiksok yliklonmads toqdim olunur.

Badon yiiksok yiiklonmolords alavo istilik istehsal edir vo bu xosagolmoz duygu yaradir. Ogor
dori torofinden ifraz olunan namlik tezliklo deriden uzaqlagdirilarsa, geyimin materiali torafindon bu
nomlik udulsa vo agor geyimin materialinin iist qatinda buxarlanarsa bu vaziyyat dorhal lagv edilo
bilor.

Liflorin noviindon asili olmayaraq, bu zonciri eyni vaxtda tamamilo 3 soraitdo yaratmaq
miimkiin olmur. Sintetik liflor {i¢iin sorbsiya xiisusiyyati mogbul deyildir. Tobii liflor ii¢lin iso
nomliyin buxarlanmasi lifin sismasi ilo olagoadar olaraq asta gedir.

Daxili orqan vo ozololordo oksidlosmo noticosindo istiliyin formalagmasi bas verir.
Buxarlanma, konduksiya, konveksiya va radiasiyanin hesabina temperaturun nizamlanmasi nisbaton
inco bas verir [3,5,6]. Insanin enerji itirmosi, otraf miihitin doyismasi vo insanin istilik izolyasiyasi
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miloyyon zaman kosiyindo doyiso bilmosindon, bu qaydalara asason istilikvermo nozors ¢arpacaq
soviyyado doyise bilar.

b konstrukiv desikdan cixan

P kecan axin (hava kegirma

ANELY
[ {
& a gabilyati)
]

’-istilik kegirma
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|
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sorbsiva

miaterial

Sakil 1. Geyimla ortiilmiig dori hissasinin a) orta va b) yiiksak yiiklonmalords sxematik tasviri.

Insanin istilik tarazhig1 asagidaki baraborliklo toyin edilir:

Q == Qkon + Qkonv + Qrad + Qbux (1)

burada: Q - insan torafindon istehsal olunan istilik;
Q,,, - konduksiyadan yaranan istilik;
Q... - konveksiyadan yaranan istilik;
Q,,, - radiasiyadan yaranan istilik;
Q,,,- buxarlanmadan yaranan istilik;

(+) isarasi insanin otraf miihitdon istiliyi qobul etmasidir;
() isarasi iso insanin otraf miihito istilik vermosidir.

Xarici miihitin tosirindon asili olaraq, gostorilon istilikverma tisullarinin rolu vo olagolori
doyisir. Bundan bels, insan orqanizminin istilikvermo prosesindoki baxiglarinda hiss olunacaq
tokamiil olsa da, istilik komfortunda konveksiya vo radiasiya il istilikvermo asas yer tuturlar.

Q komiyyati orqanizmin yiiklonmasindon va otraf miihitin soviyyasindon asilidir. Oturmus
vaziyyatds istirahot zamani Q toxminon 50 kkal(m? saat olur) [7].

Monbonin molumatina osason bu soraitde Q = 58 vt/m® olur. Uzanmus voziyyatdo istirahot
zamam Q = 51,3 vt/m?, yazi yazan vaxtt yliiklonmoado Q = 77 vt /m? olur [7]. Agr fiziki is vaxti is9
bodanin istilik istehsali 8 dofs istirahot vaxtindakindan ¢ox olur.

Miixtolif agirligh islorin aparilmasi zamani orqanizmde yiliklonmenin qiymatlondirilmasi,
enerjinin sarfiyyatinin hacmino gors toyin olunur. S.M.Qorodinskinin [8] molumatina asason islorin
goriilmasina sorf olunan enerji asagidaki kimidir: agir islor — 417-591BT, (vt); orta agir islor — 243-
417, (vt); yiingiil islor — 139-243bt, ((vt); istirahat vaxti — 90-104 vt.
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P. Fanderin isindo [9] miixtalif fiziki islorde enerji sorfiyyati haqqinda doqiq molumatlar
verilir. Insan badoni hor hansi bir osya ilo tomasda olanda, onun badoninin temperaturu asyanin
temperaturundan forqlonirso, onda konduksiya sorfiyyati hoyata kecir, ogor ogyanin temperaturu
bodonin temperaturundan asagidirsa, onda isinma bas verir. Konduksion istilik sarfiyyatinin payz,
insanin timumi istilik sorfiyyatindan boytiik deyil. Ona gora do (1) baraborliyi asagidaki kimi olur.

Q == Qkonv == Qrad = Qbux (2)
Insan badani ilo otraf miihit arasinda konveksion istilik miibadilosi Nyutonun boraborliyino asason:
Qkonv:a'(tg —tg)'S'Z' (3)

olur.

Burada; « -istilikvermo amsali, kkal/m?;

t° vo t2— insan badani darisinin va straf miihitin temperaturudur C°;

T—zaman, S;

S — insan dorisinin sahasi, m®.
Insan darisinin sahasi S, Fudzimotonun (35) diisturu ilo toyin oluna biler.

S — G044 . 40663 gg 33 (4)
Burada G -¢okidir, kq;
H -badonin hiindiirliiytidiir, sm.

Adoton hesablamalarda S =1,8m? gotiirtiliir.

Insan bodoninin ayri-ayr1 hissolorini {ifiirmoklo onun temperaturunu asagl salmagq
miimkiindiir. Belo iiflirmo zamani havanin horokot siiroti az oldugundan, insan torofindon hiss
olunmur [10,11].

Belting vo Xat¢anin empirik diisturu ilo @, hesablana bilor[12]:
Qoon =128 -t ~t7) (5).

Burada 9 -havanin horokat siiroti, m/san;
t, —t. - dorinin vo havanin horaratidir.
Insan dorisinin ayri-ayr1 hissolorinin iifiiriilmosi zamani (5) formulasindan gériiniir ki, Qi

qiymati hava axininin qiymotindon funksional asilidir. Qeyd etmok lazimdir ki, insanin 6zii hiss
etmadiyi halda temperaturun azalmasi miisahido olunur. Istilik komfortu soraitinde {imumi istilik
sarfiyyati 30% hocmindo olur [12].

Insan badoninds radiasiya vasitasi ilo sorf edilon istiliyin hocmi, Belding vo Xat¢anin empirik
barabarliyi ilo hesablana bilor.

Qrad =10- (tliJ - fR) (6)
Burada {,— otagn orta radiasiya temperaturudur vo asagidaki diisturu ils toyin olunur:
- t f
LX) o
> f
Burada t,- ekranin iizorindoki temperaturu , °C:
f,- ekranin sahosidir, m°.

Istilik komfortu goraitindo radiasiya ilo istilik sarfiyyati iimumi istilik sorfiyyatinin qiymatinin
50%- i hacminds olur [12].

(3), (5), (6) barabarliklorindon bels naticoys golmok olar ki, insan badoninds konveksiya vo
radiasiya ilo istilik sorfiyyat1 t; >t; vo tJ >t; olduqda bas verir. Oks halda isa istilik vermo otraf

miihitdon insan badonins yonslir. Bu istilik balansinin tarazligi asagidaki sortdo miimkiindiir.

Qbux = Q + Qkonv + Qrad (8)
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Belo naticoya golmok olaraq ki, otraf miihitin temperaturu, insan badoninin temperaturu ils
eyni, yaxud ondan ¢ox olduqda, istilik sorfiyyati yalniz bir iisula - buxarlanma ilo bas verir. Bu
cadval 1- do gostarilonlarls siibut olunur.

Cadval .
Otraf miihitin miixtalif temperaturlarinda istilikverma tisullarinin alagalari
Istilikvermo iisullari Havanin temperaturu, "C
15-20 25 -30 35-40

Konduksiya, konveksiya

L 83,3% 69,6% 0%
vo radiasiya

Buxarlanma 16,7% 30,4% 100%

Notica.

1) Xarici sortlordon asili olaraq, istilikvermo iisullar1 arasindaki olagolor ( konveksiya,
konduksiya, radiasiya vo buxarlanma) miixtolifdir. Istilik komfortu soraitindo konveksiya vo
radiasiya daha shomiyyatlidir. 35°C — don yuxar1 temperaturalarda istilik balansinin tomin edilmasi
liciin, insan orqanizmi torafindon nomliyin buxarlanmasi yegano iisuldur. Osas amillors, insan
organizminin namlikverms intensivliyi do daxildir. Buna fiziki yiikiin intensivliyi vo otraf miihitin
temperaturu tosir edir. Nomlik itirmonin doyismo diapazonu sakit halda 0,5 qr/doq, orta soviyyali
fiziki yliklonmoalorde 7 - 10 qr/doq vo daha agir fiziki yiiklonmalords iso 20 qr/doq araliginda
doyisir.

2)insan bodoni ilo geyiminin altindaki hava qatmnin xarakteristikasi, geyimin komfort
soraitinin qiymatlondirilmasi sortlorindondir. Onlarin toyininin asas faktorlar1 asagidakilardir:

a) xarici sartlor: otraf miihitin goraiti; orqanizmin yiliklonmasinin soviyyasi;
b) istifads ilo olagoli amillar: geyimin konstruksiyasi; geyimin materialinin xassalori.
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PE3IOME
BJIMSHUE TEIIJIOBOI'O KOM®OPTA HA OPTAHU3M YEJIOBEKA
IIPU PA3HBIX TEMIIEPATYPAX OKPYKAIOIIEMN CPE/IbI
Paoycabos U.C.

Kntouesvle cnosa: odeoxxcoa, yoobcmeo, ncuxonosudeckuili Komgopm, >1aAcCmMUuyHAs MKAHb,
Xapaxkmep, cpeOHsisi HazpysKa, OoIbulas HazpysKd, menioomoaud.

CornacHO CTaThe, CUCTEMATU3allUsA YEJIOBCUSCKUX 3MOILMM MccaeaoBaHa B acnekTe kompopra. Ecth
JIBa OCHOBHBIX (paKTOpa, KOTOPHIC ONPEACIAIOT, Kak KOM(OPT MOKHO HCIIOJIb30BaTh IIPH HCIIOIB30BAHUN
OJICX/IbI, YTO CBsI3aHO C O0OECIeYeHHEeM CBOOOJBI JIBIDKCHUS. B IepeueHb OCHOBHBIX JIaHHBIX IIPU
MMPOSKTUPOBAHUU OJEKJbI BXOAMT 3JaCTUYHOCTh MaTepuana. JTO BTOPOHW TJaBHBIA (DaKTOp MOCIe
KOHCTPYKIIUK W obecrieunBaeT KOMQOpT ozexabl. Kpome TOro, B craThe OICHHBACTCS KadecCTBO
TEKCTWIHHBIX MaTEPUAIOB KaK BaXKHEHIIIEro (hakTopa B OACKIIC.

SUMMARY
THE EFFECT OF THERMAL COMFORT ON THE HUMAN BODY
AT DIFFERENT AMBIENT TEMPERATURES
Rajabov I.S.

Key words: clothing, comfort, psychological comfort, elastic fabric, character, medium load, big load,
heat transfer
According to the article, the systematization of human emotions has been investigated in the aspect of
comfort. There are two main factors that determine how comfort can be used when using clothing, which is
related to ensuring freedom of movement. The list of basic data in the design of clothing includes the
elasticity of the material. This is the second main factor after the design and ensures the comfort of clothing.
In addition, the article assesses the quality of textile materials as the most important factor in clothing.

Daxilolma tarixi: [lkin variant 23.01.2019
Son variant 04.03.2019
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