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TEPMOJJIEMEHTBI HA OCHOBE TBEPJAbIX PACTBOPOB
Tlin,_,Ce,Te,

13APBAJIMEB MAT'OMEJAJIN MA3AXMUP oray
‘UCMAUJIOB MAUC T'ACHJIb orJ1y
*BAJIMEBA BAHOBIIA ACJIAH rbi3sl
Cymeaumckuil 20cy0apcmeeHHblil YHUGepcumen,
1-npogpeccop, 2-ookmopanm, 3-cmapuuii 1060parm
zarbalievmm51@mail.ru

Knrouesvle cnosa: mepmosdc, mepmodhhekmuenocmp, mepmosITeKmpuieckas 000pOmHOCHYb,
XanbKo2eH

Ob6cysicoeHbl 803MONCHOCIIU NOTYYEHUSL YETNBEPHBIX BEPObIX PACMBOPO8 HA OCHO8E MPOUHO20
nonynpogooHukoso2o  coeourenuss TlInTe, ¢ peoxoszemenvnvimu  snemenmamu. Ha — ocnose
MEMNEePAmypHblX — 3a8UCUMOCmel  Kodpuyuenmos  91eKMponpoeoOOHOCMY, — MepModoC U
MENIONPOGOOHOCMU  PACCYUMAHBL  MEPMOIIeKMPUYecKas, 00OpOMHOCMb 8 UWUPOKOM UHMEPSALe
memnepamyp u KoHyenmpayui 0bipox 6 meepovix pacmeopax TlIn,_,Ce,Te,. Ycmanoeneno, umo pocm
OMHOCUMENLHO2O  YUCIA AMOMO8 Yepus, 3aMeujarowux amomvl UHOUs, NpUeoOUm K pocmy
mepmoanexmpurecko  doopomnocmu.  Iloxazano, umo  omHOCUMENbHO  OOonbUiUe — 3HAYEHUs.
mepmoaghpexmuenocmu 6 dannvix mamepuanax no cpaguernuio ¢ TlInTe, o6ycroeienvl, 6 0CHOBHOM,
paccesuuem QoHoHo8 u Obipox Ha Odepexmax. [lpusedenvl pacuemovl 01 MEPMOINEMEHMOE HA OCHOBE
MoHoKpucmannos meepovix pacmeopos TlIn,_,Ce,Te,.

Byphoe pa3BUTHE COBPEMEHHOM IIEKTPOHUKHU TpebyeT HENpPEepbIBHOI'O
YCOBEPIIEHCTBOBAHUS TEXHOJIOTUU TBEPIOTENBbHON 3JEKTPOHUKHU. DTO CTUMYJIHUPYET MOUCKU U
pa3pabOTKW  HOBBIX  MOJYHNPOBOJHHKOBBIX  MaTepHalioB, OOJaJalOMIMX  YHUKAJIbHBIMU
CBOMCTBAaMH.

[Touck HOBBIX MOJYNPOBOJHMKOBBIX MAaTepHaOB MOXXKHO BECTH B HaIpaBICHUU
pacmpeHusi KpUCTAJUIOCTPYKTYPHOU TPYIIIBI YK€ U3BECTHBIX MaTtepHajoB. [[Jis KOHKPETHOCTH
B JJaJIbHEIIIEM CBOM pacCyXJIeHHUsI Mbl OyJJeM BECTH, B OCHOBHOM, Ha OCHOBE KPUCTAJUINYECKUX
pemerok Tuna A'BY! XapakTepHhIM HpuMepoM peIIETOK NaHHOIO THIA MOMKET SABIATHCS
coenuHenue TI1Se.

Kak wu3BectHO, [4-6] coemunenue TISe oTauyaercs KpalHUMH cCHEHU(PUICCKUMU
0COOEHHOCTSIMU, MPECTABIAIOMMMHU OOJIBIION HAYYHBIN U MpaKTHUECKHU uHTepec. B pemerkax
TISe aromsl Tainust NPOSBISAIOT NMEPEMEHHYIO BaleHTHOCTh. biaronaps oco0oil 351eKTpoHHOM
KOHQHUTypanud W OOBEMHBIM JaHHBIM COOTBETCTBYIOIIMX METAJUIMYECKHX KOMIIOHEHTOB,
pemetku TISe —» TIT[TI3* + Se,|” oka3plBalOTCA COCTABIEHHBIMH M3 JBYX CAMOCTOSTENbHBIX
CTPYKTYPHBIX EIMHHIl — W3 BOCBMHMBEPIIMHHMKA, C HOHHBIM XapakTepoMm cBsszu M! —
X(TI3* — Se) u Terpasapa, ¢ KoBaneHTHOH cBs3bio Mexay M1 — X(TI3t — Se).C Ttouxkn
3peHUsl MPOCTPAHCTBEHHO-TEOMETPUUECKUX COOOPAKEHUHN ONpeAeNsionuM U3 HHUX SBISETCS
BOCBMUBEPIIMHHUK, a B CMBICI€ XUMHUYECKOM cBsizu — Terpadap. CiiegoBaTenbHo,
OTBETCTBEHHBIMH B (OPMHPOBAHWU KPHUCTAUTMUYECKUX PENIETOK JaHHOTO THIIA SBISTFOTCS
OJTHOBAJICHTHBIE MOHBI TAJUIMS M MHJHUS B OKTadJpax, B TO BpeMs KakK MOJYINPOBOJIHUKOBBIE
OCOOCHHOCTH COEIMHEHUH C JaHHOM CTPYKTYpOH ONpEeNeNstoTcsl, TJIaBHBIM 00pa3oM,
TpeXBaJeHTHBIMH HOHaMu Tamus- T13 u uaausa- In3t B Terpasapax.

Taxkum 00pa3zoM, U3 CTPOEHHS KPUCTAIUTMYECKON PELIETKH HEMTOCPEICTBEHHO CIIEAYET, YTO
HE TOJBKO Ha 3aMEIIEHUE OJIHOBAJIEHTHOIO TAJIMSl B BOCBMHUBEPIIMHHHKE, TIO CPaBHEHHUIO C
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3apbanues M.M., UcmaunoeM.I'., Banuesa b.A.

TPEXBAJICHTHBIMH, a TAKXKE U OKPYXKAIOIIETO €ro 3JEeMEHTa-XaJIbKOT€Ha, JIOJKHBI IM0JaraTbest
Oonee xecTkue orpanudyeHus. [losTomy mpencTaBiseTcs He ClydalHbIM, YTO PELIETKH TUIA
TISe coxpanstorcs npu 3amereHuu cenena (r2~ = 194pm) coOTBETCTBYIOIMMU HOHAMH CEPBI
(r?~ =184pm)u Ttemnypa (r?” = 221pm), HecMOTps Ha CYLIECTBEHHOE pa3IHuhe HX
00BEMHBIX MAapPaMETPOB, B TO BPEMs KaK HPH 3aMEIICHMH OJHOBAJIEHTHOro Tammms (r?~ =
198pm) onuoBanenTHbIMU aTomamu Meau (1t = 96pm) u cepebpa (r't = 126pm) pemerku
tuna T1Se oka3pIBalOTCSI HEYCTOMYMBBIMHU. JIeHCTBUTENHHO, HEKOTOPHIE M3 CYIIECTBYIOIIUX
coenunennit  A'BMCY' [4]. (CuTISe,, AgTISe,u m.0), KpUCTALIH3YIONIUXCA B peIIETKAaX
xanbkonuputa tuna CuFeS, MoryT ObITh (POpPMaNIbHO MPEICTABICHBI KaK pe3yibTaT 3aMeIIeHUs
OJIHOBAJICHTHOTO TaJUIMsl B penieTke Tuma TI1Se COOTBETCTBYIOIIMMHU 3JI€MEHTaMU MEepBOU
rpynnbl.  Wtak, B CHUJy COBEpPUICHHO OIpPEAETICHHBIX COOOpaKeHUH, TpU  TOUCKE
KpPHUCTAILIOCTPYKTYpHBIX aHanoroB TISe (TITISe,) myTh 3aMelIeHHs] OJHOBAJIEHTHHIX HMOHOB
JJIeMEHTaMU TPEThEel TIpymnmbl He o0emaeT ycrmexa, K TOMY € 3aMelleHHe Takoe He
MPENCTaBIsUI0 OBl 0COOOr0 WHTEpeca JaXe MpPH COOTBETCTBHH IMAapaMETPOB, B CMEICIIC
yIOpaBlIeHUS  MOJYPOBOJHUKOBHIMH  OCOOCHHOCTSIMU.  (CleloBaTeNbHO,  CYIIECTBEHHBIC
W3MEHEHUS TOJYITPOBOIHUKOBBIX IMAapaMETPOB, MPEXKAEC BCEro IIUPUHBI 3alpenieHHOW 30HBI -
A&y, MOIKHBI UMETh MECTO HMEHHO TIPU COOTBETCTBYIOLIMX 3aMEIIEHHAX TPEXBAIEHTHBIX HOHOB
B TE€Tpa’ipax.

Takum o00pa3oM, NOPUXOAUM K 3aKIIOYEHHUIO, YTO JUIsl Pa3yMHOTIO YIPaBJICHUS
MOJIYITPOBOTHUKOBBIMH CBOMCTBAMH NMPU KATUOHHOM 3aMEIICHUU B paMKax CTPYKTYPHOT'O THIIA
TISe, mnpakTUYECKH BO3MOXHBIM H HaubOojlee palMOHAIBHBIM SBISIETCS  3aMEIICHUE
TPEXBAJICHTHBIX HOHOB TAJUINS B TETPAdAPAX COOTBETCTBYIOMMMU d1eMeHTaMu 1110 moxrpymmst
(Ga, In), a Taxxe TpeXBallCHTHBIMHU PeKO3eMeIbHbIMU 21eMentamu (Ln31), He 3aTparuBas npu
STOM OJHOBAJICHTHBIX MOHOB B BOChMHUBEpIIMHHUKE. [Ipy B3aMHOM 3aMelIeHUU DIEMEHTOB
II1° rpynmel, WCXOAs M3 OCOOEHHOCTEH OIEKTPOHHBIX KOH(MUIYpaluii, MOXKHO CHENaTh
HEKOTOpBIEC MPOTHO3bI. ATOMBI TAJLTUS MPH B3aUMOJEUCTBUU C JIEMEHTAMU CBOEH MOATPYIIIIBI
TPEXBAICHTHBIMH PEIKO3EMEIbHBIMH 3JE€MEHTAMHU MPOSBISAIOT OJIHOBAJECHTHOE COCTOSHHE.
HecMoTpst Ha TO, YTO OJTHOBAJIEHTHOE COCTOSIHME XapaKTEPHO TAKXKE JUIsl MHIAUSA U TaJlIus, HO
TeM He MeHee, nocneguue B coeauHenusx tuna A'B™XY'mpu komkypeHmum ¢ Tammmem
TPOSBJIAIOT HOPMaJIbHYIO BajleHTHOCTh (In3*Tu Ga3*), ¢ BHemHell Kondurypamueii >1eKTPOHOB
5525p! u 4s%4pl, coorBeTcTBEHHO. PEanbHOCTH JNAHHOTO MPEATOJIOKEHUS CIIEAyeT M3 TOro
daxra, yro 5s52060n0uKkK MHAUA, TeM Oonee U 4s? 0OOJOYKH TauaMs MO CPaBHEHHIO ¢ 652
000JI0YKaMH TaJUTMs MEHEE YCTOWYUBBHI, T.€. BEPOSTHOCTh TMPSBICHUS OJHOBAJICHTHOTO
COCTOSIHMS, a CIEJOBAaTENbHO, W 3aHATHSAMHU OKTA’APUUYECKOr0 TMOJOKEHUS B pEHIETKAX
tuna T1Se, npyu NpoYrx paBHBIX YCIOBMIX YMEHbIIAeTcs B nocienosarensHoctu Il — In — Ga.
Takum obpasom, coemunenus T1InSe, u TIGaSe, B yactHoctu ot TITISe, —» TIT[TI3*Se,]”
OTJIMYAIOTCS JIMIIb COOTBETCTBYIONIMMH aTOMHBIMU pajgukanamu [In3*Se,]| u [Ga3*tSe,]”, a
TEM CaMbIM, W IIMPUHOW 3ampernieHHoi 30ubl [4, 6]. B 1o Bpems kak TIInTe, u InGaTe, Ha
OCHOBE T€X K€ COOOPAKEHHMil JOIKHBI OBITh HM30CTPYKTYpHBIMH C InTe — In*[In3*Te,]” n
BBIBEZIEHBI U3 Hero: B ciydae TIInTe,—3aMenieHneM OJHOBAJEHTHBIX MOHOB uuaus (In') B
BOCHMMBEPIIMHHMKE HMOHAMM Talus cooTBeTcTByromeii BanentHoctu (TI1), a B ciyuae
InGaTe,—3amenieHneM aHHOHHOTO pamukana [In3tTe,]” mwa [Ga®*Te,| m cnenoparensHo,
JOMKHBI OBITH TIpefcTaBieHsl kak - TIT[In3TTe,]” u TIGaTe, — Int[Ga®*Te,]” [6]. B
JnerictBuTenbHOCTH coenuHenus IninTe, u TIInTe, , OTAWYAIOIIUECS JHUIITbL OJHOBAJICHTHBIMHU
karnonamu (In*u TI*) obnagaror oxuol u Toi xe (0.75B) MIMPUHON 3alpEIIeHHOM 30HBL. A
coenunenue InGaTe, (Ag; = 1,49B), ormyaromuiics ot IninTe, (Ag; = 0.75B) xatnonamu
KOBAQJIEHTHO TETPA’APUUECKOM KOOPJIMHALMHU PE3KO OTIMYAIOTCA MO ILIUPUHE 3alpelieHHON
30HbI. TakuMm 00pa3oM, yka3aHHBIE BbIIIE (Da3bl SBIAIOTCS MHTEPECHBIMH €IIe U TeM, 4TO
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Tepmoanemenmul Ha ocHoge meepovix pacmeopos TlIn,_,Ce,Te,

MO3BOJISIIOT PAa3yMHO YIPABIATH IIMPUHOM 3alIPEICHHOM 30HbBI, a IPU COBEPLIEHHO OJHOM U TOU
e IIMPUHE 3alPelIeHHON 30Hbl BAPHUPOBATh APYTHMMHU (pU3HUYECKUMH apameTpamu [4].

W3BectHO, 4TO 3a uckimodenueM eBponust (Fu) u urrepoust (Yb) u 1o MeHbIIEH CTENEHH
camapust (Sm) Bce OCTalbHBIC PEIKO3eMENbHBIC 3JIeMEHThl (P3M) MpOSIBISIOT HOPMAJIbHYIO
TPEXBAJICHTHOCTh U X (U3NYECKUE U XMMHUUYECKUE CBOMCTBA MaJl0 OTIMYAIOTCS APYT OT Apyra.
DTO CBA3aHO C TEM, YTO COCTOSHHUIO C HaMMEHbLIeH sHeprueil otBeyaer 5d16s2 kondurypamus
BHEIIIHUX 3JICKTPOHOB. BKiiag 4f- SJIEKTPOHOB B XMMHYECKYIO CBSI3b MOXHO HE YYUTHIBATh
BBHUJIy TOTO, YTO BOJHOBbIC 4f ¢yHkunu nonoB P3M cuibHO Jokanu3yrorcs B Onusu snep. B
9TOH CBS3M BaJICHTHBIC KOH(purypanun Bcex P3M onpenenstorcs Haubosnee TunuaHo. [lo atum
COOOpaXEHUSIM C YaCTMUYHBIM 3aMELEHUEM TPEXBAJICHTHBIX aTOMOB HMHJAWA WIM Tajliius B
TOMYIpoBOIHUKOBBIX coeaunennsx tuna A BT XY!c rpexsanentasivu P3M nosyuaercs HOBbIi
KIacc TIONYINPOBOJHUKOBBIX COEJMHEHHH M TBepAbIX pacTBopoB mo cxeme TITTI3TX)! —
TITIn3* XY > TITIn3%, In3t X' (0 < x < 1). Ilpu obpasopanuu coenunenuii tuna TILnX)'
BHCIIHME 3JIEKTPOHHBIE OOOJIOYKHM aTOMOB XalbKOreHOB S2p* MoOryr mocrpauBathes [0
HeifrpansHoro aprona (3s23p®), kxpunrona (4s24p°®), u kcenona (5s25p°), 3a cuer 5d16s?
win 4f16s? snektponos P3D. A B TBepAblX pacTBOpax, IO HAIIEMy MHEHHIO, BHEIIHHE
AJIEKTPOHHBIE O0OJOYKH JIBYX Map aTOMOB XaJIbKOTEHOB JOCTPAMBAIOTCS IO HEUTPAIbHOTO
aproHa, KpUINTOHA M KCeHOHa 3a cueT 6p' snexrponamu TI, 5525p! snextponos ummus u
5d16s? unu 4f16s? snexrponoB nantanuaoB [7].

B nanHoii pabore 06cyxaaeTcss BO3MOKHOCTh UCIIOJIb30BAHUS B KAYECTBE TEPMOITIEMEHTA
TBepasix pactBopoB TlIn,_,Ce,Te,. B [4,6] moka3ano, uro B cucreme TIInTe, — TICeTe,
HaOmomaeTcss o0nacTh pacTtBopuMOCTH Ha ocHOBe T1InTe,. XapakTepHOH OCOOCHHOCTBIO
KpUCTa/IOB TBepAbIX pacTtBopoB TlIn,_,Ce,Te, sABIAETCS HaIU4YUE B UX KPUCTALIIMYECKOU
pelleTke CTeXHMOMETPUUECKMX BaKaHCHH c BbIcOKO konuentpamueit (1018 —10%cu3) u
CBSI3aHHBIX C HUMH JIOKQJIM30BaHHBIX COCTOSHHMH B 3ampeineHHoi 3oHe [1,3], u 3Ta BennumnHa
pacTeT C pPOCTOM OTHOCHTEIHHOTO KOJUYECTBO IIEpUSi B COCTaBE TBEPIBIX PACTBOPOB.
OOpa3oBaHue TBEPJbIX PACTBOPOB IPHUBOJUT K H3MEHEHUSM DJJIEKTPOHHOM M PEIIETOYHOM
MOJCUCTEM KpUCTaUIa, BbI3bIBAas CTATHYECKYIO JedopMalMi0 pPEUIeTKM W BO3MYLIEHHE
AJIEKTPOHHOrO crekrpa. C pocToM KOHLEHTpAallMK BaKaHCHM B TBEPAOM pacTBOpE CpeaHee
paccTosiHuEe MEXAYy aroMaMu pacTBOpeHHOro BemiectBa T1CeTe, NOCTUTraeT 3HAYECHUH, TMPHU
KOTOPBIX MEXIPUMECHOE B3aUMOJICHCTBUE HAYMHAET BHOCUTH 3aMETHBIM BKJIaJ B DHEPIHUIO
kpuctauia pacrtsopurenss TlInTe,, u 3TO NPUBOIUT K MOSBICHUIO MNPUHLMUIIAAIBHO HOBBIX
CBOICTB, HE XapaKTepHBIX i1 HUCXOAHOro Matepuana. Tak; mpu nerupoBanuu TlInTe,
HEKOTOPBIMH peiko3eMeabHbIMU dsiementamu (Gd, P,, Nd, Eu, Dy, Yb) nabmomaercs shhexT
cTabmin3anuu ypoBHsi @epMu, KOT/a €ro MoJI0KEHHE ONpeAessieTcs TOJIbKO COCTaBOM CIIaBa U
HE 3aBUCHT OT KOHIICHTPAIIUH JISTUPYIOHHX npumMecei [1-3].

B paGore [4] wmccrmemoBanbl snekTpuueckue cpoiicrBa TIIn,_,Ln,Te, mnpu cinaObix u
CHWJIBHBIX  DJJIEKTPUUECKHUX  TOJAX, BOJbTAMIIEPHBIE  XapaTepPUCTUKH, TeMIIepaTypHbIE
3aBHCUMOCTH  TEIJIONPOBOJHOCTH, TepMmodac. IlokasaHo, uyTto B paccesHuu (HOHOHOB
OJIHOBpeMEHHO ¢ U- mpolieccaM akTUBHYIO POJIb UTPAIOT HOpMaJibHbIE MPOILIECCHl U PACCESTHHS
Ha ToueuHbIX nedekrax. Asropel [1,4,6,7] Tarke mokaszamu, uro obpasusl TlIn,_,Ce,Te,
00J1a/1a10T MEePEeKITIOYaoIMMHU CBOMCTBAMHU C 3JIEKTPUUECKON MaMAThIO U BBICOKUM 3HAYEHUEM
tepmoardpdexruBHocTu. [Ipu nepexone ot TI1InTe, k TBepasiM pactBopoMm TlIn,_,Ce,Te, Ha
€ro OCHOBE YJIyYLIAlOTCS TEPMORJIEKTPUYECKUE CBOWCTBA U IIPU CPEAHMX TEMIIEpaTypax OHU
JOCTUTAIOT BEJIMYWH, MPEICTABISIIOIMINX MpakTH4Yeckuil uHTepec. Takum oOpa3om, codeTaHue
BBICOKMX TEMIIEpAaTyp IUIABIEHUS, TEPMUYECKOM M MEXAHWYECKOM CTOMKOCTH C HU3KUM
KO?((HUIIMEHTOM TETJIONPOBOJHOCTH M BBHICOKON BETMYMHON TEPMO3C 00yCIaBIMBaeT HHTEPEC
K UX TEPMODJIEKTPUUYECKUM CBOMCTBaM. {151 TEPMOIIEKTPUUECKOIO OXJIaKIECHUS TPAJULMOHHO
HCIOJIB3YIOT MaTepHalibl Ha OCHOBE TBEPJBIX PACTBOPOB TEJUTYpHIOB OucMyTta (N- BETBb) U
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cypbMbl  (p-BeTBb). [l  M3rOTOBIIEHHMST  BETBEH  TEPMOOXJIAAUTENCH  MPUMEHSIOT
MOJIMKPUCTALTNYECKUE MAaTEpUaIbl, MOJTYyYEHHBIE METOJIOM 30HHOM IIJIAaBKM WJIM SKCTpy3ueu. B
MoCcIieIHEE BpeMsl Bce OOJbIIee pa3BUTHE MPHOOpeTaeT mpodiemMa MUKPOMHHHATIOPU3AINU, B
CBS3M C KOTOPOH TIPEIBABISIOTCS ONpENeIeHHbIE TpeOOBaHWUS K MaTepuaily BeTBed
TEPMODJIEMEHTOB, @ UMEHHO: BBICOKOW OJIHOPOJHOCTH, JOCTATOYHO OOJIBIION MEXaHUYECKOU
MIPOYHOCTH, COBEPIICHCTBY CTPYKTYPBI U JIP.

[TonukpucTainyeckne MaTepuaibl YK€ He YAOBJICTBOPSAIOT MHOTUM U3 3TUX MApaMETPOB.
C o5TOH TOYKM 3pEHHS] OCOOBIM HMHTEpPEC MPEACTaBISIOT MOHOKPHUCTAUITMUYECKHE OOpasiibl
TBepabix pactBopoB T1In,_,Ce,Te, [4].

O6pa3upl nmonydanu wu3 daemeHToB T1,In,Te «ocu» m Ce «X4» MPSAMBIM CHHTE30M
3BaHyupoBaHHbIX 10 10721a kBapueBbIx ammynax. s monyd4eHUs PAaBHOBECHOIO COCTaBa MX
OTKUTaIM B TeueHue ~120y.

MOHOKPHUCTAJUTBI BBIPAIIMBAIIA B KBapIEBBIX aMmImyjaX C BHYTPEHHHUM auameTpoM 14 —
16mm u gmnoit 120mm, pocT KpucTaiuioB A0 S5 cyTok. llomyueHHble MOHOKpUCTAILIBI
pacKaJIMBAJIMCh MO JBYM IIOCKOMAPAUICIIbHBIM 3€pKAJIbHBIM IIJIOCKOCTSIM CKOJIa.

Kaxk Ob110 OTMEYEHO BBIIIE, XapaKTEPHOM 0COOCHHOCTHIO KPHCTAIIJIOB TBEPABIX PACTBOPOB
TlIn,_,Ce,Te, sBIsgeTcd Haluuue B MX KPUCTAUIMYECKOH pemreTke Oonpmoi (~ 1018 —
1019cm—1 KOHIEHTpPAllUM CTEXHOMETPUYECKMX BaKaHCHMM W  CBS3aHHBIX C HUMHU
JIOKAJIM30BAHHBIX COCTOSIHUE B 3alpEIEHHON 30HE U 3Ta BEJIMYMHA PACTET C POCTOM MOJIbHOM
JIOJIM TIEpHsl B COCTABE TBEPIOr0 PacTBOPA, BCIICACTBHUE YETO 3JEKTPOIPOBOIHOCTH TBEPIBIX
pactBopoB T1In,_,Ce,Te, 3HauUUTEIHLHO BO3pacTaeT (IIOYTH HA JBA MOPAJKA), a KOIPHUIIMECHT
TEIUIONPOBOAHOCTH YMEHBIIAETCS 32 CYET MOSBICHUS JOMOJHUTEIbHBIX IIEHTPOB PacCEUBaHUS
(OHOHOB, U ITH OOCTOSATEIHLCTBA MPUBOAAT K YBEIHMYCHUIO TEPMOIP(PEKTUBHOCTH YKa3aHHBIX
cocraBos [4].

JIns  TpaKTUYECKOTO  HWCIOJIB30BAHUS  MOHOKPHUCTANIOB B MHOTOKACKaJIHBIX
TEPMODJICKTPUUECKUX OXJIAUTEISAX BAXKHBI IAHHBIE TI0 UCCIIEOBAHUIO OXJIAXKIECHUS Ha MMapax OT
pa3IMYHBIX TEMIEpPaTyp TOpsiuero cnasl.

Pacuer nmpoBoiuu Ha OCHOBE YpaBHEHHUS TEIIOMPOBOIHOCTH

divyVT = j?p + (3,75 V) 1)
IIpHU CICAYIOIUX I'PAHUYHBIX YCIIOBUAX:
T,(0) =Tp(0) =T, Ta(0) = Tp(0) = Ty (2)

(_)Znsl %) =

rme {- BbIcoTa BeTBel TepMOdIeMeHTOB, 0 = (XcuScu + XkSk)

= = 1,1
=+ D - 2R (5 +5) —e
TTL_TX

141
XOJIOJHBIE CIIal TEPMOAIEMEHTAa II0 MEIb—KOHCTAHTAHOBBIM TEpPMOIIapaM, H3MEPSIOINUM
TEMIEPATYPY XOJOIHBIX CHAECB  Xcy Scus Xy Sk - TEPIONPOBOAHOCTH M CEUEHUS MEAb—
KOHCTaHTAHOBBIX BETBEH TepMomap, COOTBETCTBEHHO, {1 -uX anuHa. Koadduument Ilentve
[1=a(Tx) Tk

[Ipu pacdere yuMTHIBaIM TeMIEpaTypHbIE 3aBUCUMOCTH Ko3(duimeHta TepmMos/c,
AIIEKTPONPOBOIHOCTH U TEIUIONPOBOAHOCTH, MOJIYYEHHbIE M3 W3MEpPEHUH 3TUX NapaMeTpoB B
M3MEpSIEMOM MHTEPBAJIE TEMIIEPATYP.

Haiineno, aro

I’p Bm

Bm I Bm _— _ 2
~ . 6 ____ . — . 5. ___ ~ 5___
<7~ 22°10°—,T-<lAal = 5,4-10% —, (VX(VT) ~ 10°—
HOHy‘-ICHHBIe IIpU 5TOM YpaBHCHU A
d*T, _I*p, N L 1 da, dT, 1 dy, <dTn>2
dx?2  x,8? S, "x, dT dx x, dT \dx
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Tepmosnemenmol Ha ocHoge meepovix pacmeopos TlIn,_,Ce,Te,

Ly Loy L L doy &y 1ty dlyy
dx?  x,S? S, Px, dT dx  x, dT \dx

HEJIMHENHBI U AHATUTUYECKOIO PEUICHUSI HE UMEIOT. DTy CUCTEMY YPAaBHEHUH Pellajiy YHCICHHO
METOJIOM IIPOroHKM ¢ urepauueil. Ilpu pemeHun TtoyHOCTH TeMmepaTypsl cocraBisuia 0,2K.
[TorpemHocts cetkn He npesblmiana 1K.  Beuncnennsle  3Hauenus ATy, Bblle
AKCIIEPUMEHTAIbHBIX.

bonee nuskue AT, B peaJbHOM Cllydyae €CTECTBEHHO CBSI3aTh C HAJIMYWEM KOHTAKTHOI'O
COIPOTUBIICHUS U TEIJIONPUTOKOB, B YACTHOCTH, 10 U3MEPUTENBHBIM TEPMOIIApaM.

UTo0BI OKA3aTh POJIb TEIUIONPUTOKOB, MEHSUTH CEYCHHUE BETBEU TEPMOAJIEMEHTOB, AT,
paccuMThIBalM NIPU TexX e Teronputokax. Ilpu S; =S, = 0,10 cu? nepenan TemmepaTyp
AT, = 70K, npu S; =S5, =0,03cu? mnepemax Ttemneparyp yMmeHbaercss 10 60K,
TeMpepaTypa ropssuux craes cocrasisiia 7, = 300K.

. S .
M3MeHeHne COOTHOIIEHHUS CEUEHHUSI BETBEH 1/5 IIOKa3aJI0, 4YTO PaBCHCTBO CCUCHHUU
2

S
MOYTH ONTUMAJIBHO ISl TOJTy4eHUs1 MakcuMainbHOro ATy, . Tak, nnsa T, = 300K 1/ s = 1,4 u
2

Toabko npu 7' = 160K 0HO CTaHOBUTCS paBHBIM 1,5.

Takum 00pa3oM, HCHBITAHBI TEPMOAJIEMEHTHl U3 MOHOKPHCTAJUIOB MO METOAY 30HHOM
nepekpucraimzauud. C HCIOJIb30BAHUEM JIaHHBIX TEMIIEPaTYypHOIO M3MEHEHHs MapamMeTpoB
MaTepuasoB MPOBEAEH YUCIEHHbIN pacueT AT, B 3aBUCUMOCTH OT TEMIIEPATyp TOpsUero cuas,
MIOKA3aHO, YTO M3-32 KOHTAKTHOI'O COIPOTUBJIEHMSI W HATEKaHUs TEIUIa U3MEPEHHOE 3HaueHue
AT, MEHBILIE PACCUUTAHHOTO 3HAYECHUS AT,
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XULASO
TIIn,_,Ce,Te, BORK MaHLULLARI OSASINDA TERMOELEMENTLOR
Zarbaliyev M.M., Ismaytlov M.H., Valiyeva B.A.

Acar sozlar: termoelektrik harakot giivvasi, termoeffektivlik, termoelektrik keyfiyyatlilik, halkogen

Ucgqat yarimkegirici birlosmo TIInTe, vo nadir torpaq elementlori ilo dérdqat bark mohlullarin
alinmas1 miizakira olunmusdur. Elektrik kegiriciliyi omsalinin temperatur asililigi, termoelektrik horokot
quvvesi istilikegiriciliyi osasinda bork mohlullarda TIIn,_,Ce,Te,termoelektrik keyfiyyatlilik
hesablanmigdir. Miioyyon olunmusdur ki, tarkibca serium atomlarinin nisbi saymin artmasi termoelektrik
effektivliyinin artmasina gatirir. Verilmis materiallarda termoeffektivlik TIInTe, ilo miiqayisoda asason
fonon vo desiklorin defektlorlo sortlonmosi ilo miiosyyan olunur. TIIn,_,Ce,Te, bork mohlullarinin
monokristallar1 osasinda termoelementlor {i¢iin aparilmis hesabatlar verilmisdir.

SUMMARY
THERMOELEMENTS BASED ON THE SOLID SOLUTION TIIn,_,Ce,Te,
Zarbaliyev M.M., Ismayilov M.G., Valiyeva B.A.

Key words: thermoelectric power, thermal efficiency, thermoelectric figure of merit, chalcogen

Thermoelectric figure of merit TIIn,_,Ce,Te, was calculated on the basis of temperature
dependence of electrical conductivity coefficient and thermopower heat conductivity. It has been
determined that increase in the relative number of cerium atoms causes increase in thermal efficiency.
Calculations conducted for thermoelements based on monocrystals of solid solution TIIn,_,Ce,Te, are
given.

Daxilolma tarixi: [lkin variant 09.04.2018
Son variant 25.06.2018
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BiR IRRASIONAL TONLiYIN MUXTOLIF USULLARLA HOLLI

AGAYAROV MOTLOB HUSEYNQULU oglu
Sumqayit Déviat Universiteti, dosent
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Acar sozlar: irrasional tanlik, Kogi barabarsizliyi, Kosi-Bunyakovski barabarsizliyi, artan funksiya,
azalan funksiya.

Malumdur ki, kvadrat kék daxil olan irrasional tonliklori hall etmoak iiciin miixtalif iisullardan
istifada olunur. Irrasional tonliklorin hallinda oksar hallarda kvadrata yiiksaltma amalindon istifads
olunur. Lakin ela irrasional tonlik var ki, onu séyladiyimiz tisulla hall etmak miimkiin olmur. Oxucuya
taqdim olunan maqalada bir irrasional tonliyn halli ticiin daha samarali tisullar verilmisdir.

XX osrdo yasamis ingilis riyaziyyatcist vo pedaqoqu U.U.Soyer yazirdi: “Cabri dyronon
insan li¢lin eyni bir masoloni miixtalif Gisullarla hall etmok daha faydalidir, nainki ti¢-dord forgli
mosaloni holl etmok. Eyni bir masaloni miixtalif tisullarla hall etdikds miigayise yolu ilo hansi
tisulun daha qisa vo somoroli oldugunu aydinlagdirmaq olar. Qeyd edilon tocriiboni
tokmillosdirir”.

Sagirdin miixtolif hall iisullarini nozordon kegirmasi, onlardan on somarali tisulunu segmasi
onda diistinmak, miizakirs etmoak, diizgilin qorar ¢ixarmaq kimi vordislor asilayir.

Bir mosalonin miixtalif tisullarla halli sagirdo 6z riyazi bilik ehtiyatlarini totbiq etmok
imkani verir.

Beloliklo, mosoalonin  miixtolif dsullarla  holli  sagirdlordo tofokkiir ¢evikliyinin
formalagmasini torbiys edir.

Asagidaki tonliyi hall edak.

Misal. Vx2 —x — 1+ V1 — x — x2 = x2 4+ x + 2 tonliyini holl edin.

Bu tonliyin miixtalif {isullarla hallina baxagq.

1-ci disul. Tonliyin toyin oblastini tapaq. Istonilon x {igiin x? + x + 2 > 0 oldugundan
x2—=x—120vol—x—x?2>0 olmalidir. Onda Kosi borabarsizliyino g6r9'7

\/x _X—l—\/(xz—x—l) 1<(x —X—1)+1 x% —x

2 )

1—x—x2 +1 2 —x —x?

\/1—x—x2—\/(1—x—x2) 1<( ) 3 :
2

2 xz LA 1 — x oldugundan tonliyin sol torofi (1 — x)-1 agmir. Ona gora

do x> +x+2<1-xvaya(x+ 1)* < 0.Buradan iss askardir ki, x = —1 olur.
2-ci iisul. Kosi-Bunyakovski barabarsizliyinin totbiqi ilo do bu tonliyi hall etmoak olar. Bu
borabarsizlik xiisusi halda

a,a, + bib, S\/a12+b12 -\/az2 + b,?
soklindadir. Onda
1-x2—x—1+1-J1-x—x2<Jy12+12-Jx2 —x—1+1—-x—x% =
=V2-V-2x = 2V-x.

Demali, x < 0.
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Forz edok ki, (1;1) vo (Vx%2—x—1;vV1—x—x2) vektorlari kollineardir, onda

kollinearliq sortino asason
1 1

ViZ—x—1 Vi—x—=x2

vaya
x2—x—-1=1—-—x—x?
alariq. Buradan iso x2 = 1,x = +1. x < 0 oldugundan x = —1 alirq.
3-cii iisul. x* + x + 2 kvadrat {ichadlisinin diskriminanti
D=b?>—4ac=1>—-4-1-1=-3<0Vvoa=1>0 oldugundan, istonilon x € R {iciin
x% 4+ x + 2 > 0. Onda tonliyin toyin oblast1
{xz —-x—1>0,
1—x—x%2>0
borabarsizliklor sistemi ilo eynigiicliidiir. Bu sistemi hall etsok,

(( 1.5 (| 1j_+5
2 (28 (el

{x -x—12>0, 4 2 4 4 2 2

5 = ) =

1-x—x=0 (+1) <5 11 5

_ — < —

(+2) =3 ([r+gl=3

alariq. Askardir ki, axirinci sistemin birinci borabarsizliyinin hoalli

1+2\/§; _1?5] coxlugudur.

15 1++/5
(=oo; 2 U[ 2

Bu ¢oxluglar1 adad oxu tizerinds geyd edok.

1+/5 1-5 —1+5 1+V5
2 2 2 2

; +00) coxlugu, ikinci barabarsizliyinin halli iso [—

5 1-+/5 . ..
1+2\/— ; %] pargasinda artan, sag torofi iso

azalan funksiyadir. Ona goéro do verilmis tonliyin an ¢oxu bir koki ola bilor. Onda amin ola
bilorik ki, x = —1 verilmis tonliyin yegano kokiidiir.

Asanligla yoxlamaq olar ki, tonliyin sol torofi [—

1+V5 1—x/§]
2 ' 2

4-cii disul. Ugiincii iisulla holl prosesinda gdstordik ki, tonliyin toyin oblasti [—

parcasidir.
u=x2—x-1,v=1—x—x%vo+t =x?+x + 2 ovozlomosini aparsaq, verilon tonlik
Vu ++v =4/t soklino diisor. Alman tonliyin hor iki torofini kvadrata yiiksoldib, miioyyon
cevirmolor aparmagla alariq:
(xX2—x—1D+A—-x—xD+2Vur =x?+x+2,
2Vuv = x% + 3x + 2, 2Vuv = (x + D)(x + 2).
uv = 0 oldugundan axirinci borabarlik yalmz (x + 1)(x + 2) = 0 oldugda miimkiindiir.
Buradan iso x = —1 vo ya x = 2 alinir. x = 2 kokii tonliyin toyin oblastina daxil olmadigindan
tonliyin yegano kokii x = —1 olar.

ODOBIYYAT
1. bapreneB @.A. Hecrangaptasie 3agauun o anredpe. M.: [Ipocsemenue, 1976, 96 S.
2. Jlormook JI.M. 1000 mpoGiemHbIX 3a1a4 1o MmaTemaruke. M.: [Ipocsemenwne, 1995, 239 s.

3. Mlycrep ®.M. u np. COOpHUK ONMMITHAIHBIX 33724 0 MaTeMaTuke. MuHCK: Baccamenua,
2002, 96 s.

11



Bir irrasional tonliyin miixtalif tisullarla halli

PE3IOME
PEIHIEHUE OJHOI'O UPPAIIMOHAJIBHOI'O YPABHEHUS PASHBIMU CIIOCOBAMU
Azaapoe M.T.

Knroueswvle cnosa: uppayuonanvHoe ypasHenue, gospacmaiowujas Gyukyus, yoviearowas yHKyus,
Hepagencmeo Kowu, nepasencmeo Kowiu-byHakosckoeo.

N3BecTHO, YTO JUIsl pelIeHUs] UPPALMOHAIBHBIX YPaBHECHUH, BKIIOUEHHBIX B KBaJAPATHBIN KOPEHb,
WCTIONB3YIOTCS pasHble CHocoObl. B pemieHNMM WppanuoHaNbHBIX ypaBHEHHH YacTO HWCIIONIb3YeTCs
BO3BeleHNE B kKBaapaT. Ho ecTs mppalmoHansHOE YpaBHEHHE, KOTOPOE HEBO3MOXKHO PEUInTh. B crarbe,
MPEJICTABIICHHOW YUTATENI0, IpeuiaratoTcst oosee 3(h(HEeKTUBHBIC CIIOCOOBI PEIICHUS UPPAIUOHATBHOTO
ypaBHEHHUS.

SUMMARY
SOLUTION OF ONE IRRATIONAL EQUATION WITH DIFFERENT WAYS
Aghayarov M.H.

Key words: irrational equation, the Cauchy inequality, the Cauchy-Bunyakovsky inequality,

increasing function, decreasing function.

It is known that different methods are used to solve the irrational equations included in the square
root. The solution of irrational equations often uses squaring. But there is an irrational equation that can
not be solved, as we say. In the article, more effective ways of solving the irrational equation are
presented.

Daxilolma tarixi: [lkin variant 06.02.2018
Son variant 25.06.2018

12



Sumgqayit Dévlot Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmasi

Cild 18 Ne 2 2018

UOT 519.8

ISTILIiK SELININ TOSIRINDON LOVHONIN KOVROK
DAGILMASININ TODQIQi
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Acgar sozlar: kovrak lovha, catlar, istilik seli, kompleks potensiallar, kovrok dagilma, potensial
funksiya

Molumdur ki, cisimlorin kovrak dagilmasi, bir gayda olarag, bu cismlorin sathinde mévcud
olan itiuclu sath catlarinin strafindan baslayir [1,2]. Miixtolif konfiqurasiyali desiklorin konturundan
cixan itiuclu soth c¢atin uc noqtesindo, temperatur vo qlivvo faktorlarinin tesirindon ¢ox bdyiik
gorginliklor yaranir ki, bu da kovrok cisimlorin dagilmasina sobab olur.

Baxilan isdo, oyrixotli saha hamar konturdan ¢ixan itiuclu soth catlari ilo zosifladilmis kdvrok
16vhayao, bircinsli istilik seli tasir etdikdo 16vhonin kdvrok dagilmasi tadqiq olunur.

Tonliyi

X =R[cosp + idn cos(n—1) ],
”N:l (1)
y=R[sing—->d sin(n—-1)¢]

olan, sado hamar oyri konturundan ¢ixan vo K sayda simmetrik diizxatli vo /uzunluglu catlarla
zoifladilmis kovrok 16vhays baxaq (dn, R - hoqiqi parametrlordir, 0 < @< 27). Forz edok ki,
16vhaya sonsuz uzaqlasmis noqtalerinds intensivliyi q olan OX oxuna ¢ bucag: altinda yonolon
istilik seli tosir edir vo temperaturun paylanma ganunu

t =Q(xcosa+ysina)+t,(X,Y) )

funksiyasina uygun golir. Burada Q = %; A

. - istilikkegirma amsali, t,(X,Y)- biitdv 16vhado

t
(defektsiz) temperaturun paylanmasi ganunu, desiyin konturu va catlar xarici qlivvelorden va istilik
selindon izols edilmisdir.

Z miistovisindo (1) konturundan ¢ixan K sayda simmetrik catlarla zoiflodilmis 16vhonin
xaricini , § miistovisindo vahid radiuslu ¢evronin xaricino inikasetdirici funksiya, irrasional vo
miirokkob strukturlu funksiyadir [1,3,4]. Ogor ¢atin uzunlugu 7, (1) konturunun R xarakteristik
ol¢iisiindon ¢ox kicik olarsa, inikasetdirici funksiyani asagidaki kimi gostora bilorik [1,2,3]:

Z=w,(()= R(g’&l f o) G

burada

f =d +ec; e=(/R)? ¢ =v, +iu; 5:(é).
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Istilik selinin tasirindan l6vhonin kévrak dagilmasinn tadgiqi

Beloliklo, @}, ({) =R@—-,7)-P, (<) sorti ddenilir, P, (<) iso ¢ -min monfi daracalering
goro coxhadlidir v biitiin sifirlar1 { miistovisindo vahid radiuslu dairenin daxilinds yerlosir.

Onda { = ,oe” miistavisinde temperaturun paylanma funksiyasi

(. 2) =Q—2R[ei“ T+ Yyren -(4%)] @

¢
kimi ifads olunar.
Gorkinliklorin kompleks potensiallarini iso (4) temperaturun paylanmasi funksiyasina uygun

olaraq yaza bilarik [1,2,3]. B
@(¢) = Alog & +¢,(€), w(g)=Alog L +y, (<) (5)

1 ia —ia T
Burada A==EqQR*(e“ —ce™), E - elastiklik modulu, @, - temperaturun xatti
A

genislonmo amsali, C,- (3) sirasmin amsali, @, (&) veo v, (&) funksiyalari iso ‘é/ ‘ >1 oblastinda

analitik funksiyalardir. Masalonin sorhod sortlorino osason miistovi elastiklik noazariyyasindon
molumdur ki, @, (&) vo v, (&) analitik funksiyalar1 asagidak1 miinasibatlori 6doyar [1,2]:

P YL Gl o B o B G ©)
@' (o) @' (o)

2@ +29) 4 () 4y, (0) = -2 )
@' (o) ow'(o)

Baxilan masalads @,(&) va v, (<) funksiyalarini asagidaki kimi yazmagq olar [1,2]:
kN kN
%(QZRK'Zan'éVH, l//o(é/):Rk'zar’]'é/lin 8
n=1 n=1

Burada &, =, +if,; a =a +if..
(7) sorhad sortini asagidaki kimi yazaq:
- 0,(0),(0) =7 (0) e, (0) + @, (o)l (0) + Ac~*@, () ©
Burada (3), (4) va (8) ifadslorini nazara alib eyni dorocoli o -larin amsallarint miigayise

etsok, asagidaki xotti cobri tonliklor sistemini alariq:
kN—p

a, + g[ nZ; 1-n)(e,.,C, +aC,.,)+C,, } =0
‘ (10)

B, - e[kg(l— N(B,Co.p = BrisC0) + Cp+1D:| =0

1 1 .
Burada B==,EQR*(l-c,)cosa; D==¢,EQR*(1+c,)sincx.
4 4
(10) tonliklor sistemi requlyar xotti cabri tonliklor sistemi oldugu {igiin ardicil yaxinlagma
tsulundan istifado edorok, & vo ﬂp omsallarini tapiriq [3,4].
Birinci  yaxmlasmani af)l) =0; ﬂ;l) =0 qobul edok. Onda ikinci yaxinlasma
(2 _ - 122
a,’ =-a,,B; 7 =a,D olar
Nohayat, bu qaydani davam etdirsok, v -cii yaxinlagmani asagidaki kimi yazariq:
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Say:lov N.S.

(V) B(Z 6C p+(1n+1) + d p+l)
(11)

IB;()V) = D(Zl‘c’Cm(ZnJrl) + dp+1)

(11)  qiymatlorini (0(4' ) kompleks potensialinin  ifadesinde nozoro alsaq veo

v =, N — 00 sortindo limito kegsok, ¢atlarin uc néqtelori strafinda (0(§ ) potensial funksiyasi
ticlin asagidaki diisturu alariq:

0(¢)=Alog ¢ — A{Q‘Va’@) £ —(2- k)c1;+sz(é“) g_ngm )
Rk Rk é’
(12)
B (’E’ Cké/(1+2n):|}

n=1
Catlarin uc noqtolori otrafinda temperatur tosirindon yaranan gorginliyin intensivliyinin
K ; K] omsallarini asagidaki ifads ilo slagolondirok [1,3,4]:

1jr N2,
4
KT _iKT =2 2(6) (13)
Kompleks potensialin (12) ifadesini (13)-do nozoro alsaq, catlarin uc ndqtosi otrafinda
temperatur gorginliklorinin intensivlik omsallarini asagidaki sokilds yaza bilorik:

a EQR3/2 LlB—l

K, = (d, -D(@-L,)cosacosd,
E2(§R3/2 L:/B_l (14)
T
K, = A 872 (d, +1)@+L,)sinxcoso,
Burada
k Ail—f) L —k[20—K)A+(1+A)]; L = A —C,:
A=(+6)t-A=2EA) o

12

(14) analitik ifadslori istilik selinin ri bohran qiymotini catlarin forma vo
oriyentasiyasindan asili olaraq tapmaga imkan verir [3,4].

( — 4K

- o N ) 15
kr \/ﬁ ( ﬂ ) ( )

Burada
_ BY BY
f. (o, Bk 6)=[d,-1)d-L,)-(d, +1)1+L,)tge - tg ?]-COSB?COSQ_.

Alinmis analitik ifado istilik selinin bohran qiymstini defektin hondssi formasindan vo
oriyentasiyasindan asili olaraq toyin etmoys imkan verir.
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Uccnenyercst paspylieHre MIAaCTUHBI, COAEPKAIIEH TEPMOU30JIMPOBAHHOE OTBEPCTHE Oosiee 00IIero
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OpUEHTALUU TPEIIHHBI.

SUMMARY
RESEARCH OF BRITTLE DESTRUCTION OF PLATES UNDER
THE IMPACT OF THERMAL FLOW
Sayilov N.S.

Key words: brittle plate, cracks, heat flow, complex potentials, brittle destruction, potential function.

The destruction of a plate containing a thermally insulated hole of a more general type with cracks on
the contour under the action of a uniform heat flux is investigated. Analytical formulas are obtained for the
critical value of the heat flux as a function of the length and orientation of the crack.
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metilanilin, selektivlik.

Misferrit katalizatorunun (CuFe,O4 y-AL,03) istiraki ilo 2-metilanilinin  etanolla  alkillogma
reaksiyasina katalizatordaki faal kiitlonin (CuFe,O4) qatiigimin (15.0-30.0% kiitla) tosivi Gyronilmis vo
secilmis katalizatorun istiraki ilo 2-metilanilinin N- va orto-etil téromalarinin selektiv sintezi hoayata
kecirilmisdir.

Anilin vo toluidinin etil tdromalori qiymotli yarimmohsullar olub, osason miivafiq aromatik
aminlorin etanolla alkillosma reaksiyasi ilo alinir. Lakin bu sahads aparilmis elmi todgiqgatlarin say1 ¢ox
moahdud olub, asason aromatik aminlorin metil homologlarinin sintezins hasr olunmusdur (1-3).

Mogalado misferrit katalizatorunun istiraki ilo 2-metilanilinin etanolla garsiliqh tesirindon o-
toluidinin etil homologlarinin alinmasinin naticalori verilmigdir.

Tocriibalor katalitik hocmi 10 sm® olan axan novlii reaktorda aparillmisdir. Katalizator kimi
misferrit sistemindon istifado olunmusdur. Onun sintezi y-AlyO3 iizorino mis (II) vo domir (III)
nitratlar mohlulunun birge hopdurulub sonradan qurudulmasi vo kdzordilmasi ardicilligi ilo hoyata
kecirilmisdir. Bu zaman misin domirs olan atom nisbati 3:7 saxlanilmis vo katalizatorun 3 niimunaosi
sintez edilmisdir. Niimunolords CuFe;04-in gatilig1 uygun olaraq (kiitlo % ilo) 15 (A), 20 (B) vo 30
(C) olmusdur.

Alman gaz vo maye mohsullarin analizi xromatoqrafik yolla Xrom-5 cihazinda aparilmigdir.
Maye xromatoqrafik faza kimi Apiezon M gétiiriilmiis vo o 12 kiitlo % miqdarinda xromoton H
iizorino hopdurulmusdur. Cihazda alovlu-ionlasma detektorundan istifado olunmusdur. Analiz
programlasdirilmis temperatur hiidudunda (80-180°C) 8 °C/daq siirstlo artirilma yolu ilo
aparilmigdir. Nisbi xota 3.0% toskil edir.

Ovvalco misferrit katalizatorunun hor li¢ niimunasinin aromatik aminin etanolla alkillosmo
reaksiyasindaki katalitik aktivliyi todqiq edilmisdir. 1-Ci codvoldon goriindiiyli kimi, reaksiyanin
osas mohsullar1 N-etil-2-metilanilin, N, N-dietil-2-metilanilin vo 2-etil-6-metilanilindir. Foal
kiitlonin asag1 qatiliglarinda misferrit katalizatoru daha yiiksok aktivlik niimayis etdirso do, bu vo ya
digor mohsullara goro selektivliyi ¢ox olmur. Digor nlimunalordon (B, C) forqli olaraq, 320°C-do
N-etil-2-metilanilino géra selektivlik 8.0-14.0% asag1 toskil edir. Umumiyyatlo, temperaturun har
iic gqiymatinds faal kiitlonin (CuFe,0,4) katalizatordaki qatiliginin 15%-don 30%-o qaldirilmasi bu
mohsula goro selektivliyin artmasia sobob olur. Noticolordon goriindiiyii kimi, katalizatorun B
niimunasinda bu gostorici 15.0%, C naticosindo iso 4.0% artir.

2-metilanilinin etanolla qarsiligh tosirindon alinan N, N-dietil-2-metilanilinin ¢ixim1 metanol
olan halda alinan N, N-2-trimetilfenolun analoji gostorici ilo miiqayisads azdir. Belo fikir yaranir ki,
etanol olan halda aromatik aminds azot atomuna gors ardicil etillosmonin katalitik prosesdoki pay1
metillosmo ilo miiqayisado asagidir. Bu da katalizatorun xassalori, reaksiya soraiti vo alinan
mohsullarin quruluglar ils izah edils bilar.
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Agayev 9.0., Mustafayeva N.A., Qarayeva [.E., Muradov M.M.

Spinel quruluslu ferritlorin katalizatordaki payimin artmasi amals galon qarisiq morkozlorin
tursu osaslt xassoloring bilavasito tosir etmoklo yanasi, katalitik prosesds bas veran ¢evrilmolorin
mabhiyyatini do doyisdirir.

Buna oyani misal olaraq, temperaturun artmasi ilo katalitik prosesdo bas veron
cevrilmalorin ragabatinin ¢oxalmasini gostormak olur. Daha doqiq desok, temperaturun artimi
biitlin hallarda aromatik amindoki azot atomuna gora alkillosmoni azaltmaqla, niivadoki karbon
atomuna goro etillosmonin siiratini vo ya birinci istigamat {izro alinan N-etil-2-metilanilinin
etiltoluidinloro izomerlosmosini artirir. 2-ci codvaldon goriindiiyii kimi, 320°C temperaturla
miiqayisodo N-etil-2-metilanilinin  350°C-do alinma selektivliyi 23.0-25.5%, 380°C-do
omalogolma selektivliyi isa 60.5-70.0% azalir. Bu azalma 320°C ilo miiqayisado 2-etil-6-
metilanilinin  selektivliyini 350°C temperaturda 7.0-12.5%, 380°C-do iso katalizatorun
nlimunslarindon asili olaraq 51.2-56.0% artirir.

Omalo golon 2-metilanilinin digar etil tdromolorino gors selektivliklor miiqayise edilorsa,
analoji doyismoni miisahido etmok olar. 2-Ci codvaldo misferrit katalizatorunun (C niimunasi)
istiraki ilo 2-metilanilinin etanolla alkillosmo reaksiyasina miixtolif giris parametrlorinin
tosirlorinin naticalori verilmisdir. Onlarin tohlilindon goriiniir ki, alkillosma reaksiyasinda asason
amindoki azot atomuna goro etillogdirmoys meyli daha ¢ox olan C niimunasinin katalitik
xassalori reaksiya soraitinin tasirindon saxolonir.

Xammalin xiisusi yliklonmesi baslangic, araliq vo reaksiya mohsullarinin katalizatorla
kontakt vaxtina bilavasits tosir etdiyindon onun asagi salinmasi kontakt vaxtini artirir. Noticads,
todqiq edilon temperaturlarda omolo golon N-etil-2-metilanilinin izomerlosmasi artir vo reaksiya
mohsullarinda etiltoluidinlorin qatihg1 da coxalir. Belo ki, hocmi siiratin 1.0 st™-don 0.5st™-o
azaldilmasi 320°C temperaturda etiltoluidinloro gére timumi selektivliyi 1.0%-den 9.2%-o,
380°C temperaturda iso 66.5%-don 75.5%-0 qaldirir. Xiisusi yiliklomonin azaldilmasi
istonilmayan halin da ortaya ¢ixmasina, yani alinan alkilatlarin torkibinin miirokkoblogmasine vo
fordi komponentlors ayrilma texnologiyasinin da ¢otinlogsmasina gatirib ¢ixarir.

Xiisusi yiiklomonin 1.0 st™-den 1.5 st™*-o qaldIriimasi bu kenar maddolerin gatiligini xeyli
azaltsa da, 2-metilanilinin birdofalik konversiyasina da monfi tasir edir. Naticads, amalo golon N-
etil-2-metilanilinin 2-etil-6-metilanilino olan mol nisbatina, 320°C temperatur istisna olmagla
boyiik tesir gostormir. 2-metilanilinin etanola olan mol nisbotini doyisdikde 320°C-do alinan
naticolor arasinda da boyiik forq olmur. 2-Ci codvalds verilmis naticolorin miigayisasindo bunun
oyani sahidi ola bilorik. Belo ki, 320°C temperaturda reaksiyaya moruz qalmig xammaldan
(v=1:4 mol/mol) alinan N-etil-2-metilanilinin va 2-etil-6-metilanilinin selektivliyi v=1:6 mol/mol
olan xammalin g¢evrilmosi zamani alinan bu mohsullarin selektivliklorindon comi 1.4-1.5%
forqlonir. Xammalda etanolun parsial tozyiqinin iki dofs ¢cox olmasi iso oksaor hallarda baglangic
aminin konversiyasinin azalmasi vo alinan alkilatlarin torkibinin doyismasi ilo miisayiot olunur.
Naticado, alkilatlarda etiltoluidinlorin qatiligr artir vo reaksiyanin ¢evrilmis 2-metilanilino goro
hesablanmis bu mohsullara goro ¢iximi1 380°C-do 71.5% toskil edir.

Aparilmis todgiqatlar gostormisdir ki, misferrit katalizatoru 2-metilanilinin etanolla
alkillogmo reaksiyasinda kifayot qodor aktivlik va selektivlik niimayis etdirir. Reaksiya soraitini
vo istifado olunan katalizatorun torkibini doyigsmoklo, N-etil-2-metilanilini vo ya 2-etil-6-
metilanilini, hamginin hor iki mohsulun qarigigimi yiikksok ¢ixim vo selektivliklo sintez etmok
miimkiindiir.
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PE3IOME
HUCCIEJAOBAHUE PEAKIIUU AJIKUJINPOBAHUS 2-METUJIAHUJIMHA 9TAHOJIOM B
NPUCYTCTBUU MEJA®EPPUTOBOI'O KATAJIUZATOPA
Azaee A.A., Mycmaghaeea H.A., I'apaesa H.3., Mypaooe M.M.

Kniouesvte cnosa: 2-memunanuiun, 3maol, aiKuiuposanue, meovgheppum, kamanuzamop, N-
OMUI-2-MEMUAAHUIUH, 2-DMUT-B-MeMULAHUUH, CENEeKMUBHOCb.
HccnenoBano pnusHue KkoHuenrparmu (15.0-30.0 wmacc.%) akrtuBHoit Maccel  (CuFe,Oy)
MmenbdeppuroBoro karanuzatopa (CuFe,O4y-Al,O3) Ha mokazarenu peaxkiyyd adKWIHpOBaHHS 2-
METHJIAHWIMHA 3TaHOIOM. IloKka3aHO, YTO B MPUCYTCTBHM BBIOPAHHOTO KaTaju3aTopa yaaeTcs
CCJICKTUBHO CUHTEC3UPOBATH N' 1 OPTO- 3THUJIbHBIC ITPOU3BOAHBIC 2'M€TI/IH3HI/IJ'II/IH3.

SUMMARY
INVESTIGATION OF ALKYLATION OF 2-METHYLANILINE WITH ETHANOL IN THE
PRESENCE OF A COPPER FERRITE CATALYST
Aghayev A.A., Mustafayeva N.A., Garayeva |.E., Muradov M.M.

Key words: 2-methylaniline, ethanol, alkylation, copper ferrite, catalyst, N-ethyl-2-methylaniline,

2-ethyl-6-methylaniline, selectivity.

Influence of active mass(CuFe,0,) concentration (15.0-30.0 mass%) to the reaction of alkylation
of 2-methylaniline with ethanol via the participation of copper ferrite catalyst (CuFe,O4y-Al,O3) has been
studied and selective synthesis of N- and ortho-ethyl reproduction of 2-methylaniline have been carried
out.
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Kniouesvie cnoea: uneubumopvl Kopposuu, amuHHble KOMNIEKCbl KUCTIOM COe8o20 MAacid,
yoenvbHoe conpomugieHue, y0eabHas d1eKmponposoOHOCHb.

Cunme3upoeansvl aIKUIAMUHHbIE KOMHUAEKcbl Kucaom coeeoeo macaa ¢ ankuaamunamu Ci-Cg
Ipuecomosnenvr ux 20 %-vie pacmeopwvl 6 uzonponunogom cnupme u 6 70%-om 600HOM pacmeope
U30NPONPONUN06020 cnupma. H3yueHvl ux @usuko-xumuyeckue C60UCMEd, 6 MOM 4ucie, YOeibHoe
conpomugnenue,  MaHeeHC — OUINEKMPUYECKOU  nomepu  yena U  paccyumana  yOeubHas
NEKMPONPOEOOHOCHb.

OmHyM W3 JIy4lIMX  CIOCOOOB  3aliUTBl  OT  KOPPO3UHU  SIBISIETCS  IIPUMEHEHUE
HNOIU(PYHKIMOHAIBHBIX MHIUOUTOpOB Kopposuu [1-3]. K ¢usuko-XxumMuueckuM CBOWCTBaM
MHITMOMTOPOB KOPPO3UM MNPEIBABIAIOTCA JKECTKHE TpeOOBaHUS, MOCKOJbKY 3KCIUTyaTallMOHHbIE
XapaKTEPUCTHUKH BO MHOTOM OIIPEAEISIIOTCS  OIpPEAEICHHBIMU  CBOMCTBaMM  (TeMmeparypoi
3aCThIBaHUs, PACTBOPUMOCTBIO B BOJIE M CIMPTOBO-BOJIHBIX PACTBOPAX, MOJH(PYHKIIMOHATb-HOCTBIO)
[4-6]. YBenuyeHue uncia 3aMEIICHHBIX aTOMOB BOJIOPO/ia B AMUHHOM TPYIIIE Ha YIIICBOIOPOIHBIN
pazvKan CONMPOBOXKIAETCs ellle OOoMbIIel CIIOCOOHOCThIO MOTEPU aMUHA, TOPMO3SIIEH MpoIece
Koppo3uu crand. Hampumep, 3TWIaMUH TOJHOCTBIO MOJABIISET KOPPO3UIO CTaIM MpU
KOHIIEHTpaluu ero B pactBope pasHoi 0.03 mousws/n, qusTnineHaMuH npu KoHueHtpamuu 0.05
MOJIb/JI, @ TPUITUIIAMHH JIa’Ke TIPU cofiepkaHuu ero B pactBope 0.1 Mojb He NOJaBIseT MOTHOCTBIO
KOPPO3HOHHBIN Iporuecc, a juiib Ha 80% CHMKaeT ero CKopocTb. Takas e 3aKOHOMEPHOCTb
HaOII0aeTcsl U 7Sl JPYTUX aMUHOB, B TOM YHCIIE UMEIONIMX HM3ocTpoeHue. Hanpumep, 3ammTHas
CIMOCOOHOCTh M300yTHJIAMUHA BBIILIE 3alIUTHOW CIIOCOOHOCTH JMU30-OyTHIaMUHA. 3aMeHa
BOJIOPOIAa METWJILHOM TIpymibl B anu(paTUYECKUX aMHMHAaX Ha BTOPYIO aMHMHHYIO TPYMIy WIN
THJIPOKCUIIBHYIO IPYIITY TAK)KE CONPOBOYKAAETCS CHHKEHNUEM 3aILUTHBIX CBOMCTB.

MoHo3TaHOaMUH U ITUJIEHAMAMHUH MeHee 3((PEeKTHUBHBI, YEM ATHJIAMUH, TUITHIAMUH
3HAYUTENbHO 3(QeKTHBHEE AMITAHONAMUHA, a TEKCWI aMUH — TeKcoMeTwiauamuHa. [lpu
Nepexo/ie 0T HOPMAJIBHOTO K HM30CTPOCHMIO 3(PPEKTUBHOCTH aMHUHOB alW(aTUUYECKOro psaa
CHIJKAETCs, IPU 3TOM CHUXKEHHE 3allIUTHBIX CBOWCTB TeM Ooublie, yeM Omke K rpymme NH;
HaxXOAWUTCs pa3BeTBieHUE. Hannuue ABONHON CBSA3M B aMHMHE HE3aBHCHMO OT €ro COcTaBa U
CTPYKTYpbl BeJE€T K 3aMETHOMY CHIDKEHHIO 3alllUTHOW crocoOHOocTH amMuHOB. Hampumep,
OeH3maMuH MeHee 3()(HeKTHBEH, YeM IIMKIIOTeKCHIaMuH [7-8].

Hamu cunTE3npoBaHbl KOMIUIEKCHI KHCJIOT COEBOTO Macja C pa3jIM4HbIMH  aJKWJI-
amuHamu Ci-Cg, a Taxxke npurotoBieHsl ux 20%-ble, CHUPTOBBIE M CHUPTOBO-BOJHBIE
pacTtBOphbl. B kauecTBe criupTa ObLT MCMOB30BaH M30MPONUIOBBIN CIUPT. B3STHI: 7 Ip KUCIOTHI,
BbIZICTICHHOW m3 coeBoro Macna (I), taxxke amuuHble KomIuiekchl Ci-Co, a B KadecTBe
pPacTBOPUTENSL UCIIOIB30BaH U30MPONIIIOBBIM CIUPT U €r0 BOJHBIN pacTBop.
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[IpuroToBIiieHBI KOMITO3UIIMHU CleTytomIero cocrasa (1-23):

() 0.025 monb +2.875 rp (0.025 mons) C7HisNH; rentun amun + 39.5 rp 70% BoaHbli p-p

u3onponuioBoro cnupta (20% p-p).

(D) 0.025 monb +2.53 rp (0.025 monb) CgHi3NH; rexcun amun + 47.65 rp 70% BoaHBIH p-p

uzonponuioBoro cnupta (20% p-p).

(1) 0.025 momb + 3.23 p (0.025 momab) CgH17NH; okt amun + 40.92 rp 70% BoaHBIH p-p

u3onponumiosoro crupta (20% p-p).

(1) 0.025 monb + 3.58 rp (0.025 monb) CoHi19NH2 HoHUN amun + 42.32 rp 70% BoAHBIN p-p

u3onponumiosoro crupta (20% p-p).

(T) 0.025 momb +3.225 1p (0.025 Momb) (C4Hy)oNH nubytun amun + 40.9 rp 70% BoHBI#H -

p uzonponuioBoro crupta (20% p-p).

(I) 0.025 moub + 4.63 1p (0.025 moms) (CeH13)2NH murexkcun amun + 46.52 rp 70% BOAHBII

p-p u3onpomnmioBoro cnupta (20% p-p).

(I) 0.025 momab + 5.975 rp (0.025 moinw) (CgH17),NH muoktui amun + 51.9 rp 70% BoaHbIi

p-p uzonponuiosoro ciupta (20% p-p).

(D) 0.025 monb + 1.937 rp 40% Boausiii p-p CH3NH; metun amun + 31.1 rp 70% BoxHBIii p-p

u3omnponmioBoro crupta (20% p-p).

(D) 0.025 monp + 1.825 rp (0.025 mons) C4HgNH, Gytun amun +35.3 rp 70% BonHBbIH p-p

uzonponuioBoro ciupta (20% p-p).

() 0.025 momnb + 2.175 1p (0.025 monb) CsHi1NH; mentun amun + 36.7 rp 70% BoaHBIH p-p

uzonponuioBoro cinupta (20% p-p).

(I) 0.025 moub + 3.925rp (0.025 moib) (CsHi1)oNH nunentun amun + 43.7 rp 70% BoaHbII

p-p uzonponuioBoro ciupta (20% p-p).

(D 0.025 monp + 2.35 rp (0.025 monb) CsHgN, amunonupuausn + 37.4 rp 70% BoaHBIH p-p

u3omnponmioBoro crupta (20% p-p).

() 0.025 monb +1.937 rp 40% Boausiii p-p CH3NH, metun amun + 31.1 rp u3onponunoBsiit

criupt (20% p-p).

() 0.025 monp + 1.825 rp (0.025 monb) C4HgNH, Oytun amun +35.3 rp M30IPONUIOBOTIO

criupta (20% p-p).

() 0.025 mounb + 2.175 tp (0.025 monpb) CsHi11NH;, mentun amun + 36.7 rp ©30mpONMIOBOTO

criupta (20% p-p).

(I) 0.025 moms + 3.925 1p (0.025 ™momb) (CsHi1),NH mumentun amuu + 43.7 1p

u3omnpomnmioBoro crupta (20% p-p).

(D 0.025 momnp + 2.35 rp (0.025 monb) CsHgN, amunonupuaus + 37.4 rp U30MPOMUIOBOTO

criupta (20% p-p).

(D) 0.025 momp + 1.61 rp (0.025 monp) CyoHsNH2 3t amun + 32 rp M30MPONUIOBOTrO

criupta (20% p-p).

(1) 0.025 moub + 1.475 tp (0.025 monb) C3H7NH; mpormn amus + 33.9 rp U30MPONMUIOBOTO

criupta (20% p-p).

(D 0.025 momp + 1.475 rp (0.025 wmoms) CsH;NH; wuzompomun amuma + 339 1p

u3omnponmioBoro crupta (20% p-p).

(D 0.025 momp + 1.825 r1p (0.025 w™momp) CsHgNH; wuzobytun amun + 353 1p

u3omnponmioBoro crupta (20% p-p).

(I) 0.025 momp + 2.525 tp (0.025 w™moms) (C3H7),NH munporun amun + 38.1 rp

u3omnponuiosoro crnupta (20% p-p).

(1) 0.025 moms + 1.825 p (0.025 mois) (C2Hs),NH + 36.7 rp uzonpormiosoro crmpta (20% p-p).
beum u3ydensl: pH cpeabl, KOdDOUUMEHT MPENOMIEHHs, IOTHOCTh, KHHEMATHIECKas

BA3KOCTb ITpH 20 Cu TemIieparypa 3actbiBanus (Tabmuua 1).

Kak BumHO u3 Tabmuns 1, pH pactBopos MeHﬂeTCH B nipenenax 7-10.8, nd B TIpeJIeiax

1.3801-1.3995, nuotHocTh B mpezenax 0.8328-0.9453 r/cM°, a TeMIIepaTypa 3acThIBaHHUs OT —25

a0

—60°C. V3MepeHa KHMHEMATHUECKas BS3KOCTH COCTABOB IIPH KOMHATHOM TeMIIepaType,

HCCIICAOBAHU KOTOPBIX ITOKA3bIBAIOT, YTO OHHU AJOCTATOYHO ITOJABUIKHBI. HSy‘—IeHI)I YACIbHOC
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COMPOTHBIICHUE, TAHTEHC AMAIEKTPUYECKON MOTEPH yIJia, TUAJICKTpUYecKas MPOHUIIAEMOCTh U
paccuuTaHbl yIeNbHAs 3JICKTPONPOBOAHOCTh HHTHOMPYIOIIUX PACTBOPOB, JIaHHBIE KOTOPBIX
MIPEICTABJICHBI B TAOIHIIE 2.

Tabauua 1.
DU3UKO-XUMUYECKUE CBOUCMBA UHSUOUPYIOWUX COCIABOS.
Kunemarnueckas T sameps.
Ne pH ng?° paOrlem® BS3KOCTb, °C
mm?/cek, 20°C
1 9.3 1.3910 0.8856 7.4901 -35
2 9.4 1.3906 0.8863 7.3270 -35
3 9.3 1.3910 0.8847 7.4976 —-40
4 8.9 1.3906 0.8848 7.5493 -30
5 9.2 1.3898 0.8852 7.1857 —40
6 8.8 1.3981 0.8788 9.1488 —45
7 10.1 1.3891 0.8820 8.7137 —20
8 10.7 1.3903 0.8935 7.5864 —40
9 9.9 1.3892 0.8967 7.3222 —40
10 9.7 1.3801 0.9453 10.216 -25
11 9.2 e =30
12 7.0 1.3947 0.8989 6.7999 -35
13 10.6 1.3943 0.8437 6.1369 -35
14 9.6 1.3943 0.8358 5.8954 57
15 9.7 1.3987 0.8384 6.5135 -52
16 9.4 1.3954 0.8328 5.5449 —60 moBepXH.MOABHK
17 7.5 1.3995 0.8449 5.1583 —45
18 10.8 1.3956 0.8396 5.0456 45
19 10.5 1.3951 0.8355 5.9006 <-60
20 10.5 1.3966 0.8370 6.2880 -50
21 9.9 1.3966 0.8357 5.9177 —60 moBepXH.MOABHK
22 9.8 1.3951 0.8341 5.7146 —60 He 3amep3aeT
23 10.0 1.3953 0.8346 5.7881 —58

VYuuTeiBas BEICOKHE (PU3NKO-XUMHUECKUE TOKA3aTENH, IPEACTaBIISIIO HHTEPEC U3YyUUTh UX
U JU3JIeKTpudeckue cBoiicTBa. VccrnemoBaHus ObUIM NPOBENEHBI C MOMOUIbIO Ipubopa Mo
CIEAYIOIEH METOIUKE.

Memoouka usmepenus 3n1eKmponpoeooOHOCmU Pacmeopos.

ONEeKTPONPOBOJHOCTh PACTBOpPA ONpPENEISIETCS U3MEPEHHUEM aKTUBHOIO CONPOTHBIICHUS
MEXY IOIPYKEHHBIMU B HEro dJeKrpoaamu. s M3MEpeHHs CONPOTUBIICHUS HCIIONb3YETCS
MOCTOSIHHBIA TOK, KOTOpBIA BBI3BIBAET PpazJIOKEHHE pacTBOpa. MCTOUHHMKOM TOKa OOBIYHO
ciykat TepaoMMeTpbl Mapku E 6-13 A.

s ompeneneHus COMPOTHUBICHMS pacTBOpa (AJIEKTPOJIMTA) HCIONb3YeTCs H3MepH-
TeNbHasl A4YeiiKa, COCTOALIMX U3 JABYX 3JEKTPOJOB, OTJEIEHHBIX CBOOOAHBIM MPOCTPAHCTBOM. B
NEPBYIO OYEpe/lb, ONPEIENAETCS PACCTOSIHHME MEXAY 53JEKTpoJaMu (C IOMOIIBIO TOJIIIH-
HOMeEpa), Jainee CBOOOJHOE MPOCTPAHCTBO 3aIONHAETCS >KUAKOCTBIO, Y KOTOPOH HYKHO
ONPEIETUTh CONPOTUBIIEHUE, 3aTEM C TOMOILBIO TEPAOMMETPA U3MEPSETCS COIPOTHUBIICHHUE.

C TOMOIIBIO ypaBHEHHs p=7tr’/d BBIYHUCIIAETCS YACTHOE COPOTUBICHHS, T¢ [-IUIONIA b
U3MEPUTEIIBHOTO JIEKTPO/Ia, d-paccTOsIHUE MEXIY AJIEKTPOAaMH, P - YIeJIbHOE CONPOTUBICHHUE
oOpasua. YpaBHeHHEM ¥ = |/p BbIUUCIAETCS YAETbHAasl SJIEKTPOIIPOBOIHOCTH 00Pa3IIoB.

A nudnexTpuyecKas IPOHHULIAEMOCTb M TAHIEHC YIWla JUAJIEKTPUYECKUX TOTEPh
M3MEPSIIOTCS ¢ TOMOIIBIO M3MEpUTENs UMMUTaHca Mapku E7-20 B Toil e ssuelke.
YcTaHoBKa ISl U3MEPEHHUS AIIEKTPOPU3NIECKUX ITapaMeTpoB Mpe/icTaBleHa Ha cxeme 1.
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E6-13A

00

Cxema ycmanosKku 015 usMepeHusi 21eKmpousuieckux napamempos (py, €, t4o). 1-anexkmpoow, 2-
obpaszey, 3-mepmonapa, 4-nacpesamensv, S-mepaommemp mapku (E6-134), 6-usmepumens

memnepamypboi.
Tabnuua 2.
Dnexmpoghusuueckue c8oUCmea NPULOMOBLEHHbIX PACMBOPO8
YaeabHoe JAuanexkTpudeckas TaHrenc yria YaeabHas
Ne COMPOTHBJIEHHE NMPOHHUI[AEMOCTD, AUIJIEKTPUYECKOI 3JIEKTPONPOBO-
p, Om'm £ norepw, tgo AHOCTB, CMm/cM
1 22.2 2.6*10” 3.06 45%10"
2 23 1.7*10° 3.6 4,3*10"
3 14.4 3.6*10° 1.7 6.9%10"
4 17 3.8*10° 15 5.8%10"
5 11 3.4*10° 1.7 9*10*
6 18.1 1.8*10° 2.8 5.5%10"
7 18.8 2.1*10° 3.1 5.3*10"
8 19.2 2.3*10° 3.4 5.2*10"
9 19.8 2.6*10° 2.3 5*10"
10 9.6 3.7*10° 1.9 1*10°
11 23 2.7*10° 3.7 4.3*10"
12 24.4 2.8*10° 3.8 4*10™*
13 175 4.1*10° 3.9 5.7*10"
14 30 3.9*10° 6.2 3.3*10"
15 35 2.84*10° 35 2.8*10°
16 26.4 3.1*10° 1.7 3.8*10"
17 135.6 6.3*10° 21.7 7.4%10°
18 22.9 4.2%10° 5.1 4.4%10™
19 26 3.7*10° 3.6 3.8*10"
20 27.2 3.8*10° 5.7 3.7*10"
21 35 3.8*10° 2.9 2.8*10"
22 3.9*10" 2.8*10° 3.4 2.6%10"
23 8.4 3.5*10° 0.77 1.2*10°

Kak BHIHO W3 JaHHBIX TaOJMIIBI, YAEIbHOE CONPOTHBIECHHE PACTBOPOB MEHSETCS B
npenenax 3.5-135.6 Om'M, yzaenpHas 3JIEKTPONPOBOJHOCTb B IPEIEIIE 1.103-7.3.10-5 Cm/cm.
DT0 00yCIIOBIIEHO OTHOCUTEITLHON MOJIEKYJISIPHOM MacCOr aTKUIIaMUHOB.

B pesynprare NpoOBEACHHBIX HCCIEAOBAHHM OBLJIO YCTaHOBJIEHO, YTO W3 COCTaBOB Ha
OCHOBE KHCJIOT, BBIICJICHHBIX M3 COCBOTO Macja W aMHHOB Pa3IMYHOTO MOJIEKYIISIPHOTO Beca U

cocTaBa,

BO3MOXHO IIOJIYYUTH
AUDJICKTPUICCKUMHA CBOMCTBaMH.

AHTHUKOPPO3HMOHHBIC KOMIIO3UIUH,
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XULASO
INHIBITOR TORKIBLI BIRLOSMOLORIN FiZiKi-KIMY9VI XASSOLORININ
OYRONILMOSI .
Rzayeva N.S., Abbasov V.M., Ohmadov F.I.

Acar sozlor: korroziya inhibitorlari, soya yagi tursularimin amin komplekslori, miigavimoat, xiisusi

elektrik kegiriciliyi.

Alkilaminlor C;-Cg vo soya yagi tursularinin osasinda alkilamin komplekslori sintez edilmisdir.
Komplekslorin izopropil spirtinde va izopropil spirtinin suda 70%-1i mshlulunda 20%-li mohlullar
hazirlanmigdir. Onlarin fiziki-kimyavi xiisusiyyatlori, o ciimladon xiisusi miiqavimat, dielektrik itkisinin
tangens bucagi vo xiisusi elektrik kegiriciliyi hesablanmisdir.

SUMMARY
STUDY OF PHYSICAL AND CHEMICAL PROPERTIES OF INHIBITING COMPOSITIONS
Rzayeva N.Sh., Abbasov V.M., Ahmadov F.I.

Key words: corrosion inhibitors, amine complexes of soybean oil acids, resistivity, specific

electrical conductivity.

Alkylamine complexes of soybean oil acids with alkylamines C;-Cq were synthesized. Their 20%
solutions in isopropyl alcohol and in a 70% aqueous solution of isopropyl alcohol are prepared. Their
physico-chemical properties, including the resistivity, the tangent of the dielectric loss of the angle, and
the specific electric conductivity have been calculated.

Daxilolma tarixi: [lkin variant 16.02.2018
Son variant 25.06.2018
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Agar  sozlor:  heksaalkildistannoksan,  perhalogenendikonat,  galaykarboksilat,
perxlortsikloalifatik, trialkilstannan, xlor- va  bromendikonatlar,
tsikloalifatik, udma zolagi, potensiometrik titrloma, titrloma ayrilori.

Aromatik, alifatik, tsikloalifatik vo perxlortsikloalifatik tursularin di- veo trialkil-
stannoksanlarla qarsiligh tasiri naticosindo qalaykarboksilatlarin alinmas1 va totbiqi hagqqinda
elmi odobiyyatda bozi molumatlar vardir [1-4]. Bu molumatlara baxmayaragq,
heksaalkildistannoksanlarla perhalogenendikonatlar arasindaki kondenslosmo reaksiyalarinin
otrafli §yronilmoasino dair molumatlara adobiyyatda, demok olar ki, rast golinmir. Bu baximdan
bu reaksiyalarin otrafli 6yronilmosi magsadouygundur.

Reaksiyalarda baslangic maddslor kimi xlor- vo bromendikonatlardan, homginin endik
tursusunun anhidridlorinden istifada edilmisdir.

Bozi tizvi tursulardan forgli olaraq, endik tursusunun anhidridlorinin torkibinds karbonil
grupuna nozoran B-voziyystds halogen atomlarinin olmasi onlarin heksaalkildistannoksanlarla
daha asan reaksiyaya daxil olmasina sorait yaradir. Reaksiya asagidaki sxem iizra gedir:

X X
X co\ X COOSNR;
| P + RsSNOSNR; —> | :$:
X co X COOSNR;
X X

X= Cl Br, H; R= C2H5, n- C3H7, n- C4H9

Kondenslasme reaksiyasinda holledici kimi benzol vo ya toluoldan istifado edilmisdir.
Reaksiya 60 °C temperaturda azot miihitindo aparilir. Reaksiyan1 eyni zamanda kiitlodo do
aparmaq miimkiindiir. Proses ekzotermik oldugundan reaksiyanin gedisindo temperaturun 80
C-ya godor yiiksolmosi miisahido olunur. Bu zaman yan reaksiyalarin, masalon, HCI vo HBr
ayrilmas1 ilo gedon reaksiyalarin qarsisim1 almaq ticlin heksaalkildistannoksanlar reaksiya
zonasina tadricon asta damcilarla olavs edilir.

Reaksiyalarin polyar holledicilorin (aseton, dioksan, dimetilformamid) istiraki ilo
aparilmast zamani da reaksiya qarisigmin  ronginin  doyismosi miisahido  edilir.
Heksaalkildistannoksanlarin tam reaksiyaya daxil olmas ii¢iin proses anhidridin artiq miqdarinin
istirakt ilo aparilir. Holledici miihitinds aparilan reaksiyada baslangic anda reaksiya qarigigi
gohvayi rong alir, lakin zaman kegdikca gahvayi rong tadricon itir. Reaksiya kiitlasinin ranginin
doyismaosi, fikrimizces, anhidridin karbonil qrupu ils qalay atomlar1 arasinda asagidaki kecid
kompleksinin amals galmasi ilo slagadardir:
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Reaksiya mohsullarinin ¢iximina heksaalkildistannoksan molekulunda galay atomlar1 ilo
birlogmis alkil radikallarinin tosiri dyronilmisdir. Miioyyon edilmisdir ki, alkil radikallarinda CH,
gruplarinin say1 artdiqca reaksiya mohsullarinin ¢iximi da artir. Belo ki, on yiiksok ¢ixim
reaksiyanin heksa-n-butildistannoksanla aparilmasi zamani miisahide olunur.

Qeyd etmok lazimdir ki, reaksiyanin bromendik anhidridi ilo aparilmasi zamani, osas
reaksiya mohsulu kimi bistrialkilstannilftalatlar alinir. Miioyyan olunmusdur ki, bu, bromendik
anhidridinin torkibinds 6,6-voziyyatinda yerlogson labil brom atomlar ils trialkilstannoksan
molekulundaki galay atomlar:1 arasinda keg¢id kompleksin alinmasi ilo slagadardir. Alinan araliq
kompleksin parg¢alanmasi noticasindo R3SnBr torkibli araliq birlosmolor alinir ki, bu da 6z
novbasindo bromendikonatlarin ftalatlara ¢evrilmoasino sabab olur. Naticada, bromendikonat-
larin heksaalkildistannoksanlarla qarsiliql tosirindon gozlonilon bis-trialkilstannilbromendiko-
natlar deyil, bis-trialkilstanniltetrabromftalatlar alinir. Bis-trialkilstanniltetrabromftalatlarin
alinmasi element analizin noticosino osason tasdi% edilmisdir. Masalon, alinan bis-tri-n-
butilstanniltetrabromftalatin orimoa temperaturu 79-80 “C, Sn - 22.30, Br - 30.60% olmusdur ki,
bu da odobiyyat gostaricilori ilo uygundur [5].

Reaksiya noticosindo alinan birlogsmalor qatranabonzor, 6zlii vo ya asagi temperaturda
oriyon, lizvi hoalledicilorde yaxst hall olan maddslaordir. Bu birlogmolor sonayeds istehsal edilon
polimer materiallar1 ilo asan qarisir. Bu da 6z ndvbesindo sintez olunan birlogsmolordon

odadavamli vo bioloji foal lak-boyaq maddslorinin alinmasinda istifado edilmosine imkan
yaradir.
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Sakil 1. Endik tursusunun (a), bis-n-tributilstannilxlorendikonatin (b)
va bis-tri-n-butilstannilendikonatin titrlama ayrilari.

Sintez olunmus birlogmolorin torkibi vo qurulusu elementanalizin, potensiometrik
titrlomonin, IQ- vo PMR-spektroskopiyalarinin kémayi ilo dyronilmisdir. Endik vo xlorendik
tursularinin galay téromolorinin vo tomiz endik tursusunun potensiometrik titrlomo oyrilori bu
birlosmolor {iglin daha yaxsi holledici olan aseton-su (90%, hocmi % ilo) miihitindo ¢okilmisdir.
Potensiometrik titrloma oyrilori asagidaki sokildo verilmisdir.
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Heksaalkildistannoksanlar:n perhalogenendikonatlarla reaksiyalarin:n arasdirilmas:

Sokildon (a) goriiniir ki, baslangic maddo kimi gotiiriilmiis endik tursusu iki potensial
sigrayisina malikdir. Bu iso tursunun torkibindo iki miixtolif dissosiasiya qabiliyyatino malik olan
karboksil qrupunun olmasi ils izah edilir. Bu karboksil qruplart morhalali dissosiasiya etdiyindon
titrlomo zamani iki potensial sigrayisi ilo miisahids olunur.

Bis-tri-n-butilstannilxlorendikonatin potensiometrik titrlomo oyrisi (b) bir potensial
sigrayist ilo xarakterizo olunur ki, bu da hor iki bis-tri-n-butilstannilkarboksilat grupunun eyni
giiclii oldugunu gostarir. Bis-tri-n-butilstannilendikonatin potensiometrik titrlomo oyrisinin
intensivliyi iso daha yliksokdir (v).

Alinan noticolor belo demoyo imkan verir ki, tri-n-butilstannil qruplar1 daha asan vo
birmarhalali hidrolizo moruz galir. Belo giiman etmok olar ki, karbonil qrupuna nozoron -
vaziyyatds yerloson akseptor xlor atomlart karboksil qrupundan elektronlart qismon cozb edorok
tri-n-butilstannil qrupunun hidrolizini asanlasdirir.

Yuxarida geyd olunan ehtimallar1 endik vo xlorendik tursularmn bis-tri-n-alkilstannil
birlosmolorinin 1Q-spektrlorinin miiqayisali analizi do tssdlq edir. Belo ki, IQ Eektrlsrinda
asagidak1 udma zolaglart miigahido olunur 495-520 sm™ (V’sn.c), 530-570 sm™ (vFsnc), 965-
1000 sm™ (vsno), 1635 1670 sm™ (- COOSnRg grupundaki C=0), 1420-1460 sm™
(8cH'CH2-Sn), 665-670 sm™ (ve.cy), 1600 sm™ (C=C Cl-C=C—Cl — tsiklik fraqmentdo).

Endik vo xlorendik tursularinin bis-tri-n-butilstannil tdromolorinin 1Q-spektrlori bir-
birindon karbonil qruplarinin valent ragslorinin V921y}l/9t1 ilo forglonir. Birlogsmonin torkibindo
xlor olmadigda C=0 udma zolag 1575 va 1650 sahasindo meydana ¢ixdig1 halda, xlor
atomlar1 oldugda udma zolag1 1635-1670 sm sahssmds meydana ¢ixir. Birinei halda C=0O ragsi
harakating iki sahs 1575 (C=0, C=0.. SnRg) vo 1650 sm™ (C=0, -COOSnR3), ikinci halda iso
1635-1670 sm™ do bir rogsi horokot sahasi uygun golir.

Sintez olunan b1r19§m919r1n vo onlarin homoloqlarlnln [Q-spektrlorinin miiqayisali analizi
gostarir ki, ve=p endik tursusu ti¢iin > xlorendik anhidridi tigiin > bis-tri-n-propilstannilxlorendikonat
> bis-tri-n-etilstannilxlorendikonat > bis-tri-n-butilstannilxlorendikonat).

Bis-tri-n-alkilstannilxlorendikonatlarin PMR-spektrlori do  arasdirilmisdir.  Spektrlor
asagidaki kimyoavi siirlismoalorlo xarakterizo olunur: (C;Hs)3Sn toromolori tigiin 0.98 m.h.
(CH2—Sn), 0.97 m.h. (CH3—C—Sn), 3.59 m.h. tsiklin CH qrupu ig¢iin; (n-C3H7)3Sn-ii¢iin 0.76 va
0.98 m.h (a-CH2-Sn), 0.9 m.h. (CH3), 1.1-1.17 m.h. (B-CH,) vo 3.7 m.h. (halgadaki CH {igiin);
(n-C4Hg)3Sn-téramalarinin spektrlarinds 0.8-0.98 m.h. (a-CH»—Sn), 1.1-1.82 m.h. (CH3), (y va B-
CH,) 3.89 m.h.

Analitik signal kimi tsiklin CH simmetrik protonlarinin signallar1 gétiiriilmiisdiir. Bu
protonlar xlorla karbonil qruplar1 arasinda yerlosir.
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Endik, xlorendik vo bis-tri-n-butilstannil téromslorinin PMR-spektrlorinin  miiqayisoli
analizindon goriiniir ki, C—H signallarinin yerdoyismosi onun ohato olundugu Sn tomu ilo
birlogmis alkil qruplarinin torkibindoki protonlarin saymdan asilidir.

Miiqayiseli analizin naticalorindon molum olur ki, xlor atomlarinin molekulun torkibino
daxil edilmasi ilo C—H-da olan protonlarin signallarinin yerdayismasi (A3=0.71 m.h.) toskil edir.
dcr—signallarinin yerdoyismesi qalay atomlar ilo birlogmis alkil radikallarinin terkibindon asili
olur. Bu iso 0z novbosindo galay ilo karbonil qrupunun arasinda koordinasiya rabitosinin
yaranmasi ilo izah olunur.

Aparilan tocriibi toadqiqatlar vo nozori imumiloegdirmalor osasinda endik, xlorendik, bis-tri-
n-alkilstannilendikonat vo xlorendikonatlarin miixtolif analiz {isullari ilo torkibi vo qurulusu
oyronilmisdir. Potensiometrik titrlomo oyrilorinin, IQ- vo PMR-spektrlorinin xarakterlori
miiqayisoli analiz edilorok alinan birlosmolorin  qurulusu vo hidrolizi  Gyronilmisdir.
Potensiometrik titrlomonin naticalorinin arasdirilmasi bels bir gonasto golmoys imkan verir ki,
yeni sintez olunan galayxlorkarboksilatlardan lak-boyak materiallarinin torkibina olavo etmokla
oda vo obrastaniyaya davamli kompozisiyalar almaq olar.
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PE3IOME
HUCCIIEAOBAHUE PEAKIIMU IEPT AJIOUI9HIANKOHATOB
C 'EKCAAIKWIJIUCTAHHOKCAHAMM
Jynamanvies A./l., Anueea A.I., Mycmacpaee M. M.

Knrouesvle cnosa: 2excaankuilOUCMaHHOKCAH, NepearouddIHOUKOHAM,  O0A080KAPOOKCULAM,
NePXIOPYUKIOATUGamUYecKull, MpUATKUICMAHHAH, XI0p- U UPOMIH-
OUKOHAMbl, YUKIOATUDAMUYECKULl, NOI0CA NO2N0WeHUs, NOMeHYUOMem-
puueckoe mumpoganue, Kpugvle mumpoGaHusl.

[TpoBeneHbl peakMy KOHACHCAIMU XJIOP- U OPOMAIHIMKOBOTO aHTHAPHIA 3HIUKOBOW KUCIOTHI C
reKCaaNKWIANCTaHHOKCaHaMi. CHHTE3WpOBaHBl OWC-TPHU-H-aJKWICTAHHWISHANKOHATEL. bBBIT M3ydeH
COCTaB M CTPYKTypa CHHTE3HUpPOBAHHBIX COCIMHEHHH, a TaK)K€ pe3yJbTaThl MOTEHIIHOMETPUYECKOTO
TUTPOBAHUS OTYYEHHBIX COETUHEHUM.

YCTaHOBIEHO, YTO CHHTE3MPOBAHHBIC COEIWHEHHS 10 CBOEH CIIOCOOHOCTH IHCCOIMHUPOBATHCS
XapaKTepU3yIOTCsl OJHUM CKa4KOM THUTPOBAaHHUS. DJTO JIOKa3bIBa€T PABHOCHIBHOCTH OOOMX  TpH-
ANTKWICTAaHHIIKAPOOKCUITATHBIX TPYII B COCTaBe OUC-TPHAKUIICTAHHUIIHNKOHATOB.

SUMMARY
INVESTIGATION OF REACTION OF HEXAALKYLDISTANNOXANES
WITH PERHALOIDENDICONATES
Dunyamaliyev A.D., Aliyeva A.G., Mustafayev M.M.

Key words: hexaalkyldistannoxane, perhalogenendiconate, tin-carboxylate, perchlorocyclo-
aliphatic, trialkylstannane, chloro- and bromoendiconates, cycloaliphatic,
absorption bond, potentiometric titration, titration curves.

The condensation reactions of chloro- and bromoendic anhydride of endic acid with
hexaalkyldistannoxanes have been carried out. Bis-tri-n-alkylstannyl-endiconates have been synthesized.
The composition and structure of the synthesized compounds and also the results of potentiometric
titration of the prepared compounds have been studied.

It has been determined that the synthesized compounds are characterized by their ability to
dissociate with a single jump in titration. This proves an equivalence of both trialkylstannylcarboxylate
groups in the composition of bis-trialkylstannylendiconates.

Daxilolma tarixi: [lkin variant 31.01.2018
Son variant 25.06.2018
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Lannas paboma noceswieHa noryYeHUIo AKMUBUPOBAHHO2O NOPOWIKA YENNION03bl U3 Oeutegoll
yenntonozocodepxcaueti maxyramypolt MC-14. Hccrnedosanvl 3agucumocmu colepicanus yenesou
@pakyuu 6 20moeom npooyKkme om memnepamypbl CYWKU, d MaKxtce 3a8UCUMOCTU 8PEMEHU CYUIKU OMm
memnepamypel  cywiku. B pe3ynbmame nonyueHHuiX OGHHbIX HOCMPOEHbL  COOMBEMCmEYIoujue
ouazpammot.

[{emtrono3H0-0yMaxKHbIe MPOM3BOACTBA, B OCHOBE KOTOPBIX JISKAT CYJIb(aTHBIC U CYIb-
¢dbuTHBIE CIOCOOBI MONYYEHHUS LEIITION03bI, XapaKTePU3YIOTCS HATUYMEM OOJIBIIOro KOJINYEeCTBa
OTXOJIOB B BHJE INEJIOKOB H JHUTHOCYIh(GOHATOB. Kpome TOro, okpykaromas  cpena
3arpsi3HSAETCS CTOYHBIMU BOJAMU U CHUJIbHOTOKCHUYHBIMH JIETYYUMHU HPOAYKTaMHU, TAKUMHU Kak
CEpPOBOJIOPOJl, MEpKamnTaHbl W JApyrue. B cBsi3M ¢ 3TUM B HacTofAllee BpeMsl BEAETCS
WHTCHCUBHBIH TIOMCK TPUHIMUIUATHHO HOBBIX, MaJOTOKCHYHBIX U 0oliee IKOHOMHYHBIX
CIOCOOOB TIOJIYYECHHS IIEJITIONIO3bI M EJUTFOJI030COAEPKAIIUX MPOAYKTOB U3 Pa3IMYHBIX
OTXOJI0B IPEBECHOTO MPOUCXOKICHUSI.

CoBpeMEeHHBIM HAIPaBIEHUEM B XMMHH IIEJUTIONO3bI AJIs MOTYYEHUs TPOTYKTOB C HOBBIMU
3apaHee 3aJaHHBIMH CBOWCTBaMHU SIBISIETCSl €€ MoAuduKaIus, TMO3BOJSIONIAs YCTPAHAITh
HEJIOCTAaT-KH, MPHUCYIIUE MPUPOJHON IEJUTI0I03e. Pa3nuuaroT CTPYKTYPHYI0 U XUMHUYECKYIO
Monudukanuu  UeToa03bl. K CTPYKTYpHBIM  MOAM(UKAIUSAM  LEJUTIOJIO36I  OTHOCUTCS
MOJIydYeHUE aKTHBHPOBAHHOTO TIOPOIINKA IEJUTFOJIO03bI, HAIEAIIee caMoe pa3zHooOpazHoe
MPaKTUYECKOE UCTIONb30BaHue [1].

OcCHOBOM I TONY4YEHUs] AKTHBUPOBAHHOTO TOPOIIKA IIEJUTIONIO3BI MOXET CIIYXKHUTh
MPaKTUYECKH JI000e IEeJUII0NI030coepKaiiee coipbe. HecMoTps Ha TO, YTO HMCTOYHHKH
[[EJUTIOJIO3BI BEChMa Pa3HOOOpPa3HbI (peBeCHHA BBICIIMX PACTEHWUU, XJIOMOK, JIEH, KOHOILISA,
JUKYT, paMH, BOJOPOCITH W T.A.), TPAAUIMOHHO IJi1 TOJyYeHUS aKTUBHPOBAHHOTO MOPOIIKa
[EJUTIO-JIO3BITTPUMEHSIOT XJIOMKOBYIO IIEJUTIONIO3Y M TEXHUYECKHE JPEBECHBIC IIEJUTIOJIOBHI.
HenocraTtku MHOTHMX U3BECTHBIX CIIOCOOOB MOTYYSHHS] aKTUBHPOBAHHOTO TOPOIIKA IEJUTIOIO03bI
3aKJTIOYAIOTCS B HWCIIOJB30BAaHUUW OTHOCUTENIBHO JIOPOTOTO CHIPbS, HEYIOBIECTBOPHUTEIBHON
XUMUYECKON YMCTOTE M HU3KHUX HKOJIOTMYECKUX MOKA3aTEeNIsIX TOTOBOIO MPOJYKTA, CB3aHHBIE C
OCOOEHHOCTSIMA TEXHOJIOTHH TPOU3BOJACTBA O€NeHBIX Ieumono3. Kimaccumueckum crocobom
MOJIYYeHUS] aKTUBUPOBAHHOTO MOPOIIIKA LEJUTIOI03bl IPUHATO CUUTATh FE€TEPOre€HHbIN THIPOIN3
2,5H constHOM KucioToi mpu 105°C [2].
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N3BecTHO 4TO, AKTUBUPOBAHHBIA TMOPOIIOK LEJUTFOJO03bl  MOJYYaloT THAPOJIU30M
LEJUTIONO03bI HIeI0YaMu, KUCIOTaMH, KUCIIBIMHU COJISIMH, IIEIOYHO-OKHCIUTEIbHON 00pabOTKOM.
[Ipy ruaponM3e TPOUCXOAUT pa3pyIICHHE XHUMHYECKUX CBsi3ed B aMOpPQHBIX 001aCTIX
LEJUTIONIO3HBIX BOJIOKOH, B OTJIMYME OT MEXAHUYECKOrO pa3pylIeHUs, IPU KOTOPHIX BOJIOKHA
[EJUTIONO3BI PAa3PYIIAOTCS TAKXKE M B KPUCTALIMYECKHX oOmactsax. Hambonee pacmpocTtpaHeH
KHUCIIOTHBIM CHOCOO THUAPOIUTHYECKON JECTPYKIUH UEIUII0NI03bl, B XOAE€ KOTOPOro, IpHU
BO3JICHCTBUM HAa aMOp(HBIC YYAaCTKH, MPOUCXOTUT pa3pylieHUE XUMUYECKHX CBS3CH B
MaKpOMOJIEKYJIaxX 1eJuTros103bl. [lonydyeHre akTHBUPOBAHHOTO MOPOLIKA HEJTI0I03bI KUCTIOTHBIM
Croco0OM MPOUCXOAUT MPHU BO3JCUCTBUU HA UCXOTHYIO IEJUIIOJIO3Y HEOPraHUYECKUX KHUCIIOT
(HCI, H2SO4, HNO3) [3], xucnor Jlstouca (TiCls, AICIl3, SbCls, u ap.), ¢ mocaenyromeit
MEXaHUYECKON JE3UHTErpalreil THAPOJIM30BaHHOM ILIEIITIONO03bI C IIEJIbI0 MOJIYYeHHUS pa3Mepa
gacTuil 5+320 MKM U BBICOKOH CTEIIEHH KPUCTAIUIMYHOCTH U PEaKIIMOHHOCIIOCOOHOCTRIO [4].

Hama 3ayiaua coctosiyia B MoiydeHUU aKTUBUPOBAHHOTO MOPOIIIKA 1IEJUTIONI03bI U3 ACIIEBOM
HeJuTIoI030coaepkaiiei Makyaatypsl MC-1A 10700-97.

Llenpro manHOM PaOOTHI SABIISIETCS UCCIICIOBAHUE BIUSIHUE TEMIIEPATYPhl U BPEMEHHU CYIIKH
Ha COoJIepKaHUE BbIXoJla ()paKIMU B MPOIECCEe aKTHBAIMK LIEJUTIONIO3bI U3 MakynaTypsl MC-1A
pasmepom gactuil 5+320 Mxm [5].

JKCNePUMEHTAIbLHAA YaCTh

Jnst  uccrnenoBaHuid  ObUIa  HMCIOJIB30BaHA HW3MENIBUCHHAS  IIEIITIOJI030COAepKaIIast
makynarypa MC-1A, cootBerctByromas TtpedoBanusim ['OCT10700-97. AxTHUBUpPOBaHHBIN
MOPOIIOK IIEJUTIONIO3bI TMOJydYadd IIyTeM B3aUMOJCUCTBHUS IICJUTIONIO3BI MPU  TeMIlepaType
25+35°C ¢ BoaubiM pacTBopoM Na,COs koHmeHTpamueit ot 2 10 5%: B JUTPOBBIA CTakaH ¢
MarHMUTHOM MemIajakoi 3arpyxkarmr 2-5%-vHoro BogHoro pactBopa NaCOsz; 5,0 rp.
M3METBYCHHON 1eJUTI0I03bI U 00pabatsiBatoT B TeueHue 1040 MuH. npu TemmnepaTtype 25+35°C.

[TorydeHHYIO TEJUTIONO03HYI0 Maccy (QUIBTPOBAIH, 3aTEM IOCIIE OT)KHMA C BJIAKHOCTBHIO
50+60% B macrooOpa3HOM BHAE MOJaBad Ha cTaguio cymkd. Cymky mnacTooOpa3Hoit
L[EJUTFOJIO3BI OCYLIECTBIISUIM B CYIIMJIBHOW II€YM IIPU TEMIIEPAType 80+160°C B Teuenne 30210
MUH.

Taobnuua
Ne | HamMeHoBaHHE KOMIIOHEHTOB Homepa onbiTOB
1 2 3 4 5 6 7
1 | JucTrmpoBaHHas BOJA, rp. 388 380 | 372 | 372 | 372 | 372 | 364
2 | Na,COs, p. 8 10 20 16 12 15 18
3 | KoauuecTBo 1EII0I03EI, rp. 5,0 5,0 5,0 5,0 5,0 5,0 5,0
4 | Bpems 06pabOTKH 1EIUTIONO3BI MUH 30 30 30 10 20 40 30
5 | Bpewmsi cymku 1esumonossl, MUH 30 60 90 120 | 150 | 180 | 210
6 ?perI moMoJIa Heutrono3sl 105 MUH 6 4 6 2 4 6 6
G,

7 | [loporok 1eToa03sl, rp. 424 | 445 | 460 | 454 | 448 | 452 | 4,58
8 | ®pakuuu coctas MOPOIIKa I1EJI., %

0,63 MKM 12,11 | 10,16 | 2,90 | 31,91 | 8,15 | 0,63 | 3,95

0,32 MKM 27,56 | 30,94 | 21,25 | 26,41 | 25,84 | 37,25 | 20,68

0,20 MKM 26,42 | 24,88 | 29,00 | 15,70 | 24,85 | 31,69 | 29,67

0,10 MKkM 20,17 | 25,96 | 39,65 | 22,26 | 34,20 | 28,33 | 39,56

0,05 MxMm 3,74 | 806 | 7,28 | 8,72 | 6,96 | 2,10 | 6,08
9 | pH BomHOTrO MMCH. TOpOIIIKA, el. 7,80 8,20 | 790 | 790 | 7,80 | 7,60 | 7,90
10 | BeIxoq akTHBHPOBAHHOM I1€T., % 84,08 | 89,0 | 92,0 | 90,8 | 89.6 | 90,4 | 91,6

bbI10 mpoOBENEHO HECKOIBKO JKCIIEPUMEHTOB II0 CYIIKE IIPU PA3IMYHBIX TEMIIEpATypax

CYIIKM MB XOJ€E OJHOIO JKCIEpPHMMEHTa TeMIleparypa CYIIKH OCTaBajach NOCTOSAHHOW. [Ipm

IPOBEIEHUH HKCIIEPUMEHTOB B MPOLIECCE CYIIKH OTOUPAIMCh MPOOBI U3 MEUr JUIsl ONpeleIeHUs
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Hccneoosanue enusinue memnepamypul U 6pemMeHy CYywKU Ha cooepacanue Qppaxyuu
npu aKmusayuu Yentono3vl

BIQXHOCTH MaTepuayia. [lo OKOHUaHHMM mMpolecca CYHIKMA BBIMOJIHSIUNCh Pa3MoOJ CYIICHOU
IIEJUTIOJIO3BI C LEJBIO0 MONydeHus: Gpakiui aKTUBUPOBAHHOTO MOPOIIKA IEJUTIOI03bI pa3MepaMu
gactull 5+320 mxMm. [loyuyeHHBII aKTHBHPOBAHHBIN MOPOIIOK IIEIUTIOIO3BI C pa3MEpaMu 4acTHUI]
0,63 MKM He MPUroACH JJIsI NAJIbHEHIIEr0 UCIO0JIb30BAHUE TIPU COMOJUMEPU3ALNU. Pe3ynbTaTsl
OMBITOB aKTUBALIMHU LEJUTIOJIO3bI IPEACTABICHBI B TAOIHIIE.

O6cyxaenune pe3yibTaroB. Hamu uccienoBaHbl pe3ysbTaThl MPOBEICHHBIX CEPUHHBIX
OTIBITOB M HA 3TOW OCHOBE IMMOCTPOEHBI JUATPAMMBI 3aBUCIMOCTH COJIEP>KaHUs 1eIeBOr (hpaKiuu
B TOTOBOM mpoaykTe (5+320 MKM) OT TeMIepaTryphl CYIIKH, a TaK XK€ 3aBUCHUMOCTH BPEMEHHU
CYILIKH OT TEMIIEPATypPhl CYIIKH.
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Puc. 1. 3asucumocms cooepixcanus Puc.2. 3asucumocmo epemenu cyuKu
yenegoul ppaxyuu 8 20MmoeoMm om memnepamypul CyuKu
npodykme (5-320 mxm) om

Ha pucynke 1 mpuBeneHbl pe3yabTaThl SKCIIEPUMEHTOB B BUJIE 3aBUCHMOCTHU COAEPKAHUS
1eNeBoi (hpakiuy MpoAyKTa B MaTepuaie oT TEMIIepaTypsl cymku. Ha prcyHke 2 mpeicraBieHa
3aBHCUMOCTD JJIMTEIBHOCTH MPOIIecca CYIIKH OT TEMIIEPATyphl CYILIKH.

AHaIM3 SKCIEPUMEHTAIBHBIX JAHHBIX TTOKA3bIBACT, YTO COJEPYKAHHE IENIEeBOH (ppakim
AKTUBUPOBAHHOTO MOPOILKA LEJUTIOI03bI 3aBUCUT OT TEMIIEpaTyphl CyIIKHU. [Ipy HEBBICOKUX 3HA-
YEHUSX TEMIEPATyPhl CYIIKH COIEpKaHKE [EIeBOH (ppaKkiii B TOTOBOM IPOIYKTE MOBBIIIACTCS,
BCJIEJICTBHE YBEJIMYEHUS MPOAODKUTEIBHOCTH CYIIKM M TpolLecca pa3Mojia I[eJUTHOJIO3BI.
CpaBHEHHE YKCIIEPUMEHTAIBHBIX JaHHBIX TIOKA3bIBAET, YTO MPH JAIbHEHIIIEM CHIKCHHH TEMIIe-
paTypsl MPOAOKUTENLHOCTH MPOLiecca CYIIKH 3HAYUTENIbHO BO3pacTaeT (puc.l), B To Bpemst Kak
BBIXO/I TIeNIEBON ()PAKIIMU TPOTYKTA MOBHIIAETCS HE3HAYUTEIBHO.

[ToBbimieHNe TemmnepaTypbl CYIIKH BeIeT K YBEJTUYEHUI0 HHTEHCHUBHOCTH IPOLECCOB
TETUIOBJIATOOOMEHA, COKpAIICHHWI0 BPEMEHHM CYIIKA W YMEHBIICHHIO TPOJOJIKHTEIHHOCTH
npolecca pa3Mojia LEJUII0JI03bl, CIEJACTBUEM YEero SBISETCS CHI)KEHHE BbIXOJA IIEJIeBOM
¢pakuuu TOTOBOrO TpoaykTa (puc.2). IlosToMy nmpu ONTHUMAJIBHOM COOTHOIICHUH
IPOJIOJDKUTEIBHOCTH TpOLecca CYIIKM M TEMIIEpaTypbl CYIIKHM BbIXOJA 1eJeBOM (pakiuu
MPOJIYKTAa IO OKOHYaHHWH TpoIiecca CYIIKH U pa3moia coctaBmi 84,08+92,0%.

[Tonmy4deHHBbI aKTUBUPOBAHHBIM MOPOIIOK MEJUTIOJIO3bI MOXET OBbITh HCHOJIb30BaH B
Ka4ecTBE MOHOMEpA MPH MOJTYYCHUU COMOJIMMEPOB, B KQUECTBE HANIOJHHUTENS TPU TOJTyYSCHHH
KOMITO3UIIMOHHBIX MAaTepUaloB, a TAK)KE B KauecTBE KOMIIOHEHTA MPU MPOU3BOJICTBE JIAKOB U
IMYIIbCHOHHBIX KPACOK.
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XULASO
SELLULOZANIN AKTiVLOSDIRILMOSIi PROSESINDO TEMPERATURUN VO
QURUDULMA VAXTININ FRAKSIYA TORKIBIN® TOSIRININ TODQIQi
Sahgoaldiyev F.X., Adilova L.1., Safarova G.M., Adigozalova X.A.

Acar sozlar: MC-14 markali kagiz tullantisi, selliiloza, aktiviagdirma, qurudulma vaxti

Hazirki is aktivlesdirilmis selliiloza tozunun ucuz MC-1A markali kagiz tullantisindan alinmasina
hosr edilmisdir. Moahsulun fraksiya torkibinin qurudulma temperaturundan hom do qurudulma vaxtinin
astliligt todqiq olunmusdur. Aparilan tocriibolorin noticolorine osason uygun diaqramlar tortib
olunmusdur.

SUMMARY
STUDY OF THE INFLUENCE OF TEMPERATURE AND DRYING TIME
ON FRACTION CONTENT IN CELLULOSE ACTIVATION PROCESS
Shahgeldiyev F.KH., Adilova L.1I., Safarova G.M., Adigozalova Kh.A.

Key words: wastepaper MS-1A, cellulose, activation, drying time

This work is devoted to the production of activated cellulose powder from cheap cellulose-
containing waste paper MS-1A. Product’s fractional composition’s dependence on its drying temperature,
as well as drying time’s dependence on drying temperature were Studied. According to the results of
conducted experiences diagrams are constructed.
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CHHTE3 AJIKAHCYJIb®OHATOB DJEKTPOXUMHNUYECKUM
METOJ/IOM

''ATAMOB MATJIAB MYPTY3 orJ1y
2ABI[Y.JIJIAEBA MUHASA BUJIAJI rui3bl
*0CMAHOBA JAUJIBBAP I'ACAH rpi3bl
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Knrouesvle cnosa: anxancyivgonamol, abeasz Xaopucmolii 6000p00, PACHIAGIEHHbIN NaApa-QuH,
cynboxnopuposanue,  cyibuposanue,  AMYaIbeamop,  NOBEPXHOCMHO-
AKmueHble gewecmaa.

[ToBepxHocTHO-akTHBHBIE BemiecTBa ([IAB) HaxomsT Bce Ooiee mUpoOKoe MPUMEHEHHE
HE TOJIKO MPH IMOJYYCHUU MOIOIIUX CPEJCTB JUYHON T'MTHUEHBI, HO U B Pa3JIMYHBIX O0JIACTIX
MPOMBINIJICHHOCTH, CEJIBbCKOTO XO3SiiCTBa B KauecTBE JUCIEPraTopoB, 3MYJIbIaTOPOB,
CMauYMBAIOIIMX M MEHOO0Opa3yonmx areHToB. OHU HCIOJIB3YIOTCS B MPOW3BOACTBE IHILIEBBIX
OPOAYKTOB, (apMaleBTUYECKUX TOBApOB, IMpH 00pabOTKEe MeETaIoB, A00bIYe HedTH,
TPAHCHOPTHPOBKE YIJISL MO TPyOONPOBOAOM, TMOIYYECHHUS CMA30K W TMPHCAIOK, FepOUIHUIOB H
NECTULU/IOB, OTHENKE TEKCTHIS, KOX, Oymaru, mns ¢iotanmud pyld, HHTEHCH(HUKAIUN
pa3IMYHBIX XMMHUYECKUX IMPOLIECCOB, KaK HHTHOUTOPHI KOPpPO3uH U Jp. B OCHOBHOM OHU
IPUMEHSIIOTCSL B TPEX IJIaBHBIX O0JIACTSAX: JOMAIIHSS CTUPKA, CPEACTBA JMYHOM TUIHEHbl U
MPOMBINIUICHHBIE 11eu [ 1].

N3BectHo, uto I1AB pa3zmensior Ha cienyroliue OCHOBHBIE KIIACChl: aHHOHOAKTUBHBIE,
HEUOHOTCHHBIC, KATHOHOAKTUBHBIC U aMdoTepHbie. OHU nMeroT ooy dhopmyiry RO3Na, rue
R-Bropuunsiit ankun Ci1-Cig, ankancynbdoHAThl — ONEAHO-)KENThIe KPUCTAIIIBI, PaCIIbIBAIO-
necs: Ha Bosayxe. C BOJIOM IpHM KOHIIGHTpanuu ankaHcyibhoHaTel 60% u BbIIe 00pa3yroT
MacThl; KPUTHYECKasi KOHIEHTparus muneuiooopazoanust 0,03 — 0,1% mo macce; 34 H/m.
YCTOWUYNBEI K HArpEBaHUIO J10 150°C. B nacrosimee BpEMsI U3BECTHO HECKOJIBKO XMMHUYECKHUX
Croco0O0B CHHTE3a AJIKAaHCYIb()OHATOB.

l.®@oroxumuueckoe Cyiab(pOXJIOpUpPOBaHHE CMecH, cojepxamieil He MeHee 98,5%
napapuHoB C11-Cig, BbIIETsIEMbIE U3 KEPACUHOBOU (Ppakiiuu HePTH. Peakiuio oCcyIecTBIsIoT B
KaCKaJIHbIX peakTopax npu Y @-o0iy4eHun pTYTHBIMU JIAMITAMHU.

RH +Cl, + O, - RSO,Cl1 + HCI + 284 JI)x /Moib
RSO,Cl +NaOH — RSOsNa +NaCl + H,O

Jlis mpenoTBpailleHuss 00pa3oBaHUsl OOJBIIOIO KOJMYECTBA JUCYIh(OHATOB CTENEHBb
npeBpaleHus napaguHOB He JOJDKHA MpeBbimath 25-30%, comepxaHue IUCyIb(HOXIOPUIOB-
20%. IlomydeHHble MNPOMYKTHl OTAEISIOT OT HENPOpearupoBaBIIMX Napa(UHOB, KOTOpHIE
BO3BpAIIalOT Ha CyIb()OXJIOPUPOBAHHE W YIMAPUBAIOT [0 IUIaBAJKaHCYIb(PoHATOB. M3 Hero
rotoBsT 40 1 60%-Hble paCTBOPHI ATKAHCYIb(POHATOB.

HenocraTkom crioco6a sIBASIOTCS MOJIydeHHe OOJIBIIOro KOJMYECTBA TEIjia U CI0KHOCTh
€ro OTBOJIa ¥ BO3pAIIEHNE YaCTH HEeNpOopearnpoBaBLINX MapapuHOB HA CYIb(POXIOPUPOBAHHE.

2. ®oTOXMMHUECKOE CYIb(POoOKUCTIeHHE apapuHOB cMechio razoB SOz u O

RH + SO, +% 0, —» RSO,0H
RSO,0H + NaOH—s RSOsNa + H,0
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Peakuuro npoBozaar npu Y®P-o00iyueHUM B peakTopax IpU HEINPEPHIBHOM BBEACHUU
BOJbl B PEAKIMOHHYIO 30HY AJISl SKCTpaKUuu oOpa3yromuxcs cyiabhokucior. [lomyueHnyro
CMeCh OTIEIISIOT OT HE MPOpearupoBaBLINX NapaduHOB, HEIPEPHIBHO BO3BPAILIAEMBIX B PEAKTOP.
Huzkas kouBepcusi napadunoB (okosiol%) obecrneunBaeT HHU3KOE coepX aHHEe MOOOYHBIX
nucynbdonaroB. [lomydeHHble 3TUM  cnocoboM  ankaHcyiabhoHatel  (cynbdonar-SO),
conepxkame 60% ankancynbdonatel U 7-8% nucynb(OHATOB, SMYNbraTop IMPU CUHTE3E
noiaumepoB. HexgoctaTtok crocoba — BO3BpallieHre HEMPpOpearupoBaBIINX MapaduHOB B PEaKToOp
Ha cynbdookucnenve. Hago oTMeTHTH TO, 4TO BCEe aNKaHCYIb(OHATHI MaJOTOKCHUYHBI, a UX
ouopasnaraemoctb okoso 100% [2,3]

Hecmotpst Ha Gomblnoe 4McIO HCCIEA0BAaHUM, MOCBSIIEHHBIX MOMCKY IMEPCIEKTUBHBIX
METOZIOB CHHTE3a AJIKAHCYIb(OHATOB, CHHTE3 AalKaHCYIb(OHATOB AIIEKTPOXUMUYECKUM
CIocoOOM ellie He pacCMOTPEH.

Ilenpto nmaHHOW pPAOOTHI SIBIISETCS IMPOBEICHUE Bbix.

CHHTE3a aJKAaHCYIb(paHATOB B 3IJICKTPOXUMHUYECKOU s . pie
CHCTeME ¥ WCCICIOBAaHHE XHMH3Ma  CyJIb(pOXIIOo- = T =
pPHUpOBaHUs TpoIIecca. = ' boga
JKCNepUMEHTAIbHAS 4YacTh. B mpemiokeHHON I 10
paboTe  OMBITHI  MPOBOJIWJINCH B  CTEKISITHHOM ’ wra
[IWTHHIPAYECKOM AIIEKTPOJIH3EPE, CHa0KEHHOM p-p
MEXaHUYECKOW MEIIAIKOW, TePMOCTATOM, TPapUTHBIMU K7
AIIEKTPOAAMH, aMIIepMETPOM, KOHTaKTHBIM . 77 A
TEPMOMETPOM H XOJIOIMILHIUKOM. “=JE
B kauecTBe MCXOTHBIX PEAreHTOB HCIOJIb30BAIU . :; - /9\
abraz HCI, cynpbur HaTpus U pacriiaBICHHBIN on i ) '

napadus. [locie cOOpkM yCTaHOBKH, B 3JIEKTPOJIU3EP
sarpyxanu  10-15%-uwiii  pactBop HClI u Bogublit ; ;
pactBop Na,SO; mpu Temmeparype okomo 30 -40°C. L8 Teprmocrar
Peakiust mpoTeKaeT mo cxeme:
Na,SO; + HCl — NaCl + SO, T + H,0

[locne momaum snekrpuyeckoro Toka HCI +
HIOJIBEPraeTCs AIEKTPOJIU3y M Ha KaToje moiydaercs Ha
a Ha aHozxe MoiekymsipHelid Cly. A Takke B MEHBIIEH
CTENEHN  SNeKTponu3y mogsepraetes Nap,SO; ¢ Pue Yemaroska 013 cynoegoxnopupo-
nonyuyenneM Ha aHome O, KOTOphlif cmocoGerByer — S4H*: 1- pybauixa, 2- anod, 3-xamoo,

4- kpan, 5- x0n0OUNLHUK, 6 — BOPOHKA,
MOJIYYEHUIO HE3HAYMTEIIBHOTO KOJIWYECTBA AJKAHCYIIb-
P 7- mewanxa, 8-mepmocmam, 9-xow-
OHAaTOB.

maxmuwlii mepmomemp, 10- nocyoa ons

RH + SO, +% 0, - RSO,0H pacmsopa KJ

RSO,0H + NaOH— RSO3;Na + H,0

[Tpu momyuenun monekynsipHoro Clo m SOj, B3aumozelcTBuEM MeXAy cOOOH OHHM
obpazoBamu  cynbdonmn  xmopuna.  SO,Cl.  KonwmuectBo  mpopearnpoBaBiiero — xyopa
KOHTpoJHpoBajiock pactBopoMm KJ. Temmeparypa mporecca KOHTPOJIUPOBAIach C MOMOIIbIO
TepMocTaTa W mnpHaepxuBazack okono 30-40°C. Tlocme monyuenms SO,Cl  moGapmsum
pacIuiaBieHHbIN nmapaduH.

B nepBom cayuae. Eciu pacruaBnennsiil nmapagun go6asiex nocie snekrponuza HCI, to
toraa OyaeT WATH Mpollecc XJIOpUpPOBaHUS NapaduHa, a 3aTeM Ccyiab(upoBaHHE TOCIe
anekTposmsa NaySOs.

RH + Cl; - RCI + HCI
RCI + SO, - RSO,CI
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Cunmes aﬂKchyJqubonamoe SJIEKMPOXUMUHLECKUM Memooom

RSO,CI + 2NaOH — RSO,0Na +NaCl + H,0 (R- AlK)

[Ipy mpoBeleHUU OIBITOB YCTAHOBJIEHO, YTO TPHU COBMECTHOM JIEHCTBUHU XJopa H
CEepHUCTOTO AaHTUApPUAAa Ha mapaduHOBBIE YIIEBOJAOPOABI TpHU 30-40°C B IIPUCYTCBUU
WHUIIATOpa (mepekucn) MOJTy4aloTCs XJIOPAHTHIPHUIbI AJIKaHCYIb(POKUCIOT-
ANKaHCYIb(GOXIOPUABI.

RH + Cl; + SO, — RSO,CI + HCI

Bo BTOpoM cayuae. Ecnu pacrnaBiieHHbIi napadun no6asneH mocie anekrpomsa u HCI
u  NaySO3 OJHOBpEMEHHO TO, TOIJIa MOXHO Tojararb, dro moiaydeHHbii SO,Cl
HEMOCPEJICTBEHHO Oy/IeT B3aMO/ICIICTBOBATH ¢ Tapa(uHOM.

RH + SO,Cl — RSO,CI + HCI

OtmeTHnM, YTO NOBBILIEHHASI TEMIIEPATYpPa CIIOCOOCTBYET pasiiokeHuo. [loatomy npu

IPOBEICHAN MPOLECCA € OrPAHHINBAIOT BemuumHoi 30-35°C .
RSO,Cl — RCI + SO..

B pesynbrare OMNBITOB YCTaHOBJIEHO, YTO IMPOLECC CYJIb()OXIOPUPOBAHUS SBISETCS

napaieIbHbIM XJIOPHPOBAHUEM HCXOIHBIX PEareHTOB ¢ 00pa30BaHMEM XJIOPIPOU3BOIHBIX.
RCl+Cl «2 R —=%, RSO, —<2 RSO,CI + CI

O4eBUIHO, YTO IMOJABJICHUIO XJOPHPOBAHUS CIIOCOOCTBYET M30BITOK ITHUOKCHIA CEpPhI MO
OTHONIIEHHIO K XJOpYy. B ciydae yrieBogopoloB C MPsAMOWM LENbI0 YK€ HpU MOJIBHOM
ornomennn SO, : Cl, = 1,1:1 nonst peakiuu XJOPHPOBaHHUs cocTaBisgeT 3-5%, YTO BIOJHE
MPUEMIIEMO IS IPOMBIILICHHON MPAKTHKU.
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XULASO
ALKANSULFANATLARIN ELEKTROKIMYO9Vi METODLA SINTEZi
Hoatomov M.M., Abdullayeva M.B., Osmanova D.H.

Acar sozlar: alkansulfanat, abqaz hidrogen xlorid, oridilmis parafin, sulfoxlorlasma,
sulfolasma, emulqator, sathi-aktiv maddb.
Ik dofs olaraq elektrokimyavi metodla alkansulfanat alinnmugdir. Prosesin konstruksiyasi vo
texnologiyasi ¢cox sadadir. Araliq mohsullarin alinmast moahduddur. Yiiksok kimyavi tomizliya malik
mohsul alinir.

SUMMARY
SYNTHESIS OF ALKANESULPHONATES BY MEANS
OF ELECTROCHEMICAL METHOD
Hatamov M.M., Abdullayeva M.B., Osmanova D.H.

Keywords: alkanesulphonates, hydrogen chloride, fused paraffin, sulfochlorination, sulphonation,
emulsifier, surfactant.
For the first time alkanesulphonate has been obtained by means of electrochemical method. The
process is very simple in design and technology. Intermediate product’s acquisition is limited. The
product has a high chemical purity.
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BAKI SOHORININ ATMOSFER CIRKLONMOSININ
MODELLOSDIRILMOSI
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Milli Aerokosmik Agentliyi, Baki sah., 1-professor, 2-aparict elmi iggi
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Acar sozlar: atmosfer, cirklonma, monitoring, alqoritm, modellasdirma, prognozlasdirma.

Son onillikdo yer kiirosinin zahiri goriiniisii ciddi sokildo doyisikliyo ugramisdir.
Planetimizin tobii agciyarlori sayilan mesalorin sahosinin azalmasi notico etibari ilo iglimin
doyismosino do sobeb olmusdur. Insanlarin faaliyyeti ilo yaranan mohsullar atmosferin
cirklonmasing sabob olan vo basariyystin son dovrlor qarsilasdigr on giiclii faktorlardan biridir.
Xiisusilo do bu problem planetin oksar bdyiik soharlorinds, o climlodon Bakida gabariq sokildo
Oziinli gdstorir. Monitoring verilonloring asaslanaraq atmosfer ¢irklonmosinin modellogdirilmasi
onun golocak vaziyyatinin prognozlagdirilmasinda, mévcud problemin aradan qaldirilmasi iiglin
todbirlorin  goriilmosinds vo son naticado is9, hoyat soviyyesinin yaxsilasdirilmasinda yeni
imkanlar yaradir.

Qeyd edilmolidir ki, konkret yerli sorait iiclin islonilmis vo moévcud gostoricilorlo
miigayisado daha yaxsi doqiqgliyo vo etibarliliga malik olan yeni modellosdirmo alotlorinin
yaradilmas1 homiso aktual olaraq qalmaqdadir. Son illor Milli Aerokosmik Agentlikdo Baki
soharinin atmosfer ¢irklonmasinin monitoringi, modellasdirilmasi vo prognozlasdirilmasi ii¢lin
yeni program-instrumental sistemin yaradilmasi iizro miioyyan islor hoyata kegirilmisdir [1].
Baki sohori liclin xarakterik olan atmosfer cirklondiricilorinin konsentrasiyasinin 6lgmolori
aparilmigdir. Olgmolor miixtalif ndqgtelords hoyata kegirilmis vo onlarn naticolori osasinda
atmosfer cirklonmasinin xaritolori tortib edilmisdir. Eyni zamanda meteoroloji faktorlarin
atmosferin ¢irklonmosing tosiri haqqinda molum verilonlors asaslanaraq paralel sokildo havanin
temperaturu, riituboti, tozyiqi, kiiloyin siiroti vo digor parametrlor iizro do miisahidolor
apartlmisdir. Biitlin 6lgmalorin naticolori Baki sohorinin atmosfer ¢irklonmasinin monitoringinin
verilonlor bazasina daxil edilmisdir. Boylik hocmds toplanilmis statistik verilonlorin mévcud
olmasi atmosfer ¢irklonmosinin modellogdirilmasi vo prognozlasdirilmasi iliclin asas hesab
edilmisdir. Homg¢inin proqram-instrumental sistemin torkibino daxil olan modellogdirma vao
prognozlasdirma proqramlar1 yaradilmisdir [2]. Modelin qurulmasi ii¢iin yaradilan proqramda
arqumentlorin qrup ugotu metodundan (AQUM) istifado edilmisdir [3]. Metodun mahiyyati
modellorin ardicil sirasinin alinmasindan ibarstdir. Bu modellorin hor iterasiyadan sonra daha
miirokkab riyazi ifadoys malik olmasina baxmayaraq, onlarin real verilonlors (monitoring
verilonloring) yaxinlagsma doqiqliyi getdikco artir. Bu halda modelin riyazi ifadosi
modellasdirilon kamiyyatin (konkret atmosfer ¢irklonmasinin konsentrasiyasinin) bir vo ya bir
ne¢d tosiredici faktorlardan (miixtolif meteoroloji faktorlarin qiymoetlorinden) asililigimi oks
etdirir. Programin sinaqglari modellogdirma doqiqliyinin kifayot qodor yaxsi oldugunu
gostormisdir (5 %-don az xota ilo). Son dovrlordo iso modellogsdirmo programi daha da
modernlosdirilmis, programin universallagdirilmasi vo onun digor sahalordo totbiq oluna bilmasi
liciin yeni funksional imkanlar olave edilmisdir. Osas imkanlardan biri ayri-ayr1 atmosfer
cirklondiricilorinin  modellogdirilmosi  {iclin miixtolif arqumentlorin sec¢ilmosi olmusdur.
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Haqgigoaton do, meteoroloji faktorlar ayri-ayri ¢irklondiricilora miixtalif ciir tosir gostordiyine gora
miioyyon hallarda vo sortlor daxilindo onlardan bazilorinin tasirini nazaors almamagq olar.

Sok. 1-do yuxarida gostarilon funksiyalari yerino yetiron modellogdirma programinin yeni
algoritmi toqdim edilmisdir.

Monitoringin VB-na Y
gosulma

Yaxinlagma matrisinin
yaradilmasi

\

Olgli parametrlarinin Y
siyahisinin alde edilmasi

Modellarin névbati
sirasinin hesablanmasi

\
Modellagdirilan

kamiyyatin segilmasi Slds edilmis modellarin
monitoring verilenleri ila
‘ migayisasi
Arqumentlorin Y
seglimas) ©n yaxs1 modellarin
secilmasi
\
Modelin tipinin Y
secilmasi ©n yaxs! modellarin
yaxinlagma matrisina
‘ daxil edilmasi
Monitoring verilanlarinin 1
secilmasi kriteriyalarinin
daxil edilmesi Modellagdirma xatasinin
toyin edilmasi

\

VB-ya sorgunun
gondarilmasi

Verilmig daqiqlik

‘ alinmigdir?

Secimin alde edilmasi

\

Modellagdirma
programindan GIxI$

Segimin ilkin emali

Sakil 1. Modellagdirma programinin alqoritminin blok-sxemi
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Program asagidaki ardicilligla foaliyyot gostorir. Ovvalco monitoringin verilonlor bazasina
gosulma yerina yetirilir. Bir qayda olaraq ancaq atmosfer ¢irklonmosi deyil, homginin istonilon
monitoringin verilonlor bazasi 6z torkibinde miisahidslordon ibarat codvolo do malik olur. Buna
gora do, ilk ndvbodo, monitoring zamani biitiin miisahido edilon parametrlorin siyahisinin vo
xtisusi halda miixtalif atmosfer c¢irklondiricilorinin konsentrasiyasinin, homg¢inin meteoroloji
faktorlarin giymotlorinin oldo edilmosi li¢lin program sorgu verir. Baxilan halda monitoring
zamani atmosferin torkibindoki Baki gohori {igiin xarakterik olan toz, kiikiird qazi, azot-4-oksid,
hidrogen sulfid, dom qazi, furfurol, formaldehid vo digor atmosfer ¢irklondiricilorine nozarot
hoyata kecirilmisdir. Homg¢inin verilonlor bazasinda yuxarida sadalanan meteoroloji faktorlarin
qiymatlori do saxlanilmisdir.

Olgii parametrlorinin siyahisi oldo edildikdon sonra parametrlor vo modelin tipi verilir.
Yoni modellogdirilon komiyyatin 6zli vo arqumentlor secilir. Homginin bu arqumentlordon
asililig1 tayin etmok do tolob olunur. Modelin tipi giinliik modeldon illik models qodar dayise vo
homg¢inin verilonlorin statistik emalinin xarakterini toyin eds bilor. Sonra verilonlor bazasindan
secim etmak {igiin d¢molorin baglanma vo bitmo tarixlori, onlarin aparildigi yer kimi meyarlar
daxil edilir. Daxil edilmis qiymatlor asasinda verilonlor bazasina gondarilocok sorgu yaradilir. Bu
sorguya cavab olaraq yuxarida sadalanan biitiin meyarlara cavab veron verilonlorin segilmasi
hayata kegirilir. Se¢imin ilkin emali modelin verilmis tipino uygun olaraq, verilonlorin statistik
emalin1 6ziindo ehtiva edir. Masoalon, hoftolik model tigiin avvalco giinlor iizra, sonra iso artiq
biitiin hofto {izrs verilonlorin emali hoyata kecirilir. Analoji olaraq illik model {i¢iin do giinlor vo
aylar, sonra iso biitiin il tizra statistik emal yerina yetirilir. Bu ciir yanagsma bazada mévcud olan
biitiin verilonlorin emalinin etibarliligini artirmaga imkan verir. Bu omsliyyatda modellosdirma
iciin parametrlorin vo verilonlorin se¢ilmosini hoyata keciron proqram hissesi 0z isini sona
catdirir vo birbasa modelin qurulmasi prosesi baslayir. Modellosdirmo prosesi bir neg¢a
iterasiyadan ibarotdir vo yaxinlagsma matrisinin yaradilmasindan baslayir. Matrisin bu ciir
adlandirilmas1 hor iterasiyadan sonra alinmis modellorin real monitoring verilonlorino daha da
yaxinlasan qiymotlorindon ibarot olmasi ilo olagodardir. Yaxinlagma matrisinin birinci
iterasiyadan avvalki xarici goriiniisti sok. 2-do gostorilmisdir. Matrisi sorti olaraq har biri bir ne¢o
siitundan ibarot olan ii¢ hissoys bolmok olar. Sokilds bu hissolor boliicii xatlorlo gostorilmisdir.
Baxilan halda illik model quruldugundan, birinci hisso meteoroloji faktorlarin (temperatur,
tozyiq, riitubat, kiiloyin siirati vo yagintinin miqdari) orta ayliq qiymaetlorindon ibaratdir vo bes
stitundan togkil edilmisdir. Matrisin ikinci hissosini togkil edon ndvbati iki siitun uygun olaraq
sifir vo birlordon ibaratdir. Beloliklo, verilmis matrisdo birinci iterasiyadan ovval ilk yeddi siitun
doldurulmusdur. Birinci iterasiyadan ovvalki yerds qalan siitunlar iso bos saxlanilir. Novbati hor
bir iterasiyadan sonra homin siitunlara modellarin bu iterasiyada hesablanmis vo real verilonlors
daha da yaxinlagan on yaxs1 qiymetlori yazilacaqdir.

Orta temperatur Havanin tezyiqi Orta rutubat Kuleyin orta sureti Orta yaginti migdari | zeros ones Medel #1 | Model #2
$.5000 1.0086¢+02 &2 26000 $9.5000 0 1 0 0
6.9000 1.0105e+03 80 2.5000 58.2000 0 1 0 0
8.8000 1.0058e+03 84 B 10,1000 0 1 0 0

12.9000 1.0075e+02 &1 2.6000 $5.9000 0 1 0 0
20.2000 1.0054e+02 7 1.7000 4.9000 0 1 0 0
24,8000 1.0008¢+02 72 2.4000 7 0 1 0 0
26.4000 §99.6000 67 3.3000 6 0 1 0 0
25,8000 1.0028e+03 63 2 9.2000 0 1 0 0
21.9000 1.0028¢+02 72 3.2000 44.9000 0 1 0 0
15.9000 1.0114e+03 78 2.9000 51 0 1 0 0
12.3000 1.0119e+03 81 2.3000 52 0 1 0 0

$.6000 1.0154e+02 78 3.2000 69.8000 0 1 0 0

Sakil 2. Birinci iterasiyadan avval yaxinlasma matrisinin xarici goriiniisti

39



Bak: soharinin atmosfer ¢irklonmasinin modellasdirilmasi

Beloalikls, yaxinlasma matrisinin 6lgiisii nxp-ya barabordir. Burada n — miisahidslarin sayi,
p=m+ 2+ f, m— arqumentlorin say1, f — novbati iterasiyada segilmis an yaxs1 modellorin
sayidir.

Iterasiyalarin hamisinda biitin modellor eyni bir funksiyanin kdémoyilo hesablanir. Bu
funksiyanin arqumentlori qisminde ardicil se¢im vo yerina qoymaq yolu ilo biitlin matrisin
verilonlori istifado olunur. Baxilan halda istifado olunan funksiya asagidaki kimidir:

X=Xi+XjXkaSan:[XinXxk] (1)

Burada x;, Xj, X« (i, J, kK = 1,..., p) — matrisin i-ci, j-ci vo k-c1 siitunlarinin qiymatloridir.

Onda Y modellorini Y =Ax Xvoya Y = A x X+ Ay x X; x X soklindo géstormok olar. A
=[A; A;] amsallar1 A = (X" x )O'l x X' x Y kimi hesablanir. Burada X' matrisi — X-in transponira
edilmis qiymatlori, Y — se¢ilmis atmosfer cirklondiricisinin (monitoring veriloninin) qiymatidir.

Sonra on kicik kvadratlar tisulunun komayilo qiymatlori Y2 _y? forqinin minimal
giymatina, yani monitoring verilonlorine on yaxin olan f sayda model segilir. Bu modellorin
qiymotlori matrisin sonuncu f sayda siitununa yazilir vo ndvbati siradan olan (ndvbeti
iterasiyanin) modellorin hesablanmasinda istifads olunur.

(1) funksiyasimnin komaoyilo alinmis bu modellor faktiki olaraq polinom oldugundan hor
iterasiyadan sonra polinomun doracasi, onun hadlorinin sayr va noticodo isa, modelin
miirokkobliyi artir. Artiq bir neco iterasiyadan sonra polinomun hodlorinin say1 bir nec¢o yiizo
catir. Beloliklo, alinmig modeli analtik sokildo tam oyani gostormok miimkiin olmasa da, o,
kompiiter prognozlasdirilmasi {igiin kifayst edir. Proqram iso baslamazdan ovval iterasiyalarin
sayini vo ya tolob olunan modellosdirmos doqiqliyini vermak olur. Lazim olan doqiqliys ¢atdigdan
sonra programin icrasi sona catir. Sok. 3-do modellosdirmo poncorssinin xarici goriiniisii
verilmisdir. Poncorado real monitoring verilonlori vo alinmig modelin qiymatlori qrafik sokilds
togdim olunmusdur. Program MATLAB proqramlasdirma dilindo yazilmisdir. Programin
praktiki istifadesi modellogdirma xotasinin 5 %-don, alinmis model asasinda prognozlagdirma
xotasinin s 10 %-don az oldugunu gostormisdir.
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Sakil 3. Modellasdirma pancarasinin xarici goriintisti

Siileymanov T.I., Mustafazada N.X.

ODOBIYYAT
40



1. Mustafazads N.X. Abseron yarimadasinda atmosfer ¢irklonmasinin  monitoringi,
modellosdirilmosi  vo prognozlagdirilmasinin  aparilmasi {i¢ciin proqram kompleksinin
islonilmasi // MAKA-nin Xabarlari. 2017, cild 20, Ne3 (20), s. 28-33.

2. CyneirimanoB T.U., Mycradazane H.X., I'ynyzanme P.K. O6paboTka maHHBIX MOHHTOpPHHTA
aTMocQepHbIX 3arps3HeHuil ropoaa baky // ITpubopsl u cuctembl. YmpaBiieHHE, KOHTPOJb,
nuargoctruka. Nel0. M.: 2016, c. 41-45.

3. MamenoB M.U., I'ynyzane P.K., Mycradazane H.X. [Ipumenenue mMerosa rpymnmnoBoro y4yera
apryMEHTOB i1 0O0paOOTKH JaHHBIX MOHUTOPHHIA 3arpsisHeHHs armochepsl // U3Bectus
AHAKA. 2015. Tom 18, Ne3, c. 40-44.

PE3IOME
MOJEJUPOBAHUE ATMOC®EPHOT O 3ATPAABHEHUSA I'.BAKY
Cyneimanos T.U., Mycmacgpazaoe H.X.
Knwouesvie cnosa: ammocghepa, 3acpssneHue, MOHUMOPUHE, AN2OPUMM, MOOEIUPOSAHUE,
npPOSHO3UPOBaHUe

B crarnbe ommchIBaeTCcsl HOBas nmporpaMma i1 MOACIIMPOBaHUA aTMOC(bCpHOFO 3arpsA3HCHUA
r.baky. OcOOEHHOCTBIO MPOTPaMMBI SIBISETCSI BO3MOKHOCTh BBHIOOpa MEPEMEHHOTO YHCIa apryMEHTOB
JUTSE MOJICIIMPOBAHUS PA3UYHBIX 3arps3HuTenicii. [IpuBOAATCS anropuTM MpOrpamMMbl M rpaduveckuit
uHTEepdeiic OKHA MOICTUPOBAHHS.

SUMMARY
MODELING OF AIR POLLUTION IN BAKU CITY
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In the article, the new program for modeling of air pollution in Baku city is described. A special
feature of the program is the possibility of choosing a variable number of arguments for modeling various
pollutants. The algorithm of the program and graphic interface of modeling window are given.
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Acar sozlar: natrium qalavisi, qaz, tasarriifat, helmint yumurtalari, spontan yoluxma

Giris. Respublikada heyvandarligin vo qusculugun bol yem ehtiyatini yaratmagq {i¢iin tobii
yem saholorinin elmi osaslarla otrafli Oyronilmesi hesabina modoni otlaqlarin yaradilmasi,
movcud bigconak vo otlaglarin mohsuldarliginin artirilmasi, miihafizasi, tobii borpasi on aktual
masalalorden biri sayilir.

Son illordo kond tosorriifatinda aqrar islahatlarin aparilmasi noticosinds yeni tosarriifat
formalar1 yaradilmisdir ki, bu da qusgulugun inkisafina 6z miisbat tosirini géstormisdir. Fordi vo
0zol tosorriifatlarda qusgulugun, o climlodon suda {izon quslarin xostoliklorinin dyronilmo
sobablori, onlara garst miibarizo todbirlorinin islonib hazirlanmasi vo xastoliklorin qarsisinin
alinmasi asas masalalordon biridir.

Heyvandarliq vo qusculugun intensiv inkigaf etdirilmosi moqsadilo damazliq seleksiya
islori, xostaliklora qars1 kompleks miibarizo tadbirlori islonib hazirlanir vo tosorriifatlara totbiq
olunur. Heyvandarligin vo qusgulugun inkisafina, mohsuldarligin artirilmasina respublikanin
biitiin bolgolorindo genis yayilmis parazitar xostoliklor bdyiik iqtisadi ziyan vurur. Belo ki,
yoluxmus heyvan vo quslarda mohsuldarligin koskin azalmasi, mohsulun keyfiyyatinin
pislogsmasi, xastaliyin agir gedisindo, xilisuson cavan heyvan vo quslar arasinda 6liim bas verir.

Ohalinin qus atino vo qus mohsullarina olan tolabatini 6domak {iciin respublika orazisindo
coxsaylt qusculuq tosorriifatlar1 yaradilmisdir. Bu mogsadlo mohsuldar ev qazi (Anser anser
dom.) va ev 6rdoyi (Anas platherhynchos dom.) yetisdirilon tosorriifatlar xiisusi ohomiyyat kosb
edir. Belo tosorriifatlarda mohsuldarligin artirilmasi, 6rdok vo qaz cinslorinin segilmosi,
saxlanilmasi, keyfiyyatli qida mohsullar1 istehsal edilmasi ilo yanasi, qusculuga daha ciddi zoror
vuran helmintozlarin (qurd xastoliklorinin) yranilmasi ¢ox vacibdir.

Son dovrlare gqadar quslarin helmintozlarina qars1 kimyavi preparatlar bitki qarisiglart ilo
birlikdo totbiq edilmisdir. Kimyavi preparatlarin  totbiqi parazit qurdlara tosir gostormoklo
yanasi, quslarin orqanizmindo  do ciddi doyisiklikloro sobob olmusdur. Ona goro do
helmintozlara qars1 yliksok miialico tosiri olan, ekoloji cohotdon maenfi tosir gdstormayon
vasitalorin axtarisi cox aktual masalolordon biridir. Bu magsadlo 6lks orazisinds genis yayilan
va iqtisadi cohatdon daha somorali anthelmint xiisusiyystloro malik bitkilorin totbiqi boytik
maraq dogurur.

Qusculuga ziyan vuran qarisiq invaziyalarin dyronilmosi aktual problemlordon biridir. Son
dovrlordo Azorbaycanda fordi qaz vo Ordok tesorriifatlarmin yaradilmasi ilo olagadar olaraq
vaxtagirt miialico vo profilaktika tadbirlorinin hayata kegirilmasino baxmayaraq, helmintozlar bu
tosarriifatlarda halos do genis yayilmaqdadir [3,4].

Material vo metodlar. Todgiqatlar 2014-2015-ci illordo Bilosuvar rayonu Nosimi
kondinda yerloson fordi tosarriifatdan 25 giinliik qaz balalarindan ~ gdtiiriilmiis kal niimunalori
Fiilleborn iisulu ilo BETI-nun parazitologiya laboratoriyasinda analiz edilmisdir.
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Alinan naticalarin miizakirasi. Bilosuvar rayonun Nosimi kondindoki fordi tesorriifatinda
natrium golovisinin 5%-1i mahlulunun helmint yumurtalarina mohvedici tosirini dyronmak ii¢lin
siaq tocriibalori aparilmis vo bu mohlulun qisa miiddat orzindo ganquleterakis yumurtalarina
daha tez dezinvaziyaedici tosir etdiyi miioyyon edilmisdir. Homginin sinaq tocriibosi zamani
dezinvaziyadan sonra ganquleterakis yumurtalarinin qaz balalarin1 yoluxdurma qabiliyyatino
malik olub-olmamasi hallar1 da miioyyon edilmisdir.

Fordi tosorriifat sahasinds saxlanilan Anser anser domesticus cinsindon olan bir giinliik
gaz balalar1 25 giinliiyo godor xiisusi otaqda, domir qofaslords, optimal temperatur soraitindo
saxlanilaraq boyiidiilmiisdiir. Onlarin tocrilbbo dovriindo helmint yumurtalar1 ilo spontan
yoluxmasinin qarsisini almaq tli¢iin qofaslor, yem vo su gablari, dosomo hor giin tomizlonmisdir
[1, 2].

Tacriiba dévriinds biitlin qruplarda olan qaz balalar1 eyni torkibli yemlo yemlondirilmisdir.
Tacriibalor har birinds 10 qaz balasi olmaqla 3 qrupa ayrilmig qruplar tizorinds aparilmisdir. 1-Ci
grupdan olan qaz balalar1 kontrol kimi saxlanilmis, yoluxdurulmamis, 2-ci grupdan olan gaz
balalar1 200 odod invazion ganquleterakis yumurtalari ilo yoluxdurulmusdur. 3-cii qrupda iso
natrium golovisinin 5%-1i mohlulu ilo dezinvaziya edilmis sahodon toplanmis zillar qaz
balalarinin ayagiin altina ddsonmisdir. 3-cii qrupda olan qaz balalarinin yoluxdurulmasi
asagidaki gaydada aparilmisdir: avvalco yoluxmus sahonin miixtalif yerlorindon 10 niimuno
gotiiriilmiis vo Darling-Fiilleborn {isulu ilo yoluxmanin oldugu bir daha miioyyonlosdirilmisdir.
5%-1i natrium qolovisi ilo 1 m? saho dezinvaziya edilmis, 3 saatliq ekspozisiyadan sonra
tocriiba sahoasindon toplanmis zillar tocriiba quslarinin ayaginin altina désonmis vo qaz balalar1 3
giin homin désomods saxlanilmigdir. 3 sutkadan sonra dosoms zillardan tomizlonmisdir [1].

Inkubasiya dovriinii nozora alaraq, qaz balalarin1 yoluxdurdugdan 28 giindon sonra onlarin
zil1 ayri-ayrt y18ilmis vo 5 glin miiayino edilmisdir. Yoluxdurulmamis (nozarst) qaz balalarinin
zilinda qanquleterakis yumurtalarina rast golinmomisdir. 200+6 helmint yumurtalar ilo
yoluxdurulmus qaz balalar1 kliniki olamotloro goéro saglam qaz balalarindan bir o godor do
forqlonmomisdir. Lakin gaz balalarindan bir negosi Oldiiriilmiis vo onlarin kor bagirsaginda
ganquleterakislora (3-6 adad) tosadiif edilmisdur. Xasto qaz balalar1 arasinda 6liim olmamusdir.

Cadval.
5%-li natrium qalovisi ilo dezinvaziyadan sonra bioloji sinaqtacriibalorin naticalori
Yoluxdurul- Yoluxmadan sonra aparilan miiayinalorin
mus qaz noticalori
Qruplar balalarinin | 26-c1 27-Ci 28-Ci 29-cu | 30-cu
sayl1 glin giin giin giin glin
1-ci grup (nazarst yoluxdurulmamis) 10 - - - - -
2-ci qrup (nozarat yoluxdurulmus) 10 + + + + +
3-cii qrup (5%-li natrium qolovisi ilo
dezinvaziya edilmis ganquleterakis 10 - - - - -
yumurtalari ils yoluxdurulmus)

Koproloji miiayinslor noaticosindo miioyyan edilmisdir ki, 5%-li natrium golovisi ilo
dezinvaziya edilmis orazido saxlanan quslar ganquleterakis yumurtalar1 ilo yoluxmamislar.
Nohayot, miioyyon edilmisdir ki, natrium golovisinin 5%-li mohlulundan tosorriifatlarda
dezinvaziya moaqsadi ilo genis miqyasda istifado etmok olar.

Xostaliklorin vaxtinda miioyyon edilmasi vo ona qarst miialica-profilaktika todbirlorinin
aparilmasi ¢ox vacibdir vo tosorriifatlara doyon iqtisadi zororin vaxtinda garsisinin alinmasi
miimkiindiir.
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PE3IOME
N3YYEHUE OCOBEHHOCTEW NHOUIIMPOBAHUSA I'YCAT SIMIAMU
QANQULETERAKIS BO BPEMS BUOJOI'MYECKOI'O UCIIBITAHUSA
Azaeea 3.T., I'yceitnos P.A.

Knrwouesvie cnosa: wenous nampus,eyco, epma,aiya 2eibMuHmos, CHORMAHHOEe UHGUYUpOgaHue
UcnbiTanne npoBOAUIIOCH B YAaCTHBIX XO3siicTBax cena Hacumu bunsicyBapckoro paiiona. beuio
yCTaHOBIECHO, uTO 5% pactBop ménoun yousaet siiiia qanquleterakis dispar.

SUMMARY
THE STUDY OF FEATURES GOSLINGS WITH QANQULETERAKIS EGGSA INFECTION
DURING BIOLOGICAL TESTING
Aghaeva Z.T., Huseynov R.A

Key words: sodium bicarbonate, goose, farm, eggs of helminths, spontaneous infection.

The test was conducted in private farms of Nasimi village of Bilasuvar district. It was found that
5% alkali solution kills eggs of ganquleterakis dispar.

Daxilolma tarixi: [lkin variant 29.03.2018
Son variant 25.06.2018
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Moaqgalada magnit talasi va spin ventili asasinda konservativ mantiqi reallasdirmaq ticiin kvant
noqtoanin imkanlart gostorilir. Géostorilir ki, zoif magnit sahasinin (= 1.75T1) tasirinin istiqamatindon

asili olaraq, spin ventillorin kvant néqtada istigamatlonmasi AND NOT va OR NOT  montiqgi

Sfunksiyalart reallagsdirmaq imkanina malikdir.

Konservativ montiq kod ¢evirmalarinin aparilmasi iizrs toklif olunan riyazi modellordon
biridir [1,2]. Modelds dinamiki saxlanma qanunlarindan vo proseslorin donon olmagi
prinsipindon istifado olunur. Konservativ modelin tortib olunmasinda tokrarlayict elementin,
Fredkin va Toffoli ventillorinin xassalorindon istifads olunur [3].

Tokrarlayict (unit wire) girisino verilon signali bir takt miiddotdo longidon vo ¢ixiginda
tokrarlayan qurguya deyilir: y(t) = X(t —1) . Tokrarlayicinin ¢ixis1 girisi ilo gqapandiqda o, signali
mithafizo xassosino do malik olur. Tokrarlayicinin asas funksiyast signalin otiiriilmosini takt
generatorunun impulslar1 vasitosi ilo  sinxronlagdirmaqdan ibarotdir. Montiqi sxemlorin
islomasinin takt tezliyi do tokrarlayicinin isloms siirati ilo toyin olunur.

Tokrarlayiciya oks olan qurgu da tokrarlayicidir vo bu halda tesiredici signal ¢ixisa tosir
gostorir, bir takt longimo ilo girisindon gotiiriiliir. Tokrarlayic1 element donon fiziki proses
osasinda yaradilarsa, enerji itkisi olmadan oks-prosesls ilkin voziyyato qaytarila bilor.

Fredkin ventili (cnot) li¢ giriso vo li¢ ¢ixisa malik montiqi qurgudur. Girislordon biri
idaroedici adlanir vo onun signalt oldugu kimi ¢ixiga otiirtiliir. Digor iki girigin Otiirilmasi is9
idarsedicinin signalindan asilidir. Bels ki, idarsedicinin signalt mantiqi “0” olduqda hor iki giris
oldugu kimi otiiriiliir, mentiqi “1” olduqda iso girislor carpaz doyisdirilorok oOtiiriiliir.
Montigindon goriindiiyii kimi, ventilin ¢ixiginin montiqi naticosi onun giris mantiqini birqiymatli
toyin etmoyo imkan verir. Fredkin ventili donon prosess uygun qurgudur, qurguda donon fiziki
proses istifado olunarsa, enerji itkisi minimum olar vo ventil daha yiiksok tezliklords istifads
oluna bilar.

Toffoli ventili (ccnot) ii¢ giriso va ti¢ ¢ixisa malik mantiqi qurgudur. Giriglordon ikisi
idarsedici adlanir vo onlarin signali ¢ixisa oldugu kimi otiirtiliir: yl= X1, y2=x2.

Ucgiincii girisin ¢ixisin moantiqi iso beladir: idaroedici girislor montigi vahid olduqda
lclincli giris inkar montiqi ilo, digor tosiredici signallarda iso oldugu kimi Gtiiriiliir:
y3=x3 xor (x1 and x2).

Montigindon goriindiiyii kimi, Toffoli ventili do doénon proseso uygun qurgudur vo
Fredkin ventilino nisboton daha universaldir. Giris doyisonlorin qiymatlorindon asili olaraq onun

vasitosi ilo not, and, xor mentiqi funksiyalari reallagdirilir. Odobiyyatlarda qeyd olunur ki,
not vo cnot ventillori ccnot ventilin xiisusi hallaridir [4].
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Tokrarlayicinin, Fredkin vo Toffoli ventillorinin mentiqgindon goriindiiyli kimi, onlar
osasinda yaradilan konservativ mantiqi sxemlor signal istiqgamatlondiricisi funksiyasini yerino
yetirir. Giris signallart ¢ixiga sortlo istigamatlondirilir. Cixis signallart bir takt ovvalki giris
signallarinin sorto uygun yerinin doyisdirilmosinin noticasidir. Onlar osasinda sintez olunan
mantiqi sxemlorin girislorinin sayr ¢ixislarinin sayma borabordir vo kod ¢evirmasi zamani
montiqi vahid vo sifirlarin say1 doyismoz qalir. Bu ona imkan verir ki, kod g¢evirmosi digor
tisullarla miigayisodo daha az enerji sorfi ilo bag versin.

Fredkin vo Toffoli ventillorini reallasdira bilon bir ¢ox fiziki modellar toklif olunmusdur
[5,6,7]. Konservativliyin tomin olunmas1 {i¢iin atom Ol¢iilii sistemloro - kvant kecidlori olan
sistemlora iistiinliik verilir vo bu istigamotdo aragdirmalar davam etdirilir [6,7].

Kvant kecidlori ehtimal olunan vo donon proseslordir. Kvant hallara uygun g¢evirmolor
unitar (enerji sorf olunmur) oldugundan va ¢evrilmo prosesindo superpozisiya pozulmadigindan
informasiyanin emali, Otlirlilmosi vo miihafizosindo kvant proseslor osasinda reallagdirilan
konservativ montiqdon istifado daha olveriglidir [8]. Xiisusilo, iki kvant hali olan fiziki
sistemlordon istifade, o climlodon - atomun enerji saviyyesinin iki kvant halindan, fotonun
qarsiligh perpendikulyar polyarlagmis iki halindan, ifrat kegirici miihitds elektronun qosalasmis
halinin xarici tasirlo par¢alanmig iki halindan istifads {izro modellorin tohlili gostorir ki, kvant
obyektlorin halinin doyismasi osasinda yaradila bilon kvant ventil elementlorinden istifado
etdikds kod ¢evirmoalori movcud klassik tisullarla miiqayisodo daha yiiksok tezliklorlo vo daha az
enerji itkisi ilo aparila bilar [9-13].

Kvant ventili reallasdira bilon ¢oxlu sayda fiziki sistemlor olsa da, onlardan istifado etmok
miioyyan sortlorin yering yetirilmosini tolob edir. Belo toloblors asagidakilari niimuno gdstormok
olar:

* Hom ventillor biri-biri ils, hom do otrafdaki obyektlorlo qarsiliqli tosirdon izolyasiya
olunmalidir;

= (Cilit-ciit gotiiriilmiis ventillorin hor birins segici xarici tasir miimkiin olmalidir;

* Ventilin montiqino uygun miixtolif ndv segici xarici tosir eyni zamanda miimkiin
olmalidir;

= Unitar ¢evirmolor zamani doqiqlik tolob olunan astana qiymeotini agsmamalidir;

= [stifado olunan ventillor bazis toskil etmolidir ki, digor montiqo uygun ventillor onlar
vasitosi ilo reallasdirila bilsin vo s.

Qeyd olunan fiziki sistem niimunolori {i¢iin xarakterik cohot ondan ibaratdir ki, hor bir
kvant yuvasi (q-bit) eyni zamanda iki hala malikdir. Bu sababdon, n- sayda kvant yuvasindan

ibarat sistema n-uzunluga malik 2"-sayda ikilik odod yazmaq miimkiindiir. Kvant bitlori
biri-biri ilo qarsiligh olagods olur. Qarsiliqlt slagado olan kvant bitlori kvant registrini omolo
gotirir. Belo registrin hor hansi bitinin halinin doyismaesi digoerlorinin do halinin doyismasina
sobab olur. Kvant registrini omala gatiron bitlorin qarsiligh slagesi naticasinda registrdo kod
cevirmosi eyni zamanda biitiin bitlor lizorinds aparilir. Bu hadiso kvant paralelizmi adlanir
[14,15].

Adi kod c¢evirmolori ilo miiqayisado kvant kod ¢evirmosi prosesindo kvant hallari
superpozisiyasindan da istifado olundugundan ¢evirmonin siirati bir neg¢s tortib yiiksalir ki, bu da
tam olmayan masalolorin hallinin polinomial miiddstds tapilmasina imkan yaradir.

Kvant hallar virtual formada klassik informasiya miihafizo edir. Bu sobobdon kvant
registrinin son halinin, klassik halda oldugu kimi, qeyd olunmas1 miimkiindiir.

Kvant ventilini reallagdiran fiziki sistemlordon sadesi maqnit vo elektrik tslslorindon
istifads etmokls atom vo ionlarin qarsiliqlt tosirdon izolyasiya etmak, ventil kimi onlarin enerji
saviyysalorindon istifado olunmasini tomin etmok ola bilor [16]. Belo tololor vasitasi ilo atom vo
ya ionlar bir saat miiddoto qoder saxlanila bilir, onlarin rogsi haroketlorini iso lazer siialarinin
komayi ilo sondiirmok miimkiindiir. Tasiredici lazer impulsunun davam miiddatini vo tezliyini
secmokla, osas vo hayacanlanmis soviyyelorin talob olunan superpozisiyasini togkil etmok
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miimkiin olur. Beloliklo, ayrica gotiiriilmiis ionu idars etmok miimkiindiir. Toloys eyni zamanda
bir-birlorindon mikron mosafads yerloson iki vo daha ¢ox ion da yerlosdirmok miimkiindiir ki,
onlarin da hor birinin hali ayriligda idare olunur. Ionlarin qarsiligh tesirini yaratmaq iiiin bir
ne¢o lazerin kdmoyi ilo periodik tokrarlanan potensial saho yaradilir vo atomlarin birinin
hayacanlandirilmasi potensial saha vasitosi ilo (kristal qofosds oldugu kimi) digorlorine otiiriiliir.

Odobiyyatlarda miizakiro olunan mosalolordon biri spin kvant ventillorinin yaradilmasi ilo
baglidir [7,17].

Molumdur ki, atom sistemindo elektron kvant ododlorlo toyin olunan dord sorbostlik
doracosino malikdir: n-elektronun enerjisini toyin edon bas kvant odadi; I- niive otrafinda horokot
edon elektronun orbital momentinin miitloq qiymati; m- orbital momentin hor hansi ox
istigamotindo proyeksiyasi; s- elektronun moxsusi firlanma momenti (spin). Kvant tosovviirlora

gora, elektronun spini hor hansi ox istigamatinds iki qiymat ala bilor: S, =— % Vo S, = %

Burada 7 ~1.054-10°'C-san Plank sabitidir. Bagqa sozlo, atom sistemindo verilmis enerji
soviyyasindo dord kvant odoadi eyni olan iki elektron ola bilmoz (Paulu prinsipi). Elektron
elektrik yiikiinoe malikdir vo spine miivafig moxsusi maqgnit momentina do malikdir:

i, = e 0.927.10%°C-TI™- Bor magnetonu adlanir. Elektronun moxsusi maqgnit momenti

2mc
spina oks istiqamatlors yonolir vo miivafiq olaraq — g, vo+ 1, kimi iki diskret qiymat alir.

Qeyd olunan diskret hallar asasinda atom saviyyali mantiqi ventil elementlorin (spin kvant
ventili) yaradilmasi istiqgamotinds arasdirmalar aparilir. Gostorilir ki, atom sisteminds elektronu
lokallagdirmaq vo halin1 idars etmok iiglin yarimkegirici struktur olan vo nanotexnologiya
osasinda sintez olunan ~1nm olg¢iilii kvant ndqtolordon istifads oluna bilor [7,18]. Belo ki, kvant
noqtalar iigiin elektronun horokoti hor ii¢ istigamot iizro lokallasir, enerji spektri iso atomlarda
oldugu kimi diskretdir. Yarimkegirici struktur iso imkan verir ki, valent zonanin elektronlarla
tutulmasi, kecirici zonanin iso bos olmasi soraiti yaradilsin. Kvant ndqto moxsusi maqnit
momentlori olmayan atomlardan togkil olundugu bels soraitds spin vo maqnit momentine malik
deyil. Bu vaziyyatdo kvant ndqtays elektron alava olunarsa (nanotexnologiya kvant noqtaya artiq
elektronun yerlosdirilmosi imkanina malikdir), bu elektron kegirici zonanin dibinds vakant yeri
tutar. Noticado, kvant ndqto moxsusi maqgnit momentina malik olar. Belslikls, kvant ndqtenin
idars oluna bilon iki hali miimkiin olur: spino (magnit momentino) malik olan vo olmayan hallari.
Bu hallara uygun sintez olunan ventil qurulusu spin kvant ventili adlanir. Bir ne¢a spin kvant
ventil asasinda montiqi funksiyalar1 reallasdira bilon sxemlor sintez olunur:

- Sistem qarsiligh tesirde olan vo vakant elektronu olan iki kvant ndqteden ibarotdir.
Qarsiligl tasirin enerjisi kvant noqtslorin dlgiilori, materiali vo spinlari asasinda qiymatlondirilir.
Enerjinin minimum olmasi prinsipino gors, kvant noqtslorin maqgnit momentlori biri-birinin
oksina yonalir. Kvant ndéqtonin birini giris, digorini ¢ixis kimi qobul etsok, belo qurulus NOT
funksiyasinin mentiqini reallagdira biler;

- Sistem qarsilight tosirdo olan vo vakant elektronu olan {i¢ kvant noqtodon ibaratdir.
Kvant noqtalordon ikisini giris (S1, S2), birini iso ¢ix1s (S) kimi sortlondirok. Sistemin qarsiliqh
tosir enerjisinin minimum olmas1 prnsipino 9sason spinlorin miimkiin diiziiliislori vo uygun

montiqi hallar1 cadval 1-do gosterildiyi kimi olar.
Cadvel 1-don goriindiiyti kimi, giris kvant noqtelori iliclin spinlorin oks-istigamatli

halinda (YT vo ya TN) ¢ixis kvant noqtonin spininin istigameti miioyyon deyil. Cixis kvant
ndqtonin spini eyni ehtimalla yuxar1 vo ya asag1 yonals bilar.
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Cadval 1

Spinlarin istigamatlari | Mantigi hallar

sl 82 s x| a2 |¥
\ A T lofo[1
1 T 2 o1 ]2
0 i 2 1|02
T T L 11 ]o

Qeyd olunan geyri-miioyyanlik kvant noqtalori sistemino xarici tosirlo aradan qaldirila
bilor. Mosalen: tutaq ki, sistem induksiyasi B olan maqnit sahasinds yerlosdirilib. Bu sahonin
elektronun moxsusi maqgnit momenti ila qarsiligli tasir enerjisi W = —(x- B) kimi ifads olunur.
Spinlorin &z aralarinda qarsiligl tosir enerjisi iso W (s, $2) = k(sl-s2) kimi ifads olunur. ifadoda

k kvant ndqtonin maddasi vo Ol¢iisiine miivafiq sabit adoddir. Qarsiligh tesir enerjilori tiglin
W <W(sL,s2) sorti daxilindo (maqnit sahasi gii¢lii deyil vo spinlorin orientasiyasina tosir etmir),
cixis kvant ndqtenin spininin diiziiligiindoki qeyri-miioyyanliklor aradan qalxir (cadval 2). Bela
Ki, geyri-miioyyanlik hallarinda (cadval 1) giris kvant noqtalorin spinlori oks-istiqgamato yonalir,
qarsiligh tosir enerjisi meonfidir (—ks®) vo sistem dayaniqhdir. Giris kvant ndqtolorin magnit
sahasi ilo qarsiligh tosir enerjilori do kompensasiya olunur (— B+ #B). Maqnit sahosi tosir
gostormadikda ¢ixis kvant noqtasinin spini eyni ehtimalla hor iki istiqgamato yonals bilar. Maqnit
sahoasindos sistemin dayaniqli qalmasi ti¢lin saho ilo ¢ix1s kvant ndqtesinin garsiligl tosir enerjisi
W =—/B sistemin {imumi enerjisini azaltmalidir. Bu sobobdon cixis kvant noqtasinin spini

cadval 2-da gostarilon istigamato yonalir vo mantiqi hallar AND NOT montiqini ifads edir.

Cadval 2

Magqnit sahasi | Spinlarin istigamatlari | Mantigi hallar

gl g g | z2 | ¥
— 5 J T 1] 0 1
B

AP T T ol 1|1
ﬂ T ) T 1 0|1

T T N2 111 ]0

Talob olunan magqnit induksiya vektorunu elektronlarin spin-spin qarsiliqli tasir enerjisino
miivafiq qiymotlondirmok olar. Elektronlar {igiin spin-spin qarsiliqht tosir enerjisinin qiymati

(10 =107°)eV toskil edir. Onda

-4 -19
B < w = 10~ -16 1923 ~1,75Tl.
Mg 0,927-10
Gorilindiiyli kimi, tolob olunan maqnit sahasinin induksiyas1 bdyiik deyil vo adi magnit
materiallar osasinda reallasdirila bilar.

Magnit induksiya vektorunun istigamati AND NOT montiqini reallasdiran halin oks-
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istigamotino yonaldilarsa, ¢ixis kvant ndqtasinin mantiqi hallar1 OR NOT maontiqini reallagdirar

(cadval 3).

Cadval 3

Magqnit sahasi | Spinlarin istigamatlari | Mantigi hallar

&l g2 g Al x2r

— 1 ) T oo |1

B \E T L fol1]o

U T 1 1 1 0|0

T T Lf1]1]o

Toqdim olunan isdo maqnit tolasi vo spin ventillor1 asasinda yaradila bilon konservativ

montiq izro fiziki modellorin imkanlar1 aragdirildi. Kvant ventillorindon istifado {izro bir ¢ox
masalolorin hallinin golocokds arasdirilmasi planlasdirilir. O ciimlodon kvant ventillorinin idara
olunmasinin vo onlar arasinda informasiya miibadilasinin optik iisullardan istifado olunmagla
toskili {izro aragsdirmalarin aparilmasi planlasdirilir.

Kvant ventillorinin tohlili {izro aragdirmalar gostorir ki, iki kvant hali olan fiziki

sistemlorin halinin doyismasi asasinda yaradila bilon kvant ventili elementlordon istifads etdikdo
kod ¢evirmalori méveud klassik tisullarla miiqayisads daha yiiksok tezliklorlo vo daha az enerji
itkisi ilo aparila bilor.
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PE3IOME

UCCJIEJJOBAHUE MOJEJENA CIIMHOBBIX BEHTUJIEA U MATHUTHOM JIOBYIIKH

JIJII KOHCEPBATUBHOM JIOT UKA
Mancypos I'M., Kynuega JI.H.

Knrouesvle cnoea. rowcepsamugHas Jno2uKkd, Qusudeckas Mmooeib, HOBMOPUMENb, GeHMUIb
@peoxuna, eenmunv Taggonu, Keanmogas mMouKka, MASHUMHASA N0BYWIKA,
CNUHOBOLL BEHMUID.

B craTthe mokazaHa BO3MOXHOCTh KBAHTOBBIX TOUEK /IS peaju3allid KOHCEPBATUBHOM JOTUKH Ha

OCHOBE MAarHUTHOM JIOBYIUKM M CHOUHOBBIX BeHTHWEH. [loka3aHO, 4yTO B 3aBUCUMOCTH OT JEHUCTBHUSA
HaTpaBIeHUs ¢1a00r0 MarHUTHOTO TIOJIS (z 1.75T|) pacmojoXeHne CIIMHOBBIX BEHTUJIEH B KBAHTOBBIX

TOUYKaX HMEET BO3MOKHOCTh peanusosath Jjoruueckue pynkmun AND NOT u OR NOT .

SUMMARY
RESEARCH OF MAGNETIC TRAP AND SPIN VALVE MODELS
ON CONSERVATIVE LOGIC
Mansurov G.M., Guliyeva L.I.

Key words: conservative logic, physical model, repeater, Fredkin valve, Toffoli valve, quantum dot,
magnetic trap, spin valve.
In the article possibility of quantum point is shown for realization of conservative logic on the

basis of magnetic trap and spin valve. It is shown that depending on the action of direction of weak
magnetic-field (=~ 1.75TI) the location of spin valves in quantum points has the opportunity to realize

boolean functions AND NOT and OR NOT .
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ISTEHSAL SISTEMLORININ iMiTASiYA MODELLOSDIRILMOSI ILO
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Sumgqayit Dovlat Universiteti, bas miiallim
axmedova60@mail.ru

Acar sézlar:  imitasiya modellasdivilmasi, avtomatlagdrilmis layihalondirma alati, CASE
texnologiyalari, ¢evik istehsal sistemlari

Miixtolif toyinath istehsal sistemlorinin inkisaf morhalslorini “geyri-miisyyonlik dorocasi”
va torkibinin “miixtalifliyi” ndqteyi-nozordon analiz etdikds onlarin tokamiiliiniin kifayot qador
sadadon ¢ox miirokkeb sistemlora kimi inkisaf morhalslorinin asagidaki ardiciliginin oldugu
gonaotine golmok olar: avtomatik xatlor; ¢evik texnoloji modullar; cevik istehsal sistemlori;
kompiiterlosdirilmis inteqrallagdirilmis istehsallar; virtual istehsallar vo b. [1]. Tebiidir ki,
istehsal sistemlorinin miirokkabliyi artdiqgda onlarin somoraliliyi yiiksalso da, layiholondirmays,
totbiqo va istismara qoyulan tolobatlar miirokkoblosir ki, bu da 6z ndvbesinds yeni yanasmalarin,
miiasir informasiya- kommunikasiya texnologiyalarinin istifadasini aktuallagdirir.

Molum oldugu kimi, istonilon obyektin, o ciimlodon istehsal sistemlorinin
layiholondirilmasi asagidaki morhololordon ibarstdir: planlasdirma; elmi-tadqiqat islori;
layiholondirmo; istehsal vo istismar. Elm vo texnikanin miiasir voziyyati, eyni zamanda
informasiya- kommunikasiya texnologiyalarinin genis totbiqi, homin marhalalorin har birinin
gisman va ya tam sokildo avtomatlasdirilmasina imkan verir. Bu avtomatlasdirma sistemlorino
asagidakilari aid etmok olar: planlasdirmanin avtomatlagdirilmis sistemlori (PAS); elmi-todqiqat
islorinin  avtomatlasdirilmis sistemlori (ETAS); avtomatlasdirilmis layihoalondirma sistemlori
(ALS); istehsalatin avtomatlasdirilmis idaroetmo sistemlori (IAIS); texnoloji proseslorin
avtomatlagdirilmis idaroetma sistemlori (TPAIS); ¢evik istehsal sistemlori (CIS) vo statistik
todqigatlarin avtomatlagdirilmis sistemlori (STAS) [1,2,3].

Taocriiba gostorir ki, layihalondirilon obyektin hoyat dovrii, yoni istismarda olma miiddati,
istismar morhalasine qodor marhalslorin yerino yetirilms miiddotlarindon birbasa asilidir. Bels Ki,
istismara qador marhalalorin avtomatlagdirma tisullar ilo samorali layihalondirilmasi hesabina
homin marhalslorin miiddotlorinin azaldilmasi obyektin istismar miiddstini, yoni hoyat dovriini
artirir. Onu da geyd edok ki, miixtolif obyektiv vo subyektiv sobaoblordon istismara kimi
marhalalorin layihslondirmo miiddatlori siini gokilds artirilarsa, layiholondirilon obyektin fiziki
vo manavi cohatdon “qocalmasi”, layihalondirilmasinin va istismarinin mogsadouygun olmamast
prosesi bas verir.

CIS soklindo miirokkob ndvlii obyektlorin layiholondirilmasi tocriibosi gdstorir ki, qeyd
olunan problemlor onlarin real istehsallara totbiqi morholosindo daha da miirokkob xarakter
dastyir. Bu, onunla slaqodardir ki, CIS bir-biri ilo qarsiligh alagods faaliyyat gostoran ¢oxsayli
dinamiki mexatron qurgular toplusundan togkil olunur va son naticays nail olmagq iiciin real vaxt
rejimindo  foaliyyot gostormolidir. Odur ki, layiho edonlorin layiholondirmonin ilkin
marhalalordaki ideyalar1 oksor hallarda son morholods, yoni natura ilo realizo olunmus fiziki
modellorin sinaglarinda 6ziinii dogrultmur. Bu iso 6z ndvbasinds nozora alinmamis sohvlorin
aradan qaldirilmast {¢iin layiho prosedurlarinin tokraron yerino yetirilmosini vo yuxarida
gostorildiyi  kimi, layiholondirilon obyektin fiziki vo monovi cohotdon “qocalmasi’ni
stimullagdirir [4].
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Istehsal sistemlorinin imitasiva modellogdirilmasi ilo tadgiginin avtomatlasdirilmes
layihalandirma alatinin arxitekturasinin islonmasi

Gostarilon problemin holli Giglin perspektivli istigamotlordon biri do yeni obyektlorin
layihoalondirilmasinin ilkin morholosindo miiasir avtomatlagdirma vo modellosdirma iisullarindan
istifado etmoklo kompiiter eksperimentlori ilo onun yaradilmasmin mogsadouygunlugunun

giymatlondirilmosidir.

Tadgiqat obyekti saviyyasinds VB va BB

i ! i?;ﬂ(géi;lftfﬂfﬁf hsal sistemlarinin 1.CASE-texnologiyalari

i | 2. Istehsal sistemlorinin dinamiki 2 Xiisusilosdirilmis imitasiya

E q}lrgularlnln tlplk mode'llgri i modellasdirilmasi (IM) dillori

i | 3. Istehsal sistemlorinin (IS) vo S (GPSS-in miixtalif versiyalari)
! onlarin elementlorinin asas texniki T 3. Obyektyoniimlii IM dillori

i xarakteristikalari i (SIMULA 67,C™" va's.)

I * = 4. Dinamiki intellektual IM

E ® A | sistemlori(ReThink, PJIO va's.)
N B o D 5.Animasiya IM sistemlori

| n ‘dlgsr apriori verilonlor vo (Arena, CINEMA va s)

i | biliklor S/ 6. Petri sobokosinin mtixtolif

! C . .etrl el oke) gsmm muxtol

E i genislonmalori
S i R N_ | T
. ¥ A ""i'l """"""""""""" YT
| 1.IS-in novlerine goro Riyazi soviyyado

i | imumlosdirilmo bazalari o) VB vo BB

i | 2.1S-in doyisen parametrlorino goro L

| resurslar bazalari A

i | 3. Sabit verilonlorin resurslar Q \/

| bazalari o)

i | 4. Hadisolor bazalarinin yaradilmasi P

| s Omoliyyatlar bazalarinin i P .

. | yaradilmas: N 1.Sec¢ilmis IM sisteminin

: program kompleksi

E {} T 2.Secilmis animasiya IM

E sisteminin program kompleksi
iS-in imitasiya modelinin < ¢

E generasiyasi —>| E

| Y

E <y S

i [S-in imitasiya modelinin kompiiter < I

' | eksperimentlori ilo  todqiqi = ve

E n9t1991.9r1n1n animasiya Usullart ilo N

| todqiqi

Sakil. Istehsal sisteminin IM ila tadgiginin avtomatlasdirilmis layihalondirma alatinin
arxitekturasi
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Mogqalodo miixtolif toyinatli miirokkob istehsal sistemlorinin ilkin layiholondirmo
morhalosindo imitasiya modellosdirilmasi (IM) ilo todgiqinin avtomatlasdirilmis layihalondirma
alotinin arxitekturasinin iglonmosing baxilir.

Toklif edilon avtomatlagdirilmis layiholondirmo alotinin  arxitekturast sokildo
gostorilmigdir.

Arxitekturadan goriindiiyi kimi, istehsal sistemlorinin imitasiya modellosdirilmosi ilo
tadqiqi miixtalif toyinath miitoxassislorin birge foaliyyati naticasinds hoyata kegirilir. Tadqiqat
obyekti soviyyesindo todqiq olunacaq obyektin struktur modeli se¢ilmis saho iizro miitoxossis
tarafindon Oyronilir. Struktur modelds hamin obyekts daxil olan dinamiki qurgularin vo komokei
avadanliglarin tipik modelloari, onlarin yerino yetirdiyi funksiyalar, osas texniki xarakteristikalar1
vo s. 6z oksini tapmalidir. Oksar hallarda IM-don avval todqiq olunan obyektin statik analizinin
aparilmasi tolob olunur. Bu proses, haqqinda daha otrafli biliklorin alde olunmasini vo IM-do
sohvlorin hacminin azalmasimni tomin etmolidir. Statik analizin nisbaton sads obyektlords yerino
yetirilmosi homin saha iizro texnologlarin vo ekspertlorin birgo omoyi noticosindo hoyata
kecirilir. Miirokkob 1S-ds statik analizin yerino yetirilmosindo CASE texnologiyalarindan genis
istifads edilir.

Miirokkab sistemin modelinin qurulmasi onda bas veran proseslorin yazilisindan baglanir.
Hor bir proses nisboton sado elementlor coxlugundan — faaliyyotlordon toskil olunur. Miirokkob
sistemlordo foaliyyotlor timumi, adoton, mohdudlasdirilmig resurslardan istifado etmoklo paralel,
asinxron vo kombinoedilmis rejimlordo 6zlorini gdstorirlor. Odur ki, IM-i yaradanlar miirokkob
sistemin proseslorini vo onlarin torkib hissalori olan foaliyyatlori, eyni zamanda digor layihs edanlorlo
informaiya miibadilalorini {imumi dildo yerina yetirmoyi miikommal bilmolidir. Bu magsadlo
foaliyyetlorin tosviri va onlarin qarsiligh olagslorinin tayini diagramlar1 metodologiyasi islonmalidir.
Diagramlarin qurulmasi miirokkob sistem haqqinda biliklorin formalizo olunmasi {iglin komokgi
addim hesab olunur vo layihanin biitiin istirak¢ilar arasinda six olage yaratmagla, modellogdirmanin
ilkin morhalalorindo miixtolif sohvlorin agkarlanib aradan galdirilmasini tomin edir.

Bu funksiyalart CASE-texnologiyalar1 (Computer Aided System Engencerinq) ilo somarali
yerino yetirmok olar. Bu texnologiyalardan realizo olunma hocmino goro daha cox istifads
olunan sistemlorin struktur analizi vo layiholondirilmasi texnika vo wvasitalori (Struktured
Analysis and Design Technique-SADT) texnologiyalaridir [5]. SADT- texnologiyalari igarisindo
do daha genis yayilmis1 spesifikasiyalarin inteqral yazilis1 metodu (Integrated Computer-Aided
Definition Method-) texnologiyalari hesab olunur . IDEF ABS-da ICAM (Integrated Computer
Aided of Manufacturing — istehsalata inteqrallasdirilmis kompiiter komoayi) dovlet programi
corgivosindo yaradilmis vo onun da miixtolif toyinath versiyalart mdvcuddur: IDEFO —
funksional modellosdirmo; IDEF1 — informasiya modellosdirmosi; IDEF3 — proseslorin voziyyati
va 1§ ardicilliglarinin yazilist metodu va s.

SADT - texnologiyalarinin genis yayilmasiin osas sababi onun material, informasiya,
finans vo idaragilik axinlarini vo togkilati strukturlarinin kompleks sokildo tosvirine oriyentasiya
olunmasidir.

IDEF struktur metodlara osaslanir ki, bu halda predmet sahosinin yazilis1 {iciin struktur
sxemlar tipli qrafiki dillordon istifads olunur.

IDEFO sistemin funksional modelini yaratmagq {i¢iin istifado olunur. Dekompozisiya olunan
foaliyyotlorin vo verilonlorin yazilist iiclin funksional vo infomasiya modellori istifado edilir.
Adoton, IDEF metodunda arxitektura termini isladilir ki, bu da miirokkab sistemin tam yazilisini
tomin edon miixtalif tip modellorden istifads edir: funksional, informasiya vo dinamiki. Bu
ndqteyi-nozordon IDEFO-funksional, IDEF1-informasiya, IDEF2 iso proseslorin voziyyati vo
gorilon islorin axinlarinit modellogsdirmok ii¢iin somoarali hesab olunur.

Goriindiiyii kimi, CASE texnologiyalar1 obyektin ancaq statik sokilds tosvirini vo tadqiqini
yerind yetirir (obyektin funksiyalari, torkibi vo informasiya axinlar).
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CASE texnologiyalarmin gostorilon ¢atismazhigini aradan qaldirmaq iiciin IDEF/CPN
program paketi yaradilmigdir. Bu proqram paketi rongli Petri sobokolori (Coloured Petri Nets)
texnologiyalar1 vo digor metodlarin istifadosi ilo yaradilmisdir. Catismayan cohati odur ki, Petri
sobokosi nozoriyyesinin hallini tapmayan vo yaxud ¢otin realizo olunan c¢atismazliglart bu
texnologiyada 0z oksini tapir: real sistem {iglin Petri sobokosinin yaradilmasi vo analizinin
miirokkebliyi; analiz prosesino IDEF- texnologiyasindan olave, daha bir siini sxemin olava
olunmasi; qorar qobuletmo vo montiqi idaroetmo proseslorinin  modellosdirilmasinin
miirokkobliyi vo s.

CASE texnologiyalarin tadqiqinin naticalorini imumilegdirarak gostarmok olar ki, miirokkab
sistemlordo material, informasiya, finans, toskilati vo s. strukturlar haqqinda tam informasiya
olmadigda bu texnologiyalarmn miixtolif naticolorindon IM iiciin giris informasiyasi kimi istifado
oluna bilor.

Goriindiiyl kimi, CASE texnologiyalari ii¢iin ilkin informasiyalar, yoni verilonlor, biliklor
vo s. texnoloqlar torafinden verilir. CASE texnologiyalarinin todqiqginin naticelori iso IM iigiin
giris informasiyasi kimi istifads oluna bilor.

Istehsal sistemlorinin CASE texnologiyalari ilo statik analizi kompiiter eksperimentlori ilo
bilik miihandisleri torafindon hoyata kecirilir.

Arxitekturadan goriindiiyii kimi, todgiqat obyektinin xarakterindon asili olaraq, IM-in
avtomatlasdirilmis  layiholondirmo aloti (IM ALA) miixtolif CASE texnologiyalari,
xiisusilosdirilmis IM dilleri, obyektydniimlii IM dillori, dinamiki intellektual IM sistemlori vo
animasiya IM sistemlori miihitindo foaliyyot gdstora biler ki, bu da onun strukturunun geviklik
xassosino malik oldugunu gostorir. Bels Ki, IS-in miixtalif toyinatli vo xarakterli olmasindan asili
olaraq, adekvat arxitekturasi togkil olunaraq avtomatlasdirilmis formada formalasdirilir.

Riyazi soviyyado verilonlor vo biliklor bazalarinin yaradilmasi uygun olaraq secilmis IM
sisteminin proqram kompleksi torafindon ilkin hazirliq amsliyyatlarint yerins yetirdikdon sonra
[S-in imitasiya modeli formalasdirilir vo kompiiter eksperimentlori IM ilo tadqiq olunur. IM-in
naticalari se¢ilmis animasiya sisteminin proqram kompleksi ilo dinamik rejimde monitorda tosvir
olunur.

Noatica. Istehsal sistemlorinin imitasiya modellosdirilmosi ilo todqiginin avtomatlagdirilmis
layiholondirmo aloti miirokkob xarakterli istehsal sistemlori kateqoriyasina aid edilon CIS-in ilkin
layiholondirmo morholasinda totbiq edilmis vo CIS-in layiholondirilmosinin magsedouygunlugu
qiymatlondirilmisdir.
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npoexmuposanusi, CASE-mexnonoeuu, eubxue npouzso0cmeennvle cucmembl

WccnenoBan mHCTpyMeHTapuii aBToMaTtu3npoBanHoro npoektupoBanust ['TIC, coorBeTcTByrOmMit
KaTeropuM CHUCTEM CJIOXKHOTO XapakTepa, Ha peajbHOM »JTale MPOCKTHUPOBAHUS HA OCHOBE

HMUTAIUOHHOI'0 MOACIUPOBAHUA. A Takxke Oblia JaHa OICHKa HeJ’IeCOO6pa3HOCTI/I IMPOCKTHUPOBAHUA
I'TIC.

SUMMARY
DEVELOPMENT OF ARCHITECTURE OF AUTOMATED DESIGN TOOL BY MEANS OF
RESEARCH OF IMITATION MODELLING OF PRODUCTION SYSTEMS
Akhmedova S.M.

Key words: imitation modeling, automated design tool, CASE-technologes , flexible production
systems

The tools of the automated design of GPS corresponding to the category of systems of complex
nature at the real stage of design on the basis of simulation are investigated. And also the assessment of
expediency of design of GPS was given.
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dinamika, katalitik kreking prosesi, yaglarin hidrotamizloma prosesi.

Qeyri-xatti dinamik sistemlor metodologiyasi néqteyi-nazarindon kimya texnologiyasi proseslorinin
riyazi modellasdirilmasi va dinamik xassalarinin dyronilmasi prinsiplorinin icmal xarakterli tohlili verilir.
Iemal Sumgayit Déviat Universitetinin bir qrup amokdaslarimn son onilliklordaki elmi islorini ahato edir.
Hom adi, ham da xiisusi toramali diferensial tonliklorls tasvir olunan kimya-texnoloji proseslorin
tadqiqinda dinamik sistemlorin keyfiyyat analizi nazariyyasinin tatbigina xiisusi digqat yetirilir.

1. Anri Puankare, miiasir geyri-xotti dinamika vo Azorbaycan kimya miithandisliyi.

Anri Puankare dinamik sistemlor iiclin keyfiyyot analizinin Oziiliinii qurmaqgla maddi
alomds intibah proseslorinin tokrarolunmaz formalarini iizo ¢ixarmaga riyazi osaslar yaratmis
oldu. Neft emali vo neft kimyasi proseslori respublikamizin sonayesinda aparict saholori toskil
etmoklo, kegon asrin 70-ci illorindon baglayaraq 6lkomizdo neft-kimya miihondisliyinin yiiksok
soviyyado tosokkiil tapmasina, zongin elmi potensiala malik miitoxassislorin yetismasino zomin
yaratmis oldu. Mogalo movzusunun A.Puankare vo qeyri-xatti dinamika mosalslorinds
morkozlogsmosi adlart ¢okilon saholordo miihondis fikrinin oduqca maraqli todqigat sahosi
tapmasi ilo baglidir. Kimya miihandisliyi geyri-xastti dinamika masalslarinin biitiin rongarangliyi
ilo 1izo ¢ixmasi Uiglin on mohsuldar zomin oldugunu desok, gotiyyon miibaligoys yol vermis
olmariq.

Hals kegan asrin avvallorinds akademik Yusif Mommadsliyev, daha sonra iso akademik
Murtuza Nagiyev — timumdiinya miqyasl alimlor — neft texnologiyasinin osaslarini yaratmaqla
osrin ortalarinda bu sahado yetismis coxsayli akademiklor vo professorlar naslinin saloflori
olmuslar. Bu giin Sumgqayit 6lkomizin neft-kimya sonayesi regionu olmaqla yanasi, ham do
kimya miihondisliyi elmins 6z tohfolorini vermis elmi morkozlordon biri sayila bilor. Sumgayit
Déovlat Universiteti do bu ¢albedici elmi todgiqatdan konarda qalmamis, 6z elmi maraq dairssini
miisyyan eds bilmisdir.

Diferensial tonliklor nozoriyyosino Puankare sferasmin [1] gotirilmosi ilo dinamik
sistemlorin keyfiyyot tohlili 6ziino baslangic ndqtasi tapdi. Dinamik sistem zamanin vo mokanin
sonsuz sarhadlorinds todqiq oluna bilirse, horokat trayektoriyalarini miiqayisoye gotirmok imkani
yaranir. ilk variantda miistovi masololorinin hollino yonoldilon bu miihiim kosf miixtolif
diferensial tonliklorin hollari iigiin topoloji 6zalliklor miioyyon etmoys imkan verorok komiyyot
tohlinin f6vqiindo yeni tohlil vo miiqayiso vasitasi tapmis olur. Sok.1-do iki voziyyat doyisoni
olan dinamik sistemin (ikimachullu diferensial tonliyin) faza koordinatlarinin miivafiq miistoviyo
inikas1 gostorilmisdir. Inikas Puankare sferasindan oks olunmusdur. Zaman vo mokan iizro
sorhadlor sonsuz olsa da, inikas sonlu radiuslu dairs igarisindadir.
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Sok.1. A. Puankare sferasi va faza trayektoriyalarinmin sonsuz genis oblastda iifiiqi
miistavinin [ riibiina inikas.

2. Reaksiya-regenerasiya sistemlorinin voziyyatlor fozasinda xiisusi noqtalor
coxsayhhigi.

Senayemiz tliglin ononavi olan reaksiya-regenerasiya sistemlorindo hoyata kegirilon
polidispers bork katalizatorlu kimyovi proseslor hor seydon Onco Oziinomoxsus istilik
dinamikasina malik sistem kimi tadqiq olunmalidir. Bu fikrin irali gotirilmasi ils ilk dofo Bakida
foaliyyoat gostoron agir neft qaliglarinin katalitik krekingi prosesinin istilik modeli toklif olunur
[2, 3]. Katalitik proses qaynar tobagods fasilosiz axinda hoyata kecirilorok kokslasir, aktivliyinin
barpasi ii¢lin ardicil axinda yandirilma yolu ils regenerasiya olunaraq yenidon reaksiya miihitino
gaytarilir. Reaksiyanin temperatur soraiti yanmadan alinan istilik hesabina balanslagdirilir.
Yiiksok koks c¢iximi yiiksok temperatur soraitini, pis regenerasiya soraiti iso koks ¢iximinin
stiratlondirilmasini sortlondirdiyindon eyni zamanda iki alaqo kanal1 {izro sistemdo miisbot oks-
rabito mexanizmi, miithondis istoyine rogmon, 6zilino yer tapa bilir [4, 5]. Bu fakta diqqgotlori
yonoaltmok, onun mdvcudlugunun hansi effektlorlo slagali oldugunu miisyyonlosdirmok ii¢iin
sistemdo bas veron biitlin qeyri-xotti effektlori oks etdirmoys qadir olan riyazi modellogdirmo
hoyata kegirmok lazim golmis oldu [6]:

dy j—i =q,f.2(¢,0,) - a,W(e,0)0,
g, g—f =a,B0,W(E, 0)+ B, f, —(A+ )0+ A0, + 1.6,
harada ki,
2(5,6’0)=§Z(C*5,T*90)? w(g,e):"m:

d =Z(C",T, ) —krekingi hoyata kegirilon xammalin nominal kokslasma géstoricisidir.

Modelin istilik dinamikas1 baximindan iki sarbastlik deracosine malik oldugu siibut olunur
va sistemin ( £, @) miistovisinds topoloji tohlili hesablama eksperimenti ilo hoyata kegirilir.

Bu todgiqat idaroetmo praktikasinda milommali goériinon vo adoston, riyazi modelin
parametrik identifikasiyasinin xotasi ilo osaslandirilan bir sira geyri-adekvatliq tozahiirlorino
aydinliq gotirmis oldu. Sok.2-do sistemin faza traektoriyalar1 miistovisinda {i¢ stasionar noqtonin
movcudlugu 6z oksini tapmisdir. Bl stasionar noqtolorin ikisi attraktorlardir, onlarin 6zlorino
maxsus cazibo sahalarinin oldugu askar 6ziinii gostorir. Texnoloji reqlamentdon konar sahalar vo
bunlara aparan traektoriyalar axinlar1 sokilds strixlonmisdir. Separatrisa iizorindo dayanigsiz olan

miivazinot ndqtosi A, askar edilmisdir. Bu separatris oyri A attraktorunun cazibo sahosi ilo Ay

diiylin tipli attraktorunun cazibo sahosini ayirir. Belo oldugundandir ki, hoyacanlandirict xarici
tosir impulslart sistemin tosviredici ndqtosine mocburi yerdoyisma (dreyf) verarok, onu bir caziba
vahosi axinindan digarins kegirarok idars olunmayan rejimlor yaratmis ola bilir.
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Sak.2. Katalitik kreking prosesi isilik dinamikast modelinin faza portretlarindan biri.

Digor miihiim tapint1 baxilan prosesds avtoragsli rejimlorin meydana ¢ixmasinin sobabinin
izahi ilo baghdir. Parametrlordon asili olaraq doyison 24-36 doq periodu ilo miioyyan olunan

rogsi proseslorin barqarar olmasi mahz gostorilon faza portretindo A stasionarmin fokus tipli

attraktor oldugundan iroli golir [4]. Hotta goOstorilon tosvirdon do askar notico ¢ixarmaq
mimkiindiir ki, parametrlorin miioyyon qiymstlorindo limit traektoriyanin formalagmasi
labiiddiir. Bu nozori qonast kompiiter eksperimentindo 06z tosdiqini tapir. Beloliklo, katalitik
kreking prosesinin faza fozasinda stasionar noqtolorin ¢oxsaylilig1 bir fakt kimi hom riyazi model
todqiqati ilo, ham do praktiki miisahidolorlo miithondis diggeatine ¢atdirilir.

Bu noaticalor idaraetma problemlori hiidudlarindan konara ¢ixaraq reaksiya-regenerasiya
sistemlorinin layihslondirilmo praktikasina asasl suratde daxil ola bilir. Baxilan struktura malik
diferensial tonlik modellorinin hallorinds bas veron bifurkasiyalar miihiim masolo kimi garsiya
qoyulur [6]. Statik asililiglar soklinds olan bu bifurkasiya diaqramlar1 eyni parametr vektorunun
tosiri altinda sistemin stasionar hallorinin qosalasmasi, yaxud bels hallorden birinin itirilmasi bu
diagramlarin mahiyyatini oks etdirir. Bifurkasiya diaqramlarinda miisahido olunan bozi xotalar
katalizatorun gaynar toboagoalorinds proseslorin yazilisinin daha miikommal model olaraq ikifazali
struktur goklinds tosvirine zorurst yaratmis olur [7, 8]. Kritik rejimlords regenerator
temperaturunun asagi diismosinin qarsisinin alinmasi {i¢iin alavo yanacaq verilmoasi ilo olagodar
riyazi model strukturunun dinamikada manipulyasiyasinin hoyata kegirilmosi zorurati meydana
cixir. Bu, o demok idi ki, sadoslosdirilmis homogen faza modelindon ikifazali heterogen
modeling kociiriilmo problemi yaranmis, onu riyazi baximdan Kosi baslangic sortlorinin verilmo
problemi ilo alagali hall etmok mosalosi meydana ¢ixmusdi. Inteqgral tonliklor soklinda verilmis
paylanmis parametrli sistemin zamanin ixtiyari aninda adi diferensial tonliklorlo yazilan
modelino “yumsaq” kecidin alqoritmlogsdirilmasi o zamanlar diggotolayiq naticolor sirasinda
sayila bilordi.

3. Faza fazasinda kiplasmo-seyroklosmolor. Ucolciilii faza portreti.

Elmi arasdirmalarda, adston, bir problemin miivoffoqiyyatli halli 6nce 6ziinii biruze
vermoyon yeni mosolo qarsiya qoyur. Reaksiya-regenerasiya sistemlorinin faza fozasinda
sixilma-seyroklogsmolorin meydana ¢ixmasina yonoldilon digqet [9], oslinds, tokco kimya
miihondisliyt ilo bagh deyildi, imumon idarsetms problemi kimi qarsiya cixmigdi. Faza
fozasinda sixlagsma-seyroklosmonin tortibi oksor hallarda boyiik miqyaslar kosb edir vo dinamik
sistemin 0zol xassosini ifado edir. Avtomatik nozarot vo idaroetmo funksiyalarinin hoyata
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kegirilmasinda fazanin belo deformasiyalarinin nozors alinmamasinin gotiyyan mogqbul sayila
bilmadiyi ciddi analitik osaslarla gostorilirdi. Fozanin kiplosmo vo seyroklosmo baximindan
strukturlagdirilmasi masalesi ilk dofo olaraq homin moqalads elmi miizakirays ¢ixarilmis olur.
Miallif ¢ —sixlagsma-genislonma kriterisini, daxil etmokls, tracktoriyanin miivafiq uzunlugunda
Oziinii gostararok bu deformasiyalar tiglin odadi xarakteristika vermoya nail ola bilir. Buradan
cixan osas notico kimi faza fozasma doyison metrika monsub edilmosi masoalosi irali siiriliir.
Ilkin noticalor kreking prosesinin avtomatik nozarat sistemi niimunasinde niimayis etdirilir.

Bu tadgiqatin névbati marhalasi olaraq sistemin voziyyatlor fazasinin miistovidon ii¢ 6lgliya
genislondirilmosi olmusdur. Reaksiya-regenerasiya sisteminin idarsolunma praktikasi, siibhosiz,
bunu tolob edirdi. Lakin belo bir istigamotin iimumi xarakter dagimasi tomamilo agkar bir mosalo
idi. Voziyyatlor fozasi 6l¢iisiiniin miistovido mohdudlagdirilmasi real proseslor dairasini son doraco
daraltmis olurdu. Ugélgiilii fozaya kecidin metodoloji aspektlari islonmali idi.

Qeyd edok ki, diferensial tonliklorin hallorinin Voziyyatlor fozasina adekvat inikasinin
imumi gostarici kimi traektoriyalarin kosismozliyi prinsipi osas gotiiriilo bilor. Hotta miivazinot
noqtalorinds belo faza traektoriyalari kasigsmir, homin xiisusi ndqtolora sonsuz yaxinlasa bilir. Bu
miiddea diferensial tonliklorin hallinin yeganoliyi haqda teoremin naticasi olaraq 6ziinii gostorir
[10]. Yeri golmiskon, mohz buna goradir ki, gecikon arqumentli diferensial tonliklor faza
fozasinda tadqiq oluna bilmir.

Sok. 3-do tigolgiilii fozada “fokus-yshor”
tipli faza portreti nlimuns kimi gostorilmisdir.
Miistovi 1iizorinde dayanigsiz vo dayaniqlt
(miistovinin  arxa  hissosindoki  goriintii)
spiralvari trayektoriyalarin proeksiyalar1 oks
olunmusdur. Bu niimuns askar gostorir ki, faza
koordinatlarindan birinin ixtisara diismoesi ilo
sistem haqqinda molumat tomamilo tohrif
oluna bilir.

Mohz bu problemlorls slagodar reaksiya-
regenerasiya sistemlorinin daha doqiq dinamik
xassalorinin  oks etdirilmosi {i¢lin ti¢ol¢iili
riyazi model tortib olunur. Ugiincii faza koor-
dinati olaraq islonmis Kkatalizatorun dovri
surotdo desorbsiyasindan sonra karbohidro-
genlorin nisbi faizi istifado olunur [11]. Sok.4-
do hagqinda danisilan {i¢ol¢iilii faza portretlori
niimayis etdirilir. Tosvirlorde sitemin tosvir-
edici noqtolori “ulduz” isarolori ilo qeyd
olunmusdar. Faza fozasinda yalniz bir yiiksok temperatur ilo xarakterizo olunan oblasta aparan
faza portreti a) tosvirindo 6z oksini tapmigdir. Homin istigamotdo miivafiq attraktorun moveud
olmasi yaniz ehtimal edils bilar, lakin onun koordinatlar1 modelin adekvat inikas hiidudlarindan
cox konardadir. Hesablama eksperimenti ¢arcivoasine do sigismir. Homin sorh yalniz bir forqloe
(asag1 temperatur oblast1) b) tosvirino do aid edilo bilor. Real is¢i oblastindan baslangic gotiiron
trayektoriyalar asagi temperaturlu, lakin yliksok qaliq kokslagsma doracoli oblasta dogru
yonalmislor. Sok.4-lin ¢) tosvirindo miivazinot noqtalori agkar goriintiilor oldo etmisdir. Asagi
temperaturlu attraktor fokus tiplidir, is¢i oblastin (texnoloji reqlamentlo miioyyon olunan
sahonin) cox genis hissosini ohato edir. Yalniz c¢ox yiiksok temperatur oblastindan ¢ixan

trayektoriyalar A, attraktoruna yigilirlar. Sokildo d) tosvirinds iki mithiim dayisiklik meydana

Sok.3. Iki oliilii &" alt fozasinda dayanigsiz,

bir olgiilii &' alt fozasinda dayamqlh
trayektoriyalarla  xarakterizo  olunan
fokus-yahar tipli miivazinat néqtasi.

cixmigdir: A3 attraktoru konarlagmus, Aimiivazinat noqtasi kimi diiyiin tipino ¢evrilmisdir.
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Sak.4. Reaktor-regenerator sisteminin ti¢ol¢iilii faza portretlori.

Ovvalinci iki faza portretlorinin heg¢ biri mogbul sayila bilmase do, axirinci iki tosvir
praktikada totbiq ticlin iddiali ola bilir. Onlarin miigayisali tohlili hor ikisinds miisbat cohat, vo
harasinin do bir qiisura malik oldugunu askar edir. ©gor d) tosviri rogsi proseslordon azaddirsa,
imumoan attraktorun asagi temperatur oblastinda yerlogsmosi (€ =0.72) monfi xasso kimi
giymatlondirilmolidir. Umumon bu noticalor hom praktik vo hom do metodoloji cohotdon ciddi
maraq dogura bilmisdilor, xarici elmi odobiyyatdaki istinadlar bunu siibut edirdilor [12].

Cox kegmodon reaktor-regenerator sistemin sonaye qurgusu statistikasi osasinda vohdat
toskil edon dinamika modelinin bir sira slagadar problemlorin hollina colb olunur. Sistemdo
katalizator dovrani siirotinin toyini li¢iin dolay1 6l¢ii sisteminin yaradilmasi dispers miihitin laminar
axininda fazalar arasi siirlisgmo omsalinin qiymatlondirilmasi masalesi qarsiya qoyulur [13]. Mohz
homin modellosdirma prinsipi osasinda boru tipli diiz axinli katalitik reaksiya sisteminin dispers
miihit dinamika parametrlori nozarst sisteminin monitorunda canlandirila bilir [14].

4. Katalitik sistemin dinamikasinin fraktal yazilisi. Masafo psevdoolciisii.

Oton osrin 80-ci illorinds riyazi modellosdirmodo Benua Mandelbrotun meydana gotirdiyi
fraktal konsepsiyasi tobiqi riyaziyyata daxil olur vo tezliklo modellosdirmonin ¢oxsayli
saholorino  siirotlo niifuz etmoyo baslayir. Faraktal tokrarlanan hondosi strukturlarin
timumilosdirilmis model yazilisi olub, nozori cohotdon riyazi analizdo molum olan Kantor
coxluglarmin  6zol bir xassosino istinad edir. Katalizator masamoali qurulusunun
modellogdirilmaosi li¢lin saxolonon kanallar sisemi modeli ilk dofo Rusiya Elmlor Akademiyasinin
kimya miihondisliyi nozori osaslart mocmuosindo nosr olunmus idiso [15], bu modellosdirmo
prinsipinin fraktal konsepsiyasi ilo bilavasito olagasinin olduguna, aslinde orada toklif olunan
makro-mezo-mikro kanal kegidlorinin nizamlanmis tokrarlanan strukturlarla ifado olunduguna
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onca diqget yetirilmomis idi. Mandelbrotun toklif etdiyi forqli foza odlciisiindon (fraktal olgiisii)
osason kompiiter qrafikasinda, kompiiter tosvirlorinin sixilmasinda istifado edilirdi. Mosamali
miihit riyazi modelindo fraktal Olciisiindon katalitik prosesin riyazi modellosdirilmasindo
parametr olaraq istifads etmayin miimkiinliiyii ilk dofs olaraq elmi dairalors ¢atdirilmis olur [16].
Onco toklif olunmus dendrit modeli [15] indi fraktal obyekt kimi 6z parametrlori ilo
katalizatorun kanallar sisteminin ekvivalent xarakteristikalart kimi xiisusi téromoli diferensial
tonliklor sisteminino daxil edilir. Sokildo sirf miiollifo moxsus olan dendrit strukturlu fraktal
gostorilmisdir.

N\ \‘/ s
W WA
\\Am’(
/’\\ L
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\\\~ |
X
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Sak.5. Katalizator daxilinds dendrit kanalin fraktal modeli.

Bu fraktal qurulusda kanalin perimetri, soth sahasi vo kanal hacmi kimi dasiyicilari {izra
fraktal olgtilori (D, D, D, ) tiglin disturlar toklif olunur:

1 1 1
|n(2+cj In(abﬂ:j In(a+cj
_ a’b Dy=-————*, Dj=—"-——2

D, =55 Ds
glna+£lnb ;Ina+ilnb Ina

harada ki a,b,c —dendrit fraktalinin imitasiyaedici parametrlori olub, har bir buguma miivafiq
kanalin radiusu I, kanalin uzunlugu |vo hor govdodo budaqlarin saymi y ifado edorok,
asagidaki diisturlarla hesablanir:

rn+1 _£n+1 _ b_ n _C:Zn+1

o ¢ n 4 n Zn
Bu gayda ilo hesablana bilon fraktal olgiilorine asason fraktalin baxilan 6 miqyasda miivafiq
handasi parametrlori asagidak: kimi toyin oluna bilir:

1\ 1\Ds

V3 52 . \™
V(O =83 | :s(0)=6222] TI(6)=06|—2] .
) 5 (5) 3 ) (5]

Nohayat, fraktal parametrlorin T1'(¢,),S'(¢,) istirak etdiyi stasionar katalizator tobagasinda
hoyata kegirilon kimyavi reaktorun diffuziya modeli asagidaki kimi tortib oluna bilar.
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Diffuziyanin yeta bilmadiyi niivo

e R
Effektiv en kasiyi \ /—
S'(e) \

\

Niifuzetma
darinliyi
psevdo-

Effektiv perimetr metrikast & rax
IT'(¢) Lo

Xarici miihitlo kontakt sothi

$ak.6. Makro-mezo-mikro kanal boyu masafa psevdo metrikasi & € &y -

oP, _d(D(g)ﬁam]_kaApA A-nyo TED Ly o o ()
&

ot de a,S'(C,) a,S'(C,)
ony
ot KaaPa (1—=N5) —Kgana —kenang

Bu todgiqatin digor miihiim noticasi £ psevdometrikasimin S'(/ 6) abstakt mokan oOl¢iisii

kimi xtisusi toromali diferensial tonlik modelina daxil edilmasi olmusdur.

5. Hidrotamizloma prosesinin 6zal dinamik xassalari.

Son zamanlar fasilasiz proseslorin idaroedilms praktikasinda siini suratde yaradilmis qeyri-
stasionar rejimlorin Oyronilmasi xeyli maraq dogurur. Kimya-texnoloji proseslordo bu sahado
miisbot effektlorin agkar edilmosi, qeyd edok ki, daha ¢ox ehtimallidir. Neft mongoali yaglarin vo
motor yanacaginin hidrotomizloms prosesini iki 1yerarxik soviyyads modellogdirmok lazim golir:
-reaktoru miqyasinda hidro-qazo dinamik model soviyyasi vo katalizator saviyyesinde bas veran
proseslorin dinamikasint oks etdiron model saviyyssi. Bu iki soviyyado bas veron dinamik
proseslori bir-birindon tocrid edon onlar arasinda kvazistasionarliq slamatinin mévcudlugudur ki,
bunun hesabina asagi siirotli proseslora nozoron dinamika modellorinin yazilis1 ikinci soviyyo
modellorinin statik asililiq kimi qobul edilmesidir. Bu yolla miirokkob dinamikanin oks
etdirilmoasi miivafiq effektiv parametrlordon istifado hesabina miimkiin olur. Belo bir model
hidrotomizlomonin impulsiv tosirlor altinda qeyri-stasionar rejimlorinin todqiqi mogsadi ilo
asagidaki kimi tortib olunmusdur:

v, [1+u,sin(et _ _
%— qo[ ! (w)]%—w Lyi_pi =0; 1=13
ot So,p, ox ¥k (T)

oy, Vyll+u,sin(et+9)] oy,

P Co
2w | ——vy. —p [+wW, (b y —z)=0
ot So,p, OX qy(ki(r) i p'] yk( w i )

Katalizatorun masamoli qurulusunda gedon proseslor basqa struktura malik adi diferensial
tonliklorle yazilir:
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674
atH — W, (aykyH —zh)+ 22,2k, exp(-E/RT) =0

674
ES—Wyk(aykyS —zs)+ 2,2k, exp(-E/RT)=0

aZst

— Wy, (ayk YH,s ~ Zh,s ): 0

Bu model tonliklorinds agagidaki isaroslomalar gobul edilmisdir:
S

. o S
0, =——— —yagdaxili qaz qabarciglarinin tutdugu nisbi sahs; o, =€°- reaktorun en

Y (l-0y)S
kosiyinds katalizatorun tutdugu nisbi sahs; o, =1-0,- yag fazasmin tutdugu nisbi saho;
Pys Ps, Py,s —qaz fazasinda hidrogenin, kiikiirdin vo hidrogen-sulfidin parsial tozyiqlori;
Yu:Ys: Yu,s —yag fazasinda holl olmus hidrogenin, kiikiirdiin vo hidrogen-sulfidin gatiliglari;
Z,,2Z; —hidrogen, kiikkiird veo  hidrogen-sulfid e
maddolari ilo zabt olunmus aktiv morkazlorin nisbi * os
rniqdarl;vq - gazin hocm siirati; V,- yagin hacm o

stirati; P —reaktorda tozyiq; S,S;,S, — uygun olaraq o«

reaktorun en kosiyinin {imumi sahasi, reaktorun en el
kasiyinds katalizatorun tutdugu sahs vo reaktorun en 042
kasiyinds bosluglarda qalan (yag vo gaz fazasi {i¢iin 04
qalmis)  saholor; pg,p, —qaz vo yag fazalarmin 033

sixliglar, y —filtrasiyali axinda miigavimot omsali;
W:W,Wiyk —(az-yag vo yag-katalizator fazalari iiciin

maddo kogiiriilma stirat omsallari;
k(T)=k (T -273) +¢ ;i =13 - hidrogenin, va hidro-
gen-sulfidin yagda holl olmasimnin temperatur asililigi;
b;,b;k,bykzs —hidrogen, kiikiird vo hidrogen-sulfidin
yag mihitindon katalizator sothino adsorbsiya
omsallar; E,R,k,, T —sulfidlosmo reaksiyasmnin aktiv-

losmo enerjisi, qaz sabiti, reaksiya siirot omsali vo
reaksiyanin hoyata kegirildiyi temperaturdur.

Modelin kompiiter hesablama eksperimenti
osasinda dinamik xassolorinin Oyronilmesi bir ¢ox
maraqli effektlori agkara ¢ixarmigdir. Askar edilmisdir
ki, girig xammal axin stirotinin sinusoidal doyisdi-  §ak.7. Hidrotomizioma reaktoru
rilmosindon  alinan  qeyri-stasionar rejim  kikiirdlii girisina verilon xammal siiratinin
birlosmolorin hidrogen  sulfide  gevrilmosi prosesina periodik doyismasindon alinan
ohomiyyatli surotdo milsbot tosir gostorir. Bu effektin qeyri-stasionar rejim.
fiziki izah1  adorbsiya-desorbsiya madde aximn
stiratlorinin girigo verilon harmonik tasirin amplitudasi
ilo six korrelyasiya miinasibatindoadir. Sok.7-do xammalin eyni tezlikls, lakin miixtalif orta
sliratlo verilmasi ils aparilan model tadqiqatindan alinan naticalor gostorilmisdir.

Hidrotomizloma reaktorunun daha bir maraql effekti girigo verilon xammalin kiikiirdliiliik
gostaricisinin impulsiv doyisdirilmosi ilo baglidir. Xammal verilmosinin orta stiroti kigildikco
impulsun todricon hamarlasmasi, orta kiikiirdliiliiylin iso azalmasi ilo naticolonir.
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Qeyd edok ki, bu istiqgamotdo aparilan
todqgiqatlar son zamanlar sistematik xarakter
almis, todqiqatgilar dairssinin  genislonmosi
miisahido olunmaqdadir. Bu istigamotdo aktiv
foaliyyot  gbstoron  todqiqatgilar  yetisir.
Dissertant M.S.Salmanov qurudulma
proseslorinin  inteqro-differensial tonliklorlo
yazilmis  dinamika modellorinin  tortibi
sahosindo ¢alisir [19]. F.A.Oliyeva hidro-
tomizlomo  prosesinin  riyazi model-
losdirilmosi, H.M.Hosimova polimerlogmo
proseslorinin idara olunmasi [20],
A.S.Hiiseynova katalitik krekinq prosesinin
geyri-xatti dinamika modeli asasinda dolay1
O0lemo  texnikasinin iglonmasi [13, 14],
N.O.Quliyeva izobutanin dehidrogenlogdiril-

Sak.8. Hidrotomizloma reaktorunun giris aximinda masi [7] prosesinin qeyri-xatti dinamikasi

kiikiirdliliiyiin  impulsiv dayisdirilmasindon SahQSiPdQ foaliyyot ~ gostorirlor. ~ Miasir
alinan geyri-stasionar rejim. kompiiter texnikasinin elmi arasdirmalara ¢ox

faydali  olaraq niifuz  etmoasi  kimya

miihondisliyi sahosinds todqiqatcilart qeyri-
xotti dinamikanin yeni-yeni maraqli masalalari ilo garsilasdirir. Qeyri-xatti dinamika elm sahosi
159 mohz bu masalalorin ortaya ¢ixarilmasi ilo 6z metodoloji bazasini zanginlogdirir.

t 1,5‘1071 °
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PE3IOME
HEJUHEMWHAS JUHAMUKA B XUMHUYECKON UH)KEHEPUM C MPUCYIIEN
El MHOT'OLIBETHOCTbBIO
Hazcuee A.T'.

Knrwowuesvie cnoga : npoyeccvl u annapamvl XUMUYECKOU MEXHONO2UY, MEOPUs YRPAGIeHUA,
HeluHeuHas OUHAMUKA, Npoyecc Kamalumuiecko2o KpeKuHed, npoyecc
2UOPOOUUCKU MACEI.

O030pHas cTaThsi CONIEPKUT aHAIU3 MPUHLUIIOB ¥ METOJOB MaTeMaTHYECKOTO MOJEIMPOBAHUS U
UCCIICIOBAHUSl JUHAMHYECKUX XapaKTEPUCTUK XUMHKO-TEXHOJOTHUECKUX IPOLECCOB C TOYKH 3PEHUS
METO/OJIOTUM HENMHEHHBIX AMHAMHYECKHX cucTeM. O030p OXBaThIBaeT Hay4yHble PaOOTHI TPYIIIBI
coTpyaHuKOB CyMIauTCKOro TrOCYIJapCTBEHHOI'O YHHBEPCUTETAa B TEUEHHE IOCIEIHUX ACCATHICTHH.
MHoOro BHUMaHHS YyHAENAETCS NPUMEHEHHIO KaueCTBEHHOM TEOpUMH JAWHAMHYECKHX CHCTEM B
UCCIICIOBAHUAX XUMHKO-TEXHOJIOTHUYECKUX TPOLECCOB, OMHUCHIBAIOIIMXCS KaK OOBIKHOBEHHBIMH
JuQpepeHInaANTBEHBIMI YPAaBHEHUSIMH, TaK U YPABHEHUSIMU B YACTHBIX POU3BOIHBIX.

SUMMARY
NON-LINEAR DYNAMICS IN CHEMICAL ENGINEERING WITH
THE PRESENCE OF MULTI-COLORNESS
Naghiyev A.H.

Key words: processes and devices of chemical technology, control theory, non-linear dynamics,

catalytic cracking process, hydrotreating process of oils.

A review of the principles and methods of mathematical modeling and investigation of the dynamic
characteristics of chemical-technological processes from the point of view of the methodology of
nonlinear dynamical systems is given. The review covers the scientific work of a group of employees of
the Sumgayit State University over the past decades. Much attention is paid to the application of a
qualitative theory of dynamical systems in studies of chemical-technological processes, described both by
ordinary differential equations and by partial differential equations.

Daxilolma tarixi: [lkin variant 10.10.2017
Son variant 25.06.2018
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B Hactosiiiee Bpemsi moTpeOHOCTh B MPOMBIIUIEHHOCTH B M300YTUJICHE KaK CBHIPhS IS
IIPOM3BOJICTBA CUHTETHUUYECKOI0 KaydyKa pe3ko Bo3pociia. OCHOBHBIM MCTOYHUKOM IOJYyYEHUS
M300yTHIIEHA SBIAETCA M300yTaH, YTO TMOBBIMIAET POJb KATAIUTHYECKUX IMPOIECCOB
JneruapupoBaHus uzo0yraxa [1].

HuTeHcudukanus nporeccoB IeTUIPUPOBAHUS SIBISETCS OCHOBHBIM HAaNpaBICHUEM [
MOBBIIICHHUS] PEHTA0OCIBHOCTU TMPOU3BOJCTBA M300yTWieHa. Hapsny ¢ coBepiieHCTBOBaHUEM
anmapaTrypHbX OQOPMIICHHN aKTyaJlbHbl HH)KEHEPHBIE HMCCIEIOBAHUS B oOnactu
COBEPILICHCTBOBAHUS TEXHOJIOTUU YIpaBJICHHS [2].

Kak wu3BectHO, peakiuoHHO-pereHepanuonnbie cuctembl (PPC), B  KOoTOpBIX
OCYIIECTBIISIFOTCS. ATH TIPOLIECCHI, XaPAKTEPUIYIOTCA CIEHU(PUIECKON TEIUIOBOM JWHAMHKOM.
[IpuunHOi ABIISIETCSI 3AMKHYTOCTh CUCTEMBI COCTOSIILIENH M3 JIBYX B3aMMOCBSI3aHHBIX aIlllapaToB,
KaK TI0 TEeIUIOBOMY OaJlaHCy, Tak U 1Mo OallaHCy KOKCa M JAPYTMX KOMIIOHEHTOB, yYaCTBYIOIIHX B
npolecce OKHCIUTEIbHOIO BOCCTAaHOBJEHMs Karaiu3aropa B pereHepaTtope. IlomoOHnas
B3aMMOCBS3aHHOCTh aIlllapaToB HAJAENseT CUCTEMY pSAJOM CBOWCTB, KOTOpBIE HPOSBISIOTCS
TaKUMU KPUTHYECKUMHU H(PQeKTamu, Kak TeIUloBas HEYCTOMUMBOCTh, CHHUXKEHHME CTENEHU
BOCCTAHOBJIEHMSI aKTUBHOCTH KaTalu3aTopa.

3amaun  y4yera TakuX MPOSABICHUH B JMHAMHKE OO0YCJIaBIMBAIOT HEOOXOAMMOCTb
NOCTPOCHUS  MOJEIM B  Kijacce AUQQepeHlHaTbHbIX  YpPaBHEHHUH,  OIMUCBIBAIOIINX
3aKOHOMEPHOCTH MAaTEPUAIIBHBIX U TEIUIOBBIX IIOTOKOB, MEXY PEAKTOPOM U PErEHEPATOPOM.

PeakirioHHbIe CHCTEMBI, OCYIIECTBIISIIOIIME MPOLECCHl AETUAPUPOBAHUS YTIIEBOJOPO/IOB,
OCJIOXKHEHBI MPUCYTCTBUEM OOPAaTHUMBIX PEAKLIMH HM3MEHEHHs] BaJCHTHOCTH XpOMa B COCTaBe
AIIOMOXPOMOBBIX ~ KaTaJlM3aTopoB. B ycloBUAX  BBICOKOTEMIIEpaTYpHOW  pereHepanuu
Karaqu3aTopa B NPHUCYTCTBHUM KHCJIOPOAA KATAIMTHUYECKHM AKTUBHBIM TPEXBAJICHTHBIA XpOM
TEPIUT MPEBPAILCHUE B IMECTUBAJICHTHBIN XpoM [2]. BoccTaHoBieHHEe yKa3aHHOW BaJICHTHOCTH
nepea BCTYIUIGHHEM KaTajln3aropa B 30HY KaTaIUTUYECKOTO IMpeBpalleHus u300yTaHa
OCYIIECTBIISIIOT MMYTEM KOHTAKTa €ro C TOIUIMBHBIM Ta30M, B YCIOBHUSX H30JISLIMA OT OCHOBHOM
Macchl KaTajau3aTopa MOCPEACTBOM CIEIHAIbHO BMOHTHPOBAHHOIO B PETEHEPATOP CTAaKaHA —
BOCCTaHOBUTEINS. TakuM 00pa3oM, MOJIeNb TETJIOBON JUHAMHUKHU PEaKIIHOHHO-PEreHepaliioHHbIX
CHCTEM, OCYLIECTBISIONIMX MPOIECChl JErupupoBaHus H300yTaHa, B OTIMYHE OT psjaa
MOJIOOHBIX TPOILIECCOB OINpEAEEHHBIM 00pa3oM OCIOKHEHAa HEO0OXOIUMOCThIO BKJIIIOYEHHS B
MoJieIb TenaoBol AMHaMUKN PPC knHeTH4YecKuX ypaBHEHUH IPEBPAIEHUs XpoMa.

B HayyHO# nuTepaType MOKHO HAWTH MCCIEAOBaHMS, KACAIOIIMECS MOCTPOCHHS TAKUX
mopeneit. B [3] paspaborana Mojienb, yYUTHIBAIOIIAss KOKCOBBIA OajlaHC MEXay anmaparaMmu B
CBSA3M PEXHMMHBIMHU IapaMeTpaMu MPOMBIIUIEHHOTO Ipoliecca KaTaIUTUYECKOTO KpPEeKHHTra
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TSOKETBIX He(TAHBIX OcTaTKoB. COCTaBiisAs BO MHOTOM AHAJIOTHUU C HAa3BaHHOW PEaKIMOHHO-
pereHepallMOHHOM  CHUCTEMOH, mpolecc JIerMJpUpOBAaHUS  XapakTepusyercs TeM, UTo
KaTaJIUTUYECKUH MPOLECC TECHO CBSI3aH C B3aUMHBIMU IPEBPALICHUSIMU TpeX- U
HIECTUBAJIEHTHOTO XpoMa B cocTaBe Kartanuzatopa. C Jpyroil CTOpOHBI, sl IMPOLECCOB
JETUIPUPOBAHUS YIJIEBOJOPOAOB XapaKTEpPHO IIPOBEAEHUE DPEAKIMIl B YCIOBUAX  IICEBIO
OKMDKEHUSI MHUKpoc(epuyeckoro (IbUICBHIHOIO) KaTajau3aTopa, 4YTO MpPHUAAeT CUCTEME
cnennduyeckre CBOMCTBA JMHAMUYECKOTO TIOBEACHUSA. YUeT 3TOM 0COOCHHOCTH 00YCIaBINBACT
HE00X0UMOCTh B 00Jiee JETaIbHOM PACCMOTPEHHUH ITPOLECCOB B IOCTPOEHUHU MOJEIH.

CrpykTypa MaTepuanbHbIX U TEIJIOBBIX IIOTOKOB MEXAY PEaKTOPOM U PEreHEpPaTopoM C
Y4€TOM M3MEHEHMsI BAJICHTHOCTH XpOMa — aKTMBHOI'O KOMIIOHEHTa KaTajau3aTopa IoKa3aHa Ha
pucyHke 1. CoryiacHo 3Toil cxeMe ruIpoAMHAMUUYECKON CTPYKTYPOH TOTOKOB MOKET IOCITYKUTh
XOPOUIO 3apEKOMEHI0BaBIIast ce0sl MO/IENb UEATIbHOIO CMELICHHUS.

lazwl

ropeHua t " MpogykTel
— g

|
Pereneparop PeakTop
Cis C.
‘=
nf.ESS
g f
BO3AYX o
- Chipbe
Céos £
= Boccrano:
BMTENL
I

Puc.1. Cmpykmypa 83aumocesnsu mexncoy nepemenHblMu COCMOAHUSL CUCTEMb]
peaxmop-pezenepamop.

CornacHo, 5TUM TMPEACTABICHHUSAM CJIOM TICEBIOOXKIKECHUS, CO3JaBaeMble IMOTOKaMH
BO3[lyXa B pEreHepaTop M MapooOpa3HOro ChIPbsl B PEAKTOP, MOT'YT OBITh JOCTaTOUYHO TOYHO
OMHCAaHbl KBAa3UTOMOTEHHON MOJENbI0 10 KOHIEHTPAlUSAM BEIIECTB Ha TOBEPXHOCTH
KaTajan3aTopa.

VYpaBHeHHs] ~ MaTepUANTbHOIO M TEIJIOBOro OajmaHca MOTYT OBITh BBIMHCAHBI B

CJIEIYIOIEM BHJIE:
EZ

dc® “RT,
GZ d; = g(Cél) - C(EZ)) - 2k2e 2 (1+ a( f«03 - f«?}j’)[C(EZ)]ZGZ;
EZ
dCPs _ o c@ RL,AO o
G dt - g(CCr+6 Cr+6) + kCrGe C:cr+361’
dc” @ _ O RET
Gl dt - g(C C )+2ke (1+ﬂ(fcwp Cblp)Gl;
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Mamemamuueckoe mooenuposganue 0Jisl ynpasieHus: Mmenio8blMU PedCUMaMl peaKyuoHHO-
pezeHepayuonHOU CUCEeMbl, OCYuecCmeasioueli 0ecuopuposarue u3ooymana

dcé:rl:i-G ]_) RET .
G dt 9(L- CCHG r+6) kCF3e fd- Ccr+3)G2'
dc? & )
G dctr+3 = g(l Cér2-¢)—6 cr+3) kcr+3 e (l Ccr+3)(1+ 7/( fmon - fmon))GO
dT, RET o
Gyo — 2 =00 (T, ~Tp) + 2ke X (f,,,— £, )[CP TG0 —

dt
803 803(T2 6H) + kS (TBH _TZ) :

_E

dT, .
G Ck d = gck (TZ -T ) 2k € RTl (1+ﬂ( fcblp Cblp)qur +
+ CCblp bezp (TCblp _TZ) + kS.I.(TB‘H _TZ)

riue Cél),CéZ),CéerG,CCr +?,,(.‘,Cr .6 —KOHIIGHTpPallUM ~ KOKCa  (MaccoBble) Ha  BBIXOZE

COOTBETCTBEHHO PEAKTOpa W pereHepaTopa, MIECTHBAJCHTHOTO W TPEXBAJICHTHOIO XpoMma Ha
BBIXOJIaX: pEreHeparopa, CTakaHa M PEaKTOpa, KOHIEHTpAlUs KHUCIOpOJa B PEreHEpaTope;

T,,T,,T,, — TemmepaTypsl COOTBETCTBEHHO pEreHEpaTOpa, PeakTopa W OKPY/KAIOLIEH CPEbL;

belp’ f803’ fmon — HOMHUHAJIbHBIC U HU3MCPUMBIC (TGKYH_II/IC) 3HAYCHUA IIapaMCTPOB pacxoa:

CBIPbs, BO3AyXa W TOIUMBA B pereneparop; J - MaccoBas CKOpOCTh MOTOKA KaTaaM3aTopa,
LUPKY/IUpYIOWEro B cucteMe; Q, [, Y — WIeHTHUIUpYIOIIIE NapaMeTphbi; E.E, E

SHEPruu aKTUBALIUU PEaKIMii: TOPEHHs KOKCa B pereHepaTope, KOKCOOOpa30BaHUS B PEaKTOpe U
pEeBpAIEHNs [ECTHBATIEHTHOTO Xpoma B Bocctanosutensiom crakane; G, G,, Gy — maccsl
KaTajan3aTopa B PEaKTOpe, pereHeparope U B BOCCTAHOBUTEIHHOM CTaKaHE COOTBETCTBEHHO;

f

rasa (MeTaHa) noaaBacMoro B percHeparop, Ck y CCblp y CCH4 y 0803 — YACIBHBIC TCINIOCMKOCTH

603" fcmp, fmon- MaccoOBBIE€ PacXo/bl BO3AyXa B PEreHepaTop, ChIpbs B PEaKTOpP, TOIJIMBHOTO

KaTajn3aTropa, CbIpbd, METAHA U BO3AyXd, BBOAUMOIO B PEreHECPATOP, Sl’SZ’SO- IIomaian

IIOTIEPEYHOI0 CEUEHUs, COOTBETCTBEHHO pPETEHEpaTopa, pPEakTopa MU BOCCTAHOBUTEIBHOIO
CTaKaHa.

Hamu ocymiectBieHa mnapamerpuyeckas WACHTHUQHUKAIMS pa3paObOTaHHOW MOJAENIH IO
CTaTUCTUYECKUM JIaHHBIM IPOMBIIIIEHHON YCTaHOBKM JETHJIPUPOBaHUS H300yTaHa B
n300yTuieH. B kauecTBe BapbHpyeMbIX IIapaMeTpPOB  B3STHl MpPEN SKCIOHEHLHAIbHBIE

MHOKUTENH ko,k K, kcr 6 kcr +3- UnenTUIMpoBan paa KOHCTPYKTHBHBIX M TEIIOPHU3UYECKUX

mapaMeTpoB, TAaKUX KaK KOHCTAHTa TEIUIONEpeaadyd B OKPYKAIOIIYI0 Cpely, aacopOnnOHHas
€MKOCTh KaTalu3aTopa 110 00O0OLIEHHOMY YIJIEBOMOPOAY. PelleHne 3amaud MHHAMH3AIUH
(GYHKIMHA HEBSI3KH BBIMOJHEHO ¢ MCMojb3oBaHueM mporeaypsl Isqnonlin(fun,x0) umerorieiicst B
MNPOrpaMMHOM  TTAKETE MATLAB. B Tabnuine mnpuBeneHbl 3HAYCHUS HAWJACHHBIX
(MAeHTHDUIUPYIOINX) TMapaMeTPOB M HOMHHAIbHBIE 3HAYEHUS PEXHMMHBIX [apaMeTpOB,
UCIIOJIb30BAHHBIX B PEIICHHUH 33Ul HACHTH(PHUKAIHH.

JluHaMu4yecKie CBOMCTBAa pa3pabOTaHHON MOJENM HM3YYCHBI C  HCIOJb30BaHUEM
BBIYMCIIMTENILHOTO DKCIepuMenTa. Ha pucyHKe 2 MOKa3aHbl MMITYJIbCHBIE XapaKTEPHCTHKH

C(l) C(Z) T C(l) C(O)

cr+3? ~cr+3
pErcHEpaATOP». PeaKHI/IH CUCTEMBbI Ha YKa3aHHOC BOSJIGﬁCTBI/IG XOopomo coriacyerca co
CBCACHUSAMU O XaApaKTECPC IMCPCXOJHBIX PCKHUMOB, HaﬁJ’IIO,Z[aIOIJ_[I/IMI/ICH B MPAKTUKC YIPABJICHUS
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npomeinieHHoM PPC. Tak, momydeHo, 4To mocie MMITYJIbCa YBEIMYEHHUs I10JAaYd METaHa B
pEreHepaTop  CIEAYIOT: CHIKCHME KOHLEHTpaluus OCTAaTOYHOIO KOKCa Ha KaTalu3arope,
BO3HMKHOBEHHE TMKa Ha rpaduKe TEMIeparypbl B pPEaKTOpe, CHIKCHHE KOHLEHTpAIUU
HIECTUBAJICHTHOT'O XpOMa Ha BbIXo/e cTakaHa. [lapamiensHo ¢ Oosee riryOokoi perenepauueit
KaTajau3aTopa MMEET MECTO U 3aMETHBII POCT CKOPOCTH 00pa30BaHUsI HIECTUBATIEHTHOTO XpOMa.

1_3 _ 2.4
Ci2) 29 Ci@)
127 — —T1 ——T1
i1 2 Ci1)
LI Y e e Cer+3(1) T Cer+3(2)
''''' — - — -Ccr+3(0) : — ~— Cer+3(0)

1.6
14

049 S
T 1.2
08
1
-l 08 \‘ _____ e
06} y
04 . ) . ,
0.5 \ . . I
0 1 2 3 4 0 ] 5 : )

Puc. 3. Uunynvcusie xapakmepucmuxu no
KAHANAM «CKOPOCIb YUPKYIAYUU Kamanu-

s3amopay - Cc(l) ,Céz),Tl,C(l) c©

cr+3? ~cr+3

Puc. 2. Hmnynvcuvle xapakmepucmuxu no
Kananam «pacxoo moniuea npu nooaue 6

pezenepamopy - C,C? T,cY. cO,

Ha pucynke 3 nokasaHbl peakllud CUCTEMbl Ha UMITYJIbCHOE BO3JECHCTBUE HAa CKOPOCTb
LUPKYJIALMU KaTajau3aropa B cucreMme. M3 3Toro rpaduka MOXKHO chelaTh BBIBOJ, 4YTO
YBEJIMYEHUE CKOPOCTU LUPKYJISALUU KaTajau3aTopa MPUBOAMUT 3HAYUTENIBHO OONBIIEMY pPOCTY
CKOpOCTH 00pa30BaHUS KOKCa, HEXENU YBEIUYEHUE TeMIlepaTypbl CUCTEMBI MIPHU YBEIUYEHUU
nojayv TOIUIMBa B TeHeparop. AHalu3 KpPUBBIX IIOKAa3bIBA€T JOCTAaTOYHYIO CTENEHb
a/IeKBaTHOCTH pa3pab0OTaHHOW MOJENH.

Tabnuua 1
3nauenus pescumMHuIX U UOSHMUPUYUPYIOWUX NAPAMEMPOS.

Ha3zBanue Enunune! usmepe-
3HaueHue mapamMeTpoB
nmapameTpoB HUS TTapaMeTPOB
EO 167 xl[oic/monn
E1 70 K/[orc/monn
E2 50 K/[orc/monn
fczﬂp 50 m/uac
frion 1.7 m/uac
f{m 112 m/uac

Mamemamuueckoe mooenuposanue 0Jisl YRpasieHusi Menio8bLMU PeHCUMAMU PEAKYUOHHO-
Pe2eHepayuoHHOLl CUCMeMbl, OCyuWecmeansowel 0ecuopuposarue uzobymana
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XULASO
IZOBUTANIN DEHIDROGENLOSMOSI PROSESINI HOYATA KECIRON REAKTOR-
REQENERATOR SISTEMININ ISTILIK REJIMLORININ IDARO EDILMOSi UCUN RiYAZI
MODELIN iSLONMOSI
Quliyeva N.O.

Agar sozlar: reaktor-regenerator sistemi, izobutamin dehidrogenlosmoasi, riyazi modellosdirma,
geyri-stasionar rejim, dinamik xarakteristika.
Mogqals baxilan prosesin istilik rejiminin modellogdirilmasine hasr olunmusdur. Bunun {igiin
riyazi modellor qurulmus, kompiiter hesablama eksperimenti osasinda reaktor-regenerator sisteminin
istilik rejimlorini oks etdiron kegid xarakteristikalari alds olunmusdur.

SUMMARY
MATHEMATICAL MODELING FOR CONTROLLING THERMAL REGIMES OF THE
REACTION-REGENERATIVE SYSTEM CONDUCTING THE DEODRIZATION OF THE
ISOBUTANE
Guliyeva N.A.

Key words: reaction-regeneration system, the dehydrogenation of isobutane, mathematical
modeling, non-stationary mode, dynamic characteristic
The article is devoted to the modeling of thermal regimes of the reaction-regeneration system,
which carries out the process of isobutane dehydrogenation. The result of mathematical modeling and
parametric identification on the basis of which the dynamic characteristics are investigated is presented.
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UCCJEIOBAHUE MPOLIECCA NMOJYUYEHUSA
TPAHYJMPOBAHHOI'O CYHEP®OC®PATA, COJAEPKAIIETO B
COCTABE MUKPODJIEMEHT BAHAJIUI U UCITIOJIb3OBAHHUE EI'O
B CEJBCKOM XO3SMNUCTBE

'PYCTAMOB SIBY3 UCMAMBLI oray
’I'YPBAHOB MYPAJI IIIABAH oraty

Hucmumym nonumepnvix mamepuanos HAHA, 1-unen. xopp. HAHA, npogpeccop, 2-6.1.c.
yavuz.rustamov@mail.ru

Knwouesvie cnoea. cpanynuposannviii cynepgocgam, ucnonb306anubill 6aHAOUYM, COOEPAHCAUUL
Kamanuzamop, HoCUmenu, OKUCIeHue, HUMpam Kauus, MUKpOIIeMeHmbL.

bvino  uccrneoosano nonyuenue epanynuposannozo cynepgocghama, umeroujeco 6 cocmase
Mmukposnemenm — ganaouu. C 2moil yenvro 6bLiu UCNONIb308AHbL OMX00bl BAHAOUEBO20 KAMANUZAMOPA,
yHOmpeOaaowe20cs 8 Npou3so0cmee cepHoll kuciomol. B amux omxooax oxucey xamus (K;0) u oxucw
anomunust (Al,O3) kax Hocumenu umerom ocoboe 3uauenue. bvino noxasano, umo OobasneHue K
nopowkooopazHomy cynepgochamy BaHaoUuticooep’Hcayux omxo008, a MAKdxice UX epaHyIupo8aHue
nOGLIULACTI YPOHCAUHOCHb NOCEGHBIX NOJIEU.

[lonyyenne  rpanynupoBaHHOTO  cymepdocdara,  comepkamero B COCTaBe
MUKPO3JIEMEHTBI, UMEET OCOOYI0 MPAKTHUYECKYI0 3HAUMMOCThb. B 3TO# cTarbe ObLIM H3y4YEHBI
3aKOHOMEPHOCTH MOJY4YEHMs] TpaHyJIUpPOBaHHOrO cynepdocdara, COIEPHKALIETO B COCTaBE
MUKPOSJIEMEHT BaHAJWM, W HCIOJb30BAaHHUE €ro B CEIbCKOM Xo03sicTBe. C ATON 1LEIb0 OBLI
UCIIOJIb30BaH KOMIIOHEHT, B COCTaBe KOTOpOoro mmeercs okuch BaHamus (V20s), KOTOPBIH ObLT
yInoTpebieH KaKk KaTalau3aTop MpHU MPOU3BOACTBE CEPHOM KUCIOTHI. DTOT KaTaau3aToOp COCTOUT
n3 IByX cioeB. IlepBbIi O HUrpaer pojib HOCUTENS, MOBEPXHOCTHBIM CJIOW — OKHCIHMTEINS
(V205). Croit Hocurens oopaszyercs uz AlOs u KyO. Jlo6asnennsiii B cynepdocdar 2-3%-
HBI OTpaOOTAaHHBIN KaTalu3aTop, MMEIOIIMKA B COCTaBE BaHAAMM, OAHOBPEMEHHO peIlaeT
HECKOJIbKO 3a7ad. OCHOBHOM M3 3aj1ay SBISETCS MOBBIMIEHUE 3(P(EKTUBHOCTH T'PaHyIUPO-
BaHHOTo cymnepdocdara B CEIbCKOM XO3SHUCTBE MU, OJHOBPEMEHHO, HCIOJIb30BAaHHE OTXOJIOB,
00pa3yIoIMXCcsl MPH MPOU3BOACTBE cepHOl kucioThl [1]. IIpu mcmonb30BaHUM 3TOr0 OTXOAA,
uMmeronuiicss B ero cocraBe V,0s, CIOCOOCTBYET OKHCICHHIO aTMOC(HEpPHOr0 a30Ta, KOTOPBIH
o0oromaer MOCEBHYIO 3eMJII0 a30THBIM ynoOpenuem. C 3Toi nenbsio akagemuk T.M.Harues
BIIEPBBIE B CBOMX Hay4YHBIX pabOTax MPOBOAMII OKHCIEHHE aTMOC(HEPHOIO a30Ta ¢ MOMOILBIO
nepekucu Bopopoaa (H202) [2, 3]. Pacumpenne HaydHbIX pabOT 1O OKUCICHUIO aTMOC(EPHOrO
a30Ta, NPOBOASIIMECS KaTaJM3aTOPHBIMH  OTXOAAMM, SIBJISIFOTCS  TE€XHOJOTMYECKH U
IKOHOMHYECKH BBIFOJHbIMH. OKHCIeHHe aTMochepHoro azora orxogoM karamuzaropa (V20s),
OINMCHIBAEMOE B JIaHHOM paboTe, TakkKe SBISETCS TEXHOJOTUYECKH U 3KOJOTUYECKH BHITOJHBIM.
[Tpu sToM BaHamuil urpaer poiib CIEHU(PHUECKOro KaTalu3aropa B Ipoliecce OHopuKcanuu
MOJIEKYJIIpHOTO a3zota [4, 5]. A3oTHas KwHCIIOTa, OOpa3ylomascs Mpyh OKHUCIECHWU a30Ta,
HelTpanuzyercs okuchio kanmusa (Ko0), comeprkarieiicss B cocTaBe BaHAJAMMHOTO KaTalu3aTopa,
oOecrieunBaeT oOoOraiieHue 3eMJIM IMOCEBHOIO MOJsl KOMIUIEKCHBIM yI0OpeHueM, TO €CTb,
srieMeHTaMu Kanusg MU azota. C jApyroil CTOpPOHBI, J0OaBlIEHHBIE K IOPOIIKOOOpPa3HOMY
cynepdochary mo rpanyaupoanus Al,O3 u KO obecrieunBaroT JAIUTEIBHOCTh COXpPaHEHUS
rpaHyiaupoBaHHoro cynepgocdara B 3emiue [6,7]. B Tabmume 1 mnpuBeneHo BIUsHHE
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WCIIOJIb30BAHHOTO BAHAJIWYMHOIO KaTajy3aTopa Ha IPOLECC TPAHYJUMPOBAHUS M KadeCTBO
cynepdocdara.
Tabnuuya 1.
Xapaxmepucmuueckue nokazamenu cynepgocghama ¢ ompabomanHublmM Kamaiuzamopom,
cooepaicauum 8anaoutl, u be3 Hezo.

oKasaTem I'panynupoBannslii cynepdocdar
be3 BaHaguyma C BaHaAMyMOM
P,0s pacuerHslii coctaB cynepdocdara, % 19.8 19.7
Komunuectso H,0, % 4 3.5
Brixon ToBapHBIX rpaHyda, % 63 76
MexaHundeckasl MpoYHOCTh rpanyst, Mlla 1.0 1.8

Kak BugHOo w3 T1abmumer 1, BemiecTBa, J00aBiIsieMble K IOPOIIKOOOPa3HOMY
cynepdocdary B Tpolecce €ro TpaHyIMPOBAHUS, IMOBBHIIMIAIOT BBIXOJ IIEIEBOTO MPOJYKTA.
[ToaToMy M3ydeHHE KHHETHYECKMX 3aKOHOMEPHOCTEW Mpollecca U MaTeMaTHYeCKOe OMUCAHHE
B3aUMOCBSI3M MEX]y TapaMeTPaMHU MOJOKUTEIbHBI C TEXHOJIOTHYECKON TOUKH 3PCHHS.

Huxeykazannsle auddepeHnnaibHble ypaBHEHUS OTPAKalOT PABEHCTBO IO BBIXOAY
IEJIEBOTO TIPOJIYKTA.

- L ke, (1)
dt
dc,
T4 _Kde @)
3

Ipu msmenennn Cy — Cy < Cp<Cy, u 0<1<T14
Wuterpupys ¢popmyiy (2), moryduan

lnCA — lnCAO = —KTl (3)
C
In-% = —Kt, (4)
Ca,
C
2 = exp(—Kt,) (5)
Ca,
Cqp= Cy,- exp(—Kt,) (6)

rae, K — kuHetndyeckuii koapuiuent, 1/S; T — Bpems, npeHedperas MHIYKIMOHHBIN MepHo,
rpanynupoBanus, S; Ca — BBIXOJ IpaHyIMpoBaHHOW (pakumu, Kr/ Kr; Ca, — KOHLEHTpanus
nopomrkoodpasHoro cynepdocdara, comepxaiiero B cocTaBe BaHagui. Kunetmyeckuit
K03 PUILIMEHT B cocTaBe ypaBHEHU (6) SIKCIIEPUMEHTAIBHO ONpEEIIeH U MoKa3aH B Tabuuie 2.

Taonuua 2.
3unauenusn koagppuyuenma K.
3HavyeHus: KHHeTHYecKoro koaddunmenta K, 1/cex npu rpanyIMpoBaHUH
cynepdocdarHoii cMecH
C no6aBkoit 0TpabOTaHHOTO BaHAINEBOTO be3 no6aBku 0TpabOTaHHOTO BaHAIUEBOTO
KaTajau3aTopa KaTaJM3aTopa
0.030 0.0260

Kak BugHO m3 Tabmuubl 2, 3HAYeHHWs] KHUHETHYECKOTO Koddduimenta ¢ mg00aBKOM
BaHAJMEBOrO0 KaTanu3zaropa W 0€3 Hero O4YeHb Mallo paznuyaroTcs. [ paHyIupoOBaHHBIN
cynepdocdart, umeromuii B coctaBa 0TpaOOTaHHBIM BaHAUEBBIN KaTaM3aTop, ObLT MPOBEPEH B
CEIIbCKOM XO35MCTBE.
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[TpoBepka nabopaTOpHOI MApTHH B CEIBCKOM XO3SICTBE MOKa3aya, 4To 3TO ynoOpeHue
MOBBIIIAET YPOXKAUHOCTh TOJIA 3aceBa Ha 15-18%. D10 cBsA3aHO ¢ TeM, YTO MMeEKOIIAsCT B
cocraBe ynoOpenusi okuch BaHamaus (V20s), okucisas atMOC(epHBI a30T, YCKOPSET IMojaady
JJIeMEHTa a30Ta B Iosie 3aceBa. B Tabmuue 3 mnpuBeneHbl JaHHbBIE [0 NPUMEHEHUIO
rpaHyiaupoBaHHoOro cynepdocdara ¢ nodasieHubiM V70s, B CEIBCKOM XO03sIHCTBE.

Taobauya 3.
Pesynomamul pacuema koiuuecmsa epanyiuposanno2o cynepgochama, cooeprcaueco 8aHaOUesbll
Kamanuzamop, 63smo20 O UCRbIMAHUSL 8 CelbCKOM Xossuicmee Ha 1 com nojis 3acesa.

VY 1o06peHus rpaHyIUpOBAHHBIN ITosne 3aceBa, cOT KonuuectBo ITpubaBka ropoxa,
cynepdocdar ¢ HU3KUM (100m?) HCIIOIB30BaHHOTO KI/coT
coctaBoM V5,05 ynoOpeHusi, Kr/coT
0.13% V,0s 1.0 5 22
0.25% V,0s 1.0 5 25
bez V,05 1.0 5 15

N3 Ttabmumpbl 3 BUIHO, 9YTO HCIOJNB30BAaHHE TPaHYJIUPOBAHHOTO cyrepdocdara,
COJIepKAIIEro B COCTaBe BaHAJAMUH, CIIOCOOCTBYET YBEIMUYEHHUIO ypokalfHOCTH ropoxa Ha 7-10
KI/COT.

Taxum 06pa3oM, IPOU3BOJCTBO BaHAIUEBOrO Y100pEHMs B IPOMBILIUIEHHOM MaciTabe u
IPUMEHEHHUE €ro B CEIbCKOM XO03iHCTBE SIBJISIETCSI OJHUM U3 BA)KHBIX BOIIPOCOB. B KOHIIE MbI
MOKEM OTMETUTb, UYTO BBIIICYKAa3aHHBIE HCIBITAHUS NPOBOAWINCHL B ceine lBaHOBKa
HemannnuHckoro paiioHa v B HCTUTYTE TOYBOBEACHUST MUHUCTEPCTBA CEIBCKOIO XO35MCTBA.
[TosrydeHbl akThl 110 IPOBEACHUIO UCIIBITAHUM.
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XULASO
TORKIBINDO VANADIUM MiKROELEMENTI OLAN DONOVOR SUPERFOSFATIN
ALINMASI PROSESININ TODQIiQI VO KOND TOSORRUFATINDA iSTIFADOSI
Riistamov Y.1., Qurbanov M.S.

Acar sozlor: donavor superfosfat, vanadium torkibli islonmis katalizator, mikroelement, dasiyici,
kalium nitrat, oksidlasdirici

Laboratoriya soraitindo torkibinde vanadium olan donaver superfosfatin alinmast prosesi

Oyronilmisdir. Bunun ti¢lin sulfat tursusunun istehsali qurgusunda isladilon vanadium katalizatorunun

tullantisindan istifado olunmugdur. Homin tullantinin torkibindo dasiyici kimi olan K,O va Al,O;

oksidlori miisbot rol oynayir. Gostormak lazimdir ki, homin tullantinin tozvari superfosfata slave edilorok

donovarlosdirilmoesi kond tosorriifatinda okin saholorinin mehsuldarliginin yiiksalmasinde miisbat rol
oynayir.

SUMMARY
INVESTIGATION OF PREPARATION PROCESS OF GRANULATED SUPERPHOSPHATE
CONTAINING MICROELEMENT OF VANADIUM AND ITS USE IN AGRICULTURE
Rustamov Y.l., Gurbanov M.Sh.

Key words: granulated superphosphate, used vanadium-containing catalyst, bearers, oxidation,
potassium nitrate, microelements
The preparation process of the granulated superphosphate containing microelement — vanadium has
been investigated. With this aim there have been used the wastes of the vanadium catalyst used in the
production of supluric acid. In these wastes the potassium oxide (K,O) and aluminum oxide (Al,O) have
special value as bearers. It has been shown that an addition of the vanadium-containing wastes to
powdery superphosphate and also their granulation increase the productivity of sown areas.

Daxilolma tarixi: [Ikin variant 21.02.2018
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KICIK XOTTI YERDOYISMOLOR VERICISININ NOZORi TODQIQI

1SOTTAROV VAQIF QAFAR oglu
1O9HMODOVA TAMELLA OHMOD qiz1
1DADASOVA RONA BOHRAM qiz1
2QULIYEVA AIDO iSMAYIL quz1
Sumqayit Doviat Universiteti, 1-dosent, 2- bas miiallim
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Acgar sézlar: verici, miigavimat, magqnit seli, gorginlik, xatti yerdayismo, tadgiqat

Elmi-texniki toraqqinin genis viisat aldig1 soraitda texnoloji proseslorin avtomatlagdirilmis
idaroetmo sistemlorinin (TPAIS) etibarli vo dogiq islomoasi vacib mosalalordendir. Bunun {iciin
TPAIS-in torkibino daxil olan ayri-ayr1 blok va elementlor miikommol konstruksiyaya, stabil is
rejimina vo yiiksok doqiqliys malik olmalidir.

TPAIS-in molumat dlgmo sistemlorinin ilk elementlori vericilordir [1]. Induktiv tipli
elektromaqnit vericilor 6lgmo obyektindon alinan qeyri-elektrik komiyyatlorini elektrik
komiyystino ¢evirmoys imkan verir. Dorinlik nasoslu neft quyularmin teledinamometrlomo
sistemlori {liglin mancanaq dozgahinin balansirinin donmo bucagint vo nasosun cilalanmig
cubuguna diison qiivvalari 6lgon birdlgiilii vericilordon istifads edilir [2]. Gostorilon vericilorin
konstruksiyasinin tokmillogdirilmasi vo metroloji xarakteristikalarinin yaxsilasdirilmasina imkan
veran ¢ix1$ e.h.q.- sinin alinmas1 moagsadilo onlarin nozari tadqiqati aparilmalidir.

Qeyri-elektrik komiyyatlari 6lgan vericilorin ¢ixis parametrlorinin doyismasinin xarakteri
osason onlarin konstruktiv qurulusundan vo prinsipial elektrik sxemlorindon asilidir. Bu
masalonin halli imumi sokilda ¢otin olduguna goro hor bir konkret verici ii¢iin ayriliqda nozori
tadqiqat apariimalidr.

Amplitud ¢ixish birdlgiili kigik xatti yerdayigsmalar vericisinin nazari tadqiqatina baxaq [3].

Vericinin govdasinin daxili divari ilo haraketli niivenin en kasiyi arasindaki hava mosafasi
o -nin qiymati doyisondir. Hor bir sargacda tosirlonma dolagi vo 6lcii dolagi yerlosdirilmisdir.
Dolaglar bir-birlari ils diferensial sxem tizra birlogdirilir.

Neft quyusunda nasosun cilalanmis c¢ubugunun [2] tosiri altinda horokstli niivonin
yerdoyismosi zamani 6l¢ii dolaginin bir yarisinda e.h.q.-si artir, o biri yarisinda is9 azalir, imumi
dovrads homin e.h.q.-nin forqinden ibarat olan naticovi ¢ixis e.h.q.-si alinir.

Kigik xotti yerdoyigsmoalor vericisinin ¢ixiginda alinan e.h.q.-nin analitik ifadesini almaq
mogsadi ilo onun maqnit dovrasine (sokil 1) va ekvivalent ovoz sxemina (sokil 2) baxmagq
lazimdir. Maqnit dovrasindo vo ekvivalent ovoz sxemindo asagidaki isaralor gostorilmisdir.

| -W, — tosirlonms dolagmin magqnit harokot qiivvasinin (m.h.q.) manbayidir, R 5 1Rs, - uyBun
hava masafolorinin maqnit miigavimatloridir.

Z/,Z, -vericisinin maqnit dévrasinin |],l, uzunluglarina uygun galon vericinin sol va sag
polad hissalorinin magnit miigavimatlori, Z;,Z, -horokotli maqnit kegiricisinin |, uzunluguna
uygun golon maqnit miiqavimatlori, Z;, Z! - maqnit dovrasinin |, uzunluguna uygun golon
vericinin sol vo sag yarisinin polad hissslorinin maqnit miigavimetlori, Z -maqnit dovrasinin
. ,I; uzunluglarina uygun golon polad hissalorinin com (yekun) maqnit miiqavimatidir.

Vericinin nazari hesabatini sadslogdirmak ti¢iin maqnit dovrasinin sapslonma maqnit selini,
niivadaki giic, histerezis vo dovrii corayan itkilorini nazoro almiriq. Hesabat zamani yiik
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miigavimatinin qiymatini sonsuz boyiik nozords tuturuq. (Qobuledici quruluslarin giris

miiqavimatlori vericilorin vo rabito xotlorinin daxili miiqavimetlorindon ¢ox bdyiik giymoto
malikdir.)
Vericinin ¢ixisindaki naticovi e.h.q.-si asagidaki ifadodon tapilir:

Ezz_ja)wz((bl_(bz) (1)

Burada w -bssloyici corayanin dairavi tezliyi, W, -ikinci dolagin sargilarinin say1, @,,®,
-vericinin ikinci dolaglarini kason maqnit selloridir. Ekvivalent ovoz sxeminds uygun olaraq, 1-2
va 3-4 ndqtalori arasindaki maqnit gorginliklorini U, vo U, isarsloysk. Vericinin har yarisi
eyni konstruksiyaya malik olduguna goro Z/=27,, Z,=2,=2,,2,=2;=2, sortlori
Odonilir:

Sakil 1-don gériindilyii kimi, Z miigavimatdon kegon maqnit seli U, vo U, magnit
gorginliklorinin forqindon asilidir.
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Sakil 1. Kigik xatti yerdayismalor vericisinin konstruksiyasinin magnit dévrasi

>
~

Qeyd etmok lazimdir ki, Z miiqavimotinin qiymati vericinin hor yarisinin magqnit
ddvrasinin tam miigavimati Z miiqavimatinden ¢ox kigikdir. Buna goéra U, U, magnit

gorginliklorinin qiymotlori ddvronin digor hissolorinin maqnit gorginliklorindon miiqayiso
edilocok daracads kigik qiymoato malik olacaqdir. Beloliklo, 1-3 ndqtalori arasindaki magnit selini
nazars almamagq olar.

Yuxaridakilara osason ekvivalent ovoz sxeminin I vo II konturlarma ayri-ayri1 sorbost

dovralar kimi baxmagq olar. Beloliklo, @, vo ¢, maqnit sellori agsagidaki ifadslordon tapila bilor:

W
1= : ) (2)
Rsi +2Z,+2Z,
W
2 = : . 3)
Ry, +2Z,+Z;

Burada Z, =2/+Z2,, Z, =72, +Z;, 1 - tosirlonmo coroyan1, W, — tosirlonma dolagimnin
sargilar sayidir.
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Sakil 2. Kicik xatti yerdayigmalor vericisinin magnit dovrasinin ekvivalent avaz sxemi

Hava masafslori hissalorinin magnit miiqavimatlorinin qiymatlori asagidaki ifadolordon tapilir.
R; = % ; 52 = % (4)
oS5

HoS 5
Burada d; vo &,- hava masafosinin hissslari, 4, -havanin maqnit niifuzlulugu, S -hava

masafasinin aktiv sahosidir.
Polad hissalorinin maqnit miigavimotlorinin qiymatlori agagidaki kimi tayin edilir:

|
21+23: 1 + |3 — 1 .(|1§+|3j, (5)
HpSy HoSs oSy S,
Z,+2Z5= - * . - - '[|2i+|3J .
HoS,  HSs  HiGS;s S,

Burada I, =1/ +1,, I, =1, +1,, x—poladin nisbi maqnit niifuzlulugu, S,,S, -harakatsiz maqnit
kegiricisinin uygun olaraq sag va sol hissalorinin en kasiklorinin sahalori, S, —harokatli maqnit
kegiricisinin aktiv en kasiyinin sahosi, |; vo |, - vericisinin uygun olaraq, sag va sol yarisinin
magqnit dovralerinin orta uzunluqlari, |, -magnit dovrasinin uzunlugunun bir hissasidir.

Gostarilon verici tiglin ddenilon: S; =S,,S; =S, =S, I, =1, sortlorini nozors almagla (4)
va (5) ifadalorini (2) va (3)-do yerino yazdiqgda @, vo @, magqnit sellori asagidaki ifadslordon
tapilir:

b, = IW, ! (6)
5 1 ( S j
+— |, —+1;
HoS  HftoS S,
@2 — IWl . (7)

S, 1 ( S j
+ I, —+,
HoS  HpS S,
(6) vo (7) ifadslorini (1)-do yerino yazmagla ¢evrilmolordon sonra vericinin ¢ixisindaki
e.h.q. liglin alinir:
1 1

S 1 S
wptgS(oyp+ 1~ +13) (Souu+1y—+13)
S, oS S,

E, =—joW,W,I

Vo ya
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Kigik xatti yerdayismoalor vericisinin nazari tadqiqi

; ] (6, =8, )u
E ——ioWW, IS 1 . 8
2 = A Mo s 1+ @) (5,00 + ) ®

Burada a = Ili+ I
Sy
Tasirlonmo caroyani | agagidaki kimi toyin edilir:

U
[ = : 9)
2R+ jo(L, +L,)

Burada 2R- vericinin tosirlonmo dolagimin aktiv miigavimeti, L, vo L, - vericinin uygun
olaraq sol va sag konturlarinin induktivliklori agagidaki kimi tapilir:

I | I L (10)
Ro\l +Z,+2Z, Rso +Z,+2Z,

Hava hissolorinin R ,R; maqnit miiqavimatlori polad hissonin Z,,Z, vo Z, magnit

miigavimatlorini (10) - da yerins yazdiqda induktivliklor {i¢iin alinir.
w? . W . (11)
5, 1 S S . 1
S + —3 I s +1, 110S S
Ho Ay 1 0 ﬂﬂos(ll"'lsj

1

L, =

Almmis L, vo L, induktivliklorini vo (11) ifadasini nazars aldiqda bir sira ¢evirmalordon
sonra tasirlonma caorayant toyin edilir:

L (12)
2R+ jolu

Burada L =W2uuS Sopt + 22 , Oy =0, +35,.
T G a e ura)
Gostorilon (12) ifadesini (8)-do yerino yazmagla ¢ixis e.h.q. -si ligiin alinir:
. o, — O, )l 2R — jowlL
E2=—ja)%u( 2 — O HL, d 16c>2,,2
W, Sou+2a  4AR? + @’
Cixis e.h.q.-nin modulu asagidaki diisturdan toyin edilir:

. L
E2 _ wvﬁu (52 51 )/ll y7] (13)

W, (S,u+2a)J4R? + w?L2,
Beloliklo, alinmis (13) ifadosi TPAIS sonayenin miixtalif sahalorindos totbiq oluna bilon
kicik xotti yerdoyismolor vericisinin ¢ixis e.h.q.-nin biitiin konstruktiv, maqnit vo elektrik
komiyyatlorindon asililigini toyin etmoyo imkan verir.
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As a result of theoretical researches, an analytical expression of electrical conductor of the
transmitter has been obtained, which allows the transformation of small linear displacements into
electrical signals.
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Beenenne. DpdhekTuBHOMY MPUMEHEHHIO aCHHXPOHHBIX JaBHrarenei AJl uist mpuBoaoB
pa3IMYHBIX MEXaHW3MOB IPEIATCTBYET OTHOCUTENIBHO BBICOKAs IIOBPEXKIAEMOCTb, KOTOpas
COCTaBJISIET MpUMEpPHO 25% 0011Iero yncia ycTaHOBJICHHBIX aBurareneil. [loaTtomy HaxoxaeHue
B paHHEH CTaJuM HEUCIPABHOCTEH M BOCCTaHOBIIEHHE paboTocnocoOHocTH AJl mmeer BaxkHOE
3HauEHUE JIJIs TIOBBIIIEHNUS SKOHOMUYHOCTH IIPOU3BOICTBA.

OcHOBHasi TPYyZHOCTb B PEIICHUM OTOW 3aJayd 3aKJIIOYaeTCss B TOM, YTO IIOKa
HEJ0CTAaTOYHO MCCJIEI0BaHbl OT/AENbHbIE HeucnpaBHOCTH AJl Ha mnpeaMeT MOoIydeHUs
JarHoctupymomeil uHGopMauu U He onpeesieHbl CielranbHble HH(POPMATUBHBIE TapaMeTPHl,
XapaKTepU3YIOIINEe N3MEHEHNE BEIMYMH U XapaKTEPUCTUK FIEKTPOMArHUTHOTO, BHOPALIMOHHOTO
U aKyCTHYECKHUX HIPOLIECCOB MX (DYHKIMOHUPOBAHMSA NMPH BO3HUKHOBEHHM COOTBETCTBYIOIIMX
HeucnpaBHocTel. [Ipu 3TOM BaXXHO Y4YMTHIBAaTh, YTO B OTJIMYHME OT pAJa APYTUX TEXHUUECKUX
ycTpoicTB B AJ] Mexay IVIaBHBIMH (YHKUIMOHAIbHBIMM Yy3JlaMHM, Kak OOMOTKa cTaropa,
CepJIeYHUK, BO3AYIIHBII 3a30p, POTOP, MOJIIUITHUKOBBIE Y3JIbl, CYILIECTBYET B3aUMO3aBUCUMOCTh
MEXy TEXHUYECKMMH COCTOSIHUSMHU ITHX Y3JIOB.

Jlns pemieHnn JaHHOM 3afaud HEOOXOJUMO ONPENENIUTh MapaMmeTpbl JUArHOCTUYECKOTO
KOHTPOJISI HEMCIIPAaBHOCTEH U MPENokKHUTh HOBble 3()(EeKTHBHBIE CIIOCOOBI HKCIPECC OLIEHKU
TEXHUUYECKOTO cOocTOSSHUS AJl HemocpeICcTBEHHO B Mpolecce padoThl U MPU ITOM IMPUMEHUTh
METO/Ibl OOIIETEXHUYESCKOM TuarHocTuky [ 1,2].

B nacrosmieil crarbe paccMaTpuBaeTcs BO3MOKHOCTh MIPUMEHEHUSI JIOTUYECKOT0 METOoJ1a
JUI TIONyYeHUs TUAarHOCTUpYoIed HH(OpPMalMK C LEeNbI0 JKCIPECC-OLEHKH TEeXHUYECKOTo
coctosiHus A/l B ycroBusix pabOTHI.

ITocranoBka 3amaum. Ilpaktuka skcrmyaranuu AJ[ mokaselBaeT, 4TO Ha HadaJbHBIX
JTamax BO3HUKHOBEHHMS HEUCHPABHOCTEH TIJIaBHbIE DSHEPreTUYECKHE I10Ka3aTead MOTYT
0CTaBaThCA B 33JAHHBIX 3HAUYEHUSX, HO PE3KO MEHSIOTCS IIPU SBHO BBIPAKEHHBIX IOBPEXKICHUAX
[1,2]. MHOX€eCTBO HEHCIIPAaBHOCTEN U 00YCIIOBIEHHOE MU MHOKECTBO TEXHHUUECKUX COCTOSIHUM
B MallliHE MOXXET OBbITh OMKMCAHO C MOMOIIBI0 Habopa COOTBETCTBYIOUIMX JAWArHOCTUYECKUX
napamerpoB. Pacrionaras Takum HabOpOM AMArHOCTMYECKUX MapaMeTpoB, YI0OHO MOCTPOUTH
MaTEMaTHYECKYI0 MOJIETIb TEXHUYECKOIO COCTOSIHUS MAIIMHbI, UMEIOIINN JOTHYECKUI XapakTep,
HafpuMep, B BUE OyJCBOH MaTPHIIBI, MO3BOJIIONICH MOCTPOMTh MHUHHMMAbHBIC TecThl [1].
Peanu3yst Takue JAMAarHOCTUYECKHE TECTBI  MOXKHO  ONPENEIMTh  COOTBETCTBYIOINE
HencnpaBHocTd A/l. IloaToMy miis penieHuss MOCTaBICHHOM 3aJadyM Ba)KHOE 3HAYEHUE UMEET
omnpeneneHue  MHGOPMATHBHBIX  MApaMETPOB,  XapaKTEPU3YIOIIUX  COOTBETCTBYIOILUE
HEUCHPAaBHOCTH TMarHOCTUYECKHUX B3aUMOCBS3aHHBIX Y3JI0B.

IKCNepUMEHTAJbHbIE Hccae10BaHusl. /I IpeIBapUTEIBHOTO ONIPEAETIEHHS TUAarHOCTH -
YECKUX MapaMeTpoB M TMOCHEAYIOUIeH HUX HKCHEepPUMEHTaIbHOW MPOBEPKH CUHUTAETCS

80


mailto:sdu.elmixeberler@mail.ru

Axmeoos JI.A., Axmedos A./]., Ucramos U.3.

1[EJIECO00PA3HBIM TMOCTPOUTH JIOTUYECKYIO AMarHoctuueckyro mozenb [[AM], Al ¢ yderom
B3aMMOCBsI3EH MEXy ee QYHKIHOHATBHBIMU y3iamu [2]. [{ns mpumepa Ha puc.l mpeniaraercs
obobmennas JIM, AJl, mocTpoeHHOe IS ciy4as, KOrja B OOMOTKE CTaropa BO3HHKAIOT
JNEKTPUUYECKUE TOBPEXKICHUS, MEKBUTKOBbIE WIH MeX(a3Hble 3aMblkaHus. [lnarnoctuueckue
BO3JICUCTBUS TIOBPEKECHHOIO y3J1a HAa JAPYrue y3Jbl MOKa3aHbl CTpeskamu. (I HarIsiiHOCTH
JTUArHOCTHYECKHE Bo3/AeicTBUS OT TOKOB B K3 KoHType, KOTOphIi oOpa3yercs B OOMOTKE
cTaTopa Mpu MEKBUTKOBBIX M MEXK(a3HBIX 3aMBIKAHUSX, [IOKA3aHbI TYHKTUPHBIMH CTPEITKAMHU.

Buewnee
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Koumponupyemvie ouaenocmuueckue napamempbol

Puc. 1. [Ipumep 0b60bwenrnou ouacnocmuyeckou mooenu AJJ.

M3 BBIIEU3NIOKEHHOTO cleayeT, 4YTo npu anekrpuueckux K3, a oOMoTke craropa
(HeuCIpaBHOCTH y371a Y1) YCJIOBHBIC HEMCIIPABHOCTH MOTYT BO3HUKATh B APYTHX y3JaX, 4TO Ha
Mozenau puc.]l TMOKa3aHbl CTpelKamMH, HaNpaBIE€HHBIMH OT IIOBPEXIEHHOTO Yy3Ja K
COOTBETCTBYIOIUM Yy37aM. [l MpoBepKH MpeIBAapUTEIbHBIX JUATHOCTHUECKUX MapaMeTpoB U
ONpeCNeHUs] AAHHBIX KOJIMYECTBEHHOIO M KAYECTBEHHOIO M3MEHEHMsI HUX IPU COOTBETCT-
BYIOIIIMX HEUCIIPaBHOCTAX, MPOBEACHBI SKCIIEPUMEHTAJIbHBIE MCCIEI0BaHUS psla HEUCIpaB-
HocTell AJl. CymHOCTB TP 3TOM 3aKJIF0YAETCS B TOM, YTO, 3a/1aBast OTAEJIbHBIE HEUCIIPABHOCTH
HCKYCCTBEHHO B yCIOBHSX paboThl AJl B pexuMax XO0JOCTOrO X0/la U Harpy3oK, OINpeieeHbI
CTETeHb U BIMSHUS MX HA MapaMeTpPhl U XapaKTEPUCTUKH AIIEKTPOMATHUTHOTO, BUOPAIIIOHHOTO
U aKyCTHUYECKOT'0 MpolieccoB (hyHKIMOHUPOBaHUs. MckyccTBEeHHbIE MEKBUTKOBbIE U MEXK(a3HbIe
3aMBIKaHUSl B Pa3IMYHBIX (a3ax B OOMOTKE CTaTopa CO3JAIOTCSI C IOMOIIBIO TPOBOJIOB,
Npe/IBapUTEIIbHO BBIBEICHHBIX HAPYXKy M3 paslMYHOM CeKUuM JI000BOM uyactu oOMOTKH. Jlis
MMHTAIMM TIEPEXOTHOTO COMPOTHBIICHUS B TOYKE 3aMbIKaHUS 3TU MPOBOAA COETUHSIOTCS 4Yepes3
pETYNUPYEMBIE AKTUBHBIE CONPOTHUBIICHHS, TO3BOJIAIOIIEE TAKKE M3MEHUTHh 3HAUECHHE TOKAa B
KOPOTKO3aMKHYTOM KOHTYpPE U MOJIyYUTh HEUCIPABHOCTh PA3IMYHOM cTernenu [3].

OkcrepuMeHThl mpoBoawinchk Ha AJl tuma 4A100SY3 3,0 kBt, 1450 o06/muH.
VYcTaHOBIIEHO BMJISSHUE MEKBUTKOBOIO 3aMbIKaHUS Ha BHUOpocMmerieHue (A), BUOpAMOHHYIO
ckopocTh (v), BUOpalMOHHOE yckopeHue (o), cpeanuii ypoBeHb myma (L), a Takxke Ha
rapMOHHYECKHE COCTABIISIIOIIME YKa3aHHBIX MapameTpoB. s mpumepa B Tabn.l. mpuBeneHa
4acTh JaHHBIX, TOJIyYE€HHBIX IIPU dKCIIEPUMEHTAIILHOM HccienoBanuu A/l
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Pa3pa60m7<a MUHUMATIbHBIX Mecmoe OUCZZHOCI’I’IMPOGCZHMﬂ
HeucnpaeHocmeﬁ ACUHXPOHRHBIX osueameneil

Taonuua 1.
Pexum Bubpanuonsslie napaMeTpsl B pa3IniHbIX TOUKAX KOPILyca aCHHXPOHHOTO
XO0JIOCTOTO anektpoasurarens tuna 4A100S4Y3 (mpu MeKBUTKOBOM 3aMbIKaHUU B paze A
xoJa 00MOTKH CTaTOpa)
Pexum Bubpocwmerenne, MKM Bubp. ckopocTs, MM/c Bubp. yckopenne m/c’
Harpysku B I1 0 B I1 0O B I1 0O
HenenpasiocTs | ceyg0 | 4570 | 5590 | 9204 026006 (0,305 | 1,624 |0,6/1,1| 1,519
OTCYTCTBYET 5

HeucnpaBHoctb
3a/1aHa: TOK B
MexxBUTKOBOM K3

KOHTYype: 2A 60/110 |50/100 |60/95  |0,6/2,0 |0,32/1,0 [0,5/1,6 | 3,8/4,5 |1,2/3,0| 3,1/4,0
10A" |75/130 |70/120 [85/180 |1,8/3,5 (1,1/1.8 [1,4/2,9 | 6,5/8,7 |4,0/7,2| 7,0/8,5
15A 90/170 |110/150 |100/170 |(3,3/4,8 |1,9/2,9 [2,4/3,5 |10,4/11,5|6,0/8,9 | 9,6/10,5

Ipumeuanue. B yuciumene npugedensvl OanHwie 07 pexrcuma xoaiocmoeo xooa (1=0) é snamenamene — 01a pexcuma
HAZpy3KU.

Onu nonydensl ans BepTukanbHoi (B), momepeunoit (II) u oceBoit (O) Touek koprryca
MaIluHbL. M3MepeHns mapaMeTpoB BUOPALMOHHBIX MPOLIECCOB MPOBOIMINCH BUOpoMeTpom 1621
(bupmer Bryul-Kyaer). TIpu u3mepenun mapaMmeTpoB BUOPAIIMOHHBIX MPOIECCOB OJHOBPEMEHHO
NPOBOIWINCH TAaKKe€ HX OCHWLIOrpadUpPOBaHHUS B HICHTHYHBIX YCIOBHSX W OJWHAKOBOM
Mmacirade. J[aHHbIe XapaKTepU3yIolIUe W3MEHEHUS aKyCTHYEeCKHX MapaMeTpoB (YpOBHS IIyMa)
U TOJIyYEHHBIE B XOJI€ 3KCIEpUMEHTalbHbIX HcciaenoBaHuil AJl (tuna 4A132M4V3, 11kBr,
1450 06/MuH) NpU yKa3aHHBIX HEHCTIPABHOCTSIX MIPUBOJIUTCS B TaOIM. 2.

Tabauuya 2.
W3meHeHue ypoBHs 11yma, b, I pasinuyYHbIX PEXKUMOB
Pexxum paboThI
1=0 |:015|HOM I=IHOM
HewncripaBHOCTh OTCYTCTBYET 59 53 58
HewncnpaBHOCTB TA 66 58 61
3allaHa, Tok B 15A 70 63 65
KOPOTKOM 3aMKHYTOM 30A 75 71 67
KOHTYpe

[Tpu rapMOHMYECKOM aHAIM3€ CHEKTpa U3MEPSIEMbIX BEJIMUMH ONpPENEIeHO, 4To HauboJee
YYBCTBUTEIbHBIMHU K 3JIEKTPUUYECKUM MOBPEXKICHUAM OKa3anach rapmonuka 900 I'ry [3].

M3MeHeHHe 3HAu€HHH TapMOHMYECKUX COCTABISAIOUIMX IPH YKAa3aHHBIX 3aMbIKAaHUIX
OTIpeNieIeHHBIM 00pa3oM BIMsET U Ha (opMy KpHBOH (ha3HBIX BEJIMYWH, M Ha pacrpeseicHrue
MarHUTHOTO TOJs Ha HapyXHOH moBepxHocTu Kopryca AJl. MccienoBanue HEMCIIPaBHOCTH,
00yCIIOBIIEHHON OOpBIBOM CTEpXHEH OOMOTKHM KOPOTKO3aMKHYTOro potopa B AJl, mpoBoauIu
IpeBapUTeNbHO, CO3/1aBasi €e MCKYCCTBEHHO IyT€M CBEpJIEHUsS Tpex cTepxkHei B mazax A/l
tuna. B mpomecce mpoBeneHHS SKCIIEPUMEHTOB OBUIO YCTAHOBJIEHO, YTO MPH YKa3aHHOU
HEHCIIPABHOCTH HAIPsDKEHHs] TporaHue ¢ Mecta poropa AJl ymeHblIaeTcs u3-3a JEHCTBHA
JIONOJTHUTEIFHOTO MOMEHTA, CO3J[aHHOTO B HAIIPABJICHUH BPAI[EHNS] pOTOpa OT 0OpPAaTHOTO MO,
00pa30BaHHOIO 3a CUYET HApyLIEHHWs CHUMMETpUM B OOMOTKE poTopa. A Takxke ObLIO
YCTAHOBJIEHO, YTO TPU HAJTHYUM KOPOTKO3AaMKHYTHIX BUTKOB B OJTHOW M3 (a3 0OMOTKH cTaTopa
pOTOp HAuMHAETCs JBUraTbCs HAOOOpPOT MpH OOJBIIOM HANPSDKEHUH, YeM Y HCIPaBHOIO
neuratens. [locie mpoBeneHHsI OTMBITOB B MPOCBEPIICHHBIE OTBEPCTHS 3aBHHYMBAINCH BHHTHI,
yeM 00ecCreyrBalloch HOPMAJIIBHOE COCTOSIHME POTOpa JBUTATelNs. YKa3aHHbIE MPU3HAKU TAKKe
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SBIISIIOTCSL TMarHOCTUYECKUMHU M TIO3BOJIAIOT MPOBOJUTH OSKCIPECC OLEHKY TEXHUYECKOTO
cocrostaust A /.

Teopernueckasi yactb. B pesynbraTe SKCIEPUMEHTOB OIpENeN€H HAaOOp HEKOTOPBIX
UH(POPMATHUBHBIX MApaMETPOB M TPU3HAKOB JHATHOCTHYECKOTO KOHTPOJISI HEUCIPABHOCTEH B
AJl. Kak u3BeCTHO, KaXIbli M3 3TUX IApaMETPOB MOXHO KOHTPOJUPOBATH C IHOMOUIbIO
COOTBETCTBYIOIIIMX 3JEMEHTApHBIX NpPOBEpoK. Jlis paccmarpuBaeMoro Habopa TaKuMHU
JJIEMEHTAPHBIMUA  MPOBEPKaMH  MOTYT  ObITh  clexywoomme:  Kj-mpoBepka  npu3HaKa
HEPAaBHOMEPHOT'O YBEIMUYCHHS 3HAYCHHU TPEThEH TapMOHHUKH B (Da3HBIX BEIMYMHAX OOMOTKH
cratopa (Z1); Ko-ipoBepka nmpu3HaKa 4acCTHMYHOW KOMICHCAIIMU TPEThE TapMOHHMKH B (Da3HBIX
BEJIMYMHAX OMHOW (hasHON  0OMOTKM ctaropa (Zz); Ks-mpoBepka mpU3HAKA YMEHBIIICHUSI
OCHOBHOW TapMOHUWKHM B (pa3HBIX BeIMYMHAX OOMOTKM cratopa (Z3); Ks—mpoBepka mpusHaka
yBeIUu4eHus: BUOpocMenieHus (A, MKM) B (YHKIIMOHAIBHBIX y3/1ax (Z4); Ks- mpoBepka mpu3HaKa
YBEJIMYCHUSI CKOpPOCTH BuOpammu v, MM/c (Zs); Ke-TipoBepka TpU3HAKa yBEIMYCHUS
BHOPALIOHHOTO YCKOPEHHUs o, MM/c? (Z6); K7-IIpoBepKa MpH3HAKA yBEIMUCHHS CPEIHErO LIyMa B
mamwune L, nb (z7); Ks-ipoBepka npu3Haka yBeIUUSHHs BHEIIHETO JIEKTPOMArHUTHOTO TOJIS Ha
kopryce (Zg) ; Ko-mpoBepka mpH3HAaKa yBEIWYCHUS HMHIAYKIMH B JIOOOBBIX YacTAX OOMOTKH
cratopa (Zg); Kio-mpoBepka mpH3HAKA YBEIMYCHHS CYMMBI AOCOJIIOTHBIX 3HAYCHUH
K03(D(QUIIMEHTOB CIIEKTPAIbHOrO aHau3a psiaa Pypbe peanusaiuii BpeMeHHbIX GyHKIHH V=T(t);
a=f(t) (z10); Kii-IpoBepka TmpHW3HAKa YBEIWYCHHUS CYMMbI aOCONIOTHBIX 3HAYCHUMN
K03(D(HUIMEHTOB CIIEKTPAILHOTO aHau3a psifaa Pypwe peanuszanuii BpeMeHHbIX QyHkimu L= f(t)
(z11); ki2 - mpoBepka mpH3HAKA yBENWYCHUS BHOPAIIMOHHOTO YCKOPEHHsS B JIOOOBBIX 4YacCTIX
OOMOTKHM cTaTopa OT BO3JCHCTBHS JJICKTPOJMHAMUYECKHUX Yycwind npu Mexdasapix K3
(z12);k13-mpoBepka mpU3HAKA YMCHBIICHUS HANPSOKECHHUS TPOTaHUsl ¢ Mecta poropa  (Zi3); Kig-
NpoBepKa MpH3HAKA YBEIUYCHHS HAMPSDKCHUs TPOTaHHs ¢ MecTta poropa (Zi4); K 15-mipoBepka
NpU3HAKa YBEJIMYCHUS CONPOTUBICHHMS  Zx  OOMOTKM crtaropa  (Z35). B MHOXecTBO
HEHCIIPABHOCTEW BKJIIOYAIOTCS TOJIBKO —cleayromme HeucnpaBHoctu AJl, T1.e..  S(g)-
IKCIIEHTPUCUTET BO3AYIIHOTO 3a30pa; S(00p. p)-pa3pbiB CTEpIKHEH KOPOTKO3aMKHYTOT'O POTOPA;
S(MB) — MEKBHTKOBOE 3aMblKaHHe B 00MOTKe craropa; S(M®) — MmexdasHoe 3aMbIKaHHE B
00MOTKE cTaTopa.

MHoxecTBO a5ieMeHTapHbIX ipoBepok  (I1)
R Ki | Ko | ks | Ky | Ks|Ke|Ky|Kg|Ko| Kio| Kix | Kz | Kiz | Kia | Kis
MHoxecTBO S(e) 110102111 |x|x| x X X X X 1
HEHCIpaB- S(opp) [O0[21]0 |21 |1 |1 ]|x|[x] X X X X X X
Hocreit (S) S(MB) of(12}(1(1j2j11j1}1,1 1 1 1 1 X
S(MD) ofjoj1(1j1j11j1}1,1 1 1 1 1 X

byneBas matpuna AJl, mocTpoeHHas A Ha3BaHHOTO MHOYKECTBO HCCIIEJOBAHHBIX
HEUCIPAaBHOCTEM TMpuBeleHa Huke. B Marpune Ha mepecedeHWHu CTPOK U CTOJIOLOB
NpEeJCTaBIeHbl pealbHble pe3ysbTaThl MpoBepoK nudpamu 1 u 0, XapakTepu3yrOIUe PeaKkluu
apaMeTpoB JAMArHOCTUYECKOTO KOHTPOJISI P pealu3aliid COOTBETCTBYIOIIMX 3J€MEHTAPHBIX
IIPOBEPOK. Pe3ynbTaThl HEHCCIEIOBAaHHBIX PEAKIMHM OTACIBHBIX IIPOBEPOK IIPU COOTBETCT-
BYIOIIMX HEUCIPABHOCTIX B MAaTPHUIIE OMYIIEHBI U 0003HAYEHbI KPECTUKAMHU.

W3 npaHHOW MaTpHIlbl, MHOXECTBO JJIEMEHTAapHBIX IPOBEPOK, HEOOXOAUMBIX IS
JUArHOCTHUYECKOT0 KOHTPOJISI HEUCIIPABHOCTEH, ONPEEINSIOTCS CAEAYIOUM 00pa3oM:

[T (¢) = {ku, kq ks, Ko, k7, Kia }; (1)
I (06p. p.) =tkz , Ka, ks, kg, k7}; (2)
IT (MB) ={ko, ks, ks, Ks,Ks, K7, kg, Kg, K1, K11, K12, K13,K14}; (3)
IT (M) ={ks, ke, Ks , Ko » k7 , Kg , Ko . K1 K11, Kio, Kis,Kee} ()
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Pa3pa60ml<a MUHUMATIbHBIX Mecmoe ()uaznocmupoeanuﬂ
Heucnpaeﬂocmeﬂ ACUHXPOHRHbLX osuecameneil

Pemenne manHoii 3amaun TpeOyeT MOCTPOCHUS MHUHUMAIIBHBIX JMAarHOCTUYECKHX TECTOB,
JUIS Y4ero M3 MaTpHIlbl HEOOXO0AUMO HAWTH MUHUMAJIbHOE MHOKECTBO CTOJIOLIOB, YTOOBI Kaxaas
cTpoka mmenal, mo kpaiiHeil mepe, B ogHOM 3 cTONONOB. [Ipu 3TOM Tpebyemble onepanuu
JIMAarHOCTUYECKON IMpOLEeNypbl HpPU pealn3alid dJIEMEHTAapHBIX HpoBepok {ki-Kg} mouru
COBMAJAOT, TaK KaK BO BCEX CIIy4asX KOHTPOJIMPYEMBIM SBIISIOTCS MapaMeTpbl BUOpaluy,
pa3jaMyYeH TOJIBKO XapakTep H3MeHeHMs. [I03TOMy MOKHO HCIOJIB30BaTh OAHY IPOBEPKY,
Hanpumep, Kes. OTHOCHTENBHO MUHHMAJBHBIX TUAarHOCTUYECKHUX TECTOB JaHHas OyneBas
MaTpHLIa UMEET CIEAYIOLIEE PEIICHHE:
Trmin={ks}v{k:}. (5)
[Ipr 3TOM, XOTSl BIIEMEHTapHbIC MPOBEPKU K7, peanu3yeMoil Uil U3MEPEHHs CPEIHEro
YPOBHS 1lIyMa, UMEIOT IOJIOKUTENbHbBIE PE3YJIbTAThl )i BCEX YKA3aHHBIX HEMCIIPABHOCTEH, HO,
OJIHAaKO, Ha JaHHOM YPOBHE MCCIENOBAaHUU C €€ IOMOLIbI0 OJHO3HA4YHOE OINpEACICHUE BUAA
HeHcnpaBHOCTEH 3aTpyaHeHo. Eciu pe3ynbTrarsl npoBepok Kg 1 K7 SIBISIOTCS OJI0KUTETBHBIMY,
TO B A/] BO3HMKAET OJlHA U3 HEMCIIPABHOCTEH, yKa3aHHBIX B MaTpULE:
ki € I 7 (R=0)—S(g) v S(06p.p) vV S(MB) v S(MD) (6)
s onpeneneHus BHJIa UCCIEJOBAHHBIX HEUCIIPABHOCTEH MOTYT OBbITh MCIIOIb30BaHbI
napamMeTpsl BUOPALIMOHHOI'O YCKOPEHMsI, XapaKTep U3MEHEHHUs] KOTOPBIX BO MHOTOM 3aBUCHUT OT
BUJIa HEUCTIPABHOCTH. Takum 00pa3oM, MUHUMAJIbHBINA AUATHOCTHYECKUH TECT, TOCTPOCHHBIN Ha
OCHOBE yIPOLICHHO OyJICBOil MaTPHUIIbI, BKIIOYACT B ce0sl TOJIBKO 3JIEMEHTAPHYIO IIPOBEPKY Kg!
Tmin={Ke}. (7)
PesynbTarhl 3neMeHTapHON NPOBEpPKU kg MO3BOJSAIOT cenaTh CIEAYIOLIME OJHO3HAYHbIE
BBIBO/JIbI:

Ke (R#0) V (Zs=1)— S(¢); (8)
K (R#0) v (Zs=1)— S(00p.p.); ©)
ks (R#0) v (Ze=1)— S (MB); (10)
ks (R#0) v (Z7=1)— S(M®). (11)

3nech napaMeTpbl Zs-Le XapakTepU3yoT IPU3HAKK U3MEHEHUS [T0Ka3aTeneld BUOpaluy.

3akiroyenue. /[ IMAarHOCTUKM TEXHUYECKOrO COCTOSHUA A/l JIOTMYECKHM METOI0M
HEOOXOIUMO  MOJIyueHHuEe HH(QOpMAIMM, COOTBETCTBYIOIIEH  TMPU3HAKY  IPOSBISEMOM
HeucnpaBHOCTH. C 1ENpl0 OLEHKH BIMSHMS HEUCIPAaBHOCTEM Ha DIIEKTPOMArHUTHBIE,
BUOpAllMOHHBIE M aKycTH4eckue Impoueccel B AJl, cienyer nNpoBOAWUTH (U3HUYECKOE
MOJIEIMPOBaHKE HanboJiee YacTO BCTPEUAIOIIMUXCS B TPAKTUKE HEUCTIPABHOCTEH.

Jlia sKcmpecc OLIEHKM TEXHHUYECKOro cocTosHus AJl, mpu BBINOIHEHUHM (U3HUECKUX
OpolleccoB B KauyecTBE HaumbOosee MHMOPMATHBHBIX JWAarHOCTUYECKUX  IapaMeTpoB
1eJ1ecO00pa3HO UCIIONIBb30BaTh IapaMeTPbl BUOPALIMOHHOTO IIpoIiecca.
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XULASO
ASINXRON MUHORRIKLORIN NASAZLIQLARININ DiAQNOSTIKASININ
MINIMAL TESTLORININ ISLONMOSI
Ohmadov D.A., Ohmadov A.D., Islamov I.Z.

Acar sozlar: asinxron miihorrik, nasazliq, texniki vaziyyatin diagnostikasi, nazarat parametrlori,
stator dolagu.

Asinxron miiharriklorda (AM) istismar prosesinds on ¢ox rast golinon nasazliglarin  miiharrikin
yiiksiiz va yiik rejimlarinds islomo proseslorinds todqiqi aparilarag, elektromaqnit, vibrasiya vo akustik
proseslara tosiri miioyyanlosdirilmis, onlara diagnostik nazarat etmok tiglin informativ parametrlor tayin
edilmisgdir.

SUMMARY
THE DEVELOPMENT OF MINIMUM TESTS FOR DIAGNOSIS OF MALFUNCTIONS
OF ASYNCHRONOUS ENGINES
Ahmadov D.A., Ahmadov A.D., Islamov |.Z.

Key words: asynchronous motor, malfunction, diagnosis of technical state, control parametres,
stator winding .

Using physical simulation of asynchronous motor failure (AM), we have investigated the
conditions of idling and engine load. The influence of individual faults on electromagnetic, vibration and
acoustic processes is determined and the parameters of the control of the corresponding faults are
revealed.

Daxilolma tarixi: [lkin variant 12.02.2018
Son variant 25.06.2018
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ENERGETIK QURGULARDA iSTILIKVERMO PROSESININ
INTENSIVLOSDIRILMOSI

ISMAYILOV MAHIR BALACA oglu

Mingagevir Doviat Universiteti, dosent
sdu.elmixeberler@mail.ru

Acar séozlar: Kritik tazyiq, elektrik enerjisi, istilikvermo, faydali is amsali, yanacaq

Energetika sahasindo sonaye miiossisolorindo vo moisotdo on ¢ox istifado edilon istilik
enerjisidir. Istilik enerjisi istehsalatda vo maisotdo somoroli olduguna géro daha ¢ox istifado
edilir. Neft-kimya sonayesinds do neft mohsullarinin istehsali prosesi bilavasits istilik miibadilo
proseslori ilo baghidir. Istilik miibadilo qurgularindan ¢ox istifado olunan sonaye
miiossisalorindan biri istilik elektrik stansiyalaridir (IES). Istilik miibadilo qurgularinin istismari
prosesi ¢ox miirokkob prosesdir. IES-do yiiksok tozyiq altinda isloyan istilik miibadilo qurgulari
osason silindrik formada hazirlanir vo miisyyon tozyiq vo temperatura géro mohkomlik tolsb
olunur. Avadanhgin islodiyi soraitdon asili olaraq, islomo miiddoti miioyyan olunur. IES-lor
istilik vo elektrik ylik qrafiklorine osason dayison rejimds islodiyindon avadanliglar da uygun
olaraq doyison rejimdos istismar olunur. Bu da istilik avadanliglarinin iginin daimi, yoni fasilosiz
nozarotdo saxlanilmasini tolob edir vo istismarin miirokkobliyinin oldugunu géstorir. Istilik
miibadilo prosesi aparilan energetik qurgular tokco elektrik stansiyalarinda deyil, digor saholordo
doa, mosalon, neft-kimya sonayesi, masinqayirma sonayesi, harbi sonaye, gomi naqgliyyati, kosmik
aparatlar vo s. saholordo genis istifado olunur. Ona goéro bu elm sahosi daha aktual sahadir vo
elmi-todqiqat islorinin aparilmasma ehtiyac vardir. Istilikvermo prosesinin todqigine dair
indiyadok yerino yetirilmis todqiqat islorinin naticolorinin tohlili gostorir ki, baxilan soraitdo
hamin proses holoalik kifayot qodor dyronilmamis, istilik miibadile aparat vo qurgularinin hesabat
vo layiholondirilmasinds istifado edilocok yekun hesabat tonliklori, tovsiyalor holo tam islonib
hazirlanmamisdir.

Diinyada istehsal olunan elektrik enerjisinin toqribon 65%-i istilik elektrik stansiyalarinin
payina diisiir. Azorbaycanda iso istehsal olunan elektrik enerjisinin 85%-i IES-lorin payma diisiir.
Miiasir dovrds elektrik enerjisi comiyyatin hoyatina, basoriyystin mévcudluguna, ohalinin oksor
foaliyyat sahalorine dorindon niifuz etmisdir. Energetika sistemindo bas veran qozalar naticosindo
bloklarin isdon dayanmas: iqtisadiyyatin vo coamiyyotin normal yasayisina vurdugu ziyanin
miqyasi, dagidict tobii folakatlorlo eynilogdirilo bilor. Ona goro do energetika sisteminin etibarlt
va dayaniqli faaliyyetinin tomin edilmasi homiso digqqot morkozinds saxlanilmalidir.

Enerji, enerji dasiyicilarinin torkib hissasidir. Masalon: tobii qaz, neft, neft mohsullari, uran
va s. Bu maddaslor 6ziindon enerjini verarak kimyavi vo ya fiziki ¢evrilmalors maruz qalmagla,
basqa maddo vo ya elemento gevrilir. Yoni yanacaq yanma prosesindo oksidlosir (kimyavi
reaksiya) vo ya niivo parcalanmasi (fiziki) prosesinds digor kimyovi elements cevrilir. Yanacaq
ehtiyatlarinin novbati onilliklordo getdikco azalmasi barads verilon prognozlar gonast vo yeni
layiholorin yaradilmasini aktuallagdirir. Tobii sorvatlor (neft, qaz vo s.) prognoza gors togribon
30 ildon sonra azalmaga baslayacaqdir. Kecon asrin 90-illorindo yaranan enerji bdhrani
naticasinda yanacagin qiymatinin artmasi biitiin diinyada yanacaga qonast mosslosini problem
mosalo kimi ortaya ¢ixarmigdir. Bu problemin hall olunmasi ilo bagli diinyanin bir sira
6lkolorinds elmi-tadqiqat islori aparilir vo yeni layiholor sinaqdan kegirilir.
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Sakil 1. Azorbaycan IES-in texnoloji sxemi
1- mazut ¢ani, 2- mazutu bosaltma ¢oni, 3- mazutu yiikloma nasosu, 4- ehtiyat mazut ¢oanlari, 5- mazut
nasoslari 1 pilla, 6- mazut qizdiricisi, 7- mazut nasosu Il pilla, 8- qaz tonzimlayici mantaqa, 9- qazanin
gaz-mazut odlugu, 10- soyuq hava, 11- iifiiriicii ventilyator, 12- regenerativ hava qizdwricilari, 13- isti
hava, 14- qazan qurgusu, 15- ¢ixan gazlar, 16- tiistiisoran, 17- tiistii borusu, 18- atmosfera atilan gazlar,
19- gazana verilon baslayici su, 20- iti buxar, 21a- buxar turbininin yiiksak tozyiq silindri, 21b- buxar
turbininin orta tazyiq silindri, 21v- buxar turbininin algaq tazyiq silindri, 22- araliq qizdiricisina gedon
buxar, 23- araliqg buxar qizdiricilar, 24- qizigsmis buxar, 25- kondensator qurgusu, 26- kondensat nasosu
1 pilla, 27- blok duzsuzlasdirma qurgusu, 28- kondensat nasosu Il pilla, 29- alcaq tazyiqli qizdiricilar, 30-
deaerator, 31- baslayici nasos, 32- yiiksak tozyigli qizdwicilar, 33- sahil nasos stansiyasi, 34- xam su
nasosu, 35- kimyavi tomizlomo sexi, 36- kimyavi tomizlonmis su nasosu, 37- kimya sexinda ¢irklonmis su,
38- sonaye sularin kompleks tomizlonmo sahasi, 39- fiziki-kimyavi tomizlonmis su nasosu, 40- slam
gollari, 41- slam gollorindan bioloji tamizlonmaya verilon su, 42- ehtiyat kondensat ¢onlari, 43- kimyavi
su ilo doydurma nasoslari, 44- elektrik generatoru, 45- blok transformatoru, 46- xiisusi sorfiyyat
transformatorlari, 47- 330 kv-lug sistem sin, 48- 500 kv-lug sistem sin, 49- avtotransformatorlar, 50- 330
kv-lug (II) hava xatti, 51- 330 kv-lug (IV) hava xatti, 52- 330 kv-luq (V) hava xatti, 53- 330 kv-lug (1)

hava xatti, 54- 330 kv-lug (VI) hava xatti, 55- 500 kv-lug (II) hava xatti, 56- 500 kv-lug hava xatti [3]

(5]
L
Tjeuey geqered) Lexn

Bu giin diinyada istehsal, sonaye saholori getdikco artn xotlo inkisaf etdiyinden enerjiyo
olan tolobat da artmaqdadir. Bu artan elektrik enerjisi tolobatint mdévcud elektrik stansiyalarinin
giiciinii artirmaqla va yeni tikilocok stansiyalarda baslangic parametrlori artirmaqla 6domok olar.
Hal-hazirda isloyon stansiyalarda turbino daxil olan buxarin parametrlori — tozyiqi Po=24 Mpa
(23,54 Mpa), temperaturu iso to= 540-560 9S-dir. Bu parametrlori yiiksaltmok, yoni Pp=30 Mpa,
t;= 700-1500°S  giymatindo faydali is smsalini 54-55%-o qaldirmag olar.

Buxarin baglangic maksimal temperaturu Rusiyada to= 540-560 °S, ABS, Almaniya vo
Yaponiyada 600-620 °S parametrlorlo mohdudlasir. Bu parametrlorin belo mohdudiyyati IES-
lorin osas avadanliglarindan biri olan buxar qazan qurgusunda istilik miibadilo borularmin
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Energetik qurgularda istilikverma prosesinin intensivlasdirilmasi

etibarliligr ilo olagodardir. Parametrlori yiiksoltmokls istilik miibadilo borularinin (qazan
qurgusunda) bu parametrlora tab gotirmasi problem kimi ortaya ¢ixir. Yeni layiholords nozords
tutulan parametrlorlo igloyon stansiyanin qazan vo turbin qurgularinda istifade edilon metalin
temperatur rejimlorinin davamlilifi sinaqglarla dyronilir. Bu, yeni torkibli metallarin (borularin)
yaradilmas1 zoruratini yaratmisdir.

Miiasir istilik elektrik stansiyalarinda yiliksok baslangic vo kigik son parametrlor ilo isloyon
buxar turbinlorindo istilik diisgiisii 1200-1500 kC/kg-a gata bilir. Belo yiiksok istilik diisgiisii
oldugda faydali is omsali boyiik olur. Faydali 13 amsalim1 artirmaq {¢iin turbin qurgusunda
pillolorin saymi cox gotiiriirlor. Bozi elektrik stansiyalarinda qaz turbinlori qoyulur. Qaz
turbinlorinin osas is prinsiplori buxar turbinlorine uygundur, buna goro faydaliliga tosir géstoron
amillorin ¢oxu buxar turbinlori ilo eynidir. Qaz turbinlorinds turbinin giicliniin 60-70%-i
kompressorun harakoto gatirilmosine sorf olunur. Buna goéra qaz turbinlorinds fi.a. 30%
haddinds olur. Stansiyanin faydalilifina osas tosir edon qurgu buxar turbin qurgusudur. Buxar
turbininin daxili glicii

Ni=Go Ho 77,

Burada Gy — turbins buxar sorfi, t/saat (kq/san), 77,,- turbinin daxili nisbi faydali is

omsali, Ho- nozari istilik diisgiisiidiir (kC/kq).

Diisturdan goriiniir ki, turbinin giiciinii artirmaq ti¢lin Go — buxar sorfini vo Hp-nozori buxar
sorfini artirmaq lazimdir. Ho-1n qiymati artdiqca giiciin do qiymati artir. Turbindo pillolorin say1
artdigca Ho- da artir.

IES-in faydaliligmin golocokds artirilmasi baglangic parametrlorin artirilmasi hesabina ola bilor.
Bunun ii¢iin iso buxarin yliksok parametrlorinds temperatur rejimlori 6yronilmolidir.

Bu mosals ilo bagli hal-hazirda iki layiha islonilir;

1. “Toshiba” sirkstinin (Yaponiya) layihosi; hidrogen yanacagi osasinda yiiksok
parametrli buxarla igloyan buxar turbininin layihasi. Yoni yiiksok temperaturlu buxar turbininin
yiiksok tozyiq silindri ilo orta tozyiq silindri arasinda hidrogen yandirilmasi.

2. “Simens” sirkotinin (ABS) hazirladigt komiirdon alinmis sintez qazdan istifads
olunmagla buxar-qaz tsiklinin yaradilmasi, qaz turbinindon ¢ixan yiiksok temperaturlu qazin
buxar turbininds yanacaq kimi istifadoe olunmasi.

Faydali is omsalmi artirmagla yanacaga qonaot olunur. iIES-lordo yandirilan yanacagin
miqdar1 onun faydali is omsalindan vo qurgularin mitkommallog-dirilmasindon asilidir [2]. Hal-
hazirda yanacagin sorfini azaltmagq ti¢iin iki tisuldan istifades edirlor;

1) IES-in faydali is omsalini artirmag;
2) qurgularmn isini mitkommaoallogdirmak.

Enerji bloklarinin faydali is omsalinin asash sokildo artirilmasi (45-50% vo daha ¢ox) buxar
giicii ilo isloyon tokmillagdirilmis qurgularin hazirlanmasi hesabina miimkiindiir. Bu qurgularin
hazirlanmasi, ilk névbados, buxarin parametrlorinin yiiksaldilmasing, eyni zamanda yeni, istiliya
davamli poladin hazirlanmasi va totbiq edilmosino, homginin asas vo komokei avadanliglarla
olagodar miistorok vo konstruktiv qorarlarin gobuluna, enerji blokunun istilik sxeminin
optimalllagdirilmasina, atmosfero toksiki qazlarin atilmasini asagi salan qurgularin vo
texnologiyalarin hazirlanmasina stimul verir. Bela bloklarda netto faydali i oamsali 45%-9 catir.
Hal-hazirda Avropada, Yaponiyada, Conubi Koreyada, Cindo vo ABS-da onlarla yeni enerji
bloklar1 igloyir, istismara hazirlanir va layiholosdirilir.

Yeni qurgularin netto faydali is omsallar1 45-46%-o borabordir. Miasir yenidon
qurasdirilmis buxar turbinlarinin silindrlorinds daxili nisbi faydali is amsali asagidaki kimi ola
bilor; yiiksok tozyiqli silindri {igiin-94%, orta tozyiqli silindri ti¢iin 96%, al¢aq tozyiqli silindri
ticiin 90%. Miasir kritikdon yiiksok tozyiqds isloyan gazanlarda faydal is omsali 92-94%
hoddinds olur.
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Sakil 2. Buxar turbin qurgulu IES-in sorti sxemi [1].

Istilik elektrik stansiyalarmin faydali is omsalini artirmagq iiciin ikinci nosil energetik
qurgularda super kritik parametrloro (P=30Mpa, t=600-7OOOS) kecirlor. Qarsida duran osas
mosalo iss figiincii nasil energetik qurgularin yaradilmasidir (t=1500-1800°S).

Avropa Birliyi “AD-700 layihosinin bir hissosini yerino yetirmisdir. Bu layiho
“temperaturu 700°S olan buxar hasil edon tozsakilli komiirls isloyon qazanli, tokmillosdirilmis
enerji bloku adlanir (AD 700 PF). Onun osas vozifasi 2000-2010-cu illorde buxarin maksimal
temperaturu 700°S-don ¢ox olan enerji blokunun yaradilmasi olmusdur. 2020-ci ildon sonra
baslangic temperaturun 800°S vo stansiyanin faydali i omsalinin 55%-o ¢atdirilmasi nazordo
tutulur. Hal-hazirda Avropa 6lkslorinds istismarda olan stansiyalarin 355-i komiirls isloyir. Yeni
layihonin hesabina, yoni kritikdon yiiksok tozyiqli stansiyalarla miiqayisads yeni texnologiya ilo
faydali is omsali 6% yiiksalir [5].

Diinya tizra elektrik enerjisi istehsalinda ilkin yanacaq kimi 40%-o yaxin komiir, 20% -9
yaxin qaz, 20% alternativ, 16%-don yuxar1 niive yanacagi vo 7,5% mazutdan istifado edilir.

Prognoza gors, 2020-ci ilo kimi elektrik enerjisinin istehsalina ilkin yanacagin sorfi 5779
mln.tondan 8478 mln.ton sorti yanacaga qoader artacaqdir.

Respublikamizda istehsal olunan elektrik enerjisinin = 50%-don ¢oxunu &doyon
Mingagevirdo yerloson “Azorbaycan IES”-in faydali is omsali togribon 40%-dir. Bu
respublikamizda kritikdon yiiksok tozyiglo isloyon yegano stansiyadir. IES-in faydaliliginin
golocokdo artirilmasi baslangic parametrlorin artirilmas: hesabina ola bilor. Bunun {igiin iso
buxarin yiiksok parametrlorindo temperatur rejimlori va istilikvermo prosesi 6yronilmalidir [1].

Notico. Istilik elektrik stansiyasimnin faydali is omsali baslangic parametrlordon asilidir.
Buxar turbinino daxil olan isci cismin tozyiq vo temperaturunu artirmaq miimkiindiir. Bunu
metalin temperatur rejimlorini 6yronmakls olds etmak olar.

Mogqalodo energetika sistemindo istilik elektrik stansiyalarinda bir cox digor sonaye
saholorinds istifade olunan istilik miibadilo aparatlarinda istilikverma prosesina baxilmis vo bu
prosesin intensivlosdirilmasi tisullar1 gostorilmisdir
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SUMMARY
INTENSIFICATION OF THE HEAT RECOVERY PROCESS IN POWER INSTALLATIONS.
Ismayilov M.B.

Key words: critical pressure, electric pover, thermal conductivity, efficiency, fuel

To improve the efficiency of thermal power plants, it is necessary to improve the operation of
devices and units, as well as increase their initial parameters. This problem is relevant today in the
modern world, so this area is being investigated.
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BOHRAN TOZYIiQINDON YUKSOK TOZYIQLORDO
ISTILIKVERMONIN TIiTROYISLI REJIMLORI

ABDULLAYEVA SEVIL CAMAL quz1
Sumgqayit Dovlat Universiteti
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Acar sozlar: béhran tazyiqindan yiiksak tazyiq, istilikvermo, istilik tutumu, divarin temperaturu

Bohran tozyiqinden yiiksak tozyiqlords istilik seli sixliginin artirilmast ils istilikvermonin
miixtalif rejimlorinin yarandigi molumdur. Mayelorin doyison fiziki parametrlorindo konvektiv
istilikvermo prosesi alava sasli effektlorls - titrayiglorlo miisahido olunur.

Tadqgiqat qurgusunun [1] is¢i sahasindo yaranacaq titroyislorini (ddyiintiilorini) geyde
almaq Uglin Oziliyazan cihazlardan istifado edilir. Sothin temperaturu miihitin psevdokritik
temperaturundan kigik olan biitliin hallarda ns mayenin tozyiqinin, no do ki boru divarinin

soyudulan sothinin temperaturunun titroyislori bas vermadiyindon 6l¢gmolor tsd =f(q) qrafiki

asililiginin AB hissasi miistosna olmaqla, yerds gqalan BV, VQ vo QDE hissalorine uygun golon
istilik seli sixliglarinda aparilmigdir (sokil 1).

d
tm1ts Q

400 l

.7 Cad B
7
v
300 B .” o

g
50

200 v
/6 t =0
Ae 0000007
‘ -
m’’s 1 2 3 )
U

Sakil 1. o=f (q) qrafiki asililigi (n-heptan)

g k
1.P=4,0 MPa, 'n=18°C | pw=1730 qzg  x=605d;

g

k
2.P=4,0MPa, 1=19°C | po = 2210 ol

x=60,5d

Sinaqlar n-heksanin giris parametrlorinin P=4,0 MPa, t°=19°C vo pa)=2210k72q n-
m?.s

heptanin iso P=4,0 MPa, t!=18°C va ,0a)=1730k72q qiymatlorindo miixtalif istilik seli
m?.s

sixliglarinda aparilmais, naticalor 2 vo 3-cii sokillords tosvir edilmisdir. Hor iki sokildo 1, 2, 3 vo 4

konvektiv istilikvermonin ilkin intensivlogon ('[;j ~ 1), 5,6 onun nisboton zoifloson (t;j ) 7
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Bohran tozyigindan yiiksak tazyiqlorda istilikvermanin titrayigli rejimlori

vo 8 iso istilikvermonin dayaniqli intensivlogon rejimlorine aiddir (tsd Wt ). [2] Istilikvermonin

ilkin intensivloson rejimindo istilik seli sixhgnn q~1802 10° YL  giymotindo mayenin
m

tozyiqinin titromosinin amplitudu (0,10...0,25) MPa, boru divarinin soyudulan sothinin

Vit
temperaturu (1...3) , q= 2,246-10° Folduqda 19 uygun olaraq (0,10...0,35) MPa vo (2...4)

°C oldugu sokildon aydin goriiniir (sokil 2 — 1, 2, 3 vo 4).

T8 »
160 2 K —%
p 60
i z % J?
80 :
b
30 %
3
y 1 5 z 3 & 4
0
30 35 PMPa 200 | 300t$,°C 3,0 35 4,0 PMPa 200 300 tJ°C
T, é
160 % o %
$ 60
80 ? %
% 30
% 5| % 6 7 .
d o
0 30 35PMPe ~ 250 35012,°C 3.0 4,0 PMPa 250 300ts, C

Sakil 2. Macburi va sarbast horakatlorin istiqamatlori qarsiligh perpendikulyar olan halda
Pvo '[Sd -nin amplitudlarimin olgmoalorinin naticalari (n-heksan)

(t ~t, L2-q~1802-10° &L 34-q~2246.10° V0
m m
t >t 5.6-q=282.10° L (i >>t, )7.8—q=365-10° "~
m m
Istilikvermonin nisboton zoifloyon rejimindo mayenin tozyiqinin titroyislorinin amplitudu
0,4 MPa-a, sothin temperaturununku iso (2...5) °C -o borabor olur (sokil 2 — 5, 6 ~2,794 -

vt
10° F) Istilikvermonin dayaniqlt intensivlogon  rejimindo mayenin tozyiqi vo sathin

Vit
temperaturunun doylintiilori miisahide edilmomisdir (sokil 2 —7,8 qz4,106-106 F). Bunlara

uygun natica n-heptanla da alinmigdir (sokil 3 — 1,8).
Belolikla, tizvi istilikdastyicilar bohran tozyiqindon yiiksok tozyiqlorde macburi harokatin

turbulent rejiminda iifiiqi borularda horokot edorkon t; =1 soraitinda istilikvermo prosesinin
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miixtolif tona malik alavo sosli effektlorlo - mayenin tozyiqi vo sothin temperaturunun miioyyon
amplitudlu titroyislorlo miisaiyet edildiyi t¢))  soraitindo iso belo hadisolorin bas vermadiyi vo

Olgcmolor zamani ¢otinliklorin ~ ortaya ¢ixmamasi ¢oxlu sayda tocriibolorin naticolori ilo
tosdiglonmigdir [1].

Isin miiallifi saquli borularin temperatur rejimi va istilikvermo prosesini todqiq ederak
belo bir noticoys golmisdir ki, mayenin tozyiqi ve sathin temperaturunun ddyiintiilorinin

amplitudlar1 uygun olaraq (0,1...0,8) MPa vo (5...15)°C hoadlerindo doyisir. Bu da iifiqi
borulardaki naticalorlo miigayisada tozyige gors ~ 2,0, temperatura gora iso ~ 2,5 dofo coxdur.
Borularin saquli veo iifiqi veziyyetlorinds istilikvermonin titrayisli rejimlorinde  borularin
siradan ¢ixaraq gozalarin bas vermasi hallar1 miisahido edilmosa do, bels istilik avadanliglarinin
etibarliligmin tomin edilmosinds iifiiqi borular {i¢iin alinan naticonin shomiyyati boyiikdiir. Belo
ki, iifiiqi borularda mayenin tozyiqi vo sothin temperaturunun titroyislorinin amplitudlarinin
toxminan 2 dofo az olmas istilik miibadile aparatinin istismarini xeyli yiingiillogdirir. Odur ki,
istilik miibadilo aparat vo qurgularimin hesabat vo layiholondirilmoasindo bu amilin nozoro
alinmasi zoruridir.

T8 ;
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160 gil 5
E
- 60 £
80 1 g $ %
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Sakil 3. Macburi va sarbast harakatlarin istigamoatlori garsiliql perpendikulyar oldugda

d
Pva ts -nin amplitudlarmn Slgmoalorinin naticalori (n-heptan)

(tg ztm )'1:2—(1 z1,031106¥_t

2

3,4—q zl,126-106v—2
m

(t° >t,56—-q~ 2,86-106%; t¢ >>t, )7.8—q =3,55.106§

Qeyd edildiyi kimi, istilikvermonin ilkin intensivloson vo nisboton zoaifloyan rejimlorindo
mayenin tozyiqinds sothin temperaturunun doylintiilori bas verir. Niimunavi manometr vo
potensiometrin komokliyi ilo Olciilon komiyyetlorin yalniz bir gqiymotini qeyde almaq olur.
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Tacriibi naticaler imumilesdirilerken, bir gayda olarag, mévcud tonliklora (p 2 ),(C ) va sair
M M
kimi diizoliglor verirlor. «S» indeksli parametrlor tf vo P-yo gors, mayenin fiziki

parametrlorinin temperaturdan asililiq qrafiklorindon (izobarlardan), «m» indeksli parametrlor

iso T, vo P-yo goOro homin grafiklordon segilir. Odur ki, titroyislorlo olagodar olaraq, bu
mosalonin halli xeyli ¢otinlosir. Belo ki, mayenin hesabata lazim olan fiziki parametrlorinin

divarin temperaturuna gors seg¢ilmasi ng vo P arasinda istonilon izobara aid edils bilor. Ona

goro do golocokdo tocriibi noticolor timumilosdirilorkon hesabatla eksperiment naticalori
arasindaki konaragixmalarin miioyyon faizi bununla olagoadar olacaqdir.

Istilikvermonin tsd > 1., soraitindo miisahido edilon rejimlorinin olavo sasli effektlorlo

- mayenin tozyiqi vo homginin sothin temperaturunun miixtolif ampilutuda malik titroyislorlo
miisayiot edilmosi miioyyonlogdirilorak oOlgiilon komiyyatlorin amplitudlarinin tfiiqi borular
ticiin 2 dofs az oldugu miioyyan edildi.
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SUMMARY
TREMBLING REGIMES OF THE HEAT IRRADIATION IN CRITICAL PRESSURE
Abdullayeva S.J.

Key words: critical pressure, heat irradiation, capacity of heat, temperature of the wall

It was defined that P and I are accompanied with trembling having different amplitudes, it was

noted that the amplitudes of measured quantities were 2 times less than vertical pipes and these factors
are important for counting and projecting of heat exchange apparatus.
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Acar sozlor: ortiik, masama, noqtalarin yerdayismasi, zadalonma

Giris. Yol Ortiyiiniin osas gostoriCilori onun mexaniki xassolorini ifade edon
gostariciloridir. Mexaniki xassolorindon biri yol Ortiiyiiniin xarici sothindoki ndqtalorin
yerdoyismasi ilo miiayyon edilir. Bu komiyyat ortiiylin méhkomliyini xarakterizo edir. Buna gora
do Ortiiylin halinin monitoringinin aparilmasina zorurst yaranir. Monitoringin aparilmast ii¢iin,
ilk névbado, Ortiiylin halini1 ifado edon parametrlordon asilt olan riyazi model qurulmalidir.
Ortiiyiin hali, osason, onun xarici sothindoki ndqtelorin yerdoyismosinin monitoringinin
naticaloring goroe miioyyon edilir. Dogrudan da, asfaltin qurulusundan vo onun ddsonmosi
texnologiyasindan notiCo olaraq alinir ki, mesamalorin hacmi na gador kigik olarsa, baxilan
yerdoyismo komiyyati do bir o godar kigik olar. Bu zaman yerdoyisma Ortiiylin materialinin fiziki
miinasibatlorinin formasindan asilidir. Aydindir ki, yerdayisma no qadar kigik olarsa, rtiik do bir
0 godor mohkom olar. Buna goro do yol Ortiiyiiniin fiziki halinin monitoringinin aparilmasi
praktiki shomiyyat kosb edir.

Mbosalonin qoyulusu. Yol Ortiyiiniin fiziki halinin monitoringinin aparilmasi tgiin,
toCriibado qobul olundugu kimi, yol ortiiylindon enino istiqgamotds ayrilmis prizmaya baxagq.
Monitoringin aparilmasi {iciin ayrilmis prizmanm bir ucu (X=L) normal Q gqiivvesi ilo

yiiklonmalidir. Prizmanin segilmasi sortindon alinir ki, onun 6ziil {izarinds olan (X =0) 0 biri
ucu yerini doyismir. Bu halda gabul edilir ki, prizmanin 6zli sortdir, yoni U =0. Burada U -
uzununa yerdoyismo, X- uzununa koordinat, L - ortiiylin galinligidir. Monitoringi aparmagq
ticiin yiiklonmis ucun yerdoyismasini miioyyan edak, yoni X =L oldugda U - yerdoyismasini
tapag.

Baxilan bu komiyyat iki toplanandan: bork hissociklorin, yoni onlarin deformasiyasindan
yaranan qarsiliqli yerdoyismosindon vo mosamalor hacminin doyismosindon ibaratdir. Ortiiyiin
dosonmao keyfiyyoti mosamolorin kicikhocmli olmasi ilo xarakterizo olunur, yoni mosamalorin
hacmi na godar kigik olarsa, ortiik do bir o godar keyfiyyatli olar. Masamalar haCminin doyismasi
ortliylin keyfiyyatini xarakterizo etdiyi ticlin bu sabobdon yaranan yerdoyismoni miisyyon edak.

Masolonin holli. Prizmanin harokst torzini ¢ubuglar nazoriyyosi ¢or¢ivasinds yazaq [1].
Onda gorginlik-deformasiya hali, xiisuson do @ enino koordinatdan asili olmur. Belo ki,
olagolondirici maddo reoloji xassoloro malikdir, onda yerdoyismo zamandan asilidir. Nozoro
alsaq ki, Q qiivvosi miioyyon zaman anlarinda totbiq edilir (monitoring aparilan zaman Q

qiivvasi zamanin basglangic aninda tatbiq edilir), onda kec¢id prosesini nozars almasaq, forz etmok
olar ki, sixilma prosesi bir anda bas verir. Buna goro prizmada reoloji proseslora
baxilmayacaqdir. Bundan olavs, forz edok ki, bark hissaciklorin deformasiyasini alagolondirici
materialin deformasiyasi ilo miiqayisade nozora almamaq olar, yoni bork hissaciklor miitloq
olaraq borkdir.

Ortilyiin deformasiyas1 noticosindo ancaq bork hissaciklor qarisir. Bu iso mosamolor
hocminin doyismasina gatirir. No bark hissaciklar, no do slagalondirici material sixilmur [3].
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Yol értiiyiiniin xarici sathinin monitoringi

Forz edok ki, oOrtiiylin materiali «tam olarag» qeyri-xotti xasso biiruza verir, yoni
ou

OX
prizmadaki haqiqi gorginlikdir. f - simmetrik olmayan funksiyadir, f(c.)= f (—c¢)- Onda

w=wmy — f(p) (1)

-

— f(o,)- Burada f - materialin fiziki halini xarakterizo edon qeyri-xatti funksiya, O-

Umumi halda ® komiyyeti tokco f funksiyasi ilo xarakterizo olunmur. ® -
komiyyotinin p - don asililigi (1) miinasibatino nisboton miirokkob xaraktera malikdir vo
tacriibolordon miioyyan edilir. (1) miinasibatini imumilogdirak. Qobul edok ki, ® parametri
sopolonmo dagilmasi nozariyyassindoki zadslonma parametrine analojidir [1]. Bu nozariyyado

zadolonmo parametrinin miioyyon edilmosi {i¢iin kinematik tonlik diferensial formada gotiirliir.
Zadoslonmonin kinematik tonliyine analoji olaraq (1) tonliyi asagidaki kimi iimumilosdirilir:

?;)):‘P(l—p@) =g, p=0 oldugda, 2
burada¢ - geyri-xattiliyin hor hansi funksiyasidir. Bu nozariyys ilo analoji olaraq fiziki
miinasiboti asagidaki sokildo gdstormak olar:
dgch( P j €=0, p=0 oldugda (3)
dp l1-o
Qeyd edak ki, geyri-xatti Cobri tanliyin birinci tortib adi diferensial tonliklo avoz edilmasi
ilkin tonliyin hollini sadologdirir.
Masalonin qoyulusundan aydindir ki, T yiikiiniin qeyd olunmus qiymotlorinds ¢ékmo (S)

no qodor boyiikdiirss, o qadar do mesamoalor hacmi (®) boyiikdiir, yeni ortilyiin keyfiyyoti pisdir.
Monitoring zamani molum Q qiivvesinin tosiri altinda yaranan U (L) ¢6kma kemiyyati 6lgiiliir.
Monitoringi Q -niin giymatlorini addimla doyisib, U (L) kemiyyatini olgmoklo aparmaq olar.
Amma monitoringi asagidaki kimi aparmaq mogsodouygundur: totbiq olunan Q yiikiiniin
giymatini o qiymoto godor ( Qg ) artirmaq lazimdir ki, bu giymotdo ¢dkmo doyismosin. Onda
U - ¢okmonin hoddi qiymoti va Qg - yiikiin hoddi giymeti 6l¢iiliir. Qeyd edok ki, bu haddi
Uer
L
Mp-1n tapilan qiymati ortliylin keyfiyyatini xarakterizo

giymatlor béhran qiymotlorine uygundur. Ortiiyiin L - qalinligmi bilorok alariq ki, § o =
Belo ki, Sgr = g, onda ¢y = iu o -

edir.
Fiziki miinasibati geyri-xatti, xilisusi halda {i¢ doracali gobul edorok (1) tonliyino baxaq.

Onda alariq:
3 3
e

burada A - tacriibadon miioyyon edilon komiyyotdir. (4) miinasibatinin mévcud olmasi sarhadini
1

miloyyan edak. Belo ki, 0 < w < wg, onda t < 1, burada Tor = ((ng?’, Ter - haddi yiikdiir.

Bohran hali kimi masamalorin gapanmasinin bas verdiyi hali gétiirok. Bu halda ¢okmo doyismir.
(4) tonliyini asagidaki sokildo gevirak:
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1 1
1 3 Wy — O 3
T= (030—03)(1—03)3} :(1—03)( j
- 8
T=1(®) - funksiyasmin stasionar qiymotlorini miioyyon edek. Stasionarliq sortindon alariq:
1 1 2
dc s : 1 -2
%: A 3l:— (g —®)3 — (1—0))§(030 - ®) 3}=

- = 1 4 1
— A% (09 — ) 3-(030+3—303j:0; ooC:Z(Bcoo +1).

Belo ki, o, >mg, onda T siasionar ndqtesino baxilmir. Sok.1- do parametrlorin
wo =0.05, wg =0.1 giymatlorinds T-nun ® -dan asililig1 verilmisdir.

T 0.025 :
1
------- 2
0.02 TS
~~~~~~~
\ ~~~~~~~~
N =~

0.015 \\ ~~~~~

~.
\ ha
0.01

\\\\
\ RN
N,
Ay
N,
0.005

0
0

0.01 0.02

0.03 0.04

0.05 0.06

0.07 0.08 0.09

Sak.1. T -nun @ - dan asuilig (li¢ daraCali miinasibat)
1-mp=0.05; 2- wg=0.1

Qeyd edak ki, grafikin qurulmus budaglar birqiymaotlidir. Qrafikdon natica olaraq ¢ixir Ki,

o -nin geyd olunmus giymaotlorindos baglangic moasamolor hocminin artirilmasi ilo totbiq olunan
yiikiin qiymati artir. ® -nin qiymatinin artirtlmasi ilo T - nun doyismaosi artir.

Yiiklonmis ucun yerdoyismosi asagidaki tonlikdon miioyyon edilir:

U __pf T Y
ox 1-o»
alariq:

X - o gora integralladigdan sonra X =0 oldugda v =0 olmasi sorti nozors alinmaqla

3
T
Son olarag ¢6kma ti¢iin alariq Ki,

3
S — A"(lfmj =mg — (1) ; o(T) =wg — Ao(

3
T
1- coj
C6kmonin hoddi gqiymoti mq -a barabordir, yoni 0<S <S¢, ; S = @g.
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Buradan aliriq ki, ¢okmonin haddi qiymati fiziki miinasibatlorin soklindon, yoni ogor
f(0) =0 iso f - funksiyasindan asili deyildir. S -in T - dan asililigi sok. 2-da verilmisdir.

S 0.12 T T
1
------- 2 l"
0.1 '
4
4
/
4
/ /
0.08 J
/
4
/
0.06 7 /
4
/
/|
I’
4
7/
0.04 5% /
4
/,,
7,
0.02 2
f”

0
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02

$ak.2. S -in T -dan asililig: (ii¢ daraCali miinasibat)
1- () =005, 2- () =0.1

Miihandis hesabatlar1 ti¢iin verilmis asililigi sadolosdirok. (5) miinasibatini sadslosdirak.
Bu miinasiboti T -ya goro xattilosdirmok olmaz, ona goro ki, T tenliyo 13 soklinde daxildir.
Nozors alsaq ki, S <<1, onda onu S -2 gors xattilogdirak. Belo ki, = mwg — S, onda

Agte = (g —0)1— )3 =(g —o+S)A—g +S)°*=SA—wy +S)° =SAL—wp)3.

S 0.06 : :
1 P
———————— 2 ,’
0.05 v /|
4,,
/”
7’
0.04 ‘ 7/
7’
/”’
0.03 ’//

. 4
0.02 =
"/

-
’f
-
prs
’—‘ /
.-

0.01 ==

=
y
=

T
0
0.008  0.009 0.01 0.011 0.012 0.013 0.014 0.015 0.016

Sak.3. Qeyri-xatti tanliyin xattilogdirilmis tonliklo miigayisasi.
1- geyri-xatti asililiq; 2 — xattilasdirilmis asililig

T 3_ S
s=af 5y )+ T=a-enn ®
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Sadolosdirilmis asililig1 imumi asililiqla miiqayise edok. Sok.3-do @, =0.05 olduqda geyri-

xotti tonlikls xattilogdirilmis tonliyin miiqayisesi verilmigdir.

Qrafiklorin miiqayisesindon notiCo olaraq ¢ixir Ki, yiikkiin elo diapazonu var ki, bu
diapazonda miisyyan doaqiqliklo geyri-xatti tonliyin halli sadslosdirilmis tonliyin halli ils tist-iisto
diislir. Bu zaman ® - nin baslangic qiymaotinin artirilmast ilo hamin diapazon artir.

Notica. Maqalads ortiiyiin haddi halinin parametrlorine géra monitoringin kegirilmasi toklif
olunmusdur. Hoddi hal dedikdo 0 hal basa diisiiliir ki, bu zaman mosamalorin gapanmasi bas
verir. Isdo bu halin parametrlori kKimi ¢okmenin va totbiq olunan giivvanin hoddi gqiymatlaori qobul
olunmusdur. Bu qiymaotlor materialin qurulusu haqqinda bozi forziyolori gobul edorok vo ii¢
doracali asililiq gobul edilorok zodslonmolor nozoriyyosi ¢orgivosindo miioyyon edilmisdir.
Mogalodo ¢okmonin totbiq edilon qiivvadon asililigt  qurulmusdur. Qeyri-xatti tonliyin
xottilogdirilmis tonliklo miiqayisesi aparilmisdir.
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PE3IOME
MOHHMTOPHUHI" PU3NYECKOI'O COCTOAHUA JTOPOXHOI'O IIOKPBITUA

Jcacpapos H./1.

Knioueswie cnosa: nokpvimue, nopel, nepemeuyerue moiex, nospenrcoaemocns

B naHHOI cTaThe paccMaTpUBAOTCS MEPEMELICHUS TOYEK IOKPBITHS C YYETOM HEJIMHEHHOCTH HA
JKECTKOM OCHOBaHMH. OCHOBBIBasCh Ha CTPYKTYpPY IOKPBITUS, TpEAronaraerca, 4ro B MaTepuaie
CYIIECTBYIOT IOPBI. DTH MOPHI ONMHUCHIBAIOTCS B PaMKaX TEOPUH MOBPEXIAeMOCTH. M3 yciaoBHS 3aKpBITHS
IIOp NPU CKATHM IOKPBITHS HAWJIEHBI NPEJEIbHbIE 3HAUEHUS HAIPY3KU U IEPEMELICHUS, TI03BOJISIOIINE
AHAJIM3UPOBATh PE3yJIbTaThl MOHUTOPHUHTA.

SUMMARY
MONITORING OF THE ROAD SURFACE
Jafarov N.D.

Key words: cover, porosity, displacement of the points, damade.

This article describes the displacement of covering points in the light of the nonlinearity on the
hard ground. Based on the structure of the coating, it is assumed that there are pores in the material. These
pores are described within the framework of the damage theory. From the condition of having pores
closed under the compression of the pavement the limit values of load and displacement are found that
enable analysis of the monitoring results.

Daxilolma tarixi: [lkin variant 02.05.2018
Son variant 25.06.2018

99



no

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

MUNDORICAT COJEP)KAHHME CONTENTS

Fizika va riyaziyyat

3apoanues M.M., HcmaunosM.I'., Banuesa 5.4. TepM03j1eMEHThI HA OCHOBE
TBepabIX pacTBopoB T1In,_,Ce,Te,

AgayarovM.H. Bir irrasional tonliyin miixtalif tisullarla holli

Say:lov N.S. istilik selinin tosirindon 16vhonin kévrok dagilmasinin tadqiqi

Kimya

Agayev .0., Mustafayeva N.A., Qarayeva /. E., Muradov M.M. Misferrit
katalizatorunun istiraki ilo 2-metilanilinin etanolla alkillogmasinin todqiqi

P3aesa H.ILI., Abbacos B.M., Axmeoos @.H. ViccnenoBanue Gr3nKO-XUMHUYECKUX
CBOMCTB MHTUOMPYIOIIUX COCTABOB

Diinyamaliyev 9.D., Oliyeva A.Q., Mustafayev M.M. Heksaalkildistannoksanlarin
perhalogenendikonatlarla reaksiyalarinin arasdirilmasi

Llaxeenoues @.X., Aounosa JI.U., Capaposa I'.'M., Aovicezanosa X.A.
HccrenoBanue BIMSHAC TEMIICPATyPhl U BPEMCHH CYIIIKH Ha COJICPIKaHNE
(bpakiuy Ipu aKTHBALIUY [IEIUTIOTI03bI

T'amamos M.M., A6oynnaesa M.b., Ocmanosa /I.I". Cunte3 ankaHcylib()hOHATOB
MEKTPOXUMHYECKIM METOJIOM

Siileymanov T.I., Mustafazad> N.X. Baki soharinin atmosfer ¢irklonmasinin
modellosdirilmosi

Agayeva Z.T., Hiiseynov R.O. Bioloji sinaq tocriibasi zamani gaz balalarinin
ganquleterakis yumurtalari ilo yoluxdurma xiisusiyyatinin Gyronilmasi

Texnika

Monsurov Q.M., Quliyeva L.I. Konservativ montiq iizro maqnit talosi vo spin
ventillori modellorinin tadqiqi

Ohmadova S.M. Istehsal sistemlarinin imitasiya modellosdirilmasi ilo tadgiqinin
avtomatlasdirilmis layihalondirms alotinin arxitekturasinin islonmosi

Nagiyev ©.H. Kimya miihondisliyindo geyri-xatti dinamika 6ziinomoxsus
rongarongliyi ilo

I'yvauesa H.A. MatemaTndeckoe MOJIEIUPOBAHUE /IS YIIPABJICHHS TEIUIOBBIMU
peKUMaMU PEeaKIIMOHHO-PEreHEePAIMOHHON CUCTEMBI, OCYILECTBIISIOLICH
JeruIpupoBaHue n300yTaHa

Pycmamos A.U., I'ypbanos M.11I. ViccnienoBanue mporecca MoyrydyeHus
TpaHyJIMPOBAHHOTO cynepdocdaTa, CoAepKaIIEToO B COCTABE MUKPOIJIEMEHT
BaHA/IMH M UCIOJIB30BAHUE €TO B CEIBCKOM XO3siiCTBE

Sattarov V.Q., Ohmadova T.O., Dadasova R.B., Quliyeva 4.1. Kigik xotti
yerdayismalar vericisinin nozari todqiqi

Axmeoos /].A., Axmeoos A.J[., Ucramos H.3. PazpaboTka MUHUMAJIbHBIX TECTOB
JIMarHOCTUPOBAHMS HEHCIIPABHOCTEH aCUHXPOHHBIX JABHUraTesei

Ismayilov M.B. Energetik qurgularda istilikvermo prosesinin intensivlosdirilmosi
Abdullayeva S.C. Bohran tozyiqindon yiiksok tozyiqlords istilikvermonin titroyisli
rejimlori

Cafarov N.D. Yol ortiiyiiniin xarici sathinin monitoringi

100

10
13

17

21

26

30

34

37

42

45

51

56

66

71

75

80
86

91
95



Kompiiter y1gim1 S.Sahverdiyeva
Texniki redaktor E.Hasratova
Dil dastayi Lingvistik markaz

Capa imzalanmisdir: 25.06.2018-ci il
Motboo kagizi, kagizin formati: 70 108 Y
Yiiksok gap tisulu. Hocmi: 23,18 s.¢.v.
Sifaris . Tiraj 250 niisxa.
Qiymsati miigavils yolu ilo.
Sumgayit Dovlet Universiteti
Redaksiya va nosr islori s6basi

Miixbir iinvan:

Azarbaycan, 5008, Sumqayit, 43-cii mohallo
Tel: (0-12) 448-12-74
(0-18) 644-88-10
Faks: (0-18) 642-02-70

Web: www.sdu.edu.az
E-mail: sdu.elmixeberler@mail.ru



