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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical journal
has been accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of
Science. Content in this index is under consideration by Clarivate Analytics to be accepted in the
Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of News of
NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index demonstrates
our dedication to providing the most relevant and influential content of chemical sciences to our
community.

Kasakcmar Pecriybniukacbkl ¥nmmbiK fbliibiM akademusicbl «KP ¥FA Xabapnapbl. @u3ukasibik-
MamemMamukarsblK Cepusicbl» fbifibiMU XypHanbiHelH Web of Science-miH xaHanaHraH Hyckachl
Emerging Sources Citation Index-me uHOekcmeryee KabbindaHaaHbiH xabapnaldel. by
uHOekcmery 6apbicbiHOa Clarivate Analytics komnaHusicsl XXypHasndbl o0aH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoaHe the Arts & Humanities Citation Index-ke
Kabbinday meacerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmoprap, bacnawsinap
MeH MeKkemeriepee KoHmeHm mepeHOiai MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. Xumus
JK9HEe mexHonoaus cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabIK YWiH eH
e3eKkmi xxeHe bedendi xumusinbIK fbibiMOap bolibiHwa KOoHmeHmke adandbiabiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIlt XypHan «M3eecmusi HAH PK. Cepusi gpusuko-mamemamuyec-
Kasi» 6bii npuHsam dns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoU eepcuu
Web of Science. CodepxaHue 8 amom uHOeKkcupogaHuu Haxodumcs 8 cmaduu paccMoOmpeHUs
komnaHuel Clarivate Analytics dnsa danbHelwez0 npuHaImMus xypHana e the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npednazaem kadecmeo u anybuHy KoHmeHma Ons uccriedoeamersnel, asmopos,
u3damened u y4ypexoeHul. Bkro-yeHue Ussecmuss HAH PK e Emerging Sources Citation Index
deMoHCmpupyem Hawly rnpueepxeHHOCMb K Haubornee akmyasnbHOMY U 811USSIMeibHOMY KOHMeHmy
10 XumMu4yeckum Haykam 05 Haule2o coobujecmea.




bac peapakrop:
MYTAHOB Faabivkaiiblp MyTaHy/1bl, TeXHUKa FBUIBIMAAPBIHBIH JOKTOPBI, Tipodeccop, KP ¥FA
akagemuri, KP BFM FK «AxmaparThik jkoHE ecenTey TeXHOJOTHsUIaphl HHCTHTYTHD) 0ac AUPEKTOPBIHBIH
M.a. (AmMatsl, Kasakcran) H=5

Pepakuus ankacer:

KAJIMMOJIZAEB Maxkcar Hypoainyabl (6ac penakTopablH opblHOAcapsl), (H3MKa-MaTeMaTHKa
FBUIBIMAAPBIHBIH JOKTOPHI, Tipodeccop, KP ¥HA axamemuri, KP BFM FK «AknaparTeik jkoHe ecenrtey
TEXHOJIOTHsIIaphl MHCTUTYTHD) 0ac TUPEKTOPBIHBIH KeHECIIIIC1, 3epTXana MeHrepyrici (Anmarsl, Kazakcran)
H=7

BAUTYHYEKOB Kymanin XKana6aiiyas1 (6ac peqakTopIbiH OpsIHOACAPEI), TEXHUKA FHUIBIMIAPHI-
HBIH TOKTOPHI, podeccop, KP YT A akanemuri, KubepHeTunka skoHe aKIapaTThIK TEXHOIOTHSIIAp HHCTHTYTHI,
CarnaeB ynuBepcuteTiHiH KonganOanel MexaHHWKa KoHE HWHXKEHEpHiK rpaduka kadenpackl, (Ammarsl,
Kazakcran) H=3

BOMYUK Baabaemap, TeXHHMKa FHUTBIMIAPBIHBIH JOKTOPBI ((hm3uka), JIFOONHH TEXHOIOTHSIIBIK
yHUBepcuTeTiHIH podeccops! (JIrobmuH, [lonpma) H=23

BOUIKAEB KyanTaii ABra3piyibl, Ph.D. TeopusuibiK sxoHe SAPOIBIK Qr3uKa KadeIpachlHbIH JOIEHTI,
on-®apabu arerHaarel Kazak yirTeik yHUBepeuTeTi (AnmMarsl, Kazakcran) H-10

QUEVEDO Hemando, npodeccop, Saponbik FeuisiMaap nHCTUTyThl (Mexuko, Mekcuka) H=28

KYCIIIOB Mapar AéxaHyibl, (QU3NKa-MaTeMaTHKa FhUIBIMAAPBIHBIH JTOKTOPBI, TEOPUSUIBIK >KOHE
AaponblK Gu3uka KadenapacsiHbiH npodeccopsl, on-Papadu  arbiHmarel Kazak YJITTBIK YHHBEPCHUTETI
(Ammarsl, Kazakcran) H=7

KOBAJIEB Anekcanap MuxaiijioBu4, Gu3iKa-MaTeMaTHKa FhUTBIMAAPBIHBIH JOKTOPBI, YkpanHa ¥YFA
akagemuri, KonmanOanel MareMaTrKa )KoHe MeXxaHnka MHCTUTYTHI (loHernk, Ykpanna) H=5

MUXAJIEBUY Ajekcanap AJieKCaHAPOBHY, TEXHHUKA FBHUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop,
benapycp YFA akanemuri (Munck, benapycs) H=2

PAMA3AHOB Tinekkaobr1 Co0uTyibl, PU3MKa-MaTeMaTHKa FHUIBIMAAPBIHBIH TOKTOPHI, podeccop,
KP ¥YFA akanmemuri, on-®apabu arbiHmarsl Kazak yJITTBIK YHUBEPCHUTETiIHIH FBHUIBIMU-HHHOBAIIHSIIBIK
KBI3MET JKOHIHJIET1 TPOopeKTophl, (AnMarsl, Kazakcran) H=26

TAKUBAEB Hypramun KabGarayabl, (usnka-MaTreMaTHKa FHUIBIMIAPBIHBIH JTOKTOPHI, mpodeccop,
KP ¥FA akanemuri, on-®apabu areiHgarsl Kazak ynTTeik yauBepcuteti (Anmarsl, Kazakcran) H=5

TUT'UHSHY Uon MuxaiinoBu4, pr3nKa-MaTeMaTHKa FBUTBIMIAPBIHBIH JTIOKTOPHI, akaieMuK, MoloBa
FrutbiM AkaieMusiICBIHBIH TTPE3UIeHTI, MomioBa TeXHUKaIbIK YHUBepcuTeTi (Kumunaes, Momnmosa) H=42

XAPUH Cranucnas HukonaeBuu, ¢u3MKa-mMareMaTHKa FBUIBIMIAPBIHBIH JOKTODBI, Hpodeccop,
KP ¥FA akanemuri, Kazakcran-bpuran Texaukanbik yauBepcurteTi (Anmarsl, Kazakcran) H=10

JABJIIETOB Ackap EpOynanoBu4, ¢u3nka-mMareMaTHKa FbUIBIMAAPBIHBIH JOKTOPHI, Hpodeccop,
on-®apadbu arerHmarsl Kazak yitTeik yHUBepcuTeTi (AnMatsl, Kazakcran) H=12

KAJIAHJIPA IIserpo, Ph.D (pusuka), HaHOKYpBUIBIMIIEI MaTepHasaapabl 3epTTey HWHCTUTYTHIHBIH
npoeccopsl (Pum, Uramus) H=26
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I'naBHbIl pegakToOp:
MYTAHOB TI'aiumkaup MyTanoBH4, JOKTOp TEXHHUECKUX Hayk, mpodeccop, akagemuk HAH PK,
1.0. TeHepaIbHOro aupekTopa « MHcTHTyTa MHQOPMALMOHHBIX U BRIYHCIUTENBHBIX TexHoiorui» KH MOH
PK (Anmatsi, Kazaxctan) H=5

PepakunonHasi KoJIerus:

KAJIMMOJIJAEB Makcar HypaguioBu4, (3aMeCTHTENb IJIABHOTO PEAAKTOpa), JOKTOP (U3UKO-
MaTreMaTHuecKux Hayk, npodeccop, akageMuk HAH PK, coBeTHuK renepanbpHOro aupekropa «MHcTuTyTa
MH(GOPMAIIMOHHBIX Y BBIYUCIUTENBbHBIX TexHonorui» KH MOH PK, 3aBenyromumii naboparopueit
(Anmarsl, Kazaxcran) H=7

BAUT'YHYEKOB Kymaaui 2Kana6aeBu, (3aMeCTHTENb IIABHOTO PENAKTOPA), HOKTOP TEXHHUECKHX
HayK, mpodeccop, akagemuk HAH PK, MacTuTyT kuGepHeTHky 1 HHPOPMAIIMOHHBIX TEXHOJIOTHIA, Kadeapa
MPUKIaJHON MEXaHUKHU U MH)KCHEPHOU rpaduku, yHuBepcuteT Carnaesa (Anmarsl, Kazaxcran) H=3

BOMYUK Baibaemap, [OKTOp TeXHHUeCKMX HayK (u3.-Mar), mpodeccop JIr06IHHCKOTO
TexHojornyeckoro yuusepcureta (JIroomun, [Tonsmra) H=23

BOUNIKAEB KyanTaii ABra3sieBud, jjokrop Ph.D, npenonasarens, JOIEHT Kadeapbl TEOPETUICCKOM
u sinepHoii ¢pu3uky, Kazaxckuil HalMoHanbHbIH yHUBEpCUTET UM. anb-Dapadu (Anmarsl, Kazaxcran) H=10

QUEVEDO Hemando, npodeccop, Hanmonanbueiii aBroHoMHbIH yHUBepcuteT Mekcuku (UNAM),
WnctutyT anepusix Hayk (Mexuko, Mekcuka) H=28

KYCYIIOB Mapar A0:kaHOBHY, JOKTOp (DU3MKO-MaTeMaTHYECKHX HayK, mpodeccop Kadeapsl
TEOpEeTUYeCKOr U siiepHOl Gu3uky, Kasaxckuii HallMOHAJIBHBIA YHUBEPCUTET MM. anb-Dapadu (AnMarsl,
Kazaxcran) H=7

KOBAJIEB Aunexkcannp MuxaiiyioBu4, JOKTOp (QH3MKO-MareMaTHUECKMX Hayk, akageMuk HAH
VYkpaunsl, UHCTUTYT NpUKIaJHONW MaTeMaTuku U MexaHuku (Jlonenk, Ykpanna) H=5

MUXAJIEBUY Auiexkcanap AJieKcaHJIpPOBHY, JOKTOp TEXHUYECKHX HayK, Mpodeccop, aKaIeMuK
HAH benapycu (Munck, benapycs) H=2

PAMA3AHOB Taekkadyn CadbutoBud, JOKTOP PU3UKO-MaTEMaTHYCCKUX HAYK, TPOdeccop, aKaIeMUK
HAH PK, npopekrop 1o HayuyHO-WHHOBAaLlMOHHOH AedTeabHOCTH, Kazaxckuil HallMOHAIBHBIA YHUBEPCUTET
um. anb-Dapabu (Anmarsl, Kazaxcran) H=26

TAKHUBAEB Hypraau JKadaraeBud4, T0KTOp (U3MKO-MaTeMaTHUECKUX HaykK, Mpodeccop, akaaeMuK
HAH PK, Ka3zaxckuii HalMoHaJ bHBINM YHUBEPCUTET M. alib-DPapadu (Anmarsl, Kazaxcran) H=5

TUTUHSAHY Hon MuxaiijoBu4, TOKTOp (U3UKO-MaTeMaTHYeCKHX HAyK, aKaJeMHK, MPE3HIICHT
Axkanemuu HayK MonnoBbl, Texunueckuii ynusepcuteT Mongossl (Kumnnes, Mongosa) H=42

XAPUH CranuciaaB HukosaeBud, JJ0KTOp GU3HKO-MaTEeMaTHYECKUX HayK, Mpodeccop, akaJeMruK
HAH PK, Kazaxcrancko-bputanckuit rexunueckuii yausepcuteT (Anmarsl, Kazaxcran) H=10

JABJIETOB Ackap EpOyianoBuy, 10KTOp PU3NKO-MaTeMaTHYECKUX HayK, podeccop, Kazaxckuit
HAIlMOHAJILHBINA YHUBEPCUTET UM. anb-Dapadu (Anmarsl, Kazaxcran) H=12

KAJIAHZIPA IIsetpo, noktop ¢unocodpun (Ph.D, dpusuka), npodeccop MucTuTyTa 1o u3yyeHuro
HAHOCTPYKTYpHUPOBaHHBIX MarepuanoB (Pum, Utanus) H=26
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CoOcTBennuk: Pecriyonukanckoe odiecTBeHHoe 00beanHenne «HanponansHas akagemust Hayk PecryOnuku
Kazaxcrany» (1. Anmarst).

CBUAETENBCTBO O MOCTAHOBKE Ha Y4YET MEPHOJUYECKOro MedaTHoro u3aanus B Komutere mHpopmannu
MunucTepcTBa nHbOpMaK 1 00mecTBeHHOTo pa3putus Pecyonuku Kazaxcran Ne 16906-2K BriganHoe
14.02.2018 r.

Temartudeckasi HAIIPaBIEHHOCTD: NYOIUKAYUS NPUOPUMEMHBIX HAYYHBIX UCCIe008aHU 8 001ACMU PU3UKO-
mMamema-muiecKux Hayk u UHGOpMayuoHHbIX MeXHONOUIL.
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OB YUYETE PEJAKCAIIMOHHBIX CBOMCTB MYJIbTU®A3ZHBIX CUCTEM
NP TUAPABJINMYECKOM PACYETE TPYBOIIPOBOJOB

AnHotanus. VccnenoBanusmu B Mojenu tpyoonposoa (mimHoi 3,5 M u quamerpom 0,016 m)
OBIJIO YCTAaHOBJICHO, UTO MPH MEPEKAYKE BHICOKOBSI3KUX, Tapa@UHUCTHIX HEPTEH ¢ m00aBKaMu KEpOCHHA B
CTAIlMOHAPHBIX PACXOJHBIX XapaKTEPUCTUKAX MPU KOHICHTpamuu KepocuHa Beimie 30% MNpOUCXOIUT

HNCKPUBJICHUC B 3aBUCHMOCTH Q = f(AP), YTO MOXKCT CIYXKHUTb MNPU3HAKOM BO3MOXHOI'O HApYIICHUSA

TUJIPaBINYECKON YCTOMYMBOCTH MOTOKA.

AHanusel IMoKa3ajii, 4YTO Ha OCHOBC KPUTCPUA PeﬁHOHBI{C& KakK I BA3KHX, TaK U BA3KO-IINIACTHYHBIX
MoOJeNel He yHaeTrcs YCTaHOBHTH HapyIICHHs JaMUHAPHOTO pPEXUMa, T.€. MOTEPU YCTOHUYMBOCTH
CTaLlMOHAPHOTO MOTOKA.

Peomornuecknie  uccleOBaHMSA ~ TOKa3aJld, YTO  OTMEYEHHBIE  CHUCTEMBl  XapaKTepU3YIOTCS
pEllaKCallMOHHBIMM, T.€. BS3KO-YIPYIMMHM CBOWCTBaMHU. Tak, JaHHBIE pPOTOBHUCKO3UMETPHUUECKHUX
WCCIIeIOBaHUH, pe3ynbTaThl KOTOPBIX ObUIM 00paboTaHbl corjacHO MeToauke Kpocca MO3BOIMIH
YCTAaHOBUTh HAIMYMU JIMHEHHON BS3KOYNPYrOCTH B JTHUX CHCTEMax, 4YTO IOATBEPXKIAETCS CTPOTOH
JIMHEHHOCTBIO 3aBHCHUMOCTEH B KOOpJAMHATaX iz = f(rz). Takast uHTEpOpeTaNys B Clydae JMHEHHOU
BA3KOYNIPYTOCTH TIO3BOJIMIIA OTIPEAEIUTh apaMeTp BpeMeHH penakcaiuu (6), KOTOpBIH sk CUCTEMBI ¢
coaepxanueM pactsoputens 36, 43, 54, 66 u 72% coctaBun coorBeTcTBeHHO 0,074; 0,061; 0,050; 0,041
n 0,029 c.

B cratee cnenaHa MOMBITKa Ha OCHOBE aHAIN3a CYIIECTBEHHBIX SKCICPUMEHTAIBHBIX JaHHBIX
0000IIUTh PE3yJbTaThl HCCICIOBAHMNA THIPABINYCCKHX XaPaKTEPUCTHK PEOJIOTHUCCKUX CIIOIKHBIX
JKUJIKOCTEH, OMMCHIBAEMBIX MAKCBEIJIOBCKOH BSI3KOYNPYTOM MOJIENBIO.

[IpennoxkeH ANArHOCTHYECKUH KPUTEPUH ISl ydeTa PelaKCallOHHBIX CBOMCTB IEpeKauyMBaeMBbIX
MYJbTA(AZHBIX CUCTEM TIPH THIIPABIMYECKOM pacueTe TpyOOornpoBoIOB.

KaloueBple cjoBa: THMJIpaBIMYECKH  pacyeT, peJakcaius, peoJioTHs, CTallMOHapHas
XapaKkTepuCcTHKa, napamerp PeiiHonb/ca, pexXuMbl IBUKEHUS, PACTBOPUTEIb.

BBenenue. Anann3 GakTHIECKUX JAHHBIX U MPOIECCOB, TPOUCXOAIINX MIPU COOPE U TPAHCIIOPTE
NPOAYKIMH CKBAaXHH, IMOKa3bIBaeT, YTO 3(P(PEKTUBHOCTH NMPHUHATHIX MEP M PEUICHUI, B OOJIBLIMHCTBE
cilydaeB, TpeOyeT HEoOXOIUMOIo ydeTa pellaKCallMOHHBIX CBOMCTB TpaHCHOPTHpYyeMbIX cucreM. Kak
MOKAa3bIBAIOT PE3yJIbTaThl HcciepoBanuii [1-6], aTumu cBoiicTBaMu 00JamarOT TaKKe BOJAOHE(TSHBIC
9MYJBCUH U BBICOKOBsI3KHE He(PTH ¢ no0aBkaMu [TAB (IIOBEpXHOCTHO-aKTHBHBIX BELIECTB) M PAa3IHYHBIX
pactBopurenei [7,8]. OTu cBolcTBa NEPEKAUYNBAEMBIX JKUIKOCTEH OKa3bIBAIOT CYIIECTBEHHOE BIMSIHUE HE
TOJIKO Ha HECTALIMOHAPHBIE, HO M Ha CTAI[IOHAPHBIE XapaKTEPUCTUKHU IKCILTyaTHPYEMBIX TPYOOIIPOBOIOB.

Pexxum paboTel TpyOONpPOBOZOB MpH TEpeKayke BBIMIEOTMEYEHHBIX CHCTEM, KakK IpaBHIIO,
BBIOMpaeTcss U3 THAPABIMYECKOTO pacyera BI3KMX WM BS3KO-IUIACTHYHBIX KHIKOCTEH, T.e. 0e3 yueTa
PENaKCallMOHHBIX CBOMCTB IMOTOKOB. Ilpum 3TOM cpaBHEHHE MapaMeTpoB, PACCUUTAHHBIX HAa OCHOBE
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CYLIECTBYIOLINX 3aBUCUMOCTEH KOA(QPHULUEHTOB THAPABINIECKOTO CONPOTUBICHHUS C XapaKTePUCTUKAMH
JIeHcTByomero  TpyOompoBoma, TMOKa3blBa€T WX  3HAYMTENbHBIE  pacxokieHus. lloBblieHue
3¢ EKTUBHOCTH TEXHOJOIMU TPAHCIIOPTa YKA3aHHBIX PEOJOIMYECKUX CIIOKHBIX CHCTEM, 00JalaroIlux
BSI3KOYNIPYTHMH CBOWCTBaMH, TPeOYyeT HaX0KACHUS! KPUTEPHS, TIO3BOJISIONIET0 00JIee HaJIeKHO IIPOBOIUTD
THIpaBIMYECKHE pacyeThl M YyCTaHaBIMBaTh o0ONacTh IepexoJa OT JAMUHApHOTO pEeKUMa K
TypOyJIEHTHOMY.

Mertoapbl ucciaenoBanus. C eIbI0 aHaIN3a BIUSHUS PEaKCAlMOHHBIX CBOWCTB MepeKauBaeMbIX
CHCTEM Ha TH/IPaBINYECKYIO PACXOJHYIO XapaKTePUCTUKY TPyOOIpOBOAa ObLIN UCTIONB30BaHbI PE3YIbTATHI
mab0paTOpHBIX HCCIeNOoBaHUK [9] MO HM3Y4YEeHMIO CTAIlMOHAPHBIX TEUEHHH B MOJENH TpyOompoBona
BBICOKOTIapaMHUCTHIX HeTeH ¢ pa3TMyHBIME 100aBKaMu pacTBopuTelsi-kepocuHa (puc.l). Kak BumHO 13
puc.l, npu conepxanuu kepocuna 36, 43, 54, 66 u 72% npoucxoIuT UCKPUBIICHHUE B 3aBUCUMOCTH pacxoaa
(Q) or nepenana nasnenns (AP).

Q10 7

e

-
m

1 b 3 1 s 5 7 APl

Puc.1. 3asucumocts Q = f (AP)
1+11- cooTBeTCTBEHHO TIpH coaepkanuu pactBoputeist 0; 6; 12; 18; 24; 30; 36; 43; 54; 66 u 72%

[IpoBeneHHBIE HAMU POTOBUCKO3HMETPUYECKUE HCCIIENOBAaHUS B HE(PTAX C OTMEYCHHBIMH
COJICPKAHUSIMH KEPOCHHA TIPOSIBIISIIOTCS PENIAKCAIIMOHHbBIC JIMHEWHO BSI3KO-ympyrue cBoiictBa. Hammuue
BSI3KO-YIPYTOCTU B 3TUX CUCTEMAaX ObLiIa YCTAHOBJICHA CTPOTOU JTMHEWHOCTHIO 3aBHCUMOCTEH Lz = f (12 )
(cormacHo unTepnperannu Kpocca) (puc.2).

Janee crenaHa MoOMbITKAa 000OIIUTE PE3yIbTAThl UCCISTOBAHNN THAPABIMYCCKUX XaPAKTEPUCTHK
CJIOKHBIX MYJbTH()A3HBIX CHCTEM, OMTUCHIBAEMBIX B YACTHOCTH BSI3KOYIPYTOl MOJICTIHIO MaKCBEINIOBCKOTO
THUIIA.

Kak u3BecTHO, MpU CABUTOBOM JehOopMaIlMK B BA3KOYNPYTHX CHCTEMaX BMECTE C KacaTeJIbHBIMU
HANpPSDKCHUSIMUA  Pa3BUBAIOTCS TAK)KE HOPMATbHBIC HANPSDKEHHSI M HCTHHHAS B3KOCTh CHCTEMBI C YUETOM
MIEPBOY pa3HOCTH HOPMAIBHBIX HaNpsoKeHUH coraacHo [3, 10] onpenensiercs mo hopmyre:

N, =15 1+—4(32 1)
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Puc.2 — I'padmueckue 3aBUCUMOCTH 17_2 =f (12)

s TMHEeHO BI3KOYNPYTUX KUAKOCTEN, TUIIA MAKCBEVIOBCKOM BO3MOKHO OIPEEIEHUE BPEMEHU
penakcanuu (9) Y NEPBOM pa3HOCTU HOPMAJIbHBIX HAMPSKEHUM (a) CHUCTEMBbI, COOTBETCTBEHHO, KaK %

I/IT%;.

®opmyiy (1) MOXKHO IpeACTaBUTH TAKXKE B BUE:

2 1)

do = T
= ——=—| 1+ 2
/ dr 4G*? @
R
J. p2zrdr
APr o .
Wurerpupys (2) ¢ ywetom 7=——n W =—"5= 5 IJIS  OUpeNENeHus CpeaHe
21 7R 7R
CKOPOCTH TIOTOKA KUIKOCTH (W ), Oy YHM:
2 2P p2
W:APR +i APR 0_2 3)
8ly 3| 8ly R
. . APr . 4w
[Toce HEKOTOPHIX NPeOOpPa3soBaHMil M C YYETOM BBHIPAKEHHI r:T vy :?MOX(HO
TIOJTyYHUTh:
P 2
n| 12\ n

[Nony4yenHoe ypaBHeHuE (4) SIBISETCS PEONIOTUIECKUM YPaBHEHHEM, ONTMCHIBAIOIINM BSI3KOYIIPyTHE
xugKoctd. C 1ebio UCCIeI0BaHuUs THAPABINYECKUX XapaKTEPUCTUK BSI3KOYIPYTHX CHCTEM HEOOXOAMMO
npeobpa3zoBarh (4) kak (YHKIWIO HANPsDKEHUS CABHUTA OT rpajueHTta ckopoctd. OnmHako perreHue (4)
OTHOCUTENIBHO T TPHUBOAMT K CIOKHOMY BBIPa)KEHHIO, HCIIOIB30BaHUE KOTOPOTO 3aTPYAHSCT MPOBEACHHUE
HEOOXOMMMBIX HWHXXCHEPHBIX pacueToB. [loaToMy miis ympomieHuss ypaBHeHHS (4) 1ernecoobpasHo
NPUMEHATH CIeAYIoIUi nmoaxoa. B dopmyne (4) BTopoii 4ieH, BpasKarolluii OTHOIIEHHE HANPSKEHUS
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. T .2
CABHI'a K BA3KOCTH, 3aMCHACTCA I'PpaAUCHTOM CIABHUIa IJIA BA3SKUX KHUIAKOCTCU, T.C. | — =Y . Toma, C

n
YUETOM CKa3aHHOTO, YpaBHEHHE (4) MOAYIHT CIIeTyFOIINIA BU/I:
r=—2L (5)
0
1+-—9°
12

Ananuz ¢opmyisl (5) U cpaBHEeHHUE ee ¢ hopMyJIoii (4) moKas3aau MPaBOMEPHOCTh UCIIOIb30BaHHUS
-2
dbopmysl (5) st mpakTUUECKUX pacueToB npu Oy~ << 1. Hcnons3ys 3HAUCHUs HATIPSDKCHHS U TPaieHTa
C/IBHTA JJIsl KPYTIION NMIMHAPHYECKON TpyObl, BEIpakeHHe (5) MOXKHO 3aIHcaTh B CICAYIOIIEM BH/IE:

4Wn 4Wn
APR R 3 R
2l 0> (4w 4(6W Y
I+—| — 1+ —
120 R 3V R
TTocne HCKOTOPBIX HpeOGpaSOBaHI/IHX MOXHO 3aIIiCaThb.
2
AP = 64 : Wopl ©)
WDy [, , 0° (4w'| 2D
n 12U R

CparuuBas Boipakenue (6) ¢ hopmyinoit lapcu-Beiicoaxa mns koddduimenTa ruipaBInieckoro
conpotusieHus [10] B maMuHapHON 00JIaCTH TEUSHHUS, TIOTYIHM:
2
64 WDp 4 (W6

—; Re" = I+—| — (7)
Re n 3UR

A

rie Re” - 0606mennslii mapamerp PeitHonb/ca s pelakcaliOHHOM KHIKOCTH.
Pe3ymbraTel 00pabOTKH SKCTIEpUMEHTAIBHBIX JaHHBIX MO dopmysie (7) mpemcTaBiIeHbl Ha puc.3,
nuHUs O . Kak BUHO M3 PUCYHKA, C YYETOM peIaKCallMOHHBIX CBOMCTB (BpEMs PelaKkcaliu), 0000IEHHEIH

napametp Peiinonpaca Re” mosposseT ycTaHoBUTH 061acTh HAapyLIEHHsS TAMUHAPHOTO pekuMa (I1oTepst
YCTOMUYMBOCTH MOTOKA) MPU TEUCHUHU BSI3KOYIPYTHUX XKUAKOCTeH. KpoMe TOoro, ycTaHOBIEHO, YTO JUIsl BCEX
HCIILITHIBAEMBIX JKUIKOCTEH HapylleHHe MPOUCXOAMT Hpu mapameTpax Re”, paBHBIX NpUOIHM3HUTETHLHO
3200.

Bbuin oleHeHbl 3HaueHMst Kod(duuueHTa A M a1d TypOYJICHTHOH 30HBI JIBUKEHHUS COIJIACHO
¢dopmyne brnaszuyca ¢ yuerom 06006uieHHOTO MapaMeTpa PefiHonbaca s uccneayeMblx xuakocted. Kak
BHUJTHO U3 PUCYHKA 3, pacyeTHbIE TOUKH XOPOIIO allPOKCUMHUPYIOTCS IPSIMOi 2.

B ormmume ot 06o6menHoro PeiHONBACA MyTeM HCIOIL30BaHUSA TapaMmerpa PeliHonbaca mis
BA3KHX JKMAKOCTEH OblIa IOJIydYeHa 3aBHCHMMOCTh A = l(Re) B JIaMHHApHOH o0JacTH motoka (puc.3,
muaus 3). V3 pucyHKa ciemyer, 4TO COTVIACHO BSI3KOW MOJENH B THAPABIMYECKHX XapaKTePHUCTHKAX
UCTIBITYeMbIX He()Tel He MPOMCXOIWT HAPYIICHHH, W PEXHM JBWKCHUS MOXKHO OLCHHTh KaK YHCTO
JIAMUHAPHBIN.

[Mpumenenue mnapamerpa PeliHoibaca, COTJIacHO BS3KO-TUTACTUYHON Mojenu [2-10], mo3Bomwio
YCTaHOBUTH, YTO PACTBOPUTENH, B YaCTHOCTH KEPOCHH, SBISETCS NO0ABKOHW, NpPHUBOASIMIEH K paHHEH
TypOyIH3aIiH MOTOKa reTeporeHHbIX Hedreil. [Ipu aToM, HapyIieHrne TaMHHApHOTO PeXUMa B YKa3aHHBIX
CHCTeMaX, KaK IOKa3al aHaiu3 IOJy4eHHBIX NaHHBIX (PHC.3, JMHHA O ), TIPOUCXOAUT MPH Pa3IUYHBIX
yncnax PeliHonbaca, HECKONBKO MEHBIIUX KPUTHUECKHUX.
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MosHO cenaTh BBIBOJ, YTO IIPOBEJCHHBIE aHAIM3bl Ha OCHOBE MapameTpa PeifHombaca Kak JUuIs
BSI3KHX, TaK M BSI3KO-IUIACTUYHBIX MOZEJeH He MO3BOJSIOT JUAarHOCTUPOBATh HAPYIICHUS JIAMHHAPHOTO
PeKUMa ABMXKEHHUS (HapyIIeHHE YCTOHYMBOCTH MOTOKA) IJIS1 HCCIEAYEMBIX PEIaKCallOHHBIX HedTeil.
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Coneprxanue pacTBoputens, B %o
* 36; 0,43; x54;066; A 72; * 6e3 pacTBOpHTEINS
Puc.3. 3aBucumocth A 0T yncna PeitHombca.

BriBoabI.

,Z[.HS[ IIOBBIIIICHUA Bq)(i)eKTI/IBHOCTI/I TEXHOJIOTUHU TpchnopTa peOJ'IOI‘I/I‘-IeCKI/IX CJIOKHBIX CHCTEM,
0o0naalonIMxX pelakCalMiOHHBIMA CBOMCTBaMH TIpeUIOKeH 0000IeHHbI mapamerp PeiiHonbca,
TTO3BOJISIONTHH O0JIee HaIe)KHO MPOBOAUTH THAPABINICCKHAEC PACUETHl M YCTaHABINBATh 00JIaCTh TIepexoaa
OT JIAMUHAPHOTO PeXUMa K TYpOYICHTHOMY.

B pesynbrate mccienoBaHMil MMOKa3aHa MPaBOMEPHOCTh MPHMEHEHUs OO0OOIICHHOrO Mapamerpa

o * ~
PGI/IHOJ'H:,[[CH. Re B ClIydya€ TIICPCKAYKU PCOJIOTHMYCCKUX  CIOKHBIX He(bTeI/I, 06J'Ia,I[aIOH_II/IX

PENaKCAlMOHHBIMU CBOMCTBAMM IS OMHMCaHus, A Kak B JJAMHHAPHOM, Tak M B TypOYJIEHTHOH 00IacTsaX
MOTOKA.

— f) ——
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KY¥YBBIPJIAPIBI T'HIPABJIMKAJIBIK ECEIITEY KE3IHAE MYJbTU®A3AJIBIK
AKYUEJEPAIH PEJIAKCALIUA KACUETTEPIH ECEIIKE AJlY

F.B. Ismayilova, G.G. Ismayilov, S.G.Novruzova
Azerbaijan State Oil and Industry University

TAKING INTO ACCOUNT THE RELAXATION PROPERTIES OF MULTIPHASE
SYSTEMS IN THE HYDRAULIC CALCULATION OF PIPELINES

Abstract. While carrying out researches in a pipeline model (3.5 m length and 0.016 m in diameter)
it has been found that in the dependenceQ = f(AP) a bending, which can serve as a sign of a possible

failure of hydraulic flow stability, occurs in stationary flow characteristics at a kerosene concentration above
30% when pumping high-viscosity, paraffinic oils with kerosene additives.

The analyzes have shown that on the basis of the Reynolds criterion for both viscous and viscous-
elastic models, it is not possible to determine violations of the laminar regime, i.e. loss of stability of a
stationary flow.

Rheological studies have shown that the noted systems are characterized by relaxation, i.e. visco-
elastic properties. Thus, the data of viscosimetric studies, the results of which have been processed according
to the Cross method, made it possible to determine the availability of linear viscoelasticity in these systems

confirmed by the strict linearity of the dependences in the coordinatesi2 = f(rz). This interpretation in
n

the case of linear viscoelasticity made it possible to determine the relaxation time parameter (&), which for

a system with a solvent content of 36, 43, 54, 66 and 72% was 0.074, respectively; 0.061; 0.050; 0.041 and

0.029s.

The article makes an attempt to generalize the results of studies of the hydraulic characteristics of
rheological complex fluids described by the Maxwellian viscoelastic model based on the analysis of
significant experimental data.

A diagnostic criterion has been proposed in the hydraulic calculation of pipelines for taking into
account the relaxation properties of pumped multiphase systems.

Key words: hydraulic calculation, relaxation, rheology, stationary characteristic, Reynolds
parameter, modes of motion, solvent.
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