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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific 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 geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«Xanplk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS

3



paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesunenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H =19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimagacteipsuiran npogeccop, Haszapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachHBIH ¥IJITTHIK FRUTBIM akagemusicey PKB, 2024
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBernHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
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Abstract. Currently, an important problem for transport is the organization of
logistics systems of transportation management with the interaction of different
modes of transport, as well as the development of transport infrastructure with
the construction of terminal complexes and ports, providing multimodal transport
and intermodal technology. The research in this article is aimed at solving these
problematic issues. The issues of technological interaction between marine and rear
container terminals in the planning of land-based cargo distribution networks are
considered. The main task of the study is to obtain the necessary information about
the level of technological interaction between marine and rear container terminals
in a two-link system and the parameters of terminal warehouses and to analyze
the development of the mechanism of cargo volume formation in the warehouse
of the marine and rear container terminal. Using analytical methods, the formula
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for calculating the maximum capacity of terminal warehouses was derived and
the values of basic capacity of sea and rear terminal warehouses for export and
import directions were determined. We used methods of mathematical modeling
to build a simulation model of a two-link system: a sea terminal - a rear terminal,
which allows us to estimate the impact of uneven arrival of vehicles on the required
storage capacity of sea and rear terminals. Under the territorial restrictions of the
port, this allows to minimize the port storage area, the transshipment equipment
fleet and provides for rational distribution of the transshipment equipment workload
with a proportional response to changes in the size and frequency of the required
consignment arrivals at the terminal. The results of the study can be used for optimal
planning of sea transport and seaport infrastructure facilities.

Keywords: containers, seaports, cargo front, back terminals, planning,
modeling, cargo distribution lines, cargo flow, dry port
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AnHoTauus. Ka3ipri yakeITTa KOIKTIH MaHBI3IBI TIPOOIEMAChl KOIIKTIH op-
TYPJIIi TYPJIEPiHiH ©3apa ic-KUMBUTBIMEH TachIMaJIAay bl 0acKapyIbIH JOTUCTHUKATIBIK
KyHenepiH YHBIMIACTBIPY, COHJAW-aK MYJIBTHMOJAINBIbI TachIMaJIay/bl JKOHE
WHTEPMOJIATBBIK TEXHOIOTUSIIAP/IbI KAMTAMACKI3 €TETIH TEPMHUHAIJIBIK KSIICH IeP
MEH MOPTTapIblH KYPBUIBICHIMEH KOJIK HH(PAKYPBUIBIMBIH JaMBITY OOJIBII
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Tabbutaapl. Ocbl Makajagarbl 3epTTey OChl MPOOIEMAIIBIK MoceseNepAl Henryre
OarpITTanFaH. JKepycTi )KyK TapaTy JKeiIepiHiH KYMBICHIH KO CIapiay meH0epiHae
TeHi3 KoHE ThUT KOHTEHHEPIiK TepMHHANJAPBIHBIH TEXHOJOTHSUIBIK ©3apa ic-
KHMBUT MaceJenepi Kapajiibl. 3epTTeydiH Heri3ri MiHfeTi-eki OybIHIBI )Kyiene
YKOHE TEpPMHUHAJ KOMMaIapbIHBIH NapamMeTpiiepiHie TeHi3 *KoHE apTKbl KOHTEHHep
TEePMHUHAJIAPBIHBIH TEXHOJIOTHSJIBIK ©3apPa iC-KUMBUIBIHBIH JCHI€Hi Ty pallbl KasKeTTi
MOJIIMETTEP Ay KOHE TeHI3 )KOHE apTKbl KOHTEHHEDP TEPMUHAIBIHBIH KOMMaChIH/Ia
KYK KeJeMiH KaJbIITAaCTBHIPy MEXaHU3MIH d3ipyeymai Tangay. AHaJUTHKAIBIK
ONiCTEPMEH TePMHUHAJIAP KOHMaIapbIHbIH MAKCUMAaJIbl CHIBIMBUIBIFBIH €CETITEY
(dopMynachl IIBIFAPBUIABI KOHE IKCIOPTTHIK JKOHE MMIIOPTTBHIK OaFbITTap YIIiH
TEHi3 ’KOHE apTKbl TEPMUHAIAAP KOWMaJapbIHBIH 0a3alblK ChIHBIM/BUIBIFBIHBIH
MOHJIepi aHBIKTaAbl. EKi OybIHABI JKYHEHIH HMMHUTAIMSIBIK MOJCIIH KYpY
YIIiH MaTeMaTHKaJIbIK MOJENbACY oSAicTepl KONAAHBUIABL: TEHI3 TepMHHAIbI-
apTKBI TEPMHUHAI, OVJI TEHI3 JKOHE apTKhl TePMUHAIAAP KOHMaIapbIHBIH KaKeTTi
KOJIEMiHIH MeOJIIepiHe KOJiK KypalJapblHbIH OipKenki KeJIMeyiHiH ocepiH
Oaramayra MyMKiHmik Oepemi. [lopTThIH ayMakTBIK IIEKTEylepi >KarmalbIHIA
Oy MOPTTHI CaKkTay ajaHJapblH, KaiiTa THey *aOIbIKTapbIHBIH MapKiH a3zaiiTyra
MYMKIHAIK Oepeal KoHE TEepMHUHANFa Tallall eTUIeTIH MapTHIAPIABIH TYCY
MeJlepi MEH JKHMUITIHIH e3repyiHe IpOIMOpPIHOHAIABI Kayarl Oepe OTBHIPHIIL,
KaliTa THEy TEXHUKACHIHBIH JKYMBIC KOJIEMIH YTHIMIbI O6Iy/li KaMTaMachl3 eTei.
3epTTey HOTHXKENICPiH TEHi3 KOJIri MeH TEHi3 TOPTBHIHBIH HH(PPAKYPBUTEIMIBIK
HBICAH/IAPBIHBIH KYMBICHIH OHTAMIIBI )KOCIapiiay YIIiH maiaananyra 0oasl.
Tyiiin ce3mep: KoOHTEHHEPIEP, TEHI3 TOPTTAPHI, )KYK (DPOHTHI, apTKBI TEPMIHAII-
J1ap, JKOCIapiiay, MOJIEIbIEY, JKYKTEP/Il TapaTy )KeJiepi, *YK arblHbl, KYPFaK IMOpT
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AnHoTauus. BaxHol mpoOIeMoil I TpaHCIIOpPTAa B HACTOSIIEE BPEMS
SBJISICTCSI OpPTaHM3AlMsA JIOTUCTHYECKHX CHCTEM YIPABICHHS IIEPEBO3KaMH C
B3aMMOJICHCTBUEM PA3INIHBIX BUIOB TPAHCTIOPTA, a TAK)KE PA3BUTHE TPAHCIIOPTHON
WH(PACTPYKTYpPHI CO CTPOUTENIHCTBOM TEPMHHAJIBHBIX KOMIUIEKCOB U TOPTOB,
00ecnevnBaloNNX MYITETUMOIAITEHBIE TIEPEBO3KH U HHTEPMO/IATbHBIE TEXHOIOTUH.
WccnenoBanne B JaHHOW CTaThe HAMpPaBICHO Ha peEMIEHHE ITHX MPOOIEMHBIX
BOTIPOCOB. PaccMOTpeHbI BOPOCH! TEXHOJIOTHYECKOTO B3aMMO/IEHCTBHS MOPCKUX U
TBUTOBBIX KOHTEHHEPHBIX TEPMUHAJIOB B PaMKax IJITAHUPOBAHUS paOOTHI HA3EMHBIX
rpy3opacnpeienuTenbHbIX ceTeil. OCHOBHAs 3aj1ada UCCIeI0BaHMs — TIOIy4YeHHe
HEOOXOAMMBIX CBEJICHUN 00 YPOBHE TEXHOJIOTHYECKOTO B3aNMOICHCTBHUS MOPCKOTO
Y TBIJIOBOTO KOHTEWHEPHBIX TEPMHUHAJIOB B JBYX3BEHHOH CHCTEME M MapaMerpax
CKJIaJI0B TEPMHUHAJIOB U aHAJIN3 BEIPAOOTKH MEeXaHN3Ma 00pa3oBaHus o0bema rpy3a
Ha CKJIaJile MOPCKOTO M THUTOBOTO KOHTEHHEPHOTO TepMHUHANA. AHATUTHYECKUMU
METOAaMH BbIBe/leHa (pOopMyia ISl BEIYMCICHHISI MAKCHMAIIbHON €MKOCTH CKJIa/I0B
TEPMHHAJIOB W OTIPENIeIeHbI 3HaYeHU 0a30BOH BMECTHMOCTH CKIJIaJJ0OB MOPCKOTO
W TBUIOBOTO TEPMHUHAIOB JJIsi O3KCIIOPTHOTO ¥ HWMIIOPTHOTO HAaIPaBICHHM.
Hcnonp3oBaHbl METOABI MaTEMaTHYECKOTO MOJENMPOBAHUS ISl TIOCTPOCHUS
MMUTAIMOHHON MOJIENIN JIByX3BEHHOM CHCTEMBbI: MOPCKOM TEpMHUHAJI — ThUIOBOU
TEPMHHAJ, TO3BOJSIONIEH OICHUTh BIWSHHWE HEPABHOMEPHOCTH TOCTYIIJICHHUS
TPAHCTIOPTHBIX CPEACTB Ha BEIMYMHY HEOOXOAMMOTO O00BeMa CKIIaJJ0OB MOPCKOTO
Y THUIOBOTO TEPMHUHAJIOB. B yCIOBUSX TEppUTOPHAIBHBIX OTPAaHWYEHHH MOpTa
9TO MO3BOJISIET MUHIMH3HPOBATH MTOPTOBBIE CKIIAJICKME TUIOMIAIN XPAaHEHHS, TTapK
Meperpy309HOro 000pya0BaHUs M 00ECTeunBaeT palMOHAIBHOE paclpeieleHne
o0beMa pPabOTHI MEPEerpy304HON TEXHUKHM C COpPa3MEpPHBIM pEearupoBaHMEM Ha
W3MEHEHHS Pa3MEpPOB M YaCTOTHI MOCTYIICHUN TpeOyeMbIX MapTUii Ha TEPMUHAI.
PesynbraTel mcciaenoBaHWsS MOTYT OBITh HWCIOJB30BAHBI IS ONTHMAaJIBHOTO
TUTAaHAPOBAHUST PabOTHI MOPCKOTO TPAHCIOPTa W WH(PACTPYKTYPHBIX OOBEKTOB
MOPCKOTO TIOpTa.

KutoueBble cjioBa: KOHTEHHEPHI, MOPCKHE TIOPTHI, TPY30BOH (DPOHT, 3a1HKE
TePMHHAJBI, TUITAHUPOBAHHME, MOJEIMPOBAHUE, JIMHUM PACIPENEICHUsS TPy30B,
IPy30I0TOK, CyX0OH IIOPT

Introduction

Recently, the issues of technological interaction between seaports and rear
terminals have been given active attention in the multimodal transportation system,
the number of scientific works on this subject is constantly growing (Aravindan et
al., 2016). However, in spite of the fact that some basic formulas and methodologies
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are subjected to numerous changes, the task of optimizing technological interaction
and warehouse capacity in the two-link sea port-dry port system remains unsolved.

In this regard, finding a solution and developing appropriate recommendations
in general terms, taking into account the increasing competition between transport
infrastructure facilities, is an urgent task. Sea front and rear container terminals
are united by a similar functional structure and purpose (transfer of cargo between
modes of transport, coordination of cargo flows, commercial storage, logistic
completion). Nevertheless, each type of terminal has a priority functional profile,
which determines the peculiarities of their structure (Bobryshev et al., 2013;
Kuznecov et al., 2013).

Materials and methods

Consider a sea container terminal as the simplest functional element, serving to
connect the inbound and outbound flows through it (Fig. 1).

TRANSPORTA HGP." LAND TRANSPORTATION

CONTAINER <
TERMINAL i

‘ MARINE A
=)

Fig.1. Container terminal as a logistics element

The export cargo flow 0., arriving to the port by land transport and processed
at the 1a.nd freight front of the port (heremgfter - Q0,,), we denote as O, (1), and
leaving it by sea and processed at the sea freight front of the port (hereinafter - SCF)
as Q.(1). The value of the volume of cargo stored in the terminal warehouse at the
moment of time is obtained by the integrated expression:

Evaren.(t) = [1[Qqcr (8) — Qscr(D)]dt + Eq (1)

where: £ _ an arbitrary constant, defined as the initial stock of cargo in the

warehouse.
The nature of this relationship is shown in Fig.2. Cargo delivery to the port

is usually carried out both by road transport (small cargo lots) and by railroad
(medium cargo lots), while cargo exportation is carried out by large shiploads. All
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together, this leads to characteristic changes in storage volumes. Uneven import
and export leads to excess or shortage of cargo in the warehouse of the sea terminal
(Kuznecov, 2008; Kuznecov et al., 2010). In this connection, it is necessary to
store cargo in the port in the volume exceeding the size of one ship's batch, and it
is necessary to have the possibility to store excess stock at the terminal warehouse,
arising in case of delay of export due to non-arrival of a vehicle (vessel), as well as
to accumulate "safety" stock, intended for loading of a vessel arriving earlier than
planned.

g | Oscr(® o
£ | Qacr
=,
S
g
S
Ey
Tstor 365 1
time, day

Fig.2. Estimation of storage volume in the port warehouse

Finally, at annual cargo flow Q the need to store cargo at the terminal for some
period of time Txr (according to the requirements of state authorities or on behalf
of the client) leads to the fact that there is an additional permanent stock £ in the
warehouse.

The volume of cargo in the warehouse due to storage 7' is equal to the vertical
distance between the average lines of entry and exit:

E. = Tkeep.*Qann.
07 365 )

Combining expressions (1) and (2), you can get an expression for the volume of
cargo in the warehouse:

Ewaren.(t) = fot[QQCF(t) — Qscr()]dt + % (3)

The introduction of another element in the chain of transportation - a dry port -
allows the rational distribution of functions between the marine and rear terminals
for the storage of excess inventory arising in case of delayed exports due to the non-
arrival of a vehicle (vessel), as well as the accumulation of safety stock, designed
to load the vessel that arrived earlier than planned (Junfang Cao, 2022; Kuznecov
etal., 2011).
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In the system of sea-port-dry port interaction, apart from the onshore cargo flow
9, (1) entering the system (directly to the dry port) and the outgoing marine cargo
flow Q,..(1), there is a cargo flow from the dry port to the sea port - O, (2). The two-
link system allows minimizing the storage volume requirements in the most scarce
coastal areas by transferring commercial storage to rear areas, and also provides an
opportunity to partially transfer to the dry port the function of buffer of cargo inlet
and outtake irregularities. The two-link system allows these functions to be divided
between the seaport terminal and the rear terminal, leaving the former solely to
handle seagoing vessels (Kitikov et al., 2013; Fetisov et al., 2011; Schruben, 1983).

The flow from the sea terminal to the dry port can be in full control of the
terminal operator (if the access roads are used for its implementation) or have some
external restrictions on the capacity of vehicles and the schedule of their movement
(if the common use tracks of the railway operator are used). All three flows are
characterized by the cargo flow continuity ratio:

365 365 365
fo Qscr dt = fo Qocr dt = fo Qpp dt 4)

The difference in size and inconsistency in the schedules of incoming and
outgoing element cargo shipments change the nature of their effect on the size of
the warehouse. If for export shipments the export from the sea terminal in the two-
link system remains unchanged, then the entry of export cargo to the sea terminal
is now carried out by the intermediate cargo flow Q , .(?). The cargo flow at the
inlet of the land terminal QO ocr (¢) remains unchanged, and the export from it is
characterized by the intermediate flow O , (1)

Thus, the absolute value of cargo volume in the warehouse of the seaport is
determined by the expression:

Emar.wareh.(t) = fot[QDP (t) - QSCF (t)]dt + —TkeeZ'gSQann' (5)

while the volume value of the cargo volume in the dry port warechouse can be
represented as:

Eqrounwaren.(t) = fot[QQCp(t) — QDp(t)]dt + W (6)

If the intermediate O, , flow is under the control of the terminal operator and
has no restrictions on the size and frequency of feeds, any task can be solved by
changing it - from complete elimination of storage at the sea terminal to complete
elimination of storage at the rear terminal. In order to develop recommendations on
the formation of internal cargo flow and the distribution of functions between the
links of the transport chain, the following conditions must be observed:

- reduction of space required for the organization of storage in the most expensive
area (reduction of capital costs);
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- reduction in the fleet and evenly distributed intensity of the required
transshipment equipment at the sea terminal;

- possibility of adequate response to changes in the size of the required batches.

Due to the fact that the cost of storing cargo at a container terminal depends
on the specific costs of the terminal owner to maintain the infrastructure, it is
reasonable to proceed further to determine the capacity of the Emar.wareh marine
terminal warehouse and the "dry port" warehouse Eqroun.wareh.

Results

Having analyzed the curve shown in Fig. 3 curve of dynamic component of
seaport warehouse volume for export cargo flow, we can see that at regular import
and export the maximum values of cargo volume in the warechouse do not exceed
the volume of ship's shipment V.

Oprw Q0

Oscr

TrTri11trr rirttrirtrrrtryr i inrnrinirirrrirryrrroenrried

Fig.3. The dynamic component of the volume of the seaport warehouse

Consequently, the following expression gives a maximum estimate of the
capacity of a seaport container terminal:

E < 1% + Qann. Tkeep. =V + NVTkeep. =V (Tkeep. + 1) (7)
B 365 NTship Tship

In this case full transfer of the commercial storage function to the dry port, i.e.
T~ 0, will reduce the maximum capacity of the sea container terminal and give

the following expression:

Qann. Tkeep. _
ESV+=m—t=y (8)

For a rear container terminal the situation will be similar. When importing by
rail the incoming cargo flow Q,..(#) to the terminal will be characterized by the
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volume of cargo delivered by expedited container trains (hereinafter - ACT) -V, .,
while exporting cargo from the dry port warehouse will be characterized by the
volume of cargo exported by block trains V. The value of V, .. >V, , because ACT
is the trunk line in the network in questlon while the block tralns act as feeders.
Let's construct a curve of the dynamic component of the dry port container storage

volume (Fig. 4).

Occr(?) 0
Opr(?)

T T T T T T t t T T T T T 1

Fig.4. The dynamic component of the rear terminal warehouse volume

Having analyzed the above curve of the dynamic component of the dry port
warehouse volume, we can see that in case of regular exports, the maximum values
of cargo volume in the warehouse do not exceed the batch volume ACT — V..
Consequently, the maximum capacity of the rear container terminal to handle cargo

flow gives the following expression:

T T
ip ship
Full transfer of the commercial storage function to the «dry port» from the
seaport, i.e. T >0, would also require the warehouse to be able to store the
ship's lot V" as Well Then:

E < Vagr + Al =V 4 Vo (T2 4+ 1) (10)
NT act

Further we propose to consider the case of simultaneous arrival of export 0.
and import Q,,, cargo flows into the two-link system. These cargo flows can be
conventionally divided into increasing cargo at warehouses (import of export cargo
through Q. of dry port, import of export cargo from dry port to seaport warehouse,
reception of import cargo through S . of seaport, receiving import cargo from
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the seaport to the dry port) and on reducing cargo at warehouses (export cargo
export through the seaport S, export cargo export from the dry port to the seaport
warehouse, import cargo import from the seaport to the dry port warehouse, import
cargo export through the dry port O ..).

Discussion

Similar judgments to the above allow you to analytically derive the value of
the basic capacity of the warehouse for export and import directions in relation to

container warehouses of sea and rear terminals:

t . . imp. imp. Tkeep.*Qann.
Enarwaren.(t) = fO [q;);p ®© - q;gg ©+ q;‘rcr‘lzf ®) - qg;p (t)]dt + kgT (1 1)

Evearmaren.(t) = Jg|a5om(£) = GaP (6) + qip? () — gl (©)]de + oo (1)

To obtain the necessary data to determine the characteristics of the warehouse of
the sea terminal Emor.skl and the rear terminal Etyl.skl with simultaneous entry into
a two-link system of export and import cargo flows it is proposed to use simulation
modeling.

Description of the proposed model. Let there be two independent transport
systems: a single-link one consisting of a seaport, and a two-link one consisting of
a seaport and a dry port. Also let there be a given export cargo flow O, and import
cargo flow (O realized by entering the system by ships with interval T, i and
ACT with interval 7, .. ACT are characterized by cargo volume - V, .., sea ships are
characterized by cargo volume V¥, block trains working on the line between the port
and the "dry port" are characterized by cargo volume ¥, SCF is characterized by
productivity P, TEU/day, while Q.. is characterized by productivity P, ACT/
day. Loading front capacity for technical cargo flow by sea and rear terminals is
characterized by P, capacity, DT/day.

Formal description of the logic of the model. First, let's consider a two-link
transport system consisting of a seaport and a "dry port":

Step 0. There is no cargo in the warehouses of the sea and rear container
terminals. The time interval in the model is taken as 1 day.

Step 1. By rail (ACT) the export cargo arrives at the rear container terminal via
a ground cargo front (G ,,) and stays there for the duration of storage 7,

Step 2: In case of a ship's arrival scheduled for the next 10 days, the cargo is
transported via a block-train system in VBT shipments to the sea term container
yard, where it is unloaded if the ship is not at the berth waiting for the arrival of the
ship. If a vessel is at the quay and is ready to receive the export cargo, the cargo is
reloaded onto the vessel by the direct route.

Step 3: The vessel's arrival occurs in the Tshirin interval. After the vessel arrives,
the import cargo is completely unloaded from its board via S, and placed in the
container yard of the marine terminal.

Step 4. After unloading of import cargo in volume V at S, is completed, the
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export cargo is loaded onto the ship (and the size of the export cargo batch can
be either smaller or larger than the import cargo, but no larger than the maximum
vessel capacity) for shipment to consignees by sea.

Step 5. After completion of unloading of the first batch of import cargo greater
than or equal to VBT, this batch is loaded into block trains and shipped to the "dry
port" warehouse on the same day.

Step 6. The import cargo is transported by rail to the container warehouse of the
rear terminal through and stays there for a certain period of time T.

Step 7. Once the volume of cargo in the dry port warehouse is greater than or
equal to V, ., the batch of imported cargo V, . is loaded into ACT and shipped to
the consignees.

Step 8. The model consists of a series of 365 intervals, each equal to one day.
Next, consider a single-link transportation system:

Step 4. When the import cargo in volume V'is finished unloading at the S, th
export cargo begins to be loaded onto the ship (and the size of the export cargo
batch can be either smaller or larger than the import cargo, but no larger than the
maximum capacity of the ship) for shipment to the consignees by sea.

Step 0. There is no cargo in the warehouse of the seaport. Time interval in the
model is also taken as 1 day.

Step 1. The export cargo arrives by rail (ACT) to the container warehouse of the
seaport through Q. and stays there for some period of storage T keep.

Step 2: The arrival of the ship occurs in the interval Tshir. After the arrival of the
ship from his board through

SCF fully unload the imported cargo, which is placed in the container warehouse
of the sea terminal.

Step 4. After unloading of import cargo in volume V on SCF is finished the
loading of export cargo on the vessel (and the size of export cargo may be either
less or more than import cargo, but not more than maximum tonnage of the vessel)
for the delivery to consignees by sea.

Step 5. When the first batch of import cargo greater than or equal to the V
unloaded, the V, .. import cargo batch is loaded into the ACT and shipped to the
consignees. Step 8. The model consists of a series of 365 intervals, each equal to
1 day.

The resulting model allows the study of the main parameters of technological
interaction between sea and rear container terminals in one- and two-link systems.
The model can be used to obtain data on the dynamics of import and export cargo
import/export to warehouses, maximum and minimum cargo volume in warehouses
at each moment of time.

Next, an experiment with the model is conducted. Let export cargo flow be 0.,
30000 TEU/year, import cargo flow be Q 45000 TEU/year. Flows are realized
by uniform arrival of ships to the system "with 10 day interval and VPC with 3
day interval. Cargo storage period will be 7 days. Obtained simulation results are
shown in Fig. 5 - 7.

A
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Fig. 5. Dynamics of cargo volume change at the seaport warehouse in the single-link system
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Fig. 7. Dynamics of cargo volume change at the «dry port» warehouse in the two-link system

Analysis of the results of the experiment allows us to draw the following
conclusions:

1. The systems successfully handle the arrival of export and import cargo. At
the same time, the systems serve 38 ship calls and 122 arrivals of CCS. Work in
the two-link system is carried out through the daily operation of one to three block
trains.

2. In the single-link system with given input data the average number of contai-
ners in the warehouse of the marine terminal is 1489 TEU, while in the two-link
system - 710 TEU (while the average number of containers in the warehouse of the
rear terminal is 1129 TEU).

3. In a single-link system with given input data, the maximum number of

194



Reports of the Academy of Sciences of the Republic of Kazakhstan

containers in the warehouse of the marine terminal is 2700 TEU (> 2V), whereas in
a two-link system it is 1920 TEU (< 2V), which is 28 % less.

The conducted experiment and simulation modeling allow us to estimate the
required maximum capacity of sea and rear container terminals when processing
export and import container flows. If the commercial storage function is fully
transferred to the rear terminal (i.e. for the sea warehouse 7, = 0), the maximum
required capacity of the sea container terminal and will give the following
expression:

ann.T eep.
E <2(v4dommtien) - gy (13)

Full transfer of the commercial storage function to the «dry port» from the
seaport (i.e. for the rear terminal 7’ i 0) will require the warehouse to be able to
store both the shipload V and to smooth out fluctuations arising from the unequal
approach of sea ships AT, . Thus, the maximum storage capacity of a rear container
terminal will be expressed as:

E <2(Vaer + % +V 4 Vr ATy = 2(V + Vacr (7;’;6: +1) + Vir ATy (14)
The introduction of an additional link into the transportation chain - a rear
container terminal - leads to an increase in the total size of warehouses - Emar.
wareh.+ Erear.warex. compared to the warehouse of the single-link Ewareh
system, i.e. Emar.wareh.+ Erear warex. > Ewareh. The main reason is the need to
compensate for two pairs of non-uniform batch sizes and vehicle arrivals.

Conclusions

1. The functioning of the logistics element - the sea container terminal - in the
single-link system leads to the emergence of excess or deficit of cargo in storage.
In this regard, the port should be able to store surplus stock, arising from delays in
export due to the non-arrival of a vehicle (vessel), as well as the accumulation of
"safety" stock, designed to load the vessel, which arrived earlier.

2. In case of organization of functioning of a two-link transport chain sea
terminal - rear terminal, the operator of sea terminal gets an opportunity to reduce
the area for storage on the expensive port territory, to reduce the fleet and to evenly
distribute the work of transshipment equipment at the terminal, and also gets an
opportunity to react adequately to changes in the size and frequency of supply of
required lots.

3. In case of management of technological interaction channels an operator of
a sea terminal gets an opportunity to solve any task, up to complete elimination of
storage at a sea terminal.

4. the use of analytical methods makes it possible to derive the values of the
base capacity of warehouses of the sea and rear terminals for export and import
directions.
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5. Simulation modeling makes it possible to assess the impact of the unevenness
of the arrival of vehicles on the value of the required storage capacity of sea and rear
terminals, as well as to obtain data on the required level of technological interaction
between terminals, which can ultimately be used to plan the work of transport and
infrastructure facilities.

6. In the case when the specific cost of storage at the sea warehouse is much
higher than that at the rear warehouse, the option of using a two-link system in the
transport chain: sea and rear container terminal, is more preferable.
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