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WHCTPYMEHTBI IPOTOTUITMPOBAHMS MMOJIb30BATEJIBCKOIO MHTEPOENCA

Tuxkn J.A., Huxoabckuii B.E., ABaksan E.B., Camomkun H.C., 'Mokpsik A.B.

®I'50Y  BO "POCCHHCKHUH T'OCYIAPCTBEHHBIH TI'MIPOMETEOPOJIOIMYECKHUHU
YHUBEPCHUTET" Canxm-Ilemepbype, Poccus (192007, 2copoo Canxm-Ilemepbype, Boponescckas
vi., 0. 79)

‘@rs0y  BO  "CAHKT-TIETEPEYPICKHUH  YHUBEPCUTET T'OCYIAPCTBEHHOH
ITPOTUBOIIOKAPHON CJIV)KEhI MUHHUCTEPCTBA POCCHUCKOH ®EJEPALIMH 110
JEJIAM T'PAJKIJAHCKOM OBFOPOHDI, YPE3BBIYAUHBIM CUTYALIUAM U JIMKBUJALIUH
ITOCJIE[CTBUU CTUXUHHBIX BEJICTBUU UMEHH I'EPOS POCCUUCKOH ®EJEPALIUU
I'EHEPAJIA APMHHU E.H3UHUYEBA", Canxm-Ilemepoype, Poccus (196105, e.Canxm-
Ilemep6ype, Mockosckuil npocnexm, 0.149), e-mail: mokryakanna@mail.ru

HMHcTpyMeHTHI NPOTOTUINMPOBAHHUS TOJb30BATEIbCKOI0 HMHTepdeiica HIPalOT BakHYI0 PpoJb B Mpoiecce
pa3padoTKu NpuJioxKkeHuii U Bed-caiiToB. OHU N03BOJISIIOT KOMaH/le IPOEKTA CO31aBaTh NPOTOTUIILI HHTepdeiica,
KOTOpbIe MOTYT OBITh MPOTECTHPOBAHBLI M OLIEHEHBbI INOJIH30BATEISAMH WJIHM 3aHHTEPECOBAHHBIMH CTOPOHAMH
nepen ¢axkruuyeckoii paspadorkoii. Llenbp gaHHON cTaTbU 3aKJII0YAaeTCSl B PACCMOTPEHUHM BA)KHON TeMbl
HHCTPYMEHTOB NPOTOTHNHMPOBAHUS M0Jb30BaTeJbCKOro HHTepdeiica. Byaer mnoapodHo paccMOTpeHO MX
3HaYeHHe B Mpouecce pa3padoTKM NPUJIOKeHUH M Bed-caliTOB, BbIABJIEHBI KJIIYeBble MpeUMYLIECTBA H
HEIOCTATKHM, a TAaKKe IMpeIoCcTaBJeH 0030p MNONYJASPHbBIX HHCTPYMEHTOB M OCHOBHBIX NPHHIMIIOB
NPOTOTUNHMPOBAHMUS.

KitoueBbie cnoBa: THCTpyMEHTHI MPOTOTUITUPOBAHUS, MOJIB30BATENBLCKHM HHTEP(DeEic, mpoiiecc pa3pabOTKH.

USER INTERFACE PROTOTYPING TOOLS

Tikki D.A., Nikolsky V.E., Avakyan E.V., Samoshkin N.S., *Mokryak A.V.

RUSSIAN STATE HYDROMETEOROLOGICAL UNIVERSITY, St. Petersburg, Russia (192007, St.
Petersburg, Voronezhskaya str., 79)

1ST. PETERSBURG UNIVERSITY OF THE STATE FIRE SERVICE OF THE MINISTRY OF THE
RUSSIAN FEDERATION FOR CIVIL DEFENSE, EMERGENCIES AND ELIMINATION OF
CONSEQUENCES OF NATURAL DISASTERS NAMED AFTER THE HERO OF THE RUSSIAN
FEDERATION, GENERAL OF THE ARMY E.N. ZINICHEYV, St. Petersburg, Russia (196105, St.
Petersburg, Moskovsky prospekt,149), e-mail: ‘mokryakanna@mail.ru

Ul prototyping tools play an important role in the app and website development process. They allow the project
team to create interface prototypes that can be tested and evaluated by users or stakeholders before actual
development. The purpose of this article is to address the important topic of Ul prototyping tools. Their importance
in the app and website development process will be discussed in detail, key advantages and disadvantages will be
identified, and an overview of popular prototyping tools and basic principles will be provided.

Keywords: Prototyping tools, user interface, development process.
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BBenenue

B coBpemeHHOM wMupe pa3pabOTKH TOJIB30BATENBCKOTO HHTepdelica WHPOPMAIMOHHBIC
TEXHOJIOTUU 3aHUMAIOT LIEHTPAIbHOE MECTO, U HECOMHEHHO, OHH HMEIOT OOJbIIOE BIIMSHHE Ha
KayecTBO M (YHKIMOHAJIBHOCTh NPWIOKEHUWH U BebO-caiiToB. Ilpomecc co3manus unTepeiica,
KOTOPBIN OyJeT HE TOJIBKO NMPHUBJIEKATh BHUMAHUE, HO U 00ECTIeYNBaTh YJOOCTBO HCIIOJIb30BAHMUS,
TpeOyeT CHUCTEeMaTHYeCKOTO U TIIATEJBHOTO TMoAXona. VHCTPYMEHTHl NPOTOTUIHPOBAHUS
MOJIb30BATEILCKOTO UHTEpJeiica UrPAIOT KIFOUYEBYIO POJIb B JIOCTHKCHUH TOH LIEJIH, IPEIOCTABIISS
nu3aiHepaM U pa3zpadoTurkam 3(h(HEeKTUBHBIC CPEICTBA IS CO3JAHHS M ONITUMHU3AIUN HHTEP(]EHCOoB.

[IpoToTHUNIpOBaHKE TOJIH30BATEIBCKOTO HMHTEpQEiica — 3TO MPOIECC, KOTOPBIA MO3BOJISET
co3llaBaTh NEpBOHAYAIbHBIE MOJAETH WHTepdeiica MpuiIoKeHus Wik Bed-caiiTa mepen TeM, Kak
HAQUYMHATh AKTHUBHOE MPOrpaMMHUPOBAaHUE. OTH MOJENH, WJIW TMPOTOTHUIBI, CIYy)XaT BaXHBIM
MHCTPYMEHTOM JIJIsl aHAJIN3a, TECTUPOBAHMS U COTJIACOBAHMUS KOHIICTIIUI HHTEpdeiica, mpexie 4eM
OHU CTAaHYT YacThIO KOHEYHOro MpOAyKTa. Ha mepBbIil B3IJIsA, CO3/aHUE MPOTOTUIIOB MOXKET
MOKa3aThCs BPeMsl 3aTPATHBIM ITAllOM, HO 3TO BJIOXKCHHUE BPEMEHHM U YCHUJIMHA OKYIAETCS MyTeM
COKpAIIlEHHS YUClia OMIMOOK M yIyUIICHUs YIAO0BJICTBOPEHHOCTH IOJIb30BaTeNei [1].

B nanHO#i craTthe OyneT paccMOTpeHa BaXHOCTh WHCTPYMEHTOB MPOTOTHUIIMPOBAHUS
MOJIb30BATEIHCKOT0 HHTEp(eiica 1 paCCMOTPUM HECKOIBKO U3 HUX, KOTOPBIE TIOMOTAIOT AU3aiiHEpaM
U pa3paboTuyMKaM co3[aBaTh IMPOTOTUIBI HMHTEPQEHCOB, YTO B CBOIO OdYepenb CHOCOOCTBYET
Pa3sBUTHIO Ka4eCTBEHHBIX M BOCTPEOOBAHHBIX MPOAYKTOB. HadHeM ¢ OCHOBHBIX MPHUHIUIIOB
MPOTOTUIMPOBAHUS U TepelzieM K 0030py MOIMYJISIPHBIX HMHCTPYMEHTOB, KOTOPBIE NIEJNAIOT STOT
nporuecc 6onee 3pHEeKTUBHBIM U TOCTYITHBIM.

MeToauka ucciaea0BaHusA

WHCTpyMEHTBl MPOTOTUIHMPOBAHUS IOJB30BATEIbCKOIO HHTep(eiica HMMET OrpoMHOE
3HaYeHHE B IIpolecce pa3padOTKM M JAu3aiiHa TNpUIOKEHUH, BeO-CalilTOB M NPOrpaMMHOIO
obecniedueHns. OHU NPEAOCTABISIOT CIEAYIONINE IPEUMYIIECTBA:

e Busyaimsanus U KOHLUENTyaIN3alus;

e  HrepartuBHBIN npolecc;

e TecTupoBaHKE U ONITUMU3ALINS;

e CHWXEHUE PUCKOB U 3aTpar;

e (CornacoBaHue 1 KOMMYHUKALIUS;

e (Co3zmaHue NPUBIIEKATEIBHOTO MTOJIB30BATEIBCKOTO OIBITA;

e  VYckopeHHe pa3paboTKU.

B wutore, MHCTpYMEHTHI MPOTOTUIIUPOBAHUS IOJI30BATEILCKOTO MHTEp(derica CTaHOBITCS
HE3aMEHHMMOM dYacThio mpolecca pa3pabOTKH, CHOCOOCTBYS YIYYIIEHHIO KadecTBa HPOAYKTOB,
COKpAIIeHHIO 3aTpaT U YCKOPEHHUIO BPEMEHHU 110 pein3a. OHU NMOMOTaloT cO3/1aBaTh MHTEpQECHl,
KOTOpPbIE HaXOAAT OTKJIMK Y MOJIb30BaTeNel U MPUHOCAT peabHyI0 [IEHHOCTh OM3HECY.

[TpuHIMIBI TPOTOTUITMPOBAHMS IOJIB30BATEILCKOIO MHTEpdeiica ciykaT OpUEHTHPOM IpHU
CO3JIaHMM W HCIOJIb30BaHUM MpOTOTUNOB. OHM moMoraroT obecnednTbh 3PGEKTUBHOE HU
IeJIEHANpPaBIEHHOE MTPUMEHEHHE 3TOr0 MHCTPYMEHTa B Ipoliecce pa3zpabotku [1]. Bor ocHoBHBIE
MPUHIIMITBI TPOTOTUITHUPOBAHUS:
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Henb u aynuropus. Onpenenutsb, Kakas 1elb y IPOTOTHIIA, U KTO OyIET ero ay JUTOPHEH.
OTO TNOMOXET COCPEJOTOYUTh YCHJIMS Ha CO3JaHUM PEJICBAaHTHBIX M IOJE3HBIX
IIPOTOTHUIIOB.

ITpoctoTa u ckopocth: I[IpOTOTHIIBI TOMKHBI OBITH OBICTPBIMU U JISTKUMU B CO3aHUU. VX
1eJIb — IEMOHCTPUPOBATH KIIIOUEBbIe (PYHKIIMU M KOHIETIIINH, a HE BOCCO3/1aBaTh MOJHBIN
(YHKIIMOHATBHBIN MTPOYKT.

UteparuBHocTs. [IpoToTUnupoBanue — 3T0 MpoOLECC, a HE OJHOPA30BOE MEPOIPUSITHE.
Heo0xomuMo WCHONB30BaTh HTEpPAlMU  JJIsl  YIYUYIIEHUS M COBEPIICHCTBOBAHUS
MPOTOTHUIIOB HA OCHOBE OOPATHOM CBSI3U U HOBBIX HJIEH.

VYyactue 3auHTEpecoBaHHBIX CTOpOH. HyXHO BOBJEKaTh KJIMEHTOB, IOJIb30BaTeleil U
JIPYTUX 3aUHTEPECOBAHHBIX CTOPOH B IPOLIECC CO3/aHUA W OLEHKH MPOTOTUIIOB. Mx
MHEHHE U 00paTHas CBsA3b IIEHHBI ISl YIyYIICHUs qu3aitHa [2].

Nmuramus  dyHKuoHanbHOCTU. [IpOTOTHNBI  MOMKHBI HMUTHPOBATH  KIIOYEBBIC
(GYHKIMOHATBHBIE AJIEMEHTHI MPOYKTa, YTOOBI ITOJIb30BATENIN MOTIIM B3aUMOICHCTBOBATh
¢ UHTEep(ENCOM U OLIEHUTH €ro YJ00CTBO.

JlIokyMeHTUpOBaHWE U  KOMMEHTapuu. [IpoToTHmBI  JOJKHBI  [OAJEP’KUBATHCS
JOKYMEHTalMeil U KOMMEHTapusMH, 4yTOObl OOJIETYUTh MOHMMAHUE U IOCIIEYIoIee
BHECEHUE U3MEHEHUH.

TectupoBanne u oOpaTHas CBsi3b. TecTUpOBaHHME TMPOTOTHIIOB C PEATbHBIMHU
M0JIb30BATEISIMU. DTO IOMOXKET BBISIBUTH IIPOOJIEMBI U yITyULITUTh HHTEPEIiC.
WuTerpanus B npouecc pazpadotku. [IpoToTunupoBanue 10KHO OBITh HHTETPUPOBAHO B
oOmuii mporecc pa3padoTku. [IpoTOTUIBI MOTYT CIIY)KHUTh OCHOBOM JUIsl JaJIbHEHINIEH
pa3paboTKH, a He POCTO TEOPETUUECKUMH MOJAEIISIMHU.

CoOmofieHne 3TUX NPUHLUIIOB IOMOXET MaKCHUMalbHO A(P(EKTUBHO HCIIONb30BATh

IPOTOTHIBI B IpolLecce AW3aiiHa M pa3padOTKM II0Jb30BATEIBCKOrO HHTEpdelica, a Takke

o0ecreunTh KaueCTBO U yA0BJIETBOPEHHOCTH MOJB30BaTeNIeld B KOHEUHOM TIPOayKTe [3, 4].

PaccmoTpuM npenmyiiecTBa 1 HEIOCTaTKU MHCTPYMEHTOB IIPOTOTUIIMPOBAHUS :
[Ipenmyiiecrsa:

ok wdE

VYiydiieHne KOMMYHHKAaIWH;
HTepaTnBHOCTS;

TectupoBanue u oOpaTHast CBSI3b;
CHuKeHne puCKOB U 3aTpar;
VYyacTue 3anHTEepECOBaHHBIX CTOPOH;
®DoKyC Ha M0JIb30BATEILCKOM OIIBITE.

Henocrarku:

=

o

OrpannyeHHasi yHKIIMOHAIBHOCTD;

JIONOJTHUTENBHOE BPEMSI U PECYPCHI;

Hepenxo He penpe3eHTaTUBHBI,

CI10>XKHOCTB 1711 HEKOTOPBIX YYACTHUKOB;

TpeboBanue coBMECTHON pabOTHI M COrNIACOBAHUS B KOMaH/IE.

Takske HUXKe IPeICTaBICHbl IPUMEPBI TPOTrPamMM I CO3/1aHUsI IPOTOTHIIOB:

1.

Sketch:
ITnarpopma: macOS.
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e Ocobennoctu. Sketch - 310 Tpadmueckuii pegakTop, CO3AAHHBIA CHEIUATBHO MJIS

nu3aiiHepoB uHTepdeiicoB. OH MpenocTaBIsieT MHOXKECTBO HHCTPYMEHTOB I CO3/IaHuUs
BEKTOPHBIX MAKETOB W MHTEPAKTUBHBIX MPOTOTUIIOB. MHOXECTBO IJIAaTMHOB IO3BOJISIET
pacIupuTh ero (PyHKIIMOHAIBHOCTD.

e [IpeumymectBa. [Ipoct B UCHOIB30BAaHUM, OTIUYHO MOJXOAMUT IS CO3/IaHUS MAKETOB U
HUKOHOK.

2. Adobe XD:

e Ilmarpopmser. Windows, macOS.

e Ocobennoctu. Adobe XD - MOIIHBIM WHCTPYMEHT ISl JAW3aiiHa M MPOTOTHITHPOBAHUS
uHTepdeiicoB. OH MO3BOJSET CO3aBaTh MHTEPAKTUBHBIE MPOTOTUIIBI C BO3MOXXHOCTHIO
aHUMAIM1 U COBMECTHOM pabOThI B pealbHOM BPEMEHH.

e [IpeumymectBa. UuTerpupoBan ¢ Apyrumu npoaykramu Adobe, moaaep>KuBaeT Au3aiiH
CUCTEMBI U IPOCT B OCBOCHHH [5].

3. Figma:

e [lnmarpopmsel. Bed-npunoxenue.

e Ocob6ennoctu. Figma - 3T0 KommaOOpaTHBHBIA HHCTPYMEHT, KOTOPBIH ITO3BOJISET
nu3aiiHepaM U pa3paboT4yMKaM CO3/1aBaTh U PEAAKTHUPOBATH AM3ANHBI U MPOTOTHUIIHI B
peasibHOM BpemeHH. llonnepxuBaeT COBMECTHYIO pabOTy B KOMaHJIe€ U UMeeT Oorarsle
BO3MOKHOCTH JUISI CO3/IaHUSI HHTEPAKTUBHBIX TIPOTOTHUIIOB.

e [Ipeumymectsa. Jlerkuii qoctym B BeO-Opay3epe, MHOTO(YHKIIMOHAIBHBIA U XOPOUI JJIs
KOMaHJTHOW paboThI [6].

BoiBoa

B 3aknrouenne He0OX0AMMO OTMETUTH, HHCTPYMEHTHI TPOTOTUIIMPOBAHUS ITOJIH30BATEIHCKOTO
uHTepdeiica SBISIOTCS BaXXHBIM KOMIIOHEHTOM YCIENIHOTO Tpoliecca pa3padOoTKU MPUIIOKECHHH,
Be0-caliToB U mporpaMMHOro obecrneudeHus. OHM 00ecneunBaOT BU3YyaIM3aIHI0, TECTUPOBAHHE,
COrJJacOBaHME W ONTHUMHU3ALMIO JM3ailHa, CHI)KEHHE DPHCKOB M 3aTpar, a TaKXkKe YJIydlleHHe
KOMMYHHUKAllMd W  COTpyJHMUYECTBA B KomaHzae. [IpoToTumbel MO3BOJIAIOT UTEPATHUBHO
COBEpIICHCTBOBATh MPOIYKT, POKYCHUPYSACh Ha CO3JaHHH YIOBIETBOPSIOINIETO MOJIb30BATEIHCKOTO
omnbiTa. B KOHEYHOM WTOre, WHCTPYMEHTHI MPOTOTUITHUPOBAHUSI CIOCOOCTBYIOT YCKOPEHHUIO
pa3paboTKM M CO3AaHUI0 00Jiee KauyeCTBEHHBIX MPOAYKTOB, MPHUHOCAIINX PEATbHYIO IEHHOCTh
OM3HECY M TOJIb30BATEIISM.

Cnucok Jurepartypsl
1. 14 wunactpymentoB npotorunupoBanus s Ul/UX-nuzaitHepoB. DIEKTPOHHBIN pecypc —

Pexxum noctyma: https://www.uprock.ru/articles/14-instrumentov-prototipirovaniya-dlya-ui-
ux-dizaynerov (mata obparenus 27.10.2023)

2. Uro Ttakoe IIpororunupoBanue?  OJEKTPOHHBIM pecypc — Pexum  jgocryma:
https://www.uprock.ru/articles/chto-takoe-prototipirovanie (/lara o6parienuns 28.10.2023)
3. IIpoTtotunupoBaHue. DNEeKTPOHHBII pecypc - Pexxum JIOCTyIa:

https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%82%D0%BE%D1%82%D0
%B8%D0%BF%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%
B5 (Mlara obOpamenus 29.10.2023)
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[IpenmymiecTBa 1 HEAOCTATKU MIPOTOTUIIUPOBAHUS. DNEKTPOHHBIN pecypc — Pexum goctymna:
https://polator.ru/preimushhestva-i-nedostatki-prototipirovaniya/ (mara obpareHus
29.10.2023)

Aizenbepr C.A., CadonoBa T.B. MynbTHareHTHbIE CHUCTEMBI B CHMYJSIUH Tpaduka
WudopmanoHHbIe TEXHOJOTHH M CHUCTEMBL: YIIpaBlIeHHE, KOHOMHKA, TPAHCIOPT, IPaBo.
2022. Ne2(42). C.78-83.

Kak cosmate mnporotun caita? Tumbl W MeTOmbl pa3pabOTKH. & HWHCTPYMEHTOB
MPOTOTUNIUPOBaHUs (oHiaiiH W odduaitH). DnexkTpoHHBIM pecypc — Pexum gocryma:
https://seoforge.ru/website/prototipirovanie-sajta (/Iara oopamenus 30.10.2023)
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VJIK 004.6
MO/IEJIb JAHHBIX OJE3HOM HATPY3KH B JIBC

YCeewunuros U.B., Manaxoe C.B., Axynos /I.0.

DIFOY BO "[TOBOJDKCKHUH TOCYJIAPCT. BEHHDBIN YHUBEPCUTET
TEJIEKOMM VHHK'AUHI/VI U HHDOOPMATHUKH", Camapa, Poccusa (443010, Camapcras
obnacmo, 20poo Camapa, yr. Jlvea Toncmozo, 0.23), e-mail:tivan.sveshnikov.777@mail.ru

C pa3BuTHeM HHGOPMAIMOHHBIX TEXHOJIOTHIi H KOMNIbIOTEPH3ALMH OPTraHU3ALMIi, JJOKATbHbIE BLIYHCIUTE/IbHbIE
cetu (JIBC) cragm He3aMeHMMO# 4acTbI0 COBPeMEeHHOro OusHeca u oomena uHdopmaunueii. Baxunocrs JIBC B
NOBCEeIHEBHON /1eATeJbHOCTH OPraHu3alMii CTaHOBMTCH Bce 0oJiee SIBHOH, M, CJ1el0BaTeJbHO, BONPOCHI HX
3(pexTUBHOI OpPraHM3aluM U yIPaBJIeHHUs NPUOOPETAIOT NePBOCTENeHHOE 3HAYeHUe.

CeroaHsi NpOMCXOANT CTOJKHOBEHUE € OTPOMHBIMU 00beMaMHM JAHHBIX, KOTOpbIe noctynaTt B JIBC, u ¢
pacTyliMMHu TPeOGOBAHUSIMU K HX 00padoTKe, 6e30MacHOCTH U onTUMHU3anuu. IMeHHo 31ech BCTynaeT B CHJIy TeMa
JaHHOTO AokJaaa — "Mojeab JaHHBIX NoJe3Hoil Harpy3ku B JIBC". AKTyaJIbHOCTB 3TO TeMbI 3aKJI04aeTcs B
He00X0MMOCTH NMOHMMAHMSA, KAKMM 00pa3oM JaHHbIe YNPABJAIOTCA BHYTPH CeTH, KaK ofecreyHMBaeTcsi HX
0e30MacHOCTh M IEeJI0CTHOCTh, H KAaK MOJeJIb JaAHHBIX MOJe3HO HATPY3KH CMOCOOCTBYET ONITHMHU3AIUH CETEBOI0
Tpaduka U ynpasJjeHHI0 Ka4eCTBOM 00CIyKMBAHUS.

B name Bpems, koraa ooMeH undopmanmeil 1 J0CTYN K JaHHBIM CTAJIH HEOTheMJIeMOI YacThio OU3Hec-
NpoLEeCcCOB, MOHUMAHUE MOJE]U AAHHbIX NoJie3HOH Harpy3ku B JIBC cTaHOBUTCS KPUTHYECKH BAMKHBIM AJIsl
obecnieyenus1 3¢¢ekTUBHON padoThl opraHu3auMii U 3amUTHl ee MHGopMauuu. B nanHoil padoTe YacTUYHO
PaccMOTPUM MHP CeTeBbIX TEXHOJIOTHH M MO/IETHPOBAHMS JAHHBIX, YTO0BI 00JIee MOJHO MOHITH 3Ty KJIIOYEBYI0
cocTaBJsAIYI0 coBpeMenHbIx JIBC.

KimroueBrsie coBa: TOKaJIbHBIC BEIYUCIUTEILHEIC CETH, o0MeH JaHHBIMU, MAC-az[peca, CCPBEPLI, HAI'PY3KHU, CKOPOCTh.

PAYLOAD DATA MODEL IN LAN

1Sveshnikov 1.V., Malakhov S.V., Yakupov D.O.

VOLGA REGION STATE UNIVERSITY OF TELECOMMUNICATIONS AND INFORMATICS,
Samara, Russia (443010, Samara Region, Samara, Leo Tolstoy St., 23), e-mail:
Livan.sveshnikov.777@mail.ru

With the development of information technology and computerization of organizations, local area networks (LAN)
have become an indispensable part of modern business and information exchange. The importance of LAN in the
daily activities of organizations is becoming more and more obvious, and, consequently, the issues of their effective
organization and management are of paramount importance.

Today, there is a collision with the huge volumes of data that enter the LAN, and with the growing
requirements for their processing, security and optimization. This is where the topic of this report comes into force
— "Payload data Model in LAN™. The relevance of this topic lies in the need to understand how data is managed
within the network, how their security and integrity are ensured, and how the payload data model contributes to
network traffic optimization and quality of service management.

Nowadays, when information exchange and data access have become an integral part of business
processes, understanding the payload data model in a LAN becomes critical to ensure the effective operation of
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organizations and the protection of its information. In this paper, we will partially consider the world of network
technologies and data modeling in order to better understand this key component of modern LAN.

Keywords: Local area networks, data exchange, MAC addresses, servers, loads, speed.

JlokanpHas BeruucnutenbHas ceth (JIBC) mpencraBiser co0oil CeTh, OXBATHIBAIOIIYIO
OTpaHUYEHHYIO TEPPUTOPHUIO, TaKylO Kak oduc, npeanpusarue, mkona uin gom. JIBC oobenunser
KOMITBIOTEPBI, CEPBEPHI, IPUHTEPHI U JIPYTUE YCTPOMCTBA, MMO3BOJISAS UM OOMEHHUBATHCS TAHHBIMHU U
pecypcamu (Pucynok 1).

Printer

0000000000

Switch

Fleg) PC4 Fleg

i =[] i =[] =[]

Pucynok 1 — [Ipumep JIBC

OcHoBHbIMU XapakTepuctukamu JIBC gBIAIOTCS JOKaJIBHOCTb U BBICOKAsi CKOPOCTD IE€peladuu
JAHHBIX BHYTPH CETH.
JIBC BBINOJHSAIOT psiJl BAXHBIX 33J]a4 M UMEIOT pa3HOOOpa3Hble 001aCTH IPUMEHEHUS:
e (o0ecrieueHHEe CBA3HOCTH,
e 00OMEH JaHHBIMU,
e olecreueHue JI0CTymna K pecypcam;
®  IICHTPAJIN30BAHHOE YIIPABJICHUE.
JIBC sBnsitoTcsi (yHIAMEHTOM COBPEMEHHOM OpraHM3alud HMHPOPMALMOHHBIX CUCTEM U
UTPalOT pelarollylo poiib B obecreueHuH 3(hpekTuBHOro oOMeHa JaHHBIMU U pecypcaMu BHYTpPHU
CETH.
JIBC xapakTepHu3yoTcs psaIoM 0COOEHHOCTEH, BKITIOYas:
e orpanudeHHas Tteppuropus - JIBC oxBaTbIBalOT OrpaHUYEHHOE IPOCTPAHCTBO, KaK
MIPaBUJIO, B IIpeJieNax 3aHus Ui ourca, 4To 00ecreqnBaeT BEICOKYIO CKOPOCTh Mepejauu
JAaHHBIX BHYTPH CETH;

e Bbicokas ckopocth - JIBC obGecneunBaioT OBICTPYIO TMepefady MAaHHBIX MEXITY
YCTPOMCTBaMH, YTO BaXKHO JIJIsl ONIEPATUBHOI0 0OMeHa HH(pOopMarueil.

Tononorus JIBC omnpenenser, kak pU3MUECKU CBSI3aHBI U YCTPOEHBI YCTPOMCTBA BHYTPHU CETH.
OCHOBHBIE THIIBI TOIIOJOTHUU BKJIIOYAIOT 3BE3/IHYIO, KOJIBLIEBYIO, IIMHHYIO, JIPEBOBHIHYIO U
CMEIlIaHHYI0 CTPYKTYpY. COOTBETCTBEHHO, UCIIOJIb3Y S PAa3IMYHbIE TUIIBI YCTPOHCTB U 000pY10BaHUS
o0beTMHEHHBIX BMecTe Oyaer moctpoeHa omHa u3 tomnosorun JIBC. Ilpu stom mist paboter JIBC
HCIOJIb3YIOTCSA MPOTOKOJBI, KOTOPbIE UTPAIOT KJIIOYEBYIO POJIb B O0ECMEUYEHUH KOMMYHUKALUU —
Ethernet, TCP/IP, DNS u apyrue.

Mogens JaHHBIX IOJIE3HOM HArpy3Kd IMpPeICTaBlsieT COOOW KIIIOYEBOM acCHeKT JIOKAIbHBIX
BbIUKCIUTENBHBIX cerell (JIBC), onpenensioniuii, kKak JaHHbIE OPraHU30BaHbI U NIEPENAIOTCS BHYTPU
ceTu. DTa MOJIeJNIb BKIIIOYAET B ce0sl CIIeIyIOIINeE 3JIEMEHTHI:
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1. 3arosioBok kaapa/makera (PuCyHOK 2):

®  3aroJIOBOK COJICPKUT UHGPOPMAITHIO, HEOOXOIUMYIO JUISI IEPEIauu TaHHBIX TI0 CETH;

e BKiOYaeT B ce0a MAC-anpeca oTIpaBuTeNs U MOIy4yaTels, YTO MO3BOJISET ONPEACTUTh,
Ky/Jla HallpaBUTb JJAHHBIC;

® B 3arojIOBKE MOTYT TaKkXke ObITh KOHTPOJBHBIE CyMMBI, (hjiaru, MPUOPUTETH JAHHBIX U
Ipyras MEeTaJaHHbIE, ONPEIENISIONIe 00paboTKy NaHHBIX B CETH.

4 6unta G ey 16 6nt

nHa Tun
Homep Bepcum A O6ulasg anvHa
3aronoeka cepsuca

16 6ut 3 6uTa 13 6ur
ipeHTndukaTop naketa ®naru CwmellieHne dparmeHTa

8 6ut 8 6ut 16 6nt
Bpemsa xunzHn Tun npotokona KoHTponsHasa cymma

32 6uTa
IP-agpec oTnpasuTens

32 6uTa
IP-agpec nonyvatens

OnuuY 1 BbipaBHUBaHUE
(He o6g3aTensHo)

Pucynok 2 — 3aronoBok [P-makera

2. JTaHHBIE [10JIE3HON HArpy3KH:

®  JlaHHBIEC MOJIE3HOW Harpy3KH IpPEJCTaBISAIOT COO0I caMu JaHHBIE, KOTOpbIE MEpeIatoTCs
MEXJy YCTPOHCTBaMU;

®  3TO MOXET OBITh TEKCT, ayJHO0, BUJEO, (hailiibl, KOMaHAbl U MHOTO€ IPYrOe, B 3aBUCUMOCTHU
OT IIPWJIOXKEHUS U IPOTOKOJIA;

® JlaHHBbIC TOJE3HOM HArpy3Kd HeCcyT MH(OpMaIuio, KOTOPYIO MOJIb30BAaTENU CETH XOTAT

0OMEHUBATh.

e  Posb Mosenu naHHbBIX Moje3Hor Harpy3ku B JIBC:

e  MapHIpyTHU3alMsl - 3arojIoOBOK IIaKeTa YKa3blBaeT, Kak IepeAaTbh JaHHbIE IO CeTH,

obecrieunBast JOCTaBKYy OT OTIIPABUTENS K IOJIy4aTeo;

e O0Hapy)XeHHE OLIMOOK - 3aroJIOBOK MOKET COJAEpXk aTb KOHTPOJbHBIE CYMMBI JUISI

oOHapy>KeHHsI U, B HEKOTOPBIX CIIydasiX, UCIIPaBJIEHUs OIIMOOK B JaHHBIX;
® KOHTpOJb KadecTBa oOciyxuBaHus (QoS) -uHpopmanMs B 3arojoBKE I03BOJISET
OIIpeIeNINTh IPUOPUTETHI TAaHHBIX JUI1 00eCHeueHHs ONTUMAIbHON MPOU3BOIUTEILHOCTH
CETH;

®  [OJIEpP)KKA Pa3HBIX MPUIOKEHUH - MOJIENb TaHHBIX MOIEP)KUBAET pa3HOOOpa3HbIE TUIIBI
JAHHBIX, 4TO 1o3BoJsieT JIBC noanepxuBaTh pa3Hble MPUIOKEHHUS;

e 0e30MacHOCTh M KOH(UIEHIIUATBHOCTD - 3ar0JIOBOK MOKET COZep)KaTh WH(POPMAIUIO O

mrppoBaHnuU U 0€30MaCHOCTH, YTO Ba)KHO JIJIS 3AIIUTHI TaHHBIX.

[Tonnmanue 3TON MOJAENM MO3BOJISIET aIMUHUCTPATOpaM CETH U HHXKeHepaM 3(P(GEeKTHBHO
yIOpaBJIATh W ONTHUMHU3UPOBATH CE€Th, obOecreunBas OecrnepeOoiiHyI0 Tmepenady MAaHHBIX U
6e30macHOCTb HH(OPMAIIHH.

JUida  mydmero TOHHMMAaHUS MOJAENM JAaHHBIX TIOJIE3HOW Harpy3kM B JIOKAJIbHBIX
BBIUYUCIUTENBHBIX ceTsaX (JIBC) MOXXHO cOCTaBUThH CTPYKTYPHUPOBAHHYIO TAaOJHUILy, OMUCHIBAIOIIYIO
€€ OCHOBHbIE KOMIIOHEHTHI. B Tabmuie OyyT nepeuncieHbl KIoYeBble acleKThl 3aroJIoBKa MmaKeTa
Y JJaHHBIX MTOJIE3HOW HArPy3KHU:
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Ta@mua 1 — KimroueBhIe acIIeKThI 3ar0JI0BKA ITaKeTa U JaHHBIX MTOJIE3HOM Harpys3Ku

Kommnonent ‘ Onucanue
3aroJ0BOK IaKeTa

MAC-anpec otmipaBuTes YHUKaNbHBIN busnueckuit azapec
CETEBOTr0 uHTepdeiica OTIIPABUTEIS,
UCIOJIb3yEMbIH IS UICHTUUKALIUN
OTIIPABUTEINS B CETH.

MAC-anpec nomyyarens YHUKaNbHBIN ¢bu3nueckuit azapec
CEeTEeBOTO uHTepdeiica MoJTyyaress,
YKa3bIBAIOIIHH, KyAa  JOJDKHBI OBITH

HaIlpaBJICHbI JaHHBIC.

KOHTpOJ’ILHHG CYMMBI

I[aHHBIe, ,I[O68.BJ'I€HHI>I€ B 3aroJjJioBOK AJIsA
06Hapy>l(eHI/I$I H, B HCKOTOPBIX ClIydasix,
HUCIIPAaBJICHUSA OIINOOK B nepecaaduc JaHHbIX.

draru u onuu

JlonomHUTENbHBIE MapaMeTpbl U (uiary,
KOTOpBIE OIPEAEISAIOT pa3IudHble aTpUOyThHI
nepeaaym AJaHHBbIX, TaKUC KaK [IPUOPUTET,
00paboTKa u Apyrue napaMeTpsl.

JlaHHBIE I10

JIC3HOM HarpyskKu

Tunn ma"HHBIX

Omnpenenser hopMaT u XapakTep JaHHbBIX,
KOTOpblEe cozepxkarcs B makere. I[Ipumepsl
BKJIFOYAIOT TEKCT, ayauo, BHUACO, (ailbl u
KOMaH/IbI.

Pa3zmep manHbIX

KomnuectBo  0aiiToB  wiiM  OUTOB,
3aHUMAEMBbIX JaHHBIMH TIOJIE3HOW Harpy3KHu.
OTO0 BaXHO Mg OLEHKH HCHOJIb3yeMOu
MIPOITYCKHOM CITOCOOHOCTH M OO0IIeH 3arpy3Ku
CeTH.

udposanuie u 6€30MaCHOCTD

WNudpopmanusa o Meroaax mudpoBaHUs U
3aIUTe TAHHBIX

Paccmotpum mpumep monenu naHHBIX mose3Hod Harpy3ku B JIBC ¢ ucnonb3oBanmem

nporokosia Ethernet , KoTopblil siBIsSeTCS ONHUM M3 HauboJee PaclpOCTPAHEHHBIX MPOTOKOJIOB B

JIBC.

[Ipennonoxum, uro komnbioTep "Kommbeiorep A" (Sender) xoder oTnpaBuTh Qaiin 1pyromy
kommetoTepy "Kommerotrep B" (Receiver) B onnoit JIBC. BoT kak 3TO BBITISIUT B MOJIENN JTaHHBIX
I0JIE3HOM Harpys3Ku:

1.

3arosnoBok kaapa Ethernet:

MAC-anpec ornipaButens (Sender): 00:1A:2B:3C:4D:5E;
MAC-anpec nomyuarens (Receiver): 08:76:5F:4E:3D:2C;
KoHTponbHBIE CyMMBI U JpyTHE NTapaMeTphl 3arojIoBKa.
JlaHHBIE MTOJIE3HON HArPy3KHU:

Tun nanseix: ®aiin "example.pdf”;
Pa3mep pannbix: 2 merabaiira (MB).

1
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Kommprorep "Komnerotep A" ynakoBbiBaeT (aitn "example.pdf' B Mojenp JaHHBIX MOJIE3HOM
Harpy3ku. 3aTeM d5Ta IOJie3Has Harpy3ka IoMeIllaercss B 3aroyioBok kaapa Ethernet, xoTopsiit
conepxkut MAC-aapec otmpaButens (Sender) m MAC-agpec momyuarenst (Receiver). Korma

"Komnbrorep A" oTnpaBiisieT MakeT, 3aroJ0BOK U JaHHBIE MOJE3HON HAarpy3KU MEepPeAaroTCs M0 CETH
K "Komnsiotepy B". "Komneiotep B" ucnons3zyer MAC-azpec B 3arojioBke, YT00bI ONPEACTUTD, YTO
JAHHBIN NIAKET NpeJHa3Hau€H UMEHHO I HETO.

Mopens OaHHBIX IIOJIE3HOM HArpy3Kd B OSTOM IpUMepe IpelacTaBieHa B Buie (aiina
"example.pdf"', KOTOpBIN ABJISICTCS YacThIO JAHHBIX, a TaKKe 3arojioBka kajapa Ethernet, koTopslit
COJICP’KUT ajjpeca OTIPABUTENS] M TOJydyaTess. DTH KOMIIOHEHThl paboTaloT BMECTE, 4YTOObI
obecrieunts nepenady ¢aina ot "Kommberotepa A" k "Kommnerotepy b" BayTpu JIBC.

B koHTekcTe mpumepa moje3Has Harpys3ka IpesCcTaBisieT coO0i JaHHbIE WM MH(POPMAILUIO,
koTopyto komnbioTep "Kommbrotep A" (Sender) xouer mepenars kommbiotepy "Kommbiorep B
(Receiver). B nanHOM cirydae mmoJie3Hast Harpy3ka — 310 daiin "example.pdf"' pazmepom 2 meradarita
(MB).

[Tone3nast Harpy3ka sIBIsieTCSl TOW 4acThIO IMeperaBaeMoil MHGOpMAIUU, KOTOPAasi COACPKUT
pealibHbIe JaHHbIE WM KOHTEHT, KOTOPBIH MHTEpECyeT OTIpPaBUTENs U Moiydareis. B koHTekcTe
CeTeil M mepeaavn JaHHBIX, [OJIe3Hast Harpy3Kka — 3TO UH(OpMalKs, KOTOPYIO MOIb30BATENU CETH
OTIIPABJISIIOT U IPUHUMAIOT: TEKCT, (Pailiipl, ay 110, BUACO, KOMAHbI U T. I. DTH JJAHHBIE COCTABIISAIOT
CYTh KOMMYHHKAI[UH B CETH.

3arooBok kazapa Ethernet m nmpyrue ciyxebnpie mHpopmanmu (Hanpumep, MAC-aapeca
OTIIPaBUTEJIA U IOJIydaTessl) HE SBISIOTCA YacThIO IOJIE3HOM Harpy3ku. OHM UCHOJB3YIOTCS JUIS
MapuIpyTU3alud u 00paOOTKM JaHHBIX B CETH, HO caMH N0 cebe He HecyT HH(OPMAIHUIO,
MHTEpECYyIoIyo Moisib3oBareis. [lone3Hass Harpy3ka — 3TO MMEHHO Ta HMHQOpMaIus, KoTopas
IIPEJCTABIISIET LIEHHOCTh JJISl OTIPABUTENS M IOJIydaress, MMEHHO OHA COCTaBIISET COJEp)KaHUE
nepeiaBaeMbIX JaHHbIX.
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PA3PABOTKA MEPOIIPUATHUI 1O MOJEPHU3AIIMU DJIEKTPOOBOPYJIOBAHUS
KPAH-BAJIKA C JMCTAHIIMOHHBIM YIIPABJIEHUEM

Ulvikacos H.C., Capuyun P.A.

®I'EOY BO "VOUMCKHUH YHUBEPCUTET HAVKHU U TEXHOJIOTMH" (HE®TEKAMCKHUH
OUIIHAJL), Hepmexamck, Poccus (452681, Pecnybnuxka Bawkopmocman, e Hegpmexamck, yn.
Tpaxmosas, 0. 1), e-mail: tlykasov.nik@mail.ru

B nanHoii craTbe pa3paGoTaHbl MEPONPUITHS 1O MOJAEPHH3ANMH JJIEKTPOOOOPYAOBAHUS KpaH-0aJIKH ¢
AUCTAHIHMOHHBIM YIpaBJeHHEeM, ¢ IeJbI0 NMOBbIMeHHs: 3¢ ¢dekTUBHOCTH M Oe3omacHocTH. PaccmartpuBaercs
ycTaHoBKa 0J10ka paguoynpaniieHusi - kHonoynoe paauoynpasjenne TELECRANE F24-6D (myabT 6 kH. 2
ckopoctu, nutanue 220/380 B) 00005569, Llesbio pa3padoTku sABJsieTCs: 0€30MaCHOCTH Pa3rpy3Ku MaTepuaJia.2)
YnoocrBo u ObicTpoTa. 3) OGecnedeHue NMPOCTOTHI KOHTPOJIS HaJd MeXaHM3MOM KpaH-0aakH, odecmedyeHHe
J0CTATOYHOro 0030pa padoyero MpPOCTPAHCTBA M B TO Ke Bpemsi 0e30aCHOCTb omeparopa 4) ONTHMHM3ALMA
padouero mpouecca.S) cokpaiieHue X0JOCThIX NPOX0A0B KpaHa. 6) IloBbICHTH TOYHOCTH NPHU NepeMelleHUM U
TPAHCIOPTHPOBAHUH IPy3a.

KiroueBble cioBa: D¢ heKTHBHOCTD, 0€30I1aCHOCTh, YCTPOWCTBA BBOAA-BBHIBOIA.

DEVELOPMENT OF MEASURES TO MODERNIZE THE ELECTRICAL EQUIPMENT
OF THE CRANE-BEAM WITH REMOTE CONTROL

ILykasov N.S., Safiullin R.A.

UFA UNIVERSITY OF SCIENCE AND TECHNOLOGY (NEFTEKAMSK BRANCH), Neftekamsk,
Russia (452681, Republic of Bashkortostan, Neftekamsk, Traktovaya str., 1), e-mail:
Ylykasov.nik@mail.ru

In this article, measures have been developed to modernize the electrical equipment of the crane-beam with remote
control, in order to increase efficiency and safety. The installation of the radio control unit is considered - push-
button radio control TELECRANE F24-6D (remote control 6 kn. 2 speeds, 220/380 V power supply) 00005569,
The purpose of the development is: safety of unloading material. 2) Convenience and speed. 3) Ensuring ease of
control over the crane-beam mechanism, ensuring sufficient visibility of the workspace and at the same time
operator safety. 4) optimization of the workflow.5) reduction of idle passages of the crane. 6) Improve accuracy
when moving and transporting cargo

Keywords: Efficiency, safety, I/O devices.

PagnonpremHuxk.

[IpreMHHK ycTaHABIMBAETCS B HEMOCPEACTBEHHON ONM3M OT KpaHa WM Ha camoM KkpaHe. C
1enpio obecriedeHusi 0e30mMacHOCTH pPadoThl [2] M BO u30EkaHHE paguoroMexX Mpu padoTe
JTUCTAHIIMOHHOTO YIpPAaBIEHUS TPUMEHSETCS OTIENbHBIN Habop pamunodactor. ONIMOHATBHO,
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MOJIyJb PAAMOYIPABICHHS MOXKHO CHAOJUTh 00ECIICUCHUEM I OTPaHMYCHHUS 30H PabOTHI KpaHa U

MPEeIOTBPALCHUS] TONafaHusl TPY30M0ABEMHOT0 O0OpYyIOBaHMS B ONacHyl 30HY. I[lyneT

ynpasiieHus. Paauyc neiicTBust paguocursaia myjisTa B cpeHeM cocrasiseT ot 40 1o 100 metpos.
Jns ynobcTBa MyNabT pagudOyNpPaBICHUS MOXKHO KPENHUTh CTAllMOHAPHO WM Ha TMosce/mee y
oreparopa KpaHa. Kak u [uisi paguoynpaBieHusi, TaKk W JUId YIOPABJICHUS C I10JIa NPUMEHSIOTCS
KHOIIOYHBIE, JPKOMCTUKOBBIE ITyJIbTHI. I[pOCThIE KHOMIOYHBIE MTYJIBTHI UMEIOT OJJHY WJIU JIBE CKOPOCTH.
bosee pyHKIIMOHANBHBIE UMEIOT 10 5 CKOPOCTEH U PhIYaXKHBIE JIEMEHTHI YIPaBIECHUS ¢ OOJIBIINM
Ha0oOpoM (HYHKIMI JIJIs1 yIIPaBIICHUS] KPAHOM.

3/1ech HE HY)KHO ONacaThCs IO MOBOJAY PaaAMOYacTOT, - OHU IO0J0OpaHbl TakK, YTOOBI HE
co3/laBaThb HMKAaKUX IIOMEX JpYroMy OOOpYZOBaHHUIO, CHCTE€Ma YIPABICHHUS KPAHOM HMEEeT
COOCTBEHHBIN YAaCTOTHBIN Auana3oH ¢ koguposanuem, Hanpumep it TELECRANE ol npuxonutcst
Ha 415 ~ 483MHz. ITutaeTcs mynbT OT OaTapeek Wik OT aKKYMYJISITOPOB.

PaccmoTrpum BbIOpaHHbIi paauonpueMuuk (PucyHok 1).

= \\

Pucyrox 1 — TELECRANE F24-6D (mysmsT 6 ki, 2 cxopocti, mirarue 220/380 B) 00005569
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L1
L2
Ls

MpumepHas cxeMa ucnonb3aodaus (3), (), (18), (19).
Kamywka 2nabozo (cunobozo nyckamens) 3808
Wmeemea 9 p p Y

Llens ynpabnexus KpanoM TELEERANE F24-8D
Ynpabnswwas $asa kpaHa o+— (1) CLOHI ) o-a/o— A n—————
Bneped, nepbas ckopocms (k Kamyuke gnpnbnenuu ngtmmelm)o—— (15) o—i—0 o Hanpsxenue 3808, 2208, 110B (MoxHo u3aMeHams)
Haaad, nepbas ckopocmb (k Kamywke y nyc o—i—0
Nlepedduxexue kpasa bmopas ckopocms (k mv;uue nyexamens) o<
M
:::)) o—il I Llens ynpabnexus 3nexkmpuveckod masi
(18) CTOHZD (20 CTHE) o—o +—{oYnpabasiowas pasa 3n. manu (ma 4mo udem b nynem))
(19) BT  Mcnonbayemes npu  HaAuyuu @) _ o Bepx, nepbas cxopocms Ha nodeem (x kamyuxe ynpabewus nyckamens)
(3) CHAR-ND ~ 2naBrozo (cunobBozo) nyckamens (P25 (7)i—o Bepx, bmopas cxopocms Ha nodbem (x kamyuwxe ynpabenus nyckanens)
(%) o l-r- lsi (8)i—o0 BHus, nepbas ckopocme (k kamywke ynpabaeHus nyckamens)
o (IR Z5 ) (9)—o BHu3, Bmopasi ckopocms (k kamyuke ynpabaenus nyckamens)
—ono-0 ([ (10}—-o‘anubnﬁnlnnﬁ ¢asa 31. manu (ma 4mo udem B nynem)
o—i—o (] (11)|—-o Bnpabo, nepbas ckopocms (k kamyuke ynpabnewus nyckamens)
-Kowmaxkmel (3) u (4) npu Haxamue kHonku (CTAPT) 3ambikames ¢—i—o CHEST 15.)(12)—roBnebo, nepbas ckopocms (k kamyuke ynpabnewus nyckamens)
U 0CmaOMCs 3aMKHYMBMU (§uKcupyomes) S—t—o CEZHZS 13— Mlepeibuxesue mun bnops ckopocns (x xamyuxe yppobrenu nycaners)

-Koumakmel (18) u (19) npu noBmopHom Haxamuu kxonku (CTAPT)
3OMBIKQIMCSH, HO HE QUKCUPYOMCA "
-Koumaxmer (COMS), (20), (21), (22), (23) ucnonb3ayemes npu Hanuyuu dononHumensHozo ycmpodcmba nodbema

-Kowmakmer COM1 (5) u COM2 (10) mozym Beimb coedunennsiMu npu ycnobuu ecau uens ynpabnexus 3nekmpodbuzamens nodbema u nepedBuxenus oduxaxobas.

-Kowmaxmel COM1 (5), COM2 (10) u COM3 (14) Mozym dbimb coedunEnnbiMu npu ycaobuu ecau uens ynpabnexus 3nexmpuyeckod manu u kpax-Banku oduxaxoBeid.

Mpumep 1: Llens ynpabaenus kpan-Bankod (np. Poccus) 380 B, uens ynpabenus 3nekmpuveckod masbi (np. Poccus) 380 B

Mpumep 2: Llens ynpabnenus kpan-Bankod (np. Poccus) 380 B, uens ynpad puseckod mansi (np. Bonzapus) 24 unu 42 B, b 3moM cayyae coedunams konmaxme COM1 (5) u
COM3 (14) Henban

Pucynok 2 — Cxema MoJKITIOYCHHS paHOIIPHEMHNAKA

1. VYcranoBka paAHONpPHEMHHUKA OCYIICCTBISIETCS IIOCJIE BBIOJHEHUS CIEAYIOLIUX
MepornpusaTiii [1] - AHanU3 TEXHUYECKOM TOKYMEHTAllUU TPy30M0J-EMHOI0 000PYI0BaHMS KpaH-
0aNKH, TEXHUYECKUX COCTABISIONINX TAKHX, KaK:

1.2. Ipy30N0IbEMHOCT — 5 TOHH.
1.3. THUIIBI DJIEKTPOABUTATEIIEH
14. JJIEKTPOABTOMATHKA YIIPABJICHHUSL.
Tabnuua 1 — Tunel a1eKTpoABUTaTeNen
[TapameTpsl DNeKTpOABUTATEIN PUBOJIOB MEXaHU3MOB
Hasznauenue IHogbéma IlepenBuxeHus

(MexaHu3M Ha KOTOPOM
YCTaHOBJICH JIBUTATEh)

Tunm w  ycnoBHOe KI'E 3317-24/6 TP1 KKE 1407-12/4A
o0o03HaueHue

Hanpsoxenne, B 380 380

HomuHanpHBIA TOK, 15,0/18,0 1,4/5,0
A

HomMunanwHas 1,7/8,0 0,11/0,37
MOIIIHOCTh, KBT

YactoTa BparieHus 200/920 400/1340

mpu 50 ', 06/MuH

[TpoomKUTETLHOCTD 25/50 15/30
BKJIIOYEHH, %o

Bun nuranus [Tepemennoe, TpexdaszHoe.
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2. OcymiecTBHI OCMOTpP KpaH-0anKu

2.1. Baemnuit ocmorp: HaunmHaercs ocMOTp ¢ BHeITHEH yactu KpaHa-Oanku. [IpoBepsiercs,
HET JIM BUJUMBIX IOBPEXJICHUH, TPEIIMH, U3JI0OMOB WJIN U3HOCA HA ITOBEpXHOCTH [3].

2.2. llpoBepka ONMOpHBIX NOBepxHOCTEH: IIpoBepmsl OMOpHBIE MOBEPXHOCTH KpaHa-Oaikw,
9TOObI YOIUTHCS, UTO OHM HE UMEIOT TPEUIMH, nedopManuid wim ocnadneHus. Taxoke
MIPOBEPUJI, HET JIM L@panuH WIK IPYruX MOBPEXKIECHUMN, KOTOPble MOTYT MOBIUATH Ha
3¢ PEeKTUBHOCTD MOIBbEMA TPY30B.

2.3. Cocrosnue kpenexeii: I[IpoBepms KkpemnexHble 3JIE€MEHThl Ha HajJu4ue KOPpPO3UH,
ocnabyeHus WIH BBICOKOH 3aTSXKKU. Y O€AUIICS, UTO Bee OOJIThI, TaliKU U I11ai0bl HA MeCTe
1 Ha/IEKHO 3aTSIHYTHI.

2.4. Tlposepka Mexanu3MoB: [IpoBepmir paboTOCIOCOOHOCT BCceX MEXaHH3MOB KpaHa-0akH,
BKJTIOYAst TOPMO3a, OJIOKMPOBKH U yCTPOICTBa 6€30MaCHOCTH. Y O€/IUIICS, YTO OHH JIETKO
aKTUBUPYIOTCS U pabOTaIOT TOJKHBIM 00pa3zoMm.

2.5. TlpoBepka »37eKTpOOOOPYAOBAaHUA: TPOBEPUI COCTOSHUE AIIEKTPOOOOPYIOBAHUS.
BKJIIOYasl MPOBOJIA, COCIMHEHUS U BBIKIIOUATENU. YOEAHUIICS, YTO BCE COCTUHEHUS
HAJEKHBI U HET MOBPEXKICHUI, KOTOPbIE MOTYT MPUBECTH K IIOXOMY KOHTAaKTy WJIH
KOPOTKOMY 3aMbIKaHHUIO.

3. TlomoOpas KOMILIEKT paauoylpaBieHus- KHormouHoe pamuoympasienne TELECRANE

F24-6D (mynbt 6 kH. 2 ckopoctH, nutarue 220/380 B) 00005569

Texaunueckue xapakrepuctuku Oynxmust: Cton, Crapt, Bki/Beikii, 6 KHOMOK (BE CKOPOCTH)
Huanason yacrot: YBY: 425446 MI'n Hanpsokenne nuranus: 220-380 B [lucranuus ynpaBieHus:
no 100m IMabaputer: paguonynbsT-niepeaarduk: 186x61x51 mm, npuemauk: 200x162x107 mm Bec
HETTO: 1.5 xr Pa3zmep ynakoBku: 51x50x32 cm Knacce 3amutsl [P65 /lnanazon temmneparyp ot -
35°C no +75°C

4. BpInogHEHNWE YCTAaHOBKU PAJUONPUEMHHUKA B 3JIEKTPOLIUTOBYIO KpaH-OalKH.

Ilepen ycraHOBKOH pagroyIpaBlieHHs HAa KpaH-0alKy HEOOX0IMMO HAWTH MOAXO/A1IEee MECTO
JUI YCTaHOBKM MOJYJsS MpUeMHHKA. JlaHHBIA MOIYJb JIOJKEH OBbITh 3alllMIIEH OT BHEUIHHX
BO3JECHCTBUM, TAKUX Kak NbUIb W Biara. [Ipym momomm WHCTPYKIMH, BKIOUYEHHOW B KOMILIEKT,
MOJIKJIFOUUTH MOAYJIb IPUEMHHKA K DJIEKTPUUECKON CETH KpaHa. Y CTaHOBUTE MYJIbT ynpasieHus. O
JOJKEH OBITh yIOOHBIM JJIsi oneparopa U UMETh YJOOHbIE KHOINKH JUIsl YIPABIEHUS KPaHOM.
ITpoeputh paboTy paauoynpaBieHus. Jlias 3TOro BKIOYMTE KpaH U HpPOBEphTE, Kak paboTaeTr
YIPaBIEHUE C TOMOUIBIO IMyJibTa. [lonb3yliTech MHCTpYyKLIMEHN A1 HACTPOUKH.

[IpuMeHeHHe TUCTAHIMOHHOTO YIpaBICHUs KpaH-Oankoil [4] depe3 paauoynpaBiieHHE
MO3BOJISIET JOCTUYb Psila 3HAYMMBIX XapaKTEPUCTUK M IpEeUMYyILIECTB. Bo-mepBhIX, pasrpyska
Marepuaia CTaHOBUTCS OoJiee Oe30macHoM Oy1aronaps yaaIeHHOMY KOHTPOJTIO HaJl MexaHu3MoM. Bo-
BTOPBIX, OTIEPATOP MOJIyIaeT BO3MOKHOCTh paboTaTh Ha paccTosiHuu 10 100 MEeTpoB OT KpaHa-0aJKH,
YTO MOBBIIIAET Y100CTBO U OBICTPOTY BBHIMOJIHEHHS 3a/1a4.

[IpenmymiecTBa AUCTAHIIMOHHOTO YTPABICHUSI TAKXKE BKIIOYAIOT MPOCTOTY KOHTPOJS HaJ
KpaHOM-0ankoi 1 o0ecrieyeHrne J0CTaTOYHOro 0030pa pabovero NpocTPaHCTBa, COXPAHSS IPU TOM
6e3omacHoCTh oneparopa. Kpome Toro, ontumusanus paboyero mporecca U COKpameHne X0JI0CThIX
IIPOXOJI0B KpaHa SIBIAIOTCS PE3yJbTaTaMH BHEIPEHMs JaHHOW MojaepHu3aluu. BakHO OTMETUTH
TaK)K€ MOBBILIEHHYIO TOUHOCTD ITPH NEPEMEILEHNUHN U TPAHCIIOPTUPOBKE IPy3a.
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Takum  o0Opazom, ycTaHOBKAa JMCTaHIIMOHHOTO  YINpaBJieHHs KpaH-Oankoil  depe3

panuoynpasienne TELECRANE F24-6D npencraBisiercs BeCbMa NEPCIEKTUBHBIM PELICHUEM ISt
MPOMBIIIICHHBIX IpeanpusTii. Ee mpenmMymecTsa B 6€3011aCHOCTH, y100CTBE U OBICTPOTE PaOOTHI,
MPOCTOTE KOHTPOJIS, ONTUMHU3AIMK PadOYero Mpolecca U MOBBIIICHHONH TOYHOCTH HpU paboTe ¢
rpy3amu o0ecrieyuBaroT 3 (HEKTUBHYIO U IPrOHOMUYHYIO MOACPHHU3AINIO KpaH-0alIKH.
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PEIIEHUE 3AJAYU ITPOTHO3UPOBAHUS PABBUTUS TPAHCIIOPTA C
HNCHOJIB30BAHUEM HEUETKOM JIOTUKHU
MapenkoBa A.B.

®I'OBFY BO "®HHAHCOBbLIM YHHUBEPCHUTET IIPU IIPABUTEJIbCTBE POCCHHCKOH
DEJ[EPALIUN", Mockea, Poccus (125167, copoo Mockea, Jlenunepadckuii npocnexm, o. 49/2), e-
mail: 212173@edu.fa.ru

B pa60Te HCCIEYEeTCH IPOrHO3UPOBAHHUE PaA3BUTHUA TPAHCHOPTHLIX ITOTOKOB. B kadecTBe JaHHBIX AJIA
MOA€JIMpPOBaHUA ObLIM B3AThl H3MEHYHMBBLIE B TeYeHHH HCCJICAYEMBIX II€PHOA0B MACCAKUPOIIOTOKH —
)Re.]'le3H0)]0p0)RH]>lI7[ Hu B03I[y1[[]-[]:lﬁ. HpOBe)]eHO CpaBHE€HHUE METOA0B HEYETKOH M YeTKOM perpeccuu. IToka3anbl
pe3yabTaTbl MOJACJIUPOBAHUA TPAHCIHOPTHBIX IMOTOKOB HA Y€TKUX U HCYCTKHUX INEPEMEHHDBIX.

KitoueBbie cnoBa: HeueTkue uncna, MOJeIMPOBaHNE TPAHCIIOPTHBIX TIOTOKOB, PETPECCHSL.

SOLVING THE PROBLEM OF FORECASTING THE DEVELOPMENT OF TRANSPORT
USING FUZZY LOGIC

Marenkova A.V.
FINANCIAL UNIVERSITY UNDER THE GOVERNMENT OF THE RUSSIAN FEDERATION,
Moscow, Russia (125167, Moscow, Leningradsky Prospekt, 49/2), e-mail: 212173@edu.fa.ru

The paper examines the forecasting of the development of traffic flows. As data for modeling, passenger flows that
were variable during the studied periods — rail and air - were taken. Fuzzy and clear regression methods are
compared. The results of modeling traffic flows on clear and fuzzy variables are shown.

Keywords: fuzzy numbers, traffic flow modeling, regression.

Teopernueckne acmeKkTbl MOJEIUPOBAHMSI TPAHCIOPTHBIX IIOTOKOB, cHenu(puKa BUIOB
TPaHCIOPTA U MPUMEHIEMBIX JJIs1 HUX METOI0B MOJICJMPOBAHMs ObLTH OMKCAaHbI paHee B padote [1].
B nannoit pabote OyayT paccMOTpPEHbI MPAKTHUECKUE PE3yIbTaThl MIPUMEHEHHUS] HEUETKON JTOTHKU
JUIs TOTOKOB. McXo/1HbIE TaHHBIE OBLTH B3AThl C OCHOBHBIX OTKPBITHIX HCTOYHUKOB 110 CTATUCTUKE —
®denepalbHOM CiTy)ObI TOCyIapcTBeHHOM cTatucTuku (Pocctat) [2] m EnnHo# MeXBe1OMCTBEHHON
uHpopMaimonHo-craructudeckas cuctema (EMUCC) [3]. [lunaMuka maccaxuponoToka oTpakeHa
Ha Pucynke 1. BogHblii TpaHCTIOPT U TOPOJICKON OOIIECTBEHHBIN TPAHCTIOPT (TpaMBau, TPOJUICHOYCHI
U METPOIOJIMTEH) MMEET HeOOoJbIlIMe W3MEHEHHs Kak B TeueHue roga (PucyHok la), Tak u Ha
npoTsokeHuu nepuoja 1970-2023 rr., aBTo0yChl UMEIOT ONPEEIEHHYIO CTAOUIBHOCTD B IOCIIETHUE
TOJbl, >KEJIE3HOJOPOXKHBI W BO3IYIIHBIM TpaHCHOPTHl JAWHAMHUYHBI B TEUEHUU Troja U
paccMaTpUBaeMbIX MIEPUOJIOB, BBUY YETO OHU OYAyT B3SATHI JIsl UCCIIEJOBAHUS.
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MlaccavponoTok No rofiam o AaHHLM bepcTaT(1970-2023)

1970 1980 1990 2000 2010 2020

MNaccamvponoTek no ronam no aanHsm Poccrar(01.2021-07.2023)

0)

Pucynok 1 — INaccaxxuporoTok 1o rogam: a) nanusie Poccrar; 6) nanusie @eacrar

any6n;mc1, B MaTeMaTHYECKUNA CMBICI HCIIOJIb3YCMbIX MCTONOB PErpeCCun, MOXKXHO CKa3aTh,

YTO HYCTKad perpeccus yCpCAHACT HAHHBIC II0 HHHCﬁHOMy 3dKOHY, TAC 3HAYCHUIA q)YHKI_[I/II/I B
OHpGI[CJ'IéHHbIﬁ MOMCHT HAIIPAMYI 3aBHUCAT OT OAHOI'O KOS(l)(bHHI/IeHTa " MOXCET UMCTb HCHYJICBOC

otksoHenue npu t=0, kak BUIHO 10 (hopmyIe:

Vi =ax*xt+b,

rae t — pacyeTHbIN NMEPUO;
Y; — BenmuuuHa TpeHaa nepuoaa t;

)

aub-— KOB(I)(I)I/II_II/ICHTLI (Cl BBIPAXKACT CTCIICHb 3aBUCUMOCTH HUCCICAYCMOI'0 MMOKA3aTCIIA Yt oT

BIUSIONIETO (akTopa t, b mpencTaBisier co00i CMeIeHNe PEerPeccun ).

DyHKIMSA HEuSTKOM perpeccun F B OTIHUME OT YeTKOH MMEeT 3aBHCHMOCTb OT HEYeTKOTO
BEKTOpPA NapaMeTPOB MOJENIN A, OTKJIOHSACH OT IPSAMOM 3aKOHOMEPHOM 3aBUCUMOCTH:

;(X) = Ab.xO + A‘1x1+.... +A7VxN

rae X = (xo__Xy) - OObsCHSAOIIME HE3ABUCHMbIe IEpeMEHHBIE.

(2)

3amaya mporpaMMHUpPOBaHUS HEUETKOW perpeccuu TpedyeT onpeaeeHus YpOBHS HEUETKOCTH,
CIHMCKAa OrpaHUYEHUH W 1e’eBOM (YyHKIMH, B CBOI OYepelb HEYETKHE YHCIa MOTYT HMETb
TPEYTOJIbHYIO (HOPMY, B YCIOKHEHHBIX CITydasix MOT'YT OBITh YeThIPEXypOBHEBbIMU [4].

B kadecTBe MHCTpYMEHTA JIJIsl MOJICIMPOBAHMUS TPAHCIIOPTHBIX MOTOKOB ObLT BhIOpaH Python.
brarogapst npumenenunto moayss matplotlib.pyplot[S] u sklearn.linear_model.LinearRegression [6]
ObUTM TOCTPOEHBI IpadUKK JIUHEHHON perpeccuu At HaOOpOB JTaHHBIX Bo3ayIIHOro (Pucynok 2a-
0) u xene3HomopokHoro (PucyHok 2B-r) TpancmopTta. Bo3mymiHblid maccaxupooOOpoT pacTeT ¢
rogamu (PucyHok 2a), mpu 3TOM B TOCIEIHUE TEPHOABI Ha (OHE CE30HHOCTH POCT HE BEIUK
(Pucynok 20), sxene3H0JOPOKHBIA HMEeT OTIIMYHYIO0 TeHCHIUIO — OH cHIkaeTcs (PucyHok 2B), HO
B paMKax CE30HHOCTH MOCJIECAHUX JIeT HaOmoaaeTcst poct (PucyHok 2r), 4To BUAHO 110 JIMHUH TPEHAA

(kpacHast TMHUA Ha rpaduKax).
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MaccaxuponoTok o rofiam no ks PaccraTi01.2021-07.2023) - air

TaccaxuponaTor N roaa o AanHM deacrat{la70-2023) - air
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a) 0)

Maccaxwpanorox no rogam no ganmsm Poccrat(01.2021-07.2023) - train

MNaccaxuponoTox o rogam mo AaHeiM PeacTar(1970-2023) - train
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B) r)
Pucynok 2 — JIuneiinas perpeccus: a) nannsie deacrar, BO3AYUIHBIN; 0) nanHble Poccrar,
BO3/IYIIHBI; B) JaHHbIe DeacTar, xKene3HOAOPOKHBIN; T') TaHHbIe PoccTar, jxene3H010poKHbINH

Heuérkass nuHeiHas  perpeccust Oblla  [MOCTpOEHA C  MPUMEHEHHEM  MOJIYJIS
cvxopt.modeling[7]( Pucynok 3). YpoBeHb Heu€TkocTH ObLT B3ST 0.6, Hanboiee BO3MOKHAsI OLIEHKA
NPOTHO3a — JIMHEHHAs PErpeccHsi pacCUMTaHHas paHee, HUKHsA M BEPXHsA OIECHKA IPOTHO3a —
TPaHMUIBI B IIPEIeIax, KOTOPHIX MOTYT KOJe0aThCs TaHHBIE C YUETOM HEONPEIETEHHOCTH.
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Pucynok 3 — Heuértkas perpeccus: a) nanasie dencraT, BO3ayliHbIi; 0) nanusie Poccrar,
BO3YIIHBIN; B) naHHbIe DeacTat, xKele3HOJOPOKHBIN; I') aHHbIe PoccTar, )kene3H00pOKHBIN

Pe3ynbpTaThl NMpUMEHSEMBIX METOJNOB — JIMHEHHOM M HEYETKOW pPErpeccud — IOoKa3alu
TEHJCHUMU Pa3BUTHs BUIOB TPAHCIIOPTOB. Pa3nuuns METOO0B 3aKI0YAETCS B TOM, UYTO JIMHEWHAs

JTa€T OCHOBHOE HAIIPaBIICHWE, a HEUYETKasi perpeccus MA€T enié M rpaHulbl ¢ YYETOM 3aJaHHOM

HeonpeneneHnocTu. Kak Buano Ha Pucynke 3, mo nanueiM Poccrata, riae HabmomaeTcst Ce30HHOCTh

OoJee MKUPOKKUE TpaHUILIb, 0 1aHHBIM DeicTaTa, TPaHUIIBI Y JKEJIE3HOI0POKHOTO TPAHCIIOPTA MOYTH

napasulebHbl [IEHTPAIbHBIM Ha0JIO/IEHNS, a Y BO3AYIIHOIO TPAHCIIOPTA TPAaHUIIbl paCHIUPAIOTCS B
MOCJIETHUX TIEPUOIAX.

B 3akmrodyeHne MOXXHO clienaTh BBIBOJ O TOM, 4YTO HEYETKAs perpeccus NpuMEHACTCA B TEX
ClIydadax, TAC €CTh HCKasd HCOHpeI[eJ'IéHHOCTL JaHHbIX, CTCIICHb KOTOpOﬁ MOJKET OBITh OIICHCHA IT0CJIC
MMPOBCACHUA MOJACIINPOBAHUS.
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W CHOJIb30BAHUE BOJIOKOHHO-ONITUYECKHUX JIMHUHA CBA3U

Yeuypos H.J.

®I'OBY BO " "VPAJIBCKHH T'OCYOAPCTBEHHbBIM T'OPHBIH YVHHUBEPCHUTET",
Examepunbype,  Poccuss (620144, 2opo0  Examepunéype, yn.  Kyiiovuueea, — 0.30),  e-mail:
hukumachecurow@yandex.ru

B manHO#i cTaThe pacCMOTPEHBI BOJIOKOHHO-ONITHIecKUe THHUH cBs3H (Hanee BOJIC), kak HanOo1ee BRICOKOCKOPOCTHOM
croco0 mepenaun HHPOPMALUHN B HACTOSIINN MOMEHT. PaccMaTpuBatoTest 6a3oBbie mirockl 1 MuHychl BOJIC. Taxoke
W3JI0KEHBI OCHOBBI pa0OTHI TEXHOJIOTHH.

KiroueBsie cioBa: I/IH(I)OpMa].[I/IH, TEXHOJOTMYHOCTb, BOJIOKHA, IPUMCHUMOCTD, 060pyz[0BaHHe.

USE OF FIBER-OPTIC COMMUNICATION LINES

Chechurov N.E.
URAL STATE MINING UNIVERSITY, Yekaterinburg, Russia (620144, Ekaterinburg, Kuibysheva
st., 30), e-mail: hukumachecurow@yandex.ru

This article discusses fiber-optic communication lines (hereinafter referred to as FOCL), the highest-speed method
of transmitting information at the moment. The basic pros and cons of fiber-optic communication lines are
analyzed. The basics of how the technology works are also outlined.

Keywords: Information, manufacturability, fibers, applicability, equipment.

B kauyecTBe mpeaMera MCCJIeI0BAHUSA PACCMAaTPUBAIOTCS BOJOKOHHBIE ONTHYECKUE JTUHUU
CBA3U JJI YCTPOWCTBA MHTEPHETA.

Ieas nccaenoBaHus.

Llenpto Hay4yHOH CTaThbu SIBISETCS HCCIENOBaHME M aHANU3 Iepenaud HH(opMaiu,
BBISIBJICHHE UX NPEUMYILECTB MEPE]] HENOCTaTKAMM.

3aga4u MCC/IeI0BAHMS:

e llccieqoBaHUS THUIIOB BOJIOKOH,

e AHanu3 M MccleA0BaHue IpenMylecTB ucnois3oBanus BOJIC;

e UccnenoBanust ocHoBHOro obopyaoBanust BOJIC.

26


http://www.openaccessscience.ru/index.php/ijcse/
mailto:hukumachecurow@yandex.ru

Yeuypos H.D. Ucnosb3oBanne BOJIOKOHHO-ONTHYECKUX JTMHUHN CBSI3H //
MesxmyHapoaHbIH KypHaT HHPOPMAITMOHHBIX TEXHOJIOTHI
u sHeprodppexTruBHOCTH. — 2023. —
T.8 Ne 11(37) c. 26-31

BBenenue

[IpuHnMn nepenadu cBeTa C MOMOIIBIO ONTOBOJIOKHA OBLI BIEpPBbIE IMPEACTaBICH €IIe B
nanékoM 19 Beke, HO NPUMEHEHHIO B MAacChl INPENSTCTBOBAJIO OTCYTCTBHE COOTBETCTBYIOLIEH
TEXHOJIOTUH H CITIOCOOOB 00pabOTKH TaHHBIX. [6]

B 1934 rogy Hopman P. ®peHu moiy4yus maTeHT Ha ONTHYECKYIO Tele(OHHYIO CHCTEMY, B
KOTOPO CUTHAJIbI IEPEIABAIIUCH C IIOMOILBIO CBETA YEPE3 CTEKIISTHHBIE CTEPKHU. [6]

B 2018 roxy, cnemuanucTsl pa3padoTaiyd COBEPIICHHO HOBBIM THI ONTHYECKOTO BOJIOKHA
(TpexmonoBoro), Obula JOCTUTHYTAa W peajiu3oBaHa CKOpPOCTh mepeaaud uHbopmanud B 159
TepabuT/cek. Ha paccTossHUE HeMHOTUM Bbilie 1040 kM. [6]

Crpykrypa BOJIC cocTouT M3 3J€MEHTOB, KOTOPHIE COBMECTHO OOECIICUMBAIOT TMepeaady
ONTHYECKUX CUTHAJOB. 1]

OnTHyeckoe BOJIOKHO — HUTh PO3PAYyHOro MaTepuaia (U3 CTeKIa U IJIaCTHKA), UCIIOJIb3yeMast
IUTSL TIepe/Iavyy AIIEKTPOMArHUTHBIX BOJIH B COYETAaHUH ONITHYECKUX MH(PAKPACHBIX AHANA30HOB. [4]

1.  Tumn BoJIOKHA.

1.1. MHoromoioBbie (OT aHTJIMWCKOW MOJENH) KaOelu CBETAT B Pa3HBIX PEKHUMAX, YTO
ympoInaeT TpeOoBaHMs K BBOLy OITOBOJIOKOHHOT'O CUTHAJIA C TOMOIIBIO CBeTOANOI0B. Takue kabenu
UCIOJIb3YIOTCS TaM, I PACCTOSIHUE COCTABIISIET HE MEHEE HECKOJIbKUX KUIOMETPOB. [4]

1.2. OgHOMEpHBIEC BOJIOKHA UMEIOT CPAaBHUTEIHHO HEOOIBIION THaMETpP CepALIEBUHBI — OKOJIO
7-9 MmxM. PactipocTpaHeHre B BOJIOKHE HMITYJIbCA BBITIOJHSCTCS U IPOUCXOANUT OJHONW MOJION — IIpH
3TOM ycTpaHsercsi paccenBanue. OH mepenaeT BHICOKOCKOPOCTHBIE CUTHAIBI Ha paccTosiHUE OT 19
KM, TTOJIXOJIUT B MECTa TOTOBBIX MarucTpaieut s aBTo. [4]

OOMEH TPOUCXOIUT Yepe3 BOJIOKOHHO-ONTHYCCKHE JIMHHH CBS3HM (TEeph M3BECTHBIC KaK
BOJIC) Bxiouaer B ce0si MHOXKECTBO MPEUMYIIECTB MO CPAaBHEHUIO C KOHKYpPEHTaMU. OJTO
crocobcTByeT 0OMeHy HH(GOPMAIIUU B CETH MHTEPHET C BBICOKOM CKOPOCTHIO.

2. AHaJaM3 M uccie0BaHHe NpeuMyliecTB ucnojab3opanusa BOJIC.
BOJIC nmeet ps HOTOKUTENBHBIX U OTPULATEIBHBIX CBOWCTB:

K mmrocam BOJIC M0kHO OTHECTH:

. Yactoty 60mee 1000 I'rg [1];

. YMeHnbiieHHoe 3aryxanue [1];

. Bricokyro moMexoycToiuuBocTs [1];

. Masiii Bec 1 00beM [4];

. Bricoky1o 3alIUTy OT HECAHKIIMOHUPOBAHHOTO AocTyma [1];

° JInuTenbHbINA CPOK IKCIUTyaTauuu [4].

K munycam BOJIC moxkHO oTHECTH:

. Bricokyro croumocTs MaTepuaios [1];

. Xpyrnkue U TpeOyroT BBICOKOTO BHUMAHMSI P MOHTaXe U 00CTyKUBaHUIO[4];
. Bricokyro cToMMOCTh MOHTaa, BBOJIa B pa0OTY M 00CITyKUBaHUs [4]
Ilo taHHOMY BOJIOKHY BO3MOXHBI JjBa THUIIA JTy4EH:

J MepunoHanbHbIE - JIEKTPUYECKHE MarHUTHBIE CHMMETPUYHBIE BOJIHBI.
J Kocele — HecHMMETpUUYHBIE CMELIAHHBIE BOJIHBL.
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3. OcHoBHOe 000py/10BaHHE BOJTOKOHHO-ONTHYECKUX JJUHUI CBSI3H.
OnTuueckuii kabemnb, CBETOHECYIIMMH 3JI€MEHTaMU KOTOPOTO SBJIIOTCS ONTHYECKHE
BOJIOKHA.

Pucynoxk 1 — OnTrueckuii kaGens.

OLT - TepmuHaTOp ONTHYECKOH JTMHHUH, TAK)KE HA3BIBAEMBII TEPMHUHATIOM ONITHYCCKON JINHUH,
MpEeACTABISIET COOOM YCTPOWCTBO, KOTOPOE CIY>KHT KOHEYHOW TOYKOW IOCTaBIIMKA YCIYT B
MaCCUBHOW ONTUYECKOH ceTH. [5]

Pucynox 2 — Tepmunan ontudeckoit 1uau pupmer ZTE.
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OPII — Ontuueckuit pacrpeneanuTeNbHbli mKad, CIIy>KUT JI pacrpeaeseHus: BOJIOKOH. [5]

Pucynoxk 3 — OnTrueckuil pacrpeenuTebHbIN mKad.

[Iurreiin — onTHYECKUH IIHYP € Pa3bEMOM AJI COEIMHEHUS CBETOBOIO NOTOKA. [1]

. ——

Pucynoxk 4 — [lurreiin ontuyeckuii.

Ontruyeckass My(ra — yCTPOHCTBO, HCIIOJIB3YeMOE JUIS COCOUMHEHHWS JBYX WiIH Oonee
onTuYeckux kabeneit. OnTHUecKyro MypTy pa3MemaroT Ha KaOeIbHBIX OMopax MIIM K€ Ha KOJIOIax
KaOeTbHBIX TUHEHHBIX CBA3AX. [4]

OnTruyeckuii Kpocc — yCTpPOMCTBO, MPEJHA3HAUEHHOE JIJI BBOJAA ONTHYECKOTO BOJOKHA U
MOJKIIIOUEHUS K HEMY aKTUBHOTO 000pyA0BaHusl. [5]
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Pucynok 5 — Ontuueckuii kpocc.

Knaccn@nxaunﬂ IIpOUCXOOHUT B 3aBUCUMOCTH OT obnactu INpUMCHCHHA H YCJ'IOBI/Iﬁ

IKCILTyaTalnuu:
L4 Hap}I)I(HBIe Kabenu MOHTHUPYIOTCA MCKIAY 00BEKTaMH:
L 3,[[3.HI/I$IMI/I, LHCHTPAaMU CBA3H;
L4 Kabemn I BHYTPCHHEIO MCIIOJIB30BaHUA AAaOT BO3MOXHOCTL ITOAKIIOUCHUA K

BBICOKOCKOPOCTHOMY COEJJMHEHUIO B 3[aHUAX U )KUJIBIX JOMaX.
ITo ycimoBusAM dKCIUTyaTaluu:

. MaructpanbHble KaOeau sIBISIOTCS OCHOBOM CETH, TepeAarolieil CUTHAIBI Ha OOJIbIINe
paccTosiHus;

J MomnTaxHbie Ka0eau MOYKHO UCTIOIB30BATh JUISl MOAKIIOUEHUS BHYTPH YCTPONUCTBA CETH;

. CranuoHapHbie KaOenu BXOAAT B KOMIUIEKT MOCTaBKH;

. 30HaNIbHBIE UCTIOJIB3YIOTCS, HAITPUMED, TS ATaKa UK 37aHus. [2]

PesyabTarsl

AHanmuM3 W UCCJIEIOBAHHE TEXHOJOTUU BOJIOKOHHO-onTHueckux JuHui cBsizu (BOJIC),
MO3BOJISIET BBISIBUTh TPEUMYILIECTBA ISl KCIIOIb30BAHUS IIPU YCTPOMCTBE U MOHTAXKE CETU MHTEPHET
B CPAaBHEHHMH C HEIOCTAaTKAMM, YTO MOJOKHUTEJIbHO CKAa3bIBAETCS HA MPUMEHEHUHU U NEPCHEKTHUBAaX
paszButus. [3]

Jlns MCcHonb30BaHUsl CETH, OYEHb BaXXHbI IMPEUMYIIECTBA, KOTOPHIE [AAIOT BOJIOKOHHO-
ONTHYECKUE JIMHUH CBSI3U

Texnonorus moaaep)uBaeT OecriepeOONHBIN TOCTYI, a TaKXKEe 3HAYUTEIBHO YBEIHMYUBACT
CKOPOCTH MOJKIItoueHus Kk MTaTepHeTY.

3aki0ueHue

BOJIC 3HaunTensHO pa3BUBaeT 0OMEeH HH(POPMAIMK B COBPEMEHHBIX CETSIX CBSI3H.

bnaronaps BO3MOXHOCTSIM BBICOKOM mnepemaun mHpopmanuu, a Taxke Hagé&xHoctu BOJIC
CTaJIM OCHOBHBIM CIIOCOOOM JIJIsl TMOIKJIIOUEHHS] YaCTHBIX M MHOTOKBAPTHPHBIX JIOMOB K CETH
MHTEpHET. JTO CYIIECTBEHHO yJIyYIllaeT KaueCTBO J0CTYyIa B INIOOAIBHYIO CETh.
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B IIOCJICAHHUE TIOJbl IIOBBIIICHUC HOTpe6HOCTI/I B Yyclyrax CBsA3H IPHUBCIU K Pa3sBUTUIO

KOMMYHHKAIUI BO Bcex cepax.

TexHomoruss pa3BuBacTCs, YTOOBI HOBBIE CIIOCOOBI, CMOTJH YJOBJIECTBOPHUTH PACTYIIUE

HOTpe6HOCTI/I. TexHuka ONTOBOJIOKOHHOTO MCTOJAa Urpact OHNpCACICHHYIO TCHHOCTb JIA

COBPEMCHHBIX PEIICHUIN, KOTOpas NPEACTaBIseT CO0O0Il BBICOKOCKOPOCTHYIO cCpeny, OOMeHa

uHpopMaLuu.
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YU CJEHHOE UCCJIEJOBAHUE ADPOJINMHAMMYECKHX CBOMCTB TPUX/IbI
HNEPUOUYECKON MUHUMAJIBHOM IIOBEPXHOCTHU HEOBUYCA

Mycradun P.M., 2ITonos A.WU., *bparun .M.

®I'50Y BO "CAMAPCKHH TI'OCYIAPCTBEHHBIM TEXHUYECKHN YHHUBEPCHUTET",
Camapa, Poccus (443100, 2. Camapa, yn. Monodoesapoeiickas, 244), e-mail: ! ravil-
bk211@mail.ru, 2pixinot@icloud.com, 3dimabragin2204@yandex.ru

B HacTosieli cTaThbe MpeACTABIEHO HCCIeJ0BaHHe A3POANHAMHYECKHX XapaKTePUCTHK B 3JIeMEHTAPHBIX siyeiikax
TPMKABI HePHOAMYECKUX MUHUMANBHBIX NoBepxHocTel (TPMS) HeoBuyca, creHepupoOBaHHBIX METOI0M
rpaHu4HbIX yeaosui (Surface Evolver). Ienbio ucciienoBanus 06110 H3y4eHne a3poANHAMIYECKHX CBOWCTB 3THX
3JeMeHTapHBIX siueek. MccaenoBanne NpoBoANJI0Ch METOIOM KOHEYHBIX 3J1eMEHTOB B MIPOIrPAMMHOM KOMILIEKCe
ANSYS, 1 pe3yabTaThl BKJIIOYAIOT I0JIA pacnpe/iejeHUsl CKOPOCTeill M AaBJIeHMId, a TAKKe 3aBUCHMOCTB Ilepenajaa
AaBJIEHUSI OT CKOPOCTH ISl Pa3HBIX MojieJieil TypOy/IeHTHO cTU. BbIsiBJIeHbI ONTHMAJIbLHbIE MO/IeJIH
TypOYJIEHTHOCTH /151 pelieHusi N0A00HbIX 3a1a4.

KiroueBsie ciioBa: TPMS, aspoanHaMuka, METOT KOHEYHBIX 37eMeHTOB, ANSYS.

ABOUT ONE MULTI-FACTOR CLUSTERING OBJECTS METHOD

Mustafin R.M., 2Popov A.1., *Bragin D.M.

FEDERAL STATE EDUCATIONAL INSTITUTION OF HIGHER PROFESSIONAL EDUCATION
SAMARA STATE TECHNICAL UNIVERSITY, Samara, Russia (443100, Samara, st.
Molodogvardeyskaya,  244),  e-mail: L ravil-bk211@mail.ru,  ?pixinot@icloud.com,
Sdimabragin2204@yandex.ru

This paper presents a study of the aerodynamic characteristics in unit cells of Neovius triply periodic minimal
surfaces (TPMS) generated by the boundary condition method (Surface Evolver). The goal of the study was to study
the aerodynamic properties of these unit cells. The study was carried out using the finite element method in the
ANSYS software package, and the results include the velocity and pressure distribution fields, as well as the
dependence of the pressure drop on the velocity for different turbulence models. Optimal turbulence models for
solving such problems have been identified.

Keywords: TPMS, aerodynamics, finite element method, ANSYS.

Beenenue

Tprokapl meproanvYecKue MUHUMaIbHbIe moBepxHOcTH (Wi TPMS ot anra. triply periodic
minimal surface) — 3To k1acc moBEpXHOCTEH, KOTOPBIE 00JIAAIOT TPEMS TIEPUOIAMH CUMMETPUU U
UMEIOT MHUHHUMAIBHYIO IUIONMAIh CPEAN BCEX TMOBEPXHOCTEH, YIOBIETBOPSIOMNINX OMPEICICHHBIM
YCIIOBHSIM.

Tpux /bl IEPUOIUISCKUEC MUHUMATBHBIC TOBEPXHOCTH SIBISIOTCS HE TOJIBKO FCHEPHPYEMbIMH
YEIOBEKOM OHHU TAaK)Ke BCTPEYAIOTCS W B mpupoje. K mpumepy, B THCThSIX PACTCHHH, MAHIUPIX

32


http://www.openaccessscience.ru/index.php/ijcse/
mailto:ravil-bk211@mail.ru
mailto:ravil-bk211@mail.ru
mailto:2pixinot@icloud.com
mailto:ravil-bk211@mail.ru
mailto:2pixinot@icloud.com

Mycradun P.M., [Tono A.U., bparun /.M. UncnenHoe uccienoBaHue adpoIuHAMIIECKIX
CBOMCTB TPHXK/Ibl IEPUOINUECKON MUHUMAJILHON TToBepXHOCTH HeoBuyca // MexmyHapoIHbIi
XKypHaJI HH()OPMAIIMOHHBIX TEXHOIOTUH U 3HeproddexruBHocTH. — 2023, —

T.8 Ne 11(37) c. 32-39

KYKOB U pakooOpasHbx U T.1A. [1]. Takke oHM JaBHO MCCIEAYIOTCS M emie Hadaine 19 Beka Obuin

MIPOBEJICHBI TepBble uccienoBanuss 1TPMS, u ¢ Tex mop oHM He yTpauMBaKOT aKTyaJbHOCTbH IJIf
uccnenoBareneit mo scemy mupy [2,3]. Takyro aktyansHocTh TPMS cTpyKTyphl HOMy4niIn 3a cHeT
YHHUKAQJIBHBIX ~ OCOOEHHOCTEW: CIIOCOOHOCTh  JENIUTh NIPOCTPAHCTBO Ha JBa U Ooiee
HeTepeceKammxcs o0beMa, co3/1aBasi BHICOKOE OTHOIICHHE TUIONIAAN TOBEPXHOCTH K 00beMy [4],
BBICOKasI yelIbHAsI TPOYHOCTH 5], BBICOKAs MOPUCTOCTh MatepuaiioB ¢ TPMS apxutekTypoii [6].

Tprwxabpl NepUOAMYECKHMX MUHUMAJbHBIX MOBEPXHOCTEH HAIUIM IIMPOKOE MPUMEHEHHE B
(dbu3MKe, XUMUH, MAaTEpUATIOBEACHUH, OMOJIOTHH M APYruX Haykax. TPMS MoryT Mcronbn30BaThes
nmpu  pa3paboTKe JAu3aiiHa TOBEPXHOCTEH JUIA KaTaJIUTHYECKHX TIporeccoB [7], co3maHum
MeMOpaHHBIX (PHIIBTPOB [8] M U3rOTOBIEHUHN PA3IMYHOTO TEIII0O0OMEHHOTO 000pyI0BaHus [9]. D10
JlaeT UMIIYJIbC YUEHBIM HUCCIIEI0BAaTh PA3IUYHbIE CBOMCTBA ATUX HMOBEPXHOCTEH: TEIIIOPU3NYECKUX
[10], rupgpomnuamudeckux [11] u npyrux cBoiicTB MaTepuasioB Ha ocHoBe TPMS cTpykTyp.

Llenbto HacToAled pabOThI SABISAETCS MCCIEAOBAHUE adPOAMHAMMUECKUX CBOMCTB TPHUIKJIbI
MEPUOINYECKON MHUHUMAIBHOM TOBEpPXHOCTH. B KkauecTBe 0O0BEKTa HCClENOBaHUS BbIOpaHa
noBepxHocTh HeoBuyca. JTa moBepXHOCTbh, IEPBOHAYATHEHO OOHAPYKEHHAsI (PUHCKUM MaTeMaTHKOM
OnBapnom Pynonsdom Heouycom [12].

[ToBepxHOCTH MMEET POI 9 M AETUT MPOCTPAHCTBO HA JIBa OECKOHEUHBIX HEIKBHUBAJICHTHBIX
nabupunTa. [lomo0HO MHOTUM JPYTUM TPUKABI IEPHUOJNUYECKUM MUHIUMAIbHBIM TOBEPXHOCTSIM, OHA
M3yyanach B CBS3M C MHUKPOCTPYKTypamu OJiok-coronumepoB, [IAB-BogHBIX cMmeceil U B CBSI3U C
Kpuctamuorpadueit Msarkux matepuainos [13].

[ToBepXHOCTH MOXHO aNMPOKCUMHUPOBATH OBEPXHOCTHIO YPOBHS

3[cos(x) + cos(y) + cos(z)] + 4cos(x) + cos(y) + cos(z) =0

Metoasl uccie0BaHUA

B xadectBe wMmeroma wmccinenoanue BeiOpaHo CFD-mozenupoBanme B TporpaMMHOM
komiuiekce Ansys B mozayie Fluent. Ansys - yHuBepcalibHOE MTPOrpaMMHOE CPEJICTBO JUTS aHAIN3a
METOJIOM KOHEUHBIX 351eMeHToB (MKD), koTopoe cyiiecTByeT 1 pa3BUBAETCS B TEUEHUE MOCIEAHUX
30 mer. OHO MONB3yEeTCS 3HAYUTEIIBHOW TMOMYJSIPHOCTBIO CPEeIM CHEIHAINCTOB B 00J1acTH
aBTOMAaTU3HPOBaHHBIX MHXKeHEepHbIX pacueToB (CAIIP, unn CAE) u npenocTaBisieT BO3MOXXHOCTh
pemath pazHooOpasHble 3anaun MKD, Bkirouas jMHEHHBIE W HEJNMHEHHbIE, CTAl[MOHApHBIE U
HECTallMOHApHbIE IPOCTPAHCTBEHHBbIE 337ayM B OOJACTH MEXAaHUKU JAehOPMUPYEMBIX Tel H
MEXaHUKU KOHCTPYKIMH. DTO Takke BKIIOYAeT B ce0s 3a/laud, CBSI3aHHbIE C HECTallMOHAPHBIMU
TeOMETPHUECKUMH M (U3NUYECKUMHU HETMHEHHOCTSMHU B KOHTAKTHOM B3aUMOJICHCTBUU 3JIEMEHTOB
KOHCTPYKLMH, a Takke 3aJaud B o0OJacTH MEXaHUKHM >KUIKOCTeM M razoB, TeluiooOMeHa u
TEIUTOTIepeIauH, IIEKTPOANHAMUKH, aKyCTUKH, 1 MEXaHUKHU CBSI3aHHBIX TIOJICH.

[TepBonavanbro apxutektypa TPMS HeoBuyca coznaercs B mporpamme Surface Evolver [14],
OCHOBAHHOW Ha TPAaHWYHOM MeTojie TeHeparuu. [Ipu momomm QyHKINI UTEpaTHBHOTO yTOYHEHHUSI
MCXO/IHOM MOBEPXHOCTH, ONpENeNIeMOi ee IpaHUIlaMU, C YYETOM I'€OMETPUUYECKHX OTpaHUYECHUIN
ObUIO TONy4eHO 00JaKo TOYeK, TOYHO omuchiBatomiee Tonojoruto TPMS crpyktypsl. [lanee u3
o0J1aka TOYEK MOJIy4aeM MOBEPXHOCTh C MOMOIIbI0 TporpaMmHoro kommiekca SolidWorks. ITocne
3TOrO MOJyYeHHAsl TIOBEPXHOCTD 3arpyxaercsi Bo BCTpoeHHbI B ANSY'S pegakrop reomeTpuii Space
Claim. ITpu nomonum ¢pynkuuu Thickness moBepXHOCTH MpHUIAETCS TONIIMHA. DJIEMEHTApHAS TYeiKa
TPMS Heosuyca o6aaer KyOu4yeckoil ciMMeTpHel 1 BIIUCHIBAETCA B KyO.
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Jnst uccnenoBanus Oblla MOCTpPOEHA FEOMETPHs, cOCTosIasi U3 4, PacloNOKEHHBIX B P,
AJIEMEHTAPHBIX KyOMYEeCKUX sueeK, a TaKKe BXOJAHOW M BBIXOJHOM 30HA CTAOMJIM3AlMU IMOTOKA.
['eomerpuyeckue napameTpsl HMCCIEIyEMOM TI'E€OMETPUM CICAYIOIIME: pa3Mepbl 3JIEMEHTapHOU
sUeKu 5X5X5 MM; BXOJIHas U BBIXOJHOW 30HBI — 5x5x2(0 MM; TOJIIIMHA CTEHKH 3JIEMEHTAPHOMN
sraeiiku 0,2 mm. PacueTHast reometpus moka3ana Ha Pucynke 1.

Pucynok 1 — I'eometpust.

Certka JJI1 HUCJICHHOT'O MOACTIUPOBAaHUA METOAOM KOHCYHBIX 3JICMCHTOB BBIINIOJIHCHA B MOAYJIC
Fluent Meshing (cm. Pucynok 2).
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Pucynok 2 — PacyetHas ceTka.

B pesynbprare mpoBeneHusi ceTouHOM cxoauMocTh (PucyHok 3) ObUTO BBISBICHO, YTO CETKa,
cocrosmas u3 4500000 »eMeHTOB, YIOBIETBOPSET TOYHOCTh pacueToB Ha 98%.
100

85

70

ToHOCTE penieHnd, %4

55

40
1500000 2500000 3500000 4500000 5500000

KommecrBo snemeHTOB CETKH

Pucynok 3 — CeTo4Hast CXOJIUMOCTb.

PesyabTarhl

Jis  aHanw3a a’pOJAMHAMUYECKUX CBOWCTB TPIKIBl MEPHOIUYECKOH MUHUMAIIBHON
noBepxHocTH HeoBuyca, W3MeHs1ach HadallbHasi CKOPOCTh U Pa3UYHbIE MOJIEIH TYpPOYJIEHTHOCTH.
Nccnenyemsrii muana3zon ckopoctu — 0,001 < v < 0,1 m/c, a B kKadecTBe MoJieiiell TypOyJICHTHOCTH
obutn BEIOpanbl: Laminar, k-e, k-omega (standart), Transition k-kl-omega, Transition SST, Reynolds
stress. 3aj1aya peianach B CTAllMOHAPHOM MMOCTaHOBKE.
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Pucynok 4 — I'paduk 3aBuCMMOCTH TIepenaja 1aBIeHHUs OT CKOPOCTH MOTOKA JUIS pa3IMYHbIX
Mojeneit TypOyJIeHTHOCTH.

Ha PucyHok 4 nmoka3aHa 3aBUCHMOCTD Ieperajia JaBJIcHUs B KaHalle OT Ha4aJbHOW CKOPOCTH
MOTOKA, JTS pa3IMuHbIX MoJeleit TypOynenTHocTH. Buano, uro k-omega (standart), Transition k-kl-
omega, Transition SST nar0T NMpakTHYECKH WACHTUYHBIC pe3ybTaThl. MakCMMaIbHOE OTKIIOHEHUE
MOKA3bIBAIOT PE3YJIbTATHI IPU MOJIENH TypOyieHTHOCTH Reynolds stress. Takke OTKIOHEHHE UMEET
MOJIeTIb TypOyJIEHTHOCTH K-€, MMEHHO 3Ty MOJEIb TYpOYJCHTHOCTH Yallle BCEr0 HCIOJIb3YHOT
UCCIICIOBATEIH MTPU PEIICHUH TIO00HBIX 33/1a4.

Velocity
Contour 1 [m s”-1]

Pressure
Contour 1 [Pa]

Pucynok 5 — KoHTYpBI CKOPOCTH U TaBJICHHS.
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Ha Pucynke 5 nmoka3aHbl KOHTYpBI CKOPOCTH | JaBjieHus B kaHaie ¢ TPMS Heosuyca st k-e

Moenu TypOyneHTHocTH pu ckopoctu 0,05 M/c. Ha koHTypax nmoka3aHo pacnpe/esieHne CKopocTei
U JIaBJICHUH, BUJIHO, YTO TIOTOK YCKOPSIETCS B MECTaxX Cy>KEHHs. JTO COrJacyercsi ¢ GU3NIECKUMU
3aKOHAMHU TE€UYEHHUs Yepe3 KaHalbl.

BriBOaBI

[pu perrennn 3a1a4 a3pOJMHAMHUKH YacTO BCTAET BOIIPOC O BBIOOPE MOJIEIU TYpOYJICHTHOCTH.
HccnenoBanue mokasaio, 4To Mojaenu TypOyiaeHtHocTr Laminar, k-e, k-omega (standart), Transition
k-kl-omega, Transition SST nalOT NPaKTHYECKH HMICHTHYHBIC PE3YJIbTAThl C MaKCHMAaJIbHBIM
otkioHeHueM 1%. HauOonbiiee OTKIOHEHHE HAOMIOAACTCS TIPU  HMCHOJIB30BAaHUU  MOJIEIU
TypOynentHocTH Reynolds stress u mocturaer 16%.

Ecnu orperHocTs B 1% SBIIETCS YIOBICTBOPUTEILHBIM [T PEIICHHS 33714k a3POIMHAMHUKH
B CTPYKTypax, COCTOSIIMX M3 TPIOKIBI MEPHOJNYCCKUX MHHUMAIBHBIX MOBEPXHOCTEH, TO MOKHO
BEIOpATh JIFOOYIO U3 UCCIICAYEMBIX MOJIETIeH TypOyleHTHOCTH, KpoMe Reynolds stress.
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79-10044, https://rscf.ru/project/23-79-10044/
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EFFECTIVE METHODS OF ENHANCED OIL RECOVERY
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The article provides a brief review of effective enhanced oil recovery methods. The benefits and drawbacks of the
methods described in this paper were identified. The study of oil recovery technologies was carried out.
Keywords: methods of enhanced oil recovery, reservoir flooding, hydrodynamic fracturing, steam flooding, fire flooding,
electromagnetic action, gas injection methods, acid treatment.

Commercial oil production, in particular, high-viscosity and heavy oil, comes with great
difficulties during the oil reservoir engineering. Basically, these problems are associated with changes
in the permeability of rocks due to wellbore damage and a formation pressure decline. Variances of
internal parameters of the trap (for example, pressure, flooding of the well, mineral content) provide
an opportunity to fill the interstices with paraffins and resinous substance that are contained in the
petroleum composition in the form of asphaltene deposits. Moreover, bottom-hole zone can be
blocked up by mineralized reservoir water’s salt and hydrates. This problem vastly reduces the
efficiency and intensification of oil recovery. Therefore, scientific study of the most applicable oil
recovery methods becomes an urgent task. This research gives a brief review of the most promising
methods.

One of the most well-known and widespread methods of enhanced oil recovery is reservoir
flooding. This technology is relatively simple in its implementation and cost-effective in comparison
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to other methods. This technology is based on maintaining reservoir pressure by water injection.
Flooding is carried out from different sides of the reservoir through injection wells. Methods of non-
stationary flooding include cyclic flooding and changing the direction of filtration flows [1].

Another hydraulic method of increasing oil recovery is hydrodynamic fracturing (hydraulic
fracturing). The technology is related not only to effects of fluid pressure, but also to the formation
cracking. An excess pressure is created by pumping a viscous liquid in the downhole which leads to
pressure increase by 1.5-2 times. This operation makes it possible to expand the size of interstices of
the fluid seal and reservoir, which in turn results in the production increase. Sand or other fine-grained
material can be injected to prevent fractures from closing with viscous fluid [3].

Heat treatment of the reservoir is one of the challenging and progressing method for high-
viscosity oilfields. It is possible to change the rheological behavior of oil by heating it in the well,
which affects the final production rate of the well. The most common methods of heat treatment are:
the steam flooding, a hot water flooding, the fire flooding and an electromagnetic action. Steam or
hot water injection are similar to reservoir flooding methods, the main difference lies in the fact of
the physical basis of heat transfer from steam or water to oil [2].

Fire flooding is the process of injecting air into the formation to create a combustion front or a
high-temperature zone. The temperature increase occurs by means of a chemical oxidation reaction
between a part of the reservoir oil (heavy hydrocarbons) and oxygen of an exothermic nature.
Actually, the combustion devices are gas burners, electric heaters and downhole thermal gas
generators [1].

The electromagnetic action is caused by the influence of high and ultrahigh frequencies on the
raw hydrocarbons. Under the external influence of microwave, a polarization effect occurs in the
molecules, the dipole moments of the raw material molecules are reoriented along the field lines,
which ultimately improves the flow melt index of the oil (a change in rheological behavior), reduces
the surface tension at the phase boundary, and accelerates the filtration of displacing objects [3].

Gas methods of enhanced oil recovery have also widely used in petroleum recovery. The gas is
injected into elevated areas of the reservoir to create an artificial gas cap, which boosts up an oil
recovery factor. The fluid is taken from wells located lower in the formation structure. The gas quickly
breaks through from injection wells to production wells in highly permeable zones due to state of
aggregation of displacing agent and its low viscosity. In order to prevent this, gas is combined with
water— a water-gas effect. Carbon dioxide, hydrocarbon gas (associated petroleum gas), nitrogen and
air are also used as an injection agent. Practically, the method of water-alternating-gas was used on
the wells of the Samotlor field. Water and hydrocarbon gas of the 1st stage of separation were used
as the agent. As a result, the flow rate of the well increased by 7-15% in comparison with the flooding
method [4].

Nevertheless, it is necessary to mention methods of oil recovery aimed at changing the
characteristics of the rock. One of the most ambitious method is the hydrochloric acid treatment of
wells. The basis of this technology is the effect on the throughput characteristics of the reservoir.
With the help of acid injection, voids, cavities, channels of corrosion are formed in rocks, resulting
in an increase in the formation reservoir properties. The following methods are: conventional
hydrochloric acid treatment, acid bath, hydrochloric acid treatment under pressure and step-by-step
hydrochloric acid treatment [6].
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Conventional hydrochloric acid treatment is based on the ability of hydrochloric acid to dissolve
carbonate rocks, for example, limestones and dolomites. The reaction products are removed from the
reservoir along with the inflow of oil from the well in a suspended state. It is possible to expand the
size of microcracks and channels, improving the connectivity between them by the hydrochloric acid.

Hydrochloric acid treatment under pressure (15-30 MPa) gives an opportunity to push
hydrochloric acid into small and narrow pores and subsequently increase them to more permeable
conditions. The reaction rate significantly decreases by pushing acid through. At the same time, the
efficiency of acid treatment and the throughput of low-permeable rocks are improving [6].

Acid baths (emulsions) are used to block highly permeable rocks. Petroleum acid emulsions
consist of 70% acid solution, 30% degassed oil, and heavy hydrocarbons (for example, tar or fuel oil)
may also be contained there. The resulting oil-acid emulsion is pumped into the bottom-hole zone,
penetrates the zones of high permeability and fills them [6].

It is worth noting that a single hydrochloric acid treatment leaves less permeable interlayers
practically untreated. Hence, stepwise hydrochloric acid treatment is the rational way of oil recovery

[5].

Thus, based on this review article, it is possible to identify the benefits and drawbacks of each
method (Table 1).
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Table 1 — Characteristics of enhanced oil recovery

Method

Benefits

Drawbacks

Water flooding

Less expensive, the simplicity
of the construction of
engineering communications
and the ease of the water
injection.

The low efficiency factor, the
difficulty of retaining the
necessary reservoir pressure,
increased water rate due to
outflow into the feeding zone,
the formation of watering
cones, the need for water
availability, the creation of
stable emulsions of oil with
water.

Hydraulic fracturing

Decreasing the resistance of
the downhole, increasing
permeability, increasing the
effective radius of the well,
reducing the water content of
the fluid.

Uncontrolled crack expansion,
increased well flooding, high
cost of implementation,
inability to reuse the well, high
environmental damage

Fire flooding

High efficiency of heat
transfer in the reservoir and
improvement of oil’s
properties

The consumption of part of the
oil, the loss of heavy
hydrocarbons, the complexity
of process management, high
energy Costs.

Electromagnetic action

High efficiency of
electromagnetic generators,
high heating rate of the
bottom-hole zone,
demulsification of oil,
reduction of the crystallization
point of paraffins.

The absence of modern high-
frequency installations and
systems for introducing
electromagnetic energy into
the reservoir, high energy
consumption, the need for an
electrical power, the impact of
radiation on staff.

Gas injection

An opportunity of using an
inexpensive agent (air), the
dissolution of some agents in
water, the possibility of
combining with other methods
of oil recovery.

Hydrate formation, gas
breakthrough into producing
wells, reduction of
injectability during the
transition from one agent to
another.

Acid treatment

Simplicity of technology, low
cost of materials, efficiency of
the method, technological
development

The possibility of settlement
of sediment and blockage of
microcracks, the effect on
properties of oil, oil
consumption.
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In conclusion, it must be noted that the technique of reservoir flooding and hydrochloric acid

treatment stands out from other methods. Both technologies are inexpensive. The most common
technology of water flooding. It is also worth considering that the use of hydrochloric acid treatment
directly depends on geological conditions. The most promising method for development is the acid
treatment systems. No less important to mention the electromagnetic action technology, which
requires new innovative technologies and equipment. The rest of methods are unstable and high-cost,
which indicates their low applicability in oil production.
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B cTaTbe 000CHOBBIBAIOTCS MePCNEKTHBBI HCMOJIb30BAHMS HETPATUIMOHHBIX HCTOYHHKOB YIJIeBOOPOIHOI0 raza
B Poccuu Ha mpuMepe MeTaHa YroibHBIX IUIACTOB. ABTOPbBI CTAThH ONMHMCHIBAIOT TEXHOJIOTHYeCKHe 0CO0eHHOCTH
a00b1yM  yroabHoro rasa. IlpeacraBieHo rpaduyeckoe u3o0pakeHHe TeXHUYECKOro olycrpoiicTBa
MeCTOPO K/AeHUsI M0 100bIYe YroJbHOr0 ra3a 1 cxeMa I00bIYM MeTaHa ¢ MOMOLIbI0O THAPOPa3pPhIBa ILIACTA.

KiroueBsle cnoBa: MeTaH yroibHBIX IDIACTOB, HETPaJUIHNOHHBIE HCTOYHUKH IPUPOJHOTO Ta3a, TUAPOPA3pPhIB ILIACTa,
YTOJIBHBIN Ta3, MPOIAHT, KOMIIPECCOP.

THE PROSPECTS AND TECHNOLOGICAL FEATURES OF COALBED METHANE
PRODUCTION

Bobrikov A.l., Makavchik I.A., scientific supervisor: Gulkova S.G., scientific supervisor: ?
Minakova P.S.

FAR EASTERN FEDERAL UNIVERSITY, Vladivostok, Russia (690922, Primorsky Krai,
Vladivostok, Russky Island, Ajax village, 10), e-mail: thescienceguysforever@gmail.com

In the article the prospects of using unconventional sources of hydrocarbon gas in Russia on the example of coalbed
methane are discussed. The authors of the article describe the technological features of coal gas production. A
graphical representation of the technical arrangement of the coal gas field and a scheme of methane extraction
using hydraulic fracturing are presented.

Keywords: Coalbed methane, unconventional sources of natural gas, hydraulic fracturing, coal gas, proppant, compressor.

Coal has been the main source of energy and heat since ancient times. It was used as a fuel in
heating systems, ships and trains, in the chemical industry and metals production, etc. Coal was a
single source of energy over time, but the development of the gas industry undermined its attitudes.
High-energy and environment-friendly natural gas has determined the vector of development of the
world fuel and energy complex. Currently, challenges of natural gas reservoir engineering are
strategically important. The global consumption of natural gas is increasing every year, which leads
to the depletion of gas-condensate fields. That is a reason for the exploration of new promising
sources of hydrocarbons. One of them most potential methane of coal deposits.
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Methane extraction at the early stages of coal deposits development will not only open new
perspectives of expansion hydrocarbon gas resources and reduce the gas hazard of coal mining in
future, but will also create new jobs at gas fields and gas processing plants.

Nowadays, scientists have already made an assessment of coalbed methane reserves, which are
estimated to be about 30% of Russia's natural gas resources. Thus, coalbed methane has great
prospects for development, production and processing [2]. The USA, Canada, Australia and some
other countries have practical knowledge in the technical application of coal gas.

The development of unconventional hydrocarbons is becoming an important new area of global
energy development. According to the data, published by the International Energy Agency,
unconventional gas production in 2010 was estimated to be 485 billion m3 (15% of world
production), and according to the forecast for 2035 will increase to 956 billion m3 (Table 1) [4].

Hopeful geological settings of gas-bearing coal basins in Russia are an objective prerequisite
for the initiation of large-scale methane production as standalone products. It is important to note that
the Kuznetsk coal basin, located in the south of Western Siberia, is one of the largest in the world and
contains large reserves of gas [3].

Currently, there are three main ways to extract methane from coal seams:

e coal mine degasification, which reduces the volume of methane released into the mine
workings. In this case, coal gas of varying concentrations is considered to be an associated
mineral;

e methane extraction by drilling special wells from the surface using artificial methods of
increasing gas permeability of coal seams. This direction is a promising method of
obtaining gas with high (75-95 %) stable methane content for wide application in the
national economy;

e methane extraction from abandoned mines.

Table 1 — The forecast of global unconventional gas production [4]
Unconventional gas production forecast, billoin m3 Percentag

Countries 2015 2020 2025 2030 2035 | &M ;0035’

North Amerika, including: | 482,8 511,6 572,6 634,9 595,5 72,8
u.sS. 418,4 441,6 485,8 520,1 561,2 56,7

Canada 64,4 57,2 81,2 103,6 117,6 12,3

Mexico 0,0 2,8 55 11,2 16,5 1,8

Central and South

. . 0,0 0,0 0,0 14,0 33,5 3,5
America, including:

Brazil 0,0 0,0 0,0 55 14,0 15

Middle East 0,0 0,0 0,0 0,0 2,8 0,3

Africa 0,0 0,0 0,0 0,0 2,8 0,3

Europe 0,0 0,0 11,2 19,5 30,8 3,2

Asta-Pacific region, 11,2 195 476 | 1064 | 1904 19,9

including:
Australia, New Zealand 2,8 5,6 8,4 14 30,8 3,2
China 8,4 8,4 22,4 56,0 36,8 91
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India 0,0 0,0 2,8 5,6 6,4 0,9
Russia 0,0 0,0 0,0 2,8 11,2 1,2
Total in the world 494,0 531,2 631,4 7749 956,0 100,0

Technical features of coalbed methane extraction are related to processes of gas gathering and
gas transport to the surface by compressors (Figure 1) [1].
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Figure 1 — Coalbed methane extraction

Source: Tagiev S.M. Coalbed methane production in the world and prospects of production in
Kuzbass // Materials of XI International Research and Practice Conference. — Sheffield UK,

2015. V. 10. — pp. 77-80.

In such cases, vertical wells are drilled from the surface to reach the coal seams. The next step
is a drilling of inclined-horizontal wells in the direction of the minefield extension. Such a method
makes it possible to produce about 60% of coal gas, due to the low flow rate of the wells.

A variety of stimulation techniques, such as hydraulic fracturing, enable to increase the amount
of produced gas (Figure 2).

Hydraulic fracturing is a special process of injecting liquid or gaseous fluid into the reservoir
at a high pressure to cause breakdown of the formation.

Adding a special substance to the fracturing fluid is the next step of the hydrofracturing process.
This is necessary in order to prevent the cavities from closing. Natural sands and artificial ceramic
proppants are used as propping materials. At the same time, quartz sand is widespread as a proppant
due to its availability and inexpensiveness [1].

Sand feed-through is essential both in newly created and existing cavities in the reservoir. After
extraction, methane is purified from mechanical impurities (coal dust and sand), as well as water,
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harmful gases, and others. The purified gas can then be transported by gas pipeline to a processing
plant or to a small-scale natural gas liquefaction plant installed near the field. LNG production close
to the production site will be able to provide industrial facilities with the fuel. Moreover, such LNG-

fuel could be the basis of outlying regions gasification.

PRODUCTION OF COALBED METHANE

processed water

Figure 2 — Hydraulic fracturing for coal gas extraction
Source: Arkhipov, I.A. Analysis of technologies of methane extraction from coal reservoirs //
GIAB. 2020. Ne6-1.

Consequently, it can be mentioned that coalbed methane production is a promising direction
for Russia energy sector. Despite the associated problems, such as technological complexity, high
price and environmental aspects, coalbed methane can act as a broadening hydrocarbon source for
the chemical and gas processing industries, significantly reducing the load of conventional natural
gas fields.
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The article describes the main difficulties in unloading operations of highly viscous oil products from tank-cars by
the use of the steam heating. The theoretical basis of the microwave emission and its applicability in the engineering
of a reheating system for petrochemicals are considered. Prospects of comparing microwave and ultrasonic effects
for the development of a reheating system for petrochemicals tank cars in the Far Eastern District are provided.
Keywords: Tank-cars, unloading of highly viscous oil products, steam heating, microwave emission, petrochemicals,
ultrasonic effect.

The oil’s applicability as a raw product for fuels is undoubtedly an important aspect for the
existence of modern industry. Petrochemicals are used not only as fuel for transport and heat power
plants, but also as lubricating agents to increase the durability of the parts of the unit. The main
problem related to highly viscous oil products is its transportation and unloading operations.

Transportation of petrochemicals from refineries to the point of consumption is carried out by
rail and road. Railway transport is more acceptable for long distances on the basis of economic
analysis. Oil products usually are transported in car tanks (Figure 1).
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Figure 1 — Four-axle tank for oil and petroleum products with a brake platform model “15-
11864"
Source: Specialized tanks for the transportation of hazardous materials -Reference manual /
Ministry of Railways and Communications

The Russian Federation has unique climate conditions due to an impressive territory. The
climate in many subjects can be harsh. Climatology, in turn, complicates commercial unloading
operations of highly viscous oil products (for example, various grades of fuel oil, tar, semi-tar,
compressor or aviation oil) by tank-cars with a boiler volume of 50 to 60 m*. The discharge of these
oil products is carried out through the low hole with reheating of the tank under the temperature below
0 °© C. Paraffin and high-paraffin oil products are heated at 10 ° C or more above their solidification
temperature. Heating is performed by steam supplied to the lower point of the tank or its supply
through the upper hole of the tank for the transportation.

The unloading of heavy oils and highly viscosity petroleum products in the cold season is a
labor- and energy-intensive operation running over 10 hours. The standard method of the product’s
reheating by steam carries a fairly large number of drawbacks. Firstly, a large loss of heat-intensive
agent and a large water consumption are observed. Secondly, a consumption of steam for heating the
steel shell of the tank and heat exchange with the environment increases heat losses of the system.
Thirdly, when the lower part of the tank is heated, the contact layer of the petrochemicals with the
inner wall of the tank is overheated [2]. Based on the above-mentioned problems the applicability of
the method of microwave reheating of the product is proposed in this paper.

For the sustainable use of energy, it is possible to consider volumetric thermal effect
(microwave heating). The microwave region of the electromagnetic radiation is called the frequency
range from 300 GHz to 300 MHz (wavelength range from 1 mm to 1 m), which is located in the
interval between infrared and radio frequency. A more scientific term for "microwaves" is the term
"super-high frequency™ or "SHF" [3].

The following benefits of microwave heating in comparison with traditional (contact heating)
are distinguished on its physical basis:

1) Uniformity of heating. The polarization process occurs in the entire volume, due to the
uniform effect of the electric field on the substance i.e., the heating process occurs in each
conditional part of the body.

2) Decrease in heating time. To eliminate the temperature gradient of the substance in
traditional heating methods (from the edge to the middle of the body), the process of
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thermal exposure is increased. In most cases, it is possible to avoid overheating of the
surface layers of the processed material only due to slow heating. At the same time, the
microwave heating occurs evenly, the time of the temperature increase process is
significantly reduced.

3) High efficiency of conversion of microwave energy into thermal energy. Heat losses in the
supply paths and working heating chambers, due to the originality of the technology, are
small. That is why the theoretical value of the efficiency is close to 100%.

4) Ecological cleanliness. Firstly, the temperature of the walls of the heating chambers
remains almost unchanged, which significantly reduces the thermal impact on the
environment. Secondly, this technology does not involve the actual flammable materials
(firewood, coal, liquid or gaseous fuel), which significantly reduces the smoke and heat
emissions into the atmosphere. Thirdly, the technology does not use any kind of burners,
which eliminates the formation of carbon deposits on the equipment and the combustion
chamber.

5) The possibility of regulating the heating temperature by changing the power of the
microwave emitter. A well-known example of heating regulation is found by everyone in
daily living - a household microwave oven.

6) Thermal inertiality — the possibility of almost instantaneous switching on and off of thermal
effects on the processed material. Hence the high accuracy of the heating process
adjustment and its reproducibility are observed.

7) Selective heating. The heating happens only in parts of the system with high values of
dielectric losses are heated.

In this particular case, the temperature increase occurs with the help of an electromagnetic field
without contact of the emitter and the object. Polarization is the directional movement of bound
electric charges and the reorientation of dipole molecules along the field lines of force, which occurs
in the substance in an artificial alternating electromagnetic field. Thus, heat transfer proceeds not by
the contact of the heated object with the substance, but due to the movement of molecules. Therefore,
the heated body (oil product) is reheated throughout the entire volume,

When the magnetron (emitter) is located in the tank, for example, in a suspended state and
pushed through the upper hole, the possibility of thermal influence on the oil product will appear. The
walls of the steel tank, in the following case, will serve as a barrier to preserve the wave inside the
tank volume, it will not release the microwave wave outside. The schematic diagram of the process
is shown (Figure 2).
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Figure 2 — Schematic diagram of the microwave reheating for the unloading of oil products
Source: Galanov Evgeny Konstantinovich, Yakovenko Evgeny Konstantinovich, Filatov
Maxim Konstantinovich, Kytin Yuri Alexandrovich The use of microwave and IR radiation to
improve the efficiency of heavy oil discharge // News of the St. Petersburg University of Railway
Transport.

The main advantages of this technique are: high efficiency of the heating process, inertiality
when the magnetron (emitter) is turned off, heating speed, uniform heating (without overheating of
the contact layer).

To draw the conclusion, it is necessary to mention that an experiment will be conducted as a
part of the project. It will allow us to confirm and develop a microwave heating system for
petrochemicals within a stationary tank-car for unloading operations which will be suitable for the oil
and gas industry of the Far East. Moreover, the research provides us with an opportunity to make a
comparative analysis with other innovative methods of heating oil products (for example, ultrasonic
treatment) according to the characteristics of the processing time, the effeciency of the method,
environmental safety and applicability in the Far Eastern District.
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INPAKTUYECKOE ITPUMEHEHMUE ITAPOI'A30OBBIX YCTAHOBOK B KAYECTBE
CIIOCOBA YTWJIN3ALUU TEIIJIA TA3OTYPBUMHHBIX YCTAHOBOK HA
KOMIIPECCOPHBIX CTAHIUAX

Maabimn MLA., Auekceenko H.B., HayuHnblii pykoBoaurtenb: Ciaecapenko B.B., HayuHblil
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B paGore mpeacTaBjieHO NpHMeHEHHE NApPOra3oBbIX YCTAHOBOK B KayecTBe CHOc00a YTHIM3ALMM TeIjia
razorypouHHbIx yctaHoBok (I'TY) Ha kommpeccopHbix cTtaHuusix. I'TY ObuIM BblaeleHbl, KaK OCHOBHBIE
HCTOYHHMKH JHEPrHM Cpedd BTOPHYHBIX JHepreruyeckux pecypcoB Ha KC ¢ ToYKkH 3peHHs] BO3MO:KHOCTH
npeoOpa3oBaHus ee B MOJE3HYI0 MEXaHHYECKYI0 HJIH dJIeKTpHiecKy1o. IIpennosxkeHo HCnoIb30BaTh NApOra3oBylo
YCTAHOBKY € KOTJIOM YTHJIN3aTOPOM C IIeJIbI0 HUBEJIUPOBAHMS NOTEPh Tella, yHOCHMOIo 0TPadoTABIIUMU ra3aMu
I'Ty.

Kitouessie cnopa: ["azotypounnas ycranoBka (I'TY), komnpeccopnas crannus (KC), maporazosas ycranoska (I11'Y),
oTpaboTaBIIHe Ta3bl, KOTEI-YTHIN3aTOP, BOASHON Map, KOHIACHCATOP.

APPLICATIVE USAGE OF COMBINED CYCLE GAS TURBINES AS A DISPOSAL
METHOD OF GAS TURBINE HEAT AT GAS-COMPRESSOR STATIONS

Malysh M.A., Alekseenko N.V., scientific supervisor: Slesarenko V.V., scientific supervisor: !
Minakova P.S.

FAR EASTERN FEDERAL UNIVERSITY, Vladivostok, Russia (690922, Primorsky Krai,
Vladivostok, Russky Island, Ajax village, 10), e-mail: ‘thescienceguysforever@gmail.com

Article presents an applicative usage of combined cycle gas turbine at gas-compressor stations as a method of heat
utilization of gas turbine. Gas turbine units (GTU) were identified as a basic energy source among secondary
resources at compressor stations by means of its conversion into useful mechanical or electrical energy. Utilizing
a combined cycle gas turbine unit with a utilizer-boiler in order to minimize heat losses carried away by GTU
exhausted gases is suggested.

Keywords: Gas turbine unit (GTU), gas-compressor station (GCS), combined cycle gas turbine (CCGT), exhausted gases,
recovery boiler, water vapor, refrigerator.

Nowadays, gas transport is an essential part of Russian energy sector. Anyway, industrial
development in the domestic energy sector is fraught with difficulties. Specifically, Russian natural
gas industry leads the list of energy-consuming spheres, especially due to the heavy energy demand
for gas compressing. Most of the supplied heat is carried away into the atmosphere in the form of
exhausted gases (about 60%). Thus, waste of useful energy at gas-compressor stations is a
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considerable issue. Thermal losses in gas turbine units, according to sources [1,2,3], can vary from
80 to 100 GW.

It is worth mentioning that GTUs are not the only heat sources at GCSs. There are secondary
production sites with a large amount of by-product energy resources (SER). Such energy sources are
distinguished by huge amounts of energy for the usage of utilization into mechanical and electrical
energy:

o oil cooling system used for leveling the friction force of dynamic units of technological

equipment;

o heat exchangers, adsorbers and separators used for liquefaction and purification of natural

gas,

o recirculated water for temperature control of process main equipment;

o exhaust systems of process areas [4].

Derived energy from GTUs, most commonly, is used as a heat transfer agent in water boiling
processes in heating installation and engineering systems of GCSs or rarely for the needs of nearest
settlements (the drawback is seasonality of this method). Flow diagram is presented in Figure 1.

KC —* Nn’

———
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Figure 1 — Flow diagram of CCGP with recovery boiler:
I - generator; K - GTU compressor; KC - GTU combustion chamber;
T - GTU gas turbine; H - feed pump; KV - recovery boiler; ITT - steam turbine; K-p -
refrigerator [1].
Source: Timoshenko, D. V. Possibility of superstructure of gas turbine units of gas pumping
units with utilisation combined cycle gas turbine units / D. V. Timoshenko, V. O. Remeslovskiy

The process works as follows:

1.  GTU’s exhausted gases carry away thermal energy into the recovery boiler, which is
essentially a simple heat exchanger;

2. Vapor-water working substance gains heating energy through the recovery boiler;

3. The obtained water vapor is sent directly to the steam turbine plant (STP);
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4.  The water vapor expands and does a mechanical work, mainly acting as a catalyst for the

current generators in the steam turbine plant;

5. Finally, vapor sets in the refrigerator and extracts in a cycle for its pretreatment and return

to the recovery boiler.

Technical and thermal specification of the most common gas turbines currently used at gas-
compressor stations is shown in Table 1. The values presented in the table confirm the above-
mentioned data about high flow rate of GTU’s exhausted gases and significant value of their
temperature.

Table 1 — Technical and thermal specification of gas turbine units [5]

Flow Tempera
. Numbe Energy Efficien | rate of P
Version ) ture of
r of consumption, cy factor, exhaust
of GTU ] exhausted
units MW % gases, ases. °C
kg/s £ases,
GTK- 646 10 32 86 303
10
NK-
16ST 618 16 29 103,1 378
NK-
12ST 322 6 26,1 57,6 302
DR-
5oL 268 10 28,5 81,5 330

Source: Karyshev, A. K. Perspective technologies of heat utilisation of exhausted gases of gas
pumping units / A. K. Karyshev, A. A. Zhinov, D. V. Shevelev

Modifications of combined GTU and turbine cycles called STIG-installations also can be
applied at gas-compressor stations. The basis of their work is to affect the exploitation of gas turbines
by injecting steam into the feed gas. At the same time, this technology is not identical from the CCGT
for utilization of exhaust gases. The main objective is to increase turbine power by 25% and to reduce
NOXx concentration in exhaust gases [6]. The flow diagram of STIG unit operation is shown at figure
2 (Figure 2).

The main disadvantage of STIG-cycle implementation at combined usage of GTU and CCGT
is the necessity to have a constant supply of fresh water and a treatment plant for its purification and
injection at a given volume, which can change all the time. Nevertheless, it is worth noting that
nowadays STIG systems are an actively studied and experimentally developed area of gas turbine
heat utilization development. In the near future, they may become the most economically and
environmentally developed solution for supporting efficient maintenance of power plants.

58



Mausimt MLA. u ap. [IpakTiueckoe mpruMeHEHHE apora3oBbIX YCTAHOBOK B KaUeCTBE CIIOco0a
YTUIIM3ALMHU TeIlJla ra30TypOMHHBIX YCTAaHOBOK Ha KOMIIPECCOPHBIX CTAHIMX // MexXTyHapoJHbIH
XKypHaJI HH()OPMAIIMOHHBIX TEXHOIOTUH U 3HeproddexruBHocTH. — 2023, —

T. 8 Ne 11(37) c. 56-61

| 5| o

Tk 1oy < '

MO e

Figure 2 — Flow diagram of STIG unit operation:
1 - energy consumer; 2 - compressor; 3 - combustion chamber; 4 - high-pressure turbine; 5 -
low-pressure turbine; 6 - CCGT [7]
Source: Liefer, D. S. State and prospects of development of steam-gas plants with steam
injection / D. S. Liefer, A. I. Samsonov

As a reference point for further development of the STIG-cycle, it is possible to point out the
introduction of a heat pump into the process, which is able to improve the technological base of the
plant exploitation, due to the possibility of decreasing heat losses in the refrigerator. Heat preservation
leads to the growth the efficiency of the combined heat and power plant. In that case, the operation
of heat pump will occur as follows: the cooling agent removes heat from the condenser,
compresses in the compressor, increases the temperature and gives off heat in the evaporator.

Nevertheless, drawback of steam-gas units for utilization of heat energy are worth discussion.
First of all, the low efficiency factor of the steam turbine part. The reason behind this are insufficient
initial parameters of vapor and low efficiency of the refrigerator. Also, steam turbine is rather
expensive and complicated in exploitation due to a large number of operating units.

The above-mentioned facts led to the development of alternative methods by scientists and
engineers. As an option, the use of utilization gas turbine units (UGTU) was proposed in research
papers.

In conclusion, we can say the problem of oil and gas industry - the usage of by-product heat
energy resources at gas-compressor stations was discussed and a result, gas turbine units were
reasonably selected as the most high-potential source of secondary energy. In the article a detailed
explanation of CCGT’s utilization at gas-compressor stations with a recovery boiler for conversion
of heat energy. Is given the most wide spread way of useful energy application is seasonal heating of
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technological sites of gas-compressor stations.
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B cratbe ommchiBaeTcsi COCTOSIHHE POCCHIiCKOHi MHAYCTPHU TNPOM3BOACTBA CHKHUKEHHOrO INPHPOIHOrO rasa.
AHaIM3UPYIOTCSl TEPCHeKTHUBBI IPOM3BOACTBA [JAaHHOrO BHAA JHepropecypca B Poccum, omuchiBaercs
He00X0AMMOCTh Pa3padoTKH COOCTBEHHBIX TEXHOJIOTUIH CKUKEHHS Ia3a B CBA3H C YXO0/0M U3 CTPaHbI 3apy0e:KHbIX
KOMNaHui. OnMCHIBAIOTCA NPUMEPbl HHOCTPAHHBIX TexHoJIoruii Ha poccuiickux CIII'-3aBopax. IlpuBoaurcs
XapaKTePUCTHKA 3aNMATEHTOBAHHBIX 0TeYeCTBEHHBIX TEXHOJIOT Ml MOJIy4eHHs C:KHKEHHOI'0 ra3a.

KitroueBsie ciioBa: CxrokeHHBIH mpupoansrii ra3 (CIITY), cmenraHHBIN XIamareHT, kackaaaerii mporece, C3MR, DMR,
ApKTH4ecKkui KackaJ, ApKTUYECKUH MUKC.

THE EXPANSION OF RUSSIAN TECHNOLOGIES FOR LIQUEFIED NATURAL GAS
LARGE TONNAGE PRODUCTION

Platonov V.1., Che V.S., scientific supervisor: Gulkov A.N., scientific supervisor: ! Minakova
P.S.

FAR EASTERN FEDERAL UNIVERSITY, Vladivostok, Russia (690922, Primorsky Krai,
Vladivostok, Russky Island, Ajax village, 10), e-mail: ‘thescienceguysforever@gmail.com

The article decomposes the status of the Russian liquefied natural gas production industry. The prospects of this
type of energy source in Russia are analyzed. The relevancy of domestic liquefaction technologies in the context of
the withdrawal of foreign companies from the Russian market is described. Examples of foreign technologies at
Russian LNG plants are described. The article characterizes patented domestic technologies of liquefied gas
production. Moreover, patented Russian technologies of liquefied gas production are defined.

Keywords: Liquefied natural gas (LNG), mixed refrigerant, cascade process, C3MR, DMR, Arctic Cascade, Arctic Mix.

The state of Russian natural gas export has significantly changed since the early 2010s. The
production of liquefied natural gas (LNG) is the fastest-growing and potentially productive in Russia's
oil and gas industry despite the expansion of the natural gas network and the increment of supply to
the Asia-Pacific markets. According to the forecasts, Russian LNG supplies will reach 105 billion
cubic meters per year and will equal the level of pipeline gas deliverables by 2030 [2]. Nowadays
Russia sits at 4" place in the global LNG market.

The prime producers of liquefaction equipment and technologies at Russian LNG plants were
foreign companies, such as Linde and Shell until 2022. However, they had to leave the country due
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to European and American sanctions against Russia’s oil and gas area. Foreign LNG production
(including low tonnage processing) solutions are used in 80 percent of Russian plants (table 1) for

2023 [1].

Table 1 — Technological solutions for Russian LNG plants

: Description of . Ipumenenue B
Technology Licensor the method Production rate Pocenm
Cooling of natural
DMR (Double gas rt:e)]:rEW:ramn'ltxed
Mixed Shell Jerant. 2-5 MTPA «Sakhalin-2»
Refrigerant) streams including
g nitrogen and light
hydrocarbons
Liquefaction by
C3MR Alr pregggﬁ?}geand
(Propane Produc_ts & following cooling «Yamal-LNG» (3
Precooled Chemicals . . greater 5 MTPA .
. with mixed LNG trains)
Mixed Inc. refrigerant in a
Refrigerant) (APCI) spiral coil-wound
heat exchanger
Stepped
liquefaction of «Arctic LNG-2»
MFC (Mixed gas by mixed (modification
Fluid Cascade Linde refrigerant greater 4,3 MTPA MFC4),
Process) (cascade process) «RusChimAllianc
on three cooling e» (until 2022)
lines
LIMUM3 Three-stage
(Linde liquefaction in
Multistage Linde coil-wound h(?at no greater 2,5 MTPA LNG plant
. exchangers with «Portovaya»
Mixed . .
Refrigerant) different mixed
g refrigerant flows

Hence the conclusion can be drawn that the development of domestic natural gas liquefaction
cycles is a high-priority task for the Russian energy field. Unfortunately, an active designing of the

domestic cooling systems of natural gas liquefaction started only in the 2010s.

The only one Russian implemented LNG technology is an Arctic Cascade cycle process
designed as a part of 4" LNG train of «Yamal-LNG» plant (Figure 1)
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Figure 1 — Process flow scheme of the Arctic Cascade cycle process [3]
Source: Patent of the Russian Federation Ne2017108800

The advantage of this technology is the step-by-step cooling with pure refrigerants: ethane
(extracted from feed gas) and nitrogen, as well as the use of arctic temperatures for cooling at the first
liquefaction stage. The process reduces the energy costs of LNG production to 220 kW/t of LNG.

The technology includes the following technological steps:

e  Step-by-step gas treatment: separation of mechanical impurities, removal of mercury,

acid gas, gas dehydration, and separation of heavy hydrocarbons (if necessary);

° Pre-cooling (by Arctic air or water) and ethane extraction (for use as a pure refrigerant in

liquefaction);

° Re-cooling of the gas by nitrogen;

° Pressure reduction and separation of non-liquefied gas;

° LNG storage and offloading.

However, at the Eastern Economic Forum 2021, Leonid Mikhelson, head of “NOVATEK?”,
stated that the running of 4" «Yamal-LNG» train was unstable due to domestic equipment. An
operator of the field had to revise its plans for the Obsky LNG project and postpone it until 2024-
2025. By experience of Yamal-LNG exploitation, “NOVATEK” patented the "Arctic Cascade
Modified" technology, as well as its analog without using the nitrogen subcooling ("Polar Star") [3].

In 2023, “NOVATEK?” developed a natural gas liquefaction technology, called «Arctic Mix»
(Figure 2).
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Figure 2 — Process flow scheme of the Arctic Cascade cycle process [4]
Source: Patent of the Russian Federation /2023103701

The main difference from the Arctic Cascade is the self-sufficiency of cycle. It can be applied in
any environmental conditions. Moreover, the production rate of plant increases (greater 6
MTPA). Natural gas enters the liquefaction section and is cooled by a mixed refrigerant from
the heat exchangers in several streams with different pressures and temperatures. The technical
result of technology is an enhanced stability of exploitation (in comparison with the cascade
process) [4]. “NOVATEK” expects the usage of this cycle for the implementation of Murmansk
LNG plant project. In addition, the spread of the technology will allow “NOVATEK” to act as
a licensor in the designing of domestic LNG projects to replace foreign companies that have
left. Consequently, it will increase production safety and sustainability of the LNG industry in
Russia.

In conclusion, it can be stated that development of Russian LNG production t and processes is
expanding more slowly than the need for such technologies. However, we also agree that sanction
pressure and inaccessibility of foreign methods of gas liquefaction gives us a chance to focus on
domestic research and experimental development. Besides, it will allow our country not only to hold
a high level of LNG supply, but also to increase the quantity of LNG exported to global markets.
“NOVATEK” experience has shown the promising potential of domestic technologies and the
possibility of effective import substitution in crisis situations.
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The article describes the current state of natural gas energy supply of consumers in Russia. The advantages of
using gas fuel in electricity and heat supply are given, and the issue of providing energy to consumers of remote
regions and districts is raised. The paper presents alternative ways of gasification in comparison with traditional
methods. Benefits and drawbacks of possible gasification by compressed natural gas (CNG) are provided. The
technology of production of this fuel is described, and the conclusion about the practicability of its development
and application is made.

Keywords: Compressed natural gas (CNG), liquefied natural gas (LNG), gasification, natural gas, CNG filling station,
gas compression, gas transport.

Nowadays, hydrocarbon resources (oil, natural gas, coal, peat, etc.) are main fuels for heat and
electricity generation almost all over the world. In 2023, the proportion of heat and power stations in
the structure of the UES of Russia is about 66%, which is quite a significant value [7]. At the same
time, according to the forecast data, by 2028 the decrease of TPPs energy production ratio in Russia
will be insignificant - about 2% [8].
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Traditional raw hydrocarbons (including oil, coal) in the modern energy sector most commonly
are giving way to natural gas. Thus, according to the International Economic Agency (IEA), the total
world share of gas in power generation by 2021 has increased from 16% to 22% [3]. It is more
environmentally safe; gas reserves are several times greater than the world's oil reserves. In addition,
the prime cost of natural gas (including production and transportation) is much lower than other
hydrocarbons, which makes it more economically attractive for supply companies.

The most serious issue is a supply of energy to consumers (industrial and individual) living in
under-populated and remote regions of our country. The large area and low density of population in
Russia lead to energy isolation of certain settlements. Consequently, the urgent task of the Russian
energy industry is to identify ways to supply such consumers with cheap and high-quality energy
resources.

The Russian Gasification Program of PJSC “Gazprom” for 2021-2025 complies such
requirements. According to [6], the project involves 72 regions, including low-populated and harsh
climatic area, including: the Republic of Sakha (Yakutia), Yamalo-Nenets Autonomous Okrug,
Khanty-Mansiysk Autonomous Okrug - Yugra, Kamchatka Kray, and others. The main gasification
method is the expansion of gas distribution plants and natural-gas networks. In addition, the program
includes the transfer of local boiler houses and TPPs from coal (fuel oil) to natural gas. As of 2023,
the level of gasification in Russia is 73-74% [6].

Nevertheless, the existing gasification program in Russia is based on the Unified Gas Supply
System, which was mainly built in the USSR and does not meet modern requirements of safety and
high-quality gas transportation to consumers. Furthermore, meteorological conditions and the terrain
of remote regions often result in higher capitalized expenses for pipelining and the prime cost of the
gas pipeline network developing. In this case, the construction of the gas-transport system becomes
economically inexpedient. Consequently, it is necessary to focus on alternative ways of supplying
consumers with natural gas.

The following ways of gas supply to remote regions are known:

e off-grid gas supply (from cylinders or gas holders);

e gas supply by liquefied natural gas (LNG);

e use of compressed natural gas (CNG) [4].

Off-grid gas supply is common in European countries as well as in the USA and Canada.
However, its disadvantages are high initial capital investments for individual consumers (owner-
occupied households), as well as high quality requirements for gas boilers. Moreover, such equipment
may occupy large space on the adjacent territory, which reduces the possibility of its beneficial use.

LNG gasification is a more technological and promising line of research. This method allows
to supply remote regions with gas quickly and efficiently by producing fuel at gas distribution stations
(GDS) and transporting it by tank trucks. However, LNG differs from conventional gas in its high
production costs and low production capacity. Producers have to rely on large consumers (power
plants, boiler houses) to offset prices due to the limited fuel production. Usually, they choose either
off-grid gas supply or gas pipeline transportation [4].

Compressed natural gas (CNG) is a promising alternative to traditional gasification methods.
CNG is a natural gas compressed to a pressure of 20-25 MPa at CNG filling stations [1]. The volume
of gas during compression is reduced by 200 times, which saves the capacity of reservoirs and tanks
during its transportation and storing. It is used mainly as a motor fuel for combustion engines of motor
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transport. CNG is non-toxic, its production is cheaper than LNG, and it does not require regasification
in the process.

Russia has experience of CNG gasification of transport. Thus, according to the data of the
Central Dispatch Department of Fuel and Energy Complex [5], the number of compamies producing
such fuel has increased more than 10 times since 1998. By 2022-2023 the volume of such gas
networks in Russia should reach 1720 million m*. Most of CNG is produced in 5 regions: Krasnodar
Krai,the Rostov Region, epy Republic of Tatarstan, Stavropol Territory, and Nizhny Novgorod
region. However, these regions are known by more favorable climatic conditions and higher
population density than remote areas of Siberia and the Far East. Therefore, the issue of technology
choice and estimation of economic feasibility for low populated and remote areas is the main issue in
the implementation of the gas supply project.

Let us consider the process of CNG production and its transport. The gas is supplied from the
main pipeline and to the CNG filling station, where it goes through prepurification, after which it is
sent to the compression unit. The pressure of the fuel is increased, after which the compressed gas is
pumped into tanks or trucks. A necessary condition for the realization of the CNG-gasification project
is the presence of a motor road system, where the gas will be delivered to the storage tanks.

The next step is to reduce the pressure of the CNG, because high pressure does not meet the
requirements of the gasification rules and regulations (extreme pressure in residential buildings - 3000
kPa). After that, the gas is pumped into medium and low-pressure pipelines for its transmission to
consumers [4] (Figure 1).

Figure 1 — Principle diagram of settlement’s gasification by off-grid supply of compressed
natural gas [4]:
1- CNG storage; 2 - reducing device; 3 - CNG filling station;
4 - low-pressure gas pipeline network;
5 - gasified object; 6 - CNG transporter.
Source: Rachevsky B.S. LNG, LNG and CNG technologies for gasification of regional
facilities // Alternative Fuel Transportation. 2016. Ne3 (51).
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Low capital costs, fuel price and availability of CNG production technologies are its advantages

over off-grid supply and LNG gasification. This technique does not require deep gas treatment and
storages can be filled more efficiently. Nevertheless, its applicability is limited in remote regions,
primarily due to low quality and poorly developed motor road network. Consequently, the issue of
such gasification method is complex and demands more serious consideration. Taking into account
the necessity of improving the road network in Russia and an implementation of such projects, CNG
gasification may become more widespread in the future. Capital investments in compression utilities
will not only allow the expansion of the gas supply to remote consumers, but will also lead to
increased investments in the engineering of transport and logistics networks in Russia. Which, in
itself, is one of the priority tasks of the Russian energy industry.
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The paper presents the significance of the problem of evaporation losses of light oil products. The statistical data
showing the largest percentage of losses related to bulk oil storage is presented. The expediency of using vapor
recovery units at filling stations in combination with a three-flow vortex pipe is proved. Reasons of significant
decrease of evaporation losses from oil-loading operations, filling stations and discharge from the oil truck into
crude tanks are given in an article.

Keywords: Light oil products, filling stations, three-flow vortex tube, strong breathing, vapor recovery unit, adsorber,
activated carbon, Rank-Hilsh effect.

The evaporation of light oil products is one of the most important process of petrol storing due
to the effect on all technological stages of life of this valuable product. Storage in tanks, transportation
by any possible transport and draining and filling operations are inevitably followed by huge losses
from strong and inconsiderable breathing. It has an impact both on the quantity and quality of the
final product. In this regard, it is necessary and rightly to develop and seek for modernization of
current technologies, as well as search for fundamentally new ones. Thus, it will let us to ensure
maximum leak proofness of all technological processes belonging the life cycle of light oil products.

72


http://www.openaccessscience.ru/index.php/ijcse/
mailto:thescienceguysforever@gmail.com

MaxkaBuuk M. A. u ap. [IpakTrueckoe NpuMeHEHNE YCTAHOBKU PEKyIEpaIliy apoB B KOMOMHALIUU
C TPEXIOTOYHOM BUXpeBoil TpyOoit Ha A3C // MexmyHapoaHbIH KypHaT HHPOPMAITMOHHBIX
TeXHOJIOTui 1 3HeprodpdexruBHocTH. — 2023, —

T.8 Ne 11(37) c. 7277

According to Table 1, based on the information presented in [1], the main share of losses of
light oil products falls on their storage in tank batteries at oil depots, refineries and filling stations
(Table 1). Table 2 presents information on losses of light oil products in tanks (Table 2).

Table 1 — Total losses of light oil products

Losses of light oil products during Losse Light oil product losses from
transportation s, % evaporation in tank batteries, %

Motor transport 59,3

Water transport 17,5 65-70

Pipelines and transshipment depots 111

Source: Almakhanova, E. A. Losses of light oil products during transportation, storage and
loading and unloading operations / E. A. Almakhanova, B. U. Zhamanbaev

Table 2 — Loss of oil products during storage in tanks

Sources of loss Losses, %
"Strong breathing."” 54,0
Deflation 4,6

Gas trap 0,9

From tank cleaning 5,3

At pump stations 2,3

With sewage drains 7,5

Source: Almakhanova, E. A. Losses of light oil products during transportation, storage and
loading and unloading operations / E. A. Almakhanova, B. U. Zhamanbaev

It should be noted that evaporation losses are primarily associated with the volatilization of the
most valuable fractions for light oil products - light hydrocarbon fractions (LHF). According to [1],
the Russian oil and gas sector is marked by annual evaporation losses at oil depots of more than 100
thousand tones. This fact demonstrates the importance of developing preventing technologies for
trapping vapors and volatilized hydrocarbons.

Nowadays, it is reasonable to use oil product vapor recovery units (VRU) at filling stations,
which provide an opportunity to considerably reduce the share of petrol vapors, irrecoverably
escaping into the atmosphere. Two options of vapor recovery units at petrol stations are applicable -
for filling vehicles (Figure 1) and for discharging petrol products from oil trucks (Figure 2).

According to [3], the traditional design of VRU implies continuous process on three pairs of
adsorbers. The first pair is the active working one. Its implementation is as follows: the stream of
captured hydrocarbons passes only through one of two technologically connected adsorbers. During
an operation, hydrocarbons are precipitated on the adsorbent (activated carbon was conventionally an
adsorbent). The time of this cycle is strictly regulated depending on the volume of hydrocarbons
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flowing to the adsorber in a particular time interval. The next step is the transition to the operating
state of the second adsorber, while the first adsorber switches for regeneration. Regeneration takes
place by creating a vacuum in the adsorber body. Hydrocarbons are detached from the adsorbent due
to the reduced pressure. Subsequently, they are sent to the reabsorption column. It can be concluded
that the first adsorber is in operation while the other one is regenerated. Moreover, the necessity of
regular stopping of both adsorbers for maintenance works is an essential part of the process. Every
VRU system consists of three pairs, where the second one is a spare working pair. The third is a
reserve pair in case the first pair is on regural maintenance or is out of order. In this case, the third
pair becomes the spare working pair.

The main disadvantage of VRU usage is the probability of high residual emission level at the
VRU outlet, which occurs primarily due to the quality of vapor adsorption. VRU unit of filling
stations get a mixture of hydrocarbons which is purified much worse than each individual component.
Hence, it leads to estimations differs from the actual efficiency level of the process. In order to reduce
residual emission of hydrocarbons it is needfully to carry out drying, cooling of vapor-air mixture
and removing of "harmful impurities”. For this purpose, it is reasonable to use a three-flow vortex
tube (VT) (Figure 3).

“Hucruin
8030YyX

yyn

Yucreia
8030yx

Figure 1 — Car refueling at the filling station with the use of VRU [2]
Source: Oil product vapor recovery system. JSC Prompribor
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Figure 2 — Petrol draining at a petrol station with the use of FPS [2]
Source: Oil product vapour recovery system. JSC Prompribor. [Electronic resource]

Figure 3 — Three-flow vortex pipe in section:

1 -nozzle inlet, 2 - cold end of the pipe, 3 - diaphragm, 4 - nozzle, 5 - separation unit, 6 - energy
separation chamber, 7 - condensate outlet, 8 - hot end of the pipe, 9 - cross piece [4]

Source: Vlasenko, V. S. Development of a unit with a three-flow vortex tube for hydrocarbon
vapour recovery / V. S. Vlasenko, V. V. Slesarenko, D. N. Shkredov

The operation concept of a three-flow vortex tube is based on the Rank-Hilsh effect, the essence
of which is that a swirling vortex flow is divided into two with a high temperature difference. At this
point, the hot flow located at the periphery exits through the flow ratio controller, while the cold flow
is concentrated in the center of the tube and exits in the opposite direction to the hot flow through the
central orifice in the diaphragm [5]. An application of a three-flow vortex tube into the technological
process of VRU work at the filling station will allow to send only the cold flow to the adsorber by
means of flow separation. At the same time, hot flow goes to the compressor inlet for the purpose of
cyclic feeding to the vortex tube through the plate heat exchanger. Consequently, only cold
hydrocarbons will flow into the adsorber, which leads to achieving a significant reduction of residual
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hydrocarbon emissions at the outlet of the VRU. Figure 4 shows the scheme of the FPSO in
combination with the VT (Figure 4).
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Figure 4 — Flow diagram of VRU in combination with VT:
1 - adsorber in operating mode; 2 - adsorber in regeneration mode; 3 - absorber column; 4 —
air cooler; 5 - vacuum pump; 6 - condensate collector;
7 - condensate pump; 8 - absorbent pumps; 9 - three-flow WT; 10 - compressor; 11 - heat
exchanger-cooler [6]
Source: Slesarenko, V. V. Improvement of oil vapour recovery units to reduce harmful
emissions into the atmosphere / V. V. Slesarenko, V. D. Lapshin, P. A. Sokolova
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This article discusses the ways of utilization of associated petroleum gases, which is a valuable source of energy
and a feed base for the fuel and chemical industries. The possibility of liquefied natural gas production based on
associated petroleum gas is considered and an energy-efficient technological scheme for LNG production based on
the usage of APG is proposed.

Keywords: Associated petroleum gas, liquefied natural gas, fractionation, low-tonnage production, utilization of
associated petroleum gas, natural gas liquids (NGL).

Scientists have been thinking about a useful utilization of APG in industry since the last
century. Originally, oil and gas condensate fields APG was considered as a difficult to transport by-
product, it was burned at gas flares most often. It was regarded as the simplest way of utilization,
which did not require complex production technologies and implementation of expensive facilities.
However, gas flaring leads to huge missions of pollutants such as carbon dioxide, soot, etc. Such
releases have a negative impact on the world's environmental situation.
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Associated petroleum gas is a form of natural gas, which is dissolved in oil, a mixture of
hydrocarbon and non-hydrocarbon gases containing a significant proportion of Cz+ alkanes, which in
turn are the feed base for the chemical and energy industries.

Nowadays, the majority of promising APG utilization methods have emerged due to the
development and deepening of production technologies, manufactures and machines designing:

e gas is injected into the reservoir to increase oil production at the field. In order to recover
gas condensate fields, a full or partial sidetracking process is used, which consists in
injecting of light hydrocarbons obtained after processing of produced gas condensate into
the reservoir. This method is expensive and is mostly realized abroad. [3,5]

e APG is used to generate electricity for own needs of production because of the great
remoteness of the field from the consumer. This option is beneficial for small fields, which
can also provide electricity to local consumers. [3,5]

e fractionation to obtain natural gas, natural gas fluids (NGL), as well as heavier Cs.
components. Gas petrol obtained from heavy fractions is used as fuel. Then NGLs are sent
for further processing and obtaining a feed base for production of polymers, motor fuels,
oils, plastics, alcohols, etc. This option is suitable for medium-sized fields. [3,5]

e Cryogenic processing using small liquefaction or process features in LNG plants and gas
processing plants, which include facilities for production of LPG for the usage of gas field
or for transportation to energy markets [3,5].

Let us consider more detailly the direction of APG utilization with the production of liquefied
hydrocarbon fuel. The reason of small realization at low-tonnage LNG projects is considered to be
low profitability because of limited production capacity. In comparison, large-scale production
facilities require a necessary LPG separation as a part of the process chain in most of liquefaction
processes. At the same time, cryogenic APG generation is successfully realized at small liquefaction
plants on the basis of gas distribution stations (GDS) and automobile gas filling compressor stations.
The efficiency of these plants in terms of final product’s yield is not as high as it could be due to
application of an open refrigeration cycle. The liquefaction ratio of these plants depends on the
pressure drop and chosen cooling method, such as throttling, expanding or energy separation in a
vortex tube. The undoubted benefit of these plants is the minimal energy consumption for liquefaction
[2,4].

Currently, one of the most innovative technologies for APG processing and LNG production
is NGL Pro, developed and patented by ASPEN, which is widely used in the USA and Canada (Figure
1).

The technological process is as follows: feed goes into a three-phase separator, where the
liquid phase, associated petroleum gases and depleted gas are extracted. APG, passing through pre-
cooling, is sent to the stabilization column, where the residue light hydrocarbons are separated and
then are sent back to the cycle, which passes through a reboiler. Heavy hydrocarbons are sent to the
reservoir [1].

This method is suitable for processing associated petroleum gases and obtaining light
hydrocarbon fractions, which can be liquefied at the refrigeration plant further. Also, it should be
noted that this cycle does not require any of expensive equipment, absorbers for gas drying,
refrigeration cycles. The advantages of this technological scheme can be mentioned:

e the possibility of obtaining LNG as one of the methods of APG utilization;
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e removal of most of the water and liquid phase in the three-phase separator reduces a chance
of hydrate formation in the units;

e small number of equipment units hence the portability and easy maintenance of such plants.
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Figure 1 — Flow diagram of the NGL Pro process
Source: Shcherba V.A., Gomez A.S.S., Vorobyev K.A. Problems and prospects of associated
petroleum gas utilization in the Russian Federation. Problems of regional ecology. 2019.
Nel. pp. 134-144.

Thus, it can be concluded that associated petroleum gas processing technology of LNG
production is a perspective and important area of the oil and gas industry of in country. The use of
available technologies and those considered in this paper can significantly increase the depth of APG
processing, as well as provide energy autonomy of individual modules and territories due to the use
of LNG. Moreover, modern approaches of gas processing will allow our country not only to reduce
the number of harmful emissions (by reducing the amount of fuel flared), but also to provide
consumers with a high-quality product. It cannot be denied that that Russia has great potential to
become a leader in the global market for gas and oil refined products.
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The article describes the structure of main line pumps, operational conditions of electric motors and ways of their
cooling. The main constructive feature and units of the pump unit are presented. The three ways of cooling
system’s improvement in construction of main line pumps are proposed, the refrigeration cycle for mixed
refrigerant-freon is also given.

Keywords: Main line pump, asynchronous electric motor, cooling system, optimization, high-limit temperature,
operational conditions, refrigerant, circulating cooling system.

The main line pump is a hydraulic machine intended to convert electrical or mechanical energy
into fluid flow energy for the purpose of pumping through main pipelines. Such machines applied to
pumping petroleum products (especially, oil) belong to dynamic machines according to the mode of
action. Nowadays, the main type of pumps, which are widely used is vane pumps. Let us consider the
structure of the pumping units by the example of a centrifugal main line pump, which includes the
following units:
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e asnail-shaped pump casing for tangential inlet of the pumped liquid, which can be designed
as a horizontal or vertical connector. The casing is equipped with two connections - suction
and pressure;

e pump shaft with impellers, which are open, closed and semi-closed, designed to move and
transfer energy to the pumped liquid. The energy is transferred to the shaft by an electric
motor or electric drive;

e Dbearing units and lubrication system, to ensure free rotation of the shaft with impellers;

e sealing devices, designed to seal the machine structure against leakage of pumped medium.
Various types of seals are used: gland seals, slotted seals, labyrinth seals and so on;

e electric motor or electric drive, which is assembled as a remote element, connected via a
toothed coupling or made in a single housing design together with the pump. [2]

The above-mentioned fact must be discussed more particularly. Electric motors of series STM
(synchronous three-phase electric motors), STMEP (synchronous three-phase motors explosion-
proof), as well as asynchronous motors are widely used in petroleum transport. The fundamental
problem in the exploitation of electric motors is overheating of windings and bearing units. This heat
is transferred to the casing further and heats up the winding insulation. Subsequently, it reduces the
service life of electric motors and the heat resistance of the insulation, which can lead to failure during
long-term operation of the power unit. Cracking of insulation and loss of dielectric properties are also
noted in the maintenance of pumps. The choice of secondary cooling method of the hydraulic machine
electric drive depends on the possible operational modes it:

e constant nominal mode is the mode of operation when the load is constant for a long time.

The operating temperature is the same at all points of the electric motor;

e short-term nominal mode is the mode with periodic start-stop of the electric machine. The
temperature does not rise to its operating value. During the interval of stopping, the
temperature of the electric motor drops to the ambient air temperature;

e repeated-short-term nominal mode consists of periodic shutdowns from the operation. The
temperature also does not reach its operating values;

e repeated-short-term mode with frequent starts. In this case, temperature exceeding may
occur due to the short time interval between starts. The temperature variation will depend
on the frequency of starts and the time intervals between starts;

e  repetitive-short-term operation with frequent starts and electrical braking. This mode is
similar to the previous except the additional losses due to electric motor braking, which
also affects the temperature rise of individual parts and accessory sections;

e intermittent nominal mode. This regime is characterized by the constancy of the electric
motor operation in time, but with a period for its no-load running. The temperature does
not exceed its permissible values. [1]

The electric drives of main line pumps are mostly operated in nominal mode. The possibility of
overheating cannot be ruled out in this case. Therefore, an additional cooling system must be
provided. In terms of cooling, motors with natural and artificial cooling are distinguished. Natural
cooling is usually used for open machines.

Artificial cooling requires gas or liquid medium. An installation of impellers on the motor shaft
end is an effective technique which forces an air stream onto the housing. When circulating air cooling
is used internally, special air channels are made in the casing. There are two methods of air cooling:
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having fans on the shaft and fans independent of the motor. It should be noted that this method is the
prevention of overheating, but in the case of changing the mode of operation or increasing power, it
IS necessary to apply forced cooling.

Forced cooling with a fan stands out from above mentioned technologies, The impeller rotates
due to its drive. Then, it is possible to increase the air flow. Also, circulating cooling systems with
refrigerants are often applied for reducing the temperature. The main refrigerant is a hydrogen, which
has a high heat capacity and thermal conductivity. Such units are rather expensive because they
include a refrigerant cooling system with small heat exchangers.

Mixed refrigerants freons are used extensively in the field of electric drive cooling. Freon is
used as a refrigerant due to its physical properties. It absorbs heat during evaporation and then releases
it during condensation. The principle of operation is as follows: freon in gaseous state is extracted
from the evaporator by means of compressor, compressed in mechanically reduced volume (in
cylinder of air-pumps - piston), with simultaneous heating and transported to condenser. The freon
cools down the motor to the ambient air temperature and enters the liquid state. The liquid freon flows
through a throttling device (capillary tube or thermostatic control valve) to the evaporator, expands
due to the low pressure after the throttling device, and again converts into the gaseous state. The
expansion process is accompanied by the absorption of a large amount of heat, as a result of which
the evaporator walls are cooled. Consequently, the temperature of the air inside the cooled volume
decreases. The cycle repeats until the evaporator wall temperature drops to the value set by the
thermoregulator, after which the thermoregulator opens the electrical circuit of the compressor and
stops operation. After a while, the air in the cold room warms up and the thermo regulator turns the
compressor back on under the influence of various factors [3]

Thus, the following common variants of optimization of cooling systems of electric pump
drives can be identified:

e application of liquid circulation cooling. Oil can be selected as the liquid medium;

e selection of a blended refrigerant optimal for cooling under different operating conditions

of the electric motor.

e installation of the impeller through a small multiplier, which will significantly increase the

air flow rate.

Each of the methods of cooling the electric drive of the main pump has its own benefits and
drawbacks. The main objective is the choice of the right energy-efficient and cost-effective system
for each specific operating condition of the equipment. Undoubtedly, this topic requires more in-
depth consideration, because stable and trouble-free usage of the main line pump is the key of the
safe and successful oil transportation system. Hence, it is a strategically important production task.
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In this paper, the methods of increasing the oil recovery coefficient (KIN) are considered in this paper. A brief
overview of the carbon dioxide exposure method was compiled. The types of technologies of carbon dioxide impact
on the formation are considered. The main advantages and disadvantages of this method are described.
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Oil production on the territory of the Russian Federation is one of the most important stages for
the country's oil and gas industry. Due to this fact all regions of Russia are existing with a high level
of fuel availability. But in spite of this, there is a global politic for the conservation of non-renewable
resources. One of these resources is the most important raw material in the world — it’s oil. Deposits
of oil tend to deplete with such signs: a decrease in reservoir pressure, high flooding of the production
product, a decrease in annual well flow rates. Therefore, many countries of the world, like Russia,
are trying to rationally use non-renewable reserves along with the maximum depletion of the
developed fields.
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To extract the residual product, a variety of methods is used based on increasing the oil recovery
coefficient. Among them, the main methods are thermal, chemical, gas, hydrodynamic and
combinations of the above. In this article, the usefulness of gas recovery methods is researched.

These methods are based on injection of gas into the reservoir. A significant difference between
these methods from others is the use of an injected agent, namely gas, which is currently the most
inexpensive agent of all used. There are four types of gas methods: pumping air into the formation,
using associated petroleum gas to increase the oil recovery factor, exposure of carbon dioxide on the
formation, injection nitrogen, the usage of flue gases, etc.

Such techniques are among the most high-potential and promising, they are able to reduce the
residual oil saturation in the affected area to 2-5%. Since most of the residual oil in the known
developed fields remains in the form of flooded residual reserves, gas technologies are fundamentally
important, because above mentioned oil deposits are more difficult to extract than from non-flooded
formations. A theory is confirmed by the possibility of gas dissolving in water and oil.

The most effective of the gas methods for enhanced oil recovery is the injection of carbon
dioxide into the reservoir. Experimental studies have repeatedly noted an increase in the capacity of
oil as a result of the dissolution of carbon dioxide in it, as well as a decrease in the viscosity of crudes
and an increase in density (oil "swelling" occurs) [1].

The interfacial tension at the boundary of water and oil decreases while gas injection. Moreover,
an inevitable expansion of the rock’s wettability with water is observed, as well as the transition of
the oil film located on the rock from the film to the drip state.

Such advantages lead to wide usage of carbon dioxide as an injecting agent in oil and
condensate recovery, especially in the USA and Canada. This method is implemented and applied
worldwide in the following types:

1.  Carbon dioxide injection technology based on injection of carbon dioxide into the
reservoir in liquid or gaseous form without other auxiliary agents.

2.  Carbon dioxide injection technology based on the injection of carbonized water (saturated
with CO) into the reservoir.

Water saturated with carbon dioxide is injected into the formation, thus creating a layer of the
displacing substance, which, in turn, squeezes out the remaining oil. The method of pumping water
with carbon dioxide is more effective than traditional flooding because the addition of carbon dioxide
reduces the viscosity of water while carbon dioxide dissolves in it. The main benefit of this technology
is the relatively low consumption of carbon dioxide compared to other methods of its application in
case of using carbonized water in the reservoir. However, it is less effective in comparison with the
combined effect of CO> in the liquid or gas state on the formation. After injection of carbon dioxide
in its pure form and subsequent injection of carbonized water, the efficiency of the method increases
significantly. It happens especially due to the influence of carbon dioxide on the volume of the oil
film and heavier components on the pore walls, which subsequently leads to a decrease in their area
of contact with the pore walls, cracks and voids. Together, these processes greatly simplify the
leaching of oil film and components from these voids.

3. Carbon dioxide injection technology based on injection of CO> into the reservoir in a
supercritical state. The method of using carbon dioxide in a formation in a supercritical state has a
huge potential for the production of high-viscosity oil. CO- in this state is highly effective as a solvent
and is considered to be an environmentally friendly. Another feature of carbon dioxide is a huge
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solvent capacity which occurs in areas of high pressure and constant temperature. Carbon dioxide in
a supercritical state turns into gas when it leaks into the environment. Usually, carbon dioxide cannot
harm the environment as it is an integral part of the vital activity of living organisms and is presented
in the environment in certain quantities.

It is worth noting that such gas method combines a positive effect of the issue of carbon dioxide
utilization and the problems of global warming caused by CO2 emissions. The source of this agent
are usually various power plants, where this component is captured after the combustion of natural
hydrocarbon gas.

Based on the results of the analysis of the world experience in applying the injecting carbon
dioxide technology into oil-saturated formations, the main parameters affecting the increase in oil
recovery factor, as well as their boundary values, were identified:

1. Porosity, % (15~25);

2. Permeability, mD (10~50);

3. Pressure, Mpa (10~20);

4.  Temperature, oS (60~100);

5. Viscosity, sDr (1.5~10) [2].

In addition to the main positive factors, the method has negative effects of exploitation. The
main drawback is the predisposition to cause rapid corrosion of the metal. Well are usually equipped
with corrosion-resistant equipment, as well as equipment for storage, injection into the reservoir and
transportation of carbon dioxide while an application of this method.

Moreover, the unpredictability of the process of dissolving carbon dioxide is also can be
considered as a meaningful disadvantage. If carbon dioxide is not completely mixed with oil, only
heavier fractions remain in the oil, since carbon extracts light hydrocarbons from it. This can result
in decrease of the oil mobility, which significantly complicates its subsequent extraction [3].

The last but not the least fact is that carbon dioxide has an ability of forming crystallohydrates
when saturated with water vapor, which, in turn, significantly complicates the process of pumping
the agent, its storage and transportation. Moreover, the temperature of saturated oil can rapidly
decrease with a growth of the carbon dioxide concentration. Consequently, it can lead to the formation
of undesirable asphaltene-resinous-paraffin deposits during the development of deposits.
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This article analyzes the specific issues of substantiating the need for large-scale reconstruction (technical re-
equipment, modernization) of thermal power plants (TPP) of the Russian Federation. The main factors that are
not taken into account when forecasting the demand for peak electrical power are identified. The possibility of a
deficit-free energy supply to the Russian economy and the modernization of thermal generation due to the already
existing mechanisms of competitive power take-off (COM) and the market for the day ahead (RSV) is
substantiated.

Keywords: Modernization, reconstruction, technical re-equipment, peak electric power, thermal power plants (TPP),
thermal power plants, heat supply, power supply contract (DPM), continuous power take-off (COM).

MexaHu3MBbl MPUBIICYCHUSI UHBECTUIIUN B MOJIEPHU3AIMNIO OOBEKTOB TEIUIOIHEPTETHUECKOTO
KOMILIEKCa JIOJDKHBI OCHOBBIBATHCS Ha HEOOXOAMMOCTH obecreueHus "Touek pocra’ SKOHOMHUKH,
MpeACTaBICHHBIX Ha Pucynke 1.
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oDecIieueHIe
CACPKIBAHIIAPOCTA
CTPOUTENBCTBO pasBHTIIE
TapiroB Ha =
VIaleHHLIX 0OLEKTOR SITEKTPOCETEROTO
SIEKTPOIHEPTINO HA 2 .
SIEeKTPOSHEPTeTIIKI XO34AIIcTBA
VPOBHE HE BHITIE
HE(QIAIIII
obeclieueHIle pa3BHTIIE
MOJICP HIT3AITIIIT BO200HOBIIAEMEIX
ATOMHOII SHepIreTIIKI HCTOYHIIKOR SHEPIHIT

Pucynok 1 — «Touku pocTta» pa3BUTHSI MEXaHU3MOB IIPUBJICUYEHUS HHBECTUIINM
Ha MOJEPHU3ALMIO TEILIOOHEPTETUYECKOTO0 KOMILIEKCa

OcHOBaHMSI IS TPHHATUS PEIIEHHss O TOTPEOHOCTH TPOBENEHHS MacITaOHON
PEKOHCTPYKIUMU (TEXHUYECKOTO MEPEeBOOPYKEHHs, MOACPHU3ALNU) TEIIOBBIX JIIEKTPUUECKUX
cranuuii B ESC Poccun chopmynmpoBansl B ['eHepanbHOIi cxeMe pasMenieHus: 00bekToB a0 2035
rojia, yreepxaeHHoi pacnopsbkenueM IlpaBurensctBa Poccuiickoii ®@enepanuu ot 09.06.2017 r.
Ne 1209-p B 00beme 10 76 I'BT TennoBbIX anekTpudeckux ctaniuii 1o 2035 roqa [1].

K OCHOBHBIM »3yIeMEHTaM NpPOrpaMMbl PEKOHCTPYKIUHU (TEXHHUUECKOTO MEPEBOOPYKEHUS,
MOJIEpHU3ALIMN ) TIPEJIaraeTcsi OTHECTH:

® KOHKYpPEHTHBIH OTOOp MPOEKTOB PEKOHCTPYKIHMHU (TEXHHUUYECKOIO IEPEBOOPYKEHMUS,
MOJIEpPHU3ALIMH ) TETUIOBBIX MIEKTPUUECKUX CTAHLIUN B paMKaX yTBEPKIEHHBIX €KETOTHBIX
KBOT (0OBEMHBIX U CTOUMOCTHBIX). O0BEM €KEr0/THO BBOAUMOM 0 IPOrpaMMe MOILITHOCTH
¢ 2022 roma goJKEH COCTaBIIAIThL OLleHO4YHO He Ootiee 3-4 I'BT B rox;

e yyacTtue B 0TOOpE TEIIOPUKALMOHHBIX U KOHJCHCAIIMOHHBIX 3JEKTPUUYECKUX CTAHIIMM,
BbIPa0OTaBIIMX HOPMATUBHBIN (TJIAHOBBIN) MAPKOBBIN pecypc He MeHee yeM Ha 125 %, u
IIPY 3TOM HMEIOLINX MOKa3aTeslb BOCTPEOOBAHHOCTH (BKJIFOUEHHOCTH) 3a IOCJIEIHUE 2
roaa e menee 60 %;

e 0TOOp MPOEKTOB Ha PEKOHCTPYKLHUIO (TEXHUYECKOE NEPEBOOPYKEHUE, MOJCPHU3ALINIO)
TEIUIOBBIX JJIEKTPUYECKUX CTAHUUN JOJKEH ObITh OpPraHM30BaH Ha KOHKYPEHTHBIX
MPUHIIMIIAX, OTBEYAIOIIUX TPeOOBAaHUSAM ONTHUMHU3ALMM (CHIKEHHS) COBOKYIHOMN
CTOMMOCTH MPOEKTOB I MOTpeOUTENEN;

®  CpaBHEHHUE CTOMMOCTH pealr3alii IPOEKTOB C yU€TOM MPOTHO3HOM BBIPYUKH OT IIPOJAXKH
ANEKTPUYECKOM U TEIJIOBOM 3HEPTUH, BhIpabaThiBa€MON Ha T€HEPUPYIOIIUX 00BEKTaX, B
OTHOIIEHUU KOTOPBIX MOJjaHa 3asiBKa Ha KOHKYPC;

® OmNpe/ielieHHE THUIIOBBIX MPOEKTHBIX pEIIeHUH U OIeHKAa HX CTOMMOCTH Ha OCHOBE
ATaJIOHOB, PACCYUTAHHBIX HE3aBUCUMBIMHU IKCIIEPTAMU;

e OIUIATy MOIIHOCTH TOJIbKO TIOCJI€ IOJHOTO HCIHOJHEHHUS 00s3aTeNbCTB IO BBOJAAM
MOIIHOCTH U NOATBEPKIEHUS peaIn3aliu 3asBICHHBIX MEPOIIPUATHI;
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OTCYTCTBHE OTPAaHMYCHHM Ha peald3ali0 PaCIIMPEHHOr0 TepedyHs paboT Mo
PEKOHCTPYKIIMU (TEXHUYECKOMY IE€PEBOOPYKEHUIO, MOJEPHHU3ALNH), OTHOCHUTEIHLHO
OTUIAYMBAEMOI0 B paMKax MPorpaMMbl MOJICPHHU3AIIUN W/WJTU peaTU3aIiio 00JIee T0pOorux
TEXHUYECKUX PEUICHUM, OTHOCHUTEJIBHO THUIOBBIX, HPUHATHIX TIPU OMNPEACICHUU
MpEeACIIbHBIX YPOBHEH 3aTpar, NpH YCIOBUM (DUHAHCUPOBAHHWS PA3HUIBI 3a CYET
coOCTBEHHHUKA 000PYI0BaHUS;

OTBETCTBEHHOCTh ~HMHBECTOpPAa 3a HEUCIIOJHEHUE O0053aTelNbCTB IO  JIOTOBOPY
PEKOHCTPYKIIMU (TEXHUYECKOMY I€PEBOOPYKEHUIO, MOJICPHU3AIMH) TE€HEPUPYIOIIHNX
MOIIHOCTEN TETIOBOM 3JIEKTPUYECKOU CTAHIUU;

YCJIOBHSI IOTOBOPA HAa PEKOHCTPYKIUIO (TEXHUYECKOE MIEPEBOOPYKEHHUE, MOJIEPHUBALIHIO)
MOIIIHOCTEH JOJKHBI COAEePKaTh 0053aTeNbCTBA COOCTBEHHHKA MOIEPKUBATh YKa3aHHOE
000py/10BaHUE B TOTOBHOCTH BhIpabaThIBaTh SJEKTPHUUECKYIO SYHEPTHI0 He MeHee 15 et ¢
JaThl BBOJIA B OKCILIyaTaIlli0 00BEKTa;

BO3BpAaT BJIOKEHHBIX CPEICTB OCYIIECTBISETCS 3a mepuoj 15 yer ucxoas u3 0a3oBoi
JOXOJTHOCTH, KOoTOpas Oyzaer ycranonineHa [IpasutensctBom Poccuiickoit denepanuu.

Takxe oOCyXImaeTcsi YBEIMYCHHE CpPOKa IMPOBEICHUS KOHKYPEHTHOTO OTOOpa MOIIHOCTH

(KOM) no Hauana nmoctaBKu MOIIHOCTH IO €ro UTOram ¢ 4 10 6-Tu JIET, YTO MO3BOJIUT YBEIUUUTH

TFOPU3OHT IJIAHUPOBAHUA WU MPUHATHUA WHBECCTUIMOHHBIX peIHGHI/If/'I B paMKax HCHOBLIX IMapaMCTPOB

KOM.

MUHSKOHOMpPa3BUTHS UMEET CBOM CLIEHApPHWI MOJECPHU3ALUHU TEIJIOBOW 3JIEKTPOIHEPIETUKH,

Ha3BaHHBIN ((I/IH(I)paCTp}/'KTypHaH urnoteka». Ilo MHeHHIO MI/IHBKOHOMpaBBI/ITI/IH, OCHOBHBIC
IMMOJIOKCHUS ITPOTrpaMMbl MOJACPHU3ANU KOTOPOTI'O TPCACTABJICHBI HA PI/ICYHKC 2.

KOHKYpC cpa3y I10 KOHKYPEHIIHS y4Jactue norpeouTeneit
BCEM IMIPOEKTaM MIPOEKTOB IO HOpPME B ONpEENICHUH IICHbI
MOJIEpHH3AIUU JIOXOAHOCTH MOJIEpHH3AIIT

y4yacTue B KOHKypce

BCEX TUIIOB I'€HEPALUU COXpaHEHHUE TEeKyIIeH
Ha PaBHBIX apxutektypsl OPOM
OCHOBaHUSAX

Pucynok 2 — DnemenTsl mporpammbl «MTHPpacTpyKTypHAS HITOTEKaY,
MpeI0KEHHON MUHIKOHOMPa3BUTHS

HpI/IHHI/IHaMI/I KOHKYpCa Mnpeajaractcs nNpuHsATb:

3aJIMOBBINM OTOOP HA YCIOBUSAX MAaKCUMAIbHOW KOHKYPEHIINY;
MaKCHMaJIbHOE CHU)KEHHE KAIIUTAIbHBIX BIIO)KEHUH U HOPMBI JOXOJHOCTH;

MaKCHMaJIbHbIA 00bEM MPUBIICYCHHBIX HHBECTHIINN C yueTOM (PMHAHCOBBIX OTPAHUYCHHH.
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Ha npeaBaputensHOM 3Tame Ipelaraercsi OLIEHUTb O0bEM  CPEICTB, peallbHO

BBICBO60}KI[aIOH_[I/IXCH B CBA3HM C OKOHYAHHMCM IpPOrpaMMbl JOIOBOPOB Ha ITOCTABKY MOIIHOCTH

(AIIM) c BbIMOJIHEHHEM TPeOOBaHUS HE MPEBBIIICHHUS TEMIIOB MHQIIALIUHN, C YIETOM pealn3aluu
cymecTBymux mporpamm mo ADC, 3aBo10B 1o cxuranuto ThO, pernoHanbHBIX Ha0ABOK, TUIAHOB
pa3BUTHUS IIIEKTPOCETEH, TUHAMHUKHU POCTa COBITOBBIX HAI0ABOK. YUET BCEX ITHX (PAKTOPOB MOXKET
BECbMa CYILECTBEHHO CHU3UTh BO3MOYKHOCTHU PETYJIHPYEMbIX HMHBECTULIMOHHBIX MEXaHU3MOB
IIPOrpaMMbl MOJIEPHU3ALIUY.

Ha nepBoM 3tare 3aj1oBoro KOHKypca MUHIKOHOMPAa3BUTHS IIpeI1araeT NpoBeCcTH 0TOOP 1O
KallUTaJIbHBIM 3aTpaTaM, [Py TOM yCTaHABJIMBAETCSI MUHUMYM I10 Kal3aTpataM Ha OCHOBE 3TaJIOHOB
3arpar. Ha aToM sTane npezsaraercst puBiedb MOTpeOUTENEN, KOTOpble MOTYT IIPUHAThH yyacTue B
0TOOpE TOr0 MM UHOTO MPOEKTA.

Ha BTOopoM »sTame cpead MNPOEKTOB, OTOOPAHHBIX MO KPUTEPUIO TIOJHOW CTOMMOCTH
ctpoutenscTBa (CAPEX), oTOMparoTCst MpOEKTHI MO JOXOAHOCTH. [IpH 3TOM mOTpeOuTEh MOKET HA
nepBoM drtane Jubo cormacuthess ¢ CAPEX, mpemimaraembiM TeHepaTopoM, IuOO, IOAATh
MUHHMAJIbHYIO 3asiBKY U TEM CaMbIM BBIHYAMTbH €O Ha CIEAYIOIIEM 3Tale 0JaBaTh 3aBbIIICHHYIO
JOXOAHOCTb. B paMKax KOHKYpeHIMH BO3MOXXHO CHM)KEHHE CTOMMOCTH MTOTOBOM LIE€HBI
3JIEKTPOIHEpruu. Takxke MOTyT CpaBHUBATHCS TPOEKTHI C pa3HOM INTyOMHON MOAECpHHU3ALMH.

Cpok 00s13aTenbCTB IO MPOrpaMMe MOZEpPHHU3ALMK NpeaaraeTcs 3apuKCUpoBath B 25 JIeT, ¢
TE€M K€ CPOKOM BO3BpaTa MHBECTULMI. YHUBEPCAIBHOCTb JUISl y4acTUs B KOHKYpCE BCEX THIIOB
reHepanuu I03BoJisieT, B 4acTHocTh TOIl, uMeTh JONOJHUTENIbHbIE HWHBECTULIMOHHBIE
MIPEUMYLIECTBA 3a CUET MPOJIAXKH TEIJIOBOM IHEPIHH.

JIMpeKTUBHOE MCIOJb30BAaHUE 3aBBIINICHHBIX MPOTHO3HBIX JaHHBIX U3 ['€HepanbHON CXEMbI
pa3MenieHnst 00bEKTOB JIEKTPOIHEPreTUKH OT 22 ¢eBpais 2008 roja yxe NpuBeso K U30bITOUHBIM
HEPBIHOYHBIM MHBECTULMAM B paMKax MPOrpaMMbI JOTOBOPOB O NPEAOCTaBICHUM MOIIHOCTH Ha
OIITOBBIM PBIHOK JIEKTPOIHEPTruu U MoutHocty B 2009 — 2023 rr.

Metopmonoruss NpPOTHO3UPOBAHUSA MNOTPEOHOCTH B IMHMKOBOM MOIIHOCTH, MCIOJb3yeMas
pa3paboTunkoM ['‘eHepambHONH CXeMbl pa3MEUIeHHs OOBEKTOB 3JIEKTPOIHEPIEeTUKH, SBISAETCS
OLIMOOYHOM, pacy€T cripoca Ha MOIIHOCTh OCYyIIeCTBIseTCs 0e3 yuéra:

e TOTeHIMaNa TOBbIMEeHUsT ypoBHS 3arpy3ku (KHUYM) temnoBoit reHepupyroliei
MOIITHOCTH (C TeKymero ypoBHs 46,7% no npexHero, 6onee 3¢ pexkTuBHOrO — 52-55% 1
0o0J1€ee), UTO MO3BOJISIET YBEJIIMYUTH BHIPAOOTKY 3JEKTPOIHEPIHH 03 yBeInYeHHsI 00bEMOB
ycTaHoBJIeHHOW MomHocth Ha 70 - 90 wupa kB1/u  (MecsuHbll  00BEM
anektponorpedienus B ESC Poccun);

®  CYIIECTBEHHOTO YJYUIIEHHs PEryJIMpOBOUYHBIX BO3MOXKHOCTEH EnuHoll sHEprocucTeMsl B
CBSI3M C POCTOM YHCIa M OOBEMOB MOIIHOCTU TE€HEPUPYIOIIUX OOBEKTOB, Pa3BUTHS
TOTIOJIOTUU 3JIEKTPUUECKON CEeTH B pe3yibTaTe MacIITaOHBIX WHBECTULMHN IMOCIEIHUX
necsath  JeT (ans  pacy€ToB 00BEMOB HEOOXOOUMOM TreHepupyrolled MOIIHOCTH
UCIOJIb3YIOTCSA yCTAapeBIIME 3aBBIIICHHbIE IJIAHOBbIE HOpPMATHBHBIE KOA(P(UIIUEHTHI
pe3epBUPOBaHUS COBETCKOTO Tiepuoa — ot 17%);

e  [IOTEHIMAJA Pa3BUTHUS MAJION U paclpeieIEHHON SHEPTeTUKH, BKIro4as BUD (3amemenue
pacrnpenenéHHbIMU SHEpropecypcamu He MmeHee 36 ['BT neHTpann3oBaHHON MOITHOCTH K
2035 romy), a TakKe pa3BUTUS TEXHOJIOTMH NPOM3BOJCTBA, Mepelauyd, XpaHEHHs U
noTpeOIeHUs NEKTPOIHEPTUH, OBBIIEHUS SHEPTro3(P(HEKTUBHOCTH SKOHOMHUKH.
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B pesynbraTe pacu€rbl, MCHOJb3yeMble U1 HOBOW I'€HEpalbHOM CXEMBbl pa3MEICHUS

00BbeKTOB 2JiekTposHepreTukn Ha 2017-2035 roxpl, yke ceilyac CyIIECTBEHHO Pa30ILINCh C

peanibHOU cuTyanuei B orpaciu. Ha ropuzonte 2022-2025 rr. COXpaHSIFOTCS 3HAYUTEIIBHBIC N30BITKH
MOIITHOCTH, HUKaKoro aeduuuta B seprocucteme Het. B EDC Poccun Habnromaercst mocTenenHoe
YVIUIOTHEHHE TpaduKa Harpy3Kd M CTarHamus NHKa OOTpeOJeHUs MOIIHOCTH (HaOiogaercs
HE3HAYUTENIbHBIM POCT IEKTPONOTPEOIEHHS IPU OJJHOBPEMEHHOM CHU)KEHHMHM CIpOoca Ha IUKOBYIO
MOIIHOCTb MPOMBIIIEHHBIMU MTOTPEOUTEINSAMU ).

CornacHo 0a30BOMY OTpacjiaeBOMY JOKYMEHTY, SIBISIOIIEMYCS OCHOBOM aiisi (hopMHUpOBaHUS
MHBECTUIIMOHHBIX MTPOTrPaMM CyOBEKTOB AJIEKTpodHepreTuk — Cxeme u nporpamme passutusi EQC
Poccun na 2017 — 2023 rr., yrBepx)aeHHOM pukazoM Munsnepro Poccun ot 01.03.2017 r. Nel143
[2], OanancoBeiii u30bITOK MOImHOCTH B 2023 TOAYy MO I[EHOBBIM 30HAaM ONTOBOIO PhIHKA
(EBpomeiickas yactp Poccun, FOr, Ypan u Cubups) cocraBut 6onee 52 I'Bt. C yueTom crCTeMHBIX
OTrpaHUYEHUH, SKCIIOPTHBIX NEPETOKOB M HEJOCTYIHOW MOIIHOCTH, YMCTHI M30BITOK MOLIHOCTH
cocrasurt Oojee 26,2 I'Br.

Nmenno Cxema u nporpamma pa3sutusi EquHoii sHepretnueckoi cucremsl Poccuu, cornacHo
nyHkTy 24 Iloctanosnenus [IpaBurensctBa Poccuiickoit ®deneparuu ot 17 oktadps 2009 r. Ne 823
«O cxemMax W mporpaMmax IMEpCIEeKTUBHOIO PA3BUTHUS SJIEKTPOIHEPTrEeTUKI» MCHOJIb3YETCS B
KauecTBE OCHOBBI i1 (OPMUPOBAHMSI CYOBEKTaMH DSJIEKTPOIHEPreTUKH HHBECTUIIMOHHBIX
IIpOrpaMM B YacTH OOBEKTOB JJIEKTPOIHEPIEeTUKH, YUYTCHHBIX B cXeMe pa3BuTtus EnunHoit
SHEpPreTHUecKoi cucreMbl Poccun mo mToram npoBeleHUsT KOHKYPEHTHOIO 0TOOpa MOIIHOCTH, a
TaKxke UIs (HOPMUPOBAHUS TPEATIOKECHUNH N0 KOPPEKTHPOBKE [ eHepasbHOW CXEMBlI pPa3MEUICHHS
00BEKTOB JIEKTPOIHEPTETHKH, YTO HE COOTBETCTBYET NMpeaiokeHnsM MunsHepro Poccun.

HeoOxonumocTh BO3BpaTa K HEPBIHOYHBIM JIOIUIaTaM [0 MEXaHHU3MY, AHAJOTUYHOMY
JI0TOBOpaM 0 mpejoctaBieHun MoiHocTy ([IIIM), B cBA3M C HEAOCTATOUHOCTHIO AECHCTBYIOLIUX
PBIHOYHBIX MEXAaHM3MOB [UIsl peall3allid IPOEKTOB MOJEPHM3AlMM TEIUIOBOM TI'€HEpaluu, HE
MIOATBEPKIAETCSl.

I'enepupyronMii KOMIUIEKC UMEET JOCTaTOYHbIE PECYpChl JUIsl COAEp)KaHUS U OOHOBJIECHHUS
MOIIHOCTEH B pamKax AEMCTBYIOIIUX MEXaHW3MOB M 3HAYUTENbHBIM MOTEHIWAN JJIsl MMOBBIIICHUS
coOcTBeHHON 3¢ (eKTUBHOCTH. PhIHOUHAS BBIpYyUYKa T'€HEPHUPYIOUIMX KOMIIAHWM CKJIaJbIBAeTCs U3
OILJIaThl MOIIIHOCTH B KOHKYPEHTHOM OTOOPE MOIIHOCTU U PBIHKE 3JIEKTPOIHEPIHH, OCHOBAHHBIX Ha
Map)KMHaJIbHOM TMPUHIUIE I€HOoOOpa3oBaHud — Oosnee 3PQPeKTUBHbIE OOBEKTHl MOJYyYalOT
CBEpXNpPHUOBUIL B CBA3M C OIUIATOM MOIIHOCTH M 3JIEKTPOIHEPIMU IO CaMOW JOpOroi 3asBKe
MOCTaBIIMKAa. MeXaHU3M MapKMHAJIbHOTO HEHOOOPa30BaHUs CO3/aBAJICS MMEHHO AJIS yCUJICHUS
CTHUMYJIOB TEHEPUPYIOIIMX KOMIAaHUH K A(PQPEKTUBHOCTH Yepe3 HalpaBiICHUE MapKMHAIbHON
NpUOBLTH HA CO3/IaHNE HOBBIX U MOJICPHU3AIMIO CYIIECTBYIOIINX MOIIHOCTEH [3-4].

[IpennaraemMpie MuUHPHEPro HEpPHIHOYHBIE MOIJIATBI Ha MoaepHuzauuio TOC BemyT K
HEe0OOCHOBAHHOMY YJIBOCHHMIO JOXOJIHBIX UCTOYHHUKOB HEPI€TUKOB M HE MOTYT OBITh YTBEPKICHBI
0e3 OTMEHBI MapKUHATLHOTO IIleHooOpa3zoBanust B KOM u PCB.

be3nedunurHoe SHEpProcHaOXKEHUE POCCHMCKON HSKOHOMHUKH M MOJEPHHU3AIUS TETJIOBOU
reHepaluy yxe odecrieueHsl AeHCTBYIONMMH MEXaHU3MaMHU:

e KOM u PCB, pbIHOK TeMIOCHA0KEHHSI TIOJTHOCTBIO 3aKPHIBAIOT MOTPEOHOCTH B TEKYIIEM

CoJIep>KaHUU ¥ OOHOBJIEHUH T'€HEPUPYIOIIUX MOLTHOCTEMH;
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e I 3aMEHbl TEHEPUPYIOIIUX OOBEKTOB € HU3KOW PBIHOYHON 3()PEeKTUBHOCTHIO
HMMEETCSl MEXaHU3M TIPUCBOCHUS BPEMEHHOTO CTaTyca «BBIHYKICHHOW» T€HEpalHH C
perynupyeMbiM Tapu(oM Ha MOIIHOCTh Ha HEPUOJ 3aMeIleHUs 3TOro oobekTa Oosee
3¢ PEKTUBHBIM PEIICHUEM;

e IS MpenynpexacHus NpoOiaeMbl JIOKATbHBIX ASPUIMTOB I'€HEPUPYIOMIEH MOIIHOCTH B
2015 romy ObLT YTBepkAEH M 3alyIIeH MEXaHHU3M KOHKYPCHOTO OTOOpa MpPOEKTOB
CTPOUTEIHCTBA HOBOHM TeHepupyromieil momuoctd (KOM HI'O). Ot6opsr npoBoasiTcs
3a07aroBpeMEHHO Ha OCHOBAaHUU JAaHHBIX O JOKaIbHOM Jeduiure u3 Cxembl U
nporpaMMmsbl pa3BuTisi EJC (0TOOpHI MIPOEKTOB CTPOUTENIHCTBA IeHepanuu B Pecrybnuke
Kpbim 1 Ha TamaHCKOM 1OTYyOCTpOBE);

e B 2017 rogy yTBep>KACHa METOAOJIOTHS IICHOOOPA30BaHMSI IO METOAY «AIbTEPHATUBHON
KOTEJIbHONY) Ha PBIHKAX TEIIOCHA0KEeHMsI, OTKPBIBILIAS JOTOJTHUTEIbHbIE BO3MOXKHOCTH
JUISl NTHBECTULIMH B TEIJIOBYIO F€HEPALIUIO.

Takum o00pa3om, OTKa3 OT HCIOJIB30BAHUS M PA3BUTHUS CYLIECTBYIOLIUX PHIHOYHBIX
MEXaHH3MOB HEOOXO0IMMBIM 00pa3oM TpedyeT nmepecMoTpa PyHKIHOHUPYIONTUX MOJICTICH ONTOBOTO
pBIHKA D3JIEKTPOSHEPIMUM W MOIIHOCTH U JIMKBUIALMM MapKUHAJIBHOTO LE€HOOOpa3oBaHUs ¢
MIEPEBOJIOM 3TUX CEKTOPOB Ha Tapu(dHOE peryupoBaHUe, YTO HEIOMYCTUMO UCXOMAS U3 HIC0JIOTUU
OCYIIECTBICHHBIX PHIHOYHBIX MMpeoOpa3oBaHuii B sHepreTrke PO.
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COBPEMEHHBIE 2JIEKTPOXUMHWYECKHWE HAKOIIUTEJIA 3JIEKTPOOHEPI'NN
Mlunkapes B.B., Oaycos K.C., Moayskros E.K., Manuxun A.IL

OIBOY BO "OPEHBYPICKUH F'OCYIAPCTBEHHBIH VHUBEPCUTET", Openbype, Poccus
(460018, 20po0 Openbype, npocnexm ITo6eowi, 0.13), e-mail: 'maildlyvsegoo56@mail.ru

B coBpeMeHHOIi JHepreTHKe AKKYMYJIHPOBaHUE JHEPIrUH ABJISIETCS OJHON U3 BajKHBIX U NEPCHEeKTUBHBIX 3a1a4.
BaxxHocTb 1aHHOM TeMbl 00yCJI0BJIMBaETCA IMPOKHUM BHeEIPeHHEeM BO300HOB/IsieMbIX HCTOYHUKOB SHEPIrUH B
JHEPreTHKY cTPpaHbl. OMHUM U3 Ba)KHBIX BOIPOCOB SIBJIsieTCS YMEHbIIEHNe NOTeph Ha caMopa3ps/
AKKYMYJISITOPA H YBeJMYeHHe EMKOCTH B 3J1eKTPOXHUMHUYECKUX aKKyMyJasAaTopax. PazButue ajekTpoMoonei
TaKsKe 03Ha4YaeT He00X0AUMOCTh B MOAEPHU3AIUH H YBeJMYEHNH EMKOCTH AaKKYMYJISITOPOB, YTOOBI
MAaKCHMMAJIbHAS JAJbHOCTD 3J1eKTPOoKapa 0buia 6oJbue. B 1aHHOI cTaThe ONIMCAHbI COBPEMEHHbIE CHCTEMbI
AKKYMYJIMPOBAHHUS M HAKOIJIeHHUsI Hepruu. Tak:ke mpeacTaB/ieHbl NepcneKTHBHbIE CHCTEeMbI HAKOILeHUsI
3HEePruM.

KiroueBsle c1oBa: DNEKTPOXUMUYECKUE CUCTEMbI aKKYMYJIUPOBaHUS YHEPTUH, HAKOTIUTENIN 3HEPTHH, aKKyMYJIATOPHI,
AKKyMYJIHPOBAHUE SHEPTHH.

MODERN ELECTROCHEMICAL POWER STORAGE DEVICES

1Shinkarev V.V., Yulusov K.S., Poluektov E.K., Manikhin A.P.

ORENBURG STATE UNIVERSITY, Orenburg, Russia (460018, Orenburg, prospekt Pobedy, 13), e-
mail: 'maildlyvsegoo56@mail.ru

In modern energy, energy storage is one of the important and promising tasks. The importance of this topic is due
to the widespread introduction of renewable energy sources into the country's energy sector. One of the important
issues is to reduce battery self-discharge losses and increase the capacity in electrochemical batteries. The
development of electric vehicles also means the need to modernize and increase the capacity of batteries so that
the maximum range of an electric car is greater. This article describes modern energy storage and storage systems.
Promising energy storage systems are also presented.

Keywords: Electrochemical energy storage systems, energy storage, accumulators, energy storage.

B 21 Bexke mMupoBoe moTpediieHre MEKTPOIHEPTHUH BO3PACTAET B HECKOJIBKO pa3 B TEUEHUU
KaKIOro AECSITUNIETHS. JTO CBS3aHO C YBEIMUYEHUEM YHUCJICHHOCTH HAaceleHUs, ¢ Pa3BUTHEM U
BHEJIPEHHEM HOBBIX TEXHOJOTWH B MOBCETHEBHBIN OBIT JIIOJEH, YTO W MPUBOJIUT K YBEITUYECHUIO
notpebisieMoil sHepruu. Poct moTpebisieMoil MOIIHOCTH CONPOBOXAAET U POCT TeHepUupyemMon
MOIITHOCTH, MO3TOMY MPOUCXOAUT CTPOUTENIBCTBO HOBBIX JIEKTPOCTAHLIUN HA HEBO30OHOBISIEMbIX
VCTOYHUKAX DHEPIUM, pacIIMpPEeHHE aJbTEPHATUBHON DHEPIETHUKH, a TAK)KE CTPOUTENHCTBO HOBBIX
ATOMHBIX SHGKTpOCTaHIII/Iﬁ HJIN DJICKTPUUCCKHUX CTaHHI/Iﬁ Ha BO300HOBJIIEMBIX HCTOYHHKAX OHCPTrHUu:
COJIHEYHasl SHEPTusi, SDHEPIUsl BETpa, SHEPTUs MOTOKA BOJbI, BOJIH (PEKH, MOPSI, OKE€aHbI), SHEPIHs
Teria 3emiin (TeoTepMaibHast SHEPTHsI ), SHEPTHsI Ha Ororas3e, BOJOPO/IHAS SHEPTeTHKA.
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C renepartiyeil 371€KTpOIHEPI U YEJIOBEYECTBO HE UCIIBITHIBAET MPOOJIEM, OJIHAKO aKTyallbHBIM

SABJISICTCA BOIIPOC 00 AKKYMYJIUPOBAaHHUU DJJICKTPOSHEPIHH, KaK TCHJ'IOBOﬁ, TaK H BHCKTPH‘ICCKOP'I

sHepruu. Ha ceromusmnuii neHp BeaErcs akTUBHAs padoTa B 00JACTH MOJCPHU3AIMH PA3IUYHBIX
HAKOTIHTEJIEH SHEPTHH, a TAK)KE pa3padoTKa HOBBIX TUIIOB aKKyMYJISITOPOB U HAKOITUTEJICH, KOTOpPBIE
MOTYT OTJIIMYAaThCA OT MPEKHUX XUMHUYECKUM COCTAaBOM, KOHCTPYKTHBHBIMU OCOOEHHOCTSIMH W
JPYTUMU CBOMCTBAMH.
HakonuTenu sHeprun MOXKHO pa3/IeIUTh M0 BUAY SHEPTUH, C TIOMOIIBI0 KOTOPOTO MPOUCXOIUT
aKKyMYJINPOBaHHUE SHEPTHUU:
e Mexaanueckue (I'ADC, akKyMyJIupOBaHHE SHEPTHMHM C IOMOIIBIO CXKAaTOTO BO31yXa,
MaxOBbI€ HAKOTIUTENIH);

o  Xumuueckue (3MEKTPOXUMHUECKHUE aKKYMYJISATOPHbIE OaTapeu, TOIJTUBHBIC AJIEMEHTHI);

e Dnekrpuyeckue  (KonmeHcatopsl,  CyNepKOHAEHCATOpPbI,  CBEPXIPOBOJIHUKOBBHIE
MarHUTHBIE aKKYMYJISITOPHI)

B nanHOif cTarbe NpoOaHAIM3UPOBAHBl CYLIECTBYIOIIHME BUABI JJIEKTPOXUMHUYECKUX
aKKyMYJIATOPOB, KOTOPbIE IPUMEHSIOTCS B Pa3IMuYHbIX cepax *KU3HHU Iojael. PaccMoTpum Takxke
KOHIIETITyaJIbHBIE Pa3pabOTKH HOBBIX THIIOB HAKOTIUTEIICH YHEPT U, KOTOPHIC HAIIPABJICHBI B CTOPOHY
HAKOIUICHUS SHEPTUU B MPOMBIIUICHHBIX MacIiTadax.

CoBpeMeHHbIE AIEKTPOXUMHUECKUE HAKOMUTETH 3JIEKTPOIHEPTHH 00JaAal0T OTHOCUTEIBHO
HEOOJbIION EMKOCTBIO JJIEKTPUUECKON OaTapeu, KOTOopas HE MOXET OBITh HCIOJNb30BaHA s
PE3EpPBHOTO  ANEKTPOCHAOXKEHHS B MPOMBIIIICHHBIX MacmrTabax. Ha cerogusmnuii  1eHb
NMEKTPOXUMUYECKUE aKKyMYJIATOPbI MCIIOIb3YIOTCSI B OFPOMHOM KOJMYECTBE B Pa3IMUHBIX BUIaX
aBTOMOOMJIBHOM TEXHUKH, B CMAPTHOHAX U JPYTHX TUIIAX FaPKETOB, KOTOPBIE JTHOAH IKCIUTYaTHPYIOT
eXeTHEBHO. B CBsI3M C pa3BUTHEM AIIEKTPOMOOUIICH UMEETCSI MOTPEOHOCTh B CO3/IaHUH OOJIBIINUX TIO
€MKOCTH CUCTEMBI aKKyMYJISITOPOB JUISI DJICKTPOMOOWIIECH, KOTOphle nMetoT 3amac xoja 1o 500-600
kM 0e3 nogzapsaku. Celiyac HOpMaJIbHOM BETMUMHON EMKOCTHU 3JEKTPOMOOMIIS cuuTaeTcs: barapes
¢ émMKocThI0 0K0I0 60 KBT/4. Y npeMuanbHbIX MoJIeNIel 3IeKTPOKApOB EMKOCTh MOXKET JOXOJIUTD J10
100 kB1/4. [1]

Buabl 371eKTPOXUMHYECKHUX AKKYMYJISITOPOB
PaccmoTtpum Hanbosee pacpocTpaHEeHHbIE BUABI 2JIEKTPOXUMUYECKUX aKKYMYJISTOPOB.
1. CBHHIOBO-KHMCJIOTHbIE AKKYMYJISTOPBI

AGM VRLA Battery
A e

fied

NONSPILLABLE
RAL i
i @ 0

made in Vietnam

Pucynok 1 — CBUHIIOBO-KUCTOTHBIA aKKyMYJISATOD
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CBHHIIOBO-KUCIIOTHBIE ~ aKKyMYJISITOPBl ~ 3aHMMAIOT CaMylo OOJBIIYIO JIONIO  PBIHKA

SJICKTPOXUMHUYCCKUX HaKOHHTCHGﬁ, ABJIASACH Hauoboee pacipoCTpaHCHHBIM BHUIOM

AKKYMYJIUPOBaHHS OJIEKTPOdHEpruu. HecMoTpss Ha CBOUM HU3KHE Y/CIbHBIC XapaKTCPUCTHUKH
(yaenbHas sHeprus 10 40 Br*u/kr), CBUHIIOBO-KHCIOTHBIE aKKYMYJIITOPBI 00JIaJaI0T CaMOi HU3KOU
CTOMMOCTBIO KHJIOBATT-4aca 3armacaeMoil SJICKTPOIHEPIHH M MOITOMY HIMPOKO HCIOIB3YHOTCS B
pa3IMYHBIX BUIaX aBTOTpancropra B kadyectBe AKB cTapToBBIX reHepaTopoB.

[MpuHIMn paboThl OCHOBAH HA TOM, YTO 3apsHKEHHBIN OTPHUIIATEIBHBIN JIEKTPO U3 CBUHIA
(Pb) wu monoxwurenbHbI dnekTpon w3 cynbdara ceuanma (Pb(SO4);) morpyxkaior B
AIEKTPOJUTHUCCKUI PACTBOP, KOTOPBIA COMEPKHUT pa30aBICHHYIO CEpHYIO KHCIOTY. B mporecce
paspsijia 3JICKTPOHBI BBITAIKUBAIOTCS M3 SIUCHKH, TaK KaK HA OTPHUIATEIILHOM 3JIEKTPOIe 00pa3yeTcs
Cynb(ar CBUHIIA, a JICKTPOIUT BOCCTAHABIUBACTCS 10 BOJIBI.

BbiBOAHGA KAEMMA "+
(naioc)

3awuTHBIN# Kopnyc

BbiBOAHGS KAEMMA "-"
(MuHyc)

"Mex6aHo4Has"
cTeHka

MonoxuTeAbHas
nAacTuHa (aHoA)

OTpuuaTeAbHas
nAacTuHa (karoa)

DAEKTPOAUT

Pucynox 2 — BHyTpeHHEe YCTpOHCTBO CBHHIIOBO-KHUCIOTHOTO aKKyMYJISITOPa

TexHOnorns CBUHIIOBO-KHUCIOTHBIX aKKyMYJIATOPOB IOJIyYWJIA IIMPOKOE pPa3BUTHE 3a CUET
MPOCTOTHl U HAAEKHOCTU KOHCTPYKIIMH, a TaKKe HU3KOU cebecronmocTu. HepoctatkamMu 1aHHOTO
TUIIA aKKyMYJISITOPOB SIBJSIFOTCS HM3Ka IUIOTHOCTb SHEPrUM, a Takke ObICTpas paspsika Hpu
OTPULIATENIBHBIX TEMIEPATypax, YTO MPUBOJIUT K MATIOMY CPOKY CITY>KOBI.

JIaHHBIA TUI aKKyMYJSATOPOB NPUMEHSETCS BO MHOTMX cepax >KU3HM JIOJed: B aBTO- U
MOTOTEXHHMKE, B aBHAllUM, Ha (IIOTe, Ha >KEJIE3HOJOPOXXKHOM TpaHcnopre. Kpome Ttoro, onHu
MIPUMEHSIIOTCS ISl CUCTEM Oecriepe0OMHOro MUTaHus, MOTYT MCIIOJIb30BaThCs KaK aBapUilHbIe WU
pe3epBHbIE UCTOYHUKU MUTAHUA. DTOT BUJ aKKyMYJSTOPOB BIIOJHE IMOJMOIAET A oOecredyeHus
aBTOHOMHOM paboThl B ClIy4yae OTKIIOYEHHS SHEPIUU KaK B JKUJIOM JIOME€, TaK U Ha KOTEJIbHBIX
KPBIIIHOTO TUIIa B MHOTOKBAPTUPHBIX KHIIBIX AoMax [3].
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2. Hwukeab-kaaMueBasi akKKyMYJIITOPHAasi 6aTapest

Pucynoxk 3 — BHemHuit BU1 HUKeNb-KaMHEBOM akKyMyJIITOPHOI OaTapeu

Huxkenb-kagmueBble aKKyMyJIsTOPbl UMEIOT Oojiee BBICOKYIO YAEIbHYI 3HEProéMKOCThb, B
CpaBHEHHH CO CBHHIIOBO-KHCIOTHBIMHU aKKyMYJIATOpamMHu J10 65 BT*u/kr. IX 1OCTOMHCTBOM SIBIISETCS
HaIEKHOCTH pabOoTHI MPHU OTpULIATENBHBIX Temmeparypax. Cpok ciayxObl Takux AKB cocrasur §-10
ner!

B HHKeNb-KaJIMUEBBIX aKKYMYJISITOPaX B KA4eCTBE KAaTOJIa UCIOIB3YIOTCS TUAPOKCH]T OKCH/IA
nukens NiIOH ¢ rpadurtoBeiM mopomikoM. AHOIOM siBiseTcss ruapokcun kagmuss CAOH wnm
METAJUIMYeCKU KaaMuil B BuAe mopomka. Kagmuil sBiseTcss TOKCHYHBIM 3JIEMEHTOM M ObLI
3ampenieH EBponeiickum corozom B 2004 roay /i 60bIIMHCTBA BUAOB UCTONb30BaHusA. Ha cmeny
HUKEJb-KaJ]MUEBbIM aKKYMYJIITOpaM MPUIIUIA HUKEIb-MeTaNIOTHAPUIHBIE.

Cdepa nmpumMeHEHHUS: SJIEKTPOMOOWIIH, TPAMBan M TPOJUIEHOYCHI, MOPCKHE U peYHbIe cyaa. B
MOBCEJHEBHOCTH HCIIOJIB3YIOTCSI B IIYPYIOBEpPTax, TaKOBEpTaX W JpeNsiX, OAHAKO BCE dYarle
3aMeHSIOTCs Hanbosee 3Heprod((HeKTHBHBIMU JINTHI-HOHHBIMHA aKKyMYJISITOPaMHU.
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3. Hukenb-MeTajsioruapuaHas darapes

2 ‘;: b A 5 - i |
Pucynoxk 4 — BHemHuit BU1 HUKeJIb-METaNIOTHAPUIHON aKKyMYJISITOPHOI GaTtapeu

Hukenb-meTannoruipuaHbiid HAKOMUTEIh COCTOUT U3: aHOJ1a, KOTOPBIN SBJISIETCS BOJIOPOTHBIM
METaJUTOTUAPUIHBIM 3JICKTPOAOM (0OBIYHO TUAPHUI HHKeNb JaHTaHa LaNiS win nukens autus Ni-
Li). Dnekrponutom MoxkeT ObITh: Tuapokcua kanusi (KOH), karon okcun Hukesst NiO.

[lepBble HUKEIb-METAIUIOTUAPUIHBIE Oarapen NOSBWINCH B mpoxaxe B 1989 romy. Ha
CETOHSIIHUN JIeHb NaHHBIA TUIl AKKyMYJISTOPOB CUHMTAETCS OOBIYHBIM MOTPEOUTENHCKUM U
NPOMBINUIEHHBIM TOBAapoOM.  AKKyMyssTopHas Oatapes BMmecto kaamus (Cd) wmmeer s
OTPHULIATENIBHOTO 3JIEKTPO/1a BOAOPOAOIIOTIIOMIAIOIINH cruiaB [3].

Cdepa mpumeHeHHs: aKKyMyJSITOPHbIE OaTaped [UIsl Pa3IUYHOW SIEKTPOHHO-OBITOBOM
TexHuKU: (oHapuku, mynbThl J[Y, pamuu, GPS mnaBuraropbl, dacel, (OTO- W BHICOKAMEPHI,
MMOPTATUBHBIC MEUAIPOUT PHIBATEIH, U3MEPUTEIIbHBIC PUOOPHI, ICTCKUE UTPYIIKH H T. II.

4.  JInTHH-HOHHBIA AKKYMYJIATOP

Pucynoxk 5 — BHerHuit BU TUTUI-HOHHOM aKKyMYJISITOPHOM OaTapen
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Jlutuii-uonnsii AKD sBisiercst Haubosee 3 HEKTUBHBIM U paCIPOCTPaHEHHBIM HAKOITUTEIEM

SHEpruu B coBpeMeHHOM Mupe. [llnpokoe npumeHeHue noxy4u B chepe 3JeKTPOHHBIX YCTPOUCTB,

TaKWX Kak: CMapTQOHBI, HOYTOYKH, LU(POBBIE QoToanmapaTtl M BUACOKAMEPBI, a TaKXKe
AJIEKTPOMOOMIIN. [ JTaBHBIM MPEUMYIIECTBOM SIBJISIETCS OHO M3 JIYYIIMX COOTHOIICHHWN YHEPTUU K
Macce U 04eHb MEJICHHBIM caMOpaspsi/i MPH €ro HEUCIOIb30BAHUU. | KT JIUTUS CIOCOOEH XPaHUTh
3860 A*4. YnenpHast 3HEpro€MKoCcTh JMTHI-HOHHBIX AKB B 6-7 pa3 Bblle, 4eM y CBHHIIOBO-
KHUCJIOTHBIX aKKyMYJIATOPOB [4].

5. Jlutuii-xkese30-pochaTHblii AKKYMYJISITOP

JemépbiM ananoroM autuit nonHoro AKbB sBnsercs nutuii sxene3o-gpochaTHbIl HAKOTUTEND,
KOTOPBI MMEEeT CIIOCOOHOCTh K ObIcTpol 3apsnake. OgHAKO HaNpsHKEHHE TaKUX aKKyMYJISTOPOB
Huxe 3 B.

JlaHHBIN aKKyMYJISITOP UMEET YCTPOMCTBO PYJIOHHOTO THIA, COCTOAILETO M3 3 JIEHT: aHOJA,
cenaparopa ¢ JEKTPOJIUTOM M KaToJla, CKPY4YEHHBIX B HECKOJIBKO CIIOEB. Bce ciom u3 menu u
QIFOMUHHS COCIMHSIIOTCS OTACIIBHO B OJIMH KOHTAKT, IOJIOKUTEIBHBIM CBEPXY, & OTPHULATEIIbHBIN
cHu3y. Korzma asneMeHT HauMmHaeT paspspKaTbCsl M3-3a HAarpy3Kd, MOHBI JINTHS NEPEXOIAT 4depes
cenaparop OT KaToAa K aHOJy M OTJAr0T HAKOIUIEHHBIN 3apsij, NIPUBOIAIIMN K PEAKIUN OKUCICHHUS.
IIpu 3apsiake MOHBI TUTHUS MPOXOJAT YEPE3 CenapaTrop OT aHOAA K KaTOAYy M aKKyMYJIMPYIOT 3apsij,
IIPU 3TOM IIPOUCXOAUT MPOLECC BOCCTAHOBIICHHUS.

Manasg eMKOCTh 3apsiia - HENOCTaTOK J3THUX aKKyMyJaTopoB. OJHAKO IpU HU3KHUX
temneparypax gaHHblii THn AKB Oonee TepMoycToiuMB M 3((EKTUBHO IOKa3bIBAa€T CBOIO
paboTtocrnocoOHOCTS [5].

6.  JluTHii-MOHHBI MOJUMEPHBbI AKKYMYJISITOP

[lonumepHble  JNTUTUA-MOHHBIE ~ AKKYMYJSITOPBl  SIBIISIFOTCSL  YCOBEPIIEHCTBOBAaHHOM
Moaudukaneit oObIYHOr0 JUTUH-HOHHOTO aKKymyJsTopa. JlaHHBI THUN aKKyMyJISITOPOB HMEET
MaJIblif BEC M MOKET OBITh U3rOTOBJIEH B J11000i1 hopme.

Otinune MexAay JIMTUNH-UOHHBIM U JIMTUH-UOHHBIM NOJIMMEPHBIM 3aKJIFOUAETCsl B TOM, 4TO B
JIUTUH TIOJIMMEPHOM B Ka4ECTBE DJIEKTPOJINTA UCIIONIB3YETCS HE KUIKOCTD, a TOPUCTBIA XUMUYECKUI
WIA TeneoOpa3Hblil 3JeKTpoauT. brarogaps 3ToMy akKyMyJsSTOPBl UMEIOT Pas3iHuHyl0 (GopMmy
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ucnonHeHus. Emé oqHUM mpeuMyIiecTBOM SBIISETCS MEIUICHHBINH caMmopa3psaa. OqHaKo B OTIIMYUU

OT JUTHI-UOHHBIX aKKyMYJSTOPOB, OHH HMEIOT CIa0OBBIPAXXKEHHBIN >PQeKT mamsTu, ObicTpee

TEPAIOT MAKCUMAIIbHYIO0 EMKOCTB 3apsi/ia, U SBISIOTCA 00JIee JOPOTUM YCTPOHCTBOM.

O0a TUX aKKyMyJIATOpa CUIBHO MOABEPKEHBI BO3CHCTBUIO BEICOKUX U HU3KUX TEMIIEPATyD.
IIpu neperpese cyleCTBYET PUCK B3PbIBA, a IIPU HU3KOM MJIET CYLIECTBEHHAs ITOTEPSI B EMKOCTH, KaK
NPaBUIIO BPEMEHHAsI, HO ITPU PETYJIPHBIX HU3KHX TEMIIepaTypax eCcTh PUCK MOBPEAUTh OaTapero [6].

7.  JIMTMHA-TUTAHATHBII AKKYMYJISTOP

JIaHHBIN TUI aKKyMyJSTOpa U3 CErMEHTa JMTUH-WOHHBIX aKKyMYJISATOPOB, HO B HEH yxke
OTPHULIATEILHBIN JJICKTPOA ClejaH W3 JUTHEBON coiu TuTaHaTHOW kucioThl (Li4Ti5012). Takas
MOJIEpHU3ALMS CTaja IPOPHIBHOM B CETMEHTE aJbTCPHATUBHOW DSHEPreTUKH, BEAb JIUTUM-
TUTAHATHBIE OaTapeu:

*  MoryT 3apsixathes 3a 12-15 munyT;

»  JlomyckaroT ypoBeHb paspsaa 10 20% (80% otnaércs);

*  Oo6ecneunBarot 10 25000 1UKIIOB 3apsaKu!

*  Camopaspsna okotio 0,6% B MecsIr;

*  Jlmamazon pabouux temnepatyp ot -30 o + 60°C.

VY IUTHII-TUTAaHATHBIX AKKYMYJISITOPOB €CTh ClIa00€ MECTO — HaIlpsHKEHUE OTHOM stueriku 2,4 V.
Takue HU3KHUE MMOKA3aTENH HAIPSKEHUSI TPEOYIOT MPUMEHEHHUSI CIICIIUaIbHBIX KOHTPOJUIEPOB 3apsija,
9TO MPUBOJUT K CHUKCHHUIO a0COIFOTHON YHEProEMKOCTH B TIEpecUyE€Te Ha eIUHUIYy Macchl. OTHAKO
MX CaMO€ IIABHOE IIPEUMYIIIECTBO - BBICOKASI TPOJIOJKUTENBHOCTH PA0OTHI B CUCTEMaX aBTOHOMHOTO
sHeprocHadkeHuss. CTOMMOCTh JAHHOTO aKKyMylisiTopa €MkocThio 100 A*4 konebiercs B paiioHe
60 000 - 90 000 pyOuteti B 3aBucuMocTH oT HanpspkeHust AKDB.

8.  KoHnaeHcatopsl

IIpocTeie KOHIEHCATOPBI UMEIOT OTPOMHYIO0 CKOPOCTh HAKOIUIEHHS M OTHA4M dHEpruu. s
CTaOMIIbHOW paboThl KOHAEHCATOPOB WM HE BaXXeH OIpPEENICHHBI TeMIepaTypHbI PEeXUM.
CymmapHass €MKOCTh KOHJEHCATOPHBIX OaTapell yBEIMYMBAETCS J0 HY)KHOH BEIMUYUHBI MYTEM
NapajuleIbHOTO TOJKIIOUeHHs], KaKk y TpaauiuoHHbix AKDB. Jlenstcss Ha 2 OCHOBHBIX Kiacca:
HENoJIsIpHbIE (CyXH€) U MOJSIPHBIE (COJIEPKAT KUJIKUM SIEKTPOJINT).

OpHako y HUX €cTh 2 OCHOBHBIX HeJlocTaTKa. [1epBblii HEOCTATOK — 3TO MaJieHbKasl yieiabHast
IUIOTHOCTb 3aI1acaeMOi PHEPIUU U KakK cJie/ICTBIE HeOobIIas EMKOCTh. BTopoii HeqocTaTok - BpeMs
XpaHEHUs 3apsja COCTaBISET HECKOJIBKO CEKYH[ WJIM MHMHYT, KpailHE pPeIKO, KOTJa 3apsi MOXET
ObITh B 3amace Ha HECKOJBbKO 4YacoB. B BHMIy 3THX HEJOCTAaTKOB, cepa MPUMEHEHHsS Yy HHUX
OrpaHHUYE€Ha KPaTKOBPEMEHHBIM HAKOIUIEHUEM 3apsifia, JO0CTATOYHBIM JUIsl BBIPSMIIEHHS, KOPPEKLIUU
1 GUIbTPALIUHU TOKA B AJIEKTPOTEXHUKE.
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9. CynepkoHaeHCATOPBI

i
)
|

Pucynok 7 — BHemHwuil Buj CyniepKOHI€HCATOPOB

CynepKoHieHCaTOPbl, TAKKE HAa3bIBAEMBIE 2JIEKTPUUECKUMH JABYXCIOMHBIMU KOHJIEHCATOPaMHU
WIN YJIBTPAKOHJCHCATOPAMH, SIBIISIIOTCS OOIMMH TEPMUHAMU JIJIsl CEMEWCTBA IEKTPOXUMHYECKIX
KOHJIEHCATOPOB, KOTOPhIE HE MMEIOT OOBIYHBIX TBEPILIX JUIIEKTPUKOB. EMKOCTBL ompenensercs
IBYMsI TapaMeTpaMu aKKyMYJIUPOBAHHUS: IBYXCIOMHAsE eMKOCTh U IICEBIOEMKOCTb.
[Io cBoMM CBOICTBaM CYIMEPKOHIEHCATOPHl HAXOISATCS B pa3pblBE MEXIY OOBIYHBIMU
KOHJICHCATOpaMU U aKKyMyJSTOpHbIMU OaTapesMu. OHU CIOCOOHBI HAKaIJIWBaTh HauOOJbIEe
KOJIMYECTBO JHEPrMM Ha €IMHUILY 00BbEMa WM Macchl (IUIOTHOCTU BSHEPruu) Cpeau MPOCThIX
KoHeHcaTopoB. CyrnepkonaeHcaTopsl moanepxkuBatt a0 10 000 dapax / 1,2 B, no 10 000 pa3
OoutbIIIe, YeM Y JIEKTPOIUTHUECKUX KOHIEHCATOPOB, HO BHIAAIOT MIIM IIPUHUMAIOT MEHEE ITOJIOBUHBI
MOIIHOCTH B €JUHUILY BPEMEHHU (IUIOTHOCTh MOIIHOCTH).
VYnaenpHas SHEprusi M YyJIENbHas IUIOTHOCTb DJHEPIUU CYNEPKOHACHCATOPOB COCTABIISET
npumepHo 10 % B cpaBHeHnu ¢ AKDB, a ux mioTHOCTH 1o MomHocTH 00b14HO B 10-100 pa3 Oosnble.
CynepkoHieHcaTopbl 06J1a1a0T 60J1ee KOPOTKUMH LIUKIIAMU 3apsiIKK / pa3psiikH, a TAKKe CIIOCOOHBI
BBIJICP)KUBATh OOJIbILIEE YUCIIO UKIIOB 3apsIIKU U Pa3psIIKH.
CynepkoHeHcaTopbl NOJACPKUBAIOT IUPOKHUI CIIEKTP MPUMEHEHUH, BKII0Yas:
*  HM3KUHU TOK MUTaHUS AJI PE3EPBHOIO KOMPOBAHUS NaMITH B CTATUYECKOW ONepaTUBHOM
MaMSITH;

* TMTaHUE U1 aBTOMOOWIIEH, aBTOOYCOB, TOE37I0B, KPaHOB U JHU(PTOB, B TOM YHCIIEC
peKynepanus SHEpPruud MpU TOPMOXKEHUH, KPaTKOBPEMEHHOE HAKOIUJICHHE HEPIUH U
10J1a4ya MUTAaHUS B UMITYJIbCHOM pEXHME.

10. AaromMuHui

[ToTeHnMansHBIM HakomuTeneM SHepruu MoryT ObiTh AKDB, umeromme B CBOEM cocTaBe
AEKTPOIBI M3 ATIOMUHUS, TaK KaK JJICKTPOXMMHYCCKUH SKBUBAJICHT AIFOMHHHS MOYTH B 4 pasa
Oonpire, 9eM y JuTHA. [IpW B3aMMOJCHCTBUM QIFOMHHHS C BOJIOM TPOWCXOJHT BBIACIICHUE
ANEKTPUUIECKON DHEPTHH C 00pa3oBaHWEM BOJOpojaa. J[1sl BOSHHKHOBEHHS PEAKIIMH ATFOMHHHS C
BOJION OH JIOJDKCH OBITH OTJICJICH OT €0 €CTECTBEHHOT0 OKCHUIHOTO Ci0s1. JlaHHBIH mpoiiecc Tpedyer
M3MENBYCHHUSI, a TAK)KE XUMUYECKUX PeaKlUil ¢ eIKUMH BEIIeCTBaMU UM crutaBamu. [Ipu peakium
c oOpazoBaHHEM BOJIOPOAA MOOOYHBIM MPOJYKTOM SIBIISIETCS OKCHJI IFOMHHHS, KOTOPBIA MOKET
OBITh TIEpepaboTaH 0OpaTHO B AIFOMUHUN B paMKax mporiecca Xoia-Xepynra, Aefas XUMHIECKYIO
PEaKInio TEOPETUYECKH BO30OHOBIsIeMoi. [Ipu ncnonb30Banuu 3eKkTposHeprun ot BUD mpomece
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Xomna-XepynTa 3amycKaeTcsl M aJlOMUHUNA MOXKET HCIOJIb30BaThCS MJIS HAKOIUICHUS IHEPIHH.

D¢ PexTUBHOCTH TAKOT0O MpOIECcca BhIIIE, YEM MIPHU MPSIMOM COTHEUHOM 3JIEKTPOIH3E.

11. IIporounas 0aTtapes

Pucynok 8 — Buenrnuii Bua npotouHoit 0atapen

[Tpuniun pa®oThl MPOTOYHOM OaTapeW 3aKiOYaeTcss B MPOITYCKAaHWH pPacTBOpa dYepes
MeMOpaHy, Iie IPOUCXOJUT OOMEH MOHOB JISl 3apsIKd / pa3psAaKu diieMeHTa. HampspkeHue Toka
XUMHUYECKHU ompeneneHo ypaBHeHueM HepHcera, m Ha npaktuke coctasiser ot 1,0 mo 2,2 B.
OnekTpuueckass €MKOCTh HAKONMUTENsS 3aBUCUT OT oO0bEMa EMKOCTEW, B KOTOPBIX HAaXOJIUTCS
AJEKTPOJINT.

[IpoTounas Garapes TeXHHYECKH OJM3Ka KaK K TOIUIMBHOMY 3JIEMEHTY, TaK U 3JEMEHTY
AJIEKTPOXMMUYECKOT0 akKyMmyJiaropa. Kommepueckue npeuioskeHus IPOTOYHBIX OaTtapei Ha phIHKe
HanpaBJIeHbl HA JUIUTEJIbHBIN MTOYTIEPUO XPaHEHHs, HAIPUMED, IJIs1 PE3€PBHOTO SHEPTrOCHA0KEHHUS.

IMepcnekTHBHBIE CHCTEMbI AKKYMYJIHPOBAHHA

Ha ceromusimiHuii eHb CYIIECTBYET M Pa3BUBACTCS LENBIH KIacC XMMHYECKHX HCTOYHHKOB
TOKa, TAKUX KaK Memano-8030YuHble dlleMeHmMbl, OTHAM U3 KOTOPBIX SIBIITIOTCS YUHKOBO-8030YUIHbLE
2anbeanUyecKue eMeHnbl C PACX0IyeMbIM ITMHKOBBIM aHOJIOM, BBITYCKAIOIIHECsS OTpaHNYeHHBIMU
cepusiMH. DTH 3JIEMEHTBI TIMTaHHUs HEOOMBIIOro pa3Mepa mpojarot kommanuu Duracell, Eveready,
Varta, Matsushita, GP, a Ttakke oTedecTBEeHHOE NpeAnpusTHe «IHeprus». Jpyrue merano-
BO3/YIIHbIE CUCTEMBI HAXOAATCS HA CTaJIUU pa3pabOTOK M TECTOBBIX MUCIIBITAHHM.

AKTHBHO pa3pabaThIBaOTCS Mepe3apssKaeMble BO3AYITHO-ITTHKOBBIC aKKYyMYJISITOPBI, TPHUHIIUIL
paboThl KOTOPBIX OCHOBaH Ha PEaKI[MUd BOCCTAHOBJICHHS IWHKA (ZN) MpH MPOXOXKICHUU TOKA Ha
aHome. B mepcrnexkTuBe yu€HblE IUIAHUPYIOT TMOJY4YUTh Oosiee CTaOWMIBHBIA  HCTOYHHUK
aKKyMYJIMPOBAHUS SJHEPTUU C HU3KOH CTETIEHBI0 caMopa3psiza.

Peookc axxymynsmop (ot auri. reduction - BoccranoBieHue, Oxidation — okucieHue) win
NPOMOYHBIL AKKYMYJIAMOP COCTOUT W3 EMKOCTEH C 3JIEKTPOJMTAMH, BCIIOMOTATENIbHBIX Y3JI0B
(Hacocel AN TPOKAYKK DIEKTPOJIUTa IO KOHTypaM aHOJOB U KaTOJOB) M OOpaTUMBIX
AJIEKTPOXMMUYECKUX f4YeeK ¢ MOHOOOMeHHbIMH MeMmOpaHamu. IlpunHuun paOoThl: Ha OIHOM U3
3JIEKTPOIOB MpOTeKaeT oOpaTuMasi peakiusi OKHCICHHUS OJHOTO M3 3JEMEHTOB Iaphl C nepenadeit
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ANIEKTpOHa (Yepe3 BHEUIHIOK IeNb) U MPOTOHA (dYepe3 MOHOOOMEHHYI0 MeMOpaHy) Ha BTOpOI

AJIEKTPO/I, T/I€ MMPOUCXOIUT OOPATHBIN MPOIECC BOCCTAHOBJICHHS BTOPOTO AJIEMEHTA, HAXOIAIIETOCS

B pactBope. Ilepesapsaka cucTeMbl IPOUCXOAUT 3a CUET 0OpaTHOro mpouecca (moJaércsi BHEIIHEE
HaNpsDKCHHUE Ha SYEHKM) WM 3a CUET mepe3anpaBKy CHCTEMbl HOBBIMH pacTBopamu. Hanbombinee
pacnpoCcTpaHEeHHE MOTYYrIIa CUCTEMA C UCIIOIb30BaHUEM BaHAIUA.

Pucynok 9 — Cxema paboThI peJJOKC-aKKyMyJIsiTOpa

JABoiinocaoiinbiii cynepkonaencarop (ACK) coctout u3 IByX MOPUCTBIX JIEKTPOJOB M3
EKTPOHIPOBOAAIIMX MAaTEPHAIIOB, PA3JEJICHHBIX 3alOJHEHHBIM AJIEKTPOJIUTOM CENapaTOpPOM.
IIpouecc akkyMyJIupOBaHUs HAUMHAETCS C pa3fesICHUs 3apsa Ha JIBYX JJIEKTpOAax ¢ JOCTaTOYHO
OONBIION Pa3HOCTHIO TMOTEHLUUAIOB MeXJTy HUMH. Onextpuueckuil 3apsa JCK onpenpensercs
€MKOCTBIO JIBOMHOTO 3JIEKTPUYECKOrO CJ0s. JIBOMHOM AIIEKTPUYECKUH CJIOH Ha IMOBEPXHOCTH
KaXX/IOTO 3JIEKTPO/Ia TPEACTABISIET COOON OTIENbHBINA KOHAEHCATOp. Mexay coO00i OHU COeMHEHBI
MIOCJIEZI0BATENBHO Yepe3 AIEKTPOJIUT, BISIOLINICS TPOBOJHIUKOM C HOHHON IPOBOJIUMOCTBIO.
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Pucynok 10 — Cxematuueckoe u300pa>keHue IBOHHOCIONHOTO CyNepKOHASHCATOpa

Kesie3Ho-HUKe/IeBble AKKYMYJISITOPBI
B oTnnunu oT npenpaymux Mozesel, 3To HiesiouHas 0arapes, Iie M0JI0XKUTEIbHBIN 3JIEKTPOT
KEJIe3HbIM, OTPHULATEIbHBIM 3JEKTPOA M3 TUJIpaTa OKHUCH HUKENS, a DJIEKTPOIUT —
KOHUEHTPUPOBAHHBIM PACTBOP THUIPOOKHUCH Kalug W JIUTUSA. Y xkene3Ho-HukeneBbix AKDB ectb
ci1aboe MECTO — caMopaspsil ToCTHTaeT 35% B MecCSIl U HampsDKEHUE OAHOM sueliku Beero 1,2 V. Ho
3aTO M0 BCEM OCTAJIbHBIM [TapaMeTpaM y HUX HET KOHKYPEHTOB:
*  CranpaptHas rimy6una paspsaa Ha 80% (octaéres 20%);
*  3apsaka 6oyee BBICOKUM WM HU3KUM TOKOM HE BIMSIET Ha EMKOCTb U MPOJIOIKUTEILHOCTD
JKCILTyaTaluu;
*  Cumwxenne €mroctu okoiio 10% 3a 10 ner. 3ameHa SJEKTPOJIMTa BOCCTAHABIMBAET
MIEpBOHAYAIIbHYIO EMKOCTh (PEKOMEH1allusl TPOU3BOIUTENS);
*  IIponomkuTenbHOCTh pabOTHI KENE3HO-HUKEIEBON OaTapen M3MepsieTcsl He IUKIaMH, a
ronamu! [IpousBoaurens rapantupyet 30-50 neT paboOThI IPU TOJIUBE TUCTHUILTUPOBAHHOMN
BOJIbI pa3 B MECSI] M 3aMEHE 3JIeKTposuTa pa3 B 10 net;
»  JlomyckaeTcsl IPeBbIIIEHNE CKOPOCTH pa3psIku B 4 paza 6€3 U3MEHEHUS XapaKTEePUCTHK.
Oco0yro MpUBIEKATENBHOCTD JKEIE3HO-HUKETEBBIM aKKyMyJIsITOpaM Jaét moOouHbIi 3 dexT
npu 3apsake. Jlemo B ToMm, 4To 0Kosio 30% DHEpruM TPAaTUTCSA HA DJIEKTPOJIM3, C BBIACICHUEM
BOJIOpo/ia. B ontumaneHOM KOMOMHAIIMHY, BOAOPO/ COOMpAETCs B ClIeUaIbHbIE METAIJIOTHIPHTHbIE
OaJIJIOHBI, @ TIOTOM MOXET THUTaTh TOIUIMBHBIA »ymeMeHT. B atoii kommonoBke KIIJ xemne3no-
HUKEJIEBOTO HAKOMUTEJS DPHEPTUH TOBBIaeTCs 10 98%.
[Ipn coOmroaeHM MUHUMAaNbHBIX TpeOOBaHUI K MNpO(UIAKTHKE, >KEIe3HO-HUKEIEBBIN
aKKyMYJIATOp MOKyIaeTcs OUH pa3 U Ha BCIo kU3Hb. U 11eHa He cnunikoM Beicokas. Konebnercs B
paitone 30 000 py6ueii 3a 100 A*y.

BanaaueBblil IPOTOYHBIN AKKYMYJIATOP
OTO OJHA W3 MOCIETHMX pa3pabOTOK, KOTOPBIA aKKyMyJIATOpPOM Ha3BaTh CJIOXKHO, MO0
MMPOU3BOJUTCIIN U pa3pa6OT'-II/IKI/I Ha3bIBAIOT €0 HAKOIMUTEIIEM SHCPTHUHU. Jlame €MKOCTb BaHaJIUCBbIX
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AKKYMYJIATOPOB HM3MEPACTCA HE AMnep-qacaMI/I, a 3amacéHHbIMM KWUIJIOBATTaMU OHCPTHUH. Ho

OTHOCHTCSI OH UMEHHO K AJIEKTPOXUMUYECKUM YCTPOICTBAM, XOTS MPUHIUI €r0 PabOThl OTIIMYAETCS
OT BCEr0, YTO MPOU3BOANIIOCH PaHbIIIE.

CxeMaTH4HO 3TO MOYKHO TPEACTAaBUTh, KaK JIBa pe3epByapa, pa3aenéHHbIX MeMOpaHoil. B Hux
HaXOJUTCSI OJMH M TOT K€ pacTBOpP, HO BO BpeMs 3apsiiKM, DJIEMEHTbl B KaXKJOM pPeE3epBYyape,
pUOOPETAIOT HY)KHYIO BAJIEHTHOCTh. JlJ11 BaHAAMEBBIX aKKyMYJISITOPOB, pabouee BEIIeCTBO OKCH/T
BaHaJMs, HO B IIPOJaXKE YK€ HECKOIBKO JieT ecTh npoTtouHsie AKD Ha pacTBope OpoM-IIMHK, U Jaxe
UHUHK-LIEPUH.

Y HUX yHUKallbHAs MacuITa0UPyeMOCTb — JJISl yBEJIWYEHHs] YHEProEMKOCTH, HA/l0 TOJBKO
yBenuuuBaTh 006E€M pactBopa. Ho 3aTto onu moryT paspsbkarbes Ha 100%, Ge3 Bpena i pabouux
XapakTepucTuk. Bo Bpems wucnbiTanuii, B fnonum 3a naBa roga mnposenu 200000 nukiioB

3apsIKU/pa3psIKu BaHAINEBOHM OaTapen, U XapaKTePUCTUKH HE U3MCHUIIHCh.

WX cTOMMOCTh MOKHO OIICHUTH HECKOJIbKO MHA4e. 32 BaHAUEBBIN akKKyMmyisiTop 2,5 kBT/4 ¢

JIOTIOJIHUTEbHBIM HHBEPTOPOM U KOHTPOJJIEPOM Mbl BBIHYKIEHBI Oynem 3amiarute 15 000

noJutapoB. B mepecuere Ha ceroHSAIIHUI Kypc 3T0 o4ty 1,5 Muinnona pyoiiei.

B Ta6n1/1ue 1 IpeaACTaBJICHBI OCHOBHBIC XapaKTCPUCTUKHU SJIICKTPHUYCCKUX u
SJICKTPOXUMHUYCCKUX THUIIOB HAKOIIUTEIEH OHEPI'UH.
Tabmima | — OcHoBHEe XapaKTepHCTHEH PasIHIHEX THIOE HAKOIHTENEH JHEpIHH
TexHo10rHS HAROILIEHHS YaeasHan Cremens | KIIT, | Koamwecrso| Cpoxcaymisl, | Cavopaspaz Paouuit Bpema | Bpema | Bausnme Ha
3IEKTPOIHEPTHH IHEPTOEMKOCTE, | w3yuennocts| % pafounx aeT (Yaec) JHATIAZOH | 3apAJA | paspAja| OKPYAANMYH
Bréa/kr IHK10B TEMIEPATYP cpeqy
IMeRTpHYECKHE
Konnencatop 3-10 Cepritroe | 60-63 Bonee Oromo 3 - Or-40 70 +40 | muE -1 | MEE-1 | HesHaurTemeso
IIpHMEHEHHE 30000 °C
CynepxonIeHcATOD 3 Xopomo 93 Bomee 10-15 - 0Ot -60 g0 +65 ¢ | MEE-T Tourn BeT
HSYIEHO 100000 o’
CEepXNpoE0IHHKOBIH 1-10 Begyrer | 93-98 Bonee Boaee 20 - Or-40 70 +40 | MEE-1 | MEH-1T Cpegne
MarHHTHEI HAKOIHTETh HeCIe0BAHAT 100000 o
(SMES)
DIEKTPOXHMHYECKHE
CeuHIOBO-KHCT0THAA AR 2540 Cepmitmoe | 70-90 | 500-3000 3-13 20% Or-40 go+40 | mBE-19 | MEE-1 Cpegre
(Leadsacid) OpEeHeAne <%
Hukean-kagyuesan AB 4365 Cepuitroe | 60-65 100-500 10-20 10% Or-50 70 ~40 | mmE-u | MEH-1 Cpepue
Nicd) IpEMeHEHHE .
Hugkeas- 60-72 Cepmitmoe | 70-73 | 300-300 (y 10-20 10% Ot -60 7o +35 | uEE-u | MEE-1 | BKOIOTHUECKH
MeTalTornapuHan AB IpHMEHEHHE HEKOTOPHIX " He30macHEL
(NiMH) a0 1000)
JMurwii-nonnas AB 110-270 Cepmiioe | 83-00 |  300-600 35 2% 01-20 20 ~60 | ymE -1 | yEH-1 Omacan
(Li-iom) npEeHeHe (3aBmca ot i
TEMIEpaTypEL
H CTENERH
33pATa)
Juruii-keneso-hacdarnbi 90-160 Cepmfinoe | $3-50 | 1500-3000 1020 20% Or-30 7o =35 | ymE-u | MmE-1 | J[0CTATO4HO
AB (LiFERQy) TpHEHEHHE ¥ L GeaomacHsl
HEKOTOPHIX
Jo 8000
JInTuii-noHHaa 60-120 Ceprfinoe | 85-90 |  800-500 6-8 20% (& Or-20 70 ~40 | ymr -1 | MEE-1u | [lomapoomacHs
nonumMepras Ab IIpHMEHEHHE TedeHHH 2 i H B3pHIBOOTIACHEL
(Li-ign) )
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Jurnii-THTaRATHAS A 100 Cepritros 8590 | bBomee 3-15 0.02% (& Or-60 7o +60 | mpE-1u | MEH-1 Cpemme
(Li4Ti5012) TIpHMEHEHHE 13000 CYTEH) °C
Tporounas rudpusHan 70-143 Begyten 73 Bonee 310 - Or-40 70 +40 | mpm-q | MBEE-1 Cpegme
uunkipomEag AB (ZnBr) HCCTE0EAHHA 3000 G
Meranno-sosgymuan AB 90-135 Begyten 3-10 100-250 Or-40 g0 +40 | mmE-u | uBE-9 | HesHauuTensHo
(Metal-ajr) HCC/eI0EaHAT .
TIpoTouHas BanagHeEas 2033 Hagano 63-73 | 13000- 10-20 Hebomemoft | Or-40 70 +40 | mmE -1 | MBEE-1 Cpenme
penoxe AB (VRB) CepHIEOTO 20000 IPOLERT G
TIpHMEHEHHA caMopaspana
i HHETH . Begyten - - - - Or-40 go+40 | MEE-9 | MBE -1 Cpenre
synepkonAercarop (1CK) HCCAe0BEHIE s
Keaesno-nukenesan AB 20-30 Verapesmasn 63 Bomee 30-30 20-40 Or-40 go+46 | MEE-9 | MEE-1 He cogepmar
TEXHOIOTHI. 12000 G Ea47MHT H CEHHITE,
Bemytes UTO JEN3ET HX
HCCTE0EAHHA Boree
10 Yy 9IIEHH Bes0macHEMHE 211
siderTHEROCTH ORpYEARMEH
IEHHOTO THIA CpeaEL, Yen
AKB HHKENb-KATMHEERE
H CEHHIIDEO-
EHCIOTHEIE
AREYMYILITOPEL
T'ubpuazie (UlraBattery) - Bemyea - 3000 115 Hegecogmit | Or-40 go+40 | mmm -9 | amE -3 Cpese
HCCTE0EAHHA caMopaspan .
Harpreso-cepran Ab 300-330 Cepriiroe §9-90 | 200-400 37 - Or=300 0 |mMEE-9 | MEE-% Cpenme
(MNag) TpHMEHeHHE +3501C
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