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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna
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AFPOIUHAMHYECKOE B3AWMMORBO3JIEMCTBHE ITOE3IOR
IIPH OPTAHH3AUIIHH BE3OCTAHOBOYHOI'O CKPEILNEHHHA

Anpomauns. B dmincd cmamse ypussden a Mem oduia Paciam 8 asp oMU ecx Ly NoKaiame nell mymernenmH s o
SOFAFMHOZ0  MOMOKA  SOFMIK@OUEI0 6 FPOoyecce  DEFOCMEMOSOWNOIO  CKPEIEMMA MO CMENHDIM  MFRITM
SRICOKOCKOPOCMAEY  Mrccaxpekuy moerdos gAfrosivoby ¢ noerdamy dpyras xamezgpudl  Ocymecmenen anams
PETF R A0S aHAITRNECKUE W SKENGERAIMEN AR LECREO0GIRNL, ShINOTHENH I 6 PR QUINELE CIHPAH Ay Wupa Mo
CMPECRENLEC MG UM AIHOSD  THAEREHLA  cOPoOUH@MINerkoss OaaIehly, SOFRLKGOWEZD MRl DEFOCTaM 080uH oM
CHPSUIEHLL  SCOROCKOPOCmRLE  Moesdos  ARames noKaran, wmo MUK ASPoduBAMUNECKOSD  OSSREHLLL,  HOMOPLE
SR PLELAMENEH O SRLASH KA F CMOMNLSOIME NOORINH 020 COCMASE, OEPAIFEMeR & 2onosHoti v armu roerdos. (npedenana
PEHILE SFALIMOCSATI MEOMCECHSEHNED MEPEMEHHBLE AL FOMaRoSNEi LA MPLUPodhl S0FTHLEHOSSHLR, @ MEI0e paciema
FRav el aspodunamuveckoso dasnenua. ITpw oMo dminas QINKLE PULMBSAcm MEXHLNECKUE XaPanime FICTLN
S OKOCKOPOCM ALY MACCANPCRY Noesdos « Afrosiob g O Maa0e MECTNLIE PONOSUR LY SHOMAFAMALEAL.

Hemmo pabomel AERASMCR  COSSPUESHEMSOSIHLE MEXYHOOAL MPOMPrKa Moesdos HA  SbcoNocKopocmHbE
masucmpaniy, Obwarm padomnl —FUacmil ShicoNoCKOPOCMRELY F0ERETH 0OPONTHELE MASICIpanstl,

Mredmemon  pafomb AEADANCE  MEMOodel  OPS@RFayial ORIKCSHUR NOEFd0s  PasiuuMely  Kamesopidl Ha
SRCOKOCKOPOCMALY Maarmpanay. Memode:! 6 ypoyecce woe RedosmiLEl LCONRTOSaH b M EMOdh KOHEYHLEY BNEHERTHOE,
CLEMEMHOZ0 aHITLT MamEN amieckozo modeniposans, «Reynolds averaged Navier-Stoks Mefhody u k—e-modens
MyPERRENMHCse GOTdFIHOES MOMOKR @ Maxaxes Fpaswewmi Haswe — Cmoxca, Singpa. CORemys rpiideH el
PP oS HPaKMLNECK WS POK OM EHOGMLE! M0 VLM EH GHLEC TIEXH QRO R4 PSR LT BEFOCMANOS0TH 020 CREIG EHLLT
MoErdos PATINHEE KAMEIopIll MOHO LUCHONEIoSaNh Ha ShICOROCKOPOCIIHELY MASICTIPANEE HCERETHOOORONTH 020
mparcyopma. Pespnomamst pabomsbl; Femanosiero, WHo MUK aspodiiaMunerioss daensiid, SofHLia o MpL
BEFOCMAHOSOUROM CHPELEHIL! SRICOKOCK OPOCIHE MOCCANUPCORUE L EOPFOSuY MOSFd0s 8 CFUECmapou Ly Frnomumay
SHCMAVAMAENE, HAXoRMoR 8 Mpedenar  AoMpomisnly FHAavemitl rpusedemnnit & Hopmar GeroracHoomu Ha
Fvenesnodoposenon mpaicncpme [14 — 15T wpw ovpedenennny cxopocmar deuovenis moerdos Busoduy & ponosiax
padomur AD #Vrlenucmon Moy IPANRLE WMESMOR SOFMOMTHOCIE OPSaHUTRLL BEFOCMANCOSONHOS0 CHPEMIEHLIA
SRICOKOCKOPOCHHEL HACCARUPC KUY Noerdos ¢ Afrosivob » o noezdamu dpraux kamesopiil

Kawwoene croed: ShccKoCKOpocmHuoll Nacrcamwupekigl noesd ampodib aiia, WaKFmee JGsREHUA, CHEMARHOS
dELACERLE, BEFOCMAHOSOUNOE CRPELIERLE, MUK JOSNEHLLE.

Marufdzhan Kh. Rasulov!, Masudzhon N. Masharipov!, Ramazon Sh. Bozorov!,
Saule E. Bekzhanova®

Tashkent State Transport University (TG T, Tashlzent, the Republic of Uzhekistan:
¥ azakh N ational Research Technical University named after K. I 3 atpayew, Almaty, Reputlic of Kaz akhstan

AERODYNAMIC INTERACTION OF TRAINS
IN THE ORGANIZATION OF NON-STOP CROSSING

Abstract This arficle preseyfs a method for caloulafiing the asrodmanic pavamefers of the e bulent ar flow that
oecurs during the non-sfop crossing of high-speed passenger frams “Afrosipob ™ with frains of ofher cafegories along
adiacent fracks The maalyas of the resdfs of malpfical pid experimertal sfudies carried owf in the developed cowrfries
of the world fo defermine the marimum value of aerodinanic pressure arisiag from non-sfop crossing of M gh-speed
fregns is carried out The avalysis showed fhat the peal of aerceynamic pressure, whichregafively gffects the sfabilify of
the rolling stock, s formed i the head of fhe frairs. The finicfion of the relafiovsFip of mudfiple variables is defermined
for establish the nafure of cecwrrere e, & well as fo calowlate fhe values of aerodypreamic pressure. Af fhe same fime, s
Jmction fakes Trfo accounf the fecbyie o characterisiics of "Afrosipob™ high-speed passenger frams, as well as fhe locdd
cemdificns of thar operafion,

The purpose of the work is fo improve fhe fechmology of passing fraivs on high-speed W ghways. The obfect of the
work 15 sections of high-speed railway lines.
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[MoaBWXHOW COCTAaB Xene3HbIX A0pPOT,

THAra noe3aoB WU 3nNeKTpudprkauns

The subjert of fhe worll is fhe methods of or gapnizing the movement of fraivs of variows cafe gories on ligh-speed
Fghways, Methods: in fhe course of research, finife element mefhods, spsfem andysis, mathemafical modeling, the
Reyrvolds averaged Navier- Soks Method avd the fur lulert qiv flow model, as well as the Navier- Siokes, Frder equafions
were wsed. The scope of apmlication of the resulfs ) praclica recommendafions on fhe applicafion of fechndlogy for
oF ganizing nown-stop crossing of frains of variows cafegories oo be wed on high-speed raglway lives. Resulfs of the work:
if was fownd that the pedh of aerodmamic pressure aising from fthe nown-sfop crossing of high-speed passenger and
Jreight frains wder exisiing gperafing cordifions s within fhe permissible values given in the Sgfefy Savdards for
Ratlway fransport [14 — 157 af cerfan frain speeds. Conchusions: in the working comddifions of “Usbeld sfap Railways ™
S, i 15 possible fo organize nowsfop crossing of Bghspeed passenger frans “Afrosiyob® with fraivs of ofher
cafegor ias.

KEeyworde: high-speed passenger frarm, asrodpmamics, presswee pulse, mixed mofion nom-sfop crossing, pressige

pealt,

IIo pesyneraram uconegosansit [1 — 4, 8] opHEATC, 9T0 OpH CEOPOCTAX OEHEEHHA OOESI0E
V. » ¥V, (Tne V1 — CKOpOCTE NEpEOrO  (MpoXONMUIEre) MHoesfa, K2 — CKOPOCTE  ETOPOTO
(mpoBo®aroI[ero) Moesfga) aspoHHAMHYECKOE EOSMEHCTEHE HepBoro IOE3Na Ha BTopol HMEET
MECTO, a4 AspOJHHAMHYECKOE BO3NeHCTEHE BTOpROTO IOESfa HAa HEpBREA oTCYTCTEYET. IIpH 3ToM
MOEHG COENaThk CIENYION[HE BHEOE:

OpH bE30CTAHOBOYHOM CEPEL[EHHH NOE3N0E AMILIHTYIA BOJIHE asp o HHAMHYECK OO OaEIeHHA
IpoX ONANEre MOE3Na HE 3aBHCHT 0T CKOPOCTH OpOoBoE AR Ere I0ESA, A 3aBHCHT oT cobCTREHHOH
CHO PO CTH GEHEEHHA, TE0 METPHUECKOT O CTPO EHHA Mo boBod YacTH Noesha H BeIHIHHE MEX T VIVTL A,

HCCNEfoBAHHAME ONpENeNeHs, 4To OpH OJHHAKOBHE CEOPOCTAX JBHEEHHA NPOXONALErc H
Ip OEOEAKIIEr o I0EsToE Kosh b HIIHEHT H3MEHEHHA JaBNeHHA YEENMIHEaeTeA Ha S0 — 40 %4;

0o pPEesyILETaTaM ONEITHEE HCIOHTAHHA oOpefeleHoe, 9Te SHAYEHHE ASpolHHAMHYECKODO
DAEMEHHA MpOXONAN[Ero Moesna Ha HeDoOBHEHHE (P = ) mpopomaromuf NofBHEHOHR cocTaB
HECKONBKD BHIINE, YEM OpH K2 = [,

Ha pucyrre 1 moxasada mpHpofa HMOYIECA aspolHHAMHYECKOTO NABNEHHA, BOSHHKAKI[ET O
mpH besocTaHOBOYHOM CEPEI] EHHH TOEST0E.
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EOOPAEEATEL & — MEMETIEHEA TR 4 4591 O I ARIEHE CK O O OAEJICITHA B TONOEH CF QACTE IIOE3AA II0 B ERIETI,
& — IO MEHEHIMA ITHEA A5 I00EE AREHIE CKOTO B AR SITFA B IO OBEOH SacTEH II0e3 04 B FAEFICHMOCTEH OT EOOpAEEIATEL
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-HogBWXHOW COCTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna

Ha pasnwumee cIpoeHHA, pacoloXeHHHE (BEPTHEANRHG, COPHSOHTANLHO) BOSIE
HENE3HONOPOKHOTG [OYTH, BoaledCcTEYET HMIOVIEC aspOofHHAMHYECKOT RaEneHHA [lpH sToM
OCHOEHOH MM HMOVIECA ASpONHHAMHYECKOTO NABNEHHA obpaiyeTcd B FONOBHOH HacTH Doesla.
PesyneTaT HAVIHLIY H SKCOEpHMEHTANLHED HCCHeoBalud [, 6, 13] mokasany, 9To e CIH ENepelH
FONCBHOH HacTH Noesfa Ha pacCTOAHHH 3 — 5 M HabMioDaeTcd NOHE NONOXHTEIRHOTO
aspoIHHAMHYECKOTO NaRMEHHA, TO %a MOMEHT AT oT Hadala ToloBHOR HacTH Ioesma Ha
PACCTOAHHE 3+ 5 M — IHK OTPHUATENRHOIC aspoIHHAMHYECKOT ¢ JAaBNeHHA (pHCYHOK 1, &),

Hexopa w3 sroro GVHKIMA 3GBMCHMOCTH 3HAYEHHA ASpOTHHAMHYECKOTO JaBIEHHA,
obpasyioerocd B DONOEHOH  HacTH  Hoesga 0T  MHOTOD aKTOPHEE — NEpeMeHHEX,
umeeT BHA [/, 8, 10 - 13]:

P=PW, y, 2,4,k 0.4}, (1)

e ¥ — CEopoCTE OEHEEHHA MpOXOoOAIEre Ooesma, Kl

¥— pACCTOAHNE MEEIY OCAMH CMe HEY OYTEH, M,

A— mupHHa moesma, M,

b — aspomHHaMHYECKHE Kosd DHUHEHT, 3aBHCANHKE 0T FeoMETPINECKOTO CTROEHHA MONOEH
YACTH MoEsTa,

&= ONoTHOCTE BosOyEa IPH HopMATbHOH TEMIERATYRE, Kri 1,

¢ — OPYTHE IEpEMEHHEE.

IMascumaneHoe sHadeHHE aspofHHAMMYECK OT0 TABNEHHA, obpasyiol]eroca B FONoBHoH 4acTH
OpoXoNANEre Ooesga, OTPHUOATENRHO BIHACIEDD Ha VCTOMNHECCTE OPOoBCEAROI[ErG I0E3Oa,
HAX OJANIETOCA HA CMEXEHOM OVTH, By IeT HMETE EHI,

-5k G 2 g

! 3 .
15 =Lg+q =EV YAk p.D=5 k| —tal (%,6)3, (2)
[ 4 ] Y=g
ik >
) o
Fjﬂ = p:_’f‘=_.;;2.gﬁ.p. (%6)2
] ’ =HV 2k gq}=%-%-[—(2i}2 +C{|-p- (%6)3. (3)

L=
B uconegopanum: [4, 8, 13, 15] nogpobae mesydedn Kosd § HIHEHTH, OpHEETEHHEE B § op MyIax
(23, (3)., OngHako 3HAYEHHA STHE Eosdd HIHEHTHOE CYIMECTEEHHO PAsIHYAMTCA B SABEHCHMOCTH OT
TEOMETPHYECK Y Xapak TEPHCTHE FAXToT0 THIA TONEEHONO COCTARA.
Ha ocmope pesynrTaToE HaydHLIY H SECOEpHMeHTANLHEE HocHemobaHuf [3, 4, 8, 13]
VCTAHOBNEHO, 9To 3HAYEHHE NHKA aspolHHAMHYECKOrO NAENEHHA, BO3HHEAIOUET) OpH NEHXEHHH
NoERga, ONPENENACTCA I0 HopMyIe:

w1 25 s,
[ =[R2 = | g a0z [ O
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I
B B A e LIE PR /40
2| [z-310)° 3.6

U3BECTUA TpaHccuba —

2024




[MoaBWXHOW COCTAaB Xene3HbIX A0POrT, :

THAra noe3aoB WU 3nNeKTpudprkauns

YYHTHBaA TeoMETPHYECKHE XapaKTEPHCTHKH BHCOKOCKOPOCTHHE NAcCaXHPCKHE [OE3TOB
wAfrostyoby, momyamn:

- - 10 p
|P2=| = | P = 0077k, | ——————+ 002} o
A 2
: [y—3+ 0,93] (3
po| P 0,077k, - 5 a1 -,ch—E
S (z-3,995° 2

IIpn oprapmsanus  GesoCTAHOBOYHOO CEPEL[EHHA NOOESNOE pPAaiHHE KaTECOpPHHA TaKkxe
HeobXoguMe VHECTE aspoQHHAMHYECKOES BOSNedCTEHE OpoBORACLEre (TPyi0BOlo) OOeiga Ha
BHCOKOCKOPOCTHOR NacCaXHpoKHH moesm. B 8T Neld OpoHSBEJEHO MOJElHpOoBaHHE
aspoOHHAMHYECKHE PO LECCOR, BOS HHKAIL] HE IPH Deso CTAHOECYHOM CEPELEHHH I0e3 QOB pas HEX
KaTeropHfl, © OOMOIEK OaAKETOE OPHENAHEX Oporpamu Computational fluid dynamics-CFD
SOLIDWOERES Flow simulation, SOLIDWORE S Motton, ANSY 5 Wotrkthench (Fluid Flow (Fluent,
CEFX)). B mpouecce MoDelHpoBAaHHA HCIOIB:OBAHE vpaeHeHHe Hapre - CTokca B rHOpo-
rasoQHHAMHKE , a TaCKe & — & -MOgEns TypbyIeHTHOMO BOSIVIIHOT D MOTOKA;

2 2 2
rp -(a;‘ +u, a;; tu, a;;: +iu, 3;‘)+z—‘f= X +Hiaa:; + aa;; + aa;‘ﬂ =R
P.Eé‘u; o dut o B +u 5u}j+ai=}r+y[:32u) +52u; +|§'Iu))+F.g _ ©)
2t A T3 " ¥ axt oyt et .
% du du du du, dp atw, A%, a3t
Pl Mgy Y T g g TRt ) e
3 3 a8 3
2, (), c$,3+ () g

JAEHCHMOCTE KHHETHYECKOH SHeprHH (4) H CKOpPOCTH GHCCHIALHHE (& ) BOSOVILHOTS IOTOKA
ELHIpREASTCAE EHNE. £= &~ . [ (TypByIeHTHAA Moment: ¢k — £»). 3geck L — pasMepH Ko HIVPOE
TYpEYIEHTHOTO BOST VI HOT O IOTOKA.

Cosgatenams nakeTa FLUENT mpeamoxeHnl BHpa#eHHA OIA4 oOpelelcHHA KHHETHUECKoH
SHEPTHH H CEOPOCTH QHCCHIALNE TYpEyIedTHOH MOTelH (WWWwW. ansys. com):

3 a . 2 3k
E(ﬁc}+¥(p}m£}=—[[ﬁ +%]ax_]+g* + G, —pe-Y, +5,;
4

E::"xj, R ; 7
3 3 _ 3 i, | 3= g gt
Sy | pr B | e e, 10, G- O g 5
E'I(p } ax! (.lo e:' axf l[.lu E{] axf:| 1= ..‘IC( k Jir t-} IEJG .EC -

Ha ocuoee runoTest ByccuBecka saBMCAHE oT TpalHeHTa CpelHed CKOpOCTH TYPOYIEHTHAR
KHHeTHYeCKad sHeprHa (G ), OTTANEHEBARONIAd KHHeTHMecKas sHeprHa (G ) o rosd dunxent

TYROYNEHTHEE BA3KOCTH (4, ) 0 M eelAKTCA CIe VIO HM o bpason
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2
=00, 10

B nmpouecce momenmpoBaHHA ORIH OpHHEATH CHEOYICIOHE SHAU9eHHA Kosd)HIHEHTOE:
T, =144, O, =152 (=0, CL=009, o= 1. o =13 Kpome Toro, B nponecce 2D- 1
3D-MomENHpOBAHHA FUTEHE FEOMETPHUECKHE XapakTeP HCTHEH BHOOKOCKOPOCTHEX AT CAXKHp CEHE
noesgoe «Afrosiyoby (] £250km™) u rpysoBmx moesgos [V £70mM), cocTommyuz H3

YETHPEX0 CHEE YHHECRCANE HEX KpEITHX BaloHOE BO TIaEe ¢ wckTpoBesoM Yo JIP. Ilpn stom B
OpoCTHAHCTEE BOKPYT NOoesnol BENMa chopMHEpOEARA CETKA, COCTOAI]AA M2 TETPAMIPOE H NPHSM, ©
DOMOIIEEY MoOyna tnesh (MerTon wodeunmoz snementoe (MED (FERD)). Taowe B penmx
MoOelHpoEAHHA aspoHHAMHYECKore Bo3NeACTERA N0estoE B paboueM okHe Oporpammer ANSTS
Fluent Flow Emnu chopmupoBael mMogyns CGeometry, Mesh, Setup, Solution u Eesults B
PESYIETATE MOTEMHPOEAHHA DONYYEHE MOKAZATENH aspoNHHAMNYECKHE XapaKTepHCTHE IOE:IOE
pasMHYHEE KaTero pHE (PHOVHOK 2).
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Fragsura

[72]

T
Prossur:
[Fa]

e =
LSS
'.[-kll.i-:_
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FERTR :

Bl

Tk 2

RIILIE

10302

Prreyerce 2, meeT 2 — PesymbT 4TEI HAYMANBHOT O 3TATIA IIOME ©CA MOJ eTHPOEAHEA 45{0 ZHHAMEE CEOT0
ES AMMOE O3 AeF CTEH A 0637 0 {ARTHUHED: KATETOREE ¢ ITOMOIIBR I T ParRaEor o TakeTa ANSVE Fluent Flow:
& —MOgyIE thesh; & — MogynE setup B solution; & — MogyIE tesults; 2 — Mogme results;, J —MogwE temits,
£ — MOGVIE tesults

Fax euguo us pucysra 2, opH opradmaliy bes o CTAHOBOYHOTS CHPEI] eHHA BEICOKOCKO PO CTHEIX
MacCaE HpCKHE Ooesgob «hfrosivoby OpH cHOpOCTH OEHEEHHA IpoXofdieroe moesga 200 mm'y
CHOPOCTH IEHEEHHA OpOBCEAIOIEro (BCTpEdHoCs TRYIoBOTo) meesma 70 MY H BElHYHHE
MeEnyoyTea 4,1 M MaKcHMATEHO e SHAYEHHE aspoIHHAMBEYECK o0 TaENeHHA cocTaprns 17373 Ila,
YT HaxXoQHTCA B IOpefelaX yCTaHOERIeHoo HopMam# DE3olacHOCTH Ha SKENESHOTOPOXHOM
tpancoopTe [ 14] gonycTHMore SHadeHHA aspolHHaMHEGecKoro gagneHmd (1800 Ila). Hs storo
MOEHS COENATE BEIEOT O TOM, UTO B VOIOEHAX paboTel AC ¢ VeberHCTOH TEMHp AynnapHs HMEeTCA
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mpetoganidl NOCT 2552=2013 Il ypoex MUposanial SREKIMPLN ECRLE Ml M dni MAZososs MoSSUIHOND Coomasd
HECDY LG FRLMEIGIMS HAgIEIne, JEEmERoIe Ha KOprpe ORUEMENT W FINbt €20 KPSHEHLLA NP MPOoXosOcHLE
KPLShIE  PRaC IKOS MFE L WMMPROCHELE HEPOSHOCMEN, MAX KaX LUMENHO CHU ASLTOMCRE MERNUHOLE SOTHUKHOSSHLE
MoebuneRN Bl Hapraconigl Imodenenue oM aNHoll 6 CM@Nhe MEROMSR MOTENIAEN  CHERNID  MaAKCLM AnhHbE
HOMPRMOCHLLT,  SOTHUKG@NALE & Ramepuane xoprpea TR 6 FAoumMocmu oM PeaCuma pobombt A0S0
SREXMPOCSUIAMENR, CHOPOCML  OSUITEHLE AOKOMOMNEA W MOgPAMEMpos  PERRCOSOI0 MFEML, 4 maksce  dasm
SOTMONTHOCME SEA0OMAMs PEKOM SRR MO COSSPILEH CMSOSARLID CUrmen st nodsewusanua T3 dna chuovenut
HASAPFOK Hel E20 ONOPHELE FIabL

Krpwosme cRoSE! SKUNAWHAL WACMS NOKCMOMUSS  WIHOE, UNAMINA MOJSUNHOSO COCMASH MAOSuE
SREK P O0SUZAMENS, SLH BLNECKIE HASAPINL, HRaFPRICCHN 08 000 MOAHLE FINO0S JMaWLN, HAdeaenocms,

Kirill O. Seryakov, Konstantin V. Averkov
O sk Btate Transport Undwver sity (05T, O sk, the Bussian Federation

STUDY OF DYNAMIC LOADING OF THE HOUSING AND SUPPORT UNITS
OF THE TRACTION ELECTRIC MOTOR OF ROLLING STOCK IN OPERATION

Abstract This arficle analyzes the sfress sfafe of fhe fraction electric mofor housing and swypport wiils of the fral ght
maiviineg electric locomotives. The shudy weas condueted wsing mathematical aved compriter modeling methods. The sfhudy
Jowmd thet the sfress concerfrafors n fhe fracion electric motor howsing are ifs sgpporf wifs, namely the affachment
pointzs of the leash and mofor-axial bearings. The sfudy also indicates fhaf the design srength char acterisfics, confirmed
by cerfificafion bench fesfs, are lower fhep the requived values, falting info accownt exfernal force effects on fhe mator
curing aperation This is due fo differerces inthe design dynamic loads and operafing features of the elecfric mackhine.

Analpsis of the sfresses of the fracfion eleciric mofor shows fhat with @ irerease in the speed of movement during
cperafion the sfresses in the struwchure of the fracfion mofor with supporf-arial nspension exceed fhe cadlewlated values.
Bhen desigmg elecfric mackines for fracfion rolling sfoclk, 1f 1s necessary fo fake ivfo accowmf the loads on fhe mofor
housing and 185 fasfening wafs when passing curved secfions of fhe frack and pulse rregularifies, since gy cause an
IMCrease 1M sfrass.

The wse of the described method allows ws fo defermine fhe maximum sfresses in the mederial of fhe fracfion electric
mofor housing depending on the operafing mode of the fracfion electric motor, the speed of the locomofive and the
paramefers of the freck, as well as fo develop recommencdafions for improving the fracfion eleciric mofor suspension
spsfem fo reduce the load on ifs support waifs,

Keywords: locomofive wdercarriage, wea, rolling sfock dmamics, fracfion electric motor, dvmamic loads, sfress
stafe of machine componerts, reliabnlity.
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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna

JuHaMHYECK HE CHIIEL, BOS HHEAROU] HE [P H IepeMEL]EHHH ToKOMOTHEA 10 PNk CaM, 0Kas HEAIOT
Bo3geiicTEHE Ha Koplye T2/ H sMeMEHTH er¢ DONEECEH CO CTOPOHE KONECHOH napil. O CHOBHHMH
haKTopaMi BORHHKHOEEHHA QHHAMHYECKHE CHI ABIAOTCA HEPABHO YIPYIOCTE PENBCOBONO IYTH IO
IpOTAEEHHOCTH BCIENCTEHE eM0 HEPABHOXECTKOCTH B CEUEHHAX [O0J IUITATaMH H MEXITY HHMHE,
recMeTpHIECKHE HEPpOBHOCTH NOBEpXHOCTEH KaTaHHA pelbCOE, CTHEOBEE PENLCOBLE COBNHHEHHA,
HEPAEHO MEPHEIA OpokKaT KONeC Mo EpYLY KaTaHHA H pasHHIA JHaMeTpoE bapgaxei Kpowme Toro,
BONLIIOE BNHAHKE HAa HACPYSEH B ONopHEE yeaax 12/ oxas LEaeT JEHEEHHE COCTABEA 10 KPHEHM
YV9acTEaM IYTH H CTPENOYHEIM IEpeBCHaM, B pPESYILTATE Hero YEEIHYHEAETCA paMHad CHIa,
COBMACI[Ad  OONONHHTENBHEIH MOMEHT, NefCTEVICIHHE Ha OOBONOE H  V3IH  KPEIIEHHA
IO HITH HE OF.

Haubonrmne HanpaxeHHA B ONOpHHE yalax TACOBOO SJIEKTRONBHCATENA BOSHHKAKOT [PH
OpOXOEIEHHH JOKOMOTHEOM PENBCOBHE CTHEOE. EpoMe Toro, H3-3a UHKIHYECKOTO XapaKTepa
I3 MEHE HHA HANPAXKEHHR OpH JEMEEHHH JOKOMOTHEA 10 CTHEOEEIM PEIECOBEM O¥TAM CHHEACTCA
sanac UHETHYECKOH OpodHOCTH MaTepHala DHCOKHE UHKIHYECKHE HACpySKH, BHSBAHHLIE
OEHEEHHEM JICKOMOTHER B KPHEHY H IPeofoNeHHeM FEOMETPHYECKHE HEpOBHOCTER IYTH, MOTYT
P HEE CTH K IOAEBIE HHIO TPEL[HH E KOPIVCAX MOTODHO-OCEEHX HOMIIHIHHECE H 0BpPEEY DOBOOEA
IOAEEIIHEAHHA TAT OBOT G SIEK TP OOEHT aTEIA.

Cerogua Haubollee pacOpoCTpaHeHHOH Opobiemof, BOSHHEAMOU[EH B ¥alaX MEXaHHYECKOoH
YACTH MarHCTPANBHEEX SIEKTPOEBO30E, ABMACTCA obpas oBaHle TREU[HE B ¢ MOPpHEX TOYKAX TAT OBHX
SMEETPONBHCATENE R, TaK MY KaK KpenexHee Bob K H KOpPIVCE MOTOPHO-0 CEBEX 10 JIIHIHHKOE.

B teuenne cpoxa cnyEbL SMEKTPOEBOSOE CEpHE 2206 Ha SKCIIVATHRYEMOM HapkKe JamagHo-
CHOHpCKOH JHPEKIHH TACH DEUTH 3aBapeHE TPEU[HHE B KOPIYCax MOTORHO -0CEBHE IO HITHHE OF
4687 wonecHmx map [1, 2] Ha mpunucHoM mapke 3amanuo-CHEUpckoH ITHPEKIHH TATH 2a 12
MecAneE 2023 r. bone obHapy®enos 472 cnydad NoABNEHHA TREMIHH ONGPHEIE INHT MOTODHG-
oceBex ODogmHnamE o (MOIler) (379 — Mockobwka, 93 — Tafra), B 152 cnyyam: brna opousEegeHa
2aMEHA KONECHO-MO TopHEE bnokoE (KIME), u brmo obHapyaeHo 138 KONECHEEX Tap © DOETORHEIM
MOAENEHHE M TPEIIHE B 5TO M V2IIE.

PTa CHTYVaLHA BeNET K VEBENHYEHHK) KOIHYECTEA 3aMEH KOJNECHO-MOTOPHEX bIOKOE H
HCTOL EHHEG IEPEXo JHOT O 3alaca THHeAHOr ¢ obopy [oBaHHA B CEPERCHEE JOKO MOTHEHEE JEI0, 9TO
HETaTHEHO CKasHEAETCA HA 0 BCOyE HEAHHH S CIIYATHPYEeMoro Dapka [3].

B cEmu c© 5THM gUA DOBHINEHHA HANEEHOCTH H OpPefoTEPAL]eHHA HesallaHHpOBaHHEX
PEMOHTHEE paboT H OpoCcTOEE NOKOMOTHEOE M3-3a [IOBPEEOEHHA KOPOYCOE TATOBLIX
SMEETPONBHCATENE H Heo BXoQHMO HCCNENOEaTh HANpAXKEHHA, BOsTeACTEVIOIIHE Ha Kopnye 12 B
OpoLECce HOOOIbS0BAHHA

B 2018 — 2019 rr. AQ «BHHHET: copmectre ¢ AQ ¢ ¥ enmoppemans: opoBOIHN X0 LOBEE
OHHAMHEG-IPOYHOCTHEE HCIETAHHA C UETbK HOCHETOEAHNA HANPAEEHHOT O COCTOAHMA KOPIYCOE
TACGEBLE SIEKTPONEHMaTed MAarHCTP ANk HEIX [RpYS 0B sHekTpobos ob [4]. Ilo pesyns TaTamM oNEITHEX
NoEsToK [OpoBefeH aHANH: BHEIIHHY BosteHcTEyimEx bdarTopoE (BED) » BospHramiqero
HANpAEEHHON O COCTOARRA KOPIVCA TATOEOrD AEKTPOEH aTelA.

B pesyoprare obpaboTH ODaHHEX HCCIEOBAHHA OONYYEHE SHadeHHA BHOpOVCKOpEeHHH Ha
KOPIYCE TATOBOT O OEHCATENA C ONOPHO -OCEBEIM NONEEIIHEAHHE M [[HKOBLE 3HAYEHHA YCKOPEHHI,
NONYYEHHEE B ONEITHHE NoesgKax, yEasaHe B Tabnune 1. Ha pucyaxe 1 npefcTaEneHE gaHHEE B
EHJE OPOLUECCOR SAMMCH YCKOPEHHA HBEKTOPA CF MM ap HEIX aMIUTHTYL ¥CEOPEHHHE KOpIyCa TACOBOTO
OEHT aTENA

Tabmenra | —ITemoer1e sHavermm srbp oyor operrE

H anaep () ch B 03 e HOTEHA .
Bpenm P ez ymerHpyronmit
IIHE O 0T 0
FATTHCH = ¥ £ E&ETOp
THATIEHEA
1 6,9870% 2655584 -114,2206 =77 2483 302,1564
2 48,04458 62,9974 =202, 7693 —14,5735 2128294
3 698703 178,7734 76,9587 —196,5333 2766006
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Proeymor 1 —[Tpendep saTeics WwoE op e A Ha KORITYCe TATOEOTO AEMTATENE o ocAr 2 (4), ¥ (80, X (5), rae
T O OHTAITE HEIME JICHFCANE BBIA €1 #HO S HAUeHEe, pasHoe + 120 wicd, a Tarxe CRANAPHOS S HAUSHME YOKOPEHHT
PESVIIETHPYVEILL ET0 E BKT 0pa (), T7 e TOpME OMTATEHOM THHMEeH BB e HO 5 HaueHMe, pasHoe 155 p/c?

AHanus pPesyNLTaTOE XOMOBHX OHHAMHKO-TPOYHOCTHLIY HCOCHeNoBAaHHH [OKasal, dYTO
EHOPOVCKOPEHHA Ha TACOBOM SIEKTPOOBICATeNe B SECIUIVATALMH SHAYHTENLHO  BEIILE
mpelt ARnAeMer: 1 OCT 2582-2013 tpebopauuil Opy OpOBEOEHMH CepTHh HEATHOHHEE CTEHIOERX
HCOEITAHHHA OCHOBHAA YACTh CHIOBOTO BOSTEHCTEHA §opMHRPYETCA OT KOPOTEHXE (HMIVIELCHEX)
HEPOEBHO CTEH, TAKHX KaK CTHEH PElbCoBOT 0 HON0THA, H MOEET CoCcTaBnATE go 41 % Hanpax eHHOr O
COCTOAHMA HEMOAPECCOPEHHOH MACCH SKHIAKHOH YaCTH TAT 0BOTO MOABHEKHOTO COCTABA.

Hauurie, IpHEEIEHHLIE HA PHCYHKE | H B Tabmuue 1, JeMOHCTPHPYIOT, YT IHKOBLIE SHAYEHHA
VCEOPEHHH pesyIETHPYIOWET © BEKTOPA IPeBUIN 0T Tpebosanma [OCT 25822013 ma 112 %0

UrobH oUEHHTE DHHAMMMECKEYEO HACPYEEHHOCTE KOPIVCA TATOBOT (G MIEKTROEHCATENA H ETO
ONOPHEX V3I0E, HeobXOOHMO EBHIONHHTE AaHATHZ E00 HAOPAEEHHODO COCTOAHHA B XOME
MUENHYECKOT O HATPYEEHHA OpH OPOXOEJEHHH KpHELX H OpH JBHEEHHH [0 CTHEKOBOMY
pPENLCOBOMY OY¥TH PacdeTHad CXeMa ONA OLEHKEH HanpMEeHHHE B Kopoyce 121 npueegeHa Ha
PHCYHEE 2.

M

5 :"=Jé-= .

o &
Preyrror 2 — Pacuersan cxenda AR OIeHEM BMO OHAT) 7 SBHO 0TH Eopmyca 15
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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna

Copemgensm CHILH, GeHcTEYHU[{HE Ha Kopnye 12M u ero omopHme vanu [O, 6] Mna sroro
COCTAEHM YPABHEHHA pABHOECCHA CTATHYECKHY CHI E Valax TANGBCTO MIEKTPOLEHT ATENA:

{ Rn"“iao.n=‘ﬂax;

1
R+ 40 =Fol,, o

roe &, — younue B noeogxe nogeemneanua 120, K ;— peaKiua MOTOpHO -0CEBLE MOAII HIHHKOE,
£ — BEC TATOBOrC SNEKTPONEBHIATENA, [, — medo oT TOUKH INoSBELIHEAHHA TATOBOTG

SMEETROOEHIATENA K pabf TEINEXEEH OO OCH EpalllEHHA ARODA TB,[[, Ez — IMEHC T OCH Epall]tHHA

aopad T2 1o ocH KoNecHOH TaphL
Haz ypaemeuua (1) momyyasn

Bl
= L+l (2
R _-tal 3)

L+l

entpobexuan cina, JefcTEVIONAA Ha SKHILEHYEO HacTE I0KO MOTHEA BO BREMA JEHEEHHA 00
EpHEOMY VIACTEY OVTH, 0NpeIelASTCA 0 BHEPAE cHHED

2
oo PV

r
D

Cos o, (<

THe M, — Macca TEIEXEKH, Vn_ CEOPROCTE NOKO MOTHER, .?"KP— PagHYC KpHBOﬁ', & — YT ol EQZE BRI & HHA

Hap VEHOTO PENECA.
IonmerT, DefcTEVIOLMIHA Ha yWiel KPeINIEHHA DOBOOKA K KOPIVCY TACOEOD O SNEKTROOEHTATE A,
OIpeTelAeTCA 0 BRI e HHED:

M, =Dy, (3)

rae kﬂ — xoshdHIMEHT [AHHAMHEM, [, — IIHHA [oEOIKA
OoIEEITHEAHHA T2 ]

IIpu FABM¥MEHHH NOKOMOTHBA KoJeca TENEXEer CBOHMH
rpebHAME HaberaroT Ha BoKOBLIE IpaHH FoNCBCK PEIRCOE. B

TOUKE MY KOHTAKTA EOSHHKAST HopMalbHad chTa peaknuu JY
(pPHCYHOK 3).

BepTuxaneHaa cocTaEnmomad 5  HopMambHOH CHITH
pPEAKIHH  CTPEMHTCA  EBHHYQHTE  EBRAI[AOMIEECA  KOIECO

Pucymox 3 — Ciom1, geHcTs yrone
E TOUEE EOHTAETA EOIECa M PEIbCa
INEPEMENTATECA EEEPE IIO EOKOBOfI INOBEPEHOCTH PENECA, a TopHEOHTANER Had CoCTaBRIARII]AA }:[

(HampaBIARCIl ad CHIA) HalpABNAST SKEHIAE B PEILCOES H KONEE, IpHIEM

1
N=—_VF, B=clgfl, (63
sin &

rme O —yrom HakIoHa obpasyiomed rpebra bannaxa.
Ilopg meficTEMeM cHIM [/ (PHCVHOE 2) MeBoE KONECo CTPEMHICA COCKONEIHYTE BHHS, OOHAKO
3TOMY NPENATCTBYET cHla TpeHuA T = p N, rme pp, — xosddHUNEHT TPEHHA CHONB KEHHA

COETBBJ'IHIOII[HE CHIE TREHHA

T, =Tsin g = u ¥ 7
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H=Tcosf = pgctgfl,. (&)

Epome manmpasnawcmiedi cunu Y, mpumoxeHHo#ll ¥ rpebmo DaHga®a, Ha KONECHYIO Oapy

H?

OefCTEVET EIE DEAKITHA palbl Yp — paMHEAT cHIA [ opH:o HTANL HYIO PEAKIHEO KOJECA Ha pPENLC

HasHEaOT bokoBoH cumef I, CormacHoe pHCOYHEY 2 NpH HaberaHHH JNeBOlo KONECa Ha pellkC Eo

BpEeMA OBMEEHNA 0 KPpHEOMY VHacTKY IVTH

Y,=%-2H, L,=Y-H L=Y-H (%)

Ana apanmsa pacOpeleleHHA HAOpAEeHHA B KopOyce TATOBOTO SIMeEThogEHraTena ZHIIELD
bruta paspaboTala ere reoMeTpHYECKad MOSENE (PHCYVHOE 4).

a &
Prcyerox 4 — INe coaeTerde cEAA MOZENE TATOE ON0 MIEKTROZEHTAT e S OIIE10
E PESVIETATE HCCIENQOEAHHA HAlpAXEHHOI) COCTOAHHA KOopIyCa TATOEQIC INEKTROIEHIATEIA

SOIIE10 ¢ yygeToM paccMOTPEHHLIY ERHINE NHHAMHYGECKHY HACpysol VCTAHOBINEHA KapTHHA
pacopefenceHHA HalpAEeHEA B MaTepHale Kopnyca 120 (pucyror D).

a &
Prcyrox 5 — P ampegenerme HATPDS eFE01 B KORITYoe TATOEOTD MIEETHOSEMT aTenA 2 I1510

Ne 4(50)
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HoOBWXHOW COCTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna

IlonyyeHHEE JaHHEE NOKAsHBAIOT, 9T0 KOHIEHTPATORAMHE HANPAEEHHHA B KOPIYCE TATOBOCO
AMEKTPOOBHCATENA ABIAKITCA BT ONOPHEE V3JIH, 8 HMEHHO MECTa KPEINIEHHA I0B0OEA H MO TOPHO-
OCEBEE IO HIHHEOE FPEe3yIETATH MOJEIHpOBAHHA [O0ATEEPELART CTATHCTHYECKHE JaHHEE
OTKAICE TATOBEE MEKTPONEHT aTENeH Mo OpHYHHE ToARTEHHA TPEM[HHE B ¥opmyce [1, 7]

B pesynpraTe HooHemoBaHHA HaOpAEEeHHOTO COCTOAHHA Kopmyca |24 yCTaHOBIEHD, 49TO
SAloXEHHEE NpH MOpOEKTHPOBAHHH OPCYHOCTHEE XapakTEpHCTHEH, KOTOPHE ToATEEpEIaTCA
CEpTHG HEAIHOHHEIMHE CTEHIOBLIMH HCOHTAHHAMH, CYI]ECTEE HHO HHEE TPebyeMLX IpoYHOCTHRX
HapaKTEPHCTHE C YYETOM BHEIIHHY CHIOBHE BO3TedcTEHA Ha KOPIYC TATOBOTD 30 EKTP OBHI ATENA
E SKCONYaTAllHH. 3T¢ obyCIoBIHEAETCA pasHHIed saknanuEacMux BBP mpu npoekTHpoBaHHH H
ocobEHHOCTER SKC UV ATALIHE SIEETPHYECKOH MAITHHEL

IlonyyeHHEE pacdeTHHM IYTEM HAOpAEEHHA PACCMATPHBAIOTCA B KOHTPONBHEX TOYKA,
EOTOpHE MoKasaHbH Ha pHCyHEE O B Tabnune 2 yikasaH: SHaueHHA HAOpAXEHHH B KOHTPONLHEX
TOYKAX KOPNYCa TATCEOr( SNEKTPo JEHCATENA, BosHHKAKIHE N0 AeHCTEHEM CTAHIApTH: HpoEaH-
HEY Harpy3oX H Harpysok, AeHcTEVIOU[ME BO BPEMA SKCIMIVATALHH [OpH pasTHYHEE CEOPOCTAX
OEHEHEHHA,

e

a )

Preymox 6 — FomrpomeHere ToUEE, {aCcIiol e eHEBLE Ha geRTaTene SOITE10:
1, 2 —moeomor; 3, 4 — MOTOPHO-AKOPHBIE TIOMNEITHME, 5, § — B e HMe M HEDKITHE Kp) OFTUTEHHRD

Tafrmata 2 — Hampmste e 5 KOHTONBHED, TOUEAY TATOE OT0 SIT&ET{ OFEHTAT 6111

Hamposernte, MIla
Horaep B E03TEHOTEHE E 03 JeHOTEHE EO37eHITEHE
EOHT{OTEHOH T BETERIH FACHET SECTOTYAT ATTROHHE T SE CTIT YA TATTE OFTHE I SE, CTIT AT AT OHHE I
S e T o

¢ - (¥ = 50 mnad) (¥ =70 rai) (V = 20 xnd)

1 211 194 266 311

2 207 178 23a 27a

3 225 203 272 314

| 221 201 268 312

5 214 124 231 272

f 204 120 229 264

IIo pesyarTaTaM aHanM:a HaOpAEEHHA TATCEOT o MMeETpogeHraTend 2 JIIR10 mox e cOemark
BHECH © TOM, UTo IpH VEEIHYEHHH CEOpOCTEd OBHEEHHA B SKCINYATAIHH HADPAEEHHA B
KOHCTPYEIHE TATOBOTG JEMCATENA ¢ ONOPHO-OCEBLIM [0 MBS HEAHHEM IpEBHIIAIOT HANpAKEe HHA,
Op el VoMo TREHHEE OpH OpoEKTHROBAHHH © yueToM Tpeboganui [OCT 25522013

IIpH Opo EKTHPOBAHAH 3IEKTP HYECK MY MALIHH IJIA TAT 0BT o MOIEHEHOTO CoCTaBa Heobxoqumo
VUHTLIBATE HACPYSKH, JEHCTEVICIHE Ha KOPIYC ABHCATENA H YSIE ECO KPEINEHHA OpH [IpOX0EIE -
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[MoaBWXHOW COCTAaB Xene3HbIX A0pPOT,

TAra noe3goB U 3neKTpuduKauusa

HHH KPHELX VHACTEOE OI¥TH H HMIVILC HEIX HepoBHOCTEH, Tak Kak HMEHHO O HH ABNAKOTCA NPpHYIHHOH
B3 HHKHOBEHHA NOBHIIEHHEY HalpAXeHHHA.

IIpuMeHEHRE ONHCAHHOH B CTATEE METONHKH IOSEOIAST OUEHHTE MAKCHMANEHEE HAIDAK cHHA,
EOIHHKAICIIHE E MaTepHane Kophoyca [2J], B 2aBHCHMOCTH oT peXHMA paboTH TATOEOTG
AMEKTRONBHIATENA, CKOROCTH JEMK EHHA NOKOMOTHEA H NapaMeTpoB PENECOBOrO IYTH, @ TAKXE JAeT
B0 MO¥HOCTE EHpaboTaTh peroMeHTAINHE 00 COBERIIEHCTEOBAHHED CHOTEMEl IONBEIMHEAHHA 151
IJIA CHHX eHHA HATpY20K HA €00 O MOpHEIE VIIIEL
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1. Huxonaeg, B. A Tlpobnoema OpodHoCTH VElOE ONOHpaHHA TATOBRE SNEKTROINEHCATENRH
anegTpobosa 22306 f B A Hmconaee, B A Hexaes, K. O Cepawer — TerCT | HeDo cpeOCTEEHHEIR /f
Chopanr crarei VI mexpgvHapogHod xoHdepeHUHH Do npobleme MEXaHHEH COBpEMEHHEIX
mammue [ BocrTouno-CHOHpCKHE rocyOapCTBEHHEE VHHEEpPCHTET TEXHONOCHH M YIpaBle-
HHA — Y naH-Yos, 2022 — C. 548-553 —EDN ATENPA.
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Mockea @ YuebHo-MeTogu4ecKHH UeHTp 0o obpasoBaHHIO Ha EENEsHOOOPOEHOM TpaHCIOPTE,
2020 — 680 ¢. — Terct : wenocpegcTeerud. — EDN NIGOTTT.

4. Eyzauner, & A Hoonepoeanue BHBROHATDPYEEHHOCTH HEDOAPECCOPEHHOE MaCC B TATOROTO
SEKTRONEHTATENA NOJEHEHOTG COCTaEA B sKcnnyaTanus / A A FByxzampes, B B, Faewprun,
E B Konecumcor. — TexcT | HenocpencTEeHHEEE ff DECIIVaTal o HHAA HaOeEHOCTE JIOKOMO THE-
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TEXHHYECKOH KoOHDEpEHIMH © MeXOVHapogHEIM ydacTHeM [ OMCKHE rocygapcTEEHHEIH
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MoaBWXHOW COCTAB Xene3HbIX AOPOT,

THAra noe3aoB WU 3nNeKTpudprkauns

YWIE 621.331.3.024
H). B. Kounparees, B. B. Knaccen

OIncERE TOCYEap CTE ¢HHBIH VEEE & CET T ITyT ef coobimermea (Ona ¥ 1120, r. Orack, Poccrdickas Tegeparn

O JOKHEIX CPABATRIBAHMAX BREIKIFOUYATEJEH ITHTAFOIIUX JITHITL
KOHTAKTHOH CETH IMOCTOAHHOTO TOKA IIPH ITPOXOJE
IJNEKTPOITOABIDEKHBIM COCTABOM H3OJIMPYHOIIET O COIPEEHILA

Annowmouns. B cmamoe paccompen soMpor SOFHLNHOSEHLA NOSCHLY cpabamusanisl boy mpodeiicmepoupx
SUTOVAMERS MLMANU WY TURUEL KoRmakmuol  cemu nocmoannogo moxa  IIme mporode  MoKorIRICMHLIOM
WFOMEIYES0 COMPRNCERLE  SOTHUNAEM Peaid NEPeparipece REHLIL MoK NORPetNaay 00 IEKI oMo SLLNCH bk
COCI 2600, FEHAF AERIL YR Do) LI L IUHLLAM L Ko mamnodl cemu. Tacdl rpoyece corposoxidaeme s Spockau i mokda
Wil GnlrmpodelicMayouny Shlmo AMENTE ML @OWLY AUHLWE U MOJNEM SolbiSamyh W OMKIORUERLE  W-T NOsH oL
petomu awumey CMpedeneint MPLWH DL CRITONSHLL, JANTONAICOW LECA 6 0o ODSHN OO FRULININGLE XaBai GIUCTRUE
FPLMEHACMEY SENUTON N enell Faccmompentl cRUec MEPRANLE OPSAHLIALUOHRABIE U MEXHLNECKLE MEPOERIAIMLA M0
CHUMOEHLOC WUORA NOSCHLY OMKMONEHLE!D 1 POMpoliomsed, MUMIGMLELEPOUNE Nocnedemeua Foane sofHuiuell dpau.
Eumonnena oyenxa uy sxpdexmusnocmu OMpedensia orHosias 3200 weenedosii, JTAamon S AL0R & MOUrKe
COSPEMERHOI0 PEl EHLIT MPOONZbl SOTHLKHOSEHLIL JOSCHELY CRDOUTONERUTL 8 FOROSLRE CHOPOCMHOI0 1 MANKEN08SCH 020
deravenui, JTmieedena xapaimeplemuka cpabamblean Lt SelmMONameni ¢ LHAPMINLEREL WFHMOM WL FAULemH b
Pene, W KOWOpR PEAmSosia OCHOSHAT FRYNMA SKBONAMenell, MPu oMPedeRe ROl MOCTORHRON GUEMEHL YENLL
Ilpoeeden ananus ooylunoZpaniy ommovenidl somovamensti 3,7 kB npurosdisienuli Konm@mnoll cemu MAasoac
modemanigiy ¥engpod Faiadno-Cutuperoll avenesnoll doposy rRM@OoUNy oBe 2moupre U Habesaroapn semeu
ORI EE0 CONPRICEHLIA MR MPorods MOKoMIREMALNKA SIS MPOnodRINHOI0 cormasa Nod moxom, Boiienenst ux
IEPEMEPHLIE CO0DE HHOCML — ORMEF ICISLE CHAVK 08 HeDIR FOEHLA & MO SHI F B LINAHUA 0BoUY SEMastl LFCMIEFo) 220
COMPAMOEHLIL, 8 MAKHCE OMHOCWNEIEHG HIWTKAT MO CPRSHENLIO ¢ SSciLIiHLML PEICIML CHOPOCIE RADCI GHUE
senuvuHEl Mok, Brienenst ocoOeNHormu Mporocd IONOMOMLSOS MPL CCPFMCMEIL U R MoK HApPIR &
R o ell auMied Habesamouel]l GEMEl d MAKKoe M Mporode coediMennny noerdos U noerdos ¢ Kpamnoll mazodl,
Ananur oCyURRCSPRAN MOKRTAR WO COSPEMEHNRE FOMPOEMea FAWUM QoA oy d0CmOSSEN O PERET RN
dannnie Mpoyeccst JTosmony peaacian o0y a UEKTIONEHLIT AOXHBEY OmXmon eXull ceodlanci K MOLCKY Maoake mpos,
Hed OCHOSAHLIL Kom opaty yid posoll mepaaim an Brdem nomposans pabomy orHosRoll 3015 S TOWIMENT.

Frovwesme croea: Gniempodeiomapou il Samouament, NOKHDE OMKAUSHUR, WOMUPROWEE COMPLA0EHLE,
L posoll MEpruRan e, CHSIBOWAT SEMEh, RaDEIMOULAR SEM Sh,

Yuri V. Eondratiev, Vladimir V. Klassen
O sk Btate Transport Undversity (03T, Omosk, the Bussian Federation

ABOUT THE DC CONTACT NETWORK SUPPLY LINES SWITCHES FALSE
TRIGGERINGS DURING THE INSULATING CONNECTION PASSAGE
BY ELECTRIC ROLLING STOCK

Abstract The arficle considers the {ssue of the oocwrrence of false alarms of H gh-speed switche s of the supply lines
of the DO corfact nefwork. When fhe current collector passes the Duwlafing inferface, a mode of redisfriludion of fhe
crrrert comsumed by fhe elechric rolling sfock occurs behween fthe fwo swgply lines of fhe comfact nefwork, This process
is accemperned Iy s ges of current on fhe high-speed switches of fhe ngply Iines and can o aese them fo fuen off due fo
Jalse profecfion operafion The reasons for the oufages are defermined, which consist in fhe feafures of fhe profective
characferistics of the switches wsed The exisfing or garvizational ad fechical meosures fo redire fhe rmember of false
skratdowrs and devices that mirvimize fhe consequences of @ arc that has already occurred are considered Am assessment
of their effecfiveness has been carried cud The main fask of the study is fofind a modern solufion fo the problem of false
discormections n condifions of Wgh-speed and heavy frgific. The characterisfic of fhe oper afion of a swifeh with an
mductive shunf or a profective relap, on which the man profecfion of the swifches is implemerted is given o a cerfan
fime consfeapif of the circudf. The aialy sis of cxcillograms of discommections of 3.3 EVF swifches of the cormections of fthe
confect vefwork of the Ugderod fracfion substafion of the West Siberian Railway., Their characferisfic feafures are
revedled — the abserve of volfage s ges af the momert of closure of bath br anche s of the insidafing imferface, o well as
a relafively low rafe of Irerease in cwrrert value compared fo emergerey modes. The feafwres of fthe passage of
locomotives inthe absexre mid presence of load cwrr et 1 fhe supwly Iine of the imcoming bravely, as well as dring the
passage of comnected fraivs and fraivs with mulfiple fracfion ave reveanled. The avalysiz of the waveforms showed fhaf
modern profection devices reliably record these processes. Thergfore, the solved fask of eliminating false discomecfions
is reduced fo finding parameters based on which the digital fermival will block the operafion of the man profecfion of
the swifch

Keywords: ligh-speed swifch, false discormections, solafing mferface, digiftal profecfion fermingl, escaping braveh,
arcoming braach
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HoOBWKHOW COCTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna

HspecTHe, 9To ogHOH M2 OpobleM B SKCOIYATAUHH TACOBCH CETH NOCTOAHHOT O TOKA ABNAETCA
HAMHYHME NOXHEE OTEMOYeHHHA BRCcTpoleficTEVICNINE EBHETCUarTenel (BB) nmuTaomny NHHHA
vouTakTHoH cetn (ILJIEDD) mpm npoxofe TOKOOPHEMHHEOE SIEKTPOIONBHE HOTo CoCTaEa (G110
E3OMHPYIOIWHE conpaxerni (MC) mog Toxom

B cooTteeTcTEBMEH o mpoTokomom MR D sacemaHMA  CEKIHH SNEETPHOHEAUHA @ H
smexTpocHabmennes HaygHo-TeXxHHEYecKoT ¢ coBeTa DAQ P Iy o1 2505 2025, yIEep EIEHHE M
pupexTopom OAC «PHIy no sHepreTHdMecKoMY KO MIUIEKCY — HAYATBHHKOM | paHCIHERTO,
OMpENENEHE OCHOBHEE 3aNadl, TPeOVIOU[He DEMIEHHA B EHENE3HOTODOX HOM SMeKTRocHab REHHE.
Onuoff U2 OCHOEHLY 2aNad ABNASTCA HCOKNIOHEHHE JNOMHHE CpabaTHEaHHi HLICTponeRCTEYION] HX
BHEMEHaTeNell OpH OpoXole TOKOIPHEMHHECE SIEKTRONOIBHEHOLOG COCTABA 30 MHPYEOL] HX
CoONpAXEHAH Ha KoHTaKTHoH CETH o cToAHHOT O Toka [1]

Ha pucymee 1 npefcTaEnedHa OpHHIHTHANEHAL cxema MO (2) ¥ Opolecch HIMEHEHHA TOKOE
CMEEHEY THTAOMINE THEHE mpH mpoxone 211C mon ToxoM (£).

+3 3B
. /{75 EB &1 EB &3
#Tﬂ | e Fﬂ
|
I 5%

|
I
I
3¢ |
I
I
I

Preymoe 1 —[Tprenpomaneman oena MO () 2 opormecebl MIMEHS A TOKOE CMEHHED! TIHT AFOTIRD JIREERE
TI{Et I O3 Of e 110 Heday S0 [og ToKob IR OTCYT CTERH HATDVTEH Ha IHE 0sgHHeETE Hab eratonredt BeTEH (£
HC — o onepyronnes conpaogernte;, 310 — SMekTH OIogEICEHE off cocTaE;, J8), Jé3 — TOKH InTaronpe mmendi $1 w3,
EB®1, EE®3 — EE mraronmen: memes 1 1 $3

IIpu opoxoge 3IIC meoMupVICL]Ero CONPAX EHHA BOSHHKART PEEHM IepepacnpeleleHRA TOKa,
HoTpebIAeMoTe  WEKTPONOABHEHEM COCTABOM, MEEILY OEYMA JIHHHAMH KOHTAaKTHOH CETH,
MHTACIHMH BETEL, C KOTOpoH 0H CLE3KAeT (fanee — « cHEratoIlads BETER) H BEETER, Ha KOTOPYIO OH
OeEpEXONUT (Hanee — 4 Haberarcmiady BeTeh) [2] MoMeHT BpEMEHH £ CoO0TRETCTEVET NEpPEKPLITHES
peteefi HOC toxompuemumcom 2IIC, £2 — czomy Towonpuemumwa SLIC ¢ HC Tawoii nponecc
CONpoBCETASTCA bpocKaMH ToKa Ha DHCTpoOeHcTEYIONIHE BhEmodaTendz IIIEC 0 momer
EEIZEIEATE HX OTKIIOYEHHE H2-3a JI0EKHOH paboTH Sal{HTH EEHIY £6 COENH MY CK HE Xap T ep He THE.
YWeoTpoHCTES, BHOONHMOIIe: §YVHELIMRG SaliHTH, OpelcTaEnAeT coboH nube BCTpoeHHHEA E
KO HOTPYELHI BHENFYATEIA HELVETHEHEA WYHT (Q04 cTapEX BHEMYaTened Tunoe AB-2/4, BAE-
28, BAE-AZ) unu BuHecHoe pene-gHbdepednrant Hui myeT (P, yoTadaEnIHEaEMoE B paspLE
gty muan 3,3 kB Doche BEMIICYATENA (ANA BHKMECYaTenel Tunee BAE-49 BAE-77 BAE-206)
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[MoaBWXHOW COCTAaB Xene3HbIX AOPOr,

TAra noe3aoB U 3NeKTpUprKaLna —

PTH yoTpoHCTEA BEINONHAOCT (GYHKIHE MaKCHMANLHG -HMIYILCHOH ToKoBoH samutel (MMIEI),
ABNARCIeicA oo HoBHeH qua BB IIJE C [3], xoTopad pearHpyeT Ha OpHpAlllEHHA BENHYHHE TOKA

OTENIOYEHHE BHEMOYATENA OPHEOOHT K OOABRIEHHKD [O¥TH MEXELY TOKOIPHEMHHKOM H
cheraronief BeTERto HC, ocTaBmefica moq HApAXEHHEM, B MOMENT £2, YTO BIEYET 3a cobofl mepexor
KOHTAKTHOr O NOpoBoga  HeobzogumMe oTMETHTE, HTo [Ay¥ra TOpHT CTabHIbHO, TaK Kax
HOAME pEHEAETCA DONBIIO H HEOVETHEHOCTRED KO HTVPA, BEIKHAKI]Er ¢ HHIVETHEHOCTH NEpEHYHOH
OHTAMIER CeTH, TAroBoH mogcTaHuuu (111C), DHTARCIErs OpHCOETHHEHHA KOHTAKTHOR CETH H
JTHHHH 0TCOCA C PEAKTOROM CTIaXHEBaIOL]ero yoTpoicTea [4]

CYIIECTEYET HECKONBKO OPraHHsallHOHHEE H TEXHHYECKHE MEpPOIpHATHH, HANpPAENEHHER KAk
Ha HCENMCOYEHHE MOXHEX OTEIMOYEHHA BEEIICYATENEH, Tak i Ha ¢IepEXBaTy YVEES BOSHHKIIEH IYTH.

Taw, HanpuMep, IVIA OPeNYIpeENeHHA IYTOEOID IEpEKPETHA CEKIHOHHOIC H30MATO pa BEEIEHA
CHOEUHANEHAA CHCHATH3ALHA, ONOBEI[aROIlad MAIHHHCTA © 2 HeobXOOHMOCTH  ONYCTHTR
TOKO TP HEMHHE Iepel BEResToM Ha HC,

Hna «nepexeatay gyru THHH MIIC paspaboTade HeCKONRKES BHACE Sal[HT KOHTAKTHHIX
IpOEOLCE OT NEPEKOrOE, MPENCTABNAOL] HE cobol METANNHYECK HE KOHCTRYKIHE pasIHYHOT O EHIA,
HABENIHEAEMEIE HA OpoEomaEeTeeid HC

Ona nuxkeHmanud nocnefcTEHA nomHmx oTemodeduil [IIEC opHEMeHAToCh MCHOBEHHOE
AEToMAaTHHeCKoe HoBETopHoe Bemmdenne (MATIR)  GucTpomefcTEVIOLIErc  BLHIKIMOHATENA,
OTEMMHABIIErocA OpH Opoxome S1IC [5, 6], 9To mosBoNHIC 3HAYHTENBRHO VMEHBIIHTE YHCIO
EPEEOT OB KOHTAKTHOT O IPOBOIA.

Hna CHUXEHHA YHCIA JOXHHE OTEIMHYeHHE OpefloEeHo OpHMeHeHHe GIOKHpPOEKH 3 Al HT
IIIME CE mMoMeRT npoxola TOKOIp HEMHHE OM HsONHRYECI]ETo COMpAE euud [4, 6] OnHE 3 BapHARTOE
TAKOTO PEIIEHHA — YoTpoHcTEe BIOKHMPOEKH BHETIOHATENRR CMEe®HER OpHcoelHHeHHd (YEBCE),
OpefnoEEHHOE M oNHCaHHoe B gHccepTauuu (4] Tamwe opemmo®eHo OpHMEHATE H3OIHPYIOILIEE
CONPAKEHHE © PESHCTHEHEIM NEpeBOOoM ToKa bes bIoKHpOBKH 2Al{HT IpHCOEIHHEHHA KOHTAKTHOH
CETH JUIA OCYI[ECTENEHHA [IABHOH Nepemads Toka ¢ HOcpa Ha $HIEp, MCKIKOYAOL] el TOABIEHHE
PESKHE CKAYKOE TOKA B MOMEHT KACAHHA TOKOOpHEeMHREOM obenx seteeii HC.

Eme ogun coocob cHEEEeHHA 9HCIA JI0EKHEHE OTKIOYEHHE BHEMCYaTeledl opH npoxone HC,
oMHCAHHHEA B IHCCEpTAlHH [2], paspaboTad H ompobobBan Ha JamagHo-CHbHpoKo# memesHo#
oopore. Coocob saxmodancd B mpuMedenns P ¢ epeMedsodl sagep®roef ero cpabaTiBadnd 2a
CYET MOJMHOTO CHATHA [aKeTa CTANH Ha BETEH MEHLIIEro CEYeHHA, 4To MOSBOIHIO 5HAYHTENLHO
YMEHBIIHTE KONHYECTEC JOXKHEE OTEMOoUeHHE Taw®e OGHNIH paspaboTaHE OpaKTHYECKHE
PEKOMEHTALHH Mo BHOOpPY ¥CTABOK YCTPOHCTE Salll HT KOHTAKTHOH CETH HOCTOAHHOTO TOKA OpH
mpumenenu Pl ¢ Bumep®yof BpeMeHH ero cpabaTHBaHHA COBMECTHO © NHOPOBEIMH
TEpMHEHANAMH 22l KT KoHTaRTHeH ceti THoa HuTep-3,3 (H34AD-5.3)

Bce mpenmoxeHHEE PEMIEHHEA E pasHoH CTEIEHH CHIEAIOT BEPOATHOCTE JMOXHEX O TKIOYEHHHA
EE unu nepexora KoHTAKTHODO NpoBoNa, OQHAKC HE HAIINH MACCOBOT O IPpHMEHEHHA, TAK KaK HMEIOT
CHEOVICI] HE HEL O CTATKH:

— YCIOXHEHHE KOHCTRPYEIHE HC M 3alll HT KOHTaKTHOHA CeTH,

— YEENHYEHHE SKCIUIYATAUHOHHEE SaTpaT Ha YOTPpoicTEa Sall[HT KO HTAKTHOH CETH,

— bonpIoH COCpefoToUe HHEIA BEC HABEIIHEAEMEI Ha BETBH M KoHCTPYEILHH, CHHXAIOL]Hi
SMACTHYHOCTE KOHTAKTHOH CETH,

— CcHHXeHHE 30 EKTHEHOCTH NPHMEHEHHMA NEPEYHCIEHHEE YCTPoHCTE H METOLOE EBHOY
YVEeNHYeHHA cKopocTedl u mace DIIC, a Tam®e orpaHHYeHHA B MY OpHMEHEHHH Ha VYacTKaX Co
CHOEHEIM OIpod HIeM IVTH.

IostoMmy BozHHKaeT HeoBXOQHMOCTE E HOHCKE HOEODS COBPEMEHHOTO PEIIEHHA OpobleME
E0SHHKHOBEHHA JNOXHEE OTEIOUEHHHE, KoTopoe Byner sdd eKTHEHC B VOIOBHAY CEOPOCTHOTO H
TAKENCEECHOTO JEIKCHHA [0 22 0E.

Hna pelleHHA DOCTARNEHHOA sanadl HeobxoQHMO OXapark TepHsoBaTh YCIOoEHA pabo TH 3alHT
BRICTR O G HC TEYECL] KX BEIKNIOYATENEH B C HCTEME TAT OBOTG SMEKTPoCHADKEHHA HOCTOAHHOTO TOKA.
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nﬂ,ﬂBM}I{Hﬂﬁ COCTAB Xene3HbIX A0pPOor,

TAra noe3foB U 3INeKTpUdUKauna

CHCTEMa TATOBOTC SMEKTPOCHaDEEHHA MENESHEE Lopor OOCTOAHHOTD TOKA OTHOCHTCA K
AKTHEHO-HHOVKTHEHEM LEIAM, OJIA KOTOPHE CECHCTESHHO SKCIOOHEHIHANEHO € IpHPAL eHHE TOKA
(pucyHor 2, ). IlosToMy XapakTEpHCTHEH cpabaThEadid BHCTpoIefCTEVION] MY EREIIOYATEICH,
PEATHPYICI[HE Ha BENHYHHY ToKa H ero OpockH, HeobXoOHMO pacCMATpHEATE OpH TaKHX
P Hp Al e HHAK.

HaparxrepHcTHEA cpabaTHEBaHHA BREKNKOYATENA ¢ HETVETHE HEIM [V HTO M (3alll HTHEIM pEelle) IpH
MocToAHHOH BpEMEHH IENH T NpefcTaBleHa Ha pHoyHee 2, £, Mo mandof XapasTepHCTHEH BHIHO,
yTo 4en boNbIne 3 HaueHHE YCTAHOBHENIEroCA ToKA B UENH J] OpH HEKoTOpoH DOCTOAHHO i BpEMEHH
71, TEM MEHBLIEE OpHpaeHHe ToKa Af) HeobxogHMo OIA cpabaTiEaHid BHETRYaTend [4].
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Preyror 2 — DECIOMeHITHATEHO: IPHPANSHM e TOKA B TATOE OB CETH (&) M XapaKTePHCTHEA CpabaTeE arm
EBIKIIHOSAT 617 ¢ MEVETHEHEDM ITYET 08 BT SAIFTHED el IPH [I00T OAHHOH BReleHH IeIH 11 (&)

COTCIoNAa MOXKHO COENATE BEIECH ¢ TOM, ¥TC IpH HAMHYHH TokKa Harpy:iKH B Haberamoluled EETEH
E MOMEHT IEPEKPEITHA TOKOOpHE MEHECM EeTEeH HOC BepoaTHOCTE oTEMI0UEHHA BB Haberamomiero
OpHCOEIHHEHHA BOSPACTAET.
Hanmune 1ora B Haberamomiell EeTEH +335E
ZapaKTeEpHO  OMIA  HaKeTHOrO  IpoIycKa
HOESNOE, KODMa NOKOMOTHE OOHOTO COCTaBa {E’ . ﬁ
| u

EE4$3
o ‘fm W
—-

EI[E HE [EPELIe] Ha COCEQHIOK MEX-
- &y
Oonc TaHHoHHY R souy (MIL3), a cnemyiom Hi ‘

23 HHM YEe 2aMyHyn eeTEH MO paccumar-
pHEasMof  cTaHpmmH  OfgHakoe  Hambonee ',
EYOUIHE YCIOBHA B TAKOM CIVIAE BO3HHEAKT
OpH  OPpoXOEIEHHH 00 H30IHPYEIEMY
CONPpANEHNE COBTHHEHHOD: [oEsTa, KOrga
pACCTOAHMHE MEEAY  TOKONPHEMHHKAMH
NoKOMOTHEOE ofHoro S1IC cocTanger 600 —
JO00 M, a TORKONPHEMHHE OEpECOTG 10 OOV
DEHEEHHA SMEKTPOEC3a MONMHO CTRES MEpelen
Ha Haberarol[yir BETER H OoTpeblAeT To
HATPY2KH ¢ IPHCOEIHHEHEA KOHTAK THOH CeTH,

3TIC1

aIc2

Preyrror 3 — [Tpeenpomanesas cxeraa MO (@) xopomecees
MHTAOL[Er ¢ Haberarol yio EETER [ PHOVHOK 3. Y MSHEHIA TOK O CMESHBTE TIHTSTOTIE TTHES TIpB TIp G Oy

OTRensEHO CTOHT OTMETHTE Ipoxopn HU 10 HelIy BT 0P OC0 TI0 X Oy ABECH SHIA TOKOTI{H hIE 3
Ooesgol ¢ KRpaTHOH TANOH, Kolfga accToAHHE coegeHenEoro SI1C mog Tok o (60 HO — e onmpyronee

MEEOY  TOKONPHEMHHEAMH  JMOKOMOTHECE  CONpmEerme; Z[IC — ameRTpOIofgs IoRHOH cocTae, J1, Jez —

coctapnaeT 30 — 40 M OpH SUHHE HICMH- TnmmﬂmmnmﬁJlH?E;BB@l,EB@E —-EE
TIMTAMINITED TG &1 B 3

PYROIETG conpaxenud & — 12 m OnoHaxo

DaHHHE EBoOpoc Tpebyer Gonee mogpobHOTo HSyYeHHA H BYyIeT paccMoTpeH E Ak HeHmrmz

HCCIED o BaHHAK.
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[MoaBWXHOW COCTAaB Xene3HbIX A0POrT,

THAra noe3aoB WU 3nNeKTpudprkauns

B cooreerorEnE ¢ mymeTomM 4. 44 ¢ CrpaTeri i HaydHo -TEXHOIOT HUECK OIS PASBHTHA XOILHHETA
P I wa mepuog no 2025 roga ¥ Ha neponerTaey 4o 2030 rogar ocHOBHEE HaOpaBleHHA HAyIHO -
TEXHOIODHYECKOT O PAsBHTHA Xo3AHCTEA SMEKTPpHD MEAIHE H SNeKTPOCHADEKEHHA CBAZaHEL C
MOBLINEHHEM OPONYCKHOR CHocobHOCTH TpaHCOOPTHRYE KopHOOPOE H obECHeYeHHEM Hafe XHO
paboTH yoTpo AOTE KOHTAKTHO H CETH H TACOBRE OoNCTaHLHE [ /).

Tar, Ha monuroHe JSanafHo-CHbHpCKOH ®enesHo#d moporw B 2024 r©. mpoBefeHa OOETHAA
SECONYATAlMA 22 [MoesgoE MOBHIIEHHOH MacCckl H GIHHEL, 16 HS KOTOPHE — Ha yYacTEax
sMeETpocHabEEeHHA NoCTOAHHODG TOKA, a TakEe cormacHo [Ipmcasy [B] Ha nocToAHHo# ocHoBE
EVPCHPYVIOT COETHHEHHEE IOE3a [0 CIEIVEOL] HM HAIlpaEJe HEAM:

— Huckaa — Houneryne Macco i go 14 200 T B HeYeTHOM HAIpABTEHHI,

— Hemneryne — Bxoguaa maccof go 12 000 T B 9eTHOM HampaEneHHH,

— nopoxuie Hounekyne — Bxonnaa — Huckana, Bxogmas — Hpreinckoe;

— OIEITHEIE MOE3OKH COETHHEHHEE KoHTEHHE pHEK ODoesnoE Ha y9acTie HHckad — Mapuuscy.

B cemsu o TemeHUHeH Ha YEEMHYEHHE CEOpOCTEH B Macc DoesgoB B POCCHH aKTyalbHOCTb
DaHHoR opobleMH EBOZpacTaeT, TaK Kak YESIHYHEASTCA H NoTpebIAeMEE aMeKTpoOBHraTedAMH
SIIC MakcHMane HEHA pabodui Tow.

Ha pucyure 4 npueepgenn ocpmmnorpamme TIIC Yroepon Jamaguo-Cubmpokoed menesHod
oopord, sapHECHpoEBaHHEEe UHPpoBHM TepuuHanowM samur (1) Hulep-3,3 puxmouaTensid
npucoennEeHEER EB®S cheraromed (@) 1 BE D3 gaberatomeit (F) seteeit HO mpu npoxome mo Hum
TOKO MpHEMHEREA S11C Doq TOKOM.
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Preyror 4 — OCIpom orp e Ipetc o eqem ekngt $ 5-3,3 cberaroruedt (q) 1 $3-3,3 Haberaromed (6) seTEei
HC TIIC ¥rmepom Opet Dpoxofe T Ok ope entEea S0 mog Tok o
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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna

HapaxrepHoH ©cobEHHOCTRED OCUHILIOrpamMM Opoxoga HOC ABIAETCA OTCYTCTEHE CEA4KOE
HaOpAEEHHA B MOMEHT 3aMEEKaHHA ob ez BETECH HSONHPVIOLU]Ero CONPpAKEHNRA, YT0 HEXapaKTEpHO
OIA PEEHMA KOopoTEore saMuranud (E3). OTcyToTEHE cEauEOE obRACHAESTCA TEM, YTO B MOMEHT
samMiekauia eeteeil MO ToxonpHeMHMKOM OpoHCEOTHT OepepacOpeleleHHe HACPYSEH MeXOY
OpHCOENHHEHHAMHE, THTAOUHMHECA 0T 0QHOM S HCTOYHEKA — TACGEOrG BEINPAMHTENA, 4 £ BElHIHHA
e meHAeTcA. [Ipu K3 ke DpoHCXoIHT peskos BOSpACTAHHE SHAUEHHA TOKA, KOTOPOE IPHEOOHT K
MafeHHE HANPAKEHHA Ha BLHXOOE BEIOPAMHTENA B CoOTEETCTEHRH © 600 BHELI Hell ¥apak Tep HCTHES i,

Eme oguof oTnmduTENnEHOH depToH ABNAESTCA OTHOCHTENLHO HH3KAd CKOPOCThL HapacTaHHA
penuuuue Toka (CHT) &Fd: B GONBIIHHCTEE OpoaHATHIHPpOBAHHHE OCIHLIOCDPAMM IO ¥ HEIX
oTEMcdedHd sgauedne CHT ue mpepmmaer 50 &fmc, a opa K3 mupumancuce smagenne CHT
cocTaBnAeT okomo 200 — 300 Afwc

DOoHaKo Takad HcanlbHad KapTHHA npoxefa HC mabmiogaerca e ecerga. Hapucynke O moxasan
NEPEXOOHEIR [POLECC Ha TEX KE NPHCOENHHEHHAY KOHTAKTHOH CETH, HO Ha OCLHLIOTHAaMME
OpHCYTCTEVIOT CEAYKH ToKa HarpyskH, TakoH BHI oOCHHINOCPAMME  OIpefIooE HTETLHO
COOTEETCTEYET NPOXOOY NOE2Ha ¢ KpaTHo i TArofl
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Preymoe 5 — Ocrpoun orp avmae mpee oe g eenmt 5-3,3 cheraronnedt (@) 1 $3-3,3 maberaronred (6) seTs el
HC TIIC ¥ rmepog mps Dpoxofge TOoxoIpHenErEa D110 Dof ToKoM © Gpockannt TOEa H3-74 OTPBRIECE T OF OTIPH eRIEHEAS

IIpu npozeme HC nepEHM TOKONPpHEMHHKOM XapaKTep HIMEHEHHA TOKOE COOTBETCTEVET
DoKaiaHHOMY Ha PHCYHEE 4, ofHaKo NoCHe ero OpoXofa ECSHHKAOT KolebaHHA KOHCTPYKLHH
HIOMHRYICIET 0 CONpAXEHUA [losToMy B MOMEHT ZaxXoa CHEIVIOUIEro [0 XOOY NEMEEHHA
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[MoaBWXHOW COCTAaB Xene3HbIX A0pPOT,

TAra noe3goB U 3neKTpuduKauusa

TOKO IpHEMHREA G110 Ha o cUHATorpaMue HabmrogareTcd bpo CKH ToKa HarpyskH BenuHdHHoH 500 —
400 A EEMAY KEpaTKOBRPEMEHHEE oTPHECE TOKOIPHEMHHKA oT KOHTAKTHODS OpoeEoda UTCYTCTEHE
CHHEEHHA BENMYHMHE TOKA OO0 HYNEERX 3Ha4eHHE oOBACHASTCA HANHYMEM HACPYEKH (IEpEOTO
TOKO MPpHEMHHKA), KOTOPad VEE NONy4aeT MHTAHHE TONBKG OT DHTAKIeR NHHHH «Haberamouieis
EETEH.

CropocTh HapacTaHHA Toka Ha [IJIEC B sToM coydae 6¥OET SaBHCETE OT HapaMeTpoB TATOEC H
CETH, & IpOOOKHTENEHOCTE H aMILTHTY 4 Bpo CKOE ToKA — 0T BEIHYHHE TATOBOTO TOKA H XapaKTepa
wonebanui HC.

2TH DaKTopH BLISHEAOT CIOEHOCTH OpH BHOEICHHH IPHIHAKOE, OTIHHAROL]HX acapHiHEE
PEEHME OT HOPMANEHEIX, TalK Kak PeXHM KOpoTHOT O 2aMLIKAHHA, EOSHHKAIOIIHA B KOHTAKTHOH
CETH, TAKKE XapaKTepHsyeTcA bolblIo f CHopoCThEY HApaCTAHHA TOKA H ero bpocKaMi

B Hacrommee BpeMA  OpoHCKOOHT  IOCTENEHHGE — TEXHHYECKOE  IEPEEOOPVKEHHE
pACTpENEMHTEIRHEE YoTpoficte PY-3% ¥B TAroBHX NOACTAHIHE M OOCTOE CEKUHOHHPOEAHHA
NoCTOAHHOTG ToKAa, B ToM YHCONE ¢ yoTaHoEkoH cobpemendim [T sampmr IIJIEC HuTep-33 kB
mpouseogctea OO0 « HHH D A-THEPT O

TepMHHAN E COOTEETCTEHH © PYEOBOICTEOM [9] Do2BONAET peali: oBaTh JOCTATOYHS ITHE 0K HI
COEKTP SAllHT B § VHEIHA aBTo MAaTHER. Kpo Me Toro, CYIECTEYET BOS MOE HOCTE pEATHIAIHE Ha base
DAHHOT O TEPMHHANA HOBHX AllOPHTMOE HIH MOSEpHHZALHH CYLU[ECTEVIOU[HE bnaromapa rubkoi
JNOTHEE YOTpOHCTEA 2TH CEOHCTEA TEPMHHANA MNAHHPYETCA HCIONBS0EATE QA PELIEHHA IpobleMEl
NOHHLEE cpabaTiEadH i BEIKIIOYATEN e H THTAKL]IE THHH KOHTAKTHOR CETH HOCTOAHHOTO TOKA IpH
OpOXONE SIEKTHOI0 JEHEHEM COCTABOM H3OMHPVIOI] ETO CO IpAK e HHA.

IIpoananmsupoEaHHEE O COHINOTpaMMEL, sad meapoEaddue [T opH opoxoge H30MHPYIOLIET O
conpaxerada SIIC mog ToKoM, MO3BONAKST COENATE EEIECHT ¢ TOM, 4TO COEPEMEHHEIE YoTpoHCTEa
Sall[HT MOCTATOYHO MOCTOEEPHO PETHCTPHPVIOT NAaHHEE OpoIecchl. CoOOTBETCTEEHHO TaKHE
TERMHHANE MOEHO OpHMEHATE ONA pelleHEA OpobleMu nox Hux oTeniodennii EB IIITEC,

ChnegyeT OTMETHTE, 4TO npakTHrka npuMeHeHnd [JT oogpa:zyMeEasT M HCOOJNBZOBAHHE
coEMecTHe ¢ M3, xoropas senaerca ocuopHofi gna EE IIIIEC [3]. Breogute ee m paboTu
HEEENaTelbHO BEHOY CHHEEHHA BCIENCTEHE 5TOTO HALeHOCTH MEKTPpoCHADKeHHA TAT 0BOH CETH
[10]. Onmako oHa ®e ABMASTCA TIABHOH OPHYHHOH N0% HHE oTENMCYeHHA BB #3-3a Hecenex THEHOH
paboTH BEHAY BLHCOKOR YYECTEHTENE HOCTH K PESKHM HiMEHEHHAM (IpHpal eHHAM) ToKa. [losTomy
samada HOKIIOWEHHA TaKHY OTENIOYEHHH CEOOHTCA K NOHCKEY DapaMeTpoE, Ha OCHOBAHHH KOTOPHX
nHppoBeH TepMEHAD bygeT buokHpoEate pabory M3,

HanpHeRIMM HaOpaEleHHEM HCCHETOBAHHH aETOPE CHHTAHOT AHANHE OCIHLIOTDAMM
OTENIOYEHHA BHKMOUATENeH CMeXHEEX OPHCOETHHEHHA HKOHTAKTHOH CeTH ¢ HaibobIIHM
KONMMECTEOM JIOEHHE OTKIIOYEHHH, 2alHCaHHEX MHEPOOpOLSCCOpHEIME TEpMHHANAME SAL{HT
HuTep-3,3, H BHABNEHHE XapaKTepHEE OpHIHAKOE, OTIHYAMOU[HY HOPMAIEHER H aBapHHAHER
PEEHME ©T peEXRHMA OpoXoda SIC HSONHPYEOUIET o CONPAEEHHA, a TakEe CosJaHHe
MATEMATHYECKOH MOZENH LAaHHOTG NOpolecca Ha OCHOBE NONVYEHHHE [NaHHEHE [IaHHPYETCA
paspaboTka OpraHHZalHOHHEK H TEXHHYECKHX MEpOOpHATHH, HAOpaBIcHHHE Ha HCEIECHEHHE
NOXHLHE cpabaThEadu il BHKMIOYATEN el OpH Opoxoqe S11C H2oIHPYIOUEro CO MPAE EHHA
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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

—THAra Noe3foB W INeKTpudKauma

YO 62940162

J. H. Eypunkum, B. B. I'pavee, ®. H). baiznneeckuii, A. A. Pomamoea, H. B. Kupuwooe

[T et epfyprckagt Mooy ap CTE SHHBI VHIME & CHT eT YT ed coobnretmm Hameparopa Anexcangpa [ (TIFVIIC,
r. Camgr-Iletepbypr, Poccrickan © egeparpot

PACUET AKTYAJIBHOH TATORO-3HEPTETHYE CKDITI__ XAPAKTEPHCTHKH
TEILTOBO3A 11O JAHHBIM CHCTEMBI BOPTOBOH AWATHOCTHEH

Anwomauns. Henowo depinoll padoms AENIEMCR MPOSEPKa COOMEEME MELE DarmiNec Ly MASOE0-IHEP MU ECK L
T ME FUCTILE MEMROEoFos Jannbd, ypusece ity & ITpneunar misoemy paciemos, 4 manaiee sosmoxmedl partpoe
FRATOHHDIY NAPAMEMPOs & PauKar oddoll cepma mermosoros, Barcdayurci & padoscd] skongramannl Kax noxasant
Perpmamams obpatom Kz AN MUKPONPOYECCOPHRY CUCTIEN PYPOENIEHLIE 1 OLAZHOCTIMNL COGIEM EHHELE IIEHAOS0 08,
6 QOHLY W MEX NS PERCLMAX PAbomh MOUH OGRS, ORMERPAc At Ha SofGRATASHIE CUNEPORRLIY MAZOSEIE ZEREPamOpos,
MPLE0d MOMOP-SEH NI OPOS OXNANCOSHIE QUTENE W ORFSLE HASHPINL MOSFR CPUEcm asiio paspamact. Fartpor
MOUHOCT L Hed FANRIAY Satr IR MLIMIE Mot Ol POMAR O 8 HOMLH M 03 L MPOMEICFMONH 03 PEICLI A Pabomsl ¥ pasHbLy
mennceoios docmuzaem 40 % compomuanenua yenell MAPANEItRO  Pabom iy MAS0SnY  OSUEINEnSil MOSFm
pernuvameci Ha 70 Dou Gonge, vmo SLIFRSAST COOMEEM O EPIOM 68 LFREHERLE MISKIRNECKUY nomepn, B pespmmame
Frosens dANmINErKL PEANLTYSLIY MAIOSELY U PAC FOORLY AR @iMEPLE UK GonbLNCMSa MENNDS0T0S CRULECT SEHHO
oo 25 90) omuriiaeme A oM pexoi ed doeannozo TInasLnamu MALOsnY Pary emMos MR DI OM  MAS06LE X AP SRIC LU
CERLLIEL OMMOS0 MENNCS0IA ROZFM paimmamscd Ha 20% w Sonee. B omambe LIROMEHA MEMOMMA U Museden Ll
PP sl PACYEINA SHINPATEHELE FES080-DHEPSEMUINECKLY Y@ ME FUCTLK M EMI080f08 Ha MELLME DS NOKOM OMLS0S
cepriy ATRIIEY, Chiw sl OCHOSHDIE  ANPOPLITAEL  LUCHOIRIFEMbE  MPuw  Dopiiposanisl  axmpansioll  masoeo-
sHEpZErMeck ol Xapxinmernicrizal JIpu somonMesuy pRcYemos FUMENo PacMpecelenie MOWHOCML Ha MAZF U
SCHIOMOZIMENRBIE HAZHPIKL, Mpussdenst PeipRamansl cMpedeneiii. 6CeX COCMAsRiNayLy SHEPIEMLMecK ol YerL
MEMNCECTE. Fespanmams: Pari ema MoK afaii MAakice cFiec e2HROS PaiMmaug Mededy MacHopmu s W Gaxmieckadd
PRerodom TOMILGSE i HOMLH QROH 5IE 3 MPOREICFR ONHELE HOTLLUER KORIMPORNGIR Ml Lt A

FErwpuesme croea; Frovieni i MASOSO-SHERSEMLN 60K AT XAPaN MEPLICILE G, MOM SRR SHEPALIL, MAZ0ShE cacticmen,
PACKOSHAT XAPIMEPLCMUN, Nodrucmena Bopmoscll duasHosmuy, SubopKa, HASEPIOVHDE  XaPaxmepLIcILIN,
CRAmIEmUNeCkal oEpatomya.

Dmitry . Eurilkin, Vladimir V. Grachev, Fedor Y. Bazilevsky,
Armna A. Romanova, Nikita V. Kirillow

Emiperor Alex ander [ P eter sz Btate Transport Undversity, Saint Petershoy g BEusgsian Federation

CALCULATION OF THE ACTUAL TRACTION AND ENERGY
CHARACTERISTICS OF A DIESEL LOCOMOTIVE ACCORDING TO THE DATA
OF THE ON-BOARD DIAGNOSTICS SYSTEM

Abstract The purpose of fhis work is fo verlfy the complievce of the acfual fraction and energy ¢ harae ferisfics of
locomofives with the dafa given in the Rules of Tracfion calculafions, a5 well as fhe possible spread of fhese par ameters
within one series of locomofives i ordinary operafion. As the resuifs of data processing of microprocessor confral
spsfems avd diagnostics of modern diesel locomofives have showw, inthe same operafing modes, the power fakan fo excife
spre Fromcns fraciion generators, the drive of diesel cooling fanmaotors and offer loads canvary sigrificantly. The power
spr eced af the ferminals of fhe rectifier insfallafion i nomival and mfermediate oper fing modes for differert locomofives
reaches §0% fthe resisfawe of fhe circudfs of parallel fracfics mofors can vary By 30% or more, which causes a
corresponding change in elecrical losses. As a resudf, fhe level of acfudly realized fracfion and consumpfion
characferistics of mosf lecomofives differs significadfly jlp fo 25%) from fhatf recommended by the Fudes of Tracfion
celculafions, while fhe fracfion characferisfics of secfiovs of ore locomafive may differ by 20% or more. The arficle
describes the mefhodology and presents fhe reswlis of calculaing the achual fracfion aid energy charackerisfics of
locomaotives wsing the exanple of locomaofives of the 2TEIIGU series. The main algorifhms wed in fhe formation of the
crrrert fracfion and energy characferisfics are described, When performing calcudafions, the disfrildion of power for
fracfion ard auxiliary loads is fafen info accomt, and fhe rendfs of defermiving all components of e locomofive s
erer g chan are preseyfed The calevdafion vesulfs also showed a sigraficant differ erve befween fhe passport and acfud
Jiel corsimpfion af fhe nominal avd infer mediate posifions of the driver s comfroller.

Keywords: refined fracfion awd energy characterisfics, energy losses, fracfion properfies, comsienpficn
characteristics, on-boar d dagnosfics subsy sfem, sampling load characterisfics, stafisfical processing.
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[MoaBWXHOW COCTAaB Xene3HbIX A0pPOT,

THAra noe3aoB WU 3nNeKTpudprkauns

Hauupaa ¢ 2006 r. AD «BHHETH: paspabaroieastca # cepHiHe BHeOpAeTCA JHHERKA
MHEpOIpoe UECCO PHEX cHCTEM yopasneHua (WCY) qna MarHoTpank HEX H MAHEBpPOELE TE IOEOS0E.
HaHHEIE CHCTEME OPefCTAaENMOT CoboH MOL[HEE HHQOpMAIHOHHO Y IpABIAOL] HE KOMIUTEKCE,
EENIoualoIHe B cebA MHOTOdVHRIHOHANEHYEY NoLCHCTEMY VIPABIEHHA NOKOMOTHEOM H
HOACHCTEMY BOpTOBCH JHArHOCTHEH 0 bopyqoBaHHA.

IlogcucTemMa QHACHOCTHEH OCYIMECTENAST HENPERHEHEHA EECT H PECHCTPALHED OOJBIIOTO
obLEMa HIMEpHTENEHOH HHpOpMALUHH, IOSEOMMOLUIEH KOHTPONHPOEATE COCTOAHHE H PEXHMEL
paboTH ocHOBHOTO obopynoBaHHA NOKOMOTHECE. (U YacToTo H [Ba pasa B CEKVHAY PEFHCTPHPYIOTCA
Bonee 100 aHanoroBLx M3 MEpEHHEE H paCCYHTAHHEE DapaMeTpor, 1o 160 exonHex 1 48 BMxo JHHX
OHCEPETHER CHCHATOE. KamOH 9ac HaKoIeHHAAd HEbOpMALHA SalHCHEASTCA HA EKECTHHA JHCK
OHCONERAHOT O MONWIA, THOE COXpaHASTCA B TEUYEHHE HECKONBKHE CYTOoK paboTH Temmoeosa c
HOCHEOVECI HM KoHEBeHepHEM obHoEMeHHEM YacTk perdcTpHpyeMod HHbOpMalHH Mo EET GHTE
HCOONB30EAHA ONA pacdeTa §akTHYECKHX TAMOBRX Xap aKTepHOTHE TEINIOEO30E Fak MoKazaHo E
pabotax [1 — 7], ona temnoeosor 2173116 mo pesympTatam obpaboTHH NAHHLIE DONCHCTEME
puardocTiEH WMOY -TI mMoryT GEITE onpegeleHEl COeT VIOL] HE HapaMe TP SHepl eTHYECKoH UeIH:

— CcOnpoTHEIEHHE B HenH T2l ¥ HX Harpys o4HEE XapakTEpHCTHEH,

— MOI[HOCTE Ha BEIXOJE BEIIPAMHTENLHO H ¥CTAHOBKH,

— MOIL[HOCTE 3aTpaT SHEPTHH Ha OCHOBHEIE BHOH EBCOOMOTATENLHEE HaCpysoK, TAKHE Kak
E03bYEIE HHE CHHXpPOHHOTO TATOEOT O TEHEPATOPa H B0 Y IHTENA, OpHEC] BEEHTHIATOPOE CHOTEMEL
OENAETEHHA T3 ENA, TOA3apAlKa aKKyMyIATORHOR baTapes, TOpMOsHO H KOMIPECCOD.

Hna pemeHna sTof sagadyu HEGOpMannd w3 GafinoE perdHcTpalHy OoJCHCOTE ME OHACHOCTHEH
NOKOMOTHEA 2arpyEaeTcAd B basy ganuux H: mmercmuzcAa B base sanmscel genaeTtca embopka c
HCMONESOEAHHEM CoOTEETCTEYROI N ANropHTMOE Doucka [1 - 7).

Ilocne dopmupoanua BHEOPEH ToCTaTodHoT o obbeMa ONpPEdelMoTCA SaTpaTH SHEPTHH Ha
OPHECS OCHOEBHEIX WIEMEHTOE SHEPreTHYeCKoH LeOH NoKOMOTHEA C HCOONE2OBAHHEM METoJHE,
MpEANC EEHHEE B pabotax [1 - 7]

Tentio macTom el paboTH ABNAeTCA paspaboTia H anpo balHA MeTo JHKH pacdeTa aKTyalkb Hodl
TATOEBO-SHEPTETHYECKOH XapaKkTEpHCTHEH TEIDIOBCEa [0 SaHHEM  bopToBoH  HONCHCTEMED
IHATHOCTHEH Ha OIpHMEpRE TEMIoECsa cepHH 21 31167

Pacuer TATOBO-sHEpreTHYECKOH XapakTepHCTHEH JIOKOMOTHEA OpPENNONACAcT ONpedelleHHE

sapucHMocTed cune Tarn £, (H) v MunyTHOT 0 pacxofa TomiHEa (3 (KT/MHE) 0T CKOpPO CTH JEH XEHHA
v (knfa). OH BHIONHASTCA IJIA BCEX NOSHIHA KOHTRPO/UIERA IPpH BOEX HCOOIBIVEMEE CTYIEHAX

ocnabnenud gos byxnenna T3]
HapawTepHCTHEH pPacCYHTHBAROTCA OTHENLHO ONA  Ka®LoH CEKIHH JIOKOMOTHEA C

HCIIONEZOEAHHER CIENVEOL] HE S AEHCHMOCTER:

e
F=2R; (1)
=1
F.:36.N1<i:36.Ui'fi_ﬁ‘ﬁ_ﬁ‘ﬁpi_ﬁ‘ﬁmni_ﬁ'&yi_ﬁ'&i_ (2)
i 2 i, 2 i, F
- 3
60000
rae My — CHIa TATH, peanlusyemad i-H xomecHoll mapoi, H, AL — xacaTembHAd MOIHOCTE,
peanmsyeMad i-H xonecHoH mapof, B, Lh I; — manpmawenue u Tok iToe T3 AF, AR .
APwon i, Ay, APy — moTepH cooTBeTCcTEeHHO B 120, GCEBOM PEOVETORE, MOTOPHO-OCEEHEX

DONII MOHMK AR H OYECoBoM ¥ale -8 konecHoH nape, B, M —sdderTHERAA MomHOCTE nusend, KB T,
ge — yOeNEHEH 2 dex THEHLIA packol TOONHEA, MNEBT - 1.
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[logBWKHOM COCTaB Xene3HbIX JOPOr,

THra Nnoe3noB U 3HEKTpHCbHKaL|,MF|

W3 cTPYKTYPHI SHEPTreTHYeCKON I TelmoBo30oB 2T32116Y [1, 7] cnemyer, uro »ddekTHBHAL
MOTITHOCTD AM3eTd Ne MOKET OBITH OTpeielieHa 1Mo OpMyTIE:

ETT E.C.E 30K . M.EX D HEOTET ? (4)

N,=> P+AR+AR_+B_ +P +P +P;+PF, . +F

rie XP — MOIHOCTh Ha BBIXOAE TATOBOH BBITPAMHTEIBHOW YCTaHOBKH;, APr— MOIIHOCTH ITOTEPh
SHEPTUH B CHHXPOHHOM TaroBoM TeHepatope (CTT') Ges yuera 3arpar Ha Bo3OyxmeHHe, APpy—
MOITTHOCTh IIOTEPh B BBIIPAMHTEIBHOH YCTaHOBKE, Prrr — MOINHOCTH, 3aTpaunMBacMad Ha
B030y&AcHUE CTT;, Ps ¢ 5 — MOIITHOCTB, 3aTpaurBacMad Ha BO30YKICHHE CHHXPOHHOTIO BO3OYIUTENA,
P.nx — MOINHOCTH, 3aTpaurBacMasd Ha IIPHBOJ TOPMO3HOTO KOMITpeccopa, Pas — MOIMHOCTS,
3aTpaunBacMasd Ha IOA3aPAIKY aKKyMyIATOPHOH 0atapen; Pus x ¢ — MOITHOCTS, 3aTpaunBacMad Ha
MIPHBOJ, BEHTHIIATOPOB OXITaKIeHH A BOABI H Maclia AH3EIT, Pueoncn — MOIMHOCTD, 3aTpauHBacMasd Ha
TIPHBOJ, HEOTKITFOUAaEeMbIX Har PY30K.

(Cxema alropuTMa pacyeTa TArOBO-3HEPreTHYECKHX XapaKTePHCTHK CEKITHH TETIIOBO3a T BCEX
TTO3HIIMH KOHTPOIDIEPa MTOKa3aHa Ha PHCYHKE 1.
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PHC}’HOI{ 1 - Cxema ANMropHTvAa pacdeTa 'I‘HFOBO-BHC])FC’IH'—ICCI{Oﬁ XAPAKTECPHCTHEI CECRIIHH TOKOMOTHEA

[Tpu pafoTe Ha TATOBBIX MO3HIHAX YITPABIrOINad Iporpamma MCY moMumo TogiepKaHUud
MTOCTOAHHON MOITTHOCTH JTU3eNd (MOTOKEHHS Balla MCIMOTHUTEIBHOTO YCTPOICTBa 3NMEKTPOHHOTO
peryaaropa AM3eN) pealHsyeT OTPaHHYCHHA MaKCUMATBHOIO TOKA TATOBOTO ABHUTATENA [rax M
BBIMTPAMIICHHOTO HAIIPAAKEHHA TATOBOTO TeHepaTopa [pax, a TaKKe YIPaBIIeT BKIIIOYEHHEM H
OTKITIOUEHHEeM KOHTaKTOPOB ocMadneHnd Bo30yxaeHua T3] [1, §8].
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NoaBWKHOM COCTaB Xene3HbiX JOPOor,

THAra noe3qgoB n 3HEKT|3MCI)HK3L|MH

BKimtoueHHe W BRIKITIOUEHHE CTYIICHeH ocmalneHnd Bo3OyKIeHHT TO]] Ha KaxmoH MO3HIHH
OCYIIECTBIIIOTCS TIPH JOCTHKSHHH HaITpsKeHHEM Ha BBHIXOJE BRITIPAMHTEIIBHON yeTaHOBKH (BY)
3aaHHON A4 JaHHOM MOSHIMH BeMHUMHBL User (Uyeun), KOTOPOMY TIPH H3BECTHON MOITHOCTH Ha
BEIXOJE BY 2P COOTBETCTBYET TOK It ocn (yeun):

P
i roca(yoHm) Z Acn(ymﬂ) . (5)

[Ipu pacueTe BapbHpOBaHHEM CKOPOCTH JBHAKEHHI MOAOHPAECTCA TaKOe €€ 3HAUCHHE Viep, TIPH
KOTOPOM TeKyITlee pacueTHOe 3HaueHHe Toka T D] 6yIeT cOOTBETCTBOBATH TOKY TIEPEKITIOUEHHU .

fi
L,=>"1L=1.. (6)
i=1

(Cxema allrTOpHUTMa pacieTa CKOPOCTEH TEPEKIIOUEHH CTYIIEHEH ocnallleHHd BO3OYKICHUI
T3]] rpuBeicHa Ha PHCYHKE 2.

Pacuer Tokop T3]1, COOTBETCTBYIOIMUX TEKYINEH CKOPOCTH IBHKEHHI, CTYIIEHH OCTaOIeHHT
BO30YKIEHUA U HAIIPSKEHUIO Ha €70 3aKHMax A4 Kaxgoro T3] BEITIOTHASTCS ¢ HCTIOIB30BAHUEM
aKTyallbHBIX CKOPOCTHOH XapaKTePHUCTHKH ABUTaTENld H HarPY304UHON XapaKTePHCTHKH FeHepaTopa,
PACCUHTAHHBIX B COOTBETCTBHM ¢ paHee paspaboTaHHBIMH MeToAnKamH [1, 3]. Cxema anropurma
pacueTa IIpHBEcHA Ha PHCYHKE 3.

i 0
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I )
7100000 r 1100000
|
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6 Aa Kouern
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=16 [ =oro
w=vem (LR, ) ¢
8 T
. ([ avw
PaccunTriBaeM
TokH T3] i
=1-6 9__ 5 Ny
T=AU, . 1) L=(U-E-AU )/,
10 !
[ s
r I=1+A1
PrcyHoK 2 — Cxenma anropHtMa ofpefleleHHA cKop ocTeid PucyHok 3 — Cxenma anropHva pacdera
H3MEHEHHA CTeleHH oclabieHHA Bo30YKIeHHA TATOBBIX  IeHCTBHTENBHBIX CKOPOCTHBIX XapaKTePHCTHK TATOBBIX
3JIeKTp ofBHUraTeseH 3JIeKTp ofBHUraTeseH
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[logBWKHOM COCTaB Xene3HbIX JOPOr,

THra Nnoe3noB U 3HEI{TpHCbHI{aL|,MF|

ATITOPUTM pacueTa TATOBOM XapaKTePHUCTHKH CEKITUH TOKOMOTHBA, BRITIOTHASMBIH M1 KaskIoH
MTO3UIMH KOHTPOJIEpa, TIPHUBE/IcH Ha PUCYHKE 4.

CpexmHue 3HaYSHNUA MOITHOCTH Pry op H TOKA .y op HA BBIXOJE BBIIPAMHTENBHON YCTaHOBKH I
KaKIoH TO3HIMH KOHTPOITIeEpa TPEIBapUTEIbHO PACCUHTHIBAIOTCH TIO JAHHBIM IPEIbIAYIIHX
nmoesfiok. [1o MX BeMMUYWHE OMPENETOTCSA 3aTpaThl MOIMHOCTH Ha TIPUBOJ BCIIOMOTATEIBHBIX
Harpy30K M IMMOTEPH B TATOBBIX SMEKTPHUSCKHX MallliHaX M BRITIPAMUTENbHON yeTaHoBke [1]. [Tocme
STOTO TIO 3aBHCHMOCTH (4) ompefensdeTcs 3HaueHHe ¢cBOGOAHON »(peKTHBHON MOITHOCTH TH3EIA
Ne i, KOTOpOE Jaliee MPHHUMAETCS TTOCTOSHHBIM B 30HE OTPaHHYESHUS TI0 MOITHOCTH ATA KasKmoit

ITOZHITHH KOHTPOILICPA.
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PrcyHok 4 — Cxema alropHTMa pacuera TATOBOE XapaKTepPHCTHKH JIOKOMOTHBA B 33JaHHOM HHTEPBaJie CKopocTeH

U3BECTUA TpaHccuba




[MoaBWXHOW COCTAaB Xene3HbIX A0POT;:

THAra noe3aoB WU 3nNeKTpudprkauns

Ilocne sToro gna Kaxmoro s HaYeHHA CKOpOCTH V OIPENellAlTCA HANPAKEHHE Ut H TOK C Y4EeTOM
X olpaHHYEHHA Ha pasHEE yYacTEax TATOBO H Xap K TEPHCTHEH

Ha kaxpgom mare pacdera yTOYHAOTCA 2aTPATH MOLU[HOCTH Ha ECIOMOTATENLHEE HAMPYIKH, a
TAKEE NOTEPH B TEHEpaTOpe H BHINPAMHTENLbHOH YoTaHOEKE, DOCHE HEro YTOUHASTCA SHAUEeHHE
TEEVIEH MOLIHOCTH L Ha 2 A HMAaX BHIPAMATENEHO § YCTAHOBKH QIA D02HIHA KOHTROMIepa BEILLIE
YeTEEpPTO i (Ha IepBLE TPEX NOIHIHAX OHA OCTAETCA II0 CTOAHHOM).

Ilocne onpemeneEHA HanpaEeHHA Ha BHzome BY H Toxoe T3, cooTEETCTEVIOUIHE NaHHo
CKOPOCTH OEHEEHHA TEIUNIOBO:A, 10 METONHEE, H3NoXeHHoA B pabore [1], BHOONHAETCA pacdeT
HOTERPE MOLHOCTH B 1 21 AP, oceBHx pegyETopax Alops, MOTOPHO-0CEEBRX DOAL HIHHKAY Al won,
EYKCOBRE yanax AFE yi, KOHTAKTAX €KoJNeco — peiboy ADy;, TOCIe Yero BHYHCIASTCA CHIA TATH Ha
OCH EaEgo H KolecHoH napil oo dopuyae (2).

Ana anpoballHd METOOHEH BLINH BHOpaHH YeTHpE TEOIoBosa cepHH 21311675 Me 187, 189,
190, 193, obopygopanuee MOY-TII 0 HaxoOAI[HecAd B pARoECH SKCINVATAIHH Ha OOIHCGHE
CeTAbpEcKo # wenesHof fopord — dunnana OAD ¢«PoccHHACKHE Eeles HEE NopoT s,

B pesymerate obpaboTen ganumx nogcHoTEM GopToBol QHACHOCTHEH sa DepHog o 2007 2023
mo 26 07 2022 B cooTEETCTEHE © paHee paspaboTaHduIME MeTonHKaMu [1 — 7] by onpemenedw
SAEMCHMOCTH ANA BEYHCIEHHA MOIIHOCTH HA 2% HMAY BERIOPAMHTENL HOH YCTAHOBKH H paslHIHEX
EHAOE OOTEpD, BXOOALHE B §opMyry (4).

PesynrraTh pacdeTa Mol HOCTH, saTpadHEacMofl Ha BosbVEIEHHE TAT OBLX FEHEPATOPOE, OIA
hasgoro Toxa regepatopa 1500 A TpHBEOEHL HA pHCYHEE O

jl:l L} L]
A Fyop EBT
A0 Tl BT (A,
s 127 (B
e — M1 9 (4
e — 11 29 (B,
a0 —_ 1] B0 (A
s 121900 (B,
— 1193 (A,
—Me193 (B
ED p—
10
r | | B | B, Bfobfumo
n i ! I )
1] 0,05 0,1 0,135 0,2 0,25 03 0,35 0.4

Prucyrox 5— MonmocTs, 5 aTpatEaehat Ha Fos0nR g ekt e TAT 0B OT 0 TeHepaTopa
T BeliEe $asHOTo Toka TeHepaTopa 1500 &

Hapucynre 6 npHEEIEHH pesyARTATH PACYETA MOI[HGCTH, ToTHEbNAe MO NEMES Bo2by HKIeHEA
CHHEPOHHOTO BO3bYIHTENA
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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna
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Puecyror 6 — MowmocTs, moTpebnasndad memeio b osbysae M CRED ) 0HHOC 0 o BygT ena

SATRPATH MOLUIHOCTH Ha [OPHEOD MOTOR-BEHTHIATOROE OXIAXTAOL[Ero VCTpOHRCTEa NHIENA
OMpeelACTCA CRETHHM KOMHYECTES M OIHOBPEMEHHO EXTICUEHHEE MO TOP-BEHTHIATOROE Mz x cp
(pHCYHOE V) H CpegHEH MOL[HOCTERY OQHOTO MOTOPR-BEHTHIATOPA Fmex cp HA PAHHE 003 HIHAX
Ko HTD OJLIEpa.
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[MoaBWXHOW COCTAaB Xene3HbIX A0POT;:

THAra noe3aoB WU 3nNeKTpudprkauns

Ha pucynare & npHEEmEHL pesyiIE TATH pacdeTa Fus xop
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Prcyaor § — C pegsad MONIHOCTE, 7 ATPAUMEA8MA T Ha IPHE OF MOT Op- BeHTHILATOR OF OXI] O eI RS e1A

CpemgHaa MOL[HOCTE, PACKONVEMAd Ha BapAmKy arKyMyIATopHOH baTaped, onpefelAnack o
METONHEE, IpHEEAeHHCH B paboTax [1, 2].
PeaynpTaT pacdeTa NpHEENEHE B Tabnume 1.

Tafrpata | — MonmocTs, 34TpauMEaeLIAT Ha TOS3 apATEY AR VIIAT OpH 0f GaT apen

H{im“;m 1e7c&y | 187¢Ey | 1zecay | 13e9E | wsocd | o | tesca | 193 @
Fag, BT 703 362 796 1002 451 614 582 724

COnpeleneHHe MOLTHO CTH, 2aThadHEaeMol Ha IPHEOT TopMOSHOTG KOMIPECCOpa, BRIIOIHANS CE
E COOTBETCTEHH C paHee paspaboTaHHoH meTonukc# [ 1] PesynbTaTil pacdeTa cpegHed MOIIHOCTH

(Fagy), 3aTpadHBAEMO i Ha MPHEOT TOPMOSHOMO KOMIPECC Opa, IpHEEIEHE B TablHie 2.

Tafrpata 2 — O mpeg eneimie MOLTHOCTH, 3 ATPATHEARMOH Ha BRIIHURHME EOMITRECC Opa

| PSR Hysemo OEI;;[IEE B enLT Eper paborer f'&-l[ll:l %
(cextpm) ynepeHt Hafimro g eemti KOMIIPECC Opa . Fim BT
(fom), © { frag), © ot
187 (A 40000 19279 1042 54 2230
1287 (B) 40000 14851 276 2,90 2414
129 (A 40000 15552 1050 6,75 2693
129 (E) 40000 16877 962 3,71 2324
190 (A 40000 31060 9E3 3,16 1501
190 (E) 40000 16384 573 3,50 1573
193 (A 40000 17444 101% f,20 2078
193 (E) 40000 17333 295 3,16 2135

Mo we oTH, pealHzVEMEE Ha BHEONE BHOPAMHTEIRHOH VCTAHOBKH OpH paboTe CHOTEME
PECYNHPOEBAHMA E 20HE OONIEpEAHHMA OOCTOAHHOre koma peikm THRI, nna ecex mozHIHA

U3BECTUA TpaHccnba




HoOBWKHOW COCTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna

EOHTpOLIEpa TemnoBosoE 21 116 omopemenansct B CoOTEBETCTEHH C paHee paspaboTamHof
meTogurei [1, 7). PesynnTaTu pacdeTa OpHEEIEHE Ha pHCYHEE 9.
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Preyror @ — Cpeasas MONHOCTE Ha BED 06 BBIIHALGT AITBHOM 0T 4H 0BKH

CpenHue 3Ha4eHHA CONPOTHENEHHA LENeH TAMOBHE SMEKTPpoIEHCATENEd ONpeelAlHch I
HapaMe TpaM CHIOBCH NenH Kaxgoro us 12 B COOTEETCTEHE C METO JHKCH, IpHEEeHHOH B paboTax
[1,5, 7] PesynrTaTw pacdeTa OpHEETEHE B TabaHie 3.

Tafrrata 3 — PesyIETATEL O e el e HIA © O OTHEITe HECT emlei T3]

JI oK OnI0THE Mapargerp Hoaraep T2

(cerIpLA) 1 2 3 4 5 é
127 (&) 0,0324 0,0432 0,0414 0,0376 00416 0,039z
187 (E) 0,0324 0,0432 0,0414 0,0376 0,0417 0,059z
1898 | o ommmmermee | 00313 0,0329 0,0387 0,0373 0,0443 0,0543
185 (E) 0,0324 0,0318 0,0377 0,0384 0,0378 0,0558
190 (&) e on | n0362 0,0363 0,0379 0,0429 0,0452 0,0435
190 (E) F * 0,0374 0,0365 0,0356 0,0362 0,0465 0,040z
193 (&) 0,0274 0,0290 0,0315 0,033 0,0307 0,053%
193 (E) 0,0349 0,0389 0,0387 | 0041403 | 00386 0,0539

Pacuer garpy: o4 HLE XapakTepHOTHE [ 2] 0 IaHHE M pErHCTPAIHHE TapaMeTpoE CHIOEOH IeIH
OCYIECTEIANCAE CoOTEETCTEHRE C METO QMK O, H3Io MeHHo H B HoTouHHKaX [ 1, &], cormacHe KoTopRIM
HArpys o4HAA XapaK TEpHCTHEA TAT 0BOT ¢ MIEKTH ONBUTaTelA Ip el TaRIAET cobol 3aBHCHMOCTE BHIA

o)
Z =4 I*+B.I+C, (7)
(U]
raoe A, B, O — noctoauune xosthd unueure, X — 2 tAroporoe IEHCATENA, 0 — YTIIOBAd CKORPOCTR
Epall] e HHA AKOpA TAT 0BOT O JEHTATENA
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[MoaBWXHOW COCTAaB Xene3HbIX A0pPOT,

TAra noe3goB U 3neKTpuduKauusa

PesynrraTe pacdera xosdHIHEHTOE anlpoKCHMHPYIOU[HY 3aBHCHMoCTeH IMA TemMoBosa
AT2116Y Mo 193 npueegenn & tabaune 4. oA ocTalbHEE TEOMOECS0E MONVYEHE AHANOT HUHEE
PESYIBTATEL

Tafroata 4 — ITapardeTpBI HATPys OUHED: ¥ apakTepe oTHE T3]0 Termos osa 2T21165 Mo 193

Homep Mamsoe 5o Gy eme Omaﬁne:—n—n:le B oahyns g ernae Ou:naﬁne:—n—n:le Bo3byns g erme
T3] - — TIERE O CTYITEHE — ETOP0H CTYIIEHH
L1070 ] B | = &-107 ] B | = L1107 | B | [
1. Temmopoz 2T2116% Mol 93, ceprpor &
W rcmo 5 ammcei — 9844 Yoo 5 armced — 20741 Yrpeno 5 armceds — 31133
1 -2,31 0,01z7 0,96 -8,21 00133 —0,16 =775 00115 -0,55
2 —&,76 00144 n,7a —-8,53 noiso —0,38 —7 .66 noiiz -0,74
3 —0.33 00147 0,73 —7.BE 00131 -0,21 —6,03 00103 -0,47
4 —2,72 0,012 0,24 =794 noisz -0,15 =767 00116 -0,59
5 -2.7 00152 0,63 -8.95 00143 0,42 —6,98 no1is -0,64
& 2,34 00137 0,97 -7.32 00124 0,07 —6,26 00108 -0,47
2. Termmopos 2T31 16 Ml 93, cerinma B
Yrromo sarmce — 16610 Yrteno zamorcefi — 11740 Yreno parmces — 31 432
1 —0.57 00147 0,66 =771 00125 -0,0949 —4.97 00093 -0,36
2 -0 00144 0,72 =747 noiz4 -0,072 -4.72 00020 -0,26
3 —&, 66 0,014 0,77 —f,64 noti7 -0,098 -4 .23 00085 -0,34
4 -0 43 00145 ng9 =751 00128 -0,084 =599 noiol -0,23
5 -0 .6l 00147 0,74 -7.24 00128 -0,124 =520 0,0095 -0,27
] —0.99 00148 0,69 =736 00126 -0,149 -7.36 00106 -0,34

Pesyneratu pacdeta TAroEoll ZapaxTepHCTHEH 0ua 5-H, 11-H ® 15-H nosHUHE KoHTRONIERa
pACCMAaTpHEAEMEEX TEIIOECSCE OpHEEIEHE Ha pHCcyHEax 10 — 12 cooTEeTcTEenHo. Ha pHoyHEax
10 — 12 obosHaueHL DacTOpTHEE TATOBEHE XapakTepHCTHER OOHOH CEKIHH TemmoEosa 131167
cormacuo IITP [9].

Far cnegyer U3 yrasaHHHX pHCYHEOE, VPOBEHE AeHCTEHTENBHEE TATOBHE XapakTepHCTHE
TEMICEOSOE QA IPo MEXYTOYHEE TOSHIHA KOHTPOILNERa, HAa KOTOPEE OIPHEOQHTCA O CHOBHAA O
EpeMeHH paboTH, CYI[ECTEEHHO OTIHYAeTCA oT XapaskTepHCTHE, pekoMeHgyvemux I[[TP gna
EHIOCAHEHHA TATOBHE pacdeTob. Llpu sTom Ha 11-# IIECM, mambonee 4acTo HomoonesyveMmoH Ha
HONHro He CETADPE CKOH X elesHod Qopor H, ONA CEMH CEKIHA H: BOCHME OH HHEE PEKOMEHIYEMOH
IITP ma 15 25%. Pasbpoc KacaTembHofl MOIMHOCTH Jake MEENY ITEYMA CEEIHAMH OOHOTG
Temnoeosa 212116 moxer gocturate 20 %,
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nﬂ,ﬂBM}I{Hﬂﬁ COCTAB Xene3HbIX A0pPOor,

TAra noe3foB U 3INeKTpUdUKauna
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Prcyrox 11 — TAroBEIe XapaRTepHOTHEM CeKITE TeImoE030E 2T 3116Y Ha 11-H HDosiopos KOHTH O epa
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Preyrow 12 — TAT0BRIE Xapa®TepHOTHER ©eEITHE TeTmoBos 0 2T-2116Y ma | 5-H mosIme KoHT) o epa

AWTYanbHEE pacXofHEE XApakTepHCTHEH, COOTEETCTEVIOL[HE pAacCHYHTAHHEM —TATOBEM
ZApaKTEPHCTHEAM, BMECTE C XapaKTepHCTHEAMY, peKoMeHnyeMewy [ITP [9] B nepecdeTe Ha omHY
CEKIHES TEMNOECEA, NPHEENEHE Ha pHCyHEax 13— 15 Xapak TepHOTHEH pACCYHTLEANNCE I paHes
paspaboTaHHOH MeToOHKe [8] © HCHONB30BAHHEM YHHEEpCalbHOR MHOONApaMEeTRoEGH
XapaETepHCTHER ouzena ALY 18-31I°

U3BECTUA TpaHccuba —
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[MoaBWXHOW COCTAaB Xene3HbIX A0pPOT,
THAra noe3aoB WU 3nNeKTpudprkauns
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Preyror 14 — Pacxogsele ¥ ApakT ep HOTHEN CekIED Term o030l 2123116 Ha 11 -3 mos sIped K OHT O 6pa

10

9 — T
e
g -t
7 o —TRl8T (A);
—— e 187 (E3;
—TR129 (A);
e — T2 159 (E;
—Tal90 (A,
—Ma190 (B,
—Ma103 (A,
—Mu1073 [E)
¥, Ena |
7 4 »
1] 10 20 a0 40 A0 al 70 20 an 100

Preyrmor 15 — Pacxogsele ¥ apakTepHOTHEI CeEIED TermoEsorol 2131 16 Ha 15-3 mosiopod K oHTp oI epa
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UO,EIEH}I{HDFI COCTAB Xene3HbIX A0pPOor,

TAra noe3foB U 3INeKTpUdUKauna

Fax cnegver us pucyuroee 15 — 15, ypoBeHe packoQHEE XapaKTERHCTHE NA Opo MEEVTOTHELE
o3 HUHA KOoHTROIIERA CYLECTEEHHS O TNHEaeTeA oT npHeegeHHoro B IITP. [lpmew va 5-8 nosnuun
KOHTPONNEPA VPOBEHE PACKONHOH XapaKTepHCTHKH IIECTH M3 EBOCBEMH CEKUHE TEINOEOZOE
npeenmaeT yrasanuu i B ITTP wa 5 — 25 %, B To BpeMa, ¥ax Ha 11-H nosuUuE o8 Hmxe ypoeua [T
Ha 10— 25%. Ha 15-f nosHUHE Ko HTpoLIepa ¥ 0BEHE BCEX PACUETHEE PAcKolHEE XapaKTe pHCTHE
oKasHEAETCA HHEE pEKOMEHIoEaHHor o [ITF Ha 7 — 14 %4

Ha ocHoBAHEH HRMOEEHHOrG MOEHO COENATE CIENYECIIHE EHEGIEL

1. 3aTpaTH sHepruH Ha Bosby EOEHHE CHHEEpOHHOD D TAMOECT O TE HEpATopa TeWIoBosoE 41 21167
MOTYT PAsIHYATE CA IPAKTHYECKH B IBA pasa OIpH ONHEY H TEX He YLIOBHAX paboThH.

2. ConpoTHENEHHA Uenel napannentHo paboTaON[HE TACOELE SIEKTPONEHCaTeNell B ogHod
CEKIHH TEINIOEGSa MOTYT pasimdarsca Ha 20 %o,

3 Pasbpoc MOWIHOCTH Ha 3AXHMaX EBHOPAMHTENEHOH VOTAHOBKH B HOMHHAIBHOM H
OpoMEEVTOSHOM PEX HMaX paboTH ¥ pasHHY TEINOEC:0E NpeErInacT 20 %0, a B HEK 0TO pEIE CIIVY AAX
MoEET focTHrates 40 %o

4. YpoEeHE ¢ aKTHMECKH pEANMSVEMEX TAMOBHE H PACKONHEE XapakTepHCOTHE ¥ DONEIIHHCTER
TEIMOEGEOE CYIIECTEEHHG (Oo 25%) omnHYaeTcd oT pPEKOMEHIOEAHHOTO IlpaEHTamMH TATOERD
pacderol PackomIeHHe TAMOEHE TapaK TEPHOTHE CERIHE oIHOT ¢ TEINOEOSA MOXET N0 CTH 2T 20 %

Ilonyuenntle pesynbTaTH  CEHOETENECTEVEOT of aRTyambHoCTH OpobileMEl  [I0BEIUE HHA
TOYHO CTH H 00 CTOBEDHO CTH TAC OBEX PACHeTOR 33 CHET HCIONE20BAHHA NeHCTEMTENEHEE TATGERE H
PACHONHEY HAPAKTEPHCTHE TEIUIGEO20E, ONPEONENASMEE [0 NAaHHHM DOpTOERE CHCTEM
OHATHOCTHEH.

Chucox Sumepan)ps

1. Eypunrkuu, I H. OnpegencHie DapaMeTpoE TACOBO-SHEPTETHUECKMY XapaKTEpHCOTHE
AETOHOMHLIE JOKOMOTHEOE [0 JaHHEM MHEKPOOPOUECCOopHEE CHOTEM VIPABIEHHA H THACHOCTHEH @
moscrpabuaf I H. Eypunsun — Caper-Iletepbypr | IleTepbyproxufi roc. vE-T oyTel coobllenna
Hunepatopa Anexcaggpa [, 2022 — 160 c. — EDI AT ATWH.

2. Eypunknn, [ H Onpepenenne saTpaT SHepTHH Ha OoNsapAdyy aFEYMyIATopHoH barapen
TEIIOEGCEA [0 JAHHEIM MHKpOOpo eccopHol cucremul yopaenenna [ J H Eypunxwn, — Texcr -
wenocpencTeeHu#E ff Hapectua Ilerepbyprokoroe yHHEEpcHTETa OyTed coobmenma — 2022 —
T 1% =Me1-C 68-74 —EDNEECQIVI —DOL 10 20295/1815-5882-2022-19-1-68-74.

3 Evypunpun, 0 H Awpanms saTpaT SHepTCHH Ha OPHEOT MOTOP-ESHTHIATODOE OXNAETAMOIIET D
yoTpoHCTEA OHIeNA TemnoBosza 21 2116Y mo gammmm MCY-TII / 1 H Eypuneus — Texct -
HemocpencTEeHHEE [ BecTuuy TpancoopTa [lopomeea — 2022 — MNe 1 (910, — 2 25-33 — EDN
DGTICY.

4 Eypunkuu, I H. Onpegencune zaTpaT sHeplHHE Ha BosbyEOeHHE TAT0BOCO FeHepaTopa IO
DAHHEIM MHEPOIPOLECCOPHEIE CHCTEM ¥ IPABIEHHA IJIA Mp o HoS Hp 0BAHHA TAT 0BO H Xap aK TP HC THEH
noxomoTHEA f [ H Eypunkuna. — TexcT ;| HenocpenoTeenHLf / BronneTe e {esyILTAaTOE HAVIHLLE
HeocnegoEanuil — 2022, —MNel. — C 103-117, —EDN QFEQYX, —DOL 10.20295/2223-9987-2022-
1-103-117.

9 Fypunewy, I H Cnopegenesde CoOpoTHENEHHA B LENH TATOBRE SIEKTROIEMTATENEH 10
OaHHEIM MHEEpOOpoUeccopHer cHoTenM yiopasnerua / [ H Kypunkun, B B, I'paues, B. ©. Tanaee —
TexcT | HenocpegcTEeHERE /f BionneTeds pesyIbTaToE HAVYHHE HooHegoBamud — 2022 — Mo 4 —
C 74-8% —EDN LECOHNFO. —DCL 10 20255/2223-2987-2022-4-74-89

6. Eypumeun, O H. Pacuer marpysoUHLE XapaykTepHCTHE TATOBLE SIEKTHONEHCATeNei
NOCTOAHHOTO TOKA [0 OAHHHM MHEPOOPOUECCOPHEX CHCTEM VIPARIEHHA H OHACHOCTHEH
I H Eypunkua, B. B Ipauer, B. & Tamaee — TercT | "HemocpencTeeHHH#A ff BecTuuy
PocToEckore rocymapcTEEHHOTO YHEEEpCHTETA Ny Ted coobipenna — 2023 — Mo 2 (200, — C 124
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[MoaBWXHOW COCTAaB Xene3HbIX AOPOr,

TAra noe3aoB U 3NeKTpUprKaLna —

YOR 621,331 621.3.04%

A A Komakoe, B. H. Heamueuk o, B. A. Tapaceepry, A. H. Craciox
Onack3si ToCyEap CTE eHHBI VHEIME e CETeT ITyT ef coobimermea (Ol ¥ I1CY, r. Onack, Poccrdickar Tegeparno

PA3PABOTKA SIHUECKON MO JIEJOL
CHCTEMEI TATOBOTO 3JMEKTPOCHABXAKEHHA ITIEPEMEHHOT'O TOKA
C ¥IIPABJIAEMEINM BOJNBTONOBABOYHBIM TPAHCP®OPMATOPOM

Annomonns. Ilens mpedemasnennod pabomm — Hocmpoums  usuvecko wodens  cLomeMbl  MAS0s0s0
SREXMPOCHARICEHILA MEPSHMERNOSO MOKA © PHPOSIEMEIM Sommodobasounsi Mpancfoprkamapom 1 oygHLmE e
patcmornocotnocms. Oenosnoe Ranavenue paspabanuisacotl dunmecoll modems — oyoixa »ddexmusnocmu
PESPRPOSARLE HeBPRMOCHLA H WLHAY MAS0SOU MOCMaHILl CLEMEME: JNEKMPOCRAbIVEHUR 8 FASICLIMOCIL Om
MEIOEHLLA HAMPIRMCENLIA 8 MASOS0H CEML MPL LM EHER L SREKIMPOMALS0s0ll RASHFIRL MEPEM EHROS0 TOKE,

ITry emmony enli Patomsl WHOTRIosaH s M emodtl GUILNECK020 1 MAMEN ANLNECKOI0 MOCEILPOSANLT CLE MM bl
MAIOS0Z0 INEKMPOCRADIOESH LA MEPEMENHOI0 MOKA,

Asmopciis Konnexmusom Botia CXOHCIEIFLPOSaRa PURNerK AR MOodenh CLCI EMbL IASOS0S0 IREKMPCCH BT eNLLE
MEDEMERHOZD MOKA MOCHIPOSHHAR M CEHO6E MSMERTIOS JREKMRMNECKUE W PREKIMPONRDIE CXeM © Pespmgyemsiiid
apaempant,  Femermeo MogpuenHoll Modeni MposSpeNo  MPMEM  CONOETENSHUA  PEIFMamamos  FHPasneHuE
HEMPAMOSHLIEM Ha PUIUNECKoll MOJSR! ¢ PETVILIN N M L M B SRALE OK 020 LMLMGLEIORN 020 MOOSIRPOSaH LA,

Monpuennas unimeckas Modents Moseem CoimNb LUCNOBF 08aHA N COCMASNERLE KORKPEMHLY ANt 7 a0ant 020
FuacmKa  sreneiHoll doposl ASOPLMMOS  PRPQSIEHUA HOVPRICCHUER  MPu paspabomye  Mpoexma  sHedpenui
Prrasaienosn  sommodobasouHoss MPaHcorMamopa 8 PEARRYD  CLEMERP  MASOS0S0  BREHTNPOCH A0NR0CHLIA
YEPEMERHO0 MoK

E  pespnumeame  rposgoxu duwnuveckoll  modem docmushpmo sHeanerue  xosdduyuenma wexasvenua
crRproudanss oomu kpueoll nenvpascenus THD semaumodl 14,1 95 umo ¥pessiilaem coomasmemapiles THENeRLE Jna
LMUMAYLOH RO Mpospaaanoll modeny demnod]l cuwememm (0 %) w obmicHiemca RewdeannHo ModofpanRbian
YRR ENIPAM L SRS ERMO8 INEKMPINErK ol eyt Prsineckoll MOGENL! U SHAROHAOZ0 LIMEFIMEH 00 MpUbopa, wmo
MOKEE Simh CHOPPEKIUPOSaR0 & pabonei nopadie rpw danpreilwedl skenpam el nogreennotl dusueck ol modent
6 Kawermes SKoHEpuMeHmansHozo cmenda. Tanum  ofpeiom, patomocncccbRocmy  guswmeckol modenu o oee
COOMEE Momele Gunine ool Fpgprode Modeniipem il CUCmER DL MASOS0E0 MEK PO Habaeriir Caa Nodmas pasden b,

Hecnedosaniue sotionien o 8 Pk spaima Poocculickoss vaywmoso on da b 24- 29- 00346 no mene «ITmoenenue
EFcmeprnly mpaHodopMamopos © MUPLEMopHLY FRPAsieRuen A MOSsMRERUR MPoMPORRol croroBRoomu U
SHEPEO N PEXMUSHOCMLL PUACI KOS J0ENEFREIY JOP0Z MEPEM EHHOZ0 MoK a8,

Frwwesne cROSE cuCMEMD MALOS020  EKmMpocHabovenur,  dunmeckai  modens,  sonsmodobasounnii
Mpancd cpi N Oy, PEZPRIPOSIHLE HAVPANEHLLE, Koo DLLER M LEK AN EH LA CLRPE CLISANLH CCM LU KPUSOE Hap IR e R,

Alexander A. Komyakov, ¥ladimir I. Ivanchenko, Viktor A. Tarasevich, Andrey IN. Stasyuk
O sk Btate Transport Undwver sity (05T, O sk, the Bussian Federation

AC TRACTION POWER SUPPLY SYSTEM WITH A CONTROLLED BOOSTER
TRANSFORMER PHY SICAL MODEL DEVELOPMENT

Abstract The purpose of the presenfed work is fo buald a plysical model of o alferndaing currert fracfion power
supply spsfem with a confrolled boosfer fransformer aad evaluafe ifs performance. The man purpose of fhe developed
Physical model is fo evaluate the gffeciveness of volfage regulafion on the power sugply sysfem froacfion subsfafion rigid
power Hngs depending on the volfage & ap in fhe fraction nefwork when the AC glecfric fracfion load changes.

When performing the work, methods of phy sical and mathematical modeling of the AC fracfion power supply spsfem
were wied

The feam of authors designed a plysical model of @1 alfernaiing current fracfion power supply spsfem based on
elements of electrical and electrovic circuwifs with adiustable par amefers. The qualify of the obfained model was verified
by comper ing the resulfs of volfage confrol on a plysical model with the resulfs of mathematical simudafion

The resulfing phipsical model cop be wsedfo comple volfage covirol al goriflms specific fo a given railway secfion
when developing a project for the ifroduction of a confrolled boosfer fravsformer Do ared AC fracfion power supply
spsfem.

As aresulfof checling the physical model, the value of fhe disforficom cogfficient of the simuscidal volfage curve THD
of T4 1 % was ackieved which exceeds the corresponding value for fhe simulafion soffware model of this sysfem (8 %)
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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

—THAra Noe3foB W INeKTpudKauma

ad 15 explamed by imperfectly selacfed paramefers of the electrical circudf demerts of the plwsical model aid fhe
refererce meaneing device, which can be adiusfed in working crder during furfher operafion of the obiaived a physical
model as an experimertal sfaved Thus the oper abilify of the phivsical model aved ifs complicvice with the physical nafure
of the simudafed fracfion power supply sysfem were comfirmed.

The research was carried cuf within fhe framework of a graf from the Russicm Shievee Foundation Noo 24-29-
003 46 om the fopic "The wse of boosfer frangormers with thyristor covifrol fo increase fhe capacity and ener gy efficiency
of AC raafway secfions"

Keywords: fracficn power supply spsfem, physical model, booster fransformer, volfage regulafion, fofal harmonic
i sforsions,

CHCTEMA TATOEOTO snekTpocHabwenua (CT72) DepeMeHHOT o TOKA HMEST pAN COenH] MMECKHE
oCoBEHHOCTER Mo CPABHEHHIO C IPOMEIINEHHEIMH HACPYSKAME COHSMEpHMOoR MollHoCTH. OHa
ABNAETCA NP OTAKEHHEM HOTpebHTENeM SMEKTPo SHEPT HH, 4T0 HE IOSEONAET $A0HTATE BCE TATOBLIE
HOACTAHIHH oT OQHOTO LEHTPpa BCIENCTEHE STOCG TATMOEHE ONoIcTaHUHE CT3 DepeMEHHOTO TOKA
HONEIIOYAOTCA K pANY UEHTPOE NHTAHHA ONHOH HIH HECKONLEHE SHEPTo CHCTE M, B PESYILTATE YET O
E yajlax NONKIIOYEHHA TATOBHE MOICTAHUHH HabnlomaioTcA pasHHYHEE 0o MOOVIR H dase
HAOpAEEHHA JTo OPHEOOHT K CYIIECTECHHOR pasHHIE MeEOV VpOoBEHAMH HAOpMEEHHA Ha LI HHAX
275 ¥B CcMeMHLY TATOBHE HoicTaHnui. Fpowme Toro, CT2 OepeMeHHOTO ToOKA ABNAESTCA
HETHHE AHEIM HECHMMETPpHYHEM OOTpebHTENEM SMERTPOSHERT HE ¢ pESKOIEpeMEHHOR Harpysrod,
YTO NPHEOOHT K TOCTOAHHEIM JHHAMHYECKHM HIMEHEHHAM TOKOE H HAIPAEEHHR B CHCTEME, H, KaK
CHENCTEHE, K CYI{ECTEEHHEIM KONebaHHAM YpoEHA HANPAECHHA B KOHTAKTHOH ceTH JaHo#d CT3.
HonmonHuTENLHGE ENHAHHe Ha pabory CT3 0KasHEBAIOT HANTHYHE HETATOBLIE HoThebHTeNei,
oCOBEHHOCTH pERHMOE paboThH CHCTEME BHELIHET ¢ SIEKTPo CHADKeHHA H HHEE G aKTopEL

Yrasanaue ocobenmHoctH CT'2 OepeMeHHOrO TOKA MOTYT OPHEOOHTE K 3HAYHTEIRHOMY
YVEENHUEHHID OTEPE SMEKTPOSHEPTHH Ha TACY Ooesgob [1] H, Kal CHEOCTEHE, K YEEIHYEHHKD
ceCECTOMMOCTH — HEpeBo30YHOrC Opolecca  llosTomy paspaboTEa METOHOE H  CPELCTE
AETOMATHYECKOre KOHTPONA H PECYIHPOBAHHA YpoEHA HANPAEEHHA B KOHTAKTHOH CEeTH ABNAETCA
AKTYaNL HO i safadedl IIa snekTpHd HIHpOEAHH OO K eIESHO Q0 PO KHOT O TPAHCIORTa.

Hspectun  pasnmyuele comocobll  YOpaBNeHHA peXHMAMH  paboTH  CHCTEM  TATOBOTO
smeETpocHab®eHHA B HacToAlee BpeMA H: YHOIA aKTHEHHE yoTpolcTe gna CT2 mepeMeHHoro
TOKA IIHPOKOE [PHMEHEHHE HANH, K OIpHMEpRY, VIPABTAEMEE VCTpoicTBa KOMIEHCALHH
PEAKTHEHOH MOIHOCTH, KOTOPLHE, KaK MPaBHIe, VOTAHABMHEAKYTCA HA NOCTAX CEKIHOHHpOBAHHA
poHTaKTHo A ceTH [2 —4]. [lpopomaTca HocnegoEaHHA 00 BHESPEHIIG HAKOIHTENER SIEKTPO SHEPT HE,
KOTOPHE TAKEKE MOTYT OHTE HCIONB30OBAHE ONA YIpaBIeHHA peEuMaMy pabotn CT3 DocToAHHOT O
ToEa [J, 6], CnegyeT 0TMETHTE, 4T BEHEODEHHE VEASAHHLE YCTROHCTE CEA2AHO C CYL[ECTEEHHEIMH
KANHTANEHEIMH 3 aTPaTaMH.

PHDEKTHEHHM CpPefcTEOM IOBHINEHHA HAOPAKEHHA B TACCECH CETH ABNAETCA MpHMEHEHHE
YCTAHOEOK NOpONONbHOH EMEOCTHOH KoMOEHCAUHH peakTHEHOR wmomuoctH (YIIE) Ha TAropod
nogctapnun [, 2] Kax nopaeune, YIIE ExmoustoTcd B OTCACHEBARGIVES JIHHHES TATGECH
mopcTadiu. Ilpumenenne YIIE wmaubonee sddeKTHEHO B TATOBHE CETAX OO SHAYHTENDHEIM
PEAKTHEHEIM snekTponoTpebnenunen. Hegoctarkamu YIIE ABNAKOTCA NOBHILEHHE [IOTERE
SMEKTPOSHEPTHH H3-34 VPABHHTENLHEIX ToOKOE, CHHMEHHE PABHOMEPHOCTH SarpyskH COCEQHHX
TAMGEEE NOLCTAHIOHA H HEBHICOKAA HANEKHOCTE HP-8a TAKENHE VCOICBHE paboTH CHIOBHX
Ko HIeHCaTopoE [ 2]

ANETEpHATHEHEIM COOCOBOM HOBRONEHHA OpONVCEHOH CcHOCcoBHOCTH H CHHMEEHHA [OOTEPD
SMEKTPOSHEPTHH B CHCTEME TAT 0BOT 0 NEKTPoCHAD ¥ eHHA ABNAETCA YCTAHOBKA BONBTOqobaBodHoro
TpaHch opMaTopa. B PoccHu HocleqoBaHHA E DadHoM Hadpasle HEH OpoBequnHck B PY e (MHHTe)
[10, 11] EBompromobapounnfi TpadchopMaTop BEMMKHMAETCA B OTCTAIOI[VIe dasy TAToBOH
Donc TaHHE (pHoyHOE 1, @) BonbTogobasednad obMo THA BEIIOUEHA E Al CeUKY THTAOMH THHEH,
a nHTamlad obMoTKa — DapallelbHo oTcTaioum(ed daze 275 kB TAroBoH  mofcTaHIIHH.
Tpauchopmarop 6GrI  EEENEH B ONETHYR  SECINVATAMEC H  OpoJEMOHCTRHPOBAT
YOOETETEOPHTENLHEIE XapaKTepHCTHEH, Ero [MABHLHIM HeNoCTaTKOM ABNASTCA HEBOSMOXHOCTE
PECYNHPOBAHHA HANPAE CHHA B YOIOBHAX THHAMHYECKH H3MEHAOLE ACA TAMCEOH HACDPYIKH.
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[NoasmKHOM COCTaB Xene3HbIX JOPOT,

TAra Noe3noB W anekTpucrkauus—

B mocnmenHee BpeM4d B CB3H € aKTHBHBIM PasBUTHEM CHIOBOH SIIEKTPOHHKH TIOABIIOTCA
HCCIEAOBaHNA 1O pa3paloTKe YIPaBIAEMBIX BOIBTOAOO0ABOYHBIX TpaHchopmaropoB. Taxue
TpaHCc(hOPMATOPBl UCTIONB3YIOTCA ATA CTabHIIH3aIMH HalpPKEHHSA B PacTIPEACTUTETBHBIX CETIX
0,4 — 35 xB [12, 13]. JIngd mpHMEHEHHT B CHCTEME TATOBOTO 3MIeKTPOCHAO:KEeHHSI HaHOoIlee
TIEPCIIEKTHBHON ABIAETCA CXEMa CO 3BEHOM ITOCTOSHHOTO TOKa M MHBEPTOPOM HanpskeHHA [14]
(prcyHOK 1, &). JlaHHOE YCTPOMCTBO ABMAeTCA THOPHAHBIM H HMEET ABYXTPaHC(hOPMAaTOPHYIO
CTPYKTYPY, B KOTOpPOH TepBbIit TpaHcthopMmaTop TpeAHasHAUYeH IS TOHIAKSHHUSI HaIpsKCHUSI
MTHUTArOIIEH OOMOTKH ¢ IIeTbI0 eT0 AalbHEHINero BRIMPAMICHHA, a BTOPOi TpaHchopMaTop — A
COIIPKEHN A HHBEPTHPOBAaHHOT O HATIPOAKEHH A ¢ TTOCTIe0BaTEIbHO BKIIFOUEHHOH BOIBTOA00aBOYHON
00OMOTKONH. B jampHeHIlleM TeKeTe CTaThbH A4 AaHHOW CTPYKTYPBI OYIET NPHMEHATHCH TEPMHH
«BONBTOAOOABOUHBIN TpaHCHOPMATOPY.

B npeasiayimix HeelefoBaHu X aBTOPOB BBITTOITHEHO HMHTAITHOHHOE MOJAEITHPOBAaHHE PabOThI
OYCTepHBIX TPaHCHOPMATOPOB AIA OIEHKH MX SHEPreTHUSCKHX TMokazartened [15 — 18]. Llembio
HacTOAIIEr0 MCCIeAOBaHMI ABIgeTcd pa3paboTka M ampobaiing ¢usHdeckoit mogemn CTD
MEPEMEHHOTO TOKa ¢ VIIPABISIEMBIM BOIBTOAOGABOUHBIM TpPaHCHOPMATOPOM B TaSopaTOPHBIX

YCIIOBHAX.
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PucyHok 1 — Cxema BKITIOUeHHA BOJIbTOA00aBOYHBIX TPaHCGhOPMATOPOR B CHCTEMY TATOBOTO 3JIEKTP OCHAOKEHHA:
& — HEYTIpaBJIAeMbIil BONbTO/[00aBOYHBIH TpaHcopMaTop, f — yripaBiIAeMblii BoNbTo00aROUHBIH Tp aHCopMaTop

JIIg perieHnd MOCTaBIeHHON 3a1a4i pa3padoTaH SKCIIEPUMEHTAIbHBIM MAKeT, TTO3BOILIIOIIHA
HMUTHPOBaTh pabory CTD TepeMeHHOTO TOKa B YCIMOBHAX (YHKITHOHHPOBAHHSA YIIPABIASMOTO
BombTOAO0aBOYHOTO TpaHchopmaropa ¢ IIIMM-ympapnenuem. Ha pHeyHKe 2, @ H300pakeHa
MPHHITHITH AT HASA CXeMa MaKeTa, a Ha PUCYHKe 2, 6 TIPEICTAaBIIeH €TI0 BHEIITHUIT BUI.

DOKCTIEpUMEHTATBHBIH MaKeT COCTOUT U3 CSIYIONNX YacTel: ceTeBoit TpaHeGopMaTop MHTaHU A
cxeMel (Tt1), ogHO(hasHEIH MOCTOBO# BEITPAMHTENS ¢ GHIBTPOM HH3KHX dacToT (HY), ogHOMa3HBIH
MOCTOBOHM TIpeofGpas3oBaTelb (MHBEPTOP HANPIKEHHSA) ¢ PEYIHPYEMOH IMHPOTHO-HMITYIIhCHOM
mopyianueit  (LIIUM), TpaHchopmarop mpeobpasoBaTend BoOIbTOA0O0aBkH (112), IpoCcelsb-
SKBHBAIEHT HHAYKTHUBHOCTH SIeKTpHuecKol muHUH (JIpl), pe3sucTOp-sKBHBANECHT AaKTHBHOTO
COTIPOTHUBIIEHHS THHHH (K1), IpOccelb-sKBHBAlleHT HHAYKTHBHOCTH Harpysku (Jp2), peocTar-
SKBHBAIICHT Harpy3kH (R2).

PaGoTa MakeTa OCYIIECTBIIETCA CIEAYIOIIUM 00pPas3oM.

[Tpn momade ceTeBoro HampsakeHua 220 B Ha TpaHchopMaTop THTaHHA OH HadHHAeT
BBIpa0aThiBaTh IepeMeHHOe HanpakeHue B oOmoTkax II, IIT um IV. C obmorku II mepemeHHOE
HalPOKEHHUE TIOCTYIIAET Ha SKBHBAIEHT IUTAOIICH SIEKTPHYSCKON IMHUH W SKBHBAIICHT TATOBOTO
anmeKTpoapuraTend. Oomorka I BeipaGaThIiBacT CHHXPOHH3HPYIOIIEE TIEPEMEHHOE HAIIPKEHHE 1A
onokoB Al mw A2. C oOmoTtku [V mepeMeHHOe HaIpOKEHHE ITOCTYIIAeT Ha JUOAHBIM MOCTOBOH
BHITIPAMUTEND ¢ (GHIBTPYIOMINM KOHIEHCATOPOM, Ha BBIXOJAE KOTOPOTO (QOPMHUPYETCA TTOCTOIHHOES
HallpoKeHHe Fp, KOTOpOE HCIONb3yeTcd I MHTaHHd Ipeo0pa30oBaTelld BOIBTOAOOABKH C
perynupyemon HHTHUM.
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Bbmox Al dopMmMuEpyeT KopoTEHE CHHEpOHMOVIRCH dHacToTod 50 T'n ws: cHEyCcoHTamRHOTO
nepeMeHEoTo Hanpawennda 20 I'm o obmoten cuEzpommzanud Ul (komraxtel C H D) ceTeporo
Tpauch opmatopa Trl. Hanee 5TH cHEZpoHMOVILCH DocTyIaioT B baox A2 gepes konTarT K

bmox A2 eupabaThiEacT WHPCTHO-MoOVIHPOEAHHEE HMOVIRCH © cobCTEEHHOH HacToTod
okone 4001 0, MOOYIHpOEAHHEE NepeMEHHEM Hanpaxenuenm 50 I'n ¢ o bMoTHH cHEpoHmsanuy 11
{womTaktel C u 1Y) ceremoro Tpancopmaropa Lrl. Hapametprr ITHM u cooTEETCTEEHES ¥R OBEHE
BOMETOA0bAEKH MOTYT EpYYHYIO PECYIHPOEATECA NEPEMEHHHM conpoTHENeHHeM K3 Hamee sTH
HMIOVIECE IO CTYIAICT B bIok A% yepes KoHTaKT L.

Bbmox A3 BLmasT OEVETAKTHEE VOpPABILTOU[HE HMIOVILCH ¢ coboTBeHHoH gacToToH 50 I,
CHHEpOHHsHpoBaHHEE ¢ acToToH D0 I'y obmoten cumpornmsannn I (korTarcrn C u D) ceTepore
TpaHch opmatopa Trl, wa IGBT-tpamsucTophl, KoTOpLE HarpyEEHH Ha TpaHoh opMaTop
npeobpasoEaTend BoneTogobaek e T2, CoboTEerEas gacToTa 50 o, koTopyie BHpabaTHEaeT BIoK
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A3, moxynuposaHa [ITHMM-perynupyemeim curHanom 400 [, mocTymaroimum ¢ KoHTakTa L Ormoka
A2 W CHHXPOHH3HPOBaHa UMITYIIbCaMH, TIOCTYITAFOIHMH ¢ KOHTakTa K.

MakeT BHITONHEH ¢ Ko HIIHeHTOM MacIITadHpOBaHHA 1Mo HampsakeHmto 10000 : 1, 1.e. 1 B
Ha MakeTe cooTBeTCTBYeT 10 KB Ha peanbHOM OOBEKTE.

Hccnepoparne paGoTocmocobHOCTH (du3mueckod wmoaenu CTD IepeMeHHOTO TOKa ¢
VIIPaBISAEMBIM BOIBTONOGABOYHBIM TPaHC(POPMATOPOM BBITOTHEHO CIEAYIOMHM 06pa3oM. B
Ka4eCcTBE HOMHHAIIBHOTO HATIPKCHU A Ha SNEKTPOTATOBON Halr Py3Ke ITPHHATO 3HaueHue 27,5 KB, uro
COOTBETCTBYET 2,75 B Ha KCIIepUMEeHTallbHOM MakeTe. [IyTeM perynupoBaHH4 2IEKTPHYESCKOTO
COIIPOTHUBIIEHHA JMEKTPOTATOBONH HAarpy3KH WMHTHPOBAIOCH CHUKECHHE YPOBHS HallPSKEeHHA B
TAroBOH ceTH Ha 500, 2500 1 3500 B (coorBerctBenno 0,05, 0,25 u 0,35 B Ha SKCIIepHMEHTaTbHOM
makere). Ilpu momoru perymaropa IIIMM dopmupoBatack BONBTOA00aBKa, HEOOXOAMMAA T
MO iepKaHN I Ha HOMHHAIBHOM YPOBHE HaIlPsSKeHH 4 Ha HarpysKe. Ha SKcIlepHMEeHTalTbHOM MaKeTe
PETYITHPOBAHHE OCYINECTBIETCA BPYUHYIO, OHAKO B HMHUTAIIHOHHON MOJIEIH YITpaBIeHHE padoTol
BOTHTOAO0ABOYHEIM — TpaHC(OPMAaTOPOM pealH3oBaHO Ha ocHoe [IWMJI-perymaropa [18].
OCIIIIOTpaMMBL HaITPSKeHH S (PHKCHUPOBAIMCH ¢ IpUMeHeHHeM 1 dpoBoro octimnnorpada Hantek,
a JEHCTBYIOIIee 3HAUCHHE HalPSKEHN A — ¢ IIPHMEHEHHEM MyIIbTHMeTpa DT-890B.

OcIIIOTpaMMBl - HAaITPSDKEHHS,  3a(UKCHpOBAaHHbIE TIPH  Pa3MHYHBIX PpeKUMax pPaboTHI
busHIecKoit MOAETH BONBTONO0aBOUHOTO TpaHchopMaTopa, TPUBEASHBI B Tadmulle. ng huKcaiium
OCIIHIITIOTPaMM Ha SIEKTPOTATOBOH Harpyske Ipdposoro ocipmorpadba Hantek momkmodamcs
ToukaM B W H Ha puCyHKe |, a NIpH H3MEPEeHHHM HANPSAKEHHUA Ha BBIXOAE BOIBTOHOOABOYHOTO
TpaHcopmaTopa — K Toukam G 1 H.

OcLMIIOTp aMMBI HAalPAKeHHA B Pa3IHYHBbIX pexrMax pabotel dusHdeckoid MofemH CTD nepeMeHHOro ToKa

o OCL]MJUIO AMMbBI HalTp A CHITA
HeHcTEYION CE v
HAIp;LReHHE Bankro- .
Ha HarpysKe Oez ﬂOﬁaBKa, B Ha 3JEKTP OTATOBOH Ha BbIXOAC BOJ'IHIUI[OﬁaBOIIHOI‘O
BOMETONO0ARKH, B Harpyske TpaHcdopMaTopa
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B nepeom cnyyae, worga HaOpAXeHHe B KOHTARTHOH ceTH BNM3KO ¥ HOMHHANLHOMY, a
BONETONobAEKA MHHHMATEHA, GopMa HAaOpAEEHHA HA SIEETPOTATOECH Harpyske BHEIIHE
HANOMHHAET CHHYC OHIY.

Bo Bropom cnydgae dopuEpyerca BompTomobaExa 0,25 B mgna koMOeHcalWH DafeHHA
HaOpAEEHHA B TATOBOH CETH, INA Hero Ha BHXOLE EBONRTORobaEcdHoro TpaHchopMaTopa
YEENHYHEAETCA Opofol®xHTeltHocTe JHM-uMOvIecoE HaopAwensd. Ja cieT paboTul Bmoka
CHHEpOHMSAUMH  HaOpMEEeHHA HAa CHIOCEOM H  EBONETOOObaBoUHOM  TpaHcod opMaTopax
CHHEPOHHSHPOBAHH Mexngy coboll mo dase. B pesyinrTaTe CyMMHpOBaHHA 3THE HalpaEeHHH
DopMHPYETCA HAOpAEKEHHE Ha SNEKTPOTACOEOH HACpyiKe, KOTOPOE HMEET HECKONBKO OONEBIIVIO
HECHHYC O HIAIE HOCTE, Y4EM B IEPEOM CIYIAE.

B tpetrem cnyyae uMuTHpYeTcA emfe HoNee SHAYHMTENLHOE CHHMEEHHE YPOBHA HAOpAKEHHA B
TACOBOH CETH, KOTOPOE KOMIEHCHPYETCA BONETONobaBCYHEM TpaHcd opMaTopoM, H HabmogasTca
HEKOTOPOE HCKAKEHHE CHHYCOHTANE HOCTH KPHEOH HANPAXEHHA HA MEKTPOTATOEOH HAMPYIKE.

dna oUeHKH TCapMOHHYECKOTO COCTABA HANpAXEHHA Ha SEKTPOTATOBOH Harpyske K
SKCOEpHMEHTANEHOR YCTAaHOBKE DHN HOGENIOHEH NpHOOp ONA H:MepeHHA OoKasaTeled KadecTEa
AMEETROSHERTHH # o HeproTecTep-IIF 3-An. Himepennoe sHaueHHe OeHCTEVIOU[Ere HaOpAXEHHA
OpH $TOM EXONHIO B OHANAS OH HeMepeHHA NpHbopa coMlacHo pyKoBOICTEY 0 SKCIIYATalHH (0T
0,01 e B0 2000, OnHarxo cnemgyeT cOenaTh oTOBOPEY © TOM, 9TO OTHOCHTENERHad NOTPEIIHOCTE
H:MEPEHHA HAOpMKEHHA E JaHHOM cnydae BygeT VEENMYEHA 3a CYET MYIbTHILIHKATHEHOH
COCTARTAUIEH H QA 3afaHHEX VoI oEHHA HsMepeHnA byneT paeHa 1 %,

Kpome Toro, cornmacho pyxoBoICcTEY o SKCIUTYATALHH 3 aB0J CKOH KIIact TOYHOCTH Npubopa opH
H:MEPEHHH CYMMapHOT o Kosb)HUMEHTa TCapMOHHYECKHX COCTABOIME HaOpAEKeHHA H
Kosd DHUHEHTA TapMOHMMECKOH COCTABNAKIIER HAOpMEEHHA OOpANKA X TapaHTHPYETCA OJA
DHaNa: OHa H3MepAeMoro HanpaAxeHHa oT 0,1 Vw10 1,5 Do, 0N HAKO B JaHHOM CIVHAE H3MEepAsMad
BEIHYHHA HE EXOOHT B VKaaHHEIH JHANa:oH, B pE2yILTATE 9er¢ HEONp eNeleHHOCTE H:MepeHHA
YVEETHYHEAETCA.

PesynpTaTo miMepeHHA DOKASHEAIOT, YTO B KPHECH HANPAEEHHA OpHC VTCTEYEST XapaKTep HEE
nna (T2 nepeMEHHOT © TOKa HEYETHEIE TapMOHHEH, IPH SToM Haub ONLIIHE 3 HaueHHA HablogamwToa
ona rapmMoHEE ©  dacToTamd 120, 250 w 350 Tu ITlonydeHHHEe pesyIbTaTH  Xop ollo
KOPPECIOHIHPYIOTCA © MPeIEIYIIHME HCCIeToBaHHAMH AETOROE, H3I0EKEHHEIMHE B OVOIHK Al HAK
[15 — 18], B xoToprx pabora CT2 mepeMeHHOr O ToEa C BONRTONobaBoUHEM TpaHcd opMATOROM
MoIelHpOBEATACE B IporpaMMEeM KoMmnekce SimInT ech. OcuunnorpaMMel HaIpAXeHHE Ha BRE oI E
EBONETOMobaEoYHOr O TpaHchopMaTopa H Ha SNEKTROTATOBOH HACpVske HMEKT CEXOXYE ¢ opMy C
OCUHANOTPAMMAMH, OONYYEHHEIMH OVTeEM HMHTANHOHHOTO MOTENHpOBAHHA, a CHEKTPalbHEH
COCTAE KPHEOH HAOpAXEHHA TAKKE aHANOTHYEH (PHCYHOK &),

14 -
12,6
17 - B — SECTTepHIMEET ATE HEDT MAKET,
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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna

Eonee cymecteeHHoe pacxoxOeHHE B COEKTpe HabllogasTcAd OpH  HHSKHE  4acToTax.
Fosthd sunest doxa®eHHa cHEY CORTANBHO CTH EPHECH HampA®e HEA T HLD O0A SKCOEpHMERTATRHOTG
MareTa cocTaemn 14,1 %, a ona smMuTauHoHHoH Monens — 8,0 %% Heobzogumo oTMETHTE, 9To
SMEKTPOTATOEAA HACPYSKA IPH STOM ABTAETCA NHHeAHOH Kay [IA sKCIepHMeHTANL HOT O MAKEeTa, TaK
H ONA HMHETAUHOHHOH MOZENH, Ho3ToMY [0 ABNEHHE Tapdo HHYECKHE CoCTABMON] MY HAIpAKeHHA B
cnekTpe obyonoeneno paborod ITHM 6es cuuyc-dhunetpoe. Pacxoxmensne B sHademax [THD
oBLACHARTCA HEMONHEIM COBNATeHHEM HoNobpal LY DapaMeTpoE SMEMEHTOE SIEKTPHYECKD H eI
npH  paspaboTtke  dusHYeckoH mogenm CTD  mepeMeHHort ToKa C  BONBTogobaBCUHEIM
TpaHcd opMATOPOM M0 CPABHEHHKD C Oap aMeTpaMH HMHTANHOHHOH MOJENH, & TaKXe NOBHIIEHHO
HEOIPENENEHHOCTEIO HIMEPEHHA H:-2a HCOOAL3OBAHHA « JHeproTecTepa-I[K3-4A% B HETHOOEBOM
PEEHME, IOpH KOTOPOM HSMEPAEMOE HANpPAEEHHE OKASHEBAETCA CYIECTEEHHO MEHBIIE
HOMHHAIEHOD ¢, YKASAHHEE HEOOCTATKH MOTYT DHTE CHOPPREETHROBAHEH B pabodeM OOpANKE OpH
SECINYATAlMH paspaboTaHHOTO SKCIEPHMEHTATEHOTO CTEHIA.

Tarxnm obpazon, paspaboTangad bHsHYecKad MOTENL OoNTEEPIHIA CEOR: paboTocOocobHOCTE
H OoSBONHNA QOoKasaTh Takke paboTocnoco bHOCTE TEXHOIOMHE YIPaENleHHA YR OoBHEM HaOpdKeHHA
E CT2 mepeMeEHHOrS TOKA Oy TEM OPHMEHEHHA BEoNbTodobagounore TpadchopMaTopa PesyneTaTh
HCCIENOEBAHM, BEIMONHEHHEE HA SKCOEPHMEHTATLHOM MAKETE, XOPOollo COMMACYEOTCA © JAHHEIMH,
MONYYEHHEIMH OYTEM HMHTALHOHHOTO MOGENHpoBaHHA (1D NepeMeHHOT O TOKA B OpOrpaMMHOM
wommiekce SimInTech. Takum obpasom, Bmmoe elle pas DoATEEPEIEHO, YTO YIPABIAEMEIE
BOMETogobapouHEe  TpaHchopMaToph  HOSBOMLAMOT 3§ EKTHEHO  pECVIHpOBATE  YPOBEHE
HANpAEEHHA Ha I HHAX TAT 0BOH MOOCTAHIHH H B TAT 0BO H CETH.

Heenedasanuue eninankenn & parsiax spanma Focoufickozn wayinoze danda M 24-20-00546 no
mesme  cllpumenenus BVCMEPHWX  PIPAHC POPMEMOPOS €  MUPUCHIOPHEAM  VAPAEASHUEAM 18
NOSPULEHNA MPONYVOKHON cRocobHOCMI 1 SMEPIosd PONMLEHOCHIL VHACKOE XCefaiHnX dopos
HEPEMEHROZD MOKAN,
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IMPROVING THE EFFICIENCY OF CONTAINER TRANSPORTATION
BY RAILWAY TRANSPORT

Abstract The @ficle considers the possibilifies fo improve the compefifivensss of corfainer fraaspor fafion by
raglways in the Siherianregion Affenfionis focused fo the exfremely small share of Fussian rallways in the global freight
furnover along the frarsporf corridor commecting the cowntries of Burope and Asia and the increase in thelr capacity is
ccrried ouf manly by upsrading infrasirchee or raising the weight of the ran. One of the main Imifafiors for a
significart brealflfrough in this issue remains fhe low speeds of freight fraivs due fo the fechrical imperfecfion of fhe
waderearriage of freight cars equipped with o cufdafed 13-100 model bogle avd ifs modificafions. A significant
covifrilufion fo fthe problem is made by the climafic condifions of the Easfern railway range, which ixcrease the modidus
of railway elasficify ad cawse frosfy heaving of fhe subshedral base. As aresulf, the wse of fechmical solufiors wsed i
modern samples of forel gn radlway equapment does nof fldly ensure fhe gffectiveness of inves fmerts Tn Russian condfions.
The aithors propose an gpproach fo creale an gffective spring suspension based on the principle of the exfernd
disfurbepices compersation, both for firdamentaly new sysfems @wd modernizafion of exisfing ones. The dynanic
qrialifies indicators of wagons with a sfavddard 18- 100bogle mid a bogie with acompensafing device in fhe axle box were
comper ed Mathemafical modeiing of such spstems presented fhe reduction of the wagon body verfical accelerafions by
aimost fwo fimes af an economically advavtageous speed of 100 kmA when a compensafing device is implemearted. To
verify the adespuacy of theorefical studies according fo the similarify criferia, physical models of the spsfems were
comsfructed. As a resulf, a 2- 2 5-fbld decrease in verfical accelerafions was established

Keyworde: comfamer framsporfafion and improving the compefifiveress of ralways, spring suspenson,
compersaioy of exfernd dishrbayees, weverness of the frack mafhemafica modeling, phyacal modeling, verfical
arcelerafiors.

B HacTommee BpeMA MHPOEEE TEHREHIHMH pasEMTHA KOHEYPEHUHH Ha TPAHCHOPTHOM P EIHEE
TpebYIOT CYIECTEEHHODG [NOEHIIEHHA TEXHHYECKODO H TEXHONOTHYECKOTO YPOEBHA POCCHACKHE
HENESHEE JOpoT, KOTOPHM Fpafine HeobXolHMO PESKO YCKOPHTE CEOE PASEHTHE, YTohL COKpATHTE
PESPHE Co CECHME 3apyDeXHEIMH H BHYTPEHHEMH KOHEYPEHTAME — CPYSOELIM ABTOMODHIEHEIM
TPAHCIOOPTOM H (CEBEPHHM MOPCKHM OyTeM. HecmoTpa Ha bnaronpuarTHoe recrpabHdeckoe
pacnmonoxenue Tpanccuba CYMECTEVION[AA MApIIpyTHAA CKOPOCTE KOHTEHHEPHEE NOOE3INOE IO
Tpanccuby coctaEnaet 2500 KM 2a OBCE CYTOK, BCIEOCTEHE Hero Oold MHROBODS TpysocbopoTa
NepEECSHMEE KOHTeHHepoE H3 cTpad IOro-Bocrounof Asmm B Eppony cocTaEmAesT HeMHOTHM
Bonee 1%,

B macTomnee EpeMda  TPAHCOOPTHPOEKA KOHTEHHEpPOER OCVILECTEAAETCA  (HTHHLOELIMH
mwiaTh o pMAME, ToSECIACIIHME DepeBosHTE ofHE 40-byToEM# vouTefinep HIH OBa CTAHTAPTHEX
20-pyroBrx  KoHTeHHepa TakHe BareHH OpoMSBECOATCA DapHaynbckM H  KaHamckmnwm
Bar OHOPEMOHTHEIMHE, & TAKEe |MMBHHCKHM EaroHOCTROHTENBHEM 2aB00aMH H PASOM IPVTHE
oprafmzanuil. JacTe »THX mnaThopM HMeeT KopoTeyvie basy 9720 mw, gpyrme — 13400 wma B
SECINYATAME  HCOONERVETCA M KOHIpeHnepHad nonaThopMa INA OEPEEOSKH  AETONOESIOE,
FOHCTPYEIHA H pesepEyapoeE — Mogent 13-5205, ma tenempax 12-100 ¢ basof 19500 nam,
IpP¥20nons eMHOCTE 67,0 T

IIpobnema NOBEINE HEA MpoECSHOH CHOCODHOCTH ReNesHEX JOpol PEIIAETCA Oy TEM YEEIHIeHHA
MACCH [0E3Na 33 CHET OPTaHH:alHH NEMEEHHA COBOEHHEE NOE3N0E H XONOEGH CKOPOCTH ECo
IEH¥eHHA, IPH 3TOM HETEPEAT OEHE cHHA D0e3I0E, HANMPHMeEp, 0o T paHccuby CoCTAENART 8 MHHYT,
gTo  BIHSKO K OpeNelbHOMY SHAYEHIES 0[O0 VOIOBHAM  paboTocOocoBHOCTH  CHOTEMED
sHeprocHADEEHRA Ha SNeKTRHD HIHp OBAHHHE YYacTHaX B obecnedenud besonacHo CTH JEHEE HEA

BonepctEMe Tore, 4Te BATOH H OEENE3HONOPOXEHHEA OVTE OpeNCTABLEMOT CoboH EIHHYIC
MEXAHMYECKYED KONEDATENEHYID CHCTEMY H OpPH STOM [OPOIECT ESAHMoIeHCTEHA 0 EHEHOTO
COCTAEAR W IOYTH HOCHT XaparTep OONOEHTENRHOH ofpaTHoHd CEARH, T e HECOBEPUIEHCTEA
DONEHEHOTC COCTAEA H IYTH HEMATHEHO BINAROT Ha THHAMHYECKYE) HalpyEREeHHOCTE HOSEHEKHOTO
COCTAEA H IYVTH, HabIOnaeTCA TEHNEHIHA K JalbHe Il oMy paiBHTIHO NedeKTOE PENECOE H OTKAIOE
VOB HoNoE0H YacTH NOoNEWEHOTG COCTAEA, YEENMHEHHES KONMHECTEA OTCTYIUIEHHE 0T HOpM
CONEPEAHNA IYTH H poCTY HHCHA ol paHHYeHEA XofoBol CHopoCTH Ha YIACTEAN.
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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

—THAra Noe3foB W INeKTpudKauma

CHnegcTBHEM HaTHYHA HHDpPacTpYETYRE, HE OTBEYAROU[EH COBpPEMEHHHM TpeboBaHHAM,
ABNARCTCA CYIMECTEEHHHEA poCT YHCIA OTPaHMYEHHH CEOpoCTEed OBMEEHHA NOE3OOE, CHIDEEHHE
ZONOBOH CKOPOCTH H HANEXHOCTH NOCTAEKH I'PY:0E, CHIDE GHHE VPOBHA DESONACHOCTH HEPEBO3OK,
BONLIIHE SaTpaTh SHEPT OPECYPCOE Ha TATY NoesfoE, obyoIoBNIEHHEE HECOBEPIIEHCTEOM X0 0B HIX
yacTeldl [Py OBEX BarOHOE, OCHALEHHEE (HIHIECKH H MOPANLHO VCTApeBIIeH TENeEKKoH MOTENH
18-100 — yxyoin e HELWM aHanoTroM cosfandod enfe & CHIA & 1924 r tenexsn Eapbepa[1].

HecopepuieHoTEa 5TOH TENEEEK

bonplume sasopikl MexEOy byecofl B gemocTAMH bokoBod pamel Tenexrn 18-100 kax B
OpoOONBHOM (BOONE OCH IYTH), Tak H B OONEPEYHOM  HaOpaBleHHAX, 49To OpHEOOHT K
HapanaelorpaMMEp OBAHHIO TENE KKH B [UTaHe H COOTEETCTEVIOIIEMY YEEIHIEHIIO YTia Haberamua
rpebHA Koleca Ha pelbc. 2To MoBHIIAET HHTEHCHEHOCTE H3Ho ca MpebHeld konec B bokoBoro HzHoCa
[OIOEOK PENLCOE, VEEIHYHEAST CONpo THEIEHRE QEHECHHK 0850 H pAcKo] SHEPTHH Ha £T0 TATY,

HEQOCTATOUHEA CTATHYECKHA OporHb pECCOpHOrD KOMILIEKTA B IO poXHEM COCTOAHHH BaroHa
H HENOCTATOK OHCCHIOATHEHHEX CHI E PECCOPHOM KOMIIEKTE, YT0 B COBOKYIHOCTH CAVEHT
OpHYHHOH BOZHHKHOBEHHA HHTEHCHEHEE KolebaHuil BHIAHHA H bGoKOBOH KAUKH, BLHHYETACT
CTpAaHHYHEATE CKOPOCTE NOPOXHMY COCTABOE B KPHERX VHaCTKaX O¥TH pagHycou meHee 600 m go
60 EMi. 3T0 CHHEAET Opo MY CKHYID CHOCOBHOCTE YIACTEOE HENESHEE SopoT.

dnunucbasnad uTHEroEaA WIaThopua Mogens 13-6903 ¢ yEenmdeHHOH Py oMo b e MEOCTEED
4.5 ¢, mpomeonuMan TxeHuckEM BC3, ocHanleHa Tene®Kol Mogens 18-2855 B sTod Tenexke B
TPYEEHOM COCTOAHHH BaroHa EECTEOCTE PECCOPHOTC KOMIUIEETAa cocTaBnAeT 447 wroimm, yron
HakNoHA (PHKIOHOHHEE KIHHLEE paBeH 20 ° DT dayTophl COVEAT OpHUNHOH §opMHEpoBaHNA
BONBIIME CHI CYEOD TPEHHA B V3IIE € KIHH — ¢ pHEL RO HHAA [UTAHEAY , HT¢ B COBOKYIIHOCTH ¢ bosb e #
oo CpaEHeHHRS . Tenexkol 18-100 meobpeccopedsofl Maccoll YEEIHYHEAET Bo2IEHCTERE HA O¥VTE H
HET aTHEHO BIMAET HA INTABHOCTE XOJA H, CIefoBaTENLHG, HA COXpPAHHO CTE MEPEEOSHMEX TPYS0E NpH
BEHCOKHE CKOpOCTAX OBIKeHHA Hammipe CHONBSYHOE NOCTOAHHOMO KOHTAKTA ARMAETCA OCHOBHOH
IpHYHHOH H3Hoca rpebHed Konec u BOKOBOH MpaHH I OJIOEOK PEIbCOE B KPHEEE YUACTKAX IV TH.

B cratre [2] oTMeueHo, 4To VEENHUEHHE oOCeE0H HArpysKH OpHECOHT K CHHEEHHO
paboTocmocobHoCcTH  penbcoe. Tak, OpH  OBEEHHH TIPYSoBHE [0E3L0E [0 YYacTKy
CpegnecHbupckad — BxogHad moesfgol ¢ oceBol Harpyskod 215 kH (21,94 tofock) u mone ¥pHEBLX
Ha YYacTEe, paepHoed 2.6 %, OpH v-TIpOoleHTHO M PECYVPCE PEILCOE, paBHoM 920 %, npodvileHHLIH
TOHHAY MO0 oOTEasa CoCcTaBHT 923 MnH T bpyrTo, COeoBaTeNbHO, NalbHeMlad SKCIIYATalHA
IPHEEAET K PHCKY H3NOMOE PENBCOE MO IOESLOM.

Farx noxasmeaeT npaxTHKa, OpH SKCOIYATAIHH I0E3T0E IOBLII EHHO H Macckl npH goae 20 %
TPY30BHE MOESNOE C OCEBEIMH HapysKEaMH 25 TC B CYTOYHOM TaKeTe CHelyeT OXHOATL CHHEEHHA
EOHTAKTHO-VOTANOCTHOH QoNroBedHGCTH penecoE Ha 2 — 4 %0 [3]

PocT MHTEHCHEHOCTH SKCIMVATAUHH EEIeSHOTOPOEHOTG OYTH H I[OBHLIEHHE CHIOBOTO
E03OefCTEHA Ha HETO CO CTOPOHE HONEHE HOTO COCTAEA MPHEOTAT K VEEIHUEHHID [OBPEX JaeMOCTH
HE TONBKOD PENBCOE, HO H IPYTHE KOMIOHEHTOE BEPHHErD CTPOEHHA, B YACTHOCTH, IOOKIANOK
PENBCOBOTG CEpENeHHd THOa KB Fak noxasado B paboTe [4], 2a DepHoI MeX ¥ KalHTalbHE MH
PEMOHTAMH OVTH OoCIe Oponveka 420 — 300 mmu T BpyrTo Ipysa ECIEICTEHE HeOoCTATOUHO
YOTANOCTHO H M oY HO CTH KOIHYECTEY H3IOMAHHLE NogEIagolr cocTapnaer 180 — 220 wt fxM oyTw,
YTo SHATHTENE HO YEEIHYHEAST SKCILTYATALHOHHEE PACKOTE Ha ETo COOepKaHHE.

IIpuMeHeHHE TENEEEK MOTOPBACOHHEEY Ooesgok cemefictea 204 (519 B wouTefiHepHEX
MApIIpyTax B HEpEVID OUepedb OTPAHHYEH? CYROBLIMH KIHMATHUECKHMH YCIOBHAMH SHMHETO
NEpHONA SKCIUIYATALHE Ha foporax JanbHeBo CTOMHOMG perHeHa, Bafkano -Auypcro i Mar HCoTpany,
Boctoumodt Cubupy o OpyTHE y4acTEOE TpaHccuba, HETATHEHC EIHAKIHMHE OpeXEIe ECECO HA
paboTocoo cobHO CTh THAPABNHYECKHE FacHTeNeH Konebauil peccopHOr o NoOBEIIHEAHHA TENEXKEK,
A TAKEKE X JOCTATOYHO BEICOKS H CTOHMOCTEIO,

Far moxasmBaeT nparTHKa, OpH HHSEHE TEMIEpATVpay YEEIHYHBAKOTCA 3a30pH B CTHEKAX
PENLCOE (IpH MHHYCOBRE TEMIepaTypax cBrme 30°% O — go 28 — 30 M), 9To OpHBOOHT K pOCTY
HMIOVIECHOTO BOSHERCTEHA Ha KONECHYE Iapy B S0HE CTHEA PEILCOE. Y O4apHOE BO3NeHCTBHE
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[MoaBWXHOW COCTAaB Xene3HbIX AOPOr,

TAra noe3aoB U 3NeKTpUprKaLna —

TEERAOEHE Kojlec, obYCNOBNEHHOE HanHYHeM EBHIepbHH H OOISYHOB, COSGAET KYMYIATHEHEHA
opobosefl shdekrt [5], cHEEARI]HA YOTATOCTHYES BHHOCIHES CTh PEMBCOE H VSIO0E XoJ0BE0H YacTH
TpyzoBore EBaroHa B 2023 r gomvineso 145 cOy4aceE M:NoMOE PENBCOE, HE HMY MAKCHMANL HOE
KONHYECTES — Ha JopoTax BocTouHoro Donurola [IpH 5To M cebecTOHMOCTE TEKVILET D CONEp X aHHA
OOHODO KHIOMETpAa OYVTH Oo CeTH mopor OAD Pl no pesynpratam paboTm za 2023 1
YEENHYHIack Ha 112,53 % [6].

Bomuryio pont B nponecce BsaHMOmed CTEHA KOMECA H PENLCA HUPaloT KIHMATHYECK HE YCIOEHA
nopor BoCcToYHOr 0 MOMHIo Ha — BEYHOMEPSIEE TPy HTH o THENEHEE yoacTE ok BAM a, noemmaronue
MOIOYIE VOPYTOCTH OYTH, H MOPOSHOE NYYEHHE MO HaNbHOTO oCHOBaHHA. MoposHoe nydeHHe H
HOCHEVIOIEE OTTAHEAHHE — BaXHEE (arkTopil, GopMEPYVICIHE HEPOBHOCTH BEPXHETO CTPOEHHA
Iy TH H BIHAKL[HE Ha SKCIUIYaTAlHOHHYIO HaleX HOCTh EEeNesHER gopor [7].

B macTomee BpeMA E NOKOMOTHEHOM H EarO0HHOM Napkax pOCCHACKHE EENEIHEX OOpPOr
SECONYATHPVETCA CIHIIKOM MATO EIHHHL DONEHEHOTC COCTAEA — MACHCTPANBHEX TPYEOBLHE
TOKOMOTHECE H BaroHOE OIA NEpeBOsKH KOHTEHHEpOE C KOHCTPVELHOHHOH cropocThio 140 xmiy,
YTo CHEpEHEAST pPa’EHTHE VCKOPEHHEHE KOHTEHHEpHEER [epeBo20k, B NEpEYR oYEpegb 0o
MEEIVHAPOQHOMY TPAHCIOPTHOMY KopHTopy «Bocrox — Jamam:. Huskaa xomoBad CKOpOCTE
OEHEEHHA IPY20BEEY HOESOE TAKEE NPEIATCTEYET PAsEHTHEY CEOPO CTHOTG H BEICOKOCKOPOCTHOTO
OEHEEHHA BCIENCTEHE ODpAal[eHHA NacCaXHPCKHX H TPY30BLE [I0E3foB 00 OOHHM H TEM XE
VHACTEAM I¥TH.

B cemsu c sTuM kpafine HeobXoOHMO E paMEax pealHsallHH HAIHO HANEHOTO IIPOEKTa IO
PAsBHTHES EENEsHOTOPOXHOr o ThaHcoopTa Poccufick ot Degepaunu 1 Kounennun ko MmnexcHoro
PAsEMTHA EoHTEHHepHEX nepebosor OAC «PH Iy paspaboTaTs H BHEOPHTE HHHOBALHO HHEHR
IONEHE HOf COCTAE.

ChnegyeT OTMETHTB, YT0 B KOHCTPYVEIHAX TEIEX el BO MHOLOM DOBTORMOTCA TEXHHYECKHE
PELIEHHA IpeKHHEKE 6T, IPHHATHE 3a pybemoM. UHH HMEIOT paslHYHOE VOTPOHACTES BYKCE HIH
amanTepa, M3HOCOCTOHKOrO sMeMeHTa ByKCoBOro yila, BOKOBOH paMEl, OpVEHH DOIEEIIHEAHHA,
I I HO HEEX KIHHEBEE, Hagpecc opHof Bamku, bokoBLE CKOMESYHOE H YHHD HITHP OBAHE TOIEKOD 110
KONECHEM MapaM, KaCCETHEIM IONIIHNHHEAM H TORMOsHOH pHYax Ho H nepegade. HoBHe pelieH A
CEAZAHEl E OCHOEHOM C HEKOTOPHM VEENHUEHHEM CTATHYECKODO OporHba KyCodYHO-THHEHHOTO
PECCOPHOTG NOOBEIIHEAHHA (B HOPOEHEM COCTOAHHM — oo 18 — 20 MM, B rpyEeHoM — Oo 68 —
70 wMwM), © EEENEHHEM VOPYIHE CKob H DoIHYpeTAHOBLIY SMEMEHTOE MeXEOV bykcodl H BokoBoi
paMoil TENEXKH, H3HOCOCTOHK MK SMEMEHTOE B Valay TPEHHA (MEEIY TATHHEOM H NONIATHHKOM, &
TAKEE aMOpPTH:ATOPOE DEssasopHEX CEONEZVHOE I0CTOAHHODS KoHTakTa). ObIel TeHNeHIHER B
TAKHX TENEXKaxX ABNAETCA HEKOTOPOE VEENHYEHHE CTATHYECKoro mOporuba peccopHOTS
NONECIIHEAHHA, IPHMEHEHHE CMEHHEX MIHOCOCTOHKIM WIEMEHTOE H COBEPLIEHCTEOBAHHE
KOHCTPYELHH CKONBEVHOE.

3neck HeOBXOOHMO O TMETHTE, UTO TANLHE Il e YEEIHYEHHE CTATHYECKOr ¢ Ipor Hba pECCOPHOT O
KO MIUIEKTa MOXET IPHEECTH K MOBHIIEHHID BEpOATHOCTH BEUEHMAHHA BaloHA B KPHEOM YYaCTKE
IYTH B NEPEXONHER PEeXHMax QB eHHA [0 £30a.

COOHH H3 CAMEIX H3BECTHEIEX H AETOPHTETHER VYeHHX E obNacTH QHHAMHKH II0JEHEHOTO
coctaga npodeccop M P Bepuro B cBoe Bpema oTmeuan: «Pabomia nad mosaii deyxoecuali
MICTEHCRAIE DOTNCHE GpIME HANPAGISHE HACHCDE GCEZa HE CAEHNE HADOYKCO8ain Reccopalo
HOOGEIINGUHIA, ¥ KOMOPOZo DML Ol 0DECHEUSHE SWCOKES CHIGOILTRROCHD ONHAMINECKIX
HAP EMENIPOS, ¢ MICRNHOE HATHAR 1 HADENCHAR cersegocmy pan merexwcery 3] Huennoe no Taxod
KO HIENIHH cosfada Tenexka HI1-3 (opy&ecteennan ¥ oyre) [?]. HeobpeccopeHHAA Macca TENEEKH
II1-3 ma 1,1 T mepme, 4eM ¥ Tenexkd 18-100, ropiao HTATL HEIE YVOKOPEHHA TRVE EHOTO BATOHA C
TakoH Tenexrof B 2,26 pasa MeHEIIE, 9eM ¥ BarGHA-STANOHA H E 1,0 pasa MeHEINE, HeM ¥ Bar oHa-
sTancHa B KpHECH paguyca 1000 m OnHako DoKasaTElH £ BEpTHEANRHOH IHHAMHEH Opak THIECKH
COMOCTABMMEl C HOKazaTElAMH BaroHa-sTaloHa o Tenexiod 18-100, mostomy Tenmexka JII-3 me
HAIIJIA LIHPOKOT o TP HMEHE HHA.
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HoaBWXHOKW cocTaB Xene3HbIX ACpor,

TAra noe3foB U 3INeKTpUdUKauna

B CCCP paboTu me cosgadme TENEEKH ¢ YMeHBIIeHHOH HeobpeccopeHHoH Maccofl H C
HanbyECOEEM PECCOPHEM NOOBEMIHEAHHEM HAYalMck euje B 60-% IT. Opolliore Bexa
YpanearomiapomoM BHNH cosfadel TenexrH JB3-1, YWBE3-2, ¥YB3-4, ¥B3-6 um YB3-6EML
Bonegctene 3 HAYHTENE Ho i EECTKOCTH TaKor o IOOEEII HEAH HA, ob Yo OBIEHHOTO
PEMMAMERTHR OBAHHEIM TpeboBaHHEM Ha PasHo CTh BHICOT ABTOCLUSICK CUEINIASMELR BarOHOE, TAKHE
TENEXKH HE HAlNH [OpHMEHEHHA [0 [OPHYHHE BHCOKODG HAOpAXEeHHO-Ted opMHpPOBAHHOTO
COCTOAHMA paM TENEKEK B YOIIOBHAE SKC Y ATALHH.

Taxum obpasom, TpagHIHOHHEE DONXOME ¥ COSTAHHK HOBOH TENeXKH IPys0BOrO BaroHa Ha
OCHOBE MpHMEHEHHA THIOEOH EE CTPYETYPE, MONEpHHSAUHH CYIECTEVICIIEH HIH Ko IHpOBaHHA
oy g sapybexHEE obpasloE He B DONHOH MEpe OTBEYAOT COBPEMEHHEIM TpeboBaHHAM.
«Cazdamp MeneHcKy HOEOI0 NOKAICHIR, OSCHEUNGAIONLYI0 VESTNUCHIE NPONYCKHAl I
HPOGAIHAN CHACOOHOCIIN MNCEAEIHMIX D0pal, MONCHG MOTBKE HE OCHOG8E HAGHX udel u
mexnanozuidy [ 10].

¥ taxum HOBHIM HOEAM H TEXHONOTHAM H O THOCATCA OTMEYEHHEIE HOBEIE TONXONE H METOTEH
cosmaHuA s EKTHEHOTO PECCOPHOrO NOAEBEIIHEAHHA NONEHEHOMG COCTABEA, OCHOBAHHEIE HA
OpHHITHIE KOMIEHCAIHH BHEIMHIE EosMyU[eHHE Ha stom mpuenmne B Owuml ¥11C: Ha ocHobe
MHOTONETHHE HCCIEOBAHHH paspaboTaHEl CHCTEME BHOPOSAU[HTH YeloBEKa-oNEpaTopa H
MOAEHE HOTO COCTABA,

HOna oueHEH s eKTHEHOCTH OpegiaracMore coocoba CpaBHEM DOKAsATENH JHHAMHHECKHE
KAUECTE BaroHa-mnaThopMel G HTHHTOBOT O THOA . Tenexkod 18-100 B Earoda, ©CHAIeHHOTO
KO MIOEHCHPYVIOIIHM YoTpo HCTEOM B BYKCoBO # CTYIEHH peccopHOTG MIoIBEIIHEAHHA, YCTAHOBIE HHO M
[apalIelt Ho THICEOMY YIPYTOMY SIEMEHTY B 5T0 H CTYIEHH © ¥IETOM rabapHTHEE, IpoYHOCTHEE
H DYHEIHOHANRHEE OlpaHHYeHHA, HaKTaOHEAEMEX Ha ero  oapameTpel [11] CHnopme
HapaKTepHCTHER TAKHX CHOTEM obpeccopHBaHHA NpHEENEHE Ha pHCYHKE 1.

B mopomHeM pexuMe OBHEKEHHA HarpyEeHE
EHYTPEHHHE IOPYVEHHE  PECCOPHOTO  KOMILIEKTA
EyKcoBOH CTYIEHH, B TPYEEHOM — [OpH Haes[ge Ha .
HEPOEBHO CTh OyTH  EEModaeTcd B paboTy am _
KO MIEHCHPVIOIEE YCTPOHCTEO, PacHolOEEHHOE Ha =,
BoxopoH pame TelnexKH. [IpH 5TOM VYHTHIEAETCH |
HeobxoQUMEE samac KoOHCTPYETHEHOTO IOporuba !
Py HHE i

IIpr dopmMupoBaHHH MaTEMaTHYECKOH MOTEIH !
KONebaHHi CHCTEMEl €BaroH — OYTEY [OOJACashl, 4To |

|
&

eH

1nn

sas0pE MEENY YIopaMH GHTHHTOECH miaTh opMEI H

pasMel] eHHEME Ha He d 20-byToEnME KoHTEHEEpaME

OTCYTCTEVIOT. ¥ IpYTHE CEOHCTEA (Harub H KpydeHHE) Pucyrok 1 — CHIOBBIE X ) aKTEPHCTHEM Bar OHOB

paMel MIaTHopME HE YIHTEEAKTCA. C TEOIOEOH (1)) ¥ ¢ Opegmnaraenand (2 cx enane
CHCTEMA VpAaPHeHHH, ONHCHEBAML]HY Eonebanna obpeceOpHE A

V2IOE CHCOTEMEL $Earc H — OYTEY, B BEETORHO -MaTpHIHOH bopMe SalHCH HMEET BRI

Q 24 J-."-"II 50 2% rt & W

M3, +B3,+Cq,; = Q,,

Troe Q_'J.— BEETOR COOTEETCTEVROITHE OEOEH.'[EHHI:.IX KOODOHHAT ValOoE SEHIIANA,

M B uC — MaTpHUM HHEpUHOHHEE, JHCCHOATHEHHE H YORYTHE KosdDHIHEHTOE CHCTEME
COOTEETCTEEHHD,

Qj-— EeETop obobIeHEB CHIL

B pesyapTare YHCNEHHODO HETErpHPOBAHHA VPAPHEHHA BepTHEANEHEHE KolebaHHH BaroHa-
WIATPOPME C THIOICBHM PECCOPHHM NONEBEMIHEAHHEM TEIEXEr H BaroHa C OYKCOBHM
obpECCOPHEBAHHENM, OCHAIEHHEIM KOMIEHCHPVIOIIHM VCTpOHCTEOM, IONVYEHH SaEHCHMOCTH
MAK CHMANE HEIX EEpTHEAIEHHEY VOKOPEHHA OOIUPHTHEAHHA KY30BOE BarOHOE C THIOEOH H
npennarackofi cxeMamy obpeccopHEAHHA SEHTAKER, MpHESNEHHLIE Ha PHCYHEE 2.
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[MoaBWXHOW COCTAaB Xene3HbIX A0POrT,

THAra noe3aoB WU 3nNeKTpudprkauns

Y oTaHoENEH:, HAOpHMER, 9T0 Ha 5K HOMEHECKH
08 BHrogucH ceopoctd 100 kMM BepTHEATBHEE
g YLEOPEHHA KyzoEa B 1,94 pasa MEHEIIE YEM ¥ BaTOHA C
I e THIOBEOH TENeEKOH, =To VIVHIIaeT OOKAsaTedH
0.4 = ODHHAMHYECKHE KadecTE BalcoHa o, CHeSOBaTeNEbHo,
T T DONCEHTENLHG  CHKA3EEAETCA  Ha  COXpPaHHOCTH

_‘,p"'
z. e L [EpEBOS HMLIE TPYI0E.
I

JaMeTHM 3§eck, 9To OpH obLuHOM THOOBOM
2 PECCOPHOM HONEBEIIHEAHHH, CTPYETVRAE KOTODOTO
COCTOHT H3 VIPYTOT O SIEMEHTA (KO MIUIEETA IPVEHH) H
racuTend Konebanui, qua Do CTIEeHHA TAK HE BEICOK HX
20 60 8 10 w140 DokKasaTeleHd BaroHa-IaThopME ECe  CTATHYECKHH
V= oporib JolEEH OOCTHCATE EENHYHHE 0256 m, gTo
Preyeior 2 — MK HMAT HELe BepTHE ATBHBIE COBEPIIEHHS HEBOSMOEHO OCVINECTEHIEL E  CHAY
YOK O EIA Ky 0Ba TPYKEHOT 0 BaroHa: | —paron  HMEKOI[ET0CA KECTKOTO oIpaHHYEHHA Ha pPasHOCTE
© THOITOB 0ff TETex® off, 2 — Barcd ¢ OykcosoH BEICOT AETOCIENOE CIENNAEMEY Bar oHOE.
CTYIEHRI DEPECCDPI’EMTE”EWSL Adna  nopoBepEH  ANEKEATHOCTH — BLIIGJHEHHEE
CUHAMSIHOH ROMITSHCHPVIOMED FETPORAT O reopeTHYECKHE HOOIENoBaHER ToCTpoeHA OTEEAROIIAA
EpHTEPHAM Oogobuad fHsHYecKad MOOENE CHOTEME € BaroH — Oy ThY C JEVMA BapHAHTAMH CHCTEMED
obpeCCoOpHEAHHA — THIOEOH CHeMoH obpeccopHEanua byKCcoBoH CTYIEHE H cXeMoH obpeccopHEAR A,
comepEaed KoMIeHCHRYIOUIEE YOTpoHCTES, JacTo BCTpeUalCIHACA HEpaBHOMEPHHIH OpOKaT Io
EpYIY KAaTAHHA KOJIECA VITEH B BHIE SKCUEHTPHCHTETA BENHYHHOH 1,8 M
CCOHMIOTPAMME CPAEHHTENE HEIX HCIEITAHHHA, BEINONHEHHEE COTNMACHO EPHTEPHAM OonobHA
brmsmgeckof MomENH ¢ THHOBOH cxeMof  obpeccopHEaHHA B pMzMbeckol  MoNEmMH C
KO MISHCHPVIOIHM YCTPoHCTEOM B BYKCOBOH CTYIEHHE obpeccopHBARNRA XOoLOEBOH HacTH SKHIIAKA,
OEHEVIECOCA 0O CEOPo cTRE 0 Ky, OpHEETEHE Ha pHCYHEAY 5 B 4. Bos Myl i HMe dakTo paMi
ABNAECTCA CTHECEAT HEPOBHOCTE TOYOHEOH 9 MM H SKCUEHTPHCHTET KONeCHoH TapH.
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Prooymor 4 — O CIpomm orp bl BepTHE ATEHED FCEOp eI KY306 4 [I0f 0T 0 BAT 0HAa (B el HAA KPHEAR) M
KOMecs [ HECHEAA KEPMEAT) AIA CHCTEMEBD © KOMISHCHP VRO FoTH 0F CTE OB E Ok OB 0ff CT yIIeEE

YCKOopEHHA Ha EX00E B CHCTEMH obpeccopHEAHHA — HHEHAA KpHEAd Ha pHCyHEaX 3 H 4. ua
HATTAGHOCTH B STHE CIyYads KoshHIHEHTE YCHIEHHA KaHANOE, PECHCTPHPYRIIHY YOKOPEHHA
KysoBa, Nogobpanel o HHAK OBEIMH.

CpaEHeHHe IpadHECE NOKasHEAET, 9T0 MAKCHMAILHEHE BERTHEAILHEE YOKOPEHHA K¥:oBa
BaroHa C IpeflaracMEM PECCOPHEM MoIEEII HEAHHE M, OCHOBEAHHEIM Ha IpHHIHIE KOMIEHCAHE
BHEIIHHE EOSMYIIEHHH, B 2,4 pasa MEHLINE, UEM ¥ BAr0HA C THIOEO H CXeModl o IBEIl HEAHHA.

OmHcaHHAA KOHCTPYKIHA M03B0IAeT oDECIedHTE CIEOYIOMIIEE:

— OB EHHE INTABHG CTH X0a () HTHHMOBHX AT opM H COXpaHHOCTH IEPEEOSHMER TPYs OE,

— yMeEHEIIEHHE HeobpeccopeHHoR MacCH  @a  CYeT [OpHMEHEHHA byECoBo# CTYIEHH
obpeccopHBAHNA ¢ MOHMKEHHOR JHHAMMYecK O eCcTHOCTRIO H CHIDEEHHE BosmefcTEHA Ha OVTL, a
TaKEE YMEHBIIEHHE SKCIIYaTal HoHHEXH pacxooE Ha eCo COfepEaHHE,

— CHHEEHHE JHHAMHYECK: A HACPYEEHHD CTH V3IOE BaroHa-INAaT (o pME B LETOM,

— VYBENMYEHHE XofoBoll H MapmpyTHoH cropocTedl IRIEEHHA [NOESNOE H IIOBLIIIEHHE
o QEKTHEHOCTH KoHTEHHEPHEX NEpeBo S0k,
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A, Bysamanoax, B. A, Onemeenny, E. B. Kaunioe
M pecyr crpEt ro oy A OTE eHHETH YHME e CHTeT Iy TeH coobnqemem (Mpl ¥TICY, . Mpeyrex, P ocerdickan ©egeparpm

BOIIPOCHI ITPHMEHEHI A I»H-ITE.]I]EEEI'YA.]]LHDITI CHCTEMBI ¥IIPABJIEHHA H
OPTAHM3AIIHH MAHEBPOBOHWH PABOTEI HA HHPPACTPYKT YVPHOM
KOMILIEKCE VIAH-BATOPCKOH “KEIEIHOH TOPOTH

Anwomounr. B penoQmy cpeiimeoH o Paseusaolleind Mpoisiuinenn ol peaoimorpii Monsonui SonaeHa axmusHo
MERIMENAG  COSPEMENHTIE  MEMOdhl W ARSORRIMMLL LR RERNSKMPATeHoT  MoOOgrML  MPLHATIL P L AL LIoH HO-
FHPREREHNECK WY PEIGHLE] & MIEINIMECKLE CLETEMAY, SHEGDAMD LHHOSEMLONRLE Modrodel & cbiacmu W Popmaipion ety
mexmonodi mepie xax loT fimmepnem sewall) «Big Dafay (Somuiue dBnne ) L obnavwnss soiNlenel L, cHocobe merLe
CPINLAMLIT LY FPOLTEOOCHISER HBL, MPOLMECCOS L NOSICIILECHLE ModTodns & MPENCHOPIHOM Camape cmpanst, B paw e
aocpdegy masHn ol Fposp A st donsocpoun o2o parsionu. Mon somaes e Budenue 205020 s coomesmeman ¢ delicmepromiia
PrRosodiupie MPLMLMERML donCpouNol Momamiai  socpdgpomsa & oflacmu oMmnbduiagn: pabomst
HCENETHOOCPONCHOSO  MPARCHGEIMNACS0  KOMMNEKTA  MPEQPoMOmPaHe  BUUpCRNE 1 PATRINNG  R0ENSTROMPOM RO
MpancHopnHcll i dpacmpmonppe, 8 maxace nossuienue  sddenmusnoomu e frnapioniposanul 8 PORosURy
ERPEMLEN SIRRO S0 MELDOCH 8 M catiaipo- W gronom o, odotnsil samop cmpean eameckoso ParaLinug Haypeancy Ha
VOSILEHLE KOHKFPEHMOCHOrotH OO FOEREFHOGCPOITHOL0 TN Ha MESCOPHaRodHci IMPEHCNODIHOM PRiNKe, Ymo
AERREMICA FPLOMRIMEMOM YR opaanurapnl pabome Edwnozo yenmpn pegmposaniui dsuavenua noesdos Mo zomay —
cr oo wodpardenera Yian-Eamopexcll soenerncdl dopoal. Aemopaiin ¥posedeno wenedosaue criyecmsyuet]
MEMOICROZN! FYPREREHIA W QP EIHWTAEEE M eqPoeol] Pabom ol Ha Kmoveany cranyieay Yiem-EFamopokoll avenemoll
dopog, ANQRITREPIOMCA CRENIETNECRWE CERNDE MIUYLH  SOTHLNHOSERAT IPARCHCEIIHELY  MECRICIECIGLE] 1 LHRLE
COERMLALL CEATEHMNEY ¢ HAPVALEHLEM MPASUN D87 CRACHOC L OSLAWIEHLIL U SHEHUTPEINALLIL SR TR0 OO RTHO L0 BIP H CHOPIA,
LMENINY MECIO MR MPOureodemes Manegpostiy cnepaafi. Fipuen mescdPRapodnuill oMSUN MPLMMEHEHUL  SFMHELY
CLCTIEM 3 8 M AKI0E COMPPONLINECTSA © KoM MEH LML PA TP A00 NN BN MHPOPRMR QIoH DY CLICMER 1 MEeXH anoall & cfepe
ofernovenut BEFOMacHOCIIN MEPESOTOUHOLD MPOYERra Ha SvenesHodoposch oi mpe cnopme. TIpedemasnens: nexomapos
PETFRLIMAMGL LECASI0SM L ASMOPOS M0 SH edPSHLID LM MEMNEKIY AL CLEM S B MY CRFSO A0 MEA M e eapoaci] padoms: Ha
P PPN ci Kosdrinekee Vian-Eamopexcil avenesnotl dopoadl,

Kawwoene caoen: Yom-Eomopoxas svenesnal doposa wrdpacmprrmppod] xomanexs  wRd opiayucHibie
CLCMEMBL W MEXHORORL), obecMevcHlE CEFCMACHOCHU MEPESCTOUHOI0 MPOYErcd, Memodonoful FYPOasheMuUT U
CPZAMLTAYLIL  MAaResposoll  padombl,  LHMEMEKMPATREAL CUCMEMA  MEMOodhl CLEMEMHOI0  GHUNSE,  Memodel
LHMEMEINY AT HOH MOAAEPICHL VIR MPUHANLL! PAPASIEHEC KLUy peuleHLel,

Arkhit Buyannemelth, Victoriya A. Olentsevich, Evgenii V. Kaimov
Irkatsk State Transport Univwersity (ISTU, Irkousk, the Fussian Federation

ISSUES OF APPLICATION OF AN INTELLIGENT MANAGEMENT SYSTEM AND
THE ORGANIZATION OF SHUNTING WORK ON THE INFRASTRUCTURE
THE ULAANBAATAR RAILWAY COMPLEX

Abstract In the cortfext of the rapidy developing mdwstrial revolufion Mongolia showld acfively apply modern
methods and d gorithms of infellecfud supporffor or gevnzafiong] and maragerial &dsion-maang in feckmicd sy sems,
mfroduce pmovative approae hes in the fleld of informdafion feckmology, sieh as IoT (Infernet of Things) Big Dafa fig
chafa) arvd clowd computing confribuding fo the opfimizafion of production processes and logistics goproaches in the
coemfry s fransport sector. Withinthe framework of the sfafe program for the long-ferm developmert of Meongolia "Vision
2050 and in accordance with the currert gudelines of the long-ferm policy of the sfafe in fhe field of opfimizing the
cperafion of the railway fravsport compley, i is playmed fo expand and develop the rallway fravsport inf asfrucfure, as
well as increase the gfficieny of ifs fimcficing i condfions of rapid growth in passenger and carge fraffic. Steh a
vecfor of srategic developmert is aimed of Dwwreasing the compefifiveress of fhe railway secfor in the Dfernafional
frepusport markef, which is a priorify in orgaizing the work of the Unafied Train Trgffic Corfrol Cenfer of Mongalia a
strchural division of fhe Ulambaafar Roallway. The mdhors cowducted a shudy of the exisiing methodology of
management avd or gepiization of shusiting work af key safions of fhe Ulamibaafar raalway. SFafisfica dafa on fhe caises
of framisporf accideyts @id ofher events relafed fo viclafiows of fraffic sgfefy rides and operafion of ralway fransport
faling place duwring shnifing oper cdfiions e avalyzed The inferrafiond experirre of using "smart spsfems ) as well as
cooperaion with comparies developing Information sysfems and fechmologies in the field of ennuring the sqfefy of the
frapsporiafion process 1 railweay fransport, has been shudied. Some resulis of the aithor s "research on the infroducfion
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of o1 afelligesdt slumafing produe fion spsfem of the Ulamibaatar Railway Difrasfrucfure compler are presevfed.

Stafisfical dafa and cavses of crashes, aocidents, work failures, a5 well as ofher sqfefy Woldfions during marneuver
aperafions are analyzed, The ivfernafioral experience of using esmarf spstems s as well as cooper afion with compepiies
developing tfor mation sysfems and fechmclogies i the field of exsuring the sgfefy of the frapsporfafion process in reaglway
fremsport, has been sfudied. Some resuls of the @dhors ' research on the mfroducion of aninfelligent shaating prodicfion
spsfem o the Mambaafar Failway Dfrastruciire compler are presenfed.

Keywords: Ulaavbadtar Railway, infr asfruchre comples, imformation sysfems @ feclmologies, ensieing the safely
of fhe fransporfafion proce ss, managemert mefthodologie s ad or garvzafion of skretfing work, iwfelli gert spstem, mefhods
of sypsfem analysis, methods of infellacfudl support in maling managerial decisions.

B mexpgvHaponHo# OpaKTHKE OPHHATO NOHATHE, 910 CHCOTEME OPOHIBOLCTEA MaHEEpROBOH
paboTH HEe Tonbke obechoedHBarcT BEZoNacHOCTE TpyOa, conocoboTeyioT bomee sddexTHEHOH
OPraHHsal el YelOBEYECKHE PECYPCOR, HO TAKEE NOBLINAKT OpoIYCKHEE H HepepabaTHEBaOLHE
MOIHOCTH HHPPaCTR VETYPHOTO KOMILIEKCA EENes HEX Topor, YCKOpAA TEM CAMEIM IIpOJBHE EHHE
rpysonoTora [1 — 3]

Ha uud pactpyrTypHoM KoMInerce Ynag-Eatopok ol wenesdofl gopord ( VEX ) Maneepopas
paboTa IpOMIBONHTCA B COOTEETCTEHH © TEXHOMOTHYECKHM OpOLEccoM pabo TH EelesHo TopoX HO
CTAHUHH COTJAcHO YCTAHOBNEHHOMY CYTOYHOMY ONaHY, KOTOpHE NoIEEH OpelycMaTpHEATh
CIAEOYICI] EE:

— CEOEBPEMEHHOE () opMHEpOEAHHE H OTIPARNEHHE I0ESIOE,

— CBOEEPEMEHHYEC NOfady EBaroHOE oL TPYIOoBHE CHEpalld H yhopKy HX IOCHE OKOHYAHHA
TP¥20BER OIEpAIHA,

— HAHMEHBLIHE SaTPaThl EPEMEHH Ha HepepaboTEy BarcHOE HAa CTAHIOMH H o IIpHIEraroLled
HH]PacTpyKTYPE,

— palHoHANEHOE HCIONE30BAHAE HMERCI] I CA MAHEED OELIE CPENCTE H TEXHHYECKHE YOTPOHCTE,

— becnepeboHHELR IPHEM H OpOIVCE MOE3T0E Ha EENE3HOOPO K HYEO CTAH [THED,

— bBEsOmAacHOCTE OEMEEHHA N0 0B H pabo THHEOE, CEA3AHHLIY C MAaHeEp OB MH NEp e IEHE e HHAMH,
COXPAHHOCTD KEIESHONOPOKHOTO MOMBIKHOIG COCTARA H NEpEEcaHMoro Tpysa[4, 5]

Ha wenesHomopoXHEIX O¥TAX HeobL[ero OOMBSCEAHHA OpH OTCYTCTEMH TEXHOIOT HYECKOTO
nponecca paboTH HETesHOOOPOEHOH CTAHIHH MAHEEpOEAd paboTa OpoMsE0IHTCA B COOTEETCTEHH C
MECTHOH HHCTRYELUHEH ¢ HopAgke obCIVEHBAHMA H opraHH:aUuH OEHEeHHA JaHHHE onepalHH
BEIIGIHAKTCA MAaHEED OBEIMH HIH 0 £30HEIME JTOKOMOTHEAMH HA CTAHIHOHHER H CIEIHATEHEE Ty TAX.
IManeppoBre ONEepalHH Ha CTAHUHH OCYIIECTEIARITCA 0T PYKOBOICTEOM INEXYPHOTO [0 CTAHIHH,
KOTOPHH ¢bECHEYHBAET KOOPOHHALMKD MAHEEPOE HA CTAHIHH H OpOUHE [PHIET@OU[HE Y TAX.
Brimonsenne HOpMATHEHHE TpeboBaHHR oCYINECTEMACTCA COMTACHS IPHKESY OEKYPHOTO M0 CTAHIHH
Ha OIHHOYHEX JIOKOMOTHEAX H MAHEED OBLIX TP AHCIOPTHER CpefCTEAX Ha DOATOTORNEHHEE O¥TAX. Ha
OOHOM MAHEEPOEOM VYacTKE MoXeT paboTalt TONBKGC OIHH MaHeBpoBEIE JoKoMoTHE. llpH
HeObXOOHMOCTH HCIONBS OBAHHA OEVE H DONes NoKOMOTHECE MAHEBpOEBHE paboThl BEIIONHAOTCA HA
HapalNelbHEX OYTAX. DE30NacHOCTs MOOBHEHOTS COCTABA [OPpH TAKOM BapHAHTE MaHEEpHPOBAHHA
obECTEYHEBAETCA BMSVAILHEIM KOHTPONEM CTAHUHOHHER IVTeH MaHeBpoBoll bpuragod, yKasaHua
EOTOROH JOKHEL CTPOTo BHOCIHATECA JeXypHEE I0MOLHEKE §o/UEHE OOCTOAHHG KOHTR ONHPOEATE
MAHEEPOEEE INEpENEHEXEHHA H paboTy DoIBHEHODO cocTaBa MNaHeEpoBLIE oNepalMH DolyCKaeTcA
OCYIECTENATE M0 E3IHEMH JIOKOMOTHEAMHE, HO TOJNBEG OpH HATHIHE HApaEiamollel (ToKo MOTHEHOH)
Eprragel. CoracHoe YoTAHOENEHHOH TEXHOIONHE paboTH MaHeEpoELe bpHragel cvenawcTeda ¢ 0500 go
08:30mc 20:00 go 20:30[1, &].

Ha wmenesumxz goporax MoHronuu OpoH:BOICTEC MAHEEROBEE o©NEpallHil OCYLEeCTEIASTCA
MaHEEpPoEOH bpHragol, B COCTaE KOTopo H BXoLHT YeTHPE YeloBeKa, IpH STOM B TAKHE CTpaHax, Kak
Hapamwme w lleefinapua, ©Ooe WHPOKOE OpHMEHEHHE OONYHHIH HHTELIEKTYANLHEIE CHCTEMED
YOPABIEHHA H OpraHH3alHH MaHeEpoEo# paboTrl, ToT ®e obbeM paboTH BEIIONHAETCA OQHHM —
OEVMA paboTHHKAME.

B poameax monmTmeH rocymapoTEa B obIacTH EENesHOTOpoEHOMe TpancnopTa ¥ 2030 r. obuas
IpOTAEEHHOCTE HENesHHE gopor MoHronws monxHa OLITE ¥EEIHYEHa E 2,96 pasa H DoCTHCHYVTR
SEEZS kM C OpHPOCTOM TapaMeTpoE CTPORTENECTEA GYIET HMETE MecTo H VEENHYeHHe obbema
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HEPEEOSOK 10 HHPpacTpyETYpHOMY Kodmnekcy ¥ BRI, uTo notpebyer OpeEHIbHOR OpraHHsallHH H
HCIONMEZ0BAHKA Yell0BEYECKHE PECYPCOB, COSTAHHA efHHOH CHCTEME B3aHMOCEAIEH B TpaHCIopTHOH
CHCTEME CTPAHEL, NpHMEHEHHA COBPEMEHHEX METONOE HHTEINEKTY AEHOH IOAIep KKH IpH IpHHATHH
YOpaENEHYECK MY pelleHuA. PeaniMzalid YEasaHHOT O KOMIDIEKCA MEpOIpHATHHA IOSEOIHT MOBEICHTE
VpoBEHE KOHEYpeHTOCHocobHooTH YEA]] Ha MemmyHapogHoM THaHCIORTHOM PLIHKE, YTO ARIAETCA
IpHOPHTETOM OId EqHHOTS UEHTpa peCYIHE 0BAHHA IEH HEHHA Noesgos MWowr ommn [6 — 10].

Tenero mgasHo# cTaTbl ABNACTCA 0bOCHOBAHEE HEO DX OQHMOCTH IpHMEHEHHA HHTEIEK TYAIE HO
CHCTEME! YIIPABNEHHA H OpTaHHsalHl MaHeEpoBoH paboToll Ha HEGpACTD VETYPHOM KOMILIEKCE ¥ JTaH-
Baropcrofi wenesnof moporn IlpHmeHenue MoMmIeKCHoR CHOTEMEl NOEBINEHHA 50 ¢ EeKTHEHOCTH
paboTH MaHEEp OBRK TOKOMOTHECE OSBONHT COKPaTHTL Bp EMEHA IO CToA Bar OHOE H OOHOBPEMEHH O
BesomacHoH opraHUsalHH MAHEEpOBOH paboThl EHYTPH EENEs HOGOPOEHOH CTAHLUHH Ha OCHOEE
HH( OpMalHH, TONIYYaeMoH B peXHME pealbHOrO BPEMEHH.

MexnyHapogHBIi O0OBIT NPHMEHEHHA HHTELIEKTYANBHBIX CHCTEM YIOpaBJeHHA H
0P T aHI: AITHH MaHeEPoRoil p afoTel Ha HEGP ac TPYE TYPHOM K 0MILTEK Ce HKe/Ie3H bIX 0D 0T.

IIpumepamu opuMeH eHRA HED Op MALHOHHELE CHCTEM B MAHEEp oBOH paboTe MOTYT IV EHTE!

cucTema «FRal WYisions (Hapawik) — cHOTEMa OOTHMANBHGH OpTraHH;allHH OHCTaHIHoHHOH
MAHEEDOBOH paboTE,

SMEKTHOHEAA CHOTEMA MaleEpoBof paboTta B Xapbune (KHTE) — ucnonesyerca ona onTHMHsAIHH
IpOLECCOE VIPAENCHHA MaHEEP 0BOH paboTol,

AETOMATHIMPOBAHHAA CHCHAMHIAUHA MAHEEPOERX JIOKOMOTHECE — TECTHPYETCA HA KPYIHEE
HENESHONOPOXHEE CTAHIHAK PoccHH, Takuy Kak ConHedHad H Codn

Hecnegopanna no npHMeHEHHEO HHQ OpMATHOHHEE CHCTEM MIA OOPEeleHHA MECTOIIONOXKEHHA
MAHEED OBEE JIOKOMOTHEOE IPOBOQHIHCE C VHACTHEM IECTH KoMIAHKE, IpeqoCTABTAKIHE pEIIeHIA
oo OTCIEEHBAHNK TRAHCIOPTHRE CPENCTE. 1 aKie KoMTaHul, kax ¢ afmans o « 1T Toolsy, uMeloT
SHAYHTEMLHEA ONLHT YOTAHOEKH CHCTEM ONpPENeleHHA MeCTOIONOEEHHA JOKOMOTHEHOTO HapKa Hx
paspaboTH DOSEOIOT B PEATEHOM PEXHME BPEMEHH ONpENEIATE 00 &8 PAsIHYHEE TEXHHYECKHYE H
TEXHONOTHYECK MY IapaMeTpoE OpOMIBOACTEA MaHEEROEHX olepanui. Kpome Toroe, mnathopma Ha
OCHOBE #0bNAYHLIX TEXHONMOTHHR [OPEJOCTAEIAST BOSMOEHOCTE MOHHTOPHHTA H o OLEHKH
o fEKTHEHOCTH Opo HEOLCTER MaHeEpeHHOH pab oTHL

Ha spynoHuLx EenesHODOPOXHEE CTAHUWAZ PoCcHM HMEESTCA ONET EBHEOPEHHA CHCTEME
AETOMATHUECKOH CHPHANMSAUHH 007 MAHEEpOBLH NOKOMOTHEOE, aHanws ee paboThl gokasan
E03MOEHOCTE 30 ¢ EKTHEHOTO YIPARIEHHA OQHOBPEMEHHS TPEMA JNOKOMOTHEAMH OJHHM OIEPaTOpOM.
Hanuueifiiee BHEApEHHE DaHHOH TEXHOMOTHH Ha ofHOoH KpY¥OHOR EelesHODopOEHOH CTaHIHH
MOSEBONHT MONYYHTE sKoHOMMO bonee 7 MnH pyb. /Tol, a TAKEE COKPATHTL YHCIEHHOCTE NEPCOHANA HA
ECCEME YEOBEK.

SMEETpOHHAA CHCTEMA KOHTHONA MaHeBpoECH pab 0T, IpHMEHAE Mad Ha EENesHEK Jopora Knrad,
Ha 30 % cHEEaeT HeobXOOQHMOCTE YENOBEYECKOrD WHACTHA H PECVIAPHO aHATHIHPYET OCHOBHEIE
HapaMeTprl paboTH MOKOMOTHEHOTO MOapka, YTO CHocoBCTEYET NOBEINEHHIS 5 §EKTHEHOCTH
IpOM:ECACTEA MAHEEPOEBOH paboTH, YCKOPAST TEXHOMOMHYECKHE OPOLECCH D0 PopMHpOBAHIEC H
OTIPAENEHHEO 1083 I0E, IOBRIIAA TEM CAMEIM HepepabaTHEAFIIYES CIoCObHOCTE CTAHIIHI.

Co II ¥paprana 2020 r., 9Tobl CpaEHETL H OpoaHalHSHPOERTE HHTENIEKTYANLHEIE CHCTEMEL,
HCOONEZYVEMEIE B PAsIHYHER CTpaHax, COENaTk BHEOOE H COTPYLHHYAIL C pasEHBAROL]HMHCA
cTpadami, YEEJ] # kowmmamuda «HIEsx B XapbHHe Hadand OpoBoOHTE HCCIEJoBaHHA IpodvETa
¢HMETEIMEKTYANEHA CHCTEMA Tepelads HEdopMainmy. CHCTEMA Mo2BOIART BHICTpo o besomubouns
EECTH VIpPaBIEHHE H OPraHHs 0BHEATE MAHEEPOBEE ONEpALlHE Ha OCHOBE JaHHHE B PEAlbHOM PEXHME
BpEMEHH, yOobHa ONA OOATOTOEKH SIEETPOHHOR OTYETHOCTH, OpefoCTARNAET BECh HeobXoJHMELH
obben HED OpMaHH paboTHHKAM, 3aHATEIM Ha Opo BT CTES MAHEEPOBLHE paboT Ha TEpPHTOPHH BCE H
CTAHIHH H OpHIECAOL[HX YYacTKa®, Yepe: HesaBHCHMYK DecOpoBOJHYEO CETh C  IOMOL[BIO
HHTENNEK TYATEHOr o UTAHIIETA

2 2013 r poccHECEHE H MEROVHApOMHEIE YUEHEIE H [OPAKTHEH 2AHHMAKTCA HEVIEHHEM
AETOMATHUECKHY CHM HANH3AIl Hil 0A ¥ IpasneHHA B e CIHIOTHEIMHE MAHEEPOE EIME JTOKO MOTHE AMH.
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B 201% r mopoMoTHELI BEIIH OCHAa[EeHH CHEMHAE HEIMH @ yoTpoicTeams obHap vEeHHA
IpENATCTEHH Ha OYTH CIE0EAHHA (TpH oOTHYECKHE KaMEephl), 9To DosBonmne bonee shdexTHEHG H
BesomacHe opraHH:oBaTe MaHeEpoEyRe pabory.  MamlHHHCT-onepaTop, KOTOPHE ¥IpaBElAeT
MAHEED OBEIM JOKOMOTHEOM, 0bHapyEHEAET NpeIATCTEHA (MiogeH, TEXHHKY, O0CTOROHHHEE TPEMETE,
OopoEHEE HHCTPYMEHT H T. IL) Ha paccToAaHuu 100 — 150 M H apToMaTHYeCKH CHHEAST CEOPOCTE
IEHHEHHA DONEHEKHOTO COCTAEA D HACTOAEE BpEMA JaHHad CHCTEMA TECTHRYETCA Ha TAKHE KPY IHEX
craHnuT: Pocconn, xax ConHeunad, AETopo, Opexobo-3yeeo, Coun, Annep, HuepeTHHCKHEE EypopT,
Hemabuuck-l nagun i, Eeracopo-CoprupoBounoe, Jlymoran

ITpopyvenua mpamnbokod KoMoanud «Eal Visions yoOelIHo Opollila HCOWTAHHA Ha HElesHEEX
Ooporay MEefAmapckod Kowmanul SBE Cargo Hpeanms YeTcd B pafe eBponefckuy cTpad Hagnmaac IV
sEapTana 2020 r. Hoonegoparentckand rpynoma ECEDT  opHoTyOHmIa ¥ OMSYVHEHMHEO  CHOTEMEL
¢ ONTHMHSAUHA [Epexofa IOEHEEHHA IPH MaHEEpasy, NOSBOIMCIIER IHCTAHIHOHHO VIPABIATE
NOKOMOTHEAMH € OOMOIIBI MCKYCCTEEHHOTO HHTENIEKTA, ONOpPEJeldTt H3IMEHEHHA IapaMeTpoE
IYTEEOTO PESEHTHA H CEOEEPEMEHHO 0bHapVEHEATE P e TATCTEHA Ha 0B EKTAY HelesHOT & TPAHCIOPTA.
Hampan cucTeMa obecmedueaer DesoNacHOCTE OpoHIEOICTEA MAHEEpROECH paboTH H KoM opTHHE
YCIOEHA TPVIA paboTHHKOE, SaHATHE Ha MaHeepax [1,4, 5, 11— 13].

MMexnyHapoQHEH OOEIT IpHMEHEHHA HHYOPMAUHOHHED CHCTEM H TEXHOIODHH B MAaHEEpOBOH
paboTe MO3BONAET CHOENaTk BEIEOH © HeobXOMHMOCTH IIAHHPOBAHHA MEROIPHATHA 00 BHEIPEHHIO
HHTENNEK TYANLHEE CHCTEM VIPAETCHHA H OPTaHKs allHH MaHeEpoE ol paboT Ha HHOpacTpyETYpHOM
rommierce ¥ E]] ¢ nemeo shderTHEHOR opradHsallii ee HCIOIB30BAHEA H IOSTANHOTO PaSEHTHA

JddexTHEHOCTE H BaAHOCTE NPHMEHPHHA HHTEILIEKTYAbHBIX CHCTEM YIIpaBJIeHHA H
OpraHIG Al MaHeepoeoil padoTer. B macTommes Bpema ¢ nemio obecmedenma sdderTHEHOTO
PAEMTHA EEME3HOLOPOEKHOTO CekTopa MoHroIuy Nepexol Ha SIEKTPOHHEE PECYPCH VIPAENEHHA H
OPrAaHHSAHH TEpeBoSoUHOre Opolecca ABNASTCA MOpHOPHTETHOH samadeil [IpHMeHeHHe «yMHOE:
MAHEEROESH CHCTEME 0BECII e HT ABTO MATH? ALl HIC [P0 LECCa IaHA § o MEp OF 85 1A I0e200E Ha KpYIHEER
CTAHITMAY H STEFTPOHHER KORTR 0L CYTOUHOTO MTada-Tpad ma paboTe cTadmui YEE]T [, 16].

IIpopeneHHE apTopaMH aHANHS CYI]ECTEVIOIIEH MEeToOONOTHH YOPABIEHHA H OpraHHIallHH
MAHEEpPCEOH paboTH, HCIONBSYEMOH B EENesHoOTOopoEHOM cerTope Monronnu, exmodaer B ceba
KO MIUIEKC HAIpaBleHHH

onpeneneHue 39 eKTHEHOCTH M De2oTAacHOCTH OpOHIECICTEA MaHEEPOBLEIX ONEpalHid Ha
Kp VIHEE HENes HOqOopo X HEIX cTauax ¥ BT,

OHACHOCTHEA COCTOAHRA pabodero MecTa MaHEEpCECH bpHragkl, opodolKHTENEHOCTH H CTENEHH
BE ZACPYEEHHOCTH, YPOBHA HETATHEHOT O BO3NEHCTENA Ha 3MOpOERE H OKPYEAOLVIO CPENY paHoHa
Ip OB ONCTEA MAHEEPOELX ONEpalni;

AHATH: peXHMa TPYLA H O TOLXA MaHEEROEOH DpHragH,

pacdeT BENHYHHE 2aTpaT Ha CoUHaTbHOE obeCcIEdeHHEe, OXpaHy Tpyma, sapaboTHYHO IIaTy H
Hanbagok paboTHHKAM MaHeEpoEOH BpHTAmE,

nopAnoK obmMeHa HE opMalHeH H BsaHMo T e HCTEHA MEXELY pabo THHEAMH MaHeEpoBore paioHa,

HCCnegoBaHue obopymoBaHHA, OporpaMMHoro obECHEYEHHA H TEXHHYECKHE CpPEemcTE,
HCOONBSYEMEE OpH OpOHSECOCTEE MAaHEEDOBHX paboT,

H3Y4EHHE THIIA MAHEEROBLE MOKOMOTHECE H MAHEEROBEE MapllipyToE,

AHANK: HECYACTHEX CNVYACE H IPHYHH BCSHHKHOBEHHA TPAHCIOPTHHE IPOHCIIECTERHA H HHEIX
cobLITHE, CEA?aHHEE C HapyIIeHHEM Opagl OesoNacHOCTH OEIEEHHA H SKCIUIVATALHH
HENESHOLOPOKHOTO TPAHCIORTS, HMEOI]HE MECTO IpH IpoHIEOCTEE MAHEEDOBEIX OIEpalHi,

EHYTREHHHE ayIHuT pabo THHKCE CTAHUHHE, 3aHATHY Ha OpoHIEOLCTEE MAHEEROELX paboT,

ONPENENEHHE HCIETATENEHEY K EEs HOOO POk HELE CTAHIHE H MAHEED OBHX paiio HOE,

HAYYHEIE HCCIENOBAHHA BOSMOEHOCTH PRSBHTHA HEG pAacTRYKTYPHODG KOMIUIEK CA HCIEITATENE HEIE
HENE2HOOOPOKHEE CTAHUHA H MAHEEPOBHEX paiicHoE (PelepaikHad CHCTEMa NIEKTPONSpENadH,
NEPEHYHOE, ETOPHYHOE H TPETHIHOE SEKTH 0 CHab K eHHE, PESEPELL, MOHOCTE H T. 1. ).

B tabnuue 1 chopmMynupoBaHil KNOUEEHE ACTEKTEH OpHMEHEHHA HHTEINEKTYANL HEX CHCTEM
MaHeEpoEoH paboTo Ha YEE ]
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Tafrparta 1 — KMeoueEbIe AcTIeRTEI IPIMEHEEEA T I0T KT VAL HEDE CHCT 63 MAHeEH OB R paboTsl Ha MEdqac T VET VHE 011
KOLIUIRKCE Ha YaraH- Baropow i semes Hol gopore

(I & CTE VEOLUAA CEICT &R IIf ORSE OF OTE 4
MAHEE 0B OH paborTsl Ha MEQpa cTRVET VRHOM

KOMITIEEGE Ha ¥ an-F aT ofcx o en esHOH gopors

Ha cramopmr pafioraer mamespoeas Gperaga | Pafora ¢ parmoBanescofl  Opraemmaiped  ©ellol edecKoTo
COCT OALTAA BF HETEIDEX HeloE 6K pecypra (OfH — AEa HEIOEeka)

Il cepmuerense ofbena MaMeEpos ol paboTel Ha
T & YHOLLEDE ORI 6% HOF, 0f) O HELE CTAHITTE,
BEISEAHHOE HApVIUSHMeM IMaHa opheioEasiT M

MARTIEYTHT AIEE TRV OFBD TIOR3 A0E

[T premaeHer e FMHET SIEETYATRHOH CEIC TEMET [T OFFE 0 OTE &
MAHEER OEOH paboTe

Copparee  DesOoIacHED:  YONOBMEL  TPYJa, CHIDHEHELE
(MCETFOMEHHE) EOIMWYECTES ABApME, OTEATC0E M PHCEOE,
dEKCHPYERBE INE IOM3E O CTES MAHEE POERD! OIIEpAIREL

O\ ITHGE MpOBAHEOE AMOTAHIEIOHHOS VIIDABMEHMe LIAHEE-
POEBDMIL JIOECMOTHEALE E pERMME PealEHOTO EpeMEHI C
MCIIONES OB AHMEM IepefOBERD TEeXHOIOCHME Ha Dase moye-
CTE EHHOC 0 HET AILITEET 3
ABTOMATHSMPOBAHHER pacteT IIOKa?aTemed MaHeEpoE of
paboTer, obpafoTka M AHaIG OTWUETOE O paboTe CTAHIDOL E
[ESHIME {18 ATTEHOT O BReMEER
Hreer rmfasge mmrepdedicHple M OpoTOEOIBHBIE X apak-
TEPHCTHEM AN [IOAMINWEHMT E efHHOH LEHTRATBHOHR
IEETT 5 ELOE, O O0FE OF Bch ORBATTFOREIOH CRIC TEME

CHeTeMs, HeMpMTOAHAT JIA  CECOSHAIUHEIDE M
Tep CIIeKTHEHED SEOUIVATAIMOHHED, HaTpye0E Ha
HEDDACTEVET YPHET KOMITIAKC el 3 HEE JOpor

CHCTeMA A OEYLIEHTH]) OF AHFA M OTHETHOCTH
IIPENCTARIIEHA B EEHVI&}I&IDM EMOE

He rmaeer P ENFmIA II0SEITH HE LT
K 4 TOMATEHS HpOEITHEIN {12 CY]) Canl

Heofx 0gemaocTs  KOpg ETHE OFEH CTATHOTHEM II0
BREOIOMHEHEED  QARTHHEeCKID!  OIEparEodi B RO
MapaMeTROE ¢ MCIIOMBFOBAHEEM SIellOE §9eCKOT 0
PECYRCA [OTHE  ARTHEOE 2H0 al OTHHEAME OT AHITHES)

COKparmesible CPOKH  [IPeJOCTABIGHEA — BBINIECT OEIETLT
CRITAMELT AITECAN M [IOMET OF ATRILAN FOCTOF 6RHOH, Dass epeyT o
HEIH O AT TR

AHamf: NPHYHH BOJHHKHOBEHHA TPaHCIIOp THEIX IIPOHCINECTBHE M HHBIX COOBITHIL,
CEAZAHHLIX ¢ HADYIIEHHeM [P AR 003 0IIacHOC TH JEHMKeHHA M K CILTYaTallHH JKelIe3H 010D 05
HOT'0 TPaHCIIOPTa, HMEHIHX MeCT0 IPH IIp 0H3E 0 TEe MaH eBp 0B bIX 0I1ep allHil.

ObecnedeHne BE3OMACHOCTH NEPEBCIOUHOr IPOoLECCa, MEHHMESAMA ol HOOK, EHIGIHEHHE
MAHEEpPOELE paboT B YCTAHOBIEHHEE CPOEH — 5T O TESTCTEEHHOCTE MaHeEpoeoH bpuragm. Ilpu
IpOHSEOICTEE MAaHEEPOEO i 0 IEpallHH BAXHEIM () aKTopo M ABIASTCA CIAKEHHOCTE BSaHMO Qe HCTEHA
NEpCOHANA © CHPHANAMH H CTPENCYHEIMH NepeBoSaM, a Take spJeKTHEHOE HCOONE20EAHHE
HHDOpMaHH, NepelaHHOH MaHEEpoEoH bpHramofl B pealbHOM pPEXHME BpEMEHH, 49To Tpebyer
BHICOKOH KBanHGHKAIHHE paboTHHKOE, SAHATHY Ha MAHEEpAN, HATHYHA ¥ HHX BRECOKOTO YPOBHA
SHAHHH H OOEITA.

AHanws OpHYHH BOSHHKHOBEHHA TPAHCIOPTHHE OpPOHCIIECTEHR H HHHE cobRITHHA, CEA3AHHEE C
HApVIIEHHEM IpaBil BEsoNacHOCTH QEHEEHHA H SKCIUIVATALIHH HENEs HOQopo K HOT O TPaHCIopTa 3a
ATk AeT oo ¥ EA]] mokasan, 9T¢ MakCHMATEHOE HE KoMHMeCTES DEIIC saperucTpHpoBao B 2020 0 —
73 OpHYHHEL, H3 HEX 22 — OpH OpoHsE0JCTEE MAaHEERCERE oOepal i, 9To cocTasnAeT 0,14 % obured
EENMHYHHEL. Tak®e HabMiogasTcAd MOOCTOAHHEIA pocT moKasaTenedl Ha 3 — 5% oo cpaEHeHMED .

Ip e OB AV HME ToTabe (pHCYHCE 1),
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(1]
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40
30 i
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20 1
- A0 HE HBE 1 R BB
o
201G oL 018 201% 2020 2021
roa

- KoIEMECT B0 TpAHMOPTAMT NPpONeC TRIE I IHE rm [0, CEATAHE MY ¢ HAPYILEHIEN
mpaBeET GeronacrHOCTH IRIKEHER 0 KC LTV ATALEE e TE 0 0P EH I O TRIHCIOPTE .,

BB TOM HHCTE OFE IpORIE0ICTEE MARe B[ E LI 00 epamni

Proyeor 1 — Jemrandems ITPECIME B O3 BEEH OF 6HF A T AHCIIOPTHEDE IHHOMCIT eCTE HEL M MEBD COOBITEOL,
CEATAHHBL C HAapyIl eHMeN IPAEHI De30Iack 0CTH SEECH SEIFA B K CTIT VAT AITHE JHel 63 HOA 0f (UEE O 0 THAHCII 0pTA,
HIMEROIITEDE MECTO ITPH IPOMTEOR CTES MAMEE POBRD OIleparndl & 2016 — 2021 rr.
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CormacH? CTATHCTHYECKHM SaHHEM eXerofHo QHEcHpyeTod 20 — 32 % oT obiners xonmdecTEa
Ip M HH BOSHHEHOBEHHA TPaHCIORTHRE OpoHCINECTER H HHLE cobRITHH, CEASAHHEE C HapyVIleHHEM
IpaEun BEzoTacHOCTH JEMESHHA H SKCIIYATALIHNE EelesHoIop 0 EHOT0 TPAaHCIopTa, HMERIHE MECTO
P H OpOoHSECACTEE MAHEEP OBHY oNepalluil Ha HelesHONOpo HHER cTaRuHa ¥ BRI, 9T cocTaRmAeT B
CpeOHEM 22 — 28 COV9acE, HS HID

—33.4% — cxol DoIBHEHOT O COCTABA,

— 30,7% — nepecedeHHe aETONOPOT,

—19,2% — Haesq Ha TpaHCOOPTHHE CRELCTEA,

—7.69% — sapNHHHEAHHE KONECHEE Nap OIpH JEHE cHHHE,

— 3.85% — mpoesl sampelariIer e cHrdana [1, 6,7, 16].

Ha ocHoBe cTaTHCTHYECKHE DAaHHEK O EEelesHO 0RO EHER TP AHC IOPTHELX [P OHCII ECTEHAK ¥ B ]
OpOBEIEH aHANH: H OOPEJeleHH OpolHOSHEE SHAYEHHA BEpOATHOCTH HACTYILIEHHA OyOYI[HX
OpOHCHIECTERE ¢ y4eToM MIMEHEHHA TpyioobopoTa H MIMEHEHHA NapaMelpoE TpaHCOORTHoH
HEGLACTPVETYPL. U VEENHYeHHEM obLEMOE DepeEosok Ha ¥ ECE ], pocToM ThaHsHTHOTO TPYS0 IOTOKA
oEHOAeTCA, 4To K 2020, bymeT saper HOTR HpoBaHe 0T 22 00 39 IpHYHHE BOSHHKHCES HHA TP aHC IO THELE
OpOHCHIECTERH H HHHX cobHITHH, CEA2aHHEE C HapyIIeHHEM OpaEHl Ge30NacHOCTH OEHEEHHA H
SECINYATALHE EENEs HoQOpoKHOT O TPAHCIOPTA, HMERIIHYE MECTe IpH OpoHSEOJCTEE MAHEEpOEBLX
onepauni, a ¥ 2030 r. gauHuf noxasarent ByOeT HMETE OpHPOCT oT 26 go 45 cnydaes, 9To COCTABHT
31 -38%[17-23]

Cpenues apHhMETHYECKOE KONHUECTEA NP HYHE BOSHHEHO BEHHA TPAHCIopTHEE [IHoHCIIECTEHA
H HHHE cobHTHH, CBAAHHEIE C HApVIIEHHeM OpaEHn GesodacHoCTH QEHEEHHA H SKCIIYATAllHH

HENEIHODOPOXKHOTO TPAHCIOPTa, HMEIOUHE MecTe OpH IpoHIEGICTES MAaHEEROEBHX ONEpalHi B
2016 — 2021 rr,

K _

Yoo l6+18+18+17+19+22 110
e = = = = =18333, (1

i

roe ¥ — CTAaTHCTHEA TpaHCIIORTHERE HpOHCH.IEETBHfI H HHEIX COEHTHfI, CEA23aHHELL C HapYIIEHHEDM
M aBHI besomacHooTH JEHXEHHA H IECINYVaTalHH EeIesHOOopoXHOT: TpaHCOopTa IOpH
MIpoHIECOCTEE MAHEER OERIX OHEPRHHﬁ Io Iodal aHANN: Hpy Mol o IIERHO O,

H T EOIHYECTES NET B aHANM:HPYEMOM IIERHOIE.

Cpe,n;Hee FECMETPHYUECKOE IPHYHH BOoXHHKHOBEHHA TRAaHCIORTHELE HpOHEH.IECTEIHfI H HHHX
EOEHTHﬁ, CEAZaHHEE C HapYVIOEHHEM IIPaEHRI bEsONAacHOOTH AEHXECHHA H SHECINYaTalOHH
FENEZHOOOPOEHOID TRaHCIIOPTA, HMEROIIHE MECTO IPpH OpOoHIEQICTEE MaHEEDOERIE OHEpEﬂ_'[Hﬁ E
2016 - 2021,

V, =V, ¥, V, ¥, ..V, /6 =(16.18-18.17.15. 22V = 1824 @

Pesynerata nporsosa mo 2030 r oo YHCIOBLIM OOKASAaTENAM OPHYHH EBOSHHKHOBSHIA
TPAHCIORPTHER OpOHCIIECTEHA H HHEE cobETHE, CEAMaHHEY C HapVIIEHHEM IpaBHI besonacHoCTH
OEHEEHHA H SKCIUIYATALHH KENEsHONOPOKHOMO TRAHCIOPTA, HMEIOIHE MECTO OIPH Opo HIBEOICTEE
MAHEED OBLIX o Deparuil mo YEA]], onpedeleHEEM MeTo 0o M cpelHere apudMeTimeckoro [17, 18]:

¥, — ¥ 22 - 16 &

£ = = = —=10,075,
-1 16-(6-1) 80 (3
V. =y K = 220,075 = 1,65, 2
yal =yazll e =22+ 165 =23,65 =24, (53

Y, = 23,650,075 =177,

yames= 2490+ 1,87 =26,76 =27,
Y, =606 0,075 = 2,00,
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=3570.0,075 = 2 68,
Y = yar-l tye=3070+ 268 =384 =29

Tpad mieckoe wiobpageHHe pesyILTATOE HCCIENOoBAHHA, ZapelHCTpHpoBaHHEE c 2016 mo
20210 uw mpormosHux (o 2025 mo 2030 r) sHadeHHH OpHYHH EOSHHKHOEEHHA THAHCIODTHHE
OpOHCUIECTEHH H HHHE cobDHTHH, CEA3aHHEE C HapyIIeHHEM OpaBl DesolacHOCTH OEHXEHHA H
SECINYATALMH KEIes Hogop o KHOIO TPAaHCIopTa HMEROIIHE MECTO I H OpOH3ECICTEE MAHEEpOBHE
onepanui no YEA 2a nepuon ¢ 2016 no 20300, opelcTaEleHe Ha pHCVHEE 2.
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Prcyrmor 2 — JreansE s saperHeTpepob aHHeD (¢ 2016 mo 2021 r) ¥ nporgossen: (o 2025 mo 2030 r)) sHadesro]
TIPECME BOFHIEHOE SHFLT TR AHCIIOPTHELD! I OMCIISCTERE M MHED COOBIT B, CF A74HHELL © HapyITeHEEN] TIf) AFHI
DesOmacHOCTH AF FOREEEDT M SKCINIVAT ATTEEL 36Tl eSHOE Op (KHOTO TRAHCIIOPNT A TIPH IPOHSE OF CTE & MAHeED 06 B OIS AITET
mo ¥ER T 2016 -2030 T

Oueuxa 1enecoodpasHOCTH BHEOPEHHA HHTOUIEKTYANLHOH CHCTEMEBl YIpapJeHHd H
OpT aHH? AlIHH MAaHeEpoRoi paboTnl Ha mHdpacTpyKTYpHOM Komuiekce ¥aad-Baropckoii
KEJIe3 HOH mop or M. [Ina Toro 9TobH Eenes Hoopo X HEH CEKTOp HMEN NepoIeK THEH Ko HEYDHPOBATE
C OPYTHMH TPAHCIOPTHEIMHE oTpaciaMi Momronny v e gantHefinem ¢ yHEIHO HEpOEATE Ha YPOEHE
TpeboBaHRE MeXOVHapoTHOTO HENesHOOOPOE HoT o TPAHCIORTS, HeobXoOHMO aKTHEHG pasEHEATE
KNKCHEEHE NpOH:BONCTEEHHEE NONCHCTEME M OCVIIECTENATE NEPEXo) K OpoMEINIEHHOHR
peEoMOIHE. [IpoEeNe HHEE aHANK: TOSEOINT ERABRTE CIEOVROI] HE HENOCTATKH, HMEFOI] HE MECTO B
HACTOAIEE BPEMA B NoOCHCTE Me MaHeEpoEHE paboTr ¥ BRI

— He HCOONERYETCA NpoTpabMHce obecledeHHe ONA YOPaEeHHA H OpTaHHzaAlHH [IpoHIBOLCTER
MAHEEPOBLR ONEpallHi,

— HECOBEPIIEHHEA DONCHCTEMA IPORIBOCTEA MAHEEDOBLIE paboT,

— MAHEEPOEHE paboTH OpraHHsyIOTeA ¢ IOMOIEKD PYYHEYE CHIHANOE,

—nna obwmeHa upbopManuedl MeEOY MAHEEPOEHIME bpHTATaMB HCOONLSYETCA YOTApEEIIes
obopynoBaHue CEAIH,

— 0OHH MAHEEpPOEE T NOKO MOTHE VIPARIASTCA JEY MA MAIHHHCTAME,

— MaHEEPOEAA DpHrana coCTOHT MEHHMYM 3 HETHPEX Yel0BEK,

— OTCYICTEVET EBO3MOEHOCTE OPOBOIHTE AHANH: MAHEEPOEHE paboT B pealbHOM pEXHME
EpEMe HE,

— OTCYTCTEVEST METOIE INA DONTo TOEKH SNEKTHOHHEE OTHETOR.

Hayuue nparTHeckH# 0NDHT DIpHMEe HEHHA HHTEINEKTYAML HEE OpOAVETOE, HCIONBSYEMEE Ha
MEENVHAROOHEIY — EENESHOOODOXHEY  NHHHAZ, HeobXogumoe  EBROpaTk  HHHOEBAIHO HHELE,
HHTENNEKTYVANLHEE ¥ FesoNacHHe CHCTEME H  OOPENElRTE CHoCoBEl HX JToFanHsallHH E
EenesHoOopoXHOH oTpacnu Monronun Haydso-HocnegobaTenbckHe paboTH IpoBEEOEM  Ha
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OpHMERE YVIPAaBIEHHA H OpraHH3allHH MaHEEpOEBLHE o Iepalli Ha HHOpacTpYETYPHOM KOMILIEKCE
WENESHONOROEHEE cTaunuid Ynan-EBatop # Tonreiit YER]] Ha masHLX cTaHIHAX B 0CHOBHOM
OCYI[ECTENAETCA COPTHROEOYHAA paboTa © CEVIOBRIMH @ [HOE3MaMH H MECTHEE MAaHEEpROEELIE
oIEpalHHE.

Crapuua Ynad-BaTop COCTOHT H3 DEBATH Oy Ted ONA OpHEMa H OTOPABNEHHA N0esQ0E, IpHEMO-
oTOpEECYHHA Oapk M2 2 CoCTOHT B3 MIECTH OyTed ONd OpHEMa H oTOpaBleHHA NoEsOoE, HMEETCA
COPTHRPOBOYHAA TopKa CpeqHell MOL[HOCTH C IPHMEKAFIHM COpTHROECYHEIM IapKoM K OEBATH
mytedi [1, 7, 16].

Cramnua Tonre BT HMEET OBa OpHEMHO-0TIRpABCYHEEY Iapka, PacloloEeHHEE CEpHAME Ay H
By, Tlapr Ay COCTOMT M2 CEMH IYTEH OpHeMa H OTOpABNEHHA OOE3NOE, a Dapk «E» — M3 mIecTH
Iy Ted IpHEMA H OTOPABIEHHA [0 e3goE. CTAHIHA pACcloloEHa HA PACCTOAHHH 3,8 KM 0T BXOLHOT O
CHCHAala Dapka €A% Jo BXoNHOTO CHCHama mapka«Bs [1, 7, 16].

PaccmoTpuM oCHOBHEE XapaK TEpHCTHER HHTEIEKTVANRHEEY IpOIVETOR, IPHMEHEHHE KOTORRE
EOSMOEHO [ONA M[OBLINEHHA YpoBHA VIOPARMEHHA H OplaHH3allHH MaHeEpoBoH paboTH Ha
HEbpacTRVETYpHOM Kommnexce ¥ B3R (tabnnoa 2).

T afrmara 2 — O CHOBHEIS X 4 SET ¢PECTHEH IPOAYETA

ZApaRTEPHOTHES (SHAMSHIE) TIOK AT AT AT

Il omcas aTens mpoRYKT2 BIHT &I 6ET VAIBE &7 CHOT M CHLCT M4 OITTEIMATIBEICH OffT AHEGAITHE
MAHE BRI OF AFEA JHCT ARTTHMOHE O MAHEED OB 0F paboTer
Crparma Frrattcwoe HapBrmcxoe emesHo-
Hzparome cxoe #enesHog opoEmo e Gropo
paspalor mpoayETa AopoHoe Bopo
Pazpaborom mpogyETa O T o «Fefimsrmimsrs: 250K
Ciepa y _
K emesHoA op CHHEEDH CEETOp Hemes Hop OpOBHETL CeETOR

FICTICIIE 3 OF AFFLT ITPOgYET 4

T exsonorms AE TORATHE A1THEL TexHOIOrHA 1i.?,i':l;E!.]'.[EI-]:[-II:CE;FI COITT FETELE ATTEEL

T - ”
HILHPOAYRTA LIAHEE P OEBL OIIEPATTRE LIAHEE{IOEBL] OITE{)ATTREL

REME-22103 (cTammmpo get amr)
Bpenpg mpogyera REME-2210 [ Beckraccob 4% ©TAHITHT) RY200
EM3-EE10E (ysnoeaz cTammp)

T &2 O CTEMIE CEELE PRSI RME-Virtual 4G GEL VI3 - WEFOV LWIR

Cuctema EMS-BR10, paspaboTannad B KuTae, HacTpaHEaeTCAd B COOTEETCTEHH C MOI[HO CTRES
CTAHIHH, ocHoBada Ha 4G GSM becnpoBomdHoH CeTH H BHRTVATRHOM oBIadyHoM CEpEEpE, 4TO
oS EONAET NepefaBaTh JaHHEE O IpoHSEOTCTEE MAHEED 0BLIX oNepalui bes sagepxer. C ODOMOIILID
LAHHOH CHCTEME MOXHO OpraHH:OBaTh MAaHEEpoBEYVIC paboTy HAa KeIesHOQopOEHOH CTAHUHH C
COCTABOM K3 TPEX HEeNoBeK. Epome Toro, B KabHHE MAaHEBpROBOTG JNOKOMOTHEA VCTAHOBIEHE
KOHTPONBHEIR SKpaH H palHoCTAHIOHA, 9To obecOeYHBAeT MAllHHHCTY BCE Heobxogumoe
obopygopanne qua koMb opTHOMO H BES0NacHOT ¢ VIPAEIEHEA TOKOMOTHEOM.

Texmomorua EME-53550, koTopad sHauWTENbHO CHHEAST HalpysEy Ha bpHCagy Oo oOHOTO
YENOEEKA, HCCIEOVETCA B paMKay OpoeKTa & ¥ oTpodcTes 04 BpeMeHHO H YOTAHOBKH HAa BarOHEs.
WroTaHoBHE JaHHOE YCTpOoHCTEO Ha Mo CNEgHHH Bare H 0 JEHEHOD ¢ COCTABA, 3 Allla HEPOBAHHOT O IJIA
IpOHSEOCTEA MAHEEpoEOH paboTH, MOXHO B PEalbHOM PEEHME BpeMEHH KOHTROIHPOEATEH
PACCTOAHHE MEXIY MAHEEPOBHM JNOKOMOTHEOM H BaUoHAMH H3 KabHHE NOKOMOTHEA, a TaKXE
IO HS CTER BLIARMATE NpelATCTERA Ha OV TH SEHEeHHA (Tabouna 3) [1, 4, 5, 11-13].
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Tabrpata 3 — HapakT epreTeEa creTerel BRW3-2E10

Omeparpet
TIfCBES B O CTE SHELOT O TP 0L 60 CA

X apAKT epHCTHE A OIIEPATTRE I OFFE O CTE SHEOT O TP OLecca

2 Bop FArHED

JTIA T OEBE O CTEA

MAHEE ) OF 0 OTIep ALTEE

Hamrrele 0 MAHEEPOBRD! OOEPAIRDT. MoCyT  cobmpaTeca  ofop ¥ ob armen
VCTAHOBIEHHBIM Ha MAHEFDOEOM JIOKOMOTHEE, 4 JMAHHEIE O MAHEBDOEBBID
TIEHEAE FOREHEAY MOTYT GEIECHPOEATECE S8BT OMATHNRCER ¢ IIOMOINBRD CHCT RMEOT O
T e MEHAT

VI an erE e Pryepiol TepnEoian MANEEECTa H ST AHIEOHHO: VIPaBTeEEe o Opyob armen
0 O T OF AHEET TLOE CLOTHE &
0 ITTEMAT B HOE O BopyEoE aFFe B IAHeFROEOM JOKOMOTEE® II0f KOMTPOMEM MMAHEE{0E OO
TIOG BITE OEEL) OF AHELE AHCTIETHER A OITp &AelIET ONTHEIANEE 08 IO CHEHE ¢ B AT OHA
[Mepegaua  cHTHANOE Y "
= & CHLCTEMOH OTCYTCTEYEOT IIOMEX M IIPH TIERef 4te CHTHANOE O IIfOMSEOAC TE &
MpOMEEOACTEE  MAHEBPOEOH Ay T TIPH TEpEA AT 3 A
MAHEEPOE O 40 0TEL B Ieped atie 5 47 449 HA MaHEE POBBI JIOKOLOTHE
paboTer
[Inam paborer mamerpos o Gperaper cobepaerca, ofmoenaercs B pemzode
Pesoma paborer

JPEANEHOT D BeneH H OTIIPARTAGT CA SITA BEEOIOMHEHA HITH KOPPeKTHPOERH 7374

I aHerpOoBEEL AHCIETUep B eEdMe PEAlbHOr 0 B eMeHM BEEORMT IIaH paboTer mo
T OMFEOS CTE Y MaHeEDOs OF pafoTEl B B TOMATHE MpOBAHHYE CHCTEeMY CTAHIFE M
TOTOBMT OTHET

(DTezeT o MAHeEpOEOH pabore

Mpu  §oprogpos aeess- pacd OPMEPOEARES  COCTAEa  MAHEEPOBRDL  JIOK OMOTHE

K cerrpont MenaEsyeT  obopyAOEaMMe M pyUHOH TepMMHAT, KOTOPEEL  IIPMMEHHETCH
CEA VIO paboTHieond, & Takme YoTPOHCTEQ, YOTAHCBIIEHHOS Ha BAaroHe, AIH
MAHE poBoH paborer TOUHOT 0 B3 Mep SHEA & 00T OAHEA MeREy Barosanet, uro of ecriews aer DesomacHoe

BEBROICITHEITHE MAHEEPOEBLD! OIS EJ'.'I;E’:I:FI

Hapamneckaa cuctema EV200 moseondeT opraHH2oEREATE MAHEBpOBLE paboTH M VIPAENATL
HMH € V9acTHEM oOIHOTO YeloBeKa, HCHOOMBSYA CHENHATRHGOE YCOTPoHCTEC MHCTAHIHOHHOTO
YOPARIEHHA O0A ONTHMATEHOT O YVIPAETEHHA MAHEEPOELIM NOKOMOTHEOM, #(CHCTEMA ONTHMATEHOR
OpraHHZalHE OHCTAHUHOHHOR MaHeEpoBoH paboThly CHEEAST pyY4HOR TPYD OpH OpOHIEOICTEES
MAHEEpPOEEER oNepauuil Ha 80 %, OoSBONAET CHHSHTE KONHYECTED TPAHCIOPTHEE OpOHCIIECTEHHE H
HHHE CoODLITHH, CEMIaHHHE C© HApyIIeHHEM OpaEun besoOacHOCTH OEHEEHHA H SKCIUIYATalLHH
HEMESHOOOPOKHOTG TPAHCIOPTA, HMEROU[HE MECTO IOpH OpoHIBOICTEE MAHEEPOBLHIX ONEpALlHi
IMaueEp OB NOKOMOTHE OCHAIEH obopyOoBaHHEM ONA paHHero obHapyEeHHA OpelATCTEHH Ha
HENESHOLOP O XKHO M Iy TH.

Bosmoxmocta cucremu EV200:

MAHEEPOEBHMH paboTaMH MOEET PpYKOBOIHTE OOHH YeN0BEE TOKOMOTHEHO i bpHr aT H,

opragpzanua besonacHoH # bHcTpol MaHeEpoBo# paboTH IYTEM YIpABIEHHA MAaHEEPOEBEIM
JOKG MO THEC M JHC TAHIHOHHO,

obHapyX eHHE NPENATCTEHHA OIA JEHEEHHA NoMBHEHCIG OO CTABA HA HENEs HOJOp 0 HEIX IYTAX
Ha paccToAHHHE go 300 n;

HOEHTHD HEAUHA NIOOef H KHBOTHHK HAa OVTAX C HOMOIIBES TEIUICEH: HOHHOH CEHCOpHOH
KaMEpPE Ha paccToAHHE 150 M,

OOPENENEHHE COCTOAHNA NepermodaTend Cum,

obHapyxeHHe 2abHTHX HIH OpoOLIcHHEX OpeSMETOE H HHCTPYMEHTOE A CoOepEaHHA
HHDpACTPYETYPHOT O KOMILIEKCA KENESHEE Jopor Ha paccToAHHH go 120 u,

EOSMOEHOCTE 0bpaboTKH SIeKTpo HHEEX 0TYETOE,

Ne 4(50)
2024
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Hanu4He CcTagfapTHoro HHTepdefica H OpoToKoNa MOOKIMHEHHA K KElesHOZOPOXEHOMY
HHED opMallHe HHOMY [EHTPY H OpVIHM OogcHcTemanm ¥ EAJ] [1, 11-17] (pucymow 3).

Preyror 3 — Omopegemem e 5 aTuTasmg 0b AHHOC 0 MApIPYT a M ofHa pise e IperTaTeTErE [ 00B KT OF )
HA ITYTH &7 0E AHMA MIOFAEECEHOr O ¢ 0CTAEa

B rabnupe 4 nopegcTaBmeHM OCHOBHEE TEXHHYECKHE XapaKTepHCTHEH CcHCoTemul BV 200
#CHOTE Ma ONTHMATEHOH Opragusalii JHCTAHIHOHHOH MaHEEpOBOH paboTeD .

B rabnuue 5 npuEeneHo cpaEHE HHE BAPHAHTOE BHEND EHHA HHTELIEKTYALL HEIE CHCTEM ¥ IID ARTEH HA
H opraHH:aUHH MAaHEEROoEoH paboTH Ha HEdpacTpyETYpHOM Kommierce Y EAJT[11, 23 - 25].

T abmenra 4 — Xapawr eprreTema crcTerer BY 200

Trm

. A AP aK TepHCTHEH
HMETepdefca P P

Hummaroper

Pasmep — cesc opeem Aok (517)

324 % 235 % 294 [nma]

Pexe i Pasraep — amanerrere cran emprenara (EE)

26 % 426 % 504 [rra]

- Hz obpasermo [AW
H oo eft -
((HACTp AHE AFOTCA FIA KakmoH mar fopnel)
Termeparypa | Pabouas Termepar ypa =20°C =435 °C

Bx OAHOS HATIPAEEHEE

[Toeromsroe Hanpoxerme 12 B
([ PECAIEpYeT CA AIA K8y OF [T AT opiED)

CrangapTel bezomacHOCTH

GnerrpHuecTEo | DHeprHA = B00%

F omrpome Mopr gremes (omper HDLD
4RO CELCT 8114 Ha ocHop e BHmeD

Laprrmaa CeTh Ethernet s Wi-Fi 3G, LTE (ue obasaTemersg)

o BoarT

(CIITpe 7 7T R EDL & TIT ARRIE RO O MApIIpyT a 200
C 0CTOAHEE IIEf eRITHSA TEILA 50 m

Harmas ol -
D BHARYE eHEe THOAEH H HMETHEED 150 na

OB A EEA
TiaHCIIOpTHELE CPEfCTEA 300
T ofeaoe HOH ITYTE 20 m
o Pazpaforas B cOOTEETCTEREL CO CTAHAAPT AME
FTOTHAR G YRR OEHA SR AT At EN 50155, EN 61373, EN 60529
CTaHAANTEL

Cooreercteyer EN 30126, EN 5012E,
EN 50129, EN 12663-1
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Tafmpota 5 — Cpasrmrenbdat Tabioia memecoobpasHOCTH BFHESPEHEA MHT eITISETYAIEHED. CHCTEM YIIPABIIEHIA H
O TAHES AITE MAHEEHOE OF paboTeI Ha HEQQAcTp VETVHE 0 K OMITIEEC ¢ YI1aH-B aTop cxod e es HoH JopoTH

CBCT 613 Op TAEES ATTHE MAHREROE O £af 0TBI B VITID AEII S HIE 610
(2 Y1 & CTE VEOIUA A HurennexTyanssan Crerena Ho
¥ OPTAHERT ATTHE
Il crazarem: CEICT £33 CEICT BTIA cT ormoi
¥ man-Earoperoi MAHEE{H] OF AHFA -
- MAHEE] OF 0F £aboTe
eI eSHOE J0f 0Tk (K rrraff)
(M zp apme)
W IpaRT erEe
P d —f uenoEek 3 4eNOEREA | uemoEex
HETIOE §TIe CREME & CY] CAMEL
Hentex apmm prpogar-
o Henaex arnm ep op armioe,
HOe, © IPHETIEGH -
 0egpHeHEe BAT QMO0 HapEa Hentex arnmapopasmoe ¢ OPHEAZEOH K EOMAHZE
EOMAHAE LAHEE POE OO
MIATIEEDCT A
T eTUERE
W IIpART eFEE
P ITanreEEeT oM HE E AFREE I 0EOMOTHE 3 ABTOMATHHECKOE
MAHEED OF BIM I OKOLIOTHE Ob
. Fartepa BHC (1 mrr),
Buzyane et CreHHAT EaMepa
K oxrpom . TRIMIOBa" Kadepa (1 nIT.),
TIOE OMOTHEH 08 ATLA IPOEEDEH
AHATIAT OHA CKpTHEeHIT . . KanMepa I 0B ek
Bpem amoit CORFHEEEIE (1 1IT.)
C 0B HE EHIT A
FoHTpoIE cRopocTH AF IDHEERA JECT AHITHOEHOE
P Pyrmoe yImpa s eEmLe
MAHEE]D OF OC0 JOKOMOTHE 3 VITp AEIEEEE
C OCTABNEHMe OTHETA O Exmaaran
- I EET{OHHAT OTYETHOCTE
MaHeEp OB 0F pabore CTYETHOCTE
W IART eEEe LIAHEeE] OF Of KoRTpomHpyEoT ZesypHEIR IO CTAHIMH B DEHIME
pafborol co oTaHIo e ATEHOT 0 B eMEHI Tepe? 3K aH MOEHT 0pa
Hoctyo
E 1] emrrpansro
Hurepdeforr ¢ opoT oK onbl - - eI FH O Of O HOH
HEL G OB IATRIOETE OFT
CHCT EME

B mayuHoM HCCNEDOBaHHHM OpPoBEENEH AHANH: TEKVIECO COCTOAHHA MAaHEBpoBO#R paboTH B
wenesHogopoxHoM cexrope NMowronuu IlpemcTaEneHo cpaBHEHHE CYILECTEYECIIER CHCTEME
YVOpPABIEHHA H OpraHHsalHH MaHeBpoBoH paboThl Ha HH) pacTpyKTI¥pHOM KoMIUIeKce »EEJ] c
HEEOTOPLHMH MEEIVHAP OOHEMH MaHEEDOEEIMH CHCTEMAMH.

CorlacHo MpoERlEHHOMY HCCIOEToBAHNK TEKVIAA CHTYAITHA ¢ MaHeEpoBoH paboTofi ma YEA T
HMEET pAT HeZoCTATK OE

— OTCYTCTEYET HHQ OpMaUHOHHAA CHCTEMA IpoHSBEOICTER MAHEEROBOH paboTk,

— MAHEEPOEEHE ONEPALHH BEOOIHAOTCA MEXAHHIHP OBAHHEIM CIOCOBON,

— nna obMeHa HHb OpMalnHed HCIOMESYIOTCA YOTAREBIIHE METOTEL,

— OTCYTCTEVET BO3MOKHOCTE AHAMHIHLPOEATE EEEeNHEEHEA rpad ik paboTH H 6o BHIOIHEHHE
E PEX HME PEATE HOT O BpEMEHH,

— OTYETH ¢ paboTe MaHeEpoEod BpHMaNE COCTARNAOTCA B by MAXKHOM EHIE,

— YOpaBleHYeCKHe H TEXHHYECKHE PEIIEHHA, HAalpaBleHHEHE Ha obecoedenue besomacHooTH
NEPEECEOUHOrO MPOLECCA, HE COOTEBE TCTEYVIOT MEEIYHapoJHOMY VP OBHED.

Braemens, uTo OpHMeHeHHE Ha HEDpaAcTpVETYpHOM Kommnewce YEEJ cHoTeEML
# M HTENNeK TYaNE Had CHCTEMA MaHeEpHpoEaHum: EMS-EE10 (Kurafl) noseonur:

— besonacHo H 5 EKTHEHO OpPraHHsoELIEATE MAHEEPOELE ONEPAIlHHE,

— OIPENENATE H AHATHIHPOEATE NOKAIATENH HIpad HEM CMEHHOH paboTH B peX HMEe pealbHOT O
EpeMe HH Ha OCHOBE MEKTPOHHLE PECYPCOE,

— B aBTOMaTH:HPOBAHHOM PEXHME VCTAHARIHEATE SHAYEHHA TATOEEX HapaMeTpoE paboTH
IONEHE HOT'O COCTAER,
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— KOHTPONHPOBATh (HEZHYECKO e COCTOAHME JOKOMO THEHOH bpHram b,

— B aBTOMATHYECKOM PEXHME PACCYHTHEATE H AHANHIHPOBATE TPYOOSATPATH H KOMIUIEEC
DHHAHCOBEIX HOKazaTeleH paboTH EeMesHoTopOoEHOH CTAHUHH D0 OpOHSBOLCTEY MaHEEDOBHX
oNepalui.

Ana yoTaHoBKH H HalamkH SaHHOH CHCTEMEl Ha CTAHUHAX YaoaH-BaTop H Tonroitr YEE]]
motpebyerca $227 756,57 npu yonoBHEH ocHamleHHA cTaEnHi 18 KOMONEKTaMH OporpaMMHO-
TEXHHYECKOTO 0bECIEYEHHA, COCTOALHMH HS CEMH MONCHCTEM

IIpumenenne Ha uHbpacTpyETypHOM wommmerce YEET] «CHoTeME  0DTHMANE HoH
opTaHHIalHH JHCTAHIHOHHOH MaHeEpoBod paboTirs (Hzpamne) EVZ200 mosBolHT DOBLICHTR
IpOHSEOOHTEIRHOCTE TpyAa paboTHHKOER EelesHogopo®Hof cTamumd B 1,0 — 2 pasa sa cuer
ABTOMATH3ALHE IpOlEcca YVIPABIeHHA H opl aHHs Al HH MaHeEpoBod paboTH. YBEIHYEHHE 3arpysKH
NoKeMoTHEHOH bpuragm Ha 80 % HOSBONHT COKPATHTE YHCNEHHOCTE paboTHHEOE OO IATH H
MONYYHTE SKOHOMIEO 10 OIIATE TPYAA paboTHHEOE KEeNlesHOQopoKHO B CTAHIHH.

Ana yoTaHoBKH M HANANKH NaHHOH CHCTEME Ha CTAHOHAX yYnaH-BaTop B Tonrofit YEE]]
notpebyerca $302 857,33 npu yonoBHH ocHaleHHA CTAHOHA OporpaMMHO-TEXHHYECKHM o0ec-
NEYEHHEM H MAHEEROEOT O IOKOMO THEA IE TEKTO pam i ob kK TOE H HaTYHKAMH TENNa, HACTPOEHHEIMH
Ha HENPEPEEHYI paboTy B MHOOLE OpHpOIHO -KIHMATHUECKHY VCOIOBHAX C IpOoTpaMMHpOEBAHHEM
MapIlIpyTa Ip 0H3BOLCTEA MAHEEpPoBOH paboTEL

dna peanmsalH¥ HaHHOTO OPOEKTHOTO PEIIEHHA HeobXomgHMoe chopMHPOBATE KOMAHZY,
COCTOALYEO M3 MOHCONBCKHE MHEEHEPOE, VUEHEX H HCCIEOBATENed (EeNesHODOPOX HEE
opraHusalil, KoMOaHHH-paspaboTdikl HHEDOPMAUHOHHER TEXHONOTHEH), paspaboTaTe omas
BHEOPEHHA H 00 3TANHOTO TECTHROBAHHA CHCTEMEL
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TpPaHCNOPTHLIE U TPAHCNOPTHO-TEXHONOTMYECKWE CUCTEMEI-CTPaHET,

€e PErMoHOB M ropoaoB, OpraHU3aumMa NPOM3BOACTEA Ha TPAHCNOPTE

WK 656.21.001.2
. B. Carropos, I11. ¥. Canmue amies

T anmeHT CEIGT ToCYE ap 0T ¢HHBI THAHCIORTHED YHEEepCHTET (11T %), . Tanment, P ecoyfnema ¥ s6erzicT an

HHTETPAJIBHBIA TIOAX0M K YIIPARIIEHHED “KEJE3HOIOPOAHBIVMIL
¥3IJAMH C HEPABHOMEPHBIMH IIOTORAMH

Anwomauns. SPdacmuence yHpRensiue SREREIHOOOROINCHEMML FIRGMI ASRASHICR Komesnin  fanmopom
CEECHENEHLIL HACEHRTHOCTMW L BEFOVACHOCN Y Mpancnoprm ol i diparmpyimy pot. B yonosuay sRobani3algin W pacyu s
CEBEMOS MEPesoTok HeotRoMMe SHedPEHUE COGPEMERNEY MEXHONoaRE 1 MHosmpIonney pewenuti. llenn pabomz:
Mlenesnodoposensie Fiet Mpedrmasnaom coboll cROFMHLE MPANCHOPIINGIE CLERIEMSE, KA SpuE Pl LECA S0l ONO
CHICHEREI0 CELTROCTIL L SFALMOCELICMEUE PATLNELLY SRS eRmos. WIPaaneHLe PINGML ¢ REPOSH OM SEHBLML MOMOKAML
Mpebyem paspabomin U WML OSAHUL UHMESPANEHOSe ModRoda, KOomopii MOFSOmeN PULMbISImL MHOXECME0
danmopos Hacm oaas paboma paccmampriessn Cospeernbie Nodxodol K FHPAanerLac JeneTHOOOP0MHEIML F IR,
PESPIRIPOSANLE Moo, Moddepaan e patoueso MaoKa saroncs, oberte eHUE Kaverman cOonp s 1 sHe dpeHLe
COSPEMEHHELY CUCTEM XOHMpPoni U asmoramirayial Memod: Jna pacuema spemenu BArosCOSHUA MOMOoNa & Fine
REObX OdLMO PRLMDISAME 802 MOMIOKN U WY MIMERENUR 80 gpemcnu B Donge cRosonnix clomenmar, sde Momoxu
LEMEHANINCR, MPeEPem o WHmEspaneRbil Nodrod 1 Puem EPEMEHHb LUINEHEHUL AN MONROSO OHNPedens UG PeieHL
Raxoxdenui Fhumezpaneheidl nodxod X FRPOsieniio FEREFHO0OPOIHERL FIIAML © HEPOSH CMEPHLLNL MO O
Pelaemc © obheHANAYLIML TK CH OMLINO-M BN SMamLM ECRLIML MOOEAAMY, CLETEMAML MArCos0s0 ofC IR RCUSANLE L
COSPEMERNEINL  EPoshiMY  METHOROAAML, WMo ORINPRISASH  HOShE  NEPCRENTILGh: dNT COSSPULEHCTRECSEHLE
MPARCHNCPTNEY CUCMEN & FOROSWAY PacmpuLy ofbeios NEPesoror W FOURSHW ux HepasHomermocmi  CYnacms
MELMER e perpnemamos B umoss, s enmuenos FRPREREHLIE J0eRSTHO00E0 HH BLML FINAML MPEEPam KOMIASKEROZ0
Modrodd, HAMPASREHHOSO HA PIFUMERNE SC0SX  ACKEKMOSs  IHKLNOHUPOSIHUA, WMo & ceorn ougpeds  Epdem
EHOCOBEME0SAM b F OO LSOMY PATSLIII0 MPaRcopmy oll cremeast. TTpumen enue Rososo nodxoda X ModeuposaLo
SCENETHONOPONCHENE PIN0E & HEPASHOMEIHEIML NOMOKAMI MOTSORIN Dones MOWHG FUlmblsams PeanstFhn v aiuyy
MOMOK 0S8, SBOVAR WX Konebanur w ey aiheee daxmopml. Hamespays cospemennniy dannmy wadposniy mexnonoadl
SEerneNLaas BONSe ShICORPI CMENSHE JOCMOSEIH 0L M OdemPOsaH LA,

Emougeme crofa! swenesnodoposontie Fias, sddermusnos Prpaensnlle, MOHLIIOPUNE HOXOHASHLE SA20H08,
YPOMPCRR AR CHOCOOHOCT S,

Samandar B. Sattorov, Shukhrat U. Saidivaliev
Tashkent Btate Transport Undversity ( T2T T, Tashlkent, the Republic of Uzbekistan

AN INTEGRATED APPROACH TO MANAGING RAILWAY JUNCTS
WITH UNEVEN TRAFFIC FLOWS

Abstract Efficient management of ralway jurefions s a ey facfor inevsuring the reliabilify and safety of fravsport
mfrasfructure. I the covfext of globalizafion and growing frgffic volumes, If 15 necessary fo Implement modern
fechmologles md dmovative soluflons. Offective: Rallway jumcfions are compler fransport sysfems char acterized by a
Fgh degree of cormectivity and inferaction of varicus elemeris. Mamagement of fupictions with wmeven flows reguires fhe
development and use of @ irfegrated approach fhat fales info account many factors. This paper considers modern
approaches fo fhe mepagemert of reaalway jurr fions, flow re gulafion manfenarre of the working flecf of cars, ennuring
service gqualify and the implementafion of modern confrol avd adomation spsfems. Method: To calculate the fime fhe
Jow spexds af a jurefion, 1f 15 wecessary fo fale info arcowsrf Al flows and their changes over fime. mmore complex
spsfems, where flows chavge, an Dfegrafed qpproach avd covsiderafion of fime changes are required fo accuraely
detfermine fthe fime spexf af a jipcfion Aninfegrafed gpproach fomarvaging railway junctions with wpeven flows 15 solved
with unifying economic @d mathemafical models, mass service sypsfems and modern di gifd fechmologies, which cpens
wp mew prospects for improving fravsport sysfems in fhe covfext of growing gffic volumes and Iwereasing wrevenness.
Shope of application of the reselis: As a resdf, gffective management of railway fuyefions requares @i infe grafed cpproach
amed af improving &l aspects of gperation, which infurn will confriluge fo the sustaimable development of the fransport
spsfem. The effect of applying the new approach fo modeling rallway jurefions with weven flows allows for a more
arcurate ¢ onsider afion of the real dyramics of flows, tncluding their flucfuations and ravdom factors. The infegrafion of
modern dafa and digital feclmologies provides a higher degree of reliability of modeling.

KEeyworde: ralway Jurefions, effecfive managemert, morsforing, accumulafion of wagoms, capacify.
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—[paHCNOPTHLIE N TPAHCNOPTHO-TEXHOMOINMYECKME CUCTEMbI CTPAHEI,

STUOHOB W FOPOAOB, OPraHW3aLMa NPOU3BOACTBA Ha TpaHCnopTe

HFenesuogopoxHaad ceTt YsbeKHCTaHa ABNASTCA EBaXHOH YacTBEe HaUHOoHATRHOH H
MEEIVHApoHO | TRAaHCIo pTHOH CHOCTEME, CEAS BEaCI[el cTpany ¢ erntpaneuod Asued, Pocouei,
Eutaem u Epponci 3a nocnegHue rofn YaBerHCTaH aKTHEHO HHEECTHROEAT B MOJEpHHS AITHES
HEMEsHONOROEHOH HEGPACTPYETYRE ONA NOBLHIIEHHA OpoIOyCcKHOA coocobHOCTH H YIVHINEHHA
KadecTEa YoIyT [ — 8]

(JCHOBHEIE KENE3HOOOPO HHEE VWalk TallKeHT — KpYOIHEHINHA TpaHCOop THEIH Y360 CTPAHEH,
COENHHEANI HH Mar HoTPATH B Hanpaenenwas Pocoun, Fasazerana, Adraguctana u Euraa, Hagon —
BasXHEH ¥3el, [Oe HaXoOATCA MeX OVHAPOHEH NoTHCTHYECKHE UEHTP H aspodopT, ITO CIo cobcTEYET
PASBHTHES MYIbBTHMOOANLHEX HepeBosok, Kapmu #H Tepmes — CTpaTerHYECKH BaXHEIE Y3IIEL
obECTIEYHBARCII] HE TRAHCIORTHROBKY Tpy2cE B AdraducTad o cTpade FDwHod Asun (pucyuor 1)

N
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Prcymor 1 - enessogoposad ceTs P ecrrybmemas ¥ GexreT an

WsherHCTAH VHACTEYET E NOpoekTax «OUOHH NoAc, OOHH O¥IE: H paHcKacOHHACKOT G
MEEOVHApOQHOT ¢ TRAHCIOPTHOT O MapIIpyTa, iT0 oTEPHEAET HOBEHE EC3MOEHOCTH OJIA HHTET PAlHH
¢ Knraenm, EEponofl o OpyrHMH CTRAHAME.

HecmoTpa Ha DosHTHEHEE H3MeHEHHA eCTh HECKONBKO KNHHEBLE OpoblIeM, KOTOpPLE
orpAaHHYHEAIOT NP ONYCEHYEY CO0CobHO CTE MelesHogop oK HEE VIOE

OrpaHHYEHHAd OpONOYCKHAAd CcoocobHOCTE Ha HEKOTOPHEX yHacTEax. Ms-a CTapeHHA
HEPPacTpYETYPH H HEXEATKH COEPEMEHHEX TEXHONOTHHA Ha ¥IKHY VHaCTEAX BOSHHEAROT 2aTOPLL,
ocobeHHO B IHKOBHE NEpHOLE,

HepocTaToK  obopynoBaHMA [OnA  HeperpyskH.  HexoTopHEe TEpMHHAIE HE O CHAL]EHE
DOCTATOUHEM KONHYECTEOM KPAHOE H IpyTof TEXHHEH 04 3¢ eKTHEHOR NeperpyakH BaroHOE, 9T0
2AMETNTAET PO LECE,

OTCYTCTEHE KOOPOHHALHHE MEXAY BHOAMHE TpaHCHopTa B HEROTOpHE coydadz HablmogaroTcd
npobleME ¢ BiaHMOTEeRCTEHEM Xele:HONOPOEHOTO TRAHCOOPTA H IPYTHE EHOOE IEPEEOSOK
(HaOpHMEep, aETOMOEHIL HEX), 9T0 SaMeJIAeT OOCTAaEKY ThVsE OF,

H2HOC NOABHEHOTO cocTaEa HecMoTpa Ha obHOBIEHHE NOKOMOTHECE H BarcHOE MHOTHE
CTapEE EQHHHIE BCE EIIE OCTAOTCA B SKCINYATALHH, UT0 CHIEAET 30 ) EKTHEHOCTE NEPEBOSOK.

FenesHomopoXHEIE  YSNE  OpeICTAENAOT  cobofl CIOXHEE TPaHCOORTHEE CHCTEMEL,
EAPAKTEPHEVIOL] HECA EECOKOH CTENEHEED CEASHOCTH H B2aHMONeHCTENA pas MY HEY MEMEHTOE,
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TpPaHCNOPTHLIE U TPAHCNOPTHO-TEXHONOTMYECKWE CUCTEMEI-CTPaHET,

€e PErMoHOB M ropoaoB, OpraHU3aumMa NPOM3BOACTEA Ha TPAHCNOPTE

YVopaEneHHe yINaMH C HEpABHOMEpHHMH DoToKaMu TpebyeT paspaboTHH H HCOONEZ0BAHHA
HHTETPANBHOr S HMOAXOIA, KOTOPHH Oo3BONAST VHHTHEBATE MHOXECTES (AKTOpROR. JHHAMHKY
TPYE0NOTOKOE, E3aHMONeHCTERE C© OPYTHME ERNAMH TRAHCIOpTa, CE30HHEE KolebaHHA M OpyTHe
MapaMe THH, EMHACIIHE Ha G YHEIHOHEPOEBARHE Yela. b DocHefHHE OecATHIETHA BETH OpoEegeHEL
SHAMHTENE HEIE HCCIEeNOBAHHA, HANPAENEHHEE Ha ONTHMES ALHK paboTH HElesHoNop o KHEX VEI0E
C YHETOM HEPABHOMERHEY DIOTOKOE, B TOM SHCIE paipaboTk i HAVIHEE KON H OTIENBHEE YIeHEX.

OnHEM B2 DepELX, KTO NPeNIoEHI HCIONESOEATE MATEMATHYECKHE METOIE B TPAHCIOPTHOHE
mayre, bun JL B, KaptopoBny, cosgapuuf ocHOBH NHHeHHOr o OpoTrpaMMHpOEaHHA Ero paboTu
OKASANH  SHAYMTENRHOE BIHAHHE HA PASEHTHE METONOE ONTHMHZalHH E  YIPARIEHHH
TPAHCIOPTHEIMHE CHCTEMAMH, EENEOHAT HENesHONO PO HHEE ViIH. B 9acTHOCTH, ero ODOOXOOH K
pACOpENENeHHES PECYPLOE H MUHHMHSANHHE 3aTPAT HA TPAHCIOPTHR OEKY I HME HATHCE IIA Pelle HEA
samad oITHMESAllHH o TOKOE Ha CTAHIHAY | yamax [ 1]

HeonenoBasua B obNacTH TEOpHH MACCOEBOTO obBCHVEHEaHHA, HadaThle E. O BerTuenem =
H H MouceeEns, HaUIH cEoe OpHMEHEHHE B VOPABNEHHH HOTOKAMHE HA EHeleSHO IO PG EHLIX
yanax. T eopHA D03 EOIHIA MOGENHPOEATE NPOLECCH 0 CTYINEHEA H obpaboTEH N0 e300E, YIHTHEATE
coydai e KolehaHuAd HHTEHCHEHO CTH JEMEEHNA H pacIpeleleHHe EpeMeHH obpaboTHH oo esgoE.
Buenpenne 5THz Mofenef B OpayTHEY NOSEGIHIG VHECTE EpOATHOCTHEIE ACIEKTH, 4T ocobeHHo
BaHo OJA Y3I0E C HEPpABHOMEPHEIME DoToKaMH [ 2, 3]

Hayuume meonw, pasBHEAEITHE NOOXOOE K YIPAENEHHE OONEHXHEIM COCTAEOM, AKTHEHO
HCCHENOEBANH EOSMOMHOCTH HHTETPAUHH ABTOMATH:HPOBAHHHY CHCTEM yiOpasmenua PaboTw
H Il Eycnemso u ero nocnegeeaTencf ¢ oEYCHROBANHCE Ha paspaboTe B BHeOpeHHH CHOTEM
VOPAENEHHA, CHoCOoBHHEE JHHAMMMECKH pETYNHPOBaTh NOTOKM HA CTAHUHAX M yalax. oTH
HCCNENOEBAHHA BHECHH 3HAYMTENBHHA BKIAL B NOHHMAHHE, KAK ABTO MATH: HPOEAHHEIE CHCTEMED
MOTYT  YIVHIIHTE ORoNYCKHYES COoCoBHOCTE H  COEPATHTL EPeMA OPOCTOEE B VCIGEHAX
HERAEHO MEp HEX D0 TOKOE [4].

C pAsEMTHEM MYyNETHMOJANEHEE DEPEEOSOK H VOHIEHHEM DOJIH EEIEs HONOpao X HEE VII0E KaK
KNMCHEEHE HIEMEHTOE TPAHCHORTHEE KOpHIOROE HOCIeNoBAHHA E oBNAcTH NOTHCTHRH CTANH
HEOTEEMIEMoH dHacTeio TeopeTHdeckoll basml Hayumwe meonn, saHRMaBnHecd HHETEMpalHed
WENEsHONOPOKHEE H OOYVTHE BHNOE TRAHCIOPTA, paspabaTHEANTH MeTONEH YIPAENEHHA WiNaAMH C
HEPAEHO MEPHEIMH = [OOTOKAMH, [N OCHOEHOE EBHHMAHHE YIEIANOCE KOOPOHHAIHH & MEEITY
pASTHYHLIMHE EHTAMHE TRAHCOOPTA | aKHe HCCIelOBAHHA OOMOLIH CosOaTh  OCHOEY ONA
st fEKTHEHOTG pacOpeleleHHA TPYIONOTOKOE B YVCNOBHAX CE30HHHE M CYTOYHHE KolebaHuf
HHTEHC HEHOCTH [IEPEEOEOK.

CoBpeMeHHEE HCCNENOEAHHA ECE Yan(e §oKyC HPYIOTCA Ha HHTETPAIHE THb poBHY TEXHOIOT HH
H ¢ YMHEIXY CHCTEM VIPAEIEHHA HA ERENC3HOOOPOXHEE yalax. BamHoH 9acTEio TakHz paspaboTok
ABNACTCA CHCTEME MOHHTODHHLA M AHANMIA [NAHHHY, KOTOPEE IOSEQONAOT [HHAMEHECKH
PECYINHPOEATE NpOLECC, CHIE AA BENHAHKE HEPAEHOMERHOCTH B IOBHIIAT YCToHYHEGCTE CHOTEMEL
[2-13]

HurerpanbHuil Domgxol ¥ YIPAENEHHE EEMESHOLOPOXHEMH ¥iIaMH C HEPAEHO MEpHEMH
DOTOKAME MPENCTAENAET coboH BAXHOS HAIPAENEHHE HCCNEloEAHHE, DL eIHEMONEE SKOHOMEKD -
MATEMATHUECKHE MOMNENH, CHCTEME MAaCCOEOTe obCOYEHEAHHA H CoBpEMEHHEE IH poBLIE
TEXHONOIHH BEIam pasnHYHHE HaydHHE KO H VHEHHE, HAYMHAA ¢ CEpEOHHH XX B H Jo
HACTOAEr 0 EPEMEHH, NOOZEONWI Co3NaTk DOTATVEe TEOPETHYECKYRD bLasy ONA aHanHza H
SNTHME:AHH paboTi yanob COHawo BHeIpeHHe STIHE pelleHHE B pealk HYID OpakTHEY Tpebyer
DANMEHEHINME HCCHelOeBaHME H  agalTallHM, HYT¢ OTEPHEBAET HOBHE NEPCOEKTHERL  ONA
COBEPII EHOTEOEAHHA TRAHCIOPTHEE CHCTEM E YOIOBHAY PACTYI[HE 0bbEMOE NEpEEOR0K H VO HIEHHA
¥ HEpAEHOMERHOCTH.

Haxonnenne EaroHOE B MENE3HOOOROXHOM V2JIE H €10 NOCHESCTEMA — 10 BAaXHEIE ACIEKTEHL,
KOTOPEE HYXHO VYHTHEATE OPH VOPABTEHHH X ENE3HOOOPO HHEME TPAHCIOPTHEME CHOTEMAMH.
Haxonnenue BarcHOE E Walle MOXET IPHEECTH K pasIHYHEM IOCIECTERAM B 3aBHCHMOCTH OT THIIA

EBaroHOE, EHOAa H EHE]’.[HEIJ HEH HCIIONBEZOEAHHA YW3JIa.
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THBIE M TPAHCNOPTHO-TEXHOMOMMYECKME CUCTEMbI CTPAHKI,

PECWOHOB-MTOPOOORB, OpraHn3alna NPOU3BOACTEBA Ha TpaHCNoOpTe

BosMoxHLE DoOCHENCTEHA HakoIUIEHHA EBarOHOE B YaIe  [epeloJHeHHEe yala (Korga
IOCTYIAKI HE B Y36 Bar OHE OpEBRIIAKCT Mo obbeM), H3bHTOYHOCTE (KOrga Vel TYIHKOBLH H ¥
HET O HeT oDXOOHEIX OyTeH ONA BHEOTA JNHIIHKE BaroHoE), cTabHIBHOCTE H CTPYETYpHAA
ENOCTHOCTE (KOTHA CEEPXHAKOIUIE HHE BACOHOE MOEET NPHEECTH K H3HOCY HWIH HOBPEXOEHIRO),
VEYOUWIEHHE KadecTEa obCOyEHEAHHH (KOTOAa BareHH E VAIe HAXOMATCA ONHTENRHOE EpPEMA,
VE YOI EHHE TOCTABKH [Py3a).

Hna sh exTHEHODO YIOpaBIe HHA VeIOM H OpefoTEPAI]EHIA HaKo INEHHA Bar 0HOE HeobXogHMO
COYETAHHE HHEEHEPHEX pEIIEHHA W VIPAaBIEHHA [OpolecCcaMH. PerylHpoBaHHE [OTOKA,
nognepxaHne pabodero mapka BaroHoE, obecHedeHHe KadecTBa OBCHYEHEAHMA H BHEOpPEHHE
COBPEMEHHEIE CHCTEM KOHTPONA H ABTO MATH2 AlHH — BCE 5T0 KIKYEELIE MEP L Q1A IpeoTEPAL] £ HHA
HETaTHEHLX MOCHeACTEHA H obecnedenua besonacHol 8 sd EKTHEHOA SKCINIYATALlHE V3I10E.

Hna pacdeTa BpeMeHH HaXOXIEHHA BalrcHOE E Vile (EpeMA VIOEpEHEAHHA HIH BpeMA
mpebrEaHdA) HeobxoqHMe 2HATE obBEM Walla H OpoIVCKHYEK COOCODHOCTE ¥Vala, EXOI B V2EI HIH
BHIXOI C HEro. BpeMA HaXOXOEHHA BaroHOE B Vale IOKA3LIEAET, CKONBKC BpeMeHH Tpebyerca
HOTOEY, 9TOBE Opo ATH Yepes y3eI 0T EXoja 4o EHXOLA.

Bpema HaxoxOeHHA BAT 0HOE E ¥3Ne T MOE HO pACCHHTATE 00 §opnyIe:

T = £, (1)

N

rne T — BpeMA HaXOXIOEHHA BalOHOE E Yane, dac, R — ofbbem yana, Barol, N — OponyckHas
oo cobHOCTE Vela, BaroHd.

Heobxogumo onpenenuts obbenm yana Obbem yana & Mo®eT DHTE ONpeqeleH CYMMHD OBAHHE M
pabodero mapka BAroHOE CTAHIHEA, paclolo KeHHEX B VAIE.

Pabounfi mapy BaroHOE EEMesHOTOPCEHOTO Vala BEMICUAasT B cebA BCe BaroHH, KOTOPLIE
HCOONBSYVEOTCA Ha ¥3le ONA IPY20BHE H HacCARKHPCKIE IepeBo20kK. JTOT Oapk COCTOHT H3
PAsTHYHEE THIOE BATOHOE [ACCAX HPCKHE BATOHEL, TPVEOBRE AT OpMEL, IHCTERHEL, TOIYEAro HEI
H CIELHATHEHPOBAHHEIE BATOHEL (A NepeBOSKH aETOTPAHCIOPTA, YA, JECa H T. 1. ).

ObLeM DapKa BaroHOE 2 8BHCHT OT HECKONBKHE KIIOHEEEER § aKTopoE.

1. Tun xenesHOmOPOXHOTO ¥3la E OCHOEHOM obCIVEHBAIOT KAk [NacCaXHPCKHE, TaKk H
TpYS0BEE BarOHE, 9TO VEENHYHEAET obI[VIO HAIPYSKY Ha Dapk H HHPpac TPYETVEY.

2. IloToK: ysNE C BEICOKHMH OoTOKAMH TpebyioT HanmHYHA boBIIor o KOIHYECTEA BAr OHOE OIIA
obECIIEYEHHA CECEBPEMEHHOH MOTPYSKH M EHIPYSEH TPYy30B, a TaKe IIA PECYIAPHOTO
obCIY EHEAHHA TacCak HpOoE.

3. HHTEHCHEHOCTE H CE30HHOCTE NEpEB0%0K. B SABHCHMOCTH OT BPEMEHH COTa H CHelH HKH
IPY30E HWIH HacCAEHPpONOTOKOE obbeM Hapka MOXKET EapbHpOBEATECA (VEENHYEHHE HHCIA
HacCaX HpCKHX BaroHOE JETOM HIH 3HMOH, VEEIMYEHHE KOIHYECTEA 3EPHOBOSOE EO BPEMA
CENBCKOXOSAACTEEHHOT O CESOHA).

4, TexHHYECKOE COCTOAHME Baro HOE. [0 CTOAHHOE HANHYHE B [Iapke TOCTATOUHOTO KOJHYE CTEA
HCOPABHEE EBaroHOE ZaBHCHT OT YPOBHA M TEXHHYECKODe OBCIVEHBAHHA H CKOPOCTH 3aMEHEH
CTapHY Bar 0HOE HA HOBLIE.

CHo®HOCTH, CEAZaHHEE C paboYuM DapKoM Bar 0HOE. HESOCTATOK BACOHOE, H3HOC IOOBHEHOTO
COCTABR, HEPETYIAPHOCTE B NOCTYINIEHHH H OTOPAENEHHHE COCTABCE, CICEKHOCTH C MaHEBDOBEMH
ONEPALHAME, CIOXHOCTH TEXHHYECKOro OBCAVEHBAHMA, CHICEHOCTH C YYETOM H VIpaBleHHEM
HapK oM, CIe U] HEA TPYR0E.

Heobxogume paccauTaTe OpodyckHyEe coocobHooTe vema A Ilpomyvcokmas coocobHocTe
HENESHOLOPOKHOTO ¥3Ia — 5T0 MaKCHMANE HOE KOoMHMeCTES IOEOE, KO TOPEE MOTYT IpoATH 4epes
VSEN %A ONpeJeleHHOE BPpeMA (B CYTKH), C VUETOM SafaHHore VpoBHA DEsoNacHOCTH H KadecTBa
HEREEOEOK.

DaKTopH, CHHEAFOMIHE MIPOIVCEHYIO CO0COBHOCTE KENEs HOQOpOKHOTO Yl

1. Huskoe wadecTBo HHQPacTpVETIVPLL OCPAHHYEHHOE KOJHYECTBO O¥TEH (HEgoCTATOYHAT
ONHHA HIH KOJHYECTEC CTAHLHOHHEX IOVTEH), YOTApeBlUIHE CTPENoYHEE IepEBOE H CHT HANLHEIE
YCTPo HCTER, HEQOCTATOK HOTPYI0YHO -pasTpys 04 HER MO HO CTE
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2. Hesdpexruenoe vyopaBineHHe [OEIEEHHEM HECOMNACOBAHHOCTE padHKOE SEHEEHHA
NoE3NOE, [MOXAA KOopIHHANHA paboTH JHCHETHEpOE H CMEMHEY EENEsHOLOpOXHEE CTAHIHIE,
Hesd D EKTHEHEE CHOTEME AETO MATHZAIHE B QHCIETYEPHEAHE

3 Buemnue dagTopil HebNaronpHATHHE DOTOOHEIE YCIOEBHA, ABApHH H HEHCIPAEHOCTH E
paboTe HOOBMMHOTG COCTAEAR MIH  HHOpacTpVETYPHE, VEeNIHYeHHe obkeMa Ipyso- H
MaCCad HpoMoToKa bes aNeKBaTHOD O pOCTa HED pacTpVETVDEL

4. TexuwdeckHe OTpaHHYEHWA OTPAHHYEHHAad [OpoOyCKHAd CHocobHOCTE  OTHENbHEX
[epEr OHOE, CEAIEEBANL] HE Y36l C OpYTHMH HalpaENeHHAME, HESKAd CKOPOCTE JEHEEHHA [I0E3N0E
338 KPHEHY, 10 TEEMOE HIH [IOXOT (O 0o CTO AHKA Y TH, OrpaHHYe HHAA EMECTHMOCTE CTAHIHOHHEX
Wi afed Ind MAaHEEPOELE oIepaldi H 0 TCTO A Bar 0HOE.

Ina pacdeTa BXOOAUErs H BHEOOANEr ¢ IoTOKOE B Y3IE C MHOEECTEOM EXOLOE H BHEOLOE
HeobXoJUMe VYHTHEATE BCE DOTOKH, OoCTYIAKCIHE E PEIcpEVap H NOKHIaOU[HE ero. B gaHHOM
KOHTEKCTE 0N OOTOKOM NOOpasyMEEacTed ODBEM MHIKOCTH HIH Taia, OpoXolANIHE depes
oMp e eleHHYID TOUKY 23 eQHHHIY BpEMEHH.

(JCHOEHEE STANH pacdeTa BXOLAL]Er ¢ H BHEONALET ¢ IOTOKOE:

1) woenTHd MKAIIHA ECEX BXONOE H BEXOIOE,

2) msMepEHHE HIH pAcHdeT CEOPOCTH MOTOK A,

3) onpeneneHHe IpoOyCEHOHR cooco bHOCTH EXofa H BHEOHOrG YIacTEa,

A ompenenenne obulere banalnca moToKA

ObmuH banalc ToTOKa E Pe3EpEYaApe MOXHO GOPENElHTE, BREYHTAT CY MMapHEE EHYOANHE
DOTOK HE CYMMApHOTO EXOOAIN Ero TOToK A

AN = Ny — Nasze, (<)

Ecnu A2 = 0, 570 osHAYaeT, 4To B ¥ied MOCTYOAET DOTOK, DONBUIHE, 4eM BRIEOOHT H: HETO
(HamoIHEHHE VsIa).

Ecnu 40 = 0, »mo osHagaeT, 9T H3 ¥ala BHEOTHT OOTOE, DONBIIHHA, Y9eM OOCTYOAET E HETO
(omopo BHEHHE YaIla).

Ecnu A0 = 0, To Exogan ui H BRECIANHA DoTOKHE CHATaHCHpP CEAHE.

[IpaEunpHLA pacdeT BXOOAIINE H BEEOLAL]HE DOTOKOE Heo bio JHM A YIpaBleHHA VaIaMHi |
Open o TERAL] EHHA aEap HAHLY cHTyan i, HononbsoBaHHe ToYHEE pacieToE H YHETA BCEX JaKTop o,
BIHAOI] HE Ha IOTOKH, 0bECIEYHT Hale K YIS pab 0Ty CHOTEMEL

Ecnu B cucTeEMe MMeOTCA NepeMeHHEE EXOOHEIE H BLIXOHLE NOTOKH, OJA pacYeTa BEpEMEHH
HaXOEIEHHA MoEeT OoTpeboBaTeoa bollee CHOEHEE Oogzof, BEMHakI[HA B ceba yuer
HEREME HHEIX MoTOKOE H HCMOMRS 0BAHNE OIporpaMMHECre obECIEYEHHA A MO JETHD OEaH HA.

Pacuer epeMeHH HaxoEOEHHA MOTOKA B VSIE C MHOMEECTEOM BXONOE H BHXOLOE ARMAETCA
cnoEHOR sagadeH, DOCKONREY Tpebyelcd VUHTHEATE BCE NOOTOKH, HX CEOPOCTE, ObBBEMH H
M:MEHEHHA OoOXola OoToKa K VaIy., B TakMx CHCTEMAaX pPacdeT MOEEST OLITE BEIOOIHEH .
HCOONBS0EAHHEM YPABHE HHE HENPEPLEHG CTH H MATEMATHYECKODD MO JETHp OBAHHA.

(JCHOBHEE STAL pacyeTa EpeMeHH HaXo® JeHHA DoTOKA ¢ MEOKECTES M EX0O0E H BEEOOOE:

1. Cmpepenense obbeMoE H packo QOB ONA KaELoro BX00a H BREONA o IpelelHTE Tpoly CEHYD
cnocobHooTE A InA Kaxmoro Exofa i H A ONA KaXAOro EHXONA j H YCTAHOEHTE, KaKHE MOTOKH
ABNAFOTCA BXOOHEIME H KakHe — BEEOI HEIMIH

2. ¥ roraHoBneHHe obulers banadca Mace (YpaBHEHHE HENpEpLIEHD CTH).

YpaEHEHHE HEMPEREEHOCTH 03HAYAET, 9TO CYMMA BCEX EXOMHEE MoTOKCE NOIEHA PAEHATECA
CYMME BCEX BHXOOHER DOTOKOE INIOC M3 MEHEHHE obLeMa MOTOKA B YIIIE 3a e0HHHIY EpeMeHH!

(Ni_ﬁ{f):%’ &

roe M — cyMMapHad IponycKHad COoCcobHoCTE BXOQAL] HE NOTOKOE,
A% — cyMMapHaA IpolyCcEHAA cHocobHOCTE BERKOTAL HYE DOTOKOE,

af
E— H3MEHEHHE obLEMa IOTOKA B V3IE Za ENHHHIOY EpPCcMEHH.
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3. OmpegeneHie cpefHere EpEMERH HAXoEIEHHA 0 TOKA (BpEMA YIepH HEQHHA).
CpegHee BpeMA HaXoXJEHHA OOTOKA, HIH EPEeMA YIOEpEHEAHHA 7, ONPEOENAETCA KAk
OTHOWI eHHE obbeMa yala £ ¥ cyMMapHo f IpolycKHOH cOocobHG CTH BRIXO JHEE 0 TOKOE:!

T== @
N}'

4 Pacuer obrema yama.

OnpemlensTs TeEKVIQHE obrem R(f) OoToEa B Vele, KOTOREHE MOXEET HSMEeHATECA 0O EPEMEHEM E
3ABHCHMOCTH 0T EXONALHY H BEIXOOALIHE I0TOKOE.

Urobw paccyuTaTh CPENHEE BPEMA HAXENEHHA B CHCTEME C MHOEECTEO M BXOHOE H BEIXOOE,
HY HO EEIIOIHHTE CHENVIOIL{HE MIATH!

1. OnpenenuTt HadamlbHEHE VCIOBHA VCTAHOEBHTE HadanbHui obbeM moToka Rp B ysle H
OOpELENHTE HAYANEHEE SHAUEHHA IIA BoeX BEXOOAL HE H BREOOALHE OOTOKOE.

2. Bruncoute obbeME H pack ol paAcCYHTATE TEKVIHE obben R B vane Ha mobof MoMEHT
EpEMEHH { C VYETOM EXONALIHE H BLHEOMALNIHE IOTOKOE:

R(£) = Ry + [{N, — N;)dt, (5)

t
roe -ru [Ni — h})dr — HHTETHAT, ¢ IpeNelAIIHE HsMeHeHHE obt eMa 3a EpeMA oT 0 0o £

3. BRYHCIHTE CREDHEE EPEMA HAXOEIECHHEA: InAKaEIoH NapH BEXOOHOTD H BEIEOOHOD O [IOTOECOE
PacCCHHTATE CpefHEE BREMA HAZOREIEHHA C YHETOM IO TO KA

T R(E) (6)
L N}' .
,H.TIH CHCTEMEl C MHOREECTECM BEXONOE H BHEOQOCE CRENHEE BRpeMA HaXo XKOEeHHA MOEKHO TAaKXEE
QUEHHTE Kal CREeOHEESECIICHHO S BEREMA VO EHEARHA, YIHTEHEAROO]EC ECE IIOTORKH

_ Rif)

Tcp - N_} ':_"":'

HpHME-‘HE-‘HHE-‘ HOEQDD IIogxoda K MO OENHRp OEaHHED HENEZHOOOPOE HEX VIO E c
HEPAaBHOMEDPHEBIMHE IIOTORAMHE IIO3BOJIHT Bomes TOUHO YHAHTHEATE DEANEHYED JHHAMHEY IIOTOEOE,
EENEOYad HE Kolebanua H cnydafnie darToprl HETerpannd coBpeMeHHEY TAaHHEE H OHDDOBLIE
TeXHONOTHE obecoedneaeT bonee BREICOEYRD CTEIIEHE NQOCTOEERHOCTH MOOEIHDOEAHHA E ortnuune ot
TPAOHIHOHHEE METONOE MPEfCTABNEHHEEH MeTol Do3BONAET obpabaTwmEartt bolbirHe ofbeMEl
OJAHHEXE B PEAERHOM BpPEMEHH, 9TO CVI[ECTEEHHO COEDRAI]AET BPEMA Ha aHANH? H OITHIMEZallHED
paboTH yenoE. 2Te ocobeHHS BARHO I H VILHARTE HHHE CNOEHLMHE DOTOKAME Ha KPYIHEY VeIa®, TOe
EpeMeHHOH (arTop HMeeT pellaroliee sHadeHHe, [losBonAeT BHCTpo amaOTHPOEBATECA K
IEMEHEHHAM E TRAHCIIOPTHEIE [NOTORKAXE, TARKHM KAk HEOQX HOAHHEIE EOJE baunA ¢ bLEMOE I'pyzoE HIH
HaMEHEHHA B pRacIllHCAHHH. Oto obeCcOeYHEAET EIO.]'ILLT.IFIO rHBEOCTE YVIpapIEeHHA H CHHXEAET
HETATHEHEIE [IOCHNEACTEHA OT HERAEHOMERPHO CTH [IOoTORKOE.

BpEMH Haz oXEIOEHHA [NOToEA B YVIIE ABINAETCA EBaXHEM DapaMETpOM E IIPOEEKTHPOEBAHHH H
VIpaBIeHHH HENEXHOOOROEHEMHE CHCTEMAMH, & TAKXE B TEXHHMECKOH H TEXHOJIOCHYIECKoH
obpaboTtke. OHo OoMoTasT OOPENENHTL, CEOIBKG BpEMEHH TpebyeTcd DOTOKY 2aBeplleHHA
OpOIECCOE BHYTRH ¥3la, H BIHAST Ha 50 QeKTHEHOCTE ONEpalHil, KadecTBe obCIyEHBaHHA H
BESOMACHD CTh CHOTEMEL

,B;J'IH fracHuaeTa BpEeMEHH HaXoXIEHHA MMoToHKa B OWINE C© MHOXEECTEBOM BXONOE H EBEHEOOOE
HEO EXO,I[HMO YHHTEEATE ECE IIOTOKH H HE HEMEHEHHAEQ BEPEMEHH. E IMpoCTHE CHVYTE, Kol ga obneM
H pacxoI INOCTOAHHEL, PACHET EPEMEHH HaXOXE OEHHA MOXEET BLITE BRHINONHEH HAIIAMYED. B Bonee
CIHOHHEE CHCTEMzE, THE IIOTOKH H3AMEHARSTCH, TpEElji'I-OTEH HHTEI‘pE;LTH:HHfI nemz=en W OYVHET
EPEME HHEEX HsMEHEHHE OIA TOHHODS QIRPEAENE HAA EPEMEHH Hax o EOCHHA
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20T AN AHCEREL IO CYE A CTE SHHEIH T eX HEMHe CEROHT YVEREepCHTeT (AL TY), © AcTpoiane, Poccrfickas $egepargo

HCOCJIETOBAHHE TPAHCIIOPTHO-JIOTHCTHUE CKOH CHCTEMBI
TPAHCIIOPTHPOBEKH MATHCTPAJIBHEBEIX TPVE IId HE®TEIIPOBOIA

Annom auur, Facchompenst SONpoC st PeaBFayiel RORCHRMN SCRE FR0aY VMR MPaHCHoPIUPoeKS MasIc i areHay
MpyFE dna nedmerposodos. Jlpussdena ROALMUINECKAR YENOWKA WP CHOPMUPOSKL M ASLUCTHPATSHEY MBS OMcan st
WMEMEHMBL CLOMEMBL,  XEPAKMEPUIFAYLECE NOSHULERHOL CAOMCHOCHEN P peamsayiii Ha rpammuxe. Houbones
MPOORCHHEIM FECHOR NOSE MUNECKOL YENL ASNTEMEA MEPESAINA MASLEMPansy MppS ¢ sodH0s0 MP@HCcnoyma Ha
asmeomotunenndi O yemo  obarnovenud  Siconcll  PesFIEmMameHocmy Pabomnl  MPaHcio I RO-IOSUCMLNET KO
CLEMEMEL  PEPAtomane  PelleNLE,  PeanuiFemMos  cHapeRHoll  pafomedl  mopmanshziy Kpanos. i openu
shdaronuanocmuy pednazasnoss pewena Guna  paspabomana  pacuemno-umaanNeckar  Modens,  ITmsepon
MOCAPACUAR  CMEPMUR  VEPESATR,  OCPMECMaIISMAl & Nopmy  Ha  meppmopmn Acmparancxoll  cfnacmu,
Farcuampusnenud] sprosci] ngpm catia asmoofinunot] doposol] ¢ doposauil cbeso MoMbIosanui, Mo KoM opnl &
HACMOTINSE GRMA CCFIECTSIRENCE AOCMaea MANENCEECHRY ZEFFOE, 8 M KRE eduHoll anpforoeodnod] cuemen ol
eqpovelirnofl wacmu Foocowd oo cmpamamy Gmiocneso W daneneso apyBescna. Sadelicmecsannnie MEpesoi ol Hne
CRedEmenR; CRXOSIF TR BApIa W CHELRARIFUPOSaRRaE aanonceid. T nepesame MpedyoRompen o LHOReF oSN LE
depr wpawnos.  [Imuiwenen  memod  woweunmyy  mRemenmos.  Ilposeden  cmanucmuveckudl  pacvem.  Ovpedenena
R AMUNECKIE. PEANLLIL MR SSmpoaci sordelicmeiil. Faspatom annAi Mooent FRumBieas] cmaciiiorms modeeia,
MEDCMERHOCHTD JCSCTINOCTIRE KaN N d, Peaciiabl JELEEN enct NEperos ZF7 6 SRUTHLE CHIINSE FIIReneHiis K oauKos
W HapyaxccHrocmy,. Ha gone awmuenceo parsumua Hedmanoll ompaciil & Hau el CMPaRe soMpor opgaHLiayuL
nepesor couenmos nedmenposoda fantemen avmpamsni. Tpednasaeman crema oSO CoORPamLIMG SPEMEHHEE
U MEMEPUANERLE FAMPENEL ML MEPESATNE ZOFF0s, nosticue pipexmuanocme aoeil nosucmueckoll yern Tlo wenoszan
PAACREM 08 RN RO, YO CRANLN E0KAL 1 SUHAMLINECKAR PRI Mo A ety kpanos FITIT 16 (2043 2) ne ypessun cpom
pedentuuniy cocmonill  Faruemno- lpanuneckar wodels Moisoniam JoXaiamb YenecoofPasiocmy  MERDASH SHLIA
dopama capeRRoll pabomsl KPAaHos M MEPSSaTNE  MASLUCHPANEHLLY MprE 8 pauKar  PrREUOHLposanLa
MPARCHIOEI HO-AOSCTIIIN ECKON CLEMEM b, HayenenH ol Ha CIMPOoLIn el CIED L COCTPRLEEHLE Hedimarposodos.,
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=1 PaHCTOPTHEIE N TPAHCNOPTHO-TEXHOMNOTMYECKMEe CUCTEMbI CTPaAHI,

PECWOHOB-MTOPOOORB, OpraHn3alna NPOU3BOACTEBA Ha TpaHCNoOpTe

Knawnosne croed: NOSEMUK, MPiiciopmuposkn SIMHOWMEPHEEL SOP3, MEPESIF G MASICH AT HEle mppon,
Redhmerpoand, MO amen bl Kpan,

~svetlana B. Dzhakhyaeva, Ekaterina V. Klimova
Hogtrakhan State Techrcal University (AST), Astrakhan the Bussian Federation

STUDY OF THE TRANSPORTATION AND LOGISTIC SYSTEMS
FOR TRANSPORTING PIPES FOR OIL PIPELINES

Abstract The arficle discus sed the logical fasks of ol main pipe fransportation for pipelines. To improve gfficiency
of s qperafion hes been developed the paired porfal cranes operdafion For esfimaiion of proposed solufion develogped
a comprdation:d dpneenic model on fhe base of framsshipment operafions 1n fhe Asfr althan regional marive port that hes
a ey pecudiarity. There is cormection with the public roads, wsed for heavy cargo shipmerts and af the same fime with
deep-water system of fhe Furcpean part of Russia cormected with infernafional frade ways. To apply of proposed
frepisshipment cperafion wuses dry cavgo barge, specialized avficulated lovry arved fwo port cranes by the mefhod of the
Jimite elements. The sfafisficd calaulafion shown dpnamic response wader wind tnfTuence. If falkes Dafo accownt the sfages
of liffing operafions, the vapiabilify of rope sfiffness, engivne modes, load skhew, v the influsnce of crane operafor work
sfple peculiarifies. Besed on fhe resulfs of the calculafions i was found that proposed fravssiipment operafion provicdes
declive cherges mid aocelerdafe fhe man pipe havedling, Af fhe same fime the stafic and dynamic reacfions of the porfad
crepes KPP 16 20032 ) do vof exceed the [imif levels. Finaly, the model using fhe format of paived cranes allows improve
the fravsshipment operaion and logisiic sysfem aimed af the consfrucfion d marfenayee of ol pipelines.

Keywords: logistics fravsporfaion, long carge, fransskiipment, mainpipes, oif mipdineg, portal crave.

Henonesopanne He hTenob HBAICIIHE H TPAHCIO PTHPYVEOIIHE YT AHO BOK BOSMOEHO peATHIOBATE
Ha SHEMHTENLHOH TEPPHTOPHH CTpaHE. b NOCHEfHHE Tofil HabalomaeTcA YCTOHYHEBAA IHHAMHKA
pOCTa KONHYECTEA EBOQHMHE B SKCINIVATAUHE TPaHCIOPTHPVIOU[HE YCTaHOBOK Hed TempoBog
ABNAKITCA OOHHM K3 OCHOBHEIX CHOCOBOE TPaHCOOpTHROBEH Hed TenpogyeToB. CHCOTEMAa MOKET
HMETE HaseMHOE H MON3eMHOE DACHONOEEHHE, a TaKEe IpoXoTHTE Oog eogoil TpybompoBogm
OAHHODO THIA HMEIOT BEICOKVIC P ONYCKHYE CIocobHOCTE H OCPOMHYEC IPOTAREHHO CTh.

CyMMapHad YCTAHOBEIEHHAT MOITHO CTE JobeaK Hed TH cocTaEnAaeT Bbomee 535 mny TE rog [ 1]
TocymapcTee Kpafide saHHTEpeCcOBaHO B pPasBHTHH SHEpTeTHYECKOH OTPAaciH, B CEAIH C© 4YEM
pazpaboTal pAg OporpaMm Ha §egepanbHOM ¥poEHE, NPH:BAHHHE ©beCOEMHBATE HENpEpLEHOE
PAsEMTHE YYBCTEHTENRHOH clepd pHHEEcobpasoBaHma. B Hamed cTpadHe paboTamoT  vEe
sapeKOMEHIOBAEINHE Ccebd M [OOABNMOTCA HOBEE HOMOAHHE, (VHEUHOHHPYVIOU[HE E cdepe
CTROHTENBCTEA HEPTENPOBONOE, AKTHEHO HOET NOpOLECC COSTAHHA OTEYeCTEEHHHE obpasios
ATPECATOE VA PELIEHHA CAMEX CIOXHEX 3a0ad oTpacad. BMeCTe ¢ TEMEOIPO CH TPAHCIOPTHR OBKH
HE I TH HE MEHEE BAEHLL, 4eM e qobema.

B paspaborammofi Munucrepcteom Tpascnopra Poccomfckod Pemepaumn TpadcnoopTHo#
CTpaTerHy, pacciuTanie i go 2050 roga [2] ccoboe BHEMaHHE YOENASTCA BONpOCAM ORTAHHIAIHH
TPAHCIOPTHROEKH C [ENBRK TOBHIIEHHA KOHKYPEHTO CIO CobHO CTH MEEIVHAP OO HEE TPaHCIOPTHEX
KOPHOOPOE, MNPOXONALIHE Yepes TeppHTOPpHEY PoOCCHH, & TAKMEE OOBEINEHHA 5hheKTHEHOCTH
EHYTPEHHHE TPaHCOOPTHHE oyTeil  JocTHdb sToro MOKHO OYVTEM pELMIEHHA KOMIIEKCA
DYHEUHOHANEHEE 3afed, BaXHeHIIHE H: KOTOPHE JeXalr B IMOCKOCTH (VHKIHO HHpOBaHHA
TPAHCIOPTHS -TOTHCTHYECKOH CHOTEMEL

B noructmdecko# umemouxe zamgefcTEOBAHO HECKOIBKD CHENHATH: HpOBAHHEX KOMIAHHH,
FaXgad H3 KOTOPHE paboTaeT Ha CBOEM OTOENBHOM YVHACTEE. B 2aBHCHMOCTH OT KOHKPETHEX 3afad
CHEMa MEHAESTCA, HO JOTHCTHYE CKAd LEIOUKa 00 CTAEKH MACHCTPAIEHEE TEYD 0ua HedTenpoEoga B
obL{EM BEHIE BEITIAGHT CIENVICL] HM obpasonl NocTaBKa OT OpoHsBONHTENA B HOPT OTTPYSKH —W
EZpAaHEHHE H SKCOOPTHOE TPAHCIOPTHO & obCIY K HEAHHE — OOTPYSKa Ha CYOHO ————
HEPEECEKA BOTHEIM TP AHCIOP TO M e EET PV SKA C CY HA —— e P AHEHHE H HMIIOPTHOE
TPAHCIORTHO & obCny X HEAHHE——— 4 TOCTABKA T0 MECTA HaHAYEHHA ABTOTPAHCIOPTOM.

Hdna oueHEH 20 G eKTHEHOCTH MOTHCTHYECKOH CHOTEMEl HE IOMESVIOT KOMIUIEKCHEIE ITOKAS AT eJIH,
KOTOPEE OTPAKAOT PESYIETATHEHOCTE HCIONESOEAHHA PECYPCOE TPAHCIOPTHOHR KOMIaHHH [ 3]
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B ocHope cHoTeMH 3 EKTHEHOCTE TPaHCHOPTHHE CPefcTB, BO MHOTOM 3aBHCAILAd OT
moEasaTencei obbemMoB rpysoccbopoTa W rpysonepepaboTHH, DoKAasEEaRCU[HE 20 EKTHEHOCTE
HCOONB30BAHHA CENANCKOrO OONBEMHO-TPAHCOOPTHOrG obopynoBaHmd. C LENBK [TOBLINEHHA
PESYILTAT HEHO CTH TPAHCIOPTHO -ToTHCTHYECKoH CHOTEME B YACTH YEASAHHEE acleKToE Haubonee
penecoobpai HO OpHMEHATE METOL MOMENHP OBAHHA.

IIpu cTpoRTENECTEE H B OpoUecce oBCIVEHEBAHHA MarHoTpalbHEX HETEIpoBONOE ocobeHHO
AKTYAIEH BONPOC JOTHCTHEH HEPEBOSKH H IEPETPYSKH V2IOE, TAK KaK HY [IpOHIBOACTEO, KaK
OpABHI0, HAXOMHTCA Ha SHAYHTENBHOM PACCTOAHHH OT MECTA SKCINVATALHH | paHCIOpTHEE H
CTOPOHHHE [OCTEBLU[{HKH JOCHCTHYECKHX VOIYT JOMEHE HMETE OoOpobHYIO TEXHHYECKYIO
DOKYMEHTAHIO C QETATEHEIME METPHYECKHME IOKASATENAMHE Tpysa B § 0TO IJIA NepeBOosKH, 4TobE
obecoeduTe 50 QEKTHEHEIE H SKOHOMHYHEIE PELIEHHA KpoMe TOCO, OLIVIMAaeTCA HENOCTATOK
FEAnHG HIHpOEBAHHEE BoguTeneidl Jnd TpaHCOOpTHROEKH KOMIOHEHTOE OT IPOH3EC[CTEEHHHX
obLEKTOE OO IUIOW[agok OpoekTa TPpebykTcA  BOGHTENH, KOTOPEE OPOIITH  Y3KVIO
COEUHANH: HpOBAHHYE MOOACOTOBKY, Tak Kal VIpPaEleHHe TPAHCOOPTHHM CpefcTEoM Tpebyer
DHAMIpaHHO R TOUHOCTH Ha BCEM MAPIUPYTE TOCTAEKH, CHoCcobhl oITHMEAIMHE VEa3aHHER IPOLECCOR
mpH cobmoneHud TpeboBad i besoTacHOCTH S THEHS obCy Ak T CIenHanueTam [4, 3]

JloTHCTHYECKGE SBEHO — OPOLECC IEpECPVSEH © oJHODe BHOA TpaHcOopTa Ha Opyrod —
HApAKTEPHIVETCA [OBHIUEHHOH CHOXHOCTER) BEHAY CBOEH MHoro aKkTOPHOCTH. 3HECk BaXHO
VIHTHEATE CTPYETYPY TpysoobopoTa, pasiMdua IpyiodofbEMHOCTH NEPEBOSOYHEIX CPEICTE,
oCOBEHHO CTH YIpaRTEHHA TPAHCIOPTHEM IPOIECCOM HA PAsIHYHEE BHIAX TPpaHCIOPTa, pasiHdHA
CTEMEHER TEXHHYECKOrO OCHALEHHA TPaHT IOPTHEEX ¥aIoE [6].

Herabaputare pasme prl rpysa TpebyioT DepeqoBore NIaHHp EAHHA IOSTAIHG, & TAKKE TECHOTO
COTPYOHHMYECTEA MEEIY NOTHCTHYE CEOH KOMIAHHEH, OTIpaEHTEIAME [Pysa, TOCYIapCTEEHHEIME H
hemepANLHLEIMH OpraHaMH H ale HTCTEAMH. ay, opraHH3allHA NepeBalkH Mar HCTPalbHEX Tpyh C
EONQHOTO Ha aBTOMODHNBHHE TpaHCOOPT ABNASTCA CHOXHOH KOMIONEKCHOH 2agadell EBEHOY
HeoEXOOHMO CTH MaHHOVWIHPOEATE NIHHHOMERHEIM CpywioM . bomemmro# maccoil. OcobeHHOCTE
OIEPAHH SAKITHHAETCA B DONLEME H NepeMelleHHE Tpyh ONHHOE oT 22 go 30 M, DeHTp TAEECTH
KOTOPEE PACIoloXEH B HEHTPE obbeKTa

IIpouenypa OUEHKH HaNpAKEHHA, BOSHHKAIOIETS B SMEMEHTAX KpaHa H B CaMo H Ko HCTPYKIHE
TpYOL, HEHA O0d Toro, 9T0 6k 0bes 0MacHTE Ipollece IepeMEIEHHA

IloTpebHocTE B HCOONB20BAHHH OOHOBPEMEHHO OEVE MOCTOBLIX KPaHOE B PEXHME Iaph
NOABNAETCA TOTAA, Korma HeobXoOHMO OCYIU[ECTEHTE NEpEBANKY LITYYHOTOC Mp¥ia MaccoH bonplie,
YEM CPY20HOQBEMHOCTE OOHOrO kKpaHa [7]. JaHHad zamgada ABIASTCA KpaiHe BaXHEIM H
OOHOBPEMEHHG TEXHHYECKH CHOXHEIM SBEHOM JODHCTHYEeCKSH IeODH OpH  pealHsallHH
TPAHCOOPTHROEKH MACHCTPANRHEE Tpyh Kak INHHHOMERHODO TIpysa  JCOOXKHAST 2amgady
HeoEXOOHMO CTE MCIONB20BATE OEa MOCTOELHX KpaHa ONHAKe Takad ONEpalHd He EBKIKOYEHA B
HEpEUeHE OBT3ATENLHEIY PacdeToR OpH OpoEeKTHPOBAHNH, TAK KaK B OpOLIIEE JECATHIETHA 5TO HE
bruo BocTpebopano. Kax cnefcTEHe, 0TEETCTEEHHOCTE NI0ME HTCA Ha SKCINIYATALHO HHEIH NEpCoHAT.
Buecte ¢ TeEM ¢ yHETOM YCTOHHMHEOrO pasEHTHA HedTAHOH oTpacny BocTpeboBaHHOCTE B JaHHOH
ONEPALHH TOBEIIASTCA.

CbecnedeHHe KadecTBa, CHKOPOCTH H DE30NAcHOCTH OpH pEalHzalHH VEasaHHOH 3afadd
ABNAETCA KJIKOMEBHIM [OJA Co3gaHHAd ¥olobBHHE GecmepebofHofi paboThl BrceH TpaHCOOPTHO-
JNOTHCTHYECKOR CHOTEME TPAHCIOPTHPOEKH Mar HCTpalbHEX TRpyh, JNA peanisalii DoCcTagneHHO H
sanadH brima paspaboTaHa MoJenbh HarpyEeHHA SMEMEHTOE MEXAHHSMA DOOLEMA IOpH Meperpyske
MAar HCTPank HELX Tpyh Ona Hed TenpoBoma DEVMA IO PTATEHEME KpaHaMH.

TeXHOMOTHYECKHA OpPoLECC HEPErPYIKH MArHCTPAIE HEE TpyE B DOpTy ABIAETCA COCTABHOM
YACTRES MOTHCTHYECKOH CHCTEMEl TPAHCHOPTHRPOEKH OPONVELHH, 0H OPpETHASHAUEH ONA OepeBalKH
ONHHHOMEPHODO WITYIHOO FP¥:a C CYOHA Ha apToMobHNLHEE Tpamcnopt B pammax paspaboTem
MOOENH E Ka9ecTEE OpHMEpa OpHHATA CHEMa PasTpyikd MarHCTPaNbHEE Tpyb Ha TAXKENOBE CHEIH
mpuuan OO0 ¢ Tepruuan Bysame AcTpaxamckod obaacti. PaccMaTp HEAe MEH OIpHYAT pacTolo el B
70 ¥Mm cygoporo xofa oT ropofa AcTpaxaHH, MoSBOIAET IEpECPYEATE KpYIHOrabapHTHEE TPysH
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BecoM Jio 300 T ¢ cyxorpysHOH Gapku-Tmmommafaku Thia M70 apyma xpadamu KIIIT 16 (20/32)
TPY30MOABEeMHOCTERIO 32 T, BETPOBOI paitoH [V (pHcyHOK 1).
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PrcyHok 1 — Cxema neperpyski MardcTpalbHBIX TPYO Hedrernporona

[’py30B0O#H ITOPT CBA3aH aBTOMOOWIIEHOH JOPOrOH ¢ AOPOraMHy OOIIErO MOMb30BAHNUA, TI0 KOTOPBIM
B HAacTOAINEE BPEMI OCYINECTBILIETCI JNOCTaBKAa TAKEIOBECHBIX TIPY30B, a TakKke eIHHOH
TITYOOKOBOJHOH CHCTEMOH €BpOIEHCKOM 4YacTH PoccHH cO cTpaHamMH ONMMAKHETO W JAlbHETO
3apyOexpd. [lorpyska ocyllecTBIAeTcAd Ha HauOollee IOAXOAMINHN BHJ aBTOTPAHCIIOPTHOTO
CpeAcTBa, TMPHMEHASMBIN 14 TEPEBO3KH IIMHHOMEPHBIX TPy0 — aptomnoesn SUPER WING
CARRIER.

MarucrpambHad Tpyda HedTelmpoBofa IPeACTaBRIdgeT co0oi AMMHHOMEPHBIH Tpy3 ¢
raGapuTHEIMH pasMepamu 1420 v (mpamerp) x 30000 s (mmiHa) x 36 M (TommmmHa). Macca
OJHOM MarucTpanbHoH Tpyosl — 8500 kT [8]. ITeperpyska MarucTpanbHoOH TPyOH Amd HedTepoBoaa
OCYIIECTRIIIETCA ABYMS MTOpTalbHEIMHI KpaHamu KIIIT 16 (20/32).

PazpaGoraHa MOZEIb ITpoliecea NMEPErPy3KH Ha OCHOBE MeTOla KOHEUHBIX AIIEMEHTOB. B oltei
cHCcTeMe KoopauHar OXYZ Kak TUCCHTIATUBHBIX cHcTeM MubbepeHITHaTbHOE MaT PUYHOE YPaBHEHHE
JUTI BRIHYKISHHBIX KOMeOGaHHH KOHCT PYKIIMH HMeeT BHA 6, 7]:

M1V} + [C1{V] + K1V} = {P(D)}, (1)

rae [M], [C] u [K] — cooTBeT cTBEHHO MaT PHIla Macc, JeMIThHPOBAaHHSI H KECTKOCTH CHCTEMBI,
{P(f)} —BeKTOP BHEITHUX Har Py30K, BKIIOUATOIIHIT B ¢ce0d SKCILTYaT allOHHBIE M JHHAMHYSCKHE
Harpy3KH, 3aBHCHMBIH OT BPeMeHH,
{V'}— BeKTOp MepeMeIlIeHHiT,
{V} — BeKTOp CKOpOCTEit;
{V} — BeKTOp YCKOPEHHIA.

U3BECTUA TpaHccuba




TPaHBI;

€e PErMoHOB M ropoaoB, OpraHU3aumMa NPOM3BOACTEA Ha TPAHCNOPTE

Ypapuenne (1) oTpaxasT MeXaHHYeCEYED CHCTEMY, KOTOpPad CHHTAETCA NTHHEAHOH, ECIH HMEET
MECTO HEsaBHCHMoCTh napametpos [C], [M], [E] oT cocToanua cuctemel PemeHneM ypaeHenua (1)
EyneT IEMEEHHE KOHEYHO-AMEME HTHEE V3I0E CHCTEMEL, ONpEnelAKI[eecAd Yepes BEKTO PR (Y HIC I Hi
mepememenna (VY] cxopoctn [V u vokopemma [F(£)], CooTBETCIEVIONIME MeXaHHdecKod
CHCTEME Ha O NIpefeleHHOM EpeMEHHOM OTPESKE.

JacTHEM CcOyYaeM MaTpHYHOTO YPAEHEHHA ABNASTCA YVPAEHEHHE CTATHYECKODO pPAaBHOBECHA,
COOTEETCTEVIOUIEE CTATHYE CKOMY pacdeTy. [locpeoTEOM TAHHOTO VRPABHEHHA MOXHO OOPEnelHTh
HEpEMEIEHHA 0] BOsLeACTEHEM CTATHY ECK HE HIIH 5K CIU VAT alHoHHEE HACpys oK Ha KOHCTPYELHIO
CHEMEl NEPECPYIKH. DEKTop NEpEMEN[EHHA PacCMATpHEASMEX V3NOE { V) KoOHEYHO-3IeMEHTHOH
MOOENTH 1-T'0 DOPANKA MOEHO ONEHHTE C I0MOI[BES CHOCTEME THHEAHLX YpaBHEHHE

[KNV}={R], (2

rae { Ferl — BEKTOP CTATHYECKHE HIIH SKCIUIVaTallHOHHEE Harpysok,

[V} — BEKTOpD HEepEMEL]EHEA PACCMaTpHEAEMEX V3I0E,

[£] — MarpHUa HeCcTEOCTH KOHEeTHo-SIeMeHTHOH Mogenn (E 50,

YpapHeHHe (2) pellaeTcd © DOMOL[BI NOCRENCTECM TRAfHUHOHHEK HHCISHHEE METONOE E
CHCTEME NHHEAHHEY FpaBHEeHHA.

Ha ocuope mporpaMmuore KoMINMEKCA OIA pacdeTa H OpoeKTHPOBAHHA CTPOHTEID HEIX
poHCTPYEOHA SAPZ000 [2] ¢ yueToM TeXHHYeCKMX XapakTepHCTHE OOpTalbHore Kpana FIIII
16 (20/32) paspaboTalHad pacdeTHO-THHAMHYE CEAA MOJENb HECYI[HE KoHCTPYELHE DopTalbHoro
EpaHa COCTOMT H2 1] MOHEYHEE SMEMEHTOE, KOTOPEE MONENHPVIOT TRVioRoH KaHAT H oTTAEKY, 322
CTEPEHEBHY KOHEIHLE SIeMeHTOE IO CTOANHOTO H NepeMeHHOT0 CEHeHHA, 253 yamos npH 2 = 1518
(FONMYECTEC CTENEHEH cEobogel) 172 NNacTHHYATHE KO HEYHEE MEME HTOE, 02 HECTEHY CEAseH, IpH
MOOENHPOEAHHH VYHTHEATACE [NOCTOAHHAA Harpy:ka — CoBCTEEHHEE EBeCc KOHCTPYKIHH
¥paa [F]. Harpyskn oT cobcTEeHHODS BECca KOHEYHLIY SIEMEeHTOE KpaHa GHINH $afaHil colNMacHo
IWIOTHOCTH CTANH per= 7850 krim [ 10] A4 CTEpKHEBHEX H MIACTHHIATHE KOHEHHEE HIEMEHTOE, a
TAKEE 2aTaHHOA WIo[anH I0oIEpEYHOrD CEYEHHA H QIHHE weMeHToE. JIHHE HHAd pacnpenencHHaT
BECOEAAd HATPYSKA ONPENelANach Ha KaROHd KoHeuHLA snemeHT CobCTEEHHEH BEC KOHCTPYELHHA
KEpaHa OIpENelancd IporpaMmMHo.

Hapucyure 2 npegcraenesa obigad pacieTHaA CKE Ma DEPEMPYIKH 0OHOH Mar HCTpansHoH TpyhH
HeQ TEMpoEOTA TEVMA TORTANE HEIMH Eparans KTITT 16 (20/32). C nencto eepud MEaIHK pacdeTHELX
MOGeNell BLIDONHEH CTaTHYECKHE pacdeT, OpH 5ToM VUHTHEATOCE, YTO OOPTANbHEIE KpaHEH
HAaXOOATCA B Hanbollee YASEHMOM IONCEEHRH 10 HArpVEeHHIO — Ha BrUIeTe 30

Proyror 2 — O Bn1am pacueTHAT o eMa e eTPYe K MarHCT ATEEOE Tpyhe! HedTemposoga
BEVMA TIONT ANBHEIMG Epararat KTITT 16 (20532
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=1 paHCNOPTHLIC M TPAHCNOPTHO-TEXHOMNOMMYECKME CUCTEMbI CTPAHbI,

PErVOHOB U TOPOAOB, OPraHk3aLmMA NPOM3BOACTBA HA TPAHCNOpTe

Ha pucynre 3 nmokazano gedopMHpOBAHHOE COCTOAHHE NOPTANLHHE KPAHOE OpH OeACTEHH
CTATHYECKO H HATRYSKH OT MarHCTRANEHOH TpyOH MaccoH 8,5 T ¥ © yKasaHHeM OpogolbHol cune A
E Fpye0BHE KaHATaX.
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Preyerox 3 — HedopevEgosasEoe coc TOAHME TOPTATEHED K AHOE
IfoH e CTEME OT STHMECKOH HATEWI KM OT MATHCTPAansHoH Toyie! HedTarposora

B xome MomenupoBaHHA ONpeNelcHa OHHAMHYECKAA PEAKUHA OpH BETPOBOM BOSIEHCTEHH.
Harpysxa npmenaguBanack Ha Tpys B TOpHIOHTANEHOR MMoCKoCTH. Ha pHCoyHEE 4 DoKasaHo
ned opMHpOBAHHOE COCTOAHHE KPAHOE H MepeMel]eHHE TPYsa B MoMeHT Bpemenn £ = 08 ¢, a Ha
PHCYHEE D — nepemMenienne yena M2 212 (Touka mogeeca rpysa kpada 10,
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TpPaHCNOPTHLIE U TPAHCNOPTHO-TEXHONOTMYECKWE CUCTEMEI-CTPaHET,
€e PerMoHoOB U ropoaoB, OpraHM3aumna NPOU3BOACTBA HA-TPAHCNOPTE

Tzem Me 212
A¥=—211 rm
AT=8

AT ==121 ro

Praeymor 5 — Hed opeogposarios cocTOAHME KPAHOE M IIep eMeLIEHH: TpY3a
I AefCTEMH BT OE 0F HATHYE EH Ha MATHCTPAansHyE Thyhy Hedemmpos oga

IIpoEemenHLA cTATHYECKHEA pacdeT pacdeTHODC CIVIAA HEpETpPVIKH MarHcTpanbHoH Tpybu
OEYMA MopTalbHEMH Epadams FIIIT 16 (20/32) ma ermere 30 M Ooorazal, 49T0 BERTHEANL HEIE
NepeMENEHHA Thysa cocTaEmAwT A £ =115 mum Juuamime ckufl pacieT MoJend JEVE Iop Tk HEX
rpanos FIII 16 (20/32) nopu neperpyske sneMeHTa TpyboOpoBoda © ¥UETOM BosOeHCTEHA BETRA
(pafion IV) mokazam B Opolecce NEpeBANKH MarHoTpanbHad Tpyba HedTEOpoBODa COBEPIIAET
EpYTHIELHEE KONebaHHA ¢ MAKCHMATEHEM TOPpHIOHTATLHEIM OTEIO HEHHEM TOUKH mogeeca 40 mu
CTaTHYecKad H OJHHAMHYECKAA peaklHH OopTanbHenx kpadHee KIII 16 (20/32) me npepnoumarct
OpENEIEHEE COCTOAHHE

Taxum obpazoM, IpeICTARTEHA METOTHKA MOLETHPOEAHHA IOEEMA TPYsa JEYMA I0pTalbHE MH
rparany KT 16 (20/32), yauTHER0I] 44 cTAOHAROCTE TOOL eMa, TepeMEHHGCTE ECTHO CTH KAHATA,
PEEHME OEHTATeled, [epeKoc TIpysa, BIHAHHE CTHAEH VIpaRIeHHA KpPaHOBI[HEOE Ha
HarpyEeHHocTh [ /] PaspaboTaHa pacdeTHO-OHHAMHYECKAA MOIEIE PACHETHODO CIyHad NEperpysKH,
EEMpcHakoIad B ceba gea gpama FEIITT 16 (20/32), # mpefgcTaBleH OHHaMHYECKHE pacdeT OBVE
mopTankHeE kpagos EIIIT 16 (20032), neperp Vg aro] M MarHCTpank By Toyhy Hed TenpoBoma opH
EETPOEOM BosOeHCTEHH, COOTEETCTEYIOWEM [V BeTpoBOMY padoHy.

B pabore npegnoxeno pelleHle ofHoH 3 CICEHEANIHE a0 B TPAHCIO PTHO-IOT HCTHYECKOH
LENCUKE IpH NepeBosKe Tpyh oua Hed TenpoEona.
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M ocKOBCKME AFMAITMOMEBIH MHCTHTYT (HAIMOHATEHET M CCI &f 0B AT eIb CKHEL VHEE e ceTeT) (WA,
r. Mocrsa, Poccrfickas Tegeparno

HCCJIEJOBAHHE BIHAHHA XHMHYECKOI'O COCTABA @EPPOMATHHTHEIX
MATEPHAJIOE HA XAPAKTEPHCTHEH ACHHXPOHHOI'O TATOBOI'O
AIEKTPOIBHTATEIA

Anponysing Hempio pafomsl SEMIeMes PCCMOmpents Sapuarmos Mosuliienn spdexmisnocn
BCPICNTE FDSAHIE  ACHHIDARKELY MASIEE WM POOSLEAMenst AOSRILNSHIE X HADSNCHOCTLL 1 VESTYE MR
pecyper. Hecnedosarniie Bposcdiiiocs © FOMOLYEBR M RISMARLECKON MOGERL, VYL BlEgRILYE KORHCH PYR-
MUEHELE QCOBSHHOCML  ATEMEHMOE ACLHXPONNOSE WMAZOSOS0  APKMPOdSUSNmeEns U Hossonsiiyel o
SO QRO MO MOYHOCH B0 PACCYLIR A b ROKY, MOR S MOLGHOCTL & GMOSTeH LY FTEMSHIAX NoHC EVRYLIL
OSLAEMENS, @ WMACHE MOMSHM U MotyHoom by A sany Modeniposahie ShACRHIAGCE GRE QCNHIPORREOS
masosnas derzamena JAT-470 odrann daHHER MR MUESCKaT Models HoISanacs SulfTHIMD POCyear bl
AN A0S0 QCLHIPORROZ0 OEUATIMETE AHATOSINHOTE ROMC VI P VOROSTLL FC R SO0 G601 O EVRILLILX
LCRAOHB K darHn X TPl Rposedeniitl ooeA0SaHIA PACCAA PUSATOrs MPLAMBHERIE & KaYernas Mameptiang
A LITIMOSTEHIE COPASNNINGS CRAMONE U POMOopd  NEEINReE AT MOSOsn CRARSRE & COogpoiaian
KOETE MG S8 9% UISECMNOSO MK KK REDMENSOD, OERAAAIyESe BOMes SOOI FHARSNIIEN LRI
HACBLIYSHIA M CROSHERIING © KPOMMISShLME CRICRRAL, o ienne 2,3 T, Jocmiiaresblia P FROSIIMEnbHD
MEHELLEAM FHAYOHIIL HOPPANCEHHOCHIL MASHIMHOZD RO, B penymemame uoonedoaaniia Yom aHosasH D, 4mao
HPLLAMEHERIE HOENEIONAEaTs MOSOZ0 CHIASR Be3 ROSHLLLEHI SORYCIM MO0 IRAYEHIA WHAVIHIL & OmOeTbHELX
CEYEHIAX MASHIMONPO SO FOIGONAEN CHIIIWNM b MOk Dasbl Ha & %634 c4am MERD IHES0 MOKE HAMATHINHE AHUR
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JHepreTM4yeckne CMCTemMbl U KOMNMEeKChl

PO CPRSHENING © OSUEAMENAM © MAZRUMOBPOSIOOM I KPaMRiiesntl o, Duestidnn, w0 CHUDGE LR RONE &
OERLOM I FOTODHIIN ST HO CRAMEMOR KA MENROSaM COTMOTHILL WIOTALEL 1 88 MIASHHOC KL i pacypes. Fipu
PO BILUSH L DONVCRIMOSS  FHOYEHR  MASHUR BT WRdVicen 1 VOSIMEe R UM aRIgesn MOV Jie MR
SO ROSHILERIE KPVIRAILES: MOMERNG Ha Ty Ha 25 %, TImyyennnls pesyiemaml Mosym Sulit
MO ANSAHEL  MPY  MPOSKMILDOSAHIE  QCUHIPOHMBY  MASIEHK  WEKMPOOSLEAmEnsil  MOMOMOmESOs
MO OPEREOHHOS FOASHINHOAY COCMASE © WERE A0 ROV EHIT QX LA HOA CoRam AR MASISHY CaOticme i
HESHCHOC L FIPLE0 o,

Krurieanie cRoges: ackripommmni Seuzamens, HMenesonofaneRoselll CRIaE, FEDMEHID,  MAZHIINHOE
FOMIE, VTSRS MOLGHOCIIT, MATHIN HAT CLCT BMI, HACBIILEHIE MAZHI oRDasoda

Philipp V. Tikhonov
MWloscow Aviation Institute (M atiotial Research Undversity), hloscow, the Fussian Federation

STUDY OF THE INFLUENCE OF CHEMICAL COMPOSITION OF
FERROMAGNETIC MATERIALS ON THE CHARACTERISTICS OF THE
INDUCTION TRACTION ELECTRIC MOTOR

Abstreact. The aim of the work is to consider aptions for increasing the efficiency af using asyelronous
traction electric matars, as well as increasing theair reliability and increasing their service fe. The study was
conchictad using a mathematical model that takes into accowst the design features of the slements of the
asyrhronous traction electric motor arnd allows for sufficiently accurate calcidation of currents, power Josses
i imdividhual elements of the motar desige, as well as torgue and power an the shafl The modeling was
perfarmed jor the anynchronous action matar DAT-470 The study considerad the use of ar iron-cobalt alloy
with o cobalt comtert of 48% as a material for mamgboting the stator apd rotor cores. § bas a Hgher
saturation induc on walue compared o sificon steels, mamely 2 3T ackieved at o sigr foarmtly lower mogaetic
Jield stremgth The study fouemd thet the use of aniron-cobalt alloy without increasing the permissible induction
wilie i indhidiad seckions of the magnetic circuit allows for a 6% reduction of the phase curreant dug to @
lower magnefization currert. It is oinious that a reduction in the winding current will hane a pasitie gffact
ap the thermal state of the imsudation, its reliability and semice life. With an increase in the permissible
magnetic induction value and an incraase in He supply vollage o 25% increase in the shaff torgue was
ackieved The results abicined can be usad in the design of asynchronous traction maotors for locomatives and
midtiple wit relling stock in order to ackieve an aptimal combination af traction properties aad drive
reliabifity

Kepwords: induction motor, Fgh saturation, iron-cobalt alloy, magnet fald power increase, macnat
system, Voo i

Mupopol ONHT HCOONB3CEAHHA ACHEXPOHHHE SIEKTPOSEHCATeNcH B KaHecTEE TATOBHE Ha
EEMESHOOOPOEHOM MOOBIEHOM COCTABE OOKasal pAl HE IPEeHMYIIECTE IO CPAEHEHHEO C
KOIMEKTOPHEIMH — SIEKTPONEMCATENAMHE OOCTOAHHODG ToKa . OCHOBHLHIM IpEeHMYLIE CTEAM
ACHHEPOHHEE AEKTPOOEHTareNe H 0THO CATCA OPOCTOTa KOHCTPYEDHE H obCIyE HEAHHA H MeHBLL HE
rabapHTHEE pasMepH 00 CPABHEHMIO C OEHCATENEM HOCTOAHHOTO TOKA paBHOH MolfHoCTH B
HACTOAL] £€ BpEMA Ha CeTH EeNesHuy qopor Poccuficko Pegepauu B cooTEETCTBHE co CTpaTer Heid
HayeHo-TEXHIHecKoTo paseuTHAa OAC «PH My ma nepmon go 2020 u nepcnextuey go 2025 roga
OCYUECTENAETCA BHEOPEHHE JOKOMOTHECE H MOTOPEACOHHOTG —[OOOEHEHOTG COCTABa G
ACHHXPOHHEIME TAT 0BRIMH IEHraTendanm (ATID. B mx uMcnoe Bxogar smepTpoBoskl 223C5C, 32CHC
i Atamam: © gearatenamu JTA-1100, tennegos 2173254 ¢ gpuratenamn JTA-250T v A 9175 X1
H snegTponeesga cepun 22, BC. Epoue Toro, paspabaThBaroToAd HoBLEe Mogend AT, HaopHMep,
TAM430, cosmaguei OO0 ¢BnextpotagMan-Ilpmeoms: (¢ JIecekEa) ona Temnoeosa 21233024 [1], a
rakxe JTA-380, paspaboTamHn# ExogAuuM B AQ «TpaHCMAUXONTHHTY HHEEHHHPHHTOEE M
merTpoM « LG Hugnaupuurs ona coBpeMeHHEER SIeKTpo IoesgoE «Heonra 3.0x [2, 3] Hapagy c
BONpOCAMH, CEA3aHHEIMH C paspaboTkof opeobpasoBaTelefl B CHCTEM VIPAENEHHA TATOBEIM
OPHECOOM, AKTVATEH BONPOC ¢ BOSMOMHOCTH VIVYIIeHHA apakTepucTHE ATI, B gacTHoCTH,
[MOBEINEHHA VOeNbHOH Mom[HocTH ATJ, 4To DoSBONHT NpH HEHSMEHHEX TabapHTHEEX pasMepax
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JHepreTMYeckne CUCTeMbl U KOMANEKChI

MOBEICHTE KPYTAL[HA MOMEHT Ha Baly H CHIY TACH Ha KOJECHHX Napax TACOBOLC MOBHEHOTO
COCTABA.

B mpegcraEneHHo#  cTaTRE  paccMOTPEH  EBONpPOC  BIAHAHHA 2 XHMHYECKOTO  COCTaEa
SMERTPOTEXHIY eCKOH CTANH, HCIOMBSYEMO f IMIA HET 0TOBIEHHA MATHHTOIPOBOIOE CTATOPA H pOTOPA,
Ha xapaeTepHcTHEE ATJH Hspecrtmo, ute deppoMarHHTHEE MarepHanil obIagarcT CEOHCTEOM
HACEHIL] EHHA, OpH QOCTHEEHHH KOTOPOrO OTPAHHYHMEASTCA MACHHTHEIH HOTOK E CEpOEYHHKE. ¥
MIHPOKD [P HMEHAEMEY B SIEKTPOMAIIHHO CTP OEHHE KpeMHHEELY CTANEH Nepexol XapakTepHCTHER
E 30HY HACHI[EHHA OpoHCXoGHT OpH HEgveEnns 1,4 — 1.5 Tn, a go mycTHMEBE sHaNMeHHA Mar HETHO
HHOVEHH B 3aBHCHMO CTH OT HCIOOJHEHHA OB ATEIA JeEaT B CIeVIOUHE JHanasoHax, o

—eaybiax ctaTopa— 1,6 — 1.9;

— B Apme cTaropa— 1,15 — 1,6,

— B sybax potopa— 1,75 - 1,85;

— B ApMe poTopa—go 1,45

YrazaHHEE OTPAHHYEHHA ONPENeNANOT INCMIANH CEYeHHA VHACTKOE MACHHTOIPOEBONOE, YTO
ENHAET Ha FEOMETPHUECKHE pasMepH WIEMEHTOE KOHCTPYVEUHHE H MaccorabapHTHEE IOKasaTelH
IOEHT aTENA.

Eonee BHcoxoe SHadeHHe HHEOVELHH, OpH FEOTOPOM OpoHCKOTHT HACHI[EHHE MAaCHHTHOH
CHCTEMEL, MOXKET BEITE JOCTHCHYTO NpHMeHEHHEM (eppoMArHHTHEIE MAaTEpHANLOE qPpYToro COCTaBa,
HaOpHMEp, EKENezokobalbTOBRR cInagoE ComepEaHHe ko baNkTa B CIVIABE MOKET BapbHPOBATLCA B
nuanazoHe oT 17 go 50 %, uTe obYCIOEMHEAET MEXAHNYE CKHE H MACHHTHLIE CEOHCTEA MaTepHATA.
Tar, MaKCHMANE Hoe SHAIEHHE HETYVELIHE HMeeT CIUIAE C Comep®anueM Kobaneta 27 %o, oOHaKs OpH
STOM OH HMEET HENOCTATOYHO BEICOKHE IPOYHO CTh H NNacTHUHoCTE. na ux veenudeHHa TpebveTca
NETHROEAHME XPOMOM, MapTaHIeM, EPEMHRE M H HHKEIeM E ¢ bijeM konudectee 2.0 — 2,5 % [4].

B pame sapyvbemunx nybnmanuii (5, 6] DpedcTaENeHH pesYNETATH HCCHEToBAHHE paboThl
SIEETPHYECKHY MAUHH ¢ MAarHETONPOBONAMH H2 KelesokobanbToBHX cnnasce. HMcoconmegoearenu
VEAIEEBAKOT HAa BORMOXEHOCTE VEEIHYEHHA MOL[HOCTH HE MeHee d9em Ha 10%, B ToM 9HCIE ¥
DEHTaTeled sIerTpoMobHIed.

HFenezorobanbToBLE CINIABL po CCHACKHY OpoMsBogHTeNed HMeroT obosHmenna 2 FES, 459D,
49F2%, 49K2F4; ux cocTaE H cBolicTBa peEMMaMeHTHpoBaHwl [F, 8], ogHaxe B chopaBodHod
JTHTEPATYPE HE IPENCTABNEHE KPHEEE HaMAr HHYHEAHHA, 4T0 HE MOSBOIAET pACcCMOTPETE JHHAMHKY
H3ME HEHHA HHOYEIHE 00 YPOBHA HACHIL EHHA

Ha eeponefickom puEKe OpefcTaEneHbd cmnaskl cepud WACOFLUX u VACODTIR
mponseenctea W ACTUMESCHMELZE GmbH&Ce EG, Tepmanua [9]. JaHHie cepHH CONaBoE
MOTYT HMETh ONHHAKOBOE NpoLUEHTHOE CoOTHOIIEHHE EeNesa H wxobankTa, HO BCISOCTEHE
NETHpOBAHHA PAsHEIME 216 MEHTAME pas IHIAIOTCA HE MACHHTHEIE H IpodHOCTHEE Xapak TEpHCTHEH,
yTo OOpedendeT chepy M OpuMeHeHna — VACODTIE zaparrepusyeTca Bonlklied OpodHe CTER H
pPEFCMERTOEAH INA IPHMEHEHHA E BHCTPoXOTHEE sNeRTpoMan g ax, a VACOFLTTY umeeT nyymne
MAr HET HEIE XapakTEPHCTHER H MOEET DETE OpHMEHEH B THXEOXO T HEIE MAIIHHAY CpegHed H bonblrod
MOIHOCTH.

CpaEpHEHHE KPHEEX HAMArHHYHEAHHA OPOBOTHIOCE B THANASOHE H3MEHEHHA HaOpdEeHHOCTH
or 300 mo 16000 Afwm Fax BHgHe H: OpefcTaENeHHLIX Ha PHCYHEE FpadHEOE, OO CTHEEHHE
MArHHTHOH HHOYEUHeH sHadeHua 2 T v Eene:okobaNbToEHE CINIAECE IPOHCEOOHT [OpH
HANPAEEHHO CTH Dopanka 250 — 12000 Afw, Torga ¥ay ¥ KEpEMHEHEERY CTANEH CoMMacHs CIpaBod HEIM
DaHHeM opH 30000 Afv, OMeEHIHS, 9T0 B DepBOM COyEas TpebyeTcd MeHEINAd MArHHTONER EYIAT
CHIA H, CAELOEATENE HO, MEHELI A4 CHIIA TOKA.

CoTrmacHo peKoMEHJALHAM OpOHIECTHTENA [ %] MMEROI] HH Mak C HMAIE HEI# ¥pOBEHE HACEILE HAA
cmnae WACOFLITX 27 Mo®eT OpHMEHATECA B MACHHTOOPOEBOTAE C OOCTOAHHEIM MaTHHTHEIM
noTokoM. A MarHHETOOPOEOLOE CTATOPOE H pOTOROE WIEKTPHYECKHE MALUIHH IepeMEHHOTO TOKA
Hanbolee MogxogAnHM AEnAeTcA conag v ACOFLTH 48, uMeron 1 clegyiolHE XapakTep HOTHEH:

— ¥HMHUECKHH cocTae — 49 % Fe, 49 % Co, 2% W,

— mnoTHOCTE — 3120 i,
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— HHOVKLHA HacHIeHHA — 2,30 T,

— YOENBHEE MarHHTHEE DoTepH OpH HEAVEIHEE 2,0 Tn 8 gactete 5010 — 1,5 Brier;
— npenen TerydecTH — 190 MIla;

— opemen mpodHocTH — 220 MIla
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KpHElHE! HaMar HHIHEAHHA CTaleH ¢ PadIHIHEM EHMHEHIECEHM COCTaE oM

Ana npoBegeHHA HCOCHELoEaHHA EBIHAHHA #COCTAaBA CTAIH Ha XapakTepHcTHEH AT
HCIONBS0BANACE MaTEMaTHYECKAd MOJEN: ACHHEPOHHOTO TATOEOCO SMekTpoleHraTena JAT-470,
npoHsEoTHMore OO0 s¢Snerrporagman-llpmeons (r Juceea). 3agauefi pacdeTa AETANOCE
CpABHEHHE NapaMeTpoB paboTH [OBHCaTeNd Ha HOMHHATBHOM PEXHME OpH HCIOONBS OBAaHHH B
MarHHTONpOEOIAX CTaTopa H poTopa QEpPoMarHHTHHE CINAECE PasIHYHOTO CoCcTaBa. 1IpH
MOTEMHpOBAHHH OpOoBEIEH pacdeT MarHHTHoH IENH OEHCATENA © yUeToM ocobeHHOCTEH dopML
sybLoE cTaTopa H poTopa uA sybUoBoro clod CTATOpa MACHHTHAA HHOYVELIHA ©OpefelAnack Ha
BrIcoTE 113 BRICOTH 37 61a

4

— 1
zpa‘rﬁas (:I

le = k-:bl_lﬂ

roe &) 13— WIHPpHHA 37 611a,
Z1 —KONHYeCTEO 2YOIOE CTATOPA,
2 — KOIHYECTEO MONESCOE CTATOPA;
a5 — Kosh b HIHEHT DOMIOCHOTO NEpEeKpEITHA,
{3 — AKTHEHAA INHHA CTATOPA,
b — Ko DHIHEHT SaloNHEHHA CEPIEUHHKA CTANBED.
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JHepreTU4ecKne CUCTeMbI U KOMMNEKChI

]:[JIOLT.[ELI[I: CEHEHHA ApMa CTATORA CIOPEOEINATACE Tak!

Sﬂ=k¢[ﬂﬂ'_ﬂlﬂ_%ﬂ]a, @)

2

roe Dy — yopeqHEeHHLIE HapyHHLA JHAMET]D CTATORA,
DNex — EHYTPEHHHE QHAMETH CTATORA,
hz1 —EBHICOTa 3¥0bUa cTaropa.
IInoujane cEYEHHA APMA POTOPA ONPENENALOCE C YUSTOM HANHYHA BEHTHIATHOHHEE KaHaI 0B

Sﬂg :kf [Eﬁ — Dﬁm{_ 2‘;122 _1133?&(&;]&

: (3)

roe J2 — HapVEHHH QHAMETD poToRa,

Doy — EHYTPEHHHEA QHAMETY POTORE,

fizz — BHCOTpa 3vhIa poTopa,

My — HHCIG PANCE BEHTHIAL RO HHEE KAHANGE,

dy — IHAMETP BEHTHIALHOHHEEY KaHAIOE.

Ilo pesynpTatam pacdeTa HAOpAXKEHHOCTH MACHHTHODO DOIA A H Mar HHTOOEBIEVIMEH CHIH Ha
OTOENLHEX VYaCTKaX MarHHTHOH LENH onpenendancAd eosdd HUHEHT HacbmeHHA Xx C IENLIO
OOpENEleHHA Ko3pPHIHEHTA NOMIOCHOTO [EPEKPLHITHA a5 H »QPEeKTHEHOCTH HCIONB30BAHHA
ayBU0B0# 30HE MALIHHEL
F +F,

k=142

7 (4)

B cnygae b= 1,0 + 1,6 sybuoead soHa 49pesMepHC HACHOeHA, a COH Ax = 1,2, To cedeHHe
3yBoB0# S0HE HENOHCIONBSYETCA.

Pacuer axTHEHEIZ CONpOTHENEHHH oOMOTOE cTaTopa H pOTOpA ONPENelNAlcd C YYeToM
H3MEHEHHA TEMIEPATypH NOpoBOOHHEA H, Kak CIefCTEHE, H3MEHEHHA ECC CONPOTHERIEHHA DB
EadeCTEe pabodeH TeMOepaType OpHEATA 115 °C, Mm:MeHeHHE TEMOERATYPE Kak i VHEIHH 0T CHIE
TOKA HE YYHTEIBALOCE.

AKTHEHOE CONpOTHENEHHE 0BMOTOK ONpeNelAncck ¢ yaeToM 3ddeKTa BLITECHEHHA ToKa OT
Faxgod rapMoHHdeckoH cocTaEmAriled. KosddHUHEHT YEENHMYEHHA aKTHEHOTO CONPOTHEIEHHA
(Punrma) OpH $TOM pACCHHTREANCA 110 % AEHCHMOCTH:

2
-1 RN A , 5
- w(?)] 1} TR (3

& 4

Egu= [[M?H

TIE #p — KOIHYECTES HNEMEHTAPHEY NpOEOIHHEKCE B a3y,
{3 — apTHEHAD nnuua AT
{5— mnuHa IpoBOOHHKA KATYIIKH.

_ . shid+anad 6
e =¢ chi#—rcns 28 ©)
s sh&—sin &
wid) =24 hircsl’ (7)
rae & — OpHESEHHAA BHCOTA IpOEOIHHEKA CTATOPA,
§=h]:|'_ﬁ" —bDP.AEP.#u.mU, (8)

2.0y

rne .*EEHP} E:'l'ﬂ:' —EBEHCOTA H ITHPHHA 3MEMEHT AP HOTC MpOoEBOIHHAR A COOTEETCTEEHH S,
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JHEepreTMyeckue CUCTeMsl U KOMNNEeKChI

b — wupHEA Daza;

oy — YINOEBAA CEOPOCTE i-H rapMoHHEH.

HunyyTHEHEE CONpoTHENEHHA obMOTOE INIA COOTEETCTEVEOLIHX TapMOHHE OOPENENEHED C
IoMGITEES Ko st G HIHeHTa YMEHEIN £ HHA e aKTHERSTO CONPOTHENEHRA Ky

[%-Mfﬂ”i'l-wfﬁ]—l}- TENeY ()
H

- n, I.+1,

K=

JCHOBHEIMHE HoTepAMH B AT/l AENAIOTCA MMeRTpHYECKHe H OobaEouHEEe NoTepH B obMoTRAN,
Mar HETHEIE E CEpOedHHEE CTalopa, aspoJHHAMHYECKHE M MEeXaHHYECKHE HAa pPOTOpE H B
DONIIHITHEKOERY I HT 4%,

SMEETHHYECKHE NOTEPH E obMOTEE CTATOPA O IPpelelAIHCE COMTACHD % AEHCHMO CTH!

Paa=13 2 -y B |1+ e (T,5-20)], (10)

rae Fofml — SNEKTPHYE CKHE TOTEPH B 0DMOTEE;
fy — hasunil Tox,
£ — KONHYECTEC NpoBOIHHKOE B Iasy,
R0 _ conporuRnenne npeBogHmca mpH 20 °C;
¥R — TEMIOEPATYPHEH Kosdd HUHEHT COMpOTHENEHHA MaTepHana obMOTKH,
Toab — TEMIEpaTYpa IIpoBOLHHEA.
(JCHOBHEIE MOTEPH E CTATH pACCYHTHEANHCE Kal CYMMa DOTEPE B APME H3¥0OLUOEOM CIOE:

L
Pcrlzcn'[%] 'Plufj:u'[”%l'gfl"'mﬂ'gfl]s (11}
rae Cn — koshd HITHEHT, 2aBHCANTHE oT fopME Ta30E;

P10ss0 — VOENBHEE IOTEPH B CTATH OIpH YacToTe NepeMar Hugueanua 50 [,

#iz]l — MACCA CTATH 3yBI[0BOre CINOA CEpIedHHEA CTAaTORa,

Mg — MACCA CTATH ApMa CEpIEYHHEA CTATOpa,

B:1 — uEOYEDHA B 2yhIax cepled HHKA CTATORA;

Bl — HEOVEUHA B ApME CepIedHHKA CTATORa

ConpoTHENIEHHE 0bBMOTEH poTopa ONPENElANcck . ¥9eToM »hdiekTa BETECHEHHA TOKA
BriTecHenHe Toka NparTHYECKH OPOoHCKONHT TONBEG B HasoBod dacTH obMoTku poTopa. [losTomy
EEIpEEHHA 0NIA AKTHEHODS /2 H HHOVETHEHODO X2 Co IpOTHENEHHA HMEIOT BHL,

'rIE = k:v"rlﬂn_'_'rlﬂn; (12)
xlzzkx'xlm+xlzn: (12

roe 7 M x%n— Conpo THENEHHA OasoBod 9acTH obMoT I,

r'zn H ert — COIOPOTHEINEHHA YHACTEOCE EOROTHOSAMEIFAROI]HE EOJEND MEXEAY COCENHHMHE
CTEREHAMIHM,
b u kb — KOE‘dEIdEIHL'[HE!HTBI, YHHTHEARCITHE HIMEHEHHE aKTHEHOIM H @ HHOVETHEHO O

EOHpOTPIE!JIEHHﬁ CTERPEHA Iod ENHAHHEM E'EIJEIJEKTB. EEITECHEHHA TOKA.

b= shib+sinid 14
r=4 chl2E—cos2é (14
3 _sﬁz2§+sin2§ (15)

T 0 F chlf-coslé’

Troe Cf— IpHECNEHHAA BEEICOTA CTEPEHA,
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JHepreTUYecKne CUCTeMEI U KOMMTEKCEI

: (1&)

IIe i —BEHCOTA CTERXHA,

£ — CKONL ¥ eHHE,

£ — VOEMEHOE CONPOTHENEHHE MATEpHALA CTEDEKHA,

b — IIHPHHA CTERE HA,

bp— IMHpHHEA Daza.

B cEasm c TeM, YTO B HANpAEEHHH NHTAHHA 3MEKTPONEHCATENA OPHCYTCTEYEOT ERHICIIHE
rapMoHHYECK HE COCTABNAIOIIHE, KPOME 0CHOBHEY SIEKTPHYECKHE 10 TEPE BO3 HHKAIOT NobaBouHELE.
Ona onpenencHud nobaBoUHEY DOTEPE PACCYHTHEANHCE NAPAMETPEH CXEM 2AMEN[EHHA C YUETOM
BHTECHEHHA TOKAE obMoTEaX INA CoOTEETCTEYIOU]HYE Fap MoHHYeCK Y G0 CTARIAKIHE Toka. [loTepn
B obMOTHAY ONpPeleNANHCE 3aEBHC HMO CTAME:

onA obMoTEH CTATODA —

1
Mﬂdlu ='W1'I\1'1u"r1u : (1?)
rae fay —sHadeHHe §asHOTO TOKA NIA - rapMoHHKH,
Fily — aRTHEHOCE COIIPOTHEIEHHE OEII'.'IOT'KH CTaTopa OJA - rapMOHH‘IECKOﬁ EOETEBJIHI‘OH.'[EE;
ona obMOTEH poTopa —
1 r'
AFga.=m-Ig, '5_’ (18}

L

IIE Sy — OTHOCHTENEHOE CKONEXEHHE N4 I-H rapMOHKHE CKOH CcocTaRIAK e .

#2' — AKTHEHOE CONPOTHENEHHE O0BMOTEH poTopa, IPHEENEHHS e K NapaMeTpab cTaTopa O i-i
FapMoHHHe CKOH CoCTaBLACIIE H

SMEKTPOMAr HHTHEIH MoMEHT oOpeNeNAncd Kayk (yHEIHA TpaucdopMatopHolt 20C poTopHo#
0B MOTEH:

3 5 AR
M, = o , (19
[ (%) + ()|

Ioe Hoen — TpanchopmaTopHad SC OpH HENDOOEHEHOM POTOPE,

Fen— HHIVETHEHOE COIpPOTHEIE HHE pOTopHOH obMOTEH OpH HENOIBH EHOM poTORE.

Fpyranui moment M2 paccuHTHEANCA KAl OTHOLIEHHE MOIIHOCTH F2 K YyTIOBOH CKOpPOCTH
Epall] eHHA pOTOPa w2,

IIpoEemenHMHA pacdeT Dokasal, 4T B CEpHAHOM ABHTATENE C MACHHTCIPoECIoM M KpEMHHEES
CTANH IpH MACHHTHOM OoToke @@ = 0,065 Bb uugyknua e avbiax cratopa cocTaenaeT 1.6 Tnu e
sybrax poTopa 1,46 Th, wosd dunHenT HacHmennd b HMeeT sHagenHe 1,06 MarmuTtomemzvinas
CHIa Hm= 2396 A cosgasTca ToxoM HaMar HEUHEAHHA £ = 131 A, opH sToM ToK basw f COCTABNAET
292 A TloTepW B CTANH IpH YacToTe OHTaRCIIEro HampAxeduda 3033 Ty cocTaeunu 4787 Bt B
PESYIALTATE NEHTATENE pEalHsYeT BLHEOOHYVID MoIHoCTE Pz = 449564 BT, a pyTAnui MoMeHT
Ma IpH 4acToTe BpamleHEA poTopa 443 ¢! papen 9694 H .

BoeropoMEBapHanTe paccMaTpHEAET CA IpHMEHEHHE B MATHHTOIPOEOE IIHETOEAHHGH CTATH H3
cmnaea WACOFLUX 48 Ilpn aganorMYHHE SHaUeHHAY MACHETHOTO NOTOKA H HHOVEIHH Ha
OTOENBHHE VYaCcTEaX MAarHHTHOH LENH MarHETONEHEYINAAd cHIa cocTaBMma 1443 A u Tox
HaMAr HHIHEAHHA YMEHBIIHICA Oo 79 A 4To HHEe TONVHIEHHLE B DEpBOM CIVIAs PEIVILTATOE Ha
40 % Fam cnenctere, cuna dasHors Toka JEMTATENA CHH3HIAcE Ha & %0 Do sHadenud 368 & Hasa
MEHE IITHY YIEIbHEY DOTEPE B pACCMATPHEAEMO M CIITIAEE NOTEPH B CTANH TAKEE CHHSHIHCE Ha 32 %0

Momse oTe H KpyVTANHEA MoMEHT ECIEACTERE CHHEEHHA O0TEPE VEEIHMHINCE Ha 1,2 % H coCTaEHIH
454561 Bru 9789 H M cooTEeTCTERHHD,
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CHHXEHHE DasHOTO TOKA MOSBOIHT CHHSHTE TEIUIOBEIE NOTERH CTATOPHOR obMOTKH H g€ TEM-
HEpATyPY, 4Te GIaronpHATHO CKAXETCA Ha YOIOBHAX paboTh HioJALHH, CHH:HTCA HHTEHCHEHOCTh
BE CTAPEHHA, NOBEICHTCA HANEKHO CTE JEHTATENA B LEIOM.

Taw xax paccMaTpHBaEMEIH CITAE HMeeT bollee BEICOKOE SHAYeHHEe HHIYKIHHE HACLIU[EHHA, TO
MOrYT DHTE YCTAHOEIEHH COOTESTCTEVICI[HE SHAYEHHA HHIVEDHE IJIA OTOENBHHE YHACTKOE
MAar HETHOH UenH — 3ybLUoE H ApMa cTatopa H poTopa [[oBLINEHHE HHOVKIHH 34 CYET YMEHBLI eHHA
CEYEHHH SyBIOE H ApMa He pacCMaTpHEANOCH, TAK KAl Hi IHpHHA obYCIOBNEHA MEXaHHYe CKodl
IpoYHOCTEEY MarHHTONpoEoqa. [ oBEIIEHHE HEOYELHE ¢ CYI{ECTEIANG Cb VEEIHY e HHEM Mar HETHOTO
HOTOKA 32 CYET MOBHINEHHA MHTAMOL[Ere HANPAEEHHA 00 OOCTHEEHHA MACHHTHOH HHOVKIHER B
sybUax craTopa S:13Hamennd 2,0 Thn, 4To OpeEEINAST pacCHHTAHHOE paHee sHadeHHe Ha 223 %. B
TabIHIE OPENCTARIEHE PESYIET AT PACIETOR.

Penymerars: pacruera
Mapanerpsr F azroe Hampoxerse Uy, B

495 325 530 375 al10
hiareprrHent Dor ok &, BA 0,065 006916 007245 007575 002034
Hugyrapa 5 sybnar cratopa B, To 1.6 1,72 1.2 1,28 2
Hugyeania s sybuax poropa Ba, Tn 1,46 1,54 1,62 1,7 1,2
Heuaveapa s apye craropa By Tn 1,92 2,04 2,14 2,24 2,37
W rysamen s apye poropa Bagg, T 0,8 0,25 0,89 0,93 0,98
Hugyeania 5 EosgyuEon sasope By T 0,7 0,75 0,78 0,82 0,27
K oot deIpesT HachIIerma fy 1,047 1,049 1,051 1,054 1,08l
M aremer o5 soayat cara B, & 1443 1572 1715 1960 2279
T 0k HAMATC HECHE AEECT Jp, & 79 26 a4 107 125
P eanTrENAT CoCTARMAIOINAT Toka dater f, & 1ad 1702 1781 180 8 206
AKTHEH AT COCT ARILANIAT TOKa thassl fy, & 329 3377 3453 350,5 360
Tox dazerfy, & 3684 TR IRES 3086 415
MonpocTs H&B&]Ijr,ﬂ;BPEaTEHHP;i, Er 454381 493065 537661 559158 al7 424
Kpyrampdi sonesr iy, H-m QT ED 10637 11383 12062 13105

B pesynrraTe npoBENEHHOMC HCCHENOEBAHHMA YCTAHCENEHO, 9TO NPHMEHEHHE B KOHCTPYKIIHH
ACHHEPOHHLIE TATOELIY SIEKTPONEHTATENEH MarHHTOIPOEOTOE H2 EENesokobanbToBoro CIDTAEA
NOSEOIAET CHHSHTE TOKH das IpH HoMHHANLHOM HaOpAEeHHH bomnee deM Ha 5 %, 9To YMEHLIIHT
TEIIOEYES HarpysKy Ha obMoOTEY cTaTopa H MOBHCHT HaleX HooTh GEHrarend Huna bomnee momHoro
HCIONE3OEAHHA CEYEHHA VHACTKOE MarHHTHOH IETH MOEET DEITE VEENHYEH Mar HHTHEHA DoTok Des
NepEeHACHIEHHA MAITHHEL, BECIENCTEHE e KPYTANTHE MoMe HT Ha BANY BospacTaeT Ha 23 %,
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MENACHCCLINERE & Go0RHLIY CORHSURLY KORRSMINOPHOLY CUCMEMay — ccobuil pesxnod & pabome oboppdosanuia
narmsackol cmamaigeeil  ITpedomacnensy 3@t PasQiiis Pt CmMasiayiil W O aHams aRGaHuE Kaxedoso
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CHUSCEHLA SALAHUA Sbicooll MEMYEPENYPLL HA KOMMOHRENMEL ASIASMCR MOHOE CS0CSPEMEHHOE OMOPOSTHERLE
KomexmopHoll cuemeasl, JInednosoensl MEXHLMECKLE PEENLIA IR PAFMLEHROS0 OMOPOICH SHLE MEBLE CLEMEM, 4
MAKNCE  MEEHUNECKLE  PEMEHLE,  HRAMPESNSHHLE KA OSPaHUNeHUe  JelMmeNR  ShE ONOMEMMERAmINoI0  napa
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Anastasia P. Polozkova, Artem S. Gusarov
O sk State Transport Undversity (03T, Om sk, the Bussian Federation

RESEARCH OF OPERATING MODES OF WATER SOLAR COLLECTORS AND
INCREASING THE EFFICIENCY OF THEIR OPERATION
WHEN STAGNATION OCCURS

Abstract The murpose of the sfudy is fo idenfify feclhvical problzms in fhe operaficon of solar equipment thet hiveder
the widespread implemenfation of gsfems. The problems with overhedgfing of fthe coolaif in water solar collector

Ne 4(50)
2024

U3BECTUA TpaHccnba




JHepreTMYeckne CUCTeMbl U KOMANEKChI

spsfems —a specia mode i the operafion of the equipment ealled sfagnafion — are considered The sfages of sfagnafion
mode development are presexfed d Hhe BfTuence of each sfage on the parameters of water solar collector spsfems is
analyzed. I is reveded that the stagnaficn mode negafively gifects the componerts of wefer sclar collecfor sypsfems,
redhices the service Iife or damages them. The man negafive factor is fhe high femperahere of the generafed vepor in the
collecfor when the sysfem overheatfs. Affer condeciing the experiments, if was concluded (which is covsisfent with
research i fhis field) thet the Nguid coclard remaiving i fhe collector with nsyfficient empiying of the system will form
M gh-femperature sfeam, danaging the componarts. The man method fo redwre the gffect of high femperaiure on
components 1s fo complefely empiy the collecfor spsfem 1n a fimely maymer. Teclmical solufions for improved empiving
of such spsfems are proposed as well as feclptcal solifions @med af Hmifing the effect of high femperafure codlant
vepor, heat exchanger condensers. One of the acfive avfi- stagraficn spsfems is the use of profecfive blinds installed on
the collector. Application of a full-fledged complex of profection agamst negafive mflusnece of sfagnafion mode will save
the collector spsfem equipmert and prolong fthe service Iife of glveol coolant, femperature impact on which leads fo ifs
degracdation.
Kopwords: solar wafer sysfem, solar collector, coolaf, sfagnafion, hedf carrier.

B nmerHMe MecAUE © DOEHIIEHHEM TEMIEPATYpPH OKPYERMOU[eH CpefH H CHHXEHHEM
noTpeb HOCTH MOMEU[EHHMA B HOCTOAHHOM OTOIUIEHHH H IOBEINEHHOM HCIOONB30BAHHH CODAYETO
EONOCHADMEHHMA CHCTEMEL € CONHEYHEIMH EONAHEIMH EOLIEETODAME MOLYT IPOHIEONHTE
w2 BEITOUHYIS TENNOEYES sHeprHEs. Ha msbuTor BRpaboTEH TEINA MorYT IOBIHATE TAlEEe BECOKAT
HHCONALMA H IoIant KomnekTopob. HabrToude BrHpaboTaHHOE TENNe BEIET K NOEBEIIEHHES
TEMIEPATYPE TEIUIOHOCHTENA, ECNH HE OCYUIECTENAETCA CEOEEPEMEHHHE ero oTEOL E bap-
AEYMYNATOD. B baray-avKyMynATopay, MoK e HEEY ¥ CHOTEMAM C SO S HEIME Ko T eKTODaMH,
TeInoo bMEH 2 aMeIAETCA C MOBBRIUEHHEM TEMIEPATVRE BOOH o bpaTHOr ¢ TpyhoNpoBoda CHOTEMEL
OTOINEHRA, EO3HHKAET PEXHM, HasHEacMHA cTarHanued TemmoHOCHTENE, UHPKYIHDVIOLHA OO
KONNEETODAM, HANHHART Heperpeeateea [ 1]

Ilostomy npobneMa 3alHTH KOMIOHEHTOE CHCTEMEl (pacllHpHTENRHHE DaKoEB, HACoCOE,
YVONOTHHTENEH, TONHOPpOIHIEHOEBHE TpYhOoIpOBOLOE) 0T BHCOKHE TEMIEPaTYD ARNARTCA BAX HOH,
ocobeHEe OnA obecnedenna becnepebofinod paboTh obopyIoEaHEA B DO GCpodHOH NepCIeKTHEE
H MEHHMHEZANHH 3aTpaT Ha eTo obolyE HEanne.

B netHHH nepHop E KOINIEKTOPRHHEE CHCTEMAX OTOINIEHHA [OOMEN[EHHA HacTo BOSHHKAIOT
CTACHAIHOHHEIE AENEHWA, NOCKOIEKY E ACHHE JEHE TEMIOEpaTypa E Dave-aKeyMyILaATOpe JNETHO
OOCTHTAET MAKCHMANEHOTO sHadeHHa (95 °C0. B stom choygas KOHTPOINEpD OTENESYAST HACOC
KOILIEKTORHOTO KOHTYPA SaTeM TEeMIEpaTypa KOMIEKTOPa BECTPO NOBHUIASTCA H JOCTHT 26T TaK
HazHEaeMol TEMOERaTVpH CTACHAIIHH, KEOTOpAad CocTAaemAeT oT 180 mo 210 °C ona mnockux
KONNEETOROE C CENEKTHEHHM IOEPHTHEM H oT 220 mo 300 °C ona eapyyMHEHE TpybUaTLIz
KONNeETopoE. B sHMHHEA nepronm »To MoXeT HablKOJaTECA B CONHEYHEH OEHE, KOl La TEMIEpaTypa
E KOIUIEKTOPE PEsKo MOBHINAETCH, & HACOC UHPKYIANHH He VCIEEAST BIIYHTECA, TEITOHOCHTENE
HagHHAET HCIOapATs A [2].

E mreecTHuM npobneMan, cEA3AHHLM CO CTAMHANHOHHEIM [EEHMO M, O0THOCATCA TAKHE

BHCOKOTEMIERATYPHOE Bo3fedcTEHE Ha YacTH KOMIEKTOPHODC KOHTYpA, BRIKOYHAAd YHaCTHH
CHCTEME B IOMEN] EHHHE, B PESYIE TATE TAKOrO EoSNeHCTERA BOSMORHE cHOH E paboTe KOMIOHEHTOR
CHCTEME B YTEYKH B CHOTEME,

OTEPEITHE NPefoXpaHHTENRHOT O KIallaHa KONMEKTOPHOTG KOHTYPA, HOaXe eClH [OpH
MpOERTHROBAHHH BRI cobmiomedil TpeboBadna ¥ obbeMy pacll HpHTEIRHOre baka H BEMHYHHE
DAENMEHHA B CHOTEME,

FHOPAENHYECKHEA (KOHIEHCAUHOHHEE) yhap, OpH KOTOPpoM EO3HHEAEST PESKOE IOBEIIEHHE
DAEMEHHA B KOIIEKTOPHO M KORTYPE H BO ETOPHYHEE KOHTYPAX OPH HoNHOH KOHNEHCAIHE [apoE
TEIIOHOCHTEILA

IlocnegopatentHecTe cobEITHE Bo BpenMd CTACHAIHE MoOEHO pasfelHTh Ha OATE pasMHYHLE
STANOE, KOTORHE MOXHO PACCMO TRETE HA OCHOBE YIPOIleHHOR MoIENH o Hor¢ KonekTopa [4, 9]

2ran 1 — OeperpeE TEMNOHOCHTENA, KOTOPHE HAa¥OOHTCA B XHOKOM COCTOAHHH (Hanee —
EHOKOCTH). TeMIepaTvpa B KOMIEKTOpE MOBLINASTCA 0o TeX Oop, O0KA He HAYHETCA OpOIECe
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HCOapeHHA TEIUIOHOCHTENA B BEPXHEH YacTH KONEKTOpRA YEENHYEHHE NABIEHHA B CHCTEME [pH
STOM PEXKHME HESHAYHTEIRHO .

3Tan 2 — BHITECHEHHE X HIKOCTH M3 KOJNEETOpA. BolbIIoE KONHIECTES EHIKOCTH BEITECHAETCA
E pacll HpHTeNLHEA bax sa cyeT obpasobaud HapoBol faskl Mz-%a HCOapeHHA TEIOHOCHTENA E
EOIIeKTope (ganee — napa). B pesynpTaTe JaBneHHe B CHOTEME BHICTRO DOBHINAETCA | eMOEpaTypa
HHOKOCTH TaKEEe DEICTPO JOCTHTAST TOYKH KHIEHHA Ha TEX YHaCTHAX Tp¥h, KOTOPHE 3alolHAROTCA
mapom TEINOHOCHTENL, TEMIEPATYPA KOTOPOre HAXOOHTCA BIHSKO K Ero TEMIEPATYpe KHIEHHA,
MHPEYIHPYA 0T KOJUIEKTOpa Oalee [0 CHCTEME, COSGAET BECOKYHD TEPMHYECKYID) HarpyskKy Ha
OCTANBHEE KOMIOHEHTE CHCTEME. TOT STAll GNHTCA BCEMS HECKONBKO MHHYT H 3aKaHYIHEAETCA,
KOTMa Oap 2alolHAeT KoIUEKTOp. JEHOKOCTE, KOTopad He Mo¥ eT BEITE BLITECHEHA JARNEHHEM Hapa,
OCTAETCA B KOJUIEKTOPE, KONHYECTEO OCTABMIEHCA EHOKOCTH obYCIOBIEHO KoHCTPYKLIHER
EOIIEKTOPHOHR CHOTEMEL

2Tan 3 — 0 Mop oK HEHHE KOJUIEKTODA IYTEM BEFHIAHKA TEIUIO HOoCHTENA. OCTaToYHad EHIOKO CTh
E KOINEETOpE HCOapAeTCA. | emnoBad SHepr HA NepefacTCAd IPYIHM KOMIIOHE HTAM CHCTEME TOIBKO
Yepes BHTECHEHHHHA HP KOMIEKTOpa Hap, DHTecHeHHHH H KOIIEETopa B oapoBoll dase
TEIICHOCHTENE MOXKET KOHOEHCHPOBATECA B TPYEOIpoBo Jax OpyTHE VHacTKOE CHCTEME. OBLMHO
DAENEHHE B KOMIEKTOPHEE CHCTEMax cocTaEndeT oT 0,13 moe 0,35 MlIla, cooTEeTcTEEHHG
TEMIEPATYPa KHIEHHA TeIoHocHTenA bygeT o 130 go 155 °C. B koHUe TpeTrero stana obrem napa
H NAEJIEHHE B CHCTEME QOCTHMAHOT MAKCHMATEHEX SHAaYeHHHA

STan 4 — 3A00NHEHHE KOMIEKTOPA HEperpeTHIM HapoM llap B KONNEKTOPE CTAHOBHTCA
neperpeTeiy.  Pasa NeperpeEa MoXeT IONHTECA HECKONBEC HacoB B besoblaudile OHH H
saK AHUHEAETCA, KOTA COMHEYHOE HAIYIEHHE HAET Ha CIOag.

ZTan 5 — zalolHEHHE KOMIEKTOpa FoMNekTop HauMHACT 2alolHATECA, KODOa TEMIEPATypa B
KONIEKTORE ONYCKAeTCA HHEE TEMIEPATYPE KHIEHHA H HAYHHASTCA KOoHEHCAL[HA, 5T0 IPOHCKOOHT
E pESVILTATE CHaga CONHETHOr O HIIVIeHHA

IIps sToM EBOZHHKAKOT HEXRETATENRHEE PEEHME paboTh CHCTEMEL. [opAdad KHOKOCTE,
BEITECHAEMAA H2 KONIEKTOPA B XOJE STala 2, MOKEET COSTABATE KPHTHYECKVID TEMIEPaTVPHYIO
HATPYSKY Ha OPYTHE KOMIOHEHTH CHCTEME OOMHMO CaMolo KOIJIEKTopa, KoTOpHH obBEMHO
BEIIGJHEH K3 MEOHEE Tpybok M BHOEPEHEAST EBHCOKHE TEMIEpaTyph. Laxke Haubonee
HETATHEHEIM pPEXHMOM ABTASTCA OEPEHOC TEINIA HACEHIEHHHM HapoM, obpasyiol{HMCA E
KONIEKTORE H KOHIEHCHPYION] HMCA BO BOEX 4 X O OJHEE) TOUKAX KOHTYpPA CHCTEMEL

HopsTanes 2 H 3 ONpENeNAeT MaKCHMAML HEE TEMICPATVRE B CHCTEME. JFHIKO CTh, 0CTABLIAACA
E KOHIE 3Tala 2, ONPEeJelAeT IpoollEHTENEHOCTE sTana 5. [Ipollecc HCOApeHHA ©CTAaBLleHcA
EHOKOCTH B KOMNeETope BYOeT Dognep®HEATE TEMIEpATVRy KoMIEKTOpPa, COOTBETCTEYIOL]VIO
TEMOEPATYPE KHIEHHA HCOOABSYEMOro TEIIOHOCHTENA WeM DONBINE EKHOKOCTH OCTANOCE E
EOIIEETOREe, TeM bonelle mapa BymeT obpazoBREATECA B KOHIE sTana 5 Ilap M@ HaCHI[EHHOTO
COCTOAHMA NEPEXONHT B NEPECPETHH NOCHE SABEpLIeHHA HCHOAPEHHA OCTATOYHOH MHIKOCTH H
SAMONHAET KOJUIEKTOP NONHOCTRED, H BECE KOIJEKTOP NOCTHTAET MAKCHMANLHOH TEMIEpaTypE
cTarHauud. [lap HaxoOHTCA B CTAUHOHAPHOM COCTOAHHH H OOJBINE HE [OEPESAcT SHEPTHIO
OCTANBHEIM YACTAM CHCTEME (IpHMEPHO B CEpEIHHE sTana 4).

B uccnegopanun [3] BuABneHo, YTO GeHCTEHTENLHEE TEMIERATYPHEE HAIPYIKH B CHCTEMAX C
CONHEYHEIME KOINIEETOPAMH E CIVYas BOSHMKHOBEHHA CTACHALMH MOTYT DEITE BRIUE pabodnz
TEMOEPATYP KOMIOHEHTOE CHCTEMEl, YTO [QAakEe OPHEENO K IOBPERIEHHID MeMOpaHH E
pacIIHpHTENL HoM bake. Ecnu TeMnepaTypa Ha BXole B bak-avEyMyIATOD CoCTaENAeT bomee 105 °C,
5T¢ MOEET [OPHEECTH K COKPAU[EHHIO CpoKa CIVEOH DOIHIpo IHASHOEHE TpYHOoOpoBOOOE, ¥
EOTOPEE MAKCHMaNRHad pabodad TeMOepaTypa cocTaemAaer 20 °C [TOCT  32415-2013]
Hecrabunruaa paboTa ®oINeTopHOH CHCTEME H  BHEG[ HE CTpoA €6 KOMIOHEHTOE
NONTEECREOAOTCA HCCIEgoBaHHEM PpHHEAa B paMeax oOpoekTa «MupoEas HEHDHaTHEa nO
npeobpasoBaHHEG M YEPEIUNIEHHIO pPHHEKA CONHEYHHEEY EBOTOHACpEBATENEH), VIPABIAE MOTO
nporpaMmoi pasenTid OOH o npobe TeHHEIMH O PO CAMHE IOJES0BATENEH CONMHEYHEE KOLIEKTOPOE,
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KOTOPHE OTMEYAIOT 5TH OpobleME kel oCHOBHEE OpH SECIUyaTanul: 14 % Bcex monesobBaTenei
HHILE 00 MEI[EHHE B 8 %0 DonbpsoBaTenell KoMMepUecKor o ceETopa [4]

HUem BrICTpEE OO0 BPEMEHH H HONHOCTERY DYOET ONOpOEHEH KOIEKTOP, TEM MEHBIIE IO
BeNHYHHE BYIET TEMIOEpaTypHOE BOSHeHCTEHE Ha KOMIOHEHTE CHCTEMEI, MEHBIIE KOMIOHEHTOE
NONEEPTHETCA EBO2OEHACTEM [NOBEIUEHHOH TeMIEpaTy¥ph H CHHRHTCA IIHTENLHOCTE TakOro
posgeHcTEHA [3]. B pabore [D] BLID OpemNoEeH aTopHTM, C OOMOI[RIS KOTODOTS MOEHO
CHPHANM: HpOBaThk © Hadale CTACHALIHH, VOTAHOEHE COOTEETCTEVIOIIHE NATYHKH B CHCTEMY, HO
HELOCTATOYHO BOBPEMA OTKIIOUHTE HACOC, BAKHO MOIHCCTREY VIATHTE TEILIO HOCHTEIL, ocobeHHO
ECIH CHCTEMA HAXOOHTCA N0 TABTEHHEM, NIA STol0 MO HO HCOONES0BATE CHCTEMY C BHITECHEHHEM
TEIICHOCHTENA HHEPTHEIM FAsOM, C HOCHEIVICL] HM COpocoM ere B aTMocd epy, Korga TEMIEpaTYpa
KONNEKTORa BosEpamjaeTcd B pabounf gmanazoH [6] CnemgoBaTelNbHo, KOMIEKTOPH H TpyDEHL,
COENHHAKIIHE HE, JOIKHH oblagaTh Xopollell oOopoMHAEMOCTRE, 9T00H Hi3bexaTe npobiewM c
B3 HHKHOBEHHEM CTACHAUHH CHCTEME C XOPOLIHM OIOPCEHEHHEM MHHHMHEZHPVIOT KOJIHYECTEO
OCTATOUHO R WHIKOCTH H, TaKHM obpasoM, coEpalaioT DepHsT BpeMeEHH H oblacTe BosmedcTEHA
EpHTHYECKOTO TPETEENG STANA CTAr HALHH.

(CHEMEI KOINEK TOPOE C HENOCTATOYHEM H 50 ) EKTHEHEIM OIop o EHEHHEM IOKAZAHEl Ha PHCYHEE .

z a a

Proyeor | — CxeMel cONHeUHED KEOMIEETOROE © DASTIECEE I IIPEC O efHHE SHHEeM ATy K OE IT07 4t M OTEOSA
TEINTIOHOCHTAILA CX eMEI © HeOCT 4T OUHEIM OIIOE CEHEeHMeRM OT T eIIIOHO CHT el (4 — £);
cxeMEI © S eKTHEHED OIIOp OKHEEHIEL] OT TRIIIOHO CHT LA (2 — €)

CxeMH THNA @& — €, B KOTOPHX IPpHCYTCTEYVET COEJHHEHHE obpaTHoll H HogaroL(edl NTHHHH B
BEpXHEHR YacTH KOMNEKTOpa HE OPpHEOTAT ¥ sb feKTHEHOMY ONOPCEHEHHKD, KAk B CIOy9ae C
KOPHIOPHEIM pacloloXeHHeM Tpyhok (@), Tak H B Clydae co 3MeeBHKOBHIM (£). Bawmmo Tamme
VIHTHEATE COEJHHEHHE HECKOJBKHE KOINeETopoE (&) FKpoMe Toro, NoBEIIAETCA BEpOATHOCTE
E03 HHKHOBEHHA FHAPAETHYECKHE KOHAEHCANHOHHEE yoapoE [D]. TemnoHoCHTENE B CEMAaX & — &
Eymer sbderTHEHO YHANATECA H: KOMIEKTOpa Bo BCEX CHVYAAX, ECIH HEe HAapyIIeH VEIOH
KonnexTopa IpH Takod cXeMe ®HIKOCTE BEITECHARTCA M3 KOJIEKTORA Ha sTane 2. CHegoBaTenbHo,
OpOOOIEKHTENEHOCTE KPHTHYECKODO TPETREre STala CTalHAUMH @ YMEHEIIHTCA, H Iap He
PACIPOCTPAHHTCA Ha KO MIOHEHTE CHCTEMEL

Brnuaune coeqHHEHHA HECK ONLEHE KOIIEETOROE HA ONOPOMEHEHHE PAcc MOTPEHO B CcTaThe [ 7],
IOe yEazaHo, 9To HeQONYCTHMO cosgaEatt U-obpasHee KOHCTPYELHE 2 IpHCOEHHRTENEHER TpYE
MEEIY KOIEKTOPOE, TAK Kak B HHX TAKKE MOEET OCTABATHCA HHOKOCTE, KOTOpad INOBIHAET Ha
VEENHYEHHE TPETEErO STAla CTACHAIIHH H KO HIEHCAHOHHED VIapoE, 4T TAKKE MOXET IOBEpEqHTE
COENHHHTENBHEE TPYOKH
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Taxum obpasom, 3 PeKTHEHOE ONOPoE HEHHE KOIIEKTOPHOH CHOTEMEL HaOpAMYE BIHAET Ha
cTabHIEHOCTE paboTH CHCTEMEl H CPpoE COVEOLL £6 KOMIOHEHTOE. 1EM HE MEHEE HE Ha BCEX
CHCTEMAX ¥oAeTeA JobHTEcA 3¢ G EKTHEHOr D OO PO HEHHA B CAYHAAE, KOTIa KOMIEKTOpHAA C HCTEMa
VEE CMOHTHPOBAHA HEBEPHO HIH KOTHa FEOMETPHA SHaHHA H (MIH) pacloloX eHHE KOIIEKTOPOE HE
NOSEONAKYT €6 [OPAaBHIEHC COPOEKTHPoEaTk. llosToMY OpeQiaraicTcd TEXHHMECKHE pEIleHHA,
EOTOPHE MOO3BONAKT OTYACTH PEIIHTE OpobleMy OpH EPpHTHIECKHX pEeXHMAaX CTACHALHH
(JCHOBHEIME HETATHEHEIMH §aKTo paMH, KOTOREE TepMEIECK H IOBR IR T KO MIOHEHTE CHCTEMEI,
ABNAKOTCA PasolPeTHA HACHI[EHHHHA, BEITECHEHHEIHA H: KOINEETOpRA [ap, BOSHHKAIOI[HH OpH
HHTEHC HEHOM HCIApEeHHH KHIKOH dasil TEeIoHOCHTENA EHYTPH KOIEKTOpa, H TEIUIOHO CHTENE B
®HOKOH dase OpH TeMOepaTypax, DIM3KHX ¥ EHIEHHID, CIETOBATENELHO, TEXHHYECKHE PELIEHHA
OOIEHE OpefoTERallaTh HE BIHAHHE,

CYIIECTEYECT OBa BEHAAa TEXHHYECKHXE pPEMIeHHA — aKTHEHLIE H DacCHEHHE. HcoonbscoBaHHEe
AKTHEHEIX CHCTEM, CHIEKaOL[HX CTAaCHAIHOHHEIE (aKToph, CEA3AHO € JONONHHTENEHEMH
saTpaTaMH Ha OPHEOC] HACOCOE UHPEYIALHH HIH STEKTROSHERT MRS, HCOOBSYEMYHO ONA paboTh
HONONIIE HEX MAIHH H TEIUIOBHEX HacoCob llacCHEHEE CHOTEMEl OpOCTH B HCOONR20BAHHH, HE
TpebYIOT NONONHHTENEHOR SHEPrHH, OPOMEEYTOYHEE TEINMCHOCHTENEH H  MOryT OHTE
CMOHTHpOEAHE bes bolbIHE G HEAHCOBLY SATPaT B KoK TopHYES cHcTeMy. B paboTe ¢ CTpaTerun
Opefo TEPAl] EHHA HeZOoNYCTHMEE TEMIEpaTVPHEE HArpysoE HA KOMIOOHEHTE CHCTEME B CIVYae
CcTarHallHHy FEpHcoTHana Pumxa ®H Pobepra HaycHepa [7] OpemnoEeHE TpH CTRATECHH
OpefoTEPAlEHHA CTACHAIHH, HOYHOE OXIAENEHHE, BOSOVED OXNATHTENL, AKTHEHHIA OTEOX
TEMNOEOH SHEpTHH, NepeHOCHMOR EMECTE © Dapod, ¢ OOMOUEKY ECTRPOEHHOTO PafHATOpa HIH
HCOONB30EAHHE BHEITHEMO TEINOObMEHHIKA H BTOPHYHOTG [HPKYIATHOHHOTC KOHTYPA C HACOCO M.

Ha skcnepumMerTaneHof YoTaHOEKE, [OE OIPOEOGHIHCE HCCIELOEAHRA PEXHMOE KOIIEKTOPHOH
CHCTEMEl, VCTAHOBIEH AKTHEHHIA OXNagHTENL B BHOE BOSIVIIHOCG TEIOEOTO Hacoca Ho Ero
paboTH oKazamoch HegOCTATOYHO, TAKEKE OH He paboTaeT B MOMEHT OTKIIOUEHHA LHPEYIALHH
Cbpaz BHEBANHCE SHAYHTENBHEIE [OTEPH TEMMOHOCHTENA IpPpH HHTEHCHEHOM E[O ECKHIAHHH E
MOMEHT Sa0yCcKa CHCTEMEL HacEOeHHHHA Dap H 4acTh HHOKOCTH cHpacHBalHcE depes KIamaH
chpoca GABNEHHA B BEPXHER YacTH CHCTEMEL, UT0 IPHEENC K IoTepe boNbInedl 9ACTH TEII0 HOCHTENA,
MHPEYIHPVIOUET 0 B KoMIeKTope. [IpemmaracMos pelIeHHE, C VHETOM peEKoMeHJalHi paboTH
Fpucruana @umea u Pobepra XaycHepa, — 9T YCTAHOBKA NACCHEHOTO OXITANHTEIA

Paguatop-oxnaguTent, YCTAHORNTEHHHHA B cHOTEMY, KoTophlfl BymeT cpabaTilBaTt B cnydae
CTACHALHH, MoKa3aH Ha pHCYHEE 2.

a )

Preveom 2 — [T acchiE HEIe TeXHECTS CERG DEIIEEHA LA PelUSHECT [T 0060 Her ATHEHBL {eMEMMOE CT ATHATIEEL
| —pacnmpereneeent bak, 2 — oxmagETeNs |, 3 — HacoC IEPEIAIREL T eIl 0e 0 cHT e, 4 — Bar- axeyropmar op,,
5 —wpommerTop; § — BAK C MEepTHEIM T 43 0M JILA {0 VB KOLITeET0pa, T — IIACCHE HBIH K OEp eHCAT Of- {14 CIITEPIT el b
Tapa: CHenMa ¢ PagHaTOpOnT- (eI AT ey, IpeAN CHeHHaT B pabore [4], (&) o gopaborarmas cx ema ¢ BogAHEDM
CUETTABTA 6 T a M ¢ KOHZSH AT Op o [
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KonctpyxtueHo paguaTop BHIONHEH B BHLE METHOR TpybEH ¢ Al MEHHEBEIMHE pebpaMu HIn
CAEMAHHEH aHanorHYHEM obpaszon Hampuumep, MoxeT GRITE HoOoNbioBaHa MegHad Tpybra 20 nma
(TOMIIMHA CTEHEH 2 MM), KoTopad BEOEREHEAST TeEMIepaTypy bomee 200 °C, ¢ ¥CTAHORIE HHEIMH
pebpamMy B3 MegHER AHcTOE S0 =% B0 x 0,5 MM, pacnoloEeHHEE Ha pACCTOAHHH O MM — TaKad
EOHCTPYELHA MOEeT pacCeHBaTh ¥OENbHER TemmoboH OoTok Gomee 300 Bro'm B saBHCHMoCTH oT
TEMIEPATYPE TEMIOHO CHTEA.

HemMepeHua MAKCHMANEHOTO ¥OEMLHODD TEINOEODD IOTOKA, NEpefaBacMore HapoM, KOTOpPEIH
BHIXOOHT H: KOIUIEKTOpa B KOHIE 3Tala 3, NOSBONHIH KONHYECTEEHHO OLEHHTE PazIHdHA E
ONOPOHHEHHH KOINIEKTOPOE pasHEK THIOE 6] ¥ KONNEKTOROE, KOTOPHE IOKASaHE Ha pHCYHEE 1,
z—¢ (C shderTHEHLIM ONOpOXEHEHHEM), VIRIEHLEE Teonoeod moTok mapa cocTaenaeT 50 Boim®
WO afH KONEKToOpa. ¥ KOINEKTopoB, H3obpaXeHHEX Ha pHOVHEE |, @ — & (C HegoCTaTOYHEM
oMopoXHEHHEM), VIEIBHEH TEMIoECH OoTeE Oapa gocTHCasT 120 Broim? moomamw woemomexTopa.
Ecnu npuHATE, 9T0 NHHEAHHA TemwioBo# moToK TpY¥HONOpOBONOE KONIEKTOPHOH CHCTEMEL IOpH
TEMIERATYPE HACHUIEHHOTG Mapa COCTABNAET oKolo 22 BriM, To B HeboNRIIHY yoTaHOBEKAX,
HCIIOJIES VEOLL M KOIEKTORH ¢ 2P eKTHEHHM oNop o KHEHHEM, Hap OpoHHKAST B CHCTEMY He bonee
YEM Ha HECKONBKO METPOE H, TakMM obpazoM, He OpefcTaElAeT OpobJIEMEL C OEPETPEEOM
KOMIOHEHTOE. C Opyrofl cTOPOHEl, CTAHNAPTHAA CHCTEMA H2 JEVE KOIIEKTOPOE C HEJOC TATOYHEIM
oIopoEHeHHEM o bIef miomageio & M° IpHBCSHHKHOBEHHH CTAr HALIHHE [P HEEET K 3HAYHTEILHO MY
obpasoBaHEC Oapa H SANEKOro OPOHHKHOBEHHA €00 IO CHCOTEME TPpyOOOpoBONOE. ZTO MOEET
MOBPENHTE TEPMHYECKH YYBCTEHTENLHEIE KOMIOHEHTE, TaK Kak IIA oTEONA TEIUIOEOH SHEprHH E
CEPYEMOUIVIO Chely OoTpebyeTcd He MeHee 20 m Tpybh. CNegoBaTeNbHo, B TaKIME CHCTEMAX
HecbXoOHMe HCOOIRSOBAHHE pagHaTopa-oXNalHTENAd (CcM  pPHCYHOE 2) FOHCTPpYELIHA, oIar
opebpeHHA, MaTEpHAl pagHATOPa-OXNANMTENA MOTYT OHITE M3MEHEHEL E COOTEETCTEHH C
OpHMEHAEMOH  KONMeKTopHo#  cHcTeMol M pacCcYMTAHEL [0 M3BECTHEIM  dopMyIam
TemloMaccoobMeHA H TEIIONPoEoIHOCTH [&].

Tem He MeHee pagHaTOP-OXIATHTENE, PACIONCEEHHEE Ha DogaloLU[eH JTHHHH, HE pEIIAcT
npoble My BEITECHEHHA HHOKOCTH H HACHU[EHHOT O Oapa HE KOMMEKTOpa OpH BECTpOM IEpErpeEE
KoNneKTopa. [IpegnaracMoe pellleHHe — NepeHECTH KladaH chpoca JaBNeHHA HIH BOSOYE00TEO 49 HK
BHILE H YCTAHOEHTL M0 Ha BCTPOEHHHHA KOHOEHCATOR H3 MegHoR TpybEH B BepxHeH TodUKe
KOIIEKTopa LaKoH KOHOEHCATOp MCPaeT polb pPaCcIIHpHTENA IIA Oapa, obpasyliollierocd E
KoNneETope. B opemgnoxennod cxeMe mpHMeHeH bonee o derTHERLE Boganod TennoobMeHHEE, a
HE BOSOVIIHEIH, H HCOOMIBSYETCA CHCTEMA IONOMHHTENRHOH OpoOyEKH ©OT TEINIOHOCHTEIA C
HHEPTHEIM TazoM. Takoll BHI CHEME OPESIOIACAET HCOONESOBAHHE HebOIBIIOrO KONHYECTEA
AKTHEHEY YCTPOHCTE H OpHME HEHHA aBTOMATHKH HIH pyYHOTO VIPABIEHHA KIalaHoM IpoNVEKH,
OpH 5TOM LHPEVIADHA EBOSH Hepe: TEMIoobMeHHMK-OXNafHTEN: NOIEHA OCYLYECTEIATECA
OOMDONHHTEE HEIM HacocoM Elfe ogHO pelleHHe OpobleMEl CTACHALMH — OpHMEHEHHE EATOSH,
MOKPEITHE OTPaKARIIHM MATEPHATOM (PHCYHOK 3), KOTopoe MoEeT paboTaTh aBTOMATHYECKH H
YOpABIATECA BPYIHYID,

HanHoe pelIeHEE MOXET BETE YIPABIAE MO
0o TEMIEPATYPHO MY OaTYHEY C BosOedcTEHEM
Ha SIEKTPONPHEC] MeXaHH3Ma  3aKphITHA
WTopok. OTpaXaClHA MaTepHanl HE OacT
NEPETPEEATECA KOHCTPYELHH, a BOSOYIIHEIR
sazop  BYONET  CAOVEHTE  OONONHHTENLHOH
SAll] KT GIA O CTEKIEHHA H KOIIEKTOpa, JaKe
ECIH METALTHIECKHE EATSH NEPECPEIOTCA

Puicyson 3 — Ci eya TBmeHeHIT HAMOD 1 DTO PELI EHHE MOXE eT BLITL HCIONBSOBAHO H NI
I7A KO eET 0pa; 1 — maneosm, 2 — B oS GYLIHELH 3 4707, IpeNoTERpAIleHid NOERpEeXACHET KOIIERTORa
3 —rpyhEM KommeRTop A, 4 — OCTERIEHME KOITIeKT Opa TpafdoM HIH 3ACHIIAHHA CHEDOM. ApromaTH-

YECKOE SAKPEITHE X AMKKEH MOoEeT BEITE 2b dew-
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THEHOH 3au[HToH OT aBapHH HacoCa MWIH OTHIIOYEHHA SIEKTPHYECTEA, ECIH pPEalH30BaThb
IpHMEHEHHE SJEKTPO MATHHTA QA YIPAEIEHHA IITOPK AMH.

HenonezopaHne Takoro KOMIDIEKCA MACCHEHHE H AKTHEHEX VCOTPOACTE, OPEeQIoXEHHHE E
DAHHOM HCCHENOBAHMH, OONHOCTEEY PEMIHAG bH OpobdeMy © NeperpeBoM Ko MIOHEHTOE
SKCOEPHMEHTANEHOH KOJNIEKTOPHOH CHOTEMEH H DoTepeldl mopoloCTOAL[Ere H  TOKCHYHOTO
TEMCHOCHTENA, a TakXe HeobXoQHMOCTH NOCTOAHHODG OBCIVEHEAHHA CHCTEME, OEIO BRI
CONOHOMIEHO SIEKTPHYIECTES HA NPHEOT AKTHEHOT O OXIAMHTENA, KOTOPH A HE pasy HE BEIKOYANCA B
CHCTEME 38 KOHTPONHPYEMEH NEPHO B SKCIEpHMEHTE.

HaHHEE TEXHHYECKHE PELIEHHA HE Sal{HIaIOT CaM TEIMOHOCHTEIR OT BECOKHE TEMIERATYP.
TnmconeB LI Ko MOOHEHT E TEINIOHOCHTENE H HHTHEHpYIOUIHE obaEKH CTAHOBATCA HECTabHILHEMH
IpH BEICOKHE TEMIEPATYpax H MOTYT paspyIlaTicAd — ByIeT BosHMKATE QIOKYIALHRA H BHIIALEHHE
TEEPOEE oCcamkor. [IpH HopMAans HoM (i HEITHO HHPpO BAHHH CHOTEMEL TEIUTOHOCHTENL HE HCIETEEAET
CYI[ECTEEHHOH HarpyskH CNenyeT H:beraTe OIHTENLHHE BLHCOKHE TEMIEPATYR, KOTOPEE MOTYT
EOSHHKHYTE B pPEEHME CTaCHAUHH, 4TobH OpedoTERaTHTE IpEeXNeEPEMEHHYIC JErpamalic
remnoHocHTenA [9) Kommexroprl © shdeETHEHEM oOopo®HEHHEM B SHAUYHTENRHOH CTEIEHH
COOTEETCTEYIOT 3TOMY TpeboBaHHIO, XOTA TEMIEPATYpa TEINIOHOCHTENA H B HHE MOEET JOCTHTATE
ERICOKME SHaueHHH (qo 155 °C), Ho opl sbderTHEHO M olop o EHEHRH KOIEKTO pa TEMIERATYPHGE
E03MefiCTEHE Ha TEIOHOCHTEN: KEpaTKOBPEMEHHOE H NONEEpTacTcd EMY Malad Joid oT BCETO
obbEMa TEIUIOHO CHTENA, UHPEYIHPYIOW] €T ¢ [0 CHCTEME,

IIpr HegocTaTodHOM OHNOPORHEHHH OCTATEM CEHAKGCTH, HAXOMAHECA E pPascorpeToM
KOIIEKTORE, MOTYT IOOBEPTaThCA B3 OeACTE MO BEICOKOH TEMIEPATYPE IPH ET0 KHIEHHH B TEUEHHE
ONHTENEHOTO NEpHOMA BpeMeHH [IpH INHTENRHOM KHIEHHH HMCOApAeTCA BOOHAA 9acTk CMECH
TEMMOHOCHTENA H COOTEETCTEEHHO VEBENHUHEBASTCA KOHUEHTPANHA KOMIOHEHTOE TIHKONA H
HHMHOHTOpa B OCTAaTOYHOH EHOKOH YacTH, YEENMMEHHE KOHLEHTPALHH 3THZ KOMIOHEHTOE
OPHECOHT K JOKATBHOMY NOBHIIEHHIY TEMIEPATVpH KHIEHHA (TEMOEpaTypa KHICHHA CIHKOIA
BEHILLE, HEM ¥ BEOIE), TAKHM obpasoM, Ipolecc YEENHYHEACTCA 0 BREMEHH H OpoJOIEAETCA 00 TEX
Hop, MOKA KOHUEHTPHPOBAHHAA OCTATOUHAA EHIKOCTE HE MCHAPHTCA DOMHOCTREED HIH HE CHHIHTCA
TEMIOEPATYPA KOUIEKTOpA. ST0 IPHEOIHT K YpesBLHYARHG INHTENLHOMY BHCOKOTEMIEPaTypHOMY
EO3MEACTEHIC Ha KOHUEHTPHPOBAHHHIA TENOHOCHTENR € Ero SHAaYHTENLHOA H DHCTpoH
Derpagaunel (QnAd 4HCTOMO COHEONA TEMIERATYpa KHOeHHA OpeBemuacT 210 °C npu maEneHHH,
CoOCTEETCTEYION[EM VoaoBHAM cTarHamuid) [10]. Kax morasano B HoclefoBaHHH, OpoBEJeHHOM B
nabopartopui [3], TEMMOHOCHTENR MpHORDETART TEMHEH OTTEHOK.

Ha ocHopaniy HaMoXeHHOTO MOXHO COENATE EEEQJEL

Ha KpPHTHYECKHE TEMIEPATYPHEIE pPEXKHME KOMIOHEHTOE KONIEKTORHOH CHOTEME IOpH
E03 HHKHOBEEHHH CTAr HAlHH ENHAET 54 K THEHOCTE OO po K HEHHA K OJJIEKTOPOE, HTO COMIACYETCA C
HCCIENoEAHHEM, IpHEETE HHLIM E HoTouHmke [11],

CYIIECTEYVIOT 3P(eKTHEHHE chOocobb peIeHHA OpobleM © KpHTHYECKHMH peXHMaMH
CTACHALHH — 5T¢ NACCHEHHE pagHaTopE-0XIalHTENH, YOTAHARI HEAE MEIE B KOJUIEKTOPHYED CHCTEMY,
A TAKEE AKTHEHEIE CHCTEMEI, PACCMOTPEHHEIE B HACTOA[EM HCCIENOEAHHH, TAKHE KaK CHCTEMA
SAmONHEHHA HHEPTHEIM Ta30M, 00 DOTHHTENE HEE TEMNC0 B MEHHHER H KATOSH.
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CEML pospam ey raxemos Maflab w Fandas FITHON, Ilo nomuennsin MPosHosHsi FHAVEHLLM oMpedeninocs
emanue Fomencrold noflwoe (acilusr pexn OPw) © noMown}o pacciampueseinctl memodesae Tanmss ofpazom,
PETF AN MO HEC M OAUEE0 UCCNEA0SaH LA AENREMER CHITLOLTALELE Pesaiios pabomyut Hosocutupokoi sudpomernoscdl
CLEM SRl MR FoRoGild Fuema amanen Famencnodl nodiot w G275 yuema smanus Kamencrnold nodlen, orpedensnie
CRICLMOCTRY ZUIPOPECFPE 1 ONIManst ol snipabamuisaci ol mow kocn Ha I 20 s yonosuay mancescdnoze 2012 zoda,
Fonee mozo, soMonnennsis paciemsl MoFSORAHOM COSREmn SmSod 0 CFUECTHESHHOM SKARO0E MaK0So MPLPoORoIo
BHPMPAAMOpA Soduy forepaad) xax Kamencrkal noling, & sHEpsoomoayy sudpomennossyt sReprocucmen. Hosmomy
LEFUEHLE MOSEOSHUA PRATIHALIY CLCMER FACAPICLEASN OMJEMHOI0 PACCMOMPEHLE PR OFMMUMUTELIL PEIIMOS
Pbomnl SHEPZOCLICINE M CMELL HHOS0 TLFEL,

Krpweene caosa: II0 ouMepeemuNerkas cMOoWdoems SWdpopecPpea oMmosusays  drampionuposaig
agposnexmpocmanil  sodorosaliomesnnndl  xomMnexe,  MpedenmHAl MORETHOOME,  YeMa  apdwr dna
adposner mpocmanyul

Tatiana V. WMyatezh, Semyon S. Donchenko, Vladimir A. EKapustin
Mowosibirsk State T echinical Undversity (NETT, Hovosibirsk, the Russian Federation

OPTIMIZATION OF OPERATING MODES OF THE NOVOSIEIRSK
HYDROELECTRIC POWER PLANT WITH CONSIDERATION
OF THE INFLUENCE OF THE KAMENSKAYA FLOODLINE

Abstract The oljective of 115 arficle s foshudy the influerce of the nafir d energr accumidafor friver floodplams)
mode on water mfabesondpd on fhe process of corvfrolling the operafing modes of a hydrodectric power sfafion The
arficle corsiders the impact of fhe waler rescurce of the O River flocdplain on fhe cperafing modes of the Novosibirsh
hydroclectric power staflon & part of a hydrothermal system based on the qpplicafion of the opfimizafion focbrigue
developed by the authors, faldng ivfo accowt fhe cost of the hydro rescurce af the hydroeleciric power stafion In fhis
case, the criferion of maximizing the profit of the energy facilify 15 adopted as a criferion. The model 15 based on fhe
theory of mar ginal wiility in combingion with opfimization fechmigues. This opfimizafion model allows solving amumber
of economic @id envirormeartal problems o part of the water mamagement complex (WIC) for managing fhe capacity
aof the hydroelectric power sfafion reservolr; on ifs basis, opfimal geverafted capacifies for flie Novosibirsk hydr celectric
power sfafion were obfamed based on the provided dafa wsed i fhe calcdafions. To obfan forecasts for fhe influaree of
the Kamenskara flocdplain on the generdied capacifies of the Novosibirsk hydr celectric power sfafion, fraimed weural
retwerks of the Matlab and Pandas FITHON soffware packages were used. The obfaned for ecast velues were wsed fo
defermine the influence of the Kamenskara flocdplan fthe Ob River floodplain) wsing the method wnder consideration.
Thess, the resuldf of fhe currenf shudy 15 the opfimizafion of the cperafing modes of the Movosibursk hydrofhermal spstem,
faldng info areont the influence of the Eamenshay a flocdplan and withowt faling info aocount the hffueree of the
Eamenshaya flocdplan, defermiving the costof fae by dro resowrce and the opiimal generated power af the hydroelectric
power sfafion wder e condifions of the low-wafer year of 2012, Moreover, the calcudafions performed dlow ws fo
cemclidde fhat sueh anatural water jener gy ) accurmdaior as fie KEamenskaya flocdplaim makes a significart corfribufion
fo fthe energy cuipdt of lwdrofhermal power spsfems. Thergfore, fhe study of fheir belavicr deserves separdafe
cemsider afiom when opfimizing the oper afing modes of mixed-fvpe power sypsfems.

Eeyworde: hydrocleciric power sfafion, synergefic cost of Fydro resoerces, opfimizafion of fthe finefioning of
hpdroelectric power plaafs, marghnd ofilify, wafer momugement compler, marginal uhlife, price of wafer for
hypdroelectric power plants.

B gaumcH paboTe paccMaTpHEASTCA MeTOD MarkCHMHEsAUHE IpHbeH [1 —4], koTopui codeTaeT
E cebe ONTHMHIAaUHOHHEA METON H KPHTEpHE DpeMent HoH OoIes HooTH. PaccMOTpeHHER E paboTe
METOL OONEEH 2aMEHHTE GONee CHONHEE pacdeThl Ha OpoCTHE OpH Iepexome oT & K g bes
HCIONB30BaHHA Koo () HIHEHTA HEOIpeNele HEEY MHo K HTenei Jlarpanxa.

AwTyanpHee npobnemel paspaboTKH H OPpaKTHYECKOro IPHMEHEHHA O OTHMHSALHOHHEHE
METOLOE E VIPAEIEHHH PECHOHATBHEIME EOIHO -SHEPTETHYECKHME KOMINEKCAMH HCCIELOEAHE B
HavueEex Tpyvioax Awomdenmyo T, FO., Todmama K. T', Jomotapéea B, C, Kapoemtepa P
Topmutefina B M, @wmwmunnoea T. A, Cugopruma O M, Pycmma A T, Cumroea B M,
Borocnoecroro & B [5-7].

AHamoroMm npegnaracMod METONHEH ABMASTCA HSEBECTHHE E HACTOMAIEE BPEeMA CHOoCob
OOTHMATEHOTO PACIPENEIeHHA HACPYIKH SHEPTOCHCTE ME MEETY THIPOSIEKTPO CTAaHIHAMHE (I 2C)
H TELIOEEIMHE SIEETPHUECKHMH CcTaHIHAME ([2C) Ha oCHOBE paEeHCTEa JHGDepeHIMATRHELX
HApAKTEPHCTHE pacxofa TOIUNIHEA HA TEIIOBEX SNEKTPOCTAHUMAY H  pacXofa BOOEL Ha

Ned60) = L3BECTUSA TpaHccuba

2024




JHepreTM4yeckne CMCTemMbl U KOMNMEeKChl

THOPAENIMMECKHE. 1avHe ZapakTepHcTHEH emle B COCP DONYYHNIH HasEAHHA XapalTepHCTHE
OTHO CHTENBHHE OpHPoCToE [ 2LOLT).

B obmem BuHEe pelleHHE KPHTEPHANEHOTO YPABHEHHA IPpH ONTHMANLHOM pPACHpELeleHHH
HaCPp¥3KH E SIEETROSHERTETHHECKHX cHoTeMax (o220 Ges vUeTa TEXHHYECKHE OTpaHHIEHHIM,
HAKNMANEEAEMELY Ha HETO, HMEET BHI

b gq g .
2 =,-"?2 1 ==,:i'2—;IW =Ifi€m, (1}
1-a, - 1-a,
rae b1, k2., Bn — OTHOCHTENBHEIE Op HpOCTH PacXofoE TOINHEA Ha TEINIOBHE CTAHIHAK, THCIO

EoTOPEE B S22 B obl[eM CIVYae paBHo A,
¢ — OTHOCHTENE HEIH OpHPoCT Packomga EGNE HA THOPO CTAHIHHE,

A — mepeEomHoH Kosdd HIHEHRT, CYTE KOTOPOT o BYIET packpETa HIDEE,
dar

Py =0; — OTHOCHTENLHEH NOpHPOCT OOTEPE AKTHEHOH MOLU[HOCTH OT IpOTEKAHHA B CETH
MOH[HOCTH i-H CTAHIHH

IIpu sTom yuuTHEaeTcA, uTo I'FC ABnAeTca oguHodHod (T. e paboTaeT He B xackage [ 20 u
BELET TofoECE (CE20HHOE) perynupobaHue. LlpH »ToM Haoop B TEYEHHE CYTOK 2a PEOKHM
HCENIOUEHHEM OCTASTCA BENHYHHOH HemsmeHHo®, T e A = const JooyieHHe o OOCTOAHCTEE
Hanopa I'3C CylecTEEHHS VPOl aeT Al OpHTM pEll eHHA 3anadi. IIpH 5ToM 1 M BoQHEIX PECYPCOE
IONA BCEro MEpHOMA 0 ITHMHSAUHH bYIeT HMEeTh OpakTHYECKH OfHHAKOEYIO SHEPTHIO, UTO ABNAETCA
HEL O CTATKOM MPENJIOE EHHOTO METONA PABEHCTEA 0 THOCHTEIEHOTO IPHPOCTA PACKOLa TOIITHEA.

AuhthepeHUHaneHEE pacEoIHEE XapakTepHoTHEH 130 ®H T3C HMEIOT pasIHYHYES
PAsMEPHOCTE, NOSTOMY KoshhHIHEHT A E BHpa®cHHH (1) BHIOOIHAET polbk OEpEECIHOTO
MHOEHTENA H HasblBaeTcd Mepoll shd exTHEHOTG HOOONRSOoBAHHA THApopecypooE B S3C Ha
P AKTHEE OPHXOOHTCA © NETHEM O¥TeM OogbHpaTt sHadeHHe Kosh dHIHEHTA A C YUETOM TaKXEe H
oTpaHHYEHHOCTH rHApopecypea Ha 120, Ilpu 9ToM KoIHYECTES HTEPALHE Mo KET COCTABIATE AT
i bonee, uTo TpebyeT DONBINHE 2aTpaT MAUHHHOMG BpEMEHH, o3HAYAET QIHTEIE HYIO CXOOHMOCTE
METOOHEM H ABIASTCA £ ABHEIM MHHYCOM. B Me®IVHapoOHoR OpakTHEE MIA HaHELITOIHEHIIET O
PACIPENENEHHA HACPY3KH  MEXAY TEHEPHPYIOI[HMH  obLEerTAMH  HCIOONBSYETCA  METOQ
OHHAMHYECKOTO IporpaMMHEpOEAHNA. CYIMECTEEHHEIM HETOCTATE OM STOTG METONA ABNASTC A TO, 4T
ETD TOYHOCTL SABHCHT OT BENHYHHE Al a KEAHTOBAHMA, T. €. UEM OH MEHBII e, TEM BHIIE TOYHOCTE
PaCdeToR, a A HeHoobpasoBaHHA NpHMEHACOT OpHHIHI Map®HHATEHOT 0 HeHeobpas oBaHHA, 4TO,
HO-HAIIEMY MHEHHEO, HE ABTAETCA > QeKTHEHEIM CpPeCTEOM, IOCKONBKY IEHA OpH 3TOM
CEMAONEEAETCA MCXOOA M3 2aTpal SaMHEKAKI[Ers HAHMEHEE BHIOIHOTO IPOMIEONHTENA H
OKaSEEBAETCA QOEOIRHO BRICOKOH [B, 9]

Taxum obpazoM, Kak MoKasHEBAET TaTEHTHO-OPHEHTHpOBAHHEIH IOHCEK, HE CYI[ECTEYET eQHHO H
VHHEEpCANBEHOH METOOHKH [0 ONpPENeleHHID CTOHMOCTH THOpopecypca H o gqua [ oC wax
HHDpacTpyETYPHEE obrexTor, 1 qna BXE. B ocHOEHOM DOBCEMECT HO HCIONBSYETCA HANOT HaBOOY
C TOH JHIIE pasHHLER, 9T0 32 pyOeR oM OH CYI[ECTEEHHG BHINE po CCHACKHE 3 HadeHHA

B unctpymenTapui paspaboTaHHOH MOIENH BXOOHT COYETAHHE ONTHMHSANHOHHOTO METOOA
muexEuTenei Jlarpamea H TeOpHH OpefelbHOH HDoMesHOoCTH Ilo pesyNbTaTaM HCOCIeSOBAHHA ME
DONY4acM HOBOE [PaBHI0 Nepexofa oT oOTHOCHTENIRHODG IOpHPOCTA pacxofa BOOH K
OTHOCHTENEHOMY [IPHPOCTY PACKofa TOINIHEA SHANEHHE OTHOCHTEME HOT O OPHPOCTa PACKOoga BOSH
wa ['2C g¢', nmexamiee Ha KpHEoH bespasnududa, BVIET paBHe COOTEETCTEVIOUIEMY SHAUeHHES
OTHOCHTENREHOTO MOPHPOCTA paciofa TONNHEAR Ha 12C &', memaniemy Ha Tofl ®e pHBofl. ZTo
ABNAETCA ABHEIM IPEHMYI[ECTEOM METONMKH II0 CPABHEHHIK) C CYU[ECTEVIOL[HMH aHATOTaMH OpH
PEIIEHHH O ITHMHSAUHCHHEEE Safad OIA CMENIAHHLE SHeplo CHOTEM, cocTomuux ms [0 u T3,
MOCKOIBEY M03ECIAET CYL[ECTEEHHG COKPATHTE MAIIHHEOE EpeMA (TpebyeToA Boero ogHO qeHCTEHE
EMECTC IATH HTEpalUHH) Ha pPEIIEHHE He TONBKC [OCTABNEHHOH safadd  oNEepaTHEHOTO
PECYNHPOBAHHA, HO H ONTHMH3AUHOHHOH 3alady ¢ Uenbks obecIedeHHA KOHKYPEHTOCIOCOBHOCTH
TEHEPHPYIOLU] £H KOMIAHHE Ha pEHKE. BIe o QHHM HeMaTOBEHE M IpeHMYIL ECTEC M paspaboTaHH o f
METOLHEH [0 CPABHEHHIO C PO CCHACK HMH H sapy e B HLIMH AHANG TAME ABTAETCA VIET K3 MEHUHEOCTH
Hallopa B TEYEHHE CYTOK, YTO JYYIIE OOSEONAET VUHTHEATE TEXHOJOCHYECKHE ocobeHHOCTH
PyHEUHCHHEpOEAHHA | '2C B 0 TNHYHE 0T paHee HCOONESOEAHHEE METOTHE.
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IIpegnaracMiufi mofxol OCHOEHIBASTCA OPeXge ECETO HA KOPPEKTHOM ORENCTARISHHH
nuh b epEHIHANEHEE XapaKTepHCTHE. JeACTERTENLHD, OaHHEE HapaRTepHCTHEH NOMEHE GHTE
OpoH3ECMHEME He T pPACKONOE SHEPTOPECYPCOB, & oT 3aTpal (MSOepiey), CEASaHHHE . HX
HCIOONE2OEaHUEM. PaspaboTaHHAA MeTONHEA ABNAETCA aKTyalbHoll M MoweT DHTL NIpHMEHEHa He
TONEKG QONA pOCCHACKIE YOIOEMH, HO H OPeQNoEEHA 1IN WIHPOKOTS  MEEIYHADOTHOTO
HCIOONE20EAHRA. Bollee TOro, SETOPAME NpelloHeHA MATEMATHYECKAT Mol elE INA ee pealls allHe |
IpOBEENEHHA OITHMHSAUHH peE HMoE paboTel ['2C 1 Beero BXE Ha ocuoBe onpegeneHia cToHMO CTH
THOpORECYRCa © YIeToM PeEHMHERE ocobenrocTell [0

Tenrro HCCNENOBAHHA ABNACTCA H3VYEHHE EMHAHHA OPHPOTHOTO AKKYMYIATODRA [0 HME pEKH
O6H (o1 cena PoMuHcKee go ¢ FaMemr -ma-ObH) Ha pexuM byEEIHoHEpoEaHHA HoBocubrporof
I'2C v onmiMuEsanma pexaMoE paboTil ganuof ['20C ¢ yueToM BAMAHHA pexHMa sabopaloTmatn
runpopecypoa oMo i Ha OCHOEAHHHE KpHTEDHA MAK CHME3 AITHH IpHOEITH.

Ina moCTHEEHRA OoCTAENEHHOH NNl HeobXOoNHMO DEIIHTE CHEOVIOLIHE amadl pazpaboTia
METOOHEH ONTHMHSAUHE pe®EHMOE paboth ['2C B coBpeMeHHLIY VCIOBHME C VIETOM DEEHMA
OpHpoQHOT ¢ AFKYMYNATORA (pedHol DoHME), HCCHefoBaHHE H aHANH: NOBENEHHA OoHME p. Obu
Kal OPHPOOHOTO AKEYMYIATOPA SHEPTHH THOROPECYDCA, AHANHE BOSMOXHOCTER HeHpOCETEBLIX
TEXHONOTHE Ha OpHMEpe OpolpaMMHER nDaxeTob Matlab m Pandas Python gna mpormosmpoeanna
paczoma Boge Ha Hoeocubmporeodt I'2C (HI'ZC) ¢ yueToM BIHAHHA BosOelcTEHA Ha pEXHM e
SHERTOOTOAYH Co CTOROHEl HOHAME, ONTHMHE:AIHA peEHMoE paboTh HIZC Ges yd9eTa BIHAHHA
NOHME, CPAEHHTENLHEA aHATHS ODTHMATBHLIE pexHMoE pabornl HI'ZC ¢ yueroMm H bes yaeTa
ENHAHHA [OOBENEHHA pedHoH  OoHwme, paspaboTka peKoMeHTanHH Ond  YOpaEleHHA
hyHEIHoHHpoBaHHEM HI 2C B COCTAaBE FHOPOTENN0ECH SHEPT OCHCTEMEL

B mactomieii paboTe onTHMMzanMA pexHMoE  pabori HI'DC moe  pacopememeH o
SIEKTPHYECKOH HArpysyH HAHBRTOOHefnHM obpasoM pellasTcd Ha OCHOEAHHH KpHTERHA
MAK CHMHZAIHE TpHOETH COTNACHO TEOPHH NPelelbHol TIONesHoCTH

MeTomgHKa 0II THMI? ALHH I HIP 0TeILT0E BIX CHCTEM 110 MeT0/Qy MaKCHMH3aIH IpHOBLIH ¢
KPHTEpHEM IpeneTsHOH moaesHocTH. [nd onTHMmzanHH pexuMoE HI 2T HoOolbsyeMulH
FpHTEpHHE MamcHMm:anuu opubonn [10 — 12] npemmasmaded ona Toro, 9TobH Opo HSEOTHTEIL
JEKTRPOSHERPTHH — VEENMMHEAN OpHOMOE  oT Opofa®H  SNeETposHeprHH.  IpoHzBoqHMad
AEKTRPOSHEPTHA BYIET ONpeleNeHa TOYKOH, E KOoTopod NpefelbHHEA JoXol paBeH IpelelbHEM
maepExam (ME = MO Ilo gamHoMy EpHTEpHID ONDTHMHSAUHH pENIAcTCA  sajada oo
HAHELTOOHEHIIEMY  pACOpeNeleHHEY  SMEKTRHYECKOH  SHEprHH B COCTAEE  CMENTAHHOH
SHEProCHCTEMEL (pHOYHOKE 1)

Jna EHOoNHEHHA KpHTERHA 0T THME: AHE
ONPERENAETCA CTOHMOCTE T[HIpPOPECYpCA C
TOYKH 3pEHHA BHIONHEHHA ero OYHKUHH B
paMEAY  CMEIIAHHOR — SHEPrOCHCTEMEL 10
erpaboTe snexTposHeprun. [leHa EBOOH E
HACTOAI £8 BpEMA YIHTHEAETCA MHINE HAMGTOM
Ha Hee (10— 15 % goa Poccum) [132].

Pacger mo uamep®KaM  TOENCTAENEH
» OOBEM MPOHIBOICTEY  CITEJ VEOII] HMH th Of MYITAMH!

Up =1y - B, (2}
Preyrao 1 —Tpadem Marcen o arpod mprOe I
TIf B3 B O HIOE 50T 6K T DG HE PTEEH Uq = Mange * 4 (3)
rne Ufp — npenent HElE H3DEPEKH 0o TOIUIHEY Ha SsKEHEBaneHTHOH T 311,
{/; — npementHEe H2MepEKH Do Bole Ha [ 30,
s — LEHA Ha TOILIHES, UEHA BOOE,
Upoeme — LEHA Ha TOIUTHEO, IEHA EOJEH,
& W ¢ — ZapaKTepHCTHEH OTHOCHTENEHODD OPpHPOCTA PACEeda TOMHEA H BONLE Ha 120 1 30
COOTEETCTEEHHO.
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Jamada Mo ONTHMH3AUHH PELIAETCA B paMMAX KaEOore MECALa, ofHAKC PEIIEHHE CBASAHO C
OONCoCRoYHEM (B TEYEHHE ToJla C JETANb HEIM VIe ToM CES0HHEE PEEHMOE) pEEHMoM paboTh 2350,
TaK EaK CVI[ECTEVET OrpAHHYEHHOCTE sSHepropecypca ['20C. B Tedemme cyTor Hamop Ha [32C
IpHHHMAETCA HEMSMEHHEIM, TaK Kak B TEYEHHE CYTOK OH M3 MEHASTCA HESHAYHTENE HO.

YVYHTHEAA CKaaHHOEe BHIIE, 0O CTABHM YOIOERA — § op MYWIE 00 OITHMATEHOMY pacipelele HHID
HATPYSKH B CMELI aHHOH SHEPro CHCTEME!

b = g* = idem, )

H = const; (5

Ne = Npse + Nesc (5

Nrscmio = Nrae = Npacmax (7

Nrescmin = Moz & Nesc (&)

Neasa =722 ®

roe Mwsn, Ny Moc Mee — mHabmogaemoe SHaYeHHE MOUIHOCTH, HAaCpySKa SHEPTrOCHCTEMEL,
MOI[HOCTH NoKRETHA HAarpyskH sKEHEaneuTHo # T30 1 "2 C cooTEETCTEEHE D,

NT3C min MNTEC mae MEC min MO0 mex — MHEHEMANEHAA H MaKCHMAaNRHAd MOI[HOCTH

SKEHEANEHTHOH TeINoBoH H MHOpaENHYeckoH cTAaHUHE CcoOTERTCTERHHD.

] — MoZ ¥R HanpaKeHHA B Hadale NHHHH,

{fy — MOO ¥R HAOpAKEHHA B KOHIE JTHHHHE,

Ze —BONHOBOE COIPOTHRIEHHE JTHHHH,

0L — BONHOBAA QIHHA JTHHHH.

IloTepAaMy snekTposHeprud B ceTAX npeHebperacm B madde# paboTe moTepH B ceTAx He
pPACCMATPHEARTCA, TOCKONBEY BCE CTAHIMH HAXONATCA Ha TeppHTopHH Horocubupoko i obmactu.

PacueTn mo onTHME:AUHH pacOpeleleHHA HATPYSKHE B THAPG TEINTOED H CHCTEME [0 YEASAHHEIM
BEILL € ¥CIGEHAM ¥IpOL] &0T PELIEHHE oNTHMHEIAUHOHHOH samadH.

Taxum obpazon, HI'2C mocne o ITHME:AITHE MOEeT paboTaTk E BONeEe BREICOIHOM M4 CHCTEMEL
pexnme. [lo OpoHSBOGHMEM pacdeTaM CTAHOBATCA HM3BECTHLHIMH TapH)HAad CTOHMOCTE
THOpORECYRCa H UeHA OpoJak BHpabaTHEaeMol MomHooTH Ha I'20C.

Bocmonpsyemca xpHBo# bespasIHYHA OpH pacdeTe ONTHMH:AUHOHHEK 3agad B CMEIIAHHOH
sHeprocHceTeMme, CorllacHo MpaBHIaM OOCTPOEHHA KpHEBoH Gespasnidud BepyTcAd BelHYHHEL,
obpaTHEE OTHOCHTENRHOMY IPHPOCTY TOIWIHEA (&) H 0 THOCHTEIEHO MY OpHPOCTY Bogw (g), T. . 1ik
0 lg. fdna I'2C bymem oTENageEaTh 0o ocH aboclHco, [IA
syEHEANeHTHOH T32C me ocH opmuuar IlpoBedeM KpHEVES 1
bespasMH4YHA, COEOMHAA [OBE TOYKH, — MONYYaeM DHarpamMwmy
EPHEOH BESpasnHdI A (PHCYHOE 2.

IIo ycnopHro, VEaaHHOMY BEINE, COCTAEMM YpaEBHEHHE

PABEHCTEA JEVE BEMHHHH \
1 1
-—- 10
=== (10) N

Trobo oopemenHTt SHAYEHHA ©OTHOCHTENRHODD NOpPHPOCTA
TONNHEA H OTHOCHTENRHODO NOpPHPOCTa BofOH, Heobzogumo — Pueymor 2 — Kpereaa Gespasmeress
VUHTHEATE MAHHLE EOOHO-SHEPTETHUECKOTO pacdeTa, 3SHaThb
sHaYeHHA CapaHTHpoBaHHHE MolfHooTed [0 gma Bsartoero
NEpHOOA H HCOOMbES0BaTE KpHTERHA MAKCHMES allHH TpHOELTH.
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HEJ‘ILR} BOOHO-SHERPLETHUECKCD O pacHeTa ARJNACTCA NONVIEHHE pacxona BOOE QFBE:
Nrap{ar-te:) - QFED (1 1:'

rae Noypd Jyer ). — 3HAYEHHE rapaHTHpOEaHHOR Mon{HoCTH [3C

IIo paczopre # zapakTepHeTHEe 130 0OpeeNAi0T XapaKTepHOTHEY OTHOC HTEIE HOTO TIPHEPO CTA
EOIEL

2
7= (12)
Prac 2 Q- (13
YpapHeHua banaHca HMEIOT EHI
B = f{Nrac); (143
Qrac = fF{Nrac): (12

YPEBHEHHH CEAZzH YHHTHEARKT EBEHIOMNHEHHE SHEPIETHHUECE OO bamaHca CMEMIaEHOH
SHEProCHCTEMEL:

Pe = Npsc + Nogo (16)

roe N — sHadeHHe FapaHTHPOEaHHS H MOIHOCTH INA HepHOZA
Hanee qna pacdeTa MOL{HOCTH SEBHEBaNeHTHoH T2C H3 ypaBHeHHA HAXOLHM pasHHIY ME KTV
MOI[HOCTEEY CHOTEME H FapaHTHPOEAHHOH MOI[HOCTER 130

Npsz = Pr — Npac (17

IIo sHaueHHAM BHpabaTHEacMol Mom[HOCTH 130 oOpeNeNAeTCA OTHOCHTENRHEH OpHPOCT
pacKoOyEMOr O TONNHEA K OpHPpoCoTY Mol[HocTH 12C. Homonesya pacxofHyio XapakTEpHCTHEY
CEMTaEMor o TONMHER Ha 120

_ dB73c

= ] 18
d N3 (18)

Hax ONAT obpaTHHE 3HadeHHA & H ¢. [locne aToro NEpeXoAT ¥ HOCTPOEHMIS KpRHEOR IpemenbHoH
IOESHOCTH.

Henonezopanne KpuHTepHA OpelenbHofl MDONE2HOCTH OOSECMHT VIPOCTHTE O ITHMES ALHID
PERHMOE IJIA THOPOTEINOBLHE CHCTEM, IOCKOIBEY BYIET OOpeNeleHO PABEHCTEC OTHOCHTENEHOTO
OpHPoCTa BONE H TONNHER, KOITa Tapld HEle CTOHMOCTH BONH H TOINHEA BYIYT oJHHAKOELIX
pasMepHoCTEH.

Ha zaparTepHcTHEaX OTHOCHTENREHODG OPHPOCTA pacxofa BOOH H TOINHEA (PHCYHOK 3) IO
VpaBHEHHED CBA2H Pr = Npao + Npsc 0OpelenaeM Mo[HOCTE SEEHEANEHTHOR T2C, suag Ny Hua
FakIod XapaK TepHCTHEH HAaXoqHM sHadeHHA packoga & Hg.

a w4 TET &
= MA ‘MUt e I

J I

i -

= LR &M, MBY
,-MET Pra, MEr

i i

Preymox 3 — OBMURET B3y XaparT e HCTHER OTHOCHT IIEHOTD IIPMPOCTA Pack 084 FOAED (&) M TOIUEE a [ £)




JHEepreTMYeckne CUCTeMil U KOMNIEKChI

WYHTLIEAE M YpAEHEHHA orpal HIeHHHA!
Ntscmin & Nrac = Nrac maxs (15}
Nracmin & Neac = Nescmaxe (207
Fpurepnem marcHmusaniy nopubENH BYIEM CYHTATE YPAEHEHHE OITHMHESANHH
MR = MC, (21}

roe MA — npegenpHUE goxom,

MC — npegenrHHE H3IepEKR

IIpousEoquTENE SMEKTPOSHEPTHH BYIET YEEMHYHEATE CEOK OpPpHOLUIE, OpoHIEOOA OPOOYELHIO
E TOH TouKe, TOe NOpeleNbHEE OoXol paBeH OPETeNbHEM H:fep®Eram. [IpementHHH Doxon
onpegendeTcd fHG depeHIHATE HOH KpHEOH CIpoCa Ha SHEPTETHUECKYIO IpoOYKLHID, a Ipeelb HEE
M3 IEpEEH ONpelenmoTed Tud depeHUHATEHOH COCTABNMOL]EH SaThaT Ha IpOHIECACTEC SHEPTHH.

CTOMMOCTE THApOpECYpCa ocTaeTcAd HemseecTHof, JnAa »Tore BepHeMcA K gHarpamMme
IpefEns Ho H MOJesHOCTH H HaHgeM yIoll o HakloHa KpHBoH bespasnuuud. [Ipu onpegeneHun [eHE
Ha THAPOPECYPC ¥TOM O OCTAETCA HEMSMEHHHEM, [[osToMy o ere H3BeCTHOMY 3 HAUEHHIO, a TAKKE 10
EECTHOMY SHAYEHHIO [peleNt HEIX H3OepE 6K Ha TOILHEC H EENHYHHE OTHOCHTENLHOTO [PHPOCTA
pac¥oga BogH Ha I 2C Mo ®HO 0OpefelHTE CTORMOCTE THOPOPECYD CA.

ena oge ma I"3C oopelendeTod CAEOYECI] HMH o My TaMH:

Uq = uED,E[h[ e (2<)
1/
tge = 1;'_: (23)
i
o = 102, 24)

rae Uiy — Opedelt Hele Hafgep#kd Ha 120, Us — npenencHee maep®ed Ha 1T 21, & — oTHo cHTEN: HELH
OpHEOCT packoma TOMNHEA Ha 1510, ¢ — oTHOCHTENRHEIR OpHPOCT packola BEOOE Ha 1200, Uegmge —
UeHa BoAu Ona 20 Op — e Ha TOONHEA ANA SKEHEATe HTHo i 1T 2.

Ilpeneneuue meOepEEH oOpeQelDoTCA 0o §OopMyIE:

MO = U = Naoge " - (23)

IIo modyY4eHHEM SHAYeHHAM, KOTOPHE ONHCHEBAIOT KPHEHE NpelelNbHEX [OOXOOOE H
OpENENbHEE HIOEpEEE, ONPeNelATcA oITHMAIBHEE 3HaYeHHA BHpaboTEH MOI[HOCTH IO
CPENHEMECAIHOH BEpaboTHE Ponr I0 D opMyIIE:

NI:IHT = BﬂmthEE' (26}

TAE fmee — CRETHEE HHCIO SAC0E B MECAL
YpaEHEHHE ONTHMHEZAIIHH

ME:MR:LREDHE.['Q' (2?:'

IIo nmomyyueHHOMY ¥YpaBHEHHEO ONPENENASTCA CTOHMOCTE THOPOPECYpCA IpH pPELIEHHH
OITHMN: ATHOHHEEY 2anad Ha [ 2C,

Henonesya DaHHHA EpHTEpHA OpemdenbHof DONESHOCTH, MOEHO BLIOOIHHTL CIETVIOL[HE
ST A H

ONPENENHTE TapH) HYIO CTO HMOCTE BOJEL

PACCHHTATE ONTHMATRHYES MOI[HOCTE EHpaboTEH SMeETposHeprHH gnd HIZC B xammgom
MECALE,

oboCHOBATE pasMep IEHE OPONa¥E Ha SMEKTPOSHEPTHID B SABHCHMOCTH OT ONTHMAIBHOTO
obbeMa EHpaboTEH,
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JHepreTUYeckne CUCTeMbl U KOMMAMNEKChI

Hrax, bygem HooonpsoBaTe METOL o ITHMHS AllHH COCMACHD TEOPHH Opefelb HoH MONe3HOCTH H
EPHTEPHH MaKCHME:aUHH OpHOEIH I0dA THOpoTemnoBcH cHoTeMme Hopocubupoka. PacueTw mo
ONTHMH: AIIHH peEHMoE pabore HI'ZC bymeM OpoBoHTE C VUETOM ENHAHHA Ha HM FaMeHcKof
DoHME H bes yUeTa e BIHAHHA

Omicammie Kanienckofi moivae. [ IaEHuM BOOpocoM, HCCIEOYEMHM E paboTe, ABTASTCA
H3VHEHHE EIHAHHA OPHPOOHOTO aAMEYMyNATOpa Oofimu pexu CO6H (oT cema PomuHCEOE 0
r. Kamenr-ga-0bn) Ha pexaM dyEEIHoEHpoEadud Hoeocubupokofl T30, a Tak®e oDTHMHSAINEA
pexHMoE pabotn HI'ZC ¢ yueToM BIHAHHA pexmMa sabopaloTmaus rugpopecypca mofiMoH Ha
OCHOBAHHH KPHTEPHA MaKCHMHSAHH OpHOELTH.

B pabore GymeT HCcCnemqoBaHO BIHAHHE NPHPOTHOTO AKKYMWIATOPA BEOOHOTO THAPOPECYPCA —
Famenckof mofimm — ma pexumum pabotw [0 Jamman samada peanlusyeTcAd OpH OOMOLI[H
IOCTRO EHHA HMHETAIHOHERE MoJelel MporHosHpoBaHHA B OporpaMMHEEE nakeTax MMatlab, Python
IyTeM obyHEHHA MCKYCCTEEHHOTO HHTENNIEKTA [0 AHANMRY CTATHCTHYECKHY NAHHEX 2a NEpHOT
PETRPOCHERTHEL (HCTOPHYECKHE JAaHHLIE 3a HECKoONRKo JeT — ¢ 1990 mo 2012 r) Ilo mpuuatcd
METOOHEE [acieTa OOTHMHESAUHH pexHMa paborw 20 Ges yueTa BNHAHHA OpHPOJHOTO
AEYMyIATOPpa BYOeT NpoH3BENEHO CPAEHEHHE ONTHMH:HpOEAHHEIX PEEHMOE, 2 HMEHHO! KaKoBEO
ENHAHHE NOHAME E OpOLEHTHOM COOTHOMIEHHH ONA peEHMOE OITHMHSAIHE © YUeTOM H bes yaeTa
EnHAHHA Fame HokoH DoHME Ha pexuM paborn HI 2O,

Perxa Obr ABmAeTcA oNHOH M3 KpYIIHE HIIHE pEE MHpa, HMEET mMollamk Bogochbopa 2990 Tric.
K1° H obuyio ouHEy 3640 KM, o GUHHE oHa ARIASTCA 4eTEEpTOR peKoli Mupa B mpenenax kpad ee
onuua 495 pu, mnomane eogockbopa 2090 TriC. KHe.

Famencran mofimMa —dacTe pexl 06 — ABTASTCA MECTOM 2aTC INIEHHA B NERHOT IOJIOECIbA HIH
MAEOOKOE. DEpeT CBOE Hadano oT CHOpOoNocTa ¥ cena PoMHHCEOE Jo CHOpolocTa ¥ I KaMeHE-Ha-
DBH, NpoTAXEHHOCTE DoAME 00 0CHOBHOMY YOTRES peEH cocTaenaeT 417 km. Hanbonee mupoxas
BE HACTh HaxoQHTCA B pafoHe rugponocta v . Dapuayn Teppurtopma Famenckod mofimm —
VHHEANEHOE MOpHOPEXHOE MOPOCTPAHCTED, KOTopoe ODECHEYHEAET OOTEHIHAT A pPasBHTHA
THOpOSHEPTETHEH, OHA BECTYIAST B EBHAE SEYMYIATOpa sHeprHH gna HI2C bmarogapa ee
pasmHEaM Ha TakoM boNpmiom yaacTEe. E ocobeHHOCTAM THOPONOCHYeCKore pexEHMa ObH Ha
y9acTEe ¥ . BapHayna clegyeT oTHECTH Opo o D HTEIBHS CTh IOJOEO JEA B BECEHHE-TIETHHH IepHOT
C Ampend OO AETYCT H HANHYHE JEVX — TPEX HOOBEMOE VpOEHA BOOLL XapaKTepHEE pacXolb E
MoNoBonLe cocTasmmoT 4000 — 6000 vc. BrcoTa moqLema YPOBHA BOOH B 5T0T NDepHo T obLIMHO
OoCTHTEET 4 — 5 M, B oTOelbHHE MHoCoBOOHEE Cofgwl & — 7 M Ilo mamuwm [eutpa peructpa
Eagactpa PO vpoEHeM 3aToONeHHA OIA CHIpoOoCcTa ¥ ¢ BapHayn senaetca 220 cum (133,09 m BC),
OMACHEIM CYHTAETCA YpoEeHE 610 cm (134,04 m B B nepuogu ceroTaauua ¢ 2010 oo 2016 B
IATH CHVYHaMi HS CEMH ¢ TMESaNca BEXCS BoOE Hanolmy (prcymxu 4 u ) [14, 12]

R e
120
1 % -]
.
HE ;
_ N H
e =y 4
* ] J 41 f - N .
R E |I W+ r—k ; ki . Il'f. Y
H |/ £ ] A R T 1
1 st = L et 1w N N N N N
AL LS PEPPEFLPLPAPEPDFF PP A e e e win @ nm an
i} Inx
r i LI LUTEN xal b B e o] ;L IRz TEm
—————10 T LT m e = BT =B il
Prcyror 4 — Jaeanema ypoBHA BOSEL B IPOT 0K e PEKH
0 Be Hecerma Banoraan & rparpnray Kamesckoro Prcyror 5 — Meeranmma 7008 HA B OFEL
pafioHa ANTAFCKOro KEpad B B eCeBERET meprrog 2014 — rHAponocTa ¥ . Bapeayn za mepeog 2012 — 20146

2Marr.

YhopaeneHHe  BOOHHM  pPECYPCOM  JaHHoR — OofMH 00 H ODTHMH2AUHA  paboTh
THIpOSHEPTETHYECKHE CTAHUHE TpebVIoT KoMIUIEKCHODO NONXOoNa, EKNICHAIOHNEre B ceba
HCNONEZCEAHHE NEpeqoBHY TEXHONOTHA M yIeT YHHKANEHHE Xap aKkTepHCTHE KaEJoro Foga.
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COHEM H3 HOOXONOB K ONTHMHIAlHH paboThl THEpOSHEPTreTHYECKHX CTAHIHH ABNAETCA
IporHOS HpoBEaHHE YPOBHA BOOH H KOHTPONE HoTpebIEHHA BOQHOTS pECYpoa. | aKHM obpasoM, B
mauHod paboTe Oo OOpPENENeHHES EBIHAHHA Kamencrkofi mofimMel Ha pexum pabormr HI 32T
HCOONBSVEOTCA BOSMOKHOCTH HCKYCCTEEHHODD HHTEMNEKTA H MEeTOOHEA OOTHMH:IAUHH peXHMAa
paboTH D0 KpHTEpHIO MAaKCHME: aHH OpHOETH,

Hemomkz opadye HeHpOHHEBEIX CeTe 018 HIVIEHHA PRIHAHEA KanveHck o moiiMeL.
Hopocubupcrad sHeprocHcTeMa ABNAETCA  SHeproged HUHTHOH, a TpeboBaHMA YYACTHHEOE
Hopocubuporxore BXE npoTHBEOpedHEH, 4To TOBOPHT ¢ HEpaBHOMEpHOM EBOOHOM banaHce,
CNENOEATENRHG, oCob¥iHe SHAaYHMOCTE OpH YIPAaBNEHHH pexHMamH paborm HI'ZC mpuobperaer
aHanu: EBogoszabopa H BOOOOTHAYH FameHCKoH HDofiMb — OpHpOOHOTO akEyMynaropa. Ocoboe
sHAYEHHE HCCIeoBaHHe KaMeHCKoR MoHME HMEET OJIA MATOBOIHEE NeT. [[poHsBogHMEE pacdeTE
beme mpuEemeHEl guA 2012 ©, EoTophH OGN MaToBogHHM B cBA3H C 5THM HeobXogHMo
IpOHSEOOHTE KOMIEHCALHKD BOZHHKAOLUIETO medHUHTa CHOpopecypca. B MHOTOBOIHEIE TOZE,
HANPOTHE, HAIHIIEK BOOH HeobXoQHMO NHEEHIHPOEATL, TAK Kak oH OPpHEOOHT K SaTOINEHHID
TeppuTopHA. TeppuropHancHe KameHckad nofiMa pacOoleEeHa MEEIY TAKHMH TOpoTaMH, KaK
Famenr-ma-Obu w Eufick. Hambonee muporad £e 4acTk HAXoOHTCA B pafoHe THOpoOoCTa T.
Eapuayn. Ypoeemr Bopu za nepHol HoolegobaHuda ¢ 2012 mo 2016 ¢ ¥ PHOpONCTHHECKOT O [IOCTA
r. Kamenr-ua-CObu 1 v Eaprayna nokasade Ha pHcyHEax 4 81 3.

Hna yueta BNHAREA KaMeHCKOH TofME 00 sabopy B oThade BOOH HeobXoJHMO aHATHIHPOBATE
pac¥ol BOOE HA THOPOMOTHYECKOM HOCTY B KOHUE FaMeHCKo i oo AME H pacxo[ BoOH Ha IOCTY E
mHpokol nofimennofi gactu (r. Bapmayn) YunToEad gagpee za 21 rof — B nepHom ¢ 1990 mo
2012 r., MoxHC CYOHTE ¢ pac¥ole EBolkl B BepxHem beede HI'2C. Ilocme ompemeneaua
OITHMATEHOTO peEHMa paborw HI 2T onpeendeTca pacx ol ECNE E HHEHeM bred e, IIe Haxo THTCA
OCHOBHAA YacThk BogomonpsopaTenceil Hoeocubupora Tawum obpasoM, Ha OCHOBE aHanmHsa
CTATHCTHYECKHE JQaHHEIE [0 peXHMAaM aKEYMYIAUHH @ EBoSH  FamMeHoKoH DoAMOR MOXHO
CEC EEPEMEHHO BEIABNATE HEOEITOK HIH Jed HIHT THOpOPECYPCA B BEPXHEM H HHXHeM bredax.

AHanus OpOMSBOOHTCA € NOOMOIIEKY HefpoHHEX ceTedl. OcHoBoH aHanusa ARMAETCA
HHDOpMAaUHA 00 OEPHOLY PETPOCHEKTHEH ¢ HalpyiKe HCCIegyeMoro obLexTa, oNpemelcHHE
EO3eACTEVIONHY (aKTOpPOoE H OOHCK CTATHCTHUECKHE CEAseH. CTOHT OTMETHTR, YTO HarpyskKa
SHEpProCHCTEMEl ABIAE TCA CTOXACTHYHOH (Cnydai o). 270 CEASAHO C TEM, YTO HATPY3Ka 3aBHCHT OT
PAsTHYHEE DaKTOpOoE, HOSTOMY NEPHONHYHOCTH B pabHKax HarpyskH HeT. CTOHT YVIHTHEATEH
DaKTOPE, KOTOPLIE EBIHMOT Ha OTOAYY FaMeHcEoH DofME — KIHMATHYECKHE VCOIOBHA,
FecorHYECKHE H TeoMOpd oNor MHMECKHE VCIOBHA, HeNOBEHECKad JEeATElNbHOCTE, DHONOT HHUECKHE
barTopLl, THOpoNorHdeckie daKTopil, cesoHHHEe Konebanma Ilo meromy obyueHMA HefipoHHad
CETE, pacCMaTpHBaeMad B maHHoH paboTe, oTHoCHTCA K obydemmio © yuurenem. CeTH
IpEeNE ABMACTCA OIPHMEPE EXOIHEE JAaHHEY H BHXONHEE, CeTh OpeobpaiyeT EXoOHEE NaHHEIE H
CPABHHEAET CEOH BHIXON C EeTacMuM Tarkum obpasod, MOEHO OTOHIRTPOBATE NONYYAEMELE
OporHOSH. B coydae, Korga OOOVIMEHa OMHOKA, HeloBeK, CHNEJAN[HE 2a OpolECcCoM, MOXET
SalyCTHTE 0BYUEHHE SaHOEO, M0KA HE BYIYT HoMy4eHE HCKOMEIE PESYILETATEL

Hauneie gna nporHozupoBaHud KameHckod DOHME OpefcTaENeHH B BHOS Lask DaHHHE,
HOAT CTOBINEHHOR ONA DanbHeHIIHX pacdeToE H BEIIOYaCUled B cebda BLpaboTy MOIIHOCTH Ha
HI™3C, paczop Bopgu no Bogonoecty r. Hopocubuper (HuguEfd bred), pacxol Bo gL 0o CHOPOIOCTAM
Eapuwayna, Kamua-wa-Obu, ypoBeHE BOOH Oo THOpoOocTaM HoeocubHpcka, FapHayna, Kawma-
Ha- OB,

IlocTponM HMHETAIHOHHYES MOJENE 0 ¥poEHAM BEGILH ET. BapHayn, nonesyAck nakeToM Python,
ona nepHofa naeogea 20120 (pucyror &) OrobpasumMrpad HEH VpoEHA BOIL Ha OC HOBE PEANLHEIX
H COpOTHOZHPOBAHHEE 00 paspaboTaHHoH HMHTANHOHEO A MO el sHaYeHHA (PHCYHOE 7).
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132

(k1]

130

129

LIprioHp=ca: XTI W

¥posrHe 1w pusrec Ty Baprn, M

122 4

FEmyescs TecToRoil BRSO

Pucyrmor 7 — Dpaden: mpes o asarmgt 0o wp 0BHO B OZEI
T. BapHay [ oTEIOHeHIE I OTH (GHpVELED SHaUeHID
OT {) e AMEHBLE )

Pucyrox 6 — Dpades mpeger aamdt o wp 0RO B OFEI
. Bapraym

Obpanadce ¥ rpabdraM 0o YpoBEHE BOJE Ha pHCYHEaX & H 7, MOXHO OTMETHTE, 4TO
pazpaboTaHHE e HMHTALIHO HHEE MOOENH, Cosfaluue B nakeTax Python u Matlab, brnu cocranenu
OpAEHNLHG, TAK KaK [PaBHIBHOCTE HMHTAUMOHHOH MOOENH OOQTEERENAETCA IOTPELIHOCTRED
mopAnKa 6 % MeXOY pealbHEMH JaHHEIMH H DaHHEIMH OporHosa Ha OCHOBAHHH STOCO OENacM
EHIECT ¢ TOM, 9TO HMHTAIHOHHEE MOTENH OPHCOOHE ONA OpoCHOSHPpOBAHHA pacxofa BOOH E
mEHeM brethe HI'ZC

Brnonuum oby4eHHe perpeccHoHHoR MOTENM B BHOE NHHefHoH perpeccus. na storo
HANHIIEM OpOoTpaMMHEE Kog B oporpamMmucH cpege Phyton o HooonpsopanHem maxeta Pandas
[5—7] Pesynerar mpegcrazanuil oo pacxoganM BIH IOKAsaH Ha PHCVHEE o

Auanorwunum obpazoM BRIo OoMyHeEHo OpefcKasaHHe B OporpaMmHeM nakeTe IWatlab
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Far noxasmeaioT pesympTaTe obyYeHHA HefpoceTH B naKeTe Python, sHadyeHHe pacxoga BogE
ona ManoEomHoro 2012 r. Ges vuera EnuAnuA Kamemckofl mofmul yMmemrmmnock Ha 14 % ot
baKTHIECKOT s PAcKo/a BofH 3a 3ToT Tof B cocTasane 4300 m¥c Do cpaBHEHHR © (aKTHIECKHM
paczogoM B 5000 wCfc. Kax MokasHBaioT pesyILTaTH oby4eHHA HelipoceTH B mawere Matlab,
sHaYEHHE PACXoMda BOOH ONA ManoBemHore 2012 r Ge: yueTa enuAnma FamenckoH DofiMb
¥MEHEIIHIOCE Ha 20 % oT axTHYeckore pacxofa BOOE 2a STOT ©ofg H cocTasmmo 4000 MY mmo
CPEEHEHMIC © aKTHYecKHM paczogom B 5000 mfc. Hrax, npn noMoln HeHpoHHHZ ceTell GHIH
MONYYEHE OpOTHOSH HEMEHEHHA PACKOMoE BOOH H BIHAHHE KaMeHCko il MoAME Ha pacxol BOOH B
mmEHen brepe HI'2C onenens o1 14 go 20 %,

{Cp aBHH Te/IbH bl aHAIIT ONTHMIS aIfiH p essnvos padoTsl Hoeocubupekoii I'2C Ges yuera
H ¢ y4eroM pauaama KameHckoil mofiner. [na pemienwa sajad onTHMHzanud HI'ZC bymem
MONL20BATLCA TEOPHEH IpeNent HoH Moles HoCTH H KpHTEpHEM MakcHMEs alu npubeinu. [To wroram
pacdeToR BYIET MoaydYeHa OOTHMANLHAA BrpaboTka Moln[HooTH Ha HI 'O B cocTaBe cMElIaHHoH
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SHEPTOCUCTEMSI. [10 TeOpHH IpeNebHOM MOTe3HOCTH OYIIeT OIpeielieHa CTOHMMOCTE THAPOPECYpca
Ha HI'BC.

Tak kax paGora ['DC 3aBUCHT OT BOJOXO3IHCTBEHHOTO KOMIUIEKCA, BBIJada MOINHOCTH B
rpadhHKe Harpy3kH o0yclIOBIeHa FapaHTHPOBAHHON MOITHOCTBEO Nygp.

[Tepeimem K onrtummsaimin HI'DC ¢ MOMOIIBIO KPHTEPHA MaKCHMH3AIMH TIPHOBLIH, TIPH
KOTOPOM cOOII0OAAcTCA PaBEHCTBO IMPEACIbHBIX JOXOA0B U IPeAeibHBIX W3gepxeK ['DC —MR =MC.

Jig onmtuMmrzaiiy pexnma paboThl ['3C MakcHMH3alug MIPHOBLIH OITM CHIBACTCA YPaBHEHHAMH
MIPEAETIHHOTO TOX0Aa U ¢e0eCTONMOCTHIO SHEPIHH.

Orrrummsaig pexknva paboTel ['DC ¢ ydetoM W 0e3 ydeTra BIHIHHYI KaMEHCKOH ITOMMBI
IpefcTaBiIceHa Ha pucyHKaX 10 1 11 COOTBETCTBEHHO.
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Pucynok 10 — OnipefeneHre olTTHMAalbHOTO P eHMa
pabotel HorocuGHp ckoii I'DC ana nepHona MmapojKa ¢
YHeTOM BJIHAHHA KameHCcKoH oMbl
Ha 25 man 2012 .

PrcyHok 11 — OnpefieneHHde ONMMHMAaIBHOTO P eKAMa
pabotel HorocuGHp ckoii I'2C A neprHona nagoaka Ges
yueTa BIHAHHA KameHckol nmoimel Ha 25 maa 2012 T

Jig xaxxmoro cesoHa 2012 1. ObUIH OTIpeZieleHbl IIeHBI TIPOJakK MEKTPOSHEPTHH Ha OCHOBAHHH
TapudHOI CTOMMOCTH BOXBI, TMOTYUEHHOM MO HCIONb3yeMOMY MeTOAy. HalifieHHble pe3ymbTaThl
NpeACcTaBIIEeHEl B TallHIIE.

OnTHManbHbIE peAaaMbl patotel HI'DC s kaxkoro cesoHa 2012

Ce3oH MesxeHnb ITarogok BriToBOH cTOK
Nom, MBT 70 300 135
IleHa npogak, py6./MBT - u 3786 3630 3700

W3 maHHBIX TaOMHIBI BHAHO, YTO ¢ YBEIHYEHHEM ITPOM3BOJUMON MOITHOCTH I[eHa ITPOJaK
THAPOpPeCcYpca YMEHBIATCA. 3TO CBA3aHO ¢ TEM, UTO CIPOC Ha AMeKTpo3Hepruro ['3C yMeHbIaeTcd,
TaKk KaK O0BeM TPEIIOKEHHON IIPOAYKIMH THAPOMEKTPOCTAHIMH HAYMHAET YAOBIETBOPATH
MOTPeOHOCTH B TIOKPBITHH HATPY3KH SHEPTOCHCTEMEL.

CrouMOCTh THApOpPecYpca A peknma padoTsl ['3C ¢ ydeToM BIMAHHA KaMeHCKON ITOHMBI
COCTABMAET: IleHa Bogbl auma HI'DC B mepuop mapogka — 0,13457 pyb./M°, IId MeXKeHH —
0,1584 py6./m°, ama paBoThl Ha GBITOBOM cToKe — 0,1474 py6./m°.

B xome pacueToB OBUIH IONYYEHBI ONTHMANbHBIE MOIMHOCTH BbIpaboTKHM HI'DC B cocTaBe
THAPOTEIUIOBOH SHEPTOCHCTEMBI. TakK, AN Cliydyad, Korja BIMgHHEe KamMeHCKOH IOWMBI YYTEHO,
OIITHMANbHA4 MOITHOCTD paBHAcTcd 300 MBT, 6e3 BunaHna KaMeHcko# moiivel — 198 MBT.

BBImTH TIOTy4eHB 3HaUeHH A TapH(HOH CTOMMOCTH BOJBI AT ITepHoa Mapoaka 2012 . C yueToMm
BInaHNa KameHckod moimMbl — 0,13457 py6./M°, Ge3 yuera BIMAHHA KaMeHCKON IIOHMBI —
0,13492 py0./ar’.

[TpouspoauMBIE TTO METOAY JlarpaHKa pacyeTsl IIPH BIMIHHH KaMeHCKO#M ITOHMBI Ha OJHOM H3
BOJOIIOCTOB PeKH O0b JaBalld CPeIHIOK MOINHOCTH BhIpaOoTKH ['OC, paBHyro 242,47 MBT.
CpapHHBad JaHHYIO MOIIMHOCTh C IIONYYEHHOH ONTHMAIbHOH MOIIHOCTBIO TI0 KPHTEPHIO
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maxcHmMuzanuy npubons g 300 ME T, Mo®so cpenate BHEOL ¢ TOM, 9T0 GNA YMEHBLIEHHA PacEona
TONNHEA Ha skEHEancHTHoH T2 cTo HT MoNB30BEaThoA paspaboTaHHeH aBTopaMi MOJENBED, Tak KAk
IEHA THAROPECY LA MEHRIIE, YEM [[EHA HA TOINNHEHEIE PECYPCEL

Ecnu cpapmmeats onTHManbHYK MowmEocT: S00 MEBET ¢ mefcTEHTEntHoH EBLpaboTEOH,
I MeHARIelicad B gHanasoHe 220 — 255 MBT, o enuagne Kamencko ff mofMu coctaEnaeT ot 10 go
20 %, ZTo DoSBOIAET FOBORHTE © TOM, 9T0 HCIONESOBAHHE TAKOT( MpHPOIHOD O aKEYMYIATORA, KaK
IoHME, TOSEONAST NoMOYE YEENHYHTE BRpaboTEY MOI[HOCTH O0A SHepro e HIHTHHE paHoHOE, B
ToMYHCIEe H pafodar. Hoeocubupoka.

ITocTpoesn rpad HEH Marc HME3AHE TpHOEITH — HEHE OpoJadE C VIeToM M Be2 yUeTa BIHAHKA
Famencrof mofiMb cooTEETCTEEHHS paeHLI 2630 m 3VE6 py6./MBr-«w Hemonrsya mamnud
EpHTEpHH, 0CHOBHEAICE HA PABSHCTES NPEeMelbHHE OOXOOCE H OpelelbHEX HIOEpEEE, MOEHO
obOoCHOBATE NUEHH Opofa® Ha SIEKTROSHEpPTHE: |20 HCxomd H: oOTHManbHoro obbema ee
ERpaboTH

Bupaborka momuocts I'2C HampAMyIO 2aBHMCHT OT KONHUECTEA OTIAaHHOR mofimod Bopgml,
KOTOpad MOCTYIAET Ha BPalaollyiocd 9acTk THAPpOTVROHHEL B OpHEOGHT €& B OBHEEHHE
KHHETHYECKOH H [OTEHUHANbHOH SHeprHeH Bofe, YT0 B CBOKY OYEpegb [PHEOOHT K
npeobpasoBaHHE MEXaHHYECKS H SHEPTHH BOH B SIEKTE HYECKYI: SHEPT M YEpes THOpoTEHER ATop.

Hrar, Famenckad nofiMa OpelcTaBNAET BaXHoe SHaueHHE I0A fJed uuuTHoH Hobocubupokod
230, Tar Kak ZapaKTepHEVETCA OTHaUed aKKyMyIHpoBaHHOH SHERTHH THIpOopeECYpCa H, bollee Toro,
NOSEOIAET YEEIHYHTE KONMHYECTES EHpabaTHEaeMod Mol He oTH Ha HL 2C.

Ha occmoBanmmn msnomenHoro cmenaeM BrEogH. B pabore brma pasobpana MeTogmEa
ONTHME: AHH CHOPOTEIUIOBCH CHCTEMEL 00 METOOY MaECHMESAUHH OpHOLIH H EpHTEpHID
OpENeNbHOH MONESHOCTH, a TaKEe oTTHMHIHpOBAH pEEHM paboTH Do DaHHOH METOIHEE INIA
mepHoma Daeogka B Mae 2012 ¢ gna HU2C, JadHad MeTolHEa SHAYHTEIEHS IpOllle E pacdeTay H
MOHATHEE, ECNH CPABHHEATE £ C METOMOM O OITHMHsanuu no Jlarpamxy. PaspaboTaHHad MeTogHEA
DOSEONAET TAKKE ONPENENHTE CTOHMOCTE THOpopecypca H oboCcHOBaTh pasMep LEHH IOpogax
SMEKTPOSHEPTHH.

Eune mpoBememe HococHelfoBaHHE OpHpoOHODS SKEVMYIATOpa THApopecypoa — KaMmenckod
mofME — M OIEHEHO EE ENHAHHE Ha pex#MeE paborw HI'2C, IlpH moMoIlM OpoTHOSHpOEAHHT
HefipoHHLE ceTell BLIT onpefelel pacxol BOOE, HE VURTHEAKIIHE FKaMenckyio moiny.

B npaxtHueckoH wacTH BHIMa HCOoME30BaHA HOBAA MEeTONHKA ONTHMHIAIHH PEeXHMOE IIA
HI™3C Pacuetw npHEcgHIHCE OUA aHanld:a BIHAHHA #OPHPOOHOTG aKEVMYIATOpa — bDHIIH
HCOONESOEAHE LAaHHEE, VYHTHEMCU[HE BIHAHHE FameHcEoH HDOHMEl H He YVUHTHIEAIOL[HE EE
ENHAHHE.

B zome pacdeToR DRIMH DONYYEHE ONTHMATEHEIE MOIM[HOCTH EBRpabotkn HI'ZC E cocTaee
THAPOTENNIOEOH SHEPUOCHCTEMEL TaK, ONA cOydad, KOMma BIHAHHEe KaMeHckol ooHME yITEHO,
oITHMATEHAA Mol HooTE cocTaenaeT 300 MEB T, bes ennanna Famercro i mofine — 198 MBET.

Erunyp nonyaenn tapud HEE CTOHMOCTH BOOH OIA HepHoga HaEomea B Mae 2012 o O yieTom
BIHAHNA FameHckod nofimer — 0,13457, p}.rE.fnP, bes ydueTa BNHAHHA KaMeHcKo#d oodmMer —
0,13492 py6 /1

IIpouspogumele pacyeTs 0o MeTony Jarpamsa ops BENHARHE KaMeHcKo # ToAME Ha OJHO M HS
EOO0IOCTOE p. (OB gaBany cpefHow MoL[HO CTE BHpaboTin [0, papayio 242, 47 MEB 1 Cpasuueas
DAHHYK MOL]HOCTE C OOAYHSEHHOH OITHMANE HoH MOL]HOCTEES 0 METOOY MAKCHMHIALHH [IpHDEIIH
g 200 MBT, mMoxHo COEDaTe BHEON ¢ ToM, 4T0 I0A YMEHRIIEHHA pac¥ofa TOIIHER Ha
skeveaneHTHoH T3] cTouT monbzoBaThcAd HOEOH MeToNHECH, Tak Kak corlacHo paspaboTaHHod
AETOPAME MOJENH [[EHA THIROPECYPCA MONVYASTCA MEHEIIE, YEM [[EHA Ha TOMNHEHEIE PECYRCEL

Ecnu cpapuneatt o ITHMATE HYRe MolHG 0T E S00 MEBT, nonyuennyie cornacus paspaboTanns
AETOpaMH METOOHEE C YYeToM BIHAHHA FameHckof DoHMH, ¢ OeAcTEHTENbHOH BHpaboTHoH,
I MeHARUeHcA B gHadasoHe 220 — 255 MBT, To MoXHe OIeHHTE BIHAHHEe KamMeHcKoH DofMH B
nuanazoHe oT 10 g0 20 %0 2370 IosBONAET TOBOPHTE ¢ TOM, 9TO HCOONRS0BAHRE TAKOTO IpHROTHOTO
AMEYMYIATOPA, KAk PEYHEE OOHME, DOSBOIAET NOMOYL VEEIMYHTE BHpaboTEY MON[HOCTH IMA
sHeproged HURTHHE paifioHoE, B ToM YHclIe H pafioda Hopocubupexa Bonee Toro, BLOep KHEAETCA
TpeboBaHie, Ope EABNAEMOE K Bo30DHOBIAEMEIM HCTOYHHEAM SHEPIHH B CHIY CTOXaCTHYECKOTO
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HapakTepa BHpaboTKH SNeKTPpoSHEPT HH Ha Hell, a HMEHHS 00 HATHYMIO aKEYMYIATOPOE SHEPTHH B
LENAY HANEEHOT 0 SHEprocHab X eHHA ToTpebHTenA

IlocTpoesn rpah HEH MAKCHMES ADHH OpHOLITH — UEHHE Opofa® C VIETOM BIHAHHA pedHo#
moHME H BE3 HETo CooTBETCTEEHHO paBHel 3630 u 3736 pyd/MBr- -y Hcomompsya mamnwi
KpHTEpHH, 0CHOBLEAACL HA PABEHCTEE NPEMelLHLE OOXOMCE H OpelelbHEE H3IEpEEK, MOEHO
oBOCHOBATE UEHH ORONAE Ha SHeKTROSHepTmo [0 HCHomA H: oOTHMaNbHoro obbema ee
EBHpaboTHH
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HMHTAITHOHHAA MOJEIL HHREPTOPHOH CHCTEMBI 3ATTVCKA
ABHI'ATEJIA TEILIOBO3A € ¥YUETOM ITAPAMETPOE JH3EJIB-TEHEPATOPA
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IATL AR S mulink xomymexcuod wamer armneckoll Modem! NEPCnexmusiol] cUCmeisl Fa¥Poka CLNoSCE FOmaH okt
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Modezd W JEREAIHOS CHVLICEHUE S0ek BRONOS SKRMWMARL MPCKOSOH MPeclpRiosament W €20 CUCMSMF FHPASRERL,
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SIMULATION MODEL FOR THE INVERTER SYSTEM OF DIESEL LOCOJMOTIVE
ENGINE STARTING SYSTEM TAKING INTO ACCOUNT DIESEL GENERATOR
PARAMETERS

Abstract The arficle is devafed fo fhe development and study of an infegrafed mathemafical model of an advanced
spsfem for starfing the power plavt of a self-contained locomofive in MATLARSimulink soffware packages. The audhor
Proposes fo use a fracfion generafor fo crank fthe engine cranlshaflt dring the sfarf-up process. The paper provides the
general sfruchure of the developed simudafion model, as well s a defled descripfion of all wats, clwding the sfarfing
corverter apid ifs comfrol grsfem, the baffery, fhe symchirorows gererafor, fhe upper -lovel confrol sysfem aid the load waif
simlafing the moment of resisfance fo diesel engive cranbishaff or anling depending on fhe nemafic wscosify of engine
ail. The study fahes ivfo accownt parameters of dlecfricd and mechavicd parfs of the sfarfing spsfem, using exisfing
devices of 3TE 28 diesel loc amafive ffracfionumif, diesel engine, baffery )as profofppes, which allows for the mosf accurafe
descripfion of processes occwrring dering the sfarf-wp of the locomofive power plavf. The equeafions deseriling fhe
qperafion of the excifafion current regudafor, the hpuf volfage boosfer walf and fhe flree-phase Drverfer ichuded in the
sfarfing covwerter are provided The final part of the arficle provides the simuafion resulfs for different sefs of confral
parameters. The developed simulafion model can be modified and used fo study Dwverfor spsfems fo sfarf new serles
locomafives faldng nfo account parameters of fheir power plant, as well as for the fing adiustment of &l gorithms of the
sfarfing converfer aufomatic confral sysfem.

KEeyworde: infegrated simulafion model, spnchronous generator, sfarfing corverter, diesel generator, dizsel engine
crepilishaft rofafion momert of resisfarre fo cranling

Ha TEEVIIEM 3TAIlE HaVHHO-TEEHHHUECEODC IIpOTrpECcCa HEEOSMOXEHO IREACTAEHTE IIDOIOECC
MpOEKTHROEBAHHNA CIOXEHEEE TEXHHYECEIDL FETpOﬁETB HIH CHCTEM DE: MaTeMaTHYECKOTO MOTEIH-
foBaHHA
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KTPOTEXHUYECKWEe KOMNNEeKCbl H CUCTEMBI

Ipaxrudueckaa peanuzalHAd BOSMOEHOCTEH MATEMATHYECKODO MOIENTHpOBAHHA H BEIYHCIIH-
TENBHOrO SKCIOEPHMEHTA CYL[ECTEEHHO OoEEINAET 5GGENTHEHOCTE HHEEHEPHEEX paipaboTok,
ocobEHHO IPH CORTARMH IpHHIIHIHANE HO HOBREK yoTpoHoTe [1].

COHEMH H: BHOOE MaTeMaTHUECKHX MOTelefl ABMAIOTCA HMHTALHO HHEIE MaTeMAaTHYECKHE
mogend JaHHER BHE Mogenedl npegcTaEnaeT coboH cOBOKYIHOCTE ¢ IHCAHRA SIEMEHTOE CHOTEMEL,
B3 aHMO CE: £H SIEMEHTOE OPYT C OPYToM, BHEIIHHY BOSHeACTERH, alr opHTMOE G HE UHOHHPO BAHHA
CHCTEMEL ([ HIH P aBHI HEMEHEHHA COCTOAHNA) IoT BNHAHKEM BHEIIHHY H BHYTPEHHHE BOS MYI EHHEA.
HOna peanmsalul TakHx MogeNell HCOONBSYIOTCA BLYHCIHTENLHEE CPENCTEA, CPefCcTBaMH
hopMATH20BAHHOTC O MHCAHHA CAYKAT YHHESPCANE HEIE HIH CIIE L HATLHEIE AN Op HTMHYECKHE T3 HIKH.

Huuranno HHoE MOOENHPOBAHHE OCTAETCA NPAKTHUECKH EQHHCTEEHHO OOCTYIHEIM METONOM
HONYYeHHA HHDOPMALHH © MOBENEHHH CJIOXHEY CHCTEM B VCOIOBHAX HEONpefeleHHOCTH, 9TO
oCcobEHHO BAXKHO Ha STAlE HX OpoeKTHpoEaHHA JMaHHEM METOLOM MOEHO OOPENEIATE CTPYETYPY,
HapaMeTpEl H ANCOPHTMEl YOPABNEHHA CHHTESHPYEMOH CHCTEME H HMHTHPOBATE IIOBEJEHHE
CHCTEMLEL E fasIHYHEE YOIoEHAR [2]

Hueepropuasa cucTema zamycka JEHTaTeNIel JIOKOMOTHEBOE. [ COOEHEM TEXHHYECKHM
CHCTEMAM, HMEFOIHM BONBLIIOE KOMHYECTE SIEMEHTCOE H B2 aHMOCEA: e Mexny coboH, oTHOCHTCA
CHCTEMA SA0YCKa JEHMATENA aBTO HOMHOTO NOKOMOTHER, KAl NpaBHI0, JHSENLHOTO HIH FasoBoro.

B obmem cnyyae coppeMeHHAA CHOTEMA BalyCKa CHIOBCH YCTAHOBKH JOKO MOTHEA BKIIIOYAET B
cebA CIE] VEOI HE O CHOEHEIE SJIEMEHTEL

— ABTOHO MHEIH HCTOUHHK SHEPTHHE,

— yoTpOHCTES NpENEapHTENLEHO H packpyIEH KONEHIaToro Bala JEHTaTeld,

— TOINHEHYIO allapaTypy HEHCATEN,

— NEKTPHYECKHE HACOCH IJIA NpoKaYKH Macla H TOIIHEA,

— SNEKTPOHHHHE BIoK YIpaBTeHHA OEHT aTeNd,

— MEKTPHYEECKHE KOMMYTAUHOHHEE AlIapaTh,

— CHCTEMY IOQOTpEEa TEMNIOHOCHTENEH NEHT aTEIA.

Ilepcner THEHEIM TEXHHYECKHM pEIMIEHHEM B YaCTH COBEPIIEHCTECBAHHA CHCTEM SalycKa
OEHT ATENEd JOKOMOTHECE H MIOBHIIEHHA [I0Kas ATENeH HE 9K CIUTYATALHO HHOH HaJ[eXK Ho CTH ABIAETCA
BHEIPEHHE HHEEPTOROE E KAYECTEE YoTPpoiCTE IpefBapHTENbHOH packpyTEH KONEHIATOTO Bala.

B mapHoM TEXHMYECKOM pELIEHHH OpelEapHTENL HYK PACKPYTEY KONEHYAT M0 Bala JEHCATela
BHIIOIHAET CHHXPOHHEH TeHepaTop, KPpaTKoBpeMeEHH paboTaroUlHA B QEHCATENRHOM PEXHME H
DoNyYakcIiHi THTAaHHE oT OVCKoEore mpeobpasosatend [3].

YVnpolUleHHAA CTPYKTYpHAdA CXeMa Takoid CHCTEME DpHEEJEHA HA PHCYHKE | H mogpobHo

oMHCcaHa E paboTte [4]
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IIpu opoexTHpoBaHHH HHEEPTOPHOH CHOTEME 3aOyCEa HeobXOOHMO KOMILIEKCHO pacCMart-
PHEATE H YIHTHEATE MHOEECTES paslHIHEY HapaMeTpoR, TAKHE KaK

— HOMHHANEHOE HANPAXEHHE H ToTpebllAe MEH TOK 0T aKKVMyIATOpHOR baTapen;

— EMKOCTE AKKYMyIATOpHOR baTapen,

— HApMSEEHHE DHTAHHA, TOK BesbyEIeHHA H dasHEe TOKH TAMCECr o TEHEPATOPA OpH IHTAHHH
oT MyCKoBOro OpeobpasoBaTend,

— BpEMA H TEMI PACKPYTEH KONEHYATOr O Bala TEHT aTENA,

— MOMEHT HHEPIHH TAT OBOT 0 TEHEPATOPa,

— MOMEHTH HHERIIHH Bpalll akoIHECA Macc JEHCaTEN,

— TEMOEpATYPHO -BAMKOCTHAA XapaK TEPHCTHE A MOTOPHOTO MACTA.

YVyecTh BIHAHHE SNMEKTPHIECKHE NapaMeTpoE aKKy MyJIATOpHOH baTapeH, TATOBOTO TEHEpATOpa
H OYCECBoTUo OpecbpasoBaTend, a TaKEe MeXaHHYeCKHE NOapaMeTphl OHIeNb-TEHEpaTopa H
AMCOPHTME VIOPAENEHHA 2al0yCEoM CHIOECH VCTAHOBKH E LENOM [OO3EOIAET KOMIIEKCHAA
HMHTAIHCHEAA MoJel: JadHe H TeXHIMecKol cHoTeEMEL

HrymiTarpionnana Mogen: cHcTeMEL 3adycka CHIOBOH YCTAaHOBKH JoKomMoTHEa. MMogens
CHCTEMEL 2AMyCKa OH2EIRHOTC JEMTATENA TENNOEC:a 51228 paspaboTada B DareTe OpHETAJNHELX
nporpams MATLAL Sipadink. Bubop DaHHOTG HHCTRYMEHTA oDYCIOENEH HANHYHEM ITHEOKOTO
cnexTpa DHONHOTEK, KOTOpPHE MOTYT OHTE HCHONEZ0BAHE OpH MOLelHpoBAHHH B PasiHYHEX
obMacTa: HAYEH H TEXHHEH. B HacToAllee BpeMa DareThl MATLAR Simulink AENAIGTCA ONHEME H3
OVUNIME [O0A  MOOelHpOoBAHHA  SIeKTpoTEXHNYECKHY  VOTPOHCTE M cHCTEM  CodeTadHe
bubnuoTedHER bI0KOE H paspabo TAHHER DOMB20EATENEM CobCTEEHHLE SIEMEHTOE IPpENo CTARTALET
E0S MOEHOCTE §op MHEpoEAHHA HMHETAHOHHOH ModenH mobo i clIo®HOCTH.

Dbad cTpVETYPa paspaboTadHoH MoJelH OpHESIEHA HA PHCYVHEE 2.
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Preyror 2 — OBnas cTpyeTypa MOF AITH MEE 80T OPE OH CHCT éMEBI 3AITYCEA JEHTATelld

Hmuranuo HEAA MONENE BKIMOYAET B cehA CIEOYION] HE O CHOEHEIE KOMIO HEHTED

— Battery — adyMyIATOpHYIC baTapemo,

— Digsel Start Comverier — nyckoBof npeobpas oBaTeNL,

— Traction generalor — TATOEHHA I eHEPATOP,

— Engine Control Ukif — snexTpo HEEE BIOK YOIPABIEHHA T EIEM,

— Diggel Start Converter Contral Systerms — CHCTEMY AETOMATHYECKOTO VIPAENEHHA NYCKEOBOTO
npeobpazoEaTend,

—J— bo¥, HMETHPYION] HE MOMEHT HHEPUHH POTORA TAT OBOrG DEHERATO DA,
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— Digsel Mc — Gnox, HMHETHPVIOU[HA MOMEHT CoONpoTHEIEHHA NpOKPpYIHBAHHIC KOJEHYIATOT O
Bala JEHCAT eI,

— DaTYHKH TOKA, HAOPAXKEHHA, MOMERTA, YIIOEBOD ¢ CMEL] £ HHA, YACTOTE Bpall] £ HHA,

— Scopes — bIOK BHSYANH: AllHH pesYILTATOE M3 MEpEHHA

B kauectee mapametpor bmoxa Saffery yoTAHABNHEAIOTCA TEXHHYECKHE XapaKTepHCTHEH
MENoYHoH HHEEIE -KaqMHEESH aKKyMyIATe pHoH batapen Tuna 72EPH220F, xoTopad OpHMEHASTCA
EKaiecTEe HESAEHCHMODO HCTOHUHHEA SHEPTHH TEIUIOEOSA 51 3258,

CHOBHEE TEXHHYECKHE XaparkTEpHCTHEH baTapel npHEeLeHH B Tabaune 1[5)

Tabmenra 1 — Texemnaecezte xapasTepHoTIEE HaTapes Toma T2 PHL20P

H onporanesoe Kommectso H ornprranesoe
HATT{ T BHEE =T EMEHT OF HATI THEHHE H A HAT Pesema pazpaga
AL EMEOCTE, &1
SnemMeEHTaE, B B Barapee, nrr. Baraper, B
1,2 T2 26,4 220 K Op OTKEE

Snement [fessl Sart Comverfer ABIASTCA  MOIETBEK OVCKOEOTS  OpeobpasoBaTend,
paspaboramHofi Ha base SHeKTpHUecKod NpHHUHOHANBEHOH CHEME yoTpolcTBa B cocTae
KO MIOHEHTA EXOOAT CAEOVICL He G YHEIHOHANEHO SaKOHYeHEEHE DIOKH

— PETYIATOR ToKa Bosbywnenna Fxcitation block,

— 2EEHO MOBLINEHHA BXONHOTO HanpAxeund Soost block,

— MOSVIL AaBTOHCMHOTS HHEEPTODA HANpAXKeHHA fnverter block

CrpveTvpa bnoka Diesel Siart Converter IpHEeIeHa Ha pPHCYHEE 3.
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Prucyror 3 — CTpyETyPa MOZeIH Iy cKOEOTo Ip eobpasosaTena

B cocrae perynatopa Toka BesbyE qenna ExofuT FAE T-MoqyaL © aHTHOAPATIENE HEIM JHOTOM,
cHabbepHEIH KOHOEHcaTop, MHON JOJA SaMEKAHHA Toka, OPOTEKACLU[Ero Hepes  obMoTEY
E03EYEIE HUA TATOEOTO TEHEPATOPA IPH OTKIOUEHHE CHIOEOTO KIKOYa, KO HIEHCATop § HIB Tha.

IMogyne MOBLHINEHHA EXOOHODO HAOPAXEHHA COCTOHT M3 HETHPEX OOHHAKOBHEX BIOKOE,
EENIOYEHHEE DapalilelbHe H oDEeqHHeHHER 00 BHXOOY. B cocTae Kaxgoro buoka exogur S5 T-
MOIYIE C AHTHIAPANIENE HE M JHONOM, CHabbepHEH KOHTEHCATO P, Ao CCENE HAKO INEHHA SHEPT HH,
CHIOEOH QHON H KOHIEHCATOP, CIIANHEAKOI[HEA ELIX0 JHLIE IYIL CALHH.

MMopyne ueEEpTOpa npencTaEnAeT cobol MoCTOBOH HHBEPTOD HApAXKEeHHA, cobpaHHEf Ha base
JFBT-monyned ¢ aHTHIAP AL ENE HEIME JHO JaMH B cHabbepHEIMH KoHIeHCaTo [ aMH.

[TapamMeTpr MMEMEHTOR, HCIONBSYEMEX B MOTETH, E3ATH HS TEXHHYECKoH DOKVMEHTAIIHH Ha
KO MIUIEKTYION] He, MpHMEHASMEIE B SIEKTpHYECK off OpHEIHIHAE HOH CcXe Me OpeobpasoBaTend

Ilogpobuaa cTpyETYpa VEaSaHHHEE OOoK0B, HE O(YHKUHOHANLHEIE CEASH [pHEEJEHE
E HCTOYHMEE [3].
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QHEHTPDTEXHH YeCKue KoMmnnekCbl U CUCTEME

SnemeHT Traction generator — 5To BIIOK HMHTAUHOHHOH MOTDENH CHHEpOHHO H ABHO MONKOCHOH
MAalTHHE BEs YoOoKoHTENRH H femMnbepHol obuMoTed 0 GHbBIHOTEKH Simscaps TaKeTa Sixadink

B xaygectEe mpoToTHOA SMEKTPHYECKOR MAIIHHEL NEpEMEHHOTO TOKA, HapaMeTprl KoTopoi
YCTAHAENHEAOTCA B bnokxe Traction generator B MONENH, HCOONLSVETCA CHHXPOHHEIA TATOBHH
arperar THHa AT2C-2800/4003, xoTopmH yoTaHaBNHEAeTCA Ha TemlobBoze S12328. Ilpm
MOIETHpoEAaHHH TACOEBLHA T eHEPATOP PACCMAT) HEASTCA KAk SMEMEHT IEKTPOIpHEo A (Tpexd a3 HEldl
OEHTATENL NEPEMEHHOTO TOKA) C YYETOM CEO HOTE obpaTHMOCTH SIEKTPHYECK Y MALI HH.

JCHOBHEE TEXHHYECKHE Xapark TEpHCTHEH arperaTa IpHEETeHH B Taboue 2 [6].

Tafmeara 2 — OCHOBHEIR TeX HEMIECKHE X 8 4ET &1 CTHEM TAT0BOC 0 arperara AT 2C-2200/400x

Harmaeros arme mapaneTya TAroprmi reseparop BenoaorareneHEDT remepaTop
MMoniHocTE, EBT 2200 400
H ampms ebne numeisoe, B 580 7365 400
T ok dasHeDL & 2= 1530 £33 = 2400 2 =490
YacToTa B pan] esu0d HOMMHATBHAE, oRMEmE 1000
YacroTa Tora, 11 100
¥ oirniecTEO Iap IO C OF f f
FILHO, % 95,5 /95,0 90
T 1o oxn a¥ g eEA B oz gymim oe, IpMEyEHT EIEHOE
P erma paboTer T {0 O T BT HE T

B mopmenu yCcTAHOBNEHH CHEOVIIMHE OCHOBHEIE NapaMeTpH CHHIpPOHHOH SMEKTpHYECKOHd
MAITHHEL

— KOIHYECTED Oap OoJKCOE,

— L4, Ly — MHOYKTHEHO CTH 0bMOTOK CTATOpA D0 Opogoib HOH H IONEpEYHEM oCcAM & H g,

— Iy— monHad HEOVETHEHOCTE O BMOTKH B0SbY EIeHHA,

— L0 — HHOVETHEHOCTE pacCedaHid Paskl cTaTopa IIA HYIEEod DoCHeqoBaTels HoCTH das,

— B, — avTHEHGE CONpo THENEHHE Dast o bMOTEH CTATOPA,

— Ry — aTHEHOE CONpOTHEIEHHE ¢ bMoTHH Bosby EIeHHA;

—J — MOMEHT HHEPIHH POTOPA.

Foumnonent mogenn Exngine Contrel Ukl samacT HadamLHLIE OapaMeTpEl OpolEcca SalyCEa,
EOTOpHE GOpMHPYET SIEKTPOHHHA pECYIATOP NEHCATENA IJIA CHCTEME ABTOMATHHECKODO
YOpABIEHHA OYCKOBOT O Ipeo bpasoBaTens

Perynarop yoTaHABMHEAET CHEMVIOLIHE OapaMETPEL

— MAKCHMAIBHYI) IJIHTENEHOCTE OpOLECCA OpokpyIEH KOJEHIAToro Bala JEHaTeld, KoTopad
safaeTed B HacTpoiikax naxeta MATLALS ¥ paEHa QIHTENL HOC TH Mo ElHP OBaHHA,

— ToK Bo3bYEEHHA C HHXpO HHOTO TeHepaTopa lexe_raf,

_ __ = | — tasHHBE TeK CcTaTopHoH obMoTEH
\_ = J T I-{\I&x-;_'ef! It ref
Ref frag Freq_Sazwratian lescirpm) — 3ANaHHYED HACTOTV BRallleHHEA poTopa
reHepatTopa Freg raf
LB as — HaOpAEEeHHE B 3EBEHE OOCTOAHHOTO
.............. - ToKa Libst.
B mopmenu ganHbe napaMeTpH S agaroTCA

»Feq el B TAONHYHOM BHEE B 3aBHCHMOCTH OT
TEEYI[EH YacTOTH EpPal[eHHA EBala TEHE-
patopa.

CTpyETypa snemeHTa Sngine Conirol
Ulxit npHEENEHA Ha pHCYHEE 4.

PucyHok 4 — CTpyeTypa Gmoka Engineg Cowfrol Uit Enox Diesel Stare Cownvertar Control

Systew npencTaenAeT cobol MoTENL CHC-
TEME] AETOMATHIECK OO YIPABNEHHA NYCKOEBOT O Ipeo bpasoBaTen

-0 -
Ty | Libat re[l

Ubskirpm)
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Obl[ad cTPYETYPa VEasaHHOro SIEME HTA NpHEEIEHA HA PHCYHKE O

f.l.'nl @' Bons: Cenlml | T
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| IJI.-_:‘.__:_:- ":u”" Ine=rber Contral
' 1L
v J . \.
e zomil D |
beuez_red i

Preymor 5 — CrpyrTypa bnora Diesel Sfarf Converfer Covtfrol Sysfem

B cocrar momcucTemu  Soost Congrol BxonaTr guckpeTHn# IIH-perymnatop, ¥oTopoif
paccHHTHEaeT HeobzoguMuE wosbpduument szanonuesna IHM-cuwrumana Ha ocHoBaHHH
pPACCOTMACOEBAHHA MEEIY 3afaHHHM HAIpAEeHHEM B 3BEHe [NOBEINEHHA BXOOHOTO HANPAKEHHA
Ubst ref v mamepennny suaveunenM Dhet, u ITHAM-regepatop, bopMUEpYVIOUIHE BEKTOD M2 e THPEX
VOPAENAMCINE CHIHANOE (& boosf gna JGOT7-mopgynefi NOBHINARCIIETG SEBEHA IVCEOBOTO
npeobpazoparend B mogenn mecyvinad dactota IIHM cocrasnmaer 10 &l

PerynupoBaHHe  EBHEOOHOIO  HAOPAWEHHA  LUowf DOBHINAROMIECG  OpecbpasoBaTend
OCYIIECTENAETCA $a CUeT B3 MeHeHHA Kosd P HIHeHTa sancnHeH A yopaenmomtero TTHM-curmana.

Upe = 2, (1
roe L — BXONHG & HANPAE eHHEe HOTOY HHEA THTaHHA, O —rosddunuent sanonuenna [ITHM-curgana.
YOpaBncHHE PECYIATOROM TokKa BO3bYEIEHHA CHHEpOHHOTO CEHERATORA OCYLIECTEIAST
mopncHcTeMa Hxe Coxfrol Ha ocHOBE sHadeHHR safaHHoro Toka bBosbymmemua flexc ref u
M MEpEHHOT O Jexe. Bnok pealusyeT DHCTEPESHCHEIH PECYVIATOR TOKA, VIPARIAA IEpEKIIOYeHHEM
CHIOBOTO MOOYIA HocpencTBoM curHauna (& Jexe. IlpH mepecedeHHH CcHCHaloM Jexc HHEHEeH
TPaHHIE OodochH THCTEPESHCA (opMHPYETCA CHICHAN Ha BEmcdeHns JOET-momgynda, a opH
OpEELINEHHH BEpXHeH TpadHHlE OpOHCEONHT oTKIUEHHEe TpamsucTopa |IHpHHA DOIXoCH
THCTEPESHCA B ONHCHEAEMOR MoJenu cocTaEnAeT 5 A OTHOCHTENLHO SaTaHHOTO 3 HAYeHHA TOKA
pozbyEnenna fexe_raf.
CpENHEE sHAYEHHE ToKABo3b Y ENEHHA Jowep 28 NEpHON T = fon +ig¢ B YCTAHOEHEIIE MCA PEE HME

oOpegendeTca oo popuyne [3]:

. Uincton (2}

t [ o 1
_ruﬂﬂ stcldt + “rtnT ﬂansxn:Zdt) = ; Fere =

1
IEIEEL}:;.(

rae Uin — BEXOOHOE HAOPAXEHHE HCTOYHHEA DHTAHHA, T — neproq vopasnmon]ero TIHM-curmana;
lonel — TOK, OPOTEKAIOIIHH Yepes OTEPEITHE TpaHsHCTOp H obMoTHY BosbyEIEHHA TeHepaTopa,
lexz — TOE, TNpoTEKaOU[HA depes obMoTEY BoshyEOEHHA FEHepaTopa H OHOL IOCIE 3aKpEITHA
YOPaBIACIIEr s  KENKHa, fmm — OIHTENRHOCTE CHTHala Ha BEMMeHHe  JOGET-mopyna;
g — DNHTENEHOCTE CHIHaNA Ha oTEIode HHe [U5 T-Monyna.

Haubonee cnomuyio cTpyETYPY HMeeT DogcHCTeMa Soverter Confral, Ko Topad yopagnaet G5 T-
MOOYIAME HHEEPTOPA HAOPAXKEHHA, POopMHPYA ToK OEpeMEeHHOH AMIONHTYOE H 9acTOTH OIA
cTaTopHofl obMOTEH CHHXpOHHOTO TEHEpaTopa CHeIVeT oTMETHIR, 4To bmok fmverigr Conrirol
PEANHSVET AIrOPHTME VIOPAEIEHHA HHEBEpTopoM GEs MaHHEE o TEEYI[EM YLJIOBOM IONONEHHH
pPOTORA TAD OB TEHEPATOPA, STO 3HAUHTENEHO NOBHIIAST HX CIOKHOCTE,
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QHEHTPDTEXHHHEGI{HE KOMNNeKChbl U CUCTEMEI

B cuEzpoHHOH MallHHe MeXaHHYeCKad GacToTa BPA[eHHA poTopa HaXolHTCA B CTpOroH
SABHCHMOCTH T NHTaON[eH HacTeTH H pabBHA 9HacToTe MarHWTHoTe nond llnaeme perynupya
HACTOTY TOKA CTATOPHOH 0bPMOTHM IpH 2alaHHOM 2HAYEHHH TOKA, NP0 TEKAMLIErD Yepes obMOTHY
EosbyEIe HHA, MOEHO OPHEECTH BO ERAleHHE poTop CHHEPOHHOTO TEHEPATOPAa, KOTORHE B CBOIO
oHEpENE CEA3AH C KONEHYATEM BATOM JHIEIEHOrC JEMMATENA [ alHM cIoco boM MoXHG pacKkpyTHTE
KONEHYATH H BAN JHAENEHOT O QEHTATENA 00 HeobZoTHMO # 9ACTOTEH B OCYI]ECTEHTE EI0 3 ATV CK.

CHOEHEIE HIEMEHTH NoNCHCTEME fverter Coxirol IpHEETEHL Ha pHCYVHEE 6

tofn calouiaion AMS nARL Craird, ki
if ref —

] It ALT

4

0 )

Impas S

==p
L

=1

s iesis_soops

Proymoe 6 — CrpyeTypa mog cuer evel Dverfer Copfrol

Enow ieta Calowlafion paccdHTHEaET TeRVIIHE dasoBRH SMEKTPHYECKHE YOOI fsia B
3ABHCHMOCTH OT H3MEHEHHA MEXAHHYUECKOH YacTOTH BRAUleHHA poTORA CHHXpOHHOTO TEHEpATOpPA.
C YHETOM KOMHYECTEA HONKCOE YT ON f2fa PACCYHTHEAETCA Mo dOpMYyIe:

24T 24TRp
tetd = fu BT )]

IO # — MEXaHHY9EeCKad SacToTa Bpalll e HHA poTopa, P — KOIHHECTES Iap NOMKOCOE,
Pacuer sHaueHHH ¢ a3HEE TOKOE CTATOPHOH 0OMOTKH CHHZp O HHOH MAalll HHEL IPOHSBOIHTCA B
brnoxe RMS o ASC Ha Gase samgaHHOre SHaYEHHA ToKa ff_ref
—
B Emoxe paccuBTHEAETCA ONHHA obobIleHHOT ¢ BEKTOpA DASHEY CTATOPHEX TOKOE IS, mocme
YEro OOpefemoTea Ipo eKIHHE TaHHOTO BEKTOPA HA oCH 0l P B OEVE] asHoH HENOOBHE HOH CHOTEME

EOOpIHHEAT of:

L =72 -If ref, )
i, = I -costetd, =)
ig = I -sinreca, (&)

TOE I, If — OPOEKIHH IS ua ocu o u [ cooTBETCTERHHS, (2ia — SNeKTPHYECKHA das 0B yT ol

Ha tpeteeM sTane EHYHCIEHHE BRHOOAHACOTCA KoopIHHATHEE OpecbpasoBalua Ond Nepexona
I OEVE(asHo# CHCTEMEH EoopfHHaT wf B Tpexdasmyic (HemomBmmuyio) cHoTemy ASC Pacuer
EEIIGJIHAETCA B COOTEETCTEHE CO CIENVEOL]HMH BEID 23K & HHAME

Irs_f_ﬂ = il:t; ':?:'
ERE
Lo =—b (8)
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— ==
I?'s_f_f.' - 5 : (9:'
TIE fref A, fraf B, Fref ¢ — PACCUHTAHHEIE 3HAYEHHA § R3HLE TOKOE CTATOPA.

SNeMeEHT HogcHoTeMEl Current Regulator npepgcTaEnAeT coboll THCTEpESHCOHEIA peneHHo-
BEKTOPHHEA PETyNATOR Toka B maHHOM bNoKe BEMHCIECTCA OTEIOHEHHMA M3MEPEHHEE §asHEX
TOKOE Jfows ohe OT 2aTAHHHY Jef ARC, KOTOpPHE GOpMHDPYIOT BEKTOP OWHOKH TOKOE CTATOPA

—
Als{Afa, AIb, Ale).

FoMnoHeHTH OHCKPETHOMO EEETODA YIOpAENeHHA [(FET-TpaHZHCTOPAMH DACCYHTHEAKCTCA E

COOTEETCTEHE Co CIET VRO HME EEAN e HHAME:

. = 1 ecmt Ay = s 10
4= {—1, ecmu Al << =8y (10
Ay =ILopy — Imeass. (11)

IIE j VEASHEAET Ha COOTEBETCTEVIC VIO dasy A, B, U, 51— BexTopHad DHCKpeTHAA GVHKIIHA TOKOBHE
olHbOE Io Faxgod dase; beg — KO MIIO HEHTL BEKTOPA SaNaHHOr O SHAYEHHA TOKA OJA Kaxgod ¢ asw;
Jway — KOMIOHEHTH BEKTOPA HIMEPEHHLEE MM HOEEHHHEK SHAUeHHA a3 HEX TOKOE, Ofim— HOPOT OBOE
SHAYEHHE TOKOBOHR oIIHbKH.

TeomMeTpuueckad HHTEpPOpETAlHA BEK-
TOpa TOKCBHE oWHboK B TpexdasHoH
HENOOBIDEHOH CHCTEME KoopmuHar ABC,
CEASAHHOH CO  CTATOpOM SIEKTpHYECKO
MALIHHLE, IpHEETeHA Ha pHCYHEE 7 [ 8]

Homep cextopa ToxoBmzx ommbox AFec
(Tabmuna 3) oOpelendeTcd Ha OCHOBAHHH

COCTOAHMA OUCKPETHHX (VHKIHHE, pac- ) :*‘/ \H-x._}_. I

CUHTAHHEE 0o dophorman (100 w1 (110 N ¥
Bexropw © momepamu 1— & HazmnEaoTcA B~ 4 \ Tl

AKTHEHLIMH, BEKTORE F H & — HaCCHEHEIME,

HIH HYNEEE MH. Al =0/ A

Pucyror 7 — B exTopeas grarp andda TOKCEBD onrsb o

Tabmenra 3 — Ompesamerme HoMepa CeETORA TOKOERD ONEHOOK IT0 B0 AMCEPETHED qVEEIRIATL

SmaphE | 1,4, 1,1, -1,1, -1 -1,1,1 -1,-1,1 1, -1,1 —1,-1, - 1,1
Moo 1 2 3 4 5] f ¥ 3

1

k)

B sappcumMocTH 0T HoMepa cexTopa B bnoke Chrrent Regudator opMEpYETCABLMEOOHOH BEKTOR
YOpaBIeHHA & gna mectd JG8 T-Monyneif HEEepTopa FoMIOOHEHTH BEKTODE B SaBHCHMOCTH OT
TEKVIET 0 CEKTOpa OpefcTaBleHs B Tabmuie 4, sHadeHHe «1p COOTBETCTEYET VIpaBIANOL]EMY
CHTHaly Ha BENIOYEHHE TpaHsHoTopa, «y — Ha oTHIIOYeHHE.

Tafmeara 4 — O mpegenerre BeKTORa VTP SET errrs [ ET- Mo O AME. B 345 MCHEBIOCTH OT CEETOpa TOKOBRE 0L 0K

Honep 1 y 5 4 5 6 7 5
CEETOpA

Bexrop o npypyylpotoon|piioonglpiotglpiotiofpoottolpoonooyfp ittt
cpemennas | 1t 1|m 1t 1| 1[c |l 1[c ]

IMogcuctema mogenn Diesel Me MomenupyeT MoMEHT CONpoTHENEHHA, KOTOPOE OKAiLEAET
Iz ENEHE JEHCATENL OPH PACKPYTEE BT KOJEHYATOr o BANAE OpOlECCe 3alyoKa.
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B onucupaemofi HMHTAaUHOHHOR MONENH HCOMIL3VIOTCA HApaMETpEl SH:EIBHOTO NEHCATENA
18-90IM mz cocTapa TemmoBosa 51328 (JCHOBHEE TEXHHYECKHE HapaKTepHCTHEH IEHTATENA
mpHEENEHE E Tabmoume 5 [6].

Tafroata 5 — O CHOBHBI® TeX HIUECEIE XapakTepHOTHER BB HTaTend 1 8-9 TV

H armvieHOEare ITap andeTpa SHAMEHHE
F.obpasHBIE, QeTEIpeX TAKTHETL, |6 -IOIHHAPOEETL, C
T v grmena a5 or Y DREEE I Hag A YE OM B O ITAM SHEE
Haf A yE O Or 0 BOSEYY 2
H cvooraneras wacTora spanterrs, ob/wom 1000
Zog mopnrE, o 26
HHaMeTH IBOTEEADA, CM 26
H ovomranersas mommsocte, KBT (1. ), He MeHee 2850 (3276
Macno craasotEoe BMOT OfH 08 L-14040F

Ina oycka QHIeMRHODS IEHCATENA HeobXoOHMo OpoKpyIHEATE 00 KONEHYATRE BAl C 4acTo T i
Epamiesnd okoino 100, 200 o biuMul (B SaBHCHMOCTH OT MOTENH TEHCATENA), 9T0 TOSEOIAST CosIaTh
HeobxoQHMEE DapaMeTHE BCACHEAcMOr o B [HETHHEIPEH EosOVINHOD O sapAta H Tpeb yeMEe BaBneHHA
ENpHCEHEAS MOTO TOIIHED

IIpu onpemeneHuH OVCKOBOH 9acTOTH Bpal[EHHA KoleHYATOrO BAla OCHOBHEIM DapaMeTHoM
ABNAETCA CONPOTHBIEHHE NPOKPYYHEAHHID IEHMATENA CYMMApHOE CONpPoTHEIEHHE NEHEEHHIO
oeTaned H MEXaHH:MoOE [OpH OYCKE IEHCATENd OPHHATS OIEHHEATh EBElHYHHOH MOMEHTA
CONpoTHRIEHHA NOROERPYYHBAHNKY, SaBHCAN(Ed OT BOIKOCTH MOTOPHOTO Macha, [Iol[agH
MOBEpXHOCTEH TPEHHA, YacTOTH EBpalll éHHA, HepaEBHOMERHOCTH EBpallléHHA KONEHYATOro Bala H
IoTEPE pabouero TEMIA B MpOoUECCay CHATHA H pACIlHpEHHA

Pacuer MomMenTa conpoTHENEHHA IpOKRYIHEAHHE OHZENEHODC JEHCATENA Mr BHOOIHAETCA B
MoIEelH ¢ CIenyiolle f sMuoupudeckol dopuyne [2]:

— . . SRR 1
M, = 0,875V, - i (0,11 + 022 2=) - y*37 (12)

roe Fn — pabounf o bLeM DHIHHEOpA OEHTATENT, | — KOMHMECTES UHIHHEIDOE, ¥ — YacToTa Epall]eHHA
KOIEHYATOr O BAla QEHTATENA IpH OpoKpYIHEAHHH, v — BASKOCTE MOTOPHOTO MACa,
Pabounfi obrem nunuHEnpa Fh oIpefenAeTcd E COOTEETCTERE ¢ $opMyno i

Vh _ ThEg , (13}

4

roe D) — nHaMeTH UHIHHOPA, © — X080 DOPLIHA

Funemaruyeckad EA3KOCTE ABNACTCA ONHO f M3 BaX HeHll MY Xapak TEPHCTHE MOTOPHOO MAacia,
KOTOpad ONpelendeT OHANasoH TEMIEpaTyp OEPVEACU[eH Cpefb, B KoTopoM obeclHedHBasTCA
besonacHEA 3alycK OBHCATENd bes OpefBapHTeN:HOT o N0 NOTPEEA.

Funemaruyeckad EA3KOCTE MOTOPHOTO MACHA Y SAEHCHT ¢T €0 TEMIERPATYPE — C DOHHEKEHHEM
TEMOEPATYRE BAKOCTE YVEEIHUHEAeTCA. Tak, OpH TeMoeparType mMacha THoa M-14J2CE, paeHoi
+100 2% v =135, 15 muic, a mpu TeMmeparype +40 C% v = 105 i [10].

Enox mopgeny J y4HTHEAST MOMEHT HHEPUHH pOTOpA TEHEPATOPA. SHAYEHHE MOMEHTA HHEPLIHH
YCTAHABNHEAETCA E MOJENH E COOTEETCTEHH C JAHHEIMH, OpefoCTAEIEHHEIMH IpPOHIEOLHTEIEM
SMEKTPHYECKO i MALTHHEL

EomnonenT Scopes Honone2yeTCA GIA BH:VATHIAL HH {E2VIE TATOE MOOEIHPOBAHRA H CONEp K HT
HECKONEB KO EHPTYAIE HEEX O CHUHINorpad 0B, KoTopHEe B Mpad HaecKoM BHIE 0Tobpak al0T K3 MEpAE MEIE
WIH pacCYHTAHHEE TapaMeTpr paboTe CHOTEMEL SANYCKA.
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Pe3yjbTaThl MoJe/HpoBanuAa. Ha pucyHKe 8, @ TpPHBEICHBI OCITHIIOTPAMMBI H3MEPEHHOM
n_meas W 3alaBacMol freq ref 1acTOTHI BpaIllEHHS POTOPa CHHXPOHHOTO TeHepaTopa;, Ha PUCYHKE
8, 6 — OCIMIIIOTpaMMa TOKa, TIOTPeSIAeMOro OT aKKyMyTIATOPHOH GaTapet B MPOIecce 3aITycKa.

i,

- At

|

Pucynok 8 — OcLiiuiorp aMmbl 3arlycKa JIBUraTens MpH TeMITEp aTyp e MOTOPHOTO Macla, paBHoi 15 °C: 3agaHHad H
HM3MEPEeHHAA YACTOTHI () H TOK, MoTpelGaaeMbIH 0T aKKyMYyIATOpHOH 0aTapeH ()

B MoZienH yCTaHOBIIEHBI CIEIYIOIIHE TTapaMeTPHL:

— BpeM4 ITPOKPYTKH — 8 ¢,

— 3aJlaHHBIH (hasHBIH TOK If ref — 600 A,

— 3aJlaHHOS HaNpsKeHUe Hakauku Ubst ref — 100 B,

— 3aJIaHHBIH TOK BO3OYKICHHUI fexc ref — 120 A,

— HayaJIbHOE HAIIPOKEHHE aKKyMyIATopHOH Oatapen — 60 B,

— MOMEHT COTIPOTHBIICHHA TPOKPYIHBaHHIO M paccUnTaH ¢ KHHEMAaTHIeCKOH BA3KOCTHIO Macia
v IIpH Tematepatype 15 °C;

— TeMIT HaGopa YacTOTH BpaIlleHUA TPH pacKpyTke — 25 o6/c.

JIaHHBIN peXnM XapaKTEPU3YeTCS COUETaHHEM ITOHHMKEHHOTO HAlPSKeHHSI aKKyMYIISATOPHOH
faTaped U HA3KOH TeMITepaTyphl MOTOPHOIO Maclia JU3EITbHOTO JBHTATEI, YTO YXYAIIAET YCIOBUA
€r0 3aITycKa.

B pesympraTe aHamW3a OCHMIUIOTPAMM BBIABIEHO, YTO IIPH OIMHCAHHOM BBIIE COYETaHHH
3aJaHHBIX TTapaMeTPOB HEBO3MOKHO PacKpYTHTh ABHTATENb JO 3aJaHHOM yacToThl B 200 o6/MUH.
HaunHag ¢ maroil ceKyHABI TPOKPYTKH, 2JIEKTpPHYecKad MAIllMHa BBIXOJUT W3 CHHXPOHM3MA H
MIEPUOANYECKH TIEPEXOANT B T'eHEPAaTOPHBIM PEAWM, O YEM CBHIESTEIBCTBYIOT KOJeOaHHA TOKa,
MOTPeOIIeMOT0 OT aKKYMYIIATOPHOHM OGarapeM (CHHMKEHHE A0 HYIA). PaspuBacMBIH KpyTAIIHi
MOMEHT CHHXPOHHOH MaIllHHBl B HHTEpPBale ¢ IATOH IO BOCBMYIO CEKYHJY MEHBINE MOMEHTa
COIIPOTHBIIEHHA IMTPOKPYYHMBAHUIO W MOMEHTa HHEPIMH POTOpPa, BCIEACTBHE YETO IIPOHCXOIHAT
CHIKeHHE 4acTOTHI BpaltieHHI ¢o 120 g0 90 o6/MuH.

Ha puHcyHke 9 TIIpHBEACHBI OCHIUIOIPAMMBI TIPOKPYTKH JBHTATENd IIPH  CIEAYIOIIHX
MapaMeTpax:

— BpeM4 ITPOKPYTKH — 8 ¢,

— 3aJlaHHBIH (hasHBIH TOK If ref — 600 A,

— 3aJlaHHOS HaNpsKeHUe Hakauku Ubst ref — 100 B,

— 3aJIaHHBIH TOK BO3OYKICHHUI fexc ref — 120 A,

— HayaJIbHOE HAIIPOKEHHE aKKyMyIATopHOH Oatapen — 60 B,

— MOMEHT COTIPOTHBIICHHA TPOKPYIHBaHHIO M paccUnTaH ¢ KHHEMAaTHIeCKOH BA3KOCTHIO Macia
v mpu Tematepatype 40 °C;

— TemIT HaGopa YacTOTHI BpaIlleHU A TIPH pacKpyTke — 25 o6/c.

[Tpn mpokpyTKe ABHTATEN ¢ Gollee HarpeThIM MOTOPHBIM MAacllOM DIIEKTpHYecKasd MallliHa He
BBIXOJJUT W3 CHHXPOHHW3Ma M KOJEHYATHIH Ball PasTOHAETCA A0 3aJaHHOM ITYCKOBOM YacTOTEHI
BpalllcHUS Jake IPH CHJIBHO TOHMKCHHOM HalpSKeHHMH Oarapen. CHeTeMa aBTOMAaTHYECKOTO
VIIPaBIeHHA ITYCKOBOTO TIpeoOpas3opaTend IOJASPAKHUBAcT IUIaBHOE PEryIHPOBAaHHE TOKa,
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MOTPeOIMAeMOTO 0T aKKyMyIATOPHOW OGaTapen, W oO0ecleunBacT PABHOMEPHYIO PacKpyTKy
KOJIEHYATOTO Balla IU3ETbHOTO ABUTATEIL.

ofvum

Ly ’ ; : :.

a a

PrcyHOK 9 — OcLiAmnorp aMmbl 3arlycka JIBUraTeNs IpH TeMITepaTyp e MOTOPHOTO Macla, pagHoi 15 °C: 3agaHHad H
HM3Mep eHHAA JacTOThI (), TOK, TTOTPeBnAeMBIH 0T akKyMyITopHoiH GaTapeH (6)

B zaximroueHHEe MOXKHO OTMETHTH, 4TO paspal0oTaHHAd MMHTAIHOHHAA MOJENb HHBEPTOPHOH
CHCTEMBI 3alTycKa AU3eIbHOTO ABHTATEIN TETIOBO3a TIO3BONIET OCYIECTBUTE CIEIYIOIIee:

— HCCIIeAOBATH IIPOLIECCHI, MTPOTEKAIOIIHE B AIMEKTPHYECKOHN MalllMHe, KOTOPad HCITOIb3YeTCA I14
MIPOKPYTKH KOIIEHYATOrO Bajla JBHTaTelld,

— OIIEHUBATh COCTOSHHUE aKKYMYIIATOPHOM GaTapeH MpH ImycKe (YpOBeHb pas3pama);

— KOHTPOIMPOBaTh paboTy BeeX OIIOKOB ITYCKOBOTO TIpeo0pa3oBaTelid,

— HacTpaWBaTh  allTOPUTMBI  CHCTEMBI  ABTOMAaTHYECKOTO  VIIPaBIIEHHSA  ITYCKOBOTO
npeoOpa3oBaTend,

— AMHATHPOBATh 3aIllyCKH AM3EIIBHOTO JBHTATENA IIPH Pa3iHYHBIX 33JaHHBIX TlapaMeTpax H
H3MEHEHHH aJITOPUTMOB YITPaBIICHA,

— YUATHIBATh H3MEHEHHE HarPY3KH B 3aBHCHMOCTH OT YCIIOBHI 3aITycKa.

BepudukaImpa MOASTH TNaHUPYeTCd B paMKaX JallbHelIel HeclmemopaTelheKoi paboThl TIpH
SKCIUTYaTallHOHHBIX HCIBITAHHAX WHBEPTOPHOM CHCTEMBI 3allycKa Ha Termopose 31328 ¢
YCTAHOBKOH CIEIHAIH3HPOBAHHOTO H3MEPHTENBHOIO KOMIDIEKCA IS PETHCTPALMU PE3YIIBTaTOB
H3MEPEHHH.
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OIcERE TOCYRap CTE ¢HEBIE VHEE 6QCHT 6T YT el coobnyermm (Ol V11O, r. Ok, Poccrgickan Pegeparris

HMHTAITHOHHAYL MOJEJIb CTEHTA JJI9 HCILITAHHMH HEPET VIIMPYEMBIX
ACHHXPOHHEIX IBHUTATEJIEH METOIOM B3AMMHON HATPY3IKH

Anwomauus. Fonu 6 ¥poyecce SOy cRil oM Xpousnge dewsament (AT ) Erdym patcrm aant Hep IR o o Cemiy,
MO VP MPOSSOSHIA! W LEMBINAHLED OHL QORZCHDE MORFRENS PRGNS O WO FONHLNG CUHPCOUOTEROZ0 RV RCEHLE
S0 My B xode woenedosanidl 6 ofRacmid UOHsEnaniil rutEPoRREE HEPSIVMUEP e iy deusan enell Memodom S7arim ol
HAZOP L GHln MPednosReRo 8 KaWermas RAZPVIOWHON M Al LNG: UCHONGF0sams ZEHEP MOl MOrMOAR RO20 Moka (1 11T
B odnofl w3 oXen, MOCMPOSHEDIE MO MAKOMY MPLHUsy, 8 Fomosuswenca pescrsie NITT w nonpposooniaiossil
FPEobRATOaEN Ml COECNEVUSIION PEXPREPEMLID JHEP R LEMEINPEM 020 JSLSENENT 8 MIMEOUFD cems,

Ang wapnenis usiner Ly poyeccos W oDErHENeN LI SOIMONTHOCTIN MPOEKINLPOSARLIL MO0 LCYRIN GMENEH 020
EMERAA O A LM EBJLIONH AT MOdent, MPedoMAasneNH Al & Aol cmamss. AN MoemposH il M OEnL MIROIE HASIM O
rpospamiannl navem MaflabsSimulink, B new apmicpmemeapom BUETLIOMERU JEKMPOMETHLINECKLE U MEX AU ECKLE
BROKOS, 8 MAKI0E MROMCECED UHCHEPMEHMOS Nl Mposede Nl HAPRO-MerHiNer iy wonedosanutl B cmamse
FPUSOOUMEA R IMEM BNLNECKOS CXREAHLE DROKOS BREKTNPLNECKLY Man s Uy tubnuomexy Simsceape Blectricd. Ovxana
CHPPFRMFRG Modenu u dpHKL, KOomopmie aMomaom ee smeiedmul  Ihosedeno modemiposaiue 1 modpobinoe
CHUCTHUE PACCMAaNISaSM Os0 peactiin pabomet cmenda. Ha epemennoty duaspainary omobpaxenn: Neperodtme
MPOYECCEL 6 WHREIFEMOU N HAZIFouHoH Manimar. [Iredomasnenny pespnemaanst Ot FOMAHOSUSIES0EE PEATLIMN &,
SOOI EH O L CRAGHEHLIE © H OMUHARDH SLNL MAPRETIEEN L A0UH EPOHR 00 ASUZAMERA W 2EH EPAN OB MOCTHOAN RO 20 TOK.
TInossden sgomonii okl GHARMT KPRIEEIE oKD MRREMOPHOEe MpeoliPaf0sanent oo Copons: cemu, Perpnumanst
SEHROSD GHARTA NOKATAN MERICPIICTISLE Shlr Uiy SAPROHL,

Modens  norsongem  woeRedosamt  JURAMINECKLE U CHMAMNECKLE  pesdisnt  pabomnt  oboppdosanis
W am enuHoso cmenda ITpedemasnennsie Pesyanm amst MOSFM NCHoeIOs@NLL M JanuHelily Lecne dosanuLy &
Sean ROl oENACILL 1 ASM AR O MPOSK MU0 SAHIL CIER D08

Krpwesme crofa: poaipabomid, CLOMEMA WCMEINNUL HEPSSPMPPEMDE  ACUNIPORNDE  JSLEANEmL  Memod
SFALLM BOT] HASEP FHL, WMLMAYLIOH ROS 3 0deIposmLE,

Viktor V. KEharlamov, Denis I. Popov, Evgeny A. Kukarekin
O sk State Transport Undversity (03T, Om sk, the Bussian Federation

SIMULATION MODEL OF A TEST BENCH FOR UNREGULATED
ASYNCHRONOUS MOTORS USING THE MUTUAL LOAD METHOD

Abstract Asyrehrovous motor s, which aperafe on a 50 Hz vefwork during operafion avd must be corvected direcily
fo fhe nefwork during festing. In the cowrse of vesearch in the field of fesfing asypnckr oncus wregulaied motors by the
method of mufual loading, It was proposed fo use divect crrrert generators as a loading mackine In one of the circudfs
it on fthis priveiple, insfeady -stafe mode, the direct currert generdafors and a semiconductor converfer provide ever gy
recovery of fhe fested engine info the supply nefworl

To sfudy the physical processes avd evswre the possibilify of desigring sweh a fest beweh, a simulafion model has
been creafed presenfed in flos arficle. The Maflab/Simuling soffware package is used fo udld fhe model. I confans
Ibraries of decrical mid mechawical wwits. There are mary fools for conducting sciexfific aad feclhyical research. The
arficle provides o mafhematical descripfiom of the blocks of deciric a maclines from the Simscape Blectrical ibrary. The
sfricfure of the model amd the fumchions performed by ifs elements are described The modeling and defailed de scripfion
of the corsidered operdafion mode of the sfopxd have been carried cuf The fime diagrams show fhe frepisients in fhe fesf
e load machines, The reslis for the sfeadp-stafe mode are preserfed, and fheir comparizon with fhe noming
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paramefers of an aspwe lronows mofor and a DO generafor 15 performed A harmostc analpsis of the current curves of
the thyristor comverfer nefwork was carried ouf, which showed the presence of higher harmomics.

The model dllows pou fo explore the dyyamic and sfafic operafing modes of the fesf beweh equipment. The presenfed
resulfs oot be wsed for further research in fhis feld and defailed design of sfamchs.

Keywords: development, fest gpsfem, wiregulated ivducfion mofors, muiual load mathod simuddfion modeling

HeperynupyeMile acHEXpOHHEE QEHTCATENH © KopOTESSAMEHYTEIM pOTOROM HMEIOT LI HPOKYID
obnacTe DpHMeHeHHA B npouecce SKCONVATAUHH OAHHEE MAIUHH BOSHHEAST HeobXoQHMOCTE
OpOEENEHHA MY BHEINIAHOEOTO H NEPHONHHECKOr O TEXHHYECKOTo obcnyaEHEaHHA, pemoHTa. [lo
OKOHYIAHHH PEMOHTA IpOBONAT HCILTAHHA, UENEK KOTOP BE ARIAETCA ¥CTAHOEIEHHE C0OTEETCTEHA
pAfa DapaMeTpoB acHHEPOHHOD G NBHT ATENA TPeby e MEIM 3 Hade HHAM.

OnuumMH u: Haubonee s PeKTHEHHE CHCOTEM HCIOBTAHHA SMEKTPHYECKHE MAallHH ABIAKOTCA
CHCTEMEL, PEANHSYIOMIHE METOM E3aMMHON HarpWsKH, HMEIOW] Hil pAl OpeHMyIlecTE 00 CpaBHEHHIO
0o CEOHMH aHaloTam# [1] ANanms cyI[ecTEVIOUME cXeM HonuTaguf AJ MmeTogoM BsaMMHOH
HATPYSKH DOKA3aT, 9T0 CXEME C IpHMeHeHHeM HarpyaodHoere [T npegHasHaue HEL HCKIOY HTENE HO
OMA HMCOHETAHHA perynupyemerx AJ [2] AETopaMH CTATRH IONYYEH OAaTEHT Ha TEXHHYECKOE
pemenie, B KoTopoM [IIT mosBoNAeT HarpyEaTh HepelVIHPVEMEH acHHXpOHHER IEHTATENLb
(pHcyHor 1) [3] B Tamom cTenme redepaTop NONEIMYASTCA K CETH 4Yepes BEIOPAMHTENER —
HHEEpTORHEE Opeobpazosatens (BHID), 4To DosEoldAeT pEKYIEpHpOBATE SHERT IO B CETE. [1OoMHMO
sroro BHII nmospondeT mnaEHe pPEryIHPOBATE HAOpAXEHHE Ha AKOpHOH obBMOTKE MAIIHHEL
NOCTOAHHOTO TokKa M obecHedHBare ere I[UIABHEIHA @ [YCE © SATbHEHIIHM IOMKIIFOYEHHEM
ACHHEPOHHOT O JEMTATENA K CETH.

1]

I3

RN,

e <
=1 ==l
w53 S6

TIpIcTOpIRA 1
[ TER =1 =1
=] |
—t w7 ws10
Joe
-1 -1
=2 1"51r2J

TIp acTopI 21 [ [
a2 | =
s L=

foe) =

1 -1

L
I

Preyrox | — 3mesTpimieckat cXeMa COT @HIA AT MCTIBIT AHEG HepeTynipyebEn A ¢ Harpys ocpena [TIT

IIna npoHMsBoAcTEA H OPOMBIITEHHOTO HCOONBS0BAHHA Takoro YoTpoHcTBa HeobXogHMo
BHIOAHHTE KOMINEKC OpraHHIalH HHO-TEXHHYECKHE MepoOpHATHE SCKE:HOS, TEXHHYECKOE H
pabodee OpOEKTHPOBAHHE, MiTOTOBIEHHE ONEITHOrO obpasla HCOERTAHHA H T 4., IpHYEM B
YCIOBHAY OTPaHHYEHHEE pecypcoB. MoTenupoBaHHe SaHHMAET OOHO H3 LEHTPANLHEIX MECT B
npoekTHpoEanud, Mogene obecnedneaeT agerBaTHoe oTobpameHne cBoHcTE obbeKTa, YOTRpaHAET
mpobIle ME, CEAsaHHEE ©C H3MEpPEHHAMH Ha pEANE HEE obbexTax, obeCNedHEAST BO CIPOHIE) HMO CTh
PESYIRTATOR. [IpH 3TOM HMHETAIHOHHAA MOOENE oblagaeT Bolbll el HArMAGHOCTEED 10 CPABHEHHED ©
MATEMATHUECKOH, H € »TOH TOYKH 3peHHA B HEKOTOPHEX clydadX ABNAeTcA bonee yoobHEIM
HHCTPY MEHTO M aHAIH3 &

H:BeCcTHEIE MaTEMaTHYECKHE MOOENH OPOLECCA HCOHTAHHA ONHCHEAKT () H:HUECKHE
MpoUEcCH, NPOHCKOINAN[HE E JOBHCATENAX, OpecbpasoBaTelAx HacTOTH, HEVIpABTAEMEIX
EEIOpAMHTENAE, Ho HE pacCMaTpHEAOT OpefCTaENeHHHA emme creHg (4, 0] B ceasu ¢ sTuM B
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nporpammis M opoe gyeTe Matlab paspaborana eMuTanneHHAA MOLENE OpefCTABNEHHOTD CTEHGA (O
pucyHoE 11 B coctae Matlab exmicuena nogcuctema Simulink, AenArcniadaca rpad Hueck o cpegoi
HMHTAIHOHHOrG MOOENHPOEAHHA, CHMYNALHH H aHANH:a CHCTEM. JNA co3TaHHA EHPTYANEHOH
MoOenH OpHMeHAnack bubnmoTexa Simscape Electrical Owma exmiowaet B ceba mHeobxogHMLE
AEKTRPOTEXHHEECKHE BIOKH.

Hanee OpencTAENEHO  MATEMATHYECKOE ONHCAHME DIOKOE  SNEKTPHYMECKHE  MAITHH,
HCIONBSYEMEE E MOTENH [6]

SNEKTPOMATHHTHEE MOROLECCE B MOOENH MAIHHE OocToAHHOre Toka (DO IMachine)
ONHCHEBAOTCA CIEOVIOI]ER CHOTEMOH YpaBHEHHE

w, =1, %"'Rﬁ +e,,
(1

ok _
Hj- = LfE-l_szf’

The &, = kg0

k=13,
F aff e
8,,1,,8, — HAIpAEEHHE, TOK H OpoTHEC FC Mo pa,

P ,if — HaOpAEEHHE H TOK BEosbyEIe N,
R,, L, — aKTHEHOE CONpOTHBNEHHE H HEAYKTHEBHOCTE LETH AKOPA,
Rf,_nf.j,.-f.ﬂj — AKTHEHOE CONPOTHENEHHE, HHOVETHEHGCTE LUeNH BosBYEIEHHA, ESaHMHATL

HHOVETHEHCCTE MEXOY HENEBR> AKC A H INENBE: BOEE'E.F}K,D;E!HHH.
YPEBHEHHE OJEHECHHA MATHHE NOCTOAHHOD O TOKA HMEET EHI!
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rae T, = kgi, — SMEKTpOMATHHTHEIA MOMEHT,
T;. 0,1, — JTI0Bad CKOPOCTE, MOMEHT HATPY3KH, TOK AKODA,
. By, Ty — MOMEHT HHEPUHE poTopa, K030 G HIHEHT BAMKOTO TPEHKA, MOMEHT CYXOTO TPEHHA

DNEKTPOMATHHTHEE OpOLUECCH B MOIENH acHHXpoHH0R Mamuen (Asynchronous MMachine 51
TThits) onHCHEBARCTCA CIEAYVION] el CHCTEMOH YpaBHEHHHE, KOTORAA COOTEETCTEYET 1 -0 bpasHo i cxeme
SAMELL] £ HHA
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Troe de,lﬂ,j,uﬁ,lﬁ — OPOEEIHA BEETOPOE HAllpAXEHHA H TOKA CTaTopd Ha COOTEETCTEYVEDIHE OCH,
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-
Ly Iqr

R,L ,R!,L; —aKkTHBHOE COIPOTHBIECHHE M HHIYKTHBHOCT PACCESHUS CTAaTOPA H POTOPA;

— ITPOCKIHA BEKTOPOE TOKA POTOPA Ha COOTBCTCTBYIOIIHE OCH,

i .
LS ,Ly ) Lm — ITOITHBIC HHAYKTHBHOCTH CTaTOPa, POTOPda H HHAYKTHBHOCTD LICTIH HaMal HHYHBaHHA,
lPa’s * k4 gs?
@, ®, — YIIIOBAA HaCcTOTa HATIPLKCHHA IIHTaHHA H 3IICKTPHYCCKaAd YITIOBad CKOPOCTh BpPalllcHH A

! ! .
lde R qur — IMPOCKITHH ITOTOKOCLICTIIICHH A CTaTOPa H pOTOPa Ha OCH du q.

potopa.
Bce snekTpudecKre IepeMeHHbIE U ITapaMeTPhl B CUCTEME YpaBHEeHHH (3) MPUBOAATCA K CTaTOPy
U aByx(hasHOH CHCTeMe KOOPAHHAT d H ¢.
[TpoeKiy MOTOKOCIETINEHHS ¢TaTOPa U POTOpa Ha OCH d U ¢ OTIPEALTIIIOTCS TI0 BBIPAKESHUAM:
. ./ . .f ! i . ! i .
Wy =L+ L, VY, =Li +Li, Y,=Li,+Li, VY, =Li +Li,
[TomHbIe HHAYKTHBHOCTH ¢TAaTOPa U POTOpa OTIPEALTISIOTCA TI0 BBIPAKEHHAM:
_ P!
L=L+L,.L=L+L .

YPaBHeHHe JBHAKCHI A aCP]]-I)CPOI-H{Oﬁ MallTHHEL:

o _ 17 Fe,-T)

dt 2H 4

“ 4)
¥ :mm,

dt

rae o ,0 - yrioBad 4acTOTa BPalleHHd POTOPa, YITIOBOE MONOKEHHE POTODA;
7T ,H,F — MeXaHHYeCKHI MOMEHT Ha Bally, CyMMapHasd HHEPLIIMOHHAS MTOCTOAHHAA MaIIHHbL H

Harpy3KH, CyMMapHBIH KOGhGHUIIHEHT BA3KOTO TPEHHA.

[TapaMeTpPHI CXeMBI 3aMeIIeHHT aCHHXPOHHOH MaliHb! (SAM112MS5) H MaIlTHHBI TTOCTOSHHOTO
toka (2ITM132L) ompeAeneHH 1O IACMOPTHHIM JaHHBIM B COOTBETCTBHH ¢ METOMHKOM,
npencTapneHHo B padoTte [7]. HomMHHambHAA MOIMHOCTh PaccMaTpPHBAEMBIX MAIlHH COCTABIIICT
5,5 kBt. Pacuersl mapameTpoB ImpeoOpaszoBarelld W BHIOOP TOKOOTPAHHYHBAIOINEIO PeakTopa,
CTTaKHUBAIOIIET0 (UIHTPa H THPHCTOPOB IIPOBEACHBI IO PEKOMEHIAIIHAM, TIPUBEASCHHBIM
B HeTouHMKe [8]. [TapaMeTphbl 3THX 3TIEMEHTOB YUTEHBI B MOJICTTH.

B pazpaGoTaHHON MOJSMH (PHCYHOK 2) HCIONB3VIOTCA ONOKH HASalbHBIX HCTOUHHKOB
HamnpsokeHna Three-Phase Source.

1)5,Ba
2) eos{fi)

Gi

Goto?

Signal Builder 3)P, Br
4)Q, Bap
o2
Eolot Signal Builder! Subsystem1 TC
CHrHane ynpasnenns npeofipasosatenem Hameperms gns npeofipasosarens
L
Discrete, From . T
Ts = 5e-06 5. 1 L
pawergui | s m
—lc At de T Gaotod
Urthveral Bricge ‘m
5 : I N T T
| scopes ol Vde  GoloS ieandil
" L - .l ] e From1 N r DC Machina
Ap—"1 b “_‘-t: DC Voltage Source
— N—(:) B B bp—" Wi T 8 Gotod  VF ——
1 Ch—1 de ok - | e -
Three-Phase Source1 Thres-Ptigse Unharsal Bridge? . my
Measurement 1 Bi
o < ; — ~—
Detailed From11 El_' ) ! > I
A aarbe Stepl dphage el Connd j8—) Mechanical coupling
Switchl 2 From12 Conns jm B b Ll 2
Bl l cpe -Cnmacmns' I 2 A e
Pulse 2 . Three-Phase Asynchronous Machine
- - = Th FPhase S 2 2
[Pulse?] > L 1 leibe it Contactor  Measurement 2 Sl Units

Gatol Brigge fiing unit

Step2 POPMHDOBIHKE HENYNECOB
MPaBNEHAA N -a30BaTENEM

Pucynok 2 — IvHATAaLHOHHAA MOJIENb HCTTBITAHHA METOIOM B3 aHMHOH Harpy3KH
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Jma Hu3MepeHHit B IeMAX TepeMeHHOrO HallpsKeHHA HCMoabsyerca 6mok  Three-Phase
Measurement. TOKOOTPaHHIHBAIOIIHMI PeakTOP H CrIaKHBAIONIHI (DHIBTP MPeACTaBIeHB OIOKaMH
Series RLLC Branch. Ympapnmgemble BBITIPAMHTEIH, COCTOMIHE M3 THPHCTOPHBIX Tpyrml 1 u 2,
MoAemHpyioTca OmokamMu Universal Bridge. TpexdasHeiit KoHTakTop cOocTOHT M3 6mokoB Ideal
Switch. DrekTpHUecKHe MaIMHEI TTpeacTaBiIeHbl 6nokamu DC Machine u Asynchronous Machine
SI Units. Bmox DC Voltage Source — 310 HCTOUHHK HASATBHOTO HAIIPIKEeHHS ITOCTOSHHOTO TOKA.
WMITymbCHL YITPaBIIeHHS THPHCTOPaMH GopMHpPYIOTCA B GHOmMoTeuHoM Gnoke Bridge firing unit mo
3aJaHHBIM 3HaUeHHIM YITIOB yipapleHHsa Alpha 1 u Alpha 2, xotopble hopMHPYIOTCA GIOKaMH
Signal Builder. BeiBoj pesylbTaTOB MOACIIHPOBAHHSI OCYINIECTBIASTCA Ha OCIIIIorpadsl Scope U
pupryambHble auciien TC, DC Mach, Asynchronous Mach. B Mojemn MpHCYTCTBYIOT
H3MEPUTETbHBIE OITOKH U OJIOKH MaTeMaTHYSCKIX OTISPaIlHii, YacTh M3 HUX CKPBITH B MOMOJICTIX
Subsysteml, 2, 3 (pucyHOK 3).

i inl Outt 1) P2, BT (+ MowwocTs OB) m M
From5 " Out? 2)P1, Br Otz —»
i 3jKNO T Fromd 1)8, Ba
Fromd - 4) dP, Br [labe2 >———in2  cuf—» 2) cos(fi)
<Speed wm (rad/s)> s 5)vde, B From10 [orr] E— 3)Q, Bap
g OuS 9| 6)P2,Br - W 4)P1, Br
[ocz] <Armature current ia (A)> OuE —95|_5| 7)la, A Ouwts| 5) P2, Br
In5 o &) KPD
From3 | <Field current if (A} our? 13 4 06 7} dF, Br
. g Oub : - ouT|—> Tl &), A
<Electrical torque Te (n mj= b it <Stator current is_a (A)> In5 9) Mam, H's
Y ] — — c 10) w, pagic
< >
Framé or speed (wmj Subsystem3 "
L3
<Electromagnetic torque Te tN'm]; ™ Asynchronous Mach,

Wamepenns ana T MHameperun ana A

Pucynok 3 — IToacHcTeMbl H3MEPEHHH B MOJIENH

FapMOHHYECKHIT COCTaB TOKa Ha BBRIXOJe IpeoOpasoBareng ¢daskl A (Omoxku la — Scope3)
PAcCUHTHIBACTCI ¢ TIOMOIBEO BCTPOSHHOTO B OHOK powergui HHCTpymeHTa FFT  Analysis.
CoemmnnTenbHasg My Ta MogeTHpyeTcsa Onokom Mechanical coupling, KOTOpPBIH cOCTOUT H3 GIIOKOB
BpalliaTeIbHOTO MBH:AKeHHT Rotational Spring u Rotational Damper.

MogenupoBaHHe MPOBOAWIOCH ¢ JUCKPETHBIM IIaromM s = 5-1 0°c (pHCYHKH 4, 5).

150 - - -

100 — 1 1 1 —

: Dmmucer AN HFH AR

n
=3

-100

.-U . H-wm

-150
=200

=230
1 2 3 4 & &
e

PucyHok 4 — BpeMeHHbIe JJHarpaMMbl TOKA CTaTOPa, YacTOThI BPALleHHA POTOPa H 3J1eKTPOMAarHHTHOTo MoMeHTa AJ],
TIOJTY 4eHHBIE B P €3¥JIbTaTe HMHTALIHOHHOTO MOJI€/THP OBAHHA
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Preyror 5 — Bpentesieie guarp abme] HATpasersod i Toka axopa [T

B movanruufl MOMEHT EpeMeHH OpoHCXONHT EKNIOHEHHE MAINHHE OoCTOAHHODO ToKa LEe
obMoTKA Bo3 Y RIEHHA MONYVIAET HANPAKEHHE 0T HCTOYHHKOE O CTO AHHOTG HANpAXeHHA AxopHaa
obMOTKA MONYYAET THTAHKHE 0T PEEEPCHEHOrO TPEXHasHoro THPHCTORHOTO BHIIPAMHTELA, KOTOPEH
pafboTaeT B pasment HoM pe® HMe. Ban acHHEpoHHOT O TEHTATENA HTeHEpaTopa HMeeT MEXAHHY e CKYES
CEA%E. ACHHRpPOHHEHR JEHCATENE KOHTAKTOPOM OTKIIOUEH 0T OTOENEHOTO HCTOYHHEA IEREMEHHOT O
Tpexd a3HOro HanpA® cHHA B mpomexyTie [ — 2 ¢ OpoHCROOHT H3MeHEHHE YTNa VIPABNEHHA (] B
TpHCTopHoHETpynoe Mo 1 (o 90 ° 0o 37 %), 9T0 IpHEOIHT K MIAEHOMY OYCKY MAITHHE OOCTOAHHOTG
TOKA g0 HoMHHANBHOH gacToTH Epamjennd AN B opomexyte 0 — 2 o Ha tupucTopHye rpyony 2
HE MOCTYIAKT CHI HANE ¥ IIPABNEHHA.

IIpy mocTHEEHEE 9acTOTH EpAleHHA SHadeHHA o] = 157 panfc (cHHXpoHHOH dacToTil AT
KO HTAKTOD o OETIoUaeT obMoTEyY cTaTopa A1 ¥ Tpexd asgod cetn. [locne sapepIne HHA Depexo QHOT G
OpoLEcCa H:MEHASTCA NONAPHOCTE H CHHXACTCA HANPAXKCHHE, NOJABAEMOE HA AKOPHYVIC obMOTHY
IVTEM 3afaHHA ¥Ila VOpaENeHHA o2 = 136 ° B THpHCcTOpHOH rpynne Me 2, 9To obECOEYHEAET ETO
nepexol E redepartopHu pewun. Ha tupucTopuyo rpyooy Me 1 nepecTaroT NoCTYIATE HMIVIE CE
VOpaENeHHA (CxeMa HadHHaeT paboTaTk B VCTAHOBHBIIEMCA PEXHME, Mo HapaMeTpH
oTobpagarorca B bnokax TC, DO Mach |, Asynchronous Mach, {cm pucymxn 2, 3), dacTHYHO 3TH
HapaMeTHH IpHEETEHE B Tabnunax 1 1 2.

Tafreata | — PesymeTare! mogenkpop akmo A LTIT

F1, Br Fy Br KIIAO &F, Br In A
—3400 —4558 0,24 a42 —13,78
Tafrpata 2 — PesyIBTaThI MOF eIp OF 2HP0T A1A A T
Fi1, Br Fa Br KIIO cos &F, Br I, A N, H o2 w, pagic
@100 5494 0,9 0,82 a0g 11,32 36,41 1509

Ananw: pesyIRTATOE HMHTAUHOHHOO MOJEIHpOEAHHA NOKazal, 4TO CTEH] obecOeuHEacT
Heobxogumui pexuM pabote [IpecbpazoBaTent perynupyeT HanopaEeHHe Ha AKOPHOH obMoTe
TeHERATOPA, YT NPHEOLHT K INABHOMY NVCKY ACHHEpOHHOTO IBHCaTelnd bes DpoCKeB ToKa H
DOCIENVECIIVED paboTy CHEME E peXHMe pEKYIepalnuy. [[peqCcTAENEHHEIE JaHHEE TOEORAT O TOM,
yro Al paboTasT B HoMHEHATLHOM peEnne. HoMHBATE HEle SHAYEHNA TOKA CTATOPA femom= 11,7 (4,

Ne 4(50)
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MIEETPOMATHETHOrO MoMeHTAa Mawwem = 27,2 (H-m), yTooBoH 9acToTH EpalleHHA poTOpa
oy = 157 (panic), nonesHoR MOI{HOCTH & g = 3,59 (KBT), FIIT Hean = 86 () 1 xosdd unuesTa
MOITHOCTH COS Quon = 0,83 Bnmsks ¥ pacdeTHHM (oM Tabnuny 2). Mammnwpa nocToAHHOTo ToKa
paboTaeT IpH DOHHEEHHOM HaOpMEKeHHH AKopAd Ee 9acToTa Bpau{eHHA, Tok mxopd, FILI
OTIHYAKOTCA OT HOMHHAIEHEK,
aps Pesynr TaTH npoEefeHHA Cap Mo HHYECKOTO
FET window: 401 300 cycies of selectad signal AHATH:a KPHEEX TOKAa CETH THPHCTOPHOLO
' ) | ' | ' | npecbpazoBaTend (pHCYHoOE 6) roBopaT ob Hx
5| { [ ' SHAUHTENLHOM HCKOKEHHH H OpHCYTCTEHH
e Sl e = EBEICIUHE rapMoHHE o oOpegeleHHA
: : | | | | ! OpENENbHO OONVCTHMOTO 3SHAYEHHA CYMMAap-
nd M V-V SN V-V Horo KoshdHIHEHTA FapMOHHYECKHE COCTAE-
U e nmommx o Toky (THDI) mo TOCT 30804.3.12
HeobXOOQHMO VHHTEEATE HapaMeTPE CHCOTE MED
Fundamental {0Hz) = 15.05, THD= 30.09% apexTpocHabkeHwa. B maEHOM  cnydae
HopMHpyeMoe oo [OCTy smauemme THIM
cocTaEnAeT 13 %, sHadYeHHe, DOAYVICHHCE OpH
MoIelHpoEaHHH, paEHo 5009 % B ceasd c

=
T

Signal mag
=

e

=
. STHME OaHHG H CXeMe COeIyeT ToIolHHTEE Ho
= OpENYCMOTPETE  KOMIEHCALHEY — BEICIIHX
E.J_ T MOHHE.

3 Taxum obpasom, B oporpadme IMatlab
=

paspaboTada HMHTAlLHOHHAA MOJENL CTEHOA
O0A HCOETAHHA HEPECYIHPVEMEX ACHHXpPOH-
_ , HEX IEHTATENEH C HACDY: OUHEIM TEHERATOROM
! 2t o = = OoCTOAHHOTG ToKA H pPEEEpCHEHHM THPHC-
requency Hz)

TOPHEM OpecbpasopaTenem. CHa IoSEOJIAET
OpoBodHTE aHANH: GHIHYECKHE OpOLIECCOE,
OpoHCKOOALIHE [pH  HCIOHTAHHAX = HEPETY-
JIHPYEMEX AaCHHEPOHHEIX JBHCATeleH MeTOLoM EB3aHMHOH HarpyskH B JHHAMHYECKHE H
CTATHYECKHY pe®uMax paboTn. Mogenn maeT BosMoEHOCTE OpHMEHATE EE OpH OpCEKTHR OBEAHHH
COCTEBETCTEVION[HE CHCTEM HCOHTAHHA, OOPEJENATE OapaMeTphl obopyOoBaHHA, OpOBEPATE
EOSMOKHLIE AITOPHTME paboTH, paspabaThlBaTh CHCOTEMY VOpaEneHuA  Mogenr mosBondAeT
ONpEAENATE SHAYeHHA OoTpebmdemoll ® EBupabaTREacMoH MallHHaMH = MoIqHocTH, FILT,
Eosh DHIIHERTA MOM[HOCTH H KOShDHUHEHTOE HCEAXEHHA CHHYCOMTANBHOCTH HAOpAEEHHA Ha
Exofe OpecbpasoBaTend W Op. 2TH TaHHHE [oSEOJIACT BEIOONHATE AHANH: CTENeHH BIHAHHA
HapaMeTPOE CHICECTe obopyIoBaHHA H peEHMOE paboTH Ha KadecTEo (YHEUHOHHROBAHHA H
SHEPTETHYECKYH: 5hQeXTHEHOCTE CTEHOA LIpH 5TOM IaHHAd HMHTAIIHOHHAA MONENL NOSBOIAET
HCCIENOEBATE KAk CTATHYECKHE, TAK H JHHAMHUECKHE PeXHMEl pabo TEL

Preyrox 6 — I apracemmie ckif coCTAE ToEa Gasel
npenbpas OF ATEA Ha CTOROHE CeTH
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YEBaEaeMBIE KOJIMETH!

Pegasanin HayuHo-TexEIEIecEOTO HypHana «Hspecrnas Tpamcembas npiomantaer Bac myfio@osaTs pes WIbBTaTEI
HAYUHBLL HCCH &% 0EAHEEL [I0 TEMATEHNEC KED HATIR SET ¢HELM HYPHAT4, C00TE #TCTE VHOLEM Ha VMBI CIISIEHATEH 00T AN
HoMerraaTypel HayuHED: CTIISNEATEHOCTEH, TI0 EOTOpEDM NPHCOWESAIOTCA VHeHEIE CTEITEHM, YTE 6f0RAHHOH IPHEATOM
Wlrmro Bpaayes Poccrot or 24 deppana 2041 r. Me 115:

2,93 Tl o eecsEof COCT 4F MeMeS HED J 00T, TAT 4 IT0ESA0E M =M e KT aTp,

2,94 V opas eHEe I OLTE COAME IT8f eF 07 0K,

2,92, FenmesHog op 0¥HBLT ITYTE, M7 BICKAHES B I 0SKTHE OF AFHE HeIeSHED 0P 0T,

2.9.1. TpascoopTHEI: B TPAHCIIONT HO-T 6 MO OCEUE CKEHE CHCTeME]I CTPAHEL, &6 {1elH 0HOE M TOp0f0E, O AT AL
IIPOIPE OF CTEA HA TPAHCIIONTE;

2,448, TeopeTHrecKan M IPEET ATHAR T EIOLOT &3 HEEA,

2,45 DHefreTHMe CEIE CHOTEMBI M KOMITISECET,

2,43 DHeRTpeHERTETHE A,

2,42 EmerTpoTe HMYECEME KOMUIISKCE] M CHOTEMET,

2,33, ABTOMATIHTATTHA M VITD AR EEIe T X HOM OTHEE CERIAE TINOITE CCAlEL B I OF3E O CTE A M.

IIaTepranel DpoCHM BBRICBOIATE OTEeTCTEEHHOLY CEEPeTApEl pefasIfHMOHHOCO COBeTAa EypHama HEeamgerro
B agemepy s amoErrny mo snesTpoHEOE Dowr e iEvestia transsiba@mail m

IIpaEnma MpeACTABMEHHA MATEP HATO B HAYUHBIX CTATeH
B HAYUHO-TexHHuecK i wypuan «Hspecrua Tpancenban

B pegax unio #yp HANA NP eaCTAB AN TCA:

1. TexeT cTaTed Ha fyndare dopnsaTa &4,

2. Terer cTAaTEM B SMeKTHOHEOM EHAe [ Ha 10 00n HocHT elte Mimf 110 e-imail), srom dafina omp e enAaeT oA 10 & anEaTes
mepEOTo aETopa;  danemea doc mom garneorror docx.

3. JECIepTHOR ZAEMFOWEHEE O BEOSMOEEOCTH ITVONHEAITHE CTATEM B OTEQBITOR ITEWATH (o dopkie, TRHHEATOH
B OpTAHIT A1 AETOPOE].

4. CITueT 0 IpOEepEe Ha AMMOTE OF AHHA B CHCT eMe (A HTHIm artaTs: [ hitp s feranr, antiplag at.ru). O peTHEATEHOCTE
JOITEHA COCTAETATE He MeHes E0 5.

5. TapaMTHAHOE IFMCEMO 0O IIERSTad¥e ABTOPCEOTO IIPABA ¢ IIONIEICAME ECEX COAETOROE CTaTRM (obpasers
TIfEOTAT 36T CH) .

. Cormacke Ha obpaboTEy TepooHATEHED: ZAHHED OT EaEA0C0 ABTOPA (0SB TOPA) CTAThH [0bpaser mproraraercd).

B Tercre craTeM obA3aTeNBHO VEASRIEAROTCA TEMATHUECKIMDT pasfell EYPHaNa, B KOTORED] IIOMAETCE CTATEA, M
HAYIHAT CHEIHMANEHOCTE, KOTOR O 3T 4 CTATEA COOTE ST CTEYVET,

Texcr crarer BRIouaeT & ceba ¥ K, MO apropor, addeomiarpro asT opos (MecTo paboTer pm yaebel), sarmasse
CTATEE, AHEIOTAITMED, FIIEOWEERIR (O Ha PyCcK O M AHTTHECEOM ATRIELY, TKCT CTATRIM, CITMCOK IHT 6PaTFHEL E 7O b
M TATHHCKOM AldabMTa¥, CEegerra ob apTopax u Befmorpaderieckoe ormicarde CTATRM HA PYCCEOM M AHTTIHEICK 01
ATBIKAX.

Terer craTes odoplIIEeTCA B COOTE T CTEMH ¢ YOT AHOBI eHHED 0D asIionL

Creegermta of aBTOpaY ERIHOWAOT B cebd QaMIDgGo, IMMMA, OTWURCTEO, VHEHVHD CTeIISHB, YUeHOe SEAHME MECTO
paboTEI ¢ YEASARHEN IIOTT 0BOT 0 881604, SOMCKHOCTE, KOHT AKTHEIE T el edomel, - ail gna obparHol o6

TpeboBaHHA X AHHOTAUHH CTATEH:

AHHOTAIHA JOMEHA DBITE EpaTEIm TOWERDM MIICHEHMeM COJE(0H AHIA CTATEM, BEMIOUARILNMM E ce0d orHOBHEIE
AR TIMIE CEIE CF e 6HEIA M EBIE ORI OIDICRIEael0H paboTer,

TERCT AHHOTAIRE AOTEEeH OBITE TakoMPMIEH M SeTOE, CEODOZEH OT BTOROCTEIISHHON BEHGODMAIDEL, FOIDHEH
OTIEIATECA YO e T eIEHOCTE dhOfRIWITH OF OF;

CEefEHIMA, COFEPIHAIIMeCT B FATTIABHI CTATEM, He JOIDHHEBI IICET OPATECA B TEKCT R SHEOT AITHE,

O B AHFIOTATTRO HA {CCEOM H aHTTIMEICKOM 3EEAY JODEeH cofepekare oT 200 go 250 mos,

SHFOTAIEA HA {70 0K 0L B AHIMTMECEOL A7 BIEAY 7 OIHHA FRIEOUATE B Ce0A CTIef VEOLEE ACTIEKTEI COJ GEiH AHELT CTATEEL
OpeAMET, et paboThl, MeTOf FOE METOROIOCHED IIPOEefeemd paborel, pesymTaTel paboter, ofmacTs opemieHermia
Pe? WIBTATOE, EBIEOAEL,

SOTICIMHETEMBHO AHTTIOASEIHAA AHHOTAITHA JOCHHa OBITE. OPMCHHANTBHOR (He DBITH KalpEoH pivcckOASBINEOH
AHEOTAIREGD), COfS[U#ATeN:sHOH (OTPLHATE OCHOBHOS COJSpUHAMEE CTATBH M PesYIBTATED  HCCIef0Farlgi),
CTRYETYRM)) OF AFECE  (CNTef0BATE JIOTHMEE OIIMCAMEA {e3YIRTATOE F  CTATHE), &AMTTOASEMMEICED:  [HATIR CARTHOH
KateCTERHHEIM AHTTIMECEREI A3 BIEOM) , Heobx 0 0 HCIIONES OB ATE ETHEHBEE, 4 He 14 CCME MBI Saior.

TpeboBaHHA X PYKONHCH CTATEH:

{VE OIELCB CTATBEH AOIDHHA cofejiEars ¥ K (B 6B ob BeprHeM vy, ofbreen, 12 or), semnpane: o danmoreeo Ha
PYCCEOM AREBIEe (110 UeHTHY, 12 or), abdroruaneo s6TopoE Ha fyccEoM A38Ee (0 meHTpy, 10 0T), HasBarie CTATREM Ha
PYCCEOL A3BIEE (110 LEHTRY, If OTECHEILG OYES anit, DOMEHMpHEDL, 12 IT), aHHOTAaIFE0 Ha pyccKol 23 bEe (KVPCHE, II0
umprme, 10 Or), EMEOUeERle CIOEA Ha PYCCEON ASRIKE (EVPCHE, 0 Nmpeme, 10 or), reoomanel H $anoomeo Ha
AHTIMICEOM A3bIKe (o wewTpy, 12 nr), addemeampno  asTopoEF Ha  AHTHMECKOM  ASBIEe ([0 IIEHTHY,
10 T, HatEaHMe CTATEH Ha AHTIDODICK 00 ASBIKE (T10 LEHTPY, P OIHMCHEDEL OVEE andd, IOMWSMPpHEEL, 12 I0T), aHHOT AR
Ha AHTTEGICKOM A3BING [EVRCHE, [I0 NEpiEe, 10 OT), ENHONeERIs CIOFA Ha AHTIEEICK OM A3BIKE [KYPCHME, II0 LIHpEEE,
10

TEKCT CTATEH Aom#eH OEITE Habpan s pegaxTope Word perep cTparmorer — dopnrar A4 (210 = 2097 ned);

paskiep moned — 20 w (Boe UETBIpE TIONA), Pashep M THII IupkdTa oCHOEHOT O TeKeTa — Times New Romoarn, 12 T,

PasMEpEI CHMEONOE B QopnOdlay (BROIIELROTCA TOBEO B pegakTope LiathType: obpromot — 12 or, xpyiemot
MEAEKC — 7, MEIEMH — 5, EPYVIIHBIL CHMEOT — 15, memxrii — 12 0T, Hadeprame M pasMep CHMEOIOE B paclmrdi o ke
IOPEYIT TI0 TEECTY FOIAHEHE] B TOWHO CTH COBIIAFATE © HatepT SHEEM H pashepol CHME O OF B CAnMOF o Miile;, IIpH 3 aTECH
HOPMYT CTeAYET MOIOTBIORATE SHASOK Cpagyca (7), a He IMGPY «HOIES (1), CHSAYET MCIIONBI0BATE SHAK VMECH GHHA
(%), a He OYVEEY «X%; B K4A4eCTEe SHAKOE IIj eTTAMELT MRy CILOF 40 HMCIIONES VEOTCA THPe (—), a He gedecei(-).

U3BECTUA TpaHccmba ——=—

2024




BEEBI TATHHCE OT0 Al Ak HTa HabHpatoT o KypCcHEO, O¥EE BI T etMecKOTo M pyCCK Oro ATl d aBHT OF , MAT 6LIATH TR CEEE
CEMME OIIET, TAKHE K&K COS, Sify, ha¥, mit, — OpAanems niperdr on

TeECT E Tafmemray, mogpefcyHOUMEIe TIOATIMCH I HasEaMwA Tabment mabeparores nperdrors Times Mew Roman,
10 1T,

Heo b om0 HOIIOIES 0FATE G AFITYS CKMEe KABEIRE [« SIOTEEDY)

MIESE CT {0 OHEIR T BIEIT e AN OFMHApHBE, abzarment orerym — 0,75 cng,

ET OMATHUE CEVH) HyMepallpED He oD om0 IO 0CTER MOKITRI T TE

HEFITHANED M fanbose BCerga J OEHEE] HAX O TECA Ha OFHOT H TOH e CTHoE e,

KAIEE fHCYHOEK J OO HT EIEH O J OIIHEH OBITE e CTARIEH B 0T eIBHON (HOX 0FHOL) dafllie B e g THEYen0n
BHAE,

PHCVEEM M TafmME] A0iDHHET MMETE TONBE O KHICHHVED OpHeHT AITRED,

TIOCTE TEECTA CTATHEH CNEAYET CITHMCOE FCTIOIES OF AHHOH JHT P aTVPEI Ha Py cCKOM A3BIKE M E JIATHHCE 00 Al diasuTe;

CCBUIEH Ha NHTEPATYRY B TeKCTe CTATEM YEAa3hIs aR0TCA apaborsmor mpodpanst B EBagpaTHeD: ok obEax;

CTIMCOE MCTIONES OF AHHOH JIHT epaTyPE] Ha e CEOM ATBIKS HIEET 340N 0E 0E CHUCOX SR epamy e B of opharieT ol
no tpebos arsprma TOCT P 701002018,

CIDCOE MCIIONE 0B AHHOH THTEPAT YRRl B JIATHHCEOM aldabHTe MueeT saronoeok Rgferences o odoplarieTcd b
COOTE eTCTEHE ¢ YT AHOBIeHEEDM 00j 231100,

OpH IyDIMEAITE HAYUHOH CTATRM Ha PYWCOCKOM BOIM AHUIMFCEONM A7BIEe ODADATENEHEDM FBIIIETCA HAlHEE
KNFOUEERE CIIOE M AHHOTAIRE HA {70 CK 0L M AHTIEFCE OM ASBIEAX .

MIaTepraner cTaTefl, oy OIEE OB AHEED paHes FIE IepERaHHED B SEYTEHE 3 J AHMA, He IPHEFMA0TCA,

Umcmo &FTOpOE CTATEM He JODKHO [PeEBOUATE TpeX Uel0BeE, B MHOM CIydae Heobxogimio oThembHOe
COTTIACOE AHIME ¢ P& AR el HypHan a. P ek onesy weMEDT ofk &M CTATEH — He MeHes ITATH M He Homes 10 crparmar Bes yueTa
AHFIOT AIEGL H CIECEA JIHTEpATYREL B MHoM cnydae Boopoc o ofeddy cTATRH Takoe HeobX om0 COMIACOBBIEATE C
pegarapeii. HmmocTparpos, cxerel i TabusmpL, BENMOGAEIEIR B TEECT CTATEM, VIBTREAKTCAE B 0bmqen obsente TexcTa,

AFTOREI JIDHHEI 13 DeTaTe MOBTOR SEDCT ORERC. M TeX e JAMEED B Tabmrmray, Ha rpademas M B TeKCTe CTATEIL

B chmyuae npepcTabmessa ZEVE MM Oomee cTarefl OfHOBREMEHHO HeoDX OFMMO VEASEIE ATH JE elAT elIb HYED
OHEREAHOCTE B0 IYDIEEAIRE B PAsHED FEOTYCRAX HYPHANA,

B crmyuae BosEpAalerEa cTATREH ABT OPY GIIT YOT{AHEHI A 7 oA EEL MITH 109 68 COEPALEHEA JaT 0 I & CTAR eHELT
CLIMT 8T CA fEHE I ONYUeHHA {168 Akl OKOHUATEIEHOTD TEECTA.

[TproraTeIe K IyOIIHEAIRO MAT ePHATEL CTATeH He BOTE DATITARST CA 4F T O AN

haTepraner, odopnaleHEEL: ¢ HapVINSH M VEA74HHED FEIUE THeD0Earmml He IPEFRIJAIOTCA K IYVOIEE AT H He
BOFE{ aTllaF0T oA

PepasanioHMHER COEeT OCTABNART Ta CODCE Opabo MMTEpATYPHOTO PefaiTHEOEAHMA CTATRM Oe? cOMTAcoBaHIA C
AT O ATAEL,

Mo BcemM Bonpocan, CEASAMHBIM ¢ IIOATOTOBECH, DRefCTABISEMeM B ITVOIHEAITHMEH MMATepMATOE CTAaTel,
Heobx ofrmio obpAITATECA B peJAKITHMED MHyPHATA,
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