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MTEHAPHbBIE JOKITAbI

OCOBEHHOCTW NOBEAEHNA MOTOPHbBIX MACEJT NPU SKCTINYATALNN
ABTOMOBMNbHOWM TEXHUKM B YCNTOBUAX XAPKOTO KITMMATA.

Yyaurosckux AJST. (3AO ¢upma «<HAMU-XVIM», Mocksa),

bovikos /].B. (ITAO ABTOLU3EIb, Apocnassib)

ObecneueHne HAIEXKHOW KCMTyaTalmUy aBTOMOOUIBHON TEXHMIKI B YCTTOBUSAX apKOro KvmaTta
npenbasnseT kecTkue TpeboBaHMs K MOTOPHBIM Macnam. MoBbilieHne TemnepaTypbl BO3yXa Ha BNyCKe
NPUBOAWT K POCTYy TeMMepaTypbl UMKNa B [ABMraTesne, Yto BleyeT 3a COOOW yBenmueHvie TemnaoBoi
Harpy3kv Ha AeTanu 1, Kak CneacTere, MHTeHCMGUUMPYeT NpoLecc cTapeHvs Macna. OaHako npouecc
CTapeHnA Macen Npu KCNyaTaumnm TEXHVIKIA B KapKOM KimMmaTe CloXHel 1 TpebyeT MCNonb3oBaHNA
macen ¢ 6onee BbICOKMM YPOBHEM 3KCMIyaTaLMOHHbBIX CBOMCTB, Kak MO MakeTy NPUCafok, Tak v Mo
6a30BOM OCHOBE

B uenom 310 NprBOAUT K HEOOXOAMMOCTU OMTUMM3ALMM KOMMOHEHTHOrO COCTaBa Mac/AHOM
OCHOBbI 1 MOUCKY PasNMUHbIX TEXHONOMMUYECKMX BAPUAHTOB €€ MOyYeHus, C Lenblo rapMOHM3aLmnm
COOTBETCTBYIOLMX TpeboBaHWI. [Ana noatsepxaeHna 3Toro Obiin NpoBeAeHbl SKCMyaTaluyoHHbIE
NCMbITaHNA aBTOMOOUIBHOWM TEXHWKM, 000PYAOBaHHbIX ABuratenammn KamA3-740 cMazouHas cucTema
KOTOPbIX 3aMpaBnanach 3aryLieHHbIm maciom M-63/1002.

KakabiM Maciom 3anpaenanmncb no 5 astomobunei, ux npober coctasun 10,0 Thic.kM. Yepe3
Kax/able 2 TbiC. KM OCyLLlecTBnAnca otbop npob pabdoTatollero mMacnia ¢ onpefeneHnem KUcioTHOro u
LENOYHOrO YMCEN, a TakKe KnHeMaTnyeckom Baskoctu npu 100°C n HPB.

B nocnegHee BpemA B KauyecTBe KOMMOHEHTOB MACAAHbIX OCHOB AOCTAaTOYHO  WMPOKO
MCNONb3YIOTCA NPOAYKTHI ruapokpekuHra (M u nonvansdaonedurbl (MAO). VIx BoBneUeHWe B OCHOBY
BMECTO ManoBA3KUX HedTAHBIX MAcen CyLeCTBEHHO CHWKAEeT MOTeplo MAcChl C TeMMNepaTypor U, Kak
CNeacTBre, NPUBEAET K M3MEHEHWIO PACcX0fla Mac/a B YCNOBUAX IKCMyaTaLum

cnonb3oBaHue B CTPpaHax C XapKM KNMMaTOM TOMMB C 60MbLINM cofepKaHmem cepbl, 1 C
HNU3KMM YPOBHEM SKCMTyaTalyMOHHbIX CBOWCTB Mac/a npneoanT K I/IHTeHCI/Id)l/IKaLJ,MI/l CTapeHna Mmada,
pocTy Hal'apOOTﬂO>KeHl/|l;l N KaKk cneacrtesme npuBoanT K HENCMNPaBHOCTAM aBurarenen. HpOM?:BOL],I/ITeJ'Il/I
KOMMNEKCHO pewatoT BOMpoC 9¢¢€KTI/IBHO[7I SKCMIyaTaunm TEXHUKKM B MXKaAPKKUX CTPAHaX: KaK 3a CYeT
N3MEHEHNA KOHCTPYKLNN ABuraTenen, YMeHbLIEHNA CPOKOB 3aMeHbl Mad/la WK NprMeHeHNA Macen
BbICOKMX 3KCTUTYaTaUMOHHbBIX TOYMM.

Ncxopa 13 3Toro npw pas3paboTke unv noabope aBTOMOOUIbHBIX MOTOPHBIX Maces Ans TEXHWUKY,
IKCMyaTMpyemMon B YCJIOBMSX — »KAPKOTO  KNMMATa,  ClleflyeT  paccmaTpviBaTb  pasfinuHble
OMNTUMM3ALIMOHHbBIE BAPUAHTbI B PaMKax TpMabl: HAAEXKHOCTb, CTOMMOCTb Macs1a, Pacxom Macna.

AOANTAUMA ANITOPUTMA YNPABNEHNA MEXXOCEBOW MYODTbI A1 YCNOBUM
"KAPKOTO KITMMATA.

3aBarckmvi Anekcangp MuxasiioBuny, MHXeHEP-KOHCTPYKTOP 1 K.
THL| PO OIYTT «HAMM, r. Mocksa, Poccuvickaa Qegepaiing

AHHOTaUMA

Bce 6onblie aBTONpOM3BOAMTENEN NEPEXOAAT Ha BaPWAHT MNOSIHOTO MPUBOAA C YNPaBAAeMbIMA MHOTOMCKOBbBIMM
MydTamu. MpocTenumin n Hanbonee YacTo BCTPEUAIOWMIACA BAPWAHT TaKOW CUCTEMbI — MOCTOAHHbIN NPUBOA Ha
33[1HI010 OCb C MOAKMOUAEMON NPY MOMOLLM MEXXOCEBOI MHOTOANCKOBOM MydTbl NepefHel oCbio 6e3 MEXXOCeBOro
anddepeHumana. [1]

MNeproanyeckas NPOOYKCOBKa MeKOCeBOWM MydThl B TaKOM Cllydae HersbexHa, 1 paboTa TpeHna GPUKLMOHHDBIX
3NEMEHTOB SBMSETCA OCHOBHBbIM WCTOYHWMKOM Tersja B Pa3faTodyHOW KOpobke. [laHHbI [OKnaa MOCBALieH
Cnocobam CHWPKEHWs TEMIOBOW  Harpy3ku [pa3fAaToyHOM KOPOOKM MyTeM MOACTPOVKM  MPOrpPamMMHOro
obecneyeHnsa ynpasnaoLEero Mexoceso MyGTon.



Kntoyesble Cri0Ba: roJHbIV MPUBOY, GPOUKLIMOHHAA My@Ta, a/IrOPUTM YIIPABAEHMA, TEMIOBAsA HArPY3Ka, paboTa TDeHN
Beepenwe.

CucTembl MOMIHOTO MPWBOAA C YMPAaBASEMOW MeXOCEBOM MydTOM MOMAYUUIM  WMPOKOE
PacNpOCTpaHeHe, N0OKa3aB CBOW dPPeKTMBHOCTL. [nd obecneueHns KOHKYPEHTOCMOCOOHOCTM Ha
PbIHKE MOMHOMPMBOAHLIX aBTOMOOWNEN HeoOXOAUMO TMPOW3BOAWUTL He TOJbKO  arperatbl  C
COOTBETCTBYOWINM QYHKLIMOHANIOM, HO 1 MPOrpamMmHoe obecneveHne K HumM. CoOBpemeHHbIe anropuTMbl
TAaKUX CUCTEM OCHOBaHbl Ha 3SMMNMPUYECKUX XapaKTepUCTUKax, Moabop KOTOPbIX BMSET Ha:
20 deKTNBHOCTL PaboTbl, TEMNOBYIO HArPY3KY, PeCYpC 1 KOMGOPT.

[TocTaHOBKa 3agaum.

CNOXHOCTb  OnpefeneHnss [aHHbIX XapaKTEPUCTVK 3aK/ioyaeTcd B TOM, YTO M3MeHeHue
HEKOTOPBIX 13 HUX MPUBOANT OAHOBPEMEHHO K YNyUYlEHNIO OAHOrO LIeNIeBOro napameTpa, Hanpumep,
KOMGOPTa, 1 yXyAlWeHWo APYroro napameTpa, Hanpumep, pecypca. Micxoas u3 BblleCKa3aHHOro,
XapaKTepUCTUKM  LienlecoobpasHo  noabmpartb UCXofs U3 YCNOBWUIA, B KOTOPbLIX MIaHMPyeTCA
3KCMNyaTMpoBaTb aBTOMOOUAb. B pamKkax Aoknafa paccMaTpyBaeTcA afantauma ana yCIoBUi XapKoro
KnvMmaTa, TakuM 0bpasom 33fjaua — OLEHWTb BO3MOXHOCTb CHUXEHWA TEeroBOW Harpyskm 3a cuet
IMMMPUYECKMX XaPaKTEPUCTUK anropuTma yrnpasneHus.

MeTtoga peweHus.

TennoBan Harpyska MHOTOAMCKOBON My®dThl, Kak 1M €& pecypC HampsAMyto 3aBUCUT OT pPaboTbl
TpeHWA Mexay GPUKLUMOHHBIMU SNIeMEHTaMK, KOTOPAA ONpeaesaeTcs BblpaKeHeM:

L= fotl My (1) * (g — wz)dt, rae
My, — nepefaBaembiii MyTON MOMEHT;

(w1 — w,) — paszHMLa ckopocTern GPUKLIMOHHbIX AUCKOB. [2]

NepenaBaemblit MOMEHT B CBOIO OYepeib 3aBUCUT OT YCUINA OCEBOMO CKATUA MyDTbI, PV MOMOLLN
KOTOPOro OHa YMpaBRseTcs. YBENUUeHWe YCUIUsa COKaTUA MPUBOAUT K YMEHbLIEHWUIO Pa3HULibl
CKOPOCTEN, HO YBENUUMBAET NMepeaaBaemMbli MOMEHT, MO3TOMY CIIOKHO OLIEHWTb B KAaKOM C/lyyae 3TO
NpviBEAeT K yBeNMUYeHUo paboTbl TPeHWs, a B KakOM K ymeHblieHuo. [103ToMy oueHKa BAUAHMUA
anropuTMa Ha TEMNOBYIO HAarpy3Ky Npoun3BeaeHa Npu NOMOLLM UMUTALMOHHOTO MOAenvpoBaHys B 10
LMS Amesim 1 Matlab Simulink.

KpaTkoe onucaHue paboTbl anropmutma ynpasneHus.,

[nAa cucTembl MOHOTO MPVBOLA MOXHO BbIOENWTb [1BE OCHOBHbIE 33Jauv: MPOTMBOAENCTBME
NpOBYKCOBKM 3af]HEN OCY 1 COAENCTBIME KYPCOBOW YCTONUMBOCTM aBTOMOOUNA.

3ajava  NpPOTMBOAENCTBUA  MPOOYKCOBKE MpW  MPAMOMVHEAHOM  ABVKEHWWM — peliaeTca
OTHOCKTENBHO MPOCTO 1 NPOWNIOCTPUPOBaHA Ha pucyHKe 1. Mpy NpeBblleHNM Pas3HKLbl CKOpOCTel
nepeaHen v 3afHel ocu ONpefeneHHoro nopora, reHepupyeTcs 3anpoc Ha MOBbLILEHVE MOMEHTa
MydTbl. Kak TONbKO pasHMUa CKOPOCTel HauMHAET CHUXKATbCA, MOBbILLEHVE MOMEHTA NpeKpallaeTca 1
NEPEXOANT K CHKEHWIO Yepe3 onpefeneHHoe BPemMsa Nocie CHUKEHNA Pa3HULbl CKOPOCTEN HUxe
NOPOroBOro 3HauYeHNs.
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PucyHok 1. Unnioctpayma paboTsl 6noka KOHTpos NpobyKcoBky. [3]

3afja4ya CoaencTBmA KypCOBOW YCTONUMBOCTU NMPU KPVBOMMHENHOM HECKOMBbKO CIIOXKHEe. T.K. Mpu
KPVBOSIMHEAHOM [IBUMKEHWIN CKOPOCTY NepeaHelt 1 3afIHeN OCK Pa3Hble, 3aMblKaHe MeXXOCEBOW MydThI
BbI3bIBAET LMPKYNALUMIO MOTOKA MOLLHOCTW, BbIXOL KOTOPOW MPOUCXOAUT Yepe3 KOHTAKT WKWHbl C
JOpOron. TakoW BapWaHT BfeyeT 3a COOOM MHOMO HeraTBHbIX MOCIEeACTBUM, NO3TOMY HeOOXOAMMO
obecneunTb Takoe Ckatne MydTbl, YTOObI NepeaaBaTb MaKCUMANbHO BO3MOMHbIA MOMEHT Ha NepPeHIo
OCb COXPaHAA BO3MOXHOCTb MPOBYKCOBKM B MydTe. OHAKO, Kak 3TO Obl/I0 ONMCAHO BbILE, 3TO NPUBOANT
K 6onbloW paboTe TpeHWA B mydTe.

Pe3yn bTaTbl IMUTALUMOHHOTO MOOENTMPOBAHNA.

[na nonoxeHnem pyna 1 MaHeBp C ynpaBinAeMbiM 3aHOCOM. Kaxkabii MaHEBP BbIMOHEH C
6a30BbIMU HaCTpOI;IKaMI/I, C MNOBbIWEHHBIM 1 MOHWMXEHHbIM 3anpalliBaeéMOM MOMEHTOM MEXKOCEBOW

MydTbI.

AHanm3 Pe3yNbTaTOB MOKa3an aiefyouiee:

HacTpolika xapakTepucTuk anroputMa 3HauuTebHO BAMAET Ha paboTy TPEeHWs, a 3HaunT 1 Ha
TEMNOBYIO HArPy3Ky 1 PECYPC MEXOCEBOI MydTbI.

B pa3HbiX YCNOBUSAX ABUXKEHWA M Ha Pa3HbIX MOBEPXHOCTAX OLEHKM BAVAHUA XapaKTepuCTUK
anropuTMa ynpasneHus Oblin  CMOAEeNVPOBaHbl [Ba MaHeBpa — MOBOPOT C  QUKCMPOBAHHbBIM
LenecoobpasHO UMEeTb Pa3Hble HACTPOWMKM, UYTO MO3BOMUT COBMECTUTb BbICOKYIO IGdEKTUBHOCTL U

pecypc.

BO3MOXKHO CKOPPEKTUPOBATL HACTPOMKIM anropmuTMa ynpasneHuns Takium o6paszom, 4Tobbl 3a cueT
CHXKEHMA KOHTPONA aBTOMOOWUA BO BPEMs YNPaBAsSeMOoro 3aHoca v KoMpopTa, CHU3WUTb TeMoByio
Harpy3sky Ha MydTy 1 MOBBICUTb €€ pecypc.

CnUCoK NuTepatypbl.

[1] 3aatckun AM., XapuTtoHos C.A. Pa3BuTtiie anropmuTMOB akTUBHOIO pacnpeaeneHna MOMeHTa
Mo OCAM flerkoBoro asTomobuna // Tpyasl HAMW. — 2017. = N@ 2(269). — C. 37-47.



[2] 3enbuepman V.M., Kamunckuin .M., OHonko ALl.. OprKUMOHHbBIE MyHTbI M TOPMO33a
rYCEHWYHbIX MalWWH. VI130atenbctso «MalwmHocTopoeHvey, 1965, 240 cTp.

[3] Thomas Christo, Martin Parigger, Andreas Teuschel. Clutch control system for power transfer
unit in four-wheel drive vehicle. Patent US 7,873,457 B2, 18.01.2011.

COBEPUWIEHCTBOBAHUE OXJTAXOAIOLEIO YCTPOMCTBA OABUTATENA ABTOMOBWIIA
ONA SKCTUTYATALUNW B YCJIOBUAX XKAPKOTO KITMMATA

[OHYaPOB AHAPEV BanumupoBmy, KaHANAAT TEXHUYECKUX HAYK, JOLIEHT, YIEH-KOPPECTIOHAEHT TDaHCIOPTHON akagemmmn
VkpanHei, HavanbHuk VicrisitarensHow naboparopmn OO0 «HayyHO-rpomn3BogcTBeHHOe obbeguHeHne «TAIINC, r. CaHKT-
[Terepbypr, Poccuvickaa Qenepajmna

AHHOTaUMA

PaboTa noceAlleHa peLieHuio 3ajaun COBePLIEHCTBOBAHMWA OXNaXAaloLLEero yCTponcTBa ABUraTens asToMoouna c
YUYETOM OCOBEHHOCTEM 3KCMyaTalmn B YCNOBUAX »KaPKOro KAMMaTa Ha OCHOBE MHTEHCMMKaLMM npoLjecca
TennoobmeHa B pafMatope 1 BbIbOpa PaLMOHasNbHBIX MAPaMETPOB KOHCTPYKLMM U PEXUMOB paboTsl GioKa
«pafMaTop-BEHTUNATOP» (BbIOOPA BEHTUNATOPA W PaLIMOHANBHOTO Wara pacnonoxeHunsa pedep).

Knroyesbie cioBa. As TOMO5M/7b, ABUraresib, CUCTEMA OXJIaKAEHVIA, PaaNaTor, BEHTU/IATOP, TEM/IONEPELAYa, KITMMAartn4eckme
VCII0BMA.

Knumatnyeckine yCnoBMA OKa3blBAIOT HEMOCPefCTBEHHOe BAMAHME Ha paboToCnoOCOOHOCTD,
[ONrOBEYHOCTb M HafeKHOCTb aBTOMOOMAA M ero CUCTeM, B YaCTHOCTM, BbICOKas TemnepaTypa
OKpY»KaloLLiero Bo3ayxa B TeUeHve 5-Ti MeCALEB B rofly CYLLIeCTBEHHO CHIXKaeT 3OdEKTUBHOCTb paboTbl
cucTem. B CBA3M C 9TUM K cUCTeMaM OXMaxAeHUA aBTOMOOWUeN, IKCINyaTupyeMbM Ha TEPPUTOPUN
CTPaH C >KapKUM KIMMATOM, NPedbABAATCA Chefytolne TpeboBaHUA: OHM AOMXHbI 0becrneunsaTb
HaaexHyto paboTy aBTomobune Npu TemnepaTtype okpyKatowein cpefbl bonee 40 °C v BnaxxHocTy 30
% NpV MUHVMMaNbHbIX 3aTpaTax MOWHOCTM Ha MPWBOA BCMOMOraTeslbHbIX CUCTEM, a Takke npu
MUHVIManbHbIX 3aTpaTax Ha TexH1Yeckoe obCnyXMBaHe 1 PEMOHT cucTembl [1].

Tepputopua Poccum n cTpad CHI pasgeneHa Ha KnMaTuyeckme 30Hbl, PaNOHbl U MOAPANIOHDI,
OCHOBHbIE XapakTePUCTNKM HEKOTOPBIX U3 HUX NpuBeAeHbl B Tabn. 1 [2].

7a671. 1. OCHOBHbIE XapaKTELUCTHKI HEKOTOPBIX KITMMATUYECKIX ParioHoB Poccim v cripaH CHI

CpepHas mecayHad
y o [yHKTbI
Makpoknvma- Knumatnueckmm Temnepatypa Bo3ayxa, °C
eCcKum pano ano -
TVHECKAM pavion ) pavion AHBapb Mionb HpeﬂCT?BM JKCTpeManbHbI
TeNbHbIN
S ONOHb Ouenb xonoaHbit  |OT-5000-30|0OT2 100 18 r. AkyTCK r. OMMAKOH
A XonogHbii O1-3000-15|012 00 25 r. Canexapg -
YMepeHH? O1-3000-15]|0T16 g0 25 r. TioMeHb r.Ynan-Yas
XONOJHbI
YMepEeHHbIN Or-1500-8 |OT8 1025 r. MockBga r. Mypmarck
r. Bonrorpan
YMEpEHHBIA zmgpg::g EEJ::; Or-8p0-4 |OT1168025 |r.Kuves r. PoctoB-Ha-ZloHy
P . . Or-4p000 Or16 0025 |r.Opecca r. HoBopoccnmnck
C MATKOW 31MOW
PKapkumi cyxom Or-15p004 |[OT7258030 |r.TaWwkeHT -
Oquvb AapKIn Or-4p04 Or30m r. Alwxabag r. Tepmes
CyXOMN BblLLE

YUMTbIBAA CIIOXKHBIE KIMMaTUYECKME YCIOBMA, K CUCTEMAM OXMIaXOEHMA CUIOBbIX YCTaHOBOK
aBTOMOOWNEN, MOCTaBNAEMbIX B CTPaHbl C MapKWM KIMMAaTOM, MPEeAbABAAOTCA chneunduyeckue
TpeboBaHMA. OHM JOMKHBEI 0becneymBaTb HaaexHylo paboTy CMIOBOWM YCTaHOBKM MpK TemnepaType
OKpyxatoulen cpeabl 6onee 40°C, BnaxHoCcTM 20 % W 3amnblieHHOCTM CBbile 1,95 1/M°, MOnHyio
aBTOMaTM3aLmio PaboTbl 1 KOHTPOMb MapPaMeTPOB CUCTEM OXNaKAEHWA, MPU MUHMMAbHbBIX 3aTpaTax



MOLIHOCTM Ha NPUBO[ BCMOMOTaTeNbHbIX CUCTEM aBTOMOOWNA. [JOmKHbI ObITb TaKKe MUHUMAbHBIMY
3aTpaThl Ha 0OCYKMBaHWeE 1 pemoHT [1].

Llenbto gaHHOWM CTaTb ABNAETCA ynyydweHre 3KCMAyaTaluMOHHbIX XaPakTePUCTUK OBUraTena
BHYTPEHHETO CropaHna aBTOMO6I/IJ'IF|, pa6OTa+OLuero B YCNOBUAX XaAPKOIO KNMaTta, Ha OCHOBE Bb|60pa
PaLUMOHaNbHOIO Wara PacnoioXeHnA pe6ep B paanatope 1 pexxmmMmoB pa6OTbI BEHTUNATOPA.

[inA BbIbOpa paLMOHanbHbIX MapaMeTPOB KOHCTPYKLUMM 1 PEXMMOB PAabOTbI CUCTEMbI OX1aXAEHNA
ABWIraTens BHyTPEHHEro CropaHvia aBTOMOOMNA NPOBEAEH SHEPreTUYECKNI PacyeT CUCTEMbl Ha OCHOBE
mMatematnyeckon mopenu [3], yTOUHeHHOW pesynbTaTamy COOTBETCTBYIOLMX TeopeTuyeckux [4, 5] 1
3KCNEePUMEHTaNbHbIX NCCneaoBaHun [6, 7].

PacueTbl npoBoAUMCh Ha NpumMepe asTomobuna 3A3 — 110308-40 «CnaByTa» C Lenbio Bbibopa
bonee NPOW3BOAMTENBHOTO U DKOHOMWYHOrO BEHTUNATOPA, a TakkKe pPauMOHanbHOro Lara
pacronoxenus pebep t, B pagratope. KoHeuHon Lenblo pacyeTa Obi10 onpeaeneHe pauoHanbHbIX
BapuaHTOB cucTem oxnaxaeHna [BC aBTomoOuneir u  pa3paboTka pekomeHfauuin — ana
COBEPLIEHCTBOBAHNA CUCTEMbI C LIENbIO NOBbILEHNA ee 3DOEKTUBHOCTL.

C uenbto NonyyYeHWa TENNO3HEPTETUYECKUX XaPAKTEPUCTIK aNIOMUHMEBDBIX PAMAaTOPOB NadgHOM
n COOPHON KOHCTPYKUMM B  akkpeamtoBaHHOW QepepanbHOM ClyxOoOM MO akkpeautauum
«PocakkpeguTaums» VcnbitatensHon nabopatopum OO0 «HIMO «TAJTMC» Ha cneumann3mpoBaHHOM
aTTECTOBAHHOM CTeHfe «TemnnoBas asporvapasnuyeckas Tpyba» Obinn NpoBefeHbl COOTBETCTBYIOLMNE
NCMbITAHWA  PadvaTopoB, 4YTO  MO3BOAWIO  OMpefenvTb WX  MNPUBEOEHHYID  TennooThauy,
A3POANHAMUYECKOE U TMAPABINYECKOE CONPOTUBIEHNA B 3aBUCUMOCTY OT PACXOL4O0B TEMIOHOCUTENEN.

MpoBeaeHHble pacyeTbl 418 WMCXOOHbIX AaHHbIX, MPedcTaBAeHHbIX B Tabn. 2, nmokasanu, uTo
CepuliHble CUCTEMbI OXMaXAeHWA ABUraTenell Nccneayembix aBToMoOUen, B KOTOPbIX MPUMEHAIOTCA
pagvaTopbl  COOPHOW  KOHCTPYKUWWM, B  HEAOCTAaTOYHOW  CTemneHu OTBevaloT  TpeboBaHMAM
TennopaccenBaHna Bo3ayxa.

1a671. 2. VIcxofHbIe faHHbIE [/19 SHEPreTUYeCKOro Pacyera CUCTEMb! OXIIaXIEHNA ABUraTeNA
asromobuia Cnasyra

Ejn HanmeHoBaH e napameTpoB Obo3HaueHre | PazmepHOCTb Benuunna

| TennoBblgeneHne B BOAy ABUraTeNA Q - 92000
BHYTPEHHEro CropaHuna

2. [1pOV3BOANTENBHOCTb BOJAHOIO HaCOCA \ M>/Y 55

3. | ®poHTanbHas nnowaab pagmaropa Fap M’ 0,1292

4. [ameTp BEHTUNATOPA De M 0,314

5. LvameTp BTyNIKM BEHTUNATOPA ds M 0,135

0. YacToTa BpallleHA BEHTUIATOPa n 06/MWH 3000

7. CKOPOCTb [ABMKEHMSA aBTOMOOUIA Vs KM/Y 50

8. KoaddurumeHT ncnonb3oBaHus HaberatoLuero a, ) 0147
NOTOKa

0. LnprHa pagraTtopa, He OXBauYeHHaA KOXYXOM X MM 40

10. | Temnepatypa oKpyxatoLlen cpelbl t oC 50

11. | Temnepatypa BOAbl Ha BXOAE B pagvaTop T oC 105

Pe3ynbTaThl pacyeToB CBMAETENBCTBYIOT O TOM, UTO CEPUMHAA CUCTEMA OXNaXAeHMst aBTOMOOWA
«CnaByTa» He CnocobHa OTBECTM HEOOXOAMMOE KOIMUYECTBO TEMMOTbl OT ABUraTeNA B OKPY»KaloLLyo
cpeny npw Temnepatype 50 °C. BEHTUNATOPHbIE YCTAHOBKYM, MPYMeHsSeMble B CUCTEME OXMaxaeHNs
[lAHHOrO aBTOMOOUNA MaNo3QGEKTUBHBI 1 He 0becneunBaloT HeOOXOAMMBIV PAcxof BO3dyxa uepes
pagvaTop. B TOM umMcne BaxHOEe 3HauyeHue MMEeEeT CTeneHb OXBaTa PafMaTopa KOXYXOM, KOTopas B
nccnefyemMoMm aBToMobOWe COCTaBnAeT Bcero 35 9%, 4To TOXe HeAoCTaTOYHO IOGEKTUBHO, T. K.
BEHTMNATOP MPOCAChIBAET BO3AYX NNLWb Yepe3 HebOosblUyIo YacTb PaamnaTopa.

Pe3ynbTaThl pacyeToB Mo BLIOOPY PaLMOHANBHOrO Wara pacnonoXeHns pebep B paavatope
COOPHOM KOHCTPYKUMM aBTOMO6UNA «CnaByTax» rpaduueckn npeacTaBneHbl Ha puc. 1 — 2.
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B cbOpHOM paamatope aBToMobuna «CnasyTa»
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B cBA3M C 3TuM, B cucTemMe oxnaxaeHusa asTomobuna «CnaeyTa» HEOOXOAMMO MPUMEHATDL
COBMECTHO C PaaMaToOpOM COOPHOW KOHCTPYKLUW Bonee 3hheKTnBHbIe BEHTUAATOPbLI TUMa YK-2M ¢
YINIOM YCTaHOBKM nonacter © = 30° unn K-156 € yrnom yCTaHOBKK nonacter © = 25° 41O No3BOAUT
YBENMYWTB WAl pacnonoxeHvs pebep B pagmatope ¢ 1,5 MM Ao 1,7 MM, T.€. YMEHbBLLIWTb YACIO NMAACTUH
Ha 30 wr, a Maccy pagmatopa — Ha 5,1 %. [Npn 3TOM, Kak BUOHO U3 pUC. 3, BeHTUNATOP K-156 ABnAaeTcA
6onee 3KOHOMUYHBIM MO CpaBHeHWIo C YK-2M, no3Tomy ero npumeHeHne B CUCTEME OXNaxaeHUs
aBToMO6UNA «CnaByTa» NO3BOAAET CHU3UTH 3aTPAThl MOLLHOCTW Ha MPUBOA BeHTUATOPa Ha 18 — 20 %
MO CPABHEHMIO C CEPUNHBIM BEHTUNATOPOM 3A3 — 110308-40.

MpoBefeHHble pacyeTHble WCCNeAoBaHWA TOKa3anuW, YTo MNpu MPUMEHEHWM B CUCTEME
oxnaxaeHna asuratens asTomobuna  «CnasyTa»  pafMaTopoB  COOPHOM  KOHCTPYKLMM  MHOrmMe
aBTOMOOUNbHbIe BeHTUNATOPbLl (3A3-110207, BA3-2110, Daewoo Sens) He CnocobHbl obecnevnTb
HeoOXOAVMbIN Pacxof BO3fyxa Yepes paamatop. Kak BUaHO 13 puc. 1 1 2, paboumre TOUKM HEOOXOAMMOTO
6e3pa3mepHOro pacxofa Boayxa nexar 8 npegenax 0,15 < @ < 0,2, B TO BPeMs Kak 3TN BEHTUATOPDI
MoryT obecneuntb pacxop B npefenax 0,1 < ¢ < 0,15, uTO CBUAETENBCTBYET O HEOOXOAVMOCTH
npuMeHeHWA 6onee HaNOPHbBIX BEHTUAATOPOB, C XapPaKTEPUCTMKAMM HE XyXKE, YeM Y BEHTUNATOPOB TWMNa
YK-2M n K-156.

Kpome paamaTopoB COOPHON KOHCTPYKUMK Ha aBTomMobune «CnagyTta» NpUMEHSAIOTCA TpyouaTo-
NEHTOYHblE MasHble PaAMaTopbl C MIOCKOOBANbHBIMY TPYOKamMu. Pe3ynbTaTbl pacyeToB Mo BbIGOPY
PaLVOHANBHOIO Wara PacnonoXeHWs pebep B paaraTope nasHoM KOHCTPYKUMK aBTomoomnna «CnasyTa»
C YYETOM Pa3HbIX TUNOB BEHTUIATOPOB rpaduyecKy NpeacTasneHsl Ha puc. 4 — 5.
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Puc. 5. 3aBUCMMOCTb KONMYECTBA TEMNOTb, OTBOAUMOIO MaAHbIM pagnaTtopom aBTOMOOUNSA
«CnaByTa», OT Wara pacnonoXeHna pe6ep c ydyeToOM pa6OTbI Pa3HbIX TUMOB BEHTUNATOPOB

N3 puc. 4 — 5 BMAHO, UTO cepuHbi BeHTUnATop 3A3-110207 npu NprMeHAemMOM B paamaTopax
NasHOW KOHCTPYKLMK Ware pacrnonoxeHnsa pebep t, = 1,5 MM CnocobeH OTBECTU 3aiaHHOe KOMMYEeCTBO
TennoThl, B TO Bpema Kak pApyrne, OGonee 3OPEKTVBHblE BEHTUNATOPLI, MOryT obecneunBatb
Heob0X04VMbIV TEMNOCHEM W NMPK OOMbLINX 3HaYeHMsX wara. OgHako BeHTUIATopbl cepun YK-2M n K-156

12



MNMEIOT BbICOKME 3aTpaTbl MOLHOCTM Ha MPWBOA MO CPaBHEHUIO C cepuiHbim 3A3-110207 (puc. 3).
Mo>ToMy B JAHHOM Cillydae Haunbonee BbIrogHbIM OydeT MpuMeHWTb B cucTeme oxnaxaervs [1BC
aBTomMobOUNsA «CnaByTa» 6Gofee 3KOHOMWUYHBIN, XOTA W MeHee TMPOV3BOAWTENbHbBIN, BEHTUAATOP
asTomMo6una Daewoo Sens.

Takum 00pa3oM, C Uenblo MNOBbILEHUA SPOEKTUBHOCTU CUCTEMbBI OXNaxXAeHUs ABuratenen
aBTOMOOUNEN [N8 HOpManbHOM pPaboThl Mpu Temnepatype OKpyxawulern cpeasl Ao 50 °C
pekoMeHyeTCs MPUMEHATb aNtoMUHUEBbIE PAAVATOPbl Kak MasHOW, Tak v COOPHOW KOHCTRYKLMM
COBMECTHO C BEHTUIATOPaMK, aspOoAMHAMNYECKME XaPAKTEPUCTUKM KOTOPbLIX HE XyXe, Yem Y
BEHTUNATOPOB cepun YK-2M 1 K-156, NpUMEHAIOWMXCA B OXNTaxAatoLLVX YCTPOWCTBAX TEMIOBO30B, YTO
MO3BOMWT YBENMYUWTD LLIAM PacnonoxeHns pebep B paamnatope Ha 0,1 — 0,55 MM, a TakKe CHM3UTb 3aTpaThl
MOLLIHOCTW Ha NPWBO[ BEHTUNATOPA Ha 15 — 30 %.

Cnuncok nutepatypbl

[1] Kynukos tO. A. CucTembl OXNaxaeHvs, BEHTUNALMK 1 OToMNeHWs agTomobuneit: [MoHorpadus]
/ Rynunkos (0. A, TpnbuHmnueHko M. B, ToHuapos A. B. - Jlyranck: V3a-8o BHY nm. B. Jana, 2006.
-248 c.

[2] Kpurep A. M., InckmH M. E. KnakocTHOe oxnaxaeHne aBToMOOMbHbIX ABuratenei. — M.:
MaumHocTpoeHrume, 1985. - 312 ¢.

[3] Kynukos, lO. A. TennosHepretTnueckmne CUCTembl TPAHCMOPTHbIX MalinH / HO. A. Kynvkos, B. B.
Boikagopos, A. C. KotHoB 1 ap.; nog pes. tO. A. Kynukosa. — JlyraHck: «<EntoH-2», 2009. — 365 ¢.

[4] 1O. A. Kynukos, A. B. ToHuapos, t0. H. TomaunHckui, A. A. Bepxosoaos. OcobeHHOCTH
SHepreTMUecKoro pacyeta CUCTEMbl OXaXAeHWs aBTOMOOWAA NMpW HEMNOTHOM OXBaTe
pafmnaTopa Koxyxom./ ABTOMOOUBbHbIN TpaHcnopT. M3a-8o XHALY, r. XapbkoB. COOpHMK
HayuHbix Tpynos N2 20 2007 r., ¢. 27 - 30.

[5] 1O. A. Kynukos, A. B.ToHuapos, H. 0. CemeHoBa. TeopeTuyeckme 1 skCnepumeHTanbHble
MCCnenoBaHWa NPOLIECCA KOHBEKTUBHOMO TEMIOOOMeHa B PafiMaTopax CUCTEM OXNNaxaeHWs
JBUraTeneln BHyTPEHHEro cropaHusa asTomobunein./ Bectn ABTOMOOUIbHO-A0POXHOrO
nHctutyTa. M3n-8o AV [loHHTY, r. fopnoska. HayyHo-npor3BoACTBeHHbI cOopHuK A
HoHHTY N2 1 (4) 2007 1., c. 62 - 70.

[6] 1O.A. Kynukos, A. B.ToHuapos, 0. H. TomaunHcknia, A. A. Bepxosoaos. PesynbTathl
SKCMEPUMEHTASNbHBIX MCCNEAOBAHNIN SHEPreTUYECKUX XaPaAKTEPUCTNK alIiOMUHNEBBIX
PaANATOPOB NasHOM KOHCTPYKLUK./ BeCTHUK JIoHeLKOro MHCTUTYTa aBTOMOOWUIIbHOTO
TpaHcnopTa. M3a-80 OO0 «[loHuaHKa-nHOpMm», I. [loHelK. HayuHbil xxypHan N2 2 — 3 2006 T, C.
56-61.

[7] 1O. A. Kynukos, A. B.ToHuapos, A. A. BepxoBofoB. [oBbileHme 3GGeKTUBHOCTH paboThl
CNCTEMbI OXNaXXAeHNA aBTOMOOUNA MPUMEHEHVEM aNIOMVHNEBBIX PAAMATOPOB NaAHO
KOHCTPYKUMN./ BECTHVK BOCTOUHOYKPAWMHCKOTO HaUMOHanbHOro yHmeepcuteta um. B. [Jana.
M30-80 BHY um. B. [lana, r. Jlyranck. Hayurbin >xxypHan Ne 7 (101) 2006 ., c. 130 — 134,

COUMANTBHO-3KONOTUYECKME MPOBJTIEMbI SKCNNTYATALMM ABTOMOBWIIEN B
YCJIOBUAX XKAPKOTO KITMMATA

lligammeros 0.1, /7/70¢€C cop TaLLIKEHTCKOIro MHCTU Ty7a 10 lNPpOeKTHPOBaHWIO, CTPOUTESIbCTBY v SKCTITyaralynin
aBTOMOOMITbHBIX. AOPOor.

OpgHum 13 cneumdnuecknx  nposasneHun  LleHTpanbHo-A3valKon  pervoHansHowm
COLIMOIKOCUCTEMBI, KaK 30HbI KapKOro Kn1maTa (BbiCOKas TemrnepaTtypa BO3ayXa; peskue ee konebaHus
B TeueHue CyTOK: 3a 8 U - 0 25°C; HM3KadA OTHOCUTENbHAA BNaXXHOCTb: Npu Temnepatype 40°C - okono 10
%; BbICOKAA CONHeYHaa paamauma) obycnoBamMBaeT pAfg OCOOEHHOCTEN SKCMIyaTaumu aBToMobunen.
Mpwn 3kcnayaTaumm B NMYCTbIHHBIX PaiOHax CTaHAAPTHbIX aBTOMOOWIEN MMEET MECTO CyleCcTBEHHOe
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yXygweHne Takmx KMxX 3KCryaTauyMOHHbBIX KadeCTB, Kak CKOPOCTHOCTb, TOM/IMBHAA SKOHOMWYHOCTb,
HaeXHOCTb, 6630MaCHOCTb, yﬂ,O6CTBO NCMONTb30BaHNA, TakXKe COLUMalibHO-3KOIOrM4yeckmne rnapameTpbl.

Bbicokne Temnepatypbl BO3Ayxa, 0COOEHHO Npu ABMXKEHMI aBTOMOOWNA C BOMbLIOW HAarpy3Kon 1
Masioli CKOPOCTbIO, BbI3bIBAOT YaCTble MeperpeBbl ABUraTeNs. IToOMy CNoCOOCTBYET Takke TO, UTO BO3yX
B [BWraTenb y CTaHAapTHbIX aBTOMOOMMEeN MOCTymaeT M3 MOAKaMOTHOrO MPOCTPAHCTBa, rAe OH
HarpesaeTca B xapkoe Bpemda go 80..100°C. B pesynbrate CyWeCcTBEHHO YXyALWATCA MoKasartenu
addeKkTMBHOCT paboTbl asuratens. Mpu TemnepaType HapyKHOro Bo3fyxa Bbie 40°C MOUWHOCTb
ABUratena ymeHbluaeTca nouty Ha 12 %, a pacxoq Tonviea yBenuumeaetca Ha 17,5 %. Kpome Toro,
3HAYUTENBHO MOBLIWAETCA COAEPMKAHME TOKCUYHBIX KOMMOHEHTOB B OTPaboTaBLUMX ra3ax. [1]

Knumatumyeckme yCnoBmAa CywecTBEHHO BIMAKOT Ha OpraHM3aynto sKCryataunmn, XpaHeHUA
aBTOMOOUEN U Ha UX TEXHUKOIKOHOMUYECKNE 1 SKONMOTMYECKNE NOoKa3aTesnu. |_|O3TOMy, pacCMmaTpunBan
BOMPOChI  BeANYMNHbI  3KO/IOM0-3KOHOMMNYECKOIro yLuep6a OT aBTOMOOUNEN, aiegyer  ydnTbiBaTb
KnmMmatmyeckme yaioBrAa KOHKPETHOI O pa|7|OHa C Uuenbto yBen4yeHnAa HagexHoCTu aBTOMObUNEN npn nx
SKCryaTaynmn M ymeHblleHnA BpeaHoro BO3AENCTBMA Ha OKpyatoLlyto cpeay.

Kak noKa3blBaloT NuTepaTypHblE UCTOYHMKOB, HAa COCTOAHME W COCTaB FOPOACKOM BO3AYLIHON
cpefbl BAVAIOT KNMMaTUYECKME 1 METEOPOSIOTMYECKME OCOOEHHOCTM PerMoHa, KOTOpble ONPeAenATCA
COBOKYMHOCTBIO  MPUPOAHBIX  GakTopoB. OCHOBHBIMU MPUPOAHBIMM - GaKTOPaMK, BAUAKOWMMM  Ha
KIMMaTNYeCKre 1 METEeOPOIorMyeckmne 0COOEHHOCTY PervoHa 1 OTAENbHbIX ero PaioHOB, ABAAIOTCA:

- aTMOCC])epHaFl prHHOMaCLUTa6HaFI UMPKRYyIAUVA, OeATeNIbHOCTb LWKITOHOB, aHTULUWKIOHOB U
BO34YLWHbIX MaCC Pa3finyHOTO MNPONCXOXOEHWA;

- BETPOBOW PEXIM MO CKOPOCTIN 1 HaNpaBneHuio;
- MPWTOK COMHEYHOTO Tensa;

- dumsmko-reorpadunueckme OCOOEHHOCTM PEernoHa W ero pParioHoB (penbed MecTHOCTH,
PACTUTENBHOCTb, [IUTENBbHOCTb CHEXXHOIO MOKPOBa U T. M [2]

Ha dopmmnposaHme knnmata 6osblLOe BAVAHKE OKasbiBaeT aTMOChepHas LMpKynauma. Hanbonee
CyLL|eCTBEHHbIE M3MeHEHNA NOroAbl MPOUCXOMAT B CBA3M C NMepemMelleHrem 1 3BOMoUMEN BO3YWHbIX
Macc, aTtMOChepHbIX OPOHTOB, UMKIOHOB W aHTUUMKNOHOB. [leperpeB npubOpPOB CUCTEMDI
2NeKTPOOOOPYAOBAHMA (KaTYWKN 3aXUraHWs, pene-perynatopa, akkyMynaTopHOKM 6atapen), 0CobeHHO
MHTEHCUBHDBIA NPU Pa3MeLLeHMN NOCeaHNX B NOAKANOTHOM NPOCTPAHCTBE, MPUBOAUT K HapYLIEHWIO
pexrma 1x paboTbl, bonee YacTbiM OTKa3aM.

Bricokan TemnepaTypa OKPYKalOWEro BO3Ayxa, @ Takke WMHTEHCUMBHOE COMHEYHOEe ObnyueHme
BbI3bIBAIOT Mepexof Nerkvx Gpakumii 6eH3nHa B TOMAMBOMPOBOAAX M3 »KMAKOrO B MapoobpazHoe
COCTOSIHME. ITO NMPUBOAUT K TOMY, UTO K KapbropaTopy NMoAaeTca cMech TOMIMBA B KMAKOM dase 1 ero
napos. lNpy 3ToM paboyas CMech, NOCTYMaoWan B UMIMHAPL ABWUraTeNs, OKasblBaeTCs 0befHeHHO
HaCTOMbKO, UTO MOXET Bbi3BaTh NMepebou B paboTe ABUraTeNs UK Aaxe npekpalleHue ero paboTbl.

MNapoobpazoBaHve B CUCTEME MUTAHWA 3aBUCKT OT [IaBNEHWA B HEW, TemnepaTypsl ee feTaneit 1
CKNOHHOCTM 6eH3MHa K ucnapeHuio. Yem Huxe faBneHve, Tem OnaronpuisTHee YCIOBMS AN
napoobpasoBaHusa. Camoe HW3Koe [aBfieHne B TOMAMBHOW CUCTEME MMEeT MeCTO BO BCaCbhiBalOLIEM
TpakTe n ocobeHHo Haa Anadparmon 6eH30HacoCa BO Bpemsa BryCKa TOMMBA. VIMEHHO [1a 3TOro mecTa
NapoobpasoBaHme TOMMBA XapakTepHO B HAMOOMbLLEN CTeNeHW.

[laBneHne xe Hapg amad)parMoM 3aBACUT OT B3aMMHOIO PacCnofioKeHA TOrimBHOTo Haka U
HaCOCa, r'MapaBin4eCckoro conpoTmneieHmnda TonamMBonpoBOAOB.

Bbicokme TemnepaTypbl NMPUBOAAT K MAABMEHWUID KOHCMCTEHTHBIX CMa304YHbIX MaTepuasnos U
BbITEKAHMIO VX 13 HEFEPMETU3MPOBAHHbIX Y3/10B, MOBLILIEHWIO ABNEHWUA HArPETOro BO3yxXa B KapTepax
arperaToB TPAHCMUCCUWM 1 BCNEACTBME 3TOrO TeUM Macna uepes CanbHUKK, NPOKNaaKkK.B HekoTopbIx
y3nax (CIvaoMeTpax, CTEKNOOUYMCTUTENAX) M3-33 BbICbIXaHWA CMA30o4HOro MaTepuana MNpPOWCXOAUT
WNHTEHCMBHOE M3HALLMBaHKME AeTaen, UTo BNeYeT 3a CODOM CHUMKEHME NX HAAeXHOCTU. [3]

BblcOKMeE TemnepaTypbl Bbi3biBAIOT CHUMKEHME BA3KOCT TOPMO3HOM XMAKOCTU U NofATeKaHKe ee,
006pa3oBaHne NapoBbix NPOBOK B MMAPABINYECKOM MPUBOAE TOPMO30B 1 OTKA3 TOPMO30B. Bbicokme
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Temnepartypbl 1 CONHEYHOE O6J'|y‘-I€Hl/|€ oTpMUaTe/IbHO CKa3blBatoTCA Ha pa6OTOCﬂOCO6HOCTVI n CpoKe
Cﬂy>K6bI netanem 13 pe3nHbl, MIacTMacCbl U APYrnX MaTepnanos. Bcnenctsume BbICOKOrO HarpeBsa

(oo 70..80°C) npu ABUMKEHWUM MO PaCKaNeHHbIM [OPOraM MHTEHCUBHO M3HALIMBAOTCA LWNHBL B
2..3 pa3a COKpallaeTca CPOK CNyKObl peMHeN BEHTUAATOPA.

B Kapkyto Cyxylo Morofy YyCUIMBAaeTCA TOKCUMKOKMHETMKA TPAHCMOPTHLIX TOKCMKAHTOB, OHM
noABepraTca npoteccy buotpaHchopmaumn, Hanpumep  cMor HabnioaaeTca B BUe KENTOW NeneHbl
(UBET NpuAAeT NPUCYTCTBYIOWMI B BO3Ayxe Anokcua asota NO2 Kanenbku Xentow »uakocTu). Cmor
BbI3bIBAET pPasfpaxkeHe Cn3nCTbIX 060n04YeK, 0COOEHHO a3, MOXeT Bbi3BaTb FOMOBHYIO 60Jb, OTEKN,
KPOBOM3MNAHWS, OCIIOKHEHWA 3a00M1eBaHWI [bIXaTeNbHbIX NyTen.  YXyAlWaeT BUAMMOCTb Ha AOPOrax,
YBENNYMBAA TEM CaMbIM KOJTMYECTBO JOPOKHO-TPAHCMOPTHbIX MPOUCLIECTBUN.

OnNacHOCTb CMOra AnsA XM3HW YenoBeKa Benvka. Tak, Hanpumep, NOHAOHCKUA cmor 1952 T,
Ha3blBaloT KaTacTpodoW, Tak Kak 3a 4 AHA OT CMora mormbno okono 4 ThiC. YenioBek. Hanuuue B
aTMOChEepe XNOPUCTbIX, a30THbIX, CEPHUCTBIX COEAVHEHNIA U Kaneniek BoAbl CNOCOBCTBYET 06pa3oBaHMIo
CUABHBIX TOKCUYHBIX COEAUHEHNIA 1 MAPOB KWUCOT, YTO ryOUTENbHO CKAa3blBAETCA Ha PACTUTENbHbIN 1
MMBOTHBI MUP. [4]

OcobeHHOCTV 3KCMyaTaum aBTOMOOWUIEN B YCIOBMSAX MYCTbIHHBIX PANOHOB apKOW 30HbI
onpenensioT pag TPeboBaHWI K MX KOHCTRYKLMMN,

ITO KacaeTcA B NepBylo oUYepeab NPUCNOCOONeHHOCTI ABWraTens K paboTe B 3TUX yCnoBusx. B
Lensx npefoTBPAaLieHUA ero neperpeBa, CHUXKEHWA MNokasatenein 3GGeKTMBHOCTU LienecoobpasHbl
Takne Mepbl KOHCTPYKTMBHOMO XapakTepa, Kak: MpvIMeHeHWe repMeTUYHON CUCTEMbI OXNaxaeHUs C
paclMpUTENbHBIM 6aUKOM; OpraHmn3aLmna 3abopa BO3Ayxa B CUCTEMY MUTAHWA He K3 MOAKanoTHOro
NPOCTPAHCTBA, @ CHaPY»KW; UCMOMb30BaHWE MACIAHOMO PaaMaTopa; NPVYMEHEHKE TOMINBHbBIX HACOCOB
NOBbILEHHON MPOW3BOANTENBHOCTY; YCTaHOBKA HAaCOCa 1 TOMIMBOMPOBOAOB, NCKOUaIoLLasA Harpes nx
OT [BUraTene unu npambiMiA CONHEYHbIMU NTyYami, @ Takke CBOAALLAA K MUHMMYMY TMAPaBIMYecKoe
COMPOTMBIIEHME BCACbIBalOLIEN BETBM TOMMMBOMPOBOAA (MYYWIMM pELIeHVeM SBAAETCA YCTaHOBKa
Hacoca B TOMAMBHOM Oake, MPW 3TOM BCACbiBalolas BETBb TOMIMBOMPOBOAA BOOOLIE OTCYTCTBYET);
npuMeHeHVe OeH3MHOB, WMEIOLMX BbICOKyD Temnepatypy 10 %-HOM TouKkKM, Gonee BbICOKYIO
AETOHAUMOHHYIO CTOMKOCTb.

[na obecneyeHrs HeOOXOOMMOrO YPOBHA HALEXHOCTM aBTOMOOWNA B LIENIOM, €ro arperaTtos,
y3N10B HeoOXOAMMO: NpuMeHeHne 6onee 3GOEKTVBHOM CUCTEMBI OUMCTKM BO3[yxa, NOLABAEMOro B
[BUWraTenb, B YaCTHOCTM ABYXCTYNeHYaTon GUabTpaumm (GUbTp TMNa «LUMKNOH» Ha MePBOWN CTyMeHU U
MacCNAHO-MHEPLMOHHbIV Ha BTOPOW); MCNONb30BaHMe bonee HaleXXHOW Nblne3allnTbl BCEX CMa3blBaeMBbIX
Y3M10B; MPUMEHeHWe TyronnaBkux (C TemnepaTypor mnaeneHva He Hwke 105..110°C) CMa3ouHbIX
MaTepvanoB [na TPYAHOrepMeTU3MPYeMbIX Y3/10B, HEBLICHIXAOWMX A4 CMasbiBaHvs Npubopos
(cTeknoouucTuTener, CNMAOMETPOB U [Ap.); MOBbILEHNE TFEePMETUYHOCTM KApTEepPOB arperaTtos;
NpUMEHEHVE TEMNOCTOMKOW pPe3nHbl MpW U3FOTOBAEHUM LUMH, Pa3fIMYHbIX PE3MHOBbLIX W3AENni;
MCMONb30BaHME TEPMOCTOMKMX MNACTMAcC MPW WM3rOTOBAEHWUM Pa3NMUHBLIX AeTanel, TennoCTOMKMX
KneeBbIX KOMMO3WLINIA, NAKOKPACOUHbIX MOKPbITUI, CTONKMX MPOTUB BbIrOPaHMs 0OMBOYHBIX MaTepr1anos
nap.

[na aBTOMOOWMNEN, NpefHa3HAUeHHbIX K 3KCMAyaTauum B MYCTbIHHBIX PaOHAaX *KapKOW 30Hb,
HeobXoAVMMO MPUMEHEHUE TOPMO3HbIX KMUAKOCTEN C HEOOXOAMMbIMM BA3KOCTHLIMM CBOMCTBaMM Mpu
BbICOKMX (00 +50°C) TemnepaTypax, He CKIOHHbIX K OOPa3oBaHMIO MPW MNOBbLILIEHUM TeMnepaTypbl
NapoBbIX MPOOOK.

,D,J'Iﬂ obecneveHus Hafnexalnx )/CJ'IOBI/||7| pa6OTbI BOAUTENA W KOMCI)OpTa6€J'IbHOCTI/I noes3aKkn
MaCCaXxnpos HeO6XO}J,I/IMbIZ 3allnTa KaOWHbI BOAUTENA M MaCCaXNPCKOro CajioHa OT NMPOHNMKHOBEHNA
bk, ropAadvyero BO3AyXa M3 MOAKAMNOTHOTO MPOCTPAHCTBA, OTpa6OTaBLLII/IX ra3oB, MapoOB TOMIMBa,
O60pyﬂ,OBaH|/|€ KaOWHbI U CaNoHa C1cTemom KOHOMUMOHMPOBaAHMA BO3YyXa, TEPMOM3ONALUNA KObIWW
KYy30Ba MacCaknpCckoro aBTOMOOUNA U KabUHbI FPy30BOro o1 ,D,@I;ICTBI/IFI COJTHEYHbIX nyue|7|, a Takxe
KaOVHbI 1 MaCCaXrpCKOro CasioHa OT ABUraTesA; OKpallBaHWE Ky30Ba U Ka6I/IHbI, OCOBEHHO KX KpblL, B
cBeT/ible TOHa N T.4.

Jlntepatypa.
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[1] Boposckux tO.M. Bypnaes t0.B. Mopo3os K.A. YcTpoicTso asTomMobune: Mpaktuiyeckoe
nocobue-M: Boicw. Wwk. 1989-288 c.
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CAXA B MACJTAX OWN3EJTbHBIX OBUTATEJIAX

Eparosa O.f0, Pocrosyes B.O, Pycarosa AV, ToHkoHoros b.11.
PIY He@gv v raza (HUY) vmern VM. [ybruHa
Mocksa, Poccmvickasa @egepauyma

AHHOTaUuA

B naHHOM paboTe Obina MpoBefieH aHanv3 MacNoeMKOCTU Caxn AnA HedTaHbIX Macen. B pe3ynbTate Obina
COCTaBNeHa MaTeMaTUyecKas MofeNb OnpefeneHns MacioemkocTh caxmn ana macna VHVI-4, macna W-20A un
MOTOPHOrO macsiia M-10/ K.

KI04eBble C/I0Ba: Caxa, Macio, MaCIOeMKOCTb, MaTEMATUYECKOE MOAEINPOBAHNE, PEr] ,OGCCMOHHb/I;/ aHasins

3a nocnenHee fgecATUNeTUe KauecTBO M3ebHOMO TOMIVBA 1 YCIIOBUA NPYMEHEHUS OKa3blBaloT
npsMoe BIMSHWE Ha pPecypC WCMOmb3yemMoro MOTOpHoro Macna. OfHako, MOMUMMO  W3BECTHbIX
npeuMyLIecTB, yBeIMYEHNE HTEPBANOB 3aMeHbl Maca MPUBOAMUT K YBEMUEHWIO YPOBHSA 3arpsa3HEHW
n bonblen aerpagaunn Macna. Macno B asuratene paboTaeT Npw BbICOKOW TemnepaTtype, BbICOKOM
NlaBfeHNV, B3aMMOAENCTBYET C BO3/YXOM 1 NPOAYKTaMM HEMNOMHOrO CropaHus, Nblibo, METATUYECKUMU
MOBEPXHOCTAMU AeTaner 1 NPOofyKTaMmn WX U3HaLIMBaHUA. [TpoUCXoanT NpoLecc cTapeHna Macna. B
npolecce cTapeHna macna GU3NKO-XMMMUeCKne CBOMCTBA Macsa M3MEHAIOTCA, B HEM HaKanaMBalTca
Pa3NNUHbIE MPOAYKTHI 3arPA3HEHNS, @ Ha IeTanAxX ABMUraTens obpasyoTca oTnoxeHus. [1]

OcobeHHoCTH SKCM1yaTaunm aBTOMOOUNA B MAPKOM  KNMMaTe, TakKMe KakK O4YeHb HIK3KaA
BNa’>KHOCTb, BbICOKaA TeMrepatypa BO3Ayxa, ero noBblleHHaAa CyxOCTb, COIHEUHAA padnallnA, BblICOKaA
KOHLUEHTPaUMA Mblin B BO3Qyxe, PE3KO YBENMNYMBAOT BO3IMOXHOCTb O6pa3OBaHI/IFI BBFDHSHGHMM B
MOTOPHbIX MaChaxX.

OCHOBHbBIMW 30HaMVW iBMraTeNA, B KOTOPbBIX MPOUCXOAAT NPOLECCHI M3MEHEHWA CBOWCTB CaMoro
Macna, ABMAETCA Kamepa CropaHud, 30Ha MOPLIHA 1 MOPLUHEBbLIX KOMel, 30Ha kapTepa. B Kamepe
CropaHua BCNeACTBME BbICOKOW TemnepaTypsbl (Bbite 1000°C) npeobnafatoT NpoLecch CropaHnsa Macna
C 00pa3oBaHMeM MPOAYKTOB HEMOMHOro CropaHua (yrnepoamcTbiX YacTul), a Takke Mnpouecchl
TEPMMYECKOTO PasNOXKeHWA U OKUCIeHWA Macna. VI3 Bcel cau, KoTopasa BblpaboTaHa ABuMraTenem,
TONbKO 30% ByAeT yaaneHo uepes BbixNomnHyto cuctemy. OcTanbHble 70% OCTaHeTCA B Macse, Ha CTeHKax
LUMAMHAPA, Ha noplHe 1 T.4. [2]

B HacToAWMMN MOMEHT TUMWUUHLIA YPOBEHb COAEPXaHWA Caxu B macsie okono 5%. Takoe
CofeprKaHMe CaKM y»Ke HEraTMBHO CKa3blBAETCA Ha MOTOPECYPC, MO3TOMY B MHAYCTPUM CMA30UHbIX
MaTepvanoB CTPEMATCA pa3paboTaTb MACO, KOTOPOE CNPAaBMTCA C OOMbLWMM COAEPKAHNEM CaXN, He
YBENYMB MPY 3TOM BA3KOCTb.

OcobeHHO cUnbHO 3alrPA3HACTCA MaC/lO OpPraHN4YeCKNMMM NMpumecamMmn npu pa6OTe asuratenda C
Manow 4acToTow BpalleHnA Ha XOJTOCTOM XOA4y, NMOHMMKEHHbIX TEMI0BbIX PEMXKMMAaX, UYTO O6yCJ'IOBJ'I€HO
Xyawmnmm ycnoBmamMn npouecCa CropaHnda n OTHOCKUTENIbHO BbICOKKMM MPOPbIBOM Ma30B B KapTep
HEeMpOorpeToro AsnratenA.

XVMNYECKNIA aHaNM3 CaxK NOKasbiBaET, YTO OHa coaepxuT 94-99% yrnepopa v 0,5-3,0% sogopoaa
Mo Macce, a TakKe HeKOTOPOE KOMMYECTBO KMCIIOPOAA W 30/1bHbIX 311eMEHTOB.
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XOopowo M3BeCTHO, 4YTO Caxa ObnafaeT 3HaYMTENbHbIMU  afCOPOLMOHHBIMM  CBOMCTBAMM.
MOBEPXHOCTb CaXkW He HeCeT HM MOHOB, HN GYHKUMOHAMbHBIX TRYMM, HX TI-CBA3en. AAcopbums Ha caxe
NPOUCXOANT MOA BAUAHUEM [OUCMEPCUOHHbBIX CUIT MPUTAXEHUA, T.e. CWIbl 3MeKTPOCTaTUYeCKoro
NPUTAXEHUA MIHOBEHHOIO W HAaBeAEHHOIO AWMMNONEeN HEeWTPanbHbIX MOJSIEKYNT uMnv atomos. [3] Ha
MOBEPXHOCTM [WCMEPCHbIX YacTUL, CaXky, OCOBEHHO CBeXeobpa3oBaHHOW Caxu, ancopbupyetca
3HAUUTENIbHOE KOMMYECTBO NErkux yrieBofopomdoB. MaccoBas LoNA Takux YreBOLOPOLOB MOXET
3aHMMaTb 40 30% OT MaCChbl Caxu.

Bbina nMpoaHanM3nMpoBaHHas BO3MOXHOCTW afcopbummn yrneBOJOPOA0B, BXOAALWMX B COCTaB
macen 6bina n3MepeHa MacnoeMKoCTb Caxi (be3pasMepHas BeMUMHA). DKCNePUMEHT NPOBOAMICA Ha
macne V-20A (macno | rpynnel no API), He coaep»Kallem B CBOEM COCTaBe Npncagok, macne VHVI-4 (macne
Il rpynabl no APl) v macne, npumeHaemom AnA Am3enbHbiX Asuratenen M-100LK. 3aBUCUMMOCTb
MACIIOEMKOCTM CaxKeBbIX YaCTUL, OT VX YAEbHOW NOBEPXHOCTU NPeACTaBeHa Ha pucyHke 1.

40
— VHVI-4
— 1-20A
35 -
M-1012K
30
L
=
3
= 25
=
@
o
=
®
s 20
15 -
20 40 60 80 100 120
YpenoHaa nosepxHocTs, M2/T

PVIC)/HOK 1 — 3aBUCMMOCTb MAaC/IOEMKOCTW CaXeBblX YaCTuL, OT UX yneanom NMOBEPXHOCTHN
CaXeBbIX YaCTnL.

OueBMAHO, UTO BCe MOCTPOEHHbIE KPWMBBIE MOAYMHAETCA 3SKCMOHEHUMANbHOMY  3aKOHY.
YncneHHoe oTamume Kpueon Ana Macna M-10K MOXHO  OOBACHUTE  CONMOOUAN3MPUYIOLLEN
CNOCOBHOCTbBIO NMEIOLMXCA B COCTABE Maca MOIOLLE-ANCMEPTMPYIOWNX NPUCALOK.

3Han, 4TO aAcopbUPYIOTCA MHAMBUAYaNbHble YrneBoAopoAb, npu Yem Ao 30% nerkwx
YrNeBOfOPOAOB, ObiM MOCTPOEHbI MaTeMaTUUECKMe MOAENN 3aBUCUMOCTM MAaCNOeMKOCTY Caxn AnA
KaXKAOro Macna y4uTbiBaloLiMe He TOMbKO YaeNbHY MOBEPXHOCTb Caxki, HO 1 MOMEKYNIAPHYID MaccCy
VHOVBUAYANbHOMO YrneBoaopoaa. B pesynbrate monyumny MaTematmyeckylo MOAenb onpefeneHus
MaCII0eMKOCTH CaXM B 3aBUCUMOCTM OT ONpefeNnaemMoro MHAVBIAYanbHOro yrneBoaopoaa Ansa macen M-
20A, VHVI-4, M-101,K.

[lna Bcex macen moaens nmeeT cneayownin sua (1)
Q=By+B,'S+B,"M+ B, 5%+ Bg-M? (1)

rae Q — MacnoemKocTb; S — yaenbHas MOBEPXHOCTb Caxki, M*/T; M — MonekynsapHas macca
A06aBNEHHOrO MHAVBINAYANbHOIO YrNeBOAOPOAR, I/MONb; B — KOSOOULUMEHTbI YpaBHEHWA perpeccun.

M3MEHSI0TCS TONBbKO KOIQOULIMEHTbI YPaBHEHWSA perpeccun,

Tabya 1 — Kos@guimeHTs! perpecciv 419 macia ViHVI-4

Obo3HayeHue KoaddULMEHTa 3HaueHve KoaddnLMEHTa
BO 335,785
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B1 -0,144

B2 -7443

B4 1,941-10-3
B5 0,043

[na nonyueHHon mogenw Goinv onpefeneH KO3QGUUMEHT KOPPENALMK, KOTOPbIN cocTasmnn 0,99
1 NOrpeLlHoCTb, pasHaa 0,02 (PUCYHOK 2).
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PrucyHok 2 — MaTemaTnyeckas mofenb MacioeMKOCTM Caxu AnA Macna rugpokpexkuHra VHVI-4

Tabnya 2 — Kos@guumeHTs! perpeccun 4719 macsia H-20A

O603HayeHune KoadduLMeHTa 3HaueHue KoapduLIMeHTa
BO 85,529

B1 0,037

B2 -1,925

B4 5,25410*

B5 0,013

[ns nonydeHHoM mofenu 6uin onpeaeneH KOIPOGULIMEHT KOPPENALMK, KOTopbIR cocTasmn 0,99
1 NOrpeLIHOCTb, paBHasa 0,09 (pucyHok 3).
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PucyHok 3 — MaTtematnuyeckasa mofesib MaCI0eMKOCTH Caxu ANA mMacna rupokpeknHra N-20A

Obe npefblaylie MOAENN CTRPOWUCE 1A CUCTEM, HE VMEIOLLIYX B CBOEM COCTaBe NMOBEPXHOCTHO-
aKTMBHbIX BeLecTB, Tak CKa3aTb ANd «uaeanbHbix macen». OcobeHHo ana macna VHVI-4, koTopoe
MOMyyYatoT C MOMOLLBIO TMIAPOKPEKMHIA 1 CIeAoBaTeNbHO YINeBOAOPOAHbIN COCTaB 3TOro Macna bonee
onHopoaHbIn Yem M-20A. ToasneHne e NakeTa NPUCaAoK MOMHOCTbIO MOXKET M3MEHUTb aacopoLmio
YrNeBOAOPOAOB Ha YacTuLax Caxu. bbina coctaBneHa MaTematTnueckas Mofesb 4nAa MOTOPHOIO Macna

M-100K.

Tabmya 3 — Kos@guiumeHTsl perpeccim 418 macia M-10/2K

O603HavyeHne KoapduLlmneHTa 3HayeHne KoaddnumeHTa
Bo 335,785

B -0,144

B, -7,443

B, 1,941-10°

Bs 0,043

[na nonyyeHHon moaenw Obinn onpegeneH KoadduUneHT Koppenaummn, KoTopsli coctasmn 0,99

1 NOrpeLlHoCTb, pasHasa 0,02 (PUCYHOK 4).
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PucyHok 4 — MaTeMaTuyeckasa MoAenb MaCNOEeMKOCTU CaXu ANa Macna rugpokpekmHra M-1005K.

[onyyeHHble MaTeMaTMyeckre Mofenn Ana mMacna rugpokpekuHra VHVI-4 n nHoycTpranbHoro
macna V-20A otnmyatotca 6onbwnM KOIQOULUMEHTOM KOPPEenauum 1 MUHUMANbLHOW NOrPeLHOCTbIO.
Moaenb ana MoTopHoro macna M-1005K rMeeT NOHWXEHHbBIR KO3QOULMEHT KoppenaLmn 1 6oMbLLYyio
MOrpPeLIHOCTb, YTO, Mpexae BCero CBA3aHO C TeM, 4yTo B Macnie M-101,K, B otinume oT 1-20A n VHVI-4
COOEPXUTCA MaKeT NPUCAOOK C MOKOLWe-ANCNEPrUPYIOLLMM CBOMCTBAMM, YUUTBIBATL BIINAHNE KOTOPbIX
B JaHHOWM MOAEN 3aTpyaHUTENBHO.

B paHHOM paboTe 6Gbina MpoBeAeH aHanM3 MaclOEMKOCTU CaxkM 41A Pa3nnuHbIX Macen. bbino
YCTAHOB/IEHO, 4TO C YBEWYEeHVEM YaeNbHOW MolWaan MNOBEPXHOCTU Caxky, aacopbumsa macna
nponcxoaut B Gonbliem obbeme. Ha ocHOBe pe3ynbTaToB  aAcopOuuMy  MHAWBUOYaNbHbIX
YrNEBOAOPOAOB COMEPKALUUXCA B Macse, YAeNbHOW MNOBEPXHOCTW aacopbummn Obinn onyyeHHble
mMateMaTnyeckre Mmodeny Macnoemkoctn and macna VHVI-4, N-20A n M-1015K. [ina nepsbix ABYX Macen
mMaTematuueckie mogenu OTAnYalTCa OonblUMM  KOIQOULMEHTOM KOpPenaumm n MUHUMANbHOM
norpewHocTblo. Mogenb ana moTopHoro Macna M-10MK  vMeeT MOHWXKEHHbIR  KO3PULUEHT
Koppenauum 1 6onblylo MOrPeLiHOCTb, YTO, MPEeXAe BCEro CBA3aHO C Tem, 4TO B Macie M-
10 Kcomepntca nakeT NMpucaaok C MOKLWE-ANCNEePTVPYIOWUMM CBOMCTBAMW, YYUTbIBATL BAMAHME
KOTOPbIX B laHHOW MOAENW 3aTpyaAHUTENBHO.

CnuMCoK NCnosib30BaHHOM JINTEPATypPbI
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BO3IMOXHOCTb NCTOJTb30OBAHNA CUHTETUYECKUX MACEJT B KAYECTBE
KOMMOHEHTA OMCMEPCUMOHHOWM CPELBI CUNTUKATENTEBBIX CMA3OK.

E.B. [onnoBaHoBa, [].V. MockaneHko

Poccuiickmii rocyapCTBEHHbIN YHUBEPCUTET HEPTu v raza M. VM. [y6xruHa, JleHnHckuvi rp-T 65, r. Mocksa, Poccus

TpeboBaHWA K MAACTUYHBIM CMA3Kam BO3PACTAIOT C KaXblM rOfIOM. ITO CBA3AHO C YCIIOKHEHMEM
MEXaHW3MOB, YBeNMUYeHeM TEMNOBOV Harpy3Km 1 OOLIMM Pa3BUTVEM OTPaCNen, rae OHV NPYMEHSIOTCA.
B ctpaHax CHI no cux nop Hanbonee pacnpocTpaHeHbl MblbHble CMa3KK, Cpean KOTOPbIX NpeobnafatoT
TMAPATUPOBAHHbBIE Y CONMAOMbL. OTO OOBACHAETCA SKCMyaTalyel MOPanbHO YCTapeBLIen TeXHVKY, B
KOTOPOM VX MPUMEHeHWe OMpaBAaHHO WX HU3KON Ce6ecToMMOCTbiO. [JonA HEMbINbHbBIX CMa3oK Ha
HEeopPraHNYecKmx 3aryCcTuTenax (@3pocusbl, cUnmkareny, caxa, 6eHToHnTbl) kK 2010 1. cocTaBnAeT BCero
3%. K coxaneHuio, Hay4Hblii noTeHuman B 06nacTv pa3paboTki 1 GyHAAMEHTaNbHbIX MCCefoBaHNIA
CMa30YHbIX MaTepUasnoB, HAKOMMNEHHbIM 33 MHOrMe rofbl, B 3HAUMTENbHON CTEMeHW yTpayeH. JTUM
OODBACHAETCA  CHUXKEHME  KOHKYPEHTOCMOCOOHOCTM  OTeYeCTBEHHbBIX CMA30YHbIX MaTepuanos W

YBENVUMBAIOLLMIACA O, OT rofa obbem ux umnopta [1].

B cnoxwuBlienca cutyaumy AOBOSIBHO MEPCMEKTUBHbI CMa3kyv Ha HEMbIbHbIX 3aryCTUTensax
(OBYOKMCb KpemHWA, OKWUCb anioMUHWA, OEHTOHWUTOBbIE TNMHbI, BbICOKOMONEKYNAPHbIE COEAMHEHNSA,
NPOW3BOAHbIE MOYEBMHBI 1 T.A.). Ha X OCHOBE MPEeACTaBNAETCA BO3MOXHOW BbIPAabOTKa MNacTUYHbBIX
CMa30K, paboTOCMOCOOHBIX B WWPOKOM WHTEPBane TeMnepaTyp, BbICOKMX Harpy3oK W CKOPOCTEN, a
TaKXKe YCTOMUMBBIX K BO3AEMCTBMIO pagvaumm U XUMUYECKN arpeccuBHbix cpef. OOHOM K3 BaxHbIX
npobnem, CBA3aHHbLIX C MPVMEHEHWEM CUIVKAreneBblX CMasoK, ABMAETCA HEBLICOKUA YpPOBEHb WX
MOBEPXHOCTHbIX CBOWCTB. B HacToAwen paboTe wu3yyeHbl BO3MOXKHOCTM YAyUleHWA CBOWCTB

ChnKareneBblX CMa3ok C NMOMOLLbIO BBeAeHNA B X COCTaB CMHTETUYECKMX MacCersl. [2]

B kauecTBe AMCNEPCUMOHHOW Cpedbl ANA NPUrOTOBNEHWUA MOMAYKUIAKMX CMA3oK MCMOMb30Banu
HedpTAHble macna (M-40A, MC-20, KC-19) u cuHTeTnueckme xmngkoctm MMC-400 n TTAOM-100.
CUHTETMYECKU KOMMOHEHT obecneunBaeT Oofee BLICOKYID TepMUUecKytd CTabuibHOCTb, 0bnafatoT
HM3KOW TemnepaTypor 3acTblBaHVA WM Manon BA3KOCTbIO MPW HU3KUX TemnepaTtypax. B kauectse
saryctutens  (oucnepcHow  dasbl) AnA  NPUrOTOBMEHMS  CMasoK  MCMonb3oBanca  Oytacun -
rMapodobmn3NPOBaHHbIN a3poCKn.

BbiasneHo, uto gobasneHve 5% mac. NMMC-400 ynydliaeT NPOTUBON3HOCHbIE CBOMCTBA CMa3oK.
[vameTp nNaTHa m3Hoca (20 Kr) ymeHblwaeTtca Ha 0,06 Mmvm Npu aobasneHun MMC-400 K macny N-40A v
MC-20. Tak »ke Noka3aHa BO3MOKHOCTb NPUMEHeHKA ByTOCKUNA B KaYeCTBeE 3aryCTuTensa CUavKarenesbix
CMa30K. OH B 3HAUMTENbHOW CTENEHM YAyULWAeT 3allWTHble CBOVCTBA 1 0ONaAaeT XxopoLUei 3aryLatoLeit
CNOCOBHOCTBIO.

Mcnonb3osaHne TTAOM-100 B KayecTBe [OWCMEPCUMOHHOM Cpefbl MNO3BOMAET  YAyUWMUTb
MPOTVBOM3HOCHbIE CBOWCTBA. B CpaBHeHUM C ANCTUNNATHBIM  MacnioM VI-40A anameTp nATHa M3HOCa
(20kr) ymeHblwaetca Ha 0,04 MM, @ MO CPaBHEHMIO C OCTAaTOUYHbIM Macnom MC-20 Ha 0,22 mm. Ho cmaskn
cofeprKallive B CBOEM COCTaBe MOABEPMKEHbI PA3yNMPOYHEH IO NPV BO3AENCTBUM BbICOKMX TEMNepaTyp.

Bce wcnbiTaHHble 00pa3libl CPaBHWMBaNMCL CO  CMa3kol auton. OHW  MPeBOCXOfsaT  ee
AHTUKOPPO3MOHHbIE CBOMCTBA B 3 U Ooflee pa3. ITO OUeBMAHO CBA3AHO C MPUPOLAOW 3arycTutens.
MbInbHblE CMA3KM CUbHEE MOABEPMKEHBI OKUCIEHMIO M XY»Ke 3aLUMLLAI0T MOBEPXHOCTN OT KOppo3nn. Bce
NpUroToBNeHHble 0OPa3Libl BbIAEPKMBAIOT UCMbITaHME - 21 4ac B YCIOBUWAX MOBbILIEHHOW TeMnepaTypbl
1 BNaxxHOCTK Kamepe Liebischlabortechnik (TepmaHua). Hanbonee cTorkinm 13 BCex ABnAeTcA obpasel,
NPUroTOBNEHHbI Ha CUHTeTMYeckoMm Macne [TAO-100 ¢ pobasneHnem 15% 3aryctutenda. [lpu
JanbHenwem aHanuse rpynn obpasuos, 6bino BbIABNEHO, YTO A0OaBNEHME KPEMHUIAOPraHNYeCKoM
xuakocty MMC-400 npakTuyecku He BAMAET Ha 3TO CBOWCTBO. Havxyawmmm obpasuamu ABRATCA
cMecu nonnanbdaonedrHOBOro Macia C OCTaTOUHBIM.

B HacToAlee BpemMAa MpoBOANTCA YTOYHEHME MOJTYHEHHbIX OaHHbIX C UEIbl0 BbIABNEHNA U
ONTUMM3al OCHOBHbIX TEXHOJIOTUYECKUX PEXNMMOB, a TaK Xe I'IO,D,60p KoOMMno3nuymn nprcagok u
HanoHUTenem (OI'ITI/IMaJ'IbHOI'O COCTaBa 1 KOHLleHTpaLLI/II/I) C Uesbto ynyydleHnA CBOWCTB NONyXXNOKNX
ChnnKareneBblX CMa3oKk.
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BAUAHWME HANONHWUTENEN HA TPUBONOTUYECKME CBOMCTBA NOJIMMOYEBNHHbBIX
CMA30K

MM. @ponos, AFO. Knnakosa, POCCUVCKV FOCYAaPCTBEHHBIV YHUBEPCUTET HEPTu v raza M. VM. [y/OruHa, JleHnHckuvi rnp-T
65, . Mocksa, Poccusa

B noucke cma3ok, paboToCnoCOOHBIX B WMPOKOM MHTepBase TemnepaTyp (0CO6EHHO C BbICOKNM
BEPXHMM TemnepaTypHbIM MNpefenom MpYIMEHeHWs), B KOHTaKTe C HebnaronpuAaTHbIMK CpefamMy,
OT/INYAIOWMXCA  BbICOKOM  TUAPONUTUYECKOM 1N XUMWYECKOW  YCTOMUMBOCTBIO,  XOPOLUEN
AHTUOKNCIIUTENBHOW 1 MEXAHWYECKOM CTabUIbHOCTBIO, MPK O60MbLIVX YAENbHbIX HArpy3Kax 1 CKOPOCTAX,
APYTMMU  LUEHHBIMM  3KCMIYaTaUMOHHBIMX - CBOMCTBAMM, HaMpPUMEpP XOPOWen MpOKaYMBAEMOCTHIO,
6OMbLINM PecypcomM paboToCcnocobHOCTH, BbINO HaMAEHO, YTO Hanbonee NOAXOAALIMMMN B STOM Cilydae
ABNAITCA CMA3KK, 3arycTUTenem KOTOPbIX ABAAIOTCA MPOW3BOAHbIE MOYEBMHLI — OpraHuyeckue
COefINHeHVs, B COCTaB KOTOPbIX BXOAAT MOMEKYbl OAHOM WAN HECKONbKMX MOUYEBMHHbLIX rpymn. Ho
CBOWCTBA YMCTbIX CMA30K He BCerAa MOryT YI0BNETBOPUTL YCIOBUAM, B KOTOPbIX OHM OyayT NPUMEHEHD!
B TEX WAV MHbIX y3nax TpeHua. [1]

ToBapHble MOMMMOUYEBMHHBIE CMA3KM COAEPXAT MPWCAAKWA W HaMoMHWUTENW pPasfMuHOro
Ha3HaueHus. YacTo 3hdEeKTUBHOCTb NMPUCALOK B HWX MPOSABAAETCA CUbHEe, YeM B APYTrMX CMasKax.
BeposTHO, 3TO 00YCNOBNEHO NyUW MMM BOSMOXKHOCTAMMU AUGOY3UM NPUCAA0K MexAy BONOKHaMu M3,
00pa3oBaHHbIX MEHee MOMAPHBIMK, YeM Mblna, Monekynamu. [2]

Llensto pa6OTbI ABNAETCA UCCNefoBaHWeE BANAHWA HANONHUTENEN Ha TpI/I6OJ'IOFI/Il—ICKI/I€ CBOWCTBA
NONMMOYEBNHHbBIX CMa30K 1 BbIABAEHWE TyYLIero o6pa3|_La.

B KauecTBe 06pa3LioB ObIIM NPUTrOTOBEHbI MONMMOYEBUHHbIE CMa3KKM Ha 6asze macen MAO 1 C-9
C BBefeHMeM CNefylolMX HanonHUTeNel B NpoLecce BapKu: AVCYNbOUA MonubaeHa POCCUMINCKOTO
(MoS; gus) 1 amepukaHckoro (MoSawuswy) Npomn3soacTsa, rpadut, MC Meuvpar M ¢ nHTepBanom 5%
MaCCOBbIX, @ TaKke HaHouacTuubl Aucynbduaa Bonbdpama (IF-WS2) B dopme dynnepeHos B
KOHUeHTpauuax 1% 1 3% mMaccosbix. JaHHble NonyyYeHHbIe B pesynbTate onpefeneHna nokasartena Pc
(Harpyska cBapvBaHua), nokasatens Pk (KpuTudeckas Harpyska) u D,, (nMameTp NATHa M3HOCa) 06pasLioB
Ha YeTblpexiiapukoBon malwnHe no FOCT 9490-75 npencTaeneHsl B Tabnumue 1.

Tabmya 1

CpaBHeHne TPMOOTEXHNYECKIX CBOVCTB CMA30K C BBOLOM HAMOSIHUTEA BO BPEMA BaPKM

P, P,
Obpa3zel; N KoHUeHTpauna HanonHuTena D,, MM Kfc KI?C
1 - 0,3 126 >630
2 5% MOoS; qus) 0,88 150 >630
3 10% MoS; 0,72 160 >630
4 15% MoS; 0,80 178 >630
5 5% MOSQ(USA) 0,85 160 >630
6 10% MoS, 0,60 178 >630
7 15% MoS, 0,79 188 >630
8 5% C 0,75 126 >630
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9 10% C 0,66 133 >630
10 15% C 0,62 150 >630
11 5% MC Meuwnpar M 0,66 178 >630
12 10% MC Meympat M 0,69 160 >630
13 15% MC Meuypat M 0,72 188 >630
14 1% IF-WS2 0,44 200 >630
15 3% IF-WS2 0,68 178 >630

Ha ocHoBe nonyyYeHHbIX JaHHHbBIX MOXHO CAenaTb cnefyioLive bisogbl: [TonnmoyesrHHasA cMaska
c ancynbduaom Gonbdpama ABNAETCA NyUWwUM 0OPasLOM, HO HEOOXOAMMO CNeAMTL 33 MPOLEHTHBIM
COAEpPXaHVEeM €ro B CMasKe, MOCKOMbKY Y HEro ecTtb AOMyCTMMaA MPOLEeHTHaA KOHUeHTpauumA.
Tpunbonormnyeckune nokasaTenu yayyllanTca: AMameTp NATHa M3HOCa CHWpkaeTca ¢ 0,52mMm ao 0,44 MM, v
KpuTnueckasa Harpyska ¢ 150 krc go 200 Krc.

Obpa3upl ¢ nobasneHvem aucynbGyaa MonmMbAeHa MOKa3blBAOT XOpOolWe pe3y/bTaThl, Kak
MPOCTO C HAMOMHUTENEM, TaK 1 C MPUCaAKon. InameTp nAaTHa M3HOCa ymeHbLaeTca ¢ 1,02 mm 4o 0,88 mm,
KpuTnueckasa Harpyska ¢ 112 krc o 160 Krc, a Harpyska CBapyiBaHWA YBEMYMBALTCA O MaKCUMMAIbHOMO
3HauYeHuA.

[lobasneHne rpadura HeCylweCcTBEHHO BAMAET Ha MoKasaTeNb AMaMeTp MATHa M3HOoCa U
KpUTWUECKYIO Harpy3Ky (OTHOCUTENbHO BAMAHUA Ancynbdunaa monvbaeHa: 0,99 mm v 106 krc npotus 0,6
MM 1 178 Krc). Ho B1AHO cTabunbHOe ynydleHna NPOTUBON3HOCHbBIX CBONCTB.

CpaBHuB 0b6pasLbl ¢ AncynbGraoM MonMbaeHa POCCUNCKOTO U aMepPUKAHCKOro NpOV3BOACTRA,
Henb3A CKa3aTb O COBEPLIEHCTBE KAKOro-TO M3 HIMX, HO abCOMIOTHO TOYHO MO pe3ybTaTaM UCMbITaHWA
Npv 0O6aBNEHMN aMEPUKAHCKOro AMCynbdMaa, CMa3ka NOKa3biBAET Pe3ynbTaTbhl HEMHOMO fyJlle, B
OTIMYUM Ancynbduaa poccumckoro npomssoactea (0,6 mvm 1 178 krc npotue 0,72 Mm 1 160 Krc
COOTBETCTBEHHO).

MIHHOBaUMOHHbLIV HanonHuTenb MC Meuvpat M NO3BONMA He TOMbKO cAeNaTb MHHOBAUMOHHYIO
CMa3Ky, HO M CPaBHWTb C y»Ke MHOMO Pa3 MCMbITaHHbIMK 0bpasuamm C A1McynbdUaoM MonmnbaeHa U
rpaduta. Cmaszkm ¢ MenaHMHOM MOKa3blBaOT Pe3ysbTaThl Ha MOPAAOK Bbile U nydlle, [Mpun yBennyeHun
KOHUeHTpaumu nokasatenu ynyywatorca ot 0,66 mm go 0,58 MM fivameTpa nATHa n3Hoca 1 ot 178 Krc fo
188 KIC KpUTNYECKOW Harpy3Ku.

Havnyuwnin obpasel; (15) NpeBOCXOAMUT 3TanioH MO BCE IKCMAyaTaUMOHHBIM CBOWCTBAM, UTO
MOKa3blBaeT, UTO CMaska C AMCYNbOUAOM BOMbOpaMa CMOXKET YBENUUUTb CPOK CyxObl y3na TpeHua
NOALNMHNKOB KauyeHUs.

[11 CAncok ncnonb30BaHHOM NUTepaTypbl
[2] TexHonorua nnactnyHbix cMasok / Mwyk tO. J1. — Knes: Hayk. oym-Ka, 1986 — 248 c.

[3] AM. JaHnnos «[nacTuuHble CMa3KmM Ha noanmoyesmnHax». - M.: ULHANTOHEOTEXMM, 1995 1., c.
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NPUMEHEHWE TMBKUX CTPATETMW TEXHUYECKOTO OBC/TYXUBAHWA
ABTOMOBUTbHOW TEXHUKWM B OCOBbIX YC/TOBUAX EE SKCMNYATALNN

CasuH JleoHng Onerosuy, CoOTpyaHNK [OCYAaPCTBEHHBIN YHUBEDCUTET a3POKOCMINYECKOro rprbopoCTOOEHUS, I. CaHKT —
[Terepbypr, Poccus, (leonidys/7@yandex.ru)

AHHOTaUMA

Te3mnchbl NOCBALLEHbl Pa3paboTKe MMOKUX CTPATEruin TEXHUUECKOrO OOCYKMBAHMA aBTOMOOUNBbHON TEXHUKK U
0BOCHOBAHWIO BO3MOXHOCTEN UX MPUMEHEHWS B OCOOBIX MPUPOAHO-KIMMATUUECKUX U [IOPOXKHbBIX YCITOBUSX €€
3KCMNyaTauMmn (KapKuin U Cyxol KnmMmaT, MOBbILIEHHAs 3anblIeHHOCTb BO3fdyxa W T.n.). B paboTe mokasaHo, uto
NPUMEHEHWE [aHHbIX CTPATervin Ha MPaKTUKe MO3BONAET MOBLICUTH IGGEKTUBHOCTL NpumMeHeHna AT npu ee
3KCMyaTaLUMm B OCOObIX YCIIOBUAX.

Knroqesble C/10Ba. HAREXHOCTb ABTOMOONTIBHOV TEXHIKM, TOKas C ToaATErNIA TEXHNYECKOIO OéCﬁ)/)KMBa"HMH, ocobble YI0B1A
DIKCriTyaraymn.
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[MOCTOAHHO BO3PacTalollan B COBPEMEHHDBIX YCIOBUAX BaXKHOCTb aBTOMOOUBbHOM TeXHUKM (AT) 1
aBTOTPAHCMOPTa B LEIOM NpUAaeT 0Ccobyto akTyanbHOCTb BOMPOCaM obecrneyeHns 1 NoBbIEeHNA ee
HaaeXXHOCTU. [P 3TOM Ha TepPUTOPUM HaLero KOHTUHeHTa AT MOXeT 3KCMyaTUpPOBaTbCs B CambiX
PA3ANYHBIX KNUMATUYECKNX Y JOPOXHbBIX YCNOBUSAX — HAMPUMEP, B YCIIOBMSX SKCTPEMANBHO HU3KMX 1
BbICOKMX Temnepatyp (KpanHero CeBepa, 3amonsapbsa WAKM B MyCTbIHHBIX YCNOBWSX), B YCIOBUAX
MOBBIWEHHOW BRAXKHOCTW, CNOXHOIO penbeda MecTHOCTW, bGe3gopoxba 1 T.A. lpu 3Tom ycnosus
aKCMIyaTaUmuy aBTOMODWIIBHOW TEXHWUKU HEMWHYEMO BIIMSIOT Ha PeXumMbl paboTbl ee OTAeNbHbIX
arperaToB ¥ [leTanen, YyCKOpss Wiy 3amennsas M3MEHEeHWe NapameTPOB TEXHWYECKOTO COCTOAHMS
TEXHVKM B LIeNoM. VIHbIMW CoBamK, OnMcaHHble Bbille (0cobble) AOPOKHO-KAMMAaTUYECKMe YCIOBUA
akcnnyaTaumm AT OKasbliBaloT CyLLECTBEHHOe BMAHME Ha ee HAfleXHOCTb, BAUAA Ha TexXHMUYecKoe
COCTOSAHME Y3/10B, arperatoB W MeXaHW3MOB aBTOMOOWALHOM TeXHUKW. Takoe BAWAHME MPUBOANUT K
NOCTENEHHOMY W3MEHEHMIO 3HAYeHWI KOHTPOMMPYEMbIX MapameTpoB AT, Mpu 3TOM BbIXOA TaKuX
MapameTpoB 3a AOMYCTUMbIE (YCTaHOBNEHHbIE) MPefenbl, Kak NPaBuio, MPUBOAMNT K OTKa3y TEXHUKK B
LENOM.

OueBMAHO, UTO ANA YCTPaHeH WA faHHOW Npobnembl HEOOXOANMO OPraHmM30BbIBaTb IKCMIyaTaLMIo
AT C y4yeToM YCNOBUIA ee UCMOSMb30BaHMA: B 3aBUCUMOCTM  OT KOHKPETHbLIX YCIOBUIN MpuUMmeHeHua AT
NPOBOANTL KOHTPOSb W PErYIMPOBKY €€ MapamMeTPOB B CPOKK, He BCErAa COBMaJatoLLme C yKa3aHHON B
TEXHNYECKOW [OOKYMEHTaUMu NepuoandHoCTbio nposedeHna TO [1]. DTO CBA3AHO C TeM, 4TO
pPacCUMTaHHble ANA TUAOBbIX (YCpedHeHHbIX) YCNOBWIA 3KCMAyaTaumm Cpoku nposefeHva TO
(pernameHTHbIX PaboT), MpuBefeHHble B [JOKYMEHTaLMK, 3a4acTylo OKa3blBAlOTCA HEAOCTaTOYHO
0OOCHOBaAHHBIMW. 3TO MPWBOAWT K YCKOPEHHOMY W3HOCY AeTanel, JOCPOYHOMY BbIXOZY Y3MO0B U
arperaToB 13 CTPOS B M KOHEYHOM UTOTe — K CHIPKEHNIO KO3QOULMEHTA FOTOBHOCTM aBTOMOOUIIBHOTO
napka B LEOM W K MOBbILIEHUIO HEMPOW3BOAMTENbHbBIX 3aTPaT Ha ero aKCryaTaumto (yBenmueHnto
3aTpaT Ha PEMOHT 1 BOCCTaHOBMEHME paboTOCNOCOOHOCTM aBTOMObWMIEN). B CBA3M C 9TUM ANd peLueHns
OCHOBHbIX 33fla¥ TEXHWUYECKOW 3KCMIyaTalmy aBTOMOOUIBbHOrO TpaHCMopTa HeoOXOAMMO M3yueHKe
3aKOHOMEPHOCTEN  M3MEHEHWA TeXHMUYECKOrO COCTOAHMA aBTOMOOWSbHBIX Y3M10B, arperatos U
MEXaHW13MOB NOf BAAHMEM Pa3NNYHbIX GaKTOPOB B MPOLIECCe IKCMNyaTalmn aBTOTEXHUKMN.

OpaHako B HacToAlee BpeMa AaHHble BOMPOChI, K COXaNeHnto, U3yUYeHbl He B MOIHOM Obbeme U
HefocTaTouHO rnyboko. Obuwme BONPOCH 3KCMIyaTaLUmnm aBTOMOOUIBHON TEXHUKM B OCOObIX YCIOBUAX
MCCNenoBannchb, Hanpumep, B pabotax [2, 3], ogHako 3TM paboTbl HOCAT Mo 6Gonbllel yYacTu
TEOPETUYECKNI XapaKTep, N B HUX HET MPAKTUYECKNX peKOMeHAAUMI MO NCMOMb30BAHMI0 KOHKPETHbIX
TUMOB aBTOMOOW/IbHOM TEXHUKM B TeX WU WMHbIX YCIOBMAX 3KcnayaTaumu. OTaenbHble BOMPOCHI,
NOCBALLEHHbIe SKCMyaTalUumn aBTOMOOUNEN B KOHKPETHBIX KMMMATUYECKMX 1N [JOPOMXHbBIX YCIOBUAX
MccnenoBannck, Hanpumep, B pabotax M. M. Oulenkosa [4], B. B. MloHoBga [5] v apyrux asTopos. OaHako
Takvx paboT B HacTosllee BPEMA He Tak MHOIO, U MOYTU BCE OHW MOCBALLEHbI NCCIe0BaHMIO NLLb
CTPOro onpeaeneHHo (T.e. KOHKPETHOW 1 NOYTW BCErAa JOCTATOYHO Y3KOM) Mpobnembl.

MpoBeneHHbIN aHanm13 MMeLMXCca PaboT No AaHHOW TemaTuke [1,2] NO3BONSET BbAENUTb 13
006Len COBOKYMHOCTU TeXHUYeCKMX MapameTpoB AT pan Havbonee BakKHbIX MApPaMeTPOB, KOTOPbIX
BM/IOTHYIO CBA3AHbI C YCKOPEHHbBIM BbIXOAOM M3 CTPOA Y3M10B U arperatoB AT B OCOObIX YCIIOBUAX UX
skcnnyataumm. OYeBMOHO, YTO MOAAEPAHME 3HAUEHWIM AAHHBLIX MAPaMeTPOB B Mpefenax HopMbl
no3BonuT obecneunTb paboTocnocobHOCTL AT B TeUEHME BCErO 33JaHHOMO MHTEPBana BpeMeHHn (Cpoka
CNykObl). B cBA3M C 3TUM Npwm aKcnnyaTaumm AT B 0COObIX YCNIOBUAX OAHOW M3 JOCTAaTOYHO BaKHbIX U
aKTyanbHbIX 33434 ABNAETCA NOALEPKAHWE B YCTAHOBMEHHbBIX MPefenax 3HaUeHWM 4aHHbIX NapaMeTPOB.

Bo MHOMMX Cryyasx aHanm3 MMeloLLeroca CTaTucTMyeckoro matepvana no otkasam AT no3sonset
BbIABUTb OMpefesieHHble 33aKOHOMEPHOCTW TMOCTEMEHHOrO W3MEeHEHMst 3HaueHUn onpeaensowmx
napametpoB AT C TeueHnem BpemeHn. Onpeaens Takue 3aKOHOMEPHOCTU BPEMeHHOro apeinda
napameTpoB AT 1 NpeaBVAA MOMEHT BbIXOfa 3HaUeHN 3TUX NapamMeTPOB 3a YCTaHOBEHHble Npefens,
MOXHO MPOU3BECTM UX 3ab1aroBPeMEHHYI0 1 CBOEBPEMEHHYIO HACTPOWKY (PEryMpoBKy) U Tem CambiM
— He [onycTuThb oTkasza AT. [laHHaA 3afava No onpefeneHnio MOMeHTa AOCTUKeHWsS onpeaensioL|nm
napameTpom AT cBoero npeAenbHO AOMYCTYMOrO 3HaYeHUA MOXET ObiTb pellieHa NMPUMeHeHEM OfJHOTO
M3 M3BECTHBIX METOMOB MPOrHO3MPOBAHMA, MO Pe3ynbTaTaMm KOTOPOro MOryT OblTb CENaHbl HayYHO
000OCHOBaHHble BbIBOAbI O MNOTEHLMANbHOW HafeXXHOCTW TOro WK MHOTO Yy3na (arperata) AT, T.e. o
BO3MOMHOCTM €ro MCMOMb30BaHMA MO Ha3HAUYEeHUIO B TeueHWe WHTepBana BPEeMeHW [0 MOMEHTa
OuUepeHOro KOHTPONA.
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Ha ocHoBe nosyueHHbIX B XOfe MPOrHO3MPOBaHUA OaHHbIX O MPEANONOXKUTEIBHOM MOMEHTe
OTKa3a BbIXOfa NapameTPOB 3a A0MNYCTUMble Npefesbl MOryT ObiTe 0OOCHOBaHbI ONTVIMaNbHbIE 3HAUYEHNA
nepvoamyHocTy  TO, npu  KOTOpbIX 0becneuvBaeTCA  BbINOSIHEHME  OCHOBHbLIX  TpeboBaHWi,
npeabasnaemMblx K AT (Hanpumep, K ee HaAeXHOCTW W 3aTpaTam Ha 3kcnayataumo). C ydyeTom
PaCCUMTaHHbIX (OMTUManbHbIX) CPOKOB MpoBeAeHUA TO BO3MOXeEH Takke [JanbHENWWI nepexon oT
xecTkon (nnaHosow) ctpateryn TO AT K T.H. rvbkum ctpaternsm TO, NMpu KOTOPbIX MepedeHb U
NepuvoAMYHOCTb BBIMONHEHUA OMepaunin onpefenaTca GpakTUUYECKMM TeXHUYECKM COCTOAHMEM
0bbekTa (3HaUeHUAMN KOHTPOVpPYeMbixX NapameTpos AT) B MOMeHT Havana TO.

CneflyeT OTMETUTb, UTO HEOOXOAVMbIMU OPraHU3aLMOHHbBIMK YCIOBUAMN MPUMEHEHNA TMOKOW
ctpaterun TO AT (obcnykunBaHma AT Mo COCTOAHMIO) ABNAIOTCA SKOHOMMUYECKanA LienecoobpasHoCT,
Hanvuve npubopHOWM 6asbl, HanMuMe MeTOAVKM MPOTrHO3MPOBAHUA TEXHWUYECKOrO COCTOAHWS,
00YYEHHbIN NEPCOHAN 1 KOHTPONENPUIOAHOCTE 0O0PYA0BAHNA. HEOOXOAMMBIM TEXHUUECKMM YCIIOBUEM
npvmeHeHna TO NO COCTOAHMIO ABNAETCA HanMuMe 3NEeMEHTOB C APKO BbIPAKEHHBIM BPEMEHHbIM
ApendoM KOHTPOMMPYEMbBIX MapamMeTpOB, KOTOpble ABAAIOTCA ONpeAensiownmn ans obecnedyeHus
pPaboTOCNOCOOHOCTH YCTPOWCTBA [6].

PazpaboTtka rubkux ctpatermin TO npumeHnTenbHO K AT M MCNONb30BaHWe pPa3pPabOTaHHbIX
TMOKWMX CTpaTermii Ha MpaKTVKe TMO3BOMAT CBOeBpemeHHO npoBoauts TO AT, Te. obecneunTb
NMOCTOAHHOE HaxoxaeHue 3HadeHnn Ol B Npefenax HoOpMbl, NPeAoTBPALLaA TEM CaMbiM Kak BbIXO[ U3
CTPO#A OTAeNbHbIX Y3108 (arperaTtoB) AT, Tak 1 oTKa3 AT B Lienom. [pu 3TOM OMMUCaHHbIM BbllE MOAXOM K
onpeneneruio napameTpos TO Kak 3Tana akcrnnyataummn AT MoxeT ObiTb peann3oBaH COBMECTHO CO
CTaTUCTUYECKMM MOAXOA0M, HAMPUMEP, MCMONb30BaThCA ANA KOppeKT1poBaHua TO no pernameHTy. [pn
a1oM TO AT, npoBoAvMOe No rMOKO CTpaTeruu, B OTAnuMe OT 00CNYKMBAHUA MO PErNIAaMEHTY, NO3BONUT
yuecTb Takmne GakTopbl, Kak TEXHUUYECKOE COCTORHME 1 O0COOble YCIOBMA SKCMyaTaumm AT 1 Tem Cambim
NOBbICUTb 3GGEKTUBHOCTb MCMONBb30BaHMA AT NpK ee 3KCNAyaTaLmm B 0COObIX YCIIOBUAX.

Cnucoxk nureparypsl
[1]1 KansasuH B. 1. OCHOBbLI TeOPUN HAAEXHOCTU 1 AnarHocThkK. — CM6: Inmop, 1998. - 172 ¢.

[2] AreeB E.B. Ocobble yCNnoBuMs TEXHUUECKOW 3KCMNyaTaLmMm 1 3Koormyeckas 6e3onacHoCTb
aBTOMObUNEl: YuebHoe nocobue. — Kypck: HO3lY, 2015. - 212 .

[3] Edpemos J1. B. MMpobnembl ynpaBneHua HafexxHOCTHO—OPUEHTMPOBAHHOM TEXHUYECKOM
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[4] Owenkos M. T1. OueHKa BAUAHNA HaOeXHOCTN aBTOMOOMNA «Kamas» Ha 6e30nacHOCTb
JOPOXKHOIO ABWKeHNA B ycnoBuax Cesepa. [lncceprayma Ha COUCKaHMe CTeNerU K.T.H. AKYTCK:
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[5] MoHos B. B. MiccnenoBaHme sKkCnnyaTaLMOHHON HAAEXHOCTW arperatoB TPaHCMNCCAN
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Cekumsa 1 SKCIMIIYATAUMOHHAA BE3ONACHOCTb AOPOXHBIX TPAHCTOPTHbIX
CPEACTB»

TPAHCTOPTWPOBKA CETbCKOXO3ANMCTBEHHbIX TPY30B
N AHANN3 MNKOBBIX MEPNOJOB

AcraHarynos K/, TalKkeHTCK MHCTUTYT UHKEHEDOB MPPUIaLMmN M MEXAHN3ALMI CETbCKOIO XO3AVCTBa, I-. 1aLLKeHT,
Y36ekrucraH,

AHHOTaUMA

B cTaTbe NpviBefeHbl AaHHbIE MO BUAAM CEMbCKOXO3ANCTBEHHOM NPOAYKUMM 1 OOBEMY KX MPOM3BOACTBRA, YOOPKa
WX B OKaTble CPOKK, UTO PE3KO YBENMUMBAET NOTPEOHOCTb B MOOMIBHBIX 1 CKOPOCTHbIX TPAHCMOPTHBIX CPEeACTBaX,
NPOaHanM3MPOBaHbI MUKOBbIE NMEPUOAbI, KOTOPbIMI ABNSIOTCA UIOHD - Nepros YOOPKK 3ePHOBBIX, aBMYCT - Nepuos
ybopKM OBOLLE-0axueBbIX KynbTyp, CEHTAOPD - Nepuos yOOPKM XIOMKa.

Kntouesble Cri0Ba: rpy3, MEPEBO3KA, TPAHCIOPT, NEPHOL] YOOPKH, OOBEM MPOHIBOLCTBA, CE/IbCKOXO3ANCTBEHHAA MPOAYKLIMA.

B 6nmkaiiwme rodbl B Y30eKMCTaHe 3aniaHUpPOBaHO Pa3BUTUE TPAHCMOPTHO-OMMCTUYECKON U
JIOPOXHO-TPAHCTMOPTHON MHPPACTPYKTYPbI MyTem PecTpyKTypu3auuMm 1 MOAEPHM3aUMM OTpacn, a
TaKkXe BHePEHWA MHHOBALIMOHHbIX TexHonorui [1]. B nocneaHne roabl o6bem nepeBo3nmMbIX rpy30B
3HAUUTENBHO YBENMUMNCA U 3Ta TeHAeHUWA OyaeT COXPaHATLCA U B ByayLLeM.

3HAUMTENbHYIO YaCTb NEPEBO3NMbIX FPY30B B Y36EKMCTaHE COCTABNAT CEbCKOXO3ANCTBEHHbIE
rpy3bl. K CenbCKOX03AMCTBEHHbBIM FPY3aM OTHOCKTCA Pa3nvyHas NPOAYKLWA CeNbCKOXO3ANCTBEHHOMO
NPOV3BOACTBA: 3€PHO, OBOLLM, GPYKTHI, XITOMOK, MPOAYKTbI XKMBOTHOBO/ACTBA, PACTEHNEBO/CTBA, A TaKXKe
yOOOPEHNMS, MNOCEBHbIE ¥ TMOCaA0YHbIE MaTepuanbl, TOMIMBO A8 CENbXO3MalWH W pasfnuHble
X039MCTBEHHbIE IPY3bl PEPMEPOB M CENbXO3TOBAPOMNPOU3BOANTENEN.

B 2017 rogy B Y36ekucTaHe npounsseaeHo 8,377 MiH. TOHH 3epHa, 2,93 MITH. TOHH XNomMKa, 12,1 MIH.
TOHH oBoLLel, 2,3 MIH. TOHH 6axuu, 3,1 MIH. TOHH KapTodens, 3,3 MIH. TOHH GPYKTOB, 1,8 MH. TOHH
BMHOrPaaa, bonee 300 ThiCAY TOHH PUCa, a TakkKe 2,3 MITH. TOHH MaAca, 10,4 MIH. TOHH MOMOKa, 7,0 MIpA.
WTYK And 1 15,4 ToiC. TOHH Méaa (puc.1) [2].
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Puc.1. O6bem Npom3BOACTBA CENbCKOXO3ANCTBEHHbIX MPOAYKTOB

3annaHMpPOBaHO B TeyeHve 2-3 neT yBenmuMtb obbem MpoW3BOACTBA OBOLlen Ha 105,7 %,
KapTodens Ha 106,3 %, 6axum Ha 106,1 %, dpykToB Ha 106%, BMHOrpaaa Ha 105,7 %, maca Ha 105,6 %,
Mosoka Ha 108,1 %, avu Ha 111,3 %, pblobl Ha 120 % 1 ména Ha 118,2 % [1].

Kak BMOHO M3 rpaduka BUAbI CENbCKOXO3ANCTBEHHOM NMPOAYKUMM 1 OO6BbEM MX MPOW3BOACTBA
pa3Hoobpa3Hbl. [Mpuyem ybopKa BCEX MPOAYKUMIA MPOU3BOAMTCA B CKaTble CPOKM C  UENbio
NpefoTBPALLEHMA UX MOTEPL WV NMOPUM 1 OfHOBPEMEHHON YOOPKOW, TpebyeTCA [OCTaBKa X A0 MeCTa
XPaHeHWs U nepepaboTKu. ITO, B CBOO OYEPEAb, YBENMUMBAET NOTPEOHOCTb TPAHCMOPTHBIX CPEACTS,
NpUYem pasnrMyHoOro T1na, B 3aBUCMMOCTY OT BZA TPAHCTOPTUPYEMBIX CENbCKOXO3ANCTBEHHbIX IDY30B.

Kak W3BECTHO, CENbCKOXO3ANCTBEHHbIE TPY3bl KMacCUOUUMPYIOTCA MO Cnedylowum  npu-
3HaKaM: GUBUKO-MEXaHNYECKUM 1 OMOXMMMYECKUM  CBOWCTBAM;  CTEMEHW  UCMOSb30BaHMS
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rPYy30MNOABEMHOCTM  TPAHCMOPTHBIX — CPEACTB;  CMOCOOY  MOTPY3KM-Pasrpy3kn;  CPOYHOCTU U
NeproaNYHOCTI NEPEBO30K; MACCOBOCTM NMEPEBO30K U YCIIOBKAM MEPEBO30K.

Mo dU3MKO-MeXaHNYeCKMM CBOWCTBAM Pa3NMualoT rpy3bl TBepable, KUAKUE WAN HalMBHbIE
(MOMOKO, XUaKWe yaobpeHws, XiaKkoe TOMANBO U Apyrune) 1 razoodbpasHble. K dprsnko-mexaHnuecknm
CBOWCTBaM  CENbCKOXO3AMNCTBEHHbIX TPY30B  OTHOCATCA TakKe Yrbl  eCTeCTBEHHOIO  OTKOCA,
KO3GdULIMEHTbI TpeHwus, BOKOBOrO [1aBNeHus 1 Apyrue, KOTOpble BAUSIOT Ha KOHCTRYKLMIO Ky30Ba U
KpenneHve ero K pame. bonee 70 % CENbCKOXO3AWCTBEHHbBIX PY30B OTHOCMTCA K HACbIMHbIM 1
HaBasIOYHbIM.

Mo CPOYHOCTM U MEePUOANYHOCTM MNEPEBO30K PA3IMYaIOT  CENbCKOXO3ANCTBEHHbIE TPY3bl,
nomnexatime nepeBoske B CKaTble CPOKM, MTMMUTUPYEMbIE arpOTEXHUYECKUMI TpeboBaHMAMK, 6O
CKOPOMOPTALMECH U TPY3bl, NepeBO3Ka KOTOPbIX MOXET ObiTb PaCcTAHyTa Ha bonee AnUTENbHbIN CPOK.

Mo ycnoBUAM NMepeBo3KM rpy3bl AeATCA Ha OOblUHble - He Tpebyiollve Creumann3npoBaHHOIO
NOABWXHOrO COCTaBa; CKoponopTAlmeca - Tpebylowye CcobnofeHna 0COoObIX CaHWTapHBIX ¥
TemnepaTypHbIX PEXMMOB W Apyrie.

Ecnm npoaHanv3npoBaTh  KOMUYECTBO — MEPEBO3MMbBIX — TPY30B  MPW  BO3AEbIBAHWUN
CENbCKOXO3ANCTBEHHBIX KyMbTyp, TOrAa B CE30HHbIM MEPUOL TOMbKO Ha KaxAblh rekrap nocesa
3EPHOBbLIX MV XJTOMKa MPUXOLUTCA MePEBO3UTb OKOMO 25 T pasnnyHbiX rpy3os: 10-20 T opraHnyeckmnx
ynobperuin, 0,5-1,0 T cemsaH 1 MUHepanbHbIX yA0bpeHWit, 2-3 T 3epHa, 3-4 T CONOMBI, 2-3 T TEXHNYECKIUX
rPY308, a MPY BO3AENbIBAHUM KapTodens, CBeKIbl M OBOLLEN Ha Kaxabll FeKTap NPUXOAUTCA NepeBO3UTb
opraHuyeckunx ynobperuin 30-40 T, npoayKToB ypoxas 20-40 T, ceMAH U MUHepabHbIX yaobpeHnin 1-3
T.

K 0cobeHHOCTIM OpraHu3aLmmn NepeBo30K CENbCKOXO3ANCTBEHHbBIX MPY30B OTHOCATCA: pe3Kue
Ce30HHble KonebaHmsa obbema paboT 1 bonblune KonebaHus NoTPeObHOCTM TpaHCMoPTa NO Pa3NYHbIM
nepuoaam roaa; pasnnuHble JOPOXHbIE YCIIOBUA 1 PACCTOAHMA NepemelLieHs rpy30B; NprBneyeHne Ha
nepuoa  yobopKM ypoxas MOABWMXKHOIO COCTaBa U OBC/IYXKMBAIOWEro nepcoHana PasfinyHbix
opraHv3auni 1 BeOMCTB; COOYHOCTb MepeBO30K Ha nepurof YOOPKM ypoxKas npu Hanmumim Menkux,
Pa3bpOCaHHbIX Ha OOMbLIOV TEPPUTOPUM MOTPY30UHbIX, FPY3000pa3syIoLLMX MYHKTOB, MPW OTHOCUTENBHO
HeOOJbLLOM YKMC/Ie MPUEMHbIX, FPY30MOrNOWAoWKMX MYHKTOB; HEOOXOAMMOCTb CO3AaHWA Ha nepuop
yOOPKM ypOrKas BPeMEHHbIX 3ampaBOYHbIX MYHKTOB, MYHKTOB TEXHUYECKOrO OOCIYXMBAHUA 1 PEMOHTA
MOABWXXHOIO COCTaBa, MUTaHUA U OTAbIXa BOAUTENEN; OCyLECTBAeHUEe TRAHCMOPTHOTO 0OCYKMBaHNA
CeNbCKOXO3ANCTBEHHOrO MPOW3BOACTBA COOCTBEHHbIMM CUMaMn GEepPMEepPOB WM TRAHCMOPTHBIMM
npeanpuUaTUSMU.

[lo HelaBHOro BpemMeHY OCHOBHBIM TPAHCMOPTOM CEMbCKOrO XO3AMCTBA Obl TPAKTOPHbIN MapkK,
OfIHAKO B HacToslllee BpPemMs OCHOBHbIM BWAOM TPaHCMOPTa B CEbCKOM XO3AWCTBE ABAAETCH
aBTOMOOUNBHLIV. Ha ero oo npuxoautcsa 6onee 70 % obbema NepeBo30K rpy30B. K n3mMeHeHno B1aa
TpaHcnopTa B Y30eKkucTaHe MPUBENO yBennuyeHue OOBEMOB MPOM3BOACTBA CEMbXO3MPOMAYKUMA ©
MVKOBbIE MePUObl, KOTOPble TPebytoT 6osble MOBUNBHOCTY 1 YCKOPEHHOCTb TpaHCnopTa.

AHanM3npysa AaHHble No yOOpPOUHbIM PaboTam, MOKHO CAenaTb BbiBOA, O TOM UTO OCHOBHbIM
MVKOBbBIM NEPUOAOM NP TPAHCTIOPTUPOBKE CeNbCKOXO3ANCTBEHHBIX MPY30B ABNAIOTCA: NepUof yOopKM
3epHOBbLIX (MIOHB), Mepuof YOOPKKM OBOLe-baxueBbiX KynbTyp (aBrycT), nepuon yOOpKM XIomnka
(CeHTAbpD).
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OCOBEHHOCTU NPUMEHEHWA TPY30BbIX ABTOMOBUIEN HOBOTO MOKOJIEHWA TMPU
TPAHCMNOPTUPOBKE 3EPHA B CEJTbCKOM XO3AWUCTBE Y3BEKUCTAHA

27
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AHHOTaUMA

B cTaTbe MpoaHanu3vpoBaHbl OCOOEHHOCTU YCNOBUMIA PabOThl KOMOAMHOB U OOCMYXMBAIOLIMX WX [PY30BbIX
aBTOMOOWNEN, MPUMEHAEMBIX MPK YOOPKe 3ePHOBLIX KyJbTYp M GaKTOPbI, BAUAIOLIME Ha UX PabOTy Kak eauHOw
CUCTEMbI B MpoLiecce YOOPKM U TPAHCMOPTUPOBKYM 3epHa.

Knouessie cioBa: yOOPKa, 3E0HO, TPAHCIIOPT, KOMOAaKH, PakTop, PaauyC NEPEBO3KY, MPOU3BOAUTENILHOCTb, OObEM, CKODOCTH
JBYKCHNA,

B Y3b6ekncTaHe BO3AeNbIBaOTCA pasivyHble 3epHOBbIE U 3epHOO0O0BBIE KyNbTYpbl 1 OOBEM KX
NPOV3BOACTBA MpeBbiliaeT 6onee 8 MIH. TOHH. B CelbCKOM XO3AMCTBE Cambli OOSbLION OObem
nepeBo3KK rpy3a B KpaTKMe CPOKM NPUXOAUTCS Ha Nepuros yOopKn 3epHOBBIX.

C uenblo NpefoTBpalleHVs MoTepb OT CaMOOCHhINMaHWA 1 APYrMX GaKTOPOB YOOPKY ypoxas
NPUXOAMTCA MPOBOAMTL B KpaTuaiime Cpoku [1]. 3TO pe3Ko yBenMumBaeT Harpysky Ha npouecc
NepeBO3KM 3ePHa ¥ TPaHCMOPTHbLIE CPEACTBA, UCMOMb3yeMble NP STOM.

B Y36eknctaHe paboTbl No yOopKe ypoxas 3epHa OpraH1M3oBaHbl MO MOTOUYHOW Cxeme B BUAe
“none” + “KomMbanH" + “TpaHCNOPTHOEe CPeACTBO” + “MYHKT Npuema 3epHa”. [pn 3TOM TPaHCMopTHbIe
CpeacTsa ANA NEPEBO3KM 3epHa COCTABMAIOT eAMHHYIO CUCTEMY BMeCTe C KOMOaMHamu 1 ABAAIOTCA
OCHOHbIM 3BEHOM B 0bLLIeM NpoLiecce.

B HacTosWee Bpema npun yoopke 3epHa NPUMEHAOTCA 3epHOYOOPOUHbIE KOMbaHbI Kenc-2366,
[omuHatop-130, Hbto-Xonnana TC-5060, Kenc-5580 u [HoH-Bektop. o HemaBHOro BpemeHu ms
TPAHCMOPTUPOBKM 3epHa MPUMEHANNCL Tpaktopa T113-60, TT13-80, MT3-80 v npuuensl 2MNTC-4-793,
2[MTC-4-887, a TakKe rpy3osble aBToMoounn [A3-53 1 3WJ1-130 ¢ rpy3onoabeMHOCTbo A0 4 TH. OfHako
C yBenMueHWeM OObemMa MPOM3BOACTBA 3epPHa M CKAaTOCTM CPOKOB YOOPKM PE3bKO YBENUYMNIACh
NOTPEOHOCTL TPaHCMOPTHLIX CpeAcTB. Hebonbwon obbem npuuenos 2MTC-4-793, 2MTC-4-887 n
aBToMObUnel FA3-53, 3M1-130, a Takke H13Kas CKOPOCTb TPAHCMOPTUMPOBKM TpakTopos TT13-60, TT13-80,
MT3-80 He oTBeuanu TpeboBaHUAM NPOVI3BOAWTENEN 3epHa MO ero rnepeBoskam. [1o3TomMy B HacTosLlee
BpemsA Npw nepeBo3ske 3epHa 6oMblle NPUMEHAIOTCA FPY30Bble aBTOMOOWIM HOBOTO NOKOMEHUS, Takne
kak MAN, 1SUZU, HOWO, SINOTRUCK n apyrne ¢ 60nblioW rpy30nofgbeMHOCTbio. B pesynbTate 3T0ro
NOCTUraeTCA NOBbIWEHWE NPOU3BOANTENBHOCTY NePEBO3KM 3ePHa.

Mpu noTouHOW Yybopke 3epHa paboTa KombalHa W TPAHCMOPTHOrO CPefcTBa  [AOSMKHbI
COOTBECTBOBATb APYr Ha Apyry. [na 3Toro AOMKHbI YUMTbIBATbCA (AKTOPbI, BAUAIOLME Ha PaboTbl
KOMBANHOB 1 TPAHCMOPTHbIX CPeACTB. B NpoTMBHOM Ciydae 3GdeKTVBHOCTL PaboTbl PE3KO CHIKAETCA.

AHanM3Mpya MoKasaTenn TPAHCMOPTHBIX CPeACTB M KOMOAMHOB, MPUMEHAEMBIX Mpu ybopke
3EPHOBBIX KYJIbTYP, @ TAKXKE YCI0BUA X paboThl [2] HaMmm onpeaeneHbl cneayoline GakTopsbl, BUSoLLme
Ha paboTy KoMOaiHa ¥ aBTOTPaHCMNOPTa Kak eAVHON CUCTEMBI B MpoLiecce YOopKW. ITUMKU dakTopamu
ABNAIOTCA YPOXKAMHOCTb 3epHa, paanyC NePEBO3KN 3ePHa, NPON3BOAUTENBHOCTb KOMbaHa (cekyHaHan
NPOMyCKHaA CrocoOHOCTb), 0Obem ByHkepa KombaliHa, CKOPOCTb PaboThl KOMbBAaMHa, WWPVHa 3axBaTa
KOMbalHa, MPOWU3BOAUTENBHOCTb PA3rpy304YHOrO LIHEKA KOMOalHa, 00bem Ky30Ba TpPaHCMOPTHbIX
CPeacTB, CKOPOCTb ABUKEHWA TPAHCMOPTHBIX CPEACTB U UX FPYy30MNO4beMHOCTb. YPOBHM BapbMPOBaHNS
BblLEYKa3aHHbIX GaKTOPOB NpVBEAEHbI B HUKeCeaytoLLel Tabnviue.

Kak BUOHO 13 Tabnuubl GakTopbl, BAUAOLIME Ha paboTy kKoMbalHa 1 aBTOTPAHCMNOPTa KaK eAuHan
CUCTEMA VM3MEHAIOTCA B LUIMPOKKX Npeaenax. VI3 HUX YpOBHW YPOXKaNHOCTM 3epHa M3MeHATcA oT 20 1o
60 u/ra v bonee, T.e. B 3 pasa, paanyc nepeBo3kM 3epHa oT 3 A0 19 KM, T.e. B 6 pas, NpPOU3BOANTENBHOCTb
kombaiiHa oT 3,0 10 13,0 Kr/c, T.e. B4 pa3a, 06bem byHkepa kombaiiHa ot 2,0 10 6,0 M?, T.e. B 3 pa3a, CKOPOCTb
IBUeHVs KombariHa oT 2,0 o 8,0 km/uac, T.e. B 4 pa3a, WMpWHa 3axBaTa kombanHa ot 4,0 M 10 7,0 M,
T.e. OKONO 2 pas.

OCHOBHbIE PaKTOPbI BINSIOLYME Ha PAOOTY KOMOAaLIHA 1 ABTOTPAHCIIOPTA 1M YOOPKE 3€PHA

Ne | HaumeHosarve dakTopos YPOBHY BapbrpoBaHHA GakTopos
1 | YpoxaliHocTb 3epHa, L/ra 20 | 30 | 40 | 50 | 60
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5 - 3
2 | O6EMHbIN BEC 3ePHa, KI/M 650 700 750 300 850

2 | Pagunyc nepeBosKn, KM 3 7 11 15 19

3 HponngHaﬂ CNoCcobHOCTb 30 55 80 105 13.0
KoMbanHa, Kr/c

4 | Obbem byHkepa kombalHa, m* 2 3 4 5 6

5 | CKopoCTb ABMKEHMA KOMOalHa, 20 36 50 65 80
Km/4ac

6 | WvpuHa 3axBata KombarHa, m 40 50 6,0 70 .

7 | Tlpom3BOANTENBHOCTb
Pa3rPYy304YHOrO LIHEKa KOMBalHa, 50 7,0 9,0 11,0 13,0
T/MNH

8 | Obvem KyzoBa TPAHCMOPTHbIX 30 6.0 90 12,0 15,0
CcpeacTsm

9 | CKOpOCTb ABMKEHMA
TPAHCMNOPTHOIO CPEACTBA, KM/4Yac
1 | Mpy30nogbemMHOCTb TPAHCMOPTHbIX
0 | cpeacts, 1

Mpv 3TOM NoKasaTenu TPAHCMOPTHbLIX CPeACTB M3MeHATCA B cneaytoliem Buae. Obbem Ky30Ba
TpaHCNopTHbIX cpeacTs oT 3,0 4o 15,0 M?, T.e. 5 pas, CKOPOCTb ABUMKEHWA TPAHCMOPTHBIX CPEACTB OT 2,0-
3,0 km/uac (Ha none) o 60-70 kKv/uac, T.e. B 30-35 pas, rpy30NOAbEMHOCTb TPAHCMOPTHOIO CPeACTBa OT
30700 10T, T.e. 60ONnee yem B 3 pasa.

2,0-30 8,0-10,0 | 20-30 40-50 60-70

30 50 7,0 9,0 10,0

Kpome 3TOro Ha mokasatenu paboTbl aBTOMOOMMEN BAMAET 3anblIeHHOCTb BO3AyXa, KOTopas
HaMHOrO MPEeBbILWAET ONpPefeneHHylo HOPMY BO BpemMA YOOPKM 3E€PHOBbIX WM HEPABHOMEPHOCTb
MOBEPXHOCTU MOMA 13-33 HanuMuus MOMMBHBIX 60Po3d. ECin npu opraHuzaummn yoopoyHbix paboT
YUUTMBAIOTCA BblleNprBeAeHHble GakTopbl, TOra obecneumBaeTcs CnaHue paboTbl 3ePHOYEOPOUYHOTO
KombarHa 1 TpaHCMOPTHOrO CpefCTBa.

CoBpemeHHble Tpy30Bble aBTOMOOMAN MO CPaBHEHMIO C MpefbiAyWnMy UMelT HeKoTopble
OCOOEHHOCTM W MPEeMyLLecTBa, KOTOpble BAMAIOT KaK Ha TeXHWUYECKME XapaKTepUCTMKM, Tak W Ha
noBblIlEHWE KOMPOPTA, YA0OCTBA B IKCMyaTaLMKU 1 OOCTYKMBAHUM:

- BepTMKasbHasa yCTaHOBKa MMAPOUMAMHAPA ANA NMOAbeMa Ky30Ba B MepefHelr 4yacTu Ky30Ba.
Takoe pacnonoeHwe rMAPOLUMANHAPA WUMEEeT OrPOMHOE MPEeUMYLEeCTBO MNepen PacronoKeHnem
LUWIMHAPA B LIEHTPE Ky30Ba, T.K. yMEHbLLIAeTCA Harpy3Ka Ha LWAMHAP NPV NoAbeme Ky30Ba, BCeACTBMe
Yero MoBbILLATCA HAAEXHOCTb U JONTOBEYHOCTD;

- dBTOMaTnyeckoe BKoYeHne BEHTUNIATOPA CUCTEMbI OXJ1aXKOeHWA ABUIraTeNA,

- M3MEHEeHHaa KOHCTPYKLUMA CTPEMAHOK 3a[JHMX PEeCCop Ha BepxHee pacrosioxeHue raek (ans
NPOTAKKN CTPEMSAHOK, He TpebyeTca CHUMaTb Koneca).

- GanaHcvpHaa noagecka € V-00pa3HbiM pPeakTMBHBIM pbluarom. BepxHue peakTnBHble TArM
(WTaHrM) Npyn Nepekocax MOCTOB OTHOCKTENbHO PamMbl aBTOMOOWA PaboTatoT Mo MPUHLIMMY LAPOBOWM
OMopbl He NMoABePrasach 1U3rnby 1 CKPYUUBAHNIO;

- YCTaHOBKa MadJ1AHHOTIO 6aka TMAPOCCTEMDBI MOOABbEMA KY30Ba Ha pame. JTO paet 60onbLLOW Mmoc,
MOXHO, HEe NCMOJIb3yA NMOAMOCTKN U I'Ipl/ICI'IOCO6)'IeHI/IF|, 3aMpPaBiATb CUCTEMY MaCJTIOM;

- LWHbI MHOTOCNIOWHbIe C METaNNIOKOPAOM;
- KoMdOopTHasA KabrHa YCTaHOBNEHHas Ha 4-X OMOPHOW NOABECKe MNaBaloLlero TUna;

- cTabunuzatopbl nonepeyHon yctonumsoctn. CTabunusaTopsl AenarT aBTomMobunb Gonee
YCTOMUMBBIM, YNyULas YNpPaBasemMoCTb 1 6e30MacHOCTb;

- HUW3KME MOKasaTenu LeHTPpa TAKECTU OT YPOBHA 3emnn. HW3KMIA LUeHTp TAxecT naet
aBTOMOOWTIO 6OMbLIYIO YCTOMUMBOCTL W MO3BOMAET PaLMOHaNIbHO MCMOMb30BaTh Pa3Mepbl MallnHbI,
yBENMYMBasA €e NONe3HYI0 3arpy3Kky.
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BbmenpmseﬂeHHue 0COBEHHOCTU rPy30BbIX aBTOMOOMNEN HOBOro MOKONEeHUs paclwnpdeTt
BO3MOXHOCTb UX MPVMEHEHWA NMPW TPAHCMOPTUPOBKE 3€PHa B CE€JIbCKOM X03ANCTBE Y3beKucTaHa.
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MEPEBOA N SKCTUTYATAUUA OU3EJIbHBIX ABTOTPAKTOPHbBIX CPEACTB HA CKATOM
MPNPOOHOM T'A3E

baszapos b.M1, 4.7.H, Bacugos AX, conckarenb (TaluKEHTCKV MHCTUTYT 10 MPOEKTUPOBAHMIO, CTIDOUTENILCTBY M IKCII/TYaTaLIMM
ABTOMOOMITbHBIX JOPOT)

AHHOTaUMA

CTaTbs NoCBALLEHa akTyabHbIM NMpobneMam Nepesoda 1 SKCrlyaTaunv An3enbHbiX aBTOTPAKTOPHbBIX CPEACTB Ha
CKATOM MPUPOAHOM rase.

KnoyeBsle cioBa: MOT0,0HO@ TOM/INBO, METAaH, rporiaH, NnepeBosg v SKCrilyaralyiA.

B coBpemeHHOM MUpe 3aMeHa HedTAHbIX MOTOPHBIX TOMAMB Ha aflbTePHATUBHbBIE SKOMOTMUECKN
UMCTble TOMMAMBA 3aHWMaeT ocoboe MecTo B ObecrneyeHu SHepreTMUYecKkor W SKOMOorMyeckom
6e30MacHOCTM MHOTWX CTPaH. /13BeCTHO, UTO 3aMeHa HeGTAHBIX MOTOPHbBIX TOM/IMB B OCHOBHOM BefleTCs
3@ CYET MCMOMb30BaHNA CKaTOro NpUpoAHoro rada (CMIN), cxuxkeHHoro nponan-byTaHosoro rasa (CrbD),
CNVPTOB, 3GMPOB 1 APYrX 3ameHuTenen [1-6].

B 37OV CBA3M NepeBoOA W IKCMyaTaUma TPaHCMOPTHbLIX AM3enel Ha NuTaHne NPUPOAHbLIM ra3om
“MeeT BaxkHoe 3HaueHve, OHaKo aHHbI BOMPOC B CBOKO OYepedb CBA3aH C MPUHATMEM MHOXeCTBa
HEeOoOXOAMMbIX HayUYHO OOOCHOBAHHbIX TEXHNUYECKIX, TEXHOMOMMYECKIMX 1 MPOW3BOACTBEHHbBIX PELIEHW,
TakMX Kak, HEOOXOAMMOCTb MPOBEAEHNA COOTBETCTBYIOWIMX KOHCTPYKTUBHbBIX W TEXHOMOrMYECKMUX
M3MeHeHWn B 06a30BOM [AM3efie; y4yeT KOHCTPYKTVBHbBIX U 3KCMyaTaUMOHHbIX OCOOeHHOCTel
nepeobopyaoBaeMOro TpaHCNopTa C An3enem; BbiIoop HaaeXHOro M JOCTYMHOrO Mo LieHe NOAKaNoTHOro
000pYAOBaHWS; YUET YPOBHS Pa3BUTUA MHGPACTPYKTYPLI ncnonb3osanua CMI B AaHHOM pervioHe 1 ap.

YCTaHOBNEHO, YTO MPaKTUYeCKM BCE BW[bl KOMECHOW TEXHUKM 1 CTalMOHAPHblE YCTaHOBKM C
An3enamu MoryT ObiTb NepeBefieHbl Ha NMUTaHKe TONBbKO YTNeBOAOPOAHBIMIA ra3amMi, B YaCTHOCTH, CKaTbIM
npupogHbim razom (CM) [3].

MoCcKoMbKy flaHHOE MeponpusTVe HanpPaBeHo 6oMblie Ha PeLLeHKe 3KONOrMUYeCKmX Npobem, To
Ha nuTaHwve CII B NepByto ouepeb NepeBoAATCA rOPOACKMUe aBTOOYChl U MMKPOABTOOYChl, aBTOMOOWIN
FOPOACKNX 1 KOMMYHasbHBIX XO3AMCTB, TPaHCMOPT 3aKPbITbIX MOMELLEHNI 1 CKN3A0B U1 Ap.

Ocoboe mecTo 3aH1MaeT BbIbop razobannonHoro obopyaosaHua (TbO). B 3aBucmocTy OT Toro,
Kakoe nokoneHve 6O byaeT ncnonb3oBaHo, OYayT OTANUATLCA He TOMbKO XapaKTePUCTUKIL Fa30BOro
ABUraTenNs, HO M Pa3nnuHble SKCMIyaTaUMOHHbIE MOKas3aTeny TPaHCNopTa C AM3enem, NepeBefeHHOro Ha
nutaHne CIT. Micnonb3osaHue [BO TpeTbero 1 4eTBepTOro NOKONEHWI (MPY 3HAUYUTENBHOM CTOMMOCTHN)
MO3BOSINT  CYWECTBEHHO CHU3WTb PACXOA ra30BOro  TOMMBAE, YAOBNETBOPWUTL  COBPEMEHHBIM
SKOMorMyeckm TpeboBaHmnam 1 obecneunTs bonee nyywre gMHaMUYeCcKre CBOMNCTBA TPaHCNOPTa.

BbI60p CTeneHn CKathnAa ra3oBoro Apurartesid, CoO34aBaeMoro Ha 6aze COOTBETCTBYOWEro AN3eA
Takke MmeeT ocoboe 3HaueHue. HOCKOJ’Ibe 3HayeHne CTeneHn CxathAa ra3oBOoro aAsuratenda npu
[IOCTaTOYHOM aHTUAETOHALMOHHOM CBOMCTBE — OKTAaHOBOM 4YUCIe NCNOJIb3yeMOoro npmpoaHoro rasa
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OrpaHNUMBaETCA ero TeMnepaTypol CaMOBOCMIAMEHEHNS, YTO, B KOHEYHOM CUeTe, OTPaKaeTCA Ha
TEMNOBOW HarpyKeHHOCTU UMANHAPOMOPWHEBOM FPYNMbl 1 FONOBKN UMAMHAPOB [4-6].

TeMﬂepaTypa W daBjieHe B KOHUE CKaThA ra30BOro ABurartesia, npn KOTOPbIX BO3MOXHO
BOCMJlameHeHne I'a3OBOS,D,yLLIHOI7I cMecun, onpefenAaeTca no N3BeCTHOMY 3aKOHY:

x—1
Ir.=T,6-¢
npu Te<T>c
K
Pe =P, ¢
roe 7, p»— HayanbHble TemnepaTtypa v flaBneHre paboyen CMecu B Hauane cxatus;
7. p-— TeMNepaTypa v faBneHne paboyen CMecK B KOHLIE CKaTus;
T,c— TemnepaTypa CaMOBOCMNAaMEHEHNA MPUPOAHOrO rasa;
£~ CTeneHb OKaTus;
K — MoKa3zaTtenb agvabatbl.
B 3TOM Cnyyae npefen M3MeHeHWA 3HaYeHNN & OrpaHMUMBAETCA CNeayoWV MU BENUUUMHAMU:

HXKHUIA noegen — 3HadeHnem MaKC1MansHom TEMNEPATypPbl CaMOBOCTJTaMEHEHNA 6eH3nHa 7o

BEPXHWUI Npeaes — 3HaueHnem MakCManbHOM TemnepaTtypbl CAMOBOCTIAMEHEH WA NPUPOAHOIO
rasa /.

1000
N
K "
‘\-
\'\. ,T*‘f
800 .-h..‘i | r/—’_____—
N 5 Y, [—
\\ e /B
T, > ,/
S
Tﬁc ﬂ .-.-._'-"——-_.__
600 e ——
N .
Tat T; Ta=310R
P~0,08 MIIa
400 | |
1.0 2,0 3,0 MITa 4.0
Pe —>

L 1 1 1 1 1 1 |
6.48 8,75 10,82 12,76 14, 6 16,38 18,08

& —>

Puc. 1. VI3meHeHmne Temnepatypbl okatus (Tc), camoBocniaMeHeHns ra3a u 6eHsmHa (Tr, Tec) NpK
PA3MNYHBIX CTEMEHAX CKATWUA B 3aBUCUMOCTM OT JABNEHUA CKaTUS

TemnepaTypa camoBOCMnaMeHeHus 6eH3nHa (75) 1 ras3a (7,), a Takke Temnepatypa pabouen
CMECU B KOHLe Ckatua (7)) B 33BUCUMOCTY OT aBEHUA B KOHLE ¢Katud (0) NpUBOASTCA Ha puUc. 1.

3 rpadmka BUAHO, UTO pacyeTHble OMYyCTUMble 3HAUEHUA CTENEHN CKATUA (£) HAXOAATCA MeXy
ToukaMn A Bu coctasnaioT OT 8,8 40 14,6 eAnHWL, KOTopble onpefesieHbl C y4eTOM TeOPUN TEMIOBOTO
CaMOBOCMNaMeHeHua akagemmnka H. CemeHoBa.

O,ElHaKO Ha MPpakKTnke ,D,el7ICTBI/ITeJ'IbeIe 3Ha4YeHWMA CTeneHn CKaTnA (6‘) OOJIKHbI KOPPEKTNPOBATLCA
B 3aBNCMMOCTWK OT.

—  Tpebyemoit 3KCNNyaTaUMOHHON MOLWHOCTY ABUraTeNs;
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— (COCTaBa Fa3OBO3,D,yLLIHOI7I cmMecH; Tna 1 Hann4ma CUCTemMbl HadayBa;

— TWMa CUCTEMbI 3aXXMTaHNA;

—  ¢a3bl razopacnpeneneHns;

—  KOHCTPYKUMW Kamepbl CrOpaHnA;

—  pa3smepa UMnvHAOPa;

npeaenoB BOCMNAMEHEHNA ra30BO3/yLWHON CMECU 1 Ap.

Pe3ynbTaTbl CPaBHUTENbHbBIX PACUYETOB 3HAUEHUIMN OCHOBHbBIX MOKa3aTenel PasfuHbiX MOTOPHbIX
TOMMB NPUBOAATCA B Tabnuue 1.

Tabnia 1.0CHOBHbIE TOKa3aTe/M Las/indHbIX MOTOPHbIX TOMINB

Ne |[loka3atenu EanHnua beH3uH MeTtaH [n3zenbHoe | [JumeTnnos
N3MepeHu TONAMBO bt 3GUP
4

1 Xummueckan dopmyna |- CgHis CH, CisHs, CHsOCH;

2 | 2nemeHTapHbIY % macc.
COCTaB:
C 85,5 74,57 86,0 52,2
H 14,4 25,03 13,0 13,0
O 0,1 - 1,0 348

3 |MonekynapHaa macca |- 110...120 |16,04 180...200 46,07

4 |TInOTHOCTb NpW r/cMP 0,74 (kmp) 16,8-10 0,85 (xnpa) 0,67 (xnn)
0,1 Ml1a,20°C KI/J1 1,07 (nap)  |0,5 (kua) 1,23 (nap)

5 |OkrtaHoBoe/UeTaHoBoe | OYM/LY  |91...95/- 120/- —/45 -/55...60
YyMCno

6  |Hanbonee - 7,0...95 7,0...9,5% 16,0...180 116,0...180
Ha3Hauaemble cTeneHu 10,0...13,0%*
oKatua

7 Hu3waa TennoTa MIIx/kr 440 499 42,5 289
CropaHva M/Pw/n 32,5 21,5 (kmp) 35,1 194

8 Konnuectso Bo3ayxa KI/Kr 14,9 17,3 14,3 9,9
TEOPETNYECKM M /KT 12,41 14,40 13,78 6,7
Heobxoamnmoe ans Kr/kmonns 10,512 - 0,492 0,276
NOSMHOrO CropaHns M /P - 9,52 - -
(a=1)

9 |KoadbduumeHT 13bbITKa |- 085...095 [1,05...1,15 1,30...1,50
BO34yxa Npu
MaKC/ManbHOM
MOLLHOCTW

10 |Tennota cropaHua
roproyer cmecu:
NPV Qlgemin MULx/kr 2,95 2,72 2,97
npu a=1 M/IPr/Kr 3,28 2,49 2,02 2,92
APV Clpin M/IPr/Kr 3,54 3,24 3,08

11 |Mpenensbl % obbvem. |14...74 53...150 06...65 34...180
BOCMIaMEHAEMOCTU no « 06...1,3 0,7...22 1,0...70

12 | MunHMManbHas °C 450 650 320 260
Temnepatypa
CaMOBOCMIaMeHEHNA

13 | Temnepatypa °C 400 680...700 300 235
BOCMIAMEHEHNA MPW
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aTMochepHOM
AaBneHnn

14 | Temnepatypa °C Hixe 28 - 45...120 40...50
BCMbILUKM

15 |Temnepatypa kunenva |°C 35...180 -163 180...360 -23,5
(CRUKEHNS)

16 |Tennota ucnapexHua KLK/KT 313 — 188 1100

* — IS ABYXTOTUTMBHEIX (Ta3-OCH3WH) IBUTATENICH;
*% _ 11719 ra30BBIX ABUTATENIECl Ha 0a3e qu3eliei.

B Tabnuue 2 npuBomaTca  00OOLIEHHbIE  3HEPro-3KOMOrnuyeckme Mnokasatenu  ausens,
nepeBefieHHOro Ha MuUTaHWe cxatbiM NprpoaHbiM (CMM) n CxnxeHHbIM NponaH-6yTaHosbiM (CIMBIN)
rasamy, a Takke Nokasatenn ABMraTend C MCKPOBbLIM 3axuraHnem, nepeeaeHHoro Ha CIT n CT1BT.

Tabnua 2
Ne | [loka3zaTenu CpepHee 3HaueHve, %
Lsuratenu ¢ NCKPoBbIM [nsenu
3aXKUraHmem
bensmH | CIBI cnr [uzenbHoe | CIbI cnr
TOMAMBO
1 | MowHocCTb 100 93(98') | 85(97") | 100 98 (1007 96 (100%)
MakChManbHas
2 | CooTtHoweHune My kK | 100 105 112 100 102 104
NMmax
3 | Pacxop Tonnwea:
- 1o obbemy 100 119 132 100 110 122
— MO Teny 100 93(97") | 89(95") | 100 98 94
4 | Banosble BLIOPOCHI:
- oKcug yrnepofda 100 34 20 100 104 106
— YIMeBOAOPOAOB 100 58 42 100 105 107
— OKMCIOB a30Ta 100 100 96 100 100 100
— CaXn - - - 100 - -
— AByokucK yrnepoga | 100 112 118 100 102 106

1 — ANA ABUraTenemn C MHXeKTOPHOW rasoBOM CUCTEMOW MUTaHNS;

2 — JNA rasoBbIx ABWratenen Ha 6ase gusens;

3 —3a cyeT POPCUPOBKHM ABUraTeNsa No YacToTe BPALLEHNA KONEHYATOro Basa.
3aKknioyeHne

1) CoBpemeHHble 3HEepro-akonornyeckne npobnembl aBTOMOOWIBHOTO TPAHCMOPTa pPelatoTcs
NpevMyLIeCTBEHHO NEPEBOAOM WX Ha MUTAHME SKOMOMMUYECKN YNCTbIMUA MOTOPHBIML TOMANBAMM —
YrNeBOAOPOAHBIMA  Fa3000pa3HbIMK - TOMAMBaMM  (CKATBIM/CRUPKEHHBIM - MPUPOAHBIM - FAa30M,
CKMXKEHHbBIM MPOMNaH-0yTaHOBLIM Fa30M), @ TaKKe AUMETUIOBbLIM 3GUPOM.

2) Bbibop  TMna  cucCTembl  MUTaHMA,  Tpebyemble  KOHCTPYKTMBHbIE — WM3MEHeHWa B
ABUraTene/TPaHCNopTHOM CpPefcTBE MPOU3BOAMTCA C YYETOM MHOXEeCTBa (aKTOpPOB (pexum
pPaboTbl ABMUraTeNA/TPAHCMOPTHOMO CPeACTBa, TemnepaTypa NoCTynatLLen B UMAVHAPL FroproYen
CMEeCH, TUM 1 CNocob 3axKnraHus (BOCMNIAaMEHEHMS) ropoYen CMecK, COCTaB CMeCH, Hanmume 1 Tin
Haaaysa v ap.).

3)  MakcrmanbHasa MOLWHOCTb M SKONOTMUECKME NoKa3aTen ra3oBoro Ap1raTtens, Co3gaHHoro Ha base
An3enein BO MHOTOM 3aBUCAT OT MPUHATOrO 3HaYEeHNA CTENEHM CKaTUA 1 BO3MOXHOCTU M3MEHEHMS

SKCMyaTaluyMOHHOrro Anara3oHa 4acCTtoTbl BpalleHWA KOoNeH4YaToro Bajla ra3oBoro Apuratesnd , a
TakXe OT 2/IEMEHTaPHOro COCTaBa UCMONb3yeMOro ToOManBa — 3aMeHUTENA.
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4) [lopaya razoobpasHOro TonnvBa Noj AasneHnem (MOHOBMPLICK UK pacnpeaeneHHbIn BNPbICK C
3N1EKTPOHHBIM YN paBieHVeM) MO3BOMIT NONYYUTh Havbornee Lienecoobpa3zHbli xapakTep (Monoruin)
M3MEHEHNA KPYTALLEro MOMEHTa ABUraTENA B LUMPOKOM AMaNa3oHe 3MeHeHMs YaCcToTbl BpaLleHWs
KOMieHuaToro Bana.

JlutepaTtypa

[11 EpoxoB B.M.Jlerkosble razo6anioHHble aBTOMOOUAN: YCTPOMCTBO, NepeobopyaoBaHme,
3KCnnyatauma, pemoHT. — M. VKL «AkagemkHmra», 2003. — 238 ¢.

[2] Bacunbes tO.H., IpuueHko AW, 3onotapesckini J1. C. TpaHCnopT Ha rase. — M.: Henpa, 1992. - 342
C

[3] Ba3apos b./. HayuHble OCHOBbI 3HEPro-3KONOrMUYeCKon 3GGEKTUBHOCTM MCMOMb30BaHMA
aNbTEPHATMBHbBIX MOTOPHBIX TOMAMB. [IWC. ... OOKT. TexH. HayK. — TawkeHT: TAIW, 2006. - 302 c.

[4] bazapos b.M, Kanayos C.A, Bacuaos A.X. AnbTepHaTVBHbIE MOTOPHbIe ToMMBa. MoHorpadus.
— TawkeHT: SHAMSASA, 2014. - 189 c.

[5] Anderson S, Parry |, Sallee S.M,, Fisher C. Automobile Fuel Economy Standards. Impact,
efficiency and alternatives. — Washington: Resources for the tuteve. 2010, -32p.

[6] Soltani-Sobh, A, Heaslip, K, Bosworth, R, Barnes, R. Compressed natural gas vehicles:
Financially viable option?. // Transportation Research Record, 2016, 2572, pp. 28-36.

AUTOMOBILE SAFETY IS THE STUDY AND PRACTICE OF DESIGN, CONSTRUCTION,
EQUIPMENT AND REGULATION TO MINIMIZE THE OCCURRENCE AND CONSEQUENCES
OF TRAFFIC COLLISIONS.

Azizbek Zokirjonov Zokirjon 0 gl Andjjan Machine-building Institute, Uzbekistan, Andjjan.

In my point of view, giving information about how much car safety has improved since late 18"
century till today is essential before explanations. As it is clear from history in the 18th century—19th
century automobile safety may have become an issue almost from the beginning of mechanized road
vehicle development. The second steam-powered "Fardier" (artillery tractor), created by Nicolas-Joseph
Cugnotin 1771, is reported by some to have crashed into a wall during its demonstration run. However,
according to Georges Ageon, the earliest mention of this occurrence dates from 1801 and it does not
feature in contemporary accounts.

In the era of globalization and development, it is significant to improve automobiles safety
features with sensing-danger and increasing braking power, detecting cross-traffic hazards equipment
in order to prevent crashes and traffics. It is common knowledge that we all know that vintage cars,
much as we love them, don't hold a candle to the crashworthiness of today's automobiles. Since the
mid-1960s, automakers have been continually improving the crash safety of mainstream family cars—
starting with standard-equipment seatbelts and padded dashboards, and moving all the way up to
today's advanced safety systems that seek to prevent a wreck before it has chance to occur. But most of
us probably don't fully realize just how much car safety has advanced in the past 20 years.

Crumple zones. Modern cars protect drivers and passengers in frontal, rear and offset crashes by
using crumple zones to absorb crash energy. This means that the car absorbs the impact of the crash,
not the driver or passengers.

Strong occupant compartment. The cabin of the car should keep its shape in frontal crashes to
protect the driver and passenger’s space. The steering column, dashboard, roof pillars, pedals and floor
panels should not be pushed excessively inwards, where they are more likely to injure drivers and
passengers. Doors should remain closed during a crash and should be able to be opened afterwards to
assist in quick rescue, while strong roof pillars can provide extra protection in rollover crashes.

Side impact protection. Increased side door strength, internal padding and better seats can
improve protection in side impact crashes. Most new cars have side intrusion beams or other protection
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within the door structure. Some cars also have padding on the inside door panels. Increasingly, car
manufacturers are installing side airbags that provide protection from severe injury. Head-protecting
side airbags, such as curtain airbags, are highly effective in side impact and rollover crashes.

Seat belts. A properly worn seat belt provides good protection but does not always prevent
injuries. Three-point lap/sash seat belts offer superior protection to two-point seat belts and should be
installed in all seating positions. Recent improvements to seat belt effectiveness include:

e webbing clamps that stop more seat belt reeling out as it tightens on the spool
e pretensions that pull the seat belt tight before the occupant starts to move

e load limiters that manage the forces applied to the body in a crash

e seat belt warning systems to remind you if seat belts have not been fastened.

Airbags. Australian airbags are designed to supplement the protection provided by seat belts -
they are not a substitute. The best protection in frontal crashes is achieved using a properly worn seat
belt in combination with an airbag.

Head rests. Head rests are important safety features and should be fitted to all seats - front and
back. Head rest position is critical for preventing whiplash in rear impact crashes. Whiplash is caused by
the head extending backward from the torso in the initial stage of rear impact, then being thrown
forward. To prevent whiplash the head rest should be at least as high as the head's centre of gravity (eye
level and higher) and as close to the back of the head as possible.
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OCOBEHHOCTU SKCNNYATALUM ABTOAOPOXHOW TEXHWKW B YCITOBUAX CYXOTO U
KAPKOTO KITMMATA CPEOHEN A3UN

C.Kagbipos, O.Koguposa (TUITCIAL, TawkeHT, Y36exucrar)

AHHOTaUMA

PaccmoTpeHbl BIVsIHME PasnvuHbiX GaKTOPOB (BbICOKAA 3aMblIEHHOCTb, XKaPKUIM KIVMMAT, Cepa, LIeTaHOBOe Y1CIIOo
TOMNMBA W AP.) Ha AONTOBEYHOCTb aBTOAOPOXHbIX ABMIaTeNel U MeTOAbI X MNOBbILIEHMS,

Knoyesble c0Ba; c’iBTO/I/IOﬁMﬂM, TPAKTOPbI, JOPOXKHBIE MALLUVHbl, HaheXHOCTb, JOJIFTOBEYHOCTL, pPeCypCe, »Kap/(m/“/ KITNMAr,
BbICOKaA 3aribl/ieHHOCTh, YETaHOBOe Y1CJ10, cepa, M3HOC.

Mpobnema obecneueHna Bbicokoro pecypca [BC ocobyilo 3HauMMoCTb npuobpeTaeT AnA
CpenHelr A3y C  ee  crneuudUUECKUMM  MPUPOAHBIMA  YCNIOBUAMK,  XapaKTepU3yoLMMICS
OrpaHNYeHHOCTbIO BO[HbIX PECYPCOB, HanMuMem BbICOKOTOPHbBIX M MYCTbIHHBIX ObnacTel, a Takxe
KaPKUM KINVYMaTOM M 60MbLION 3aMblIEHHOCTbIO BO3/yXa.

K cunoBbiM arperataM COBPEMEHHbIX TPAHCMOPTHLIX CPEACTB (aBTOMOOWAN, [AOPOXKHO-
CTpOWTENbHAS TEXHWKA, TPAKTOPbI, CENbCKOXO3ANCTBEHHbBIE MALUMHDI) MPEABABNATCA Pa3zHOOOPasHble
TpeboBaHMsA CO CTOPOHbI SKCMYaTUPYIOLMX OPraHn3aLnii: HafleXHOCTb 1 6e30TKa3HOCTb B paboTe,
60nbWoN MOTO pecypc...

Ha aBTOMOOUASX rpy30noaAbeMHOCTbIO bonee 6 T. U Ha BCEX OOPOXHO-CTPOUTENbHbBIX MallHaX
NCMOJTb3YKOTCA TOJTIbKO AN3ENN.

Ha Tepputopun CpeaHelt A3um ycnosua paboTbl MalWH COBEPLLIEHHO MHbIE, YeM B PaBHVHHbBIX
pPanioHax, MPUYMEHUTENTbHO K KOTOPbIM MPOEKTUPYIOTCA U CO3AAKTCA ABUTATENN.

35



B CpenHelt A3nn TPaHCNOPTHbIE YCTAHOBKM SKCMYaTUPYIOTCA B YCIIOBMAX BBICOKMX TemmnepaTyp,
WHTEHCMBHON CONMHEYHON paavaulun, HU3KOM OTHOCUTENbHOW BNAKHOCTU BO3AyXa, OONbLIOW
3aMbINEHHOCTY aTMOCHEPbl 1 AOPOXKHbBIX MOKPbITUM, HEAOCTATKA WM MOBBILWEHHON XECTKOCTX BOAbI,
HM3KOro aTMOCHEPHOTO [AaBNEHNIS, XapaKTEPHOTO /11 BbICOKOTOPHbIX PaioOHOB. Be 3To oTpuLaTenbHo
CKa3blBaeTCA Ha MoKasatensax paboTbl, CTOMMOCTM KCMyaTaUuy ABuUratenelt 1, camoe rnaBHoe, Ha KX
HaAEeXHOCTN 1 JONTOBEYHOCTU.

OCHOBHbIMKM MOKa3aTenAMm HaAeXHOCTWN MalllMH ABNAKOTCA X pecypC 1 CPOK CJ'Iy>K6bI.

Pecypc xapaktepusyeT HapaboTKy A0 COCTOAHWSA, MPU KOTOPOM [fanbHenwas 3KCrhiyaTtauus
00beKTa HEBO3MOMXKHA.

JloNroBeYHOCTb MaLLIMH B LIENOM OMNpPeenaeTca [OAroBeYHOCTbIO ee Y3108 1 fieTanel, 3aBmcallei
OT KOHCTPYKLIUW, TEXHONOM MU, GUNKO-XUMNUECKNX CBOWCTB MaTeEPUANOB, 13 KOTOPbLIX OHW BbINOSIHEHDI,
a Takke OT YCNIOBMI SKCNNyaTaLmn.

Hapa6OT|<a Ana 6eH31HOBbIX ABUraTENEN N3MEPAETCA KMJTOMETPAMM ﬂpo6era aBTOMOOUNA, a Ans
OM3eNbHbIX ABMratenen — MOTO YaCami.

OpHako 0COBEHHOCTU JONTOBEYHOCTH adBTOTPAKTOPHbIX OB ratenen Heobxoanmo PaccMOoTpEeTb C
TOYUKW 3PpEHNA BUOOB M3HOCa, yCJ'IOBl/II;I SKCryaTaynmn, Npr KOTOPbIX MPOTeKaeT N3HOC netanew.

YXy[lleHe rnokasaTenen HagexHoCTn B 2—2,5 pa3a NpoTMB MOKa3aHWM Ha MallWHO-
NCMbITAaTeNbHOM CTaHUMM OOBACHASTCA HU3KUM YPOBHEM KBaNMOUKaLIMM OOCTYKMBAIOLLEro MepcoHana,
HecobntofeHeM MHCTPYKUMW NO TEXHUYECKOMY OBCIYKMBAHMIO, HU3KUM YPOBHEM AMArHOCTUKU 1
KOHTPOJMA 33 COCTOAHMEM [iBUraTeNel, a Takke BAVAHMEM 3KCMyaTalMOHHbIX GakTOpoB (Hampumep,
BbICOKadA TemnepaTtypa U 3amblIeHHOCTb BO3AyXa).

Ha puc.1 1 2 npeacraBneHo pacnpeneneHme pecypca ConpaXeHna rmnb3a-nopLlieHs ABuratenen
O-54, CMI-14 n [O-37M B pa3Hbix YCNOBMAX 3KCAnyatauuu. [log HOpPManbHOW 3KchnyaTaumen
MOHWMAETCA MCMOMb30BaHWe ABWUraTens Mnpu CTPOroM COOMIOAEHUM WMHCTPYKLMA  TEXHUYECKOrO
006CNYKMBAHNA 1 KOHTPONS.
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Hapadomxa, msic. 4 Puc.2. Pecype neurarens J-37 N 10 KADHTATILHOL 0 PeMONTA:
Puc.1. PacnpeneieHne pecypea conpakeHIA I1-padosun 1 2-HOPMLTOHAR IRCIUI ANULNA
TV 3A-MOpLIeHE TeHTAaTeTeil -S54 1 CMVJT-14:
I-pRoeeis w 2-HOPMET AR F-J-54, 1T - CMI-M

Hanpumep, NO AaHHBIM - MAWWHOUCMBITATENbHBIX CTaHUMIA CPeAHAA HapaboTka Ha OTKa3
asuratenen AOTM un A-41 coctasnser o1 90 go 350 MOTO 4acoB. Ha 3Ty BennuuHy BAnAeT
HaNPAXEHHOCTb SKCTyaTaumn, CBA3aHHaA C NEPUOAOM CENbCKOXO3ANCTBEHHbBIX PAbOT.

OCHOBHble feTanu ABMratenda BbIXOAAT 13 CTPOA N3-3a NpeaesibHOro N3HallBaHWA.

N3HoC peTanen OrpPaHN4YMBaET JONTOBEYHOCTb ABUTaTeSIA, UTO BbI3blBAET.
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1. YmeHblieHne KM (mexaHuyeckoro v 3ddeKTUBHOIO), HarnsaaHbIM NPUMEPOM Yero ABNAEeTCA
CPaBHEHWE Harpy304YHOM XapaKTEPUCTMKN M3HOWEHHOIO 1 HOBOrO ABMratenen (puc.3). Peskoe
pasnnumne XapakTepucTukK oObACHAETCA M3HOCOM Mapbl MOPLUEHb-UMAMHAP, NPOOUAA Kynauka
pacnpefennTenbHOro Bana, YBEIMUYEHWEM YTEeUKM ra30B 4epe3 YMIOTHUTENbHbIE KOSMbLa,
M3MEHEHMEM XapaKTePUCTUK pPaCMbiIMBaHWA TOMMMBA B AM3ENAX, MOBbILLEHWEM MOLWHOCTY,
nayLwen Ha NpeocaoneHne BO3POCLWNX CUT TPEHWUA B CONPAXKEHHbBIX Napax, v T. A.

o B meu
2. CHUXeHne NPooOYHOCTM  AeTanen  Asuratend 13-3a o

T -
o _\)5 6340
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BO3pacTaHMA  OMHAMMYECKMX  Harpysok B 3ybbsAx =1400 rezer”?
LectepeH MaCnoHacoca, B npusoae ; N /
pacnpeaennTenbHOro Bana, B WaTyHHbIX NOAWNUMHUKAX, 8 6 \ \ :7

TaKXe 13-3a YCTaNnoCT MaTepmWala oetann n 7. a.

2 - 400
3. BozpacTaHve BMOPALIMOHHBIX M3HOCOB W1 LiyMa paboTl \\/ /;/I
OBUratena 13-3a yBeinm4yeHra 3a30P0B B COMPAXEHNAX. 4 \ /A 57
P
s ><

- 540

NN

Ins  petanen gaBwratena  Havbonee  XapaKTepHbl
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MG’XQHM‘-/ECKME’, n3 KOTOPbIX [J1aBHbIM ABNAETCA
[ 5 18 5 20 25 30 N, kBm
a6pa3V|BHO€, T.€. WM3HaWMBaHWe TBepAbIMM MOCTOPOHHNMMN
Puc.3. CopMeléHEbIe HATPY30YHEIe XADAK TePHCTHKI

a6p831/I BHbIMW YaCTL.aMN. Hoporo (1) n muoemewnoro (2) perrarena I-(37E)
MON@Kyﬂ/quO‘M@XaHML/@CKO@, KOTOPOE NMNPONCXoaNT MpK CXBaTblBaHWW U 3aedaHNN ):LeTaJ'IePI.

KOpPO3MOHHO-MEXaHIMYECKOE, — XapaKTepuayemoe  CTUpaHMeM  MPOAYKTOB  KOPPO3un

MEXaHNYECKUM  MyTem.  VI3HOCOCTOMKOCTb  BO  MHOMOM 0,46
npegonpeaenseT 4ONrOBEYHOCTb ABUrATENA. _ \

Ha M3HOCOCTOMKOCTb  CYLECTBEHHO BANAIOT g 038 \
CKOPOCTHOWM 1 Harpy3ouyHbl pexkumbl paboTbl gsuratens, = \
KOTOpble MNpW 3KCMAyaTaumy asTomobunei u TPaKTopoB g 0,30
N3MEHAIOTCA B CaMblIX LIMPOKKX Npeaenax. 3 \

Taknum  0bpasoM, [ONroBeYHOCTb  aBTOTPAKTOPHbIX g; 922
[BUraTenen 3aBnCcUT OT MHOXECTBa GaKTOPOB.. § o1s \
BAvAHME Ha [ONrOBEUYHOCTb ABUraTeNA  YCIOBUN § ’ \
SKCnAyaTauum. g 007 T

0 40 0 120 140 L°C
K _YONOBMAM  3KCTUIyaTaUMM - aBTOTPAKTOPHbIX Pric 4. T5Ho¢ MIMIHIDA B 3ABICHMOCTI 0T
ABUraTenen OTHOCATCA Temnepatypa mpu Mycke, TEMIOBOW TeMIePATYPHI 0 XK IAIOLIELE AKILIK 0CTH
PEXMM PAbOTbI M KAUECTBO TEXHNUECKOrO OOCTYKMBAHMA BCEX

cancTem aBuratenA.

Ycnosuma npu nycke. [lokasaHo, 4To npw paboTe ABWratensa C Temnepatypoi OxnaxkaatoLien
xuakoctv 30°C m3HoC B 6,5 pa3 bonblie, Yem Npu Temnepatype 85°C (puc. 4).

Tennoson pexum. MNpu TemnepaType oxnaxaatollen xuakoctu bonee 85-90°C HabnogaeTcs
Havbonee MHTEHCKBHAA 3NeKTPOXMMMYeCcKan Kopposusa. Mpn 3Tom TemnepaTypa CTEHOK LMAMHAPA W1
apyrnx getanen gocturaet 140°C v Bbiwe.
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Prrc. 5. H3HoC HIWIHHAPA B 3ABHCHMOCTH Puc. 6. H3Hoc HHIHHAPA B 3ABHCHMOCTH
0T HETAHOBOT 0 “IHC/IA TOILIIEBA OT COTEP:RAHMSA CepPhI B TOILUIHEE

Ha pnonroseuHocTb fBuMratens BAVSET LIETAaHOBOE YMC/IO AM3ENbHOrO TOMMBA 1 COfepKaHme
cepdl.

3 pnc. 5 BUAHO, UTO M3HOC BEPXHErO NoACa UMNMHAPA NPW LLETaHOBOM yncie 31 noytn B 2 pasa
fornblile M3HOCA MPWU LIeTaHOBOM uuciie 68. 3TO OObACHAETCA TeMm, YTO B MEPBOM CJlyyae pPesko
BO3PACTalOT AVHaMMYeCKne NnokasaTtenn paboyero npotecca.

Hanuuwve cepbl B TONMBE TakKe CMOCOOCTBYET MHTEHCUOUKALIMK U3HOCA (PUC.6).

Uem Hwxe TemnepaTypa, Tem MHTeHCMBHee koppo3ua. CnefoBaTeNibHO, B 3KCMAyaTaLmm npu
UACTUYHOW Harpy3ke ABMraTens, Koraa HabnoaaeTca nepeoxnaxkieHne LUAMHAPOB, M3HOC UX Hanbonee
NHTEHCWBEH (punc.7).
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COOSPHCARUE Cepbl 8 MORILE: %% o 4 8 12 16 20 tu
Puc. 7. Hznoc qumuapa quzens T-54 B Puc.8. I3Hoc nIyH:RepHOii mapbl TONJIHBHOI0 HACOCA B
IABHCHMOCTH OT COJeP/KAHHSA CePbl B TOILTHEE: 3ABHCHMOCTH OT COJep:RAHHA CepPhl B TOILIHBE:
I-npu memnepamype sodn T5-80°C; S=0,15%; 2. 5= 1,25 % (6e3 mepkanTanon); 3. S=1% (B
2-npu memnepamype gedu 33-35°C ToM yHcTIe 0,025% MepKRanTaHoB).

MpucyTcTBME Cepbl B Mace CNoCcoOCTBYET Takke Harapoobpa3oBaHWIO M CTapeHuio Macna, a
TaKkKe yCnneHuto n3Hoca (puc. 8).

[MpUMeHeHWe COBEPLUEHHbIX OUALTPYIOWMX SNEMEHTOB B  BO3AYXOOUUCTUTENAX CHUXKAET
CKOPOCTb M3HaLWMBaHMA NOPLWHEBbIX KONel Ha Asuratenax tmna [-37 n [1-50 B 3 pasa.

JlutepaTtypa

[1] Kaablpos C.M., MyxamemykaHoB LLLLL. Beicoknin pecypc asuratenei. Kak eroobecneunts? T,
«CHASHMA PRINT», 2007 1. 15 n.n.

[2] CM.Kagbipos, JonroBeYHOCTb aBTOTPAKTOPHbIX An3enen B ycnosuax CpeaHen Asmun. T,
«YkUTyBUM» 1982 1. 21 n.a.
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OCOBEHHOCTWV U3HAWMBAHMNA SNEMEHTOB OU3ENbHbBIX OBUTATENEN
CM.Kagupos, O.1 Jprawes (TVITCIAL, TawkeHT, Y36exncrar)

AHHOTaUMA

N3Hoc petanen LMT meeT pelwatoliee 3HaueHne Npu OLEHKe Nnokasatenen 4n3enbHOro Asuratena. B ycnosmax
CpepaHelt A3 OCHOBHBIM BMAOM M3HOCA AeTanei ABwratens AsnAeTcA abpasvBHbIA M3HOC. B pesynbrate
MOLLIHOCTHblE, SKOHOMUUYECKME 1 SKONOrMYeCKe NoKa3aTenn pe3ko yxyawaTca. ITo TpebyeT AOMONHUTENbHbIX
3KCMNYyaTaUMOHHBIX PACXOAO0B.

KoyeBble C/10Ba: JU3E/IbHBIV [BAraTEb, LWIMHAPO TIOPLIHEBAS rpyrifa, riib3a, KOJbla, KyJia4dyku, 55p§3MBHb/ﬁ N3HOC,
3aribl/IeHHOCTb BO34yXa, ra3opacripeqesin TE/IbHbIVI MEXAHM3M, K03¢¢ML/M€H T OYUCTKA.

1. U3noch UMT

B UM BxogaT cnefyiowme getanu: UMAMHAP (MMnb3a UMNMHAPA), MOpWeHb, nanewd, BTyKa W
nopLLUHeBble KoMbLa. MI3HOC 3TWX AeTanen 3aBnCcUT OT MHOTMX B3aMMOCBA3aHHbIX paKTOPOB.

K nepBovi rpyrine GakTopoB OTHOCATCA YCNOBUA, MPY KOTOPbIX MPOUCXOAMT PaboTa CONPSKEHNS:
AaBneHvie v TemnepaTtypa B UWAMHAPE; BA3KOCTb, 3arpsA3HEHHOCTb M YCTOMUMBOCTb CMA3sky; COCTaB
roptoyeit cMecy, YMCTOTa TOMMBA U BCACbIBAEMOrO BO3[yXa; TEMIOBOW, Harpy30UHbIA 1 CKOPOCTHOW
PEXMMbl PabOTHI AIBUraTENSA Y HEKOTOPbIE APYTHE.

Ko BTOPOM rpyrine - KOHCTPYKTUBHbIE OCOBEHHOCT PAaCcCMaTPU-BAEMON CUCTEMbI: MaTepwarn,
pa3vep, Gopma, TOUHOCTb 1 YMCTOTa 0OPAOOTKM MOBEPXHOCTEN TPYLLMXCA JeTanen. . .

K moersedt rpyrine - aKkcnnyaTaumMoHHbIe GaKTopb!. ..
311 GaKTOPbl U3MEHSIOTCA B MPOoLIecce HapaboTKM B CBA3M C POCTOM M3HOCOB feTtaneit LM,

[poBefeHHble UCCNefOBaHNA CBUAETENbCTBYIOT O CJIOXHOCTM YCIIOBUIA SKCMyataumm getanen
LINT. Obunne pakTopos, BausAWMX Ha u3HoC LM, 3aTpyaHAeT BoifgeneHve 13 HUX Havbonee BaKHbIX.
Beayummn BraaMmn v3HoOCa UMAWMHAPOB ABWUratenei ABNAoTCA abpasvBHbIM U CxBaTbiBaHWe. YTobbl
MOBBICUTb CPOK CAYKObI LIMAMHAPOB, HEOOXOAMMO PACKPBITh MEXAHW3M UX M3HALWVBAHWUA U MPUMEHWNTD
00OCHOBaHHblE KOHCTPYKTOPCKME, TEXHONOMMUYECKME 1 SKCMITyaTalMOHHbIe CPEACTBA 3aLLUTHI.

Pa3pyLueHv|e MaCNAHOW MNEHKN B pe3synbraTte [eNCTBUA BbICOKMX TEMMEPATYP, Pa3XmnKeHne ee
pa6oqel?1 CMeCbtO 1 OKNCIEHNE, a TaKKe COMPUKOCHOBEHNE LLlepOXOBaTOCTel;I TRYWWMXCA HOBerHOCTeI;l
B MPUCYyTCTBUN a6pa3I/IBOB CO)J,GVICTB}/POT bonee NHTEHCMBHOMY N3HALLNBaAHNIO I'IOBerHOCTeVI TPEHUA

A6pa3I/IBHbIPI WU3HOC JeTanen B COBPEMEHHDbIX aBTOMOOUIbHbBIX U OCOBEHHO TPAKTOPHbLIX OBN-
ratensx — Havbonee paCﬂpOCTpaHeHHbIM B/A N3HOCa.

OOWH 13 BaXKHbIX C])aKTOpOB, CI'IOCO6CTByFOLLI,I/IX M3HaWBaHMIO

aetanem dBTOTPAKTOPHbIX ABuUraTenen, — HeaoCTaTOYHasA O4YMUCTKA BO34yXa, NOCTynakuwero B
UmnmHgpbl.

Mpoba BO3AyXa, B3ATasA Ha ypOBHE 3a00pHOM TPyObl BO3AyXxooumcTuTensa Tpaktopa [T-54 npw
KyfbTMBaLMKM codepana 56% nbinu ¢ yactuuamy gnameTpom o 20 MKM,. 35%— ¢ guametpom 20—40
MKM 1 TONbKO 9% — C AruameTpom 40 MKM 1 Horblie,

KoaddurLMeHT 0UMCTKIM BO3AYXOOUNCTUTENEN COCTABNAET OKONO 99%, fOCTUras B ydliem cryyae
99,5—99,7%.
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3

Mpy 3anbineHHocTn Bosgyxa 0,1 1/m
(paboTa TpakTopa Npu KynbTUBALIMN) U pacxoae
BO3ayxa B [OBuratene 250 M/4,  uepes
BO3[yXOOUNCTUTENb C KOSOOULIMEHTOM OUUCTKM @, 4

99,7% B gsuratens noctynut 0,075 r. nbinn B Yac, 2
Bbi3blBas ero GOpPCUMPOBaHHbBIA  K3HOC. [pu
JanbHenLWeM e yBennmueHnr &, HabnogaeTca ) Y.

y , 2
ObICTPBIN POCT CKOPOCTW M3HaLLMBaHMA (prc. 1). 1 /z
Tabmya 7 / 3

___--"'"'—

CPELHAA 3alTblIIEHHOCTD BO3AYXA Y 0 7 ; s s 9
BO34YXO3aO0PHUKA /18 Pa3STNYHBIX MALLIMH = : n, 70

Puc. 1. Biaanye ko3¢ gunoieHTa Iponycka

MawyHel 12 epeo warne; 2 — aaopoe natots; $—mpeniee oo
bynvoozepuol.
[-535 0412
J-271 0,780
J-661 0,482
/[3-35 1,137
[3-74 0,593
J-541 0,464
Hozpy3zuuxu:
[1-660 0,440
J-691 0,750
Asmoepeiidepbi:
[-144 0,261
J-598 0219
[puuenHble rpengeps 0,305
Kopuesarem 0,307
[Ineemoxamxu 0,232
Tpaxmopwi K-700, ucnonv3zyemvie 6 kauecmeae msazavell ¢
CAMOCBANILHBIMU MENEHCKAMU 0,262
Ilneemokonecnvie  kpamvt K-161 0,042
Xnonxoybopoumnvie MauiuHbl 35
llaxomuvie mpaxmopur T- 44, IT-75 5,0—5,5

Ha puc. 2 NoKasaH xapaktep M3HOCa UWavHApa no Bbicote anda asuratena [1-37E 3a 6000 my
paboTbl B YCNOBMAX HOPMaNbHOM 3KCMyaTauuu npu  cpefHer 3arpyske 658%. [pu aTOM
CpeAHeapudmMeTMyeCKas BenMuMHa  M3HOCa  konebnetca B npefenax  43—64  MKM, a
CpeaHeapudMeTMyecKan BEMMYMHA MaKCUMaNbHOrO M3HOCa MO LMAMHAPY B BEPXHEM paboyem nodAce
COCTaBNAET 78 MKM.
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Puc. 2. Bainanne peJINUHHBI H3HOCA NMPOQPIIA KYJIAUKa
Ha MOIIHOCTHBIE H YKOHOMHYeCKHe MOoKA3aTeIH JH3eI:
1-n=1750 mun?; 2-n= 1400 mun!

MopliHeBble Konblia. PaboTocnocobHOCTL MOPLIHEBLIX KOfel, MX 6e30TKa3HOCTb BO MHOTOM
onpenensawT HafexHocTb asuratens. OCHOBHBIMK ~ GYHKUMSMY  MOPLWHEBBIX  KOMel  ABASOTCS
YNIOTHEHWE MOPLWHA B UMAMHAPE, Nepeaaya Temna oOT MOPLIHA K LWAUHAPY, MacnopacnpeneneHve u
MacnioperynmpoBaHume,

3HOC MacnoCbeMHbIX Konel CYyLLeCTBEHHO HMXKe, YeEM KOMMPECCNOHHbIX, OAHAKO OH MPKMBOANT K
MOBbILUEHHOMY pacXody Madiia.

3HoCcocTOMKOCTb AeTanen UMl 8 3HauMTensHOM Mepe 3aBUCUT OT MaTepurana aetanem, a UMEHHO
OT CTPYKTYpbl 1  QU3MKO-MEXAHUUYECKMX CBOWCTB MeTannoB (cnnasos). Havbonee 3ddekTnBHa
NMOBEPXHOCTHaA 3aKafka TOKaMm BbICOKOW YacTOTbl Ha ryouHy oT 1,5 1o 2,5 Mm.

CHWXEeHNe WHTEHCUMBHOCTM mUCTUpaHua LIMT goctiuraeTca Takke C MOMOLWBbIO CrelmanbHbix
NMOKPbLITUN.

Mpn BbICOKOW TemnepaType ¥ OOMbLIOM 3aMblIEHHOCTM BO3AyXa YCUNEHHOMY abpasvBHOMY
MN3HOCY NOABEPKEHbI TaKXKe NPeLM3NOHHbIe aeTann TTA, WaTyHHbIE 1 KOPEHHbIE LWeMKM 1 BKNaabWK, a
TaKXe AeTali MexaHn3ma razopacrpeeneHia. belCTpo M3HALWLMBAIOTCA W CallbHUKOBbLIE YIIIOTHEHNA. B
CBA3M C 3TVM U3HOCOCTOMKOCTb ABUratenen 8 ycnosusax CpeaHelt A3nm nprobpeTaeT nepBocTeneHHoe
3HaueHKe 1 TpebyeT NpoBefeHWs CrielyanbHbIX UCCNeA0BaHNN,

2. N3Hocol [azopacnpenenntensHoro MexaHnsma

[a30pacnpefennTenbHblii - MexaHu3M  COCTOMT M3 CNIefylolMX  OCHOBHbIX — [eTanemn:
pacnpenennTenbHOro Bana v NOAWUNHUKOB (BTYIOK), TONKATENA, MPYXKWHbI, KNanaHa, Tapenku Knanaxa,
BTYNOK, CeNa K APYrmX.

Hanbonbwnii  M3HOC —rasopacnpefenvTenbHOro  MexaHW3Ma  MPUXOAMTCA  Ha  Kylayok
pacnpenennTenbHOro Basa, Ha KOTOPOM YETKO BbleNnatoTCA 30Hbl, Hanbonee NoaBepeHHbIe 3HOCAM:
yacTb NpoduNa Kynayka, COOTBETCTBYIOWAA HaberaHWo 1 cOeraHmio TonKaTena, 1 ero BeplmHa. Cunbl,
AeicTyolme nNpy paboTte Ha NPodUb Kynauka, CKNAfblBAIOTCA M3 CU COMPOTUBIEHNA MPYKMHDI,
MHEepPUMN 3N1eMeHTOB NPUBOAA KamnaHa 1 AaBNeHns ra3os.

|'a3opacnpeueﬂMTeﬂbel|7| MEXaHN3M MMeEeT TeMIoBOW 3a30pP, yMeHblleHne uin yBeandeHmne
KOTOPOro npmBoanT K USMeHEHNIO BO3):L€I7ICTBI/II/I Ha KyJ1a4yoKk, a TaKXKe 9(])(1)@KTI/IBHOCTI/I N SKOHOMNYHOCTU
pa6OTb| OBUTaTeNA. ﬂ,eTaﬂl/I rasopacnpenenteslbHOro MexaHn3ma pa60Ta+0T NPV BbICOKNX Harpyskax n
TEeMNepartypax. TeMnepaTypa HaXoaunTCA B I'IpFIMOI;I 3aBNCUMOCTN OT Halrpy3ku.

YOapHaa Harpyska Ha KnanaH v Cefyio 3aBUCUT OT BEIUYMHbI TEMIOBOMO 3a30pa MeXdy TOpLOM
KnaraHa 1 HOCKOM KOPOMbICITA, OT 3a30pa MeXAy HanpasAtoLLEen BTYSIKOW U CTEXKHEM KI1arnaHa, a Takke
OT COCTOSIHUA COMpAraeMbix MOBEPXHOCTEW. YaapHas Harpy3ka Ha dacky npu nocafke KranaHa
nocturaet 10—120 Mla B 3aBUCMMOCTU OT €€ WMPUHbI 1 BENMYMHbBI TEMIOBOIO 3a30pa.

Havbonee addektnBHas dopma npoduna Kynauka nNpu ONTMMAaNbHOM TEMMIOBOM 3a30pe
obecneyrBaeT 3afaHHble Gasbl 3aKpbITUA ¥ OTKPBITUA KMNanaHOB W PacUeTHYO AVHAMUKY [BMKEHNA
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netanem pacnpeaennTenbHOro MexaHm3ma. |_|pM 3TOM [O/MKHO BbITb 0becneyeHo Tpe6yeMoe KayecTBO
HaMoJIHEHVA LNNMHAOPOB BO3AYXOM U CMeC€O6pa3OBaHI/Iﬂ.

M3HoC npodunen KynaukoB pacnpefenuTenbHOrO Bafa BbI3bIBAET He COOTBETCTBMe ¢a3
razopacnpefeneHns CKOPOCTHOMY PeXunmMy paboTbl ABUrATENA U YMEHbLIEHWUIO CPEAHMX MPOXOAHbIX
ceyeHuin knanaHoB. CneacTBremM 3TOrO ABNAETCA BO3pacTaHie noTepb B CUCTEMAX BMYCKa W BbIMYCKa,
CHVIXXeHWe HaMoOMHeHVst 1 yXy[leHue OUNCTKM LWIKHAPOB OT OTPaboTaBlWMX ra3os, T. €. CHUXAeTCS
MOLLIHOCTb M 3KOHOMUYHOCTb paboThl ABMratens. Ha puc.2 npeacraBneH rpaduk M3meHeHs MOLLHOCTM
1 SKOHOMWYHOCTU AM3ens B 3aBUCUMOCTU OT M3HOCa Mpoduna Kynauka.

3. N3Hochl detanen TMA

HaneXHOCTb U ONrOBEYHOCTb AN3ENeN BO MHOrOM NpeaonpeaenaTcs padoton TIA, umetoLen
NpeLV3noHHbIE  Mapbl, KOTOPble W3rOoTOBAAKOTCA C  OYEHb BbICOKOM TOUHOCTbIO W YMUCTOTOW
MOBEPXHOCTEW. Ya TOMAMBA OCYLIECTBAAETCA C MOMOUWbBIO TOMIMBHONO HACOCa, WMMEIOWEro
NPeLM3NOHHbIE CONPAXEHUA (MNYHXKeP- BTYIKA, CeaNo-Knanax, Urna-Kkopnyc pacnsinutend.) B npouecce
3KCMIyaTaumum COnpAraeMble MOBEPXHOCTU MAYHXEPa W BTYNKN M3HALWWMBAIOTCA, 3a30Pp MeXOY HUMM
YBENMUMBAETCA, TMAPABANYECKAsA MNOTHOCTb MAadaeT, a XapaKTepUCTWMKM  BMAPbICKa TOMIMBA n
CMeceobpa3oBaHmA yxygwatoTca (puc. 3). B pe3ynbTaTe CHUXaOTCA 3QdEKTUBHbIE 1 IKOHOMMYECKKE
nokasaTtenu paboTbl ABUraTens.

Psnp,
MITa O o
40.0 I —]
o
? “ony
30,0 13

— 1

3azop & WIVHMCePHOTI Hape, MKM
Puc. 3. IIsMeHeHUe napaMeTpOB BIIPBICKA B
32BHCHMOCTH OT 3230pa B INTYH/Ke PHBIX
napax: n, = 850 aunl; =105 mey

Havbonblumin M3HoC HabnogaeTca Ha yyacTkax MiyHKepa CO CTOPOHbI OTCEYHON KPOMKM 1
HaNOMHUTENBHOIO OTBEPCTUA (pUC. 4).

Takum 06pa3oMm, M3HOCHbBIE ABNEHUS, HabnoaaloLmecsa Npu paboTe NpeLn3noHHbIX AeTanei TIHA
amn3ener, NPeAcTaBnAloT COOOW CNOXHbBIM MPOLECC, 3aBUCALMA He TONbKO OT KOHCTPYKTUBHbBIX Y
TEXHONOMMUYECKMX, HO 1 OT 3KCMyaTalMOHHbIX GaKTOPOB.

JlutepaTtypa:

[1] CMKagbipos, LL.LLL.MyxamenxaHoB. Boicoknii pecypc asuratenu. Kak ero obecneunts? T,
«CHASHMA PRINT». 2007 1. 15 n.n.

[2] CM.Kagbipos, JonroBeYHOCTb aBTOTPAKTOPHbIX An3enen B ycnosuax CpeaHen Asmn. T,
«YRuTyBYM» 1982 T. 21 .

NCCNEQOBAHME JOPOXHbBIX YCNOBMM SKCTIIYATALMMN ABTOTPAHCMOPTHbBIX
CPEACTB PECINYBIIMKW Y3BEKUCTAH

Kacoimxogxaes b.K. (VT ‘Viyn novinxa sxcriepmsa’), MyxniguHos AA. mpod, 4.7.H. (TMICIAL): Xanmyxameqos A.C. 4ol 4.T.H.
01T ‘Wl novinxa skcreptnza’)

AHHOTaUuA
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[ybnumkytoTCa METOAIMKA W pe3ynbTaTbl UCCIe0BaHNA OCHOBHbBIX NOKa3aTenen JOPOXHbIX YCIIOBWM SKCNNyaTaumum
ABTOTPAHCMOPTHBIX CPEACTB - KO3OPUUMEHTA CLENNEHNS, POBHOCTM JOPOXHOIO MOKPbLITUA, MOZYSA YIPYrocTy,
WHTEHCUBHOCTU ABUXKEHWA TPAHCMOPTHOMO MOTOKa aBTOMOOMIbHBIX A0POT MEXAYHAPOAHOrO 3HaueHna M34, M39,
A373, A373a.

Knroyesblie C0Ba; AOPOXKHbIE VCIIOBUA SKCTITYaTaL i aBTOTPAHCTIOPTHbIX CPEACTB; KO_9¢¢ML/M€HT cyervieHns,; PoOBHOCTb
HAOPOXXHOIrO r1OKPbLITUA, MOAYIIb YIPYIOCTH, MHTEHCHUBHOCTb ABUKEHNA TPAHCTIOPTHOIO 10TOKa, ABTOMOOW/IbHBIE Hoporv
MEXKLYHAPOAHOIO 3HAYEHNA.

ABTOAOPOXHBIN KOMMNEKC OOBEKTUBHO OTPaaeT CyWHOCTb 3QGEKTUMBHOMO MepeBO30YHOro
npoLecca, OCyLIeCTBAAEMOrO TPAHCMOPTHBIML  CPefCTBaMi MO aBTOMOOWAbHLIM Aoporam. OH
nofYepKMBaeT PaBHO3HAYHOCTb BKMNAAa TPAHCMOPTHLIX CPEACTB W OOPOr B eAMHbIA NepPeBO30YHbIN
npotecc. dPPekTnBHOE OYHKLMOHUPOBAHME SKOHOMMKKM FOCYAaPCTBA XECTKO 3aBUCUT OT HanuumA
PA3BUTONM U HafEXHO PaboTalollelrt ceTh aBTOMOOUbHBLIX gopor. CTpaHbl C Pa3BUTON SKOHOMMKOW,
KOTOpble B OCHOBHOM 3aBEPLUMIM CO3[aHME HALMOHANbHOW CETU AOPOr, NMPOAOKAIOT BKIaAbIBATb
CPefCTBa B [OPOXKHOE XO3AMCTBO, UTO CTUMYNIMPYET Pa3BUTME OTPaC/Ien MPOMbILNEHHOCTY, CENbCKOrO
XO3AMCTBa, TOProBnn u ap. Mx passutne u 3dpdekTnBHoe OYHKUMOHUPOBAHME BO3MOXKHbI NNLLIb MPW
cbanaHCMpPOBaHHOM Pa3BUTUM aBTOAOPOMKHOINO KOMMAEKCA CTPaHbl, aBTOMOOWUIBHOIO TpaHCnopTa U
JIOPOXHOM NHOPACTPYKTYPbl. B3aumonencTeme 3TUX KOMMNOHEHTOB eMHOM SKOHOMMNUECKOW CUCTEMDI
onpefenaeTca TeXHUYECKUMWU XapaKTepuCTUKaMM aBTOMOOWIBHOTO TpaHChopTa WM TPaHCNOPTHO-
3KCMIyaTaUMOHHBIMK MOKa3aTenamM aBTOMOOWUbHBIX fopor. B ycnoBnax GopMMpPOBaHNA DbIHOUHbIX
MEXaHM3MOB  XO3AWCTBOBAaHMA Pa3BUTME METOLOB ONTMMAaNbHOW  OpraHu3aumy  ynpasneHuA
GYHKUMOHMPOBaHMEM aBTOAOPOXKHOIO KOMMIEKCa ABMAETCA BaXKHOWM 3afjauelt HapOAHOro XO3AMCTBa
CTpaHbl. [1na obecneyeHna COCTOAHMA JOPOr, OTBeYaloWero TpeboBaHNAM Kak COBPEMEHHOrO, TaK U
nepcrnekTMBHOrO aBTOMOOWUIBbHOTO ABWMMEHWS, NOTPebyeTCa AanbHENWMIA POCT KanuTanoBnOKeHUH,
BK/tOYASA UHBECTULIMN. YNPaBeHMe COCTOAHMEM CETU aBTOMOOWIbHBIX JOPOT CBOAUTCA K ONpeaeneHnto
Takoro Habopa perynmpylowmx BO3AENCTBMA  Ha [JOPOXHble YCIOBWSA, KOTOpPble MO3BONAT
MUHUMMN3UPOBATb U3AEPXKKM B aBTOTPAHCMOPTHOM KOMIMEKCE.

ABTOMOOW/b ABMAETCA HEOTHEMAEMOW YacCTbio CUCTEMBI «aBTOMOOWIb — BOAMTENL — AOPOra —
cpefia», 1 ero CBOMCTBa MPOABMAIOTCA BO B3aUMOLENCTBUM C SNeMeHTaMK 3TOW CUCTEMON. [1osToMy
3HAYMMOCTb OMpPeAeNeHHOro 3KCMyaTalMOHHOTO CBOMCTBA B OLEHKE KauyecTBa WM 3GEKTUBHOCTM
NpVMeHeHNA aBTOMOOWA 3aBUCUT OT YCIOBUIA, B KOTOPbBIX 3TO CBOMCTBO MPOABAAETCA, T.€. OT YCII0BUM
sKkcnnyataumm [2].

Mog ycnosmAMK 3KCNAyaTaumn cnegyeT NOHMMaTb COBOKYMHOCTb GakTOPOB BHeLUHel cpeabl,
OKa3blBalOLMX BAVAHME Ha aBTOMOOWb B MPOLeCCe ero akcnayataumnm.

YCNoBuWA 3KCNyaTaL v aBTOMOOUNEN MOXHO Pa3AenTh Ha YeTblpe OCHOBHbIE rpy bl GaKTOPOB:
AOPOXHbBIE, TPAHCMOPTHbIE, MPUPOAHO-KIUMATUYECKME U KylbTypa dKCryaTaumy. Kaxmpasa w3 3Tux
rPynn XxapakTepmnsyeTca onpeaeneHHbIMU GakTopami.

[lopoKHble YCNOBMA 3KCMAyaTaUMM OKa3blBalOT 3HAUMTENbHOE BAMAHME HA TEXHUYECKue
napameTpbl, KOHCTPYKLMIO M IKCMTyaTaLMOHHble CBOMCTBa aBTOMOOWe. Tak, Hanpumep, aBTop paboTsl
[1] oTMeuaeT, YTO [OPOXHbIE YCNOBUA MPEACTaBNAT COOOVM BaXKHENILMIA GAKTOP BHELLIHeR cpefbl, B
3HAYUTENBHOM Mepe Onpeaensalllin BCe OCHOBHbIE MOKA3aTeNM 3SKCMIyaTaLMOHHbIX CBOWCTB
ABTOTPAHCMOPTHbIX CPEACTB: AMHAMUYHOCTb, TOMIMBHYIO SKOHOMUYHOCTb, MIABHOCTb XOAa v Ap.

Be3 mnccnenoBaHVs TEXHNMYECKOrO YPOBHA WM SKCMIYaTaUMOHHOMO COCTOAHMSA CyLIECTBYIOLIMX
JIOPOT HeMb3A PELINTD 3afja4dy NOBbIWEHNA 3GGEKTVBHOCTM PAbOThI BCErO aBTOMOOUBEHOrO TRPAaHCMoPTa.

YHUTapHbIM npeanpuatnem “Vyn nonnxa 3KcnepTtrsa’ NpoBeAeHO UCCIefoBaHNE AOPOXHbIX
YCNOBUI  3KCM/lyaTaumm - TEXHWUKO-3KCMYaTalUWMOHHbBIX — MOoKasaTenen  aBTOMOOMAbHbLIX — [OpOr
MeXAYyHapOaHOro 3HadeHua M34, M39, A373, A373a. MccnepoBaHve aBTOMOOWAbHbBIX A0POr
NpOBOAMNOCH C MOMOLbIO MEPEABWXKHOM AOPOXHOM nabopaTopuK, OCHALLEHHON COBPEMEHHbLIM
NPOrpaMMHOVIMEPUTENBHBIM KOMMIEKCOM AOPOXKHO-AMArHOCTMYECKOM annapatypbl (danee - (1471
«TPACCA») (puc. 1).

B ctaTbe npueeAdeHbl pe3ybTaTbl MCCNeAO0BaHNA AOPOXKHbIX yCﬂOBI/Il7I SKCr1yaTaunn OCHOBHbIX
TPAHCMOPTHO-3KCITyaTayMOHHbIX nokasaTtenen aBTOMOOWUIbHOW Ooporn  npn - MexagyropogHmx
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nepeBo3Kax: KOQCI)(I)I/ILU/IGHTa cuenneHnn; POBHOCTK NMOKPLITUA ﬂOpO>KHOI7I oaexabl; MoAyNnA ynpyroctun
aBTOMOBUNBHOW 0OPOIMN; NHTEHCMBHOCTU ABUVMKEHWNA.

Puc. 1. KomnnekcHas nopoxHas nabopatopus «Tpacca» YI «Ayn nonvxa skcneptunsa»

Pe3ynbTaThl onpenenenvst KO3QGULIMEHTa CLENIEeHNA Ha aBTOMOOWIbHBIX Aoporax M34, M39,
A373, A373a npencraBneHsl Ha puc. 2 1 1abn 1.
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Puc. 2. KoadpduumneHT cLuenneHns Ha asTogopore: a - M-34; 6 - M-39; B - A-373; r - A-373a
Tabmiya 1.

CBOAHbIE [1aHHbIE 110 OOCTIEH0BAHIIO KOSPPULIMEHTA CLIEMIEH A ABTOMOOMIIbHBIX JOPOI MEXLYHAPOA-
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Horo 3HayeHua M34, M39. A373, A3/3a

[opora  Yuactok [peaenbHO AoNyCTUMbIE CpenHee [Hona mapwpyTa, roe
nokazsaTenu KoapduLmeHTa 3HaueHue 3aPUKCMPOBAHDI
cuennexus gna nokasatenu HedonycT1Mble
IKCMIYaTUPYEMBIX KoapULMEHTA  3HAYEHWA POBHOCTH,
aBTOMOOWIIbHbBIX JOPOT cuenneHus %

M34 22-70 Km 045 048 31

M39 817-871km 045 0,45 37

A373 120-181 km 045 0,35 89

A373a 0-42 Km 0,45 0,35 82

Pe3ynbTaThl onpeaeneHna PoOBHOCTY AOPOKHOIO MOKPbLITUA Ha aBTOMOOUNbHbLIX foporax M34,
M39, A373, A373a npeacTtasneHbl Ha puc. 3 1 Tabn. 2.
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Puc. 3. POBHOCTb IOPOXKHOIO MOKPLITUA Ha aBTofjopore: a - M-34; 6 - M-39; 8 - A-373; - A-373a

Tabnya 2.

CBOAHBIE fAaHHbIE [10 OOCIELOBAHIIO [POBHOCTI JOPOXHOIO OKDBITHS ABTOMOONIIbHBIX J0POI
MEXLYHAPO[HOIO 3Ha4YeHma M34, M39 A3/3, A3/3a

[lopora  YuacTtok lNpenenbHO AonyCTUMble CpepHee 3HaueHve  [lona mapuipyTa, rae
nokasaTenu NPoAobHON  MokasaTens 3apUKCUPOBaAHbI
POBHOCTM MO MOKa3aTeNto  NPOAONALHOMN HenonycT1Mble
IRI npw akcnnyataumm, POBHOCTW MO 3HayeHVA
M/KM NPOLONBHOWM
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nokasatento IR, POBHOCTM MO

M/KM nokasatento IR, %
M34 22-70 KM 3 466 67
M39 817-871Tkm 3 3,67 70
A373 120-18T km 3 3,37 55
A373a 0-42 KM 3 3,56 68

Pe3ynbTaTbl onpeaeneHns NpoYHOCTY AOPOKHON OAEX bl Ha aBTOMOOUbHBIX Aoporax M34, M39,
A373, A373a npencraBneHsl Ha puc. 4 1 1abn 3.
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Puc. 4. MpoYHOCTb NOPOXKHOM Ofexabl Ha aBTogopore : a - M-34; 6 - M-39; B - A-373; - A-373a
Tabmiya 3,

CBOfHbIE [1AHHBIE 110 OOCTIEL0BAHIIO MOLY/IA VIPYrOCTH aBTOMOOMIBHBIX JOPOI MEXAYHAPOLHOIO
3HayeHua M34, M39 A373, A373a

Hopora | Yyactok Tpebyembiit CpenHee 3HauyeHne Lona mapupyTa, roe
MoKa3aTenb nokazaTena moayna | 3adUKCMpPOBaHbI
MOy A yNpyroctu HefoNyCTUMbIE 3HAUYEHNA
ynpyroctu JOPOXKHOW ofexadbl, | MokasaTens Momyna
LOPOXKHOM Mrla YMPYroct JOPOXKHOW
ogexabl, MlMa ogexabl, %

M34 22-70 KM 230 123,05 100
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M39 817-871km | 230 137,32 100
A373 120-181 km | 230 121,58 100
A373a | 0-42 km 230 115,81 100

Pesynbrathl  onpefeneHna  CPefHeCyTOUHOM  WHTEHCUMBHOCTM, W CPeAHeCyTOUYHOW
NHTEHCMBHOCTW, NMPUBEAEHHOWN K NIerKOBOMY aBTOMOOMIIIO aBTOMOOUABLHLIX Aoporax M34, M39, A373,
A373a npepncTasneHsl Ha Tabn 4.

Tabniya 4.

CBOAHbIC f1AHHbIE [10 OOCIELOBAHIIO MHTEHCUBHOCTH [BUKEHMNA aBTOMOOMIBHBIX JOPOI
MEXLYHAPO[HOIO 3Ha4yeHma M34, M39 A3/3, A3/3a

lopora  PacueTHas UHTEHCMBHOCTb [porHosvpyemas NHTEeHCMBHOCTb, NpuBeaEHHaA
OBWKEHWA, Np1BeaeHHas, CpeaHecyToYHan K fIerkoBomy aBToMoOUIIIO
en./cyT. WHTEHCUBHOCTb

M34 cB. 14000 37676 45289

M39 cB. 14000 61978 75979

A373 cB. 14000 29818 34466

A373a cB. 14000 30024 34835

AHann3 pe3synbTaToB UCCNEA0BaHNSA AOPOXKHbIX YCIOBUWIA 3KCMyaTaL M OCHOBHbIX TPAHCMOPTHO-
3KCMyaTaUMOHHbIX  MOKasaTenell  aBTOMOOUABbHOM  AOPOrM  MpU  MEXAYrOpOAHMX —MepeBO3Kax:
KO3bOUUMEHT  CLEMIEeHNY; POBHOCTM  MOKPLITUA  AOPOXHOW  OAEXAbl; MOAyNa  Ynpyroctu
aBTOMOOW/IBHOM JOPOrY MOKa3anu yCTOMUMBYIO TEHAEHLMIO K OTKIIOHEHNIO OT HOPMBbI.

3aknueHue.

PaboTa rpy30BOro aBTOTPaHCNOPTa MNPV MEepPeBO3Kax XapakTepusyeTcs PAAOM  TexXHUKO-
SKOHOMMYECKMX NOKa3aTeNnen, TakuMm Kak CKOPOCTb ABUKEHUS, MPON3BOAUTENBHOCTL, Ce6eCTOUMOCTb
nepeBO30K, KOTOPbIE, B CBOKD 0Yepeab, 3aBUCAT OT COCTOAHMS A0OPOrK (POBHOCTb MOKPLITUA, Hanume
nedopmaLinin, T. e. ee KayecTsa.

BaykHbIM MOKa3aTenam NepeBO3KM MOY30B ABMAETCA cebecTonMoCTb nepeBO3KkM rpy3oB..

Uem BbILLIE KaYeCTBO AOPOIM, TEM Bbille CKOPOCTb [BMXKEHWS, MPOU3BOAUTENBHOCTL aBTOMOOUEN
(aBTOMOE3/0B), @ CEHECTOMMOCTL NMEPEeBO3KM YMEHBLLIAETCA.

BrnunaHme [OPOXKHBIX YCIOBMIA SKCMyaTalmMy POBHOCTM Ha MoKasaTenn paboTbl aBTOTPaHCNOPTa
BbIDAXAETCA B [JOMONHUTENIbHOM YBEIMUYEHM 3aTpaT MOLWHOCTV Ha MNpeofosieHre HEePOBHOCTY,
CHWKEHME CKOPOCTUN ABVKEHMA W MPON3BOAMTENBHOCTU TPAHCMOPTa, YBENNUYeHMe pacxoaa TOMvBa U
ce6eCcTONMOCTN BbIBO3KW.

KayecTBeHHbIMM  MOKasaTenaMm  OLEHKM  TPAHCMOPTHO-3KCMAYaTaUMOHHOTO  COCTOAHMA
aBTOMOOMNBHBIX AOPOr ABNATCA pe3ynbTaTbl UHCTPYMEHTANbHBIX U3MEPEHWNIA TakKMX TPaHCMOPTHO-
3KCMNyaTaUMOHHbIX MapameTPOB aBTOMOOUbHbIX gopor (T AJl), Kak KO3GOULMEHT CLEeNNeHnA Koneca
aBTOMOOUNA C MOKPLITVEM, POBHOCTb MOKPLITUA, YNPYriA Npornd JOPOXHOM OfeXabl, UHTEHCUBHOCTb
ABUXKeHWA. V3amepeHHble napameTpbl onpeaenanT paboToCNOCOOHOCTb aBTOMOOWIIBHOW AOPOrM Kak
NHXEHEPHOI0 COOPYXeHUSA, 1 3QDEKTUBHOCTL SKCMTYaTUPYEMOro Ha Hell aBTOTpaHCNopTa.

AHanu3 MONTYYEHHbIX PEe3yNbTaTOB 3KCMNEePUMEHTANTbHbIX NCCNefoBaHUM  MOKa3biBaeT YTO
OCHOBHbIE  TEXHWKO-3KCTTyaTalUMOHHbIE MOKa3aTen aBTOMOOUITbHbIX Oopor He COOTBETCTBYHOT
HOPMATMBHbIM, a 3Ha4WMT, aBTOTPAHCMOPTHble CPEeACTBa 3KCIMIyaTpyemMble Ha 3TMX OOpPOrax He
MONMHOCTbIO Peanm3ytoT CBOU CBOWCTBA YTO npnBOONT K CHIXEHWIO 3¢)(I)€KTI/IBHOCTI/I MCNONTIb30BaHMA KaK
AaBTOMOOUIBHOMO TPAHCMOPTa Tak 1 BCEro aBTOAOPOXKHOIO KOMM1eKCa CTPaHbl B LIEJTOM.

[na peweHrsa 3agauv nosbllleHVa 3OPEKTUBHOCTM PaboTbl aBTOMOOWIBHOrO TPaHCMopTa
HeobXxoAMMO MUCCNeaoBaHKEe AOPOXKHbBIX YCNIOBUIA KCMyaTauyn. ITO NO3BOMSET ONPeaenuTb BAVSHME
LOPOXKHbIX YCIIOBWIA SKCMyaTaly Ha NPOU3BOAMTENBHOCTb aBTOTPAHCNOPTA NPW NepeBo3Ke rpy30B U
M3MeHeHne cebeCTONMOCTI NEePEBO3KN.
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BHEOPEHWE MHTENNEKTYA/TbHbBIX TPAHCMOPTHBIX CUCTEM - BAXHEWLLIEE
HAMPABNTEHWE MOBbIWEHNA SOOEKTUBHOCTU TPAHCIMTOPTHOIO CEKTOPA

KaHg.rexH. Hayk, 4ol X TypcyHosa, HITL| «Y3aBTOTPAHCTEXHMKA, I. TaLIKEHT, Y30eKUCTaH.

AHHOTaUMA

MPUBOAMTCA aHaNM3 MCMOMb30BAHMSA WMHTENNEKTYasbHbIX TPAHCTOPTHBIX CUCTEM B MUpe. PaccmaTpyBaloTcs
TpaHCNopTHble Mpobnembl OOMbLIVX FOPOACB. [peanaraeTca B KauyecTBE OCHOBHOW WAeW MpU pa3pabdboTke
JONrOCPOYHOM  KOHUEMUMM  MHHOBALMOHHONO — Pa3BWUTWA  TpaHCnopTa  Y3b6ekmcTaHa  WMCNONb30BaTb
VHTENNeKTyanbHble TPAHCMOPTHbIE CUCTEMBI /1 MOBbIWEHMS KayeCTBa aBTOTPAHCMOPTHbIX YCAYT, MOBbILEHNS
KOHKYPEHTOCMOCOOHOCT  CUCTEMbl  aBTOMOBMABHOrO  TPaHCMopTa  CTPaHbl, YCUAEHUA  MHHOBALMOHHOWM,
COLIMAnNbHOMN 1 3KONMOTMYECKON HanpaBNeHHOCTY Pa3BUTIA aBTOTPAHCMOPTHOM OTPaCN.

Knroyesble c/10Ba: TPAHCTIOPTHAA CUCTEMA, MHTE/IIEKTYallbHas TPAHCTIOPTHAA CUCTEMa, KOHUETTLNA Pa3BUTHUA.

Pa3BuTVEe €AMHOro S3KOHOMMYECKOrO MPOCTPaHCTBAa CTPaHbl BO MHOMOM 3aBWCUT OT CTeMeHu
Pa3BUTOCTY TPAHCMOPTHOM MHPPACTPYKTYPbI KaXAOM 00M1aCTV, KaxAoro parioHa. 3HaumTenbHasa posb B
00LEel TPAHCMOPTHOW CUCTEME MPWHAANEXWUT MO MpaBy aBTOMOOWIbHOMY TpaHCMopTy. [Npu 3Tom
BbICOKWIN YPOBEHb aBTOTPAHCMOPTHOMO 0OCIYKMBaHWA ONpPeaensaeTcs CKOPOCTbIo, CBOEBPEMEHHOCTbIO,
NpPeAckasyemoCcTblo, PUTMUYHOCTbIO, AOCTYMHOCTbIO U 6e30MacHOCTbIO  QYHKLMOHMPOBAHWS BCeit
ABTOTPAHCMOPTHOW CUCTEMBI U KaXKAOTO 13 €€ 3N1EMEHTOB.

B 3TOM CBA3M OCOBEHHO aKTyanbHOW ABNAETCA HEOOXOAUMOCTb COANAHCUPOBAHHOIO PA3BUTUA
CUCTEMbBI aBTOMOOUIBHOTO TpaHCMopTa B pPerMoHax 1 YyCUineHus B3avMOAENCTBUSA LIEHTPANbHbIX U
MECTHbIX UCMOMHUTENbHBIX OPraHOB B BOMPOCax rOCyAapCTBEHHOIO PEryivMpoBaHNA TPAHCMOPTHOW
[eATeNbHOCTI, COXPAaHEHNA TEHAEHUMN K AeLieHTPpanm3aumm, BHeAPeHMAa B OTPACb MHHOBALIMOHHBIX U
HOBATOPCKMX TEXHOMOT N,
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B TpaHCnopTHOM 0Tpacim AOCTUXKEHWA MHOOPMALMOHHO-KOMMYHMKALIMOHHbBIX TEXHONOM M MOKa
NCMONb3YIOTCA HEe B NMONHOM Mepe. TeM He MeHee, B Pa3BMUTLIX CTPaHaxX Ha TPaHCMOPTE YxKe B TeyeHne 25
net VKT pa3BmBatoTca nog obLmMmM Ha3BaHNeM UHTENNEKTyanbHble TpaHCnopTHble cnctemsl (MTC). UTC
BNWTBIBAIOT B Cebs HOBeWline OOCTUXEHUA BbICOKMX TEXHOMOMMIM, KOCMWYECKOW W aBUALMOHHOM
TeXHUKM. «/HTennekTyanbHaa TpaHcnopTHaa CucTeMay - MHTerpauma CoBpemMeHHbIX MHGOPMaLIMOHHbIX
N KOMMYHUKALIMOHHbBIX TEXHONOTMIA 1 CPeACTB aBTOMATV3aLMU C TPAHCMOPTHOM MHQPACTPYKTYPOH,
TPAHCMOPTHBIMU CPeACTBAMM U MOSb30BaTENAMU, OPUEHTMPOBAHHAA Ha MOBbILIEHWE 6E30MaCHOCTY U
20 deKTMBHOCTN TpaHcnopTHoro npouecca. UTC nmeeT aBe rnasHble Uenu:])yBennueHue CKopocTy
JBVXKEHWA TPAHCMOPTHBIX CPefcTs; 2) NoBbilieHne 6e30MacHOCTV Ha AopOorax.

Obuwen uenblo ANS BCEX OPraHuW3auui, 3aHuMatolmMxca npoasukeHnem WTC, aensetca
noBbllleHne 6e30MacHOCT AOPOXHOIO ABMKEHWA M MOBbileHne 3GPEKTUBHOCTM MOE3A0K Ha
FOPOACKMUX MarncTpanax. JTO Te KNoUYeBble BOMPOCh!, KOTOPblE OKAa3blBAlOT BO3AENCTBME Ha XuTenewn
ropoAoOB B eXedHeBHOM pexume. [InAa npuvmepa, Npy BO3HWKHOBEHWN AOPOXHO-TPAHCMNOPTHOMO
NPOVCLLECTBMSA, BPEMA PEArMPOBaHMA 1 NpUe3na MeauLIMHCKUX CRYKO ABnAeTCA KpuTudeckum. CeKyHbl
B AHHOW CUTYaLMW - rpaHb MeXay »KM13Hbto 1 cMepTbio, noaTomy CMIT gomkHa NpubbiBaTb Ha MECTO
NPONCLWECTBUA B CUMTAHHbIE CEKYHABI NN MUHYTHI. ECnn cnctema BoizoBa CMIT nHTerprposaHa 8 UITC,
TO MefULUMHCKKE CyObl MoNyYatoT MHGOPMaLIMIO 1 KoopAnHaTel ¢ MecTa []TT1 B TeyeHe HeCKOMbKUX
CEKYHJ, UTO NO3BONAET eXeIHEBHO CMacaTb COTHU 1 AaXKe TbiCAYYM KU3HEN.

Cneaylolym Warom no MoBbllWeHMo 6e30MacHOCTM Ha JOPOrax ABNAETCA COKPALLEHNE PUCKOB,
KOTOpble MOTYT CTaTb NpuunHon AT, 3To npeanonaraeT coKpalleHvie 3aTopoB, ObICTPYIO 3BaKyaLuio
aBTOMOOUNEN C MeCTa aBapuK, a Takxe PerynspHbI MOHUTOPUHI TRAHCMOPTHBIX KaHANoB Ha npeameT
OMaCHbIX 30H W NPENATCTBUN.

MupoBble noHepbl B nHAycTpumn UTC — Kopes, CuHranyp v ANOHWA, OTAENbHbIE COCTaBAAIOLIME
TaKUX CUCTEM BCTpeyvatoTca B bocTore, Hblo-Mopke, Nloc-AHpxenece, bpucbere n OpaHkdypTe. FoBopa
06 onbite CUIA, To 3mech, Takke Kak M B ANOHWM, WMHCTUTYLMOHANbHaA $opMa opraHm3aumm
npenycMaTpMBaeT  aKTMBHYIO  pPOfib  MUHUCTEPCTBA  TpaHcnopta. Ha  denepanbHoOM  ypoBHe
rocyfapCTBEHHaA mporpamma Obifa NpuHATa KOHrpeccom B 1991 roay, ewe 5 neT npoposmkanca
npouecc pas3paboTkM MporpaMm K CTaHAapToB. [MpyMevaTenbHO, UTO B IOPUAMYECKOM acrekTe
peanmzaumm NTC HabnogaeTca CBOMCTBO LIENOCTHOCTM, TO €CTb CUCTEMA MMEET XapaKTepUCTUKY K
BOCMPOW3BOACTBY, OOHOBNEHMIO 3aKOHOATENbCTBA.

Opyrum ueHTpom passutna UTC asnaetca Asua, rae ANOHWA 3aHUMAETCA BOMPOCOM yYMHbIX»
TPAHCMOPTHBIX cUCTeM yxe bonee 40 neT. NepBble MonbITKM AaTUpoBaHbl 1973 rogom. Cnegytouwmm
3TanoMm CTafno co3aaHue B 1996 rofy HaUMOHANbHOW NPOrpammbl pa3suTHA TpaHcnopTa «ATC-AnoHuAY.
[NepBbIft LEHTP OpraHm13aLmnm JOPOXKHOro ABMXeHMA noasmnca B Poccum (1. Mockea) B 2013 roay.

[N cpaBHeHVs, B Y30EKUCTaHe yKe peann3yloTcsa [1Ba NPOeKTa MO BHEAPEHWIO NTOKaNbHbIX
3M1IEMEHTOB N CUCTEM, OTHOCALWMXCA K VITC. 3TO BHeApeHMe aBTOMATU3MPOBAHHOM CUCTEMBI YPaBIEHNA
M MOHWTOPWMHFA B  CUCTEMe  MaCCaKMPCKOro — TpaHcnopTa  ropoga  lawkeHta  (AK
«ToWLWAXapTpaHCXM3MaT») U BHEAPEHME KOMMbIOTEPHON CUCTEMbI YNpaBieHus 6e30MacHOCTbIO
JOPOXHOTO ABWKEHWA T. TallKeHTa. 3TV MPOEeKTbl BaXkHbI M MPUHUMAMANbHBIA War Ha MyTu
NHTENNEKTYanM3aLUmm TPAHCMOPTHOIO CeKTopa CTPaHbl, MO3BOMAIOWMIA OLUEHUTL PUCKM U NPobremb,
BO3HMKAlOWME B XOLe [HaHHOro npouecca, OnpeaeuTb CUCTEMHbIE MNPUUMHBL,  Melaloulme
apdekTnBHOMY BHeapeHuo UNTC.

OnbIT ANOHWMKM MpUMeYaTeneH He TOMbKO WHCTUTYLUMOHANBHOM OpraHu3aumer npouecca
peanu3auum UTC, KOTOpbIV peanmn3oBaH Ha 6ase HaLMoHaNbHOM cTpaTerny pas3sutina UTC, HO 1 Tem, 4To
AnoHuA B Hauane 21 Beka NpoOBO3rnacuna cebds CTPaHON «HyNeBbix» Lienein Ha goporax: 1 - Hyneas
noTeps Ha fjoporax; 2 - HyfeBble 3aAePXKKW Ha Aoporax; 3 - Hysb Heyao0CTB.

Ewe ogHVM «BbIxOAUEM» C  a3MaTCKOrO  KOHTUMHEHTA ABMAETCA Hall  CTpaTernyeckuni
SKOHOMMYECKUIA U MONUTUYECKUI NapTHep Kntan. Passutmnem UTC 3gech ¢ 1997 1. Hayano 3aHMMaTbCA
MUHUCTEPCTBO KOMMYHMKALMA. TTMAOTHBIM — NMPOEKTOM CHano co3gaHune «HaumoHanbHOro LeHTpa
NHXUHUPUHIA U TEXHONOT U,

Pa3BuTVe TPAHCNOPTA AOMKHA ObITb MHHOBALMOHHOW, T. €. OMVMPATLCA Ha NepefoBble JOCTUKEHWA
HayKy 1 TexHWKn. OCHOBOM WMHHOBaLMM MOTyT ObiTb QyHAAMEHTaNbHble HayyHble MCCIefoBaHWA B
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0bnacTv TpaHCNopPTa WK AOCTUXKEHMA 13 APYrnx obnacTel. Pa3paboTka MHHOBALMOHHOM KOHLEMNLM
AO/KHa OMMpPaTbCs Ha CUCTEMHBIA MOAXOA, COAePXallMin HOBYlO uvaeto, 6asvpyrollyocs  Ha
COBPEMEHHOM WV MEePCreKTMBHOM Pa3BUTUN HayKW U TEXHVIKW, @ HE Ha WHAOYKTMBHOM MOAXOAE,
npeanonaraiollemM nvilb HebOoMbLIOe YydlleHue YxKe CyLIecTBYLUX pa3paboTok. [lepexon K
WHTEHCUMBHOMY WHHOBALMOHHOMY MyTU Pa3BUTUA TPebyeT MPUHATUE CTPATermyecknx pelleHnin no
Pa3BUTMIO aBTOMOOW/IBHOrO TPAHCMOPTa Ha AONTOCPOYHYI0 MepcrnekTuBy. Heobxoavmo co3paTb
YCNOBUWA [/ MOBbILIEHWA KayeCTBa aBTOTPAHCMOPTHbBIX YCIYT, MOBbIWEHNS KOHKYPEHTOCMOCOOHOCTH
CUCTEMbl  aBTOMOOW/IBHOTO  TPAHCMOPTa  CTPaHbl, YCUMIEHWS  VHHOBALMOHHOW, COLManbHOM 1
3KONOrMYeCKoW HanpaBneHHOCTY Pa3BUTUA aBTOTPAHCMOPTHOM OTPACIIN.

KnioueBolt npobnemort nonntnku BHeapeHus MTC Ha coBpemeHHOM 3Tane B Y30eKkucTaHe
ABNAETCA HEeAOCTaTOUHO CUCTEMHbIM MOAXOA. VIMeeT MecTo BHeApeHWe NWLb OTAENbHbIX 31EMEHTOB
NTC, 6e3 npoBefeHWA HayuYHO-MCCNenoBaTeNbCKNX PabOoT, pa3paboTKM CTpaTerny U eiIHOM NOMUTUKMA.
Kak pe3ynbTaT, - OTCYTCTBME HayuyHOoW NpopaboTkn BHeapeHua NTC, koTopas bbl obecneumna cosganve
eavHOro MHGOPMALUMOHHOIO MPOCTPAHCTBA C COBMELLEHMEM Pa3HbIX MPOrpamm 1 060pya0BaHWNA.

Mo3Tomy KoHuenuus pasButua aBTOMOOUIbHOrO TpaHcnopTa Pecnybnukm Y3bekmcTaH go 2030
rofja HampaBneHa Ha BHeApeHWe B CUCTEMY TOCYAAPCTBEHHOTO YMPaBfeHVA COBPEMEHHbIX
MHHOBALIMOHHbBIX ~ MAEeW, pa3paboToK U TeXHOMOrui, onepexatollee  HayyHO-TEXHUUYEeCKoe
COMPOBOXAEHVE Pa3BUTUA aBTOMOOMIBHOMO TPaHCMOPTa, FOCYAAPCTBEHHYIO MOAAEPKKY CO3AaHMUA
NHTENNEKTYaNbHbIX TPAHCMOPTHbLIX CUCTEM [O1A MOBbIWEHUA KayecTBa aBTOMOOUSBLHBIX MEPEBO3OK,
CHKEHVE YPOBHA OTPULATENIbHOTO BMAHMA CEKTOpa aBTOTPAHCMOPTa Ha OKPYXaloWylo cpedy 1
ynydllleHve  3Konoruu, OOHOBMEeHVe U MOMOMHEeHWe Mapka MacCaXMPCKUX U FPY30BbIX
aBTOTPAHCMOPTHBLIX ~ CPeACTB,  COBEPLIEHCTBOBAHWE  CUCTEMbl  QUHAHCUPOBAHUA  MPOEKTOB,
HanpaBneHHbIX Ha Pa3BUTME aBTOTPAHCMOPTHOM OTPAC/AM, MHTErpauuio B MUPOBOE TPAHCMOPTHOE
MPOCTPAHCTBO UM peanu3aumio TPaH3WTHOrO MoTeHuMana pecnybnvky, co3faHne ycnoBun Ans
MOBBIWEHNA KOHKYPEHTOCMOCOOHOCTU OTEUECTBEHHbBIX MEePEeBO3YMKOB Ha PbIHKE MEXAYHAPOAHbIX
ABTOMOOUIbHbBIX MEPEBO3OK, aKTUBM3ALMIO KaAPOBOW NOANTUKMN.

TEXHWUKA BE3OTNACHOCTW MPW SKCTNYATAUWMKW JOPOXHO-CTPOUTEJIbBHbIX MALLIWH

Xoxunes Anvakbap AbaymarHorosmny, goueHT, aliakbar-x@mail.ru 7au/KeHTCK HCTUTYT MHKXEHEDOB MPPUraLmm 1
MEXAHU3ZALIMM CENTBCKOIO XO3AVCTBO, TALLIKEHT, Y30eKUCTaH

Myprazaes [yiiHO3a Paxmar kun3um, aCCUCTEHT, TaLLUKEHTCKUM MHCTUTYT MHXKEHEDOB MPPUIALIMN M MEXAHU3ALMN CE/IbCKOIO
XO3AVICTBO, TalUKEHT, Y30eKnCTaH

AHHOTaUMA

B Hawwen CTpaHeg, 3a nocnegHmne rofbl, Ctano yaenAaTca 60nblIoe BHUMaHNe CTpoOnTENbCTBY aBTOMOOUbHbIX AO0por.
CospemeHHoe CTPOUTENbCTBO, HEBO3MOXHO MPeACTaBUTb 6e3 COBpeMeHHOVI TEXHWUKW W TexHonoruu. B crtatbe
npviBedeHa TexHWKa 6e30nacHOCTH npn CcTponTenbCcTBe W 3KCMyaTaunn aBTOMOOWbHbBIX aopor, T.K. He
CO6J'HOJZI,€HI/I€ npaBul TEXHUKN 6e30nacHOCTH MOTYT MPnBE3T K NeYvasibHbiM NOCNeACTBUAM.

Knoyessble c1oBa: HAOPOXKHO-CTPOUTESIbHbIX MaLlH, MalumHNCT, PRY30I04bEMHbIX MallnH, TPAKTOP, ANSJIEKTPUYECKIX
CPOEACTB, 6ETOHOHACOC.

MNpuMeHeHne  COBPEMEHHbIX  00PasLioB  [AOPOXHO-CTPOWUTENHbIX  MaliMH — obecreynsaeTt
BbINONHEHVE TPebOBaHN UHTEHCMBHON TEXHONOMMU MEXMH3UPOBAHHOIO NPOW3BOACTBa PAbOT, POCT
NPOW3BOAUTENBHOCTI U YAYULIEHNE U YCIOKHEHMA KOHCTPYKLMIN MaLlinH, YTO, B CBOIO ouepeab, TpebyeT
BbICOKOW KBanMOMKaLMM MaLUMHUCTA, OAHOBPEMEHHO BO3PACTaeT 3HaueHue MNPOGECCUOHANbHOM
WHNLIMATVIBbI, CAMOCTOSATENBHOCTM 1 OTBETCTBEHHOCTIN MALWWHIUCTA 1 €ro PyKOBOAUTENS.

Utobbl B MOMHOW Mepe peanv3oBaTb TeXHUYECKME BO3MOMKHOCTU [OPOKHO-CTPOUTENbHbIX
MaLLWH, MAMHUCT JO/MKEH XOPOLLIO 3HATb WX KOHCTPYKLUIO U YCTPOWCTBO, YMETb MPON3BOAUTENBHO
YNpaBnATb MALIMHOK, COOMoAasn Npu 3Tom Npasuia 6e3onacHoCTy Tpyaa.

BbicoKre Temnbl MeXaHM3aumm 1 aBTOMaTM3aUmMM AOPOXHO-CTPOUTENbHBIX PAabOT HE TOMbKO
YAyULWaloT YCNOBMA TPYAa, YacTO CBOAA ero K ynpaBneHuio MallMHamn, HO 1 obecneunsatoT bonee
6e30nacHoe BbINOMIHEHWE BCeX PabOoT, BKMOYAA SKCMIyaTaUmio 1 06CyKMBaHMe MallVH. BmecTe ¢ Tem
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pa6OTa OOPOXKHO-CTPOUTENIbHBIX  MallH B YCNOBKMAX  MOJIHOTO  HACbIWEHWA MU 06beKTOB
CTponTeNbCTBa NPEACTaBNACT N3BECTHYIO OMNAaCHOCTb.

MepcoHan, obCNyKMBalOWMA AOPOXKHbIE MalWHbI, AOMXKEH 3HaTb OCHOBHblE MOMOKEHWA
MHCTPYKUMIM MO WX SKCMyaTaUmm 1 TeXHUYeCKoMy 00CNyKMBaHMIo, B ToM ymcne[1]:

- HazHaueHVe MaluHbl 1 0bnacTb ee NPYMEHEHNA;

- KpaTkoe onncaHre MallHbl C O6L|.LVIMI/I BMAaMMN OCHOBHbIX €€ Y3/10B; KUHEMaTNYeCKYt0 CXemy
MallWHbl,

- CXeMbl CUCTEM YyrpaBieHnA MalnHOW, ee Yy3naMn 1 MeXaH3Mami;

- TabNMLYy CMa3blBaHWUA MALLIVHBI C YKa3aHWEM MeCT CMa3blBaHWA, MaPOK CMA304YHbIX MaTepUanoB U
CNocobOoB MX MOAAYN K TRYLIMMCH MeCTaM, NepuOAMUYHOCTb CMa3blBaHWA, 3aMeHbl OfIHMX CMA30UHbIX
MaTepwvanos Apyrvmu;

- OCHOBHble CBeieHWA MO HaslafaKke 1 perynnposke pa6ou|/|>< OpraHoB ” Hanbonee OTBETCTBEHHbIX
Y3/10B 1 MEXaHM3MOB, UX YepTeXn U CXeMbl, KpaTKOoe OnncaHne nocieoBaTe/ibHOCTW Haladkn
perynmpoBKn, NepnoanyYHOCTb BbINMOTHEHWA,

-CBeAeHnA O nopAagke MOHTaXKa W AEMOHTaa Y3/10B U MEXaHM3MOB MalllHbl C yKa3daHWem KX
MacCcCbl;

- YKa3aHMA Mo arCcnnyataunt  TEXHMYeCKOMyY O6Cﬂy>KI/IBaHI/HO MallHbl N ee ,D,BI/IFaTeJ'IeIZ;
- AaHHbIE O NpefesibHbIX Harpy3kax n CKOPOCTAX;

- OCHOBHble TpPeboBaHMSA TEXHUKM 6E30MacHOCTM NMPU PaboTe Ha MallMHE U ee TEXHNYECKOM
00CNYyKMBaAHNK: CNeUUPUKALIMIO KaHATOB, LieNel, pemHel, NOAWNMHNKOB, TOPMO3HbIX NIET, HaKNafoK,
KONOAOK, YMIOTHEHWI 1 0COO0 ObICTPOW3HALIVBAOLLUXCA AeTanel;

- OCHOBHble CBeAdeHMA O TOornmee, MadlaxX, CMa3Kax, OXnaxAalwurx W APpYyrnx MWUOKOCTAX,
npUMeHAemMblx 1A /J'aHHOI7I MallWHbl, MpaBhia O6paLLl,eHI/IFI C HMW.

A rpy30noabeMHbiX MallviH 1 MalWH, paboTaloWmMx Nof AaBneHneM, HeoOXoAMMO 3HaHue
npasun v TpeboBaHWUI MHCNeKUMK «[JaBTexHaszopaT» Pecnybnukm Y36ekumcTaH.

CornacHo obumm TpeboBaHMAM TEXHUKM 6E30MacHOCTA K YNPaBNEHWIO JOPOXHBIMIA MALLIMHAMK,
BKMOYasA 0a3oBble (TPaKTOPbI, TArauM M ApP.), Ha KOTOPbIX MOHTMPYETCA HaBECHOEe U MpUUernHoe
obopyfoBaHWe, MOMyT AOMYCKaTbCA NMUa, NPOoLiealWe COOTBETCTBYIOLLYIO NOArOTOBKY U MMeloLme
yAOCTOBepeHMe Ha NpaBo PaboTbl Ha 3TUX MalLMHAX 1 Ha MPaBO UX 0bCAyXMBaHKA. [Tnua, padoTatoumne
Ha MalUWHaX, CHabXatoTCA MHCTPYKLMER, coaepallei TpeboBaHNA TeXHMKIN 6€30MacHOCTA U OCHOBHbIE
npaBuna ynpaeneHns MallHaMn 1 06opyaoBaHWEM, YKa3aHWs O NpeaebHbIX CKOPOCTAX W Harpy3kax, a
TaKXe O cucTeme cuUrHanmlaumm(2].

[lo Hauana paboTbl Kaxdas MallvHa [O/MKHa ObiTb TWATENbHO OCMOTPEHa, MpoBepeHa, a
OOHapyXeHHbIE HENCMPABHOCTM yCTpaHeHbl. Bbimyck Ha paboTy HeMCnpaBHbIX MallVH 1 paboTa Ha HKX
KaTeropuyecku 3anpeLiaTca. 3anpellaeTca TakKe HanpaBnaTb Ha PaboTy MalWHbI C HeUCNPaBHbIMU
TOPMO3aM1 XOAOBbLIX KOMEeC WKW TYCEHWUL, a Takke C HEWCTNPaBHBbIMKA CTOAHOUHBIMA W APYTUMU
TOPMO3HBIMW YCTPOUCTBAMM,

MawwHbl, nepemellieHrie KOTOPbIX MOXeT ObiTb OMacHbIM [/ OKPYXKaloWWX, AOIXKHbI ObiTb
000py0OBaHbl 3BYKOBOW M CBETOBOWM CUrHanm3aumamu. Bo Bpems paboTbl MallWHbl, nepen Kakabim
MYCKOM, OCTaHOBKOW, a TaKKe M3MEHEeHVEeM CKOPOCTU [BMXKEHUA MaWWHUCT 0bA3aH MoaaTb CUrHanm,
npeaynpexaalolwmin 06 SToOM HaXOAALMXCA Ha NPULENHOM MallnHe onepaTopoB. [1na paboTsl B TEMHOe
BPeMA CyTOK MalWHbl AOMXHbI ObiTb 000PYAOBaHbl AOCTAaTOUYHBIM UYMCIIOM BHYTPEHHUX U BHELUHWX
NprbopoB ocBelleHnA. Henb3a AonycKaTb Kakux-Mbo paboT B TeMHOe Bpema CyTOK 6e3 BKMoUeHNs
Np1OOPOB BHELIHErO OCBELLEeHMA.

KabuHbl 1 nioWwaakn yrnpasieHna, a Takxke BCe Pbldarn, PyKOATH 1 nedann JOJTKHbI ObITb YMCTbIMM
N Cyxmmu. B 3aBUCMMOCTM OT Ha3HaYeHus pPbl4aros n ["Ie,[l.aﬂel;l, npeaHasHa4eHHbIX ANTA BKIIOYEHWA U
BbIKMMIOYEHWNA  OTAENIbHbIX MEXaHWM3MOB MalllH, YCWUIMA Ha BKIIOYEHWE-BbIKIMIOYEHNE HE  [OOJIKHbI
NpeBbllWaTbh BEIMYMH, YKa3aHHbIX PaHee.
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MawmnHNCT fgomkeH pa6OTaTb B CneyraibHOM KOCTIOME, PYyKaBMLaX N OYKaXx.

Bo Bpems paboTbl MAWMWHWUCT He MMeeT MnpaBa OCTaBNATb MallMHy wnv 00opyaoBaHMe C
paboTatowmm geuratenem. OH 06a3aH CneguTb 3a Tem, YToObl BO Bpema paboTbl HUKTO MOCTOPOHHWIA He
HaxoAWNcsa Ha MalunHe v Tem 6onee mMexay 6a30BbiM TPAKTOPOM WM TATAaUYOM U1 MPULENHbIM
obopynosaHvem.

Mepee3n uepe3 WCKYCCTBEHHbIE COOPYXKEHWS pa3pelaeTcs TOMbKO MOocCie MPOBEPKM KX
COCTOAHWA, MPU 3TOM [O/KHbI ObITb YUTEeHbl Kak Macca CamMoM MalluHbl Unv 0bopyaoBaHWs, Tak u
6a30BOro TpakTopa Win Tarayva.

Kaxkayto MallviHy YKOMMAEKTOBBIBAIOT anTeUKOW C HEOOXOAMMbIM HAbOPOM MeAMKAMEHTOB AnA
OKaszaHWA NocTpagaswym nepsolt nomowwmy. OTBETCTBEHHBIM NMLOM 3a HanuumMe anTeukm 1 Habopa
MeANKAMEHTOB ABNAETCA MALIUHUCT.

ObLme NoNoXeHUa 1 NpaBuna No TexHWKe 6e30MacHOCTU Npu paboTe CTPOUTENbHBIX MalLuH
cBOAATCA K cnegyowmm(3]:

- K YNpaBneHnio MalinHamn 1 0bopyaoBaHNEM [OMYCKAIOTCA TOMbKO fINLA, KOTOPbIE MPOLLN
obyueHve, Canm 3K3ameH ¥ Monyyuin COOTBETCTBYKOLIEE YAOCTOBEPEeHWE Ha MPaBo YyrnpaBieHus
AaHHOW MaLLVHOW. MALLVHWUCTbI, Manspbl, LUTYKATYPbl, OOCIYKMBAIOLLME MaLLIWHBI 1 MHCTPYMEHT, AOMKHbI
NMETb UHCTPYKLMK, COaep»KalLine TpeboBaHWa 6e30MacHOCTH.

- BCE MallMHbl C 2N1EKTPOMNPUBOLAOM, INEKTPONHCTOYMEHTDI, NIEKTPOKPACKOMYNbTbl JOJTXKHbI ObITb
HadeXHO 3a3eM/1eHbI.

- yCTpaHeHWe 0OHapyKEHHbIX HEUCMPABHOCTEN B 3NeKTPO0O0PYA0BAHNUM, SNEKTPOLENAX JOMKHO
MPOW3BOANTBLCA TOMBKO AEXKYPHBIM NEKTPOCIeCapeMm.

- Npwu paboTe B 0COBO OMACHBIX YCIIOBMSAX HE3aBUCKMMO OT HaMPsKeHVs MHCTPYMeHTa pabounm
NO/KEH BbIAABATbCA KOMMIEKT AVNIEKTPUUECKIX 3aLLUMTHBIX COeACTB.

- Npv NepepbiBax B paboTe, B TOM unciie Ha obefl, a Takke Ha OCMOTP U PEMOHT UHCTPYMEHTOB U
MALLIWH, OHW JOMKHbI OTKMOUYATHCA OT MUTAOLLIEN SNEKTPUUYECKON CeT.

- BCe ABMXKYyLMeCa 4act MallH 1M MEXaHM3MOB, K KOTOPbIM eCTb CBO60}J,HbII7I [OCTYN, AOXHbI
ObITb HaeXHO OrpaxieHbl. pa6OTaTb C HewncnpasgHbIMM WM CHATbIMKA C MallH W MEeXaHV3MOB
OrpaxaeHnAamMmm 3anpellaeTcA.

- PerynmpoBaHmne, CMaska U YMCTKa MallH N MHCTPYMEHTOB Mpn X pa6OTe 3anpewatoTca n
AOOMNYyCKatoTCA TOJTIbKO nodie NOHOM X OCTAaHOBKMW. npwv 3TOM AOJ1XKHa ObITb NCKMOYEHA BO3MOXHOCTb
CaMOomnpon3BOJIbHOTO BKTKOYEHWA 4acTen U MexaH3MOB MaLLUHbI.

- npu pa6OT€ MallnH, YCTaHOBOK (paCTBOpOHaCOCbI, rMAOPO3KCKaBaTOpPbI, ﬂHeBMoyCTaHOBKH) B
KOTOPbIX XMOKOCTb, BO3AYX VN MaTepualbl NnepemellatoTca noa AaBieHnem, daBneHne B CUCTeMax He
AOOJTKHO MPEBbIWaTh AOMYCKAaEMbIX BETNYNH.

- B C/ly4yae 06pa3oBaHuis MPoOoK B TPYOONPOBOAAX, PaCTBOPO-Hacoce Unu 6eToHoHacoce paboTa
JO/MKHa ObiTb HeMeAneHHO MpekpalleHa. yaaneHne npoboK cneayeT MpPOoV3BOAWTL TOMbKO Mocne
NOMTHOTO CHATUA [aBfeHVs B CUCTEME, PYKOBOACTBYACbH MPU 3TOM YKA3aHVAMK WMHCTPYKUMK MO
IKCMNyaTaumn.

- 3anpelLLaeTcs paboTaTh Ha MallMHax 6e3 3BYKOBOW MV CBETOBOW CUrHaNM3aLUWN.

- B Hauyane CMmeHbl W MNpWU  CAade CMeHbl pabouve, ynpaBnAwoliMe  MaLUHOW KK
MEXaHW3UPOBAHHBIM UHCTPYMEHTOM, AOMKHbI TLWATENbHO NPOBEPUTL OCHOBHbIE Y3Mbl, A€TaNM, YacTu U1
MexaHm3Mbl. Bce obHapyKeHHble HEMCNPABHOCT HEOOXOANMMO UCMPABUTL COOCTBEHHbBIMM CUAAMI UK
C NOMOLLBIO CReLManbHbIX Paboumrx (Cnecapen, SNeKTpUKoB 1 Ap.). PaboTaTb Ha HEMCNPaBHbLIX MaLLMHAX
KaTeropuyecku sanpeLaeTc.

- Ha MalllHe nin B 30HE ee pa6OTb| OOKHbI ObITb BbIBELWEHDI npegynpegnTesbHble Hagnncu,
3HaKW, MnakaTthl.
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- NyNbTbl yNpaBneHns, pa6oq|/|e MeCTa 'y MalliH “ d)pOHT pa6OT OOJIKHbI MMETb OCBEeLWEHHOCTb He
HXe OCBeleHHOCTH, ﬂpe,ﬂ,yCMOTpeHHOVI HOPMaMW.

- paboyvie, ynpasnsoLne MallviHOW, He MMEIOT Npasa nepeaasaTtb ee Ana padoTbl APYromMy nuLy
6e3 0coboro paspelleHus agMUHUCTPALINN CTPOMKN.

- BO Bpems MepepbiBa UNK NpeKkpalleHus paboTbl MaWWH WM UHCTPYMEHTOB WX HEOOXOAMMO
OCTaBNATb B TAKOM TOMOXKEHUM, MPU KOTOPOM MKCKIoYanacb Obl BO3MOXHOCTb MOJIb30BaHMSA UMM
MOCTOPOHHUMM NINLIAMN.

- B C/lyyae BHe3amnHoro 3aboneBaHwsd, HeOMOraHus, MonyveHus Aaxe HeOONbWOW TpaBMbl
HeoOXOAVMMO HemefNeHHO MNpeKkpaTUTb PaboTy, OCTAaHOBMTb MalMHY U COObWMTL 06 3TOM
AOMUHUCTPALUMM  CTPOMKM. [N1f OKasaHws MepBOM MOMOWM CneayeT obpaTUTbCs B MeAmnyHKT,
MCMONb30BaTh anTEYKY.

- 3anacHom NHCTPYMEHT U I'IpI/ICI'IOCO6J'IeHI/Iﬂ, XpPaHAWMEeCA Ha MalllHe, BCerfa AOJIKHbI ObITb B
MOJTHOM Ha6ope N B NCMPaBHOM COCTOAHNNK, a pa6oqee MeCTO YUCTbIM, CBO60)J,HbIM, O6€CHGL4VIBaPOLLJ,MM
HOPMa/TlbHOE MONOXKEHNE MalLNMHWNCTA 3a MYNbTOM UMK Y MallHbI.

Jlemast BBIBOA, MOKHO CKa3aTh CIIEIyIOIIee, IPUMEHSS BBIICHAITNCAHHBIC IPABUIA TEXHUKH
0€30MacHOCTH, MOYKHO MPEJIOTBPATHTh HE TOJBKO HECUACTHBIC CIIydaH, HO M SKOHOMHIO JICHEKHBIX
CPEJICTB, TOBBILICHHUE TPYIOCIIOCOOHOCTH.

CnuUCoK NuTepatypbl.

[1] Beneuknit, b. @. TexHONOrMA 1 MeXaHM3aLUWsA CTPOUTENBHOMO MPOW3BOACTBA: YYeOHUK 4-e 13g,,
cTep. - CM6: MaHb, 2011. - 752 ¢

[2] Xoxmes AA, MypTazaesa I'.P. 3apapnu Tabcnpnap. K. «Myxodaza +» 2018.- 01 (157) 30 c.

[3] Kpyrnwk, B.M. TexHonorua obcnymnaHna v aKCnyataumm aBToTpaHcnopTa: YuebHoe nocobue
/ BM. Kpyrauk, H.I Cblue. — M.: HAL HOPA-M, HoB. 3HaHKe, 2013, - 260 c.

SKCMEPUMEHTAJIBHOE N PACYETHOE MCCITENOBAHUE PEXKUMOB ABUMXEHWA
ABTOIOE3[A B TOPHbIX YCJTOBMAX

Qavizynnaes 3.3 TUIICIAL, TawkeHT, Y36ekncTaH.

AHHOTaUuA

B ctatbe NpvBOAMTCA pe3ynbTaTbl SKCMEPUMEHTANbHBIX W PACYETHbIX WCCIeAOBaHWA  PEXMMOB ABMKEHMA
aBTonoesaa ¢ asTomobunem Taradom Gopa Kapro 1827 1 nonynpuuenom uyuctepHom «Vctanbyn-Openxayd» B
FOPHbIX YCNOBKAX NepeBana “Kamuumk”.

be3onacHOCTb  ABWXEHWS, MNPOU3BOAMTENBHOCT U BBICOKWUIA  SKOHOMMUUECKMIA  3bdeKT
onpefenaeTca npexae BCEro, NpPaBWSIbHbIM BbBIOOPOM TWMA MOABMXHOIO COCTaBa AnA YCIIOBWIA
aKCnnyaTaumm. MprucnocobneHHOCTb aBTOMOBUNEN K YCITOBUSIM SKCMTyaTaLmnm, ABAAETCA OUYEHb BaXKHbIM
GaKTOPOM OCOBEHHO B IKCTPEMATbHbIX YCIIOBUAX.

B cBA3u C yewm, BEIOOP palMOHanbHOro TMna aBTornoes3na Ans NepeBo3ky HedTenpoayKToB B
YCNOBUAX KaMUMKCKOrO MepeBana fABMAETCA akTyalbHbiM BOMPOCOM. PellieHne, koToporo TpebyeT
NpoBeAeHNA PAA PACYETHO-IKCMEPUMEHTANbHLIX  PAbOT TakMX Kak: OLeHKa [OPOXHbIX YCIOBUNA
nepeBana «Kamuuk», 3yuyeHre pexkMMOB [1BUKEHMSA aBTOMOE3/1a B IKCTPEMabHbIX YCIIOBUAX NepeBana,
pacueT TArOBbIX BO3MOKHOCTEN aBTOMOE30B U T.A.

|/|3yL|eH|/|e PEXMMOB ABUXEHWNA aBTomMobUNen B SKCTPEMalbHbIX YCNOBMAX SKCMlyaTall NaeT
BO3MOXHOCTb MPOrHO3NPOBaHNA CTeneHu ﬂpl/lCﬂOCO6ﬂ€HHOCTVI TPAHCMOPTHbIX CPpeAcTB K 3TUM
YyCNnoBuAMm, CnefoBatenbHoO, A4 Bbl60pa PaunOHarbHOro T1Ma aBTOMOOWMNA TAravya ona SKCryaTaunn B
YCNOBUAX KaMYMKCKOro nepeBsasla HeO6XOLU/IMO SKCNepMMEHTAalTIbHbIM MyTEM OnpefeneHne napamMeTpoB
PEXNMOB OBUXEHNA aBTOMNOE3da.

Ons >Tux uene 6biNM NPOBEAEHbl  PacUeTHble U 3KCNepUMEHTasbHble MCCIefoBaHUA Mo
onpeneneHuio TArOBO-CKOPOCTHBIX CBOMCTB aBTOMOE3[0B MpPW MepeBo3ke HedTEMpPOAyKTOB uepe3s
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nepeBan «Kamuvk» Ha npumepe agTonoesga C asTomobunem Tarayom Qoppa-Kapro 1827
nonynpuuenom umctepHon «Mctanbyn-Opelixayd». JKCNEPUMEHT NPOBEAEH MO MapWpPyTy AHrpeH-
[Man-AHrpeH B TAXKENbIX yYacTKax nepesana.

[Ins onpeneneHna soinonHeHua TpebosarHua FOCTa Obinn NpoBeAeHbl pacyeTHble MCCNenoBaHNA
Mo BbIABAEHNIO. HEOOXOAMMOM MOLLHOCTU ABUraTens

TpebosaHmsa [OCTa: aBTOMOOMNb B COCTaBe aBTOMOe3Aa C MOMHOW MAacCoV Mpu OBMKEHWN MO
CyXOMY V1 POBHOMY TBEPAOMY MOKPLITVIO AO/KHBI MPEOAoeBaTb Nogbem 3% MPOTAKEHHOCTLIO He
MeHee 3 KM Mpu YCTaHOBMBLLIENCA CKOPOCTM ABMXKEHWA He MeHee 35 Km/u.

ABTOMNOE3[ OBWKETCA PaBHOMEPHO CO CKOPOCTbIO 35 KM/uac nogbem 3% , MOKpbITME AOPOrK
acdansT (COCToAHVE YAOBNETBOPUTENBHOE), KOIGOULMEHT CONPOTUBNEHUA KadeH o 0,02.

nogbem 3% = 1940/
OnpegpeneHne CyMMapHOro KoadpuumneHTa ConpoTMBNEHNA AOPOTM

v =0,02c0s1%40 + sin1%40’ = 0,046, Heobxogumas MOLLHOCTb: Ne= 217 f1.C.

CornacHo [1] Ha kaxabim 1000 M NMoAgbema AOPOrv Haf, ypPoBHeM MopA (H.y.M.) MOUWHOCTb
aBuratena nogaeT B cpegHem Ha 10-13 %. CnegoBatenbHO, AA onpeaeneHua MOLWHOCT/A ABUraTens,
obecneunBatollert TpeboBaHma TOCT 21398 [2] HeoOXOAMMO pPacyeTHOe 3HayeHme MOLHOCTU
yBenMunTh 13 % Ha Kaxabit 1000 M BbICOTbI H.y.M.. [TepeBan «KaMumk» HaxoguTca Ha BolcoTe 2160 MeTpoB
Haja ypoBHeM mops. CrefloBaTeNbHO, Tpebyemast MOLIHOCTb Bo3pacTeT Ha 13% + 13% + 2% = 28 %, T.e.

N, = Ne o1,28

Kpome Toro, Kak MOKa3blBalT MHOTOUYMCAEHHbIE MCCNEA0BAHWA B MPOLIECCe SKCNIyaTaumnm n3-3a
M3HOCa AeTanen ABuratens MOLHOCTb ABWraTena nofaeT B cpeaHem Ha 5-10 % 3a kaxkabih 100 000 Km
[3]. Ecnn yuecTb Takoe nageHve Tpebyemasn MOWHOCTb onpefensdeTca no ciemytollen popmyre:

N,=Ne e1,35=217 e 1,35=292,95 kBT (398 n.c.)
CnepoBatenbHO, MOLWHOCTb Heobxoanmas ana obecneveHus TpebosaHma FOCT 21398:
N, = 292,95 kBT (398 n.c.)

Bbinn NpoBeaeHbl SKCNEPUMEHTasbHbIE UCCNEAOBaHNA PEXMMOB [OBWXKEHMA aBTOMoesda C
cefienbHbIM TAradom dopa-kapro 1827 v nonynpuuenom istanbul - fruehauf npu nepesoske HedpTV 1
HedTENPOLYKTOB B rOPHbIX YC/IOBUAX NepeBana «Kamumk»

3KC[‘Iepl/IMeHTbI MO M3YHYEHNIO PEXKMMOB ABVXKEHWMA aBTOMOE34a MPOBEeAEHbl MO MapWpyTy T.I.
AHrpeH—Han—AHrpeH. 3KCI‘IepI/IMeHTaﬂbeIe ncanenoBaHMA HbINY nposeAeHbl B XOPOWMX MOroaHblX
yCnoBmAx (OTC)/TCTBI/Ie BE€TPa, Xopouwee COCToAHNE }J,ODOFI/I).

Mpu  KCMEepPUMEHTANbHbIX  UCCNEAOBaHUAX  OblMM  3adUKCUMPOBAHBL  YKNOH  AOPOrH,
MPOTAXEHHOCTb, CKOPOCTb ABWXKEHMA, BKIIIOUEHHaA nepefaya. PesynbraThl SKCNepUMEHTaNIbHbIX
NccnenoBaHUi npreBeaeHsl B Tabnme Ne 1,

Tabmmya 1
Pe3y/ibTatel SKCAEPUMEHTANIbHBIX MCCIIEH0BAaHIM
YKNOH [pOTAKEHHOCTb, M CkopocTb BknioueHHas
poporu, (%) aBTOMOOMNA, KM/Y nepepauva Krl
3 3000 25 Il
4 500 22 [1-11l
5 500 20 I
6 1500 12 Il
7 1000 10 |
8 600 8 |
10 400 8 |
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Mo Tabnuue B1AHO, UTO aBTOMNOE3 NO NepeBany «Kamumks ABUranca Ha Hu3kmx I-lll-x nepenayax
1 CpeaHAa CKOPOCTb COCTaBnAeT 15 km/uac.

Mo pe3ynbTaTaM BbIMOJTHEHHbIX nccneqoBaHUii MOXKHO Cienathb anefytoume BbIBOAbI:

Kak mMokasbiBaeT pe3ynbTaTbl 3KCMEPUMEHTANIbHBIX W PACUETHBIX WUCCNeAOBaHUI  TATOBO-
CKOPOCTHbIE CBOWMCTBA 1 KOHCTPYKTMBHbIE XapaKTepUCTUKIM aBTonoe3aa ¢ asTomobunem-tarayom Oopa-
Kapro 1827 v nonynpuuenom ISTANBUL — FRUEHAUF He obecneyvBaeT cneayioline TpeboBaHus:

- I[Io I'OCT 21398:

- aBTOMOOMMb B COCTaBe aBTOMOE3Aa C MOSHOWM MACCOW MpW ABUXKEHMM MO CyXOMY U POBHOMY
TBEPAOMY MOKPbLITUIO AOMKHbI MpeoacneBatb NoabemM 3% MNPOTAKEHHOCTbIO He MeHee 3 KM Mpu
YCTAaHOBMBLUENCA CKOPOCTU ABMXKEHUA HE MeHee 35 KM/u.

- JKCrepumMeHTanbHO yCTaHOBJ’IeHO, 4YTO Ha noAgbeme 3% cpenHAAa CKOpPOCTb aBTOMoOe3aa
cocTaBnaeT 25 Kw/yac.

MotuHocTb aBuratensa 200 kBT (272 n.c.), ycTaHOBNEHHOro Ha aBToMobunb-Taray Qopa-Kapro 1827
He flocTaTouHa Ana obecrneueHns TpebOBaHWA, MO pesyfnbTaTam pacyeTa HeoOXOAMMAA MOLIHOCTb
nsuratens coctasnaeT Ny = 292,782 kBT (398 n.c.), uto obecneumsaeT TpeboBaHms TOCT 21398:

JlutepaTypa

[1] ®ain3ver MM. MoBbllieHne 3dbdeKTUBHOCTM CNonb3oBaHNA ABuraTenet KamA3-740 B rOpHbIX
ycnosuax. Astoped. kaHa.amcc. T, 1993

[2] TOCT 21398-89 «ABTOMOOUNN rpy30Bble. ObLLMe TeXHMYeCKMe TpeboBaHYS»

[3] ®ansynnaes 3.3. MoBblleHWEe 3GDEKTUBHOCTH MCMONb30BAHNA aBTONOE34a NO TOMMBHOM
3KOHOMWYHOCTN 1 pecypcy ABuraTens. AsToped. kaHa.ancc. M., 1984,

TEXHWUYECKOE PEIYIIMPOBAHWE HA ABTOMOBWJIbHOM TPAHCIOPTE B PECIYBJIMKE
Y3BEKNCTAH

Ipbekos [llepbek VcMannoBny, 3aMeCcTUTE b FeHEPAnbHOro AUPEKTOPa 1] «HayyHO-MpoM3BOLCTBEHHBIV LIEHTD
«VBABTOTPAHCTEXHMKAY, KAHANAAT TEXHUYECKUX HAYK.

AHHOTaUuMA
B Pecnybnuke Y36ekunctaH pa3paboTaHbl Tpy OOLLMX TEXHUUYECKNX PErnameHTa B Lienax GopMUpPOBaHMA eAHON
TEXHNYECKON NONUTUKM B Chepe aBTOMOOUIbHOMO TPaHCMoPTa.

OTmeueHo, 4To MPUHATMEM  BbllLEYKA3aHHbIX O6Ll_ll/l>< TEXHNYEeCKUX pernameHToB B Pecny6ﬂw<e Y36eKmCTaH
CO3[daHa OCHOBOMoONaratowaa HopmMaThBHanA 6a3a ana obecneveHuna 6e30MacHOCTH aBTOTPAHCMNOPTHbIX CpeAcTB
Npn NPon3BOACTBE M SKCHyaTaynn.

Kntouesble  Cri0Ba: TEXHUYECKOE DEry/INpPOBaHNE, TEXHMYECKUI PETIAMEHT, BE30MacHOCTb ABTOTPAHCIOPTHBIX CPELACTS,
SKCrIyaraLma

3akoHoM Pecnybnnki Y3beknctaH «O6 aBTOMOBUIBHOM TPAHCMOPTE» YCTAHOBEHO, UTO OAHUM
13 OCHOBHbBIX MYyTEl roCyapCTBEHHOIO PerynmpoBaHmnsa [eaTelbHOCTM aBTOMOOUIbHOIO TPAHCMOPTa
ABNAETCA NPOBeeHMe eAMHOM HAyYHO-TEXHUUECKOW NOMUTUKN.

HpOBG,D,GHI/le G,D'I/IHOI7I Hayl—lHO—TeXHI/Il—{eCKOVI NOANTUKM  Ha aBTOMOOWUIBHOM TPaHCnopTe
OCyWEeCTBNAETCA NyTEM pa3pa6OTK|/| N BHEAPEHNA HOPMATUBHbBIX JOKYMEHTOB B 0bnacT TEXHUYECKOTO
perynmpoBaHnA.

OCHOBHOWM  LIefIbl0  TEXHUYECKOrO perynmpoBaHnAa  ABIACTCA fe3onacHaa UM KayecTBeHHan
AdBTOTPAHCMOPTHaA yd1yra.

EQVHYIO TEXHMYECKYIO MOAUTUKY HeobXoarMO GOPMMPOBATb BO B3aVMMOLENCTBMM C APYrUMM
OTPAC/IAMM  SKOHOMMKK, C YUYeTOM WHTEPecoB MNPOM3BOAUTENEN aBTOTPAHCMOPTHbLIX CPeacTs,
NepeBO3YMKOB 1 COXPAHHOCTI aBTOMOOWSIBHbIX OPOT.

55



CDOpMI/IpOBaHl/Ie eVMHOW TEXHWNUYECKOW MONUTUKN ueﬂecoo6pa3Ho OCyLWeCTB/IATb MPpUMEHEHKEM
MeTO40B CMCTEMHOTIO aHa/lM3a.

PaccmMoTpuM BapwvaHTbl, KOra B OTPacau efuHas TexHMYeCKasa NonnT1Ka OTCYTCTBYET U Korjaa
eAnHana TEXHNYECKasa NONUTUKA CGOPMUPOBAHA.

HepBbII;I BapWaHT, Korda eanHad nonTrka OTCYyTCTBYET.

Hpennonaraem, YTO CYLWeCTBYKOT MHOrouncdieHHble nepeBo3YnKky ¥ pa60Ta+0T B ydIOBMAX
OTCYTCTBUA TEXHNYECKOW NONNTUKN B oTpacnn.

OT Kaxkgoro nepeBOo3YlrKa BbiITEKaeT CaMOCTOATE/IbHOE pelleHKre Mo OAHOMY 1 TOMY e BOMpPOCY.

Korpga cyllecTsyioT 60MblIOe KOMMYECTBO MEPEBO3UMKOB (N), M3 KaxkOOro MOXET WCXOLMT
HonblIoe KoNMUecTBO pelleHu (i) No oAHOMY 1 TOMY e Bompocy. lonyctum, uto n paseH — 2000, a i
paBeH — 5. B Takom ciiyyae MoryT 6biTb COTHN MUIMOHOB BapUaHTOB PeLLeHN.

TO 3HAUNUTb, MPOrHO3MPOBATL Pe3yNbTaT AENCTBNA HE BO3MOXKHO, MOTYT ObITb Nl0Oble BapnaHThI.
Hukakux rapaHTim 6e30MacHCOTU He MOXET OblITb.

ECcTeCTBEHHO TaKOW BapMaHT He MOXKET rapaHTUPOBaTb 6e30MacHOCTb OKa3aHNs YCyT.
Mo3TOMY PaCCMOTPVIM, KOTAa €AMHAN TeXHMYeCKas NONMTIKa CGOPMMPOBAHa 1 JeNCTBYET.
B Y36eKkmncTaHe NpuHAT 3aKoH «O TEXHNYECKOM PerynnpoBaHmnm.

3aKOHOM YCTaHOBMEHO, YTO BCe TpeboBaHWs 0e30MacHOCTM YCTaHaBNMBAIOTCA TEXHUYECKMMM
pernameHTamy, KOTopble ABAAITCA EAVHCTBEHHbIM [JOKYMEHTOM, YCTaHaBAMBaOWMM TpeboBaHMs
6e30nacHoOCTK, 1 oObA3aTeNbHbI A8 UCNOHEHNSA.

Ha ocHoBe 3aKoHa pa3pabaThiBalOTCA TEXHMUECKME PerflaMeHThl, yCTaHaBMBatlue TpeboBaHus
6e30MacHOCTY, KOTopble 0b6s3aTeNbHbI As VCTIONHEHNA BCEMM MEPEBO3UMKAMU.

MpeanonaraeTcs, 4YTto Bce TpeboBaHMA 6e30MacHOCTU TEXHUYECKOro periaMeHTa MpuHATDI
NepeBO3YMKaM, MepeBO3UNKL B CBOIO OYepedb MPUHMMAIOT pelleHne C yYeToM MNpeabaBleHHbIX
TpeboBaHW. B COOTBETCTBMM C BbllEYKa3aHHbIM 3aKOHOM, HEe3aBMCKMMO OT TOro, rae HaxoAamTCs
NepeBO3UMK, 1N He3aBUCUMO OT GOPM COOCTBEHHOCTM AOMKEH MPUHMMATb pelieHre C yuyeToM
TpeboBaHWI pernamenTa. Bce oHW fomkHbl ByayT HanpaeneHbl Ha obecneyerre 6e30MacHOCTA.

EnnHaa TexHndeckasa nonuTunka d)Opf\/ll/IpyeTCﬂ nyTem pa3pa60T|<|/| N BHEOPEHNA TEXHUYECKNX
pernameHToB 1 HOPMaATKMBHbIX AOKYMEHTOB B 06nacTn TEXHNYECKOro perynmpoBaHnAa B 3TaMax
MPOEKTNPOBaHKA, MPOM3BOACTBA M IKCMAYaTal aBTOTPAHCMOPTHbBIX CpeacTB.

Bce pa3paboTaHHble TEXHWYECKMe pPEernameHTbl M HOPMATUBHbIE AOKYMEHTbl B 061acTu
TEXHWYECKOrO PEryINMPOBaHMA HanpaBneHbl Ha OAHY Liefb.

Y30EKCKIMM areHTCTBOM aBTOMOOMIBHOrO TPAHCMOPTa COBMECTHO C [NaBHbIM yrpaBfieHuem
6e30MacHOCTM JOPOXHOIO ABWKeHWS MUHUCTEPCTBA BHYTPEHHNUX Aen Pecnybnukin Y36ekuctaH n AK
«Y3aBTOCaHOAT» pa3paboTaHbl U yTBepKAeHbl MOCTaHOBNEHUAMK KabuHeTa MUHUCTPOB Tpy  0bLmnx
TEXHUYECKMX pernameHTa:

1. O6WMIN TEXHNUECKNI pernameHT 0 6e30MaCcHOCTM KOHCTPYKLIMM aBTOTPaHCMOPTHbIX CPefCcTB Mo
YCNOBUAM 3KCMyaTaLnu.

2. O0WUI TEXHNYECKMIA pernameHT o 6e3MacHOCTM aBTOTPAHCMOPTHbIX CPefcTB, paboTatoWwmx Ha
COKaTOM NPUPOAHOM, CKUKEHHOM HEDTAHOM ra3ax Uiv Ha CMeCm AV3eNbHOro 1 razoobpasHOro ToMMBa.

3. ObWmuIn TEXHUYECKUIA pernameHT O 0e30MacHOCTM KOMeCHbIX TPAaHCMOPTHBIX CPeacTs,
BbINyCKaeMblx B 0bpalljeHne.

ObLMIN TEXHNYECKMI pernameHT 0 6e30MacHOCTI KOHCTPYKLMM aBTOTPAHCMOPTHbBIX CPeACTB Mo
YCNOBUAM  3KCMNyaTaumy ABMAETCA NepBbM OOWMM  TEXHUYECKUM PEernameHToM, BBeAEHHbIM B
pecnybnuke.

MpuHATHE 1 cobnogeHne TpeboBaHW JaHHOMO OOLLEro TEXHNUYECKOro perfameHTa obecneymnTs
6€30MacHOCTb aBTOTPAHCMOPTHBIX CPEACTB B SKCMTyaTaLWN.
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B nocneaHwe roabl B Pecny6ﬂ|/n<e Y36eKkncTaH Bce Honblie BHUMaHMA yoenAaeTca 6e3onacHoCcTH
SKCryaTayn aBTOTPAHCMIOPTHBLIX CPEACTB, O60pyﬂ,OBaHHbIX ra3o0annoHHbIM o6opynosaH|/|eM.

B uenax obecneueHus 6e30MacHOCTM aBTOTPAHCMOPTHBIX CPEACTB, PAbOTAOWMX Ha CKATOM
NPUPOAHOM, CKIKEHHOM HEDTAHOM razax WaM Ha CMeck AM3eNbHOro W ra3oobpasHoro Tonnvea,
MNocTaHoBneHuem MpaeutenbcTa NPUHAT OO TEXHUYECKNA PEMNTAMEHT.

PernameHTOM yCTaHOBMEHbl TPEOOBAHWA K: OPraHM3aLmMAM, OKa3blBAIOLMM YCYyrM MO YCTaHOBKe
ra3obannoHHoOro obopyfoBaHNA Ha aBTOTPAHCMOPTHbIE CPEACTBA, €0 TEXHNYECKOMY OOCTYXMBAHUIO 1
MCMbITAHWAM; NPOLECCY YCTaHOBKM ra3o0anfioHHOro 060pyAOBaHMA Ha aBTOTPAHCNOPTHbIE CPEeACTBa;
6e30MacHOCTM K YCTaHOBKe CUCTEM ra30banfioHHOro 0bopynoBaHus; anemeHTam cuctembl CMTM e CYT
(DOMKHBI COOTBETCTBOBATL TPeHOBAHMAM rOCyapCcTBeHHbIX cTaHAapTor O’z DSt 35.110:2011 (Mpasuna
ESK OOH Ne110), O'z DSt 35.67:2011 (Mpasuna ESK OOH N67)); ncnbiTaHWaMm, 3SKCryaTauum u
TEXHUYECKOMY OOCYKMBAHWMIO aBTOTPAHCMOPTHBIX CPEACTB € YCTAaHOBNEHHBIM  a300aIoOHHbIM
0bopyaoBaHMEM; MAPKMPOBKE U naeHTUdUKaLMA 6anIoHOB.

O6LI_J,I/II;I TEXHNYECKNI pernameHT o 6e30MacHOCTU  KOMECHbIX TPAHCMOPTHbBIX  CPeAcCTs,
BbIMyCKaeMbIX B o6pameH|/1e yCTaHaB/InBaeT Tpe6OBaHI/Iﬂ K 6€30MacHOCTM KOMECHbIX TPAHCMNOPTHbIX
cpeacTs, nNopAaAdok 1 MeTodbl OueHKWM COOTBETCTBMA TPAHCMOPTHLIX CPpeAcTB, nepedyeHb 6a30BbIxX
TDE6OBaHI/II7I, YCTAaHOBJ/IEHHbIX B OTHOLWWEHWW BbIMYyCKAEMbIX B o6paLueH|/|e TUMOB TPAHCMOPTHbLIX CPencTB
(Wwaccw), TexHuyeckne Tpe6OBaHI/IF| B OTHOLIEHUM OTAENbHbIX 3NEeMEHTOB U CBOWCTB ANA OLEHKMN
COOTBETCTBMA TPaHCMOPTHLIX CpeAcTB (wacecw), Tpe6OBaHI/IF|, yCTaHaB/IMBaemMble B OTHOWEHWNN
cnedunanbHbIX W Cneunain3mpoBaHHbIX TPAHCMOPTHLIX CPeAcTB C yY4eTomM KX d)yHKLI,I/IOHaJ'IbHOI'O
Ha3Ha4yeHnA.

PernameHTOM YCTaHOBNEHO, YTO TPAHCMOPTHblE CPEeACTBA, BbiMyCKaemble B obpallieHune JOMKHbI
oTBeYaTb TPebOoBaHUAM MPUCMOCOONEHHOCTU K MPUPOAHO-KIMMATUYECKM YCOBUAM Pecnybnmkin
Y36eKncTaH.

B CBA3M C 3TVIM aKTyanbHbIMU ABAAIOTCA HAyYHO-MUCCNenoBaTeNbCKne paboTbl Mo 06OCHOBaHMe
KpUTepreB OLEHKM MPUCNOCOBNEHHOCTIN aBTOTPAHCMOPTHBIX CPEACTB K YCIIOBUAM apKOro KivMata U1
pa3paboTka METOLOB VX OnpeaeneHns.

Taknm o6pa30M, NMPUHATNEM  BbllEYyKa3aHHbIX OBLUX TEXHNYECKNX pernameHToB B Pecny6ﬂ|/||<e
Y306eKkncTaH co3fgaHa OCHOBOMOMaratoLLas HOPMaTBHAA 6a3a TexHMYeCckoro perynmpoBaHnA B cd)epe
aBTOMOOUNBHOTO TPaHCMNopPTa.

METOAVKA OUEHKWN SHEPTETUYECKOWM SOOEKTMBHOCTW ABTOTPAHCMOPTHbIX
CPEACTB

4.T.H, npogeccop MyxutguHos A.A., 4JOKTOpaHT A6aypaz3okos V.A.

TaLLIKEHTCKNV MHCTY TYT 10 IPOEKTUPOBAHNIO, CTPOUTE/IbCTBY U SKCII/TyaraLiviv as TOMOOMITbHBIX, HOPOor, TalukeHT, V36erucTaH.

AHHOTaUMA

B naHHoW cTaTbe NpuBeaeH METOA OLEHKM 3HepreTuieckom apdektnsHocT ATC, aHann3 TONAUBHO-
3KOHOMMYECKMX U 3HEpreTnyeckmnx nokasatenen ATC Ha CTaHAaPTHbBIX €3A0BbIX LIMKAX, @ TaKKe X CPaBHEHME,

KntoyeBble Cr108a. IHEPreTMIeckan SPPerTUBHOCTE, PacxXoq TOMINBa, puandeckas pabora ATC, TPaHCIopTHAasA paborTa.

C pOCTOM 3KOHOMMKM Y36eKMCTaHa paclMpAeTCA Mapk aBTOMOOUNEN, YTO B CBOWO ovepedb
NPUBOANT K YBENMYEHMIO NOTPEONEHMA NPUPOAHbLIX dHEPreTUYecKnx pecypcos. 3a nepuog 2000-2018
rOA0B KONMYECTBO aBTOMOOMAEN B UaCTHOM CEKTOPE YBENMUMIOCH Oosee YeM B [1Ba Pa3a, M3MEHNIACh
TEHOEHUMA TeXHWMYECKOW 3KCMyaTauuu TexHUKKM, Mpu  3KChayaTaumu  TpebyeTca  yuuTbiBaTb
bakTUyeckme sHepreTMyecKkmne 3atpaTbl TPAHCMOPTHOW PaboThl ANA ONpPeAeneHna KOMMepPUeCKnx u
TEXHWYECKMX HOPMaTMBOB. BcneacTteme yero, Tpebyetca pa3paboTaTb HOBbIM METOA MO MOBbILIEHNIO
3QHEKTMBHOCTN  MCMOMb30BaHWA  SHEPTreTUYECKMX, SKOHOMUYECKMX U TEXHWYECKMX PecypCoB
ABTOTPAHCMOPTHBIMM CPEACTBaMM B CYLLECTBYIOLWMX YCIOBUAX KCTITyaTaLmm.
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V13BeCTHbIM NOKa3aTenem SHepreTnyeckor 3GOeKTMBHOCTI aBTOTPAHCNOPTHbIX cpeacTs (ATC) Ha
NpaKTWKe CUMTAeTCA Pacxof TOMMBA Ha euHWLY NponaeHHoro nyTw (n/100kmM nnv mpg), Ans rpy30Bbix
aBTOMObMNEN JONONHWUTENBHO YUUTHIBAETCA YBENMYEHNE (YMEHbLIEHNE) COOCTBEHHOM MacChl. K Takmm
N3MEPUTENAM, KaK TOHHA U KMITOMETP NMPUBA3aHbl MPakTUYeCK BCe SKCMyaTauyoHHble Hopmbl ATC, uto
NPVIBOOUT K WCKaKeHUIO GaKTUUYeCKMx 3aTpaT Ha TPaHCMOPTHYK paboTy MpW pa3HbiX YCIOBMSX
aKCMTyaTalmmy 13-3a OTCYTCTBUA OOBbEKTUBHOMO MOKasaTens. B CBA3M C 3TUM, OLieHKa SHepreTUuyecKom
apdexTnBHOCTN ATC ABNAETCS aKTyanbHOW,

[ins oueHKW TOMIMBHOM 3KOHOMMYHOCTM ATC pa3paboTaHbl FOPOACKME W MarucTpanbHble
e3[0Bble UMKMbl. B pa3HbiX CTPaHax WMMEKTCA CBOWM HOPMATWBHbIE e3[00Bble UMKIbl C PAa3HbIMK
napameTpamu (Japanese 10-15, ECE+EUDC v ap) [4]. XapakTepuCTUKM Pa3NnyHbIX €340BbIX LIMKIOB
OMKWCHIBAIOTCA MOKazaTenaMn ¢as (NPOAOMIKNTENBHOCTb, MAaKCKUMalbHaA CKOPOCTb, CPEfIHAA CKOPOCTb,
MaKCUManbHoe ycKopeHue, 3amennenve v 1.4.). OfHako, Mo 3TON meToanke onpefensetca 6azosan
Hopma pacxoda Tonnmea ATC AnAa TMNOBOrO YCNOBWA, KOTOpasa TpebyeT KOPPEeKTUMPOBKY C YUYETOM
NapamMeTPOB PeanbHbIX YCIIOBUI SKCMTyaTaLmWn.

CylecTBYIOT Takke psfd MeTOOB OLEHKM 3HepreThdeckor addektnsHocTn ATC, ocobeHHo,
NerkoBble  aBTOMOOWM  KNAaCCUPUUMPYIOTCA MO dHepreTuyeckon 3ddekTMBHOCTK, MoKaszaTenem
KOTOPOro MPUHATO KonuyecTso BblibpacbiBaemoro CO, Ha eauHMLy NpoiaeHHoro nytn [1], KoTopbii
TaKXe onpeaenaeTca Ha HOPMUPOBAHHbBIX €30BbIX LiMKNax [3].

Kak mokasblBaeT aHanus, e340BOW LMK ABAAETCA OJHUM 13 OCHOBHbIX Onpeaenaowmnx ¢akTopos
Npv onpeaeneHnn 6a3oBoN sHepreTuyeckon sddekTmeHocTM ATC. MOXHO CumMTaTh, YTO MosesHas
dm3myeckas pabota ATC, BINOMHEHHasA Ha €3[0BOM LIMKIe Ha eAvHNLY NyTV onpeaenseT — yaenbHyo
paboty ATC ([Ix/m), a Ha eanHULY pacxofa TOMMMBa — SHepreTudeckyio addektnaHocTb ATC ([xx/n).

CylecTByloT [Ba OCHOBHbIX METOAA pPelWeHua 33fauu  OnpedeneHus  3SHepreTUdeckomn
apdekTnBHOCTM ATC: HenmocpeacTBEHHOE W KOCBEHHOe wu3mepeHue. [lpu  HemocpeacTBeHHOM
M3MEPEHUN HEOBXOAMMO NPUMEHUTL anMnapaTyPHbI METOA M3MePeHUa pacxofda TOMMBa 1 TArOBOW
bl Ha Konecax ATC B LOPOXHbIX YCIIOBMAX, KOTOPbIM NOBLIWAET AOCTOBEPHOCTb MOKA3aTeNd, OAHAKO
TpebyeTca pa3paboTka TEXHUYECKMX CPeACTB Takoro MeTOAa, KOTOpasa OTCYTCTBYET Ha CEroAHALIHNIA
feHb. Ho ana cpasHuTencHom oueHkn ATC MOXHO MNPUMEHUTb KOCBEHHbIE METOAbl C YYETOM
obecneyeHns OAMHAKOBOCTM PAaCUETHbIX YCIOBUI.

[ins 3T0rO0 HeOOXOAMMO OMpeaenuTb nonesHyto dusndeckyo paboty ATC Ha e340BOM LUWKIe
NoCTPOEHMEM dHepreTuyeckoro 6anaHca Ha ¢azax asuxeHua ATC (pa3roH, ABMKeHWe C MOCTOAHHOWM
CKOPOCTbIO, BbIGET, TOPMOXKEHWE, XONOCTON X0f), CNeAyoLMM 00pa3om

dE=N,-dt 0

roe £ - nonesHas odusndeckas pabota ATC; NK— MOLLHOCTb Ha Konecax ATC, (BT); f - Bpemsd
NPOACIKNTENBHOCTM $a3bl €340BOro LMKNA, (C).

Ha ocHOBaHWM BbILEN3NOKEHHOTO ObiNM  MPOBeeHbl  pacyeTHble  WCCNEeAOoBaHMA MO
onpeneneHuio yaensHom paboTbl Tpéx mofenen ATC 1 nx sHepreTnyeckon 3GGeKTUBHOCTM Ha Pa3HbIX
e3710BbIX LMKNax. Pe3ynbTaThl pacyeToB MOKasbiBatoT (Tabnuua — 1), uto yaenbHas pabota ATC 3aBucuT
OT MapaMeTPOB €3[0BOrO UMKME, MacChl M a3pofaMHaMuueckmx xapaktepnctnk ATC. OTmeuyeHHble
MapameTpbl, XOTA YUUTHIBAIOT HEKOTOPbLIE KOHCTPYKTUBHbIE 0cobeHHOCTM ATC 1 1OPOrK, HO MONHOCTbHIO
He YUYMTbIBAIOT OCOOEHHOCTM PaboUMX PEXMMOB ABMraTeNs M TPaHCMUCCKKM, MapaMeTpoB AOPOrH,
KOTOpble OnpefenAoT PacXOh NOTEHUMANTBHOMO UCTOYHMKA SHEPTUN.

Tabmya — 1.

YnenbHasa pabora ATC Ha HOPMATUBHBIX €34O0BbIX LIMKIIAX.

Mogaenb YnenbHas pabota ATC, [[x/m]

aBTOMOOUNA ECE EUDC IM240
Nexia

m,=1460 kr 483 545 612
C=058 Hco/m
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Cobalt
m,=1590 kr 518 602 666
C=065 Hc/m

Captiva
ma=2505 kr 807 873 1008
G=082 Hc/m

Ha oCHOBaHMW M3BECTHBIX UCCNenoBaHnn [2] Oblnn onpeaeneHbl pacxodbl TOMMBa BbIOPAHHbIX
mopenen ATC Ha fAaHHbIX €300BblX UMKNax (Tabnuua - 2). Pe3ynbTaTbhl MOKasblBalOT pPa3Hyto
npucnocobneHHocTb ATC K yCNoBMaM SKCMTyaTalUy No pacxody TOM/IMBA, @ TakKe XOTA Ha e3[0BOM
umkne EUDC yaenbHas pabota ATC 6onblie yem Ha e3n00Bom Lmvkne ECE, 3HaueHna pacxona Tonnmea
MeHbLLE.

Pe3ynbTaThl OLEHKM 3HepreTuyeckon sddekTmBHocTM ATC (Tabnuua — 3) MOKasbiBaloT, uTO
CyUIeCTBYET ONTMMabHOE COYETaHVe NapamMeTpOoB YCIOBUIA SKCMAYATaLMW 1 KOHCTRYKLIMM TEXHUKX MO
obecneueHuio  sHepreTnyecko  addekTmBHOCTM  ATC, 4TO noaTBepXKOaeT  HeobXxoaUMOCTb
anddepeHLIMPOBaHHOM OLIEHKN 1 yuéTa Gusmueckon paboTel ATC B 3a[1aHHbIX YCIIOBMAX IKCMyaTaLmnm
ANA NoBblleHVA 3OQEKTUBHOCTM KX 3SKCMyaTauMy UM AOCTOBEPHOCTM daKTUUECKMX 3aTpaT Ha
TPaHCNOPTHYO paboTy. V13 Tabnuupl — 3 BUAHO, UTO NErkoBor aBTOMObWb Nexia BblAaeT OTHOCUTENbHO
BBICOKYIO 3HepreTuyeckyto 3GGEeKTMBHOCTb BO BCEX BbIOPAHHbLIX €3[0BbIX LMKIAX, Yem aBTOMOOMAN
Cobalt n Captiva. Ho obulaa kapTuHa [AoKa3blBaeT HU3KYlD dHepreTndeckyto addekTreHocTb ATC ¢
ABMraTeNAMU BHYTPEHHErO CrOpaHuA.

Tabmya — 2.
Pacxog rorvimsa ATC Ha HOPMATUBHBIX E3JOBBIX LIMKIIAX.
Mogenb Pacxop tonnmea ATC, [mn] / [n/100km]
aBTOMOOUNA ECE EUDC IM240
Nexia 112/113 569/82 410/12,9
Cobalt 125/126 684 /9,8 460/ 14,5
Captiva 194 /19,6 1055/ 15,2 700/ 22,2
Tabmya — 3.
SHepretTnyeckaa 3¢PerTnsHocTs ATC Ha HOPMAaTUBHbIX €340BBIX LIMKTIAX.
SHepreTnyeckas sddekTnBHoCTb ATC, [MIXx/n]
g/‘;gf&m ECE EUDC IM240
Vaco=18 KM/ Y Vaco=62 KM/ Y Vaco=47 KM/4
Nexia 4,26 6,64 4,73
Cobalt 4,09 6,11 4,56
Captiva 4,10 574 4,54

Kpome Toro, e3goson umkn ECE ¢ Toukn 3peHna yaenbHon pabotol ATC 1 X 3HepreTmyeckom
3G deKTUBHOCTI MOKasan HW3KMe 3HaueHus, Yem ocTanbHble EUDC v IM240. 3Toro MoxHO 0ObACHUTb
TeM, UTO AaHHbIA €300BOV LMK UMEET HU3KYIO COELHIO CKOPOCTb ABMMKEHMA — 18 KM/, YeM OCTalbHble
e3A0Bble UMKIbl — 62 1 47 KM/4, 4TO CMeLlaeT paboTy ABMratens B HeONAronpuATHYIO 30HY C HU3KUMMU
KMHEMATMUYEeCKUMU 1N JUHAMUYECKMI Harpy3KaMn, KOTOpbIE Aanekn OT SKOHOMWUYHOM 30HbI PaboThl
aBurarens.

MpunBeneHHas MeToVKa NO3BOMAET B MOMHOW Mepe OLEHUTb SHEPreTMyeckyio 3bdeKTBHOCTb
ATC C pa3HbIM1 SHEPreTUYECKUMI YCTAHOBKAMI NPV ABUXKEHWUM Ha 33[laHHbIX YCIOBUAX SKCMyaTalyn.
Kpome Toro, C npuvMeHeHMeM METOAMKM MOKHO OUEHWTb CIOXHOCTb TOrO WM WHOTO YCOBWA
3KCMNyaTaumm OTHOCUTENBHO KOHKPETHOrO 06bEeKTa UCCIeA0BaHNA, YTO NO3BOMAET BbiOpaTh Hanbonee
npucnocobneHHoro ATC no 3Hepretnyeckol 3ddeKkTrBHOCTW. [lanbHelwee pa3BuUTME METOAMKM
npeaycMaTprBaeT NpUMEHeHVe annapaTtypHOro MeToAa OLUeHKM 1 y4éTa C MCMomb30oBaHeM 6OPTOBbIX
INEKTPOHHBIX cucTem ATC Ans ee NPaKTUUYECKOro BHepeHws.

JlutepaTtypa
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MOBbIWEHNE 2OOEKTUBHOCTW SKCITYATAUUN ABTOTPAHCIMOPTHbBIX CPEACTB

A.T.H,, rpogeccop MyxutgmnHos A.A, JOKTOpaHT AGLypa33okoB Y.A.
TaLIKEHTCKULE M CTUTYT 110 [TPOEKTUPOBAHMIIO, CTIDOUTENBCTBY M IKCII/TYATALIN ABTOMOOUTIBHBIX JOPOI, TalUKEHT, Y30eKnCTaH

AHHOTaUMA

B AaHHOWM CTaTbe paccMOTPeHbl COCTOAHME 3bdeKTUBHOM 3kcnnyaTaummn ATC, npobnembl 1 3afauv pellenHvs no
NOBbILLEHWIO 3PdeKTUBHOCTM 3KcnnyaTaummn ATC npuMeHeHeM MHGOPMALVIOHHBIX TEXHONOT A,

Kroyessie cioBa: IPPEKTHBHOCTL SKCTUIYATALINY, TEXHUYECKMI YPOBEHE, SKCIITYATALIMOHHBIC HOPMbI, PU3MYECKas PAbOTa
ATC, TpaHcroprHas pabora.

JnHammMuyHoe pa3BmUTHE SKOHOMMKN Y30EKNCTaH HaxoamMT CBOE HEeMOCPeACTBEHHOE OTPaxeHe B
pocTe 06bEMA NepeBO30K MPY30B M NACCAKMPOB. 3a NoCNefHVe NATL N1eT 0O0bEM TOBApOOOOPOTa rPy308
BbIpOC 6onee yem B 1,5 pasa, naccakmpoobopoTa B 1,45 pa3a. BmecTe ¢ Tem, yyacTve aBTOTpaHCNopTa B
oblem obbEMe nepeBo3ok cocTaBnAeT bonee 90 %. CoBpemeHHble TPeboBaHNA K aBTOMOOMIIbHbBIM
nepeBO30YHbLIM MPOLECCaM NepepoC OT CaMOro NepeBO30YHOro Npouecca A0 OpraHM3aumy ero no
NPVIHLUMNaM NOrUCTUKKM, KOTopas TpebyeT pa3paboTKy HOBbIX METOAOB MO MOBbLILIEHNIO SPOEKTUBHOCTM
3KCMTyaTaUmy aBTOTPAHCMOPTHBIX CpeAcTB (ATC) nyTem BHeapeHs MHPOPMALIMOHHBIX TEXHONOTMIA, TO
onpefenAeT HOBbIM NOAXOA K SKCITyaTalmm BO B3aMMOCBA3M COCTABNALLX STAMNOB BCErO XU3HEHHOTO
umkna ATC — NpoeKTUPOBaHME, MPOM3BOACTBO, SKCMyaTaUMa 1 yTUAN3aLUMA.

SbdekTnBHOCTL 3aKkcnnyaTaumm ATC — cTeneHb peanv3aunmM NOTeHUMana KOHCTPYKUMM B
GYHKUMAX e€é HazHauyeHuA. B KOHCTPYKLIMIO COBPEMEHHbIX aBTOMOOMEN BNOKEH AOCTAaTOUYHO BbICOKUIM
noTeHUMan no QyHKUMAM eé HasHaueHus, peanvsauma KOTOpOro ABMAETCA 3afadvel Ans 3Tana
aKcnnyaTaumn. Begyuwme uvccnefoBaTenbCkue WHCTUTYTH M NMPOU3BOAWTENM AOOMBAIOTCA BbICOKMX
pe3yNbTaToB MO MOBbIWEHMIO HAAEXHOCTU M NPUCNOCOONEHHOCTM aBTOMOOWEN, B TO BPEMA Kak
aKCMIyaTMpylolwMe aBTOTPAHCNOPTHLIE MNPEANPUATMA peanusyloT nvllb 6onee MOMOBMHbLI 3TOrO
3aM10KeHHOro NoTeHuMana.

OcHOBHble daKTopbl, BAXAOLME Ha 3GGEKTUBHOCTb dTana 3kcnnyatauum ATC, coctaBnas
e[VHCTBO B ObecrneyeHun Uenw, ABAATCA CAMOCTOATENbHLIMLA MO COBEPLIEHCTBOBAHMIO (puc.1.).
ONTYMM3aLVEN YKa3aHHbIX GaKTOPOB MOXHO CYLLIECTBEHHO YMEHbLINTL CE0ECTOMMOCTb TPAHCMOPTHbIX
YCNyr, Npu COXpaHeHuu Tapuda 3a NepeBO3KY YMEHbLIUTCS BAWAHWE €ro Ha KOHEUHYI LieHy
NepeBO3MMOro ToBapa.
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DddextuBnocts skcmmyaraiuu ATC

YpoBeHb
N Yposenb CoBepIICHCTBO
Texunueckui opranuzaiuu TO, N
OpTaHU3aINH yCIIOBHI
ypoBenb ATC pEMOHTa U
TIEPEeBO30K 9KCIUTyaTaIx
XpaHEeHUA

A A T J

Puc.1. OcHoBHble pakTopsl, BAMAoWme Ha 3PPeKTMBHOCTL aKkcrnyaTaumm ATC.

OueHKka TexHuyeckoro yposHA ATC npom3BOAUTLCA C LENblo YCTaHOBNEHUA BAMAHMA WX
NapamMeTPOB Ha MokazaTenn 3POEKTMBHOCTK, a TakKe BbIABNEHUA CTeMNeHn COOTBETCTBUA OCHOBHbIX
TEXHNUECKNX MOKasaTenen, Mpou3BOAMMBIX WAK 3KcnnyatmpyeMblx ATC NOCTaBAeHHbIM 33fayam
GYHKUMOHMPOBAHWA 1 COBPEMEHHbIM TpeboBaHMAM. [ogobHan oLieHKa JoMKHa NPOBOANTECA Ha BCEX
CTafmAX *XMU3HeHHoro uukna ATC.

OCHOBbIBAACH Ha C]))/HKLU/IHX n coctoaHmnsax ATC Ha Pa3NMM4YHbIX CTagnAxX UX XU3HEHHOIO LWKIa,
TEXHUYECKIN YPOBEHb  MOXHO  Ofnpefeintb  Ha  OCHOBaHWK  KOMMNEKCHbIX nokasarteneu:
d)yHKLI,I/IOHaJ'IbHOG, KOHCTRYKTMBHOE M 3KCMTyaTayMOHHOE COBEPLWEHCTBO.

OyHKUMOHanbHoe  coBeplieHcTBO  ATC  OuEeHMBAlOT — MOKas3aTenu  HafeXHocTn  u
NPOW3BOANTENBHOCTU. [lIOHATMEM KOHCTPYKTVMBHOE COBEPLIEHCTBO OMNpefenaeTca COBOKYMHOCTb
CBOVCTB WM XapaKTepuCTUK, NPUCYWMX HenocpeactseHHO ATC v Mano 3aBUCAWMX OT YCNIOBUW U
TEXHOMOrMI SKCMTyaTaLmnm.

YpoBeHb CoBepLUeHCTBa 3KkcnyaTaumm ATC OLEHMBAETCA SKCMIYaTaLUMOHHOM 1 KOMMEPYECKON
TEXHOMOMMUYHOCTBIO.

JKCnnyaTalUmMOHHaa TeXHONOMMYHOCTb XapaKTepu3yeT MpUCNoCcobNeHHOCTb KOHCTPYKUUK U
OOPTOBLIX CUCTEM K BBICOKO3KOHOMWUUYHBIM METOMAM TeXHUUYECKOrOo OOCMYKMBAHUA 1 PEMOHTA.
KoHcTpykums coBpemeHHbix ATC o6opyaoBaHbl AvarHoCTUYecKkMmM pasbémamm OBD ana nogknioyeHns
NprOOPOB B LENAX CUMTbIBAHMA MapameTpoB paboTsl arperatos [2]. OgHako, BbiBEAEHHbIE CUMHASDI
3aWndpoBaHbl NPOV3BOAMTENEM U NCMOMBb3YETCA TOMBKO B LieNAx ANarHoCTUKL paboTol arperatos ATC,
UTO OrpaHuyMBaeT WX CBOOOAHOE AMCTAHUMOHHOE WCMONb30oBaHWe ANA BBeAEHWA MOCTOAHHOrO
MOHUTOPWHIa GakTMYEeCKOro TEXHMYECKOrO COCTOAHNA KOHCTPYKLMN 1 SKCMyaTaLMOHHBIX MaTePUanos
B peasnbHbIX YCNOBMAX SKCMAyaTaumu. VI3-3a TaKOro OrpaHvyeHna mpuxoamTbcA paspabaTbiBaTb U
BHEAPATb JOCTAaTOYHO OOMbLWOE KOMYECTBO KOPPEKTUPYIOWMX KOIDOULMEHTOB ANA HOPMMPOBAHNA
nokasaTtenen TexHnyeckon akcnnyaTaummn ATC B auddepeHUMPOBaHHbIX YCIOBUAX.

AHanu3 nccnepoBanuid [1, 3] MOKa3bIBAeT, UTO K TaKMM U3MEPUTENAM, Kak TOHHA 1 KUITOMETP
NPMBA3aHbl MPAKTUYECKM BCE 3KCMyaTauMOHHble Hopmbl ATC (HOpMbl pacxoda TomnvBa, Neproaa
3aMeHbl MOTOPHOrO Macna, M3HOCA WWH U T.A.), YTO MPUBOANUT K MCKAXKEHUIO PeanbHbIX 3aTpaTt Ha
TPaHCMOPTHYO paboty B AMGOEepeHUMPOBAHHBIX  YCIOBMSAX  3KCMyaTauMmM  K3-3a  OTCYTCTBUA
00BEKTMBHOIO MoKazatens. YumTbiBas 3To, TPaHCMOPTHYI0 paboTy ATC LienecoobpasHo paccMaTpumBaTh
C SKOHOMMYECKOWM 1 TEXHUYECKOW NO3ULIUIA.

C TOYKM 3pEHNA IKOHOMMKM TPAHCMOPTHasA paboTa — KoMMepyeckas paboTa npu nepeBo3ke
onpefeneHHoro obbema rpy3a Ha OnpeAeneHHoe PacCToAHKE rPy30BbIMY aBTOMOBUNAMY, 6e3 yueTa
TEXHUUYECKNX OCOBEHHOCTEN NepPeBO3KM.

C TOYKM 3pEHUs TEXHWKM TPAHCMOPTHAas paboTa — ¢u3nuyeckas paboTa MNpu NepeBo3ke
onpeneneHHoro obbema rpys3a Ha onpefeneHHoe PaccToaHWe rPY30BbIMU aBTOMOBUNAMK C YYEeTOM
TEXHUUYECKNX OCOOEHHOCTEN NEPEBO3KN U U3MEPAETCA B [KOYNAX. B drsnueckom cmbicne onpenenaeT
SHepreTMyecKmne 3aTpaThl Ha MepeBOo3Ky rpy3a aBTOMOOWUbHBIM TRAHCMOPTOM. Ho Mpy 3TOM He nMetoTcs
MpakTUYHbIE TeXHUYECKME pelleHus PerncTpaumm 1 obpaboTkn napameTpoB du3nyeckor paboTbl
(KpyTALWMA MOMEHT 1 MOLLHOCTb [IBUraTens) B peasibHbix yCnoBuax akcnnyataumm ATC, uto Tpebyet
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COBEPLEHCTBOBaHWE TOMOMOIMKM CUCTEMbBI OMArHOCTNYECKOIo paabér\/la OBD nponssoguntenem, C
npegocraBneHnem cBOOOAHOrO AOCTYyMNa K HEKOTOPbIM HeOoOXOANMBIM N8 3TOrO MapameTpam.

KoMmmepueckasa TeXHOMOMMUHOCTb XapakTepusyeT npucnocobneHHocTb ATC K KOMMepPUeCKnm
ycnyram. Ha KOMMEpPYecKylo TeXHOMOMMYHOCTb — BAMAKOT  AUCTAHUMOHHAA KOHTPOMMPYEMOCTb,
OCHalLleHVe CUCTEMAMM MOHUTOPVHIA, MOWCKa OObEKTOB /1A MePeBO3KM, MyHKTOB 3aMpPaBKM, CTOAHKM U
TO, TexHonorna npouecca NOrpy3Kn-pasrpysKu.

B oTeyecTBEeHHbIX aBTOMPEANPUATUAX UMEETCA OTCTaBaHWE PA3BUTNA MaTEPUASTbHO-TEXHNYECKON
N TEXHONOrMUecko 6asbl, a 06bem yCyr CePBUCHBIX LIEHTPOB HefocTaToYeH. MpuunHoin npoctoes ATC
ABNAIOTCA HECOBPEMEHHbII YPOBEHb COBEPLIeHCTBA 3Kcrnyataumm ATC, a Takke opraHvsauums
TPYAOBOW AEATENBHOCTM BOAUTENEN Y METOLbI UX CTUMYNIUPOBAHWA.

AHanus nccnefoBaHuii abdekTUBHOCTM akcnnyaTauuv ATC onpefenaeT cneayolie 3aaayn no
€€ MOBbILWEHNIO:

—  aKTyanv3upoBaTb METOAWMKM HOPMWUPOBAHWUSA 3SKCMyaTalMOHHbIX MaTepuanos (TOMnavea,
Macna, WnH 1 Ap.) C YYETOM BO3MOXKHOCTEN COBPEMEHHbBIX MHPOPMALIMOHHbBIX TEXHOMOT I,

—  pewwuTb 3afadvy BHeApeHWA WMHPOPMALMOHHbLIX TEXHOMOMMI B MPOLECCH TEXHUYECKOW 1
KOMMepuecKom skcnnyataummn ATGC;

— pa3paboTaTb MeXaHW3Mbl OLEHKM TexHudeckoro coctosHua ATC (ero dacten u
3KCMITyaTaLMOHHbBIX MaTePUANOB) 1 AEATENBHOCTM BOAUTENEN (M APYTUX KaAPOB XO3AMCTBa),
MO3BOAAIOWIMX — AaNbHENWEero  COBEPLUEHCTBOBAHMA — YMPABMEHMA UM MOBbILIEHNA
abdekTnBHOCTM aKCnnyaTauum ATC,

PelweHre yKkasaHHbIX 33fay BO3MOXHO C BHEApeHMem B cucTemy skcnnyatauum ATC
NHOOPMALIMOHHbBIX TEXHONOTMIA MO PerncTpaLm, yuérta n 06paboTki AaHHbIX OOPTOBBIX KOMMbIOTEPOB,
npu HeobXoaMMOCTV Pa3pPaboTKON AOMOMHUTENbHBLIX TEXHONOMMIA HeOOXOAMMbIX Ana obecrnevyeHns
IKCMIYaTaLUMOHHOW TEXHONOMMUYHOCTI KOHCTRYKLIWN.
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KOHTPOJIbHBIE KITIMMATUYECKWE NCNBITAHUA TPAHCNOPTHbBIX CPEACTB TMPU
OUEHKE NMPUCMNOCOBIEHHOCTN K MPUPOAHO-KITMMATUYECKUM YCITOBUNAM
PECNYBJTMKN Y3BEKUCTAH

Kum Anexcargp JleoHTeesuy — BEAy i crieymnamict [T1 «PecriybmikaHckii LIMCy areHTcTea «Y3CTaHgapT, r. TalukeHT,
Pecriybrvka Y36€eKkncTaH.
AHHOTaUMA

B naHHOW CTaTbe PacCMOTPEHbI BOMPOCH KOHTPOMBHbIX KINMMATUYECKUX UCMBbITaHNIA TRAHCMOPTHBIX CPeACTB Npu
OUEeHKe NPUCMNOCOBNEHHOCTU K MPUPOAHO-KIMMATUYECKUM YCIOBUAM Pecnyonukm Y3bekucTaH. . ...

Knroyessie cioBa. KoH TROJIbHO-KITUMATUHECKNE VCTIbITAH VA, TOAHCTIOPTHbLIE CPEACTBAG, CTaHAaPT, .. ..

KoHTponbHbIe KNMMaTU4YeCKme UCMbITaHNA ABNSIOTCA YaCTbio OOLIEN FPYMMbl NUCMbITAHWIA, KOTOPBIM
NOABEPraloTCa Kak Camv aBTOMOOWbHbIE TpaHCMOPTHbIE cpeacTsa (TC) B NONHOKOMMIEKTHOM BUAE, TaK
W OTAeNbHble AeTanu, Y3/bl, MaTepuanbl WU 3alUTHbIE MOKPbITUA, KOTOPbIE WCMOMb3YIOTCA MPU U1X
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NPOV3BOACTBE, C LENbl0 BBIACHEHUA CTEMEHW YCTOMYMBOCTM K PaspyLIaloLyM  BO3AEACTBUAM
NPUPOAHbBIX GAKTOPOB OKPY»KaIoLLEN CPEeAbI.

Ecnu paccmatpuriBaTh onpefeneHne TepMrHa “KnumaTtyeckue UCbiTaHna” - 3TO UCMbITaHWs Mo
BO3MENCTBMIO PA3NUNYHbIX MPUPOAHO-KIMMATUYECKUX GaKTOPOB (MOBbLILIEHHOW WM MOHUKEHHOM
TemnepaTypbl, MOBbLILIEHHON WA  MOHWKEHHON BNAXHOCTY, MOHMKEHHOTO WAM  MOBbILLEHHOMO
aTMOCHEPHOTrO aBNeHWs, COMAHOIO TyMaHa, Mecka v Mbiv, AOKAA U T.MN.) HA UCMbITHIBAEMbIE OObEKTI
(Takve, HanNpuUmep Kak, 0bopyaoBaHue, MPUOOP, MEXaAHWU3M U T.M.).

Moy NpoBefeHUN KIUMATUUYECKMX UCMBITaHWUI OLE@HMBAETCA CTemeHb HapylleHWs LenoCcTHOCTH
BHellHero Buaa ObbekTa UCMbITaHWA WA MaTepuana, U3 KOTOPOro OH M3rOTOBRMEH (KOPPO3MOHHbIE
npoueccsl M noteps GOPMbI), CTPYKTYPbl MEMEHTOB  KOHCTPYKUMW  (Hanpumep, BHYTPeHHMe
MUKPOTPELLVMHBI) 1 T.N. CNbITaHNA MOXHO NPOBOANTL HE TONBKO FOTOBOW MPOAYKLUMM, HO U Ha CTaamu
COOPKM KOHCTPYKLIMK, UTO MO3BONAET M3bexaTb MHOTMX fedeKToB Npw 3KCnyaTaumn. Kpome Toro, 31oT
BMA MCMBbITAHWA WWPOKO MPUMEHAETCA MNPV M3rOTOBAEHUWM MPOTOTUMOB, YTO AAET BO3MOMKHOCTDL
BOBPEMSA YCTPAHWUTb MHOTME BO3MOXHbIE AePEKTbI U HEAOCTATKMN B KOHEYHOW NPOAYKLUMN.

CnepoBaTeNbHO, npn ougeHKe KayeCTBa noboro n3genna MMeet CMblC)T oueHKMBaTb He TOJIbKO
d)yHKLI,I/IOHaJ'IbeIe N SKCTUTyaTaUMOHHbIE  MOKa3aTtean, HO W CTeneHb BO30ENCTBNA C])aKTOpOB
or<py>+<a+ome|7| cpebl, Mpn KOTOPbIX M3AeNTne MOXET He COOTBETCTBOBATb 3aABIEHHBIM XaPaKTePUCTUKAM.

UTo ke KacaeTcs 0CObGeHHOCTeN NPOBEAEHNUA KOHTPOMbHbIX KNMMaTUyeckux ncneitanuin TC, To
OHV MOTYT MPOBOAUTBCA B eCTECTBEHHbIX YCNIOBMAX (T.e. HATypHble WCMBITaHWSA), KOrda M3ydeHne
00pa3sLoB WCMBbITaHWIA MPOBOAWUTCA ANUTENbHBIM MNEPUO BPEMEHM MO OnpefenéHHoOM nporpaMme
NCMBITaHWIA, HO C MosydyeHMem 6onee TOYHbIX Pe3ynbTaToB. Vv B N1abopaToOpHbIX YCNOBUAX C
NpVMeHeHeM CreLmanbHOro UCMbITaTeNbHOro 0OOPYAOBaHUA M CTEHIOB, @ TaKKe KIVMMATUYeCKMX
Kamep (Takmx HampumMep Kak, [0KAeBasbHbIX, XONOAWIbHBLIX WX KOPPO3MOHHLIX), MO3BOMALIMX
MOAENMPOBATb PA3INUYHbIE MPUPOAHO-KIUMMATUYECKME YCIIOBMA B 3aMKHYTOM MPOCTPaHCTBE.

XoTenocb Obl OTMETUTb, UTO Kaxablll U3 BMAOB KOHTPOSbHBIX KAMMATUYeCKx UcnbitaHuin TC,
NPOBOAVMbBIX KaK B eCTECTBEHHbIX, Tak W B /1ab0OPaTOPHbIX YCNOBUAX UMEeT CBOW OnpefenéHHble
NpenMyLLecTBa N HegOCTaTKu.

OfHO 13 NPeVMyLLECTB UCTbITAHWUIA B €CTECTBEHHDBIX YCIIOBUAX ABAAIOTCA NOMydYeHne Hambonee
AOCTOBEPHBIX PEe3yNbTaToB B BUAY HavOOMblEN MNPUOAMKEHHOCT UCMbITaHUA TC K peanbHbIM
YCIIOBUAM.

C NpaKT14eCKom TOYKM 3PEHNA UCMbITaHMA B €CTECTBEHHbIX YCIIOBMAX CUUTAIOTCA HECIIOMKHbBIMA U
OTHOCUTENBHO ONTMManbHBIMK (MO YPOBHIO 3aTpauMBaemMblx ANA WX MPOBEAEHWA MaTepuanbHbIX
PecypCoB) METOAAMM KIMMATUUECKUX UCTIbITAHWUIA, eCTECTBEHHO NPpW COBMI0AEHNIN HOPM, MPUBEAEHHbIX
B HII Ha meToabl NX MPOBEAEHNA.

HepocTatky Takoro poaa MCMbITaHNi:;

- ONUTENbHbIE CPOKM MOJSTYYEHNA PE3YNbTaTOB WCMbITAHWK, KOTOPble BO3PaCTaloT Mo Mepe
MOBbIWEHNA HAAEXHOCTU KOHCTPYKUMN TC;

- CYLLeCTBYEeT BePOATHOCTb NOoTepr 06beKTa NCMbITaHW 13-3a [ITT1, 4To NPUBEAET K YHNUUTOXKEHMIO
LeHHbIX MCMbITaTENbHBIX aAHHDBIX;

- HeOHXOAMMO NPUHMMATL MepPbI AnA obecneyeHns CEKPETHOCTM NPU NPOBEeAEHNN NCMbITAHWI.

- XapaKTepHas Ce30HHOCTb, KOTOpas pernameHTrpoBaHa B HI Ha MeToabl MX npoBefeHus
(Hanpumep, UCMbITaHWA NMPOBOAATCA B IETHUI NEPVO BPDEMEHW, NPV CPefHel TeMnepaType He MeHee
+35%C WK aHanorMuHO B 3UMHUI NEPUOA Tofa), a TakkKe HEeBO3MOXHOCTb CO3AaHWSA KaKnx-nvmbo
3KCTPEMarbHbIX YCNOBWIA, KOTOPblE MUCMbiTbiBaemMble TC JOMKHBI BbIAEPKMBATb HEMOCPEACTBEHHO MPU
SKCMyaTaLmn.

|_|pl/l STOM UCMbITaHWA B €CTECTBEHHbIX YCTOBUAX BO3MOXHO MPOBOANTb Ha CNeuUnain3npoBaHHbIX
NONMIOHax, KOTOPble B CBOKO o4epedb AatoT aiedytoume npernmyLectsa:

- COKpalleHne BpeMeHN, MaTepnalibHbIX 1 TRYAOOBbIX 3aTpaT Ha UCTbITaHWA;
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- Hanuune 6onbLIOW MaTepl/IaJ'IbHO-TeXHI/IhIeCKOVI 6a3bl 1 BbICOKO KBaJ'Il/Id)I/lLlI/IpOBaHHbIX KadpoB;
- CTabunbHOCTU yCJ'IOBl/IlZ nposeaeHnA NCMbITaHUIA;

- BO3MOXHOCTU C])OpCI/lpOBaHI/lﬂ BHELWHNX BOB,ELGI;ICTBI/H;I, NnPMBOAALLMX K MOBbILLEHNO TEMIMOB
BbIABNEHWA CNadblx MecT KOHCTRYKLUNN aBTOMO6I/IJ'Iﬂ;

MpevmyLLecTsa CTEHAOBBIX UCTIbITAHNIA:

- BO3MOXHOCTb TOUHOTO COOMIOAEHNA YCIIOBUA UCMBITAHUIA 1 XOPOLLIas BOCMPOV3BOAVMOCTb
pe3ynbTaToB WCMbITaHWUM. [IOCTYyNHOCTb MHTepdeica mMexay MCnbiTaTelbHbIM CTEHOM U OObeKToM
NCMBITAHWIA C TOYKM 3PEHNA M3MEePUTENbHOW TEXHWKKM MO3BOJAET JOCTMYb BbICOKOW MPO3PayvHOCTL
YCNOBUI UCMIbITaHUI. K yXKe UMEeWMMCA AaTulKam, KOTOPbIMM OCHALWEH CTEHA, MOXKHO YCTaHOBUTb
JONONHUTENbHbIE AATUMKM, UTOOBI TOUHO GUKCUPOBATL YCIOBUA UCMBITAHWIA (HaNpUMep, TemnepaTypbl
JleTanel, oKpyxalollen cpefibl U KOHTAKTHbIX MOBEPXHOCTEN B AOMOSHEHME K M3MEPEeHWUAM YImoB,
nepemeLieHniA, CUA 1 MOMEHTOB, OCYLLECTBAAEMbIMM laTuMKaMK CTeHa). Kpome TOoro, naMeputenbHan
TEXHWKa, MCMoMb3yemasa BO BPEMA CTEHOOBLIX WCMbITAHWK, Kak NpaBuao, Aellesne, yem npubopbl,
MCMOMb3yemble BO BPEMA JOPOXKHbIX UCMbITAHMIA.

- TouHaA HacTpoMka W noadep)kaHwe 3KCMIyaTaUMOHHOIo pexmma. IJTo  obecneunmsaeT
HeoOXOAVMYIO MOJHOTY MOMy4YaeMoW SKCNepUMEHTaNbHOM MHGOPMaLmMW. Hanpumep, noaaepxaHue
MOCTOAHHbIX CKOPOCTEN 1 MOMEHTOB MPW CTEHOBLIX UCMBITAHNUAX, YTO MPU AOPOMKHBIX NCMBITAHUAX UK
HeOCTUKIMO UMK CBA3AHO C O6oee BbICOKNMM, YEM NPW CTEHAOBbIX UCMbITaHWAX, 3aTPaTaMU.

- WckntodeHne nomex. B ycrnoBmAx CTEHOOBbLIX WCMBITAHUA MOXHO WMCCNenoBaTb TOMbKO Te
XaPaKTePUCTVKN  aBTOMOOWAA, KOTOpble TPEeOYyTCA  IKCMEePUMEHTATOPY, WCKIUas  BAUAHUE
OKpY»atolLien cpefibl, APYrxX XapakTepuUcTUK aBTOMOOUEN 1 T.A1. Ha pe3ynbTaTbl SKCNEPUMEHTA.

- BoCcnponseBoamMmoCTb pesynbTatoB M3MepeHnin. BaxHOoe CBOWCTBO, KOTOPOE MO3BONAET Mpw
MOBTOPHOM BbIMOMHEHNM SKCMEPUMEHTA TOYHO BOCCO3aTh YCNIOBUA ero NpoBeeHUA.

- DKOHOMMA CPEeAcCTB. 3HauuTeNbHble WHBECTULUMY, KOTOpble HeobXOAMMO BIOXWUTb B
UCMbITaTeNbHOE OCHAllleHWe 1 CneuvanbHO 0OopYAOBaHHbIE MOMELIEHNA, OKynatoTca Onarofaps
NHTEHCUOUKALIMM UCTBITAHWUIA (HanpUMep, UMKIOB, KOTopble MOMyT MPOAOMKaThcA 24 yaca v bonee).
BO3MOHbI MCMbITaHKA, KOTOPbIE He TPEOYIOT MOCTOAHHOIO HAOMNIOAEHNA 33 X XOA0M.

HenocTatkm CTeHO0BLIX UCTIBITaHWI:

-HepoctatouHan OOCTOBEPHOCTb BOCMpom3BeaeHWA pealibHbIX yCﬂOBMI;l SKCnyaTaymn. 310
OCHOBHOW He[JOCTaTOK CTEHAOBbLIX UCMbITaHNN.

McnbiTaTenbHble CTeHAbl HUKOMAa TOYHO He OTpakaloT YCIOBMUA SKCMyaTauuu peanbHOro
aBTOMO6VNA. ECnv bl MOXHO BbINI0 TOYHO BOCCO3AaTh YCOBYWA JOPOXHBIX MCMbITAHWIA, TOrAa CTeHAOBbIE
NCMbITaHNA MOMHOKOMMNEKTHBIX aBTOMOOUEN He Obii Obl SKOHOMUYECKI BbIFrOAHbI. oy npoBeaeHUN
CTEHOBLIX UCMBITAHWA MPUXOAUTCA YUYWUTBIBATb 3apaHee YCTAaHOB/EHHblE OTKIOHEHWA OT peanbHbIX
yCnoBuii. Hanpumep, 370 KacaeTcs paboTbl yNpyrix 3neMeHToB, UCCeA0BaHNM XapaKTepUCTUK LWNH,
cnocoba KpenneHns aBToMobuA Ha CTeHAe, KOTOPbIN HapyllaeT paboTy NOABECKM.

- He Bcerpa BO3MOXHO nepeHeceHmne pe3ynbTaToB UCMbITaHWI KOMIOHEHTOB Ha XapaKTePUCTVIKN
NOTHOKOMMIEKTHOrO  aBTOMOOWNA.  Hanpumep,  XapakTepuCTVKM  aMopTM3aTopOB,  KOTOPble
UCMbITBIBAIOTCA OTAENbHO, MEHAIOTCA MPU YCTAHOBKE Ha aBTOMOOWIb 13-332 PabOTbl OCTaNbHbBIX
3NEeMEHTOB MOABECKN.

- HeBoO3MOXHO [OOUTHCA I'IpaBI/IﬂbHOl7| pa6OTbI OVHAMUYECKUX CUACTEM aBTOMODOWNSA Ha
CTaTUYECKMX CTEHAAX. ITO OTHOCUTCA K aKTMBHbBIM MOABECKAM UK CUCTEMAM CTabunu3aunn.

KOHTpOﬂbeIe KnuMaTtudeckme mcnoitaHma TC B ﬂa6opaTopr|>< yanoBmAXx C NCMNOb30BaHMEM
cneumanmnsnpoBaHHbIX CTEHAO0B, NCTbITaTENTIbHOIO O60pyJZI,OBaHI/Iﬂ N KIMMMaTNYeCKNX KaMep UMEIOT TakXe
CBOW OCOOEHHOCTU U TEXHUKO-3KOHOMUYECKME OrpaHn4yeHnA.

VcnblTaHWA  Ha  CTEHAAX XapaKTepM3ylTCA  BbICOKOWM  CTabMAbHOCTBbIO — 3aaBaeMblX U
NOAAEPKUBAEMbBIX YCIIOBUIA  HArpy)KeHWs, TemnepaTypbl, BNaXHOCTY, 3aMbiNEHHOCTU U APYruX
00CTOATENBCTB, BAUAWIMX Ha GYHKUMOHMPOBaHME KOHCTPYKUMM TC, a TakKe C BO3MOMHOCTbHIO
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yrnybneHHbIX HabnogeHn 3a paboyrmmn npoueccamm (B TOM uncne v TPYAHOAOCTYNHbIX YacTtax TO),
NOBbILWEHHO TOUYHOCTBIO WX M3MEPEHMA 1 PErUCTPALNN.

Ho paxe npv Hanuumm OOMbLIOTO KOMMYECTBa Creumanv3nMpoBaHHbIX CTEHAOB MO OObEMY
nony4yaemont MHGOPMALIMIN UCTIbITAHUA Ha HUX HE MOTYT KOHKYPUPOBaTb C HATYPHbIMU UCTbITAHVAMM Ha
Cneuranm3npOBaHHbIX MOTIUTOHAX UK B MOMEBBIX YCNIOBUAX, FA€ BO3MOXHO NCMbITbIBATH OAHOBPEMEHHO
Heckonbko eamHuy TC  omnpeaenéHHbix TUMOB (Mogenen W mMoauduKkaumn). KnumaTudeckue,
aTMoCcdepHble, U Mpoune BHELIHWE BO3AENCTBUA U yCIOBMS (B TOM umMciie C Y4ETOM xapakrepa
AaBTOMOOMIIbHbBIX [JOPOr) XOTA M BO3MOXHO MMUTMPOBATb Ha CTEHAAX, HO B OrPaHUYEHHbIX OObEMAX 1
[ana3oHax.

MoMMMO 3TOro, Creurann3npoBaHHble CTeHAbl AMA WUCMbITaHUA Camy [JOMKHbI pacronaraTb
onpenenéHHbIM Pecypcom paboTbl U BbICOKOW CTeMeHblo HaAEXHOCTK, YTO TpebyeT 3HauyuTeNbHbIX
GUHAHCOBBLIX 3aTpaT Ha WX NPUOOPETEHNE, COAePKaHNe U PEMOHT (MPU HEOOXOOMMOCTM), a Takke
HeobXOAMMOCTb BblaeneHna 60NbLWNX NPOV3BOACTBEHHbBIX MAOWAAEN, C NPUBIEYEHVEM KOMMNETEHTHBIX
CNEeUManMCToB Y3KOro npoduna HeobXoAMMBbIX ANA BBOAA WX B IKCMyaTaumo, HEMOCPEACTBEHHOrO
MCMOMb30BaHMA 1 NPOBeAEHNA KBaNMGULMPOBAHHOTO TEXHNYECKOro OOCYKMBAHNA.

C YUYETOM BbILLIEM3NOKEHHBIX GAKTOPOB, MeCTHble npowussoauTenn TC 1 apyrue odulmnanbHble
Annepsl, NocTasnsolme B pecnyonuky TC 3apybexHOro Npomn3BOACTBa, YKe B Hauyane oyepefHoro
HaCTYyNMBLUErO KaneHAapHOro roaa AO/MKHbI MIaHMPOBaTb MOAAYY 3aABOK Ha MPOBeAeH e KOHTPOSbHbIX
KMMMATUYECKNX WUCMbITAHUA KOHKPETHbIX TUMNOB moaenel v moandukaumn TC, a He3aBUCUMblE
aKKpeamMToBaHHble 1cMbiTaTenbHble nabopatopumn HCC PY3, B CBOWO ouepefb, UMea YTBEPXAEHHYO
00MacTb  akKkpeauTauum Mo  MPOBEAEHWMIO  UCMbITaHWK, MOArOTOBMEHHbII MNEepCoHan, a Takke
onpenenéHHbI ypoBeHb OCHALLEHHOCTY HEOOXOAMMBIMK CPEfCTBAMU U3MEPEHWA U UCMbITATENbHBIM
obopynoBaHVeM, B 3aBMCUMOCTV OT YPOBHA KOMMNETEHTHOCTW MepcoHana W HampasfeHna CBOeMN
[eATeNbHOCT [OMXKHBI 3apaHee COrnacoBaTb C HUMMK CofepkaHue, 0ObEM 1 MoCneaoBaTelbHOCTb
BbINOSIHEHMA 3TANOB NAaHMPYyeMblX PAbOT MO UCMBbITAHWAM 1 CPOKM X NPOBEAEHMS.

OctaHoBuMcA noapobHee Ha aencTaytouler 8 HCC PY3 npolefype oLeHKr NprucnocobneHHoCTu
ABTOTPAHCMOPTHBIX CPEACTB K MPUPOAHO-KIMMATUYECKMM YCI0BMAM Pecnybnukn Y3bekucraH.

OueHKa TpaHCMOPTHbIX CPeAcTB Ha TeppuTopun Pecnybnukn Y30eKncTaH OCyLiecTBNaeTca B
COOTBETCTBUM C TpeboBaHUAMM OBLLEro TEXHUYECKOTO PEMNaMEHTa, YTBEPKAEHHOrO [oCTaHOBNEHMEM
KabuHeta Munuctpos Pecnybnukin Y3bekuctan oT 25 anpensd 2017 roga Ne 237 «O 6e3onacHoCTH
KONECHbBIX TPAHCMOPTHbBIX CPEACTB, BbIMyCKaeMblx B 0OpaLLleHues.

B cooTBeTcTBMM C NyHKTOM 7 OOLLEro TeXHNYECKOro perfameHTa, Bbifyckaemble B obpalleHus
TpaHCMopTHble  cpeAcTBa  (Wwaccy)  (Kpome  eAVHWYHBIX  TPAHCMOPTHBIX — CPeACTB)  AOSKHbI
COOTBETCTBOBATH MPUPOAHO-KIMMATUYECKUM YCOBUAM Pecnybnumki Y30eKmncTaH.

OueHka NpUCNocobNeHHOCTY K MPUPOAHO-KIMMATUYECKM YCIoBMAM Pecnybnmnkin Y3oekncraH
NPOBOANTCA B COOTBETCTBMN C HaUMOHaNbHbIM cTaHAapTom O'zDSt 3311:2018 «Tunoeaa nporpamma v
MeTOAVKA MPOBEAEHNA KOHTPObHbBIX KMMMATUUYECKUX UCMBITAHWI TPAHCMOPTHbLIX CPEACTB B MPUPOAHO-
KNMMaTUUeCKKx yCnoBuax Pecnybnmnkm Y36ekncTaH», KOTOpbI BBefeH B AeicTeure ¢ 18.04.2018 .

HactoAawmn craHOapT YCTaHaBAMBAeT TUMOBYIO MPOrpaMmy U METOAWMKY NpOBedeHWs
KOHTPOJIbHbIX  KIMMMATUYECKNX WUCMbITaHWUM TPaHCNOPTHLIX cpeacts kateropun M, N n L, a Takke
cneumanbHbIX 1 CNeymnanmu3vpoBaHHbIX TPaHCMOPTHLIX CPeACTB M3roTOBNEHHbIX Ha Oase waccn TC
YKa3aHHbIX KaTeropu B NPUPOAHO-KIMMATMUECKMX ycnoBuax Pecnybnukmu Y3bekncTaH npw
NpOBEAEHUM NpPEeABaPUTENbHBLIX (AOBOAOUHbBIX), MPUEMOUHBIX WU  CEPTUGMKALMOHHDBIX MNCAbITAHWNA
OMbITHBIX 06PA3LIOB 1 KOHTPOMbHbBIX MCMbITAHWUI CepUHBIX 06pa3Los TC.

O6bEM MCMbITaHWUI NPeayCMOTPEHHbIV AaHHBIM CTaHAAPTOM BK/IOYaeT B Cebs:
- Nnprémky TC Ha NCMbITAHUA U NOATOTOBKY K UCMbITaHUAM;

- NPOBEPKY TEMMNEPATYPHbIX PEXMMOB OCHOBHbIX arperatoB 1 CUCTEM;

- NPOBEPKY MYyCKOBbIX KayecTs asuratena TG,

- NPOBEPKY CKOPOCTHbIX CBONCTB TC;
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- NPOBePKY TOMAMBHOWM dKOHOMUYHOCTK TC;

- NpoBepKy 3OGEKTUBHOCTM TOPMO3HbIX cucTema TC;

- NPOBEPKY KOHLIEHTPALMM 3arpA3HSIOLIMX BELLECTB B KabuHe 1 NacCaXKMPCKOM MOMeLLIEHNUY;
- NPOBEPKY MbIIEHENPOHNULIAEMOCT KabWHBbI 1 CanoHa;

- NPOBEPKY MMKPOKIMMaTa paboyero Mecta BOAUTENA 1 MECT PACMONOKEHWs NacCakMpPOB;

- NPOBEPKY COofePKaHVA BPeaHbIX BELECTB U bIMHOCTM B OTPaboTaBLINX rasax;

- NpoBepKy pPaboToCNoCOOHOCTY CrellobopPyA0BaHNSA, yCTaHOBNEHHOro Ha TG,

- NpoBepky nNpucnocobneHHocT TC K 3KCNAyaTaUmm B ropHbIX YCIOBUAX NepeBana «Kamumky;
- NpoberoBble UCMbITaHWA (OLeHKa 6€30TKA3HOCTW);

- OLEHKY TeXHMUYeckoro coctoaHma TC (B KOHUE UCMbITaHWIA).

A Takke TpebOBaHWUA K OObEKTYy UCMbITaHWI, JOPOXHBIM YCIOBUAM NPOBEAEHMS UCMbITaHWI,
METEOPONOrMUYECKUM YCIOBUAM MPOBEAEHWA NCMbITAHNI, CPEACTBAM U3MEPEHNIA U UCTIBITAHWI, TEXHUKE
6e30MacHOCTY, YCTaHOBKE CPefcTB M3MepeHu Ha TC, TexHudyeckomy obcnyxmBanHuio TC, ycnoBmuam
xpaHeHua TC B Nepunoa UCNbITaHU.

Tak ke B CTaHAapTe npvBefeHbl MeTOAbl NPOBeAeHUs UCMbITaHW 1 OQOpPMAeHWe pe3ybTaToB
MCAbITAHWI.

CTaHOapT yuuTbiBaeT NPUPOAHO-KIUMATUYECKME YCNOBUA U OCOBEHHOCTU TepPUTOPUANBHOrO
PACMONOXKeHWs pecnybnvKkK, yCTaHaBNMBAET MPOrpamMMy 1 METOAMKY MNPOBEAEHUS KOHTPOMbHbIX
KNMMMAaTUYECKUX UCTbITaHWUIA TPAHCMOPTHbBIX CPEACTB, a TakkKe CheLmanbHbiX U Cneuvan3nupoBaHHbIX
TPAHCMOPTHbBIX CPEACTB N3roTOBNEHHbIX Ha 6a3e waccy TC. Ecnm paccmaTpuBaTh CTaHAAPT B LEIOM, TO
MOXHO CIeNaTb BbIBOA, UTO TUMbl KIUMATUUECKMX WCMBbITAHUIA, @ TakKe METOOMKN WX MPOBEAeHNs
OCHOBaHbl Ha TpebOBaHMAX, U3N0XKEHHbIX B AE@NCTBYIOLIMX MEXIOCYJapCTBEHHBIX CTaHAApTax. Tak e
cneayet OTMETWUTb, UTO KOHTPOJIbHblE KMMaTMyeckue ucibiTaHua TC Ha Kaxaom M3 3TanoB KX
NpOBEAEHMUA MOMYyT BKAOYATb YacTW  [PYrMX BWAOB  WCMbITAHWIM, TakWX KakK OLEHOYHbIE,
aKCMyaTalMOHHbIE, UCCNeA0BaTENbCKME, @ TaKKe ChelranbHble.

VIcnbITaHWs Ha3blBAIOT OLIEHOUHBIMY, €CNIM MPU OLIeHKe KayecTBa He TpebyeTca onpefeneHvie
3HaYeHV MapameTpPOB W TMOKa3aTenel C 3afJaHHbIMM  3HAYEeHUAMM TOUHOCTU W AOCTOBEPHOW
BEPOATHOCTW. [Py SKCMNyaTaLUMOHHbIX MCMBbITAHNAX JAlOT OLIEHKY BO3MOXKHOCTY PaboTbl aBTOMOOMNA B
YCNOBUAX 3KCMyaTaLmu (B PasfNUHBIX KIMMATUYECKMX U [JOPOXKHBIX YCOBMAX), COOMPAIOT faHHbIE MO
HaAEXHOCTI, YTOUHSIOT MapameTpbl, HEOOXoAMMbIE ANA HOPMUPOBAHWA PacXoda roproye-CMa3oyHbIX
MaTepunanos, MNEPUOAMYHOCTU TEXHWYECKOro OOC/YKMBAHMS, MOTPEOHOCTM B 3amacHbIX YacTaX.
ViccnepoBaTtenbCkime UCMbITaHUA NPOBOAAT ANA 13yUYeHUs pabounx NPoLECCOB MEXaHN3MOB, arperatoB
N CUCTEM, SKCMTYATALMOHHO-TEXHUYECKNX CBOMCTB, HArpy30UHbIX, TEMIOBbIX 1 CKOPOCTHBIX PEXMMOB
PaboTbl arperaTos aBTOMOOWNS, U T. A.

Mo mnonyuyeHHbIM pe3ynbTaTam MNPOBEPSIOT  MPaBUIBHOCTb  TEOPETUYECKMX PACYETOB 1
MCCNenoBaHuii, HameualoT MyTW COBEPLIEHCTBOBAHUA W Pa3BUTUSA KOHCTPYKUMIA, OOOCHOBbLIBAIOT
ONTMManbHble PeLleHVs Npr Co3aaHnm HOBbIX 06pasLios 1 MoaepHm3aumn TC. Bo Bpemsa cnelymanbHbix
NCMbITaHWI NPoBepsIoT, cooTBeTCTBYeT N1 TC cneundryeckm TpeboBaHMAM: BbIABASIOT CNOCOOHOCTb
paboTaTb B OCOObLIX YCNOBUAX (B CEBEPHbLIX PaOHaX, B YCIOBMAX »KapKOro M Cyxoro KivmaTta, B
BbICOKOrOPHbIX palioHax), onpeaensioT NPUrofHOCTb K NepeBo3Ke CrelyanbHbiX rpy308B 1 T.0.

Ha ocHoBaHuK pe3ynbTaTtoB NMPOBOANMbBIX KOHTPOJIbHbBIX KIMMaTUYeCKNX ncnoitaHui TC MOXHO
nonyynTb AOMNONHUTENIbHOE 3aKftoyveHrne O KadecTBe BbII'IyCKaeMOPI npoaykumn, 4t1o NO3BONAET
n3bexatb noTepb, CBA3AaHHbIX C BblMYCKOM HeKayeCTBEHHOW npoaykummn.

Takum o6pa30M, HpO6ﬂ€Ma BblMyCKa KauyeCTBEHHOW npoaykunm ABAAETCA BE€CbMa aKTyallbHa U
HOCUT MOCTOAHHbIN XapaKkTep. KauecTBO ceroaHs BOCMPUHNMAETCA YyXKe HE KaK a6CTpaKTHaF| KaTteropus,
a KaK CTpaTternyeckaa 3afada, OT yCNewHOro peweHnd KOTOpOI7I BO MHOIOM 3aBUCUT CTabWUIbHOCTb
SKOHOMUKMN, €€ MeCTO B MNPOBOM SKOHOMNYECKOM MPOCTPaHCTBE 1 pacrnpegeneHnn.
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BbIBEOP JIETKOBOIO ABTOMOBMUIA ONA TOPOACKMX YCNOBUWM SKCINYATALMM
4.T.H, npogeccop MyxutguHos A.A., PhD 3uses K.3, cr.np. Omapos KA.

TaLLIKEHTCKNV MHCTY TYT 10 IPOEKTUPOBAHMNIO, CTPOUTE/IbCTBY U SKCII/TyaraLiviv as TOMOOMITbHBIX, HOPOor, TalukeHT, V36erucTaH.

AHHOTaUuMA

B naHHOW CTaTbe PacCMOTPEH MeTof pa3paboTkin HOpMAaTVMBHOIO e300Boro uyvkna (EL, oueHka aHepreTuueckom
NOTPEOHOCTY IBUXKEHMA Ha €3A0BOM LMKIE 1 BbIOOPA SHEPreTnyeckn 3GGeKTUBHOIO NerkoBoro aBToMoomna Ans
peanbHbIX YCIIOBWIM 3KCMyaTaLnn.

Knroyesble cioBa; METOLH CUHTE3a, PEXKUIM ABUKEHNA, HOpM&TMBHb/ﬂ 83,17030//7 LNKTI, SHEpreTndeckaa 3¢¢€KTMBHOCTb pracxoq
TOr/iNBa.

B HacTosllee Bpems, OAHMM K3 6330BbIX YCNOBMA SKOHOMWUUYECKOrO Pa3BUTUA ABMAIOTCA
JHeprocbepexeHne 1 aHepretTmyeckad  3ddekTmBHOCTb.  CnegoBaTenbHO,  MCCNenoBaHWs,
HanpaBneHHble Ha pPa3paboTKy 3SHepreTnyecku 3OPEKTMBHOIO U 3Konormyecks 6e3omnacHoro
aBTOMOOVNA ABNAOTCA aKTyanbHbIMU. OUeHKa KOHCTPYKLMW MO SHEPreTUYeCKOMY 1 SKONOrMYeCKoMy
noKasaTenam OCYLIeCTBAATCA Ha HOPMATUBHbBIX €3[0BbIX LMKIAX, XapaKTepU3yoWMx onpeneneHHble
YCNOBUA 3Kcnnyataumv. VI13BecTHbl 6onee 250 HOpMaTMBHblE €3[0Bble LMKIbl MeXayHapOmHOro,
HaLMOHANBHOIO 1 MPOW3BOACTBEHHOrO MacluTaboB [2], KOTOpble MPUMEHSIOTCA A8 OLEHKM
onpenenexHus 3KCNIyaTaUyOHHBIX CBOWCTB aBTOMOBWNEN, NpoBefeHna YCKOPEHHbBIX MCMbITaHW Mo
onpeneneHuio MPOYHOCTHbIX, PECYPCHBIX 1 APYTNX XapaKTEPUCTHK.

B cootBeTcTBUM TpebOBaHMAM HOPMATVBHbBIX [JOKYMEHTOB TOMMBHO-IKOHOMUYECKME 1
JKOMOrMyeckme CBONCTBa ONpefenanTca Ha MarncTpanbHbIX, FOPOACKMX 1 CMELIaHHbIX €30BbIX LiNKaXx.
Kpome 3Toro, nokasatenv 6a3mncHoro pacxofa Tomnavnea aBTOMOOUIEN onpeaenaoTcs B ONpeaenéHHbIX
COOTHOLLIEHMAX A0NU MArnCTPanbHOrO ¥ FOPOACKOrO €300BbIX LIMKIOB B 3aBMCMMOCTY OT Ha3HaueHNs
TPaHCMNOPTHbIX CPeaCTB.

MeToabl opraHn3aumn UCnbITaHU aBTOMOOUNEN Ha e30BbIX LIMKIaxX MOryT ObiTb CTEHAOBbBIMY,
BUPTYanbHbIMU, JOPOXHBIMUA 1/UNU CMELAHHBIMU B 3aBUCMMOCTW OT LIV 1 33[1a4l UCCIeOBaHNUI.

MokazaTenu pacxofa TOMMBa W IKOMOMMYHOCTY aBTOMOOWeN, onpefenéHHble B MPUHATbIX
HOPMATVBHbIX €3[0BbIX LIMKMAX, He BCerAa COOTBETCTBYIOT 3HAUEHWAM, MOSyuYaeMbiM B pPearnbHbIX
YCNOBMAX  IKCMAyaTauun.  HOpMMPOBaHHble — e3[0Bble  LMKAbl  CO3faHbl  ANs  MMUTaLuUK
CpefHeCTaTUCTUYECKMX YCIIOBUIA SKCMNyaTaumn. KOHKPETHble YCNOBMUA MOTYT CYLWEeCTBEHHO MOTyT
OTAINYATLCA OT HOPMUPOBAHHBIX B €3[0BbIX LiMKNax ycnosui. ClnefoBaTeNbHO, pa3paboTka MEeTOAMUKM
onpefeneHVsa €e3[00BOro LUMKAA, XapaKTepu3yloLero peanbHble YCIOBUA ABWXEHMA aBTOMOOMNA
ABNAETCA aKTyaNbHOMN.

B BbINOIHEHHbIX UCCeA0BaHKAX pa3paboTaHa MeTOAVKA NOCTPOEHMIS €3[J0BOIO LiNK/Ia METOLOM
ANA  KOHKPETHbIX YCNOBUIA  3KCyaTauun. Pa3paboTaH e3[0BOV LMK, UMWUTUPYIOLUIA  YCOBWS
3KCMyaTaLmmy ropofa TallkeHTa. MeToa OCHOBaH Ha CMHTE3e PEXMMOB ABVKeHVA (ha3 e300BOoro LyvKna:
XONTOCTOrO PeXnMMa PaboTbl ABMraTeNs, PA3roHa, ABUKEHNA C PABHOMEPHOMN CKOPOCTHIO U TOPMOMXKEHWS)
NIErkoBOro aBTOMOOWMNA B TOPOACKMX ycnoBuax. CWHTE3 npoBefeH MO MaTepuanam rofoBOro
KPYrNOCYTOYHOrO  CTaTUCTUUECKOrO MaTepumana Mo pexumam  aswkeHua ©6onee 50 ferkoBbix
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aBTomMobunen B yepte ropopa. ObpaboTKa CTAaTUCTUUECKMX AaHHBIX OCYLLECTBAEHa KOMMbIOTEPHOM
nporpammont [1]. [JoCTOBEPHOCTb PE3yNbTaToOB MO CXOAMMOCTH MapaMeTPOB ABMKEHWSA MO €340BOMY
LUMKNY ¥ 3KCniyaTtaumm He npesbicuna 5 %.

Ha ocHoBaHMM NoNyyeHHOro e300BOro LMKa A YCnoBuii 1. TallkeHTa pa3paboTaHa nporpamma
pacueTa onpefeneHVss NMyTeBoro pacxofa TOMIMBa M 3HepPronoTpedbHOCTU [ABMKEHMS NIErKoBOro
aBTOMOOUNIA.

MocTpoeHre €3[0BOro LMKNa KOHKPETHOrO YCNOBMA 3KCMAyaTauum 1 nporpamma pacyeta
nokazaTenen ABWKeHWA JIErkoBOro aBTOMOOMNA MO3BONAT OnNpefenuTtb Havbonee 3OGEKTVBHYIO
KOHCTPYKLMIO AA peanbHbIX YCNOBUI,

bonee TOro, B WCCNEOOBAHWAX MPEANOXKEHA METOAWKA OTHOCUTENbHOrO  CpPaBHEHMA
HOPMMPOBAHHbBIX €3[0BbIX LWKIOB MO 3HEPronoTpeOHOCTU [ABMKEHUA — CNOXHOCTU ABUXKEHMA
aBTOMOOUNA.

E3goBble UMKABI OTANYAKOTCA MNapameTpamy ABWKEHMA [JONAMKM (a3 PexMMOB  ABUXEHVA.
YBenunyeHmne fonu Gpas HePaBHOMEPHOIO ABUXEHNA B LIMIKNE NPUBOANT K MOBbILLEHWIO PaCcXOAa TOMMBA,
YBEIMUEHMIO SHEPTUM NOTPebNeHnd, onpeaenaeT CIOXHOCTb UMKna. Vcxofa w3 3Toro, B Kavectse
KpUTEPUA OLEHKM CIOXHOCTM €3[0BblX LMKINOB MpPeAfiaraeTca OTHOCUTENbHbBIA pacxod TOMMBa,
KOTOPbIV onpeaenseTca cnepytoLen Gopmynow

o
QC i

roe Qeu — pacxof TOMMBa B €340BOM LIMKIIE NErKOBOrO aBTOMOOUNSA, T;

]/:

b

Qcp — pacxoq TornnBa NerkoBoro aBTOMOOMNA npv NPOXoXAEeHNN PaCCTOAHMA €300BOro LKMKna
co cpeﬂHeM CKOPOCTbIO €300BOro umkna, r.

Pacxog Tonnumea B ropoackom e340BOM UmnKie Qell COCTaBiAeT

00 =262,y + 2. O
roe GC — pacxo TOrinBa B pexxmme XON0CTOro Xxofda ABnratena, r;

G, —4acoBovi pacxoj} TONIMBa NPV ABVXEHMU C NOCTOAHHO CKOPOCTbIO, ;

O, PACXOJ} TOM/IMBA B PEXMME YCKOPEHNS, T

Pacxon TOMnMBa NErkoBOro aBTOMOOUNA npun nNpoxoxgeHnn pacCTtoAaHnA €300BOro uuknia co
Cpe,ElHel;l CKOPOCTbIO €300BOro Urkra onpeaendaetca cneyowrm o6pa30M

Q — NT‘ge

153600

CNOXHOCTb €3[]0BOr0O LMKMa, onpefeneHHan no NpeaiokeHHOMY KpUTEpMIo NoKasana pasHyto
NpPUCNocobneHHOCTb aBToMoOMNA Gentra Mo pacxody TOMAMBA K YCIOBMAM 3KCMayaTaumu (puc.l).
CornacHo BblpakeHuto, CIOKHOCTb €3[]0BOrO LiMKa B KOHKPETHBIX TOPOACKMX YCIOBMAX obnerdaercs
nyTem COBEPLIEHCTBOBAHNA OpPraHu3auuy JOPOXKHOIO ABUMMKEHWUS 1 TPAHCMOPTHOM MHDPACTPYKTYPbI
ropoga. [aHHOM MeTOAMKOM MOMHO BOCMONb30BaThbCA ANA Bbibopa 6Gonee MNpUCNOCo6neHHOro
aBTOMOOWNA K MEIOLMMCA YCIIOBUAM [BUXKEHNS.

Ha ocHoBaHWK BbILEU3NOXKEHHOW METOAMKE BbINMOMHEHO CpaBHeHMEe aBTomMobunen Gentra, Spark,
Cobalt (tabn.1) no e3goBomy LMKy ropoaa TalikeHTa.
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Puc.1. CpaBHEHMe CNOXHOCTU HOPMATUBHbIX €340BbIX LIMKIIOB Ha NpuMepe aBTomobuns Gentra.

Tabnuya 1

CpaBHeHne 3QPerTUBHOCTH TDEX aBTOMOBIIEN 110 E3OBOMY LIMKITY I. TALIKEHTA

Coen- Pacxog TonnuBa Ha | Pacxop TonnumBa C
Pacc- PEA €30BOM LiMKMa NOCTOSAHHOM
Mapka Bpems, HAA CKO-
TOAHME, CKOPOCTbIO V4
aBTOMO-6uNA | C POCTb
M M/C M n/ M n/
100 Kkm 100 Km
Spark 97.7 6.7 455 3,1 2,15
Cobalt 200 1456 73 121.7 83 56,5 39 2,15
Gentra 122.9 84 58,0 40 2,12
Mo Tabnue MOXHO CKas3aTb, 4TO aBTOMOOMNbL Gentra — 2,12 NO CBOWM KOHCTPYKTUBHbBIM

napameTpam ABnAeTCA bonee NPUCNOCOONEHHBIM AN YCNOBINIA M.TallIKeHTa.

MpuMeHeHe NpefNoKeHHON METOAMKK Ana Bblbopa Hanbonee NpUCnocobNeHHOro NerkoBoro
aBTOMOOUNA N8 TOPOACKUX YCNOBUM [BMKEHMA NOBLILIAET 3HEepreTuyeckyto 3GdeKTMBHOCTb
aKCnIyaTaUmy aBToMobuen n cnocobCTByeT YyulleHIo aTMOCHEPBI OKPY»KatoLlien cpefibl ropoaa.

JlutepaTtypa

[1] 3uwaeB K.3. ABTOMOOWIb XapakaT pexXuMAapuHn cUHTE3 ycnybm bunaH MebEpuin XapakaT
LUKAWHM spaTuw. [lnc. ... AOKT. dun. no TexH.Hayk. PhD. — TawkeHT:. 2017. - 136 cTp.

[2] Barlow T.J, Latham S, McCrae IS, Boulter P.G. A reference book of driving cycle for use in the
measurement of road vehicle emission // Published Project Report PRP354. — 2009. - 276 p.

AHANMN3 COOTBETCTBUA TEXHUYECKX MAPAMETPOB ABTOTPAHCMNOPTHbIX CPEACTB
K YCNOBUAM SKCNIYATALMM B NYCTbIHHO-MNECYAHOW MECTHOCTM

K.P.Rynbmyxamenos, TalukeHTCKivi aBTOMOOMITEHO JOPOXHBIV [DOGECCHUOHAITbHBIN KOTINIEAX, I. 1aLLKEHT, Y36EKNCTaH.
P.CXuKMATOB, TaLKEHTCKIY aBTOMOOMITbHO JOPOXHBIN IPOPECCUOHA IbHBEIN KOTIELK, . TallIKEHT, Y30eKnCTaH.
AP.Cangymapos, HI1L| «Y3aBTOTPAHCTEXHMKA, I. TalUKEHT, Y30eKnCTaH.
AHHOTaUmA

B naHHOW paboTe MpoBefeH aHanv3 COOTBETCTBMA TexHWUUecKMx napameTpoB ATC K ycnoBuAm B MyCTbIHHO-
NecyaHom MeCcTHOCTH.

MpuvBeneHbl pe3ynbTaTbl OLEHKM NMPUCNOCOBNEHHOCTH Kaxkaoro ATC 1 CpaBHEHME WX MeX[Iy CODOV Mo CTemneHu
CHWXEeHWA NoKasaTenen TAroBO-CKOPOCTHbIX CBOMCTB M TOMANBHOM SKOHOMUYHOCTMU.

KITKoYEBBIE CII0BA. MPHUCITIOCOOTICHHOCT, 3PPEKTUBHOCTS, Y/CTIOBIA SKCIITYATALMN, Y CTAHOBUBLIAACT CKOPOCTE, MAKCUMA/TbHAA
CKOPOCTB, MPEOLJOTNICBAEMBIN MTOLBEM
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BHauane HeobXoAMMO yCTaHOBWTb, KakMe 3HauyeHua TemnepaTyp okpyxatowen cpeabl (Toxpcp)
ABNAOTCA Hanbonee xapakKTepHbIMU NPWY KonebaHuax cpefHeMeCcaYyHbIX TeMMepaTyp B TeueHre rofa.
370 6bINO OCylecTBNeHO C momoulblo Tadbn. 1 [1,23], B KOTOPbIX MpeacTaBneHbl 3HayeHus
cpefHeMecAYHbIX Toxpcp. 33 OVH TOA B PETVMOHE MYCTbIHHO-NECYAHON MECTHOCTU U MOMELLEHbI JaHHble
cpefHNX TemnepaTyp no ONU3KIUM UX FPYNMMPOBKAM, @ Takke KOIGOULMEHTI B3BELLIEHHOCTIN Kaxaow
rpynnbl.

Tabma 1

MecALpl T 12 3 14 |5 6 |7 |8 |9 0 11 |12

Oroc 12 116 |22 |25 |35 |39 |41 |39 [34 |26 |20 |15
p-cp. 18 30 40 30 18

RosduunenT 0,25 0,17 025 017 017

B3BELWWEHHOCT

Kak BuaHo 13 Tabn. 1 3HauyeHus cpeiHeMeCAUHbIX Toxp.cp. MOPKHO PA3AENNTb Ha TR MPYMb: Tokp cp.cp)
= +18; +30 » +40°C 3T rpynnbl AOCTATOYHO MOJSIHO XapPaKTEPW3YIOT KonebaHUA CcpeaHeMecsyHbIX
TeMnepaTtyp B TeueHue roga.

[na pelweHna BOMpOCa B COOTBETCTBMWM TEXHUUECKMX MapaMeTpoB uccneayemblix ATC
KOHKPETHbIM YCNOBMAM 3KCMyaTalmm (MO TemnepaType OKpy»KatoLwen cpeabl) OnpeaenaTca 3HaUeHmA
npefenbHbIX TPaHNUHBIX TeMNePaTyp Towep, MNPV KOTOPLIX ABTOMOE3Aa MNepecTaloT BbIMOMHATb
TpebosaHusa FTOCT 21389-89(TY).

Pe3ynbTaTbl COOTBETCTBYIOWIMX PACUETOB MO3BOMMAM YCTaHOBUTb [N1A aBTonoesaa 3u/1-4331
cnepyiollee:

- PN Tokpep. = +31°C aBTONOE3 MMEET MAKCUMANbHYI0 CKOPOCTb Umax = 85 KM/Y;
- NPY Tokpep. = +30°C yCTAHOBMBLIAACA CKOPOCTb Ha 3aTAXHOM noabeme B 3% Uy < 35 km/y;
- NPW Tokpep. = +29°C MaKCMMaNbHbIN MPeoaoNeBaeMbI MOABEM imax < 18 KM/U.

CnenoBaTtenbHO, yxke NpU Towpep = +30°C aBTOMOE3 HE COOTBETCTBYET TpeboBaHuam FOCT 21398
(TY), a 270 B CBOIW O4Yepeflb 03HAYaeT, YTo B TeUeHWe CeMU MecALleB B rody aBTonoesn OyaeT vmeTb
MEHbLLYIO MPON3BOAUTENBHOCT, YEM B TUMMYHBIX YCIOBUAX SKCMyaTaLnm B CPEAHEEBPONENCKON YacTy
Poccun.

JTO He MOATBEPXKAAETCA MNPV aHanm3e TOMAMBHO-CKOPOCTHbLIX XapaKTEPUCTUK aBTomoesna B
npoLiecce ero aKcnayaTauymm Ha TUMMUYHBIX MArUCTPanbHbIX AOPOrax NyCTbIHHO MecYaHOM-MeCcTHOCTM
Mpv Tpex pa3Hbix TemnepaTypax OKpy:xatollen cpefsl (Tabn. 2).

Tabmya 2
Pe3yibTaTel MaTeEMATIYECKOro MOAEPOBAHMUA /19 ABTONOE3Aa
3u/1-433 1+ Kb-8350 (Up=5,29: m»,=23.57)

B Toxp=+18°C Toxo=+30°C Toxp = +40°C
K,\j;”q U Qs U Qs U Qs

KM/ n/100Km Mo Km/u n/100Km Mo KM/Y n/100Km Mo
30 30,37 30,68 0,99 30,36 33,44 0,91 31,0 37,96 0,8
40 40,33 30,51 1,32 40,24 32,67 1,23 40,23 37,44 1,08
50 50,08 31,29 1,6 4937 34,09 1,46 49,49 38,87 1,27
60 59,1 30,35 1,95 58,57 33,58 1,74 57,51 4423 13
70 68,49 33,11 2,07 67,27 36,44 1,85 65,63 4774 1,38
80 76,63 34,0 2,25 75,95 37,22 2,0 72,02 4739 1,52
90 82,93 36,54 2,27 80,79 40,16 2,01 69,72 48,34 1,37

Kak MOXHO 3amMeTUTb U3 pe3ynbTaToB MpuBEAeHHbIX B Tabnuvie COOTBETCTBYOLIME KPUBbIE Ha
BCEM [Mana3zoHe m3MeHeHUA Ugon MMEIOT Pa3fuuHbIf xapakTep, npuuem Haubonee uHGOPMaTVBHAA
3aBUCUMOCTb N = (Vson) NP Toxpcp. = +18°C NOKa3bIBAET HEMPEPDLIBHOE YBENUUEHME N3y, @ KOTAA Tokpcp. =
+30°C nmeeT MakcUMyM NPK Ugon= Umax, TPY Tokpcp. = +40°C meeT makcnumym B cftydae Upon= Umax.
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370 no3BondAeT caenatb 060CHOBaHHOE 3aKMOYEHME, YTO B 33flaHHbIX YCIOBUAX IKCMyaTaLmnm
CTaHOapTHbIV aBTONOEe3[ 3U/1 He meeT gocTatouHoro 3anaca TCC T3, T.e. NONHOCTbBIO MCYepNaeT CBOIO
NOTEHUMANbHYIO KOHCTPYKTUBHYID 3OOEKTUBHOCTL YKE MPU Topep = +30°C 1, cnegoBaTenbHo, He
NpucnocobneH K TUMWYHBIM  MArnCTpanbHbIM - YCNOBUAM  3KCMyaTauum B MyCTbIHHO-MeCYaHoM
MECTHOCTW.

" —\
100 mkm? N
g ] ~~
/ \
40 A N
.- N \
~
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Pnc.1 3aBmncnmoctnt Was OT Mayn aBTONOE3aa 3KJ1-4331+TKB-8350 npwm pas3nmuHbiX Tox Npn Ug =
5.29

TOKp =1 8OC; TOKp = 3] OC; TOKp = 430(:,'

AHanu3 rpaduka puc.l [4,5,6] NO3BONAET YCTaHOBWUTL, YTO -ARK= CTEHIADTHOM NOMHON Macce
Man=23,5 T aBTONOE34 NPW MNOBbILEHUN Towpep. OT +18°C o +40°C CHMXKAET CBOK KOHCTPYKTMBHYIO
3GPeKTMBHOCTb Ha 19,1%, a C y4eTOM M3MEHEHNA Towpcp. B TEUEHNME TOAA — FOAOBYIO SOGEKTUBHOCTb Ha
12,08%.

PacueTbl ona asTonoesga KamA3-54104+0aA3-9370 nokasanu, 4to npu NOHOM Harpyske:

- PN Tokpep. = +31°C aBTONOE3 MMEET MAKCUMANbHYI0 CKOPOCTb Umay = 85 KM/Y;

- PN Tokpep. = +30°C yCTAHOBMBLIAACA CKOPOCTb Ha 3aTAXHOM noabeme B 3% U < 35 km/y;
- NPU Tokpep. = +29°C MaKCMManbHbIM NPeoaoneBaemMbit MOABEM imax < 18 KM/u.

Mo cTeneHn cHwxeHna nokasatenen TCC, T3 ©n  3OPEKTUBHOCTM MOXHO OLEHWUTb
npvcnocobneHHocTb Kaxaoro ATC 1 CpaBHWUTb WX Mexdy coboi. ABTOTPAHCMOPTHbIE CPefcTBa,
ynosnetsopaowme TpebosaHna FOCTa npw bonee BLICOKOW TemnepaType, 6onblue npucnocobneHsl u
NpV PaBHbIX yCnoBMAX bonee NpeanoYTUTENbHBI A8 SKCAyaTaumum B NyCTbIHHO-NeCUYaHoM MeCTHOCTM
(NpenBapuTenbHbIV BbIBOA — 6€3 yUeTa MHTerpanbHOM 3GGEKTUBHOCTI, SKOHOMUYECKOW, T.K. HAfo 3HaTb
nepBOHaYanbHy CTOMMOCTb aBTOMOOUNA).
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OPTIMIZATION PLACEMENT OF SOME NETWORKS SERVICE OBJECTS OF PRIVATE
VEHICLES

EB. Khaltursunov
Turin Polytechnic University in Tashkent, Uzbekistan

Abstract

Here presents are research and developed mathematical models, algorithms and programs for optimizing the
placement of networks of individual vehicle maintenance institutions, both in urban development and in rural
areas, are described. a toolkit for generating options for organizing a UO network that takes into account the
existing planning structure of the building.

Key Words: Network of service objects (NSO), service facilities (SF), optimal solution, service areas (SA), multi-storey car park
network, network of refuelling stations, capacity, power, mathematical model (MM), methods, algorithm .

INTRODUCTION AND PROBLEM DEFINITION. As you know civil and industrial engineering around
the world is given serious attention, because of its development depends not only on building national
wealth, but also the solution of many social and economic issues. These industries provide a
reproduction of fixed assets in all sectors of production and non-production spheres, as well as its own
development. The development of the construction of places for the permanent and temporary storage
of individual vehicles is an acute and topical problem not only in the cities of the Republic of Uzbekistan,
but also in all CIS countries, as evidenced by the current construction of multi-storey car parks in
Tashkent city.

Everyone knows that the high cost of lands of the surrounding cities of Central Asia, agricultural
land use due to its high productivity, superior, such as 15-25 times the corresponding figures of Belarus
and the Baltic States.

The sprawling urban areas lead to additional capital and operating costs due to:

- extension of transportation and utilities;

- increase in the rolling stock of public transport;

- increase in population loss of time for transport movements;

- compensation due to withdrawal of additional valuable in respect of agricultural land, etc.

An alternative to this process is, firstly, the increase in housing density (construction of high-rise
buildings, increase capacity of objects of cultural and community services, etc.). Second, the rejection of
the construction of one-storey car parking (construction in residential areas with unfavourable sanitary
and criminal point of view, do not represent the architectural and aesthetic value), occupying a
considerable area districts (more than 5% of the district) and the construction of multi-storey car parks.
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The scientific and technological revolution and progress in the field of building construction is
complicated and expands the scope of activities of the architect and urban planner. Methods of
architectural design and urban problems require solutions improve the feasibility study of the project
tasks, allowing analysing complex urban issues as a whole, to ensure strengthening of complexity and
targeting of design and planning decisions.

For the construction of the objects of research is necessary to develop projects of the organization
of their networks that address the following related tasks:

- determine of the minimum necessary number of objects;

- optimization of their location in the city, residential development;

- determining the service areas and the power of each of them,

- and, given the serious limitations of the complex and factors (described later in the paper).

The solution of these problems to a large extent due to the use of mathematical methods and
CAD, which in turn improves the quality and validity of design solutions, reducing the time and the
complexity of the project. All this leads to the importance and relevance of the research.

The aim of the study is the formalization of mathematical modelling and optimization of the
planning and deployment of the system of a number of networks of service objects (NSO) of private
vehicles in rural areas and cities. The developed mathematical and software system designed for a wide
range of applications for the organization of the NSO - analysis of existing NSO, their reconstruction and
development of the design of the new network.

This aim has led to the need to solve the following tasks:

- analysis of mathematical models of accommodation facilities and objects of different groups of
service industries;

- classification of the problems solved in the organization of NSO;
- development of the concept of implementation of tasks to optimize the NSO city;
- development of synthesis algorithms options organization of the objects of service networks;

- experimental testing of algorithms implementation of tasks by the developed and existing
software, on specific examples of NSO to confirm the basic theoretical assumptions and the effective
NSOs of the proposed approach.

Scientific novelty of the research is to create a toolkit generation variants of organisation NSO in
the city or in rural areas, taking into account the existing planning structure development; in the
formalization of targets and the development of a new concept of the implementation of the resolution
of problems, creation of efficient algorithms, using as an optimizer method for determining the smallest
externally stable set of the graph, the method of random search global extremum multi-parametric,
multi-objective functions and multi-criterial evaluation of the generated options NSO to identify the best
of them.

As you know the service industry integration sharing service for five major groups: administrative,
social, cultural, educational and entertainment, medical and health, sports, trade, household and public
recreation.

The structure and composition of the objects and enterprises of public service network is
determined by the specificity of this type of service, the requirements of the development of the system
as a whole, the specific features of the local population living conditions, size and architectural and
planning structure of residential areas.

NSO on the specifics of the operation is divided into: single-level service; multi-level services.

For a single-level network services include a broad class facilities and service facilities. For example,
in health care - pharmacy, ambulance, specialized hospitals, maintenance facilities - refuelling
distribution stations, boiler houses, temporary buildings and structures at the site and buildings of
railway stations, multi-storey car parks, commercial enterprises, etc.
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For multi-level network services include the following objects: dispensaries and health centres,
general hospitals, schools, etc.

Although the design of NSO solved the problem of the same type, but because of the need to
consider the specifics and operation, they cannot be reduced to one or a number of mathematical
models.

On the basis of studying the processes of functioning of the studied NSO (single-level - a network
of multi-storey car parking private vehicles, refuelling stations network, multi-level outpatient and school
networks in rural areas [1,2,3]) proposed a mathematical model generating options for NSO,
implemented a three-pronged objective (to determine the optimal amount, placement, service areas
and ES capacity at each level of service), which is characteristic for this class of problems. Although it
varies depending on the particular ES (an algorithm for determining the smallest externally stable set of
the graph, the simplex method of linear programming algorithm is a random search, a potential method,
and others.), but in all cases the backbone is an algorithm for determining the smallest externally stable
set of the graph [1], modification of which is developed in relation to this class of problems.

PROBLEM SOLUTIONS. In general, the task of placement NSO is the following: it is necessary to
determine the optimum quantity of each service level, the service area and the power (capacity and
placements). The mathematical formulation of this class of problems is as follows.

Given a set of settlements (housing estates) {ay, as,...a.} = A, a multiplicity the residents in these
{a1, 92,...,.9.} = Q, road network with distances between nodes - [L], the possible placement of service
objects -{m;,m;,..., M}=M, n — the number of settlements. It is necessary to determine the quantity of
service objects (SO) &, placements of these objects x*yi*, each object's service area

{a, a2 ..., an} =A, AlcA,
{ami1, Amiz. .., ad =Ay, ACA,
{@si1, Asi2,e ., A} :Aé/ A&CA,
W, - capacity service facilities (power).

The criterion is O=f(A, Q, M, V, L), where V — the necessity for this type of object service
facilities. That is the problem, as a rule, multi-criteria. So, when designing of object service network
Criteria are:

- capital expenditures for the construction of object service of service based on the
equipment;

- summary distance to service objects of all levels of service;
- annual cost of maintaining the staff.
Restrictions following tasks:

Pmin < P\' < Pmax;

1,if residential area entered into service zone, L~l- <R
Aj = ) i and others,
0 otherwise

where Pmin and Pmax — minimum and maximum allowable capacity, 7 - distance from J.

l

th residential areato *-th SO, R — admissible service range.

Formalized problem, mathematical models, algorithms and software that allowing to generate
variations any service network in rural areas, with both high and low density of population [2].

The structure and content produced by the database system, which is the basis for the generation
of multi-storey car parking and refuelling stations networks in urban area. It collected and systematized
materials on the modern designs of multi-storey car parking and refuelling stations (capacity, capital
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costs for their construction, annual operating costs for the maintenance personnel, equipment costs,
etc.), adigital model of the road network, tariffs on transportation by buses of the population, requlations
on the number of people visiting annually dispensaries and clinics all levels of service, the demographic
structure of the population, and other standards building norms and rules.

CONCLUSIONS: Developed the mathematical models, algorithms and software for the
generation of multi-storey car parking and refuelling (oil, gas, electric) stations networks [1].

The problem of definition of the best variant of the organization of car parking network and
refuelling stations of an urban planning is realized by generation of some variants of the organization of
a network of refuelling stations of an urban planning with use of the technique developed by authors’
multilevel multi-criteria estimations of projects [2,3]. For the purpose all indicators of variants reduced in
the summary table, expert’s the weight factor of each of them is defined. Indicators, of variants on which
in multi-criteria to statement, the best variant of the organization of a network finally defined, reflect the
economic, social, economic, and urban planning requirements shown to refuelling stations network.

Developed toolkit of multi-level multi-criterion estimation indicators variants of NSO and to
determine the best of them, including: an estimation of multiple parameters of variants for a quantity of
optimality criteria (criteria Wald, Hurwitz, Laplace, Savage), involving for the estimation of qualitative
indicators of quality control methods; estimation of performance options to the additive criterion, which
is one of the ways of the convolution of the vector criterion; assessment of options for a variety of
integrated ratings [2,3] has shown to be highly effective.

The basic theories underlying the research, performance and technological rationality developed
mathematical software confirmed by the results of implemented tasks on materials from one of regions
of Uzbekistan, the application of act and copyright certificates on Intellectual Property Agency of
Uzbekistan. Results of the study are the foundation of object-oriented development system designer
NSO.
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OBECMEYEHWME KOMOOPTABE/IbHOCTU NMOE3OK HA MACCAXNPCKOM TPAHCIOPTE

Apatiosa B.K, K.3.H, TYoUHCK [TonmTexHnyeckmyi YHUBEPCUTET B I. JaluKEHTE

AHHOTaUMA

CoupanbHble HOPMbl TPaHCMOPTa AOMKHBI BKAOUYATh TPAHCMOPTHYIO MOABWKHOCTb HACENEHWA, HAAEeXHOCTb
pPaboTbl MACCAXMPCKOro TPaHCMoPTa, KOMbOPTabenbHOCTb Noe3aKM 1 Ap. accaxmnp B NpoLecce noesaku He
AOMKEH OLLYLATh TPAHCMOPTHYIO YCTANOCTb, YTO 0OECNEUMBAETCA B TOM YMCE KOHAMLVOHUPOBAHMEM CafloHa
NpK BbICOKOV TemnepaType BO3ayXa.

Knoyesbie  C10Ba:  aCCaXupCKue  epeBo3sky,  aBTOMOOW/IbHEIN  TDAHCIIOPT,  COLMATIbHBIE — HOPMbI  TDAHCIOPTE,
KOM@OPTabEIbHOCTB MOE3LOK.

[MaBHOM OCOBEHHOCTBIO TPAHCMOPTHOW MOMAWTUKXA B CTpaHe [O/KHa ObiTb CouManbHas
opuveHTauua. Bo-nepsbix, 3T0 ABNAETCA OAHWM M3 OCHOBOMOMAratolMX MPUHLMMOB 3KOHOMMUECKIX
pedopm pecnybnvkm. Bo-BTOpbIX, MOTPeOUTENEM KaK MAacCaKMPCKMX, Tak W FPYy30BbIX TPAHCMOPTHBIX
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YCNyr B KOHEYHOM UTOre ABNAETCS YenoBek. B To e Bpems ero, Kak HanoronnaTenblinka, UHTepecyeT
He 0b6bem MepeBe3eHHbIX MacCaXMPOB WK TPy30000pO0T, a, HanpuUMep, HaaeXHOCTb, 6e30MacHOCTb
PaboThl TPaHCMOPTa, YPOBEHDb KOMMOPTA, CTOMMOCTb MOE3AKM, [0S TpaHCNopTa B BBl 1 COBOKYMHbIX
M30ePXKKaxX HaCeNeHns, B 3arpa3HeHNM OKpY»KatoLLIen cpefbl U T. .

Coumaﬂbe|e HOPMaTBbl MOUMEHUTENTbHO K MaCCaXMPCKOMY TPaHCMOPTY — 3TO HAy4HO
0HBOCHOBAHHbIE KONMMYECTBEHHBIE U KAYEeCTBEHHbIE XapPaKTePUCTUKKM ONTUMa/lbHOTO COCTOAHKA Cpefbl
MKU3HENEATENbHOCTW PernoHa, 3aBncalne ot pa6OTbI MaCCaXmpCKoro TpaHCnopTa.

B chepe naccaxmpckix nepeBoO3oK CoLManbHble HOPMbI TpaHcnopTa OyayT BeIMALETb Tak:
TpaHCNopTHaA NMOABMMKHOCTb HaceNeH!s;

HapexHoCTb paboTbl MacCaKMPCKOro TRAHCMOPTa;

CooTHoLlleHVe Mexay OOLEeCTBEHHBIM U HANBUAYaNbHBIM BUAAMU TRAHCMOPTS;

YpoBeHb TPAHCMOPTHOW obecneyeHHOCTN HaceneHus. OH NMOoKasbiBaeT, Kakaa [0Na HaceneHus
ropofa NpoXM1BaeT BHE HOPMATUBHOW 30HbI JOCTYMHOCTY;

KomdopTabensHOCTb noe3nky;

[lons TpaHcnopTa B OOLIEM 3arPA3HEHWI OKPY»KatoLLel Cpefbl B PermoHe;
YpoBeHb Pa3BUTIA MyCKY/bHbIX BUAOB TPaHCMopPTa.

YposeHb TT1 B chepe naccaxmpcKoro TpaHcnopTa.

Moe3aKkM Ha TOPOACKOM TPaHCMOPTE HYXKHO PAacCMaTPMBATb Kak HEMpepbiBHBIA MpoLecc.
OCHOBHble CTaHLUMK MeTPO, aBTOOYCHble OCTAHOBKM 1 MeCTa MapKOBKM [OMKHbI CO3AaTb YCIOBUS A1
3aMeHbl MHAWBWUIYaNbHOrO aBTOMOOWUAA Ha OOLIECTBEHHbLI TPAHCMOPT, KOTOPLIN ABAAETCA MeHee
BpeAHbIM [N OKpyXatollen cpeabl. Hanpumep, B MOCKBe co3faHa CUCTeMa «repexBaTbiBalollen
MapKOBKM», KOTOPaA NPEAOCTaBNAET B pacropsxeHue 6ecnnaTHyto Win fbroTHYIO MapKOBKY BOMM3M
KPYMNHbIX OCTAHOBOK, MOOYyXdas Tem CamblM aBTOMOOMIMCTOB MapKoBaTb Tam CBOW aBTOMOOMN U
NepecakmBaTbCA Ha AOCTYMHbIN OOWECTBEHHDIA TPAHCMOPT.

Ha cerogHsLLHWUIN MOMEHT NPaKTUYECKN BCe TPAHCMOPTHbIE BEAOMCTBa Pa3paboTani KpaTko- Uim
JIONTOCPOYHbIe CTPATernu UM KOHLEMNUUM PasBUTUA, a NPeanpuATIA MacCakMpPCKOro TpaHCnopTa
NMELOT BM3HeC-MNaHbl UK busHec-cTpaTernu Ha bnnxKarwne 2 — 3 roga. PopMrpoBaHMe Naen Co3aaHmna
HOBOW MAW KapAMHANbHOIO M3MEHEHMA YKe CyLleCcTBylolWen dnpmMbl B pamKkax Om3Hec-cTpaTtermm
npeanpUATUA NPOXOANT HECKOSIbKO 3TanoB, KOTOPbIE MOXKHO YKPYMHATL MW AeTanmn3nMpoBaThb B Pa3HOM
cTenenu [1, c.22].

3HAUUTENBHYIO YaCTb TPYAOBbLIX PECYPCOB I.TalKeHTa COCTABAAOT XXUTEN €ro NPUropPOAHbIX 30H,
KOTOpble Ha AOPOry TyAa M 0bpaTHO 0 3 — 4 4 B fieHb, B TO BPEMs KaK Camyi ropoaHe, Mo Hawum
oueHkaMm, — 1,5 — 2,5 4. POCCUNCKNMK YUYEHbIMU MOACUYMUTAHO, YTO B YCIOBMAX MOCKBbBI KaxKabiM
TPYAAWMACA CoBepLIaeT B pabouunii fieHb B CpeaHeM 2,4 nepefBiikeHns, a obLue 3aTpaThbl BpEMEHU Ha
TPAHCMOPT COCTABAAT OKOMO 5 4, UNU MOMOBUHY aKTMBHOTO CBOOOAHOIO BPEMEHM CYTOK. Takum
006pa3om, 13 5 Y, NpefaHa3HayeHHbIX Ans Bcex Gopm yuebbl, KynbTypHOTO pa3BUTUSA, 3aHATUN CNOPTOM,
BOCMUTaHWsA AeTel, a TakKe MHOMMX paboT X03AMCTBEHHO-0bITOBOrO MnaHa, 50 % OTHMMAaeT ropoaCcKow
NacCakKMPCKMM  TpaHcnopT [2, c.28]. HenmoMepHO AnuTeNbHOe BPeMs, eXeAHEeBHO MPOBOANMOE
NacCaXxnMpoMm B OPOre, Bbi3bIBAET «TPAHCMOPTHYI0» YCTANOCTb, YTO OTPULATENBHO CKa3blBAETCA Kak Ha
PaboTOCNOCOOHOCTIN KaXk[IOrO, TaK U Ha BbINOMHEHUN MHOMUX KWU3HEHHO HEOOXOANUMBIX fef.

BecbmMa nonesHbiM 1A OUEHKM YPOBHA KoMpopTa M KadecTBa pPaboTbl MacCaKMPCKOro
TpaHCNopTa NPeACTaBAAeTCA  M3ydeHne TPAHCMOPTHOW  YCTanoCcTM W ee nocneactsun. 1o
NCCnefoBaHMAM, BbINONHEHHbIM Npodeccopom H.B. MpaBanHbIM, NpK yBENNYEHMN BPEMEHN NOE3KN B
NPUropoaHOM noesfe Ha 10 MMH NPOM3BOAMTENBHOCTb TPYAA NAaCCaKMPOB CHUMXAETCA B CpejHeM Ha 4
% [3, c. 150-151]. Hago Takke yuyeCTb, 4TO TPAHCMOPTHAA YCTaNoCTb BAMAET Ha pasMepbl
NPOW3BOACTBEHHOIO Opaka. Tak, Mo ONyONMKOBAHHBIM AaHHbBIM, COKPALeHWe BPeMeHU HaxoXaeHA
NacCaXkKMpPOB Ha FOPOACKOM TpaHcnopTe Ha 10 MUH. CHKAET NPOU3BOACTBEHHBIN Opak Ha 0,8 % [3].
Takyto e paboTy LienecoobpasHo MPoOBOAUTL MO PaboTe MACCAaKMPCKOro TPAHCNOPTA B KIUMATUUECKINX
YCNOBUAX ()KapKoe NeTo U CyXOW 3VMHWIN MOPO03) B Y30eKncraHe.
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TpPaHCNOPTHYO YCTaNoCTb CO3AAET He TOMbKO ANUTENIbHOE BPEMA HAXOXAEHWUA NacCakMpoB B
TPaHCNOPTe, HO 1 KOMPOPTabenbHOCTb CaMon Noe3aku. B Y36ekucTaHe B YCNOBMAX »KapKOro KnnMmata
HeobXxoOMMbIM YCIOBMEM CO3AaHMA KOMPOPTHbLIX YCNOBMIM MacCakmMpam ABAAETCA BEHTUAAUMA W
KOHAMLMOHMPOBAaHWeE CanoHa. B HacTosllee BpemMsa BCe CKOPble, CKOPOCTHblE N BbICOKOCKOPOCTHbIE
NaccaXkMpcKmne moesda Ha Kene3HoJOPOXHOM TpaHCnopTe 0bOpyAOBaHbl COBPEMEHHON CUCTEMOM
KOHIMUVOHWPOBAHMA BO3yXa. TOUHO Takxe TakCOMOTOpHble GUPMbl B TalkeHTe (Hanp., “My-Taksi”,
“Anpekc-Takcun”, “Go-Taksi 1 Ap.") u Apyrvx ropofdax CTpaHbl 0OCYKMBAIOT HaceneHne COBPeMEHHbIMY
aBTOMOOUNAMY, 060PYAOBAHHBIMA KOHAMLMOHepamu. OfHaKo aBTOOYChl U MapLIPYTHbIE TakCK B 3TOM

MnaHe OTCTatoT.

[na obecneueHna Haanexalmx ycnosu paboTsl BOAMTENA M KOMBOPTabeNbHOCTW NOe3aKu
NaCcCaXKMPOB HEOOXOAMMBI: 3aliMTa KabWHbLI BOOMTENA M MACCAKMPCKOrO CanoHa OT MPOHUKHOBEHMA
MbIK, TOPAYEro BO3[yxa W3 MOAKANOTHOrO MPOCTPaHCTBA, OTPabOoTaBWMX ra3oB, MapoB TOMANBS;
0bopynoBaHMe KabuHbl 1 CanoHa CUCTEMON KOHAMLIMOHUPOBAHNA BO3[yXa; TEPMOU30MALMSA KPbIWN
Ky30Ba MacCaMpPCKOro aBTOMOOWUNA M KabMHbI FPY30BOrO OT AEMCTBUSA COMHEUHBIX JyYel, a Takke
KabWHbI 1 MaCCaXKMPCKOro CanoHa OT ABUIaTEeNs; OKPaLlMBaHWe Ky30Ba U KabyrHbl, 0COOEHHO X KpbILL, B
CBET/IblE TOHA U T.[0.

B cootetctBUM C 3akoHoM CLIA o uucTom Bo3dyxe TpeboBaHWs, MpeabaABadeMble K
KOHOMUMOHepaM BO34yXa B aBTOTPAHCMOPTHbIX CPEACTBaX, MOATOTOBKE TEXHWUYECKMX KaapoB W
nporpamMmam cepTudnKaLmm B CTpaHe, NpeayCcMaTPUBAOT MOArOTOBKY KaflPOB MO TaK1M HampaBAeHWAM,
Kak 0OCnyKuBaHME U PEMOHT aBTOMOOWIIbHBIX KOHAWLIMOHEPOB BO3fdyXa W  aHaNOrM4yHOro
0bopynoBaHWsA, NOKanu3aumna xnafareHToB, obopyaoBaHue Ana paboTbl C xnafjareHTamn, CTemneHb
UMCTOTbl  X/aflareHTOB, 3KOMOMMYeCcKWe MOCNeACTBMS  BbICBOOOXAEHWA X1aflareHToB, BKIIOYas
HeraTuBHble MOCNEACTBUA ANA  CTPAaTOCHEpPHOro O30HOBOTO CloA, U OXMfaemble B Oyayllem
TEXHONOTMYeCKne AOCTUKEHMA B CEKTOPE KOHAMLMOHMPOBAHUA BO3AyXa B aBTOTPAHCMOPTHbIX
cpencreax [4].

BlocynapctBeHHoM cTaHaapTe Poccunckom Qeaepaunm «ABTOTPAHCMOPTHbIE CPeACTBa CUCTEMbI
OTOMNEHMA, BEHTUAALMM U KOHAULUMOHMPOBaHMA. TpeboBaHWa K 3GGEKTUBHOCTM 1 6E30MacHOCTY
YKa3aHo, 4YTO BCe aBTOTPaHCMopTHble cpefctBa (ATC) AomkHbl ObiTb 0OOPYAOBaHbLI CUCTEMOWM
BEHTUAALMM U CUCTEMOW (CUCTEMAaMM) OTOMMIEHMA KabuHbl, 0bUTaemMoro nomelieHna. MNpu Hanuummn B
KOHCTpYKUmMm ATC cucTeMbl KOHANUVOHUPOBAHMSA W BBINOSIHEHWS elo TpeboBaHWUM, NpeabaBaaemMbX K
cncTeMe BEHTWIAUMKM, AomnyckaeTcs He obopynoBaTtb ATC OTAenbHOW CUCTEMOW BeHTUAAUMK. B
JIOKyMeHTe MoApPOOHO  YKa3blBAlOTCSA CTAHAAPTb, KOTOPbIM AO/KHA COOTBETCTBOBATb CUCTEMa
BeHTUNAUMKM B ATC. OOHAaKO He OroBOpEeHbl CTaHOapTbl CUCTEMbl KOHAWMUMOHWPOBAHWA B CUMY
KnnmMaTryeckmnx ycnosui Poccun [5].

B Y3beknctaHe B OO6ulem TexHMuyeckoM pernaveHTe «O  6e30MacHOCTM  KOHCTRYKLUMK
ABTOTPAHCMOPTHLIX CPEACTB MO YCIOBMAM 3KCMyaTalun» HUYEro He CKa3aHo HU O cucTeme
BEHTUNAUMW, HM O CUCTEME KOHOMUMOHMPOBaHMA [6]. Heobxoammo BHECTWM ACHOCTb B CTaHAAPTbI
3KCMAyaTaumy aBTOTPAHCMOPTHBIX CPEACTB, OCOOEHHO €Cn OHW WCMONb3YTCA ANA NepeBO3KM
NacCcaxmnpos.

B kauecTBe pekomeHaauuii nNo obecneudeHmio KOMPOPTAOENbHOCTU NACCAKMPCKUX MEPEBO30K
XOTenoch 6bl yKaszaTb cnenytollee:

BHecTu KOPPEKTNPOBKK B TOCYAapCTBEHHbIE CTaHOAPThl M TEXHUYECKME PerflaMeHTbl KaCaTeibHO
cncTem BEHTUNALUMKM 1 KOHOMUNOHNPOBAHNA B aBTOMOOUNBHBIX U aBTO6yCHbIX CaJIOHax;

ObecneynTb Hadnexaulee WCNoJIHeHWE BbllleyKa3aHHbIX HOPMATMBHbIX aKTOB W 069a3aTb
TPaHCMOPTHbIE NPEANPUATNA O60pyﬂ,OBaTb N NCMOJIb30BaTb KOHONLMOHEPbI B NeTHUI nepnon;

Mpn 3akyrnke aBTOMOOW/bHBIX KOHAMLMOHEPOB 0bOpallaTh BHUMaHWE Ha COBPEMEHHble
MOBWIIbHBIE  CUCTEMbBI  KOHAMUMOHWPOBAHUA BO3dyxa C  Lenbld  MAaKCMManbHOrO  MOBbILLEHMS
SHeproddPEKTUBHOCTM U CBeAGHUS K MUHUMYMY YTEUYKM x1afareHToB. [nA  ymeHblueHus
OTpULATENbHOIO BO3AENCTBMA Ha OKPYXAKoWyK Cpedy WCMNONb30BaTb KOHAMLUMOHEPbl BO3Ayxa C
cUCTeMow NpefoTBpalleHna pacnpoctpaHerus ®-ra3os, M1 koTopbix NpesbiwaeT 150, 1 ¢ o6beMom
yTeukn 6onee 40 1 B rof, U3 CUCTEMbl C OAHMM 1cnaputenem unu 60 © B rof M3 CUCTEMbI C ABOMHbIM
ncnaputenem [71.
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Mcnonb3oBaHHas N NTEPATYpPa

[1] TopembikuH B.A., Boromonos AlO. busHec-nnaH. MeToaurka pa3paboTku. 45 peanbHbIX
06pa3uoB bm3Hec-nNnaHoB. M.: «Ocb-89», 2002. — 864 C.

[2] Bapenonyno A. KpuTepuu kauecTBa 0OCNyKMBaHWA NacCaxmMpoB. MaTtepuarnbl cemmnHapa
«[Mpobnembl NepeBO30K HaCeNeHWA NACCakMPCKMM TDAHCMOPTOM B KPYMHbIX ropoaax». M.,
1991.

[3] lMpaeanH H.B., Herpeit B.A. lNporHo3npoBaHue naccaxmpckmnx notokos. M.: TpaHcnopT, 1980. -
222 c.

[4] Mporpamma OpraHm3zaumm ObbearHeHHbIX Haumii no okpy»katoller cpee. [iBaauatb cefbmoe
CoBelaHne CTOpoH MOHpeanbCckoro MPOTOKOSIa MO BeLWeCTBaMm, PaspyLLatownMm 030HOBbIN
cnown [lyban, ObbeanHeHHble Apabckue ImmpaTsl, 1-5 HOAOPA 2015 ropa.

[5] TocymapcTBeHHbIn cTaHaapT Poccunckom Qenepaumn «ABTOTPAHCMOPTHbIE CPEACTBA CUCTEMDI
OTOMMEHMS, BEHTUAALMW Y KOHAVLMOHUPOBaHUA. TpeboBaHusA K 3GGEeKTUBHOCTH U
6e30MacHOCTW.

[6] O6WMIM TexHNUYeCKUI pernameHT «O 6e30MacHOCTU KOHCTPYKLIUM aBTOTPAaHCNOPTHbBIX COeACTB
MO YCNOBUWAM 3KCMyaTaummy.

[7] DIRECTIVE 2006/40/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 17 May 2006
relating to emissions from air-conditioning systems in motor vehicles and amending Council
Directive 70/156/EEC.

Cekuns 2 «OCOBEHHOCTW KOHCTPYKLIMN N SKCITYATALIAN
ABTOTPAHCHOPTHbIX CPEACTB B YCJTOBUAX CYXOTO N XAPKOTO KITIUMMATA
PECTTYBJINKA Y3BEKNCTAH»

Ob O4HOM METOLE AEMMNOWNPOBAHWE JUHAMWNYECKUX HATPY30K B
TPAHCMUNCCUNN KOJTECHBIX MALLNH B YCJTOBUNAX SKCTIUTYATALWN

LT Anmmyxamesnos 4.7.4, rpogeccop, C.O.Hapsunes accuctent, THIICIAL, r.TawkenT.

AHHOTaUuA

I_IpeﬂﬂaraeTCﬂ HOBbI METOA U yCTpOI7ICTBO rateHnAa AMHAMUYECKNX Harpy3ok B TRDAHCMNCCMIN KOJeCHbIX MallH B
YCNOBUAX sKCMyaTaumn.

Knoqesble c10Ba: TpaHCMICCHE, MOAES b, AEMIPED, SPHERTHUBHOCT.

CnocobHOCTb amMopTU3MPOBaTh M AeMNOUPOBaTb KonebaHWA Harpysky, TONYKM U yAapbl B
TPaHCMUCCKMU  MOOUABHBIX MalWWH ABMAETCA BaXHOW 3ajayeit pelleHwe KOTOPOW NPMBOAUT K
yBeNMuUeHuio pecypca eé€ y3nos 1 getanen [1].

OB6bIYHO [ANA YMEHbLIEHUA AVHAMWYECKMX HArpy3oK B TPaHCMUCCUMW MPUMEHSIOT pe3nHa -
MeTannueckne ynpyrme mydtbl, a Takke aemndepbl KPYTWUIbHbIX KONeOaHWM Manon »KeCcTKOCTU C
BO3MOXHOCTbIO PErynMpoBaHmAa MOMeHTa TpeHua. (RU2399812).

HepocTaTKom yKasaHHbIX AeMndepoB ABnAeTcs OOMbLION Yyron xonoctoro xofga (no 200°)
TOPCMOHA, Nepeaatoliero KpyTAWMK MOMEHT ABWraTend, B CNefCTBUM Yero yBEeNMUYMBAETCA BPEMA
Hauana ABWKEHWMA TPAHCMOPTHOrO CPeACTBa, B PEXMMAX MycKa M peBepca a Takke BO3HUKHOBEHUA
ABNEHUA YOAPHOMO MMMYbCa B KOHLIE YINa 3aKPYTKU.
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[nga ycTpaHeHvs yKa3aHHbIX HeAOCTaTKOB NpeaiaraeTca yCTPOWCTBO /1A ralleHnsa AUHAMNYECKNX
Harpy30oK B TPAHCMUCCUM TPAHCMOPTHBIX CPeACTB (pUC.1).

Puc 1. Obwwin Bug gemndepa B TPaHCMUCCUM MOBUNTbHBIX MaLLUH.

PaCCMOTpI/IM BAnAHNE NpeanoXeHHOoro yCTpOl;ICTBa Ha AVHaMW4YeCcKne CBOWCTBA TPaHCMNCCUNIN
NPV BbIHYXXOEHHbIX KonebaHmsax KpyTALWero MoOMeHTa.

[ns BbiBofa AnddGEpeHLManbHbIX YPaBHEHNI BbIHYKAEHHbBIX KONebaHW NPYMEM BYX MAaCCOBYIO
AVIHAMUYECKYI0 MOAeNb TPaHCMUCCUM (prc.2)

1

2
C
—/\/\/\— M2(
1
]
K

J2

Ml

il
Puc 2. InHammnyeckaa moaenb TPAHCMUCCUN C YNTPYTUM 3JIEMEHTOM.

[na  onpefeneHuns amnanTyfbl  KPYTWIbHBIX  KonebaHui cocTaBuM  auddepeHUmanbHblie
ypaBHeHus B Gopme ypaBHeHW JlarpaHxa 2™ poaa

i(de)_dii _%_
dt dq,” dg,

i

roe

@, -pnccmnnaTmnBHan d)yHKLI,I/Iﬂ Penes; T;--KI/IHGTI/ILIGCKaH SHepPrma CMcTtembl;

[, -noTeHUManbHasA sHepPrua cucTembl; g; - 0606LLEHHbIE KOOPAMHATDI;

M . -06061LeHHbIN KPYTALYMA MOMEHT

NoacTasumBe 3HauYeHWA NPou3BoAHbIX OT T, [T @ B ypasHeHne (1) nonyyvm:

. . . ) 1
0+ K@, =@, +w @ —¢2>=7Md(w)
1

(2)
. . . i 1
O+ Ky @, — @+ w, @, — @) :J_Mﬁ(t)

2

Mpennonoxum, 4to Ha npusefeHHylo maccy J, fgo ynpyroro snemeHta (MydTbl) B MOMEHT
TpOraHua AeicTByeT KPOMe MOCTOAHHOW COCTaBAAIOWEN KPYTALIEro MOMEHTA ABUraTeNs eauHUUHbIN
UMAYbC.
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Torpa anddepeHUvanbHble ypaBHeHVA (2) Ana He YCTaHOBMBLIMXCA KonebaHuii B CucTeme C

HauanbHbiMu ycnosrsamu @, (0) = ¢10 ,¢1(0) = ¢10 , 0,(0)=0, ,(0)=0 , nvetoT Bua:

. . . , 1
P+ K@= @)+ w (@ = Py) :J_M (t)

1 3)
¢2+K2((02_¢71)+W22(¢2 -pH=0

[Ina pelueHna ypasHeHWi (3) bbina cocTasneHa nporpamma B cpeae MATLAB SIMULINK [2].
Mo pe3ynbTaToM peleHns ypaBHeHWI Obil MOCTPoeH rpadvik 3aBUCMMOCTM  amianTyabl

konebaHun @, (t), @,(t), @,(t)(pnc3), rae kpuBaa 1 COOTBETCTBYET aMnAMTyae MOMEHTa OT

e[VHVYHOrO MMMyNbca, KpumBas 2 YrnoBbiM Aedopmaumam umnvHapa 1, KpvBas 3 yrioBbiM
nedopmaLam UmnmuHapa 2.

@ (10 fad)
05

L5 1 5 2 25 a a5 iy

Puc 3. l'paduk adpdekTnBHOCTM aemndepa.

Kak BMaHO 13 puc. 3, 3GEKTMBHOCTb [AMHAMMYECKOrO raleHna WMNYyNbCHOW HarpysKku
coctasnset 1,5 pasa.

JlutepaTtypa

[1] 1.CO.Hapsues, W.IM.Annmyxamenos, .M. Xnkmatos, A A AXMefoB. YCTPOMCTBO AN1A ralleHuns
AVHAMUYECKMX Harpy30K B TPAHCMUCCUM TPAHCMOPTHbIX MaLwnH. UZ AP 05524

[2] 2.S.Eshkabilov, KAhlin. MATLAB Applications for Mechanical Engineering Students. Stockholm-
2010. US-AB/ 344 p.

BIMAHWE MONEBBIX YC/TOBUM HA OBUMXEHUE KOMBAMHOB MPU YBOPKE
MACITNYHBIX KYJIbTYP

A.T.H. ActaHarkynos K/, — TMVIVIMCX, goktopaHT O.LL.Ogmngnes — UMICX, r.1alkeHT, Y36eKkncTaH.
AHHOTaUMA

B cTatbe npviBeAeHbl Pe3ynbTaTbl TEOPETNHECKMNX nccnegoBaHW no onpeneneHno Harpyskmn Ha xogoByto YaCTb A
conpoTmBneHna OBNXeHWIO KombalHa npw y6op|<e MaCJTMYHbBIX KyNbTyP B 3aBUCMMOCT OT MVIKpOpeJ’Ibed)a nyrna
HaKJIOHa MONA, CBONCTB MOYBLI, @ TaKKe OT CTENEHN 3anoSTHEHNA 3€PHOBOIo 6yHKepa.

KroyeBsle cioBa: rnose, HEPABHOMEPHOCTb, KOMOAVIH, Macca, Mac/imyHele KVJIbTYPbI, COMPOTUBIIEHNE [BHKEHNIO.

MacnunuHble KynbTypbl B Y36ekuCTaHe BbipallunBatotca 6onee uem Ha 120 ThiC. ra nnowaau. M3 Hux
COA BbIPALLMBAETCA Kak OCHOBHAA Tak M MOBTOPHaA KynbTypa Ha bonee yem Ha 30 ThiC. ra nnoulaaw, a
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nofconHeyHvK bonblie yem 20 ThiC. ra. Ha ocTanbHbIX naoLwagax BblpallMNBaeTCA cad)nop B OCHOBHOM Ha
6orapr|x 3eMnAx.

OAHUM 13 BaXHbIX 1 OTBETCTBEHHbIX MEPUOAOB B MPOU3BOACTBE MAC/MYHBIX KYbTYD ABMAAETCS
ybOpKa, KOTOpYl0 HEeOOXOAMMO CBOEBPEMEHHO W KAauyeCTBEHHO OCYLLEeCTBUTL. V3-3a 6naronpuATHbIX
MOroAHbIX YCNIOBWA B pecrnybnnke MacinyHble KynbTypbl youpaloTcs oaHOMa3HbiM CMNocoboM C
MOMOLLBIO 38PHOYOOPOUHbIX KOMOAMHOB.

Bo Bpemsa yOOpKM Ha KauyeCTBO TEXHOMOMMYECKOro rnpoLjecca paboTbl KOMOaHa BAVAIOT psAj
$aKkTOpOB, B TOM UWcCiie 1 MoMeBble YCNIOBUA, KOTOpPble HEeraTMBHO BAMAIOT Ha MokasaTenun paboThl
yOOPOUHbIX MaLLnH [1].

Ecnu con n cadnop yomnpatotca 3epHOYyOOPOUHBIM KOMOAMHOM OCHALLIEHHbBIM 3€PHOBOM »KaTKOM,
TO NpK yOOPKe NOACONHEUYHMKA OMKHbBI MPUMEHATLCA CNeLanbHble Uy NepeobopyA0BaHHbIE XaTKM.
Ha cerogHAwHUA fAeHb B pecnybnvike SKCMyaTUPYTCA pPasfinuHble MapKM 3epHOYOOPOYHbIX
KombarHoB npowm3soacTea komnaHu CLAAS (Dominator-130, Mega-240, Tucano-430), New-Holland
(TC-5060), Case (Case-2366, Case-5580), Poctcenbmau ([oH-1500, loH-BekTop) 1 apyrue.

KpaTKaﬂ TEXHNYECKaA XapakTepncTrka KombanHoB npveedeHa B HM>K€CJ'I€L],>/POLLl€I7I Tabnuue.

TEXHUYECKAA XaPaKTEPUCTIKA 3EPHOYOOPOYHEIX KOMOAHOB

n/ | HaumeHoBaHume Mapka kombaitHa
H nokasaTtenew Dominator-130 New-Holland TC- | Case-2366
5060
1. Mapka 1 WwrpnHa 3axeara C420 Hbto-Xon-nana 1010
MaTKW, M (4,27 m) 4,5 m) (4,57-7,62 M)
2. TN MONOTUNKM HapabaH H6apabaH POTOP
3. O6beM 3epHOBOTrO ByHKepa, 11 3200 5200 5110
4, [suratens Catterpillar 3056E | NEF 6- 6-LUNAVMHAOPOBLIN C
LUNAVMHAOPOBLIN C TypboHaaayBOM
TypOOHaaayBOM
5. MouHocTb (EWG 80/1296), 97 (132) 132 (180) 171 (230)
KBT (n.C.)
6. MowbHocTb no (ECER 24), kBT | 92 (125) 125 (170) 160 (215)
(nc)
7. Obbem baka ana roptodero, n | 200 300 350
8. Macca kombaliHa, Kr 7830 9600 9880

Bo Bpems paboTbl KoMbGalHbl C OAHOBPEMEHHbBIM OCYLIECTBAEHMEM TEXHOMOMMYECKOrO NpoLiecca
HaxXOLATCA B NMOCTOAHHOWN B3aUMOAENCTBUM C MOYBOW, UMEIOLLEN HEPABHOMEPHYIO MOBEPXHOCTb 13-3a
HanMumsa NONUBHbIX 6opo3a rNybuHom 12-16 cm. MoaToMy Npr YOOPKe 38PHOBBIX 1 MACINUHbIX KYNbTYP
Harpyska, Kotopas NPUXOAMTCA Ha XOA0BYI0 YaCTb KOMOaMHa CyLIECTBEHHO MEHAETCA B 3aBUCUMOCTM OT
penbeda 1 yrna HaknoHa Noss, CBOMCTB MOYBbI, @ Takke OT CTerneHU 3aN0fHeHNs 3epHOBOro OyHKepa.

MpW TakWx YCNOBUAX BO BpemMs [BWKEHWA MO Moo KOMOaH [OMKeH COOTBETCTBOBATH
TpeboBaHVAM TArOBbIX MOKa3aTenel, NPy 3TOM XOA0BaA YaCTb He JOMKHA TePATb CLEMHbIX KauecTs C
MOYBOW.

Bo Bpems ABMKEHMA Ha KOMOalH eMCTBYIOT CyMMa HXKeCneayoLmx cun [2]

P. =P +P +P +P (1)

0oy 603 1

rae P.— ConpoTVBREHWE KPYUYEH IO KONECa; Fa— CONPOTUBIEHUE ABVKEHWIO BAOSb CKIIOHA; A, —
CONPOTUBNEHNE CUN UHEPLUNWY; Faps — COMPOTUBNEHME BO3AYXA.

Bo BpemMA pa6OTbI KombalHa ¢ YHETOM YBESTNHEHNA HAlPY3KM Ha XOOOBYO YaCTb, CONPOTMBNEHNE
KPy4eHUIo KoJieCa HaxOoAMM 13 BblpaxeHnA

PK = fmp(m;c +m3)gcosar (2)
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rae  f; — KO3OOUUMEHT TpeHus Mpu  KpyyeHwn Koneca; /M, — MacCa KombaiiHa;
M~ Macca 3epHa B byHkepe; & — yron HaknoHa nons.

COﬂpOTl/IBﬂeHl/le OBUVXKEHNIO BAOJIb CKMOHa MOJ1A HaXO4WM W3 Bblpa>K€Hl/|ﬂ
P, =(m +m)gsina, 3)

Ecnv oBukeHne kombaliHa nponcxognT BBeEpPX MO CKIAOHY TO COMpOoTuBAeHME OBVMXEHWIO
YBENNYMBAETCA, a eCi ABKKeHME NPONCXOANT BHM3 MO CKAOHY TO faHHaA Cha HaO60pOT nomoraet
OBVMKEHWIO.

Haxoaum conpoTmeneHne cnne nHepunn Bo BpemMAa ABUNMKEHNA

V

£, (4)
t

P, = A(m, +m,)

rae A —Ko3GGULMEHT YUMTBIBAIOLLMI BPALLAKLMECA YaCTL; Vi — CKOPOCTb [BUXEHMA KOMbaHa.

V . y
COOTHOLLEHWE —£ ABNAETCA BEUYMHOWN U3MEHEHNS YCKOPEHWA OBUXEHNA KombaliHa.
t

Haxoaum con poTmneneHmne Bo3ayxa

P, =kpF(V,

803

V), (5)

ek  —KO3QOUUMEHT  COMPOTUBAEHMA  BO3AYX3; P -  TNNOTHOCTb  BO3MYyXa;
F— nnouanb CONPOTMBEHU KOMOaHa; Vaps — CKOPOCTb BO3AyXa.

C yyeTom BbipaxkeHUi (2) — (5) Haxoaum oblijee CONPOTUBIIEHME [IBUKEHWIO KOMOaHa

-V), (6)

03

Poﬁw:(mK +m,)gl f cosaisina+/1KKt +kpF(V,
g

13 paHHOro BbIpaxxeHna BUAHO, YTO YeM OoJblie 3amonHaeTca ByHKep kKombaiHa Tem Gonblie
YBENMYMBAETCA Harpyska, MpUXOAAWAscs Ha XOAOBYI0 4aCTb. DTO B CBOK Ovepefb YBeNMuMBaeT
CONPOTUBNEHMNE OBUKEHNIO KOMOAHa.

Ecnv yuecTb uto 06bem byHkepa Ana 3epHa KombariHa Dominator-130 coctoenaet 3200 1, To npu
MOSTHOM 3aMNOfIHEHUM 3TO AAET JOMONHUTENbHYIO HArpy3Ky 2,5 T, KOTOpad NPUXOAMTCA Ha KOMOanH. A
npv TMOMHOM 3anofiHeHuu GyHKepos KombanHoB New-Holland TC-5060 u  Case-2366 patoT
[OMONHUTESbHYIO Harpy3Ky COOTBETCTBEHHO 3,9 TN 3,8 T.

3 sTOrO CnepyeT uto, OOMONHUTENbHAA HArPy3Kka, KOTOPaA MPUXOAUTCA Ha XOAO0BYIO YaCTb Npu
MOMHOM 3aMoHEHNN 3epHOBOrO ByHKepa Ans kombarHa Dominator -130 yBennumneaetca Ha 1,31 pasa,
ansa kombarHa TC-5060 1,38 pa3a, ans kombarHa Case-2366 1,38 pa3a.

Mcnonb3oBaHHasA N NTEPATYpPa

[1] 1. Astanakulov K.D., Ochildiev O. Scientific-technical solution of the sunflower harvesting in
condition of Uzbekistan // International Forum-2017. Tashkent, 2017. — p. 245-249.

[2] 2.Tycbkos B.B. OnTumanbHble napameTpbl CeNbCKOXO3AMCTBEHHbIX TPAKTOPOB. — MOCKBa:
MalmHacTpoeHue, 1966. — 195 c.

NCNONb3OBAHWE CIMNPTOB B KAYECTBE JOBABKN K ABTOMOBWJIbHbIM BEH3MHAM

Axmagxaros P.H, Cugnkos @.LU, YcmarHos MM, conckarenm (TawkeHTCKkud MHCTUTYT 10 MPOEKTUPOBAHMIO, CTPOUTENLCTBY 1
SKCIIIYaTaLmM aBTOMOOMIIBHBIX JOPOT)

AHHOTaUMA

Cratba NOCBALEHa aKTyallbHbIM |'|po6nelv\aM 3aMeHbl CTaHAAPTHBIX MOTOPHbIX TOMINB 3KONTIOMNYeCKN YNCTbIMIK
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anbTePHATUBHBIMM TOMIMBAM — KOMMO3MLMOHHBIX TOMJINB, COCTOALLMX 13 OEH3MHOB 1 CMMPTOB.
Knouessie cnoBa: berH3unH, crivpr, 3¢up, 6yTaHos.

\cnonb3oBaHe KOMMO3ULMOHHOMO TOMIMBA, COCTOALLEro 13 6a30Boro 6eH3nHa 1 4obaBoK 13
CNVPTOB 1 3GMPOB CBA3AHO, MPEXKe BCEro, CO CTPEMIIEHMEM YUeHbIX 1 CMeUnanincToB Mo 3amelleHno
CTaHAAPTHBIX MOTOPHBIX TOMMB SKONOMMUYECKN YNCTbIMM anbTePHATUBHBIMU TOMVBAMM.

PaHee BbIMOMHEHHbIE PAOOTHI MO WCMOMNb30BaAHWMIO CMMPTOB, SOUPOB B KayecTBE MOTOPHOMO
TOM/IMBA WAN €ro 3aMeHUTeNA, Npexae BCero, bbiin HanpasneHbl Ha YydlleHe aHTUAETOHALMOHHbIX
CBOWCTB BbINYCKaeMbIX aBTO6EH31HOB [1-7].

B HacToAuwee xe BpemMA OCHOBHble WMCCefoBaHWA B 3TOM 06nacT BKOYAIOT BOMPOCHI
MakKCMaJibHOIo 3aMelleHnA OEeH3MHOB TOMAMBAMM, CNHTE3NPOBAHHBIMA 13 PaA3JTMYHbBIX CMNUPTOB U
3CI)l/IpOB C ynyyleHHbIMWN SHEPTO-3KOJTOTNYECKUMIK 1 IKCMTYaTaUMOHHBIMW MOKa3aTenAaMu.

O6bluHO paspabaTbiBaemble KOMMO3MUMOHHbBIE MOTOPHble TOMMBa (6EH3MHOCMMPTOBbIE WK
6eH3VHOCMMPTO3OUPOBLIE)  MOABEPraloTCA  WCMBITAHMAM  Ha  COOTBETCTBUE  DU3NKO-XUMNYECKUM
noKasaTenaM COrMacHoO TpeboBaHWAM COOTBETCTBYIOUIEN HOPMATUBHOM AOKymeHTauuu. [lanee
NPOBOAMINCE CTEHOOBbLIE UCTBbITAHNA ABUTaTeNA [1A ONpefeNieHna ero COOTBETCTBYIOWMX NOKa3aTesen
N XapaKTepUCTuK [2].

[nsa npuaaHnsa KOMNNEKCHOTO XapaKTepa BbIMOMHAEMbIX HACTOALLMX UCCNEA0BAHNI OHW YCIIOBHO
pa3feneHsl Ha creaytollve 3Tanbi:

1 a71an — nabopaTopHble UCCNenoBaHWs, NpefHazHauYeHHble ANA OLEHKU GU3NKO-XMMUYECKIMX
nokasaTenemn;

2 3Tan — CTeHOOBble WCMbITaHKWA, npeAHasHaueHHble ANnd onpefeneHna sHepreTnyeckux,
SKONOTNYeCKMX 1 Apyrnx nokasaresnen SHepreTnyeckmnx yCTaHOBOK, pa6OTaPOLLJ,l/IX Ha KOMMO3NLNOHHbIX
TOMMBaXx, Bbl6paHHbIX no pe3ybTaTaM NepBOro 3tara NCCnenoBaHny;

3 3Tan — MNOMIUIOHHbIE WCMbITAHWA, npeaHa3HadeHHble 41 MoJlyYeHWAa TAroBO-CKOPOCTHbBIX WU
TOMNMBHO-3KONOTMYECKUX  MOKa3aTenem TPaHCMOPTHOIO  CpeAcTBa, B UendaxX noATBepxaeHnA
NONYYEHHbIX PE3YNIbTAaTOB CTEHAOBbIX NCMbITaHUIA,

4 31an - SKCM1yaTalMOHHbIEe UCTIbITaHWA, NpedHa3Ha4YeHHble ANnAa yCTaHOBIeHWA ocobeHHocTeln
NCMNOMb30BaHMA allbTEPHATUBHOIO TOM/IMBa B YCOIOBMAX 3KCMlyaTaunK, OUEHKW €ero BJIMAHKA Ha
HaAeXHOCTb TexXHUKK, YCTaHOBNEHWA BO3MOXHbIX N3MEHEHUI B nepnoanyHoOCTmM ”n B obbeme
BbINMOJTHAEMbIX TEXHUYECKNX O6CJ'Iy>KI/IBaHI/II7I.

JlaboparopHsie _nccnenosarng. K nabopaTopHbIM MCCNeloBaHMAM MO onpefeneHuio GUsmnKo-
XUMMYECKUX CBOMCTB OblN MOATOTOBMEHBI KOMMO3ULMOHHbIE TOMMBa Ha 6aze 6eHsmHos AN-80 n AW-
91 ¢ copepxaHnem metaHona (1, 3, 5, 7, 10, 15, 20, 25, 30%), 6ytarona (5, 10, 15, 20, 25, 30%) u
metunayetata (5, 10, 15 9%) npu KX pa3nnyHbIX COOTHOLWEHWAX B COCTaBe MOJSYYaeMOro OMbITHOMO
MOTOPHOTO TOMMBA.

OpHako K nonHomy obbemy fabopaToOpHbIX WCCNEeAOoBaHWUI MO onpeaeneHuio  GU3mnKo-
XUMMYECKNX CBOMCTB MOJYUYEHHbBIX KOMMO3MLUMOHHbBIX TOMIVB Obli AOMYLLEHbI TOMIbKO Te, KOTopble
BblAEPKanu TpeboBaHNA CTabUIbHOCTY MNONYYEHHON TOMMBHON CMECU, KOPPO3MOHHOM aKTUBHOCTM (B
NabopaTopHbIX YCNOBMAX), 0OPa30OBaHMA OCTAaTKOB U OKUCIUTESNbHBLIX 0OPa30oBaHMN Ha pPaboumx
NOBEPXHOCTAX BEH3MHOBbIX MHXEKTOPOB 1 APYrMX YacTei CUCTEMbI MATAHWA fBUraTens.

B Ta6J'II/ILI,e 1 npnBOAATCA CpPpaBHUTE/IbHbIE TMOKa3aTe/iM MOTOPHbLIX TOMNMB, OTBeYalolmne
YKa3aHHbIM TpE6OBaHI/IF|M W oonyuleHHble K aieaytowemy 3tany — CTeHAO0BbIM NCMbITaHUAM.

Tabnuya 1.

[Tokazaren 6eH3umHa n KOMIO3NLNOHHBIX TOM/TNB

beH3nH beH3nH beHsnH AN-914+5%
Ne | HanmeHOBaHWe nokasaTenem AN-91 AN-91+5% meTaHona u 6yTtaHona, %
Hopma MeTaHon 10 |20 [30
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[leToHauUMOHHaA CTOMKOCTb,

1 | OKTaHOBOE YMCSIO MO MOTOPHOMY | 82 83,2 84,5 85,3 85,7
cnocoby, He MeHee

o | Maccosas koHUeHTpaUMA CBiHua, | g ;3 0,016 00018 | 0,0019 | 0,002
rHa 7 g0 6eH3nHa, He 6onee

3 | OpaKUMOHHbBIV COCTaB:
— TemnepaTypa Havana
neperoHku 6eH3mHa, °C, He BbllLe
NeTHero 35
3IMHEro HEe HOPM. 47 48 49 49
— 10 % 6eH3nHa neperoHseTca
npu Temnepatype, C, He Bbllue
NeTHero 75
31IMHEro 55 54 53 51 49
— 50 % 6eH3nHa neperoHseTca
npu Temnepatype, C, He Bbllue
NEeTHero 120
31IMHEro 105 104 102 100 98
- 90 % 6eH3nHa NneperoHseTca
npu Temnepatype, C, He Bbllue
NeTHero 190
31IMHEro 160 141 148 150 155
— KOHel K1neHua bersurHa, G He
BbilLE
NEeTHero 215
31IMHEro 195 177 175 178 181
—~0CTaToK B KOMOe, % He bonee 1,5 1,2 1,3 14 1,4
—OCTaTOK 1 notepu, % He bonee 4,0 3,0 30 3,0 3,0
[laBneHve HacbllWEeHHbIX NapoB,

4
«lla (mm pr.cT), He Bonee
nNeTHero 66,7 (500) 49,1 52 53 54
3UMHEro 93,3 (700)
KoHueHTpaums GakTUueckmnx

5 | cmon, mrHa 100 ca? 6eH3nHa, He 5,0 2,0 2,5 3,0 3,0
bonee

g | VIHAYKUMOHHEIM Neprop, 600 1138 1050 | 1040 | 1050
MUH, He MeHee

7 | Maccosas fons cepbl, % He 6onee | 0,10 0,018 0,016 0,014 0,012

CneplyeT OTMETUTD, YTO COCTaB KOMMO3ULMOHHOIO TOMMBA, COCTOAWEro 13 5% metaHona u 20%

ByTaHoMa orpaHnyeH 13-3a Temnepatypbl KuneHus 50% TonMBa C Liefblo obecneyeHns 1 ynydlleHus
JNHAMNYECKMX KaueCTB ABMraTens (Bpems pasroHa aBToMoouss).

Ha puc. 1 npuBogaTca KpuBble pasroHa ©6a30Boro  6GeH3nHa

KOMMNO3MUMOHHOIO TOMJ1MBa.
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Bemann AM-01;

————— Bemma AF-91+5M+20Bb.

0 20 10 60 80 % 06, 100
V, —

Puc. 1. OpakuMOHHBI coCTaB (TemnepaTypbl MeperoHkn) 6eH3nHa 1 KOMMNO3ULMOHHOMO TOMMNBA

CreHnoBele _ucrpiraHys. K CTeH0BbIM  UCCNeAOoBaHUAM [IOMYCKaNUCh, MNpexne BCEro, Te
KOMMNO3MUMOHHble TOMMMBA, KOTopble Mmenn Tpebyemyio aHTUAETOHALIMOHHYO CTOMKOCTb, CTabUAbHYO
CMeCb COCTaBNALLMX KOMMOHEHTOB, He 0Opa3ytoLLe OKUCIUTENbHbIE HaneTbl (OTNOXKeHMA) Ha pPaboumx
MOBEPXHOCTAX UHXEKTOPOB W APYrVX YacTel (31eMeHTOB) CUCTeMbI MUTaHKA.

Ha puc. 2 nprBOAMTCA BHELIHAA CKOPOCTHAA XapakTepucTuka asuratens A15VF aBTomobuns
NEXIA DOHC, paboTatollero Ha 6a3oBom 6eH3vHe AM-91 1 Ha KOMMO3ULMOHHOM TOMMBE, COCTOALLEM
13 6eH3unHa A-91 ¢ copeprkaHmem 5% meTaHona n 20% OyTaHona.

16— 90
Kae-M ne
X AU-II;
14— 80 | g

O~ = =0 AH-91+5% M+20% B, /\

—26
K2/y

2/.cu T

—{10
Gr

1000 2000 3000 4000 5000 i 6000
i

Puc. 2. BHelHAA CKOPOCTHan XapakTepuctuka asuratena A15VF, paboTatollero Ha beH3nHe AU-
91 1 KOMNO3MLMOHHOM TOMNMBE
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Kak noka3sblBatoT MosyyeHHble pe3ynbTaThbl, MOLLHOCTb 1 TOMIMBHAA SKOHOMUYHOCTbL [1BUraTeNs Ha
KOMMO3MUMOHHOM TOMMMBE C cofepxaHnem 5% meTaHona 1 20% OyTaHona NpakTMyeckn UaeHTUYHDI,
Kak Ha beH3nHe AlA-91.

[onNnroHHble MCAbITaHMA npoOBOAMIINCE Ha WCMbITaTe/IbHbIX AOPOrax tOXxHoro (HCKGHTCKOFO)
MOJINTOHa N OCHOBbLIBAJINCb Ha paapa60TaHHb|e anAa 3tnx ueﬂe|7| NPOrpamMmmbl 1 METOONKN.

O606LLeHHbIE pe3ynbTaTbl AaHHbIX UCMbITaHUI NPYBEAEHDI B TabnuLe 2.

Tabnuia 2.
Ob6006111eHHbIE PE3YIIbTATE! TOSIMTOHHBIX UCTIbITaHV asTomobunes MATIZ 1 NEXIA
Bpemsa pa3roHa MakcmnmanbHasa CKopocTb, | Pacxop Tonnmea npu
100 km/d, € KM/ 90 km/y, 11/100 km
= = =
O O o
T T T
5 5 5
Ne | ABTOMOOWMNb < = N
v = v = v <
o™ m m
< S < g 3 e g
g S = 3 S = 5 S =
O 2 = O 2 = O 2 =
< e z £ T e
1 MATIZ4AT1 2917 28,57 114,33 113,27 5,92 5,96
2 | NEXIA 1,5 SOHC 19,75 20,25 1494 1473 6,34 6,39

MpoBeaeHHble IKCMAyaTaUMOHHbIe UCMBbITAHWA PA3NUYHbIX aBTOMOOUAEN Ha KOMMO3MLIMOHHDBIX
Tonnueax 3...5% cofepxaHnem MeTaHoa BbIABMIM CiefytoLme 0COBEHHOCTH:

— Gonee yCKOpeHHbIl;I BbIXO[ 13 CTPOA PE3NHOTEXHNYECKNX [eTanemn cUcTeMbl MUTaHWA;

— 3acopeHue GUNbTPOB, TPYOOMNPOBOAOB PA3MYHLIMK  MPOMAYKTAMY, CMbIBaeMbIMU  C
MOBEPXHOCTEN TONNMBHOrO 6aka, GUNbTPOB, TPYOONPOBOACE;

—  3aTPYAHEHHbII 3aMyCK XONOAHOMO ABMraTENs NPU MOHMKEHHbIX TEMMEPATYPax OKPYKatoLlen
cpeqbl;

— HEKOTOpOe yBe/inyeHne pacxoda TonanBa;

HeKOTOpOe OTpULATENbHOE BO3AENCTBME HA OOCYKMBAIOLWMIM NepCoHar.
3aknyeHue

TaknM 0b6pa3oM, MOXHO CaenaTb BbIBOM, UYTO CMMPTHI, Kak 400aBKM K BeH3MHaM, obecnednBatoT
ynydlleHve 3KCMAyaTauMOHHBIX MOKasaTenen MnoyyaeMblX KOMMO3WULUMOHHBIX Toname. Hawnbonee
OMNTVMasbHbIM ABASETCA MCMOMb30BAHWE KOMMO3MUMOHHOIO TOMAMBa C A0OaBKOM K OeH3uHy 5%
meTaHona 1 209% GyTaHoNa, Tak Kak NPy JaHHOW KOHLEHTPAaLMM MOLLHOCTb 1 TOMIMBHAA SKOHOMUYHOCTb
ABUraTens NpakTuyecKkn MAeHTUYHbI GEH3UHOBOMY ABUTATENIO.
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PACIMBITNTEND C MEPOOPVPOBAHHbBIM TYPBYTU3ATOPOM AJTA BEHTUITATOPHbIX
OMPbICKUBATENEN

WA Almpberos, X IMprcos, TaluKeHTCKII MHCTUTYT MHXEHEDOB UPPUTaLINN 1M MEXAHN3ALMM CETLCKOrO XO3AMCTBA

AHHOTaUMA

B cTaTbe TEOPUTUMUECKME PACKPBITEI OCHOBHBIE KOHCTPYKTWBHBIE HEAOCTATKM CYLIECTBYIOLIMX XIOMKOBbIX
pacnbinTenei, aaeTca YCTPOMCTBO M NPUHUMN PaboThl U 3GGEKTUBHOCTL NPEANaraemMoro rMmapaBIvyeckoro
PacnbIANTENS CO CMeHHbIM NepPGOPUPOBAHHBIM TYPOYIM3aTOPOM.

Kroyessble c10B8a: OlPbICKNBATESTb, PACTIBIINTESIb, SHEPINA PACTIbIIEHA, KOﬂbL/E’Oﬁ,Oa"_?/—/OE’ COrvio, ¢5/{ €J1 Pacriblia, ,0550‘-/8}7
XKUAKOCTB, 7]/,06)//7///357 T0p, OCHOBHOWI 1 JIOKaJTIbHOV [TOTOK BO3/yXa, MOHOAUCTIEPCHBIE Karliu.

MaTeHTHbI MOWCK, NUTePaTYPbHbIN 0630p TEXHWYECKMX CPeACTB AWCMEePrnpoBaHUa paboumx
XNOKOCTEN B arponpOMbILLIEHHOM KOMMIeKCe MoKasanu, YTo B arpapHOM CeKTope MHOIMX CTpaH
NPVIMEHSIOTCA Pa3HOOOPa3Hble KOHCTPYKUMW TMAPaBAUYeCcKUX pacnbinutenei. OgHako M3BeCTHble
PACMbIINTENN  UMEIOT  BBICOKYKD 3SHEProemMKOCTb  PachblIMBaHWA, CIAOXHb WM METaNOEMKN MO
KOHCTPYKTVBHBIM MCMOMHeHMAM [1-3].

TexHnueckan HedpOEKTUBHOCTL MCMOMb3yeMbIX XKUAKWUX CPeACTB Xxumm3aumm (nedonvaHTos 1
[eCNKAHTOB) MPOUCXOANTH W3-3a He OAHOPOAHOCTU (MOHOAUCMEPCHOCTH) GOPMUPYEMBIX Kanesb. B
COBPEMEHHbBIX ~ OTeYeCTBEHHbIX  X/IOMKOBbLIX — OMpbICKMBaTENAX Mapknm  OBX-600 wan  VP-1IB
AncneprmpoBaHmne (Apobnenrs) Kanenb AOCTUIAeTCA 3a CUET UCMOMb30BaHMA KUHETUUYECKOW SHepruu
CTPyM MOABOAMMON pabouel KWUAKOCTK, BbITECHAEMOW 13 COMMOBOrO OTBEPCTUA pachbiiuTeneit u
COOCHO 06TEKAEMOrO OCHOBHOIO BO3[lyLIHOMO MOTOKA CO3/1aBAEMOrO XSIOMKOBbIMW BEHTUATOPOM.

BenvumHa yaenbHom aHeprm XUaKOCTH B HUX MOXKET ObiTb MOofACYMTaHa No cneayollen Gopmyne:
2 2 2 2
E — WJIC + W8 — ¢C.)I€PDK‘ + ¢CBPB
p
2 2 p, P

) (1

rae w,., W, - CKOPOCTb UCTEUEHWA XWAKOCTU 1 BO3AYXa, M/CEK; @, - KOSOOULMEHT CKOPOCTY;
2.
P ., P, - nepenan aasneHns »)1AKOCTV B COMIOBbIX OTBEPCTUAX PACMbIMTENs U BEHTUAATOPa, H/M%

P Py~ MNOTHOCTb XMUOKOCTY 1 BO3MYyXa.

[ns ynydweHna npouecca AUCneprnpoBaHnsa paboden XUOKOCT B XTIOMKOBBIX BEHTUIATOPHBIX
OMPbICKMBATENAX HAMW  UCMONb30BaHa AOMOMHWUTENbHAA KUHEeTMYeCKas >SHEeprus  NOKanbHOro
BO3/YLIHOrO MOTOKAa CO3[1aBaeMOro CaMum BEHTUNATOPOM. Toraa nofiHas 3Hepruis, KOTOPYI MOXHO
MCNONb30BaTh 418 MOBbILEHUA MHTEHCMBHOCTY MPOLIECCA AMCNEePrupoBaHUa NOABOAMMON paboyel
XNOKOCTW ByaeT paBHa:

E =E, +E,, )

roe E,, - 3Hepra nokanbHOro BO3AyLWHOro NoTokKa.

[ns peanu3auny 3TUX TEOPETUYECKMX NPEANONOXKEHN HaMN NPEANOKEHa HOBaA KOHCTPYKLNA
pacnbinuTens [4], rae OCHOBHbIM KOHCTPYKTUBHBIM S1EMEHTOM ABMAETCA CMEHHbIM NepdOpPnpPOBaHHbIN
Typbynu3atop.

Cxema TexHOMOrMuYeckoro npouecca AUCNeprypoBaHvs MNOABOAVMON pabouen KnaKoCTu
nokasaHa Ha puc.1.
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— —m= - BUXPEBOrO NOTOKA KWUAKOCTY;
~0 = - KaMNIeCOAEPMKALUMM NOTOK;
=== 33POANHAMNYECKMI MOTOK.

a) 0)

Puc.1. Obwmin B1A 3KCMEPUMEHTANBHOrO BEHTUASTOPHOrO onpbickuBatens OBX-600M (a): 1-
BEHTUIATOP; 2- COMMO; 3- pacnbinuTeb C NepdOPUPOBAHHBIM TypOYn3aTopoMm; 6- Cxema K CMeHHOTO
nepdopupoBaHHoro Typbynuzatopa (rae VoV: U V — oceBas, TaHreHUManbHas U pe3ynbTupyioLian
CKOPOCTN XUIKOCTY; Qx - PAcXof MOABOAMMON pabouert UAKOCTU, N/MUH; a4 — Yrof packpbiTvs
KOHYCOBWIHOrO pacluMpuTens MOTOKa XUAKOCTY; 3 — yron packpbitna dakena pacnbing; A - yron
PACKpbITUA comna TypOynmn3aTopa; ¢- yron NoBopOTa TOHKOM KMUAKOW MNEHKM B KONbLiEOOpa3HoW conne;
h- BbICOTa KOMbLIEOOPA3HOro COMMOBOro KaHana).

Mpeanaraemblii  pacnbiAuUTENb COCTOUT W3 Kopryca 1 C BbIXOAHBbIM  KOMbLEOOPasHbiM 1
PACLIMPAIOWMMCA COMMOBLIM KaHaNoM 2, LEHTPaNbHOM TpyOKM 3 C AMCKOBBbIM 3aBuxputenem 4 c
HaKMOHHbIMW KaHanamu 5 ana npoxofda paboyeit XKMAKOCTU, U KOHYCOBMAHBIM pacliMpuUTenem noToka 6
XUaKocTu. Kopnyc 1 CBepxy WMEeT pe3vHOBLIA ynnoTHUTeNb 7. KopnyC 1 ocHalleH CMEeHHbIM
nepdOpPUPOBAHHBIM KOHYCOBUAHBIM TypOynvM3aTopoM 8 C HaKNOHHBIMK KaHanamn 9 and npoxoaa
NOKANbHOMO  a3POAMHAMMYECKOTO MOTOKA. KOHYCOBWMAHBIA paclMpUTelb MNOTOKa 6 CHW3Y WMeeT
PEerynnMpoBOYHbIV Na3 10.

MpuHUMN paboTbl  pacnbiMTens C MNepdOPUPOBaHHbBIM  TypOYIM3aTOPOM  3aKTioyaeTca B
cnepytoLem.

Pabouas XMaKoCTb Mo Nonoctv b kopnyca 1 nocTynaeT B MOAOCTb AUCKOBOrO 3aBUXPUTENA 4 1
[anee TaHreHUManbHO Mo ero HakNOHHbIM KaHanam 5 NoCTyrnaeT B Kamepy 3aBuxpeHns B, 3aTem nop
AencTBrEM PaboUero AaBneHrsa Ap XUAKOCTb NEPEXOAMUT B 30HY KOJbLIEOOPA3HOrO 1 pacLmMpsaioLierocs
COM/IOBOro KaHana 2, rae nof AenCTBMEM KMHETUYECKOW SHEeprm BUXPEBOro MOTOKA MOABEpraeTcs
VHTEHCYBHOMY AVCMEPTMPOBAHMIO A0 MCXOAHbBIX Kanenb. OTHOCUTENbHO KPYMHbIE Karv B 30He Comsa
nepdOpPUPOBAHHOIO KOHYCOBUAHOIO Typbynin3aTopa 8 noasepranTcs BTOpUYHOMY ApobneHuio. anee
3TV MONUAUCIEPCHBbIE Kamv B 30HE YCTAHOBKM CMEHHOrO MepdOpMpPOBaHHOrO KOHYCOBUAHOMO
TypOynm3atopa 8 oA AeNCTBUEM NIOKabHOIO M MOLIHOMO COOCHO OBTEKaeMoro aspoANHAMNYECKOro
NOTOKOB MO[BEPralnTCa [OMNONHUTENBHOMY APOONEHNIO, TO eCTb APOONEHNI0 A0 MOHOAMUCMIEPCHBIX
pa3vMepoB ¥ Janee OHM MOA [EWCTBMEM MOLIHOTO a3pPOAMHAMMYECKOrO MOTOKa BEHTUAATOPA
OMPbLICKMBAETCA MO MOBEPXHOCTU MOCEBHbIX KynbTyp. Pe3VHOBbLIV ynnoTHUTeNnb 7/ obecneunBaeT
HaAEXHOW repMETUYHOCTN COEAVHEHVIS TUPOKOMMYHUKALIN.

KayectBo MpoTekaHWAa TEXHOMOrMYeckoro npoLecca AUCNEePrnpoBaHMa Pabouel XUOKOCTM
PErynnpyeTcsa M3meHeHem LMPWHBI KOMbLIEOOPa3HOro U pacLUMpAIoLIErocs COMIOBOro KaHana vepes
perynnpyemMblii PacLIMPUTENb MOTOKA XUAKOCTA, TaK U MyTeM M3MEHEH WA Paboyero AaBneHNns XUAKOCTH
() B TAPOKOMMYHUKALIUU.
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Takum 00pa3oM, 3a CYeT OCHalleHWA pachbliMTens CO CMeHHbIM MepdopPUPOBaHHbLIM
KOHYCOBWAHBIM ~ TypOynv3aTopoOM  AOCTUraeTcs MOBbILEHNe WHTEHCMBHOCTU  AUCTIEPTMPOBAHNSA
NOABOAVIMON MaNov NOpLMN paboyen XUaKOCTU 40 MOHOAUCTIEPCHbIX Kanesb.

Bce 3T0 B LieNIOM MOBbILLIAET TEXHNUECKOW SGPEKTUBHOCTI MCMOMb3YEMbIX PaOOUMX XKUOKOCTEN 1
3HAYMTENBHO pacluMpsaeT o6MacT UX MPUMEHEHWs U [aeT HAPOAHOMY XO3AWCTBY 3HAUMTENbHbIN
TEXHWKO — SKOHOMNYECKNI SPPeKT.
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MOBbBILEHWUE PABOTOCNOCOBHOCTU AETANNEN ABTOMOBUIIBHOIO
MALWWMHOCTPOEHNA METOZOM TEPMUYECKOWM OBPABOTKM

LM.BERIVIEB, TawkeHTckuii ITY, Y36exuctaH, e-mail-ravshan_igtisod@mail.ru

AHHOTaUMA

B cTaTbe paccMaTpuBaloTCA pesynbTaThl MPOBeAEHA LMKIMUECKOW TEPMMUYECKOM 06PpabOoTKM C LIEMbIO MOBbILLEHNS
abpa3nBHOM M3HOCOCTOMKOCTM 00paslioB W3 CTanu. [na noBblWeHna abpasvBHOM  M3HOCOCTOMKOCTM
ManonervpoBaHHbIX CTanel npeanaraeTca UMKNMyeckan TepMmmuyeckas 06paboTka npu pasfnuHbIX TemnepaTypax.
OnpepaeneHHbl ONTUManbHbINA BaPUaHT NPeBapUTeNIbHOrO LMKIMYECKOro Harpesa o Temnepatypbl 450°C ctanu
65 MoxeT obecrneunTb MoOBbilEHNE abPa3VBHOM WM3HOCOCTOMKOCTU [0 50% MO CpaBHeHeHMo C OObIUHOM
UHIOYKUMOHHOW 3aKankom.

Knroyesble cioBa: 36,053///BH5)7 U3HOCOCTOVIKOCT®, TEPMUYECKaA 06,05607'Kc7, LUKITNYECKIY Har PEB, THAYKLNOHHAA 3aKaJIKka,
MI0THOCTb AUCTIOKALINY, TBEPLOCTE, MasIo/IermpOBaHHasA Crasib.

B npoljecce aKkcnnyataumm aBTOTPAHCMOPTHBIX CPEACTB 13-3a PA3INYHOIO T1Ma M3HOCA BbIXOAMNT
13 CTPOA HGoNblIOE KONMUYECTBO AeTanei wectepeH 1 Ban-wectepeH. OT TMna 13HOCa OAHUM 13 CaMblX
pa3pyLMTeNbHbIX ABNAETCA abpa3vBHOE M3HalWMBaHMe. V13 3a abpa3nBHOro 1M3HoCa 3yObeB LiecTepeH
pacxopyeTca 6onblIoe KONMYeCTBO MeTanna AN M3roToBMEeHWA 3anacHblx feTanel. [ocKonbKy TexH1Ka
CTaHOBWTCA ©Oofee CNOXKHOW, TO uTOObI ObecneunTb ee BbICOKOIDDEKTMBHOE MCNONb30BaHMe,
Heobxoarma MoLHasA 6a3a 1A PEMOHTA 3amnyacTeln.

PaboToCcnoCOGHOCTL LiecTepeH onpeaensaeTca no [oNroBeyHoCTn 3ybbeB. OObIYHO LeCTepHM
M3roTaBAMBAOTCA W3 HU3KOYrNepoauCTon CcTann  (comepxaHve yrnepopa 0,1-0,25%), nocne
3aKNIOYMTENBHOW TEPMUYECKON 00PaboTKM - LeMEHTaLUMK, 3aKalkn U HU3KOro OTMYyCKa. YBenuueHne
CKOPOCTM LEeMEeHTaUuM JOCTUrAaeTCA MPUMEHEHMEM LEeMEHTaUMM B ra30BblX cpefdax. Ona maHHOW
TepMuueckon obpaboTKM pacxofyeTcs OOoMblioe KOMMUYeCTBO 3MEKTPO3Heprn 1 razoobpasHoro
YrNeBOAOPO/A C LieNblo MPOBEAEHUS A1s LieMeHTaLMK 3anacHbIX AeTanen wecTepeH B aBTOMOOUIBHOrO
MaLLUHOCTPOEHWMN.

B nocneayioume rofbl MHOTUMK UCCiefoBaTeNaMN ObiN MPeaoXeHbl Pa3nuyHble BapuaHThbl
TepMmumueckorn obpaboTKu fleTanu WecTepeH, BKYaloWMe MHOMOKPATHBIN Harpes 1 OxnaxaeHue, B
OCHOBHOM, BbllE TOUKM $a3oBOro NpeBpalleHns. T BapnaHTbl TepMUYeckor o6paboTKu nomyumnm
Ha3BaHWe TepMOLMKInYecKor 06paboTKM U MCMOMb30BaAINCh M1aBHbIM 00PA3oM 1A M3MeNbYeHUs
3epHa, CHATUA BHYTPEHHNX HANPAXEHWI 1 Ha STOW OCHOBE YBENUUYEHMA MPOYHOCTY U BA3KOCTM CTasu.

3HOCOCTOMKOCTb CTanen 3aBUCUT B nepByto odvepenb OT YPOBHA TBEPAOCTM W MNOTHOCTA
ONCIOKaLMIA. O,D,HOBpeMeHHO e YCTaHOBJ/IEHO, YTO WMMEKTCA pe3epBbl  AOMONHUTENIbHOIO
MOBbILWEHWUA M3HOCOCTOMKOCTI 33 CYeT MCMNOJIb30BaHNA HECTaHOaPTHbIX PEXMMOB TepMOO6pa6OTKl/I.
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CYWHOCTb  WMCMOMb30BaHMA HecTaHAAPTHbIX METOAOB TepMOOoOpaboTKM 3akltoyaeTca B CO3daHWn
6NaronpPUATHBIX COYETaHWI CTPYKTYPHBIX MapameTpoB Mpu YKe AOCTUTHYTOM MakKCMManbHOM YPOBHE
TBepnocTu. Mo gaHHbIM PaboThl [1] UMKIMYeCKas 3akanka MOXKeT CyLeCTBEHHO M3MeHATb MIIOTHOCTb
ANCNOKALMI 1 TeM CamMblM BAIATb Ha M3HOCOCTOMKOCTb W ApYrie MexaHuyeckie CBONCTRA.

TepMUUecKnA  UMKN  NpuBen K 3BOMIOUMW  HOBOW  MUKPOCTPYKTYPbI, COCTOALIENn 13
MMKDOCKOMUYECKMX  KNacTepoB UM CYOMUKPOCKOMMYECKMX COEpOUAOB LEeMeHTUTa B  maTpuLe
MapTeHCKTa nocne Tpex LNKIoB TepMoobpaboTku [2].

B HacTosuen paboTe AenaeTcA MombiTKa MOBLICUTb abPa3MBHYI0 WM3HOCOCTOMKOCTb CTaneln,
paboTatolyx B YCNOBMAX abPa3MBHOIO M3HOCA, LUMKANUECKOW 3aKaNKON C MHOYKUMOHHBIM Harpesom
TOKamu BbICOKOW YacToTbl (TBY). Linknnueckas 3akanka 3akmoyvaeTcs B MHOMOKPaTHOM BO3AENCTBUM Ha
MEeTansbl U CNNaBbl U3MEHEHWI TemnepaTypbl MPU HarpeBax v OXAaXKAeHUAX C Lienblo GOPMMPOBaHMS
CTPYKTYpPbl 1 NOyYeHUs HEOOXOAMMBIX MEXAaHUUYECKMX CBOUCTB.

MaTepmanbl N MeTOoAMKa NCccnegoBaHui

[na nonyuyeHvs npenBapuUTENbHbIX AaHHBIX MCNONb3oBany obpasubl cTanu 650 Xumudeckui
COCTaB UCCNeayemon CTanu npveedeH B Tabn. 1. B KauecTBe KOHTPOMbHBIX MCMONb30BaIM 0Opa3Lbl
nocne obblYHOrO MHAOYKUMOHHOMO Harpesa Ao 900 °C, oxnaxaeHvie NpoBOAWAX B Macne, OTIYCK Npwu
Temnepatype 180 °C [3]. Obpa3Libl A41A MCCNefoBaHWA Harpesani Ao pasnuyHbix TemnepaTtyp: 450°, 570°,
700 °C, KonNMyeCTBo NOBTOPAEMOCTU LIMKOB JOCTUrano Ao 7 pas. Temnepatypbl Harpesa Obiv BbIOPaHb,
NCXOOs W3 CYLEeCTBYIOWMX PEXUMOB TepMoLMKanyeckon obpaboTku. locne Kaxaoro Harpesa
NPOBOOUNOCH OXNaxAeHWe Ha BO3dyXe MOA BbITSKKOM (OXMAaeMbli CNocob oxnaxaeHus npu
pa3paboTKe MPOMbILLNIEHHON TexHonoruy). ocne nocnefHero Harpeea Ao Temnepatypbl 950 °C
NpOBOAVV 3aKaKy B Macsio 1 oTnyck npu Temnepatype 180 °C. ObpasLibl menn pazmepbl 20x20X7 MM.
B uenax perncrpaunm CTpYKTYPHbIX M3MEHEHWI NMPK LUKIMPOBaHMM YacTb 0OPa3LioB 1UCCefoBanach
6e3 OKOHYaTeNbHOW 3akankv W oTnycKka. [nAa Tepmuyeckon ob6paboTKM WCMob3oBaHbl Honee
COBPEMEHHbIE YCTAHOBKM NHAYKLMOHHOrO Harpesa BYUI2-100/066 (100 kBT, 66 kI'u).

[ina obecneyeHns paBHOMEPHOrO NMPOrpeBa 06pa3LoB CKOPOCTb HArPeBa NP LINMKANPOBAHNM

orpaHnymsanacb 110-120°/C. [inA oueHku TemrnepaTypHO-BpeMeHHOro $aktopa npu NposefeHun
LMKNNYECKOW 3aKankuy K 0bpasLly npunaveanach TepmMonapa, NofcoeMHeHHasn K OblCTROAeNCTBYOLIEMY
NOTEHUWOMETPY ANA perncTpaumnm Temnepartypbi.

[InAa cpaBHEHWSA NPOW3BOACTBEHHbIX AaHHbIX BblOpaHHble 0bpa3Lbl 13 cTanu 18XIT (Tabnuua 1)
nofBeprany LeMeHTaLMy B LIaXTHbIX Meyax BMECTE C CaAKOMN 13 LecTepeH B LIEXOBbIX YCIIOBMAX 3aBOAa

AO «ArperaTHbiil 3aBody. LlemeHTaLua 3y6bes WwecTepeH Npov3BoauTca Npu Temnepatype 900-950 °C,
INNTENBbHOCTL NpoLecca okono 8-10 yacos.

JlabopaTopHble UCMbITAaHWA Ha  M3HAWKMBaHWE MPOBOAMAM MPU TPEHUWU CKOSbXEHUA O
He3akpenneHHble  abpa3nBHblE YacTMLbl KBapLla Ha ycTaHoBke 1B - 7 [4], Tak Kak B mpeablayLmx
MCCNenoBaHusaX Hamm OblNO  YCTAaHOBNEHO CXOACTBO PALOB WM3HOCOCTOMKOCTW, T.e. COXpaHeHue
KOJTMYECTBEHHbBIX COOTHOWEHM OTHOCUTESTbHBIX M3HOCOCTOMKOCTW NMPUY UCMbITaHWAX Ha yCTaHoBKe (1B -
7 N NONEBBIX UCMBITAHWUAX YMNIOTHUTENS COLIHMKA XMOMKOBOW cesanku [5]. OTHoCUTeNbHYO abpasmBHYto
N3HOCOCTOMKOCTb OMpeaensanmn CPaBHEHNEM NOTEPb MACChl KOHTPOBHOro obpasua (tTabnuua 1). o u
nocne NCnbiTaHnn 0bpa3el B3BELMBAM Ha aHannTnyeckmx secax BJ1A - 200M ¢ TouHocTbto 4o 0,1 mr,
NMOBTOPAEMOCTb OMbITOB PaBHANACH 5.

Tabmya 1
XuMUyeCcknyi COCTaB MCCIELyeMOovi CTasn

CopepxaHue anemeHTa, % Macc.
Mapka ctanu .

a Si Mn cr 7i S P
KoHTponbHbIi 0bpazew, 18XIT 0,18 0,29 1,0 0,98 0,1 0,02 0,02
650 0,68 0,25 1,15 - - 0,03 0,03

MapameTpbl CTPYKTYpbl OMPeaensM MeTofaMi CBETOBOM MUKPOCKOMWM [6], 3NeKTPOHHOW
MUKDPOCKOMWUW 1 PEHTTEeHOCTPYKTYPHOrO aHanm3a. B 4acTHOCTM COCTOSHME TOHKOW CTPYKTYpbI
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OLEHMBaNM NNOTHOCTbIO AVCAOKALMIA, ONpeaensemoi No GU3NYeCcKomn LWPNHE PEHTTEHOBCKOW IMHIN
nHTepdepeHuUnn (220) [7].

Lmknunyecknin Harpes 06pa3uLoB CTanm 650 C nocneaylolmmM OxNaxdeHWeM Ha BO3Ayxe
cnocobcTeyeT cheponamsaumm UCXOAHOM MAACTUHYATON CTPYKTypbl cTann. OCOBeHHO 4YeTKo 3Ta
KapTVHa HabntofaeTca Npw Harpese CTanu B CyokpuTuyeckorn obnacti temnepatypsl 450°, 570° 1 700 °C
(8].

YpoBeHb AedeKTHOCTV KPUCTANIMUYECKOro CTPOeHWA CTanm 65 nocne Unknmndyeckon obpaboTku
B VIHTEepBasie JOKPUTUYECKIMX TeMMepaTyp Maso 3aBUCUT OT TemnepaTypbl LIMKAMPOBAHNA 1 KONMYeCTBa
UMKNoB. TONbKO Harpes Bblle KPUTUYECKOW TemnepaTypbl Acl ¢ nocnenyloumnmM OxnakaeHuem Ha
BO3ayxe QOPMUPOBANM  MeHEee  PaBHOBECHYIO  CTPYKTYPY U MOBbIWEHHYO — AedeKTHOCTb
KPUCTanIM4eckoro CTpoeHus.

HecKonbKo MHble pe3ynbTaTbl MMET MeCTO MpW NPOBEAEHWNN OKOHYATENbHON MHAYKLUMOHHOM
3aKanky 1 Hy3koro otnycka. Obpa3ubl Nocne PasnyHbIX BAPUAHTOB TEPMMUECKO 00paboTKu UMenin
OAVHAKOBYIO MUKPOCTPYKTYPY, BENMUMHY 3epHa 1 TBepAoCTb (59-60 HRC), oTnumne MMenoch B ypoBHe
AedeKTHOCTI KPUCTANNYECKOro cTpoeHns (puc.1 a).

M3 prc. 1 a MOXHO OBHAPYXUTb HEKOTOPbIE MPEenMYyLLECTBA MPW MPOBEAEHNN 2-X-5 LIMKIOB NpK
450 °C. Mpu apyrvix TemnepaTtypax npeasapuTenbHoOM UMKIMYeckon obpaboTki ypoBeHb AepeKTHOCTH
KpUCTanIM4eckoro CTpoeHWs NonyyaeTca nMbo HuKe, MMbo 3TOT 3hdeKT He cTabuneH (Hanpvmep, npu
550°1 700 °C).

Habniogaemble addektbl M3 puc.l. MOXHO OObACHWTL  CO3AaHMeM  YCIIOBWMI  Ans
MMKPOMNACTUYeCKon AedopMalMM M3-3a MHTEHCUBHBIX TemnaocMeH. Hanmune BTOpon ¢dasbl Takke
CNOCOBCTBYET MUKPOMIACTUYECKOW AedOopMaLny 13-33 PasNuMuvs TeEPMUUECKOro paclumpeHna ¢as.
Takum 06pa3oM, NPOUCXOAUT Pa3BUTME AWUCIOKALMOHHOW CTPYKTYPbl, @ MOBbILWEHHaA TemrnepaTypa
BefleT K MOMAUrOHM3aumn. TONUroHM3aUMOHHas CTPYKTYPa, XOTA W He MMeeT BbICOKMI YPOBEHb
nedeKTHOCTN KPUCTaNIMYeCKoro CTpoeHus, obnagaeT BbICOKOM TepmMuyecKom CTabunbHOCTbIO. [pu
MOBTOPHOM HarpeBe, Bbllle TOYKM (Ha30BOro npeBpalleHns, MOAUIOHM3OBaHHbIE  CTPYKTYPbI
obecneyrBatoT co3faHvie CTPYKTYP C BbICOKOM MAOTHOCTBIO ANCIOKALMIA.

Mpu umknuyeckon obpaboTke npu TemnepaTypax 6onee 450 °C MHTEHCMBHO MPOXOAMUT
PEKPUCTANIM3ALUMA U NONUTOHANBHBIX CTPYKTYP He obpasyeTca. OfHaKo MHAYKUMOHHAA 3aKanka nocne
npenBapuTensHoOM LMKNnYeckor obpaboTki npu 450 °C He AaeT CylecTBEHHOro PocTa MioTHOCTH
ANCNOKALUI MO CPABHEHMIO C OObIYHON MHAYKLMOHHOW 3akankoi. MMpu ogHOM ypoBHE TBepAOCTU
pasHMLUa GU3NUYECKON LUMPUHDBI PEHTIEHOBCKOWM NMHMK (220) nocTuraeT 5-10-3 paa. (puc. 1 a). Pe3ynbTtaThl
NCMbITAaHNIA Ha W3HaWWBaHWE COMMacyloTca C AaHHBIMU MUKPO- U CyOMMKPOUCCNEeA0BaHNA 0Opa3LIoB.
37O OTNMYMe U CKaszanoCb MPW UCMBbITAaHMAX Ha abpa3viBHOE M3HAWMBAHWE He3aKpenaéHHOro
abpa3neHoro matepuana (puc.1 6).
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Puc.1. 3aBUCMMOCTM M3MEHEHMA YPOBHA AePEKTHOCTU KPUCTANIMYECKOro CTPoeH A (Gr3nyeckom
WWPVHBI PEHTTEHOBCKON NuHUKM 220) (a) U abpa3nBHOro n3Hoca (6) ctann 65 mocne UMKNUYeCcKowm
00paboTKM NMPU PazNMUHbIX TeMnepaTypax U KONMUECTBaxX Mocieaylolnx UHIYKUMOHHBIX HarpeBoB.
Tepmumyecknin pexmm: 1- Harpes 450 °C, 2- Harpes 570 °C, 3- Harpes 700 °C, 3akanka n otnyck 180 °C.

Liknnueckan Tepmmnueckan obpaboTka ctanu 65 MoxeT co3faTb CTPYKTYpy C 6onee BbICOKUM
YPOBHEM MAOTHOCTM [AedeKTOB KPUCTaNIMUYecKoro cTpoeHusd. OnTuUmanbHbiM BapuaHTOM ciefyeT
CYUTATb PEXMM, BKIIOUAIOLWMI NpeaBapuTeNibHOe LMKNMPOBaHKe ¢ Harpesom 450 °C (puc. 1).

MUKPOCTPYKTYPHbBIA aHan13 nokasas, YTo Bce 0bpasLibl MMeNn MapTeEHCUTHYIO CTPYKTYpPY (ans
cTanu 18XIT B cepAueBMHe Habnoganucb Y4aCTHUKM HUKHero 6eiHuTa). Tak Kak Mpu BbICOKOM
TBEPAOCTU /1A COXPaHEHWSA HEOOXOANMOrO YPOBHA BA3KOCTM TpebyeTca Mefkoe ayCTeHUTHOE 3ePHO,
OHO onpeaenanoch NyTem Tpaenenua B cooteetcTamm ¢ [OCT 5639-65.

KoHTponbHbI 0bpa3sel) (CTanb 18XIT) umen cpenHuit anameTp ayCTeHUTHOTO 3epHa d,= 0,02736
- 0,03315 MM, uTO CcooTBeTCTBYET 7-8 bannam 3epHa no FOCT. Ctanb 65 Nocne oNTMMaNbHOTO PEXMMA
LUMKNIMYECKOW 3aKanKkn nMena no cepauesvHe dp,= 0,055, uTo COOTBETCTBYET 5-6 Gannam, a BeplivHa
3y6a dp=0,0927-0,0729 MM, 4TO paBHO 4-5 Hannam 1 COOTBETCTBYET Havany neperpesa.

MuKpoaHanm3 © uv3MepeHua TBEPAOCTM TMOKA3bIBAKOT, YTO HAWYULIYD W3HOCOCTOMKOCTb,
COOTBETCTBYIOLLYIO Havbonee BbICOKOW TBEPAOCTM U MIOTHOCTU AWMCAOKAUMK, UMelT obpasbl C
ONTUMAaSbHbIM PEXUMOM LIMKIMYECKOW 3aKaku 13 ctanu 651 [8].

BoiBOAbI

Liknnueckan Tepmunueckan obpaboTka cTanv 65 MoXeT co3faTb CTPYKTYpY C Oomnee BbICOKMM
YPOBHEM MAOTHOCTM [AedeKTOB KPUCTaIMUYecKoro ctpoeHusd. OnTuUmanbHbiM BapuaHTOM ciefyeT
CUNTaTb PEXMM, BKIIOUAOLLUI NPeABaPUTENbHOE LIMKAMPOBAHWE C HarpeBOM [0 TeMmnepatypbl 450 °C.

Linknuueckas Tepmmyeckasa o0paboTka Mpu OMNTUMANbHOM pexiume ana crtanu 650 moxet
obecrneuntb MoBbllleHWEe  abpasvBHOM  M3HOCOCTOMKOCTM  oKono  30% Mo CpaBHeHWo C
NPOW3BOACTBEHHBIMM  AaHHbIMKM  0bpa3uoB K3 ctanu 18XIT B 2 pasa Oonble abpasvBHOW
N3HOCOCTOMKOCTM CTanm nocie 0OblYHOro MHAYKLMOHHOIO Harpesa Ao TemnepaTypbl 900 °C.

BbicoKas M3HOCOCTOMKOCTb CTanu 651 nocne LMKNMUYeCcKow 3aKanku 1 HU3KOro OTMyCKa ABMAETCA
CNefcTBMEM  MaKCMManbHOrO  MCMNOMb30BaHNA BO3MOXHOCTE 3akKaneHHOW CTanu B MOBbILIEHWN
M3HOCOCTOMKOCTM (MaKCMManbHas TBePAOCTb W MOBBILEHHAsA MIOTHOCTb [edEeKTOB KPUCTaNIMYeCcKoro
CTpoeHNs).  TNPerMyLLEeCTBO TEPMOLIMKINYECKON 00PabOoTKM 3aKMoYaeTcsi B SKOHOMMM GOMbLIOTO
KOMMYeCTBa 3NEKTPO3Heprn ¥ ra3oobpasHoro yrneBoAopoaa, obecrneveHun AonroBeYHOCTU
LWecTepeH 1 Ban-LectepeH aBTOMOOUIbHOMO MALLIMHOCTPOEHME.,

JlutepaTtypa

[1] EBpokmmoB AN, 3enun M.I, KopoTkos B.A. Uunknnyeckada 3akanka ctann XBI' // MnTOM, 2002.
No9. C. 33 - 34.

92



[2] Alok Mishra, Joydeep Maity. Strukture-property correlation of AlSI 1080 steel subjected to cyclic
quenching treatment // Materials Science and Engineering A. 646 (2015) P.169 — 181.

[3] bepaves .M. MoBbllweHme abpasrBHOM M3HOCOCTOMKOCTW CTanem // TeXHNKa 1 TEXHONOr K
MaLLMHOCTpoeHus // VI mexxayHapoaHas koHdepeHuwms, r. Omck. 20 — 21 anpena 2017.C.3 - 8.

[4] Tenenbaym M.M. ConpoTtneneHune abpasmBHOMY M3HalMBaHMo — M.: MallmHocTpoeHue, 1976.
- 267 c.

[5] Myxamenos A.A., Tnuna6os b.K. MNoBbilleHVe M3HOCOCTOMKOCTM AeTanel C TBepAOCIaBHbIMM
NOKPLITUAMY TepMUyeckon obpaboTtkoit // 3BecTnsa BY3oB. YepHasa metannyprus, 2003. —
Ne12.—-C. 35-37.

[6] bataes B.A, bataes A A, AnxumoB All. MeToabl CTRYKTYPHOIO aHasvi3a MaTeprasnos u
KOHTpOSA KayecTBa getanen — M.: Hayka, 2007. — 224 c.

[7] Topenuk C.C, Ckakos tO.A,, PacTopryes J1.H. PeHTreHorpaduyeckmnin 1 31eKTpOHHOO-
onTuyeckni aHanmus — M.: MUCKC, 1994. - 328 c.

[8] bepanes .M. lccnenoBaHve napaMeTpoB CTRYKTYPbI MPK Pa3NnYHbIX BapyiaHTax
LMKnmyeckom 3akanku // BectHuk Tawl TY, 2018. — N22. C. 98-102.

Y3BEKCKMI NEFTKOBOWM ABTOMOBWITb "SANQO".
0o@.CM.Kagupos, npog.O.CKoguposa (TUICIAL, TawkeHT, Y36exmcTar)

AHHOTaUMA

Pa3paboTka KOHCTPYKUMK Ky30Ba NErKOBOrO aBTOMOOUA NPeACTaBsaeT 60mbLUyio HayuHyto npobnemy. K Balemy
BHMMAHWIO NpeanaraeTcs NaTeHTOCNOCOOHas KOHCTPYKLMA Ky30Ba y36eKCKoro nerkosoro astomobuna «CAHO»
Ha 6a3e JlaceTTn, c obbemom asuratena 1,8 n. 1 aBTOMATUYECKOW KOPOOKOW.

KnroyeBble C/10Ba: 1erKOBOV aBTOMOOM/Ib, KOHC, TRYKUYNA, KY308, 06TeKaEMOCTS, 65M/76’p5, KPbL/1bA, Kariorbl, 4BEPU.

HasHayeHue. 3aABneHo XyOOXEeCTBEHHO - KOHCTPYKTOPCKOE pelleHne BHeuwHero Bhia
y36er<cr<oro NErkoBoro aBTomMooMNA, npeaHasHa4YeHHOoOro ana uHAnBMAYyanbHOrO Mob30BaHNA B
Ka4yecCTBe TPaHCMOPTHOro cpeacTsa And ropoackmx )/CJ’IOBI/IVI.

XapaktepucTuka Onuxaiwero aHanora: V3BecTeH MNpPOMbIWNEHHBIM obpasel NerkoBoro
asTomobunu «CAHO» (MateHT N2 331 oT 13.06.1997 r. MKIO 12-08) a Takxe aBTOMOOWUM NPON3BOACTBA
X1 M Y36eKmcTaH.

Xy,D,O>KeCTB€HHO-KOHCprKTOpCKOG peweHne 3T7T0ro aBTOMOOUNSA XapPaKTepn3yeTca TaknMK
OCHOBHbIMW MPU3HaAKaMW KaK .

—  KanneobpazHol GOPMOW 1 apXUTEKTYPOW BCEro Ky30Ba 1 IBEPEN ;
—  HaK/OHHOW BNepes BePXHEN NIOCKOCTbIO KarnoTa :

—  TpaneuveBNaHbIM 1060BbIM CTEKIIOM :

—  Hanuuuem peLleTKn OrpaxkaeHus paamnatopa ,

—  HanMuMeM ABHO BblpaxKeHHbIX Gamnepos:

Llenblo  co3gaHMsi  OaHHOTO  MPOMBIWJIEHHOrO  Obpasua  ABMAeTCA  JOCTUXKEeHMe
A3POAVNHAMMYHOCT GOPMbI 1 BbIPAXKEHWE COBPEMEHHON TeHAEHUWUN VHAMBMAYaNU3aLmMy BHeWHero
obnrKka aBTomobunA.

MepeueHb poTorpaduin n rpadpuyecknx MaTepmranos:

MpOoMbILINEHHbI 0bpa3eL UNMoCTPUPYETCA CneayiowMmn GoTorpaduaMm 1 YepTeKamu:
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®oto 3. Bup cnepeau
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Puc. 3. Bupg csagm
OcHoBHbIMK dopMOObPasyoWLUMA dnemMeHTamm aBTomobmna "SANO" anatoTca (cm. puc.1.):

- nepeaHNiA KanoT, - NT060BOE CTEKIO, - Kpbilla Ky30Ba, - 3a[jHee T060BOe CTEKNO, - 3aAHNIA KanoT,
- 33[HVN Bamnep, — KOMeco, - CTOMKa Ky30Ba, - NMepefHuii 1 3afjHWIA  ABepu, - nepeaHee Kpbio, -
nepegHuit bamnep, - 3a4Hee Kpbiso.

CyLLl,HOCTb 3aABMEHHOrO peweHnAa C No3nUnn Xyao>KeCTBEHHOIO KOHCTPYUPOBAHMUA.

Obuiee KOMNO3ULIMOHHOE pelleHne Ky30Ba aBTOMObMAA. B 0OCHOBe KOTOPOro NeXNT pa3BumTas,
00BbeMHO-MPOCTPAHCTBEHHAA CTPYKTypa: MOCTPOeHa Ha wuiee CO3[aHWA LeNbHOrO NIaKOHWYHOMO

COBpemMeHHOro obpasza Ky30Ba, 00nafalollero BbICOKMMM  a3POAMHAMUYECKIMIA  CBOMCTBAMM.
KanneobpasHas ¢dopma obOpasyeTcd 3a CuyeT MIaBHOMO, BbIKYMIO-HapacTalollero  obbema,
NOAYEPKHYTOrO 3MIMNCOBUAHBIM KOHTYPOM Mpoema A1 ABepen, pUcyHkom dap, M3ALLHO M30rHYyTOM
NIMHWEN KanoTa, eCTeCTBEHHO MEePEXOAALLelr B OBaflbHO BbIMYKIYIO KPbIWy Ky30Ba. XYAOXECTBEHHO -
KOHCTPYKTOPCKasa NpopaboTka Gopmbl aBTOMOOMNA MMEET TPAAWLMOHHYIO HAKNOHHYIO BNEpPEs - BHU3
BEPXHIO MNOCKOCTb KamnoTa, TpaneumeBnaHbli KOHTYP N0O0BOr0 CTeKMa, CYKaoLUACA K BepXy OT
cpeaHel NMMHUU PUCYHKa NonepeyHoro Npodus Ky3osa.

OpuUrMHanbHOCTb, T.e. CylWeCcTBEeHHble MPW3HaKK, OOyCnaBnMBatoLLMe TBORYECKU XapaKTep
3CTETUYECKMX OCODEHHOCTel aBTOMOOMNA, BblpaxeHa B ero obulen KoHuenuuu, OCHOBAaHHOMW Ha
CO30aHUM BHelHero obnvka C NoAYepPKHYTOW MNacTMKOM SNEMEHTOB, XapaKTepHOW CemeicTBy
KOLLaubWX B eCTEeCTBEHHON Npupode. ITO BM3yalbHO AOCTUraeTcs B 0OLeM BUAe cnepean, bnarogaps,
B OCHOBHOM HeOOblUHOW Qopme dap - Y3KOMy HEMHOTO packocomy "paspesy rnas’, pagvanbHO
PACXOAALEMCH OT TOPW3OHTANIbHOTO BBITAHYTOW, GUIYPHON GOPMBI PAAMATOPa, B3METHYBLUIMMCA K
nepefHemy CTeKNy BEPXHUX NUHWI M1a3 U CTPEMUTENbHO NETALIUX OT HUX FOPU30HTANMbIO - OOKOBbIX
MHWIA. ITa MMaBHas BOrHYTOCTb GOPM, OPUTMHANBHAA HIOAHCMPOBKA, MPUAAET BHelWHemy BUAaY
aBTOMOOUNA BNEeYaTNIeHUst CXOXECTUN C HEKUM arpeCcCUBHbIM, HO 31€raHTHO ObICTPbIM 3BEPEM. CYLLIECTBOM
1 CEMENCTBA KOLLIAYbMX.

CoOTBETCTBME 3aMIBNIEHHOMO XYAOXECTBEHHO - KOHCTPYKTOPCKOrO pelleHus aBTomMobuns
TPebOBaHUAM TEXHUUECKOM 3SCTETUKU. 3asBNEHHOE XYAOKECTBEHHO-KOHCTPYKTOPCKOE pelieHune
BHEWHero Buga aBTOMOOUNA 00MafaeT XyAoXeCTBEHHO-MHOOPMALVIOHHON  BbIPA3WUTENbHOCTBIO,
OTpaXkaeT onpefeneHHble B3rNAAbl  OOWeCTBA, YPOBEHb Pa3BUTUA MNPOM3BOACTBA, CTPYKTYPY
CNOXKMBLUMXCA NOTPEOHOCTEN.

PelueHue aBnaeTcs Pe3yNnbTaTOM He TOMbKO NHXEHEPHOIO NPOEKTUPOBAHWA, a

CBUAETENbCTBYET O TBOPYECKOM Moaxode K GopMoobpa3oBaHuio, T.e. OHO - OPUrMHaNbHO,
COBPEMEHHO 1 COOTBETCTBYET YCIIOBHO - BPEMEHHOMY 3TanoHy, MOAE, ABMSETCA BblpasnTenem cambix
NOCNeHMX, CBEXMX TeHAEHLMI B GOPMOODBPA30BaHNN.

OpraHn3oBaHHOCTb OOBEMHO - MPOCTPAHCTBEHHOW CTPYKTYpbl 06ecneynBaeT MakCcMmasibHoe
cooTBeTCTBUE  DOPMbI  QYHKLIMOHANBHOW  CyLWIHOCTM  aBToMobuns.  Llenecoobpa3HocTb  pelueHus

96



OTpaxaeT BHYTPEHHIOK NIOTMKY CTO CTPOEHUA, COOTBETCTBYET KOHCTPYKTOPCKOWM CXemMe, pasmelieHno
y3ne B 1 610KOB B KOPMycCe, NpaBUIbHOCTY MCMOMb30BaHNA BHYTPEHHErO MPOCTPaHCTBa, obbema.

JcTeTMueckan  BbIPa3UTENbHOCTb — 00eCneunBaeTCcA  YPABHOBELIEHHOCTBIO  KOMMO3ULMK,
COPa3MepHOCTbO, MPOMOPUMOHANBHOCTBIO, MAACcTUUYeCKol NpopaboTKon GOpMbl B LIEIOM ¥
MNACTUUECKOW HI0AHCUPOBKOW S1EMEHTOB.

DProHOMWYHOCTb, T.e. YenoBeuveckuin GakTop B OYHKLMOHMPOBAHUM CUCTEMBI «YENOBEK-
MallVHa»' 0becrneyrBaeT COOTBETCTBME aBTOMOOUA aHTPOMOMETPUYECKNM, GU3MONOTMUECKM 1
NCUXONOrMYECKIM ero CBOMCTBaM, YA0OCTBO AENCTBUIA, SCTETUYECKIN MPUATHA.

Mpeanaraemblii MPOMBbILLNEHHBIN 06pa3eL] MOXKeT ObiTb MHOTOKPATHO NMPoV3BefieH KOHBeNepHOM
COOPKOW, HO OHa MOXeT ObiTb 3aMeHeHa VHAMBUAYaNbHON CTanenbHoOM Npw WTYYHOM M3roTOBIEHUM
asTomobunsa “SANO”.

COBOKYMHOCTb CyLLeCTBEHHbIX MPU3HAKOB, ABNAIOWMNNCA ObLLen C HanKanwmm aHanorom:

—  Hahn4yme OCHOBHbIX d)opMoo6pa3y+ommx SIEMEHTOB M X B3aMMHOE pPacCnofioKeHne: KanoT,
Kpbllla KYy30Ba, BaraxkHWK, NoboBOe CTeKNo, 3afdHee CTeKso, 6aMnepa, HokoBble asepu:
OorpaxaeHne paanaTopa,

—  [ByX 0ObemMHoe pellieHne 3aKpbIToro Ky3osa Tuna "CefaH" ¢ GOKOBLIMU 1BEPHBIMIA MPOEMAMU U
ABEePAMY;

— HaK/OHHOEe Brepef - BHW3 PELIEHWS BEpPXHeN MNOCKOCTM KanoTa: TpaneumesuaHas Gopma
N1000BOroO CTEKNA;

—  pelleHvie orpaxaeHna paamaTopa B BUAE PELIETKM, CY>KaoWanaca K Bepxy OT CpefHen NVHUN
dopma nonepeyHoro Npoduna Ky3oea;

—  Hanm4ue 4-x XOgoBbIX KONeC;
— nepefHue NIOHXePOHbl ANA yCTaHoBKYM Asuratena v KM,
OTAnYMTENbHbIE NPU3HAKK:

—  KanneobpasHbli CuyaT obllero obbemMHO - MPOCTPAHCTBEHHOTO pelleHVs ANs NMPUAaHus
ABTOMOOWITIO MOBbILLIEHHbIX a3POANHAMUYECKIX KaueCTs;

—  COBMeLlleHHoe pacnonoxeHuns dap 1 nepegHero bamnepa:

— nponopunoHalbHOE COOTHOWEHKWA BbICOTHOIO pa3Mepa BaraxkHMKa (3HauuUTeNbHO OONbLIErO)
OTHOCUTENbHO HOCOBOTO (ABMraTeNbHOro) OTCEKa;

—  OBaNbHO - BbITAHYTasA dopma dap;
—  durypHas popma 1 penbedHan AekopaTrBHaa NPopaboTKa PeLleTKM PaamnaTopa;

—  NN1AaCTUYECKM MATKOE OUYepTaHMe Ky30Ba C MPUMEHEHUEM PALMYCHBIX OKPYTIEHUIA B COMPAXKEHNAX
naHenew;

—  Hanuuue penbedHblX, PaananbHO PacXodaLMXCA OT peleTkn paguatopa GopmMoobpasyoLmx
NHNI,

— Halmyme NpoAOoAbHOIO XKXeCTKOro ayieMeHTa Ha CTBOPKax uBepeM 1 BOKOBbIX CTEHKAX KY30Bag;

— YBe/MYEHHaA WNPpWHa Cpe,ﬂ,HelZ (o BbICOTE) YacTw Ky30Ba OTHOCUTENIbHO WWPWHbI MNOMa W
MNOTOJIKa,

—  aBTOKOJ/NaKM C 3aMKOM 19 KoJeg;
Jlntepatypa:
[1] TlateHT N2 331 ot 13.06.1997 1
[2] Chevrolet /DAEWOQO Lacetti. i3patenscteo TpeTuit Pum, Mocksa, 2014 T.
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[3] Chevrolet Aveo. PykoBoACTBO MO 3KCMIyaTaLmWm, TEXHNUYECKOMY OOCTYKMBAHWNIO 1 PEMOHTY.
(XeTubek ¢ 2008 1, CepaH ¢ 2006 r). MNMorpebHor C.H.. Auyk A.A, KanyctvH A.B M3gatensctso
TpeTtuint Pum. Mocksa, 2013 T.

OMPOKNABIBAHWE CINI NPWU SKCMNYATAUUN ABTOTPAHCIOPTA HA TASOMOTOPHOM
TOMNWBE

Kaprios Anercesi bopucosuny — accucteHT PIY Hedtu v rasa (HNY) umern UM. [ybkuKa, r. Mocksa, Poccua
Mewyepur Mrops Buktoposuy — gupexktop MYl razomoropHoe Tormso, r. Mocksa, Poccua

AHHOTaUMA

PaboTa nocealleHa obcyxaeHNo NpobnemMbl CTpaTudMKaLmmM CRUKEHHOro NpupoaHoro rasa (CMIN B 6akax npw
3KCMyaTauumM  aBTOTPAHCTMOPTHLIX CPefcTB Ha rasomotopHom Tomnvee (TMT). [okasaHo, uto cnepyet
KOHTPONMpOoBaTb NnoTHOCTb CII B Oake Ha OOpPTY aBTOMOOUNS 1 MpeAnpUHUMATh MepBI, CHUKaIoL|Me CTemneHb
pyCKa.

Kroyesbie cioBa; OlPOKVIAbIBAHME, i, TEMVIONPUTORU, Fa30MOTOPHOE TOIVINBO

lcnonb3oBaHWe CRMXKEHHOTO MPUPOAHOrO rasa B KauecTBe MOTOPHOrO TOMMBA MMEET pAf
NPenNMyLLecTs No CPaBHEHWIO C KOMMPUMMPOBAHHBIM NMPUPOLAHBIM Fa30M, K OCHOBHbLIM M3 KOTOPbIX
OTHOCATCA CledyloLymne: 3anac Xofa TPAHCMOPTHLIX CPeacTs, paboTaowmx Ha CIT, B 2-3 pa3a BbllUe;
bonbwan creneHb cxatna CMNI no3BonaeT yMeHbLWNTb 0OLLYI0 MacCy ra3o0anioHHOro 0bopyaoBaHvA B
3 - 4 pa3a; NpM MacwTabHOM NPOW3BOACTBE YAeNbHble KanMUTanoBAOXKEHNA U CebeCcToMMOCTb
nponssoacTea CII Ha 20 - 30% Huke no cpasHeHumto ¢ KMNT. B HacToAwee BpemaA NPakTMUeCKn BO BCeX
nepefoBblX CTpaHax pa3pabaTbiBAlOTCA [BUraTeNn, B KOTOPbIX B KauyecTBe roptoyero Oyaer
MCNonb30BaTbca MeTaH [1]. Ponb CII B kayecTBe MOTOPHOIO TOM/IMBA NMOCTOAHHO BO3PACTAeT, OAHAKO
ans npumerenuna CMNI B aBMraTensx BHyTPEHHEro cropaHna HeobXoAnMO MosyyaTb MPOAYKT BbICOKOMO
KauecTsa [2,3].

Pa3paboTka 1 BHeOpeHWe HOBbIX 0OPa3LIOB ra30MOTOPHOW TEXHWNKM, Pa3BUTME ra303anpaBoyHON
N CePBUCHOW MHGPACTPYKTYPbl MMEIOT O6OMbLIOE COLMANbHO-IKOHOMMYECKOE 3HaUeHMe AN Pa3BUTUA
OTAENbHBIX PEMMOHOB, OCOOEHHO ANA KPYMHbBIX FOPOACKMUX arfioMepaLmnii, a Takke CO3AaI0T YCOBUA AN
YCTOMUMBOCTM TPAHCMOPTHOM CUCTEMbBI M OKa3aHWA KAUYeCTBEHHbIX W KOHKYPEHTOCMOCOOHbBIX
TPAHCMOPTHbBIX YCYT.

Huskaa Temnepatypa kunenus CII He no3gonAeT obecneunTb ero XpaHeHwe Ha ©OopTy
TPAHCMOPTHBIX CPpeacTB 6e3 noTepb. JaHHbIV B FroploYero ABASETCA CMeChbio MeTaHa 1 apyrux bonee
TAXKENbIX YINeBOAOPOMAOB, MIOTHOCTb U TemMnepaTypa KUMEHUA KOTOPOW 3aBUCUT OT KOHLEHTpauum
BXOOAWMX B Hee cocTaBnawmx. B npouecce xpaHerua CIIT npomcxoauT M3MeHeHne ero CocCTaBa,
MAOTHOCTU 1 TeMMNepaTypbl KUMEHWs 3a CYET UCNapeHus bofee Nerkoro KOMMOoHeHTa - meTaHa. [laHHble
GaKTOPbI MNPV MOMONMHEHNM eMKOCTU, UMEeIoLLel OCTaTKM Tonnvea, Hosow nopumei CII, ¢ NAOTHOCTbIO 1
TemnepaTtypom, OTANYAIOWIENCA OT aHANOMMYHbBIX MAaPaMETPOB B OCTaTKe TOMMBA, MOTYT NPUBOANTL K
ctpatndukaumn CINI s 6ake ¢ 06pa3oBaHVeM MAKPOCTIOEB TOMMBA C PA3IUYHOW MAOTHOCTbIO.

TepMmuH «onpokuabiBaHue» (0T rollover) OTHOCKTCA K MpoLeccy, Npu KOTOPOM B eMKOCTAX AfA
xpaHerus CINI obpasyeTca 6oMblioe KONMUYEeCTBO ra3a B TeueHue KOPOTKOro nepuoaa BpemeHn. SGdekT
OMPOKMBbIBAHNA NMPUBOANUT K BO3HMKHOBEHMIO M3OBITOYHOTO AaBNeHUA B pe3epByape AnA XPaHeHUs
CII, ecnn He NPUHATLI COOTBETCTBYIOLIVE MEPbI ANA NPEA0TBPALLEHNA YKA3aHHOTO ABNEHNA.

B 6akax aBTomoOunel Ha CIMI BO3MOXKHO Hanuume ABYX YCTOMUMBBLIX CIOEB MAM obnactel,
KOTOpble 00pa3yioTCa, Kak NpaBMno, B pe3ynbTaTe HEMOAHOro cmewmrBanma CMI pa3HOW NAOTHOCTU —
CBEXEro W OCTaTKa B EMKOCTW. BHYTpW C1OA NNOTHOCTb XKMAKOCTW OAMHAKOBA, HO MAOTHOCTb XKNOKOCTM
B HXKHEM Cloe 6aka 6onblie NNOTHOCTM KUAKOCTU B BEPXHEM CII0€.

B 1O e BpemA HKHWI Cow NpPOoAOTXKaeT NporpeBartbCA BIEOCTBME MPUTOKa TerJia, HO He
MOXET NCMNapPATbCA N3-3a TMAPOCTATNYECKOTO AaBNeHNA BEPXHETO CJTOA. Poct TeMnepatypbl BCneacrsne
HarpeBaHnAa ymMeHbllaeT MNOTHOCTb HUMXKHEro CJ10A. XoTa Ha rpaHnue pasfena CNOEB BO3MOKHO
HeKOoTOopOe nepemMelinBaHne, OHO MMHUMalbHO.
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B panbHelwem m3-3a NMPUTOKa Ten/la K eMKOCTH (4TO OCOBEHHO BaXKHO npwn sKCnyataunn
aBTomMobunsa Ha ClMIM B YCNOBUAX XKaPKOTo Kn1marta), Tenno- u MaccoobmeHa Mexay CnoaMn N NCrnapeHna
KUOKOCTM  C  MOBEPXHOCTKM, TIOTHOCTb  CJIOEB  BbIPaBHMBAETCA MyTeM  CaMOMpOn3BOJSIbHOIO
nepemMmelinBaHnA.

Takoe camonpoun3BObHOE NepemeLlBaHne Ha3biBaeTCA ONPOKNIbIBAHME, N €CTN, KaK 3TO YacTo
ObIBAET, }KMIKOCTb B HUKHEW YacTu 6aKa aBTOMOOUNSA CTAHOBUTCS NMeperpeTon OTHOCUTENBHO [aBeHUs
napoBon $asbl B 6ake xpaHeHus CMI, TO ONPOKMAbIBAHWE COMPOBOMXAAETCA PE3KUM YBEIMYEHMEM
CKOPOCTW UCMApPEHNA, YTO COMPOBOXOAETCA PE3KMM BblAeNIEHMEM [a3a, Tak Kak rMapoCTaTnyeckoe
NlaBneHne Ha Nérkyio dasy ncuesaer.

B pAge cnyvaeB yKazaHHOe BblAeneHne napoB ABMAETCA OUeHb ObICTPBIM 1 MOLLHbIM. [1pK 3TOM
NoBbllWEHNe [aBNEHNA B eMKOCTM OblBaeT [OCTAaTOUHbIM, YTOObI BbI3BaTb CpabaTbiBaHMe KfanaHoB
cOpoca faBneHus.

C TouKM 3peHmsa besonacHoCTH, 3GdeKT ONPOKUALIBaHMA ANA 6akos C HeOOMbLWM OOBEMOM He
TaK CTPaLeH, Kak [Na eMKOCTe XPaHEHUA Ha 3anpaBOYHbIX CTAHLWAX, OfJHAKO pe3Koe MoBbleHKe
[aBNeHVA B CMCTEME MOXKET CKa3aTbCA Ha paboTe fABuMratens.

MNepBoHayanbHOe NPEAnoNoKeHne 3aKNoYanocs B TOM, UTO, KOr4a MAOTHOCTb BEPXHEro Clos
NpeBbIaeT MNOTHOCTb HUKHEro Cos, MPOUCXOAMT UHBepCHa (nepemelleHue) cnoes, oTcioga U
HasBaHue ponnosep (ONpPoKMAbIBaHWE). bonee nos3gHME  UCCNefoBaHWsS HE  MOATBEPAMIN
nepBoHaYanbHoOe MNPEeAnoNOKeHWe 1 MoKasaaW, 4YTo Mpu  STOM  MPOUCXOAWUT  UHTEHCUBHOE
nepemeLLnBaHie Cloes.

BO3HUKHOBEHWMIO OMPOKMABIBAHYISA, KaK MpPaBUNo, NpelecTByeT nepuof, B TeueHne KoToporo
CKOPOCTb 00Pa30BaHMs OTMAPHOO rasa 3HauYUTENbHO Hke OObIUHOW. [o3TOMy CleflyeT TulaTenbHO
KOHTPOMMPOBATb CKOPOCTb 00pa3oBaHMA OTMAPHOro rasa, uTobbl ybeamTbcsA, UTO MUAKOCTb He
akkymynmpyeT Tenno. Mpyu Nogo3peHnn Ha BO3HMKHOBEHME OMPOKMAbIBaHUA CneayeT obecrneunTb
UMPKYNALMIO KUOKOCTN B 6ake AnA CMelVBaHWA HKHETO 1 BEPXHETO CIIOEB.

OnNpoKWAbIBaHWE MOXHO MNPefoTBPATUTL C MOMOLIbI0 IQGEKTUBHOMO YyrnpaBneHUs Gakamu
xpaHeHusa CII Ha 6opTy aBTomMobunA. He cnefyeT fonyckaTb fo3anpasky asTomobuna CMI pasHbix
M3roTOBUTENEW, UMEIOWLNIA Pa3HbBI COCTaB. ECIM HEBO3MOXKHO 0becrneunTb NonHoe onyctoleHre 6aka
6e3 03anpaBKy, A0MKHO OblTb 0becneyeHo xopollee NepemellnBaHne NP 3anoHeHn EMKOCTH.

Taknum 00pa3om, Npv NOAO3PEHNM Ha PACCNIOeHNe CeflyeT KOHTPONMpPoBaTh nnotHocTb CMI B
bake Ha 6OPTYy aBTOMOOWNA, HaMpPUMep, ecv TpaHCMopTHOe cpeacTBO 3anpasneHo CII pasHbix
nsrotosuteneit. Mpu 0OHaPYKEHNM PACCIOEHNA AOMKHBI ObITb MPUHATHI MePb, CHKatoL|Me CTemneHb
PUCKa.
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INFLUENCE OF AMOUNT OF HYDROGEN CONTENT IN HCNG MIXTURES IN LIGHT-DUTY
SPARK IGNITION ENGINE EMISSION CHARACTERISTICS.
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Abstract

Global warming and the increasing concentration of pollutants in the atmosphere have reached an alarming level.
The automotive sector represents one of the main stakeholders in this scenario. The ideal method for reducing
CO,,CO, HC and NOx emissions, which is a major cause of global warming, in an internal combustion engine is to
use hydrogen as a fuel. Hydrogen offers advantages in that it possesses a fast flame propagation speed, low
ignition energy, and wide flammability range. Nowadays, internal combustion engines that are widely used as a
power source in passenger and individual transport vehicles, agricultural sector and power station. But there are
some difficulties involves with the usage of compressed natural gas in internal combustion engines, like weak lean
burn ability, ignitability, and low flame speed. The study reports the effect of different ratios of Hydrogen and
Compressed Natural Gas mixtures to the engine performance and emission parameters. Additionally, the 1D
model of the engine was obtained by means of AVL Boost software. Validation of the model and experiment result
shows good confirmation. Numerical simulation and the experimental result show that the engine the amount of
hydrogen content in dual fuels are considerably affected the brake power, thermal efficiency, and emission
content.

Keywords: Global warming, internal combustion engine, Hydrogen, Compressed Natural Gas, emission, CO, CO, HC, NOx,
performance, heat release rate, in-cylinder pressure

Introduction

Uzbekistan has estimated natural gas reserves of 1.84 cm, with the largest reserves in the Ustyurt
Region and 52 natural gas fields in Uzbekistan with 12 major deposits, including Gazli, Shurtan, Pamuk,
and Khauzak. [1] Since 2000, Uzbekistan has rapidly increased the use of compressed natural gas (CNG)
in its transportation sector as a means of mitigating high air pollution levels. Despite initial
improvements in some criteria pollutant levels, air quality has again deteriorated and encouraged
government and industry stakeholders to explore using a cleaner fuel hydrogen-compressed natural
gas (H-CNG).[2] CNG is considered the most promising alternative fuel from the environmental point of
view. Annual consumption is constantly increasing in many countries[3]. Public transportation services
normally make use of natural gas vehicles to maintain high service standards with limited effects on the
urban environment due to a low emissivity of particulate matter (PM) and gaseous pollutants.
Manufacturers have been able to fully meet the expectations of transit companies placing on the market
vehicles with engines specifically designed and manufactured to be powered by natural gas [3]. One of
the main advantages of CNG fueled vehicles (especially for high duty applications, with respect to heavy-
duty diesel engines) is undoubtedly related to the low level of PM emission, being the fuel molecules
gaseous, light and therefore easily oxidized. The presence of residual PM is generally attributed to the
presence of oil droplets in the cylinder passing through piston rings. The reduction in fuel consumption
and NOx emissions is improved when the lean-burn operation is used, making those engines
comparable with their diesel-fueled market competitors. Employing CNG as a substitute fuel is one of
the solutions that has been accepted and has spread throughout the world. CNG, whose main
constituent is methane, provides great environmental and economic advantages like lower emissions,
along with enhanced availability and efficiency. The use of natural gas in internal combustion engines
involves various difficulties like methane's ignitability, poor lean-burn capability and low flame speed [4]
Moreover, the use of natural gas could result in lower nitrogen oxides (NOx), carbon monoxide (CO), and
non-methane hydrocarbon (HC) emission levels, by using a simple after-treatment device, and it is
almost free of particulate emissions [5]

Compressed natural gas (CNG), as well as gasoline, can also be applied to Sl engines. CNG is one
of the cleanest alternative fuels and has a high research octane number (RON), which allows high
compression ratios without the risk of knocking. However, despite the advantages of CNG, this gaseous
fuel has a low volumetric efficiency because the fuel occupies a large fraction of the cylinder. Since the
lower volumetric efficiency induces the lower engine power, it is required to increase the volumetric
efficiency. [6] CNG, whose main constituent is methane, provides great environmental and economic
advantages like lower emissions, along with enhanced availability and efficiency. The use of CNG in
internal combustion engines involves various difficulties like methane's ignitability, poor lean-burn
capability and low flame speed [7] One of the most effective methods to deal with this problem is mixing
natural gas with gases such as hydrogen which has considerable high burning velocity along with low
ignition energy and well lean-burn capability. Combination of natural gas with hydrogen is expected to
improve the lean-burn characteristics and decrease the engine emissions (mainly CO2, HC, and CO), but
the possibility of increased NOx emissions is of concern [8] However, pure hydrogen has drawbacks such
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as too high adiabatic flame temperature, too low calorific value per unit volume, and pre-ignition
phenomena by contact with hot spots or residual gas due to lower ignition energy. The use of
CNG/hydrogen mixtures containing H, between 20 and 50 percent by volume offers good opportunity
to achieve the positive aspects related to the hydrogen without substantial modification of already
existing natural gas engines [9]

Moreover, considering the shortage of fossil fuels, the use of alternative resources is being
promoted to partially replace the employment of petroleum products. Among the wide range of
possible alternatives, hydrogen-enriched compressed natural gas (HCNG) and bio-methane are now
widely considered as promising fuels, in terms of availability, co-stand benefits, when employed in
internal combustion engines (ICEs). The use of hydrogen as a complement to natural gas also extends
the lean burn limit due to the extended flammability range of hydrogen. Lean burn capability reduces
the combustion temperature and NOx emission increases thermal efficiency and reduces knock
incidence, which is a serious threat to spark ignition (SI) engines safe performance[10].

The use of hydrogen as an additive to CNG can give substantial advantages. Firstly, it can make it
possible to overcome the limitations imposed on the leaning of the mixture due to the better
performance of hydrogen with respect to methane for what concerns flame propagation and
combustion kinetics. The possibilities of using hydrogenated mixtures, therefore, finds support in several
other aspects, among which:

e the opportunity of using hydrogen in ICE with no modification in engine design (for a sufficiently
low hydrogen content in the mixture);

e the reduction of pollutant emissions (especially NOx) using the leaning of the mixture and/or
adjustment of the ignition timing;

e improving the efficiency of the thermal cycle resulting in reduced energy consumption;
e improving the efficiency of the thermal cycle resulting in reduced energy consumption;
e possible utilization of CNG pipeline for mixture supply.

Adding hydrogen to natural gas is more effective in improving the performance of spark-ignition
engines and the combustion characteristics of HCNG engines are strongly dependent on the conditions
of the engine [11]. Mixing hydrogen with CNG is one of the most effective ways of handling this issue
since the burning velocity of the mixture is substantially high, the ignition energy is low, and the lean-
burn capability is satisfactory. There is a rise in interest in the research on pollutant emissions and the
performance of the hydrogen-enriched, CNG-fueled, conventional internal combustion engine. For
compressed natural gas (CNG) in Sl engines, there is an engine efficiency sacrifice at low loads and high
levels of hydrocarbon (HC) and carbon monoxide (CO) emissions which cannot be solved without using
after-treatment equipment [4]

In addition, hydrogen enrichment could increase flame speed, promote the engine power, and
decrease the exhaust pollution so that adding H. in the blend reduces the specific fuel consumption
and increases the thermal efficiency. These studies indicate that mixing hydrogen with CNG enhances
the combustion stability and reduces the hydrocarbon emissions; however, it results in the production
of more nitrogen oxides (NOx). The impact of different CNG-hydrogen blend combustions on the
combustion traits in direct- injection Sl engines has also been examined by different researchers These
studies have proposed an optimum hydrogen volumetric fraction CNG-hydrogen blend that results in
a balanced compromise in the emission and performance of the engine. It is expected that natural gas
combustion with hydrogen will enhance the lean-burn traits and reduce the engine emissions
(particularly CO, HC, and CO,); however, the main concern is the possibility of a rise in NOx emissions.
The addition of hydrogen enhances the process of combustion with the added possibility of developing
engines that have a lower environmental effect and higher performance. Hydrogen is entirely carbon-
free and can be produced with relative ease; these are characteristics that make it a good alternative
choice to conventional fuel.

The effect of increasing hydrogen to a natural gas having a high compression ratio on the
performance and emissions of a spark ignition engine. The experimental results showed that the
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maximum power was obtained with HCNG 5% and adding Hydrogen to CNG enhanced combustion
rate and extended the lean misfire limit. According to Thipse et al the benefits of hydrogen enrichment
in natural gas and explained that because of the excellent combustion properties of hydrogen fuel, ultra-
lean combustion could be achieved with an optimized hydrogen-CNG blend[12]. For instance, Xu et al.
studied the effect of hydrogen addition on engine performance and emissions fuelled by CNG and
showed that a relatively higher brake thermal efficiency can be achieved under certain fixed engine
conditions when adding more than 20% of hydrogen by volume basis. Efficiency showed a drastic
improvement based on suitable ignition timings and possible varying hydrogen fractions even under
idle operating characteristics [13]. Shudo er a/, have analyzed characteristics of combustion and
emissions in methane direct injection stratified charge engine premixed with hydrogen lean mixture.
Their results displayed the combustion system achieved a higher thermal efficiency due to higher flame
propagation velocity and lower exhaust emissions. An increase in the amount of premixed hydrogen
stabilizes the combustion to reduce HC and CO exhaust emission and increases the degree of constant
volume combustion and NOx exhaust emission. The increase in NOx emission can be maintained at a
lower level with retarded ignition timing without deteriorating the improved thermal efficiency. [ Shudo
T, Shimamura K, Nakajima Y. Combustion and emissions in a methane DI stratified charge engine with
hydrogen pre-mixing. [3-7.]. Hydrogen is entirely carbon-free and can be produced with relative ease;
these are characteristics that make it a good alternative choice to conventional fuel. But, there are some
disadvantages in using pure hydrogen, like the low calorific value per unit volume, the high adiabatic
flame temperature, and pre-ignition phenomena caused by contact with the residual gas or the hot
spots resulting from lower ignition energy.[14] The high diffusion coefficient of hydrogen enables
proper mixing of air-fuel in the cylinder. The high adiabatic flame velocity results in high brake thermal
efficiency of the engine. But hydrogen when used as the only fuel, the engine suffers from low power
outputs as the energy density of hydrogen is very low compared to gasoline. The high diffusivity of
hydrogen in the inlet manifold causes replacement of air with hydrogen, leading to lower volumetric
efficiency[15]

It has also been observed that backfiring is a major problem with the hydrogen engines. Hence it
has been suggested to use hydrogen as an additive to the hydrocarbon fuel to take the advantage of its
positive combustion properties. An improved engine performance of gasoline, ethanol, and natural gas
fueled engines upon hydrogen enrichment has been reported. Hydrogen as an additive to gasoline has
shown improved torque and IMEP of the engine at lean conditions.[16] Research conducted by Lucas
and Richards, when the engine was fuelled by hydrogen only while idling and then was run with a
constant hydrogen flow rate to which gasoline was added as the load increased. The dual fuelling
reduced fuel consumption by up to 30%. The higher thermal efficiency found was a result of the engine
being able to run at wide open throttle throughout the load range, minimizing heat losses to coolant
and pumping losses. Combustion was maintained throughout the load range due to the wide
flammability limit and high flame speed of hydrogen. As a result of the lean operation, CO emissions
were reduced due to an increase in incompleteness of combustion and NOx decreased due to a
reduction in the peak in-cylinder temperatures. \

Experimental setup and procedure
Experimental setup

The HR16DE model SI'ICE from the Nissan Qashqai vehicle (2007-2013) was used as the test
engine in the Internal Combustion Laboratory of Automobile Transport Department, VGTU. 4 cylinder
engine was used for the experimental investigations of CNG / H2 fuel mixtures. The HR16DE engine
has two separate PFl fuel injection systems: one is originally mounted by the manufacturer for petrol
injection and second is aftermarket injectors for gaseous fuel (biogas, CNG, CNG / H2) injection (Fig.1).
The engine is the atmospheric type with the throttle valve control system. Natural gas or natural
gas/hydrogen mixtures were injected into the air intake manifold and the injectors were controlled with
MoTeC M800 programmable electronic engine control unit. The engine load was generated by
Electromagnetic Eddy Current load stand AMX 200/100 where the obtained engine effective torque
M, was measured. The programmable MoTeC M800 ECU controlled A/F ratio, advanced ignition angle,

injection duration. The technical data of tested engines is presented in Table 1.

Table.1 Technical parameters of the tested engine
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Parameters Nissan
HR16DE
Number of cylinders 4
Cylinder bore [mm] 78
Piston stroke [mm] 83.6
Displacement [dm°] 1.598

Maximum engine power [kKW]

84 (at 6000 [rpm])

Maximum engine torque [Nm]

156 (at 4400 [rpm])

Compression ratio

10.7

Connecting rod [mm] 130
Number of valves per cylinder 4

Intake valves opening 336° bTDC
Intake valves closing 108° bTDC
Exhaust vales opening 156° bTDC
Exhaust valves closing 308° bTDC

Petrol = !

}.a.'a.e-qu.h»'*-u*aa--

Fig 1 Schematic of engine stand testing equipment for natural gas and hydrogen fuel mixtures

investigation: 1 — Sl engine Nissan HR16DE; 2 — engine load stand AMX 200/100; 3 - load stand

electronic control unit; 4 — equipment for registration of pressure in the cylinder LabView Real-
Time; 5 - engine electronic control unit MoTeC M800; 6 - throttle control servo-motor; 7 —
petrol injector; 8 - spark plug with integrated pressure sensor AVL ZI31; 9 - wideband oxygen

sensor Bosch LSU 4.9; 10 - crankshaft position sensor; 11 — natural gas and hydrogen fuel

mixtures cylinder at 200 bar pressure; 12 — gas mass flow meter RHEONIK RHMO015; 13 - high
pressure reducer from 200 bar to 1.5 bar; 14 — gas injector; 15 — petrol consumption metering

device AMX 212F; 16 — exhaust gas analyser OPUS 40-D; 17 — air mass flow meter Bosch HFM 5;

18 — air mass flow meter indication monitor.

Nissan HR16DE engine pollutants were measured with OPUS 40-D exhaust gas analyzer when
natural gas/hydrogen fuel mixtures were tested (Table 2.)

Table 2
Parameter OPUS 40-D
Measuring range Accuracy
CO [% vol ] 0-10 +0.02
CO,[% vol ] 0-20 +0.03
HC [ppm vol] 0-20000 +4
NO [ppm vol ] 0-500 +25
0,[% vol] 0-25% +0.1
A 0.6-1.7 +0.001

The fuel injection duration and injected mass were adjusted by lambda value during the
experimental tests with the HR16DE engine. The lambda value is calculated by a free oxygen amount in
the exhaust pipe. The oxygen was measured with wideband oxygen sensor BOSCH LSU 4.9 which gives
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a certain voltage value. A certain value of voltage is equal to a certain value of A which does not depend
on the type of fuel being used (Motec 2016)

Procedure

Experiments were done with different amounts of hydrogen in natural gas fuel: 20 9% H2, 30% H2
and 50% H2 by volume. In-cylinder pressure was traced by integrated pressure sensor AVL ZI31_Y7S in
spark during compressed natural gas and hydrogen experiments. During the experiments, the following
engine parameters were maintained electronically: crankshaft rotation speed n = 2000 rpm, 15% open
engine throttle and stoichiometric mixture A = 1. Various engine parameters like the brake specific fuel
consumption, cylinder pressure, and exhaust emissions were recorded. The analysis was based on the
averaged values of 500 cycles after the engine reached steady-state operation.

Numerical model

The numerical engine model was developed by means of AVL Boost software (Fig.2). The
construction of the 1D engine simulation model was based on its 3D geometry, which physically defines
the system's parameters. The main numerical model inputs used were: engine friction, combustion rate,
the 90% mass burned fraction, water, oil and intake air temperatures, air-fuel ratio, exhaust backpressure,
and intake manifold pressure. This software is able to simulate engine thermodynamic processes during
combustion in the cylinder. The simulation of the thermodynamic state of the cylinder is based on the
thermodynamics law (Eq.1):

M__ ﬂ/.dg_zgv dny Zd”?h Z"%h J
da BB

- pc T (E 1)
dot do da der ’
Where d(m.u) change of the internal energy in the cylinder;  — p_ a piston work ; 490
da do da
fuel heat input; > = dQW - wall heat losses;  p dm yy enthalpy flow due to blow-by; m.- mass of

da
gas in the cylinder; U- speciﬂc internal energy; p.-cylinder pressure; V' -cylinder volume; Qf—fuel

dm g,

energy; QW -wall heat loss; & -crankangle; i ,, -enthalpy of blow-by; - blow-by mass flow; dml

da
-mass of gas mixture flowing into cylinder; dme- mass of gas mixture flowing out the cylinder; ¢,,-
evaporation heat of the fuel;  f - fraction of evaporation heat from the cylinder charge; m,, -
evaporating fuel.

The sum of the in-flowing and out-flowing masses let to calculate the variation of the mass in the
cylinder (Eq.2):

del._ dm ;  dm g +dmev )

do B do do da

The cylinder volume should be equal to the sum of the volume changes and the some of the
different zone volumes must be equal to the cylinder volume.

v __dv, _dv,
dgp d¢  d¢
V,+V, =V

Where V', is the volume of cylinder occupied by burned gas; ¥, is the volume of cylinder
occupied by unburned gas mixtures
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Figure 2.Spark ignition HR16DE 4 cylinder engine numerical simulation model in AVL BOOST
environment: SB - system boundaries; MP — measuring points; J — junctions; | — port fuel
injectors, PL — plenum, R - restriction, CAT - catalytic converter, E1 — engine parameters.

Results and discussions

In order to investigate the effect of Hydrogen and Compressed Natural Gas. There CO emissions
indicate the completeness of the combustion. It can be observed from (Fig. 3) that the CO emissions
drastically reduce upon hydrogen enrichment
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Figure 3 Dependence of CO emissions on different engine loads and fuel mixtures. Tested fuels

- natural gas, natural gas / hydrogen fuel mixtures; n = 2000 rpm, A = 1

To analyze the effect of hydrogen addition and air/fuel ratio on CO, emissions, several blends of
natural gas and hydrogen were studied: compressed natural gas (CNG), and HCNG with hydrogen
fractions from 10% to 50%, with a stoichiometric air/fuel ratio. Hydrogen has a high flame propagation
speed and low ignition energy, making it possible to work with leaner mixtures than pure natural gas. A
decrease in specific CO, emissions with an increasing H, content in the fuel mixture can be attributed to
a progressive decrease in the carbon content, and also to the enhancement of the combustion process
Fig.4. The CO and CO2 emission decrease were possibly influenced by a better combustion process due
to H,additive. What is more, the H/C atom ratio in the fuel was bigger, less carbon element was present
in the gaseous fuel, and therefore less CO and CO, were formed?
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Figure 4 Dependence of CO, emissions on different engine loads and fuel mixtures. Tested fuels
- natural gas, natural gas / hydrogen fuel mixtures; n = 2000 rpm, A = 1

The hydrocarbon emission analysis gives an insight into the flame reach within the cylinder. A
major source of HC emission is the charge in the crevice volume and fuel vapors absorbed by the oil
layers which do not get burned due to flame quenching near the cylinder walls. (Fig.5) depicts the
variation of HC emissions with an increase in hydrogen concentration. It can be observed that there is a
huge reduction in the HC emissions. The high diffusivity, lower ignition energy and shorter flame
quenching distance of hydrogen initiate combustion to occur even near the cylinder wall which
provides sufficient activation energy for the hydrocarbon combustion to occur. As the oxygen and
hydrogen concentrations in the mixture increases, the reaction temperatures rise rapidly, resulting in
high engine wall temperatures. The change in slope can be due to the reduced flame quenching
distance because of the high wall temperatures.

It should be noted that the H; influence on NOx emission formation was minor with increasing Ha
amount. Fig,6 shows the variation in NOx emissions with hydrogen concentration. NOx emissions largely
depend on the availability of nitrogen from the air and the temperature of the combustion
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Figure 5 Dependence of HC emissions on different engine loads and fuel mixtures. Tested fuels
- natural gas, natural gas / hydrogen fuel mixtures; n = 2000 rpm, A = 1

. It can be noticed that there is a large increase in NO emissions with the addition of hydrogen for
all the blends of CNG. NO is highly dependent on in-cylinder temperatures, the oxygen concentration
and residence time for the reaction to take place.
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Figure 6. Dependence of NOx emissions on different engine loads and fuel mixtures. Tested
fuels - natural gas, natural gas / hydrogen fuel mixtures; n = 2000 rpm, A = 1

Combustion analysis

Thein-cylinder pressure is the most fundamental engine parameter that can be measured directly
with the help of a pressure transducer. Unlike most other parameters, it provides detailed information
about what goes on inside the cylinder while combustion is taking place. The in-cylinder pressure
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profiles as shown in Fig. 7 gives an insight into the combustion parameters of the fuel within the cylinder.
t can be noticed from the graph that the pressure curves of hydrogen-enriched blends the peak pressure
reached in the cylinder increases with the increase in the amount of hydrogen. During the expansion
stroke, it can be observed that the pressure drops suddenly for the hydrogen-enriched blends. This
nature can be attributed due to near complete combustion of the fuel. The lower ignition delay, the
higher peak pressure and lower combustion duration as observed in Fig. 7 are caused by hydrogen
enrichment. High-frequency Pressure fluctuations due to knocking of the engine were not observed in
any of the above cases.

44
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36
32
28
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Figure 7 Dependence of combustion pressure on different hydrogen and CNG mixtures.

Heat Release Rate (HRR) reflects the rate of combustion reactions taking place in the cylinder. Fig.
8 shows the HRR curves for different hydrogen concentrations. The cycle to cycle variations in the
pressure data creates large oscillations in the HRR curves. Hence the curves are averaged over 500 cycles
and smoothened to reduce oscillations and enable easy analysis. It can be seen that the reactions begin
early for the hydrogen-enriched blends compared to CNG.

ROHR, Jideg
o
&

20

4-30 25 -20 15 10 -5 0 5 10 15 20 25 30 35 40 45 50

2
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Figure 8 Dependence of combustion rate of heat release on different hydrogen and CNG
mixtures.

Conclusion

Experimental studies were carried out to investigate the effect of hydrogen enrichment on
Compressed Natural Gas Spark ignition engine operating at stoichiometric conditions. The main
conclusions are as follows:

2) Hydrogen enrichment results in a reduction of fuel consumption, with compared to pure CNG.
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3) The combustion is more complete due to the enrichment of both hydrogen and oxygen in the
mixture. As a result, high thermal efficiency and lower HC and CO emissions have been observed.

4) The in-cylinder temperature rises when the air is enriched with hydrogen. This results in high
NO emissions from the engine.

5) The maximum cycle pressure increased along with the proportion of hydrogen in the HCNG,
and leaner mixtures can be used.

6) As the hydrogen content in the mixture rises, CO, emissions drop. The decrease in CO,
emissions and the increase in power both exhibit a nonlinear variation as the hydrogen content rises,
and these phenomena are much more significant when the hydrogen content in the mixture is high.
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PISTON RINGS ANALYSIS METHOD BY MEANS OF CO-SIMULATION BETWEEN
COMPUTATIONAL FLUID DYNAMICS AND FINITE ELEMENT ANALYSIS SOFTWARE'S

Prof. Sharjpov K. A, Malikov A. K

Abstract

Reducing the fuel consumption of a combustion engine has been an important design issue. Engine friction has
to be reduced and the piston ring - cylinder liner contact is a major source of friction.[1] Tools for evaluating
different friction reduction concepts need to be developed and used properly in order to achieve an
understanding of the system. Their several wells know approaches like Reynolds differential equation in the field
of hydrodynamics, Greenwood Tripp for considering mixed friction and wear problems or in case of gas dynamics
Eweis labyrinth model have been used already. But, differently, in this paper, we have considered a new model for
determination mechanicals properties of piston ring when it operates under different engine speed and various
load cases. In the suggested model performed by Matlab software where it is a role to perform co-simulation of
the piston ring and oil between ANSYS Fluent and Abaqus software’s, where are used correspondingly for
Computational Fluid Dynamics and Finite Element analysis simulation respectively.

1. Introduction

The piston ring - cylinder liner contact has been modeled for over four decades. The piston with
rings and cylinder liner contact is a highly complex tribosystem which can be responsible for up to 50 %
of the mechanical engine friction. So far, in many cases, the piston ring assembly has been designed on
the basis of experimental values. According to Maassen et al. there is a significant part of energy spent
to overcome frictional losses during the New European Driving Cycle(NEDC).[2]. However, the increasing
performance requirements placed on this subassembly make it ever more urgent to explore the load
limits more thoroughly by means of advanced simulation techniques.

According to investigation Mohammed er a/ piston with rings are responsible for approximately
75 % of the losses, where the piston rings are responsible for more than half of those losses. Therefore
there is great potential for reduction of fuel consumption by improvement in the piston ring to cylinder
liner interface. In order to reduce these losses, the interaction between the piston ring and cylinder liner
needs to be well understood[3]. Lubrication and friction play essential roles in energy conservation[4].
Asaulyak et al have underlined the main subsystem that relative part of friction: ring-pack/liner, piston-
skirt/liner, and piston-pin/connecting-rod contacts; connecting rod and crankshaft bearings; and the
valvetrain subsystem, there are contributing about half of the total friction. The remainder

Nomenclature

U is the oil speed,

u is the dynamic viscosity

ho is the height of meatus’ section in which the pressure is maximum
h is the general section’s height.

L runner length;

o ambient pressure
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hydrodynamic pressure
the height of the output section
film thickness distribution
minimum film thickness
N net hydrodynamic force in the radial direction

the flow rate of lubricant

coordinate axis in the sliding direction

coordinate axis in the circumferential direction
of the friction comes from the crankshaft, connecting rod, camshaft bearings, and the valve train
oscillating parts. The bearings are in predominantly hydrodynamic lubrication, in contrast to the
valvetrain oscillating components, which are characterized to be mostly in the mixed/boundary
lubrication regimes([5]. According to Notay et al proper lubrication keeps them in good working order,
extends component longevity, and minimizes energy losses due to friction. Many engine durability and
reliability issues, such as excessive wear, component seizure, and catastrophic failure, are traced to
problems with inadequate lubrication of essential components[6]. Proper lubrication and low friction
are associated with engine integrity and good performance, which are attributes important to the end
user.[4]

jjmj'O

S}

<[> |O|m

The lubricant itself is a multi-constituent fluid that strongly influences the lubrication regime of
the lubricated parts. Various additives provide different functions in the oil: to maintain the temperature
sensitivity of the oil viscosity, to protect against wear through the formation of surface films, and to
reduce solid-to-solid friction by making the surfaces more slippery. In addition, other additives keep the
component surfaces clean and maintains the oil properties to within acceptable levels.[4]

Additionally, friction is a strong function of engine speed (rev/min), it varies less directly with
engine load [3]. Increasing the power output for a given sized engine at a given speed (by increasing
the bmep) is a typical strategy of reducing friction as a percentage of engine work output. There are
typical estimates of the relative magnitude of friction for common engine size and power output classes;
however, these mostly empirically based estimates [4—6] span a wide range and do not point to a simple
distribution quantitatively. According to Wong et al,, typical estimates of friction for a fired engine (diesel
or Sl) as a fraction of total fuel energy, the mechanical friction is take up roughly 4%—15% of the total
fuel energy. This general estimates reflects typical in-use engine conditions, on the aggregate over
various operating conditions, and does not apply to unique extreme conditions such as at idling and at
very light loads where most of the fuel energy is consumed to overcome friction, with no net power
output. Thermal efficiencies (work output/fuel used) of modern engines vary between 38%—50%, with
50% being a common development goal. Accordingly, mechanical friction is typically 10%—-30% of
engine power output, although it could be 100%, at idling, at the extreme.[4]

As a matter of fact, piston rings are key comp sealing, on the role of adjusting the oil, and heat
transfer, which will directly affect the engine performance and fuel economy. The gas blow-by and oil
consumption in an engine are directly related to the sealing function of the piston rings.[7]. On the other
hand, to reduce CO, emissions, great attention is paid to the fuel economy of modern cars. As a
consequence of continual downsizing coupled with the simultaneous increase in the combustion
pressure, direct injection as well as both turbocharging and supercharging, the steady improvement of
power density and thermal efficiency in modern internal combustion engines is leading to increasingly
higher mechanical and thermal stresses on engine components and resulting in a higher degree of wear
in these components. Thus, increased wear resistance within the friction contacts of the engine
components is required. In an internal combustion engine, the top ring is the part of the piston ring
package that is subjected to the most stress, as it is stressed by the highest temperatures and loads,
especially at peak pressure as well as at and around the fired top dead center. Various investigations and
studies also prove that both the friction and wear of tribologically stressed components strongly
influence the near-surface residual stress evolution[8]

Tools for evaluating different friction reduction concepts need to be developed and used properly
in order to achieve an understanding of the system. Wong et a/noticed that the reduction of all parasitic
energy losses, including friction, remains as a valuable contribution to overall efficiency improvement. A
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small gain in fuel consumption, even by 1% over existing levels, is an important achievement. The
macroscopic energy and economic savings from improved engine efficiency are huge.

Currently, there many approaches that are used to analyze piston ring interaction, one of them is
2D CFD-model by Lyubarskyy et al., which used to consider the mass-flow through the ring gaps to
calculate the inter-ring pressures and blow-by into the crankcase. The 2D CFD-model used to study the
influence of the various ring-pack design parameters on the ring friction, blow-by, and oil transport.[9].
In the research work of Mosbach et al,, calculated the stiffness curve for the actual surface measurement.
In addition, in their model, it was considered elastic deformation of the ring cross-section and motion of
the ring inside the piston ring groove which caused by inertia and friction forces. [10].

2. Numerical simulations.

Nowadays, durability is one of the most important aspects of modern engine design, along with
the pursuit of the best compromise between performance and pollution emission. The durability
improvement involves the perfect understanding of the lubrication and tribological behavior of engine
components during different operational conditions. As matter of fact, this can be done by massive
analysis, experiments and financial efforts, which must be optimized in an intelligent way. Simulation
models can be a fast and inexpensive way to do the investigations but the accuracy of such need to be
experimentally evaluated. Especially, the internal combustion engine, a significant part of all occurring
processes are coupled response of fluid and structure interaction. For this reason, it is common having
to use different software and the information transferring among them may be an actual issue.
Frequently, this operation is made manually and it may generate a loss of time and mostly it has
problems related to common type file extensions, which can be exchanged between software. Similarly
in our research, we have used two different programs: Ansys Fluent to simulate the problems related to
Computational Fluid Dynamics issue and on the other hand, Abaqus/CAE was used for the structural
simulation. As a matter of our method is based algorithm (Scheme 1) based on Matlab software, which
enables a fully automated procedure of exchange data between two different software’s. The procedure
consists of several steps. In the first step (Start the convergence cycle) we have identified the
convergence criteria for the simulation process. In other words when piston deformation or rigid body
motion due to the oil pressure so low that next simulation results will be so close to the results of the
previous simulation. In this step coordinates of all nodes were stored in the form of a matrix in Matlab
and they were compared with coordinates of previous cases.

In the second step (Import data to Matlab) we were properly importing, sorting and storing data
in form matrix and variables, depending it is type and importance. As a matter of fact outputs of both
software’s were in a file with .inp extension, where was stored information related to properties of fluid
(viscosity, velocity, density etc ), material (stiffness, sizes, density etc), boundary condition and output
results depending on software (pressure on the boundary for CFD simulation and nodal forces for FEA
simulation cases .

In the next of the algorithm, we were dealing with “Correlation matrix”. This step was one of the
most important steps, on which node on the interference (contact) between oil and piston ring was
found by filtering nodes both ANSYS Fluent and Abaqgus output files. In fact, the shape and position of
the interference line between two geometries are not constant. Due to the fact, during the operation of
piston rings, the is squeeze (rigidly mowing towards the center of the ring) and additionally is deforming
due to the oil pressure. In those cases, the oil must follow the deformed and compressed shape of the
piston.

In fact “Correlation matrix” consisted of four columns, where data coordinates of nodes (x and y)
and 1D number of the nodes which were located at the interference and properly stored in the form of
a matrix. The number of rows of the “Correlation matrix” was not constant, it was varying depending on
the number of the nodes at the boundary (interference) between oil and piston ring. It must be noticed
that this step was a very computational affordable step, as a matter of fact, each node of both geometries
was parallel passing special algorithm, which was based on nested loops. It is important to note that for
each node must have only one node correspondence.
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Scheme 1. Short description all sequence of procedures for co-simulation between Ansys
Fluent and Abaqus software
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As a next, we were transforming loads from CFD software output file to the Finite Element Analysis
(FEA) input file. In other words, the task of this step was to correctly transfer (apply) the oil pressure
distribution along the boundary to the piston ring as an equivalent nodal force at the exact location. So
all above task was performed by using “ Correlation matrix”. Initially, nodes at the boundary selected
with their ID numbers, soon by using a couple of nested loops ID numbers of the nodes at the boundary
were compared with ID numbers all nodes. So, when loops were having true value, which means when
ID of the nodes corresponding to ID of the nodes, nodal forces of those nodes was stored to another
matrix called “Load matrix”, which had twice more number of columns compared to “Correlation matrix”.
After obtaining a matrix with corresponding node ID and with their loads, we were generating an input
file for FEA simulation. One the difficulty of this task was the predefined structure of the file, in other
words, the input file for FEA simulation had special of content. For example at the beginning of the .inp
file located data about “Assembly” where is three columns of data with node number and their two
coordinates. Then data about a group of nodes which have the same boundary condition. And at the
and file there is information about the material property (density, Elastic modulus), type of simulation
(static, dynamic explicit), type of boundary condition and requested out data (defined by the user). After
analyzing file structure content we generated a special algorithm by Matlab software, which counts
every detail of this file management.

The next step of the procedure is Start Abaqus analysis. In fact, in this step, our task was to upload
file that which prepared in the previous step and compute by means of Matlab software. As a
consequence, of this step, the results of FEA analysis is stored in the .obd format in the specified directory.

After that, the output file of FEA analysis analyzed and corresponding changes were performed
depending on the results of the simulation. In fact, application of oil pressure causes to shift (squeeze)
of the piston ring towards to the center and deform it simultaneously. As a matter of fact, the shape of
the boundary surface between oil and piston ring will change during it is operation and oil flow must
follow this deformed shape of the piston ring. In order to provide continuity between two contacting
surfaces following an operation performed: Initially the output file (the result of the FEA simulation) is
opened by Matlab software and uploads the corresponding parts of the file where the nodal
displacement of each node are given. Obtained data stored in the matrix form, in the three columns: a
node ID, x and y displacements, this matrix is compared by means several loops with “Correlation matrix”,
corresponding nodal displacements are added to both CFD and FEA file geometries in their
corresponding input files. In must noted that CFD and FEA input files have different location content
and they must be respected during modification of the input files. Consequently, those (new input files)
will be used in further simulations.

Last but not least step CFD simulation performed by Ansys Fluent software by means of a special
command of the Matlab software by using “journal file”. The “journal file” is a special extension of Ansys
Fluent program, where all steps of simulation procedure uploaded.

Theory

After succeeding with new method’s basic steps and procedures, we have created a simplified
model in both Ansys and Abaqus, initially, our task was to check our method with pre-solved cases, in
another word, s to validate the procedure. And in case of success to implement it to piston ring and il
firm interaction case. This was done by taking well-known geometry of the piston ring, where all physical
phenomena already available on literature and compare it with the simulation results and compare it
with literature. One of the possible simple case to be modeled is that of the stepped pad, whose
geometry and dimensions are very far from an industrial application.

The oil film follows the elementary theory of hydrodynamic lubrication, developed by Osborne
Reynolds in 1886. Viscous stresses are expressed by the following formula

du
T=ug (1.D

And the pressure was constant in each meatus 'section and it is varying only in the x-direction.
The Reynolds' equation put in relation pressure variation with oil speed and runner geometry, as it
follows:
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By integrating Eq 1.2 it is possible to obtain the pressure value at each generic x coordinate (Eq
1.3):

61U 20
pP—DPg = f:%(l—%)dx (1.3)

The pressure distribution is the integral of the normal force per unit of depth, so it's possible to
obtain force acting due to oil low.

Fy= [y — pa)dx (1.4)

InEq. 1.4it's possible to replace the term within the integral with the one written in Eg.1.5. heading
in this way, it obtains
L 6uU h
Fy= Jy 28 (1-2) @ - x)dx (1.5)

The previous equation can be dimensionless introducing the following terms

Substituting these three magnitudes in the Eq. 1.4 it will find that

6uUL? 1 (Y-Y,
Fy= L EYo) Y3°) (1 — x)dx (1.9)

Calling Wy the term within the integral, it will obtain

2
F, =Sy, (1.10)

he
Wy depends just on the pad geometry.

Results and discussions

Firstly, the fluid flow through a stepped pad was simulated in Ansys and results were compared
to those obtained. The type of lubrication in our model was hydrodynamic because the pressure
distribution is the result of the fluid dragging, so one of the most important parameters becomes the
relative velocity between oil and ring. The oil film follows the elementary theory of hydrodynamic
lubrication, developed by Osborne Reynolds in 1886. The pressure distribution along the boundary
between oil and meatus had a triangular distribution with a peak at the stepped region of the meatus.
And it totally corresponds to the values which were given in the literature.

116



o oms oot onis om oms om oo oo

Fuosition m)
|=the Bz Cob 44 D04E

Figure 3 Pressure distribution along the stepped path of the meatus.

In the next, we have checked nodes at the interference between oil and meatus (simplified
geometries of the piston ring and oil). As a first step we have analyzed the dimensions of our “Correlation
matrix”, which contains odes which are located at the interference, so it matrix had a size [4 602]. Which
means, 602 nodes were located at the boundary of two geometries, and this number checked by Ansys
Fluent software. In fact, there are were 600 square cell (elements) which are formed during meshing of
geometry and logically 600 elements has 602 nodes, so the dimension of the matrix validated and
plotted as a graph (Figure 4).

Interface nodes

3.50E-05
3.00E-05 _

2.50E-05 L 2
2.00E-05 4NN
1.50E-05 < interface...
1.00E-05
5.00E-06
0.00E+00 T T T T 1

0 0.01 0.02 0.03 0.04 0.05

Figure-4 Plot of the boundary line (“Correlation matrix”).

As can be seen from the above figure that nodes exactly reflects the upper boundary of the pad
(stepped shape).

After checking the "Correlation matrix”, according to the step of the procedure (algorithm), the
FEA analysis stated by means of Abaqus/CAE. In fact, all procedures were performed automatically by
the Matlab program. According to the algorithm forces due to oil pressure transformed to FEA input file
by considering all properties of materials and boundary condition that was predefined by the user. As
matter of fact, each successful cycle of simulation leads to visual output in the .odb format (Figure 5).
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Figure-5 Abaqus output file (.obd format), it represents a zoomed view of the deformed pad.
Pad | deformed due to oil hydrodynamic pressure.

As a result of the first case simulation, we obtained first .odb with the deformed shape of the pad
(Figure 5). As it can be seen from the figure the deformed shape of the pad precisely follows the pressure
distribution. Another, interesting results which were not planned to obtain is stress distribution across
the pad. It obvious that most stressed part of expected to be in the middle of the geometry, because at
the stepped region pressure of oil reached it is maximum.

The highest Von Misses stress value is reached exactly nearby the step and it is about 1.85 MPa. In
this configuration, the program made 12 cycles before meeting the convergence criteria, which was
defined as very small size compared to the dimension of the pad, 5*10"" m.

INNERN|

Figure-6 Figure represents stress distribution across the piston, it can be noticed that maximum
stress is concentrated in the stepped region of the pad.

Conclusions.

It'simportant to emphasize that initially created method implemented in order to understand the
accuracy of Matlab code. And the obtained results of the simulation and literature data was fully
consistent with each other. Moreover, the created method can be implemented without modification
to different geometries which could take a considerable long time in case of practical cases. This is
fundamentally important because it shows the adaptability of the code to different models.

In fact, the main aim of this research is a method to deal with co-simulation between
Computational Fluid Dynamic and Structural Element Analysis software. The reason for such research is
to make faster processes for the development of piston ring and reduce the economic effort that is
required to performing the experimental test. In addition, it must be noticed that the developed method
is quick and automated because the whole process is controlled by Matlab software and it avoids extra
operation which not necessary and consumes extra computational resources.

The created method is unique and universal, which we prove during analysis. As matter of fact,
our solution method provides detailed visual output for every cycle and it is very fast in giving outputs.
Furthermore, the developed method allows to the analyzed effect of geometries and materials to the
piston ring behavior during it is operating. and allows to do a detailed analysis and compare ratio
between rigid body motion and deformation, which can be used as the main parameter during design
processes, due to the factitis strictly related with amount blow-by and oil consumption among different
rings.
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Abstract

Nowadays energy saving is a topical issue due to increasing fuel costs and this aspect is amplified by more
stringent emissions regulations that impact on vehicle development. A recent study conducted by the U.S.
Department of Energy shows that about five percent of the U.S. energy consumption is transmitted by fluid power
equipment. Nevertheless, this study also shows that the efficiency of fluid power averages 21 percent. This
offers a huge opportunity to improve the current state-of-the-art of fluid power machines, in particular to improve
the energy consumption of current applications. These facts dictate a continuous strive toward improvements
and more efficient solutions: to accomplish this objective a strong reduction of hydraulic losses and better control
strategies of the hydraulic systems are needed. In fluid power, there exist many techniques to reduce/recover
energy losses of the conventional layouts, eg. load sensing, electrohydraulic flow matching, independent
metering, etc. One of the most efficient ways to analyze these different layouts and identify the best hydraulic
solution is done through virtual simulations instead of prototyping, since the latter involves higher investment
costs to deliver the product into the market. However, to build a fluid power machine virtual model, some
problems arise relative to different aspects, for instance: loads on actuators (both linear and rotational) are not
constant and pumps are driven by a real engine whose speed depends on required torque. Furthermore, it is
important to achieve higher level of detail to simulate each component in the circuit: the greater detail, the better
the machine behaviour is portrayed, but it obviously entails heavy impact on simulation time and computational
resources. Therefore, there is a need to create mathematical model of components and sysems with sufficient
level of detail to easily acquire all those phenomena necessary to correctly evaluate machine performance and
make modifications to the fluid power component design. In the context of road transportation behaviour in
hot climate condition, machine performance can be analyzed with the mathematical model and all suitable
modifications can be done prior to prototyping and mass production.

Keywords: Amesim, pressure compensated proportional spool valve, PVG32, discharge coefficient.
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AHHOTaUMA

B HacToAllee Bpems Tema SHepProcoepekeHis ABNAETCA aKTyallbHOW 13-3a YBENMYEHWA LieH Ha YrNeBOAOPOAbI, U
OHa CTaHOBWTCA Oonee OOCYXAAEMbIM 13-33 OOMee XeCTKUX HOPM BbIOPOCOB OT  TPAHCMOPTHBIX CPEeACTB.
HepaBHee wnccnepoBaHue, nposefaeHHoe MuHncTepctBom sHepreTuku CLUA, mokasblBaeT, YTO OKOAO NATU
npoueHToB notpebnerus 3Heprin B CLUIA nepepaeTcs Yepes rupaBnmnyeckme MalinHel 1 06opynosaHus. Tem He
MeHee, 3TO UCCNeNOBaHMe Takxe NoKa3biBaeT, yto KI[ B rmapaBanMyecKnx CUCTeM COCTaBNnAeT B cpeaHem 21
MPOLEHT. 3TO [aeT OrPOMHYI0 BO3MOMXHOCTb YNYULIUTL TeKyllee COCTOAHWE COBPEMEHHbIX TMAPABIMYECKMNX
MaLLUMH, B YaCTHOCTW, YNyUlWUTb NOTpebneHne SHEPTrM B COBPEMEHHDBIX MPUNOKEHUAX. ITU QakTbl AVKTYIOT
NOCTOAHHYIO CTPEMNIEHNE K YCOBEPLIEHCTBOBAHWIO 1 MOUCKY Gonee 3bdeKTUBHbIX pelleHnit: Ans JOCTUKeHMS
3TOW LNV HeOOXOAMMO 3HAUMTENbHOE CHVPKEHWE TMAPABAMYECKIX MOTEPb W HAaUyYLLE CUCTEMbI YNPaBneHus
MMAPABIMYECKUMIA MaliMHAMKM. B 3TOM HanpaBneHMy Haykin CyLecTBYyeT MHOXECTBO CMOCOOOB YMeHbLeHUs /
BOCCTaHOB/IEHWA MOTEPb 3HEPIUM, Hanpumep TexHWKa C nepefayen Harpysku, MeToh COOTBETCTBYIOLEro
3NEKTPOrMAPABINYECKOrO MOTOKA, HE3aBUCMMOW nodaun u T. A. OauH n3 Haubonee 3dpdeKTUBHBIX CNOCOO0B
aHanM3a 3TUX PasNMYHBIX APXUTEKTYP 1 ONPeAeNeHnA Haunyyllero rmapaBanyeckoro pelleHna ocyLecTBAAETCA
NOCPeACTBOM BMPTYaNbHbIX CUMYALUMA BMECTO CO3L4aHWA MPOTOTUMOB, MOCKOMbKY MOCNEAHUA ABNASTCA
drHaHCcoBo 3aTpaTHbiM. OfHAKO ANA CO3AaHMA BUPTYaNbHOW MOAENM MMA0aBANYECKOrO KOMMOHEHTa CyLlecTByeT
HekoTopble Mpobnembl B PasnMuHbIX acnekTax, Hanpvmep: Harpy3kuM Ha NpuBOAbl (Kak NMHeNHble, Tak U
BpallaTeNnbHble) He ABAAIOTCA MOCTOAHHBIMM, @ HACOChl MPUBOAATCA B AENCTBUE peanbHbiM ABMraTenem, CKOPOCTb
KOTOPOrO 3aBUCUT OT Tpebyemoro KpyTallero MOMeHTa. Kpome Toro, BaHO A0CTUUb Honee BbICOKOrO YPOBHS
JeTanu3aunn ana UMUTALMK Kaxkaoro KOMNOHEHTa B MaTeMaTUYeCKo Moaenu: yem Oosblie feTanen, Tem nyJlle
noBefieHWe MalWHbl OMWCAHO, HO 3TO, OYEBWAHO, BneveT 3a COOOW 3HAUMTENbHOE BAMAHWE HA BPEMS
MOAENMPOBAHWA U BbIUMCIUTENbHbIE PECYPChI. [TO3TOMY CyLiecTByeT NOTPEOHOCTb B CO3AaHMN MaTeMaTUYECKON
MOZenu KOMMOHEHTOB M CUCTEM C AOCTaTOYHbIM YPOBHEM AeTanv3aumu ANA MOMyYeHWA BCEX TeX ABNEeHWN,
KOTOopble HEOOXOAMMBI AA MPABUIbHOW OLEHKM PaboTOCNOCOOHOCTH TMaPaBAMYECKON MalluHbL. B KOHTeKCTe
nosefeHmA TC B YCIIOBUAX XapKOro KimMMata, Npov3BOAUTENBHOCTb MaLLMHBI MOXET ObiTb MPOaHaNM3npPoBaHa
C TOMOLUIbID  MaTeMATUUECKUX MOfeNb, U Heobxoanmble UW3MeHeHUs MoryT ObiTb CaenaHbl B HEM [0
NPOTOTUMMPOBAHMA 1 MACCOBOIO NMPOM3BOACTBA.

Knrogesble c108a: AMESIMm, rMpornopLHOHalIbHEIA KnaraH ¢ KomneHcayment gasnerus, PVG32, KOS@PULNEHT pa3rpy3Ku.
Introduction

There are many fluid power machines in the industry. An example from material handling
equipment is a forklift truck, as seen in Figure 1. Hydraulic circuit of it consists of load sensing variable
displacement pump in the flow generation unit, a block of PVG32 valve in the control unit and number
of actuators as users. As a single flow generation unit feeds different actuators to steer the weels, lift the
load and incline the forks, this paper focuses on a control valve PVG32 involved in fluid power transfer.
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Motor

Figure 1 Forklift truck and hydraulic components involved

An example of the load sensing pre-compensation technique is a block of PVG32 made by
Danfoss. As seen in Figure 2, there are 4 PVB modules followed by inlet module PVP dedicated for each
module. Each PVB module comes with electro-hydraulic actuation PVE and manual drive PVM for safety.

Figure 2 PVG 32 block

The flow rate controlled by each PVB is exclusively a function of the available command signal. In
fact, the load-sensing PVG32 makes the flow independent of each user, while there is a variability of the
load between users. Working principle of PVG32 is present in the manual of the valve [1] and Mirzaliev
[2] studied the valve with different types of spools.

In overall view, PVG32 can be simplified as in the diagram below. Pressure sensed from the user
GU is presentin DRV (differential relief valve, here as PVP) and fixed displacement pump pressure is equal
to be p,+s, while pressure drop across PVB is to be equal to constant value of s.
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Figure 3 PVG layout

Functional diagram of the PVG can be seen in figure below. Pressure p1 is imposed by the pump,
while p2 is imposed by user. Therefore, Q2 is imposed by the PVG, thus, operator command decides the
flow rate via his joystick, hence the speed of the user is the function of operator signal.

P, P, ®

PVG GU
Q, Q, M

Figure 4 Functional diagram of PVG

Cross section of the PVB module is seen in figure below. Flow passing through the local
compensator LC feeds port A or B depending on the main spool MS position, which is controlled by the
operator via PVE or PVM.

Figure 5 PVB cross section

Experimental tests
Experiment 1. Flow rate versus spool position.

To start the steady state analysis of the block PVG32, it is possible to assume that local
compensator is fixed in its regulating condition. By design, one can assume that its fixed position during
regulation is such to have maximum opening and this position doesn't vary considerably at steady state
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operating condition. Therefore, in the experimental tests, the spacers are machined and mounted on
the local compensator to fix its position in PVB block.

As there are many configurations of the spool in the PVB module, such as floating center (serial
no 9782) or closed center (serial no 9721), in the laboratory test, floating center spool is chosen.

A B A B
)Iu.‘ >< T ><
I T T T
P T P T

Figure 6 ISO schemes of floating center (left) and closed center (right) spools

Experimental test on flow rate vs spool position is done by attaching an analog position sensor to
the spool lever and measuring flow rate with a flow meter HM11(all data relevant to the experiment is
seen in Appendix A). Data acquisition summary is seen in the figure 7 below.

Figure 7 Position sensor measuring handle displacement
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Figure 8 Summary of experimental test 1

Measurand hysteresis is observed and the average values of the flow rate Q are taken. It is
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sufficient to consider couple of points of spool position, for example 1/3, 2/3 and maximum
opening produced by the spool displacement in the base. Afterwards, these values of the flow
rate Q vs position x are set as boundary condition in SolidWorks Flow Simulation and Amesim.

Experiment 2: flow rate versus pressure.

Working fluid is chosen MOBIL DTE25 at a temperature 38 °C, while tank gauge pressure is set to
0.5 bar (1.5 bar in absolute). Before conducting an experiment, pressure transducers are calibrated by
using rotary dead weight tester. Experimental layout is seen in figure below. Flow generated by a flow
generation unit in line P and present at the inlet of PVP. The pressure transducer 3 shows its pressure.
Solenoid 4 controls the position of the main spool, while the analog position sensor T measures position
of the spool lever. Venturi flow meter HM11 2 measures flow rate through line A. There are two pressure
transducer measuring pressure at port A and B (not seen in picture). By acting on the spool with the
solenoid 4, presures at ports P, B and A are measured.

Figure 9 Experimental test layout
Figure 10 summerizes pressure flow characteristics obtained during the laboratory test.

30
—¥—PB

0 5 10 15 Flow rates [L\min] 35 40 45 50

Figure 10 Experimental test values
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As seen from the figure above, an upper graph shows two repititions of pressure vs flow
measurements at port P to observe repeatability. In the lower part of the figure, graphs of pressure vs
flow rate of port A and B (with two repititions) are seen.

SoildWorks Flow Simulation

Solidworks Flow simulation is a convenient CFD tool. As it is mentioned above, spool position and
flow rate are taken as boundary conditions. As an output of CFD simulation, the pressure drop across
the PVB module Ap is computed. The outlet pressure can be set to ambient atmospheric pressure. It is
also necessary to consider mesh sensitivity analysis to find the minimum number of cells able to
accurately represent fluid-dynamics. For example, one can create a graph of Ap versus number of fluid
cells, and reach asymptotic value for Ap as mesh is refined.

So the first observation should be to verify wheter the pressure drop across PVG32 obtained by
experiment is in line with the one generated with SolidWorks CFD. In case of positive result, by using
values of Ap, Q and 4, it is possible to compute the discharge coefficients C; at the metering edges of
local compensator and the main spool by using the following well-known relationship (1).

Q = Cat [22 1)

The following paragraph describes computation of discharge coefficient C; at the metering
edges of the main spool and the local compensator.

B — T connection

Below is the table and graph of discharge coefficient (;of the metering edge connecting B and
T ports, when Amesim parameter Cyis chosen so that the pressure at port B approaches experimental
test pressure pB.

Table 1 Amesim Cd approaching lab test results

Xs [mm] Q [L/min] Lab test Amesim Amesim Cd [-]
pB [bar] pB [bar]

2,45 14,13 7,69 783 0,7080

3,78 23,34 8,77 8,50 06720

56 37,01 8,7 8,00 0,6870

6,5 43,06 8,89 8,60 0,7440

7 46,45 9,19 9,10 0,7590
Mean value 0,7140

Below is the table and graph of discharge coefficient C;when Amesim parameter Cyis chosen to
approach Solidworks Flow Simulation.

Table 2 Amesim Cd approaching Solidworks results

Xs [mm] Q [L/min] SWFS Amesim Amesim Cd [-]
pB [bar] pB [bar]

245 14,13 11.0 7.83 0,65

3,78 23,34 10.90 8.2 0,67

5,6 37,01 10.70 85 0,71

Vi 46,45 11 10.5 0,72
Mean value 0.6875

P — A connection

Below is the table and graph of discharge coefficient C, of the metering edge connecting P and
A ports, when Amesim parameter Cyis chosen to approach lab test values.

Table 3 Amesim Cd approaching lab test results

Lab Amesim

oP [bar] oP [bar] Amesim Cd

Xs [mm] Q_P [L/min] pA [bar]
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2,23 11,93 6,75 19,55 194 0,695

3,98 24,04 9,61 22,28 25,25 0,782
5,76 37,32 11,11 24,73 23,81 0,675
7 46 12,56 25,6 25,1 0,685

Mean 0,70925

Below is the table and graph of discharge coefficient C, of the metering edge connecting P and
A ports, when Amesim parameter Cyis chosen to approach Solidworks values.

Table 4 Amesim Cd approaching Solidworks results

p WF Amesim Amesim
Sl ?Jmin] o1 oz ép[bzr] oP o] o
223 11,93 6,75 233 194 0,61
3,98 24,04 9,61 25,18 25,25 0,708
576 37,32 11,11 25,26 23,81 0,66
7 46 12,56 24,22 25,1 0,725
Mean 0,67575

In summary, it is seen that discharge coefficients at the P-A and B-T connections fluctuates around
0.7. Regarding Cyat local compensator, CFD simulation demonstrated insignificant pressure drop across
LC. Therefore, it is possible to set (y=0.7 at the metering edges of the mathematical model of PVB
module.

Amesim modeling of PVB module

Below is the mathematical model of the PVB. It is composed two components, namely, the local
pressure compensator on the left and the main spool on the right. Ports A and B are interconnected via
restrictor. As input parameters, position of the spool and pressure is given. As an output, flow rate
through the valve is computed. As the experimental simulation is performed with fixed LC, mass
component of the local compensator model has upper displacement limit.

LOCAL PRESSIURE COMPENSATOR. MAIN SPOOL

®
Figure 11 Amesim model of PVB

Below is the table of flow rates in experimental test and Amesim simulation. The first two columns
are the input to Amesim model: position of the spool and the inlet pressure. The final column is the flow
rate produced by the Amesim model. As seen in the table and bar chart below, the Amesim model
demonstrates accurate results of flow rate with respect to experimental test.

Qlab Q Ame
[L/min] [L/min]

Xs [mm] Pr lab
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1,38 14,78
2,33 18,77
35 20,73
4,667 22,36
583 23,85
7 256

4,23
9,66
15,87
22,94
30,29
37,68

44
118
17,7
258
33,1
38,1

Flow rate versus spool position, locked at 3.2mm
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Figure 12 Flow rate vs. spool displacement with LC locked at 3.2 mm

Now it is possible to pose a question: what happens if LC is free to regulate? In other words, can
the Amesim model of the PVB suitably replicate the experimental test results when LC has no upper
displacement limit? The answer lies in the most important part of the main spool, i.e. the notch
connecting power port with the working port. Therefore with great attention, flow area versus
displacement data should be calculated for the notch connecting working port, 3D of which is given

below.

Figure 13 Notch and some useful nomenclature used for analytical calculation of the flow area
versus displacement

Orthogonal area.

Orthogonal area (aka axial) has the shape of rectangle. From 3D drawing as above, it is possible to

obtain the following information:

a = 13.4° and hy = 0.29mm;
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wy = 1.27mm and § = 6.37°;
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Ais the plane perpendicular to spool axis and A = A; + A,, where A; is the area of the rectangle
of width 2w and h; and A, is the area of the segment between arc and rectangle. Let us assume that
the latter is negligible, ie. A, = 0.

The area of the rectangle is then
A=A, =2wXxh 3)
H=—""isa plane normal to the notch skew plane.
cosa

Let h, be the height of the rectangle at displacement x. Then h; = tana X x. Analogously, we
relate w with spool position x.
h = hg+ h; = hy + tana X x; w=wy+w; =wy+tanf X x )]
Frontal area

Frontal area (aka radial) is the sum of the trapezoid F, and a half circle F;.

2(w+wg)

F=F + - XX (5)
F; is calculated with reference to [3].

Finally, by choosing minimum between frontal and orthogonal areas, x_A/.datafile is generated
with the help of x_H7.x/s file and the former is imposed to Amesim file dummynotch.ame. For the
parameters of the notch, in the generation of files, data file is chosen. The flow are versus displacement
is seen in the figure below. As seen there, the relationship graph is continuous, except for 1.5 mm of
spool displacement.

— flow area P-A [mm**2] |

[mm**2]

30

25

@ 20 —:
E D ™
XiniH | :

10

]
|

] T T T T T T T T T T T
0 1 2 3 4 5 [ 7
X: displacement output [mm]

Figure 14 Dummy notch and the flow area versus spool displacement

It is necessary to note that at the maximum stroke flow are is equal to 25.10 mm? Below is the
spool notch dimensions at its edge.

Width wepalmm] 3.85
Helght hmax[m m] 1.70

Finally, flow versus spool displacement is depicted in figure below.
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Flow rate versus spool displacement, with LC free to regulate

M Lab

Q [L/min]

mAme

Figure 15 Flow rate versus spool displacement with LC free to regulate

As it is seen in the bar chart above, flow rate versus spool displacement in Amesim model is very
close to the one obtained by the experimental test.

Summary

In summary, the mathematical model made in Amesim of the PVB module of the PVG32 block
correctly describes the real valve.

Notes.

Experimental data for the validation of the model have been “kindly” supplied by the Professor
Massimo Rundo (massimo.rundo@polito.it) of Fluid Power Research Lab (www.fprl.polito.it) at
Politecnico di Torino.
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YT YBENMYEHNA CPOKA CNYXXbbl MOBWJTIbHBIX MALLH

Xukmatos L. -TalukeHCKvi  MHCTUTYT 110 MPOEKTUPOBAHMIO, CTIDOUTENBCTBA M SKCIUIYATAaLMy aBTOMOOU/IbHBIX OPOT,
Mupxantos V.1 -TalKeHTCKUI roCY4apCTBEHHDBIV TEXHNYECKUI YHUBEDCUTET, TALLKEHT

AHHOTaUuA

B paHHOM paboTe paccMOTPEHbl BOMPOCH 3aMeHbl ABMraTenelt asToMOOWMNEn C  APYrMMX  MapKamu
3apEKOMEH[IOBABLUNXCA CebA B TAXKENbIX YCNOBMAX SKCMyaTaumn. [peanoxeHsl MeTofbl pacyeta AMHAMUKN
TPAHCMMUCCUN NP 3aMEHE.

Kntouesble CrioBa: TIOHWHT, ANHAMUYECKAA MOJESb, KPYTUIbHOE KOeOaHNE, OfPOKMLLIBAIOLLM MOMEHT.

TexHuueckmm YPOBEHb A KOHKypEHTOCﬂOCO6HOCTb COBpPEMEHHbIX MOOUBbHbIX MaLLIMH BO MHOTOM
onpeaenAaeTca NCnosib3oBaHeM B NX KOHCTPYKUMAX HOBbIX HAaYYHO-TEXHNYECKNX }J,OCTVI)KeHI/Il;I.

OpfHako, BbiMyCKaemble B HaCTOALLee BPeMsA 1 NocTaBaAemMble B LieHTpanbHO —A3naTckuim pervoH
rpy30Bble aBTOMOOMAN U aBTONOE3/a, CNPOEKTMPOBAHbI, U U3rOTOBMEHbI YMEPEHHON KIMMATUUYECKON
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30Hbl 11 MOSTOMY He COOTBETCTBYIOT SKCTPEMAsbHbIM CleLndUUecKM YCIOBUAM 1 XapaKTepUCTMKam
»KaPKOro CyXOro KnumaTta: CUbHOWM CONHeYHOM paamaLinm, BbICOKON TemMnepaTypbl OKpYyKatollen cpefb

+45 ... 50° C, NOBbILWEHHOW 3aMbINEHHOCTY, HNU3KOW BNAKHOCTU U T.4.

Mo>ToMy AENCTBUA B [AaHHOM PErVIOHe MEepeuyncneHHbIX GakTOPOB MPUBOAAT K CHUKEHUIO
NOTPEOUTENBCKUX WM IKCTYaTaUMOHHBIX  CBOWCTB, ClefoBaTeNbHO  MafeHnio  3hdeKTMBHOCTM
MCMONb30BaHWA aBTOMOOUIEN B YCNOBUAX XapKOro KNMMarta. B HacTosLlee BpeMs 13 — 3a HEXBATKM WK
OTCYTCTBMSA 3aMacHbIX YacTel NPOCTavBaloT ThiCAYM aBTOMOOUEN.

B Muvpe ycnewHo ¢GyHKUMOHMPYET TIOHMHIOBOE Hanpasnerve. Llenb AaHHOro HampasneHuA
3aKNI0YaAETCA B TOM, UTO Ha 6a30Bble aBTOMOOMAM YCTaHABAMBAIOTCA Pa3NNYHbIe arperaThl v y3/bl 4pYriX
aBTomMobunen. B pe3synbTate MosyyaeTcA HOBbIM  aBTOMOOW/b, COOTBETCTBYIOWMIA  3ahaHHbIM
TpeboBaHuam [1].

B cBA3M C 3TUM UCCNeaoBaHWe AVHAMNKM TPAHCMNCCUN MOOUABHBIX MALLVIH ABNAETCA aKTyallbHOM.
[MepBbiM 3Tanom peleHVsa 3afdadv UCCNedoBaHWA OMHAMUKN ABNAETCA pa3paboTka afeKBaTHOWM
ANHAMNYECKOW MOLENN, MPUBEAEHHOW Ha pUcyHKe [2].

[laHHaa aMHamuyeckas mofenb obnaaaer 9 creneHamn CBOOOAbI W [N aHaNM3a KPYTUIbHbIX
konebaHnii 1 pacyeTa CUIOBOTO HArpyKEHWS 3MEMEHTOB TPAHCMUCCUM HEODXOAMMO COCTaBWTb 9
B3aMIMOCBA3aHHbIX AVddepeHUManbHbIX ypaBHEHM 2 nopsakKa.

i J,
f i [s

K

' € M,
7] Gt 1
o, @ .~
T I (.';.-u, J;.

I I Cu M|

DKBMBASIEHTHAA JMHAMMYECKAA MOAESb TPAHCMUCCUM MOBUIBHO MalVHbI C KOIECHOM
dopmynon 4x4

B HacToAwee BpemA MeTOAbl WCCNEAOBAHMA TaKMX CIOMKHbBIX KOnebaTenbHbIX CUCTEM
pa3paboTaHbl, HO aHanv3 BbIHYKAEHHBIX HEYCTAHOBMBLUMXCA KPYTUIbHBIX KOonebaHuii  Becbma
TPYAOEMOK.

|_|O3TOMy HeO6XO/J,I/IMO YApPOCTUTb ANHAMMNYECKYIO MOAEe/ b TRAHCMUCCUN MCXOAA V3 PEXMMOB
ABMXEHNA N ANHaMWYeCKX MapaMeTpoB aetanem u Y3N0OB TPAaHCMMCCHN.

MpvBeAeHHasA NMOAATAIMBOCTb  TPAHCMUCCUM MOOUABHOM MaliMHBI C KONecHor dopmynom 4x4
nMeeT B1A

L—L 25252 4+ i2 g + + 4+ —
= Lord pk b Lool pi i C Lokl C Lok Vi C Lk
Tnp 101 102 K6, Ké, ne

2 .2 1 ) 1 .2 .2 1 -2 +L ’ (1)

Ckn

roe: CHOI— eCTKOCTb monyocein nepeaHero mocta (H/m); C 110, = KECTKOCTb nonyocen 3afHero
mMocTa (H/m);

le - XeCTKOCTb KapdaHHOro Basla NpuBoda nepeaHero MocTa, C”“z_ MeCTKOCTb KapaHHOro

Balla NpnBOAda 3aHero MoCTa; Cne - KeCTKOCTb BeAyLlero Basa KOpO6KI/I nepepav, CK8 - KeCTKOCTb BaJla
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Mexay KOpoOKoW nepefay v pasfaToyHOn KOPOOKOW; 1'01, ioz— nepefaToyHble OTHOLWEHVA T1aBHbIX

nepenad nepegHero 1 3agHero MoCTos; I iKH - nepefartoyHble OTHOLWEeHNA pa3aaTquO|7| KOpO6KI/I n

pk’
KOpOOKM Nepeaau.

HpMBeﬂ,eHHaﬂ TaHreHymanbHaA NOAaTNMBOCTb WH onpefenaeTca no c|>oprv|yﬂe

1 1 2.2 .2

C, B Cuu, Lo, Lprlkr @)
1 1 )

C, - Cuw, o, il G)

roe: CW1 , sz - TAHreHUManbHasa »)eCcTKOCTb LWNH BefyLLWX KONec;

HpMBeﬂeHHbIM cyrvlmaprM MOMEHT NHepLUnn BeayLmnx Konec onpeneniaeTca 13 BblpaxeHnA

1
Jy=dy 5 4)
T i

1
J3 =Jk . 2 .2 (5)

)
Lkl pilo,

[pnBEAEHHBIN  MOMEHT  MHEPUWMW  KPYTWIIbHOWM  MAacChbl, 3SKBMBANIEHTHOW MOCTyMnaTebHO
OBVXKYLLIENCA MallVHbI onpeaenseTcs no Gopmyne

2

r
_ k
Ja,,p _ma 220 (6)
Lt pilo,
roe: m, - MacCa MalVHbl; 77 - PaAnyC KayeHnAa Konec.

[pviBefieHHbIE MOMEHTbI COMPOTMBAEHNA HAa BEAYLUMX KONEeCax XU OMPOKUAbIBAOWMA MOMEHT,
LeCTBYIOLMI Ha KOPMYC MaLUMHbI MMEKT BMA

1
MC1=MK1. s (7)
Lt piclo,
1
MCZZMKz. A (8)
Lt picto,
Ma®
Ma=—— )
Lt picdo,

rne M - onpoKuabiBalOLLMIA MOMEHT, AEMCTBYIOLUMIA Ha KOPMYC MaLLVHbI;
MKl ,MK2 - MOMEHTbI COMPOTUBNEHNI Ha KONECax.

N3  paccMoTpeHus 3nemMeHTOB  KonebaTenbHOW  CUCTEMbl, SKBUBANEHTHOW  TPAHCMUCCUM
MOBWIBbHOW MalLVHbI, MOXHO CA€MaTh BbIBOAbI:

1. HpMBeﬂ,eHHble MOMEHTbI MHePUWMK MaCC ABAAKOTCA NOCTOAHHBIMKW BETMYNHAMWN.

2. KoadduUMeHTb gumccmnaumm 1 CKopocTu aedopmMaumn He CBA3aHbl C KOOpAMHATaMM,
onpeaenaLMA ABUKEHUE CUCTEMbI.
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3. Takum 06pa3oM, AvHaMUYecKas Mofeb TPaHCMUCCUWM aBTOMODOWUNA ABNAETCA CUCTEMOWN C
COCpeAoTOUYEHHbBIMW U MOCTOAHHBIMK MapaMeTpaMmM C YYETOM MPUHATLIX AOMYLWEHWUA MOXHO CUMTaTb
JIMHENHOW KonebaTebHOM CUCTEMON.

[na pa3paboTkn [aHHOrO TEXHWMYECKOTO MPOEKTa MPOW3BEAEHbl HEOOXOOVMbIE TEXHUKO-
3KOHOMMYECKME PaCUETbl, NOTyYeHbl TEXHUUYECKNE YCNOBMA M pa3paboTaHbl TEXHUUYEeCKMe yCNoBMAa anA
3ameHbl ABuraTener MoounbHbIX MawmnH [3, 4].

JlutepaTtypa

[1] Xukmartos W.N., Anumyxamegos WLTT, Axvenos A.A., Hapsmes C.O. JnHammka TpaHCMMCCHm
KonecHbIX MOOUAbHBIX MalluH. TowkeHT, Adabiyot uchqunlari, 2017. - 188 cTp.

[2] Wynnakos B.C. KonebaHusa 1 HarpyXeHHOCTb TPAHCMMCCUM aBTOMOOWAA. - M.: TpaHcnopr,
1974.-327 c.

[3] TexHukaBum waptnap.y3Tll 40.5-01-96. [1-240 anzens aeuratennv FA3-AL0A-53(52) pycymnu
aBTOMOOUNb.

[4] TexHukaBum waptnap.y3. Tl 40.5-02-96. [1-245 anzens asuratennu 3ATT-0A-130 pycymnn
aBTOMOOUNb.

KMHETUYECKME 3AKOHOMEPHOCTU ®OPMUPOBAHNA MPOTUBOU3IHOCHbIX
PASOENUTENIbHbBIX CJTOEB B METAJUTOMOJIMMEPHbBIX TPUBOCUCTEMAX

KT.H, fou. llapngxonqxkaesa XA. (TUITCIAL, TalkeHT, Y36exmcTaH)

fOngpawesa I-b. (TUICIA/L, TalwkeHT, Y36exucraH)

Kak cneayet 13 Knaccmyeckmx MNPEeACTaBNeHU O MexaHW3Max TPEHWs U M3HAWWBaHWS
METaNIononMMepHbix Tprbocuctem [1], napameTpbl ee CTabunbHOM 3KCMyaTauuy OnpeaensioTcs,
NPEUMYLIECTBEHHO, CTPYKTYPOM U XapaKTEPUCTVMKAMW  Pa3faennTenbHoOro  cnos B 00nactu
GPUKLMOHHOTO KOHTAKTa.

3BecTHO, uTO MOpC])OJ'IOI'I/Iﬂ MOBEPXHOCTHOIO CJ10A 31eMeHTa Mapbl TpeHWA (Bana) okasblBaeT
CylwecTBeHHOE BIIMAHKE Ha KMHETKKY NepeHoCa U C])Ole/IpOBaHI/IFl pasgennTenbHOro oA [1].

CylectByeT [1Ba OCHOBHbIX METOAONONMUECKNX MoAXoAa K GOPMUPOBAHMIO pa3fenmTesnbHbIX
CnoeB B mMape TpeHus. [lepBbii OCHOBaH Ha YNPaBNEHWW KUHETVKOW MepeHoca ¢parMeHTOoB
TprbopaspyLleHrs NONMMEPHOTO KOMMOHEHTa Ha COMPSAXEHHYIO MOBEPXHOCTb W 3aKpenaeHnu 1Ux fnogj
nencTerem GU3NKO-XMMNYECKUX MPOLIECCOB B 30HE GPUKLMOHHOIO KOHTaKTa.

Opyrum, 6onee 3ddeKTVBHLIM MyTem 00OPa30BaHUA PaA3feNTENLHOrO C1os B TpubocucTeme
ABNAETCA Mpe[BapuTeNbHOe HaHeCeHWe TOHKMX MAEHOK, B T.4. MOJMMEPHbLIX M ONUrOMepHbIX, Ha
NOBEPXHOCTb AieTasnei napbl TPeHWs.

Bbinn npoBedeHbl MCCNEAOBAHUA KUHETUKM GOPMUPOBAHNUA Pa3faenuTenbHbIX NepeHeceHHbIX
CNIOEeB Ha MOKPLITUM M3 HUTPMAA TWTaHa C KanenbHoW ¢a3on 1 6e3 Hee NPW TPEHUKU YrAepOaHbIX
KOMMNO3MUMOHHbIX MaTEPUANoB. B kauecTBe yrnepoaHbiX KOMNO3MUMOHHbBIX MAaTEPUANOB MCMONb30BaNM
0bpa3ubl M3 MpPeccoBaHHOrO MOpoWKa rpaduta M KOMMO3MUMOHHOMO MaTepuana Ha OCHOBE
nonuTeTpadTopITUNEHa NOA TOProBow Mapko «Dny6oH-20».

MposepgeHHble  ACM-nccnepoBaHvs  MOPQONOrMYyecknx  ocobeHHocTen  GOPMUPOBAHMS
nepeHeCceHHbIX CNoeB rpaduTa Ha MOKPLITUA HUTPWUAA TUTaHa MOKa3anu, YTo yxe Npu NepBoM LiMKAe
B3aVMOJENCTBMA Ha MOBEPXHOCTM MOKPLITUA M3 HUTPWAA TUTaHA 3aKPEMnATCA 4YacTULbl M3HOCA
MOBEPXHOCTHOrO C/lof rpadutoBoro kKomnosuta (puc.1, 6). JanbHellee yBenvyeHve Yncna LMKIOB
TPeHVs CyLIeCTBEHHO WHTeHcUUUMpYyeT npolecc nepeHoca (puc.l, ), a nocne 30 UMKIOB
B3aVMOJENCTBMA NPOLecC MepeHoca CTaHOBUTCA YCTaHOBMBLUMMCA. B pexrme yCTaHOBMBLUErocCA
TpeHus TPUOOCUCTEMbBI Ha MOBEPXHOCTM MOACAOA U3 HWUTPUAA TUTaHa 0OpPaszyeTcAa HeCnNOWHOW U
HepaBHOMEPHbIM MO CTPOEHMIO COW NepeHoca (puc.1. 1, K).
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Puc. 1. Mopdonorusa nogcnoa TiN Ha cTanu 45

ncxofHbIn (a, 6): nocne 1 umkna (B, r); nocne 3 UMKIOB (O, €); nocne 7 UMKNoB (X, 3); nocne 30
LUMKNoB (1, K)

Kak cnenyeT 13 rpaduika (p1c.2) HanbonbLUIMIA MaCCOBbIV NepeHOC HabnoaaeTca Ha MOKPbLITUAX 13
HUTPWUAA TUTaHa, COAepPXallux KanenbHyto da3y. HabniogaeTcs noBbileHMe BeNWUMHbL YAeNbHOW
MOBEPXHOCTM C/IOA NepeHoOCca Ha JaHHOM NOKPbITWK B 2 pa3a Mo CPaBHEHMIO C MOBEPXHOCTbIO MEPeHOCa
Ha MOKPbITUAX, He CoAepPKaLLMX KanenbHyio Gpasy (puc.2). [laHHoe ABneHve OObACHAETCA CyLLECTBEHHbIM
BAMAHMEM MUKPOIFEOMETPUM MOBEPXHOCTU HWUTPUAA TWTaHa, T.e. B POMV LEHTPOB 0b6pa3oBaHmA
nepeHeceHHOro Cosa BbICTYMNAloT B JaHHOM Crlydae KanesbHas da3a, npuyem, yem 6onblie pasmepsl 1
KONMUeCTBO KanenbHoM Gasbl, TeM MHTEHCMBHEE 1 paBHOMepHee 00pa3yeTcs CI0oi NepeHoca.
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Puc. 2. 3aBUCMMOCTb MaccornepeHocCa OT Yncia UMKNOB TPEHNA Fpa(I)VITOBOFO KOMIMO3U1Ta no
KOHTPTENY 13 CTaJin 45 C HaHeCeHHbIM

noacnoem TiN 6e3 kanenbHom dasbl (1, 2) 1 ¢ kanenbHon daszon (3)

CylecTBeHHOE pa3fnuydve BO BAVSHUM Mopdonornv noacnos 13 TiN Ha KUHETUKY 1 MeXaHn3m
00pa30oBaHMA MNepeHeceHHoro Cnoa MpPOABAAETCA B OAHOPOAHOCTM CTPOEeHMA, 0byCnoBnMBaloLei
BESIMUMHY YaeNbHOWM MOBEPXHOCTU MIEHKM NepeHoca OT BpemMeH (Y1Ca LIMKIOB) KOHTaKTMPOBaHMA
SNEMEHTOB TPMOOCUCTEM.

bam3knii MexaHn3m GOPMUPOBAHWA PA3AENUTENIbHOTO CNIOS CBOWCTBEHEH U MPU TPEHUM
KOMNo3m1Ta Ha ocHoge MTM3, MoAUGULIMPOBAHHOIO rPAdUTOM W YrNepOaHbIM BOIOKHOM (KOMMO3WT
«®ny6oH-20).

B pe3synbrate OPMMPOBAHWUA pPa3denvTenbHOro Cos B TPUOOCUCTEME — peanvsyeTca
PABHOBECHAA LWEPOXOBATOCTb MOBEPXHOCTU TREHMS, 3aBUCALLAA OT COCTABa U CTPOEHUA KOMMOHEHTOB
(tabn.1).

Tabnya 1

/75,05/146’ TObI LHIEPOXOBATOCTH Ra METAJIINYECKNX KOH ToT1€/1a C rNogqaioem TiN nocre TOEHUA

[lokazaTtesb LLIeDOXOBATOCTM Ra Ha noacnoe

[Napa TpeHua

HUTPUI TUTaHa N2 1

HUTPUI TUTaHa NQ 2

HTPUI TUTaHa N2 3

cxoaHbIn 0,1 0,18 0,35
Mocne TpeHua c rpadmutom | 0,13 0,25 0,25
Mocne TpeHua c dpnyboHom | 0,12 0,20 0,30

Kak 1 B cnydyae npumeHenua nopcnoa m3 TiIN ¢ kanenbHo ¢a3of MWKPOHEPOBHOCTY,
0bpa3oBaHHble GocATUPOBAHNEM UAN XUMUYECKMMM MpoLeccamy, ChocobCTBYOT 00pa3oBaHMIo
Pa3nenuTeNbHOrO  CNoA  MOBBIWEHHOW — YCTOMUMBOCTKM,  CMOCODOCTBYIOWME  CTabunmsaumn
TPUOOTEXHNUECKNX XapaKTEPUCTUK Napbl TREHNS.

BeeneHve B 30Hy GPUKLMOHHOIO B3aMMOAENCTBMA GTOPCOAEP KALLMX ONUTOMEPHbBIX MPOAYKTOB
OKa3blBAET CyL|eCTBEHHOE BIIVSHUE Ha KUHETUKY (GOPMUPOBAHWS Pa3fAenuTenbHOro Cosa u ero
MOPGONOTIIO.

YCTaHOBMEHO, UTO He3aBUCMMO OT  TeXHOMOTWMM  MOArOTOBKM  MOBEPXHOCTHOMO  CJlof
MeTanInMueckoro KoHTpTena m3 ctann 45 (nopcnoit n3 TiN 6e3 kanenbHol dasbl 1 C KanenbHoM dha3on,
OTNECKOCTPYEHHbIA NOACNON Unu GochaTUpOBaHHbIA B TeueHme 5-30 MUH) 1 TUMNa UCNOMIb30BAHHOMO
onromepa (@-1, ®©-14), HabnopaeTca MHTEHCMOUKAUMA Mpolecca nepeHoca M GopMMpoBaHMeE
Pa3neNUTeNbHOro C1os.

Pa3nuyHble MeTofbl MOArOTOBKM 3MEMEHTOB TPMOOCUCTEM C Liefblo MpuaaH1a UM 3afaHHO
MOPGONOrM  MOBEPXHOCTM  TPEHWS MNO3BONAIOT  0OeCneunTb WHTEHCMBHBIA  MacComnepeHoc 1
GOpPMMPOBaHMe pPa3AenUTeNbHOrO C1os C  MpefenbHol  nnouwaiasto He mMeHee 50% nocne
KPAaTKOBPEMEHHOIO PeXMMa NprpaboTku [2].

BbI60p KOHerTHOI7I TEXHONIOTMN NOATOTOBKN MOpd)OJ‘IOI'I/II/I KOHTaKTHOM MOBEPXHOCTN 2NEMEHTOB
TpI/I6OCI/ICT€MbI, COCTaBOB OJINTOMEPHbIX TOHKOMIEHOYHbIX I'IOKprTI/II;I N KOMMOHEHTOB, C])OpMI/IpyFOLLI,I/IX
pasgenntesibHble  CJIon 3ajaHHOWM CTPYKTYpblI, o6ycnosneH TeEXHNYECKMMMN Tpe6OBaHI/IFH\/H/I,
onpeaenanumMmn pecypc, Ka4eCTBo NMpPoayKUnn 1 3aTpaTbl Ha peanm3aynto.

Cnuncok Ucnosnb3yemor nnuTepaTypbi:

[1] OBuMHHMKOB, E.B. ToHKOMMEHOYHBIE HAHOKOMMO3ULIMOHHbIE 1 HAHOMA3HbIE MOKPLITUA 1A
y3noB TpeHua / E.B. OBunHHMKOB [1 ap.] // ViHxeHepHbI BeCTHMK, N21 (27), 2009.-C.83-91.

[2] OBYMHHWKOB, E.B. TOHKME NneHKM GTopCoaepKallX ONMroMepoB: OCHOBbI CMHTE3a, CBOMCTBRA
n npumeHerve / E.B. OBunHHMKOB, B.A. CTpyk, B.A. Ty6aHos.- pogHo: [TAY, 2007 .- 326¢.
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JEMNOEPYIOUWME CBOVMCTBA CUCTEMbI MOAPECCOPMBAHWA
YCOBEPWEHCTBOBAHHOIO TPAKTOPA

A.T.H, po@. L. Vimomos, KT.H., Jou.A. Komuios, K.T.H., 4oL M. Mavpyrios,
counckaresib L], TypaHKy108a.
(TalIKEHTCKOIrO MHCTUTYTA MHKEHEPDOB MPPUTALINN 1 MEXAHNIALIMM CENIbCKOIO XO3AKCTBA. I. TaLLKEHT, Y36eKnCTaH)

AHHOTaUMA

B cTaTbe npuBeneHbl pe3ynbTaThl UCMbITaHKA AeMNGUPYIOLLEN CUCTEMBI OMbITHO-MPON3BOLACTBEHHOIO TPAKTOPA
«LllyxpaT» pa3paboTaHHOro KonnekTneoM Kadeapsl «Tpaktopbl U agTomobunu» TMAVMCX n BOTUMMMCX. B
CTaTbe YKaszaHo, UTO BO BPEMA 3KCMUlyaTauum noboro TPAaKTOPHOrO CPEACTBA MOMMMO YMpyroAeMnoupyowmx
CBOWCTB CUCTEMbI MOAPECCOPUBAHMA Ha SKCMNyaTaUMOHHblE KauecTBa M MNABHOCTb ABUKEHWUA BAVAIOT TakkKe
pacnpeneneHne Macc no AsIMHe TPAKTopa v reoMeTprYecKrie NapameTpbl KonecHo! 6asbl,

Knroueseie cnoBa: JeMAIGED, PECCopa, TPAKTOP, CUCTEMA, UCTIbITAHMSA

Cenbckoe x03AMCTBO ObIO W OCTaeTCA OAHOW M3 Hambonee TPAHCMOPTOEMKMX OTpacnen
HaLMOHANbHOM SKOHOMMKIK pecnybnmnkm Y36ekncTaH. Pean3auma HauMOHaNbHbIX MPOEKTOB Pa3BUTUA
CeNbCKOro XO3ANCTBa, AaXKe HECMOTPA Ha COBPEMEHHYIO SKOHOMMWYECKYIO CTYaLMIO, AOMKHA NPUBECTM
B MepcnekT1Be K yBenmueHno obbema naxoTbl, a, C1eoBaTENbHO, 1 K YBEIMYEHNIO NapKa MaxOTHbIX
TPakTopoB. OCHOBHbIM HEOOCTaTKOM, TakKMX TPAKTOPOB ABMAIOTCA CUCTEMbI MOAPECCOPUBAHKIA,
HeraTUBHO BAVAOLLVE Ha BUOPO3aLLMTHBIE CBOMCTBA TPAKTOPA 1 NMHENHAs XapaKTepuCThKa KeCTKOCTH
YNpyroro snemeHTa. HenMHenHOCTN XapakTePUCTUKK, XOTb 1 B HEOOMbLINX MpeAenax, MOXHO A0CTUYb
YCTaHOBKOW CePbIri C HAKITIOHOM Ha JIErKMX 1 CPeLHUX TPY30BMKaxX UK 3@ CYET LUMNIMHAPUYECKOW 3a[iHEN
OMOPbl Ha TAXENbIX TPAKTOPaX. TakxKe yAaeTCA YBENUUNTb XKeCTKOCTb MyTem YCTaHOBKM NMOAPECCOPHMKA
WAV HYKHEW JOMNOAHNTENBbHOW PeCcopbl, AENAtOLEN XapaKTePUCTMKY MOABECKM NporpeccnsHom [1,2].

Kak 13BeCTHO OCHOBHOWM CMocob MOBLILIEHWS MNABHOCTU XOm4a U BUOPOM30NALMOHHBIX CBOMCTB
TPaKTOPa - yNyulleHne KauecTBa CUCTEMbI MoapeccrpoBanms. Cama no cebe cucTema NoAPeCcCoprBaHNA
COCTOUT M3 HanpaBAsAioLlero, ynpyroro 1 aemMnoupyollero ycTponcTs. Hanpasnawllee yCTPOWCTBO
BOCMPUHUMAET CUMbl 1 MOMEHTbI, AENCTBYIOLWME HAa KOMECO, OMpefenseT xapakrep nepemeLieHunin
Koneca OTHOCUTENBbHO HeCyLlen cucTembl [3,4].

Mpw 1CcCnefoBaHWM  CUCTEMbI MNOAPECCOPUBAHMA  OMbITHO MPOW3BOACTBEHHOIO TPAKTOPa
«lllyxpat» Hamm B KauecTBe HanpPaBMAIOWEro YCTPOWCTBA OblIM MCMOMb30BaHbI CTabUNM3aTOpPDI,
npencTaBnsiollme 13 ceba TOPCYOHHbIE CTePXHM (pKYC.1.3, 6.), 3aKPyUMBaOLIMECS MPU KPEHE.

Ynpyroe yCTPOWCTBO MNepefaeT BepTUKalbHble CUbl, AEUCTBYKOLIME CO CTOPOHbLI Kofeca Ha
HecCyLylo CUCTeMy TpakTopa. B KauecTBe ynpyroro snemeHTa WCNOMb30Bain NNCTOBbIE PECCopbl 2,
NPYKNHBI Y TOPCUOHDI 1, 3, THEBMATUYECKMNe ynpyrue sneMeHTbl. C uenbio YMeHbLIEHWA NONepPeYHOro
KpeHa TPaKTopa WCNONb30Ba/i  AOOMNONMHUTEIbHOE  Yyrpyroe yCTpOI7ICTBO 4, TaK Ha3bIBaeMbII7I,
CTabunM3aTop NonepeyYHomn yCTonymBoCTu.

N g

Puc.1. CncteMa NofipeccopmuBaHme OMbITHO NMPOM3BOACTBEHHOIO

TpakTopa «Llyxpat»
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MpennoxeHHoe gemnoupyioLlee yCTPOoMNCTBO NOMHOCTbIO 06eCneurBano 3aTyxaHve KonebaHui
Ky30Ba U Konec TpakTopa. OfHaKo Npy BO3AENbIBAHMN OTHOCUTENBHO TBEPAbIX 3aNeXHbIX 3eMenb (227
rektap cTepHna) byxapckon obnactn MaHAaapckoro parioHa Habmofanocb YacTble  MOSIOMKM
AeMnounpytoLLEero ycTpoincTea (pnc.2). Micxoms 13 pesynbTaToB OMbiTa TPAKTOPa BO BPEMS SKCMlyaTaLmum
TPaKTOPHOro CPeAcTBa MOMUMO YMPYro - AeMNOUPYIOLLMX CBOWCTB CUCTEMbI MOAPECCOPVBAHMSA Ha
3KCMNyaTaUmMOHHbIe KauecTBa 1 MMaBHOCTb ABUXEHWS BAVSIOT TakKe pacnpefeneHe Macc no anvHe
TpakTopa v reoMeTpuyeckmne napameTpbl KonecHon 6asbl. Mpu 3ToM MMmeeTcs 60onblioe KONMYeCTBO
HOPM, CTaHOAPTOB W YCJIOBWI, OMPEeaensiowx MacCoBO - LEHTPOBOYHbIE U MOMEHTHble
XapaKTePUCTUKKM, KOTOPble MO3BOAAIOT 00ECNeynTb 3alnTy HECyL|ein KOHCTPYKUMM OT BAMAHMUA
AEeVCTBYIOLINX BUOPOHArPY30K 1 06eCneynTb COOTBETCTBIE MPOEKTUPYEMOTO U3AENVS.

Puc.2. Nonomkn gemndupyiowero yCTponcTso npu
ncnolTaHna Tpaktopa «Ulyxpar»

TO 3HAUMT, YTO MpPW BbIOOPE NOABECKM HEOOXOAVMO YUWTbIBaTb PAL MAapaMeTpoOB, KOTOPbLIE B
COBOKYMHOCTW, B pamKax [aHHOW paboTbl, Ha3blBAIOTCA CUCTEMOWM BMOPOM3ONAUMM TPAKTOPHOTO
CpeacTsa: ynpyro - agemndepytolie napameTpbl MOABECKN; YNPYTyO XapaKTePUCTUKY WNH; NapameTp
KonecHow 6asbl.

CnMCcoK NCNonb30BaHHOM JINTEPaTypbI.

[1] Bnnnos EW. HoBas koHUenuma mofenu noaeecky asTomobuna/ E.M.bnvHos //V3BecTva By30B.
MawwuHocTpoeHme. - 2003. -N23. C.52-62.

[2] Mapkos CB., Jlata BH., EpemnHa M.B. Matematuyeckas mofenb aBToMoOuna 4na MccneaoBaHms
ero ABUXEHNA MO HEPOBHOW fopore. TpeTba BCEPOCCUINCKAn HayUHO-TEXHNYECKaA
KOHbepeHLMA «COBPEMEHHble TeHAEHLMN Pa3BUTUA aBTOCTPOEHMA B Poccumy, —TonbAaTTn. -
2003.-C.133-136.

[3] E.Fayzullaev. Transport vositalarining tuzilishi va nazariyasi. Darslik. Toshkent.: Yangi asr avlodi,
2006 yil, 376 bet.

METO/[l BHECEHW/S USMEHEHUI B KOHCTPYKLIMIO C YYETOM KITMMATUYECKMX
OCOBEHHOCTEN NCXOAA U3 PE3YJIBTATOB UCMNbITAHUA ABTOMOBWUIIEN

L 1.H, npo@. KA. Wapunos (TTTTY), PhD. b.A.Katomos (AHaMW), KO.5.A6ynna4x0HOBa (CTYAEHT 1 Kypca «ABTOMOOUAECTIDOEHMEY,
AHGMM)

Kak n3BecTHO, 3aTpaTbl Ha 3KCMyaTaynto HaxXxoOATCA B I'IpFIMOI;I 3aBMCUMOCT OT HaAeXHOCTU
aBTOMO6I/IJ'IEI7I, T.€. YyeM Bbllle HaAeXHOCTb aBTOMO6I/Iﬂﬂ, TeM MeHblle 3aTpaTt I'IOTp€6y€TCH Ha ero
cofepxaHme.

B mupe Befyuine KOMMaHUKM NPOU3BOfsLLEe aBTOMOOWIE OCHOBHOE BHUMaHWe yaenswoT K
npobnemam MOBbILLIEHVS HA[EXHOCTX aBTOMOOWA M ero 4acTeill B MpoLEecce dKCryaTauuu, T.e.
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6e30TKa3HOCTU CcUCTeM. Tak Kak yBenmyeHmne nokasatenen 6e30TKazHOCTM U HaAeXHOCTU B LieIoM
npnBoanNT K NOBbILLEHNIO KOHKypGHTOCHOCO6HOCTI/I Ha PblIHKE.

B cBA3M C 3TMM NprobpeTaeT 0CobYI0 3HAUMMOCTb NPOM3BOACTBA aBTOMOOUEN, KOTOPbIE AOMKHDI
oTBeyaTb TpeboBaHMAM MPUPOAHO-KNUMATUYECKIX U IOPOXKHbIX YCIIOBWUIA MECT 3KCMTyaTauuii. Mostomy
NOBbILWEHWE HAaEXHOCTN aBTOMOOUNEN NpuobpeTaeT NepBOCTENEHHOE 3HAUYEHNE B CBA3M C HONbLIMM
SKOHOMUYECKIM IHGEKTOM, KOTOPbLIVI MOXET ObiTb MPK 3TOM MOJyYeH. [1a 3TOro B nepayo ouepep,
NPV KOHCTPYWPOBaHWN aBTOMOOUEN HEOOXOAUMO 3a0KMTb OCHOBBI A1 6e30TKa3HOM PaboThl CUCTEM
1 y310B aBTOMOOWSIS 11 €ro B LIeSIOM U NPOBEPUTL AOMXKHBIM 00Pa30M METOZIaMU PasIYHBIX UCMbITAHWIA,

YCTaHOBNEHO YTO, TPAHCMOPTHbIE CPEACTBa SKCMAYATUPYIOWNIACA B TEPPUTOPUANBHBIX 30HaX
LleHTpanbHoW A3uy, paboTaloT nof [AeMCTBMEM BbICOKOW TemMmepaTypbl M 3amblIEHHOCTM BO3fyxa
okpy»Katowen cpeabl [1,2]. Knumat B LleHTpanbHOM A3uK ABNAETCA PEe3KO KOHTUMHEHTaNbHbIM, NeTO -
NPOACIXNTENBHOE 1 OYEHb XaPKOe, a 31MMa - KOPOTKas U xonofAHas. [lHem abConioTHaa MakCcMManbHas
Temnepatypa Bo3ayxa B TeHn gocturaeT +45...47°C, a Houbto nagaeT Ao +10°C, konebaHue Temnepatypbi
B TeueHwue 8 yacos MoxeT gocturaTb 25...30°C, a B ropHbIX paioHax, rae nocsie CUnbHoM apbl B 40-
47°C aBTOMOOW/b, MPOXOAA Uepe3 ropHble nepeBasbl, NMOMaAaeT B YCIOBWA, KOrAa TemnepaTtypa
aTMochepHoro Bo3ayxa coctaensaeT Bcero 0...1°C, T.e. pe3kuii nepenaa TemrnepaTypbl, B 3TOM Clyyae,
coctasnset 40...46°C. 3anbliNneHHOCTb aTMOCHEPHOrO BO3AyXa B 3HAUUTENIBHOWM YacTy TEPPUTOPUN
LieHTpanbHom Asmu, gocturaeT 3,5 r/m3, a BO BpemaA CUMbHbIX BETPOB 1 Oypb — 17 1/M3, UTO B A€CATU U
Honee pas Bbllle, YeM 3aMbllIEHHOCTb BO3AYXa B yMEPEHHOW KnumaTuyeckon 3oHe (0,0003..1,4 r/m3) [3].

B CBA3M C BbIWEW3NOKEHHBIM Mbl MPEAJIaraemM NPUMEHATb MPU KOHCTRYUPOBAHUM U UCMBbITAHMM
asTomobuneit meton DRBTR (Design Review Based on Test Results) — lNepecmoTp 6330801 KOHCTPYKLUM
COrMacHO Pe3ybTaToOB NUCMbITAHWN.

Yto Takoe DRBTR ?

coBelllaHne/ ncnbiTaHKe OnbITHOro obpasiia;
KOHCTPYKTOP, UCMbITaTeNb, yTBEPKAAIOLLMIA
NHXEHEeP, 3KCNepT MOCTaBLUMK];

nocne UCnblTaHui;

B Nnabopatopuy;
HaxofKa NPUUMHBI NPobRembl Mo
MIZENBOUSHI;

NOWTW M YBUAETb PeasnbHbIi NpeamMer.

DRBTR - 370 BHMMaTebHOE M3yYeHMe Pe3ysibTaTOB NCTbITaHUA CO BCEX CTOPOH KOHCTPYKTOPOM,
ncnsiTatenem, yTBepKaatoLym NHXeHepOoM, NP HeOOXOAUMOCTYM C SKCMEPTOM NOCTABLUVIKS;

- HaMTM pelleHne, OCHOBHYK MPWYMHY, MNOHATb 3QPEKTUBHOCTb KOHTPMEPDl, CPaBHWTb
pe3ynbTaTbl PaHee NPOBEAEHHbBIX aHANOMMUHbBIX UCMBbITAHWUI U HANTK BCE CUMMTOMbI MPUBOAALLIee K
OTKa3y.
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- NPOBECTY TWATENbHbBIV NEPECMOTP BbILIEYKa3aHHbIX MPUYMH, U HANTV KOpeHb Npobnemsl ans
00CY)KAEHNSA 1 peanu3aLyvn peLieHnii.

0O

oOoO o o O
o =© O e

[aHHbin mMeTon BrnepBble OblN NMPeAnoKeH ANOHCKAM YUYEHBIM, NPOGEeCcCOpoM yHMBEPCHTETA
«Kyushu University» Mr. Tatsuhiko Yoshimura.

B HacToAwee Bpems KNWeHTbl TpebyioT gonrocpouHbix QRD, T.e. BbICOKOE KauecTBO Npu BbICOKOM
HaAEXHOCTM 1 OONrOBEYHOCTM, HO Kak BCEM M3BECTHO AaHHble (akTopbl BAMAIOT Ha MOBbIWEHNA
cebecToMmOoCTL. [1ns MUHVYMM3ALIMN CEOECTOUMOCTU 1 YBENMYEHWSA JOITOBEYHOCTU C MyTEM MOBbILLIEHWS
HaEeXHOCTN HYXHO Monb3oBaThcA metogom DRBTR.

TPaAULIMOHHbIV aMepPUKAHCKNIA MOAXOM K MPOEKTUPOBAHWUIO C NOMOLLbIO Mpobera myrano v He
YCTPanBano HNKOrO.

Yoshimura BeoanT noHatre MIZENBOUSHI. [1na nukBmaaLmm 3Toro paspbiea NpoekTMpoBaHmne Ha
KOHKYPCHOM OCHOBE, Mbl [O/IKHbI HE TOMbKO YCTPAHEHWA WM3BECTHLIX Npobnem, HO 1 NpeaBUaETb U
yCTpaHeHus Npobnem, npexzie Yem OHW BO3HUKHYTb.

* [ina nporpecca 6pICTPOro peleHns npobnem no NpefoTBpalleHys Npobiaem HanauTe NPUYMHbI
Npo6emM 1 YCTPaHWTE KX, MOKa OHM Pa3pacTyTCs.

OCBEIOMIIEHHOCTD:
becnokoiicTBO 00 KauecTBE

OO0BA3aHHOCTH eMa
OTBETCTBEHHOCT

1-xoMIIaHus 2-KoMMaHus

Kak Mbl BUAVM B OHOM KOMMNaHWUM OCHOBHOE BHUMaHVE YAeneHO Ha KauecTBO MpoayKUmK, a B
APYromM NpeBbillie BCEro OTBETCTBEHHOCTb 3@ KaueCTBEHHbIN MPOAYKT, MPW 3TOM B PAaBHOMN CTEMEHM He
yAeneHo BHWMAaHWE Ha cucTeMm3aumio paboT. No3Tomy HeEOOXOAMMO YpaBHOBELWMBATL BCE GAKTOPbI.

[laHHbIM BOMPOC Mbl BYAEM NPOCMATPVIBATL B MPUMEPE:

MocTaBneHo 3aaua - KOHCTPYMPOBaHMe OTAENbHO B3ATOrO 311eMeHTa aBTOMOOUAA. KOHCTPYKTOP
pa3pabaTbliBaeT 3dMeMeHT, YCTaHaBIMBaeT TPeOOBaHWA ANA HEro W nepefaeT As YTBEPKAEHUS.
TpeboBaHWsA YCTaHOBNEHbBI TakMM XECTKMM 00pa3oM, YTO MpOoBeAeHWe WCMbITaHNA 1 yTBePKAeHS
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3aTPYyAHUTENbHbI. Ho npoy 3TOM NMeeTCA BO3MOXHOCTb NMpoBeAeHNA NCMbITaHUIA 1 npn nposeaeHnn
NCMbITaHWI KOHCTPYKUMA HE BbIACPXKNBAET MOCTaBNIEHHbIE Tpe6OBaHMﬂ.

Kak 4ocTuub naeansHOro COOTHoLLEeHMe Mexay BepxaMum 1 H13ammn Mo TeueHuto?

VrBepxkaenune Y W P

KoncTpykuus

[Ina 3Toro Mbl JOMKHBI MPOAONKaTb OECNOKOUTHCA O Hawen paboTe Mocne BbiNMoAHEeHNA
MOCTaBMEHHbIX 3a4au.

e 6yab
Byl korAa 4 nocne ka3Hn?
GecrioKONTES®
y
j \\ A __,,//
: 1)
JTO MOV npoLecc \
i JTO-TO Apyrov npouecc!

MpW BO3HMKHOBEHUM MPOONEM MPOBeAeHVst UCTIbITaHNIA 1 YTBEPXKAEHUS OMbITHLIX 0OPa3LoB
nUnKM) NpyY- HamMuMKM OTKa30B M3-3a HECOOTBETCTBMI COMMAacHO KIMMATUYECKUX OCOBEHHOCTEeM
aKcnyaTaumMm  Heobxoaumo obpatutca K metony MIZENBOUSHI ¢ npumeHeHnem DRBTR wu
nepecMoTPeTb KOHCTPYKLMIO C KPUTNUECKOW TOYUKW 3PEHUA C AaNbHENLINM BHECEHEM U3MEHEHNI B
KOHCTPYKLMIO W YCTAaHOBNEHHbIe TpeboBaHMs.
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BbiLLe Mo TeyeHmio
(aKTuB)
Brinte no M

TCYCHHIO s \

g - : S e
Hwe no TeueHmio Bbllle MO TEUEHNIO  Hypke Mo TeueHMIo |
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PeleHue npobnembl rpynmnoit A n B pa3nunuatotcs, Tak Kak B NepBoM Ciydyae npobema no mepe
pelleHVst CBoMX 0OA3aHHOCTENM MPOCTO NepefaloTcs B CeAylowuin 3Tan, a B PYroM Cilydae BmecTe
pelaTca npobnema 0 NMOHOro Ucue3HoBeHNA. Mpu 3TOM AA MOBbILIEHMS KayecTBa [0 JO/MKHOMO
YPOBHA VIMEIOTCA TPW 3Tana:

- peleHne Npobaembl: peLlaTh TeKyLLMe BOMPOCH], 1 NpUMeHATb pelleHua. (M3BecTHaa npobnema
MOXeT OblTb pellleHa, HO OHa He MOXET ObiTb NULIEH APYIUX MPUUYKH, KOTOpble NMPUBEYT K APYrUM
Npobnemam Ha TPAHCMOPTHBIX CPECTBAX).

- NpedynpexaeHuio NoBTopeHua: MNpeaoTBpaLleHme 1 TOT ke BONPOC MOBTOPEHNA B TOM e WK
APYrvX TPAHCMOPTHBIX CPeAcTB. (Mbl Takke MOXeT NpedoTBPaTUTL NPOGAEMbI, KOTOPblE MPOU3OLWN B
NPOLWIOM).

- NpeaynpexaeHne o scnbiwkik - MIZENBOUSHI: MpegoTepalieHve npobnema, KOTopas noka
eLe He MPon30oLWNO.

Mbl  npegnaraem, WCXOAs W3 BblWENPUBEAEHHOrO MNPV YTBEPKAEHUM HOBbIX 00pPa3LOoB
KOMMNEKTYIOLNX 1 BCErO aBTOMOOUNA UCXOANUT 13 MPUPOAHO-KIMMATUYECKINX OCOOEHHOCTEN PervoHoB
3KCMIyaTaumm 1 NPOBEeCTH YTBEPXKAEHWA NPOLYKTOB C nprmeHeHem metogos DRBTR 1 MIZENBOUSHI.
[py 3TOM OOCTUrAeTCA MOBbILUEHUE HAOAEKHOCTU U YMEHbLLEHWA TPYAOEMKOCTHM, KOTOpaa NpuBeadeT K
yMeHbLLEeHWIo 3aTpaT obecnevyeHnsa paboToCrnocobHOCTH B MEPUOL rapaHTUM U B LIeNIoM Ce0eCTOUMOCTY

NpOayKUNN.
CnnCoK UCNonb30BaHHON NTePaTypbI

[1] Tawnynatos M.M. ObecneueHne paboToCNOCOOHOCTY TOMANBOMOAAIOLIEN annapaTypbl
auzeneint. - TawkeHT. ®aH. 1990. — 128 ¢.

[2] LWexoBuer A.D. u fp. KOHCTPYKTUBHbBIE OTANYMA 1 OCOOEHHOCTM TEXHUUYECKOW 3KCMyaTaLnum
NBC B ycnosusax ctpaH A3unu, Abpukn v JlatnHcko Amepurikin. OCHOBBI KNMMATUYECKOW
npucnocobnenHoctv 1IBC. - Kues: YMK BO. 1988. - 275 c.

[3] Katomos B.A. v ap. HagexxHOCTb TonmMBONOAatoLLen CUCTEMbI ABUrATENEN B KaPKIMX YCIOBUAX
(Russian Edition) — February 1, 2018. Paperback: 112 pages, Publisher: LAP LAMBERT Academic
Publishing (February 1, 2018), ISBN-10: 6137342115, ISBN-13: 978-6137342114
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YCOBEPIWEHCTBOBAHUE TOPOACKNX ABTOBYCOB C YCTAHOBKOM
TMAPOPEKYNEPALMOHHOW CUCTEMBI,

[lynaros T.P, XakumoBs P. — TypulHCKuvi [105IMTEXHNYECKIMY YHUBEPCUTET B I. TalUKEHTE,

inbox4342@gmail.com

C KakbM rOAOM YBEMUMBAETCA KOMMUECTBO TPAHCMOPTHBLIX CPEACTB paboTalouimx Ha
[BUraTenax BHYTPEHHero CropaHvs, Mo AaHHbIM Ha cepeamHy Tekyllero rofa, B Y3bekucTaHe
HacumTbiBaeTcA Gonee 3 MUAIMOHOB TPAHCMOPTHLIX CPefcTB. B cBA3M C 3TVMM BO3HWMKAeT 3aAaya
NOBbIWEHNA PHEKTUBHOCTU UCnonb3oBarHua [IBC - ymeHblleHMe WCMONb30BaHHbIX PECYPCOB, YTO
pelWunT TakkKe 3KONOrMuyeckylo npobnemy, Tak Kak OfVH aBTOMOOW/Ib eXerofHo MoriouaeT u3
aTMocdepbl B cpefiHem 6onee 4 T KMcaopoda, BbibpachbiBad Mpu 3TOM C OTPabOTaHHbIMA Fa3amu
npurmepHo 800 Kr yrapHOro rasa, 40 Kr okcruaos azota 1 nouty 200 Kr pasnndHbiX yrnepoqos. OaHUM 13
CNocoboB peLleHna 3ToN Npobnembl ABNAETCA pekynepaumna KMHETUUYECKON 3Heprum aBTomobuna -
YTUNM3aUmA SHEPrnm ero TOPMOXKEHNA.

MpW ABUXEHWN Ha aBTOMOOUNE, 0COBEHHO B YCIOBMAX rOPOAA, MOYTU MOCTOAHHO MPUXOAUTCA
PA3roHATLCS M TOPMO3UTh. [POLECC TOPMOXEHNA COMPOBOXAAETCA OrPOMHbBIM BbIOPOCOM SHEpruu, 1
KMHeTMUeCKan 3Heprvs Pa3orHaBLIeroca aBTo MNPOCTO TepseTcs. [nd Toro, 4tobbl ee MCMonb30BaTh,
NPUMEHAETCA CUCTeMa pekynepaunm sHeprin. OauH 13 METOLOB peKynepaLmm - rapaBanyecKui: npu
TOPMOXEHNW MaLLIWHbI KNHETUYECKas SHepria Macchl aBToMobmna npeobpasyetca B rapaBInyecKyo
SHEPruio 1 3apaXKaeT rMAPOAKKYMYSIATOR BBICOKOTO AABNEHMA, KOTOPbIM 3aTeM MUTAET rMapOMOTOP
rMAPOCTaTMYECKOro NPUBOAA KONeC TpaHcnopTa [1].

3BeCTHbl  yCTpOWMCTBa  ANA  pekynepauumm  TMAPaBNMYECKOW — 3HeprMnm B Buae
MMOPOMHEBMATUYECKNX aKKYMYATOPOB (fanee akKyMyIATOPOB), KOPMYC KOTOPbIX COAEPXKUT ra3oBbin
pe3epByap nepeMeHHOro o6bema, 3anosHAEeMbI CkKaTblM Fa3oM uepe3 ra3oBbl MOPT, a Takke
XNIOKOCTHBIA pe3epByap NepemMeHHOro 0bbema, 3aNOHAEMbIA KNOKOCTbIO Yepes KUAKOCTHLI NOpT,
npuvyem yKasaHHble ra3oBbl U XKMAKOCTHBIM pe3epByapbl OTAENEHbl ApYr OT Apyra pa3fenntenem,
NOABVKHbBIM OTHOCUTENTBHO KOPMYyCa.

[ns pekynepaunn rvApPaBAVYECKON SHEPrUv MPUMEHAIOT akKyMynaTopbl Kak C TBEPAbIM
pasgenvTenem B BUAE NMOPLIHS, Tak U C 3MACTUYHBIMA PA3AENUTENAMM, HANMPUMEP, B BUOE SMACTUYHbIX
NOMMMEPHbBIX MEMOPAH 1 BaNNoHOB [2], a Takke B BUAE METANNUYECKNX CUNbGOHOB [2].

I'Iepeﬂ 3|<cr|nyaTau|/|el7| ra3oBbil pe3epByap akKKyMyJATOPa 3apAXatoT 4epes ra3oBbil nopTt
CXaTblM Fa30M, KaK MpaBm1o, a30TOM, A0 Ha4allbHOIo AaBneHnAa OT eAnHNL 0O AeCATKOB Mra.

Mpn nepepaye 3HEPrMM OT TUAPOCUCTEMbI B aKKYMyNATOP (Hampumep, npy TOPMOMXKEHUN
TMAPABANYECKOro rMOPUAHOTO aBTOMOOWNA) MPOUCXOAWT HarHeTaHWe paboyen XUAKOCTU 13
TMAPOCUCTEMBI B aKKYMYSIATOP 1 CKaTue B Hem pabouero rasa, JaBneHue 1 temnepatypa KoToporo npu
3TOM MOBbIWAIOTCA. [pK BO3BpaTE SHEPrUM OT aKKyMynsaTopa B rmMapocucTeMy (Hampumep, npwu
YCKOPEHWI rapaBanyeckoro rmopuaHoro aBTOMOOUAA) MPOUCXOANT PaclinMpeHmne CKaToro paboyero
rasa v BblTeCHeHMe pabouyeit KMUIKOCTY B TMAPOCUCTEMY.

mar YECKHH
Hacoc [Newratens
— ._ar%r IS ‘K ¥
= | s — 2
IopaEnnyeckui ‘ Peaepeya
Mppaenuyeckan nyts Hacoc/MoTop ’ c HMEK:MP
e lexannueckan nyTe OABENeHHeM

Puc. 1. |/|CI'IOJ'Ib3yeMbIe KOMIMOHEHTbI B YCTAHOBKE FVILI,paBJ'IVILleCKOVI pekynepauunn.

Kak npaswuno, akkyMyIaToOp COAEP KT OAMH ra3oBbliA 1 OfNH XNAKOCTHBIA pe3epByap, C PaBHbIMM
[aBNEeHVAMM ra3a W XMAKOCTM B HUX. YeM Oonblie ruapaBnmMyeckas 3Hepruda, nepefaBaemas
aKKyMynaTopy, Tem Oonblie CTemeHb CkKaTvs ras3a B Hem. [nAa nopaepxaHus Tpebyemoi
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peKyrlepl/lpyeMoM MOLHOCTH NPUXoanTCA KOMMNEHCNPOBaTb  POCT  AaB/AeHUA  CHUXEHWEM
npon3BoANTENbHOCTV  TAPOMALLVHbI (Hacoca wnwu MOTOpa), rmapasnnyeckm CBA3AHHOW C
AKKYMYJTATOPOM. |_|pI/I CHUXEHNW NPOonN3BOANTENBbHOCTU 9(])(])EKTI/IBHOCTb rMaopOMalllHbl MadaeT, a
3Ha4YnT, NafdaeT n 9¢C])€KTI/IBHOCTb pekynepaunn B LETOM, UTO ABNAETCA HEAOCTATKOM TaknX yCTpOI;ICTB.

mapaenuyecknini napannenbHbIN
rmbpua o oo vy

Akkym. c HO Kopo6ka nepenay

(=== TT=eoee[]
—T—’
Hacoc/MoTop ﬁ

Puc. 2. Cxema rupipaBnmyeckon napannensHon rubpuaHon Moaenu pekynepaumm.

YBennueHne obbema akKyMysIaTopa WM YBeMYEHME KOMMYeCTBa  akKyMynaTOpOB [And
YMEHbLLEHWA CTeMeHU CKaTUA ra3a YAOPOXKaeT CUCTEMY, a TaKKe YTAXeNndeT ee, uTo KPUTUUYHO AN
MOBWIBbHBIX MPUNOXKEHW.

[Ina yMeHblUeHNA CTEeNEHN CKaTWA ra3a U BMeCTe C TeM YBEIMYEHNA MAKCUMaNbHO BO3MOMHOM
PEKynepnpyemMort 3Heprm, NPUMEHAETCA LUMPOKO M3BECTHOE YCTPOMCTBO [3]. YCTPOMCTBO BKIOYAET
TMOPOMHEBMATUYECKUI  aKKYMyNATOp, B KOPMyCe KOTOPOrO  BbLIMOSIHEH KUAKOCTHbIA  MOPT,
COOOWALNIACA C KMOKOCTHBIM PE3EPBYAPOM aKKyMYSIATOPA, OTAENEHHbBIM NOABVKHBIM pa3aenvTenem
OT ra30BOro pe3epByapa akKyMysiaTopa, KOTOPbIN Yepe3 ra3oBblil MOPT COOOLIAETCA, MO MEHbLIEN Mepe,
C OAIHMM ra30BbIM PECUBEPOM.

Mpn HarHeTaHUK Pabouer XXNMAKOCTY K3 TUAPOCUCTEMDI B KUOKOCTHbIN pe3epByap akkyMynaTopa
pasfennTenb nepemMeLlaeTcs 1 BLITECHAET ras U3 akKyMysIaTopa B PeC1Bep CO CKaTMeM ra3a B pecrsepe
U akkymynsTope. PaboTa Mo HarHeTaHUo KUOKOCTU B aKKyMynaTop npeobpasyetca BO BHYTPEHHIOW
SHepruio CKaToro rasa, faBneHne v Temnepatypa KOTOPOro npu 3TOM MoBbIWatoTcA. [py Bo3BpaTe
SHeprMm OT YCTPOWCTBA B TMAPOCUCTEMY MPOUCXOAUT PaCLIMpPEeHne CKaToro paboyero rasza c
UaCTMYHBIM BbITECHEHMEM €ro K3 pecuBepa B ra3oBblli pe3epByap akKyMysnaTopa, nepemelleHvie
pazfnennTens C yMeHblleHMeM Obbema XMAKOCTHOTO pe3epByapa akKymynaTopa W BbITeCHEeHWeM
paboyelt XNAKOCTU 13 Hero yepes )KUAKOCTHBIM NOPT B ryapoCcuUcTemy. BHYTPEHHAS SHEPrA CKaToro
rasa npeobpasyeTtcsa B paboTy Mo BbITECHEHWIO KUAKOCTY, T.€. YCTPOWCTBO BO3BPALLAET B TMAPOCUCTEMY
NOMyUYEHHYIO OT Hee rMAPaBAMYECKYIO SHEPTIIO, laBNeHVEe 1 TeMNepaTypa rasa npu STOM MOHMKATCA.

Boibop XapakTepuCTUK 1 yCnoBWIA 3afaun. [losydyeHHble COOTHOWEHMA MNO3BONAIOT OLEHWUTD
3ODEKTUBHOCTL MMAPABANYECKOM CUCTEMbl pekynepaumu. B kauecTBe pabouero Tena Bbibepem
rMapaBIMyeckoe Macno CpedHen BA3KOCTbIo BepeTeHHoe AY B cootsetcTBum ¢ FTOCT 17479.3-85,
AaBneHue B 6annoHax — 5 atm.

[na  rmopaBnnMuYeckon CUCTEMbI—AKCMANbHO-MOPLWHEBOM TMOPABANYECKMA MOTOP, Paboyni
obbem koToporo paeeH Vrugp = 160 cm3 , n = 0.9, a yacToTa BpalleHna COOTBETCTBYeT yacToTe
BpalleHna koneca aBToMobunsa. VccnenoBaTtb 3QPEKTMBHOCTb MpUMeHeHWs OyfeM Ha npumepe
asTobyca CamABTO-VCy3m, paboTatoljero Ha obLecTBEHHOM FrOPOACKOM TpaHCMopTe B 1. AfIMasbike 1
€ro KOHKPeTHOM MapLUpyTe, Ha KOTOPOM MMeeTCA 28 0CTaHOBOK M 10 nepeKpecTKOB. MNpoTAXEHHOCTb
MapuipyTa paBHa 16.9 kunomeTpoB. Kaxayto cMeHy aBToOYC npoesxaeT MaplwpyT 7 pa3 v coBepliaeT
280 OCTaHOBOK.

ABTOBYC HaxoanTcs B ABWxeHUM t = 12600 ¢ 3a cmeHy. [epea Hauyanom TopMoxeHuem aBTobyC
JBMXKETCA CO CKOpOoCTb 16.6 M/C. [Ina KOMPOPTHOWM OCTAHOBKM aBTOOYCa 3aMeaieHve JOMKHO ObiThb 3
M/C2, @ 3HAUWT BPemMA TOPMO3HOrO NyTu aBTobyca T = 5.4 ¢. Pagnyc konec aBTtobyca R = 0.8 m. PacueT c
MOMOLLbIO MPMBEAEHHbIX Bbille COOTHOWeHWM ans 100 K Macna rnokaszaf, u4To BennuuMHa
YTUAN3MPOBAHHOM SHEPrnM TOPMOXKEHMA 33 CMeHy paBHa 1.1 M, 1 8 1.9 pa3 npesbiwaeT paboTy
aBTOOYCa, 3aTpayeHHyto Ha NePEeBO3KY MMAPaBANUYECKOM CUCTEMDI.
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BbiBogbl. Takum 06pa3om, B paboTe MnokaszaHa 3GOEeKTUBHOCTb MMAPaBANYECKUX CUCTEMDI
pekynepaunv Ans 60MblIMX FOPOACKMX MallVH, KOTOPble BbIHY)KAEHbI 4acTO OCTaHaBNMBATbCA
(aBTOOYCHI, MycOpOBO3bl). OAHAKO BENNUMHY YTUNN3UPOBAHHOW SHEPTUM MOXHO YBENMUUTL 3a CueT
ONTUMM3ALNN KOHCTPYKLIMW CUCTEMbI 1 €€ MapaMeTPOB, TOrAa NOABUTCSA BO3MOXKHOCTb MCMOMb30BaTh
AaHHbIE rMapaBMYeCcKme CUCTEMbI Ha BCEX aBTOMOOMNAX.

Ncnonb3oBaHHaA nuTepartypa:

[1] NenewknH AB., Muxannun AA, Wennak AA. Tnapasnvka v ruaponHesmonpueoa. Y. 2:
M..MIY, 2007. — 352c.

[2] AKcranbHO-NOpPLIHEBbIE MMAPOMOTOPSI U Hacocs!: http://tk-
ines.ru/products/gidravlicheskoeoborudovanie/aksialno-porshnevye-gidromotory-i-

nasosy/
[3] X.3kcHep, P.Openrar, I-p X.lTanc, PJlanr, M.Onnonbuep, M.UBa6, E.3ymnd, Y.Octeraopdd,

M.Paik «[maponpreoa. OCHOBBI U KOMAOHEHTbI», 13aaHne 2-e Ha pycckom A3., bow Pekcpot Al
Cepsuc, ABToMaTh3auma uagakTika. dpbax, lfepmanHns, 2003, ctp.156.

Cekuma 3 «<AUATHOCTUKA N KOHTPOJ1b TEXHUYECKOTO COCTOAHMA, PABOTOCNOCOBHOCTH
Y3J10B N ATPETATOB TPAHCMOPTHbIX CPEACTB B MEPNO SKCMTYATAUUN B YCIIOBUAX
CYXOIO N XXAPKOTO KITMMATA»

NCCNELOBAHME CKOPOCTU ABUXEHUA KYKYPY30YBOPOYHOM MALLMHbBI MNP
YBOPKE KYKYPY3bl HA 3EPHO

A.T.H. ActaHarynos K/, — TWWVIMCX, b.A.Xatamos — VIMICX, r.TalkeHT, Y36eKncTaH.

AHHOTaUMA

B cratbe npuvBedeHbl pe3ynbTaThl TEOPETUYECKUX WCCIeLOBaHWM MO ONpPefeNeHmno CKOPOCTU  [ABUMXEHUA
KYKYpPY30yOOPOYHOW MallinHbI B 3aBUCUMMOCTM MapameTpoB ee Pabounx OpraHoB 1 BUOMETPUUECKIMX NMOoKa3aTesnel
KYKypYy3bl. ECn yuecTb, uTo B yCnoBumax Y30eKncTaHa pacctoaHne mexay ctebnamm B rpagke nsmenaetca ot 0,15
10 0,35 M, Tora CKOPOCTb MaLLNHbI M3MeHsAeTcs oT 0,8 Ao 1,6 M/C, a MPK M3MeHeHWUW ANnHbI CTedns oT 2,1 10 2,9 M,
CKOPOCTb MALLMHBI AOMKHA YMeHbLIaTbca ¢ 1,37 0o 0,94 m/c.

Kntouesble crioBa: Kykypy30yOb0pOYHAA MAlLMHE, CKOPOCTE, MPOU3BOGUTEILHOCTS, MPOMYCKHAA CIOCOOHOCTb, OTPBIBOYHbIE
BasIbL{bl,

Mpv BO3AENbIBAHNM KyKypYy3bl Ha 3€pHO CaMblM TPYAOEMKWM MPOLIECCOM ABMAeTCA YyOopKa
yporkas. YOopKa ee MexaH31poBaHHbIM CNOCOOOM C MOMOLLbI0 YOOPOUHbBIX MaALLWH MO3BONAET CHN3UTb
3aTpaThl 1 TPYAOEMKOCTb PaboThl. YUMTbIBAA 3TO Hamu pa3padboTaHa KyKypy3oybopouHas MalivHa ans
ybopKy KyKYpy3bl Ha 38pHO B BWE MOYaTKOB. MallMHa pacybiTaHa Ans arperatMpoBaHuis C TPaKTopamu
knacca 1,4 Taknmm Kak TT3-80, MT3-80, LS-100 [1].

KauectBeHHaa ybopKa KyKypy3bl C MUHMManbHbBIMK NOTEPAMK B Mpolecce paboTbl, HapAady C
napameTpamn 1 pexrmamn paboTbl Pabourx OPraHoOB KyKypy30yOOpOYHOW MallWHbI, 3aBUCUT OT
CKOPOCTU [IBUKeHWSA YOOPOYHOro arperaTa, T.K. Npwv onpefeneHHon CKopoCTH AoMmKHa 0becrneyrBaTbCs
nopaya cTebneBoOn MacChl COOTBECTBYIOLIAA MPOMYCKHOW CNOCOOHOCTU MalluHbl. B MHOM cCiydae
NPOW3BOANTENBHOCTD MALLIMHbBI OYAET HU3KOW UMW MOYATKOOTPLIBOUHbBIE BaslbLibl 3a06VBAIOTCA CTEONAMU.

MponyckHasa CNOCOOHOCTb MOYATKOOTPLIBOUHBIX BanbLOB B OOWEM BWAe onpefensfeTcs
cneayoulern dopmynon

C

n}’an
Goe =" e

t?IC

n

, (1)

roe n,- KonMuectso ctebneit npoxofawyx mexdy Banblamy, wtyk; M - macca ogHoro crebna

KyKypy3bl, Kr/WT. ¢ n"c - BDEMA NMPOXOMKAEHMA CTebnel Mexay BanbLiaMy, C.
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Bpems npoxoxaeHnsa ctebnen mexay BanbLamu pasHo
aHe Ll’l _H:)IC
n V ’

ym

(2)

roe L - pnvma ctebneit kykypysbl, M; H - BbICOTa YCTaHOBKM BabLOB Haf 3emnei, Vym -
CKOPOCTb NPOXOXKAEHNA CTebnen Mexay BanbLamu, M/cC.

Mo BbipaxeHuio (2) dopmyna (1) npumeT BUA

3)

B BbipakeHue (3) Hen3BECTHOM COCTABNAIOLLEN SBAAETCA CKOPOCTb MPOXOXKAEHWA CTEGEN MEXY
BanbLamn V'

ym VI ANA €€ onpedeneHns pacCMOTPYM MPOLECC MPOXOXAEHN CTebnein mexay BanbLiamm
(pnc.1).

c.a ic.d
Ecnvi 3a30p mexay BanbLamu ch byneT MeHblle ArameTpa ctebna d ,Te. ch < dn BasibLibl
rapaHTMPOBAHHO 3aXBaThiBAKOT CTEONM U MPOTATUBAIOT UX BHI3.

Mo cxeve CD=S_"" 1 moxHO HanvcaTs, uTo

DK =d -8, @

B

Puc. 1. Cxema 3axBaTa cTtebnel NoyaTKOTPbIBOYHBIMY BaJibLIaMK

Tenepb 13 TPeYrofHMKa AKD onpefenaem AnnHy AK

0 2
AK =N AD* + DK = R-sin% +(d —ij)z, (5)

n

n

roe A- paanycC Banbua, M; Z, — YACNO NNaHOK BanbLa, LWT.

|_|pl/l 3TOM e y4eCTb, YTO AK = BK, TOrAa afinHa CTe6J'Iﬂ, NpoxoAdALlaa Yepes BalibLbl paBHa

0

2
L*=BK+AK=2 Rsin% +(d, -5, ©)

n

MW 3TOM CKOPOCTb NMPOXOXkKAEHUA CTebnel Mmexay BasbLamu OyayT paBHa
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2
27 -n° Rsinlioo +(d, -5 )

V. = ) 7
ym 60 (7)

roe n;“ - YaCTOTa BPALLEHNSA NOYATKOOTPbIBAIOLLMX BaSbLIOB, O6/MVIH.

Ecnm BbipakeHue (7) noactasnsem B (3), TO umeem bopMyny Ana onpeaeneHns nponycKHOM
CNocobHOCTY Banblia

n

0 2
2zn.nn.Mn.n;”\/[RsinlgzO J +(d, -5

60(L, —H.,)

Konnyectso cTebnei ogHOBpeMeHHO 0bpabaTbiBaeMblX BasfbLiaMM PaBHO

roe l‘n - BpemMAa OOCTUXKeHMA MalliHbl OT OAHOIO cTebns K cnenywuemy, C.

Bpems fn , 3aTPaYeHHOE MaLIVHOM NPW ee ABMKEHWUM OT OAHOrO CTebNA K Cneaytollemy

roe [ , - PaccTosHvie mexay cTebnamm, m; V- CKOpOCTb ABVMEHA MALLIMHbI, M/C.

NocTtaBnAs BbipakeHKe (10) Ha (9), pellaem ee OTHOCUTENBHO t:’c

tDIC n}’l ) ln
n (1)
VM
C apyrovi cTopoHsl Mo (1) Bpems NpoxoxxaeHus ctebneit mexay Banblamv byneT
e nnMn
Ly =——7=—, (12)
e

MNpupaHKBada BbipaxkeHe (11) Ha (12) 1 NoACTaBNAA 3HaUYeHne qf,c 13 dopmysbl (8) B dopmyny
onpeaenaeM CKOPOCTb ABUXKEHWA MalWHbI

0

22,1, -n, -0 || Rsin "0 | 4 (a, — s )

V — n
" 60 (Ln - HOIC )

(13)

BoipaxkeHne (13) nossonseT onpeaennTb CKOPOCTb [BWKEHMA MaLIMHBI B 3aBUCKMMOCTM OT
pa3mepoB cTebnd, BbICOTbI CPE3a 1 NMapaMeTPOB MOYaTKOOTPBIBOYHBIX BasibLIOB.
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YubiTMBas 37O, Ha ocHose dopmyny (13), HaMmn MNOCPOeH rpaduK WM3MEHEHUA CKOPOCTU
KyKypy30yOOpOYHOM MalViHbI B 3aBMCUMOCTU OT ANMHBI CTebNen 1 pacCcTosHnA Mexay cTebnamu B
rpsaake (puc.2).

1.8
Vg, Mo
My WE V'I.I":f(fn)

1,4 .

~ [
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1,0 / ~_|
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Puc.2. lameHeHune CKOPOCTU MaWlnHbl B 3aBUCUMOCT OT PAaCCTOAHKMA Mexay cTebnamm l” n

AJINHBI CTE6NA KyKypy3bl L,

M3 rpaduka BUAHO UTO, C YyBeNUYEHMEM PACCTOAHMSA Mexay CTebnamu CKOPOCTb ABUXKEHMA
MaLLMHBl BO3PACTaEeT, a C yBeMueHnem AnnHbl ctebnen ymeHblaeTca. Mpn n3MeHeHnr paccToaHmS
mexay ctebnamu ot 0,15 ao 0,35 M CKOpOCTb MalMHBI MOXKHO yBenuumTb oT 0,8 Ao 1,6 M/C, a npu
yBenmyeHve AnvHbl cTebna ot 2,1 10 2,9 M CKOPOCTb MaLMHbBI JOMKHa yMeHbLLIaTbea oT 1,37 o 0,94 m/c.

OnbiTamu onpefeneHo, YTo KOMMYECTBO cTebne Ha OAHOM MOrOHHOM METPE CKOPOCTENbIX COPTOB
B cpeaHem coctasnaet [, = 0,15 m, cpegHecnensix copros /, = 0,17 m, nosgHecnensix coptos

lnA = 0,27 m, a ux cpenHas 4inHa cooTBeTCTBeHHO 2,07; 2,47 1 2,72 m [2].

Torpa npw ybopke CKOpOCMesNbiXx COPTOB CKOPOCTb MallWHbI Ao/mKHa ObiTb OoKono 1,6 M/C,
cpenHecnenbix COPTOB 1,2 M/C, a No3aHecnenbix COPTOB MeHblue 1,0 m/C.

Ncnonb3oBaHHaA nuTepaTtypa

[11 Actanakynos K/[1., Xatamos b.A. CoBepleHCTBOBaHME TEXHONOMMW YOOPKM KyKypYy3bl Ha 3€pHO
B MOAMBHOM 3emnegenun // CenbCkoXo3aMCTBEHHbIE MalLKHbI U TexHonornm. Mockea. N°2,
2013.-c. 35-36.

[2] Astanakulov K.D., Hatamov B.A. Work quality indicators corn harvesting machine in harvesting
of corn with a different stage of vegetation / International scientific and practical conference
European research: innovation in science, education and technology. London. United
Kingdom. 11 May. Ne 5 (28), 2017. - p. 15-17.
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AHANN3 OU3NYECKMX OCHOBA MPOLIECCA ABCOPBLUMIN 1 COBEPLLEHCTBOBAHME
CUCTEMbI NOOAYY OAM3BMOSTAHONOBBLIX TOMMBHbBIX CMECEWN B BC.

Aimpberos U.A. —rpogeccop, Xakumos b.b. covckarens (TVIMIMCX)

AHHOTaUMA

B ctatbe nmaeTca aHanu3 GuU3MUeCKMx OCHOB Mpolecca abcopbumy, a TakKe YCTPOWCTBA 1 MPUHUUN PaboThl
YCOBEPLWEHCTBOBAHHOM CUCTEMbI MOAAYN AM3EMbHbBIX OMOITAHOMNOBLIX TOMANBHBLIX CMecel ans [BC.

Knroyesble  c10Ba. ,47///36/4097'8H0/705b/€ TOlMJ/1MBa, abc 0,06L//4/-7 ABYX ¢53Hb/)( cmecey, abc 0,066/7’ 7, HamarHu4viBaHme
Harpesa TE€/IbHBIV ITIEMEHT, 10/THOIO CT OPaHA, CHEXKeHHNE aHTPOMNOIMeHHbIX YacTHL.

[Bvratenn BHyTpeHHero cropaHua [1BC anaioTca Havbonee pacnpocTpaHsembiMi TEMOBbIMA
asvratenamu.  OTMYancb KOMMAKTHOCTbIO, BBICOKOM 3KOHOMWYHOCTBIO W [AONTOBEYHOCTHIO 3TV
ABWraTeny HaxoAAT LUMPOKOE NMPUMEHEHNE BO BCEX OTPAC/IAX HAPOAHOrO X03AMCTBa. B nocneaHve roapl
B CBA3M C NEPEXOAOM Ha MCMOMb30BaHMEM AM30MOITAHONOBbIX TOMMBHBIX CMecei B [1IBC Bonpochl
M3yyeHna dU3nUECKMX OCHOB MpoLecca abcopbumM NMOUCK HOBbIX CMOCOOOB CXMUraHusa ABYXda3HbIX
cncTem npuobpeTaeT Bce Oofbliee TeopeTMUYeckoe W MpakTMyeckoe 3HaueHue. bes TujatenbHoro
aHanM3a OUM3NYeCcKMx OCHOB Mpolecca abcopbumm MHOrOdGasHbX CUCTEM HEBO3MOMKHO [0OOWTHCS
LeneHanpaBleHHOro YCOBEPLIEHCTBOBAHNA TEXHONOTUM CKUraHWs 3TUX [AByXdasHbix cmeceir. B
NOMyYeHUN KauyeCTBEHHOW U BBICOKO SPOEKTMBHOM TOMIMBHOW CMECKU BaHOe 3HaueHue nmeeT
npouecchl abcopbumn. Abcopbuma — 3TO MPOLECC MOMOWEHVS KUAKOCTU rasa, NapoB rasa Wnm
NapoBbIX cmecel. TornoLeHHbIn ra3 uav nap HasbiBatoT abcoOpOTMBOM, a MOrNolaeMas KUAKOCTb —
abcopbeHToM. [o3TOMy ANA TONANBHbBIX CMecer abCOPOTUBOM CIYKWT KUK 1 Fra30BbIN B1MO3TaHoN, a
abcopOTMBOM — [M3e/bHOe TOMMBO. B pe3ynbrate B3auUMOAENCTBMA 3TWX ABYX da3 (¢-2) u Tpw
KOMTMOHEHTa, TO eCTb 0bpa3yeTca cMCTeMa COCTOALLAA CMELIVBAEMON 1 13 ABYX Macca NepeHOCUMbIX
BeulecTs (K=3).

Mo npaBuny das, Takaa cuctema obnaaaet 3-1a ypoBHaMM ceoboabl [1]:
(=K+2-0=3+2-2=3.

OCHOBHbIMM MapameTpamy OnpeaensiolMn Ga3oBoe pPaBHOBECKE TaKOW CUCTEMbI ABNAETCA
AaBneHvie, TeMnepaTypa 1 KoHueHTpaunsa. OHW onpeaensioT Grsmueckyto OCHOBY npoLiecca abcopbumm
MHOTOKOMMOHEHTHOW TOMMBHOW CcMech. [pu NOCTOAHHOW TemnepaTtype (f=const) v B YCNOBUAX
00Lero faBneHvs 6anaHc CBA3M MeXy KOHLEHTPaLMAMN BblparkaeTca 3akoHoM FeHpw. CornacHo sTomy
3aKOHY, MpW HEeKOTOPOM TemnepaTtype nopuuManbHOe AaBleHMe HaxoAAWerocsd Ha MOBEepPXHOCTU
PacTBOPa NPAMO-NPONOPLMOHANIBHO €ro MOJIN:

P=E£x
nw

X £ (1
= -, 1
E
roe P — nopumoHanbHOe AaBneHWe MOrNOWEHMA rasa C KOHLEHTpaUuWen X ¢ XUAKOCTbIO
HaXOAALENCA B PaBHOBECHOM COCTOAHNMN.

KoHcTaHTa leHpW TecHO CBA3aHa CO CBOWCTBaMM abcopbTMB M abCOpPOEHTOB, a Takke
TemnepaTtypou:

mE=L+c, 2)
RT

rae g — TemnepaTypa OKuxeHua rasa, krK/kmonb; R=8,325 kK/KmonbK — yHMBEepCanbHas ra3oBas
KOHCTaHTa; T — abcontotHaa TemnepaTypa, K; C — NOCTOAHHAA BeNMUMHA CBA3aHHaA C MPUPOAOWN
NPOXOAALLEro ra3a v KWUaKoro Tonnmea. Kak BuaHo 13 dopmysbl (2) C pOCTOM TeMnepaTypbl CHUXKaeTcA
OKMXKeHMe rasa B Nofsoae An3Tonnmea. 1o 3akoHy HanbToHa nopupanbHoe faBneHne B KOMMOHEHTe
ra3oBoOW CMeCK paBHO NPOW3BEAEHWIO YAENbHON MOW 3TOrO KOMMOHEHTA Ha obLlee AaBNeHMe, TO eCTb:

p=P-y wu y=§, 3)
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roe, P — obuiee gaBneHne ToNaMBHOM cMecH; y— KOHUEeHTpaumA CMeLLIBaeMOW MacChl, 1018 MOSIN

[1].
CpaBHuBas dopmynbl (1) 1 (3) mexay cobon NPUXOAMM K CliefytoLiemy BbipaXKeHMO:
E
Y = P_zZ. x
P p
WK Bblpakaa KOHCTaHTY pPaBHOBECKSA Yepe3 m Nonyunm Cledytollee BblpaKeHue:
y=m-x (4)

JTO BbIPAKEHME TMOKa3blBaeT MPAMONMHENHYIO CBA3b a30BOM CMECM pacnpeaensemMon B
PaBHOBECHOW KOHLEHTPALMM MACChl B »KNMOKOW Ccpede. 3T NUHUM NPOXOAAT C Hadana KOOPAMHAT U 1X
TaHreHC Yron HakMoHa PaBeH Ha /7). YroN HaKIOHa 3aBUCUT OT TemnepaTypbl U AaBneHVa NofaBaemom
TOMANBHOWM CMECH.

P

Puc. 1. CGkmkeHwne rasa npu pasHoix TemnepaTtypax (ti>t>t3).

Kak BMAHO M3 pWC. 1 HAKMNOH TaHreHC yrna C pPOCTOM [aBMEeHUs U CHWKEHVMEM rpajiMeHTa
TemnepaTypbl NOBLILIAETCA PACTBOPUMOCTb ra3a B XUAKON cpefe (BenuurHa /m yMeHbLLIaeTca).

Mpy Manom KoHUeHTpauun x rasa (bMo3TaHOM) B XKMAOKOW cpefe (au3Tonnmee) 3akoH [eHpu
3anuuIeTcs B Creflylolem Bue:

V=m-X (5)

PacTBOPbI C HU3KOW KOHLIEHTPALIeR 1 NPU HU3KMX AABNEHUAX, PaBHOBECHOE COCTOAHME MEXIY
ra30M U KUAKOCTbIO He MOAUNHAIOTCA 3aKoHY FeHpw [1]. TToaToMy BblllenepneeaéHHble aHanuTnueckme
3aBMCUMMOCTM  BMOJIHE  MOTYT  CY)KWTb  OCHOBOW  ASIA PACKPbITVUS  GU3MUECKOW  CyLHOCTK
[BYXKOMMOHEHTHBIX TOMANBHbIX cMecel. C Lenblo NOBbILLEHWA MHTEHCUBHOCTW NMpoLiecca abcopbLmm
(Macca obmeHa) B AM3ENbHO-OMOSTAHOMOBLIX TOMAMBHBIX CMECAX Hamy MpeanaraeTca  akTMBHO
BO3[E€1CTBOBATb Ha 3TV CMECK C MOMOLLbIO 3hdeKTa HaMarHWYMBaHUA W rPaAMeHTa TemrnepaTypbl
BbIX/IOMHbBIX Fa30B CAMOro ABWraTess, Kak mokKa3aHHO Ha puc. 2.
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Puc.2. Hosaa cuctemMa nofjayv ams3bmnosTaHoNoBsom TonnmsHom cmecu ana ABC:

1 - 6ak ans 6KMoaTaHONa; 2 — WeCTepeHYaTbi HacoC AN nofgadu; 3 — NPUBOA OT KONEeHYaToro Bana;
4 — TpybKa Ansa noaaum 61MO3TaHON]; 5 — pblYar ANA PyYHOW NOAKAYKM TOMANBHOW CMECU; 6 — PE3VHOBDIN
YNNOTHUTENb; 7 — NOPLIHEBON CMECUTENbHbLIM MeXaHu3M; 8 — MeMbpaHa; 9 — MOCTOAHHBIA MarHuT
(Mogudunkatop); 10 — Bo3BpaTHaA NpyxmMHa; 11 — 6aKk Ans AM3TonnmBo; 12 — KOHLIEBOW BbiKAtoYaTesb; 13
— cMecuTenbHas TpyoKa; 14 — perynatop AaeneHus; 15 — TepmocTtat; 16 — noagogswas Tpyoka; 17 —
TOpo0OpPa3HbIM HarpeBaTebHbIM d1eMeHTOM; 18 — TpyOKa BbIXIOMHOrO rasa; 19 — kopnyc; 20 — Tpybka
nogayn TOMMBHOM CMECHU. B pexxume HepaboTatollero Apuratend, BOAUTENb HAXKMMAET Ha pbluar
5 py4YHOM NOAKaYKM TOMSIMBHOW CMECH, NePeMELLAET UCMONHUTENbHO NOPLIHEBOM MEXaHW3M 9 BNEBO U
CKMMana BO3BpaTHYO NpyxuHy 10 co3naeT n3bbiTouHOe AaBneHve cmecu B nonoct A 1 B n oHa no
oTBOAALLEN TpyOKe 13, uepes perynatop AasneHusa 14, nonafaeT B KapOopaTop WK HACOC BbICOKOTO
JaBneHus aunsena [2].

B pexxnme paboTatoLlero Apuraten KoneHuatblii Ban 4 Bpallias WecTepeHyaTbhili Hacoc 2 co3aaeT
JlaBneHue B NonocTu «Bx, nom nencrervem 3TOro fAaBneHua noplieHb C MeMOPaHHOW roMoBKOW 7 U
NOCTOAHHBIMW MarH1MTamm 9 nepemeLlanch BNEBO Takxe CO30al0T AaBNeHme TommnBa B nonoctu A. Cmechb
[laBfeHnA W HarpeBaTensa MoAalTcA B KapOpaTop WM HAcOC BLICOKOTrO [aBfneHus. 3a cueT
HaMarHMYMBaHMA W OMNTUMANBHOTO TrPadWEHTa Tenna CHWKAETCA BA3KOCTb ABYXKOMMOHEHTHOMN
TOMNVBHOW CMeCW CO3[aéTCA YCoBME ANA MOMHOrOo CropaHua TOMAMBHOM cmecn [2]. Boibupas
KOHCTPYKTMBHbIE MapameTpbl MEMOPAHHOW FONOBKM PA3HOUMEHHBIMK MOCTOAHHbLIMM MarHUTamu ©
TOPOBPO3HOrO HarpeBaTeIbHOrO deMeHTa C TEPMOCTATOM [JOCTUrAETCA ONTVMabHBIA PexiM paboThl
ABUratenemn C HU3KNM COAEPKaHMEM aHTPOMOMeHHbIX YacTWL, YIydLlan SKOIormyeckyo cpeay. Bcé 1o
[aeT HAPOAHOMY XO3AMNCTBY 3HAUYUTENBbHbIV TEXHUKO — SKOHOMUYECKUIA SODEKT.

JlutepaTtypa
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Abstract

This article is devoted to the regeneration of air filters Mercedes-Benz buses, justified the number of optimal
regeneration of clogged air filters. The dynamics of the aerodynamic resistance of air filters is experimentally and
theoretically proved, and the second-order polynomials are obtained for the prediction of the change in their
resistance by applying the methods of mathematical statistics.

By regenerating cardboard filter elements, their original aerodynamic drag cannot be completely restored.
However, depending on the method of regeneration, it is possible to significantly reduce the resistance of the filter
element close to the original [1].

At the nominal air flow resistance of the new filter element is less than the resistance of the
restored at 0.15..0.25 kPa. Moreover, the lower resistance value corresponds to the wet cleaning method,
and the higher value-to dry (purge with compressed air at a pressure of 0.3..04 MPa) method for
cleaning the filter element.

The regularity of changes in air resistance from the operating time of the filter element is
nonlinear, i.e. in the form of a parabolic dependence [2]. This dependency can be described as:

AP;=axL*+bxL+c
where, APi-resistance of the air filter depending on its operating time L, kPa;
a, b-values depending on the complexity of the air filter design;
C - initial filter resistance in kPa.

This means that the parabolic dependence of the change in air resistance passes through the
origin. From the requirements of the standard it is known that the initial resistance of the new air filter
at the nominal air flow rate consumed by the engine should not exceed 0.08..0.12 kPa. The maximum
permissible value of the clogged air filter should be 5.0..6.0 kPa. Further increase in the resistance of the
air filter will lead to difficult engine start, unstable operation, fuel overruns and other negative
consequences.

We have studied the operating conditions and modes of maintenance of air filters of Mercedes-
Benz buses in the conditions of Tashkent [3].

Currently, the filter elements of air filters in bus fleets are replaced with new ones after 75..90
thousand km of run taking into account their real condition. During this time, the bus power supply
system is subjected to five or six times the service, respectively.

Changing the aerodynamic resistance of air filters depending on their operating time.
Table 1

Number of | Bus mileage, Aerodynamic drag, kPa Results of external inspection

recoveries | thousand km | A clogged filter Restored filter of the filter element

New 0 ) 190 Hosoe cocTosHme, oTBeYaeT
TpeboBaHVAM CTaHAapTa

1 15.0+£0.3 4.50 1.40 Normal state

2 30.0+0.3 470 1.65 Normal state

3 45.0+0.3 4.85 1.8 Normal state
Traces of violation of the

4 600+03 >0 205 structure of the filter material
Noticeable disruption of the

> 75.0%03 >6 240 structure of the filter material

For air filter elements, the service is to remove the dust settled on the surface and pores of the
filter material under the pressure of 0.3..0.4 MPa in special installations.
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Table 1 shows the increase in filter resistance during operation every 15 thousand km, which
shows that the aerodynamic resistance of the new air filter on the run after the first recovery is reduced
from 4.5 to 1.4 kPa.(at nominal air flow rate).

External inspection of the filter element after three times of recovery found that changes or
violations on the surface of the filtration material were not observed. It can be assumed that the dust
transmission coefficients of the filtration material did not deteriorate.

After the fourth restoration, the external examination revealed traces of violation of the structure
of the filtration material, after the fifth restoration, noticeable violations of the structure of the filtration
material were found, which allowed moisture to penetrate into the filtration material. After the sixth
restoration of the filter element on the surface of the filtration material, it was easy to detect local
swelling of the filtration material and changes in the geometric shape of the element due to the
prolonged effect of moisture and fatigue.

The average values of the measured resistances of the air filters every 3.0 thousand km of run is
given in table 2. The table data shows that the lowest aerodynamic resistance has a new filter: initial
resistance 1.03 kPa, the ultimate resistance, i.e. 15.0 thousand km mileage — 5.05 kPa.

Changing the aerodynamic drag of the air filter depending on the bus mileage and the number
of regenerations.

Table 2

. The value of the aerodynamic drag from the number of regenerations, kPa
The mileage of
buses, after which
resistance was New filter | 5 3 4 s
measured, element
thousand km.
0 1.03 1.15 1.20 1.32 1.5 1.65
3.0 1.50 1.70 1.85 1.85 2.05 2.35
6.0 2.2 2.50 2.50 2.55 2,70 3.05
9.0 30 3.30 340 3.20 340 3.70
120 405 415 435 420 450 4.70
15.0 5.05 5.15 5.20 533 540 562

The table shows that each regeneration increases both the initial and final resistance of the air
filter. For example, the initial resistance of a new filter after five times regeneration increases from 1.03
to 1.65 kPa (by 60%).

At the same time, the final resistance increases from 5.05 to 5.62 kPa (approximately 12%) after
five times regeneration.

These data indicate the need to limit the number of regenerations of air filter elements in the
operation of buses in terms of aerodynamic drag, cleaning efficiency, dust capacity, mechanical
properties and others.

The average data of table 2 are processed by the least square method and formulas for predicting
the aerodynamic resistance of the air filter depending on its operating time and the number of
regenerations are obtained.

With the help of the obtained formulas it is possible to calculate the aerodynamic resistance of
the new (RO) or regenerated (R1,R2,R3,R4,R5) filters. The dynamics of changes in the resistance of the air
filter and the resulting formulas are shown in Fig.1,2,; 3.

AP = 0.008 = L? + 0.1514 = L + 1.0068
The following formulas are obtained for regenerated filters:

Ry: AP = 0.0044 * L2 + 0.074 * L — 0.9071;
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R,:AP = 0.0044 * L? + 0.0569 * L — 1.0357;
R3:AP = 0.0083 = L? — 0.6107 = L + 11.95;
R4: AP = 0.007 * L?> — 0.6885 = L + 17.455;
Rs: AP = 0.0046 = L2 — 0.4906 * L + 12.806;
R1,R2, R3, R4, R5-filter element after the first, second, third, fourth and fifth regeneration.

The error did not exceed 1.0%, more precisely R2 =0.9983, when describing the aerodynamic drag
by the least squares method.

The obtained formulas can be used to predict the state of air filter elements depending on the
operating time, as well as to determine the required amount of filter elements stock for a certain period
of time of operation of buses.

Changing the initial and final aerodynamic resistance of air filters in the direction of increasing, in
tun, will lead to a decrease in their life.

]

AP0O=0,008L2 + 0,1514L + 1,0068 AP1 = 0,004417 + 0,074L - 0,9071
s . s )

.

—+- R1
new filter element _ _polinominal(R1)
— —  polinominal (new filter element)

-
A
-

w
w

Aerodynamic drag, kPa
~
Aerody:
~
b
\
\
.
b

o 15 18 2 F1) 2 30
0 2 4 6 8 10 12 14

Mileage, thousandlm
Mileage, thousand km

Picture.1. Aerodynamic resistance of new (R0) and regenerated (R1) filters.
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Picture 3. Aerodynamic resistance of filters after the fourth (R4) and fifth (R5)
regeneration.

Based on the data obtained in the conditions of operation of buses and observations of the state
of air filter elements (especially for physical and mechanical indicators, such as the geometric shape, the
presence of shrinkage of the element and the state of the filter material, violations of the structure, etc)),
we offer three or four times the regeneration of the filter element.

Based on the results of the operational tests and the description of their polynomials of the 2nd
degree, it is possible to give recommendations on the permissible number of regenerations, dynamics
of changes in the aerodynamic resistance of filter elements:

Three or four times regeneration of filter elements in the conditions of bus fleets is offered.

The formulas in the form of a second-order polynomial for the calculation of aerodynamic drag
depending on the operating time for both new and restored filters are proposed.

The proposed polynomials can be used to predict the aerodynamic drag of air filters of buses
during their operating time or resource.
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COMPUTERIZED VEHICLE ROUTING AND SCHEDULING FOR EFFICIENT LOGISTICS
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Abstract

Computerized vehicle routing and scheduling systems are very sophisticated software packages that are used to
generate and optimize routes and schedules for transport operations. In addition to holding a digital map of the
road network, these systems also hold information concerning customer locations and delivery and collection
windows, quantities and types of goods to be delivered or collected, vehicle availability and capacities and driver
shift patterns. Customer orders are input into the system, which then generates the optimum set of routes that
meets the delivery need.

The classical Vehicle Routing Problem (VRP) was introduced by Dantzig and Ramser (1959)
denoted as the "Truck Dispatching Problem”, and the current name of the problem was given by
Christofides (1976). This problem aims to find a least cost set of feasible routes that originate and
terminate at the depot to serve a number of customers. The interested reader is referred to Laporte
(1992, 2007), and Toth and Vigo (2002) for VRP reviews.

The VRP can be defined on a complete graph G = (N, A) where N ={0, 1, .., n} is the set of nodes
and A={(,]) |1, ] € N, i6=j}is the set of arcs. In this graph, the depot is located at node 0, and the
customers are represented by nodes from 1 to n. Associated with each customer i, g; denotes the
demand at that customer. d; represents the distance along each arc (i, j), which is usually considered as
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the corresponding cost spent to travel from node i to node j. Each vehicle v given by set V has equal
capacity Q. The problem considers symmetric costs (distances), i.e., dj = d; for all (i, j) € A.

The objective of the VRP is to find exactly |V | routes with minimum total cost such that each
customer is visited exactly once by one vehicle, each vehicle starts and ends its route at the depot, and
it delivers a total demand that does not exceed the vehicle capacity. This problem can be represented
by several mathematical models. We focus on the two-index vehicle flow formulation with respect to
the model given by Laporte et al. (1985). In this formulation, x; takes value 1 if arc (i, j) is covered by the
optimal solution and takes value 0, otherwise. The two-index formulation of the VRP considering these
assumptions is as follows.

min Z Z di;zi; (1.1)

iEN jEN

subject to l: zis = 1, j € N\ {0}, (1.2)
iEN
Z““i =1, i € N\ {0}, (1.3)
JEN
> 20 =V, (14)
iEN
EIUJ_IVL (1.5)
JEN
YDz >1(8), SCN\{0},5#86, (1.6)
igs JES
zi; € {0,1}, i€ N,j €N, (1.7)

The Vehicle Routing Problem with Time Windows (VRPTW) is an extension of the VRP where
additionally each customer has one single time interval that restricts the delivery time. This problem is
usually formulated as a multicommodity network flow problem with capacity and time window
constraints (Cordeau et al.,, 2002a).

The classical formulation of the VRPTW does not allow violations of time windows: vehicles are
permitted to wait if they arrive early and they cannot be handled if they arrive late. The constraints
constructed to guarantee the feasibility with respect to these (hard) time windows naturally replace the
subtour elimination constraints needed in the VRP formulation. In real-life applications, time windows
are usually relaxed meaning that they can be violated (leading to soft time windows). In case the delivery
cannot be satisfied as promised (early or late service), the company pays a penalty cost to each customer
that does not receive the goods on time. These time window violations can be handled either by the
objective function or by the constraints. Note that in the latter case, the probability of arrivals outside
the time windows are constrained. These probability constraints are specifically employed in the
formulations considering stochastic travel times and hard time windows. In this thesis, we consider a
number of extensions based on the VRP where each customer has a soft time window. In these
extensions, soft time windows allow both early and late servicing with some penalty costs, where
waiting at customer locations is not allowed. Moreover, time window violations are taken care of directly
in the objective function.

Two types of computerised system can help organisations to plan their routes: computerised
vehicle routing and scheduling systems, and the less sophisticated journey planners. The main part of
this guide is primarily concerned with the former type of system, which can provide benefits in many
areas in addition to rapid planning of routes. This systems can take large numbers of customer orders
and calculate the most effective way of meeting them. They calculate the time and resources required
to complete the work, using collection and delivery information and observing the pre-determined
parameter settings that control the way in which the transport operation is run. Parameters can include
road speeds, load size, customer opening times and driver hours. Systems can be used for dynamic daily
or weekly planning, as well as for strategic analysis. On a daily basis, they quickly produce routes which
meet the laid down parameters. Transport planners can then further optimise the routes and schedules
using their expertise, local knowledge, relationship with customers and so on. For instance, planners
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may know that a certain customer will accept a later or earlier delivery if they are telephoned first. They
can then override that customer’s delivery rules and let the system re-plan routes, often with even better
results. When the user decides that the solution is as good as it can be, it can be used to generate
outputs, for example, a printed map, a report or a delivery schedule.

A system holds a range of data covering the road network (including digital maps and road
speeds), details of vehicles” availability and capacity, driver shift patterns and customer information
(including locations and delivery and collection windows). A system will also hold a range of parameters
that define the way in which deliveries and collections, or ‘calls’, must be made, such as: the maximum
number of overnight stops, whether the vehicle is to deliver on the way out, or go to the furthest point
loaded and deliver on the return leg, the ability of vehicles to make more than one journey in the same
shift, any need to have space left on the vehicle for collections, on multi-day routes, information on
which loads need to be delivered on which days.

Strategic Strategic applications are concerned with planning for possible future developments.
systems can provide organisations with a greater understanding of the resources they would need and
the likely costs associated with different set-ups. Key strategic tasks include: Planning resource
requirements and budgeting for

Data Output and Reports Modern systems have comprehensive reporting capabilities, with data
outputs including: Route reports (screen and print) Resource utilisation and cost reports (screen, print
and file)

Load manifests or daily traffic sheets showing the allocation of drivers and vehicles to routes
Performance monitoring reports (comparing actual results with planned) Route summaries showing
distance, time, calls, quantity and cost Dispatch reports showing run dispatch and return date or time
Resource utilisation bar charts showing the time spent on driving, other duties and break and rest
periods A range of cost reports In addition to creating customised reports directly from the system, users
can export data to spreadsheet or database applications (e.g. Excel, Lotus, Access or Lotus Approach), or
to other proprietary data handling and report writing packages for further manipulation. Exported data
can also be merged with other related management information.

How Much will a System Cost? It is difficult to make a general statement about the costs
associated with purchasing, installing and running a system. It is worth remembering that: Cost savings
for established operations are typically of the order of 10-20% of transport costs can enable businesses
experiencing rapid growth to meet increasing demand without having to increase staffing levels,
whereas several additional staff may be required with manual vehicle routing Improved
communications between systems and departments tend to yield efficiency improvements and better
levels of customer service: although difficult to quantify, these benefits may offer companies the edge
over their competitors Where system costs are of particular concern, it may be worth considering a lower
cost, budget system where functionality is reduced. Another alternative is to use a service provider,
where orders are uploaded to the Internet and planned routes returned. This latter option is slower, but
can still result in benefits.

Reference:
[1] Dantzig, G.B., J.H. Ramser. 1959. The truck dispatching problem. Management
[2] Science 2 80-91.
[3] Christofides, N. 1976. The vehicle routing problem. RAIRO Operations Research 10.
[4] Laporte, G. 2007. What you should know about the vehicle routing problem. Navals
[5] Research Logistics 54 811-819.

[6] Toth, P, D.Vigo. 2002. The vehicle routing problem. vol. 9, SIAM Monographs ondiscrete
mathematics and applications, Philadelphia.
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BUPTYANbHbBIM CTEHA AN UCNBITAHUA TATOBO-CKOPOCTHbBIX CBOWCTB
ABTOMOBWIIA

4.T.H, ipog. MyxurguHos A.A.", PhD, Pyzumos CKZ, K.T.H, gou. Kacumos O.K

7 - TALIKEHTCKMI MHCTUTYT 110 MPOEKTUPOBAHIIO, CTDOUTENBCTBY 1 SKCII/YATALIMU ABTOMOONIbHBIX JOPOI, TaLLIKEHT,
YabekucraH

2 = TYPUHCKIK TOTTNTEXHUYECKIN YHUBEPCUTET B rOpOJe TalkeHTe, TallKkeHT, Y30ekucTaH

AHHOTaUMA

B maHHOW CTaTbA paccmaTpuBatoTCA Npobnembl MCMonb30BaHNA BUPTYabHbIX CTEHAOB ANA UCMbITaHUA TArOBO-
CKOPOCTHBIX ¥ TOMIMBHO-9KOHOMWYECKNX CBOWCTB  aBTOMOOMAA. [MpuBOAMTLCA MpUMEP  Pa3paboTaHHOro
BMPTYanbHOrO CTeHAa Ha nporpammHomM nakete Simulink/SimDriveline v oueHka ero A0CTOBEPHOCTM Ha
JOPOXHbIX UCMBITaHUAX. A TakKe, PaCCMaTPUBAETCA BOMPOC UCCIEeOBAHMA MEepPCreKTUBHBIX BUIOB TATOBOrO
NpP1BOAA aBTOMOBMIA C MOMOLLIO Pa3paboTaHHOrO BMPTYanbHOrO NPUBOLA.

Kntouesble CrioBa: BUPTYasIbHBIV CTEHL, TArOBO-CKOPOCTHBIE CBOVICTBA, MOPUAHBIV MPHBOJ aBTOMOOU/IA

N3BECTHO, YTO TArOBO-CKOPOCTHBIE 1 TOTMIMBHO-3KOHOMMNYECKME CBOMCTBA aBTOMOOUA MOMXKHO
onpeaennTb aHaMUTUYECKMM UV SKCNEPUMEHTANbHbIM METOAAMW. JKCMEePUMEHTaNbHbIE NCMbITaHKA
OCyllecTBAeTcA Ha cteHpax [1, 2 m 3], Ha poporax [4, 5] unv e pacyeTHO-3KCNePUMEHTaNbHO
(MCNONb30BaHWEM BUPTYabHbIX CTEHIOB [6, 7]).

CTeHaoBble 1 JOPOXHbIE UCMBITAHMA UMEIOT Pe3ybTaThl C 60NbLIeN NPUONVKEHHOCTBIO K peanuu,
B TOXe Bpems TpebytoT BbICOKMX 3aTpaT (G1HAHCOBBIX, PeCypCoB, BPEMEHN U T.4.).

COBpeMeHHOG COCTOAHME Pa3BUTUA TeOopUn aBTOMOOUNA U” l/IHd)OpMaLI,I/IOHHbIX TEXHONOTMM
NOo3BOSIAET BHEAPUTb BUPTYallbHble CTeHAbl B Mpouecc pa3pa60ﬂ<m N UCNbITaHUA aBTOMOOUNA C
[OCTAaTOYHO BbICOKOM OOCTOBEPHOCTbIO Pe3y/1bTaTOB. JTO MNo3BOAUT YMEHbLWWTb BbllIEYyKa3aHHbIE
3aTpaTtbl, a TakXe MNpeAcTaBidAeT AOMNONHUTENbHbIe BO3MOXHOCTW ANA NCCNefOoBaHWA Pa3/iYHbIX
B3aMMOCBA3EN Y3/10B W Jaetaner, W3MeHeHue U  OMTUMM3ALMA Pa3MMUHbIX KOHCTPYKTUBHbBIX WU
SKCryaTayMOHHbIX MapaMeTPOB.

OCHOBHbIMX  33la4amMM  UCMOMb30BaHWA BMPTYalbHbIX CTEHAOB ABMAIOTCA: a) YCKOPEeHVe
Pa3pPaboTKK, AOPAOOTKM 1 HANAAKN KOHCTPYKLIMIA B MpoLiecce pa3paboTki aBToMobuns; 6) obecnevueHne
BbICOKOW [JOCTOBEPHOCTM PEe3y/bTaToB; B) pelleHne 33fjaul Npu CIIOXKHOCTU WM HEBbBIMOSHUMOCTY
JKCNEPVMEHTOB B PeasnibHOCTW; 1 ) BO3MOXHOCTb UCCNEe0BaHUA MepCreKTUBHBIX BWOB TATOBOrO
NpviBOaa aBTOMOOWEN (TakMX Kak r’MOpUaHbIE 1 NeKTpuYecKne aBTomooumnn).

Ha pwc.1 npuseneH obumi BUA BUPTYaNbHOro CTeEHAa aBTOMOOUNA C rMOPUAHBIM NPUBOAOM.
Simulink/SimDriveline. BupTyanbHblii CTeH[ MO3BOMAET BapbWMpPOBaTh MapameTpbl, CBA3aHHble C: 1)
YCNOBMAMWU [BWKEHNA, 2) peakumen BoauTens, 3) asuratena BHyTpeHHero cropaHua ([BC), 4)
TPAHCMUCCUK, 5) DNEKTPUUECKUI TAMM (INeKTpuyeckas MalluHa v Tarosas baTapesn), 6) aBToMobuna 8
Lenom. A TakKe MOXKHO MCCNeAoBaTh BMAHME PEXMMOB YNpaBieHna TAroBbiM NPMBOAOM aBTOMOOMNA
Ha OCHOBHbIlE OLIEHOYHbIE MOKa3aTenu.
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Puc. 1 BupTyanbHblii cTeHf rubpmaHoro aBTomobuns Ha Simulink/SimDriveline

Ha BMPTYallbHOM CTeHAE MOXHO CO3[0aBaTb YCJIOBMA OBUXKEHWA, KaK MO MapamMeTpam peasibHOro

MapuwpyTa, Tak 1 HOPMNPOBAHHbBIX €300BbIX LUMKNOB, UMUTUPYIOLWNX TUMOBbIE NIT KOHKPETHbIE YCJTOBKA
SKCryaTaynn.

Ha Puc. 2 v 3 npuBeneHbl e3A0Bble LMKIbl, KOTOPbIE WWPOKO MCMOMb3YITCA AnA onpeaeneHus
6a30BbIX PACXOAO0B TOMIMBA, OLIEHKM SKOMOrMUYECKNX MOKa3aTeNnen nerkoBoro asTomobuns. Mpu sTom Ha
JOPOXHbIX WM CTEHAOBLIX WCMbITAHVAX BOAUTENb [OMKEH MPUOEPXKMBATL PEXMM  [BUKEHMS

aBTOMOOMNA NO 33aHHOMY FPAdUKY e340BOr0 LIMKIa CKOPOCTH, C IOMYCTUMbIM OTKNOHEHVEM He Gonee
1 m/c.

ST0 TpebyeT OT BOAUTENA BbICOKMUX HaBbIKOB. [1pW CNOXKHbBIX €3[10BbIX LMKIAX, Ha MPUMER, e30BOM

unkn WLTP (prc.3) nnuv peanbHblX 3aperncTprpoBaHHbIX peXxmMax ABUKeHWsA [8], 3TO 3aa4a CTaHOBUTCA
CNOKHO BbIMOMHUMbIM.

140 T T T T T T 140
120 - . 120
100 [ 4 100 [
T T
Z st 2 st
g ]
2 ol S 60r
§_ 60 g
Q
40 | 40
20 - d 20
0 : : : : ‘ 0 ‘
0 200 400 600 800 1000 1200 1400 0 300 1000 1500 2000
Bpewms, [c] Bpewms, [c]
Puc. 2 PeXnmbl BMKEHMA aBTOMOOUNA Ha Puc. 3 Pexxumbl ABUKeHWUS aBTOMODBUAA Ha
EBponenckom e3gosom umkie NEDC MMUPOBOM e300BOM Lmkne WLTP

Ina YCTPpaHeHNA BbllleyKa3aHHOIO HeAOCTaTKa MOXHO WCMONb30BaTb pO6OTI/I3I/IpOBaHHbIe
MeXaHWM3Mbl A/1Aa aBTOMaTh3alnn q)yHKLI,I/II/I BOAMTENA. BmpTyaanb||7| CTeH no3BOSIAET HaCTpakBaTb

GYHKUMIO BOAMTENA, KOTOPas WMWUTUPYETCA MNPOMOpLMOHaNbHO-UHTErpanbHO-AnddepeHUnpyoLmnm
(ML) perynatopom [9, 10].
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Puc. 4. N'padumK M3MEHEHMA 3HAUEHNA CKOPOCTH Puc. 5. N'paduK N3MEHEHMA CKOPOCTH
aBTOMODBUNA B 3aBUCUMOCTW OT Kp aBTOMOOUNA B 3aBUCMMOCTU OT Ti

Ha Puc. 4 v 5 npeactasneHbl BAMAHNA KOSOOULIMEHTOB yCUneHWA NponopuyyioHanbHon Ky v

nHterpupytowen T; coctasnaowmx MAI-perynatopa Ha To, kak BOAMTENb NPUAEPKUBAETCA 3aaHHOMN
Mo e300BOMY LMKy CKOPOCTH.

Hapsaay ¢ Bbllleyka3aHHbIMY MPeuMyLLIeCTBAaMM BMPTYasbHbIX CTEHAOB, HEOOXOAMMO YUecTb pAj
npobnem Npu WX WCMOMAb30BaHWW. [1epBbiM LIAaromM B 3TOM ABASETCA onpefeneHve CTeHA0BbIMU
NCMBITAHNAMN OCHOBHbIX XapakTEPUCTUK OTAENbHbIX CUCTEM aBTomMobMNA (MHOromapameTpuyeckue
xapakTtepuctku [BC, TAroson 6atapen 1 3neKTpUYecKon MallnHbI...), OT TOYHOCTM KOTOPbIX 3aBUCKT
CTeneHb [OCTOBEPHOCTM pPe3ynbTaToB WCCIeOBaHMI Ha BUPTYyanbHOM cTeHfe. Bbibop MallvHHOM
nporpammsl [6, 7] BO MHOTOM 3aBUCUT OT NpeanodTeHra pa3paboTurka B 3aBUCMMOCT OT €70 HaBbIKOB
MO COOTBETCTBYIOLIEN NPOrpaMme.

MpoBefeHHble AOPOXHbIE WCMbITAHWA WHCTPYMEHTMPOBAHHOMO aBTomMobuns GM Uzbekistan
Nexia GL C TpagMUMOHHbLIM MNPUBOAOM TMOKA3anM CXOAMMOCTb Pe3yfbTaTOB SKCMEPUMEHTOB Ha
BUPTYyanbHOM CTeHae B npepenax 1 - 3%. BupTyanbHble CTeHObl OCOBEHHO LEenecoobpa3Ho
1CMOMb30BaTh NPK Pa3pPaboTKe 1 UCCNefoBaHNe NePCNEKTUBHbBIX KOHCTPYKLIM aBTOMOBUIEN, a Takke
Npw Cydasx, Koraa HaTypHbIV SKCNEPUMEHT HEBO3MOXKHO OCYLLIECTBUTD.

Crnncok nutepartypbi:
[11 https//www.avl.com
[2] https://rototest.com
[3] https//www.onosokki.cojp/English/english.htm
[4] https://www.vboxautomotive.co.uk/index.php/en/
[5] https://www.kistler.com/en/applications/automotive-research-test/
[6] https//www.mathworks.com/products/simdrive.html

[7] https//www.plm.automation.siemens.com/global/en/products/simcenter/simcenter-
amesim.htm|

[8] 3uaes K.3.«Pa3paboTka HOPMATUBHOIO €340BOr0 LMK METOLOM CMHTE3a PEXMMOB [BUKEHMS
aBTOMOOUNAY, aBTOpedepaT AnccepTaunm JOKTopa GUNOCOPUM MO TEXHUYECKMM HayKaM,
TawkeHT, 2017

9] MyxutamHos AA, Pysumos CK, Beibop koadduumeHTos MNA-perynsatopa B cucteme
yrnpaBneHus «BOUTENb-aBTOMOOWb-OKpY»KatoLlasa cpefa» MexaHuka myammonapy, 2008, Ne4-
5,38-41.

MEASURES TO MINIMIZE THE NEGATIVE IMPACTS OF VEHICLES ON THE ENVIRONMENT.
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Abstract

To draw conclusions from examining the efficiency of different automotive cabin air filters to prevent penetration
of components of diesel exhaust and thereby reduce biomedical effects in human being as well as environment.

Keywords: dry and warm climate, rubber; smog; diesel exhaust: vehicle cabin air filters; symptoms, humans, environmentally
friendlly.

The Earth's atmosphere has been in the same structure for almost a million years. However, in the
20" century atmospheric air was polluted as a result of industrial development, demographic processes
and other factors. According to the World Health Organization and the United Nations Environment
Program, is the most serious air pollution issue globally. Air pollutants, and in particular particulate
matter, have been strongly associated with adverse effects on respiratory health. Airway symptoms,
exacerbations of asthma and chronic obstructive pulmonary disease, emergency department visits, and
hospital admissions have been associated with increases in particulate air pollution. Diesel exhaust is a
major contributor to ambient air particles in places with high traffic intensity. The exhaust also includes
many gaseous components—such as carbon monoxide (CO), nitric oxide (NO), nitrogen dioxide (NO2),
hydrocarbons (HCs), and aldehydes, and is well known to cause discomfort in exposed people.
Thousands of carburettor-driven vehicles burn 3 tonnes of toxic gas, 100kg of nitrogen oxide and 500kg
of fine-grained gasoline per day. Only in Tashkent more than 270,000 tons of pollutants are dispatched
from industrial enterprises and vehicles, which makes up 13 percent of the total volume in the country.
The biggest damage to natural cleanliness id the motor vehicle. Until now, no anthropogenic or techno
genic means of the atmosphere have been so damaged but now the number is increasing everywhere
in the world. The gas produced by the vehicle has more than 200 different chemicals and elements, and
toxic gases make a great contribution to environmental pollution. The toxic substances contain carbon
monoxide, nitrogen, hydrocarbon and sulphate compounds. Subjects exposed to diesel exhaust in work
situations have reported to have increased prevalence of symptoms of the eyes, nose, and throat, and
have labored breathing, coughing, phlegm, wheezing, and headache. Lung function deterioration has
been reported from exposure to diesel exhaust in a tunnel, garage, and ferries. In today’s automotive
industry, in order to produce one horsepower about 150-200 cubic meter of fuel will be consumed. So
at present, the total fleet of cars in the world is about 20 billion horsepower. For example, one truck emits
up 130 cubic meters of gas per hour and it's twice as small as a car. Unfortunately, because of the absence
of the trees, in warm and dry climate conditions, the city air pool has s photo-smokeless smog which
has a negative impact on the environment and living organisms in a particular zone. Detection of
atmospheric air pollution with radio-active substances is used to collect special radio-active substances
and filtered the air. The cabin filter is one of the best instruments for minimizing air pollution. The aim
of the present study was to evaluate the efficiency of different automotive cabin air filters to prevent
penetration of components of diesel exhaust and thereby reduce biomedical effects in human subjects.
The study used a specially designed exposure chamber and was based on earlier controlled studies of
exposure to diesel exhaust. It is concluded that the investigated particle filters were, as expected, able
to reduce diesel exhaust particles, but surprisingly without any significant reduction in the intensity of
symptoms in the exposed people. By contrast, the addition of active charcoal filters, to a particle filter,
clearly reduced symptoms induced by diesel exhaust. The biggest differences in efficacy between the
filters were in the reduction of detection of an unpleasant smell from the diesel exhaust. Even the efficacy
of the two charcoal filter combinations differed significantly. The ability to reduce symptoms may
depend upon the abilities of the filter to reduce certain HCs. Complementary studies on vehicle cabin
air filters may result in further diminishing biomedical effects of diesel exhaust in subjects exposed in
traffic and workplaces.

References:
[1] "Ekologik Monitoring” by D.Yormatova, Sh.Ubaydullayev pages 73-110 (2012).

[2] Air pollution of the world's megacities. A report from the UN Environment Programme
and WHO. Pages 45-60 (1994).
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MOBbBIWEHNW M3HOCOCTOMKOCTW OETANEN MALLWH
3. Ulapumrios, /1. babagkaHos, A. Jln

TaLIKEHTCKIV MHC TUTYT UHXKEHEPOB nppuralin 1 MexaHn3aL iy ce/ibCKoro XO3AUCTBa, P@Cﬂyﬁﬂ%/{a V3bexucraH

AHHOTaUMA

B naHHOW cTaTbe MpuBeAeHbl HeKOTOpble acneKTbl MOBbILIEHUS WM3HOCOCTOMKOCTU [leTanei MalluH, KpaTkue
TeopeTyeckne MpearnochiikA  OLeHKU SGGEKTVBHOCTY TEXHONOMMUM  YNIbTPA3BYKOBOM 00paboTKy  fAeTanen.

MpunBeaeHbl rpaduKK 3aBUCUMOCTI KO3OULMEHTA Kﬂa OT YCWUAVS BbIMMaXUBaHWA U MPUPOCTa OTHOCUTENBHOW

MUKPOTBEPAOCTM B pacyeTe Ha eAnHNLY NMPWKIaAbiIBAEMOTO CTaTUYeCKOro yCnama OT CXOAHOTO 3Ha4YeHNA MUKPO
TBEepPAOCTN.

KntoyeBble CrioBa: M3HOCOCTOMKOCTb, AETA/IM MALUMH, TEXHOIOMS, VIbTPA3ByKOBAaA 00PpabOTKa, VCINA BbITIAXUBAHIS,
MUKDOTBEDHOCT.

B coBpemMeHHOM MalWVHOCTPOEHUM BO3HMKAIOT TEXHOMOrMYyeckme npobnembl, CBA3aHHbIE C
06paboTKOWM HOBbLIX MaTepuanoB W CMIaBoB, GOpPMYy W COCTOAHME MOBEPXHOCTHOTO C/10A KOTOPbIX
TPYAHO NOMYYUTb M3BECTHBIMU MEXaHNYECKUMIN MeToflamK. K TaknuM npobnemam OTHOCUTCA 06paboTka
BeCbMa MPOYHbIX WA BECbMa BA3KUX MATEpPManoB, XPYMKUX W HemeTanNUuecknx MaTepuanos
(KepammKa), TOHKOCTEHHbBIX HEXEeCTKMX AeTanel, a Takke Ma3oB M OTBEPCTUN, MMEIOWMX pasmepbl B
HECKOMbKO MKM; MOJyYeHre MOBEPXHOCTEN AeTanel C ManoW LUepPOXOBATOCTbIO, C O4YEHb Mason
TONWMHOW AePEKTHOrO MOBEPXHOCTHOMO COA U T.[4.

B 3Tux ycnoBuMAx, KOrAa BO3MOXHOCTb 00pPabOTKM pe3aHMem  OorpaHuueHbl  MIoXown
00pabaTbiBaeMOCTbIO MaTepuana m3aenvs, CNOXKHOCTbIO GopMbl 06pabaTbiBaeMON MOBEPXHOCTU MMM
0bpaboTka  BOOOLWIE  HEBO3MOXHA,  LeNnecoobpasHo  MPUMEHATb  dNEKTpodusMyeckne 1
INEeKTPOXMMMNYECKe mMeTodbl 00paboTkn. KuHemaTnka $opmMoobpa3oBaHna NOBEPXHOCTEN AeTanein
SNEKTPOPU3MUECKUMU 1N INEKTPODU3NUECKUMA MeTOfaMM 0BpaboTKYM, Kak MpaBWio, MpocTa, uTo
obecneyrBaeT TOUHOE PeryMpoBaHmne NPOLIECCOB 1 X aBToMaTn3aumio [1].

B coBpemMeHHOM MalVHOCTPOEHUW MPW M3rOTOBNEHUM OTBETCTBEHHbIX feTanei MpUMeHATCA
GU3MKO-XMUYeCKMe CNocobbl PasMepPHON U yNPOUHALLEe-4MCTOBOM 00paboTKM. 3T Crocobb
AOMOJTHSAIOT, @ MHOTA@ 3aMeHsI0T TPAAMLIMOHHBIE MPOLECCh pe3aHns. INoCTOAHHO pacTylve TpeboBaHWs
K KauecTBy, Hafie@XHOCTW ¥ [JONTOBEYHOCTV M3MeNnii AeNaloT akTyanbHbIMK CO3AaHne U NpuMeHeHne
HOBbIX METOAOB 0OPabOTKM. IDHeprua ynbTpas3Byka MO3BOMAET WHTEHCUOUUMPOBATL MNpPOLECC
00paboTKN 1 [OOUTbCA 3HAUMTENBHOTO YNYUYlEHMA TOKasaTenen kayectBa obpabaTbiBaeMbix
NOBEPXHOCTEN MO CPaBHEHMIO C TPAANUMOHHOM 00pabOTKOM BbirNaxkmBaHvem [2].

KonmuecTBeHHyto oLieHKy 3GGEKTMBHOCTY BBOAG AOMOHUTENbHbBIX SHEPTN YNIbTPa3ByKa YA0OHO
NPOBOANTL C MOMOLbIO Oe3pa3MepHbIX MokKasatenew, Hanpumep, KO3GOUUMEHTOB OTHOCUTENbHOW
MUKPOTBEPAOCTY 1 LLIEPOXOBATOCTH, COOTBETCTBEHHO XapaKTePU3yoLMe NPUPOCT MUKPOTBEPAOCTU 1
CHUKEHWA WEPOXOBATOCTN OTHOCUTENBHO UX UCXOAHBIX 3HaUYeHniA [3]:

H R
K= =) K, =
‘ Ha(uwo () e Ra ,()

rae Haweo, Rawod, Ha, Ra — COOTBETCTBEHHO, UCXOHbIE 1 MOyUYeHHble Mocie 06paboTKM 3HaueHNs
MWUKPO TBEPAOCTY M LUEPOXOBATOCTY MOBEPXHOCTU.

Ins  pacueta KOBCI)q)I/ILU/IeHTOBKHaI/IKRa BOCMO/b30BaANNCh  pe3ynbTaTamyl, MosyYeHHbIMM

Pas3nnyHbIMK - aBTOpPaMn - Mpn - NCcnefoBaHnmM  npoueccoB O6pa6OTKI/I Kak 0OblYHOro, Tak W
YNbTPa3BYKOBOTO BbIlTTaXBaHNA.

Ha pucyHke 1 npeacTaBneHbl 3aBUCUMOCTI KO3bdUMLIMEHT KHa OT YCUANA BbIMaXMBaHMSA.

160



2.4
2,2
2
1.8
1.6,
KH,_ 1.4/
1,2|
1 |
0 100 200 300 400 H 600
p—
——==cCc¥Y3K; —— 06e3 V3K

Puc. 1. 3aBUCMMOCTb OTHOCUTENTIbHOW MUKPOTBEPAOCTU OT CTaTUUECKOrO YCUNA Npwu
BbIrnaxkmnsaHum ctanm XBI (1), 08X12H10T (2), 45 (3)

/3 pucyHKa 1 cnedyeT, 4To C yBENMUEHWEM YCUIWS, Kak 1 CNEeaoBano OXmnaaTb, HabnogaeTcs
yBenmueHve KoahOULMEHTOB AnA BCex 00pabOTaHHbIX MaTepuanos, T.e. HabnogaeTca NpUpoCT
MUKPOTBEPAOCTN OTHOCUTENBHO NCXOLHOMO 3HAUYEHNS,

OHpeﬂ,eJ’IeHHbII;I NHTEpPEC NpefcTaBnAaeT yroja Hak/loHa MpPAMbIX TIVIHWRA, XapaKTepI/ByPOLI_U/Il;I
nprpocT OTHOCUTENBHOM MUKPOTBEPOOCTN C U3IMEHEHMEM YCUNTNA O6pa6OTKl/l.

TaHreHc yrna @ HaknoHa aHanUTUUYeCK MOXKHO BbIPasuTb C YYeTOM ypaBHeHMA (2) cnedytouien
33BVCUMOCTBIO:

o =| 2 | L3
Ha(ucx) AP
MonyueHHoe BblpaxkeHve (3) ynobHO NpeacTaBuTb B MPOLIEHTHOM COOTHOLLIEHMM, MOMHOXMB
npaByto YacTb Ha 100%, Toraa pasMepHOCTb BbiparkeHUs OyaeT %/H, T.e. xapakTepu3yeT NPOLEHTHbIN

NPUPOCT OTHOCUTENBHOW MUKPOTBEPAOCTU B pacyeTe Ha eAVHWLY NPUIOKEHHOro CTaTUCTUYECKOrO
ycunua.

Ha pucyHke 2 npuBeaeHbl pe3ynbTaThl pacyeta no dopmyrne (3) B 3aBUCK-MOCTU OT UCXOAHOrO
3HauYeHVs MUKPOTBEPAOCTY 06pabaTbiBaEMbIX MOBEPX-HOCTEN.
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Puc. 2. 3aBUCMMOCTb MPUPOCTa OTHOCUTENBHOW MUKPOTBEPAOCTM B PacUeTe Ha eAuHULY
MPVKIAAbIBAEMOrO CTAaTUUYECKOrO YCUANA OT UCXOLHOTO 3HAaYEHUA MUKPOTBEPAOCTM

Kak BbIACHUIOCh, 3HAUYEHMA YII1a HAK/TOHA 3aBUCUT OT MCXOLHOIO 3HaYEHUA MUKPOTBEPLOCTH, ANA
bonee MnacTMyHbIX Matepuanos (Hanpumep, ans ctany 8X12H10T) oH Gonblie, ANS MaTepuanos C
BbICOKMM 3HAaUYEHWEM UCXOAHOW MUKPOTBEPAOCTU HAOMIOAAETCA €ro ymeHblieHue [4].

3aknioueHne. V3 3aBUCUMOCTM MPUPOCTa OTHOCUTENbHOM MUKPOTBEPAOCTM B pacuyeTe Ha
eNHILLY NPUKNaAbIBAEMOrO CTaTMUYECKOro YCUINA OT UCXOAHOTO 3HAUEHMA MYKPOTBEPAOCTY CleayeT,
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YyTO [ONA  WCCNefoBaHHbIX MaTepuanos Oonbliylo 3OGEeKTMBHOCTU BBOA B 30HY 006paboTKu
JONOMHUTENBHOM SHeprnv ynbTpasByka npuobpetaeT npu 06paboTke MaTepuanoB C BbICOKUM
3HAYEHMEM WCXOOHOW MWKPOTBEPAOCTM MNOBEPXHOCTW, T.e. ana ctanm XBIL. O6ycnoeneHo 370
0COBEHHOCTBIO BO3AENCTBMSA YNIbTPAa3ByKa Ha MnacTmyeckne CBOMCTBA MaTepuana, B YaCTHOCTM Ha ero
ANCIOKALMOHHYIO CTPYKTYPY.

JlutepaTtypa

[1] AptamoHoB b. A, Bonkos, 0. C,, lpoxanosa, B. V. u ap. dnektpodusmdeckme 1
SNEKTPOXUMUYECKME METOALI 06PabOoTKM MaTepnanos. YuebHoe nocobue (B 2-x Tomax)/Mof
pen. B. 1. CmoneHuega. - M.: Boicwiad wkona, 1983.

[2] Otyet HUP no rpaHty N2 KXA-3-2015 «CyB xyanurnga KynnaHunagurad MapKasaaH Kouma
HacoC AeTanapu PeCYPCUHN TUKNAW TEXHONOMMACKHN MOAePHM3aUmManally, -TawkeHT, -2015 T.
-160c.

[3] MapkoB AM. YnbTpa3sykosaa obpadoTka MaTepuranos. —M.: MawurHocTpoeHne, 1980.-237 c.

[4] TapkyHos [.H. TpnboTexHuKa: yuebHINK AnAa BTy30B. -/131. 2-e, nepepab. 1 gon. -M.:
MalwnHocTpoeHue, 1989. -328 ¢.

O MOLEPHU3ALUWU CTEHLA ONA UCCITELOBAHMA YBOPOYHOIO ATITIAPATA
XNNOMKOYBOPOYHOM MALIMHDI

Wapmnos KA., 4.T.H., POGeccop TyPUHCKV MOIMTEXHNYECKIV YHUBEDCUTET B I. TalukeHTe, Pecriybrka Y36ekucTaH
Hcamosa I, HayyHbIvi COTRYARMK TYDMHCKWL TOSIMTEXHNYECKUI YHUBEDCUTET B I TalUKeHTE, Pecriybrka Y36ekucTaH

JIn A, KT.H, JOLUEHT TAlKEHTCKUIA MHCTUTYT UHKCHEDOB MPPUraLiin 1 MEXaHN3ALIMI CESTbCKOMO XO3a4CTBa, Pecrybika
Y36ekucraH

AHHOTaUMA

B naHHOWM CTaTbe pPaccMaTPVBAETCA O akTyanbHOCTM Pa3paboTkM CTeHga WCMbITaHWs YOOPOUHbIX anmnapaTtos
XJIOMKOYBOPOUHbBIX MaLLWH, KOTOPas MO3BOMUT MPOBOAWTb WCCIENOBAHWA KMHEMATVKMA W OMHAMMKK NPUBOaa
ybOpOUHOro annaparta.

Knoyesple  cioBa: aririaparsl/ X/70/7KO)/60,00L/Hb/X MALLMH, TEXHO/IOMNYECKIY ripoyecc )/60,0/‘(///, HAAEKHOCTb  MalllviH,
KUHemarvika v fuHamvika riprBosa, Ncriblra TE/IbHbIV CTEH.

Ha cerogHsALwHMn oeHb, CUNbHO BO3pOC N Tpe6OBaHI/Iﬂ arpoTexHnKn Bo3aeblBaHMA XNOM4YaTHKKaA
N TEKCTUTbHON MPOMbILLUNTEHHOCTN K 6l/|OﬂOI'l/ILIeCKOMy CbIPbtO, M B 3TOM acCrfeKkTe KOHCeHCYC
COBepPLEHCTBOBaHNA pa6oqm>< OpraHoOs, paspa6OTKa HOBbIX TEXHONTOMNYECKNX N TEXHNYECKNX peLLIEHI/IVI
C uenbko  NoBblleHWA 9d)d)eKTI/IBHOCTI/I nprMeHeHNA y60pO‘4HbIX afnapartos B LENIOM
XJ'IOI'IKO)/60pO‘-IHbIX MallH OCTatoTCA BE€CbMa aKTyallbHbIMW 3afja4amM.

Mpn 3TOM, TNaBHOM LENbI0 MOAEPHM3ALINIA KOHCTPYKLUIA XIOMKOYBOPOYHbIX anmnapaTos Obiiv 1
OCTalOTCA arpoTEXHMUECKME MOKa3aTenn - MOBbIEHWe MONHOTH COOpa, COKpalleHve notepb 1
3aCOPEHHOCTU XMOMKa-CbipLia B OYHKEPE, a TakKe COXPaHEHWUA MPUPOAHbBIX KauecTB yporKas X/orKa-
CblpUa, POCT CTabUNbHOCTY TEXHONOMMYECKOro MPOLIeCCa 1 HAEXHOCTI MaLLMH.

MprobpeTeHne UCnbITaTeNbHOro CTeHAa YOOPOUHBIX annapaToB 3a PyOeXoMm 3aada He NpocTas
N ABNAETCA SKOHOMUYECKM TPYLHOBBLINOMHMMOW 3agaden ana HUW mn 3aBOOOB, 3aHMMaOWMXCA
Pa3pPabOTKOM 1 yNyyllleHUEM KOHCTPYKLIUIA XIOMKOYOOpOUHbIX MalVH. A pa3paboTaHHble B KOHLe 70-X
1 Hayane 80-x rofloB CTeHAbl NpefHa3HauYeHbl TpeboBaHWAM UCCNEAOBaHNA YOOPOUHBIX annapaTos TOM
3MOXM MALIMHOCTPOeHWA (puc. 2) [1].
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Puc. 2. CTeHg ncnbliTaHma X10nkoybopoUHbiX annapatoB KOHCTpyKumnm CAUMS

MopaepHv3aums CTeHa NPOoBeAeHa B COOTBETCTBUM M aHaNoOrum COBPEMEHHON KOHCTPYKLNM
ybOpOUYHOro annapara x1onKoybopoYHOM MatHbl [2].

Bce y3nbl, MeXaHW3Mbl, A€TaNN 1 COCTaBHbIE SNEMEHTbI CTEHAA — MOKYMHbIE CTaHAAPTHbIE M3Aenus
MMMOPTHOMO MPOW3BOACTBA. KOHCTPYKUMIO yOOpOuHOro annapata 6e3 Kakux-nbo U3MeHeHU
MO3aMMCTBOBANU Yy CEPUMHOM XNOMKOYOOPOUHOM MalinHbl MX-1,8. HekoTopble fieTanv U COCTaBHble
3MeMeHThl CTeH/a NpMBeeHbl Ha PUCYHKe 1.

Puc. 1. letann n COCTaBHbIE SN1EMEHTbI CTEHAA:

1-TMAPOMOTOP; 2-PeMeHb; 3,4-LLIKIMB; 5-KOHBEPTOP; 6-003aTOP; 7-nacTuHa.

B kauecTBe OCHOBHOIO MPMBOAA MCMOAb30BaNW SNEKTPOABUraTENb aCMHXPOHHbIA MOLHOCTBIO
N=7,5 kBA ¢ uncnom obopoTta n=1850 M1t 1 ruapoHacoc HLL-150.

OCHOBHble KOHCTPYKLIMOHHbIE U TEXHOOMMYecKe nokaszateny cTeHfa C rMapOOGBEMHbIM
NPVBOAOM YOOPOUHbIX annapaToB: ruapoHacoc HLL-150, MakcumanbHoe KpaTKOBPEMEHHOe AaBneHne
Proar. max=25 Mla, MakcumanbHoe mnrkosoe AasfeHue Pox max=28 Mlla, KO3pOULUEHT None3Horo
penctena (KNO) — n=0,8-0,95, MakcMmanbHas 4acToTa BPaLeHWUa Nmyx =1850 MUHT, MUHUMaNbHas
yacToTa BpalWleHUA Nwin = 500 MUH', gaBneHne B rugpoapmatype — 35 Mla, yacToTa BpalleHwWs
ybopouHoro annapata - 115 muH" [3].

06w B MOIEPHU3UPOBAHHOMO CTeHAa B dopmaTte 3D npuBefeHa Ha pucyHke 3 [4].

163



Puc. 3. CteHg ans ncnbliTaHmsa y6OpOUHbIX annapaTos:

1-ybopOoYHbIV annapat, 2-TapoMOTOpP, 3-3NeKTPoABUraTeNb, 4-rMaPOHACOC,
5-ruppopacnpenenvtenb, 6-6ak, 7-cMcTema oxnaxkaeHua, 8-naHenb yrpaBneHus

MycK ¥ U3MeHeHVe pPeXMMoB paboTbl OyaeT OCYLeCTBAATbCA Yepe3 SNEKTPOHHBIN OOk
ynpaeneHus 8. Mpuneoa yOopouHbIX annapatoB 1 OCylecTBASETCA r’MAPOMOTOPaMN 2, COeAVHEHHbIe
TMAPOAPMaTYpPON C rnapopacnpenenvTenem 5, 6akom 6, CUCTEMON OXNaxaeHWs Macna 7, r’npoHacoCoM
4 cBA3aHHbIV aneKkTpoaBuratenem 3.

B HacTosLlee Bpems NOAroTORNEHbI BCe HEOOXOAMMbIE Y3/1bl 1 MEXaHW3MbI, a TakKe NprobpeTeHbl
CTaHOapTHble U3Oenna Ans MOHTaXa CTeHaa.

PellleHne aaHHOM 33a4v MO3BOAUT MPOBOAWTL HayuHbIM paboTHUKam HUW, KOHCTpyKTOpam 1
CNeumanncTam  MallMHOCTPOUTENbHbBIX  3aBOAOB  WMCCNEAOBAaHMA MO YAYUWEHWMIO  KOHCTPYKLMM
ybopouHoro annapara.

CnMCoK NCnosib30BaHHOM JINTEPATYpPbI

[1] OTuYéT HayuHo-UcCcNeaoBaTeNbCKoM paboTbl No NpoekTy N2 1-2015-2-15/1 «/3roTosnerve u
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annapara xNonKoybopouHom MalnmHbl XM-1,8». -TawkeHT.-2017.-39 .
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[3] OTuéT HayuHo-UccneaoBaTenbCKom paboThl Mo npoekty Ne 11-2015-2-15/1 «M3roToBneHne
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annapato.. JoCTKeHMA MONOAbIX YUEHbIX B Pa3BUTUN CETbCKOXO3ANCTBEHHOM HayKn 1 ATTK.
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KOHTPOJIb CKOPOCTM BPALEHWA WNWUHAENEWN U3MEPEHWMEM NEPMOIA

Yokaes IpkuH (TawlTY, r. TawkeHT)
Yoavinynnaes YrrvpxoH Mypogunnaesny (Tawl TV, r.TawkeHT)

AHHOTaUuA
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PaccmoTpeHa 3afaya KOHTPONA CKOPOCTW BPALWEHUA MPUBOAOB, B YAaCTHOCTU WNMUHAENEN XNOMKOYOOpOUHOM
MawuHbl (XYM), n3mepeHvem neproda MMnynbca OT YCTaHOBNEHHOMO AaTuumKa. [1peanoxeHo Npor3BeCcT noacyeTt
KOMMYECTBA MMMYSIbCOB BbICOKOUYACTOTHOTO CYETUMKA NMPW NMOCTOAHHOM CKOPOCTM BPALLEHNA LUNWUHAENA TOMBKO B
OfHOM Mepuofe CurHana Aatuvka. YCTaHOBNEHO, YTO TOYHOCTb M3MEPEHMA CBA3aHA C COOTHOLIEHMEM MeXIy
NepMOAOM  BbICOKOUYACTOTHOTO  CUETUYMKA MUKPOKOHTPOSIIepa W CUrHanoM  Aatuvka,  3aBuUCALMM  OT
[EeNCTBUTENbHOMO 3HaYeHNA BPaLWeHWA WNMHAENA. DKCNepUMEHTaNbHbIM NCCNedOBaHNEM U PaCUETHbIM NyTem
YCTAHOBJIEHO, YTO MPUMEHEHWE METOAVKI U3MEPEHUA CKOPOCTU BPALLEHWA LINVHAENS B HA3KOYaCTOTHON 06nacTu
MOCPEACTBOM KOHTPOSIA NEPUOLA, YMEHbLIAET MOrPELHOCTb M3MEPEHNA.

Knoyesble c10Ba. WSMEPEHNE CKOPOCTY BPalleHVA, HIMEPEHNe yfﬂOBOﬁ CRKOPOCTH, HIMEPEHNE T1ELPHNOLA MMITYIIbCA,

BbICOKOYACTOTHbIN CHETYNRK MUKPOKOHTPOJIIELA.

AnbTEPHATVBHBIM PelleHneM AN YMEHbLIEHNA NMOrPeLHOCTY M3MePeHUA CKOPOCTe BpallleHNs
ABNAETCA Nepexop OT U3MePEHMs YacTOTbl K M3MEPEHNIO Neproa Ha onpeaeneHHOM YPOBHE (HN3KOM)
CKOPOCTW BpallieHVs. B gaHHOM Cnydyae v3MepeHue OCyWEeCTBNAETCA MnyTem MOAcYeTa KonmyecTsa
NePUOAOB BbICOKOYACTOTHOMO CUrHana BHyTpY OAHOTO (M 6onee) MMMybCOB YyBCTBUTENBHOM YacTel
AaTuvKa, puc.3. CornacHo [1,2,3] pacueT CKOPOCTM BpaLLeHVs MPON3BOANTCA NPU NOCTOAHHOW CKOPOCTY
BpalLieHVs NprBoa B OHOM NepUoAe CUrHana fatumka:

w :ﬁgizz—”[paﬂ/ce[(] —)L[O6/MI/IH] (4)
Np'TL'Thf

dt = nTpr ~ NpnTpys
MNpy MHOFOKPATHOM KOHTpONe AEUCTBUTENbHOE 3HAYeHWe CKOPOCTM MOXKHO paccuyntaTb B
KaXkOblA Mepuron CUrHanoB Aatymka. Toraa, nepuon ANCKPeTM3aLmm CKOPOCTA 3aBUCUT OT CKOPOCTU
BPALLIEHWA LWNVHAENA U ero MOXHO paccymTaTb No Gopmye:

21

Ty(w) = Nyo [cex] (5)

[py 3TOM, TOYHOCTb M3MEPEHNA CBA3aHA C COOTHOLLEHNEM MEXY NEPUOLOM BbICOKOUYACTOTHOIO
CYETYMKA U CUFHANOM aTUMKa, KOTOPbIA He ABNAETCA LENOUYUCIEHHBIM 3HAUEHNEM, TaK KaK OH 3aBUCUT
OT [IENCTBUTENBHOrO 3HAYEHWA CKOPOCTY BPaLLeHWs WNWUHAeNs. B 3TomM MeTofle pacueT abCcomMioTHBIX U
OTHOCUTESNbHbBIX MOrPeLIHOCTEN ABMAETCA CIIOXKHbBIM, Tak Kak OHa BKMOYaET GYHKUMW HENMHENHOrO
OKpyrneHus. BmecTo 3Toro, MNOrpelHocTb XyfAlwero cydyas MoeT ObiTb paccuMtaHa myTem
PaccMOTPeHWs abCOMOTHOM MOrPeHOCTA OfJHOrO BbICOKOUYACTOTHOrO WMMMYNbCa, MPUBOAALLErO K
MaKCUManbHOMY norapudmy, orpaHnumnBatoLleMy NpeaenbHyto NorpeliHoCTb, 3afaHHOMY CheaytoLlen
dopmynol [4,5], To eCTb NPUMEPHO N3MEHSIOLLIMIACA NIMHENHOM CKOPOCTbIO:

T w'Ny T
ey = 5l —-100% = —21 o (6)
@ T 2m
Npw hf

3KCI’Iepl/IMEHTaJ'IbeIM PaCyeTHbIM MYyTEM, YCTaHOBNEHO, YTO MPW O4YeHb HU3KOM CKOPOCTK
WNMHAENA YNCIO BbICOKOYACTOTHbBIX MMMYNbCOB I'Ipl/l6ﬂl/l>l<aeTCﬂ MaKCVMa/lbHOMY 3Ha4€HUIO 1 MHOTda
npnBoaNT HacblleHne LJ,I/I(prBOI'O Ta|7|Me|oa MWKPOKOHTPOJJ1EPA, NMCMONTb3yeMOro Ana n3mepeHnA.

Kpome TOro, B 3TOM METOAE KOHTPOMSA, ANA Kax[oro nepuofa KOHTPOSSA W PeryninpoBaHus
CKOPOCTV He TpebyeTcAa BblbOpKa CKOPOCTW BpalleHns, Tpebywollas afantauuy napameTpoB
ynpaeneHmna. B 3TON cuTyauuy KBagpaTypHOe [eKOAMPOBaHWe VMMYNbCOB [aTuuka MOXKeT ObiTb
MCMOMNb30BAHO A1 YMEHbLIEHNS WWPWHDI M3MEPUTENBHOTO MHTEPBaNa BPEMEHN B UeTbipe pasza Wi
TpebyeTcs YyMEHbLIEHNSA YaCTOTbl TaliIMepa MMKPOKOHTPOMEPa.

Nmmysbcsl

M1y IbCHI Thr mwuwmnﬂmmm L

n-Thr

Puc.1. lnarpamma M3MepeHuUs Neprofa C MOMOLLbIO BbICOKOUACTOTHOMO CYETYMKA
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MUKPOKOHTpONepa.

YMeHbLUIeHWEe WNPWHBI MHTEPBANbHOTO BPeMEHN NMO3BOSAET COKPATUTL BPEMS BbIOOPKN YacTOThI
N YNyYWnTb YNpaBnsaoliMe XapakTepucTUKK NprBoaa, HO AenaeT M3MepuTeNbHylo cuctemy bGonee
UYBCTBUTENBHOW K HEMAeanbHOCTV [aTuLMKa, BKI0YaA M3MEHEHWA B MECTOMOMNOXEHWNAX Nepexoaa OT UX
HOMWHASbHbIX 3HAYEHWI 1 MOTPELIHOCTL GA3MPOBKU MeEX[Y KaHanammn KOAMPOBLLMKA.

Korga mcnonb3yloTca Heooporve v ManopasMepHble HeupaeanbHble AaTYMKK, HEWAEeANbHOCTY
MrpaloT OCHOBHY!IO POJIb B ONPEAENeHNN NOrPeLHOCTI N3MEPEHWA NMepnoaa 3T AaTUYUKK JOMKHbI ObiTh
TWATENbHO MPOAHANM3MPOBAHbI Ha 3Tane NPOEKTUPOBAHWA WNUHAENA. B CBA3M C 3TUM ANA KOHTPONA
CKOPOCTU LWNWHAENA HamW BbIOpaHbl aTuuKun Npubnuxkenuns LJ12A3-4-7/BX.

MpUMeHeHWe TakoW MEeTOAbl M3MEpPEeHUa neprofda ABNAETCA YAOOHBIM, NOCKOMbKY A1A 3TOro
TpebyeTca nNpocTon ONOK 3axBaTa TalMepa B MUKPOKOHTPOsiepax. KoHKpeTHble anmnapaTHble
NOACUCTEMbI MOMKHO PAacCMaTPUBATL AN NpeoAoeHnsa Npobnem C HacbllieHeM LdpoBOro TamMepa
MUKPOKOHTpOosNepa cepumn AVR. [InA yCTpaHeHnA NOrpewwHOCTH, Bbl3BaHHbIX HE MAEaNbHOCTBIO AATUMKa,
HeobXoAVMbl COOTBETCTBYIOLIME ANrOpPUTMbL. PeanbHas TOUHOCTb KOHTPOMA nepuoda AOoCTUraeTca
TONBKO C MOMOLLBIO KOHKPETHOrO annapaTHOro pewweHusa [6].

Huxe, cornacHo dopmyn: (4),(5) un (6) npoBenem pacyeT BO3MOXKHbLIX abOCOMOTHBIX Aw 1
OTHOCUTENbHBIX €, (%) NOorpelHecTen KBaHTOBAHWA ASA PA3MUHBIX KOANYECTBO YyBCTBUTENbHbIX
snemeHToB (Np); nmeprofa UMMysbca BbICOKOYACTOTHOTO cuetynka (Thy) W CKOPOCTEN BpaLleHWs
wnuHaenen (w).

Mpumep: onpenenvTb abcontoTHyo Aw 1 OTHOCUTENbHYIO e, (%) norpelHecTelt CKopocTen
BpalleHWa WNNHAeNen Npu HXKeNpUBeaeHHbIX CIlyYaes:

Jlns mepsoii cyun: N, = 1 ;0 = 600[06/MuH];wpy = 10001,

1 1
Thf = w_hf = m = 0,001C.
T 1 1 0,1
= = = U,1cC.
@y 600

60 '» o1

Ths 0.001
Cw = 7 100% =W' 100% = 1%

T
w-e, 6001
©=g0 ~ 100 - oloo/mus]
Jlnst Bropoii cmyun:N, = 4 ;0 = 2400[06/mMun];wpr = 10000,
Thr = ! = ! = 0,001
" wny 1000 O
T ! 1 0,00625
— = =0, C.
@ T 2400 ,
60 P 60
ew = . 100% = 2010006 = 16%
@ T 0.00625 '
Aw = Lo = 220016 _ 384[06/MuH].
100 100

Pe3yﬂbTaTbI PacyeTOoB A/1A OCTallbHbIX C/Ty4aeB NnpuBedeHbl B Tabnuue 1.

Ta6n|/|ua pacyeTa 3aBMCUMOCTA I'IOI'peLLIHOCTel;I N3MEPEHNA CKOpOCTe|7I (4acToThl) BpalleHnAa oT
N3MEPEHHbIX MHTEPBAJTOB BPEMEHW 1 OT KOJTIMYECTBA YYBCTBUTE/IbHbBIX JTEMEHTOB AaTUMKa.

Tabma 1
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£ = = S
2 o o I v J = N
& 0 0 8,_, = « P < =
. % % :E = ? 9 5 S
& o T o c = g S 3 =
5 O = 2 SRy ) 5 L= 3 L
5 g = g = 0.8 = 858 |£5
v o 3 C = o 3 S < C = O C

1 1 0,001 600 0,1 6,00 1,000%
1 1 0,001 1200 0,05 24,00 2,000%
1 1 0,001 2400 0,025 96,00 4,000%
1 10 0,0001 600 0,1 0,60 0,100%
1 10 0,0001 1200 0,05 2,40 0,200%
1 10 0,0001 2400 0,025 9,60 0,400%
1 100 0,00001 600 0,1 0,06 0,010%
1 100 0,00001 1200 0,05 0,24 0,020%
1 100 0,00001 2400 0,025 0,96 0,040%
1 1000 0,000001 600 0,1 0,01 0,001%
1 1000 0,000001 1200 0,05 0,02 0,002%
1 1000 0,000001 2400 0,025 0,10 0,004%
2 1 0,001 600 0,05 12,00 2,000%
2 1 0,001 1200 0,025 48,00 4,000%
2 1 0,001 2400 0,0125 192,00 8,000%
2 10 0,0001 600 0,05 1,20 0,200%
2 10 0,0001 1200 0,025 4,80 0,400%
2 10 0,0001 2400 0,0125 19,20 0,800%
2 100 0,00001 600 0,05 0,12 0,020%
2 100 0,00001 1200 0,025 048 0,040%
2 100 0,00001 2400 0,0125 1,92 0,080%
2 1000 0,000001 600 0,05 0,01 0,002%
2 1000 0,000001 1200 0,025 0,05 0,004%
2 1000 0,000001 2400 0,0125 0,19 0,008%
4 1 0,001 600 0,025 24,00 4,000%
4 1 0,001 1200 0,0125 96,00 8,000%
4 1 0,001 2400 0,00625 384,00 16,000%
4 10 0,0001 600 0,025 2,40 0,400%
4 10 0,0001 1200 0,0125 9,60 0,800%
4 10 0,0001 2400 0,00625 38,40 1,600%
4 100 0,00001 600 0,025 0,24 0,040%
4 100 0,00001 1200 0,0125 0,96 0,080%
4 100 0,00001 2400 0,00625 3,84 0,160%
4 1000 0,000001 600 0,025 0,02 0,004%
4 1000 0,000001 1200 0,0125 0,10 0,008%
4 1000 0,000001 2400 0,00625 0,38 0,016%

V13 Tabnuubl pacyeta BMAHO, UTO BeNMUMHBI AOCOMIOTHBIX (e,) W OTHOCUTENbHbIX (Aw)
NOrPeWwHOoCTeN  M3MEPEHNA  KBAaHTOBAHHbLIX  MMMYAbCOB  JIMHEMHO  3aBUCAT  OT  KOSIMYECTBO
4YYBCTBUTENbHbBIX 3n1eMeHTOB (Np); neproaa UMnysibca BbICOKOUacToTHOro cuetynka (Tys) 1 CKOpOCTeN
BpaLleHWs WwnuHaene (w). Mpu 3Tom abcontoTHaa norpelHocTs (Aw) 0bpaTHO NPOMOPLIMOHANBHO Ha
YacTOTy BbICOKOYACTOTHOrO  CYeTUMKa (wpr) M MPAMO  MPOMOPLMOHANIbHO  HA  KOJMYeCTBO
4yBCTBUTENBHOIO 31emeHTa (Np) 1 KBaApaTy CKOPOCTY BPALLEHUS WNMHAENA (w?), a oTHOCKTENBHAS
NorpelHocTb (e,,) 0OpPaTHO MPOMOPUMOHANIbHO Ha HYacTOTY BbICOKOUACTOTHOTO CUeTunKa (wpy) 1
NPAMO NPOMOPUMOHabHa Ha KOMMYECTBO YyBCTBUTENbHOTO anemeHTa (Np) 1 CKOpOCTU BpalleHus
WNVHAENA .
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NPUHUWMN PABOTbI U AMATHOCTVMKA MEXATPOHHbBIX CUCTEM ABTOMOBUINEWN

Ymepos Qukper LLleskeT ory, TalKeHTCKI FOCYAAPCTBEHHBIN TEXHUYECKIN YHUBEDCUTET, CTAPLUMV MPENOLABATE b,
TalkeHT, Y36ekncTaH.

AHHOTaUMA

Ha nprmepe MexanOHHOl;l CNCTEMbI  yNpaBieHNA ABUratenem wu TpaHCMVICCMEVI aBTOMOOWIA  MOKa3aHbl
0COBEHHOCTU TEXHOMOT N WX ANarHOCTMPOBaHNA.

Knroqesble cr10Ba: aBTOMOOWIb, MEXATPOHUKA, ANATHOCTVIKG, METOLAbI NCCIIEAOBAaHNA, MPUHLINTILI ITOCTPOEHMA.

MexaTpOHVKa BO3HMKNA Kak KOMMIEKCHAA Hayka OT CIMAHWA OTAEbHbIX YacTen MexXaHUKM U
MUKPO3NEKTPOHWKN. EE MOXHO OnpefenvTb Kak HayKy, 3aHUMAIOLLYIOCA aHaNIM30M 1 CUHTE30M CIIOMHbIX
CUCTEM, B KOTOPbIX B OAMHAKOBOW CTEMEHM UCMONb3YIOTCA MEXaHNYECKMNE Y SNEKTPOHHbBIE yNPaBnaoLne
YCTPOWCTBA.

Bce mexaTpoHHble cucTembl aBTOMOOMAEN MO GYHKUMOHANBHOMY Ha3HauYeHUIo AenAT Ha Tpw
OCHOBHble rpynnbl [1]:

CUCTEMDI YNpaBneHna OBuratenem; — CUCTembl yrnpabBneHnA TpaHCMI/ICCI/leVI N XO[OBOW 4acCTblo;
CNCTEMBI YMPaBNeHnA O60pyﬂOBaHMGM Ca/10OHa.

Cncrema ynpasieHna ApuratesieM noapa3genaetcd Ha CMCTeEMbl yNpaBieHnA HEeH3MHOBBIM 1
ON3eNibHbIM ABUTaTeNIeM. o Ha3zHaueHWo OHK OblBatOT MOHO(])yHKLlI/IOHaJ'IbeIe N KOMMJIeKCHbIe.

B MoHOOYHKUMOHaNbHbIX c1ucTeMax DBY MoAaeT CUrHanbl TOMbKO CUCTeMEe BMpbICKa. BApbICK
MOMET OCYLLeCTBAATLCA MOCTOAHHO U MMMyNbcamu. [1py NOCTOAHHOM noAaye TOMMBa ero KOIMYeCTBO
MEHAETCA 33 CYEeT WM3MEHeHWA [aBNeHVA B TOMAMBO MPOBOAE, a MPWU WMMAYAbCHOM — 33 C4YeT
NPOAOIIKNTENBHOCTM MMMYbCa U €ro YacTOTbl.

B KOMMNEKCHBIX CUCTEMAX OAMH 3NEKTPOHHbLIN ONOK YNpPaBAseT HECKONbKUMMK MOACUCTEMAMM:
BMPbICKa TOM/MBA, 3aXUranHms, hazamm razopacnpefeneHus, CamoanarHOCTUKK U ap.

Cncrema SNIEKTPOHHOIO  yrnpaBneHnda An3eNibHbIM - ABUraTeNieM KOHTPOJINPYET KOAIN4eCTBO
BMPbICKNBaeMOro Ton/iMBa, MOMEHT Ha4alla BMpPbICKa, TOK d)aKeanoM cBeunm M T

B 2neKTpOHHON cuCTeMe YNpaBneHWs TPAHCMUCCHMEN OOBEKTOM PEryinMpoBaHus SBAAETCH
rMaBHbIM 00Pa30M aBTOMATMUECKas TPAHCMUCCKA. Ha OCHOBaHMM CUTHaNOB AATUYMKOB Yrila OTKPbITHS
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/J,pOCCeﬂbHOl;I 3aCJIOHKN 1 CKOPOCTH aBTomobuMna JbY Bbl6l/lpaeT onTMMalnbHOE nepefartoyHoe 4nmcno
TPAHCMUCCKUW, YTO MOBbIWAET TOMTMBHYHO SKOHOMUYHOCTb 1 YMPABIAEMOCTb.

YnpaBneHue XOA0BOM YacTbio BKIIKOYAET B Ce0s ynpaBeHne NpoLeccamm BUKEHNS, M3MEHEHNSA
TPaeKTOPUM 1 TOPMOXKeHMs aBToMoOMNA. OHM BO3AENCTBYIOT Ha MOABECKY, PyfeBOe yrpasneHve U
TOPMO3HYI0 CUCTEMY, 0becneynBatoT NoAAepKaHVe 33aHHON CKOPOCTY ABVKEHMS.

YnpaBneHve o6OpyAOBaHMEM  CafioHa  MPW3BAHO  MOBLICUTb  KOMOPTAOENbHOCTL  ©
NOTPEOUTENBCKYIO LIeHHOCTb aBTomMobuna. C 3TOM LeNblo UCMOMb3YIOTCA KOHAMUMOHEP BO3AYXa,
3M1eKTPOHHaA NaHenb NpubopoB, MyNbTUOYHKLMOHaNbHAA MHPOPMALIMOHHAA CUCTEMa, KOMMac, dapsbl,
CTEKNOOUNCTUTENb C MPEPBIBUCTBIM PEXMMOM PabOoThl, MHAMKATOP NeperopeBLnX Namm, YyCTPOWMCTBO
OOHapy»KeHNA NPensTCTBUN NPU ABUMXKEHWW 33JHUM XOA0M, MPOTUBOYrOHHbIe YCTPOWCTBA, anmnapaTypa
CBA3W, UEHTParnbHas ONOKMPOBKA 3aMKOB [ABEpEl, CTEKNONOABbEMHUKYM, CUAEHbS C U3MEHAEMbIM
NONOXKEHNEM, PEXIUM 6E30MacHOCTN 1 T. .

To onpegendruiee 3Ha4dyeHne, KOTopoe MpuHaaneXnT SﬂeKTpOHHOVI cucTeme B aBTOMOOUNE,
3aCTaBIAET yAenATb NOBbILLEHHOE BHMaHMe ﬂpO6ﬂ€MaM, CBA3aHHbIM C NX O6Cﬂy>Kl/lBaHI/IeM.

PelueHume 3Tnx ﬂpO6ﬂeM 3aK/TI04YaeTCA BO BKTKOYEHNIN d)yHKLLI/II?I CaMOAMNarHOCTVKN B NTEKTPOHHYIO
cncTemy. Peanmaauvm 3TUX d)yHKLI,I/II;I OCHOBaHa Ha BO3MOXHOCTAX 3SMEKTPOHHbIX CUCTEM, YXKe
NCMONb3YOWMXCA Ha aBTOMOOUNE ONA HenpepbiBHOTO KOHTPOMNA 1 onpedeneHnA HeI/ICI'IpaBHOCTel;I B
LenAax XpaHeHnA 3TOM I/IHCl)OpMaLU/II/I W OANarHOCTNKW.

Cuctema ynpaeneHus ABUraTenem BHYTPEHHEro CropaHna — 3MeKTPOHHbIM 610K ynpaBneHus
(3BY), KoTOpbIM MOMyYaeT AaHHblE OT PA3IMYHbIX AaTYMKOB. HenpepbiBHas nofaya MHGopMaL M Ha 610K
yNpaBfeHua aBuratenem no3sonaeT IbY KOHTPONMpPOBaTb 1 ANHAMUYHO KOPPEKTMPOBATL NapamMmeTpbl
PaboThl Pas3NMYHBIX CUCTeM 1 MexaHr3MoB [1BC. PekomeHyem Takke NpounTaTh CTaTbio O TOM, UTO Takoe
2BY. 3 370l cTaTby Bbl y3HaeTe 06 yCTPOMCTBE U NPUHLMNAX PaboTbl INEKTPOHHOIO 610Ka ynpaBneHus
ABUraTenem.

MpUHUMN PaboTbl MEXaTPOHHOM CKCTeMbl yMNpaBneHvs fABuratTenem npuseneH Ha (puc.l)

JLaTaus TeMNepATYPL BOVIYNA D +*

Haran waccosoro pacxons sosayxa || ’ ' .
JnexTpotni » (BUpBICK TOMLIHES B WHAKIDA)
Jlarus pannenus 5o BITYCRHOM KOLACKTOPE H ok YUPARIEHHS

jwrarenes (3BY) ’) KaTymne (amyimion) saenrames

(1cKpa 1A cheuax JNKHIANIN)

Jlarns noNOWEHHA APOCCEMLHON IACHONKH

Jlaraik TeMmEpaTYPI oXAARAADmE KHROCTH
JpyTie HETOMANTEHME MEXANRIME,
Marsouk kitcsioposa (es61a-3011) D'_ ympanazesse chrsany J5Y
Jlarang neTonatgs D— JaruocTioeckan muvma-carnamamop (Check engine)
JIATHHK YT7 NOBOPOTA H YECTOTH BPAIENHA D_ |
ECICHYATORD R JIHAroCTIMECKAR KOi0/TKE

Jlaram nOnOKEHHS PACTPECAHTENLHON BATA D—

Puc.1. MpuHumMn paboTbl MEXaTPOHHOM CUCTEMbI YPAB/IEHNA ABUraTeNeM

MexaTpoHHas cucTemMa yrnpaeneHusa ABUraTenieM B OCHOBE MMEeT KOMMJIeKCHOe ynpaBneHue
KPYTALMM MOMEHTOM CWSIOBOrO arperata, TO eCTb KPyTAWMA MOMEHT Perynmpyetca nof OfAuH 13
BO3MOHbIX PEXMMOB PaboThl ABUraTeNa: pexum 3anycka ABC; nporpes ABuraTens; paboTa Ha XONoCTOM
Xody; e34a MNOA Harpy3KoW; MNepexofHble PEeXWUMbl; TOPMOXEHME ABWUraTenem; BKIOYEHME
[JONONHUTENbHOro 060opyAoBaHMA U T.M; DBY BAVAET Ha KPYTAWMWA MOMEHT ABWUraTena NocpeacTBOM
PErynMpPOBKMA MOMdAYM BO3AYX3a, a Takke MNpv MOMOoWM KoppekTuposkn YO3 (yron onepexeHua
3aXKUraHmsa).

MPUHLMN KOMMOBIOTEPHOW AMArHOCTUKN (PUC. 2) OCHOBaH Ha crefytoulem [3,4]:
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- Co3faHnK 1 Nepeaave nog ynpaeneHem N3BM yepes anarHocTnueckuin MHTepdelc (anantep),
BLIMOMHEHHbIN B COOTBETCTBMM  CO  CTaHgaptom ISO 9141, 3nekTpuyeckmx  CUrHanos,
NHULUMANU3MPYIOWKMX CBA3b C KOHKPETHBIM 3MEKTPOHHbBIM BITOKOM;

- Npyieme MHOOPMALIMM OT NEKTPOHHOIO OI0Ka, MOCTYNaloLWel NO AVArHOCTUYECKOMY KaHany;
- Npeobpa3zoBaHM MHGOPMaLIMK B CUrHanbl CTaHaapTa RS 232C;

- 06paboTKe 3TUX AaHHbIX MO 33AaHHOM MPOrpaMme 1 OTOOPaKEeHUM Pe3ynbTaToB Ha 3KpaHe
[2BM.

,D'I/IaI'HOCTI/IKa HeI/ICI'IpaBHOCTEVI N YyCTaHOBKa MapamMeTpoB C TMOMOLbIO KOMI'Ib}OTepHOPI
KOHTpOJ'IbHO-):I,I/IaI'HOCTI/ILIECKOVI CNCTEMbBlI MOXXHO OMNMnCaTh:

Bnok CY3I1 — cuctema aNneKTPOHHOTO ynpaBaeHusn
NoABECKON

\ 4

Bnaok ABC/MNBC — npoTMBOBAOKMPOBOYHASA,
NPOTMBOBYKCOBOYHAA CUCTEMA

\ 4

A
\ 4

Bnok CY3/, — cuctema aN1eKTPOHHOrO VNpaB/ieHUA
ABULQTeIen

Bnok BCKA — 6opToBasa cuctema KOHTPOANA U ANArHo-
CTUPOBAHUA — 3/IEKTPOHHbIN 610K

\ 4

[OunarHoctuyecknnmnHTepdedSO—

KomnbloTepHO-AMarHoCTUYECKNIM KoM I'IﬂeKi

Apantep < > .
RS.73) N2BM mnaun Notebook |

Puc. 2. CprKTypHaFI CcXema KOMI'IblOTGpHOVI ONAarHOCTUKU MEXATPOHHbBIX CUCTEM aBToMObMNA

[varHocTyeckas nporpaMma no3BonseT noayyYrTb MHGOPMALMIO O TEKYLIMX HEMCMPABHOCTAX
CUCTEMbI (@KTUBHbBIE HEWUCMPABHOCTK), €CTIN OHU MMEIOTCSH, @ Takke MHOOPMALMIO O HEeMCNPaBHOCTSX,
KOTOpPble Oblf, HO B IaHHbBII MOMEHT OTCYTCTBYIOT (MAacCUMBHbIE HEMCMPABHOCTY). Kpome Toro, MoryT ObiTb
NoMyYeHbl CBEAEHMSA O HOMepe SMEKTPOHHOrO B10Ka, ero M3roToBWTENE W [laTe U3rOTOBNEHNS, BEPCUM
nporpaMMHoro obecneyeHns, Aate NOCIeAHEro N3MeHeH s NapameTPOB.

C 31eKTpOHHOr0o 6510Ka CUCTEMbI YNPaBAeHWs ABUraTeeM MoryT ObiTb CUMTaHbl JaHHbIe 06 0bLLel
HapaboTke ABMraTensa B TOM YMCAE Ha XOMOCTOM Xofy, obulem npobere aBTomMobuns, npobere nocne
nocnegHero TO n T. 4.

Cn1COK UCNoNb30BaHHOM NTepaTypbI
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YNpaBeHA TPAaHCMUCCHEN, MOABECKOW 1 TOPMO3HOW cucTemon. — M. TpaHcnopt, 1998. - 78 c.
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mHWAa — Tenekom, 2002, — 224 c.

[4] Cura X, MungzyTtanu C. BeeaeHwue B aBTOMOOUNBbHYO 31eKTPOHWMKY: [1ep. ¢ AnoHCK. — M.: Mup,
1989.-232c.
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170



YAYYLWEHMA MOIOLWEE - ANCNEPTUPYIOWMX CBOVNCTB MOTOPHbBIX MACES
J.T.H. 2K VIHogTxogkaes (TTT1Y)

K.1.H, goueHt 3 Anumosa (THITCIAL)

[lo nckaresnb, JOKTOPaHT A. lliapurios (TT77Y)

be3s npuMeHeHMs BbICOKOKAUECTBEHHBIX CMA30UHbIX MaTepUanoB PasNUYHOrO Ha3HauyeHuA
HEeBO3MOXKHO 1OOUTLCA HAAEKHOW U ANUTENbHOM PaboTbl TPAHCMOPTHbLIX CPeACTB. KaueCcTBO MOTOPHbIX
Macen 3HaunTeNbHO BANAET Ha HaAEXKHOCTb PAabOThl ABUraTeNA 1 €ro MOTOPECYPC, Ha PACXoA TOMMBA M
Ha apyrve napameTpbl. OYeHb BakeH MO3TOMY KauyeCTBEHHbIV PaLMOHanbHbIM NOAOOP 1 NPUMEHEHME
MOTOPHbIX Macen. YTobbl obecneunTb HafiexHy0 CMa3Ky ABWUraTensa B npoLecce ero paboTbl, TpebyeTcs
HenpepbiBHO MOABOAMTL CMa304HOe Maco K TPYLMMCA MOBEPXHOCTAM AeTanen. [Tpy 3ToM Macno
MOXET HaxOoAWUTbCA B O0Obeme 1 TOHKOM cnoe. CKOPOCTb M XapakTep OKUCIEeHWA Macia mnpu 3ToM
pa3nuyHble. Camble BLICOKME TPeOOBaHNA K CTabUNbHOCTW B TOHKOM C/IO€ NPedbaBAATCA K Mac/iam 41a
y3/1a TPEHWA NOpLWEHb-LMANHAP. 3AeCb Macio PaboTaeT B TOHKOM CJI0e, MPW BbICOKOW TemmepaType, B
KOHTaKTe C KUCIIOPOZOM BO3[lyXa U B YCIOBUAX, KOrfa Havbornee CUbHO NPOSABNAETCA KaTannTuyeckoe
OencTBme meTanna.

B HacToAllee BpemA aBTOMOOWIbHBIA MAapK CTPaHbl C KaKAbM TOAOM  YBENMUMBAETCS.
ABTOMOOWBbHBIMY  33BOflAMX  PECTYONMKLA - BbIMYCKAIOTCA CaMble  COBPEMEHHbIE aBTOMOOWW, ANnd
3KCMAyaTaumn KOTOPbIX HEOOXOAVMBI COOTBETCTBEHHO BbICOKOKAUECTBEHHbIE MOTOPHble Macia. B
npouecce paboTbl NPOUCXOANT N3MEHEHME KauecTBa Macsa.

Kak 13BeCTHO, B ABMraTesne aBToMobunA 60bloe KONUUECTBO ABVXKYLUMXCA W TRYLIMXCA MEXY
cobon petaner. B npouecce paboTbl ABuratenelt BHYTPEHHEro CropaHvs WX y3nel W AeTanw
3arpA3HAIOTCA PasNMYHbBIML OTNOKEHUAMM. HanbonblLUyio ONacHOCTb NAKOBOE OT/IOKeHVe NPeAcTaBnaeT
ONA TOPLIHEBbIX Komel. 3anonHas 3a30pbl, 00pa30BaHHble MOPLWHEBbIMM KOMbLAMM 1 KaHaBKMY,
NPOTOYEHHbIE B MOPLLIHAX, OHO CHUXAET MOABWKHOCTD KoneL|. OTNOXeHWs NMpw BbICOKOTEMNEPaTyPHOM
pexrme paboTbl ABMratenein 0bpasyloTcs B OCHOBHOM B BWAE HArapoB M NAaKOB Ha MOBEPXHOCTAX
AeTanei, MMeLLVX OTHOCUTENbHO BbICOKYID TemnepaTypy (kamepa CropaHus, LnavHAPO-NOpLIHEBAS
rpynna). OgHOBPeMeHHO C 00pPa30BaHWEM N1AKOBOTO OT/IOKEHMS MPOVICXOAUT BHe[peHVEe B HEro
NonaaaloLLMx 13 BbICOKOTEMMNEPATYPHOM 30HbI CaxkiA, MbIW WU APYTUX TBEPAbIX YacTuL. 1o ncteyeHnm
HEKOTOPOro BPEMEHM NIAKOBOE OTIOXKEHME C BHEAPUBLIMMACS B HETO TBEPAbIMI YaCTULAMM Bbi3bIBAET
npUropaHvie NOPLIHEBBIX KOMeLl, BHELIHE MPOABMALIEECS B MOSHON NOTepe MMM NMOABMKHOCTY.

Mpoliecc 06pa3oBaHWs OTIOKEHWUI CBA3aH C  TEPMOOKUCIUTENbHBIMY  MPEBPALLEHUAMY
NPOAYKTOB HEMOSTHOTO CropaHns TOMMBA U KOMMIOHEHTOB Macia. T NpeBpPaLleHna NPOTeKaloT Kak B
0b6beMe Macna, Tak ¥ B €0 TOHKOM CII0€ Ha HarpeTo MeTaninyeckom NoBEPXHOCTH.

OCHOBHbIM CpecTBOM 6OPbObI C NakoobPa3oBaHMEM B [BMUraTene ApnaeTca 4oOaBka K Mac/iam
MOIOLLMX NPUcafok. Mpuncagkm - CNOXHbIE XUMUYECKMe COeAMHEHMs, KOTOPbe BBOAATCA B CMa30yHble
Macna B KOHUeHTpauun ao 20%. Motoume npucagki npeaoTspallaloT CMnaHue HepacTBOPUMBIX
NPOMYKTOB OKVUCNEHWS W NX OTIOKEHWI Ha AeTansax. [10 MexaHn3My OeNCTBMA UX AENAT Ha AeTepreHTbl 1
ANCNEePCaHTbI.

JleTepreHTsi - 370 NOBEPXHOCTHO-AKTUBHbIE BelecTsa (MacnopacTeopumMble
ankunoeHsoncynbdoHaTth, docdathl ¥ Ap.), 3alyMlaloLMe NOBEPXHOCTb AeTanein [fsuratend of
NPUANNAHWA 1 CKOMEHNA Ha HKX NMPOMYKTOB OKUCTEHMs. HekoTopble CynbGOHaThl MEIOT WieNoYHble
CBOWICTBA W HEMTPANV3YIOT KMCITble MPO/YKTbl OKUCNEHVS. B COCTaB WeN0YHbIX MPUCaA0K MOTYT BXOAUTD
ANCNEePrmpoBaHHbIE OKMCK, TMAPOOKNCK U KapOOHATbl METANOB.

[lvcnepcaHTbl MOAABNAIT arfioMepaunio 1 CiMnaHve NPOAYyKTOB OKUCIEHWUA, 1N OcaxaeHue
CMOJIUCTBIX BELECTB Ha NOBepXHOCTAX AeTanel. OCHOBHaA 3ajaya 3TVX NMPUCAAOK — MOAAepMKaHme
3arps3HeHN B Mac/le B PACTBOPEHHOM COCTOAHMK, MPefoTBPalleHue KX OTIOXKEHME Ha AeTansx
ABWraTens, MacnsaHbIX KaHanax 1 ap., AMCneprmpoBaHivie (pacTBopeHme) KpynHbIX 3arpAa3HeHi.

B kauectse OANCNepCaHTOB  MPUMEHAKOT  NnoaMMepbl C  NONAPHBIMKW - FpynnamMmn, KOTOpPbIe
nogaepKmnBatoT  KomonaHble  4acTulbl MPOAYKTOB OKUCNIEHWA W 3alPA3HEHMA BO B3BELIEHHOM
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COCTOSHMM 1 NPENATCTBYIOT MPWUAMMAHWIO KX K MOBEPXHOCTAM HarpeTbix AeTanei 1 CpalivBaHuio
YacTMYeK Mexay COBOM, UTO HapyW Mo Gbl NOCTYMIEHNE Maca K TRYLLMMCA AeTanam (puc.1).
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Puc.1. Cxema fenCTBUA AMCNepCaHTOB: 06pa3oBaHMe CyCreH3um 1 SMybCum

MexaHu3m oencTBMA MOKLLMX NPMCagoK 3aKTtO4YaeTCA B TOM, YTO OHW COXPAHAKOT o6pa3y+ou4|/|eCﬂ
B Madie yrnepoancrble 4Y4aCTnU4ykn B MenkoamcrnepCHOM COCTOAHUN. pryI’lHeHI/HO YaCTYyeK Harapa
npenATcTeyeT agcop6u|/|ﬂ MOMEKYN NPpUCagkn Ha X MOBEPXHOCTW. Bce npouecchl Harapoo6pasoBaH|/|ﬂ
NPOoTeKaloT B KaHaBKaX /1A MOPLIHEBbLIX KONel. VIMEHHO 30ecb O6pa3y}OTCFI BblCOKOyTrnepoancTble
coemnHeHnA, KOTopble OT/aratoTCA B KaHaBKaX B BWAe MNEHOK.

Puc.2. HakonneHune HEPACTBOPUMbIX anMecelh B MadJiaxC gucneprupyownmm CBOWCTBaMM B
npouecce akcrtyataumnm aBToMObMNA
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HOpLLIHEBble KOnbla WCTUPatOT 3T NNEHKKM, MotoLme npncagku CI'IOCO6CTB}/I-OT npn 3ToOM
CBEPXTOHKOMY M3MEJIbYEHUNIO Halfapa, a UMnpryampyrowee Madio 3aTteM CMbIBaeT W3MeJSIbYEHHbIe
YaCTUYKN. |_|p|/| NCNONb30BaHMN MacCJlia C XOPOLWKMMM MOKOLLIMMK CBOWCTBaMW A€TaNV ABMraTeNd BbIrNAQAT
Kak Obl BbIMbITbIMU, OTCtoa NoABNeHNne TepMKHa «MOKLLME».

BellectBa, MpuMeHsemble B KayecTBe MOIWLUIMX MPUCAOK, MPeAcTaBnsaloT  coboi  conm
OpraHnyYecknx KucnoT, deHonATbl meTannos. CynbdoHaTbl bapus v Kanbumsa (Cb-3, CK-3) — bapueBsble 1
KasbLiMeBble COMM apoMaTUYECKUX CyNbGOKMCIOT 06nafaloT CMoCOOHOCTbIO yNydllaTb U Apyrue
KaueCTBEHHble MOoKa3aTenn Macen (QHTUKOPPO3NOHHbBIE, aHTUU3HOCHbBIE). Mbl MOTb30BaNNCh MOIOLLEN
NPNCAOKOM anKUNCANULMHAT KabUWA :

OH OH

CO-0-Ca-0-0C
{rae R=C ,-C)

C-R C-R
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3anac HemTpanu3syloLWmx CBOWCTB, KOTOPBIM XapaKTepu3yeTCAa MOTOPHOE MAaco, HasblBaeTcA
WEeNOYHOE YMCIO MOXKET N3MEHATLCA B Mpefenax: oT 5-20 mrkKOH/T.

/13 nuTepaTypHbIX MCTOYHMKOB V3BECTHO, YTO MOIOLLE-ANCNERTVIPYIOWME NPUCALKM BBOAATCA B
mMacna Ao 20%. B cBA31 € 3TUM NpeacTaBnAan MHTepeC BAMAHWE NPUCaAKM Ha €€ PaCTBOPUMOCTb B Macse
npu KoHUeHTpauun 20%. Hamn 6bino MpoBeaeHo aHanu3 MOTOPHbIX Macen M 10B un mowowmmnm
NPUCaaKMMK ankuICanu-UmMHaT KanbUuin. [Tocne BBeAeHMA B MAC/IO TaKOW KOHLEHTpauuy NpucaaKku

HamK Habno4anoCh 3a eé pacTBopeHuem (Tabn.1,2).

Tabnuia 1.
Pe3yiibTarel pacTBOPUMOCTH MPUCGLOK B 3aBAUCUMOCTY OT TeMIIeparyPbl HarpeBaHus
PacTBOPMMOCTb MPUCafoK
MNpuncaaka
He YacTnyHas CpenHas NonHaA
pPaCcTBOPUIIOCH PacTBOPUIIOCh PaCcTBOPUIIOCH PacTBOPUIIOCH
Motowwas
”* 30°C 50°C 60°C 70°C
npurcagka
Tabnuia 2.
Pe3y/ibrarel COBMECTUMOCTH MPUCIHOK B 3aBUCHMOCTY OT BPEMEHMN HAMPEBAHMA
PacTBOpPVMOCTbL NpUCcaaok
MNpncanka He YactmuHan CpenHas MNonHasn
PaCcTBOPUIOCh PaCTBOPUIOCH PaCTBOPUIOCH pPaCcTBOPUIOCH
Motowias 35MUMH 50MnH 1,8 yac 2,5 vac
npvcaaka

Onpefenns pacTBopeHVe NPUCaAOK B MOTOPHOE MAc/o 1 NMPUCAAKY ankUACanMUMHAT KanbLms
Hamk  OblNo  onpeneHo  GU3MKO-XMMUUECKMEe TOoKa3aTenn MOTOPHOrO Macna Ans  PasivyHbIX
KOHLIeHTpaL M1 nprucagok (tabnmua 3) .

Tabmya 3.
Macno Macno Macno Macno Macno
M-108B M-10B M-10B M-108B M-10B
[Toka3aTenu oe3 C NpucagKom C NpUCagKkown | C NpucaaKon C
npucagkn | (5%) (10%) (15%) npucagKkom
(20%)
MnoTHOCTb Npw:
=20°C r/cn? 0,868 0,868 0,900 0,905 0,907
BAaskocTb npu:
_ 0
};j*goifc 104 104 104 103 103
- 11,5 11,3 11,0 10,8 10,0
Temnepatypa
BCMbILLIKMN 218 218 220 222 222
B OTKPbITOM
Trne, °C
CopepraHne i cneavl i i i
BOJbI,
4,5 54 6,5 6,9 7.0
lenoyHoe
4yncno
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Mo pe3ynbTaTbiM NabOPATOPHbLIX WCCNeAOBAaHUIA WUCMbITaHWA MNpY BBEAEHWMM MNPUCAAKM B
MOTOPHOe Macio M-10B duM3MKo-xummueckmne noOKasaTenn 3a WCKIIOUYEHMEM LWETIOYHOro ymcna
NpaKkTUYeckn He nameHuUnuco. LlenouHoe umcno noseicunochk ¢ 4,5 0o 7,0 UTo CBUAETENbCTBYET 00
3QGEKTUBHOCTY AOOABNEHHON NPUCAAKM. TO 3HAUWT, YTO NMPW MCNOMBb30BaHNM MPUCAAKN B KayecTse
MOIOLLEN MOBBICUTCA pecypC PaboTbl MOTOPHOrO Macna. Kpome TOro MOTOPHOE Macio C Taknm
WENOYHbIM UYMCIIOM MOXKET 3KCMAyaUMpOoBaTbCA He TOMbKO B CpeAHedOPCUPOBAHHBIX, HO U B
BbICOKODOPCMPOBAHHbIX ABUrATENSAX.

Vicnonb3oBaHHas nutepatypa

[1] CmupHoB A. B. ABTOMOOUIIbHbIE SKCMYTALMOHHbBIE MaTepuansl. Yueb. nocobue / HoslY vm.
Apocnasa Myaporo. — Benvkinn Hosropog, 2004. - 176 C.

[2] [Oxepuxos, B. B.ABTOMOOMbHbIE SKCMYaTaLMOHHbIE MaTepuanst: yued. nocobue. roc. apxmr.-
ctpouT. yH-T. — CM16., 2009. — 256 C.

[3] KupuueHko H.b. ABTOMOOMBbHbIE SKCMyaTaLMOHHbIe MaTepuansl: YyebHoe nocobre.—M.:
N3patenbckum ueHTp «Akagemmar 2012.-208cTp.

[4] http://www.luknef.lukoil.ru/main/static.

OYNCTKA BMOTA3A OT BPEAHbIX MPUMECEN ANA MPUMEHEHWE B [1BC
2K KavinoBa (KOxHO-Ka3axcraHCkmi rocyapCcTBEHHbIV yHMBEPCUTET M. M.AY3308a, I. LLibimkeHT, Ka3axcraH.

3 Mamaganvesa, H. Vimomosa, rpo@. Vimomos LU K. (TaLLKEHTCKM MHCTUTYT MHXEHEDOB UPPUIraLImm 1 MEXaHN3ALINN
CE/IbCKOrO XO3AVCTBA. I 1alKeHT, Y36eKknCTaH,)

AHHOTaUMA

B naHHOW cTaTbe Gbina 3aTpOHyTa MPobnemMa OYMCTKM Brorasa OT cepoBOOPOAa. B cTatbe ObinM paccMOTpeH b
BUAbI OUMCTKL U VX HEAOCTATKW, NPeONOXKeHO NepcrnekTMBHOe pelleHne npobnembl OUYNCTKUA CyXMM METOLOM
uepe3 TPexCTyneHYaTyld YCTaHOBKY (ckpybbep). B kauecTBe AomonHAwWMX abCOPOEHTOB MCMOMb30BAHO
APEBECHYIO OMUAKY, CTPYUKM METaa v akTUBMPOBAHHbIY Yrofb.

Knroqesble C10Ba: bMOras, CEpOBOJOPOL, OYNCTKAa OMOrasa, ckpybbep

Bo Bcem mMuMpe B yCnoBMAX HapacTawoulero feduumta sHeproHocutene 1 CyllieCTBEHHOrO
YBeNMYEHNA CTOMMOCTM BCEX BUOOB SHEPTUN, UCKIIOUYUTENBHO aKTyanbHbIMKU CTAHOBATCA MEPOMPUATUA
SKOHOMUUW 3HEPropecypCoB MyTEM BHEAPEHUA HOBENLUMX albTEPHATUBHbBIX TEXHONOTUIA ANA TOMNBA -
N dHeprocbepexeHns, U pPaLMOHANbHOrO WCMONb30BaHWA TOMMBA, INEKTPUUYECKON K TemnnoBown
SHeprum [1,2,3]. YUéHbIMN U UCCNeaoBaTeNAMM BedyTCA pa3paboTkM Mo MOUCKY SHeprocheperatoLmx
PELeHU B3aMMOCBA3AHHDBIX, Kak 3SHEpreTUyecky, Tak U 3KONOrMyeckn. brorasoBble YCTaHOBKM
ABNAOTCA OAHWM W13 pPeleHur MOoAyyeHua 3SHepreTnyeckoro obecneyeHMa M B TO ke BPeMA
CNOCOOCTBYIOT KaueCTBEHHOM MepepaboTKu OpraHMYecKrx OTXOA0B, MOCKOMbKY MHTEHCUMBHbIA POCT
ATULEBOACTBA W KMBOTHOBOACTBA, Kak M3BECTHO, CBA3AH C NPObnemMon yTUAn3aLumm oTxoaos Gepm.

B nocnegHue rofbl Ha x03AWCTBax Ka3axCTaHa WWMPOKO Pa3BMBAETCA BHEAPEHME 1 pa3paboTka
61IOPEaKTOPOB HOBOTrO MOKOMEHMS. YCKOPEeHMe B HUX MPOoLEecca MUKPOOMONOrMYeckmx npeBpaLleHni
JOCTUIaeTCA 3a CUET MHTEHCWMBHOIO OTBOA@ MOABNAIOLIErOCA rasa v OUUCTKIM razo00pasHbiX MPO/YKTOB.
OfHaKo, MX 3KCMyaTauma Mokasana, YTo B KOHEYHOM WUTOre MpPOM3BOAMTENbHOCTb 3TVX YCTaHOBOK
HaxoamTcA B OYHKLMOHANBbHOM  3aBUCMMOCTM  OT  WCMNOMb3yeMOWM UMCTOTbl rasa W KayecTBa
OpraHnyeckoro yaobpeHna nonyyaemom npu aHasapobHon nepepaboTke.

YTobbl MoNyunTb HEOOXOAMMbBIX ANIA MPOLEecca OUMLLEHHOTO OMOrasa U BblICOKOKaYeCTBEHHbIX
opraHuyecknx broyaobpenui, cneflyeT npexae BCero NpoBecTy NpasuibHbIA Noabop aHaspobHOro
npouecca, 3aBucALlero (MOAXOAAWEro) K KAMMATUUYECKMM YCNIOBUAM 3KCMyaTaumm O1Morasosomn
ycTaHoBKM (BIY). brora3osasn ycTaHOBKa C "Knaccmyeckon" cxemon paboTbl YacTo He COOTBETCTBYET
COBPEMEHHBIM TPEOOBAHUAM MMKPOOMOMOIMYECKOro NpoLecca 1 KIMMATUYeCKUM YCIoBUAM. Takmnm
00pa3om, B 3TWUX YCTaHOBKax [/18 dHEProcHabXeHus 3aTpaTbl TOBApPHOro 61orasa Ha cobCTBEHHbIe
Hy» bl foxoaaT Ao 60 - 70%, a nHorga aaxe Ao 100%. Mpy 3TOM Ha OUMCTKY Br1orasa, MoayYaemoro npu

174



aHaspobHOM NepepaboTke 3arpyxaemon Guomacchl, pacxoayetca 90 — 97% 3sHeprum OT 0OWKMX
3Hepro3atpar [3].

Caman 6ornbluad npobnema, KOTopad BCTaeT MpU OuMCTKe OMorasza — Haauuve B Hem
ceposogopoaa, CO, 1 BoaHbIx Napos. Mpn npor3BoacTBe brorasa Havbonee BpeAHbIM KOMMOHEHTOM
ABNAETCA CepPOBOAOPOA. KaK 1M3BECTHO B OVOra3oBbixX YCTaHOBKaxX HEOOMbLLIOW MOLWHOCTM (COTHI M/CyT)
NPUMEHAIOT aACOPOLUMOHHBIN («Cyxo») cnocob yaaneHusa H,S 3a cueT obpaszoBaHMA Cynbduaos Npw
B3aMMOENCTBIN C OKCUAOM XKefne3a (Geppo OKUCHbBIA GUbTP):

Fe,Os - 3H,O + 3H,S — FeySs + 6H,0

OH TOKCMYeH, 06naiaeT HENPUATHBIM 3aMaxom, B MPUCYTCTBMM BNaru 1, 0CO6EHHO B KOMOUHALIUM
C AMOKCMAOM yrnepopa Bbi3biBaeT KOPPO3MIO METANMYECKOrO 000PYAOBaAHMA, NPU CropaHmn obpasyeT
OKCWA W AVOKCMA Cepbl, KOTOpble, B3aUMOAENCTBYA C Mapamu BOAbl, MPEBPALLAIOTCA B CEPHUCTYIO U
CEPHYIO KWCNOThI, MMEeKLMe BbICOKYI0 KOPPO3VOHHYID aKTUBHOCTb. CoflepaHue CepOBOAOPOAA B
Brioraze MoXeT oCTUraThb A0 3%. Kak 0TMeYanoch Bblllle CePOBOAOPO COBMECTHO C BOAAHbIMU Mapamu
M OCOBEHHO B KOMOWMHAUMW C YINEeKUCTIbIM Ta30M OKasblBaeT KOPPO3Wpylollee BO3[eNCTBME Ha
MeTanInmuecKmne NoBepPxXHOCTH ra300060pyA0BaAHNA, NPUUYEM CKOPOCTb KOPPO3MM MOXKeT AoCTUraTh 0,5-1
MM B rof. Mpu cxunraHmm 61orasa CepoBOAOPO NePexoanT B OKCUAbI cepbl. OHK, B3aUMOAENCTBYA C
BOfAHbBIM MAapPOM, OOPA3YIOT CEPHYIO Y CEPHUCTYIO KUCNOTbI, KOTOpble TakKe ABAAIOTCA KOPPO3UHO-
aKTMBHbIMK. Kpome Toro, H2S, SO2 1 SO3 - BLICOKOTOKCUMYHbIE ra3bl [1].

M3BecTHO, UTO 0e3 OuUMCTKM AaHHbIX MpuMecelt cMecb OKorasa OTpuLATeNbHO BAMAET Ha
3KCMIYaTaUMOHHBIE  XapaKTePUCTUKM  CUMOBbLIX YCTAHOBOK, TaKWMX Kak [OBWUraTenent BHYTPEHHEro
CropaHuaA, MO3TOMY, O4YMCTKA rasa OT CepOBOAOPOAA ABMAETCA aKTyanbHoW. Ecnn ke Boobule
NrHOPWUPOBATb YWCTKY Ta3a, TO MeTalfinyeckne KOHCTPYKLMM YCTaHOBKM ObICTPO MOABepratTca
Koppo3nn, GOPCYHKN CUCTEMbI 0BOrpeBa ObICTPO 3aCOPSIOTCA U BbIXOAAT M3 CTPOSA. 2TO YyKa3blBaer,
nepea TeM Kak 1MCNoMb30BaTb OK1oras, HeobxoaMMoO 0CBOOOANTL €ro OT cepoBofopoaa. Kak M3BeCTHO,
Ha CerofHALWHWIA AeHb CYLLIeCTBYET TP OCHOBHBIX CNOCOHa OUUCTKM B1Ora3a: METOA KMAKOro (MOKpPOro)
N TBEPAOrO (CyXOro) XMMMUeCKoro noroLieHna npumecert (abCopOLUMOHHDIN 1 afCOPOLMOHHBIN), METOA
MeMOpPaHHOro pasfeneHns 1 BeIMOPaXKMBaHUA (KpuoreHHbI meton) [1].

HepocTtaTkamu 3TX METOAOB ABASETCA BbICOKOE MOTPeONeHMe SNeKTPOSHeprin, UTo poxaaeT
HEOOXOAMMOCTb B MEPBMYHBIX KamMTanbHbIX 3aTpaTax. [103TOMy Haj — OuncTKoi 6uorasa ot
CepoBOAOPO/A, YTNEKMUCIONO rasa 1 BOAAHbLIX MAapoB BEAYTCA Pa3paboTKu bonee npneminemMbix METO0B.

AHanusunpya Bce BbllUENepeurciieHHble MeTofbl, SKOHOMUUECKM LienecoobpasHbiM ABNAETCA
Cyxas OuMCTKa brorasa oT cepoBoaopofa. MeTos cyxon oumcTKm brorasa ocyLlecTBAAETCA B CKpybbepe
C TBEPAbIM CJ1I0eM, Yepe3 KOTOpbI NpoTekaeT 6roras. [na ancopbumm Cnonb3yeTca ONUAKK 1 CTRYXKN
meTanna. B npouecce ouncTkM Mopd  [LeMCTBMEM afCOPOLMOHHOTO MaTepuana CepoBOAOPOA
YOEPKMBAETCA Ha CTPYXKKaX MeTana, a ONWAKK BIUTHIBAIOT B CeOA BOAAHOM Nap.

YunTbiBas BbIWECKA3aHHOE, Hamy MNpPesioKeHa MNPUHUMMMANbHAA CXema TPeXCTyneHuYaTown
YCTaHOBKM (ckpybbepa) ang ouncTkm burorasa (puc.1.) n paspaboTaH ¢ 060CHOBAHMEM KOHCTPYKTOPCKO
- TEXHONOTMYECKUX MapaMeTpoB GUNbTP ANs o4nCTKKU brnorasa (Puc.2.). TpexcTyneHyaTas yCTaHOBKa
CKpybbepa ouncTKKM brorasa COCTOUT M3 MeTalnuyeckoro kopnyca (1), Tpex KacceT nepsble ABa U3
KOTOPbIX 3aMOJHAIOTCH, CTPYKKOM MeTanna C AepeBAHHbIMK OMuaKamK1, a MociefHAs HamonHeHa
AKTUBUPOBAHHbBIM YTIEM.
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Puc.1. TpuHUMNManbHaa Cxema TPEXCTyNeHYaTon yCTaHOBKM (Ckpybbepa) oumcTkm bruorasa

1,2,3 —KacceTbl AnA o4nCcTkM bruorasa; 4-MHoropyHKLMOoHanbHaa nabopatopHaa 6uorasosas
yCTaHoBKa (pabouwnin o6bem 960 nMTpoB); 5-nynbT ynpasneHus blY; 6-Bakyym KOHTPOnb
naeneHna 6rorasa B cMCTeMe OUYKNCTKM 1 BropeaKkTopa

Puc.2. JllabopaTopHbit GunbTp ouncTkm brorasa

MpW McnblTaHUM NabopaTopPHOW YCTaHOBKM aficopbLma 61orasa NPOBOAMNIACH NePBOHAYANBHbBIM
MpOMNyCcKOM ero uyepes cneLuanbHO 06paboTaHHbIM aKTUBUPOBAHHDIA Yronb, rae H2S okucnseTcs o
cepbl, koTopasa copbupyeTca nopamu yria (0,3 Kr cepbl Ha 1 K aKTUBUPOBAHHOTO Yrnd). BoaaHon nap,
cofepaliminca B brorase, aacopbrpoBanca K akTMBMPOBAHHOMY Y10, BCNEACTBME YEro yMeHbLLANach
aKTVUBHOCTb YA MO OTHOWEHWIO K YrneBoAopoay. B fanbHenwx onbiTax nepes cieayowmnm 3Tanom
OUMCTKM MPOBOAMAACH OCYLIKA aKTUBMPOBaHHOrO yrnd. [lanee ras 6bin nponyleH Yyepes oyepeaHyto
HacafKy C akTUBMPOBAHHbIM YrfieM, HA KOTOPOW aacopbrpoBannch yrnesogopofsl [4,5,6]. Bo Bpems Bcex
OMbITOB Ha N1abopaTopHOW yCTaHoBKe (puc.2.), 6uoras mnogaBany C HWXHeM yact GunbTpa,
paboTatolero Ha TepModunbHOM pexmme (54+20C) bropeakTopa NepepabaTbiBatoLErO CBUHOW HaBO3.
[InA BOCCTAHOBNEHMA TEXHUUYECKNX XapaKTePUCTUK NabopaTopHOro GunbTpa O4MCTKL brorasa, yepes
kaxable 100, 300, 600 1 1000 M3 nponycka 6uorasa BCe KaCCETbl pereHepuvpoBany MyTém
MPOBETPVBAHUA HA OTKPBLITOM BO3[yXe. HEOOXOOUMO OTMETWTb, UTO MPOMYCKHAsA CMOCOOHOCTL U
KauyecTBo Ouorasa sBnanock Haunyyiiem npu nponycke 500...580 m3 6roraza (npu CH4 - 68...70%, CO2
-30...31%, H25-0,3...0,7%, H20-0,5...1% v He3HaunTeNbHble MOMYTHbIE rasbl).
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OnTrManbHasa BNaXKHOCTb aacopbenTa (5...20%) noaaepKmBaeTca NpUCyTCTBYOWMMM B O1orase
napamu BoAbl. 1 Kr okcufa »kenesa copoupyet okono 250 r H2S. PereHepalinio ancopbeHTa npov3soasaT
NpofyBKON BO3AyXOM. [1pK 3TOM 06pasyeTcs anemMeHTapHas cepa, OTNaralollasca Ha MoBEepPXHOCTU
oKcmaa enesa:

Fe2S3 + — 02 + 3H20 — Fe203 " 3H20 + 3S

Mocne Kaxmow pereHepauny COpPOUMOHHAs CMOCOOHOCTb OKCMAA Xefesa yMeHbllaeTca B
cpeaHeM Ha 15%, uTo 0byCNIoBNMBaAET HEOOXOAUMOCTb PEryNAPHON 3aMeHbl 0TPaboTaHHOrO COPOEHTa.

AHaNM3Mpya BbIWECKAa3aHHOE MOXHO CKasaTb, 4TO MOAOCOHLIN  CNOCOO AEMOHCTpUpPYeT,
BO3MOXHOCTb copbupoBaHua 240 - 260 r ceposogopofa (H2S) 1 Kr CTRyKKOWM xene3sbl, CMelaHHOoro ¢
[APEBECHBIMU OMUKAMMN.

[ins meTofa Cyxow OUMUCTKKM Gblna BbIOpaHa ONTMUMarnbHasa BAAXKHOCTb afcopbeHTa oT 4 0o 25%,
KOTOPYIO NOAAEPKMBANW MPUCYTCTBYIOLMMM B BrOrase napamu Bofbl.

Taknum 06pa3oM, KOMOMHMPOBAHHbIN CMOCOO OUYMCTKM OMOrasza, MOXKET UCKMOUYUTD M3NULWHKE
SHepro3aTtpatbl Ha TeXHMKY 6e30MacHOCTH, OObIYHYIO MPW KNacCUUYeCKX METOAAX KOHAULIMOHUPOBAHWS,
Koraa NpW OCTbIBAHUM Ta30BOW KOHCUCTEHUMM WAW 33 CYET yBENMUYEeHWUs [aBneHus 6Ororasa,
xmmyeckune CopbeHTbl, HarpeBasCh, CTAaHOBATCA B3PbIBOOMACHBIMU.
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B HacTosAllee Bpems B MMpe Mpou3BoaMTCA Oonee 50 MIH. TOHH TEXHUYECKMX CMa30YHbIX
MaTepuranos B rof, yaenaeTca 60sblioe BHYMaHWe O4YNCTKE MCNONb30BAHHOIO Macia U NPUBEAEHNIO ero
B TOAHOE COCTOAHME C MOMOLIbIO Pa3HbIX TEXHOMOTUI U MeTOOoB. B CBA3M C 3TuM, pa3paboTka
TEXHOMOTNI 1 YCTPONCTB, YBENMUMBAIOWMX PECYPChI UCMOMNb30BAHHbBIX TEXHUYECKMX Macen 3aHuMaeT
Beayllee MecTo. «IhheKTMBHaA OpraHM3auma nepepaboTki NCMONb30BAHHbBIX TEXHUYECKMX Macer, B
cpefHeM 15 MIH. TOHH B rofl, a TakKe MCMOb30BaHMe UX B CENbCKOXO3ANCTBEHHBIX 1 MENMOPATUBHbIX
TeXHMKaxX LWMPOKO PacnpocTpaHeHa B MWPOBOWM MpakTuke»'. PaspaboTka B 3ToM chepe 3Hepro -
pecypcocbeperalolix  YCTPOMCTB, 0beCcneymBatolMxX OUYMCTKY WCMOMb30BaHHBIX 1 MOMyYeHue
KaueCTBEHHBIX Macen [ UCMOMb30BaHMA MX B CENbCKOXO3AMCTBEHHbBIX TEXHUYECKMX CPeAcTBax -
CUWTAETCHA OfJHOM W3 BaXKHbIX 3aau.

B Muvpe npoBoaAaTcA LeneBble HayuyHo - WCCNeaoBaTenbCckue paboTbl, HampaBfieHHble Ha
COBepLIEHCTBOBaHME pecypcocheperalolinx YCTPOWUCTB U TEXHOMOIMI, BbIMOAHAIOLMX MPOLIECC
OUMCTKM MCNONb30BaHHLIX Macen. B 31on chepe, B TOM uncne OCyWEeCTBAEHME pPa3paboTku
COBEPLEHHOW KOHCTPYKTUBHOWM CXEeMbl, OUMLIAIOLMX MCMOAb30BaHHbIE Macia YCTPOWCTB, OUYMUCTKM
Macna oT MPOMYKTOB OKUCIIEHMA 1 MOYYEHUA KaueCTBEHHOro nepepaboTaHHOro Macsa, MokasaTens
TemnepaTypbl CMecK, a TakKke nMpoLecca 1CMapeHna Ha OCHOBE pecypcocbepexeHusa nmeeT ocoboe
3HaueHve.

B Haluen Pecnybnuvke ocywlecTBAAOTCA LUIMPOKOMACLITabHbIe MEPOMPUATIA MO BOCCTAHOBEHNIO
1 OUYULLEHWIO MaCeST, UCMOMb30BAHHBIX B CENbCKOXO3ANCTBEHHOM MPOW3BOACTBE, YBEIMUYEHUIO KayeCTBa
Maces], UCNOJIb30BAHHbBIX B TEXHUKE U TEXHOMOIMM CENbCKOro XO3ANCTBa. B cTpaTernn aenctsmii no
JanbHenuiemy pa3Butnio Pecnybnukn Y3bekmctan Ha 2017 - 2021 rofbl B TOM YnCiie onpeaeneHs
334aHMA  No  «YrybneHuo  CTPYKTYPHBIX — M3MEHEeHVMI UM MOCIeoBaTelbHOr0  PasBUTUS
CENbCKOXO3AMCTBEHHONO MPOU3BOACTBA, PACWIMPEHMIO MPOM3BOACTBA  YUMCTbIX MPOAYKUMM MO
MOLEPHM3aUMN 1 YCKOPEHHOIO Pa3BUTUA CENbCKOTO XO3ANCTBA B MPUOPUTETHLIX HampasieHnax

Pa3BUTUA COLMANbHONM Chepbi»'. B BBINOMHEHMM 3TWX 3adad, B TOM uncie pa3paboTka METOAOB Mo
MOMyUYeHUIO BbICOKOKaUeCTBEHHOIO Macna 3a CYET TEXHUUECKOW U TEXHOMOMMUECKON MofepHU3aLmm
YCTPOWCTB, KauyeCTBEHHO OYMLIAIOWMX WCMONb30BaHHbIE Macfa OT MEXaHWYeCKMX CMecel, BOAbI,
OPraHNYeCKNX BeLLeCTB, OKUCNAIOLMXCA MPOAYKLUMIA, CUNTAETCA OfHUM U3 MMaBHbIX 33au4.

B MWpoBOI MpakTuke pa3paboTaHbl pasfnuHble YCTPOWCTBa 418 3hOEKTMBHOrO Mnpouecca
BOCCTAHOBJEHMA MCMOMb30BaHHbIX Macen. OHM peKOMEH[J0BaHbI KOHCTPYKTOPCKIMM 610pO And CO3AaHNMS
HOBbIX YCTPOWCTB.

yCTpOl;ICTBa, CO3aHHbIE B pe3yfbTate 3TnX NCCNenoBaHNM, NCMONb3YKOTCA B CE/TbCKOM XO3ANCTBE
1 B 3TOM HaMNpasBneHnn Obinn OOCTUIHYTbI B Ol'lpe,ﬂ,eﬂeHHOVI creneHu, NONOXNTE/IbHbIE PEe3ybTaTbl.

B 3Tvx paboTax npoBeaeHbl UCCNEAOBAHNA NO TEXHONOMUM N TEXHUYECKM CPEeaCTBAM OUYNCTKMN
MNCMOMb30BAHHOIO Mac/1a, a TakkKe MO YIyUleHUIO KayecTBa Macen. OOHaKo B 3TUX BblWEYKA3aHHbIX
MCCNenoBaHuaX 3aaaun no paszpaboTke YCTPOMCTBA, MOMHOCTBIO OUMLLAIOLLErO NCMOTb30BaHHbIE Macna
1 0O0CHOBaHVE MAaPaMETPOB pabounx aetaner, obecneynBatoLLVx ero BbICOKOe KaueCTBO He M3yyeHbl B
JOCTaTOUYHOW CTEMEHMW.

OTHOCUTENbHBIN  BeC, BA3KOCTb, MAaC/IeHHOCTb, KOKCOBaHWe, COCTaB Memia u  Aapyrve
XapakTePUCTUKM CMa30UHbIX MaTepPManoB ABNAIOTCA MHANKATOPAMM, KOTOPbLIE ONpPeaensioT NX Ka4ecTBo.
3arpaAsHeHVe Macna BO Bpems dKCMyaTalmy OTPUUATENbHO CKa3blBaeTCA Ha MokasaTensax paboTbl
MaLLHBbI.

AHanuM3 nokasan, Yto MexaHuueckue fobaBku, copepralumeca macnax He 6onee 0,2% -0,3%,
NPUBOOAT K CUAbHOMY TPEHWIO AeTaner UWIMHOPOMNOPWHEBON FPYMNAbl M KPUBOLWIMA-LIATYHHOMO
MexaHm3ma. OCTaTKK BOfbl YCUIMBAIOT KOPPO3MIO NOAWWMHMKOB M3 CBUHLIOBOWM OpoH3bl. CoaeprkaHue
Macen B ABMraTene YpesBblYanHo yxXyaLAeTCA: NOABEPraloTCA BO3AENCTBUIO METANNA U BO3AYXa; Kamepa
CropaHvAa OKaXKeTCA NOJ BO3LENCTBMEM BbICOKOW TeMNepaTypbl U AaBNEHNA; MeTa/IMYeCKMe YaCTuLbl,
MUHEPanbl 1 opraHuYyeckme BelecTsa, 0O0ralaTcsa TAKeNbIMM YaCcTULAMM 1 BOAOW HEAOMMKEHHOMO

! http//nrm.uz/contentf
?Yka3 lNpe3unaeHTta Pecnybnuka Y3bekuctaH Ne Y1 4947 o1 7 despans 2017 roga «O cTpateruv AeNCTBUN N0 NPUOPUTETHDIM
HanpasneHvAaM passuTva Pecnybnvkm Y3bekncraH»
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TOMNMBa, YBEINYMBAETCA A0NA XMMUYECKMX BeleCTB, BO3HUKalOWMX B pe3ynbTate XUMMNYeCKOro
MN3MEHEHWA, T.€. PacCNada, OKNCINEHNA N KOHLUEHTPAUMW MaClla; N B pe3yfibTaTe HEMOJIHOIO CropaHnA,
oKuncneHnAa n 4aCTMYHOro pacrnafa Madia Ha6ﬂ}0ﬂaPOTCﬂ OXOrn, CylWKa, OCaxaeHne ocCafka. |_|p|/l
oKMcnieHnMn macsia O6pa3yPOTCﬂ CNOXHble OpraHn4yeCkne KNC10Tbl, KOTOPbIE KOPPO3NPYIOT METaslSbl.

[ns ounMCTKM Macen OT MPOAYKTOB OKUCAeHVs (OT COefVHEeHWI 13 CMOSIbHOMO acdhanbTa)
NCMONb3YIOTCA XUMUYECKIME U GU3MKO-XUMUYECKME METOfIbl. XUMUUECKast OUMCTKA BKITIOYAET KMCIOTHbIE,
WEenoYHble MeTOoAbl U MeTOM XUMMUYECKON CyWKW, a OUBMKO-XUMMUYEeCKas OuUMCTKa BKIOYAET
a[CoOPOLMOHHbIE, NOHOOOMEHHbIE 1 CENEKTMBHbBIE METOADI.

CeneKkTuBHbBIN (BBIDOPOYHDBIN) METOL OUMCTKM Macen ABMAETCA MepCrneKTUBHbIM. JTOT MeTof
OCHOBAH Ha CEeNeKTVMBHOM PACTBOPEHWU COeAVHEHWUM KUCIOPOAA, Cepbl M a30Ta, KOPOTKOLEMHbIX
NoNVLMKNIMYeCckx  yrnesofoB. CenekTUBHblE  pacTBOpUTenn BkMoualoT  dypdypon,  deHon,
HUTPODOEH30/, Pa3NuuHble CIWPTbl, aueToH W apyrve. Mocne ob6paboTKM Macen CenekTVBHbLIM
paCcTBOPUTENEM, MOYYEHHYIO CMECh MOXHO Pa3aenuTb Ha ABe Gasbl: padUHag (UMCTOe MaCco, KOTOPOe
COAEePXNT HEBONbLIOE KONMUYECTBO A0OABOK PACTBOPUTENSA) U SKCTPAKT (PacTBOPUTENb, COAEPKALLMA B
cebe 3arpasHeHnd). LlenecoobpasHo yumnTbiBaTh BbllleykasaHHble GakTopbl NPy CO3AaHUN SOGEKTUBHbIX
TEXHONOMMI 1 YCTPONCTB ANA OYMLIEHNA MACeN OT NPOAYKTOB OKUCEHNA.

3BecTHO, 4TO ycnosuA MOMHOM OYUCTKMN MOTOPHbIX MacCe/l OT OpraHNYyeCKnx 3arpA3HeHUN
onpeaenatTca CTeneHbto MPOo3pavyHOCTN W1 YMEHbLIEHNA MYTHOCTW. EctecTBEHHO, 4TO npouecc
,Ell/ld)(by?;l/ll/l nponcxognT, Korga MOTOPHbIE Mac)lia MOMHOCTbIO OYNWAOTCA OT NMPOAYKTOB OKNCITIEHNA.

OnHoOWM 113 BaykHbIX 33a4 ABMSETCA TOYHO ONPEdennTb, B KakiX COOTHOLWEHUAX MOTOPHbIE Mac/a
MOMHOCTBIO  HACHILIAIOTCA aLEeTOHOM. BO Bpems MOCTPOEHMA COOTBETCTBYIOUIEN MaTemMaTMyecKon
MOAENN ABWXEHWe Macen B A0CTaTOYHO KOHLIEHTPUPOBAHHOW Cpefle MeXay TBepAbiMM YacTULamu
3aMEHAETCA BafOBbIM MOTOKOM, KOTOPBIF 3arofHAeT BCe MPOCTPAHCTBO, UTO MO3BOMAET M3yuaTb
NpoLecc B pamkax BasoBOK cpefpbi.

PaccmaTprBaa HOPMabHOE CTONKHOBEHME YacTUL, OMMLLEM CKOPOCTM aLeTOHa 1 MOTOPHbIX

mMacen V; n VM’ , MaccChl YacTuL, m,u m, cnefyoumm obpasom:
V.=V cosari+V, sinan
%

V,=V cosari-V sinan

V. =V sinkzi—V, cosknr (1)

- -
roe v, - CKOPOCTb YacTWL, aLeToHa, M/C; ¥~ - CKOPOCTb YacCTuL, MOTOPHOW Macsbl, M/C; K, /, f
efHNYHblE BEKTOPDI, C/M.

PaccmaTpueas Gopmy 6eCKOHEeUHO Masbix YacTuL Buae chep paguyca A, 1 R, i MNOTHOCTEN
051 0 MaCCa aLEeTOHa ¥ MOTOPHOTO Macha BbIrISAUT CiedyioLyiM 06pa3om:

47 3
ma :_paRa
3
mM :4_7Z-p,ltRj1
3 2)

roe M- macca vacTul aueToHa, Kr; M, - Macca YacTul, MOTOPHOW Macnbl, Kr; f,- MNOTHOCTb YacTuL

aueTtoHa; L, - NNOTHOCTb YaCTULb MOTOPHOK Macsbl; Ra - paauycC YacTuL aLeToHa; RM - paanyc
4acTML MOTOPHOM Macsbl.
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YUunTbiBad, UTO B3aMOAENCTBME mexay KaMOW XKUOKOCTbIO 1 BO34YLWHbIMM YaCTULLAMM HE BNTUAET
Ha CTOJIKHOBEHWE CMEXHbIX YaCTnU, AaeTCA ciedytollee BblpakeHne 1A aa BEKTOPa CKOPOCTH MKUIOKOWM
YaCTuubl:

l—x My +q+x) e,
= mM m,w
U, = 3)
1+ My
m

M

rae Us; - CKOpOCTb CMecun ﬂapaﬂﬂeﬂHbIVI K OCbW X, M/C; K Koad)d)l/lLll/leHT nornowaemoCTb aleToHa n
-

MOTOPHOM Macnbl, ¢/m; M- macca yacTvL aueToHa, kr; 7M1, - macca 4acTvL MOTOPHOW Macbl, Ki; V' -
-
CKOPOCTb YaCTWL aleToHa, M/C; ¥ - CKOPOCTb YacTULy MOTOPHOWM Macibl, M/C.

Boluncnenue CKOPOCTW YaCTOTbl MOTOKA XXUAKOCTW:

roe V£ cKopoCTb cMecy MapannenHblil K OCbM ¥, M/C; w-yrnoBas CKOPOCTb BblPALLAIOLLNA YAaCTUL CMECH,
M/C; O (r)-ToNWMHA NOrPaHUYHOrO CIOS, CM;

CeKyH[HbIM pacxof] NOTOKa B MOrPaHMYHOW 30He C TONWWHOM O (1) onpefenaeTca 13 cneayoulero
YpPaBHEHWA:

s(r)
0 =2m j Vdz
0
roe (- pacxop CMeCU; Z7rr-IIMHA OKPYXUHHOCTY; V4 CKOPOCTb CMeCK, M/C;
O (7} TONWMHA NOTrPaHNYHOrO Cos, CM.
Mcnonb3ya BoipaxkeHne (4) 1 (5), HaXOAUM Pacxod KMAKOM CMECK Ha NNeHKe:

0 - 2z a)z(ré'(r))% _ 2 ®’Ry Qo,c:M‘,r353(r)

’

3 x° 3\ 2° 3y
2
30 V5
= ——— =rolr
0 2nloR; )
TOJ_ILLU/lHa CMa?)O‘—lHOl;l MNNEeHKW:
%
1( 3
( )_ Qc.wZ (6)

rne O (r)- O (r} TonumMHa NOrpaHNYHOro cnos, cM; Q- Pacxof CMecw; 7TFANvHa OKPYXUHHOCTY, W
YrNoBas CKOPOCTb BbIPALLIAIOLIMA YACTUL, CMECK, M/C; Ap— PafinyC CKOPOCTb CMECU ; F TpyOyneHT.
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OTV BbIPAXKEHUA NlexaT B 30HE OT NaMWHAPHOrO [ABMKEHWA MOTOKa A0 TypOyneHTHOW 30HbI.
PaccmoTpum TypOyneHTHbIM NMOTOK Nponennepa, (Mponennep-31o CMecuTenb YCTPONCTB) KOrAa Y1cio

PeHonbaca
Re>10>.
Mpu CUNbHOM TypOYNeHTHOM MOTOKE, WUCMOMb3yeTCA QOLmysia 1. A, LaTKeeBMYa And ASNHbI

CMeWnBaHNA:
[ = ;(«/;(5(7”)— Z)

[InA cekyHOHOro pacxofa B MHTErPUPOBAHHON FPaHNYHOM 06MaCcTV CMeCK NonyYrM ciefyollee
BbIpakeHume:

Tp3
Q :27[%1{0]/%[05(1,) (7)

B atom cnyuae,
I, =rm.

PacueTbl MOKa3blBatoT, UTO MOBEPXHOCTHAA MPOYHOCTb Ha Pa3pblB TequeVI cpefbl B NaMUHApPHOM
pexnme cnabee, uem B Typ6yﬂeHTHOM pexunme, 4YTO O3Ha4aeT, 4YTO MOTOK obTekan nponennep
oTpMUaTeNIbHO BITIMAET Ha YTEUKY.

HayuHas 3HAauMMOCTb pe3ynbTaToB WCCNeaoBaHWa obycnoBneHa Tem, 4YTO pa3paboTaHo
YCTPOMCTBO, KOTOPOe [00aBMAA aLUeTOH B UCMOMb30BaHHOE MAaclIo CMELMBAET, HarpeBaeT, OCTyAUT,
BbiNMAapWBaeT, a TOJyYeHHble YypaBHeHWs, OOYCNOBNMBAIOLIME  3aBUCMMOCTb  SHEPreTUYecKmx
nokasaTeneit OT VX NapameTpOB.

HpaKTI/ILJeCKaFI 3HAYMMOCTb pPe3yNnbTaToB I/ICCJ'Ie,D,OBaHI/H?I O6yCJ'IaBJ'II/IBaeTCFI Tem, 4YTO OYMCTKa
MCNONIb30BAHHOIroO Madsa pa3pa6OTaHHbIM yCTpOI;ICTBOM npmBoaNT K YMEHbLUEHWIO ero pacxoda u
YyBEINMYEHWMIO peCypCa TeXHUKK, 3a CYET MCMNONb30BaHMA OYMLLEHHbBIX Macen B r’MaopoCcucTtemMax 1 B
Asuratenax MennmopaTnBHbIX MallH.

THE PRODUCTION OF PAINTED AUTO DETAILS: THE ECOLOGICAL ASPECT IN THE
CLIMATIC CONDITION IN UZBEKISTAN

Abdullaeva Oyimchakhon, Saidov Abdulla
Turin Politechnic University in Tashkent

Abstract.

In this article, we study about the production of painted auto details and the ecological aspect in the climatic
condition in our country. As new vehicles are being developed to be more fuel-efficient and less emitting during
their operation, the environment burden of the manufacturing phase becomes proportionately more significant.
Also materials technology is vital to industrial competitiveness, energy security, sustainability and innovation
across all sectors, including automobile industry. That is why more extracted waste from automobile industries
and we should do utilize from extracted waste
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Figurel. Average breakdown of materials present in vehicles

Unfortunately, there are various negative implications for the environment that occurred in
developed countries and are about to be replicated in the developing countries like: air pollution in
urban center, congestions, etc.

A significant portion of industry and transportation is based on the burning of fossil fuels, such as
gasoline. As these fuels are burned, chemicals and particulate matter are released into the atmosphere.
Although a vast number of substances contribute to air pollution, the most common are carbon, sulfur,
and nitrogen. These chemicals interact with one another and with ultraviolet radiation in sunlight in
various dangerous ways.

2.Processes of producing auto details and advanced materials.

There is an automobile industry in our country which is named “GM Uzbekistan”. One of the main
part is “Uz-Koram Co” which is produces amount of auto parts are made from plastics. For instance
such as front and rare bumpers, door handles, in-panels, wheel covers, mirror covers, spoilers, tail gate
handles, dashboards, instrument panels, etc. And these all produced details are painted at ‘Uz-Koram
Co. For the beauty and safety of domestic cars in Uzbekistan responsible company “Uz- Koram Co”. “Uz-
Koram Co” was established on May 30, 1995, by order of the Republic of Uzbekistan ¥4 191 KM as Uzbek-
Korean joint venture in order to localize the production of large size component parts of plastic
components for the automotive industry created the Republic of Uzbekistan.

With the start of mass production of “Uz-Koram Company” became the first enterprise in Central
Asia, producing large plastic parts for cars. In the initial phase of production volume was 80 thousand
car sets per year.

The car manufacturing process is very complex and involves several stages. The paint process in
particular is not only complex, but capitally intensive at the same time. A substantial amount of energy
and material use is involved in applying the paint to a vehicle and the process generates considerable
emissions to air, water and land. Three unit processes represent the majority of environmental impacts:
Pretreatment, electro-coat and topcoat. After painting processes extracted waste and utilization it. It
is very hazardous and harmful aspects to Ecology and the major environmental concerns in the 21st
century are: atmospheric pollution, scarcity of freshwater, raw material and land availability.
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Environmental impacts associated with automotive paint processes include releases to air, wastewater,
land. Some volatile organic compounds (VOCs) may also be hazardous air pollutants.

Figure 2. painting process .

3.Advanced Materials in Automobile Painting

In today’s modern world there has been immense developments in most aspect of manufacturing
processes ranging from production and assembly. However, when it comes to painting and coating
there is still room forimprovement. The work also studies the applications of advanced materials, which
are smart materials, programmable matter and dry/powder paints, in automobile painting. Furthermore,
it compares standard paints with advanced materials weighing their advantages and disadvantages. As
well as proposing possible further functions of paint besides simply giving an esthetic view to vehicles
such as self-recovery and self-coloring which is a base for creating and applying these features of paints
in the long run.Advanced materials are designed materials that have one or more properties that can be
significantly changed in a controlled fashion by external stimuli, such as stress, temperature, moisture,
pH, electric or magnetic fields regarding to automobile painting.

Advanced materials have properties that react to changes in their environment. This means that
one of their properties can be changed by an external condition, such as temperature, light, pressure or
electricity. This change is reversible and can be repeated many times. There are a wide range of different
smart materials. Fach offer different properties that can be changed. Some materials are very good
indeed and cover a huge range of the scales.

The underlying challenge is to characterize processes at an increasingly localized scale to enable
prediction and manipulation of macroscopic behavior and the production of materials and systems with
managed properties.

There are a number of types of smart material, some of which are already common. Some
examples are as following:

- Piezoelectric materials are materials that produce a voltage when stress is applied. Since this
effect also applies in the reverse manner, a voltage across the sample will produce stress within the
sample. Suitably designed structures made from these materials can therefore be made that bend,
expand or contract when a voltage is applied.

- Shape-memory alloys and shape-memory polymers are materials in which large deformation
can be induced and recovered through temperature changes or stress changes (pseudoelasticity). The
shape memory effect results due to respectively martensitic phase change and induced elasticity at
higher temperatures.

»  Magnetostrictive materials exhibit change in shape under the influence of magnetic field and also
exhibit change in their magnetization under the influence of mechanical stress.
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= Magnetic shape memory alloys are materials that change their shape in response to a significant
change in the magnetic field.

= Smart inorganic polymers showing tunable and responsive properties.
=  Temperature-responsive polymers are materials which undergo changes upon temperature.

» Halochromic materials are commonly used materials that change their colour as a result of
changing acidity. One suggested application is for paints that can change colour to indicate
corrosion in the metal underneath them.

= Chromogenic systems change colour in response to electrical, optical or thermal changes. These
include electrochromic materials, which change their colour or opacity on the application of a
voltage (e.g,, liquid crystal displays), thermochromic materials change in colour depending on
their temperature, and photochromic materials, which change colour in response to light—for
example, light sensitive sunglasses that darken when exposed to bright sunlight.

4, Waste management in climatic conditions and briquettes are one of the solution .

Waste management is one of the most emerging issues all over the world. This is because of the
large amount of waste that is being generated daily and the impact of such waste is hazardous for the
environment and living beings. Waste management has at least five types of impacts on climate change,
attributable to: (1) landfill methane emissions; (2) reduction in industrial energy use and emissions due
to recycling and waste reduction; (3) energy recovery from waste; (4) carbon sequestration in forests due
to decreased demand for virgin paper; and (5) energy used in long-distance transport of waste.

One of the main problems is that as reserves of carbon raw materials are decreasing, as the
deposits are depleted, energy carriers are getting harder to extract, while the environment is being
damaged and the price of these natural sources of energy is increasing. Another problem is the
accumulation of a huge amount of waste and consumption at landfills, the oil refineries accumulate a
large amount of production waste, such as oil sludge, which are sold at low prices.

Waste management is the organized way of managing the waste through pathways to guarantee
that they are disposed off with attention to least negative impact to the environment. With the rapidly
increasing volume of vehicles, there is a parallel need to increase waste management initiatives by
governments across the world and also of modern facilities for reuse and recycling of waste materials
like metal, solvents, batteries, plastics etc. when the vehicle reaches its end of life. Waste recycling can
help eliminate and thus minimize wastes. Waste generated in the process of painting, after passing
phase neutralization accumulate at the site of enterprises , occupying useful area and harming the
environment .For prolonged storage , decomposing , can emit toxic gases. Their volume at LLC “Uz-
Koram Co" is about 80-250 tons per year. As we know, there are many processes in the painting shop.
But three processes, priming, painting and varnishing of details are enough to us for learn about how to
extract wastes. Wastes after these three processes go to the sludge storage by pipes. And workers put
or add two types of substances, which are neutralizator and coagulator. Neutralizator separates sludge
from water. And coagulator combines to do together sludge. So, after this process take all sludge, dried
and crumbled.

Figure3. dried and crumbled waste.
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Disposal of industrial waste requires large financial and energy investments. Abroad are usually
built or mill for processing industrial waste, but posed the problem is not completely solved because of
impossibility of 100% recycling of waste and additional load on the environment.

Increasing production of vehicles is the key driver for the growth of automobile market. The
production of automobiles results in generation of waste materials; these waste materials are recycled
by many manufacturers as it helps to resolve supply shortage during the manufacturing process.

If we do not manage wastes on time ,we have problems which is dangerous for our health,
environment, ecology by reason our climatic conditions.

Firstly, If we do not burn extracted waste from painting, in a cold weather we can not save land
It will became ice and wastes will occupy so many hectares.

Secondly, in a hot weather it will be more harmful for human health, global warming and ozone
layer depletion than cold weather. Because when weather is hot wastes are melt and it pervades
harmful gases, substances etc. to our nature and to global problems.

Even we can not recycle wastes 100%, we can use for improving energy efficiency from wastes.
How can we use from waste? We should add some substances and prepare fuel briquettes from
it. If we burn prepared briquettes in incinerator. It is just use for utilization of wastes. We can not
take energy saving. We should burn briquettes like a coal and we improve energy efficiency. It is
the one of the solution of pollutions.

At present, special attention is paid to energy saving. The decree N2 28 (580) of the Cabinet of
Ministers noted in 15 November 2013 year the need for development aimed at the creation of
briquettes as an additional measure to ensure consumers of fuel and energy resources. At the same
time, processing and utilization of technical wastes are important not only in terms of their use as an
alternative source of raw materials, but also in terms of environmental protection.

5. Technology of prepare fuel briquette
5.1 Technology of utilization of waste in the painting process.Incinerator.

Wastes from the manufacture, LLC “Uz-Koram Co” have changeable density, porosity and
chemical composition. Out at this stage of research and development of technology for production of
fuel briquettes using waste Ltd. “Uz-Koram Co” high porosity and density of 1.0-1.5g/cm”.

Formulations have been developed fuel briquettes with different concentrations of waste LLC
“Uz-Koram Co”", additives and ligaments in based on local raw materials. Compositions prepared with
high temperature burning and combustion temperature, which can significantly reduce the emission
into the atmosphere of the solid phase and the CO content. Two samples were transferred to the
customer. Studied samples of fuel briquettes. On the basis of the research was obtained from the use of
the optimal composition of the bunch on the basis of local raw materials and installed:

e Dbriquettes have optimal strength;
e isbased on a bunch of local raw materials without the use of high pressures;
e ignition temperature ranges from 400-500 ° C;

e the duration of combustion of the sample 7 g of about 7 min.

In the future, in order to reduce used bundles supposed to prepare a series of laboratory samples
using pressing at different pressures and conduct comparative tests to determine the physical
characteristics (temperature combustion, combustion time count of the heat of combustion,
the  strength  characteristics, etc..). Prepare and submit a series of laboratory samples of fuel
briquettes for testing at JSC “Uz-Koram Co”".

The main technological complexity in the processing - obtaining the necessary fractional
composition, briquetting. To obtain a commercial product suitable for placing on the market of
secondary raw materials, briquettes must meet several requirements:

- will not contain harmful impurities elements beyond the maximum level;
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- have sufficient strength for their subsequent transport;
- maintain its strength when wet during transportation;
- have a strength at high temperatures;
- have a uniform chemical composition;

- have a uniform linear dimensions of the pieces - have a cost price that is comparable to
traditional.

Incinerator

Fuel briquettes are used as a solid fuel for fireplaces and stoves of all kinds, including solid fuel
boilers heating systems. Since briquettes eco-friendly product and burn virtually smokeless, ideal to use
them for home heating, baths, tents, greenhouses, vegetable, ditches, etc.

The main factors hindering the development is currently briquetting is the lack of affordable,
environmentally sound, technologically advanced and economical binders. For this reason, for many
years all over the place and constantly being sought various options of individual or combined binder
for fuel briquettes, which resulted in expanding their range.

Incineration is a waste treatment process that involves the combustion of organic substances
contained in waste materials. Incineration and other high-temperature waste treatment systems are
described as “thermal treatment”. Incineration of waste materials converts the waste into ash, flue gas,
and heat.

i
'
| ]
i
| 4
]
I
¥
| 3
]
i
-

Figure 4. Incinerator

The ash is mostly formed by the inorganic constituents of the waste, and may take the form of
solid lumps or particulates carried by the flue gas. The flue gases must be cleaned of gaseous and
particulate pollutants before they are dispersed into the atmosphere. In some cases, the heat generated
by incineration can be used to generate electric power. Incineration with energy recovery is one of
several waste-to-energy technologies such as gasification, pyrolysis and anaerobic digestion. While
incineration and gasification technologies are similar in principle, the energy product from incineration
and gasification technologies are similar principle, the energy product from incineration is high-
temperature heat whereas combustible gas is often the main energy product from gasification.
Incineration and gasification may also be implemented without energy and materials recovery. In several
countries, there are still concerns from experts and local communities about the environmental impact
of incinerators.

5.2.The way of prepare fuel briquette

A cement is a binder, a substance that sets and hardens and can bind other materials together.
Liguid glass or soluble glass, colorless, transparent, glass like substance available commercially as a
powder or as a transparent, viscous solution in water. Chemically it is sodium silicate, potassium silicate,
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or a mixture of these. Liquid glass is very soluble in water, but the glassy solid dissolved slowly, even in
boiling water.

Figure 5. The way of prepare briquette

5.3.Combustion of the fuel briquette and produce thermal energy

Combustion is the reaction of substances with oxygen, with the evolution of heat and light. The
combustion of organic materials are often free radical chain reactions, which can usually be summarized
as the oxidation of carbon content of the material to form its oxides and the oxidation of hydrogen to
form water.

If wastes of auto paint are organics, they can become fuel and be destroyed through combustion.

Combustion is an oxidation process, at high temperature, with a rather high energy generation.

Figure 6. Combustion of the fuel briquette.

An installation created in accordance with GOST 12.1.044-89 fires explosive substances and
materials.

The room temperature is 21 ° C Relative humidity 55% Atmospheric pressure of 101 kPa The
furnace power 1500W

Pattern: solid waste paints car paint shop and synthesized samples (N1, N2) - tablets of 50 mm
diameter, 12 mm height
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The initial sample waste|sample Ne1 Grey, |sample N°2 Grey, the

Condition LMC the particle size of 5 particle size of
mm T mm
Ignition temperature  Of the samples, °C
Maintaining
the temperature |615 Not lit Not lit
inside

the oven 615 °C
Maintaining  the

temperature  inside  |Lit 655 Not lit
the oven 655 °C

Maintaining  the

temperature  inside  |Lit Lit 715

the oven 715°C

Note: after the introduction into the furnace at a certain temperature began to burn through the
sample for 10 seconds, then removed the samples from the furnace. They continued to burn poorly and
had gone out in 2-3 minutes.

CONCLUSION: All of the tested samples are non-combustible according to GOST 12.1.044-89 Fires
Explosive substances and materials.

Conclusion

The main purpose of “Uz-Koram Co” is producing high quality product and satisfaction of
customer. Studying this work | have learned about wastes of after painting process and prepare fuel
briquette from it and produce thermal energy at “Uz-Koram Co”" and it has given to me knowledge and
skills in this field.

In addition, in this company also utilization of extracted wastes from the painting shop for
improved energy efficiency. Prepared briquettes burn very good. But when these briquettes are burning
and exhaust gas is may harmful and hazardous for us. That is why we should burn in incinerator.
Incinerators have different and more good efficiency filters. Filters take all microorganisms. When our
briquettes burn, produce 4600-6000 kcal/kg or 19246.4-25104 ki/kg or 19.25-25.1 MJ/kg. It is good
energy efficiency. 1 calorie =4.184 joule.

As we can see it is the work which is the solution for waste management in climatic ~ condition
, this is mutually beneficial and protect the environment, prevent the choice of a multitude of pollution.
and it can be useful for our environment also for energy efficiency.
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Abstract:

The paper addresses the problem of increasing transportation safety due to usage of new possibilities provided
by modern technologies. The proposed approach extends such systems as ERA-GLONASS and e Call via service
network composition enabling not only transmitting additional information but also information fusion for
defining required emergency means as well as planning for a whole emergency response operation. The main
idea of the approach is to model the cyber physical human system components by sets of services representing
them. The services are provided with the capability of self- contextualization to autonomously adapt their
behaviors to the context of the car-driver system. The approach is illustrated via an accident emergency situation
response scenario. In this work intended to add some information about applying system project in Uzbek Roads
especially mountain regions like “Kamchik” pass.The Kamchik Pass is a high mountain pass at an elevation of
2.306m above the sea level, located in the Qurama Mountains in eastern Uzbekistan and its length is about
88km.The road to reach the pass is asphalted, but there are rough sections where the asphalt has disappeared. It's
called A373.The old road over the pass was by passed by a tunnel built in 1999. On the horizon the snow-capped
peaks of the Fan Mountains come into view. The pass is located in the Fergana Valley between the Tashkent and
Namangan Regions.

Key words: Safety, Simulate Mechatronic Systems, ERA-GLONASS, e-Call.
Introduction:

Modern technologies offer a great amount of possibilities in developing various systems for
transportation safety For example, Russian project Government Accident Emergency Response System
ERA-GLONASS is aimed at utilizes GLONASS technology for enhancing transportation safety via
automated transmission of information about the distressed vehicle, including its exact location

coordinates, to the regional Emergency Response Center. The similar European project is called e-Call>.

In this paper an approach is proposed, which extends such systems via service network
composition enabling not only transmitting additional information but also information fusion for
defining required emergency means as well as planning for a whole emergency response operation.
The approach is based on the concept of cyber physical human systems, Which not only tightly integrate
physical systems and cyber (IT) systems but also involve humans based on interaction between all these
in real time. The term “Cyber Physical Systems” is also often referred to as “The Internet-of Things” or
similar. It is oriented to domain independent architectures and technologies for supporting cyber-
physical artifacts and networks Context-aware CPSs open the avenue towards new kinds of information
services by exploiting the ability of physical systems to provide context information in a quality so far
not available. Context is any information that can be used to characterize the situation of the considered
entity where an entity is a person, place, or object that is considered relevant to the interaction between
a user (driver) and a system (service network), including the user and system themselves. The context is
purposed to represent only relevant information and knowledge from the large amount of those.
Relevance of information and knowledge is evaluated on a basis how they are related to a modeling of
an ad hoc problem. The context is represented in terms of the service's internal ontology. It is updated
depending on the information from the environment and as a result of the service’s activity in the
community. The context updates the parametric knowledge, which in turn defines the behavior of the
service. The ability of a system (service network) to describe, use and adapt its behavior to its context is
referred to as self-contextualization.

2 All questions and responds belong to this author
3 GOST R 54618-2011: ‘Global navigation satellite system. Road accident emergency response system. Compliance test

methods for electromagnetic compatibility, environmental and mechanical resistance requirements of In-Vehicle Emergency
Call System”.
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The presented approach exploits the idea of self-contextualization to autonomously adapt
behaviors of multiple services to the context of the car- driver system in order to provide support
according to this context and to propose context-based decisions. For this reason, a conceptual model
enabling context-awareness and context-adaptability of the service has been developed.

The infrastructure for the operation of the system.

ERA-GLONASS is a service provided in the Russian Federation with the goal of reducing response
times for accidents or other emergencies on the roadways. The Russian government has enacted a law
requiring integrated ERA modules on all new automobile models. ERA is harmonized with the European
e Call system. It uses the same principals and protocols, but provides further features like a redundant
channel (SMS) or additional data services. ERA GLONASS is a manually or automatically actuated
emergency service, which is available 24 hours a day, seven days a week.

Emergency centers provide assistance and information during an emergency. In case of an
accident with activation of airbags or belt tensioners, an emergency call is placed automatically. An
immediate connection with an advisor will be established who will check whether help is needed.

GLONASS
and GPE ~—_
Sysiems

5
\\ Emergeriy response ,//
. —— e

Picture 1. Availability of the emergency centers and the infrastructure®

The service is only available for markets, where it is depends on the availability of the emergency
centers and the infrastructure in the country. The infrastructure for the operation of the system can be
divided into 3 main parts:

1. Emergency service devices installed in cars (according to the e Call standard, these devices are
called IVS-In Vehicle System) and collecting and transmitting data from the Car

2. Mobile infrastructure, in fact, a single virtual cellular communication operator (MVNO), based
not on one, but immediately on all real mobile operators. Thus, in the case of an emergency
call, itis sufficient to cover any of the mobile operators operating on the territory of the Russian
Federation, which in turn substantially increases the coverage of the system. Also, in order to
provide the maximum coverage, the usual GSM is chosen as the reference technology for data
transmission.

3. The Call Reception and Processing Infrastructure (by e Call - PSAP — Public Safety Answering
Point), which is a large call center for receiving and processing calls.

In order to be available and operational, the system requires functioning vehicle electrics, mobile
service and GLONASS satellite link. Depending on equipment, a backup battery is used. e Call and ERA-
GLONASS are a European, respectively Russian initiative to combine mobile communications and
satellite positioning to provide rapid assistance to motorists in the case of a collision. The systems, the
first based on GPS the latter on GLONASS, monitor in-vehicle sensors for such events as airbag
deployment to automatically transmit location details and summon assistance via emergency cellular

4 Wikipedia: https://en.wikipedia.org/wiki/GLONASS
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service. The motivation for this system is the reduction of the consequence of road accidents in Russia
and other countries in the world.

Working principles: When activated, the in-vehicle systems automatically initiate an emergency
call carrying both voice and data (including location data) directly to the nearest Public Answering Point
to determine whether rescue services should be dispatched to the known position of the car.

ERA-GLONASS in-vehicle systems consist of several components, including an in- band modem
with antenna (such as for GSM or UMTS) for sending the emergency call, a GNSS receiver for determining
the accident location, crash sensors for detecting the accident, a microphone and loudspeaker for voice
communications, an emergency power supply and a pushbutton for manual activation. As a safety
system, the in-band modems must be highly reliable and correctly transmit MSD data. This is particularly
critical in cellular networks optimized for voice transmissions such as GSM or WCDMA. The core
functionality of the system is an embedded computer that continuously monitors crash sensors and
satellite positioning receiver in order to initiate an automated data and full duplex voice call via a
dedicated wireless modem (e.g. GSM,UMTS) in case of an emergency condition. In-band modem
capability, the ability to transmit data over the voice channel, is a key requirement for the system. As a
matter of fact, inside the car there is an ordinary mobile phone which, when the airbags are activated,
automatically makes a call and “informs the operator about what happened” and that's where the main
technological “chip” of the ERA-GLONASS system and e Call: tonal modem lies. Since the system was
originally designed to work in places where there may be no mobile Internet connection (even GPRS is
not always available), a protocol was invented that allows anyway to transfer a small amount of
emergency data called the Minimum Data Set (MND).

Picture 2. Installation process of Radio asm-am/fm stereo & audio disc player 92199291 is
replaced radio with p/no. 423561007

The essence of this protocol is that all the data transfer occurs inside the GSM Voice Channel,
almost like Dial Up modems in the mid-2000s, but more jam-resistant, with support for time
synchronization and ARQ. The figure below shows the time signature of the signal transmitted from the
IVS and from the PSAP signal (inside the voice channel). The vehicle is equipped with ERA- GLONASS
navigation communication terminal. In case of an accident the terminal automatically makes an
emergency call, which becomes a priority of an available mobile network and is transferred to ERA-
GLONASS system. In case of an accident or other emergency the driver or the passenger can make the
call themselves by pushing the SOS button. Information about the exact location, time and severity of
an accident, as well as VIN of the vehicle is being reported. After false calls screening by the ERA-
GLONASS call-center operator, the calls needing response along with the data on the accident are
transferred to 112 system or the MIA call- center, where they efficiently initiate and coordinate the
response of emergency services, using that information. In order to ensure reliability of ERA-GLONASS,
there is the back-up system for all elements. In our country” GM Uzbekistan” (General Motors) factory
currently most of the Cars equipped with ERA-GLONASS modules “J200 GMUZ ERA GLONASS
Development”.

° References from “GM UZBEKISTAN Alliance” JSV, Educational Department.
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Photo 3. Cars equipped with ERA-GLONASS modules “J200 GMUZ ERA GLONASS Development”®

All the parts of ERA module is equipping to the cars shown in this picture. There are can be some
changes according to the internal facilities of the cars For example most of the cars Nowadays in
GM(General Motors) factory All the cars except Matiz are equipped with ERA Modules.

Picture 3. Installation process of Module asm-comn interface and nut communication interface
is new added era-module with p/no. 945373987

¢ References from "GM UZBEKISTAN Alliance” JSV, Educational Department.
7 References from “GM UZBEKISTAN Alliance” JSV, Educational Department.
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Picture 4. Installation process of Nut is fixed with era —module(w/t bracket) to rear side closers
p/no. 11546364(3 e/a).t/q:80nm

The parts that cars equipped in GM Uzbekistan factory are made one of Italian company which is
located in France. According to some facts the module itself costs around $300. Since 2016 in order to
export our cars to Russian Federation and other countries like Kazakhstan and others.

The CMW simulates the cellular network and provides a GSM (2G) or WCDMA (3G) cell. Via the RF
connection to the IVS the signaling (e.g. call setup) over GSM or WCDMA as well as the voice connection
takes place. The SMBV supplies simulated GNSS signals, such as GLONASS and or GPS, that are used by
the IVS for positioning. The CMW-KA095 (which needs the CMW-KA094) software installed on an external
PC simulates the PSAP, sets necessary parameters for ERA-GLONASS on the CMW, and fully remote
controls the CMW. It also remote controls the SMBV. It is not necessary here to delve into the operation
of the CMW or the SMBV. The audio signal transported via the GSM or WCDMA connection is routed via
a digital SPDIF interface to/from an external sound card. The ERA-GLONASS protocol and the MSD
transmission are also handled via the voice connection between the CMW and the IVS. The end-to-end
conformance test runs between the PSAP simulator installed on the external PC and the IVS under test.

The CMW is the all-in-one test solution for radio communications applications such as mobile
radio or wireless connectivity. It supports all essential standards, including:

2G

GSM, EGPRS, EGPRS2, EGDE Evolution and VAMOS 3G
W-CDMA with HSDPA, HSUPA and HSPA+
TD-SCDMA

CDMA2000 and 1xEV-DO Rev A/B 4G

LTE (FDD and TDD), LTE-A incl. MIMO

Wireless Connectivity

Bluetooth

WLAN

WIMAX

The CMW tests all OSI layers, ranging from the physical layer to end-to-end tests, including both
RF tests and protocol tests. The additional packet data channels can be tested with the CMW standalone
without the ERA-GLONASS software KA095. In its role as signal generator, the SMBV supports various
wireless communications standards as well as other radio standards. It serves as a specialist for GNSS
signals and generates the GNSS signals for ERA-GLONASS.

Conclusion

In these days country due to not availability of ERA-GLONASS project in our roads our drivers are
suffering from while they are in crash or staying in a suburban regions like deserts and mountain regions.
In Russian Federation(ERA-GLONASS) and in European countries (eCall system) all the cars are equipped
with GLONASS modules and by applying this kind of projects according to some statistics thousands of
people lives are saving. Another interesting point which using this project in Uzbekistan around 10.000
illnesses people (Invalids) will be able to go outside in the streets without any difficulties. Moreover, “ERA-
GLONASS" at the request of car owners can be used to provide a range of additional services related to
navigation, information exchange for security purposes road traffic, remote diagnostics of vehicles, etc.
another advantage of ERA- GLONASS system is solving a problems of real-time transmission and
application of the grain logistics vehicle information, the grain logistics vehicle information collection
can be realized by means of GPS, SMS and windows service. And the management and application of
the grain logistics vehicle information can be realized in virtue of the platform of management
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information system and the geographic information system. Test results show that the grain logistics
information can be managed and monitored conveniently and effectively with this method.

Bibliography:
[1] References from “GM UZBEKISTAN Alliance” JSV, Educational Department.
[2] Wikipedia: https://en.wikipedia.org/wiki/GLONASS

[3] Context-Aware Service Composition in Cyber Physical Human System for Transportation
Safety, Alexander Smirnov, Alexey Kashevnik, Nikolay Shilov

[4] Laboratory of Computer Aided Integrated Systems St. Petersburg Institute for Informatics and
Automation of the Russian Academy of Sciences (SPIIRAS), 2015

[5] ERA-GLONASS project: Experience ,Challenge and Prospect. Evgeni Melikhov. Phd,2016

[6] The International Journal of Logistics Management Positioning the Role of Collaborative
Planning in Grocery Supply Chains Mark Barratt,2015

[7] Interoperability of e Call and ERA-GLONASS in-vehicle emergency call systems. Risto Odrni,
Evgeni Meilikhov, Timo Olavi Korhonen,2015

[8] GOST R 54620-2011: ‘Global navigation satellite system. Road accident emergency response
system. In-vehicle emergency call system. General technical requirements.

[9] GOST R 54721-2011: 'Global navigation satellite system. Road accident emergency response
system. Base service description’.

[10] GOST R 54618-2011: 'Global navigation satellite system. Road accident emergency
response system. Compliance test methods for electromagnetic compatibility, environmental
and mechanical resistance requirements of In-Vehicle Emergency Call System’.

[11] GOST R 54619-2011: 'Global navigation satellite system. Road accident emergency
response system. Protocol of Data Transmission from In-Vehicle Emergency Call System to
Emergency Response System Infrastructure”.

[12] Zazhigalkin, A.: Implementation of Global Satellite Navigation System (GLONASS) for
In-Vehicle Emergency Call Systems: Status and Further Development’, presentation at 159th
UNECE WP29 meeting. Available at http:
//www.unece.org/fileadmin/DAM/trans/doc/2013/wp29/WP29-159-22e.pdf, accessed 24th
December 2013

[13] Resolution of the Government of the Russian Federation of November 21, 2011 N 958
"On the system of providing call emergency services on a single number" 112"

[14] Technical regulation on safety of wheeled vehicles , as approved by the Government
of the Russian Federation of September 10, 2009 N 720

[15] Government Decree of December 31, 2004 N 894 "On approval of the list of
emergency services, which call around the clock and free the operator is obliged to provide to
the users of telecommunications services, and the appointment of a single number
callemergency services".

194



