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Obocnosan onmuManbHulili COCMA8 CMecego20 MONIUBA, COOepHCAUie20 IMUNI08bIE
aupvl pacmumenvHvlx macenl 8 OU3eIbHOM MONIUSe Ol IKCHIYaAmayuy cpeocme mpaHc-
nopma. Bvinonnena oyenka moniuenou skoHomuunocmu asmomoouns 3uJl 5301 “Bviuok” npu
€20 IKCNILYamayuy Ha ONMUMATbHBIX CMECeBbIX COCMABAX MONIUBA NO MASUCTPATbHOMY U 20-
poOockomy e300680omy yuknam. Ilonyuenst 3agucumocmu cpeone2o pacxooa moniuea aemomo-
OUIsL OM MACCHl NEPEBO3UMO20 2PY3a U MUNA CMECe8020 MONIUBA OISl 3UMHE20 U JIeMmHe20 ne-
puUooa sKcnIyamayui.

Knroueswie cnosa: skcniyamayus, Ouoouseisb, Smuiogsie 3¢pupvl pacmumenbHbiX ma-
cell, e3008ble YUKIbL, pACX00 MONIUBA, pecpecCUOHHble YPABHEHUs, CMece8ol cOCmas, Kpume-
PUtl ONMUMU3aAYUU.

AKTYyaJIbHOCTH NP0GJieMbl. HenpepbIBHBINM pOCT aBTOMOOUIBHOTO TPAHCIOPTA Mpe-
onpesensieT Hen30eKHOCTh UCTOIICHUSI HEPTIHBIX 3aMacoB, YTO aKTyaJIHU3UPYET BOMPOC IO-
MCKa abTEPHATUBHBIX U BO30OHOBIISIEMBIX UCTOUHUKOB SHEPTUH, PU3UKO-XUMUYECKHE CBOM-
CTBa KOTOPBIX UMEJIH OBl HE3HAYUTEJIBHBIC OTIIMYUS OT TPATUIIMOHHOTO TOTUIMBA U HE CHUKAIIU
TEXHUKO-IKCIUTyaTalAOHHbIE XapaKTEPUCTUK TPAHCIIOPTHBIX CPEACTB. [l rpy30BBIX aBTOMO-
Owiei, OoJbIllasi 4aCTh KOTOPBIX OCHAINEHA JAU3EIbHBIMU CHJIOBBIMU arperataMu, TAaKUM HC-
TOYHHUKOM SIBJISIFOTCS] OMOTOIUIMBO B BUJE (UPOB JKUPHBIX KUCIOT PACTUTENBHBIX MAacel U KU-
poB. Mcnonb30BaHre JaHHOTO BU/1a TOIIMBA, KaK B UNCTOM BU/JIE, TaK U B CMECEBOM COCTaBE C
MUHEPAJIbHBIM, MO3BOJIIET B HEKOTOPOW CTENEHU CHHU3UTh TCHICHIIMIO POCTa MOTPEOICHUS
CBETJIBIX He(PTETTPOIYKTOB.

Hanuure B OMOTOIUIMBE MOJIEKYISIPHOTO KUCIOPOAA TOBHIIIAET €ro TPHOOIOTHYecKre
XapaKTEPUCTUKU U UHTEHCU(DUIIMPYET MPOIECC CTOPAHMS, UTO BICUET K CHIPKEHUIO BRIOPOCOB
BpEIHBIX BEIIECTB B aTMocepy. YUUThIBasE HEIHEIIHUE TPEOOBAHUS MUPOBOTO COOOIIECTBA K
TEXHOT€HHOMY BO3JIEHCTBHIO aBTOMOOWJISI Ha OKPYXAIOUIYI0 Cpeay, BOIPOC SKCILTyaTalluu
TPAHCTIOPTHBIX CPEICTB HAa OMOTOIIINBE SABJISAETCS KpallHe aKTyalbHBIM.

AHanu3 nmyO0JuKanuii, NOCBSIMIEHHBIX TaHHON mpobdaeMe. [Tockonbky Qu3nKO-XU-
MUYecKHue cBoiicTBa Ouoausens [ 1] umMeroT otnuuus [2] OT AU3ENBbHOTO TOuHBa [3] Mo TakuM
KJIFOYEBBIM ITOKA3aTEJsIM KaK TETUIOTa CrOpaHus, IETaHOBOE YHCIIO, BA3KOCTh, KOKCYEMOCTh U
30J1bHOCTH, TEMIIepaTypa (GUIBTPYEMOCTH M MMOMYTHEHUS, TO 3TU U MHbBIE OTJIMYUS CKa3bIBa-
FOTCS Ha OKCIUTyaTAllMOHHBIX XapaKTEPUCTHUKAX pabOThl TPAHCIIOPTHOTO CPE/ICTBA.

[ToHmKeHHas TeroTa CrOpaHus IPUBOAUT K YBEIMUEHUIO PAcX0/1a TOIUIMBA U CHUXKE-
Huto 3¢ dexTuBHON MomHOCTU [4]. IIpu 3TOM yImydHIaroTcsi SKOJOTUUYECKHE TOKA3aTelu pa-
OOTBI KaK JABUTATENS, TAK U aBTOMOOWIIA B 1IeoM [5].

[Ipu 3TOM OCHOBHAsI YaCTh MCCIIEOBATEIHCKUX PA0OT Oa3upyeTcss Ha CTCHAOBBIX HC-
MBITAHUAX, TIOCKOJIBKY MPOBEICHUE IKCIUTYyaTAI[HOHHBIX UCIIBITAHUN BIEYET 32 COOO0M Kak Ma-
TepuabHbIC, TAK U BPEMEHHBIC 3aTPATHI.

YunuteiBas BhIIIECKa3aHHOE, UCCIIEIOBAHUS B IaHHOUW paboTe SBISAIOTCS aKTyalbHBIMU
1 BOCTPEOOBAHHBIMH.
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Heanb uccaenoBanuii. OnieHka TOIUIMBHON 3KOHOMHYHOCTH aBTOMOOMIs 3uJl 5301
“BBIY0K” MpH €r0 DKCIUTyaTallli Ha ONTUMAJIbHBIX CMECEBBIX COCTaBax OMOTOILIMBA [0 Maru-
CTPaJIbHBIM U TOPOJICKUM €3[I0BBIM LIKJIaM.

Pe3yabTarsl uccienoBanus. J[Jis HaXOXJICHUS ONTUMAIBLHOTO COCTaBa CMECEBOTO
TOTLIHMBA, COCTOSIIET0 U3 MUHEPATBFHOTO AU3EIbHOTO TOTUINBA M ATHIIOBBIX 3(UPOB PACTUTEIb-
HBIX MaceJll, BOCIOJIb3yeMCsl KOMIUIEKCHBIM KPUTEPUEM ONITUMHU3AIUH, KOTOPHINA OBbLI MOJIy4eH

B paborte [6]:

K =M -G' -E*. —1_&
opt — Kp 14 v = GV E-v (1)

rae M., — KpyTSIMIA MOMCHT, pa3BHBaeMbIi 1u3eneM, H - m = ke - m*/c*; 0ObEMHBIN pacxon

Tonnuea ausens, G, , m’ /¢ ; KOJIMIECTBO BHIOPOIICHHBIX BPEHBIX BENIECTB B atMochepy E ,

Vo
ke / M’ ; KHHEMATHIECKas BA3KOCTh TOIUIMBA V , M/ C .

[Ipu nOCTHXKEHNM MAaKCUMAIbHOTO 3HAYEHUsI KpUTEpHUs OyeT oOecreunBaThCsl MaKCH-
MaJIbHBIA KPYTSIIMA MOMEHT Ha Bajly auseis M, NpU MUHUMAILHOM OOBEMHOM Pacxofe

tomuBa G, , MUHHMAaJIbHBIE BBIOPOCH! BPEAHBIX BELIECTB B OKPYKAIOLIYIO cpely £ U MUHU-

MaJIbHAs BSI3KOCTh TOIUIMBA V , KOTOpas BIUSCT HA MPOKAYUBACMOCTh 4Yepe3 (QHIbTP TOHKOU
OYUCTKH, a, CICIOBATENILHO, M HA HA/IKHOCTh TOILTUBHOU CUCTEMBI.

[ToncraBuB B KpuTepHii BMECTO (U3NYECKHX BEITUUUH UX PA3MEPHOCTH, IOTyYaeM, YTO
kputepuii K, 6e3pa3sMepHbIil.

, COOTBCT-

Kak cnemyer u3 npuBENEHHBIX PACCYXICHUH, MONYICHHbIH KpuTepuid K,
CTBYET (PU3MYECKOMY CMBICITY HCCIIEyeMOro poliecca U MOXKET BBICTYINATh B KaueCTBE KOJIU-
YECTBEHHON BEJIMYMHBI (MEphI), KaK KpUTEPUH ONTHUMH3AIMHU MPU BHIOOPE CMECEBHIX BUIOB
TOILIUBA JUI SKCIUTyaTall CPEJICTB TPAHCIIOPTA U PACIIMPEHUU UX TOIUIMBHOM Oa3bl.

Bemonmanm muddepeHIpoBaHHy 0 OLIEHKY CTEIeHN BIUSHUS (JaKTOPOB, KOTOPHIE BXOJIST
B BeIpakeHue (1).

3aBUCHMOCTY U3MEHEHUS! KPYTSAILEro MOMEHTa M 0OOBEMHOI0 pacXo/1a TOILIMBA ITPU U3MEHE-
HHU 00BbEMHOM JI0JTH COZICP)KaHUS STUIIOBBIX 3(HPOB B TU3€TbHOM TOILUIMBE IPE/ICTABIECHbI Ha PHC.

1. 3aBUCHMOCTH MOTYYEHBI SKCIEPUMEHTATIBHO, IIPY UCTIbITaHUU Ju3end J1-243 Ha creHe.
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Puc. 1 — 3aBMCHMOCTH U3MEHEHH I KPYTHALIEI0 MOMEHTA H 00beMHOr0 PacxXo/ia TONJIHBA OT IPOLEHTHOI0
co/lepkaHHs ITHJIOBBIX 3(PHPOB B TH3eJIbHOM TOILTHBE
1 — 3THII0BBIE 3 PBI pancoBoro Macia (33PM); 2 — sTuinoBbIe 3(pupbl NoACOJIHEYHOro Macaa (IIIIM);
3 — 3Tu0BbIE 3UPLI coeBoro Maciaa (AICM)
Kak CIICAYCT U3 MPCACTABJICHHBIX SaBHCHMOCTeﬁ, C YBCIIMYCHUCM COACPIKAHUA 3TUIIOBBIX

3(pUPOB pacTUTENBHBIX Maces B AU3EIILHOM TOILUTMBE KPYTAIIMHA MOMEHT YMEHBIIIAeTCsl, HallpuMep,
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npu B50 camkaercs Ha 7,7...8,4%. Ilpu 3ToM cHrkeHue Ha 7,7% OTHOCHTCS K STHIIOBBIM d(pupam
paricoBoro Macia (O9PM), a 8,4% k atusoBbIM 3dupam coeBoro Macia (99CM).

O6bemHas 1Mojaya TOIIMBA CEKIMSAMH TOILTUBHOI'O HACOCA HE U3MEHSETCS M OCTAeTCs
MOCTOSTHHOM JJIsSI BCEX CMECEBBIX COCTABOB TOILIHBA.

3aBUCUMOCTh U3MEHEHHsI BEIOpOCca BPEJHBIX BEIIECTB B aTMOC(epy M KHHEMAaTUYeCKOM
BSI3KOCTH CMECEBBIX TOIUIMB MPH M3MEHEHHH 00bEMHOH 0N COJIEPIKAHUS STHIIOBBIX 3()UPOB
PaCTUTENIbHBIX Macell B IU3€JIbHOM TOIUIMBE IPEACTaBICHbI Ha puC. 2.

2
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Puc. 2 — 3aBUCMMOCTH H3MEHEHUSA CyYMMapHOro BblﬁpOCa BPEAHBIX BELIECTB B aTMocq)epy M KHHEMATHYeCKOM BA3KOCTH CMECEBOI0
cocTraBa oT HpOHeHTHOFO coz[ep)lcalum ITHJIOBBIX 3(1)“])03 B AU3€JIbHOM TOIIJINBE
1-23PM; 2 - 33IIM; 3 - 33CM

3aBUCHUMOCTH W3MCHECHHS KHMHEMAaTHYECKOW BS3KOCTH CMECEBBIX TOILUIMB IOTYYCHBI
TEOPETUYECKH U MPEJCTABIICHBI JJIs JABYX TEMIEpaTyp AJs Mepuoja JIETHEH JKCIITyaTaluu
T =+40°C u nepuoaa 3umHei skcruryatauu 7 =—10°C.

W3 ananu3a mpencTaBleHHBIX 3aBUCHMOCTEH Ha pUC. | U pHC.2 MOXXHO CIIENIaTh BbI-
BOJIBI, YTO O0OOIICHHAS] KPUBAsi KPUTEPUS ONTHMHU3AINK, KOTOPBIA MPEICTABICH 3aBUCHUMO-
cThio (1), Oymer uMeTh 1Ba ONTUMYyMA.

PacyeTHbIC 3aBHCUMOCTH U3MEHCHUS Kputepus K  nns Pa3INYIHBIX CMCCEBEBIX TOIIJINB

opt
B10-B50 npencraBnensl Ha puc. 3.
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Puc. 3 — 3aBucuMocTH H3MeHEeHHsI KPHTePUsl ONTHMH3AIUH OT COJAePKAHHSA ITHIOBBIX 3GHPOB B TH3eJbHOM TOIIHBE
1-33PM; 2 - 331IM; 3 - 33CM

AHELTII/ISI/IPYH MPEACTAaBJICHHBIC 3aBUCUMOCTH, MOKHO CACIIATh BBIBOM, YTO HJIS IIEpHUOda
JIeTHEH OKCILTyaTaluu, KOraa BI3KOCTbL CMCECCBOI'0 TOINIMBA HAXOAUTCIA B IPEAciax
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v =2.62...3.48 um’ / ¢ , MAKCUMAIILHOE 3HAYECHUE K,, =11861 n COOTBETCTBYET CMECEBOMY

cocray B30. [lns B10 K, =11238 , a s B50 K, = 9724 .
Jlns nepuoja 3uMHEH KCILTyaTaliy, KOrla BA3KOCTh CMECEBOI0 TOILIMBA HAXOAUTCS B
npenenax v =9,52...12,72 mm’ / ¢ , MAKCUMabHOE 3HaueHue K, i = 2966 COOTBETCTBYET 3Ha-

uenuto B10. Ipu aTom, muist emecesoro tomwmsa B30 K, = 2866 , a s B50 K, = 2690 .
Bosnbuias pasuuna B 3HaueHusx K, 0ObACHAETCS OONBIIMM OTIMYMEM KUHEMATHYe-

ckoii BsizkocTH npu Temnepatypax I’ =—10°C u T =+40°C . Bricokue 3HaueHUs BI3KOCTHU Oy-
IOYT CHUXKATh (PUIBTPYEMOCTh TOTLTUBA Yepe3 (GUIBTPHI TOHKOW OYUCTKH.

AHanu3upys 3aBUCUMOCTH, IIPECTABICHHbIE HA PUC. 3, MOKHO YTBEP)KAATh:

—  JUIsl JIETHETO NEepUoJia SKCILTyaTallui He0OX0AMMO NPUMEHATh CMECEBbIE TOIUINBA
He Oonee 30% ATUITIOBBIX A(PUPOB PACTUTEIIBHBIX MACEIl;

—  JUIs 3MMHETr0 Iepuo/ia SKCILTyaTalii He0OX0IMMO IPUMEHATh CMECEBbIE TOILIHBA,
conepxarue He 6osee 10% 3TUnOBBIX 3PUPOB paCTUTETHLHBIX MaceT.

JUis OATBEP)KACHHUS YCTAaHOBJICHHBIX 3aBUCHUMOCTEH M MOKa3aTesel MpoBeIeHbl 3KC-
rTyataniMoHHbie ucnbeitTanusi aBToMoomist 3uJl 5301 “beraox™ mo mMaructpalbHOMY M TOPO/I-

CKOMY €3/I0BOMY ITHKJIaM.
Cormnacao 'OCT 20306-90 [7] nyist rpy30BBIX aBTOMOOMJIEH MOTHOM Maccoi cBaie 3,5

T B KQUE€CTBE ITPOrPaMMbl UCIIBITAHUI TPUMEHSIETCA MaruCTpajJbHbIA €30BOM LIMKJII HA 10POTe.
Howmepa omnepanuii mpu BBINOJIHEHUH TAKOTO IMKJA, MOCIEI0BATEIBHOCTh ONMEpaldil U OT-

MCTKa ITYTHU B MCTpax MPEACTABJICHO Ha pI/IC4
HOCJ’IC]IOB&TCJ'H)HOCTI) onepaunﬁ " UX HOMCpaA, a TAKXKC OTMETKA IIYTHU Ha4daja 1 3aBEp-

LICHHE ONepaluii TOPOACKOro LIKKJIa Ha 10POre Uil aBTOTPAHCIOPTHBIX CPEACTB CBBIIIE 3,5 T,
IIpeACTaBJIeHA HA puUcC.S.
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Puc. 4 — CxemMa MarucTpajibHOro MKJIa HA J0pore JJIsi FPY30BbIX AaBTOMOOUJIEH IOIHOH Maccoii cBbimie 3,5 T:
1 — aBH:KkeHHeE cO cKOPOCTHIO 30 KM/4; 2 — pa3roH A0 ckopocTH 50 KM/4 M IBHIKeHHE € ITOI CKOPOCTHIO; 3 — pa3roH A0 ckopoctu 70
KM/4 H ABM:KEHHUE € 3TOH CKOPOCThIO; 4 — 3aMe/lVIeHHe ABUIaTe/IeM 10 CKOPocTH S0 KM/4; 5 - ABUKEHHE €O CKOPOCTBIO S50 KM/4; 6 -
Pa3roH 10 ckopocTH 70 KM/4 U IBH:KEHHE C 3TOii CKOPOCTBIO; 7 - Pa3roH 10 CKOPOCTH 75 KM/4 U IBHKEHHE C 3TOi CKOPOCThI0; 8 -
3aMe/lJIeHHe IBUTATeIeM 10 CKOPOCTH 65 KM/4; 9 - IBH:KEHHE CO CKOPOCTBIO 65 kM/4; 10 - 3aMesieHHe ABUTaTeIeM 10 CKOPOcTH 45
KM/4; 11 - IBH:KEHHE CO CKOPOCTBIO 45 KM/4

[To u3MepeHHBIM 3HAYCHHUSIM BPEMEHHU MPOXOXKICHUS IIUKIOB /,¢ U 00BEMHOIO pac-
xoma Tomwmsa Q, ,cm’, cornacio 'OCT 20306-90 pacCYUTHIBATUCH CIIEAYIONIUE MOKA3ATEH’:

— CpCaHsAs CKOPOCTh ABMIKCHHUA aBTOTPAHCIIOPTHOTO CPCACTBA:
368
cp P

v )
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— CpEIHMI pacxo]l TOIJIUBA:

1000 -Q,, .
=¢,ﬂ/100m (3)

cp
rae § — JUIMHA M3MEPHUTENBHOrO yyacTka, paBHast 4000 m; ¢, — cpenHee Bpemsl, 3aTpaieHHOS
Ha IIpOe3]] U3MEPUTENBHOIO YUacTKa, ¢; O, — CpeIHH 00BEMHBIN PacXo TOIINBA, U3MEPEH-

HBI Pacx00MepOM 3a MCIILITATENbHbIH UKL, cM”.
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Puc. 5 — Cxema ropojckoro HuKjia Ha J0pore 1151 TPy30BbIX aBTOMOOMJIell M0JIHOI Maccoii cBbImIe 3,5 T:

1 — pasron 10 ckopoctu 30 KM/Y M ABM:KEHHUE 10 OTMeTKHU 125 M; 2 — pa3roH 40 cKOpocTH 35 KM/4 U ABHKEHHE 10 0TMeTKH 250 M;
3 — TopmosKeHHe 10 CKOpPocTH 15 KM/4; 4 — IBHKEHHE € OCTOSIHHOM cKOpPocThI0 15 kKM/4 10 oTMeTKH 350 M; S - pa3roH 10 cKOpocTH
50 km/4 u aBUKeHHE 10 0TMeTKH 700 M; 6 — 3amMe/IeHHe ABUTaTEIEM 10 CKOPOCTH 25 KM/4; 7 — IBH:KEHHE CO CKOPOCTBHIO 25 KM/4 10
oTMeTKH 975 M; 8 — TOpMO:KEeHHe 10 I0JIHOI 0CTAHOBKH, paboTa Ha Xo10cTOM xXoay 15 ¢; 9 - pasron 10 ckopocTu 40 KM/4 M ABHKe-
Hue 10 orMeTKkH 1300 m; 10 - pa3rox a0 ckopoctu 60 kM/4 1 1BH:KeHHe 10 oTMeTKH 1900 m; 11 — 3amesieHue ABUTraTeIeM 10 CKOPO-
cTH 45 kM/4; 12 — 1BHZKeHHE €O CKOPOCTBIO 45 KM/4 10 oTMeTKH 2355 M; 13 — Topmoikenne 10 ckopoctu 30 KM/4 10 0TMETKH 2465 M;
14 — TopMoKeHuUe 10 NMOJTHOI 0CTAHOBKH, pa00Ta Ha X0/10cTOM Xoay 15 ¢; 15 - pa3ron 10 ckopoctu 30 KM/4 M JBMKEHHE 10 OTMETKHU
2625 m; 16 - pa3roH 10 ckopocTu 35 KM/4 M iIBH:KeHHe 10 oTMeTKH 2825 M; 17 — 3aMeiieHue ABUTaTe/ieM 10 ckopocty 15 km/4; 18 —
TOPMO2KeHHe [0 IOIHOH 0CTAHOBKH, PadoTa Ha X0J10cTOM X0y 15 ¢; 19 - pasron 10 ckopoctu 40 KM/4 ¥ ABH:KeHHe 10 0OTMeTKH 3250

M; 20 — TopmozkeHHe 10 ckopocTu 30 kM/4; 21 — ABHKeHHE 0 cKOPocThI0 30 kM/4 10 oTMeTKkH 3300 M; 22 - pa3roH a0 ckopoctu 50
KM/4; 23 — ABHiKeHHE 0 CKOPOCTHIO S0 KM/4 10 oTMeTKH 3850 M; 24 — TOPpMOKEHHE 10 CKOPOCTH 25 KM/4; 25 — IBHIKEHHE CO CKOPO-
cTBIO 25 kM/4 710 oTMeTKH 3975 M; 26 — TOpMOsKeHU e 10 MOTHON ocTaHOBKU Ha oTMeTKe 4000 M. ITocsie mo/IHOiT 0CTAHOBKH BBIKJIIO-

YeHHe U3MEPHTEJbHBIX NIPHOOPOB.

Ha ocHOBaHMM IOJy4EHHBIX pE3YJIBTaTOB JKCILIYyaTAllMOHHBIX MCIBITAHUHN 10 Maru-
CTpaJlbHOMY M T'OPOACKOMY LIMKJIy Ha JOPOT€ B JIETHUN M 3UMHUIN NEPUOABI HKCIUTyaTallUH,
ObUIM NOCTPOESHBI 3aKOHOMEPHOCTH U3MEHEHHUs pacxona tormsa O, , 1/100 kv B 3aBUCHMO-

CTH OT Macchl IEPEBO3UMOTO Ipy3a U THIIA CMECEBHIX TOILIHB.

3aBHUCHUMOCTH M3MEHEHHs CPETHEr0 Pacxo/a TOIUIMBA 110 MarucTPallbHOMY €3[J0BOMY
UKy B JIETHUN MEPHOJ] SKCIUTyaTalldy OT MacChl Ipy3a M TUMA TOIUIMBA, MPEICTABICHBI HA
puc. 6.

W3 ananm3a pe3ynbTaToOB MOXHO CIIENaTh Cleaylomue BeiBoAbL. [IpuMenenune cmece-
Boro torumBa 70% T (JI) + 30% 33PM yBenunuuBaroT pacxo; TOIIMBa aBToMoous Ha 7,05-
7,1%. Ilpu sTom Benmuunaa 7,05% COOTBETCTBYET mpodery aBTomMoOwmis 0e3 rpysa (m=0), a
BenuuuHbl 7,1% - mpobery ¢ rpyzom (m=3000 k). KoaddunueHTt Bapuanuu usmMepsieMoi Be-
JIMYMHBI Pacxojia TommBa cocrasun v,=0,04...0,046. 910 MO3BOJSIET CHENAaTh BHIBOJ, YTO

omuOKka u3MepeHui HaxoauTes B peaenax 4,0...4,6%.
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Puc. 6 — 3aBUCMMOCTH H3MEHEHUS CPEeHEr0 PacxoAa TOIIMBA M0 MATHCTPAILHOMY €310BOMY LIMKJIY B JIETHHIi EPHOJ IKCILIyaTa-
MM 0T MacChl rpy3a U THIIA TOILIUBA
1= JIT(N); 2 — 70%T(T) + 30%3IPM; 3 - 70%IT(T) + 30%IIMIM; 4 - 70%T(T) +30%IICM

[Tomy4eHHbIH pe3ynbTaT YBETUYCHUS pacxo/ia TOIINBA, paBHbI 7,1% coBmamaer ¢ pe-

3y/lbTaTaMU CTEHOBBIX HCTBITAaHUH [8], I/ie yBeIMYCHUE YACIBHOTO Pacxojia TOIUIUBA MPHU
npumenenuu 70% HAT(T) + 30% 93PM cooterctByeT 7,52%.

[Ipu npumenenuu cmeceBoro tomnusa 70% JAT(JI) + 30% DO3I1M, nmpoueHT yBenuye-

Hust pacxoza Tormsa @, , /100 ku cocrasisier 7,05...7,65%. CteH10BBIE UCITLITAHUS TTOKA-

311 YBEJIUYECHHE YEIbHOTO pacxo/ia Tormnea Ha 7,59%.
[Ipu npumenenun cmeceBoro tormusa 70% AT(JI) + 30% 323CM, nponeHT yBenude-
HUS BBIIIE U COOTBETCTBYET 8,23...8,67%. OgHako JaHHas BEJIMYMHA COBMAIAET CO 3HAYCHU-
SIMH, TIOJTyY€HHBIMHU BO BPEMS CTEHIOBBIX UCIIBITAHUM, KOTOpBIE cocTaBuiu 8,11%.
VYBenuueHue Macchl EPEBO3UMOI0 Ipy3a MPUBOAUT K YBEIUUYCHHUIO Pacxojia cMece-
BOI'0 TOIUIMBA U YBEIWYEHUIO OMIMOKY onpeneneHus Q,,, IpU 3TOM KOdPPUIUEHT Bapualuu

HE IIpeBBIIIAET 3HaueHus v = 0,046 .

Q cp’ /100 ®um

18

17

16

0 1500 3000 M K2
Puc. 7 — 3aBHCHMOCTH H3MEHEHUS CpeaHero pacxojia TOIJIMBa 10 MAruCTpajibHOMY €310BOMY LIMKJY B 3HMHHI Nepuoa IKCIIyaTra-

LMK OT MACChI FPy3a H THIA TOIUIHBA
1-AT@3); 2-70%AT(3) + 30%I3PM; 3 - 70%AT(3) +30%IIM; 4 - 70%AT(3) + 30%II3CM
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3aBUCHMOCTH U3MEHEHHS CPEHEro pacxo/ia TOIUIMBA 10 MaruCTPaJbHOMY €310BOMY
OUKIY B 3UMHHUI nepuoa SKCIIyaTallki OT MACChl I'py3a U TUIIA TOILJIMBaA, INPCACTAaBJICHBI HA
puc. 7.

Kaxk cnenyet u3 npeicTaBieHHbBIX PE3YJIbTATOB MIPOIICHT YBEIMYECHUSI PACX0/1a TOTLTNBA
Qcp /4 /100 km JJIA pa3IMYHbIX TUTIOB CMECCBBLIX TOILIIMB, IO CPABHCHUIO C AU3CJIIBHBIM TOIIJIN-

BoM JIT(3), cocTaBiser:
— 90% AT@3) + 10% 29PM, ¢ =3,31...3,86% ;
— 90% AT(3) + 10% 23IIM, ¢ =3,31...3,86% ;
- 90% AT@3) + 10% 99CM, ¢ =3,86...4,34%.

[Ipu 5Tom K0P Punment Bapuanuu Haxoautes B npeaenax 0,038...0,049. bonbiuas Be-
JUYMHA COOTBETCTBYET CMECEBOMY TOILIMBY, KOTOPOE COACPKHUT ITHIOBBIE 3(PUPBI COEBOTO
Maca.

[TonmydeHHble pe3yabTaThl COBINAAAIOT C PE3yJIbTaTaMH CTEHIIOBBIX HCIBITAHUH, CO-
IJIACHO KOTOPBIM IPOIEHT YBEIMUYEHHs! YIENbHOT0 pacxo/ja TOIUMBa npu npumeneHun 10%
STHJIOBBIX 3(PUPOB pa3IMUHBIX Maces cocTaBiseT 3,65...4,2%, yTo coBmaaeT ¢ MOIyYCHHBIMU
pe3yabTaTaMy B IIPOLIECCE BHIMOJIHEHHS €3/10BBIX [IUKJIOB.

3aBUCUMOCTH U3MEHEHHSI CPETHETO pacXoa TOIUIMBA 110 TOPOJICKOMY €3/J0BOMY LIUKITY
B JIETHUI MEPUO/ HKCIUTyaTallMi OT MacChl rpy3a U TUIA TOILIMBA, IPEICTABICHBI HA pUC. 8.

AHanu3 NOJYYEHHBIX PE3YyJIbTATOB MO3BOJISAET CJI€JaTh BHIBOABL, YTO MPHU NPUMEHEHUHN
CMECEBBIX TOIIMB, B CPABHEHUH C JU3EIHHBIM TOILUIUBOM, HAOIOIaeTCsl YBETMUCHUE pacxoa
torumBa O, /100 xkm

- 70% AT(T) +30% O9PM, ¢=7,1...7,24%;
- 70% AT(I) + 30% 23I1M, ¢ =7,73%;
70% ATJI) + 30% 29CM, ¢ =38,28...8,69% .

o p /100 kum
3 4
21

g6 \2_/
10 /Y’,
/ \J_

18

17

16

0 | | 1500 3000 ™ e
Puc. 8 — 3aBHCHMOCTD H3MEHEHHUsI CPEHET0 PACX0/1a TOILIMBA 110 FOPOJCKOMY €3/10BOMY LHUKJILY
B JIETHU I MEePUOI IKCILUIYyAaTAHH OT MaCChl rpy3a H THIIA TOIVINBA
1 JITQT); 2 — T0%ITCT) + 30%IIPM; 3 - 70%T() + 30%3IMIM; 4 - T0%ITCT) +30%3CM
[pu oToMm, KO>puimeHT Bapuanuu 3HaueHMd (), , HAXOMMTCA B TIPEJENax

0,043...0,048 nnst cmeceBoro ToruBa, coaepxkaiiero 30% 39CM. bosnbiue 3Ha4eHUS COOT-
BETCTBYIOT €3JIOBBIM IIUKJIAM ¢ Maccoi rpy3a m = 3000 ke, a MEHbIIIE 3HAYCHUE JIJISI TTOPOXK-

Hero JBHKeHHS aBTomoous (m=0).
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Puc. 9 — 3aBHCHMOCTHL H3MEHEHHsI CPeHero pacxoja TOIUIHBA 10 FOPOCKOMY €310BOMY IHKJIY B 3HMHHI{
nepno;l 3Kcm1yaTauuu 0T MacCChbI rpy3a M THIIA TOILJIMBA
1-AT3); 2 - T0%AT3) + 30%33PM; 3 - 70%IT(3) + 30%I3IM; 4 - 70%IT(3) + 30%I3CM

3aBUCHMOCTh U3MEHEHHS CPEIHETO pacxo/a TOIUTMBA MO TOPOJICKOMY €3/I0BOMY LIUKITY
B 3UMHUI NIEPUOJT FKCIUTyaTalliy OT MacChl Tpy3a U TUIIA TOIUIMBA, IPEACTaBIEHBI Ha pucC. 9.

CpaBHuBas pe3yJabTaThl UCIBITAHUHN 110 MATUCTPATHLHOMY M TOPOICKOMY ITUKIIaM Ha JI0-
pore B IETHUI U 3UMHHUNA TEPUOABI KCILUTyaTallii, HEOOXOJMMO OTMETUTh YBEITUUEHUE pac-
xona ToruBa. [Ipu 3TOM MUHUMAalIbHBIE 3HAYEHUSI OTHOCSTCS K TOIUIMBY, COJEpKaLIEMY
O0PM, a MmakcUMallbHbIE 3HAYEHHUS K TOILTUBY, coaepxkamemy D9CM.

3aBUCHMOCTH aNNpPOKCUMUPOBAHBI C MOMOIIBI0O METOAa HAMMEHBIINX KBAJPaTOB IO
SKCIIEPUMEHTATIbHBIM JaHHBIM. OO0I1Iee ypaBHEHHE, KOTOPOE XapaKTEepPHO AJIs BCEX TUIIOB TOII-
JIMBA U TIEPUOJIOB IKCILTyaTallMK (3UMHUMN U JIETHUH), a TAKXKE YCIOBUM dKCIUTyaTaluu (Maru-
CTpalbHBINA WM TOPOJICKOM ITHKIT), IMEET BU/I:

0,=a+935-10" -m, /100 ku ()

rae a — 6e3pazMepHblil K03 (PUIUEHT, KOTOPBI 3aBUCUT OT TUIIA TOIUIMBA, IEPHOJA U YCIIO-
BUI 9KCIUTyaTalluy; M — Macca NepeBO3UMOro Ipy3a, Ke .

Y paBHEeHHE OBIIO IPOBEPEHO HA aJIEKBATHOCTH 110 KpuTepuio duriepa 1 COOTBETCTBYET
HKCHEPUMEHTATIBHBIM JAHHBIM C JOBEPUTEIIbHOM BEpOATHOCTHIO 0,95.

Jlns ompereneHnst pacxoja TOIUIMBA BO BPEMsl SKCIUIyaTalllH, C LENbI0 pa3paboTKu
HOPMATHUBHBIX YCIIOBHH, HEOOX0AMMO 3HATh 3HaYeHUs Oe3pa3MepHbIX KodpuirenTos a. dPu-
3WYECKUI CMBICH KO3((DUIMEHTA @ — 3TO PacXo]] TOILIMBA TPAHCIIOPTHBIM CPEICTBOM IIPH I10-
e3nke 6e3 rpy3a, T.e m=0.

B tabnuue 1 npuBenensl 3HaueHMUS K03 (QUITUEHTA @, KOTOPHIE TOJIy4EHBI SKCIIEPUMEH-
TaJIBHO.

Tabnuna 1
3nauveHus perpecCuOHHbIX K03(l)(l)l/llll/IeHTOB a Jidg pa3siMIHbIX yc.]'lOBl/lﬁ IKCILTyaTauuun
3nauenue ko3 duirenra a
Tun TorumBa | Maructpanesbsiii | Maructpanesbiii | 'opoackoit nuki | ['opoackoi nuki
LUK (JIETO) UK (31Ma) (;1ero) (3uma)
AT 17,0 18,1 18,1 19,4
AT +55PM 18,2 18,7 19,4 20,1
AT +53I1M 18,2 18,7 19,5 20,1
AT +55CM 18,4 18,8 19,6 20,2

[IpumeHeHne PerpecCHOHHOTO YpaBHEHHs MO3BOJSET CleaTh MPOTHO3 MO PacXomy
toruBa aBToMoomiieM 3uJl 5301 “Bpruok™ B 3aBUCUMOCTH OT Pa3IMYHBIX YCIOBUH IKCILTya-
Tanuu. JlaHHBIH MEXaHU3M pacyeTa MO3BOJIUT INIAHUPOBATH U HOPMUPOBATH PacXo/] TOIUIHBA B
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aBTONPEATNPHUATHUSAX PU IPUMEHEHUH CMECEBBIX TOIUTHB Ha 0a3€ ATHIOBBIX 3(UPOB PACTUTEIb-
HBIX Macell.

BriBoabI

1. Ha ocHOBaHMM O€3pa3MepHOro KPUTEPHS ONTUMH3AIIMHA CMECEBOTO COCTaBa OMOTOTLIMBA
TUISL OKCIUTyaTalluy CPEJICTB TPAHCIIOPTA YCTAHOBICHO ONTUMAIIBHOE COJIEPIKAHUE ITUIOBBIX d(H-
POB pPaCTUTEJBHBIX MaceN B IU3EIbHOM TOIUIUBE, KOTOPOE JUIs JIETHETO MEPHO/Ia SKCILTyaTalliH HE
npesblinaet 30% 3TUI0BBIX 3(UPOB, a I 3UMHEN KCIuTyaTtaiuu He 6omee 10%.

2. BeinosiHeHa O1leHKa TOITMBHOM dKoHOMUYHOCTH aBToMoOuis 3uJl 5301 “beraox™
MIPH DKCIUTyaTallud Ha ONTHUMAJIbHBIX CMECEBBIX COCTaBaxX TOILJIMBA MO MarUCTPaIbHOMY U TO-
POJICKOMY €37J0BOMY ITMKJIaM. Y CTaHOBJIEHO, YTO TPU IKCIUTyaTallil aBTOMOOWJIS Ha Maru-
CTpalbHBIX JOPOTaX, a acpabTHBIM MOKPHITUEM B JIETHUI MIEPUO]T IKCILTyaTaIl[UU HA CMECEBOM
ToruBe, coaepxkaimieM 30% STUIOBBIX 3PUPOB, PACXO TOTUIMBA YBETUIHUBAETCS IO CPaBHE-
HHUIO C JU3CIbHBEIM ToIBOM Ha 7,05...8,67%. Mensblee 3HaueHue oTHOCUTCI K DOPM, a
oompiee k DDCM. [[ns1 3uMHEro eproia IKCITyaTalny, KOrjia CMECEBOEe TOILIMBO COJIEPIKHUT
10% 3Tun0BBIX 3(pUpoB, pacxo TOIUIMBA yBeauunBaeTcs Ha 3,31...4,34%.

3. [Tomy4eHbl 3aBUCUMOCTH CPEHETO PAacX0/1a TOTUIMBA aBTOMOOMIISI OT MacChl IIEPEBO-
3UMOT0 Ipy3a U TUIIa CMECEBOT0 TOILIMBA JJIsl 3MMHETO U JIETHETO Iepruoja SKCIUTyaTaluu, KO-
TOpBIE ANMPOKCUMHUPOBAHBI OOIITUM PETPECCUOHHBIM YpaBHEHHUEM. Y PaBHEHUE MMO3BOJISIET BbI-
MOJIHUTH MTPOTHO3 PAaCcXo0/ia TOILTUBA aBTOMOOMIIEM TIPY MPUMEHEHUH CMECEBBIX TOILIUB Ha 0a3e
STUJIOBBIX (PHUPOB, a TakkKe pa3padoTaTh HOPMATHUBHBIE MOKA3aTENH MO PACXOAy CMECEBBIX
TOIUIUB JIJIS1 3MMHETO U JIETHEr0 NEePHOJa IKCIUTyaTalluu, YTO SIBJISETCS MPAKTUUYECKOW 3HAYU-
MOCTBIO JTaHHOW pabOTHI.
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Summary

Karnaukh M.V., Vojtov V.A. Operating tests of a vehicle on the mixture composition
of biodiesel fuel on the main and urban driving cycles

A dimensionless criterion for optimizing the mixture composition of biofuels for the op-
eration of transport vehicles has been obtained. The estimation of fuel efficiency of the ZIL
5301 "Bychok" car at its operation on the optimal mixture mixtures of fuel on the main and
urban driving cycles is carried out. The dependences of the average fuel consumption of the
car on the mass of the cargo being transported and the type of mixed fuel for the winter and
summer operation periods are obtained.

Keywords: operation, biodiesel, ethyl esters, driving cycles, fuel consumption, regres-
sion equations, mixture composition, optimization criterion.
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