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A.H. KOH/IPATEHKO, xauj. Texs. Hayk, Bea. k., U[IMam HAHY,
XapbKoB

MATEMATHYECKAS MOAEJIb TNAPABJIUYECKOI'O
COIPOTUBJIEHUSI PHUJIBTPA TBEPIBIX YACTHIL
JU3EJIA. YACTD 1: HACTPOEYHBIN KOO ®PUIIUEHT

[IpuBeseHa U omucaHa MaTeMaTHYECKas MOJEIb FMAPABINYECKOrO COMPOTUBICHUs (QUIbTPa TBEPABIX
yactul (OTY) B peasibHBIX YCIOBHSAX dKCINTyaTalluH. MoOJICb OCTPOCHA HAa OCHOBE PACXOJHON Xapak-
TepucTuku ogHoro moayist GTY, sKcrepuMEHTaIbHO NOIYYEHHOH IIPU MIOCTOSHHOM TeMIlepaType Te-
Ky4CH cpefibl, U JaHHBIX CTCH/OBBIX HCIIBITAHMN aBTOTpakTopHOro auseins 2410,5/12, ocHamieHHOTO
nonropasmepusiv OTY. Mopens no3Boisier yuectsb psif pakTopoB, XapaKTEPU3YIOLMX YCIOBHS KC-
mryatanun @TY B cocTaBe BBITYCKHOW CHCTEMBI 9TOTO JM3CisA. YUCT STUX (HAKTOPOB MPOU3BOIUTCS
IyTeM BBEJCHUs COOTBETCTBYIOMIMX Kod(uumentos. B nanHoil yactu paboThl onucaH (u3nyecKkuii
CMBICIT M OLICHCHBI 3HAYCHHSI HACTPOCYHOTO KOI(PMHIMCHTA MOJICIIH, TTO3BOJISIOIICTO CBS3aTh PC3YJIbTa-
TBI MCCIJICZIOBAHUI HA OE3MOTOPHOI yCTAHOBKE M MOTOPHOM CTEHJIE M yY€CTh THIl KOHCTPYKTHBHOT'O
UCIIOJTHCHUS MOZYJISl (DUITBTPYFOIIICTO SJICMCHTA.

KumoueBble ciioBa: ausenb, GUIBTP TBEPBIX YACTHII, THAPABINYCCKOC CONPOTUBIICHUC, MaTc-
MaTH4ecKasi MOJIeb.

BBenenne. Kax n3pectHo, ¢ | saBaps 2011 roma Ha Teppuropuu YKpauHbl
BBEJICHBI B JieiicTBUE HOPMBI TOKCHYHOCTH cTaHAaapToB [Ipasunm EDK OOH NelNe
49 n 96 yposus EURO III, npumeniiye Ha CMEHy HpeIblAyIIEMy YPOBHIO 3THX
cranaapToB, nerctroBaBmux ¢ 2005 roma. Ha teppuropun Poccuiickoit Deaepa-
UM HA JaHHBIH MOMEHT AeWcTBYOT HOpMbl ypoBHs EURO IV, Ha Teppuropuun
EBponeiickoro Coroza — yposust EURO V [1 — 4]. Jlns gocTukeHUa aBTOTpaHC-
noptueiMu cpencrBamu (ATC), ocHamenHbIME qu3enbHEIME J[IBC, ypoBHS KoI0-
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THYCCKUX MOKa3aTeiel, OrOBOPEHHBIX STUMH HOPMaMHU, HapsAIy ¢ MEPOTIPHSATUAMU
0 BJIMSHUIO Ha pa0OYMii MpoIecc NU3eNs IUPOKO MPUMEHSIOT Pa3iInyHbIe CHC-
TEMBI OYUCTKH UX oTpaboraBmmx ra3oB (OI') oT HOPMHPYEMBIX BPCIHBIX Be-
mecTB. K TaKOBBIM OTHOCSIT: HECTOPEBIINE YIIIEBOIOPObl MOTOPHOIO TOILJIMBA U
macna CHy, monookcenz yraepona CO, okenasl a3ota NOy, U TBEpIbIe YaCTHUIIBI
T4, npuuem CHy uwactuyHO conepixkarcsa B coctaBe TU, koTopeie BMecTte ¢ NOy
coctaBiAOT 10 95 % Tokcuunoctu OI [5 — 8]. Jns weitrpanuzauuun TY B OT
(ynaneHus u3 noToka, HakorieHus B puibrpyroiem sniemente (D) u npespatie-
Hus B 6e3omacHble BemectBa B @O mimm BHe 60pTta ATC) B cucteMax CHMKCHUS
tokcuuHoctd OI' nu3eneit npuMeHsOT GuiabTpel TBepAbIX yactui (OTY) ¢ memns-
HOKepamudecKuMu DD ¢ cOTOBOM CTPYKTYpOU KaHAIOB, 3aTrTYIIICHHBIX B IIAXMAaT-
HOM MOPSIKE, U KaTATUTUYECKUMHU MOKPBITUSMHU, COAEPIKANIMMH METAIIIbI IIATH-
HoBo# rpynnsl [9]. Takum OTY mpucymr psa HETOCTaTKOB, CBA3AHHBIX C UX HU3-
KAMHU TIOKa3aTelsIMH TEXHOJOTUYHOCTH U CEOECTOMMOCTH TPOU3BOICTBA, IKC-
IJTyaTallMOHHON HAJEKHOCTH, Truapasnndeckoro compotusieHus (I'C), a takxke
maccorabaputabiMu [10]. B CBsi3u ¢ BbIIIECKAa3aHHBIM CJIEAYeT OTMETHUTh, YTO Ha-
YYHO-HCCIIEOBAaTEILCKUEC pabOTHI, HAIIPAaBICHHBIC HA CO3JAHHC MPUHIUIHAIBEHO
HOBBIX M COBEPIICHCTBOBAHNE U3BECTHHIX KOHCTPYKIMHA PTY, ABISIOTCS aKTyasib-
HBIMH M 9KOHOMHYECKH 000CHOBAHHBIMH.

AHAIU3 JUTEPATYPHBIX HCTOYHUKOB. B 0Tnene MOpPIIHEBBIX dHEProycra-
HoBok (I12Y) Uncturyra mpobdiem mammnoctpoerus M. A.H. [loaropnoro HAH
VYxpaunsl (UI[IMamm HAHY) paspaboran @3, cocTosumii U3 0OJUHAKOBBIX MOIY-
JIel, KaXKAbI U3 KOTOPBIX COCTOMUT U3 JIBYX THIIOB ACTalleH (KOXKyX — 2 IIT., ceTda-
Tasi KaCCeTa C HACHIIIKOM U3 MPUPOJHOIO LEOIUTa — 4 IIT.), U3rOTOBJICHHBIX U3 HE-
JIOPOTUX U HEACHUIMTHBIX MaTEPUAIIOB OTEUECTBEHHOTO MTPOM3BOICTBA (CTATBHON
JIUCTOBOW HEPIKABEIOIIMI MPOKAT, CTallbHAs HEP)KaBEIONIas TKaHAas CeTKa W Ha-
CBIITHOW cpenHehpaKIuOHHbIH pupoansiid meomut (I111)) m He comep KUT KaTaiu-
TH4ecKux nokpsurtuii [10, 11].

Beinonseno ¢usndeckoe MOASTUPOBaHKE Mpoliecca IBMKEHHS TeKydel cpe-
16l (TC) B pa3nuyHBIX BapHaHTaX KOHCTPYKIMH MOy paspaboranHoro ®TY Ha
0e3MOTOpHON uccienoBaTenbckor ycranoske (BIY) [12, 13]. DkcrnepuMeHTab-
HBII 00pasel npu TOM HPeACTaBIs 000 o1uH MoyJib DD, U3rOTOBJIEHHbIH U3
TUIEKCHTIIaca M MMEIOIINHA Pa3beMHyI0 KOHCTPYKITHIO, TTO3BOJISIONIYI0O M3MEHATH
€r0 KOHCTPYKTHBHBIE OCOOCHHOCTH — Mpo3padHbiii MakeT monyis (IIMM) ©D.
Taxoke MCMoIb30BATUCE JAPYTHE SKCIIEPUMEHTATBLHbBIC 00Pas3Ilbl, TIO3BOJISIONIHIE HC-
CJIeI0BaTh KOHCTPYKTUBHBIE YJIEMEHTHI MOyJIsl O-0TAeNnbHOCTH [14, 15]. B pe3y-
JBTaTe TONYYCHBI PACXOIHBIC XAPAKTEPHCTHKM KaK CAMOTO MOIYJS, TaK W €ro
KOHCTPYKTHBHBIX 3JI€MEHTOB MO-OTJEIbHOCTH MPH Heu3MeHHOH Temnepatype TC
t7e (oTnamume oT TemmepaTypsl okpyskatomeil cpeast (OC) ¢, cocraBisiao 2 —

5°C), To eCTb, MOXKHO CUUTaTh, YTO OHU SBJIAIOTCA JIMHUSMHU PABHOTO YPOBHS
TemnepaTypsl — uzorepmamu [10]. B xagectse TC B BUY ucnons3yercs oduieH-
HBI OT MBUTM aTMOC(EPHBIH BO3/yX, HarHETAeMbIi B €€ IMOJOCTH TOPIIHEBBIM
KOMIIPECCOPOM, KOTOPBIH OJIM30K 0 3HAYEHHIO MOJIEKYJISIPHOM Macchl M IPyTHX
rernoduinueckux cBoicTs k OI' auzens. BUY obecneunsaet notok TC g, (Mac-
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coBblil pacxog TC G,,, npuxoadmuiics Ha eAUHUIY IUIOLIAAN XapaKTEPHOIO ce-

uenns S ) uepes BxoaHoe otepete IIMM B mpenenax 0 — 120 kr/(c-M?), To ecTh
npeBbIaeT 3HadeHne nmotoka O uepes BBITYyCcKHOM KojutekTop am3erns 2410,5/12
(e Gonee 25 kr/(c-m”)) Gonee uem B 5 pa3 [12, 13].

Taxke NpoBeleHO MaTeMaTHYECKOE MOJEIMPOBAHHME NPOLEcca JBHXKEHHs
noroka OI' B Mmomyne @D, uist 4ero UCIONIb30BaHa JIMIICH3MOHHAS yaeOHas Bepcus
nporpammuoro komiuiekca COSMOS FloWorks, Bxomsiero B Solid Works 2008
[10, 16, 17], n amanTHpOoBaHa K OOBEKTY MCCICAOBAHUS B BHIYUCIUTEILHOM ICH-
tpe «Tenzop» (kad. «Teopust U cUCTEMbI aBTOMATH3UPOBAHHOT'O MIPOEKTHPOBAHMS
MexaHu3MoB U Mammu» HTY «XIIM»). Pe3ynbraTel MOAEIMpOBaHUS yIOBIETBO-
PHUTEIBHO COMIACYIOTCS C Pe3ysIbTaTaMU HKCHEPUMEHTaIbHOro uccienoBanus I'C
Moyt @O nHa BUY u motopHOM ucnbitatensHoM cterae (MUC) [18, 19].

[To pesynbraram HU3MUECKOr0 U MATEMaTHYECKOTO MOJEIMPOBAHMS MTPOLIEC-
coB B Moayiie @D pa3paboTaHbl ACHCTBYIONTHIA MaKEeTHBIC 00pa3isl D3, 0TIHYaI0-
mmecs, B nepByro ouepens, Hannunem (JAML]) u orcyrcruem (JIM) Haceinku u3
111 B ceTuaThIX Kaccerax. Takke OHM OTIHYANUCh HamuaueM ([IM) u oTcyTCcTBH-
em (JAMLl) coequHHUTENBHOM MTACTUHBI U, KPOME TOTO, KOJHMYECTBOM MOJIYJEH B
obpasue — z, =4mwt. B JIM 1 z,, =20 mr. 8 AMI] [18, 19].

Juist BbIsiBII€HUSI 0cOOeHHOCTEH (yHKUMOHUpOBaHusi paspaborannoro OTY B
YCIIOBUSIX BBITYCKHOHN CHCTEMBI IU3€Is (TO €CTh B PEaIbHBIX YCIOBHUX 3KCILTyaTa-
UM IPOBEACHO dKCIepuMenTaibHoe uccnenopanue M n JIML] @D va MUC na-
6opatopun otnena [19Y UlIMam HAHY. Crenn ocHaiien aBTOTpaKTOPHBIM JIBY-
XIMIUHIPOBBIM YETBIPEXTAKTHBIM JIBYXKJIALAHHBIM [JU3€JIEM BO3AYIIHOIO OX-
naknaeans 24910,5/12 (JI21A1) ¢ Hepa3aeICHHOW KaMEpoil CropaHus B MOPIIHE U
oaHorutyHxkeHpeiM THBJI pacnpenenuTenbHOro Tuna U BCEPEKUMHBIM MEXaHU-
YECKHM PEryJIATOPOM, ¢ pabounm 06bemMoM 2,0 IM° U HOMHHAIBHON MOIIHOCTBIO
21_ xBt, npoussoacrsa Buagumupckoro tpakropHoro 3asona [20]. CornacHo

pa3paboTaHHOM [IPOrpaMMe, MOTOPHBIE UCIIBITAHUS COCTOSUIM U3 YEThIPEX ITAIIOB,
KaXJIbIl M3 KOTOPBIX IPOBEJCH C ILEJBIO0 ONpeieNeHns (PU3MUECKOro CMbICha 1
3HAYCHUH COOTBETCTBYIOMMX KO3 duimento B hopmyne (1) [10].

Lesan n mocTaHoBKa 3a/1a4 ucceoBanusl. Llenbio ucciieioBanus sSBisieTcst
OMHCAaHNEC MATEMATHICCKUM S3BbIKOM BBISABJICHHBIX SKCTICPUMCHTAJIBHBIM ITYTEM ac-
[EKTOB BIIUSIHUS DKCILUTYyaTAllMOHHBIX (PAKTOPOB HA T'HJPABINYECKOE CONPOTHBIIE-
HUE QUIBTPYIOMIETO JIeMeHTa (GMITETPa TBEPBIX YACTHI] TU3CIISL.

3ajayaMy UCCIIeOBaHMs SIBJSIIOTCS yder BiusiHus Ha ['C pa3paboraHHOro
®OTY crenyromux GpakTopoB:

1. KOHCTPYKTUBHBIX O0cOOeHHOCTeH Moayist OO — HamMuue WM OTCYTCTBUE
nacoinky u3 [1L] B ceTyaThIx Kaccerax ¥ COCAMHUTEILHOM TUTACTHHBI B MOJTYJIE;

2. reOMeTpUYeCcKux ocodeHHOocTel Moyt @D — miom@anu BXOHOrO OTBEP-

cTust Moayns S, ;
3. pabouero o0beMa HMUIMHIPOB JU3EIS — COOTBETCTBYIOIIETO eMy KOTH4Yec-
TBa MOJIyJICH B MosHOpasMepHoM PO z ;

4. pexxuma paboTsr mu3senns 2910,5/12 — 9acToThI BpaleHUs KOJICHUIATOrO Ba-
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na amsens n,, (a Gakrudecku — notoka Ol g, »r ) U KPYTSLIEro MOMEHTA JU3EILs

K6

M,, wm cpenrero s dexTuBHOro AapneHus F, (a GakTUYeCKH — TeMICpaTypbl

OI na Bxone B ®TY 7,4, ) Ha CTALIHOHAPHOM PEXKUME €T0 PabOTHI;

5. mecta ycranoBkr OTY 1o JyinHE BBIITYCKHOTO TPAKTA IU3€IIsl — JUIMHBI BbI-
IYCKHOT'O TPaKTa MEXAY BBILYCKHBIM KoekropoM ausent u @TU L, (a dak-

TUYECKU — MakcuManbsHoi Temnepatypsl OI' Ha Bxoxe B PTYU 7y, max )5

6. muHamMuKu 3acoperns OO — Bpemenu padotsl nuzens 2410,5/12 Ha cranu-

OHApHOM pexume ¢ M, .. Ty, 9PDEKTHBHON MOLIHOCTH AU3els HA i -OM pe-

xKume N, ¥ BecoBoro (akropa sToro pexuma WF, B CTalIOHAPHOM HCIIbITA-

TEJIbHOM LIMKJIE, SIBJISIFOIIEMCS] MOJIEJIBbIO SKCILTyaTalluy TaKoro Tia au3ens [2, 3].
B manHOW 9acTH MCCIICAOBAHUS OTPAXKCHBI MOIXOMIBI K PCIICHUIO TICPBOHA —
TPEThEN U, YACTUYHO, YETBEPTOI 3a/1a4.

MaremaTudeckass MOJeJIb TMAPABIMYEcKOro conporusienus ®TY au-
3eJisl B peajibHBIX YCJIAOBHAX IKCIUTyaTauuu. [Ipy moctpoeHrn Mojaenu mojara-
€Tcd, 4TO BUA pacxonHoil xapakrepuctuku [IMM @O, nonydeHHOH dKCiepUMEH-
tanbHO Ha BUY mpu noctosHHO# Temmnepatype TC, coxpansercs aus M u IMI]
OO (MX MOAYIH NPUHLIUITHAIBHO TTOBTOPSIIOT COOTBETCTBYIOIINE BaPHAHTHI KOHC-
Tpykimy [IMM @D, 4T0 1103BONSICT BBIOIHATS I1. 1 3a/1a4 MCCIE0BaHNUs ) B YCIIO-
BUSIX BBIITYCKHOW CHCTEMbI JM3€J1sl (PEaIbHBIX YCIIOBHSIX OKCIUIyaTalu) [IPH 110C-
TostHHOM TemnepaTtype OI'. YcraHoBIeHHE CBSI3M MEXAY PACXOIHOW XapaKTepHcC-
tukoit [IMM ®3 u pacxomueiMu xapakrepuctukamu JIML] @D, noxydeHHBIMU
skcnepuMeHTaTbHO Ha MUC Ha pa3HBIX 3TamaX MOTOPHBIX UCIBITAHUH (TI03BOJIS-
€T BBIIOJIHUTG NII. 4, 5 1 6 3a/1a4 MCCIeA0BaHuUs), IPEANOaraeTcsl MyTeM npecTa-
BIIEHUS pacxoaHoi xapaktepuctuku [IMM @3 B Bup 3aBucumoctd I'C oT moToka
TC g, (1103BoJsIET BBIUIOIHUTD III. 2 M 3 3a7a4 UCCJIE0BaHMs) U BBEIEHU psijia

K02 (QUIMEHTOB, YYUTBHIBAIOLIMX COOTBETCTBYIOLIME (AKTOPbl — HAOOPA g,.or
Ssx > Zyo t(DT'Jex > td)T‘ngmax > Ty NE[ > WF; HIIA Ha60pa Myg > ng s Zyo Mch 4
LghtrM ™M > Ne[’ WF;
Takum 06pa30M, MareéMaTudeCKasa MOJACJIb UMECT BU/I:
AP(DTL[ = APIYMM (gm_Ol"i;Ssx;ZM )kO 'kt (t(Dquxi)'kL (ZKTJTLngmax )kr (TM;Nei;WF;') =
= APHM/\/[ (nKSi;S(;x;ZM )k() 'kt (Mlcpi)'kL (L(;bln )kz‘ (TM;Nei;WF;') ) Ha (1)
IJIe UHIEKC [ COOTBETCTBYET TEKYLIEMY PEeXUMY paboThl qusens; kg, k,, k; , k,

— HACTPOCYHBIH, TEMIIEPATyPHBIA, KOMIIOHOBOYHBIN, BPeMEHHON K03()(pUITUEHTEI,
COOTBETCTBEHHO.

Ipu z,=11u S, =55mm°, ty =t;c =15..20£2°C; B, =95«lla, g, =
=10...110kr/(c-M?) [10—13] MOJTy4aeM:
APy =0,122- g5 o —1,964- g0 o +173,7-g,, op . Ta; ()
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Sm or = (1,558-10’2 n, +0,956)-20/ZM -55/8,., kr/(c-M?) (3)
B IIaHHOﬁ YacCTHu UCCIIEJOBAHUs NPEACTABIICHBI TOAXOAbl U PE3YJIbTAThI DKC-

NEPUMCHTAJIBHOT'O ONIPCACIICHNUC HACTPOCYHOT' O K03(1)(1)I/IHI/ICHT3 kO .

OnpenesieHue HACTPOeYHOTo Ko3(dunmenTa. [1epBblil 3Tan MOTOPHBIX HC-
cnenoBaHuii — cpaBHUTENBHBIX It M u IMI] @D — nmokasan npuHHIUIHATILHOES
MIPEBOCXO/ICTBO BapuaHTa KOHCTPYKLMH Moaysst P ¢ Haceinkoit n3 1L o sa¢de-
ktuBHOCTH o4ncTKH M OI musenst ot TY xak B KOJTMYECTBECHHOM, TaK M B KA4eCT-
BeHHoM tiane [10 — 13]. Ognako moayis JIMILL @D obnanaet Oosibliel Maccoi u
ce0ecTONMOCTRIO U3TOTOBIICHHS, a TakXkKe cymecTBeHHO O6onpumM ['C u tpebyeT B
CBSI3U C ATUM OoJIbILIEro KojnyecTBa MoayJieit B @D. [Ipu 3TOM sKCniepuMeHTalb-
HBIC 00pa3Ibl yCTAaHABINBAINCH B MAaKETOY ICpKHBatoILyto BctaBky (MB), koto-

past pa3Mellaach HEMOCPEICTBEHHO 3a BbIITYCKHBIM KOJIEKTOpOM auseits (L, =

=0M, lpry, =005°C) u B cTPOro BepTHKAILHOM IOJOKEHUH (JUL YIUIOTHEHHS

Haceinku u3 III] B ceryaThiX KacceTax IO COOCTBCHHBIM BecoM). MB repme-
TUYHA, IMEET Pa3beMHYI0 KOHCTPYKIIHIO, OCHANIeHA (IIAaHIIAMHU JJIs TIPHCOEINHE-
HUS K JAPYTHM COCTABIIIONIMM YacTsAM BBITyckHOTO Tpakta MUC m mrTynepaMu
JUIsL IOJKIIIoYeHusT udmMaHomeTpoB U Tepmonap TXA, rnojarolMyU CUTHAII Ha
npubopsr OBEH TPM-200. [Ins pasmemenuss B MUC neifcTBYIOMNX MaKETOB C
Pa3IHYHBIM KOJMYECTBOM OIMHAKOBBIX IO rabapUTHBIM pa3MepaM MOIYJeH, JKC-
MICPUMCHTATIBHBIC 00pa3Ibl OCHAMICHBI TCPMETH3HPYOIUMHE IITOPKaMu. MeToau-
Ka MPOBCACHUS AAHHOI'O 3Tala MOTOPHBIX HUCIIBITAHUN 3aKJIH0Yaliach B HU3MEPECHUUN
I'C skcnepuMeHTaNbHBIX 00pa3ioB (M APYruX mokasarelneil paboThl JHU3eisl, B TOM
4Hcle U XxapakTepucTHK Tokcnynoctu OI') mpu paboTte anu3ens Ha peKuMax BHEII-
HEel CKOPOCTHOM XapaKTEepUCTUKH (B.c.X.). Takol moaxox nambosiee mHbOpMATH-
BEH IIPY PallMOHAJIBbHBIX 3aTparax BPEMEHH U CPEJCTB Ha IIPOBEJEHUE HCCIIe0Ba-
HUIA, IIOCKOJIbKY 3TO 00YCJIOBJICHO CIIEIYIOIIMMHI OCOOCHHOCTSIMH B.C.X.:

— 151 9TOM Xapakrepuctuku 1norok OI', B pyHkuuu kotoporo usmensiercst I'C
00pasIoB, M3MEHSETCs B HanOoJIee IIMPOKUX Tpeienax sl T3erIst;

— OHa COACPXKUT PCIKUM MAKCUMAJIbHOTO KPYTAIICTO MOMCHTA M JIN3C-

Kp max
JI51, HA KOTOPOM OOBIYHO HAOIIOIACTCs TIIO0ANBHBIN MUHUMYM KOd(ppuyuenma u3-
ovimKa 6030yxa ¢ B 1OJie paboYuX PEKUMOB au3eis (TaK Ha3bIBAEMbIN npeodei
Ovimnenust, IpU & , paBHOM 1,3) M, KaK CIeJCTBUE, TI00ANBHBIH MAKCUMYM JIbIM-
Hoctu OI' N, a 3Hauut n mMaccoBoro Beiopoca TU Gjy . Taxke Ha 9TOM pexuMe

Habmoxaercss TA00aNbHBIN MakcuMyM TemiepaTtypsl Ol B BBITYCKHOM KOJUICK-
Tope Au3ens !,y . HemanoBakHBIM sIBIS€TCA TO, YTO Ha 9TOM PEXKUME aBTOTPAK-
TOPHOTO JIU3EIIS TIPH OTCYTCTBUU CHCTEMBI SJICKTPOHHOTO YTIPaBICHUS (2 Y AU3EIS
JI21A1 OHO OTCYTCTBYET) COIJIACOBaHBI OCTAJIbHBIC MAPAMETPhl €ro PadOoThl s
JOCTHIKEHUSI TJI00aJIBHOTO0 MUHUMYMa YACTBHOT0 3()(EKTHBHOTO pacxoja TOIUTHU-
Ba g,;

— OHa COJIEP’)KUT HOMUHAIBHBIN PEXKUM PaOOTHI TU3EIIs C MOIIHOCTRIO N,

enom >

Ha KOTOPOM HaOIlrofaeTcs II00abHBI MaKCHMYM MacCOBOTO YacOBOTO pacxona
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ToIMBa By ;
— 10 €€ PeXKUMaM TeMIIEpaTypa f,- U3MEHs’ETCs B IIpelenax, J0CTaTOuHbIX

JUISl TIPOTHO3MPOBAHMS 3aBUCHMOCTH OT Hee pabounXx XapaKTepUCTHK SKCIEPHMEH-
TaJXBHOTO 00pasia.

Camy BHEIIHHE CKOPOCTHBIE XAPAKTEPUCTUKU MOCTPOEHBI ITyTEM OMMCAHMS
9KCHEPUMEHTAIBHO MOJIYYEHHBIX TOUEK NOJIMHOMaMHu | — 4 creneHu memooom au-
netinot peepeccuu [21]. [Ipu 3TOM HCIIOIB30BaHbBI PEKUMBI PAOOTHI TU3EIS CO Clie-

AYOIHAMU 3HAYCHUSIMUA 7, ©
1

900, 1000, 1200 (peskitnt ¢ M,y )> 1400, 1600 1 1800 (pescun ¢ N, ) mu™.
15000 — Ao
B lai 7] 9 gmor,
AP, Ila —= i Kr/(c-m?)
T 50
5000
e EEEE EEEE
0 = = ¥ 10
800 1000 1200 1400  nxe, I/mun 1800

Puc. 1 — Pactupenenenue 3nauennii I'C snemeHToB BbIycKkHOro Tpakta MUC
u 3Ha4yeHuil moroka Ol B ero XapakTepHOM CEUCHHUH I10 PeXHMaM B.c.X. xuzens 2410,5/12:
w0, 0 n M @0; ¢, 0,0 B i M0 m, @ - AP B - AR,

0,0— APz e, I, o0 — g,or Ama M, JIML] ©D u BbIIIyCKHOTO KOJUIEKTOPA AU3EIS.

A N
590 R e
tor, P =
°oC & o
L _
490 -
440 L
800 1000 1200 1400 n kB, 1/Mun 1800

Puc. 2 — Pacnpenienenue 3nauenuii remneparypsl Ol u ee nepenanos Ha MB 1o peskxumam
B.C.X. sw3ens 2410,5/12: ¢ — G6es MB JIM u IMLL @2; o, l, A — M @D; 0, §,
A= JIMIL®3; ¢ — 15 I> I ~ 1oTte 3 0> O = loTen s A> A= Agry.

K skcnepumenTansHO MoiydeHHBIM 3HaueHusM ['C mpuMeHeH MoaxXoa Kak K
aJyTATUBHON BEJMYMHE, TO €CTh U3 HHUX BbIUTeHBI 3HadueHus ['C camoir MB (onu
ToJTydeHs! 3kcriepumenTansio Ha MUC ¢ mycroit MB) u mpoctpanctsa B MB me-
JKAY TEPMETH3UPYIOIUMHI MITOPKAMU M BHEITHUMH KOKYyXaMH MOJYJIEH 3KCIepH-
MCHTAJIBHBIX 00pa3loB (3T JaHHBIC TIOJNYYCHBI PAacUYETHBIM IIyTEM B Cpejie
COSMOS FloWorks). Maccossiit pacxox OI' G, Ha pexuMe ONpeRessIcs
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CYMMHUPOBAaHHEM MACCOBBIX pacxojoB Bozayxa G u TomnuBa G, au3eiem, HO-
JyYCHHBIX KOCBEHHBIMU OJHOKPAaTHBIMH H3MEPEHMAMHU. Pe3ynbTaThl HccienoBa-
HUS TIpeICTaBIeHB! Ha puc. 1 — 3.

Ha puc. 1 npexcrasiiensl 3aBucuMOCTd 3HaueHWid ['C aKcriepuMeHTalbHBIX
o6pasnos @3, MB u ocranbHO yacTu BeITycKkHOro TpakTa MUC (crutomrHbie -
HUHM) ¥ 3HaYeHud noroka OI' B XapaKTepPHOM CEYEHHH BbITYCKHOro Tpakta MUC
(ILyHKTUpHBIE JMHUN) OT #,, Ausenst 2410,5/12 npu ero pabote 1o BHELIHEH CKO-

POCTHOM XapaKTEpPUCTHKE.

B kauectBe XxapakTepHOTO cedeHHs BhITyckHOTO TpakTa MUC BBIOpaHO BBI-
XOJHOE OTBEPCTHUE BBITYCKHOTO KoJutekTopa au3ernst 2410,5/12 kak equHCTBEHHON
YacTU HITaTHOM BBIIYCKHOW CHCTEMBI 3TOTO AM3ENs, ycTaHoBineHHod Ha MUC.
Kaxk BuzHo Ha puc. 1, 'C IM u JIML] @3, a raxxe nycroit MB n3mensiercst B ¢y-
HKIIMY YacTOThI 7, HENUHEHHO. XapaKTep 3aBUCHUMOCTHU 3HAY€HHs g, NOTOKa
OI' nusens ot n,, sABiercs auHedHbIM. [ JIM @D sT10T mapameTp B cpeHEM
IIPEBOCXO/IUT €r0 3HAUYEHHE B IITATHOW BBITYCKHON CHCTEME 3TOro Au3eis B 4,5
pasza, a g ML ®3, B 1,45 paza. ['C gyactu BeimyckHoi cucremsl MUC, Ha-

xonsuieiics 3a MB, B cpennem coctasisier okosio 70 % ot I'C ML @3, a I'C
nyctoit MB — okouno 14,3 %.

16000 4 % / T 920
AP, TTa \ /- atgr,
\ / G oy y i .
A / S c
12000 /
\ / 70
10000 /
\
8000 4% - 60
L.} \1//
bY Ot e
6000 < <o
4000
)/A)C —.P“ - 40
2000 =g r 4 o _‘/—rz'l
7/
0 "ﬁ ) T T = 30

10 20 30 40 50 60 70 gmor,kr/(cm?) 110

Puc. 3 — PacxonHble XapaKTepHCTHKH SKCIIEPIMEHTAIBHBIX 00pa3IloB U APYTHX YacTeit
BhITyckHOro Tpakta MUC 1 mepenaasl TeMneparyp Ha HUX Ui B.c.X. am3enst 2410,5/12:
w0, e k- M @3; ¢, 0. B, B, X — wia IMIL ®3; A, A — 11 IIMM @D Ha
BIY; %, X — pacuer B COSMOS FloWorks; m, ¢, &, A, %, X — APy, s [, f - AP,

0,0— APz ; ®,0— Alyry.

bIn 2

Ha puc. 2 npencrasnens! 3aBUcHMOCTH TemriepaTypsl Ol 3a BBITYCKHBIM KO-
JUIEKTOPOM Ju3els 0e3 JKCIepUMEeHTalbHBIX 00pas3uoB B MB ¢, (cmiomHas
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JKMPHAsl JIMHUA), HA BXOAE lgpry,, U BBIXOAE g1y, W3 MB u nepenana remmepa-
Typsl Ha MB Af,;y (cepble JIMHHMH) C YCTAHOBJICHHBIM B HEH SKCHEpHMEH-

TanbHBIM oOpasnoM ([IM — Tonkuwe myHKTUpHBIC JuHUU win JIMI] — ToHKue
CILIOILHBIE JIMHUM) OT n,,, Auseist 2410,5/12 npu ero pabote 110 B.C.X.

Ha nem BUIHO, YTO IO PEKUMaM B.C.X. ZOF M3MCHSCTCS 10 CTEIICHHOM 3aBH-

CHMOCTH, J0CTUrasi MakcuMyMa, pasHoro 550 °C, Ha pexume ¢ M, ..., 1 CHIDKa-

ercsl ¢ yObIBAHUEM MJIM BO3PACTAHUEM YacTOThI 71, 110 ypoBHs 480 u 515 °C coor-
BercTBeHHO. Hannuue IM u IML] ®3 B MB HECKOJIBKO HOBBIIIAET gy, Ha Be-
JIHYuHY B cpefHeM 50 u 66 % oT 3HaueHus Afgry a4 JIM n JIMIL] coorBeTcTBeH-

HO, YTO OOBSCHSETCS CO3JAaHHEM 3HAYUTEIFHOT'O THAPABINYECKOTO COMPOTHUBIIC-
HUSL 00BCKTOM HCCIICJIOBaHUS Ha BhIMycke. Tak kak Temmeparypa Ol He sBisteTcs
aﬂ)lMTHBHOﬁ BCHMHHHOﬁ, B OTVIMYUEC OT AABJICHUA, TO BbIWICHUTH 3HAUCHUS TIEPEC-
raja TemIepaTyp caMux ACUCTBYIOLIMX MAaKETOB U3 Iiepenaja Temneparyp Ha MB
3aTpyaHuTenbHO. Ha puc. 2 u 3 BUIHO, 4TO BeIMUYUHA Algpgy YMEHBILIAETCS C yBe-

anuenueM G, (B CBA3M C yBeaMueHueM ckopoctH noroka OI' B @D u cHmxe-
HHMEM BPEMEHM Ha IIPOLECC TENJI000MEHa) U YBEIMUUBAETCA C YBEJIMYEHUEM I,

(rerutooomer ¢ OC MHTEHCU(UITMPYETCs C IMOBBIIICHUEM TEMIIEPaTypHOTO Harlo-
pa). To xe Bepro u A mycroit MB At .

Ha puc. 3 npeacrasiensl pacxoanbie Xxapakrepuctuku M u ML @O, MB
U OCTAJIbHOM yacT BhIMycKHOTO Tpakra MUC (CIutoniHele JUHUK), a TAKXKE mepe-
Majibl TEMIEPaTyp Ha HUX (IYHKTUpPHBIC THHUH) B pyHKMH otoka O mist pexu-
MOB paboTsl au3enst 2410,5/12 no B.c.x. Ha Hem BugHO, uto 3aBucumoctu ['C JIM
u JIML| @3 or noroka OI' He cornacyercst 1o Gopme ¢ HojaydeHHbIMH Ha BUY
nanubive i1t [IMM @3 cooTBeTcTBYIONIEH KOHCTPYKIMU. DTO 00YCIOBICHO TEM,
YTO PACXOIHBIE XaPAKTEPUCTUKHU U1 COOTBETCTBYIOIINX BAPUAHTOB KOHCTPYKIIUU
[IMM @3, nonydyennsie Ha BUY, sBnsiorcs n3orepmMamu, a Mo B.C.X. U3MEHEHHUE
tor B GyHkuuu P, cymectBeHHO. TO eCTb, XapakTep 3aBUCUMOCTH JYKCIIEPUMEH-

TanbHO nostyyeHHbix 3HaueHuit I'C JIM u JIML] noBTOpsieT Xapakrep 3aBUCUMOCTH
tor OT g,or (cM. puc. 1 u 2). C ymeHBIICHUEM ) yMeHbImacTcs I'C Bcex anme-

MEHTOB BBIITYCKHOTO TpakTa ausess Ha MUC, uto 00bsAcHACTCS TOHIKEHHEM 00b-
emHoro pacxozna OI' Gy, 1pu nocTosiHHOM MaccoBoM pacxoge OI' G, - ¢ co-

OTBETCTBYIOILIEM yBenuuyeHHeM IuoTHocTd OI' M yMeHbIeHHeM CKOPOCTH [BH-
skermst O, a Takke JJOMOJTHUTEIBHBIM pacumpenueM moroka OI' B 100aBIeHHBIX
B xoie MosiepHu3auuy MU C KOMIIOHEHTOB €ro BbIITyCKHOW CHCTEMBI.

Taxoke Ha puc. 3 npuBeIeHbl pe3yJibTaThl pacueTHoro ompezaesienus I'C mo-
ayns @D B COSMOS FloWorks, koTopbie yIOBIETBOPUTENBLHO COTIIACYIOTCS C
9KCIEPUMEHTAIBHBIMY JaHHBIMM, TNOJMydeHHbIMM Ha MIMC Kak KOJIMYECTBEHHO
(3nauenust I'C), Tak u kauecTBeHHO ((hopma rpadurka 3aBHCUMOCTH).

Bce 3aBucumoctu puc. | — 3, onucanHble noiuHoMamMu 1 — 4 cremneHu me-
TOJIOM JIMHEHHOW perpeccuu, UMEIOT cleayronuii Bul. st BBIMMYCKHOM CHUCTEMBI
MUC c mycroit MB — ucnoms3yrores popmyist (4) — (8), ¢ AM @3 B MB — dop-
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Myast (9) — (13), ¢ AML] ®3 B MB — dopmynst (14) — (22):

Su or gsc =1179-107 n,, +0,723; R* =0,99926 ; 4)

top ==3,590-10 -2, +0,963-n,, —94,8; R* = 0,98880 ; (5)
AP, =2,458-10" 12 +1,639-n_;R* =0,99157 ; (6)

APy, =5,459-107 1%, +0,330-10 -n,; R? =0,98783 . (7)
Aty =—2,814-107 -n% +4,992-102 -n,, +37,6;R* = 0,99832.. (8)
S or au =5932:107 -n,, +3,637;R* =0,99926 ; 9)

APy =7,656-10° 0> —1,324-102 -n%, +7,98-n,,:R* =0,99924 ; (10)
lorye = —3.845-107 -n%, +1,011-n,, —78,8;R* = 0,99105 ; (11)
loram = —3:335-10" -n% +0,914-n,, —110,8; R* = 0,98694 ; (12)
Aty =—5,098-107 -n2, +9,676-107% -n, +32,0;R* =0,99804;  (13)
En or gy =1,558-107 -5, +0,956; R* =0,99926 ; (14)

APyry =3,511-107 -2, +2,341-n,,; R* = 0,99157 ; (15)

lorae =—3,976-10" -n% +1,036-n,, —70,6;R* =0,99213 ; (16)
lorgm = —3,397-107 -n%, +0,926-n,, —106,9; R* =0,98731 ; (17)
Atgrg ==5,793-107 -n%, +0,110-n,, +36,7;R* =0,99807 ; (18)
APypy ==4,766-g,, op +423,72-g, o —3061,2;R* =0,99971  (19)
AP, =-0,253-g7 - +86,40-g, o —2603,9;R* =0,99813; (20)
APz =—0,164-g2 - +34,99-g, - —1195,8; R? =0,99456 ; Q1)

Atpry ==0,2195-g0 o +6,722-g, op +37,2;R* =0,99930;  (22)

Kax BuiHO M3 puc. 3, DKCIEPUMEHTAJILHO HOJIyYEHHAsl PacXO/Has Xapakre-
puctuka JIMLL @3 npu 1, # const He UMEET HU OJIHOI 0OMIEl TOYKM ¢ pacxoa-

HOll xapaktepuctukoit [IMM @D npu f,,=const . IIpu paspaborke BV, mero-

JIMKYW U SKCIICPUMCHTATBHBIX 00pa3IoB s Hee BapbHpoBaHue Temmeparypoit TC
koHcTpykuuer BIIY He mpenycmarpuBanoch. Kpome Toro, skcreprMeHTaIbHbIE
uccnenoBanus Ha BUY Hocwin cpaBHUTENbHBIN XapakTep W MPOBOAWINACH C Iie-
JBI0 BBIOOpA pAIMOHAIBHBIX KOHCTPYKUIUH Monyis DD, Ha OCHOBE KOTOPBIX
JIOJDKHBI OBITH TIOCTPOCHBI JICHCTBYIONIHE MakeThl DD U MCCIICHOBAHUS MX Xa-
PAKTEPUCTHK PaOOThl B YCIIOBHSIX BBIMYCKHOW cuctembl au3eiisi Ha MUC. Takum
00pazoMm, ¢ MpUEeMIIEMOW TOYHOCTBIO OMPEACIHTH, /Ul KAKOTO MMEHHO MOCTOSH-
Horo 3HaueHus temneparypsl OI' 8 MUC monydensl Ha BUY pacxomnbie xa-
PaKTEpUCTHUKH 71 BapuaHTOB KOHCTpykimu [IMM @3, coorsercTBytomux M u
JMI] ®D, 3aTpyaHUTETHHO (TMPUOTMKCHHBIE PAcUeThl JaBaJld PEe3yIbTaT OKOJIO
650 °C).

Jnsi mpuBesieHUs] B COOTBETCTBHE PE3YJILTATOB HccleAoBaHuid Ha BUY u

76 ISSN 2222-0631. Bicnux HTY «XI1I». 2014. Nel8 (1061)



MUC (ux cBSI3U ¢ Y4ETOM IPUHATOTO JIomyieHus) B Gpopmysne (1) BBoguTcs cre-
LUaJIbHbIA KOA(Q(ULUEHT — HAacTpoeuHbli & , paBHblii oTHOMmIeHUt0 I'C nelicTByto-

wero makera dO Ha pesKuMe C II00AIBHBIM MAKCUMYMOM o (PEXUM € M )00 )

Kk 'C IIMM @D ¢ cooTBETCTBYIOLIEH MIOTHOCTH Hachinkoil u3 I1L], mpu Tom xe
3HAYEHUU g,,or - 10 €CTh, €ro 3HaYE€HUE ONPENEIAETCs ClenyIomel popMmynoi

kO = AP@TI{t:wnst (gmiOF) ’01'(Mxpmax) . (23)

OH paBen a1 IM @D 1,04, a ana ML @3 0,96 (cm. puc. 4). To ecTs, yc-
noeus teueHuss TC, cozgaBaeMbie B monocTsax BUY, MoaenmupyroT ycioBus, Ha0-

JIIOJAIOLIHMECS] B BbIYCKHOM Tpakre ansens 2410,5/12 Ha pexume ¢ M., ©

TOYHOCTBIO 110 + 4 %. Pasuuna B 3Hauenun k, mia M u IMI] ®D obbacHsaeTCs
NPUHLUITHATBHBIMU PA3JIMUUAME B UX KOHCTPYKLMH, 2 UMEHHO HAIMYHEM HACHIII-
ku u3 [, koropas obecrneunBaer Oojiee paBHOMepHOe TeueHue noroka Ol B no-
JIOCTH CETYATOH KacceThl MOILYJIS.

Takum oOpazom (TO ecTb, IyTeM YMHOXKEHHs BceX KOA(PQUUHUEHTOB IpH
gmor Ha ky) MOXKeT ObITb [10JIyu€HA KPUBasi, IIPOrHO3UpYoLIas 3aBucumocts I'C

101 (Mogpmax ) ! APy (gmiOF)

aefictBylomero Makera @O 1o B.C.X. IPY OAUHAKOBOW IS BCEX PEKHUMOB [,
PAaBHOH MaKCHUMAJIbHOMY 3HAQU€HUIO 7, BO BCEM AMANa3oHe padoduX PEexUMOB
mm3ens 2Y10,5/12 — pacxomnas xapakrtepuctuka JM wium JMIL ®D mpu
top=const .

Crneayroliue 3Tarbl MOTOPHBIX UCIIBITAHUN TPOBOAMIMCH AJIs1 AEHCTBYIOIETO
makera @3 ¢ Hackinkol — JIMII. B XoJ1e 9THX 3TanoB BBISBJIEHbBI 3aBUCUMOCTH

1,06 - pabounx xapakrepuctuk [AML[ oT pexUMHBIX U
JIM @D KOHCTPYKTHUBHBIX napameTrpoB ausens J21A1,

ko 7, BapbUPOBAHUE KOTOPBIMH HE IPELyCMOTPEHO
1,02 / xoHcTpykimein BIY [10, 12, 13]. Baustaue stux
/ rapamMerpoB Ha I'MJPABIIMYECKOE COIPOTHUBIIEHUE

1 DKCIEPUMEHTAILHBIX 00pa3LO0B B IPEI0KEHHOM
0,98 MaTeMaTU4eCKOI MOA€JIN YYUTBIBACTCA BBCICHU-
JIMIT ®D €M TEeMIEepaTypHOIro k,, KOMIIOHOBOUHOIO k; M

0.96 ’ /‘4\ BpEeMEHHOTO k, Ko3(dunueHToB B hopmyre (1).
0,94 - Onpeznenennro GpU3NIECKOro CMBIC/IA U 3HAYECHUMH

Puc. 4 — 3nauenns kooppuumenra >3Tux KOIOOULUUEHTOB NOCBSIIECHBI CIIEIYIOLIUE
ko nns M u JIMIT ©D. YacTU JAHHOI'O UCCJIEIOBAHUA.

BeiBoabl. TakuM 00pa3om, paspaboTaHa MaTeMaTHuecKas MOJICNb CBSI3U
mexay ['C moayist @TY, ucciienyembiM Ha 6€3MOTOPHOI yCTAaHOBKE, U HOJIHOPA3-
mepHoro @TY B peanbHBIX yCIOBHAX 3Kciutyatannu. OHa 6a3mupyercst Ha pacxo-
HOM Xapaktepuctuke Moxyns @D npu nocrosHHoU Temnepatype TC u nucnonp3y-
eT Habop K03((UIMEHTOB, TTO3BOJSIIONINX YUECTh BIMSHUE PsijJia SKCILUTyaTallMoH-
HBIX (hakTopoB Ha ['C.

[TpuBesen n 000cHOBaH (PU3MUECKUI CMBICI HACTPOCYHOTO KO3((HUIMECHTA,
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MIO3BOJISIOIIETO CBSI3aTh PE3yJIbTaThl UCCICIOBAaHUN Ha OE3MOTOPHOI yCTaHOBKE U
MOTOPHOM CTE€HJIE M Y4YeCTb THUIl KOHCTPYKTHBHOI'O HCIIOJHEHHS MOJLYJIsl (PHIIbT-
PYIOLIETO JIEMEHTA; YKCIEPUMEHTAIBHO ONPENENEHBl €ro 3HAYEHUS JUISl Pa3HBIX
KOHCTpYKIUi Mmoxyns ©3.

Cuucox aurepatypsl: 1. Beauuxo B. Ykpaina Binkiana mepexia Ha HOBI €KOJOTIUHI HOPMH aBTOMO-
6inbHux BuxsoniB [Enexponnii pecypel]/ B. Beauuxo // 3anopisbka npasaa. —27.10.2011. — Pesxxnm noc-
Tyny: http://www.zp-pravda.info/index.php?option=com_content&view=article&id=4068:2011-10-30-
19-30-10&catid=34: 2009-04-14-10-24-35&Itemid=63. 2. Regulation Ne 49. Revision 5. Uniform pro-
vision concerning the approval of compression ignition (C.I.) and natural gas (NG) engines as well as
positive-ignition (P.1.) engines fuelled with liquefied petroleum gas (LPG) and vehicles equipped with
C.1. and NG engines and P.I. engines fuelled with LPG, with regard to the emissions of pollutants by the
engine. — United Nations Economic and Social Council Economics Commission for Europe Inland Tra-
nsport Committee Working Party on the Construction of Vehicles. — E/ECE/TRANS/505. — 4 May 2011
— 194 p. 3. Regulation Ne 96. Uniform provision concerning the approval of compression ignition (C.I.)
engines to be installed in agricultural and forestry tractors with the regard to the emissions of pollutants
by the engine. Geneva, 1995. — 109 p. 4. [lorusanuyk A.11. ccienoBaHue CTEIICHU TOKCHYHOCTH BPeJi-
HBIX BEIIECTB, BEIOPOCHI KOTOPBIX HOPMHPYIOTCST €BPONCHCKHMH KOJIOTUUECKIMH cTaHmapTamu / A.11.
THonueanuyk, E.FO. []enax, E.FO. Tumosa // BectHuk HalnMoHaNbHOro TEXHHMYECKOI'O YHUBEPCUTETA
"XIIN". —2007. = Ne 2. — C. 112 — 115. 5. Ilapcadaros 1. B. I1ifBUIIEHHS SKOCTI i KOHKYPEHTOCIIPOMO-
JKOCTI JTM3€NTIiB Ha OCHOBI KOMIUIEKCHOTO TMaJIMBHO-EKOJOTIYHOTO KpuTepito: Monorpadis. / [lapcada-
Hog I.B. — Xapkie: Bupaamunii nentp HTY «XI1I», 2003. — 244 c. 6. Mapkoe B.A. Tokcu4HOCTB OTpa-
0oTaBImINX ra30B Ju3enell. 2-e u3a. nepepad. u gon. / Mapkos B.A., Bawupos P.M., I'ambumos U.H. —
M.: U3xn-Bo MI'TY um. M.O. baymana, 2002. — 376 c. 7. Kanuno I1.M. ABToTpancnopt. ToIUIMBHO-3KO0-
JIOTHYECKHEe MPOOJIEeMBbl U TepcreKTHBEI: MoHorpadust / [1.M. Kanuno — XapekoB: m3a-so XHAJY,
2013. — 270 c. 8. [IBUTYHH BHYTpIIIHBOTO 3TOPSHHS: Cepis MAPyIHHKIB y 6 Tomax. T.5. Exomorizaris
JAB3/ A.I1. Mapuenxo, I.B. Ilapcaoanos, J1.JI1. Tosadxcuancoruil, A.@. Lllexosyos; 3a pen. A.11. Mapuen-
ko 1a A.D. [lexosyosa. — Xapkis: Ilpanop, 2004. — 360 c. 9. Cmpokos A.Il. COBpeMEHHbIE METO/IbI
OYMCTKM OTpabOTaBIIMX Ta3oB amseneil ot TBepabix yactull / A.11. Cmpoxos, A.H. Konopamenko //
JIBurynu BHYTpiHboro 3ropsinns. —2010. —Ne 2. — C. 99 — 104. 10. Konopamenxo O.M. 3umxeHHs
BUKHY TBEPAMX YaCTHHOK TPAHCIIOPTHUX JU3EIIB, 110 HepeOyBaloTh B eKCILTyaTalii: aBroped. auc. Ha
3100yTTsl HayK. CTymeHst kaui. TexH. Hayk: cmery 05.05.03 «JIBurynu Ta eHepreTuyHi yCTaHOBKM) /
O.M. Konopamenxo. — Xapkis, 2013. — 20 c. 11. Konopamenxo A.H. TIpumenenre npupoaHOro 1eon-
Ta JULSl TIOBBIIIEHHS YKOJIOTUUECKHX XapaKTEPUCTUK TPAHCHIOPTHBIX Au3esIel, HaXOIAMUXCs B DKCIITya-
taumu / A.H. Konopamenko, A.Il. Cmpokog /| DHeprocOeperarpiine TEXHOIOIHYECKHE KOMIUIEKChI U
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MATEMATHYECKASA MOAEJb T'NAPABJINYECKOT' O
COIPOTUBJIEHUS PUJIBTPA TBEPABIX YACTHUI IU3EJIA.
YACTbD 2: TEMITIEPATYPHBIU KOO®OPUIUEHT

Ornycana MaTeMaTH4YecKas MOJEIb THPABIMYECKOr0 CONPOTUBICHNS (uiibTpa TBepAbix uacTuil (OTY)
JIM3CIIS B PCANIBHBIX YCIIOBUSIX DKCIUTyaTalliy. MoJie/ib MOCTPOCHA Ha OCHOBC PACXOIHON XapaKTCPUCTU-
k1 oxHoro mozayns MTY, skcreprMEHTaNbHO IIOJYYEHHOH NpH IIOCTOSHHOM TeMiepaType TeKyder
Cpelbl, M JAaHHBIX CTEHJOBBIX HCIBITAHUH aBTOTpakTopHOro mamsens 2410,5/12, ocHaleHHOro MOIHO-
pa3mepubiv @TY. Mozenb mo3BOIET yYeCTh sl (AKTOPOB, XapaKTEPU3YIOLIUX YCIOBHUSI dKCILTyaTa-
i OTY B cocTaBe BBITYCKHOM CHUCTEMBI 3TOTO AM3CHA. YUCT 3THX (PaKTOPOB MPOM3BOIUTCS IyTCM
BBEJICHHSI COOTBETCTBYIONIMX Kod(dunuentos. B nannoii yactu paboTsl onucan GU3NUECKUN CMBICT H
OIICHCHBI 3HAUCHHS TCMIICPATYPHOTO KOA()(UIMCHTA MOJICIH, MO3BOJIAIONICTO YICCTh H3MCHCHHC TCM-
nepaTypbl 0TpabOTABIIKMX Ia30B HA BXOJE B KOpmyc (GHIbTPa Kak (PYHKLHIO cpeaHero 3¢(hekTHBHOro
JaBJICHUSA TH3CIIS.

KiroueBble cjioBa: Qu3cib, GUIBTP TBEPABIX YACTHL], THAPABIMYCCKOC CONPOTHBICHUE, MaTe-
MaTHYeCKasi MOJeIb.
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