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K ®OPMHUPOBAHUIO MOJEJIN D9@PEKTUBHOCTU ®@YHKIIMOHUPOBAHUA
CEJIbCKOXO3SUMCTBEHHOI'O TPAKTOPA B COCTABE MTA IIPU PABOTE
HA AJIbBTEPHATUBHBIX BUJAX TOIIJINBA
A. A. 'nymienko, U. P. Canaxyraunos, A. K. Cybaesa, M. H. Kanumynnun, P. M. JlaTbinos

Pedepart. Passutue AIIK Poccnn npenycmartpuBaer mosbiimenne 3p¢GeKTHBHOCTH (QYHKIIHO-
HUPOBAHMSI DSHEPTETHMYECKUX MAIIMH NPU OJHOBPEMEHHOM CHIDKEHUHM JHEPreTHYECKUX M TPYHIOBBIX
3arpat. [lepcriekTuBHOE HaIpaBJeHHE SKOHOMHH Ju3eiabpHoro tomima ([T) u ymydmieHus skomorude-
CKHX IIOKa3aresneil MOOMIBHOW CEbCKOXO3SIMCTBEHHON TEXHHKH — HCIOJIb30BAHUE AIbTEPHATUBHOIO
MOTOPHOT'O TOIUIMBA. B COBpEMEHHBIX CENHCKOXO3SIMCTBEHHBIX MalllMHAX 3TO OyIeT OTpakaThesi, B
NIEPBYIO OYepellb, Ha MapameTpax pabouero mpouecca U ero NpoTeKaHus B IBUraTele, a TakKe Ha MoKa-
3aTelsiX MOIIHOCTH, TOIUIMBHON SKOHOMHUYHOCTH M 9KOJOTMYHOCTH €ro paboThl, YTO, B TOM WIIM MHOW
Mepe, MPHUBEIET K N3MEHEHHMIO MToKa3aTesel, XapaKTepu3yIoInX SKCIUTyaTalliOHHbIe CBOWCTBA MallH-
HO-TpakTopHoro arperata (MTA). ®yHKIIMOHUpOBaHUE IBUTATENS KAK MOZAEIHA MOXET OBITh MPEACTaB-
JIEHO B BUJIE MHOTOYPOBHEBOM ¥ MHOI'OMEPHOH CHCTEMBI, B KOTOPOH YIPaBIISIOUIMMHU OTOKaMH OyIyT
nokasarenu padouero nporecca (3PQPEeKTUBHAS MOIIHOCTh, WHAUKATOPHOE NABJICHUE, KOIMYESCTBO IO-
CTYMAIOIIET0 B LWJIMHIPHI CBEXKEr0 3apsiia U JIp.), apaMeTpbl TOILIMBONOa4H (LIMKIIOBas Mojava, JaB-
JICHWE BIIPHICKMBAHMS TOIUIMBA, TEMIIEpaTypa TOIUIMBA W Jp.), KOTOpPbIE 3aBUCAT OT (HU3HMKO-
XMMHYECKUX M JKCIUTyaTallMOHHBIX CBOWCTB allbTEPHATHBHOIO BUjA TOIUTHBA. [Ipenmaraemasi Mojenb
IpelyCMaTpPUBaET OIPE/ICIICHHE PAlIOHAIBHOTO COCTaBa TOIUIMBA, TEXHUUECKUX PELICHHH 10 ajanTa-
MY TOTUIMBHOM CHCTEMBI JUisl 3((EKTUBHOI MO/Ia4u albTepPHATUBHOTO TOIUIMBA B IIMJIMHIIPHI IBUTATE-
J151 ¢ TpeOyeMBbIMH MOKA3aTeISIMU, a TAKIKE ONPEAEICHIE X BIMSHUS Ha TIapaMeTphl SKCILTyaTalluOHHOM
s¢pdexkruBHOCTH paboThl TpakTtopa B cocraBe MTA. [lonyueHHble YKCIIEHHbIE 3HAYECHUs MapaMeTpoB
pabodero mpornecca qu3eisi U TOIUIMBONOJAYU B 3aBUCHMOCTH OT (PM3MKO-XUMHYECKHX CBOKCTB HC-
HOJIb3yeMOr'0 aJbTePHATUBHOIO TOILIMBA ITO3BOJIIOT ONPEACIUTh IIOKAa3aTeNnn 3KCIUTyaTalMOHHBIX Xa-
pakTepuctuk Tpakropa B coctaBe MTA u oueHuTh 3p(HeKTUBHOCTD €ro padoThl Ha Pa3JIMUHBIX ajbTep-
HATHBHBIX BHJAX TOIUINB, B CPABHEHHUH C HCIONIb30BanueM HedrsHoro JT.

KnroueBble cioBa: ausenb, MHOrOllapaMeTpudeckasl MoJelb, HapaMeTpbl paboyero npouecca,
TOIIMBOIIOAAYA, SKCIUTYaTAl[MOHHbIE II0KAa3aTeIN TPAKTopa.

BBenenune. Ha OonbmimHCTBE MOOHIIBHOM Lenb uccienoBanusi — GOpMUPOBaHKE MOJIE-
CEITbCKOXO3SIICTBEHHON TEXHHKE (TPAaKTOpBI, aB-  JIM, MO3BOJISIONIEH ONMpPEReTUTh CTPYKTYPY MOZE-
TOMOOWJIH, KOMOAWHBI U JIP.) B KAYECTBE CHIIOBOU JIMPYEMOM CUCTEMBI M CBOMCTBA €€ 3JIEMEHTOB,
YCTAaHOBKM HCIIONB3YIOT IM3ENbHBIE JABUTATEIM  YCTaHOBUTH 000CHOBaHHBIE MPUYUHHO-
BHyTpeHHero cropanusi (JIBC), paboraroniie Ha CIIE€JCTBEHHBIE CBsI3M, HEOOXOMMMBIE JUISI JOCTH-
HEe BO300HOBJIIEMOM HE(TSHOM JAW3ENBHOM TOM-  JkeHusl 3(pdexTuBHOCTH pabOTHl TpakTopa B CO-
mue (IT). Ilpu ero cropanum orpaboraBme  craBe MTA mnpu HCHONB30BaHHM AIbTEPHATHB-
ra3pl COAEpXkaT IOBBIIICHHbIE KOJIMYECTBA BpPEd-  HBIX BUJOB TOILUIMBA.

HBIX BEILECTB, HETATUBHO BIIUSIOUIMX Ha IKOJIO- VYcnoBusi, mMatepuansl U MeTonsl. llpu mc-
TMYECKyl0 0€30MacHOCTh JIFOJeH, XKMBOTHBIH M IIOJBb30BAHHH AIIbTEPHATHBHOTO TOILUIMBA OINpEie-
pactutensHbIi Mup. IlepcriekTBHOE HampaBiie- — JIGHHE B3aMMOCBSI3M MEXKIY IOKa3aTelsIMH, Xa-
HHUe S5KoHOMUH HedTsiHOrO [T U yaydmieHust 5ko-  pakTepH3YIOIIMMHU 3KCIUTyaTallHOHHBIE CBOWCTBA
JIOTHYECKUX TMOKa3aTeNe MOOMIBHON CeTbCKOX0- MTA u yCTaHOBIIEHHOTO Ha TPaKTOPE JBUTATEIIA,
3SIUCTBEHHOW TEXHHKH — HCIIOJIb30BAHWE HOBBIX  TPH OJWHAKOBBIX 3KCIUTyaTALMOHHBIX pPEXHMax
aJIBTEPHATHBHBIX BUIOB ToIumBa. Ha cerogmsm-  pa®oThl, MOKET OBITh MPOBEAEHO Ha OCHOBE WH-
HUH JIeHb U3BECTHBI OTHO-, ABYX- 1 MHOTOKOMIIO- tdhopmarmorHoit Momenu (puc. 1).

HEHTHBIE aHAJOTH T'OPIOYEro TOIUIMBA, IOTydae- B 3TOM ciryJae BXOJHBIMU X
MBI€ U3 CBIPbS )KUBOTHOTO M PACTUTENIBHOrO NPO-  (BOSMYIIAIOIIMMH) MapaMerpaMu OymyT sddexk-

HCXOXJCHHS, MOPENPOAYKTOB M CHHTETHYECKMX  TuBHbIe mokaszarenu [IBC (MomHOCTB, pacxon
COETMHEHNH, KOTOPbIE MOXKHO HCIIONB30BaTh KaK  TOIUIMBA U JIP.), KOTOPBIE ONMPEENSIOTCs BEKTOP-

B YHCTOM BHJE, TaK W B BHJE TOMOTCHHBIX cMe-  (YyHKIMEH BHaa:
cell C TOBapHBIM TOIUIMBOM HE(TSHOTO IPOHC-
xoxkaenus [1, 2]. X = {x X ¥ }

Ucnonp3oBanne Ttakux mnponaykroB B JIBC T (1
CEITbCKOX O3STCTBEHHBIX MAIIMH OyAeT OTpakaTh-
csl, B TIEPBYIO OYepe/p, Ha MapaMeTpax padbodero [Ipu 3TOM A7t TpaKTOpa €ro SKCIUTyaTaIlloH-
Tporiecca M €ro NMpoTeKaHWH B JABHTATENE, a TaKk-  HbIE MOKA3aTeIH OYIyT ONpENeNsThCS BBIXOIHBI-
K€ Ha ITOKa3aTeJsIX MOIIHOCTH, TOIUTMBHOM KO- MM IapaMeTpaMu Y:
HOMHYHOCTH, M 3KOJOTMYHOCTH paboThI, 4TO, B
TOH WIN I/I\II-IOI\/'I Mepe, MPUBEAET K H3MEHEHHIO \% :{ VisVaseeos yn} . 2)
ToKa3aTesel, XapaKTepU3YIOINX OSKCIUTyaTaIy-
OHHbIE CBOWCTBAa MAaIIMHHO-TPAKTOPHOI'O arpera- Okcnmyatanust MTA ocymecTBisiercst B pas-
ta (MTA) (mOrexTapHslif pacxoj TOIUINBA, TATO- JIMYHBIX YCIIOBHUSX, KOTOpBIE pPa3IM4aloTCsi HE
BOE yCHJIME, IPOU3BOANUTEIILHOCTS, U 11p.) [3, 4]. TONBKO TIO0 TPHUPOAHBIM M  KIMMaTHYECKHM
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0COOEHHOCTSIM, HO U, HATIPUMED, [0 COCTaBY MOY-  H3MEHEHHIO pexXnuMoB pabotsl Z. Toraa mapamer-
BBl, @ B CIy4ae TPAHCHOPTHBIX pabOT — MO MO-  PbI Y MOXHO NPEACTaBUTh QYHKIUEN:
KPBITUIO JIopor. OTu (aktopel E OTHOCSTCS
Kp BO3M ¥ dasrop V=f(X,EZ). 3
YLIAIONIMM,  KOTOPBIE — IPHBOIAT K 3)
E
N\ N 4
X1 Y1
X2 Y2
aT ) > o —) —
e x y
Xn Yn
J / \

Puc. 1- MudopmanmonHas MoJieNb BIUSIHUS MTOKa3aTelel U3ens Ha SKCILTyaTallMOHHbIE CBOM-
CTBa TpakTopa B coctaBe MTA 1mpu HCHOIB30BAHMM aJbTEPHATHUBHBIX BHIOB TOIUIMBA:
AT — anpTepHaTHBHOE TOIUIMBO; X (X|, Xp...X;;) — MOKa3aTeNy ABUTATENs (X;— MOIIHOCTB;, X;— PAcXof
TOIUTUBA 32 4Yac PabOThI, X;— YIACIbHbIA pacxon TomwimuBa U Ap.); Y (Y1, Y2,---Ya) — IKCIUTyaTallMOHHBIX
MOKa3aTeNnu TpakTopa (y;— pacxoll TOIUIHBA, Y, — TATOBOE YCWIHE, y; — MPOU3BOIUTEIBHOCTD, Y4 — HOKa-
3aTelny SKOJOTMYHOCTH U Ap.); E — mpuponHsle, KIMMaTH4decKue, MOUYBEHHBIE M JOPOXKHBIC YCIOBHUS
JKCIUTyaTanuu; Z — pexumsl padorst MTA.

BospnelictBue Ha mapamerpsl V ¢ 1enplo MX IIPEJICTABUM JABUraTellb KaK CHCTEMY C MHOXe-
KOPPEKTUPOBKU TI0J 3aJaHHBIC YCIOBHUS MOXKHO CTBOM YIPaBJISIEMBIX MapaMeTpoB. Tak kKak Komu-

NIPEACTaBUTh B BU/IE YPaBHEHHH: YECTBO BXOJHBIX IIapaMETPOB MPEBBIIACT €U-
HUYHOE 3HAYECHHUE, U KaXJbli U3 HUX MPUBOAUT K
- M3MEHEHHIO OoJiee YeM JIBYX IapaMeTpOB Ha BBI-

y(yl7y21---syn)_X(x11x27--' xn)iE(el.), & yx P P
(4)  xome, TPaKTOpPHBIN JABHTaTelh MOXKHO IIpeCTa-
BUTH B BHJIE YNPABIAEMOTr0 MHOTOMEPHOTO 00Bb-

\4 e ¥ )= X (X, %),00% )2 Z(2).
(y1,yza ayn) ( 1972 n) ( 1) eKTa [5’ 6]

Torna, BBIXOJIHBIE 3HAYEHUS Hcxonst w3 3Toro, mpu HM3MEHEHUU CBOICTB
(oxcmryatanmonHsle mokaszatenu MTA) ¢ yue- UCIIONIB3yeMOT'0 TOIDIMBA OydeT MPOMCXOAUTH
TOM, BIHAIOIIMX HAa HUX, HO HE IOAJAIONIMXCA  HM3MEHEHHE PEKMMHBIX ITapaMETPOB TOILTHBOIIO-
YIIPaBIIEHUIO, ¢dakropoB  E  (mpupomHO-  IayM u, COOTBETCTBEHHO, apaMeTpoB

KIIMMaTH4YeCKasi 30Ha 3KCIUTyaTallud, CTPyKTypa  pabodero mporecca. JTO OKaKET BIMSHHE Ha
00pabaThIBaEMBIX TIOYB U [p.), @ TAK)KE PEKUMOB  BBIXOJHBIE IKCIUTyaTallMOHHBIE MOKA3aTeIH JBHU-
9KCIUTyaTallud TpakTopa Z, MOXHO 3ammcaTb  raTens U TPakTopa.

B BUJEC: OyHKIMOHNPOBAHUE IBUTrATeNs KaK MOIEIH
MOXXET OBITh NPEJICTABIICHO B BU/IE MHOTOYpOBHE-
YV=w(y,) E(e)- Z(Z]-) , ®) BOW ¥ MHOTOMEPHOI CHCTEMEI.
IIpu sTomM ee ¢opmupoBanue OyHeT ocy-
[IpU YCIIOBUH IIECTBISITBCS TaKUM 00pa3oM, YTO BXOJHBIMHU

VIIPaBISIOMIME TIOTOKaMU A (a;, as,..., a,) OyayT

y/(y,.)=Z((x,.-ei)+(xi-zi)) u i=12,.m (6) nokasareau pabodero mpouecca (3hPexTUBHAS
MOIITHOCTh, HMHINKATOPHOE [aBJICHHWE, KOJIHYe-

MPH YCIIOBUM, YTO HEYNpaBiseMble (PAKTOPBl W CTBO MOCTYIMAIOIIETO B IMIHHIAPHI CBEXKETO 3aps-

PSKUMBI paboOTHI, B Mpenenax KOTOPBIX OCy-  Ja W JIp.), MapaMeTpsl TormmBononauu B(b,, b,,...,
IIECTBISIETCS SKCIUTyaTalysl TPAakTopa, Hem3MeH-  b,) (IMKJIOBas rmojadva, AaBJI€HHE BIPBICKMBAHUS
HBI JJIS1 OTPEIeTIEHHOT 0 TIeproa paboThl, TO €CTh  TOIUIMBA, TEMIIEpaTypa TOILIMBA U Jp.), 3aBUCS-
€; ! Z— TIOCTOSIHHBIE BETUYUHBI. mye oT (U3MKO-XMMHYECKUX M HKCIUTyaTaIOH-

Jna onpeneneHust MOKa3aTeNel, OKa3blBalO-  HBIX CBOMCTB aIbTEPHATUBHOIO BHJA TOIUIMBA.
myx HauOompiiee BiIusHUE HA S(dQexTuBHBIE  YCNOBHS IKCIUIyaTaly (NIPUPOAHBIC, KIMMAaTH-
XapaKTEPUCTUKH TPaKTOPHOTO IU3eNsl  YecKHe, JOPOXKHOE IOKPBITHE, COCTaB TIOYB U JIp.)

(MOLIHOCTb, KPYTALIMA MOMEHT, VICIbHBIA  OyayT (OpMHUpPOBaTH HEYNpaBISEMBIH IIOTOK
pacxox TOIIMBA W Op.) HpH OKCIuryaraumu,  E(e, e,..., e) (puc. 2) [7, 8].
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Puc. 2 — MHoronapamerpudeckas MoJelb (hOPMHUPOBAHUS ITOKA3aTEIICH IKCIUTYaTAIIHOHHBIX CBOWCTB
TpakTopa B coctae MTA

D¢ dexTuBHBIE 1 UHAMKATOPHBIE (MOIIHOCTS,
KPYTAIIUIA MOMEHT, YAEIbHBIA PacXol TOIIMBA U
Jp.) ToKa3arenu ABHrartelnsi (JOPMUPYIOT BBIXOA-
Hoii motok C(c;, ¢,...C;)

B atom ciydae Beixonnoit Koy (11, I1,..., 11,)
BEKTOp, NPEICTABICHHBI B BUJIE KOMIUIEKCHOM
OLICHKH 3KCIUTyaTallMOHHBIX ITOKa3aTenel, Oyner
XapakTepu3oBath A(P(PEKTHBHOCTh HCIOIb30Ba-
HUs Tpaktopa B coctaBe MTA npu pabore Ha
aJIbTEpPHATHBHOM Buje TomuBa. Ero 3HadeHue
OyIer 3aBUCETh OT U3MEHEHHS BXOJIHBIX IIOTOKOB

A(a;, a, ..., a,), B(b,, b, ..., b,) ¥ BBIXOZHOIO
noroka C(c;, ¢y, ..., ¢;), ONPEAENIEMbIX (U3UKO-
XMUMHYECKUMHU  CBOWCTBAMH  aJbTEPHATUBHOTO

ToruiMBa. Takas MOJIenb IO3BOJNSET HE TONBKO
y4ecTh 3aBHUCUMOCTh 3((EKTUBHOCTH HCIIONB30-
BaHMS TpPaKTOpa OT M3BECTHBIX IIOTOKOB
A(ay, a, ..., ay), B(b;, by, ..., b,) u popMupyembI-
MH HMMH  BBIXOJHBIX  BEJIMYMH  IIOTOKa
C(c;, ¢ ..., ¢)), HO M YCTAaHOBUTH IPUYHHHO-
CIIEZICTBEHHYIO CBS3b UX BIHMAHUA Ha Koy

Kpome Toro, oHa maercst BOSMOXKHOCTb ycTa-
HOBWUTH 3HadeHus mapamerpoB C(c;, ¢, ..., ¢
BBIXOJHOT'O IIOTOKA, OMpPENEISIONINX T'PaHHYIHBIE
YCIIOBUS B TIpeZenax KOTOPBIX BO3MOXKHO H3Me-
HeHHe mapameTpoB 4 U B (C BO3MOXKHOCTBIO 00-
paTHO# CBs3M), ¢ LENbI0 Hanbonee F3PPEKTUBHO-
T'O UCIIONB30BAHMUS TPAKTOPA.

K., = f(4,B,E,A,B). )

B sToM ypaBHeHHH ¢opmMupoBaHNE 0OpPaTHOM
ces3u A’ m B (pacueTHble BETHUMHBI SKCIUTyaTa-
OUOHHBIX  TOKaszaTened Xy W  TOINIMBHO-
SKOHOMHYECKHX TTOKa3aTeled YV y) Ipu HCIIONB30-
BaHWU aJbTEPHATUBHOTO BHJIA TOIUIMB) OymeT
BBIPA)KaThCsl BO BIMSIHUM TTOTOKOB A U B Ha ma-
pamerpsl otoka C:

X(x,) = A(c},¢5 ) Kpgpy (T, 11,01,

Ta['l(
_ Rl Al 1/ (8)

Y(y)=B'(c/ ¢/ ) Ky (T, 11,01 ).

B stoM cmywae BosieicTBHE, C IENBIO KOp-

PEKTUPOBKH MOTOKOB A M B, OyJeT onpenensiThes
CHCTEMOM ypaBHEHUIA:

211 (

44

Ay (a,,a,,..a,)=A(a, ,a,,..a,) = X(x,),
B, (b ,b,,..b,)=B(b,b,,..b,) Y (y)),
4(a,,a,,...a,) = Aa,,a,,..a,) LY (y)),
B, (b ,b,,..b,)=B(b,,b,,..b,)+t X(x,).

)

Torna pesynaprupyrounmii QyHkumonan Ky
OyIleT OIpeNenaThCs B CIEAYIOLIEM BUJIE:

Koy = (T, I, 01,) = w(e) - X(x) - Y(y,) | (10)
raue
i=L12,.n,
l//(c):Z((aU.~el.z)+(b”.~eiz))j:1,2,...m, (11)
z=12,..k.

PesyabTaTthl M o0cyxnaeHue. B coorBer-
CTBHH C TIPEACTABICHHON MOJEIbIO HapaMeTpsl
paGodero rmpouecca JAu3ens U IOKa3aTelH
CBOICTB aJIbTEPHATHBHOTO TOIIMBA OKAa3bIBAIOT
BIUsiHAE Ha 3()(EKTUBHOCTH HCIOIB30BAHUS
TpakTopa. Vcxoas w3 3TOro, sl JOCTHKEHMS
BBIXO/IHBIX TApaMETPOB IU3ENS M IKCIUTyaTaly-
OHHBIX TOKazaTene MTA, OIM3KHX K BEIHYU-
HaM WX TIOKa3aTeled mpu paboTe Ha TOBapHOM
AT, naubonee 3phexTHBHBIM OyeT OAOOp alb-
TEPHATUBHOTO TOIUIMBA C COOTBETCTBYIOIMMHU
(PM3UKO-XUMHUYIECKIMHU CBOMCTBAMH U TapaMerT-
paMHu TOIIMBOIIOIAYH.

TakuM 00pa3oM, MMOTOK BXOTHBIX MHAWKATOP-
HBIX W 3((EeKTUBHBIX TOKA3aTeNed IBUTATEINS
MOXHO OyZeT OXapaKTepH30BaTh CIEAYIOLIeH
cucremoii [9, 10]

n,=r&E,F.T.,p,)

N, = f(n,.1m,.P,)
N,=f(N..n,)
n=r.v,.0,) )
g =f(H,.n)
g.=/f(H,.n.1,)

rae P,— naBieHHE B KOHLE BITyCKa B LWJIMHID,

Mlla; P,— naBieHue BO3ayxa paBHOE atMocdep-
HoMy, MIlIa; T,— TeMmepaTypa OCTaTOYHBIX Ta30B

(12)
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B mwmHape, °C; p,— IUIOTHOCTb CBEIKETO 3apsza,
IIOCTYNAIOIIEro B IWIHHAP, Kr/M’; N, — sddex-
tuBHasg MomHocTh [IBC, kBT; N; — unaukaTopHas
morHocth [IBC, kBT; #; — nnaukatopusiii KIT;
7, — KoddurmenT, xapakTepu3yomuii HaoJIHe-
HUE OoObeMa NWIMHIpPA CBEKUM 3apsaoM; #,—
mexanuueckuid KIIJ[; P,— uHAMKaTOpHOE AaBie-
nue, MIla; V,— pabounii 00beM muuHmpa, 1, O,
—KOJIMYECTBO TEIUIOTHI BBIAEISIEMOE IIPU Cropa-
HUH HUCIIOJIB3yEMOro aJbTEePHATHBHOTO TOILIHBA,
kJ[X; g; — ynenbHbI MHAUKATOPHBIN pacxoj aib-
TEepHATUBHOTO TOIUIMBA, I/KBTu; H, — Hu3mas
TEeIUIOTa CrOpPaHusl ajJbTEPHATUBHOTO TOILUIMBA,
kJIK/Kr; g.— yaenbHbIA 3((EeKTUBHBIN pacxon
QJIBTEPHATHBHOTO TOILINBA, T/KBT 4.

KavecTBO cropanus TOIIMBa, MPOTEKAIOLIETO
B LWIMHApPE, HEMOCPEACTBEHHO BIIUSET Ha U3Me-
HEHHE TaKUX TOoKa3aTenel, Kak yJaelbHbIe pacxo-
JIbI TOILTMBA W KO3((HUIMCHTHI TONE3HOrO ICH-
crBusi. Mcxonass W3 93TOro, CropaHue TOIUIMBA
JIOJDKHO MIPOXOIUTh TAKUM 00pa3oM, 4ToObI obec-
NEYUTh HAWIYYIIHE [TOKA3aTeNld HE TOJNBKO JKO-
HOMHYHOCTH IO PacXoiy TOIUINBA, HO M 3KOJO-
ruyHocTH. OTHOBPEMEHHO HEOOXOIMMBI BBICOKASI
HaJIeOKHOCTh W Oonbioi pecypc pabdorsr JIBC
NpU dKCIUTyatauu. bonee mojapobHOe paccMorT-
peHue 3TuX TpeOoBaHUN M BO3MOXHOCTH HX CO-
OJIIO/IeHNUs B pEalIbHBIX YCIOBHSX CBUJICTEIbCTBY-
€T O TOM, YTO OHM HOCAT B3aMMOHCKIIIOYAFOIIIIIHA
xapakrep. Mcxonms m3 3TOro HEOOXOAUM IOUCK
xomrpomucca. OIHO U3 pelIeHuil TaKoW 3agayuu
3aKIIf04aeTcsi B 000OCHOBAHHOM BBIOOpE YIIPABIIs-
eMBIX TIapaMeTpOB, BIMSHHE HAa KOTOPBIC NPHBO-
JMT K M3MEHEHUIO Mokasartenell pabodero mpo-
1iecca B IpaHMIAaX YCTaHOBIIEHHBIX OrPAHUYCHUH.
K wux uuciny oTHOCATCS (PU3MKO-XMMHUYECKHE
CBOHMCTBa TOIUIMBA, NpEABAPUTEIbHAS HOATOTOB-
Ka Iepell BOPBICKUBAHUEM B IIMJIMHJPHI, o0ecrie-
YeHHWE paclblia U TOJHOIO IepEeMEIINBAHUS C
3apsAIOoM BO3AyXa B ILIIMHApaX, TeMIepaTypa
[I0JJaBaeéMOr0 TOILIMBA U JP.

[ToTOK BXOIHBIX ITAPaAMETPOB CHCTEMBI TOILIH-
BOMOAAYN XapaKTEPU3YeTCsS PSIOOM CIETYIOMIHNX
ypaBHenuit [11, 12]:

gu = f(hn,v’ﬁT7dn,7’nH7 m’nT’Pocm’Prz’Tm)
CESTUN NN BN
P_={(P,P s h

mp2=p?p

., (13)
’pm’nT’Pocm’Tm)

f( max’gumm’g (p)

rae g,— Iojaya aabTEpHATHBHOIO TOIUIMBA 3a
LUKII, I/LHKIT, /. Xo#  TUTyHXKepa
(TeoMeTpuYeCcKH TIOJNE3HBIN) HAacOCa TOILIMBHOTO,
MM; Sr—K03(hGHUITNEeHT, XapaKTepU3YIONINiA Beli-
YUHY CXaTWsl ANbTEePHATHBHOI'O TOIUINBA; d,,—
JuaMeTp IUTyH)Kepa Hacoca, MM; 1,— YacToTa
BpAlllCHNA KyJIaiKOBOrO Bala HAcoca THB/I,
MuH! ; pp — TUIOTHOCTS ANBTEPHATHBHOIO TOMIH-
Ba, r/CM ; fr— KOQQUITMEHT, XapaKTepU3yIOIHHA
BEIMYMHY MOAAYM TOIUTMBA HACOCOM (C yd4EeTOM
W3MEHEHHsI XOfa IUIYHXEpa TIE€OMETPUYECKOro
nonesHoro); P, —7AaBieHWe, oOcTaromeecs

45

B MaruWCTpaJM HarHETaHWS TIOCIC BIPBICKA TOI-
nuBa, Mlla; P,— naBiieHWe mpu KOTOPOM HIJIA
pacmpUIATENsT HAadWHAET mTomHUMaThes, MIla;
T,, — TemmepaTypa aJbTEPHATHBHOTO TOIUIABA,
°C; © — yron omnpeaeNsAoIIUiii MOMEHT Hauaa
BIPBICKHBAHMA TOIUIMBA, TPALL. ILK.B.; /1 — 4acTo-
Ta BpalleHUs KOJIEHYAaTOro BaJia I[BC MuH!
P.— nasnenune, MIla; v — ckopocTh yBeaneHI/m
nmaBieHus B mwmmHape, MIlla/rpax. 1LK.B.;
T.— temmepatypa Npu KOTOPOH OCYIIECTBIISIETCS
cxkatue roproueit cmecu, K; & — crenenn cxarus
nusens; P,,.— HauOoJblllee NaBjICHUE MPHU KOTO-
poM ToruBO BrpeickuBaercs, MIla; P,— nasie-
HUE B MarucTpalii, KOTOPOE MOXET CO3/1aTh TOM-
nuBHBIA Hacoc, MIla; P,,— naBineHue, npensar-
CTByromee BIIPBICKUBAHHUIO  TOIUIHBA, MHa

— IIOMIA(b PACTIBUTHTENS (HOPCYHKH, MM, hy—
Bennqnﬂa TIEPEMEIIICHHS UTJIBI pacnmnmenﬂ, MM;
J0, — HEpaBHOMEpPHOCTb MOJAa4YM  TOIUIMBA
33 LUK, %05 Symaxs Symins Syep— 3HAUEHHUE TOJAYM
TOIJIMBA 32 I[UKJI, COOTBETCTBEHHO, MAaKCHUMAJlb-
HOE, MUHUMAJIHOE M CPEIHEee, T/IIHKIL.

ITapaMeTpsl BBIXOJHOTO IMOTOKA, XapaKTepH-
syromue  3PpdexkTuBHOCTS  (DYHKIIMOHUPOBAHHMS
TpakTopa B coctaBe MTA, OyayT ompenensrscs
ClIeIyIOUMMHU (DYHKIMOHAJIBHBIMU 3aBHCHMOCTSI-

u [13, 14]:

n,z,7, B v, ,0 rk,zmp)

=f(8,/

E, = f(M, M, 1,1, )

, (14

9H :f( MT’ a’pa’ﬂv’Hu) ( )
W:f(Bp’Hu’ T’Pc’vp)

Ile g, — PAacxXol TOIUIMBA Ha TeKTap, Kr/ra; z —
konmuaecTBo wmwmHApoB JIBC; 7 — kommuectBO
takroB JIBC; B, — mupHHa 3axBaTa CEIbCKOXO-
3sTIICTBEHHOI MAaIITNHEI, 3a/1eHICTBOBAaHHOM B pabo-
T€, M; V, — ckopocTs MTA mpu BhIIIOIHEHUH pa-
00ThI, KM/4; J — KOI(DPUIUEHT, XapaKTepHU3yo-
Myl BeIWYMHY OYKCOBaHUSI BEOYIIUX KOJEC
TPaKTOpa;r, — Paglyc BEAYLINX KOJEC TPaKTopa,
M; i, — IEPEIATOYHOE OTHOLIEHHE TPAHCMHCCHUH;
E, — obuue ynenbHbIe 3Heprozarpartsl, MJIx/ra;
M; — wapukaTopHBIA KpyTsammii MomeHT JIBC,
H-M; My — MOMEHT MeXaHU4YECKUX NoTepb, H-M;
¥yp — PAIMyC KpUBOLIKIA KojeHdaToro Bana JIBC,
M; P, — cpennee addexruBnoe nasienune, Mlla;
P,, — cpenHee naBiieHWE MEXaHWYECKUX IOTEPD,
Mlla; L, — TeopeTndeckn HEOOXOAUMOE KOIIUIe-
CTBO BO3/yXa VIS TOJHOTO CTOPaHUs | Kr ajb-
TEpHATUBHOTO BW/A TOIUIMBA, KI; W — morekTap-
Has BeIpaboTka MTA, Ta/4; Gr— pacxop aimbTep-
HATHBHOTO TOIUIMBAa 3a dYac paboTel, Kr/4;
P.— cuna tarm, H.

Pewienue npencraBiieHHOW CUCTEMBI ypaBHE-
HUM C MCHOJIB30BAHUEM AaHAIUTHYECKHX 3aBUCH-
MOCTEIl MO3BOJIUT ONPENEIUTH JKCIUTYaTalliOH-
HBIE TIOKa3aTeNH TPaKTopa U OLEHUTDH 3(dexTHs-
HOCTb ero pabotsl B cocraBe MTA mpu ncromns-
30BaHMM aJIbTEPHATUBHOIO TOIUIMBA, B CpaBHE-
HHH C ucrionab3oBanueM HedrsHoro JT.

B COOTBETCTBUH c npeagaraeMoun
MOJIENIBIO, HMCCIEJOBAaHUS  BIUSHHUSA ~ CBONCTB
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QIBTEPHATUBHOTO TOIUIMBA IPEAYCMAaTPHBAIOT
YCTaHOBJICHHE PAIMOHAIFHOTO COCTaBa TOILIMBA,
TEXHHMYECKUX PEUIeHHH MO aJanTaliy TOIUTUB-
HOHM cucteMbl uis 3((GEeKTUBHON MTOJauy anbTep-
HATHBHOTO TOIUIMBA B LMJIMHJPHI ANU3EINS C TPeOy-
€MBIMH TIOKa3aTelsIMH, a TaKXKe IO BEJMYHHE
M3MEHEHHMs IKCILTYaTallMOHHBIX [TOKa3aTelel mpu
paboTe Ha aNbTEPHATHBHOM TOILUIMBE ONPEIECITUThH
3¢ PEeKTUBHOCTh (DYHKIIMOHUPOBAHUS TPaKTOpa B
cocraBe MTA.

BeiBonbl. ChopmupoBaHHasE MOJENb MO3-
BOJMJIA YCTaHOBUTh, YTO HA WH/AWKATOPHBIE M
3¢ peKTUBHbIE TIOKA3aTEeIH TPAKTOPHOTO AW3EINs
(MOIITHOCTB, KPYTSIIIMHA MOMEHT, yAEIBHBIH pac-
XOJI TOTUIMBA M JIP.) M IKCIUTyaTallMOHHBIE TOKa-
3arenu MTA (morekrapHbIii pacxoj TOIUIMBA,
TSATOBOE YCWJINE, ITPOM3BOAUTEIBHOCTb, W P.)
OKa3bIBAIOT BIIMSIHUE MapaMeTpbl pabodero mpo-
Hecca M TOIUIMBOIIOJAYM, KOTOPBIE 3aBHUCAT

OT CBOHCTB HCIIOJIB3YEMOr'0 aJTbTEPHATHBHOTO
TormBa. Mcxoms w3 3TOro, AN JOCTHKCHUS
BEIXOJHBIX TIAPAMETPOB JIBUTATEINSI M KCIUTyaTa-
IMUOHHBIX TMokazaTeneid MTA, paBHBIX WiIH Om3-
KAX K BEIMYMHAM XapaKTepPHBIM U paOOTHI Ha
toBapHoM JIT, Hambonee 3ddekTuBeH MoAO0p
AJTBTEPHATHBHOTO TOIUTHBA C COOTBETCTBYIOIIUMH
(hPM3UKO-XUMHYCCKIMHU CBOMCTBAMH M W3MCHCHUE
C X YYCTOM TIapaMeTpOB TOILIMBOMOAaYH. [Ipak-
THYeCKasi 3HAYMMOCTh PE3YJIbTaTOB HCCIENI0Ba-
HUS 3aKJTFOYACTCS B TIOTYYCHUH YUCIICHHBIX Mapa-
METPOB paboUero mnporecca AU3eis U TOIUTUBOIO-
JIa4y TIPU Pa3IMYHBIX (PU3UKO-XUMHUUCCKUX CBOW-
CTBaX aJIbTCPHATHBHOIO TOIUIMBA, KOTOPHIE I103-
BOJIIIOT OMPECIUTh JKCIUTyaTalldOHHBIC CBOW-
cTBa TpakTopa B coctaBe MTA u mpoBecTH aHa-
3 3 (GEKTUBHOCTH €ro PaboThl, IO CPABHEHHIO
¢ wucnonbs3oBanueM HedTsHoro [T, ¢ mensio
omnpeieNieHUs] HaTy4dIIero BapuaHra.
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TEXHOJIOTHU ¥ MEXaHM3aIlMX )KUBOTHOBOJICTBA, e-mail: latypov_rm_74@mail.ru

HOsxHO-Y panbckuii rocyJapcTBEHHBIN arpapHblil yHuBepcurert, r. Yenss6unck, Poccus

TO THE FORMATION OF AN EFFICIENCY MODEL OF AGRICULTURAL TRACTORS FUNCTIONING AS
A PART OF MACHINE-TRACTOR UNIT WHEN WORKING ON ALTERNATIVE FUELS
A. A. Glushchenko, I. R. Salakhutdinov, A. K. Subaeva, M. N. Kalimullin, R. M. Latypov

Abstract. The development of the Russian agro-industrial complex provides for increasing the efficiency of the
functioning of energy machines while simultaneously reducing energy and labor costs. A promising direction for saving
diesel fuel and improving the environmental performance of mobile agricultural machinery is the use of alternative motor
fuel. In modern agricultural machines, this will be reflected, first of all, in the parameters of the working process and its
flow in the engine, as well as in the indicators of power, fuel efficiency and environmental friendliness of its operation,
which, to one degree or another, will lead to changes in the indicators characterizing the operational properties of a ma-
chine-tractor unit. The functioning of the engine as a model can be presented in the form of a multi-level and multidimen-
sional system in which the control flows will be indicators of the work process (effective power, indicator pressure, the
amount of fresh charge entering the cylinders, etc.), fuel supply parameters (cyclic supply, fuel injection pressure, fuel
temperature, etc.), which depend on the physicochemical and operational properties of the alternative fuel. The proposed
model provides for the determination of the rational composition of the fuel, technical solutions for adapting the fuel sys-
tem for the effective supply of alternative fuel to the engine cylinders with the required indicators, as well as determining
their influence on the parameters of the operational efficiency of the tractor as part of machine-tractor unit. The obtained
numerical values of the parameters of the diesel operating process and fuel supply, depending on the physical-chemical
properties of the alternative fuel used, make it possible to determine the performance indicators of the tractor as part of
machine-tractor unit and evaluate the efficiency of its operation on various alternative types of fuels, in comparison with
using petroleum diesel fuel.

Key words: diesel, multi-parametric model, workflow parameters, fuel supply, performance indicators of agricultural
tractors.
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