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B pobomi docnioocyemvcss momopro-mpancmiciiina ycmanoeka mpakmopa 6 oes-
nepepsHill eHepeemuyHit 83a€mMo0ill 08UCYHA BHYMPIUHBO2O 320PAHHI, MPAHCMICIT i po-
bouoi mawunu mpaxkmopa. Ilpu yvomy euodineni nepedasanvHi i 3aXUCHI 81ACMUBOCMI
mpancmicii, 3a AKUMU OYIHIOEMbCA IONOBIOHICMb eHepeemUYH020 NOMEHYIALY 08U2YHA §
eHep2oEMHOCIMI poOOUOI MAWUNHY, AKA A2pe2amy€EemsvCs 3 mpaKkmopom. 3anponoHo8aHo
oyinlogamu eumpamu enep2ii Ha oucunayii 3a KilbKicmio enepeii, sumpadenoi Ha mepms
abo OYKCYB8aHHsL eleMeHmie MPAHCMICIL, He 8 NeGHUL Yac, a 3a NPOMINHCOK yacy. Budineno
2enepyroui i 0emMn@youi 61acmusocmi MOMOPHO -MPAHCMICIUHUX YCMAHOBOK MPAKMOPA.
Bioznaueno, wo cenepyroui enacmusocmi xapakxmepusyloms CMaH eleMeHmie mpancmicii
i He NOB’A3aHI 3 HANPAMKOM eHep2emuyHo20 NOMoOKy; a OeMnghyioui 81acmueocmi, sKi
BU3HAYAIOMbCA THEPYIUHUMU, NPYICHUMU eNeMeHMaMu Mpancmicii, XapaKkmepusyomscs
SHUNCEHHAM AMNATMYOU 3MIHHOT CKI1A0080I MOMEHMY 8 NPAMOMY eHepeemuyHoM)y NOMoyi
MpaHcmicii.

Knrowuoei cnoea: mpancmicisa mpakmopa, oucunayis emepeii, enepeemuyHuli no-
meHyian 08UcyHa, eHep2oEMHICMb poOOYOi MauWUHU

Beryn. [pu Tenaenuii, mo HaMmiTHIaCcsS B OCTaHHI POKH, MiJIBUIIEHHS MOTY>KHOCTI
TPAaKTOPHUX JABUTYHIB BHYTPIIIHBOTO 3TOPSHHS 1 3aCTOCYBaHHS PI3HOMAHITHHX KOH-
CTPYKIiH TpaHCMIicCill cTaBUTh poOeMy 3a0e3neueHHs €()eKTUBHOIO iX (yHKI1OHYBaHHS
SK OCHOBHHMX €JIEMEHTIB TPaKTOpiB. B yMoBax puHKOBOT €KOHOMIKH MEPBUHHE 3HAUCHHS
Mae iX ONTUMi3alis 3a eHEPreTUYHUMH TOKa3HUKaMHU.

AHaxi3 ocHOBHHMX myoOJikaniid, aocjixxkeHb. EHepreTmyHa OIiHKa €JIEMEHTIB
TpakTopa (IBUT'YHa, TpaHCMicii 1 T.I.) COpsAMOBaHAa B OCHOBHOMY Ha MiJBHILEHHS HOTO
enepro3oepexenss [1, 2, 7]. [Ipu upbomy y psaai poOit [3, 4] enepreTnuHa eheKTHBHICTh
TPAKTOPIB OI[IHIOETHCS 3a piBHEM peali3alii iX eHepreTHYHOro MoTeHuiany, SsKuii Xxapak-
TEPHU3Yy€E PCaKTUBHI BTPATU MOTYKHOCTI, BUKJIMKaH1 KOJIMBAHHSM iX CHJIOBUX 1 KIHEMaTHY-
HUX CKJIafoBUX. OHOYACHO B JaHUX poOOTax 3BEpHYyTa yBara Ha HeBHUpIilIEHY NpobiemMy
BUTpAT €HEPTii Ha IUCUIIATHBHI SBUINA ABUTYHA 1 TpaHCMICIi TpakTopa.

MeTor0 aaHoi podOTH € JOCHIPKEHHS EHEPreTUYHUX MapaMeTpiB MOTOPHO-
TPpaHCMICIHHOT YCTAaHOBKH TPaKTOpa IMPH HECTAOITbHUX HAaBAaHTAXKYBAIBHUX PEXXUMAX PO-
00TH JBUTYHA.

Bupimenns 3agavi. MoTopHo-TpancmiciiiHa yctanoBka (MTY) npusnadueHna mist
nepejayi eHeprii ABUT'yHa PYLIisIM TPAaKTOpa, PEryIIOBaHHS HOro TATOBO-IIBUIKICHOTO
peXUMY poOOTH, a TAKOXK I 3a0€3MeUeHHS MPUBOAY POOOYMX OpraHiB MaIlWH, IO ar-
peraTyroThes. 3 eHepreTHYHOI TOUKHU 30py MalMHHO-TpakTopHuil arperat (MTA), ocHo-
BOIO SIKOTO € TPAKTOp, SIBJIsiE cCOOOI0 aBTOHOMHY CHUCTEMY, IO CKJIAJAa€ThCs 3 JKepena
eHeprii — IBUryHa BHYTpimHbOro 3ropsuHs (/IB), cmoxuBaua eHeprii — po0o4oi MaliuHu
(PM) 1 meperBoproBava eneprii — tpancmicii (TP) (puc. 1).
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Puc. 1 — MamumHo-TPaKTOPHMIA arperar sik eHepreTHYHa CHCTeMa:
M, — xkpyTHHIi MOMeHT Ha Baldy /IB; @, —4acrora oGepranns Baxy /IB; F — cuia TArd Ha raky Tpakropa;

%

U — wBuAKicTs pyxy MTA

3a 1aHOK CXEMOI0 CYTh eHepreTrdHOoro nporecy MTA nmomnsrae B 6e3nepepBHiii eHep-
retuuHii B3aemoii JIB 1 PM. I1pu nbomy Bix JIB 1o PM gepe3 TP tine npsimuii eHepre THIHII
MOTIK. Y 3BOpOoTHOMY HampsaMmKy uepe3 TP nepenaetscs peakiiisi HaBanTaxxeHHs Ha [1B.

BpaxoByroun 1Bi NPOTWIEKHO CHOPSAMOBaHI B3aEMOJil, sIKI TOKa3aHi Ha pwuc. |
CTpLIKaMHU, MOKHA BUAUIUTH OCHOBHI BIacTUBOCTI TP, 110 MOB’s3aH1 3 €HEPreTHYHUM TPOLIe-
COM — IepeaBaibHi 1 3axucHi. [lepegaBanbHi BIaCTHBOCTI XapaKTEPU3YIOTh IMTPOXOKCHHS Ue-
pe3 TP npsmoro eHepreTHyHOro moToky Bia JIB 10 crokuBaya, 3aXMCHI BIACTUBOCTI CIIPHUS-
I0Th CTBOPESHHIO HAKPaIIOro eHepreTHIHOro pexumMy podotu J1B.

Binomo, mo npoaykrtuBHicTh MTA 3a meBHUI Mepioj yacy 3aJIeKUTh BiJl KUTBKOCTI
eneprii 4, ska migseaeHa 1o PM:

pn>
W,=vA,,, (1)
1€ y — KOoe]ilieHT eHeproEMHOCTI TEXHOJIOTTUHOT0 Ipoliecy, skuii BUKoHyeTbcs MTA.
Y ol ke yac A, 3aNeKUTh BiI KUILKOCTI eneprii 4, , Bupobienoi /1B, i Brpar eneprii
AA npu nepenadi uepe3 TP 1o PM:
A =A4,-AA. (2)

p.

JlaHa 3a7eXHICTh XapaKTepHU3y€e BIUIUB MEpeIaBabHUX 1 3aXUCHUX BiacTuBocTe TP
Ha KUIBKICTh €Heprii, o nigBoauthkes 10 PM. IIpu npomy nepenaBanbHi BiactuBocTi TP Brum-
BAaIOTh Ha KUIBKICTh eHeprii, mo migBoauthes Big JIB 1o PM. KinbkicHO iX MOXHa OIIHUTH
BTpaTaMu eHeprii A4 3a po3mISIHYTHH MPOMiXKOK yacy T Ge3nepepBHOI poOOTH TpakTopa Ha
MPSAMOTIHIAHIN AUTSHIT.

3axucHi BinacTUBOCTI TP BUKOHYIOTBCS MpPH Y3TOKEHHI pexumy podotu [IB 3 PM
nusixoM (opMyBaHHS pPIBHS 1 XapakTepy 3MiHM HaBaHTaxeHHs Ha Bary [[B. Ilpu mpomy 3a
nornomoroto TP 3xilicHIOeThCs BUOIp peskumy poOoTu /IB B 3aeXHOCTI Bii MOMEHTY HaBaHTa-
eHHs Ha PM 1 3rmamkyeThest a00, HaBITaKd, TIOCHITIOETHCS 3MIHHA CKJIaJ0Ba MOMEHTY HaBaH-
Ta)KeHHs Ha Baiy /IB.

Jlo umrcita OCHOBHUX BJIACTUBOCTEH CIIIJT BiTHECTH 1 TeHepyroul BaacTuBocTi TP. L1i Bia-
CTHBOCTI CKJIaJIal0ThC, 3 OAHOT0 O0KY, B 31aTHOCTI TP abo i manok 30yKyBaTu 3MiHHY CKJIa-
JTOBY MOMEHTY, a 3 1HIIIOTO — CTBOPIOBATH PE30HAHCHI SBUIIIA.

[lepenaBanbHi B1acTUBOCTI HEOOXITHO MOIUIATH Ha NepeTBOproioyi 1 nemmndyroui. Ta-
KUH TIO/UT OB’ SI3aHUN 3 THUM, IO B MPSMOMY €HEPreTHYHOMY TOTOIIl € SK TOCTiiHa, TaK i
3MiHHA CKJIaJIOBI KPyTHOI'O MOMEHTY, a OTXe 1 moryxHocTi. Bractuocti TP BrummBatu Ha
MOCTIHY CKIIQJIOBY €HEPreTUYHOTO MOTOKY € MEPEeTBOPIOIOYMMHU, a Ha 3MIHHY CKJIaJIOBY —
aeMIiyrouuMu.

OnHovyacHO HEOOXITHO BiA3HAYMTH, IO MEPETBOPIOOYI BiIacTUBOCTI TP 3amexars Bifg
e()eKTUBHOCTI POOOTH CHUCTEMU YIIPaBIIHHS, BTPAT HA JUCUMAIIIO, EHEPrOEMHOCTI 3a0e3re-
4yeHHsI BIacHUX MoTped. EdekTuBHICTh poOOTH cHCTEMH yIpaBiIiHHS (PEryaioBalbHI BIACTH-
BOCTI) XapaKTePU3YEThCS J1alla30HOM PETYyJIIOBaHHS MO MOMEHTY 1 IIBUAKOCTI 0OEpTaHHS Ta
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ioro Oe3nepepBHICTIO. 3 €HEPreTUYHOI TOYKH 30pY 1l BIACTUBOCTI BU3HAYAIOTh MOKJIUBICTh
peatizaiiii poO040I0 MaIlIMHOKO EHEPTii, IKY BUpOOUB ABUTYH. [HaKIIe Ka)Kyuu, 111 BIaCTUBOCTI
MOKa3ylOTh MOXKJIMBICTh NPUBEACHHS Y BIAMOBITHICTh €HEpPreTHuHoro mnoteHuiary B i
eHeproemHocti PM.

Kpim TOro, BmacTUBOCTI CHCTEMH YIPABIIHHS BEJIbMHU BaXIHBI AJIs 3a0€3MeUeHHS BU-
MOT TEXHOJIOTIYHOTO MPOIIECY.

ITin eneproemuicTio A4, BlacHUX NOTPeO po3yMieThes yacThuHa eHeprii JIB, sika cro-
KUBAETHCS TOTIOMDKHUMH €JIEMEHTaMH, 110 3a0e3MedyloTh HopMaibHy podoty TP TpakTopa
(MacTUIBLHUHM HAcOC, BEHTUIISATOP, T€HEpaTop 3apsAKu akymyssTopa 1 iH.). Bona moxe Oyru
BHU3HAUCHA PO3PAXYHKOM CIIO’KMBAHOT HUMH €HEPrii, IPUUOMY HaBaHTA)KCHHS IIUX €JIEMEHTIB
BBA)XAIOTh MOCTIHHUM.

BrpaTtn Ha aucumnanii (AMCUMATUBHI BIACTUBOCTI) MOKA3YIOTh KiJIBKICTh €HEPrii, BUT-
padeHoi Ha TepTs a0o OykcyBaHHs eneMeHTiB TP 3a yac cnocrepexenns 7. Li BracTuBocTi
noB’si3aH1 3 KK/ cunoBoi nepenaui. Ockinbku KK niis pizaux pexxumiB poootu TP mae Heo-
HAKOB1 3HAYEHHS, TO HAHOUIBII MPABWIBHO JUCUIATUBHI BIacTUBOCTI TP BU3HAYaTH 3a Killb-
KICTIO €Heprii, BUIeHo1 B eneMeHTax TP 3avac T :

Ad, = [N,(1-n)dt, (3)

ne N, = M @, —MWUTTeBe 3HAUYEHHS IOTYXKHOCTI Ha Bany JIB; M| Ta @), —MUTTEBI 3HAUYCHHS

MOMEHTY 1 yacToTu obepTanHs [IB; 7, — mutreBe 3HadeHHs KK/I cunosoi nepenaui.
Bci BennuunHy, 1110 BXOJATh Y BUpas3 (3), OTpUMYIOTh €KCIIEpUMEHTaANIbHO. J{McUIaTuBHI
BJIACTUBOCTI MOYKHA OL[HHUTH IO CEpelHIN BUXIIHIN MOTY)HOCTI mepenadi N,,.., [5], dxka

BU3HAYAETHCS SIK MATEMAaTHYHE OYIKYBaHHS (YHKIIIi, UIs SIKOT BITOMUIT 3aKOH PO3MOLTY ap-
T'YMEHTY B Jliania3oHi BiJ| @ 70 @ :

ux.min 6uX.Max

wRMX max

NKMX.C@p = j¢(a)6‘ ux)Naux(a)aux)da)aux > (4)

,

Gux.min

ne ¢(w,,) — WIIBHICT, PO3NOALTY YacTOTH oOepTaHHs BuxigHoro Bany TP; N, (@,,) —

¢byHKLIOHATBHA 3aJIEKHICTh MOTY)KHOCTI Ha BUXiAHOMY Baity TP Bix ii wacrotu oGepTaHHs.

OnnHak, Moke OyTH OUTBIII MPOCTHH BUXIA. Y 3arajJbHOMY BUIIAJKY paIliOHATHHUN THII
TP BuOHMpaeThCss HA OCHOBI CYKYITHOCTI i BIIaCTUBOCTEH MpU PIBHUX YMOBaX, B TOMY YHCII 3
HaBaHTKECHHIM TPaKToOpa, a oTxe, 1 TP.

[Ipu ubomMy HeMae HEOOXIMHOCTI BUXOIUTH 3 OJIHAKOBOI pealtizallii pexkuMy HaBaHTa-
YKEHHS Y BUTJISIII BUTIAAKOBOI (PyHKIIT. BuTbIn 3pydHO TpYHTYBAaTHCS Ha OJTHO3HAYHOCTI JJIS
nopiBHIOBaHUX BapiaHTiB TP cTatncTiyHO BIOPSAAKOBaHOI HABAaHTAXKYBAIbHOI AlarpamMu.

CTaTHCTUYHO BIOPSIKOBAaHA HABAHTA)KyBAJIbHA JiarpaMa OyIyeThcs SIK CTYIIHYACTA
GyHKIS, B SKii BC1 3HAUEHHS, OJIEP’KYBaHi 3a 4ac eKCIIEPUMEHTY, PO3TAIOBYETHCS 32 PIBHEM
3MeHIIIeHHS (puc. 2).

ITo Bici OpaMHAT BIJKIAJA€ThCA BITHOCHUMA MOMeHT M /M (3a 6a30Be 3HAUEHHS

npuiiMaeThcs 3Ha4eHHs KPyTHOTO MOMEHTY M, 11O BiINOB11a€ MAKCUMAJIbHOMY TSTOBOMY
3YCHILIIO TPAKTOpa), 1o Bici abcuuc — vac nepedysanns I',,. OcTaHHs BENMYUHA SBIISE COOOKO

BITHOCHHI Yac y BIJICOTKAX, MPH sIKOMY OyJia MeBHA KUIBKICTh TOTO YU 1HIIOTO 3HAYCHHS MO-
MEHTY Ha BaJly CHJIOBOI TIepe/iadi 3a BECh 4ac CIOCTEpeKeHHs T .
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Puc. 2 — Craructuyno BIOPAAKOBAHA HABAHTAaKyBaJIbHa aiarpama MOMEHTY HABAHTAKCHHH HA BaJ1y CHJIOBOT nepeuaqi
Jlnst Bu3HaueHHs MutTeBoro 3HadeHHa KKJI 7,, HeoOXiaHi 3anexHocTi 1= f(®w,,.)
abo n = f (i) mnsa anpTepHaTUBHUX BapiaHTiB TP. Ciix 3a3HauuTH, 110 IPU MOCTIHHOMY 3Ha-
4yeHHl @, KpuBi 17 = f(w,,) 1 n = f(i) onHakoBi (puc. 3).

M/MHG X
n

0 02 0.4 0.6 i

2 a

Puc. 3 — 3anexuicts KKJI 77 nopisnioBanux nepeaau (1 ra 2) i Bignocnoro momenty M /M __ (3)

Bi/l NepeaBaJIbHOIO BiTHOLIEHHsI | CHJIOBOI mepeaayi

3B’S130K MIXK CTaTUCTHYHO BIIOPSIKOBAHOIO HABAHTAKYBAIBHOIO JIIarpamMor0 1 KPUBOIO
n = f(i) 3aiicHIOETBCS 3a pomoMorow kpusoi M, = f(w,,) abo, B HalIOMy BHUIAIKY,
M /M, = f(@i) (xpuBa 3 Ha puc. 3).

Btpartu eHeprii 3a KOHKpeTHHUI yac nepedyBaHHs BU3HAUUMO B HACTYITHOMY IOPSIKY.

Kpim kpuBux, nmpencraBieHux Ha puc. 2 1 3, B IKOCTI BUX1JIHUX JAHUX HEOOX1HO MaTu

3HaueHHs MOMEHTY M _  14ac criocrepexxeHHs T, .

max

B3saBmm 3Hayenns M /M 3a Biapi3ok yacy i, (puc. 2) mo kpusiii 3 (puc. 3) 3Hax0-

max

JUMO 3HA4YCHHA 49aCTOTHU O6epTaHH${ BI/IXi,I[HOFO Bally @, . = a)ﬁxi . I[J'ISI ObOI'o K 3HAYCHHSA I10

KkpuBiii 1 abo 2 3naxomumo 3HadenHs KK/I, mo BiamoBimae manomy pexkumy pobotu TP.
Brparu eneprii B TP 3a yac nepeOyBaunHus ¢, ,

Ady =M o0, =, ), (5)

6UX
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e M" | @ — moMmenT i yacToTa oGepTanHs Ha BuXigHOMy Bamy TP B pexumi po6oTH, sKuit

BIZNOBIA€ Yacy nepedyBanus ¢, ; 77, — 3Ha4eHHa KKJI B bOMy X pexumi.
IMoniOnum ynHOM OynyTh Bu3HaueHi AA,, AA,, AA,,. Toml 3a Bigpizok uvacy T
BTpaTH €HEprii:
AA = AA, +AAd, +Ad,+AA, . (6)

TakuMm YHHOM, i3 3aCTOCYBaHHSM CTATHCTHYHO BIOPSAKOBAHOI HaBAaHTAXYBaJIbHOI
aiarpaMu KiIbKiCHE BU3HAYEHHS JUCHUIIATHBHHUX BJIACTUBOCTEH 3BOAMTHCS A0 MOCIIIOBHOIO
3HAXOJPKCHHS BTPAT €HEPrii 3a BIAMOBITHUHN Yac riepeOyBaHHs, a IMOTIM JI0 1X TiJICYMOBYBaHHS.

OTxe, iHTerpan y Bupasi (3) 3aMiHIOETbCS CYMOIO BiJIIIOBITHO 10 BUpasy (6).

[lepeBaru 3ampomnoOHOBAaHOT METOMWKMA BHU3HAYCHHS JUCHITATUBHUX BIIACTHBOCTECH B
MOPIBHSAHHI 3 1X OLIHKOI0 Ha 0cHOBI MakcumanbHoro KKJI monsirae B ToMy, IO TYT Bpaxo-
ByeThCs He TIbkH 3HadeHHs KKJI, ane 1 gvac poboTH 3 KO)KHUM Horo 3HadeHHsIM. Tak, Ha puc.
3 cunoBa mepezaya, ska BiAMOBiIae KpuBii 1, mae MakcumanbsHe 3HaueHHs KKJ| Oinbire, Hixk
y HOPIBHIOBAHOTO BapiaHTy (kpuBa 2). OnHak no AA4, mepiuuii BapiaHT MOX€ BHSBUTHCS HE

KpaluM, SIKIO Yac nepeOyBaHHS 3 HaBaHTAKCHHSIMH, SK1 BIMOBINa0Th HanOimsmomy KK/,
BUSIBUTHCSI IOCUTh MaJIlM.

MoOTOpPHO-TPaHCMICIHHAM YCTaHOBKAM TPAKTOpa BJIACTHBI TeHEpYyrodi 1 aeMrdyrodi
BracTUBOCTI [§8, 9]. ['eHepyroUi BIACTUBOCTI HE MOB’S3aHi 3 HAMPSMKOM E€HEPreTHYHOTO TO-
ToKy. L{i BIACTHBOCTI XapaKTepU3YIOTh JOKAIbHUN (B JaHWHA MOMEHT 4acy) CTaH €JIEMEHTIB
TP. lemndyroui BnactuBocti TP XapakTepu3yloThCs 3HMKEHHSAM aMIUTITYAU 3MIHHOI CKJIa/10-
BOi MOMEHTY B IIPSIMOMY €HepreTuaHomy motoiii TP.

Jl>xeperno 3MiHHOT CKJIaI0BO1 — 11, B OCHOBHOMY, T'a30Bi cuiu JIB. Ix wacrora IPOIIOp-
1iifHa yacToTi o0epranHs /IB 1 yncny map mutiHapiB. AMILIITY1a Ha BXO/I1 CHJIOBOTO TIPHBOTY
3aJIeKUThH BiJl HOTO BXIJHUX TUHAMIYHUX mapamerpiB. Lli BIacTUBOCTI MOXKYTh HE3HAYHO TO-
3HAYaTUCS] Ha €HEPreTUYHUX IMOKa3HMKaX TPaKkTOpa, B OCHOBHOMY Ha MIIIHICTh €JIEMEHTIB
MTYV.

Hemndyroui BnactuBocti TP BU3HA4YatOTHCS 1HEPIIMHUMHE, TPYKHUMHU 1 TUCHTIATHB-
HUMH napameTpamu eaeMeHTiB TP. KibkicHO BOHU OLIHIOIOTHCS KOe(illieHTOM AeMIpyBaHHS
MOMEHTY:

kd :Aﬂeu.\‘/m&w (7)
ne AM,, =AM, | AM

SIK BIJTHOILICHHS aMILTITYAM 3MIHHOI CKJIAJIOBOI IO CEPEHBOT0 3HAYCHHSI MOMEHTY Ha LIbOMY
Bay); AM, =AM, /| AM

Bxoai TP (3HaxoauThCs SIK BIHOMIEHHS aMILTITYIH 3MIHHOI CKJIJOBOi JO CEpEIHLOTO 3Ha-
YeHHSI MOMEHTY Ha IIbOMY BaJIy).

Sk Oynmo Bim3HayeHO, 3aXUCHI BIACTUBOCTI TP ¢GopMyroTh piBEeHBb 1 XapakTep 3MIiHU
HaBaHTakeHHs Ha Bany JIB. Bimomo [5], o HaBaHTa)KeHHS Ha raky TPakKTopa, a OTXKe, 1 Ha
BHUX1THOMY Baiy TP MO»XHa pO3KJIacTH B TApMOHINHUHN P/l 1 IPEICTABUTH y BUTJISIII CIMEMCTBA
CUHYCOITaTbHUX CKJIAJIOBHX Pi3HOI YACTOTH 1 aMILIITy/IH.

Take ysBJICHHsS I03BOJISE PO3AUINTA HABAaHTAKCHHS Ha JIB1 CKJIAJOBI: JTUHAMIYHY 1
kBazictaTuyHa. [1i TMHAMIYHOIO CKJIaJI0BOIO HAaBAaHTAXKEHHS OYJAEMO PO3YMITH TaKUi 4acTOT-
HUM Jiana30H HaBaHTa)KCHb, HAa KU BIUIMBAIOTH 1HEPIIHI, TIPYXKHI 1 JUCUTIATHBHI XapaKTe-
PUCTUKHU eJIeMeHTiB 1 B uiiomy TP. Jlo KBa3icTaTUYHOI CKJIaJIOBOT BiIHOCATHCS MOBLUIbHI 3MiHH
HaBaHTaXCHHSI.

Buxoasun 3 1poro HEOOX1THO PO3IUIUTH 3aXWCHI BIACTUBOCTI HA HABAHTAXKYIOTH 1

GbiTETpYOUI.

— BIJTHOCHA 3MiHa KPYTHOI'O MOMEHTY Ha Buxozi TP (3HaxonuThes

8UX sux.cep

— BIJIHOCHA 3MiHa KpYTHOTO MOMEHTY Ha Baiy /B, ToOTO Ha

gx.cep
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HaBanTaxxytoui BIacTUBOCTI XapakTepusytoTb TP sk 00’ekT, mo 3ale3nedye 3riiaj-
’KYBaHHsI KBa31CTaTUYHOI CKJIaJ0BOI HAaBaHTa)KEHHS, B PE3yJIbTaTl 4Oro aMIUIITyAa KBasicTa-
TUYHUX 3MiH HaBaHTaXXEHHA Ha Baily /|B 3MeHIIyeThCs 1 IpH 171eabHUX 3aXHUCHUX YMOBAX CTa€
nocTtifHoo. KibKiCHY OLIIHKY HaBaHTaXKyBalbHMX BiactuBoctedl TP ciig mpoBoauTtu 3a
koedinienTamu k,, 1 k, crabimizanii MOMEHTY 1 IIBUAKOCTI:

kM Z(M(fx.max _M(fx.min)/(M(mxmax _Msuxmin) b (8)
kn = (a)sx.lmx - a)ex.min ) /(wsu,cmax - a)euxmin) * (9)
Tyr M, ..o M, > @rivox> @orirex. — MOMEHTH 1 4AaCTOTH 00epTaHHA Ha BXxoxal TP

(ma Bamy JIB) 1 Buxoni TP npu MakcuManpHOMY HaBaHTa)XeHHI Ha BUXigHomy Bany TP; M, .,
M

gux.min ?

w — MOMEHTH 1 9acTOTH oOepTaHHs Ha BXO/i 1 Buxoai TP mpu MiHIMab-

gx.min ?

.

s ux:min
HOMY HaBaHTa)XEHH1 Ha BUxigHOMY Baiy TP.

@OinpTpyrodi BIACTUBOCTI XapakTepu3yloTh TP sk iHepLiltHO MpyXKHY 1 AUCUIATUBHY
cucreMmy. Bonu 3a0e3neuyrorbes iHEpLUIHHUMU (MOMEHT 1HEPIIiT), IPYKHUMHU (AMHAMIYHA I0-
natiuBicTh) 1 qucunatuBHUMU (KKJI) BnactuBocTsamu enementiB TP 1 ix BimHomeHHIM. Kib-

KICTh (UIBTPYIOYMX BIACTHBOCTEH MO’KHA OLIHMTH 3a KoedilienToM k,,, 1 k,, crabimizamii
I[I/IHaMi‘{HOFO HaBaHTAXXCHHS 110 MOMCHTY 1110 HIBI/I)IKOCTiZ

kOM = Aﬂsx/msux; (10)
k,, =Aw, /Ao, . (11)
Tyr AM, =AM, | M cepax — cepeiHs 3MiHa MOMEHTY 1 YaCTOTH

oOeptanHs Ha Bxo/li TP, siki 3HaXOASATHCS SK BiJHOIICHHS 3MIHHOT CKJIaJJOBOi MOMEHTY 1 IBU/I-

Ta Ao, =Aw, /o

cep.6x

KOCTI JI0 TX CepeJHbOr0 3HAYCHHSIM Ha I1boMy Baiy, AM, =AM, /M Ta

cep.e6ux

Ao, =Aow,, /o

cep.6ux

— T€ X came, ayie Jyisg BuxigHoro Baimy TP.

Haii6unbm moBHO (iTbTPYIOYi BIIACTUBOCTI OLIHIOKOTHCS YaCTOTHUMHU XapaKTEPUCTH-
Kamu k,,, = F(f) 1 k,,=F(f), 3aranpHuil BUIIA] AKUX [TOKa3aHUH Ha puc. 4.
k

oM
k

elo]

0 2,0 4,0 6,0

> El

8.0 £ Iy

>

Puc. 4 — 3araabuuii BUIJISI YACTOTHUX XaPAKTEPHCTHK HA BAJy IBHIYHA 110 MOMEHTY £ i4vacToTi obepTanns k

Sk G6aynmo, 3a JOMOMOrOK YAaCTOTHHMX XapaKTEPUCTHK MOXHA BUIUIUTH YacTOTH
3MIHHOI CKJIQIOBOI HABAHTAXXCHHS, SIKi HE TPOITyCcKatoThCst TP, MpomycKaroThest 9acTKOBO a00
IMOBHICTIO 200, HABITh, IIOCHUJIFOIOThCA.

Taki xapakTepHCTHKH 0COOIMBO KOPHCHI Ha CTajii MPOEKTYBaHHS, TaK SIK OTpUMaHa
iHpopMaIis 703BOJIsL€ Iepe0aunTH HeoOX1/THI MPUCTPOI AJIs TOMIMIIeHHs BiacTuBocTeit TP.

I'enepyroui BnactuBocti TP, sk Oyno 3a3Ha4eHO, HEMOXKJIMBO MOBESN3ATH 3 CIIPSIMOBA-
HUMH CHEPreTUYHUMH B3AEMOJIISIMU — NIPSIMUM €HEPTrOIMOTOKOM a00 PEeaKIli€l0 HaBaHTAKEHHS.
L1i B1acTUBOCTI XapaKTEPU3YIOTh JIOKAILHUH CTaH eHeprornepeaaBabHIX e1eMeHTIB 1 By3iiB TP.
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BnactuBocrti enemenTiB abo By3imiB TP 30ymKyBaTu KOJIMBaHHS Ha3BeMO 30yIIMBUMH,
a BJIACTUBOCTI €JIEMEHTIB CTBOPIOBATH MICIEBl PE30HAHCHI SIBUINA — PE30HYIOYUMH. 30yau-
BHUMH BIIACTUBOCTSIMM MOJKE€ BOJIOJITH, HalpHUKIaJ, 3yOuacTa mapa npu HEepiBHOMIpHOMY 3a-
YerieHH1. SIk B CTOPOHY JiKepena, Tak 1 B 01K HaBaHTaXEHHS B/l HEl B IIbOMY BUIAJKy Oy1yTh
MOLIMPIOBATUCS KOJIMBAHHS MOMEHTY, YacTOTa SKMX MPOIOpLiiiHa 4acToTi o0epTaHHs JaHO1
3y04acToi napu. Pe3oHyl0unMy BIaCTUBOCTSIMH MOYE BOJIOJITH €JIEMEHT, SIKUM Ma€, KPIM MO-
MEHTY iHeplii, ICTOTHY KpyTUJIbHE TUHAMIYHY OATIuBICTh. [Ipu 1iboMy #oro BiacHa gactora
MOJKE He 30iraTucs 3 4aCTOTOIO 3MIHHOI CKJIaJ0BOI HaBaHTAKECHHS, ajie 301raTHCS 3 YaCTOTOKO
KOJIMBaHb, K1 30y1KYIOTbCS OJHUM 3 el1eMeHTiB TP.

TakyuM YMHOM, IPU EHEPTreTUYHIH OLI1HIII MOTOPHO-TPAHCMICIHHOT yCTaHOBKH TPAKTOpa
3a KpUTepieM eHepro3depekeHHs HeoOXiJHe BUMIPIOBaHHS €HEprii JBUTYHA, MiABEICHOI 10
poOouoi MaluHi, 1 11 BTpaTH B TpAaHCMICIT HA TUCUNAIINH] SBULIA.

BucHoBku. 3 MiABUIIEHHSIM HOTYXHOCTI TPAaKTOPHUX JBUTYHIB BHYTPIIIHBOTO 3r0-
PSHHS 1 PI3HOMaHITHOCTI KOHCTPYKIIIM TpaHCMIcii, SIKI € OCHOBHOIO MOTOPHO- TpaHCMICIIHO1
YCTAHOBKH TPAaKTOPa, HEOOXiIHA OLIIHKA MepelaBAIbHUX 1 3aXUCHUX 1X BIaCTHUBOCTEH 3a eHep-
reTUYHUM TOKa3HUKOM. Ilpu 1poMy mnepepaBalibHI BIACTHBOCTI TPAHCMICIT OIIHIOIOTHCS
MOCTIHOIO CKJIaJI0OBOIO €HEPreTUYHOTO MOTOKY, AeMII()yI0Ul — 3MIHHOIO CKJIaZI0BOIO.

3anpornoHOBaHO OLIHIOBATH €HEPreTUYHY €(PEKTUBHICTH MOTOPHO-TPAHCMICIHHOI ycTa-
HOBKHM TPaKTOpa 3a BUTpaTaMM €HEprii 3a MeBHUM MpoMiKOK dacy. [Ipu 1poMy HEOOXiTHO
BUMIPIOBAHHSI €HEprii ABUTYHA, MIJABEACHOI A0 poOOY0i MalluHi, 1 ii BTpaTh B TpaHCMICIi Ha
IUCHIIALL].
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Summary
Lebedev A.T., Kalinin E.I. Energy evaluation of the tractor’s power-transmission system

The paper examines the motor-transmission installation of the tractor in the continuous
energy interaction of the internal combustion engine, transmission and the working machine of
the tractor. At the same time, the transmitting and protective properties of the transmission
have been singled out, according to which the conformity of the engine's energy potential and
the energy intensity of the working machine, which is being aggregated with the tractor, is
estimated. It is proposed to estimate the energy expenditure for dissipation by the amount of
energy spent on friction or slippage of the transmission elements, not at a certain time, but over
a period of time. Generating and damping properties of the tractor's motor-transmission units
are singled out. It is noted that the generating properties characterize the state of the transmis-
sion elements and are not related to the direction of the energy flow,; and the damping proper-
ties determined by the inertial, elastic elements of the transmission are characterized by a de-
crease in the amplitude of the variable torque component in the forward energy flow of the
transmission.

Keywords: tractor transmission, energy dissipation, energy potential of the engine, en-
ergy consumption of the working machine
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