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J=MATRIX([[k1/v+k2/v+k3/v, (m+m])*v-k1*a/v+k2*b/v-k3*(-L1-c)/v, -k3], [k1*a/v-k2*b/v-c*k3/v, -m1*c*v-

a™2*k1/v-b"2*k2/v+c*k3*(-L1-c)/v, ¢, +c*k3], [L1*k3/v, m1*d1*v-L1*k3*(-L1-c)/v, c, -L1*Kk3])).
Toni yMOBOIO BiICYyTHOCTI JUBEPreHTHOI HECTIHKOCTI €[3’BNISIETHCS| yMOBA MO3UTUBHOCTI BU3HAYHUKA sIkoOiaHa.

Hwxue npuBeneHi 3HaueHHs KyTiB ckiaJlaHHs sk QyHKLil yacy 3a pi3HUX pajiiyciB MOBOPOTY.
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Puc. 1. 3anexHicmb Kymie cknaldaHHs K oyHKUIl Yyacy: a) R=26; phi =.1117; 6) R=10; phi= 0.1111

AHani3 naHux, puc. 1, nokasye Ha CTiliKiCTb pyXy aBTONOi3]a 33AHIM X0JJOM 332 00paHUX KOHCTPYKTUBHUX Napa-

METPIB.
BucHoBKkH. Y cTaTTi HAMiueHWI LUIAX BU3HAYEHHS palliOHaJIbHUX 3HaYeHb KOHCTPYKTUBHUX MapameTpiB (LLis-
XOM BBEJICHHSI KPYTUJIbHOT )KOPCTKOCTI MiXK HalliBIPUYENOM i TArayem B TOULli 34ilKK i BUOOPY 3aKOHY yMpaBii-

iHHSI TOBOPOTOM KOJIiC HaIliBIIpUUena), 1o 3ade3nevyoTh CTilKi pexkKMMHU MPU PyCi 3aHIM XOJIOM.
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YIK 629.114
A0 NMUTAHHA NEPCMNEKTUB PO3BUTKY MNBEPUAHUX ABTOMOBIIIB

KaHdudam mexHidHux Hayk Timkoe O.M.,

Jlyuuk A.T1.
Haseoeno icmopisi cmeopentis ma po3sumxy CKiadosux 8y3iie ciopudnoco asmomobins. Pozsumok 2ibpuonux

agmomooinie cmag OOCANCHUM 3AB0AKU HOBUM MEXHONOLIAM, WO ompumanu po3sumoxk 6 ocmanti 10-20 poxis.
Baznaueni nedonixu BUKOPUCTIAHHS 2IOPUOHUX ABMOMODINIE MA HABCOCHO ULIAXU IX NOOONAHHA.

An history of the creation and development of hybrid vehicle component assemblies. The development of hybrid
vehicles become attainable through new technologies that were developed in the last 10-20 years. These

disadvantages of using hybrid cars and see how to overcome them.
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IMocTanoBKka mpodaemMu. Po3BUTOK HOBMX TEXHOJIOTiH MOCTiHO BUCYBA€ Bce OLTbII )KOPCTKI BUMOTH JIO CY-
YacHOro aBToMoOins. J[aBHO 3ajMIIMBCSA y MMHYJIOMY Mepiofl, KOJIM BCi aBTOMOOiII MpaltoBajly Ha JIBUTYHI
BHYTpilIHbOro 3ropsiHHs (JIB3). 3a 1Ba ocTaHHi AecaTUpivys TEXHOJOTT JOKOPiHHO 3MiHMJIM PUHIIMITA KOHCT-
pYIOBaHHSI aBTOMOO1JIIB, a €KOJIOrM CTaBJISTh yce HOBI paMKU AJisl aBTOMOOis MaiibyTHboro. Lle npumyiye
YUEHUX, KOHCTPYKTOPIB i iHXKEeHepiB LIyKaTu He TpaauliiiHi criocoOu BUpillieHHs i€l mpobieMu.

AHami3 ocTaHHIX JOCaiIKeHb i myoaikamiii. PozsuBaru JIB3 yxe He A0LiJIbHO: 301/IbLIYIOYN KiJIBKICTh
[WJTIHIPIB UM KaMepy 3rOpsSHHS BUTPATH TiIbKU 301IbIIYIOTECS. [IepeBOPOTOM B TPOMHUCIIOBOMY MTPOEKTYBaHHI
CTaJIO 3aCTOCYBAHHSI €JIEKTPONPHUBOLY. AJle eIeKTPOKApH HECKOPO CTaHYTh MOMYIIPHUMHU. 3 HUMH 3apa3 BCe
JOCUTH CKJIaJTHO, OCKIIbKU 3apsIKAETHCS BiJl 3BUUATHOT PO3ETKH 3aliMae MOCUTh Oarato Jacy, i 3apsy XBartae
HE TaK JI0BIO.

[epii enexrpomobini 6ynu 3i6pani B 1830-40-xx pokax. [IpuiiHaTO BBaXKaTh MepIIonpoXoALsIMU B 1ili cripaBi
anrniiiuiB Pobepra Anaepcona, Pobepra J[pBuacona i amepukanis Tomaca JleBeHnopra. Binomo, 1o anniiens
JlaBuncon B 1938 polii 3i0paB nepimii enekTpomMobisib, BCbOro uepes 1icTh poKiB miciis Bigkputts dapaneem
enekTpoMarHiTHol iHaykuii. Ilepui exsemmusipu Oynau He3rpaOHUMHU CHOPYAAaMH 3 LUIBUAKICTIO MEHLI LUBUJI-
kocTi mitoxona. LIIBUAKOCTI pocyin JOCUTH IBUAKMME TeMiamu. Y 1895 porii 6yB BCTaHOBJIEHU peKOPI LIBH/I-
KocTi 63,15 kM/roauuu. A B 1899 poui OyB 310nanuii i 100 kinomerpoBuii py6ixx. Pekopn BcTaHOBNEHMI Oenb-
ritinem Kamunem XKenariuu y ppanity3pkomy MicTi Atep (6inst [Tapuka) Ha enekrpomo6isi «La Jamais Contentey.
MauiuHa Mana o0TidHUIA KOpIyc i3 cIjlaBy alltoMiHito i Bosb(pamy. Koprnyc OyB cxoxuii Ha Toprieay, BCTaHOB-
JieHy Ha aci. Bara Oyna 6J13bK0 TOHHU i IBUIKICTh nocsria 105,88 kv/ronunu

Bunaxinnuk Yonrep beiikep (1868-1955) BBaxkaBCsi 3aCHOBHUKOM €JIEKTPOMOOiNbHOrO Oi3Hecy B AMepulli i
B3arajli mioHepoM amepukaHcbkoi MoTopu3auii. Ilepiue pituine beiikepa nmo cBoeMy 30BHILIHBOMY BUIIISIY
Maiike HiYMM He BiJpi3Hsiocs Biz aBToMo0iniB ['eHpi @opaa, Onaea ado [Makkapaa TMx pokis.I3-3a HasBHOCTI
aKyMYJSITOPiB eJeKTpOMOOiib BUIIIOB 3aHAATO BaXKKUM, 1 beiikep ocHacTMB fioro M’gko0 Mi/IBiCKOIO Ha eJlin-
TUYHUX pecopax. HoBuHKaMu THX pOKiB OyJin eNeKTpUYHi (hapH i eeKTpuuHui ry1ok. AKymynsTopHa 6arapes
JI03BOJIsNIA T3AUTH 6-8 roAuH 0e3 3apsiIKaHHs.

VY 1901 poui ueii enekrpomoOinb 0yB MojepHizoBaHuil. BiH cTaB BUIMAAaTH COJliiHilLIE — OTPUMAB TEHT, Kep-
MO i OyB OCHAIllEHHW MOABIMHNUM CUIHHSM i3 CIUHKOO i MiJIOKITHUKaMU. AKYMYJISTOPU PO3MILILyBaMCs ITij]
CUJIiHHSM, 1 esiekTpoMoTop B 0,75 KiHCbKUX CHJI TPUBOJAMB B PyX 3a/IHIO BiCh 3a I0MIOMOIOIO JIAHIFOrOBOT nepe-
Jadi. ManivHa po3BuBaja mBUAKICTh 30 KM/ToJMHA i HA OAHIN 3apsaLi Moria npoixatu 80 KM.

MeTa cTaTTi M0JIrae B CTBOPEHHI €KOJIOTiYHO YMCTOrO aBTOMOO1/IS y MOEIHAHHI Pi3HUX BUJIIB €HEepril.

BukJaa ocHOBHOTo MaTtepiaJty. [0J10BHO NepeyMOBOO MoUaTKy BUPOOHHUIITBA JIETKOBUX IOpuiiB OYyB pUH-
KOBUI1 MOMUT HA MOAIOHI aBTO, SIKUI BUKJIMKAHWI BUCOKMMH LiiHaMHM Ha Ha(Ty i He 3MiHHUM 30i1bLUEHHSIM
BUMOT JI0 €KOJIOTTYHOCTI aBTOMOOIiB.

Po3BuTOK riOpuaHuX aBTOMOOITIB CTaB JAOCSMKHHUM 3aBISKM HOBUM TEXHOJIOTiSM, IO OTPUMAaJIM PO3BUTOK B
octanHi 10-20 pokiB. JI0o HUX BiAHOCATHCS PO3BUTOK:

— CUJIOBOT €NIeKTPOHIKM — 3aBISKU SKili BAANIOCS KOMYTYBaTH BEJMKi HApyru Ta CTPyMU;
— aKyMyJNATOpHUX Oarapeii — siKi CTarOTh OiJiblll €HEPrOEMHICHUMMU, O€3MeYHUMU Ta MEHIL rabapuTHUMMU;

— BEHTWIBHUX SJICKTPUIHUX MAIIUH — SIKi MAFOTh HE BEJIMKi pO3MipH Ta Macy Mpu JOCTATHLO BUCOKIH MTOTY kK-
HOCTI;

— KOMIT'FOTEPHOI Ta MPOrpaMHOi TEXHOJIOTIT — sIKi 03BOJISIFOTh 3 BUCOKOIO TOUHICTIO KepyBaTH ycima cuctemMa-
MU Ta npouecami [1].

— AHai3 po3BUTKY aBTOMOOiJIbHOTO TPAHCIOPTY MOKa3aB, 110 BiJIOMi aBTOMOOiJIbHI BUPOOHUKU TIPOBOJSTD
JOCIIDKEHHS B ICKIIBKOX HATPSMKAX:

— aBTOMOO1J1i HAa BOJHEBUX MAJINBHUX €JIEeMEHTAX;

— KpioreHHi aBTOMOOiJ1i Ha PiAMHHOMY a30Ti;

— eJIeKTPOMOOiJi Ha COHSIUHUX OaTapesx;

— eJIeKTPOMOO1Ni 3 pi3HUMU TUIIAMU aKyMYJISITOPHUX Oarapeii [2].
— CyuacHuit aBTOMOOiIIb TOBUHEH MICTUTH TaKi eleMEeHTHU:

— TSAroBUil IBUTYH — 31iHCHIOE pyX Koitic. Lle moegHanHs JIB3 3 o0epHeHUMY e1eKTpUYHUMHI MalllHAMU;
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— reHeparop — TepeTBOPIOE MEXaHiIYHy HEPTilo B eJIEKTPUUHY;
— aKyMYJISITOpHY Oarapero — Bijlla€ eHeprito eNeKTPOJABUTYHY;

— eJIEeKTPOYCTAaHOBKY — 3apsijKae aKyMyJISITOpHY OaTapero MepeTBOPIOIOYM MeXaHiuHy, CBITJIOBY UM BiTPOBY
eHeprito;

— Kepyouuil npucTpiif — kepye ycima npouecamMmu aBToMo0is;
— HepeTBOproBayi eHeprii — 3a0e3neuyoTh 3MiHYy Halpyr y BilNOBIJHOMY HapsSMKY MPOTiKaHHS;
— JIB3 — nomnomarae 31ilicHIOBaTH nepecyBaHHs aBTOMOO1ISl y KPUTHUHI MOMEHTH.

Jlesiki 3 Bullle nepepaxoBaHUX €JEMEHTIB MOXYTb MMOE€JHYBATUCh B OAWH OiNbLINI MpUCTPil, i BiANOBIIHO B
HbOMY Oy/JlyTh BUKOHYBATHUCS BJIIACTMBOCTI JIBOX i OiJNiblile eJIeMeHTIB 00’ €IHAaHUX Y JJAHOMY TPUCTPOT.

ABTOMOOIJIb 3 TIOPUIHOIO JIEKTPUYHOK CUJIOBOK) YCTAHOBKOK Ma€ HACTYITHI MepeBaru y nmopiBHIHHI 3 Tpau-
UiliHUMU aBTOMOOiIIMU, TOOTO Y HHOTO HEMAE HisIKOTO MEXaHiYHOTOo 3B’ 3Ky MiXk JIBUTYHOM i BE1yUMMHU KoJie-
camu. OTxe, IBUTYHOM MOXHA TIOTEHLIHHO KepyBaTH Ha OyJb-IKOMY MOMEHTI IBUAKOCTi. BuKopucTOoBYytOUN
CKJIaJIHEe aBTOMATUYHE YIPaBIIiHHS, HATAETHCS MOXKJIIMBICTh KEPyBaTH JIBUTYHOM TPH MaKCHUMAaJIbHiil Horo mpo-
JIYKTUBHOCTI [3].

Kpim Toro mexaHiuHe po3’€aHaHHS IBUT'YHA BiJl Bely4MX KOJiC JI03BOJISIE BUKOPUCTAHHS BUCOKOIIBUIKICHUX
JIBUTYHIB, 7€ Ba’KKO 0e3M0CepeaHbO NPOCYHYTH Kojleca uepe3 MexaHiuHMi 3B’ 30K, Taki sik ra3oBi TypOiHU abo
eJIeKTPOCTaHIIil, Y IKUX € MOBiJIbHI AMHAMi4Hi BiAMoBiAi (Hanpukian, ABUryH CrepJiHra).

JIBuryHy He notpiOHa MexaHiyHa nepegada. Tomy, CTpyKTypa IBUTYHA Moxe OyTH crnipoineHa. Kpim Toro mo-
JKyTh BUKOPHCTOBYBAaTHCS J1Ba IBUTYHN KOJkeH 3 HUX TMPHUBOANTH €AWHE KOJIECO B [0, i MeXaHiYHuil nepemnan
MO)ke OyTH OMyIIEHMM. Y Takoro po3TalllyBaHHsS TAKOXK € HACTYIHi NepeBaru po3’€IHaHHA LIBUAKOCTEN ABOX
Koutic. Y Takiii koH(irypauii MojkHa He3aJ1e5KHO yNpaBJIsTH IBUJIKICTIO i MOMEHTOM KOXXHOIO BEAyUOro Koneca.
OTxe, TOPOKHI SKOCTI aBTOMOO1JIsl TPAHCIIOPTHOTO 3acO0y MOXKYTh OyTH 3Ha4HO NOKparlieHi. L{e ay>ke BaxnBo
JUIsl TPAHCIIOPTHUX 3ac00iB sIKi MepecyBatOThCs OE310PIKAKSIM.

YnpaBiiHHs IBUTYHOM MOKe OyTH MPOCTILINM, Y MOPiBHSHHI 3 iHIIMMY KOH(iryparisiMu, uepe3 Horo noBHiCTIO
MeXaHiuHe Po3’eIHaHHs MiXK JBUTYHOM i KoJecaMu.
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Puc. 1. Cxema 2ibpudHo20 asmomobins

[Ipote, y ribpuaHux aBTOMOOIJIB € JIesiKi He3pYYHOCTI, TaKi sK:

— eHepris BiJ] IBUryHA 3MiHIO€ CBOIO (POPMY JIBiui, 11100 JOCATTH OT0 KepOBaHMX KOJIiC (BiJl MEXaHIYHOTO 10
€JIEKTPUYHOrO B FeHepaTopi i BiJl eIeKTPUYHOro O MeXaHi4HOro B ABUIYHi). Hee(eKkTUBHiCTh reHeparopa i
JBUIYHA TATU MOXKe BUKJIMKATH ICTOTHI BTpaTH.

— reHeparop J10Jla€ JI0JJaTKOBY Bary i BapTiCTh.
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— OCKIiJIbKM JIBUTYH — €JIMHA eJIeKTPOCTaHIlis, 110 MPOCYBa€e TPAHCTIOPTHUII 3aci0, TO HEOOXiAHO BUPOOUTH
JOCTATHIO TIOTY>KHICTh JJIsl ONTHMAIBHUX POOOUNX XapaKTePUCTUK TPAHCIIOPTHOTO 3ac00y 3 TOUKH 30Dy IPH-
CKOPEHHs i OJI0NaHHs MiaioMy.

B ribpuanux aBToMo0isX Jis O/ €eKOHOMHOIT BUTPATH MajvBa Ta MiJABUILEHHS €KOJOTiYHOT YUCTOTH BUKO-
PUCTOBYIOTbCS CleLialibHi BACOKOBOJIBTHI aKyMYJISITOPHI Oarapei Ta TAroBi eeKTpUYHi IBUTYHU, SIKi TOBHICTIO
3aMiHsAI0Th, 200 YaCTKOBO JIONIOMArarTh JIBUTYHAM BHYTPIIIHLOTO 3TOPSHHS MPHU Pi3HUX PeKUMAaX POOOTH aB-
ToM06ins [4]. [lpu ranbMyBaHHI Ta iHepLifiHOMY pyci BiiOyBaeTbcs 3BOPOTHIM Mpoliec: eJeKTPUUYHI MallMHN
MOYMHAIOTh MPALIOBaTH B TeHEPATOPHOMY PeXMMIi Ta 3apsapKaTh akyMyJlsTOpHY OaTapero uepes creliaibHuil
npucTpiii — neperBoproBay Hanpyru (iHBeptop). KpiMm Toro, 3amicTh CTaHJapTHOrO reHepaTopa BCTAHOBIIO-
F0Th BUCOKOBOJILTHUI1 CTapTep-reHeparop, sikuii mij yac podoru JIB3, 3 1onomMororo nepeTBoproBava Harpyru
3apspKae akyMyJsITOpHY Oarapeto i mpu HeoOXiIHOCTI MPU3BOAUTL aBTOMAaTn4Huii 3anyck JIB3.

€IMHUM pallioHaTEHIM BUXOIOM € CTBOPEHHSI €KOJIOTIYHO YUCTOTO MiCBKOTO TPaHCIIOPTY. MOXITMBICTh BUXOMY 3
TYNHMKOBOI CUTYALlii NIJISIXOM BUKOPUCTAHHS eJIEKTPOMOOIJIBHOTO TPAHCIIOPTY HE € KOPEKTHORO i3-3a HU3bKOT edhek-
TUBHOCTI YHUCTOrO eNeKTpomMoOis. ToMy pallioHaJbHUM LIUISIXOM pillleHHS MpoOsieMH, 110 CKiianacs, sSBIs€TbCs
CTBOPEHHS aBTOMOOJIS 3 TIOPHUIHO CHUIIOBOK) YCTAHOBKOIO, SIKa JIO3BOJINTH BUPILIMTH HU3KY MTPOOJIEM.

BucHOBKH i mepcrneKTHBY MOJAJBIIHX AOCTIIKEeHb, PO3IISIHYBIIN OCHOBHI HAMpPSIMKU PO3BUTKY aBTOMOO-
iJIHOTO TPAHCIOPTY, MU MPUILLIIM 10 BUCHOBKY, 1110 KO>KEH HAMPsIMOK Ma€ ps/Jl epeBar Ta HeloikiB. Po3BuTOK
KOKHOT'O 3 HUX NPUPEUYEHUI Ha Mopa3sKy.

Ha Hamry aymKy HeoOXiHO MO€JHYBaTH yci i HampsMKH. | TiIbKM CHITBHUMM 3YCHIIISIMM YCiX MPOBiIHUX
3HABLiB TEXHIKW MO>KHA OTPUMATH aBTOMOOib Mail0yTHBOTO.

B nopanbmmx HamX JOCTiPKEHHSX MU TIAHYEMO PO3KPUTH 0COOJIMBOCTI BUKOPUCTAHHS ITPOTPaMHOTo 3a6e3-
TMIeUeHHsI JJIsi CTBOPEHHS MOJIei riOpuaHOro aBTOMOO1JIS Ta MOAAJIBIIOTO JOCIiIPKEHHS XapaKTepUCTUK MOJIEIT.
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EKCNEPUMEHTANBHI AOCNIAXEHHA OAHOCTYNIHYACTOrO
NMITAHETAPHOIO PEAYKTOPA

TromiH B.M.,
Jleskiscbkuli C.A.

Y emammi 3anpononosana excnepumenmanvohna memoouxa 0is 3HAX00ICEHHSL HePIBHOMIPHOCIE PO3NOOLIY KDY M-
HO20 MOMEHINY MIDIC WeCmepHAMU NIAHemapHoi nepedayi ma 6 moii Jice 4ac po3nooity HaGaHMadceHHsA 630064C
3Y6a Ha OCHOBI N ’simu OAMYUKIE HABAHMAXICEHHSA HA GICT KOJCHOT naanemapHoi wecmepni. Pesynomamu nabo-
PpamopHux 8unpobyeans NIAHEMAapHo20 pedyKmopa NoKkasyloms, Wo Mema yb020o eKcnepumenmy oyna 0ocse-
Hyma.

The experimental technique was created to find non — uniformity of torque distribution between planetary pinions
and at the same time load distribution along the tooth. There were five strain gauges on axis of every planetary
pinion. The result of laboratory test of the planetary reduction gear show that the purpose of this experiment
was arrived.
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