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Beenenue

[IpumeHeHnue THEBMATHYECKOTO MPUBO/A Ha
ABTOMOOMJISIX, DKCIUTYaTHPYEMBIX B YCIOBHSIX
TOPOJICKOTO IIUKIIA, 00YCIIOBIICHO €0 BHICOKMMH
9KOJIOTUYECKUMH TIOKa3aTeNIMU U MaJlbIMU 3a-
TpaTaMH Ha JHEPTOHOCUTENh B CPaBHEHUU C
tpaguimonabsiMu JIBC. BTopsIM 1OCTOMHCTBOM
MMHEBMATHYECKOM TATH SBIIAETCS BO3MOXKHOCTD
MOJTy4YeHHs] MaKCHUMAaJIbHOTO KPYTSIIEro MOMEH-
ta U KIIJI Ha MUHUMAIBHBIX 00OpoTax (Hadajao
IBIDKEHHS aBTomMoOwis). Kpome Toro, mHeBma-
TUYECKHE CHUJIOBBIE arperatbl, pPaBHO Kak U
ANEKTPUYECKHE MAIIMHBI, 00JIa/Ial0T CBOMCTBOM
00paTHMOCTH, YTO TIO3BOJIIET HCIIONb30BATh
SHEPTHI0 PEeKylepaTUBHOro TopMokeHud. [1mtoc
K 9TOMY, ITHEBMOMOOWJIM CPaBHHUTEIBHO HEIO-
porue BBUAY MPOCTOTHI KOHCTPYKIIMH ITHEBMa-
TUYECKOT O ABUTATEIIS.

B cpaBHeHuu ¢ 35eKTponpruBOAOM, MHEBMA-
TUYECKUI TPHBOJA HE TpeOyeT IOpOrOCTOSIINX
AKKyMYJIISITOPHBIX OaTapei OONbIIOi Macchl.

HenoctarkamMy mHEBMaTH4YeCKOro MpPHUBOAA
SIBJIAIOTCA: MaJjasi HEPrOeMKOCTh CXKAaTOro BO3-
nyxa (Majblii 3alpaBoOYHBIN MPOOET), KOTOpas B
COTHH pa3 ycrymnaer OeH3uHy; Hu3kuit KITJI
(5...7%) Ha CKOPOCTHBIX PEKHUMax; HEOOXOIH-
MOCTh BO BHEIIHEM TEIUIOOOMEHHHKE, yTEYKH
JaBJICHUS B KOHCTPYKIIMH IMHEBMAaTHYECKOH arl-
napaTtypel, TpeOyercss OaUIOH 3HAYHTENBHBIX
pasMepoB it 3ampaBku Bo3gyxom [1]. Kom-
MPOMHCCHBIM pEIIEHHEM Ul aBTOMOOWILHOT'O
TpaHCIOPTa SIBJISICTCS TIPUMEHEHHE THOPHIHBIX
cmioBbIX ycTaHoBoK (I'CVY). B aTom oTHOIIECHNHN

HEOCTIOPUMBIA  TIPUOPHUTET  CIIEAyeT OTIaTh
ANEKTPUIECKUM THOPHIAM.
[lepeunciieHHple  apryMeHTBl  MO3BOJISIOT

chopMyIUpPOBaTh MPEANOCHIIKA TMPUMEHEHUS
ITHEBMOITPUBO/Ia HAa aBTOMOOMJIC — UCIIOIb30Ba-
aue B coctaBe 'CY B kaudecTBe BCIIOMOraTelb-
HOTO JBHUTATENs Ha PEKMMax pasroHa, 3a cueT
PEKYIEpUPOBAHHON YHEPTUHN TOPMOKEHUSL.

AHaau3 nyoJuKanui

PaccMoTpuM ocHOBHBIE HaIlpaBIIEHUS CO37a-
HUSl TTHEBMATUYECKUX THOPHIIOB, CBSI3aHHBIC C
MIPUMEHEHUEM:

— BO3YIIHO-THOPUIHBIX JIBUTATEIICH;

— kouBepTupoBanHblx J[BC B  KkauectBe
IMHEBMaTHYeCKHUX nBurareiiei B cocrase ['CY;

— MHEBMATUYECKUX  JBHUTraTeield  o0mero
Ha3HAa4YeHUS UM OPUTHHAIBHBIX KOHCTPYKIIMIA B
cocraBe I'CY;

— TUJPaBINYECKUX TPAHCMHUCCHII B COCTaBe
nHesmaTrdeckux ['CY.

Boznymuo-rubpuansie  asuratrenu  (BIJI)
crpositcst Ha Gaze aByxTakTHBIX [IBC ¢ nmomon-
HUTEBHOW CHCTEMOMN Ta3opaclpefeieHHs] BO3-
aymHoro 3apsaa. Pazmuuaror BI'ZI ¢ nocneno-
BATEIBbHON W MapajuleSIbHOM peanu3alnuend Tel-
JIOBOII MOITHOCTH TOIUIMBA M ITHEBMAaTHYECKOI
MOIITHOCTH JaBJeHus Bo3ayxa. Tak, Hampumep,
B BI'/l Guzzella ucnonb3yercs mocienoBaTeiib-
Hast texHonorus Jluno I'ynmemnsr (IlIBefina-
pusi). [lomoOHBII arperaT, cHaOKCHHBIH ITHEB-
MaTHUYECKUM OaJJIOHOM, TTO3BOJISIET PEan30BaTh
JOTIOTHUTENbHBIC (PYHKIMH HAJTyBa BO3IyXa U
nepe3amycka aBuratens mns cratyca [IBC, a
TaKkxke 00eCHeunTh PEeKylepaTHBHOE TOPMOKe-
HUE B CcTaTycax KOMIIpeccopa M ITHEBMOJIBHTa-
tenst [2]. B nanmpHelmmx pa3paboTkax Hameue-
HO TIPEAYCMOTpPETh eIlle U CUCTEMY peKyIepa-
IIUY Teria OTpabOTaBIIMX ra3oB..

B [3] paccmotpen xonuent BI'Jl ¢ ogHOBpe-
MEHHOW pabOTOH TOMJIMBHBEIX M ITHEBMAaTHYE-
CKUX HWIMHIPOB, B KOTOPOM HAJIyB BO3AyXa B
TOIUTUBHBIE IMIIMHAPHI OCYIIECTBISAETCS MOPII-
HEM TapHOr0 CBOOOMHOrO (BO3IYIIHOI'O) IIH-
TUHIpa Ha ¢ase BeTycka. V30bITOUHOE NaBiie-
HUE, B 3TOM Cllydyae, MO)XHO aKKyMYJIHpPOBaTh B
0aJIOHE C TOCIEAYIOIUM €ro UCIOIb30BaHUEM
JUIA TIPUBOJIA OT OTAENbHOTO ITHEBMOBUTATENS
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WIH OT BO3JYIIHBIX IIWJIHHJPOB B CTATYCE KOM-
npeccopa.

Kommozummu I'CY moryT coderaTts pasind-
HbIC CHIJIOBBIC arperaTbl M CXEMbI Mepenavn
MOIIIHOCTH Ha Koneca. Tak, B [4] paccMoTpeH
Bapuant ['CY, B xoropoii JIBC B mratHoM pe-
KHMMeE OCYIIECTBIISICT TPUBOJI KOJIEC aBTOMOOHIIS
W JIOTIONTHUTEIIFHO KOMIIpeccopa ¢ THEeBMaTHYe-
ckuM OayutoHoM. [IHeBMompHBOj OOecIeurBa-
ercsi OTJENbHBIM ITHEBMOJBHUTATEIEM, TOCTPO-
eHHBIM Ha 0a3ze nByxtaktHoro JIBC.

UtoObl ObITH yOEAMTEIBHBIM B BOIIPOCE pe-
QIBHOCTH MPUMEHEHHs THEBMOIPUBO/A HA aB-
TOMOOWIIE, PACCMOTPUM HECKOIBKO TPUMEPOB
I'CY  aBromoOwuei,

MMpEaACTaBJICHHBIX Ha

YPOBHE 3KCIIEPUMEHTAIBHBIX 00pa3lloB W IPO-
MBIIUIEHHOW MPOIYKLIHH.

DneKkTponHeBMaTHUECKUe THOPH/IBI MTOTY4H-
mu Hazeanue PHEV (Pneumatic Hybrid Electric
Vehicle). CuioBoii arperar, MmOCTPOSHHBIH Ha
0a3e YeTHIPEXIMINHAPOBOTO THEBMOIBUTATEIIS
l'as Herpe, ycranaBnuBaercss komnanued MDI
Ha aBromoOmmu cepun Cat [5]. Kommosumms
I'CY Bkitodaer oOpaTHMBIN ITHEBMAaTHYECKHH
arperar 1, 00paTUMYIO 3JEKTPHUECKYIO MAIIUHY
2 ¥ MEXaHUYECKYIO TpaHcMmuccuio 3 (puc. 1, a).

®dupma Energine u3 FOxuoii Kopeu pa3spa-
0oTana aBTOMOOUJIb C DJIEKTPOITHEBMATHYECKUM
npuBoaoM (puc. 1, 0).

Puc. 1. DnekrponHeBMaTHUECKHE TPUBOJIBI aBTOMOOWIIeH: a — mammH CAT's; 6 — pupmer Energine

B »sToif MammHe aBa NBHTraTENs: IMTHEBMAaTH-
yeckuil (koHBepTupoBaHHbI JIBC) 1 u amek-
Tpudeckuil 2. [IHeBMaTudeckas 3HEpTUsl B CHU-
cremax PHEV obecnieunBaercst 6amioHOM BbI-
cokoro nasiieans 4 (300 Gap), penykTopom 5,
pecuBepom 6 (10 Gap). J{i1st 27eKTPHUIECKO# TATH
UCTIONIB3YeTCsl  aKKyMyJsTopHasi Oatapes 7 ¢
KoHTposiepoM & [6]. Ilpu ABMKEHHWH aBTOMO-
OWJIS C TIOCTOSIHHOW CKOPOCTBIO CBbImIe 20 KM/
OCHOBHBIM SBJII€TCS JIEKTPUUECKUN TBUTATEND,
a crapTyet, HabUpaeT CKOPOCTh H MPEOI0IEBACT
MOJbeMbl THOPWA Ha IHEBMATHYECKOW THATE.
I'uopun PHEV Energine, Toibko Ha IHEBMAaTH-
yeckoit Tiare  (100-TUTPOBBIA  BO3AYIIHBIHA
0amioH), obecrieuMBaeT Pa3rOH U MOIIACPKKY
ckopoctu 10 120 km/4 B Teuenue 4aca. B [1]
YIOMHUHAETCs KOHIIeNT nocienosarensHoit [CY
C JIOMACTHBIM MTHEBMOJBHUTATENEM, T MOAKAY-
Ka JIaBJICHUSI BO3/yXa B ITHEBMOOAIUIOH MPOH3-
BOAMTCS 3a cUer KaprepHoit kommnpeccuu [IBC u
TEIUIOBasi DJHEPTusl TOIMJIMBA JIOTOJIHUTEIBHO
npeodpasyercsi B aKKyMYJIHPYEMYIO JHEPTHIO
C)KaToro BO3ayxa.

Haunbonpmmit naTepec npencrasisiror [CY ¢
TUAPABINYCCKOM TPAHCMUCCHUEH (TEXHOJIOTHS

HHV - Hydraulic Hybrid Vehicle). B 2011 .
COTpYIHHMKH byxapecTckoro WHCTUTYTa TH-
PaBJIMKH U THEBMATHKH TPECTABUIN PE3YIIbTa-
Thl MOJICIIUPOBAHHS JTUHAMUKU MapaijIelbHOTO
ruopuaa HHV ¢ nusenbHBIM aBHrateieMm B pe-
kuMax mpuBoaa ot ABC, rugponpuBona, peky-
nepari TOPMOXKEHHUSI H COBMECTHOTO MPHBOJIA
rUOPUIHON YCTaHOBKH Ha YPOBHE MEXaTPOHHOU
CTPYKTYpHI [7].

OtpacneBple  TapTHEPHl  AMEPUKAHCKOTO
areHTCTBa MO OXpaHe oKpykaromeh cpensl EPA
(Environmental Protection Agency) 3aHUMaJKCh
BOIPOCAaMH BBIOOpA KOH(HUTYpalUU TPAaHCMUC-
cun g aBromodbmins ¢ HHV-ycranoskoid, co-
Jeprkanieil HeCKOIbKO OOpaTHMBIX THAPaBIIHYE-
CKHX arperaToB, W MPUBEIU Pe3yJbTaThl HCIIbI-
TaHUHA MO TOTUTMBHO-DKOHOMHYECKHM W JKOJIO-
THYECKAM TIOKa3aTelsiM aJlbTepPHATHBHBIX pe-
meHui [8].

Komnanueri PSA Peugeot Citroen mpemio-
xeHa TexHonoruss Hybrid Air, mo koropoii B
nape ¢ ocHoBHBIM J[BC 1 uepe3 mranerapHyo
pasBs3Ky 2 B TPAHCMHUCCHH MPUBOJIA 3a/1€HCTBO-
BaH THJIPaBIMYECKUH oOpaTUMBIN arperaT 3 c
0aukoM paboueii xuakoctu (puc. 2).
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Puc. 2. T'ubpunnas rexnonorus Hybrid Air: a — ycTpoiicTBO CHIOBOW YCTAaHOBKH; a — KOMITOHOBKA

CHJIOBBIX arp€raToB Ha 1acCu

I'uOpuaHas ycTaHOBKa IMOMYYHJIA MPOMBIII-
JICHHBI BBIXOA Ha aBTomMoOuMau Peugeot 208
Hybrid Air 2L u Citroen C3 Cactus Airflow 2L
[9, 10]. T'ubpumel Takoro kimacca (HMOJIHBINA 3a-
psbKaeMblil) obecreunBaeT 3amnac XoJa Ha ITHEB-
MAaTHUYECKON TAre JO JECITH KHIOMETPOB Ha
CKOpPOCTSIX TOPOJCKOTO e3/10Boro mwukna. llpum
3TOM BEC AarperatoB THIPOMHEBMAaTHUYECKOU
TpaHcMmuccuu He mpeBsimaer 100 xr, a 3KOHO-
MUl ToruiBa gocturaet 45 %.

IIpyuopuTeTHBIM KpPUTEPUEM ONTUMU3ALUU
PacCMOTPECHHBIX HHGBMOI‘I/IGPI/I}IOB SABIISACTCA
SKOHOMHUS TOILIMBA, a DKOJOTHYecKas Oe3omac-
HOCTh BBIXOJUT Ha BTOpod Iuiad. Ecim mome-
HATb aKOCHTHBI, TO B YCIIOBHAX I'OPOACKOI0 UK~
JJa KOHKYPCHIHIO IIO0JIHBIM HHeBMOI‘I/I6pI/I)IaM
MOT'YT COCTaBUTh MUKPOTHOPHUIBI U YMEPEHHBIC
rHOpUIBl ¢ MMHEBMATHYECKOW CHUCTEMOW «pas-
roH—topMmokenuey». C stux mnosunmii, B [11]
c(hopMyJIUPOBAHBI 33J]a4d U HaMEUEHBI IYTH UX
peleHus JUTs THEBMAaTHYECKOH CHUCTEMBI «pas-
TOH—TOPMOXKEHHE)» [0 PA3IUYHBIM acCHeKTaM
MpoOJeMbl:  JHEPreTHYecKOil  aBTOHOMHOCTH,
KOHCTPYKTHBHOHM aJlaliTHBHOCTH, KUOEpHETHYe-
CKOM ITOJIHOTE.

IMean 1 mocTaHOBKA 3a1a4M

['enepanpHas 11€1b UCCIEAOBAHHIM COCTOUT B
cuntese 'CY J1erkoBoro aBTOMOOHJIS ¢ OCHOB-
HeIM JIBC m BcrioMoraTenbHBIM ITHEBMOJIBUTA-
TEJEeM JUIS DKCIUTyaTallid B TOPOJCKOM €3I0BOM
IHUKJIE Ha pPEeXUMax JBIDKEHUS  Pa3TOH—
TopMOXkeHue. Ha mepBoM »Tarne uccieqoBaHuil
HEOOXoMMO onpeaenuth Kommozunuto ['CY
MPUICPKUBASICH KPUTEPHUEB MIUHUMHU3AINH Pac-
X0JIa PHEPTOHOCHUTENIEH U 3aTpaT Ha KOHCTPYK-
TUBHYIO J0pabOTKy 0a30BOM TpPaHCMHUCCHH B
OTrpaHHYEHHOM MPOCTPAHCTBE aBTOMOOMIIS. s
3TOr0 HEOOXOIUMO IPOBECTH CpPaBHUTEIIbHBIM
aHAJTN3 albTePHATHBHBIX TEXHUYECKHUX peIe-

HUW ¥ BBIPabOTaTh PEKOMEHIAIIMHU 10 CUHTE3Y
MPOEKTUPYEMON CUCTEMBI MO/ 3aJJaHHbIEC XapaK-
TEPUCTUKN aBTOMOOWJIS M YCIIOBHUS €0 IKCIUTY-
aTalum.

IIpu sTOM cleayer paccMOTPETh BOIPOCHI
KaueCTBEHHOI0 XapaKTepa, CBSA3aHHBIC C BHIOO-
pom kommozutiuu ['CY ¢ mo3ummii: sHepreTrye-
CKOM TIOJIHOTHI M aBTOHOMHOCTH; CXEMBI Tepe-
Jlaud 3HEPruyd Ha KoJjieca; MPUHIUIA MOCTpOe-
HUS THEBMOIIPUBO/IA.

AJbTepHATHBHBIE KOMIIO3HIIUH
nHeBMatnyeckux 'CY

IToxg xommosunmerr I'CY mnonmmaror kade-
CTBEHHBIH COCTaB MPHUBOJA M CXEMy Iepenadu
KPYTAIIEr0o MOMEHTa OT UCTOYHHUKOB MOIIIHOCTH
Ha KoJIeca TPaHCIIOPTHOTO cpeacTBa. B obmiem
ClIydae, CHJIOBasi YCTaHOBKa C ITHEBMOIPHBO-
oM, kpome JIBC, MoxeT BKITIOYaTh pa3IndHbIC
CHJIOBBIE arperaThl:

—naeBMatndeckui arperat (ITHA) B pexu-
Max MOTOpa U KOMIIPECCOpa;

— MHEBMAaTUYECKUH aKKyMYJSTOpP HHU3KOTO
nasienus (ITAK);

— MHEeBMAaTUYECKU# OaluIoH BBICOKOT'O JaB-
nenwus (ITHB);

— reruioooMennuk (TOB);

— anekTpruyeckyto MammnHy (3JIM) B pexu-
Max JIBUTATeNs U TeHepaTopa;

— TSITOBYIO  aKKyMYJIATOPHYIO
(TAB)

OHepreTruecKkiii OOMEH MEXay Iepedrc-
neHHbIMU arperatamMu ['CY u komecamu aBTO-
MoOumtst «K» MOXXHO TpencTaBUTh 0000IIEHHOM
CcTpyKTypou (puc. 3).

MorurHocTh, pachpenensieMas MeXIy CHIIO-
BBIMH arperataMi, UMEeT PazIu4HyI0 MPHPOILY
SHEpPTHH, KOTOpas MapaMeTpHpyercss TemIiepa-
TYypoii £°, TokOM I, naBjeHuem P.

Oarapero
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Puc. 3. O6001eHHas cTpyKTypa 3HepreTrudeckoro oomeHna B ['CY ¢ mHeBMoarperarom

Mexanudeckass MOLIHOCTb BpallleHMs, IIepe-
JlaBaeMasl IIpY 3aJaHHON 4acTOTE, OIPEAEISAETCS
KpyTAlIMM MOMEHTOM M. [IByHampaBii€eHHbIE
CTPEJIKA Ha CXEME yKa3bIBalOT HA BO3MOXHOCTb
peanu3aluy CHCTEM PEKyNEepalMu SHEPIHMU.
Mexanudeckas CBsI3b MEKy CUIIOBBIMU arpera-
TaMH ¥ KOJIECAMH aBTOMOOWJISI OCYIIECTBIISICTCS
4yepe3 TpaHCMHUCCHIO. TakuMm oOpa3om, ¢ Mo3u-
U  aBTOHOMHOCTH JIBHDKCHHSI, THOPHIBI C
ITHEBMOIIPUBOJIOM, IO aHAJOIMU C BJIEKTpHUe-
CKUMH THOpHJAaMH, MOXHO TIIOJIpa3/ICIUTh Ha
3apspKaeMble, PeKylepaTuBHbIE M KOMOWHHUPO-
BaHHBIE.

CormnacHO 000OIIEHHOW CTPYKTYpe, MOXHO
MOCTPOUTH pasznuuHble kommozunuu ['CY ¢
npumenennem [THA, rae anpTepHaTHBHBIM JIBU-
raTesisiM OTBOAUTCS POJIb OCHOBHOI'O WJIM BCIIO-
MOTaTEeIFHOTO CHUIIOBOro arperara. CremneHp wc-
MOJIb30BAHUS JIBUTATElNsl OOBIYHO OIEHUBAIOT TIO
KOJIMYECTBY 3HEPTUHU, PACXOLYEMON B €310BOM
nukne. IIpu 3TOM paccMaTpuBarOT pasivuyHbIe
IIPOLICHTHBIE MOKA3aTENN: MOLIHOCTh, pa3BUBa-
eMYIO JIBUTATeNIeM; pecypc mpobera B 3aJaHHOM
PeXHUME; KOIUYECTBO U CTOUMOCTh DHEPrOHOCH-
Tellsl, 3aTpavueHHoro Ha 6a30BoM mpoobere.

Takum 00pa3oM, palUOHAIBHOCTh HCIONb-
30BaHAA TOW wWiad wWHOW Kommosumuu [ CY
OIpEAEIsAeTCS YCIOBHUIMM 3KCIUTyaTalluud U pe-
KUMaMH JBIDKEHHS TPaHCIOPTHOTO CpPEJNCTBA.
Tak, HanmpuMep, JIEKTPOIIHEBMAaTHYECKash KOM-
TIO3UIINS, HA TIEPBBINA B3I, ABJSETCS HEpalu-
OHaJIbHOU. Ho eciii BCIOMHHTB, YTO B pE&XUME
TPOTaHHUsl MO/ HArpy3KOW 3JIEKTPUYECKUI IpH-
BOJ| XapaKTEpU3yeTCs 3HAYUTENBbHBIMH ITIyCKO-
BBIMH TOKaMd (PacxoJOM 3JIEKTPO3HEPIHH), a
MTHEBMATUYECKH, Ha000pOT, — MUHUMAJIbHBIM
pacxooM AABJIEHMS, TO AJIS 3aJaHHOIO PEXUMa
Takas KOMITO3HMIIMSI UMEET TpaBO Ha OOCYXIe-
Hue. IIpu 3TOM Hajgo MOHHMMATh, YTO 3apsKae-
MBI 3JIEKTPOIIPUBOJ BBICTYNAET KaK OCHOBHOM,
a peKylepaTUBHbIA IHEBMAaTUYECKHUN — Kak
BCIIOMOTraTENbHBIN.

Tpexxommonentnas ['CY Takxe MoXeT pac-
CMaTPHUBATHCS KaK ABYXCTYIEHYATAs] THEBMATH-
yeckas cucrema mycka momuoro JIBC, B xoto-
poil IPOM3BOAUTCS MpeaBaApUTENbHAS KOMITPEC-
cus nasnenus B [IAK 3a cuer sHEprun »JIeKTpo-
NpUBOJIA.

Yrto Kacaercs DHHEPreTUYECKOH IOJIHOTHI,
oTMeTuM cienytomee. CxaThlii BO3IyX, pasps-
JKasiCh, CHMKAET TEMIIEpaTypy CBOETO COCTOS-
HUS, a OXJIaXJEHUE Ta3a B 3aMKHYTOM IIpoO-
CTPaHCTBE MPUBOJIUT K CHUYKEHUIO €T0 JIaBiie-
HUs. YTOOBI COXpaHUTh YICIBHYI) 3HEPrOeM-
KOCTh TEPMOJIMHAMHYECKONH CHCTEMBI (CHU3UTH
MOTepH Ha OXJaXKJCHWE) ITHEBMOIPUBOAA B
I'CY, ucnonp3yoT MOOOYHYIO TEIJIOBYIO dHEp-
ruto JIBC. ITIpoBOTHWKOM TEIUIOBON JHEPTUHU
JBC MoXeT BBICTYIATh MO0 MKHUAKOCTh CHUCTE-
Mbl OXJIQKICHHS IBUTATENs, J1M00 OTpadoTaB-
mme ra3bl. Kpome TOro, kKaxk IMOTEHIIMATHHBIC
HWCTOYHUKH TeIjla MOKHO paccMaTpuBaTh OXxJia-
JKJAIOIINE CHUCTEMBI arperaToB TPaHCMHCCHH,
DJIEKTPUUECKHX MAIIUH U TATOBBIX aKKyMYyJIsi-
TOpHBIX OaTapeil. Takum 00pa3zoM, UCIONB30Ba-
Hue TerioooMennuka TOB B cucteMe mHEBMO-
MPUBOJIa TMO3BOJISIET TOBBICUTH JIHEPTrOPECYPC
I'CY B menoM M CHHU3UTH TPaJANCHTHBIC TEMIIE-
paTypHBIE Harpy3ku ee ayeMmeHtoB. Cremyer
OTMETUTh, 4TO mpumeHenue TOB ompaBmanHO
JUIA TTHEBMATHYECKUX CHUCTeM, PaboTalommMXx B
pacXoAHOM PEXHUME MO 3HAUYUTENbHBIM J1aBJjie-
HueM (oT Oa/UIOHOB BBICOKOI'O JIABJICHHMS), Xa-
PaKTEPHBIM JUTS TTO/I3aPsKACMbIX THOPHIOB.

Bribop xommnosunmu maeBMatndeckon ['CY
C TIO3MIIMI aBTOHOMHOCTH ONHpacTcs Ha OajaHC
SHEpPruu MHEBMONPHUBOAA MO 3aJaHHBIA €3710-
BoM nuki. IIpu 3TOM paccmartpuBaercs Bapua-
LM TIapaMETPOB CHIIOBBIX arperaToB IMHEBMO-
YCTaHOBKHU (YPOBEHb JaBJICHHUS, 00bEM aKKyMYy-
JIATOpA, MPOU3BOAUTEIHLHOCTh ITHEBMOArperara),
MO3BOJIAIOIINX, C OJHOM CTOPOHBI, MOJIEPKH-
BaTh JUHAMUKY JBH)KCHHS aBTOMOOHIIS 3a CUeT
sneprun JIBC, ¢ apyroii — mpeomoneBatb Mo-
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MEHT TPOTaHUsI U 00eCIIeUunBaTh 3aIaHHBIA [THKIT
JBUKEHUA HA SHEPTUU ITHEBMOIIPUBO/IA.

CornacHO TOCTaBJIEHHOW 3ajade, OrpaHH-
yuMcst paccMoTpeHueMm BapuantoB I'CY, B Ko-
TOPBIX HCIONB3YETCS TONBKO 3HEPTHs TOIIMBA
JBC B bOake u cxatoro Bo3ayxa 0e3 BHEIIHETO
BOCITOJTHEHUS Mocineaned (MTHeBMOTHOpHU/ C aB-
TOHOMHOM 3apsnkoif). B aTom ciydae BO3MOX-
HbI TPU BapHaHTa HCIIOJIb30BaHUS MTHEBMaTHYe-
CKOM CHCTEMBI: B YHCTO PEKYIEPaTUBHOM pe-
JKHUMe; ¢ TonojiHeHueM Japnenus ot JIBC; kom-
OuHMpoBaHHBIA Moaxoa. C 3TUX MO3UIUH, IS
nuesmoruopunor ¢ JABC, umenyembix EHPV
(Engine Hybrid Pneumatic Vehicle), npunsro
paccMaTpuBaTh TPH CXEMBI Iepedadyd MOIIHO-
CTH OT arperatoB CHJIOBOM YCTaHOBKH K KoJje-
caMm aBTOMOOMJISL.

B nocnenoBarenvHol cxeme EHPV nHarpys-
kot JIBC BeIcTymaer komrmpeccop. Ilpu stom
BbIOMpaeTcss HauOonee SKOHOMHYHBIH PEXUM
pa6otsl JIBC. CxaThlii BO3IyX OT KOMIIpeccopa
MOCTYMAaeT B MHEBMOAKKYMYJISTOP U Jajiee Ye-
pe3 penyKTop Ha MHEBMOJBMraTellb M Koieca
aBToMoOuis. [Ipm TOPMOXEHHH KOMIIpECcop
MPHUBOJIUTCS B JICHCTBUE OT KOJIEC aBTOMOOWIIS,
obecrieunBasi  PEKyNepanulo  KHHETHYECKOH
sHeprud. IIpenMyIecTBOM Takol CXEMbl SIBJIS-
ercsd OTHOCUTENIbHAsA MPOCTOTa YIPaBIEHUS CH-
JIOBOI YCTAHOBKOM, OTCYTCTBHE CHEIHaIbHBIX
Y3JI0B TPAaHCMHCCHUH, BO3MOYKHOCTH HCIOJIB30-
Banus [IBC manoli MOITHOCTH B SKOHOMHYE-
cKuX pexxumax. HemocraTok Takoro BapuaHTa —
manbeiid KIT/I.

B mnapamnensnoit cxeme EHPV, JIBC wu
MTHEBMOJIBUTATEINb, PAa0OTAIOIINI OT OasIoHOB
BBICOKOT'O JaBJIEHUS, CBSI3aHbI C BEIYIIUMH KO-
nmecamu d4epe3 TpaHcmuccuio. Ilpu pexymepa-
THUBHOM TOPMOXCHWHU ITHEBMOJBHTAaTENb Pado-
TaeT B peKHME KoMIIpeccopa M o0ecrieunBaeT
MO/3APSAAKY BO3AyXa B ITHEBMOAKKyMYJISATODP.
Takas xoH(purypaius obOecredynBaeT OOJBIIHM
KIIJ. dns mapamiensHoi cxembl ['CY TpeOyer-
Csi YCIO)XKHEHHWE TPAaHCMHCCUHU U  CHCTEMBI
yrpasieHusi, Ooiee MUPOKUH JHAana3oH HeoO-
XOIUMBIX pabounx pexumoB JIBC, HeoOxomu-
MOCTbH 3arpaBKd 0aJJIOHOB BBICOKOT'O JABIICHUS
OT BHEIIHHUX KOMITPECCOPOB.

B xomOunupoBannoii cxeme EHPV momon
BEAYIIMX KOJEC MOXKET OCYIIECTBISATHCS OT
nHeBMoycTaHoBkd, oT JIBC wmnu ot Bcmomora-
TenbHOM ycraHoBkH U JIBC, BKIIIOYEHHBIX Ia-
payenbHO. KittoyeBbIM 371eMEHTOM THOPHIHOM
CHJIOBOM YCTAHOBKHM SIBJISIETCS paCHpeAeTUTeNb
MOIIIHOCTH, O00ECMeunBaIONINN Tiepepacipee-
JIeHWE MOTOKOB MOIIHOCTH MEXAY XOZIOBOH 4a-
CTBIO aBTOMOOWJIS, OCHOBHBIM JIBUTATEJIEM,

BCIIOMOTATENbHBIM JBUTATEIEM W KOHTYpPOM
peKyTepaiiy SHeprum.

KoHcTpyKTHBHBIE 0CO0€HHOCTH
MHEBMOTPAHCMH CCHH

CuII0BBIC YCTAHOBKH ISl IBVDKEHUST aBTOMO-
OWJIsl HA DHEPTUM CXKATOTO BO3/yXa IO MPHHIIH-
My TIOCTPOGHHS MOTYT TIPEACTAaBISATh YHCTO
MTHEBMATUYECKHE WM ITHEBMOTHJIPABIINYECKHE
cucreMbl. Bo BTopoM citydae Kak mepenaTodHoe
3BEHO B CHCTEME HCIONB3YyeTcs THIpaBIHye-
ckuit arperat [10]. Takoe pemienue, mMO3BOJIAET
YCTPaHUTh TIOTEPU SHEPTUU JaBIICHUS Ha yTed-
KM U Mapa3suTHbIC 00bEMbI TOABOIAIIMX TPYOO-
MIPOBOJIOB U TeM caMbIM MoBbICUTH KIIJ] mpuBo-
Ja. Eciy B clJIOBOM yCTaHOBKE IpeAroiaraercs
ornepaTHBHOE (KPaTKOBPEMEHHOE) HCIIOIb30Ba-
HUE DHEPTHH CXKATOTO BO3/lyXa, KaK B CHUCTEME
«Pa3rOH—TOPMOXEHUE», TO YyKa3aHHBIM HEJNO-
CTaTKOM MOXKHO TIO)KEPTBOBATh B CUET YIPOIIe-
HUSI KOHCTPYKIIUH U CHIKEHUS Beca TPUBOJIA.

B xomnosunuu rubpuga EHPV ¢ otnenbHbI-
MU arperataMi ITHEBMOTPAaHCMHUCCHH, ISl TIPH-
Bosa koMmipeccopa oT ABC, MOXXHO MCHOIB30-
BaTh PEMEHHYIO Iepefady, a s Tepenavu
MOIIIHOCTH OT ITHEBMOJIBUTATEIISI HA TIPUBOJ] KO-
nec — 3y0ouaTyro. B aToM cityyae ansi CHUKEHHS
notephb MomrHocTr JIBC Ha mpuBOj KOMITpECCO-
pa MOKHO HCIIONIb30BaTh MEXaHHU3M IOJKITI0Ya-
eMOro IIKMBa pPEMEHHOH mepenauu (Kak Jyist
BEHTHJISITOPA CHUCTEMBI OXJIAX/ICHHS) WM IIyH-
tupyromuit snekrpokinanadn ECO (Electronically
Controlled Orifice), mpuMeHsieMbIi 7151 HACOCOB
runpoycunuTens pyis. [logkimodeHne mHEeBMO-
JBUTATENS B PEKUME Pa3rOHa OCYIIECTBIISCTCS
4epe3 peryKTop Ha BEJOMBIN Ball TPAHCMHUCCHH.

Jnst peanu3aluy peKynepaTHBHOTO PEeXHMa
MPHUBOJI KOMITPECCOPA OCYILECTBISIETCS OT Be-
JIOMOTO BaJia TpaHCMHUCCHU. UTOOBI COBMECTHTD
PEXUMBI 3apsja MMHEBMOAKKyMYIsTOpa B pas-
JETTbHOM KOMITO3UINH, TpeOyeTcsl YCIOKHHUTH
MeXaHH3M TMPHUBOAA Komipeccopa (IPeaycMoT-
pETh BTOPYIO CTYyINEHb MoJAKItoYeHus). s yBe-
JUYEHHUS TPOU3BOJUTEIBHOCTH KOMITpeccopa
€ro BaJ MPEANOYTHTEIbHEE MOAKIIOYATh K Be-
IyuieMy Bally TpaHCMHCCHH. Torma KopoOka
nepenad B oOpaTHOM BKJIIOYCHWH HA IEPBOH
nepenave OyleT MMETh MaKCUMAaJIbHBIH KOd(d-
¢dunmeHT nepenadn 00OPOTOB OT KOJieC Ha Ball
komripeccopa. OJHAKO TP 3TOM HEU3OEKHO
BO3HHKAIOT MOTEPH MOITHOCTH B CaMOi KOpoOke
nepenad. [ cOBMENIeHHOT0 MexaHu3Ma TpH-
BOJIa KOMIIpeccopa, Hapsay € OTKII0YaeMbIMU
IIKMBAMH PEMEHHBIX Iepeaad Ha 0a3e OJIOoKu-
pYIOIIUX My(T, MOXKHO HCIIOIb30BaTh (HPHUKIIU-
OHHBbIE MY(THI U TUTAHETAPHBII cymmaTop. Pac-
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CMOTpEHHasi KOMITO3UIIUS CHUCTEMbI XapaKTepH-
3yercsl paccpeoTOYeHHBIM pa3MelleHHeM arpe-
raToB, YTO HE yJIOBJIETBOPSIET OCHOBHBIM KpHUTE-
pUSAM ONTUMH3AINH THEBMATHYECKOr0 IPUBO/IA.

[ToBBICUTP KOMIAKTHOCTH ITHEBMONPHBOAA
EHPV mnos3Bonsier mnpuMmeHeHne 00paTHMOTO
MHeBMoarperara. B 3ToMm ciiydae BO3HHKArOT
BOMPOCHI, CBSI3aHHBIE C OpraHU3aleldl CoBMe-
MICHHOTO TPHUBOIHOTO MEXaHWU3Ma THOPHIHOM
ycTaHOBKU. J[71s1 aBTOMOOWIISI ¢ TEpEHUM TIpH-
BOJIOM MOXHO HCIOJB30BaTh MEXaHU3M IPHUBO-
na mHeBMoarperaTa, aHamoruudbiii Citroen C3
(puc. 2).

IIpu 3TOM IrpOMO3AKHA OPUTMHANBHBINA THJI-
POAKKyMYNATOp C MHEBMAaTHYECKUM MOAMOPOM
3aMEHsETCs] Ha OOBIYHBIA BO3YIIHBIA PECHUBEP.
JlomoNMHUTENPHOE TPOCTPAHCTBO B THUOpHUAE ¢
ABTOHOMHBIM 3apsJIOM BO3[yXa OCBOOOXKIAETCS
3a CYeT MCKIIOYCHUS M3 CHUCTEMbl 0alIoHA BbI-
COKOTO JaBlicHHs. TakuMm o0pa3oMm, Npemsio-
YKEHHOE pelIeHrEe MO3BOJIAeT CHU3UTh Maccora-
OapuTHBIC TIOKA3aTEeNd U CTOMMOCTh CHCTEMBI 32
CUET OrpaHHuYEHHs pe3epBa (PacCTOAHUA, YCKO-
peHHsl, TPOIOHKUTEIHHOCTH) pa3roHa aBTOMO-
OWJIsl HA SHEPTHU BO3IyXa.

BriBoabI

CdhopmynupoBaHbl TPEANTOCHUIKH MPHUMEHE-
HUS THEBMONPUBOJA HA aBTOMOOMIIE — HCIIONb-
3oBanue B cocrtaBe I'CY B KauecTBe BCIoMora-
TENbHOTO JBHUTraTeNs B pPEeKHMax pas3roHa, 3a
CUET PEeKyNepHUpOBaHHON SHEPTHH TOPMOXKEHHUS.
Kommozunms maeBmatmdeckoit I'CY, ¢ snepre-
TUYECKUX TMO3WLHK, BO MHOTOM OIpeAesieTcs
XapaKTepPUCTUKOM 3alaHHOTO €370BOr0 LUK U
cxeMol mpuBopa 0azoBoro aBTomMoOmMus. Jlis
MoJ3apsHKACMBIX  ITHEBMATHUECKUX —IPUBOJIOB
1enecoo0pa3Ho UCIONB30BaTh MMOOOYHOE TEILIo
OT CMEXHBIX CcHIOBBIX arperatroB ['CY. I'u-
OpuIHas CUJIOBasi YCTAHOBKA C THEBMATHYECKON
CHCTEMOW  «pa3rOH—TOPMOXKEHHE», COIJIacHO
o0IUM  KJIacCH(PHUKAMOHHBIM  TPU3HAKAM,
MPEACTaBIIIET YMEPEHHBbIN (i1 TmocienoBa-
TENFHOW CXEMBbI) WM MUKpoOruopun (st ma-
paJIeNnbHOM cXxeMbl) 0e3 BHEIIHEH Moa3apsIKy,
(YHKIMOHUPYIOIMHA TMOOYEPETHO B PEKUMAax
IMHEBMATHYECKOr0 IpuBoja u mpusona ot IBC.
[Ipu moctpoeHMH THEBMATHUYECKOrO THOpHIA,
COTJIACHO TIOCTaBJIEHHBIM 3a/iadaM, HE IeNeco-
00pa3HO HMCIONB30BATh TEIMIIOOOMEHHUK M TH]I-
POITHEBMATHYECKYIO CHCTEMY MPUBO/IA.

Jnst obecrieueHHs HAWIYYIINX TOILTUBHO-
9KOHOMHYECKHX M DSHEPreTHYecKuX IoKa3aTe-
neit I'CY crnemyeT HUCHONB30BaTh CTPYKTYPY
MUKPOTHOpHa, (PYHKIMOHUPYIOMIETO B YHCTO
peKkynepaTuBHOM pexuMe. UToObl MMOBBICHTH

koMmakTHOCTh ['CY ¢ mMHEBMOIPHUBOIOM CIIEIy-
€T HCIOJIb30BaTh 0OpaTUMBbIE THEBMOATPETaThI.
PekynepaTuBHBI pEXUM CHCTEMBI «PA3rOH—
TOPMOKEHHUE) 11eIeco00pa3HO UCIONIb30BaTh Ha
Y4acTKax TOPOACKOrO €310BOr0 LMKIA, TIAe
HAOJIOIAl0TCS YaCThIe OCTAHOBKH.

Haubonbmas 3¢p¢GeKTHBHOCTL HUCIONB30Ba-
HUS PEKYyNepaTUBHOIO PEKHMMa COOTBETCTBYET
ydacTKaM MapIlipyTa, TAe IOTeHIHal TOYKH
(BBICOTA HAJ YpOBHEM MOps) Hadaja JBUKEHUS
BBIIIIE MTOTEHI[MAa TOUKH OKOHYAHMSI IBHKEHHS
(crrycku peo0IaaroT Hall MOIbEMaMHu ).
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Konuenuii no6y10Bm nHeBMATHYHHUX TiOpuais

Anomauyin. Y cmammi posensawymo npoonemy nio-
BUWEHHSL EKOJIOCIYHUX 1 eHepeemuyHUX HNOKA3HUKIE
aemomoOins 3a paxyHOK GUKOPUCTNANHSA eHepeii cmu-
CHEH020 nosimpsi. YV 36’s13Ky 3 YuM, GI03HAUEHO nepe-

6a2u NHEBMAMUYHO2O NPUBOOY, 8 NOPIBHAHHI 3 eJleK-
mponpueodom i npueodom 6i0 B3, na pescumax
PO320HY a8MOMOOIISL 8 YMOBAX MICLKO20 MPAHCNOP-
MHO20 YUKY. AKMyanbHicmo 00CNiONCEHb, 8 YbOM)
HanpsimMKy, NiOMeepoNCceHa NpuKIaoamu po3pooox
3apyOIdNCHUX A8MOBUPOOHUKIE HA PIGHI MEXHIYHUX
nponosuyiil, 00CIIOHUX 3PA3KIE I CepiliHol NPOOYKYIL.
Hamiueno winsaxu 600ckoHanenuss KOHCMPYKYii nHes-
MAMuyHUx 2i0pudie 3 Memor 3HUNCEHHS 8apmocmi
NHeeMamuyHoi mpancMicii ma eKkCcniyamayiuHux
sumpam. Mema Oocniodxcenv nonseac 6 cunmesi 2io-
puonoi cunosoi ycmanosku (I'CY) neekoeoco asmo-
Mobins 3 ochosnum J[B3 i 0onomidicHum nHeemoosu-
2YHOM OJI51 eKCHIYamayii 8 MiCbKOMY i30060MY YUKJIL.
Ipu yvomy nuesmonpusio nepedbauacmucsi 3a0ismu
MIbKU HA PENCUMAX PO320HY I pDeKynepamueHoz0
eanvmysanist. [nsi yb02o HeOOXIOHO BUHAUUMU KOM-
nosuyito I'CY, dompumyrouuce kpumepiie MiHimiza-
yii eumpamu nanuea i eumpam Ha KOHCMPYKMUEHe
doonpayiosants 6A30601 MPAHCMICIT 8 0OMeHNCeHOMY
npocmopi  agmomodinn. Memoouka 0ocaiodiceHs
BKIIOYAE NOPIGHANLHULL  AHANI3  ANbIMEPHAMUSHUX
xomnosuyivi I'CY nio 3adani napamempu asmomooi-
5 U YMOBU 11020 eKcnayamayii. Jlano AKicHy oyiHKy
xapaxmepucmux nneemamuynux I'CY pisnoi cmpyx-
mypu 3 nO3uyill: eHepeemuyHoi NnoeHomu, aeMmMoHOM-
HOCMI 3anpasku, cxemu nepeoavi exepeii Ha xojeca,
npunyuny no6yoosu nueeMompancmicii. Biosnaueno
KOHCMPYKMUGHI 0COOIUBOCIE NHEEMAMUYHOL MPAH-
cmicii, 0byMOGIeHi cXeMor 6KIOYEeHHs. [T KOMNOHEH-
mie i MPAHCNOPMHUMU PENCUMAMU asmoMoOiIs. 3a
pe3yibmamamnu 00CnioNceHb ChopmyibO8aHo nepe-
O0YMOBU 3ACMOCYBANHA NHEBMONPUBOOd HA ABHIOMO-
6ini. Po3pobneno pexomenoayii 3 cunmesy nHeéMa-
MUYHOI  peKynepamueHoi  cucmemu  «pO32iH—
eanvmysanusiy y cknaoi I'CY 3a sadanumu kpumepi-
AMU onmumizayii. 3anponoHo8aro GapianmHi KoMm-
nosuyii nneemamuynux I'CY, opienmosani na 3aoa-
HUll [3006Utl YuKa i cxemy npueody 06a308020 asmo-
Mmobins. Biosnaueno ocobnueocmi komnosuyii I'CY i
KOHCMPYKYII peKynepamueHoi nHeeMamui4Hol mpaH-
cmicii 6e3 306HIUHbOT NIO3apsaOKu mMucky. /lawo pe-
KoMeHOayii 3 eubopy mMapupymie pyxy mpancnopm-
HO20 3ac00y, OCHAWEHO20 CUCMEMOIO «PO32iH—
2anbMysanusy 6 pexynepamuenomy peacumi. Hayko-
64 HOBU3HA O0CTIOJICEHb NONALAE 8 KOHYEHIY ALbHUX
CXeMHUX DIWEeHHAX albMePHAMUBHUX KOMNO3UYIll
nuesmamuunux I'CY aemomobina 3 pexynepayicio
enepeii, ons peanizayii QyHKYil cucmemu «po3eiH—
eanvomysannsiy. Ilpakmuuna 3nauywgicmv Oocii-
00iCeHb  NPe0CmasieHd PeKOMeHOayiamu, sKi Mo-
JACYmb Oymu KOPUCHUMU NPU NPOEKMYBAHHI CUCTEM
«PO32IH—2ANIbMYBAHHAY HOBUX I a0anmayii iCHyIouUx
CUNIOBUX YCMAHOBOK ABMOMOOINE, SKI eKCHIyamy-
IOMbCs 8 YMOBAX MICHKO20 13008020 YUKILY.

Knrouosi cnosa: nnesmonpugio, nneemoazpeeam,
2IOpuUdHa Ccunosa YCmamosKka, pexynepayis eHepeil
2ANbMY6AHHs, Kpumepii onmumizayii, mpanHcmicis,
3006utl YUKL.
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Concepts for building pneumatic hybrids

Abstract. The article considers the problem of im-
proving the environmental and energy performance
of a car through the use of compressed air energy. In
this regard, the advantages of a pneumatic drive, in
comparison with the electric drive and the drive from
the internal combustion engine, in acceleration
modes of a car in an urban transport cycle are noted.
The relevance of research in this direction is con-
firmed by examples of developments of foreign au-
tomakers at the level of technical proposals, proto-
types and serial production. The ways of improving
the design of pneumatic hybrids with the aim of re-
ducing the cost of pneumatic transmission and oper-
ating costs are outlined. The goal of the research is
to synthesize a hybrid power plant (HPP) of a pas-
senger car with a main ICE and an auxiliary air mo-
tor for operation in a city driving cycle. At the same
time, the pneumatic drive is supposed to be used only
in acceleration and recreational braking modes. To
do this, it is necessary to determine the composition
of the HPP, adhering to the criteria for minimizing
fuel consumption and the cost of constructive refine-
ment of the base transmission in a limited vehicle
space. The research methodology includes a com-
parative analysis of alternative HPP compositions
for given vehicle characteristics and conditions of its
operation. A qualitative assessment is given of the
characteristics of pneumatic gas control systems of
various structures from the standpoint of: energy
completeness, autonomy of a gas station, a scheme
for transferring energy to wheels, and the principle

of constructing a pneumatic transmission. The design
features of the pneumatic transmission are noted, due
to the circuit of its components and the transport
modes of the car. Based on the results of studies, the
prerequisites for the use of a pneumatic drive on a
car are formulated. Recommendations have been
developed on the synthesis of a pneumatic regenera-
tive acceleration-braking system in the HPP accord-
ing to the given optimization criteria. Variant com-
positions of pneumatic HPP are proposed, oriented
on a given driving cycle and drive scheme of the base
vehicle. The features of the HPP composition and the
design of a regenerative pneumatic transmission
without external pressure recharging are noted. Rec-
ommendations are given on the selection of vehicle
driving routes equipped with the acceleration-
braking system in a regenerative mode. The scientific
originality of the research is contained in the con-
ceptual circuit solutions of alternative compositions
of pneumatic gas control systems of the vehicle with
energy recovery for the implementation of the func-
tions of the acceleration-braking system. The practi-
cal value of the research is represented by recom-
mendations that can be useful in the design of accel-
eration-braking systems for new and adaptation of
existing power plants of cars operating in urban
conditions.

Key words: pneumatic drive, pneumatic unit, hybrid
power plant, recovery of braking energy, optimiza-
tion criteria, transmission, driving cycle.
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