ISSN 1728-4260 BICHUK JKITY. 2014. Ne 2 (69)

V]IK 621.436:665.75
10.®. I'yrapeBny, A.T.H., TIPOQ.
A.O. Kopnau, K.T.H., npog.
0./1. ®inoHenko, acmip.
€.B. llly6a, acmip.

Hayionanvnuti mpancnopmuuil ynigepcumem

PO MOKJIMBICTh BUKOPUCTAHHS BOJHEBOBMICHHUX CIIOJIYK
B IN3EJISIX TPAHCIIOPTHUX MAIIIUH

Haseoeno ananiz nimepamypuux oxcepen w000 UKOPUCMAHHA 800HEB08MICHUX CHOLYK 8 OU3ELAX.
Busnaueno moscnugicme suxopucmanus 600HeB0SMICHUX CHOIYK 8 OU3eNAX MPAHCNOPMHUX MAWUH Md
X 6nauU6 Ha NATUBHY eKOHOMIYHICMb, eHeP2eMUYHI MA eKOJI02IYHI NOKAZHUKU 8I0NPAYbOBAHUX 2A316.

Knrouosi cnosa: mpancnopmui mawunu, ouzeib, 600HEB06MICHI CNOJYKU, €KONOSIUHI NOKA3HUKL,
NAIU6HA eKOHOMIYHICMb.

Beryn. ChorozmHi CTpIMKOTO pPO3BHTKY IPOMHCIOBOCTI 1 MaimMHOOyIyBaHHs HaOyBae 3arpo3jHMBOTO
Xapakrepy npobyieMa BUUEpIIaHHs HEBITHOBHUX NPUPOIHUX MATMBHUX pecypciB. Tomy, Bike 6arato pokiB BueHi
BCHOTO CBITY NPalIOIOTh Haja NPoOIeMO0 e(EeKTHBHOIO BHKOPUCTAHHA HAsSBHUX pECYpCiB 3MEHIICHHS
CIIO)KMBAHHS TMaJUB Ha(TOBOTO MOXO/HKEHHS, HE 3MCHIIYIOUHN MIPU IbOMY KUIBKICTH CIIOKHBadiB. J]o TOro X, B
OCTaHHI POKM aKTyaJbHOIO CTaja 3a/ada €KOJIOTiyHOI Oe3NeKH IUTaHeTH, a/pKe aHTPOIOTeHHA MisIbHICTH
JIOJVHN TPHU3BOAWUTH JI0 TOTO, IO BOHA BXKE HE BCTHIA€ CaMOBIIHOBIIOBATHCH B IOKa3HWKAX €KOJOTIYHOTO
OamaHcy.

BueHi BChOTO CBiTy IIPAaIfOOTh HaJl MOIIYKOM HOBHX HE TPaJWLIiIHHHUX MalIWB - aJIbTEPHATHBHOTO IAJIMBA,
gke O JaBajio Taky >X MOOUIBHICTP y HOrOo BHKOPUCT@HHI, SIK 1 BYIJICBOAHEBI MNalWBa, IO € 3apa3
HaWMOMINPEHIIINM €HEPrOHOCIEM JUIsl €HEPreTHYHHUX YCTAHOBOK aBTOMOOLIIB, JOPOXKHBOI TEXHIKM Ta JIBUTYHIB
pi3HOrO mpu3HaueHHs Ha TemepilmiHbOMY eTari PO3BUTKY TEXHOJOTIYHMX 1 EKOHOMIYHHUX MOMIIMBOCTEH
CBITOBOTO CYCHiJIbCTBAa HaiieeKTHBHIIII POOOTH BEAYThCS Yy Tajy3i MOJEpHi3alil BXKe ICHYIOUMX NaJHMBHUX
CHCTEM 3 METOI0 IOKpAIeHHS iXHbOI €KOHOMIYHOCTI, a TaKOX Yy IOKpallleHHI E€KOJIOTIYHUX IOKa3HUKIB
BianpanpoBanux ra3is (BI'). Bueni mykaioTh alpTepHAaTHBHI NaiuBa, a0 KaTali3aTOpH Uil BXKE iICHYIOYHX,
1100 3po0UTH X CIIOXHUBAHHA SKOMOTA HIDKYUM, THM CaMHM IPOJIOBXXUBIIN TEPMiH €KCIUTyaTallil BXXe iICHYI0UnX
CHUpOBHHHUX 0a3. OIHUM 3 TaKHX €JIEMEHTIB Ha CHOTOTHINIHIH JICHb € BOJCHD (TIIPOTeH).

IMocranoBka nmpo6jemu. Ha cborofHimHiil 1eHb aKTyalbHUMH € JIOCHIPKEHHS HAIllpaBJIeHI HA BUBUCHHS
3aKOHOMIPHOCTEH 3MiHM BUTpaTH MalIKBa Ta BUKHIIB IIKIJIMBUX PEYOBHUH 3 BIANIPAIbOBAHUMH ra3aMy JIBUTYHIB
3 ICKpOBHM 3amajIOBaHHAM Ta JH3EIiB aBTOMOOLIIB MpH POOOTI Ha AM3EIHHOMY MANWBi i3 BHKOPHUCTAHHSIM
BOJHEBOBMICHHX CTIOJYK.

Mera poGoTm — BH3HAYCHHS MOXJIHMBOCTI BHUKOPHCTaHHS BOJHEBOBMICHHX CIOJYK Yy JIBUTYHax
BHYTPIIIHBOTO 3TOPSIHHS ~ TPAHCIOPTHUX MallMH Ta IX BIUIMB Ha EKOJIOTIUHI IOKAa3HUKH Ta TNaJHUBHY
€KOHOMIYHICTb.

BukiaageHHsi OCHOBHOro Martepianxy. BoaeHb — BXOAWTh Maibke [0 BCIX NPUPOJHHUX CIIOJYK,
HalBaXKJIMBIIIA 3 SIKUX BOJA.
CupoBuHa U1l IPOMHUCIIOBOTO OTPHUMAHHS BOJHIO — Ta3W Ha(TOIEpepOOKH, ra3u NPUPOJHI, TPOTYKTH

ra3udikarii Byriuis Ta Boja.

VY 3emHiit kopi mictuthest Oimst 1 % 3a macoro, abo 17,25 aTOMHHX BiICOTKHM BOJIHIO. BinbHHI BOICHB
MICTUTBCS B TOPIOYNX T'a3ax, 10 BUIUIAIOTHCSA i3 3eMiti. OCHOBHA Maca BOAHIO 3HAXOJUTHCS B 3B’ SI3aHOMY CTaHi
Y BUIIIAI pPI3HOMAaHITHHX CIIONYK. HalimommpeHimmMu 3 HUX € BoJa, 10 CKiIaxy kol BxonuTs 11,19 % BoaHto.

Ha cporoznHi MOHATTSI BOJHEBOT €HEPTETHKU YK€ CTaJIO 3BUYHUM y BXKUTKY. BoseHb, sIKk MOTOpHE HajIHBO,
Ma€ HacCTYIIHI XapaKTEPUCTHKU: HW)KYa TEIUIoTa 3ropsiHHS CTaHOBUTH 120 MJDK/KT, 110 HEepeBHIIy€E TEIUIOTY
3TOPSAHHS ICHYIOUHX PiOKNX HanuB OinemI HIX y 2,7-2,9 pasa; eHepris 3amamoBaHHsA Maibke B 10 pasiB HIDK4a
BiJl €HEpTii 3amaaioBaHHs BYTJICBOIHEBUX MaJIHMB; MIBUIAKICTH 3rOPSHHS BOJHIO My’K€ BUCOKA 1 MOXe OLTBII HiX
BTPHYi NEPEeBUIIYBaTH IIBUAKICTh TOPIHHS BYTJICBOAHEBHMX HanuB [l]; Mexi 3amamroBaHHA 3 KoeQillieHTOM
HaaMipy TOBITps cTaHOBIATH Bix 0,15 1o 10 oguaume. ToMy, peryaroBaTi HOTYKHICTh MOKIINBO JIMIIE CKIIAZTOM
cymimi [2].

CporosiHi BOJICHb OTPUMYIOTh, TOJOBHUM YMHOM, (90 %) 3 BUKOITHHMX JpKepesl. 3B S30K LEHTPaTi30BaHOTO
BUPOOHMIITBA 3 JIENIO MAJIOTOHHAXXKHUX aBTOMOOUIIB Ha MaJMBHUX €JIEMEHTaX NOTpeOyBaTHME PO3MILIEHHS Ta
OyniBHHITBA PO3MOAUIBUO] IHPPACTPYKTYpH 3 BEIMKHM BKIaZeHHSIM Kamitamy. OpHe 3 3aBJaHb BOJHEBOI
€HEepreTUKN — 3a0e3MeyeHHs] KOMITAKTHOTO Ta 0e3IIeYHOro 30epiraHHs BOHIO HAa OOPTY TPAHCIIOPTHOTO 3aco0y,
3 METOIO OJOBKUTH 1HTEPBAJI MIXK 3aITpaBKaMH.
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OnHuUM i3 crocoOiB OTpUMaHHS BOAHEBOBMICHUX CIIOJYK MOXe OyTH HOro KOHBEpTaLisl i3 BYIJICBOAHEBUX
NajiB MPIMO Ha OOpTy aBTOMOOLIS, IO OJHOYACHO 1 TOKpAIlye IPOLECH TOpiHHSA B CEpPeHHI IWIIHApa, i
npobiemy 30epiraHes BOIHIO.

30epirati BoJAeHb Ha OOPTY aBTOMOOIIS MOXKHA KimbkoMma crocobamu: B OalloHaX BHCOKOTO THCKY, y
KpiOoTreHHMX 0aKax Ta y 3B’sS3aHOMY CTaHi y CKJIa/li METaJIO T1IpHIiB.

HattedexTuBHIIMM cocoOOM MOKHAa BBaXaTH OCTaHHIM OCKUIBKH U 30€piraHHsS OJHAKOBOI KiNBKOCTI
BOJHIO Y HBOTO HAlMEHII pecypco3aTpaTH Ta HAHOUIBII ONTHMANGHUM IJIs1 BUKOPHUCTAHHSA HOro Ha OOpTY
pyxomoro ckmaxy. Ilpore ix KKJI He HaaTro BUCOKHH, a/pke HaBiTh HailepeKTHBHIII yCTaHOBKH 3/4aTHi
30epiratu He Ounbine 8 % BOMAHIO O Maci [2].

JKuBneHHs1 ABUI'YHa YHCTHM BOJHEM Ma€ SIK Ps HEAOJIKIB (3HAYHE 3HM)KEHHS IMOTYXKHOCTI, SIK HACIiJIOK
MaJioi TYCTHHH Ta3y i MOraHoOro HAaNOBHEHHS LWIIHJPIB; )KOPCTKICTh pOOOTH JABUTI'YHA BHYTPILIHBOTO 3TOPSHHS
(IB3) i migBuieHa CXWIBHICTH 0 JCTOHAIll; MOXIUBICTh 3BOPOTHHX CIajaxiB I¢ JITKE caMo3aiiMaHH:I
BOJIHIO ), TaKk 1 psa mepeBar (MpakTW4HO MoBHa BiacytHicTh y BI' cmonyk CO, CyHp, a 3a meBHHX YMOB i
OpaKkTUYHO MOBHA BiacyTHicTs NOy) [2].

IcHye KinbKa HANPAMKIB JOCHTIKCHHS BUKOPHCTAHHS BOJHEBOBMICHUX CHONYK y ABHTYHaX BHYTPIITHHOTO
3TOPSHHS: BiJi BUKOPUCTAHHS MPOAYKTIB TiIPONi3y PO3YMHIB JIYTiB O CTBOPEHHS HAa OCHOBI BOIHIO HOBHX
CHHTETHYHUX MAJINBHUX EJIEMEHTIB 3 METOIO ITOBHOI 3aMiHU BYTJICBOJHEBHX MAJHB.

Ha 3axozni mmpokoro mommupeHHs Ha0yBalOTh CHCTEMH 3 BHKOPHCTAHHSM IMPOAYKTIB TiAPOII3y, OCKIIBKH
BOHH Haii/ielIeBnIi y BUPOOHUITBI i JOOONagHAHHS HUMH aBTOMOOLIS HE BUMAarae CyTT€BHX KOHCTPYKTHBHHX
3MiH y kKoHCTpyKmii /IB3. Jlo Toro sk eHepro3arpaTté HEOOXiIHI sl OTpUMaHHS He0OXiTHOI KUTBKOCTI BOJHEBO-
KHUCHEBOI CyMillli, SIK OCHOBHOTO IPOAYKTY TigpOJI3y LIJIKOM MOXJIMBI Uil OOpPTOBOI CHCTEMH JBUTYHA.
Enextposizepu BUTpavyarOTh Ha OJCP)KAHHA KyOIYHOTO METpa YHCTOrO BOJHIO 3 Boau Onu3pko 4 KBT/T
esieKkTpoeHeprii ado 6im3bko 3 kKBT/r Ha KyOiuyHMI MeTp CyMillli BOJHIO 1 KMCHIO. J[if0o4i MPOMHUCIIOBI YCTAaHOBKH
BUTpPAYalOTh Ha Ied mporiec B 1,5-2 pa3u Ougbiie. EHepris K, IO OTPUMYETHCSA MPH CIATIOBAHHI OIHOTO
KyOiYHOTrO METpa JIMIIEe BOJAHIO, CTAHOBUTH Om3bko 3,5 KBT/r [3]. Xoua 3a IHIIMMH JaHUMU BOHA MOXE OyTH
3HAYHO MEHIIOIO.

ToMy Ha nmaHWA Yac IHPOKO BeAyThcs pobotu 3 mimBmmieHHs KKJI emexTpoimizepiB Ta po3poOKu
ONTHMAJIFHHUX BiICOTKOBHUX CIIBBIIHONIEHB 10 Maci MiX BOJHEM Ta BYTJICBOJHEBUMH MaJMBaMH, 01 3MEHIINTH
€Hepro3aTpaTHiI HABAaHTAXXCHHS Ha OOPTOBY CUCTEMY aBTOMOOLIA.

ExcriepuMeHTanbHUM IUIIXOM OyJI0 BCTAaHOBJIECHO, II0 ONTHMalIbHA 71033 BOJHIO 3HAXOAMUTHCS B MEXax 2—5
% 3aleXHO BiA THUIy NOBUI'YHa Ta Horo o0’eMy. BukopucTaHHS NaHMX CHCTEM Ha JBUTYHaX 3 ICKPOBUM
3aMajllOBaHHsAM Jla€ MOXJIMBICTh MOKPALIMTH SIKICTh 3TOPSIHHS MaJIMBa Ta MOJIMIIUTH €KOJOTiYHI NOKAa3HUKH
nBuryHiB. Bona noszsomsie miggummti KK/l nBuryHa nuisxoM nepexoiy Ha CyMilli 3 BEJIHMKHAM HaJUIMIIKOM
MOBITPsl, OCOOJIMBO Ha PEXHMMAaX MaJMX HABAHTAXKEHb. SIKOCTI BOJHIO, SIK MOTOPHOTO MAaJIMBA, JIO3BOJISIOTH
peanizyBaTu cTyreHi 30iHEHHs, SKi HEe BIaeThcs peanizyBar iHmMMH criocodamu. KK/ ABUTYHIB MOXYTh
migBuiryBatiuck Ha 10-15 %, a Ha pexMMax YacTKOBUX HaBaHTaXeHb — Ha 17-22 %. Taki maHi JOCHIHKEHB
npoBeneHnx HAMI (Pocis) Ta Iacturyty mpobnem mammuoOynysanHs HAH VYkpainu npu BHKOpHCTaHHI
OCH30BOTHEBUX CyMimed. Jlo TOro i, MpH MepeXxoiAi Ha Takuil Twm xuBlieHHS [IB3 3 ICKpOBUM 3amatoBaHHS
JI03BOJISIE 3MEHIINTH BUTPATy MAJIMBa, a TaKOX BUKWAM mKianmBux pedosuH (IIIP) y BiampampoBaHmx rasax
(BT) [4, 5].

BAT «ABTOBA3» Ta JlepxaBHuii yHiBepcuteT (M. TombsTTi) [5], Ipu MpoBeAeHHI CTEHIOBUX JOCIiKEHb
OemsuHOBOTO naBHTYHA BA3-2111 Ha OCH30BONHEBHX CYMIIIaX OTPHUMAaB [aHi, SKi JO3BOIIIOTH 3POOHUTH
BUCHOBKH mpo migBumienHs iHoro KKJI Buie pieas KKJ[ HaiOiibil €eKOHOMIYHOTO Ha ChOTOIHI JBUTYHA —
THXOXIHOTO Au3els ¢ TypOoHamtyBom (puc. 1).

Bumoru mo Bukuaam CO, CmHn, NOx 3a6e3neuyBainch Ipu KoehillieHTI HaAIMIKy moBitps A — 1,7. Sk
BBaXaroTh crerianictu BA3, moxHa nporrosysaru miasumeHas KKJ[ neuryna mno 48 % B pexxumax MOBHHX
HaBaHTaxeHb Ta 110 30 % npu HaBaHTaxkeHH] 20 % BiJ MAaKCUMaJbHOTO.

BukopucTaHHs KOMOIHOBaHMX CHUCTEM JKHMBJIICHHS Ha JM3ENIX JAOCHTH MOLIMPEHE Ha 3aXo[i. 3/e0ibIioro,
BOHU BHUKOPHCTOBYIOTHCS Ha BaHTQXKHUX AaBTOMOOIISAX, JIOKOMOTHBAX Ta CyJHOIUIABHUX IU3ESX. 3a PI3HUMHU
JIaHUMH ITaJIMBHA €KOHOMIst MoKe ckiazaty Bif 10 mo 20 %.

JlociipkeHHs 010 BUKOPUCTAHHSI TAKMX CHUCTEM HA pealbHO ICHYIOUMX JH3EJISIX MPOBOJATHCS TAKOX Ha
tepuropii OyBmoro CPCP. 3okpema BenuKy yBary NpHIUIIOTH JIOCHIJPKEHHIO BHKOPHCTaHHS BOJHIO, SIK
J00aBKM 10 MOTOPHOTO TajMBa Ha CYAOBHX IHM3EJSAX. 3a JaHUMH E€KCIIEpUMEHTIB, Ha CyJOBOMY Ju3eii Oe3
HajyBy mMapku 2413,5/14 [7] Oynu BCcTaHOBICHI O3UTHBHI Pe3y/IbTATH BUKOPUCTAHHS BOJIHIO, K T0OABKH JI0
MOTOPHOTO TaJIHBa.
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Puc. 1. Maxcumanvnuii epexmuenuii KKJ/[ JIB3 npu pobomi na pisnux uoax naiuea [6]:
1 — 0sueyn BA3-2112 na b6ensuni; 2 — ousenv 3 mypoonaooyeom, 3 — 0sueyn BA3-2111 na 6enzo0800mesitl
cymiwi,; 4 — osueyn BA3—2106 na yucmomy 800Hi,
5 — sona KKJ[ enexmpoximiunozo cenepamopa

BumnpoOyBaHHs OBUTYHAa MPOBOMWINCH 32 JBOMA HABaHTAXYBAIGHHMH XapaKTEPUCTHKAMH, 3 SIKUMH
MPAIIOIOTh W3e/b-TEHEPATOPH, NpH MOCTIHMX YacTOTaX obepTaHHs KojiiH4acToro Bana: n = 1500/xa.™
(HominanbHa) Ta 920 xB. (MimiMameHO cTiiika). B xoai BUIpoOyBaHb GyIO BCTAHOBICHO, IO JOJABAHHS
HE3HAYHHUX KiNbKOCTeH BOMHIO M0 Maci (0,5—2 %) Moxe 3MEHIIUTH MTUTOMY BUTpATy nanuBa a0 8 %, 3aJeKHO
BiJl HABAaHT)KCHHS HA JIBUTYH.

Takox, JONABaHHS BOJIHIO CYTTEBO BIUIMBAE€ Ha MOJIMIICHHS CKOJIOTIYHMX TOKa3HUKIB. B Xoii MpoBemeHUX
eKCTIepUMEHTAIBHIX JIOCIIDKEHb OyJI0 BUSABJICHO, IO KUTBKICTh BUKUAIB ByrieBoaHiB (CmHn) 3am3mnacs Ha 40-50 %,
MoHookeuny Byrremo (CO) — Ha 15-25 %. Ilopsm 3 M MO0 BCTAHOBIICHO, IO BHKUAM OKcHAiB a30oTy NOX
30uTBIIHCS HA 3—7 %, II0 MOB’s3aHE 3 TICBHUM ITiIBHUIICHHAM MaKCHMaJbHOI Temmeparypu mwkity [10]. Xoda 3a
THIIAMA TOCITIDKEHHSAMH OKCHAN a30TY MOXYTh 1 3HIKYBATHCh. [0 TOTO K HAsBHICTH JONATKOBO BOIHIO BCEpEIHHI
KaMepH 3rOpaHHs J03BOJISIE 3MEHIIATH TAMHICTh, OCKUIBKH BOJICHD BHCTYIIA€ AKTUBATOPOM 30H OKHMCHEHHS YaCTOYOK
Caxi, COPHSIOYN iX OLTBII TIOBHOMY BHUTOPSTHHIO. BIUIHB BOIHIO Ha TIPOIIECH OKUCIICHHS a30Ty Ta Ca)KOYTBOPCHHS B
JIM3EIIX TPOSIBIIETBCS HA PI3HUX CTalisXx pobodoro mumkity. Hampukiag, Horo peakiiiiHa 3[aTHICTH CIPHYWHSIE
PO3IIMPEHHS] MEX caMO3aiiMaHHsI CyMilli i, SIK PEe3yJbTaT, CIPHSE BUTOPSHHIO 30H 3 OIIHUM Ta OaraTtiM CKIaJoM
MAJIMBO-TIOBITPSIHOT CYMIIIIL, [0 TIOKPAIITy€e CaM TPOIIEC TOPIHHS B CepeIuHi ItiHapa [8].

Ha choromHi BofeHb € €IUHUM CIIEMCHTOM, SIKHI 3[IaTCH HE TUILKH BIUIMBATH HA MPOIIECH PE3YJIbTYIOUOTO
Ca)KOYTBOPEHHSI, & i B CYKYITHOCTI ONTHUMI3yBaTH KiHETHUYHI MpoOIecH ropiHHs B am3ensx [9]. B poborax [8, 9],
SIK JDKEPEJIO BOJIHIO, BUKOPUCTOBYBAJIACS KOHBEPCII0 METaHOIy. EKCriepuMEHTH MPOBOIMINCH HA MOTOPHOMY
creHni 3 qu3enem [[-144. B xoni mpoBeneHH BUNPOOYBaHHS OyII0 BCTAHOBIICHO 3HIKEHHS KUTBKOCTI caxi y BI'
Maibke BJBii, crmocrtepiramocs meBHe migBumieHHS CO, OCKUIBKH I KOMIIOHEHT BXOJAWB IO TPOIYKTiB
KoHBepcii. OgHovacHO OyIo BimMiueHo 3HmKeHHs BUKUAIB NOX Ha 16 %.

BucHoBok. BuxopucraHHS BOJZHEBOBMICHHX CIIONIYK € OIHHM 31 CIIOCOOIB ITOKpamIeHHS MaJMBHOL
E€KOHOMIYHOCTI Ta €KOJIOTIYHHX MMOKa3HUKIB JAHM3EIiB, OCKUIBKH BOJCHb Ma€ H0Opi XapaKTEPUCTHKH MOTOPHOTO
NajKBa, a 1€ MOJIEKYJSIPHO-XIMIUHI BIIACTUBOCTI, SIKI 3JaTHI MOKPALIUTH MPOLEC 3rOPsSHHS NajiBa BCEPEIUHI
uITiHApa, a omke 1 miasumutd KKJ apuryHa.
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