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PASBUTUE TPAHCIIOPTHBIX OTOIIUMTEJIBHBIX CHUCTEM C KACKAJHBIMU
TPAHC®OPMATOPAMU SHEPT' U

B cmamve paccmompenvbl nepcnekmusHvle  CXeMbl  OMONUMENbHO-6EHMUTAYUOHHBIX — cucmeM  Ois
MPancnOpmMHbIX YCMAHOBOK, pabomaiowjue Ha NPUHYUNAX KACKAOHO-MENI08020 coicamus. Buisenenvl u
nPOAnATUIUPOBAHbL  PuU3UUECKUe OCOOEHHOCMU pabouezo Npoyecca 2eHepamopa KAcKAOHO-Menio8o2o
colcamusl, nPeodNoACeHbl KOHYEnYuu COBEPUEHCMBO8aNUA e20 cgolicms. Packpvbimbl nymu nogvluienust
apdexmusnocmu pabomvl OMONUMENbHO-GEHMUWIAYUOHHBIX CUCTEM U NPEONIOJICEHbl PA3IUYHbIE CXEMHbIE
peuienus, obecnequgarouue Ux MaKCUManbHyio npou3e00UumenIbHoCmb 8 YCA08UX IKCIIYAMAyUl.

Kniouegvie cnosa: rackaono-mennosoe coicamue, 2eHepamop 2a308, MPAHCNOPMHASL  OMONUMETbHAS
cucmema, a¢pghexmusrocmn, pomop.

AKTyaJbHOCTh HccJeoBaHusi. B o0mem oObeMe NOTpeOICHUS] SHEPTUM IMACCAXKHUPCKUM  I10E€3I0M
3HAYUTEIBHYIO JIONI0 COCTABISIOT 3aTpaThl Ha OOECHeYeHWe MUKPOKJIMMAara B BaroHax M KaOWMHE MallMHHCTa
JIOKOMOTHBA. B yciioBHsIX Bo3pacraroleil KOHKYpEHIIMHU Ha PhIHKE TPAHCIIOPTHBIX YCIYT TpeOOBaHUE 1O MOAACPIKAHHUIO
KOM(OPTHBIX CaHUTAPHO-THTHEHUYECKHX IApaMETPOB B TMOMEMICHUSIX IOABMKHOI'O COCTaBa IIPH OJHOBPEMEHHOM
CHIYKEHUH SHEPTUH, MOTPEOsIeMOl CUCTEMaMH OTOIUICHHUS, BO3yXOCHA0KEHHS ¥ KOHIUIIMOHUPOBAHHE MTPUOOPETAIOT
0co00e 3HaYCHHE.

3HAUYNUTEIbHBIH  pe3epB  TOBBIINIEHHUS KOHKYPEHTOCHOCOOHOCTH  JKEIE3HOJOPOXKHOTO — TPAaHCIIOpTa B
MACCaXUPCKUX IEPEBO3KAaX CBS3aH C IOBBINICHHEM YPOBHS KOM(OPTHOCTM B NOMEUICHUSX ITOJBIKHOTO COCTaBa.
YpoBeHb KOM(OPTHOCTH MOE3IKU Ha JKENIE3HOIOPOKHOM TPAHCIOPTE BO MHOI'OM 3aBHUCHT OT MUKPOKIIUMATA B CAJIOHAX
MIOZIBIYKHOTO COCTaBa, MapaMeTpbl KOTOPOT'o, U, MPEXJIe BCETO TEMIIEpaTypa, BIaKHOCTh, 3albIICHHOCTh 1 XUMHYECKUH
COCTaB BO3/1yXa, HETIOCPEICTBEHHO BIIMSIOT HA CAMOYYBCTBHE ACCAKUPOB U CyObEKTUBHOE BOCHIPUSITHE JUTUTEIHHOCTH
npoesaa.

IMocranoBka mpodaemsl. HeoOxoquMocTh MOBBIIEHHST 3PPEKTUBHOCTH CHCTEM OTOILICHHUS M BEHTHIISILIUH,
TIOUCK pelleHnH, 00J1aatomux Oosee BHICOKOH SKOHOMHYHOCTBIO, TIPEIONPEIENsieT CO3J[aHue HOBBIX KJIACCOB, CXEM U
MIPUHIMIIOB JEWCTBHSI OTONMHUTENBHBIX CUCTEM. 3HAUUTENLHBIN POrPECcC B 3TOM HAIPABIECHHU MOXET OBITh JOCTUTHYT
NP KCIOJb30BAaHMM B KAueCTBE OCHOBHOTO JJIEMEHTa OTONHMTENLHO-BEHTHSIIMOHHBIX CHCTEM OJIHOH W3
Pa3HOBUIHOCTEH KaCKaJHBIX TpaHC(HOpMATOPOB JHEPTUH, a UMEHHO — I€HEPaTOPOB KAaCKaJHO-TEIUIOBOTO CXKATHUS C
9KEKTOPHOMU CTYIIEHBIO.

TeopeTuyeckuii aHAIHN3 UCCJIEAOBAHUSA. AHAIN3 CHCTEM OTOIUICHUS U BEHTWISIMU MACCAKUPCKUX BAaroHOB
MOKa3bIBAET, YTO HAWIYYIIHNE MHKPOKIMMATHYECKUE YCIOBHs OOECHEYMBAE€T MHOTOTOYEUHBIH MOJABOJX IOAOTPETOr0
Bo3ayxa B canoHel [1, 2]. OJHako TUIOBBIE CXEMBI JJIEKTPOKAJOPU(PEPHOrO OTOIUICHHS HMEIOT KpaiiHe
HEY/IOBJIETBOPUTENBHYIO SHEPT€THYECKYIO 3 (HEKTUBHOCTB.

OyHKIMOHATFPHO HaWOOJBIEH CHOCOOHOCTBIO O0ECIEeYMBATh CAHUTAPHO-TUTMEHWYECKHE TpPeOOBaHUS K
MHUKpPOKIIMMAaTy B MOMEUICHUSIX MTOJBIKHOTO COCTaBa o0iagaer Bo3aynHas (kanopudepus) cucrema otomienus. K ee
JIOCTOMHCTBaM OTHOCHTCS: TPOCTOTa PETYJIMPOBAHUS TEMIIEPATyphl BO3yXa B CAJIOHE BaroHa; HaJEKHOCTh NMHUTAHUS
HarpeBaTesed, pa3MellaeMbIX B OJHOM MECTE; BBICOKHH YpPOBEHb O€30MacHOCTH ISl MAcCaXUPOB; BO3MOXKHOCTh
KOMOWHUPOBAHUS dJICKTPUUICCKON CUCTEMBI C TAPOBOI; MOCTOSHHBIH MPUTOK B CAJIOH CBEXEro Bo3ayxa [2, 3]. Bmecrte ¢
TeM, BO3IYIIHOE (dJIEKTPOKAIOPU(PEPHOE) OTOILICHUE XapaKTepU3yeTcs BechMa MalbiM KOA(QQUIMEHTOM MOJIE3HOTO
JefcTBus.

Crnenyer 3aMeTHTh, YTO HSHEPreTHYECKOE HECOBEPIIEHCTBO, B IIEJIOM, THUIIMYHO JUIS BCEX CHCTEM
AJIEKTPUUYECKOro OTomwieHus. OCHOBHAas NMPHYMHA 3aKIIOYaeTcs B HEPAMOHAIBLHOCTH OOpaTHOTO INpeoOpa3oBaHuUs
papUHUPOBAHHOW HJIEKTPUYECKOW DHEPrMM B TEIUIOBYIO. JIeHCTBHTENBHO, TEIUIO 10 CYIIECTBY SIBIISIETCS
JIUCCUNATUBHOW  HSHEprued, W MOXKET CIYXHTh IIOKa3aTeJeM HECOBEPIICHCTBA WM  HEOOpaTUMOCTH
peoOpa3oBaTENbHBIX MPOIECCOB B TPAHC(HOPMHUPYIOIIUX arperaTtax 1 CHJIOBBIX MaIlIMHAX.

Oco0eHHO 0YeBH/IHAS HELENIecO00Pa3HOCTh UCIIONB30BaHHS 3JIEKTPOIHEPTUU B KAYECTBE HCTOUYHUKA TEIUTOTHI
MIPOSIBIISIETCSI B TI0€3/1aX C JAW3ENBHON TATOM, I/ie C OJHOW CTOPOHBI AJIEKTPOIHEPTHS SBISETCS MPOAYKTOM IBOWHOTO
npeoOpa3oBaHus (C TEIUIOBOH B MEXaHMYECKYIO — B JIM3elle; U MEXaHHUECKOH B JJIEKTPUYECKYIO — B TEHEpaTope), a
JIPYrod CTOPOHBI - OTBOJ TEILIOTH B CHJIOBOM arperare TEIUIOBO3a SIBIISIETCS HEOOXOJUMBIM YCIIOBHEM OpraHM3alliy
pabouero nporecca qU3eIbHOrO NUKIA. [Ipr 3TOM OTMETHM, YTO TEIUIOTa, OTBOJMMASI B CUCTEMY OXJIQXKICHUS JAU3EIs
U ¢ oTpabOoTaBIIMMH Ta3aMH, IOYTU BJBOE IIPEBBINIAET TEIUIOTY, NMPE0oOpa30BaHHYIO B IOJIE3HYIO MEXaHHUYECKYIO
SHEPTHUIO Ha Bally ABUraTess [2, 4].

Eme Oonee nuzkoe 3nauenue KIIJ] BO3AyMIHBIX CHCTEM OTOIUIEHHS OOYCJIOBJIEHO OOJBIIMMHU 3aTpaTaMu
SHEpPrMd Ha TPAHCIOPTHPOBAHHME TeIUIa BO3IYIIHBIM MOTOKOM. CKaThlii BO3MyX SBISETCS IPOAYKTOM
BBICOKOTEXHOJIOTMYECKOW TepepadoTKH, IOITyuyeHHe KOTOPOro B YCIIOBUSIX IIOJIBMXKHOI'O COCTaBa IpEAINojaraer
UCIIONIb30BaHUE 3-X WiM 4-X arperaroB CO CBOMMH OTpPaHHUYEHUSIMH 10 3((PEKTUBHOCTH IPeoOpa3oBaTeIbHBIX
nporieccoB (umkioB). Hampumep, B ciiydae TEIUIOBO3HOM TSTM MPOU3BOJCTBO CHKATOTO BO3[yXa OCYILECTBIISETCS IO
cxeme:



e mpeoOpa3oBaHUE TEIIOTHI CTOPAHUs TOILUIMBA B MEXaHHUIECKYIO SHEpruto (ausens, 17, =0,32..0,34);

e mpeoOpa3oBaHUE TEKTPUUECKOH SHEPTUH B AMIEKTpUUecKyto (reHeparop 77,=0,84..0,85);

e mpeoOpa3oBaHHE IJIEKTPUUECKON HSHEPrUM B MEXaHMYECKYIO MPUBOAA KoMIpeccopa (3JIEKTpOIBHUraTellb
1, =0,8..0,85);

e npeoOpa3oBaHHE MEXAaHWYECKOW DHEPrHMU B paclojaraeMylo padoTy CKaToro Bo3ayxa (KOMITpeccop
n,=0,7..0,72).

Takum obpazom, obmmii KI1/] npeoOpa3zoBaHus TEIUIOBOI SHEPTUH B IOTEHITUAI CKATOTO BO3yXa IPH YCIOBHH
HOMHHAJIBHBIX PEKUMOB PabOTHI BCEX arperaToB COCTaBISIET 77, = 17,1.1,,7, = 0,15...0,18.

B Bumy BBICOKOI 3aTpaTHOCTH Tpoliecca HarHETaHHs BO3/yXa OYEBUIIHA SHEPreTHdecKasl Lelecoo0pa3HoCTh
CHIDKEHUsI OOILIEro YpPOBHS JaBJIEHWS B MaruCTpajd BO3JYXOBOAA OTOIUTEIBHOW CHCTEMBI, YTO MOXET OBITh
JIOCTUTHYTO HCIIOJIb30BAaHUEM WHAWBHUIYAIBHBIX BEHTHISTOPOB, pa3MeEIIaeMbIX B HENOCPEICTBEHHOH OJM30CTH OT
comen TOAa4YM HArpeToro BO3AyXa B o0OrpeBaeMble 30HBI. Takoe pelIeHHWE CONPsDKEHO C HEONpaBIaHHBIM
YBEJIMUEHHEM KOJNIMYECTBA HArpeBaTENbHBIX JJIEMEHTOB M MOTOP-BEHTWJIATOPOB, YCIOXKHAIOUIMX YCTPOHCTBO
OTONUTENIBHOW CHUCTEMBI M CHIDKAIOLIeH ee HaJleXHOCTh. IIpu 3TOM BecbMa He MPOCTO MOJABUTH IIYM, CO3/1aBa€MBbIi
paboTOi BEHTHISATOPOB.

AHanu3 CHCTEM OTOIUIEHUS W BEHTWIILMU IaCCaXKUPCKUX BAarOHOB IIOKAa3bIBaeT, YTO HAWIY4IIHe
MHUKPOKIIIMaTHYECKUE YCIOBUsSI 00OECIEYMBAET MHOTOTOUEYHBIH IOJBOJ TOAOTPETOro BO3AyXa B cajloHbl. OmHaKo
TUIIOBBIE CXEMBI 3JIEKTPOKAIOPU(EPHOr0 OTOIUIEHHS HMEIOT KpaiHe HEeYAOBIECTBOPUTEIbHYIO DHEPreTUUECKYIO
3¢ GEKTUBHOCTD.

3arpaThl MOLUIHOCTH Ha OOecriedeHre KoM(pOpTa COCTABISIIOT 3HAYUTEIBHYIO YaCTh MOITHOCTH MOTpeOsieMoi
noe3zoM. Ha puc.l moka3aHO CpeIHErofoBOe paclpelelieHne IMOTpeOasieMOld SHEprud CTaHJapTH3UPOBAHHOTO
MEXIYropoaHuM moe3oM DenepanbHbIX kene3nsix goporo lseitnapuu (SBB) maccoit 600t npu yckopenuu 0,1 m/c2
Ha noaseme 10%.
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obecrieyeHHs
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17,5%

TToTepu B cemH 10%

Puc..1. PacueTHoe pacnpenciaeHue roqoBoro 3HepFOHOTpe6HeHI/Iﬂ JUIL CTAaHAAPTU3UPOBAHHOIO ITO€3/1a

[Tpu nBwkeHny moesna 6e3 yCKOPEHUs! Ha TOPU3OHTAIBHBIX YYacTKax JIOPOTH, a TAaKKe BO BPEMs OCTaHOBOK
yIeTbHbIE 3aTpaThl HAa BCIIOMOraTe IbHBIC 1IeNU 1 o0ecieueHne KoM(pOpTa BO3PaCTalOT.

Hean crarbu. Llenbio craThu sBISETCS BBISBICHHE OCHOBHBIX (DAaKTOPOB, OMpenesstomux 3(¢GeKTUBHOCTD
MIPUMEHEHHS! TIPUHIIUITOB KaCKaJHOTO SHEProooOMeHa B CHCTEMaX OTOIICHUS TPAHCIIOPTHBIX YCTAHOBOK.

3amaun mcciaenoBanus. OCHOBHBIMH 3aJa4yaMU HCCJICIOBAHMS SIBIISUIACh pa3paboTka BHICOKOI((EKTHBHBIX
CXEM CHCTEM OTOIUICHHsI HAa OCHOBE KacKaJHbIX TPaHC()OPMATOPOB IHEPTHH.

PesyabraTbl nccienoBanus. [lepcrekTUBHOE HampaBlieHHE PAa3BHUTHs OTOIUIEHHS W BEHTWIISLMU CBSI3aHO C
CO3JJaHUEM TEHEPAaTOPOB I'OPSYET0 BO3AyXa, OCHOBAHHBIX Ha MCIOIB30BaHMU d(Pdekra KackaJHO-TEIUIOBOTO CXKATHUS
(KTC). Cymuocts pabouero mukina KTC, paspaboranHoro mom pykoBoacTBoM mpodeccopa KpaitHioka A .,
3aKJIFOYACTCS B MPSIMOM MPEOOpPa30BaHUU TEIUIa B DHEPTHUIO CKaToro Bo3ayxa. Tepmomunamudeckuii ki KTC moxer
OBITH IOJIOKEH B OCHOBY IieNoro psima yctpoicts: xommnpeccopa KTC, reneparopa rasza, KackagHOro oOMEHHHKa
JABJICHUSA, KaMEpbl CropaHus Ta30TypOMHHOW YCTaHOBKH, oOorpemaTens KackagHo-teruioporo coxkarus (OKT),
pa3HooOpa3HbIX cucteM HamayBa JIBC u ap. [5, 6, 7, 8, 9].

IToMHUMO TPOCTOTHI M BBICOKOM HAIEKHOCTH KOHCTPYKIIMH, B BULY OTCYTCTBHS MEXAHMYECKUX BBHITECHUTEIICH
U TIOIBWKHBIX JHCKPETHO YIPAaBISEMBIX TIa30paclpeieuTebHbIX opranoB, arperatsl KTC xapakrtepusyrorcs
nocratouHo BeicokuM KIIJl nmake mpu HCHONB30BaHMM WCTOYHHMKOB TEIUIOTHI C OTHOCUTEIBHO HEBBICOKHM
TEMIIEpaTypHBIM MOTEHIIUAJIOM, YTO OOYCIaBIMBAaET NPHUBIEKATENbHOCTh MX NPUMEHEHHs, B TOM YHUCIE, B Ka4eCTBe



YTWIM3ALMOHHBIX CHCTEM B COCTaBE TPAJAUIMOHHBIX TEIUIOCHIOBBIX YCTaHOBOK. IIpuHIMN nefcTBUS M ONMCaHUE
niepBbIX ycrpoiictB KTC packpeiThl B pabotax [2, 4, 8, 9].
B Hacrosmee Bpems Ha kadenpe IBC u mamuHOBeaeHHe BocTouHOykpanHckoro yHuBepeutera um.B. Jlans
co3JaHbl paboToCcIIocOOHbIE OMBITHBIE 00pa3ibl arperata KTC, cxema koToporo rnokasaHa Ha puc.2.
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Puc.2. [IpuniunuaneHast cxema reHepaTopa KackaJHO-TEIJIOBOIO CHKaTHs

Arperar KTC comepxut porop 1, OXBaThIBAIOIIMHA cTaTop 2, coep)Kalluii HAarmopooOMEeHHbIE KaHaibl 3,
MIONIAPHO COENUHSIOINE CMEXKHBIE sSTUEHKU pOTOpa | ¥ ONMIO3UTHO PaCIONOKEHHBIE OKHO 4 MOJBOIa HU3KOrO JAaBJICHUS
(ITHJ) n oxHo 6 moasoma Beicokoro maenenust (I1BJ]). HapyxHnas moBepxHOCTH poropa 1 oxBadeHa KOXYXOM,
BKJTIOYAIOIINAM OKHO 5 0TBOozAa Hu3koro nasienus (OHJI) u okHo 7 otBoma Beicokoro aaeneHus (OBJI), a okHo 6 I1B/] u
okHO 7 OBJI coemUHEHBI BHITCCHUTEIBHBIM TPAKTOM 8 ¢ TEIJIOOOMEHHHUKOM 9 YTHIM3AI[MOHHOTO KOHTYpa. Ha yuacTke
BBITECHUTEIBHOTO TpakTa 8 COeAMHSIOMEM TermoooMeHHUK 9 u okHo OBJl 7, pacmonmoxken marpy6ok 10 orBoma
C)KaToro pabovero Tena K noTpeduTero.

B mpouecce Bpamenuss poropa 1 (1o 4acoBoW CTpeike) Kaxaas M3 siueek poropa | mociieaoBaTeslbHO
coo0IIaeTcsi ¢ HanOpOOOMEHHBIMH KaHaIaMu 3 cTaTopa 2, 4epe3 KOTOpble B Hee IOCTyMaeT pabodee Teao U3 CMEKHBIX
s;YeeK ydyacTKa pacliupeHus. B pesynabpTare KackaJHOrO caTWs JaBJICHHE B s4YelKe IOCTENEHHO IOBBIIIAETCS IO
OIPEJICJICHHOr0 3HAYEHUsI, 3aBUCSIIETO OT TEPMOJMHAMHYECKHX IapaMeTpoB paboyero Teila B Hadaie Ipolecca
pacIIupeHus.

IIpu cooOmeHnn paccMaTpuBaeMbIX sYeeK C OKHamH Bbicokoro pasienus (6 TIBJ] u 7 OBJ)
BBITECHUTENBHOTO TPAKTa IM0J] ACHCTBHEM LEHTPOOESKHBIX CHJI WIIM MPUHYAUTEIbHOW IHUPKYISLUH OCYIIECTBISETCS
3aMelleHue MIPEeIBAPUTENIFHO CKATOr0 B sYeike BO3AYIIHOTO 3apsijia OAOTPETHIM HCTOYHUKOM TEIUIOTHI BO3YXOM HIIU
ra3amu (B ClIydae UCIIOIb30BaHHS KaMephbl BHYTPEHHETO CrOPaHUs).

BeneactBue 3TOro B BBITECHUTEIBHOM TpakTe 8 M COOOMIEHHBIX C HUM sYeKax YCTaHAaBIMBAETCS
MaKCUMaJIbHOE JaBJICHWE IMKJIA, MPEBBIIIAIONIEE [aBJICHUE KackaJHoro cokatus. YacTh CKaToro BoO3AyXa U3
BBITECHUTEIBHOTO TPaKTa 8 OTBOJWUTCSA K IMOTPEOUTENNO0 uepe3 marpyook 10, pa3MemieHHbIH HEMOCPEACTBEHHO Mepe
HMCTOYHUKOM TEIUIOTHI.

B mepuon mocnenyromero cooOlIeHHs] SYeeK C HalmopoOOMEHHBIMM KaHalaMu 3 4YacTb pabodero Ttena
OTBOAUTCS K CMEXHBIM sS4elkaM ydyacTKa CXaTus, 4TO CONPOBOXKIAEeTCsA IMaJeHHEM JaBJIEHUS B PaccMaTpUBAEMBbIX
siyelikax. Takum oOpazoM, paboTa pacIIMpeHus: pacXoayeTcsl Ha CKaTHe BO3AYIIHOIO 3apsjia B Mpolecce KacKaJHoro
MaccooOMeHa.

OcraTouHOE J]aBjieHHe B KOHIIE MPOIIEcCca PacIIMPEHUs], KaK KOCBEHHBIH [TOKa3aTellb COBEPUICHCTBA pabodero
Tpolecca, 3aBUCUT OT KOJIMYECTBA HAIIOPOOOMEHHBIX KaHAJIOB, CTPEMSICh K aTMOC(EPHOMY C YBEINYECHHEM TOCIEIHUX.

W, nakoHel, NMpoayBKa s4eeK BO3AYLIHBIM 3apsAA0M, OCYIIECTBIAEMAs B MEPUO MOAKIIOUEHHS SUeeK K OKHAM
nuskoro nasienust [THJ] u OHJI, 3ambikaer pabounii mukin arperata KTC.

HecMmortpst Ha yHUKaIBHOCTH yCTpoWCTBa, pabounii npouecc arperata KTC He mpoTHBOPEYUT KIIACCHYECKUM
NMPUHIOMIAM OpraHHM3alKu padouero Mporecca TEeIUIOCHIOBBIX MamiuH. JleHCTBUTENbHO, pabouuii LUK B sSUEHKe
poTOpa MOXXKHO YCIIOBHO pa3JIeNIUTh Ha CIEAYIOLIUE IIPOLECCHI:

- TIpolecc CKaTusl Mpu ABWKeHuM sueliku or okHa ITHJ[ no momeHnra ee coBmemnieHus ¢ oxHoMm IIBJI,
COTPOBOXK/IAIOUIUICS CTYIEHYATHIM IOBBIIICHUEM JAaBIICHUs B sYeiKe, BCIIEACTBHE IIO/IBOJIA YacTH pabodero tena ot
CMEXHBIX sIUeeK poTopa uyepe3 KaHajbl CTaTopa;

- TIPOLIECC 3aMEeIIeHUs, BKIIOYAIOUIUNA ITambl MOBBIIMICHUS AaBJIEHHUA B f4YelKe ¢ NpeaBapUTEIbHO CHKAaThIM
pabouuM TeJIOoM J0 MaKCHMMajbHOTO MAaBJICHUS IIMKIA, B TMepHoa e¢ moakmoueHus k okHam [IBJI u OBJ] ¢



OTHOBPEMEHHBIM BBITECHEHHEM M3 SYEHKHM W TPOTAIKMBAHMEM pabouero Ttena uepe3 TEIUIOOOMEHHUK, TIe |
OCYIIECTBIISIETCSl €r0 MOAOTPEB, a TAK)KE OTBOJ U3 BHITECHUTEIBHOW MarumcTpald 4acTH CXKAToro padoduero tenma K
MIOTPEOUTENI0 ¢ MaKCUMaJIbHBIM JiaBiieHneM 1ukia KTC;

- TIpollecC pacUIMpeHHs, B pe3ynbTare OTBOJAa 4acTh pabodero Tena 4epe3 KaHalbl CTaTOpa B CMEXHbBIE
STYEHKH POTOpa;

- Iporecc MPOAYBKHU SUEHKHM CBEKUM BO3JYXOM B IIEPUOA €€ COOONIeHHs ¢ MpoAyBoYHbIMU okHamu ITH/ u
OHJ.

[TpuMeHUTENFHO K JKENEe3HOMOPOKHOMY TPAHCIOPTY HWHTEPEC NPEACTABISET, HAINpHMEp, HCHOJIb30BaHHE
reHeparopa ToOpsS4ero BO3JyXa B OTONUTEIbHBIX CHUCTEMaxX IOJIBMXKHOTO cocTaBa. OUeBHIHBIM JOCTOMHCTBOM
oborpeBarenst KTC, Hapsimy ¢ HHM3KOH CTOMMOCTBIO OOCIY)KMBaHHs, SIBIISIETCS aBTOHOMHOCTH BBHAY COXPaHEHUS
paboTOCIIOCOOHOCTH MPU 0OECTOUMBAHUY CHIIOBOM AIIEKTPOCETH, TaKKe BO3ZMOXXHOCTH IKCILTyaTallid Ha Pa3iUuHBIX
BUJaX TOIUIMBA W OT JIIOOOIO0 MCTOYHMKA TEIUIOTHL. biarojaps HarHETaHWIO TOPSYEro BO3AyXa HEMOCPENCTBEHHO
arperaroM KTC TpaHCHOpTHpOBKa TEIUIOHOCUTENS B JIOKAJIbHBIE 30HBI 000TrpeBaeMOro 00beKTa OCYIIECTBIIETCS 0e3
WCIIOIb30BaHMsI IPUBOIHOIO KOMIIPECCOpa M BEHTHIISITOPA.

Jpyroe HamnpaBieHHE Pa3BUTHUS YCTPOMCTB KaCKaJHOT'O CXKATHs CBSI3aHO C CO3aHeM OOMEHHHMKOB JaBJICHUS,
Hampumep, UCIoIb3yeMBbIX 11 HajyBa JIBC.

B kackaguom oOmennuke namieHusi (KOJ]) cxatme Bozmyxa mojoOHO BOJHOBOMY OOMEHHUKY NaBJICHHS
(BO) ocymiecTiseTcs B pe3yabTaTe HEMOCPEACTBEHHOIO KOHTAKTa CO CXKMMAIOIIUM Ta30M, OJJHAKO B IIPOIECCE C
CYIIECTBEHHO OTJIMYHBIM pachpenelieHneM dHepreTnaeckux cyocranuuid. [Ipunmmn neiicteust KOJl packpbit B padorax
[8,9].

[peumymecrBa padouero nukina KO/ orHocurensno BOJ] 00ycioBieHs! cieayommm.

BonHOBO# xapakTep OOMEHa OSHEpPrUeld W HarHeTaHHe C)KAaTOro BO3JyXa MPENOIpPEeiseT BBICOKYIO
YYBCTBUTEIBHOCTh pabouero nponecca BOJ[ k xapTuHe B3aMMOJEWCTBHS MEPBHUYHBIX BOJH C MEPEIHUMU KPOMKAMHU
ra30pacrpeeIuTeNIbHBIX OKOH, JIETKO pa3pyllaeMyo IPH OTKIIOHEHHH YacTOThl BPAIICHUs POTOPA HJIHM IapaMeTpoB
CKUMAIOIIET0 Ta3a OT pacyeTHbIX 3HaueHWH. OJHAKO M Ha pPAacUeTHOM PEXKUME HMIIYJIbCHOE CKaTHE 3apsja
COTPOBOXKIAETCS TOTEPSIMH, CBSI3aHHBIMH C PACCEUBAHUEM DHEPTUU (POPMUPYEMBIX BOJIH B PE3yNbTaTe UX BCTPEUHOTO
B3aMMOJICHCTBUS U OTPAXKEHHUS B TPAHHMYHBIX CEUCHUSX SUCHKH.

Emte 6onee 3amerHoe Biausaue Ha KITJI BOJI oka3piBaeT MOJTHOTA BHITECHEHHUS CXKATOTO BO3JyXa 4epe3 OKHO
BB/I. VBenuuenue IoaM CKaTOro BO3MyXa, OCTaBUIErocs B sueike (Mociie ee pa3oOUIeHUs] C OKHAMU BBICOKOTO
JIABJICHUS) BBI3BbIBAET IOYTH TporopuuoHanbHoe cHwkenue KIIJ[, aHajloOrMyHO HEraTMBHOMY BIHMSHHIO Tak
Ha3bIBAEMOTO «MEPTBOT0» 00bEMa B IMOPITHEBOM KOMITPECCOPE.

VYuuThIBas HalWYWEe B SUEHKE 30HBI MEPEMENIMBAaHHs CKMMAIOIIET0 W CKUMAaeMOro ra3oB OCYIIECTBUTH
TIOJIHOE BBITECHEHWE CXKATOr'0 3apsija BO3[yXa, MCKIIOUMB 3a0poc cxumaromiero raza B okHo BHJI, mocrarouHo
npobsiematuuHo. OcOOEHHO 3aMETHO OTMeUEHHBIE (PaKTOPBI MPOSIBIISIOTCS IPU YBEJIMUEHUH HAITOPHOCTH OOMEHHHUKA C
W3MEHEHHEM YacTOTHI BpaIlleHUs] pOTOpa.

Ha pacuerHoM pexxrMe paOOTBI TeHepaTop KacKaJHOI'O TEIUIOBOIO CXKATHsl HArHETaeT TOpSYUi BO3AYX C
BBICOKOH TEMIIEpaTypoil M JaBJIEHHEM B 3aBHCHMOCTH OT MaKCUMAaJbHOW TEMIIEpaTyphl LIUKJIA U OTHOCHTEIHEHOTO
pacxofa, OTBOAMMOTO K MOTPeOUTEIt0 Bo3ayxa cocTarstonm ot 0,2 1o 0,6 MITa. OTMeUYeHHBIC TEPMOIMHAMUICCKUE
rapameTpbl FeHEPHUPYEMOro BO3yXa, TO3BOJISIIOT OCYLIECTBUTH TPAHCIIOPTUPOBAHUE TEILIa B Y/IaJICHHbIE 30HbI BaTOHBI
MOCPE/ICTBOM BO3[yXOBO/IA C OTHOCHUTEIHHO HEOOJNBIINM IPOXOJHBIM CEUEHHEM C IOCIEAYIONUM pa30aBIeHHEM
rOpsSYero BO3JyXa XOJOAHBIM B 9KEKUMOHHBIX KaMmepaxX CMEIIeHUS, pa3MEllaeMbIX B  pa3BETBICHHUIX
KOMMYHHUKAIlMOHHON ceTu. Vcronp3oBaHHE KEKUUOHHBIX COMElN, OTIMYAIOUIMXCS BBICOKOW HAJIEKHOCTHIO U
MIPOCTOTOM, TIO3BOJISIET HE TOJIBKO CHU3UTH TEMIIEPATypy IMOCTYIAIOIIETO B CaJIOH BO3AyXa JO KOM(OPTHBIX 3HAUECHHH,
HO ¥ 3HAYHUTEIHHO YBEIIMYHUTH €r0 PacXol.

Hecmorps Ha HeBbicokuit KI1/] cTpyiiHbIX HacocoB X NmpuMeHeHHe B coctaBe oborpesateineid KTC siBnsercs
OIIpaBJaHHBIM, ITOCKOJIBKY IUCCUIIATUBHASI COCTABJISIOLIAasi OOMEHa SHEPTHUii ITpeoOdpa3yeTcs B TEILIO, UCTIONb3yeMOe 110
MPSIMOMY Ha3HAYEHHIO B OTONUTEIHHON CHCTEME.

[TpunnMnuaneHas cxema mpocTeiineit cucteMsl oTomieHus ¢ renepatopom KTC mokazana Ha puc.3.

Harnetaemsrit reaepatopom KTC 1 ropstuuii Bo31yx HOABOAUTCS K aKTUBHOMY COILTY 3KEKTOpa 2, MacCUBHOE
COIUIO KOTOporo coobmieHo ¢ npoxyBouHbiM Tpaktom 4 I'KTC. B pesynbrate cMemieHusi B Kamepe kKekropa 5,
ropsuuii  BO3IyX pa30aBisieTcsi MPOIyBOYHBIM ITOTOKOM, COCTOSIIIMM M3 CMECH HApyXXHOT'O TPOJYBOYHOTO BO3IyXa U
OCTaTOYHOT'O TOPSYEro BO3/yXa, BRITECHIEMOr0 U3 siueek poTopa 6.

311ech TEIUIOTa OCTATOYHOrO BO3/1yXa, BBITECHSIEMOI'0 U3 sIYEEK POTOPa, COXPAHSETCS B KOHTYPE OTONUTEIbHON
cucreMbl. [Ipu 3TOM HOAKIIOUEHHE TPOAYBOYHOTO TpakTa 4 K 9KEKTOPY 5 pelraer npodjeMy OYMCTKH siueek 6, 4To
crioco0cTByeT noBkiIeHuo dppekruBHocTy padotsl ' KTC u ynpolieHuro ero ycrpoicTaa.



Puc.3. OronurenbHas cucreMa ¢ OHOCTYIICHYATBIM 2KECKTUPOBAHUEM BO3yXa

Cpenusisi TemIiepaTypa NpPOJYBOYHOTO IIOTOKa B IIACCHBHOM coOIule 3 3aBHCUT 0T Kod(ddummeHra
HPOYBOYHOTO BO3/yXa (9, U B PAZ€ CIIy4aeB, C yueTOM OrpPaHMYCHHBIX 3HAUEHHH KO3(DQUIMEHTa 2KEKIUH N3 OJHON
CTYIEHH, SBISIETCS BBICOKOH C TOYKH 3pEHHs HEOOXOAMMOT0 KOM(OPTHOrO OXJIAXKJCHHUsS 00OTpEeBaroOIIero BO3/AyXa B
BBIXOJIHBIX CEUEHHUSIX OTOIUTENBHOW ceTH. B ciydae upesMepHoil TemmepaTypbl 000rpeBaroniero Bo3ayxa KoM(popTHbIE
rapameTpbl MUKPOKJIMMATa B CaJlOHE MOTYT OBITh JIOCTUTHYTHI ITyT€M JOMOJHUTEIFHOrO pa30aBiieHns KalopudepHoro
BO3/1yXa BO BTOPOM CTYIIEHH 3KEKTOPA.

B cxeme, nokazaHHOH Ha puc.4 npuemieMas TeMIepaTypa IOCTYIAIOIEro B CaJIOH BO3ayXa, o0ecreunBaeTcs
COOTBETCTBYIOIIUM BBIOOPOM CYMMapHOTro Ko3((duimeHTa 3KEeKIHH n, =(n, +1)-(n,;+1)—-1 B IOByX crymeHsx

KEKTOpA.

Q

2 3
Puc.4. OronurenbHas cucreMa ¢ JABYXCTYIICHYATBIM 2KCKTUPOBAHUEM BO3yXa

IIpu u3MeHeHnU YCIOBHUM OKPY)KAIONIIeH Cpelbl PEeryJupoBaHHe TeMIepaTypHOrO PeKUMa B CaJIOHE BaroHa
OCYIIECTBIIETCS U3BMEHEHHUEM MOIIIHOCTA HCTOYHHKA MOJIBOA TEIUIOTH B BeITecHUTEIbHOM KOHTYpe I'KTC. BMmecte ¢
TeM, Ui TOIACPKaHUs HEOOXOMUMOIO MAaBJICHUS B HAITOPHOW MArMCTpaid KaJOpU(EpHOW CETH MaKCHMAaJbHOE
nmasieHue Pz pabouero mukna 'KTC Ha yacTUYHBIX pekuMax pabOThI CHCTEMBI Ha TOJDKHO U3MEHSTHCS 3HAYUTEIIBHO.

OTMEUEHHOE YCIIOBHE pEajM3yeTcs B PETyJHUPYEMbIX CHCTEMaX OTOIUICHUS (PHUC.5) ¢ pa3eneHHBIMU
KamMepaMy CMEIIeHUs TEPBOM 2KEKIMOHHOW cTymeHu. [Ipy MOBBIIIEHUH TeMIepaTypbl OKPYXKaIOIIeH Cpeasl U
COOTBETCTBYIONIEM YMEHBIICHHH TEIUIOBOIO MOTOKa B BhITecHHTENbHOM Tpakre ['KTC HeoOXoauMBIH ypOBEHB
MaKCHMAaJIbHOrO JaBiieHHs Pz obOecneumBaeTcs Oyaromapss yMEHBIICHHIO pacxola aKTUBHOW CpeIbl, OTBOAMUMOH H3
BbITecHUTENbHOTO KOHTYpa I'KTC, myremM mepekpbITUs OJHOTO WJIM HECKOJIBKMX aKTHBHBIX COMeEN 1-i 3KeKTOpHOM
CTYIIeHU CHEIUAbHO NMPEAYCMOTPEHHBIMU IS STOU ENH 3acIOHKamu 1.



6)

B)

Puc.5. Perynupyemble CUCTEMBI OTOIICHUS

OCHOBHBIE OTJIMYMSI TIOKa3aHHBIX HA PUC.5 BAPUAHTOB PETYIUPYEMBIX CHUCTEM OTOIUIEHHUS CBSI3aHBI CO
CXEMHBIM BBITIOJTHEHUEM 2-1 9)KEKTOPHOU CTYTICHH.

[Ipy BBHIMOTHEHWM BTOPOM CTYIICHH 3KEKTOpa B BHAC HKEKIMOHHBIX HAcaIoK 2, pa3MelacMbIX
HETOCPEACTBEHHO B BBIXOIHBIX CEUCHHUAX BO3IyXOPACIpPEISIUTEIHON ceTh (cM. puc.50), BTOpUUHOE pa30aBicHUE
rOpsYero BO3/AyXa BHYTPEHHUM PEIHMPKYIALIHOHHBIM BO3IYXOM CIIOCOOCTBYET HambOoiee OBICTPOMY IPOTPEBY
OTaIJTUBAEMOTO TIOMEIIECHUSI.

HenocratkamMu Takoro peiieHust sIBISIETCS OTpaHUYEHHas CMEHSEMOCTb BO3JyXa B IMACCaXXUPCKOM CallOHE
MIPUTOKOM HAPYXHOTO BO31yXa. B BapuaHTE WCIONHCHHs OTOIMTEILHOW CHCTEMBI C ABTOHOBHBIMHM KOHTYpaMU
MPOJYBOYHOW W MPUTOYHOW Marucrpayen, CoJepx allMMH I[OCIeI0BaTeIbHO pPa3MEIICHHbIE CTYIEHH 3KEKTOopa
(puc.5B) nmocTWraercs pa3leiCHHE BO3IYIIHBIX IIOTOKOB C pa3iM4yHON TemmepaTypoil. IlemecooOpa3HocTh
TCHEPUPOBAHUS BO3IYIIHBIX ITOTOKOB C Pa3jIMYHON TeMIlepaTypoil OOYCIIOBJIEHA pACIIMPEHUEM YHHBEPCAIbHOCTH
OTOIUTENILHOW CHUCTEMBI B CIydasiX OJHOBPEMEHHOI'O 00OTrpeBa OTICIBHBIX ITOMEIICHUH, JIOKAIbHBIX TTOBEPXHOCTCH U
arperaToB MOABIKHOI'O COCTaBa C PA3IMYHBIMU TCIUIOPH3NUCSCKUMU XapaKTEPUCTHKAMH.

[Ipy wCmoONAR30BAaHMU B KAYeCTBE MCTOYHHMKA TEIIOTHl padouero I1wkiaa ['KTC TomoyHbIX Kamep WM
0oTpa0OTaBIIMX Ta30B JU3ENA TEMIIEpaTypa Ta30BOr0 ITOTOKA, MOKUAAIOMICTO TEIUIOOOMEHHUK BBITECHUTEIHHOTO
koHTypa ['KTC, coxpaHsercs JOCTaTOYHO BHICOKOW, MOCKOJIbKY HE OITyCKAaeTCsA HIDKE TeMIlepaTyphl pabodero Teia B
s;lueiikax poTopa B KOHIIE Mpollecca KacKaJHoro ckaTus. boree MomHOe HCMONb30BaHHWE TEIUIOBOTO IMOTEHIIMAla
HCTOYHHKA TEIUIOTHI BO3MOXKHO B cxeMax (puc.6), MpeaycMaTPUBAIOIINX BTOPUYHYIO YTHIIN3ANIO Ta30BOT0 ITOTOKA Ha
BBIXOJIC U3 TCIIOOOMEHHMKA | BBITECHUTEIBHOTO KOHTYpa JJIs MOJOrPEBa HAPYXKHOT'O BO3/yXa B MACCUBHOM COILIC 2
TIEPBOM MM BTOPOM CTYIEHU 3KEKTOpa.
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Puc.6. OronuTenbHas cucTeMa ¢ yTHIN3aleld 0CTaTOYHON TEIIOTH T'a30BOT0 ITOTOKA, MOKKIAIOMIEro TeII000MEHHHK
BbITeCHUTENBbHOr0 KoHTypa ['KTC

[IpoGieMHBIM acCHEeKTOM TaKOro Crocoda YTHIM3alUH «COPOCHOM» TEIUIOTHI SBJISETCS HEOOXOAMMOCTh
pa30aBieHHs TOpSYEero IOTOKA 3HAYUTENBHBIM KOJMYECTBOM HAPYKHBIM BO3IYXOM, YTO 3aTPYIHHUTEIBHO MpHU
OTPaHUYEHHOM YHCIIE CTYIEHEH 2KEeKTOopa.

Hawubonee yHuBepcanbHOM SBISETCS IPECTABICHHAS HA PUC.7 CHCTEMa CMEIIAHHOTO OTOIUICHUs], B KOTOPOH
OCTAaTOYHOE TEIUIO ra30B OTBOAUTCS B KOHTYP BOASHOTO OTOIUIEHHS BaroHa.

Hononaernne OBC KTC BoasiHbIM KOHTYpOM N03BoJIsieT 3aMeTHO noBbicuTh KITJ cuctemsl, 3a cuer Hanbosee
TIOJIHOT'O MCIIONIb30BAaHMsI TIOTOKOB COPOCHOHM TEIUIOTHI, a Takke pelaeT NpoOJieMy CHIDKEHHS TeMIepaTypbl
MOCTYMAIONIEr0 B CaJlOH BO3JyXa A0 KOM(OPTHBIX 3HAYEHHH MyTeM MPOMEXYTOYHOIO OXJIaXKAEHHs IMOTOKa MOCIe
MIEPBOM CTYIIEHH KEKTOpa.

JKukocTh BOISHOTO KOHTYpa, IOIOTpeBaeMasi B Havase B TEeIJI000OMEHHHKE | 35KEKTOPHOM CTYIIEHU U 3aTeM B
TEII000MEHHHKE 2 YTHIU3AIHUU «COPOCHOM» TEIIOTH 0TPa0dOTaBIINX I'a30B, MOBOJATCS B PAANATOPHI 3, pa3MeIIeHHbIE
BHYTpU 00OIpeBaeMOro cajioHa. JIOIOIHMTENbHOE OXJaXKACHHE BO3JyXa, II0JaBaeMOr0 B CalOH 0 KOM(OPTHBIX
3HAYEHHH, OCYIIECTBISIETCSI HA y4acTKe BO3IYIIHOW MarumcTpaiy, cHaOXeHHOW peOpamu oxnaxkaeHus. OpeOpeHHbIH
y4acTOK 7 BO3AYIIHOM MAarucTpajy pa3Melaercs HEMOCPEICTBEHHO B 00OrpeBacMOM calloHE M TaKUM 00pa3oM,
BBINOJHSET (PYHKIUH JOIMOTHUTEIHFHOTO PaIiaTopa KOHBEKTHBHOTI'O OTOILICHUSI.
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Puc.7. Cucrema cMemaHHOTO OTOIUICHHS C yrlzmmauneﬁ OCTaTOYHOMW TEIIOTHI I'a30BOr'0 MOTOKA B BOJSHOM KOHTYpE

BoiBoabl. PaspaGoranbl paOOuYuii UK, CXEMHBIC PEIICHUS W KOHCTPYKIMS MPUHITUIIHAIBLHO HOBOI'O
YCTPOMCTBA OTOMUTEIHLHO—BEHTWISIIIMOHHOM CHCTEMBI KAaCKaJHO—TEIUIOBOTO C)KAaTHs, 3allMIIEHHBIA MaTeHTaMHU
VYxpaunsl u Poccun.

OO0ocHOBaHa 11eecOO0Pa3HOCTh  HCIOJNB30BAHUSI B KAuyecTBE HWCTOYHMKA DHEPrHU  OTONHUTEIHHO-
BEHTWIAIIMOHHBIX CHCTEM T'€HEPaTOPOB KAaCKaJHO—TEIIOBOTO CXKATHHSA, PEATU3YIONIUX MpsIMOe MpeoOpa3oBaHue
TEIUIOTHI B SHEPIHMIO CXKATOrO BO3JyXa B YCTPOWCTBAaX, HE COIEpPXKAIIUX OOBEMHBIX BBITCCHUTENICH M JUCKPETHO
yIpaBIIseMbIX Ta30pacipeeTUTENbHBIX OpPraHoOB.



YCTaHOBJ'IeHO, 4YTO HanboJIee MOITHOE UCITOB30BaHHE TEIIOBOTO NOoTCHIMa/Ia HCTOYHHUKA TCILUIOThI BO3MOXXHO B
cxXeMax, IMpeayCcMaTpuBaromivxX BTOPUYHYIO YTWIM3AIUMIO Ta30BOro0 II0TOKAa Ha BBIXOAC U3 TEII000MEHHHUKA
BBITCCHUTCIIBHOI'O KOHTYpa JIA IMOAOIrpEBa HAPYKHOI'O BO3/1yXa B ITACCMBHOM COILUIC 33KCKTOpA.
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Y cmammi posensanymi nepcnekmusHi cxemu onanio8aibHO-6EHMUIAYIIHUX CUCIEM O MPAHCNOPIHUX YCMAHOBOK, W0 Npayioioms
Ha NPUHYUNAX KACKAOHO-MENI08020 CMucky. Buseneni it npoananizoeami @izuuni ocobnueocmi pobouoeo npoyecy eenepamopa
KACKAOHO-MENL08020 CMUCKY, 3aNnpONOHOBAHI KOHYenyii 800CKOHANIO8ANHS 1020 eracmueocmell. Poskpumi winsaxu nioguwyenns
ehexmugnocmi pobomu OnanoBanbLHO-GEHMUNAYIUHUX CUCMEM | 3aNPONOHOBAHI DI3HI CXeMHi po368'si3Ku, wo 3abe3neyyioms ixXHio
MAKCUMATbHY NPOOYKMUBHICTb 8 YMOBAX eKCNAYamayil.

Knrouosi cnosa: kackaono-menanosuti cmuck, 2eHepamop 2asie, mpaHcnopmua onanogaibha CUCeMa, eqyeKmugHicmy, pomop.

In article perspective schemes of heating and ventilating systems for the transport units, working at the principles of cascade and
thermal compression are considered. Physical features of working process of the generator of cascade and thermal compression are
revealed and analyzed, concepts of improvement of its properties are offered. Ways of increase of overall performance of heating
and ventilating systems are opened and the various circuit solutions providing their maximum productivity under operating
conditions are proposed.

Keywords: cascade-heating pressure, generator of gases, transports heating system, efficiency, rotor.
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Starcheous Yu.V., Danileychenko A.A., Portnov A.S.

DEVELOPMENT OF TRANSPORT HEATING SYSTEMS WITH CASCADE
TRANSFORMERS OF ENERGY

In article perspective schemes of heating and ventilating systems for the transport units, working at the
principles of cascade and thermal compression are considered. Physical features of working process of the
generator of cascade and thermal compression are revealed and analyzed, concepts of improvement of its
properties are offered. Ways of increase of overall performance of heating and ventilating systems are
opened and the various circuit solutions providing their maximum productivity under operating conditions
are proposed.

Keywords: cascade-heating pressure, generator of gases, transports heating system, efficiency, rotor.

Relevance of research. In a total amount of consumption of energy by passenger train the considerable share is
made by costs of providing a microclimate in cars and a cabin of the driver of the locomotive. In the conditions of the
increasing competition in the market of transport services the requirement for maintenance of comfortable sanitary and
hygienic parameters in rooms of a rolling stock at simultaneous decrease in the energy consumed by systems of heating,
airsupply and conditioning are of particular importance.

The considerable reserve of increase of competitiveness of railway transport in passenger traffic is connected
with increase of level of comfort in rooms of a rolling stock. Level of comfort of a trip on railway transport in many
respects depends on a microclimate in salons of the rolling stock which parameters, and, first of all temperature,
humidity, a dust content and a chemical composition of air, directly influence health of passengers and subjective
perception of duration of journey.

Problem statement. Need of increase of efficiency of systems of heating and ventilation, search of the decisions
possessing higher profitability, predetermines creation of new classes, schemes and the principles of action of heating
systems. Significant progress in this direction can be made when using as a basic element of heating and ventilating
systems of one of versions of cascade transformers of energy, namely — generators of cascade and thermal compression
with an ejector step.

Theoretical analysis of research. he analysis of systems of heating and ventilation of cars shows that the best
microclimatic conditions are provided by a multipoint supply of the warmed-up air in salons [1, 2]. However standard
schemes of electro calorific heating have the extremely unsatisfactory power efficiency.

Functionally the greatest ability to provide sanitary and hygienic requirements to a microclimate in rooms of a
rolling stock air (calorific) heating system possesses. Its advantages treats: simplicity of regulation of air temperature in
car salon; reliability of a food of the heaters placed in one place; high level of safety for passengers; possibility of a
combination of electric system about the steam; continuous inflow to salon of fresh air [2, 3]. At the same time, air
(electro calorific) heating is characterized by very small efficiency.

It is necessary to notice that power imperfection, as a whole, is typical for all systems of electric heating. The
main reason consists in irrationality of the return transformation of the refined electric energy in the thermal. Really,
warmly in essence is dissipative energy, and can serve as an indicator of imperfection or irreversibility of converting
processes in transforming units and power machines.

Especially obvious inexpediency of use of the electric power as a source of warmth is shown in trains with diesel
draft where on the one hand the electric power is a product of double transformation (with thermal in mechanical — in
the diesel; and mechanical in the electric — in the generator), and on the other hand - branch of warmth in the power unit
of a locomotive is a necessary condition of the organization of working process of a diesel cycle. Thus we will note that
the warmth which is taken away in the cooling system of the diesel and with fulfilled gases, almost twice exceeds the
warmth transformed to useful mechanical energy on a shaft of the engine [2, 4].

Lower value of efficiency of air systems of heating is caused by big costs of energy of heat transportation by an
air stream. The compressed air is a product of the high-tech processing which receiving in the conditions of a rolling
stock assumes use of the 3rd or 4th units with the restrictions by efficiency of converting processes (cycles). For
example, in case of diesel draft production of the compressed air is carried out according to the scheme:

« transformation of warmth of combustion of fuel to mechanical energy (diesel, M, =0,32. 0,34) ;
« transformation of electric energy in electric (the generator 1) . —0.84. 0,85);
« transformation of electric energy in mechanical the compressor drive (the electric motor 1, =0,8. 0,85) ;

« transformation of mechanical energy to located work of the compressed air (the compressor 1, =0,7. 0,72).

Thus, the general efficiency of transformation of thermal energy in the potential of the compressed air on
condition of nominal operating modes of all units makes My e = M MNgNemMNe = 0,15 ... 0,18.

In a type of high cost intensity of process of forcing of air power expediency of decrease in the general level of
pressure in the highway of an air duct of heating system that can be reached by use of the individual fans placed in close
proximity to is obvious snuffled supply of heated air in warmed zones. Such decision is interfaced to unjustified

increase in quantity of heating elements and the motor fans, complicating the structure of heating system and reducing
its reliability. Thus very it isn't simple to suppress the noise created by operation of fans.



The analysis of systems of heating and ventilation of cars shows that the best microclimatic conditions are
provided by a multipoint supply of the warmed-up air in salons. However standard schemes of electro calorific heating
have the extremely unsatisfactory power efficiency.

Costs of power of ensuring comfort make considerable part of power consumed by train. In fig. 1 average annual
distribution of consumed energy standardized by intercity train Federal iron expensively to Switzerland (SBB) by

weight 600t is shown at acceleration of 0,1 m / ¢2 on lifting of 10%.
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Fig.1. Settlement distribution of annual power consumption for the standardized train

At train movement without acceleration on horizontal sites of the road, and also during stops specific costs of the
auxiliary purposes and ensuring comfort increase.

Article purpose. The purpose of article is identification of the major factors defining efficiency of application of
the principles of cascade energy exchange in systems of heating of transport installations.

Research problems. The main objectives of research was development of highly effective schemes of systems
of heating on the basis of cascade transformers of energy.

Results of research. The perspective direction of development of heating and ventilation is connected with
creation of generators of the hot air based on use of effect of the cascade and thermal compression (CTC). Essence of a
running cycle of CHP developed under the direction of professor Kraynyuk A.I. consists in direct transformation of heat
to energy of the compressed air. Thermodynamic cycle CHP can be based on a number of devices: CHP compressor,
generator of gas, cascade exchanger of pressure, combustion chamber of gas-turbine installation, heater of cascade and
thermal compression (HCT), various systems of pressurization of ICE, etc. [5, 6, 7, 8, 9].

Besides simplicity and high reliability of a design, in a type of lack of mechanical displacers and mobile
discretely operated gas-distributing bodies, CHP units are characterized by rather high efficiency even when using
sources of warmth with rather low temperature potential that causes appeal of their application, including, as utilization
systems as a part of traditional heat power plants. The principle of action and the description of the first CHP devices
are opened in works [2, 4, 8, 9].

Now on ICE chair and engineering science of the East Ukrainian University of V. Dahl efficient prototypes of
the CHP unit which scheme is shown in fig. 2 are created.
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Fig. 2. Schematic diagram of the generator of cascade and thermal compression

The CHP unit contains a rotor 1 covering a stator 2, containing the pressure exchanged channels 3 which are in
pairs connecting adjacent cells of a rotor of 1 and opposite 4 supply of low pressure (SLP) located a window and a



window 6 of the supply of a high pressure (SHP). The external surface of a rotor 1 is captured by a casing including a
window 5 of the branch of low pressure (BLP) and a window 7 of the branch of a high pressure (BHP), and the window
6 PVD and a window 7 Department of Internal Affairs are connected by a displacement path 8 to the heat exchanger 9
of a utilization contour. On a site of a displacement path 8 connecting the heat exchanger 9 and a window of
Department of Internal Affairs 7, the branch pipe of the 10th branch of the squeezed working body is located to the
consumer.

In the course of rotation of a rotor 1 (clockwise) each of cells of a rotor 1 is consistently reported with pressure
exchanged channels 3 stator 2 through which in it the working body from adjacent cells of a site of expansion arrives.
As a result of cascade compression pressure in a cell gradually increases to the certain value depending on
thermodynamic parameters of a working body at the beginning of process of expansion.

At the message of considered cells with windows of a high pressure (6 PVD and 7 Department of Internal
Affairs) displacement path under the influence of centrifugal forces or compulsory circulation replacement previously
the air charge squeezed in a cell by the warmed-up source of warmth air or gases (in case of use of the camera of
internal combustion) is carried out.

Thereof in a displacement path 8 and reported with it cells the maximum pressure of a cycle exceeding pressure
of cascade compression is established. The part of the compressed air from a displacement path 8 is taken away to the
consumer through a branch pipe 10 placed just before a source of warmth.

In the period of the subsequent message of cells with pressure exchanged channels 3 the part of a working body
is taken away to adjacent cells of a site of compression that is accompanied by pressure drop in considered cells. Thus,
work of expansion is spent for compression of an air charge in the course of a cascade mass exchange.Residual pressure
at the end of expansion process as the indirect indicator of perfection of working process, depends on number of
pressure exchanged channels, aspiring to atmospheric with increase in the last.

And, at last, the purge of cells the air charge, carried out during connection of cells to windows of low pressure
of PND and OND, closes a running cycle of the CHP unit.

Despite uniqueness of the device, working process of the CHP unit doesn't contradict the classical principles of
the organization of working process of heat power machines. Really, the running cycle in a cell of a rotor can be divided
into the following processes conditionally:

- compression process at cell movement from the PND window until its combination with the PVD window,
being accompanied step increase of pressure in a cell, owing to a supply of part of a working body from adjacent cells
of a rotor via stator channels;

- the process of the replacement including stages of increase of pressure in a cell with previously squeezed
working body up to the maximum pressure of a cycle, during its connection to the PVD and Department of Internal
Affairs windows with simultaneous replacement from a cell and pushing through of a working body via the heat
exchanger where its heating, and also branch from the displacement highway of part of the squeezed working body to
the consumer with the maximum pressure of cycle CHP is carried out;

- expansion process, as a result of branch of part of a working body via stator channels in adjacent cells of a
rotor;

- process of a purge of a cell by fresh air in the period of its message with the PND and OND blowing-off
windows.

In relation to railway transport interest represents, for example, use of the generator of hot air in heating systems
of a rolling stock. The obvious advantage of a heater of CHP, along with the low cost of service, autonomy in view of
working capacity preservation is at a de-energization of the power supply network, also possibilities of operation on
different types of fuel and from any source of warmth. Thanks to forcing of hot air directly heat carrier transportation in
local zones of warmed object is carried out by the CHP unit without use of the driving compressor or the fan.

Other direction of development of devices of cascade compression is connected with creation of exchangers of
pressure, for example, ICE used for pressurization.

In the cascade exchanger of pressure (CEP) air compression like the wave exchanger of pressure (WEP) is
carried out as a result of direct contact with squeezing gas, however in process with significantly excellent distribution
of power substances. The principle of action the CEP is opened in works [8, 9].

Advantages of a running cycle the CEP concerning WATERS are caused by the following.

Wave character of an exchange of energy and forcing of the compressed air predetermines high sensitivity of
working process of WATERS to a picture of interaction of primary waves with forward edges of the gas-distributing
windows, easily destroyed at a deviation of frequency of rotation of a rotor or parameters of squeezing gas from
calculated values. However and on a settlement mode pulse compression of a charge is accompanied by the losses
connected with dispersion of energy of formed waves as a result of their counter interaction and reflection in boundary
sections of a cell.

Completeness of replacement of the compressed air through the VVD window has even more noticeable impact
on efficiency of WATERS. The increase in a share of the compressed air which has remained in a cell (after its
dissociation with windows of a high pressure) causes almost proportional decrease in efficiency, to similarly negative
influence of so-called "dead" volume in the piston compressor.

Considering existence in a cell of a zone of hashing of squeezing and compressed gases to carry out full
replacement of the squeezed charge of air, having excluded exhaust squeezing gas in the VND window, it is rather



problematic. Especially much noted factors are shown at increase in a pressure of an exchanger with change of
frequency of rotation of a rotor.

On a settlement operating mode the generator of cascade thermal compression forces hot air with high
temperature and pressure depending on the maximum temperature of a cycle and the relative expense which is taken
away to the consumer of air to components from 0,2 to 0,6 MPa. Noted thermodynamic parameters of generated air,
allow to carry out transportation of heat to remote zones cars by means of an air duct with rather small section through
passage with the subsequent dilution of hot air cold in the ejector cameras of mixture placed in branching of a
communication network. Use of the ejector I snuffled, differing high reliability and simplicity, allows not only to reduce
temperature of air arriving in salon to comfortable values, but also considerably to increase its expense.

Despite low efficiency of jet pumps their application as a part of heaters of CHP is justified as the dissipative
component of an exchange of energy will be transformed to heat used directly in heating system.

The schematic diagram of the elementary system of heating with the CHP generator is shown in fig. 3.

1 hot air forced by the CHP generator is brought to an active nozzle of the ejector 2 which passive nozzle is
reported with a blowing-off path 4 GCHP. As a result of mixture in the ejector 5 camera, hot air is diluted with the
blowing-off stream consisting of a mix of external blowing-off air and residual hot air, a rotor forced out from cells 6.

Here warmth of the residual air which is forced out from cells of a rotor remains in a contour of heating system.
Thus connection of a blowing-off path 4 to the ejector 5 solves a problem of cleaning of cells 6 that promotes increase
of overall performance of GCHP and simplification og its device.

Fig. 3. Heating system with one-stage ejection of air

Average temperature of a blowing-off stream in a passive nozzle 3 depends on coefficient of blowing-off air and
in some cases, taking into account limited values of coefficient of ejection of one step, is high from the point of view of
necessary comfortable cooling of warming air in output sections of a heating network. In case of the excessive
temperature of warming air comfortable parameters of a microclimate in salon can be reached by additional dilution of
calorific air in the second step of the ejector.

In the scheme shown in fig. 4 acceptable temperature of air arriving in salon, it is provided with the
corresponding choice of total coefficient of ejection in two steps of the ejector.

Q

Fig. 4. Heating system with two-level ejection of air

At change of conditions of environment regulation of a temperature mode in salon of the car is carried out by
change of power of a source of a supply of warmth in a displacement contour of GCHP. At the same time, for
maintenance of necessary pressure in the pressure head highway of a calorific network the maximum pressure of Pz of a
running cycle of GCHP on partial working hours of system on has to change considerably.



Noted condition is realized in adjustable systems of heating (fig. 5) with the divided cameras of mixture of the
first ejector step. At temperature increase of environment and the corresponding reduction of a thermal stream in a
displacement path of GCHP necessary level of the maximum pressure of Pz is provided thanks to reduction of an
expense of the active environment which is taken away from a displacement contour of GCHP, a way of overlapping of
one or several active snuffled the 1st ejector step gates 1 specially provided for this purpose.
Q
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Fig. 5. Adjustable systems of heating

The main differences of 5 options of adjustable systems of heating shown in fig. are connected with circuit
performance of the 2nd ejector step.

When performing the second step of the ejector in the form of the ejector nozzles 2 placed directly in output
sections of an air distributing network (see fig. 5b), secondary dilution of hot air by internal recirculation air promotes
the fastest warming up of the heated room.

Shortcomings of such decision is limited removability of air in passenger salon inflow of external air. In option
of execution of heating system with the antimony contours of the blowing-off and stitched highways containing
consistently placed steps of the ejector (fig. 5c¢) division of air streams with a various temperature is reached.
Expediency of generating of air streams with a various temperature is caused by expansion of universality of heating
system in cases of simultaneous heating of certain rooms, local surfaces and units of a rolling stock with various
heatphysical characteristics.

When using as a source of warmth of a running cycle of GCHP of furnace cameras or the fulfilled gases of the
diesel temperature of the gas stream leaving the heat exchanger of a displacement contour of GCHP, remains rather
high as lower than temperature of a working body in rotor cells at the end of process of cascade compression doesn't
fall. Fuller use of thermal potential of a source of warmth possibly in the schemes (fig. 6) providing secondary



utilization of a gas stream at the exit from the heat exchanger of 1 displacement contour for heating of external air in a
passive nozzle of 2 first or second steps of the ejector.
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Fig. 6. Heating system with utilization of residual warmth of the gas stream leaving the heat exchanger of a
displacement contour of GCHP

Problem aspect of such way of utilization of "waste" warmth is need of dilution of a hot stream a significant
amount external air that is difficult at limited number of steps of the ejector.

The most universal is the system of the mixed heating presented in fig. 7 in which residual heat of gases is taken
away in a contour of water heating of the car.

HVS CHP addition with a water contour allows to increase considerably system efficiency, at the expense of the
fullest use of streams of waste warmth, and also solves a problem of decrease in temperature of air arriving in salon to
comfortable values by intermediate cooling of a stream after the first step of the ejector.

The liquid of the water contour which is warmed up at the beginning in the heat exchanger of 1 ejector step and
then in the heat exchanger of 2 utilization of "waste" warmth of fulfilled gases, are moved in the radiators 3 placed in
warmed salon. Additional cooling of the air given to salon to comfortable values, is carried out on a site of the air route
supplied with edges of cooling. The ridges of the fig.7 air route takes place directly in warmed salon and thus, carries
out functions of an additional radiator of convective heating.
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Fig. 7. System of the mixed heating with utilization of residual warmth of a gas stream in a water contour

Conclusions. The running cycle, circuit decisions and design of essentially new structure of heating and
ventilating system of the cascade and thermal compression, protected by patents of Ukraine and Russia are developed.

Expediency of use as a power source of heating and ventilating systems of generators cascade and thermal
pressure, realizing direct transformation of warmth to energy of the compressed air in the devices which aren't
containing volume displacers and discretely operated gas-distributing bodies is proved.

It is established that the fullest use of thermal potential of a source of warmth possibly in the schemes providing
secondary utilization of a gas stream at the exit from the heat exchanger of a displacement contour for heating of
external air in a passive nozzle of the ejector.
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