IHTErPOBAHI TEXHOJ1Or I MTPOMUCIJIOBOCTI
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PEHECCAHC ITAPOBOI'O IBUTI'ATEJISA.
TPAHCIHHOPTHAS ITAPOTYPBUHHAS CHJIOBAS YCTAHOBKA C HU3KOKHUITSIIIM
PABOYUM TEJIOM

3BecTHO, YTO KaYEeCTBEHHBII CKa4eK B YHEPIrOBOOPYKEHHOCTH IPHBOJUT K MOSBICHUIO HOBBIX HOKOJICHUH
TeXHUKH. Tak, mapoBas MalllMHa BBITECHWIA Mapyc, AU3eNb U TypOMHA BHITECHWIN MAPOBYIO MAlIHMHY, Ta30Typ-
OWMHHBII ABHUTaTeNh MOPOUI COBPEMEHHYIO aBHAIMIO, @ PEAKTUBHBINM — PAKETHYIO TEXHUKY.

[IpuMepHO BOCEMBIECST JIET OTACISIOT HAC OT TOTO BPEMEHH, KOT/Ia IIapOBOH JABUraTellb Ul TPAHCIIOP THBIX
CPEICTB CIajl CBOU MO3MIUH JIBUTATENI0 BHYTPEHHETO CropaHus. M JMHIIb Ha j)KeJIe3HOJOPOKHOM TPaHCIOPTE, B
TOM YHCJIe TeXHOJIOTHYECKOM, TTapoBas Tsra MpocyliecTBoBasia 10 KoHIa 60-x — cpeaunsl 70-x rogoB XX Beka.

OtMmernM, 4To B cpeante XIX Beka mapameTpsl mapa, UCIONB3yeMOro B IIAPOCHIIOBBIX YCTAHOBKAX HE Ipe-
Boimanu 1,7...1,9 atm, uro cootBercTByeT ero Temneparype 113-120 °C. Ilpuuem, eciu aapieHuto 1,7 at™ co-
otBetcTBYyeT Temneparypa 113 °C , o 2 arm — 120 °C , a 3 arm — 133 °C U3 3T0r0 Clle[lyeT, YTO CPABHUTEIBHO
HEBBICOKOE TMOBBIIICHUE TEMIIEPaTyphl IPUBOAMT K OOJiee CyIIECTBEHHOMY IOBBIILICHHIO JaBieHus. [locreneH-
HOE pa3BUTHE TEXHOJIOTHH KOHCTPYKIIMOHHBIX MaTepUaaoB Mo3BoMIO K 70-M rogam XIX Beka mogHsATh naBie-
HHe He OoJiee 4eM JI0 5 aTM.

B konue XIX Beka Hanbojiee MHTEHCHMBHO Pa3BHBAIOLIMMCS KJIACCOM TPAHCIIOPTHBIX MapOCUIIOBBIX YCTaHO-
BOK OBUTH KOpaOenbHble. [103TOMY 3BOJIOLMIO OCHOBHBIX TEIUIOTEXHMYECKHX IOKa3aTelell MapoCHIIOBBIX yCTa-
HOBOK I[eJIeCO00pa3Ho paccMOTpeTh Ha ux mpumepe (puc. 1) [1].

3aBUCHMOCTH MOIIHOCTH APOBOM MAIIMHBI OT JaBJICHUS Mapa anmpoKCUMHUPYETCsl BhIpaXKEHHEM

N v = 29,429 ¢ 278°p

rne N gy — MoIHOCTS , J1.C., P, — naBieHue mapa, aTM.

Kax Bunno, k koHy X1X Beka, KOTOPbIA O3HAMEHOBAJICS PSJIOM JOCTUXKEHHH B TEXHUKE, TEXHOJOTUMH U
MPOMBIIIJIEHHOCTH B 1I€JIOM, IPOHU30MIEN KaYeCTBEHHBIH CKA4eK MOIIHOCTHBIX M TEMIOTEXHUYECKUX MOKa3aTe-
JIed MapOCHIIOBBIX YCTAHOBOK, BEHIIOM COBEPIICHCTBOBAHMS KOTOPBIX MOXHO CUHUTATh MApOTypOHMHHYIO yCTa-
HOBKY, KOTOpas Hayasla IIUPOKO PAaCHpPOCTPAHATHCS yke B Hadare XX Beka. DTOT NEPUO] MOKHO OTHECTH H K
Haually 3aKara 3MO0XH Mapa JUls TPAaHCIOPTHBIX MAIIMH, KOTOPBII CBS3aH C MOSBICHHEM M HIMPOKHM paclpo-
CTpaHEHHEM JIBUTATeNel BHYTPEHHETO CTOPaHHs.

OpHnako, B 20-x ...30-x rojax BHOBb BO3HHK HMHTEPEC K MapOBBIM JBUTATENAM AJIS TPAHCIOPTHHIX MAaIWH,
NPEeXIE BCEro aBTOMOOMIICH, TPaKTOPOB M TaHKOB. B0o300OHOBIEHME 3TOro MHTEpeca ObIIIO OO0YCIIOBIEHO Clle-
JIyIOUMHA cooOpakeHnsaMu [1].

— CTpEeMJICHHEM K HCIOJIh30BAHUIO Pa3HOOOPA3HBIX MECTHBIX TOILIHB, TOIUTUB HU3KOTO KadecTBa i n30aB-
JIeHUsI OT He(PTSIHOM 3aBUCHMOCTH.

— IIPOCTOTOM KOHCTPYKIIMH, KOTOpast HE MpEATIoiaracT TakuX JIEMEHTOB Kak KapOropaTop, KOpoOKy mepenad
1 1a)kKe TPAHCMHCCHIO.

— CpaBHHMMBIMH 110 Macce W radbapuram nokasarensivmu ¢ JIBC npu Husko# (Ha 20-30 %) crommocTn sKc-
IUTyaTalu.

Psn nmpennpustuii B Auraun, ['epmannn, CIIA u FOrocnaBum pa3paboTaiy 1 BBITYCKaIH aBTOMOOWIH, aB-
TOOYCHI M TPAKTOPHI C MAapOBBIMU JBUTATEISIMHU, KOTOpbIe paboTainu U B meprno BTopoil MupoBoil BOWHBI BO
MHOTHUX cTpaHax oT ABcrpanuu 10 Kanazasl u ot FOAP 1o Anrnuu.

[Ipexncrasnsier nHTEpec pa3paboTaHHbIN oduiiepom uHKeHepHoro kopnyca apmun CIIA maposoit Tank [3],
KoTopeiid B 1918 romy ObUT OTHpaBiieH AJI UCIIBITAHUNA B OOEBBIX yciaoBHsX Bo ®Ppannmo. OnHaKo B 00EBBIX
YCIIOBUSIX MCHBITaH HE OBUI B CBSI3M C OKOHYaHUEM BOWMHBI.

Ero ocHOBHBIE TAKTHKO-TEXHUYECKUE XaPAKTEPUCTUKHU U GoTOrpadus MpecTaBIeHbl HIKE.

62 IHmeapoeaHi mexHornoaii ma eHepeo3bepexeHHs1 2’2012



IHTErPOBAHI TEXHOJIOr 1 TIPOMMCIJIOBOCTI
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Pucynok 1 — M3Menenue naBieHus napa (a) ¥ MoIHocTH (0) mapoBsIX MamuH B nepuoy 1830-1900 r.,

B)

1 3aBUCHMOCTb MOIIHOCTHU OT JaBJICHUA I1apa (B)
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IHTErPOBAHI TEXHOJ1Or I MTPOMUCIJIOBOCTI
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Jnuna tanka — 10,58 metpa,
[[Mupuna — 3,8 metpa,
BricoTa — 3,59 meTpa.

JlBa mapoBBIX KOTJIa CYMMapHOHW MOIITHOCTHIO
500 n.c.
MakcumanbHasi CKOpocTh — 6 KM/4. Bpons: 13 mm.

Boopyxenue: oruemér + 4 mynemera Kaauopom
7,62

Macca: 50,8 ToHH. DKuMax — 8 yeJIoBeK.

[[Mupuna tpakos: 60 cMm.

Co3/1aHMIO 3TOHM MalIMHBI, 3aTeM KOJIECHOTO MapoBOT0O TaHKA M JIETKOTO TaHKa VmiMpuiickoro KopoJjeBcTBa
(FOrocnasus) B cpenure 30-x TomoB XX Beka, MPEANIECTBOBAN Pl TEXHUUSCKUX PEIICHHHA, KOTOPHIC MPHBO-
nsaTes B kaure JloopoBonsckoro B.A. [2].

Crnenyer MOAYEPKHYTh, YTO pa3pabOTKU MapoBOro apuraTens it tanka Benuch u B CCCP. 14 wmapra
1936 roga ABTY PKKA 3axmounno ¢ KoJoMeHCKMM MallMHOCTPOUTENHHBIM 3aBOJIOM JIOTOBOP Ha M3TOTOBJIE-
HHE OIIBITHOTO 00pa3iia NapoCHIOBOH YCTaHOBKM MOITHOCTHIO 600 J1.c. (B TOKYMEHTax OHA NMPOXOAMT, Kak I1B)
JUTA YCTAHOBKH €€ B Tskenblil Tank T-35. Oxaun tank T-35 6511 nepenan Konomenckomy 3aBoxy um. KyitOpimie-
Ba B 1936 1. mim mo3aHee a7 oTpabOTKK Ha HEM MapOCHIIOBON YCTaHOBKH. TaHK B mepenwcke HaspBancs [1T-
35 (ITaposoii TaHK). bein in oH MepeoOoOpyIOBaH, Ha JAHHBI MOMEHT YCTAaHOBUTH HE y1aJI0Ch.

B nenom B 1920-30-x rosax co3/1aBajiich M YCIEIIHO SKCILTYyaTHPOBAIMCH TPAKTOPHI, JISTKOBBIE U TPY30BBIC
ABTOMOOWIIN C TAPOBBIMH JIBUTATEJISIMH.

He mponan nHTEpec K MapoBBIM JBUraTeNsIM JUIs TPAHCHOPTHBIX CPEJICTB U B HAIlle BPEMsl, U HE TOJIBKO y
nro0uTeNneil peTpo TEXHUKU M MPUMEHHUTENBHO K SIEPHBIM SHEPreTHYECKUM YCTaHOBKaM JUIsl Kopabiel 1 cy/10B.
Y4nThIBast psij JOCTOMHCTB 3TOTO THUIA CHIOBOH YCTAaHOBKH, NApOBHIEC JBUTATEIH MPOJOJDKAIOT pa3padaThiBaTh
1 yCTaHaBJIMBATb Ha HEOOJBIINX cyaax u aBTOMOOUJIAX.

IIpencraBnser nHTEpEC pa3paboTKa aBTOMOOMIIS AJIsl YCTAHOBJICHHSI pEKOpaa CKopocTH (254 km/4ac) ¢ mapo-
BBIM JIBUTaTeJieM MOIIHOCTBIO 100 J1.c., KOTOpBIi paboraer ciexyromum obpasom (puc. 2) [5]. Morop paau-
KaJbHO HOBOM KOHCTpYyKIMH, m3BecTHRINA Kak Cyclone Power Mark V, coco6en paboTats Ha 11000M TOIUIHBE:
0T OMOAM3ENS 10 IPUPOIHOTO Ta3a M YyroibHOU meutd. JIBurarens MomHocThio 100 1.c. MMeeT ImecTh 38e31000-
pa3Ho (paananbHO) PACHOIOKECHHBIX KOMIAKTHRIX IMTHHAPOB. Mmkereps! Cyclone Power Takxe paboTaroT Haz
12-nunmuuapoBoii Bepcueit MouiHocThio 330 J1.c.

[TapoBoit nBurarens GyHKIMOHUPYET ITOYTH TaK e, KaK U JIBUraTeslb BHYTpPEHHEro cropanus. [lap mon BeI-
COKHUM JIaBJIICHHEM NPUBOAMT B JBIKCHHUE ILECTh MOPIIHEH, KOTOPBIC MEPEAaloT yCuiine Ha KojeHsal. L{mimHn-
PBI PacIIoIoXKeHbI 3BE3/104YKO1 BOKPYT BaJla, a HE HAJl HUM, KaKk B OOBIYHBIX MOTOpax. [1ap npou3BoauTCst BHYyTpH

64 IHmeapoeaHi mexHornoeii ma eHepao3bepexeHHs 2’2012



IHTErPOBAHI TEXHOJIOr I MTPOMUCIIOBOCTI

HarpeBaTeIbHOIO 3MEEeBUKA — JUIMHHOM BUTOH TpyOKHU M3 HeprkaBerolel cTanu. DTo HO3BOJIAET He TONbKO JOC-
THYB 00Jiee BBHICOKOTO JABJICHUS 10 CPaBHEHMIO C OOBIYHBIM KOTJIOM, HO W HOJy4aTh padouee JaBICHHE YyiKe
yepes 5—10 cekyHI mocie Hadana paboTHI.

Topenka Harpesaer nmap 10 +650 °C, mociie 4ero nmpoMcXoauT ero cxarue a0 217 arMocdep U nepemyck B
TOJIOBKU LMJIMHAPOB Yepe3 MIECTh MaTpyOKOB BBICOKOTO HaBieHMs. Kak W B cucTeMe BIpBICKa M3 OOLIeH ToII-
JIMBHOM MarucTpaiy , TOPSYMi Iap BBITYCKaeTCA B LIIMHIPHI Yepe3 YIpaBisieMble dJIEKTPOHUKOH U paboTaro-
[IMe 3a cYeT TOro ke Mapa KiamaHsl. [lap 3acTaBisieT MOPIIHK IBUIATHCS M BEIXOAUT Yepe3 BHIYCKHBIC OKHA B
CTEHKE IIWINHIPA, KaK B JBYXTAKTHBIX JBHTATEAX. DHEPIUs, NPOU3BEICHHAS BO BPeMs KaXIOTO TaKTa, KOH-
TPOJIUPYETCs JUIUTEIBHOCTHIO OTKPBIBaHMUS KianaHa. OTpaboTaBIIUi Nap KOHACHCUPYETCS B XOJIOMIBHUKE Ha
JIHE JIBUrateis, rje UUPKYJIUPYeT XOJOAHBIA BO3ayX. IIOrJIOTHBIIMI TEmao BO3MyX HAarHETaeTcsl B BEPXHIOIO
YacTh JBUTraTells, IJIe CMEIIUBAETCS C TOIUIMBOM M CrOpaerT.

Bopa nopaercst oOpaTHO B HarpeBaTeIbHBIA 3MEEBUK, M B MTOTE IOJYYaeTCsl 3aMKHYTasi CUCTEMa, HE Tpe-
Oyromas JOJIMBaHUA KUIKOCTU — pabouero Tela.

I_IIIIIIIIIIIIIIIII.
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IHTErPOBAHI TEXHOJ1Or I MTPOMUCIJIOBOCTI

Hecmotps Ha TO, 4YTO NPUHIMNUAIBEHO HOBBIX TEXHUYECKUX PELICHUI B 9TOM JBHUraTesie HET, HHTEPECHA ero
KOMITOHOBKa, 00€CIIeYHBaIOIIasi BHICOKYIO CTEIEHb MCIOJIb30BaHUS TEIUIOTHl TOIUIMBA M KOMIAaKTHOCTH. [Ipen-
CTaBJISIET TaK)KE€ MHTEPEC M MaTepuall, UCTIOIb30BAaHHBIA NP €ro CO3JaHWU — KepaMHUKa — YTO MPEIOTBPAIIACT
TETIIOPAacCEUBaHNUE.

AHanm3upysl ZaHHbIE pa3paOOTaHHOTO JBUraTENs HENb3S HE OTMETUTH M PAA KPUTHYECKUX 3aMedyaHuil. B
CTaThE HE NMPHUBOIATCS JAHHBIE O TOM, YTO ABJIAETCS pabounM TenoM. OUeBUAHO, YTO BOJA HE MOXKET OBITh Ta-
KOBBIM BBHUly HEBO3MO)KHOCTH ITyCKa TaKOTO IBHTATEINs NPH OTPULATEIBHBIX TeMIieparypax. I[Ipumenenne Bo-
Il C TIPUCAZKAMU Majlo BEPOSITHO, MOCKOIBKY OHH, SIBISISICH COMSIMU, OyIyT OTKIAIbIBAThCS HA TEIUIONEpENato-
meit noBepxHocty. [lo-BUAMMOMY 3TO crenMaibHO pa3paboTaHHAs KHUIKOCTh, KOTOPAask YIAOBIETBOPSET TpeOo-
BaHMSIM, IPEIBSBISIEMBIM K TAKOTO poJia paboO4YnM TeslaM.

Tax ’ke yMECTHO IOAUEPKHYTh U CPAaBHUTEIHHO BBICOKYIO CTOMMOCTSD JIeTaslei ABUTraTeNs , BBINOJHEHHBIX U3
KEePaMUKH.

B TO ke BpeMsi BO3MOKHO CO3[aHHE M OoJiee MPOCTOro MapoBOTO JBHIATENS Ul TPAHCIIOPTHOTO CPENCTBa
Ha OCHOBE TypOWHBI ¢ HU3KOKHUITAIINM pabodrM TEIOM.

B nampHelineM npoBOIUTCS MPEABAPUTENbHBIA aHAM3 IMOKa3aTeNe TPaHCIIOPTHONW Mapo-TypOUHHON yCTa-
HOBKH, BBIITOJTHEHHBIH aBTOPOM, B KOTOPOH B Ka4eCTBE pabodero Teia UCTIONb3YIOTCS (h)PEOHBI.

Jl71st OLICHOYHBIX pacyeToOB MPUHATHI CIEIYIOIIHE TeINIOTEXHUYECKHEe OCHOBHBIC OKA3aTeIH

» momHOCTh 1500 kBT (2000 11.¢C.),

pabouee Teno dpeon 21,

Temneparypa kunenust (760 mm.pr.ct) 8,3 °C,

Temmneparypa nepex Typounoii 120 °C, nasnenue 12,4 ara, orpaborasumii nap tk = 20 °C, Pk = 1,56 ara,
TemioeMkocTh xuakocts (100 °C) 1,15 k] x/(xr K),

nap 0,59 xJLx/(kr K),

Temiora napoodpaszosanus (20 °C) 236,58 kJx/ Kr.

Jlnst 9TUX 3HAUeHUH

* Pacxox ¢peona 41,6....44.4 kr/c.

TerutoBast cxema yCTaHOBKY NPEJICTABICHA Ha PHUC. 2.

Oco06eHHOCTH KOHCTPYKIHH:

— MaJIblil pacrosaraeMelii TeIuIonepena,

— ynenbHBIH 00beM (peoHa B KoHType pacummperus B 300 pa3 H¥bke, 4eM y BOASHOTO Hapa, Mo3TOMY He-
CMOTpsI Ha TO, YTO MaccoBblii pacxon ¢peona B 10 pa3 Gosblie, ueM BOASHOIO Iapa, MPH OJNHAKOBOI MOIIIHO-
¢t 00beMHBIN pacxox ¢peoHa B 30 pa3 MeHblIIE;

— LUKI OCYHIECTBIISAETCS Mo n36bTounbiM aasinenuem Tk = 20..30 °C pasnenue 1.5...2,0 ara.

YcraHoBKka paboTaer 1o 3aMKHYTOMY KOHTYPY.

KoHaeHcaT
E KOTEen

Pucynok 2 — TemoBas cxema napoTypOMHHON YCTaHOBKH C HU3KOKHITAIIUM pabodiM TeJIOM

66 IHmezposaHi mexHornoeii ma eHepao3bepexxeHHs1 2’2012



IHTErPOBAHI TEXHOJIOr I MTPOMUCIIOBOCTI

IIporuo3upyembic KOHCTPYKTUBHBIC pa3MEpHbI:

* oceBas ogHOCTyIeH4artas Typouna cp 1 ctynern 970 mwm,
* BBICOTA JIOITATKH 32 MM,

* OceBas TpEXCTyIeHYaTas TypOuHa cTyrneHu 572....602 Mu,
* BBICOTA JIOTIATKH 32 MM.

* PAIUAJIBHO OCEBASI TYPBUHA
+ ®PEOH 21 1500 Bt /] xoneca 1330 MM
* @peon 12 750 kBt 700 Mmm

Kax BuIHO U3 mpHBeNEHHBIX JAHHBIX 111 MOITHOCTH B 1500 kBT KOHCTpYKTHUBHBIE pa3Mephl OCEBON TpeX-
CTYMEHYaTOll TYpOMHBI MO3BOJITIOT PAa3MECTUTh €€ B TPAHCIOPTHOM CpPEACTBE, pajualbHO-OCEeBas TypOWHa
MotrHOCThIO 750 kBT ¢ pabounm temom R-12 Tak xe mo amamerpy pabodero komeca — 700 MM — MOXeT OBITh
IIPYMEHEHA B CUWJIOBOM YCTaHOBKE TPAHCIIOPTHOW MAIIMHBIL.

K mpeumymiecTBaM cHIIOBOI yCTAaHOBKM Ha OCHOBE HApOBOWH TypOMHBI C HU3KOKHILIIIUM PAabOYUM TEIOM
CleyeT OTHECTH!

* HM3Kas TeMIlepaTypa nukia ue 6onee 160 °C;

MHOT'OTOIUTMBHOCTE;
OTCYTCTBHE BBICOKHX TPEOOBaHMI K OYHNCTKE BO3IyXa;

JICTKOCTDH ITyCKa B 3UMHUX yCJ'IOBI/I}IX;

Masble rabapuTHBIE pa3MepHl;

BO3MOYKHOCTh CKa9KO0OPa3HOTO MOBBIIICHHS MOIITHOCTH 0 2-X pa3;
OTCYTCTBUE TPAHCMHCCHH U CUCTEMBI CMa3KH;

CYIIECTBOBAHKE XOPOIIO 0TpabOTaHHOM cucTembl ynpasienus CVY;

* OeCIIyMHOCTb PabOTHI;

Hapsiny ¢ 3TUM Ha cOBpeMEeHHOM 3Tare Heo0X0IMMO PELINTh CIEAyIoIHe MpoOIeMHbIe 3a/1a4H:
* OUEHUTD MOBBIIIEHHE KOMIIAKTHOCTH NIPU TPUMEHEHHH TeHTaHa u Oyrana (ppeon 600)

* [IpuHATH NPUHLIUIIHAIBHOE PELICHHE O CXEME YCTaHOBKH

—omHa IIT ¢ pa3madeit MomHOCTH Ha 60pTa,;

— nBe 6oprorix I1T;

—opana IIT +2I'+60pToBsie D/I.

HaCTyHI/IT JI1 CHOBa 3510Xa IapOBbIX I[BPIFaTeJIefI Ha TPAaHCIIOPTC MOKAXET BPEMs, OJJHAKO TAKOC CBOMCTBO
3TOTO Kjacca JBUTaTeNel Kak MHOTOTOIUIMBHOCTD, BECbMaA MPHUBJICKATCIIBHO B COBPEMEHHLIX YCJIIOBUAX.
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