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HECTALLHOHAPHOE A3POAHHAMHYECKOE B3AHMOAEACTBHE
NONATOYHBIX BEHLOB
B JHEPTETUHECKUX OCGEBbIX TYPBHHAX
HNYTH NOBLIWWEHHA BUBPALLMOHHOW HAAEXHOGTH
PABOYUX NOMATOK
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Feopruii AHatonbeBud DOKMH, 4.T.H., 30BeayOWMI 6a3zosor kKadeapoit "TazoTypbuHHbIE arperaTtsl Ans razonepekayUBaoLLMX
cranumit” Ha 6aze OOO “Tasnpomrparcras Cankr-lNetepbypr”.

lMepuoanyeckasn HeCTaLMOHaPHOCTb MOTOKAa B COBPEMEHHbIX ra3oTypOUHHbIX yCTaHOBKaxX Bbi3bIBAET IepeMeHHOCTb a3poamn-
HaMuyeckux cvil, BeViCTBYIOLUMX Ha paboydue JIonaTku, CHUKAeT Ux BUBPaLNOHHYIO Hafle)XXKHOCTb, Y NMPUBOAMUT K LOMOJTHU-
TeJIbHbIM MOTEePSIM KMHETUYECKOW S3Hepruu rnotoka. Llenb pabotbl - Ha OCHOBE YUC/IEHHOIO UCCIIe0BaHUs a3poanHaMmuyec-
KUX XapaKTepUCTUK TypOUHHbIX CTYreHe BbipaboTaTe pekoMeHAyeMble Anarna3oHbl 6e3pasmMepHbIX reoMeTpu4ecKux napa-
MeTpPOB - C TOYKU 3PEeHUsI CHYDKEHUs BO3GY)KAaloLLMX BUBpaLm JTIONaToK HeCTaLMOHAPHbIX Harpy30K U MUHUMU3aLUK 10~
Tepb KUHETUYECKOU SHeprum (T. e. MakcumMu3saummn ypoBHsl BHyTpeHHero K TypbuHbl). B aaHHou paboTte nccnenoBanocb
BIINSIHME MEXXBEHL,0BOIo 3a30pa i OTHOLLEHMUS LLAroB J10MnaTok B TypouHHowi ctynexu JIMA-1.

Periodic flow unsteadiness in modern gas turbines causes variability of aerodynamic rotor blade forces, reduces their
vibration reliability, and leads to additional losses of kinetic energy of the flow. The aim of the work is to develop the rec-
ommended ranges of dimensionless geometric parameters on the basis of a numerical study of the turbine stages aero-
dynamic characteristics - from the point of view of reducing unsteady blade forces exciting blade vibrations and mini-
mizing kinetic energy losses (i.e. maximizing the level of internal turbine efficiency). In this work, we investigated the
influence of the inter-row axial gap and blade count ratio in the LPI-1 turbine stage.

KnioueBble cnioBa: coceBasi TypOUHHas CTyneHb, BbIYUCIUTENbHAs rMaporasoauHamMmuka, naket Ansys CFX, nepemeHHble
aspoguHaMuyeckme cuibl, HeCTaLMOHaPHbI MOTOK, a3poAuHaMU4eckoe B3auMoaenicTBUe 101aToYHbIX BEHLOB, MeX-
BEHL|OBbIVi OC€BOV 3a30p, OTHOLLEHME LLaroB J10MaTok.

Keywords: axial turbine stage, CFD, Ansys CFX, unsteady blade forces, blade row interaction, blade count ratio, axial gap,

vibration reliability.

HeCTOLLMOHOpHOCTb MOTOKA B OCEBbIX TYPOMHHbIX CTYNEHSX BCEr-
40 MPUCYTCTBYET, MOCKOSbKY MPpu 06TEKAHUM PABOYMM TENOM NIONATOY-
HbIX BEHLOB TYPOUHHBIX CTYNEHEN, BBUAY HOMMYMS Y NOMATOK TOMLLMHbI
1 NPOTSHKEHHOCTM, B MOTOKE BO3HMKAIOT HEPABHOMEPHOCTU duamiec-
KuX NapameTpos [2] - ckopocTu, aasneHus, yros notoka v T.4. [pw or-
HOCHTENBHOM LBWKEHUM CMEXHbIX NTOMNATOYHbIX PELLETOK (HANPABAsio-
Len U paboyelt, HENOABKXHOMN M BPALLAIOLLENCS) TPOUCXOLAMT MX Nepu-
ofnueckoe aspoarHammnieckoe saanmoaenictene [ 12] (neproanueckasn
CynepnosuLms HEPABHOMEPHBIX MONEN, CO3AABAEMbIX B MOTOKE AAHHbI-
MM PELLETKAMM), MEHSIETCA PACMIPEAENEHUE AABNEHUMA HA BbIMYKION
BOTHYTOM CTOPOHE JIONATOK, YTO BbI3bIBOET NEPEMEHHOCTL APOAMHA-
MMUYECKMX CUI, ENCTBYIOMX HO paboYme nonaTku.

Kpome TOro, 30 BbIXOAHBIMM KPOMKOMM NONATOK OBPA3yOTCs
HECTALMOHAPHLIE BUXPEBbLIE Cledbl, B KOTOPbIX MPOUCXOUT reHepa-
umMa 1M amMccunaums Typ6yneHTHoFt KMHETUYECKOM SHEepPrum, u noteps
"NonesHoN" KMHETUYECKON SHEpPrum, KOTOPYIO MOXHO Npeobpaso-
BATb B MEXAHWYECKYIO pabOTy Ha BANy TypOWHbI, T. €. MPOUCXOAUT
cHmxenme KM/,

Moxem chopmynMposaTh 4Be UHXEHEPHbBIE 3AAAUYM, PELLEHMIO
KOTOpPbIX CNOCOBCTBYET M AaHHAs paboTa.

1) O6ecneyerme BUGPALMOHHOMN HOAEXHOCTH PABOUMX NONATOK,
KONEeBaHMs KOTOPLIX MOA AENCTBUEM NEPEMEHHbIX ASPOANMHAMUYECKMX
cun (MAC) MOryT CONPOBOXAATLCS YCTANOCTHLIMM MONOMKAMM;

2) O6ecnevenne soicokoro KM typbun u TypbuHHbIX CTyneHer
B YCIIOBMSAX HECTAUMOHAPHOCTM MOTOKA M TeHEepaLmMmn SOMONHUATENb-
HbIX NOTEPb KnHETUYeckor aHeprum (KD).

Paccmatpueas nepsyio 30404y, MOXEM CKA3ATb, YTO MOBbILIEHWE
BMOPAUMOHHOM HOAEXHOCTH pabounx NonaTok AOCTUraeTcs
61aroaapa YMEHbLLEHUIO YPOBHSA MX BUOPALMI HO PABOUMX PEXMMAX.
CyLuecTBylOT pasnuyHble Cnocobbl YMEHbLIEHWs YPOBHA BUOPALM
pPABOoUMX NONATOK, TAKME KAK OTCTPOMKA IONATOK, NAKETOB MU BEH-
LOB OT PE30HAHCA, NMAKETUPOBAHME, MUCMOML3OBAHME AEMMNdEpPHbIX
CBA3EN U YMEHbLUEHME YPOBHS BO3mMyLuaiowmx cun [8]. MmenHo stot
nocneaHuit cnocob NnoapobHO PACCMATPUBAETCS B UCCNEN0BAHMM.
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Pucynok 1 unnioct-
pUPYET CTPYKTYpY NOTO-
KO B TMMMYHOM OCEBOM
cTtynemu (B HOHHOM Npwu-
Mepe, MopJenbHas CTy-
news "JIMA-1") [4]. Ha
pabouyio nonatky BO3-
LEeNCTBYIOT KOK MOTEHLM-
anbHbIE  BO3MYLLEHMS,
TAK M BUXPEBbIE CEAb 301
HOMPABASIOLLMMI NIONAT-
kamu. Takoe BoO3peit-
CTBME ABMSAETCSH NEPUOLN-
4ECKMM C NEPUOAOM, CO-
OTBETCTBYIOLMM  LLATY
HJT. Bugum, uto Buxpe-
Bble Crefibl NepepesatoT-
Csl BXOAHBIMM KDOMKOMM
PABOUMX NONATOK HA OTAENbHLIE GPATMEHTLI, UMEHYEMBIE B HAY4YHOV
SUTEPATYPE NOAKOBOOBPAZHBIMI BUXPSIMU. DTU BUXPEBLIE CTPYKTYPSI
NepeMELLaIOTCS MO MEXIONATOYHOMY KAHAIY, U COEAMHAIOTCS C BUX-
PEBLIMM CIIEAAMM 30 PabOoUMMM nonatkamu. [pu sTom obbeanHeHHbIe
BUXPEBbLIE CTPYKTYPbI MMEIOT NMPOCTPAHCTBEHHBIM MEPUOL, COOTBET-
CTBYIOLLMI LLIATY HAMPABASIOLLMX NOMNATOK, U HE NEPEMELLAIOTCS B OK-
PYXXHOM HAMPABAEHUM.

Ha aTane npoekTMpoBaHms MOXHO YMEHbLLUUTL MEPEMEHHbIE O3-
poaMHaMUYecKkMe cunbl HA PJT nyTem M3MeHEHUs OTHOCKTENbHBIX PA3-
MEPOB NIONATOYUHBIX BEHLIOB, TAKMX KOK: MEXBEHLOBbI OCEBOM 3A30p
Az;, OTHOLIEHME LIArOB HAMPABMSIOLMX JTONATOK M PABOUMX TONATOK
to/t;, okpyxHoi casur HJ1 cneayiowei crynenu no otHowermio k HJ1
Tekywweit crynenu (clocking effect). BnusiHue nepeuncnenHbix otHocu-
TEMbHbIX BEMMUYMH HO NEPEMEHHbIE A3POAMHAMUYECKME CHIlbl HO PABO-
4MX TONATKOX M CTANO NpeamMeTom nccneposarus. Kpome Toro, nccne-
[OBANACH TAKAS XAPAKTEPUCTUKA CTyNEHeH C OTHOCUTENbHO ANMHHbI-

Puc. 1 MrHoseHHble nons sHTponuu, nocr
Aans nosepxHoctn x/1 = 0,5 crynenn

Mu-1

— 2 —

OEHHblIe



MW NTONATKAMM, KK pacnpeaeneHme n pachasmpoBKa NepemeHHbX
CWA MO BLICOTE PABOYENH NONATKM, YTO OKA3LIBAET BAMAHWE HA UX BUO-
PALMOHHYIO HOLEXHOCTb.

Lienb nccnepoBanmns 3axmiouanack 8 ToM, YTO6bI ONpesenuTs pe-
KOMEHlyeMble ANANAa30Hbl BAPbUPOBAHMS YKA3AHHbBIX OTHOCUTENbHBbIX
reoMeTpUUecKmnx BenuumnH. Pekomerayemble - C TOUKM 3PEHMS YMEHb-
LIEHMS NEePEMEHHbIX 03poanHaMUYeckux cun Ha PJ1 B ocesbix TypOUH-
HbIX CTYMEHSIX.

MeTop uncneHHOro MogeNnMpPOBAHUS

[ns pacyeta TpexmMepHOro BA3KOro HECTALMOHAPHOTO NOTOKA B
MPOTOUYHBIX YACTAX UCCNIEAYEMbIX TYPOUHHbIX CTyNEHeH Bbin UCNoNb30-
BaH nporpammubit naket Ansys CFX 18.2. B kauectse mogenu Typ6y-
NEHTHOCTM BbiNa BHIBPAHA OAHA 13 HaMBONEe NONYNAPHbIX HA Cerof-
HAWHWI neHb Mmopens SST MenTepa [3], npuroaHas ans pacyeta Typ-
BYNEHTHBIX TEYEHMI B TYPOOMALLMHAX.

[lns nocTpoEHUs PACUETHBIX CETOK NONATOUYHBIX CEKTOPOB MCCre-
LYEMbIX OCEBLIX TYPBUHHbIX CTYNEHEN UCMOMNb30BANCH CETOYHbIM reHe-
patop Ansys Turbogrid. CymmapHoe konnyectso 3nemeHToB pacyeT-
HOM CeTku Haxoamnock auanasoHe 4 - 12 mnH. bespasmepHoe uncno
yt 401 NepBOM NPUCTEHHOM AYEMKM ANs BCEX CETOYHBIX MOAENEN Ha-
XOAMNOCH B aManasore | - 2, 4o yaoenetsopsaet TpebOBAHMIM HU3-
KOpenHonbAcoBoi moaenn TypbyneHtHoctn SST. BpemenHol war
pacyeta noabupanca Takum obpaszom, 4tobsl umcno Kypawta
C = UAt/Ax (rne u - ckopocTb nepeHoca, At - BpemenHoit war, Ax -

4

-

PulniPzN)

Puc. 2 MepemeHHble aspoaMHaMHUYECKMe CHbI,
aevctyrowme Ha PJ1 ctynenun JIMN-1,
OKPYXHQas M 0OCeBas COCTaBsIOWMe

3030PA Y HE3ABKMCUMBIX ABTOPOB ANt pasHbix cryneren (KpacHas kpu-
Bas - pesynbTaT nccnegosarens us Anonmn Nakajima (2013 rog) [5],
ronybas KpUBAs - PE3yNbTaT, nonyueHHsin acnupaqtom CrH6MY Hry-
eHom K.K. (2015 rog) [4]) Bcenser Haaexay, 4TO TOKOW XapPAKTep 3a-
BUCUMOCTU - GYHLAMEHTANBHOE CBOMCTBO OCEBbIX CTYMNEHEN.

NPOCTPAHCTBEHHbIN War) Haxoaunock B Ananasoxe | - 4, B cooTseT-
cremun ¢ Tpebosaruamm metona URANS. 12
B kauecTtee 06bekTOB MCCNEnOBAHUS Bbinu BHIBPAHL MOAELHAS AP
crynens JINN-T ¢ oTHOWeEHWEM CpEfHEro AMamMeTpa K BLICOTE IONa- "f,l 1
tok d/I =13, u mogensHas crynexs V84.3 c otHowennem d/I =4 [7]. -
OCHOBHbIE TEOMETPUYECKME XAPAKTEPUCTMKM UCCIIENYEMBIX CTYNEHEN E:; ] 1
npueeaeHs B Tabnuue 1. L m
Tabnuya 1 FeomeTpHuuecKHe XAPAKTEPUCTUKH 06
HecneayemMbix TYPOHMHHBIX CTyneHesH =4 Nguen2015
04 o
T'eoMeTp F9eCKHE Map aMeTp Crymess JIITH Crymess V34.3 i
Pamuyc cpensero ceuesiE 1, MM 390 166 02 v
ITmaa HANpaR TErm et AoTEATRH |, MM 60 71 B
Xopnanpodmns HIT by, no 50 30 0 1 2 3
Mar BT 1), 1 479 169 &
Omocurem segimar HII 7, 0s 0564 %,
Yueno HIT Zgp 51 59 Puc. 3 3asucumocts otHocuTensHeix pasmaxos [MAC,
Aevcryowmx Ha PJI, oT oTHocUTenbHOro MexeeHL0BOro 3a3opa:
Jimmia pabousii nonaner [y, wm 59 26 OKPYXHOs COCTABASIOLLA
Xopna mpodems PIT b 41 344 . .
- 2 Crenylolwmii reoMeTprieckmit pakTop, BIMAHME KOTOPOrO
Mlar PIT 2, M 254 22 MCCNERoBANOCh, 3TO OTHOLWEHUE LIArOoB PAaBOUYMX U HAMPABASIO-
Omocumemiztimar P T 0,618 0645 wmx nonatok [5, 6]. OtHowerue ty/t; BapbMpPOBANOCH NyTEM 13-
MEHEHUA YMCNIA HANPABASIOWMX NIONATOK MOAENbHOM CTyNEeHM
Tucno PIT Zpy % 4 NMNK-1. 3o or-
Ornomenne 4/, 13 3.86 HOLLUEHME BAPb-
Oromerme marce £41) 0,53 1255 APISIEeIEIEh B i
anasone 0,25 -
Menpanossti oceBoit 3200p A7), MM 4 12 1,25. Ha pucyH-

Pe3ynbrarbl YNCSIEHHOTO MOAENUPOBAHUS

30BMCUMOCTb YPOBHS MEPEMEHHBIX CUIT HO PABOUYMX NONATKAX OT
BpemeHu ans mogensHoi crynenu JIMN-1 noctpoersl Ha pucyHke 2.
Buamm, 4TO OTHOCHTENbBHBIM PA3MAX MEPEMEHHBIX CUI 3HAUYUTENEH, U
cocraenset 1o 80 % ot ocpeaHeHHOM BENUUMHDI.

Pa3max nepemeHHbIx Cun CyLLLECTBEHHO 30BUCUT OT MEXBEHLO-
BOTO OCEBOrO 3030pA TyPOUHHOM cTynewu. Viccneposarme BusHus
MEXBEHLOBOrO OCEBOrO 3a30pa BbINO NOAPOBHO MCCIEAOBAHO 30-
PYOEXHBIMM W OTEYECTBEHHBIMM OBTOPAMM. B HacToswel paboTe mbl
OTPAHUYMANCE COMOCTABNEHUEM PESYNBTATOB PA3HBIX ABTOPOB. B ka-
4eCcTBE NPUMEPA MPEACTABIEH PUCYHOK 3. XOpOLLee COBMOAEHME
KpuBbix 3aBucumocT pasmaxa MAC PJT ot otHocuTensHoro ocesoro

ke 4 Bbl MOXeTe
BMOETb CTPYKTYPY NO-
TOKQ B CTyneHu (pas-
BEPTKA HA CpEeaHem
IMAMETPE) AN BApH-
aHta tyft; = 0,25.
XOpOoLIO BMAHO, YTO
war obbefuHEHHbIX
BUXPEBLIX CTPYKTYP
3a paboummu nonart-
KOMKM COOTBETCTBYET
wary HJT.

Puc. 4 MrHoseHHOe none sHTPONMKM, MOCTPOEHHOE
ans nosepxHoctn x/1 = 0,5 gns crynenn JIMN-1 ¢
oTHoweHueM ty/t; = 0,25
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HAYKA

Xapaktep nony4eHHoM kpuBoM Ha puc. 5 (toit, kotopas yepHoro  CFX takor meton pac- ’
LBETA) AOCTATOYHO NErko O6bACHMUTS. yeTa HasblisaeTcs Stage. 0,84
Ecnm to/t; = 1,  OkpyxHas HepasHo- /5,:.,‘
-
TO NynbCAUMM OQAB- MEPHOCTb MNOTOKA B 0,82 Y
fleHus,  CO34ABOE-  3030pe Mexay nona- / ‘\\'
L
Mbie BOSMYLUSHMAMA  TOMHbIMM BEHLAMM OC o i B N
aon
notoka ot HJ1, Byayt  penHsetca, u aspoau- on h
X
NPOUCXOANUTH B HOMMYECKOE B3AUMO-
CMEXHbIX KAHANAX  [eiCTBME UX TaKMM 06- 0,76
paboyero koneca B PA3OM OTCEKAETCS.
. MNepe- H 5 0,74
opHoit dase. [Nepe €CTALMOHAPHbIN
04 05 0.6 0.7 08
MEHHQA COCTOBAAO-  pacyeT (yepHas Kpu- u/c,
was PasHoctv nae-  Bas) yuuThiBOET gonon-

NEHWUIA HO BOTHYTOM M
BbIMYK/IOM CTOPOHE

HUTENbHbIE NMOTEPU KU~

. Puc. 7 3aBucumocts nonarouroro KM ryp6urHosn
HEeTUYeCKOW SHeprun B

O, nocTpoeHHas no

crynenu JIMN-1 ot uncna u/C

0+ 4 6y,D.eT MUHUMAT b- CTyrIeHM, CBA3QHHbIE C pe3ynbTaram CTGHMOHz’;:g{g M HeCTauMoHApHOro
025 0.5 0,75 1, 4; 105 N o P
/4 HOM, HabnOAaeM  reHepaumen M AMCCH-

MWHUMQATbHbBINA O-  naumei TypByNeHTHOM KUHETUYECKOM SHEPTMM B BUXPEBLIX CIIEAAX, U B

= Nakaima2013 =——sin{t2/t1°n) =s=Kolenko-Laskin-2020 | yp a Yoy P P Aok
serb [TAC PJ1. npouecce AepOPMALUM U OBLEAUHEHMS STUX BUXPEBLIX CTRYKTYP B
Ecnnty/t; =0,5,  pabounx MexnonatouHsix kaHanax u 3a pabounm konecom. Kak eu-

Puc. 5 3aBucumocts otHocuTenbHbix pasmaxos [TAC,

pevictyiowmx Ha PJ1, ot oTHoweHus waros t,/ TOrAG  NynbCAUMM MM M3 PUCYHKQ, yMeHblueHne nonatouroro KIM[, obycnosneqHoe

LOBMEHUS B CMEXHbIX
KaHanax OyayT NPOUCX0auTL B NPpoTHBOba3e, 1 HABMIOAOEM MAKCH-
manbHbli yposens NAC PJ1. Ecan ty/t; = 0,5, Toraa nynscaumm gaene-
HUS B CMEXHbIX KOHANAxX ByayT NPOUCXoauTs B npotusodase, U Hab-
noaaem Makcumanshbiid yposers MAC PJI.

[ns cTynexei ¢ OTHOCUTENBHO ANMMHHBIMM PABOYMMI TONATKAMM
(d/I'= 4) BoxHbIMK C TOUKM 3pEHMS BUOPALMOHHOM HALEXHOCTH ABIIS-
eTcs pacnpegenerune 1 pachasmpoBKa NEPEMEHHbLIX A3POLUHAMM-
yeckux cun no seicote PJ1. Miccneposarue BbINOMHEHO HO MOLENBHOM
crynenn V84.3 [7].

Ha pucyHke 6 NOCTpOEHbl MOrOHHLIE MNEPEMEHHbIE CUIbI,
LENCTBYIOLLME HO PA3HbIE OTPE3kM paboyeit NonaTku, B 3aBUCMMOCTH
OT BPEMEHM.

wan I amw A -"-'l“ Ll e ann Ll
ki b AN SR

Puc. 6 UzmeneHnme Bo Bpemenu noroHHo# okpyxHoi MAC,
Aevicteytowei Ha PJT MogenbHos ctynenn V84.3

Matb yuactkos no gnmHe nonarku: x/1=0,05; 0,25; 0,5,: 6,75 n 0,95

M3 3TOro prUCyHKa MOXHO CAENATL CREAYIOLLMI BbIBOA,

Da30BbIM CABUT MEXAY BO3MYLLQIOLLMMA CHUIIGMKM HA PA3NMYHBIX
Y4QCTKOX MO BbICOTE NIONATKM MPUCYTCTBYET, OH AOCTUrAET MAKCUMAIb-
HOTO 3HOYEHUS MEXAY NEPUDEPHIHBIM M KOPHEBBIM CEYEHUEM. DTOT
caBur Ga3 0BBLACHIETC HEPOANANBHOM YCTAHOBKOM BbIXOLHOM KPOMKM
HJ1u BxopHoit kpomku PJ1, nockonbky noTeHumanbHbe BO3MYLLIEHUS AAB-
nexus, sospencrteyiowme Ha PJ1, npu oTHOCKUTENBHOM BPALLEHWM BEH-
LLOB, MOXHO CKO3QTb, CTPOTO CriedytoT reomeTpun nonatok. C Touku 3pe-
HWSE BUOPALMOHHOM HABEXHOCTH, CaBur Ga3 UrPAET MONOXKUTENbHYIO
POJIb, MOCKONbKY NONATKA "BEIGUPAET” Gonee CoxXHylo GOpPMy BbIHYX-
neHHbix konebarmin [10], 1 Kak NPaBMNO, C MEHBLLMMM AMMIIUTYAAMM Me-
pemeLLEHUH, YeM B crydae cuHdasHoro sosaeictaus [1AC.

C uenbio NpUBAMXEHUS K PELLEHMIO BTOPOM MHXEHEPHOM 3a8a4M
(o6ecneuerme sricokoro yposHs KM TypOuHsl ¢ yueTom HecTaumo-
HOPHOCTM NOTOKA), BbINA BHINOMHEHA CEPUA PACYETOB CTALMOHAPHO-
ro W HecTauuoHapHoro Tedenws B crynenu JITN-T npu Bapsuposa-
Hin wrcna u/Cy.

Ha pucyHke 7 npencrasneHsl ige KpuBbie. 3eNeHas KPUBAS - 3TO
pesynbTaThl PACYETA CTAUMOHAPHOrO noTtokad. B mporpamme Ansys
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LOMONHUTENbHBIMK MOTEPAMMU KMHETUYECKOM SHEPTMM HO HECTALMO-
HapHocTb, ans crynenn JIMA coctasnser ot 1 go 2 % 8 3aBucumoc-
™ o1 pexxuma u/C.

BoiBoppl. [Nepeuncnnm Hanbonee BOXHbIE M MPUMEHUMBIE HA
MPOKTHKE BbIBOJbI, KOTOPbLIE OTBEYAIOT NOCTABNEHHOM Lenu. Ha atane
NPOEKTUPOBAHUS OCEBbIX TYPOUHHbBIX CTYMEHEN SHEPreTUIeCKUX Typ-
6uH, ¢ Toukn 3perus ymerblieHus MAC PJ1 u ¢ uensio nosbiluerus
BUOPALMOHHOM HOAEXHOCTH NONATOYHbIX ANNAPATOB, PEKOMEHAYET-
Csl NPUAEPKUBATLCS CNEAYIOWMX AMANA30HOB rEOMETPUYECKMX NAPQA-
MeTpOB:

1) OTHOCHTENbHBIN MEXBEHLOBbINM 3030P PABEH EAUHMLE MIU
Gonbwe asyx. Az;/titga, = 1; Az, /titga; > 2.

2) Pexomenayemoe otHowwenwe waros PJ1/HIt,/t,=0,75 - 0,95.

C Toukm 3peHus 3PPEKTUBHOCTU, NOTEPH KMHETUYECKOM SHEPTHM
Ha HectaunoHapHocTb ans crynenn JIMN cocrasnaior ot 1 go 2 %
nonatouroro KM 8 3aBucumoctn ot pexxmma u/C.
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COTPYAHHYECTBO

YOK 001.314.62

OPTAHH3ALLHOHHO-METOAHYEGKAA GTPATETHA
MEXAYHAPOAHOIO
HAYYHO-TEXHONOTHYECKOIO COTPYAHHYECTBA

Anatonuii AnekceeBuy CnepaHckmid,

Buue-npesunert Poccuiickon uHxeHepHom akanemuu, [MNpesnaeHT MexayHapoaHoro MHCTUTYTA GHTPOMNOreHHOM 6e30NacHOCTH,
Mpencenatens npasnenmns Kutarckoro HTLL PUA, DExpert, npodeccop, akanemuk PUA

WHb BuHb,

Mpencenatens npasnenus Poceuitcko-Kutaiickoro rymanutapHoro ueHtpa, samecturens reraupexktopa Kutarckoro HTLL PUA,

akagemuueckui cosethuk [Npesunperta PUA, k.1.H., akagemnk PAEH

lMpeacTaBneH cUCTEMHbIV MOAXOA K OpraHn3auun COBMECTHbIX HayYHbIX UCCI€JOBaHNUN N MeXAYHapO[HOro [e/10Boro
COTpyAHNYECTBa NpPodeccuoHaIbHbIX Hay4YHO-UH)XXEHEPHbIX coobLIecTB B UHTepecax coLuaibHO-3KOHOMUYECKOro

nporpecca Poccun n Kutas.

A systematic approach to the organization of joint scientific research and international business cooperation of profes-
sional scientific and engineering communities in the interests of socio-economic progress of Russia and China is pre-

sented.

KniouyeBble cnoBa: UHTerpauuns 3HaHUN, ¢OPMMPOBBHM9 Hay4YHO-NUH)XE€HEPHbIX LWKOJI, Hay4YHO-TeXHOJIorn4eckoe

nmaepcTBo.

Keywords: integration of knowledge, formation of scientific and engineering schools, scientific and technological lead-

ership.

HquHo—TeXHonomquKmﬁ ueHTp Poccuiickon uHxeHepHoM
akanemuu B [eknHe co3naH COBMECTHBIMM yeunuamu [lekunHckomn Ac-
coupaumm copeiictems mobansHeim Tanantam (BGTEA) Munucrep-
ctBa Hayku u TexHonoruit KHP 1 Poccuiickoit nHxeHepHoi akagemuu.
Octosanunem nocnyxuno Cornawenune ot 20 despans 2020 roga
mexay MNpesupertom PUA Bopucom B. Tycesbim 1 TeHepanbHbim cek-
petapem BGTEA [uHom YxundbeHom o MexayHaponHom mHxeHep-
HOM NNATPOPME HAYYHO-TEXHOMOTMUYECKOTO NMAEPCTBA B YCTOMYMBOM
pa3ssuTUK. AKTHBHOE B3aumoaencresmne akagemunkos PUA c nnocrpan-
HoiMu uneHamn PUA n3 KHP nossonset cokpatute BpeMeHHOM Luki
060CHOBAHMS, COMACOBAHUS U KOMMEPLMANM3ALMM AKTYQSbHBIX TEX-
HOSOTWH, MOHU3UTb UHBECTULMOHHBIE PUCKM MPOEKTOB.

Poceuitckas nHxeHepHas akagemus, CTPATEMMYECKA OPUEHTH-
POBCHHAS HO PA3BUTUE MPOPLIBHBIX GYHAAMEHTAMBHLIX U KPEATHB-
HbIX TEXHOMOTMYECKMX HAYYHbIX 3HAHUM B OBNACTM UHXEHEPHBIX HO-
YK, NOAAEPXKMBAET MHBECTULMOHHYIO CTPATEMMIO CUCTEMHOW KOM-
MEPLMANU3ALMU HOYKOEMKMX MHXKXEHEPHBIX TEXHONOMUI B TPM B3AM-
MOCBSI3QHHBIX 3TANA:

Stan 1. Co3panune coBMecTHbIX HayuHo-uccnegoaTenbckmx
MHCTUTYTOB C ydacTrem Kutaickmux yHUBEPCUTETOB A MPOBEAEHMS
NEPCNEKTUBHBIX HAOYYHBIX MCCIELOBAHMMI U OMBITHO-KOHCTPYKTOPCKMX
pPaboT NpM NOAAEPKKE SKCMEPTHO-KOHCYbTALMOHHbIX AKagemmnuec-
kux paboumx (HayuHbix) cranumni (APC) non pykoBoacTeom poccuitc-
KMX OKOLEMMKOB. MICTOUHMKOM CUCTEMHOTO GUHAHCUMPOBAHUS NPes-
nonaratotcs Llenesbie rocynapcrserHble M GpOHAOBbBIE TPAHTLI B HA-
y4HO-06pa30BATENLHOM CpEeae.

I1an 2. OpraHm3aums COBMECTHBIX KMTAWCKO-POCCHUICKMX UHAY-
CTPUanbHbIX NpoussoacTeeHHbix npeanpustii (CM) no cosganmio u
BbIMYCKY HOYKOEMKOM KOHKYPEHTHOM npoaykumn ¢ KoHcTpykTopcKim
6iopo (Kb) u Komnnekcom umdbposbix McnbiTaHui ana obecnederus
KOHKYPEHTHOTO KAYECTBA MMPOBOTO MHTENNEKTYANIHOTO YPOBHS. Mc-
TOYHMKOM CUCTEMHOTO GUHAHCUMPOBAHMS npegnonaraiotcs Kutaic-
KM€ MHOYCTPUAnbHbIE NAPTHEPLI-MHBECTOPSI (akumoHeps) C.

Stan 3. PopmuposaHme obbeanHeHHbIMU yeunmammn HAM, CI1
n KB Hay4HO-MHXEHEPHBIX KON NMAMPYIOLLErO YPOBHS 3HOHMMA
(HALL), npoeenerne mexpyHapogHoit MNpodeccnoransHoi aTrec-
Taumm eeinyckHukos HMLL Akapemuuyeckum coobuiectesom, ny6nu-
KALMs HAYYHBIX MOHOTPAbUMI, PETUCTRALMA HAYUYHBIX OTKPbITHIA. Mc-
TOUYHUKOM CMCTEMHOTO GUHAHCHpPOBAHUS npeanonaratTcs Kutaic-
ke 06pa30BATENLHBIE M MPOCBETUTENLCKME TPAHTbI, O TAKXKE MOXe-
PTBOBAHMs meueHaTos M POHAOB, NOAAEPKMBAIOLWMX LENU YCTOM-
UMBOrO COLMANBLHO-IKOHOMMUYECKOTO PA3BUTHS HOLIMX CTPOH U HA-
pogpos (cm. puc).
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CoemecTHblii Hayuno-pecaenopareabemi muerntyr (HHH)
+ AKajeMHYECKHE HAY4Hbie cTanunn | AHC) ana nposcoenua HHP

CRaHTLI 3 Kurakcrni Yru eT

TMpomasoicTeennoe npenpusTie (CIT)

’ . HAYKDEMIOIT KOHKYPenTHoil npoTyKIHg
1 JMAHPYIOUIEIO MHPOBOID KA4ECTBE

¢ Koncrpysropexnm Gwpe (KB )

+ unhposoit Kommaexe nenurrammi

UHBecTUUMOHHAS MeToaMKA KoMMmepuManm3aumm HayKoeMKUX TEeXHONOrMUM

Crpaterus npeanonaraeT BO3POXAEHWE HACTOBHUYECTBA OKA-
AEMUKOB B pOPME NEPenaym HayuHbIX 3HAHMIA U PeanbHYIO NOAAEPX-
Ky KOPbEPHBIX YCTPEMAEHMI MOSTOAbIX YYEHBIX M TOIAHTOB.

Yuactue poccuimckux aKapeMUMKOB 1 MHOCTPAHHBIX YneHos PUA
n3 Kutas nozsonser nytém napannensHoi opraHMaaumn pabor (B oc-
HOBHOM COBMECTHbIMW HOYYHbIMK KOSIIEKTMBAMM) PELLMTL TPM BOX-
Hewwme crpaternyeckune 3agaun PO u KHP:

- npuenedyeHne K COBMECTHbIM HAYYHbIM UCCNENOBAHMNAM TANCAHT-
NNBBIX POCCUMCKMX YYEHbIX;

- CYLLEeCTBEHHOE MOBLILLIEHME KOHKYPEHTHOrO yPOBHA BTOPOro
NPOW3BOACTBEHHOrO 3TANA KOMMEPLUMANMU3ALMM MCCNEefOBAHMM
61aroaapst NPEEMCTBEHHOCTM 3HAHUM NEPBOTO UCCIEAOBATENCKO-
ro 3Tana;

- YCKOpEeHME B3AMMOBbIFOAHOM MHTErPALMM 3HAHUI MYyTEM CUHX-
POHU3ALMM NABOPATOPHBIX UCMBITAHMI COBMECTHOTO TEXHONOMMYEC-
KOro NPOTOTHUMNA HA MOLWAAKE POCCUICKOro NAPTHEPA C OAHOBPE-
MEHHOM OPraHM3aLMeit NOMHOPA3MEPHbIX HAYYHO-MPUKIALHbIX MC-
CNefloBAHMM HO MMOLLOAKE KUTAMCKOro NapTHepd, C y4eTOM BO3pPa-
CTHOTO LEH30 OKAAEMMKOB HO HOHE OOBEKTUBHBIX CIIOXHOCTEN MEX-
AYHOPOAHbIX KOMMYHUKALMM M3-30 NAHAEMUIHBIX OrpaHKYeHni. Jle-
ranM3auna MHTENNEeKTYyAnbHbIX AKTUBOB COBMECTHOM HAYYHO-TEXHO-
NOrUYECKOM [EeATEeNbHOCTH BEAETCH OfHOBPEMEHHO HA BCEX Tpex
3TANAX XM3HEHHOTO LMKIIA MHTErPALMH.

HecmoTps Ha xecTkylo NPOJOMXMUTENbHYIO NAHAEMMIO, NAPTHE-
Pbl CO6VIp0}OT nepsbie NIOAbl MEXAYHAPOAHOINo B3AMMOBLITrOAHOIO
COTPYAHWMYECTBA - GOPMMUPYIOTCS TBOPUECKME KOMNEKTUBLI [ COB-
MECTHOM Peanu3aLmm NePCreKTUBHbLIX COLUATBHO 3HAUYUMBIX MHULM-
atm. [NpesngeHT Poccuickoi nHxeHepHon akagemum npodeccop
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Bopuc B. lyces npeactaBun cTrapToBble HAYYHO-TEXHOMOrMUECKME
npoektsl akagemukos PUA, sanyckaemsie kutaitckmm HTLL PUA 8
NPUOPUTETHLIX OBNACTAX COUMANBHO-3KOHOMUYECKOTO PA3BUTHS
Poccun n Kutas:

Onepretvka - Marepuanoeegermne (okagemuk PUA poktop
Anekcangp M. OunHHmkos, anpektop MHCTUTYTG BO306HOBREMOM
QNbTEPHATUBHOM SHEPTETUKM B TBOPYECKOM B3AWMOAEMCTBUM C
MHOCTPAHHbIM YneHom PUMA npodeccopom JIn IOHweHem, asTopu-
TETHbIM YYEHbIM MUPOBOTO YPOBHS M YCMELLIHBIM OPTAHU3ATOPOM MH-
AYCTPHUANBHOTO MPOU3BOACTBA B OBNACTH NOABOAHBIX KOMMYHUKALMMA
1 MArHUTHOM NEBUTALMM);

Dkonorus - ArponHayCTpus (QKALeMMK-CEKPETAPb CEKLUMU NMpu-
POLONOAOBHLIX TEXHOMOIMI M 300poBoro nuTaHus PYA noktop Esre-
Huit A. MaHapsika, MpesungeHt HayuHo-npon3soacTBeHHOM GrUpMl
"JIMoHuK" B TBOPUECKOM B3AMMOAENCTBUM C MHOCTPOHHBLIM YNIEHOM
PUA npodeccopom Yxan LJaHOM, U3BECTHBIM YYEHBIM M CUCTEMHBIM
OPraHM3aTOPOM MEXAYHAPOLHOIO CTATYCA B 0610CTH GApMaLEeBTH-
K1 W NPONeaesTukM);

Mexanwka - Lindpoesie IT (suue-npesuaent PUA, pupextop MHe-
TUTYTA HOYKOEMKHMX MHXEHEPHBbIX TexHonoruin PUA npodbeccop Axa-
Tonuit A. Cnepanckui, MpesnageHt MexayHapogHOro MHCTUTYTA aHT-
ponoreHHol 6esonacHocTu B benrpone B TBOpYECKOM B3AMMOZEN-
CTBMW C MHOCTPAHHbLIM uneHom PMA npodeccopom JlyH TaHom, yue-
HbIM MMPOBOTO YPOBHS B OBACTU KOCMUYECKOM JIOKALMM M MO3ULMO-
HUPOBAHMS, BO B3AUMOZENCTBMU C MHOCTPAHHbLIM uneHom PUA npo-
dbeccopom Bar JlnuzioHem, yueHsiMm MUPOBOTO ypoBHS B 061acTH on-
TOBOJIOKOHHbIX UHDOPMALMOHHbIX CUCTEM).

TBOpYECKME MHULMATMBLI HAYYHO-MHXEHEPHbBIX COOBLLECTB HA
nnowagake Kutaiickoro uentpa PUA upessbiuaiHO BaxHbI M NonesHs! B
ceete pelerHua npasutensctea KHP o6wsents Hauaswyiocs 8 2021 ro-
ay XV nstunetky coumanbHO-3KOHOMMYECKOTO PA3BUTUS MATUNETKOM
HWMOKPos, cyliectBeHHO yBenuumMe 06bEMBI FOCYAAPCTBEHHOMO hu-
HOHCMPOBAHMS B STOM BAXHOM CETMEHTE HOPOAHOIO XO35MCTBA.

BaxHerwmm acnektom Crpatermnm MeXayHOpPOAHOTO HAy4HO-
TEXHONOMMYECKOTO COTPYAHMYECTBA ABASIOTCS OPraHWU3ALMOHHO-ME-
TOLMYECKME OCHOBbI NIMAEPCTBA MPOPECCHMOHANBHBIX HAYYHO-MHXKE-
HEPHbIX COOBLLECTB M WX YTIEHOB, KOK NMPABMIO, MHTErPUPOBAHHbIX B
HOLUMOHABHBIE U MEXAYHAPOLHbIE CTPYKTYPbI YCTOMUYMBOTO COLMASL-
HO-3KOHOMMYECKOTO PA3BUTHS.

B Pocciu, no MHEHUIO KUTAMCKMX SKCNEPTOB, TOKUMWU UHTETPALM-
OHHbIMI CTPYKTYPOMM SBSIOTC Poccuitckas MHXEHEPHAs akapemms
(PUA) 8o rmase ¢ npod. b.B. lycesbim, Poceuitckas akanemus ecrect-
BeHHbix Hayk (PAEH) sBo mase ¢ npod. O.J1. KysHeuossim n Poccurckumit
COI03 HAYYHBIX W MHXEHEPHbIX OBLecTBeHHbIX 06beanHenni (PocC-
HWO) eo mase c akagemrkom PAH (O.B. l'ynsesbiM. D1 1 3HauMTENb-
HOE MHOXECTBO APYMMX HAYYHO-MPOGECCHMOHANBHBIX COOBLLECTB, HE3A-
BMCHMMO OT BIOPOKPATUYECKMX CTPYKTYP rOCYAAPCTBA, MOCTOSHHO MPO-
ABASIOT TBOPYECKYIO MHULMATHBY MO COXPOAHEHUIO U MPUYMHOXEHUIO
HOYYHO-TEXHONOTMYECKMX 3HAHUM, TPOAMUMOHHO SBAIOLLMXCS SPKOM
MCTOPMUYECKON MPAHBIO PYCCKOM HALMOHABHOM KYSbTYpPbl.

B Kutae, No MHEHMIO POCCUIACKMX SKCMEPTOB, BEAYLLMMMU UHTET-
PALMOHHbIMK CTRYKTYPOMM B HAYYHO-TEXHONOMMYECKON chepe sBns-
to1cs Knutarckas Accounaums Hayku M TEXHKMKM BO rOBE NPeacenaTe-
nem Bawnb TaHcom, KuTarickas uHXeHepHas akagemus BO rnaBe C
npod. Jln CaoxyHom u lNMekuHckas Accoumraums noaaepxky rmobans-
HbIX TASIOHTOB BO M1ABE C 4OKTOPOM [uHOM YxudyHOM. DTH 1 MHOXE-
CTBO APYrMX HAYYHO-NPOdECCHOHANbHBIX CO0bLIECTB, 3ddEKTUBHO
ynpaBnAsemble NapTUHHO-TOCYAapPCTBEHHbIMKU CcTPpyKTypammu KHP, noc-
TOSIHHO MPOSBASIOT TBOPUYECKYIO MHULMATUBY BOBSIEYEHUS B COBMECT-
HYIO HOYYHO-TEXHOMOTMYECKYIO AEATENBHOCTb MO NPUOPUTETHBIM HAM-
PABNIEHUAM CTPATENMUYECKOTO NMAPTHEPCTBA YCMELHbIX MHOCTPAHHbIX
OKOLEMMKOB W TANAHTIIUBLIX MOMOABIX YUYEHBIX.

B No3UTUBHO PA3BUBAIOLLMXCA OTHOLIEHMSIX HOYYHO-MHXEHEPHbIX
npodeccuoHanbHeix coobects Poccun n Kutas sHauntensHas ponb
OTBOAMUTCS CTOAPEMLLEMY PYCCKOMY HAYYHO-TEXHUYECKOMY XYPHAMY
"Oeurarens”, usgaowemycs 8 Poccum ¢ 1907 r. Xypran cneupanuam-
PYETCs B LUMPOKOM CMEKTPE TEOPETUYECKUX MPOBIEM B TEPMOAMHA-
MMKE ra30BbIX, SKMAKMX U YNPYIVX CPEA, COBPEMEHHOM KOHCTPYKLMOH-

COTPYAHHYECTBO

HOM MOTEPMUANOBEAEHUN, UCCNENOBAHMMU, NPOEKTUPOBAHWM, NPOU3-
BOACTBE, UCMBITAHUAX M IKCMNYATALMM HOBOM KOHKYPEHTHOM TEXHUKM
B TPAHCMOPTHOM W SHEPreTUYECKOM MALLMHOCTPOEHMM.

TBOpUeckMM NOTEHUMANOM 1 aKTUBOM XypHana "[euratens” ss-
NAOTCH ABTOPbI PA3PABOTOK U KBAMGUUMPOBAHHbIE SKCMEPTL B HA-
3EeMHOM, BO3AYLLHOM W MOPCKOM TPAHCMOPTE; OTOMHOM, TEMNOBON,
pe3epPBHOM M MMAPOSHEPTETUKE; MOAENMPOBAHWM, UCTLITAHMSX, AMAr-
HOCTMKE U CEPTUDUKALMM CIOXHBIX SHEPTETUUECKMX CUCTEM TPAXAA-
HCKMX M CMELManbHbIX NPUMeEHeHUN. M, KOHeUHO, TEMATHKA HOAEX-
HOCTM 1 BE30NACHOM SKCMTYATALMM, MCTOPHS PA3BUTHS 3HOHM.

PepnakumorHas konnerns >XypHana roToBUT COLEPXKATENbHYIO
paboty HTLL PUA & MNekure no noarotoeke u nposeaexmio Kutaric-
ko-Poceuitckux HayuHo-TexHuueckux meponpustuin 2021-2022 ro-
no8: MuxeHepHbit Popym manon asmaumm, KoHkypc npopbiBHbIX HO-
YUHBIX MAEW M KPEATMBHBIX WHXEHEPHbIX TEXHOMOrM, npodeccuo-
HAMbHAS KOHCONMAALMSA AKAAEMMKOB 1 MOMOAbIX Y4eHbIX B popme Ha-
YYHO-MHXEHEPHBIX OKALEMUYECKUX LLKOM SIMAMPYIOLLETO YPOBHS, DKC-
NePTHO-AHANUTUYECKOE COMPOBOXAEHNE MHHOBALWMOHHbIX MPOEKTOB,
3KCNepTHAs NMOAroTOBKA Perncrpaumn MHXeHEPHbIX HAY4YHbIX OTKPbI-
i, ATTectaumns npodeccoHanLHOro CTaTyCcd.

OpHUM 13 aKTYaSIbHBIX ACMEKTOB MEXAYHAPOAHOIO COTPYAHMYE-
CTBA ABMAETCS HEYKIIOHHBIA POCT MOBASbHBIX YTPO3 AHTPOMOTEHHOTO
xapaktepa. [1oTepu 3KOHOMMK MHAYCTPUANbHLIX CTPAH B TEKYLLEM
cronetuu, no cratuctuke OOH, kpaTHO NPEBLILAIOT BANOBLIM HALW-
oHanbHbIK NpoaykT gonaraemuittoro 2019 roga, coctasmsLmi BCEro
+2,5 %. Mpobnembl TEXHOFEHHOM, TEXHONOTMYECKOM, SKONOMMYECKOH,
NPOLOBONLCTBEHHON U UHGEKLMOHHOM 6E30MACHOCTH ABNAIOTCA NPH-
OPMTETAMM HE TOMBKO MMPOBOIO COOBLLECTBA, HO M MIABHLIMU HALM-
OHASbHBIMU 3ALAYAMM.

Beicokas rymanutapHas mucens MexapyHapogHoro Pocceuiicko-
Kutaricko-Cepbckoro MHCTUTYTA AHTPOMOreHHon 6e3onacHocTv B
Benrpage, cozpanHoro Ha MexayHapoaHoM UHXeHepHoM nnaThop-
Me HQYYHO-TEXHONOTMYECKOTO NIMAEPCTBA B YCTOMUMBOM PA3BUTIM,
COCTOWT, NPEXAE BCETO, B NMPESOTBPALLEHWM, YCTPAHEHUU U Npeayn-
pexaeHnn mobanbHbIX Yrpo3 XusHepesTensHoct yenoseka. Oxa
OMUPAETCA HO UCTOPUYECKU MOATBEPKAEHHBIE OCHOBbI: HAYYHbIN W MH-
XEHEPHBIN TANAHT, TPOAKAAHCKUI TEPOU3M U KYNbTYPY PYCCKOTO HO-
POLO; MYBUHY HALMOHANBHOM GUIOCODCKON MyAPOCTH, CAMOOTBEP-
XEHHOE YNOPCTBO U rEHETUYECKOe TPYLOMOBUE KUTANCKOTO HOPOAQ;
BLICOKYIO lyXOBHOCTb MAE€AN0B CBOBObI, HekONebumyio Bepy B 106pO
1 CNPaBEANMBOCTb CepbCKOro HaPOAA.

Takoit yHWKanbHbIM CNEKTP BO3MOXHOCTEN TPEX HOPOAOB MNO3BO-
NAET PEANM30BATL HA MPAKTUKE MEXAYHAPOAHOE NMAEPCTBO B NPO-
PbIBHbIX QYHAAMEHTAMBHBIX HOYYHbBIX 3HOHWSX M KDEATUBHLIX Onepe-
KAIOLLMX UHXEHEPHBIX PELLEHMSIX.

C uenblo yCKOpPEHUs PA3BUTUS MEXAYHAPOAHbIX HAYYHbIX,
AENOBLIX U OBPA3OBATENbHLIX KOHTAKTOB, 3MEKTUBHOIO y4aCTUS B
paspaboTke U Peanu3auumM MPOEKTOB, MPOrPAMM U HOPYMOB,
CO340HUM COBMECTHbIX LEHTPOB, WMHCTUTYTOB W NPEANPUATUH,
OPraHM3aLMmK SKCMNEePTHO-OHANUTMYECKON, ATTECTALMOHHOM, y4ebHO-
M30ATENbCKOW, MHMOPMALMOHHO-NPOCBETUTENBCKON W KOHKYPCHOWM
AEATENBHOCTH NPOGECCHOHANBHBIX HAYYHO-MHXEHEPHBIX COOBLLECTB,
opranusosaHo [lpepcrasutenscteo PUA B KHP u ytBepxaeHo
Mpesuanymom PUA TMonoxenne ot 24.06.2021 r. Pykosoautenem
[Mpeacrasutenscrea ssnaetcs suue-npesuaeHt PUA no Hayke wu
MEXAYHOPOAHOMY HAYYHO-TEXHONOTMYECKOMY COTPYAHUYECTBY.

Takxe onpegener [MNopanok NnpMema BLIAAIOWMXCS 3APYyOExXHbIX
YUYEHBIX MHOCTPAHHBIMK uneHamn PUA, no kotopomy ycnosuem
NPUEMA SBASETCH OPTAHM3ALMS COBMECTHOM HAYYHO-3KOHOMMYECKOM
AEATENbHOCTH, OCBOBOXAAIOWEN OT YNATE EXErOAHOro YNEHCKOro
B3HOCA. [Tpu OTCYTCTBUM COBMECTHOM AESTENbHOCTU MHOCTPAHHOTO
unera PUA c Akagemneit B TedeHue rona nocie npuemd, HacTynaet
06A30HHOCTb BHECEHUS eXerogHoro B3Hoca 8 PoHa passuTHs HOBbIX
3HaHWI "MHxxeHepHas mbicnb”. [Topsigok mpu3BaH CTUMYNMPOBATH
MHOCTPAHHBIX uneHos PUA yuacTBoBATL B KOMMEPLMANM3ALMM HOBbIX
3HAHUIM B HTepecax Poccuu n Kutas. i

Ces3b c asTopamu: bide9368454@hotmail.com
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HAYKA YOK 621.452.32

PRGXOAHDIE XAPAKTEPHCTHKH KRHRAOB NONATOK
TA30TYPBUHHDBIX ABHTATEAEW, MOAYHEHHLIX METOAOM
CENEKTHBHOIO NA3EPHOIO GMNAABAEHHA

DrEQOY BO "MOCKOBCKMI OBUALMOHHBIM MHCTUTYT (HAUMOHAbHBIM UCCnenoBaTensckuit yHusepcntet)” (MAM),
MHCTUTYT aemrateneit netatenbHbix annapaTtos, kadeapa "TexHonorus npoussBOACTBA ABUIATENEN NETATENbHLIX ANNAPATOB":
Eerenumii FOBeHanbeBuy Mapuykos, 1.7.H., npodeccop,
Cepreit Amutpuesuu Cenusepcros, acnnpaHt OKB um. A. Jlionbku:
Anpgpeii Bnagumuposuu CTapoayMoB, HauanbHMK PACYETHO-UCCIEAOBATENLCKOTO YNPABEHMS,
AmuTtpuii AMutpueBud YMpKOB, HauanbHUK GPUraabl SKCNePUMEHTANbHBIX UCCEA0BAHWA.

Paborta nocssiLjeHa nccnefoBaHUIoO BINSIHUSA MeTO[0B 06paboTky BHYTPEHHUX KaHasloB J10MaToK ra3oTypbuHHoro Asy-
rarens (I'TA), n3rotoBreHHbIX MeTOAO0M cesleKTUBHOro nasepHoro crinasneHns (CJIC), Ha pacxoaHble XapaKTepUCTUKH.
U3roroBnieHbl MoAeIN KaHaNoB, UMUTUPYIOLUNX KaHallbl BXOAHOV KPOMKU paboyer ionatku TYpOUHbI BbICOKOro gaBrie-
Husl. [IpoBeieHO cpaBHEHME PacXo[HbIX XapaKTepUCTUK KaHanoB 6e3 0b6pabotku (nocne CJIC) c kaHanaMu rnocse 3/1eKT-
poxumudeckoni obpabotku (3XO0), 3neKTPoUMIyIbCHOMN nonupoBku (SUIM) u nocne 371eKTPOXUMMNYECKON MOJIMPOBKU
(3XI), a Tak)xe ¢ KaHanamMu, U3roToBJ/I€HHbIMMU IO TPAANLMNOHHON TEXHOOrUu (MNTbe B hOpMbI CO CTEPIKHAMMU).

The work is devoted to the study of the influence of the methods of processing the internal channels of the gas turbine
engine blades made by the method of selective laser melting on the flow characteristics. Models of channels simulating
the channels of the input edge of the working blade of a high-pressure turbine are made. The flow characteristics of
channels without processing (after SLM) are compared with channels after electrochemical processing, electric pulse pol-
ishing and after electrochemical polishing, as well as with channels made using traditional technology (casting into molds
with cheramic rods).

KniouyeBble croBa: ces1eKTUBHOE J1a3epHoe CrislaBieHue, ra3oTypOuHHbI ABUraTeslb, OXJ1a)kKgaemas 1ornaTtka, pacxoaHble

XapaKTepUucTuku.

Keywords: selective laser melting, gas turbine engine, cooled blade, flow characteristics.

Ountum ws ocrosHsix HOMPABNEHUN MOBLILLEHUA TOMIMBHOM
spdektusHocTn [T] aBnsercs nosbilueHne TemnepaTypbl rasa ne-
pen TypbuHoM. Mpn LOCTUIHYTOM YPOBHE TEMMNEPATYPLI TA3a Nepes
TYpOUHOM fanbHERLLEE YBENMYEHWE TEMNEPATYPb BOZMOXHO TOJb-
KO npu paspabotke Gonee 3bdEKTUBHBIX CUCTEM OXIIAXAEHMA NTO-
NATOK TYPOMHbI UMK HOBbIX KOHCTPRYKLMOHHBIX MATEPHUATOB M MOKPbI-
THI. B CBA3K C yCIIOXHEHMEM CUCTEM OXNOXAEHWS NOMNATOK NPUME-
HEHWE TPAAMLMOHHbBIX TEXHONOMMM UX M3rOTOBNIEHWS CTOHOBMTCS 30IT-
PYAHUTENbHBIM MM HEBO3MOXHBIM, MOITOMY NMPUMEHEHUE ANIs CO3-
AQHUSA NONATOK TYPBUH ananTusHbIX TexHonorui (AT) moxeT pewnTts
4aCTb 30404,

MpenmyLLecTsa NPUMEHEHUS TEXHONOTMK CENEKTUBHOTO Na3ep-
Horo cnnasnenms (CIIC) ana M3roToBNEHUS NONATOK C BHYTPEHHMMM
KQHQMOMM 3AKITIOYAETCS B BO3MOXHOCTH PEANIM3ALMM HEBbIMONHUMBIX
PAHEE WIU CIIOXHO BLIMOMHUMBIX C TEXHONOTMYECKOM TOUKM 3PEHMS
CXEM OXJICXKAEHMS TONATKM, B YOCTHOCTH, CO3LAHME NIONATKU C CUCTE-
MO MPOHUKAIOLLETO OXICKAEHUSA UK CO CTPYKTYPOM MOPUCTOrO MO-
tepuana. Ocobenroctsio CIIC sBnseTca BbICOKAS LIEPOXOBATOCTb
NOBEPXHOCTM M3TOTOBNEHHOM AETANM, MPUYEM LLEPOXOBATOCTL MOBE-
PXHOCTM PASAMYHA HA PA3HbIX ydacTkax getanu. LLlepoxosatocts no-
BEPXHOCTH 30BMCUT OT PA3MEPA YACTHL, MOPOLLKA, PEXMMOB CMeKa-
Hus 1 oT opuentaumu petamu B 3D npunTepe. Mpu npoekTMposaHmm
NONATKM, MAAHUPYEMOM K naroToeneruio no texHonorum CJ1C, Heo6-
xopnmo obecneunts Tpebyemblie TMAPABIMYECKME XAPAKTEPUCTUKM
KOHQOB BO3LYLUHOMO OXOXAEHMS, O TAKKE WCKITIOUYUTL MOSIBIEHWE
NOAAEPKMBAIOLMX CTPYKTYP BO BHYTPEHHMX MOMOCTAX CUCTEMbI OX-
NOXKAEHUS NTONATKY.

B HacTosiwee Bpems M3-30 BLICOKOM LLIEPOXOBATOCTH HAPYXHYIO
NOBEPXHOCTL NOMNATKM HEOBXOAMMO AOMNOAHUTENEHO 06PABATHBAT,
O NPEHA3HAYEHHbIE 41 MIEHOYHOTO OXIIOXAEHMS PA3AMYHbIE OTBE-
pcTHs B MPOGUNLHOM YACTH NIOMNATKM OCIOXHAIOT 3Ty 06pabOTKy.

B HacTosLee Bpems CyLLecTByeT HECKOBKO XAPOMPOUHbIX CIa-
BOB, NMOPOLLKM KOTOPbIX BO3MOXHO MCMonb3oeaTs 8 TexHonormm CIC:
Inconel 718, Inconel 939 sapybexHoro npoussoactea u I1648M1C,
SM741HM oteuectBeHHOro NpoussBoacTea. [peacrtasneHHbie maTe-
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puans He 061aaaioT TPEBYEeMbIMU MPOYHOCTHBIMU CBOMCTBOMM L5
M3rOTOBNEHUA PABOUYMX NONATOK TYPBMH BLICOKOTO AABEHMS C TEMME-
patypor metanna, gocturaiowen 1150 °C. CospemeHnHbie nonatku
BbICOKOTEMMNEPATYPHbIX TYPOUH U3TOTABAMBAIOT U3 MOHOKPUCTAMM-
yeckmx cnnasos. PaboTel NO NOCNOMHOMY CUMHTE3Y MOHOKPUCTANM-
yeckux 06pPa3LOB HAYATLI, HO MOKA HE AOCTUMIM CTAAMM MPOMBILLNEH-
HOTO NMPUMEHEHUA.

B ceasn c nepeuncneHHsIMM Bbille OCOBEHHOCTAMM TEXHOMOMMM
CINC noka He MOryT BbiTb MPUMEHEHbI 411 M3TOTOBAEHUS NTONATOK
NEPCNEeKTUBHBIX BbICOKOTEMNEPATYPHBIX TypbuH, ogHako 3D nedats
AKTUBHO MUCMONb3yeTCa ANna U3rotoBNeHMUA NonaTokK C LeNbio OTp06OT'
KM HOBbBIX CUCTEM OXNTAXAEHUA HA SKCNEPUMEHTANbHbIX O6pO3LI,OX.
ﬂ,OHHOﬂ TEXHONOMMA NO3BONAET yXE HA CTAAUU NPOEKTUPOBAHUA 13-
rOTABIMBATL JIONATKM U NPOBOANTb SKCNEPUMEHTANbHbIE NCCNEenoBA-
HUSA SPPEKTUBHOCTU CUCTEMBI OXIIAXAEHUS, LOPAOATHIBATH M ONTUMM-
3MPOBATH KOHCTPYKUMM BE3 3HAYMTENbHBIX 3ATPAT HA M3rOTOBNEHUE
06PA3LUOB MO TPAANUMOHHBIM TEXHOMOTUAM.

TpO,ﬂ,MLI,VIOHHOﬂ TEXHONOMMA nNpPon3BOACTBA OXNAXAAEMbIX nona-
TOK METOLIOM MPELMZMOHHOTO TUTbS BKIIOUYAET MHOXECTBO ONEPALmi,
B TOM YUCNE M3rOTOBNIEHUE METANNUYECKUX NPECC-POPM ans 06onou-
KU M CTEPXHA METOAAMM MEXAHWMYECKON 06pabOoTKM, M3rOTOBNEHME
KEPAMUUECKUX CTEPXKHEMN, BBINIABISEMBIX MOMENEN, KEPAMMYECKMX
OCHOCTOK.

MsrotosneHune npecc-popmbl METOIOM MEXAHMYECKOH 06paboT-
KW - ANIUTENbHBIA 1 CIIOXHBIM TEXHONOTMYECKMUIA MPOLLECC, BKMIOYAIOLLIMMI
nosy4YeHne 3aroToBok AeTtanei npecc-GopMmbl M3 NMOKOBOK, NPOKATA
WU IUTHEM M3 MHCTPYMEHTAMbHBIX CTANEN, NPEfBAPUTENbHYIO 06pa-
60Tky 3aroToBOK Ha ctaHkax ¢ HIMY, cnecapHyio obpabotky, Tepmu-
yeckyo 06paboTky, UMCTOBYIO 06PABOTKY 30roTOBOK AETANEN HA Me-
TANNOPEXYLMX CTAHKAX, LOBOAKY HOM60ﬂee OTBETCTBEHHbIX NOBEPX-
HOCTEM 3aroTOBOK AeTanen Npecc-bopMm, KOHTPOMbHYIO COOPKY M UC-
neITaHKne npecc-popmbl. Bece 3Ti Tpynoemkue u pnutensHele onepa-
UMM NPOU3BOACTBA NPECC-GOPM MOXKHO 3AMEHNTD BLIDALLMBAHMEM MX
u3 cranu metogom CJ1C.

OpHoM M3 BAKHBIX 3AAAY MPW U3TOTOBMEHMM NOMNATOK C Nepcrek-
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TUBHBIMM BbICOKOIGDDEKTUBHBIMU CXEMAMM OXICAXKAEHNS MO TEXHONO-
TUW NIUTbA ABNSETCA NONYYEHNE KEPAMMUECKOTO CTEPXHS, GOPMUPYIO-
LLLero BHyTPeHHUe KaHansl nonatku. 3D-monens crepskHs npepcrasns-
eT COBOM CNOXHYIO BHYTPEHHIO MONOCTb OXACKAAEMOMN NONATKM.
CrepxeHb ByaeT ciyxuTb BKNAAbILLEM B TPeCcc-hOPMy 41 M3roTOBNE-
HUsE UTENHOWM GOPMbI M B MOCNEAYIOWEM LOMKEH YAANATbCS C MO-
MOLLBIO LLienoun. Bemay cnoxHomn KoHburypaumm KaHANoB npumeHe-
HUe npecc-PpopMm A1 U3TOTOBNEHUS TAKMX CTEPXKHEN He BCErad BO3-
MOXHO.

Llensio paboTsl sensetca cpaBHEHME PACXOMHbIX XAPAKTEPHC-
TUK KOHQMOB OXJICKAAEMON nonatky Typbursl [TL npu pasnuubix
TEXHOMNOMUAX UBrOTOBNEHMs U 06PaABOTKM:

1. To TPABMUMOHHOM TEXHONOMMM (MUTbE B GOPMBI CO CTEPXKHAMM);

2. Mocne CNC;

3. Mocne CNC u 2XO, UM v DXIT.

3apaun paborTbi:

1. MpoBectt npoaysky v NPONMBKY KAHANOB MOZENEN nepa no-
NATKK, U3TOTOBAEHHBIX METOLLOM QAAMTUBHBIX TEXHONOTMM, O U NOCre
06pabOTKM BHYTPEHHEN NOBEPXHOCTU KAHAMOB.

2. Onpegenuts Pasnuume pacxOfHbIX XAPAKTEPUCTHK KAHOMOB OX-
NOXAEHWS NOMNATKM, MOSYYEHHBIX IMTHEM M METOLOM OAAMTUBHbIX TEXHO-
noMMit € nocneaytoLLen 0bpabOTKOM KAHANOB PA3MUHBIMA BUAGMM.

3. Mocne Bcex UCMbITAHWI U3MEPUTL LLIEPOXOBATOCTb BHYTPEH-
HMX NOBEPXHOCTEN KAHANOB M IMAMETPbI BHYTPEHHMUX OTBEPCTUN.

OKCnepMMEHTANbHOE MCCNefoBAHME MOAENEN KOHANOB,
msrotosneHHbix metogom CJ1C
B pamkax oTpaboTKM TEXHONOTMM M3TOTOBNEHUS OMBITHBIX AETA-
nen ALANTHMBHBIM METOLOM Bbifiv M3rOTOBNEHBI TPWM MOLENU KAHAMOB,
MMUTUPYIOLLMX KAHASb BXOAHOM KPOMKM pabodei nonatku TypOuHb
BbIcOKOrO aasnenus (puc. 1). LlaHHbie mogenu Gbinu U3roToBneHs 13
nopowkosoro cnnasa Inconel 718 (pasmep yactmy, 40...60 mrm).
Mocne narotosnerus getanu GLINa NPOBEAEHA NPOAYBKA W NPO-
nmeka o6pasLos.

KQHQnoB, UMUTUPYIOLLMX KAHAsTbI BXOAHOM KPOMKH pa6oqeﬁ sionaTtku

TYP6MHBI BbICOKOTO AABNEHMS

HAYKA

Mepen nposeaeHWEeM MCMBITAHMIA KOXKAAS 4ETANb MAPKMPOBA-
nace mHansmuayansHeim Homepom ("N = 1, 2, 3). Oerans nopknioya-
nack K cTeHay (puc. 2) v NpoBOAMNACL NPOBEPKA HA FEPMETUYHOCTb
YCTAHOBKM.

Puc. 2. Cxema noaknioyeHns MOZENM KAHANA K CTEHAY

Mpoayska 06PA3LOB BHINOAHANACL NPM NEPENAAAX ACQBAEHMS:
n=1,1,13,15;1,7;1,9;2,1. [pon1ska BbINONHANACL NOA LABNEHU-
em Ha Bxoae B aetans Pex = 0,3...6,0 krc/cm?, c warom 0,3 krc/cm? u
pacxonom sogsl 60...280 r/c.

B tabnuue 1 npusepeHs ncnonbayembie 4ns M3MEpEHWs napa-
METPOB NPMBOPLI U NOTPELIHOCTH U3MEPEHMS.

Ta6nuua 1. Mpubopsbl, U3MepsemMbie
NAapameTpbl U NOrPeLHOCTU U3MEPEHUN

Mepena Jatunk gasnenuns Hs %
s & 0...60 Mla N3MepeHHOM -
AABREHUH MeTtpan-150
BEJIMYUHDI
+1 9
Laenenne Matomerp MTH 0...2,1 kre/cm? usMe_a] eﬁuoﬁ -
rOCT 240572 |5 K/ em P
BEJIMYUHDI
Temneparypa | Mpuemumk TI- o " o
BO3AyXa 1040 (Tepmonapa) LMD HE Fap e )
+1 % KoceenHoe
Pacxop, . -
MepHbiit yyactok 1..12r/c N3MepeHHOM namepeHue
BO3AyXa
BE€JIMYMHDI

Mo AQHHBIM MCMBITAHMI BbINKM NOCTPOEHBI FPAPUKM PACXOAHbIX
XAPAKTEPUCTUK.

Ha pucyrkax 3 v 4 npencrasneHsl pes3ynsTaTsl NPOLYBOK U NPO-
NIMBOK KAHAMOB TPex 0B6PA3LOB, M3rOTOBNEHHBIX METOAOM QAAUTUB-
HbIX TEXHONOTUM.

Mo NonyYEeHHbBIM AAHHBIM MOKCUMQTbHbIA PE3YNbTAT OTKIIOHEHMS
OT OBLEero cpeaHero 3HauyeHus Tpex obpasLoB NO NPOAYBKAM He
npesbiwaet 6,15 %, a no nponvekam - 3,9 %.
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Puc. 4 Pesynbratsel nponnBok kaHanos, marotoBneHHbix Metogom CJ1IC

DKCnepMMEHTANbHOE MCCNEefOBAHME MOAENEN KOHANOB,
U3roTOBNEHHBIX METOLOM AAAMUTMBHBIX TEXHONOMMMI, Nocsne
OXO m INMN+3X

B cBsI3u C TEM, YTO PACXOAHAS XAPAKTEPUCTHKA KAHONOB OXIOXaEe-
Hus, uarotoeneHHbix metogom CJIC, sHauuTensHO HUKE PACXOaHOM Xa-
PAKTEPUCTHKM KAHAMOB, MOMyYEHHbIX MMTbem (Mpu npoayske - Ha 45 %,
pucyHok 6 npunoxerue A), B xo4e AANbHERLLMX UCTIBITAHUA BHYTPEH-
HWE NONOCTU KAHANOB Mogene, uarotoenertsix metopgom CI1C, nog-
Beprmcey gononHutensHoi obpabotke. O6pasust Ne 2 1 Ne 3 npowwu-
1 anekTpoxummueckyio obpabotky (9XO), a obpaseu Nol - cHaua-
Na 3neKTpoMMNYNbCHYIo nonuposky (M), a satem anekTpoxumuyec-
kyto nonmposky (IXI).

3atem 06paboTaHHBIE 0BPA3LEI MPOLLK NOBTOPHYIO MPOAYBKY
1 NPONMBKy. bbink NoCTPOEHbI rPAdUKI CPUBHEHMS PACXOAHBIX XAPAK-
TepucTuk 10 1 nocne obpabotkm metopamu IXO n IUM+IXIM kara-
noe mogenen, narotosnerHsix metogom CJIC (pucyrkn 5 1 é).

xr = K5 = cu?/ (¢ = xre)

Mo pesynsTaTam NPORYBOK M NMPOSIMBOK KAHOSOB, M3rOTOBIEHHbIX
metonom CJ1C, Ha pabouem nepenage T = 2,1 BoisBneHO:

1) ans 06pasua Ne 1 nocne SUM+IXM G, ysenuunncs Ha 30 %,
a Gy, YBEAMUMNCH HO 16 %;

2) ans obpasua Ne 2 nocne 9XO G, ysenuuunca Ha 0,8 %, a
Gyopy YBEMMUMNCs Ha 0,2 %;

3) ans obpasua Ne 3 nocne 3XO G, ysennuunca va 1,1 %, a
Gyogy YBEMMUMNCs Ha 0,3 %.

Takxe NOACYUTAHO, YTO 3HAYEHWE NMPUBELEHHOTO PACXOAA BO3-
ayxa apautueHoro kaHana nocne DUM+3XM va nepenage © = 2,1
COMOCTOBMMO CO CPEAHMM 3HOYEHMEM PACXOAA BO3AYXA MO MPOAYB-
KOM KOQHANOB NIUThIX NONATOK. [Tpu 3TOM NpUBEAEHHbIM PACxos Yepes
apantveHbiit kaHan nocne MM+IXI MeHbLue, Yem yepes kaHan nu-
To nonatku Ha 3 % (puc. 7).

Gop  (kr « K*F = cw®)f{ic = wrc)
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Puc. 7 PeS)’JTbTGTH NpPOAYBOK JIUTbIX U AAANUTUBHbIX JIONATOK

M3MepeHHe NnapaMeTpoB KAHAIOB MOAENEN, U3rOTOBAEHHbIX
MEeTOAOM AAAMTMBHBIX TEXHONOIUH
Mocne 06pabOTKM 1 NPOBEAEHHS SKCTIEPUMEHTAbHBIX UCCTIELOBAHMI
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Puc. 5 Pesynbrarsl npoayBok kaHanos, narotosneHHbix metogom CJ1
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Puc. 6 Pesynbratsl nponnBok kaHanos, narotosneHHbix Metogom CJ1IC
(nocne DXO u SUM+IXT).
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PEHMS UX BHYTPEH-
HMX MOBEPXHOCTEN.
Beina eeinon-
HEHa  paspeska
Tpex mMogaenewn cor-
NAcHO pucyHKy 8,
U3MepeHsl  aua-
METPbl  YeTbIPEX
BHYTPEHHUX OTBe-
pctuin dj ¢ Tou-
Hoctoto = 0,01 mMm
M LIEPOXOBATOCTb
B BOCbMM 30HOX Tj.
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Ta6bnuua 2. Pesynbrarbl KOHTpOns
AVIGMETPOB OTBEPCTHIA U LLIEPOXOBATOCTEN
NOBEepPXHOCTEN KAHAJIOB MOAENU

O6pasey, N2 2
Koutpone aametpos KoHtpons wepoxoeatoctu
Ne Dakmyeckmin DaktHueckas Daktnyeckas
mameTp N2 30Hbi| wepoxosatocts | N2 30HbI | wepoxosaTocTs
oTBEpCTMSA X
oteepctus di, MM Ra, Mkm Ra, Mkm
d; 0,80 T Ts 4,5
d; 0,80 T, He U3Mepsanoch Ts 8,23
Nno TEXHMYECKUM
d; 0,76 Ts BO3MOXHOCTSM Ts 6,28:6,59
dy 0,70 Tg T, 6,56:-7,98
O6pasey N2 3
Kontpons guametpos KonTponb wepoxosaroctu
Ne Dakmyeckmin Daktnueckas DaktHyeckas
MameTp N2 30Hbi| wepoxoeatocts | N2 30HbI |  wepoxoeatocTs
OTBEpPCTUSA .
otsepcis di, MM Ra, Mkm Ra, Mkm
d; 0,85 T Ty 6,6
d, 0,79 T, He U3MepAnoch Ts 5,68
MO TEXHUYECKHUM
ds 0,80 T BO3MOXHOCTSIM Ts 5,74
d4 0,70 Ta T7 6,85 1-7,20
O6pasey, N21
Kontpons auametpos KoHTpons wepoxosaroctu
Ne Dakmyeckmin DaktHyeckas DaktHyeckas
MameTp Ne 30HbI | wepoxoeatocts | N2 30HbI [wepoxoeatocts Ra,
OTBEpCTUSA .
oteepcmvs di, v Ra, mkm MKM
d, 0,93 T 0,82:0,9 T, 2,67 -3,61
d; T, 1,36-1,39 Ts 2,97 -3,82
d3 Ty 0,36:0,39 T, 2,73:3,93
d4 Ts 0,93 :-1,17 T7 2,72—3,14

CornacHo faHHbIM TABIMULI 2 LIEPOXOBATOCTL BHYTPEHHUX KO-
Hanos nocne obpabotkmn IXO u IUM+IXIN nonHocTsio yoosneTso-
PAET 3HOYEHUAM, LOMYCKAEMBIM MPU M3TOTOBNEHUM NIUTHIX IOMNATOK
TpeTsero knacca touroctv Ra = 10...20 mkm. CpasHerue cnocobos
06paboTku nosepxHocTeln nokasano, 4to obpabotka INM+IXIM Ha
OfHOM M3 BHYTPeHHMX cTopoH o6pasua Ne 1 cHusuna wepoxosa-
TOCTb B cpeaHem Ha 55 %, a Ha ppyroi cTopoHe M3MeHeHUI He Bbisie-
newro. Takxe 6bina npoeegeHa ouerka snuanms IMM+IXM Ha sHew-
HIOIO MOBEPXHOCTb, B PE3yNbTATE KOTOPOM LEPOXOBATOCTL B CPEA-
Hem cHmuaunacs Ha 90 %. Metog 9XO, npumersiembit ans 06pasuLos
Ne 2 1 Ne 3, 3HaunuTeNbHbIX M3MEHEHMI HE NOKA3A.

CornacHo YepTexy oTBEPCTUS BHYTPEHHMX KaHaNoB di Heobxo-
OMMO BbINO M3roTOBMTL aMameTpom 1 mm ¢ ponyckom *0,2 mm. M3
Tabnmupl 2 uaHo, 4to 50 % anametpos otsepctuit 06pasuos No 2 1
Ne 3 He ynoBneTBOpSIOT LONYCTUMOMY 3HAYEHMIO, B OTIMYME OT AMA-
meTpos oteepcTui 0bpasua No 1, koTopbie NoAHOCTbIO yaoBNETBO-
PAIOT JONyCKy. TAKXKE NOACYMTAHO, YTO PA3MEPLI AMAMETPOB OTBE-
pctui obpasua Ne 1 8 cpeaHem Ha 14 % npesbilaioT pasmepsl oT-
sepctuit 06pasuos Ne 2 u Ne 3, 4To NpuBOAUT K YBENUYEHUIO WX NIO-
waam Ha 7...40 %.

Takum o6pasom, obpabotka DUM+IXI kaHanoe mogenei no-
naTok, usrotoenexHbix metogom CJ1C, no pacxoaHsIM XapaKTepucTH-
KOM NMPHUBAU3MIO UX K KOHANIAM FIMTLIX JIOMATOK, O YEM CBUMAETENbCTBY-
IOT MeHbLUEE 3HAYEHME LIEPOXOBATOCTU U YBEIMYEHHOE 3HAYEHWE
BHYTPEHHMX OTBEPCTUIM NO cpaBHeHuio ¢ obpaboTkoin IXO.

Boisogpbl

B xope uccnenosaHmns moaenen, narotosneHHsix metogom CJ1C
BoifBneHo, 4to nocne IXO y kananos mogenei Ne 2 u Ne 3 (npu Tt =
2,1) G,, & cpenrem ysenuumncsa Ha 0,95 %; G, 8 cpenHem ysenu-
auncs Ha 0,25 %. Ha obpasue Ne 1 (npu = 2,1) nocne SUM+IX
G, yeemmunnca Ha 30 %, G, yeenuuunca Ha 16 %. Takxe noacum-
TaHo, 4To 3Hauenne G, nocne IUM+IXTT meHble cpepHero sHave-
HUS PACXOAA MO NPOLYBKAM KAHAMOB NThIX NONaTok HA 3 %. Cpas-
HEHMA PE3YNbTATOB 3HAYEHWI NpuBeaeHsl B Tabnuue 3.

HAYKA

Ta6bnuua 3. CpaBHeHMe pe3ynbTATOB
npoayBOK U NPONMBOK o6pasuo. npu = 2,1

Pacxop ao o6pabotkm Pacxop nocne o6pabotkn
N2 o6pasua
Bopa, G Bospyx, Gnp Boga, Ge Bosgyx, Gnp
1 136,17 4,80 160,10 6,10
2 130,66 4,71 133,20 4,77
3 136,33 5,01 136,84 5,07

MN3mepeHue LepoxosaTocTv Nokasano, 4to obpabotka BHeLw-
Her nosepxHoctu Metogom DUTM+IXI cHmkaet Ra B cpegrem Ha
90 %, a BHyTpeHHeln nosepxHocTh - Ha 55 %. Metog DXO He noka-
3071 CYLLLECTBEHHbIX M3MEHEHMIT 3HAYEHUH Ra nocne ero npumeHeHus.

Mocne nposepeHHbIx 0bpaboTok metonamu DUTM+IXI u DXO
obrapyxero 4to, 50 % amametpos oteepcTui obpasuos No 2 u
Neo 3 He ynoBneTsopsioT LONYCTUMOMY 3HAYEHMIO, B OTAMYMM OT AMa-
MmeTpos oTtsepcTuit obpasua Ne 1, koTopbie NONHOCTLIO YAOBNETBO-
PSIOT LOMYCTUMBIM 3HQYEHUAM. TAKXE MOACYUTAHO, YTO PASMEPSHI -
ameTpoe oTeepcTuit obpasua Ne 1 & cpeaHem Ha 14 % npesbiuaioT
pasmeptl oteepcTii 06pasuos Ne 2 u Ne 3, 4to npuBoauT K yBenu-
yeHmio ux nnowaan Ha 7...40 %.

Wceneposanroe B pabotax [3, 4, 5] BnuaHMe LwepoxosaToct1 Ha
Te4eHME NOTOKA B KAHANAX MOKA3bIBAET HE3HAYMUTENbHYIO PA3HULLY KAK
B PACYETAX, TAK U B CPABHEHMM C SKCMEPUMEHTOM. YUUTLIBAS 3TO, MOX-
HO NMPEANONOXMTh, 4To noctobpaboTka metogom IUM+IXI Heobxo-
OMMQ TONMBKO ans Komnexcaumm nonydaemsix nocne CIIC agnametpos
oteepcThit. Takum 06pasom, B AanbHeNWweR paboTe NNAHUPYETCH KC-
NEPUMEHTANBHO NPOBEPUTL MOBTOPSEMOCTL nonyuaembix nocne CJ1C
OTBEPCTHI KAHANOB B 30BUCMMOCTM OT AUAMETPA 1 yrma ycTaHosku. Ml
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CTEHA ANA TECTHPOBAHMUA
JAEKTPUYECKOH BUHTOMOTOPHOH TPYNNDI

PepepansHoe rocyaapcteeHHoe GlopxeTHoe obpasosaTensHoe yupexaenue sucwero obpasosarma (PIEOY BO) "Mockosckmii aeuaumoHHbIi
MHCTUTYT (HauMoHanbHLI MccneposaTensckmii yHsepeuTet)' (MAM):
Anekcei BauecnaBoBuy CbluéB, senywmii vixenep kad.203 MAW, acnupatt
Kupunn BauecnaBsosuu BansicHbii, vitxerep kad. 203 MAM
Amutpun AnekceeBud bopucos, vixerep kad. 203 MAN
KoHcrantun Banepbesuny KysHewos, viixerep, "KCK nixunmpunr!

OnucaHa KOHCTPYKUMNSI U MPUHLNMBLI MPUMEHEHUS] UCTbITATe/IbHOro CTeHAAa Al INeKTPUYeckori BUHTOMOTOPHOU Tpynibl
(3BMI). lMpuBeAeHbl nosny4YyeHHble pe3ynbTaTbl UCCIER0BaHUN U TecTupoBaHus 3BMI. [loka3aHa cxema CBepX/Erkoro
3/1eKTPUYECKOro caMoséTa 1Sl AaNbHeNLLNX JIETHbIX UCTbITaHU.

The design and application principles of the test bench for the Electric propeller end motor group (EPMG) are described. The
results of research and testing are presented. The diagram of an ultralight electric aircraft for further flight tests is shown.
KntoueBble cfioBa: SneKTpuyeckasi BAHTOMOTOPHas IPYIna, UCMbITaTesbHbI CTeHA, S7IeKTPUYeCKU CaMOJIET.

Keywords: Electric propeller end motor group, test bench, electric aircraft.

B nacrosuwee BPEMA BO BCEM MMpe pa3pabaTbiBaloTcs neTa-
TeMbHBIE ANMNAPATHI C SNEKTPUYECKMMM CUITOBBIMKM YCTaHOBKAMM. [le-
PEXOL YOCTH NETKUX M CBEPXNENKMX NETATENbHBIX ANMAPATOB HA EKT-
pUYECKME BMHTOMOTOPHbIE TPYNMbl OBYCHABAMBAETCA OCHOBHbIMM
NPENMYLLECTBOMM: HOLEXHOCTb; CHIKEHUE BHIOPOCOB B aTMOcdepy;
NpPOCTOTA O6CIYXMBAHMS M SKCMNYATAUMM; CHUXeHWe 3aTpaT Ha 50 %
no cpasHeHuio ¢ TpaauumorHbiMu CY.

Ins paspaboTku, UCMBITAHWIA U NOMYYEHUs OMbITA SKCMTYATALMM
TpebyeTcs 6onblion 06bém dkcnepumenTos. [Nossnsetca Heobxoam-
MOCTb CO3L,AHMSA UCTIBITATENbHBIX CTEHAOB.

B pamkax paboTsi o NpOeKTy 3NeKTprYeckoro CBEPXNErkoro ca-
MoneTa 6bin CO34AH CTEHA ANt UCTLITAHWS SNEKTPUYECKON BUHTOMO-
TopHon rpynnsl (IBMI). Mapametpsl DBMI 6Guinn onpenenesl 13
TpebyeMol SHEPrOBOOPYXEHHOCTH OAHOMECTHOTO 3MEKTPOCAMONE-
Ta. [JaHHbIA THN NETATENbHBIX ANNAPATOB MMEET Maccy meHee 115 kr
(6e3 yueta macchl akkyMynaTOpHOM 6aTapen, CnacaTensHoM CUCTEMb
(napawiota) u nunota), u He TpebyeT perncTpaumm, cepTudUKaLmMm 1
nueHsmn nunota. [NosTomy oHu Hanbonee NoaxoasT Ans NPOBEAEHUS
MCCNENOBAHMI W AANbHENLWEro Maccosoro sHepperus. OcHOBHbIE
AQHHbIE M1IEKTPOCAMONETA NPUBEAEHBI HA pyC. 1.

HOTO BMHTQ B CTATUYECKOM pexume (ckopocTs noneta 0 km/4) okono
80...100 «r. PacueTHble MowHocTs 1 Tara DBMI B 3asucmoctn ot
CKOPOCTH 1 0OBOPOTOB BO3AYLUHONO BUHTA MPUBEAEHA HA PUC. 2.

B kayecTse OCHOBHOrO BO3AYLLHOTO BUHTA MCMONb3YETCs BUHT, PO3-
PABOTAHHBIM W M3rOTOBAEHHBIM rPYNNON nccnesosaTener (puc. 3, puc. 5).

OBuL1id BUA, M OCHOBHbIE XapaKTepUCTHKM camoneTa Efly-2
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Puc. 2 PacyetHbie xapaktepmctuku IBMI

Ne3(135)2021
www.dvigately.rv

Puc. 3 BosgywHeisi BUHT, pa3paboTaHHBIN M M3rOTOBAEHHBIA rpynnos
nccnepgosarenes, komnoHoska IBMI Ha camonére

% L . £

OcHosHbimn 3nemeHTamu DBMI ssnsiotca: anektpogsurarens,
BO3AYLUHbBIA BUHT, KOHTPOMNEP, OKKyMynsTopHas 6atapes, npubop-
Hbiit 6nok. MprbopHei 6nok IBMI nossonset namepsts 060poTh
BO3AYLLUHOTO BUHTA, NOTPEBAAEMBIN TOK U HANPAXEHUE, TEMNEPATY-
py (meuratens, KoHTpPoOmnEpa W akkymynstopHon 6Gatapeu). Ha
puc. 4 NOKO3aHA CXeMa KOHTPONs napameTpos paboTsl DBMI.
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Puc. 4 Cxema koHTpons napametpos pabotsl IBMI

[ns noateepxaeHus pacueTHbix xapaktepuctnk IBMI Gbin usro-
TOBMEH MCnbITaTENbHbIN cTeH (puc. 5). Creng coctouT us 4-konecHom
TENexku, KOTOpast U3rOTOBMIEHA U3 QIIIOMUHWMEBOTO NPOduna U cob-
pPAHa Ha BOMNTOBbIX COEAMHEHMSX, YTO MO3BOMAET MPU HEOOXOAUMOC-
TM BOPa6OTATL UMK MONHOCTLIO PA306PATL CTEHA.

Ha creHae ycTaHOBNEH AATUYMK 419 MBMEPEHUA TATU BOZAYLIHOTO
BMHTA, O A1 M3MEPEHUA KPYTALLETO MOMEHTA HA CTEH[, YCTAHOBIEH
LIOPHUPHBIA PbIYAr C TEH3OMETPUYECKMM AATYUKOM, YTO B COBOKYM-
HOCTU C OPYIMMM LOTYMKOMM MO3BOSNSET OMNPEAENUTb OCHOBHLIE XO-
paktepuctukn IBMI. Bce nsmepsiembie napameTpsi (3nektpudeckue
MexaHuueckue) obpabaThiBAIOTCA CNEUMANEHO PA3PABOTAHHBIM NPH-
BGOopHbIM BNIOKOM.



Puc. 5 O6wmii Bup creHga ans ncneitains SBMI

MpnbOopHLIN 6NOK COCTOMT M3 TPEX OCHOBHBIX KOMMOHEHTOB
(puc. 6). TepBbIM KOMMNOHEHTOM ABNAETCH BbHICOKOBOSMbBTHBIA KOHTAK-
TOP, CNYXWT 4Nsi NOAAYM MUTAHMS HO CMIOBOM KOHTPOSINEP ynpaBsse-
HUA ABUIATENA, YNPABEHWUE KOHTAKTOPOM NPOMCXOANT C NPUBOPHONM
nanenu. Bropsim komnoreHTom, 683 KOTOPOro He OBXOAUTCA HM OfiMH
3NEKTPOHHbIA NPUBOP - 3TO CUCTEMA MUTAaHMA. B 3anaum cuctems nu-
TAHWS BXOAUT MOHMKEHUE HAMPSKEHUA C TATOBOM 6aTapeu oo Hanps-
KEHMS MUTAHMS MUKPOMPOLECCOPA M AATUYMKOB, KOTOPbIE OTHOCATCS K
TpeTbemMy KOMNOHeHTy 6noka. Nnata Mmukponpoueccopa NPUHUMAET
1 06paBATLIBAET CUTHAMbBI OT BHELLHMX JATYMKOB, A NOCNE NEPeacsT
LIOHHbIE HO YCTPOMCTBA BLIBOAA M 3AMUCH.

Puc. 6 MpunbopHbis

[lna M3amepeHms OCHOBHbIX XAPAKTEPUCTHK SNeKTPOABUraTens Bbl-
M YCTAHOBMEHbI CEAYIOLLME AATHMKM: HAMPSKEHUA, TOKA, 0BOPOTOB,
KPYTALLErO MOMEHTA, TEMNEPATYPbI, TEKYLLErO 30AAHHOTO 3HAYEHMS
YPOBHS MOLWHOCTU KOHTponnepa. [lonydeHHsie AaHHbIE C AATYMKOB
3QMUCLIBAIOTCA HA BHELUHUA HOCKUTENb AN NOCNEAYIOWEro aHAAM3a
NQHHBIX, O TAKXE BLIBOAATCS HO NpubOpHYIo naHens. [Mpumep 3anucu
napameTtpos pabotsl IBMI nokasaH Ha puc. 7.

Tk, A MapameTpn PABAT CHAORBOR YOTAHOBKH a6
Hanpawosur, B {eTarmaecioni pemmm pabotel) oifi
Temieparyma, .
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Puc. 7 3anmce napametpos pabotst IBMI

Ha npubopHoit nanenu (puc. 8) pacnonoxen aucnnei (ceHcop-
HbIM 3KPAH C AMAroHANbIO 7 AI0MMOB) 1 ABa Tymbnepa: Tymbnep ekilio-
YeHMA NUTaHUs M Tymbnep ynpasneHus koHTakTopom. ducnnei oto6-
POXAET TeKyLLME NAPAMETPSI C AATYUKOB, O TAKXKE UX NPOU3BOAHLIE.
C NOMOLLBIO CEHCOPHOTO 3KPAHA MOXHO MPOBOAMTL TMOKYIO HACT-

HAYKA

POMKY NMAPAMETPOB MUKPOMPOLECCOPA, YTO NO3BONSET €r0 UC-
NOMb3OBATL C ABUIATENSAMM PA3HON MOLLHOCTM 6Ge3 nepenpor-
PAMMMPOBAHMS.

Puc. 8 - O6wmi B1a npubopHoi naHenmn

Llenu ucnbitanmm:

1. Bepudukaums pacyeTtos.

2. [Nonyyerue onbiTa SKCAyaTaumm 1 NPOEKTUPOBAHUA CH-
NOBbIX YCTAHOBOK.

3. Ouenka KIM[ scert DBMI.

4. MNogTeepxaeHne NPOBMILHOCTH BLIBPAHHON KOHGUIyPaLMM
CUIIOBOM YCTAHOBKM (HANPsKeHWe, TOK, 0BOPOTHI ABUIrATENS, CUCTEMA
OTBOAA TEMNA OT ABUraTens, 06OPOTh U AUAMETP BO3LAYLUHOTO BUHTA.

5. ViccnenosaHue NapamMeTpoB CUIOBOM YCTAHOBKM NPU U3MEHE-
HWW KPYTALLETO MOMEHTA (30 CYET MCMONB30OBAHMA PA3HbIX BO3AYLLHbIX
BMHTOB W NEPECTAHOBKM YA YCTAHOBKM IONACTEN BO3AYLUHOMO BUHTA).

6. Ouenrka pabotsl DBMI B pexmme nMkoBON MOLWHOCTH (MMMUTA-
LSt B3NIETHOTO PEXMMA DNIEKTPOCAMONETA).

7. OTpaboTka MCnonb3oBaHWs PA3PAbOTAHHOTO MPOrPAMMHO-
AnNMNApaTHOTO KOMMEKCa GOPTOBOM ANNAPATYPLI, C LEMbIo Nocneny-
IOLLEro yryyLeHus.

Mo pesynstatam mcnbiranuin IBMI namepeHHbie 3HaueHus cos-
NaM C PACYETHBIMK C NOTPELLHOCTLIO MeHee 5 %.

PaboTa anekTpuyeckon cMnoBoi yCTAHOBKM HA KPUTUUYECKUX pe-
XMUMAX (PEXMM MUKOBOM NOTPEBNSEMON MOLLHOCTH) NOKA3Aa CBOIO
PaboOTOCNOCOBHOCTb U HALEXHOCTb, YTO NMO3BOMUIIO NMPOBECTH CEPHIO
NETHBIX MCMBITAHUIA C AAHHOM cunoBok ycrtanoekoi. OaHako, nocne
CTEHAOBbIX UCMLITAHMHA BBINO NPUHATO PELIEHUE 3AMEHUTL MOKPLITUE
KQTYLIEK 3MEKTPOABMIATENS HO BLICOKOTEMNEPATYPHBIN NAK, TAK KAK
Temnepatypa gsurartens nogHmmanacsk go 130...150 °C.

B npouecce netHbix ucnsitanuit (puc. 9) Temnepatypa asuratens
BbINA HUXE, YEM NPU CTEHAOBBIX UCMLITAHUAX (MPK TOM XE MOLLHOCTH)
6naronaps 6SnbLWEN NAOLWA[M CONPUKOCHOBEHUA ABUIATENS C AIOPA-
JIOMUHWEBOM KOHCTPYKLMEN dnekTpocamoneTa (Gonbliero Tennoor-
BOAQ), O TAKXE 30 CHeT HaBEraemoro notoka Bo3ayxa 8 nonete. M

Puc. 9 Poto nertHbIx McnbITaHMi 3nekTpocamoneta ¢ DBMI

Nurepartypa
1. bagsrnt AA., Myxamenoe @.A. MNpoektuposaHme nerkux camonertos. - M.:
MawwurocTtpoenne, 1978.-208 ¢, un.
2. Apenbes A.H. Bonpocsi npoektuposanue nerkux camonetos. Buibop
KoHcTpykumu. - M., MITYTA, 2001.
3.10ros OK., Cennearos O.[1. CornacosaHue xapakTepucT1k Camoneta w
geuratens. M. MawwuHoctpoenue. 1975r. 204 c., c un.

Casa3b ¢ asTopamu: saavia@mail.ru

— 13—



HCTOPHA

YOK 621.4

JAPYBEXHbIE ABUALLHOHHDIE
TYPBOBEHTHNATOPHLIE ABUTATENK
ANA GBEPX3BYKOBbIX CAMONETOB

(YACTb 3, MPOJONKEHHE. FNABbl H3 KHHTH NPODECGOPA B.A. 3PENOBA
HAYANO B XYPHANE “fIBHIATEAb" N°130-134)

BOIAOYBO "Camapckuit HaUMOHAmNbHbIA MCCneaoBaTensckuit yHnsepcutet umern akagemuka C.MN. Koponéea™
Bnaaumup AnppeeBuy 3penos, 4.1.H., npodeccop Kabeapbl KOHCTPYKLMM 1 MPOEKTUPOBAHMS ABUrATENEN NEeTATENbHBIX ANNAPATOB

lMpoaHanusnupoBaHo pa3BuTUe 3apybeXXHbIX TypbOOBeHTUNATOPHbIX ABUraTesen AJsi CBepx3ByKoBoro rnonéra. OcHoBy
pPa3paboTok coCcTaBASAIN Hay4YHO-TEXHUYECKUN 3aheN U MPOBEePEHHbIE B SKCNJTyaTaLynmn KOHCTPYKTOPCKO-TEXHOIornYyec-
Kkue pelieHus. OCHOBHbIE yCUnus pa3paboTynKoB HanpasJ/ieHbl Ha NMPUMEHEHUEe HOBbIX MaTepuasioB U TEXHOJIOrUU,
YMeHbLLUeHNe KO/INYeCTBa AeTased, CHUXEeHUe YAe/IbHON Macchbl, MoBbIlLeHUe IKCIIyaTalynoOHHON TeXHOIOMMYHOCTU U
PEeMOHTONPUrogHOCTY ABUraTesniel, yMeHbLUeHNe 06bEMa conpoBOANTENIbHOM [OKYMeHTaLuM.

The development of foreign turbofan engines for supersonic flight is analyzed. The basis of the development was the sci-
entific and technical reserve and proven design and technological solutions. The main efforts of the developers are
focused on the use of new materials and technologies, reducing the number of parts, reducing the specific weight,
increasing the operational adaptability and maintainability of engines, reducing the volume of accompanying documen-
tation.

KnioueBble cnoBa: PeakTuBHbIe caMONETbl, ra3o0TypOUHHbIE ABUraTenu, ABYXKOHTYPHbIEe ABUraTesu, peTpocrneKTUBa.
Keywords: Jet aircraft, gas turbine engines, dual-circuit engines, development retrospective.

B coBpeMeHHOI CBepX3BYKOBOW BOEHHOW aBMaL B OCHOBHOM NMPUMEHSIOTCS TYPOOBEHTUNATOPHbIE ABYXKOHTYp-
Hble gBUraTenu c popcakHom kamepon (TPAAD). 3Ty ABUraTenu xapakTeprsyroTcs HeGONbLLOW CTeneHblo ABYXKOHTYP-
HocTu (m = 0,25...2,1), o6ecneunBatoLLeN BbICOKUE TArOBble XapaKTePUCTUKM Ha (pOPCAXKHBIX peXXMMaX NpU CBEPX3BYKO-
BOM rNonéTe n ya0BNeTBOPUTENbHYIO TOMNNBHYIO 3 (PEeKTUBHOCTb Ha A03BYKOBOMN CKOPOCTW NMOnéTa; npeaenbHO BbiCO-
KNM 3HaYeHueM TemnepaTypbl rasa nepepg, Typ6uHon (T, > 1900 K) 1 BbICOKMM 3HaYeHNeM CYMMAapHOW CTeneHn NnoBbi-
LeHnsa nasneHus (s > 35).

B HUX NPUMEHSAIOTCA BbICOKOHArpy>XeHHble, C MarnbiM KOIMYeCTBOM CTyNeHen KOMMPeccopbl ¢ perynmpyemMbiMn Hanpas-
NALWMMN annapaTtamMy, Majo3MUCCMOHHBIMY KaMepaMu cropaHus, 3¢ eKTUBHbIMU OXNaXKaaeMbIMU OQHO- UM ABYXCTY-
neH4yaTbiMu TypOUHaMu, ABYXPOTOPHHOM (C NPOTMBOMOJIOXKHOIO BpaLLeHUs ABYXOMOPHbIMU POTOPaMU BbICOKOro AaBleHUst
M TPEXOMOPHbIMN POTOPAMN HU3KOro AaBleHUs) N TPEXPOTOPHOM (C ABYXOMOPHbIMU POTOPaMM BbICOKOrO U CpefHero aas-
neHus N TPEXONOPHbLIMU POTOPaMMU HU3KOIo AABNEeHUN) KOHCTPYKTUBHOW CXeMbl.

B coBpemeHHble TPAAD npumeHsiioTcs hopcaXkHble KamMepbl CropaHus CO CMeLLeHeM ra3soBoro 1 BO34yLLIHOIO NOTOKOB;
perynupyemble € yripasnsieMblM BEKTOPOM TArM peakTUBHbIE COMna; BbICOKO3((eKTUBHbIe Ll poBble CUCTEMbI YNpaBeHuns,
KOHTPONS U AMarHOCTUKN ABUraTens.

MNprmMeHeHne NepeaoBbIX METOAOB pacyéTa B cOYeTaHNEM C ONTUMANbHbIMU KOHCTPYKTOPCKO-TEXHONOrn4yecknmMmm petie-
HUSIMU 1 NPOrpeccMBHbLIMU MaTepuanamm, obecrneynBaeT YpesBblHaHO Manyto yaenbHyto Maccy asurartenei (go 0,01 kr/H)
Npu BbICOKOW HaAEXHOCTU M NPOCTOTE KCryaTauum.

Mo>kHO yTBep)XAaTb, YTO coBpeMeHHble TPAOD siBnstoTcs 06pasuaMmn caMbix NepeaoBbIX N NepPcneKTUBHbIX JOCTUKe-
HUW NH)XeHePHON HayKN N TEXHUKN.

AKTyanbHbIM SIBSI€TCS1 aHaNM3 KOHCTPYKTUBHO-TEXHONOMMYECKUX peLueHU, TeHAEHLMIA Pa3BUTUA OCHOBHbIX NapameT-
pOB 1 0651acTV NPYMEHeHUsi aBUALMOHHbIX ABUraTesnen, KOTopbI NpeacTaBneH Ha NpuMepe pasBuTus 3apyobexxHbix TPAAD.

B KHUre onucbiBaeTcs aestenbHocTb General Electric u Pratt & Whitney (CLLUIA), Rolls-Royce (Benuko6purtaHus), SNECMA
(dpaHums), a TakxKe paaa Apyrux 3apyoeXkHbIX KOMMaHWU B 0651acTu co3aaHus aBuauMoHHbIx TP M BoeHHOro HasHa4YeHwusl.

MocTpoeHbl NNHUM TPEHA0B N3MEHEHUNS1 OCHOBHbIX NapamMeTpPoB 3TUX ABUraTenen n npeacTaBieHbl HEKOTOpble NX Nepc-
NneKTUBHbIE KOHCTPYKTUBHbIE CXeMbl.

Pe3ynbTaThl NpepfaraemMoro UcciefoBaHNs MOTyT GbiTb Mosie3Hbl CTyAeHTaM, KypcaHTaM, acnMpaHTam u nperno-
OaBaTensiM By30B, UH)XEHEPHO-TeXHNYECKUM PaboTHUKAM, a TaKXXe LUIMPOKOMY KPYry YntaTenemn, UHTepecyowmumm-
Csl aBUaLLMOHHON TEXHUKOW.

anHﬂTble YCNnoBHbl€e 0603HA4YEHMS OCHOBHBIX napameTpos ,D,BMI'GTeﬂHZ

Tara cratmueckas Ha peskmme popcaxka (Mn =0, Hn = 0)

YnensHbii pacxon Tonnvea Ha pexme dopcaxa (Mn =0, Hn = 0)

Tara cratmyeckas Ha MakcumansHom pexxime (Mn =0, Hn = 0)

Y nenbHbIi PACXOL, TOMTIMBA HO MOKCHMOSTHOM PEXMME

YnenbHbIi PACXOL TOMIMBA HA KPEMCEPCKOM PEXUME

Pacxon Bo3ayxa HO MAKCUMAIBHOM Pexvme 5

Temneparypa raza nepes TypOUHON HA MOKCHMOSTBHOM PEXXMME T
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1.3.9. F101X u F101DFE

Munmcrepcreo o6oporsl CLLA cronkHynock ¢ cepbesHbimu npob-
nemamu geurateneit Pratt-Whitney TF30 u F100 Ha uctpeburensx
Grumman F-14, McDonnell Douglas F-15 u General Dynamics F-16.
Bricokue xapaktepucTukm (cooTHoleHue Tarm k macce 7,6:1) agura-
tens F100 npusenu k psagy npobnem ¢ TOUKM 3PEHUs HAAEXHOCTH.

F101X

B kauectse anstepHaTusbl komnanus General Electric npeano-
XWUNa CBOW fBuraTens. PaccmaTpuBanacs Takke BO3MOXHOCTb €ro
yCTaHOBKM Ha 6ombapamposLumke FB-111.

C 570 Uenbio Ha CPEACTBA KOMMNAHKMKU Bbin CO3AAH ABUTATENb-
nemonctpatop TPOAD F101X, ucnonbsaytowwmit razoreHepatop asu-
ratens F101 (cm. pasgen 1.3.6).

Beino noctpoero mea onbitHbix geuratens F101X. Ucnbitanus
nepeoro Hauanucs B gekabpe 1976 . u k despanio 1977 r. oH Ho-
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pabotan 104 4. Bropoi onbitHeii gsuratens TPOA® F101X npoxo-
ann ucneitamnus 8 mapte 1977 .

B 1979 duHaHcoBoM rogy He 6bino CPeacTs Ha GUHAHCUPOBA-
Hue pemoHctpatopa F101X, Ho 6binm Beckue apryMeHTs: He Tpa-
TWUTb AEHbLIU HO HOBbIM ABMIATENb. TAKXE BbiNM ONACEHUA NOMYUMTH
npobnembl, kOTopble Mpousownn ¢ nporpammoit Pratt-Whitney
F100. Npeanonaranock, 4To HOBbLIM ABUrATENb NPUBEAET K AOPOroc-
TOSILUIMM MATEPUANBHO-TEXHUYECKMM ocnoxHeHuam ana BBC, a Ho-
Bas nporpamma 6yaet ctouts o1 30 no 40 MunnnoHoB KoNNApPoE B
rOA N1t HOBOTO AEMOHCTPATOPA.

Ha ToT MOMEHT upes BCé elué 3aKnoyYanach B TOM, YTOObI COX-
panute F101 B KkauecTBe pesepBHOM 3ameHsl gsurateno Pratt-
Whitney F100. BoeHHo-BO3aYLWHbIE CUMbI NO-NPEXHEMY bl 3aMH-
TepecoeaHsl B ucnonssosanun F101 ans nossiwerus sbdeknsHoc-
TW pearMpoeanus Ha npobnemsl Pratt-Whitney ¢ F100.

B "Oruéte 0 cOBMECTHON KOHpEPEHLMM M0 3aKOHONPOEKTY 06
accurnosarmsax Ha 1979 ¢urarcoseivi rog” BBC u BM® 6bino npea-
NIOXEHO HAYATb COBMECTHYIO PA3PABOTKY KOHKYPCHOM NPOrpamMMb
QANbTEPHATUBHBIX ABUraTenei ans camonétos F-14, F-16 u ppyrux. B
CBOEM OTBETE CHyXBbl U3NOXMAM TPEXTOUYEUHYIO CTPATEr1Io, Han-
PABNEHHYIO HA YCTPAHEHUE HEMOCPEACTBEHHBIX NPOBNemM C ABUIa-
Tenem, a TAaKXe Ha CO3AAHWME NPOYHOM OCHOBLI Ans Byayliero pas-
BuTWs peuratens [8].

B cootBetcTBMM C coBmecTHOM cTpaTernei komnanwus Pratt-
Whitney npogomxana nonyyats Cpeactsa ans ynydeHus asuraTe-
nen F100 u TF30 gna F-15 u F-14, cootseTcTBEHHO.

Cpeactea nporpammel Engine Model Derivative Program
(EMDP) takxe npogonxanu nocrynats u General Electric ans pas-
pabotku geuratens F101. 5 mapra 1979 r. BBC saknioumnnu koHT-
pakT ¢ General Electric Ha nepsorauansHyio paspaboTky asurate-
ns, npoussogHoro ot F101. Oeuratens HegaesHO 3aBeplunn npeasa-
pUTENbHBIE UCMBITAHKS B nonHOM 06béme (FSD), Heobxoaumbie ans
3anycka ero cepwitHoro npoussoactea. 3agaua General Electric
cocToana 8 Tom, 4Tobbl noctasuts asuratens F101 ana F-16 u sanyc-
TUTb €ro B TeueHune Tpuauatn mecsues. Obuwee pacnpeaenexne du-
HaHcuposaHua coctasuno okono 90 % ana General Electric n 10 %
ans Pratt-Whitney [8, 64].

Monemuka B Konrpecce mexay cropontHukamu General
Electric u Pratt-Whitney npogonxanucs Ha npoTsxeHun Bcero
1980 r., koraa Kaxpas CTOPOHA MLITANACH NOAYYUTb KOKOE-TO Npe-
MMYLLLECTBO HAZA APYroi. BoeHHO-BO3AyLLHbIE CUIbI NBITANKUCL OCTA-
BATHCA B CTOPOHE OT cxBaTkW, HO Pratt-Whitney neopHokpaTHO
YLOBANOCH BbI3bIBATL Mx npeactasutenen 8 Kowrpecc, uytobbl on-
paBAATE GUHAHCUMPOBAHME MPOTPAMMbI ABUTATENEN, QNbTEPHATHUB-
Heix ¢ General Electric. Ograko BBC cmornm ykasats Ha ycnex
nporpammsl General Electric EMDP. HagéxHocTs 1 pemoHTonpu-
rogHocts F101 Gbinu nyuwe, yem y F100 8 1o Bpema, u GE F101
passusan 6onbwyio Tary, yem F100. B 6iopxere 1981 r. BBC 3an-
POCHAN AONONHWUTENBHO 25 MUANMOHOB LONNAPOB HA NPOrPAMMY
DFE. B Pratt-Whitney gymanu, uto BBC neiranuce nonyuuts ot GE
asurarens 6onbwen Tarn kak npsmoro koHkyperta F100. Xots BBC
neicTeutensHo xotenu, utobel F100 passreancs no 6onee Bbicoko-
rO YPOBHS TAMM, UCNPABNSIUCL €r0 OLWMOKK U PELLAnnCh NPOBNEMb
HOAAEXHOCTH U PEMOHTOMPUIOAHOCTM, OHM TAKXKE XOTENM U PEAnu-
30BaTb 3anoxerHsie B F101 obewanms.

Mpwu paspabotke aeuratens F101 ¢ cooTHOWweHUem Tarm k mac-
ce 7,3:1 ocHoBHble ycunms Gbinu HaNpaeneHs Ha obecnedeHne Ha-
OEXHOCTU W AAWUTENLHOTO CPOKA CiyxbObl 30 CYET 0BneryéHHoM
koHcTpykumm. C oxugaemont taroi 115...130 kH (11 800...13154 krc)
F101 nonxen 6bin obecnedmsaTs nyyllee COOTHOLWEHUE TATH K BECY
camonéra, yem F100, HecmoTps Ha ero Gonblwyio maccy. 3a asyx-
nethwit nepuog Kownrpecc gobasmn 41 munnmon gonnapoe 8 6ioa-
xeT BM®, ytobbl Hauats nporpammy samersl TF30. Koraa BMC He
cmormu noTpaTtuTs 41 MunnmoH gonnapos 1 korga npobnems ¢ F100
obocTpunncs, aeHbr Goinu nepesegersl 8 BBC ana paspabotku
aBuraTens, kotopsii mor 6bl koHkypuposats ¢ F100. Dtot asura-
Tens, npoussoarbiit ot geuratens GEF101 ans 6ombapamnposuwmka
B-1, & koHeuHom mTore nonyumn o6oszHaueHme F110.

HCTOPHA

F101DFE

B nouckax mctodHuka ansTepHatusHoro gsuratens gns F-16 u ans
Tomcat F-14 soeHHo-mopckoro ¢nota, 8 1984 r. Munncrepctso obopo-
Ho (DOD) sakniounno kontpaxt ¢ General Electric Ha cTpounTenscteo He-
Gonbworo konuyectea asurateneit F101 Derivative Fighter Engine (DFE)
ANS NETHBIX UCMBITAHNIA.

Mporpamma FTOTDFE 6bina dactsio komnnekcHoi nporpammsl Mu-
HWcTepcTea 06OPOHE No paspaboTke apurateneit ang uctpebutened,
CO3[AHHOM ANt YCTPAHEHMS TEKYLLMX NPOBNeM C ABMIATENSMU 1 yOOBET-
BOPEHWS CPEAHECPOUHBIX 1 AONTOCPOYHbIX NoTpebHOCTEN B HUX. Llensio
nporpammsl FTOTDFE 6bino moanduumposats asuratens F101 8 kauect-
BE QbTEPHATHBY MK pesepeuposanus asurateneit TF30 n F100 gna ca-
monétos F-14 u F-16 8 cnydae oTkasa Nporpamm yiyyLeHus Ux KOMMo-
Hentos (CIP), obycnosnenHbix npobaemamu, CBA3AHHEMK C paBoToCno-
cobHocTbio U pemonTonpurogrocTsio asurareneit. K 1980 r. npobnems
asuratener TF30 u F100, xotst v Gbinut pasHbim1, 0BBIYHO 3AKIIOHANKCE B
WX BBIKTIOYEHMM, OTKA3OX KOMMPECCOPOB W TypOWH, M HU3KOM CpOkKe
cnyx6bl anemertos gsurarens. Cpbis KOMNPeCccopa v 0Tka3sl TypOUHbI OT-
PULATENBHO CKA3BIBANMCH HO Ge30nacHoCTH nonétos. B cosokynHocTy
NPoGembl MPUBOAMIM K CHUXEHMIO SKCMTYATAUMOHHOM FOTOBHOCTH, yBe-
NIMYEHMIO 30TPAT HA 3ANACHLIE YACTU, O TAKXE K OBWMPHBIM 1 JOPOTOCTO-
auwim norncTieckum npouenypam Carriage and Insurance Paid (CIP), a
TAKXe, K CNOXHOCTU MofepHM3aumn. C MOMEHTA HAYANA NPOW3BOACTBA
neurateneit 8 1971 r. (TF30) u 1973 r. (F100) no 1979 r. cnyx6u not-
patmu okono 534 MunaMoHoB HONNAPOB HA yCTpaHeHue npobnem. Hec-
MOTPS HO TO, YTO BbIIM BHECEHbI HEKOTOPbIE YNYHLIEHS, CEPbe3HbIE NPOD-
nembl octanuce [8, 66].

Moaundukaumm, nossonsiowme nenonbaosats gsuratens F101 8 wer-
pebutene, BknoYaNM paspaboTky HOBOrO BEHTUAATOPA, TYPOWMHbI HM3KO-
ro AOBAEHUs, GOPCAXHOM KAMEPSI, COMMA, BHELIHErO KOXYXA U U3MEHe-
HMe pasmepoB Ana ycTaHosku B naaxeps F-14 Super Tomcat (pucyHok

1.93) u F-16 (pucynok 1.94) [8, 66].

Puc. 1.93 Camonér F-14B Super Tomcat ¢ apuratrensmm F101DFE

Puc. 1.94 Camonér F-16 c geuratrenem F101DFE

F101DFE cran 6eHeduumapom MHBECTULMIA B TEXHONOTMK B PA3-
Mepe 0AHOrO MUIMAPAC LOMIAPOB, HAKOMNEHHbIX 3a 12 neT - ¢ 1968
no 1980 rr. 2Tu HBECTULMM BKIKOYANU PAL YCIELUHbIX NPOTPOAMM PA3-
pabotku geuratenent - F101/B-1 (621 munnnon gonnapos), CFM56 ¢
ncnonbsosanmem rasoreHepatopa F101 (109 munnnoHos nonnapos),
YJ101/YF-17 (31 munnuon ponnapos) u F404/F-18 (250 munanoHos
nonnapos). F101DFE ocHoBaH Ha NpoBEPEHHOM 1 TPOAEMOHCTPUPO-
BAHHOM TEXHOMOMMM M3 BBILLEYKA3AHHbIX MPOrPAMM M BO MHOTHX Crly-
4OAX UCMOMb3YET MAEHTUYHbIE KOMNOHeHTs aenratens F101 [66].

Cpeactea BBC 6binm ncnonssosansl GeneralElectric ans cos-
AaHua Ha ocHose pemorctpatopa F101X geuratens F101DFE (pu-
cyHok 1.95, 1.94).
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TMBHas cxema TPOA®D F101DFE

DneMeHTbl KOHCTPYKLMK
TPOAOD F101DFE [8, 20, 25]:

Tabauua 27 - OcHoBHbIE NAPAMETPSI
peuratens F101DFE [20]

Bentunatop - Tpéxcty-[Mpumenenve TemoHcTpaTop
NeHuaTHit, C A0CTATONHbIM 30-[1 H () 122,1-124,7
. kH (krc
nacom ycrtoiumsoctn paxe| * (12430 - 12700)

npu BO3HWMKHOBEHWM HEPOAB- kr/xH u (kr/xrc u) -
HOMEPHOCTM MOTOKA Ha BXO-|C

ne. Jlonatkn BHA umetot no-

)'n Kp-

b kr/kH 4 (kr/krc 4)

Py, kH (krc) 74,6 (7600)
BOPOTHYIO 30AHIOI0 Y4ACTb ne-

C s Kr/kH 4 (kr/krc u) -
pa. Pa6oune nonatkm usro-| v
TaBAMBAOTCA M3 TuTaHoBoro|Cyaxe -
cnnasa. Kak paboune, Tak u|Gs xr/c 122,5
nonatku BHA moryt same-|T,K 1643
HATbCA WMHAMBMAYQANIBHO MIM|m 0,87

rpynnamu. Kopnyc BeHtunaTo-|n,, 32

PA CNPOEKTMPOBAH C  ropu-[x, >3

3OHTAMbHLIM PA3BEMOM. o/ " -
KoMunpeccop AEBATUCTY- [N 1720

neHuyatsiit. Jlonatku Hanpaens-f—== 1595

IOLLYIX ANMAPATOB NEPBbIX TPEX

cTyneHei nosopoTHbie. Pabo- EW: 1,270

4ue nonaTtku nepepHux cryne-| ™

HEM M3TOTOBMNEHBI 13 TUTAHOBO-|ropu NPOM3BOACTEA 1976

ro CrfaaBd, @ OCTAsbHBIX CTyMe-
Hel - uz ctanu. Pabo-
4me nonaTtku 1 nonar-
KM HONPABNAoLWmMX an-
NapaToB MOTyT 3aMe-
HATbCS  MHAWBUAYCQMb-
Ho. Jnckn coepmHeHs
Apyr C Apyrom cBap-
KOM TpeHuem u obpa-
3yioT potop 6apaban-
HO-puckoBoro Tuna. MNepenHuit kopnyc U3 TMTAHOBOTO CNCBA, O 304-
HWIt - m3 ctanu. Mmetor ropusoHTanbHeil passém. Komnpeccop
061a8aeT [OCTATOYHBIM 3AMACOM NO MOMNAXY Npu paboTte B 30He
PEXMMOB MONETA HA GONbLLIOM BLICOTE C MASION CKOPOCTHIO.

Kamepa cropanus konbuesas, kopotkas, nmeet 20 psyxka-
HanbHbIX GOPCYHOK, Yepe3 KOTOpble TOMAMBO BMPLICKUBAETCH B
YIUTKOOBPA3HBIE CMECUTENU C NPOTUBOHAMPABNEHHBIM BUXPEBbIM
LBWKEHMEM BO3LyXa, 4TO 06ecneynBaeT nonyyeHme ogHOPOAHOIO
Noss TEMNEPATYPLl HA BXOAE B TYPOUMHY.

TypbuHa komnpeccopa OfHOCTYNEHYATAs, BbICOKOHAMPYXEH-
Hast. Ha connosbix U pabounx nonatkax - BO3AyLHOE MNEHOYHOE
oxnaxaenne. Kopnyc TypbuHbl TaKXe OXIaXAaeTcs Ais perynmpo-
BOHMA PAAMANbHBIX 3030p0B. Paboune NonaTkm MOryT 3aMeHAThCs
UHAMBMAYOASBHO.

TypbuHa BeHTMRSTOPA - [BYXCTYNEHYATAs, HEOXIAXAAEMAs.
Paboune nonatkm cHABXeHbl HA KOHUOX OAHAGKHBIMM MOMKAMM.
3ameHa paboumnx NONATOK MOXET NPOWU3BOAUTLCA MHAMBUAYANBHO,
Q COMMOBLIX NONATOK BTOPOM CTYNEHM - Fpynmnamm.

®PopcaxHas Kamepa - C NenecTkoBbIM CMECUTENEM MOTOKOB
HAPYXHOrO M BHYTPEHHEro KoHTypoB. CMelweHne NpomCcXoauT B 30-
He pacnonoxeHus ctabunuzatopa nnamerHn. Bocnnamenerune ton-
AIMBA HAYMHOETCS Y BHYTPEHHETO KOMbLA CTABMAN3ATOPA NNAMEHM.
HO,D,O‘—IO TOMNIMBA BO BHELUHMW MOTOK npon3BOAUTCA TOJIBKO Nnocne
TOro, kak B ropeHue 6yaet soenedeHo ~90 % kucnopoaa m3 noto-
KO BHYTPEHHEero KOHTypa, 4to obecnednsaet 6Gonee nnasHoe BO3-

oI £
"%ﬁ‘ i

Puc. 1.96 TPAAP F101DFE
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PACTaHME TEMNEPATYPLI NO CTeneHn bopcuposaxus. TONIMBO B No-
TOKE HOPYXHOrO KOHTYPA BOCMIGMEHSETCS OT MIAMEHU B NMOTOKE
BHYTPEHHEro KOHTYpa. B kamepe ncnonbayetca ynetpaduoneTossii
CUTHANU3ATOP MNOMEHU AN NPESOTBPALLEHMs XECTKOrO 3AMycKa.
DopcaxHas kamepa paboTaeT BO BCEM AMANA3OHE PEXMMOB MO-
néta 6e3 KaKMx-mbo OrpaHUYEHMI.

PeaktBHOE conno ceepx3BykOBOE, MHOTOCTBOPYATOE, MMEET
NePBUYHbIE, BTOPUYHBIE W BHELUHWE CTBOPKM C COOTBETCTBYIOLMMM
ynnotHeHuamu. CTBOPKM CBA3AHLI MEXAY COBOM LAPHUPHLIM COe-
OMHEHUEM, BKITIOYQIOLLMM KYNIOYKM U pomukun. [na usmeHerus nno-
LLOAM CEYEHMs COMNA B COOTBETCTBUM C YCTOHOBEHHbBIM PEXUMOM
paboThl ABUrATENS, UCMONL3YIOTCA MMAPABIMYECKME LMIUHAPSI, BO3-
LENCTBYIOLLME HA CUIIOBOE KOJbLO, KOTOPOE MOXET NePemeLLaTsCs
BMNEPEN M HA3AA, NPUBOAS B ABMXKEHME CTBOPKM.

Cucrema ynpasneHus. [MopOMEXaHMYECKAs CUCTEMA perym-
POBAHMA MOAAYM TOMAMBA B OCHOBHYIO KAMEPY CrOPAHUA C dMeKT-
POHHbBIM KOPPEKTOPOM. YnpaeneHne GpOopPCakHOM KOMEPOH OCyLLe-
CTBARETCS NO YMcy M noToKa BO3A4YXA B HAPYXHOM KOHTYPE, Onpe-
LENAEMOMY MO BEMYUHAM CTATUYECKOTO W MOHOrO LABNEHUS 34
BEHTUNSATOPOM.

O6cnyXnBaHWe fBMraTeNs M ero PEMOHT obneryatoTcs 6naro-
LAPS MOLYTbHOM KOHCTPYKUmK. [1pesycMoTpeHsl MHOTOUMCIEHHbIE
oTeepcTHs ANt GOPOCKONMYECKOrO OCMOTPA HAMBONEE OTBETCTBEH-
HbIX AeTanemn.

BaxHor ocobenHoctsio asurateneit F101 u F101DFE 6bino 1o,
4TO MX rA30TeHEePATOP Bbi YHUPULMPOBAHHBIM: OH MCMONL30BANCS HE
TONbKO Ans auratenei Gombapamposwmka B-1 u ncrpebutens F-18,
Ho 1 ans gsuratenent CFMb56 - uns naccakmpckux CaMOnETOB M THKeE-
pos KC-135, uto obneryano pemoHTHele paboThi, cCHaBGXeHue 3anac-
HBIMM 4OCTAMM, CHUXXQANO CTOMMOCTb ABUIATENs M MPAMBIE SKCMITyaTO-
LMOHHBIE PACXOAbI. DTOT rA30TEHEPATOP MOCYXMI TAKXE OCHOBOM
ans cospanma cemenctsa geuratenen F110 u TPOM F118-GE-100 gns
6ombapamposLka B-2 (pucyrkn 1.97, 1.98). Hanuume egmHoro raso-
reHepaTopa obecnednBano paspaboTUMKOB U NPpon3soauTenei 601b-
LWKUM OBBEMOM MHPOPMALMM NO ErO IKCTIYATALMM, YTO CNOCcOBCTBO-
BaNO paboTe NO NOBLILLIEHUIO HOREXHOCTHU ABUrATENEN.
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Puc. 1.98 Passutue cemerictea F101/F110 Ha 6ase egnHoro razoreHeparopa
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1.3.10. F110

C uions 1981 r. no mapt 1982 r. onbiTHas Mmogenb TOro, 4To Nos-
xe crano F110, npoussoarsim geuratenem GE F101, npowna 70-ya-
cosble ucnbitanus Ha F-14. C okta6ps 1981 r. no mapt 1982 1. F110
Takxe npoxogun nétHele ucnsiranua Ha F-16XL-2. General Electric no-
AY4MNa KOHTPAKT Ha nonHomacwTabryio paspabotky F110 B oktab-
pe 1982 r. B reuenne 1982 r. koMnaHum no npou3BoACTBy ABUraTe-
nei paboTanu Hag NOAroTOBKOM 3anpoca npeanoxeruit (Request For
Proposal - RFP) ot BBC. B RFP ykasbiBanocs, 4To npucyxaeH1e KoHT-
pakTa Byner OCHOBAHO HA "KOMIIEKCHON OLEHKE BO3MOXHOCTEH
LABUIATENS, CTOMMOCTH XM3HEHHOTO LMKIIQ B TEYEHME ABAALATHIETHE-
ro nepmoaaq, a Takxe apeKBATHOCTHU MPOrPAMMbI M KOHKYPEHTHOC-
™" [8]. Donee 8 RFP ykasbisanocs: "byayt paccmoTtpers nocneacrsmns
ZBOFIHOTO BOZHATPAXAEHMS HA MPMOOPETEeHNE M CTOMMOCTb BIIQAE-
HHSl, FOTOBHOCTb M ZOCTYMHOCTb CUCTEMbI, Q TAKXE HQ MPOMbILLTEHHYIO
6asy ang mobunmsaumm” [8]. BBC obpatmnmcy k noapsaumkam
npocsboi NPeacTaBnTL NpeanoxeHus, kacaowwmecs npumepHo 2000
agurateneit ans F-15 u F-16 va 1985-1990 dbuHaHcosblie roae.

3anpalureas TBepable LEHbI A KAKAOTO U3 HECKOJbKMX PA3MNY-
HbIX QNbTEPHATMBHLIX KOHTpakToe, BBC Hamepesanuch BbiGpaTts
TOMBLKO OfiWtH 1St 3AKITIOYEHMSI KOHTPAKTA.

CHauana nogpsayuukos NOMPOCUIU NPEANOXUTL CBOW fyullue
ueHsbl, ecnv BBC peluat u3HauansHo NokynaTs TONLKO B COOTBETCTBUM
¢ TpebosaHnammu 1985 GbuHAHCOBOro ropa € ONuUMAMK MO LEHAM HA
TPM rOAQ Nocne 3Toro.

Bo-BTOpBIX, NOAPAAUMKOB TAKKE NONPOCUIM YKA3ATh fyyLlUMe Le-
Hbl, ecnvt BBC 3akmiouart Tpéx- unm natunetHui KoHTpakT. [Npeanono-
XMTEMbHO, LEeHbl HO MHOTONETHUI KOHTPAKT AOMKHbI BbiTh HUXE M3-30
macwraba.

B-TpeTbux, BCE NPeanoXeHus [OMKHbI bl BKIKOYATL HENPEBbI-
weHwue ueHsl ana BM®, ecnu BM® takxe 6yaet nokynats BeGpaH-
HbI OBUTATENbD.

Bonblwas yacts storo RFP 6eina cessana co cnopom mexay Pratt-
Whitney 1 BBC no nosoay Toro, yto BBC nocuntany HenomepHo sbico-
KOW CTOMMOCTb 3anacHbix yacteit ana asuratens F100. Pratt-Whitney
6bINO €AMHCTBEHHBIM MOCTOBLUMKOM 3QMYACTEN ANs 3TUX ABUIATENEeN.
Dopmyna ueHoo6PA30BAHMS HA 30NYACTH BbINA TAKOM e, KAK M Npu
NPEeabIAyLLMX BOEHHbIX 3AKYMKAX. B kauecTse reHepanbHOro nogpsaaum-
ka Pratt-Whitney no6asmna HaknogHbie pacxoas! v npubbinb k CTOMMOC-
TM 3ANACHBIX YACTEN, NMPOM3BOAUMBIX CyBNOAPSAIMKaMU. DTO Bbino
HOPMANBHOM MPAKTUKON LEHOOBPA30BAHMA NPW NPEabIAYLLMX 3aKy-
kax. Bnocnencteuu B RFP BBC 6binu BHeceHb nonpasky, BKIIOHAOLLME
TPeBOBAHMS K MCMONB3YEMbIM AAHHBIM O 30KYMKOX, LBOMHBIM MCTOYHM-
KOM MOCTABOK, HEOTPAHUYEHHbIM MPABAM HA IAHHBIE O 3AKYMKAX, KOTO-
pLIE BOMKHbI BbITb NPEAOCTABNEHbI MPABUTENLCTBY, LEHAM OMUMOHOB U
rapaHTu. D10 nocnegHee 6bino Tpebosaruem Korrpecca.

Hu ofHO M3 CcpencTs, NPesyCMOTPEHHbIX 30KOHOM ... HE MOXeT
6bITb IPEJOCTABNEHO 47151 MOKYIKM QIIbTEPHATHBHON MITM HOBOH MOLE-
T ABUIATENS MCTPEOUTENS, HE MMEIOLLEN MMCbMEHHOM rapaHTHIM MM
rapaHTIK, NOATBEPXAQIOLLEN, YTO OH byaeT paboTocnocobeH He me-
Hee 3000 rakmmieckmux umknos"[8]. Mpepnoxerne RFP skniouano tpu
OCHOBHbIX TPEBOBAHMS:

Bo-nepsbix, 8 TeueHne Tpéx net unu 1000 nétHeIx yacos asura-
Tenb He AOMKEH MMETb fedEeKTOB MATEPUANOB Uk naroTosneHus. Ec-
M OBHAPYXMBANUCH AedEKThl, MOAPAZUMK UCMIPABNSET UX UM MAATUT
3a 310 BBC.

Bo-8TopbiX, TYyPBUHA BLICOKOTO AGBMEHMS U KOMEPA CropaHus
pomxHsl otpaboTats sBocems net umn 3000 TakTnyeckmx umknos. B ka-
yectse csoe uenu BBC xotenn obecneunts fonrospemerHyio 3aLm-
Ty, YTO SIBNISIETCH OCHOBHbIM POKTOPOM HATPY3KM HO KAMWUTAMbHbINA pe-
MOHT figuraTens. Ecnu asuratens He cmor coxpanmuts 98 % ceoei Tsrm
unm npessbiwan 105 % yKasaHHOro pacxoaa Tonamea, Noapaaumk Guin
06930H OTPEMOHTUPOBATH MW 3AMEHUTD €rO.

B-tpetbux, utobbl nobyauts NoapsadMka paspabotars Hoaéx-
HbIM NPOAYKT HO BONMUA CPOK, MOAPAAUMK AOMXEH Bbin rapaHTMPO-
BATb MOKCMMOTbHbIM YPOBEHb AemoHTaxa asuratenen ¢ 1989 no
1995 rr. BoeHHO-BO3AYLLIHbIE CHIIbI XOTENM CHU3UTL HATPY3KY HA TEX-
HWKOB NO TEXHUYECKOMY OBCTYXMBAHMIO.

HCTOPHA

Ouesuaro, yto BBC cosnanu kaxaoe u3 aTvx ctpormx Tpe6osa-
HUA B NEPBYIO OYepenb Ms TOro, YTobbl UCKIOYUTL NPOBIEMbl, CBA-
3aHHble ¢ o6cnyxusarmem F100.

CopeBHOBAHMS MO ANLTEPHATUBHbLIM ABUIATENSIM ANs UCTPEBUTE-
nen (AFE) npogomxanucs. [Mpegnonaraemas cymma KOHTRAKTA oue-
Husanacs 8 10 munnuapaoe gonnapos. General Electric npeanoxuna
ceon TPAOD F110, a Pratt-Whitney - ycosepiueHcTeosaHHyio Mogens
F100 - asuratens F100-PW-220. U3 storo obuiero obwéma cpeacts
75 % 6binu sakniodensl ¢ General Electric Ha noctasky asurartenen
ana camonétos F-16, a ocransHbie 25 % 6binu nepeaaHsl KOMNAHUM
Pratt-Whitney Ha nocraeky ans F-15. Ograko He npegnonaranocs,
4TO OTAENbHbIE arperathl GyayT pabotats Ha F-16 ¢ geuratenamm aByx
PA3HBIX TUMOB, MOCKObKY 3TO CO3AACT NPOBIEMBI L1 3ANACHBIX 4AC-
Ten 1 NIOTUCTUKM.

O6ocHosanme BBC coctosno 8 TOM, 4TO OHU XOTENM NOAOXAATL
rOf ¥ MOCMOTPETb, YTO NPOU3OMAET B ABYX NPOrPAMMAX ABUIATENEN.
B oduumansHom npecc-penmnze BBC rosopurces, uto General Electric
npeanoxuna nydwue (6onee Huskue) obuwme pacxomsl, obecneuuna
AYYLYIO 30KYMKY 3AMACHBIX YACTER M NPEMAIOXMNA OTAMYHYIO FApaH-
tmio. MNpeacrasutens BBC Bepn Opp (Verne Orr) saseun: "¢pakmmyec-
KW'y HQC ByRyT ABUIQTENM AN UCTPEOUTENEN, CPOK CIlyXObl KOTOPbIX
byaert Basoe 6obLIe, YEM Y COBPEMEHHbIX ABUIATENEH, IPM NpMmep-
HO TAKO# Xe MPOrHO3MPYemMos CTOMMOCTH eamHumLbl npodyKkumm” [8].

Mepebit cepTUdUUMPOBAHHBIN A1 NPOW3BOACTBA ABWUIATEND
F110 (pucyHok 1.99) 6bin noctaener ans uctpeburens F-16C/D BBC
CLUA (pucyrok 1.100) & sHeape 1985 .

Puc. 1.100 F-16C B nonére

Camonér F-16 6bin paspabotan komnaruen General Dynamics
Corp., kotopast B8 1993 r. nponana cBoé CaMONETOCTPOUTENBHOE OT-
nenenune dupme Lockheed.

Ieuratenamm F110-GE-100 ¢ miona 1986 r. ocHawanmcs camo-
nétel F-16C/D Block 30 [15, 27].

3nauntensHas yacts F-16C Block 30 6bina seinyweHa ¢ npex-
HUM BO3AYXO30OOPHUKOM (TOK HO3bIBOEMBIN "Manbiit poT'), 4TO He
nossonsno peuratemo F110-GE-100, umeswemy Gonbwmii pacxop
BO34YXA, Yem y ero npeawectseHHuka Pratt-WhitneyF100, paseusaTs
nonHyio Tary. Kpome Toro, AaHHbIN ABUraTENb Bbin 3AMETHO TAXENee,
4TO NOTPEBOBANO YCTAHOBKM B HOCOBOM 4aCTH diozensxa bannacra.

Tonbko Ha moamndukaumn F-16D Block 30 noseunca Gonbwoi
BO31yx03060pHUK - "Gonbloi pot” (pucyrok 1.101). OpHako, Takmx
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camonéTtos 6bino BeinyueHo HemHoro. Tara F100-PW-220 paxe Hec-
KOJMbKO YMEHBLUMNACE MO CPABHEHMIO C NPeablayLLen MoanbUKALMEN.
B pesynstate nétHbie aannbie F-16C Block 30/32, shinyckaslierocs
00 1992 r., 6binut xyxe, uem y F-16A.

Puc. 1.104 F1 16-GE-100: a) sua cnpasa, 6) sug 3/4 cnepean

R I.—:— — '

Puc. 1.101 Bosayxozabophuukn F-16C/D: a) "manbisi pot"; 6) "6onbloii por";
B) pasmepbl 30HbI BXOAA M 30HbI HAPYXHOIO KOHTYPa

B 1986 r. Ha F-16 nossunacs yHuBEpCanbHAs XBOCTOBAS YACTb, B
KOTOPYIO MOT YCTAHOBAMBATLCS M Gonee KpynHbii ABUraTens GUpmbl
General Electric (pucyrok 1.102).

Puc. 1.105 Kopnyc H(pr)l;HOl'O KOHTypa
F110-GE-100

Puc. 1.102 Conna asurarenesn: a) F110-GE-100; 6) F100-PW-200

Camonétsl F-16C/D Block 30/32 6binu nepebiMM, NOCTPOEHHbI-
MM C OTCEKOM ABMIATENSs, MPUCTIOCOBNEHHbIM A1 MOHTOXAKAK ABUMO-
teneit F100-PW-200 (Block 32), tak u General Electric F110 (Block
30) (prcyrok 1.103).

Puc. 1.106 C'rcrop:eﬂmnnropu

Puc. 1.107 Hanpasnsiowme annaparsi
BEHTUNIATOPA

Komnpeccop psurartens -
LEBATUCTYNEHYATLIN, nepsbie
TPU CTYNEHW UMEIOT perynmpye-
Mble HAMPABASIOWME ANNAPATHI
(pycyrkn 1.109 - 1.111)

Puc. 1.108 Potop BeHTMnsTopa

Puc. 1.103 Cxema camonéra F-16C Block30

Tabnmua 28 - OcHoBHblE NAPAMETPbI
camonéra F-16C/D [27, 70]

Pazpabotumk Lockheed
Mepebii nonér, r. 1986
N3rotosneHo, wr. -
Macca nycroro, kr 8630
MakcumansHas B3néTHAs Macca, Kr 17010

Macca 60eBoit Harpysku, kr -
Cunoeas ycraHoeka 1xTPOO®P General Electric F110-GE-100

MakcumanbHas ckopocTb KM/ 4 R

Boesoi pagunyc, km -

Motonok, M -
Mpaktnyeckas pansHocts ¢ MTH, kM 1524,0
MakcumansHas neperpyska, g +9,0

Oeuratens F110-GE-100 (pucyrnok 1.104) u HekoTopbie
3MEMEHTbI €10 KOHCTPYKLUMM NOKA3aHbl Ha pucyHkax 1.104 - 1.119.

k

Puc. 1.110 Kopnyc komnpeccopa o Puc. 1.111 Potop K.omnpeccopa
F110-GE-100 F110-GE-100

Ne3(135)2021
A“Uﬁ?fnej“ﬁ www.dvigately.rv
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Konbuesas kamepa cropaHus - KOpoTkas 6e3nbiMHas, umeeTt
20 0BYXKOHYCHBIX TOMAMBHBIX MHXEKTOPOB M UCNIAPUTENEN C BUXPE-
BOM YQALLKOMN.
Typ6uHa BbicOKOTO
paenexus (komnpec-
copa) - 0aHOCTYNEH-
4aTas BbHICOKOHArpY-
XEHHAs PACCUYMTAHA
HO TeMnepaTypy Ha
xoge po 1643K.
JNlonatkn moryT 6biTh
30MeHeHbl MHOMBU-
ayansHo 6e3 pas-
6opku poTopa (pu-
cyHok 1.112).

TypbuHa Hu3KOro
= pagneHus (BeHTMns-
Topa) - Heoxnaxaae-
Mas  ABYXCTyneH4yaTas

(prcyHok 1.113).

Hbl

®PopcaxHas ka-
Mepa - C 1ENeCcTKOBbIM
CMECUTENEM MOTOKOB
HOPYXHOTO M BHYT-

L 1 PEHHEro  KOHTYpOB
Puc. 1.115 Fazoreneparop F110-GE-100. (]pT?;;'OK 1.116,

Kopnyc HapyxHoro koHTypa yaanéH

_ __fia_:ﬂii

. Puc. 1.116 Xaposas py6a
$opcaxHoi Kamepbl

Puc. 1.117 ®PopcaxHas kamepa u conno

PeaktueHoE conno - caepxssykoBoe, MHoroctsopyaToe (pucyHok 1.118).

HCTOPHA

Puc. 1.119 Cxema pacnonoxenus onop B gsurarene F110

CucTeMa ynpaBneHus - TMAPOMEXAHUYECKAS C 2EKTPOHHBIM Orpa-
HUYMTENEM TEMNEPATYPLI FA3a Ha TypbuHe [17].

Pecypc ropsueit yactn TPOA® F110-GE-100 cocrasnser 2000 u
(4000 wmknos TAC).

Croumocts - 2,5 - 2,9 mnn gon. (1982 1.

CocrosHue pazsutus - cepuittbiii ¢ 1984 r. B usrotosnenmm yuacr-
sosano 10 sasogoe dupmsl General Electric u 1600 sasogos-nocras-
LLIMKOB fieTanemn 1 KOMNNEKTYIOLMX U3AENMM. C6op»<o nBuraTenem ocy-
wecTsnseTcs Ha 3asoge B r. Misenaenne, wrar Oraito (Evendale, Ohio).

Mpumenenne - geuratenem F110-GE-100 ocHaweHo 6onblumn-
ctso uctpebureneit F-16C/D BBC CLUA. On npumensietcs Ha F-16
BBC Mapauns, Tpeumn, Typumn, Ernnra, baxpeina, O6beanHEHHbIX
Apabckmx Imuparos, Y 1 Omana. Kpome Toro, stum asuratenem
OCHQLLEH AMOHCKMIA OIHOABUIaTENbHbIN UCTpebuTens F-2. becdopcax-
Hoie sepcmm F110: TPAL F118-GE-100 npumensietcs Ha 6ombapam-
poswmke BBC CLLUA Northrop B-2 Spirit v F118-GE-101 - ang
Lockheed U-2S Dragon Lady (pucyHkn 1.98, 1.119).

Puc. 1.121 TPAAP F110-GE-100 gns F-16C
Ha ucnbitanmsx B KOxHon fakore (South Dakota)




HCTOPHA

Sransl passuTHs:

Mapt 1983 r. KoHTpakT Ha 80BOAKY ABMrATENs MO NOSHOM NPOT-
pamme.

OkTs6pb 1984 r. 3aBeplueHne ROBOAKM ABMIATENS MO NOHOM
Nporpamme.

Konew, 1984 r. Mocraska nepsbix asurateneit F110 cepuiHoro
06pa3sLa AN NPOBEAEHWs NETHBIX MCMLITAHWI Ha ucTpebutene F-16.
3aBepLueHre KBANMOUKALMOHHBIX UCTIBITAHMHA.

Aueape 1985 r. Hauano skcnnyarawm camonéra F-16C ¢ TPOAD
F110-CE-100.

Hos6pb 1987 r. 3asepiierme KBOMMBUKAUMOHHBIX MCTIBITAHMI
TPOA® F110-GE-100.

Mogudukaumm:

1. TPOAD F110-GE-400 (pucyHkn 1.122, 1.123) gng BMP 6bin
npumerén Ha camonéte F-14A Plus Tomcat, kotopeiit ¢ mas 1991 .
cran o6osHauatscs F-14B (pucynkm 1.124, 1.125).

Fawepn Bropeavchis Lawpa
e . Comas
Budq Bewmueswog Koroipeccop JR7  JHS Frpassets conten
¥ om Fem b Temj  (Tom}

Puc. 1.123 Cxema TPOA® F110-GE-400

Tabnmnua 29 - OcHosHble napameTpsl geuratener F110-GE-100,
F110-GE-400[13,17,71]

Mpumenenue LockheedF-16C/D Grumman F14B/D
Deurarens F110-GE-100 F110-GE-400
P, kH (krc) 127,308 (13000) 124,5 (12713)
C e Kr/kH u (kr/Krc u) 212,16 (2,08) 205 (2,01)
Pyans kH (Kre) 81,536 (8307) 75,6 (7702)
Cynasm Kr/kH 4 (kr/xrc u) 75,48 (0,74) 67,32 (0,66)
Cyn-Kp - -

G,, kr/c 115,2 R

T, K 1745 1745

m 0,87 0,87

s 30,4 30,3

Ty 2,87 3,2

ngn/ Mg - -

an Kr 1767 1526

Ly M 4,623 5,9

Dy M 0,905 0,905

Do M 0,79 -

lop Havana cTeHpoBbIX } }
MCMbITAHWHA

lopbl Hayana npounssoacTea 1984 1987

Puc. 1.124 Camonér F-14B c geuratensmm F110-GE-400
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Puc. 1.125 Cxema camonéra F-14 Tomcat

Hoewiit auratens 6ein kopoue, yem TF30, koTopsIt npumeHsn-
¢ Ha npexHux moanbukaumuax F-14A, Ho 31y npobnema 6Gbina pe-
WeHa NyTém yanuHeHus GOPCaXHON KaMepsbl CNeunanbHON BCTAB-
koi. Kopobky arperatos n 06Bssky asuratens Takxe aaanTMpoBa-
v nog roHgonsl F-14. Yanuuérnnoe noutnt Ha 30 cm peakTusHOe
COMMo CNOCOBCTBOBANO CHUXEHMIO OIPOAUHAMUYECKOTO CONPOTUB-
NeHns B PAOHE XBOCTOBOM YACTMU.

TexHuueckoe
obCnyxXmMBaHMe Camo-
néra F-14 6eino cnox-
HbIM W TPYLOEMKMM. B
1980-e rr. Tomcat
Gbil CaOMbBIM  "TpyRO-
30TPATHLIM" camoné-
Tom asuaumn BMC
CLUA. Hanét Ha oaHy
HEMCNPABHOCTb COC-
Tasnan 8,2 4, Tpyno-
30TPATH HA yCTPaHe-

Puc. 1.126 Bosnyxosabophuk F-14:
a) B MOKCHMQnbHO OTKPbLITOM; 6) B 3QKPLITOM MONOXEHUSX

HME HEUCNPABHOCTH
(Hennanosoe TO) -
19,8 uen./u, cpearee
KOJIM4eCTBO BbIIETOB
HO OfHY HeWCnpas-
Hocts - 4,9, tpyno-
30TPATH HO 06CYXM-
BAHWE B PACYETE HA
yac nonéra -
40 uen./u [69].

o nosenexus
Mul-31TM  camonér
F-14 6bin CAMBIM MOLLHbIM B MMPE NEPEXBATYUKOM.

J1éthbie ucnbiranms F-14B ¢ F110-GE-400 Hauanmes 8 1987 1.

Yuudwkaums psuratenen F110-GE-100 u F110-GE-400 coc-
Taensna 89 %.

Bcero 6bino noctpoero 38 camonéros F-14B, ewé 48 6binu ne-
peobopynosaHsl n3 sapuanta F-14A. B konue 1990-xrr.y 67 F-14B
6N NpPoAnéH : z
pecypc nnade-
pa M ynyyweHo
6optosoe ob6o-
pyooBaOHMWE.
Moandbuumnpo-
BAHHbIE CAMO-
NETLI NOAYYMNHN
obosHaueHue
F-14B Upgrade.

[TocnegHuit
F-14B (pucyHok
1.128) 6bin cHat
C BOOPYXEHMS B

2006 r.

Puc. 1.127 Ornessie ucnbitanns TPOA®P F110-GE-400

Nl

e e B R =
Puc. 1.128 Camonérsl F-14 Ha 6ase xpaHenus [lasuc-Montan
(Davis-Montan).CnytHukoseisi chumok Google Earth [68]
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F-14D SuperTomcat sensietcs nocnegHen moaudmkauueit F-14
c peuratenamu F110-GE-400. Moandukaums F-14D otnmuanacs Ha-
nmuymem Gonee mowHoro pagapa Hughes AN/APG-71 u ycosep-
LIEHCTBOBAHHOM QBMOHMKOM (aHanorosoe Goptosoe 0bopynoBa-
H1e BbINO 3aMEHEHO HA UMPPOBOE), a Takxe NepeobopPyAOBAHHOM
kabuHoi. Cuctema MOrna ConpoBOXAaTh A0 24-x uenem, 3axBaThi-
BATb & M3 HUX M OAHOBPEMEHHO 3AMYCKATb MO HUM PAKETHI.

[na cornacosanunsa rab6aputos asuratena F110-GE-400 ¢ pas-
Mepamu motooTceka Ha camonéte F-14D 6eino nponsseneHo yanu-
HeHue neuratens Ha 1,27 m. YanuHenue nonydero nytem nobaene-
HUS UMIUHAPWUYECKON BCTOBKM B PEAKTUBHYIO TPY6OYy.

Mepsbiit nonét F-14D Super Tomcat 6bin ocywectenén s 1988 .,
a akennyatauus Havanack 8 1990 r. Beero 6oino noctpoero 37 camo-
nétoe mognbukaumm F-14D, ewé 104 Gbinn nepeobopynoBaHbl 13
paxee soinywerHbix F-14A 1 nonyunnmn o6osHauerue F-14D(R).

Puc. 1.129 B3nér F-14B c karanynstsl asnanocua George Washington

Tabauua 30 - OcHOBHbIE NAPAMETPbI CAMONETOB
F-14B u F-14D [27, 67 - 69]

Paspabotumnk Grumman Grumman
Camonér F-14B F-14D
Mepsbiit nonér, r. 1986 1986
UsrotosneHo, wr. 38 37
Macca nycroro, kr 18950 18191
MakcumanbHas B3néTHas Macca, Kr 33725 33720
Macca 60eBoit Harpysku, kr 6500 6500

2 x TPAO®P General
Electric F110-GE-400

2 x TPAO®P General

Chnosas yeranoska Electric F110-GE-400

MakenmanbHas ckopoctb KM/ 4 1995 (M=1,88) 2485 km/4 (M=2,34)
Boesoit pagnyc, km - 926
Motonok, M 16150 16150
Mpakrnyeckas pansrocts ¢ MTB, km 2965 2965
MakeumansHas neperpyska, g +7,0 +7,0

HCTOPHA

Extension Program - SLEP) ana camonéros F-16C/D (pucyrok 1.135).
Mporpamma SLEP zasepwmnacs 8 2012 1., korna okono 800 geurate-
nent F110 6binn mogepHmamnposansl u noctasners BBC CLUA no opwu-
eHTMPOoBOYHOM cTommocTu B 280 munnuoros gonnapos. SLEP Guina
HOLENEeHa HO CHUXEHWE 30TPAT HA OBCNYXMBAHWME HA | MUANMOpPL
nonnapos. MNporpamma SLEP skmiouana texHonornyeckue obHoene-
HUS KOMEPbI CrOPAHMS!, TYPBMHBI BLICOKOTO AABNIEHMS, KOMMPECCOPA W
COMNa AN COKPALLEHUs BHENNAHOBOM 3ameHbl Ha 50 % u cHuxeHus
cToMmocTi néTHoro Yaca Ha 25 % [72, 73].

Oeuratenem F110-GE-129 ocHawero okono 75 % scero napka
F-16C/D Block 50/52. Ocranshbie ncnonsayior asuratenu F100-PW-
229. 2T CaMONETLI ABAAIOTCS COMBIMIK COBEPLLEHHBIMKU BAPUAHTAMM
F-16, npouseeaentbimm 8 20 eke [72].

Oeuratenn F110-GE-129 6einm Boibpansl ans snoHckoro F-2 - yco-
BEPLUEHCTBOBAHHOM Bepamn F-16, a Takxkxe ang ycTaHoBKM HO nocrneg-
Hioto Bepcunio camonéta F-15K Slam Eagle, sakasanHoro Pecnybnvkon
Kopest. Mepabint F-15K nogrsncs 8 HeGo ¢ peuratensmn F110 8 mapte
2005 r. Samsung Tech Win npowssena s Kopee 78 13 88 psurarenen, sa-
kynnenHsix BBC Pecny6nmkn Kopest (ROKAF) anst nporpammel F-15K.

B Hauane ansapst 2006 r. npasutensctso CuHranypa suibpano asu-
ratens F110-GE-129 ans csoero Hoselwero 60esoro camonera
F-15SG. On takxe npumersietcs Ha F-15SA BBC Caynosckoit Apasuu.

Puc. 1.131 TPAA® F110-GE-129

[etsl
. -

i
= |
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Puc. 1.130 Mocaaka F-14B Ha nany6y asmaHocua

2. F110-GE-129. 31a mogudukaums Takxe M3BECTHA KAK:
F110-GE-129B, F110-GE-129C, F110-GE-129D (npumeHeHue Ha
F-16) u F110-GE-129E (npumerenue Ha F-15).

Wenbiranms F110-GE-129 6binu adats 8 1988 1., a skcnnyata-
ums (Initial Operational Capability - IOC) - ¢ 1992 r. Bcero nsrotos-
nexo 913 gsuratenei [72].

F110-GE-129 (pucynkun 1.131 - 1.134) asnsetcs passutuem
F110-GE-100 v umeet 6onee ericokne xapaktepmctukn. On paspa-
6aTbiBANCA Mo Nporpamme npogneHus cpoka cyx6sl (Service Life

Puc. 1.134 Montax F110-GE-129
Ha camonér F-16C

Puc. 1.133 Maker TPOOP F110-GE-129

Ocobenroctsio asuratens F110-GE-129 no cpasHenuio ¢
ABUrATENSMM MPOLUNbIX NOKONEHUI SBsSeTCs obecnedeHne nonéra
HO MONOM BLICOTE MPW BHICOKOM CKOPOCTU. TaK, MPU CKOPOCTH
980 km/u Ha Beicote 600 m peuratens passusaet tary Ha 30...33 %
Gonbluyio, Yem npepsiayme ero mogudukaumnm [77].

AspoanHamuueckme xapaktepuctuku TPOOD F110-GE-129
aHaNoMUuHbLl xapakTepuctukam 6asosoro geuratens F110-GE-100,
HO MCMOSMb30BAHME HOBBLIX MATEPUAOB MO3BOSIMIO MOBLICUTL TEM-
nepatypy rasa. YBenuueHue TAaru Ha B3NETHOM PEXMME OTHOCH-
TENbHO HEBENUKO, HO B 30HE BOEBLIX AEMCTBUI NPK CKOPOCTH NO-
néra, coorsercreytowen uncny Mn = 0,8...1,2 Ha seicote ot 3 po
? km, Tara soszpactaet Ha 10 %. Takoe ysenuuenue Taru obecne-
YMBOET CHUKEHME BPEMEHM PA3roHa camonéta F-16 npumepHo Ha
10..15 % (ot M = 0,9 go 1,6).
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DneMeHTbl KOHCTPYK-
. . wm [17,31,77]:

Bentunatop -
TPEXCTYNEHYATLIN, C
perynupyemsm
BHA u nosbiwen-
HOM YaCTOTOM BpA-
LWeHus poTopa.
[TpumereHbl HOBbIE
maTtepuansl. Yeenu-
4eH 3anac no raso-
OMHOMMYECKON YyC-
TOMYMBOCTH

Komnpeccop -
AEBATUCTYNEHYA-
TbI, C perynmpye-
MbIMU  HAMPOBASIO-
WMMK ONNapaTamMu
nepBbIX CTyneHew,
yCOBEPLWEHCTBO-
BQHHbIM C MOBbILLIEH-
HOM 4aCTOTOM BpaA-
WeHus poTtopa.
YBenuuensl T, # 30-
nac no ras’ofuHa-
MMWYECKOM yCTOMUN-
Bocth. BHA komnpeccopa umeet 13 wupokoxopaHbix nonatok. ns
HECKOSbKMX MOCHEHUX CTyneHel KOMMPEeccopa BMECTO Criaea
Inconel 718 ncnonssosan cnnasa Rene 95 npu coxpaHeHuu TMTaHO-
BbIX CMIIOBOB A1 NEPBbIX CTyNEHEN.

Kamepa cropanms - kombuesas. MarotosneHa w3 martepuana
HS188.

Typ6buHa BbICOKOrO AABAEHMS - OLHOCTYNEHYATAS, OXICXKAAE-
mas. Paccuutara Ha noeeiwernyto Ha 40...50 K temnepaTtypy rasa.
C 5TOM Lenbio NPUMEHEHbI MOHOKPHCTanIuyeckue paboure nonat-
KM M yBENMYEH PACXOL BO3AYXA HA OXNAXAEHME.

Typ6buHa HM3KOrO AABREHMS - ABYXCTYNEHYATAS, HEOXIAXAAE-
Mmas.

®DopcaxHas KaMepa - CO CMECUTENEM NOTOKOB HAPYXHOTO
BHYTPEHHETO KOHTYPOB. MOAMUUMPOBAHA C yYETOM MOBLILLIEHMS
Ha 70 K Temnepatypsbl HO BXOAE C LENbIO yyyLleHUs ynpasnsemoc-
TW. YCTQHOBNEH HOBbIN CTOBUAM3ATOP MAAMEHW U CMELLEHb HA3A4
KOMNEKTOPbI TOMANBHBIX GOPCYHOK.

PeakTnBHOE conno - CBEPX3BYKOBOE, PErYNMPYEMOE.

CucTeMa aBTOMATMHECKOrO YNPABEHUS - OCHOBHAS - UndpPO-
sas (Digital Electronic Engine Control - DEEC); pesepeHas - ruapo-
MEXAHMYECKas C AMANA30HOM PABOTL 4O MAKCHMANLHOTO Hedop-
COXHOTO PEexunma. MIMeeTcs 3neKTPOHHAsS CUMCTEMA AMATHOCTHKM,
NO3BOMAOLLAS HOKAMAUBATL AAHHBIE O TPEHAAX, BLISBASATL W AMAr-
HoctuposaTs otkassl. Macca DEEC cocraenset 15 kr v BaBoe meHb-
wwe pasmepsl no cpasHeHnio ¢ CAY 6aszosoro asurartens.

HapéxHoctb, skcnnyataumoHHas TexHonornuHocts. CornacHo
Tpebosanmam BBC CLLUA, peuratens gomxeH umeTs cneayioLme no-
KasarTenu:

- yacrtota cpbieos notoka B komnpeccope Ha 1000 y nétHoi Hapa-
6otk -0-0,1;

- yactota otkazos TonmeHoro Hacoca Ha 1000 y nétHoi HapaboT-
km-0-0,2;

- ctoumocTb 1 4 nétHol skcnnyataumm coctasnset 285...480 gon.;

- TPYROBMKOCTb TEXHUIECKOTO OBCITY>KMBAHMSA M PEMOHTA Ha | 4 néT-
HOM HOpaboTKM - 4 - 6 yen.;

- yacroTa ceémos aeuratens Ha 1000 4 nétHo HapaboTkM cocTas-
naet 4 - 6;

- yXyLLIEHWE XapakTepucTrk - He 6onee 2 % Ha 4000 umknos TAC.

OcHacTka M Matepuansl 4is NPOBEAEHMS AIPOAPOMHOIO TEX-
HUYECKOTO OBCNYXMBAHMS yHUdUUMpoBaHbl Ha 85 % ¢ TPOOD
F110-GE-100.

Puc. 1.135 Camonér F-16C Fighting Falcon
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Sransl paspaboTku.

Uionb 1985 r. Kontpakt BBC Ha nosoaky B nonHom o6béme.

Mapt 1987 r. Hauano crengoBbix MCNbITAHMA.

Anpenb 1988 r. Kontpakt BBC, npeaycmatpueatowmit onbit-
Hyto skcnnyataumio Ha camonérax F-15E u F-16C/D.

Mait 1988 r. Hauano pecypcHbix MCMBITAHMA.

Mionb 1988 r. Hauano ncnbiTaHmit Ha BLICOTHOM CTeHSE.

Asryct 1988 r. Hauano nértHbix mcnbitanuit Ha wctpebutene
F-16C.

1 ksapran 1989 r. Hauano nétHeix ucnbiranmii Ha ncrpebure-
ne F-15E.

Konen, 1989 r. 3asepluerne KBAMMPHUKALMOHHBIX UCMBITAHMA.

Mapt 1990 r. lnaHoBas NOCTABKA NEPBOro CEPUHUHOrO
TPOOD F110-GE-129 anst nposenerus 3kCnyaTAUMOHHbBIX UCMbITA-
HUI Ha ucTpebutene F-16.

Mionb 1990 r. Hauano onbITHOM skcnayataumm.

Hekabpb 1990 r. Hauano nétHbIx MCMBITAHMA.

Ausapb 1991 r. Hauano oueHouHbIX UCNBITAHUI UCTpebuTens
F-16 ¢ cepwitnoim TPOOD F110-GE-129.

Hauano 1992 r. Beog B skcnnyataumio Ha uctpebutene F-16.

Hekabpb 1992 r. 3asepluenne TpeTbeln Cepum YCKOPEHHbIX UC-
MbITAHWUI C UMUTALMEN YCNOBKIA NONETA.

Anpenb 1992 r. Hapa6otka ronosHoro o6pasua TPAOD coc-
tasuna 6000 uuknos TAC (Tactical Air Command - umkn, onpenens-
eMblii KOMaHBoBaHWEM TakTuueckorn asuaumert CLUA 8 kauecTse
Mepbl PECYPCA OBUALMOHHOIO ABUTATENS).

Cents6pb 1992 r. Joctuxenne nétHoi Hapabotku 2400 u.
Mpu 3ToM MakcumansHas Tara asuratens coctasuna 137 kH npu
cymmapHom pacxoge sosayxa 123 kr/c. Mocraska 109 TPOAD ans
F-16 dupme General Dynamics.

OkTs6pb 1992 r. [TpoBepka cOrnacoBaHus ABArATENS C NIAHE-
pom uctpebutens F-15E.

Ausapb 1993 r. Hauano kBanudUKAUMOHHBIX NETHBIX UCMbITA-
HUi Ha camonéte F-15 dupmel McDonnell Douglas.

Tabnmua 31 - OcHosHbie napameTtpsl geuratenen F110-GE-129 u
F110-GE-132[13, 17,72-76, 80]

MpumeHeHne F-15E, F-16C/D Block 50 | F-16E/F Desert Falcon
Oeuratens F110-GE-129 F110-GE-132
Py, kH (krc) 129 (13150) 144,2 (14700)
CYMV kr/kH u (kr/krc u) 193,8(1,9) 213,18 (2,09)
Pyans KH (Kre) 75,62 (77,09) B
Cmm, kr/kH u(kr/xrc 4) - -

Cyn.xp - -

G,, kr/c 122,5 124,7

T, K 1753 1783

m 0,76 0,8

Ty 30,7 33,3

T, - 2,98
nen/Mhg - -

Mgy k¥ 1805 1837

Lo M 4,63 4,62

Do M 1,181 1,181
Dy M 0,905 _

lop Ha4Yana cTeHAOBbLIX UCMLITAHMM 1988 -

lopbl Hayana akcnayaraumum 1992 2003

20 ¢espans 2018 r. Bo Bpems B3NéTa HO GOPCAXHOM pexmnme
c aemabassl Mucasa (Misawa Air Base), nonns camonéra F-16CM
92-3883 USAF Lockheed Martin ¢ gsuratenem F110-GE-129, asu-
agucneTyepsl COOBLWMKU, YTO 3AMETUIM MIIAMS B XBOCTOBOM 4ACTH
nsurarens [83].

PaccnenosaHue ycTaHOBUAO, 4TO NPUUMHONM ABAPMM BbINO pas-
pylieHue nepeaHero obTekaTens CTOMKM TypBUHbI, 4TO NPUBENO K
"neperpesy” ABUraTeNs M 3HAYUTENLHOMY MOBPEXAEHUIO €ro Yac-
Tel. DToT 06TEKATENb COCTOUT U3 TPEX TUTAHOBLIX CETMEHTOB, KOTO-



pble NMOKPLIBAIOT NMEPEAHIOI0 BHELIHIOIO Y4ACTb CTOMKM Typ6uHbI (pu-
cyHok 1.136).

Mocne paspywenus 4acts nepeaHero obtekartens nedbopmu-
pPOBANACH M 306NI0KMPOBANA OXAXAAIOLMIA NOTOK BO3AYXA BOKPYT
ABUIATENs, YTO MPUBENO K NEPErpesy M BO3ropaHuio obnactu con-
na (pucyrkm 1.137, 1.138).

Mepednsi ofmecane s
coadinm i

Coeriiiea zadiaed  Kaposan mpyia (P ———
NP K (% awm)

T

Puc. 1.138 Mporap ¢popcaxHor kamepsi

Puc. 1.137 Paspywenue conna

Brino seissneHo, yto 8 nepuog 2012-2015 rr. npu TexHuuyeckom
OBCNYXMBAHUM PEAKTUBHBIX ABUTATENEN "He cobmoaanmcs CTaHAa-
PTHBIE MPOTOKOIBI TEXHMYECKOro 06CnyxmBaHms". DTO CO3AANO
cpegny, KOTOpas AOMNYCKANa HeHagnexawee oGopMIEHUe LOKYMEH-
TOB Ans obecneyeHns NOJOTUETHOCTU AETANEN, CEPLESHYIO Ae30pP-
FOHU3OLMIO B MPOLECCE PEMOHTA U HeHagnexawee obpalieHne ¢
LETANAMM, BKIIOYAS HECTOCOBHOCTb PA3AENUTL OBCTYXMBAEMBIE W
He 06CnyxmnBaemble AeTanu. ITO NPUBENO K BO3MOXHOCTH YCTAHOB-
KM HEKOHLMUMOHHOM AETANM B MPOLECCE PEMOHTA MIW TEXHUYECKO-
ro 06CnyXmMBaHMA.

[ns ycTpaHeHus 3Tux HELOCTATKOB BbINO BLIGENEHO MOIMUIIN-
OHO AOMNAPOB HA PEKOHCTPYKLMIO YHACTKA TEXOBCNYXUBAHMS U pe-
monTa [83].

TPOO® General Electric F110-GE-129 takxe 6bin npumeréH
Ha 3kcnepumenTansHom camonéte General Dynamics NF-16D
VISTA (Variablestability In-flight SimulatorTest Aircraft - cumynsTtop
M3MEHSAEMOMN YCTOMYMBOCTH). DTOT CAOMONET Bbifl CO3AAH HA OCHOBE
F-16D Block 30 Fighting Falcon, skcnnyatnposaswerocs ¢ 1992 no
1993 rr. B kQuecTBe NETAIOWErO TPEHAXKEPA, U MOANDULMPOBAHHO-
ro cosmectHo General Dynamics u Calspan (pucyrok 1.139).

bykea N osHauana, 4To caMonéT umen ocobbiit CTATYC MCMLITA-
HUI 1 4TO MOAMPMKAUMM BbINM OCTATOUHO PAAMKANBHBIMU, Y4TO Gbi-
10 Bbl HENPAKTUYHO BOCCTAHOBWTH €70 A0 NEPBOHAYANBHOIO COCTO-
anua. [87, 88].

Camonét ucnonszosancs ana uccnegosanumit 8 BBC n BMC
CWA, a takxe 8 NASA. B 1993 r. on cran moaudukaumnen
F-16/MATV, Ho B 1995 r., nocne 3ameHbl ABUrATENS U ABUOHMKM,
"sepHynca” B8 ctatyc VISTA. B anpene - mae 1998 r. on ucnonsso-
BAJICA KOK NETAIOWAs Nab6OpaToOpws 4 UCMBITAHWS MPOrPAMMHOTO
06eCneyeH s KOMMbIOTEPHbLIX CUCTEM YNPABNEHWs NONETOM AN
X-35 JSF komnanuu "Lockheed".

Hauano pabot no nporpamme F-16 VISTA (Variablestability In-
flight Simulator Test Aircraft) - centabpb 1995 r. Mepswiit nonét F-16
VISTA - mait 1997 r.

General Dynamics VISTA/MATV NF-16D ocHosan Ha
KOHCTPYKLMK niaHepa sepcun napamnnsckux BBC, kotopas skniova-
et B ceba obTekaTens, NPOXOAALLMI NO AMHe BIO3enaxa no3aam
dboHapa kabuHel, 1 Taxénoe waccu, saumcteosaHHoe y F-16C/D
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Block 40. Ha Hém B 1994 r. 6bino ycTaHOBNEHO CONNO ABMraTENs C
MHoroocesbim BekTopom Tarn (Multi-AxisThrust Vectoring - MATV),
obecneunsaiowee Gonee AKTUBHOE YNPABNEHWE COMONETOM B CH-
Tyaumu nocne csamueadus. B pesynbrate camonédt craHosuTcs
CBEPXMOHEBPEHHBIM, COXPAHSA YNPABNEHWE MO TAHIOXY M pPbic-
KOHbBIO MPM YIAX ATAKM, 30 KOTOPbIMKA TPAAMLMOHHLIE PYSIU HE MO-
ryT U3MEHWTL ero nonoxenue [87, 88].

Ocobennoctsio geuratens General Electric F110-GE-129, npume-
Haemoro ans VISTA, ssnsetcs ero 0CecMMMETPUYHOE COMMIO C BEKTOP-
HbiM ynpasnernem (Axisymmetric Vectoring Exhaust Nozzle - AVEN),
koTopoe kpenutca K BoixnonHoin Tpybe. AVEN obecneunsaet Heobxo-
IMMBI BEKTOP TAMM B PACLUMPSIOLLENCS (CBEPX3BYKOBO) 4aCTH conna,
4TO NPEesOTBPALLAET BO3BPAT KONeOGAHUMA ACBNEHMS B ABMIATENb, TAE
OHM MOTYT BbI3BATL MOMMNOX KOMMpeccopa. Pacxopsawmecs cTBopku
HOKIOHEHb! MHAMBUAYQIBHO C MOMOLLBIO KOMbLA, KOTOPOE MO3MLMOHM-
pyeTcs TPems LOMOMHUTENbHBIMU TMAPCBIMYECKMMA NPUBOACMM, PAC-
NonoxeHHbIMKM ¢ MHTEpBanom B 120 rpagycos, Npu 3TOM NUTAHKE Noaa-
€TCA OT HE3ABMCHUMOM CUCTEMBI. BLIXNOMHOE COMNO MOXHO OTKNOHSTL B
nobyto ctopoHy Ha yron go 17 rpapycos. Ocesbie 1 GOKOBbIE CHAbI,
CO3[,0BAEMbIE CTPYEN, BEIXOASLLEN M3 COMNA, NepeaaloTcs Ha PEaKTMB-
HYI0 TPYOY W, TaKMM 06pasom, Ha asuratens. [Npeumywectso AVEN B
TOM, YTO €ro MOXHO BbINO YCTAHOBUTL HA NMtoboM F-16, ocHaleHHbI%
asuratenem F110 u umetowmin undpoByio CHCTEMy yNPABREHUs MONE-
TOM. [IBIKeHue TPEX UCMONHUTENbHBIX MEXAHM3MOB YNPOBNAETCS BEK-
TOPHBIM 3n1eKTPOHHBIM ynpasneruem (Vector Electronic Control - VEC),
KOTOPOE NPeacTasnseT CoboM MOAUUUMPOBAHHYIO BEPCHIO NOAHOMY-
HKUMOHAmbHOTO undposoro ynpasnerus asuratenem F110-GE-129. B
KQUEeCTBE AOMONHUTENBHOM Mepbl 6E30MACHOCTM HAL 3A4HEN YaCTbIO
COMONETA 6biN YyCTAHOBAEH NAPALWIOT, 4TO6L 06ECNEUNT BLIXOL U3 Y-
GOKOro CBANMBAHMS, ECIIU OHO NPOM3ONAET.

Mporpamma VISTA 6bina nprM3HaHA yCnewHoi, HO ynpasneHme
sextopom Tarm (Thrust Vector Control - TVC) nukoraa He ucnonsso-
BANOCH B CEPUMHBIX Bepcusax uctpebutens. MNporpamma Guina npu-
meuaTensHa paspabotkon Direct Voicelnput u "Virtual HUD", koTo-
pble Bbin BKIIOYEHb! B KOHCTPYKLmIo kabuHbl F-35 Lightning II. Bapwu-
aHTel STOVL F-35 takxe sknouaior MATV npu 3asucarHmum ana obec-
neveHus koHTpons opuerHtaumu. Camonét VISTA 8 HacToswee spe-
Msi 3KCnnyaTupyeTtcs wkonok nérumkos-ucneiratenen BBC CLLA u
obenyxueaetca komnawnuen Calspan Ha 6ase BBC Dgsapac
(Edwards Air Force Base). On perynapHo ucnonssyetcs B yuebHbix
NONETAX CTYAEHTOB, CNELMANbHBIX AKAAEMUYECKMX MPOEKTAX M NET-
HbIX MCCHEAOBAHMSIX.

CneayeT 3aMeTHTb, 4TO MPOrPAMMA YNPABIEHMS BEKTOPOM TATU
B pasHbix Hanpasnenuax Ha NF-16D paspabartsianacs sHavane
komnanuen Pratt Whitney. Ha moaudukaumu geuratens F100-PW-
229 PYBBN 6bi10 yCTGHOBAIEHO COMMO € PA3HOHAMNPABNEHHBIM BEK-
Topom Tarn. KombuHaums conno-aeurarens, paspaboTaHHas 1 npo-
usseneHHas Pratt Whitney, umeno otkasoyctoiumeyio cuctemy c
ABOMHBIM pesepsuposBaHnem. OCeCUMMETPUYHOE COMNO MMENo
nonHbii Bektop Tarn Ha 360 rpafyCcoB NpU MOKCMMAIBHOM yriie OTK-
nonenus 20 rpagycos. Conno agantupyeTcss 1 NOAXomuT K noboi
mogenu aeuratens F100. Lectumecsuras nporpamma néTHbIX MCrbi-
TAHUI C 3TOM KOMOWHALMEN LBMrATENs W NAAHEPd AOMKHA Bbina
661 nposeaera B 1997 1., a BBC u Calspan gonxwbi 6bimm noaro-
TOBUTE camonéT B 1998 r. OpHako nporpamMma ynpasneHus BEKTO-
pom Taru Pratt Whitney 6bina otmenera [88].

Puc. 1139 F-16 VISTA
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3.F110-GE-132

TPOO® F110-GE-132 (pucyHok 1.140) [78 - 80] - nocnenHui u
COMbIM NepepfoBoi npeacTasuTens cemeicrea asuratenei F110
co3aaH Ha 6a3e xOpOoLWO 30pPeKOMeHoBaBLLIMX cebs asurarenei
F110-GE-100 v F110-GE-129, skcnnyatupyemsix Ha Gonbluei Yac-
™ uctpebutenen F-16C/Ds pasHbix cTpaHax Mupa.

Tabnmua 32 - OcHOBHbIE NAPAMETPLI CAOMONETA
F-16 VISTA [87, 88]

Paspabotunk General Dynamics
Camonér F-16 VISTA
Mepsbiit nonér, r. 1992
MarotosneHo, wr. 1
Macca nycroro, kr 8273
HomuHansHas B3nétHas macca, Kr 12003

Macca 60eBoit Harpysku, kr -
1xTPOA®P General Electric F110-GE-129

Cunoeas ycraHoeka

MakcumanbHas ckopocTs KM/ 4 2253
Boesoi paguyc, km -
Motonok, m. 15240
Mpaktnyeckas pansHocts ¢ MTB, kM 4590
MakcumansHas neperpyska, g +9

Puc. 1. AP F110-GE-132

DTOT ABUraTENb BKNIOYOET B CeBs HEKOTOPLIE NepesoBLIe Tex-
Honmoruu, npumeHénnbie 8 asuratensx F414 w F120. B pesynstate
moandukaums F110-GE-132 umeet nossiwerHsie 6oesblie xapakTe-
puctukn no cpasHenmio ¢ F110-GE-129 u 6onee Huskyio obuiyio
croumocTsb skcnnyarauun. B F110-GE-132 ucnonssyiorcs koHCTpyk-
TmeHble paspabotkn General Electric Aircraft Engines (GEAE), nc-
NoJb3yemble B APYrMX MOAUDUKALMSX, B TOM YUCIE: LUMPOKOXOPLAHbINA
BEHTUNATOP, co3panHbii ans asuratens F118-GE-100; dopcaxHas
kamepa, paspabotaHHas ana peuratens F414 u ycoseplieHcTso-
BanHas ana peuratens F136 camonéra Joint Strike Fighter; komno-
3UTHBINM KOPMYC HOPYXHOMO KOHTYPA, MPUMEHAEMbIN HA ABUIATENsX
F404 v F414.

Bce ycosepweHncteosarus, ncnonssyemsie 8 TPOOD F110-GE-
132, nossonsioT nbO NOBLICUTL TATy auratens, nubo, B ciyyae or-
paHuyerns Taru Ha ypoeHe 129 kH, ysenuunts cpok ero cnyxGei.
D70 CNOCOBCTBYET YBEMMYEHMIO MHTEPBANA MEXLY TEXHMYECKMMM
ocmotpamu geuratens ¢ 4300 unknos go 6000 umknos, uto ycrpa-
HAET KAK MUHMMYM ABO KAMUTAMBbHBIX PEMOHTA 30 CPOK CIyxObl ABK-
ratens, O TAKKE CHWMXAET CTOMMOCTb €ro XM3HEHHOTO LMKIA Npu-
MEPHO Ha CTOMMOCTb HoBoro asuratens [74, 79, 80].

TPEXCTYNEHYATHIN BEHTUAATOP ABNSETCS BAPUAHTOM BEHTUAATO-
pa TPOA® F118-GE-100. Potop cospan no texHonormu "6Gamck”,
4TO CYLLECTBEHHO CHU3MMO 3ATPATH HO TEXHMYECKOe 06CyXMBAHWE
asurarens. Pabotel no HoBoMy BeHTUNSTOPY Havanucs B8 1994 1. 8
POMKAX MPOrpamMMmbl  ynydwenus komnoHeHtos (Component
Improvement Program- CIP) BBC CLUA. lMocne npexpaierus du-
HOHCMPOBAHUA 3TOM nporpammsl dupma General Electric npogon-
XMNa paspaboTky BEHTUNSTOPA 30 CHET cobcTBeHHbIX cpeacTs. Kor-
na B Hovane mapta 2000 r. OAD subpanu TPOAD F110-GE-132
AN OCHaLeHns BocbMmuaecaTi camonétos F-16E/F Block 60 dupmsi
Lockheed Martin (pucynku 1.141, 1.142), komnanus General
Electric npuctynuna k odpuumansHom paspaboTke COMOro MOLWHOTO
BapuaHTa cemeicresa - TPOOD F110-GE-132.

Ne 3(135) 2021
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Puc. 1.142 Cxema pasmewsenns gsuratens F110-GE-132
Ha camonére F16E/F Block 60

HapyxHbi kopnyc eHtunstopa asuratens F110-GE-132 us-
FOTOBMEH M3 KOMMO3MLMOHHOIO MATEPHANA M PAa3paboTaH HA OC-
Hoge y3na, ucnonszyemoro e TPOLAD F404/414.

[na nepeocHauwenns nctpebuteneit F-16, ncnonbayowmx agu-
ratenn F110-GE-100 1 F110-GE-129 HoBbiM BEHTURATOPOM,OH Bbin
CKOHCTPYMPOBAH TAK, YTOBbI BIUCANCA B KOHTYP CMIIOBOM YCTAHOB-
KM C cyliecTsyowmm seHTunatopom TPOOD F110.

Mpu yCTaHOBKE HOBOTO BEHTUASTOPA UCTMONB3YIOTCH SMEMEHTSI
Kpennexus apyrux asuratenen cemencrsa F110.

Typ6uHa. B ycnosusix 0BbluHbIX PEXMMOB SKCMIyaTALMM TEMNEPA-
Typa Ha Bxofie B TypBuHY Bbina ymeHbLeHa npumepHo Ha 38 °C.

Conno. lMpumeHeHa HOBAS KOHCTPYKLUMA OXNOXAEHMS COMNAa,
KoTOpast nossonset cakoHomuTs 6onee 133 mnn gonn. 3a 20 ner
3KCMAYaTauUmM.

OgHoit n3 fecam Hanbonee BAXHbIX MPUYMH PEMOHTA ABUraTENen
F110 aBnsieTcs BbIXOA M3 CTPOSH YNNOTHEHWMI M CTBOPOK BLIXOAHOTO COM-
na. BeicokoTemnepaTypHbii MOTOK HA BbIXOAE M3 ABMrATENsS KPAMHE ar-
PECCUBEH M CPOK CyXOBbl YNNOTHEHUA M CTBOPOK, MCMONb3YEMbIX HA
TPOOD F110-GE-129 taromn 129 kH, orpanmuen npumepro 400...500 u.

B kauectse Bapuarta ans mogepHusaummn TPOOD F110-GE-132
NPUMEHEHO 3xekTopHoe comno (pucyHok 1.143), kotopoe Hanpaenset
TOHKYIO MNEHKY OXIIOXKAAIOLLErO BO3AYXA M3 OTCEKA Asuratens ans obre-
KOHUS! OTKIIOHSEMBIX CTBOPOK M YNIOTHEHMM conna. Tak kak paboyas Tem-
neparypa TPAA® F110-GE-132 sbiwe, yem y F110-GE-129, o npu oc-
HALLEHUM DKEKTOPOM CPOK CITyXObl YNIOTHEHUMA 1 CTBOPOK MPEBLICUT
1000 u. Takoro oxnaxaeHunst LOCTATOYHO ANt YMEHbLUEHMS TEMMNEePaTy-
pbl 3Tux petanen conna Ha 220...445 °C 8 30BUCHMOCTH OT YCIIOBMM
SKCMTYaTaLmMu.

dxekTopHoe conno, paspabortanHoe ans TPOA® F110-GE-
132, Hawno npumerenune kak Ha TPOOD F110-GE-129, tak v Ha

Puc. 1.143 SxekropHoe conno TPOAP F110-GE-132
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TPOO® F110-GE-100, koTopbimMu ocHauieHsl uctpebutenn F-16.
Mcnonbsosarue axexktopHoro conna Ha TPAAD F110-GE-129 nos-
BOMUIO YBENUUNTL CPOK Ciyx6bl npumepHo go 2000 .

Ina ocraweruns HoseiMu connamu okono 1000 uctpeburtenen
BBC CLUA notpebyetca npumepHo 100 mnH gon., HO nporpamma
nepeocHaLLeHus okynuTcs 3a 5 ner.

J1étHble ucnbitanms camonéra F-16 ¢ 3ekTopHbIM Connom coc-
Tosnucs netom 2000 r. BHegpeHue 3TOM TEXHONOTMM HA CYLLECTBYIO-
wem napke ncrpebuteneir F-16 notpe6oBano BHECEHUs HEKOTOPbIX
M3MEHEHMIT B KOHCTPYKLMIO COMONETA U [BMIATENs: HOBbIE YNNOTHE-
HUSI M CTBOPKYM CONNA Bblv MOAMDULMPOBAHLI, O PA3MEPbI CYLLECTBY-
IOLLErO BO3yx03aBOPHMKA COBKOBOrO Tvna nctpebutens F-16 Geinu
YBEINUYEHBI C TEM, 4TOBbI OH CMOT MPOMYCTUTb YBENMYEHHBINA MOTOK OX-
NOXAAIOLWErO BO3AYXA, HEOBXOAMMOTO U1 SXEKTOPHOIO COmMna.

HecMoTps Ha TO, UTO IKEKTOPHOE COMO UCMONbL3YETCH HA Ca-
monértax F-4 "Fantom" ¢ TPOAD J79, 6onee wmnpokoe mnx npumeHe-
HUE COEPXMBANOCH M3-30 YBENUYEHMS AIPOANHAMUYECKOTO COMNPO-
tmenenuns. OaHako dupma General Electric nonaraer, yto e yao-
noCk pewuts 31y npobnemy [79].

DopcaxHas KaMepa - PAAMANbHASA, AHANOTMYHAS YCTAHOBEH-
Hoi Ha TPOOD YF120 v ucnonsayemont 8 TROAD F414 uctpebure-
na F/A-18E/F dbupmbi Boeing.

[epexon HO pagmanbHyio GOPCAXHYIO KAMEPY MO3BOMMI OXITOX-
AQIOLLEMY BO3LyXY HOPYXXHOrO KOHTYPA MOCTYMNATb B CMECUTENb, YTO
YBEMMUMIO CPOK Cryx6bl y3Na M YMEHbLUMIO HArapoobpasoBaHue B
PACMLIUTENbHBIX CTOMKAX. [TpenMyLLECTBOM TAKXeE SBRSETCH yydLue-
HME PEMOHTOMPUIOAHOCTHU, TAK KOK AN 30MeHb GOPCAXHON KAMEPSI
Ha TPOAD F110-GE-132 He notpebyetcst cHUMATL aBuraTens.

Takas popcaxHas kKamepa ynydwaet cnocobHOCTy camonéra
K BLINOMHEHMIO GOEBLIX 3AAAY NPK BLICOKOM YPOBHE TAMM U YCTPAHS-
€T XAPOKTEPHbIM LyM GOPCAKHOM KAMepbl TMNa "BMU3M Nunbl", T. €.
BbICOKOYQACTOTHbIE CTOSIYME 3BYKOBbIE BOJIHbBI, KOTOPbIE MOTYT MOBPE-
AMTb ETANU ABUraTENS.

MNpumeHeHne

Mcrpebutenn F-16E/F Block 60 dupmel Lockheed Martin, a
Takxe ans nepeocHawerus camonetos BBC CLUA F-16 Block 50.
Mpu skcnnyatauuu TPOO® F110-GE-132 ¢ makcMmanbHOM Taro
129 kH (kax TPOOD F110-GE-129, ycranaenmneaemoro Ha ucrpe-
butenax F-16 Block 50), ero pecypc Ha 50 % npesbicun pecypc
TPOO® F110-GE-129.

Sransl pazpaboTku

2000 r. - HaYano odpuuMansHOM PaspaboTku.

Mapt 2000 r. - u3roToBneHue AByx ABUrATENEN AN ONpeaene-
HUSI TEXHUUECKMX XAPAKTEPUCTUK M UCMBITAHMI HQA BLIHOCIMBOCTb.
McnbiTaHms Ha CTOMKOCTb BEHTMAATOPA Npu 3a6poce Tywek Nty
maccoit 0,68 «r.

11 okTa6ps - 15 Hos6ps 2000 r. - 30-yacosbie UCMBITAHMS HA
3AKPBITHIX CTEHAAX.

Konew Hos6ps 2000 r. - 30-4acoBbIE UCMBITAHMA HO OTKPLITOM
cTeHge.

Ausapb 2001 r. - anpenb 2001 r. - 200-yacosbie ucnbITaHKs
asuratens 8 HALL um. Apronsga (Arnold) BBC CLUA.

2002 r. - 3aBepLUEHME NPOrPAMMBI CTEHAOBbIX 1 KBANMbUKALM-
OHHbIX UCMBITAHMMA M HAYANO NETHLIX UCMBITAHWI Ha camonéte F-16
Block 60.

Mionb 2003 r. nétHele ncnuitanus Ha asmabaze BBC CLUA um.
Speapaca (Edwards). [LaHHbIi 3TN MCABITAHMIM, BKIIOYQIOWMIA NpU-
mepHo 25 NonéTos, HOYANCH C NEPBOro NETHOTO UCMLITAHMS, KOTO-
pOe 3aKI0YANOCh B HECKOMbKMX NEPEXoaax ¢ 6ecdhopCcaxHOro Ha
bopcaxHbiit pexum. MNocnegyolme UCNbITAHUA BbiNU HANPABIEHSI
HO pAcluMpeHrre 0BNacTU PEXMMOB NONETA, BKIIIOYAS OLEHKY TEXHM-
4ECKMX XOPAKTEPUCTUK U pABOTOCNOCOBHOCTH HOBOWM PARMATLHON
bOPCAXHOW KAOMEPHDI.

2003 r. - nocTaBka ABUraTENEN A9 NEPBOM NAPTUM CAMONETOB
F-16 Block 60, npeaHasHauenHbix ana OAD.
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Ta6nunuya 33 - OcHoeHble napameTpsbl camonétos F-16C/DBlock 50
n F-16E/F Block 60 Desert Falcon [84 - 86]

F-16C/D Block 50 F-16E/F Block 60

PaspaGorux Fighting Falcon Desert Falcon

Camonér F-117A-Nighthawk Tejas Mk.1
Mepsbii nonér, r. 1990 2003
UarotosneHo, wr. 830 9300

Macca nycroro, kr 8700 8165
MakcumansHas B3néTHas macca, Kr 21772 23130

Macca 60eBoit Harpysku, Kr 9190 -

TPOOD General TPOOD General Electric

Cunoeas ycraHoeka

Electric F110-GE-129 F110-GE-132
MakcumanbHas ckopoctb KM/ 4 2120 (M=1,99) 2132 (M=2,01)
Boeeso#i paguyc, km 1361 1524
MoTonok, M 17200 18500
Mpaktnyeckas pansHocts ¢ MTB, km 3981 4475
MakcumansHas neperpyska, g +9,0 +9,0

1.3.11. F412-GE-D5F2 u F414-GE-400

F412-GE-D5F2

BoeHHo-mopckoit dnotr CLUA 8 1983 r. Hauyan nporpammy
Advanced Tactical Aircraft (ATA). B cootsetctsum ¢ a10# nporpam-
Mo Kk 1994 r. gomxeH 6bin GbiTb CO3AAH BCEMOTOAHBIA ABUAHOCHBIN
6oMbaPAMPOBLIMK-HEBUAUMKA ansa 3ameHsl Grumman A-6 Intruder
8 BMC u Kopnyce mopckoit nexotst CLLIA.

B paspabotke nporpammsl yuactsosanu McDonnell Douglas/
General Dynamics u Northrop/Grumman/Vought. Komanaa
McDonnell Douglas/General Dynamics ¢ npoektom A-12
Avengerll B sHsape 1988 r. 6bina seibpara nobeantenem. MNepebii
nonét 6uin 3annaHnposaH Ha gekabps 1990 .

[Mepsonavansio BMC npegnonaranu kynuts 620 A-12, a
mopckue nexotuHusl - 238. Kpome Toro, BBC paccmarpusanu Bos-
MoxHoCTb 3akasa okono 400 camonetos A-12. MNpeanonaranocs,
yto A-12 samennt General Dynamics F-111 Aardvark u 6putarc-
kue uctpebutenu-6ombapanposwmkn Panavia Tornado [89, 90].

Camonér A-12 Avenger Il (pucyrok 1.144) ponxen 6bin ocHa-

WaTbCs AByMs TypboseHTunsTopHbimmu asuratenammn General Electric
F412-D5F2.

— el
Puc. 1.144 lNpoekr camonéra McDonnell Douglas A-12 Avenger Il

bechopcaxrbin TPAL F412, paspaboTtantsii Ha 6ase TPOAOD
F404, 661 oNTMMM3UPOBAH AnA NONETA C GONbLLLOK A03BYKOBOM CKO-
POCTbIO HO kpeincepckom pexume. B otnmnune ot F404, oH umen yse-
JIMYEHHBIA PACXO[, BO3AYXA 30 CYET NPUMEHEHUA BEHTUNATOPA 60b-
wero anameTpa. [Npu 3Tom cTeneHs ABYXKOHTYPHOCTU BbiNa NOBbI-
wenac 0,2 no 0,8. YeenuuenHsiit pacxon Bo3ayxa Heobxoamm ansa
NOBbILEHUS TATU U OCIABNEHNA UHTEHCUBHOCTU MHPPAKPACHOTO U3-
nyYeHms.

Xapaktepuctuku aguratens Gbian ynydlweHs ana pexmma fos-
BYKOBOrO KPEMCEPCKOro NONETa Ha MANOW BbICOTE.

DnemeHTbl KoHCTpyKumMn [77, 89, 90]:

MoToroHpona peuratens WM3roTOBNEHA M3 KOMMO3WULMOHHOTO
matepuana. BosayxosabopHukn TpaneunesmaHon bopmsl, pacno-
NIOXEHbI MO NEPEeAHen KPOMKE Kpbind.
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Puc. 1.145 POA F412: a) sBHewHui BuA; 6) KOHCTPYKTMBHAS CXeMA

BeHtunsartop - Tpéxcrynenuatsiit. [lo cpasHeHuio ¢ BeHTURATO-
pom asuratens F404 ysennuer ero aameTp, noBbilLeH PACXOL BO3-
AYXQ W MOHUXEHA CTENeHb MOBbILLEHUS AABNEHUS ANA MOBbILLEHUS
CTOMKOCTM K YAOAPHbIM HATPY3KAM MPK NONAAAHUM NTUL, NbAA U APY-
TUX MOCTOPOHHKX NPEAMETOB.

Kopnyc BeHTHnsTopa 13rotoBneH 13 KOMMO3ULMOHHOTO MATE-
pVana, 4TO KOMNEHCUPOBANO YBENMYEHUE MACCH 30 CYET NPUMEHE-
HUS CTAILHOTO KOPMYCA KOMMNPEeCcopa.

Komnpeccop. KoHcTpykums ananormuHa komnpeccopy F404,
HO M3rOTOBNEH U3 CTANM, O HE U3 TUTAHA.

TypbuHA HM3KOro AABAEHMA - LBYXCTYNEHYATAs, SBNAETCA
YMEHbLUEHHBIM BAPUAHTOM TypbOuHbl aeuratens F110.

Pecypc ropsueit yactu geurartens - 2000 4 npu TemnepaTtype Ha
Bxo4e B TypbuHy Bbicokoro gasnenms Ha 150° sbiwe, yem y cepui-
HbIX ABUTATENEN.

Conno - Nnockoe perynnpyemoe, M3MeHIEMOro BEKTOPA TATH,
PACMONOXEHO HAA 3a4HEN KPDOMKOM KpbIna.

Cucrema ynpasnenus - FADEC, paspabotaHHas Ha ocHose
CAY TPOAO® F110-GE-129.

Oransl paspaboTku:

1989 r. Hauano kBONMGUKALMOHHBIX MCMBITAHMIA, PACCYUTAH-
Heix Ha 9000 .

Ausapb 1991 r. Mpekpalerue paspaboTku B CBA3M C OTKAZOM
OT NPOrPAMMbI CO3AaHKa camoneTta A-12.

B nauane 1990 r. 8 komnanuax McDonnell Douglas u General
Dynamics BbIfBUAMCS NPOBREMBI 1 BO3POCU 3ATPATHI, CBA3AHHLIE C pe-
QnM3auMen NPOeKTA. V3-30 CIOXHOCTEN C KOMMO3WUTHLIMKA MATEPUANO-
Mn macca camonéra yeenmuunace Ha 30 % no cpaeHeHuIo ¢ NpoekT-
HOM, 4TO BLINO HEXENATeNnsHO Ans ero 3GdEKTUBHOrO UCMONb30BAHMS
HO OBMOHOCLE. TEeXHWUYECKME TPYAHOCTM, CBA3AHHbBIE CO CIIOXHOCTHIO

Tabnnua 34 - OcHoBHblE NAPAMETPLI ABUrATENS
F412-GE-D5F2 [17, 77, 89]

A-12 Avenger Il

F412-GE-D5F2
Py, , kH (krc) R
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Cyaekr/kH u (kr/xrc 4) -
Pysn, kKH (Krc) 64,5 (6574)
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MCNOMb3YEMON PALMONOKALMOHHOM CUCTEMBI, TOKXE NMPUBENM K YBENM-
yenmio 3atpat (no ouerkam A-12 nonxen 6bin notpebnats no 70 %
Giomketa BM® Ha camonér. [MNocne saaep ek npoBepka KOHCTPYKLMM
6bina ycnewHo sasepiuera B oktabpe 1990 r., a nepsbii nonét Guin ne-
peHecéH Ha Hadano 1992 1. B pexabpe 1990 r. nnanuposanocs ocHac-
tmth 14 asnanocues BMO® kpoinom no 20 A-12 B kaxkaom.

Tabnunua 35 - OcHoBHbIE NOPAMETPLI MPOEKTA COMONETA
A-12 Avenger Il [89, 90]

Paspaboramx McDonnell Douglf:s "
General Dynamics
Camonér A-12 Avenger Il
Mepsbii nonér, r. 1992
UarotosneHo, wr. -
Macca nycroro, kr 17690
MakcumansHas B3néTHas macca, Kr 36287
Macca 6oeBoit Harpy3ku, Kr 2300
Cunosas ycraHoska 2xTPAADP General Electric
F412-GE-D5F2
MakcumanbHas ckopocTb, KM/ 4 930
Boesoi paaunyc, km 720
MoTonok, M 12000
Mpaktuyeckas pgansHocts ¢ MTB, km 1500
MakcumanbHas neperpyska, g -

OpHaKo, NPABMTENLCTBO MOCUMTANO, YTO MOAPAZUMKM HE MOTYT
3ABEPLIMTL MPOTPAMMY, M MOPYYMIO UM BbIMNATUTE GOMbLIYIO 4ACTb
13 2 MUNNMAPAOB AONNAPOB, KOTOPbLIE BbIM NOTPAYEHbL HO PA3Pa-
6otky A-12.

B 1991 r. nporpamma A-12 6eina otmerera. E& otmena pac-
CMOTPUBOETCS KK OAHA U3 rasHbix noteps 1990-x rr., koTopas oc-
nabuna McDonnell Douglas v npusena k eé cimnsiHmio ¢ KoHKypUpy-
towten komnanuen Boeing 8 1997 r.

Mocne Heckonbkux net xpaHenus Ha npeanpuatimn Lockheed
Martin Aeronautics (panee General Dynamics) 8 @opt-Yapre (Fort
Worth), wrat Texac, B wione 2013 r. maket A-12 6bin goctasneH 8
napk Veterans Memorial Air Park, npuneraiowmit k asponopty Mu-
yem (Meacham) Ha cesepe PopT-YapTa (ceivac Myseit asmaumm
Dopr-Yapra).

To, 4TO NPOrPAMMA BbINa OTMEHEHT, NPUBENO K MHOTONETHUM
TAHKOAM Mexay Noapsaunkamu n MuHucrepcteom 060pOHbI No no-
BOLY HapylweHus koHTpakTa. B ansape 2014 r. komnanum Boeing u
General Dynamics seinnatunn BMC CLUA no 200 munnuonos pon-
napos kaxgaas [89, 20].

Mpeemtukom A-12 Kak B PONEBOM, TAK U B MPOMBILLIEHHOM OT-
HoweHun daktuyecku sensetca Lockheed Martin F-35 Lightning I,
QBMAHOCHBIM UCTPEBUTENb C TEXHONOTMEN MANO3AMETHOCTH, OPHEH-
TUPOBAHHLIN HO HasemHble ataku. [89, 90]. i
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21 wionst 2021 ropa ywen m3 Xu3Hu TanaHT-
JUBBIN Y4YEHBIM, LOKTOP TexHuyeckux Hayk Ceup-
ayk fOpwit Cemerosuy. Bero cBoto kusHb oH noc-
BATWI NPUKIAGHOM HAYKE, KOTOPAst Bbina NoCTas-
NEHA Ha CYXBY PAKETHO-KOCMUYECKOM OTPACIH
Hawewr crparsl. [Opuit Cemerosny poauncs 18
despans 1938 roga. OH npoxun odeHs NnogoT-
BOPHYIO XWM3Hb, B KOTOPOM BbIIO HEMANO YHM-
KanbHbIX MomeHToB. OH npopabotan 8 crapen-
LIEM NPEANPUSTUM POKETHO-KOCMMYECKOM OTPAC-
m (PHUN-HUNT-HUATI, heive LlenTp Kenasi-
wa) 6onee 50 net, opHOBPEMEHHO NPENOACBAN B
MAM. IOpuin CemeHosuny Gbin Moeonorom cosaa-
HUS! 1 OCHOBHBIM PA3PABOTYUKOM MOLLHBIX MIA3-
MOTPOHOB NMEPEMEHHOTO TOKA, KOTOPbIE bl
o4eHb BOCTPEBOBAHDI ANS UCTILITAHMI MATEPUA-
NIOB M U3AENMIt oTPACU. YBexaeHHbI% B nepcnek-
TUBHOCTU MOLLIHBIX MIIA3MOTPOHOB 3TOMO TUNA,
IOpuit CemeHOBMY MHOTO CWil OTAAN CO34AHMIO
TEOPWM SNEKTPUYECKUX AyT MEPEMEHHOTO TOKA, A 3aTeM NpoBen GyHAA-
MEHTASIBHYIO SKCMEPUMEHTANbHYIO OTPABOTKY MIA3MOTPOHOB - OT UC-
CNEROBAHMS KIIOYEBbIX BU3MIECKMX MPOLECCOB [0 CO3AAHMS HEOOXO-
IMMOM MHBPACTPYKTYPLI M ONTUMM3ALMM NMAPAMETPOB rOTOBbIX M3ae-
. B pesynstate otpacnb nonyumna HOpeXHbI MHCTPYMEHT 41 CO3-
AQHUS BHICOKOIHTAMBIMMIAHBIX TA30BbIX MOTOKOB C YHUKASbHBIMM NAPQ-
METPAMM - MOXHO BbINIO MEHATL B LUMPOKMX MPEAENnax TeMnepaTypy,
LCBMEHWE U PACXOA ra3a.

C teuenuem Bpemenn 3anoxerHble Oprem CemerHosuuem naen
cebs He ucuepnanu, Hao6oPOT, KOHCTPYKLMM NIA3MOTPOHOB COBEP-
LLEHCTBOBAUCH, YBENIMUMBANCA PECYPC UX PABOTHI, NOSBUIMCH COBEP-
LIEHHBIE CUCTEMbI YNIPOBMEHMS W AMATHOCTMKM napameTpos. B noc-
neaHee BPeMst CTAHOBMUTCSA OYEBUAHOM MX HEOBXOAMMOCTL ANst LUMPO-
KOTO KPYra TEXHONOMMYECKMX MPUIOXKEHMUM NPU PELUEHNM 3AAaY KO-
nOTUK, SHEpPreTuku, Metannyprin. B yactHoctu, Gonbluime nepcnektu-
Bbl OTKPbIBAKOTCS 151 AHHBIX MIA3MOTPOHOB B 061ACTU MNA3MOXMMIM
YINEeBOLOPOLOB.

IOpui CemeHOBMY, KOK MHULMATOP, MEHEAXEP U OTBETCTBEHHbIN
MCMONHUTENb BLINMOMHWI HEMANO PABOT MO MOCTABKAM MOLLHBIX MIA3-
MOTPOHOB COBCTBEHHOM PA3PABOTKM OTEUECTBEHHBIM M 30PYOEXHbIM
30KA3YMKOM. DTO Obin TPYA HAMPSXKEHHBIM, YECTHLIM M COBCEM HE
npoctoi. Cpean oTpabOTAHHbIX 415 30PYBExXHbIX 3AKA3YMKOB M3ae-
A OCOBEHHO CNOXHBIMM BbiNK NAA3MOTPOHBI Beicokoro, Gonee 10
MIMa, poBneHus U NNA3MOTPOHBI C MOLLHOCTSIMM O AECSTKOB Mera-
BATT. ABNsach BbINyckHUKOM MOW 1 mes BbICOKYIO KBANMpMKALMIO B
obnactn anexktpotexHuku, KOpuint CemeHosuy, nocne co3aaHus MOLL-
HBIX MIA3MOTPOHOB, BHEC OFPOMHBIN BKIIOA B CO3A0HME MOLLHbIX rA30-
aMHamnyeckmx nasepos. OH HA BLICOKOM NPOdECCHOHANBHOM YPOB-
HE OCBOMI HOBbIE METOAE POPMUPOBAHMS MOLLHOTO IA3EPHOTO U3MY-
4eHWs, OCTOBMB B HACIEACTBO B AAHHON 061ACTU BO3MOXHOCTb MOMy-
4eHMA OUYEHb Mo, BrIM3KOM Kk AMPAKUMOHHOMY NPEeaeny, Pacxoam-
MOCTU NIO3EPHOTO U3NYYEHUS IS PEKOPAHbLIX MO MOLLHOCTM Henpe-
PbIBHOTO U3My4eHUs FA30AUHAMUYECKMX IA3EPOB.

Co3p0B yHWKAmbHbIE MO NAPAMETPAM MNa3-
moTponsl, lOpuit CemeHoBMY, KOK HO BTOPOM Abl-
XQHWK, HEYCTAHHO 1 He BGe3 ycnexa ux coseplue-
HCTBOBQ, YIyULLIQN HOAEXHOCTb, YBENMYMBAN pe-
CypC HenpepbiBHON paboTel, MCKAN ANs HUX B
nocnegHee Bpems 3PpdEKTUBHbIE TEXHOMOMUUEC-
K1E NPUNOXEHMS, OCTOBMB HO STOM HANPABNEHMM
AEeATenbHOCTM BOMbLIONM 304eN HOBOMY MOKOMe-
HUIO HAYYHbIX PABOTHMKOB.

IOpuit Cemerosuy HarpaxaeH meaansio "B
namate 850-netna Mockes!", 3a sacnyrv B obnac-
TM MALLMHOCTPOEHMS M MHOTONETHWI JO6POCO-
BecTHbiit TPy emy 8 2003 roay npucyxaeHo 3sa-
Hue 3acnyxenHoro MawmHoctpontens Poc-
cuitckoit Penepaumm.

Pa3paboTka HOBLIX BbLICOKOTEMMEPATYPHbIX
TEXHOMOMMI C MCMOMNb3OBAHMEM MOLLIHBIX M103-
MOTPOHOB B MOCNEAHEE BPEMS CTAHOBMNACH BCE
6onee NPUOPUTETHBIM HAMPABNEHMEM LEATENb-
Hoctu Opwst CeMeHOBMUQ, 1 OH C UHTEPECOM PACCMATPMBAN M OLEHU-
BAN PA3MUYHBIE BAPUAHTHI M NPEMIOKEHMUS, O TAKXKE CTAPANCS NpoBe-
PUTb M NOATBEPAMTb TEXHONIOTMUECKME MAEM SKCNEPUMEHTANbHO. Hanpu-
Mep, eMy YAANOCh MOMYUYUTb HO MIA3MOTPOHE BOIOKHA M3 BLICOKOTEM-
NePATYPHbIX MATEPUANOB C AMAMETPAMM B IANCA30HE HAHOMETPOB.

BbinonHss Maccy 3KCNEPUMEHTANbHBIX MCCNEAOBAHMIt U PYKOBOAS
CMOYEHHBIM  KOMNEKTUBOM efmHoMblLLnerHmkos, Opuit CemeHosuy
Bbis YPE3BLINANHO HOXOAUMBLIM, OT3bIBUMBLIM U KOMMYHUKABEbHBIM Ye-
nosekom. OH yLuen OT HAC C NOCTORHHOM Hagexaom Ha ycnex. Coxpa-
HUM O HEM CBETANYIO MOMSTL.
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TYPBYNEHTHOGTD

KWHETHYECKOE YPABHEHHUE BOMNbLMAHA

DIBOY BO "MoCKOBCKHMIT GBUAUMOHHbIN MHCTUTYT (HALMOHANbHBIA MccneaosaTensckuit yHusepautet)” (MAN):
Opumit Muxaiinoeuu Kouetkos, a.1.H., npodeccop
Hukonai IOpbeBny KoueTkos, «.1.H., cTaplumii npenogasatens

KuHeTtnyeckoe ypaBHeHue bonblMaHa ONMUCbIBAeT CTaTUCTUYECKOEe pacrnpepesieHue 4acTul B rase Wiuv XUAKOCTU.
flBnsieTci OCHOBHBIM YypaBHeHUEeM HU3NYECKON KUHEeTUKU, KOTOpoe ONnuUcCbIBaeT CUCTeMbl, pfanékue oT
TepMoAUHaAMUYEeCKOoro paBHOBecUs. YpaBHeHue bosibumMaHa onucbIBaeT 3BOJIIOLUI0O BO BPEMEHU MIOTHOCTU
pacnpegeneHus. 3anucbiBaeTcs Ans ga3oBoro obbeKkTa B BUAE paBeHCTBa CybCcTaHLMOHAIbHON MPON3BOAHON yHKLUN
pacrnipepeneHuss U UHTerpana CTO/IKHOBEeHUU. B pesynbTate mccnepoBaHuii 6bii1 npoBeAeH aHanvu3 ypaBHeHUS
bonbLMaHa M BO3MOXHbIX METOZOB €ro pelieHus. YCTaHOBJIEHO, YTO aHalMTU4YecKoe pelLueHUEe COMPSIXKEeHO C
OrpOMHbIMU MaTeMaTU4eCKUMU TPYAHOCTIMU U B HacTosiliee BpeMsi UX HeT. B penakcauumoHHOM npubnuxeHun K
paBHoOBecUIO 3anucaH HOBbIV BAPUAHT ypaBHeHUsl bonbLMaHa Yepes sHTponuio. MonyyeHa aHanuTnyeckas 3aBUCUMOCTb
BpeMeHU penakcaLuy oT SHTPOIUM.

The Boltzmann kinetic equation describes the statistical distribution of particles in a gas or liquid. It is the basic equation
of physical kinetics that describes systems that are far from thermodynamic equilibrium. The Boltzmann equation
describes the time evolution of the distribution density. It is written for a phase object in the form of equality of the sub-
stantial derivative of the distribution function and the collision integral. As a result of the research, an analysis of the
Boltzmann equation and possible methods for its solution was carried out. It is established that the analytical solution is
associated with huge mathematical difficulties and currently there are no such difficulties. In the relaxation approxima-
tion to equilibrium, a new version of the Boltzmann equation is written in terms of entropy. The analytical dependence

of the relaxation time on the entropy is obtained.

KnioueBble cnoBa: Typ6yIeHTHOCTb, penakcauyns, KUHeTUKa, ypaBHeHue bonbyMaHa.
Keywords: turbulence, relaxation, kinetics, Boltzmann equation.

YDOBHeHMe BonbumaHa - yHMBepcansHoe ypaBHeHUe CTaTUCTy-
yeckoi duamkm [1]. OHo sBnseTcas 0CHOBOM MONEKYAAPHO-KUHETUYEC-
KOM TEOPHM U CHABXAET MEXAHUKY CMOLLHbIX CPes HEOBXOAMMbIMM
AN MPOKTUYECKMX PACYETOB NEPEHOCHBIMU CBOMCTBAMM. YPABHEHUE
BonbumaHa npeacrasnsier coboi PABEHCTBO MOHOM NPOU3BOAHOM
MAOTHOCTU PACTPEAENEHUs MONEKYN U MHOTOKPATHOMO MHTErPANa mx
CTONKHOBEHM. MHTerpan CTONKHOBEHMI 4ACTO HA3LIBAIOT MPABOM
4aCTbIO ypaBHeHWs bornbumaHa 1 e oH paseH Hynio, To 3TOT cy-
4aM HA3bIBAIOT OAHOYACTUYHBIM yYpaBHeHWeM JTuysunns.

CTONKHOBEHME YACTUL, MPUBOIMT K U3MEHEHUIO MX CKOPOCTEN.
Ecnu onpegneneHa BeposiTHOCTL PACCESHUA YACTULLI CO CKOPOCTBIO V
B COCTOSIHME CO CKOPOCTBIO V), TO MHTErpan CTONKHOBEHMI MOXHO
KOHKPETU3UPOBATS.

Ecnu 6bl cTonKHOBEHMEM MOMEKYN MOXHO BbiNo Gbl NpeHebpes,
TO 419 QYHKUMM PACMpeaeneHmns monekyn 6uina bl CnpasesMBa Te-
opema Jlnysunns, B cuny KOTOPOM NPOBAs YACTb CTAHOBUIACH Bbl
paBHOM Hymio, a ypasHeHue df/dt= 0 onucsiBano 6bl ypasHeH1e pas-
HOBECHS CUCTEMBI.

Jpyrumu cnoBamu, Npu BEAMUYMHE MHTErPANA CTONKHOBEHWI PAB-
HbIM HYSIIO PEANM3YeTC PABHOBECHOE PACNPEAENEHNE YACTUL,

Haunbonee nssecTHbIM pacnpepenermem asnseTcs pacnpenene-
Hue Makceenna no ckopoctam [2]:

f0=fx=”i(

me”

mo 32 =
)™
2wkT

me ¢ (x vy, z 1) =vi-vx v z 1)

YpasHeHnus bonbumaHa u borono6osa
Buisoa obuiero BMaa KMHETMYECkoro ypasHeHws bonbumana
AOCTATOYHO TPYAOEMOK, NMO3TOMY 3AMMULLIEM €r0 B OKOHYOTENIbHOM

suge [3]:
of) B, ofh of
—+ ——— +x——=2_ [[[(f1- £ - £ £ 2bdbde (dB).
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O60o3HAYEHNs B TOM Xe CChiKE M Ana KPDATKOCTU HE 3AMMUCbIBAKOTCA.

B takom BMAE Y4YMUTBIBAKOTCA BCE MHAEKCbI U UHTErpuMpoBaAHKE
ocyLliecTsnaeTca ana HeoAHOPOAHbIX rA308B.

B yactHom cnyd4ae ogHOpOAHOro rasa, Kkorga B MatnmaTmyec-
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KX BbIPAXEHUAX MPUCYTCTBYET MHOIro CUMMETPUKU, YpABHEHUE
BOJ‘IbLI,MOHO CUIIBHO YyNPOLAeTCa, a KOHKpPEeTU3auma nepemeHHbIX
NO3BONAET NONYYNUTb 6onee I'IpOCTOl:I BUO MHTETpANa coynopeHMﬁ

v Wi -f, - -f)odv
o =(f'-Fy - f-Hlodv.

Mpu 6onee CTPOrom NOAXOAE ANA NOMYYEHUS KMHETMUECKOTO
ypaBHeHus bonbumaHa ucxomst us ypasHenus Jlnysunns ans nnot-
HOCTM pacCnpefeneHus BCcex Monekyn rasa B Gba3oBoM NpoCTpaH-
CTBE, M3 KOTOPOrO MOMYyYQIOT CUCTEMY YPABHEHWM ana GyHKUMMA
pacnpegeneHus oaHOM, ABYX W T.A4. MONEKY. DTy Lenoyky ypasHe-
HUI PELLAIOT C MOMOLLBIO PA3NOXEHMS NO CTEMEHAM MIOTHOCTH YaC-
THL C MCMNONB3OBAHWMEM FPAHUYHOTO YCNOBMS OcnabneHus koppens-
LM, 3QMELLAIOLLLETO TMNOTE3Y MOJSIEKYNISPHOIO Xa0Ca.

Mpexae, 4emM nNeperTn K M3BECTHLIM PEeLIEHUSIM YPABHEHMs
BonbumaHa, npuBefem KOPOTKME OMUCAHUA ABYX MPAKTUUECKM BAXK-
HbIX CNeacTBMMA.

H-teopema bonbumara

H-teopema bonbumaHa [oKa3bIBAET 30KOH BO3PACTAHMS SHT-
POMUM A5 U3ONMPOBAHHOMN CUCTEMBI M BbINA MHMLMMPOBAHA Jlionsu-
rom bonbuUMaHOM B LEnax LOKA3ATENLCTBA HEOBPATUMOCTH NPOLEC-
CO Nepexona CUCTEMbI U3 HEPUBHOBECHOTO COCTOSIHWS TEPMOAUHA-
MMYECKOMN CMCTEMBI B POBHOBECHOE.

Bonbumar Been 8 06uxon noHatne H-dpyHkunm. C ogHom ctopo-
Hbl, OH BBEN €8 KaK 0BpATHYIO NO 3HaKy aHTponun H = -s. C apyroi
KOK HEKOTOPYIO CPERHIOn OT Norapudma niIoTHOCTH pacnpenene-
Hus f: H(f) = <Inf>:

H (1) =Inf(t, v) -1, v)dyv,

rae = f(f, v) - nnoTHOCTb pacnpeneneHus, 30B1cALLas OT Bpe-
MeHu 1 daszosoro o6véma. DHTponumio bonbumar xapaktepusosan
kak: s =-H=-Inf.

Hokasatenscteo H-teopembl ocHoBaHo Ha anddepeHumposa-
HUM cobcTeeHHo ypaeHeHua bonbumarna [4]. Torna

dH .
— [FF-#F) 0+ odvay vv
t

3necb v U v' - CKOPOCTb YACTULI-CHOPSAC A0 COYLAPEHMI M



NOCE, VU V' - CKOPOCTH YACTMLBI-MULIEHM 10 U NOCAE COYAAPEHMI;
f ¢ METKOMM - MNIOTHOCTM PACMpPEeneneHus No CKOPOCTAM MOSEKY
CHOPAAA M MULLEHM O M MOCE COYAAPEHWHN.

Mpu pansbHeRwMx Npeobpa30BAHMAX UCMONbL3YETCs Creayio-
e runoTesbl: Nnepsasd - rMnNOTe3d AEeTANbHOTO PABHOBECHUA. C‘-H/ITO‘
eTCsl 4TO CKOPOCTU HABEraHUSA M OTCKOKA COOTBETCTBYIOLLMX YOCTUL
PABHbI 1 MOXHO MPUMEHATH ONepauMio cummeTpusaumu. [pu sTom
MOXHO 30MEHUTb V HA V’M OCpPEefHNTb, NOCKOJIbKY OHN OAMHOAKOBbI.

M ewe. MockonbKy MULLEHM M HONETAIOLWME YACTULE GOPMUPY-
IOT CBOM CnekTp pacnpenenerus, bonsumar ans storo paspaboran
ewé ofHy rvnoTesy ans Toro, 4tobul MXx BCEX OBbEAMHWUTb. DTO -
Stopzahlansatz - runotesa uncna cronkHosenwit. OH paccyxapan
TAK: €CIIU 3TO BEPOSTHOCTH, TO OHU MEPEMHOXAIOTCS; TOTAd NOSBNS-
IOTCS NONAPHBIE MPOU3BEAEHMS - 3TO MIOTHOCTU PACTPEAENEHMI 4O
M NOCIE CTONKHOBEHMI. 3HAUYMT, YTO Pe3ynbTUPYloLLee pacnpeaene-
HME - ecTb uX pasHocTb. [anee, aHANU3WMpPys NOALIHTErPAbHYIO
byHkuMio, bonbuMaH [OKO3bIBOET CBOE OCHOBHOE YTBEPXAEHME,
yto dH/dt < 0. M3 nocneaHero HepaseHCTBG AeNaeTcs BbIBOA O NOC-
TOAHHOM BO3PACTAHMM SHTPOMMUMU, U TEM CAOMBIM LOKA3bIBOETCSA BTO-
poe Hauyano TepmMoanHammku.

YpasHeHne YenmeHa-SHckora
YpasHeHne YenmeHa-DHCKOra aBnseTcs CrneicTsMem ypasHe-
Hus bonsumana. OHo Takxe He oTaMYaeTcs NPOCTOTOM M MATEMA-
TUYECKMM M3ALLECTBOM, HO OHO BAXKHO AN TEOPETUUECKMX MCCNELO-
BAHMM.
YpaeHeHue YenmeHa-DHckOra noayyaetcs nyTem NpoBeseHus
HECKOMbKMX MATEMATUYECKUX ONepaLuit HaL ypasHeHuem bonsumata.
1. YMHOXEHME nesoi 1 Npaeoit 4aCTH YPOABHEHMS HA HEKOTOPYIO
csoboanyio dyHkumio (cy, ¢y, ), rae ¢ = vi - volx, v, 2, 7).
2. nTerpuposanme nesor 1 npasoit yacten no dv.
3. NnTerpuposanme no 4actsm ¢ y4eTom BLICTPOro, SKCnoHeH-
UManbHOro ybbiBaHMs (v) Ha XxBOCTAX.
4. B npouecce npeobpasoBaHUi UCMONb3yeTCH CBOMCTBO CUM-
MeTPMU.
[lenatsb BbIBOA 3TOrO ypaBHEHMS HE LENecoOBPA3HO B CHily HO3-
BAHHBIX PAHEE MPWUMH, O 3AMULLIEM €ro CPa3y B KOHeUYHOM Buae [5]:
0 0 . oy, _ o, P oW,
~ Z?ﬂ”i‘/’i W= z‘?ﬂ”x‘/’i"fz‘?:]”i[( — V=) (===
ot ot ot ot m; ov

1
= Dl Ity v - 2bbde (d7)a7).

MpeobpazosaHue ypasHeHus YenmeHa-DHCKOra NpMBOAAT ero
K YHUBEPCANbHOMY YPOBHEHMIO CTATUCTUYECKOM GU3UKM, KOTOpOE
CBA3bIBAET B KOHOHUYECKOM BUOE d)yHKLI,I/IIO pacnpeneneHns u napa-
MeTpbl pa30BOro NpocTpaHcTea. BeeneHHbie BHOBL "cBOGOAHbBIE"
byHKUMK, B aanbHENWEM NO3BOAMAKM NPeobpasosaTh CTATUCTUYEC-
KMe YPABHEHMS B GEHOMEHONOMMYECKME YPABHEHUS COXPAHEHUS B
rasoBon ONHOMUKE. COOTBeTCTByIOLLIMe NOoACTAHOBKM MO3BONAKOT
NONY4YnTb BCIO CUCTEMY B TROAMLMOHHOM BUAE:

0
B divpvy = 0 - ypaBHeHIe HEPA3PLIBHOCTY;
ot
oy _ 0. __ oP N
pl—+Vo—vpl = —+—7 +Z“i;:] NX; - YPABHEHWE MMMYNbCa;
ot or or or

ov. _o o_ . 0 _ . QBHEHMe
P[;‘*(Vo E)V]=- ECI'Pd'VVo tT EVO 28 ni{xiv) - Zﬁeprmw;

P G G Cy
—=RT(—+ —+ ..+ —) - ypaBHEHME COCTOSHMS.
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Teopus YenmeHa-DHckora npeacrasnaeT cO60M BAXKHbINA WAr B
nepexone OT MUKPOCKOMMYECKOrO OMUCAHUSA, OCHOBAHHOTO HA ABM-
XEHUU OUCKPETHBIX YACTUL, K TMAPOANMHAMUYECKOMY KOHTHUHYYMY.

YunuTeiBas TOYHBIE OMEpauUMM B Npouecce npeobpa3oBaAHMMI
(kpOoMe OTMEUEHHOM ACUMNTOTHKM) MOXHO CYMTATb, YTO MEPEXOL OT

HAYKA

ypaBHeHus bonbumaHa k ypasHeHuio Yenmera-DHckora ocylec-
TBNEH 63 YNPOLLEHMIA.

Taknm 06pasom ypasHeHne YenmeHa-DHcKora He nossonsert
HOWTK pelueHne ypaBHeHus bonbuMaHa - NNOTHOCTL pacnpegene-
HUs, HO No3BonseT npeobpaszosaTh ypasHeHue bonsumara B peHo-
MEHONOrMYECKME YPABHEHMSI COXPAHEHMS.

MonbiTkn aHanuTyeckoro pewenmns ypasHeHus bonbumaHa

CyliecTtsyeT npubnnxeHHOe peLleHmne KUHETUYECKOrO ypaBHe-
Hua bonbumana ¢ nomousio nonnHomos Conumna [6]. Kak 6bino yc-
TAHOBMIEHO, YTO BBMAY CNOXHOCTM 30KOHA B3AMMOAEMCTBUS MOne-
Kyn, onpeaensioLlero GyHKUMM B UHTErpane CTONKHOBEHMM, ypaBHe-
Hue bonbumaHa, no cywecTsy, He MOXET faxe BbiTb 3ANUCAHO AN
KOHKPETHbIX TO30B B TOYHOM BUfE.

B cBA3M C 3TMM B KMHETMYECKOM TEOPMM ra30B NpuobpeTaioT
ocoboe 3HaYeHne LOCTATOYHO dbEKTUBHBIE METOALI NPUBAUXKEH-
HOro pelerus ypasHerus bonbumara. OanH U3 NpuMepos TaKOro
peLLUeHUst MCNOMb3yeTCs B NMPUMEHEHUM €ro K OLHOATOMHOMY rasy.
Paccmatpueaetca sagaya o tennonposogHocti. He sHukas ry6o-
KO B MOAPOBHOCTH, OTMETUM, YTO BHAYANE 3AMMUCHIBAETCS IMHEAPH-
30BAHHOE ypOBHEHME. 3ATEM BBOAMTCA NIMHENHLIN ONepaTop M
BbICTPOMBAETCS MHTErPA CTONKHOBEHMIA:

NB 32
folv) = eb.
M2 3/2

DbdpexTUBHLIN MeToL NPUOBIUKEHHOTO PELIEHWss OCHOBAH HA
PA3MNOXEHUN UCKOMBIX BYHKLMIA MO MOHON CUCTEME B3AUMHO-OPTO-
FOHANbHBIX GYHKLMI, B KOYECTBE KOTOPLIX 0COBLIM yno6cTBOM 06510-
patoT nonHomsl CoHUHA.

D1 dyHKUMM OnpenenstoTcs GOPMyoit:

1 m
Sh(x)= — ex" —
m! dxm

e forer

I byHKUMM 0BNAAAIOT CBOWCTBOM OPTOTOHANBHOCTH, YTO 1B~
naeTcs yaobHbIM Npu NpeobpasosaHmax camoro ypasHerus bonbu-
MaHQ.

XoTsi nMHeapM3aums CUNbLHO YNpPOLLAeT UHTerpo-anddepeHLm-
ansbHoe ypasHeHue bonbumaHa, TeM He MeHee, CaOMM BbIKNAAKM JOC-
TATOUHO TPYLOEMKM W CITOXHbI.

PeweHnus faxke NUHEMHbBIX MHTErPANbHBIX YPABHEHUI B HACTOSI-
Lee BPems eLLe HE MOTYT BbiTb MOJYYEHbI B BUAE KOHEYHbBIX COOTHO-
weHui, nMbo KBaapaTyp.

OwHu npakTHyecku Bcerna MoryT BbiTb MOMyYeHbl, KAk BbiNo yxe
OTMEYEHO NULLb B BUAE BECKOHEYHBIX PALOB, HAMPUMEP, C MOMOLLBIO
nonrHomos CoHuHa.

Takas KOHCTPYKLMS MMEET CreayioLlee NpeacTaBneHme

MW m+
S =Sy ke
(m - KIk!

B cuny cnoxHocTH camux nofaMHOMOB HA MPAKTUKE BCE PABHO
ULLYT NPUBAMXEHHbIE GYHKLMM.

[ns HOXOXAEHMS [OCTATOUHO TOUHBIX MPUBAMXKEHHbIX PELLIEHM
4ACTO UCMONBL3YIOT BOPUALMOHHBIE METOABI, TO €CTb CBOAAT NPUGIN-
XEHHOE pelleHue KAXAOrO MHTErPANIbHOrO YPABHEHMS K HOXOXAE-
HUIO MUHMMYMQ.

Mpumep ¢ npumeHeHrem nonnHomos COHWMHA SBASETCS YMCTO M-
NOCTPATHBHBIM. KOK BMAHO, TOKOE YNPOLLEHUE PELLIEHUS 3AAAUYM TOXE
BeCbMa HenpuanekaTensHo. OHO NULLb LEMOHCTPUPYET BO3MOXHOCTH
MCMONb3OBAHMS PASMMUYHBIX CBOMCTB DYHKLMMA 1 NONMHOMOB.

YpaBHeHHe paBHoBecHs

YpasHeHus bonbumaHa cnpaseanuebl Ans cnyyas, korga ras
HOXOAMTCS B KAXAOM TOuKe 06bEMA B COCTOAHMM JIOKANBHOTO PAB-
Hosecws. [1py NONHOM TEPMOAMHAMMYECKOM POBHOBECHM YPABHE-
Hue bombumaHa MMeeT BMA, KOrAA MPABAS €ro YACTb PABHA HYMIO
(MHOrOKpaTHBIN MHTErPAN paseH Hymio). B 3Tom cnyyae cnpaseanu-
BO COOTHOLLEHUE:

fOiH)'fOiH)' - fo‘_ﬂ)foiﬂ) =0.
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CrnoxHoctb ypasHeHus bonbumaHa elie He fnoeT OCHOBAHWMA
ans neccmmnama. OHO ABRSETCH MOLLHEMLIMM MHCTPYMEHTOM ANs
QHAMU3A NPOLECCOB, CBA3AHHBIX C NEPEHOCHBIMWA CBOMCTBAMM, TOKM-
M KaK AndPysus, BA3KOCTb M TENNONPOBOAHOCTb. [ns nnasmel eLe
W 3NEKTPONPOBOAHOCTS.

YpasHeHne bonbumaHa siBAseTCs CHOXHBIM WMHTErpo-audbde-
PEHLMANbBHBIM YPOBHEHMEM B YACTHBIX NPOoM3BoaHbIX. Kpome Toro,
MHTErPan CTONKHOBEHUM 3ABUCUT OT KOHKPETHOM CUCTEMBI, OT TUMNA
B3OMMOAENCTBMS MEXAY YOCTULAMM U OT Apyrux GbaKTOPOB.

HaxoxaeHre obLwmx xapaKkTePUCTMK HEPABHOBECHBIX NPOLEC-
coB (kMHeTMyeckux npoueccos) secbma Henpoctoe peno. OpHako
M3BECTHO (KAK Mbl M MOKA3QM), YTO B COCTOAHMM TEPMOANHAMMYEC-
KOro PABHOBECKUS MHTErPAN CTONKHOBEHMI PABEH HYIHO.

[lencTBiTEnBHO, B COCTOSIHMM PABHOBECUS B OAHOPOAHOM CHUCTE-
M€ NP OTCYTCTBMM BHELLHWX NOMEN (Cun) BCE NPOWU3BOAHLIE B NEBOM
4aCTU ypaBHEHUS BONbUMAHA PABHBI HYMIO, MOITOMY MHTErPAN CTOSK-
HOBEHMIM TOXE [OMKEH PABHATLCA Hymto. OCHOBHbIM NPUNOXEHHUEM
PABHOBECHOTO ypaBHeHMs bonbumaHa sBnseTcs paBHOBECHOE pach-
penenexne Makceenna no ckopoctam f(v). Bropbim BaskHbiM npuno-
XEHUEM sBnseTcs pacnpepeneqve bonsumaHa no sHepruam.

YpasHenue bxarHarapa-fpocca-Kpyka (BGK-model)

OpHUM 13 NPU3HAHHBIX peLlleHuit ypasHerus bonbumaHa aens-
eTcs pelerue BOIM3M TOUKKM PABHOBECUS GYHKLMM PACTPEAENEHNs
[6]. Opyrumu cnosamu, uwetcs pelenmne sGAM3M pacnpeseneHus
Makcsenna. MMpu 3TOM MCNONb3YETCH METOL MAbIX OTKIIOHEHMH, Q
COMa yHKUMA NPEACTABSETCS B BUAE CYMMbl POBHOBECHOM dyHK-
UMK 1 GyHKUMK €€ NPpUpaLLEeHUs:

f=folv) + ,

roe fo(V) - pasHoBecHas dyHKUMs pacnpepeneHus, kotopas 3a-
BWCHT TOMbKO OT CKOPOCTH Y4ACTHL. DTA PyHKUMA U3BECTHA M3 TEP-
MOAMHOMMKM, O [ - 30BEAOMO MMeloLas HeGOMbLOoe OTKIOHEHUE
OT PABHOBECHOTO 3HAYEHMS.

Kunetnueckoe ypasrenmne bonbumara sensetcs nHTerpo-aud-
bepeHuUManbHbIM YPABHEHWEM NEPBOTO NOPSAKA MO BPEMEHM U OMU-
CbIBAET HEOBPATUMBIN NEPEXOL CUCTEMBI M3 HEKOTOPOTO HOYANLHO-
rO HEPABHOBECHOTO COCTOAHMA C YHKUMEN PACTPEAENEHMUs B KO-
HEYHOE PUBHOBECHOE COCTOsRHME C Hanbonee BEPOATHON byHKLMEH
pacnpegneneHus.

B 3TOM cniyuce MOXHO pasnoxuTb MHTErPAn CTONKHOBEHMIA B
psan Tennopa oTHoCHTENsHO dYHKUMKM f; M 3anNMcaTh ero B Buae:

oty

Tpen Toen

’

TAE Tpen - BPEMA PENAKCALMM.

Takoe npubnmxerne BbINO HA3BAHO NPUBAUXEHUEM BPEMEHM
PENAKCALMM MM MOAENbIO MHTErPaNa CTONKHOBEHMI bxatHarapa-
[pocca-Kpyka (BGK-model).

Bpems penakcauum, Bxogsuiee 8 ypasHeHune bonbumana, 3asu-
CUT OT CKOPOCTM H4ACTUL, O CNEAOBATENLHO, M SHeprun. Bpema pe-
NAKCALMKM MOXHO PACCUMTATL N1 KOHKPETHOM CUCTEMBI C KOHKPET-
HBIMM MPOLECCAMM PACCEAHUSA HACTUL,

YpaereHne bonbumara B npUBAUXEHN BpEMEHU PeNnakcaumm
MOXHO 3anncaTe:

df  f-f,

dt Toen

Mnu B passepHyTOM BUAE:
of F f-fo
—+Vgradf+ —gradf =- —.
ot m

pen

Hosbie npeobpasosanms 1 pewenus

B pa6orax [7, 8, 9] 6bino nokazaro, 4to nioboi NpoLecc Hackl-
LEHMs1 MOXHO NPEACTABUTL Yepe3 yHMBEPCAnbHYyO ¢yHkumio. Bug
5TON QYHKLMM AN PA3HbIX NPOLECCOB B GE3PA3MEPHOM BMAE OCTA-
€TCs OfIHUM M TEM XE, OH - YHUBEPCANEH.

DyHkums nzobpaxkeHa Ha puc. 1. 1 oTobpaxaeT cneayiowme 0b-
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Puc. 1 HopmanbHas ¢yHKums HaCbILLEHMS

nacT1: 061acTb MHAYKLMM, KOrAA MPOLECC TOMbKO NOATOTABIMBAETCS,
Ho euwe He upet (mutepean [0; 0,1]). Obnacts BeicTporo HapacTaHus
NPOLECCA HACHILLEHMS, KOTAA YCNOBUS MOATOTOBMEHb! M NPOLECC HA-
yancs [0,1; 0,2]. Unrepsan [0,2; 0,4] - crabunusaums npouecca (nu-
HeMHbI yuactok) u nutepsan [0,4; 1] - soBepLueHre npouecca HaChI-
wenms. Uutepsan [0; 1] senaetca nepuopom penakcaumm. 3a 310
BPEMSs NPOLECC AOCTUIAET COCTOSIHUS PABHOBECHS.

Mpouecc HackilweHus, NO CyLWwecTBy, SBASETCS NPOLECCOM Me-
pPexona OT OfHOTO PABHOBECHOTO COCTOSIHWS B ApYyroe, Hanbonee
BepoaTHoe. [Tpuuem HavansHoe pasHOBECUME MOXET BbiTh HOPYLUE-
HO MyTEM BHELUHWX BO3AENCTBUI Ha cucTemy. Crctema moxeT BbiTh
BLIBEAEHA M3 MOJIOXEHUA PABHOBECKS Tpems cnocobamu. ns nnas-
Mbl - Mx YyeTbipe. 30 BbIBOL CUCTEMBI M3 PABHOBECUS OTBEYAIOT KO-
dbuumenTsl neperHoca. Ecnu B cuctemy, ypaBHOBELLEHHYIO MO Onpe-
AENAOLMM NAPAMETPAM, CAENATL AOMOSHUTENbHLIN BOPOC Morne-
KyJl, TO €CTb B TOM Xe 06bEME YBENNUUUTL UX OBLLEE KONUYECTBO, TEM
6onee CoO CBOMMM NIOKAMbHBIMWA CKOPOCTSIMK, TO POBHOBECUE HAPY-
wutcs. [Noraet npouecc BHYTPEHHUX TEYEHUI (TOKOB), KOTOPLIN NO
NPOLUIECTBMM NPOLECCA PEeNaKCaumm BHOBb NpUobpeTeT paBHOBEC-
Hoe coctosHue. BaxHbiM napametpom byaet koadduunent auddy-
aun. Ecnu B cnctemy BOBGOBUTL LOMOMHUTENBHOM SHEPTUM, HANPK-
Mep, NOJOrPeTL a3 MM ero OXNAAUTh, TO PABHOBECHLIN MPOLECC
TAK X€& HapyWwuTcs. [109BATCS TOKM - BHYTPUMONEKYNAPHOE ABUXE-
Hue. HoBoe paBHOBECHOE COCTOSIHUE COCTOMTCS MOCHE MPOXOXAE-
Hus Tennosoi penakcaumn. Kosdduumert tennonposogHoctn By-
AET 34eCb UrPATL ONPEAENALLYIO Ponb. TpeTbum dakTopom bynet
MMNYNbC (BA3KOCTL). ECnM YacTuubl KaK-TO pa3orHaTh mnm 3aTOPMO-
3WUTb, TAKXE HAYHYTCS BHYTPEHHME TOKM B CUCTEME. TAKOM Xe npo-
LEeCC, NPW NUAMPYIOLLEM NAPAMETPE 3NEKTPONPOBOAHOCTb, MOXET
HOYATLCS B MNA3ME.

DTH BHYTPEHHME TOKM HA3bIBAIOTCA SHTPONMitHbIMK [10], M oHu
ONpenensioT BCe NEPeHOCHbIE CBOMCTBA cUCTEMbI: anuddysuio, Bs3-
KOCTb, TEMIONPOBOAHOCTb M MEKTPOMNPOBOAHOCTL B CIIyHYAE MNA3MbI.

3akoH y (&) MaTemaTueckm 06PA3OM NPEACTABNAETCS B Clie-
AYyIOLLEM BUAE!

1 1-1
V/(é):ze 55

3nech 1 GyHKUMS, U APTYMEHT SBASIOTCH GE3PA3MEPHbIMK NAPA-
metpamu. Mpuuem ans kaxgoro npouecca oHu 6yayt csown. Ecnu
MPUMEHWUTE 3TOT 3AKOH K CIy4alO PENaKCALMM B MONEKYNSAPHOM KK-
HeTuKe, TO eCTb A8 PEeLleHns ypaBHeHUs bonbumaHa, To Benuuu-
Hy & MOXHO MPEeACTaBMTb KAK OTHOLLUEHME BPEMEHM MPOLECCa KO
BPEMEHM PENaKCAUNM Ty

O6uwmit Npouecc penakcaumm MoOXeT BbiTb 3aNUCaH C YY4ETOM
paBHOBECHOM byHKUMM pacnpegenenns Makcsenna fy:

f=fow(&).

PasHoBecue nocne ero HapyLieHus No TOM WU MHOW NPUUUHE
HacTyrut npu y (E) = 1.

Toraa, No aHANOMKU C NPUBAMKEHUEM BPEMEHU PENAKCALMU,
ypaBHeHne bonbuMaHa MOXHO 3aMMcaTh B Cleaylowem BUae:



[Togenus neByio M NpaBylO 4YACTM YPABHEHMsS HA MNOTHOCTb
pacnpeaeneHmns, nonyunm:

1 Jo
df f
fdt Tper
Bsona 6espasmeproe spems & =1/7,,,, ypasHeHue npeobpa-
3yem K Buay:
dinf 1 :
SIS

YMHOXas NEBYIO M NPOBYIO YACTU YPOBHEHMS HA KOHCTAHTY
BonbuMaHa co 3HaKOM MUHYC, NonyYaem:
d(-Kelnf) 1
= - Kp( -1).
dé w(£)

B ckobkax crnesa 3aMeuaem CTaTUCTMYECKYIO SHTPOMMIO S:

ds 1
— =-Kp(—— -1).
dé

v(é)

C yyetom uncna ABoragpo 1 MONEKYIISIPHOM MACCHI, MEPENMUChI-
BAEM YPOBHEHWME ANs TEPMOAMHAMMYecKoM sHTponun Knayauyca
OTHOCMTENBHO ra30BOM NOCTOAHHOM S/Rpt :

dSR) 1

= _( -
dé v(E)
[anee packpbiBaem copepxaHue GyHKUMM W M 3AMNUCbIBAEM
ovyeBmgHOE pCIBeHCTBOZ

dESTRT)
dé

roe ST - cBa3aHHAs sHeprus, a RNT - 6onbLIONM NOTEHLMAn.
MuTerpuposarme no 6e3pasmepHOMy BPEMEHU AAET 3aBUCH-
MOCTb Mo 6e3pA3MEPHON SHTPONWM B BUAE:
ST
R,T
3HOYEHME KOHCTAHTHI MHTETPUPOBAHMS C MPUBIMKEHUEM K COC-
TOSIHUIO PABHOBECHs BBICTPO CTpemuTcs K Hymio. Ha rpadukax (puc. 2,
3, 4) BUGHO, 4TO €CIU 3TO YCIIOBME BHINOMHAETCS B MHTEPBANE PA3ME-
pom 0,01 or nonoxenus pasHoBecHs, TO NPy AANbHEALLEM NPUBAK-
xeHun k Touke pasHoeecws (0,001), noctoaHHas MHTErpUPOBAHUSA
NPaKTHYecku ucuesaet. B aTom cnyuae pelueHne CTpemMUTCs K paBHO-
BECHOMY, O SHTPOMMS K rA30BOM NOCTOAHHON. M Torna cnpaseanvsa
CBA3b BPDEMEHW PENAKCALMM C SHTPOMUEN:

ST

—=¢.
R,T

] 1
et 1) ud[ST/R,T)-(Ee? -T)de,

=- &+ const.

Takum o6pasom, B pesynsTaTe UCCIELOBAHUA BbINO LOCTUIHY-
TO cnepylollee.

1. lNpoBeger aHanua ypasHeHust bonbumMaHa 1 BO3MOXHbIX Me-
TOJOB €ro pelueHus. YCTAHOBNEHO, YTO QHAMUTUYECKOE PeLleHne
COMPAXKEHO C OTPOMHBIMU MATEMATUYECKUMM TPYAHOCTSIMU.

HAYKA

2. B penakcauroHHOM NPUBAMXEHUU K PABHOBECHIO 3AMUCAH
HOBbII BAPUAHT ypaBHeHMs bonbumaHa yepes sHTponuio.

3. MonyyeHa aHaNUTHUECKAS 30BUCHMOCTb BPEMEHM PENAKCA-
LMK OT SHTPOMMUMU. n

30
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ABMCILI,VIOH-

Hble, CyLoBblIE,
SHepreTnyeckue, u
apyrue  rasotyp-

GuHHbIE OBUTATENM
W YCTOHOBKM LOBHO
M NMPOYHO BOLLNK B
Hawy xu3Hb. Ho
3TOMY MpeawecT-
BOBQJ CAMOOTBEP-
XEHHbIM  Tpya u
XMBHEHHBIN MOABMT
MUMOHEPOB-NepBon-
poxoaues. OpHum
M3 HUx Gbin 3acny-
XEHHBIN  peaTenb
HAyKM W TEXHWKM
PC®PCP, O.T.H.,
npodeccop MBTY
- MITY UM.
H.2. baymarna
Brnaanmunp Bacunbesuy Yeapos, Bcs co3naaTensHas sHEPrus Ko-
TOPOro [0 KOHLA XM3HKU Bbina OTAAHA ra30BoOM TypOUHe.

HauansHolt nckpoi nocnysxun goknag npodeccopa J1.K. Pam-
auHa o raszosoi Typbure . Xonsusapta, ¢ kotopeim o 100 net
Hasag sbicTynun 8 MBTY. A nnams 3axer npodeccop H.P. Bpu-
nuHr, kotopsiit B 1925 r. Bpyunn monogomy npenogasatenio MBTY
B.B. Ysaposy knury Makosckoro "OnbiT nccnenosanms TypOuH
BHYTPEHHETO CropaHua”, NPeanoxun (Mo CoBMeCTUTENbCTBY) pPa-
60TATb C HUM MO FA30BbLIM TYPOUHAM.

B nepuroa 1925-1930 rr. Hebonblioi nabopatopuen "lazo-
Bas rpynna” nog Hay4Hsim pykosoactsom H.P. Bpunurra 6ein sbi-
NOSIHEH KOMMIEKC PACYETHO-OHAMMTUYECKMX U SKCMEPUMEHTAMb-
HbIX UCCNIEAOBAHUI C OMTUMMUCTUYECKUMM PE3YNbTATAMM, CYTb KO-
TOPLIX CBOAMNACH K CIEAYIOLLEMY:

* HECMOTPA HO OTHOCKTENBHO YCMELIHbIA PE3YNbTAT BHEAPEHMS
Typ6uHbl nepuoamyeckoro cropawnmsa umkna V = Const 6onee nepc-
NEKTUBHOM ABnAeTcs razosas TypbuHa unkna P = Const;

* 113-30 Hm3kmx KM TypbuHbl 1 komapeccopa (tex net) temnepa-
Typa nepea TypbuHomn gomkHa bbb He meHee 1500K, a nonatku Typ-
BUHBI LOMXKHbBI OXIAXAATHCSA.

B cuny obcroatenscts 8 1930 r. H.P. Bpununr ot pabotsl oto-
wen, v ganbHeillee cynsbbl ra30BOM TypOUHbI MOCTOAHHOTO AABE-
Hus croparus nepepaetcs B.B. Yeaposy. byayun peanvcrom nocnen-
HUM MOHWMOET, YTO AN MPOAOIKEHMS PABOT HEOBXOAMM 3AMHTEPE-
COBQHHbIM 30KA34YMK M MOAAEPXKKA
npomsiwneHHoct1. M a1y nopge-
PXKy CNemyeT UCKATb B ABUALMM,
KOTOPOM TPebyeTcs MOLLHbIA, C
MQNON yAenbHOM MACCOM BbICOT-
HbIM geuratens. B pesymbraTe
BCTPEYM C HAYAIbHUKOM [naBHO-
rO ynpaBNEHUs QABMALMOHHOM
npomsiwneHHoctn C.O. Makapo-
BCKMM, OLEHMBLIMM Bonblioe By-
ayuiee rasotypbuHHOro geurarte-
N8 PABOTHI MO ABUTATESIO MOSYYM-
1M MOAREPKKY.

B cBa3u ¢ Hauanom peansHo-
ro npoektuposanus ¢ 1930 r.
nansHerwmre pabotel 3 MBTY
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NAMATH BAAAUMHPA BACHNLEBHYA YBAPOBA

Bce 3HaroT: "310” caenarb HEBO3MOXXHO .
Ho Bor npuxogur ynpamewy,

KOTOpblﬁ He BepHuT B TaKue 3anpertsbl.
OH-TO M Aeliaer OTKpbiTHe.

Anb6epT DWUHWITEHH
nepeHocaTtca 8o BcecotoaHbii TennotexHnueckuin uHctutyT (BTH), rae
nog pykosogctsom B.B. Yeaposa v no ero npoekty HaumMHaeTcs pas-
pabotka asuaunonHoro asuratens [MTY-3 mowHoctsio 1100 kBt ¢
TemnepaTypoit raza nepen Typburoi 1473K. Paktnyeckn pabota
HOYMHANACh "C HyNs": OTEYECTBEHHbIN OMBIT OTCYTCTBOBAS, O MHOCT-
PAHHbLIM  NOKA3bI-
BAJT KAK HE HYXHO
AenaTb.

[naBHBL M
KOHCTPYKTOP
B.B. YBapos npeg-
NOXMN LEenbii pPsig
OPUTMHANBHbIX pe-
LWEHWN, T[naBHbIE
13 KOTOPBIX:

* 117151 NOBbILLIEHUs 5DEKTUBHOCTM NPOLECCA CKATHS MPEBPATUTL
LEHTPOBEXHbBIM KOMMNPECCOP B TYPOMHHBINA: CaMbIN HESPPEKTUBHDINA
3/1EMEHT KOMMPECCOPA - NTONATOYHBIN AUddY30p MPEBPATUTL B pabo-
4Me NonaTkM PaaManbHOM TypbuHel C nepeaayen eé paboTsl Ha Bas
nponennepa;

* KQMepPy CrOPaHMs CAENATb MPOTMBOTOYHOM C BO3MYLUHbIM OX-
NIAKAEHUEM CTEHOK XAPOBOK TPYOHI;

* IDUMEHNTH MAPOBOASHOE OXNAXKAEHWE PABOUMX TONATOK Typ-
6uHbl. KaHans B nonatkax miyxue ¢ COMOUMPKYNALMEN HEKUNALLEH BO-
Obl B KQHAE (OTKPBITHIA TEPMOCUMOH B NMONE YCKOPEHMS, MPEBLILLAIO-
wee semHoe 8 30 000...50 000 pas), obpasosaHuem "sepkana” He
KMMSLLEN BOLbI HO PAAMYCE YyTb HUXE PAAMYCA BXOAA B KAHAM U €&
nocnegyloLiee ucnapeHue - napoobpasosarue ¢ sepkana. Ins nog-
OEPXAHMA CTOBUIBHBIM PAAMYCA 3€PKANA HA BCEX TEMOBLIX PEXM-
Max TpeboBanock cornacosats 6anaxc "nogada Bogp - oT8oa Napa”.
Beina mcnonszosaHa camoperynmpyemas cuctema. Konbuesas no-
NIOCTb MOA 3€PKASIOM BOAbI PETYIMPYIOLMM AMCKOM PA3LENANACh HA
MOMIOCTb NOAAYM BOAbl M MOMOCTL OTBOAA napa. Bopa nogasanacs
NMOMMOW B NIEBYIO YACTb KOMbLEBOM NAPOBOM MONOCTHU , A NAP M3 NPa-
BOW KOJIbLLEBOM MONOCTM YAANANCS COMOTEKOM MOJ AABAEHUEM NAPA
B KOJbLEeBor nonoctu. [Npu pacuéTHoM pagnyce AMcKa BO BCEM KOMb-
LLEBOM MONOCTH MOAAEPXMBAETCA pacyeTHoe aasneHue napa. [lpu
BHE3QMHOM YBENMYEHUM TEMSOBOM HArpPy3kM HA JIONATKM XXMAKOE
KOMbLO WHTEHCMBHO MCMAPSETCs, POAMANbHLIM 3030p BO3PACTAET,
NPOTUBOLOBAEHME B TPAKTE MOAAYM BOAbl YMEHbLLAETCS, M MOMMA OB-
TOMATUYECKM MEPEXOANUT HA PEXUM YBENMYEHHON nofaym sogsl. [1pu
YMEHbLUEHUM TEMIOBOM HArPY3KM KOSbLEBON 3030P YBENMUYMBAETCS,
NPOTUBOLOBNEHNE YMEHBLIAETCS, NMOMMNA ABTOMATUYECKM MEPEXOanT
HO PEXWMM YBEIMYEHHOTO pacxona. [ToHauany connossie annapaTs
OXTOXKAANMCH TAKXE BOJOM, O B AANbHENLLIEM BbINM pa3paboTaHb! N0-
NATKU C BHYTPEHHUM BO3LYLLUHBIM OXJIOXAEHWUEM.

OrgensbHo cnegyer OTMETUTb, YTO YACTOTA BPALLEHMS BO3AYLIHOM
PAAUANbHON TypOMHbI BbINA MPUMEPHO B TPU PA3A MEHbLLE YACTOTHI
BPALLEHMS pPOTOPA
komnpeccopa (sene-
HUE MHEeBMATMYEC-
KOM pemyKkumu), 4TOo
NO3BOMSNO  YNPOC-
TUTb PELYKTOP nepe-
[0AYU MOLLHOCTM Ha
Bas nponennepa.
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B 1938 r. geuratens 6bin
nsrotoeneH Ha KonomeHckom

NAPOBO3OCTPOUTENIBHOM 30BO-
Ae, roe ganee npowsn ero yc-
NeLlHblE UCMNbITAHUA.

,D,BM raTento B MeTasnne

NPEeaLWwecTBOBANA OrPOMHAS
pabora. C 1932 r. 8 MBTY u
BBMA um. Xykosckoro ans He-
GOnNbLION rPYyMMbl CTYAEHTOB M
cnywatenen aKALeMuK
B.B. Ysapos HaunHaeT npeno-

Yepréx 3-3080
LABATH PA3PABOTAHHbIA MM

kypc "lTasosbie TypbuHb". Mpu 3TOM CTyaEHTHI M ClyLIaTENY akaae-
MMM BOBIEKAIOTCS B PABOTHI MO ABUTATENIO: YYACTBYIOT B PACYETHO-
TEOPETUYECKUX M IKCMEPUMEHTANbHLIX PABOTAX (MCMBITAHMSX Non-
HOPA3MepPHbIX Mogenei ogHoctyneHyaTon [TY-1, geyxcryneHyaroi
[TY-2). Nx nHanemayansHas pabota ofHOBPEMEHHO ABRseTCa yueb-
HbIM 304CGHWMEM M MNAHOBOM paboToi nabopatopuu. K npumepy,
yuebHbIM 3ananmnem cryseHTa B.X. AGuaHua ssnsetcs nccneaosa-
HUE BIWAHUA POAAMAIBHOTO 3030PA HA 3POEKTUBHOCTL TA30BOM TypP-
G1HBI, O TEMOM AMMNOMHOTO NpoekTa - "Tasosas TypbuHa Ans camo-
neta Makcum lopbkuin™.

Mocne 30WMTHI AMMIOMHbIX MPOEKTOB BbIMYCKHUKW MOMOMHAIOT
TBOPYECKMI KOMEKTUB NABOPATOPHM, CTAHOBACH HA MHOTME rofbl
KOJIEramu v CNoaBmxXHMKamu ceoero yuutens. B 1935 r. nybnukyertcs
moHorpadwms B.B. Yeaposa "[azosbie TypbuHbI", 0OCHOBAHHAS HA CTe-
Horpamme ero nekumit 8 BBUA um. H.E. Xykosckoro u MBTY um. ba-
YMOHQ, OMbITE CO3AAHMA rO30TYPOMHHOTO ABMraTens, CTABLIAS HA
MHOTHME rofibl NEPBLIM B CTPAHE Y4EBHUKOM MO ra30BbIM TYPOUHAM.

C 1940 r. pa6otsl no msuratemio nepeHocatces 8 LIMAM, roe
nop pykosoacteom B.B. Yeaposa cosnaetcsa Jlabopatopus sbicoko-
TEMNEPATYPHBIX ABUALMOHHBIX ABUrATENEN, rOCYLAPCTBEHHOE 3040~
HUe KoTopoi: TypboBMHTOBOM aAsuraTens mowHocTeio 740 kBT ¢
TemnepaTtypoit rasa nepeg typbuHon 1473K; koHcTpykTusHOE Mc-
noJIHEHUE - B NIETHOM BapuaHTe. [locne BbIHYXAEHHOTO nepepbisa
BoeHHbIx et (1941-1944 rr.) 8 LLMAM 6binu n3roToBneHsl onbITHbIE
nsuratenn 3-3080. Ux ucnbiTaH1s noaTBEPAMIU HAAEXHOCTL Pabo-
Tbl M 3PPEKTUBHOCTL BCEX Y3108 ABUIATENSA M CUCTEMBI OXIIAXAEHMSA
BbICOKOTEMMNEPATYPHOMN TYPOUHBI.

Cneayowein paspabotkon B.B. Ysaposa, torga masHoro
KOHCTPYKTOPA MOCKOBCKOTO aBMauMoHHoro 3asoaa Ne 41, cran Typ-
6osuHTOBOM mBuratens I-3081, ycneliHbie AnuTENbHbIE UCTLITAHMA
koToporo coctosnct 8 1948 r. 10 6bin Nepsbilt B MMpe paboTtaio-
Lt BeicokoTemnepartyphsii 1B mowroctsio 2200 kBT ¢ Temnepary-
po¥ rasa nepeg Typburoin 1473K.

; 1 S5
[Heurarens 3-3081

B 1949 r. pewennem MATT ganbHenwme paboTsl No ABUraTenio
6binm npekpaers. Ctpare TpeboBanMCh OKONO3BYKOBLIE, CBEPX-
3sykosble camoneTtsl ¢ TPI. Bpems TBI HactynuT nosxe, korga not-
pebyiotcs mowHbie TBI, fns BOEHHO-TPAHCMIOPTHOM M TPAXKAAHCKOV

asuaunmn.
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Insa Bnagumupa Bacuns-
esnua 1930-1949 rr. Gbinu
YCMELWHbIMM, HO AQNEKO He
npocteimu. B 1934 1. ero pa-
60Tbl MO ra30BOM TypbMHE C
BUHTOM (TOrna TepmuHa TB[,
eLUé He CyLLeCTBOBAIIO) MOMy-
4UnU 0BOBPEHUE M NOAAEPX-

Ei‘_‘r Frxpos, Beaognuep Ewnanien.
Hig ~ Bagaemme B nnmmmay. Honynést sesuzd,
n AT4 BEA =pog. & & Meapoe

HiFrEmeu @ HHEE T
o Coer, cxyuiiiess P mpad, i B

- vat, M, 'Aunm, aEr. o ¥, Bopomnaooa.

Dia v n, Ml m g

M T ey 250 e ] "J‘:J»l?:;lﬂq—:ml’ﬂum

P ]

PERA e [L T Eywcssmos. Mo,
EIARLTEY ¥ IO,

.' LR =

Do i
— L Temniemaing

W ¢ X7

ky HTC LUMAM. Ho ta xe pabota Ha sacepanun Coseta Tpyaa w
OBOPOHBI, C YYOACTUEM BOEHHBIX M KOHCTPYKTOPOB QBMALUMOHHBIX
MOPLUHEBLIX ABUrATENEH, MOMYYMNa ABOSKYIO OLEHKY: BOEHHble - Ha
Ypal - 370 BLICOTHAS 1 CKOPOCTHASA ABUALWMM, O UMEHUTHIE KOHCTPYK-
TOPbI - C ABHBIM HeonobpeHuem. Mx mHenne soipasun ALl Hapomc-
k1K, Hoseaslmii B.B. Yeaposa daHTactom, a rasosyio TypbuHy ma-
NIONPUTOAHON AN aBuaumu. Tak Bbiro...

A TOK pacnopsaunocs Bpems:

* [log pykosoacteom B.B. Yeaposa & LIMAM 6eina cosgan Ot-
nen No 8 BbICOKOTEMNEPATYPHBIX ABUALMOHHBIX ABUFATENEN, SAPO HA-
YUHOTO KOMMNEKTUBA KOTOPOM cocTaBmnu yuerukn B.B. Yeaposa, ume-
HO KOTOPbIX BOMAYT B UCTOPMIO PA3BUTHS OTEYECTBEHHOTO ra30TypHo-
cTpoeHus u peaktusHoi asuaunm: M. Boctpukos, 9.T. Unbuues,
b.A. Yeapos, BX. Abuanu, AA. Jlakwroeckuit, O.M. Tonybesa,
A.T. Pomaros, B.E. Muxansues, A.®. Mporkud, C.M. LLnsxrerko,
I1O. CrenaHos. Ha mHorue rogbl LIMAM craner nupepom otedect-
BEHHOIO BbICOKOTEMMNEPATYPHOTO ra30TyPOOCTPOEHMS.

* B rogs pabots 8 LIMAM B.B. Yeaposbim 6binu pelueHsl mHorve
nNpPoBNEMbl FA30TYPOUHHBIX ABUraTENEN: PA3PABOTAHBI BLICOTHBIE XA-
PAKTEPUCTHKM aBraunoHHoro TBI; obocHoBAHO ONTUMANbEHOE pacH-
peanenenve Tarv 1B mexay BUHTOM 1 PEAKTHUBHBIM COMOM; AOMOSHE-
Hbl TEOPETUYECKME OCHOBbI TMAPOAMHAMMKM NIOMATOUHBIX AMMAPATOB
ra30BbIX TYPOWH, MONOXEHb HAYANA AHOMUTUYECKOrO PACYETA TEM-
NePATYPHOTO Nosst TYPOUHHOM NONATKM C BHYTPEHHUM OXITAKAEHUEM
u MHOrUe ap., onybnukosaHHbie 8 Tpyaax LIMAM. Ero pa6ota "lMpo-
GUNMPOBAHME AAMHHbBIX TONATOK NAPOBLIX M ra3oBbix TypbuH" (Tpyas
LIMAM, 1945 r., Ne 129) nonyunna npusHaHUe B CTPAHE M MUPE.

C 1949 r. B.B. Ysapos sosrnasun kadpeapy Neo 341 (Bozaywiro-
peakTueHble auratent) cosaanHoro B 1948 r. pakynsteta Ne 34 (Pe-
QKTMBHAA TeXHWKA). [10AAEPXKMBAS TECHBIE KOHTAKTHI C OBMALMOHHBIM
ra3oTypbOCTPOEHUEM, OH COCPEROTOUMICH HO COBEPLLIEHCTBOBAHMUM
CTOUMOHOPHBIX M TPAHCMOPTHBIX FA30TYPOUHHBIX YCTAOHOBOK W ABMIa-
Tenem, Ux LUIMPOKOM BHEPEHNM B PA3HBIE OTPACIM HAPOLHOIO XO35M-
CTBQ CTPAHLI. B 3TOT Xe neprog vm Bbinu MOATOTOBMEHbLI HECKOMLKO
THICSIY UHXEHEPOB, YYEHbIX BbICLUEH KBOANMPUKALMM, PYKOBOAMUTENEN
KB 1 HMN, a Takxe nHXeHEepOoB 1 yueHbIx ans psad CTPaH MUpPA.

koo ok ko

* CnenyeTt oTMeTUTb Hay4Hyto fobpocosecTHocTs B.B. Yeaposa,
ero 6eCKOMMNPOMMUCCHOCTb B PELLUEHWM HE TOMBKO HAYYHbIX, YYEOHBIX,
HO M XM3HEHHbIX MPOBIEM:

* Lllupoko m3BeCTHO ero mosuumsa mMpu OCY>XAEHUM AUMPEKTOPd
BTN npodeccopa J1.K. Pamanra, koraa Becs konnektus BTU ronoco-
BaHuem "3A" nognepxan 0GBUHEHME NMPKU OLHOM BO3AEPXABLUMMCA.
7o 6bin B.B. YBapos, nonpocusLumil 06bICHNTE CyTb OBBUHEHMS U HE
MOYYMBLUMI YAOBNETBOPUTENBHOIO OTBETA. JIMUHO Ans HEro 3TO Mor-
110 30KOHYMTCS MAAYEBHO.

*B 1938 r. B.B. Ysapos, He 06paLLast BHUMAHKME HO OTPULATENb-
HblE 30KMIOYEHMS BOMBbLUMX YYEHBIX M QBTOPWTETHBIX OPraHU3ALMMA
NOAAEPXAN M OTCTOAN MPOEKT TOTAA ELLE MASIO KOMY MOHSTHOTO Typ-
6opeaktueroro asuratens (TPL). B pesynstate 8 1940 r. astop npo-
exta A.M. Jlionbka npuctynun k cospanmio nepeoro 8 crpaxe TP (oT-
meTum - npoekt TP 6bin KoHKypupyowwmm npoekty B.B. Ysaposa).
AM. Jlionbka Bcerga cuntan B.B. YBaposa kpecTHbiM OTLOM CBOMX
OBUraTENEN.

*B 1951 r. npu BeinonHexmu nopyuenus M.B. CranuHa no cospo-




NHYHOCTh

Huio mowroro TBI HK-12 ana nansHero 6ombapamnposiumka A.H. Ty-
nonesa Ha npeanpustvn H.I. KysHeuosa 6bina cospaHa rasosas
TypPOUMHA € Ype3BbIYaiiHO BbicokuM (Mo Tomy Bpemenn) KML. OpHa ns
Beaylumx HayuHbiXx OpraHusaumi aBMALMOHHOM MPOMBILLIEHHOCTH
pacYeTamu MOKA3ANA HEMpPaBAONOAOBGHOCTL TAKOTO PesynbTaTd,
bakTieckn 0B6BUHMB Ky3HELOBLEB B GanbCUPUKALMM PE3YTbTATOB.
[na paspewenmns kondpnmkra MAT Hanpasun B Kyinbeiwes astopu-
TETHYIO KOMMCCHIO BO mase ¢ B.B. YBapoBbiM; B KOMUCCHIO BOLLNM W
NPEACTOBUTENM YNTOMSHYTON BbILLE OPraHWU3ALMM.

Whxerep, npodeccop B.B. Yeapos scerna oueHb 6epexHo oT-
Hocuncs K upnbpe - rasHOMy "MpogykTy" uHxeHepHoro Tpyga. Ha
NPOTSXEHMM Heaenu Bbinv NepenpoBEPeHb! BCE MPOTOKOIbI SKCrepu-
MEHTOB, KOPPEKTHOCTb MOCTAHOBKM SKCMEPUMEHTA M ero 06paboTky,
TOYHOCTb U3MEPUTENBHOM annapaTypsl. Beisoa BbICOKOM komuccum:
HUKAKOTO KPUMMHAJIA HET.

...Ownbka 0BHAPYXMIACH B PACYETAX HAYYHON OPraHWU3ALMM.

MtoronetHui onsiT pabotsl Bnagmmpa Bacunsesnya s asraum-
OHHOW MPOMBILLNEHHOCTU OTPA3WICS HA CTune paboTsl Kadenpsi,
KPeno KOTOPbIA CTANO: "MHXEHepPOB-ra3oTypOUHUCTOB AOXHbI [OTO-
BUTb IPENOAABATENM, 3HAIOLUME TA30BbIE TYPOUHBI HE MO Y4EOHNKAM,
a no MeTasly, MMeIoLUMe OMbIT CO3AAHMS M MCMLITAHMS dIeMEHTOB
gsuratens”. [ToHauany NEKTOPAMM OCHOBHbIX AUCLUUIIIUH KAbeapb UM
BbIM NpUIMALLEHb (MO CoBMeCTUTENLCTBY) crneupanuctsl M3 HUN u
KB. Hanpumep, Teopus BPL - M.M. borgapiok (HWM 1), rasossie Typ-
6uHbl - BX. A6unay (LUMAM), asrmaumonnsie T - MK, Kasanmkan
(BBMA mm. H.E. XKykosckoro).

Mpu kadenpe co3naoTCs MHXEHEPHO-MCCIELOBATENLCKAS FPYI-
na 1 NabopaTopusi, YCTAHABIMBAIOTCA CBA3M C MPOMBILLIEHHOCTBIO.
Mo pesynstatam HNP sawmaioT kaHaMaatckue auccepraumu nep-
Bble wraTHele npenogasatenu B.C. bekwes, H.O. [pssHos,
IO.M. Muenkun, A.lN. HepHobposkuH. B 1954 r. B LlentpansHom nex-
TopuK BeecotozHoro obLecTsa no pacnpoCTpAHEHMIO MOAUTUYECKMX
u HayuHbix 3HaHUi B.B. YBapos seictynaet ¢ nekuueit "Tazosbie Typ-
GuHbI", KOTOPAS MPWBAEKIA BHAMAHUE HE TOMBKO CMELMAnuUCTOB U3
PA3HbIX FOPOAOB CTPAHbI, HO W CTyAEeHYecKylo Monogexs. MananHas
OFPOMHBLIM TUPAXKOM CTEHOTPAMMA JIEKLMWM MTHOBEHHO CTAHOBWTCA
6ubnrorpaduueckon peakoctsio. B nekumm 6 npeacrasneq aHanms
akTreHoOro passutus [TL, ana asMaumu, a TaKXe NPOrHO3 PA3BUTHUA
(3amep>xaBLUMXCA B PO3BUTMM) SHEPrETUYECKUX, TOAHCTIOPTHBIX, FA30-
TYPOUHHBIX YCTAHOBOK 3AMKHYTOMO LMKIIA HA BAMKHIO M AANBHIOK
nepcnektusy. Xu3Hb Nokasana, 4to npodeccop He owmbancs.

B 1955 r. coBmecTHO ¢ KonoMeHCKkuM TEMNOBO30CTPOUTESNbHBIM
3aBogom B MBTY Hauanack paspaboTka npoekta nepsoro oteyect-
BEHHOTO ra30TypboBO3a HA XMaKOM Tomnmee molHocTbio 2600 kBT
B OAHOBATOHHOM MCMONHEHUM (STO MPMHLMMUANEHO BAXHO ANS X.4.).
[NOBHLIM  KOHCTPYKTOPOM ra3oTypboBo3a  Obil  3HAMEHWTbINA
KOHCTPYKTOpP oTevecTseHHbix napososos J1.C. Jlebeaarckui, a [nas-
HbiM koHcTpykTopom [TL B.B. Yeapos. Buibop MBTY, kak concnontHm-
Tens npoekta 6bi He ciyyaiHeim. B Hauane 1950-x kadenpa npuHs-
110 y4acTve B pa3paboTke KOHLENTYANbHOrO NPOEKTA ra3oTypOoBO-
30 HA MbINEYroNbHOM TOMAMBE: BbiY PA3PABOTAHbI M MPOLLAN CTEH-
LOBbIE UCTILITAHWS BUXPEBAS MbEYrONbHAS KAMEPA CTOPAHMS C CUC-
TEMOW TOMIMBOMOAAUM, TYPGOUMKITOHHbIN Arperar OYUCTKM MPOAYK-
TOB CrOPAHMS OT 3PO3MOHHO OMACHOM MbINE30NbHON B3BECH, OMTHUMM-
3MPOBAHO BXOLHOE YCTPOWCTBO KOMMPECCOPA, OXOXAAEMbIA And-
by30p BLIXIOMNHOTO TPAKTA M Ap.

B paborte Hapn npoekTom KONOMEHCKOro razoTypboBo3a y4acT-
BOBQJI HE TOMBKO BECb MEPCOHAN KApeaps! 1 KOHCTPYKTOPbLI-NAPOBO3-
HUKM, HO 1 CTYLEHTbI CTApLUMX KypcoB. B xope comectHOM paboTs 1
CMeUMarbHbIX NEKUMIA MPOUCXOMIA NEPEKBANMBUKALMS NAPOBO3HM-
koB B rasotypbuructel. OpHospemerHo B pamkax HUP kadenps
W paspaboTku Gonee SkOHOMUYHBIX BBICOKOM MOLLHOCTM ra3oTyp-
60B0308B. Tpu cospanHbix 8 1959 r. rasotypbososa 6onee 15 net yc-
NELIHO SKCTYATUPOBAMUCh HA IOXHOM XENEe3HOM LOPOre (Ha HMX Tak-
e MPOXOAMIA SKCMITYATALMOHHARA MPAKTUKA CTYAEHTOB Kadeapsi).

Manas yaensHas macca [T, kak M B aBUMALMKM UIPAET BAXHYIO
pOb AN1S XENe3HOM 4OPOrU - HArPy3Ka "Ha OCb" MOABMXKHOMO COCTA-
Ba He pomkHa npesbiwats 20 T Ha ock. [pu MokcMMansHOM yncne
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ocel eamHuLBI MOABMXKHOIO COCTABA (IBE TPEXOCHbIE TENEXKM) Macca
razoTypboBO3a B OAHOBArOHHOM UCMOHEHUMU HE JOMXHA NMPEBLICUTH
120 7. B.B. YBapoB nokasbisan, 4To MOXHO CO34ATb ra3oTypboBo3
mowuHocTsio 8...10 MBT. EMy onate He Bepunu - HasbiBanu GaHTac-
ToM. A HbiHe Ha CBepanoBCKOM XenesHoM fopore razotypbosos
[TB-002 Ha CKMXEHHOM NPUPOJHOM rA3€ BOAMUT CTOBATOHHbIE rPYy30-
Bble cocTasbl. (Bnepsbie uaes cosnaHusa razotypboeo3a GbiNa MM 03-
ByuyeHa Ha 3acenanum cekumn TennotexHukos MBTY 8 1925 r.).

B 1957 r. npukazom MB u CCO CCCP nog pykoBoACTBOM Npo-
deccopa B.B. Yeaposa 8 MBTY cospaetcs ogHa 13 nepebix B CTpaHe
Mpobnemnas nabopatopus "TypbocTpoeHue”, OCHOBHbIE HANPABe-
HUA PABOTHI KOTOPOM :

* sHepreTudeckue [ TY 6onblioi MOWHOCTH, TpaHcnopTHsie [,
koMbuHMposaHHsie [TY-MTY, [TY 3aMKkHYTOro uMkna ¢ saepHsIM pe-
aktopom, 3ITY kocmuueckmx nerartensHbix annapartos, MI-ycra-
HOBKM PA3HOMO HO3HAYEHMS;

* DO3BUTUE U COBEPLLIEHCTBOBAHUE CUCTEM OXIIOXKAEHMS TA30BbIX
TYPOUH M TENNOBOM 3ALUMTLI APYIMX SHEPTOOOLEKTOB.

[naBHOM, B Wnend KOTOPOM BOWM BCe apyrMe paboTsl - 3TO
sHepretuyeckue [TY Gonblwoi mowroctu. beino ovesmaro, uto ITY
MoLHoCTbiO 25...40 MBT He koHkypeHTOCnocobHa B GOMbLLIONM Teno-
sHepreTuke; TPebOoBANMUCH SHEPTOYCTAHOBKM MOLLHOCTBIO CBbILLE
200 MB npu KIMI He nuxe 35...36 %. Perenepatusrbiin unkn .M. 3o-
TUKOBQ HE AABAN KNKOYA: NPONYCTUTL BOMbLIOK 06BLEM BbICOKOTEMME-
PATYPHOTO rA30 ATMOCHEPHOrO LABNEHUS YEPE3 PEreHEepPaTOp He
NPELCTABNSETCH BO3MOXHBIM.

B.B. YBapos pokasan BoamoxHocTs cospanus [TY mowHocTbio
200 MB v Boiwe ¢ KM yposrs 40 % npu Temnepatype rasa nepen
TypbuHOM, faxe He Tpebytowien oxnaxaeHus nonatok. Onupascs Ha
aHanus unkna Kapro, pererepatmeroro uykna M. 3otukosa, onbit
sKCnyaTaunm sHepretuyeckux [TY pereHepaTnBHOro Lmkna oH npes-
noxun 6e3pereHepaTUBHBIA U30TEPMHO-OAMABATHBIA LK, AAKOLLMA
makcumansHoe npubnuxenne k KM umkna Kapro.

B ero obocHoBaHME MonoxeH npocToi npumep. IMpu oTHoLe-
Him Temnepatyp ukna (Tyax / Tvind = 1200/300 yxe npw nasnermu
P (7-8) remnepaTypa KOHLG aAMABGATHOrO MPOLECCA CKATHS B PEQTb-
HOM KOMMpeccope [oc-
& o TUrAeT MAKCUMANbHOJ

% — TEMNEPATYPbl  UMKNQ;
o 3 100%
/ Ao NPOAOMXATL  MPOLECC
CoOKATHUa 0O gaBJieHUdA
/ i P (3-5) 6eccmbicnenHol
Teopetuuecknini mnsote-
T PMHO-QAMABATHBINA UMK
s Yeaposa (1-2-7-8-9-10-
1) Anwen 3Tux HepgocTaT-
koB. [locnepgosaTens-
Hocts (1-2) - msorepm-
HbIl MPOLECC CKATUSA C OTBOROM TemnoThl; (2-7) - apnabaTtHbi npo-
uecc oxatws; (7-8) - usobapHsI npouecc ¢ nogsogom Tennotsl; (8-9) -
M30TEPMHbIN MPOLECC paclumMpeHrs ¢ nogsogom temnots; (9-10) -
aamMabaTHEIM NPOUECC PACLUIMPEHMS A0 ATMOCHEPHOrO AABNEHMS;
(10-1) - M306OpHBI NPOUECC OXAMKAEHUA B ATMOCHEPHON Cpeae
(UMKN PA3OMKHYTBIN).

[MyHKTMPOM MOKA3AHbI Mpoueccs agMabaTHoro oxatia (2-7) u
apuabaTHoro npouecca pactumpenus (9-11) B peanbHbix komnpecco-
pe 1 TypbuHe.

Teopetnueckue umknsl Kapro 1-2-3-4-1, 3otukoea (npu cronpo-
ueHTHOM perenepaumm) 1-2-5-6-1, Yeaposa 1-2-7-8-9-10-1 umeiot
pasHble KM v yaensHyto paboty umkna. Ho mowrocts [TY umkna
30TMKOBA OrpaHUYEHA MPOMYCKHOM CMOCOBHOCTBIO PEereHepaTopa
(06BEM BHICOKOTEMNEPATYPHOTO ra3a atMOChEpPHOro AasneHus) . Te-
opeTUyeckmuit Uk YBApOBA ( M3OTEPMHbIN OTBOA TEMIA MPU CKATHM
1 3aTEM aAMaBATHOM CKATUM, M3OTEPMHOM NPOLECCE PACLUMPEHMS C
NOABOAOM TEMNA M 3AKIIOYMTENBHBIM OAMAOATHOM PACLUMPEHHMM NO3-
BOnseT co3aaTh bespereHepaTveHyio [TY 6onbwoi MowHocTH (mpo-
uecc oxnaxaeHus 10-1 npoucxoamt B OkpyxatoLlen atmocdepe, a
He B pereHepaTope (UMK Pa3OMKHYThIN).

Linsnet TeUIoBOfi MawnHs:
Hapuo 1-2-3-4-1 3oTHroBa]-2-5-6-1 Yeaposa 1-2-7-5-9-10-1




Brepeble cBOMCTBA M30TEPMHO-0AMABATHOTO LMKIA MM BbIK O3-
ByueHbl Ha opHol m3 konbeperuuin OTH AH CCCP - Ho noHumaHms
He nonyunnu. B ogHOM 13 LOKNOAOB HA NOCNEAYIOLLMX KOHbEPEHLMSX
MO ra30BbIM TYPBUHAM OH FOBOPUN: "YAMBUTENLHO, MOYEMY HO TAKOH
€cBOEO6PA3HLIN LK KQpHO HUKTO paHbLue He 06paTn BHUMAHMS".

Peanucr B.B. YBapos noHumaeTt, 4to Anst npeofoneHumst HemoHu-
MaHUs 1 oTTopxeHus [TY GonblIoi MOLLHOCTH HYXHO "OGWTb BO BCe
konokona". 06.01.1959 r. & razete "[Mpasaa” konnektms kadbenpe
onybnunkosan cratbio "fa3osbie TypOUHSbI - B HOPOAHOE XO3AMCTBO", a
Takxe craTbio B xypHane "Tennosnepretvka” (Ne10, 1959 r.). [y6au-
KQLMM BbI3BAM OTKIIUK U B MHOCTPOHHbIX XYPHANAX.

B pesynbrate [Npasutenscreo nopydaer Xapbkosckomy Typ6o-
reHepatopHomy 3asogy um. C.M. Kuposa paspabotats npoekt
[TY-200-750 no cxeme MBTY.

Pesynbtatom coemectHol paboThl asyx konnektueoe (1965-

AHYHOGTh

I_IpOLLIJ'IO naTbAeCAT NeT, K HQ MMPOBOM PbIHKE NPEeACTABNIEHbLI SHEPre-
Tnueckune [TY mowwHoctsio 593 MBt ¢ KT/ 42,8 %, pacxonom Bo3ay-
xa yepes komnpeccop 1051 «kr/c, yaensHoi maccomn 0,838 kr/kBt
[SGT5 9000HL, 2017]. Mo obneryeHHoi cxeme M3OTEPMHO-QAUA-
6ATHOTO WMKNa (aBYXCTyneH-
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TYNEHYATOE PACLUMPEHUE C
O[HOW MPOMEXYTOYHOM Ka-
MepON cropaHus) pabotaiot
[TY-100-750 AO JIM3 u
anonckas AGTJ-100A.

B.B. YBapos Bbicoko
noaHan baken razosbix TypOWH, MCKPbI KOTOPOro PA3NeTenvch no

BCEMY MMpy: cpaboTan ero kpwinateiit nosyHr: "Bonblwie pgepsa-
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YCTaHOBKE MOmHOCTH0 200 MBT.
1 —KH/1; 2 — nepewii BCTPOGHHHH BO3QYXOOXJIAMHTEb; &

mepa cropanus; [f—TBJl; 2 — BcTpoenHam [NPOMEXYTOUHAA

TS — aMarpaMMa W KONCTDYKTHBHAs cxema G(espereHepaTHBHOH rasoTypouHHOl

— KCL; 4 — nepshifi Buﬂocndﬁ
so3nyxooxaanuTenas; 5 — KCIlz; § -— BTOpOIt BCTPOEHHHIH BO3AYXOOXJIAJHTENb] 7 —KClls;
& — BTopoll BHHOCHOA Bo3Ayxooxaalutens; 9— KBI; 10 — ToponAanbHAs OCHOBHAS Ka-

13 —TCM;; /4 — BEIHOCHAs NpoMeXdyTouHas Kamepa cropauus; 15 —TCJlg, 16 — BCTpoeH-
Hadg TIpOMeXYyTousan kamepa cropamus; I7 — THIL; 18 - renepatop

HUWA, MeHbLUE NPOTOPEHHbIX gopor ! "

Brnagummp BacunbeBny Takxke mnonoxun
Hayana pabot kadeaps no kocmocy, 3ITY ¢
anepHeiM peaktopom, MII-renepatopom. B
nabopatopum kabeapsl Gbinv BBEAEHA NEPBASst
B CTPOHE 3KCMEPUMEHTANBHO-UCCNEAOBATENb-
Has 3ITY kocMuueckoro HasHayeHus HebOomb-
WOM MOLLHOCTH (monyTHble paboThl MO AHOA-
HOM 3awmTe rasonposonos), paborsl ¢ OKb
M. Adbpukartosa no [TY 3aMKHYTOrO Lpmknia
AN BbICOKOTEMMNEPATYPHOTO TA300XNAXAdE-
MOTO SE€PHOTO PEAKTOPA HA renunu, paboTbl
MO COBEPLUEHCTBOBAHMIO CUCTEM OXIIAXAEHMS
BbICOKOTEMMNEPATYPHbIX FA30BbIX TYPOUH 1 Ap.

Mocne cebs Bnaaummp Bacunbesny ocra-
Bui 6OraToe HACNEACTBO, BUCEPOM PACCHINAH-
HOE MO €ro CTaTbAM M AOKNAAAM. [Tucats mo-
HOTPAdUK Yy HEFO HE XBATASO BPEMEHM.

B 1970 r. on onybnnkosan BTOpyO B CBO-
en xu3Hn kHury "Tasosblie TypbuHbLI U ra30Typ-
GUHHbIE YCTAHOBKM", B MPEAUCIIOBMM K KOTOPOH
Hanucan: ... KHUry MOXHO PACCMATPMBATL KAK
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KaMepa CropaHas;

1966 r.) 6bin co3paH TEXHWUYECKMI NPOEKT sHepreTndeckom [TY 6onb-
ok MowHocTy. [poekTHele pacueTsl nokasanu, uto npu T =770 °C
1 PACXOAE BO3LYXA Yepes KOMMPEeCcop Huskoro aasnerus 453 kr/c
nocturaetcs KM Ha knemmax anektporeHepatopa 39,9 % m moul-
Hoctb 194 000 kB, yaenbHas metannoemkocts 3,7 kr/kBt. Pacyetamu
MHCTUTYTA TennosnekTponpoekT MoKasanu, 4To ra3oTypOUHHAS
snekTpocTaHupms mowHoctsio 1200 MBT, ykoMnnekToBaHHas LecTbio
[TY-200-750 no cpasHeHmMio ¢ napoTypbuHHOM Ha 6ase WecTH Nnapo-
Typ6uHHbix yctanosok K-200-130 pewesne Ha 20...25 mnH py6., npu
cTOMMOCTH nocrneaHen 85 mnH pyb.

XoTs v He peann3osaHHbii B MeTanne npoekt [ TY-200-750 goka-
300 BCEMY MMPY COCTOSTENbHOCTL [TY ans 60MblwON SHEpPreTuku.

B MBTY (MITY)

COBMECTHBIV TPYA QBTOPA C OFPOMHBbIM YUCITOM
€0 YYEHMKOB, KOTOPLIE MOy YMIIM CBOM AUIIOMbI 30 6OIEE YEM COPO-
kanetHui nepuog ero pabotsi 8 MBTY. ... B sasucumoctn ot sonpo-
COB, KOTOPbIE BO3HMKQIM B MPOLECCE MPAKTUHECKON M y4ebHOM pa-
6OTbI, NpuxXoamnioCs JOMNOJTHATE T€ Ui MHbIe 0A3L4EJ1bl TeOPUM Ta30BbIX
Typ6uH...". ITa kHura Bnagumupa Bacunbesnya - knagess myapocTy,
KOTOPYIO MOXHO PEKOMEHAOBATL YUTATb HE TOMBKO MOSIOAOMY MOKO-
NIEHWIO CTYEHTOB M WMHXEHEPOB, HO YOENEHHbIX CEAMHAMM Creuma-
JINCTAM.

Takum 6bin Bnagummp Bacunsesny Yeapos: nuoHep-nepsonpo-
XOZEL, UHXEHED, YYeHbIi, Menaror, n3obpeTaTenb U SKCNEPUMEHTO-
TOP, BUAALMI 30 TOPUSOHTOM TO, YTO BbIIO HEAOCTYMHO A3y APYIMX,
bonbwon Yenosek, YHUTESb.

Xapaktepusys tutaHmueckun Tpya B.B. YBapoea akapemmk
B.C. Creuknn ckasan tak: "Bnagummpa BacunbeBuua He yseHuyanm
rocyAapCTBEHHbIMM MPEMMSIMU U AKAAEMMYECKMMM 3BAHUIMM, HO BCE
Mbl LLleHWUM €ro TPyAbl, €ro HeobbIKHOBEHHYIO 3PYAMULMIO, SHTY3UA3M M
6eckomnpomuccHocTb. TonbKo Takue NOAM [OCTUIAIOT HOBbIX pe-

3ynbTatos B Hayke 1 TexHmke". [l

lNpy noaroToeke CTaTbW MCMONB3OBAHO:

1. Bnagmmnp Bacuneesny YBapoB, KOHCTPYKTOP, YHEHBIW, neparor,
narpuot. CEopHyk Kk 06uneitHoMy 3acenanmio BeecotosHoro HayuHo-
TEXHMYECKOTO CEMMHAPA MMeHU npodeccopa Bn. B. Ysaposa, noces-
weHHoro 50-neTMio co3aaHMs NEPBOTO BLICOKOTEMINEPATYPHOIO ABMA-
uMoHHoro geurarens U 90-neTnio co aHs POXAEHUS €0 KOHCTPYKTOPA.
Man. MITY um. H.D. Baymana. 1989 r.

2. Hayunsie craten B.B. Yeapoea, becegb - BocnomuHaHus o
B.B. Yeapose c .K. Kazanmpxarom, I1O. Crenanosuim, b.A. Yeapo-
ebiM, A.l. Pomaroewm. U.H. Jiunatossim, .. LLiopom.

3. Marepuans apx1ea asTopa CTaTbM.
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YIK 532.526.4

MEXAHUKA GINOLWHbIX GPES

WCTIAPEHUE XXHAKOCTEH

Anekcangp Meanoeuy baxaros, akagemnk MMA
Hukonai IOpbeeuy Kouetkos, k.1.H., crapmit npenogasatens PrbOY BO "MAM (HAY)"
Anaronuin Anekceesuny Cnepanckui, suue-npesuaent PUA, DExpert ISCED, akagemuk PUA 1 MUA

B pnaHHOV cTaThe npeAcTaBiaeHbl MaTepuarnbi 1Mo ¢usvke ncnapeHusl XUBKoCcTell BO BHELLHIOK ra3oo06pasHyio cpeny nav
BakyyMm. PacKpbITbl MpoLeccbl UcCNapeHUsi 3a cHeT HarpeBaHus, a Tak)e XONOAHbIM cr1ocoboM - MexaHu4eckum
paclupeHveM, NMPUBOASLLMM K Pa3pbiBy MOJEKYIISPHbIX CBSI3ei B XUAKOCTU - KaBuTauuu. WiccnegoBaHue npouecca
KaBUTaLmun ocobeHHO aKTyanbHO A obecriedeHns Haaé)XXHov paboTbl rugpasandeckux TypbuH F3C, rpebHbIX BUHTOB

CYAOB, rMAPOHACcOCOB U T.A.

This article presents materials on the physics of evaporation of liquids into an external gaseous medium or vacuum. The
processes of evaporation due to heating, as well as by the cold method - mechanical expansion, leading to the rupture of
molecular bonds in a liquid - cavitation, are disclosed. The study of the cavitation process is especially important for ensur-
ing reliable operation of hydraulic turbines of hydroelectric power plants, propellers of ships, hydraulic pumps, etc.
KniouyeBble cnoBa: criyiowHas cpefa, ncnapeHue, KaButaLus, TepMoguHammyeckas asa, peanbHbiv ras.

Keywords: continuous medium, evaporation, cavitation, thermodynamic phase, real gas.

rIpOLLeCC MCMAPEHHS XUAKOCTEN MOXET BbITh NPUUMCIEH K du-
3MYECKOM KMHETUKE, TAK KOK OCHOBAH HA M3YYEHUM ABMXKEHMS MOSe-
Kyn M 30BMCMT OT Temnepatypsl. Pasbepémcs ¢ cammm noHaTHem
“wcnapenwne”. Mcnaperue - 5To npouecc npeobpa3oBaHMA XMAKOC-
TW B ra3006pA3HOE COCTORHME (€CM MCNAPSETCA TBEPLOE TENO - TO
310 cybumaums). ITak, B NOBEPXHOCTHOM CIIOE M B HEMOCPEACTBEH-
HOM 6nn3ocTn ot NOBEPXHOCTU XMAKOCTWU, AENUCTBYIOT CMIIbl, KOTO-
pble, COBCTBEHHO, HE MO3BONSIOT NMOKUHYTL MONEKYIAM OBbEM XMa-
koctu. Ho, Bnarogaps TennoBomy ABUXEHMIO, HEKOTOPAS YACTb MO-
neKyn UMeeT BCE Xe OCTATOUHO 6onblune CkopoCTH, 4TOBLI Npeo-
AONeTb 3TN CUIbl, YAEPXUBAOLWME MONEKYNbl B XUOAKOCTH, U MOKU-
HYTb XMAKOCTb. STO ABNEHNE - OTNEeT MONEKYIbl OT XMAKOCTU, N HA-
sbiBaeTcs ucnapernem. OHo HabnogaeTcs npu niobon Temnepary-
pe, HO ero MHTEHCMBHOCTL BO3PACTAET C eé yBenudyeHnem. Ecnm no-
KNUHYBLUME XNOKOCTb MOJIEKYIbI YAANAKOTCA M3 NPOCTPAHCTBA B6ﬂl/13l/1
NOBEPXHOCTU XNOKOCTU, TO B KOHLE KOHLOB BCA XMOKOCTb MCNAPUT-
Ccq. ECﬂM XKEe MOJEeKynbl, MOKNHYBLUME XMOKOCTb, HE yaoanaloTCda, A
YAEPXMBAIOTCA M CKAMIUBAIOTCA B 3GMKHYTOM O6BEME OKONO NnoBse-
PXHOCTU XMAKOCTU, TO NPOLECC PA3BMBAETCA MNO-APYTOMY.

Mpouecc napoobpasosanms

MokuHyBLIKE XMaKOCTb Monekynbl o6pasyiot nap [1, 2]. Moneky-
nbl NAPQ, NOMNaBLLKe B 061aCTb BOAN3M NOBEPXHOCTU XMAKOCTH, CUNO-
MU MPUTSKEHUA BTATMBAIOTCS B KMAKOCTb. TAKMM OBPA3OM, CKOPOCTb
MCMNOPEHUS YMeHbLLAETCs. BCNOMHMM, 4TO cunbl CBA3M MeXy Moneky-
NIOMM, KOTOPLIE YAEPXKMBAIOT MX BMECTE WM BOIU3M XMOKON NOBEPX-
HoCTM sBnaoTca Baw-nep-Baanscosckumm cunamu. 1o cunsl nnbo
npuTaxerns, nubo ottankusarus. Cunel Ban-gep-Bansca cosnaiot no-
NOSIHUATENBHOE AABNEHWE Y MOBEPXHOCTH, KOTOPOE NPOMNOPLUOHANBHO
YUCITY YACTHL, MPUXOAALLMXCS HO EAMHMLY NNOLLAAM NOBEPXHOCTH rpa-
HULBI U CUNE, C KOTOPOM KOXAAS YACTULA BOMM3M IPAHMLbI BTATMBAET-
€Sl APYTUMM YOCTULAMM. ACHO, YTO 3TA CUNA NPOMNOPLMOHANBHA YUCTTY
4ACTHL, KOTOPbIE YYACTBYIOT B €€ CO3AAHMM. YUCNO TaKMX 4aCTUL, B
CBOIO O4Yepesb, NPONOPLMOHANBHO KOHLEHTPALWMM YACTML,

Mpw panbHeNWeM yBENMYEHUM NIOTHOCTU NAPA AOCTUrAETCS TA-
KOst CUTYQLMSI, KOTAO YMCIO MOMEKYS, MOKMAAIOLLMX KMAKOCTb HA HEKO-
TOPOE BPEMS, POBHO YUCITY MOSIEKYST, BO3BPALLOIOLLMXCS B KMAKOCTL
3a T0 ke Bpems. Hactynaer cocrosHmne AnHaMMYeCckoro paBHOBECHS.
Map B COCTOAHMM AMHOAMMYECKOTO PABHOBECHS C XMOKOCTbIO HO3bIBA-
€TCA HACBILLEHHbIM NAPOM. TUMMYHBIA BUA M3oTepMm (T = const, a koop-
avHaTel Py V) npeacrasnen Ha puc. 1. Mitak, Ha npasoi seTeu 1 npo-
see (AK) HaxoauTcs ras. BHyTpu WTPMXOBOM KPHUBOWM HOXOAMTCS CMECh
napa 1 xuakoct (aee dassl). Ha nesoi rpanmue (CK) u nesee - xug-
kocTb. Brytpu kynona (AKC), rae BelecTso HOXOAUTCH B COCTOSHMM
HOCHILLEHHOTO NAPA, U30TEPMBI (TMHMKM C T= const) sBnaoTcs ropusoH-
TANSMM, W C YBENMYEHWUEM LABNEHMS OHU cxoaaTcs B Touky (K).

Ne 3(135)2021
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Puc. 1 Msotepma (T = const)

DTO MECTO, TAE MUCYE3AET PASHULA MEXAY XMIOKOCTbIO U ra30M
UK, MHAYE TOBOPS, KMAKOCTb U FA3 UMEIOT OAMHAKOBbIE PH3MUecKkme
CBOMCTBQ.

Takoe cocTosHme HA3bIBAETCS KPUTUHECKMM, O BEAMUMHDI - T, P
V,, HO3BIBAIOTCH KPUTUYECKUMU TEMNEPATYPOH, AGBIIEHHUEM U OBGBEMOM.

Buile KpuTHYecKo TeMnepaTypbl ras He MOXeET BbiTb NPEBPALLEH
B XXMAKOCTb HU NMPU KAKOM AABIEHMM.

Bbiwe kputuyeckoro pasnenms £ usotepma T, pasaenset razo-
06pPA3HOE W KMAKOE COCTOAHMSA BELLECTBA TAK, YTO B TOYKAX ITOM M30-
TEPMbl CBOWMCTBA A3 OAMHAKOBbI.

VIMEHHO NO3TOMY MPU NEPECEUEeHI STOM U30TEPMbI MPOUCXOAUT
HEMPEPLIBHLIM NEPEXOL U3 ra3000pasHOM Gasbl B KMAKYIO.

Tak kak B 1BYXpA3HON CUCTEME XMAKOCTb M NAP HAXOLATCS B AM-
HOMMYECKOM PABHOBECHM, TO NMPU AAHHOM TEMNEPATYPE UMEIOT BMNOS-
He onpeaeneHHble, OAHO3HAYHbIE BEMMUYMHBI MIOTHOCTM 1 LABEHMS.

[aBneHue HasbiBaETCH [ABNEHMEM HACHILLEHHOrO napa P npw
onpegeneHHomn Temnepartype 1.

[Mpu yBenuyeHun TemnepaTypbl AABAEHWE HACHILLEHHOMO Napa
BO3PACTAET.

[Nap HO3bIBOETCH HACHILLLEHHbBIM, MOTOMY YTO €ro Henb3s "ynnoT-
HUTL" Npw TOM e Temnepatype. [pu nonbiTke "ynnoTHeHMs" 4acTb Ha-
CbILLEEHHOrO NAPA NPEBPALLAETCS B XUAKOCTb.

MIMEHHO 3TOT NPOLECC MPOUCXOAMT B ABYXbA3HOM CUCTEME MPU
M3MEHEHUMU €& 0OBEMA.

B nByxdasHoi crcteme $basbl HOXOAATCH B PABHOBECHOM COCTOS-
HUM NPU OAMHAKOBOM TemnepaTtype. [Npu ysennieHun 06bEMa HekoTo-
past 4OCTb XMAKOCTU NPEBPALLAETCS B NAP, HO NMPU STOM s NOAAEP-



XAHUA MOCTOSIHHOM TEMNEPATYPbI CUCTEME U3BHE HEOBXOAMMO COO6-
LLOTh COOTBETCTBYIOLLEE KOIMYECTBO TEMNOTHI.

Takum 06pa30OM, ANst OCYLLECTBAEHUA NEPEXOAA M3 XKUAKON a3kl
B ra3006pasHyio, cucteme HeobxoaMmMo coobuaTs TennoTy 6e3 uame-
HEeHMs TeMNepaTypbl.

DTa TENNOTA MAET HA M3MEHEHUE PA3OBOrO COCTOAHMS BELLLECTBA
M NPEeCTABNSETCA TEMNOTON $A30BOTO NMPEBPALLEHMS WU CKPBITON
TennoToi nepexona. CKpbITOM NOTOMY, YTO MPU U3MEHEHUU YAENBHO-
ro 06bEMA OLHOBPEMEHHO HE MEHSIETCS HU AABIIEHWE, HW TEMNEPATY-
P, HO U3MEHSETCA YETBEPTLIM NAPAMETP - SHTPOMMS. Beap mbl sHaem,
4TO B MAEASIbHOM Cnydae, Korga ras MﬂeOﬂbelﬂ, SHTPOMNKUA NpeBpaALLa-
€TCs B ra30BYIO MOCTOSIHHYIO MPUW yCroeuu pasHosecus. Ho 8 aHano-
TMYHbIX YCIOBUSIX, KOTAA ra3 PEAsbHbINA, BHYTPU KyNnona paBHOBECKE He
peanuayetcs. [Npouecc B 5ToM mecTe cyrybo HEPUBHOBECHbIN, O DHT-
POMUs - NEPEMEHHAS BENMUYMHA.

WTaK, yCTOHOBAMBOEM BAXHbIM GAKT:

Tlio6oi npsimont basossii nepexoa (nnasnexme, cybnumaums, ucna-
peHue) u Nobo 06pATHLIM GA30BbLIN NEPEXOA (KpUCTANIM3aLMs, fecyd-
SMMOUMS, KOHAEHCAUMS) CONMPOBOXAAETCA COOBLUEHUEM MM OTAAYEN
TENNa Npu NOCTOSHHOM Temnepatype. Bcé nponcxoant 6e3 nameHenms
TEMMNEPATYPbI M HA3LIBAETCS CKPLITOM TENNOTOM Ga30BOro Nepexoaa.

CkpbITOst TENNOTA 30TPAYUBAETCA HO NPEOLONEHUE CUIT MTPUTAXE-
HUS MM, MHOYE TOBOPS, HO KOMNEHCALMIO OTPULATENBHOM MOTEHLM-
QnbHOM SHEPTUM NMPUTIXKEHUA MEXY MOSEKYNIOMM.

OueBMEHO, YTO C MOBLILLEHWEM TEMMEPATYPLI CKPLITAS TEMIOTA
$a30B0ro nepexona GUKCMPOBAHHOM MACCH BELLECTBA YMEHbLLAET-
€51, O NPU KPUTUYECKON TEMMNEPATYPE OHA PABHA HYJTIO.

Ypasuenne Knaneyipona-Knaysuyca

C yBenuueHnem TeEMNEpPATypbl AABIEHME HACHILLEHHBIX NAPOB
yBENUUMBAETCS. YCTAHOBKM CBS3b STUX NAPAMETPOB B BUAE KOMMYECT-
BEHHbIX COOTHOLLUEHMA.

OTa CBA3b NPUIOANTCA HOM B OYAYLLEM ANS BLIYUCTIEHWS CKOPOCTU
ucnapenus xuakoctu. Mrak, paccmotpmm upkn KapHo ans napo-xua-
KOCTHOWM cMecH (puc. 2).

Puc. 2
o

0

P4

v, 1

Ha pucyHke 310 aBE M30TEPMBI (FOPU3OHTANBHLIE NIMHWK) M ABE ALM-
abartbl. Mouemy KapHo? MoTomy 4To, TAK peLumnm asTopsl 3TOro COoT-
Howwenusa - Knanerpor v Knaysuyc. He 6yaem HapyLats Tpagmumio.

Liykn paccmatpreaem 6ECKOHEYHO MArbIN, YTO OBBACHAET NOTUY-
HocTb Beibopa Knanerpora u Knaysuyca. Begs ¢ nomoLusio cymmbl
MHOXECTBA TAKMX MAEAMbHBIX LMKIIOB MOXHO OMUCATL OBLWMIA pearb-
HbIA LMK,

Ha wntepsane temnepatyp T w (T + dT) onpenenum paboty B
3TOM LMKIE:

A=(V,-V,)dP

1, CNEfOBATENBHO, KOIDDULMEHT NONE3HOTO AENCTBKS 1] onpefe-

JIMM KOK OTHOLLIEHUE:

A dpP
= —=V-V)—,
n Qb (Vi - Vo) |
rae L - ckpbiTas TennoTa nepexoaa B Apyryto ¢asy AAHHOM MACChI
BeLLeCTBa.
C apyroit ctopoHsl, anst uykna KapHo koabduumeHT nonesHoro
NEenNcTBus:

HAYKA

T, 1-(T-d7) dT

e
Cpasrusas KM, nonysaem
dpP L
ar T

Dto-3HamennToe ypasHernue Kanenpona-Knaysuyca. OHo css-
3bIBAET JABMEHWE, MPU KOTOPOM HAXOASATCS B PABHOBECUM ABYXPA3HAS
CMUCTEMA, C TEMMNEPATYPOM.

Hpyrmu cnosamu, bopmyna aaet BO3MOXHOCTb PACCHATATD AOB-
NeHMe HACILLEEHHbIX MAPOB B 3ABUCMMOCTM OT TEMNEPATYPSI.

BenuumHa ckpbIToM TEenNoTs UCNAPEHUs eCTb TABANYHAS BENUYM-
HQ W onpefenseTcs Ans KAXAoM XMAKOCTU SKCNEPUMEHTASBHO.

yTem MHTErpUPOBAHMS 3TOrO OBLIKHOBEHHOTO AnddepeHUMarb-
HOrO YPOBHEHUS MOXHO OMPERENUTL NPAMyto 3aBucHmocTs P(T).

Haiiti TemnepatypHyto 3aBUCHMOCTb TEMNOTh UCNAPEHUS MOXHO
npubamkerHo. MNpu 5TOM NPEANONOXMB, YTO K COCTOSIHUIO MAPA MOX-
HO MPUIATU ABYMS MYTAMM.

Mepsbiit. MicnapuTs sxuakocTs npu Temnepatype Ty v HArpeTs Nap
NpK NOCTOAHHOM ACBMEHUM AO TemNnepaTypsi I.

Toraa, 30TpaunBaEMAs HO MOJb SHEPTUS PABHA:

AQy =L+ C(T- Ty,

rnely - Tennota ncnapenus npu Temnepatype Ty M AABIEHUM HO-
chllerHoro napa Fy.

Bropoit. CHauana HarpeTs kuakocTs oT Ty 40 TemnepaTtypsl T, a
3aTem Mcnaputs eé npw 3toi Temneparype (o6osHaumm L(T)).

B s3Tom cnyuae 3atpauveaeTtcs sHeprus:

AQ,y= C, (T- Ty) + L(T)
N3 paseHctea AQ; = AQ), cnepyerT:
Lo+ G (T-To) = G (T- To) + L(T),
L(T) = Lo+ (G- CIT- Ty).

Torna ypasHerue KanerpoHa-Knaysuyca npumet sua:

dP Lo +(C,- CT-To)

dr T(Vm] - VmQ)

MonsipHbiM 06BEMOM XMAKOCTU MO CPABHEHMIO C NMAPOM, BBMAY
OTHOCUTENBHOM MANOCTH, MOXHO NpeHebpeus (V, , << V. ), a ans na-
pa BOCMOSb3YEMCS YPOBHEHWEM COCTOSIHUS MAEAMbHBIX FA308, JOCTA-
TOYHO XOPOLLIO BIMOMHAIOLLMMCS ANs NEPETPETOrO NAPQ.

[NeperpeTbiM HasbiBaETCH NAp, TEMNepATYPA KOTOPOrO MPEBbI-
LIAeT TEMNePATypy HACHILLEHHOrO Napd. Takoi Nap eLie HA3biBaloT
CYXMM U €70 YXE MOXHO CYUTATb FA30M.

YTOUHWMM, 4TO ra30M SBASETCS OfHA M3 "umcTbiX" a3 BeLecTBa:
TBEPAAS, XUAKOCTb, FA3 M MOXET BbiTh MIA3MA.

Ecnu cpena aByxdasHas, ras naoc kmMaKoCTs, TO 3TO - NAP, KOTO-
PbIf, KAk 6bI10 YCTAHOBNEHO, BLIBAET PA3HbIN.

Bocnonb3osaslumcy noHaTMem rasa (neperpetoro napa) nosny-

UMM:
RT
Vm1=7
P
dP P Ene
—=—[ly+ - T- Tyl
dT RTQ [ 0 ( p )K)( O)]
Orkyna: , .
dP 1 Lo+ (Cp— CT-Ty)
—=— ; dT.
A P R T I
N torpa
[P Lo'(Cp'C*)To 1 1 Cp-C,K T
h—=——————| = -— |+ —— Ih—.
P R Ty T R Ty

O1a GopMyna AAeT AOCTATOYHO TOUYHbIE 3HAYEHMS, KOTOPLIE COB-
NAAAIOT C IKCNEPUMEHTOM.

Mpouecc ncnapenus
Tenepb, kOrga BCe NOATOTOBNEHO, 3AMMEMCS KOMMUYECTBEHHBIM
ONpefeneHnem CKOPOCTU MCMAPEHUs XMAKOCTEN. 3a[A4Ya CTABUTCA



HAYKA

TAK: HAMTH CKOPOCTb MCMAPEHMS XMAKOCTH, TO €CTb OTHOLIEHWE MAC-
Cbl XMAKOCTH, NPEBPALLAIOLLENCS B NAP 30 MPOMEXYTOK GHUKCUPOBAH-
HOTO BPEMEHHM C GUKCUPOBAHHOM NMOBEPXHOCTH, C KOTOPOMN NMPOUCXO-
T ncnapenwe [3, 4]. Tpy 3TOM M3BECTHBI: SABNEHNE HACILLEHHBIX
NOPOB ¥ TEMNEPATYPA CPEAbl UCMIAPEHHS.

Kak 6bino yCTaHOBNEHO PAHbLUE, MEXAY HACBILLEHHbIM MAPOM W
XMIKOCTBIO CKOPOCTb UCMAPEHUS PABHA CKOPOCTU KOHAEHCALMH. To
€CTb, YCTAHOBAMBAETCS PABHOBECUE ABYX B3AMMHO MPOTUBOMONOX-
HbIX MPOLECCOB 1 YTBEPXAAETCS, YTO MX MAOCCOBbIE CKOPOCTH B TOM W
0BPATHOM HANPABAEHUAX PABHBI.

Maccosas ckopocTs 3anmceiBaeTcs, kak GbINO CKA3AHO BbILLE, B
BMAE OTHOLLEHWSs MACChI, IENIEHHON HA BPEMS M NoLWwaab. TaKylo CKO-
POCTb eLLEe MOXHO HA3BATL MIOTHOCTBLIO TOKA MCnapeHus (06paTHoro
NPOLECCa - KOHAEHCaUmM).

PasmepHOCTb TAKOTO NApaMeTpa umeeT Bua;

M [ KI’:|
S Lm2c
Byaem cuutaTh, YTO CKOPOCTM MOMEKYN B HACHILLEHHOM NApe
nopumHaioTca pacnpeaeneqmio Makcsenna. BcnomHum ero:

m 3/2 ,l
f(\/)=47r<72 kT) e M.v2,
V]

rae f(V)dV=dP(V)=dn/n;

P - BepOATHOCTb HOXOXAEHMA YACTUL, B BHIBPAHHOM MHTEPBANE;

k - koHcTanTa Bonbumara;

dn - uicno yactuy 8 uHTepsane ckopocten dV;

m - MACCa MONEKybl;

T - TEPMOAMHAMMYECKAs TEMNEPATYPA;

V- ckopocTb Monekysbl.

M3 pacnpenenerms MOXHO NOMyYUTL YOCTOTY BbIIETEBLUMX MOME-
Kys C MOBEPXHOCTM, MPUXOAALLMXCS HA emmHmuy nnowaan [1/(m2c)]:

v=ny|AV)VdV=

©

3/2 -

m
“"o(zer) )0

m(v+v.2) 2 €3

- m KT 972
R vxdvx=n0(—).

2rm
0

To ecTs:

kT 372
Yo ”O(Q,Tm) '

TOE Ng- KOHLEHTPALMS MOMEKYIL.

Toraa, MaccoBas CKOPOCTb BLIIETA MOSIEKYIT C MOBEPXHOCTH XM-
KocTu ByneT pasHa:

kT Q72
Jp=mv =n, m(i) .
2rm

[anee, yunThiBOA CNPABEANMBOCTL YPABHEHWS COCTOAHMA MAe-

QNbHOTO ra3a, A8 Cy4as PABHOBECHS MOMEKYS, MOXHO 3QnMcaTh

KOHLEHTPALMIO B 30BUCUMOCTH OT TEPMOAMHAMUYECKMX NAPAMETPOB:

P

= H
©

roe P, - AaBneHne HACbILLEHHbIX NAPOB.

C y4eTom Toro, 4To MOMNEKYNAPHAS MACCA NAPA BbIPAXAETCS Ye-
pe3 uncno Asoragpo kak: M= m-Nj, a korcranta bonsbumana cessa-
HO C YHMBEPCOMLHOM rO30BOM MOCTOAHHOM QHANOMMYHBIM OBPA3OM,
R = k-N,, To okoHyaTensHast bopmyna ais pacyeTa MaccoBoOM Cko-
POCTH BbINETA MOMNEKYST C MOBEPXHOCTU XMAKOCTU NPUMET BUL;

m /2 M an
=Pl g) = P

B ycnosusx paBHoBecHs CKOPOCTb MCMAPEHUs PABHA CKOPOCTH

Ne 3(135)2021
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KOHAEHCALMU M PE3YNBTUPYIOLLASA CKOPOCTb MCMAPEHUS SOMKHA BbiTh
POBHA HyJIO.

B HepaBHOBECHbIX YCNOBMAX CKOPOCTb UCMAPEHUS PABHA PABHO-
BECHOM CKOPOCTM MCNAPEHUS NPU HEKOTOPOW TEKYLLEN TEMNEPATYPE
M He 30BMCUT OT CKOPOCTH KoHAeHcauun. B 3Tom cnydae ckopocTs
KOHLEHCALMW OTNIMYAETCH OT PABHOBECHOM, TO €CTb BbIMOMHAETCS
upeansHoe ypasHenue lepua-KHyaceHa:

M ap
W P”)(Qmer)

OTHOLWeEHWE OT MOEANbHOMO YPABHEHMS YUMTHIBAETCH BBOLOM
6e3pasmepHoro KospduupeHTa akkomoaaumn o. Ero sHauenms Ha-
xopstcs 8 uutepsane [0; 1]. Eamnnua - aeansHbii cnyyan.

B o6wwem cnyyae noHsTME TEPMUYECKOM AKKOMOAALMM Bbino Bee-
neHo KHyaceHoM ans onucaHus cucTem npubnuxeHus paBHOBECUS
MeX[y NOBEPXHOCTbIO XMAKOCTU M MOMEKYIOMM NAACIOLLME HA HEE U
nokupaoLme eé:

-k

Tl - 7-p '
roe T, v Ty - cpenHue KpaitHe TemMnepaTypsl NAAAIOLLMX M OTPA-

KEHHbIX MOMEKYTI.

KoadduumeHT akkomoaaumm 4epes sHeprm NafatoLLmMx 1 oTpa-
XEHHBIX MOMEKYST ONPERenieTcs AHANOMMUYHO:

E-K
E-E-

Takrm 06pa3OM 4R PACYETA MACCOBOM CKOPOCTM MCMAPEHUs
TpebyeTcs 3HAHWE NPexae BCEro AABEHMS HACHILLEHHBIX NAPOB 41A
CPABHEHMS C HUM PABOYEro AUBNEHUA U B OBLLEM-TO TEMNEPATYPSI.

Ho cam npouecc ncnapermst MoXeT NporcxoamTs U 6e3 BAusHMS
Temnepatypsl. [Ipoluecc paclumpeHms rasa MOXeT NPOUCXOAUTL He
TONBKO TEPMOAMHAMMYECKMM CMOCOBOM. a3 MOXHO PaCLUMPUTL Me-
XAHUYECKM.

o=

o1 =

Kasuraums

MonekynsipHbie CBA3M MOXHO PA3OPBATH C MOMOLLIO M3BECTHBIX
MEXAHWYECKMX BO3LENCTBUI HO xuakocTs [5, 6, 7]. Hanpumep, ¢ no-
MOLLLbIO KOBUTALMM.

MHoru1e ycTponcTBa B NPOMBILLINIEHHOCTH U B POKETHOM TEXHUKE
NOCTPOEHbI HA TYPOGOMALMHHOM NPUHUMME. DTO TypOUHBI, LEHTPO-
GEXHBIE HACOCHI, LUMKIOHBI, LEHTPOBEXHBIE GOPCYHKM, rPeBHbIE BMH-
Thl, U T.4.

Bce 311 ycrpoiictea obbeanHseT ogmH 3bdekT: nonyyeHue nosbi-
LUEHHBIX MK MOHWKEHHbIX LABNEHUA 61aroaaps LEHTPOBEXHbIM Ch-
NIAM, KOTOPbIE YCTPEMIISIOT NMOTOK XMAKOCTH OT LEHTPA K nepudepum.
MMpwu 3TOM fOBNEHWE HO NEPUPEPHITHON YOACTU YBENMUMBAETCS M3-3Q
MPUTOKA AOMONHUTENBHONW MACCH M YMEHBLLIOETCS B LEHTPE BpALLE-
HUS 13-30 OTTOKA 3TOM MACCHI B CTOPOHY nepudepmi. B ueHtpe notok
CUIIBHO PA3PEXAETCH, M LABNEHME B STOW OBNACTM MOXET JOCTUYbL
YPOBHS AABEHUSA HACHILLEHHBIX NAPOB.

B cBA3M C 3TUM MONeKyNsipHbIE CBA3M B XMAKOCTM MOTYT PA30p-
BATLCS W KMAKOCTb HOYHET KABUTUPOBATL. KABUTALMIO ELLLE HA3BIBAIOT
XONOAHbBIM kuneHuem. Ho BoamoxHo aats Gonee TouHoe onpeaene-
HUE KABUTALWMM: STO NPOLECC UCNAPEHMS KMAKOCTH U3-30 MEXAHUYEC-
KOTO PO3PbIBA MEXMONEKYNAPHBIX B3AMMOCBA3EHN, BbI3BAHHBIX LEHT-
POBEXHBIMU YCUIMAMM, BOZHUKQIOLLWMI B MPOLECCE CBEPXBLICTPOrO
BPOLLEHMS MOABMXHbIX MEXOHUYECKUX YCTPOMCTE (HOCOCOB 1 npoyee)
1 30BUCALLMMM, COBCTBEHHO, OT YACTOThI BPALLEHMS.

B Hacrosiee Bpems Ha kucnopog-sogopoaHsix XPI ncnonbay-
ioTcs Hacocsl, passueaiowme okono 100 000 u 6Gonee obopoTos B
munyTy. Ha puc. 3 npeacrasneHa dotorpadus, rae 3abukcnposaHa
KOBWTALWMS HA LHEKOBOM NpeaHacoce. Buaer npouecc e€ pasenTus 1
M3MEHEHWNE PA3MEPOB KOBMTALMOHHLIX OBNOCTEN B 30BUCHMOCTH OT
uncna 06opoToB HACOCA.

Kasutauus - onacHoe sisnerue B texHuke. OHa paspyluaet no-
NATKM HACOCOB, NONACTH rPEBHBIX BUHTOB, PabouyMe MOBEPXHOCTH
TMAPOTYPOOMALLKH.
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Puc. 3 ﬂpouecc Pa3BHUTHS KABUTALMM HO LLULHEKOBOM NpepgHacoce

Paspywenne matepuana getanu (puc. 4) npoucxoauT us-3a Toro,
4TO MOCNE BO3HUKHOBEHUS My3bIPbKM NAPA, HOXOLAALIMECS HO NOBEPX-
HOCTW 1 UMEIOLLME HM3KOE LABNEHME NAPA, CXAOMLIBAKOTCS NOL BO3-
LEMCTBMEM BLICOKOTO LOBNEHMS OKPYXAIOWEN XMIOKOCTM, CO34ABAs
NIOKQMbHBIE TMAPOYLAPLI O MOBEPXHOCTb. B HekoTopoi crenenn 31o
nofo6HO BO3AEMCTBMIO KyMYNATUBHOM CTPYM, Tem 6onee, 4To Temne-
patypa napa B ny3sbipbkax moxet gocturate 1500 °C.

KOBMTOLIMH - Hanbonee XAPAKTEPHOE ABNEHNE NPU JUHAMUKE KPU-
OFEHHbIX XMOKOCTEN. ﬂ,oxe Npn Manbix aMmnanTynax nynbcou,mﬁ aasne-

HUA B KODUOTEHHbIX XXUAKOCTAX NErKO BO3HUKAET ABJIEHUE KABUTALMMN.

|_|epBb|e NPU3HAKK KABUTALMM - STO BOSHUKHOBEHME NMY3blPbKOB.
,D,OﬂbHeljiLLlee PA3BUTHUE KABUTALMK MOET NYTEM CMELLUMBAHUA MYy3blPb-
KOB ¥ OBPA30BAHMA NONOCTEN NAPA (MM ra3a), KOTOPbIR C onpese-
JIEHHBIM  MACCOBbLIM PACXOOLOM Bblp060TblBoeTCﬂ HA MNOBEPXHOCTAX
BPALLCIOLLMXCA NONATOK M NONACTEH.

HO;‘TM B3AMMOCBA3b NAPAMETPOB KABUTALKMN M HACTOTbl BPALLE-
HUSi IOCTATOMHO CIIOXHO M3-30 OCOBEHHOCTEN KOHCTPYKLMI BPALLQ-
OLLIMXCA yCTpOHCTB. I_IOBTOMy B OCHOBHOM N4 PACYETOB NOJIb3YIOTCA
SMMUPUYHECKUMU OAHHBIMU, NONYHEHHBIMU MOCNE CNneunanbHbIX UCMbl-
TAHUM Ha KOHKPETHbIX KOHCTPYKUMAX.

B HaCTOSLIEE BPEMS elue HET OCTATOYHO HOAEXHBIX TEOPETH-
HECKMX METOLOB, Onpefenatolmx TaK HA3bIBAEMYIO KABUTALNMOHHYIO
NPOYHOCTb!

AP =Py (To) - Py,

rae P, - naBneHue, Npu KOTOPOM BO3HMKAET PA3PbIB CRAOWHOC-

TN XKUOKOCTU.

HAYKA

OMnupuyeckas Teopus 6asupyetcs HO OBOBLLEHWM OMbITHBIX
AQHHbBIX MO KABUTALMOHHBIM MCMBITAHMSIM HOCOCOB.

M3 3TUX 3KCNEPUMEHTANBHBIX 30BUCHMOCTEN MOXHO OMPEENUTL
YPOBEHb BIMAHMS HO KOBUTALMOHHYIO MPOYHOCTb YACTOTHI BPALLEHUSA
(nomMMO U apyrvx NnapameTpos).

Wcnonbays sasucumocts AP, = f(n), unn 6onee nonHo AP, = f(n,
Q, H), MOXHO HOMTM MOCCOBYIO CKOPOCTb KABUTALMOHHOIO UCMape-
Hus (kunenws) no dbopmyne lepua-KnyaceHa

AN

J = APH(%—RT) .

Ecnn a1y dopmyny npeobpasosats ¢ yueTom Toro, 4to R/M =R, -
rasosas nocroaHHas, a =\ kR, T - ckopocTs 38yka (a), To popmyna
npumeT Bua:

AP, | k
n a Vor
Torpa ans napa (k= 1,33) MoxHO nonyunTs:
AP, AP,
I , 0,46 P

Mpu stom ypaeHenne lepua-KHyacena npubnumkxeHHo MoxeT
GbITb 30MMCAHO ANS KABUTAUMOHHBIX MOBEPXHOCTEN KAK OTHOLIEHME
NONOBMHbI KABUTALMOHHOM NPOYHOCTH HO MECTHYIO CKOPOCTb 3BYKQ.

H'C  KrM-C Kkr
PasmepHocTs —— = ——— = —— - NpPABMABHO OTPAXAET
MM MM MC
busnyeckuit npouecc.

B pesynstate NnpoaenaHHoro aHanuaa Guino NpeacTaBneHo onu-
CaHWE NPOLECCOB MCNOPEHUA W KOBUTAUMM, KAK €€ YACTHOMO Ciyyas.
MonyueHHbie paboune bopmysbl MOryT GbiTb MCNONB3OBAHbI NPK PA3-
PABOTKE NPOMBILLNEHHBIX KOHCTPYKLMI ANst NPEAOTBPALLEHNS BO3HMK-
HOBEHMSI KABUTALMM 1 X Pa3pyLueHns (puc. 5) ot eé sospeiicens. il
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KWHHEMATH

b

lMpencTaBneHa MeTo[0/OMs CPaBHUTENIbHOIO aHanu3a KMHeMaTUKN NMepesaToqyHbIX MexaHU3MoB LUTHAP-MOPLUeHb-
BaJ oT60opa MOLLHOCTY MOPLUHEBbIX fiBUratesiesi BHyTPEeHHEro cropaHus, npuBe[eHbl pe3ynbTaTbl pacyéra CpaBHUTEbHbIX
OL|eHOK NMPUMEHUTEIIbHO K KOHKPETHbIM 06beKTaMm.

The methodology of comparative analysis of the kinematics of the cylinder-piston-power take-off shaft transmission
mechanisms of internal combustion piston engines is presented, and the results of calculating comparative estimates for
specific objects are presented.

KnioueBble cfioBa: rMopLUHeBo ABUratTesib BHYTPEHHEro cropaHus, nepeaaToyHbiyi MexaHU3M, KUHeMaTuKka, CpaBHUTe b~
HbI aHaNu3, cpaBHUTENIbHas OLeHKa.

Key;lvords: internal combustion piston engine, transmission mechanism, kinematics, comparative analysis, comparative
evaluation.

Bonpoc, BbiHeceHHbIM B 3aronoBok, 34ecb PACCMATPUBAETCS B KOHTEKCTE METOAONOIMM CPABHMTENILHOTO QHAIM3A KMHEMATMKM Nepena-
TOUHBIX MEXOHU3MOB LMnnHap-nopeHb-san (KMM) nopwHesbix gsurateneit sHyTpeHHero cropauus (MOBC) . Boctpe6osanHocTts paspabor-
KM 0603HAYEHHOM TEMbI MCXOAMT U3 MHOTOO6PA3Ms 3asBNEHHbIX M30BPETATENAMU KOHCTPYKLMI - BecluaTyHHble, 6eCKpMBOLMMHBIE, ... KUHE-
MOTHYECKME CXEMBI, B CBS3M C YEM, NPU OBOCHOBAHMM TEXHMYECKOTO PE3yNbTATA, BO3HUKAET 3aaa4a oueHkn spdpektusHoctn KIMM sasense-
MOTO YCTPOMCTBA NO CPABHEHMUIO C APYTMMM. PelueHne 3Tol 3aaaum npegnonaraet npMMeHeH1e onpeaenéHHON METOAMKM BbIYMCIIEHWUS CPAB-
HUTENbHBIX OLEHOK. M BOT TyT-TO 0BHApPYXMBAETCS, YTO TAKME METOAMKM U, BoobLe, meTogonorus cpasHutensHoro aHanmaa KMM MOBC e
COBPEMEHHOW TEOPMM ABUrATENEN HE MPONMUCAHDI, U ODULMANBHO JOCTYMHBIN MHCTPYMEHTAPUM, KOTOPbLIM MOJb3YIOTCS 3ASBUTENM, ITO - KOMI-
NeKTbl UHAUKATOPHBIX U 3¢ deKTUBHBIX NokasaTenei. OaHAKO, B AAHHOM cly4ae 0cOBEHHOCTb METOAONOTMYECKOM NPOBAEMbI 3AKNIOYAETCS B
TOM, UYTO TPAAMUMOHHBINA MHaMKaTopHblii KM He 3aBucuT oT koHCTpyKumM U knuHemaTtku MM 1 nosToMy He MoXeT BbITb UCMONb3OBAH B KaYe-
CTBE OLEHKM KMHemaTnyeckoin s dektusHoctn MOBC. DTo BepHO M AN APYrMX MHAMKATOPHBIX MOKA3ATENeM, KPOME, BbiTb MOXET, MHAMKA-

TOPHOrO KPyTALWEro MoMeHTa (06 3ToM Huxe).

Yro kacaetcs sapdektmBHbIX nokasatenen (mexanuueckui KMNO u 1.n.), To, pasymeercs, - 310 "ueHHbIe" OLEHKHM, HO He MMetoLME HUKA-
KOro oTHoleHus K kuHeMatuke (kak cuctemsl) MM MNOBC, 1, k ToMy Xe, onpepenseTcs SMAMPUYECKH, T.e. CyBbEKTMBHO.
B cBA3M ¢ BbIlLLEM3NOXKEHHBIM BO3HMKAET 304040 NOCTPOEHUS OAEKBATHOM METOAMKM cpasHuTensHoro aHanusa KMM MAOBC.

MocraHoBka 3apaun

MpencrasneHHas panee metoamka paboTaeT No cheaylowei
CTAHOAPTHOM CXEME.

. Cpashueaiotcs asa MIOBC, ycnosHo MmeHyembie 3gech Kak
Mpototun (1) u MpoekT (2), otnmuaiowmecs KIMM.

. Onpegensetca COBOKYMHOCTb AAHHbIX, BKIIIOYQIOWAA NAPA-
MeTPbl PYHKLMOHMPOBAHUA CPABHMBAEMbIX OBBEKTOB M NepeaaToy-
Hble PYHKUMM, YCTAHABAMBAIOLIME CBA3M MEX/Y STUMM NAPAMETPAMM;
OETANU HUXE.

2. OnpenensioTcs yCnoems COABHEHMS, UCKIIOUAIOLLME 3ABUCH-
MOCTb MCKOMBIX CPABHUTEMbHbIX OLEHOK OT NPOYMX PAKTOPOB, KPOME
OBYCNOBAEHHbBIX OTIMYUTENBHBIMU MPHU3HAKAMM CPABHMBAEMBIX OOb-
€KTOB; AETANM HUXE.

. OnpepnensioTca aHAnUTUYECKME CNOCOBbI BBIYMCIEHUA CPAB-
HUTENbHbIX OLEHOK, AETANM HUXE.

Hetanu

1 CTpykTypa AAHHBIX cpashmsaemsix MIABC onpenens-
eTCa NepefaTOYHON CXEMOM:
Eq) >\ > p >>p-—>T )M)+I rne

b S

¢ - yron nosopota sana, 0 < ¢ < Ao ;

@ >V - KrHemaTHueckas NepeaaTouHas GyHKLMS BAN-LMIAMHAP,

V=V(p) - pabounit o6vém unnmrgpa, 0 <V <AV (=V, [1]);

V> p - TepMOaMHAMMYECKAs NepenaTOuHAs ByHKLMS,

p=p(V)=p V(o) =p (@) - scsnenure pabouyero Tena e umnmHape;

p > P - nepeaatouHan dbyHKumMs AaBNEHME - NOPLIEHD,

P - Benuumna cunsl P nosnerus p pabouero tena, Bosaencrayio-
LLIeM HO NOPLUEHD,

P=pxF,

F - nnowaas npoekunn paboyer NoBEPXHOCTU NOPLLHS HA MIOC-
KOCTb, NEPNEHAMKYNSPHYIO NMHMM ASHCTBUS Crbl P (06nacTs npoek-
WM OTPAHMYEHA MPOEKUMEN JIUHUM COMPSKEHUS PABOUMX MOBEPX-
HOCTEN MOPLLHS W UMIMHAPQA, NMHMS LencTBus cunsl P npoxoauT yepes
rEOMETPHUYECKUI LEHTP NPOEKLM);

P—>T - knHemaTHueckas nepenatouHas yHKLMsS NOPLLEHb - KOUBOLLM,
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T-—> M -kHemaTHyeckas nepeaaTouHas GyHKUMA KDUBOLLMM - BA,
T - BENMYMHO TOHrEHLMANBHON COCTABASIOWEN | PE3ynbTUpYyio-
wein 8 cucteme M cunel, Bosgencreyiowen Ha KpuBoLwIKN,
M - kpyTAWMIA MOMEHT Ha BanNy, cO3naBaemslit cunoi T
S

— P—I

Tp , Ti - COOTBETCTBEHHO, KUHEMATMYECKAS, UHEPLMOHHAS COCTAB-

nsowme cunsl T,

M = Txr,

r - POAMYC KPMBOLLMNG;

T=Pxy, -

v = y(o) - nepeasatouHas dbyHkums spawenus P>Tp , onpege-
NAETCS U3 YPABHEHMS

W, =W, rae

Wi, - MHAMKATOPHAA PABOTA LMIMHAP-NIOPLLEHD,

Wi - MHBMKATOPHAS paBOTA KPYTALLErO MOMEHTA,

W ={, pxdV= {EJ(V(tp))*dV(cP) =ép(V((P))*V'(tP))dtP ={P P«(V'/(Far))rede,

Wiy =/ Msd =/Ter dp =/T_sredo (+/Tar dp =0) =/P « y + r+ dop,
M cp(pr@(pprcp((p,rw )(p Yo« rx do

oTKyAa cnepyet

v =V'/(Fsr) .

O603HAYEHHOs BbILLE MEPEAATOYHAs CXeMa OnmUchIBaeT pabo-
umit npouecc MABC kak nocnenosatenbHyio cynepnosuumio nepesa-
TOYHBIX PYHKLMIA

V—>p,p—>P,P-—>T, T-»M, npu 5tTom Bce cocrasnsoLime
3TOrO NPOLECCa SBHO 30BUCAT OT KMHEMATUYECKUX MEPEAATOUHbIX
byHkumit Ban-unnuHap V(o) v spawserus (o).

Ycnoeus cpaBHeHus:

1) TEpPMOAMHAMMYECKASA SKBUBANEHTHOCTD,

2) 0OMHAKOBBINM PACXOL, TOMIMBA.

DT YCNIOBUS UCKIIOYAIOT 3ABUCUMOCTb PACYETHBIX COOBHUTENb-
HbIX OLEHOK OT NAPAMETPOB TEPMOAMHAMMKM 1 TA3006MEHA CPABHM-
saemsbix [1BC.

Oetanu

1) Ycnosue TepmoanHammyeckon skeusaneHtHocTH [poekta u
[MpoTotuna nogpasymesaeT:
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1.1) opnMHOKOBbIE NOPAMETPLI TEHEPALWMM 1 TEPMOLMHAMUKM PA-
6ouero Tena, a umenHo [1]:

€ (2)=¢ (1) =¢, € - cTeneHb cxatus,

p.(2)=p;(1)=p; p;-cpeaHee HaMKaTOpHOE aaBneHne pabo-
4ero TENna B LMIMHAPE;

1.2) opmHOKOBbIE COCTAB M COOTHOLLEHME COCTABNAOLLMX Pabo-
4ero Tena, OTKyAd, B YACTHOCTH, Cleayer:

2.2 =g, ()= g, me

€. = G,/ AV, - yaenbHbiit UMKNOBOM PACXOA, TOMNUBA,

G,, - uKnoBo# pacxon TONNMBQ,

AV, = AVx ¢ /(g -1) - nonHbI pabounit 06bEM,

AV(=V, ) - pabounit o6béM,

(AV, =V, =AV + V¢, Vc - 06bém kamepsbl cropatms [1]).

2) Ycnoeue 0gmMHAKOBOrO pacxoaa TOMNMBea:

G, (2) = G, (1), G, - (cexyHaHbIM) pacxog TonnuMsa,

G, =G, /At,

At= Ap/® - BpemeHHO nepuog paboyero umkna,

® - YrI0BAs CKOPOCTb BPALLEHMS BANA OTEOPA MOLLHOCTY.

3) Boiuncnerme cpaBHUTENbHBIX OLEHOK.

Hanee BO(i) 0603HAYAET OTHOCUTENBHYIO CPABHUTENLHYIO OLEH-
Ky napameTpa (i) cpasHMBAEMbIX O6bEKTOB:

) =()2) /(i)1), ree (I)N1) n (i)2) - osHOMMEHHLIE NapameT-
pbl, cooteeTcTBEHHO, [poToTtuna (1) u MpoekTa (2); koHkpeTHO, Han-
pumep, ®M = 2 osHauaet, uto KpyTawmin momeHT M(2) Mpoekta 8
asa pasa 6onbwe kpyTawero momenta M(1) Mpototuna.

[lns nocnepyiowero nanoxeHus BaOXHO OTMETUTb MyNIbTUMIMKG-
TMBHOCTb OnepaTopa O :

O(fiy) « (i) = ©fiy) iy} , O(lir) / (ix)) = Ofiy) / ©fig)
O(const « (i) = const « B(i) , (i <o) = O(j) const .

MpumeHnnTensHO K 2. BhiLwE:

Oc=0-1)=0 /le-1)=1,

Opi=1,

0g . =0G,, /OAV, =1,0G, =0G,, /OAt = 1, otkyna cneayet
OGTy =OAV, =OAV=0At =0Ap/O0 .

CpaBHeHMe MHAMKATOPHLIX NOKA3aTenem

1) Cpenree nHankatopHoe gaenenue p; . M3 1.1) oiwe:

Op, = 1.

2) UnaunkatopHas pabota W, = p, AV . U3 1) sbiwe :

OW, = Op, GAV= AV .

3) Mnpumkatopreit KMNO n, = (W, / G,) / Hu (Hu - Huswas ten-
NOTA CropaHws TOMMBA).

M3 npepsiaywero 1 ®Hu = 1 (ycnosue TepMOBMHAMMYECKON K-
BMBQNEHTHOCTH):

On=(BW,;/ 6G, ) /OH, = OAV/6G, = 1.

4) MnankatopHas mowHocts N, =W, /At :

ON, = OW,/GAt = OW,/BAV = 1(<— 2)).

5) MnaukatopHsiit yaensHbid pacxog tonnmsa €= G, / N;

0g = 0G, /ON= 1 (<« 3. BoluncneHme cpaBHUTENbHBIX OLE-
HOK Bbile, 5)).

6) MnankaTtopHeii kpyTawmit momeHt Mi = Wi /Ao :

OM, = BW, /0 Ap = OAV/OAp =OAt /OAp=1/00 (<<—?2)).

Takum obpasom, anst cpasrmeaemsix [BC, npu saaaHHbIX yeno-
BMSAX CPABHEHUA (2. BbILLE), 3HOYEHUS KNACCUYECKUX WMHAMKATOPHbIX
nokasarenen, KPoOMe MHAMKATOPHOrO KpyTswero momenta M, oau-
HOKOBbI.

Mapamerprueckmin cpaeHutensHbiid aHanms KIMM MOBC

[anee, 8 Tabnuue Ne'l, unnioctpupyiowwen NpUHATYIO METOAMKY,
NPELCTABNEHb PE3yNbTATb NAPAMETPMYECKOTO CPABHUTENLHOMO
QHOMM3A KOHKPETHbIX OGBEKTOB, O MMEHHO:

Mpototun (0) - 4-takTHeii MOBC ¢ kpuBoLMNHBIM NEpeaaToUHbIM
mexanmamom (KLLIM) [1],

Mpoex (1) - 6ecwarynnsim MOABC bananauna [2],

HAYKA

Mpoekt (2) - potopHo-nopwneson [OBC (PMOBC) Bawkens c
TPEXyronbHbIM poTopom [3],

Mpoext (3) - Astoskeuaucrantanshbit PIOBC (ASLPIMOBC) ¢
TPEXYromnbHbIM poTOpoMm [4].

1t
® e ) 1«'%'\

_ B Tabnmua N2 1
NMAPAMETPUYECKMN CPABHUTEJIBHBIM AHAJTM3 KIMM MNABC

MNokasaTtens (I) , i=0['|12,3 Mpototnn Mpoexr Mpoekr Mpoexr
ol (0) (1) (2) (3)
ANaHAUH aHKeNb
(i) KLUM 3 B AP
A 4n 4n 6m 41/3
0Ap=A¢())/Ap(0). {=1,2,3 - 1 3/2 1/3
AV F*r*2 F*r*4 F*r*3 F*r*n/3
OAV=AV(j)/AV(0)=0GAt, J=1,2,3 - OF*er*2 [eF*6er*3/2| OF*r*n/6é
Ow=OAQ/OAt=OAQ/OAV - (12)/(eF*er) | 1/©F*er) |(@2rn)/(eF*6r)
OM=0AV/OAp=1/0A® - OF*Or*2 OF*0r | OF*0r*m/2

YucnenHbin cpaeHutensHbii aHanms KIMM MABC
B cnenyoweit Hmxe Tabnvue No 2 nokasaH nepexon ot napa-
meTpuueckoro (tabnuua Ne 1) cpaBHUTENBLHOrO AHANM3A K YMCTIEHHO-
MY NPY AONONHUTENLHOM YCnoBun O(Fxr) = OF+Or = 1 (B03MOXHbI Apy-
TMe BAPMAHTBI JOMOHUTENbBHBIX YCIIOBMI, LOCTATOYHBIX ANt O4HO3-
HOYHOCTM pe3ynsTaToB, Hanpumep, OAV =1 unn O =1). B nocnen-
Hew cTpoke oTobpaxaetcs nokasarens p.=0(M,/AV)=OMi/®AV=1/A¢p
(CpaBHeHMe MHAMKATOPHbLIX MokasaTene, 6) Bblwe), MMEHyembii
snech "kunematnueckun penturr” (KP) MABC; comepxarenbHbii
cmeicn KP 3akmiouaetcs B8 Tom, uto peituHr [poekTta Tem Bhile, 4em
menbwe AV unu 6onbwe M, (v Haobopor).
Tabnmua N2 2
YMCNEHHbIA CPABHMTENbHbIM AHAJIM3 KMM NJABC

©, M BGH(CJ]I-I),DMH Bafl?(inb AS(E,)PI'I
®, AV 2 2/3 e
0, o 1/2 1 2/x
0, M, 2 1 /2
P =O(M/AV) 1 2/3 3

Kunematnueckum KMNa naBcC

BoilweonucanHas metoamka BbILAET CMNEKTP OTHOCHTENbHBIX
cpasHuTenbHbix oueHok napametpos KIMM, Tak wam uHaue mynstun-
SIUKATUBHO-DYHKLMOHAMBHO CBA3AHHBIX C UCXOLHBIMU YHUBEPCAMbHBI-
mu napametpammn KMNM: Ag, AV, F, r cpasrmeaemsix TOBC.

OpHako, B chepy NpUMEHEHMS AAHHON METOLMKM HE BMNUCHIBAET-
CA 304040 OLEHKM KO4YeCTBA nepesatouHbix dyHkumi V(o) v w(o)
(Mocranoeka sagaun. etanu. Boiwe).

[lanee npepcrasneHa aBTOPCKAs BEPCHS PELLIEHMS TOM 3aAA4M.

TepMMHONOMMS: MHAMKATOPHBIN KMHEMATUUECKMH KOIDDULMEHT
nonesHoro geicrams (KKMMO).

O6o03HaueHwe: Ny

Onpegenenue: N = Wy /Wy , rae

(o603Hauerus - MocraHoska sanaun. Letanu. Buiwe)

WMi = (prp*l’ d(P =(pr*\y*r d(p =(p/p*F*\y*r d(P = F*gp*lv d(p,

WKi = [P«r do =F«r/p do .
i ¢ =Fefp do

OTKy[a cnepyert:
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NG = ({ pry dtp/(/pp do = p(p+y)/up, 1 = p(g) - nrTerpansHoe

cpearee, 0<@<A@.

CopepxaTenbHbiiM cMbich: aHanornuHo knaccuyeckomy KIm,
Wi = W, - "nonesHas" pabota - paboTa KpyTaLwero MOMeHTa
M=p (V(q)) « Fx ylg) «r

aHanmaupyemoro MNABC s npouecce upkna no

0603HAYEHHO BhILLE CXEME

C KMHEMATUYECKMMM NEPEAATOUHBIMU BYHKLMAMM

V(o) n wig) ;

Wy, - "nonHas" pabota - paboTa KPyTALLErO MOMEHTA

Mp=p V() « Fxr

ananusnpyemoro MNMABC, soobpaxaemo

"MOAMPUUMPOBAHHOTO" TAKUM OBPA3OM,

4T0 cuna P gosnerus p pabodero Tena B npouecce

LMKNO BO3LAEMCTBYET HO KPMBOLLUMM C MAKCUMASBHOM

oTAQYEN - HENOCPEACTBEHHO TAHFEHUMANBHO MO CXEMe

C KMHEMATUYECKMMM NEPENATOUHBIMU BYHKLMAMM

Vp=MVo)nyp=1.

Huxe npueeneHsl CkpuHIWOT paboyero OkHA QBTOPCKON KOMMb-
ioTepHoi nporpammsl Belumcnerus KKML v tabnmua ¢ pesynstatamu
ans paccmotpennbix soiwe MNABC. CkpuHwoT oTobpaxaeT aMarpam-
MY CMHXPOHHOTO MOBEAEHMS QHANM3UPYEMBIX GYHKLMIA P U P+ B NPO-
uecce uamerenus ¢ ot 0 go A@.

Tabnmua N2 3
PE3YNbTATbI BIMMCINEHMA KKNA NABC

VieliEn) g ) ip p *w) BRIT1
1l

KWLM 1] 1 -sin{p - fy'sinf sinfg + Pycosh | 0.471 77 | 037
haaszin|l] 2q]-cos0) Drsing 0.514 By | 0688
Bamem [1) (321 -cosfp 23)) sinfedd) | 034 | 0177 | 0344

[(@-9,,)t),0,.<esq, | [+leit) 0381 [ 0378 | 0726
A37 It g
TP [4 li9,—0) «{2).0, 0%, | [-1+(2)

fc)-mpi

{r}- EpautcE g CURIpEniT

B cBsi3M C BbILLIEM3NOXEHHBIMM BO3HUKAET ECTECTBEHHbIM BOMPOC:
KOKUM 0OJIKEH 6bITb I_IepeJJ,OTOLIHbIIZ MEXAHMU3M NMopLUeHb-BAN, A TOY-
HEe - KMHEeMATUYECKas nepeaaTouHas GyHkuma @ -3V, yTobbl GO
N = 1. OTtBET HO 3TOT BONPOC AAET BAPUALMOHHOE UCUUCTIEHME, B
pamkax kotoporo obosHaueHHble Bbiwe napametpsl Wy, Wi n 1y
PACCMATPUBAIOTCS KAK MHTErpanbHble GYHKLUMOHAMbI C BAPbUPYEMbI-
Mu byHkumammu-napameTtpamu V(e), V'(e), etanm - Hinxe.

Hetanu.
9AV—9g) < By <P<Pee [AC Ko3bdUUMEHT q

onpeaensercs
9=({Pre —P) « D}, <O Pre Pl
13 YPABHEHMS

Vie) l*'[

Wi = Wy, peLueHue Hixe.

+q €« (c) +q€ (c)
Vi(g) Koo > >
@ { g« (z) V() { q <« (2)
W l'-r'jlmtlw For o [ prydy + j e gidg)  Foreq o I mlp j )
? {r) (c) (1) ()
Wi I-'#~Ip1iq: Fore( I pdo + I pedg)
() (¢)

P 7
M3 npegbigywero cnegpyer

q f _[ pdo + I pag)/ ( ] pdo I Pdp) (P PV (P ) >
() (©) () )
A& Pj()s Pijz) - CPEAHEE MHAMKATOPHOE AOBNEHNE B NPOLEeCCe, CO-
OTBETCTBEHHO, CKATUA, PACLLUMPEHMNA.

fil

[eno 3a KOHCTPYKTMBHOM peanuaaumen.
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BECKOHEYHDBDIE YHCAA

TEOPUA REAUMOCTH W OCHOBHAA TEOPEMA APUPMETHKH

Anppeii Ueanoeuu KacbsH, k.7.H., MDY "Cuneprus”

Paseutne temsl. lNpegpigywme
cratbu B N2 4, 6 - 2018 r. n

Ne1,3,4-6-2020r.

Paccmarpnsatorcn cBoVicTBa 6eCKOHEeYHbIX qyuces, Teopuvs [eJIMMOCTU, OCHOBHasl TeopemMa apuquermm, KaHOHun4Yeckoe

pa3soxxeHue.

Properties of infinite numbers, fundamental theorem of arithmetic and canonical decomposition are considered.
KnioueBble croBa: 6eckoHe4Hble Yucia, OCHOBHasi TeopeMa apugMeTUKN.
Keywords: infinite numbers, fundamental theorem of arithmetic.

,D,nﬂ npocToTH GyAemM PacCMATPUBATL B OCHOBHOM HATYPQsIb-
Hble uucna smecte ¢ Hynem. Cuctema cuncnerus - obbluHas pecs-
TnuHasa. Mel He 6Byaem Takxe 06CyxAaTh NEPBOHAYANbHBIE 3AKOHbI
W Teopembl apUPMETHUKM, A PACCMOTPHUM HEKOTOPLIE GYHAAMEH-
TQNbHLIE NOMOXEHUS, MO YITIOM 3PEHUS YUCEN B HEOTPAHUYEHHOM
bopme sanucu. Hanpumep, no akcmome Apxumena ans a v b cy-
LeCTBYeT HATYPAbHOE YUCNO ¢, Takoe, 4to be > a. OgHako, ana
NPOW3BOMBHOMO YMCNA 4, 3AACHHOTO B HEOTPAHUYEHHON dopme
sanucy ("6eckoHedHoro"), GaKTUYECKM ONPEREnUTb UK OLUEHUTL C
HE NPEACTABAAETCS BO3MOXHbIM. XOTA rMMNOTETUYECKM QKCHOMY
MOXHO POCCMATPMBATL KAK "oueBuaHylo". Hanpumep, uucno a
MOXHO 304aTb TAK: nepsas undbpa (KoTopas ABAAETCA CTAPLUMM
paspagom a) 1, BTopas 3a Hel 2, u Tak ganee, npoberas Bech pas
HATYpanbHbIX Yncen. 7o uncno a = 1234... (cornacosaHHoe ¢ Ha-
TYPQmbHBIM PALOM) CYLLECTBYET, TAK KAK MHOXECTBO HATYPASbHbIX
6ECKOHEYHO M KOHCTPYKTMBHO 3040HO - 3AAAHA KOXKAAA €ro und-
pa. [lanee, ana no6oro b B 3ToM clyyae He NPEACTABNSETCA BO3-
MOXHbIM MONYYUTb KAKYIO-TO MHDOPMALMIO O C AN BbINOMHEHMA
HEpPaBEHCTBA. TeM He meHee, ¢ cywectsyeT. MoxHO yTBepxaarts,
4TO cywecrteyeT uncno d, Gonswee a (d =2234...).

[na mo6eix ABYX umMcen, O4HO M3 KOTOPLIX BECKOHeuHoe, He-
BosmoxHo Haittn HOJ (a, b), xota penutens u cyuiecteyet (oH He-
noctyneH, Moxet 6biTb paseH 1). Touno Tak xe, yTeepxaeHue, 4to
ans mobbix uensix a u b > 0 cylecTeyiOT, U NPUTOM EAMHCTBEHHbIE,
uensle g v r, Takue, 4uto a = bg + r, 0 <= r < b, cnpaseannso, HO
ans 6eckoHeYHOro a NPobNemMaTyHO HaMTH uensie g v r. (3ame-
MM, uTo nioboe HaTypanbHoe, BKNOYas BECKOHEeYHOe, SBNAeTCs
nenutenem camoro cebs). OCHOBHBIM HELOCTATKOM KNACCHYECKO-
ro AOKA3ATENbCTBA NMPUBELEHHON Teopemsl [2] asnsetcs TO, 4To
npeanonaraeTcs B "AMHaMuKe" HAMTH NpousBeaeHne bc, koTopoe
Bonblue g, 30 KOHEYHOE YMCNO WAroB (npousseaeHne bc Moxet
NOCTUTHYTb BENUUMHBI, Bonblien a no akcuome Apxumena).

OcroBHas Teopema apudMeTUKM, KOTOpPAs LOKA3bIBAETCS
MeTofOM MaTemaTtuyeckon uHaykumn (MMU) yenosHo cnpasepnu-
BO M KOHCTPYKTMBHO HeucnonHuma. lpu pokasartenscree Takxe
NPeAnonaraeTcs LOCTUXEHNE "B KOHLLE KOHLOB" PA3NOXEHMS YMC-
na Ha NpocTeie MHOXKUTENM. OCHOBHBIM HEAOCTATKOM NPU LOKA3O-
TENbCTBE ABNAETCA MCMOMb30BAHUE TEPMMHA "€AMHCTBEHHOCTM
pasnoxenus”. Paccmotpum npumep. lNycts B pasnoxeHue Heko-
TOPOro YMCNA @ B HEOTPAHWUYEHHON GOPME 3anucK BXOAUT Becko-
HEYHOEe NPOM3BEEHNE OAHOIO U TOTO Xe NpocToro yucna p. (Mpo-
M3BELEHME - 3TO 30KOH KOMMO3ULUM MHOXECTBA HATYPASbHBIX YM-
cen Ha cebs. Konnuectso COMHOXUTENEN HE MOXET BbiTb OrPaHM-
ueHo csepxy. MMM MoXHO LOKA3QTb, 4TO €CNIM BO3MOXHO NPOU3-
BELEHWE M3 N COMHOXMTENEN, TO BO3MOXHO M n+ 1. U 31a onepa-
UMS HE [IONXHA BbIBOAMTL 30 rPAHMULI HaTypansHoro paaa. Cnepo-
BATENbHO, PACCMATPHMBAEMOE PA3NOXEHUE, C y4eTOM 06NACTH Le-
noctHocTu, nerntumHo [1] v npousseseHne AaeT HATypanbHOE
umncno. Kaxawlit pas, npu nocneayouem YMHOXEHWUM HA P, Mbl MO-
nyyaem yncno. beckoHeuHble npousBeaeHus PacCMATPUBAIOTCS B
matematuueckom aHanuse). anee, B 3Tom npoussepermu (1.e. B
4MCne a) COKPATUM BCE COMHOXMUTENN P, CTOSLLME HO YETHBIX MEC-
Tax (cokpaTum BeckoHedHoe MHOXeCTBO p). [onyyerHoe uncno a
MMEET TO Xe CaMOe PA3NoXeHne? DTOT NPOLECC MOXHO MPOLO-
XWTb M COKPALWATL Aanee. M3 Teopem Teopmmn MHOXECTB U3BECT-

HO, YTO 4aCTb HECKOHEYHOTO MHOXECTBA MOXET BbITh PABHOMOLL-
HO BCEMY MHOXeCTBY. [109TOMYy MOXHO TOMLKO YCIIOBHO rOBOPUTH
B o6uem cnydae 06 eAMHCTBEHHOCTH PA3NIOXEHNA MPOU3BONTbHO-
ro uncna Ha mHoxutenu. MoxHo rosopuTs "c TouHOCTbIO, 10 Bec-
KOHEYHOro NPOM3BELEHNs umcen p".

AHQNOMMYHO, KAHOHMYECKOE PA3IOXEHWE TAKXKE YCIOBHO.
OB6bIYHO CTEeNEeHb YMCNa ONPERenaeTcs Kok KOHEYHOe NPOU3BEese-
Hue, a BeCcKOHeYHOe NPOM3BEAEeHUEe 3AMUCLIBAETCA ApYyron dop-
Mmyno#. MoryT nocnesosaTs ynpekm, 4To B NPEACTABIEHUN HEKOTO-
pPOro 6ECKOHEYHOTO YUCIA B LAHHON CUCTEME CYUCTEHUS UCTONb-
3yloTcsa (oueBnaHo) GeckoHeuHsle cTenenn ocHosaHua. Ho B 3Tom
cnyyae GECKOHEYHbIE CTENEHU COrNACOBAHbI C MOPALKOM W UX BO3-
HUKHOBEHWE €CTECTBEHHO. T.€. M3BECTHO: KOKAA CTEMNeHb, UAET 3a
kakor, rae ctout. Hanpumep, uncno 1(0) umeer Bo Bcex nosmumsx
HYM, KPOME NEepBOM, W NpeacTasnser cobOoM HEeOrpaHWYeHHOe
npowusseaerune gecatok Yucno 1(0)1 6Gonbwe Ha eanHuuy, a ymcno
2(0) = 1(0) + 1(0). Ewe oaHa 30TPYAHUTENBHAS CUTYAUUSA BO3HUKO-
eT, KOra Yncno PACKIAALIBAETCS HA MPOM3BOSBHOE YMCIO NPOU3-
BOJIbHBIX COMHOXMTENen. 3aech nopssok He oBHapyxueBaercs.
OcHoBaHKe HATYPANbHLIX TOTAPUGMOB, HANPUMED, MK KBALPAT-
HbIA KOPEHb M3 2 B CBOEM NPEACTABAEHWUM B LECATUYHOM CUCTEME
cuncnenns umeloT BeckoHedHble cTeneHu (Mpaspa, oTpuuaTens-
Hbie). MHorve paunoransHele yucna Takxe, Hanpumep, 1/3, uto
HE BbI3bIBAET HUKAKMX BO3PAXEHMHA. O, YTO CTENEHU OTPULATENb-
Hbl, HE MMEET MPUHLMMUANBHOTO 3Ha4YeHus. beckoHeuHbie cTenenm
B NOAOGHbIX PA3NOXEHUAX BCTPEUYAIOTCS 6ECKOHEYHOE YUCIO Pa3.
[encreus ¢ Humm anementaphs: 1/0,3(3). B utore, kanonuueckoe
pasnoxenue, B obLem cnyyae, npobnemaTniHo, KAk M OCTasb-
Hoe. Bce TpyRHOCTU MCHesHyT, ecniv paccMaTPUBATL KOHEYHbIE HO-
TypanbHble YMCNa (KOTOPLIX KOHEYHOE MHOXECTBO). m

(Mpogonxerme cneayer.)
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Oner Hukutny Bpunés,
4.T.H., npodeccop, 3acyXeHHbIR aesTens Hayku u TexHukun PO,
HouanbHuk kadeapsl TaHkos BABTB (1975-1987 rr.)

(Mpoaonxerune. Hayano 8 6-2014 - 2-2021)

MponssoacTso anoHckux TaHkoB Type 61 TonbKO-TOABKO HAYMHANOCH, A
koHcTpykTOpbl prpmbl Mitsubishi 8 1962 roay npuctynunm k paspaborke
o4YepeAHOMH MALLMHLI - OCHOBHOro 60€BOro TaHKA, Y KOTOPOro, eCTeCTBEHHO,
AONXHbI GbITb yBENMYEHHbIE OFHEBAS MOLYb, 3ALYMLLEHHOCTb M MOABMXKHOCTL
OTHOCUTENIbHO NPEALIECTBEHHMKA.

B 1969 roay 6binm usroroeneHs nepssie gsa npototuna STB-1 u STB-2,
oTnmyarowmecs Gopmoii 6aLHM M yCTAHOBAEHHBIMU AN MX BPALLEHHUS MPUBOAAMM,
Aa ewé Ha STB-1 3eHnTHLIA NynemMéT ynpasnsncs AUCTAHUMOHHO.

Mpototun STB-1

Mpototun STB-2

Mporotun STB-1 npoxoaunn mcnsitaHus go centabps 1970 ropa, nocne KoTopbix
OKTﬂ6Pe 6bln npeacTassieH npecce, a 3aTeM y4acTsoBaJs B napape.
Tak kak Ha STB-2 6binn ycTaHoBneHbl Apyrue npuBoabl 6ALHM, TO BO3HUKLIME C
HUMM Npo6nembl CABUHYAN MCMLITAHMS 3TOro npoToTMna Ha Hadano 1971 roaa.
Ha stux nporoTunax 65!1'”1 YCTAHOBJIEHbI U ACMbITAHbI HEKOTOpPbIE p03p06OTKH
SAMOHCKUX KOHCTPYKTOPOB {KOK CO6CTBeHHble, TAK M NOACMOTPEHHbIe y APYTrH1X
TQHKOCTPOMTENEN), HANPUMEP: MEXAHM3MPOBAHHOE 3APSKAHME MYLIKM,
BCMOMOraTesbHbIA ABUrartesns, CTG6HHM30L|H§ BOOPYXEHUS C 3/IeMeHTaMH
OTCNEXMBAHMSA LN, TMAPOMEXAHMYECKAs TPAHCMMCCHS, TMAPONHEBMATHYECKAS
nopsecka.

Mpototun STB-3

B 1971 roay 6bin noctpoen npototun STB-3 ¢ HOBO# pacwmpeHHo/ 6awHen n
YBEIMYEHHbIMM YIIIAMM HAKIOHA GPOHM.

B 60eBoM oTaEneHHe OTCYTCTBOBANA CUCTEMA MEXAHU3MPOBAHHOIO 3APSKAHMS
nywky (o6ecneunsaiowas Bbi6OPKy M NOAAYYy CHAPSAOB), KOTOPAS XOTS U
ynpouwana paboTy 3apsxXaiolemy, Ho OKA3anach CAMIWKOM AOPOroM B
NpoM3BOACTBE M HEHAAEXHOM B skcnnyaraunm. Kpome toro, Ha STB-3 He 6bina
YCTAQHOBNEHA CUCTEMA AUCTAHLMOHHOIO YNPABIEHMS 3€HUTHOM yCTAHOBKOM
nyneméra M2HB, kotopas He o6ecneunBana Heo6XxoAMMyIO CKOPOCTb HaBeAeHHE
Ha 6bICTPOABMXYLUMECS BO3AYLUHbIE LiENH.

STB-3 npoxoaun mcnvitanus c asrycra 1971 no anpens 1973 ropa.

Ha ewé asyx npototunax STB-4 u STB-5 ucnbitanmns nposoannmce c ocewm 1971
no secHy 1973 roga. Ha STB-4 nposepsnocs pasnuyHoe o6opynosaHne Ha
BbISIBJIEHME BO3MOXHOM HECOBMECTUMOCTH MX COBMECTHOM paboTsl, a Ha STB-5
NpoOBOAMAMCL XOA0BbIE MCMLITAHMS M NPOBepKa 06opyaoBaHus, obecneymsaiowero)
NOABUXHOCTH M yNpaBASEMOCTH TAHKQ.

Mporotun STB-4

Mpototun STB-6 sBnsncs yxe npeAcepmiHHON MALLIMHOM, HO KOTOPOH BCE
o6opyaoBaHMe, BOOPYXEHHE, CUCTEMA YNPABAEHHUS OTHEM, CUIOBAS YCTAHOBKA M
Xxop0Bas 4acTb 6biM goBeAeHb fO TPe6OBAHMI TexHUYecKkoro 3aganus. B 1973

rogy npototun STB-6 6bin NpUHAT Ha BOOpyXeHMe noa Ha3BaHnem Tun 74, u
HOYaTO ero cepuiHHOE NPOM3BOACTBO.

TaHk cosgaBasncs ¢ ornsAKoi Ha MHGPACTPYKTypy SNOHUM - y3KMe [OPOrU U MOCTbI
Mano# rpy3onoabEMHOCTH, 0CO6EHHOCTH penbeda - XONMbl M FOpbl,  TAKXe
HanM4Me MIMCTbIX (3anuTbiX BOROK) pucoBbix nonei. B utore maccy TaHka
orpaunymny 38 ToHHAMM.

Mpu paspaboTke KOHCTPYKUMUM TAHKA GblM y4TEHbl AHATOMMYECKME OCOBEHHOCTH
SMOHCKMX TAHKMCTOB (Kak M npu paspabotke TaHka Tun 61), yto nossonuno
yMeHbLwnTh 06bEM 60eBOro oTAENEHMS, B KOTOPOM KOMAHAMP TAHKA M HABOAYMK
HAXOAMAMCb CMPABA, O 3APSXAIOWMIA CNEBA OT MyLWKM, M OTAENEHHUS ynpaBaeHMs, B
NpPaBoK NONOBMHE KOTOPOro cuAen MeXaHuk-soamuTens. B cootsetcramm ¢
TPAAMLMOHHOM KOMNOHOBOYHOM cxemor MTO umeno sagHee pacrnonoxeHue.
Kopnyc ranka Tun 74 cBapen karaHHbix 6poHesbix nant. JlToGosas Yacte kopnyca
csapeHa u3 110-MMANMMETPOBLIX NAMT, PACNONOXEHHbIX NoA yrnom 65°. B
pe3ynbTare 3aLWMTA AMOHCKOro TAHKA CNepeAM COOTBETCTBYET AMEPMKAHCKOMY
MGE0AT 1 Hemeukomy Tauky "Jleonapa-1".

Bannucrnyeckas sawmra nutoi 6awHu obecneymBaeTcs NpMAAHUEM ek
o6TekaeMos popMbl, KPOME TOro, oHa MMeeT HeGonbuyio BeicoTy. B 6awre
ycraHosneHa aHrnmickas 105-mm HapesHas nywka L7A 1, kotopas
NpoM3BOAMNACH MO NHLEH3NM, NPUOBPETEHHOM Y QHIANYAH, AMOHCKOH GpMPMOM
"Hunnon Carikocé"). Cteon nywkm ctabunusmposancs B o6enx nnockoctax. Ons
pa3MeLleHms NyWKM B HOBOM GalHe SMOHCKUM MHXEHEPaM MPMLLIOCH
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MOAEPHM3MPOBATb MPOTMBOOTKATHbIE YCTPOMCTBA, KOTOPLIE CTAAN MMETh
KOHLIEHTPHYECKYIO KOHCTPYKLMIO, O TAKXE MACKY M 3aTBOP.
Boekomnnekt coctosn us 55 yHutapHsix Beictpenos (14 pasmelyeHsl B KOPMOBOM
vyactn 6awhm, 41 - B oTAENEHMM yNpABNEHMS CNpABa oT BoaMTens). Boictpensi
Tonbko 6poHeboriHbie nogkanubepHbie 1 6poHe6osHO-PyracHsle, XOTa U3 Heé
MOXHO cTpensTb Bcemu craHaapTHoimu 105-mm TaHkoBeiMu 6oenpunacamn HATO,
a Takxe BbinycKaembiM B IMOHMM MO IMLLEH3NM AMEPHUKAHCKMM 6poHe60MHbIM
nogkannbepHbim cHapsgom M735. Tak Kak KOHCTPYyKTOpPbI OTKA3ANMCh OT
QBTOMATA 3APSXAHMS, TO 3APsXKAHME nylWwKKu py4yHoe. bawHs Bpawaercs Ha 360,
a NyWKa HABOAMTCS B BEPTUKANIbHOM MAOCKOCTHM B npegenax ot -6° go +9° ¢
MOMOLLbIO 3N1IEKTPHUYECKOro NPMBOAA, NPOAYy6AMPOBAHHOrO y HABOAYMKA Py YHbIM
npueogom. Kpome HaBogumMka HaBeaeHMe MyLWKM HA Lenb U CTpenbby MoxXeT
OCyLEeCTBASTE U KOMAHAMP TAHKQ.

JononHurensHoe BOopyxXeHMe COCTOMT U3 CNAPEHHOTO € NywWKoM 7,62-mMM
nyneméra Tun 74 (6oekomnnekt 4500 naTpoHoB) M yCTAQHOBNEHHOro MEXAY
NIOKAMM KOMaHAMPaA 1 3apsxaiowero 12,7-mm 3eHntHoro nynemetra M2HB
(6oekomnnekt 600 natpoHos). bnaroaaps Takoi ycTaHOBKE OroHb M3 Mynemera
MOXeT BECTU KAK KOMAHAMP, TAK M 3apsXaiolmi. Yrabl HaBeAeHMs nyneméra no
BepTUKANM HaxoasaTcs B npegenax or -10° go +60 .

B cuctemy ynpasneHus orHem BXOAMT OCHOBHOM KOMBMHMPOBAHHbINH AHEBHOM M
HOYHOM nepuckonuyeckui npuuen J-3, ycTaHOBREHHDbIA M y HABOAYMKA, M Y
koMaHanpa. Ho B pacnopsxeHun HaGBOA4YMKA eCTb eLé BCTOMOraTesbHbIA
TEeneckonM4eckMi NpuLen ¢ BOCbMMKPATHLIM yBENMYEHUEM, KOTOPbIA CBA3AH C
AYLWKOMH C MOMOLLbIO NAPANNENOrPAMMHOrO yCTPOMCTBA.

Y komaHaupa B npuuen J-3 BCTpoeH nasepHsbii AanbHOMEP, y KOTOPOro AanbHOCTb
namepenns coctasnsna 300...4000 m (toynocts ' 10 m). Mocne usmepenus
AQNBHOCTM KOMAHAMP M HOBOAYMK MOyHAIOT HA CBOM MynbTbl OT 3€KTPOHHOIO
umppoBoro 6anANCTMHECKOro BbIYUCAMTENS AAHHbIE AN1S BEAEHMS OrHS.
MprMeHeHMe BbIYUCIMTENS MOBBICMAIO BEPOSTHOCT MOPAXEHMS LLEM NEPBbIM
BbicTpenoMm. [ns o6ecneyenns paboTel HOYHbIX NPUGOPOB AKTUBHOO TUNA
NPOM3BOANTCA MOACBETKA C MOMOLLbIO KCEHOHOBOrO NPOXEKTOPd, yCTAHOBAEHHOIO
CNeBa OT MACKM MyLWKH.

B MTO pasmeLwéH eanHbIH cMnoBos 60K, B KOTOPbIH BXOAST: ABYXTAKTHbINA
V-06pasHbiii fecaTMuMnmMHApoBbIi MHorotonnmeHsii asuratens 10ZF mogens
22WT ¢upmel Mitsubishi mowroctbio 720 n.c., rMBpoMexaHMyeckas naaHeTapHas
TpaHcmuceus MT75A, obcnyxusarowme cMcTeMsl, ABA TONAMBHBIX 6aKa M YeTbipe
akKyMynsTopa (no asa Ha kaxaom 6opTy y kopmsi). [leuratens cHabxeH AByMs
Typ60KOMNPECccopamm, MMEIOLMMM NPHUBOALI OT KOSIEHYATOrO BAA, M CHCTEMOH
BO3AYLWHOro OXAWKAEHMS C ABYMS BEHTMASTOPAMM, yCTAHOBAEHHBIMU MEXAY
610KAMM LMAMHAPOB.

OrpaboTka NnpoToTMNA ABMUraTeNs HA CTEHA,

rot aBuratens Hayanu paspabateisats ewé 8 1956 roay. Mepsbiii npotoTnn noga
nnpexcom Type 4ZE 6bin usrotosnen 8 1960 r.
JloBoaka aBurarens u noAroToBKa NPOM3BOACTBA NPOAOIXANAChH CEMb JIET.

B 1967 rony aeurarens nog nuaekcom Type 10ZE nowén B nponssoactso
M cTAn yCTAHABAMBATLCS HA TAHKM.
Kopo6ka nepeknioyeHns nepesay sToi TPAHCMMCCHM MMEET WeCTb nepeaay
nepeaHero xoAa ¢ GPMKLUMOHHBIM BKIIIOYEHUEM M OBHY - 3aaHero. Mexannam
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nosoporta - AnpdepeHuManbHbIHA.

Cunosas ycraHoska obecneynna nokasarenu noaBMXHOCTH TaHka Tun 74 Ha
yposHe TaHkos "Jleonapa-1" u M60A1: npu aBuxeHnm no wocce TaHK passusan
53 kM/y (ecTb cBepeHns, yTo 6bina gocturiyta ckopocts 60 km/4).

Mpu stom 3anac xopa cocrasnsn 300 kM, KOTOPbIA MOr BbiTb yBENMYEH
nyTém ycraHosku Ha MTO gononuutensHeix Goyek.
OrnnuntensHol ocobeHHocTbio TaHka Tun 74 sensnack ycTaHOBKA OPMIMHANBHOM
NOABECKM rMAPONHEBMATHYECKOrO TMNA, NO3BONSIOLLEN M3MEHSTb KTMPEHC
mawwuHsl ot 200 go 650 MM, a Takxe andpdepeHT (Ha 6 rpaaycos).
UsmeHeHne anppepeHTa yBennymno AMAna3oH yrioB HaOBEAEHMS MyLWKH
o1 -12° go 15°. MaponHeBMaTHyeckas NOABECKA MO3BONMAA HAKIOHATb TAHK HA
neseifi unm npasbiii 6opt Ha 9°. Beé ato obecneyuno ero 6oeBoe npMMeHeHHe B
YCNOBMAX rOPHOM MECTHOCTM ANISl BLIDABHUBAHMS M BEAEHMS OTHS M3-3Q YKPbITHS.

OtpaboTka ruaponNHeBMATMYeCKOM noaBeckn Ha npototune STB-1

B xon0B0# 4aCTM MCNONb30BAHO MO NATh 06PE3UHEHHDbIX ABYXCKATHBIX OMOPHBIX
kaTkoB 6onbworo guametpa ¢ kaxgoro 6opta 6e3 NOAAEPKMBAIOLMX KATKOB.
HarsxeHue ryceHny perynupyercs ¢ MECTA MEXAHUKA-BOAMTENS C MOMOLLbIO
rMAPONPMBOAA HATAXHOrO MEXAHM3MA.

TaHk cnocobeH npeofonesarb BEPTMKANbHYIO CTEHKY BbIcOTOMH Ao 1 M,
poB w1puHo# Ao 2,7 M 1 6poa rny6uHoi 1 M.

C nomolwbio KOMNNeKTa 060pyAOBAHMS AN NTOABOAHOIO BOXAEHUS
BO3MOXHO POpPCHPOBAHME BOJHBIX Nperpag rny6uHowM Ao 4 M.

Tank "7 4" Beinyckancs go koHua 1988 r. u 3a 14 ner 6bino nsrotosneqo 873
mawmHsl. Bce oHu nownu Ha Boopyxenne Cun camoobopoHsl InoHuM, Ha akcnopT,
He MoCTaBAANAMCHL M HU B KaKMX 60€eBbIX AeACTBUSX yyacTus He npuuumanu. Camoe
MHTEpEecHOEe B TOM, 4TO TaHk Tun 74 3a roasl 3KCAAyaTaumm npakTM4eckn He
MogaepHusnposancs. B Hayane 90-x rogos 6bi1a npeanpUHATA MOAEPHU3ALMS
TAHKA NyTEM 3aMeHbl cucTemsl ynpasnenus orHém Ha CYO c naccmBHoM
UK-kamepo#, BeepeHnem B 6oekomnnekt 6poHe60/HOro onepéHHOro
noakanubepHoro cHapsAa, 60KOBbIX 3KPAHOB A 3ALMTI OT KYMYASTMBHBIX M
¢yracHbix 6oenpunacos, oAHAKO OHa 6biNa OTMEHEHA BBMUAY BbICOKOH CTOMMOCTH.
LlenecoobpasHee 6bi10 66 NPUCTYNNUTL K CO3AAHMIO HOBOM MALUMHBI.

Ha ocHose waccn tanka Tun 74 6b110 cO3AAHO HECKOMBKO MALIMH, OBHOM M3
KoTOpbIX ynomuHaetcs 155-MM camMoxofHas apTUnnepHIcKas yCTaQHOBKA, KOTopas
co34aBaNAck NPAKTMYECKM OAHOBPEMEHHO C TaHKOM Tun 74.

B koHue wecTuaecaTbIX rof0B SMOHCKUE BOEHHbIE 3ASBMIN O HEOBXOAMMOCTH
pa3paboTkM M NOCTABKM B BOMCKA HOBOH CAMOXOAHOM QpPTHUANEPUICKOM
yctaHosku. [lepsoHayanbHo peys wna He 06 ofHOM, a o aByx CAY,
oTanyarowmxcs kanubpom (105 u 155 mm) raybuu. Cpasy otmeTum To, 4to B
KOHEYHOM MTOre Ha BoopyxeHnune 6bina npuHata CAY co 155-mm ray6uuen,
pa3paboTkoi KOTOpOk 3aHMManuch Ase Pupmbl: komnauus Mitsubishi otseyana 8
OCHOBHOM 30 pa3paboTKy LWACCH, CUIOBOM yYCTAHOBKM M XOAO0BOM 4ACTH, a
komnauus Japan Steel Works - 3a cosganmne 6awHm m ocHOBHOro BOOPYXeHMS -
155-MM ray6uubl.

B 1972 roay Havanacs c6opka aByx onbiTHbiX 155-MM camoxonok,
OTAMYAIOLUMXCS BAPMAHTAMM OCHALLEHNs 60€BOro OTAeneHnmn M KOHCTPYKLMEH
cuctembl nogaym 6oenpunacos B kamopy opyams. B 1973 ropy Havanucs
McnbITaHUS, KoTopble 3asepwunuck B 1975 roay ¢ npuHITMEM HQ BOOpYXeHHe
Hoso# CAY nog mugekcom Tun 75.

EcrectBenHo, yto sta CAY umena cTaHAAPTHYIO A1 TAKMX MALIMH KOHCTPYKLMIO M
BO MHOroM oTamyanack ot TaHka Tun 74. OTanumns 3akNI0OYANMCb B TOM, YTO,
BO-nepBbiX, B €6 6pOHEBOM KOpryce nepeaHss YacTb OTAABANACH MO
pasmelLeHne MOTOPHOro oTceka (B KOTOPOM HaXOAMTCS 6-LMNMHAPOBbLINA
BO3AYLWHOro oxnaxaeHns ansensHoii asurarens Mitsubishi 6ZF mowHoctbio
450 n.c.), TpaHcmMmucenn (nepeparoless KpyTAWMA MOMEHT ABMraTeNs HA NepeaHue
BeAyluMe Koneca) M oTAeneHns ynpasneHus ¢ MeXaHMKOM-BoanTenem. MoTopHbii
OTCeK NOMy4nn KpynHble BEHTMASLMOHHbIE peLleTku B 1060BOM NMCTe M Kpbilue
kopnyca. Bech xe ocranbHoli 06bEM Kopnyca MCMONb30BANCS AN PA3MELLEHMS
6oesoro otaenenus. Bce BoopyxeHnne n apTManepuACKMii pacyéT HOXOAMIMCD B
nosopotHoi 6awHe. Cnpasa ot cTBona ray6uubl Apyr 3a APYroM HAXOASTCS
HABOZYMK M KOMaHAMp. Y nesoro 6opTta pacnonaraioTcs ABoe 3apsSXAlOWMX,

B KOPMe - PAAMCT.
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Bo-BTopbiX, cTanbHas 6pOHs Kopnyca M 6ALWHM 3aLWMLLANA 3KUNAX M Arperarts
TOJIbKO OT CTPESIKOBOrO OPYXMS M OCKOJIKOB PTUINEPHACKAX CHAPAAOB.
KOpﬂyC npegnaaranochb COGMPOTI: M3 HECKOJIbKMX OCHOBHbIX navenem Pa3HbIX
¢opm. Jlo6oBas yactb kopryca 6b1a 06pa30BAHA HAKIOHHbIM BEPXHUM JIMCTOM,
a TAKXe ABYMS HUXHWUMM, PO3MELLEHHbIMM MOA PA3HBIMM YIIGMM K BEPTHKAIH.

B HO6OBOM JInCTe U Kpbille Kopnyca Hag4 MOTOPHbBIM OTCEKOM yCTAHOBJI€HbI
BEeHTUNSLMOHHbIE PELUeTKM.

U, HakoHew, B-TpeTbuX, NoABecKa 6biia TOPCHOHHOM, A He TMAPONHEBMATHHECKOH,
Mn He 6|>|J10 BO3MOXHOCTH MEHSTb KIIMPEHC MJIM HOKJIOH Kopnyca.

Morox ans ycTaHoBku 6alwHM pacnonarancs B KOPMOBOK YACTH KPbILM KOPMyca.
BawHs ceapusanacs 3 kpynHbix nmcrtos. Jlo6ososi nuct c ambpasypos 6onbworo
pa3mepa yCTAHABAMBANCS € HAKNOHOM Hasan. Ceepxy 6awHs npukpbiBanack
rOPM30HTAbHOM KPbILWESN C HOKNOHHBIMW 60PTOBBIMM AeTansmu. Mcnonbsosancs
EepT”Kaﬂbelﬁ KOPMOBOE JIACT C KpenjeHUIMH AN AOMNOJIHHATEJIbHbIX ALUKOB U
KOP3UH ANl XPAHEeHHUs UMYyLLeCTBd.

CAY Tun 75

155-mm HapesHas ray6uua, paspaboranHas komnauuesi Japan Steel Works,
nonyuuna creon gnnHoi 30 kanMbpos, OCHALLEHHbIN PA3BUTLIM ABYXKAMEPHbIM
Ay NbHBIM TOPMO3OM M 3kekTopoM. KoHCTpyKLMs opyaMHHOM yCTAQHOBKM NO3BOASNQ|
noAHMMaTh cTBON Ha yron Ao 65°. Kpyrosoe Bpauwenue 6awHn obecneymsano
cTpensby B nio6om Hanpasnenun. HaseneHue B LITATHOM peXMMe OCyLLECTBAANOCH
rHAPQBﬂMKOﬁ, KoTopas nojay4yasa KOMaHAbl OT ,q)KOﬁCTHKG. Ha cnyqaﬁ MNONIOMKH
QBTOMATM3MPOBAHHBIX CUCTEM CAOMOXOAKA MMEET PyYHble MPUBOABI.

PasMeleHme skMnaxa, cMNOBOM yCTAHOBKH,
BOOPYXEHMS, ABTOMATA 3APSKAHMS
n 6oenpunacos 8 CAY Tun 75

Opyaume ucnonbsosano 6oenp1nackl pasfensHOro 3apsAXAHUS C METATeNbHbIM
3apsAAOM B TeKCTUAbHbIX KapTy3ax. CHapsabl Mmaccoi 43 u 45 kr n kapTy3sl
AOCHINAIOTCS ABTOMATMKOM 3apSAXaHMs B kamopy 6e3 yyacTus 4yenoseka.
ABTOMAT 3apsXaHMUs MMen ABA 6apabaHHbBIX MAra3sMHa AN CHOPSAOB.
Mepepa BbiCTPENOM CTBON OMYCKASCS HA YroN 3APSXAHMs, NOCe Yero
rMAPABAMYECKMHA [OCHINATENb OTNPABNSAA CHAPSA M METATENbHbIN 3PS B KAMOPY.
Mocne napacxoposarms 18 roToBbix K APMMEHEHMIO BLICTPEIOB 3APSKAIOLUMI
AONXEH f03apsanTL 6apabaHbl nm nogasats 6oenpunacs K 4OCLIAATENO NPIMO
M3 yKNaAOK Ha NeBoM YacTu 6awHu, Ha KoTopbix Haxoaunock ewé 10 sbicTpenos.
Takxe npeAycMOTpeHa BO3MOXHOCTb MOAA4YM 60eNp1NaAcoB ¢ rPyHTa, Ans 4Yero
OTKPbIBAJICS KOPMOBOM JIIOK KOpryca.

AsTomaTnka obecneunsana temn ctpensbbl o 6 BbICTpenos B MuHyTy. B opyane
MOXHO 6b1710 MCMONb30BATH BCE CyluecTBylowme 155-MM CHapsAbI,
cooTBeTcTByOWME Ha TOT MOMeHT ctaHaaptam HATO. lMpu ctpensbe o6bivHbIM
0CKONI04YHO-PYracHbIM CHOPAROM AANBHOCTb cTpenbbbl goctnrana 19 km.
AKTUBHO-pEaKTMBHbIA cHApsA ynetan Ha 24 kM.

Ha typenu y nesoro ntoka kpbiwu 6alWHM ycTAQHABAMBANCS KPYynHOKAnnbepHsbii
12,7-mm nynemer M2HB. KoHctpykums Typenn obecneunsana kpyrosoii ob6crpen.
B 6oekomnnext nynemera exoguno 1000 natpoHos.

Macca CAY cocrasnsna 25,3 toHHbl U 450-cunbHbif aBuratens mor o6ecneymnTs eé
ABMXeHMe co ckopocTbio Ao 47 kM/4, a 650 nutpos Tonnmea 66110 FOCTATOYHO
ans npeogonerus 300 km.

Mepseie CAY nocrynunu B Bosicka B 1976 roay, a B 1988 roay nocnegnss - 201-5
mawuHa. Bce CAY noctasneHsl B aptmnanepuiickue 6atansoHsl M O CMX NOP CTOSAT
Ha BOOPYXEHWM, XOTS MOCTeNeHHO 3aMeHsioTcs Ha 6onee cospemerHyio CAY.
EcrectBeHHo, 4TO akcnnyataums u, tem 6onee, 6oesoe npumeHeHne TaHka Tun 74
He MOrIo oCylecTBAsTbCS 6e3 COOTBETCTBYIOLEH PEMOHTHO-3BAKYQLIMOHHOM

Ne 1-2( 133-134 ) 2020
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MawuHel. U Takyto mawmHy Ha 6ase waccu TaHka Tun 74 paspabotan LieHtp
TEXHUYECKMX MCCIe[OBAHMMA M M3roToBuna komnanus Mitsubishi.
BPSM nonyunnacs noxoxei Ha pparuysckyio BPOIM AMX-30D n Hemeukyto
BPz-2A2. MexaHuk-BoamMTeNb pACNONArancs B 1€BOH 4QCTH MALLMHBI.
B nepeaHesi yactu kopnyca co cMmelueHnem Bneso pasMelyeHa nebegka,
obecneymsatowas tarosoe ycunue 38 tc. [lnmua tpoca cocrasnsna 60 M, a
ckopocTb ero HamoTkyu - 15 M/muH. lpu nepemotke Tpoca 6e3 Harpy3sku ero
HaTsxeHue obecneynMBanock cneynansHbiM yctpoicteom. Ha npasoii ctopoHe
BP3M pacnonoxeH KpaH, KOTOPbINA He MMEN KPYroBOro BpaLeHMs, a MOr
nosopayusatecs Tonbko Ha 270°. Kpan Mor nogHumare rpy3ssi Maccoi 4o 20 ToHH.
Bnepean MawmHbl yctaHoBneH 6ynbAo3epHbii OTBAS, KOTOPbIA B OCHOBHOM
npeaHasHa4ancs ans obecneyexus ynopa npu pabote ne6éakm mnu kpana. Han
MOTOPHO-TPAHCMUCCHOHHBIM OTCEKOM YCTAHOBJIEHA CMELMANbHAS NAOWAAKA Ans
pa3MeLLeHHs 3aNacHbIX MM NOBPEXAEHHbIX ABUIATENEMH, TPAHCMMCCHI U APYTHX,
HeoB6XOANMBIX A1 PEMOHTA feTanei.

BPOM Tun 78

Hano otmetnts, yto BPOM nonyumuna ot rauka Tun 74 rupponHesMaTuyeckyto
noABecKy, KOTOpas NPMMEHSNACh ANl YMEHbLIEHNS KIMPEHCa MALWMHBI NPH
BbINONHEHMM 6yKCMPOBOUHBIX paboT.

O6opoHa obecneynBanach ycTaHOBAEHHbIM HA KPbIlE KOPMyca
12,7-mm kpynHokannbepHsim nynemetom M2HB.

BPOM 6bina npuusta Ha Boopyxenue B 1978 roay u, ectectBeHHo, nonyumna
HassaHue Tun 78. Bcero 6bino nsrorosneHo 50 MawmH, KoTopbie Toxe ewwé
HAXOAATCS HO BOOPYXEHMM M MPORONXKAIOT TPYAMTLCS.

BPOM Tun 78 6ykcupyer OBT Tun 74
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Hecmotps Ha To, 4TO B BOkCKaX BCex BUAOB M pofoB sinoHcknx Cun camoo6opoHbl

HAXOAMNOCH HA BOOPYXEHMM CPABHUTENILHO MAIO BOEHHOM TEXHMKH,

TeM He MeHee, BOEHHO-MONNTUYECKOE PYKOBOACTBO SINOHMM PeLuMao NoYTH
MOJIHOCTbIO OTKA3AThCS OT 3aKYNOK MHOCTPAHHOM TEXHMKM, 4TO SBMAOCH
cepbE3HOM NOAAEPXKOH Pa3BUTHS cOBCTBEHHON 06OPOHHOM MPOMBILIIEHHOCTH.
Kak pas B atot nepuog nossunacs Heo6X0AMMOCTb B 3aMEHE yCTapeBLUei
3CY M42 Duster aMmepmkaHcKkoro npon3BoAcTBa.

TexHnyeckue Tpebosanms k 3CY cobcTBeHHOM pa3paboTku M npoussoacTBa 6biin
YTBEPXAEHbI B CAMOM KOHLiE CEMMAECSTbIX FOA0B, Nocne Yero 060poHHbIE
npeanpUATUS NPUCTYNUAM K NPOEKTHBIM PaboTaM HaA 3eHMTKOM,
npeaHa3Ha4yeHHOM ans obecneyeHMs NPOTMBOBO3AYLIHON O6OPOHbI CyXOMyTHbIX
noApasAeneHni Ha Maplue 1 Ha NO3MUMSX.

B 4ncne Tpe6oBaHMII TEXHUYECKOrO 304AHUS BOEHHBIX BbIO TO, YTO NPM CO3AAHUM
3CY Hapo 6bi10 MCNONB3OBATL FYCEHMYHOE LIACCH OAHOIO M3 HAOXOAAMXCS HO
BOOPYXEHMM TAHKOB, B KOYECTBE BOOPYXEHMS - ABA QBTOMATMYECKMX OPYAMS.
Mouck, o6HapyxeHune yenei u obecnedeHne HaBeAEHUs BO3NAranmuch Ha
KOMMIEKC paAMO3NEKTPOHHbIX CPEACTB.

MpegsaputensHeie pabotsl no npoekty Hosok 3CY npogonmxanucs go 1982 roga.
Kak Bcerna, npu cospganmm yero-nbo HoBoro, TexHnyeckme Tpe6oBaHms
NOCTOSHHO KoppeKkTupoBanuce. Tak, BMECTO M3HAYAABHO NPEANONAraBLIErocs
wacewm ot Tauka Tun 61, 6bino peweHo ucnonssosats waceum OBT Tun 74. Takoe
peleHune cyujectBeHHo ynpouwano komnanmun Mitsubishi Heavy Industries,
nony4mBLIEH KOHTPAKT Ha co3aanme u npoussogctso 3CY, paspaboTky waccy,
TaK KAK 3TOT TAHK pa3pabarbiBana MMEHHO OHA.

B 1982 roay Hayanuce nonHomacwrabHele NpoekTHbie paboTbi, pe3ynbTaTom
KOTOPbIX CTANO NOSBAEHWUE NEPBOro NPOTOTUNA HOBOM camoxoaku. Ero ucneiranms
Havanuce B 1983 rogy u npogonxannce B Te4HeHUE HECKONbKMX JET.

Ha BoopyxeHne HOBasi 3eHUTHAS CAMOXOAHAS yCTAHOBKA 6bNa NPUHSTA
8 1987 rogy noa uHaekcom Tun 87.

Kopnyc 3CY umen TpaaMLUMOHHYIO TAHKOBYIO KOMMOHOBKY C NepeaHUM
pacnonoxeHnem oTaeneHus ynpasnenms, 60eBbiM OTAENEHMEM B cepeamHe U
KOPMOBLIM MOTOPHO-TPAHCMUCCHOHHBIM oTaeneHrem. Ero kombuHuposaHHas
6poHs obecneyMBana 3aLWMTy TONLKO OT Nynb CTPENKOBOrO OPYXMS M CHAPSAOB
manokanubepHoii aptunnepun. B kopmosom otceke kopnyca ycraHaBamsancs Tot
xe 10-unnunapossiii ansensHoiii asurarens Mitsubishi 10ZF Tun 22.
Xoposas yacts 3CY Tun 87 nonHocTbio cooTBeTCTBYeT X0R0B0M TaHka Tun 74.




HCTOPHA

3CY Tun 78

bawHs, B cuny apyroro npeaHasHayeHus, Booblye MMeNa Apyryto KOHCTPYKLMIO M
no ypoBHIo 3awwmThl cepbé3Ho yctynana kopnycy 3CY. Ha n B 6poHekopnyce
6aLuHy, BbINONHEHHOM B BUAE KPYMNHOro KOpo64aToro KOXyXd, HOXOAALErocs Ha
onopHo# nnatpopme, yCTAHABAMBANOCL BCE 060pyAOBAHME M annaparypa,
MyLWKHU M QHTEHHbI PAAMONOKALMOHHBIX cTaHumi. OnopHas nnar¢popma
pacnonaraercs Ha NoroHe kopnyca u obecneynsana Kpyrosoe BpaiyeHue 6awnu
c BoopyxeHueM. PagnosnektpoHHas annapatypa Haxogunack B nepefHei 4actu
6awHmM, 3a koTopol pacnonaran1cs paboyne Mecta KomaHaMpa 1 Hasoa4ymka 3C
(TpeTnii unen skmnaxa 3CY - MexaHnk-BogMTENb - pacnonaraeTcss B nepesHen
yactn kopnyca). 3a HUMM HaxoaMAKCh ewwé ofHO Hebonbloe oTaeneHue Ans
3/1eKTPOHMKM M CPABHUTENBHO KPYMHBIA 06bEM AN1s pasMmelyeHmns Goenpmnacos.
B kopMOBO#i YacTy Kpbiwy 6ALHM yCTAHOBAEH AHTEHHbIA MOCT C ABYMS QHTEHHAMM
PaAMONOKALMOHHBIX CTAHLUMH MOMCKA M CONPOBOXAEHUS Liesen.

Mo 6opTam 6alwHK 3aKpeneHsl ABE KAYAIOLWMECS YCTAHOBKM C MyLKAMM.
O630p BO3AYLWHOro NPOCTPAHCTBA M MOMCK Liesiei 06ecneyMBaeTcs C MOMOLLbIO
BepXHek, BBIHECEHHOM HA Ma4Te aHTeHHbl. Bo Bpems paboTsl oHa Bpawaercs
BOKPYr BEPTMKQJIbHOM OCH M TEM CAMBIM OCYLLLECTBASET KPYroBoi 0630p.

[ns conposoxaenns Bo3aywHoM uenu ncnonssyercs apyras PJIC, aHteHHa
KOTOPOJH HAXOAMTCS Nepes MaYTOM aHTEHHbI MOMCKA. Ta AHTEHHA KavyaeTcs B
BEPTMKANbHOMN NAOCKOCTM M MOBOPAYMBAETCS B rOPM3OHTANBHON CAMOCTOSTENbLHO,
BHE 3QBUCMMOCTM OT yrna nosopoTa 6awHu, 4To HeobxognmMo ans obecneyeHus
HenpepbIBHOro conpoBOXAeHMs Lenn. B noxonHoM nonoxeHuu anteHHbii noct
NpM NOMOLUM rMAPABAMKM NOBOPAYMBAETCS M ONycKaeTcs 3a 6alwHio.
OcHoBHbiM pexnmom pabotsl 3CY ssnseTcs aBTOMATHYECKMI, NPHU KOTOPOM BCe
OCHOBHblE ONEPALMM MO MOUCKY LieSIeA M HaBEAEHMIO BOOPYXEHUsS
ocyuecTensiorcs 6e3 BMewarenscTea Yyenoseka. [pu4ém BefeHme orHs BO3MOXHO
KaK BO BPEMS OCTAHOBKM, TAK M NPM ABMKEHWM.

B kopMe 6aLHM, pfOM C QHTEHHAMM, HAOXOAMTCS ONTUKO-3/1EKTPOHHAS CUCTEMA C
Na3epHbIM AANbHOMEPOM, MPH MOMOLLM KOTOPOH SKMMAX MOXET HAOXOAMTb Lieslb 1
obcTpennBarh €€ B pyHHOM peXmMe, YTO CyLEeCTBEHHO PACLUMPSET BO3MOXHOCTH
3eHuTHoro komnnekca. Ha nocnegHux moagneukaumsx 3CY Tun 87 ycraHosnen
Tennosu3op, obecneynBalOLMil PyYHOE HAOBEAEHME HOYHBIX YCIOBUSAX.
Boopyxenne 3CY Tun 87 cocromt n3 asyx 35-MmM aBTOMATMYECKMX MyLIEK
Oerlikon GDF. lMyw«ku seinyckaet komnaums Japan Steel Works no nnuensuu.
Mywku na 3CY ycraHosneHs Ha 6opTax 6alwHU M NPUKPbLITLI GPOHMPOBAHHBIMM
koxyxamu. Kaxpaas nywka B BepTUKANbHOM HANPABAEHMM HABOAMTCS
CAMOCTOSITENbHO, O MX CHMHXPOHHOE NepeMelleHre ob6ecneymBaeTcs cneLManbHbIM
ycTposictBoM. boenutanme nywek ocyuecTBnsercs npyu NOMOLLM NEHT O
CHAPAAAMM, YNOXEHHbIX B ALUMKM B KOPMOBOM YacTu 6awHu. B cranaapTHbii
6oekomnnekT BxoasT 6poHeboliHbie M 6pOHEB6OHHO-3AXMraTesIbHbIe CHAPSAbI.
Bbi6poc cTpensHbiX rmnb3 oCyLecTBASETCS Yepe3 OKHA B GOKOBbIX MOBEPXHOCTIX
KOXYXOB MyLUeK.

BeneHue orHs BO3MOXHO B I060M HANPABNEHMM C BO3BbILUIEHMEM CTBOOB [0

..85°. CkopoctpenbHocTb kaxpaoM nywku coctasnsetr 550 BbicTpenos B MUHYTY,
yTo obecneynsaet cymMmapHbii Temn ctpensbol 1100 BbicTpenos B MUHYTY.
Makcumanshas gansHocts crpensbbl nywek Oerlikon GDF cocrasnser 12 km,

AHOKO 3¢ppeKTUBHOCTb MX MPMMEHEHUS OTPAHMYEHA 4 KM HOKIOHHOM AAbHOC
Macca camoxopkm 6narogaps 6awHe seipocna go 44 1. Oguako 6narogaps

750-cnunbHOMy AM3EbHOMY ABUIATENIO yAEbHAS MOLYHOCT MALUMHBI NPEBbILIAET

17 n.c. Ha ToHHY, 4To obecneunsaet pasrod 3CY go 53 kM/4, 4To cooTBeTcTBYET

ckopocti tanka Tun 74. la u sanac xoga ocrancs npexHnm - 300 km.

Bcero 6bino usrorosneno 52 (no HekotopbiM uctouHmkam - 45) 3CY Tun 87,
nocnefHNe U3 KOTOPLIX MOCTYNMAIM B BOKCKA B cepeamHe [eBSHOCTbIX rofios, 1
npaktuyecku Bce ovu, kak 1 CAY Tun 75, no cux nop cTosT HQ BOOPYXEHUM.

3CY Tun 87 Benér oroHs

Mocroyknagumk Tun 91

T ey

He o6ownock u 6e3 co3aaHNUS MOCTOYKNAAYMKA C MCMONb3OBAHMEM LIACCH TAHKA
Tun 74, Ho 3agaya aTa BO3HMKNQA nuwb ¢ nossneHnem Hosoro OBT Tun 90, macca
koToporo (50 TOHH) 3HQYMTENbHO NPEeBbLILANa AONYCTMMYIO HArpy3Ky HaQ

60nbwmHCTBO MocToB SinoHun. Ho MocToyknapumk peleHo 6bin0 Aenats UMEHHO
Ha ocHose waccu TaHka Tun 74, a He tanka Tun 90. MpuymnHa Tomy 3aknoyanacs
B OTPaBOTAHHOM MAPONHEBMATHYECKOM noasecke TaHka Tun 74, kotopas
NPMroAnNack Ans M3MEHEHMs KIMPEHCA MALMHbI B MPOLIecce yCTaHOBKM MOCTa
1 06paTHoOi ero yknaake Ha MawwMHy.

Kak paspa6otkoii u naroroenennem bPOM Tun 78 3anumanmcs, cooTsBeTcTBeHHO,
LlenTp TexHnyeckmux nccneposanmi n komnanms Mitsubishi Heavy Industries,
TaK oHM xe 3auaauce B 1985 ropy m MocToyknag4mkom, B xoae paspaboTtkn

KoToporo 6biu B3ATH KOPAYC M 4acTb 060PYAOBAHMS, yCTAHABAMBAEMOro
Ha 3CY Tun 87 (Bcé xe npowno 6onee 10 ner).
MocToyknaa4nk npuHsIAM Ha BOOpyXeHWe NPpaKTM4eCKM OJHOBPEMEHHO C TAHKOM
Tun 90 nog HassaHnem Tun 91.

BepxHss 4acTh MOCTOYKNIQAYMKA OCHALLEHA YCTPOMCTBOM Ans obecneveHmns
TPAHCMOPTUPOBKM M PA3BEPTHIBAHMS TAHKOBOIO MOCTA C rMAPABANYECKUM
npusogoMm (cnepean) u onopHoi pamoii (csagm). Cam MOcT coCTOMT M3 ABYX
cekumii. Bnepean HaxoanTcs CTOSHOYHBIN ynop Ans cTABUAM3ALMM NONOXKEHUS
MOCTOYKNAAYMKA NPM yCTAHOBKE MOCTA, ANMHA KoToporo coctasnser 20 M,
AOCTATOYHBIX AN NEPEKPbITMS NPEensaTCTBUS WHPHHOMH Ao 18 M.

LUnpuHa mocra cocrasnset 3,9 m.

Bpems, Heob6xoaumoe ans ycTaHOBKM MOCTA M BbinOAHEHHUs o6paTHOM onepaumm
cocrasnser okono 5 MuHyT. YnpaeneHue BceMu paboTamm ocyluecTsnsercs
3KMNaxem M3 ABYX Yenosek 6e3 BbIXOAA M3 MOCTOYKAAAYMKA.

Mocroyknagumk Tun 91 B Hauane npouecca ycTaHOBKM MOCTA

——

Mocr rotos

Macca moctoyknanumnka cocrasnser 41,8 TOHHbI, MOKCMMQANbHAS CKOPOCTb MO
wocce cocrasnsetr 50 kM/4, a Ha ogHoM 3anpaske MoxeT npeogonets 300 km
3a 20 ner (c 1991 roga no 2010 roa) 6110 n3rotosneHo 23 MawmHsl
(ApakTMYecKM Mo O[HON MALLUMHE B FOA), M BCE OHM CTOST HO BOOPYXEHMM M Ceiyac.

B cneaytolem Homepe NpoaoIXMM PACCMOTPEHUE OCHOBHBIX
60eBbIX TAHKOB BTOPOrO MOCAEBOEHHOrO NOKONEHUs ¢ paspabo-
TOK KOHCTPYKTOPOB W3 APYTUX CTPAH MMPQ.

(Mpoaonxenme cnenyer.)
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MEXAHMUZM EPALLEHMA NPOBOJIOKNMN

HoBas peBonioLMOHHas TEXHONOTMS BPalLEeHWUsi NPOBONOKH i-Groove, co3aaHHas KoHCTpykTopamu Sodick, 3acTasnser "pabotars”
BCHO NOBEPXHOCTb NPOBONOKM. [leTanb Ha BCio ToNwMHy 06pabaTbiBaeTcs CKpamm, B TOM Yucne (4T0 BaxHo!) 1 Toi Gonbluei
YaCTbi0 NOBEPXHOCTY NPOBOJIOKM, KOTOPas B 00bIYHbIX CTaHKaX He 3a,eiCTBYETCS B 3NeKTPOMCKPOBOM NPOLIECCe, YXOAs B OTXOA
BXONocTylo. BpaleHue npoBONOKM BKNKOYAETCA HA YACTOBbIX NPOXOAAX - TaM, i€ Pacxof HanbonbLIMiA.

Bo Bcex 3neKTPOMCKPOBbLIX BbIPE3HbIX CTaHKaX B XO[€ YUCTOBOM 3neKTpo3po3uu pabotaet ("MckpuT") 0jHa CTOpPOHA NPOBONOKK 1
NWWWb OHOIA Y3KOI Nonocoid. Mogaya NpoBoONOKK-3NeKTPofa YNPaBNAETCA U PerynupyeTcs TONbLKO HaTAXEHUeM, CKOPOCTbIO
MoJaYY M HanpasnsioLMMKU BBepXy W BHU3Y. HoBbili MexaHu3Mm i-Groove f06aBun k 3Tomy elle 1 BpaeHue. B pesynbrare Mol
nonyyaeM Nyuuwyo WepoxoBaToCTb, MYy FEOMETPHIO, B TO Xe BPeMS CyLLEeCTBEHHO 3KOHOMS J0POroCTOALLYIO NPOBONOKY.

3710 NpeKpacHoe pellieHne A4S 3KONOrMM + BbICOYalLLIee Ka4yeCTBO 3NeKTPOMCKPOBO 00paboTku B 0AHON HOBOW TEXHONOMWK.

YepHoBoe pe3aHue YucTosoe pe3aHue ¢ i-Groove
(i-Groove He BKAKOYEH) (2-li npoxod u nocaedyrowue)

o ¢

KomnbiotepHoe UMY Sodick aBTomatnuecku

lpoBsonoka He BpalliaeTcA. aHanM3npyeT NporpamMmy pesaHvs n onpegenser
(Ha 37om 37ane obpabotku Bo HarnpaeneHve BpaweHns no opdcery — no 4acosomn
BPALEHUM HeT CMbICna). ANV NPOTMB YaCOBON CTPENKM.

Y10 Mbl NOAYYaEM, Bpawian NPOBOAOKY C MeXaHuzmom i-Groove?

S?

B 06bi4HbIX 3NEKTPOMCKPOBLIX BbIPE3HbIX CTAHKAX NPOBONOYHbIA

3NEKTPOA, 3POAMPYET N0 MEPE NPOABUXEHUS BHU3 CKBO3b AETaNb Uiu Ecnu npoBonoxa spallaeTcs, INeKTPOMCKPOi
1o ee noBepxHoCTh. B nio6oii MOMEHT pe3aHns NPOBONOKA-3NEKTPOS, «pexeT» BCS NOBEPXHOCTL NPOBONOKM, BKAKDHAA TY
YTOHYAETCS CBEPXY BHU3, CTAHOBACH KOHYC000pa3Hoii. bonee 6ONBLLUIYIO YaCTs e NOBePXHOCTH, KOTOPas A0 CHX

OTHETNWBO 3TO NPOSABNAETCA HA AeTanax 6ONbLUO TONLMHDI, nop He Dam'aﬂa.

H MMNeH na n NneH HWUK H
FRYEINR NOMSPMSTIN A8 AU YOURUACHIN Cro (s Summmm W NOBLILIEHHE KAYECTBA NOBEPXHOCTH, M IKOHOMMIO
mexaxnuamom UV. [lpyrum pewennem moxet OuiTh yBenuyeHue " 6 -
CKOPOCTM NOAA4M NPOBOAOKW, HO NP 3TOM HENOMEPHO PacTeT pacxon NPOBOAOKH. ¥1 BCE 3TO DE3 KOHYCHOW KOMNEHCAUUN W
JLOPOroCTORALLEi NPOBONOKU U MOTYT BO3HUKATb 06PbIBLI. yBENWieHWna CXOpPOCTH NOAAYYM NPOBONOKK.

Ha urone 2021 200a mexaru3zmom i-Groove o6opydyromcs monbko Modenu Beipe3Hbix cmaxkos ALC400G u ALC600G.



Precision
Beast.

Mpeun3noHHOCTD.

Halu geeus rnacuT: «gpesepoBath Nydiliey. Bee, 4To Mbl NpeooneBaeM, U3MEHAEM W
ONTUMU3NPYEM, YAYYLLIAET Pe3yNkLTarT, AenaeT ero Gonee TOYHLIM, a Nony4YeHue ero Go-
nee 6blCTphIM. HE ANA Hac, a ond ycnexa Halwnx KNWeHToB, KOTOPbIE NONY4YakT CaMble
NyYLUWE PE3yNLTaThl Ha HalMX obpabaTkiBalWKX UBHTpaX.
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