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CeKuua 15

KOMGMHMpOBaHHbIe cunoBbie YCTAHOBKU
ANA rmnep3ByKoOBbIX N BO34YWHO-KOCMUYECKUX
NleTaTte/ibHbIX annapaTtoB

NPOBNEMbI PA3PABOTKU, CO3AAHUA U MPAKTUYECKOIO
NMPUMEHEHUA NYNbCUPYIOWMX OETOHALUMOHHDIX OBUTATENEN —
HOBOIO TUMA ABUTATENEN ANA PEAKTUBHOM ABUALIUU
E.FO.MapuyyKoes, I0.H.Heuaes, A.U.Tapacoe
(HTY um. A./lronvku)

Mynbcupylowme [eTOHAUMOHHbIE ABUraTeNn HOB020 muna, Kak
YCTPOKCTBA AN1A NOJlYyYEHUA PEAaKTUBHOM TATU, HE UMEIOLWMEe aHA0roB B MU-
pOBOM NpaKTUKe, bblan BNepBble NPeAJ/IOXKEHbl, UCMbITaHbl M 3aMaTeHTOBaHbI
P.M. NywKnHbim n A.U. Tapacosbim B 1991 r. [1]. Npes 6bina ogobpeHa
Hay4yHOM 06LLEeCTBEHHOCTbIO U UCCAeA0BaHUA 3TOro TMNa AsuraTtenel Bho-
CNeacTBUM OCYLLECTBAANNUCL PAAOM OpraHusauumii. Cpegn HUX cneayeT yKa-
3aTb: UHCTUTYT mexaHnkn MIY; MatemaTtuyeckuii MHCTUTYT um. B.A. Ctek-
nosa, PAH; WHctutyt astomaTtuku OBO, PAH; UMAM wum. MN.U. bapaHoBa;
UATN v pp.

OCHOBHbIMM BeAYLWMMMU NPeanpUATUAMM, YYaCTBYHOLLMMMK B paspaboT-
Ke npobnem cosganua NyAna, asnaavce: HTL, vm. Allonbkn OAO «HNO
«CaTypH» 1 BBMA um. npod. H.E. yKkoBckoro, B KoTopbix 6bln co3gaHbl
YHUKa/bHbIE UCMbITaTe/IbHble CTEHAbI U NPOBEAEH LUMPOKUIA KPyr NapameT-
PUYECKUX IKCMEPUMEHTANbHBIX U TEOPETUYECKUX WUCCNEA0BAHUN TATOBbIX
MoAaynen NynbCUPYIOLWMX ABUTaTeNeil B LWMPOKOM Auana3oHe M3MeHEeHUs
WX FeOMETPUYECKMX W Fa304MHAMMUYECKUX MapameTpoB. 3aBepLunaca 3ToT
Ba)KHEMLWNIA 3Tan WMccnegoBaHMIA MOKa3aTebHbIMU AEeMOHCTPALMOHHbIMM
UCMbITaHUAMM, KOTOpble MPOBOAMAUCL NYH6AMYHO HaA cTeHze HTL wvm.
A.Jltonbkn B 2004 1. C npurnaweHnem npeacraBuTeNiei paga opraHusaumi.
3TU WCMbITAHUA He TONbKO NOATBEPAMAM Xxopouwyk paboTtocnocobHoCTb
3TUX ABUraTenei HO U NPOAEMOHCTPUPOBANN BbICOKME 3HAYEHMA UX YAEeNb-
HbIX NapameTpoB, obecneunBalolLMe NPEMMYLLECTBA B TAFOBO-3KOHOMMU-
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YeCKMX XapaKTEPUCTMK CMN0BbIX YCTAHOBOK C 3TUMU ABUFaTeNsMU B Npeae-
nax 30-50 % n 6onee B CPaBHEHUM C CYLLECTBYHOLLMMU TPAAULMOHHbLIMU
TPA.

®du3nyeckn 3To 0OBACHAETCA Tem, YTO CropaHue B AEeTOHALMOHHbIX
BO/IHAX M NOABOJA, TENNOTbI B HUX ocylecTBnaetca y Ny npu 3HaumMTenbHO
60/1ee BbICOKUX AABNEHUAX U TeMMNepaTypax U No3Tomy npu 6osee BbICOKUX
3HayeHuax Tepmudeckoro KN nx tTepmogmMHaMmnyYeckoro uykna, 61mMsKoro K
LMKAY C NOABOLOM TEN0Tbl MPU NOCTOAHHOM ob6beme.

Tazoebie modynu (TM) ABNAOTCA OCHOBHbIMM COCTaBHbIMWU 3/1€MEH-
Tamu Ny pasnnyHbix cxem. TwaTtenbHble 3KCNepUMEHTa/IbHble U T Teope-
TUYECKMe UcCcNeaoBaHUA, NPOBOAMBLLMECA Ha NPOTAXKeHUN paga net B HTL,
num. A.ltonbkn n 8 BBUA nm. npood. H.E.}KykoBckoro, Hanpas/ieHHble Ha On-
TUMM3ALMIO UX Fa304AMHAMUYECKOTO U KOHCTPYKTMBHOIO 061MKa, NO3BOAUA
YNYYLWNTb OCHOBHbIE TATOBO-IKOHOMMUYECKUE XAPaKTEPUCTUKU U YTOYHUTL
ycnosua n 061actv npumeHeHuA. Bblao yCTaHOBAEHO, YTO KPOME OCHOBHOM
061acTh X BO3MOXKHOIO NMPUMEHEHNA — B KauecTBe YCTPOWCTB A1A AeTOHa-
LMOHHOIO CropaHuA TOMJIMBA, BaKHOE MpaKTUYecKoe 3HayeHue nmeeT 06-
NACTb PEXMMOB MX PabOoTbl B KAYECTBE PEaKTMBHbIX cones ocoboro yaapHo-
BOJIHOBOIO TUNa (6e3 cXKMraHusA TonavMBea B pe3oHaTope).

Cxema TM Kak yCcTpoMiCTBa ANA OCYLLECTBAEHUA AETOHALMOHHOIO Cro-
paHuA TonNMBa, NpeacTasneHa Ha puc.l. OH COCTOUT U3 peakTopa M rasogu-
HaMuyeckoro pesoHaTopa. B peaktope TBC rotoBUTCA K AETOHALUOHHOMY
CropaHuio, a B pe3oHaTope OHa cropaeT. PesoHatop umeeT noaycoepuye-
CKYIO BOTHYTYIO Kamepy cropaHus, B KoTopyto TBC nogaeTtcAa M3 peaKTtopa
pagmManbHO — Yyepes Konblesoe conso. B nonoctu pesoHatopa B cneacTsum
YyAapHO-BOTHOBbLIX NPOLLECCOB 06Pa3yoTCA yAapHble BOHbI, KoTopble GOKY-
CUPYIOTCA B LLEHTPE pe3oHaTopa, MMeHyembiM «ghokycom» (puc.2). B doKy-
ce pe3oHaTopa Npu CTPOro onpeaeneHHON ero reoMeTpuyeckon KoHdury-
pauwmu (cneunanbHo oTpabaTbiBaemoit B NpoLecce HafaLouHbIX UCNbITaHUIA)
NPOUCXOAUT MECTHOE NOBbIWEHMEe AaBJEHUA U TeMnepaTypbl, OCTaTOYHOe
Ana socnnameHerua TBC. Ecnm BocniameHeHWe peannsyertcs, - BO3HUKaeT
Ny/bCUpYtOLLLEe BbICOKOYACTOTHOE AETOHALMOHHOE ropeHue, Bbi3blBalolLee
peskoe noBsbleHWEe AaBNEHMA U TeMnepaTypbl B pe3oHaTope U obecneyu-
BalOLLee MCTeYeHWe MNPOAYKTOB CropaHua M3 pe3oHaTopa ¢ 6oabwmmu
CBEpPX3BYKOBbIMM CKOpOCTAMU. CO343aeTCA Ny/IbCUPYIOLLAA PeaKTUBHAA TAra.

Mopaya pabouero Tena B TM MOXKeT OCYLLECTBAATLCA U3 PA3HbIX ceve-
HUI Kakoro-nMbo rasoTypbuMHHOro ycTpoincTBa (ABuratens), UMeHyemoro
2eHepamopom paboyezo mena (FPT). Ponb TPT moryT BbinoAHATb [T, pas-
NMYHbIX TMNoB. lMpu 3TOM B 3aBMCMMOCTM OT mecTa oTbopa M3meHstoTcA
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ycnosua Ha Bxoge B TM. JKcnepumeHTaNbHO A0Ka3aHO, YTO XapaKTepucTum-
KM eauHu4Horo TM 3aBUCAT TONIbKO OT AaB/ieHMA U TemnepaTypbl NocTyna-
IOLLLEro B HUX paboyero Tena uM He 3aBUCAT OT Cnocoba pasmeLLeHns cammux
TM B cucteme MyA[. 3ta ocobeHHOCTb bblia yyYTeHa Npu NpeacTaBiAeHUM
0606WeHHbIX XapakTepucTuk TM NyA 0.

Ha ocHOoBe MHOro4YMC/AIEHHbIX MApPaMeTPUYECKUX UCCNEAOBAHWUMI, NpO-
BeAeHHbIX B HTL u B BBUA, oTpaboTaHHbI ONTUMa/ibHbleE FeOMETPUYECKUE
pa3mepbl U GOpMbl pe30oHaTopa, KO/bLEBOro conia u ap. snemeHtos TM.
InaBHas ocobeHHocTb TM siBNseTca ux maaasa pasmepHocms. B HTL, 6biam
oTpaboTaHHbl TM c anameTpom pesoHaTopa Dpes3=70 mm, a B BBMA — ¢
Dpe3=90 mm. Manaa pasamepHocTb TM orpaHuMyMBaeT npeaesbHble Bean4u-
Hbl TAT, NOAYy4aeMbIX B eAUHMYHOM TM 1 BO3HMKAET HeobXoAMMOCTb Npu-
MEHEHUA MHOTOMOZAY/IbHbIX KOMMOHOBOK C Yyncaom TM, gocturatowmm He-
CKO/bKMX AecAaTKoB. OTpaboTaHHbl peKomeHAauun no BblbOpy MecT ycTa-
HOBKM TM B TakMXx KOMNOHOBKax gna CY pasnnyHbix TMnos. MNpu ysennye-
HuM Dpes Bo3pacTaeT TAra Kaxaoro TM 1 ymeHbLIaeTca YNCN0 NOTPEeDbHbIX
TM, HO un3-3a CcHUXeHnAa 3GGEeKTUBHOCTM YAAPHO-BOIHOBLIX NPOLECCOB
YCOXKHAETCA MX 0TpaboTKa 1 foBOAKa.

Memodbsi pacyema OCHOBHbIX MA2080-IKOHOMUYECKUX U 2eomempu-
yeckux napamempoe TM My (pa3paboTaHHble HAMWU Ha OCHOBE UCMNO/b-
30BaHMA NOJIHOM CUCTEMBI YPABHEHUW COXPAHEHUA U YPABHEHUIA COCTOAHUSA)
NO3BO/INAN NPOU3BECTU OLEHKY UX TEPMOANHAMUYECKOM IPDEKTUBHOCTU U
Nony4nTb 0606LWEHHbIE XapPAaKTEPUCTUKN BO3SMOXKHbIX 3HAYEHUN UX yaeNb-
HbIX MapameTpPoB. 3T MeTOAbl pacyeTa onybaMKOBaHbI B XKypHanax «Xumu-
yeckasa ¢u3mKa» Tom 26, Ne6, 2009r. n «UNHKeHepHO-PpU3NYECKOM XKypHa-
ne» Tom 83, Nel, 2010r. Pe3ynbTaTbl 3TUX UCCNeA0BaHMIA NpeacTaB/ieHbl Ha
puc. 3. lnAa oueHKn TepmogmHammnyeckon adpdeKkTMBHOCTM paboyero npo-
uecca TM My vcnonb3oBaHbl 3Ha4YeHUA Ux Tepmudeckoro KMa —ny, a gna
onpeaeneHns ypoBHA TenioBbIX NOTepb — NpupalleHne sHTponun — AS/R.
BapbupoBanucb napameTpbl ra30BOro NOToKa Ha Bxoze B TM — TemnepaTtypa
T, n paBneHue p,=mp;. PacyeTHble napameTpbl paboyero npouecca PT
OLLeHMBANUCL MO TemnepaTtype T; B ero Kamepe CropaHuna u no cTeneHu no-
BbILLEHWNA JaBNEHUA TT, B €r0 KoOMnpeccope.

0O606weHHble 3asucumocmu mnokazamesneii mepmMmoouHamu4ecKol
agppekmusHocmu yukna TM My4[ dansl Ha puc.3,a. OHX NpeacTaB/eHbl B
3aBMCMMOCTM OT Temnepatypbl T, pabouyero Tena, nogasaemoro B TM. 3Ta
TemnepaTypa, Kak BUOHO, UMeeT onpeaenstowee 3HavyeHume. C ee yBennye-
HUEM TepMoauHammYeckana 3GPEeKTUBHOCTb LIMKAA CYLLECTBEHHO MOBbILA-
eTca.
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O60o6weHHble MA2080-3KOHOMUYecKue xapakmepucmuku TM My4A4,
NoJiy4eHHble HaMW, MOKa3aHsl Ha puc.3,6. Ha H1X NpeacTaB/ieHbl yaebHble
TATW Pyp v, M YAGNbHBIX pacxofos Tonamnsa Cy,mv, PacCUMTaHHbIE ANA TeX e
ycnosuit. OHW JatOT NPEXAe BCEro KOIMYECTBEHHYIO OLEHKY BAUAHUA TeM-
nepatypbl T, Ha ygenbHble napametpbl TM My v yKasbiBaeT Ha Leneco-
06pa3HocTb YCTaHOBKM TM TakMm o6pasom, 4tobbl nogava B HUX paboyero
Tena ocylecTsasnacb M3 Tex cevyeHnn NCB, roe obecneunBatoTcA BbICOKME
TemnepaTypbl T,. Imu o0606wieHHble XapaKmepucmuKu A8AAMCA YHU-
8epcasbHbIMU, UMem KpumepuasbHbeili xapakmep u cnpasednussl npu
Mobbix cnocobax ycmaHoeku TM 8 cucmemax T[] pasznuyHo2o muna. OHY
No3BONAIOT BbICTPO U AOCTAaTOYHO TOYHO OLEHMBATb OXKMAAEMblE MPEUMY-
wectea ot npumeHenua TM My Ha gsuratenax pasnvyHoro tvna. Bapu-
aHTbl BO3MOMKHbIX cnocoboB yctaHoBkn TM B cuctemax TPA n TPAAPCcm
npeacTaBieHbl Ha puc.4.

MPUYNHBI 3HAYUTENIBHOTO BAUAHUA TemnepaTypbl T, Ha TepMOAMHAMMU-
yeckyto apdekTmHocTe TM My, XOpowo NPOCMaTPUBAIOTCA HA Npumepe
CpPaBHEHWA UX TEPMOLMHAMMYECKMX LUKIOB B T-S KOOpAMHATax Npu Temne-
patypax T, u Tz/> T, (puc.5). CpaBHeHMe AaHO NpPY OAMHAKOBLIX BHELIHUX
ycnosuax (paseHcTBe T1 U p1) M paBHbIX 3HAYEHMAX NOABOAMMON TEnaOTbl
(g1= ql/). Kak BMgHO, c noBblWeHWe TemnepaTtypbl T, yMeHbLUAEeTCA Konye-
CTBO OTBOAMMOM TEMNNOTbI (q2/<q2), MOBbILIAETCA MaKCMMabHasA TemnepaTy-
pa uMKaa (T3/> T3), a TemnepaTypa BbIX/IONHbIX FAa30B CHU¥XKaeTcA (T4/<T4). B
pesysibTaTe Bo3pacTatoT paboTa uukna /= gi- q,, Tepmuyeckunin KN umkna
n=1- g1/ g, ¥ CHUKAETCA NMPUPOCT SHTPOMNUM (AS/< AS), xapaKTepu3yrowmi
TenioBble NoTepu.

O6nactb npumeHeHusa TM Kak connioebix ycmpolicme 6bina obHapy-
eH B HTL, um. A.JTloNbKM Npu NpoBeAeHMM BO3AYLWHbIX NpoayBok TM 6e3
nogayvn TonamMeBa B pe3oHaTop. bbliv NosyyeHbl KONMYECTBEHHbIE 3aBUCU-
MOCTM BE/IMYMH Pa3BMBAEMOM TArM OT TeMNepaTypbl U AaBNeHWUA NofaBae-
Mmoro Bo3agyxa. lpu BbICOKMX TemnepaTtypax W AaBAeHWAX NoAaBaemoro
BO3/yXa NPMPOCT TATU B CPAaBHEHMM C TArol conna Jlasana gocturan 60-70%.
370 ABNEeHWe 0bbACHAETCA NPUCOEANHEHMEM AOMNONHUTENbHOMW MacChbl BO3-
JyXa K pPeakTUBHOW CTpye M3 OKpyKatowen atmocdepsbl. MNpakTtuyeckoe mc-
No/Ib30BaHMe 3TOro ABJEHUA OTKPbIBAeT BO3MOXHOCTM NPOCTON U AeLleBoWn
MOZEePHU3aLMKN CYLLECTBYIOLLMX ABUTaTeNel — 33 CHET 3aMeHbl UX 0BbIYHbIX
conen Ha pe3oHAaHCHO-MyAbCUpyrowue consaa Ho8o020 muna.

HakonneHHble onbITHbIE N pacyeTHO-TEOpPeTUYECKME AaHHble ABAAIOT-
CA [O0CTaTOYHbIMM AN Pa3paboTKM U CO34aHMA OMbITHbIX 06pasuos TM
Ny44. Utorn npoBeaeHHbIX paboT AOKAAAbIBANANCH U 0OCYKAANUCH Ha psaae
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Hay4HbIX popymoB. B yacTHocTH, B pewweHnn XXXIV akageMmmnyeckmx YTeHuim
No KocmoHaBTMKe 2010r. yKa3aHo, YTO «C030aHuUe nyabcupyroujux oemo-
HAYUOHHbIX dsuzamesell opuauHanbHOU omevyecmeeHHOli cxembl A6AA-
emcs 014 Poccuu no akmyanbHOCMU U npaKkmuyecKkoli 3Hayumocmu npu-
opumemHoli 3adayeli 20cydapcmeeHHoll saxcHocmu... Tpebyetca obbvegm-
HEHWe BCeX WHTE/N/IEKTYa IbHbIX, MPOU3BOACTBEHHbIX U GUHAHCOBBIX pecyp-
COB NOA, e4MHbIM PYKOBOACTBOM CO CTOPOHbI aBTOPUTETHOM, KOMNETEHTHOM,
KOHTPO/IMPYEMOW rocyfapCTBOM aBuacTpoutenbHoi ¢upmbl. C aTo muccu-
el MmoxKeT cnpasutca (Npy Hagnexawem oéuHaHcupoBaHum) HTL, um.
A.JTIoNbKN».

3710 peweHue bblI0 HanpaBAEeHHO MepPBOMY BULLE-NPEMbEpPY MpPaBu-
TenbctBa PP C.MBaHoBY. Ho oTBeTa M Kakux MboO NpaBUTENbCTBEHHbIX MO-
CTaHOB/IEHWUI1 N0 3TOWN Npobaeme Mo cei AeHb He NOCTynasno.

MoaHMMan BONPOC O HEOBXOAMMOCTM POPCMPOBAHUA peLleHns npo-
6nembl co3ganua My, B Halwel cTpaHe Mbl Yy4UTbIBAEM, YTO B HacToAlLlee
BpemMA MNOBbICU/ICA MHTEpPeC K My/bCalMOHHbIM TEXHO/IOTMAM CO CTOPOHDI
psaga 3apybexHbix pupm. NMpomeaneHune B cosgaHuu My onacHo. Poccun
MOMKET yTPaTUTb CBOM MPUOPUTET B PELLEHUWN LAHHOW CTPATErMYECKU BaXK-
HOWM 3343uum.

PacueTHO-TeopeTUYEeCKME UCCeA0BaHMA MO  BbIABNEHUIO NpPenumy-
LLLecTB NpaKTuyeckoro npumeHeHua Ny B aBnaumm npom3BoaAnNUCH B pAa-
Ae paboT, BbinosHABWKXCA No 3aaaHuo HTL um. A.Jltonbku. OHM Nokasanu
BO3MOHOCTb 3HAUUTE/IbHOTO YYYLEHUA NIETHO-TEXHUYECKUX XapaKTepu-
CTUK CaMOJ/IETOB Pa3/IMYHOrO LLeNEeBOro Ha3HAYeHUA 33 CYET NMPUMEHEHMUA
Nyad. K npumepy, 66110 NOKasaHo, YTO ANA AafbHUX CBEPX3BYKOBbLIX CaMO-
netos Tnna Ty-144 ¢ asuratenamm HK-32 yctaHoska TM My c nogaveit B
HUX FOpPAYMX Ta30B M3-3a Kamepbl CMelleHus obecrneymBaeT yBenyeHue
[anbHOCTU noseTa Ha — 30%, NPoAOMKUTENbHOCTM noneTa — Ha 35% u yBse-
NIMYeHne TpaHCNOoPTHON 3P PeKTUBHOCTM NepeBO3oK — Ha 25%.

Jlntepatypa

1. NywKunH P.M., Tapacos A.U. Cnocob nony4yeHus TArm u yCcTponcTeo
ana nonydeHums Tarn. MNateHt CCCP  Ha wu3obperteHue Ne1672933 ot
22.04.1991 r. c npuoputeTom ot 30.11.1989r.

2. Tapacos A.WN. dKkcnepumeHTanbHOE UCCnefoBaHUE TATOBbIX XapakK-
TEPUCTUK PE30HAHCHbIX KOJMIbLEBbIX Nyabcupytowmx conne Ny 8 ycnosumsax
nucTteyeHnAa n3 HUX nogorpetoro rasa. Martepuanbl XXXIII akagemunyeckmx
YTeHWI No KocmoHaBTHKe. Mocksa, 2009r.
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BU3YATU3ALIUA NONA TEYHEHUA B KOJIbLLEBOM
M NZ1IOCKOM LWWENIEBOM CONNAX
B.A. /lesuH, H.E. AgpoHuHa, B.T. I[pomoes, U.C. MaHyiinosudu,
r.4. Cmexos, A.H. Xmeneeckuli, B.B. Mapkos

(MHcmumym aemomamuku u npoyeccoe ynpaeneHus [BO PAH,

2. Bnadusocmok, Uucmumym mexaHuku MrY um. M.B. JlomoHocoea,
Mamemamuuyeckuli uHcmumym um. B.A. Cmeknoea PAH, 2. Mockea),
e-mail: levin@iacp.dvo.ru, levin@imec.msu.ru

KonbugeBble M MAOCKME LWenesble CoMsa C BHYTPEHHEN NOMOCTbIO MO
PAAY XapaKTEePUCTUK COCTaBAAIOT KOHKYPEHLMIO TPaguLMoHHOMY conay Jla-
Ba/iA B Ka4eCTBe BbIXOAHOrO YCTPOMCTBA peakTUBHOro asuratensa. OHU ume-
€T 3aMeTHO MEHbLUY ANMHY BAONb BEKTOpa TArn, 0b61agatoT CBOMCTBOM
ABTOPEryMpyeMocT! Npyu U3MEHEeHUN BbICOTbI NoJIeTa U paccmaTpuBaloTCA
KaK nepcnekTuBHble Ans peanusaumm 6ecknanaHHOro ny/abcupytowero pe-
KMMa CUTaHUA TONANB.

B moknage npeacrasnieHbl pe3yabTaTbl BU3yaM3aLMKN MOA TEYEHUA B
KO/MIbLLEBOM W/IM MJIOCKOM ABYXLLEJEBOM COMJIaX C BHYTPEHHEN MOAOCTbHO,
umerolen B cedyeHun dopmy cdepuyeckoro cermeHTa. s KosbLeBOro
conia v COOTBETCTBYIOLLETO eMy N0 reoMeTPUYEeCKMM napameTpam MI0CKO-
ro ABYXLLEeNEeBOro COMJa BbINOJIHEHA YUC/AEHHAA BU3yanu3auma TeyeHuA
BHYTPW NONOCTM B BUAE TEHEBOWN KapTWHbI. PacyeTbl TEHEHUA C y4EeTOM BA3-
KOCTU NpOBeAeHbl C UCMOJIb30BAaHMEM YNCAEHHOIO peLleHMA HecTauMoHap-
HbIX YypaBHeHW HaBbe-CTOKca A1 MHOFOKOMMOHEHTHOM XMMWYECKM
HepaBHOBECHOW MOZENN ra3oBoOi cpenbl.. IKCNEepPUMEHTA/IbHbIE MCCAen0-
BaHWA BbINOJIHEHbI B MMMY/IbCHOM a3pOANHAMUNYECKOM YCTAaHOBKE.

MoKa3aHo, YTO B CTALLMOHAPHOM PEXMME B PAacCMATPUBAEMbIX COMaaxX
dbopmupyeTca CTPYKTypa TeyeHus, nogobHas TeyeHuto B connax C LeH-
TpanbHbIM Tenom. Mpu 3STOM posib ra3oBoOro LEHTPANbHOro Tena BbINOAHAET
aBTOMAaTMYeCKM popmunpyemasn BO6IM3N TATOBOW CTEHKM PELMPKYNSALMOHHAA
30Ha, dopma KOTOPOI 3aBUCUT OT TUNa consa. B cayyae naockoro asyxue-
NIeBOro conjia ceyeHme NOBEepPXHOCTU LLeHTPASIbHOrO Tesla NeprneHauKynap-
HOM MJIOCKOCTbIO MO popme oKasbiBaeTca Hosiee 3a0CTpeHHbIM B6M3M OCK
CUMMETPUN U XapaKTepusyeTca Ha/IMYMEeM [O0CTaTOMHO MNPOTAMKEHHOIO
yyacTka 61M3Koro K npamonvHenHomy. B obomx connax pasBopoT NOTOKa,
MOCTynatoLWwero M3 ropna consia v ABWMXKYLLEroca BAONAb NOBEPXHOCTU LEH-
TPaNbHOro Tena, NPoUCXoAMT B NPUCOEAUHEHHOM K Te/sly KOCOM CKauke
ynioTHeHnA. OKOHYaTeNbHO B ABYXLLE/IeBOM COMJie MOTOK pa3BopaymBaeTca
B Hamnpas/ieHUM BEKTOPA TAMM B PACMO/IONKEHHOW BHMU3 MO NOTOKY KOHUry-
pauun U3 Tpex yAapHbIX BOJIH, @ B KO/IbLLEBOM — B BUCAYEM CKayKe yn/ioTHe-
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Hus. OCHOBHOM NPUYMHON, NMPUBOAALLEN K UBMEHEHUIO AETaNein CTPyMHbIX
TeyeHui, GOPMMUPYEMbIX PACCMOTPEHHbIMW TUNAMK COMNe, ABNAETCA MEHb-
WasA cTeneHb CXKaTuA rasa y ocu B MJIOCKOM MOTOKEe MO CPaBHEHMIO C oce-
CUMMETPUYHBIM.

BepuduKauma YyucneHHon mogenm BbiNosHEHa MO pe3yabTaTaM Cono-
CTaB/IEHUS U3MEPEHHbIX BEJIMYMH TATU KO/bLEBOrO COMJA C COOTBETCTBY!IO-
WMMM PaCYETHbIMM 3HaYeHMAMU. 18 nccnef0BaHHOro MHTepBana nsMmeHe-
HWUA AABAEHUIA TOPMOXKEHMA 5-21 aTM. NPOAYKTOB CrOPaHUA CTEXMOMETPU-
YeCKMX aLeTUNIeHO-BO3AYLWHbIX CMecelt HabaaaeTca ya0BAeTBOPUTENbHOE
COBMafeHWe YKasaHHbIX BeauWyuH. [lpefcTaBNeHHble pacyeTHO-3KCne-
PUMEHTa/IbHblE UCCAeL0BAHUA MOKa3biBalOT, YTO UCCNEAOBAHHOE KOJblie-
BOE COMJIO Pa3BMBAET TATY U yAE/bHbIN UMMY/bC NPUMEPHO BABOE MPEBbI-
WaloLuMe COOTBETCTBYIOLLME BE/IMYMHDI 415 3BYKOBOTO COMJa.

Pabota noggepskaHa PPPU (npoekTtbl Neo-11-08-00288a, No-11-01-
00068a) ¥ MuHuctepcteom O6pasoBaHua u  Hayku (npoekt HLI —
8424.2010.1).

NY/IbCUPYIOLLINIA BPA, C MHOTOMNOIOCTHOM
KAMEPOW CTOPAHMA V=CONST
B.U. bozdaHos, A.K. lopmudoHmos, K.C. lMesaHkos, M.H. TonopKoe
(OAO «HINO«CamypH», UJUAM um. .. bapaHosea),
e-mail: bogdanov-vasiliy@yandex.ru, dormidontov_a@mail.ru

B OAO «HIMO «CaTypH» co3aaHa 04HOMNOAOCTHAA 30/I0THMKOBAA Kame-
pa cropaHusa V=const (KC V=const) ana nynbcupytowero BPA (MyBPA) c
YpOBHeM rabapuUTHO-MacCOBbIX XapaKTEPUCTUK, COOTBETCTBYHOLLMX Maso-
pasmepHbiMm TP[,. Pa3pabotaHa ogHoMepHas GM3MKO-MmaTeEMATUYECKAna MO-
Aenb pabounx npoueccos B KC V=const, L,OCTOBEPHOCTb KOTOPOM NoATBep-
KAEHA sKCnepMMeHTaMu.

[na panbHenwero nosbiweHMA 1060BON TArK ABuratens boina paspa-
60TaHa KoHuenuua asuratens ¢ mHorononoctHon KC V=const, ¢ npoaonb-
HOW OCblo (coBnagatowwer ¢ HanpasneHrem nonerta J/1A) BpaLLEHUA 3010THU-
Ka. Takoe KOHCTPYKTUBHOE peLleHne NO3BOIAET NOBbICUTL N06OBYIO TArY 3a
cyeT yBennyeHua obvema (4MHbI) Kamepbl NPU YMEpPEeHHOM YacToTe Bpa-
LLeHNA 30/10THMKA. MpenmyLecTBa Takol KoHuenumu MyBP/: BO3MOMKHOCTb
MONYYEHUA KHYNEBOM» CKBA*KHOCTW, BbICOKAA YactoTa paboumx nynbcaumii
(6onee 400 ly), uTo pewnt npobnemy BUBPONPOUYHOCTM KOHCTPYKUMK J1A, a
TaK)Xe BO3MOXHOCTb OpraHuM3auum AeXKypHoro ¢akena naameHu Ha pabo-
YUX perUMax.
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Ha yTouHeHHOl PU3MKO-MATEMATUUYECKOM MOAENM B KBA3MCTaLMOHAp-
HOM NOCTAHOBKE BbINO/IHEHbI UCCNef0BaHUA paboyero npolecca ABuratens
cTaroi go 1,8 kH.

OpHoBpemeHHOo ¢ npusnedeHnem LIMAM BbinonHanca pacyet B 3D-
NMOCTaHOBKE C UCMO/Ib30BaHMEM COBPEMEHHbIX YNCNEHHbIX METOA0B.

MpoBeneHHbIe BbIMUCAUTENbHBIE 3KCMEPUMEHTbI MOKa3anu nepcnek-
TMBHOCTb 3TOM KOHLENUMM ABUraTensa ANnA A0- U CBEPX3BYKOBbIX HecnmnoT-
HbIX J1A:

- Ha pexxume M=0,8, H=0 paccmoTpeHHbIn MyBP/, no npepsaputesnb-
HOW OLLeHKe MOKeT obecneunTb B 1,5 pasa 6onblyto N1060ByI0 TArY (R0 HE
menee 3-10° H/MZ) Nno CpaBHEHUID C MmanopasmepHoimu TP, npu stom
R,,=680 H-c/kr;

- Ha pexume M=1,5, H=0 nonyyeHO pacyeTHOe 3HayeHune R,,s OKOJO
6-10" H/M’; R,,=680 H-c/kr.

Pa3paboTKM CWIOBbIX YCTAHOBOK C MOAOBGHOM KoHcTpyKumeln KC
V=const, MeHyemMoi BOJIHOBbIM POTOPOM BHYTPEHHErO CropaHus, TaKkKe
BeayTca B MiccnefoBaTeibCKOM LieHTpe UM. TneHHa NASA (CLLA).

NMPOLLECCHI B3AMMOZAENCTBUA MACC FA3A B NY/IbCUPYIOLLUX
PEAKTUBHbIX ABUTATENAX
B.U. bozdaHos, [].C. XaHmanuH
(OAO «HI10 «CamypH», PbibuHCKasa 2ocydapcmeeHHdAA asudyuoHHasA
mexHono2uyeckasa akademus um. N.A. Conoevesa),
e-mail: hantalin_ktn@mail.ru, bogdanov-vasiliy@yandex.ru

[suratenn ¢ nynbcupyowmm pabounm npoueccom (MyBPJ), B cpas-
HEHWW C ABUraTeNAMM CTALUMOHAPHONO UCTEYEHUA, UMEIT TEHAEHLUMIO K
KayeCcTBEHHOMY YBe/IMYEHMIO TATOBOrO MMMYy/bca 3a cHeT aPPeKTOB Npmuco-
eguHeHMA Macc rasa B KosnebaTenbHOM paboyem npouecce. IKcnepumeH-
TaNbHbIMU U PACYETHBIMU UCCNAEA0BAHUAMM MOKA3aHA BO3SMOMXKHOCTb 3HAYU-
TE/IbHOTO Y/IYYLEHUA TATOBbIX XapaKTEPUCTUK NySbCUPYHOWUX ABUraTenein
33 CYeT BOJIHOBOrO MpPUCOEAMHEHMA Maccbl rasa B paboyem npouecce
(OAO «HMO «CatypH», HTL, um. A. Jltonbkn, WHCTUTYT MexaHuku MY,
UeHTp MeHHa HACA, Rolls Royce, General Electric, Pratt&Whitney).

B KauyecTBe Ny/bCUPYIOLLEFO YCUAUTENA TATU ABUrATENA CO CTALMOHAp-
HbIM MCTEYEHWEM, MOXKET BbICTYNATb PE30HATOP, YCTAHOBAEHHbIN B BbIXOA-
HOM ycTporicTe. o NoAyYeHHbIM 3KCNepuMeHTaAbHbIM AaHHbIM (HTL, um.
A. JTlonbKkK) npupocT Tarn B pesoHatope lyBP/, no cpaBHEHWIO C TAroi
nAeanbHOro comnsia € MOJHbIM pacwmMpeHnem moxeTt gocTturatb 40%. Mpwm
ncnblTaHuAxX pesoHaTopa B CHTK nm. H.[. Ky3HeuoBa HEOAHOKpPATHO 3adpuK-
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CMPOBAHbI C/ly4an PE3KOro CKauyKoOobPa3HOro MOBbIWEHUA TAMM, NOYTU B 2
pasa. MNpwu 3Tom cnepyeT yyecTb, YTO CTPYA rasa, BbiTeKaloLLasn U3 KObLEBO-
ro conna, passopaymsaerca Ha 909, T.e. UCNbITbIBAET AOCTAaTOMHO Bosbluoe
rmapasanyeckoe COnpoTUB/IEHME M, COOTBETCTBEHHO, MMApPaBANYECKME MO-
Tepw.

B HacToswee Bpems He cyuiecTsyeT 06LenpM3HAHHOrO 06bACHEHMUA
MeXaHM3Ma YBENIMYEHUS TATU NYAbCUPYLOLLMX ABuraTeneit. Hanbonee Bepo-
ATHBIM CYMTAIOT NPUPOCT TATU 3a CYET NPUCOeSMHEHMA Macc rasa B Koneba-
TeNbHOM npouecce. Mo3Tomy, € Lenblo onpeaeneHns BAMAHUA HA TATOBblE
XapaKTEPUCTUKM PEe30HATOpPa MEXaHUKO-TEOMETPUYECKUX COOTHOLUEHUN,
TEPMOLNHAaMUNYECKMX CBOMCTB pabouei cpeabl M 3ddeKToB NpucoegmHeHUA
Macc rasa ¢ NoOMOLLbI COBPEMEHHbIX YNC/IEHHbBIX METOL0B BbINOJIHEHbI pac-
YyeTHble UccnefoBaHMA NyAbCUpyOWUX pabounx npoueccos. 3To NO3BOUO
BbIABUTb GU3NYECKME OCHOBbI MU OCOBEHHOCTU ABNEHUI, NMPOUCXOAALMX B
KonebaTenbHOM paboyem npouecce, NONYYUTb HOBble AAHHbIE U BbIABUTH
nNpobaembl YNCEHHOTO MOAENNPOBAHUA.

KOMMAEKCHbI noagxoAa K PELLEHUIO NPOBJIEMbI
3HEPTOCHAB}EHWA N TENNOBOWM 3ALLNTDBI TMNEP3BYKOBbIX
NETATENDbHbIX ANNAPATOB
nPU UX ASPOANHAMMUYECKOM HATPEBE
B.A. KepHoxcuykuli, A.B. Konbiuee
(banmulickuli 2ocydapcmeeHHbIli mexHu4vecKuli yHueepcumem
«BOEHMEX» um. [.®. YcmuHoea),
e-mail: vakern@mail.ru, migom@mail.ru

MonHomacwTabHoe npucyTcTBME YenoBeKa 3a npegenamu atmocoe-
pbl, @ TaKXe ocBoeHune apyrux Ten CosHeyHoW CUCTeMbl 3aTPyAHUTENBHO,
€C/IN B HA/IMYMM HE YNC/IUTbCA HAAEKHOE CPeACTBO BbiBEAEHUS NOe3HOro
rpysa Ha opbuTy, OCHOBHbIM CBOMCTBOM KOTOPOTO ABAAETCA MPOCTOTA 3KC-
nayaTtauuu, CpaBHMMas C TaKOBOM Yy COBPEMEHHbIX NAcCa*KMPCKUX aBuanam-
Hepos.

Mpeanaraetca aKTUMBHasA TemnsioBasa 3aljMTa Ha HOBOM ¢uM3MYECKoMm
npuHLMNE, CYyTb KOTOPOM 3aK/Alo4aeTca B TOM, YTO CaMW 31E€MEHTbl KOH-
CTPYKLMM TMNEep3BYyKOBOrO fieTaTesibHOro annapata ([J1A) B 3HaunTeNbHOM
CTeNeHW y4yacTBYIOT B MPOLECCe UX OXNaXKAeHUA MPU aspoavHAMUYECKOM
HarpeBe. [pn 3TOM HeraTuMBHbIM GaKTOp B BUAE BO34ENCTBMA TENI0BOM
3HEeprMM aspogMHaMMYEcKoro Harpesa Ha 060/10uKy JIA npeobpasyeTca B
3NEKTPUYECKYIO IHEPTUi0. B ocHOBe AaHHOro cnocoba NexuT asneHue Tep-
MO3NIEKTPOHHOM 3IMUCCUMN — UCMYCKAHWE 3N1IEKTPOHOB HarpeTbiM MeTas/IoM.



436 Mamepuanesi cekyuu 15

B 3TOM cnyyae HarpeBaemas CHapy»XMW 4YacTb KOHCTPyKuuu J1A, Hanpumep,
060/104Ka Kpblna, UCMYCKAeT CO CBOEM BHYTPEHHEN MOBEPXHOCTU INEKTPO-
Hbl, KOTOPblE OCaXKAAKTCA HA INEMEHTE M3 3NEKTPONPOBOAALLErO MmaTepma-
N1a BHYTPW Kpbl/a, raibBaHUYECKM CBA3AHHOM C 060/104KOM Yepes bopToBble
noTpebuTenn sNeKTPOsHEPTUU.

Mpepnaraeman TennoBan 3almTa 0671343€T MHOXKECTBOM AOCTOMHCTB,
cpegyn KOTOpbIX OTBOA TenJa OT KPUTUYECKUX TOYEK U MOJIYYEHUA INEKTPO-
aHepruun. Kak cnegcreme 3T0ro NoABAAETCA BO3MOXHOCTb 3aMEHUTb TAXKe-
Nible TMApaB/NYecKMe YCTPOMCTBA 3SNEKTPUYECKUMWU U MPOBEAEHUA YHU-
Ka/IbHbIX 9HEPrOeMKUX JIETHbIX SKCMEPUMEHTOB.

HosusHa uccneayemoro cnocoba TensioBoM 3aWuThbl, B TOM YUCae MU-
poBas, a TaKKe NepcrneKTMBHOCTb BbIBPaHHbIX HAaNpPaBAeHUN UCCNeA0BaHMM
M NONYYEHHbIX pPe3y/sbTaToB NOATBEPKAEHA MAaTEHTOM Ha n3obpeteHue No
2404087 "TepMO3MUCCMOHHbIN cNnocob TenaoBol 3aWmMTbl YacTein netaTenb-
HbIX annNapaToB NPWU MX aspoAMHaMMYECKOM Harpese', naTeHTOM Ha nones-
Hyto mogenb Ne 95637 "Kpblio runep3ByKoOBOro sietTaTeNbHOro annapaTta B
YCNOBUAX €ro aspoAnHaMMYecKoro Harpesa".

YACNEHHOE MOAENTNPOBAHUE COMNMPOTUBNIEHUA NETATE/IbHOIO
ANMAPATA C MPOTOKOM YEPE3 KAHAN ABUTATENA NPU
CBEPX3BYKOBbIX CKOPOCTAX
A.H. Kpasyos, T.10. MenbHu4yKk
(LUATU um. H.E. yKkoeckozo),
e-mail: kravcow-an@rambler.ru

MpuHUMN pasgeneHua aspoAnHaMUYECKMX XapaKTepUCTUK netaTesb-
Horo annapaTa (/1A) ¢ BHYTPEHHWM TeYeHNeM B KaHaje roH40bl ABuraTens
Ha BHeLLIHMEe U BHyTpeHHMe bbin chopmynnposaH B pabotax [1, 2]. NMpume-
HeHWe 3TOro MPUHUMNA NPU IKCNEPUMEHTANbHbIX UCCNeA0BaHMAX B a3po-
ANHaMMYeCKUX Tpybax 06bIYHbIX MOAENel C NPOTOKOM, a3poANHAMUYECKMX
Moaenen ¢ UMUTaumen TAru ABuUratens, Npu HaTypHbIX NETHbIX UCMbITaHMAX
JIA, a TaKXe B YUC/IEHHOM MOoAeNMpoBaHUM obecneymBaeT eanHbIA NOAX0A,
1 3 deKTUBHOE pelieHne MHOMMX NMPaKTUYECKUX 3a4au4.

B aaHHOI paboTe nposeaeHO YMCeHHOe MoAenMpoBaHMe obTekaHun
a3pOAMHAMMYECKON KOHOUTypaummn JIA ¢ BHYTPEHHUM TeYeHMem B KaHane
rOHA40/bl ABUraTENA Ha OCHOBE METOAMKM, paspaboTaHHoM banwem B.T. [1,
2]. PacyeTHble MCCNefoBaHUA aspoAMHAMMUYECKUX XapaKTepucTuk JIA Bbl-
MOJIHEHbl B paMKax CUCTeMbl ypaBHeHUl ditnepa [3]. MoBepxHOCTb ronoB-
HOI yZiapHOW BOJ/IHbI Bblaensnach ABHbIM 06pasom. UHTerpupoBaHue ypas-
HeHWit dlinepa oCyLLeCcTBAANOCL NPYU NOMOLLM ABHOW KOHEYHO-Pa3HOCTHOW
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cxembl Mak-Kopmaka. KoadpduumeHT conpoTuBneHUa TPeHWA BblYMCNAICA
Mo WHXXEHEPHOW MeToAMKe, C 3a4aHMEM YCNIOBUA Nepexoaa NaMUHapHOro
NOrPaHMYHOro /oA B TYPOY/NEHTHbIA NpU 3HAYEHUU MECTHOro yucna Pei-
HonbAaca Re = 10°. 3HaueHus Ko3dPUUMEHTA CONPOTUBAEHUA TPEHUA NoA-
CYMTBLIBA/IUCH C YYETOM JIOKA/IbHbIX MAapPaMeTPOB NOTOKA (3HaYeHMI MECTHbIX
ymcen Maxa U MECTHOTO CKOPOCTHOIO Hamopa) Ha BHELLHEN rpaHuLLe norpa-
HUYHOrO C/0A.

MpoBeneHbl pacyeTHble UCCAeA0BAHUA CYMMAPHbIX a3poguHamuye-
CKMX XapaKTepucTuK JIA ¢ BHYyTPEHHUM TeYEeHUEM B KaHane roHaoNbl ABUra-
Tensa. Ocoboe BHMMaHWe obpalleHo Ha MeTOAMKY onpeaeneHua aspoguHa-
MuYeckoro conpoTtusneHua JIA ¢ NMPOTOKOM 4epe3 KaHa/i ABWUraTesbHOM
YCTaHOBKMW. Pe3ynbTaTbl pacyeTHbIX UCCNeoBaHWUA CYMMapHbIX aspoguHa-
MWYECKUX XapaKTepucTmKk JIA conoctaBaeHbl C SKCNepUMeEHTaNbHbIMWU [aH-
HbIMU. [laH aHaNM3 BO3MOMKHbIX MPUYUH PACXOXKAEHUA Pe3yNbTaTOB 4YMC-
JIEHHOTO MOAENNPOBAHMA a3POANHAMUYECKOro conpoTuBaeHuA JIA ¢ BHyT-
pPeHHUM TeYeHWeM B KaHane roHAobl ABUraTeNA C 3KCMepUMEHTaIbHbIMU
AAHHBIMW, NONYYEHHBIMW MPU UCMbITAHUAX B a3POAMHAMUYECKMX Tpybax.
MpepnoxeHa meToanka onpeaeneHua KoadpduumneHTa asapoguHaMUYECKOro
conpoTtueaeHnsa JIA ¢ NPOTOKOM 4Yepe3 KaHa/i ABWUraTe/NIbHOW YCTAHOBKM,
no3sonatolwan NpnbaAnM3nTb pesynbTaTbl YUCNEHHOFO MOAEANPOBAHUA K IKC-
NepuMeHTaIbHbIM AAHHbIM.

MpeacTaBneHHble pacyeTHble pe3ynbTaTbl pacnpeeneHus BOJHOBOIO
conpoTMBaEHMA MO AauHe Kopnyca JIA no3BoAAOT NPOBOAUTL KayecTBEH-
Hbl aHa/M3 0cobeHHOCTe aspoaMHAMMYECKOTO COMPOTUBEHNA paccmaT-
pvBaemoit KOMNOHOBKMW. B Luenom HabntogaeTca xopollee coBnageHue pe-
3y/IbTaTOB pacyeTa Mo NPensIoKEeHHOW MeToAMKe aspoAMHaMUYECKOro Co-
npoTuBaeHua JIA ¢ NPOTOKOM Yepes KaHai ABUTraTeNbHON YCTAaHOBKM C 3KC-
NepuMeHTaIbHbIMUN JAHHbIMMN.

Jlntepartypa
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Hosocunbupck, UTMM CO AH, 1976.

2. banw, B.I. O BHEWHUX U BHYTPEHHMUX a3POANHAMUYECKUX CUNAX U
MOMeHTax sieTaTeNbHbIX annapatos ¢ BP[ n ux mogenein npu HeHyneBbIx
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UCCNEOQOBAHUE *KAPOCTOWKOCTU MATEPUANOB B CBEPX3BYKOBOM
BbICOKOTEMMNEPATYPHOM NOTOKE
A.A. Anekcees, B.A. 3a6aiikuH, U.E. Haymos,
M.K. Tpemeosakos, A.H. lIpoxopos
(UTIM CO PAH, Hosocubupck; UNAM um. I.U. bapaHosea, Mockea),
e-mail: lab2@itam.nsc.ru, prokhorov@ciam.ru

Ba)kKHOI HAay4yHOM U TeXHUYECKOM Npobaemoit Npu co3gaHMK BbICOKO-
CKOPOCTHbIX JIeTaTeIbHbIX annapaToB U ABUraTe/IbHbIX YCTAHOBOK ABNAETCA
CO34aHME N WUCMbITaHWE HOBbIX KAPOMPOYHbIX MaTepuanos. Ona uccneno-
BAaHMA CBOWCTB MATEPMaNoB HeOBXOAMMbI UCTbITaTe/IbHblE CTEHAbl, NO3BO-
nalowme moaennpoBaTb BbICOKME TemnepaTypbl B A0-, TPAHC- U CBEpPX3BY-
KOBOM BO3ZyLWHOM MoToKe. Mpun 3Tom TpebyeTtca nMbo cosgasaTtb cneumna-
JIM3NPOBaHHbIE CTEHAbI, IMHO MCNO/b30BaTb BO3MOXHOCTU CYLLECTBYHOLLMX
BbICOKO3HTANbMUINHbIX  YCTAaHOBOK. [pumepom peanusaumm  BTOPOro
HanpasaeHua cayxut CteHa ceBepx3Bykosoro ropeHuna UTIM CO PAH ana
M3y4YeHUA npouecca ropeHns TBEPAbIX, *KUAKNUX U ra3006pasHbIX TONAMB, Ha
6a3e KOTOpPOro MPOBOAATCA WMCMbITaHUA XapPOCTOMKOCTU PasANYHbIX MaTe-
puanos. 3a4ecb UCNOb3YIOTCA BO3MOXHOCTU 3/1€KTPOAYroBoro noaorpesa-
Tena MolHoctbio 2 MBT, npegHa3HayeHHOro Ana noaorpesa BO3Ayxa, U
KOMMNJIEKCA ONTUYECKOM perncTpaLmm napameTpos Ucciesyembix 06beKTOB.

CTeH[, OCHALLEeH OX/1aXKAaeMbIMU COMIaMM Ha pas/iMyHble yucna Maxa,
ONA 3KCMEepUMEHTOB C MaTepuanamum yYalie BCEro MCMnoJib3ylTca conna C
M=1 n M=2. TemnepaTypa TOPMOXeHUA BO3AYLHOrO0 MOTOKA NPU 3NeK-
Tpoayrosom nogorpese Bapbupyetca oT 1200 go 3000 K, Bpema nycka — Ao
100 c. B paboTe npuBeseHbl pesynbTaTbl UCCAEL0BAHUI MO U3YYEHUIO ¥Ka-
POCTOMKOCTW pAda CNAAaBOB M KOMMO3ULMOHHbBIX MaTepUanos, B TOM Ynucne
BX98, yrnepoa-kapbua-KpemMHuii, a Tak:Ke napameTpbl NOTOKA, MPU KOTO-
pbIX NPOMCXOAMUT BOCMN/JIAMEHEHME B CBEPX3BYKOBOM MOTOKE METANNOB: TU-
TaHa, cTann, antomuHma n ap. CKOpoCTHasa perucrpauua nos3sosvaa onpe-
OeNUTb XapaKTep paspylleHUA maTepuanos B C/y4ae UX BOCMIAMEHEHUA U
nocnieayowero ropeHns.

BbicOKMe napameTpbl CTeHAa, AAuTenbHoe Bpems paboTbl B Henpe-
PbIBHOM peXKMMe MpU MOBbIWEHHbIX TEMMEPATypax, a TaKKe COBPEMEHHbIN
KOMMNIEKC pernctTpupytowein annapatypbl, ¢ 06paboTKoW NOAyYeHHbIX AaH-
HbIX M Bblgayel pe3ynbTaTOB 3KCNEPMMEHTa B TeyeHWe 1 MUHyTbl nocne
3aBepLUEHMA MYCKa, NO3BOAAIOT NOAYy4YaTb MHOOPMALMIO O TENIO3AWUTHBIX
CBOMCTBaX MaTepuasioB ANA aBUAaKOCMUYECKON TEXHUKM.
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MOZENNPOBAHWE YC/IOBUI NONETA NMPU YUC/IE M=4
AnAa U3yYeEHua PABOTbI NBPA,
B.J/1. Kpaiines, .K. Tpemoskos, A.B. TynukuH
(UTIIM CO PAH, 2. Hosocubupck),
e-mail: krainev@ngs.ru

MogaenmpoBaHuMe NOAETHbIX YCN0BUWA Npu uncie Maxa 4 TpebyeT BoC-
npoussegeHna Temnepatypbl TopmoxkeHna 600—-800 K B noToKe, gocTaToy-
HOM 415 pasMelleHna MOAenn COOTBeTCTByloWero rabaputa, 4To npea-
CTaB/AAET CePbe3HYI0 TEXHMYECKYIO Npobnemy noforpesa cpeabl U 3almThbl
3/IEMEHTOB KOHCTPYKLUMU U U3MEepPUTENbHOro 060pyaoBaHMA OT BAUAHUA
BbICOKUX TEeMMepaTyp.

3a 6a3y gna moaenvpoBaHuA B3ATa ycTaHoBKa «TC» UTMM CO PAH.
YcTaHOBKa npeactaBaset coboi aspoanHamuyeckyto Tpyby nepuogmyecko-
ro AencTBMA C NOTOKOM NPSAMOYronbHoro cedeHus 200x210 mm B pabouen
yactu. Tpyba nmeeT Kamepy dindens, B KOTOPON pasmeltaetca moaenb. Ans
nogorpesa NoToKa B doOpKamepe YCTaHOBJ/IEH OFHEBOW MogorpesaTesb Ha
BOAOpPOAHOM TonAuBse. MNpu moaepHU3aUUmM WTaTHbIE Conaa NOKpPbITbl Tep-
MOCTOMKMM nokpbiTvem (Al,O; ¢ gob6askoli Ni). MpoBeaeHbl M3MepeHUs na-
pameTpoB NOTOKA MOC/iIe MOAEPHM3ALMN: NOJHOTO AAB/IEHUA TOPMOXKEHUS,
CTaTUYECKOro AaBNeHWA, U TemnepaTypbl TOpMoxKeHuda. Yncno Maxa, Bbl-
YyucaeHHOe NO pe3ynbTaTam U3MepPEHUN, B LLEHTPaNbHOM 061acTM NOTOKa ¢
pasmepom 50x50 mm coctasuno M = 4+0,02. [docturHyta TemnepaTtypa
TopMmorKeHua 800 K npu HepaBHOMEPHOCTU NO CeYeHUIo NoToka He 6onee
+102. Mogenb ycTaHaBAMBAETCA HAa OAHOKOMMOHEHTHbIX TeH30meTpuye-
CKMX Becax. Becbl 06opynoBaHbl TenioM3onaumelnt Kopnyca U oTaenbHO
TENI0OM30N5LMEN TEH304aUYMKOB. ITU MeponpUaTUA obecneunnm HesHauu-
Te/NIbHOE B/IMAHWE BbICOKMX TemnepaTyp, Apend Hyna B TeYeHMe 3Kcnepu-
MeHTa (10-15 c) cocTtasnan He 6onee 1% OT CMNbI CONPOTUBAEHUA.

OnAa namepeHua napameTpoB BHYTPU KaMepbl CTOPAHUA UCNOb3yeTcsA
crneumanbHan Moaenb ¢ TOYKaMu oTOopa AABAEHUS U U3MEPEHUA Temnepa-
Typ. Bo Bpemsa Bcex akcnepmMmeHTOB BeAeTcA BUAeOoperncTpaumna CTpyKTypbl
NoTOKa, NOJy4YeHHOI TeHeBbIM MeToA0M Ha 6a3se npubopa WUAB 451, a Tak-
e npamas cbeMka mogenu. Ana cbopa n 0bpaboTkn nHpopmaumm c gat-
YMKOB MCNOJIb3YEeTCs CreumanbHas nporpamma Ha 6ase ALN «L-Card 440».
[aHHas MeToaMKa No3BOJIAET NONYYUTb XapPaKTEPUCTUKN ManorabapmuTHbIX
mogenen MNBPL Ha TBepaom TonamBe C Hapy)XHbiMu rabaputamm 30x150
MM.

PaboTa BbINO/NIHEHA B pamKax MPOrpaMmmbl PErUCTPALLMOHHBIA HOMep
01201057896.
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WUCCNEAOBAHWE KOHLENL M1 CUNOBBIX YCTAHOBOK
HETPAAULIMOHHbBIX CXEM A1 NEPCNEKTUBHbIX
MATUCTPA/IbHbIX CAMOJIETOB
A.B. /lykosHuKos, 0.[]. CenusaHos, A.M. UcaHos,

M.A. Pabos, A.A. Makcumos
(UNAM um. IN.U.bapaHoea),
e-mail: Lukovnikov@ciam.ru

Llenesble nokasatenun, NpuUHATbIE A1A NACCAXKMPCKUX CaMONETOB A0
2025-2030 rr. 1 npegycmaTpuBalolme CyLeCTBEHHOE CHUMKEeHMe pacxoa
TON/MBA, 3MUCCUM BPeaHbIX BewecTB B aTmocdepy (CO, n NOy) 1 ypoBHA
WYyMa, MOTYT BbITb SOCTUIHYTbI TOJIBKO MPU KOMMNJIEKCHOM COBEPLUEHCTBO-
BaHWW NJIaHepa M CUI0BOM YCTAaHOBKM NEePCrNEeKTUBHbIX CAMOETOB.

HaxopAwmecsa B HacToAllee BpemA B 3KCMAyaTauMU ABYXKOHTYPHbIe
ABUraTenn Aans 6AvKHe-, cpefHe- W AasbHEMArucTpasibHbIX CaMONETOB
MMeIoT BEIMYMHY YAEeNbHOro pacxoda TOM/MBa B YC/NOBUAX KpencepcKoro
nonéta Ha yposHe Cgy, = 0,55-0,60 kr/(krc-u) (cemeiictea TPAJ CFM56,
V2500, GESO 1 ap.). Mo cpaBHEHMIO C 3TUM YPOBHEM Npeae/ibHoe TeopeTH-
yeckoe ymeHblueHune Cg,, B aBuaumoHHom I mosket coctaButb ~20-30 %,
AnA yero notpebyeTcA CyLleCTBEHHOE YBe/AMYEeHWEe CYMMApPHOM CTeneHu
MOBbILIEHWNA AABNEHNA B KOMMpPeccope, TemnepaTypbl rasa nepes TypbuHom
1 KMA oTAaenbHbIX 31€MEHTOB, a TaKXKe peann3auma CBepXBbICOKOM CTEMEHM
OBYXKOHTYpHOCTM m > 20-30. OgHaKO peann3oBaTb TaKyl BeJAUYUHY M B
TpagmMumoHHoi cxeme TP[, nNpaKkTUY4EeCKM HEBO3MOMKHO MO KOHCTPYKTUB-
HbIM M MPOYUM OFPaHUYEHNAM.

Peanv3oBaTb CBEpPXBbICOKOE 3HAYeHWe CTeneHn [OBYXKOHTYPHOCTH
MOHO 160 B TBB/[ ¢ He3aKanoTUPOBaHHbIM BUPOTATUBHLIM BUHTOBEHTU-
naTopom, nmbo B pacnpedeneHHoli cunoeoli ycmaHoske (PCY), B KoTopoli oT
OZIHOTO rasoreHeparTopa NPUBOAATCA BO BpalLeHMe OANH U HECKOJIbKO BeH-
TUNATOPOB NPU NMOMOLLY MEXAHUYECKOM, ra30AMHAMNYECKON UAN INEKTPU-
YyecKoM cBA3KU. B aTom cnyyae ypaetcA NonyyYnTb OYeHb BbICOKOE 3Ha4eHue
CTeneHn ABYXKOHTYPHOCTM MNpPU OTHOCUTENbHO HebonblWwux rabapuUTHbIX
pa3smepax AuraTesibHbix Moaynen. Mpu sTom gBuratesnbHble MOAYAU MOTYT
pacnonaraTbca AM60 HaA KpblioM, B0 BbITb «yTONAEHbI» B QHO3ENAXK.

3HauUTENbHbIN NPOrpecc B HAMNPaBAEHUN CHUMKEHUA YAEeNbHOro pac-
X0Za TOM/IMBA MOXKET ObITb AOCTUTHYTb NyTEM BHEAPEHUSA «3e/1eHbIX» Tex-
HOMIOTMIA, NPesLyCMATPUBAIOLLINX, B TOM UYMUC/E, LUMPOKOE BHeApPEHUE Tu-
6puaHbIX Unn «bonee aNeKTpPUYECKUX ABuratenen» B aBuauuto. Ob6bI4HO
noa 2ubpudHeim 0suzamesem NOHUMAETCA YCTPOMUCTBO, B KOTOPOM MPUBOA,
OBUKUTENA MOXKET OCYLLECTBAATLCA OT Pa3/IMYHbIX MCTOYHUKOB MOLLHOCTHU.
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Hanpumep, B rubpugHom TPAA (ITPA/A) npuBoA BEHTUASTOPA MOMKET OCY-
LLEeCTBNATLCA KaK OT ra30BoM TypbUHbI, TaK U 3neKTpoMoTopa, paboTaowero
OT aKKyMyNATOpHOM 6aTapeu, TONIMBHbIX 31EMEHTOB UN A4PYrOro UCTOYHMU-
Ka.

OnHaKo npaKTMyecKkana peanmsauma TakKMX HETPAAMLMOHHBIX CXEM CU-
JIOBbIX YCTaHOBOK TpebyeT Hannuma TexHonorni, obecneumsatowmx paborto-
CNocobHOCTb NPY BbICOKOM YpOBHE NapameTpos paboyero npouecca, U cy-
LWEeCTBEHHOE YMEHbLUEHWE MAcCCbl EKTPUYECKUX arperatos (3N1eKTporeHe-
paToOpPOB 1 3EKTPOMOTOPOB) U TONIMBHbIX 3/IEMEHTOB.

B paboTe npeactaBneHbl MOJyYEHHble PACYETHbIM NyTEM TArOBO-
SKOHOMMYECKNe N MaccoBble XxapakTepuctuku PCY u IMPALA, a TakXe oueh-
KM UX 3GPEKTUBHOCTM B COCTaBE NEPCMEKTUBHbIX MAarucTpasibHbIX camosie-
TOB.

WUCCNEOOBAHUE TPEBOBAHWUIA K YPOBHIO NOTPEGHbIX TATOBO-
9KOHOMMUYECKUX XAPAKTEPUCTUK CY NEPCNEKTUBHDbIX CNC
A.A. Mup3osaH
(UWAM um. N.U. bapaHosa),
e-mail: mirzoyan@ciam.ru

B paboTe npeacTaBneHbl OCHOBHble pPe3ynbTaTbl NEPBOHAYANLHOMO
3Tana uccnenoBaHuli No paspaboTke KOHLENUUU CUI0BbIX YCTaHOBOK (CY)
NepcrneKkTUBHbIX CBEPX3BYKOBbIX Macca*kMpckux camonetos (CMNC), KoTopble
MOTyT 6bITb BBEZIEHbI B 3KCMyaTaumtio nocsae 2025-2030 rr.

BHauvane 6blan onpeaeneHbl NepcnekTMBbl U TEHAEHUMU Pa3BUTUSA
CNC u nx CY B Poccumn m 3a pyberkom. B cOOTBETCTBUM C HUMU B BANMKHE-
cpoyHoi nepcnektuee (B nepmod 2015—2020 rr.) moxeT 6biTb CO34aH NpuU-
emnemblii CBEPX3BYKOBOW aAMUHUCTPaTMBHBbIN camoneT (CAC) c Heobxogu-
MbIM YPOBHEM CHUXKEHUA 3BYKOBOTrO yAaapa, B nocnegywowme 5-10 net — He-
60/1bLWIOW CBEPX3BYKOBOM MarucTpanbHbli camoneTr (C3MC) ¢ ymepeHHO
BbICOKOM TON/AMBHOMN 3PHEKTUBHOCTLIO M NaccaXKMpPOBMeCTUMOCTbio Ao 70
yen. M, HakoHel, B AanbHecpo4YyHol nepcnektuse (nocne 2025-2030 rr.) —
C3MC ¢ naccarkmpoBmecTMmMocTbio 6onee 1004en. M 4anbHOCTbIO NoJeTa He
meHee 8000 KM C MOHMMKEHHbIMWU YPOBHAMM 3BYKOBOrO yAapa M Wyma, a
TAK)Ke 3HaYMTEeIbHO MOBbILWEHHOM TONANBHON 3QPEKTUBHOCTLIO.

B pe3ynbraTte npoBeAeHHbIX pacyeTHO-NapamMeTpUYECcKUX uccnenosa-
HUI BblN CNPOrHO3MpPOBaH Hanbosiee BEPOATHbLIN YPOBEHb IKOHOMUYHOCTU
CY CNC B cBepx3BYKOBOM W [,03BYKOBOM KpencepcKom nosete, KOTOPbIA €
y4eToM NpeanosaraeMoro pa3BUTUA YPOBHEN a3poaMHAMUYECKOTO M Mac-
coBoro cosepueHcTBa CIMC moxKeT obecneunTb AOCTUNKEHUE LLENEBbIX TEX-
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HUYECKUX U IKONOTMYECKUX MOKasaTenen n tpebosaHmii NASA kK N+3 noko-
nenuto CMC. Ha atoit 6a3e 6binn chopmmnpoBaHbl TpeboBaAHUA K MUHUMAN b-
HbIM YPOBHAM OCHOBHbIX BbIXOAHbIX XapakTepucTuk CY (npexape Bcero K
TaKMM KaK TAra, CKOpOCTb BbIX/IONHOW CTPYM, YAE/NbHbIN pacxos TONaMBa U K
ApyrMm xapaktepuctnkam CY), obecneumBaowMm BO3MOXKHOCTb OCYLLLECTB-
neHua 6esonacHoro B3neta ¢ BMMN Tpebyemoi AnunHbI, KpelcepcKoro noseTa
C Y4EeTOM 334,3aHHON CYMMAPHOM Aa/IbHOCTM Ha BbICOTaxX He Bbllle 3a4aHHOM
MaKCMManbHOM (gnAa obecneyeHUss CHUXKEHMA BbICOTHOM  3MMUCCUM),
TPaHC3BYKOBOrO Pa3roHy Ha MOBbIWEHHbIX BbicoTax (80 12—14 Km), Tpebye-
MOTO CHUXEHMA WyMa Npu B3feTe.

Pe3ynbTaTbl 4aHHON paboTbl NO3BOAIAT Ha CeaytoLem 3Tane nccneso-
BaHMI BbIABUTL NepcrneKkTMBHble cxembl CY 1 onpeaenntb Habop NoTpebHbIX
KNHOYEBbIX KpUTMYECKUX TexHonoruii CY CIC, KoTopble obecneyaT B cayyae
UX peannsaumm BO3MOMKHOCTb AOCTUMEHUA MONYYEHHOrO Heobxoaumoro
YPOBHA TATOBO-9KOHOMMUYECKMNX XxapakTepuctuk CY nepcnektnsHbix CI1C.

UCCNEAOBAHUE TATOBO-9KOHOMMYECKUX XAPAKTEPUCTUK
UHTETPA/IbHOIO TBEPAOTON/IMBHOIO
PAKETHO-NPAMOTO4YHOIO ABUIrATENA
.C. CyHyoe (UNAM um. .M. bapaHoea)

B coctaB KOMBUMHMPOBAHHOW CUNOBOM YCTAaHOBKM psAda 6eCcnuaoTHbIX
BbICOKOCKOPOCTHbIX NIeTaTebHbIX annapaTtoB (/IA) BOEHHOro HasHauyeHus
BXOZAAT Pa3roHHble TBEPAOTOMN/IMBHbIE PAKETHbIe ABUraTeNn, UCNoNb3yemMble
Ha cTtapTe JIA, U MHTerpasibHble PaKeTHO-NPAMOTOYHbIE ABUraTE/IN Ha TBEp-
nom tonamee (MPMNAT) yctaHoBKOMW, obecneynBalowmii NONET HA MapLUIeBOM
(KpercepcKkom) yyacTKe TpaeKkTopum.

B oT/AMuMe OT pakeTHOro ABuratensa Ha TBEPAOM ToM/avBe, pabounit
npouecc KOTOpPOro He 3aBMCUT OT YCIOBMI MoneTa M BHeLWHUX $GaKkTopos,
UPNAT asnsaetca ABuratesniem, MCNO/b3YHOLWMM B KayecTBe paboyero Tena
atmocdepHbIit Bo3ayx. CooTBeTCcTBEHHO, paboumin npouecc MPMNAT Heno-
CpeACTBEHHO CBA3aH C MapameTpaMu BO3AYLIHOFO MOTOKa, obTeKatolero
NeTaTenbHbIN annapat. Beuay Toro, YTo OTHOCUTE/IbHAA N/IOLWAAb BO34YXO-
3abopHoro ycTporictea (B3) n peakTuBHoro conna atux J1IA cousmepumbl no
BE/IMYMHE C muaenem Or3enANKa, pPeMm OBUraTens TaKKe OKa3sbiBaeT
CUNbHOE BAUAHME Ha KapTUHY 06TeKaHuA JIA BO34YyLIHbIM NOTOKOM.

AsTopom pa3spaboTaHa maTemaTMyeckaa mMoAeNb OAHOMEPHOro pac-
yeTta MPNAT, 6a3mpytowancs Ha paHee paspaboTaHHbIx B LUMAM m gp. opra-
HM3aUMAX METOAMKax, B a/ifOPUTMe KOTOPOI peasin3oBaH NoAaxof, 3ak/to-
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yawowmiica B onpeaeneHnn TepmogMHaMUYEcKUX GYHKLUIA PaBHOBECHOMO
COCTOAHMA ra30BbIX CMECer npu MOLEMPOBAHUN GU3UKO-XMMUYECKUX
CBOMCTB paboyero Tena gsguratens (Bosgyxa M NpoAyKToB cropaHus). MNpwu
5TOM NapameTpbl COCTOAHMA ra3a B XapaKTepHbIX ceyeHuax Tpakta UPMAT
onpenenaAnTca B pesy/sbTaTe PelleHUs CUCTEM HesMHEerHbIX anrebpaunue-
CKWX ypaBHEHUI pacxona, SHEPTrMM U SHTpPonuK. Ha ocHoBe gaHHOW maTte-
MaTUYECKON MOZENN BbINOJHEH PAJ, PAacyeToB, HA OCHOBE KOTOPbIX BbINOA-
HEHO uccnefoBaHUE BAMAHUA Ha TArOBO-9KOHOMMWYECKME XapaKTepUCTUKU
(T3X) UPNAT pa3nuuHbix ¢$aKkTOpOB, NpeacTaBAAlWMX coboit UcxoaHble
OaHHble pacyeTa.

B goknage paccmoTpeH noapobHbIM aHaNU3 BAMAHUA Ha NapameTpbl
paboyero npouecca, napameTpbl cornacoBaHua B3 u Tpakta gguratens u
BbIxogHble TOX UPMNAT cnepytowmx ¢pakTopos:

— ycnosusA noseta (Ymcno Maxa, BblcOTa NoneTa, yrabl ataku J1A).

— [ApoccesibHble XapaKTepuUcTuKM B3, ¢ yyeTom orpaHuyeHuin no nom-
naxky u «3yay»;

— NOTepu NOAHOro Aas/ieHUA NoToka no Tpakty UPTMAT, B YacTHOCTY,
noTepu B Kamepe AOXKUraHusA;

— NOJIHOTA rOpPeHnsA TOMJIMBA B KAaMepe A0XKUTaHuA;

— XapaKTepPUCTUKM ra3oreHepaTtopa.

OTpenbHO aHaAU3MpPYOTCA BONPOChI Bbibopa reomeTpun TpaKkTa (B 3a-
BMCMMOCTM OT YKa3aHHbIX Bbie GaKTOPOB) AN AOCTUKEHUA ONTUMAsIbHbIX
Xxapaktepuctuk UPMNAT.

MATEMATUYECKAA MOAE/Ib PACHETA TENTOPUSUYECKUX
CBOMCTB CUHTETUYECKNX KUOKUX TOMNJINB
UN.A. flemckas, B.B. Pa3HocyuKos
(UNAM um. IN.U. bapaHosa),
e-mail: raznoschikov@mail.ru
Mepexon oT HedTAHbIX TOMIMB HAa CUHTE3UPOBAHHbIE U3 APYr1X BUAOB
Cbipbsi, pa3paboTKa NPOrpeccMBHON TEXHONOTUM MPOU3BOACTBA CUHTETUYE-
CKWX TOM/INB U UX PaLMOHaNbHOE NMPUMEHEHWE B aBMATEXHUKE CTAHOBATCSA B
HacToslLee BpemMa BeCcbMa aKTyasibHbIMKW 3adavyamu. lNepeBog aBMauum Ha
aNbTepHATUBHbIE TOM/IMBA AB/AETCA LIArOM PEBOJIOLMOHHOIO XapakTepa u
NoO3BONAET CYLLECTBEHHO YAYy4YLINTb TEXHUKO-IKOHOMMUYECKME M 3KO0ornYe-
CKMe noKasaTeiv aBUaTEXHUKMU.
3a pybexxom co3aaHbl OMbITHO-NPOMbILL/IEHHblE 06pa3sLUbl CUHTETUYE-
CKOro peakTUBHOro TOM/MBa M3 NPUPOAHOro rasa, yraa n 6uomacchl, cooT-
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BeTCTBYHOLWME TpeboBaHUaM cneundurkaummn ASTM D7566-09 Ha cUHTETMYE-
cKoe uakoe Tonameo (CHT). B 2007 r. B BaHKkyBepe Ha FeHepanbHOM ac-
cambnee IATA aBnakoMnaHUW NPUHANKN peweHne B Banxaiwme 10 net go-
6utbca 10 % ponm ucnonbsosaHua CHT Ha aBmanuuHusax. BBC CLUA nnaHu-
pytoT K 2014 r. ceptndunumposate CHKT ans scero napka J1A, a K 2016 r. —
y40BneTBoputb notpebHoctn BBC B TonauBe 3a cyeT cmecel Tonamea JP-8 ¢
cuHTeTMYecknum Tonamsom 50:50. KpynHeiiwas B EBpone komnaHua Airbus
nnaHmpyet K 2020 r. ocywecTBAATb akcnayaTaumo 30% camonetos Ha CXKT.

[ns npoBefeHUs pacyeTHO-TEOPETUYECKUX UCC/Ief0BaHUA XMMMOTO-
JIOTMYECKUX Npobsem B aBMALMOHHOM CUIOBOM yCTaHOBKe TpebyeTtca pac-
CYMTbIBaTb Tennopu3nM4ecKMe U 3KCnyaTaumoHHble cBoncTtea CHKT. Cnpa-
BOYHbIX MaTepnasioB B HacTosAllee Bpema no ceorctBam CHT npaKTuyecku
HeT. Ho 3Hasa xumunyeckuin coctaB CHKT MOXKHO paccyMTbiBaTb €ro CBOWMCTBA.
[nAa 3Tux uenen cosgaHa matematuyeckaa mozesnb (MM) Toname, KoTopas
NMo3BO/IAET ONPenennTb TenodU3NYECKNEe CBOMCTBA MHAUBUAYAJbHbIX Yr-
nesopgopoaos (MUY) n nx cmeceit. Ha aToit ocHoBe co3gaHa MeToAMKa pacye-
Ta cBoicTB CHKT, Kak cMecu yrnesog0poL0B.

MM pacueta Tennopusmyecknx csoicte CHT oTHOCUTCA K Knaccy
obecneunBaloLLMX OCHOBHOW pacyeT, Tex MoAesell, B KOTOPbIX OHa npume-
HAeTcA. B yactHoct MM Toname BXOAUT B COCTaB MMUTALMOHHOM MM cu-
ctembl «Tonaneo — CuioBasA ycTaHOBKa — JleTaTeNbHbIM annapaT».

MM TonaMB, MOCTPOEHHAA MO pesy/bTaTaM aHanusa u 06obuieHns
Hambonee [AOCTOBEPHbIX, ONYyB6AMKOBAHHbIX M anpobMpPOBaHHbIX METOAMK
pacuyeTa cBolcTB MUY, KOTOpble NPOBEPAIMUCL U YTOUHAUCL AN NOBbIWEHNS
peannctuyHoctn. MM TonaMB NO3BO/ISET NPOU3BOAUTL PacyeT Tennopusn-
YeCcKUX CBOMCTB (TennoTbl cropaHusa H,, NAOTHOCTU, SABAEHUA HACBIWEHHbIX
NnapoB, 3HTaNbNUWU, TENJIOEMKOCTH, TENNOTbl UCNAPEHUA, CUNbl NOBEPXHOCT-
HOrO HaTAYXKEeHWA) U TPAHCNOPTHLIX (BA3KOCTW, TENJIONPOBOLHOCTM U Ap.) KaK
MHAMBUAYaNbHBIX BelwecTs (Boaopos (H,), ankaHbl (C Hyneo) M T.0.) M UX cMme-
cei, Tak M TOM/MB (KepocuHbl, CHKT, aBMaLMOHHOE CKOHAEHCUMPOBAHHOE
Tonnueo (ACKT), CXUMKeHHbI NpupoaHbIi ras (CMT).

Ons 6onee gocToBepHOW KapTUHbI npoBepkM MM pacyeTta Tensodu-
3nyeckux ceolicte CHT Ha afeKBaTHOCTb, aBTopaMu bl NpoBeseHbl Na-
60paTopHbIe IKCMEPUMEHTLI NO ONPEeAEeNeHMIO Bbllle NepevynucaeHHbIX Ten-
NodU3NYECKMX CBOMCTB ONbITHOrO 0bpasua CHKT cornacHo yCTaHOBAEHHbIM
FOCTam. B poknage npeacrasaeH aHaan3 NpoBeAeHHbIX 3KCNEPUMEHTOB U
BepudMKauma pacyeTos.
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3OOEKTUBHOCTb MPUMEHEHWUA 3/IEKTPUYECKUX TEXHONOMUM B
CUNOBbIX YCTAHOBKAX NPEPCNEKTUBHbIX BEPTOJIETOB
B.C. 3axapueHko (LUMAM um. .U.bapaHoea),
e-mail: zvs.62@mail.ru

B KauecTBe ogHOro U3 Hanbonee NepcneKTUBHbLIX HaNpPaB/eHU B pas-
BMTUM aBMALMOHHOW TEXHMKM B HacTosAwee Bpemsa paspaboTynkamu pac-
CMaTPUBAETCA 3NEKTPUOUKALMA NeTaTe/IbHbIX annapaToB Pas/iMyHbIX TUNOB
W HasHauyeHuA. MpUMeEHEHNE 3N1IEKTPUYECKON IHEPTUN NpecsienyeT pag, ue-
Neit, CBA3AHHbIX C YNy4YleHNEM TEXHUYECKUX MOoKasaTenein adpdekTnsHOCTU
NleTaTeNbHOro annaparta, NOBbILEHUEM UX IKOIOTMYHOCTU, CHUNKEHUE IKC-
NyaTaLMOHHBIX PAaCcXO40B.

Ocoboe mecTo B pelieHnn Npobaembl CO34aHUA KINEKTPUYECKUXY Ne-
TaTe/IbHbIX annapaToB 3aHMMaeT CU/I0Bas YCTaHOBKa. [pMMeHeHWe 3nek-
TPUYECKMX TEXHOOMUI MOXKET NPUBECTU B MEPCNEKTUBE K WM3MEHEHMUIO
NPVMHLMNOB ee NOCTPOEeHUs U CO34aHMUA TArW. B aTol obnactn cerogHa usy-
YalTCA M NpopabaTbiBAlOTCA PaA3/IMYHbIE BAPWMaHTbl MOCTPOEHWUA CUIOBOM
YCTaHOBKM.

Ona oueHKM 3dGEKTUBHOCTM NMPUMEHEHMA KINEKTPUYECKUX» TEXHOO-
TMiA B CWIOBOW YCTAHOBKE BepToJieTa, CO3faHa MaTemaTuyecKas MOAEeb,
OCHOBAHHAA Ha COBPEMEHHbIX NOAX0Aax W MeToamKax. [laHHas monenb
NO3BO/NAET OLEHUTb BAUAHUE 3NEKTPUOUKALMKN CUIOBOM YCTAHOBKKU HA Tex-
HUYecKme 06IMKN BEPTONETOB PA3INYHbLIX BECOBbIX KaTeropui.

B poKknage npeacTaBAstOTCA pe3y/bTaTbl OLEHKU BAUAHWUA NPUMeEHe-
HUA «3NEKTPUYECKUX» TEXHOIOTMIA B CUMIOBOW YCTAaHOBKE HA TeXHWYecKue
06/IMKM BEPTONIETOB Pa3/IMYHbIX BECOBbLIX KaTeropuii Nno 3agaHHoOMy KpuTe-
puto adpdeKkTMBHOCTH.

HOBbIE CNOCOBbl ®OPCUPOBAHUA PABOYUX MAPAMETPOB
BO3AYLLHO-PEAKTUBHbIX ABUrATENIEN
B.J/1. lMucbmeHHbili
(r/inL um. B.I. Ykanoea),
e-mail: pvl9261524324@gmail.com

leHepanbHbIM HaMpaB/fieHWEM B Pa3BUTUM BO3AYLIHO-PEAKTUBHbIX
ApuraTteneri (BP), Kak M3BeCTHO, ABAAETCA NOBbILWEHME YPOBHA UX pabounx
napameTtpoB. OrpaHMUYEHUs, onpeaensioume yKasaHHbI ypoBeHb, NO CBOEN
du3MYecKon cyTn Oenatca Ha ABa BMAA: rasogMHaMmMYecKue M MPOYHOCT-
Hble. MPUHUMNMANbHAA Pa3HULA MeXKaY NepPBbIMM U BTOPbIMU 3aKaH0YaeTcs
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B TOM, YTO MepBble ONPeaeAtoT TEOPETUYECKU BO3SMOXKHbIN YpOBEHb pabo-
4ynx napameTpos BP[, BTOpble — NpaKTUYECKM peannsyemblit.

3apayen MccnefoBaHUN ABnseTca NpubanKkeHue paboumx napamet-
pos BP/], K TeopeTMyeCcKn BOSMOKHbIM, YTO Ha NPAKTMKe 03Ha4YaeT UCKAIoYe-
HWe (cBegeHWe K MUHUMYMY) OFpaHUYEHUI, HaKNagblBaeMbIX KOHCTPYKLLM-
el asuratens.

Cnocob oxnaxkaeHus TYPOUHHBIX JIONATOK ra3oTypbuUHHOro asuratens
(nateHT RU 2409745), 3aKN04alOWMIACA B O4HOBPEMEHHOM OXNaXAeHUN
IonaToK TypbWHbI M rasa, OMbIBAOLWENO WX, NAPOBO34YLWHON CMECbO, MO3-
BONSET NOALEPKMBATL B Kamepe cropaHua I cTexMomeTpuyYecknin cocTas
TONNIMBOBO3AYLWHOMW cmecu. lpumepom peanusauum cnocoba sBAAOTCA
Typbo3XKeKTopHble aBuratenu (nateHtbl: RU 2190772, RU 2386829, RU
2392475).

Cnocob oxnaxaeHus TypbuHbl (nateHT RU 2423617), 3akntovatowmiica
B MCMOJIb30BaHMM Xnagopecypca Bo3ayxa, Nepenyckaemoro 13-3a BeHTUNA-
TOopa ABYXKOHTypHOro TypbopeakTuBHoro asuratena (TP) B BO3AYLWHbIM
KaHas, PacnosIoXKeHHbIN MeXay IonaTkaMn U AUCKOM TypOuHbl, no3sosseT
NoBbICUTL TEMMEPATYPY rasa nepes TypbuHoin ao 2500 K.

Pabouas nonatka TypbuHbl (nateHT RU 2426888) C HOXKOW-
TEeNN1006MEHHMKOM, MO3BO/AET MOBLICUTbL TEMNEPATYpPY rasa nepes Typbu-
HOM Ha 100-150°, CHU3UTb TEPMMYECKME HANPAKEHUA B ANCKE TYPOUHBI.

Cnoco6 ¢opcupoBaHMA aBMauUMOHHOro asuratena (nateHT RU
2386832), 3aKto4atoLwmiica B nogaye yrnesBogopoaHoro Tonamea (He 6onee
3 % oT pacxofa Bo3ayxa) Ha Bxod B Komnpeccop T/, no3BonseT NoBbICUTbL
YAEeNbHbIA UMNYAbC TATY ABuratens Ha 3-5 %.

Cnocob dopcupoBaHma rasoTypbuHHoro pasuratena (nateHt RU
2193099), 3aK/to4alOWNICA B HaAAyBe KaMepbl CropaHMa BO34yXOM BTOPO-
ro KOHTypa TypbopeaKkTUBHOro ABuratens, no3sonset obecneymTb Nponop-
LUMOHA/IbHOE U3MEHEHME YAEe/bHOM TATU U yAeNbHOIO pacxoaa Tonamea TP/
Ha BCEX pexumax ero paboTbl. Mpumepom peanusaumm cnocoba asnaetca
ABYyXKamepHbli TP/, (naTeHT RU 2187009).

Cnocob ¢opcupoBaHusa TypbopeaKTUBHbIX ABurateneit (3asaska No
2010127694), 3aKkno4aloWMNCA B NoJaye KMAKOITO KMCAopoda Ha BXog B
Komnpeccop TP Ha ckopocTax noneta M > 3, No3BonsieT NosbiCUTb N060-
Byto TAry asuratena Ha 20-30 %.
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METO/Abl YNIPAB/IAEMOI'O OBPbIBA NONATOK NPU UCMNbITAHUAX

KOPMYCOB CU/10BbIX YCTAHOBOK /1A HA HENPOBUBAEMOCTb

A.P. /lenewkKuH, H.I'. boiukos, IN.A. BazaHoe
(UWAM um. MN.U. bapaHosa),
e-mail: lepeshkin.ar@rtc.ciam.ru

Mpy NPOEKTUPOBAHMM CMNOBbLIX YCTAaHOBOK JIA (ra3oTypbuHHbIX ABUra-
Tenemn), rasoTypbuHHbIX yCTaHOBOK (ITY) n ApYrux sHepreTMYeckmx ycrTaHo-
BOK PacCMaTPMBAOTCA BOMPOCHI HenpobrBaemocTn Koprnycos npu obpbise
nonatoKk. OfHOM 13 HaMbonee YacTo NOBTOPAIOLWMXCA ONACHLIX aBapPUMHbIX
CUTyaLMii, KOTOPbIE MOFYT MPUBECTU K KATaCTPOPUUYECKMM NOCAEACTBUAM,
ABnAeTcA 06pbIB IONATOK POTOPOB aBMALMOHHBIX Fa30TypPOUHHBIX ABuraTe-
neii (FTA). B cnyyae HeZoCTaTOMHOM MPOYHOCTM KOpMyca ABUraTens oTo-
pBaBLIAACA flonaTka MoXKeT nospeamnTb JIA 1 Bbi3BaTb KaTtactpody. Mo Hop-
MaTMBHbIM JOKYMEHTaM ABUraTenn C HeJ0CTaTOYHOM NPOYHOCTbIO Kopnyca
K 9KCnayaTaumMmn He ONyCKatoTCA.

HopmaTuBHblE TEXHMYECKME [AOKYMEHTbl copeprkat TpebosaHue 06
06s3aTe/IbHON /IOKaNM3aLMM B KOPMycax aBMALMOHHbIX Aguratenen ¢par-
MEHTOB, BO3HMKAOWMX NPU paspyleHnsax paboumx nonaTok TypbomalumnH.
BmecTe ¢ Tem B HOPMATMBHbIX TEXHUYECKUX AOKYMEHTaX OTCYTCTBYIOT pPeKo-
MeHAauMmM no metogam obpbiBa nonaToK, obecneynBatomMx BbINOSHEHUE
3TUX TpeboBaHWUI, @ UCNONb3yemble Ha NPAKTUKE MeTOoLbl 0b6pbiBa IoNaTKM
umetoT onpegeneHHble HepocTtaTkn. OAHUM M3 NPUMEHAEeMbIX MeTo40B
06pbiBa IONATOK ABAAETCA cnocob obpbiBa SIONATKM C MOMOLLbIO B3pbiBa.
3T0T cnocob ynpasneHna obpbIBOM NOMNATOK BECbMA C/IOXKEH U UMEEeT psj,
cepbe3HblX HeAOCTaTKOB: K /IonaTKe NPUKAaAbliBaeTcA AOMOAHUTENbHAA CU-
N1a OT B3pblBa W B pe3ynbTaTe MeHAETCA TPAaeKTOpMA NoaeTa NONaTKU.

B paboTe npeanoxeHbl yCOBEPLUEHCTBOBAHHbIE OPUTMHA/IbHbIE, HeA0-
porne n sadpdeKTUBHbIE METOAbl AR HArPY)KEHUA CeYeHus, Mo KoTopomy
OCYLLECTBNAETCA YNpaBAAeMblit 06pbIB NONATKM TypbOMaLIMHBI. YKa3aHHble
MeToZbl 06pbiBa IONATKM 3aKAOYAlOTCA B NepepacnpeseneHnn HanpsKe-
HWI B 33J@aHHOM CEYEHWUUN IONATKM NPU AOMNONHUTE/IBHOM ee TepMUYECKOM
Harpy>keHnn n B obecrneyeHMM KBA3UXPYMKOrO paspyLlleHus sonaTku no
YKa3aHHOMY ee CeyeHWIo Ha 3afaHHOoM YacToTe BpaleHuA poTopa. Mpose-
[EHO pacyeTHOe MoAeNnpoBaHMe ynpaBasemoro obpbiBa nonaTku.

Mony4yeHbl pe3ynbTaTbl YCNELWHO NPOBEAEHHbIX UCMbITAHMIA HA HEMPO-
61MBaeMOCTb KOpnyca CMNOBOW YCTaHOBKM JIA Ha pa3roHHOM CTeHAe, KOTo-
pble MOKas3anu HafAexXHoCTb, 3GdEKTUBHOCTb M 3KOHOMMYHOCTL paspabo-
TAHHOrO MeToAa ynpasasemMoro o6pbiBa 1ONATOK.



