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Brimonaen TeopeTmuecknii aHAIN3 SHEPTETUUECKUX BO3MOXKHOCTEN PA3INYHBIX CXEM, B TOM
YICIIe PA3INYHBIX BAPUAHTOB CXEMBbI IIPSIMOTOUHOIO ycKopuTens (ramjet-in-tube) rasomuna-
MUIIECKOTO PasroHa MaccuBHBIX (0T 1 mo 40 Kr) MeTaeMbIX Tell B HA3EMHBIX YCIOBHUSX [0
ckopocTent 2 + 3 KM/ c. st pacyeToB UCIOIB3YIOTCS TPOCTHIE KBAa3MOIHOMEPHBIE PACUET-
HbIe MOOENN MJjIsl COBEPIIEHHOro rasa. IlokazaHo, 9TO MCIIOIB30BAHNE CXEMBI IPSIMOTOYHOTO
YCKOPUTENS C 3aKPBITHIM BBIXOIOM TTO3BOJISIET YBEINYUTH CKOPOCTHU PA3TOHA MACCUBHBIX TEJ
o 3 KM/c, 94TO B IBa pasa GOJbIe, YeM IIPU UCIOIB30BAHUN CYIIECTBYIOIINX MOPOXOBBIX
CII0CO0O0B.

KntoueBble c/lOBa: IPSIMOTOYHBIN YCKOPUTEIb, METAEMOE TEJI0, PA3TOHHBIM CTBOJI, Ta30Bas
ropiodas CMeCh.

DOI: 10.15372/PMTF20190302

BBenenune. OCHOBHBIM HAMIPABIEHUEM PA3BUTUS APTUIIIEPUNCKUX CUCTEM SIBIISETCS yBe-
JTMYeHNe KMHETUUECKON SHEPTUM METAEMbIX CHAPSIIOB, YTO MOCTUTAETCS YBEIIMUCHNEM UX CKO-
pPOCTH Ha cpe3e CTBOMA, a Takke pasroHseMoil Maccel [1, 2]. st pasroHa MAacCHBHBIX Tel
IPEIIIOKEHO OOJTBITIOE KOIUIECTBO CXEM YCTAHOBOK, YTO OOYCJIOBIIEHO MHOTOOOpa3neM He TOJb-
KO KOHCTPYKTUBHBIX 5JIEMEHTOB, U3 KOTOPBIX OHU MOT'YT ObIThH C(HOPMUPOBAHBI, HO U KICTOUHUKOB
sHeprun mis MeTanus [3-5]. Kmaccuueckum Tumom GayincTUYECKUX YCTAHOBOK [JIS METAHUSI
ABIISIOTCS IIMPOKO PACIPOCTPAHEHHBLIE MOPOXOBBbIE apTUWIJIEPUICKUE OPYIUs, B KOTOPBIX IJIs
nepenavn CHapsIny KUHEeTUIECKON SHEPT UK UCTIOIB3YeT s TPAIUIINOHHBIN HCTOYHUK SHEPIUN —
rasoobpasHble TPOMYKThI CrOPAHUs Pa3IUYHLIX IOPOXOB. B peasibHOCTU MPU Pa3rOHE MOPOXO-
BBIMU I'a3aMi OOCTIZKAMBIE CKOPOCTH HaxomsaTces B muanasoHe 1800 <+ 1900 m/c [2]. [Tpumene-
HII€ HOBBIX CXeM U UCTOYHWUKOB SHEPIUE (JIErKOra30BBIX, MHOTOMNOPIIHEBLIX, MHOTOKAMEPHBIX,
HIIEKTPONUHAMUIECKIX, DIIEKTPOTEPMUUECKUX, SJIEKTPOTEPMOXUMUIECKUX U MDP.) TpebyeT Cy-
IIIECTBEHHOTO YCIIOKHEHUST METOHOB MIPOEKTUPOBAHIS, TIPU STOM YACTO BO3HUKAIOT HEPA3PEIII-
MbI€ KOHCTPYKTOPCKIE MTPOOIIEMBEI.

[TepcriekTuBHAS cXeMa ra30IMHAMUYECKOTO PA3rOHA METAEMBIX TeJl MPEMIJIOKEHa TPYIIIOL
uccnenosareseit Bammmarronckoro yausepcurera [6-8]. CormacHo 5Toil cXeMe Teso MposeTaeT
Yyepes TOPIYYIO0 CMeCh B TPy6e, P! 5TOM 34 CUET TOPEHUsS CMEeCH YBETUUNBAETCS MABIICHEE 34

Pa6ora Bemonnena B pamkax [IporpaMmer yrmaMeHTaIbHLIX ucciaenoBanuil I[Ipesunuyma PAH “@yuna-
MEHTAaJIbHbIE OCHOBBI IIPOPBIBHBIX TEXHOJIOIUN B MHTEPECAX HAIMOHAIIBHON 6e30MacHOCTH .
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Puc. 1. Cxema mopoxoBO#l myIIIKu:

1 — pa3roHHBIA yYaCTOK CTBOJIA, 2 — €MKOCTH, COIepKalrias IPONYKTEl CTOPAHUS

pPA3rOHSEMBIM TEJIOM U BO3HUKAET CUJIa TITHU, pasroHsmoiras Tero. CxemMa Mmoiaydumia Ha3BaHUIe
ramjet-in-tube projectile accelerator u uccmenoBanack B pa3InuHBIX CTpPaHaxX HA MPOTSKEHIN
10 mer. OmHAKO B peabHBIX SKCIEPUMEHTaX OBIIN ITOJIYUYeHBI HeOOJIBbIINe IO CPABHEHUIO C
3aBIIEHHBIMEI CKOPOCTU (M0 2,4 KM/C TpU Macce MeTaeMbIX Tell [0 | Kr), TOo3TOMY paGOThI
6 ocranoieHsl [9, 10]. O630pbl COBpeMEHHBIX PA0OT B MAHHOM HANPABJIEHUU MPUBENEHBI
B [11-13].

PesynpraThl mpenBapuTebHOTO aHAIN3a, BBIIOJTHEHHOTO aBTOPAMU HACTOSIIER pabo-
TBI, IIOKA3bIBAIOT, 9YTO BCJICOCTBUE 3HEPIeTUYCCKUX OFpaHI/I‘IeHI/Iﬁ peajlbHbIE CKOPOCTH B pacC-
CMaTPUBAEMON CXeMe Ta30MMHAMUYECKOTO TPSIMOTOYHOTO YCKOPUTEIS HE MOTYT IIPEBBINIATH
2,5 + 3,0 kM/c, B TO BpeMsl Kak MPUHIUIUAIBHBIX OMPAHUYEHUN 110 MACCe Pa3TOHSIEMBIX Tell
(10 + 100 xr) He 6bUIO BBIABIEHO. OCHOBHOI TPOGIEMON B PACCMATPUBAEMON 3a1aUe SBIISTETCS
HaJIMYIe HECTAITMOHAPHOTO TeUeHNUs CKATHUSI U PACIITHPEHNS BOKPYT OBUKYIIIETOCS TeJa ¢ TOIBO-
IIOM TeryIa IPU PA3INIHBIX PEKUMaX TOPEHUs (C IepexonoM OT [03BYKOBOTO K CBEPX3BYKOBOMY
1, BO3MOXHO, K EeTOHAIIMOHHOMY pe:kuMy ropenus). [losTomy TeopeTndeckoe U 5KCIEPUMEH-
TaJIbHOE NCCENOBAHIE TaKUX TE€UEHUN ITO3BOIUT CO3OABATH U ONTUMHU3NPOBATH YCTAHOBKH [IJIs
pasrona Ten macconr 10 <+ 100 xr, uTo nMeeT OOIBIIIOE HAYIHOE U MPAKTUUECKOE 3HAUEHUE.

B macrosieir paboTe BBITIOTHEHA CPaBHUTEIbHAS OICHKA YHEPreTUIECKIX BO3MOXKHOCTEN
pasrona maccuBHBIX (1 =+ 40 kr) Ten mo ckopocreil mopsimka 2 < 4 KM/C ¢ HCIOIB30BAHIEM
ra30qMHAMUYIECKIX METOMOB.

1. MeTtonuka pacdeToB. [l BBIOTHEHUST pacueToB pa3paboTaHbl YeThIPE PACUeTHBIE
MOOeJi, B KOTOPEIX paCCMaTpUBaeTCIA COBepHIeHHBIfI ra3 C IIOCTOSHHBIMU TeHJIOCpI/ISI/I‘IeCKI/IMI/I
cBoricTBaMu. [IpumHUMaeTCs, 9YTO BHYTPHU PACCMATPUBAEMBIX €MKOCTEH MABJICHUE U TeMIlepa-
Typa COOTBETCTBYIOT TapaMeTpaM TOPMOXKEHWS, T. €. TEPMOANHAMUYIECKIE TapaMeTPhl MTHO-
BEHHO CTAHOBSTCS OMUHAKOBBLIMU BO BCeM 0ObeMe (B Cllyuae KBA3HOMHOMEDHOTO MU KYyCOYHO-
OIHOMEDHOTO TOIXOMA).

2. 'azogmHaMmMYeckme MeTOAbl PA3rOHA METAaEeMbIX TeJyl. PaccMoTpuMm pas3inumdHbe
MOJIEJTN PA3TOHA METAeMBIX Tell.

2.1. Pacuemnas modeav 1 (noporosvie nywku). PyHKIMOHMPOBAHIE MOPOXOBBIX IIyIIIEK
OCHOBAHO Ha PACIINPEHUN TMOPOXOBBIX T'a30B, TOJKAIOIINX CHAPSI B IMIMHIPUIECKOM KaHa-
me crBona. Ha puc. 1 mokazana cxema MOpOXOBOW IyINKU. Pa3roHHBIN y4acTOK cTBOJa 1 3a-
[IOJTHEH HETIOMBUKHBIM T'a30M C MaBlleHneM u TeMrepaTypoir P; m 7). B HayaJbHBII MOMEHT
BpeMeHI B eMKocTH 2 ¢ oobemoM V (0) HaxomuTest onpeneneHHas HadanabHas Macca mor(0) cxa-
Toro rasa (mpomykThl cropanus mopoxa) ¢ mapamerpamu FPy(0) u Tp(0). Ha Temno meiicTByer
CTATHYECKOe NaBiieHne P, KOTOpoe 3aBUCUT OT HaBJICHUS TOPMOXKeHus Py (B eMKocTH) u OT
ckopocTu nBmxkenus cHapsna W. C npyroit CTOpOHBI Ha TeJI0 MEMCTBYIOT CUJIa adPOMMHAMITIE-
CKOTO compoTuBieHus u napienne Pp. Cuma, meficTBYIOIIas Ha PA3rOHIEeMOe TeI0 MacCom My,
BBI3BIBAET €T0 MBIKEHUE O CTBOJIY € YBEJIUUYUBAOIICHCS cKOpocThbio W . IIBmkeHue Temna 1o
CTBOJIY TIPUBOOUT K YBEIMYEHUIO 00BbeMa eMKOCTU 2 W COOTBETCTBEHHO K YMEHBITIEHUIO CPEl-
HIIX 10 00BbEMY Ta3oMMHaAMUYeCcKnX mapaMeTpoB Py um 1. PaccMaTpuBaeTcst COBEPITIEHHBIN T'a3
€ TIOCTOSTHHBIMU TeIIOU3NIEeCKUMU CBOWCTBaMu. LI yIIpoIlleHnsT TPUHUMAETCS, YTO BHYTPU
KOHTPOJIBHOIO O00BbeMa MaBJIeHUE U TeMIlepaTypa COOTBETCTBYIOT MapaMeTpaM TOPMOXKEHWUS,
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T. €. TEPMONMHAMUIIECKIE TaPAMETPHI MIHOBEHHO CTAHOBSTCS ONMHAKOBBIMU BO BCEM OOBEMe
(KBa3MOMHOMEDHELIT TIONXOL).

Hauambnas macca rasa mp(0) B eMKoCTH 2 OIpeNeNseTcs U3 ypaBHEHNS COCTOSHUS PN
I3BECTHBIX HadanbHBIX mapamerpax Fp(0), Tp(0):

mr(0) = Po(0)V(0)/ R /To(0).
B manbrelimem Macca ra3a B €MKOCTH OCTAETCs MOCTOSHHOIL:
mp = mr(0) = const .
Curna R, meiicTByIOIIas Ha PA3TOHIEMOE TeJI0, DABHA
R=(P-p —OXWQ%)F
(Cx = 1,0).

Bblpa}KeHI/Iﬂ OJId OIIPENCIICHUS YCKOPEHUA TeJla, YBEJIMYCHUA CKOPOCTU U IIEPEMEIICHNA TEJIa
COOTBETCTBECHHO IIMECIOT BUO

A= R/my;
aw = Adt; (1)
dX =W dt + Adt*/2. (2)

[Iepemeriierue pasroHseMoro Tejla MPUBOOUT K W3MEHEHUIO o0beMa eMKOCTH 2, a TaKikKe
[ABIIEHUS W TeMIEPATyPhl TOPMOXKEHUS B HEW MO annabaTUIeCKOMy 3aKOHY:

dV = FdX; (3)
dPy =~ dV; (4)
T() = P()V/m()[‘/RI‘.

C ygeToMm TemmepaTypbl TOPMOXKEHUsI OMPENEITeTCsT OTHOIIIEHE CKOPOCTH IBUKEHUS Tella
K MaKCIMaJIbHO BO3MOXKHOUW CKOPOCTH B Ta3e

A=W/\/2CpTy.

CooTBeTCTBYIOIIAS STON CKOPOCTHU CTATUYECKAs TeMIepaTypa HAXOOUTCs M0 GopMyIIe
T = Ty(1 — A?).

Yucmo Maxa, cooTBeTCTBYIOIIEe CKOPOCTHU IBUKEHUS PA3TOHSEMOrO Tela IIPU ATOW CTaTH-
YeCKON TeMIepaType, BBIYUCIIETCs CIEMYIOIINM 00pa3oM:

M = W/\/ARrT .

W3menenne momHOTO MABJIEHUS B €MKOCTU U CKOPOCTU JIBUXKEHUS MIPUBOMUT K U3MEHEHUIO
TEMCTBYIOIIETO Ha PA3TOHsSEMOe TeJI0 CTATHUYECKOro maBiieHus P, KoTopoe HaxomuTcs mo (op-
MyTIe

_1
P=P0/<1+VTM2

)7/ (v=1)

Hecraunonapusie ypasaenust (1)—(4) peratorces MeTonom Diizepa ¢ HOCTOSHHBIM 11arom dt
o BpeMeHH. Pacuer mpomomkaeTcs ¢ MOMEHTa Hadasa ABUKEHUS PA3TOHIEMOTO Tella JI0 MO-
MeHTa BblIeTa ero u3 crBoia mymku (X = L).

Ha puc. 2 nokasaHo XapakTepHOe U3MEHEHNe NABJICHNS B KAHAJE IPU IBUKEHUN METACMO-
ro Tena 1o ¢roiy. OTCUYeT BpeMEHN HAYMHAETCS OT TOYKHU, B KOTOPOIl NABIEHUE MAKCHMAJlb-
HO. BumHo, 94T0 mpu ABMXKEHUU Tejla AaBIeHNe TOIKAIIINX OPOXOBBIX FAa30B YMEHbBIIACTCS IO
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Puc. 2. 3aBucumocTb maBieHUs B KaHaJe CTBOJIA MMOPOXOBOM MYIIKM B IIPOIECCE
BBICTPEJIA OT BPEMEHNU

MCXO,EI.Hble AaHHbIE ANA pPaCyeTa BO3MOXHOCTEMN NOPOXOBbLIX NyLUEK

D, vm mi, KT My, KT E, MIIx
200 62,80 34,41 137,63
175 42,07 23,05 92,20
150 26,49 14,52 58,06
125 15,33 8,40 33,60
100 7,85 4,30 17,20

75 3,31 1,81 7,26
50 0,98 0,54 2,15
25 0,30 0,17 0,68

mnHe KaHaja ¢cTBosia B 1020 pas 3a cuer yBeandeHns 3aHnMaeMoro oobema. CooTBEeTCTBEHHO
YMEHBIIIAETCSI CUITa, MEHCTBYIONIAs HA PA3TOHIEMOe TEJ0, U NaJIbHEHIee yBeInIeHNe TTMHBI He
IIPUBOMIUT K CYIIIECTBEHHOMY YBEJIMYEHUIO CKOPOCTH, TIOATOMY IJINHA CTBOJIA apTUJIIEPUICKOTO
Opynus, KakK [MpaBIJIO, He MpeBhIaeT 55 Kanmubpos (auameTpos). i COBPEMEHHBIX KOHCTPYK-
Ui HadaJIbHOE MaBJIeHne MOcje cropanns mopoxa Moxet mocturaThk 700 Mlla, TemmepaTypa —
3000 K. HanbHeiilee yBelnmdeHre HAUaIbHOTO OABJIEHUS U TeMIEPATyPhl HEBO3MOXKHO BCIIE-
CTBUE OTPAHWYEHUI 10 TPOYHOCTU (KUBYIECTU) CTBOIIA.

[ manmbHEWIINX pacueToB BO3MOXKHOCTEN MOPOXOBBIX IIYIIEK MPUHATHI 3HAYUEHUS Mac-
ChI M] MeTaeMbIX Tej, a TakXke AuaMeTpa cTBojia [, Macchl my 1 5Heprun F MCHoab3yeMoro
OpPOXa, KOTOPhIe IPUBENEHBI B TAOIIHIIE.

1 yKa3aHHBIX B TaOJIUIE NCXOMHBIX TAHHBIX MAKCAUMAJILHBIE 3HAUEHUS] CKOPOCTH PA3TOHA
MAaCCHUBHBIX METAEMBIX TeJI ¢ IOMOIIIBIO IIOPOXOBBIX MYIIIEK PA3INIHOTO TUaMeTPa IPUBENEeHbI Ha
puc. 3. Bugno, uto s mymek nuaMeTpoM 200 MM CKOPOCTH Pa3roHa He MIPEBBIIIAET 3HAUEHUS
W = 1900 M/c maxke mpu masoit (my < 1 kr) macce MeTaemoro Tera. [Ipu macce pasroHseMoro
Tena mj = 10 Kr cKOpoCTb Ha BhIxoze He mpesbimtaeT 1500 M/c. YBequdueHne AINHBL CTBOJIA B
IIBa pasa MPAKTUYECKU He BIIMSIET Ha CKOPOCTb PA3rOHA.

2.2. Pacuemmas crema 2 (npamomounbill yckopumeab ¢ omrpbimbim 6bizodom). Cxema mpsi-
MOTOYHOTO yCKOpuTess ramjet-in-tube ocHOBaHA Ha TOM, UTO METAaeMOe TeJO IIPOJIeTAET Uepes3
ra30BYIO FOPIOYYIO CMECh B TPyDe, IPpK TOM 3a CUeT FOPEHNUs TaBJIEHNE 33 TeJIOM IOBBIIIAETCS 1
BO3HUKAET CUJIA TSTHU, Pa3roHsioiias Tesno. OCHOBHbIE TPUHIUIILI TEHCTBUS PAaCCMaTPUBAEMON
CXeMBI pa3rOHa TPAKTUIYECKN TaKWe Ke, KaK U IIPUHIIAIIBL PAOOTHI CBEPX3BYKOBBIX MPSIMOTOTHBIX
BO3/IYIITHO-PEAKTUBHBIX ABurareseil. OmHAKO MMEIOTCS HEKOTOphIe pasmuuusa. B paccmaTpuBa-
eMOM cilyuae Ha OOpTY JIeTAaTeIbHOTO ammapaTa OTCyTCTByeT Tommuo. Obedaiikoit mBurarte-
7 SBJISIETCSI CTEHKA TPYObI, KaK MPABUJIO, C MOCTOSHHBIM IOMEPEYHBIM cedeHneM. B kamepy
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Puc. 3. 3aBucuMocTh OT MACCHI Tejla MAKCUMAJIBHON CKOPOCTH €r0 Pa3rOHa, C TIOMO-
IIIbI0 TIOPOXOBBIX IIyIieK mpu HadaabHoM masjieruu 700 MIla, magansHOl Temmepa-
Type 3000 K n pa3numyHbIX 3HAUEHUSIX DUAMETPA U IJIMHBI CTBOJIA:

a— D =200 mm, 6 — D =150 mm, 6 — D = 100 MM, e — D = 50 mm; 1 — L/D = 50,
2 L/D =100

CTOpPaHUs IBUTATENS MOCTYIaeT 3apaHee TmepeMelantas ra3000pas3Has TOIIuBHAs cMech. s
3aIlyCKa TIPOXOMHOTO CeUeHns (TopIia) MeTaeMoe TeJl0 BIIETAET B TOPIOUYIO CMeCh CO CKOPOCTHIO,
obecrieunBaoIell 3ammycK Bo3myxosabopuuka (mpu stoM uucsio Maxa pasao M = 2,3 +2 8). Be-
JUYUHA YTJIOB HAKJIOHA CKAYKOB YVIIOTHEHUS, CO3NaBAEMbIX Ha MEPENHEN JacTHU IEHTPAITLHOTO
Tena, He MO/KHA mpeBbmaTh 10 < 15°, 9ToOBI HEe MPOMCXOMUIO MPEXIEBPEMEHHOTO BOCIIIA-
MeHeHUsT u roperus. [Ipsmoit ckadok B mo3BykoBoM nuddy3ope TakKe He TOJKEH BBI3BLIBATD
BOCIJTaMEHEHIe OO0 OOCTIKEeHuWs 3HaueHus duciaa Maxa momera M = 4,0 + 4,5. Crauana 06-
JIACTh TOPEHMSI PACIOJIOKEeHa 3a KOPMOBBIM CPE30M Tejla, IJle Ha HEKOTOPOM PACCTOSHHUU OT
TeJa CO3MaeTCsl TePMUUYECKN 3amepTas 30Ha ropenus. [[o Mepe yBeamdeHUs CKOPOCTU TOJIETA
TO3BYKOBast 00JIaCTh TOPEHUs, PACIIONOXKEHHAS HA IEHTPAJILHOM Tejle, TepeMeIaeTcs: OImKe K
MUHIMAJILHOMY IPOXOIHOMY ceuenuto. [Ipu ckopoctsx W > 2,7 kM /¢ ropenue pu 0KOJI03BYKO-
BBIX CKOPOCTSX HE MOYXKET TONNEePKUBATH NOCTATOYHO OOJTBIIIOE YCKOPEHWME PA3TrOHSIEMOTO Tema
Imaxke B CMeCSX Ha OCHOBe BOIOpOHa. UToOBI MPONOIKUTE YCKOpeHUe N0 00Jiee BHICOKUX CKOPO-
cTel, HeoOXOMMMO UCIIOIb30BATh TOPEHNE B BOJTHAX METOHAMU. KOMOMHUPYS pa3IuIHble PeXK-
MBI TOPEHUst, aBTOPLI [6-8] mpenmonaranu momyunTs quanas3on ckopocrein W = 0,7+ 12,0 km/c
IJIST METAEMBIX TeJI ¢ MaCCOW, PABHOW HECKOJIBKUM COTHSM KUJIOTPAMMOB.
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Puc. 4. Cxema mpsMOTOYHOTO YCKOPUTESISE C OTKPBITBIM BBIXOHOM (0GO3HAUEHUS Te
ke, 9TO Ha puc. 1)

[TepBBIe sKCIIEPUMEHTHI, TOCBSIIIEHHBIE MTPOBEPKE BO3ZMOXKHOCTU PEAIU3AINN CXEMBI IIPS-
MOTOYHOTO yCKOPUTEJIsI, MpoBeneHbl B Bammurronckom yuusepcurere [10, 14] Ha maGoparop-
HOH yCTaHOBKe AumaMeTpoM 38 MM u mymHoi 16 M. OTHOcHTeIbHAs IJINHA CTBOJIA COCTABIISIIA
L/D = 420, macca pa3sroHseMOro Teja, BBIIOIHEHHOTO 13 JIETKUX aJIIOMUHIEBBIX CIIABOB, DaB-
Ha my = 72 r. Hawampnas ckopocts Tema 1170 M/c obecreunBaniach ¢ MOMOIIBIO JOMOIHATE b
HOW TTOpOXOBOW myIniku. Hammydmiuit pe3ynbTaT, MOJyUeHHBI Ha 9TOH YCTAHOBKE, — Pa3TOH
meTaemoro Tena ot 1170 mo 2400 m/c (M = 8,4).

B macrosiee BpeMsi MaKCHMaJIbHOE YCKOPEHUE IIPU pasrOHE MNOCTUTHYTO B YCTAHOBKE
RAMAC-90 [15]. MeTaemoe Teno maccoit m; = 1,34 kr co ckopoctbio 1330 M/c BieTasno B ycko-
putens nuameTpom 90 MM u guuHoR 16,2 M, 3anonueHubln cMeckio 2,95CHy + 202 + 10N9 mon
nasnenunem P, = 3,0 + 4,5 MIla. CkopocTs Ha Bbxome mocturaia 1986 wm/c.

HaTypHble sKcriepuMeHTHI ObLIN BBIOJHEHB! B APMECKON UCC/IeNoBaTeIbCKON TabopaTo-
pun (Army Research Laboratory, CIIA) ¢ ucmonb3oBanumeM peasbHOTO OPYAUAHOTO CTBOJA
muamerpoM 120 mm u mumsoit 4,7 M [16]. CTBOI 3alONHSIICS CMEChIO MeTaHa, KUCIOPO#a U
azorta non nasierueM P, < 5 Mlla. B sTom cTBOste cHapsnm maccoirt my = 4,29 Kr pa3roHsics
ot ckopoctu 1170 m/c (M = 3,2) mo ckopoctu 1419 m/c (M = 3,9). PesymapraTsr sTux sKc-
MIEPUMEHTOB UCIIOIB30BAIINCH I8 ampobaruym MeTOOUKN PACUYETOB IJISI CXEMBI MIPSIMOTOYHOTO
YCKOPHUTEJISE ¢ OTKPBITHIM BbIXOIOM (puc. 4). JlaHHblil BApHAHT pacuera OTINYaeTCst OT PACUeT-
HOIl Mozeniu 1 TeM, 9TO dYepe3 HEePEMHIOI IPAHUILY eMKOCTH 2 (3a30p MEXKIY TEJIOM I CTEHKOM
TpyObI) IPOUCXOMUT BTEKAHUE TOPIOUEI CMECH U3 PA3TOHHOIO cTBoMA 1. Yepes 3anHiown (11eByio)
TPAHUILY TPOUCXOOUT UCTEUYEHNE MPOAYKTOB CTOPAHUS M3 €eMKOCTHU 2 C TapaMeTpaMu TOPMOXKe-
uus Py u Ty. Ilpu sTOM MOXHO moJlaraTh, YTO UCTEUYEHUE MTPOUCXOMUT CO CKOPOCTBHIO 3BYKa
(M = 1,0) uepe3 KpuTHUecKoe CedeHne AUaMeTpoM [, PABHBIM AMAMETDPY Pa3TOHHOI TPYOHI.
JleBast rpaHUIa 1 COOTBETCTBEHHO KPUTUUIECKOE CEUEHNE OCTAIOTCS Ha OIHOM U TOM K€ MecTe
B Ha4aJjle Pa3rOHHOU TPYOHIL.

B cooTBeTcTBUE ¢ ypaBHEHUSMU TEPMONNHAMUKHI TIEPEMEHHON Macchl rasa [17] masienue
B EMKOCTH 2 OIPENeISieTCs ¢ YIeTOM SHTAJIBIINNA BTEKAIOIIETO U BHITEKAIOIIETO T'a3a, TEIJIOBbI-
MeJIeHUs] TOPIOYEeH CMeCH U M3MEHEHUsT 00beMa eMKOCTH 2:
o 7199 come - oG — - B Y
v <%+ p101G1 — Cplo 2—7_1 0@)
(To1 — TemmepaTypa rasza B obmactu 1).

Pacxon Brekaroiero raza (G onpenesnsercs mo ¢GopMyIe

FP
Gy = —2L
RriTy

e

roe Py1 — masmenme rasa B obmacTu 1.
TemnnoBbineTeHne BTEKAOIIEN MacChl TOPIOYEN CMECH B €MKOCTU 2 BBIUUCIISETCS CIEMYIO-
M oOpa3oM:
dQ

— =G1H
dt 141y

(H, — MaccoBas TEIIOTBOPHAs CIIOCOOHOCTH TOPIOYEH CMECH).



B. M. ®omun, B. U. 3serunnes, E. 9. Bparyumnos 21

W, m/c
2400

2200

i\

2000
1800
1600
1400
1200

1000 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 L,m

Puc. 5. 3aBucmMoCTb CKOPOCTH METAEMOI'O Tejia OT €ro IOJIOXKEHUsS B PAa3TrOHHOM
crBosnie ipu P = 3,3 MIla, m; =72 r:

JIMHAST — PAaCyYeT MO CXEMe MPSMOTOYHOTO YCKOPHUTENIS ¢ OTKPBLITHIM BBEIXONOM, TOYKH —
9KcIiepuMeHThl Barmmartonckoro yausepcurera (D = 38 mm, L = 16 m, L/D = 421) |9,

10, 14]; I-IIT — o6mactu ¢ pasmuanbiM coctaBoM ropioueit cmecu (I — 2)7CHy + 202 +
5,6Ny, IT — 4,3CHy + 202 + 3,6He, III — 2,5CHy + 205 + 14He)

Pacxon BerTekarortiero rasza (Go onpenesnsieTcs mo Gopmyiie

PR F 2 O/ 1
=t

VIo v+1 Rr -
TemmepaTrypa raza B eMKOCTH 2 OIPENesTsieTCsl U3 YPABHEHUSI COCTOSHUS TSI TEKYIIeH Mac-
CBHI Ta3a
PV
Ty = ——.
me

B mamHOM ciydae mosjaraeTcs, UTO adpOOUHAMUYIECKOE COPOTUBIICHUE PA3TOHSIEMOTO Tejla
COOTBETCTBYET COMPOTUBIIEHUIO KOHYCa ¢ MaJibiM yriioMm packpeitus C'xy = 0,10.

Ha puc. 5-7 nmpuBeneHb! pe3yIbTaThl PACUETOB 110 PACUECTHON MOIEIN 2 U DKCIIEPUMEHTOB,
MIPOBEIEHHBIX B PA3INYHBIX YCTAHOBKAX IPU PA3JIUYHBIX YCJIOBUSIX. BUIHO, UTO pe3ysIbTaThI
XOPOITIO COTJIACYIOTCH.

MaKCI/IMaHbeIe CKOPOCTU pa3roHa MaCCUBHBIX METaeMBbIX TeEJI IIPU MCIIOJIb30BaHUN IIPI-
MOTOYHOT'O YCKOPHUTEJ/IA W CTBOJIOB PAa3JIMYHOIO OUaMETpa IIPUBEOCHBI Ha PHC. 8, rge TaKxKe
HOKA3aHBI PE3yJIbTAThl PACUETOB JIsl IIOPOXOBOI IyIIKK ¢ myinHON cTBosa L/D = 50.

Ha puc. 8 Bunno, uto B cTBOJIe nuameTpoM 200 MM SHEpPTUs 3amacaeMoil Ta30BOM ropiovei
cMec: MOXKeT pasorsarh Teso Maccoir 10 kr no ckopoctu W = 2200 + 2800 m/c. Opnako mpu
nuaMeTpe cTBoiia D = 50 MM sHeEprus roproueil CMeCH He MO3BOJISIeT Pa30THATBH TeNO Taxke C
MaJIOl MaCCON OO CKOPOCTEeH, CPABHUMBIX CO CKOPOCTSIMU, CO3[IAaBaE€MBIMU TOPOXOBOU ITYIITKOU.
Hanuas mpobieMa BO3HUKJIA MIPU MPOBEICHUN TEPBBIX SKCIIEPUMEHTOB B BAITMHT TOHCKOM yHU-
Bepcutere. [Ipu nuamerpe crosma D = 38 MM Gonbiast ckopocTsb Ha Beixone (W = 2400 m/c)
OblIa TIOTyYeHa, BO-TIEPBLIX, 3a CUeT YMEHBIIEeHNs MacChl Momenu (mj = 72 T), BO-BTOPBIX, 3a
cueT yBenuueHust miauHbl ctBoia (L/D = 420), B-TpeTbux, 3a CUET yBeJIUUYEeHUs HAYAIBHOIM
ckopoctu (1170 Mm/c).

[Mocne nposenenns skcrnepumerTos (9, 10, 14] croxuaocs mpencrasienne 0 KOHCTPYKTUE-
HOIl peajm3anun CXeMbI MPSIMOTOYHOTO ycKopuTesst (ramjet-in-tube), koTopas mOMKHA BKITIO-
YaTh CJIEMYIOIINe SJIEMEHTHI: MPEeIBAPUTEILHOE PA3TOHHOE YCTPONCTBO (MOPOXOBYIO MYIIKY ),
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Puc. 6. 3aBucmMOCTH CKOPOCTH METAEMOTO Tejla OT €r0 IMOJIOKEHUS B PA3TOHHOM
CTBOJIE NIPX PA3JINYHLIX 3HAUEHUSIX JABIIEHUS CMeCH:

IIITPUXOBBIE JIMHUN — PACYET IO CXeMe MPSIMOTOYHOIO yCKOPUTEIs. ¢ OTKPBITHIM BBIXOLOM,
CIUIOIIHBEIE — 9KcmepuMeHTH Ha ycraHoBke RAMAC-90 (ISL) (D = 90 mm, L = 16,2 M,
L/D =180) [15]; 1, 2— P, = 4,5 MIIa, 3 — P, = 4,0 MIla, 4 — P, = 3,5 MIIa, 5, 6 —
P. = 3,0 MIla

W, m/c
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Puc. 7. 3aBucumoctnb CKOPOCTH METaeMOro Tejia OT €ro IIOJIOXKEHUsSA B PAa3rOHHOM
CTBOJIC:

JIMHUSA — PAcdeT IO CXeMe IPAMOTOYHOTO YCKOPUTENS C OTKPBLITBIM BBIXONOM, TOUKH —
sKcrepuMeHT B Apmeiickoil uccienoBaresnbekoll jgabopatopun (CHIA) (D = 120 mm, L =
47, L/D = 39.2) [16]

pa3roHHYI0 TpyOy OOJIBILION OJVHBL, BAKYYMUPYEMBIU IIEPEXONHUK MEXKTY HUMU U pa3roHseMble
MoMIeIu ¢ MaJion Maccont. [locmenyrortine sKkcnepuMeHTaIbHbIE YCTAHOBKHU CO3/TaBaINCh HA OCHO-
Be KOHCTPYKTUBHBIX perenntt [9, 10, 14]. Ha sTux ycranoBkax, Kak MpaBuiio, PEIanch 3a0aun
IIJTsI CITy9aeB BBICOKOCKOPOCTHOTO TOPEHUsI TIePEMEIIIaHHbIX Ma30BbIX cMecell. OmHaKo yKa3aHHbIe
BBIIIE KOHCTPYKTHUBHBIE 3JIEMEHTHI CO3MIaBAIN IPOOJIEMBI, KOTOPBIE TPUBEIN K IIPEKPAIIEeHTIO
MaTbHENIIeN pa3paboTK! 3TON CXEMBI OJIsI TPAKTUIECKOTO TPUMEHEHNUSI.

2.3. Pacuemnag modeav 3 (npamomounbiti yckopumenb ¢ 3axpbimbim 6b1xodom). OueHkn
aBTOPOB HAHHOI pabOTHI MOKA3BIBAIOT, YTO IPUHIININAIIbHAS HeOOXOOUMOCTE OOJIBIIION Hadalb-
HOII CKOPOCTU Pa3TOHSIEMOTO Tejla OTCYyTCTByeT. [lo MHeHNIO aBTOPOB, CKOPOCTH MPEIBAPUTEThH-
HOTO PA3rOHa MOXKET COCTaBIATH mopsaka 100 M/c. DTo 03HAYAET, YTO MOKHO OTKA3ATHCS OT
IpeIBapUTEILHOIO Pa3rOHA MeTaeMOro Tejla B MOIIHOW ITOPOXOBOH IIYIIKe WJIM, IO KpalHen
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Puc. 8. 3aBucuMocTh OT MaCCHI TeIa MAKCUMAJIBLHON CKOPOCTH €0 PA3TOHA, € MCIIOITb-
30BAHUEM CXEMBI IPSIMOTOYHOTO YCKOPUTEIISI ¢ OTKPBITHIM BBIXOIOM DU HAYAILHOM
napierun 10 MIla, nagamsnoit Temnepatype 300 K u pasnuyHbix 3HAYCHUAX IINHBI
U OuaMeTpa CTBOJIA:

CILIONTHBIE JIMHAU — MPSAMOTOYHBINA YCKOPUTENIb ¢ OTKPBITBIM BBIXOIOM, IITPUXOBLIE — IIO-
poxoBas nymka (L/D = 50); a — D = 200 mm, 6 — D = 150 mm, 6 — D = 100 v, 2 —
D=50mg 1 — L/D=50,2— L/D =100

Mepe, CYIIECTBEHHO CHU3UTL TpeOOBaHUS K ATON XapakTepucTuke. Huskas ckopocThb mpenBa-
PUTETBLHOTO PA3roHa YCTPAHSIeT HEOOXOMUMOCTE UCTIONB30BAHNIS BAKYyMUPYEMOTO TTEPEXONHIKA
MEXK Y TTOPOXOBOU MYIITKON 1 PA3TOHHON CEKITUEN U TTO3BOJIIET MEPENTH OT CXEMBI TPIMOTOYHOTO
YCKOPUTENS C OTKPBITBIM BBIXOIOM T'a3a W3 eMKOCTHU 33 PAa3TOHSEMBIM TeJIOM K MOOU(HUIIIPO-
BAHHOII CXeMe MPSMOTOYHOTO YCKOPUTENS C 3aKPBITHIM BBIXOHIOM (puc. 9).

JlaHHBI BapHAHT pacueTa OTINYAETCS OT MONEJIN 2 TeM, UTO JieBas (3a/Hss) TPaHUIA
eMKOCTH 2 3aKpbITa U BBITEKAHWUS ra3a u3 Hee He mpoucxonuT. COOTBETCTBEHHO B YPaBHEHUN
OJ151 U3MEHEHUS MaBIIeHNSI OTCYTCTBYET WIEH, VUUTHIBAIOIINN YMEHBIIIEHNE SHTAIILINNT B 00beMe
eMKOCTHU 2:

a Vv

dPy ~v—17dQ vy av
— = — +CplniGr — Py—-
dt vy—1 dt
(Cy = 0,10).
Pacuernr IIOKa3bIBAIOT, YTO B CXEME€ IIPAMOTOYHOI'O YCKOPUTEIA C 3aKPBITBIM BbLIXOOOM, B
OTJIN4YEe OT IIOPOXOBBIX IIYIICK, HaBJICHUE TOPMOKEHU A PO yYBEINYIUBAECTCA IO OJIMHE CTBOJIA,
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Puc. 9. CxeMma mpsSMOTOYHOTO yCKOPUTEJS ¢ 3aKPBITHIM BBIXONOM (OGO3HAUEHUS Te
XKe, 9TO Ha puc. 1)

0 02 04 06 08 1,0 X/L

Puc. 10. Pacnpenesnenus oTHOCUTENBHBIX DaBiieHns: TopMmoxenus Py (1) u crarude-
ckoro maBreHns P (2) B pa3srOHHOM CTBOJIE IPSMOTOYHOIO YCKOPUTEIS C 3aKPBITHIM
BBIXOIOM

a cTaTuveckoe napjeHne P, BBI3BIBAIOIIEE PA3TOH METAEMOIO Tella, OCTACTCS MPAKTHYECKH 110
crosHEBIM (puc. 10).

MaxkcumaabHBIE CKOPOCTU Pa3roHa MaCCUBHBIX METAEMBIX TeJl IIPU UCIOIB30BAHUU CXEMBbI
MPSIMOTOYHOTO YCKOPUTENS C 3aKPBITHIM BBIXOIOM IPUBENEHBI Ha puc. 11, rme mis cpaBHEHUS
MOKA3aHbI TAKXkKe Pe3yIbTaThl PACUETOB I MOPOXOBOM MyINKN ¢ mumHOn ctBoiia L/D = 50.
Ha pwmc. 11 BumHO, 9YTO OTCYyTCTBHE UCTEUYEHUS Ta3za U3 €MKOCTH 2 B PAacCMAaTPUBAEMON MO-
IuUIITPOBAHHON CXeMe TI03BOJISIET MPUHINTINAIBHO YBEINUNTh SHEPTeTUIECKNE BOBMOXKHOCTH
paccMaTpuBaeMonl cxeMmbl pasrona. Hampumep, B ctBoite mmamerpoMm D = 200 MM sHeprus
3aIIacaeMoOll Ta30BOI TOPIOYUEH CMecH IO3BOJIIEeT pa3oTHATh Tejla Maccon 10 Kr mo ckopocTu

3000 <+ 3300 m/c.

2.4. Pacuemmnasg modeav 4 (KOMOUHUPOBAHHAT CTEMA NOPOTOBGL NYWKE — NPIMOMOUHbLY
YCKOPUMEAL € 3aKPLIMBIM 6b12000M). PaccMOTPUM KOMOMHUPOBAHHYIO CXEMY IIOPOXOBOI ITyIII-
KU U TIPSIMOTOYHOrO yckopurens (puc. 12). IIpumenenue mopoxoBoil IyIIKM B paccMaTpUBae-
MOII CXeMe TIO3BOJIET PEeAIN30BaTh MPOCTON CIOCO0 3amycKa pasroHseMoro resa. s cpasHe-
HIS MOXKHO yKa3aTh Ha IOCTATOYHO CJIOXKHBIN CIIOCO0 3aIlyCKa, OCHOBAHHBIN Ha MCIIOIb30BAHIN
HECTAIMOHAPHBIX YIAPHBIX BOIH [18].

K cxeme mpsMOTOYHOTO YCKOPUTENIS C 3aKPBITHIM BBIXOIOM H00OABISETCS 00BEM 3, B KOTO-
POM HAXOMSATCS MPOMYKTHI CrOPAHUS TOPOXa B BUIE CXKATOTO rasza ¢ mapamerpamu Py m Tps.
[IpomykThl cropanus OEHCTBYIOT Ha HEIPOHUIIAEMBIN IMOPIIIEHb MAaCCOW M3 U BBI3BIBAIOT €r0
NBIKEHUE TI0 CTBOJIY €O CKOpocThio W3 mon meiicTBueM paszHocTu maBjeHuit Py u Ppo. M3mene-
HIIE TapaMeTPOB B EMKOCTHU 3 OIPENE/IIeTCs TaK XKe, KaK B PACUeTHON MOMIen 1 [IJTs ITOPOXOBOM
MKW, HO CUJIa JaBJICHUs Ha MOPIIEHb MACCON M3 OIMPENeIsIeTCs C YIeTOM a’pPONMHAMUIIECKO-
IO COITPOTUBIICHUS U MaBJIeHUS B eMKOCTu 2. B mamHOM cjiydae MojiaraeTcs, UTO MJIS TOPIITHS
Cx = 1,0, nns metaemoro tema Cxy = 0,10.
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Puc. 11. 3aBucuMocTb OT MacChl Tejla MAKCUMAJIBLHON CKOPOCTHU €r0 PA3rOHA C UC-
IIOJIB30BAHUEM CXEMBI IIPAMOTOYHOTO YCKOPUTEIIS C 3aKPBITHIM BBIXOOOM IIPU HAYAJIb-
wom papieHun 10 Mlla, maganpaoit Temmepatype 300 K u pa3nnuabIX 3HAUYEHUSIX
OuaMeTpa U IJIMHBI CTBOIA:

CINTOITHBIE JIMHUYA — IIPAMOTOYHBIA YCKOPATEb ¢ 3aKPBITBIM BBLIXOIOM, IITPUXOBLIE — IO-
poxosas nymka (L/D = 50) (ocTambHble 0603HAUEHNS. T XK€, UTO Ha PUC. 8)

Cua, meficTBYIOIIASI HA MOPIIEHb, HAXOMUTCS IO (GOpMYyIIe

Ry = (Pg — By — CxW? QR%)F.
I'40
B paccmaTpuBaeMoil cxeme, B OT/IMYUE OT CXeMbI ramjet-in-tube ¢ 3aKpBITHIM BBIXOHOM,
HEIIPOHUIIAEMBIN TTOPIIIEHb MaCCOU M3 MPENCTaBIsAET COOON JIEBYIO CTEHKY EMKOCTHU 2 I BO BpeMs
pabouero mporecca nepemertaercsa. CooTBeTCTBEHHO 00beM V' eMKOCTH 2 MEHSeTCS 3a CUeT
IBIKEHUS OBYX T'DAHUIL:

AV = F (dX + dX3).

OcranbHble TapaMeTPhl B eMKOCTH 2 BBIYUCIISIOTCS TaK XkKe, KaK B CXeMe IPSIMOTOYHOIO YCKO-
PUTESIS ¢ 3aKPLITHIM BBIXOIOM (pacueTHast MOIENb 3).

B mpomecce pacueToB mo Momenu 4 yCTAHOBJIEHO, UYTO B 3aBUCUMOCTH OT COOTHOIIEHWS
Macc mj U M3 BO3MOXKHBI [IBA BapUaHTa NOBemeHus nasieHus B emkoctu 2 (puc. 13). Ipu
m1 < M3 HadaJIbHOE IepeMellleHne IOPIITHS MaCcCON M3 BBI3bIBAET HE3HAUUTEIbHOE yBeaIude-
HIe OaBJIeHUsI B €MKOCTH 2, IIOCJIe Yero CKOPOCTh PAa3TOHSEMOr0 Tejla MACCOH 1M1 MOBBIIIAETCS U
IalibHeNIee yBeJInueHre aBIeHNs B eMKOCTHU 2 IPOUCXOAUT 3a cUeT BTeKaHUs U TOPEHUS TOpIo-
yent cmecu. [loBenenune maBnenust Py aHATIOTMYIHO MOBENEHUIO HABJIEHUS B CXEMe MPSIMOTOYHOTO
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Puc. 12. KoMmbunupoBaHHas cxemMa IOPOXOBAs MYIIIKA — IPSIMOTOYHBIN YCKOPUTEIb:

1 — pa3rOHHBINI yIACTOK CTBOJA, 2, 3 — €MKOCTH, CONEPXKAIle IIPONYKTHI CrOPAHS

P7 PO a P7 PO o
1,0 1,0
1
0,8 | ! ! ! 0,8
1
0,6 0,6
2
0,4 - 0,4
2
0,2 ! 0,2
0 02 04 06 08 10X/L 0 02 04 06 08 1,0X/L

Puc. 13. PacnpeneneHus OTHOCHTEIbHBIX IABIEHNS TOPMOKEHUS 1) (1) u craTn-
JeCKOTO maBieHus P (2) B pasroHHOM CTBOJIE KOMOMHUPOBAHHON CXEMBI IIOPOXOBasI
MyHIKa — MOPSIMOTOYHBIA yCcKOpuTedb auaMeTrpoM D = 200 mMm npu ms = 63 kT u
PAa3IMYHBIX 3HAUEHUSIX MACChl PA3TOHIEMOTO TeJIa:

a— mq =5kr, 6 —mp =41 kr

YCKOPUTEJIS C 3aKPBITHIM BBIXOIOM. [Ipm m1 > m3 HavaabHOE IepeMelrieHne TOPIITHS 1113 BBI3bI-
BaeT CHAvJaja 3HAUNTEIbHOE YBeJINUYeHre NaBileHus Py B eMKocTH 2, 1 majbHeInee IBUKEHNE
METaeMOT0 TejIa MacCOi 1M1 IPOUCXOOUT aHAJIOTUYIHO PA3TOHY CHApsIa B IOPOXOBOH IIyIIKE.

MaxcumasbHBIE CKOPOCTH Pa3rOHA MACCUBHBIX MeTaeMbIX Tell IIPU HCIOJIb30BaHIN KOMOU-
HIPOBAHHON CXEMBI IIOPOXOBas IIYINKA — IPSIMOTOYHBIN YCKOPHUTENb IPUBENEHBI Ha puc. 14.
[Tpn mpoBeneHnn pacyeToB Macca MOPIIHS M3 OIS KaXKOOTO OUaMeTpa CTBOJIA COOTBETCTBYET
TUIOWYHON Macce CHApsIa IJI MOPOXOBOM mymrku (cum. Tabmuiy). Takxke Ha puc. 14 mokasa-
HBI Pe3yNIbTaThl PACUETOB IS IOPOXOBON IIYIIKN M MJISI CXEMBI IPSIMOTOYHOIO YCKOPUTENS C
3aKPBITBIM BBIXOIOM Ipu miuHe crBosa L/ D = 100.

PesynbTaThl pacueToB CBUAETEIHCTBYIOT O HEMOHOTOHHON 3aBUCUMOCTH CKOPOCTH PA3TOHA
OT OTHOIIIEHNSI MACCHI IOPIITHS W PA3TOHSEMOrO Tea.

[Tpu masoit Macce pasroHseMBIX TeJl KOMOMHUPOBAHHAS CXeMa He MMeeT MPEUMYIIECTB IO
CPABHEHUIO CO CXEMOH MPSIMOTOYHOIO YCKOPHUTENS C 3aKPBITHIM BBIXOHOM. lIpm Gombimon mac-
ce PA3TOHSIEMBIX TeJl NOCTIKMMBIE CKOPOCTH PAa3TOHA YMEHBIIAIOTCS U MPUOIMKAIOTCSI K CKO-
POCTSIM, CO3IaBAEMBIM TIOPOXOBBIME ITyTITKaMu. OCHOBHBIM IIPEUMYIIIECTBOM KOMOUHUPOBAHHON
CXeMBI SIBIISIETCS YIPOIIeHNe Ha9aJIbHOTO pa3rOHa METAeMOro Tejla.

3aksroueHue. Pa3zpaboTaHbl METONNKY PACUeTa U PACCMOTPEHBI SHEPTeTUIECKIE BO3ZMOXK-
HOCTH Pa3IMYHBIX CXEM pa3rOHa MACCHBHBIX MeTaeMbIX Teil (0T 1 mo 40 Kr) ¢ MCHOIb30BaHIEM
ra30qMHAMIIECKIX METOIOB.

[Tokazaro, 4TO OGBIUHBIE TOPOXOBBIE MyLIKU ¢ IMHON cTBona L/D = 50 u mumamerpom
ctBosa 200 MM MO3BOJIAIOT pasorHaTh Teno Maccoit 10 kr mo ckopoctu, pasuoit 1500 m/c. [Tpu
YBEJIMYEeHNN [JINHBI CTBOJIA YKa3aHHBIE CKOPOCTHU Pa3roHa NMPAKTUUEeCKN He MEHSIOTCS.

Crocob pa3roHa Mo cxeMe MPSIMOTOYHOTO YCKOPUTENS C OTKPBITBIM BBIXONOM C IJIMHON
crBona L/D = 50 u nmamerpom crBosa 200 MM IO3BOJISIET pa3orHaTh Tesno Maccoil 10 Kr mo
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Puc. 14. 3aBucuMocTb OT MacChl Tejla MAKCUMAJIBLHON CKOPOCTHU €r0 PA3roHA C UC-
TIOJIb30BaHEM KOMOWHUPOBAHHOU CXEMBI IOPOXOBAasl IMYIIKa — MPSIMOTOYHBIN yCKO-
purens (1, 2), cxeMbl IPSIMOTOYHOTO YCKOPUTENs C 3aKPBITBIM BbIxomoM (L/D =
100) (3) u cxemsr mopoxosoit mymiku (L/D = 50) (4) npu HauaIbHOM NABIIEHUN
10 MIIa, nauameront Temmeparype 300 K u pasnuuHbIX 3HAUEHUSIX MACCHI TOPIIIHS,
IUaMeTpa U NJINHBI CTBOJIA!

a— D = 200 mm, mg = 62,8 kv, 6 — D = 150 mMm, mg = 26,5 kv, 6 — D = 100 mwm,
m3 =78 kr,2— D =50 MM, m3=1,0xkr; 1 — L/D =50, 2— L/D =100

ckopoctu, pasHoit 2200 M/c. Ilpu yBenuuenun mmuast creona no L/D = 100 ckopocTh pasrona
MOXKHO yBeanuuTh 10 2800 M/c.

MonudunmpoBarnHas cxema TPSIMOTOYHOTO YCKOPUTENIST C 3aKPBITHIM BBIXOAOM C IJTIHON
crBona L/D = 50 u mmamerpom crBosa 200 MM TO3BOJISIET Pa30rHATEH CHAPSILL Maccoil 10 kr
no ckopocrtu, pasuoit 3000 m/c. Ilpu ysenmuuenun mmuubl crBosia no L/D = 100 ckopocTs
pasrona MOXHO yBenunuuThb no 3300 m/c.

PaccvoTpena koMOnHUpOBaHHAS CXeMa pasrOHa, OOBEIMHSIONIAs TIOPOXOBYIO MYIIIKY U TPsI-
MOTOYHBIN YCKOPUTEITh C 3aKPBITHIM BBIXOIOM B OMHOW KOHCTPYKIUH. [loka3ano, 9To manHas cxe-
Ma pa3sroHa TakkKe MO3BOJIET Pa3orHAThL cHapsabl Maccoit 10 kr no ckopoctu, pasuoit 3000 M/c,
U TIPUA 3TOM PEIINTH MPOO6IeMBbl HAYAJILHOTO PA3rOHA CHAPSIOA.
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