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CLUA: PelweHue npobnembl TENNOBOro 6apbepa

2
B 1944 r. B CLWIA npuctynunu K
aHanmay BO3MOXHOCTU boeBoro
NPUMEHEHUS YBPOLM. OcBaunBas
TpOdrenHyo HEMELIKYIO TEXHUKY

amMepuKaHLubl co3gann Ha ocHoBe V-2
OByxctyneHyatyiwo  pakety V-2/WAC
Corporal, HazBaHHYyt0 Bumper.

B doeBpane 1949 r. BTOpas CTYyneHb
9TOW paKkeTbl AgocTturna BbICOTbl 392,6
KM (244 w™Munn) U TUNep3BYKOBOW
ckopoctn 2300 m/c (5150 mwunb/yac),
cooTBeTcTBytowen M=7, npu crnycke B
aTmocdoepe. B pesyrneraTe
as’poaMHaMWYecKoro  Harpeesa  npwu
cnycke Kopnyc pakeTbl Obli1 NOMHOCTbIO
paspyLLEH. Crano SICHO, 4yTO
rmnep3BykoBasl aspoanHaMuKka MUMeeT
CBOM OCOBEHHOCTU, KOTOpble eLle
cnabo n3y4veHsl.

JKkcnepuMmeHTanbHasa paketa V-2/WAC Corporal



CLUA: PelweHue npobnembl TENNOBOro 6apbepa
3
B koHue 1940-x amepuKaHLUbl caenanu BbiBOO O HeLenecoodbpasHOCTM co3aaHus

PaKETOMNSIaHOB BOEHHONO0 Ha3HaA4YeHUs MEXKOHTUHEHTanNbHOW AdanbHOCTUM Tuna
«CepebpsaHon ntuubl» (Silbervogel) Hemeuknx wuHxeHepoB OwureHa 3eHrepa
(E. Sanger) u WpeHbl bpear (. Bredt). OHM nonaranu 4YTO nocrie pasroHa U
OOCTMXEHNS  BbICOTbl nopsgka 100 KM nonetr  pakeTonsiaHa  AOOSKeH
COMpOBOXOAaTbCS oTTasikKnuBaHMeM oT aTMocdoepsl, CBOEero poaa
pUKOLLETUPOBAHNEM, C MNEepuoanvyecKuMn nogbemMamMm B ONMXKHUIA KOCMOC [OSIS
OXJTaXXOEeHNA HarpeToro Koprnyca nytemMm msnyydeHns nsbbiTka TENOThI.

OpHako pacyé€Tbl OnNpoBepPrnn aToT
3ambicen. [HdencrtButenbHo, npwu
NfaHUpYoLWeMm crnycke co
CKOPOCTbIO, MNpeBbillaowen 2 Km/c
(M>6), TennoBble  MNOTOKM K
NOBEPXHOCTWN pakeTonnaHa AOMKHbl
ObITb MeHbLUE, yem npwu
GannnMcTnyeckom cnycke, HO
ONNTENBLHOCTbL HAarpeeBa HaMHOIO
Oonble, 4YTO HEeU3DEeXXHO AOMKHO
ObIfI0 NPMBECTM K pacnnaBneHuto
noboro MeTannMYeckoro Kkopnyca.

MNMpoekT paketonnaHa «CepebpsaHasa ntuua» (Silbervogel)



CLUA: PeweHue npobnembl TENNOBOro 6apbepa
4
B 1940-1950-e rogbl OTKa3 OT rMMNep3BYKOBbIX pakeTonnaHoB 6Obin obycnosneH

OTCYTCTBMEM COOTBETCTBYIOLUMX TEPMOCTOMKUX MaTepuanoB. [loaTomy B 3TOT
nepuog n no3xe B CLUA Benn pa3paboTKy KpblnaTbix pakeT (cruise missiles) Snark
(SM-62), Regulus (SSM-N-8), Regulus-Il (SSM-N-9), Navaho (SSM-A-5), Matador
(MGM-1), Mace (CGM/MGM-13) u gpyrux, CKOpOoCTb KOTOpPbIX He npesbiwana M=3,
YTO MCKMOYano HeobXoAUMOCTb B TEMNOBOW 3aLUnTE.

KpbinaTaa paketa Snark (SM-62) Kpbinataa paketa Mace (CGM/MGM-13)
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Henb3ss ckasaTb, 4YTO «TensioBoM Oapbep» nopoaun TYynUK B UMAOESAX €ro
npeogonenuda. B 1951 r. aspoanHamuk Xapeu AnneH (H. J. Allen) ns 3inmckon
aspoanHamuyeckon nabopatopum NACA npuwien K BaxHbIM BbiBogam 06
0COBEHHOCTAX 06 TEKAHUSA TEN MMNEP3BYKOBLIM MOTOKOM.

ABTOp Teopum «3aTynrsieHHOro Tena»
Xapsu [x. AnneH

B 1952 r. X. Ox. AnneH n A. [Ix. 3rrepc,
mn. (A. J. Eggers, Jr.) aKcnepuMeHTanbHO
nposepunn n odopmMunn 3TU BbIBOObI B
Buae «teopum 3atynneHHoro tena» (blunt
body theory). N3 Teopun cnegosano, 4To
3aTynneHHoe Teno 6Oyger paccemBaTb
3HAYNTENbHYI0 YacTb TEMNMOBOW 3HEPrun,
KOTOpask CONPOBOXOAET AOBWXKEHWE Tena C
rMnNep3ByKOBOW CKOPOCTbIO B aTMocdepe.

OTowenwas ygapHasi BOSiHa,  CKadku
YNSIOTHEHUS, JOM3NKO-XMMMYECKNE
npeBpaweHnss B MOrpaHNYHOM Crioe MU
opyrue sdBneHust ctanu npeamMeToMm Bce
bonee rmyboknx nccnegoBaHnn, pesyrnsraTtbl
KOTOPbIX NOCTENEHHO NPOSACHANN
B3aMMOCBS3b (POpPMbl Tesl, PEXUMOB UX
obTekaHUss U MHTEHCMBHOCTM TennoobmeHa
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6

HecmMoTpss Ha MHOXeCTBO npobrnemMm rmnep3BykoBOro nosieta B Hadane 1950-x B
CLWA passgepHynucb pabotbl no HoebiM YBPOO Atlas u Redstone. [Ons
nccnegoBaHU TENOBOW 3aLUTbl MCNOMb30BaSIUCD:

- rmnep3aBykoBble TPyObl B LeHTpax NACA JIaHrnu n dumc ¢ yucnamm M=15;

- CTEHAbI C NflasmaTpoHaMu U razoBbIMWN ropenkamu;

- OBM;

- fleTarowme Mmogenu 1 NonUroHbl A5ns UX UCnblTaHUS.

Cneunanuctel NACA, dupm General Electric, Bell Aircraft, AVCO

Manufacturing Corporation n gp. ctpemunucb peanusoBatb B 'Y «Teopuio

3aTynfeHHOro Tenay», Uccrieqya BapnaHTbl TEMNSIOBOM 3aLLNUTHI:

* naHesnbHoro Tuna (shingle) ns nucroe W, Mo ¢ rodopupoBaHHbIMW BCTaBKamMm U3
NOSINPOBAHHOW CTanu 1 antoMUHUS;

* C UMPKYNSUnen XXnOkoro oxnagutens (Boga unm HaTtpun);

* MOPUCTOrO OXNaXXgeHus:

* C akKKkymynsaumeun TennoTbl, BbIAENAIOLWENCSA NMPY a3pognHaMUYECKOM Harpese.

[MocnegHnn BapuaHT Kasancsa um Haubornee npuenekateneHoiM. Kopnyc Y

paccmartpusarnica B dopmMe 3aTynrieHHOro KOHyca C yrnom rnonypacrteopa 60

rpagycoB 13 HUKeSIb-XPOMOBbLIX W KOOanbTOBbLIX cCnflaBoB, rpaduTa,

cepunnua, meaun. laxxe cepedbpo nnu 30510T0 TeOpeTUYECKU nonaganu B 3TOT

KpYyr B NpeanoroXeHun, 4To 60eronoBok ByaeT He Tak Yy MHOrO.



CLUA: PeweHue npobnembl TENNOBOro 6apbepa

PaboTbl no pakete Atlas cpegHeEn U MEXKOHTUHEHTaNbHOM 0anbHOCTU BO3rnaBun
Kapen boccapt (Karel Bossart), a no pakete Redstone onepaTtmBHoO-
TaKTU4yecKoro HasHadeHns BepHep hoH BpayH (Wernher von Braun)

Kapen Boccapt (Karel Bossart) BepHep doH BpayH (Wernher von Braun)
1904-1975 1912-1977
— rMaBHbIN UHXXEHep npoekKkTa pakeT Atlas, — MMaBHbIA KOHCTPYKTOP pakeT V-2, Redstone,

¢upma Convair Jupiter, Saturn
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KonnyecTtBo nornoLeHHon TensioTbl MOXHO OLEHUTL MO OOpMYyIie:

Q=c, AT M,
rae ¢, — yaenbHasi TennoemMkocTb; AT — nepenaj TemMnepatypbl (0T Ha4anbHOW
Temnepatypbl 40 TemMnepaTtypbl nnaeneHna); M — macca KOHCTPYKLUUN.

Martepunan MnoTHoOCTD, YpenbHan TennonpoBoagHOCT MpepenbHas
Kr/m?3 TEeny0eMKoCTb", b*, TeMmneparypa

Mpn 300 K Loxl/(kr rpag) BT/(m rpaga) aKcnnyaTauum
nnasneHus

0Tl 1848 1824 201 1278

1700-2250 750 160 3000
| Megb | 8920 400 401 1350
[MpoTMBOPEYMBOCTb pesynsraTtoB 9KcnepuMeHTaribHbIX nccnegoBaHnm

3aKkn4vanacb B TOM, YTO TeXHOSIOTMYHas U CpPaBHUTENIbHO AelwleBas Meab,
MMeBLUAA NydlumMe nokasatenm akkymynaumm tennoTbl bbina B 4 pasa Taxernee
rpacpmuTa n noutn B 5 pas taxenee oepunnua. 'padut otnan ns-3a BbICOKOW
CKITOHHOCTU OKUCIIEHUIO, UCMApPEHUD U PaCTPECKUBAHUIO, @ HUKESIb-XPOMOBbLIE
cnnasebl, Tuna Inconel X, wu3-3a WHTEHCMBHOrO MNporpeBa OO0 NpeaenbHbIX

TemnepaTyp.

OcHalleHne paket Takmmm Y TOpmMO3MNOCb M3-3a COMHEHMW OTHOCUTESNBHO
YCTOMYMBOCTM MNoOfeta W CUNbHOIMo 3amMensieHns OBWXKEHUSA, 3aMETHOCTU B
NH(PpPaKpPaCcHOM CreKkTpe, ONacHOCTU TEPMOMEXaHNYECKOro pa3pyLUeHna B NnorerTe.
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UcnbiTaHna paker Thor u Atlas B

NcnbiTaHns TepMOosi4epPHOro
opyxma B 1954 1. cHAnM y
aMepuKaHueB onaceHus o)
HEeJOCTaTO4YHOMN TOYHOCTU
YBPOM.

ana ™ Mk |, Mk Il pakert
cpegHen panbHoctM Thor W
Atlas BJ/C, 3akasaHHbix BBC,
General Electric BblOpana
AaKKyMYNUpPYHOLLUYHO TennoByHo
3alWmTy N3 Meam maccom 545 Kr.
B N'M Mk 1 paketol Polaris,
3aKaszaHHOM dnotom, ans
TensioBoM 3awnUTbl NPUMEHUNU
6epunnun. [locne ycnewHbIX
NCNbITAHUN 3TON TennoBou
sawmtel m B MKk Il mepb
3aMeHUnn Ha bepunnum.
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PakeTa Jupiter Ha cTapTe

dupma Vitro Corporation cHabguna Y paketbl Jupiter
abnaumoHHbiMm T3I1. MNpu ucnbiTaHuax 8 asrycta 1957 r. 'Y
Jupiter nogHsanacb Ha BbicoTy 965 km (600 Munb) wn
npeopgonena 1930 KM (1200 MWUIb), [0Ka3aB
adpekTnBHOCTL abnaumoHHoro T3l1l. 3T0 npounsowrno
cnycTA rog nocne ncnbitaHun copetckon M5PL.

B 1954-1959 rr. B Ka4ecTBe Tenno3almTHbIX Matepmnanos

" nccneposanuck nonuMmepHble KM, coctoswme n3

BOJIOKOH KBapueBoro crtekrna mapku Refrasil®, okcuaa
anoMmuHua mapku Fiberfrax®, TkaHen Tuna Nylon® ,
acbecTa, cnoabl, XJsIonka U, PeHorbHbIX, ANOKCUAHbIX
CUJTMKOHOBbIX U MeNaMUHbIX CBA3YHOLWUX. bbinu
BapuaHTbl T3l n3 nonnmepHoro matepuana Teflon® .

3aMeTHbIV BKNaa B uccnegoBaHue abrnsaumoHHOM TeNI0BON
3awmTbl BHecnun Ox. B. CatTtoH (G. W. Sutton) us General
Electric, x. A. Pen (J. A. Fay) us MIT, ®. P. Pupan

{ (F. R. Riddell) u3 AVCO, M. C. Agamc (M. C. Adams),

N. Ninpc (L. Leeds), C. M. Ckana (S. M. Scala),
X. 1. dpuamaH (H. L. Friedman), J1. . KagaHoB
(L. P. Kadanoff) n gp.
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U3meHene chopmbl ' MBP Atlas D:
a)— Mkl ; 6)— Mk Ill; B) — Mk 4

®dunpma General Electric
npumMmeHuna abnsunoHHoe T3l Ha
ocHoBe TkaHu Nylon® un
doeHondopmanbaerngHoro
ceasytowero ang 'Y Mk Il paket
Thor, Jupiter, Atlas D. dupma
Avco 1cnornb3oBarna abnaynoHHoe
T3l Ha Y Mk 4 gna MBP Atlas
E/F n MK 5 onsa paHHUX BapnaHTOB
MBP Minuteman-I.
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Ha pakete Titan Il (LGM-25C) c
panbHocTblo noneta ao 15 000 km,
Obina yctaHoBreHa camas 6onbluas
B CLUA 'Y Mk 6 gnuHon 3,05 m,
mMaccomn 3,7 T C TepMosiAepPHbIM
6oeBbIM 3apsgom W-53
MoLyHocTbio 9 MT. Ee TennoBas
3alwuTa Obina BbinonHeHa n3 KM Ha
ocHoBe Nylon® un
cdeHondopmanbaerngHoro
cBaAsywollero. [lonycgepunyecknu
HaKOHEYHUMK COYeTarics B HEN C
KOHYCOM C Yyrfniom nosiypacreopa
12,5 rpagycos.

'Y MBP Titan Il (LGM-25C)




PelweHune npodbnembl TensnoBoro bapbepa

Jlornka pasBuTus ctpaTtermdeckux HacTynaTesibHbIX BOOPYXEHUN nNpuBena
K CO30aHMI0O KOMMNAaKTHbIX ManopasmepHbix 4 ana npeogoneHus
pybexen OOOPOHbI MOTEHUMANbLHOrO MPOTUBHUKA, MMEIKOLWEro cpeacTsBa
KOCMWYECKOrO WM  artMocepHoro rnepexsara paketr. [loasunucb
MHOrosapsgHole U MmaHespupywowmne Y mHameBmayanbHOro HaBeOeHUS
(Multiple Independently targetable Reentry Vehicle - MIRV),
nmerLme popmMbl OCTPbIX KOHYCOB BONbLIOro yannHeHusi. Takas dopma
No3BoOMsna COKpaTUTb OO0 MWHMMYyMa BpPeEMS MpPedblBaHUS B BEPXHUX
crnosix atmocdepbl BO n3dexaHne nepexsarta NPOTUBHUKOM U CHMKEHUN
BITUSIHUSA BETPOB HA TOYHOCTb MOPaXXeHUs Lenu.

B wux TennoBonm 3awmte Ha4vanum wucnonb3oBaTtb HoBble KM —
yrnennactuku u yrnepoa-yrnepoaHbix KM, obnagarowmx BbICOKOWU
yOoenbHOW MNPOYHOCTbD W XECTKOCTbK, CTOMKOCTbKD K [OEWUCTBUIO
BbICOKOCKOPOCTHbIX, BbICOKOTEMMEPATYPHbLIX, XUMUYECKM aKTUBHbLIX W
9PO3MOHHbIX NMOTOKOB.
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PeweHue npobnembl TeNNoBoro bapoepa 14

.

'Yy Mk 5 ansa mo

4

pckon MBP Trident Il (D-S)

Hanpumep, Y Mk 12, CKOHCTpyMpoBaHHas
dmpmon General Electric gna Minuteman |l (LGM-
30G) n passepHyTasd B 1970 r., cogepxana Tpu
oTAEenNbHbIX KOHNYeckne 6oeronosku. Pnpma AVCO
ydyacTtBoBana B paspabotke 4 Mk 21 ans MBP
Peacekeeper (MX) n aHanormyHon Mk 5 pgns
mopckon MBP Trident Il (D-5) (UGM-133A). 'Y Mk
21 nmena ocTpoHOCyto popMy C HAKOHEYHUKOM
M3 NPOLUUTOMN YrNepoaHON TKaHU C KOHNYECKUM
KOopnycomM W3 yrrnennactuka Ha 3MNOKCUMAOHOM
CBA3yOLEM c AOMNONHUTESNbHbIM
abnAUMOHHbLIM yrinepoaHo-dgeHornbHbIM T3I1.

s

'Y pakeTtbl 15K45 komnnekca «I'quoue»A



3akKknrovyeHue
15

3a uctekwme roabl B abnsaunoHHbix T3l ncnonb3oBaHbl pa3nu4Hble
BuAbl nonumMmepHbix KM: cteknonnactukm (nnotHoctb 1800-2200
kr/m3), acoonnactukm (1400-1900 kr/m3), opraHonnactukm (1200-
1450 «krim3®) wn yrnennactukm (1500-1650 «kr/im3). [nowanb
3aLmaemMomn NoBePXHOCTU cocTaBnsana oT Aoren KBagpaTrHoOro MeTpa
(MT'Y) oo HeckonbkMX KBagpaTHbIX METPOB (Cnyckaemble annaparbl).
[fp 3TOM Macca NOKPbITUA, OTHECEHHasd K eduWHULE MOBEpPXHOCTU
(MOroHHasi MMOTHOCTL), nexana B WHTepBane 10-40 Kr/m2.
OueBngHO, YTO TakOM YpPOBEHb MOMOHHOW MSIOTHOCTU OKasblBaeTCH
COBEPLUEHHO HernpuemsieMblM NS annapaTtoB ¢ 60nbLWon nowaabto
NOBEPXHOCTWN, COCTaBMAKLLEN COTHM KBagpaTHbIX METPOB.

XoTa npobrnema TENOBOM 3aLLUTbI NOMy4YMna BCECTOPOHHEE
OCBELLEHME B HAy4YHOM nnuTepaTtype, 04HaKo MHOrme pasgeribl 9Tou
CNOXHOW MexancuuniMHapHon obnactu Bce eLle HyXXaarTcs B
yrnybrneHHOM uccregoBaHun.



CNACHUB0 3A BHUMAHUE



