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AHHOTALHUA

B KuHure aHrJufickoro cnempuaJjucra no
paketuo#i Texuuke [lxk. Xsmdpuca paccma-
TPHBAIOTCS BONPOCHl YCTPOACTBA pPaKETHHIX
JBUTaTeJiedl Ha TBEPAOM H KHIKOM TOIVIHBE
H pasjuuHble OGJNaCTH HX NpPHMEHeHHs, IVIaB-
HHIM 06pa3oM /s ynpaBJsieMhX CHapsiOB.

JaoTcss TakKe OCHOBHHIE CBeleHHA 00
ynpasJisieMblX cHapsifax GJKHero AefcTBHSA
H JanbHOGOMHBIX Ga/UIHCTHYECKHX paKeTax:
HX YCTPOHCTBE, CHCTEMe HaBeNEeHHS W YmpaB-
JieHusi, 3anycke H T. A. CneunaJbHuifi pa3s-
JeJl TOCBSAINEH NepPCneKTHBaM pPas3BHUTHA pa-
KETHOH TEXHHMKH: MCIOJb30BAHHIO HOBHIX TOIM-
JHB H KOHCTPYKUHOHHHIX MaTepHaJoB H
aTOMHBIX JBuratejefi. Pa36upaloTcs Takke
BONPOCHl O 3anycke HCKYCCTBEHHHIX CIYTHH-
KOB 3eMJIH M MEXIJIaHETHHX IMOJerax.

Kuura cofepxkur GoJblnofi HIIIOCTPATHB-
Hblfi MaTepual. PaccunTaHa "Ha H3YYalOLHX
PaKeTHYI0 TEXHHKY M LIHDOKH#l Kpyr uuraTe-
Jeii.

Penakuua aurepaTyph no BOEHHHM BONPOCAM.
‘ Havanronuxk H. I ©POJIOB.



NPEOUCJIOBHUE

Brictpoe pa3BuTHE COBpEMEHHON TEXHHKH H OTPOMHHEIE
BO3MOXHOCTH, KOTOpHIE OHa OTKpPHIBaeT Mepej vejioBeye-
CTBOM, IPHBJIEKAIOT K Hell oueHb GoJiblioe BHUMaHue. OxHOA
H3 CPaBHHTEJbHO MOJIOAKX, HO OYeHb OHICTPO Pa3BHBAIO-
ILMXCS ¥ OYEHb MEPCTEKTHBHHIX €e¢ 06/acTedl ABJISETCS pa-
KeTHasl TeXHHKa.

3aBoeBaHHe MEXIJIAHETHOIO IPOCTPAHCTBA — BOT INpoO-
6sieMa, KoTOpasi CTOMT yiKe CerofHsl mepeji pakeTHOH TeXHH-
Koii. MckmounTenbHO BaxHOe 3HAayeHHE MMEET OHAa H B
BOEHHOM JieJle, 0OCOGEHHO [/ HaHEeCEeHHs] BHE3aNHHIX yAapoB
¢ Bo3ayxa u aasa peneit I1BO. ITosatomy HecayuaiiHo cospa-
HHIO MOIIHEIX paKeTHHIX ABUTaTeseil W HauexHo paboraio-
IIMX CHCTEM YyNpAaBJeHHS BO BCeX CTPaHax yHe/sieTcs cepb-
€3HOe BHUMAaHHe.

Bce sT0 o6bscHseT GoJibluofl MHTEpeC, NMPOSBJASEMHH K
BONPOCAM paKeTHOH TEXHHKH CAMBIMH UIHPOKHMH YHTATeNb-
CKUMH KpPYyraMu.

K coxaJjeHnio, uMeeTcss oueHb MaJjo Xopoulefl JuTepa-
TYpHl II0 PaKeTHOH TeXHUKe, KOTOPOH MOT GHl NOJVIL30BATHCSA
HayMHAOUMUA HHXKEHED H KOTOPYI0 MOXKHO Gblio GH peko-
MEHJO0BAThb JaXe Ye/J0BeKy, He HMeIOIleMy CIeLHaJbHOro-
TeXHHYeCKOro o6pasoBaHHUS.

Hacrosilas KHUra H3BECTHOTO aHIMIMACKOTO CIIELHAJIHCTA .
B 06/1aCTH paKeTHHX ABUraTesefi u paker IIx. XaM(ppuca
B H3BECTHOH Mepe BOCHOJHSET 3TOT mpoGen. B Helt paccmat-
pHBAIOTCS paKeTHhle JABHUTaTeNd H YNpaB/sieMBle peaKTHB-
Hhle CHapsAKl, IPHYEM OCHOBHOE BHHMAaHHE YAe/seTcCs NPHH-
IUIIaM YCTPOACTBAa paKeTHHIX ABHrartesneil. ABTOp, HCIOJMb-
3ys GoJIbIIOH HJVIIOCTPATHBHEIE MaTepuaJ, HoCJeL0BaTENbHO
H3j1araeT pa3BUTHe PaKeTHHIX ABHraTesefi OT CaMHIX NpO-
CTHIX 10 6oJiee COBEPIICHHBIX, CO3JIaHHBIX B NMEPHOL BTOPOR
MHPOBOI BOHHH H Cpa3sy e Mocje Hee,
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Haunnaerca KHHra c H3JIOXKEHHS HCTOPHH Da3BHTHS
pPaKeTHBIX JBUTaTe/eid, HaNmMCaHHOR Ha OCHOBe MaTepuala,
OKa3aBIIerocss B PYKax aMepUKaHIEB H aHIVIHUaH IocJe
pasrpoMa rut/ieposckoii I'epmanuu. BospmnM HegocTaTKOM
STOro pasfiena siBJAseTCS I0JHOE UTHOPUPOBAHHE OTPOMHBIX
3acJyr COBETCKHX YYEHBIX H HHXKeHepoB B o6JacTH paspa-
6OTKM M CO3laHHsl NEPBHIX DaKeTHHX jaBUrarejedt. OTCyT-
CTBYeT ynomuHaHHe Aaxe o Tpyaax K. 3. Iluoaxosckoro,
KOTOpHIE JIETJIH B OCHOBY NEPBHIX paGoT M0 PakeTOMIaBaAHHIO
IOYTH BCEX YYEHBIX MHpa.

ABTOp HauMHAaeT OCBelLeHHE YCTPONHCTBA PAKETHHIX HBH- -
rartenefi ¢ ONMHCAaHUSI TMOPOXOBHIX PEAKTHBHHX [BHraTesef.
Ciienyer OTMETHTh, YTO 3Ta IJaBa KHHUTH HampcaHa He ca-
MHM aBTOPOM M sIBJsieTCsl HauGoJiee cjaGoft B KHHUTe, TakK
KaK B CDaBHHTEJbHO HEGOJIBLIOM 1O 06beMy pasjese 3aTpo-
HYTHl BCE€ OCHOBHEIE BOIPOCH], Kacalouuecs TBEPARX TONJIHB
H nopoxoBhiX asurartesefl. IToaTomy sty riaBy MoxXKHO CUH-
TaTh YAOBJETBOPUTEILHON JIMIIb AJISI OYeHb NTOBEPXHOCTHOTO
03HAKOMJIEHHsI C TIOPOXOBBIMH PEaKTHBHEIMH JBHTATEJSIMH,
Ins Gonee Xe HETANBbHOTO O3HAKOMJIEHHSI C BONPOCAMH,
KacawlMMHCH MPOTEKAIOINX B IOPOXOBOM PEaKTHBHOM
JIBUTaTeJIe MPOLECCOB, MOXKHO PEKOMEHIOBATh YKa3hiBAeMYIO
_cCaMHM aBTOpPOM KHHMTY Yumnpecca «BryrpenHss G6Gajsm-
CTHKa MOPOXOBHIX PaKeT», TaK KaK aBTOp IJIaBH O MOPOXO-
BBIX [IBUTaTe/IiX BO MHOTOM HMCIOJIb30BaJ MaTepuas H3 3TOH
KHMTH 1.

« OcrasbHas yacTb KHHTH TIOCBSIIIEHa B OCHOBHOM pac-
CMOTPEHHIO XHIKOCTHHX PeaKTHBHBIX [BHraTejefi M pas-
JUYHBIX oG6aacrefi ux npumeHenusi. HauGosee nompo6GHO
pas6upaercs Bompoc o6 ucmoJb3oBaHuu JKPJI Ha ympas-
JSeMBIX CHapsnaXx, ¥ B YacTHOCTH HAa DPaKeTax NalbHEro
neficTeus.

B rnaBax «)Kupkue Tomausay» U «lVcnmhraHue ABHrare-
Jiell ¥ XKHAKUX TOIVIHB» aBTOPOM XOPOLIO H3JI0XEHBI OCHOB-
Hble BONPOCH, Kacaiomecs BHGOpa TOMJMB J/Is MKHIKOCT-
HHIX PeaKTHBHHIX JBHTaTesefi Kak Ha COBPEMEHHOM 3Talle
HNX Pa3BUTHA, TaK H B NMEPCNEKTUBE.

' Yumnpecc P. H, BHyrpenHsasa GalnHCTHKa NMOPOXOBHIX PaKerT,
Usparunaur, M., 1952,
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Crenyer OoTMeTHTb, uTOo X3M(pHC H3JHIIHE MHOTO YAe-
JseT BHUMAaHHMSl YCTaHOBKaM, paGoOTAalOIIHM Ha IepeKHCH
Bojopona. ITo-BuguMoMy, 3T0 OGBACHAETCS TEM, YTO B €ro
pacnopsikeHuH GbL1 OGIIMPHHIA MaTepHas o paGoTe HEMUEB
HaJ COo3JlaHHeM <«XOJIOAHHIX» HBHraTesjell, paGoTalOLUMX Ha
nepeKHcH BOZOPOJa KaK Ha. ONHOKOMIIOHEHTHOM TOIIHBe.
Kak u3BecTHO, ABHraTej]H Ha IEPEKHCH BOJOPOAA XOTH H
ABJISIIOTCSI KOHCTPYKTHBHO ONHMMM M3 HauGoJiee IMpOCThIX,
HO HMEIOT OUeHb MAaJyl0 YAeJbHYyW TAry. DtoT ¢(akrop ne-
JlaeT HelleecooOpasHEIM NpHMeHEHHe Jaxe YCKOopHTesed,
pa6oramoux Ha MepeKHCH BOJOPOJA.

B HacToguiee BpeMsi mepeKHCb BOJOpPOZA HalLIa CBoe
IpUMEHEeHHe B KaueCTBe OCHOBHOTO TOIIHBA AJs Naporaso-
reHepaTtopoB y ABHrateseil ¢ Typ6oHAcOCHOH CHCTeMO# no-
Jaud TolHBAa. Tak 4YTO NONKITKH CO3MAHHUA IEePEKHCHHX
JBUraTesNed MAJs pPEaKTHBHEIX CHapsAlOB MOMXKHO CYHTaTh
XapakTepHHIM TOJBKO /151 HCTOPUH Pa3BUTHA HeMelKoi pa-
KeTHOH TEeXHHKH, a TaKxke aHIVIMACKOH H aMepHKaHCKO#H
B TeX 06J1acTAX, TA€ OHH HCHOJb30BAJH JOCTHIKEHUS HeMIeB
BO BTOPO#l MHPOBOII BOIiHE,

Tlpn onmcanuu HOBHIX INEPCNEKTHBHHIX TOILIHB aBTOP
O4YeHb MaJo yAejsieT BHUMaHHS TPYHLHOCTSIM, KOTOpPHIE BO3-
HHUKAIOT B CBSI3H C MX IPUMEHEHHEM B JBUTATENsAX, 4 UMEHHO -
9THM H OOGBACHSAETCH TO OGCTOATENbCTBO, YTO L0 CHX IIOp
He BHEJPeHHl TOIIHBA C OYeHb GOJBIIOH BEJUWUHHON YHeNb-
Hofi Tary, nopsaaka 400 cek.

B paspese, rae paccmarpuBaercs paGounii npouecc IBH-
ratejsi, aBTOPOM H3JI0K€HA YCTaHOBMBIUASICSI COBpEMeHHasi
TOYKa 3peHus 1o aToMmy Bonpocy. Hamo orMeTuts, yto 3nech
yAeJsieTCs HeNOCTAaTOYHOe BHUMAaHHE TOJIOBKE JBHraTeNs
KaK OCHOBHOMY CMECHTEJbHOMY 3JeMeHTY, OT KOTOPOro BO
MHOTOM 3aBHCHT IIOJIHOTA CIOpaHMsl TONJHMBA B KaMepe.
HanmocTpaTuBHbil MaTepHas MO KOHCTPYKTHBHOMY BHIIOJ-
HEHHIO TOJIOBOK HBHUTaTejefi U cXeMaM pAacloJIOXKEeHUs Ha
HUX LEHTPOGEXKHRX WJIH CTPYHHEX GOPCYHOK C/1ef0BaJo GHl,
Ha Hall B3IVISIJ, YBEJUYHUTb. ABTOP CJAHLUIKOM MaJjo TOBOPHT -
0 TOM BJIMSIHMH, KOTOPOE OKAa3hIBAET AABJEHHE B KaMepe Ha
XapakTep nporeKaHus pa6Goyero npouecca, H 0 BO3MOXKHO-
CTH HCHOJIb30BAaTh 3TO SIBJIEHHE [Js YJY4IIEeHHs PaGoyux
‘XapaKTepUCTUK [BUTATeJs.
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HegocTaTOyHO YHEJeHO BHHMAaHHS XapaKTePUCTHKAM
pasaHuHBIX cucTeM nopad. ITostomy He coBceM fiCHO, Ka-
KHMH COOGpaxeHHSIMU PYKOBOACTBYIOTCS NpH BHGOpE CH-
CTeMBbl MOJauM IJs KaXIOoro KoHKpeTHoro cayuas. IIpasna,
3TOT HEJOCTATOK B JPYrOM pasjese KHHUTH KOMHEHCHPYeTCs
OuYeHb HHTEPEeCHHIM M HYXKHHIM rpaduKoM, XOpPOIUO HJUIIOCT-
pUpyIOIIMM 06GJacTH MNpPHUMEHEHHd PasJMYHBIX paKeTHHX
JIBUraTesefl ¢ pa3UYHRIMH CHCTEMAMHM IOJAYH.

Xopolmro oCBeleH pasjiesl KOHCTPYKUHH Pas/HYHHIX TH-
NOB paKeTHHIX ABHTaTesel,, HO, K COXKAJEHMIO, H3JlaraeMblil
MaTepHa/J WJUIIOCTPHPYETCS Ha O4YeHb CTaphX paKeTHHX
JBUTATeNsAX, KOTOPhle B HAaCTOslllee BpeMS He OTPaxKaloT
JIefCTBUTEIBHOTO MOJOXKEHUS 1eJ B 3Tofl 06/1aCTH.

dlBnsisich GOJNBLIMM CHEUHAJHCTOM B 06JIaCTH PAaKeTHHIX
neurartesned, XsMmdpuc sHauuTeJbHO cJaGee H3jIaraer BO-
NpPOCH, CBI3aHHbIE C CHCTEMAMM HaBeJeHHs W YNpapJeHHs
peaKkTHBHHIMH CHapsifiaMH. DTOT pasie] KHHTH, OYEBHIHO
BCJIECTBHE CEKPETHOCTH PAaKETHOTO OpYyXKHs, [aeT JHMb
camoe ofliee MpejicTaBJeHHE O CYLIECTBYIOIHX CHCTeMax
HaBeJEHUS M YIpaB/ieHHs1 U HJUIIOCTPHPOBAH XOPOILIO H3Be-
CTHEIMH CX€MaMH YNpaB/sieMHX pPEakTHBHHIX CHapsiioB H
pakeT JaJjpHero fAe#icTBHsl, B OGOJIBLIMHCTBE CBOEM YCTapeB-
MmMHX 06pasuoB.

OueHb mNONE3HHIM SIBJASETCA pasjel, T'Ae TOBOPUTCA O
pasJHYHBHIX BHAAX I[PUMEHEHHs1 paKeTHHX JBHrarteJjefl.
B srom paspeiie npuBefeHH HHTepecHue rpadukH, pawolue
NpaBH/bHOE TNpeACTaBjJeHHe 00 006JacTAX NPHUMEHEHHS TeX
WM MHHIX paKeTHHX ABUraTteqedl M 06 HX NpeuMYllecTBax
H HENOCTAaTKax N0 CPaBHEHHIO C BO3AYIIHO-PEAKTHBHHIMH
JBHTaTeJSIMH.

Brionne o60CHOBaHHLIM SIBJSIETCS YTBEpXKAEHHE aBTOpa
0 HeoGXONMMOCTH NpPHMEHEHMsl pPaKeTHHIX ABUraTeseil Ha
HCTpeOUTEeNsIX-IepeXBaTYUKaX. DTOT BONPOC B HACTOSLIMH
MOMEHT $fBJsETCS OueHb BaXXHHIM, TaK KakK obecneyeHue
TpebyeMHEX CKOpOCTell mepexBaTa, a [JaBHOe GOJBLIMX BHI-
COT BO3MOKHO TOJIBKO TPU HCIO/Mb30BAHHH IKHUJIKOCTHBIX
peakTHBHBX [BHTaTejefl WJH B KaueCcTBe YCKOpPHUTeJNeH, UJH
B KauecTBe OCHOBHHIX [BHUTaTe/IbHHX YCTaHOBOK. I[IpuMene-
Hue J)KPJI B KauecTBe OCHOBHHIX [BHratesiefi Ha camoJiere
BJedeT 3a co0oif 3HAUHTEIbHBIE KOHCTPYKTHBHBIE H3MEHEHHS,
YTO CBS3aHO C HEOGXOAUMOCTBIO 00eCneudTb HaJeXKHHH
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MHOTOKPATHHIN 3amycK W YBEJIHYHTb pecypc paGoTh JBHra-
TeJbHOH YCTAHOBKH.

AKTyanbHBIM HYXHO CUHTATh NPHUMEHEHHe DEeaKTHBHEIX
JBHraTe/ed Ha TeJeXKax A HaTypHHIX HCIHTaHHA o6bek-
TOB HAa CBEPX3BYKOBHIX CKOPOCTSiX. DTOT BOmpoc IpuHoGpe-
TaeT Bce GoJiee BaxHOe 3HAUeHME, TAK KAaK HATYPHHIE MCIH-
TaHHS 0OBEKTOB B a3pOAMHAMHMYECKHX TPyOax Ha CBepX3By-
KOBHIX CKODOCTSIX B HacTosilliee BpeMsl AOCTYNHH TOJbKO IJIs
O0GBEKTOB OYeHb HeGoJbLION BeJMYHHB. A mpH pacuere
TPaeKTOPHH 10JeTa, 0COGEHHO GaJTHCTHYECKHX PaKeT AaJb-
Hero AeHCTBHSA, HEOGXOOHUMO IOJyueHHe MOJHBIX aspoAHHa-
MHYECKHX XapaKTePHUCTHK. '

HsBecTHHH HHTepeC mNpeacTaBJseT INOCJAeJHHH pasnen
KHHTH, B KOTOpPOM aBTOp pPacCMaTpHBaeT BO3MOXKHOCTb CO-
3[aHHsl aNnapaTtoB IJIS MeXKIJIaHETHHX I0JIETOB. DTOT pas-
Jeql B Hacrosimiee BpeMsl sBJsSeTCs Hau6GoJee MOMAHHIM,
0 4eM TOBOPHT H caM aBTOp. Barusiabl, BHCKa3aHHHIE aBTO-
pPOM 10 3TOMY BOMNPOCY, OTPAKAIOT Pa3/JUUHEIE TOUKU 3PEHHUs
Ha COBpeMeHHOe M IIePCIEeKTHBHOE COCTOSIHHe BOIpoca
B 3Toii obsactu. MIHTepecHHIM siBJgeTCS MaTepHaJ, Xapak-
TEPUSYIOUHUHA NapaMeTpu PakeT W HCKYCCTBEHHHIX CIyTHH-
KOB, 00eClneyHBaIOIHX BHIOJHEHHE TeX MJHM HMHBIX 3ajad.

Koneuno, He Bcerga U He BO BCEM MOXKHO- COTJIACHTHCS
¢ Xamdpucom. B cBeTe mocaenHuX NOCTHXKEHHH pakeTHOM
TEXHHUKH TNpEeACTaB/IsSeTCS HeNpPaBWIbHEIM €ro KaTeropuuye-
CKOe YTBepXKIeHHEe O TOM, UTO HHKOTJa He ynactcs obecme-
YHTb JJIS1 OJHOCTYNEHUYATHIX PaKeT AaJbHOCTb IoJeTa Gojee
400 muap (640 xm). OH HempaB Takke U B JPYroM — 4TO
HaJl COCTaBHEIMH pakeTaMH BpsiJ JH OYAYT pa6oTaTh BCJen-
CTBHe HUX oO4eHb GOJBIIOrO HAyaJbHOIO BECa, — STO ONPO-
Bepraercsl ycnemHeIM 3anyckoM B CoseTckoM Colose cBepx-
JanbHel MHOTOCTYNEHYaTOH GasVIMCTHYECKOH pakeTHl.

JlaHHBEE, TpHBEACHHBIE ABTOPOM, XOTS M TpPeGYIOT Ipo-
BEpPKH, HO Jlaxe B TaKOM BHJAe JAAIOT NpeJCTaBjleHHe O 3a-
layax, KOTOpble CTOSIT Nepej HHXKeHepaMH, paGoTaloUMMH
B 06J1aCTH paKeTHOH TEXHHUKHM, Ha GJHKAaHIIHe TOAHL.

BoJsbmuM NOCTOMHCTBOM KHUTH SIBISIETCS TO, YTO aBTOP,
Mesi B CBOEM DacHOpSAXKEHHH OOJbIIOH M MHTEPECHHH Ma-
TepHaJ, oYeHb JOCTYNHO H B TO XK€ BPEeMs MOJHO OCBETHJ
nesbit A MpoGsieM, CTOAIUX CETOfHA Nepel paKeTHOH
TEXHUKOH.
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AsTopoM co6paHa JOBOJILHO INOJHas OGuGaAHorpadus
TpymoB obliero xapaxkTepa H PasjHUYHBIX cTarefl 1Mo siHBapb
1957 roma, KacamolMXCs pas/JHYHEIX BOIPOCOB paKeTHOMH
TeXHHKH. 3HAKOMCTBO € 3THMH paGoTaMH MO3BOJHT HaileMmy
YHTATeJIO ITIOJYYHTb NPEACTaBJeHHe O B3TJISAAX HHOCTPaH-

HHIX CIENMAJUCTOB U 06 YDPOBHe pasBHTHA 3TOH 006sacTH
TeXHUKH 3a pyGexoM.

10. Adanacees.



NMPEAUCJOBHUE ABTOPA

dra KHUra B OCHOBHOM IpeJHAa3HaueHa [JIsl HHIKEHEePOoB,
KOTOpHE He 3aHMMAaJHCh CIEeNHaJbHO BONpPOCAMH paKeTHOH
TeXHHKH H XOTeJM GH MOJY4YHTh obluee npeacTaBjleHHe o pa-
KEeTHBIX ABHMraTeJNsiXx M MX IpPHMEHEeHHMH, TJIaBHEIM 06pas3oM
JJIs yIpas/isieMBIX CHAPSLOB.

Oco6oe BHuMaHue ypesneHo o6uum mnpoGiaemaM. Hano
CKa3aTh, 4YTO KHHTA He SIBJISETCS YEM-TO BpPOJE CIpaBOYHHKA
10 pakeTHBIM ABHTaTe/sIM U yNpaB/isieMEIM CHapsiiaM BCeX
crpad mupa. OTne/bHEE MOJOXKEHUS HJNIIOCTPHPYIOTCS Ha
KOHKPeTHHIX NpHMepax, HO H3-32a HejocTaTka WHopmamuu
0 HOBBIX MOC/JE€BOEHHHIX PAKETHHIX JBHraTelsaX U ynpabJsie-
MBIX CHApSNOB YacCTO NPHXOAUTCS MpHUGEraTb K H3BECTHHIM
HeMenKHM MarepHaJjaM. '

Pasjpunrie MaTeMaTH4yecKHe paCYeTH, OTHOCSIIMECSH
K pPaKeTHHIM ABHTraTe/sIM, He NPHUBOJAATCA B NAHHOH KHHTe,
TaK KakK 3TOT BONPOC XOPOIIO OCBEILEH B APYToM MecTe (CM.
Sutton, Rocket Propulsion Elements); nostomy M
HajeeMCsl, 4TO 3Ta KHHra OyJeT UHTEpecHa Jaxe U
Il HeuHxkeHepoB. ‘OHa Gbuia GH TakXKe ToJE3HA
IJIg TeX, KTO TOJbKO HauWHaeT pabGorarb B 3ToH 00J1acTH
TEeXHHKH. . '

BaxHo#t yacTbio HacTosIiell KHUIH sBJIsieTCS GuGIHO-
rpadus. Hepenko oHa HJIM QueHb IJI0OXO COCTaBJSIETCS, HJIH
coBepiieHHO oTcyTcTByer. CleayeT OTMETHTb, YTO HecBeny-
LleMy 4€J0BEKY JOBOJBHO TPYAHO mnoxo6paTh HEOOGXOIHUMHIH
MaTrepHaJ 0 TOMY WJH HHOMY BONPOCY PaKeTHOH TeXHHKH;
10 3TOH NpUYHMHE H3MHU OBLI COCTaB/JeH OGUIMPHHIHA, HO, KO-
_HeYyHO, HH B KOEeM CJIyuae He MCUEpIBIBAIOLIMH CIHCOK JIHTE-
patypsl no ceurs6pb 19556 roma, korma pykomuch Ghuia
ciana B Ha6op. bBubamorpaduueckuii Marepuas pacmoJio-
XKeH 10 [JlaBaM, NPHYEM Ha KHHTM HMKAKHX OCOGBIX CCHIIOK
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B Tekcre He faenaercsl. IIpy HeO6XOAMMOCTH coOCJaTbCsl Ha
CTaThi0 HJM JOKJIajJ, HOCsILIMe, KaK npasujo, GoJee cre-
nHaJbHKA XapakTep, B TEKCTe YKa3hIBaeTCs HOMep, NMOA KO-
TOPHIM HAHHBI MCTOYHHK 3HAUUTCSl B CIHCKE JIMTEPATYpHL.

[Ipy MOATOTOBKE KHHUTH KO BTOPOMY H3JAHHIO B TEKCT
GblIM BHECEHH HE3HAYHTEJbHHIE U3MEHEHHs, a CIIHCOK JIMTe-
paTypH JoBefeH no sHBaps 1957 roxa.

Hoec. Xamgppuc.

apav bt



I'arasa 1
BBEJAEHHE H HCTOPHA

Beenenne

Bo Bpems BTOpOi#i MHPOBOH BOHHEI NMOSIBUHJICA YNpabJsie-
MHH cHapsjx — opyxue, NPoU3Bejlice IepeBOPOT B BOEH-
Holi TexHuke. OnHako ABHrarte]p GOJNBHIMHCTBA ympasJsie-
MEIX CHapsiioB — Mbl HME€EM B BHAY pakeTy — GBI CO3aH
euie GoJiee cCeMH CTOJIETHiI TOMY Hasaj;, TaKHM 06pas’oM, 3TO
camas crapas remjaoas Mawmuna. Cefiyac pakeTHHe ABHra-
TeJH He TOJBbKO LIMPOKO HCHOJb3YIOTCS B KauecTBe ABHIa-
TeJbHEIX YCTAHOBOK YNpPaBJsieMHX CHapsfoB, OHH IpHMe-
HSIOTCS TaKXe H B KauecTBe aBHAIMOHHHIX ABHrarejei,
CTapTOBHIX YyCKOpHTeNe# M jBHraTesledl AJs Topiend; C HX

. IOMOIIbIO MOXKHO Jaixe pHITb B MGpSJIOﬁ 3€MJI€ SIMBI INOK

croa6el. Camas GoJsiblllasi BEICOTA, HAa KOTOPYIO KOraa-jau6o
NOJHMMAJICA NMOCTPOCHHHIA Ye/JOBEKOM JeTaTeNbHHI amnmna-
pat (244 muau) 6bila OCTHTHYTa JBYXCTYNEHYaTOH pake-
Tofl 1,

PakeTHnlii aBurartenb — NpeKpacHasg MalIHHA, HCIOJb-
3yeMmasi TaM, rjie Tpe6yeTcsi MakCHMaJsbHas MOILMHOCTb IpH
MHHHMaJbHOM Bece. [l ynOBJI€TBOPEHHS TaKHX NPOTHBO-
peuuBHIX Tpe6OBaHUH NOJKHH yNnoTpe6JATbCA TOIIMBA, KO-
TOpHIE 06J1aalOT TAKUMHU «HENPUSTHEIMH»- CBOHCTBAMH, KakK
teMmneparypa ropeHus 4000° C, upe3BHuaiiHO BHICOKHE €KO-
pocTH ucTedeHus u T. 4. [losTomy pakerHuii ABHratesb ya-
cro pabGoraeT «Ha mIpejeey, ¢ ouyeHb HeGONBIINM 3amacoM
TNPOYHOCTH. ‘

O MOLIHOCTH PAKeTHOro [BMTraTessi MOXHO CYOHTb IO
CJenyIOlMM JAaHHBIM: ABUraresb pakerh A-4 (Pay-2) pas-
puBaJ MouHocts B 600 000 2. ¢. mpu o6iieM Bece JBHra-

1 Aprop umeer B Buay 3sanyck B CIIIA pakerm «Bamnep BAK»
24 ¢espans 1949 roma. Ho 3artor pekopi OHJI 3HAYHUTENBHO NEPEKPHIT
NPH 3aNyCKe COBETCKHX HCKYCCTBEHHHX CNYTHHKOB 3emin. — ITpum. peo.
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TeJIbHOH YCTAHOBKH MeHee TOHHHI. [/ MoJyueHHs STHX Xa-
PaKTEepHCTHK BeC YCTAHOBKH [O/IKeH GHITb CHHXKEH N0 MH-
HHUMYMa, H HYXHO IpOSIBATb MHOTO M306peTaTeJ]bHOCTH,
yToOH OGecrneuynTb B TaKHX YCJIOBHSAX HaJexXHYyl0 pa6ory
asurates. IIpn KoHCTpyMpPOBaHMHU APYTHX HacTell peakTHB-
HOTO CHapsiia TakxKe BO3HHKAaer MHOTo npo6JieM, Tak Kak
HeoGXOAMMO JOGHTHCS OYeHb BBICOKHX JIETHBIX JAHHRIX NPH
HeGosblioM Bece cHapspga. Hamo ckasarb, yTo s~ HHXKe-
Hepa — He CHelHaJucTa B OGJIACTH PAKETHOH TEXHHKH BO
BCEM 3TOM HeJerKo paso0paTbcsi. DTa KHHTa fABJseTCS ITo-
IEITKOH 110Ka3aTbh C NMPakTHYECKOH, MHIKEHEPHOH TOYKH 3pe-
HUS HacTosiliee U Gynyliee pakeTHOro JBUraTe/sl M €ro npu-
MEHeHHe, yIeJsisi IPH 3TOM OCHOBHOE BHHMAaHHE YNpasJse-
MBIM CcHapsajgaMm. Jlaxe COBpeMEHHHIH pakKeTHHIH ABHraTeJb,
pa6oralolii Ha XHAKOM TOIIHMBE, NPOM3BOLUT GOJIbIIOE
BIleyaTJIeHHe, XOT He HAaf0 3a6GHIBATh, YTO OH eIle HaXo-
OMTCSl, TaK CKasaTb, B «MJajieHUeckoM Bo3spacrte». IIpodec-
cop Bepuep ¢don Bpayn, pykosogusiminfi Bo BpeMsi BOHHEI
NPOU3BOJCTBOM paker A-4, ckasaJj, YTo ABHraTelu GyAyIiero
HaCTOJIbKO e GYAYT OTJIMYAaThCA OT JABHraTeJs 5ToH paKeTH,
HaCKOJBKO COBpeMeHHH# GOMOGapAHUPOBIIMK HJAM OGosblio
MaccaxKHpPCKUil CaMoJsIeT OT/IMYaIoTCsl OT CaMOJIETOB NepHoja
rnepBofi MHPOBOH BOHHBL

PakeTHHI ABUraTe]b SBJSETCS pPEeaKTHBHHIM JBHrare-
JeM, TO eCTb TAra oGpasyercss B pe3y/bTaTe PeaKLHH, CO-
sgaBaeMoil cTpyeill Hcrekalollux ra3oB. OCHOBHHIE BHJH pe-
aKTMBHHIX ABHraTtesefi mokasanuw Ha ¢ur. 1. HauGosee mu-
POKO NMpUMEHSIEMHIM H3 HHX sBJsgeTcd TypGopeakTHBHEI
JIBUTATENb @, B KOTOPOM BXOASILIHUH BO3AYX CKUMAaeTCs Crie-
IMaJbHEIM KoMIpeccopoM. HacTb 3TOro Bo3ayxa 3aTeM Ie-
PEMEIIMBAETCs C TOPIOYHM, H MOJY4eHHAs CMeCh Cropaer.
[Tponyxrhl cropanusi, o6aanaiolMe BEICOKOA TeMIlepaTypoi,
NepeMeIMBaIOTC C OCTaTKaMH XOJIOQHOro BO3JyXa H IO-
CTYNaioT Ha JionaTKu Typ6uHu. Bpamasce, Typ6HHa B CBOIO
ouepenb NPHBOAMT B JBHXKeHHe Komnpeccop. ['opsune rasw,
BHITEKAIOLIUE C GOJBIIOH CKOPOCTBIO H3 COIJa, CO3AAIOT
TATY.

IpsiMorounsiit peakTHBHHIA ABHTaTeJb 6 ropasjo npoiie
10 CBOEMY YCTPOMCTBY M HCNOJb3YeT BO3MOXKHOCTb MOJXKa-
THSI BO3[yXa 3a CUeT CKOPOCTHOTO Hamopa, Ha6eramollero Ha
JBHTATeNb. OTO HCKJIOUYAeT HEOOXOAUMOCTb NPHMEHEeHHs
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KOMIIpeccopa M TypGHHH, OJHAKO TAKOH MBHTaTeNb MOXKET

pa60'ra'rb TOJIbKO Ha BBICOKHX CKOPOCTHX TOJIETA.

ITyabcupylomuit peakTHBHBIR JBHraTe]b 8 YCTPOEH IPH-
MEpHO TaK e, HO MoxeT paboraTb H Ha HeGOJBLIHX
CKopocTX. B kamepe cropamus 3TOro ABMraresist IpOMCXOAUT
B3pHIB TOplOYeH CMeCH TOMJIMBA M BO3JyXa; B3PHIB 3aKPHI-
BAeT KJanaHel B NepejHell 4acTH KaMmephl, JaBas BO3MOXK-
HOCTb T'a3aM BBHIHTH TOJIbKO 4Ye€pe3 COMmJOo, B Pe3y/bTaTe Yero
cosjaercsl peakTHBHas TAra. Comlo CipoeKTHPOBAHO TaKHM
o6pasoM, 4TO, KOTAa B3pbIBHAs BOJIHA JOCTHTAeT BHIXOAA,
caefylolias 3a Hefl BoJHA pa3psKEHUs OTKPHIBAET KJia-
naHbl, IPONyCKass HOBYIO IOPHHIO BO3AYyXa, B KOTOPYIO

BIPHICKHBaeTcs ropioyee. TakuM 06pa3oM LMK paGoOTH -

IBUTATEJIs1 TIOBTOPSIETCS. _

. Pakernuifi pgBuratesr paGoTaeT HE3aBHCHMO OT BHeIN-
Hell cpejbl — ropiouee W OKHUCJUTENb, HEOGXONUMEIE IJIs
nporecca TropeHHs, coiep:karcs B caMoit pakere. B pa-
KEeTHOM JBUTaTeJle 2 TONJIHBO MMOMeInaercss B KaMepy cropa-
HHSl B TBepHOM BHAE. MOXHO TaKKe HMCIOJIb30BATh KHUAKOE
TOIVIHBO, HENpPepLIBHO BIPHICKHBAS €ro B KaMepy CrOpaHHs;
3TOT BHJ ABHraresefi 0 MpPEACTaB/IAET C HHXEHEPHOH TOYKH
3peHHs] HauGOVIBUINE HHTEpEC.

[IpenMylIecCTBOM paKETHOTO JABHUraTeNsl fBJSAETCS, Kak
yxe TOBOPHJIOCH, TO, YTO OH paboTaeT COBEPIIEHHO He3aBH-
CHUMO OT oKpyxawieii cpens. ITosTomy Tsira aBurartens He
3aBUCHT OT CKOPOCTH [BHMXKEHHS, U OH MOXET DPa3BHBATb
MaKCHMaJ/bHYIO TATY Ha JI060H BHCOTE, faxe B Ge3BO3YIl-
HOM mnpocrpaHcTBe. ECTb y pakeTHOro aBuraress H HeZno-
CTaTKH, K HUM NpeXJe BCero OTHOCHTCS oYeHb GoJbliof pac-
xox TonsuBa. KpoMe Toro, KMCJOpPOA B TOM HJIH HHOM BH[IE
IOJIKeH 00s13aTe/IbHO HAXOAMTbCA HA JBUraTesIbHOH YycTa-
HOBKE; SICHO, UTO 3TO TaKxKe fIBJseTcs 6OJbLUIMM HEIOCTaT-
koM. Bor mpuGausurenbHO UMGPH, MOKAasHBaloOlIHe pac-
XOX TOHBA mpu uucae M=1: maa TypGopeakTus-
Horo — 1,5, mns mnpsmMorouHoro —4,0 M A/ paKeTHOro —
15 ¢ynr/dpynr Taeuj/uac.' Xora B OyAylleM, BO3MOXKHO,
CYMEIOT YMEHBUIMTb PAaCcXoj, TOIUIMBA PAaKeTHOTO JBHTraTeJs,
OH BCE K€ OCTaHercsl BHILE, YeM y TypOOpeaKTHBHOIO JBHra-
TeJisl, TOTOMY NepBHIi JIBHraTeJ]b HMKOI/A HE CTAHET KOHKY-

' Ta6nuny nepesona Mep cM. B KoHue KHuru. — ITpum. ped,
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pentoM Broporo. PakerHHft mBurateqp MMeeT CBOH 06/1acTH
[IpHMeHeHHs, TpeOyIolliHe BBLICOKOH TSATOBOH MOIMHOCTH NpH
He6oJILIIIOM Bece MJM MaJsofl mIowajnd Jo6oBOro CONpOTHB-
Jdenus. OH ynorpe6isieTcss AJA NOJYYEeHHS CBEPX3BYKOBHIX
CKopocTe#l M AJIg. MoJleTa Ha o4YeHb OOJBIIMX BHICOTaxX U
pelKo NpHMeHsieTcs B 06J1acTAX, e MOTYT UCHOJb30BaThCH
OOGLIYHEIE TEIVIOBbLIE JBUTATEJIH.

HcTtopusi pa3sBHTHS paKeTHBIX ABHratesed no 30-x romos
, XX Beka

IToutH nmocToBEepHO H3BECTHO, YTO pakKera OnlIa H306pe-
TeHa KuTafinamu okosio cepenunnl XIII Beka {1]. Passutue
pakeT BILUIOTb 0 HACTOSILETO CTOJIETHS AOCTATOYHO XOPOLIO
ONHCAHO M IIOBTOPATh €ro 3Jech He HMeeT cMeicyia. Hapo
OTMETHTb, YTO XOTS NPUMEHEHHe XHUJIKHX TOIUIHB IJIs pa-
KeTHHIX JBuraresefi Gnu1o npejjoxeHo B kKoHune XIX Beka,
HO cepbe3Ho paGoTaTh HAajJ 3THM Hayajd TOJNBKO B JBajua-
THIX TOAAX HaIIero cToJeTus [2].

OnHUM U3 TMepBHIX HAJX KUIKHM TOIJIMBOM Hauasa pa6o-
tTaTh aMmepukaHern P. Fognapa. B 1919 roay on onyGJuKo-
BaJl HeGOJIBIIYI0 KHUTY Noj Ha3BaHueM «Croco6 HOCTHXKe- -
HHs1 GOJIBHIMX BHICOT». B TO BpeMsi oHa He Ipou3Besa NOJK-
HOTO BIe4YaT/IeHHSI HAa HayYHBI MHP, XOTH cefiuac cuutaercs
KJaccuueckuM TpynoM. I'oamapia Hayas mpaKTHYECKYIO pa-
6oTy Haj CMeChI0O JKMJAKOTO Kucjopoga Hu OeH3HHA
B 1920 roay, a B 1926 roxy npousBes nepBhiil 3anyCK paKeTsl
Ha xujakoMm TtomauBe [3]. Pakera mnposerena 184 ¢hyr 3a
2,5 ceK., To ecTb co cpenHelt ckopocTbio 60 muas/uac. Cra-
THYECKHe U JIETHble UCIKITAHUS NMPoJoKaMuch Ko 1929 roxa,
korga lopnapn Hawas moJydaTh peryJsipHyI0 MOLNEPKKY
u3 ¢ouna Nanwana yrenxefiMa (oH mosyyas ee BIIIOTb IO
1941 roma). C atoro BpeMeHH H [0 MOCJHEAHHX AHeH CBoeft
xku3Hu (oH ymep 10 asrycra 1945 roma) Fommapr paGotad
HaJl IPOEKTaMH paKeTHHIX JBUTaTesell B MOPCKOH HHXKeHep-
HON 3KCIHEepHMEHTAJbHOH CTaHHUH B AHHamoJuce.

B 1923 rony I'epman OGepT, B TO BpeMsl ellle HHKOMY He
H3BECTHHI HHXKeHep, onyGJuauKoBaa paGory «Pakera B Mex-
MJIaHeTHOM mnpocTpaHcTBe». OGepT B OCHOBHOM 3aHHMAJICH

2 3ak. 3073. Ix. Xamdpuc
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NPoGJEMOH KOCMHYECKHX II0JIETOB, MO3TOMY BCKOPE €ro
CTa/i HAasHBaTh <«OTHOM acTPoHaBTOB». OH NpPOBOAMA H
9KCIepUMEHTa/lbHEe paGoTH, HO ero paGoTHl He Ha-
LA TAaKOH MNOMAEPXKKH, Kakyio moayuynn [ogmapn. 23
uoass 1930 roma ero nepBas Kamepa npopaGorajia Ha
KHIKOM KucJopoje u GeHsuHe 90 cek., pa3BHB TATY OKOQJIO
15 gynr.

B TeuenHe HeCKOJIbKHX MOCJEAYIOIIUX JeT GhUia mpoje-
JaHa 6oJbIlasi SKCIepUMEHTa bHass pa6oTa Ha GEpJIHHCKOM
noJuroe «PakeTeHGJIOrmyIaTIly, NpPHHAJJEKABIIEM rep-
MaHCKOMY OOILIECTBY AacTpPOHaBTHKH. YIHTepecHO OTMETHTb,
4TO OJHHM H3 MOJIOABIX SHTY3HACTOB 3TOTO OGLIECTBA GBLT
Beprep ¢on Bpayn, BmnociencTBuH BO3IJIaBJSIBIIHA Hccle-
Josartenbckuft nentp B IleHeMionze, rae Gbi1a CKOHCTPYHpO-
BaHa M noctpoeHa pakera A-4. B 1933 roay noKyMeHTH 00-
mecTBa OHIJIM KOHOUCKOBAHH HEMEIKHM IIPaBUTEJHCTBOM,
a camo o6wecTso pacnyuieHo. OfHAKO 3KCNepHMEHTAalbHEIe
paGorsl B EBpone He MpeKpaTH/INCh — MOXKHO yKasaTb, Ha-
npumep, Ha pa6ors pokTopa E. 3enrepa (Benckuit ynusep-
cuter). OH po6Guiicad oueHb GOJIBIIMX YCNEXOB, O KOTOPHIX
pacckasan B cBoeft xHure «PakerHas JserateibHas Tex-
HHKa». DTa KHHra, Beiuegmas B 1933 rongy, mokasaja uH-
JKeHepaM H YYEHHIM, YTO paKeTHasl TEXHHKa 3ac/yXKHBaeT
caMoro cepbesHoro BHUMaHusA. Bo ®paHuun nuoHep aBHua-
uuu P. Ouo-IlesbTpu no 3apganuio npasuTeJbcTBa paboTal
HaJ CO3JaHHEeM pDaKeTHOI'O ABMraTelss Ha OJHOKOMIIOHEHT-
HOM TOIJIMBE — TETPaHHUTPOMETAHE.

B HUramun Jlyumxu Kpoxko [4} B 1929 rony navan pa-
6oTy ¢ OBYOKHCbI0 a3oTa M GenauHoM. OHa mpoBoaMJach
noa HaGJIOJEHHEM HTaJbsHCKOrO reHepajpHOro mraba, H
pesyJbTaTh GbLIM ONyGJIHKOBAHH TOJNBKO 1OC/]e BTOPOH MH-
poBo#t BoiiHbl. Kamepa cropanus, yCHeIIHO IpoLIeAlnas
B 1930 romy ucneTaHus, HMeJa KepaMHYECKoe MOKPHTHE,
pereHepaTHBHOE OXJIaXKIEHHE U KOHIEHTPHUECKOe IleJieBoe
BIpHICKHBaHue TonausBa. B mepuon ¢ 1933 no 1935 roa B
Htanuu Benach Takxke paGora ¢ TerpaHuTpomeraHom. Ilo-
ce Gosbiuoro B3puBa B 1935 rosy pa6ora Ghlia MpHOCTa-
HOBJIEHa, OJHAKO K 3TOMY BPEMEHH IeJecoo6pasHOCTb HC-
MOJIb30BaHUsl TETPAHHTPOMETAaHAa KaK OJHOKOMIIOHEHTHOrQ
TOMJIMBA yXke GbUla MPAaKTHYECKH NOKa3aHa.

e gt
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EnuHcTBeHHEIM OGLIECTBOM, BCe elle MNPOJOJIKaBIIMM
pa6oTy B o6GJlacTH PakeTHHIX ABurarejelr B Koule 30-x ro-
J0B, OGBIO aMepHKaHCKoe pakeTHoe ofmectBo. OHO Hauajo
B 1932 rony skcnepuMeHTasbHEIE PAGOTH C MOJEJbIO TAaKOH
JKe KOHCTPYKLMH, KaK H OfHA U3 MOjJejlell repMaHCKoro 06-
IIeCTBA aCTPOHABTHKH, W MPOAOJKAJI0 UX JOBOJBHO GeccH-
cTeMHO BIOThH Ao 1941 rona. ‘

Eme o kKoHbHCKanu¥ DOKYMEHTOB TepMaHCKOroO o6Iie-
CTBA aCTPOHABTHKH B INPHCYTCTBHH O6OJIbIIOIO YHCJA BHIC-
IIHX OGHUEePOB CYXOMyTHONH apMHH GBI NMPOH3BEJAEH ycmHell-
HHEIf 3anyck pakeThl. YacTHuHO B pesyJbTaTe 3TOr0 GHLIH
OTHYLIEHH JEHbTH MJIs peaju3anun HeGoJbIIONH HcClenoBa-
TeJIbCKOH NporpaMMbl B 00JIaCTH paKeTocTpoeHHus. PaGoTw
Hauaauch 1 Hos6pst 1932 roma B Kymmepcnopde. Buagasne
UX BEJH BCEro JBa yejoBeka — BpayH u ciecapb-c6opuiuk
[5], pacnosaraBuie OXHHM-€JMHCTBEHHBIM HCIIBITATE/ILHBLIM
CTEHJIOM, HO K ampemio 1937 roga B Kymmepcoopde Hacuu-
ThIBaJloch yXe 80 COTpyAHHKOB. 3amycKH .pakeT HayaJjiuch
¢ moaenu A-1 (cm. ta6s1. X). Buuto mpoBeieHo TOJBKO TpH
WJIH YeTHIpe 3amycKa, npHueM KaxJIHH U3 HUX OKaHUMBaJCsH
B3pHIBOM. 3aTeM [BHraTesIbHAasi YCTaHOBKAa GblJa MoaudH-
IMPOBAHA, H YCIEUIHO 3aNylieHHBIH CHAPAA NOJ Ha3BaHHEM
A-2 poctur BeicOTH Gosee 6000 ¢hyr.

B 1936 romy sra rpynna nepeexana B IleHemionge, na
no6epexbe Banrtufickoro Mops, Tieé MOXHO GBUIO BeCTH
paGoTH B IMPOKHX MacuTa6ax. 3pecb paspabaThBajucCh
¥ UCIHITHBAJIHCh OJHOBPEMEHHO HECKOJIbKO THIIOB CHAPSIOB,
a TaKxKe CTapPTOBHIX YCKOpHTeJeill AJs CaMOJIETOB.

OnHuM H3 nNHOHEPOB paKeTHOH TEXHHKH, dell Tpyn
OCTaercsi IO CHX NOP HempH3HAHHEIM, Gbl1 Basibe. Paunnue
pa6oThl Basbe Haj aBTOMaumIHHAMH, NJaHepaMH H CaHAMHU
C PAKeTHHIMHM JBHTaTeJISIMH Ha TBEPJOM TOIIMBE IPHBJIEKJIH
BHHMaHHe XefsaHara, BO3IVIABJABLIETO KDPYNHYIO (upMy
1O NMPOUSBOJICTBY CKHXEHHEIX a3oB, H OH CTaJ (UHAHCHpO-

- BaTh HCCJIEAOBaHUsA, LEeAbI0 KOTOPHX 6GHLIO COo3aHHe pPaker-

HOro JBHrare/si, paGoTaloIero Ha XXHAKOM KHCJIOpone H
cnupre [6). Mspickanusa Geuin HauaTHl B KoHme 1929 ropga;
B siuBape 1930 roga npUCTYnH/IH K MCIBHITAHMAM C KaMepoi,
pa6orapuiedl 1Mo nMpUHUMNY NasJbHOH Jamne, a 26 mapra
1930 roma O6nin1 mpoBeneH nepBhIl NPOGEr ABTOMALIHHEL
C pakeTHHIM jsurareseM.» Kamepa cropanus B 3Toft ycra-

2%
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HOBKe OblIa HeoxJaxjaeMmasi, a CJeIOoBaTe/bHO, HOJIKHA
6bl1a ynoTpe6aaTbCsl oforaineHHasi ropioyasi CMech, YTOGHI
NpefoTBPaTHTL mnporap comJja. JIBuratesr paGoran 8—
10 mun., pasBuBas tary 50—70 ¢pyHr. DTHM 3aHHTEpECOBa-
Jace koMmnanuga «lllenn», no uHHNHaTHBEe KOoTOpO# GHLIA Ha-
yaTa pa6oTa HaJ pPaKeTHHIM [BHrartejieM, HCIOJb3YIOIHM B
KauecTBe TOIUIMBA CMECh XXHAKOro KHCJOpoja H napaduHa,
NpHYEeM KOHEUHOH LEJbIO SBJSJIOCH CO3JaHHE PaKeTHl s
nepejgera uepes Jla-Maum. B pesysnbraTe B3phiBa ABH-
ratens 17 mas 1930 roga Basbe Gbl1 yGUT, HO €ro MOMOII-
HUK B. Pugenp, pa6oTaBmuil ¢ HUM C CaMOro HayaJa ero
OINKITOB C XKHAKHMH TOIJIHBAMH, NPOLOIKAJ HCCAEIOBAHUS.
K xonny 1931 ropa on no6Gusics TakHX YCHEXOB, YTO 3aMH-
TepPecoBaJl HeMelKoe NPaBUTEeJLCTBO, H B Hayase 1932 roxa
C HHM ORUI 3aKJ/IIOYeH CrenHa/JbHHN KOHTPakT. B sHBape
1934 roma Punear nepeexanm B Kymmepcmopd, ysenuuus
YHCJIEHHOCTb pa6GoTaBuIell TaM IPYNNH NOYTH BABOE: Telepb
TaM 6BUIO [iBa MHXKEHepa U oJuH cjecapb! Punesns oGoratua
3Ty TPynny oNneTOM paGoOTH, NOJYyYeHHHIM UM y BaJawe, H,
cJefoBaTeNbHO, pakera A-4 ¢ OfHOH CTOPOHHI BeJET CBOIO
POOCJIOBHYIO HENOCPEICTBEHHO OT ONKTOB BaJbe.

~

Pa3BHTHe paKeTHBIX ABMrateseil B MOCJAEAYIOUHE Toibl

Hapo ckasate, uro, xots B Ilenemonzme paGoranu c ue-
JHM PANOM OKHCJHTeJell, r1aBHOe BHUMAaHHE YHAEJsJIOCh
XKHJAKOMY KHCJIopony. Jlpyrue yupexpaeHus u ¢upmul B I'ep-
MaHHM TakKxke pa6oTaJd Haj pPAaKeTHHIMH [BUTaTeNsIMH, H
B GOVIBLIHHCTBE CJIyuyaeB BHIGUpAJH KaKOH-HUOYIb ONpeneseH-
HE okucautenb. McciaenoBatenbckas paGora B 06J1acTH
PaKeTHHIX ABHraTesefl BeJach B OCHOBHOM B TpeX MecCTax:
B HAy4YHO-HUCCJENOBaTeJbCKOM MHCTUTYTE MHHHCTEPCTBA
apuanuu B Tpaysnue, Ha 3aBofie BMB 63 Jlaxay u Ha 3a-
Bofe Banbrepa. UHcTuTyT B TpaysHe, nepBuiM JHPEKTOPOM
Koroporo 6wl gokrop E. 3eHrep, 6bl1 OpranusoBaH B
1936 rony. B 1939 roay Hauanuch HCCJEJOBAHHSI C LEJbIO
CO3/laHHs pakeTHoro jasurartessi ¢ taroit 100 r. On npenna-
3HAUYaJIC B KayecTBE NBHUIaTeJbHOH YCTAaHOBKH AJS TsAXKe-
JBHX 60M6apAMPOBIUMKOB ¢ GOJBLIONH HaJbHOCTBIO H BHICO-
Tofi moJjera (cM. crnenuanbHuii pasgea ria. XII). B stom
HHCTUTyTe 3aHHMAJHCh He TOJbKO KOHCTPYHPOBaHHEM
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paKkeTHHX HBHraTe]edl, HO M mnpo6JeMaMH CBEPX3BYKOBHIX
noseroB (mo M=30), a TakKe Co3JaHUEM CBEPX3BYKOBHIX
KaTanyJaeT 1js camoJieroB. IlepcnekTuBsl Gbutd MHOrooGe-
maomumMy, Ho B 1942 roxy nokrtop 3eHrep Bce CBOE BHH-
MaHMe COCpPEeNOTOYMJI Ha NPSIMOTOYHHIX JBHTATeJsiX.

®upma «Baabrep» {7] paGorana ToJbKO Haj IepeKHC-
HeIMH jaBuratensmu. OHa G6mula ocHoBana B 1934 ropy,
Korpa mpodeccop Ba.mﬂep PelInyl HCNOJb30BaTh NEPEKUCh
Bofopoja sl JBHraTesjedl NOJABOAHHIX JOAOK H TOpHe..
OcHoBHoft 3aBoj Haxoauscsa B Kuse, a fBa ero ¢unuana —
B bBep6ypre u DBepanne. DTtofi ¢upMoii GBIH MOCTPOEHH!
NepBBLI CaMoJIeT C PAaKeTHHIM JABHUraTeseM, paGOTaBIINM Ha
xkuakoMm tonsuse (He-112), neppas nomBomHas Jogka c me-
PEKHCHOH SHepreTHYeCKOH YCTAHOBKOH M NepBhId mepexBar-
YHK C DAaKeTHHIM JBHTraTeJeM (Me-163B).

Hpyfoii Benymei _Gupmot, pa6oTasiueii HajJ Co3JaHHEM
pakeTHHIX ABurarejell B 'epmManuu, Guula usBecTHas ¢upma
«BMB». Ona mosxke japyrux Hauajga paGory B 3Tofl o6.a-
ctu: Jumb B uione 1939 roga Ha ee 3aBome B lllnanpay
rpynna M3 Tpex u4esJIOBeK BO IJaBe ¢ 3GOpPOBCKH, GLIBIIMM
MOMOLIHHKOM SeHrepa B TpaysHe, mpucTynuia x HM3HICKa-
nuaM. BHauase pa6ora Beslach co ciaGoir 509%-Hol mepe-
KHCbIO Bojopona. CKOHCTPYHpPOBaNH HeGOJbLIOH YCKOPH-
TeJlb, HO OH NOJYYHJICA OYeHb TAKEJHIM M HEe MOI' KOHKYpH-
poBaThb CO CTAPTOBLIMH YCKOpHTeJsiMH Basbrepa, moatomy
najbHefimass paGora Hax HHUM Oblia npekpamieHa. C Toro
BPeMEHH eJHHCTBEHHHIM OKMCJHTeNeM, KOTOpHH mpHMe-
HasIca B Asurateasx BMB, crama asothas kucsiora. Bruio
CO3laHO MHOTO JIeTaTeJbHHIX anmnaparoB, paGoTaBIIHX Ha
CaMOBOCIIJIaMEHSAIOEMCSl  TOIJINBE, TaKHe, HampuUMep, Kak
X-4 n «llIMerrepaunr». Hpononmanacra TakKxe pa6GoTa Hax
CaMOJIETHBIMH JBHraTeJIbHHIMH YCTAHOBKaMH — OAHOA H3
HUX OB ABHraTe]b AJs XODOIUO H3BECTHOIO HCTpeGHTess-
nepexsatynka Me-163B. Ho on He nomes B mpou3BOACTBO,
TaK KaK BMECTO HEro Ha mepexBaTuMK ORI MOCTaBJIEH JIBH-
ratesap Baabrep 109-509 A2.

B CIIIA [8] BnepBele cepbe3Ho HavyajJu paboTaTh Hal
pakeTHHIMH jBurarejismd B 1936 roxy B KanudopruiickoM
texHosornyeckom uHctutyte (KTH). Ckpomuas nporpamma,
nepBOHAYaJbHO INpeJyCMaTpPHUBABIUAsl NPOEKTHPOBAHHE BHI-
COTHHIX METEOpPOJIOTHUECKHX PaKeT, OCyLIeCTBJIsJach B Te-
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yeHHe NepBHX ABYX JIeT Ha yacTHele cpeicrtsa. C 1 wuions
1939 rona B KTH Havanuce uccienoBaTenbcKHe pPaGoOTH
HajJ DEAaKTHBHBIMH [BHTaTeJIIMH /11 apMeHcKOH aBHalHH
-CLIA; nesbio pa6oT GhLIO CO3NAaHHE PAKETHHX YCKOpHTeNeH
IJs o6ecrieyeHus B3JeTa H YJyUlleHHs JIETHHX KauecTB ca-
MoJsieToB. BHauaJie paGora noJBHragach JOBOJbHO ME/JIEHHO:
OIHH TOJIbKO TOIJIMBA HCCJEAOBAJHCh OKOJIO roja. Ilepsuifi
ycnex Onul XOCTHTHYT B 1941 roay npu HCOEITAaHUM MaJieHb-
KOTro camoJsieTa GUPME «DPKOYMN», HA KOTOPOM YCTAaHOBHJIH
CTapToBHe NMOPOXOBHE ycKopHTeau. OxHoBpeMeHHO ¢ paGo-
TOH HaJA TBepABIMM TomuuBaMu Jaboparopus KTU sena
HCCJIE[IOBAHHA M XKUJAKHX TOmJMB. IJlaBHoe BHHMaHue GbLIO
COCPeJIOTOYEHO Ha ABIMsALIeH a30THOH KHCJOTe, NpencTas-
Jsoleir. cobofi pacTBOp ABYOKHMCH a30Ta B a30THOH KHC-
Jaore. Camoser Ilyrnac A-20A, cHaGxKeHHBIl ABYMs 3Kcre-
PUMEHTAJbHBIME YCKOPUTEJISIMH, COBEPIIHJ MEePBLIH MoJeT
7 anpena 1942 ropma. Becero GO coBepiieHo 44 ymauHBIX
noJera. Pemnsan, utro KTHU Gyner saHumaTbcs TOJBKO HC-
cleJoBAHHEM YCKOpHTeJel, a AJs HX BBHINYCKAa HOJIKHA
GLITh cenHabHO OpraHu3oBaHa (upMa «A3poaKeT HHAXKHU-
HHPHHT Kopnopefuiuy [9].

B nauase 1944 rona sna6opatopuss KTH nauana sumnos-
HEeHHe INMPOKOH NporpaMMbl HCCJAENO0BATENbCKHX paGoT B
06JlacTH pakeT AaJjbHero AeHCTBHS.

HeGoubimodt rpynnoii 4eHOB aMepHKaHCKOTO PaKeTHOTO
obiecTBa NpH opHIMANBHON NOLLEPKKE CO CTOPOHHI Mpa-
BHTEJAbCTBA GBHLIA co3faHa ¢upMa «PuskiiH MoTOpC», KOTO-
pas mo6uJiach TakHX BHJAIOIIMXCA YCIEXOB, KaK CO3JaHHe
CHJIOBOH YCTAHOBKH JJIs 3KCIIEPHMEHTAaJbHOTO CBEPX3BYKO-
Boro camoJiera Besan X-1 U pakeTHoro ABuUrartess [Js BH-
coTHoil pakerhl «Buxuur». TeopeTHueckas U mpakTHyecKas
pa6ora B 06JlaCTH DaKeTHOH TeXHHKM HAXOAMTCA celfyac
B CIIIA Ha GoJiee BHICOKOM ypOBHE Pa3BHUTHS, UeM B JI0GOH
apyro# crpane!. CosfaHHBe M CO3[aBaeMble TUNH JBHraTe-

! Tlocne ycnemnoro ucneitaiuss B CCCP  MeXKOHTHHEHTaJIbHOR
GaJNuCTHYECKOH paKeThl M 3amycka [BYX HCKYCCTBEHHEIX CIYTHHKOB
3eMan caMu aMepukaHckue yueHole npusHaau, 9ro CCCP cHIBHO
o6ornan CIIA B pa3BuTHun pakeTHofi TexHukd. [laxe mocie 3amycka
NepBOro aMepHKaHCKOTO CIHYTHHKa H3BEeCTHHIA HeMmenkuii yueHnii Bep-
Hep ¢oH BpayH, paGoraoummii cefiuac B CIA, 3asasaaa, uro CIIA
norpeGyercs 5 Jer, uTo6h goruath Coserckuii Colo3 B 06JacTH pakeT
u cnyTHHKOB. — [Tpum. ped.
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Jieft oueHb pasHOOOpAasHH: 3[ech U Ge3onacHHe, AelleBHe U
NPOYHBIE CTAPTOBHIE YCKOPHUTENH IJIs1 JIerKHX CaMOJIETOB H
IJIaHEepOB, ¥ paKeTHHE [BUraTtesd, paboraiole Ha CMeCH
KHJKOTO BOJOPOLA™ C XKHUAKHM KHCIOponoM. B Hacrosimee
BpeMs paspabaTeiBaeTcsi G60/blIoe KOJHYECTBO IPOEKTOB
PAKETHHIX [IBUraTesief,, OAHAKO CaMBIM GOJBIIHM H CJOXK-
HEIM annapaToM, HajJ KOTOPHIM YCHJEHHO paGoTaioT, $iB-
JiseTcs MCKycCTBeHHm# cnyTHHK 3emiau. «Psux Kopro-
pellliH» — oHa W3 opraHU3aiuil, 3aHMMaw0OINAscCAd H3Yyue- .
HUeM 1npo6/eM, CBA3AHHBIX C 3alyCKOM HCKYCCTBEHHOTO
CIYTHHKA, yKe OonyG/JIMKOBaNa PAN HayuyHBIX TPYAOB Ha 3Ty
TeMy.

B o6macTu TBepAHIX TOIUIHB MHOTO CHesaji aHIJIM4aHe
[10], B pesysibTaTe HOKJIAamOB O MAOCTHKEHHAX HeMEUKHX
CHNENUANUCTOB elle Nepex BOHHOH GBUIO NPHHATO pellieHHe
HauaThb paGoTy Hajx pakeramu. MHTepecHO 3aMeTHTb, 4TO
BHauaJje GoJblioe BHHUMaHHe YHAeIAJOCh JBYM BHJIAM CHa-
pPANOB JajbHEro AeHCTBHA ¢ fganbHocThio 600 u 800 muib.
Moxer 6HTb, 3TO COBHajeHWe, HO 3TH IUGPH COOTBET-
CTBEHHO PaBHH paccTosiHuio oT JlongoHa po Bepauua u ot
Jlongona no Puma. B TeueHue psjga mpenBOEHHBIX JIeT OC-
HOBHHIE YCHJIHSl OBUIM . HANPAaBJEHH Ha CO3JaHHE CPEeiCTB
DpPOTHBOBO3AYIIHO 0GopoHH. JKuIKHe TOIJMBA CYHTAJHChH
OYeHb CJIOXKHBIMH, H GBLIO pelleHo NPUMEHSATb KOpAHT. B pe-
3yJIbTaTe GbIO BHITYIIEHO HECKOJbKO BHAOB PaKeTHOTO BO-
OpPYXKEHHsI; HEKOTODhie M3 HHX, BO3MONKHO, YK€ 3HAKOMH
MHOTMM YMTaTeNM. DTO OblIM 3€HUTHHE DaKeThl, IATH-
JIOAMOBHIE pPeaKTHBHEIE CHApSiik Ha3eMHOH apTHJ/JIEPHH,
NPUMEHSIBIINECS NPH CTpe/bbe Mo mjIomansM, H KOpIHTHHE
PEaKTHBHHE KAaTamyJbTH, C MNOMOLILIO KOTOPHIX oGecreuH-
BaJicsl B3JieT UCTpe6GHuTeJefi HA TOProBHX CyHax.

TaxkoB KpaTku#l ouepK COBPEMEHHON HMCTOPMH DPa3BHTHUS
U NpUMeHeHHs1 pakKeTHelx Apurartejefi. Hekoropele u3s mo-
CJIeHUX 3TANOB HX pasBUTHUA GYAyT GoJjee MoJpPOGHO OCBe-
LIEHH B COOTBETCTBYIOIUX IJIaBax 3TOM KHHUTH; HE HaJO 3a-
GLIBaTh, YTO ONHCAHHbIE B Hel O0Gpa3lBl PAKETHON TEXHUKH
ABJSIOTC pesysabTaToM Gojee ueM [ABAaAUATHUJIETHHX CO-
BMECTHHIX YCHJIM MHOTHX THICSY HAyYHEIX PaGOTHHKOB.



IF'aaea II
PAKETHBIE OBHTATEJIH HA TBEPJAOM TONJIMUBE!

TBepabie TonaHBa,

IIpocrefimiuM BUIOM paKeTHOro MABHUraTesisi SBJSETCH
JIBHraTeJb Ha TBEPAOM TOIVIMBe, NpPEJCTAaBJSIOLIEM COGOMH
TBEP/YI0 OLHOPOAHYIO CMeCh IOpIOYero U okucaurenas. Buuio
NpeasoXXeHo MHOTO pasJUYHHX KOMOGHHAIHW{ ToOpIoYyero u
OKHCJINTeJIsl; HEKOTOphle U3 HHX TpuBefeHH B Ta6ma. 1. U3
TaGJHUIEl HEeTPYAHO BHJEThb, YTO CYLIECTBYIOT ABA BaXHeM-
IIMX KJacca TakHX TOIJIMB; OCHOBOA OJHOTO M3 HHX fB-
JFIOTCSl HeopraHu4yeckHe OKHCJHUTENH, TaKue, KaK XJOPHO-
KHCABIH KaJuil MM HaTpHeBasi CEJIUTPA, OCHOBOI IPYyroro —
CJIOXKHEIEe 3(HPH a30THOH KHUCJOTH, TaKHe, KaK HHTpoOLEJ-
JI10J103a W HHUTPOTJIMLEPHUH.

B nepBom ciyuyae OKHC/IMTENb BCErga CMELIHBAETCS
C BElIeCTBaMHM, KOTOPHIE MOTYT GHIThb JIETKO OKHCJEHH: Jpe-
BECHHIM yrJjeM, 6UTYMOM, MUKpaToM aMMOHHUs. Takue Belie-
CTBa HA3HBAIOT FOPIOYMM; HX OGHIYHO GEPYT B KOJHYECTBE,
He06XOUMOM [JJIs1 MOJIHOTO HCIOJb30BAaHUS KHCJIOPOAA, CO-
JepxKaierocss B OKHcJuTese. Bropoit kjacc TBepAHIX TOI-
JIUB COJEPXKHUT HEKOTOpble CJOXHHe 3(QHPH a30THOH KHC-
JOTH. KOMIOHEHTH TaKOro TONIJIHBA HAXOASATCS B KOJJIOU-
JlaTbHOM COCTOSIHHH, TO €CThb COCTOSIT U3 YaCTHYEK, KOTOpHE
GoJibliie MOJIEKYJ, HO BCE€ Xe upe3BmuafiHo MaJh. TomiuBo
3TOro KJjacca oGbIYHO MOJYNPO3PauyHO, NMPENCTaBaAseT co6oit
POrOBUJIHYIO MaccCy, U B €ro CTPYKType YyiKe HeJb3s pasjH-
YUTh UCXOLHBIX KOMIIOHEHTOB.

OGHYHO B NPOU3BOACTBE KOJJIOHAHHIX NMOPOXOB HCIOJb-
3y10TCSl Ba CJOXKHEIX 3(upa a30THOH KHCJIOTH: HHTpPOILEJ-
JII0J103a M HUTPOTJHIEPHH. DTH BEIIeCTBA MOXKHO paccMma-
TPHBATh KaK XHMHYecKM cOajlaHCUPOBaHHHIE, TaK KaK OHH
colepKar B OZHOH MoJleKyJse JOCTAaTOYHO TOpPIOUEro H OKHC-

! Hanucana A. P. Ilangepcom,
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JIMTENI IS IpPOTeKaHHsl peakLUHH IOJHOIO OKHCJIEHHS.
Hurtpornuuepun, Hanpumep, umeer dopmyay CszHsN3O,.
34ech KHCJIOPOA MOXKET pacCMaTPUBATHCH KaK 3JEMEHT,
BCTyNaloUUil B COeAMHEHHE C yIJIEePOAOM, BOAOPOJOM H a3o-
TOM, B Pe3yJIbTaTe Yero NoJyqaloTcsi OKHCJIBI 3THX 3JIEMeHTOB.
CyHiecTBYIOT ABa OCHOBHBEIX BHJA KOJJIOMIHBHIX NIOPOXOB:
«OIXHOOCHOBHHIfI», KOTOPHIl COAEPIKHT HHTPOLEIION03Y, HO
He COHEpXKHUT HUTPOIVIMIEDHHA, H <IBYOCHOBHHIH», colep-
XamHui Kak HUTPOLEJIONO3Y, TaK H HHUTpPOIMHUEpHH. TeM-
nepatypa ropeHus NepBoro mopoxa MeHbIe, HO OH SIBJISETCSA
6oJiee THTPOCKONHMYHBEIM; KPOME TOro, NMOCKOJIbKY €ro moJy-
4aloT nyTeM o6GpaGoOTKH HHTPOLEJJIIONO3H PaCTBOPHUTEJEM,
OH BCerja COJAEpPXKHUT B CBOEM COCTaBe He6oJblIoe KoJHye-
CTBO M3GHTOUHOro pactBopHTes. IToaToMy H3 TakHx mopo-
XOB HeJb3s JAeJaTbh HMIAUIKH GOJbIINX pa3MepoB, TaK KakK HX
OUYeHb TPYAHO BHICYWIHTb. UTo Kacaercs miamiek U3 JBY-
OCHOBHHIX MOPOXOB, TO OHH MOTYT OBITb CHE€JaHH JIIOOBIX
pasMepoB, BIVIOTh A0 MAaKCUMaJbHO BO3MOXHHIX 1Js ¢op-
MOBOUYHHIX' IIPECCOB, '
B 1ByOCHOBHHIX NMOPOXaxX HHUTPOTJIMUEPHH XeJaTHHUpYET
HUTPOHEJTION03Y [0 NOJYNPO3payHOro KOJUIOHAA, KOTOPHIH,
OHAaKO, He MOXeT GHITh HCHOJb30BAH B KauecTBe TOIJIHBA
IJisg pakeTHHIX Asurarenef. s Toro 4To6H JOCTHYb XKe-
JaeMuX 6Ga/NINCTHUECKHX CBOMCTB, M06aBJISAIOT CllenHaJbHble
BeuiectBa — R06aBKU. OCHOBHEIMU H3 HHX SABJSIOTCA LEHT-
paJuT UM BaseJHUH, KOTOpHE AeACTBYIOT KaK cTa6Guansa-
TOpH, NpefOTBpAallAIollie PasJoKeHHe CJIOXKHHX 3(upos
a30THOH KHCJOTH. LleHTpanuT, KOTOpHIf YacTo NMpUMeEHseTCs
IJis 3TOH 1eNH B JBYOCHOBHHIX IOpoxax, oGjajaer ele M
JIpYTHM CBOHCTBOM — OH CIIOCOOGCTBYeT KeJaTHHHU3ALUU
HHUTPOHEJVIIONO3E HUTPOIVIHIEpHHOM. Moryr takxke po6aB-
JIATbCS HEOPraHW4ecKHe COJIH, HanpHMep XJOPHOKHCIMH Ka-
JIUH, KOTOPHIA CIAYKHUT JJi yMEHbIIEHHS IUIaMEHH, BRLIe-
TAIOIIero U3 comia Nnpu ropeHuu. Hacto Ho6aBJSIIOT B He-
6OMbIIOM KOJIHYECTBE BOCK, o6Jjerdapouii ¢opMmupoBaHue
nopoxa. : 4 ¥ :
TIpoueccn npou3BOJACTBA PasjHYHEIX IOPOXOB, yKa3aH-
HEIX B Ta6J. I, CHIBHO OTVIMYAIOTCH OAHMH OT Apyroro. B o6-
INMX YepTax OHU CBOJATCA K CJeLyoLeMy.
JILIMHH NOPOX H3rOTOBJSAETCS NPOCEHBAHHEM OCHOB-
HBIX KOMIIOHEHTOB 4Yepe3 CHTO [0 MOJY4YeHHS OXHOPOAHOMN
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cmecu. OH HH BIIPECCOBHIBAETCA HEINOCPEACTBEHHO B Ka-

Mepy ABHUraTess, WM NOMEINaeTcsl TyAa B BHJAE OTHEJbHEIX
CHJIbHO CIIPECCOBAHHBIX IIalIeK. :

Ta6auga 1

Mopox Cocras BC;)]:eI%K 1‘;’;;
IbIMHbIH TTOpOX Kanunesasa cemmrpa. . . . . . . . 61,6
Hpesecnoiit yroab . . . . . . . . 23,0
Cepa . . .. ... ... .... 15,4
Kopaut S. U. Hurtpoueamonosa . . . . . . . . 41,0
Hurporamuepun . . . . . . . . . 50,0
Uentpamur . . . . . . . . . .. 9,0
J. P. N. (CLIA) Hutpouenmonosa . . . . . . . . 51,5
Hurtporamuepun . . . . . . . . . 43,0
Adustuadramar. . . . . . . . . . 3,25
Lenrpamur . . . . . . . . . .. 1
CepHoKMCHBIH KadHi . . . . . . . 1,25
FasoBas caxa (mo6aBka) . . . . . 0,2
Bock xaunenuapckui (106aBKa) 0,08
TFaascur (CILA) X nopHOKHMCABIH Kammih . . . . . . 75,0
ButyM H HE60NbLIOE KOMHYECTBO N
Hept® . . . . . . ... L. 25,0
N. D. R. C. (CLLA) MMaxpar aMmMoHHs . . . . . . . . 450
A3OTHOKHCJbI HaTpui . . . . . 45,0
CmMoma . . . . . . . . .. ... 10,0
JKCnepUMeHTaabHbIH TwokON . . . . . . . . . . . .. 20,0
(CLIA) Toayoamr . . . . . . . . . . . .. 20,0
XnopHOKHCHbIH Kamui . . . . . . 60,0
XaopHoKHCAbIM cBHHE . . . . . caensl

Kopaur S.U. u J.P.N. usroroBnsiiorca tak. ITocae npen-
BapHUTEJbHOIO CMeELIEHHs BPYYHYIO HHTPOLE/IIONO3H H HH-
TPOIJIMIEPUHA HX NOMEIalOT BMECTe C APYTHMH KOMIIOHEH-
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‘TaMH B CNEelUaJIbHble CMECHUTE/H, KOTOPHEIE 3aBepuIaloT cMme-

menne. ITonyueHHas Macca nporyckaeTcss 4yepes HarpeThe
) BaJIbIIB], YTOOGK BHI3BATh KesdaTuHusanuio. Ha atofi cramuu
[OPOX SIBJIIETCSI MCTHHHBEIM, HOUTH NPO3PauHLIM KOJUIOHAOM
B BHJIE TOHKOTO POTOBHIHOIO MOJIOTHA. DTO MOJOTHO CKATHI-
BaeTCsd B IVIOTHHE PYJIOH, TIOCJIe Yero €ro MOXHO 3aKJaJHl-
BaThb B IIOPOXOBOH Ipecc.

TIpecch aTH MoOryT GHITh Bepmxanbuumu HWJIH TOPH30H-
TaJbHEIMH, HpHYeM o6a BHIAa MMEIOT OJHHAKOBYIO KOH-
)« cTpykuuio. OHH COCTOAIT U3 NMyaHCOHa, COBEpIIAIONIEro BO3-

BPaTHO-NOCTYIIaTeJbHOE ABHXKEHHE, U I{UJIMHIPHUYECKOH Ka-
_. Mepu. OnuH KoHel 3TOM KaMephl COEIMHEH C MaTpuiei;

-MaTpUHBl MOTYT MEHSTHCSA B 3aBUCUMOCTH OT (OPMH, KQTO-

pyio XoTAT npunate nopoxy. I'opusoHrasbHHe mnpecch Go-

Jiee TNPHUMEHHMH - JJISi TPOU3BOJACTBA 3apsafoB (IIauex)

GoJbioro AMaMmMeTpa, B TO BpeMs KaK BepTHKaJbHHE

-MpecCHl . -06LIYHO yNOTpebasioTcss A H3TOTOBJEHHS Iy-

IIEYHHIX [OPOXOB C HEGOJBLIMM IHAMETPOM TOPOX0BOTO

_3epHa.

Uucno pynoHOB, KOTOpoe yK/AaAwBaeTcs B Mpecc, 3aBH-

CHT OT pa6ouero o6beMa HUJIHHAPHYECKONH KaMephl: OOHUHO

- IOMELIaeTcss TaKoe KOJHYECTBO MOPOXOBOH MAacCH, YTOOH

-BHITeCHAeMHI o0beM OB paBeH paGouemy.o6bemy. Ilu-

JUHJpUUYEcKass KaMepa M NOpPOXOBash Macca MOLOrpeBaloTcs

€ UeJbl0 CHeJaTh Maccy GoJiee NMJIACTHYHOR H TEM CaMBIM

o6neruuts ee opmoBaHue. IlyaHcoH mop [aBJjieHHeM

500—1000 ¢pyrr/K8. Orolim BHTaJKHBAaeT U3 KaMephl MOPO-

XOBYIO Maccy uepe3 marpuny. Tak Kak npu 3Todl onepaunuu

. BO3MOXXHO BOCIlJIAMEHEHHE MOPOXOBOH MAaccCHl, MPHMEHSETCH

- AHCTaHIMOHHOe ympasnenue. Ilocme ¢opMoBanus nopox

- eIi¢ OYEHb TOPAYMH M MJACTHYHEIA; €ro PeXYT Ha KYCKH

HJIM WalKH NpuO6JH3HTEeNbHO TpeOGyeMoHd MJHMHE, a 3aTeM

Ja10T BO3MOXKHOCTb OCTHTb H 3aTBepieTb. Korza nopoxo-

- BHE IIAlIKH OCTRIHYT, HX INpeJBAPUTE]BbHO 00pabaTHBAIOT

C Topua, mocje 4ero NPOU3BOAAT JIHCTOBYIO O6paBGOTKY Ha

TOKapHOM CTaHKe WJ/M pesajibHOH MalluHe, NpujaBas liali-

KaM npaBujbHyl0 (popmy. ITocse sToro mopox MoxkHO 6po-

HHDOBAaTh, €CcJM HEOOXOJHUMO OrPaHUYUTb NOBEPXHOCTb €ro

TOPEHHS; eCJH XKe 3TOro He TpeOyeTrcsi, TO IIAINKH CHA6-

JKaIOTCsl HeGOJNBIIMMHU «IJIACTHHKAMU», [OCJIE 4ero OHH TIo-

TOBHI [JI51 [IOMEIUEHHsI B PAKeTHHIA ABHraresb. «I11acTHHKH»

w1
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NPUKPEMJSAIOTCA K IIamKaM JJis TOro, yToGul 3apsifi pa3me-
maJjcs B KaMepe IEHTPaJbHO 1.

TaJbCHTHEIE TBepAHEe TONJHMBA OBUIH H3TOTOBJEHH BO
Bpemsi BofiHn ['yrenxeAMcKofi aBHanuoHHOHN JaGopaTopuei
KanudopHuiickoro TeXHOJIOrH4eCKOro HHCTHTyTa. ButyM H
HedTp Harpesaiorcs o 180°C u 3ateM nepemelIHBAIOTCS
¢ no6GapjeHHEM XJODHOKHcCJOro Kaius. [opsiuas Xunkas
Macca 3aJIMBAaeTCsi HeNMoCPeJACTBEHHO B KaMmepy JBHrartens
HJIH Pa3jIUBAeTCsi B COOTBETCTBYIOIIHE (POPMHL.

IMopox N.D.R.C. roroBurcsi nyTeM cMelIeHHsI KOMIOHEH-
TOB C MOCJEAYIOIHM NPECCOBAHHEM.

ITpn npousBoACTBE 9KCIEPHMEHTANbLHOTO AMEPHKAHCKOTO
Nopoxa CMEUIHBAIOTCs THOKOJ H TOJyoJ, Ko6GaBJsieTcs: XJIop-
HOKHCJIBIH KaJHil H y3Ke HeNmoCpPeACTBEHHO Nepej PasuBKOH
B (opME A06aB/sieTCs KaTaJU3aToOp — XJAOPHOKHCJEIH CBH-
Hell. DTy cMeCh BHIJIEPXKHBAIOT NPH KOMHATHOH TeMmepa-
Type B TeuyeHHe 2—4 yac., 3aTeM OHA OXJAaXKAaeTcs Ha BO3-
nyxe.

OnHHUM H3 HENOCTaTKOB KOJUVIOMJAHBIX NOPOXOB, TAaKHX,
kak xopaut S.U. u J.P.N,, siBAsiercds HX OTHOCHTEJNBHO He-
Gosbluasi XMMHuYeckKas crofikocts. Hutpouesmmogaosa moay-
yaercd npH o6paboTKe LEJJIIONO03Bl CMEChl0 a30THOH H cep-
Ho#t kxucaoT. IlosydeHHHA NpPOAYKT TLIATEIbHO INPOMEI-
BaeTCss M XMMHUYeCKM o6pabaThIBaeTCsl C LEJbI0 yAaJeHHs
kucaoT. K coxaJsenunio, HeGoJIblline KOJIHYECTBA KHCJOT BCe
JKe OCTaloTCs Ja)xe MNocje CaMof TINATeJbHOH NpPOMEIBKH
H BHI3HIBAIOT INIOCTENEHHOE pasJioXKeHHe HHTPOLE/IIONO3H.
B ciyuae xpaHeHHst 3THX IOPOXOB NPH BHICOKHX TeMmepa-
Typax pasJjioxeHHe yckopsiercsl. JIIMHHEA M ApyrHe mopoxa,
npusefieHHbie B Ta6a. I, He Tpe6yloT omnpenejeHHHIX YycJo-
BHH [JI XpaHeHHs, TaK KaK He COJEepPKAaT XMMHUYECKH He-
YCTORYHBRIX KOMIIOHEHTOB.

TFopenne nopoxos [1, 2]

BannucTiueckue cBoficTBa YKasaHHHX BHIIE MOPOXOB
npuBefeHu B Ta6. 1I. BoaMoxHo, camoit BaxXHON XapakTe-
pHCTHKOR sBJIsieTCs1 yAeabHHR (efuHuMuHBIA) uMmyasc. OH

! «[1nacTHHKH» NPHKPENJSIOTCS TOJNbKO K OAHOLIAWIEYHHM 3aps-
Aam. — Ilpum. peod.
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ompenelisiercsl o caenyioue gpopmyae:

Y nenpHbrit uMnmec—— Bec 3ap’ma @yir veca)
H OGHIYHO H3MepsieTCs B cexynnax Crenyer 3aMeTHTb, YTO
IJIsl TIOPOXOB TPHMEHSETCS TePMHH «YJeJbHBIA HMITYJIbC?,
a He «yneJbHas Taras. Jles0 B TOM, UTO YAEIbHHIR HMIYJbC
onpefeseTcs Ha OCHOBE CYMMapHOTO HMIYJIbCA U SIBJISIeTCH,
‘C/IeI0BaTebHO, HMIYJIbCOM, OTHECEHHBIM K (YHTY TOMJIHBA,
TO €CTh K €JIMHHIle Beca 3apsifia, B TO BPeMs KakK COOTBET-
CTBYIOIIash XapaKTePHCTHKA IMKUAKHX TOMJIHB (yAeJabHas
TAra) ecTb OTHOLIEHHE TATM K (YHTY TO/IHBA B CEKyHAY,
TO €cTh K eJHHUIle PACXOLa TOMJUBA.

Cyl1uecTBylolye Mopoxa HMeIOT yAeJbHEIA UMIYJbC, PaB-

Bl 200—210 Mﬁ—“-’i‘.

Tara (pyur cuan) X BpeMs (cex.) ( l) .

Pyrm
Tabauya 11
BAJIJIMCTUYECKUE CBONCTBA IIOPOXOB

| Cxopocts roperus IMaoTHOCTE VaeapHul | TennoTBopHAS
. npH NaBACHHH 6. 6

flopox 12303%{;‘,;';{70;,;’,””“ e < (et | Cewaslwe)
YepHubiii nopox — 0,046—0,075| 40—80 685
Kopnur . . 0,35 F 0,057 190—200 970
J. P. N. 0,65 :0,06- 200-—205- 1230
Taabuur . . 1,4 0,064 180 —
N.D. R C.. 0,2—1,0 -.0,066 180 —_

JIpyrum BaXKHHIM Ga/UIHICTHYECKHM CBOHCTBOM SIBJISIETCS
CKOpoCTb ropeHus. Kak usBecTHO, MOpox TOPHT napaJJieb-
HEIMH CJIOSIMH; 3TO GRUIO [0Ka3aHO NYyTEeM TYLIEHHS TrOpeB-
HIero nopoxa B pas3jHYHEIE MOMEHTH -H ucc.uenosannem
ocrapuleficsi yactd 3apsia.

CKOpPOCTb TOPEHHs B OCHOBHOM 3aBHCHT OT COCTaBa MO-
poxa, AaBJeHHS M TeMIepaTypH. 3aBHCHMOCTb CKOPOCTH

! TlpuBeieHHass aBTOPOM BeJIMYHHA YAEJbHOrO HMMyJbca SBASETCS
HECKOJIbKO 3aBBILIEHHOH, 4TO BHAHO M3 TabJuusl. deficTBurespHp, ero
HYJKHO CYHTaThb paBHBIM npuMepHo 190—200 cex.— [Tpum. ped.
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TOPEHHsI OT HaBJICHHS MOXeT OLITb BHIPaXKeHa CJeaylolued
tdhopmy.oii:

R =cP", 2)

rae R — cKopocTb rOpeHus,
P — nasienue,
. ¢, B — TOCTOSIHHBIE BEJHYMHHI.
H3 sTolt popMysIHl BHAHO, YTO CKOPOCTb TOPEHUS YBEJH-
YMBAeTCsl C YBeJHYCHHEM JaBJIEHHS H YMEHbIIAETCs C YMEHb-
_lIIeHHEeM [NaBJIeHHs, KaK 3TO NoKasaHo Ha ¢ur. 2.

T , T
20 : ——L60%)
/ 207
/ v~ 18°C
- ,'0 // ,/
o8 '/f // .

8

Cxopocmo 2openus, drotm/ce
Q

0
100 200 400 600 8001000 2000 . 4000 6000
Aaaenenue, pyHmy/Ke. droum :

® ur. 2. 3aBHCHMOCTb CKOPOCTH TOPEHHsS OT AaBJEHHs
H TeMmepartypsl ajs mopoxa J. P. N.

HauvasbHas teMnepaTtypa mopoxa TakXe CHJbHO BJIHSIET
Ha ero CKOpOCTb TOPEeHHSs: NOC/ENHss YBEJUUHBAETCH C yBe-
JIMUeHHEM TeMmepaTypsl mopoxa (¢ur. 2). Drta Bospociias
CKOPOCTb TOPEHHS] B CBOIO ouepejb YBEJIHUHBAET HaBJEHHE
B KaMepe, H, CJe[OBaTeJbHO, HEOGXOJUMO YCTAHOBHTb MAKCH-
MaJbHYI0 TeMIeparypy 3apsiia, KoTopass GyHeT COOTBeT-
CTBOBaTh MAaKCHMaJIbHO HONYCTHMOMY J[aBJIEHHIO B Kamepe.
YcraHaBiMBaeTcsl TaKXKe M HU3IIH{ npenesa TeMnepaTtypl

4 ekt
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3apaaa, Tak Kak GOJIbIIMHCTBO MOPOXoB THma Kopaut S.U.
u J.P.N. He 6yAyT yCTOHYHBO TrOpeTh NPH JABJEHUSX HHIKE
yeM 400 ¢pynr/ke. Orotim. I1pu oueHp HH3KHX TeMIepaTypax
MOXEeT BO3HHKHYTb NPEPHIBHCTOE TOpeHHe, HJIH «UHXaHHE»:
OHO BHI3HIBA€TCH HEJNOCTATKOM Temja JJs MNOAAEpKaHHS
peakuus, KOTOpoe nepejaercs oT rasa K nopoxy. BosoGHo-
BJIieTCA TOpPeHHe TOJIbKO MOJ AeHCTBHEM TelJa, nepejasae-
MOTO TOpOXy TOPSIYUMH MeTa/JIMYeCKHMM YacTsAMH JBHra-
TeJs. DTOT LHUKJA MOXET MHOTOKPATHO NMOBTOPSTHCSH, BBHI3HI-
Basi IIyM, NOXOXHA Ha 4HXaHHe, — OTClofa M Gepercs 3TOT
TEPMHH.

~ Bepxnuii W HHXHMH T0pele]n TeMIepaTyps 3apsana
MMelOT GoJibllloe 3HaueHHe. JIBHUraTeJH MOTYT HCIOJb30-
BaTbCsA B JIIOGOM MeCTe 3eMHOTo Lapa, H NO3TOMY OT HHX
TpeGyercs, 4ToOH OHM paboTaju B HHTEpBaJe TEMIepaTyp
or —30 no +70°C.

[TocrosHHas BesquuuHa n B (GopMmysae (2) mnoxkasuBaer
cTerneHb 3aBUCUMOCTH CKOPOCTH T'OpPEeHHs OT AaBjeHus. DTa
BEJIMUMHA BCErZa MeHble eJHHHIH, U 4eM GJIMKe OHA IpH-
6nuxkaerca K HyJo, teM ayuue, Ecan n = 0,7 mgna nopoxa
J.P.N. nokaseiBaeT CH/JbHYIO 3aBHCHMOCTb CKOPOCTH Trope-
HUSA OT AaBJjeHus, To n = 0,4 15 ANOHCKOTO MOpPOXa rOBO-
PUT O TOM, YTO 3aBHCHMOCTb SIBJISIETCS CPaBHHTEJNbHO He-
Goubioi. DTOT GaKTOp OuYeHb BaXKeH, HGO ecJaH H3-3a Ka-
KOU-HHOYAb TIPHYHHBEl NPOU30HJET MNOBHIIEHHE AaBJEHHS, a
BEJIHYMHA 7 GOJbIIAs, TO YBEJMYUTCSH CKOPOCTb TOPEHHS, H
BCJIEICTBHE 3TOrO JaBJeHHE ewlle GoJblie MOBLHICHTCS; B pe-
3yJbTaTe HEIPEepPHIBHOIO HAapacCTaHHWsl AaBJEHHs IBHraTelNb
JIETKO MOXeT GHITb paspyIleH.

Ha ckopocTb ropennst BiHsieT Takke U CKOPOCTb HOTOKA
rasos, NPOXOJSALIMX Haj Tropsuedl NOBEPXHOCTbIO MOpOXa:
yeM GoJibllle CKOPOCTb OGLYBAIOIIEro MOTOKA, TeM O6OJblie
H CKOPOCTb TOpPEHHS.

Bpems ropeHus sapsjia B JBHrarese 3aBHCHT OT CKOpPO-

CTH TOpPEHHA H TOJINUHHE Tropsdlero ceojaa w (TOJIL[LHH& .

CBOJla Pas/IMYHHIX 3apsA0B NOKasaHa Ha ¢ur. 5).
S'ry 3aBHCHMOCTb MOXHO BBHIPA3uTh TakK:
Toawuna ceoga (Oroim) !
Bpems ropeHus = .
pe ope CkopocTtb ropenus (0r0dm/cex)

! TlpuBenenHas ¢opmysa He TOAMTcs AJS ONPENEJIEHHS BPEMEHH
TOpeHHs 3apsl0B a # 6, QuUr. 4, TaK KaK BpeMs FOPEeHHS B 5TOM cJydae
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Jlas KOJLIOMAHHEIX NMOPOXOB, MOXOGHHIX Kopauty S.U. u
J.P.N., BeJlHuHHa TeMNepaTyphel TOpeHHs OOHYHO JIEXHT B
npepenax 1900—3000°C. TensorsopHast — CHOCOGHOCTDH
(ta6a. II) moxkasbiBaer sanac 3HepTHH Ha eJHHHIlYy Beca IO-
poxa. IIpun paBeHCTBe BCeX MNPOYHMX BEJHYHH TeMreparypa
rasoB M CKOPOCTb ropeHHsi GYAyT TeM GoJblie, yeM GoJblie
TEIJIOTBOPHAsI CIOCOGHOCTh TOIUIHBA.

dopma 3apspa [3, 4]

BriGop ¢opMEI TOPOXOBOrO 3apsiia NMPOU3BOAUTCS IJIaB-
HEIM 06pa3oM B 3aBHCHMOCTH OT BHMJa XKeJaeMoH Xapakre-
pUCTHUECKO! KDHBOH, TO €CTb KPUBOH HaBJIEHHS B KaMmepe

e,
G/
t?o'oet‘

C nocmosiHHOL
1106€PXHOCITILH) 20PEHURA

Jlasnenue

Bpems

$u-r. 3. Kpusble RaBleHHS NOPOXOBBLIX
mauiex.

ABUTATEJIsl 110 BpeMeHH ero paGoTh. Bo3MOXHEI TPH OCHOB-
HBIX BHJa KPHUBOH MAaBJIeHHUS: NI 3apPS0B AETPECCHBHOTO
FOpeHHUs!, IPOrPECCHBHOTO TOPEHHsI U C NMOCTOSIHHON MOBepX-

Gyner BaBoe MeHblie. Jlesio B TOM, 4To JeficTBHTeJbHAs TOJIIMHA, HA
: w
KOTOpYIO NpOTOpaeT NOpoX, BABOE MeHbIle H paBHAa 7, MOCKOJLKY
NOPOX TOPHT CO BCeX NMOBEPXHOCTER ¢ OJMHAKOBO#A cKopocthio. Y, 3Ha-
4uT, NpaBuAbHee GHIO GBI HamHCaThb
T— W
=g

rAe @ — TOJIIHHA CBOAA, R — cKopocTh ropenus. — lpum. ped.

-
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HOCTBIO TOpeHusi; OHH npuBefeHH Ha ¢ur. 3. Kpusas sapsana
C TOCTOSIHHOH WJIOIIAAbI0 TOpAIIEH IOBEPXHOCTH IOKAa3H-
BaeT, YTO JaBJEHHE MOUTH BCE BPEMsl OCTAeTCsl HEH3MEHHBIM.
DT0 oueHb XKeJJaTeJbHO, TaK KaK PAaKeTHHH NBUraTelb 6y-
IeT HafeXHOo paboTaTh JHIIbL TOTAA, KOrJa MaKCHMaJbHOe
JaBJieHHe TPH JaHHOH Temneparype GYAET HHXKe NpeNe]bHO
JOIyCTHMOTO, 2 MHHHMAaJIbHOE — BHIIIE ONPEJeJEeHHOro NaB-
JIeHHs1, TIPH_KOTOPOM nBurareib HauuHaer paGorarb He-
ycroftuuBo. IIpy 3THX yCIOBHAX MaKCHMaJjbHOe H MHHHMAJb-
HO€ JaBJeHUs MOYTH COBMNAfAlOT, H AONYCTHMHE TeMIepa-
TYpPHl MOTYT OHITh 3HAYHTEJbHO yBEJHYEHB HJH YMEHbIIEHh
6e3 pHCKa Ype3MepPHO MOBHICHTb MJIM NOHH3HTb JaBJIeHHE H
TeM CAMHIM CleJaTb FOpPeHHe HEYCTOHYMBHIM.
CyuiecTByeT, 6oJiblIoe KOJHYECTBO (GopM 3apsoB, Hao-
IIUX BO3MOXKHOCTb OGECHEYHTb IIOCTOSTHHYIO IOBEPXHOCTb
ropeHusl; HEKOTOPHIe M3 HUX NpHBeJeHH Ha ¢ur. 4. Tpy6uas
THIfi 3apsii @ sIBAfieTCA NMPOCTeHIIMM M o6jJajnaeT HeH3MeEH-
HOI NOBEPXHOCTBbIO BO BPeMsl FOPEHHs, IOTOMY 4YTO IIO Mepe
yMeHbIIIEHHs] BHEIIHEro JHaMeTpa IIallKH IPOUCXOAMT yBe-
JINYeHHe ee BHYTPeHHero nuamerpa. 3apsau 6, 8, 2 (¢ur. 4)
ABJISIIOTCS NPUMePaMH 3apsioB C «OrpaHHYEHHOH» NOBepX-
HOCTBIO TOpPEHHsI: OHH IeJHKOM HJIH YaCTHYHO NMOKPHITH CIle-
IHaJbHEM MAaTepHa/OM, NPEnsTCTBYIOIHM TOPEHHIO. Ma-
TepHaJ, UCIOoJAb3YeMbIfl /15 3TOH 1eJH, Ha3HBaeTcsd GPOHM-
PYIOLIMM NOKPHITHEM H OGHIYHO MO CBoeil npupoje mogo6eH
TOMY MNOpPOXY, I/ NOKPHTHS KOTOPOTO OH HpPHMEHseTcs.
Hanpumep, s kopaura S.U. u mopoxa J.P.N. uacro npu-
MEHSIeTCS1 alleTaT 1eJJII0JI03H, B TO BpeMs KaK 115 TajbCHT-
HBIX [IOPOXOB NPHMEHSIOTCS NOKPHTHS U3 GUTYMa ¢ HedThlo.
3apsn, ropﬂmnﬁ C Topua, nmpeiacTasiasieT cobofl 1amKy
HUJIHHAPHYECKOH (OPME, GPOHHPOBAHHYIO ! ¢ BHeHIHe# mo-
BEPXHOCTH M C OfHOro Konua. Tak Kak OH rOpUT HamojoGue
CHrapeThl, Takoe ropeHHe HAa3bIBAlOT «CHTapeTHHIM Trope-
HueMy». OGHIUYHO 3apsiabl 3TOH (GOPMH NMPUMEHSAIOTCA TaM,
rge TpebGyercss HeGoJibllloe JaBJeHHE M NPOJOJKHTEJbHOE
BpeMsl TOPeHHs], IOTOMY 4TO IO TOJILIHHE TOPSILIEro CBOAa
OHH 3HAUYHTEJBLHO NPEBOCXOJAT BCe ApYyrue GopMH mopoxo-
BHIX LHalIeK. '

! TepMHH, KOTOpbIfi OOLIYHO MNPHUMEHSETCS B MAHHBIX CJAyYasx. —
HpuM peo. - -

4
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®opM MOPOXOBHIX 3aps/IOB NPOTPECCHBHONO H JIErpeccHs-
HOTO TOpEHHs CPABHHTENbHO HEMHOTO; NBA OCHOBHHX BHIA
TaKHX 3apsfoB INOKa3aHH Ha ¢ur. 5. Haubosee perpec-
CHBHO TOPSAINUM 3apAAOM SABJSETCS LUIHHAD @, GPOHHPO-.
paHHBEIH ¢ o6oux TopuoB. IIpu ropeHun Takoro sapsma ro-
pAilas NOBEPXHOCTb PE3KO YMEHHIIACTCH, YTO BJEYET 3a CO-
Gofi GHICTpoe MNajeHHe [aBJeHHs. 3apsan 6 NpeACTaBJseT
co6ofi Tpy6uaTyio MIAIIKy NPOrPECCHBHOTO TOPEHHs], BHeIU-
Hsisl TIOBEPXHOCTh ee M o6Ga Topua 6ponupoBaHu. [openme
OrpaHHYeHO TOJNbKO UEHTPAJbHBHIM KaHAJIOM, H TNJOMANlb
MOBEPXHOCTH TOPEHHs, a CJeNoBaTe/JbHO, H NaBJEHHE BO3-
pacTalT C yBeJIHYeHHEM BPEMeHH ropenus. Jlpyrum npume-
pOM MpOTPecCHBHO TODPSILIEro 3apsiia sBJIAETCH 3apsl
OGHIYHHEIX PaKeT HEBOEHHOTO HA3HAYEHHs, COCTOSIUMEA H3
yepHOro Nopoxa.

B o6iieM perpecCHBHbBIE H IPOrpeCCHBHHIE -3aPAABI HC-
nosb3yloTcs penko. IlpumepoM siBAsieTCA HCIOJb30BAaHHE
NIPOTPECCUBHO TOPSIIUX 3apsAA0B B JABHIaTeJsAX CIENHalb-
HHIX paKeT, KOTOpHe INPHMEHATCS A IPOKJIaJbiBaHHs
pas/JMYHHIX Kaleself; B 5TOM cJjydae TAra JABHrartess JoJ-
JHA YBEJUUHUBATHCS 110 Mepe yBeJHUYEHHS Beca INPOKJajhl-
BaeMoOH JIMHHHU.

BocniameHuTteau [5)

BocnniaMeHenHe paKeTHHIX TOPOXOBHIX 3apsiiOB IIPOU3-
BOJIUTCA C IIOMOLIBIO BOCIJIAMEHHTEJIeH, 10 CBOEMY COCTaBYy
HaNMOMHUHAIOMHUX OGHYHEIE MHPOTEXHHUECKHE CpeacTBa. Boc-
IJIaMEHUTENb AOJIKEH HarpeTb MOPOXOBOE 3€PHO IO TeMIe-
pPaTypH BOCIVIAMEHEHHS, a TaKxXe IMOAHATH JaBJEHHE B
KaMmepe IO BEeJHUYHHBI, IPU KOTOpPOH OyHEeT XOpOoLIO HATH Tope- °
Hue. BHUIO yCTaHOBJIEHO, YTO BaXKHOE 3HaueHHWe AJIS mepe-
Jayd Temjia OT BOCIJIAMEHHTENSI K TOIUIHBY HMEET TeIlIo-
nepefaya H3JydeHHeM; CJIeJOBaTeJbHO, NPOAYKTH CTOPaHUSA
BOCIIJIAMEHHUTENSI JOJXKHEI COLEPXKATb GOJIBIIOE KOJHUECTBO
TBEPABIX YaCTHI, MHTEHCHBHO H3JIyYaIOUIMX TEMJO, TaK KakK
H3JyueHHe ra3006pasHBIX YACTHUI| SIBJISETCS CPaBHHTEIbHO
Hu3KHUM. TeM He MeHee HEKOTOPHIe ra3006pasHEE MPOLYKTH
HEOGXONHME [/ YBeJHUeHHs [aBJeHH B KaMmepe JO
.Tpe6yeMo#i BeJIMUHHHL.

O6GHIYHO O/ H3TOTOBJIEHHS BOCIIAMEHHTEJeH HCIOJb-
3y10TCSl ALIMHEII NOPOX HJIM CMECh MeTaJlla C OKHCJIHTEJEM,

- 3¢
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HanpuMep MarHus C XJOPDHOKMCJAHM KajueM. JIHIMHHH mo-
pox JelleB, HO THTPOCKONHYEH, H ero CBOACTBA CHJBHO 3a-
BHCAT OT cojepkaHuss B HeM BJarH. CMecH MeTaJsJoB
C OKHMCJIHMTEJISIMH AaloT 6ojlee GHICTPOE BOCIIAMEHEHHE U B
obueM 6osee HanexkHH. OnHaKO OHU GoJiee omacHH B o6pa-
IIEHHH, a, KpOMe TOro, Maraui, BXOASLHH B HX COCTaB, IpH
XpaHeHHH OKHCJIAETCH H KayecTBO BOCIIaMeHHTe s yxyn-
L1aercs.

)lJm H3TOTOBJIEHUSI 0GOJIOUEK (Kopoﬁox) BOCILIAMEHHTe-
Jiefi NIPUMEHSIIOTCS caMuie pasHooOpasHuie Martepuansl. s
GHICTPOrO BOCIJIAMEHEHHs] Nopoxa 060JoYKa BOCIJIaMEHH-
TeJIg He JOJXKHA paspyliaThCsi, I0Ka BeCh 3apsij BoCIJIaMe-
HHUTeJs He 3aropurca. Ho ecnu oGosnouka oueHb mpouna,
OH& MOXET B30pBaTbCsA C GoJibliell CHJIONH M CHJIBHO MOBpe-
IHTb NOpOXOBOH 3apsan. B o6uieMm, ueM npouHee 06oJIOUKa,
TEM MeHbIIE HY2KHO BOCIJIAMEHSIIOIEr0 COCTaBa, H Hao6opor.
OG6biuHO 1/11 M3roTOBJIeHHst 06O/IOUEK MPUMEHSIOT GyMmary,
MeTaJJl H mJjacTMacce. KoHeuHo, Jierue W JelleBjie BCETO
H3TOTOBJIATL OGOJOYKH M3 GyMaru, OJHAKO OHH 06J1amaloT
HeGOJIbIIOH MeXaHHYeCKOH NMPOYHOCTbIO H He o6ecneyuBaioT
BOJIOHENPOHHIIaeMoCTH. [1nacTMacchl H MeTa/lIB TpouHee U
MOTyT 06ecneyuTb BOAOHENPOHHLAEMOCTb, HO IPH 3TOM
HYXHO OBITb OCTOPOXKHBIM IpH BHIOOpE MaTepHasoB, TaK Kak
MHOTHE I1aCTMacChl Pa3MsArdaloTcsl, KOTAA XpaHATCA BMeCTe
C KOJJIOMAHEIMH mopoxaMH. PopMa H pasMepHl OGOJOUKH
JIOJIXKHH GHTH TaKUMH, YTOGH HPU ee pa3pylieHHH OCKOJ-
KaMH He GHLIO 3a6MTO KPUTHYECKOE CEYeHHe COomJa.

Bocniiamenurens  o6u4HO pacmojiaraercsi B TOJOBHOM
YacTH 3apsia, TaK KaK B 3TOM CJaydae 0GecrneuHBaercs Hau-
6ojiee HajeXHoOe BOCIJaMeHEHHe, OCOGEHHO INpPU INpHMEHe-
HUH JJIMHHBIX 3apsiioB: BOCIJIAMEHSIOLHE Tashl, Npexje
4yeM BHTeYb M3 COIJa, MPOXOASIT HaJ NOPOXOBHIM 3apsioM
U HarpeBaloT ero.

Henocrarkom BocliaMeHeHHsi ¢ ToJIOBHOM yacTi (0co-
6eHHO y nBUraTeseli C MaJHMH COIJIAMH) SIBJASIETCS TO, YTO
OCKOJIKH OT 0GOJIOUKH BOCIJIAMEHHTEJIsSI MOT'YT 3a6UTh COMJIO
H Te€M CaMBIM BBHI3BAaThb pPe3KOe MOBHIILIEHHE NaBJEHHS H pas-
pyuieHue paBuraresns. BocisiameHeHHe B KOHIe [BHraTeld,
y CoIula, YCHeUIHO HCIOJb30BaJ0Ch B JBUraTeNsX ¢ HEGOJb-.
IMHUMH 10 JAJHHE 3apsiaMu.
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Kouctpykuusi nsuratens [6, 4]

OGiiee ycTpoiicTBO OGHIYHOTO ABHraTessi TBEPAOroO TOI-
JuBa mokasano Ha ¢wur. 6. llnauaapudeckas tpy6a ABHra-
Telsi sBJseTC KaMepodl CropaHus H [0JKHA, CJelOBa-
TeJIbHO, BHILEPKMBATh GO/bIIHE [JaBJEHHS H BHICOKHE TeM-
nepatypul. B oT/iMuHMe OT MHOTMX XHMAKOCTHHIX JBHraTesed
KaMepa 3TOro THNa ABHraTesedl He OXJ3XKJAaercd, NOITOMY
OHa JleslaeTcsl M3 CTaJM, XOTH NIpejJaraiy TakKiKe HCIoJb30-
BaThb IJisl 3TOH LeNH JierKue cilaBHl M nuactMaccu. Ilpu
H3TOTOBJIEHHH NOPOXOBHIX [BHraTeseH, Kak M BCeX paker-
HBIX KOHCTPYKLHH, CTPEeMATCH Npexje BCEro MaKCHMaJjbHO
YMEHBILIHTb BeC, II03TOMY OOBIYHO NMPHMEHSIOT OYeHb JIErKHe
TOHKOCTEHHBIe TPYGH C MaJhM 3anacoM mnpousoctH. Jljs
3apsafoB C GOJBIIHM BPEMEHEM TOpeHHs, FOPSALIUX C OXHOrOo
TOpla, HEeOGXOAHMH TOJCTOCTEHHBIE TPYGH, C T€M YTOOH
OHH MOTJIH IIPOTHBOCTOATb HPOJOJNKHUTEIBHOMY HarpeBaHHIO.
Jlerkue cmJjaBH SIBJSIIOTCS XesaTeJbHBIMH, Korja Aeso Ka-
caeTcsl JIETKOCTH KOHCTDYKLUHH, HO OHH HMeEIOT H OTpHua-
TEJIbHYIO CTOPOHY: HX IPOYHOCTb GHICTPO MajaeT C yBesnye-
HHeM TeMnepaTyphl. IIpaBna, 3To MPOMCXOOHT M CO CTaJb-
HbIMH TpPyOaMH, Ho He crosnp Owictpo. ITostomy ¢ wmesbio
NOBLIIIEHHS NPOYHOCTH KaMep HX IOKPHIBAJH H3HYTPH Ka-
KUM-HHOYIb KAPONMPOYHHIM MaTepPHATIOM, HANPHMeD OKHChIO
aJIIOMHHHSA. :

Kamepa [mdo/MKHA OHITb NPaBUJIbHOA UWJIMHApPHYECKOR
¢opMEl, AJ TOro 4TOOH MOXKHO OHIJIO NOMECTHThL B Hee
3apsan — nocjaenHee Tpe6oBaHHE OCOGEHHO BaxXHO JUIA
IUIMHHEIX 3apsanoB. OBaJbHOCTb TaKXKe 3aTPYAHSAET KOMIIO-
HOBKY JeTaJlefl, pacroJIoXXeHHHX B KOHIax kaMmepsl. IIpsmo-
JUHEHHOCTh KaMepH O4YeHb BaXHA, €C/IM pakera HCIOJb-
3yerTcsi KaK CHapsJ: 3TO II03BOJIsIET NOGHTbCS COOCHOCTH
3apsja H COIlJa, 4YTO HeoOXoAuMo HJs  obecreyeHHs
TOYHOCTH CTpeJsbGH [7].

IMpucoenunenue netaJeil, pacnosOXeHHEIX B KOHLAX Ka-
MepH, sIBJSeTcs BCeria CaoxHOH mpo6iemoi. Ecin kamepa
HMeeT JOCTAaTOUYHYIO TOJIHHY CTEHKH, TO MOXeT OHITb IpH-
MeHEeHO BHYTPHPE3bGOBOE COeMHEeHHe; ONHAKO 3TO He JIy4LIMH
croco6, Tak Kak B pe3ysbTaTe IOBHIIEHHS AaBJIEHHA B Ka-
Mepe OHa MOXET PasAyThCs, H BBepHyTas Jerajb GyaeT BhI-
ToJIKHYTa. [103TOMY 4acTO NPUMEHSIOT HapyxXHopesbGoBLIE
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}
CO€HHCHH A, NpHYCM B CJdydac TOHKOCTEHHBIX KawMmep TOJ-

IIIHA CTEHKH B KOHLE KaMephl jJ0/KHa ObITb TAKOH, uTOOHI
na Hel MoAHOo OblJIO Hape3aTb pe3bOy.

Tak kak B Kamepe JBHrarte.ls OObIYHO ObiBaeT 00.1bllIoe
JaBjcHue, Heo6XOQIMO NPOH3BOINTb €€ TepPMeTH3alulo,
c TeMm uTOGBl eJMHCTBEHHBIM MECTOM BbIXOJa rasoB ObL10
com1o. Tawm, rie HeT pe3bOOBBIX COEIHHEHMH, HYXKHO MNpH-
MCHSTh CrelliasbHble o6TiopaTopel. OHIINM H3 Takux 00TiO-
paTtopoB sBJIsSeTCS TOHKAas MeTaJllHyeckas yalleyka, HMero-
1as TpeccoBylO MocagKy B Kamepe aBurartess. Koraa ABH-
ratejib padoTaeT, AaBJeHHe B KaMepe MpPHKHMaeT CTEHKH
yalleykH K CTeHKe KaMephl, co3faBasi repmerusamnHio. OObI-
YHO B ABHraTedsX C 3apsiAoM, FOPSIIUM IO BCell IOBepXHO-
CTH, NPHMCHSIIOTCS ABa o6TIOpaTOpa: OAIH B TOJIOBHOH 4acTH
I OAHH B COIJIOBOH YacTH KaMCpPHI.

K 3aaneii uacTH Kamepnl ABHraTesss JIOObIM H3 OIHCAH-
HBIX BbIlIe COCOGOB mpucoeanHsiercss comvo JlaBass, KoTo-
poe mnpeacTasgasieT co00#i BHadaJe CyxKalolylocsd, a 3aTeM
pacunpsiomytocst TpyOy. Consa 0GBIYHO [esnaioT M3 CTaJlH,
HO [JIg JBHraTc/ci co BpeMeHCM ropeHust GoJibllie MSITH Cce-
KyH[ TNpoCThble COMJa paspyllaioTcs M3-3a 3po3uu  (paspy-
IICHHS) KPHTHUYECKOrO CCUEHHs COMJa FOPSYMMH NMPOAYKTAMH
cropanus. ITostomy y mBurareseil ¢ GoJbIIHM BpeMeHeM ro-
peHHsT OObIYHO MPHUMEHAIOT BCTABKY B KPHTHUECKOE CeueHHe
colsa M3 MaTepHaJja C BBHICOKOH TeMmmepaTypofl NJaBJjeHHS,
HanpuMep u3 kap6uaa Boabdpama uau yriaepopa. Ilocsien-
HHH HCMOJb3YETCsl B MOPOXOBOM ycKopurtesae Aspomxer 14-
AS-1000 D4 [8L

[Ipu cGopxke oObIUHOro jABHraTess B KaMepy [OMeINaioT
CHayaJa 3apsji U BOCIJIAMEHHTeJb, 3aTeM BCTaBJASIOTCH 00-
TIOPATOPB! U MPUCOENHHSIIOTCS AeTalH, HaxoAsLyecs: Ha KOH-
nax Kamepol. IIpoBoma OT BocH/IaMeHHTe/s BBITYCKAOTCH
yepes COMJIO M MpPUCOEIHHSIOTCS K KOHTakTaM. Ilocie srtoro
JBHraTebh FOTOB K 3amycKy. Ecju NOBepXHOCTb ropeHHusl 3a-
psiza HeorpaHmyeHa, HeoOXOAMMO IIPHMeHSITb Auadparmy,
JJIST TOTO 4TOOBI YAEPKaTb 3apsj OT NpHKaTUs K conaty. I1pu
OTCYTCTBHH JAnadparMbl AaBjeHHe H CHJbl YCKOPEHUS MOTYT
NpHKATh 3apsif, K COMY 1 He AaTb BO3MOXKHOCTH TasaM
MPOfiTH MexAy CTCHKOH M 3apsimoM. IDTO MOXKET TNpPHUBECTH
K TOMY, UTO JaBJjcHHe IOBBICHTCSA H ABHTATeJb B30PBETCS.



T'arasa III
JXUAKHE TONJHUBA

Ilpu cosmanuM pakeTHOro JBHraTessi CHayaJa ompene-
\ . JIAIOT €ro OCHOBHHIE XapaKTEPHUCTHKM, TaKHe, KaK TAra H
BpeMsl paGoTel, a 3areM BHOHpaOT TomiauBo. Ha mnepBHit
B3IV BHIGOp TONJIMBA MOXKET MOKa3aTbhC JIETKHM JeJIOM,
HO Ha NMpPAaKTHKe OOLIYHO BEI3HIBaeT GoJIblle CIIOPOB, YeM JIIo-
Goit apyrofi Bompoc. B oTmesbHBIX clyyasx caMo HasHade-
HHe JBHTaTeJsl orpaHHuMBaer BHIGOp TomuBa. Ijas paker-
HOTO YCKODHTeJsl, KOTOPHIA NPUMEHSIETC Ha HCTpeGUTesiX-
NepexBaTYHKax ¢ TYpGOpPEeaKTHBHBIMH IBHraTeIsIMH, OGBIYHO
BbIGHPAIOT TaKoe roprouee, KOTOPOe HCNOJb3YeTcst AJ1s Typ6o-
PEakTUBHOrO ABUTaTessl, — KEPOCHH. DTO BHITOIHO CO BCEX
TOYEeK 3pEeHHs: KePOCHH jelleB, Ge3onaceH B oOpallleHHMH H
IJIsl €T0 XpaHeHHs M TPAHCIOPTHPOBKH He HYXKHO HHKAaKOro
crenxanbHoro o6opynosanus. Ho, kpome ropiouero, Hy:KHO
ele BoIGpaTh OKHC/HTENb, U HMEHHO 3/1eCh MHEHHSI OGBIYHO
pacxomarca. C npakTHYecKO# TOUKH 3pEHHS] MOXKHO GBLIO Gbl
OTPAHMYHTLCS JKHMIKHM KHCJIOPOJOM, I€PEKHChIO BOJOPOAA
uiu asotHo#l kucaortofi. Ho ecsiu B3ATH JBUraTesib BHICOTHOM
pakersl, TO BHIGOP Pas/HYHHIX TOIJIMB GyJaeT ropasgo LIHpE,
TaK KaK BBICOKHE 3HepreTHueckue XapaKTEPHCTHKH TOMJIUBA
B 3TOM CJydae Tropasjo BaxKHee, YeM CTOHMOCTb HJIH
Ge30macHOCTb B IKCIUIyaTauud. B HekoTOphiX chayyasix Mo-
JKeT OKasarbCsl BO3MOXKHBIM NPHMEHeHHe Jaxke ¢Topa B Ka-
YecTBe OKMCJHTeNs H THApasHHa KaK ropioyero — KOMOHHA-
HH, obecreunBaolel BBHICOKHE JeTHHlE KadyeCTBa, XOTA
TaKoe TOILIMBO OYeHb JOPOro M NPH OOPAINEHHH C HHM BO3-
HHUKalOT GOJIbllIHE TPYJHOCTH.

Ilpu BhIGOpe TOMJIMBA HajgO NPHHHMATh BO BHHMaHUE BCe
¢du3nyecKkue W XUMHUECKHE CBOHCTBA, KOTOPHIMH 00J1afaioT
OT/Je/bHbIE KOMIIOHEHTH TOIJIHBA, HO NpeX[e 4eM mepedtu
K PacCMOTPEHHIO 3THX CBOHCTB, CJefyeT OCTAHOBHTbCS Ha
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obuiefi K/a1accupuKanuy TONJMB. TOIVIMBA PAaKEeTHHX [BUra-
TeJieil TMOYTH BCErja COCTOSIT IO KpafiHed Mepe H3 JBYX CO-
CTaBHBIX YacTeil — roployeTo M OKHCJIMTENS, COAEpKaIlEero
KHCJIOPOJZ, (XOTS B HEKOTOPHIX CIy4asX «OKHCJIMTEJIEM» MO-
JKeT ObITh XMMHYEeCKoe BEHIeCTBO M He cojepxkKallee KHuCJo-
pona, HanpuMep ¢Top). Kak mpasuio, ropioyee U OKHC/IH-
TeJb NMOMENlaloTC B OTAEJNbHHIX pe3epByapax H pasielbHO
BIPBICKMBAIOTCA B KaMepy CropaHusi. Takoe TOIVIMBO, ILH-
pPOKO IMpHMeHsOIIeecss B HAacTosllee BpeMs, HAa3BIBaeTCs
JBYXKOMIIOHEHTHEIM.

WUnorpa kucjopox .M ropiouee MOIYT NPEeACTaBJATb CO-.
6oit OIHY XKHAKOCTB: 3TO JHUOO €JUHOE XMMHUECKOe BELIeCTBO
(uuTpoMeran), Mu6O CMech OBYX BeIeCTB (aMMHaK C 3aKH-
cbi0 asora). Takoe TOMJMBO HOCHT Ha3BaHHe OJHOKOMIIO-
HEeHTHOTO.

OnHOKOMNOHEHTHBIE TOMJUBA -

Bosnbmum npeuMyiecTBOM OZHOKOMIIOHEHTHOTO TOILTHBA
nepesl AByXKOMIIOHEHTHBIM fIBJIIETCS €0 IPOCTOE HCIO0JIb30-
BaHMe: He HaJ0 HHKAKUX IlepeMelIHBAIOIHUX comes HJIH ¢op-
CYHOK — XKHJKOCTb HYXXHO TOJIbKO IOJaTh B DAacHbIICHHOM
BHIe B KaMepy cropaHus. Ko/suuecTBo HeoGXonHMBIX GAaKoB, -
HACOCOB, KOHTPOJIUPYIOLIHX CHCTEM H Npoyero o60pyJOBaHHS
yMeHbIIIaeTCs HanoJoBHHy. HepnocraTkoM ABYXKOMIIOHEHT-
HOTO TOIUIMBA fIBJIIETCS TO, YTO B Mpoiecce paGoOTH OTHO-
IIeHHE OKHCJMTEJNs K ToploueMy HOJIKHO BCE BpeMsl OCTa-
BaTbCAd ONTHMAJBHBLIM, a I[PH H3MEHSIOIMHUXCA YCJIOBHSAX
paGoTHl ‘ABHraTesNs 3To TpeGOBaHHE TPYIAHO BBITIOJHHMO.
OnHako M y OXHOKOMIIOHEHTHOTO TOIVIHBA €CTb CBOH HEJNO-
craTki. JI1s Toro 4To6bl NOJYYHTh MAKCHMAJ/JbHO BHICOKYIO
YIEJNBHYIO TATY, OTHOLIEHHE OKHCJHTENS K ropioueMy JHoJI-

"JKHO GHITh GJIM3KO K CTEXHOMETPHYECKOMY (TO €CTb XHMHUe-

CKHfI COCTaB TONJHMBAa [OJXKEeH O00eCleuyMBaTb IOJHOE Cro-
panue). OpHako, eci¥ OXHOKOMIIOHEHTHOE TOILUIHBO YIOB-
JIeTBOpSIET 3THM YCJOBHSM, OHO OGBIYHO OUEHb YYBCTBHTEJBHO
K TeMIepaTypHbIM H3MEHEHHSIM M TOJIYKaM, - a CJeJoBa-
TeJbHO, onacHo B obpaimeHuu. CTaGU/IBHOCTh TaKHX JKHIKO-
cTefl B yC/JIOBHSIX BHICOKOH TeMIepaTypsl W IpH YAapax siB-
JISIeTCs1 OueHb CJIoxkKHBIM BompocoM [1]. CosepuieHHO Temmnepa-
TYPOYCTOHUMBAsl ~ XHAKOCTh OblJla OB HEUYBCTBHTEJbHA
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K TeMIepaType IPH BCeX Jas/eHHAX M HE MorJja GH HC-
HOJBb30BATbCA KaK OJHOKOMIIOHEHTHOe TOINIMBO, TaK Kak ee
HeJb3s1 OBIO OBl 3aCTABHTb TOPETh.

IlpakTHyeckH CTOHKOCTb OJHOKOMIOHEHTHOrO TOILIMBA
yMeHblIaeTcsl C yBeJMUYeHHeM TeMIepaTyps H JaBJeHHS.
B oxnapurenpHofi py6Gaimuke jpBuratesass Wiu (opcyHke TOI-
JIUBO JOJIXKHO BCeTAa GhITh CTOMKMM. B mporuBHOM ciyuwae
OHO HauyHeT GHICTPO pasJarathbcs. IIpu 3TOoM Moxker o6Gpaso-
BaThCs JaxKe NeTOHALUMOHHAs BOJIHA; He HCKJIOYeHa BO3MOXK-
HOCTb, YTO, PaNpoCTpaHssACh 110 TPyOONPOBOLAM CHCTEMHI IO-
JauH, 3Ta BOJHA JOCTHIHET TOIJIMBHOrO 6aKa M BHI3OBET
B3PHIB.

UyBCTBHTENIBHOCTb TOIVIHBA K YHapy OMPENETHTb JHOBOJb-
HO TPYJAHO: Kakoro-1u60 NpOCTOro MeTOAa 3[ech He Cylle-
CTBYyeT, U OOBIYHO MNPUXOJAUTCS IPOBOAUTH MHOrO OIHITOB,
4TOOH CO3JaTh OCOOBIE YCJIOBUSA, KOTOPhIE MOIJIHM Ohl BO3HHK-
HYTb Npu pabore ABUrares.

JIpyrumM HeIOCTaTKOM OJHOKOMIOHEHTHOTO TOIJIMBA $IB-
JiIeTcsl TO, YTO JJIl ero TOpeHHs HyxKeH 6oJbliofi oObeM.
O[HOKOMIIOHEHTHOE TOIVIMBO TpeGyeT ropasfo GoJiblie Temsa
JJI BOCIJIAMEHEHMsl, ueM OOBIYHOE JBYXKOMIIOHEHTHOE TOII-
. iuBo. ByJyun 3akKeHHBIM, OHO TOPUT CPaBHHTEJNBHO MeJ-
JIEHHO, U TI03TOMY [JIsl €ro IOJIHOTO CTOPAaHUSl HYXKEH 3HauH-
TeJbHEIL OTPE30K BpEMEHH, a CJefoBaTesbHO, W O6O0JbLIONH
o6beM Kamepnl. TakuMm o6pasoM, AJs HOJHOrO CropaHus
OJHOKOMIIOHEHTHEIE TOMJIMBa TPeGyioT 6GoJiblliefi KaMepH, uyeM
JBYXKOMIIOHEHTHbIE, ¥ TIpH paBHOH TAre mJIowWaib IOBEpPX-
HOCTH KaMepel B [epBOM cJyuyae HOJKHA OHITb TOpasgo
6osbiie. TO O4YeHb BAXKHO, TaK KaK O3HAYaeT, YTO B JBH-
TareiiX C pereHepaTHBHBIM OXJaXKJEHHEM TOIIMBY Gymer
NiepelaHo 3HAYUTEJIbHOE KOJAMYECTBO Temna. JIJjisi o fHOKOMIIO-
HEHTHBIX TOIUIMB TaKOe SIBJeHHE BeCbMa HexeJaTeJbHO, TakK
KaK HX TeMIepaTypa He JOJIzKHA NpEBHIIATb ONpeeeHHOH
BEJIHYMHBI. ~

Oco6bIM BHIOM OAHOKOMIIOHEHTHOTO TOIJIMBA SIBJISIETCS
Takoe, KOTopoe IpeAcTaBJsfieT COG0H OXHO XHMHUYECKOe CO-
e[lMHeHHe M BHIJeNseT HEpPTUI0O NpPH INPOTEKaAHUH peakLHU
pasjioxKeHHss B INPHUCYTCTBHH CHELMAJbHBIX KaTaJH3aTOpOB.
TUNHYHBEIM TIPUMEpPOM TAaKOro COeIMHeHMs1 SABJseTCs mepe-
KHChb BOJOpPOJA: OHAa LIMPOKO MCMOJb3YeTcsl B KauecTBE TOIN-
JIHBA B PaKeTHHIX JBUTaTeJIfX, a TaKxe AJg MOJYy4YeHHs mapa
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BEICOKOH TeMrepaTypbl /s TypOOHAacOCHBIX arperartos,
SHEPreTHYeCKHX YCTAHOBOK, IOJABOAHBLIX JIOXOK M T. M.

O6uuHO npuMeHsioT 80—909%-HyYe-.lepekuch BOAOPOAA;
'KaTaju3aTopoM (TBepABIM MJM JKHAKHM) GuBaer JHGO

KaJbiuii, Ju60 nmepMaHraHaT HaTpHs.

JIByXKOMNOHEHTHble TOMJIHBA

Bce mpyrue BuAaB TOIVIMBA SBJSIOTCA JBYXKOMIIOHEHT-
HEIMH, H TaK Kak OHH GoJiee CTOHKH, 4YeM OJHOKOMIIOHEHT-
Hble, H Jal0T GOJIBIIYIO YAEJNbHYIO TACY, TO H HCIOJIb3YIOTCS
ropasfio mupe. Mx MOXHO moapasfesuTh Ha CaMOBOCILIaMe-
HAIOIIKECS] H Ha HecaMoBOCIIaMeHsomHuecss. Bee TonynBHbIE
cMecH, ucrnosb3oBasiukecs OGeprom, lomnapaom u apyrumu
HCCJIE[IOBATe/ISIMHE HA 3ape PAKETHOH TeXHHKH, GBHUIH HecaMo-
BOCIIAMEHSAIOIHMHCS, TO €CTh JUIS HX BOCIUIAMEHEeHHs Tpe-'
6oBaJjicsl Kakoii-To BHelIHMH HcTouHHK Teria. Ho B konue
TPUALATHIX TOJOB OBIIO HaieHo, UYTO HEKOTOpHE XHMHue-
CKHE COeflMHeHMs BOCIVIAMEHSIOTCA CaMONPOH3BOJBHO IpH
CMEIIeHHH C KOHIIEHTPMPOBAHHOH a30THOH KHCJIOTOH M Iepe-
Kucblo Bomopoaa. B Tasabcure! mnosyumsim camoBocmiame-
HAIOLIYIOCS CMeCh KPacHOH AbIMSAIIEeH a30THOH KHCJOTH H
aHHJHMHA, a B pupMe «BasnbTep» OTKpHIIM CBOHCTBO caMo-
BOCIJIAMEHEHHs] CMECH THAPASHHTHApPATa U IEPEKHCH BOMO-
pola, Korophle M OBLIM IOJOXKEHbH B OCHOBY TOIUIMBA, HC-
NOJNIb30BABILETOCS B HCTpebuTesie-mepexBaTunke Me-163B.
Kaxnaeii u3 3THX BHIOB TOIVIMBHBIX CMecefi UMeeT CBOH OCO-
6ble MPEUMYIIECTBA M HeJOCTaTKH. BHauase onbITH ¢ npHMe-
HEHHeM HecaMOBOCIIAMEHSIOMIMXCSl TOIVIHB OKaHYHBAJIHCh
Heyjqadefl, Tak KakK Jaxe IPH 3ajepKKe BOCIIAMEHEHHS
B HECKOJIbKO JEeCATHIX CEeKyHIbl B KaMepe CKaIVIHBAJOCh JO-
CTaTOYHO TOILIMBHOH CMeCH, 4TOGH BHI3BaTh B3PHIB OYEHb
Goabiofi cuiel. Tenepp 3To He siBJIgeTCA NpPoGJeMOH, Tak
KaK CHMCTeMbl BOCIIAMEHEHHS paGOTaloT BIOJHE HAJEXKHO.
Hano ckasats, uTo, XOTl CaMOBOCI/IAMEHSIONIUECS CMECH
aBTOMATHYECKH BOCIJIAMEHSIOTCS IIPH CMEIEHHH KOMIIOHEH-
TOB, BCe XK€ MeXJIy CMellleHHEM H BOCIJIaMEHEHHeM Bceria

1 GALCIT — Guggenheim Aeronautical Laboratory of the Cali-
fornia Institute of Technology — I'yrenxeiiMckasi aBuauuoHHas JaGopa-
Topuss Kanugopuuiickoro TexHoJorudeckoro HHcTHTyTa (CILA).--

Ipunm.. ped.

 at e
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NPOXOXUT Kakoe-To BpeMsa. Ha 3Ty saiepxKy BJausieT psa
(aKTOpOB, BKJIOYas COOTHOLIEHHE KOMIIOHEHTOB CMECH, OKpY-
Kalollylo TeMmrnepatypy u npassenne [2) Takum o6GpasoM,
NpU HeOGJaronpHUATHHX YCJOBUSIX MOXKET IOJY4YHTbCS 3aMel-
JIEHHOe BOCIIaMeHeHMe («KeCTKHH 3amycK») Haxke IpH
CaMOBOCIIIAMEHSIIOIUXCS CMecsX. B HeKoTophIx ciayyasx Ta-
KOe 3aMeJ/IeHHOe BOCINVIAMEHEHHe MOXKeT OKas3aTbCs Ormac-
HeIM. CJlefioBaTesbHO, CaMOBOCIJIAMEHSIOLIMECST TOIJIMBA
JOJIKHL BHIOMPATbCA OYEHb TIIATEJNbHO, C TAKMM pacueToM,
4TOObl JaTh MATKOE HAaJeKHOe BOCIJIAMEHEHHE IIpH JIOGBIX
YCJIOBHSIX 3alycKa.

CrenylomuM HeZOCTATKOM 3THX TOIUIMB SIBJISIETCS TO,
4TO NPH CMELIeHHH OHM AAIOT mJaams. DTOT (aKT MOXKeT OKa-
3aThCsl BAaXHHIM [OBOJOM B I0Jb3y INpPHMEHeHHs HecaMo-
BOCIJIAMEHSIIOIIMXCA TOIVIMB JJIS CaMoJIeTOB, TAE B cCJydae
aBapHy TOIVIHBA MOIYT CMeIlaThbCs.

XapakTepHCTHKH ‘Tonamuea [3—9]

B 3TOM paspgene Gymer oueHb HEMHOTO CKa3aHO O TEPMO-
XUMHH M OIpeJesIeHHd XapaKTepUCTHK TOIUIMB, TaK Kak MOA-
po6GHOe OCBellleHHEe 3THX BOIPOCOB He SIBJSETCS TEMOH Ha-
cTosilledl KHUTH. YjenbHasa Tara Fyg, nonyuaemasi B pesyJib-
TaTe CKHUTaHWs TOIVIMBHON CMeCH B KaMmepe CropaHHusl H HC-
TEYEeHHs] Yepe3 COIJIO TOpsiYMX a3oB, BHIUKCISETCS MO clle-
ayomei popmy.e:

_
O
rae

g — YCKOpeHHe CHJIbl TSKECTH;

C
Y 7 OTHOILIeHHEe TEeMILJIoeMKOoCTel C_P ’
v

R — yHuBepca/npHasi ra3oBas IOCTOSHHAS;

T — remnepaTtypa ropeuust (aGcosioTHas);

M — cpepnuit MoJIeKyJIsIpHBIE Bec;

Py — RaBJleHne B KaMepe CropaHus NpH TOPEHHH TOI-
JIUBA; C

p2 — IaBjleHHe B BHIXOJHOM CEYEHHH COILIa.




XKudkue Tonauea 45

Tak Kak TIra paBHa CKOPOCTH H3MeHeHHs KOJHYecTBa JABH-
JKeHHUSI, TO CYLIECTBYeT NPOCTOE COOTHOLIEHHEe MeXAY YAelb--
HOM Tﬂroﬁ M CKOPOCTBIO HCTEUEHHs IasoB U:

Fix. —_g- (2)
. T
OCHOBHBIMH NepeMeHHbBIMH BeJIHYHHAMH SBJAIOTCA M

n K03 uIHeHT pacmupeHus %’: .

Bnusnue koad¢uuuenTa pacliupeHHs] MOXKHO BHIETh Ha
¢ur. 9. BiusHHe y He3HAuMTEJbHO H TOYTH OJHHAKOBO

400 i

300 ,/
b 4
L
Q
5
S 200 /
E
g
x_
g 100
Q .
]

0 100 200 300 200

/M°C
b wur. 7. F3MeHeHHe y@eabHOH TATH C H3Me-
Henuem T/M.

y Pa3MYHBIX TOIVIMBHEIX cMecefl. [lssi BeIGopa TOMJIMBA HAM
OCTaeTCsl YCTAHOBHTb 3aBHCHMOCTh YAEJNBHOH THATH OT Be-

T
JIUYHHBI OTHOIUEHHS —r . Takas 3aBucUMOCTh HIAY=1,2 B

P

» =201 noxasauna na ¢ur. 7
1

I Takylo samuch HYXKHO CYMTaThb OWIHGOYHOH, TakK Kax% Bceraa
1

meHbiie 1. Crepyer uuraTh — p L — 920. — Mpun. ped.
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Ecan ysesnuueHHe TeMIepaType TOpeHHsl WM Mojaua
B KaMepy CTrOpPaHMsl BBICOKOKAJIOPHAHOTO TOIVIMBA SIBJSIETCS
COBepILEHHO OYEBHIHHIM TPeGOBaHHEM, TO LeJecO0GPa3HOCTD
MOHMIKEHHsl CPEeJHEro MOJIEKYJSIPHOrO Beca HaJjleko He Tak
SICHa.

BuipaxkeHne 1/ yAeNbHOM TATH MOXKHO INOJYYHTb, 3aMe-
HHB KHHETHYECKYIO SHEDIHIO [asOBOH CTPYH SKBHBAJIEHTHOM
BEJIMUHHOMA TEIVIOBOM SHEPTHHM TOIIMBA.

Fyxf. = ‘/_%,g_H ’ (3)

rae H — tenJio, BHEJIsIEMOe Ha €MHHUILy Beca IPH TOPEHHH
TOILIMBA; ' '
J — MexaHuuecKHil SKBHBAJIEHT TeIa.

* 3HayeHUs] YAEJNBHOM THATH, NOJIydeHHbIE TaKHUM IyTeM,
B GOJIBIIMHCTBE CJy4aeB ropasfo BHILUE NPAKTHUECKHX. DTO
oObsiCHsIeTCsl AByMsl npuunHamu. Bo-mepBhix, dopmyna (3)
npexamnoJaraer Ko3dguiuensT pacuupeHus paBHHl GecKoHeu-
HOCTH M, CJIeflOBaTeJbHO, TEPMONHHAMHYECKUH IMKJ MpH
K. n. A paBHoM 1009%. B koHkpeTrHoM e o6Gpasue paker<
HOT'O JBHUraTe]s UCTHHHAs BeJHUYMHA YAeJbHOH TArH Bceraa
CHJIBHO 3aBHCHT OT Ko3(dduiueHra paciuupenus. Bo-BTophIx,
B 3Toil ¢opMyJie He YUYMTHIBAeTCs AMCCOLMALHS INPOAYKTOB
cropannsi. I'openne, Hampumep, YIJeBoJopoia NpH HH3KOM-
TeMneparype C COOTBETCTBYIOLleHl IOfauel BO3jyXa NpPOHC-
" XOMT CJIEAYIOlUM 06pasoM:

CoHpm+ [n + T] 0, —nCO, +% H;0 + SHeprisl.

Ho B pakerHoM aBurartese, rae ropiouee H OKHCIAUTEIb Ha-
XOIATCS TOYTH B CTEXHOMETPHUYECKOM COOTHOIUEHHHM, TeMile-
patypa TeopeTuyecku O6yaer npesnimath 4000°C. 3anosro
0 TOro, KaK GyHeT NOCTHIHYTa 3Ta TeMmmeparypa, NpOH30H-
JeT JDUCCOLHALHs, TO eCThb MPOJAYKTHl CrOPaHHS CaMH pacna-
AYTCSl, TMOTJIOINAs SHEPruio (3TH peakuuu SBJIATCS obpa-
THMEIMH) 1

H,0 = HO +%H2e SHeprus, :

CO,=CO —l—% O, — sneprus,
H, = 2H — aneprus

H T. O



e G B E i

v

Kudkue Tonausa 47

TepMuueckas AuCCOMALMs OKasbiBaeT ABOfHOE Bo3xeii-
creue. Bo-nepBhix, morjomaercs SHeprus, H, CJAeI0BATEbHO,
KOJIMUECTBO TeIJId, CINOCOGHOE . IPEBPATHTECS B KHHETHYE-
CKYIO SHEprHio rasoBofi CTPyH, YMeHblIaeTcsi. TO U3MEHSIeT
MaKCHMAaJIbHO JOCTHXKHMMYIO TeMIlepaTypy I'OpeHus, H B pe-
syJbTaTe yAeJbHAsl TAra OKa3biBAaeTCsl MeHbIIe TeopeTuye-
CKOHl BeJIMYHHHI, NofcuuTaHHoi no ¢opmyse (3). Bo-Brophix,
pacllenJieHHe B NPOCTHE MOJIEKYJIBl U PaauKaJikl YMEeHbIIaeT
CpeIHMI MOJIEKYJsPHbIA BEC MOJy4eHHBIX Ia3oB, YTO BeJET
K YBEJIHYEHHIO YIeJbHOH TATH H, TAKHM 06pa3oM, KOMIEHCH-
pyeT TemJoBHE INOTePH OT AMCCOnHanuu. BiusitHue mucco-
IMALKN HA SHepreTHuyecKHe XapaKTEPHCTHKH TOIVIMBA Iipe-
Kpamaetcss npu Temmnepatype okoJso 2300°C.

HyxHo yuuTeIBaTh Takxke u JeficTBHe peKOMOGHHAIMH
[10—12]. ITpn ncTeyeHHH NPOAYKTOB CrOPaHMsl yepe3 COILIO
TeMIlepaTypa rasoB Najgaer, AOCTHrass MHHHUMAaJbHOH BeJH-
YHHHL Ha BHIXOZAE. DTO 3HAYMT, YTO, €CJH COXPAHSETCS XHMH-
YecKoe DPaBHOBECHe, INPOLECC IUCCOLHALUM MOXKeT WATH B
o6paTHOM HampaBJeHHH (mpocrefiliue pagukasu GyayT o0b-
eIUHATbCSA) C BHAEJNEHHEM Telsa, obecreduBasi, TaKHM 00-
pasoM, Gosiee BHICOKYIO YAeJbHYIO TAry. Belumcaenus, cae-
JIaHHbIE C YYeTOM 3Toro- ¢akropa, JeHCTBHTEeNBHO AaioT 6o-
Jlee BBICOKHE TEOpeTHYECKHEe XapaKTepUCTHKH TomsuBa. Ha
NpaKTHKe CpefHee BpeMsi, HEOOXOAMMoOe MJs1 NPOXOXKIEHHS
MOJIEKYJ/IBl 4epes3 COIIo, CKaxKeM JJIsl JBUraTeJsi, pasBHBalo-
mero 5000 ¢pyxr Tgru, paBHo npumepHo 0,0002 cek., uro ae-
JlaeT PEeKOMOWHAIMIO BIIOJIHE BO3MOXKHOTL.

Pacyer no dopmyse (1) B npuHmume npocr, HO yuer Aefi-
CTBHMSl QMCCOLHALMH HACTOJBLKO €ro YCJOXKHSET, YTO NOJYy-
yeHHble JaHHblE OuYeHb YacTO OKA3BIBAIOTCA OLIHOGOYHHIMH.
PesysbraThl pacyeToB  dHEPreTHUECKHX  XapaKTEPHCTHK,
NoJilyueHHEle pasJUYHEIMM MeTOLAaMM, HAHH B BHJe KpH-
BEIX Ha ¢ur. 8 H SICHO MOATBEPXKAAIOT CHAEJAaHHHE BHIIIE
BHIBOJHL.

OTH KpUBHE MOKA3HBAIOT, YTO €CJAH OTPAHHYUTH TeMIle-
patypy, ckaxem, 2800°C, To AMCCOUMHpPYIOIIAas CMeCh JacT
6osiee BHICOKHE DHEpreTHUECKHEe XapaKTEPUCTHUKH, YeM MOKET
TeOpeTHUeCKH JaTh Jio6asi HeQUCCOLHMMpyiolas cMecb. Ta-
KHM 006pasoM, AHCCOLMALHUsl SIBJSETCS CKopee IOJIOXKHTE/b-
HBIM (akTOpOM, yeM OTpHIATEJBbHEIM.
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DHepreTHYecKHe XapaKTEPHCTHKH TOIUIMBA MOXKHO Ipel-
CTaBUTb CaMbiM PasJHYHHIM CNOCOGOM; OGBLIYHO 3TO JeJIaeTcs
TaK, Kak NnokasaHo Ha ¢uwur. 9.

TemnepaTypa ropeHuss H YJAeJbHas TAra BHIPaXKaloOTCA
B 3aBHCHMOCTH OT COOTHOIUEHHS KOMIIOHeHTOB cMecH. Kpu-
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CoomHowenue KOMNGHEHITIOB CMECU (GKIICT [20pH0Y.)
—— CocmosiHue — — floCmosiHHoIl ~ ———=He duccoyuu-
pasHogecusn cocmaa . POBQHHbIU

P ur. 8. 3aBHCHMOCTb IHEPreTHYECKHX XapaKTePHCTHK
TOMJHBA OT COCTaBa NPOAYKTOB CrOPAaHHS.

Bble CTPOATCA AJISl HECKOJbKHX AaBJICHHH B KaMepe CrOpaHHs
C y4eToM pacliupeHus B comie Ao 1 ar. dror cnocob -paer
SICHO®@ IIpe/iCTaB/IeHHe O CBSI3H MEXKJY COOTHOIlIEHHeM KOMIIO-
HEHTOB CMECH M JaBJIeHHEM B KaMepe H sBJsercs GoJjee IO-
JIe3HHM /I HHIKeHepa-HCHhITaTels, 4eM TaKHe CJOXKHEe
CNocoGH rpauuecKoro BHIPAXKEHHS XapaKTePHCTHK, Kak
SHTpONHYECKHe guarpaMmel. M3 ananusa kpuBHIX Ha pHC. 9
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MOXKHO CJeJIaTh HECKOJBKO'® BaXKHHIX BHIBOJOB. Bo-nepsrhx,
BcaencTBHe 3bdekTa AUCCOUMAlMH HaWIydlllHe dHeprerHye-
CKHMe XapaKTepHCTHKH GyAyT y TOIUIHBA HE CO CTEXHOMEeTpHYe-
CKHM. COOTHOIIIEHHEM KOMIOHEHTOB, a C GOJIBIIMM cofepxKa-
Huem roprodero. C yBeJMueHHeM [aBJIeHHS B KaMepe BJIMSA-
HHE JHCCOLMALMH YMEHBIUAETCsl M TOuKa, MOKasHBaiollag
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COOMHOWEHUE KOMNOHEHTIO8 CMECU(CKUCUITIENb/20pIoYee)

¢ ur. 9. Kpusble sHepreTHueCKHX JaHYHX CMECH XHIKOrO
KHCJIOPOAa H KepOCHHa.

ONTHMAaJIbHBEIE XapaKTePUCTHKH, NMPUOJIMKAETCH K CTeXHoMme-
TPUYECKOMY COOTHOLIEHHIO KOMIIOHEHTOB. JIpyruM BakHBIM
‘TIPAKTHYeCKHM BHIBOJOM SIBJISIETCS1 TO, YTO KpHBHIE TeMIlepa-
TYpBl M KpHBHIE yJEJbHON TATH He CHMMETPHYHBI: MaKCHMyM
TEeMNepaTyphl YacTo JEXHT OJHXKe K CTeXHOMETPHYECKOMY
COOTHOILIEHHIO, YeM MakCUMYM yAesbHo#l Tard. Ecam Temme-
paTypa B KaMepe HOJKHA OBITb OrpaHuYeHa, TO BHIGHpaeTcs
OoObIYHO TONJIMBHAS CMeCh, Gorarasi TOPIOYHM, TaK KAaK OHa
Jaer Goviee BRICOKYIO yJEJbHYIO TATY IO CPaBHEHHIO CO CMe-
cblo, GoraTofi okucautesneM. Eciu 6H Temneparypa AJg Tol-
JIMBHOH CMecH, MOKa3aHHON Ha puc. 9, Obla orpaHuyeHa
3000° C, To npu naBiennu B 20 ar ypesbHas TAra AJs CMECH
¢ H3GHITKOM roproyero pasHssach Oul 243 cek., a A/ CMeCH

4 3ak. 3073. IOxk. Xamdpuc
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C HU3GRHITKOM OKHCJHTENs — 216 cek., TO €CTh COOTBETCTBEHHO
Ha 2,4 u 13,2% MeHblle MakCHMaJbHOM pacCyeTHOM
peinudHE., Ha mpaktuke yzaenabHass TAra OGBIYHO OKasHl-
BaeTCsl MEHbIIE TEOPETHYECKOH H3-3a PA3JHYHBIX IIOTEPb,
BHISBAHHBIX HEMOJIHBIM CrOpDaHHEM CMECH B KaMepe, TPeHHeM
B COmJe M APYrHMH NPHYHHAMH.

BeiGop TonauBa [13, 14]

OcHoBHBIM (hakTOpOM 1npH BHGOpe TOMJIMBA SBJSETCA
ylaenbHasi Tara. TOIJIMBO 1J1s1 PAKeTHOTO ABHrarteJs, NpHMe-
HAEMOTO B KayecTBe CTapTOBOTO YCKODHTeJs, AQJIXKHO HMETh
yaeabHyio TAry cBbiiie 100 cek., 6OJBIIMHCTBO yNpaBJsieMbIX
H Heynpas/sieMBIX CHapsiioB TPeGYIOT yaeJNbHON TArH Gojee
200 cex., a A5 NPOEKTHPYEMOro HCKYCCTBEHHOTO CIyTHHKa
3eM/IH HYXKHO TOILIMBO C yHesbHOH TsAroil He MeHee 250 cek.
Hano nomuepkHyTh, uTo 31€ch MOTYT ObITb HCKJIOUEHHs, HO
B ofleM ynelbHas TAra — XOPOIUHHA KPHTEpHH NJs pakerT-
HBHIX -TOIVIWB, NMpPHMEHSIEMBIX AJISI CaMBIX Pas/IMYHBIX IeJefl.
B HHKHeM nuanasoHe yAEJbHBIX TAT HYXKHYIO XapaKTepH-
CTHKY MOTYT JaTb Ge3onacHble OJHOKOMIIOHEHTHLIE TOILIHBA,

HanpuMep NepeKHCh BOJAOPOAA, TOTAA KaK B CpefHEM AMamna-

30He JIO/KHH GHIT HCMOJb30BAHEl  JIByXKOMIOHEHTHbIE
CMeCH, a AJs NOJydeHHs] CAMBIX BBHICOKMX 3HAYEHHH y[ellb-
HOM TATH NPUXOAUTCS NPUMEHSTDH TOIVIMBA ¢ GOJIBLIOH TEMJIO-
TBOPHOH CHOCOGHOCTBIO H GoJlee onacHble, KaK 3TO MOXKHO
Bufietb us Tta6s. III. Hapgo ckasarp, uro npu BHIGOpe TOI-
JIUBa HYXHO YYHTHIBafb, KpOME YHEJbHOM TATH, MHOIO HApPY-
rux (akTopoB, mpHYeM KaxKAHIA H3 HUX HMeeT pasJHyHOe

3HaueHHe B 3aBHCHMOCTH OT yCJOBHii npuMeHeHus. ITostomy

Nofpo6HO paccMaTpUBAThCA BCe 3TH (aKTOpHl 31ech He Oy-

AYT; Mbl KOPOTKO OCTaHOBMMCS! JIMIUb HA CAMBIX IJIABHBIX M3
HUX, a 3aTeM NepeiileM K ONMCAHMIO HaHGoJee HM3BECTHBIX
OKHCJIHTeNE,

O6bem [15], Tak ke Kak H BeC, SIBJAAETCH BaKHEHIIUM
(akTopoM, KOTOpHIi HY»KHO IPHHHMAaThb BO BHHMaHHe IpH
KOHCTDYHPOBAaHUH paKeTHHIX annaparoB. IIpu maHHOH eM-
KOCTH TOIUIMBHHX 0akoB B HHX MOXHO IIOMECTHTb TeM
GosbIe TONJIMBA, 4YeM BhIlle ero IJIOTHOCTh. Hasa rpyGoit
OLEHKH IPHTOXHOCTH TONJIMBHON CMecH YAeJbHAsl TAra MO-
JKeT OHTh YMHOXKE€Ha HAa OTHOCHTEJBHYIO IVIOTHOCTH CMECH;

B pesyJbTaTe MNOJYy4YHUM XapakTepUCTHKY, H3BECTHYIO0 KaKk -
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HEKOTOPHE SHEPTETUYECKUE XAPAKTEPUCTHKU
XKUIKKUX TOIJWB

s | 2%
-3 ég g% «
HEEAE
Oxucanrens Topiouee Bua cmecu 32 gg Sa3 Si
o = x| &
A
3% | 59| 888 a2
\
Kunknit xucao-| XKunkud Bo- | Hecamosoc- | 3,4 | 360 90 | 2300
poxn IOpOA naaMeHsio-
Hancs
To xe Besiaun To wxe 2,5 | 245 | 245 | 3100
> > dtHa0BHI CIHPT > » 1,5 | 240 | 240 | 2900
(100%/-Holi KOH-
IeHTPaLHH)
EER Kunxunit amMHaK > > 1,2 | 250 | 220 | 2600
> > Fuppasun > > 08 | 270 | 280 | 2800
R. F. N. At AHunuH Camosocnaa-|{ 3,0 | 220 | 310 | 2700
MeHsIoLasncs
R. F. N. A. |3runosuii cnupr| Hecamosoc- | 2,8 | 220 | 275 | 2600
(100%/,-HO¥t KOH-| MIaMeHsio-
IL€HTPaLKH) masncd
Asornas kuc- | |HIPasHH To xe 1,2 | 245 | 260 | 2500
aora (100%/,-HOH
KOHIIEHTpalliH)
Mepekucs Bogo-| <«C-Stoffs2 |Camosocnna-| 2,8 | 210 | 250 | 1900
pona (1000/,-Hoi MeHsomasacs
KOHIleHTPaIHH)
Hurpomeran | Opuoxommo-| — | 220 [ 250 | 2200
HEHTHOE
TOMJIHBO

1 Red fuming nitric acid — abiMAItas a30THAA K icAOTa.
2 570/p METHJIOBOTO COHUPTaA, 3)%)o THAPA3HHTAAPATA, 130/ BOAH U He6OAbIIOE KOJH-
4eCTBO KyMPOLMAHMAA KaJus B KauecTBe KaTaau3aTopa.

4%
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o6beMHass YAeJbHAsA TAra HJAM HMIYyJbC mjoTHocTH. OHa
SIBJISIETCS] MepOfi YAEJbHOH TATM HAa 06BEM TOIIMBA B MPOTH- -
BOIOJIOXKHOCTb OOBLIYHOH YHeJbHOH TAre, KoTopasi Gepercs Ha
BeC TONJMBAa. DTH JaHHBle npuBeAeHnl B Tabauue III. M3
Ta6/IuUBl BUAHO, YTO, 32 OJHHMM HCKJIOUEHHEM, BLICOKOKaue-
CTBEHHBIE TOILIHBA HMeIOT OGBLIYHO BHICOKYIO OOGDBEMHYIO
YAEJbHYIO TATY.

Hcknouennem sB/sieTCs TOIVIMBO, COCTOSIIIIEE H3 XKHIKOTO
KHMCJIOpOJla M XKHIKOro BONOPOAA: HaxoAsch B TabiHie Ha
NepBOM MeCTe H3-32 HCKJIOUHTENIBbHO BHICOKOH YHeabHOR
TATH, OHO B TO 3Ke BpeMs o6Jajgaer caMoil HU3KOH o0ObeMHOM
yAeJbHOR TAro#l. DTO NPOHCXOAUT BCJEACTBHE OYeHb MaJsIoH
OTHOCHMTEJIbHOM IJIOTHOCTH XKujkoro Bopopoxa — 0,07 mpu
ero temneparype Kunenusi. Cpeau IPYTHX TOINIMB HET OCO-
GeHHOfl pasHHILI B pacnpeneseHHd MECT N0 YAEJbHOH TsAre
HJIH 110 00bEMHON yeNbHOH TAre: MEHSIOTCS MeCTaMH TOJIBKO
TOI/IMBA HA OCHOBE KHAKOTO KHCJOPOAA M TOIUIHBA Ha OC-
HOBE a30THOH KHCJIOTHI, TaK Kak TOC/IeNIHAS. HMeeT GOIbIyIo
IVIOTHOCTb.

O 3apepxKe BOCIVIAMEHEHHS CaMOBOCIJIAMEHSIOUUXCS
TOILIMB yxKe OblIo ynoMmsHyro. Kaxpmas TomyiuBHast koMG6u-
HaIHsl MMeeT XapaKTepHYIO I/ Hee 3a/lepKKy BOCHJIaMeHe-
HM$, KOTOpasl 3aBUCHT OT COOTHOIUEHHS] KOMIIOHEHTOB CMECH,
OKpy2Kalollleii TeMnepaTyphl, AaBJeHHsT M crnocoba mnepeMe-
muBanus. MakcuMmaJsbHasi 3afiepikKa, KOoTopasi MoxeT ObITb
JomnyuieHa, cocrasisier okojo 100 mcex, Tak Kak npu GoJb-
IINX 3aJepKKaX MOXKeT HAaKOIHTbCA CTOJNBKO TOIIMBHOM
CMecH, 4TO TIPOM30HHeT ONacHbI B3phIB. 3anepiKKa BOCIIA-
MeHenus aias 809%-Hoit mnepexucu BOJOPOJa M TONJIMBA
«C-Stoffs» MeHblle HOpPMaJbHO MOMYCTHMON BEJNMUHHBI H
paBHa npuOJH3HTEJbHO 60 MceK.

Hpyrue xumnueckue U ¢Qusnyeckue CcBOHCTBA KOMIIOHeH-
TOB TaKxke Urparot 60JbIIYIO POJIb, H UX OOBHYHO YUHTHIBAIOT
B 3aBUCHMOCTH OT YycJaoBuii npuMeHenus. CocTaB TOIVIMBA
Jo/KeH obecrneynBaTh SHEPTHYHOE HAYaJo M GBICTpPOe Ipo-
TeKaHHe peakuuH ropenus. TonnuBa JNO/KHEI OHITH XHMH-
yecKH CTOHKMMH. Jlanee, yueM MeHee OHM arpecCHBHH I10 OT-
HOLIEHMIO K MeTasjlaM, TeM JIydllle, TaK KaK 3TO IIO3BOJISIET
pacIiupUTh BHIGODP NPHMEHSEMBIX KOHCTPYKIMOHHREIX Mare-
pHaJIOB H YMEHbIIHTb PHCK NPH XPaHEHHH, TPAHCIOPTHPOBKE
H 3KCIUIyaTallud TOIJIHB. B TypGoHAcocHo# cucTeMe cuJa,
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JeACTBYIOIIasi HA HACOC, YBEIHYUBAETCH C yBeJHYCHHEM BS3-
KOCTH, T109TOMYy ueM MeHbllle BA3KOCTb, TeM Jyuile. Kommo-
HEHT TOILINBA, HCIOJNB3YeMHI Kak OXJaiuTesqb (B ABHraTese
C pereHepaTHBHBIM OXJaXKIeHHeM), HoJkKeH 006JafaTh BHICO-

KOM yHeJNbHO# TEMJIOEMKOCTBIO, XOpOIuedl TenJonpoBOLHO-

CThI0O M HMETb BHICOKYIO TeMNepaTypy KHIeHHs.

Js MHOrMxX paBuraresjeil oueHb BaXKHbLIM (DaKTOPOM $IB-
JIsIeTCsl TOCTYNHOCTh TONJIMBA: CHAOXKEHHe TOIJIMBOM, KOTO-
poe mpearoJaraercs HCIoJb30BaTh B INHPOKHX MaclITa6ax,
He JOJI)KHO BbI3HIBATH HHKAKHX 3aTPYXHEHHUH M CTOMMOCThb
€ro He JOJIKHA OBITb CJHILIKOM BHICOKOH. MHoOrue BHICOKO-
KayeCTBeHHHIEe TOMJHBA Cefyac MOTYT GHITh IOJyueHB! TOJLKO
B HeGOJIBLIMX KOJHYECTBAX HCKJIOUHTENBHO IJISl SKCIEpH-
MeHTaJbHBIX paboT U cToAT oueHb moporo. IlpaBna, B oOT-
JeJIBHBIX CJIy4asix, ecJii 3To HoTpe6GyeTcss, MOXKHO HaJajauTh
HX LIMPOKOe NMPOM3BOACTBO M IOJYYaTh IO BIOJHE MpHeMJIe-
Mo#l IeHe.

Bpsn su nenecoo6pasHo paccMaTpuBaTh GOJIBIIOE YHCJIO
TOIUIMB, HCHOJIb3yeMbIX B Hacrosimiee BpeMms. «HeGoubloi
cnucoky u3 Gosee uem 6000 xomM6uHanu#t ObLT MCIEITAH He-
Melko# ¢upmoit «<BMB» Bo Bpemsi BTOpoii MHPOBOH BOFHHL
Tak Kak 4HC/IO- BO3MOXKHBIX OKHCJIHMTENBHLIX 3JE€MEHTOB IoO-
pasao MeHblie 4yucJa roploYHX, TO AAHHBIA 0630p HauGoJee
M3BECTHHIX CMecell U HX CBOHCTB OCHOBAaH Ha MOAPOGHOM 00-
30pe OKHCJHTeJeH. DTHMH OKHCIHTENSMH SIBJSIOTCS: XHUIKUIH
KHCJIOPOJ, a30THAsl KMCJOTa, NMEpPeKHCh BOAOPOJA, XJOopHast
KHCJIOTA, YETHIPeXOKHCh .a30Ta, (GTOp, TPEXdTOPUCTHIH XJOD
¥ TerpaHuTpoMmeraH. IlepBble Tpu THna okucauTeNs GyAyT
paccMOTpeHbl HAMH BMeCTe C HauOoJlee BaXKHBIMH TOPIOUHMH.

\

HKunkuit kucaopon [16, 19]

D10 rony6oBaTas KHUAKOCTb, KUISAIIAS NMPH HOPMAJBbHOM
atMoctepHoM nasJjenuun npu —183°C. Ilpu mupoxom mo-
Tpe6aenun obxoaurcas B 10—20 ¢yHTOB cCTepJHHroB 3a
ToHHY. HeflocTaTkoM ero mo CpaBHEHHIO C ABYMs APYTHMH
OKHCJIUTENIIMH ABJISIETCS. HM3Kas TeMIepaTypa KHIIeHHS;
BCJIEICTBHE 3TOT'O OH AOJXKEH HAXOAUThCS B H30JHPOBAHHBIX
cocylax, HO Jaxe M TOria Bce BpeMmsi ucnapsercsi. OGBIYHO
He6oJIblIIe pe3epByapH, B KOTOPHIX HAXOAUTCA XKHUAKHH KHc-
JIOPOJ, MMEIOT BaKyyMHYIO H30JALHIO, HO M GOVIBIIMX
6aKoB 3TO He TOAUTCS, TAK KaK YTAXeJNseT KOHCTPYKIHIO.
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ITostomy mass 6akoB OGOJBIIMX pPasMEpPOB YNOTPeGISIOTCS
CrenHa/bHble H30JAIHOHHEIE MaTepHaJbl, Takue, Kak KapG6o-
HAT MarHusl WM CTEKJAsIHHas Bara.

CKOpOCTb HCNIapeHHs] 3aBHCHT OT THIA COCYHOB M HX pas-
Mepos. ITotepnu cocyna JIploapa cocraBasior 2% B uyac, a us
6aka eMkocTblo 30 ThIC. (DYHTOB, MOKPHITOrO H3OJSILHOHHBLIM
MmatepuaJioM, Hcnapsiercs: toapko 0,1% B wac. Ho camme
Gosblliye MOTEpH NPOHUCXOAAT BO BpeMsl NepPeKauKu XKHIKOTO
kucaoposna. Ilpy HamosHeHMH 6aka, HMEIOLIETO KOMHATHYIO
TeMneparypy, Tepsiercst ot 15 mo 20% Ha oxsaxIeHHe €ero
CTeHOK M H3osAuuu. HeMmuwl ycraHoBwin, uro noreps .
XKHJKOrO KHCJIOpOAA B- NIPOMEXYTKE MEXIy €ro NpOoHM3BOA-
CFBOM M HCIIOJIb30BaHMEM JJIsl 3amycka B pakere A-4 mocru-
rasa 50%. dto o3HauaeT, YTO peajbHast CTONMOCTb XKHIKOTO
KHCJOpoJa TIpH 3amycke pakeThl cocTapiasja yxe 20—
40 ¢yHTOB 32 TOHHY ~ )

Baku nns xuciaoPpona Ha camosieTax W CHapsiiax 3HAUH-
TeJIbHO OTJIMYAlTCA OT GAaKoB, B KOTOPHIX OH XPaHHTCA.
JKunxufl. kKucjopox 1esecoo6pasHo HCNONB30BATh JHIIbL TO-
ria, Korja OH 3ajuBaeTcsi B 6aK He3aJoJro Ao 3amycka: -
B 3TOM CJlydae He TpeGyercss 0co60 Xopouieii. H30JSIHH, YTO
3HAYMTeNbHO COKpaiaer Bec 6akos. B pakerax 6aku oGbIYHO
COBCEM He HM30/IUPYIOTCS, HO IOJydeHHast 3@ CYeT STOro KO-
HOMHSI Beca € M3GBITKOM KOMIIEHCHPYeT yBeJIHYeHHe IOTepH
kucaopoaa. Kpome Toro, TOHKHi cjloff HHes, 06pasylomHuHcs
Ha BHellHe#l CTOpoHe 6aKa, SIBJISETCS XOPOIUMM H30JASTOPOM.
JKunxuit KMCJIOpOX HMeeT SIBHO€ NPEUMYLIECTBO Nepex ApY-
TUMH OKHCJHTeJSIMH B TOM, 4YTO €r0 MOXHO IOJy4aTb Ha
Mecre [17]. HopMasbHbiii mpouecc npoMsBOACTBA IO METOARY
Xefianara oueHb TPOMO3JIKHI H He MOXKET GBLITb HCIOJb30-
BaH B MaJIeHBKMX NOJBMXKHBIX ycraHoBkax. Ho mpyrofi me-
TOJ, Co3fdHHLIH Kanumefl, npu KOTOPOM HCHOJB3yeTcs: CKO-
pocTHas TypGMHA AJf pacUIMpeHHs BO3JAyXa, MOXET OHThb
C YCIeXOM HCIOJIb30BAH Ha HeGOJBIIMX IMOABMKHBIX YCTa-
HoBkax. Ecim Ha aspoxapomax, Ha KoTopble 6asupylorcs ca-
MOJIeTHI-IePeXBATYHKH C PAKETHBIMH JBHTaTeJsIMH, HaJlaJUTh
NPOM3BOJICTBO KHMAKOrO KHCJOPOAA, TO OCTAHETCs IOABE3TH
TOJIbKO Toplodee, HanpuMep kepocHH. Ilocaenuuii Mor 6wl
OLITh NPHMEHEH H KaK PakeTHOE ropiouyee, M KaK HCTOYHHK
SHEPTHMH /15 YCTAHOBOK, BbIPAGATHIBAIOIIMX KHUAKHH KHCJO-
pOA. :
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Bce Okuc/MTENH SIBJSIOTCS B TOH HJIM MHOH CTENEHH Omac-
HHIME B o6pameHud. JKHAKHI KHCJIOPOJ MMEET TO NMpeHMy-
IIECTBO TepeJ APYTMMH OKHC/HTeJNSAMH, YTO OH HESJOBHT H
NpH TONaJaHuh Ha TeJo GBHICTPO HCmapsiercs, He NPHYHHASA
HHKAaKoro Bpela; OJHAKO €CJM OIYCTHTb B HEro pYKY,
pyKa Gyner oueHs CuibHO o6MopoxeHna. YKumkuit u rasoo0-
pasHHIfl KHCJIOPOJ MOTJIOIIAeTCs MOPUCTBIMM OPTraHHYeCKHMH
MarepHajaMH, KOTOphle 3aTeM CHJIBHO TOPAT U B3pHIBAIOTCA,
ecJM HX MNoikKeub. TeMmmepaTypa BOCIJIAMEHEHHMs BCeX Ma-
TEpHaJIOB 3HAUWTEJbHO HHXKE B KHCJIOpOJE, YeM B BO3JyXe.
TTocKOJIbKY KHIKHH KHCJIOPOJ BCe BPeMsl HCIapsiercs, xpa-
HWJIMIIA, TAe HaxoAATcsa Gaky, HOJKHBI XOPOIIO BEHTHJIHDO-
BaThCs, UTOOH M36eKaTh CKOMJIEHHS NapoB KHCJAOpOAA M TEM
caMbiM He JONYCTHTh Moxapa M B3puiBa. Iloxkap B Takux
caydyasix GhiBaer OYeHb TPYAHO NOTYHIMTb, TaK KaK B KHCJO-
POJHOM IVIaMEHH TOpSAT He TOJbKO OObluHble FOpiouHe Mare-
* puaJibl, HO ¥ GOJIBIIMHCTBO MeTa/uioB. OGpalieHne C XKHIKHM
KHCJIODOZOM CPaBHUTEJLHO NPOCTOE: HYXKHHI JIHIIb ac6ecTo-
Bble WM KOXaHble MepuyaTKH AJIs 3alUTHl PYK NPH MPHKOC-
HOBEHHHM K XOJIOOHHIM METaJ/I/IMYECKHM TPyOKaM M KOHTeH-
HepaMm. HeGoJbuiasi yTeuka He omacHa, TaK Kak XKHAKOCTb
He KOppo3uifHa M GHICTPO HCHapsercs.

Marepuajsl, ucnosb3yeMue Ajst paboThl C KHAKHM KHC-
JIOPOZOM, CPaBHUTEJIBHO HEMHOTOUHCJ/IEHHBI, TaK KaK MHOTHE
MeTaJulbl CTaHoBATcS XpynkuMu npu —183° C. Markas cranab
XOTsl M JIyyllle JPYTHX IO NPOYHOCTH HA pPasphiB, HO HMeeT
MEHbIIYI0 YAapHYIO BA3KOCTb, U NPU TEeMNEPaTypax KHIKOro
KHUCJIOpoJia Tpy6a H3 MArkoil cranu Bipe6esTd pasobObercs
OT camoro cjaboro yaapa. ITogxoasiuMy MatepuanaMu AJs
6aka H TpyGONpOBOJOB SBJSIOTCS MeAb, JIATYHb, MOHEJb-
MeTaJul !, aJlOMHHUEBHIE CIJIaBHI U ayCTEHHTHas crajb (CM.
Taba. IV).

BemectB, cnoco6HbiXx 06pa3oBaTh € KHUAKHM KHCJIOPO-
JOM CaMOBOCILIAMEHSIOILYIOCS CMeCh, OYEHb MaJo, H HH OJHO
H3 HHMX He TFOAMTCS B KauecTe ropiouero. M3 necamosocnia-
MEHSIIOLUIMXCSI BELIECTB TOJNBKO HEKOTOPHIE HCIOJb30BaJHCh
Kak ropioyee — GensuH, Kepocud [20), nu3esbHOe TONIMBO
[21, 22], merunoBblit W 3THAOBHIE cnupT {18].

! Cnnas, copepxkawmuit 68% Ni, 28% Cu, 2,5%-Fe, 1,5% Mn.—
Hpu»f. peo.
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Tabauya IV
TOTJILBAMM

Jlas mpoaomKHTeDb-

Ilas KpaTKOBpPeMEHHOM

el B R R
XKunkuit | Mengb ucnaaBbl, | Meab u cnaasel, | Ac6ecT, OTOXIKeH-
KHCJIOPOZ, alIOMHHHH H amOMHHHH W Hasi Megb, aJxo-
CMJaBH,aycTe-| CIJaBH, aycTe- MHHHH, TOJHTe-
HUTHAas CTajb| HHTHas cTa’jb TpadTOPITHAEH,
MOJUXAOPTPH-
¢ TopITHAEH
Mepekuch | UncThiii amomu- | Yncrtoiit anmomunuii| Ioaruxaopsunma,
BOZIOpOAA Hu# H  HeKoTOphe ac6ecT, MOJHSTH-
CNAaBbl aNIOMH- JeH, TNOoJUTeTpa-
Hu4, HEpiKaBeio- ¢TOpITHIEH, NO-
N mas CTalb JHXJOPTPHPTOP-
. 9THJIEH
A3zorHas | Umcrbiid aniomu- | AmOMHHHHE B ero | IMoanusTaeH, noau-
KHCJIOTa HHH, HeKoTO- CIJIaBBI, aycTe- XJOPBHHHI,
peie  criaaBhbl HHTHasA Hepxa- acbect, NOJHUTET-
aJIOMHHHSA, HEe Belollas CTanb PaxJOpP3THIIEH,
coLepKauiue NOJHXJIOPTPH-
. HHHKA dropaTHIEeH
Kepocun |Bce meTaumnbt Bce metanam AcGecr, pubpa, mo-
6bie  HepacTBop.
naacTuy.  Mare-
pHanb
dTHIOBHI | Bece merananl Bce merasibt Ac6ecT, moGeie He-
CIHPT PacTBOp. MIaCTHY.
: MaTepHalbl
Tuppasun | Hepwaseowas | Hepxaseomas Ac6ecT, HeonpeH
cTanab CTalb H aJIOMH-
HUH,  MsArkas
cTa’ab
Hurpomeran | Hepxaseiomas | Hepxaseomas Acb6ecr, noaurteTpa-
craib, amo- CTaxb, allOMH- ¢TopaTHIEH
MHHHI HH#l H MArKas

CTalxb
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Tak Kak Bce NpPAaKTHYECKH BO3MOXKHHE KOMGHHAIMM TO-
PIOUHX 3JIEMEHTOB C XKHIKHM KHCJOPOJOM SIBJISIIOTCS HecaMo-
BOCIIIAMEHSIIOIMUMHUCS, 3TOT MOMEHT IpeJCTaB/seTcs HaM
Ha6Gosiee YHOGHBIM 1Jis TOro, 4TOGH PAacCMOTPETh BOMPOC
o cnoco6ax BocmjaMeHeHHs. Bce oHM OCHOBAaHH Ha IpUH-
IMIe NOBHILIEHHS TeMIepaTyphl YacTH CMECH A0 TOYKH CaMo-
BOCILTAMEHEHHs], TocJe Yero IJiaMs paclOpoCTPaHsSercs o

3ananohasn

ceeqa \

lopovee —=— "

Ocnogran kamepa
czopanun

= .

®ur. 10. IpeaxamMepa nasi BOCHJAAMEHEHHS
OCHOBHOM TOIJIHBHOI CMECH.

OxuchuUmEns —w

Bceft ocrajsbHOfi cMecH. B GOJIBIIHHCTBE C/IyuaeB BocIJlaMe-
HSIEMOCTb 3aBHCHT OT CKOPOCTH PeaKIMH B CMECH, XOTS CylLIe-
CTBYIOT HCKJioueHHsl. TakuM o6pasoM, CMECH C KUAKHM KH-
CJIOPOAOM, KOTOpBHIE MMEIOT BBLICOKYIO CKOPOCTb PeaKIlHH, SIB-
JISIIOTCSl CPABHHTENIBHO JIETKO BOCIVIAMEHSIEMBIMH, T4aK 4TO
o6bluHasA 3anaJjpHasi CBeua MOKET MPUMEHSITbCS JJIs BOCHJa-
MEHEHHs] HeCKOJbKHX (yHTOB MKHIKOrO KHCJIOPOAA M 3THJIO-
BOro cmupTa B cekyHay. Ho Hajno Bceraa umeTh B BHAY, YTO
3ajiep:KKa BOCIJIAMEHEHHS] HA JIHIIHIOI HOJI0 CeKyHAH MoO-
JKeT NPHUBECTH K KECTKOMY 3amycKy, KOTAa JaBJjeHue B Ka-
Mepe B MOMEHT 3alycKa pe3ko nosuimaercs. [TostoMy peko-
MeHJyeTcs1 coo0INaTh TOIVIHBHON CTpye GOJbIIOE KOJHYECTBO
TelJa, 4TOGH 00ecneuuTh HajexHoe BocmiaaMenenue. Of-
HHM H3 CAMHIX JIETKHX CIIOCOGOB JOCTUXKEHHS 3TOrO fABJSETCS
HCIIOJb30BAHHE IHPOTEXHHYeCKHX cpeacTB. OHH B OCHOB-
HOM MCIOJIb3YIOTCS B pakerax, rjae TpeGyeTcss oXHOpasoBoe
JEACTBHE; OHH BBOJATCA B KaMepy uepe3 COIJIO PAKETHOro
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ABHrateJssi M BOCIVIAMEHAIOTCA 3SJEKTPHYECKUM IIyTEM OT,

BHelllHe#l nenu. B pesy/bTaTe KOHCTPYKLHS CaMoro cHapsija
ynpoutaercsi. B pakere Pay-2 ucnosb3oBanach Kak pag Ta-
Kasl CHCTEMa; ee BOCILIAMEHHMTEJIbHOE YCTPOHCTBO MpeicTas-
Jsi710 co6ofi GoJibliioe Bpallaolleecss KoJaeco ¢ MOPOXOBBIMH
narpoHamu. Tawm, rae Tpe6Gyercsi NOBTOpHOE 3ajKMTaHHe, KakK
B JABHraTesJe caMmoJjleTa, YacTo HCIoJb3yeTcs HeGosbluas
npejKaMepa; BOCINIAMEHEHHe TOIJIHBA B NpejKkaMepe OGLIYHO
NPOMCXOAMT OT 3anajpHoii cBeud. B mpenxkamepe mnomxu-
raercss HeGoJibllioe KOJHYECTBO TOIWIHBA M IJaMs. OT Hero
HCIIOJIb3yeTCs ISl 3aXKUTaHHSI OCHOBHOM 4YacCTH TOIJIMBA, KO-
TOPYIO HeJb3sl BIPHICKHBATH B OCHOBHYIO KaMepy JHXO TOro,
KaK YCTaHOBMTCS TopeHHe B Npefkamepe (3Ta cCHCTeMa Io-
KasaHa Ha ¢ur. 10). JIpyruM MeToaoM BOCIIAMEHEHUS SIB-
JISieTCsl BIPHICKHBAHHE B MOMEHT 3anycKa PaKeTHl ClEelnHaJlb-
HOTO IOpIOYero, KOTOpoe CaMOBOCIVIAMEHSIETCS NpU CMeIlH-
BaHHU ¢ KucjopogoM. OOLIYHO TaKoe roprouee NnoMeliaeTcs
B TpPy6onpoBojax MexAy IBYyMs pasphLIBHHIMH MeMOpaHaMHu,
TaK 4TO CHauaJa BIPHICKHBAeTCs B KaMepy CaMOBOCIIaMe-
HSIOLAsACI CMeCh, a 3aTeM JBUraTeNb IUIABHO INEepPeXOMUT Ha
OCHOBHBIE KOMIIOHEHTHL.

Mepexucs Bogopona [23—27]

[Tepexucy Bogopona Gblla OZHMM M3 HauGoJsiee LIMPOKO
yINOTpeGUTeNbHEIX OKHC/HTeseli B I'epMaHuu BO- BpeMsl BTO-
poif MHPOBO# BOIHE H NPOM3BOAMJACH B GOJBIIHX KOJIHUE-
crBax (82—839%-nofi koHueHTpauuu). ITosyuenne nepekucu
BOJOPOJIa BEJIOCh HECKOJBKHMHU CNOCO6aMM; K KOHIY BOIHBI
IIPOH3BOJMJIOCH eXeHeAeNbHO OKoso 16 Tec. T. B Hacrosimee
BpeMsi ToHHA 85% -Holt mepekucu Bogopoaa ctout 150 ¢yH-
TOB. DTa BBICOKAsi CTOUMOCTb sIBJIsiercsl OOJBILIMM HEHOCTaT-
KOM, H ecau OH ee MOXKHO OBLUIO CHH3UTB, NEPEKUCH
BOJOpPOJA, HECOMHEHHO, cTajla GBl CaMBIM JIYYIUMM OKHCJIH-
TeJIeM,

Iepexuch Bojoposa H ee mapu He SKOBHUTH. YKHAKOCTD,
rionasllias Ha TeJlo, ocTaBJsieT Gesble NSATHA, eCH ee GLICTPO
CMHITb, HO €CJIM He CMbIBaTb, OHa MOXET NpPUYHHHUTB TSXKe-
Jple oxord. Ecau OpbI3ru nepekucH momamyT B TJasa, HX
HaJo TOTYac ke NPOMuITb. Oco6hle Mephl IPEeXOCTOPOIKHOCTH
cilefyer TPMHAMAaThb BO BPeMs Ie€peKaukH, Tak Kak IpH Io-

s,
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najaHuH NEepeKHCH Ha OpraHMYyeCKHe BELIeCTBA MOXKET Ipo-
H30MTH UX BOCIVIaMeHEeHHe.

K cuacrbio, moxap OT mepekHCH BOAOPOAA MOXKHO JIETKO.
MOTYLINTh BOJAOH, MO3TOMY IIpH NepeKadyKe IEPEKHCH OYeHb .
BaXKHO BCerZa MMeTh IoJ pyKo#i Gojblioil 3amac BoAH. Bo
BpeMs. paGoThl C NMEPEeKHChIO HYXKHO MMeTh CNELHAJBHYIO 3a-
IUTHYIO ofieXay M oukd. OCOGEHHO onacHo 3arpsisHeHHe me-
pekucu. Heno B ToM, uTO HEKOTOpHIE BEIIECTBA 34CTABJSAIOT
NepeKuch BOJOPOAA pacnafaTthcs Ha BoLy M KHCJOpPOJ C BHI-
JeJeHHeM GOJIbIIOro KOJIMYECTBA TemJa, XOTS 3TO YacCTHYHO
MOXHO MPEXOTBPATHTh NyTeM R0GaBjeHHs] HeOGOMBIIHX KOJIH-
yecTB crabuiusaTopos, Hanpumep (ocdopHoit Kucaorh. Ile-
PEKHCh BOJOpOJA BCerja MeJeHHO pasJaraercd, HO MOXKeT
XPaHHUTLCA B CHEHAJIbHBIX BEHTHJIHMPYeMBIX 6aKax NOBOJBHO
JIOJITO; TIPH 3TOM ee KOHIEHTPAIHsl IOHHIKAETCs BCEro JIHIUb
Ha 2% B roxa. BesencTBue ucnapeHusi KMCIopoaa HOJAro xpa-
HHUTb TepeKHChb B HM30/IMPOBAHHEIX 0aKax HeJb3d. JTo 6oJib-
mofi HeJOCTATOK, -MelIaloIUil NpPUMEHEHMIO ee B 3€HUTHHIX
CHapsjax, KOTOpHE MAO/KHHE 3ampaBJsThCAd - TOIIMBOM
3a6/aroBpeMeHHO, 4YTOGH Bcerga GHITb TOTOBHIMH K Jefi-
CTBHIO. ‘

BaKHBIM TpeuMYILIeCTBOM IEepeKHCH BOAOpOAa SIBJSEICS
TO, YTO €€ PasjoKeHHe MOXKHO YCKOPHTh KaTaju3aToOpaMH M
TaKUM 00pasoM MNOJIYYHTb CMeCh BOASIHOTO Mapa M KHCJO-
poma c TeMIepaTypoi, JOCTaTOYHOft IJisi MpUBeNeHUs B Heil-
cTBHE TypOUHHL. B pesysbrate mpo6ieMa MoJydyeHHs SHEPTHH
IJIs1 HarHeTaHHs TOIVIMBA OYeHb ynpomaercs. M3 ckasanHoro
BhIllle IIOHATHO, YTO IIEPEKHCh BOAOPONA MOKET HCIOJb30-
BAThCS M KaK OJHOKOMIIOHEHTHOE TOILIMBO. DOJIBIIMHCTBO ro-
PIOYHX, NMpPeAHA3HAYEHHBIX JAJISl HCHOJB30BaHUSI C NEPEKHCHIO
BOJIOpPOJA, SIBJIAIOTCA CaMOBOCIJIAMEHSIOLIMMUCSH, XOTd, KO-
HEYyHO, MOTYT MpPHUMEHSITbCS H HeCaMOBOCIJIaMEeHSIOIHUeCs.
Bce wu3BecTHBle mNepeKkuCHBI€ JBHraTesd, paGoralolpe Ha
CaMOBOCIVIAMEHSIIOLUMXCsl TOMJIMBAX, NPUMEHSIOT TOpIOYee Ha -
OCHOBe THAPA3UHTHApATA, HO TaK KaK HeMIH He MOIJIH IO-
Jy4aTb €ro B HEOrPaHHYEHHOM KOJIHYECTBE U OH ObLI OueHb
JOpOT, OHH A06GAaBJAJH METHJOBHA CnUPT. UTOOGH CHH3HTDH
TeMIlepaTypy TopeHHsl, B CMeCb BBOAMJCS HeOGOJBIIOH INpo-
neHT BoAbl. OQHAKO BCJIEACTBHE YMEHbIIEHHS KOJHYECTBa
THApA3HHTHApPATa NepHoj 3aJepxKKH BOCNJaMEHEHMs YBeEJH-
YuJcs, H npuuioch A06aBJaATh KaraJjusarop. I'opiouee, Ha



PU3HUYECKVE U XMMHUYECKUE

CsoiicTBa

Kuaknit kucaopon

XKuakuit Boponon

A3oTHas KHCAOTA

OTHoCHTeNbHAasA MJIOT-
HOCTb

JluHaMuueckas  Bsi3-
KOCTb (B CaHTHMYya-
3ax)

IMoBepxHocTHOE HaTH-
WeHue, OuHalcM

Temneparypa kume-

Hus, °C

Temneparypa naasne-
Hud, °C

HOJOTHYECKOE BO3-

neicTBHe

JHelicTBHe Ha MeTaabl

JlefictBHe Ha opraHu-
4YeCKHe MaTepHaibl

OnacHoCTh BO3HHKHO-
BEeHHs MNoxapa

1,14

1,9

13

—183

—218

CHabHBIE O0XO-
FH IIpH 9KCMo-
3HLUHH B He-
CKOJbKO ce-
KYHI

BoabUWHHCTBO
aenaer Xpym-
KHMH

MHorue aenaet
XPYNKHMH

BoJablias

0,07

0,01

2,3

—253

—260

CHuabHBIE 0XO-
T'H IPH 9KCMO-
3HLHH B He-

CKOJNbKO Ce-
KYHI,
BoJbLUIHHCTBO

IenaeT Xpym-

KHMH

MHorue nenaer
XPYNKHUMH

Boabmas

1,50

09

40

.

86
—42

OueHb TOKCHY-
Ha, ObICTPO
pa3pyuiaer
WHBOTHbBIE
TKaHH

OueHp arpec-
CHBHa -

Bcrynaer B
peaxuuio

Boapuiasg, Ho
JerKo ycrpa-
HAMa DNyTeM
pa36aBiieHHs




CBOMCTBA XUIKUX TOTIJIUB

Tabauya V

rlegoe;l(: c(léozﬁfo' Kepocun cna";';"a%go% Bensun Hurpomeran
1,34 0,80 0,78 0,75 1,14
13 15 1.2 09 06
76 25 22 25 37
131 153—288 78 35—185 101
—22 Humxe —40 —117  |-120 no—-150 —29
flnosura, pas- | Cnabotokcu-| Tokcuuen |CaaGoroxcu-| CraGoToxcuueH
pyliaer xu- ueH yeH
BOTHHIE TKaHH -
Arpeccusna, He neii- He neii- He neii- | ArpeccuBen
MHOTHe Me- CTByeT CTByeT CTByeT
TaJabl  yCKO-
PAIOT pasJo-
KeHue
Berynaer s peak-| CiaGo pac- | Pacteopsier | PactsopsieT Xopowo  pac-
HHIO, HayH- TBOpsieT TBOpsET
HaIoLLYIOC Ya-
CTO camornpo-
H3BOJbHO
Boapmasa, wuo | CpenHss Cpenuss Boavwas | B3poiBaercs B
JIerKO ycTpa- ropsyeM co-
HHMAa IyTem CTOSIHHH
pa36aBneHus
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KOTOpOM pa6oTaJl aBHALMOHHHEI Apurareis Baabrep 109-509
A2, ussectHo Kak «C-Stoff» u umeer caenyromut cocras:

Funpasunruapar . . . . 300,
MetunoBmit cnupr . . . 579,
Boga . ........ 13

179/,-Huiit BOAHBIL pacTBOp 'KYy-
npouunanuaa xarus (10 cx3 Ha
JuTp ropioyero) 1,

D10 ABJIAETCS NPHMEPOM TOTO, KAK MOTYT GHITh COCTaBJIEHE!
CaMOBOCIIaMEHSIIOLIMECS] TOpIOYHe M KaK H3MEHSIoTCs HX
CBOHCTBA B COOTBETCTBHH C NPENbSBAIEMHMH TPeGOBaHHAMH.

A3oTHas KHcJaoTa

KonuenrpupoBannass asorHasi kucjaora (98%) oGeiuHO
npopaercsi no ueHe okoso 20 ¢yHTOB 3a TOHHY. JbIMsmas
asotHas kucaora (R. F. N. A.) comepxur no 20% nasyokucu
a30Ta U HEMHOTO AOpPOXKe KOHIEHTPHUPOBAHHON a30THOH KH-
caotel. Hu a3orHast KucjoTa, HH ee NMaphl He SBJAIOTCH sJ10-
BHTBIMH, HO BCJEJCTBHE HX pas3belaloulero AefCTBUs OYEHb
" onacHel. EciiM KHCJIOTY, momaBllyl0o Ha KOXY, HeMeJJeHHO
He CMBITh, OHA BHI30BET CePbe3HHH OXKOr. Hnyoxu% asoTa,
KOTOpasi CONEPKUTCA B KHCJIOTE, UPe3BHUANHO TOKCHYUHA H
HATIOMHHAET B 3TOM OTHOIIEHWM "OKHChb yriepopa. IIpu pa-
6oTe C asoTHOM KHCJOTOH Haxo coOuiofaTh elle GOJBHIYIO
OCTODOXHOCTE, 4eM NpH paGoTe C MEpEKHCHIO BOAOPOLA, H
ofeBath npotuBoras. C asoTHOM KHCJIOTOR OCOGEHHO TPYAHO
o6paiaTbcsl U3-3a HU3KOI'O IOBEPXHOCTHOTO HATSIXKEHHs, 3a-
CTaBJISIIOIIETO KHCJOTY OYEeHb GBICTPO <«IOJISTH® IO MoGoi
NIOBEPXHOCTH H TakuM ob6pasoM nopaxarb ee. Ho HanGoJnb-
IIMe TPYAHOCTH, BO3HUKAIOI[ME IIPU INPUMEHEHHH a30THOM
KHCJIOTHI, CBSI3aHBI C ee GOJIbIIOH arpecCHBHOCTHIO IO OTHO-
meHu0 K Merasuiam (29, 30]. Ias usrorosieHuss 6akoB, B KO- .
TOPBIX XPAHUTC KOHLEHTPHPOBAHHAsl as0THAas KHCJIOTA
(95% u BHILE), NpUMeHsIeTCS YMCTHIA amoMuHui (99,5%).
Jlns XpaHeHHsl a30THO! KHCJOTHI MeHblell KOHIEHTpaluH
HCIIOJIb3YIOTCSl pe3epByapsl M3 HepiKaBelollleff CTaJIu.

! K;[Cu(CN)4] —kanueBass cosab MenaHo(l)-HaHHCTOBOXOPOAHOM
KuCJOTH, — ITpum. ped.
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OueHb BaXKHO, YTOGH IPH XpaHEHHH a30THasg KHUCJIOTa HE
pasBOAMJIACh, TAK KaK TOrAa oHa OyneT AeACTBOBATb HA YM-
CTHIfl aMOMHHUI; HaAo CKasaTb, 4To H36GexaTb 3TOro H3-3a
THIPOCKONIMYHOCTH a30THOH KHCJIOTH JOBOJIBHO TPYHAHO.

Duznueckre U XUMHYECKHE CBOHCTBA PA3JIMYHBIX OKHCJIH-
TeJlefi U TOPIOYHX JaJIeKO He OJMHAKOBH, O YeM MOXHO Cy-
auth no. Tabauie V. B 3akiouenne 3aMeTuM, 4TO 3TOT Kpar-
Kufi 0630p, 6e3yc/JIOBHO, HHKOUM 0OpasoM He HCUEpILIBAET
TeMy O TomaHMBaXx. McnelTaHHe TOIUIMB paccMaTpHBaercs
B raase VI, a B ryiaBe XIV roBopHTCcsl 0 mepcrekTuBax B 06-
JIaCTH PaKeTHHIX TOIIMB.



F'arasa IV

JABHUTATEJIH, PABOTAIOUIHE HA )XHIAKOM TOIJIMBE.
ATPETATDI

IMpexne uem mepefiTH K PaCCMOTPEHHIO THIMYHBIX PakKerT-
HBIX ABurareseil, NOoApoOGHO OMMIIEM HEKOTOpHle U3 HX CO-
craBHbix uyacreil. Ilourm Bce 6e3 HCKJIIOUEHHS] arperarsl
PaKeTHHIX JBUraTesefl INpPOEKTHPYIOTCS HCXOHAsl U3 YCJIOBUS
X MMHHMMAJIbHOTO Beca, B Pe3y/bTdTe 4ero OHH paGoTaioT
C OYeHb HeGOJIbIIMM 3amacoM NPOYHOCTH.

PassuTue arperara 43 INpOTOTHNA L0 CepHiiHOrO 0O6-
pasma Bcerfia fIBJSIETCS1 AJIMUTENBHHIM IPOLECCOM, OCOOeHHO
3TO OTHOCHTCA K KaMepe CropaHusi M TrOJIOBKE JBHraTeJis.
OcHoBHast TPYAHOCTb 3aKJIOYaeTCs B TOM, YTO OYEHb GOVIb-
II0€ KOJIHYECTBO TOIJIMBHOM CMECH JOJ/IKHO GBITH COXKEHO
B OYEHb MaJjoM oObeMe.

Topenue [1]

!

Yactu JABuratesbHOH YyCTaHOBKM — GyAb TO TypOHHA,
HAcoC WJM Jaxe CaMblii NPOCTOH KJanaH — O4eHb CJIOXKHO
CTNPOEKTHPOBATh M H3TOTOBUTh TaK, 4TOOHI OHM YHOBJIETBO-
psJM BCeM INpeabsiBAsieMBIM K HHM TpeGoBaHHMAM, OXHAKO
HauGoJiee TPYIAHOBBINIOJHUMONH H3 HUX sBJseTCA, Oe3y-
CJIOBHO, «CepAle» JBHUTaTeJbHOH YCTaHOBKH — KaMmepa Cro-
paHHs, K pPacCMOTPEHUIO KOTOpO#l Mbl M mnepexommm. Kpart-
Koe onucaHMe paGouero mnpolecca B KaMepe, BO3MOXHO,
NO3BOJIUT JIy4llie MPeACTaBUTb cebe Te TpeGOBAHHUS, KOTOpHE
CTaBATCS NPU NPOEKTHPOBAHUH KaMepHI,

®ur. 11 nokaswiBaer AesieHHe KaMephl Ha TOJIOBKY ¢ (op-
CYHKaMH, KaMepy CropaHusi M COIVIO, a TaKxKe pPa3JH4YHbIE
COCTOSIHHSI TOIIUBA 1O Mepe ero NPOXOXKAEHUS uepe3 KaMepy
cropanusi. PaGouuii mpouecc MoxeT GHITb NOAPasfieleH Ha
HecKOJIbKO (pa3: MexaHHyecKasi MOATOTOBKA M pacCIblJI, TOM-
JIUBAa TOCPeACTBOM (OPCYHOK, CMelleHHe TOIJIHMBA, NpejBa-




- fleuzarean, paboraiouwue na Kudkom Tonauge. Aepeearu 65

. \

pHTeJBHBIA HarpeB MO TeMIepaTyphl BOCIVIAMEHEHHS M, Ha-
KOHell, roperue. IIpoTekaHHe 3THX NPOLECCOB 3ABHUCHT OT
KOHCTpYKIHH Kamepnl. HanpuMep, pacnbil Tonausa u gpo6-
JieHHe OOBIYHO CONPOBOXKAAIOTCS CMELIEHHEM, HarpeBaHHEM M
Jaxke MHOTZA YacCTHYHEIM cropanueM. IlpocrpaHncTBo, He0G-
XOAMMOe JIJisl APOGJIEHHS] M CMelleHHsl, 3aBHCHT OT THNA
roJIOBKH M (DOPCYHOK, Nepelnaja AaBJeHHs HA HHX H OT JAaB-
neHus B KaMepe. HarpeaHue TomsuBa B KaMepe HauH-
HaeTcsi elmle y TOJIOBKH IBUTATeNs 3a CUYET H3JIyueHHs H
TeNJIONPOBOAHOCTH.

N7NININT.

Bnpoiek—t= |\ yena -l ropesue fipadyxmer
dpabnenue, lpe,,ue ueppamzl ceaplr;nus s

pacnoin (2 ) nnz;)feﬁ {4) .

monauea
(1)

P ur. 11. [porekanue mpomecca B Kamepe CropaHus.

B sone I 6saromapsi mpexfie BCEro ABUKEHHIO TOPSIUHX
rasoB or (poHTa mJaMeHH HasaJ K TOJIOBKe MABUraTeJs
1eMrepaTtypa GBHICTPO PacTeT; 3TO NPOAOJIKAETCA IO TEX MOop,
noka He OyJer JOCTHTHYTa TeMIepaTypa BoCIIaMEHEHHSI.
Tensio, BHIfeNIsleMOe NPH TOpeHHH, ewie GHICTpee MOAHHMAET
TeMmepaTypy rasa, KoTopasi Bce IOBBIILIAeTCS, [I0Ka OCHOBHAS
YacTb TOIVIMBA He CrOPHT B 30He 3. YuacTOK Ha rpaHuIue
30H 2 u 3 Ha3biBaeTcsl QPOHTOM IJIAMEHH; IJI1 GOJIBLIHH-
CTBa TOIUIHB NPH HOPMAJBbHBIX YCJOBHSIX NPOTEKAHHS MPO-
Iecca OH MoXer OwTb Bcero okoJso 0,0001 nmrofima, xors,
Ta BeJMuMHA (aKTHuecKH He Oblsia u3MepeHa. [openue
3aBepluaeTcsl B OCTaJbHOM YacTH KaMepHl; NpaBia, KaK yKa-
abiBasiock B riape III; peakuus muccoumanmuu u HeKOTOpoe
BbIeJIeHHE TeIlJla MOXKET [IPOMCXOAHUTDb H B COIJIe,

dusuueckne MpoLECCH pacnblia, CMelleHHsi, HarpeBaHHs
H HCIapeHHs, KOTOphle NMPOTEKAIoT Nepe] GpoHTOM niIaMeHH,

. 9 '3ak. 3073. Ox. Xamdpuc
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3aHUMAIOT MEHBIIYI0 YacTb 06beMa KaMephl, eCJIH HCNOJb-
3yercsl XOpollo CIpPOEKTHPOBAHHAs TIOJIOBKA, Torja Kak
B GoJsipllleil 4acTH KaMepHl NPOHUCXOAUT COOCTBEHHO rOpeHHe.
OpHako npH NpUMeHeHHH OBICTPO BCTYNAIOLIMX B peak-
IMI0 TOIJIMBHHIX CMecefi (POHT INJaMeHH MOXKeT Haxo-
JUTbCS TaK GJIM3KO K TOJIOBKE, UTO €C/IM ee He OXJaXKAaTb
COOTBETCTBYIOIIMM O6GpasoM, To T[OJOBKAa KaMepbl MOKET
CTOpeTh. .

ITonHoTa cropaHust Bo ¢poHTE NJIaMEHH 3aBUCHT B OCHOB-
HOM OT CBOHCTB TOIVIMBHOM CMeCH H OT BHJAA TOJIOBKH.
TornHBo ¢ GOMBLIOH CKOPOCTBIO MPOTEKAHHS PEAaKUHMH Cro-
PUT INOJIHEe, YeM TOIJIMBO C HH3KO# ckopocTbio. Ilioxo BHI-
NoJHEHHas: ToJoBKa C (POPCYyHKAaMH, BMECTO TOro 4YTOOHI
ofecneyuTb pPaBHOMEPHOE COOTHOIIEHHE CMeCH B KaMepe,
laeT HepaBHOMEpHOe paclpefe/ieHHe TOpIoYero W OKHCJIH-
TeJsl, H, CJIEAOBATENbHO, YaCTh TOPIOYETO H OKHCJIHTENS OyAeT
NPOXOAUTh uepe3 (POHT IIaMeHH, He ycmeB cropetb. Hop-
MaJIbHO CropaHHe CMecH, 1o Kpafineli mepe Ha 70%, saBep-
maercs y 3amHefi rpaHunbl (poHTa mIaMeHd. [openue
OCTaJbHOM YacTH CMeCH IPOXOJIKAeTcs eme HEKOTopoe
BpeMsl, TaK KakK INPOAYKTH CropaHusl, K 3TOMY MOMEHTY
¥Melolye ckopocTs mopsaka 400 ¢yr/cex, HecyT ¢ coboit
HECTOpeBIlHe YACTHIHL.

Bce aTH mpomeccH cBA3aHE MexXAy CoGOH, M HX TPYAHO
pasrpaHMuHTh, A MPAKTHYECKH 3TO M He HYXKHO, IIOCKOJbKY
MBI 3aHHTEpPECOBaHBl JHIIb B TOM, 4TOOb Kamepa HMesa
JOCTATOUHEI 0GBEM M BCE 3TH HPOLECCH MOIVIH IPOTeKaTh
0 KoHma. JIjis 9TOro TOMJIMBO MOJIKHO HaXOAWTLCS B Ka-
Mepe B TeueHHe BpeMEHH, PaBHOTO CyMMe OTPE3KOB BPEMEHH
MOJIHOTO TPOTEKaHHs KaxKJAOoro Ipolecca. JDTa BeJHYHHA
HasblBaeTcs «BpeMeHeM InpeOhiBaHUsI». [IpsMoe wu3aMepeHHe
€ro OYeHb TPYAHO, NMO3TOMY HEO6XOAHMO BOCIOJL30BATHCS
Kakoi-Hu6ynp apyrofi usMepuMoil XapakTepHCTHKOf Ka-
MepBhl, HaxoAslleHca B ONpe/eJeHHOM COOTHOIIEHHH C Bpe-
MeHeM npeOniBanusi. MH yxe BHJeNIH, YTO TOIJIMBHAA
cMech B GoJbllefl yacTH NPOCTPAHCTBA KaMephl HaxXORUTCS
B razoo6pasHoM cocTosiHHH. Takum o6pasoM, B NepBOM IIPH-
GMUKEHUM MBI MOXKEM CUHTaTh, 4TO KaMepa LEJIMKOM 3anoJ-
HeHa TIPOAYKTAMH CropaHHs, HMEIIUMH TeMIepaTtypy
BoCIIaMeHeHus1, MOXHoO cKasaTh, YTO BpeMs MpeObiBaHUA
NpOAYKTOB CrOPaHUsl ONpe[e/eHHOro coCTaBa NpH oOmpene-
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JICHHOH TeMIepaType W HaBjeHHH B KaMepe Oyaer npsiMo
NPONOPIHOHAJNLHO 00beMy, KaMephl M 0OpaTHO NPONOPIHO-
HaJbHO IJIOMAaAu KPUTHYECKOro cedeHus comna A, To ecTb

t=Ko =KL

Oto oTHOIIeHHe o0beMa KaMepn K ILIOMIAAM KpHUTH-
yeckoro ceuenuss (¢ur. 12) u3BECTHO Kak XapaKTePHCTH-
yeckas JJIMHAa M SBJSETCS 4pe3BbIYafiHO BaXKHBIM Mapamer-

poM B pacuyere KaMepHl.

/ Nnawade

nonepeyHozo
goven v v cevehun A
L=5

® ur. 12. Onpexnenenne napamerpa L.

Ilpu upeanbHOM cHCTeMe BIpHICKA M YAAYHON KOHCTPYK-
UM KaMepsl HeoGxoxuMmasi BeJMuMHa L JJiA MOJIHOTO Cro-
paHHsl 3HAUHTEJIbHO H3MeEHseTCs TOJbKO TOrJa, Korjga IpH-
MEHSIOTCSl Pas3/MYHBe TOIJIMBA WJIH CO3JAIOTCS pPa3jUUYHEIE
JaBJeHuss B KaMepe. 3HaueHus L sl pas/MUHEIX TOIJIMB
npusejens B Taba. VI Ecan 3Hauenuss L HHKe yKa3aHHBIX,
yhaeJpHass TAra najaer yYpesBHYaiHO OBICTPO, a ec/H
60JIbIlIe — OH3 OCTaeTCs! B OCHOBHOM [OCTOSIHHOM.

Tabauya VI
3HAYEHUA BEJIVUYUHH L

3nayeHud npu
OxHcauteab Fopiouee AaBACHHU B Ka-
N Mepe 20 ama

Kunxuit kucaopon| DTHAOBLIE CnUPT 50
R. F. N. A. AHmmu . . . . . 60
: Hurpomeran . . .|. 250

3* -
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TonoBkn [2]

3ajaua [NOCTHXKEHWS MHHMMAJbHOro 3HaueHHs L 1as
JlaHHOR TOIVIMBHOM CMecH NPH JAaHHOM JaBJEHHH peliaercs
NpUMeHEeHHEM COOTBETCTBYIOIIHX CHCTEM Brphicka. Hampu-
Mep, Korja JABHraTtejb NpefHasHaueH /s CHapsAa, TOJOBKH
CTapaloTCsl U3rOTOBHTb CaMhble [IPOCTHIE, JIETKHE U JElIeBHIE,
B TO BpeMs Kak JJs J[BHTareseil NOBTOPHOrO JefACTBHA,
HanpuMep CaMOJIETHHIX, MX JeJaloT ropasfo GoJee CJIOXK-
HEIMH. ['0JIOBKH JOJIKHEI BHINOJIHATH JBE 3aflauu: pacneul H
CMellleHHe KOMIOHEHTOB TomuBa. CylluecTBYeT ABa MeToAa
CMeIeHHs] KOMIOHeHTOB. OJHMM M3 HHX SfIBJISIETCS] CTaJIKH-
BaHMe CTPYH TOpIOYero M OKHCJHMTENs, C TeM 4TOGH BH-
3BaTh UX B3aHMOIIPOHHKHOBEHMUE; JPYroi crnocob 3ak/ouaercs
BO BIPHLICKHBAHMH KOMIIOHEHTOB H3 G6OJBLIOTO KOJHYECTBA

-Touek. OCHOBHBIMH MeTOJAaMH pacnbLIeHHs SBIAIOTCS COyHa-

pEeHHe TOIJIMBHBIX CTPY#l (HemocpeaCTBEHHO ORMOf ¢ APYyroi
WIH [yTeM yHapeHusi 00 OTpaxkaTeJbHHIl 5KpaH) M BIPH-
CKHBaHHMe TOHKOfl IUIEHKM. Ymnorpe6.sioTcs JBa croco6a
NOJIy4eHHs] TOHKOH MJeHKH. JIyumuMm sBJseTcs NPHMeHEeHHe
ueHTpoGexHo#l (opcyHKH, nokasaHHo# Ha ¢ur. 13. JXun-
KOCTb IOCTyllaeT B KaMepy (OPCYHKH uepe3 OJHO HJIH He-
CKOJIbKO TaHIeHIMAJbHEX OTBEPCTHA X TakHM 0O6pasoM
noJiyyaeT BpallaTesNbHOe ABHIKEHHE; 3aTeM OHa BHIOPACH-
BaeTcsl uepe3 LEHTpaJbHOE OTBEPCTHE, 06pa3ys 3aBUXPEHHYIO
KOHYCOOGDa3Hyl0 MOBepXHOCTb (IJIEHKY), Koropasi GhICTPO
IpOGUTCS1 Ha MaJjieHbKHe Kamesabkd. JIpyruMm meronoMm mogy-
YeHHs] TOHKOH IJIEHKH SIBJISIeTCs Pas6GpHISTHBaHHE KOMIIOHEH-
TOB 4epe3 Y3KHe INeJH LIHPUHOMA ‘B HECKOJbKO THICAYHHIX
nmoiima, Ceftuac Mbl 6oslee NOJPOGHO OCTAHOBHMCSI Ha He-
KOTOPHIX THIAX BIPHLICKHBAIOUIHX CHCTeM (TOJIOBOK).

Opue ¥3 HHX NpeAcTaB/isieT co6oif TOJOBKY CO CTaJKH-
BAIOIUMHUCS CTPYSIMH, Tle IBa MM Gosiee NOTOKOB 3acTaB-
JIFIOT CTAJIKUBAaThCSl ONUH C JApyruM. THmHuHAs TOJIOBKA C
NepeceKalomuMucsl CTPysIMH ToKasaHa Ha ¢ur. 14,

OrpaxaresbHEIfi 3KpaH TOXKe SABJAETCS IPOCTHIM IIpH-
CrocoOJIeHHEM, MMEIOIUM, NpaBJa, OrPaHHYeHHOe NPHMeHe-
HHUe.

ITockoJIbKy 30HA ropeHust OObLIYHO O4eHb OJIHM3KO HaXo-
JIUTCS OT TOJIOBKHM, TO B GOJBIIMHCTBE CJIy4aeB IOMellaTh
3KpaH B KaMepe CropaHusi HeJab3fd, TaK KaK OH OBICTPO
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Croputr. OTO MOXKHO. leJlaTh TOJIKO IPH HCNOJIb3QBAHUU
TONIJIMBA C HH3KOH -TeMIepartypoil ropeHHs (pas/OKeHHs);
HACAJbHBIM TPHMEPOM TAKOrO TOIUIHBA SIBJSIETCS NepeKHCh
BoJopofa. B rososke paGoTaiollero Ha NepeKHCH JBHTaTelsl
Ile Xspusaenn «CrmpaiiT», KoTophlii mokasaH Ha ¢ur. 15,
oTpaxaTesbHHI 3KpaH pacnoJaraercs B CHeNHaJbHON yarue
CMeIleHHs.,

—

Cannoeoe ameepemue

0Omeepcmue dnn
oKuchumens

/
<. Omeepcmue dns
20pH04€20

Topovee

~e~flepemewusarue
Oxucnumeny (¢ N cmpyu
Tanzenyuanoyoe
6xo0Hoe omeepcmue ~

dur. 13. LenrpobexHas ¢ ur. 14. CrpyiiHan ronoBka.
tdopcynka. .

’

Bo MHorux roJloBKax HCIOJIb3yeTCs CTaJIKUBAHHE KOM-
HOHEHTOB C LIeJbI0 YBEJHYHTb CTENeHb CMEIleHHs H paciH-
JIEHHS] TOIVIMBA HE3aBHCHMO OT TOTO, YNoOTpeGJsieTCsi MeToA
3aBHXDEHHS] WM LIEJIH.

.IIpumepoM TOJIOBOK CO CTaJKHBAIOIIMMHUCS KOHYCaMH
pacnblla KOMIIOHEHTOB fIBJISIeTCS T'oJIOBKa JABHrarens Baib-
tep 109-509, crpoeKTHPOBAHHOIO NEPBOHAYAJNBHO MJIS CaMo-
Jera Me-163. ~

" Ha ¢ur. 16 nokasaHa ¢opcyHKa 3TOro ABHraTess —
KOHIIEHTPHYECKOIO THNA C ABYMS 3aBUXpUTeNAMH. OKHCIH-
Teqb — B 3TOM cayvyae 80%-Hag mepekuch BOZOpoxa — IO-
JlaeTcs yepe3 LEHTPaJbHOE BXOXHOE OTBePCTHE B (OPCYHKY,
3aBHXPSAETCS NMOCPEACTBOM TaHTeHIHAJbHHX OTBepCTHH I H
3aTeM BIPHICKHBAaeTCs B KaMepy uepe3 OTCeYHHIH KJamaH 2,
o6pasyss mosmi KOHyc pacnbiia. OTceyHHE KJanag He
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JOJIZKEH IIPONYyCKAaTh IMEPEKHCh BOAOPOAA B KaMepy IIocCje
TOTO, KaK arperaTr 3aKpHhIT.

. Fopiouee «C-Stoffs ucnosb3oBasoth a1 oxXMaxpeHus -
IBUTATeJs], MOCJEe Yero OHO NMOCTYNaJo B TOJIOBKY M 3aTeM

Nepexuco
eodopoda

®Pur. 16. Popcynxa asuratexs Baabrep 109-509.

B KOJIbIIEOGpa3HHfl NPoxoA BOKPYr (OpCyHKH. 3aBHXpeHHe
€03[1aBaJIoCh MOCPEACTBOM TAHT€HLHAJbHHIX OTBEPCTHH 3 M
BHHTOBOro Kanasna 4. Ha mBuratene 109-509 A2 ynorpe6as-
aock 12 takux ¢OpCYHOK.
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Cucrema BOpHICKA Ha JBUraresae pakerbl A-4 cocrossa
U3 ToJIoBOK-mpenkamep (¢wur. 17).

KoMnoHeHTE GhlIM HecaMOBOCIJIAMEHSIOMMMHCA (KU~
Kuil Kucjaopon ¥ 75%-HBI STHJIOBHE CHHPT); KHUCJIOPOX
BIPHICKHBAJICS Yepe3 MHOTOUYMCJEHHBIE OTBEPCTHS ILEHTpaJlb-
Hot (QopcyHKH, Tropiodee XKe BIPHICKHBAJOCh YaCTHYHO

LienmpoGemnoie Qopcyrku

Mudxui
—_—
Kucnopod

Imunoaord
cnupm

dur. 17. Npenkamepa asuratens paxerh A-4.

yepes ueHTpoGexkHble (GOpPCyHKH (C 3aBHXpHTeNeM), a ua-
CTHYHO 4epe3 OGbIYHbIe CTPYHHBIE popcyHKH. JKuakuil KuCJIO0-
pon, UMelomMii HU3KYIO TeMNepaTypy KHIleHHs, OueHb GHICTPO
HCTapsieTcs, M CJOXKHBIE YCTPOACTBA /sl €ro pacrblIeHHS
He Tpebylorca. TeM He MeHee, KaK 3TO MOXHO BHJETb Ha
¢dur. 17, HeKOoTOpoe KOJHYECTBO KMAKOIO KHMCJIOpoZa pac-
NBUISIOCh M CMEIIHBAJOCh C TOPIOYMM NOCPEJNCTBOM CTaJIKH-
BaHus. - : ' ,

JBuratesr umea Bcero 18 rakux npeaxkamep.
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Kamepw cropanus [2, 3]

KaMepsl cropaHusi GBIBAlOT B OCHOBHOM JBYX THIIOB —
oxJlaxKJaeMble H HeOXJIaxKJAaeMBbe.

HeoxnaxpmaeMble kaMepsl MOTYT OHITh pasfeieHH Ha JBa
noATHna: pa6oTawouiue B YCJIOBHSIX TeMNEpaTypHOTro DaBHO-
BECHS M HCHOJIb3YIOIIYe JJIs OXJaxKAeHus NPHHIUN Nepefadyu
Tela CTeHKod kaMepnl. OueBHIHO, 4TO HeoxJaxKjaaemas
KaMmepa, paGotawoowasi B YCJOBHSX DaBHOBECHS, MOXeT BhI-
LlepKaTh TOJLKO OIpaHHYEHHBIEe TEeMIlepaTypnl TOPeHHs, TaK
KaK TeMIepaTypa BHYTPEHHell CTOPOHEI CTEHKH KaMephl GyJaeT
MOYTH TAaKOH K€, KaK H HPOLYKTOB CropaHus. DTo OrpaHu-
4yyBaeT NpPHMEHEHHEe TAKMX KaMep B OCHOBHOM TeMIepary-
pamu nopsigka 1000° C. TUNHYHBIM MPUMEPOM TaKOH KaMepHl
SIBJIS€TC TNoKasaHHass Ha ¢ur. 18 KaMepa aBHraress
«Cnpaiity. CTeHKa H3 HepKaBelolleld CTalH MMeeT TOJILIHHY
Bcero 0,16 moiiMa, HO JIeTKO MOXeET BBIIEPKATb TeMIIepaTypy
500°C u maBnenue B 20 ara. Uto6m HeoxJaxkJlaeMble Ka-
MepH MOTIJIM BBIAEPXKUBATh ele GoJiee BBLICOKHE TeMIepa-
TYpH, TPUMEHSEeTC KepaMuueckas oG/IMLIOBKa U rpaduro-
Bas oOksanka [4, 5]. Kepamuka o6snanaer HeGoJbIIOH MPOY-
HOCTbIO, HO CIOCOOHA YCNEUIHO MNPOTHBOCTOATh AEHCTBHIO
BHICOKMX TEMIIEpPaTyp, a CJEXOBATeJbHO, CTaJbHAsl BHELIHSAs
KaMepa OyneT HarpeBaTbCs MEHbIE€ W COXPAHHT CBOIO MPOU-
HOCTb.

Kamepa cropauus pgsurartensi «Asabda», yCcTaHOBJIEHHas
Ha GeclnuJOTHOM 3KCIIEpUMEHTaJbHOM caMmoJieTe (HPMBI
«Bukkepc», 6blla HMEHHO TaKOro THIA.

OHa HMeNa KepaMHYeCcKoe IOKDHITHE, a KPHTHYecKoe
ceueHHe comyia — rpaduroBylo ob6kaanky. OgHUM H3 OCHOB-
HBIX HEJOCTAaTKOB KEepPaMHYECKHX OOGJIMIOBOK SIBJSIETCS TO,
YTO OHHM HE IPOTHBOCTOST TEIJIOBBIM HANpSXKEHUSIM, BO3HH-
KaIOIUM TPH 3aMycKe JBHraTelsl, H, C/JI€LOBATENbHO, CUIBHO
paspyLuaoTcs.

Korna oxsaaxkjeHHe KaMepsl OCHOBAaHO Ha IOIVIOLIEHHH
Tell/la CTEHKOH, COINIO H3rOTOBJSIETCS M3 MarepHana ¢ BH-
COKOfl TeNJIONPOBOJHOCTBIO, U TEIJIO, NepefaBaeMoe CTeHKe,
norJomaercss MeramioM. Crnoco6 3TOT HMeEeT CBOH HEMo-
CTAaTKM: OYEBHJHO, YTO yepe3 HEKOTOpPOe BpeMs TeMmieparypa
BHYTPeHHel CTeHKH JOCTHTHeT TeMIepaTyphl IlJIaBJeHHs
merasana. OO6bIYHO /ISl KaMepbl C BPeMEHeM TOpPeHHs He
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B KauecTBe OXJAaJuTeJs IPHXOAHTCA HCIOJBb30BaTh YIKe
KEPOCHH, XOTSl OH H CocTaBJisgeT JHIIb oKoslo 25% cmecy,
TaK KaK OXJIaXJalollue CBOHCTBA KHJIKOrO KHCJIOPOAA IJIO-
xue. PereHepaTuBHO OXJaXJAaloOWAsAcs KaMepa MAOJ/KHA OT-
BeYaTh CJeAYIOUNM TPeGOBAHHUSAM:

1) BHyTpeHHASl CTeHKa KaMepnl [gO/:kKHa OBITb JocTa-
TOYHO NPOYHOH, UYTOGHl INPOTHBOCTOSTH HANpSIKEHHSM, BO3-
HUKAIOUMM M3-3a PA3/IHYHBIX JaBJeHUI B KAMEPE H B OXJIaXK-
Jamolei XHUIKOCTH U H3-3a
pasHHObl TeMIeparyp;

=]
E g
«3 § E 2) TemmnepaTypa  BHYT-
- S o peHHelt TOBEPXHOCTH CTEHKH
S 2 H 5 JOJI3)KHA OBITh HHXKE TOUYKH.
SS58 §3s 558 UIaBleHHs Martepuana;
BRSERmSEhind Loz
SEREEECESE 58
2500°c &1 SRS E 81§ £3
500°C &9 S*Rg|< o3
SR S0 ,
S : H /—/
500° N -
C X
250°% 2
N
150°C N IN
100°C = R
N\ N

-He 8 macwmade

@ ur. 20. TemneparypHuie rpanued- ¢ ur. 21. Pacnpenesenne Bean-
Thl B pEreHepPaTHBHO OXJAXJAaeMOM YHHBI TEmJIOBOrO MOTOKAa BAOJb
IBHTraTele. OXJaxJaeMoil kaMephl CrOpaHHS.

|

3) o6uiee KOMMYECTBO NepeJaBaeMOro TerJa, He JOJKHO
HarpepaTh OXJaXIAIOIIYIO XKHAKOCTb 0 TeMNepaTyphl Kume-
HHSl WJIM IO TEMIepaTypel, NPH KOTOPoii OHa pasjaraercsd,

4) teMneparypa BHEIUHe#l [IOBEPXHOCTH BHYyTPeHHeH
CTEeHKH MOJKHA O6biTh, KaK MNPAaBHJIO, HHXKe TeMIepaTyphl
KHIIEHHS] WJIH TEMIepaTypbl PA3/IOXKEHHs! OXJaAuTe/s, YTOOL!
NpefoTBpPaTHTh OGpa3oBaHHE HA INOBEPXHOCTH CTEHKH IIy-
3BIPbKOB, KOTOphle GYAyT MellaTh nepefade Temja.

B pakerHom ZaBuratesie NMPOMCXOAMT, IO KpaiHe# Mmepe,
Tpu mpouecca nepexaun Temaa [6—10]: 1) or rasa x BHY-
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HHorna ysesnuyeHHe CKOPOCTH OXJaKJAIOIIEH XUAKOCTH,
yMeHbLIIEHHe TOJIIMHEI CTCHKH M JApPYrue cnocobbl He AAIOT
J)eJlaeMHX De3yJbTaToB, W Toraa npuberarlor K crnocob6y,
M3BECTHOMY IIOJi Ha3BaHMEM <IIEHOYHOe oXJaxjaeHue» [l1,
12]. OHo 3akiaO4YaeTcss B TOM, YTO YacTh OXJaxJalomei
JKHUJKOCTH BIIPHICKMBAIOT B KaMepy TakuM o6Gpas3oM, 4TOObI
CHH3UTb TEMIEPATypy MNOTPAHMYHOTO CJOS NPOLYKTOB Cro-
panuss B HauGollee onacHoM Mecre. B pakere A-4 oxsax-
Japolas XHJIKOCTb BIPHICKMBAaeTCs uepe3 pajuaJbHblE OT-
BepCTHSI NIPH OYeHb HH3KOM TIlepenaje [aBJeHHs, TaK 4TO
NOTOK OXJIafuTesss, BMeCTO TOro 4To6GBl NPOHHMKATH MPSIMO
B OCHOBHOH IOTOK Ta3oB, BXOAMT TOJbKO B NOIPaHUYHBIH
caoit. Temsno, Heo6XOAUMOE HJsI UCIAPEHHA M HarpeBaHHUf
BIPHICHYTOH OXJIa)K[atomell KHIKOCTH, 3HAYMTEJNbHO IOHH-
JKaer TeMnepatypy creHku. [Tapwl oxJaxkmarouieil KUAKOCTH,
KOTOpBIe MOCTYNAaIoT B NMOTrPAHMYHBIA CJIOH, TaKXe YBeJHYH-
BAIOT €ro TOJIIMHY, TeM CAMBIM YJy4Iuasi H30JALMIO CTEHKH
KaMephl OT ropsiuux rasos. B A-4 okoso 129% oxJsaxnaaro-
el KUAKOCTH BIPHICKUBAJIOCh TaKHM 06GpasoM -B KaMepy,
NpHYEM OKOJIO IOJIOBUHBI H3 3TOr0 KOJIMYECTBA NPHHUMAJIO
yuacTHe.B peaklMH TOpeHus M He MNpONagajo AapoM.

Bri6op Matepuasos [13, 14] mias Kamep oxJaxkaaeMbix
JIBUTaTeJIell ONpefesieTcss B OCHOBHOM HMX TelJIONPOBOA-
HOCTbIO. MOXHO mOAyMaTb, YTO 2KAPOMPOYHBIE CTANH $IB-
Jasotcs HauGoJiee MIMPOKO INPHMEHSIEMBIM KOHCTPYKTHBHBIM
MaTepHasioM, OZHAKO 3TO HAJE€KO He TaK: MM 4acTo Mpej-
MOYMTAIOT BHICOKOKAYECTBEHHYIO MSATKYIO CTajb, TaK Kak ee
BBICOKAsl TEIJIONPOBOAHOCTh He MONYCKaeT meperpeBa CTEHKH
KaMepHl; KpoMe TOro, 3Ta CTa/b fBJsercs 60Ji€e NelIeBoi.

I caMosIeTHbIX JBHraTeJiell, KOTOpHle XOMXKHBI pabo-
TaTh AJUTE]IbHOE BPEMs, YacTO NPHUMEHSIIOTCS KapOIpPOYHbIe
CTaJi BCJEACTBME HX JIydIuefl CONPOTHBJISEMOCTH OTCJaH-
BAHHUIO U KOPPO3HMH.

OmHHUM K3 OCHOBHBIX MpPEHMYILECTB CAMOJIETHHIX JBHra-
TeJielt, paGOTAIOUIMX HA JKHUJAKOM TOIJIMBe, Tepej ABUrarte-
JISIMH TBEPAOTO TOIJIUBA IBJISETCS TO, YTO TATY Y HAX MOXKHO
chenaTh NMEPEMEHHOA H KOHTPOJNMPYEMOH JIeTYHKOM. YMEHb-
HIeHHs] TATH JBUTaTelNsl, KOHEUHO, MOXKHO JOGHTbCS, COKPATHB
pacxoi TOIVIHBA, HO 3TOT CIOCO6 HMeeT HECKOJbKO HEeNOo-
craTkoB. Pacxoj TomauBa MpPONOPIHOHAJEH “KBaJApaTHOMY
KOPHIO H3 Nepenajga jaBJeHHss Ha (OpCYHKax, Tak yTo, 1Js
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TOro 4YTeGHl COKPaTHTb THATY, Hampumep, Ha !/;, mepenaj
JaBjieHHs Ha (opcyHKe RoJkeH OHITb yMeHBbIIEH Ha /.
210 o03HayaeT, 4TO [/ M3MEHEHHsl [NaBJeHHS B LIMPOKOM
[IHManasoHe WIH MHHUMAJbHH nepenajg AaB/leHHS JOJKEH
GHITh OYeHb HH3KHMM, MJH MaKCHMAaJbHHI INepenaj OuYeHb
BhicoKUM. UTOGH H36€XKaTh 3TOTO, MOXKHO YHOTPeGJsSTh He-
CKOJIbKO Trpynn (OpPCYHOK M BBOJAHUTb HX B JEHCTBUE OIHY

.3a gapyro#i. Tak, Hanpumep, OBHUIO CAeJaHO B JBHUraTelne

Baabrep 109-509 (pacnomoxkeHue rpynn (opcyHOK MOKa-
3aHo Ha ¢ur. 23). Ilyrem BBeneHus B gefictBue rpynn ¢op-
CYHOK OIHOH 3a ApPYyro#i TpeMs CTYNEHSAMH TSira U3MeHsSJach
ot 450 mo 3750 ¢ynr. Ho ecniu cokpamath TakuM oGpasoM
JlaBJieHHe B KaMmepe, To OyAeT COKpamaTtbcs U K03 GhHUnueHT
pacUINpeHHs, B pesy/pTaTe Yero 3aMeTHO YXYAIIATCH Tep-
MOJHHAMHYECKHE XapaKTePUCTHKH, OCOGEHHO Ha MaJbiX
BbICOTaX. Takoro siBJIeHHsI MOXKHO JO HEKOTOPO# CTeneHH
u36exaTh, NPUMeHsIs1 BRICOKOE [JaBJieHHe B Kamepe IpPH MOJ-
HOH TAre, OJHAKO 3TO YBeJHMYMBAET BeC ABUrATEJNbHOH ycra-
HOBKH.

Jpyrum crnoco6oM SIBJsSIETCS W3MEHEHHe IVIOIaju KPHTH-
4eCKOI0 CeYyeHHs COIVIa C LeJbI0 COXPAHHTb AaBJICHHE B Ka-
Mepe IOCTOSIHHBIM, a CJIeJOBAaTeJIbHO, COXPaHHTb IIOCTOSIH-
HeIMH pafoude XapaKTEPUCTHKH ABHraTeJs. DTOr0 MOKHO
JOCTHYb NyTeM INPHMEHEHHs IBHUralolieiics WIVIK B COILIe,
KaK B HEKOTOPHIX HEMEUKHX TYp6OpeakTHBHBIX ABHTaTeJsX.
U, nakonel, ecyiu BeIMYHHA TATH HE JOJ/IKHA OHTb NOCTOSH-
HOM, MOXHO NPHUMEHHTb OTAEJNbHHIE KaMephl, KOTOphle OYAyT
BKJIIOYAThCSl N0 Mepe HaAOOGHOCTH. DTOT cnocol NpUMEHsICH
B asurarteqnsx Puskun Mortopc 6000 C-4, paGoraBmiux Ha
XKHUAKOM KHCJOpOfe M cnupre. Kak mokasano Ha ¢ur. 24,
B HeM mMelotcsi 4 Kamepn (kaxknpas mo 1500 ¢ywr TarM), u
JJIS1 TIOJYUeHHUs KeJlaeMOH THATH MOXKHO BKJIOYHT Jao6oe
YHCJIO KaMep.

JocrapjisieT MHOro XJONOT H elle INPOZOJIKAET OCTa-
BaThCS BO MHOTOM HesICHEIM BUGpaius KaMepsl cropanus {15].
OHa GbiBaeT ABYX BHJOB: BBICOKOH HJIM HHM3KOH YaCTOTHL
[To-BuaNMOMY, CyLIECTBYIOT TPH NPHYHHHI BHOpaIuil HU3KOH
yacToTH, 06biuHO paBHO# 30 2y. IlepBoit npuunHON sABJAETCS
Pe30HaHC B TOMJIMBHBIX TPy6ONpOBOJAaX, Ha KOTOPble OKa3hl-
Baer JeficTBHe oOHIuHAs OecriopsiioyHass BUOpaLus, MoJyyarno-

miasics IpH TOPEHHH CMECH; BTOpast NPHYHHA — H3MEHEHHC
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KoadduiuuenTa pacxona uepes GopCcyHKy, BH3LIBAEMOE H3MeE-
HEHHEM JaBJICHHUs, H TpeThbsl — MyJbcanus ¢poHTa MJaMeHH.
Orta mnocleAHsds INPHYHHA HMeer GOJblIOe 3HAuYeHHe IIPH
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$ur. 23. Pacnonoxenne rpynn GopcyHok
B npuratene Baabrep 109-509 A2, .

cucreMe BIIPEHICKA C AYIIEBOH TOJIOBKOH. (BIPHICKHBaHHE
B pasjMuHble TOUKH Ge3 crajikuBanus). BuGpauuu BHCOKOH
YaCTOTH MOTYT OOBSCHATLCA PE3OHAHCOM CaMoOi KaMepHl Cro-
pauus. Ho kakoBa Obl HM GBIa WpHYHHA BHGpauUWM, OHA
OueHb ONACHA, TAK KaK MOKET MPHBECTH K paspylieHHIo
JBUraTeJs.

Pasmepn pakeTHOro [BuraTesisi, BEpPOSITHO, MOIYT ORITb
CKOJIb yrogHo Gosibmimmu. CaMbiM KpPYNHBIM B HacTosliee
BpeMs SIBJISIETCSI «XOJIOJIHBINA» NEpeKHUCHBIH JBHUraTe/b Bajib-
tep, patomuit 110 000 ¢pynr TaArH, xoTs 3eHrep Bo BpeMst
BOMHB NpeNIOKUN Asuratenb ¢ taroi 225000 ¢ynr, pabo-
TAalOmMHUA Ha XKUAKOM KHCJIOpoAe M He(dTH, a JBHrarTesb
pakerst A-10, xoTOpHI#l IpeAnoJiarajoch HCHOMB30BaTh Kak
YCKOpHTeJb Ha Mo,uuq;nuuponaﬂﬂoﬁ Kpu.na'roﬁ paKeTe'A-4,
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JOJTKeH 6Bl pasBUBATh TATY B 440 000 ¢yur. Nokrop Msii-
JIMHA, BeAyLIMH aMepUKAHCKHH CHEeLHaJHCT MO ABHraTelsM,
3afBWJI, YTO B HacTosilllee BpeMs BIOJHE BO3MOXKHO IIO-
CTPOMTb JBHraresb ¢ JHaMeTPOM KaMephl B 12 ¢hyr u nua-
METPOM KDHTHYECKOTO CeueHHsl comnia B 5 ¢hyr, crnocoOHHIH
pasBuBartb Tary B 1000 000 gynr.

Cucrempl nogayv Tonjauea

- IlpumensieMble CHCTeMBI MOJAuM TOILIHBA OIMCAHH B
r1. V, Tak 4to 3mech GYAYT pacCMaTpPUBAThbCsl JIMIIbL OTHAENb-
HHl€ COCTAaBHbIE YAaCTH 3THX CHCTEM M Teé HX OCOGeHHOCTH,
KOTOPHIM NPHXOAHUTCS yAEAfATb 0c060e BHHMAaHHE NPH MpPOEK-
THPOBaHHUH.

W3 nByx MeTomoB BLITECHEHHMS TONMIMBAa rasoM (c Io-
MOIIBIO XpaHsmerocs B O6aJjoHaXx u BhpaGaThIBaeMoOro
rasa) BTOpoil fBJseTcd ropasfo Gosee clOXHBIM. Ilosyuae-
Mble Ta3bl JO/KHBI MMETb NOBOJIBHO HH3KYIO TeMmeparypy,
He BHI3BIBAThb KOPPO3MH, He BCTYNATb B PEAaKUHI0 ¢ KOMIIO-
HeHTaMHu TomyuBa. Ecim népekucwy Bojopona ymorpeGJsiercs
KaK OKHCJIUTeNIb, TO B 3TOM CJydae .NOJydeHHe TIeHepaTop-
HOTO rasa He INpeJCTaB/seT TPYAHOCTeH; OJHAKO 3TOT CIO-
co0 HCHoJb3yeTcsd He 4acTo, TaK KaK IPH OXJaXKIEHHH Ta-
KOoro rasa H3 Hero Bbgensiercsi Boja. Opuum us HauGoJee
yIOBJIETBOPUTENBHEIX CIOCOGOB SIBJSIETCS NpPUMEHEHHEe IS
NPOM3BOACTBA Tasa TBEPAOrO TOIIHBA, HaNpUMep KODAHMTA
WJIM KaKoro-HHGYyAb APYroro mopoxa.

B typ6onacocHuX arperatax [16] o6bYHO HCTOJB3YIOTCS
BHICOKOOGOPOTHHE OJHO- MJHM JBYXCTYNEHYaThHle TYpPGHHEHI,
CHASIIME HA OJHOM BaJy C HEHTPOOEXHHIMM HAaCOCaMH.
TIpuMepoM MOXKET CJIyKHTD TYpGOHACOCHRIA arperar JBHra-
tens Baabrep 109-509 A2, nokasauuwiit Ha ¢ur. 25. OcHoB-
Hasi npo6/aema, KOTOPYIO HYXKHO paspelliuTb IPH KOHCTPYH-
. POBaHHH, — 3TO HAHTH KOMIPOMHCCHOE pelleHue MeXIy
MOILHOCTbIO, BECOM M CTOMMOCTbIO arperata. B pgsurarese
BaJsbrep 109-509 A2 typGuHHOe KoJieco GBHLIO CAeNaHO, KaK
y o6bIuHOl napoBoit Typ6uHEl. TypOUHHEIA DUCK U BaJ npej-
. CTaBJsiIM co6o#i equHYI0 HeTajb U3 BHICOKOCOPTHON CTaJH,

paGouue JonaTKu GbLIM 3aKPHTH KOXYXOM, H IIOTOK MO-
CTynajl K JIomaTkaMm 4Yepe3 eIMHCTBEHHOE ~COIJIO. TypOusn-
Bl Basl BpaIiaJcs Ha JBYX ONOpax; OJHOR U3 HHX CIIyXKHJ
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Hepenko ocHOBHYIO TPyZHOCTb B TypGOHACOCHOM arperate
npeacrasJser ymjgoTHeHHe. OueHb BaXHO IIPEAOTBPATHTh
yTeukH, OCOGEHHO KOTAa TOILIMBHAsi CMeCb COCTOMT M3 TaKHX
JKHUIKOCTE!, KaK a30THAs KHCJOTa WJH NEPeKHCh BOAOPOAA.
Korpa npuMeHSIIOTCSI CaMOBOCIIaMEHSIIOMECsS KOMIIOHEHTHI,
onacHocCThb ele GoJiee yBenuuuBaercs. KOHCTpYKTUBHEIE MEpHI
NPOTUB NPOCAYMBAHHS, NPHHATHIE B TYpOOHACOCHOM arperare
nBurarenss Bajbrep, MoxHO BuAeTh Ha -¢ur. 25. Ymior-
HEeHHe MeXIy HAacocoM, IIOfaloLIYM roplodyee, W POJHKOBHIM
NOALIKIHAKOM II0Ka3aHo Gosiee AerasbHo Ha ¢wur. 27. Lu-
JUHAP @ OB NPUKpENJIeH K KOpIlyCcy TypOHHBI; BHYTPH 3TOTO
KOpTyca CKOJIb3WJ Jpyrofi UWIMHAD 6, Ha OXHOM KOHIle
KOTOPOTO Haxoau/aoch rpadurtoBoe Kovblo. OHO NpHkMMa-
JIOCb K Bpalnaomeficss KpblJIbYaTKe IIOCPEACTBOM - IIPYKHHBI
i He JONYyCKaJo MPOcayuBaHus ropiodero mo Bajay. Bce mpo-
cauuBalouieecst 3a 3ToT y3eJs ropiouee (8% or o6iuiero KoJH-
yecTBa NPOXOJsllell yepe3 HacoC JKMAKOCTH) BO3BpALlaJoCh
B G6ak. JluadparMa U3 CHHTETHYECKOrO KayuyKa IpenoTBpa-

' maJa mnpocayvMBaHHe MexAy, AByMSA HUJIHHApPAMHU.

OxHakO HeCMOTPSI Ha BCe 3TH IPEJOCTOPOIKHOCTH, He-
GoJiblIas ‘yTeuka BCE K€ MPOUCXOAMJIA, H 3Ta KHUIKOCTb BHI-
nyckagnachk B atMmocdepy. Ilap e Mor mpocauumBaTbcs B Ha-
COC M3-3a pa3beMHbIX TIpaduTOBHIX KoJjel, yAepxKHBaeMbIX
Ha BaJy IOCPEICTBOM MPYXKHUH. B

KoHueHTpupoBaHHasi MNEepeKHUCh BOAOPOJA HACTOJIBKO
yro6GHa 115 MOJyYeHHsI mapa AJs TypOMUHEBL, YTO 4acTo YymoT-
pebisieTcsl maxe B TeX CAydasxX, KOTAa AJs OCHOBHOTO JABH-
raTeJs NMPUMeHsIeTC APYroft OKUCJIHTENb., DTO, NO-BUAHMOMY,
6yneT MpoAo/IKATLCS ellle HEKOTOPOe BPeMs, MOCKOJBKY ApY-
rHe NpeisoKeHHble CHCTeMBl GoJlee CJIOXHBI. [lepekucs BO-
Jopoa MOXKeT ObITb pa3J/ioKeHa TBEPABIM HJH KUAKHM Ka-
TaJqusatopoM. B cucreMmax, rie nepexuch BOXOPOAA HE SIBJISET-
Cs1 OJJHMM H3 OCHOBHBIX KOMIOHEHTOB, OHA OGBIYHO HaXOAUTCH
B OTHEJBHOM repMeTH3HpoBaHHOM 6ake. Takast cucreMa npu-
MeHslacb B pakere A-4 u moApo6GHO omucaHa B TII. V.

TBepAwii KataJu3aTop NPHMEHSIETCS JOBOJBHO YacTo; OH

_oueHb ymo6eH, TaK KaK MOXKET IIOMELaThCsl B CaMofi KaMepe

naporasorenepatopa. IlogoGHas cucreMa HCHOJb30BaNach
B Jpurareje Basbrep 109-509 A2 u mokasana Ha ¢ur. 28.

ITepekuch BoOpOJA NMOAABANTACh HACOCOM K OCHOBHBIM
(opcyHKaM H pacmbuIsiach B KOpIyce reHepatopa, B KOTO-
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pom Haxoauics karaiausatop. IIpu samycke, KOrAa nepekuch
BOJAOPORA He HAXOAHWJIACh TIOX AaBJeHHEeM, OHAa B HEOOXOMIH-
MOM KOJIMuecTBe NOCTyNaja B reHeparop camorekom. Korzma
OTKPHIBaJIC IYCKOBO# KJlanaH, TIeDeKHCh BOZOpPoAa IIojaBa-
Jach K HNYCKOBBIM (bopcyHKaM, NpeACTaBJAABIIUM coGoil me-
JAblfl pax paauadbHeix oTBepcTHil. Kak Tosbko TypGOHacoc-
HBII arperaT Ha6GupaJs OGOPOTH, NMYyCKOBOH KJamaH aBTOMa-
THUYECKH 3aKpbIBAJICA W MYCKOBOH 6aK HANOQJHSJICA CHOBA.
IlonyueHne HYXKHOrO KaTaJjusaTopa — TPyHAHas mpo6-
JeMa; OH JOJKeH GhICTpo passaraTh NepeKuch BOLOPONA,
JOJIT0 COXPAHATh CBOI0 AKTUBHOCTh M HE KPOUIHTBCA. DTO
NoCJIelHEe CBONCTBO SBJISIETCS OCOGEHHO Ba:KHHIM, TaK Kak
BHITEKAIOIIMA W3 reHepatopa ¢ OGOJBIIOH CKOPOCThIO Hap
MOJKET PAaCKpOIUUTh KaTaJM3aToOp W €ro 4acTHYKH IMomanyT
B Typ6uny. Hekorophie M3 JydIIHX TBEPABIX KaTaJlH3aTOpPOB,
NPUMEHSIEMBIX HEMUAMH, MPEICTaBJsIA COGOH -HOPHCTHIA
dapdop, nponuTaHHLIE PACTBOPOM IlepMaHraHaTa KaJbIHs
U XPOMOBOKMCJOro Kanus. B ToM c/yyae, Korja nepekuchb
BOJAOPOAA He SBJAJACh OKHCJHUTEJNEM, OCHOBHOE TOILIMBO
CIKHraJloch B OTAEJbHOH KaMepe C LeJbl0 NOJyYeHHs pabo-
yero'rasa nJs TYpOMHE, a AJs MOJY4YEHHS rasa HH3KOH
TeMIeparypsl HCIOJb30Bajlach CMeCh ¢ H3GLITKOM TOPIOYEro.

Kaanauw [18]

HarotoBreHue xopouiero kjanaHa SIBJSI€TCA HACTOSIHUM
HCKYCCTBOM; OCOGEHHO 3TO OTHOCHTCSl K PaKeTHHEIM JBHrare-
JM, Toe MaJeiilllee npocatmnaﬂne MOXKeT IpPHBECTH K aBa-
pHH. -

B jBHraTesbHBIX yc'ranoaxax NPUMEHSIOTCA PasyinuHbBIe
BElleCTBa, HauMHAsl OT Ge3BPENHHIX I'a30B, TAKUX, KaK a3oT
MM BO3AYX, 1O KUNSIIUX U KOPPO3HHHKEIX )Kum(ocreﬁ Bpole
JKUIKOTO KHCJIOpOAa MJAM a30THOH KHCJAOTH. PaGouue temne-
paTypH TakKe MeEHSIIOTCS B OovIbLIMX mNpexenax: or —I183
JJIS KUJKOTO KHCJIOPOJAa JO HECKOJIBKMX COT TPaiycoB IJIs
TypOHHHEIX ra3oB. OGHYHO B PAKETHHIX JBHTaTeJsIX HCIOJb-
3YIOTCSl 3amOpHble, APOCCeJbHbIe, HEBO3BPATHLIE H PeAYKIH-
OHHbIe KJamaHel. PaGouue ycjoBHs MoryT OGbBITb BecbMma XKe-
CTKMMH: TNiepeXof M3 IMOJHOCTBIO 3aKPHITOIO COCTOSIHHSA B ITOJI-
HOCTBIO OTKDHITO€ JOJIKEeH CoBepmaTbCsi B TeyeHue 10 uam

20 mcex, Kax u anst Apyrux cOCTaBHBIX yacTefl ABHraTedns,

e
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60JIIINX PACXOMOB M HYXKIAIOTCS B 3HAYHTEJbHEIX paGOuHX
Harpyskax. YroGH NOJYYHTb 5TH Harpyskd, Hanpumep ImpH
HCIOJIb30BAHHM COJICHOMAHBIX KJANaHOB, NPHUXOLUTCS YTHA-
XKeJIITh KJanaHel ¥ yBeJIMUHBATh pPacxox Toka. Tak Kak Ha
JABHTaTes X OOLIYHO MMEETCS HCTOYHUK rasa BHICOKOTO JIaB-
JIeHHs, MOXKHO MCIOJb30BAaThb M I[HEBMATHYECKH , AeHCTBYIO-
ke KJanape. JIume KJjanaHel, nojawmouiye paGouuii ras,
HOOJIKHEl HMeTb HeGoJblilne pa3Meph; OHH MOTyT OHTb
TIOPIIHEBOTO MJM aHepouJHoro tuma. Jlanee, yacto HeoGxo-
JUMO 06ecleyHTb, YTOGH KOMIIOHEHTHI NOCTYNaau B Kamepy
JBUTaTe/s1 BMECTe WJH B ONpeJeseHHOl Ioc/eZ0BaTeNLHO-
cru. a5 3Tofl 1esid UCNOJB3YIOT ClapeHHue KJaanaHkul. OHH
COCTOAT U3 JBYX KJAaNaHOB, KOTOPHIE OTKPHIBAIOTCS TPETHUM,
BO3NYLIHEIM, KJANaHOM IOCPELCTBOM TpamepcH. Tpasepca,
YCTAaHOBJIEHHAS COOTBETCTBYIOLIMM O6pa3soM, MOXKET OTKpPHITh
OAMH KJlaNaH paHbllle APYroro. ¥ IBUrarteasi ¢ NepeMeHHOH
TAro# HeoOGXOZMMO HMETh CIelHaJbHHE KOHTPOJbHHIE KJa-
NaHH 1Ji8 JPOCCETHPOBAHUSI pacxoxa TtomauBa. OHH MOTyT
OKa3aThCSl OYEHb CJIOXKHBIMH, KaK HanpuMep BpallalollHHACsS
30JIOTHHKOBBIH KJamnaH U cHcTemMa O6ajlaHCHPOBAHHA JaBJle-
HHUS, HCIOJb30OBaHHbIe B aBuratese Baabrep 109-509 A2
(dur. 29).
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IOBHIATEJIH, PABOTAIOIHE HA )XHIKOM TOIJIHUBE.
OCHOBHBIE CHCTEMbBI ABHMIATEJIbHBIX YCTAHOBOK

dra raaBa NOCBfIIEHA LEJIHKOM OIHCAHMIO YCTPOHCTBA
pakeTHBHIX aBUraTesiei u X pa6Gorbl. J[Be OCHOBHBIE CXEMBI
pakeTHHIX JBHTATeJIel Ha JKMAKOM TOIUIHBE INpPHUBENEHHl Ha
¢ur. 30 m 31. Ha ¢wur. 30 nokasan Gosee npocToil ABHra-
TeJdb, B KOTOPDOM TOILUIHBO B 0aKax HaXOJUTCs MOJ JaBJje-

HHEeM rasa, Takoro, Kak as3oT HWJH BO3JyX. DTOT ras BH--

TECHsIET TOIUIHBO, M OHO TOCTyIlaeT B Kamepy cropauus. Cam
ras xpamuTcsi B GaJlJIOHAX, CXAaTH# A0 BbICOKOTO [AaBJIEHHs
* (okomo 3000 ¢ynr/ke. afoum), KOTOpOe 3aTeM CHHIKaercs
[0 pabouero; mnocJjenHee o6GuiyHO Kovse6aercs ot 400 nmo
800 ¢pynr/x8.0t0iinm.

B HeKOTODHIX CHCTEMaX ra3 BBICOKOro MaBJIHHs TMOJY-
yaeTcsi OT CXKHTaHHMs CaMoOro TOIVIMBA, MeIJIEHHO TOpSLIEro
3apsifia KOPAHTAa WJM Jaxe MyTEM o'rﬁopa rasos M3 KaMephl

cropauusi, DTOT MOCIEAHHH cnoco6 Bieuer 3a co6oit mpHMe-

HEHHE JOTIO/IHHTE/IbHAIX CTIeIHaIbHbIX KIaNaHoB, a C/ef0Ba-
TEJIbHO, yBEJIHYEHHE Beca.

TypGonacocuas cucrema (1] B ee npocrenmeM BHJE TO-
kasana Ha ¢ur. 31. IlaporasorenepaTop nomaer ras x Typ-
6uHe, W JBa Hacoca, CHASALINE HA OJHOM Bajly C TypOUHOM,
HarHeTalT TOIVIHBO. ['a3 MoxeT GBHITh NOJYu4eH B Naporaso-
reHepaTope,/H3 TOIJIMBA, CNeNHANbHBIX XKUAKOCTeH, HanpuMep

nepeKuCH BOAOpOAA, HWJIH MENJIEHHO TropAmero 3apsana IMno- -

poxa; MOXKET TakxKe INPOHU3BOIHUTbCA OTOOP NPOLYKTOB Cro-
pauus npsmo M3 Kamephl. Ilpemsaranu gaxe noMecTHTb KO-
Jeco TypOuUHH NpPAMO B IOTOK IPOAYKTOB cropauus. J[Ba
THNA CHCTEM C TYPGOHACOCHHIMH arperaTaMi IOKasaHbl Ha
¢ur. 31 u 32. Onit UMEIOT TO NPEHMYINECTBO, YTO TypOOHa-
cocHble arperathl MOryT OHITh IOMEIIEHH Ha JIIOGOM pac-
CTOSIHHM OT KaMephl, a 3HAYUT B GJIH3KO K TOIIMBHEIM 6a-
KaM, TeM CaMBIM yMEHbIIAas NOTepPH AaBJeHHs B TypGompo-

Iy FC A St AN S A oY -;.MWH-& ol
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BOLAX H NaBasi BO3SMOXHOCTb MMeTb HHSKOE HaBjeHHE B Ga-
Kax, KOTOpoe HeoGXOAUMO JJIsl - yCTPAaHEHHs KaBUTALMM Ha
BXOJi€ B HACOCHI

& NMeemamuveckui PedyKyuonnbIi
Knanan M xnanan

= ros3 zz lophovee, exscs0Ruenu-
meny

® ur. 30. Cxema XHIAKOCTHOrO PEAKTUBHOrO
aBurareas ¢ GaaIoOHHOH cucTeMOW mnoxaum
TOMNJHBA.

Bce omucaHHble Bbille CHCTEMBI CTPafalOT ONHUM HELO-
CTAaTKOM — OHU INOTPelJISIOT 3HAYHTENHHOE KOJHYECTBO TO-
IJIHBA W CHHUXKAIOT TEM CaMbiM Ko3(GhHIHEeHT MoJe3HOro aefi-
CTBHSA ABHI'AaTeJsl, WIH, JPYTHMH CJOBAMH, COKpAIalOT yhedb-
Hyro Tary. Hanpumep, yaenbHas Tara aBHallHOHHOTQ JBHratTens
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HWK 109-509 A2 cumxanacy na 5%, ecaim K pacxony JBH-
rateJieM OCHOBHOTO TOIJIHBA J0GaB/IA/NCH PacXoj TOIIHMBA,
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Typ6una
’ eodopada

- ®dur. 3l. CxeMa XHUAKOCTHOTO PEaKTHBHOTO
ABHrarenss ¢ TypOOHaCOCHOH cHCTeMo# moxayu
TONJHNBA, NMHUTaeMoH OT Napora3oreHeparopa.

HeoOXoAuMBblii A1 pa6oThl TypGoHacocHoro arperara. Ilapo-
ras ajs npHuBeleHHs B AeficTBUe TYpGUHHI NOJYyYaeTcs U3
OCHOBHOTO TOIJIUBA MJIH NepPeKHcH. MOXKHO NOJyYHTh 3HAUHU-

TEJbHYIO 3KOHOMHIO TOIUIMBA MyTeM IIOAd4H Iaporasa moc/e -
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TYpOGHHH B KaMepy, IZe OH MOXeT GHTb COXIKEH BMeCTe
C OCHOBHHIMH KOMITOHEHTaMH !.

lasozexepamop

3nexmpuyeckuul
cmapmep

NnesMamuveckus Hacoc == /lapoz03
Knanau zzzz lopayee

Typouno <<= Orucnumens

dur. 32. CxeMa XHIKOCTHOrO PEaKTHBHOTO IBHraTel]s

¢ Typ6OHaCOCHOH CHCTEMOil MoJayd TONIMBA, MUTAaEMOM

oT pa6oTauiero Ha OCHOBHHIX KOMIIOHEHTaX rasoreHe-
’ partopa.

Jlio6asa u3 cucreM, npuBefeHHuX Ha ¢ur. 31 u 32, Moxer

ObiTh nepeoGopynoBaHa B CHCTeMy ¢ aoxuraxnueM. Koneudo,

1 BO3MOXKHOCTb [JOMKHIaHHs naporasa B KaMepe Inocje HCIOJIb-

S0BaHHA OGDBACHAETCH TEM, YTO NMaporas mojydyaercs OGLIYHO NMPH CHKHTa-
HHH CMecH ¢ GOJIbIUMM H36LITKOM TIOpIOYEro, AJisi TOrO YTOGH €ro TEeM-
nepatypa Gwsa donyctumo#t Aas TypOuuml. — [Tpum. ped.
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3TO BJe4eT 3a co6ofi npuMeHeHHe GoJiee BHICOKHX AaBJIEHHH
B IaporasoreHeparope.

B GosbpluuHCTBE JpPYrHX TEIUVIOBBIX HBHraresell pacxof
roproyero CPaBHUTEJbHO HHM30K, M HX CHCTEMH IOJaYH OYEHb
HeOGoJIbIIMe M JIETKHE TIO CPAaBHEHMIO C OCTaJbHBIMH arpera-
TaMH. B pakeTHBIX Xe [BHraTe/sfx pacxoi TOIUIMBA TakK
BBLICOK, YTO CHCTeMa IIMTAHHSl COCTaBJSE€T HOBOJILHO GOJb-

wofi NpoueHT OT o6liero Beca MABUraTeNs, U CHU3UTb 3TOT
. \
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Bpemsa zopenus, cex.
¢ ur. 33, 3aBucuMocTh 3¢)(eKTHUBHOH yAedbHOH THATH OT BpEeMeHH

ropeHHs TonauBa (padoThl ABHraTeins).

npoueHT oueHb TpymHo. Kpusee Ha ¢ur. 33 naior obuiee
npencTaBleHHe O TOM, KaKylo CHCTeMy Iofaud- Haubosee

uesiecoo6pasHo MPUMEHATh AJA NOJY4eHHs MaKCHMaJbHOU

BeJIMIUHBl 3(p(PEeKTHBHON yIeJbHOH THATH.
Onpenenenne 3(p¢eKTUBHON yHeNIbHON TAPH NPOU3BOILH-
JIOCh 1O ¢opMyiie
DpdexTHBHAT yne abHAs TAra =
. CymMapHBIH HMIyJbC
" Bec TonauBa - CyX0il BecC YCTaHOBKH *

' N
CyMMapHbIii HMIYJIbC PAaBHACTCS CpejHell BEeJHUHHE TATH,
YMHOXKEHHOH Ha BpeMsi palboThbl, CyXofi. BeC BKJIOYaeT BeC
6akoB. TakuM o6Gpa3oMm, 3(pdexTHBHAsA yHeJbHasg TAra sB-

JISIETCA CKOpee KPUTEpUEM I OLEeHKH PAKETHOTO ABHraTeJf.

B IeJOM, a HE TOJIbKO NMPUMEHsEMOro B HEM TOIVIHBA,

iR ... i,
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Kpusnle . otHocaTcs k apurateto ¢ taroit 5000 ¢ywr.
KpuBas n/1s gsuratesisi ¢ TBepAKM TOILIHBOM NpHUBENEHa s
cpaBHeHHsa. MOXHO BHIETh, YTO PaKeTHHIH JBHraTesb, pabo-
TAOIUA Ha KUIKOM TOIUIMBe, o6JjiafiaeT JyUYlIMMH AaHHBIMU
npH BpeMeHH pa6oTel or 10 ceK. M BHIUE. YCTAaHOBKH C
6aJJIOHHON CHCTEMOH MOJAaYH HMEIOT JydlIlHe XapakTepH-
CTHKH, ecsi oHH paboraior B TeueHue 10—30 cek.; npH 60Jib-
WeM BpeMenn PaGoOTH JAyullle NPUMEHHTb TypGOHACOCHYIO
cucreMy. Tak Kak KOHCTPYKTHBHO€ BLINOJHEHHE CXeM BCe
BpeMsl H3MEHsIeTCsl, 5TH KPHBble HYXNAIOTCS B IOCTOSIHHOM
ucrpasieHud. Hano ckasarte, 4To, XOTSl OHH OY€Hb IOJIE3HB
IJis TIPeABAPHTENILHOTO aHa/IM3a, K KaXJOMy JBHraTeJsio
HyXKeH HHAMBUAyaJbHbIH noxxox. Hanpumep, B Jeraresn-
HOM CHapsjie TypOOHACOCHast CHCTEMa MOXKET JATb BBLICOKYIO
9Gh(EeKTHBHYIO YIEJbHYIO TATY, U BCe XK€ He HCKJ/HOYEHa BO3-
MOXKHOCTb, UTO OyZeT HCHoJb30BaHa cxeMa ¢ 6aslyIoOHHO# CH-
CTeMO# MoJay# TOIUIMBA BOJIEACTBHe ee GoJiee HHM3KOM CTOH-
MOCTH. )

XoTsi B NpHHUHUNE PAKeTHHI!l NBUTaTesb SIBJASETCS HPO-
CTHIM, OH, KaK GBLIO NIOKa3aHO, HMEET TeHJEHIHIO K YCJOXKHe:
HHIO 3a CYeT pasJUYHBIX KOHTPOJBHBIX H pEryJHpPYIOLHX
yCTpoficTB M Jpyroro cjoxHoro oGopynoBanus. B paxker-
HBIX JBHraTeJNsX OCHOBHAasl 3aJauya TaKHX YCTPOHCTB 3aKJIO-
yaerTcss B KOHTPOJIE H PEryJHPOBaHHH GOJBIIHX PAaCXOHOB, H
MO3TOMY KOJHMYECTBO KJIanaHOB B paGoueM JBHraTese 110+
CTOSIHHO pacTeT: HanpuMmep, B [Burarteje A-4 nNpHMeHSIOCh
33 knamana 19 pasnuuyHeix KOHCTpyKuuit. ITyck, saxuranue u
oTceuka TaKHX GOJBLIMX PACXONOB SIBJSIOTCS HEJETKHM Je-
JoM. Brllo mpefsioXkeHO M OCYLIECTBJIEHO MHOTO OCTPOYM-
HBIX peHlIeHU#l C 1eJbio NPeJOTBPaTHTE paspylieHue Tpy6o-
NpPOBOJOB M KaMephl CrOPaHHsi, KOTOPOe MOTIJIO NPOH3OUTH
BO BpeMsl 3THX omeparuil. .

Uro6el He pacCMaTpPHBATh BCEe 3TH YCTPOMCTBA OTOPBAHHO
oT paGoTH ABUraTens, OCTaJibHAas 4acTb AAHHOH IVIaBHI IIO-
OBSIIIIGHA OIMCAHUIO PAKETHHIX JBMraTesiel, KOTOpbie ObUIW
co3maHbl M paGoranu. Takum obpasoMm, HaM Oyner Jerko
Npoc/JeUTh B3aHMOJEHCTBHE OTHAEJBbHBIX arperatroB. Boo6uie
roBOps, paKeTHb' JBHUraTeJH OJHOPA30BOrO JefCTBUS To-
pasfo npoile, HanpuMep, PAKeTHLIX JABHraTesell IJjs caMo-
JIETOB, Tlie TpebyeTcs: NOBOJIbHO 60JIbIIOH pecypc, NMpHUYEM
9TO OTHOCHTCSl He TOJILKO K OGIefl cXeMe, HO H K arperaram,




06 _ Faaga V

y3/laM M jerajsaM YCTaHOBKH. Tak, BMECTO CJIOXKHBIX ITHEB-
MaTHYeCKHX KJallaHOB B JBHTaTe/sAX OJHOPA3oBOro nefi-
CTBHUSl NIPUMEHSIIOTCS PaspEIBHBIE MeMOpaHHL.

«Talipyn»

OnHuM H3 caMbX MPOCTHIX PaKeTHHIX JABHraresei, paGo-
TalOIHX Ha *KHIKOM TOIVIHBE, [0 CHX IIOD OCTaercs HeMel-
KUl 3eHNTHBIA DEaKTUBHHIl CHApsA NepHoga BTOPOH MHpO-
Boit BoiiHH «Taiipyn» (¢ur. 34). MemIeHHO TOpSALIHA KOP-
JUTHBIAL 3aps] NOMeINaJcs B CTaJbHON KaMmepe B INepejnHed

H Jlpoccenupyowee

ameepcmue ______
_— zzzzzz[opryeexxsxx JKucnumens
mPaapuenaﬂ ==/us Top

membpana

llapaxaaaﬁl
2a302eHe-
pamop

b ur. 34. Cxema ABUraTeNss HeMEIKOrO 3€HHTHOTO
PeaKTHBHOTO CHapsiia ,TakdyH®.

yactTu cHapsja. ['aswl nmpoxoau/u gepes Apoccesb K ABYM
KOHIIEHTPDHYECKH pAacIoJIOKEHHbIM 0aKaM, NpHYeM BHEIUHHHA
6ak sBJsJICS CTeHKOH cHapsiaa. M3 Gakos TomjuBO Npoxo-
IWJIO TIPSIMO uepe3 roJIOBKy B KaMepy CropaHHs, CTEHKa KO-
TOpO#l Takke sABJAsJach 060J0uKof cHapsiaa. KoHTponb pac-
XOla OCYLIECTBJIAJICS HCKJ/IOYHTEJbHO NyTeM JpOCCeaHpO-
BaHHS y BHIXOZHOTO OTBEPCTHS IOPOXOBOTO rasoreHeparopa
H OTBEPCTHAMHM B rojioBKe. TONIHBO COCTOSVIO M3 OKHCJIHTENS
«caJb6eii» ! ¥ ropiouero «BH30Jb» 2, KOTOpble H30JHPOBAJIHCh
OT KaMepH IIpH MOMOLIH pas3phiBHbIX MeM6paH. Koraa sdpsan
KOPAMTA HAYMHAJ TCOPeTh M JABJEHHE IMOBBIIIAJOCh, MeMG-
paHH pasphBAJHCh M CaMOBOCIJIaMEHSIOLeecs TOMJIHBO I10-
crynamo B kamepy. CxeMa japuratesis Obuta O4YeHb NPOCTOMH
M3-3a MaJjoro BpeMeHH ropenus — Bcero 2,5 cek. 3a 310

! YenosHoe HassaHue 98—100%-HO#i a30THON KHCJIOTHL
2 Topioyee, mpefcTasJsiowee co60ii OAWH M3 BHHHJOBHIX 3(HPOB.
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BPEMs He YCNEBaJlo YCTaHOBUTBCS PAaBHOBECHOe IpOTeKaHHe
pabouero mipomecca H, CTajJo GHTb, He TPeGOBANUCH Kapo-
CTOHKHe MaTepHaJhl. -

«Baccepdanb»

Jl1s HeynpaB/isieMOro peaKTHBHOTO 3eHHTHOTO CHapsijaa
Bpoae «TaidyHna» 3Ta ynpouieHHas cxeMa M KOHCTPYKLHS
ABJISIeTCS. HaWyyllelf, Tak KaK KOHTPOJIb TATH He SIBJSETCS
HEOOXOAMMBIM H YCKOpPeHHe OOGBIYHO IPOUCXOMHT TOJBKO
BIOJb NponoJbHOoil ocH. Ho ouenp moxomass Ha Hee cxema
MOXKET OLITh IIpUMEHEHa jJaxe U 1Ja Gojee KPYNHHX CHa-
psoB, TakMX, HanpuMep, Kak «Baccepdasby (¢ur. 35).

1 9 3
1] I )
Asom Toproyee ‘ Z
ORUCAUmenb )

) Pedyxy. mPaspbis. ===Tra3s .
%ﬂupomanaﬂ K ,,as;,a‘f, m Menfﬂpann === [opig oy Oruchumens

$ur. 35. CxeMa naBHratensi HEMELKOTO 3€HHTHOTrO
PeaKkTHBHOTO CHapsna ,Baccepdauab®.

0

OcHoBHOe orapune oT cucreMnl «TafihpyH» 3ak/ouanocs B
JIpUMeHeHHH 6aJJIOHHOH CHCTEMH INOJAYH CO CXKAaThIM aso-
TOM M pereHepaTHBHO OXJaxaaeMOH Kamephn. AsoT mnowme-
uiaJcs B cepuyeckoM GaJione npu xasjenun 3500 gpynr/ke.
dotix ¥ TIOCTYTIa) BHAuaJie yepes nMupokaanaH I K peLyKIHOH-
HOMYy KJlamaHy 2, a 3aTeM uepe3 BTOPO} NHpoKJanan 3
K 6akam. Kak u B «TalipyHe», 6aku M30/UpPOBANUCh IPH IIO-
MolIH pasphBHbIX MeM6GpaH. ITupok/iananu o6u4HO yNOTpe6-
JSIOTCA B ABMraTeNsAX OJHOpasoBoro npumeHenus. Ilpu uc-
N0JIb30BAHHN ITHEBMAaTHYECKUX KJIalaHOB HEOGXOAUM 0COOhIH
COJICHOUAHH KyamaH 1Js pa6ouero Bosayxa. Jiuna tpy6o-
NPOBOJA B 3TOM CJIyuae yBeJMUHBAETCH; KPOMe TOro, coJe-
HOHUJ, pacxoayeT npu pabore 10 25 8r. Uucso K1anaHoB yaBaH-
BaeTcs, cJIeIoBaTe/IbHO, YABaHBAETCS H BO3MOXKHOCTb OTKa3a.
JIJ151 Toro 4TOGHI IOAXKeub MUPOCMECh B KJlanaHe, HEOOXOAHMO
JUIIb [aTh HA JOVIH CEKYHAbl CJaOblil 3JeKTPHYECKHH TOK,
a Tmocje TOro, Kak' KjalaH OTKPOETCH, OH OCTaHEeTCs B 3TOM

7 . 3ak. 3073, Ix. Xamdpuc
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TIOJIOKEHHH TMOJ JaBjeHueM notoka. OGBIYHO NPUMEHSIOTCS
ABa THNa nupok/JanaHoB. OXHH — TOJbKO 3aNOPHH KJ1anaH,
B KOTOpoM MeMGpaHa pasphiBaeTcsl IyTeM IIPOTHIKAHHS ee
MOpIUHEM, APYroil — OGLIYHOrO MOPIUHEBOrO THIIA.

B cnapsine «Baccepdaspy ynorpe6asauce o6a BHAA
ki1ananoB, OuH KiaanaH GBUT TOJIBKO /ISl 3aKpbIBaHMS rasa
BBICOKOTO faBieHHsl. Korna oH OTKphIBascsl, paKeTHBIH JABH-
ratejb Iepexoju] B «3apskKeHHOe» COCTOsSHHE. 3aTeM cpa-
6aTbiBaJl BTODOfi MHUPOKJIANaH, DPAacHoJOXeHHBIH 3a peryK-
IIMOHHEIM KJIallaHOM; BO BCell CHCTeMe YCTaHaBJIMBAJOCH OJH-
HAaKOBOe JaBJeHHe, MeMOGD4HB pa3pHIBAJHCh H JBHraTeJb
3anyckajcsi. B aToM cHapsime ¢ Kaxnofi cropoHel paoderc
MOpLIHA KJanmaHa 3 HaXOMWJICS B3PLIBHOH 3apsii, obecreyH-
BaIOLMIl BEIKIIOUEHHE NBUraTeJst 0 KOMaHJe NpH IepexBaTe
Ha HeGOJbLIMX PaCCTOAHHSAX.

Baabtep 109=729

B paccMoTpeHHBIX cHcTeMax JABUraTteseill He GbLIO HEOO-
XOAMMOCTH B PeryJHPOBAHUM TATH, a HAafO CKas3aTh, YTO TaM,
rae HyXeH TOYHBIH KOHTPOJb 3a BEJHYHMHOH TArH, CcXeMa
CTAaHOBUTCS OYeHb CJOXKHOH. B JeraTenpHbIXx CcHapsgax
o6biyHo TpebyeTca HeGOJIbIIOE H3MEHEHHe THATH, 4YTO JIETKO
BenosiguMo. Tak, «IlIMeTTepaMHr», CHApAM K1acca «3eMJs —
BO3JyX», UMeJ]l [IOCTOSTHHYIO CKOPOCTb MoJsiera 6Jlarogapsi pe-
ryJUpOBaHUIO TATH; Ha HeM OBUIH YCTaHOBJIEHBl JBa THNA
paxkeTHBIX JBHraTesed, oqUH H3 KOTOphIX, Banwrep 109-729,
nokazan Ha ¢ur. 36. On paGoran Ha a3oTuHoH KHCJIOTEe H
6eusure. ITomaua TonjuBa u3 6akoB B KaMepy IIpOH3BO-
IuJach OOLIKHOBEHHOH 6aJlIOHHOH cucTeMoil. Tak KakK Tol-
JIUBo GBHIIO HECaMOBOCILIAMEHSIOLIeeCs, TO TPEThbs KHJIKOCTh
(«banTto1»), comepxkamas Oosbwoii npoueHt ¢ypdypuio-
BOTO CIIMPTa, KOTOPHIfi CaMOBOCIIAMEHSETC IPH CMeLIHBa-
HHH C a30THON KHCJOTOH, MOMeIlaJach MEXIY pa3pbIBHEIMU
MeMGpaHaMH B MarucTpajy ropiouero M BHITECHSIACh 3aTeM
GensuHoOM. [3MeHeHMe TATH NOCTHTaJoCh NPHMEHEHHEM ABYX
pANOB BIpbICKHBaIOMUX oTBepcTHi, OmuH psnx pabGoran Bce
BpeMsl Ha NOJHOM DPacxoje, B TO BpeMs KaK pacxo, yepe3
BTOPO#i PSIA MO U3MEHATHCS B JIIOOBIX IpefieslaX MOCPeaCTBOM
OTKpbIBaHWSl M 3aKpHIBAHHS OTBEPCTHH C TIOMOIIBIO CEPBO-
MOTOpa, KOHTDOJIHDPYeMOro peryjsropoM uucjia Maxa,
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MEHSIeTCs MepeKuchb BOJOPOLa, a KaTaJHu3aTOPOM CJYXKHT
pacTBOp NepMaHraHaTa HaTpus wiM Kajabius. HomunanbHas
TAra asurateas cocrasiser 5000 ¢ynr B Teuenne 9 cek.,
3ateM yMenbluaerca g0 3000 ¢pynr 3a 12 cex. Tumuunas Kpu-
Bas TATH, NOJyuyeHHas BO BpeMsl HcneliTanHs (puc. 39), ua-
JIOCTPHPYET OAHY M3 OCHOBHBIX OCOGeHHOCTefi ABHUrarejei
¢-6aJIOHHOM CHCTEMO! MOJAuW, a UMEHHO IajieHHe TSTH.

lepexucs
$ aogspoﬁa

dur. 38. Cxema nsurarens [le Xasuanenn ,Crpaiite.

Ynpaensaemcs 1emyuKom

Jnexmpuve- — a3
cxud kaanay

finesmamuve- . Oxucnu-

cKkull KaanaH meno
. Kama -
Ynpaesnaemuii ===
= %lanan nusamap
== PedyxyuonnoIl
nanan

Tsira Bo BpeMsi pa6oTbl 3aBUCHT OT XapaKTePHCTHK pelyK-
LIMOHHOTO KJlaraHa, XOpOLIO CIPOeKTHPOBAHHBIH pexyKIHOH-
HBIfl KJanmaH JoJKeH OOJbLIYI0 4acThb BPEMEHHM MOJJepIKH-
BaTb IOCTOSIHHOEe paGouee AaBJeHHEe, a CJENOBATeJbHO, H
tary. Ho xorna maenenue B Ga/IOHaxX ¢ ra3oM’ najaer HHXKe
HOPMAaJIbHOTO [JaBJIeHHS B TOIVIHBHHIX 06akax, To mojaya Toll-
-JIHBA B_KaMepy YMeHbIIAeTcsi, CTajlo ObITh, YMEHbIUAETCS M
TAra. I'Ipanna AJs GOJLIIMHCTBA JBHMTaTe]eil CHapALOB H
yCKOpHUTeNeH 3TO NafieHhe TATH He HMeeT CYLIeCTBEHHOTO
3HQUEHHS.

«CrnpafiT» peryJupyercst JIETYMKOM H3 KaGUHBI U HMeeT
ycTpoiicTBo Asisi orpaHuuenus: Tard. OHO peficTByeT cJienyio-
maM o6pasoM. CiKaTblif BO3AyX IOCTynaeT M3 LHJIHHAPOB I
K PEAYKUHOHHOMY KjamnaHy 2, KOTOpbiii CHHUXKAeT HaBJEeHHe
¢ 3000 xo 500 gpyrr/x8. Orotim. Bosmyx nepeKpriBaercsl KJana-
HOM 3, KOTOpbIH fIBJISIETCSI B OJHO H TO Ke BpeMs 3aIlOpHbIM
H TPEeIOXPaHHTENbHBIM H YNPaBJIseTcs M3 KaOGMHBI JIeTYHKa
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nocpeicTBOM CepBoKJanaHa. Eciu naBjeHue Bo3myxa MoA-
HuMaeTcs Boille 600 ¢yHT/K6. OroliM, cepBOK/IanaH 3akphbl-
BaeT MoAauy BO31yXa, TeM CaMBIM IPeXOXpaHsis JBUraTesb
ot paspyuenus. Cienyomuii KaanaH 4 sB/sieTcsi OrpaHUYH-
TeJIeM TATH; OH . JAeACTBYeT TOJNBKO BO BPeMs NpPeJBapHTENb-
HOfl MPOBepKM JABHraTess nepen nojetoM. OGEIYHO 3TOT coJle-
HOM[HBIA K/anaH GBIBaeT OTKPHIT, NMPOIyCKasi MOJHBIA MOTOK
cxkaroro Bo3ayxa. Korzma oH 3akpHT, BO3AYX HPOXOIHUT

L N
5000 / 4 \\
40007 . —
Cymmaproid umnynve 56000 pyHm)cex \

2000 . \
1000 \\
N

2 4 6 8 10 12 14 16 18
Bpems, cex

.

<
=]
Q

Taza, @yHNbI

dur, 39, 3aBUCHMOCTb TATH OT BpeMeHH PaboOTH B JBHraTene
e Xssuanenn ,Cnpaiit“.

TOJIbKO 4Yepe3 y3Koe KaJuOpoBaHHOe OTBEPCTHE; NMPH 3TOM B
6akax co3aeTci OueHb HH3KOE JaBJIEHHE U IOJYYaeTcs BCEro
Juib okKoso 10% mosHo# TaAru. Dta npoBepka Aesaercs s
TOro, 4YTo6Bl yGeauTbcsl, YTO ABHUraTeslbHasi yCTaHOBKa HC-
npaBHa. OT k/anaHa, KOHTPOJHPYIOLEro TAry, BO3AYX IMpO-
XOIUT K NYCKOBHIM M DaclpejiennTeJbHHM KJjanaHaMm 5, 6
H 7, KOTOpHIE BCe HaxXoAATCad B ofgHOM Gioke. Jlanbiie BO3xYx
[pOHTH He MOXeT [0 Tex mnop, nmoka He OyAeT HaxaTa
KHOMKa 3anycka. HaxaTwe KHONKH TIDHBOAMT B JeHCTBHe
COJICHOMJHHIH Kjanau 6, KOTOphIfl MpomyckaeT BO3AYX K Kia-
naHy 7; KJalaH OTKpbiBaeTcsl, H JaBjeHue B Oake c kara-
JIN3aTOPOM CTaHOBUTCS Gosbuie. )Kuknep Ha 3TOH Marucr-
paJu nepenyckaer NaBjleHMe K KJamnaHy 5, TeM caMbIM MO-
BbIlLIasl faB/eHHe B GaKe C NEPEKHChio BOAOPOAA. B pesyib-
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TaTe KaTajlu3aTop MNOSIBJSETCS B KaMepe MepBHIA M yCTpa-
HsleT BCAKYIO BO3MOXKHOCTh HAKOIUIEHHs] TIePEKHCH BOAOpOAA
B KaMepe, a CJIeOBATebHO, IPEXOTBPAMIAET KECTKH 3amycK
Opu B3JeTe. BrphiCKHBaIoOIKe 3JEeMEHTH (A NMEPEKUCH BO-
JIOPOZla U KaTajusaTopa ycTpoeHel Tak (¢wur. 15), uyro, Kak
TOJIbKO JiaBJieHHe B 6aKe HOCTHraeT ONpejeseHHON BEJHUHHHI,
JKHUJIKOCTH HAYMHAIOT MOCTyHmaTh B ABHraresab. VIHTepecHo#
JIETaNbI0 KOHCTPYKIMH SIBJAsSIeTCSl KaTaJu3aTopHHA 6ak, pas-
Melaronuiics BOKpyr comsa jasuratens (¢ur. 18).

Puakwn motopc 6000 C4

Juratens Puskuin mMoropc 6000 C4 (¢ur. 24 u 40) —
NIOCJIEAHUHA THI ABHraTesell C CHCTEMOH 1101aut TONJINBA CXKa-
TBIM BO3JyXOM, KOTOphIi Mbl paccMoTpuM. O Obl1 ycTa-
HOBJIEH Ha 3KCNepuMeHTa bHOM caMoileTe Besa X-1. Cucrema,
NOAJEepKUBAIOILAsl [aBJeHHe B TOIJIMBHOU MarucTpaJ,
AIBJISIETCS CTAHAAPTHON CHCTEMO!l BLICOKOTO JaBJIeHHs, HC-
MOJIL3YIOMIeH a30T, W He NOKa3aHa HH Ha OJHOM M3 PHCYHKOB.
Ha ¢ororpaduu MoxHO BUAETh, YTO JBHraTelb HUMEET 4Ye-
TBIpe KaMepbl (Ha CXeMe NMOKa3aHbl TOJBKO JiBE), KaXKJas H3
KOTOpHIX ©00J1a1aeT CBOMMH COGCTBEHHHIMH pabouuMH KJaa-
naHaMu M cucreMofi 3axuranus. Kamepa paer 1500 ¢pynr
TATH H MOXeT OBITb BBEJeHA B NEHCTBHE W BHIK/JIOYEHA IO
XKeslauuio nuyora. Eciu cucrema HaXofMTCS NOA JAaBJeHHEM,
TO 3TO O3HAYaeT, YTO IIOJ HABJIeHHEM HAaXOLHUTCS Marucrpalb
KHUIKOTO KHCJIOpOAa A0 KaamauoB I, 2 u 3, MarucTpasip ro-
prouero — no KJganaHos 4, 5 1 6 1 Marucrpa/jb asoTa — I0
knananoB 7 u 8. B ocHoBHOII KucsoponHo#t Tpy6e, moaBoxs-
meld KHCJIOPOJ K KaMepe, UMeeTCsl a30THHIA IXKHKJEp — OH
HyXeH JUIS1 TOro, 4yToGbl KOMIIOHEHT, KOTOPBIfi Mor GHI mpo-
Teyb 332 OCHOBHHIE 3alOpHble KJalaHbl, HE HAKaIJIMBAJCs B
OCHOBHO! OKHCJHTE&JIBHOR MarmcTpasy, Tak KakK 3TO MOXKeT
BbI3BaTh CHJLHLIA B3pBIB NpH 3amycke asuratens. Cyine-
CTBYeT TaKxke a30THHIH XKHKJep 3a 3anajbHOll CBeuod, s
TOrO 4roGHl CBeua oxJaxJjajach npu pa6ote. Ilepen samy-
CKOM TIepBOfi KaMeps TJIABHHIH KJanaH H IYCKOBOH
KJamnaH, OTHOCSlIMecs K 3TOH Kamepe, 3aKpHIBAIOT.
Tem caMbiM BKJIOYaeTCs HHAYKIMOHHAs KaTyllka BO BCeX
yeTHIpeX KaMepax M mocjie HeGOVIbIIOro HHTepBasa TOIIMB-
HBIl Kjanad 6 ¥ KUCJIOPOAHBIN KjanaH .3 OTKPBIBAIOTCA.
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Korpa xumkufi KHCJIOPOZA MPOXOAHT BOKPYT TeMIoOOMeH-
iwnka 11, nosmydaercst rasoo0pasHbifi KHCJIOPOX, KOTOPLIH MO-
JaeTcsd B3anajbHylo Kamepy. Takum o6pa3oM, IpH 3aKPHITHH
BBIKJIIOYATENs] KakoH-HUOYAb -KaMephbl BCe YeTHIpe 3anajJbHHKa
MPHBOAATCA B JeficTBHE. YBeJMueHHOe JNaBJIeHHE B 3anaJbHOM
KaMepe 3acTaBJ/sier cpabaThIBaThL pejie AaBjeHus 9, TeM ca-
MBIM TIPUBOAS B ReHCTBHE COJIEHOWIHbIH KiamnaH 7 M NOABOAS
AaBJleHHe /IS OTKPHITHS IVIaBHBIX PENYKUHOHHHEIX KJalaHOB
{ u 4. Or pmaBneHHs B OCHOBHON KaMmepe cpaGaThiBaeT -
pese 10, xoTopoe BBLIKJIIOYAeT  3anajbHyl0 Kamepy. IJTOT
Mpolecc MOBTOPAETCH TIPM BBEAeHHH B JeHCTBHe J1060H H3
OCTaBIIUXCSl KaMep.

Apchponr-Cn/zul,.nu «Cuapaep» [3, 4]

JlBuratesbHble YCTaHOBKM C TypGOHacCOCHHMM arpera-
TaMH SBJISIOTCS GoJlee CJIOKHBIMH, B 9TOM ciiyuae HOJIKeH
Ob(Tb MOJIydYeH ras, 4YToObl NPUBOJLUTL B JBHXKeHHE TypOuHY,
a 3To Tpe6yeT MONMOJHHTEJNbHOA CHCTEMH NHTAHHS H KOH-
Tpovis. OueHp yacto TpeGyercst KOHTPOJIb TATH, H TaK Kak Xa-
pPaxTepHCTHKH ABYX HACOCOB HUKOTJA HE MOTYT INOJHOCTBIO
COBIIAZaTh, HYXKHO NPHUMEHSITb CUCTEMY YPaBHUBAHHSA JaBJe-
HHUSl; OHA JOJXKHA OHITh pacCuYHTaHa Tak, YTOOBI COXPaHATh
NIOCTOSIHHOE COOTHOLIEHHe KOMIIOHEHTOB cMecH. Eciu paker-
HBEIf [BUraTeJb CO3JA€TCSl KaK CAaMOJIETHHIH YCKOpPHUTeJb,
HACOCHl MOTYT NPHBOJAUTLCH B JBUIKEHHE OT OCHOBHOTO IBH-
ratejs yepe3 KopoGky nepenau. Apmcrponr-Cupmiu «CHap-
Jiep», ToKa3aHHbli Ha (uUr. 41, sBJsSETCS HMEHHO TAKUM JBH-
rateseM. OH naer 2000 ¢pyHT TATH HA YPOBHEe MOPS U HMeeT
Bec 215 ¢ynr, B KauecTBE TOIIMBA HCIOJb3YETCS MKUAKHUI
KHCJIOPOJ, H CMeCcb MeTHJIOBOTO CIHMpPTa M BOABL. DTOT JBH-
raresib, CKOHCTPYHPOBAHHBI# KaK 3KCIepHMEHTaJbHBIH yCcKO-
puTeN b MaHeBpa, OHJ YCTaHOBJEH Ha camoJiete Xaykep
P 1072. Hacocwel Ha HeM IPUBOAHJIMCH B [efCTBHE AOMOJHH-
TeJIbHBIM MeXaHH3MOM C OCHOBHOI'O DEaKTHBHOIO ABUTATeJs
«Hun» (kopo6ka mepenau HaxoauTcs Ha ¢ur. 41 cnpasa, 3a
Hefi BuZeH Hacoc). TONJIMBO M3 HACOCOB IOCTYNaeT 4Yepes
KOHTPOJIbHBIE KJanaHbol (B IEHTpPe) K KaMepe TOpeHHs
(caieBa). Kamepa pereHepaTHBHO OXJIa:KAA€TCS1 TOPIOYHUM; HO-
NOJIHUTEJIbHAS KaMepa, yipasJsemas nujoTom (Ha BepxHeil
4aCTH OCHOBHOH KaMephl, CHOpaBa), MCHOJb3yeTcs MJs
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YMEHBIIUTh KOJIMYECTBO HCIOJB3YEMOr0 B PAKETE CIKATOTO
BO31yXa.

Bricokas tsra TpeGyeT GOVIBIIHX PacXoJOB KOMIIOHEHTOB,
a 3TO CBf3aHO C IpeojfoJieHHeM psixa TpyAHocteit. Ha
¢ur. 42 nokasana cxema JABHraTensi, Ha ¢ur. 43— ero ¢o-
rorpadus. .

Tak kak cucreMa ABJseTCS CJAOXKHOH, oHa GyHeTr OnHCaHa
nocJieloBaTeNbHO, B NOPsiiKe BBOAA B JAefCTBHE.

1. IToaroroBka K 3anycky. Jlunuua, 6,8, 2 u @ coeau-
HSJIUCh C Ha3eMHHIM OGOpYy/JOBaHHEM IIOCPEACTBOM THGKHUX
PE3HHOBLIX IIIAHrOB, KOTOPHIEé MOIVIH OHITh GEICTPO OTCO-
eIMHeHEl NpH 3amycke. UroGhl NPOH3BECTH OKOHYATEJIBHYIO
NPOBEPKY KJanaHOB, HE pacxoiys s 3TOr0 BOBLYX U3
6aJlJIoOHOB, MO TPYGONPOBOAY IMOXABAJICH BO3JAYX HH3KOTO
napjenus. Uepes TpyGompoBox 2 Bo BpeMsl NOATOTOBKH
K 3alyCKy 3anoJHsJICsa 6aJlJIOH BHICOKOro naBJeHus. Tak Kak
Yy BXOAHOTO OTBEPCTHS Hacoca OGBIYHO MOJIy4aeTcsl KaBH-
Talus, ocoGeHHO y Hacoca [JIfg JKUIKOTO KHCJIOPOAa, TO
OTBOJHON KJamaH ] OblJ1 3aKPHIT M CXKATHH BO3AYyX nona-
BaJIC B KHCJOpPOAHEIH GaK yepe3 TpyGonpoBon 8, CO3AaBas
naBJjenue go 1,5 ara.

Ilepenycknoft KianaH Ha3eMHOl YCTaHOBKH, COeXUHEHHLIH
C JIMHHeHd @, NOJNEP:KUBAJ INOCTOSIHHOe naBJjenue. Ilepsbiit
CNUPTOBO# Kj1anmaH 2 OTKpHIBaJicsl MpHOau3HTeNbHO Ha 10 cek.
3a 3TO BpeMs CIHPTOBAs MAarucTpaJjp 3aJuBajnach JO BTO-
poro CmHpTOBOTO KJjamaHa J.

2. Crapus 2,5-ToHHoll Taru (3amyck). DTa cragus Obuia
HYXKHa JJIs1 KOHTPOJs IIaMeHH B KaMepe u [1JIs NOJyYeHHs
ycToituuBoro ropenusi. OTKpHIBaJICA NEepPBHIA CIUPTOBOA KJa-
naH 2, ropioyee ImpONyCKavlocb KO BTOpOMY Kuamnany 3. 3a-
TeM 3aXKUTaJIC MHPOTEXHUYECKHH BOCIJIAMEHHTENb H OTKPHI-
BaJics OCHOBHOH KucJopoAHblfi KiaanaH 4. Uepes 0,8 cek. oT-
KpbIBAJICS BTOPO#H CIMPTOBO# mm%'{ 3, naBasi BO3MOXHOCTb
ropioyeMy Teub IPSIMO B KaMepy, MuHys Hacoc. Jlsurarteib
Tenepb paGoTaJ Ha KOMIIOHEHTaX, MOJaBaeMbIX CaMOTEKOM,
U pasBHBaJ TATy okoso 2,5 7. Eciiu ropenue GHIO YHOBIe-
TBOPHUTEJIbHEIM, NEPEeXOAHIH K 25-TOHHOHR CTajauu.

3. Cragus 25-touHoft Taru. Korna na npuGopHo#t jocke
HaXHMaJlaCb KHONKA OCHOBHOHl CTajuH, OTBOJHBIE KJanaHhl
6akoB MepeKHCH BOJOPOAA H nepMaHraHata & u 6 3akphi-
Basuchb. Kianan 7 oTKpHIBajICs, CXKATHH BO3LYX HauuHAN
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110 ‘ Taasa V

KnanaHa ] no HaMmeueHHO# nporpaMme. Kyanas GuiJ1 OTKPHT
B TeueHHe 40 cek.; 3a 3To BpeMsl pakeTa INOAHMMAJach -TaK
BHICOKO, UTO XOTS ellle M HaGupajia CKOpOCTb, HO [aBJI€HHE,
cosnaBaeMoe HaGeramooImuM IIOTOKOM BO3AyXa, Nagajo, H
ecid Obl KJamnaH OCTaBHJIH OTKDHITBIM ellle Ha HEKOTopoe
BpeMsl, BeCb BO3/LYX Bhbilllesi ObI U3 '6aKa.

4. BoikmioyeHHe JABHraTessl. BHK/IOUeHHEe NPOH3BOJHJIOCH
B JBa NpHeMa, TaK Kak, ecqd Obl €ro IPOM3BECTH B OJHH
npueM, THAPABIHYECKUE yJap, BepOSITHO, paspyuwms Owl CH-
creMy H Mor Obl BO3HMKHYTb II0Kap HJIM B3phIB. TsAra cHa-
yaJjla CHMKaJach A0 8 7T myTeM NepekpbiTHsl KiaamaHa 10,
o6ecrneynBaBLIero HeOGXOXUMBIN PacXon AJs CTagul 25-TOH-
HOH THArM, — 3TO Hejajoch NpUOJH3UTENBHO 3a 3 CeK. 10
TONO, KaK 3aKphIBaJcsl KjaamaH 9, KOTOPbi MOJHOCTBIO BHI-
KJ104yaJ ‘ABUratesb. JlONOJHUTENbHBIM MPEHMYIIECTBOM Ta-
Kofi cucreMbl OBUIO TO, 4TO MaJjasi Tsra Jomyckasna 6oJee
CBOEBPEMEHHOE BHIKJIIOUEHHE [BHraTessl.

ITocse 3aKkprITHA K/1anmaHa, -KOTOPbIH o6ecnmeuyuBas Mo-
Jlauy TONJIUBA sl TATH B 8 7, KTanaHel ropiouero 2 u 3, Ku-
CJIOPOAHBIK KJamaH 4 u Kjanad naporasoreHepartopa-/ 3a-
KpbiBasinch. Bo Bpems mosleTa Ha MOCJefHEM ydyacTke Tpa-
eKTOpUM kJanag f2 6buUT OTKPHIT, MPOMyCKasi BO3AYX BHICO-
KOTO JaBJ/IeHHsI yepe3 MaJsieHbKoe oTBepctue I3 B CIHPTOBOR
6ak, yToGbl NPefOTBPATHTL €ro OT paspylleHHs B TO BpeMs,
KOT/|a PaKeTa NEPeXOJUT B HHXKHUE CJIOM aTMOChepsl.

Cepun Baantep 109-509

XoT OZHMM H3 INPEHMYLIECTB ABHUraTesNedl Ha MKHIKOM
TOILIUBE Mepej ABUMATEJNSIMH Ha TBEPJOM TOMJMBE SIBJSETCH
TO, YTO Y HUX MOXKHO M3MEHATb HABJIEHHE B KaMepe B IIH-
POKOM Jyaria3oHe, Ha NPaKTHKe 3TO AeJanoch He vyacro. On-
HHM M3 HECKOJIbKHX THIIOB IBMraTeJeH ¢ M3MEHsIeMbIM JaBJle-
HHeM B KaMepe 6bl1 Baabtep 109-509 A2, kotopniil sBaslICS
CTaHAAPTHON paKeTHOH JBHUraTeIbHOH YCTAHOBKOH HCTpe-
6urens-nepexBaTunka Me-163 B. Cepus gsuraresneii 109-509,
BO3MOXKHO, NpOIIa CaMblil GOJIBILOH TYyTh PAa3BUTHSA; OHA XO-
POIIO NMOKA3LIBAeT HaNpaBJeHHe PA3BUTHs TaKHX IBHraresei
M MX pas3UyHOe NpPHMEHEHHE M 5YILeT paso6paHa JeTaJbHO.
B ocHoBe cepum Jexasa cTapToBHI yckoputesap Baabtep
109-500 — Bce ero Momu¢HKanuu NpefHa3HAYaJUCh AJs MC-
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Heuzareau, paboratowue na sudkom Tonause
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NOJb30BaHUSI Ha CKOPOCT-
HOM nepexBaTuMke Me-163.
OcHoBHEHEe  MoJH(UKaUUH
JBUraTeJieii 3TOH  cepuu
npusefensl B Ta6a. VII
Xorsa ¢ 1936 rona Geli0
npojaeJaHo MHOro pa6oThl
(nIpeuMylIecCTBEHHO Ha XO-
JIOAHBIX ITEePEeKHCHBIX YCTa-
HOBKaxX MJsl OMNBITHBIX IO-
Jaetos, cM. raasy XIII), Ho
toapko B 1940 rony pelnu-
JU CKOHCTPYHPOBATb CaMo-
JIET C CaMOCTOSTEJbHBIM
DaKeTHHIM JBHTaTeleM. DTO
6ul1  mpototin Me-163 ¢
MEPEKHCHBIM  JIBUTaTeJIeEM.
ITocaennuft ©Mes OIMH TYp-
GOHACOCHHIl arperat AJs
N0oJlayf IEePEeKUCH, HE TOJb-
KO CJAyXKuBIIeH JIJs foJy-
YeHHs1 Maporasa, HO U HC-
NoJIb30BaBIIeHCsT B Kaue-
CTBE  OJHOKOMITOHEHTHOTO
TOIJIUBA. ’
KarasmsatopoMm GBI
nepMaHraHaT HaTPUA HJH
kajpnusa. OH mopmaBaJcs
CHCTEeMO} MHEBMAaTHYEeCKOTO
IaBJleHMs — OHO CO3/aBa-
JIOCh TOCPEJICTBOM BIIPHI-
CKMBaHHUsl He6OJIbIIOTO KO-
JIMUeCTBa NepeKHCH B, 6aK ¢
KaTaJu3aToOPOM. 3anyck
NIPOU3BOAMJICA MyTeM IOAa-
4H HepeKncH u3 6axka caMo-
TEKOM, KakK B IIOCJeqHeM
nsurarene 109-509 A2. Ila-
porasoresepaTop  Bcerga
[PHYHHAJ  HENPHUSITHOCTH

_ A3-338  CKONJIGHHA  OTCTOH

Ta6auya VII

CEPUY PAKETHbBIX IBUTATEJIE 1 BAJIbTEP 109-509
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112 . Trasa V

JIBYOKHCH Maprasua, H nocjennue 5 (u3 obliero KoJiude-
cTBa 6) nBurateseit GblIM MOAMGHUMPOBAHK TAKUM 06pasoM,
UTO B HUX CTaJl NIPUMEHATbCS TBEPHABbIH KaTajJH3aTOp BMECTO
pacTBOpa nepMaHraHara. Tsra JABHrartesss M3MEHJIach OT
330 nmo 1650 ¢yur, XOTS Ha BEHICOTE MPOUCXOAMJIO MafeHHE
TATH M3-32 KaBUTAIUH Nepel HacoCOM, TaK Kak MpUMeHsJICS
OJHOCTYNEeHYaTHil Hacoc Ge3 moAKauuBawuEedl CTyIeHH,
a B 6ake C MEPEKHCHbIO [aBJEHHE He CO3[4aBaJoch.
[TepBrie gBUraTeN M, KOTOpPLIE H3TOTABJUBAJIHCH B HEGOJb-
IIOM KOJIMYECTBe, NpenHasHaya uch s Me-163 A, xoTophiit
NpeanoJarajoch HCNOIb30BaTh [ TPEHHPOBOUHBIX IleJieH.
JBuratens RII-203 Bce eille ocTaBajcst XONOXHBIM M HMeJ

TaKylo e TAry, KaK ero npotoTHIl, HO €ro OTAeJbHble Y3Jbl,

M arperathl IperepniesM 3HAUHTeJNbHbie H3MeHeHHs. OCHOB-
HEIM YCOBEpLIEHCTBOBAHHEM OBbWIO HCIOJB30BAHHE [BYXCTY-
neHyaTo#i Typ6OHACOCHO# CHCTEMH AJIsl NEPEeKUCH M AJIs1 Ka-
TaJM3aToOpa, TaK KaK YCTAHOBUJIM, YTO XOTS BHITECHHTEJIbHAS
CHCTeMa Nofayu paGoTaeT MPH YMeJIOM yNpaBJeHHH BIOJHE
yJIOBJIETBOPHTEJILHO, HO INPH H3BECTHHIX YCJIOBHUSIX B Hell MoO-
TyT BO3HHKHYTb CHJIbHble KoseGaHus. JIByxcTyneHuaTasi Ha-
cocHasi CHCTeMa HMeJia CTyNeHb MaJioro JaBjleHHsl (Iycko-
BYI0) H CTyIleHb BBICOKOrO JaBJICHHS; TeM CaMbIM H306eraju
‘KaBuTauuu Ha Oosbliux Boicotrax. Ha aTolt crazuu passutHd
aBuratesiss TpeGoBaJoch OueHb OGOJIBIIOE YHCJIO TIPHGOPOB,
oGecrneunBaoyx 6Ge300acHOCTb PaGOTHI JBUraTeNsl, OTCEY-
HEIX KJIaNIaHOB M APYroro o0OpyHOBaHUs, U TaKylO YCJIOXKHEH-
HYI0O CHCTeMY OBUIO OYEHb TPYAHO PeryJMpoBaTh H 0O6CJIY-
" xuBath. Ho K 3TOMy BpeMeHH «ropsiuue» IBHraTesH, TO
€CTb JIBUTATEJIH C TOPEHHEM TOpIoYero C NepeKHChio BOAOPOAA
B KaMepe, YK€ XOpOlIo 3apeKOMeHIOoBaM cebsi Ha MPaKTHKe,
Tak Kak B «ropsiuMX» NBUraTessAX yJeabHas TAra Oblia
TOYTH B JBa pasa BHILE, IPUHAJIH pelleHUe IPUCTYIHTb K UX
_ BHIycKy, npexkpartus npoussoicTso RII-203, s3a uckioye-
HHEM JBHraTejielf, HEOOXOOMUMBIX JJIsl CyLIeCTBOBaHHS yuel-
HBIX CaMOJIETOB, DblIM H3yueHbl IBa NMyTH HCIOJb30BaHHS
caMoBocIIaMensiowerocs Tonuba «C-Stoffs. ITpexne Bcero
MOXHO GBLJIO MMOYTH IOJHOCTBIO CKONHPOBATh CXEMY [BHra-
tesast RII-203, no ucnoJsb30BaTh B HEM KaMepy € NE€PEKHCHBIM
oxJaxXieHueM. Booblie ToBopsi, 3TO OLLIO HE OdYeHb XKeJa-
TesibHO, Tak kKak RII-203 mpeacrasnasu co6oii CIOXKHYIO yCTa-
HOBKY; OAHAKO OH 1O Kpaiineit Mepe paboraJ, U Takoe pelue-
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Hsueareau, paboratowjue ra scudkom Tonause 113

HHe DAaccMaTpHBaJH KaK CBOEro pojga «CTPAXOBKy», B CIy-
yae ecau GoJlee paJMKa/bHBIA BTOPOH MyTh HE AACT IOJOXH-
TEJIbHBIX PE3YJILTATOB. '

SToT BTOPO# NYTh NpeAyCMaTPHUBaJ INOJNHBEIA OTXOX OT
TPAAMIMOHHLIX KOHTPOJILHHIX cHcTeM. B To BpeMsi BO Bcex
BHITYCKaeMbIX CHCTEMAax HCIIOJb30BaJOCh MHEBMAaTHYECKOe
ynpasJieHue; B paspabarbiBaeMofi cxeMe ObLIO pellieHO 3a-
MEHHTb €ro MeXaHW4eCKHM YIpaBJIeHHeM U clesaTh JABH-
raTe/lb COBEPIIEHHO HE3aBUCHMEIM OT IOfauyu Bo3ayxa. Beuin
CKOHCTPYHpPOBaHLI eIUHBIH TypGOHACOCHBIH arperar, KOTOpPbIi
obecrieynBa/jl HeoOXOAHMMYIO paGoOTy Ha BHICOTE, H HOBas yIpo-
LIeHHas KaMepa C pasjesibHOH Mojauell TOIJIMBA B TPH CTa-
nuu. Tara geuraress MorJa uamenstbes ot 330 mo 3300 pyHr.
3a sxcnepuMenrasbHbM o6pasuom 109-509 A0 Havaiu BH-
nyck mozenu 109-509 Al, koropasi orT/iudyajach OT HeEro
BECbMa HE3HAUMTENbHO; TAra Oblia yBeauueHa a0 3740 ¢ynr.
Ha Al gna samycka TypGoHAacOCHOTO arperata HCIOJIb30-
BAJIC 3JIEKTPOMOTOp, OIAHAKO €ro AOMOJHHUTENbHLIH NPHUBOZ
(xoTOpBIf, KCTaTH CKa3aTh, HAKOTZA He MCNOJb30BaJics) GbLI
OueHb TSXKeJNbIM; GOJibllle TOTO, 3JEKTPOMOTOP OUE€Hb HCTO-
maJ caMoJleTHble akKKyMmyJsitopHele Gatapeu. IloatoMy aToT
nsuratenb Ouin nmepemenan. Ha mpyrom Bapuanre, 109-509
A2, mocraBuiu 6aK A/l MUTAHUS CAMOTEKOM, YTO TO3BOJIMJIO
3HAUYHTEJbHO YMEHbLUIMTL BeC JABHrartes!. YcraHoBu/IH
TaKIKe, UTO HAaCOCH He Bcerja 6e30TKasHbl B paboTe, MO3TOMY
CTadAW MCHOJIb30BATh JONOJHHUTENbHO NAPOBHIE 93KEKTOPH. -

Hpuratesnp 109-509 A2 cxemaTuuecku nokasaH Ha ¢wur. 44
u 45. Uro6bl BBecTH B [eficTBHe TypOOHACOCHEIN arperar, oT-
KpHIBaJicsl Kpan I Mexny 6GakoM IJIsl TIepeKHCH W Iaporaso-
renepaTtopoM. IIpexne yem nepekuch M3 Hacoca JOXOAHJA MO
TJIaBHOTO paclpefesuTeJbHOrO KiaamaHa 2, yacTb ee OTCe-
KaJlacb H Halpasjsjacb oOpaTHO K IaporasoreHepaTopy ue-
pe3 kunanan 3. OH npuUBOAM/ICS B JefiCTBHE BPYYHYIO IOCpeX-.
CTBOM JIPOCCEJIbHOTO COEJAUHEHHS] H - PeryJHpOBaj Pacxon
mapa B COOTBETCTBHH ¢ TpebGyeMoit TaAroii. IDtor KjIamaH
HIeficTBOBaJ TOJIBKO -TOT4d, KOTJA [aBJIeHHe TOPIOYEro OKa-
3BIBAJIOCh JAOCTaTOYHBIM. TakuM o6pasoM, ecau mojaya
roplouero - Hapymajach, OH aBTOMAaTHYeCKH 3aKpHIBaJICS

! IIpuBopumble 3aech JaHHble 0 aBurateqae 109-509 A2 wue co-
OTBETCTBYIOT yKasaHHbHIM B tabmuue VII, — ITpum. ped.

8 3ak. 3073. k. Xomopuc
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F'aasa VI
HCNBbITAHUSA ABUTATEJIEA H )XUAKHUX TONJIUB

~

Buabl ucnbiTaHHM

Tax Kak ysJbl H arperaThl [BHUraTeJeil IPOEKTHPYIOTCS
C OTHOCHTEJbHO HeGOJbIIUM 3aacOM IPOYHOCTH H BO3MOXK-
HOCTb PaspyIUeHHs B CJy4ae HEHCIPABHOCTH OYeHb BEJIHKA,
HX HEOGXOJAMMO TINATeJbHO HCIHITHIBATH H IOJABEPraTth ca-
MO#i CTPOTO# IPOBEpKE | [1—3]

Becs mponecc ucnuitanuii MoxeT GHITh YCIOBHO pasjelieH
Ha YyeThipe ctajguu. BHayaJsle orpaGaThiBaeTcsl ONHITHHIE 06-
pasen. Bce merasnu yCTaHOBKHM H3TOTaBJIHBAIOTCA U MCIHITHI-
BaIOTCA -OTHAEJbHO, a HEKOTOpHle Haubejiee OTBETCTBEHHEHIE
y3JBl M arperare, TakHe, KaK KamMepa M TypOGOHACOCHBL
arperar, JOJKHEI GhITh HCIIBITAHBI HAa CHENUAJbHBIX CTEHAAX
Ipu cTporom cobJirogeHuu Mep GesomacHocTd. [locse storo
nposepsiercss pa6ora ABUraTess.B co6paHHOM Buje. OGRYHO
B 3TO BpeMsl BHOCHTCSI MHOrO M3MeHeHH#, TaK KaK BCeraa
0oGHapyXHBAIOTCS T€ WJM HHEIE HENOCTAaTKH Jaxe y Y3JOB,
IIOKAa3aBIIHX XOpOLIMe pe3yJbTaThl BO BpPeMsi MX WHHIMBHU-
IyaJbHBIX HCnbiTaHuii. Korpa onwiTHBIE o6pasen ychemiHo
IpoIIeJ CTaTHYECKHE HUCNBITAHHUS, HACTyNaeT BTopaa cTapus
HUCIEITAHHUH — JIETHHE.

JleTHble HCOBITAHMA “BCerha BHISIBJISIOT HOBHE HEJO-
CTaTKH, TaK KaK [IPOBOJSITCS B COBEPIIEHHO UHBIX YCJIOBHSX.
Ilpexne Bcero 3gech HauHHAIOT [AEACTBOBATb MEpPErpysKH,
a HaJlo cKasaTb, YTO, HampuMep, B 3€HHTHOM CHapsiJe OHH
MOTYT GHITb O4eHb BHICOKMMH.

B pesynbrare MOXeT O6HITb IOJHOCTBIO BhHIBEIEHA H3
CTpOsl CHCTEMa BIpPHICKA B KaMepy M HapylieH Hpolecc ro-
peHHsl, BNOJHE YAOBJETBOPHTE/bHBIA NPH CTAaTHYECKHX HC-
NbITaHHAX. Bo3HHKINNE neperpy3kH MOTYT TakKe HapYIIHTh
paboty kaananoB. [TosyueHne faHHBIX O CHapsfax B IO-
JieTe SBJISeTCsl CJOXKHHIM JeJO0M; OGHYHO IJsl 3TOTO IpHMe-
HSETCS CHCTEMa TeJIeMeTPHYECKOro KOHTpOJIsl, NoJpoGHoe
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omucaHue Kotopo#l maHo B rsiase XI. [Ipu ucneiTaHMH cHa- -

PAANOB ClefyeT CTPEMHUTbC K TOMY, UYTOObl 0GecHeyuThb
‘TIoJTyyeHHe BCeX HeoOXOAMMBIX HaHHBIX OT KaXKAOro 3amy-
IIEHHOTO CHAapsiia, TaK KaK OH SBJISETC OOBEKTOM OIHO-
pasoBoro jelicTsus. JlanHee XKe 0 paGoTe ABHraTeJbHOM
YCTAaHOBKM caMoJieTa MOTYT PErHCTPHUPOBATBbCA MOCPEACTBOM
OGHIYHOT'O AaBTOMATHUECKOro caMonuuiymero mnpu6opa.

Korpa asurare/b noJHOCTbIO OTPaGOTaH M NMYIIEH B Npo-
H3BOJCTBO, HACTYIAeT TPeTbsl CTaJusi — MPOU3BOJICTBEHHEIE
ucnutanusa. Ee MoXHO mopgpasnenuTh Ha JiBe CTYNEHH: 3a-
BOJCKHE M IOJHUIOHHBIE MCIHITAHUA. 3aBOJACKHE MCIHITaAHHS
CHapsAnoB OHBAIOT pAas3JUYHBIX BHUIOB: 3TO MOXKET GHITh
TOJIbKO TINATEJbHBIH OCMOTP H INpOBepKa paGoOTH BCeX
KJaNaHoB, 3JIEKTPHYECKHX CXeM H T. I. WIH NpoBepKa pa-
OOTH Bcero aBurartess. Boi6op 3aBHCHT OT HECKOJIbKHX (ak-
TOpoB. DoJiblliie ¥ CJIOXKHBIE JBHraTe]H, KOTOPHE OXJa-
JKJAIOTCS pereHepaTHBHO M PaGoTalOT B YCJIOBHSAX YCTaHO-
BHBIUUXCH PeXHMOB (K HHM OTHOCHTCS, Hampumep, A-4),
HCNIBITHIBAIOTCA OOBIYHO HEJHKOM. JIJ1s HeGOJbLIMX U MpO-
CTHIX 10 YCTPOMCTBY ABUTaTesell 3TO He 06Gs3aTeIbHO, XOTH
NpH MaccOBOM NPOHM3BOJCTBE OTAE/bHBIE 06pasubl ABHTaTe-
Jiell ToXe NOABEPraloTCsl TAKUM UCHLITAHUSIM.

Eme ogHofi mpuuuHO#l, no Kotopofi HeGo/blliMe ABHUTa-
TesIU (HampuMep, Takue, KaK JJIs HEYNpaB/sieMbiX 3eHHTHHIX
cHapsanoB «TafipyH») He HCHHTHBAIOT, fABJSETCA TO, YTO
'OHM TpeJHA3HaYeHH TOJIBKO JJIs OfHOro 3amycka. ITostomy
HX CTeHJOBHI€ HCIEITAHHS OIPAHHYHBAIOTCS YacTo IpoOBep-
Koit paGoThl JIEKTPHYECKOH ¥ IHEBMATHYECKOH CHCTEM, TaK
KaK GJIaroNpHUSITHbIE YCJIOBHS [JI OTHEBHIX HCIBITAHHH He
Bcerga umeiorcs. ITockoJbKy B ABUraTesssX TaKMX GOJIbIIMX
CHapALOB, KaK A-4, MOXeT GbITb MHOTO HemoJagoK, OGEIYHO
HX HCOHITHIBAIOT Cpasy MocJje NPOM3BOACTBA.

CamoJieTHHIE paKeTHbIe ABUTATEJNH MPOXOAAT MOYTH Ta-
- KHe Xe HCNHITaHHs, KaK H OO6GhYHHE TypOOpeaKTHBHHIE.
Kaxnpifi arperar TIAaTeJbHO HCHLITHIBAETCS BO BCEM JAHA-
11a30He THATH, NPOBEPSIOTCA 3aXKUraHue, ropeHHe U paGouue
XapakTepPHCTHKH, YTOGBl YGEmUThCHA, YTO OHH YHOBJETBO-
PAIOT TEXHHYECKHM YCJOBUAM. [IpOM3BOAATCA HCHHITAHUSA H
B OCOGHIX YCJIOBHSIX, KAK HalNpHMep HCIEITaHHE CHCTEMH 3a-
JKUraHusi Ha onpegejeHHoit Beicote. OpmHO H3 OTJHYMH

MeX/y HCNHTAHHAMH TYpPGOPEaKTHBHHIX M PaKETHHIX IBH-
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rateJiefl 3aKkJi0yaeTcs B TOM, YTO CTE€HJOBHIE MCNBITAHHS IIO-
cJIeIHHX MOTYT GBHIThb NMPOBEJEHH YaCTHMHO HA BOJE BMECTO
ropiouero. Hanpumep, npu HCIRTAHUK JBUTATE]s caMmoJjeTa
Me-163 ToruinBHEIE GaKH HANOJHSJIHCH BOJOH, a map Ajs
Typ6GOHACOCHOTO arperara NOAABaJCs M3 BHENIHETo HCTOY-
HuKa. TakuM nmyreM MOXKHO GLLIO NMPOBEPUTH paboTy K7a-
naHoB Ge3 npHMeHEeHHs JOPOTOro TOILIUBA.

YerBeprash ¥ MocJIegHAS CTafus HUCIHITAHUN — HUCNHITA-
HHSl, CBAI3aHHHE C HCCJIENOBATENbCKUMHU pabGoTaMH.

UcnbiTtateabHbie CTEHABI

Ucnutanus gsurateseil conpsizkeHel C CEpbe3HOH omac-
HOCTbIO, MOCKOJIbKY NpUMEHsIeMble TOMJIUBa 06JafaloT 60b-
woii sHepruedl. CJyefoBaTeJbHO, BCe TaKHe MCIBITAHHUSA
JIOJIXKHEI TIPOBOJUTBLCA B CHEIHAJbHO OGOPYHLOBAHHEIX IIOMeE-
IEHHAX C CoGJI0JeHHeM BCEX Mep IPefOCTOPOXKHOCTH. -
MmHoro Jer ToMy Hasaj, Korja HcciefoBaTeJbckas paboTa
HaJ J[BUTaTe/IsIMH TOJBKO ellle HayWHajlacb, OHH OOLIYHO
pasMeliajquch BO BpeMs HCIEITAHHH BMeCTe CO BCIIOMOra-
TeJbHHIMH arperaTaMi, U3MepUTeJbHHIM 00OpPYyJOBaHHEM H
6akaMH ¢ TOTJIMBOM Ha OTKpHITOil momaxaxe. Jlroau, npo-
BOJAMBIINE HUCNBITAHUSA, PacoJarajuch 3a Kakoi-HuOyab 3a-
IIATHON cTeHKo#l usiu B oxkome. KiamaHm wacto ynpasJs-
JIUCh C MOMOUIbIO JJIMHHHX TAT. B npuumune nocrpofika uc-
NBITAaTeJbHOTO CTEHJa Ha OTKPHLITOM MeECTe C YKPHITHEM AJd
06CJIyKHBAIOIIETO0 NEPCOHAJNA SIBJASETCS NPAaBUJIbHON HAeel;
.CIeIyeT TOJBKO OTMETHTb, YTO B HaCTosilliee BpeMs, Korjpa
NPUXOJUTCA MUCIBITHBATh GoJblliMe JBUraTeNH, - CTEHIb
crpositcsi GoJlee cJIOKHbIe H GoJiee AOpPOTHE, UeM paHblue.
-Ilpn paGoTe Hajx NPOEKTOM IOMELIEHHS ONLITHOIO CTEHJA
Haj0o HMeTb B BHAY TPH OCHOBHHIX TPeGOBaHMs: OGCIYXKH-
BAIOIIMi NMepCoHAaJN JOJIKEH GHThb XOPOUIO 3allHlleH; B CIy-
yae B3puBA yumep6 AoJKeH GHTh MUHHMAJbHHM; JIOIH, Ha-
xopsiupecss noGJM30CTH OT CTeHAA, He JO/KHHI NOABEp-
raTbCsl ONACHOCTH.

ITpocTefiluuM BHIOM CTAaUMOHAPHOTO coopymemm sB-
JSeTCA TaKoél CTEeHJ, Korja MABMraTeJ]b HCIHTHIBAeTCA Ha
OTKPHITO/l MJIOIafike W OTAEJEH OT TOIIMBHEIX GakoB 3a-
wuTHOM creHoii. HaGuonenue u ynpabJieHue BELYTCS B 3TOM
cayyae u3 OeToHHpPOBaHHOR OyiakH, HaxoAfdlledcqd Ha
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He6OoJIbIIOM DacCTOSTHUM OT HCIBTaTeJNbHOrO cTeHaa. B cay-
Yae B3pbiBa B3phIBHAs BoJiHA OLICTPO ocjabeBaeT, 4To MO3BO-
JISIeT BEeCTH HalJiofeHHe 3a paGoToll ABUraress yepe3 OKHA
C HeOblOIMMHCA CTeKaaMH. Han ucnuiTaTe/NbHON mJoman-
KOl MOXHO YCTPOHTH JIETKH#l HaBeC /s 3aIUTH OT HEIo-
roael. XoTa 3Ta KOHCTPYKIHsSI CTEHIA SBJSETCS NPOCTOH M

Tonnueo Omceku

lpudopol
B ynpaenexsusn u
£ sanucsiearowian
d annapamypa

Oz2Heaoli omcex

®ur. 47. CoBpeMeHHbIH HCNBITATENbHBIA CTEHT.

IelIeBOH, OHa MMEeT OJHH OCHOBHOH Henocrarox B C/Iyuae
B3DHIBA OCKOJIKM Pa3J/eTalOTCs BO BCEX HAlpaBJEHHSX, CO3-
JlaBasi IIMPOKYIO 30HY NMOPaKeHHUs.

Tawm, rge Her 60JbLIOH M YAOOHOH OTKPBHITOH ILIOIIALKM,
CTPOSATCS 3aKPLITHIE UCIHTATE/NbHEE CTEH/b; OAUH U3 TaKHX
CTEeHJOB MOKa3aH Ha puc. 47.

Kaxppiii orcex (6OKC) 3aKpHT C Tpex CTOPDOH H HMeeT
'GETOHHYIO KPBIIIKY; TOJbKO Ta CTOPOHA, Je IOMelaeTcs
JBUTaTeJb, OCTaBJSETCA OTKPHITOH — 3TO yMeHbIIIaeT omnac-

~
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HOCTb TOpaxKeHUsl OT JeTAuHMX 06jJ0MKoB. K orsesomy or-
CeKy NpHMHIKaeT KOMHAaTa, B KOTOPOH pasMellaloT MpH-
6OpHl KOHTpOJISI M YNPaBJeHHs M 3anHCHIBAIOLIYIO annapa-
TYpPY; 3a OTCEKOM PacHoJIOXKEHO IOMelleHHe /151 XpaHeHHUs
TonsiuBa. I NpOCTOTHL H OGJEriyeHHsi KOHTPOJSI OGBIYHO
npumensiercss GaJ/JIOHHAsE CHCTeMa INHTaHHSA, TO €CTh TON-
JHUBO NOJaeTcs CxkaTelM rasoM. a3 (o6GelHO as3oT) mHof
‘60JIbIIMM JaBJjieHueM — okoso 3500 ¢ynT/K8. Oroltim — 1io-
JlaeTcsl yepe3 cHCTeMy TPyGOnpoBonoOB U3 GaJslJIOHOB, pacro-
JIOXKEHHBIX Ha OJHOM U3 KOHILOB 3[aHHfA, K PEAYKUHOHHHIM
KJallaHaM B annapaTHylo, a OTTyAa — Yepe3 3amopHhHe
KJanaHe K TOIVIUBHEIM 6akaM. BosHa oT B3pmBa B Takom
3aKpLITOM IOMELIEHHH MOXeT GHTb BeCbMa 3HAUUTEJbHON;
B3DHIB OGHIYHO HAGJ/IOJAIOT IIPU TOMOIUM IEePHCKONa HJIH
cucremnl 3epkaJs. Ha ciayuaii B3pniBa MM moxapa B OrHe-
BoM OOKCe yCTaHaBJMBaeTCA OCHPHUHKJIEPHOE 0GOpPYHLOBaHHE;
KOTJla CIIPHHKJIEPH OTKPHIBAIOTCS, BOJA CPa3y 3a/HBAET BCIO
IVIOLAJKy M 3aTe€M CTeKaeT B CNELHaJbHHIH BOLOCGOPHHK.

Cama npuGopHas naHejb OYeHb MPOCTa M YCTAHABJIH-
BaeTcsl TakuM o6Gpa3oM, 4TOGH omepaTtopy OnUIO yHZOOGHO
ynpasasaTte npubopamu. O Mepax NPegoOCTOPOKHOCTH yKe
YyIIOMHHAJIOCh; OJHOH M3 HUX SIBJSETCS NpPefoXpaHeHHe OT
C/Iy4afiHOro BKJIIOUEHHS KJIANlaHOB H APYTOro 3JIEKTPHUECKH
ynpasJasieMoro o6opynoBanus. as 3Tofi meam TOK K KOH-
TPOJIbHOJI NaHeJqu NOABOAMTCH Yepe3 IpefAOXPaHHTENbHYIO
KOPOOKY, CHa6GXEeHHYIO ClenHa/bHOll CheMHOH «KOHTPOBOU-
HOH cepproiiy. DTa ceppra MMeeT LITENCeJbHEE BHJIKH Ha
KaXJIOM KOHIle, KOTODhIe BCTaBJSIOTCA B DO3€TKH, YCTPOEH-
Hele TakuM 06pa3oM, yTo NpHUOOpHAs IaHeNb BKJIOUaeTcs
TOJBKO TIPH ONpefe/JeHHOM. (IPaBUJIbHOM) IOJOXKEHHH
cepbru. Jlesaercss TONIbKO OfHA cCepbra, oHa HaXOXUTCA Y OT-
BETCTBEHHOTO 3a IIpOBeieHHe UCNHTaHuA Juna. Pacnosoxe-
HHe O6GOpYLOBAHHMS HA HCNHTATENbHOM CTEHAE 3aBHCHT OT

BUJla HCHOBITAHHsA, XOTA JABHraTeJlb BCErga MOHTHPYETCS |

OKOJIO OTKPHITOTO KOHI[a GOKCa C LE/NbI0 YMEHbIIHTh JO MH-
HHMYMa paspylIeHHsl B cJy4yae B3puBa. Eciu He Tpe6yercs
_M3MEpSATb TATY, CTEHJ MOXET GHTb NPOCTOH, KECTKOH KOH-
CTPYKUMH, B NPOTHBHOM CJydae HEOOGXOAMM CTeHA, Jomy-
CKalolMil HEKOTOpOe NepeMelleHne ABUTaTes.

OO6hIYHON KOHCTPYKUMEH fIBJISETCS NMOABMKHHIN mnapaJ-
JejorpaMM, TmoKasaHHBi Ha ¢ur. 48,a. HemoxBuxueiii
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napasiejorpamm (¢ur. 48, 6) Gonee coxKeH, HO HMEET TO
NPENMYLIECTBO, YTO TAra MOXeT GHITb 3aMepeHa OT J0GoH
yacTH napajjieJlorpaMMa B OTJHYHe OT cTeHaa 48,a, rae
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dur. 48. VcnbiTaTenbHbI# CTeHZ TapanienorpamM-
HOH KOHCTPYKLMH.

Mo6oe H3MEHEeHHe JIMHUH Tepefaun TATH BHI3BIBaeT Heo6Xxo-
OUMOCTb B HOBOH TapHpOBKE TSTH.

Korma ucneiThiBaeTcs pakera B I€JI0M, KOHCTPYKUHS
CTeHJa NOJKHA GHITh ropasjio mpouHee {4), TaKk Kak B 3TOM
cjlyyae ONMacHOCTb B3PbIBa BO3PaCTaeT BCJEACTBHE TOrO, YTO
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6akH c roployuM HaXOASITCS B CaMOM OrHeBoM G6okce. 3a
XOIOM HCIEITAaHWSI MOXKHO HaG0naTh WM C GOJIBIIOTO pac-
CTOSIHUSI, HJIM M3 noja3eMHoro y6Gexuina. dur. 49 paer xo-
polilee mpeACTaBJeHHe O Pa3Mepe OJHOTO U3 TAKUX CTEHJOB,
NPUMEHSIEMBIX AJis [IPOM3BOJACTBEHHEIX UCIIHITAHUN KaK JBH-
ratesiefl, Tak U ueJbx 06GbekToB. CTeHaH OGOPYAYIOTCH C
TaKUM pPacuyeToM, 4ToObl MOHTAX H HCTIHTAHHUA MOXKHO GHUIO
NpPOU3BOJAMTL B KpaTyaiuiui CpoK.

Ipu6opuoe oGopynosanune [5—7]

_ Tak Kak HCIHTaHHEe 4acTo IJIUTCS BCEro HECKOJIBKO Cce-
KYyHJ, pelko 6GoJibllle YeM 2 MHUH., Bce NIOKa3aHHsl NMPHGOPOB
OOMXHH peructpupoBatbcs [8]. Ilas 3Toro moJb3yloTcs
Tpems crnoco6amu. Ilepsrifi 3akiioyaercss B TOM, YTO MNpH-
GOphl, CTPYNNHPOBAHHEIE Ha OJHON maHesnH, GoTorpadu-
pYIOT uepe3 omnpejejeHHHE HHTepPBaJdbl. DTO YAOGHO, TaK
KaK JaeT BO3MOXKHOCTb HCNOJb30BaTh MNPHGOPH OGLIYHOTO
THIIA # TNO3BOJISIET YHTATh MOKAa3aHUA MPSIMO C (OTOMJIEHKH,
6e3 npuMeHeHHs KaKoi-1u60 TapupOBKH HJIM Maclraba.
OcHOBHOl HEAOCTAaTOK 3TOro crnoco6a 3akKAYaeTcss B TOM,
YTO IVIEHKY NPHXOAUTCS NPOSIBJASITh, 3aTeM aHAJIU3HPOBATh
U pe3yJbTaThl HAaHOCUTh HA AuarpaMmy, Tak 4YTO OGLIYHO
MPOXOJAHT 3HAUMTEJNbHBII OTPE30K BPEMEHH MeXAy 3ainy-
CKOM U MOMEHTOM IIOJIydeHHsl pe3yJbTaToB. HacTto Heo6Xxo-
IUMO BHJETb BCe Pe3yJbTaTH AJs1 TOTO, YTOGH ONPEAEIHTD
yCJIOBHS LISl C/IeLYIOLero UCIKTAaHHUS, U B 3TOM ciydae AJs
HauGoJsiee BaXKHBIX U3MEPEHHHI MOXKHO HCNOJB30BATh Napal-
JIeJIbHO JefCcTBYIOLHe MPUGOPH C NPAMOH 3aNluChi0 NOKasa-
HUi, KOTOphIe MOTYT ORITh M3y4eHHl cpa3dy Ke mocJjie 3amy-
cka. Jlio6asa cucreMa, OCHOBaHHAsi Ha HCIOJb30BAaHHUH Me-
XaHMYEeCKHX JBUKEHHH, HMEET OJHH Cepbe3HEbIl HEOCTaTOK:
HEeyIOBJETBOPUTE/IbHYIO YaCTOTHYIO XapaKTepucTHKy. Takué
npu6opH, Kak MaHoMmerpnl DBypnoHa, HMeEIOT HeCKOJbKO
KPYIHHIX HeJOCTaTKOB; HanpHMep, KOTAa OHH NOoABeprawoTcs
KoJie6aHHsIM C 4acTOTod GoJjbliie 1—2 2y, TO MOKasHBAIOT
TOJBKO CPEIHIOI0 BeJMYHHY naBieHusi. IlepexogHme mpo-
IlecCBl BO BpeMs 3allycka MOTYT PeTHCTPHPOBATBCA 3JeK-
TPOHHHIMH NpuGOpaMH, KOTOpHE, CJeJ0oBaTeNbHO, H SB-
JISTIOTCSl CAMbIM OCHOBHBIM BHAOM NPHGOPHOTO 06OPYAOBaHHS.
IpyruM HX NpPEeHMYIUECTBOM $SIBJSETCS TO, YTO Pe3yJbTaT -

P J
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M1060T0 U3MepeHHs MOXeT OHTb 3alHCaH OAHOBPEMEHHO C
OTMETKOH BPeMeHH, TaK 4YTOo JaBJleHHe, TeMmmepaTypa, pac-
XOJl, OTKPHTHE H 3aKPHITHe KJ/IaNaHOB H MOMEHT BOCIJIA-
MeHeHHs] — BCe 3TO MOXKeT OHTh 3a(dHKCHPOBAHO Ha OAHOMN
JIEHTe. A

ITpOMHILIJIEHHOCTE BHIMYCKAET 3JI€KTPOHHEIE CAMOIMIIY-
lHe YCTPOHCTBA, NO3BOJSIOINE BECTH 3aNHUCh 10 YHCIY Ka-
uasnoB uHdopmanuu-ao 50; o6paser o6LYHON 3aMHCH IOKa-
3aH Ha ¢ur. 50. .

;. Ommemxu 6peMeHU; Y50 cex -
Knmepa czopanun P d _, 88
0 o5 &
—0zss §
—2005 & E
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roprovee . :t'r
Topuposxa damuuKoe
Qynm/ k8. 0K0UMm (u30wm, dneneHue)

(J
®ur. 50. 3anucb naBJEHHS 3NEKTPOHHHIM CAMOMHMINYIHUM NMPHGOPOM.

Kak yxe rosopusioch, HCIIBITaTeJbHbIA CTEHJ, CKOHCTPYH-
pOBaH Tax, YTO JONMycKaeT HeGOJbIIOE OCEBOE IepeMelleHue
015 usmepenus taru {9, 10). Oas nepemaun taru Haubolee
yacTo ynorpe6isercss THApaB/JIHYECKH# npuGop, MOKasaH-
HH Ha ¢ur. 51; nasjeHue nepenaercss IPH NOMOINM aHe-
pounHO# KaMepu @ Wu nopuiHs 6. TouHne 3HaYeHUST MOTYT
OLITH U3MEPEHH NMYyTeM NPUMEHEHUS] CHAPABJIHYECKOH yIop-
HON NMOAYWIKH C AaTyukoM. J[pyrHM MeTOXOM SIBJISIETCS MC-
NoJIb30BaHHE GaJIKH C TEH30METPUUECKUM JATUUKOM JJIs U3-
MepeHHSI OTKJoHeHUus. HHorpga G6GbiBaeT HYXXHO H3MEPHTb
GOKOBHIE COCTaBJISIONINE TATH WM Aa)e KPYTSAIHA MOMEHT,
co3JaBaeMuiii ra3oBuiMH pysasamMu. Torma Tpe6GyeTrcss oueHb
CJIOKHOE H3MEpHTeJbHOe YCTPOHCTBO, IOXOXee Ha aspojH-
HaMHYecKHe BeCHl. ‘

JlaByieHusl ABJISIOTCS, BO3MOXKHO, CAMBIMH BaXXHHIMH Ia-
paMeTpaMHu B PaKeTHHIX JBHTaTessiX; K CUacCTblo, HX MOXHO
Jgerko uameputh {11]. IToutu npn KaxaoM HCNHTAHWM 3amnu-
CHIBAIOT 1aBJIeHHS B TOIIMBHHX (Gakax, ToJOBKe, KaMmepe
CropaHHs, a 4acTo U BO MHOTHX ApPYTrux mecrax. Hamie Bcero
IVl 9TOH Le/M NpUMeHsieTCs oOpuHEE MaHoMeTp Byprona,
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XOTS [JIS1 MOJydeHHs] TOYHBIX NAaHHHEIX O Iepenaje NaBJeHHUS
B (OopCyHKax HMHOIZA MCHOJIb3YIOTCH H nnq)cpepeﬂuuanbﬂble
MaHOMETpHI.

K mapupogsanromy
manomempy

’

Axepoud
K ucnsrmament-

Henodsuwnan HOMY cmeHdy

vacmo

Paéa vas wudkocme
a) Arepoudnas Kamepa

-K mapuposarnxomy
marnomempy

Henadsusknoil Ynnomuumens
nopweHs K ucnermamens-

HOMY CITIEHOY

7 '\)
ZHZ 7 | NN

/ .
PaGovan wudkocmy

6 ) fopuwens

®ur. 51. [IpuGopsl Al H3MEPEHHS THATH.

Hatuuku nasienus {12], koropre Toxe ynorpeGJsioTcs
IOBOJILHO YacTo, paGoTalT Ha TaKOM NPUHIUIE: MeXaHHYe-
ckasi pa6oTa, NpPOU3BOAMMAS [aBJEHHEM IKHUIKOCTH HJIH
rasa, mepeBOAMTCH B 3JeKTPUUeCKUH CHTHaJ, KOTOpBHIH B
CBOIO oOuepejib 'npeoGpasyercsl, YCUJHBAeTCS H 3aIUCH-
Baercs.

Bce npu6opu TapupyOTCcs OGBIYHO HENOCPEACTBEHHO Ile-
pen 3amyCcKoM H cpasy e IocJie Hero, ¢ TeM 4To6H oOGHa-
PYXKHUTb H YCTPaHHTb BCSKOE OTKJOHEHHE OT IMOKa3aHHi
KOHTpoJibHOro mpuGopa. CaM [gaT4uK HOJKEH GBITb HpOU-
HEIM, CIOCOGHBIM BHIIEPKAaTh BHICOKHE yJapHble HarpyskH,
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OJis1 U3MepeHHs] PacXofoB TomiuBa. Takue npuGOpH, KakK
pacxonHue WaHGH M MONJAaBKOBHIE M3MEPHUTENH, HCIOJb30-
BaJIUCh JOBOJIbHO YCIEIIHO, HO BCe OHH HMEIOT OJMH HeJo-
CTATOK: BHI3HIBAIOT HexKesaTesbHOEe NajieHHe JaBJeHHs, TaK
Kak Hepenko cJaMIIKoM MaccuBHH. Hanpumep, pacxonune
mai6u JO/KHE paboTaTh NPH CTaTHYECKOM HaBJEHHH, JIO-
cruraoumeM npumepHo 600 ¢ynr/kse. Orodm, w 1npu 3TOM
IaBJEHHH elle NOJKeH OLIThb TOYHO ONpeJeJieH mepenaj B
HECKOJIKO JIOMIMOB PTYTHOTO CToJ6a.

OpHuM M3 NOJB3YIOIUXCA HanGoJbllefi H3BECTHOCTDHIO
npuGOpoB, CKOHCTPYHPOBAHHHIX CHENHAaJbHO /I PaKeTHHIX
ABUTaTesel, sBAseTC H3MepHTeJb pacxoiga Ilorrepa. On
HMeeT BUJI TYpGHHBI H COCTOUT M3 CBOGOJHO BPaLIalOLIEToCs -
poTopa C JomacTsMH — KPHUIbYATKH, [OMEIaeMOd B IO-
Toke. HeGoJbmofi MarHuT, CMOHTHPOBAHHHIE Ha pOTOpE,
BO306YXKaaeT MyJbCHPYIOINMHA TOK B PAacloJIOXEHHOM H3BHE
Iatuuke. YacTora mnyJbcanuii OpONMOPLHOHANbHA  CKO-
pOCTH BpallleHHs1 poTopa, a CJeJOBaTe/bHO, Macce IMOTOKa
(m1s moToka C TOCTOSIHHO# IUIOTHOCThIO). M3Mepurenn
ITorTepa, BhIMycKaeMble B HacToslHIee BpeMs, MOTYT H3-
MepsiTb  PacXoAbl  [OTOKOB  KOPPO3HFHBIX  XKHAKOCTeH
or 0,056 no 500 ¢hynr/cex npu 3HaYHTEJbHBIX TeMIepa-
TYPHBIX KOJIeOAHHAX — OT TEMIIEPaTyphl KHIAKOTO KHCJO-
pola N0 HECKOJbKMX COT FPafycoB — M {IPH AaBJeHHH HAO
35 000 gyHr/K8. Or06iM.

-Tak Kak JABHraTelb 4acto paboTaeT ¢ MHHHMAJbHHM
3amacoM INpPOYHOCTH, TEMIePaTypel HMelOT JJs Hero G6oJb-
moe 3gaueHne (OCOGEHHO TeMIepaTypa CTEHKH KaMephl).
OG6biyHO /11 H3MEpeHHsl TeMIepaTyp CTeHKH, TOIUIHBA H
oxJaxjalomeil XKHIKOCTH HCIOJb3YIOTCS TepMoNaphl, Of-
HAKO UX HYXHO NPHUMEHSITh OYeHb OCTOPOXKHO. JlJs usmepe-
HHMSI TEMIepaTyphl TOIIMBA CJeAyeT MO0Jb30BaTbCA JIMIIb
TepMoOnapaMH, H3TOTOBJEHHLIMH M3 OlpeJeJeHHEX MaTepua-
Jaos. HsMepenwe TemnepaTypsl rasoB [14] compsixkeHo c
OYeHb GOJBIIMMH TPYAHOCTSIMHM, HO, K CUACTblO, TPe6yeTcs
TOJBKO TNpH TpPOBeNeHHH HayuyHHIX uccaefnoBanui. Tpya-
HOCTb 3aKJIIO4aeTcsl He TOJbKO B BHICOKHX TeMIepaTypax, Ho
} B BHICOKHX CKOPOCTAIX Ta30BHIX 0ToKoB (10 7000 hy1/cex.)
H BHICOKHX TeMNEepaTypHHX TrpajHeHTaX B MOTPaHHUHOM
caoe. Yaile Bcero npuMeHsVIMCh Pa3/iMyHble ONTHYECKHe CIO-
co6bl M3Mepenus TeMneparypsl rasos [15], manpumep ¢ mo-

~
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He CoCTaBiasieT HcKaoueHHs. Ecau y Hero ecTb oOmBIT,
OH BCET[la CMOXET ONpeJeJHUThb, YTO JBHUTaTesb paGoTaeT He
BIIOJIHE XOPOLIO, YTO COOTHOIIEHHE CMeCH SBJISETCS He Ta-
KHM, KaK HYXHO, YTO PacXoJ TOIJIMBA MaJ HJH, HaoGOpoOT,
BEJINE, 9TO YaCTHYHO 3acopena rosioBka. OCHOBHEIM NpH3HA-
KOM, KOTOPHIM PYKOBOACTBYETCS] HHXKEHEp, SIBJISETCS MJIaMs.
[Ipn xopomeii ToNOBKE M COOTBETCTBYIOIIEM OOBEMe Ka-
MepH ropeHHe MOYTH MOJHOCTBIO 3aKaHUMBaeTCs B KaMmepe
H MJaMsa KopoTkoe. ITpu nyoxoil roJIOBKe HJIM HpPH HENOCTa-
TOYHOM oGbeMe KaMeph FOpeHHe MOXKeT NPOMCXOAHTb H 3a
npejesaMu COmJIa; TaKOe SIBJIEHHE HA3KIBAIOT «IOTOPAHHEMY.
Ha ¢wr. 53 nokasan OfMH M TOT XKe ABUTaTeNb C. XOPOIIHM
ropeHueM H C sIBJIeHHEM HOropaHusi. Pas/nuyHbie HemoJsaJKu
B paGoTe BIPHICKHBAIOUIEH CHCTEMHI TaK¥Ke BJIHSIOT Ha CO-
CTaB NPOAYKTOB CTOPaHHs 3a NpeleJaMH COIJIa H HHOTAA
HX MOXKHO OGHapPYXHTb IO myiaMeHU. Tak, yaCTHYHas 3aKy-

.JIOpKa B TOJIOBKE 6y}.1€’l‘ BBI3BIBATH IIOABJIEHHE CBETJIBIX HJIH

TEMHBIX 10JIOC B IJIJaMEHH B 3aBHCHMOCTH OT YCJOBHl pa-
GOTHI.

®oTocHUMOK IviaMeHH [17] nosBoJigeT, TakKUM 0GpasoM,
KOHTPOJIIPOBATb mokKasaHusi npu6Gopos. [ToaToMy 0GHYHO BO
BpeMsl HCILITAaHHs TJaMs TOpeHHsl Bce BpeMs ¢ororpadu-
pyercd H B jpajbHefilieM 3TH CHHMKH HCIOJb3YIOTCS B Ka-
yecTBe BCIOMOTaTeJbHOTO CpPEACTBA ST OLEHKH paGoThl
asuraress. C LeJbl0 [eTaJbHOrO MCCJAeNOBaHHs paGouux
XapaKTepHCTHK TOJIOBKH [JBUTaTe/sl HHOTJA NMPHGEraioT K ra-
3oBoMy aHanu3y. M3-3a BHICOKMX TeMmepaTyp M CKopocreil
rasoB 6path ux npo6ul [18] ouenp Tpyano. Iasi Toro 4ToGH
MOJIYYHTh MOJHYIO KapTHHY pachmpeiesieHHsl NPOAYKTOB Cro-
paHHs B COIJIE, NO/IKHBI ORITh B3ATH. P NPo6 B passuy-
HBIX MecTax ceueHus: comaa. Iss B3aTHs npo6 MOryT OuITb
HCIO/Ib30BaHHl OXJIaXJaeMue BOAsSHBIE 30HIH [19].

Hcnbitanua Tonausa

" Hapsany c¢ sanyckamu cyiecTByeT MHOTO IPYTHX BHIOB
ucneitanuil. Tak Kak paGora pakeTHOTO JBHraTesss 3aBUCHT
B GOJIbIIOH CTeNeHH OT NPABUJILHOTO M3MEHEHHs NaBJIeHHS
NOCPEeACTBOM pas3/MYHBIX Y3J0B M JeTajell YCTaHOBKH, TO
NpoBepKa pacxoja TONJHMBA MMeeT NOBOJbHO BaxXHOe 3Ha-
YeHHe; @HA YaCTO MPOBOAUTCSA HAa OCHOBHOM HCIHITATENbHOM
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CTEHJe NYTeM HCIOJb30BaHHS BOAH BMeCTO TomHuBa. Ilo-
CKOJIbKY 3TOT BOINPOC OY€Hb BajKeH, HHOTAa MJIs MCCejoBa-
HHUS PacxoloB BHJEJNAETCS CclelHajJbHasg JabopaTopHus.
BBuAy TOro YTo NMpoTeKaHHe NPOLECCOB B JBHTaTese HE MO-
}KeT GHTb MPOCJAEXKEHO BO BpeMsl paGoThl OOLIUHEIM NyTEM,
HCNHITaAHHE TOJOBOK BOJOM JaeT BO3MOXKHOCTb HaG/oAaTh
Xapakrep B3auMOINEHCTBHSA CTPYH, pacnmiieHue, CMelieHHe
H pacnpefeseHHe XHIKOCTH.

. Takue HCHEITaHHA, KOTAA BMECTO TOPIOUEr0 HCHOJb-
3yercsl BOJa, KOHEUHO, NaJIeKH OT pealibHRIX YCJAOBHH 3amy-
CKa, HO, €C/IH BHUMATeJbHO OTHECTHCb K IIOJIyYEHHBIM pe-
3yJbTaTaM, OHH MOTYT- OKa3aTbCsl NOJIE3HHIMU AJIs1 yJyulile-
Husl pa6GoThl roJioBKH. McneTanhe roJoBKH ABHraTesst BO-
no# mnokasaHo Ha ¢ur. 54.

O6opynoBaHue MAJIsi UCOEITAHMS M JOBOAKH OPYrUX 4a-
cTefi ABHTATeNs, TaKMX, KaK KjamaHh, HACOCH U TYPOHHHI,
X0TA M 06GJiaflaeT HEKOTOPHIMH clenu(pUuecKUMH UYepTaMH,
HO B o6leM MaJlo OTJHYaeTcAs OT yXKe omucaHHoro. Cie-
noyeT, BIPOYEM, OTMETHTb, UYTO HCIHITAHHS TYPGOHACOCHOIrO
arperata COMNpSKEHB! ¢ GOVIBUTUM DUCKOM BCJEICTBUE BHICO-
KO CKODOCTH BpaLleHHsl “KPBUIbYATKH, KOTOpas MOXKET HO-
crurath 30000 o6/muH. IlosToMy 3TH MCHHITaHHUS, IO KpaliHel
Mepe Ha NepBOH CTaguH, IPOBOIATCS Ha CTEHAAX TaKOd XKe
KOHCTPYKIIWH, KaK U CTEHJbI, Ha KOTOPHIX UCIILITHIBAETCS BECh
ABUraTesNb, XOTd U ropasno 6Gosee JieTKHX.

HcnbiTanne TOIVIMB BaXHO C ABYX TOYeK 3peHHs. Bo-
nepBHIX, HeoO6XoAuMa INpPoBepKa KOHIEHTPAUHUH H COCTaBa
TOIJINBA, OT KOTOPHIX 3aBHCAT €ro 3HepreTHuYeckhue Xapak-
TepucTuku. Hanpumep, oJjs caMOBOCIIAaMEHSIOIMUXCSA TOI-
JIUB, KaK MBI BHJEJH, OUeHb BaXKHAa BeJIHUMHA 3alepiKKH
BocmyiaMeHeHus. JlJs mepekucH Bojopoja H TOILIHBA
«C-Stoff» samepxka MoXeT craTb Karac¢TpoduueckH G6GoJib-
II0#, €C/IM KOHLUEHTpPAnUs NEePeKUCH CHJIbHO MOHU3HTCS UJIH
€C/IN KOJIMYECTBO KaTaJH3aTopa B ToploueM OKaXKeTcs He-
JOCTATOYHHIM. DTy 3afePKKY MOKHO NPUGIU3HTENLHO OIl-
pelesuThb, NYCTUB HECKOJIbKO Kamesb OJHOTO TOIJIUBA B ApY-
roe — ONBITHHI HHXKEHep Cpa3y. MOXKeT CKasaThb, MAONY-
CTHMa JIM Ta WJIH HHas 3aliep:kKa BOCIUIAMEHEHHS WJIH XKe
Her. Insi Gosee TOYHOrO ONpENeNEeHUs] 3aNePIKKH, Heol-
XOOUMOTO JUJI MCCJIeNOBaTeNbCKOR paloTH, CyLIeCTByeT
crnennanpHoe o6opymoBanue. OpHHM M3 yCTPORCTB  JJIfl

[
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HX NpoAayKToB cropaHus. Ho maxe Koraa BO3MOXHH J0O-
“BOJIbHO TOYHBIE HOJCYETH], HYXKHO 3HaTh TakHe (GaKTOpHI,
Kak TpeGyeMasi BeJM4MHa L M CKOPOCTb Iepefau TemJa.
Bo MHorux ciayyasix oyeHb TPYAHO NOJYYHTb HYKHOE TOII-
JIMBO B GOJIBLIMX KOJHYECTBAX, MOITOMY ORI paspaboraH
METOl HCOHTaHu#i ¢ «MHKpopakeramu» [21, 22]. Tepmun
«MHKPOPAKeTa» IMPUMEHSETC K PAKETHEIM [BHTATENsIM
c Tarofi meHee jnecsAtka ¢yHToB. Pacxon TonsmBa ABHrarte-
JeM B 3TOM CJydae O4YeHb HeGOJ/bIIOH, cTalo OHTb, MOTYT
BIIOJIHE HCIIHTHIBATbCS JOPOTHE WM penxue tomauBa. Mcnu-
TaTeAbHHf CTEHJ MOXKeT GHITb HeGOJBLUIIMM H [AELIeBHIM, H
TaK Kak BeJUUUHH PAacXONOB HHU3KH, TO HHMKAaKMX OCOGHIX
Mep NpefoCTOPOXKHOCTH He Tpebyercs. Bech crena, BKiaouas
Gaku, MOXeT OHITb CHeNaH TAKHM KOMIAKTHHIM, YTO JIETKO
MOXET NQMECTHTLCH B XOJNONW/JbHHKE HIH B MaJieHbKO#
GapoMeTpHUeCKON Kamepe JJIsl UCIHITAHHHA NPH HUSKHX TeM-
nepatypax HJH HH3KHX AaBjeHHsX. Ho, Bo3aMOXHO, ofHHM
M3 OCHOBHHX NPEHMYILIECTB TAaKOTO METOAA SIBJASETCS TO.
YTO H3-33 UYpPEe3BHIYAHHO HU3KUX PACXOHOB MOXKET INpHMe-
HATHCS OYeHb ynoGHasi CUCTeMa MoJauyu TOIJIUBA, KOTopas
o6ecrneyHBaeT MOCTOSIHHBIH M JIerKo H3MepsieMHIl pacxon
HE3aBHCHMO OT AaBJIeHHS B KaMepe.
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YNPABJISSEMbBIE CHAPSAJbl — OBIHE CBEJAEHHUA
U CHUCTEMBI YIIPABJIEHHA

XoTs peakTHBHbie CHapsiftl B BHAE TMOPOXOBHIX pakKeT
npuMensiiuch euie B XIII Beke, ynpas/isieMble cHapsianl Io-
SIBUWJIHCh JIMIIb KAKMX-HHOYIb NeCATh JieT ToMy Hasaj. Eie
BO BpeMs IepBoil MupOBO#H BO#HH mnpod. A. M. Jloy mpo-
BOJMJI ONBITHI HAJl CUCTEMOH yNpaBJieHHs [Jisl TaK Ha3biBae-
MHIX «JeTapomux 6om6»,°a B 1917 u 1918 romax um Ge1o
NPOU3BEIEHO HECKOJBbKO COT 3alyCKOB KPYMHHX MojeJei
GMIIJIaHOB C OOBLIYHBIM MOPIUHEBHIM [BHTaTeJeM H BO3AYIU-
HEIM BHHTOM, YIOpPaBJsieMBIX C IOMOIUBbIO OJHOKAHAJbHOH
cucTeMHBl pajuocBsisu. TeM He MeHee MPOLILIO OYEHb JLOJTOE
BpeMs,. N0Ka IMOSBHJIHCh COBPEMEHHBIE YNpaBjsieMble CHa-
paau {1]; cosnanne KOTOPHIX CTaJO BO3MOXHHIM JIHIIbL GJa-
rofapsi pa3paGoTaHHBIM B TOAW BTOPO# MMPOBOH BOHHHI
ype3BLIYafHO JIETKHM INPSIMOTOYHHIM M PaKETHbIM JBUTaTe-
JIIM, 3JEeKTPOHHLIM NpH6GOpaM, CEPBOMEXaHH3MaM M pajHo-
jJokaropaMm. IIpu onucaHuM paKeTHHIX HBHTaTeJbHBEIX YCTa-

- HOBOK YXKe NOA4YePKHMBAJIOCh, YTO BCJEACTBHE HEOGXOIHMMO-
CTH MaKCHMa/bHO OGJIErYHTb BEC MHOTHE IeTalH pa6o*ra10*r
JIUIIp C HeGOJbIUMM 3aNacOM MPOYHOCTH.

“To ke caMoe MOXKHO CKasaTb M O CaMHX CHapsijaax,
yIOpaBJsieMBIX M HeyNpaB/lsieMBIX, NpeJHa3HAUEHHBIX KakK
IJ191 IopaXeHusl NIPOTHBHUKA, TaK H /s HCCJIeOBATENbCKUX
peseil. [Ipunioc MHoOro nmopa6oTaTh Haj JBHTaTeJbHEIMH
yCTaHOBKaMH H TOINIHBAMH, anmnapaTypoi HaBeleHHs, cep-
BOMEXaHW3MAaMH, HCTOYHHKAMHU IIMTAHMSl 3JIEKTPOSHepruen,
60eBLHIM 3apAAOM H mpu6Gopamu [AJIsi BHICOTHRIX HCCJIENOBa-
HHUH, YTOGBI COKPATHTh 1O MUHHMyMa o6beM M Bec KaXKjoH
neTanau. Bce 3To Hapsamy ¢ 3aTpyJHEHHSAMH H GOJBIIMMH
pacxofaMH, CBSI3aHHBIMH C NpPOBEJEHHEM JIETHBIX HCIEBITa-
HHH, TpeBpailaer pas3paGoTKy YHpaBiseMblX CHapsigoB
B JOPOroCTOSIIUMA H JJUTEJNbHBIH Npouecc.
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ITpex e Bcero ynpasisieMble CHapsiAsl MOXHO pas[esHuThb
Ha HCC/IeJOBaTeNbCKHE CHAPAJAB M CHapsAR BOEHHOTO Ha-
3HaueHUsi. XOTs OHH BO MHOTHX OTHOLICHHMAX SIBJISIOTCS
CXOMHBIMH, MeXJY HHMH CYyIIEeCTBYeT OHO OY€Hb BaXKHOE
pasjuune. Tak, HCCIEAOBATENbCKHE CHAPSAH WJIH CHapsb-
30H]H, NpeJHa3HaueHHbe, KaK MPaBHJIO, AJ1S HCCIEeJOBAHHUSA
BEPXHHX CJIOeB aTMoc(epH, He HYXKIAIOTCA B CHCTEMe yIpa-
BJIEHHUS], TIOCKOJIBKY CaMH 110 ce6e 06/1a4al0T yCTORUUBOCTHIO.
CHapsaAb Xe BOEHHOTO Ha3HAYeHHs, KOTOPhie HYXKHO «JO-
CTaBJATb B ONpeJeseHHOe MEeCTO®», NPUXOAMTCS TINATENbHO
HAaBOIUTb HA BCell TpaeKkTOpHH MoJleTa OO ILeNH, U 3TOo, Be-
pOATHO, OJHA M3 CaMbIX TPYAHbIX INpoGJeM, CBS3aHHBIX
¢ paspaGoTkofi ynpasJisieMEX CHapsnoB. Bropoit xapaxrep-
HOIl 0COGEHHOCTBIO HCC/IEelOBaTeJbCKHX CHAPSJOB SBJISAETCS
TO, 4TO, [IOCKOJBKY HX IVIaBHasl 3ajlaya 3aKJIOYaercs B IpO-
BeJEHUH HAYUYHBIX MCC/IeJOBaHHI' NMpaKTHUECKH 3a mpeje-
JaMit aTMocdephl, Ha HUX BCerja YCTaHaBIHBAIOTCS TOJbKO
paKeTHsle JBHraTe/H, B TO BPeMs KaK Jisi CHapsiIoB, Mpel-

Ha3HAYEHHHIX I/ APYTrux ue.nen MOKHO I10JIb30BaThCS npsa- -

MOTOUYHBIMH, MYJbCHPYIOIUMH H# TypOOPEaKTUBHBIMU JBH-
‘TaTeJsIMH.

YupasaseMmble CHapsigbl BOEHHOTO Ha3HAu€HHSI MOTYT
NPUMEHATLCA [/ BHIIOJHEHHS CaMbIX pas3JIHYHBIX 3a7ad.
X MOXHO pasjeluTb Ha CJeLylouHe 4YeThlpe OCHOBHBIX
KJlacca:

1) semas — semJs, 2) 3emsas — BO3AyX, 3) BO3AYX —
BO3JYX, 4) BO31yX — 3eMJIsl.

CHapsiibl Kaxaoro Kjaacca MOMKHO B CBOIO odepeflb IOJ-
pasienuTh Ha Gosiee MeJKHe KaTeropuH B 3aBUCHMOCTH OT
THMA JBHUraTeJbHOH YCTaHOBKH, CHCTEMB HaBEIECHHA H T. 1.,
HO 1711 pacCMaTpHMBaeMHIX B HaCTOfllefi KHUI'E BOIPOCOB
IIpUBEJEeHHOH KjacCHu(pUKALMM BJIOJIHE JOCTAaTOYHO.

Jlnnra'ren bHbl€ YCTAHOBKH

[Tpex e uem NPUCTYNHTb K GoJiee [eTajJbHOMY PacCMOT-
PEHUIO yNpaBjseMBIX CHapsAdOB, MOJE€3HO GyHET O3HaKO-
MHTbCAl C CYIIECTBYIOLIMMH ABUraTeNbHBIMH YCTAHOBKaMH,
IJIsl TOTO YTOGHI ONpPENEJNUTb HX JOCTOHHCTBA M HENOCTATKH
¥ BRISICHUTDb, B YaCTHOCTH, BO3MOXKHOCTH NPHMEHEHHsl paKeT-
HOTO ABHraTe/si. B OCHOBHOM CYIUECTBYIOT CJIEAYIOIIHE THIIE!

YT Ry
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JBHUraTesell AJsl JieTaTe/bHBIX annapaToB: MOPLIHEBOH, Typ6o-
BUHTOBOH, TYpGOpPEaKTHBHHIH, HYJbCUPYIOUIHH, NPSIMOTOY-
HBIH U pakeTHHIH. B nepByio ouepenn BC/eACTBUE €r0 NEPBO-
CTEeNeHHO/ BaXHOCTH G6YyJeT paccCMOTPeH BONPOC pacxoxna
TONJINBA; XOTsl NPH PacCMOTPEHUU PaGOUYUX XaPAKTEPUCTHK
paKkeTHHIX ABUraTes]eil oGHIYHO roBOPAT 00 YHAENbHO# TAre,
B HacrosilieM paspaene AJsi oGJerdeHusi CpaBHEHHSI C JpY-
THMH JBHTaTe/JbHHIMH YCTaHOBKaMH peub GyneT UATH 06
yIAeJbHOM pacxone TOIIHBA.

20
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P ur, 56. YneabHb pacxos TONMIHBA RIS Pas3iHYHBLIX
IBHTAaTEJbHBIX YCTaHOBOK.

Ha ¢wur. 56 npencraBieH xapakrtep H3MeHeHHS yHeb-
HOTO pacxoja TONJMBA B 3aBUCHMOCTH OT CKOpPOCTH ToJeTa
Ha ypoBHe MOpsl JJIsl OCHOBHBIX THIIOB JBUIaTeJbHBIX yCTa-
HOBOK.

Xors pacxon TomJMBa B TYpOOpE€aKTHBHOM, TypOOBHUHTO-
BOM M IIOPIIHEBOM JBUTaTe/siX BecbMa HEBeJIHK, CHJa TSATH
Ha eJMHHUIY JIOGOBO# MOBEPXHOCTH TaKKe KpailHe MaJa, 4To,
MO CYLIECTBY, HCKJIIOYaeT BO3MOXKHOCTb HX TpPUMEHEHHs
Ha 06BbEKTax, KOTOPHM TpeGyeTcs CBEPX3BYKOBasi CKOPOCTb.
Kpome Toro, nopuineBofi, Typ60BHHTOBOR U TypOGOpeaKTUB-
HBI [BUraTeJM CJIOXKHBI IO KOHCTPYKIMH H OOXOLATCS
BeCbMa JOpOro, TaK YTO IO 3THM COOGpaxKeHUsIM He MOXKeT
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OHITh U peuH 06 HX NPHMEHEHHH Ha yNpaBJ/isieMBIX CHapsijaax.
HecMoTps Ha To, YTO pacxXoj Tom/juBa B PaKeTHOM JBHra-
Tesle CTOJIb 3HAuHuTesNeH (npumepHo B 10 pas GoJblue, yem
B TYp60OpeakTHBHOM [BHTaTese NpH roJere HA YPOBHE MOps
CO CKOpPOCTBIO 3BYKa), CHJIa TATM Ha €NHHHLY JOGOBO# ILIO-
AU y Hero 3HAauuTeJbHO GoJblie, 4yeM Yy J106Oro Lpyroro
ABUrarels, H, TAKUM 06Pa3oM, OH OTJIHYHO NMOAXOJAHUT TaM,
rae tpebyeTcsl CBepX3BYKoBas ckopoctb. OGuiuit xapakrep
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®ur, 57. Tarosuit K03 MHUUMEHT MOAE3HOTO AciicTBUA
Pa3JHYHbLIX ABHraTeJbHbLIX YCTaHOBOK.

pacxola TOIJIMBAa NPAMOTOYHHM J[BHraTeJeM BHIPa3UTb
rpaduyecku oueHb TPYAHO, HGO OH 3aBHCHT B 3HAYHTEJbHOH
Mepe OT pacyeTHOH CKODOCTH; NpHBeJeHHAass Ha pPHCYHKe
KpuBasg XapakTepHa JJsi CBEPX3BYKOBOTO IIPSIMOTOYHOTO
BO3/lyLIIHO-PEaKTHBHOro ABHrarens. Tak Kak pa6ora npsMo-
TOYHOTO JBHraTessl 3aBHCHT OT CKOPOCTHOTO Hamopa BO3-
JYIWHOTO NO0TOKA, Ha6Geraolero Ha ABUraTe/b, a NOCACIHUR
B CBOIO o4epelb H3MEHAETCS NPONOPIHOHANBLHO KBajpaTy
CKOPOCTH JIeTaTeJbHOTO almnapara, CTAHOBHTCS OUYEBHIHKIM,
4TO TATa Ha MaJHX CKOpocTsX OyJdeT BeCchMa HeBeJHKa;
B CaMOM jeJle, CYyLIECTBYeT HEKOTOPHIA HHXHHH Npeses CKo-
pocTH, 3a KOTOPHIM TAra BOOOLie CO3/AaBaTbCA He Oyner.
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Il CBEPX3BYKOBHIX NPSIMOTOUHHIX BO3AYIIHO-PEAKTHBHEIX
ABUTaTeJell CylecTByeT TaKXKe HEKOTOpbIH [guamasoH He-
ycroityuBoii pa6oTel B o6aacti ckopocrted. [Ipu BxoxaeHuun
B 3TOT JHAamna3oH CO3faBaeMasi TAra OKa3bIBAeTCs HEAOCTA-
TOYHOM [J/11 YCKOPEHHS, H CHapsAy, CHaGXKeHHOMY CBEPX3BY-
KOBHIM NPSMOTOYHBIM BO3AYIIHO-PEAaKTHBHBIM [BHTATEJIEM,
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®ur. 58. 3aBHCHMOCTb TATH Pa3iHYHBIX NBH-
raTeJbHbIX YCTAHOBOK, OTHECEHHOH K TAre Ha
ypOBHe MOps, OT BBICOTH INOJETA.

NPUXOJHUTCS COOGLIATh YCKOpPEHHe IOCPeACTBOM BCIOMOTra-
TeJIbHOTO PAKeTHOTO ABHraTelss A0 TeX NOop, NOKa OH OKOH-
YyaTeJbHO He MPOHAeT 3TOT AMana3oH HeycroiiuuBocTH. He-
CNOCOGHOCTbL CO3JaTh Ha 3eMje TAry, HeoOXoAMMYIO AJ
B3JIeTa JleTaTeJbHOTO amnmnaparta, sBJsfercs IVIaBHEIM HeJo-
CTAaTKOM IPSAMOTOYHOTO BO3JYIUHO-PEAKTHBHOTO JBHrATeJs
H CBOJMT Ha HET €ro OT/IHYHEIE [I0Ka3aTeJH 10 PAcXoAy TOIl-
JUBA W TATe Ha eJUHULY J0oGOBOH mJjoLaAu.

XapaxkTep H3MeHeHHs1 TSAroBoro KosbdunueHra mnoses-
HOTO [LeHCTBHS B 3aBUCHMOCTH OT CKOPOCTH IToJIeTa AJis JBH-
ratesefl pasJMYHBIX THNOB NOKasaH Ha ¢ur, 57,
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HauG6osiee BaXXHEIM MOMEHTOM SIBJISIETCSI MaJblii TATOBHIHA
K. II. . PAaKETHOTO JBHTaTeJsl Ha HEBHICOKHX CKOPOCTSIX, BO3-
pacralomuii go 100%, Korma cKopocTp noJieTa HOCTHraeT
CKOPOCTH HCTeueHHs rasos. CienoBaTe/bHO, PaKETHHIE ABH-

raTesid TaMm, rae Tpe6yloTcs HeGoJbIIHe CKOPOCTH, Headdek-

THBHH, XOTl B HEKOTOPHIX CJy4asX MX BCe e NPHMEHSIOT.
Ho B Tex o6sacTsx paKeTHOH TEXHUKH, rje JOCTHTAIOTCA
GoJibIlIMe CKOPOCTH — TAKHX CKOPOCTeH MOCTUTaloT, HaINpH-
Mep, Ga/uIHCTHYECKHE paKeTH JajJbHero nedcTBHS, — HX
MOJKHO HCIOJIb30BaTh C MAKCHMaJbHON 3((EKTHBHOCTHIO.

Ha ¢ur. 58 npencraBien xapakrep usMeHeHus: Tsru (oT-
HECeHHO! K Tsre Ha ypoBHe MOpsi) B 3aBHCHMOCTH OT BHI-
COTHl MOJIETAa [J51 PAa3JUYHBIX TUIOB JBHraTeJbHHX YCTa-
HOBOK. ,

TAra Bcex ABUTATEJNbHEIX YCTAaHOBOK, pa6oTa KOTOPHIX
3aBHCHUT OT OKpYyXalollle# cpejnl, najaer o Mepe yBejude-
HUS BHICOTHI TOJIETa, B TO BPEeMs KakK TAra pakeTHOro JBH-
raTessi BO3pacTaeT BCJIEACTBHE yMEHbIIEHHS] MPOTUBOAABJE-
HUS Ha BHIXOJE M3 CONJa, a CJeJ0BaTeJbHO, YBeJUYEHHUS
Koa¢ddunuenra pacumpenus. Takam o6pasoM, npHMeHEHHE
JBuraretefi, HYXIAOMMUXCS B THTAHWH OKPYKAIOUIUM

BO3AYXOM, OTPAHHYUBACTCA OIPEAC/JECHHBIMH BBICOTAMH IIO-
JieTa.

Kaaccupukauua ynpasisieMbiX CHapsijioB

Tenepp MoOXHO paccMoTpeTb Gosiee mMOAPOGHO 4YeThIpe
OCHOBHHIX KJlacca yNpaB/sieMHX cHapsnoB. CHapsawl Kiac-
ca «3eMJ/sl — 3eMJIs1» MOXKHO JOIOJHUTEJNBHO NMOJAPa3aeauTh
Ha CHapsaasl GJuXKHEro M paspHero aeficTeusa. CHapsigsl
6JIMXKHEro AEeHCTBHSI MOXHO HCIOJNb30BAaTh HAa (GpoOHTE AJs
BeJieHHs1 COCPELOTOYEHHOr0 OTHS IPU NOATOTOBKE K HACTYII-
Jgenuio. OGHYHO K HUM IPENBABJSAIOT CJAeAylolue TpeGosa-
HHSI: JOCTaBKa K I€JIH KaK MOXHO GoJbliero GoeBoro 3a-
pana u GuCTpoTa 3amycka. Tak Kak OGHYHO HPHMEHSIIOT
60J/IbIIIOe YHCJIO CHApSAOB, TOYHOCTh HE HMeeT NepBOCTEeNeH-
HOro 3HauyeHHsi; HO 3aTo CHapsA HOJKeH Bceria o06/ajaTh
6OJIBIION MPOYHOCTBIO, YTOGH HE MOJYYHTh IOBPEXKIEHHH
NPU TPAHCIIOPTHPOBKE B YcCJa0BHsX ©OoeBbix AReiicTBuil. Kak
H3BECTHO, BO BPeMsi BTOPOH MHPOBOH BOWHH INHPOKO IpPH-
MEHslJI HeynpasJ/ifieMble TOPOXOBHIE PAaKETHL.
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CogepllleHHO Ipyroe JeJ10 — paKeTh HaJbHero AeficTBUS.
Mx sanyck npousBOAHTCH C MOCTOSIHHOM Ga3kl WM 1O Kpai-
He#l Mepe c 6a3mnl, Haxoxswielcs B gajJeKoM THUIY, Ae Aei-
CTBHE pajHONOMeX, CO3[1aBaeMHX NPOTHBHHUKOM, SIBJSETCS
MHHHMAaJIbHEIM. 3ajada 3akJouyaeTcss B TOM, YTOGH, AOCTa-
BHTb 3apsii OGLIYHOIO UJIH SACPHOTO B3PHIBUATOTO BElECTBA
K IeJH, YAaJleHHOH OT MecCTa 3amycka Ha COTHH H Jaxe
THCAYH MMJIb, IIPHYEM BO3MOXKHOE OTKJOHEHHe He HOJXKHO
NpeBHINATh HECKOJbKHX MHJb [2]. AnnapaTypa HaBexeHHs
H ynpasJeHHsi, Heo6XoAUMas 1J1s1 BHIOJHEHHUS 3Tof 3ahauy,
CTOHT OYeHb AOPOTO, MO3TOMY HYIKHO CTPEMHTbCSI CBECTH
BO3MOXHOCTb [€pexXBaTa NPOTHBHHKOM pakeTh K MHUHH-
MYMY; 3TO OCOGEHHO BaXKHO, €CJ/IH INOJB3YIOTCS HOPOTOCTOS-
IIHM aTOMHBEIM 3apsinoM. iMenHo 3xecs Haubosee sipKo npo-
ABJISIETCA pa3/Muue MeXJy PaKeTHbIMH ABHTaTeJsIMH U ABH-
rateJqsmH, pa6oTa KOTOPHX CBfI3aHa C OKpyXawle# aTMmo-
cohepoii. [Ipu HamMuKM paKeTHOTO JBUTATE/]s CHAPSIA MOXKET
JleTeTb N0 GaJVINCTHYECKOR TPaeKTOPUU H HOCTHUTHYTb TaKo#
60/IbLION CKOPOCTH H BEICOTHI I10JIETA, KOTOPHIE UPe3BHYAHHO
SaTPYAHSIOT NEepPeXBaT; MoJIeT B CUJIbHO Pa3peKeHHBIX CJI0AX
aTMochepH N03BOJSET NpeHe6peub HHUTOXKHBEIMH MOTEPSMH
OT JIOGOBOTO CONPOTHBJEHHUs], a GoJbliiie CKOPOCTH ofecre-
YUBAIOT BHICOKHH TATOBHIH K. . 1. ClIeyIOlIUM JBHTaTEJIEM,
Hau6oJiee NOJHO OTBEYAIOMUM STHM TpeGOBaHHUSIM, $B-
JsgeTcsl TNpPSIMOTOYHBI BO3AYLIHO-PEAKTHBHHIA JBUTraTelb.
Onnako Ha Goubllell 4acTH CBOefi TPaeKTOPHH CHApsJ CTa-
KMM JIBUraTesleM JIETHT Ha OJHOH BHICOTE, II03TOMY, He-
CMOTPSI Ha BHICOKYIO CKOPOCTb IOJIETa, 3TOT THI CHapsAaa
ropasjo Jerde nepexBaTUTb, 4YeM GasVIHCTHUYECKYIO PakKerTy.
KonkypeHnramu PAaKeTHOTO IBHraTe/isi KaK YCTaHOBKH s
CHapslOB JlalbHero HeACTBHS BHICTYNAKOT TaKXKe INyJbCH-
pyloumi u Typﬁopeamuaﬂun JIBUTaTeJH. Hy.IIbCprlOI.[lHPI
BO3AYIIHO-PEAKTUBHHI ABHraTeJ]b, KOTOPHIH = NPHUMEHSIH
HeMInl Ha cHapsapax Pay-1, npuromeH ToJbKO AJS NoJeTa
Ha NO03BYKOBLIX CKOPOCTSIX, HO OH BeCbMa NPOCT H JIETOK.
day-1 npencrasiasg co6ofi aBTOHOMHOYNpPaBJsieMbIH CHapPSJ
HeGOJNIBIIUX Pa3MepoB, JeTaBLIMA HAa MaJbIX BHICOTAX C Ma-
KCUMAJIbHOH CKOpocThio™ oKowlo 400 muas/4ac; w3roroB/eHUe

.ero 06XoAuJI0Ch CpaBHHUTEJIBHO HEXOPOro. OnHako KaxeTrcs

COMHHTEJbHBIM, YTOGH B HaCTOsiliee BpeMs GBUIO IeJeco-

06[)831-!0 NPUMEHATL MOJs peElICHUA CTPAaTerH4eCKux 3anay



142 Trasa VII

ynpasJ/sieMble CHapsjbl C NMyJbCHPYIOIMM BO3AYIIHO-peak-
THBHHIM  JIBHraTeJeM, TOCKOJNBKY COBDPEMEHHHEe HCTpe-
GuTeNU-epeXBaTYHKH MOTYT JeTaTh Ha 3BYKOBHIX CKOPO-
CTHX. -

PeakTuBHEIE CHApPAAB KJacca «3eMJIsi — BO3AyX» (3EHHT-
Hhle) B NPOILIOM NPUHAIEXKANH MO GoJblel 4YacTH K THIY
HeynpasJ/sieMHIX, HO 3a MOCJAEeAHHEe TOAH, MNO-BHAMMOMY,
OCHOBHO€ BHHMMaHHe CTa/Ju YIeJATb YIpaB/sieMHM CHaps-
aM C CHCTEMOH CcaMOHaBeleHHs Ha Iesdb. DTH CHapPSALl
HMEeIOT JOCTAaTOYHEIE pa3MepH sl pasMelleHdss NpHUGOpOB
yOpaB/ieHHsI; HaBeHIeHHE Ha [eJdb OCYLIECTBIAAETCS Kak
C 3eMJIH, TaK U C NOMOIIBIO CUCTEMH caMoHaBeleHusa. [IBu-
rareJlb Ha 3TOM CHapsile pa6oraer B TeueHHe BCEro HJH
[IOYTH BCEro BPEMEHH IoJjieTa M MO3TOMY B IOJABJSIONIEM
GONBIIMHCTBE CJIyuaep BCerja fABJAseTcd XUAKOCTHHIM. Ha
HeynpasJ/sieMhIX 3€HHTHRIX CHapsijax vyallle BCEro ycraHa-
BJHMBAJHChL NOPOXOBHIE JBHUTATENH, XOTS IO MeHblIeli Mepe
Ha OZHOM TAaKOM CHapsjae OBLT HCIOJb30BAH ABHraTe]b Ha
AKUJKOM TOIJIMBE.

OpnuuM U3 raBHHX TPpeGOBaHHM, MPeIbABIsIEMEX K CHA-
psAlaM KJjacca «BO3JLYX — BO3AYX», SIBJISIETCS1 MaJjHii BeC H
HeGoJsblMe pasMepHl. BesencTBre 3TOro B NpoILIOM yalie
BCEro MPUMEHSJHA NPOCTON HeynpamJ/seMuil peaKTHBHEHL 11O-
pOXOBOH CHapsjd;, Npaplia, OBJH TaKXe M YIpaBJsieMhe
CHapsiabl 3TOr0 KJacca.

Js1s mopaxkeHus Ha3eMHHIX LeJIel ¢ Bosnyxa CyLIeCcTBYeT
TPH pas/MUHBIE KaTerOPUM PEAaKTHBHHIX cHapsaos. Ilis o6-
CTpeJla Ha3eMHHX IeJiell NPUMEHSIOT HeylnpasJ/seMule Mopo-
XOBLIE PaKeThl, KOTOPhie MOTYT NPHHAAJeXaTh M 4acTo NpH-
HajjexaT K TOYHO TAaKOMY Ke THNY, KaK M aBHAlMOHHBIE
pakeTsl Kjacca «BO3LYX — Bo3ayx». Iljs ‘GomMGapiupoOBKH
C HeGOMBIIOA BHICOTH MOMHO HCIOJAb30BATh ClENHA/bHHE
aBHanMOHHEIE 60MOBI C paKeTHHIM JBHTraTeseM, cOOO6IIalo-
MM JONOJIHHTEJNbHYIO CKOPOCTb, NpUYeM IJs 3TOH LEJH
06LIYHO MOJb3YIOTCS MOPOXOBBIMH JABHraTesnssMH. JlasnbHei-
UMM pasBUTHEM TakKoil GOMOH sABJsSETCS MJIaHMpYIOLast
6oM6a CcO BCIOMOTaTe/JbHEIM PAaKeTHHM JBHraTeJeM, KOTO-
pylo c6pachIBalOT C camoJieTa Ha HEKOTOPOM PacCTOSIHHH OT
UesH; OHa HAaBOJAMTCA Ha 1eJab JH6o ¢ camoJera, Ju6o ¢ mo-
MOIIBIO anmmapaTypsl CaMOHAaBEAEHHS.
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Cucremnl ynpaBienns [3, 4]

HeynpaBnsieMble peakTHBHBIE CHApsiiHl OYEHb IPOCTHI;
o6pasin TakUX CHapsAnoB GyAyT PacCMOTPEHH B COOTBET-
CTBYIOIIMX IJlaBaX. YmpasjsieMble e CHapsiibl, KaK INOKa-
3BIBaeT CaMO HX HasBaHMe, CHAGXKAIOTCH CHCTEeMaMH ympa-
BJIEHHS M IPEJCTaBJAIOT co6oii B of6leMm ropasao GoJjee
CHOXHHE MexaHusM. TepMuH «ynpasjeHHe» NPHUMEHSIOT’
IJis ONMHCAHHSl BCEX ONepanHil, CBA3aHHHX C HaBeJeHHEM

' ynpaBJfieMOro CHapsiia Ha IeJb, HauuHass C MOMEHTa ero

3anmycka. OTOT Npouecc MOXKHO IOAPa3IeJuTh Ha TPH OCHOB-
HHIe ONEepauHHu: CJexKeHHe, UCUUCJIEHHE NAHHHX H cooblle-
HHe HanpasJeHus. CjexeHHe 3aK/II04aeTCsl B HENpEPHIBHOM
HaGJIOJEHUH 32 OTHOCHTENbHEIMH TPAaeKTOPUSAMH LEJH U
CHapaaa; MCUMCIEHHE JAHHBIX MPEACTaBJaseT co6Gofi mpe- .
o6pasoBaHHe HHGboOpPMAUHUH, IOJydaeMOH INPH CJEXKEHHH,
B KOMAHAHK, NPUTOAHKEE IJIs MOJaY¥ HX HA npHOOpPH ynpa-
BJEHHS] B LieJAX KOPPEKTHPOBKM IIOJIeTa CHapsjma, a cool-
LeHHe HanpasJieHusl NpejacTaBJsieT coGoit mpouecc npeo6-
pa3soBaHUA KOMAHJ, MOJYYaeMHX OT CUETHO-pelIaloliero
ycTpoiicTBa, B MeXaHHYeCKHUe [BUIKEHHUS [J51 OTKJOHEHHS
pyJeii cHapaga. B npuHIHMNE 3TO COOTBETCTBYET OGHIYHEIM
MeToJaM apTUJIIEPHACKOHA CTPesbOBl MO0 MCYMC/IEHHEIM HaH-
HEIM; pa3Hulla JHUIIb B TOM, YTO B apTH/JIEPUH IHKJI 3a-
CeyKH MM, HCUMCJIEHUS] HAHHBIX M HABOJAKH BHINOJHAETCA
I0J11 KaXKJ0ro BHICTpeJa, B TO BpeMsl Kak IJIs1 ynpasJasieMoro
cHapsjaa 3TOT NPOIECC NPOAOJIKAETCS HENPEPHIBHO JO TeX
Iop, NoKa cHapsix Jubo MOpasHT ueJb, JU60 MHUHYET ee.
CyuiecTByeT YeTHpe OCHOBHHIX THIIA CHCTEM YIpaBJeHHUS.
[Ipocreiilie#f U3 HUX SBJIAETCS CHCTEMA ABTOHOMHO20 Ynpa-
8.4eHus, TIPH KOTOPOH 3apaHee BHIUKC/IEHHAs TporpaMma 3a-
maercs MporpaMMHOMY YCTPOHCTBY mepej 3amycKkOM M BIIO-
CJIeICTBUH He MOXeT OHTh u3MeHeHa. [Ipu cucreme Komano-
HO20 HasedeHus CHAPSJ YNpaBseTcs MOCPeACTBOM KOMaH/-
HHX CHUTHAJIOB, HCTOUHUK KOTOPBIX HAXOIHUTCS BHE CHapsna
H OGHIYHO MOMEIIAaeTCs] HAa MeCTe 3amycka WJHM BGJH3H OT
Hero. Cucrema asTOMATU3UPOBAHHOZ0 HABEOeHUs 3aKJIO-
YaeTcss B YCTAHOBJEHUM TEMH HJIH HUHBIMH CPeACTBAMHU
TPacchHl MoJjieTa cHapsiga M CHaGXKEeHHH IIOCJeNHEero cpen-
CTBAMH AJIS1 ONIO3HABAHHS 3TOH TpacCchH. YCTaHOBJAEHHAas Ha
CHapsiie anmnapartypa pearupyeT Ha Maseiiiee¢ OTKJIOHCHHE
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OT TPacCH U HeMeJJIeHHO BHpaGaTeIBaeT HeOOXOLHUMEIE IIO-
npaBku. Iyia camonasederus UCNOJB3YIOT KakKoe-qu6o Xa-
pakTepHOe CBOMCTBO CaMOil 1eJiH, KOTOPOe MOXKET GHITh BOC-
MPUHSTO CHApPSANOM; NOCJTeNHUHN, TaKUM 06pasoM, caMocCTos-
TeJbHO HABOAMUTCS Ha weJb. DTH CHCTEeMH MOTYT OBITb
HCIOJIL30BAHH B COYETAHUH APYT C NPYIOM.

~ CosepuieHHO OYEBH/IHO, YTO €3 COOTBETCTBYIOLIETro CJie-
JKEHHs CHapsil He MOXKeT BBIIOJHHUTbL CBOIO 3anady. XoTd
OGHIYHO HYXKHO 3HAThb PAacCTOsiHHE M YIJIOBHE KOOPIHHATHI,
onpejensioUlye MOJOXKEHHEe CHAapsina M LeJH OTHOCHTEJNbHO
3alaHHOH TOYKH, B HEKOTOPHIX NPOCTEHALIUX CAYy4asiX MOIKHO
OrPAaHMYUTLCA U MEHbIUHUM KOJIHYECTBOM HaHHHX. Tak, Ha-
npuMep, KOraa cleXeHHue BeIeTCs C caMoro cHapsja, 4acTo
6yZeT MOCTAaTOYHO HUMETb JIMIIb MeJEHI MeJH.

JlaHHBIe, BBOIMMEE B CYETHO-pelIalolee YCTPOHCTBO,
COCTOAT U3 YIJIOB U PAacCTOSIHUI, KOTOpHE AOJXKHH GHITH HC-
MOJIb30BAHH JJIs1 BLIDAGOTKH HEOGXOAMMEIX MOINpPaBOK. Xa-
pakTep o6paGoOTKH NAaHHHIX 3aBHCHT OT U3GPaHHOTO MeTOAa
COMMIKEHUS] CHAapsija C 1eJblo, KOTOPHI# MOXKET GHITh Cie-
OYIOLAM:

1. Mero0 npoepammuozo HasedeHus. B naHHom ciayuae
npeAnosaraeTcs, YTo BCe ABHIKEHHS HaAGJMIOfaTeNs] U LeJH
M3BECTHHl O 3amycka M 4TO BCe KOOPAMHATH TPaeKTOPHH
TaKxke H3BeCTHH. TakuM o6GpasoM, CUeTHO-pelarlleMy
YCTPOHCTBY NPHUXOLUTCS JIMIIb BHYMCJATH NONPaBKH, HEOO-

XOJUMBIE IS TOTO, YTOGHI CHapsAA BoO3Bpallascsd Ha CBOIO .

8apaHee BHIUHC/IEHHYIO TPAeKTOPHIO MOJIETA.

2. Mero0 noeonu. CHapsaj AOTOHSIET &b (OTCIOfA H Ha-
3BaHUe 9TOTO MeToJa), M CUETHO-pPelIalolieMy YCTPOHCTBY
OCTaeTcsl JIULIb BBHINOJHATH LOBOJBHO NMPOCTYIO paGoTy: cie-

- IMTh, YTOGHI CHAapPsIA TOYHO CJIEOBaJ 3a LEJbIO.

3. Merod cosmeujenus uruw mero0 «Tpex Tovexs. B mau-
HOM cJiyuae 3ajaua 3ak/Io4aercsl B yAepKaHHH CHapsAna Ha
OHON JIMHHH MeXIy LeJblo H HaGJlofaTeseM.

4. Hasuzayuonnoeui merod. VIsaMeHeHHe  HanpasJ/eHHs
HJIH CKOPOCTH IloJIeTa CHapsiia copasMepsieTcs C H3MeHe-
HHEM HalpasJ/IeHHs HJIH CKOPOCTH IloJIeTa LeJH ¢ TAKMM pac-
4eToM, YTOOBI NMOJYYHTh KYypC, BeAyIIMH K BCTpede. '

Tawm, rae naHHHE CONPOBOXKAEHHS COOGLIAIOTCS Hero-
CPeICTBEHHO OMepaTopy, BaxKHO, YTOGH OH, cCoBepluas MH-
HHMaJIbHYI0 OIHOKY, JeACTBOBAT C MaKCHMaJbHOH GHICTpO-
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TOM, XOTS NpPH COMHHTEJbHHIX NAaHHHIX OYEHb MOJIE3HO He
TOPOMHUTHCS, a TINATEJIbHO HX NpOaHaJu3upoBaTh. ABTOMA-
THYECKOE BHIYUCJIEHHE MOXKET COKPAaTUTb OTPE30K BpPeMEHU
OT MOMEHTA INOJIyYeHHUs] JaHHHIX [0 NMogay¥ KOMAaHJH M 3HA-
YHTENbHO YMEHBIIHTb BEpPOSITHYIO OIINGKY B TOM CJIydae,
€C/IU MH HMeeM [1e/10 C TOYHRIMH JaHHEIMH CONPOBOXKAEHHS.
OaHaKo 4acTo MPUXOAUTCH MOJb30BATbCSA NMPHOJHIKEHUIMH,
uTOGH JaTb aBTOMAaTHUYeCKOH anmaparype BO3MOXHOCTb pe-
IIATh HYXKHEIE 3aJjaul, a 9TH NPUG/IMKEHHST BBOAST MOTpell-
HOCTH, XOTs npu6GopHuie GOpMyJH OOBIYHO MOAOMPAIOT Ta-
KM 06GpasoM, uToGu OMMGKHM B3aMMHO moramaJjuck. O0uas
YYBCTBUTEJBHOCTh CJeAslNefl, BHYUCIUTENBbHOH, NpHUEMO-
nepejaoouieii ¥ HCIOJHUTENBHON annapaTyphl TaKxKe BeCbMa
BaxHa. KoppekTupyioiee pneficTBHe BH3RBAEeTCA HEKOTO-
pPHIM MHHHUMAJbHEIM OTKJIOHEHHEM CHApsifa OT NpaBUJBHOH
TPaeKTOpPUH MoJieTa. DTO MHUHHMAJbHOE OTKJIOHEHHEe Hemno-
CPEICTBEHHO 3aBHCHT OT YYBCTBHUTEJBHOCTH BCEH CHCTEMHI,
[IpHYEM OHO OOGHIYHO BO3pPACTaeT NO Mepe YCJIOXKHEHHs CH-
CTeMBl, TaK KaK KaXIblfi KOHTYD YBEJMYUBAET BpPeMS €e
peakiu. O6luee OTKJOHEHHE He HOJKHO GHITb HAaCTOJbKO
60JIbIIHM, YTOORI B MOMEHT JOCTHUXKEHHS LeJH CHapsj Mor
oKasaTbcs 3a NpelenaMu paauyca AeHCTBUTENBLHOro mopa-
JKeHus.

BpeMs, Heo6xoaumoe AJS1 U3MEHEHHsl MoJIeTa CHapsna,
3aBUCHT B 3HAUMTEJbHOH Mepe OT AEHCTBYIOIIMX HAa HETo
a3pOAMHAMMYECKHX CHJ M BeJHYHHH HEoGXOZUMO#M mo-
npaBku. AspoauHaMH4eCKYIO NONPAaBKY HeJlb3s1 BBECTH MTHO-
BeHHO, TaK KaK INPOMEKYTOK BpeMeHH, NOTPeOHBIA JIJ1s
OTKJIOHeHHUs1 pyneH, 4ToGbl O6GECNeynTh HYKHYIO KOPpPEKTH-
POBKY Kypca, 3aBUCHT OT MOIIHOCTH cepBomoropoB. Ompe-
IeNeHHOoe 3HaueHHe HMeeT H IIPOYHOCTb CHapsjia, KoTopas
onpeneJsieT OONMYCTHMOE YCKOpEHHe, a CJIeOBaTeJbHO, H
MHHHMAaJIbHOE BpeMs, HEOGXOAMMOe B KaXJIOM KOHKPETHOM
CIywae IJis BO3BpallleHHsl CHapsaa Ha 3aJaHHYI0O TPaeKTo-
puio. Eciin B TeueHne Bcero BpeMeHH, TPeOYyeMOro MAJisi BHI-
NOJIHeHHs1 9To#l omnepaunu, Leb NPOXOTKAET MaHEBPHPO-
BaTb, noTpe6yeTcss NOMNOJHHUTENbHAss KOPPEKTHPOBKA. ITO
pPHICKaHHe CHapsiia HepaspHIBHO CBfA3aHO C paGoToil cepBo-
MEXaHH3MOB.

PaccmoTpuM Tenepb passMyHble CHCTEMHE! YIpaBJeHus 6o-
Jee noapo6uo. ITpuHUMN aBTOHOMHOH CHCTEMBI yNpaB/eHHS

]() 3ak. 3073. k. Xomdpuc
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nokasan' Ha <¢ur. 59. O 3akmouaeTcs B YIepXKaHUH
CHapsjia Ha 3apaHee BHUMCJIEHHOH TPAaeKTOPHH IOJIeTa IPH
MOMOLIY NPOrPAMMH, YCTaHABJHBAaeMOH nepen 3amyckoMm H
BIIOCJIECTBHH Y¥Ke He HaMeHsieMoii. Pakery A-4 cHaGxkanau
XpOHHPOBAHHOR NpPOrpaMMoii, KOTOpast B OnpelesIeHHBIH Mo-
MEeHT TaK OTKJOHSWJIa DYJIM, UTO CHapsj JeTeJ Yyxe He Bep-
THKaJIbHO BBEPX, KakK Npu Habope BRICOTH, a Noj yrjom 45°
K TOPH3OHTY, TIDHYEM HHTETPUPYIOUINH aKCeJePOMETD BBIKJIIO-
yaJl pakeTHHIH JBHraTeJb 10 AOCTHIKEHHH HajJjexallei CKo-
poctu. ITpeuMymecTBa aBTOHOMHOH CHCTEMBI 3aKJOYalOTCS
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P ur. 59. ABTOHOMHas CHCTE€Ma YNpPaBJEHHS.

B TOM, YTO ee pajuyC JeHCTBHsA GesrpaHuyeH, 4To OHa aob-
COJIIOTHO NIOMEeXOYCTOHYHBA M CHApPAL IOC/e 3alycKa CTaHo-
BHTCSl CAMOCTOSITE/IbHHIM H ‘He TpeGYyeT HUKAKOro Ha3eMHOTo
oGopynoBaHus [JIs1 yAep:KaHHUS ero Ha 3aJaHHOil TpaeKkTo-
pun. Takum obGpasoM, J060e YHCIO CHAPALOB MOXKET OHIThb
3anyleHo OAHOBPEMEHHO C OJHON M TOH XXe HaseMHO# 6asH.
HenocraTkoM 3Tofi CHCTEMB SIBJISIETCS TO, YTO €0 MOXHO
N0/Ib30BAThCS1 TOJBKO JIs1 TIOPaXKEHHs HENMOABHKHHIX IieJef
H 4TO OTKJOHEHHS, BRISHIBAEMEIe Pa3/IMYHHIMH INPHUYMHAMH,
B YaCTHOCTH BETPOM, He MOTYT GHTb HCIpPAaBJEHH, IO3TOMY
npu crpejb6e Ha GOJbLIME PACCTOSHHSI TOYHOCTb CHJIBHO
cHuxkaercs. IIporuBoneficTBOBaTh CHCTEMATHUYECKUM OTKJIO-
HEHHSIM MOXHO IYTEM CONPOBOXKJEHUS MPH MOCJENYIOUUX
3amyckKax, HO TOTJa pajuyc JeHcTBHs GyNeT orpaHu4yeH pa-
JHYCOM HefCTBHSI YCTPOACTBA CONPOBOXKIEHHUS, a YHCJIO CHa-
pPSIOB, ONHOBPEMEHHO HAXOASILIUXCA B roJeTe, 6YAET onpe-
JeNATbCS KOJHYECTBOM HMEIOIUXCS CPEICTB CONPOBOXKIE-
HUS. _
CucrteMofi KOMaHAHOTO HaBeJeHHS B IpPOILJIOM IOJb30-
BaJIUCh AOBOJBHO 4acTo. B mpuHuune oHa 3akJiouaercs B
flofiaue CHapsiy KOMaHJ U3 K3KOro-1uGo BHEUIHEro HCTOY-
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HHKa, IpHYeM ee MOXKHO NPHMEHATh AJIs HaBEACHHA MO Me-
TOJy NMOT'OHH, COBMELIEHHs] W/ HaBHrauuoHHoMy. CBefeHHs
00 OTHOCHTEJBHOM INOJIOKEHHH Kak <CHapsja, TaK H LeJH
MOXKHO MoJIyyaTh JHGO C 3eMJH, Ju6o co cHapsaa. [Tpume-
HeHHe Ha3eMHOH anmnapaType HMeeT Ty BHIIOAY, YTO B 3TOM
clydyae Ha CHapsiie YCTAHABJMBAETCS MeHblUe INpHGOPOB,
4TO MO3BOJISIET CAEJAaThb €ro MeHblie, Jerde u -gemesJe. Co-
NpPOBOXKIEHHE MOXKeT OHTb BH3YaJIbHHIM, TEJE€BH3HOHHHIM,
pPanMoJIOKAIMOHHKIM, 3BYKOBHIM, a TaKXe OCYIIECTBJSATLCA

Jyy noxamopa,
credsweso 30
cHapAadom )
Ynpaensiowjue / ﬂgeggrgeiggpa,
Komandol < e

$ur. 60. TereynpasreHue ¢ panHoOJOKaLH-
OHHOil CHCTEMOH KOHTpOJS.

npu6opamu, paGoTaOLMMH C HCHOJb30BaHHEM HHGpakpac-
HEIX Jyue#t (cM. TaGmuuy VIII), a koMaHapl MOXHO mopa-
BaTb NO NPOBOAAM, IO Pajuo HJIH cBeTocursanamu. [Ipu
NOJIb30BaHUH IPOBOJAMH, COSNMHSIONMMME CHapax < I[O-
CTOM yHmpaBJ/ieHusl, JeHCTBHE HUCKYCCTBEHHHIX IIOMeX COKpa-
lmaercs 10 MMHHMYMA, B TO BpPeMs Kak NpH CBETOBOH HJIH
panyocBs3H HCKYCCTBEHHHIE NTOMEXH MOTYT OHITb JOBOJBHO
3bdekTuBHEIMU. JlaJbHOCTh HEACTBUS IPOBOAHON CBSI3H
OrPaHHYMBAETCS BECOM TSHYIIEroCs 3a CHapsAoOM IPOBOAA:
npu GOJIBIIOM Bece JIeTHhIe XaPaKTEePHUCTHKH CHapsyia pesko
yxyaumaiorcsd. CBETOBYIO CHTHAJM3aLHI0O MOXKHO HCIOJb30-
BaTh JHIIb B YCJOBHSX XOpolued BHAMMOCTH, a PagHOCBASDH
HauGoJlee YYBCTBHTEJbHA K HCKYCCTBEHHHIM IIOMEXaM, OX-
Hako o6safiaeT pajHycoM AEHCTBUS B HECKOJBKO COT KHJIO-
MeTpOB M paGoTa ee He BaBHCHT OT METEOPOJOTHUECKHX
ycnosuit. Ha ¢ur. 60 nokasan nmpuHIMN CHCTEMH KOMaHJI-
HOTO TeJleynpaBJ/eHHsl C NPUMEeHeHHeM pPaAHOoJOKalHOHHOIO
COIIPOBOXK IEHHUS cnap;uxa H neJd Cc 3eMJM H nopjauefl Ko-
MaHJ o pajo.

10*
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IMpu cucreme HaBenenus no Jyuy [5], KoTopas npexncra-
BJsieT co6ofi 0coObIi BUJ aBTOMATH3HPOBAHHOTO HaBeJIEHHS,
CHapsi[, 3aCTaB/NSIOT CJASIOBaTh IO ONPeNeeHHOR Tpacce
1 aBTOMAaTHUYECKH Ha Hell yAepXKHBaTbCH; 3Ta CHCTEMa Ha-

BeJEHUA CXeMaTHuecKH u3o6paxeHa Ha ¢ur. 61.

Tab6auya VIII

CITOCOBbBI COITPOBOXIEHUSA YIIPABJIAEMBIX CHAPSIOB

Crnoco6

HaabHOCTD
neicTBUS

TouHOCTb AAHHHX

Pa6ouue ycnoimu

CBe’l‘OBO'ﬁ, BH-
3yaJabHbIH

CseroBoH#, 1O
npu6opam
TeneBu3nOHHBIIH

Tenaosoit

PanuocBssu
PagnonoxaimoH-
HBbIH

3ByKoBOii

MaruutHeiit

Fopusonr wu

6amxe
FopusoHT

lFopu3oHr m

Ganxe

TopusoHTr ™

Gamxe

llopusonr

Fopudonr wu

6nMxe
He6oabimasn

Ouyenb Manas

\

Cpenuss
Otanynas
CpenHas

Cpennas (Toabko
N0 HaNpaBJeHHIO)
!

Xopowasa (TOAbKO
10 HanpaBJIeHHIO)

Becbma xopouas

Cpenusas (ToabKO
N0 HaNpPaBJieHHIO)
IMnoxas  (TONBKO
IO HanpaBJeHHIO)

JlueBHOH  cBer
HIH Tpaccep

To xe

-‘OrcyrcTBHE
CHJBHOIO TYy-
MaHa

Jlio6rie ycaoBus

He6oabwoii ¢pox

OrcyrcTBHE
cuibHOro ¢o-
HOBOFO MarHHT-
HOTO MOTOKa

le‘l NPHUBA3BIBAIOT K IIEJIH, H CHApPAL NOCJAE 3a1yCcKa CJe-

ayer B atoM Jgyue. CHapsix noJiKeH o6JafaTh HOCTAaTOYHOM
MaHEeBPEHHOCTbO, [JIs1 TOro 4TOGH He OTCTaBaTh OT Jyda
NpU NepeMellleH’H MOCJAeAHero; B NIPOTHBHOM CJIyyae BCSIKOe
ynpasJieHue -GyfeT moTepsiHo.

JIpyruM BHIOM HaBeleHHMS MO 3aJaHHOMY HampasJIeHHIO
ABJISIETCS TaK HasblBaeMasi HaBHUTAIMOHHASl CHCTeMa, KOrja
CHapsj CHa6XaloT CpeJACTBaMH JJIg HaBHranuM IO 3apaHee

ep— ]
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YCTaHOBJEHHOMY Kypcy. XOoTsl H HeCKO/JbKO GoJiee TouHasd,
yeM aBTOHOMHasl, OHa, OAHAKO, He SIBJAETCS HAeaNbHOMH, H60
HEeT TaKo# HaBUTAIMOHHON CHCTEMHI, KOTopas ofGecrneunsasna
6Bl a6COJIIOTHO TOYHOE HaBegeHHe. MOXKHO BOCNOJb30BATLCS
JIOGHIM METOAOM HaBurauuu [6, 7], Kak HanpuMep B3aHMHO
GJIOKHPOBAHHOM PpaJHONOKAaMOHHON cHcTeMOH, MOMOGHOM .
cucreMe Tuna Jlopan (rumepGosMuecKoll pajuOHaBHTALHH).

”

Nlyy noxamopa,
cnedsuego 3a uensio

¢ ur. 61. ChcTema HaBejeHHs NO PaxHOXYyYY.

dra cucreMa CTpajaeT TEM JKe HEJOCTATKOM, 4TO H ApyTHe
CHUCTEMBl PajJiHO- M PAaAMOJOKALHUOHHOTO HAaBEJEHUA: OHA
YYBCTBUTE/JbHA K MCKYCCTBEHHHIM mnomexaM. IIpu marHut-
HOM H acCTPOHABHTaLHOHHOM MeTonax HaBedeHHs [8] Bos-
JAeficTBHe HCKYCCTBEHHBIX IIOME€X OKa3blBaeTcs MeHbllle, OX-
HAKO 3TH METOIH HMEIOT CBOH HeJOCTaTKH.

Bce onucaHHbie Bbllle CHCTEMBl HaBeIEeHHS CBSI3AHH C
OTKJIOHEHHEeM CHapsiia OT HPaBUJBLHOTO Kypca, KOTopoe
OGHIYHO BO3pAcTaeT IO Mepe yAajeHHs CHapsiia OT MecTra
sanycka. [1ys 6opb6GH ¢ 3THM Ha KOHEYHOM YYacTKe Tpaek-
TOPHH LleJlecoo6pasHo MPHMEHATb CHCTEMY CaMOHAaBeJeHHSI.
[TocsienHsiss OCHOBaHa Ha HAJHYMM Y LeJH KaKoro-jubo or-
JIMYHTEJbHOTO CBONCTBA, KOTOPOE MOXKET BOCHPHHHMATbCSH
CHapsAOM; TaKuM o00pasoM, LeJb Kak Obl NPUTATHBAET
K cefe cHapsn.

Jlns caMoHaBeNeHHS! MOXHO MCNOJb30BATh MHOTHE BHIH
H3JIyueHHs: pPagMOCHTHAJ/H, PaJUuOJOKAIHOHHBIE CHTHAJHI,

'TeIIO, CBET, 3BYK M. MarHeTusM. OGBIYHO PasjMyaloT I1acCHB-
HHlE, aKTHBHHIE H IOJYaKTHBHHIE CHCTEMEI CaMOHABEJEHHS.

HD‘H NNacCUBHOM CaMOHaB&AEHUH UCTOUHHKOM HCIIOJIB3YyeMOIo
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H3JIyUeHHs1 CJYyXKHT caMmMa IeJb, MpPH aKTHBHOM — CHa-
pfil, a MOJYyaKTHBHHIE CHCTEMH HCIOJB3YIOT KaKoe-Jlu6o
BHelIHee oG/yyeHHe IIeJIH, IPOH3BOAMMOE, HANpUMep, C Me-
cTa sanycka cHapsjoB. Tawm, rie pedb HAeT 06 H3Jy4eHHSIX,
CO3[aBaeMBIX C ONpefeJeHHHIMH HaMmepeHUsMH (paguoJIo-
KallMOHHBIE HJIH PAaJHOCHTHAJIH), HENOCTATKH I1aCCHBHOTO
CaMOHaBeJeHHS] OYEBHIHHI: H3JyuyeHUe HAXOAUTCA NOJI KOHT-
poJieM NPOTUBHHKA, KOTOPHIfi MOXKET NPOCTO NPEKPATHUTH pa-
60Ty MCTOYHHKA H3JYYCHHS] U TAaKUM o6pasoM JIHIIUTb CHa-
P BO3MOXHOCTH I10JIb30BATbCA CHCTEMO! CaMOHaBeIEeHHS.

Jly4 paduonoxayuono2o
Koopdunamopa uenu

$ur. 62. AKTHBHas CHCTeMa CaMOHaBeIeHHs.

[TonyakTuBHoe camoHaBeJleHHe TpeGyeT [JOMOJHHTEJIbHOR
HaseMHoO#l anmapatyphl. IIpHHOMN akTHBHOrO caMOHaBeje-

HHUSl NpEeJCTaBJeH cxeMaTHuecKH Ha ¢ur. 62. Tak xKe Kak

U NIpH CJEeXEeHHH, PH CaMOHABEeJEHUH HYXKHO HMETb BO3-
' MOXHOCTb OTJIM4aTh LeJb OT (oHa. JlaAbHOCTb HeHCTBHSA
CHCTEMH TaK¥Xe BeCbMa BaXHa, TaK Kak B MOMEHT BKJIodYe-
HHMSl CHCTEMHl CaMOHaBeleHHs OyAeT MOoYTH BCerga cyuie-
CTBOBAaTb HEKOTOpPOE OTKJIOHEHHe, a BeJMYHHA MaKCHMaJlb-
HOTO OTKJIOHEHMS], KOTOpasi MOXKeT OHITh CKOpPEKTHPOBaHa,
3aBHCHT OT KBaJpaTa paccTOsiHusl cHapsiza oT penau. Camo-
HaBeJleHHe Ha BO3JYLIHYIO IleJIb MJIH Ha 1eJb, HaXOASALLYIOCS
Ha TIOBEPXHOCTH MOPS, OGHIYHO GLIBAET ropasio Npolle, yeMm
Ha HaseMHyIO lieJb, TaK KaK B IOCJefHeM cjydae oGHapy-
JKeHHe 1LeJH 3aTPyAHseTcs.

- Korpa pJis conpoBOXKAEHHS! HJIH CaMOHaBeIeHHs MCIOJ/Ib-
8yeTcsl paAuoJIOKAUMOHHAsl YCTaHOBKA, OCh Jyya He COBMa-
IaeT TOYHO C Le/Jbl0 NpH MepeMellleHHH mocaenHed, a 6.y-
XKIAeT, SBIASCh HCTOYHUKOM oumuG6KH. CyllecTsyeT nBe

NPHYMHBL 3TOTO: «MepLaHHe» U «3aMupaHue». Korjpa mesb

BUGPHPYET M CJerka nepememiaercs INpH KaGpUPOBaHMH H

L.
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PHICKaHHMH, TOYKa OTpaXeHHs paAHoJIOKalHOHHOIO Jyda
TakXke Mepemellaercsi, nogo6HO TOMY KaK TOYKa OTpaxke-
HHS CBeTa MeHsIeT CBOE II0JIOXKEHHEe HA ABHXKYLIEMCH Teje,—
TTPOMCXOMHUT, KaK TOBOPST, Meplanue. Bmecte ¢ TeM orpaxa-
TeJIbHEIE CBO#CTBA PA3/IMYHBIX YacTeHd MOBEPXHOCTH HE ONH-
HAKOBb, YTO BLI3HBAET SIBJICHHE 3aMHpaHuf. IDTH SBJISHHS
B COBOKYIHOCTH IIODOXKJAIOT HEYCTOHWUBOCTbL CHIHaJa Ha
9KpaHe 3JIeKTPOHHOVIyueBO# TPYGKH U MOTYT NPUBECTH K Gec-
NoJie3HOMy MaHeBPHPOBAHHIO CHapsja.’

KOHCTpYKuMSI M 3anyck

KoHCTpyKuus ynpaBJsieMBIX CHapsiioB B GOJbLIHHCTBE
cJlyuaeB HalnoMHHaeT OGLIYHYIO KOHCTPYKIMIO CaMOJIETOB, 3a
HCKJIIOUEHHEM TOTO, YTO HEKOTOPHIE 3JEMEHTHl BHIIONHSIOTCS
C. MEHbIUIMM 3amacoM mnpouHocTdH. Tak Kak HHorja IpHXO-
JIMTCA UMEThb [eJI0 C BHICOKHMH MONEPEYHHIMH YCKOPEHHSIMH,
0COGEHHO 3EHHTHBIM CHApsiiaM, TO B 3THX .CJy4asX KOH-
CTPYKIMH MOTYT ZAeJaThcsl Goslee TAXKeJnIMH. B chapsaax

© MOXKHO BCTPETHTb 3JIEMEHTbl KOHCTPYKIHH, BBINOJHSIOLIHE

TO XK€ caMoe Ha3HauyeHHe, YTO M Ha caMoJjeTe, a HMeHHO
Kopnyc (¢rosensik), Hecylie MOBEPXHOCTH H IJIOCKOCTH
ynpaBJIeHHsl, XOTs MHOTAA HecyUIHe IOBEPXHOCTH OTCYT-
CTBYIOT, B YaCTHOCTH Ha GaJlJINCTHYECKNX PaKeTax MaJbHero
neficTBus. B HEKOTOPHIX ciyuasix MOXKHO JOOHTbCA obJjerde-
HHS KOHCTPYKIMH, HCIO/IL3YS, HANPHUMED, B KadecTBe 6akoB
IJ1 TOIIMBA 4YacTb KOpHyca; HO MOJOOHBIE BO3MOXKHOCTH
JIyylle H3JIOXKHTb BMECTE C ONHCaHHEeM OGILIMX NPHEMOB KOH-
CTPYHPOBAHHS HAa THNHYHBEIX NPHUMepax, U MOITOMY AAHHHIH
BONpOC GyZeT PacCMOTPEH B COOTBETCTBYIOLUIUX IJIaBax.
Ha pomo rtonnuBa npuxomurcsi GoJbliasi 4acTb o6beMa

" # Beca B GOJIBIIMHCTBE PAKeTHHIX CHAPSIOB, IPHYEM BaXKHO,

4TO OCHOBHAsl 4acTb TOILIHBA PAacXoJyercsl H3 TOIIMBHHIX
6axkoB. Ha cnapsaae najipHero AeACTBHS, Tle YCKOpPEHHE NIPO-
HCXOAMT TOJBKO B HampaBJjeHHH NoJjera, 3TO He npob6Jema,
160 KHUIKOCTH GYAYT CaMM CKamJHBaTbCs HA AHE 6aKoB H
MoryT 3abupatbcs Ge3 Bcsikoro Tpyna. OnHako ecaH CHa-
PAL BHIHYXKJEH MaHEBPUPOBATHb, TOIIUBO GYHEeT pacljecKu-
BaThcsl B Gakax. M3yyanu Bo3aMOXKHOCTb NpPHUMEHEHHs pas-
JUYHEIX YCTPOHACTB JJi peLIeHHst 3TOH- Npo6JeMbl, B TOM
yKcJe NMOopILIHEeH, NJIaCTHKOBHIX MEUIKOB BHYTPH 6akKoB H Ka-
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yalomuxcs Tpy6ok. Kpome Toro, mo Mepe pacxomosaHus
TOINIMBA CMelllaeTcsl LEHTP THAMXKECTH CHapsja, a 3TO HMeeT
Goapuioe 3HaueHHe. TomMuBHHE Gaku NOMENIAIOT Kak
© MOXKHO OJ/IMXKe K LEHTPY TSXKEeCTH M TaM, Iieé 3TO BHIOJ-
HHMO, 3a6HpalOT TOIVIHBO C MPOTHBOINOJIOKHHIX CTODOH,
C TeM 9YTOOB 1O BO3MOXKHOCTH COXPAHHTb IIOJIOKEHHE
LEHTPa TAXKECTH HeU3MEeHHBIM.

CymecrByer Tpu cmoco6a 3amycka cHapsinoB. Ilepsmiit
croco6 — 3TO 3amycK ¢ NMYCKOBOH YCTaHOBKH 6€3 BHEIIHEro
HaBeJEHHss U C MaJHM YCKOpPEHHEeM, NpPHYeM YIpaBJeHHEe
OCYIIECTBJIAIOT IyTeM peryAHPOBKH HamnpaBJieHHs] NMOTOKa
NPOLYKTOB CrOpaHHusl. TOT CNOCO6 NOAXOLUT AJIsSi CHApSNOB
JaNbHeTO [IENCTBHA, AJiII KOTODBIX HEAONYCTHUMHI OOVIbIIHE
YCKOPEHHS M KOTOpPHE AOJXKHBH HAaBOJUThCS, KOTKa Haxo-
nATcs B G€3BO3AYIIHOM NPOCTPAHCTBE, UTO JeJlaeT BecbMa
BAaXXKHKEIM yIpaBJeHHe C NOMOUIbI0 CTPYH rasos. PakeTw A-4
U «BHKHHr» npuHajpiexaT K 3TOMY THMY.

Bropo#t cnoco6 sanmycka OCHOBaH Ha NpPHHIUIE YCTOR-
YHBOCTH CTpeJH, HO C HCIOJNb30BAHHEM HECKOJbKO GOJb-
LIer0 YCKOPEHHsl, 4eM INpPH NEepBOM crnocobe, H C MpHMeHe-
HHEeM HamnpaB/solleli BBILUKH BIVIOTh RO JOCTUKEHHUSA
ycroiiunBoil cKopocTH. Tak Kak oOHYHO TpeGyeTcsl upe3BHI-
yafiHo OoJiblllag MeTaJlTHueckas BHILKA, TO 3TOT CIoco0
NPHUMEHHM TOJIBKO AJIs 3alycKa HCCJeJoBaTeJbCKHX PaKeT.

ITpu TpetbeM crocoGe HCHOJB3YIOTCS BHICOKHE HayaJjib-
Hble YCKOPEeHHsl JJis MJOCTHXKEHHS YCTOHYUBOH CKOPOCTH
noJieTa 3a KOPOTKHUil CPOK, C/Ie/IOBAaTeNlbHO, OH TPeOyeT KOpoT-
KHX NYCKOBHIX HamnpasJjsiomux. OORYHO MMEHHO TakK 3amy-
CKaloTc HeGoJsbliMe pakeTH. B nopoxoBhIXx HeympasJse-
MBIX paKeTax, KaK HamnpuMmep 3arpaiuTeNbHBIX U HeGOJb-
LIMX 3€HUTHHIX pakeTaR, TOIJIMBO CTOPAaeT B TeueHHe BeCbMa
KOpPOTKOT'O CpOKa, ofOecrneudBasi OuYeHb BHICOKHH cyMmMmap-
HEI uMny’absc. HaGop CKOpPOCTH NpPOHCXOZUT GHICTPO, IO-
3TOMY 4YacCTO IMOJBb3YIOTCSI O4eHb KOPDOTKHMHU YCTaHOBKaMH,
NOYTH He o6ecrneuuBalOUMMM NpPUAAHHE CHApPAAY YCTOMuM-
BOTO HamnpasJieHHs nosieTa. B GoJiee KpYNHHEIX 3anmycKaeMBIX
C 3eMJIH HJH C KopabJisl pakerax MofoOHEE YCKOpEHHs He-
JNONMYCTUMEI, ¥ IJIsl 3THX paKeT OGHIYHO NPHMEHSIIOTCS IOpo-
XOBble YCKOPHUTEIH. UTOGH MOXKHO ORIJIO HCIOJb30BATh KO-
POTKYIO NYCKOBYIO YCTaHOBKY, TIOPOXOBOH YCKOPHTEJb HamO
CHAaGAUTH HOBOJIBHO GOJIBIIMMH CTaOHJIH3aTOPaMH, KOTOPHIE

i
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ofGecreynBalOT Takoil KOMOHHHUpPOBAaHHOM pakere BO3MOXK-
HOCTb YCTOHUYMBOTO moJieTa Ha MaJioit ckopoctH. ITocie no-
CTHXKEHHSI CHapsSfOM CKODOCTH, INPH KOTOPOH OH JIETHT
yCTOAYHBO, MOPOXOBOH YCKOpUTesNb cOGpachiBaeTcs M HauM-
Haer paGoTaTh MapIUeBbI JBHraTelb.

Hcnuranns ynpaeiasieMblX CHapsioB 06XOASTCA BeCbMa
JOpOro, IMO3TOMY IPH KaXAOM HUCIHITATEJbHOM IIOJeTe
IOMKHO GBITh NMOJYYEHO KaK MOXKHO GoJibliie MOJe3HOH HH-
dopmanuu. Tak kak paxe MmaJeiiliass HEHCIPABHOCTh MO-
)KeT BHI3BATb pas3pylleHHe CHapsAla, He YAUBHTEJBHO, 4TO
6ul1 paspaGoTaH MeTOJ MCIRITAHHS YNPAB/sIEMHIX CHaps-
nos Ha 3emse. Moaenupywomue ycrpoiicrsa [9, 10] npen-
CTaBJAIOT COO0H Ype3BHUYANHHO CJOXKHBIE 3JEKTPOHHBE
CUeTHO-pellawlIie yCTPOHCTBA, B KOTOPble MOXKHO BBOJAMTH
pas/uuyHble XapaKTePHCTHKH (MeXaHHYecKHue, 3JjeKTpuue-
CKHe W aspojuMHaMHyecKHe) KaK CHapsaia, Tak # ILeJH.
CueTHasi MalIMHa MOXET_ BHYHCJIMTH, OYAET NpPH RAHHHX
YCJOBHSIX NepexBaueHa LeJb WJIH HeT; pesysabTaT rpaduue-
CKH BOCIIPOM3BOJUTCSI Ha AMAarpaMmax, a Ha HEKOTOpPHIX
ycTpoHCTBax JABe MOAE/H, NPEJACTaBJSIOMIME eJIb U CHAPsIA,
IBHKYTCS IO COOTBETCTBYIOIIMM TPAaeKTOPHSM CBOEro Io-
JieTa, 4YTO MO3BOJsIeT HAGJI0JaTh 3a NPOLECCOM IepexBara.
Moau¢punupoBaHHHe BapHaHTH CHapsioB ToOpasgo je-
IIeBJle UCIHTHIBATH TaKUM 06pa3oM, 4eM MPOH3BOIMTB JeT-
Hble ucneTaHug. OnHAaKo KaK Obl OHM HH OBIJIM IOJIE3HH,
3TH MOJeJHpyolue ycTpoficTBa He MOTYT yuecTb Bce ¢ak-
TOpPHI, H CHApSAE B KOHEYHOM cueTe TPeOYIOT HCIBITAHUS
B ToJieTe.



Trasa VI
A3POJMHAMMKA YNPABJISEMBIX CHAPSJIOB _

Cuanl, peficTByIolIHe HAa yNpaBJsieMblii CHAPSIA B TMOJETe,
nokasanol Ha ¢ur. 63. dra cxeMa OTHOCHTCA KaK K JO-
3BYKOBOMY, TaK H K CBEpX3BYKOBOMY IIOJIETY, MOCKOJBKY
pas/iyuye 3aKJ/I0YaeTcs JIHIIb B OTHOCHTEBLHBIX BeJHUMHAX

Nodvemuan
Peaymemupyloujas  |CU/a Kopryca
nodvemnas cuna

Nodvemuas cuna
Kpstha

Pesynemupyrowas

cuna R0608020

conpomueneHua
Nodvemuan cuna
X80CmMOoB020
onepexun

Uennp mawecmy

Cuna pynsn
6bICOMbI

dur. 63. AsporHHaMHYeCKHE CHJbI, AEHCTBYIO-
IHe Ha ynpaBasieMblii cHapsi.

CHJI; KpOMe€ TOro, BO3HHKAE€T HEKOTOpPOE€ CMEUIEHHE TOo4YeK

NPpUJIOKEHUA D aBHOﬂeﬁCTBYIOHLHX — MOABEMHOH CHJBI M

CHJIBI JIOGOBOro cONpoTHBJEHHsl. C a3pPOAUHAMHMYECKONH TOYKH

3pEHHUsl HMEEeTCsd [ABa pas/UYHBIX THNA yNpapBJsE€eMBIX CHa--

psnos [1]. [TepBeift THN — Gas/IMCTHYECKAS PaKeTa AaJbHEro
JIefCTBUS KJlacca «3eMJIsl — 3eMJIsI», KoTopasi JIETHT MO 3apa-
Hee BBIUHCJIEHHON TpPaeKTOpHH; ee IOoJIeT, CJeJOBaTebHO,
HyXJIaeTcd JiMlIb B BECbMa HE3HAUUTEJNbHOH KOPpPEKTHpPOBKE.
OTH pakeTHl, JeTslue Mo GaJJHCTHUeCKOH KPHBOMH, Bcerna

B I aB s




Aaspodunamuxa ynpaa)uteumx cHapados 155

AIBJSIIOTCS  CBEPX3BYKOBHIMH, ONHAKO WX IOJET HPOXOAHT
B OCHOBHOM B OuUeHb Pa3pPEXKEHHHIX CJIOSIX aTMoChepn H
MO3TOMY a3poAMHAMHYECKHe CHJH OKa3blBalOT 3HAUHTEJNbHOE
BOSJIe/ICTBHE TOJBKO Ha HAyalbHOM M KOHEUHOM Y4YacTKe
TpaekTopun. Hanpumep, cmiaa J0GOBOro CONPOTHBJIECHHS
CoKpalasa AaJbHOCTb IloJleTa paKeTh A-4 Bcero JHIIb Ha
10% mno cpaBHEeHMIO C AAJBHOCTbIO, KOTOPOH OHa MOIJia GHl
JOCTUTHYTH IpH TmoJiere B Ge3BO3AYLIHOM MNPOCTPAHCTBE.
Takum 06pa3oM, BOBHHKAIOT TOJIBKO JiBe TOGJIEMBI, CBSI3aH-
Hble C a’pOAMHAMHKOM; ympaBjieHHMe Ha HayaJbHOM 3Tane
NIoJIeTa W HarpeB KOpIyca pakeTHl.

Ko BTOpOMYy THHY OTHOCSITCSI BCe yNpaBJisieMhle CHApsIH,
KOTOPHIM IIPUXOJHTCA MHOTO MAaHEBPHPOBaTh H KOTOpHIe
TpeGyloT Gosiee JeTaJbHOrO H3yueHHs JeHcTBYIOLIMX Ha
CHapsa aspoauHaMuueckux cui. Hanpumep, 3eHHTHHI cHa-
psx, Haxomsumiica Ha paccrosHuu 400 # OT LEJaH, HUMeeT
B CBOEM paclopsikeHHH He Gosiee ONHOH CEKyHAH IO MO-
MeHTa BcTpeun. UToGH nNOpasuTh Ilesab, €My, BO3MOXKHO,
NpHAETCS BBHIIOJHHUTD IEJbl PSAA CTPEMHUTEJBHHX MaHEBPOB,
yTO TpebyeT BHICOKOH TOYHOCTH ynpamieHus. s sToro He-
06X0MMO OYeHb XOpOIIO 3HAThb a’pOJAMHAMHYECKHe Kaue-
CTBAa KpHLILEB, OPraHOB YNpPaBJeHHs H. KOpIyca H BCe BO-
HPOCHI, CBA3AHHBIE C YCTOHYHMBOCTBIO.

Opransl ynpaBJjieHHs

Jasi nojnmep:xaHus CHapsja B MoJeTe 4acTo OLIBAIOT
HeoOXOqUMMEI HeNMOABHXKHble HeCylie noBepxHocTH. Hau-
Goslee yacTo NPHMEHSIOTCS [ABe Napu KpecTooOpasHo pac-
NOJIOXKEHHHX KpbIbeB. MoOXKHO OBUIO OB OTPaHHUUTHCS
OIHON Napofl KPbLIbeB, HO 3TO BBI3HIBAJNO Gbl OYEHb CHJBHHIH
KPeH CHapsa BCAKHUi pas, KOTJa HYXKHO GbLIO GBI BHIIOJHHTD
MaHeBp, INpex[e 4YeM Kpbulbs 3aHMyT MepHeHAUKYJspHOe
NoJIOXKeHHe K TpeGyeMOMy HanpaB/eHHIO NMOABEMHON CHJIHL
B KoHeyHOM cuere, KpecTooOpasHoe pacnosoXKeHHe KPLUILEB,
XOTS OHO M HECKOJIbKO YTSKe/sieT KOHCTPYKLHIO, SIBJIseTcs
HauIyule#l aspoAvHAMHYECKOH CXeMOH Uil AHCTAaHUHOHHOIG
ynpasJieHus.

Jns oGecrnieueHus] MaHEBPEHHOCTH HeOGXOAMMBI MOJBHIK-
HHE IJIOCKOCTH YNpaBJieHHs, KOTOPHe, CO3JAI0T HEKOTOPBIi
MOMEHT BOKPYT LieHTpPa TSAXeCTH CHapsija M 3acTaBJsioT ero
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M3MEHATh CBoe mNoJoxkeHue. CyllecTByeT ueTHIpe croco6a
oGecrieyeHHsl TMOAOGHOTO YNpaBJeHMS: NOCPEACTBOM YCT-
POFICTB THNA 3aKPBLIKOB, NOCPEACTBOM LEJNHKOM IepeMelaro-
IIMXCSA IJIOCKOCTeH, NMOCPEJCTBOM HHTEPLUENTOPOB H MOCPes-
CTBOM OTKJIOHSIEMOH CTPyH TasoB. JIJisi 3ByKOBBIX CKOpOCTeEH
MOXKHO I10JIb30BAThCSI OORIYHHIMH IJIOCKOCTSIMH yIIPABJICHHUS,
npHYeM AJIS [IOJNyYeHHS 1Jleda MOMEHTa MaKCHMaJIbHOH BeJIH-
UMHE MX 9aCTO NOMEINAIOT Ha XBOCTOBHIX CTaGH/M3aTOpaXx.
Tak kak peakumus Ha CUrHaJ JOJ/KHA GHITb BO3MOXKHO GoJiee
OLICTPOH, IJIOCKOCTH YNpaBJeHHs CJEAyeT NPOeKTHPOBAThb
C pacyeToM Ha NoJIyueHHe GOJIBLIONO YIIPaBJISIOUIErO MOMEHTa
NpY MajoM IIAPHHPHOM MOMEHTe pyJiell, 4ToGL CepBOMOTOP
MOT MMeTb MHHHMAaJIbHble pa3Mephl. K coxaJsieHuIo, 3TO He
BCErja BO3MOXHO, OCOGEHHO B CBEPX3BYKOBOM MOTOKe, TAe
OGBIYHBIE YCTPOMICTBA THIA 3aKPHIIKOB MOTYT MOTEPATH 3(-
(PeKTHBHOCTb BCJENCTBHE OOPA30OBAHUS CKAYKOB YIJIOTHEHHS
Ha IUIOCKOCTH yNpaBJeHHs WM Brepeau Hee. Kpome Toro,
XBOCTOBHIE CTaGMJIM3aTOPhl YacTO OKAa3bIBAIOTC B IOTOKE
3a KpHUIOM, KOTOpHIH, OCOGeHHO B CJydae IPUMEHEHHs
KPBUIbEB C MaJbIM OTHOCHTEIBHHIM YIJIHHEHHEM (KaK 3T0 H
HMEeT MEeCTO B COBDEMEHHO!l IPAKTHKE), MOXKET OKa3aThCs
IIMPOKHM H BHI3BATh 3HAUHTEJbHYIO MOTEPIO 3G (HEKTHBHOCTH
ynpaBJieHHs] B HEKOTOPHIX YCJOBHAX IoJeTa. 3aTpyAHEeHHs,
BO3HHKAIOIIHe TIPH CBEPX3BYKOBBIX CKOPOCTSIX, MOXKHO yCTpa-
HHTb, eCJIH TNPHMEHHTh LEJHKOM IepeMellalomuecs IIo-
CKOCTH YNpaBJeHHs, a HeOJaronpHATHOIO AEACTBHS NOTOKA
3a KPBIOM MOXHO H36exaTh, €CJH IUIOCKOCTH YHPaBJIEHHS
TIOMECTHTb He MO3aiu KphIa, a Bnepexu Hero. Tak, Hampu-
Mep, MHOTHE KOHCTPYKIHMM IPefyCMaTPHUBAIOT NPHUMEHEHHe
IEeJUKOM IepeMellalonIMXCsl, BHIHECEHHBIX K TOJIOBHOM 4acTH
IJIOCKOCTefi M CTaGM/IM3aTOPOB, KaK 3TO HMeeT MEeCTO Ha
cHapsane «Pefinroxrep 1», mokasanHom Ha ¢ur. 73. Jpyrum
BAapHAHTOM SIBJISIIOTCS LEJHMKOM NOBOPAYHBAIOLINECS KPBLIbS,
OZHAKO 3TO pelleHHe CBA3aHO CO 3HAUMTENBHHIM YCJIOXKHe-
HHEM KOHCTPYKIMH H He JaeT Takoro GoJsbIIOTo Ijleya
MOMEHTa BOKDYT' LEHTPA TSAMKECTH.

HHorna mJocKocTH, BhIHECEHHBIE K TOJIOBHOH 4YacTH CHa-
pana, HCNOJB3YIOT ISl PETYJIHPOBaHMSI KPeHa, MNOCKOJbKY
3/IEPOHHl TEPSIIOT CBOIO JEHCTBEHHOCTb IPH CBEPX3BYKOBHIX
CKOPOCTSIX, OJJHaKO yallle BCero (GpyHKIHS sJepoHa MepeXOaUT
K MHTepuenTopy. M3 yncsaa MHOTHX TPEAJIOXKeHHBIX KOHCTPYK-
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M MOXHO ynoMsiHyTb aBe. OfHA M3 HHX NpPEACTaBJSET
T-o6pasHyio mnoJiocy BAOJb 3afHe# KPOMKH, KOTopas KoJse6-
JIeTCsl BBEPX M BHH3, NIPHYEM BpeMs 3aJePKKH IPH OTKJO-
HEHHH B KaXAY0 CTOPOHY MOXET H3MEHATbCA B Npejesax
ot 0 no 100%; 5TOT THN HM3BECTEH NOJ HA3BaHHEM HHTEp-
uenropa Barwepa. Bropoit Tun mpencrasaser coGoft mo-
BEPXHOCTb, KOTOPAsl MOXKET BLIIBUTaThCsl U3 CTabHIM3aTOpa
WK Kphlla Ha paccrosuun 10—509% wmMpuHH Bceft mJO-
CKOCTH OT nepeiHefl KDOMKH W TaKHM o06pasoM yMeHbLIaTb
NOLABEMHYIO CHJIY.

YupagsJjieHHeM ¢ TOMOILBIO CTPYH I'a30B HA NPAKTHKE I0Jb-
3YIOTCS TOJIBKO Ha CHapsiiax AajbHero AEHCTBHS MJIM BHICOT-
HbIX pakerax, rae TpeGyercs JHIIbL He3HAUMTENbHAst KOp-
pektupoBka. CymecTByer aBa crnoco6a OTK/JIOHEHHSI CTPyH
rasoB. OyH U3 HUX 3aKJ/IOYaeTCsl B IPUMEHEHHH NOJBHKHBIX
noBepxHocTelt (pyJseii), moMelllaeMblX B MOTOKe rasoB, Kak
Ha pakere A-4, a BTOpo#i — B nepeMelleHHH Bcell KaMepHl
cropanusi B Kopnyce cHapsana. Ilocaennuii cnoco6 A0BOJIBHO
TPYJHO OCYIIECTBHM C TeXHHYECKOH TOYKH 3peHMsl, OXHAKO
OH TpHUMEHsIC Ha BBHICOTHOH pakeTe «BukuHT». B 3TOM
c/lyuae cTaGuiu3anus Mo KpeHy OCYIIECTBJSJIACh OTAEJbHO
IyTeM HCHOJIb30BaHHSI HeGOJBIINX TAHI€HIHAJBHbIX MAapOBHIX
cOmeJI, PacrmosIoKeHHBIX Ha BHeIUHefl NOBEePXHOCTH CHapsiAa.

YcToiuHBOCTD

Ha ¢wur. 64 nokasaHe OCHOBHLIE YCJOBHSI YCTOHYMBOCTH
ynpaBJisieMoOro CHapsiia.

Ecau cHapsan, Haxonduiufics B yCTaHOBHUBILIEMCS YCTOH-
YHBOM TmoJieTe, 6yJeT no Kakoi-i1u6o NpHYHHe AecTabGH/IH-
3MpOBaH, NpHYEM TaK, YTO €ro yros arak#H H3MEHHTCH, TO
BO3HHMKHYT HeGoJIbIliNe JONOJHUTENbHEE adpoJHHaAMHYecKHe
CHJIH, TIPHJIOKEHHBIE HA Pa3/IMYHBEIX NOBEPXHOCTAX CHapsiia
B TOUKAaX, U3BECTHHIX II0J] Ha3BaHHEM <«a3pOJAMHAMHUYECKHX
HEHTPOB» 3THX NoBepxHoCcTedl. PesyapTupyomas aTtux a0-
NOJIHHTEJILHEIX CHJ JEHCTBYeT B TOUKe, HOCSALIEH HasBaHue
¢dokyca chapapa. Jl1s oGecneueHusi YCTOHUMBOCTH IEHTP
TAXKECTH MOJNKeH HaxomuTbcs Brepenn ¢okyca. ITo mepe
ONMOPOXKHEHHs TOIVIMBHEIX GakoB ILEHTP THAXKECTH MepeMe-
aETCs; a3PONHHAMHYECKHe UEHTPH KOpIyca M Hecylux
NOBEPXHOCTEl CHauasla CABHTaloTCs BIepex IO Mepe yBe-
JUYEHHsT CKOPOCTH, a 3aTteM, B [AHanasoHe .3a3BYKOBBIX
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cKopocTefi, GEICTPO MepeMelIaloTcs Hasaj. BeiencTshe Toro
YTO NPH MaHeBPUPOBAHHH HEOOXOMUMa OYeHb GHICTpas peak-
Ls, CHapsihl He CJefyeT 4pesMepHo CTaOHJIH3HPOBaTh, KGO
B IPOTHBHOM cCJy4ae OHH GyAyT TaKHMH <«KECTKUMH»
B YNpAaBJIeHHH, YTO NOTPEGYIOTCS OrPOMHBIE YCHJIHS IJISl H3-
MeHeHHMsl MX Kypca. UpesMepHasi yCTORYHMBOCTb HE SIBJISIETCS
HeJOCTaTKOM JJIsl CHapsitoB AaJIbHETo ACHCTBUS HJIM HCCJe-
JOBAaTe/IbCKUX CHApsJOB, I'le OObIYHO TpefyeTcs JHLIL He-
3HayMTeJbHas KOPPEKTHPOBKa Kypca.

Nodvemuan TT0GveMH Nodvemuas
cuna 'g}_" . cuna
Yemouuugoii g ) ‘ EE >
chapsd T cHapd

Cuna Cuna

Cuna mAHecmu
el - msRecmu

Nodvemnan
Nodvemuan " cyna
— cuna
Heycmouyuguii
crapsd +* =
Cuna

msiecmu

P ur. 64. YcioBHs yCTOHYHBOCTH ynpaBjisfie MOrO CHapsna.

ITo cymiecTBy, Hy:XHO NMPHHHMAaThb BO BHHMaHHE TPH BHAA
ycroiiumBocTH, Bech cHapsii MoOxKeT coBepliaTh gemndupyio-
mue KoseGaHusl, BbI3BAaHHBIE «KECTKOCTbIO» CHCTEMBbl yIpaB-
JIEHUS; STOT BHJ YCTOHYMBOCTH He 3aBHCHT OT a3pOAUHA-
MHMYeCKHX xapakTepucTuk. OcrajbpHbHe 1Ba BHIA HMEIOT
GoJiblile 0O1IEro ¢ OORIYHON YCTOHYHBOCTBIO camoseTa. OxHuM
U3 CTaGHIM3HPYIOMIMX MOMEHTOB SIBJISIETCSI MOMEHT KpeHa,
@ BTOPOH, KOTOPBLIH BOBHHKAeT B KaxKJo# M3 MJIOCKOCTEH
ynpaBJieHHs BOKPYT e€ NPOJO0JbHOH OCH, KBHBAJEHTEH Bpa-
LIEHUIO BOKPYT MONepeyHoi ocu uju ¢JrorepHoMy KoJeba-
HHUIO caMoJieta. Bce Tpu BHAa YCTOMUYMBOCTH B3aHMHO CBS-
3aHHl — JIBUXKeHHE BOKPYT IONEepeuyHO#l OCH HJIH PHICKdHHE
MOKET JIaTh ‘HayaJjlo KPeHy, a KDPeH MOXKeT BHI3BaThb TaHrax
Wi prickakue. dalorepHas 4acToTa Ha BCEX BHICOTAX foJera
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AOJKHA OHITH JOCTATOYHO BEICOKOH, YTOGH! M03BOJATH GHICTPO
pearuposatb Ha mepeMellleHHe IUIOCKOCTH YIpaBJeHHs.
Tax Kak BJHSHHE KaXKIOTO M3 3THX B3aHMOAEHCTBYIOIIHX
(aKTOpDOB B OTAEJNBHOCTH YCTAaHOBHTb BeCbMa TPYAHO, TO
pPEeKOMeH/yeTcsl MO BO3MOXKHOCTH H30eraTb MX NyTeM YCTa-
HOBJIEHHs] GOJIBLIOTO MHTEPBaJa MeXAy 4acTOTaMH.

XoTs NpH CHCTeMe C TPeMS HJH YeTHPbMS KPHIbSIMH
MOKHO yTpaBJISiTh CHAPSAOM, HAXOJALIMMCS B JIOOOM IIONIO-
XKeHuH, Ooviee pacrnpocTpaHeHa CTaOWIH3auuss MO KpPeHy.
OTOro MOKHO JOGUTHCS OXHUM H3 HECKOJIBKHX CIOCOGOB, IPH-
4yeM HaufoJsiee NPOCTHIM M PaCIPOCTPAHEHHBIM BJsSETCS TIPH-
MeHeHHe CBOGoIHOro rupockona. C noTeHnnoMeTpa rupocKona
-€HHMaeTcd oueHb caabuil CUTHAJ, M 33ajaua 3aK/aloyaercs
B CO3aHHHM COOTBETCTBYIOIIMX CEPBOMEXaHH3MOB IJ yAep-
JKaHus CHapsjga B OXHOM IOJIOXKEHHH OTHOCHTEJbHO 6asHl.
Oty 6asy uyacto noa6upaleT TakUM o6pasoM, YTOOH coXpa-
HHTb NapaJliebHOCTb ocell HHpopManuu U ynpasienus. Eme
OJHHM CcnocoGoM CTaGHIN3ALUH SBJISETCH HCIOJb30BaHHE
HHepLHH G6OoJILLIOTO THPOCKONa IJs o6ecneyeHHss HeOOXOmH-
MBIX CTaGHJIM3HPYIOINX KPYTALIMX MOMEHTOB; HAaJO0 CKasarTh,
YTO XOTA 3TOT CNocO6 M 3HAuYMTEJbHO YIIPOIAeT pacyer
CepPBOMEXaHHU3MOB, OH NPHBOMUT K YBEJHYEHHIO Beca, NpHYEM
yrIpaBJieHHe JOJIXKHO NPOHCXOAUTh 3aMeJJIeHHO C TeM, YTOOH
usbexaTh npeneccuu. Hakonen, noJioxkeHue ocefl ynpabJe-
HHSI MOXHO OIpEeAe]sATh PAJHOCIOCO60M M KOPPEKTHPOBATHb
[OCPECTBOM KOMAaHJ,. ’

BaxHbIM cTabuausupyrouuM $akTopoM (XOTd U He aspo-
JUHAMHYECKHM) SBJSETCS- CTPys MNPOAYKTOB cropaHus. Bo
BpeMsl paGoTH ABHraTtesid STOT (aKTop MOBOJBHO JIETKO
YUYHTHIBATh, ONHAKO B MOMEHT NpeKpameHus paGoThbl ABura-
TesIs AeCTaOUIM3HPYIOLIUA MOMEHT 'MOXKeT CTaThb 3HAYHTe/b-
HEIM. DTO OCOGEHHO BAaXKHO YYECTb HA paKeTax AajbHero JAef-
CTBHA, TJe IoCJe NpekpalleHHs pa6GoTH ABHraTesis HEBO3-
MOXKHa HHUKaKasi KOPPeKTHPOBKa.

Jlo6oBoe CONMPOTHBJEHHE

HauGosee BaXKHBIM aspoXMHAMHUYECKHM (GaKTOPOM, OKa-
3LIBAIOIMM BJMsSIHHE HA JIETHHIE XapaKTEPHUCTHKH PaKeTH,
sBJIseTC JI0GOBOEe COMPOTHBJIEHHe, [JIaBHHIM pasJiMyHEM
MeXJy JIOGOBHIMH COINPOTHBJEHHSAMH IPH JO3BYKOBHX H
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CBEPX3BYKOBHIX CKOPOCTSIX CJIYXKHT TO, 4TO IIPH CBEPX3BYKO-
BOM OOTeKaHHH BO3HHMKAeT TaK HAasblBaeMOe BOJIHOBOe CO-
nporusJieHHe. OHO BO3HHKaeT B pe3yJsbTaTeé CKauKOB YIUIOT-
HEHHsl, KOTOpbie MOSBJSIOTCA JHIIb TOrJAa, KOrAa CKOPOCThb
JABHKEHHsl Tejla B BO3JlyXe IIPeBLICHT CKOpOCTb 3ByKa. Ha
¢ur. 65 noKasaH xapakTep H3MeHeHHs! JIOGOBOrO CONpPOTHB-
JIEHHs CHapsija B 3aBUCHMOCTH OT cKopocTH (pakera A-4 Ha
YPOBHe Mopsi). '
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Yucno Maxa

®ur. 65. 3aBHCHMOCTb J0GOBOrO CONPOTHBAEHHS
oT uyucaa Maxa mas pakers A-4.

3a 3ByKOBbIM GapbepoM J10GOBOE COIPOTHBJIEHHE BO3pa-
CTaeTr BecbMa GBHICTPO, H, C/Ie0BATENbHO, A9POJHHaAMUYECKas
¢opma cHapamoB, 06/afaloOMUX BLICOKHMH JO3BYKOBEIMH H
CBEPX3BYKOBBIMH CKOPOCTSIMH, JOJIKHA GHITb aGCOJIOTHO 00-
TeKaeMol, XOTS Ha CHapsjax, JIeTAloIHUX C MaJbIMH CKOpPO-
CTSIMH, JONYCTHMH! BBHICTYNBI. Takum oOpa3oM, ycTpaHeHHE
[BcsaKOro BOBMOMKHOTO HCTOYHHKA JIOOOBOIO! CONMPOTHBJIEHHS
BECbMa BaxKHO.

HunyktuBHOe J1060BO€ CONpPOTHBJEHHe MpEACTaBJAeT
co6oil HOMOJIHUTENbHOE J060BOE CONpPOTHBJIEHHE, AEHCTBYIO-
ee TObKO TPH HAJH4YMH y cHapsina yria artaku. Ilo xpu-
BEIM 33aBHCHMOCTH KO3((uuyeHTa JOOGOBOr0 CONPOTHBJICHHS
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or uucia Maxa, npeacTaBieHHHIM Ha ¢ur. 66, MoxHO yGe-
IOUTBCS, YTO KaK B JO3BYKOBOM, TaK H B CBEPX3BYKOBOM
[ManasoHe ¢ YBeJMYEHHEM YIJa aTakH NPOHUCXOMUT 3HAYH-
TeJbHOE yBeJHueHHe J060BOTO conporuBienus. Takum obpa-
30M, YeM MeHblIe NOTPeObyeTcsl BHHIOVIHATbL 'MAaHEBPOB, - TEM
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*Yuycno Maxa
L]

dur. 66. 3aBucuMoCTh KO3()PHIHEHTA JOGOBOrQ CONPOTHBJIEHHSA
oT yucaa Maxa ans paxersl A-4.

MeHbIlle GyHeT MOTPeGHOCTh B TAre H pacxoj TOIUIMBA, a
crajo OHTb, TeM MeHblle MOryT OHITb pasMepH CHapsija
IJIS BHINOJHEHUs HaHHOH 3axauu. Ilo srtoit mpuumne HeoG-
XOMUMO OCOGEHHO H36eraTh TAaKHX. IBJEHHH, KaK yxe YIio-
MHHABIIAsACA HEyCTOAYHBOCTD HMIOYJbCa Ha 3JIEKTPOHHO-
JiyueBoll TPyOGKe paAuoJIoOKaTopa.

JloHHOe conpoTHBJeEHHe, SBJSIONIESCS CJeJCTBUEM pas-
pexxeHHsl 32 TeJIOM C TyNhEIM KOHIIOM, BO3HHKAaeT JIHIIb y CHa-
PAOOB WJM TaM, TAe MH HMeeM cpe3aHHH# mnpoduab, Ilpu
CBEPX3BYKOBBIX CKOPOCTAX OHO OhIBaeT 3HAYUTEJBHHIM B
cliyuae cBOGOAHOIO MoJieTa Tesa, HapUMep 3arpajuTeNbHbIX -
pakert, MOCKOJIEKY MOXET CYLIECTBEHHO YBEJHYHTh CyMMap-
Hoe conpotus/enne. [Ipy H0O3BYKOBEIX CKOPOCTSIX OHO He
HMeeT 3HadeHus, H60 npH uucie Maxa ~ 0,9 nasjenue 3a
JHOM IOYTH DaBHO JaBJEHHIO B HEBO3MYIIEHHOM IIOTOKE.

11 3ax, 3073, Ox. Xambpuc
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JlaB/eHue 3a JHOM IOYTH He 3aBUCUT OT BEJIHUHHBI OTHOLIE-
HHSl MeXJy AJIMHOA H JHaMeTpOM CHapsiia, TaK Y4To OCHOB-
HEIM MOMEHTOM, OINpejeJISIOMM CONPOTHBJEHHE, SABJAETCS
IUIONIa b QOHHOTO cpe3a. B manHOM ciTyyae JIMMHTHPYIOLIHM
(dhakTOpOM CIYXKHT IJIOWAAL CPe3a COIlIa, NMOSTOMY XBOCTO-
Basl 4yaCTh KOpHyca OOGRIYHO COEQHHSIeTCS CO CPe3oM coma
06TeKaeMbIM KOXKYXOM, UYTO NPHJIaeT CHapsny BepeTeHo00-
pasuyio ¢opmy. Ciienyer 3aMeTUTh, YTO €CJIH MJIOLIAAb Cpe3a
colia paBHa IVIOHMIAAM HOHHOTO Cpe3a, TO IOHHOE CONpo-
THBJIEHHE PaBHO HYJIIO BO BpeMsl paGOTHl ABHraTeJsis, Tak KaK
BC€ IPOCTPAHCTBO 32 COILUIOM 3allOJHEHO a3aMH, JaBJeHHe
KOTOPHIX GJIM3KO K MABJEHHIO OKPYKAIOIIETO BO3LyXa HJIH
pPaBHO eMy.

BoJsiHOBOe COMpOTHBJIEHHE TOSIBJSETCA NPH BBHICOKHX JIO-
3BYKOBHIX CKOPOCTSIX, 00 MECTHHH NOTOK CTAHOBHTCSH 3BY-
KOBBIM PaHBIIIE, 4eM OCHOBHOH. YBesrHueHHe JIOGOBOTO COMpPO-
THBJICHHSI BO BCEM [IHATlasoHe OKOJIO3BYKOBHIX CKODOCTeH H
NPH CBEPX3BYKOBLIX CKOPOCTSIX OOBACHSIETCS BOJHOBBEIM CO-
NPOTHBJIEHHEM, a HHOTAA H CPHIBOM IIOTOKA, BHI3BLIBAEMBIM
CKaukaMH ymIoTHeHUsl. CKauk{ YIVIOTHEHHSI OGBIYHO BO3-
HHUKAIOT BCSIKMI pa3, KOTAA NPOHCXOAHMT TOPMOKEHHe CBepX-
3BYKOBOI'O IIOTOKA, a NOCJIefHEee 4acTo BHI3bIBAETCS Hapylue-
HHUeM o0G6GTeKaeMOCTH CHapsija, HanpuMep AaHTeHHOH MJIH
Cpe3oM KoHUa Kopmyca. [y yMeHbIUE€HUs] BOJIHOBOTO COITPO-
THBJIEHHsI HYXKHO IpHAABaTh CHapsAy Kak MoxkHO GoJsee
o6TekaeMylo GopMy, YMeHbIIATh JOGOBYIO IJIOLIAJb KOpIyca
HJIM TOJILIMHY KPLIIbEB H NPHUMEHATh Takue npoduau u dop-
MEI KOpIlyca, KOTOpbie CO3HAIOT MHHHMMaJbHOe JI060BOe CO-
nporusyenue. Ilpu moserax Ha CBEpX3BYKOBHIX CKOPOCTAX
NPEANOUYTHTEIbHEI MPOodHIb Hecylluell NOBEPXHOCTH CJeIyeT
BHIGMpPaTh B 3aBHCUMOCTH OT uucjga Maxa. 3HauHTeJbHOTO
COKpalleHHsi JIOGOBOTO COMPOTUBJIEHHS] MOXKHO JOOHTBCS
BO BCeM J[ManasoHe CBEPX3BYKOBBIX CKOpPOCTell IyTeM
NpUMEHEHHs] CTPEJOBHIHHX KPEUIbEB C HCIOJb30BAHHEM
crpestoBugHocTH a0 45°. PesyabraToM 3Toro ABJSIETCS 3a-
Jiep3KKa CKauyKoB YIIOTHEHHSI HAa KOHCOJIbHOH 4acTH Kphblia.

AspopuHamuyecknii Harpes [2—7]

BiusiHue aspoiuHamMHuecKoro HarpeBa OObIYHO OniBaer
He3HAYUTEJIbHEIM. Hckiiouenue NMpeACTaB/IMIOT JHIIbL 6asliin-
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CTHYECKHE PpaKeTh: GOJIbIIOE 4YHCJIO B3PHIBOB B BOSAYXe,
NpouCIIEIUMHX ¢ pakeroll A-4, oObscHAM Kak pas aspo-
AUHAMHYECKHM HarpesoM. BesencrBue HeGoJbLIMX —yTeuek
HEKOTOpOE KOJMHYECTBO CIHPTa M KHCJIOPOAA MPOCAUHBAIOCh
B KOpIyC CHapsaja; 3Ta cMecbh OblIa J0BOJMbHO Ge30MacHoH,
moKa He Bo3pacTajla TeMmepaTypa OOLIMBKM IIPH BXoje
pakeTh o6paTHO B arMocdepy. MoOxHO, KaK 3T0 HCIOJb30-
Bajiocb Ha A-4, NPHMEHSATb HU3OJALHUIO BHYTPH OOGLIMBKH
C IeJIbIO MPeJOXPAaHHTL OT HarpeBaHMsl BaXKHYIO anmaparypy,
O/HAKO 3TO yBeJHYHBaeT OOLIMt BeC W yXy[IIaeT JieTHhE
XapaKTePUCTHKH.

AsporuHaMHuecKHii Harpes, BePOSTHO, SABJSETCS OINHUM
H3 HauGoJiee GOJbIUHX MPEMNATCTBUiI B Jeje 3aBOeBaHHA
4eJIOBEKOM MEXKIUIaHeTHOro mpocrpaHcTBa, CKOpPOCTH IIpU
.B3JIeTE MOXKHO OTPAHUYHTh, HO NPH BO3BpAILEHHH, AOIYCTHM,
u3 moJietTa 1o opGHTe, TeMIeparypa cHapsjga Oyxer Takol
BHICOKOf, 4TO pacuer cHapsija, MpeJHa3sHayeHHOro AJs BO3-
BpaTa Ha 3eMJII0, CTAHOBHTCS HeOGBbIYafHO TPYAHLIM.

1*




Frasa IX
PEAKTUBHBIE CHAPAJAbI BJUXXHEro AEACTBUMA

Bo BpeMmsi BTOpo#i MHpOBO#i BOHHHI HAlJIH IPHMEHEHHE
BeCbMa NPOCTHE [0 YCTPOHCTBY NOPOXOBHIE PEAKTHBHBLIE CHa-
PAAB, HAUWHAs C IIMPOKO H3BECTHHIX NPOTHBOTAHKOBHIX
paKer Ajs «6a3yku» M Pas3UYHEIX THUIOB ABHAIMOHHBIX M
3CHUTHHIX CHApsIIOB M KOHYas MHOTOCTYINEHYaToii paKeToH
«PeftHGoTe» ¢ manbHOCTBIO geficTBus 90 mMuab. JKHIKOCTHRIA
PaKeTHHH JBUTaTeJb BCJEIACTBHE €ro GOJBIINX BO3MOXKHO-
CTell C TOUKHM 3peHHsS -KaK YIpaBJIeHHs, TaK U MPOJOJIKH-
TeNBHOCTH pPaboThl, a TaKXKe BCJEJACTBHE €ro CJOXKHOCTH B
COJILIIMHCTBE CJyYaeB pe3epPBUPOBAJH JJIs YIpaBJseMbIX
cHapsapnoB. ITocnennue mpuMeHsIM AJs1 MOPaXKeHUs] BO3AYIL-
HEIX Iejiefl W JajieKuX THUJIOBHX 0OBEKTOB, NpUYEM pas3BH-
THE 3THX BHJIOB BOOPYKEHHS H3-32 HX CJOXKHOCTH WLJIO He-
CKOJIBKO MeJJIeHee, uyeM Ooviee NPOCTHIX TIOPOXOBHIX DPakKerT.
. B koHue BTOpO#l MHPOBO# BOHHH Ha pa3paboTKy CHapsAOB
C KHAKOCTHEIM JBUTaTejeM 3aTPaTHJIH MHOTO TPyAa, OJHAKO
JIIIb HEMHOTHE W3 HHX JOCTHIJIM CTaiauu npuMeHenus. He-
Menkuifi HeynpaBsseMuili 3eHuTHHE cHapan ¢ JKPJI[ «Ta#i-
¢yH» Kak pas fepefasajicd B IPOH3BOACTBO C PacyeToM
eXeMeCIYHOTO BHINYCKa 2 MJH. CHapsjgoB, H, N0 BCeH Be-
POSITHOCTH, e€cjiu Ghl BOHHA 3aTSHyJIach ele Ha HeCKOJbKO
MecslleB, COIO3HHKAM IPHILIOCH OB CTOJNKHYTBCS C DPSIAOM
HENpPHUATHBEIX Belef,

ITocsie 1945 roma nporpecc pakeTHOH TeXHHKH NPOAOJI-
)kancsl. CHIA o6bsBHAM O CyLIECTBOBAHHH LeJOro psifia
CHApSNOB BCAKHX THIOB C NPSIMOTOYHBIMH, TYpOOpEaKTHB-
HEIMH M pakeTHBIMM apurartessmu, LlBefimapus coobmuaa
06 u3roropjieHuM 3eHuTHoro cHapsina ¢ JKPJI [1, 2], Auraus
n OpaHuua ony6sUKOBANU CBeJSHUs O HECKOJIbKHX PeaKTHB-
HHX cHapsgax. XoTs GbulM Ony6/aHKOBaHH (DOTOCHUMKH H
B pAle CJayyaeB KpaTKoe OMHCAHHE, BIOJIHE MOHATHO, YTO




Peaxrtusnbie crapadot Gauscnezo Oedcreus 165

B OTKDHITOR MedyaTH HHKOrAa He MOSBJIAJIOCH MOJIHEIX JaHHEIX
0 KOHCTPYKLMH H pabouyux xapakrepuctukax. [lostromy B
HacTosiled H B CJEAylOmeR IJlaBax NPUXOAMTCA B CHJIY
HeoGXOHMOCTH NOBOPDHTh B OCHOBHOM 006 o6pasilax HeMell-
KHMX CHapsiioB NEepHOfAa BTOPO MHPOBOH BOHHHL

'~ B HEKOTOpHIX CJy4assX OAMH M TOT XKe CHapsj Nnocje co-
OTBETCTBYIOHIMX MOAM(DUKANUA NMPUMEHSJICS JJIsl BHIIOJHEHHS
IleJIOTO psAfa 3a7a4, H HECKOJbKO Cepuil HeMelKHX CHAapsLOB,
paspaGOTaHHHIX KaXJas Ha OCHOBE OJHOTO MPOTOTHIA,
BKJI04aJH 06pasubl KJ1acCOB KBO3AYX — BO3LYX», KBO3AYX —
3eMJIA» U «3eMJsT — Bo3Ayx». lHorma 3ajauy pemajiu OmHO-
BPEMEHHO JBYMs MYTSMH —C IOMOILIBIO MNPSMOTOYHHIX . H
C NOMOIIBIO paKeTHHX ABHraresefl, B pe3y/bTaTe 4ero. coa- -
JaBaJjii JBa BeCbMa CXOIHHEIX CHapsifa C pasjMYHbIMH JBH-
raTeJbHHIMH yCTaHOBKaMH. Takum o6pasoM, NMOYTH Kaxpas
cepusi CHapsiJioB Ipoilljla B CBOeM Pa3BUTHM HOJTHi U TPYA-
HEIl IyTh: OfHA MOAEJb OTJIMYaJach OT JPYyro# ABHrartesb-
HO!l YCTAHOBKOH, CHCTeMO# yINpaBJeHHsl, CHCTEMON HaBeje-
Hus, o0melt aspoauHaMUYeCKOR cxeMoH M Jaxe mNpenmnosa-
raeMHM HasHaueHHeM. [T03TOMy MEI pacCMOTPHM OXMH. 3a
JAPYTHM BCe KJacChl CHApPSNOB H INOKaXkeM HX XapaKTepHHE
O0COGEHHOCTH Ha KOHKPEeTHHIX IpHMepax.

~

CHapsian Kaacca «3emisi — Bo3ayx» [3, 4]

3eHHTHHIE pEaKTHBHHIE CHApsiAB OGHYHO INPHMEHSIOT -
NpoTHB GOMGapAUPOBUIMKOB, JIETALUIUX Ha GOJIBLIOH BHICOTE,
npuyeM OHHU MOTYT NpPHHAJJEXAaTh K TUIY HeyIpasJseMbIX
«3arpafiuTeJIbHBIX» WJIH yrpaBisgeMblXx. X peako npuMeHsaIu
NpoTHB GOMOGAapAMPOBIIUKOB, JIETALIMX HA MaJof BEICOTE, H
NpOTHB HCTpebuTeNell, TaK KaK ¢ HHMH MOXKHO BEeCTH GOpHOY
JIETKHMH 3€HHTHHIMH OpPYJHSMH, HanpuMep Tuna «Bodopc»,
HJIM HCTPeOGHTe/NsIMH-IepeXBaTUHKAMHU. PeakTHBHHIA CHapsiA
6Ly BrepBhie MPHMEHEH BO BTOPOM MHPOBO# BOiHE NPOTHB
TIHKUPYIOIUX GoMOapAHPOBIIHKOB, COBEPLIABIINX HAJIETH HA
BOEHHHIE KOpa6Ju B MOPTAaX. DTHUM IepPBHIM CHapsaoM Gblia
. TpexaiofiMoBasl pakera, KOTopasi HecJla BO3IYIIHYIO MHHY;
B BepXHefl TOUKe TPaeKTOPHH OTKPHIBAJICS MapallioT, U3BJe-
KaBIMfi MHHY Ha TPOBOJIOKE ¥ MEIJEHHO ONyCKaBIUWH ee.
Ilepsoe xe GoeBOe WCHEITaHHE STOTO CPEACTBA NPONLIO
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ycremno: GbI COHT NUKMPYIOIUE GoMOapAMPOBLIMK NPO-
THBHUKA.
HeynpasisieMble 3eHHTHBIE PaKeTH OGHIYHO 3amycKaloTcs

B GoJbLINX KOJIN4YEeCTBAX, u6o BEPOATHOCTb BCTPEYH HX C .

ueablo Heeauka. OHM JOJIKHE GHTb MPOCTH B OGpalleHHH
4 06/1afiaTh BEICOKOK MPOYHOCTBIO. O6UIMil BeC TaKod pakeThl
J0J/KeH ObiTh HeGOJBIIMM, a NMOCKOJbKY HEOGXOAUMO, U4TOGH!
OHa OBlNIa BCErAa rotoBa K JAeACTBHIO, ee ABuUrarteJb paGo-
TaeT B MOAABJAIOIMEM GOJBIIHHCTBe CJAYYaeB Ha TBEPAOM
TomJMBe, TBepaoe TOIIHBO He TOJBKO MOXHO XPaHHTh B Te-
4YeHHe GoJiee NPOMOJIKHTENbHbIX TNEPHOAOB BpPEMeHH, OHO
TaKke fABJSAETCS ropasgo 6oJsiee NPOCTHIM H JETKHM JJIs
pakeTHl TaKHX PasMeposB. /

HeGonbmue Heynpas/isieMble DPakeThH MOXHO CTaGHJIH-

3upoBaTh B MoJeTe JH60 C IOMOILIBIO CTaGHIH3ATOPOB, JHGO.

nyTeM Bpamenus. CraGuimsanus BpalleHueM 06GJafaer He-
CKOJIbKHMH NpEUMYLIECTBAMH: OHA YCTpPaHsAeT Heo6Xomu-
MOCTb B cTaGu/u3aropax, cjeJoBaTe/bHO, COKpalaer Jo6o-
BO€ CONpPOTHUBJIEHHE H, pasyMeeTcs, HCKJIOUAeT OTKJIOHEHHS,
BHI3HIBAEMBIE HENPaBUJIBHOH YCTAaHOBKOH CTaGU/IM3aTOPOB.
OpnHako cHapanbl, CTaGUJIM3MpyeMBle NMONOGHHIM 0OGpasoM,
NPUXOAHUTCS 3amycKaTb CO ClenHaJbHOR MMycKOBOH ycTa-
HOBKH, coofuiaiome#i UM BpallaTeJbHOe MIBHIKEHHE,. HJIH
CHa6XaTh PaCHONIOKEHHHIMH TOA OfpeaeJeHHBIM YIVIOM COM-
JiaMH,

ITopoxoBbie mBUTATENH PEAKO HCIOJNB3YIOTCS B KauecTBe
OCHOBHOl JIBUTaTeJIbHOH YCTAHOBKM Ha yNpaBJseMBIX cHaps-
JaX, TaK KaK OHM paboTaloT CpaBHHTeJbHO HemoJgro. Cyme-
CTBYeT HEKOTOpOe ONTHMAaJjbHOe OTHOIIEHHE MEeXAY CKOpO-
CTSIMU CHAapsifia W IeJH, IpUYeM B GOJILLIMHCTBE CJIY4YaeB €ro
MOIKHO JOOMTBECS JIMLIb TyTeM IPUMEHEHHS XKHAKOCTHRIX pa-
KeTHBHIX ABHraTeJiell ¢ TPOMOJIKUTEJNBHEIM IEePUOILOM PaGOThHI.
IIpaBna, 3nech GBLTM HMCKJIOYEHHS; NTOCTATOYHO yKa3aTh, Ha-
npuMep, Ha TakHe H3BECTHBIE CHAPSAb, KaK aMepHKaHCKUi
«/Turrt xko» (¢ur. 67) u auramiickuit Pafipy «CTymx»
(pur. 68). O6aouu GulIK CO3RAHBE IJIs1 GOPOH € AMOHCKHM
camosieToM «Baka» ¢ MUI0TOM-CMEPTHHKOM # 3aITyCKAJIHCh C
6opta BoeHHBIX cynoB. CHapsan «JIutta Iko0» 3amyckaJsu ¢ no-
MOIIBIO KaTadlyJbTH C TJ1aTGOPMEI; OH HMeJ YeTHpe YCKO-
putens (DOCTHraJ] MakcHMaJfbHOH BHICOTH 10 THC. ¢y m
o6i1agan MakcuMasbHORR ckopocthio 400- muas/uac), a -ero
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KOMaHJIe, ofaBaeMoR Ha CHapfH, YTO MO3BOJISIO IO HEKOTO-
poil creneHu MBMEHMAThH BpeMs NOJieTa M YIEJbHYIO TATY.

ITpocrefimuM H3 BCeX PeaKTHBHHIX CHApAAOB C XKHIKO-
CTHBIMH gBurateisaMu 6wt «Taiipyn» (5], nokasauueii Ha
¢ur. 69. Kopnyc ero cocrosii H3 IEJbHOTAHYTOH CTaJbHOH
TPYOH HApYXKHBIM JuamerpoMm 7 CM, a CTaGUJHM3aTODH #3
JIUCTOBOM .CTa/Ii NIPUBAPUBAJIHM K KOPNYCYy METOAOM TOYeyHOH
CBapKHu. BHyTpH nmoMemaJjuch paKkeTHHIl ABHraTeslb, OMHCAH-
HHH B raBe V, 6oepoil 3apsax u B3puBareau. «TafibyH»
NpefHa3Haya/Cst TJaBHHIM 006pa3oM s GopbOH C JeTs-
IIUMH Ha GoJbluofl BeicOoTe GoMGapaupoBmuKaMu «Jleraio-
masi KpemocTb» W HMeJ B3DHBATENH YNAPHOrO JeHCTBHS.
Tak Kak IpPH TaKOM B3phIBaTe/e 3apsi MOXKeT ObITh ropasio
MEHBIIHM, YeM NpH MUCTAHIHOHHOM, 3apsl B3PHIBYATOrO
BelecTsa cocrasisaa scero 1,1 ¢ynr. MakcumasnbHas gajb-
HOCTb MO BmICOTe GHLIa OKoso 50 THIC. ¢hyT, M asa ToOTO,
4TOGbl HCKJIIOUMTh BO3MOXKHOCTb BO3BpalleHHs CHapsjga Ha
3eMJI0, OH CHa0xKaJjcsl CaMOJIMKBHAATOPOM, KOTODHIA B3phI-
BaJ 0OoeBOH 3apAx B cJyuyae npoMaxa., Takoft CaMOJHUKBH-
NaTop HMeeTCsl IMOYTH Ha BCeX YNpPaBJAseMHX CHapsaax.
Xorsi M cHaGXeHHH cTabuausaropamy, «TalidyH» yacTHYHO
CcTaGU/IH3UpPOBAJCS BpAlleHHEM B IEJIAX INPOTHBOJEACTBHA
OTKJIOHEHHSIM, BHI3BHIBAEMBIM HETOYHOCTSMH IIPH H3TOTOB-
JIEHHH.

PeaxkTuBHuEA cHapsaj «DHuuan»[4] npexncrasaser coGoit
HarJIAOHEIA NpHMep TOTO, Kak ylpaBJjigeMble CHapsifbl pas-
BUBaJHCh Ha (Ga3e caMOJIETHO# KOHCTPYKLUHMM M 3aTeM IpH-
MEHSJIUCh JIJIS1 CaMBIX DasjHuHEIX Hejed. [lepsonauajbHoO
€ro HaMeYaJlH HCIOJb30BAaTh KaK 3€HHTHHIA CHapsax ¢ J0-
3BYKOBOH CKOPOCTBIO, M JJIT TOTO YTOGH BO3MOXKHO CKOpee
[OYYHTh NEACTBYIOULYIO MOJENb, adpOAHHAMHUYECKAs cxeMa
3T0r0 CHapsina Oblia CKONMMpoBaHa ¢ HcTpeGuTenss Meccep-
mMUTT-163. «DHIHaH» HUKOrJa He MPHUMEHSJCH, HO B Ie-°
pHOA ero pa3paGoTKu GBUIO pellleHO, YTO OH MOXKeT TaKXKe
GHITb UCTOJb30BAH B KayeCTBe 3amyckaeMoro ¢ 3eMJH CHa-
psAxa mas GopbGbl C TaHKAMH M apTW/lJepHell NMPOTHBHHKA
U JJI5 TIOCTAHOBKH ALIMOBHIX 3aBeC, a TaKkKe JJIS1 PasHYHBEIX
uenefi Bo BpeMs GoeBmx JAefictBuii ¢siora. MHrepecHo oT-
METHTb, UTO B pe3yJIbTaTe 3aUMCTBOBaHHsI GoJiee WJIH MeHee
3aKOHYEHHOH M TNPOBEPEHHOH a3pOAMHAMHYECKOH KOHCTPYK-
UM nepsuﬁ CHaps «DHIHMaH» GBI TOCTPOEH M mpolies
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APYT C APYTOM; KPHUIbS, KaK M CTaGH/H3aTOPHI, GbLIH LieJH-
KOM JAEpEBSHHHIMH, ¢ OOLIMBKOf M3 HOxeBOoM OyKoBo#t (a-
HepH B HeCKoJbKO caoeB. Jlas cHapspa «DHuman 4» npen-
NOJIarajloch H3roTOBJATh KapKac B BHAE ABYX MOJIOBHH M3
JipeBecHHbI, NOKPEIBaEMOR IJIACTHKOH; Mocje MOHTaXKa BHYT-
peHHero o6opynoBaHus 0Ge MOJOBHHH CcKJeuBaauch. Cuu-
TaJid, YTO TaKash KOHCTPYKUHUS OyAeT AOCTATOYHO IPOYHOH,
yToOH OTBeyaThb BCeM TPEeGOBAHHAM, HO Ha IIpaKTHKe OHa
HUKOTAA He OhIa MCIBITaHA.

Jsis  ynpaBsieHHsl CHapsiAOM HCNOJb30Bajach CHCTeMa
ynpas/ieHusl ¢ HaBeJeHHeM 10 MeTORy coBMelleHus. Mecro-
HaxoXJeHHe IeJM CHauajJa ONpelessioch IOCPEACTBOM
pafuoJIoOKaToOpa, ¥ Ha OCHOBAHMH IIOJYMEHHBIX TaKHM oGpa-
30M HaHHBIX Ha LleJlb HAaBOAWJ/M ONTHYECKYyI0 TPyOy compo-
BoxaeHus. OnepaTop cJaeius 3a LeJbl0 C IOMOIIBIO 3TOM
TpyGH, a ee [ABHXKEHHS aBTOMAaTHYECKH IIOBTOpsila BTOpas
onTHyeckas Tpy6a, KoTopas HCHOJB30Basach ONEPAaTOPOM,
ylIpaBJfBIUMM cHapsaoM. TakuMm o6pasoM, IMOCTCAHHHA Ha-
6aioa/l HENoABHXKHOe H300paxKeHHe LM, M ero 3ajaaya
3aKJI0YaNack B YyAEPKAHHM CHapsJa Ha OJHON JIMHUM C
IeJbl0 NyTeM MepefBUKEHUsI HeOOJBIIOH PYKOSATKH YIpaB-
JIeHHSl, KOTOpasl .aBTOMATHYEeCKM II0Chljajla HeoOXOAMMEIE
KOMaHAHHEe curHajael. Ilpu npuGaMKeHHH CHapsifa K LeJH
ynpasJ/ieHHe NePeXoJUI0 K CHCTeMe CaMOHaBeJeHHUs, UCIOJIb-
30BaBllIefl TEIVIOBOH KOHTPACT. LIeJIH, H, HaKOHell, HEKOHTAKT- _
HBIf B3pHIBaTe/Ib BHI3BLIBAJl B3PLIB G0eBOTO 3apsja. B cayuae
npoMaxa CHapsaJ MOXHO ObIJIO' YHHUTOXKHTb € NIOMOLIBIO CHT-
HaJa, TMOCHIAEMOrO C 3EMJIH. ’

«DHIMAH» AOJKeH OBl 3alyCKaThCsl C MAAaTHOPMEI, CMOH-
THPOBAaHHOH Ha MoAMGHLUHPOBAHHOM Jiadere 88-mm opymus,
K CHa6KaJicsl YeTHIpbMs NOPOXOBHIMH ycKopureasiMu. Corna
YCKOpHTeJIeR HanpaBJs/JH TaKuM 06pasoM, 4TOGH OTBECTH
ropsyde rasel B CTOPOHY OT CHapsiia W He MOBPEIUTH
OOIIMBKY H XBOCTOBOe onepenue. ITocse mapacxonoBanus ToI-
JiMBa yCKOpHTeJH cOpacHBaJuCh MOCPEICTBOM B3pHIBa 3a-
paroB BB, cnemuanbHo mnpegHasHaueHHHIX AJI1 STOA IeJH.

PeaxktuBHul cHapsax «Baccepdasb» [5, 6] ¢ camoro
HayaJa MPEACTaBIs cO60H CBePX3BYKOBOH CHapsI, B OCHOBY
KOHCTPYKIMH KOTOporo GhiIa TOJIOKeHa MOZEIb pa-
KeTH A-4. CnepBa 310 Ghi 3€HHTHHI yIpaBJseMB# CHapsh
AuaMeTpoM oOKoJo 3 ¢hyr u anuHo#t 26 ¢hyr, KoTOpHIA Mor
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KPBUIBbAX MMeJH GBl o4eHb HeGOJbIIOA MOMEHT OTHOCHTENIBHO
HEHTPa TAXKECTH, TaK YTO JAJs o6ecrneueHHsT GOJBIIOTO Ijieya
MOMEHTa B TOJIOBHO{l 4aCTH OBLIO YCTAaHOBJEHO YETHIPE MO-
JBHXHBIX KPHUJIA. YCKODUTEJb TaHAEMHOIO THIA HY2KAaJCs
B CTaOHM/IM3alMH, OCYIIECTBJSBIUEHCS IPH NMOMOIM UYETHIPEX
CTPEIOBUIHHIX KPHUIbEB, HA KOTOPLIX OBLTH 3aKpenJieHH JBe
GovibIlye TIPAMOYIOVIbHEIE TIaHEJH — HAJO0 CKas3aTb, UYTO BCH
3Ta KOHCTPYKIHS GHJa BechbMa rpoMosakofi. Bcaencrsue
HeylayHOH KOMIIOHOBKHM M MaJIoro BpeMeHH paGoTH JBHUra-
TeJIs JIETHhle XapaKTePUCTHKH TOTO CHapsiga GblJIH-HEeYI0B-
JICTBODHTEJIbHEIMH, M B KOHCTPYKLHIO CHapspga <«PefHTOX-
Tep 3», KOTOPHIEi COOGMpAJIUCh 3aNyCTUTh B IPOH3BOJCTBO,
BHECJIM IeJbi psifi u3MeHeHui. BepoaTHo, Hau6oJiee BaXHBIM
U3 HHMX OBl NepexoX Ha XKHAKOCTHHI DaKeTHbI JBUra-
Tesb, maBaBiui TAry 3900 ¢yxr B TeueHue 45 cek, uTO
N03BOJIANIO COXPAHATb BRICOKYIO IO3BYKOBYIO CKODOCTb Ha
BCEM TIPOTSKEHHHM TPAeKTOPHM I1oJeTa U 06eCneunBalio yse-
JudeHHe JajpHoctH. CHapsii HMeJs BCero 4YeThpe KpHaa,
a OT CJIOXXHOI'O YCKOPHTeJsl TAHJEMHOTro THIIA OTKasaJHCh
B N0Jb3y JABYX YCKOpHTe/leH, moMellaeMHX Ha Kopmyce
BGJIN3H HEHTpa TSAXKECTH.

PeakTHBHBIE CHapsjbl KJacca «BO3JAYyX — BO3AYX»
HeynpapasieMble cHapsgel Kjacca «BO3LYyX — BOSLYX» .

' IPeJCTaBJAIOT co6oit HOBOJBHO NMPOCThHIE NMOPOXOBHIE PAKeTh

C G6OeBHIM 3apsiiOM OPHSAHTHOrO B3PLIBUATOTO BEINECTBA.
OO6HIYHO HX NOABEIIMBAIOT K JOBOJIBHO KOPOTKHM Hampas-
JISIIOLIMM MO/l KPBUIBSIMH CaMoOJeTa, KaK II0KasaHo Ha ¢wur. 74,
M .cHa6xkalor craGuiausatopaMH. DTu CHapsaasl oO6jagaioT
TEM NPEHMYINECTBOM, YTO IIPH 3alycKe yske MMEIOT Hauyallb-
HYI0 CKOpOCTb, paBHyI0 CKopocTH camoJera. [Tostomy mpex-
Jaraju Jjaxe Co3/aTh ChHelHa/jbHble YCTAaHOBKH JJif 3a-
nycka pakerT ¢ GoMGapAHpPOBIIHKOB.

Hemeugnit cuapsan X-4 [8—10)], noxasaunmiit Ha ¢ur. 75, .
npeacrasass co6ofi BecbMa NepCHeKTHBHOe OpyXHe, pas-
pa6oTka KOTOporo GhlJa IMOYTH 3aKOHYEHA K KOHIly BOWMHEL
Kopnyc ero 6bu1 curapooGpasHblM, HMeJ MaKCHMAaJbHBIA
Auametp 9 Grodm u AjuHy HeMHOruM Gosee 6 ¢yr. Crapsan
ObLT CHaGXeH YeTHIPbMs CTPEJIOBHAHBLIMH JAEPEeBSIHHBIMH
KPBUIbSIMH, a IVIOCKOCTH YIpaBJeHHS HAXOQU/IHKCh Ha YeThipex
¢rabumusatopax. Hapenenne oCyImecTB/sIOCH MO TOHKHM
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HeGoubiuye HeympaB/seMble CHapsabl JJIS  TIOPaXKEHUS
Ha3eMHHX OOBEKTOB BECbMa CXOAHH € COOTBETCTBYIO-
LIMMH CHapsilaMH KJacca «BO3JLyX — BO3AYX», H ONHCHIBATb
HX noapoGHO 3Kecb HeT Heo6XOAMMOCTH. MOXHO ocTaHO-
BUTBCS JIMIUIb Ha TaK HashiBaeMofl pHKomerupyioume#t 6o0mMGe
C pakeTHHM YyckopureneM. [lJisi aTaku BOEHHBIX KopaGied
HHXXE BaTEPJHHHH CaMOJIeTHl COpachBajli Ha HEKOTOPOM
paccTosIHHH OT LesIn MHHY cdhepHuyeckoit ¢popmul. ITopoxosas
pakera cooflllajla MHHEe YCKODEHHe, W KOTZa OHa ymapsJach
O NOBEpPXHOCTb BOAH,, TO He CPasy MOTPYKalaCh U B3PHIBa-
Jlach, a HEKOTOPOe BpeMsl MOANPLITHBAJA, TOLOGHO NJOCKOMY
© KaMHIO, NYIIEHHOMY BJIOJIb MOBEPXHOCTH BOJEL Taxkum o6pa-
30M, CaMoJIeT MOT aTaKNRaThb BOEHHBI KOpaGab Ge3 0co6oro
I ce6Gs1 pUCKa.

Brnonne 3aKOHOMEpPHBIM 3TanoM Ha INYTH YBEJIHYEHHs
JaJIbHOCTH JIeHACTBHSI GhlJIO NoGaBJeHHe KPhUIbeB, BumycThin
MHOT0 006pasioB IJIAHHPYIOIIMX aBHALHOHHLIX G0OMO, NpHUYEM
nepsule 60MOLI-He HMEJIH CHCTEMB! ynpasjeHus. Bropoit He-
MellKuii ynpasJ/isieMBlli CHApsi[, HalleAliuii' 6oeBoe IMpuUMeHe-
Hue, — Hs-293 Ac. {12], oTHocm/ics K KaTeropud peaKTHB-
HEIX CHapsSiiOB KJacca <«BO3LYyX — 3eMJIsI»; OH IOKas3aH Ha
¢ur. 78. Bo MHOTHX OTHOLIEHHSIX OH IIOXOOWI Ha CHapsl
Hs-298 (¢wur. 76). Ha Hem OblT yCTaHOBJEH «XOJVIOIHBIA»
pakeTHH#t JABuraresb BasbTepa; compoBoxieHue GbuIO BH-
3yaJbHBHIM, CHCTeMa HaBeleHHs — KoMaHxHo#. OCHOBHEIM
KOHCTPYKTHBHBEIM pasJjiHyHeM OBIO NMPHMeHeHHe NOJBECHOro
pakeTHOro JBHraTel]si, a HanGoJee SIBHHIM BHEIHHHM OTJIH-
uneM SsBJSUIOCH OTCYTCTBHE BETPSIHKHM, TaK KaK ITMTaHHe
9JIEKTPOSHEPTHEdl OCYIIEeCTBJISANOCh aKKyMyJasTopaMu. Becsb
CHapsJ BecHJ HEeMHOruM .GoJjee TOHHH M 06Jafal] MakcH-
MaJibHO# ckopocTbio 375 muasb/vac. OH GHI BHEpBHE MNpPH-
MeHeH IPOTHB TPAHCIOPTOB H GOeBHIX Kopa6Jjiell COIO3HHKOB,
NpUHMMABIIMX yyacTHe B MrTalbAHCKOH KaMnauuu JeToM
1943 ropa.

OpHMM H3 TIVIaBHBIX HEIOCTATKOB -BH3YyaJbHOTO COMPOBOXK-
JEHHUS SIBJISETCS TO, YTO ero 3((eKTHBHOCTb CHJIbHO 3aBHCHT
or armocdepHux yciaosuil. [Tostomy Ha cHapsge Hs-293 D
6blla WCIETaHA TeJEBHSHOHHAs] CHCTeMa, ONHAKO HH 3Ta
Moieib, HH Kakas-IH60 u3 TNOCJeRyIOUMX He HamH 6oe-
poro npuMenenus. CHapsg Hs-294 mnpencrasasa coGoi
[0 CyIUECTBY TOpHEAy C KDHBUIbSIMH, CUCTEMOH HaBeJCHHS H
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F'arasa X
BAJIJIMCTUYECKHE PAKETbl JAJIBHELIQ JNEACTBHUA

Jas nopaxkeHHs- 06beKTa, PaCHOJIOKEHHOro B TJyOHHe
BPaXeCKo# TEPPUTOPHH, MOKHO HCNOJb30BATh aPTHILIEPHIO,
aBHAIMIO HJIH paKeTHoe opyxwue. Jlna paccrosnuit B 20 MuJIb
u Golee apTH/IJIEPUIO TIPAKTHUECKH MOXKHO He NIPUHMMAThL B
pacyeT, Tak Kak NMORXOGHOe CPENCTBO CTOMT CJIHLIKOM Joporo,
TpebyeT CJIOXKHOTO o6opyn03aﬂua OTHEBHIX NO3HLUH U He
COBMECTHMO C MOJBUKHON JuHHeR Goepbix meiicTBuil. C mou-
HBIM OCHOBaHHWEM CYUTAIOT, Y4TO JJIS1 5TOf 1ed XOpOIIO MOI-
xoaut GoMmbGapaupopuuk, OH cnocoGeH AOCTaBJATH 3HAUM-
TeJbHYyI0 G0MOGOBYIO Harpysky Ha OoJibllloe pacCTOsIHHE H
¢ Gombioit ToynocTeio. Hanpumep, coBpeMeHHBIH aMepHKaH-
ckuit 6omM6apauposiuk Kousap B-36 D moxer Hect GomGo-
ByI0 Harpysky B 10 THC. QyYHT U EMeeT RAJBLHOCTH MoOJETa
okoJio 8 Thic. Muab. OJHAKO HCHOJNBL30OBAHHE aBHAIMH JJIS
nopaxkeHusi oGbekTa CTpajaer PSAOM Cepbe3HHIX HEJOCTaT-
KOB, [VIaBHHIM H3 KOTODHIX SfIBJISIETCS BOBMOXKHOCTH Il€pe-
xBata. Tak kaK crparernieckoMy 60M6apIHPOBIIHKY MPHXO-
RUTCSl HECTH GOJBbLIYIO MOJIE3HYI0 HArpysKy, COBEpIIEHHO
SICHO, YTO OH He MOXEeT CONEPHHYATh B OTHOIIEHHH JETHHIX
JaHHHIX C CaMOJIeTOM-NIepeXBaTUYMKOM MaJIoro paguyca nei-
CTBUAl W ellle B MeHbIell Mepe MOXKET CIPaBUTHCH C ympa-
BJISIeMBIMH 3€HHTHHIMH cHapsimaMH. IIpum npumeneHuu upes-
BBIYAflHO KPYIIHOTO CaMoJIeTa, CIIOCOGHOTO HecTH Ha ce6e
ynpasJ/isieMble CHapsAB KJacca «BO3AYX—BO3AYX», MOJOXKE-
HHE MOXKET 06JIerIHThCS, OMHAKO OH CMOXKEeT HeCTH JIHIb Or-
DaHHYEHHOe YHCJIO CHAPSAAOB, H BEPOSITHOCTH IEPEXBaTa, MO
KpafiHeii Mepe BcJyyae aTaku NPOTHBHHKA, HE YCTYNAIOLIETO
" eMy B TEXHHYeCKOM OTHOLIEHHMH, 6GyHeT GoJibiiof. A HyXKHO
y4ecTh, UTO AaxKe epexsar HeGOJbLIOro camoJeTra-6ombap-
OHPOBIIMKA O3Hayaer moTepio cBhuiiue 100 Tric. pyHTOB CTEp-
JIUHTOB H THGENb SKHNMa)Xa B KOJNMYECTBE 4 WK 5 YeNOBEK.
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IMoreps sKunaxa c YHCTO CTPATETHYECKOR TOUKH 3pPEHHST MO-
KeT 0KasaThCsl HanGoJiee BAXKHOM, TaK KaK JIst SKCIyaTaunu
COBpeMeHHOro 60M6apAMPOBLIMKA HeO6XO[UMa BbICOKas KBa-
JuduKanus JETHOrO COCTaBa M NEPHON NOATOTOBKH [JIs JItO-
60oro wieHa 3KHNAXa SIBJSETCS BeChbMa MPOJOIKHUTEIbHEIM.

Ha nepBhifi B3rasax ns nmopaxeHHs INTYGOKHX THUIOBBIX
O0GBEKTOB KaK HeJb3sl Jyylle MNOAXOAHT GaJjIucTHYeCKas
pakera faJjibHero AeHcTBHs. XOTA OHA MOXET GHITb MCIOJIb-
30BaHa JMIIb OAHH DAas, €e MOXHO CTPOHTb C MEHBLUHM
3anacoM MPOYHOCTH, U3 GoJee [AelIeBHIX MaTepHaloB H 6o-
Jlee MPOCTHIX 3JIEMEHTOB, Ye€M IHJOTHPYEMBIfi CaMoJerT.
OGcayxuBaloluil nepcoHas OCTaeTcsi Ha CTapTOBOH IJIO-
majake ¥ IoTepb He HeceT, a oGopynoBaHHe IJs 3amycka
pakeT HOBOJIBHO IPOCTOE W He HAET HU B KaKoe CpaBHEHHE
CO CJIOXKHBIMH COOPYXKEHHSIMH COBPEMEHHBIX a3pOJAPOMOB.
K coxasenuio, uccleoBaHHe paKeT, HEOGXOAMMBIX™ MIJIS
BHINIOJIHEHHSI ONpejiesIeHHHX 3anay, MOKa3hBaeT, 4To GoJIb-
IIOH PAaCXoJ TOIJIMBA 3aCTABJISET CTPOHUTb PAKeTH JOBOJBLHO
KPYIHHIX Pa3sMepoB. ;

JlBymsi u3 HauGoJsiee BaXKHBIX IapaMeTPOB NpPH NPOEKTH-
POBaHMH paKeTH JaJbHero MAEACTBUSl SBJAIOTCS yAeJbHas
TAra TOIVIMBHOH CMeCH M BeC KOHCTpyKuuH. OG yJeJbHOH
TATe mJa peub B ryase III, a Temepp MBI ocTaHOBHMCS Ha
Bece KOHCTpykuuu. CamoRt aJieMeHTapHOR opmysofi A
BHIpaXKeHHst oOWell XapaKTePUCTHKH DPAaKeTHOTO JIeTaTeJlb-
HOTO amnmnaparta fIBJIsleTCsl CJeAylomas:

0= gFy, In %"r

rlle U — KOHeuHasi CKOpPOCTb B Ge3BO3JyLIHOM IIPOCTPAHCTBE,
BHE INpeJiesIoB 3eMHOIO TATOTEHHS;
g — YCKOpEHHEe CHJIBl TSXKeCTH;
Fy, — ynmeabHas Tsra;
my — HadaJIbHH#A OOLIUA BeC pakeTH;
My — KOHEYHBIA OGILIMA BEC paKeTHl.
C nomoIsio 3To# GopMyJIEl! MOKHO TIOVIYUHTb B I€PBOM
NpUG/MKEHUH HNaHHBIE O BJUSHHUH YAEJbHOH TATH H OTHO-

m
IIeHHs1 Macc (TO eCTb OTHOLIEHHS 7#) Ha JIeTHBIe Xapakre-

! Buua Brepsuie BuBefena K. 3. Ilnosxopckum. — ITpus. ped,
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Py

puctukH. OfHaKo IVIaBHHIM BOIPOCOM pacueTa sBJseTcs 6O-
eBasi 4yacTb, ¥ ee HeJb3# YMEHBUIHTh, He yMeHblIass 3¢ dex-
THBHOCTH paKeTH Kak 6oeBoro opyxus., OHa OGHIYHO 3aHH-
MaeT HeMHOTO MeCTa M He OKashiBaeT GOJIbLIOTO BJMSHHS Ha
BeC OCTaJbHOH YacTH KOHCTPYKIHH, e€CJIH TOJBKO He HMeeT
Kakoft-1u60 HeoOblyHOH ¢(opMmul. [l cCHApAKOB C OXMHAKO-
BHIM BecOM GoeBoro 3apsijia AJjis OIEHKH KaueCTBa KOH-
CTPYKIHH JIy4YlHe TIOJIb30BAThCSI HE OTHOIIEHHEM Macc,
a Tak HashIBaeMHIM NOKa3aTeJsJeM KayecTBa KOHCTPYKUMH &,
KOTOPHIA OnpeiesisieTcs BhIpaXKeHHeM

_Me

meg—+my*

Te m,—BeC NyCTOro cHapsja G6e3 6oeBOro sapsjia;
m, — BeC TOILIHBA.

Ha BesinuuHy nmokasareiisi € BJHSET BeC CJSAYIOMUX IIaB-
HHEIX 3JIeMEHTOB KOHCTPYKIMH: Kopmyca (BKJIOuas Kapkac,
O6IINBKY, NJIOCKOCTH yNpaBJieHHsI U CTaGHJIH3aTOPH), TOM-
JIUBHHIX GaKOB M DaKeTHOro JBHrartes. 3HayeHHe IOKasa-
Tl & Qs pakersl A-4 cocraBasiio 0,255, M XOTS MOXKHO
610 6Hl HOOUTBCSI HEKOTOPOTO COKpamieHHsi Beca, B 4acT-
HOCTH 3a cyer OGJIerYeHHSI CHCTEMHl YIpPaBJIeHHS, KaMepH
CropaHus H Typ6OHACOCHOTO arperara, OJHaKO HHKaKHX Kap-
MUHAJTBHEIX MED K YJIyUIIEHHIO STOTO IMOKasaTess MPEAMpH-
HATH OBLIO HeJb3fl.

Bropoii nepemennofi BesMunHOM, OKasmBalollef BUSHTE
Ha JIeTHHIE XapaKTePHCTHKH, ABJAeTCS YAeAbHas TAra, HO
IPY 3TOM HYXKHO YUMTHIBATb, YTO HEKOTOpHIE M3 o6ecreun-
BAIOIUX BEICOKHE XapaKTePUCTHKU JBYXKOMINOHEHTHHIX TOIl-
JIUBHHIX cMeceff 06/1afalOT MaJloH OTHOCHTEJbHOH IJOTHO-
CTBIO U B CBfI3H C 3TUM TpeOyloT O6oJblIUX. GaKoB, 4TO
yBeJHUHBAEeT BeC KOHCTPYyKIuH. Eciu B3ATb 32 OCHOBY pa-
Kery A-4 co cpemHeil najbHocTblo HAefictBus 180 MuJb mpu
yneabHo#i Tare 200 cek., To XapakTep H3MEHEHHS .HaJIbHO-
CTH B 3aBHCHMOCTH OT 3HauyeHHs MOKasarTessl € H yleJbHOH
TATH GYAET BHITJANETh, KaK NokasaHo Ha ¢ur. 80.

XapakTepHO#l 0COGEHHOCTBIO paKeT sBJsieTcd HX HeGOJb-
Imasi JaJdbHOCTb AEHCTBUS 1O CPaBHEHHIO ¢ CaMOJIETOM, MpH-
yeM eIUHCTBEHHBIM IIyTeM MOCTHKeHHS OGoJblledl AaJbHOCTH
YHCTO 6aJIIMCTHYECKHMH CPeACTBAMH fBJIAETCS: NMPHMEHEHHE
COCTaBHHIX, MHOTOCTYIIeHIaTHIX paker {1,2]. -

tos

g ==
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CocraBHasi paKeTa COCTOHT M3 ABYX HJ/IH GOJbIEro 4yHCJ]a
CaMOCTOATE/IBHEIX pakeT — cTyneHell. BHauaJse paGoraer nep-
Basl CTymneHb, COOOINAsi CKOPOCTb paKeTe; MO H3PacX0AoBa-
HHM TOIJIUBA NepBasi CTyNeHb cOpacHIBaeTcsi U HauHHAET pa-
GoraTh BrOpas. [IoJB3ysACh AOCTATOYHEIM YHCJIOM CTyneHefH,
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@ ur. 80. 3aBHCHMOCTb RAJIbHOCTH NOJETa OT yAEJb-
HOH TATM M MOKa3aTeas KOHCTPYKIHH.

s

MOXKHO NOJIYYHTDb JIIOGYI0 HEOGXOJUMYIO CKOPOCTb HJIH A aJb-
HocTh moJiera. OJHAKO HENOCTAaTOK TAKOTO pellleHHsi OYeBH-
JleH — BeC BCEro JIeTaTeJIbHOTO amiapaTra BO3PacTaeT B Ieo-
MeTPUYECKON HpOrpeccHu BMeCTe C YHCJOM cryneHeil. B Ta6-
aune IX, cocraBieHHofi Ha OCHOBE JaHHBIX O pakere A-4,
MPHUBOAATCA JaHHBIE O HAJBHOCTH II0JIETa U Bece COCTaBHBIX
paker, ucxoas u3 sHauenuft 240 cek. AJis YReJbHOH TATH U
0,20 — g1 mokasaTesis KOHCTPYKLHH.

Ilpu BBIUKC/JEHHH [NAJBHOCTH AJS MPOCTOTHE GbLIO NPH
HATO, YTO 3e€MJIA IJIOCKas; Ha NPaKTHKE 3TH Ludpbl GBLIH Gbl
HeCKOJIbKO GOJIbLIMMH — Hajlexkalias molpaBKa BO3pacraJa
6Ll MO Mepe yBeJHYEHHS NAJbHOCTH. TeM He MeHee NpHBe-

-
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JeHHEle KAHHHE BIOJIHE MOTYT CJYJKHTb OCHOBOH ANl CPaB-
HeHust. h

JTabauya IX
HEKOTOPHE XAPAKTEPHUCTHMKH COCTABHBIX
PAKET
Yucao crynenedr | O6muft Bec., m nf,‘:;':,"f’ﬂ: M
1 125 340
2 49 1340
3 183 3020

MaxkcHMalbHYIO JaJbHOCTD [10JIeTa MOXKHO YBeXHUHTD ITy-
TeM R0GaBJEHHA KPRUIbEB K NOCJAEHHER CTYNeHH; HEMHE, Ha-
npuMep, NpeAnoJarali OCYIIECTBMTb 3TO Ha pakere
A-9/A-10 ¢ panpHOCTBIO JeficTBHSA 3 ThC. MHJb. OCHOB-
HBIM HEJOCTaTKOM MOJOGHOH CXeMH SABJSIETCA TO, YTO HA
NOCJIeAHEM YUacTKe TPaeKTOPHH paKkeTa 3HAUHTENbHO 3afen-
JsieT JBHXKEHHE W TPaeKTOpPHs ee IOJIeTa CTAMOBHICA J0O-
BOJIbHO moJiorofi. B pesysnbrate o6Jeruaercs mepexsar pa-
KeTHl M OJHO H3 TJIaBHHIX NPEHUMYILECTB NoJeTa Mo HaJsiiu-
"CTHYeCKO! KpUBOfi 4aCTHYHO TEPSIETCH.

ITpenarcTBreM kK mocTpofike paker HaJibHero meficTBUs
ABJAIOTCS OYEHb BMICOKHE 3aTPaThHl Ha UX paspaborky. O6
3TOH CTOpOHE BGHPOCAa YK€ YNOMHHANOCH BHIHE, ITIPUUEM
B JJAHHOM cCJyuae-OHa mpHoGperaer eule Goxabiee 3HAUCHHUE.
YuyuteiBasg 910 OBCTOATENBCTBO, a TaKXKe CPaBHHTEJNbHYIO
NPOCTOTY pa3pabOTKH JierKoro GoMOapAupoBIIHKa, He IpPH-
XOJIUTCA YAUBJATBCS TOMY, YTO B NPOLNIOM OBLIO CIPOEKTH-
POBAHO JIMIIb HECKOJIbKO NMOJOGHEIX PaKeT H elle MeHbIle
nocTpoeHo. EnuHCTBEHHBIMH AByMs o6pasuamu, KOTOpble
gcnounwoaannca Il BOGHHBIX uesedl, Gbutd A-4 u «Peiin-

oTe»

| Pakera A-4 [3]

Pakera A-4 Gmula paspaGoTaHa B HEMEIKOM HCCIIENO-
BaTeJbCKOM lieHTpe B IleHeMIOHMe, Ile HOA PYKOBOACTBOM
¢on Bpayna Hauunas ¢ 1933 rosia Besach HCCJIEHOBATEN]b-
€Kag paGoTa Haj WeEJIHIM PAIOM paKeT, WU3BECTHHIX NOX






Tabauya X
PAKETH CEPHH «A»

Ton dna-
N | mavaga| O6mui | O6uas | MeTp Tara,
Tuma| paspa- | Be€C, | AJHHa, Kopmy- Mpumeuanus dyum
Gotku | Pyum | dym ;i;’m

1 |1933 330 46 1 IepBas wuccremosareanckas |~ 660

Mofedb. 3amycK BepTH- :
kanpHeil. [Ipsamas crabu-
JH3a1Hs ocpeacTsoM 6oJb-
LIOr0 T'HPOCKONa B rOJMOB-
Ho#t uyactu. Heynaunmi
MpPOEKT ’

2 | 1934 330( 46 1 Kax pakera A-l, Ho ¢ rupo- 660
CKOTIOM B HEHTPalbHOH
yactH. MakcHMajibHas Biy-
cora 6500 gym

3 11938 | 1650 25 2,5 | Cxonna ¢ pakeroit A-4, Ta-| 3300
30Bbie pyJH. MakcHMajib-
Hasi BbicoTa 40000 gym.
JlaapHoCTb MosieTa 11 Muab

4 | 1940 [28000( 46 5,44 | Mena Goesoe npumenenwue. | 56 000
Jaabnocts 180—220 MHIb,
Cwm. - Taxxe Taba. XI

5 | 1938 | 1650 25 2,5 | YMeHblieHHb BapuaHT pa- | 3300
] KeThl A-4 [ MCTBITaHHSA
CHCTEMHI HaBeleHHs. MakcH-
MalbHast JNaabHOCTb

59000 gpym

6 ToabKo MpoeKT

7 11941 | 1763 25 2,5 | Bapmanr  pakeret  A-5 | 3300
¢ KpuutbAMH. McnhitaTels-
Hasi MOJeldb AJs NPOEKTH-
poBaHHs pakern A-9
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‘ IMpodoasrcenue
Ana-
N n{.&ﬁ, O6mufi | O6mas| MeTp Tara,
THOa | paspa-| BeC, | Aauma, | Kopny- [pumevanus dyum
Gotku | yum | gym ;;;” )

.
811942 |49300| 54,3 | 55 | Ha ocuoBe pakers A-4 | 66000
C HCNOJb3OBaHHEM a30T-
HOH KHCJIOTH M JHU3€]b-
HOrO TOMJHBA B KayecTBe
KOMIIOHeHTOB. J[aJbHOCTH
mosera Jgo 300 MHJb.
Toabko mnpoext. JanHbie
yKa3aHH  [AS  MoAelH
A8VIP

9| 1941 |28000( 46 | '5,44 | Bapumant  paxerni  A-4 | 67 000
. ¢ Kkpolapamu. JlanbHoCTh
. nonera 300 muab. Toxbko
NPOEKT

10 | 1941 {192 000 85 13,6 | Mepsas crynenb cocrasHo#i |440 000

. paketht A-9/A-10. [Jaub- »
HOCTb  TOJNeTa  PaKeThl
A-9/A-10 — 3000 muxs.
Toabko mpoekT

JieHHsl; B HapyXXHOH OGLIMBKE HMEJHChb JIIOKM IS JOCTyna
K npuGopaM. 3arem CJIe[0BajH TOIJIHBHEHE GaKH, CHayasla
C STHIOBEIM cnHpTOM (75%-Hoft KOHIEHTpaluH), a IOTOM
C JXUAKHM KHCJIOPOZOM; TPYGONPOBOX IS MOJAUYM TOIUIMBA,
KOTODHIfi MPOXOAMJ uYepe3 UEHTP GaKa C KHUAKHM KHCJIOPO-
oM, Onll cHaGxkeH M3oasnueidl. 3a 6akaMH pacnosarajiach
JBUraTe/bHasi yCTaHOBKA, MOAPOOHO omHcaHHas B TIJase V.

ByMs1 HauGoJiee XapaKTepPHHIMH OCOOEHHOCTSIMH, KOTO-
phie OTJIHYAIOT 3TOT THN GaJUIHCTHYeCKOf pakerhl [4], sB-
JIIIOTCA OTCYTCTBHEe KaKuX OHl TO HH OBLIO a3poAMHAMHYe-
CKHX IVIOCKOCTeH, KpOMEe XBOCTOBRIX CTaGMJIH3aTOPOB, H BECh-
Ma MaJloe OTHOLIEHHe MeXAy IJuHOH M nuaMeTpoM. Tak Kak
I HaBemeHUs paKeTH A-4 IOJNb3OBAJHCH -3apaHee ycTa-
HOBJIEHHOA nporpaMmofi, Heo6XOAHMOCTh B a3pOAHHAMH-
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YyecKOM yrnpaBJjieHuH Obl1a HesHauHTesbHOH. CTaGHIH3aTOpH
6BIIM TIPELyCMOTpPEHH JIHIb JJIs1 YCTOHYHBOCTH KaK BO BpeMst
noseta ¢ paGoTalollUM [ABHrarteJeM, TaKk H IPH BO3Bpalle-
HHH B IVIOTHHIE CJIOH amoccpepm——maaﬂmm o6pa3om AJs
nocaeqHero. Majnas BeJMYHHA OTHOIIEHHS MEXAY JJIHHOA H
IuameTpoM OBUIa JOMYCTHMA, IOCKOJBKY, GOJbliasi 4acTb
TPAeKTOpPHH IOJIeTa NPOXoAHJa (aKTHYeCKH 3a IpejesaMH
atMochepH, H, CleaoBaTeJ]bHO, JJOG0BOe CONPOTHBJIEHHE Hr-
pajzio BTOPOCTENEHHYIO posib. B pesyabraTe HMeal MeCTo
BHIUTPHINL B Bece, HOO BeC OOLIMBKH U BeC TOIIMBHEIX 6akoB
VI JAaHHOTO O6GbeMa YMEHbUIAIOTCS MO Mepe COKpalleHHs
BEJIMUUHBl OTHOIISHUS MEXAY IAJMUHOA M AMaMeTpOM.

Tabauya Xl

PAKETA A-4 . i
O6was giwmHa . . . . . e e e e o ... 46 Pym
MaxcuManbHbIi THAMeTp Kopnyca .. .. .*. . 5 ¢pym 53 0inm
Jnamerp no crabummsaropam . . . . . . . . . . 11 gym 8 Owiim
O6mmit Bec . . . . . .. .. e e e e e 128 m
Bec Goeporo 3apsza . . . . . e e e e e e .. 2150 pyum
Bec xoHcTpyKHME . . . . . . .. ... L. 3865 »
Bec cuctembl ynpasiieHHs XBHraTeqbHOM yCTaHOBKOH 2235 »
Bec cucrembl HaBeleHHs H Apyroro o60opyaoBaHHs 650 »
Bec ocHoBHoro TOmAMBa . . . . . . . . . .. .. 19310 »
Bec BcnomoraTesbHOro TOMIHBA ... . . . . . . . 400 »
MakcumanbHas TAra Ha yposHe mMops . . . . . . 56000 »
CpenHss yreabHas TAra . . . o 210 cex.
TponomxuTeNbHOCTL PaGOTHI naurarena .. .. . 60—65 cexk.
MoumHocTs TypO6OHAacocHoro arperara . . . . . . 465 a. c.

Kopnyc pakernl A-4 coCTOsl/1 M3 JIPOXOJIBHBIX M IOIe-
PEYHBIX CHJIOBHIX 3/IEMEHTOB, MNOKPHITHIX JIHCTOBOH CTaJbiO
Toqmunoit okoso 0,025 Odrodim. Tara nepemaBanach uepes
NocpeACTBO GepMeHHO#i KOHCTPYKIMH U3 CTaJbHHIX TPYy6G TOp-
1eBOMY, IMINMAHTOYTy B INepefHeM KOHIle OTCeKa PaKETHOro
asuraresis. [naBHBEle TOIVIMBHBIE GakH KPeNuJHCh K HapyX-
HOH OGIIMBKE, OJHAKO BCS HAarpyska BOCHPHUHHMAJAach LINaH-
' royTaMH yrJosoro npoduis. JLoBosbHO 6oJibloe OTHOCHTENb-
Hoe mNepeMelleHHe 6aka u OOLIMBKH BO BPEMSI 3aNpaBKH H
BO BpeMs moJieta GBLIO YyYTeHO NpH pacuere. BHyTpeHHsAs mo-~
BEPXHOCTh OGIIMBKHM BOKPYr 6akoB Obljla H30JHPOBAaHA CTe-
KJASIHHOM BaToO# JJ1s1 NpefoTBpallleHHs TemJollepenayH orT.

.
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OOLIMBKH K 6aKaM, 0cOOEHHO K 6aKy C 3THJIOBHIM CIIHPTOM. -
Cyxenue xopmyca B nepefHell YacTH PaKeTH HAYHHAJOChH
OT OTceKa C NpuOOpaMH ynpapJieHHsl, H KOHCTPYKUHs 31eCh
COCTOslJIa U3 YeTHPeX JIOHKEPOHOB, COEJHHEHHHX C KpyrI-
JILIM ‘BEPXHHM ILUNAHTOYTOM; K MOCJEIHEMY GOJTaMH KPEelmuJH
KoHHYecKylo GoeBylo yacTb. IIpu TpaHcmopTHpOBKe GoeByIO
4acTh NepeBO3HIH OTAEJIbHO UM NPHCOEAMHSJIH K paKere He-
MOCPE/ICTBEHHO NEPENl ee YCTaHOBKOH B MOJIOXKEHHE JJIs 3a-
nycka. - ‘
Pakera A-4 umesa Takme pasMepH, uTO NS €e 3a-
IycKa JOCTaTOYHO GHIIO HeGOJBINOH XOpomo 06ydeHHOH KO-
MaHAb H TPe6OBaJOCh CPaBHHTEIBHO MaJjo CIelHaJbHOro
oGopynoBanus. Jlader ¢ ycrpoficTBOM, CNOCOGHHIM CTaBHTb
pakeTy B BepTHKaJbHOE II0JIOXKEeHHe, 3allpaBOYHblE MAIUHWHHL,
MyCKOBOf CTOJ M MalllMHA JJIs yNpaB/eHHs INyCKOM GBUIH
€[MHCTBEHHEIM KDYIHBIM BCIOMOraTeJbHEIM O0OpPYyAOBaHHEM
crnenuaJbHoro THna l. Ilo coo6paxeHusim yno6cTBa pakery
3alycKa/M H3 BePTHKAJbHOrO NOJIOXKEHMS, H TaKUM 06pasoM
BCS 3ajaya ylpaBJeHHs 3akjiodyajacb B TOM, YTOGH IO-
BEepHYTb paKkery H oGecrneyuTb ee IIOJeT N0 TPaeKTOPHH,
_Jampoue MaKCHMaJIbHYIO HaJIbHOCTh [5]. DTo ocyiiecTBasIH
NpH NOMOINH YeThipex rpa®UTOBHIX FasoBHIX pyJeH u CBd-
3aHHBIX -C HUMH YeTHIpeX adPOAHHAMHYECKHX (BO3AYLIHHIX)
pynefi. Kaxaelii u3 rasoBeIX pyJiel NpHBOAMJICSA B AedcTBHE
CaMOCTOSAITEJIbHEIM  3JIEKTPOrHAPABIHYECKHM CePBOMEXaHH3-
MoM. Biok ynpasnenus [6—8] nperepnes psax HaMeHeHHH,
npHYeM. CHayaJa GBLIO NMPUMEHeHO PajgHoylNpaBJieHHe, KOTO-
poe YCTyNWJO MeCTO aBTOHOMHOH cHCTeMe B MO3AHeHAHX
MoJeJssiX; OAHAaKO 3ajauu G6JioKa YNpapJeHHsi OCTaBaJIHCh
OJIMHAKOBLIMH, a UMEHHO:

1. Caemuts, 4TOGHL JIOCKOCTb POTOPA TYPOHHEL BCE BPEMS
OCTaBaJjlaChb COBMeEIEHHOH C INIOCKOCTBbIO CTPeJbOH, TO €CTh
CTaGHIH3HPOBATb PAKeTy N0 KPeHy.

2. IToBopauuBaTh OChb paKeTH C 3apaHee YCTaHOBJEHHOH
CKODOCTBIO IIPH TaHTaxe,

3. HaMepsaTh CKOpPOCTb pakeTHl, 4yTOOH HMETb BO3MOXK-
HOCTb BHIKJIIOUHTb PaKeTHHI JBHraTesb C LEJbI0 NOJNyYeHHS
TpebGyeMoit JaJbHOCTH.

1 B neficTRATENLHOCTH 3aNmyCK pakeT RaJjibHEro AeHCTBHSA sIBJAETCS

JOBOJIbHO CJIOXKHBIM H TpefyeT ropasgo GoJiblie CrnenualbHOro 06opy-
JOBaHHUSA, YeM yKa3biBaer aBTop. — IIpum. peod.
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Jlas ynpasJieHHsl ABHXKEHHEM IO asHMYTY, 11O KPeHy H IO
TaHraxy Gbl1 MCNOJb30BaH aBTONWJOT. ITocsenuuit cocrosi
U3 JIBYX NPHUBOJHMBIX B JEHCTBHE JEKTPHYECKUM IMyTeM TH-
POCKOMHYECKHX NPHGOPOB; OCB OXHOrO COBMajaJja C OChio pa-
KeTHl, a OCb BTOPOro Gbla NMEPINeHAMKYJ/ISIPHA K OCH pPaKeTHl
H K IUIOCKOCTH CTpennObl. IlepBrfi rupockonm oGecrneuuBas
CTAGM/IM3AIMI0 10 TAHTAaXy M AaBTOMAaTHYeCKH NpuHoOperasn
NPELecCHI0 B COOTBETCTBHH C 3aJaHHOH NPOTrpaMMoil, ¢ TeM
yTOGHl OOecrneuuTb pakeTe MNpPaBWJBHBIA YroJa HaKJIOHA
K «CTapTOBOMY» FOPH30OHTY K KOHIly paGoTHl JBHTraTessi; BTO-
pofl oCymiecTBJIsAJ CTAGHIH3ALMIO 110 KPEHY U N0 PHICKAHHUIO.
ITpn BCAKOM OTKJIOHEHMH B CTOPOHY OT 3apaHee 3aJaHHOM
TPAaeKTOPHUH [0JIeTa CHIHAJ C MOTEHIHOMETPOB I0JaBaJCs
gepes YCHJMTENIH K CepBOMeXaHH3MaM, KOTOphie NPHUBORHJH
B JieficTBHE PYJIH.

MoxHO BHAETb, YTO A1 CHapsija, JeTSIero noj yrioM
npuMepHo 45° K TrOpH3OHTY, HaJbHOCTb GYHET oOmpene-
JIATbCSA TJIaBHHIM 06pasoM BBICOTOH M CKOPOCTBIO €ro ImoJiera;
HeGoJbllIMe H3MEHEHHs! 3TOrO yria OGyAyT OKashBaThb He3Ha-
YHTEbHOE BJIMSHHE HA JAaJbHOCTb. ECJIM XapaKTepUCTHKH pa-
KETHOTro JBHraTejisi MOTYT OBITh TOYWHO BOCIIPOM3BENEHH IO-
BTOPHO, TOTAA HauyaJbHasl TPAEKTOPHS MOJeTa TaKikKe MOXKeT
OLITH TOYHO BOCIPOHM3BEJeHa MOBTOPHO, H, CJEeLOBaTEJbHO,
ec/M MoxeT OHTb H3MepeHa CKOpPOCTb CHapsina, TO 3TO H3<
MepeHH€ MOMKHO MCIOJb30BAaThb JJIS1 yNPaBJeHHs Jajb-
HOCTbIO.” . ~

Ha Gosee panHux BapuaHTax pakeTl A-4 npuMeHsJH
MeTOJl U3MEPEHH$1 CKOPOCTH, OCHOBAHHHIN Ha npuHuune Jlon-
Ijlepa, HO B LJNAX yMEHbLIEHHs1 BO3MOXXHOCTH HCKYCCTBEH-
HBIX TIOMeX CO CTOpOHBbI IIPOTHBHMKA Ha MO3JHEHIIHX Moje-
JIIX MCIOJIb30BaJM HHTErpupylomuii axcenaepomerp {9], mpu-
yeM IepBbLIM THIIOM, HAIUEAIIHM IPAKTHYeCKOe NpHMEHEHHE,
SIBUWJICSI THPOCKONMYECKUil mHTerparop. I'mpockon GBLI CMOH-
THPOBaH TakuM o0pasoM, 4TOGR OH IPenecCHpPoBaJ CO CKO-
POCTBIO, ONpee/sieMOl YCKOPEHUEM CHapsaa H JONOJHHUTE/b-
HOl CocTaBJsiioillefl, BbI3LIBAEMOH CHJIOH TsxectH. CHrHan
A/ TIpeKpalleHus NoJayyu TOMJIMBA MOAABAJICS MOCJe TOro,
KaK THPOCKON COBEPIUMT BO BPEMSI CBOETO .NPELeCCHOHHOro
IOBUXKEHHsl 3ajaHHOe 4yucjio oGopoToB. BosmoxHoe oTKJO-
HeHHe pakeTH NpPH IPHMEHEHHHM ITOr0 METOJa COCTaBJISJIO
2,5 munu npu pagnpHoctH 190 MHJB.

13 3ax. 3073. Ox. Xsmdpuc
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Cumja TOKa B KaTylLIKe TOYHO PeryJHpoBaJach H Guljia Iporop-
[[MOHAJbHA YCKOPEHHUIO; IJIsi HHTerPHPOBAHHUS TOKA GBI NpH-
MEeHEeH 3JIEKTPOJHMTHUECKHil 3JIeMEHT C JAByMs cepeOpsSHLIMH
3JIGKTPOJAMH, OJHH U3 KOTOPHIX GBI MOKPHIT TOJCTHIM CJI0EM
XJIOPUCTOTO cepebpa. DTOT 3JEKTPOJUTHIECKHH IJIEMEHT MOA-
FOTaBJMBAJH K SKCIUIYaTAlUMH MyTeM COOOLIEHMS NOKPHTOMY
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$ur. 83. TunuyHas TPaeKTOpHsS NoJeTa paxkeTs A-4.

3JIEKTPOLY OTPHIATENIBHOTO 3apsiia M MNpPONYCKaHHS 4Yepes
HEro0 TOKA, COOTBETCTBYIOLIErO €NHHHIE YCKODEHHs, B Teue-
HHE H3BECTHOTO IPOMEKYTKA BPEMEHH, UTO BbI3LIBAJIO [IEPEXOL
HEKOTOPOro KOJIHYECTBA XJOPHCTOTrO cepeGpa Ha HEMOXPHITHIH

JJICKTPOA. 3areM mnoJsoca TNEepeKJIIoYaJan, H JEMEHT OblJ TO- .

ToB K JHefictBuio. Bo BpeMms nosera HenaBHO ocaxIeHHOE
XJIopHucTOe cepe6po nepexoiusio o6paTHO Ha 3JEKTPOX C TOJ-
CTHIM TNOKDHITHEM, NpHYEM 3aBeplIeHHEe STOH OlepaluHu OT-
MeuaJsocb BO3PAaCTaHHeM 3. [1.C. Nopsiaka l 8, 4To NpUBOAUJIO
B JeficTBHe MeXaHM3M, NpeKpallaloUuii Moxayy TOIINBA.
OTKJIOHEHHE OT LEJH NMPH NPUMEHEHHH 3JIEKTPOJUTHIECKOTrO
3JIeMEeHTa CYMTAJH PaBHBIM NpHMepHO | MuJje.
Tunuunas TpaekTopus pakersl A-4 nokasaHa Ha ¢wur. 83.
IlepBHIfi yuacTOK TpaeKTopHH, ynpaBJieHHe Ha KOTOPOM OCy-
INECTBJISJI THPOCKON CTaGM/M3allu¥ M0 TAHTaxy, NpeiacTaB-
Jaaa co6ofi MOYTH IYry OKPYXKHOCTH, IpHYeM K MOMEHTY,

13*°
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KOTZa BCe TOILUIHBO BBITOPAJIO, PakeTa JeTesJla Ha BEICOTE
22—23 MHJb CO CKOPOCTBIO OKoJio 5000 ¢hyr/cex.
YnpasseHHe B HauaJle U B KOHIIE 3TOTO y4acTKa MpPOBO-
JWIOCh MCKJIOUHTEJNbHO C TMOMOLIBbI0 Ta3oBHIX pyJel, u6o
B HayaJle ToJleTa HMKAaKOTO CKOPOCTHOrO Hamopa He G6BHLIO,
a B KOHIe yYacTKa IJIOTHOCTb BO3JyXa OblIa HACTOJBKO
He3HAuWTeJbHOH, YTO YNpPABJSAIOIIHE YCHJIHSI OKa3bIBaJHCh
caumkoM MaJjn. ITocse u3pacxomoBaHHs BCero 3anaca TOILIH-
Ba TPaeKTOPHS CTAHOBUJACh NapaGoJ/MuecKoii, H MaKCHMaJlb-
Hasl BHICOTA JOCTHTaJlach NPUMEPHO Ha YETBEPTH JAJbHOCTH
noJsera. O IJIOTHOCTH aTMoc(epbl HA MAaKCHMaJIbHOH BHICOTE
MoJieTa MOXKHO CYAMTb 1O TOMYy (akTy, YTO HHAMKATOPHAS
BO3JIylLIIHAsl CKOPOCTb MajaJjla mpuMepHo Jo 3—4 muas/uac,
XoTs yucjo Maxa pasHsstoch moutn 4! HekoTopole pakeThl
JocTurajuM pajbHocTH cBbime 200 Mub, HO GOJILIIHHCTBO
aposerato B cpeaHeM 180—190 muab. O6uias MpOLOJIKH-
TEJILHOCTB TI0JieTa COCTaBJIslJla IPUMEPHO 5 MHH., a HeHCTBH-
TeJbHOE YCKOpEeHue Bo3pacrajo oT 1 g mpu B3Jjere MOYTH
10 8 g K MOMEHTYy HM3pacXoAOBaHHs TOILVIHBA. .
Pakera A-4, koropas npHMeHsJachb M1 o6cTpesa
JIoHoHa, GBLIa HE BIOJIHE NOBENEeHa, M HaJ BCEMH ee dJe-
MeHTaMH HenpepbiBHO paGoraJu. Ilpexxne Bcero CTpeMHJIHCh
clenaTh PaKeTy KpHJIATOH, yCOBEpPLIEHCTBOBATb [BHraTeJb-
HyI0 YCTAHOBKY M HMCIIOJIB30BATh APYyrHe TOMMBA. EAHHCTBEH-
HBIM KPYIHBIM M3MeHeHHeM, BHeCEHHHIM B KOHCTPYKLHIO pa-
- KeTH, 6610 J00aBJieHHe CTPEJIOBUIHBIX KPBIIbEB C LEJbIO yBe-
JuueHus aajpHocTH npumepHo no 300 ML C IOMOLIBIO
IUIAHHPOBAHHUSI; 3TOT BapHAHT OblL U3BECTEH NOJ HAa3BAHHEM
“pakethl A-4b, npHueM 3aNMyCTHJIH BCETO OHY HJIH JBe TaKHe
Moiesu. B KauecTBe TOIJIMBHBIX KOMIIOHEHTOB COGHMpAJIHCDh
NPUMEHHTb a30THYIO KHCJOTY H JH3elbHOE TOMINBO. OmHHM
M3 HEJOCTATKOB JKHJKOrO KHCJIOpOAa M cmnupra Oblia HX
MaJsiasi o6L1asi OTHOCHTeJIbHAs IJIOTHOLTb, PaBHAsA BCEro 1,00.
AsoTHas KuMCJOTAa M JM3€JbHOE TONJHBO INpH TaKOo# xe
IpUMEpHO YHAeJbHOH TATe HMEJIH OOILyl0 OTHOCHTEJNbHYIO
miotHocTh 1,28, uTo yJydiaeT NoKasareb KOHCTPYKIHMH e.
DTOT BapHaHT, CO3AABABLIMACA Ha OCHOBE PAaKETH A4 u
H3BECTHBIA KaK pakera A-8, 10/KeH ObUI HMETb YAJHHEHHYIO
LeHTPaJbHYI0 YacTh /s NOMelleHHs! GOJIbIIEro KOJHYeCTBa
TOIJIMBA M HOBYIO KoHurypauuio pyseli ynmpassenus. Ho
3Ta paKeTa He BHILLJIA M3 CTaJHH NMPOCKTHPOBAHHs, TaK KaK
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BCE YCHJHS B INOCJEIHHE TORH BOHHHI OBbLIM HAampaBJeHH
Ha yCOBEpPIUEHCTBOBaHHE PakeTH A-4.

auGosiee MHTEPECHBLIM INPOEKTOM, pa3paGaThIBaBIIMMCS
B HCCJEROBaTeJbCKOM LieHTpe B [TeHeMioH 1€, GBI ABYXCTYINEH-
yaTHfi CHapsij, U3BECTHHIN NOX HasBaHMeM pakeTH A-9/A-10
(¢ur. 85). IMocaennsis cocrosana u3 pakern A-9, Koropas

npeAcTaBisiia coGoif ycoBepIUeHCTBOBaHHYIO pakery A-4b,
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Bpems, cex.

dur. 84. Hsmenenue cxkopoctH cHapsia ,Peiin6ore*
BO BpeMmsd noJjera ¢ paﬁommmm JBHraTelJeMm,
¥ GoJbllioro yckoputeass — pakersl A-10. Hameuanocws co-
3/1aTh HECKOJIBKO BADHAHTOB 3TOH pakeThl (ABUraTesb NOJIKEH
6bl1 pa6oTaTh GO HA KHUAKOM KHCJOpOAE W CIHpTe, JHO0
Ha a30THOM KMCJIOTE M JU3eJbHOM TOIJIMBE), OJHAKO IloCje
1941 roma Hapm Helt mouTH nepecrasu paborath, Tak Kak
HYXHO GBLIO mepegaTb B NPOU3BOACTBO pakery, A-4. Ilpex-
cTaBJeHHe O He#l maer ¢ur. 85, a Ha ¢ur. 86 mnoxkasaHul
TpaexTopun paker A-4, A-9 u A-9/A-10, noctpoeHHHE AJ
cpaBHeHHs B onuHaKoBoM Maciutabe. IToseTHH Bec pakeThl
A-10 ngomxkeH GBI COCTaBJAATb OKOJIO 85 T; ;s TOBTOPHOrO
HCIIOJIB30BAHUA TNPefyCMaTpPHBA/IOCh ee BO3BpallleHHe Ha
3eM/Mi0 ¢ mnomompblo napamiora. Chnyck Ha mapaunore,
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KOHEYHO, HE€ Mor OBl TOJTHOCTBIO NpeAoXpaHuTh paketry oT
noapemennﬁ; OAHAKO pacCUUTbiBaJyd Ha BO3MOXKHOCTD
MOBTOPHOI'O HCNOJVIb3OBAHHS XOTA 6bl TJIaBHO# JBHUraTeJIbHOM
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- 15 MuH.

45 mun,

®ur. 86. Tpaekropun paxer A-4, A-9 u A-9/A-10.

ycTaHOBKM. BceilefcTBHE HONOJHHTENBHBIX OIIHGOK, BBHISHI-
BaeMBIX INPOJOJIKHUTEIbHLIM IIIAHUPYIOIHM [OJIETOM, HaMe-
yaJly TaKkxKe MUJIOTHPyeMbli BapuaHT paxernl A-9/A-10.

«Peitn6oTe» [10]

Xorsl - JKUAKOCTHBI DaKeTHBI JBUraTesb SIBJSIETCS HAE-
aJbHBIM JUIsl CHapsiioB JAaJIbHEro HefiCTBHS BCJEJCTBUE €ro
yNpaBJIsieMOCTH H NPOJOJIKMUTEILHOTO BpeMeHH paGoThl, A/
HHUX CTPOMJIMChH TaK¥e M JBUTaTe/bHbIe YCTAHOBKH Ha TBep-
noM romnuBe. Ilocaenuue o6aajgaior TeM NPEHMYLIECTBOM,
YTO 110 CBOEMY YCTPOHCTBY OHH OuUeHb NpocThl, JlBHraresb
TAakoro THIA M ObI YCTaHOBJIEH Ha CHapsine «PeiiHGore»,
KOTOPHIfI HmOoCTHF cTaguu GoeBoro ucmnoJab3oBaHus!. Ou

! B KOHUEe BO#HB HEMIbl BLIMYCTUJIM HEGOMBINOE YHCJO 3THX CHA-
psamoB u3 3Bojse no AHTBepneHy. — [Ipum. ped.

v
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NpencTapsy Co60f Heynpas/sieMblfl YeTbpexXCTyneHuaThil
CHapsJ, OCHOBHHIE [aHHBIE KOTOPOro IpHBeJeHH B Tab-
aune XII.

Tabauya XII -
OCHOBHHE JAHHHE CHAPSIIA «PEMHBOTE»

Obwas pamHa . . . . . . . . . . . . .. 36,6 gpym
O6umit BeC . . . . . . . . . . .. ... 3643 gyum
l-a ctyness . . . . . . ... ... 1562 »
2-1 CTYIEHb . . . v v v v v o v .. 836 »
3-1 CTymeHb . . . . . . . . . . .. 792  »
4-1 cryneHb (Ge3 6oesoro 3apsnua) . . 365 »
BoeBoit 3apax. . . . . . e e e e e 88 »
Tara 1-#i ctynenn . . . . . . ... . 83600 »
Tara 2-# crymenn . . . . . . . . .. 12300 »
Tara 3-# crynennn . . . . . . . ... 12300 »
Tara 4-it ctynean . . . . . . . ... 5280 »
Bpems pa6orw 1-if cTymenn . . . . . . . 1 cex.
Bpems paGoThl moCAeAYIOWHX CTymeHe# . . 5 cexk.
MakcumanbHast DaabHOCTD . . . . . . . . 96 Muab

Jas Toro yre6nl cOOOLIMTL paKeTe NMpPaBHJIbHOE Hampas-
JIeHHe, ee 3amyCKaJli GO CIelMaJbHOH MYCKOBOH YCTaHOBKH.
JlanbHOCTD, NpHUBefeHHAs1 B TabJuue, BASeTCS MaKCHMAaJb- -
HOM; OHa yMeHblIasach, €CJld NPHUMEHSJC GoJiee KpPYNHBIHA
GoeBoil 3apsig — IpH MaKCHMaJbHOM GOeBOM 3apsje BecOM
440 ¢ynr nanvHOCTb cocTaBasia 40 Muab. B mpomecce pas-
paGoTKM HaxoAuwjJacb peakTHBHAas KaramyJbTa, B KOTOpOH
CXKHTaJICs MOPOXOBO# 3apsj, cOOOLIaBIIMA CHapsIAy: HayaJb-
HBIl HMIOYJbC M TakHM oOpasoM YCTPaHABIIMA HeO6XOMH-
MOCTh B yckoputese. BocnuiameHeHHe mepBofl CTyNeHH IpO-
H3BOJHUJIOCH 3JIEKTPHUECKHM MyTeM C MNYCKOBOH IJIOIHAJKH,
B TO BpeMs KaK BOCIIaMeHeHHe OCTaJIbHBIX CTyNeHe#l MpoH3-
BOJAMJIOCH JHUCTAHUMOHHBIMM TPYOKAMH C YacCOBHIM MEXaHH3-
MOM, KOTOpHIH BKJIIOYaJCA TOf AeHCTBHEM YCKOPEHHS
B MOMEHT HABHKEHHS PaKeThl [0 HANpPaB/SIOIHM C HYCKOBOH
ycrasoBkH. Iloc/ie Bocn/laMeHeHHs ouepeJHOH CTyNeHH CTPys
rasoB cOpaceiBaja npepluecTBylouylo crynedb. Kpusas,
XapaKTepH3yIollass 3aBHCHMOCTb CKODOCTH OT BPEMEHH IpH
BaJere cHapsga «Peiin6oTe», mnpexcraBieHa Ha ¢wur. 84.
W3 rpaduka sugHo, yro OBLIAa NPEAyCMOTPEHa 3afepikKKa
B HECKOJIbKO CEKYHJ MeXJy MOMEHTOM IOJIHOrO H3PacXoo-
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MOXHO GBIO CYyIUTb O. Iporpecce B o6JacTd pa3paGOTKH
6a/lJIEICTHYECKHX PaKeT JaJibHEro NeHACTBHS, XOTH HECKOJbKO
OTKPOBEHHBIX 3asiBJIeHHil CHeJlaJu H3BECTHHM CYIIeCTBOBA-
Hue npoektoB nomo6Heix paker B CIIA. Omun us ony6iu-
KOBAaHHBIX B OTKPHITOfl NeuyaTH (OTOCHUMKOB IPeACTaBJeH
Ha ¢ur. 87 —Ha HeMm H3o6paxkeHa pakera Kousap MX-774,
KoTopasi cnocoGHa JOCTHTaTb IIPH BEPTHKAJBHOM IOJIETE
BEICOTH GoJsiee 100 muup !,

! TTo coo6uiennsM HHOCTpaHHo# mneyatn, B CIIIA yxke maBHO Be-
AyTcst paGoThl Haj CO3[JaHHEM MEXKOHTHHEHTaJIbHBIX GecnHJIOTHBIX
cpeacTB Hananehus (camodserh-cHapsiin «CHapk» u «Hasaxo», Gasu-
cTHyeckasi pakera «Ataac» u Ap.). [Ipexnosaraercs, 4To AByXCTyHeHYa-
Tasi pakera «Araac» Oymer umMerb HaJjbHOcTb 8000 km; OHAa MOKpoeT
310 paccrosiuue 3a 30 mun. Ilpu 3ToM HamGosblllasi BHICOTA MOJETa CO-
craBut 1280 kM, a CKOPOCTb B KOHIIE aKTHMBHOIO y4acTKa TPaeKTODHH —
6700 m/cex. 11 mions 1957 rofa cocTosijicsi MepBLIA 3anycK 3TOf pakeThl
Ha ganbHocTh 3200 K NPH MaKCHMaJjbHOM BhicoTe noJera 110 xm. 3a-
nyck Obll HeYAauyHbIM: AOCTHTHYB BBICOTH 4 &M, pakera ynaia. Bro-_
pofi u TpeTHil 3anmycKH TaKKe OKOHYMJHCH Heyjnauei. )

B To e BpeMs HCNBITAHHA CBepXJaJibHell, MEXKOHTHHEHTaJbHOH,
MHOTOCTyneH4aToit Gannucruueckoit paxeri B CCCP, mo coo6uienuio
TACC or 27 asrycra 1957 roga, mpowiu ycneuino. — ITpum. ped.




TF'aaea XI

MCCJIEJOBATEJIbCKHE PEAKTHBHBIE CHAPSiJbI
U HCNBITAHHS PEAKTHBHBIX CHAPS10B

PeakruBHhIe CHapsiB, HCNOJb3yeMbie IJISi MCCJIENOBA-
TeJbCKHX LeJlefl, MoapasfessioTcss Ha TPH Karteropuu. Bo-
NepBHX, CYINEeCTBYIOT DPeaKTHBHBIE CHapsAbl, CHELHAaJbHO
NPOEKTHPYeMble 1JIg MOJIyueHHsl OCHOBHOH HHGOpMaIHuHu
0 NOBEJCHHH CHAapsNOB B IoJieTe WM 00 OTAeNbHHIX IpO-
Heccax, CBA3aHHHIX C HX NpHMeHeHHeM, KaK HampuMep o0
yNpaBJICHHH, HaBEJEHHH WJIH paﬁoTe PaKeTHOTO JBUTaTeJss
B yCJOBHAX ycKopenus. K 3Tofi Kareropuu CHapsiioB OTHO-
csATCS mepBhle pakeThl l'opgmapaa u nocrpoeHHble B Ilene-
MioHze pakers A-1 u A-2. B Hacrosimee BpeMsi, Koraa pas-
pabaThiBaeTcsi TaK MHOIO PEAaKTHBHHIX CHApsJJOB BOEHHOTO
HasHaueHus, AJIs HCCIEIOBATeNbCKHX LeJefl ropasno yame
HCIOJIb3YIOT HMEHHO MX, YeM CO3LAIOT ClelHaJbHBe JeTa-
TeJbHHE anmnapatel. TeM He MeHee mocJjefHHe WHOTIa pas-
pabaTHIBAIOT; HaNpUMep, HX IIHPOKO NPHMEHSIOT AJs MOJY-
4yeHHs] adPOAMHAMHUYECKHX XapaKTEePUCTHK Mopgeneii [l, 2].
Mopess Kpensit Boepein HCHOBITATENbHOH PpaKeThbl, BBINOJ-
HAOLIEH poJib yCKOpHTeNs, 6aarogaps ueMy MOJEJH MOTYT
OHITb COOGIIEHE BeCbMa BBICOKHE CKOPOCTH M BBICOTA O-
JleTa; MOJb3YsiCh TaKHMH METONaMH, HAKA (Hauuouass-
HBIl KOHCYJIbTaTHBHHIH KoMuTeT no aBuamuy, CIIA) noay-
4HJ - aHHHE N0 BeicoTe nojera no 100 Teic. ¢hyT u no cko-
poctu mo 2500 muas/uac [3]. Ha ¢ur. 88 nokasana pakera,
paspatoranHas HAKA pnas Takoro poma HccienoBaTellb-
CKofi paGoTHI.

Bo-BTOpHIX, CYIECTBYIOT 3KCIepHMEHTaJIbHEIE peakTUB-
HEle CHapsAb, KOTOPHIMU MOJIb3YIOTCS AJIs IOJYYeHHs CIie-
IHaJbHOH MHGOpMAaLMH, Hrpamoledl BaKHYIO poJb AJS IO-
CTPOHKH TOT'0 HJIH MHOTO PeaKTHBHOro cHapsiga. OHu OGHIYHO
NPeACTaBJAAI0T coGoif onbiTHBle 06pasubl B HATypaJbHYIO
BEJHYUHY, OJHAKO HHOTHAa B LeJAX dKOHOMHHM TPHMEHSIOT
He6oJIbIINe MOAENIH C COGCTBEHHHIM JABHraTeJeM.
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NOCTPOEHO HECKOJIbKO pakeT, CrnenuaJJbHO CIPOEKTHPOBAH-
HBIX IJI1 UCCJIENOBAHUS BEPXHUX CJIOEB a'nMoccpepm; B 3TOH
rjJaBe€ Mhbl PAaCCKaxeM O HEKOTOPHIX M3 HHX.

UcnbiTaHus PE€aKkTHBHBIX CHapsaaoB

Brime yXe ynoMHHaJoch 0 GOJIbLIMX 3aTpaTax CPejcTB
H BpeMeHH, CBSI3aHHBIX C HCCJEJOBAHHEM H Ppa3paboTKo#
PeaKTHBHHIX CHapsifoB. DT0 OGBACHSAETCS TeM, 4TO OOHIYHO
CHapsi[ Hesb3sl HCNOJIb30BaTh Govibllle opHoro pasa. Ilpa-
BJla, MOXHO CHaGAUTh CHapAA NapallioToM, YTo6H CIYCTHTh
€T0 Ha 3€MJII0 U MMEeTb BO3MOXKHOCTb 3aNyCTHTb BTOPHYHO,
OJHAKO ualie BCero pasMelleHHe B CHapsife NapalloTa
NOCTATOYHHIX pa3MepoB MPHBOAMJIO Oh K HEOGXOIHMOCTH
CHUMaTb C Hero HCHblTare/bHEe NpuOopsl. ITosToMy ocHoOB-
HYI0 4aCTb HCCJIel0OBaTeJbCKOH PaboOTHl CTapaloTCsl BLINOJI-
HUTb Ha HCOBITATEJIbHOM CTEHJE, B a9pOJMHAMHUeCKOl TpyGe
H Ha_MojeJMpylolleM yCTPOHCTBe, XOTSl NpoBeneHHe LIHPO-
KHMX JIETHBIX MCHEITAHMH TakK#XkKe Bceria CyIIeCTBEHHO Heo6-
XOIUMO. ,

Kax bt McnbiTaTeJNbHBIH 3aNyCK * JOJMXKEH 06GecneunuTh
noJlydeHHe BO3MOXKHO GOJIbIIEro KOJIM4ecTBa NOJE3HBIX CBe-
neHuit. JI1a BHINOJIHEHHSI TaKoro TpeGoBaHHs BeC U pasMepH
annapatypel INPHXOAMTCS MAaKCUMaJbHO OrpaHUYHBATh, H
C 3TOH 1eJbI0 ObIJIO pa3spa6oTaHO MHOXKECTBO MHUHHATIOPHBIX
H3MepHUTeJbHBIX ycTpoifictB. Ha Bcex pakerax, 3a HCKJOde-
HHEM BRICOTHBIX, OOBIYHO H3MEpSIOTCS JaBJEHHE, YCKODEHHe,
CKOPOCTb, ONpejeJisieTcsl NMOJIOXKEHHe paKeTh M IJIOCKOCTeH
ynpasJenusi. [TojloxxeHue pakeTh Jierye BCEro ONpenessiTh
M3BHE Mpu noMolnu dororpaduueckux cpeacts (4, 5], u ans
3TOH mesJu ObJIO pa3pabGOTaHO HECKOJLKO BeCbMa TOYHBIX
KHHOTeoH0suTOB. [Tofo6HEIEe NPHOGOPH NO3BOJAIOT OHICTPO
¢ukcupoBaTh KOOPAHHATH paKeThl, HO A/ GoJiee TOYHHIX
U3MepeHHH MOXKHO BOCHOJIb30BaTbCH PSAJAOM ClelHaJbHHX
CTauMOHApHHIX (oTOKaMep, RAIOUIMX CHUMKH Ha (HOTONJIaCTHH-
Kax. OTu oToKaMeprl TOYHO BH3HPYIOT Ha ONpeleJIeHHHE
3B€3[bl, H OHH CIOCOGHBI (PUKCUPOBAThH MOJOXKEHUS paKeTHl
¢ own6Ko# nopsigka okoJio ¢yra Ha BricoTe 20 MHJb; OAUH
U3 NOJAOGHBIX HHCTPYMeHTOB NokasaH Ha ¢ur. 89. ITo mojo-
JKEHHUSIM paKeTHl MOXHO ONpeJe]UTb KaK CKOPOCTb, TaK H
YCKOpeHHe, OIHAKO /11 H3MEpPEeHHS 3THX BeJIHYMH GoJiblle
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TOTO, Ha paKeTax HHOTJa NPHMEHSJIH MHHMATIOPHbIE MHOTO-
KaHaJIbHble CaMOMMCIEI, 3alllullleHHble HaJJjeXaluM obpa-
30M OT yAapoB; OAMH H3 TaKuX NpPHGOPOB IOKa3aH Ha
¢ur. 90.

HccaepoBarensckue paxerw [13, 14]

HccnenoBanue BepxHHX CJoeB aTMocheps MOXKHO HpoO-
BOLUTb NOCPEJCTBOM CaMOJIETOB, a3POCTATOB HJH DAKeT.
CaMoJler HanMeHee NpaKTHYEH BCJEACTBHE OrpaHUYEHHOM
BHICOTH IIOJIETA; a3POCTATHl MOTYT AOCTHTaTb BEICOTHI IO-
psiaka 120 TheC. ¢hyT, ocTaBaTbC B BO3AyXe B TeUeHHE He-
CKOJIbKHX 4acOB H Jaxe CYTOK, CTOAT HEJOPOro U MX 3alycK
cpaBHHTeJbHO HecJoxeH. Ho nns uccienoBanusi BEICOT Go-
Jgee 120 ThIC. pyT eXMHCTBEHHBIM CPEACTBOM CJYyXKaT pa-
KeTol. K coXaJsleHHIo, OHH CTpPajaloT Cepbe3HHIMH HeNOCTaT-
KamMu. BpeMsa u BbIcOTa HX TnoJieTa BecbMa OTPaHHYEHHI:
pakera A-4, sanyimeHHas BepTHKaJbHO, HMEET, HaNpHMep,
NPOXOJKHUTEJBHOCTD I0JleTa Bcero okoso 8 MuH. OHu MoryT
NOJHUMATh JOBOJbHO GoJbliMe Harpysku (A-4 no TOHHH),
HO NOCTPOHKA pakeT CKOJbKO-HMOYAb 6OJbIIUX pasMepoB 06-
XOJUTCS OueHb foporo. KpoMe Toro, Takue pakeTsl TPHXO-
JUTCA 3amycKaTb B BeCbMa OTJAAJIEHHBIX H NyCTHIHHBIX paii-
OHaX, TakK KaK OHHM MOTYT B30pPBaTbCsl NpPH 3amycke HJIH
ynacTb, NPUYHHHB GoJblune mnoBpexAeHus. OnHako,  He-
CMOTPS Ha 3TH HENOCTATKH, PAKETAMH IIMPOKO MOJb30OBAIUCH
Ha NPOTSAKEHHH TOCHeJHHX HECKOJILKHX JIeT [JIA HCCJIeN10-
BaHUH BepXHHUX CJoeB aTMocephl.

ITocse okoHuaHusi BTOpoil MHPOBO# BOMHBI 60JbIIOE KO-
JIMYECTBO MaTepuajioB M oGopynoBaHHsl /51 COOPKH pakeT
A-4 6BLI0 IOCTaBJIEHO HA HCHHITATeJNbHH MOJUroH Yafit-
Cannc B-CIIA, rae 10 CHX NOP HCNOJB3YETCS TPH BHINOJHE-
HHM pPa3Iu4HBIX NOPOTPaMM HCCHEAOBAHHI BEPXHHX CJIOEB
aTMocdepsl (15, 16]. Tak kak A-4 Gbl1a yxke TOTAA ZOBOJBHO
Xopoluo paspaGoraHa, NoTpe6OBaJHCh CPABHUTEIBHO HEGOJIb-
e usMeHeHusl. boeBast yacTp Gblsla 3aMeHeHa NPHGOPHEIM
OTCEKOM KOHMYecKofi (opMbl, a anmapaTtypa ynpasJieHus
‘ofecrneurBaia MOJIET C OTKJIOHEHHeM B 7° K ceBepy OT Bep-
THKaJIH, YTOGbl MCKJIOYHTH BO3MOXKHOCTb NaJeHHS] PaKeThl
o6paTHo Ha MecTo 3amycka. [pyrofi mpeaocTopoXKHOCTBIO
6buto fo6aBJieHHe ynpas/sieMoil MO pajMo CHCTEMBl BHIKJIO-
YeHHUs! TATH, YTOGH B TOM CJydae, ecjli CHapsiJ OTKJIOHUTCS
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OT 3apaHee YCTAHOBJIEHHOH TPAeKTOPHH IOJIETa BCJAEACTBHE
KaKo#-1M6o HemoslajKH B amnnapartype YIpaBJeHHs, ero
MOXHO OBuIO Obl 3ajepxKarTb, NpexkAe 4YeM OH YHaJIMTCH
CJHMIIKOM JaJjeko. Bujio 3anymeno noutu 100 Takux paker,
KOTOpHIe IO3BOJIKJIM NOJYYHTb MHOTO IIeHHBIX JaHHBIX. Benen-
CTBHE 6OJIbIIOHA IPY30NOABEMHOCTH BHICOTHEIX PAaKeT B BO3-
AyX MOXHO NOAHMMATh MHOTO annaparyphel, OJAHAKO 3TO
06X0HTCS OYeHb JOPOro: MOACYHTAHO, YTO CTOMMOCTb KaXK-
floTo 3amycka cocrasJjser okoJo 100 TeiC. pYHTOB CTEpJHH-
ros. Pakera meHbuMx pasmepos Gwuia 6bl GoJsiee YHOGHOM
U IJs GOJIbIIOTO 4YMCJa 3KCIEepUMEHTOB Onlla OHI jocTa-
TOYHA MeHblIasi BLICOTA NoJeTa (C MOMOLIBIO pakeThl A-4
Oblsla JOCTHTHYTa BhicOTa 114 MHaB). DTO XOpollo MOHH-
MaJH yXe B CaMOM HadyaJle OCYLIeCTBJIEHHS NPOrPpaMMEl
HCCJIeOBAHUf BEPXHHUX CJoeB aTMocdepH, Korja INpHCTY-
MUK K pa3paGoTke pakeTsl «AspoGu».

o storo, ognako, B CIIIA yxe Benach paGora no pas-
paGoTke pakeThl, usBecTHofl mox HasBanueM «BAK Kopmno-
pan». Pabora sTa Gua Hauata B aeKabpe 1914 roma mno
Tpe6oBaHHIO ApPTH//IEPHIACKO-TEXHHYECKOTO YIpaBJIeHHs, NO-
py4uBlllero JlaGopaTopHH peaKTUBHOTO ABUKeHus1 npu Ka-
JHGOPHUHACKOM TeXHOJOTHYECKOM HHCTHTYTE IIOCTPOUTHL Me-
TEOPOJIOTHYECKYIO paKeTy, CNOCOOGHYIO IOZHMUMATb MHHH-
MaJIbHYIO TOJIE3HYI0 Harpysky BecoM 25 (hyHT Ha BHICOTY
100 THIC. hyT. BMeCTO NOCTPO#HKH ONBEITHOro o6pasua B Ha-
TYpaJbHYI0O BeJHYHHY Obla pa3paGoraHd Mojedb B Mac-
wtabe 1:5, ussBectHas noa HaspaHueM «Bs36u BAK»; Ha
Hell NpoBepAJIMCh PasJHYHBIE HJEH, NIOKa He GHIJIM YCTaHOB-
JieHH HauOoJsiee YIOBJIETBOPHTEJBHBEIE PElleHHs AJIs pasJiuy-
HbHIX Npo6JjeM aspoAMHAMHKM H YycToiuuBoCcTH. Pakera
B OKOHYATeJbHOM BapHaHTe HMeJa AjauHy 16 ¢yr m naua-
merp 1 ¢yr u wmorna jocrurath BhiCOTH 40 MuJIB, 4YTO
3HAUHTEJNBHO IIPEBHILANO0 pacueTHele TpeGoBanusa. B To
BpeMsl, KOTAa OCYIIeCTBJIs/Iachk NporpaMMma 3amycka paker
A-4, peumniiu, yto 6buUlO Obl OUEHb IIOJIE3HO HMEThH PaKeTy,
CrocoGHyl0 INOAHMMATh Gosblle anmapaTypel Ha  64Jib-
IIyl0 BHICOTY, M [PHCTYNMIH K paspaboTKe pakersl
«A3po6u».

OpxHako mpexjJe YeM COBEPLIEHHO OTKa3aJHCh OT pa-
kerol «BAK' KopnopaJj», ee ucnosnb3oBasn B KauecTBe BTO-
poii cTynenn apyxcrynenuatofi paketn «Bammep BAK»,

14 3ax. 3073. Ix. Xoamdpuc -

[
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1epBOl CTYNEHbIO KOTOpOH cayxuja pakera A-4. Ha Bwu-
cote okoJjo 20 MHJB, KOrfa JBHrarelb paKerhl A-4 eme
pa6oras M TmoJeT, CJeJoBaTesbHO, Gbl YCTONUYUBEHIM, 3amy-
CKaJach pakera «BAK Kopnopas». OnHa H3 Takux ABYX-
CTYNEHYaTHX  pakeT JOCTHrJa KOHeYHOH  CKOPOCTH
5000 munrs/eac v BHICOTH B 244 MUJIH.

Pakera «Aspo6u» (17, 18], mokasannas Ha ¢ur. 91, —
neppasi CheuHaJbHO paspaGoTaHHAs MeETEOpOJIOTHUeCKas
pakera, NpeAHasHayaBlIAfACs [/ NPHMEHEHHS] B LIMPOKHX
Maciirabax. YCTpoiicTBo 3To#t pakeTsl oueHb mpocroe. OHa
JIMIIEHA KaKo# Onl TO HH OBLIO CHCTEMBl YNpaBJEHHs, H ee
YCTORYHMBOCTb B MoJieTe oGecrneyyBaeTcs NPAaBUJIBHON IEH-
TPOBKOX M XBOCTOBBIM onlepeHueM. Pakera sanyckaercs
C ycTaHOBKH BbICOTOH 140 ¢yr, ciOCOGHON H3MEHATH YroJ
HakJIOHA. [{/1 NOCTHXKEHMs! O CXOfa C HampaBJSIOUHX 0-
CTaTOYHO BBICOKOH CKOPOCTH, HeOOXOAMMOH AJs ycToHuu-
BOro 1OJIETa, HA paKeTe HCINOJb3YIOT NMOPOXOBOH YCKODH-
TeJIb. Mapmenbm Asuraresib pafoTaer Ha AbIMALIER a30T-
HOH KMCJIOTe M aHuJuHe. Pakera «Aspo6u» HMeeT IJIMHY
19 ¢pyr, nuamerp 15 Oroiim u cnoco6Ha nopuuMatb 150 gpyHT
II0JIE3HOTO I'Py3a Ha BHICOTY OKOJIo 70 MHJb.

Kak u Ha pakere A-4, ucc/iegoBaTeNbCKue MPUOOPHI
B OCHOBHOM pacloJlaraloTcsi B F'OJIOBHOM OTCeKe BMeCTe C Te-
JIeMeTPHUeCKO#l anmapatypoii M HCTOYHHKAMH NHUTaHus. 3a-
TE€M HAYT TOIJIMBHble 6aKM, a 3a HUMH — pPaKeTHBIH JBUra-
Tenb. PacnoJsioxenue npu6opoB mNokasano Ha ¢ur. 92.
HiMenHo Takoe pacrnoJjioxeHue GblJIO MCIOJb30BAaHO Ha pa-
KeTax, 3anylleHHHX ¢ 6opra aMepukaHckoro cymHa «Hop-
ToH CayH/J» Ha MarHUTHOM 3KBAaTOpeE C LEJbIO HCCJIeOBaHUS
sIBJICHHH, CBA3aHHHIX C MarHUTHHIM MoJieM 3eMJH H KOCMH-
YEeCKHUM H3JIyyeHHEM.

ITpoexTHpoBaHHe H 3KcIIyaTauusi NpuGOPoOB AJsl BHICOT-
HHIX pakKeT NpeACTaBJAOT coGoil ocobyio 3amauy. Hekoro-
pbIMH U3 (GaKTOPOB, KOTOpPBIE MPUXOAUTCS NPUHUMATL B pac-
yeT, ABJAIOTC 06'beM, BeC, paBHOBecHe, AaBJieHHe, Harpes
" M yckopenue. HanpuMep, o6beM, OTBOAMMEI 1OJ NPHOOPLI
Ha pakere «Aspo6u», cocraBiaser 5 Ky6. pyr, MMHHMAJIBHO
JIOTIYCTUMEBIH s o6GecrneyeHus] yCTOHUYUBOCTH BeC COCTaBJIseT
okoJ1o 120 ¢pynT, a MaKCHMAaJILHEIN BeC ompejesasercss npoy-
HOCTBIO KOHCTpyKuHu H paBeH 350 ¢ynr. CiepnoBaresbHO,
AJsi o6ecrieyeHHsl HAWJY4IIHX JIETHHIX XapaKTepPHCTHK BEC

et e
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NpHGOPHOTO 06OpPYIOBaHHSl HOJKEH COCTaBJSATH OKOJIO
120 ¢pynr u npuGopH AOMKHBI GHITH pasMelLlleHbl TaKHM 06-
pasoM, yToOH pakera Ghla ycToituuBoil B noviere. MHorue
3JIeKTPUYeCKHe NPUGOPH DPaboOTAalOT HEYROBJIETBOPHUTENBHO,
ecJId JaBJleHHe BO3JyXa KpafiHe HHU3Koe, BCJEICTBHE TOTO,
YTO B 3THUX YCJOBHAX JIETKO BO3HMKAaeT IPOCKOK HCKPHI;
CJIeJIOBATENbHO, 17151 PaGoThl OTHENBHRIX NPUGOPOB NPHXO-
JIUTCSl CO3[laBaTbh YCJOBHs, GJH3KHe K aTMOC(EPHHIM YCJO-
BHAM y noBepxHocTH 3emsn. Ha pakere «AapoGu» Bech npu-
GOpHHEINI OTCEK repMeTHYECKH U30JHPOBAH, H BO BpeMs - IO-
JeTa B HeM NOJJEepKHBAETCs MOCTOSHHOE AaBJICHHE.
JByms HauGoJiee BaXXKHHMH (hakTopaMu SBJSIOTCS Ha-
rpeB U ycKopenue. BcoenctBue aspoauHaMuuecKoro Harpesa
TeMnepaTypa oGLIMBKH pakeThl «A3poGH» y roJIOBHOM YacTH
moxer jgocturath 200°C, YTO MOYTH HCKJIOYAaeT BO3MOK-
HOCTb HCIOJIb30BAHHSI TEMIEPATYPOYYBCTBUTEJBHHIX YCT-
poOficTB; B CJyuae e IPHMEHEHHS MX NPUXOAUTCH CHaGXKaTh
KOMIICHCHPYIOIMHMH IIPHCIIOCOGJEHHSMH HJH TLIATEIbHO
usosupoBath. Kpome Toro, anmapartypa [JoJXKHa BHAEPKH-
BaTh MaKCHMaJbHHH K03GGHUMEHT mneperpysku (B pakere

«A3po6u» mpu B3Jere oH paBeH 12) u Xopowo paGoTaTh’

B YCJOBHAX yCKOpeHHs, COO6LIaeMOro OCHOBHLIM J[BHrare-
jgeM. ITomumo Toro, amnapartypa moJxkHa paGoraTb C BO3-
MOXHO MEHBLIMM NPOMEXYTKOM OTCTaBaHus, MO0, pakera
Ha GoJibllieff YaCTH TPaeKTOPHH CBOETO IOJIETa JBHXKETCS CO
3HAYUTEJbHON CKOPOCTbIO M BPEMEHHOE OTCTaBaHHE BBOJLHJIO
66l JOXHBIe mnoKasaHus. IlockosbKy amnapatypy penko
yZaeTcs nog6upaTh Ha 3eMJie B HCIPaBHOM COCTOSIHHH, TPH-
60pH! HO/IKHEL paboTaTh TaK, YTOOHl UX IOKa3aHUSIM MOXKHO
OLLJIO TOJMHOCTBIO 0BepATh. [To3TOMY mpH BCAKOH BO3MOXK-
HOCTH CTapaloTcsi CHaGauTh anmapaTypy KakuMH-1M60 Cpen-
CTBaMH TapHUPOBKM B IoJIeTe, ¢ TeM 4YroOun o06GecrneydTb
KOHTPOJIb 33 ee PaGoToii.

C caMoro HauaJla OCYLIecCTBJEHHS] aMepHKAaHLAMH {Ipo-
rpaMMHEl HCCJIeIOBaHHA BepXHMX CJIoeB aTMocheph OBLIO
ICHO, UTO B JOMOJIHEHHEe K pakeTe «Aapo6u» ¢ BEICOTOH IIO-
Jera 70 Muib MoHamoOuTcs paspabGoTaTh elle pakeTry MJs
3aMennl A-4, MOCKOJIbKY 3amachl 3THX PakeT He MOTYT OHITb
6ecKOHEUHHMH. 3aTeM peliuJId, YTO HYyXKHO VMEHBIIHTh [Oo-
JIe3HYI0 Harpy3Ky M yBEJHUYHUTb BBICOTY NoJsieTa. B pesysn-
tTaTe Oblla paspaGoraHa pakera «Bukunr», nokasaHHas

arvebakas
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B paspese Ha dur. 93 u B MoMeHT B3JieTa — Ha ¢ur. 94. s
TOro 4YTOGH YCKOPHTb paspa6oTky {19—21] B ocHOBY pakeTH
«BuKuHr» OBIM MOJOXKeHBI OOLIME XapaKTePUCTHKH pa-
KeThl A-4. MakcuMasbHas TMoJe3Hasi Harpyska cOCTaBJIsija
1000 ¢pynr, a HauGoublllasi JOCTHTHyTass B MOJIeTe BHICOTA
npHu noJsie3Hoit Harpyske 825 gyxr cocraBusa 158 MHJIb.
O6mas KOMIIOHOBKA COBNafaeT C KOMIIOHOBKOH ApYrHX
BLICOTHBIX pPaKeT: QTCEK C MCCJeN0BaTeJbCKUMH NMpUOOpaMH
HaxXoJHUTCs B OJIOBHOM 4aCTH, 3a HUM pacloJlaraloTcsl OTCeK
¢ npu6opaMu YnpasJieHHSl, TOIVIHBHble GaKM M paKeTHHIH
ABUTaTe/b. PakeTHuIl IBHTATe/b PAaGOTaeT HAa JXHUAKOM KH-
caopoge u 759%-HOM STHIOBOM CHHpTE, mojgaya KOTOPOTro
NIPOU3BOAMTCA TYpPOOHACOCHBIM  arperatoM, HPHBOAUMEIM
B JiefiCTBHEe MaporasoM, NoJiyuaeMbiM, Kak U B pakere A-4,
IPH passoXKeHHH TNepeKHCH Bojopoxa. Pakera no ajauHe
noutd paBHa A-4 (45—49 ¢pyT B 3aBHCUMOCTH OT MOJEJIH),
OJHAKO MMeeT AHaMeTp Bcero 32 droldm TpH NOJETHOM Bece
11 Thic. ¢pyur (y A-4 —28 600 ¢pynt). PakerHnlit nBUraTesp
cospaer ‘Tary 20 ThiC. yHT B TeueHue 75 cek., a CleAylo-
mue 5—6 MHH. 3aTPauyMBAIOTCA Ha NOCTHXKEHHe MaKCHMaJb-
HoO# BEICOTH U 06GpaTHHI ciyck npuMepHo no 130 ThIC. PyT.

Ha stoit BricoTe aTMocdepa HauMHAeT OKa3bIBaTh BO3JEH- -

CTBHE H ONpPOKHIBLIBAET paKeTy, TaK 4TO OHAa MNajaerT Ha
3eMJII0 TOJIOBHOH uacTbio Brepea. K 3Tomy BpeMeHH pakera
yKe BHINOJIHHJIA CBOIO 3ajauy; Telepb JHIIbL HYXKHO obecre-
4UTb, YTOOBI BCe NPHOOPH HJM 3aMHCH, KOTOPHIE HOJIKHBI
ObITh NMOJOOpPAHBl, COXPAHHJIHCh. DTO OCYLIECTBJSAETCS NpPH
MOMOLIYM 3apsJA0B B3PHIBUATOrO BeIECTBA, IOMEINAaeMBIX
B pakery TakuM o6pas3oM, yToGbl OHa pas3jaMbIBajach INpH
B3pBLIBE Ha JBe WM OoJbliiee uucyao uyacrelt. Koneunas cko-
POCTb NMajieHHsl 3THX 4acTell 3HAUHTEJbHO MeHblle, 4YeM CKO-
POCTb MajeHHsl LeJoro CHapsna, H TakuM o6pasoM ILAHCHI
noxo6paTh NpuGOPH U 3alHCH B HENOBPEXKIEHHOM COCTOS-
HHH BO3PACTAIOT.

C ueJsblo 06eCeynTh YCTOMYUBOCTL CHapsifa MpH B3JjeTe

(yckopuTesb WM NYCKOBYIO BHIIKY He INPHMEHSIOT) M IO

OKOHYaHHH paGOTbI JBHUrarteJiss, Korjga IJOTHOCTb BO3ayXa
HEeBEJIMKA, pelWwId IOAAEPKUBATD cTabuinsanuio 1o
Tamfa)xy U MO PBHICKAHHIO NyTeM H3MEHEHHUs HanpasJIeHUS
JAEHCTBUS TATH PakeTHOro ABHTraTeJis. dTo HmocTHraercs no-
CpeaCTBOM MOHTax)a KaMepHl Cropanus Ha KapaaHHOM IOX-

.
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Bece H MOBOPOTA ee NPH NMOMOILHM cepBoMexaHu3MoB. OTKJO-
HEHHS1 OT TPAaeKTOPHMH IoJieTa OGHAPYXKHUBAIOTCSI COOTBET-
CTBYIOIIUM 00GpPa3oM YCTAaHOBJEHHHIMH THPOCKONAMH, Kakx
B pakere A-4, a 3aTeM CHrHaJIHl NEPeNalOTCs Yepes YCHJIH-
TeJH W LEeNH YNpaBjeHHs K CepBOMeXaHH3MaM, KOTOpHE
BHOCSIT COOTBETCTBYIOIME MONpPaBKH.

PaspaGoTaH HOBHIH MeTOx NOJNYYEeHHS MOMEHTOB YIPaB-
JIEHHs1 MO KpeHy, 3aKJIOYalOIHHACA B NPONMYCKAaHHH Napo-
Fasa uyepe3 JBe Mape MPOTHBONOJOXKHO HAanpaBJeHHEX
ColieJl Ha KaXKIOM M3 JBYX IPOTHUBOIOJOXKHBIX CTaGHIN3ATO-
pos. Ilo cooTBeTcTByIOIEMY CHrHAJNy THPOCKONA KpeHa Ma-
poras MoKeT NOJIy4HTb BO3MOXKHOCTb B PaBHOM Mepe BHIXO-
IUTh U3 BCEX uYe€ThIpex comel, He Co3xaBas, TakuM oGpasom,
HHKAaKOr0 MOMEHTa; HO TaKOfi MOMEHT MOXHO CO31aTh, €CJIH
BBIYCK naporasa GyneT NPOHU3BOAUTHCS ONpeNeJeHHHM 06-
pa3oM. Tak Kak npH HOBOJbHO BHLICOKHX CKOPOCTSIX IPOXO-
XKJeHHs dYepe3 Qojlee NJOTHHE CJIOH aTMocheps MOXKHO
OXHJAaThb JONOJHHTENbHBIX a3POAMHAMHYECKHX BO3MYINAIO-
IUX CHJ, TO NMPEAYCMaTPHUBAIOT NOMNOJHHTEJbHOE yIpasJie-
HHE 110 KpeHy nocpenacTBoM tpuMMepoB. Ilpu nmpekpauiennn
paGoTH ABUTaTeNsi Ha BCAKOM CHapsije BO3HHKAIOT [EecTa-
OGU/IH3HPYIOIIHE CHJIB, KOTOPble 0GBACHSIOTCS TVIaBHBIM 06-
pasoM H3MeHeHMEeM HaNpaBJIeHHs MAeHCTBUS TATH BCJEN-
CTBHE HEYCTOHYHBOrO TOPEHHS! NPH MOHHXKEHHHBIX AAaBJEHHAX
B KaMepe, BCTPeUYalOIIMXCSl B AHANA30HE MEXY NOJIHOH M HY-
JeBo#l TArofl, ¥ KPYTAIIMMH MOMEHTAaMH, BO3HHKAIOMIHUMH
B pesyJsbTaTe 3aMeJeHHs1 BpallleHHs TypGHHH TypGoHacoc-
Horo arperara. IIpm moJiere OGHYHON paKeTH JaJIbHErO
NelCTBUSA 3TH CHJIBI He urpalor O6oJblIofl poJH, Tak Kak
B TOT MOMEHT, KOTJia OHM Ha4YMHAIOT JefCTBOBaTb, OHA YK€
dakTHuecKH HaxXogUTICA 3a MpexesaMH aTMocdhepel H Ha
TPaeKTOPHUIO ee IOJIeTa He BJIMSIeT HUKaKoe U3MeHeHHe IOo-
JIOXKEHHS, ONHAKO Ha BBHICOTHOH paKere 4acTo GhIBaeT He-
06X0MMO, YTOGH MOJIOKEHHE OCTaBajJoCh MocTosiHHHIM. Ha-
npuMep, MOTyT NOTPeGOBaTbCS AAaHHHE 06 HHTEHCHBHOCTH
KOCMHYECKOTO M3JyueHHs B OJHOM oINpeje/leHHOM Hanpas-
JIEHMH, a4 €CJIH JaTb BO3MOXKHOCTb paKeTe Iocjle H3pacxo-
NIOBAaHMS TOIJIMBA 3aHUMATh Ji06oe MoJoXKeHHe, TO pe3yib-
TaThl, [IOVIyYeHHBIE [TOCJIe TOTO MOMEHTA, TO eCThb Ha GoJbllel
YacTH TpaekTopuH, GbLIH 6Bl TpocTo GecrosiesHuMH. Io-
3ToMy pakera «BukuHr» #HMena psja HeGOJBIIMX COMed
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IJI Maporasa, KOTOPHX GblJIO AOCTATOYHO JJISl YIpPaBJIEHHS
CHapsamoM (mocJie NMOJHOTO H3PacXO/0OBaHHsl TONJHBA) IO
TaHraxy ¥ PHICKaHMIO, a TaKXKe [0 KpeHy H, CJIel0BaTe/IbHO,
JUIA yaepKaHHsl ero B OJHOM IIOJIOXKEHHH.

Ha neTHHle XxapaKTepHCTHKH paKeThl JIOGOH KOHCTPYK-
UM HauGoJjlee 3HAUHTEJbHOE BJMSHHE OKashIBaeT IIPOJNOJ-
XHTeNbHOCTh paboTh pBuratens. Ha pakere «BuKHHI» co-
KpallleHHe BpeMeHH pa60TbI aBUraress Ha 5% BbI3BaJo Gbl
yMeHbIlI€eHHe MaKCHUMaJIbHON BBICOTHI oJera Ha 25Y%; Bcien-
CTBHE 3TOTO BECbMa BaXXHO ONOpPaXKHUBATb 06a TOIVIMBHBIX
6aKa OIHOBpPEMEHHO, NOJb3YsCh BCE BpPeMsi ONTHMAaJIbHHIM
COCTaBOM CMecH. DTOMy MeliaeT H3MEHEHHe IPOJOJIbHOIO
YCKOpeHHs1 BO BpeMsi IIOJIeTa; OHO BLI3HIBAeT H3MeHeHHe
JaBJeHHS Ha BXOAe B HACOCH, a C/leJOBaTeJIbHO, U H3MeHe-
.HHe B cocTraBe cMecH. JlJs1 peryJMpoBKH JaBJIeHUs1 HAa BXO4e
B HACOCH CO31aercsl HEKOTOPHIH pery/nupyeMblit ero mpH-
pocT; AJsa 3To#l lenu [aBjleHHe B TOIVIMBHBIX 6akKax IpH
NIOMOLIY T'eJIisl HECKOJbKO NMOBHIIIAIOT.

ITpoekTHpoBaHUE KOHCTPYKLHMH COBNAajaeT C NPaKTHKOM,
NPUHATON B CAMOJIETOCTPOEHUH, 32 MCKJIOUEHHEM HeMHOTHX
neraJel. IToBciony, KpoMe OGIIMBKM Ha NEpEeAHHX KPOMKax
CTa6U/JM3aTOPOB U Ha TOJIOBHOH YaCTH, KOTOpPAsl COCTOHT U3
HepXaBelolel cra/nu, YTOGE NPOTHBOCTOATH a3POAMHAMH-
4eCKOMY HarpeBy, npuMeHsiior anoMuuuii. Ha nepsrix nByx
MOAE/AX TOMJHBHbIE 6aKH GHIIM OTHEJeHBl OT OOLUIMBKH, HO
Ha BCEX MOCJEAYIOUIMX HapyxKHasi IOBepXHOCTb TOIJIMBHBIX
0aKoB fIBJISIJIACh YaCTbI0 OOLINBKH PaKeTH.

Hccnenosanne BepxHux caoes armocheps [22—24]

B 3akmoueHne 3TO# ryaBel A/ NMOKa3a BO3MOXKHOCTEH
BHICOTHBIX PaKeT MhI pacCKaxXeM O [JOBOJbHO HHTEPECHBIX
9KCNepHMeHTaX, NPOBENEHHBIX C MX MOMOIIbI0. PasynuHbie
BHIABl HUCCJIENOBATEJIbCKOH pPaGoThl MOXKHO MOAPAasAeJuTh Ha
natb Kareropuii. Ilepsas umeer gesio ¢ acTpoU3HYECKHMH
SIBJICHHSIMH; 9TO [VIaBHBIM 06pasoM HM3JydeHHsl, KOTOPHE HC-
CleAylOTC N0 NpOHHKHOBeHHs B atmocdepy. Cioma oTHO-
CATCSI KOCMHYECKHe JIyYH, a TAKKe yJIbTpadHONEeTOBbIE H PEHT-
‘TEHOBCKHe JyuH, ucnyckaembie CodnneM. MccienoBanue xoc-
MHYECKHX JIyyell npezacraBJsieT co6ofl 0AHY U3 CaMHIX HHTe-

P .
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pecHHX ofbsacTefi COBpeMeHHOH (HH3HKM; BBICOTHHIE DaKeThl
GbiJIM IIHPOKO MCHOJIB30BaHBLI M/ M3YydYeHHsl NMEepPBHYHEIX
KOCMHUECKHX Jiyuefl, B/IAIOIHXCS YaCTHIlaMH BecbMa 60Jb-
IINX SHEePruii ¥ NPHUCYTCTBYIOLUIMX TOJBKO HaJ MNJOTHHIMH
crosiMmu  atMochepr. Korma Bo BpeMmsi IBHXKeHHs udepe3
BEPXHHe CJIOH aTMocGeph OfHA M3 TAaKHX YacTHI[ CTaJIKH-
BaeTcsl ¢ KaKUM-J1u60 aTOMHHIM SIAPDOM, OHAa paclienJser
AApO, KOTOpoe TOIJIOIIAeT HEKOTOPYI0 YacTb OrPOMHOM
SHEePTHH YacCTHIK H BLICBOGOXKJAaeT NMPOTOHHl, HEATPOHH H
Me30HH. B caMmX pasiMYHHIX MecTaXx 3eMHOTO lIapa oOT
sKkBaTopa u 10 CeBepHOro moJioca ¢ MOMOUIbIO paKeT HEOA-
HOKpPAaTHO NOAHHUMAaJHu B BO3AyX cueTyuku [eiirepa u «rene-
CKOIBI», OTIpe/ie/ISIOIMe HANPaBJIeHHe NMOTOKA KOCMHYECKHX
ayuefi. Hekortoprie u3 HauboJiee NpPaKTHUECKH IIOJIE€3HBIX
9KCIIepUMEHTOB OLIIH MOCBSILIEHBLI HCCJIEJOBAHHIO YJbTpa-
¢duosneToBLIX Jyueil. 3eMHas aTMocdepa MOJHOCTBIO MOTIJIO-
o

aeT u3JyueHHe C QJIHHOA BosHbl MeHee 2900 A, omHako
cnekrporpadnl, NOAHATHIE B BO3AYX HA PaKeTaX, [O3BOJIUJIU

o
M3YYUTh CIEKTp 10 BoJH muHoi 2300 A u 3HAYHTENbHO
pacIIMpU/IN TO3HAHHS JIOJAEHl B OTHOIUEHHH COCTaBa aTMO-
ceprr Courrua. PesysbraThl paGoTsl criekTporpados HeJbast
nepeaaBaTh C MOMOLIBIO TeJEeMETPUUECKOH CHCTeMBl; 3TO
KaK pa3 OQMH M3 CJyyaeB, KOTJa NPUXOAMTCA moaGuparh Ha
seMsie ¢oronneHkH. Crekrporpadbl Hay4YHJIHCh OMNYCKaTh
TaK yOauyHO, YTO HEKOTOPHE M3 TaKHX NPHGOPOB, YCTaHOB-
JIeHHBIX Ha pakerax A-4, okasaJuCb B JOCTaTOYHO YIO-
BJISTBODUTEJNbHOM COCTOSIHWH, 4YTOGHl HX MOXKHO OBLIO
MCIOJb30BaTh BTOpHYHO. OQHHUM H3 HauboJsee 3aMedaTeNbHbIX
3KCIepUMEHTOB GRLIa YCTaHOBKAa OTIOJHPOBAHHBIX IO 3ep-
_KaJibHOro 6JleCKa MeTa/VIMYeCKHX IJIACTHHOK Ha OOIIMBKe pa-
KeTHl U HCCJIe0BaHHE HX MOBEPXHOCTH IOCJ]e MoJjera AJsl Ofl-
penesieHus] KOJNYecTBa MHUKPOMETEOPHTOB, BCTPeYaIOMIUXCs
"Hag atMmocdepoil. _
Bropoit o6aacTeio siBasiercs reodusuka arMmochepst [25],
TO €CThb HCCJIENOBaHHe €e JaBJeHHs, TeMIepaTypHl, IWIOTHO-
CTH, COCTaBa, MOHM3ALMH M [BHXKeHus. Paxern, noxauayi,
Gosiblile MCMOJIL30BANUCh AJISI H3MEPeHus [aBJeHHs, IJIOT-
HOCTH M TeMIepaTyphl arMocdeph, 4eM MJs KaKHX-JIHGO
IOPYTHX HCCIeNOBaHMWiH; B pesysabTaTe INO3HAHHA JIOAel
0 BEPXHHX CJOAX aTMoc(ephr 3HAYHTEJbHO PACUIMPHJIHCD.
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BcalencTBue BHICOKHX CKOpOCTeH, pa3sBHBAaeMBIX paKeTaMH,
¥ CBSI3aHHOTO C 3THM a3POJAMHAMHYECKOTO HarpeBa INpoOeK-
THPOBaHHe NPUGOPOB 0Kas3asjoch UYPe3BHIYANHO CJIOKHBLIM.
Bruto paspa6oraHO  HECKOJBKO  BeCbMa  OCTPOYMHBIX
ycrpoficts. Hanmpumep, paBHoBecHass TeMmepaTtypa Harpe-
BaeMo¥l 3JIeKTPHYECKHM NyTeM NPOBOJIOKH 3aBHCHT OT KOJIH-
yecTBa TeNJa, OTAAaBaeMOro IPOBOJIOKOH, KOTOpPOe B CBOIO
oyepenb 3aBHCHUT OT IVIOTHOCTH aTtMocdephl. IDToT 3QdeKT
OHLT MCIIONB30BAH /ISl ONpejiesieHusl IJIOTHOCTH NMyTeM IpH-
MeHeHHs1 HajJJjlexxalluM o6pa3oM KaJuOGPOBAHHHIX IPOBOJIOK.
HauGosee TpyaHo u3MepsiThb TeMIepaTypy Ha BecbMa GoJb-
LIMX BHICOTaX, IJIABHBIM 06pasoM BCJIEACTBHE INpeo6JafaHus
Telonepenayn nyreM HusjgyueHus. OJHaKo yroJ HakJoHa
yAapHO# BOJIHE, 06pasyolleicss y ToJIOBHOH 4acTH paKeTH,
K HalpaBJIeHHIO CKOPOCTH 3aBHCHT OT TeMIIepaTypHl, H, 3Has
3TOT yrOVl H CKOPOCTb DAaKeTH, MOXKHO OINpPEeNEJHTb TeMIe-
paTypy okpyxamwoueii cpeasl. OnuuM u3 HauGosee mopasH-
TEJbHRIX SKCIEPUMEHTOB sBJseTcss (¢ororpadupoBaHue
3emsn ¢ pakern (¢wur. 95). Hano ckasats, uto 3To He mpo-
CTO TPIOK: NMOJOGHHE CHUMKH HE3aBHCHMO OT TOTO, CHeJIaHhl
OHM Ha KHHOIJIEHKEe MJIM Ha O6bIYHOH (oTomMacTHHKE, OUeHb
IEeHHBl 1Js1 ONpeJesieHHsi NoJIoKeHHs1 pakeTel. MMu Takxke
N0JIb30BAJ/IUCh MPH aHaJM3e GoJblIMX 06pa3soBaHui 06J1aKOB,
a KpoMe TOro, OHH MOTYT OKa3aTb BecbMa CYLIECTBEHHYIO
noMollb B NpeacKa3aHHH IOTOIBI.

Tperbsi KaTeropusi paGoT npeanoJaraeT HCMoOJb30BaHHE
aTMocdepsl B KayecTBe THTaHTCKOf JabGopaTopuu. 31ech
MOTYT. GBITh HCC/IEOBAHBI pa3jIHuHbIE SIBJEHHS: JHGO Takue,
KOTOphie He MOTYT GHITb BOCIPOHM3BeJeHH B OOLIYHBIX Ja6o-
pPaTOPHHIX YCJIOBMSIX, KaK HanpuMep npeoOpasoBaHHe mep-
BHYHBIX KOCMHYECKHX JIyuell NpH BCTpeue C aTOMHHIMH sj-
pamu, JIH60 OGHIUHBIE SIBJEHHS, HO B IIHPOKHX MacluTabax.
K HMM oTHOCATCH pacnaj M MOHH3AUHsl MOJIeKYJ BCJEACTBHE
CTOJIKHOBEHHMH C MPUXOASIIMMH YaCTHLIAMH H 3J€KTpHUYECKHE
TOKH B BEPXHHX CJOAX aTMocepbl, BO3HHMKAIOUIHE BCJIEN-
CTBHE NepeMelleHHil OrPOMHBIX BO3AYIIHBLIX MacC. DTH TOKH
CYIIECTBYIOT B HHXXHHX CJIOSIX HOHOC(epH M ObUIHM OGHapy-
XeHB B pesy/bTaTe U3MepPeHHH MAarHHTHOTO IoJst 3eMJIH Ha
GoJIbIIMX BBICOTAX. PacnpocTpaHeHHe PaJHOBOJIH SIBJISIETCS
eure oAHOM 06,1aCTbIO, B KOTOPO! METEOPOJIOTHYECKasl PAKeTd
MIPAET. O4EHb BAXKHYIO POJb.
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cBoGonHoro mpoGera MoJeKyJa Bo3ayxXa (TO eCTb Cpennee
paccrosiHHe, KOTOpoe Npoberaer MoJeKy/aa OT OXHOTO CTOJK-
HOBEHHS N0 APYTrOro) HMeeT BeJUYHHY TAaKOro JKe NOpsaKa,
Kak H pasMep uccaexyemoro npepmera. OnHuM us HauGosee
HHTEpeCHRIX 3JKCIepUMeHTOB Ohula monbiTka o6Gpa3oBaHus
HCKYCCTBEHHHIX METEOPOB NyTeM B3PHIBA KYMYJSTHBHHX 3a-
psimoB Ha pakere A-4 B MOMEHT [NOCTHXEHHSl €0 MaKCH-
MaJbHOH CKOPOCTH; IIPH 3TOM INOJYYaJHChb BeCbMa MaJibie
JacTHLIR MeTaJlja, JIeTAllHe C KpafiHe BBHICOKHMH CKOpO-
cramu. IlocpencTBoM HaGJIOKEHHS 33 HUMM IOJIaraju Io-
JYYUTb HEKOTOpOe IpEeACTaBJeHHe O TOM, KakuM o6pasoM
MeTeopbl pacKaJIloTCA; A0 CHX II0p, OAHAKO, MOAOGHHE
3KCIEPHUMEHTHI He HaJM MOJIOXKHTENbHbIX Pe3yJbTaToOB.

ITocsenusis Kareropusi ucC/enOBaTeNbCKHX PaGoOT OXBa-
ThIBaeT OHOJIOTHUECKHE UCCJeOBAHUS M KacaeTcs TJIaBHHIM
06pa3oM [ABYX BONPOCOB: BJHSIHMS KOCMHYECKHX Jydelt (Kak
NEePBUYHBIX, TAK M BTOPHYHLIX) M HE€HACTBUS HEBECOMOCTH
HJIH yCJIOBHH «cBOGOAHOro majgeHuss» Ha xuBoTHuX. Hccie-
IOBaHHs B NEPBOM HaNpaBJeHHH NMPOBOJAMJIMChH IVIABHBIM 06-
pasoM Haj ceMeHaMM pacTeHMH W IIOJIOBBIMH MyXaMH s
olpefieseHHs] BO3MOXKHOCTM BO3HUKHOBEHUsI KaKoro-jiu6o
NOCTOSIHHOTO T€HETHYECKOro H3MeHeHHs. Dta paboTa HOCHUT,
KOHEYHO, JAJUTE/NbHEBIH XapakTep, OTOMY NOKa elle HHKa-
'KHX IIOJIOXKHTEJIbHbIX Pe3yJbTaToB ONMyGJHKOBAHO He GHLIO.
CBOGOAHHIM NajJeHHeM Ha3blBaeTCsl TakKoe MafeHHe Tena,
KOTOpPOe TPOHUCXOAMT B OTCYTCTBHE IPOTHBOAEHCTBYIOIIHX
cuJl. D10 cocrosinne Oyner HauboJiee eCTECTBEHHBIM MJISt
HCKYCCTBEHHBIX CHYTHHKOB 3€MJIH HJIH MeXIJIaHeTHHX KO-
pa6uelt Oyayuiero u MoKeT 0KasaThCsl SIBJEHHEM, HMEIOLIHM
nepBocTeneHHoe (u3HoJOrHYeCKoe 3HaueHue. C uesbio ero
H3yUYeHHs] Ha paKeTax NOJHMMAJHCh MBIIH M- OGE3bSIHH
ocoOble MpuGOPH HAGMIONANH 33 HX IOBENCHHEM, a pe3yJb-
TaThl 3TUX HAGJIIOJEHUH PEerucTpHPOBAJIKCh.

YnoMsiHyTasl Bblllle HCCJefOBaTeJbcKasi paboTa COCTaB-
JifeT JMIib HeGOJbLIYIO YacTh HCCJIeJOBaHUil, KOTOpEIE B Ha-
cTOosillee BpeMsl NPOBOAAT C IIOMOIIBIO BHICOTHBIX DakKer,
OJIHAKO 3TOro BIIOJIHE HOCTATOYHO, YTOOL! NMOKa3aTh LIMPO-

KY10 cq)epy NPUMEHEHHUs 3TOr0 HOBOro Cpe€aAcTBa HCCJIEeNO-
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Taasa XII

NMPUMEHEHHE PAKETHBIX JBHMTIATEJIEA AJII CAMOJIETOB
f

JloCTOMHCTBA M HENOCTATKM PaKeTHBIX ABHraTesedl s
CHapsmoB, paccMoTpennsle B 1. VII, ocraiorcss TakuMu xe
H B CJyyae NMpUMeHEHHs 9THX JBHraTesell 1js camoJieros [1].
B nopsjgke moBTOpeHHs cienyeT ykasaTb, YTO JOCTOHMHCT-
BaMH SABJSAIOTCA GoJbllias TAra Ha €JUHHUIYy CyXoro Beca
(npuMepro B 20 pas GoJibllie BEJHYHHH TATH TypGopeak-
THBHOTO JBHrarte/ld Ha ypoBHe Mops), GoJbiiasi Tsra Ha
eAuHULYy JOGOBON mJoiafA¥ U CIOCOGHOCTh pasBHBATh MOJI- '
HYI0 TAry Ha J06ofi Beicore. K HUM MOXHO eule no6aBUTh
JIETKOCTb, C KOTOpPOfl pakeTHHI# [BHratesjb MoXeT OLITb
paso6paH Ha OTHe/IbHHE 3JEeMEHTH, UYTO AeJlaeT ero BecbMa
YIOGHBIM C TOYKH 3peHHss MoHTaxka. Kpome Toro, noJnas
TAra MoXeT GHITh NOJyYeHa B TeueHHe HeoGhYallHO KOPOT-
KOTO OTpe3Ka BpeMeHH, OGbIYHO MeHee 4eM 3a 2 ceK. mocJe
HayaJjia paGoTH JABHrareJs.

OcHOBHOM HeIOCTATOK 3aKJiouaeTcss B GOJBLIOM pacxoje
TOIJIMBA, NpHMepHO B 15 pa3s mpeBnlmaoomeM pacxoj ToI-
JUBa B TypOOpeaKTHBHOM J[BHraTeje B ° CTaTHYECKUX
yCJIOBUSIX Ha YPOBHE MOpS, U y:Ke M0 OJHON 3TOH NpHUHHE
pPaKeTHHI! HBHraTeJb HMEET MaJo NepCcnekTHB KaK caMo-
JIeTHasi JABMrare/bHasi ycTaHOBKAa. )KHAKOCTHbIE paKeTHHE .
JBUraTe M OGBLIYHO paboTaloT Ha ABYX XKHIKOCTHX, obpalue-
HHe C KOTOPHIMH HepenKo SfIBJseTCs TPYAHO#H mnpob6/eMol;
TBEpJble K€ TONJMBA B GOJBIIHHCTBE CBOEM OTHOCATCS
K KaTeropuu B3pHIBUATHIX BELIECTB.

ITpuHuMas Bo BHHMaHMeE NepeyuC/IeHHEIE BbIE HaKTOPH,
Hesb3sl He NPHU3HATh, YTO BpeMs paGOTH paKETHOro JBUra-
TeJISl OrPaHHYEHO H OH, BEPOATHO, GoJblie Bcero Gyaer mpu-
MEHSITbCA TaM, rje TPeOGYIOTCS OUeHb BEICOKHE CKOPOCTH HJIH
6osibIKe BLICOTH MoJIeTa, WJIH TaM, rjie Heo6xomuma GoJib-
was Tara. Yame Bcero pakeTHBIA JABurate/b NPHMEHSIOT
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B KauecTBe CTapTOBOrO YCKOPHTEJNsi — OH IM03BOJISIET COKpa-
TUTb pasber npu BsJere. Biarogapsi Takum ycKopuTeasM
GoM6apAMPOBIIMKE MOTYT COBEpIIaTh B3JeT CO, CTapPTOBHIX
GeTOHHPOBAHHHIX JOPOXEK OGHYHON MJMHBLI C TMOJe3HOH Ha-
TpysKoii, mpesbimawonmefi HopMaJbHylo. CrapToBHIl yCKOpH-
TeJIb YA0GeH U AJiA HUCTPeGHTe 1€l aBUaHOCHONR aBHalMH, KO-
TOpHIE OYeHb HYXKAAIOTCS B CPECTBaX, 06/eryaiomux B3JeT.
Has rpaxaaHCKHX CaMoJIeTOB, INOAHMMAIOLIUXCA C pacro-
JIOXKEHHHIX Ha G6OJIbIIOA BEICOTE HaJ ypPOBHEM MOPSI a3po-
JIpOMOB, YCKOPHTEJH TaKXKe OYeHb IOJIE3HBI, H HAa HEKOTO-
peix aspompomax B Adpuke u B IOxHol AMepuke uX yxe
IIMPOKO MCNOJB3YIOT. [lonmo/sHuTe/bHAs TsAra MoXeT co3ia-
BaTbCA H B MOJIeTe, YTO MO3BOJISIET YJYYIIHTH JeETHHe Xa-
pakKTepHCTHKH caMoJjera. McrpeGutessM 3To MoxXKeT oKasaTb
NOMOIIb NPH CXBAaTKaX CO CKOPOCTHHIMH PEaKTHBHRIMH GOM-
6apaupoBIIMKAMH; YCKOPHTENH MOMKHO TaKXKe HCII0JIb30BaTh
Ha 60MO6apAHpOBINHKAX, AJS TOrQ 4TOOB JaTh MM BO3MOXK-
HOCTb YHTH OT HCTpeGuTeJel.

[TpuMeHeHHe pakeTHOro ABHraTelsi B KaueCTBe OCHOBHOM
JABHraTeJbHOH YCTaHOBKM BeCbMa OTpPaHHYEHO: HM I0Jb30-
BaJIMCb TOJbKO Ha CaMoJieTaX-epeXBaTYuKax M SKCIepH-
MEHTaJbHbIX caMoJieTaX. [lJis mepexBaTUHKOB MOXKHO NO-
JyunTh (hEHOMEHAJBHYI0 CKOPONMOAbeMHOCTb (30 ThC. yr
u 6ojiee B MHHYTY), OJHAKO NPOXOJKHTEJbHOCTh PaGOTH
TaKMX JIBHraTeJefi HCUHC/seTcs MHHyTaMH. Buuin u npyrue

NPOEKTH HCIOJb30BAHUS PAKETHOro ABUraTe/sd: IpeAJarania, .

HanpuMep, Co3iaTh AaJbHHA paKeTHoli GoMOapaHpOBLIMK,
a4 TaKxe BepTOJIET C DAaKeTHEIMM JABHTaTeJsIMH, pacroJia-
raeMEIMM Ha KoOHLAX Jonacrel HeCyIero BHHTaA.

OGuaeryenne B3Jjeta H yBeJHYeHHEe CKOPOCTH CaMoOJeToB
C MOMOLIBI0 YCKOpHTeeit

Ilpepsarajsoce MHOro MeromoB o6JieryeHust B3Jjera ca-
MoJleToB {2], BKJIOUas KaTanyJabTy, IPHBOAUMYIO B JeACTBHE
CXKAaTHIM WJIM BHIpaGaTEHIBAa€MBLIM I'a3oM, H 3aNpaBKy TONJIK-
BOM B MoJeTe, KOra CaMoJIeTy HKaloT BO3MOXKHOCTb COBep-
IIHTb B3JIET JHIIb C HeGOJBUIHM 3amacoM Topioyero, a sa-
TEM J03aNnpaBJsioT ero B Bosayxe. Jlyis o6/erueHuss Bsjera
CAYyXKHJI H cocTaBHoi camoJier Lllopr-Msiio; mpu 3ToM ro-
pasnao Gosiee CJI0XKHOM METOJE TSXKeEJIO0 HarpyXeHHHA ca-



Mpumenenue paxetnoix dsueateset daa camonretos 295

MoJieT GOJIbIIOro pajuyca AeHCTBHS NMOAHMMAJICA B BO3AyX
CrelnyaJbHO CIPOEKTHPOBAHHLIM CaMOJIETOM-MAaTKo#, a 3a-
TeM ocBoGoxnaica. BriGop Meroma oGserdeHds BsJleTa
3aBHCHT OT IeJIoro psxa ¢akTopoB, B TOM YHCJE OT YC.10-
Buil B3JIETHO! IJIOIIAAKH, OT OGLIEro YMCJa U 4acTOTH B3Je-
TOB, OT YHCJa CaMOJIeTOB, TpeOylolux o6JerueHus B3JjeTa,
OT HeoOXOAMMOT0o CyMMapHoro uMmyJnca u T. A. Hanpumep,
KaTanyJibTa MOXKeT OKashlBaTh NMOMOIIp MPU B3JeTe JHIIb Ha
He60JIbIIIOM DPAaCCTOSIHMM, YTO BHI3bIBAeT NOTPEGHOCTb B Bhi-
COKOM. YCKODEHHU M AeJlaeT ee GecroJiesHoil AJ/a rpaxpuas-
CKHMX caMoJieToB. KpoMme Toro, oHa sIBJS€TCS AOPOrOCTOSILIMM
npeaiMeToM OGODPYJIOBaHHUS, U €€ YCTaHOBKAa ompasjpajia OHl
cebd JHIIb TaM, rie Heo6XOAMMA BLHICOKAasi 4acTOTa B3JIETOB
CaMoJIeTOB CXOAHLIX THIOB, KaK HanpuMep Ha aBHAHOCIIE.
Jlas rpaxKpaHCKHX CaMOJIETOB MOXHO IIPUMEHSIThb J03a-
NpaBKy TOILIHBOM B NoJeTe, H6O IpH 3TOM He coobllaercs
HHKaKHX R06aBOYHBIX YCKOpPeHHH, OIHAKO STOT METOJ elle
HCCJIEyeTCsl Ha IeJIOM psfie BO3AYIUHBIX JHHHHA.

Pakernnie asurarenu (3, 4], onHako, 06/aagaloT MHOTHMH
NPEUMYIIECTBAMH, B TOM UHCJe CJEAYIOUIHMH:

1. Mx MoXHO ycraHaB/HBaTb BCIOLY, TJe 3TO MNOTpe-
Oyercs, IpHYEM 3TY YCTAHOBKY MOXKHO OCYLIECTBHTb 3a He-
CKOJIbKO MHHYT.

2. VIx MOXHO YCTaHaBJHMBaTb CHapyXH M cGpachHBaTh
mocjie MCNOJNb30BAaHHS, TaK YTO OHH He CJyXKaT NOMeXoH
JJIs1 caMoJieTa B ToJeTe.

3. B Teuenue Hekoroporo nepuoma BpeMeHH (30 cek.
uu GoJiee) MoxKeT GHITh MoOJydueHa INOCTOsIHHAsA TAra, o6ec-
neynBapllas IOCTOAHHOe YCKOpeHHe, HeoOXoauMoe JJs
rpaX/JaHCKUX CaMOJIETOB.

4. Bceskuifi camoger, Tpe6Gyoomuii o6JerdeHdst B3JeTa,
MoXkeT OHTb CHAa0XKeH PaKeTHHIMH YCKOPHTeJSIMH; 3TO 3HA-
YHTeJIbHO YCKOpsieT B3JIeT 10 CPaBHEHHIO, HampHMep, C Ta-
KHM CDeJICTBOM, KaK KaTanyJbTa.

5. He Tpe6yercsi HHKaKOro JOPOroCcTOSILIEro Ha3eMHOro
06opyN0OBaHHA, KaK NPH NPHMEHEHHH KaTamyJbTH.

6. BeeneHue pakeTHHIX ycKopHTeJeH B JeficTBHe MoXeT
GHITL OGecreuyeHO B MOMEHT, Korja oHo HauGoJiee Heob6Xo-
AMMO, TO €CTh B KOHIle pa3fera /M faxe B HavyaJje HaGopa
BBICOTHI, YTO MO3BOJISI€T GHICTPO JOCTHraTh YCTOHYHBOH CKO-
pocTu moJera.

15 3ax, 3073, Hx, Xomdpuc
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Kpusrne Ha ¢ur. 96 noxaseiBaloT, HACKOJBKO PE3KO MO-
XKeT GhITb COKpAaleHO BpPeMs B pe3yJ/bTaTe HCIOJb30BaHHS
JIOTIOJIHATEJILHON TATH Ha NPOTSKEHHH Bcero pasbera npu
Basnere (T, — tara yckoputens; W — Bec camodera; &, —
BpEMsl B3JIeTa C YCKOPHTeJeM; f,— BpeMsi B3JeTa 6e3 yCKo-
puTessi; - § — yCKOpeHHe CHJIBl  TsAXKecTH; Vg — CKopocTb
B3JIETA).
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$ur. 96. Bansande TACH CTapPTOBOTO_'yCKOpHTENs Ha BpeMs B3aera.

Ha npakTuke HNONOJHHTENbHOA TATOH 4acTo He IOJb-
3yIOTCSL 10 TeX Iop, Moka He OyJAer MOCTHUTHYTa KPHUTHYE-
CKasi CKOPOCTb, YTO HMEET Ty BHITOAY, YTO ONACHHIH Mepuos
MeXJIy KPUTHYECKOH CKOPOCTBIO M IIPAKTHYECKOH MUHMMaJIb-
HOM CKOPOCTbIO COKpalllaeTcs, yMeHbluas TakuM 006pasoM
OMacHOCTb BO3MOXHOrO INpeKpalleHHss pabOTH ABHraTeds.
B kauecTBe ycKopuTeseil NIPHMEHSIMCh KaK MIOPOXOBBIE, TaK
H JXXHIKOCTHBIE pakeTHble JABHrate/u. [lopoxoBuie ABHraTeqH
NpUMEHSIH Hau6oJsiee LIMPOKO BCJIEACTBHE HX MPOCTOTHI
M yao6cTBa B 3Kcmiyaranuu. FIX HeZOCTaTKOM sIBJsieTCs
CPaBHHUTEJbLHO HENPOJOJKHUTEJIbHOE BpeMsi PaGoThl, XOTH
3a nocjeqHHe HECKOJbKO JIET 3TO MOJIOXKEeHHe yAaJoch B
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3HAUHTEJbHON Mepe HCIPAaBHTb, H B Hacrosliee BpeMs Cy-
IIECTBYIOT CEpHHHO BHIyCKaeMble NIOPOXOBHIE ABHUTraTeNH CO
BpeMeHeM paGoTh 15 cek. IlepBrIM NMOJOGHBIM ABHTaTeNeM,
paspelleHHRIM K SKCIJIyaTaluu YIpaBJeHHeM IpaKaaHCKo#
apuanun CIIIA, aBusics mopoxoBofi cTapTOBHH YCKOPHTENb
Aspomxker Mogmeau 14A-1000 D-5, cospaBaBmmit TATY
1000 ¢pynt B Teuenne 14 cek. g mosaydenus 6ogbliei TATH,
Heo6xoauMoli Jis1 B3JleTa KPYMHOTO CaMmoJjeTa, IPUMEHSIOT
GLicTporopsiliiie Iopoxa, 4YTO BHI3HIBAET HEOGXOAHMOCTb
ACMOJIb30BAHMS JIBHUTaTeJell B NOCJENOBATEJbHOM INOpSIKe
IS TIOAAEpKAHUS TATH Ha NPOTSKEHHH HYXKHOro OTpesKa
Bpemenu. Ha ¢ur. 97 nokasan camojer Maptun XB-51 Bo
BpEMsi B3JjleTa C [IOMOIUBIO HCNOJB3yeMbIX TaKUM 06pasoM
NOPOXOBEIX YCKOpHTeJel.

TpeGosannsi, KOTOphle INPENBABJAAIOICH K CTapTOBBHIM
YCKODHTEJSIM, B OOLIMX HepTax CBOAATCA K CJeAyloleMy.

Bo-nepBHX, OHH JOJXKHH OGECNeYHBATL BLICOKHE 3Ha-
YeHHs TATH B TEUEHHE JIOBOJBHO KOPOTKHX OTPE3KOB BPEMEHH
IS GBICTPOTO B3JeTa MCTpeGHTeNeli-nepexBaTunKOB. B sTOM
cjaydyae JJIsi MPHHYIMTEJNHHOrO B3jeTa OGBIYHO MOJIBL3YIOTCH
NOPOXOBBLIMH pakeTaMH. B HCK/IIOUHUTENbHHIX CJIy4asix -Mo-
TyT NOTPe6OBaThCS BECbMa BBLICOKME 3HAUEHHS TATH, MAJA
TOr0 4To6bl 06eCreynTh BO3MOXKHOCTb BEPTHKAJbHOIO
B3JIeTa, — MPHMEPOM MOXKET CJYXHTb HeMeLKHH mnepexsar-
uuk «Hartrep», Ha KOTOopoM HCHOJL3GBANUCH YeThIpe NOPO-
XOBHIX JABHraTens ¢ obued Taroft 10 THC. PyHT B TeueHUe
[0 cek.; B3JieT NMpPoU3BOAHJICA C NMYCKOBOH 3CTAaKamsl

Bo-BTOpHIX, A/ TPa)AAHCKUX CcaMoJeToB U GoMGapiau-
POBLIMKOB BEICOKHE YCKOPEHHSI HEeNONYCTHMEI, YTO 3aCTaB-
JaseT TpeGoBaTb NPOJOJKUTENBHOCTH paGOTH JBUraTels,
TO eCTb NPUBOAUT K HEOGXOAMMOCTH HMETb YCKOpPUTeNb
KHIKOCTHOro Tuma. B camom Hauajne BTOpPofi MHpPOBO#
BoiiHn BajbTepoM ObM paspaGoTaHBl CTapTOBLIE YCKOPH-
TeJMH 118 6oM6apAupOBIIMKOB. [IepBHIft U3 HUX HUMEJ YCJIOB-
Hoe HauMeHoBaHMe 109-500 u paGoras Ha NepeKUCH BOJO-
pona, cosnasas tary 1100 ¢ynr B Teuenne 30 cek. Ero
npuMeHsiii Ha GoMmGapaumpoBmMKax XeiHKean-111 u apy-
rux. DBojiee mospHue BapuaHTh paGoTanu Ha KepoCHHE H
nepekucH, mnpuyem Mogpens 109-502 (dur. 98), koropas
IIHPOKO NpHMeHsJlacb B TEePMAaHCKOfi BOEHHOH aBHaLHH,
cospaBaja tary 3300 ¢ynr B Teuenue 30 cek. OmHoilt s

15%
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oco6eHHOCTe# 3TOTO HBHTaTeNsl GBJIO TO, YTO OH IMOABEIIH-
BaJICA MOJ KpDRJIOM caMoJeTa M II0CJIe HCIOJb30BaAHHS
cOpacriBasicsi, IpHYEM ONYCKaJcd Ha Napalliore, HaXOIUB-
meMcsl B mepejHedl yacTH ABHratets. Ha mepBHX mogensx
napaimoT He NRUMEHSJICS:. PaCCUHUTHBAIM Ha sfneo6pas-
HyI0 ¢opMy ABHTaTeNs, KOTopas AOJKHA Gbula 0GeCHeuHTh
€My BO3MOXHOCTb IepeKaThIBaHUS H TaKUM 06pa3oM mpej-
OTBPATUTb CHJbHHIE IOBPEKJEHHUS, OJHAKO 3TH pacqum Ha
NPaKTHKE He ONpaBIajlCh.
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Bpems, muh.

®ur. 99. CkoponoabeMHOCTb -UCTpeGHTENss MeccepiMuTI«262
C Pa3JHYHBIMHM JBHCATEJNSAMH.

B CILHA Bo Bpems u nocje BORHB 6HUIO CO3aHO MHOIO
TaKMX JABUrartesef, B OOJbIUMHCTBE CBOEM pPaGOTaBIIHX Ha
a30THOH KHCJOTe W aHMJIMHE, HO, HH OAMH W3 HHUX He Hallet
IUMPOKOTo INpHUMeHeHus:. B AHIJIMH eIHHCTBEHHHIMH KHIKO-
CTHHIMH aBHAIMOHHBIMH DPAaKeTHRIMH JBHUTATENSMH SBJISIOTCH
npuratenn Je Xspuanenpy «Cnpaiit», paspaGoraHHBIE mep-
BOHayaJbHO MAJIs NPHMEHEHHS Ha pPEakTHBHOM IacCaxHp-

.CKOM caMoJieTe «KoMera» u omucaHHele nogpo6Ho B IV,

a takxe asurarenp «Cynep-Cnpafiry.

Ha HekoTOphIX M3 COBpPEMEHHEIX CKOPOCTHHIX GoM6ap-
AMPOBIIMKOB C B€CbMa 3HAYMTEJNbHON Harpyskoif Ha KphLIO
NPOCTO HEOGXOAMMO MPUMEHSATb CTAPTOBHIE YCKOPHTENH, M
B CHIA, rue cTpost camoJieTH co Bce GoJbliefi Harpysko#
Ha KpPHUJIO, BXOJAMT B NpPAKTHKY HCNOJb30BAaHHE PAaKETHOTO
YCKOpHTEJsl NpH KaxKmoM B3Jjere. bomGapauposuuk Bounr
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Ha ¢ur. 99 nokasana GnicTpora HaGopa BHICOTHI HCTPeOH-
TeqeM MeccepriMHTT-262 ¢ AByMSI TypGOpeaKTUBHHIMH JBH-
rateasmMd IOMO 004 ¥ ¢ DONOJHHTENBHHM paKeTHHIM [BH-
ratesem Basbrep 109-509, Hcno/nb3yeMBIM B KauecTBe YCKO-
puTess. MoxHO BHAETb, YTO B pesyJbTaTe IPHUMEHEHHS
paKeTHOro JBHrartessi BpeMs OT MOMeEHTa BsJieTa A0 JOCTH-
®KeHHs BHICOTH 40 THIC. ¢yT MOXKHO G6BLIO GBI COKpaTHTh
¢ 30 MHH. IIOYTH [0 5 MHH.

CaMHM mnocjegHHMM ABUTAaTeJeM Takoro THNA, O KOTO--
pOM HOSIBUJHMCh COOOLIEHHSI B OTKPHITONH HEYaTH, SIBJISETCS
onucaHHbiii B ry. V gBurateab Apmcrpour-Cupmmu «CHap-
Jnep», KOTOpHH OB HCHHITAH B 1oJeTe Ha HcTpe6Gurene
Xaykep P1072. IlpencraBneHue o ero BecbMa YAOGHOM
pasmelieHuu B xBocte paetr ¢ur. 100.

Camouerni-nepexsatunku [8—13]

XoTs ynpaBisieMHe CHapsijbl, NO-BUAHNMOMY, TeOpeTHUe-
CKH SIBJISIIOTCS HAHJIYUIIHM BHJOM 3€HHTHOTO OPYXKHS, C HX
paspaGoTKo#l CBA3aHO TaKoe MHOXECTBO TPYHAHOCTEH, 4TO
HeoOGXOJMMOCTb B CaMoJjeTaXx-nepexBaTuMKax einfe He OT-
nana. Jlaxe HeMUbl, KOTOPHE OYeHb MHOIrO pa6o*ra.7m Haj
ynpaBJmebeMH CHapslaMH BO BpeMs BTOPOH MHPOBOH
BOWHBEI, NMOHMMAJH 3TO U BeIH Pa3paboOTKy HECKOJbKHX
nepexBaTuynkoB. ®ur. 99 BecbMa y6eHTENLHO MOKa3bIBaeT
rJIaBHOE IPEUMYLIECTBO TAKOro camosera. MoKHO -BUJETH,
yTo HcTpeburenp MeccepmmuTT-262, ecnu CHaGAMTb €ro
InByMs pasuratejsiMu Basbrep 109-509 BMecTo mBYX TYyp-
GopeakTHBHHIX JBUTaTejieH, CMOr OBl JOCTHraTh BHICOTHI
40 THIC. ¢hyT 3a 2,4 MHH., TO €CTb TPAaTHTb Ha 3TO Bcero 7%
-TOTO BPEeMEHH, KOTOPOEe 3aTpauHBaeT CaMoJieT ¢ Typdopeax-
THUBHBIMH JBurateisiMu. Ilocie NOCTHXKeHHS 3TOH BEICOTHI
JHcTpe6uTen MOr 6Bl JHGO MPOLOIKATH HaGOpP BHICOTH [0
64 THC. (hyT, 1O MOJHOrO M3PACXOLOBAHUSA TONJIUBA, JHOO
NpOJOIKATh TOPH3OHTAJNbHHIA MOJET €O CKOPOCTbIO
500 muasv/uac B Teuenue 7,6 wmuH. ITomoGHmE camoger
HeaJbHO TMOAXOAMT [JISl IlepexBaTta, U TO 0GCTOSATENbCTBO,
YTO €ro NpOJNOJKHTEJNbHOCTb I0JIeTa HeBeJHMKa, He HIpaer
0co6oii poJH, Tak Kak OT HEero HUKaKoro nmaTpyJHpOBaHHSA
He TpeOyeTcsi — OH B3/IeTaeT JIHIIL TOTAa, KOria BpaKe-
cxuu caMoJier o6napymeﬂ
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OeHHl JaHHHIE O pacrnpeneseHud Beca ucTpeGutens IOm-
Kepc-263 mo CcpaBHEHHIO C OOBIYHEIM HCTPEOGHTENIEM TOro

BpPEMEHH.
Tabauya XIIF

PACIIPEJIEJIEHHE BECA UCTPEBUTE/A

oo K obueMy Becy

o6b1unbit 'nc-rpeéme.nb
HeTpeb lTe'lbl Onkepc-263

KoHcTpykuuss . . . . . . 3) 25
CunoBasi yCTaHOBKA . . . 38 9
Tomamso . . . . . . .. 12 49
OGopynosanne . . . . . 10 A 4
lNone3nas Harpyska . . 10 13

BosbIIYM ' IPeMMYILIIECTBOM MEPEXBATIHKA C PAaKETHHIM
ABHTaTeNeM $BJISIETCS TO, YTO €ro MocTpofika oGXOmMTCH B
3 pasa gmemesJsie, 4eM MOCTPONKAa COBPEMEHHOro TypGopeak-
THBHOro Hucrpe6urens. HerpeGurenr MeccepumuTT-163B
HMeJ CMEIIaHHYI0 KOHCTPYKLMIO H3 JepeBa M Merajia
c q)aHepHoﬁ o6GMBKON Kphula. Bajer mpoucxoausn co cre-
UHaJbHOM TesIeXKKH, a I/ NMOCaJKH HCTIOJIL30BAJIH y6upato-
UWUHACS IEeHTPaJbHEI KOCTHLIb.

B TI'epmanpu paspabaThBajuch N0 KpaiiHeil Mepe ye-
THpe ApPYrHX NepexBaTYHKa, MEHbIIHX MO pasmMepaM H G6o-
Jee TMPOCTHIX MO KOHCTPYKuuM, ueM Meccepmmurr-163B.
HekoTophie naHHbIE O BCeX 3THX CaMoJIeTaX NpPUBEIEHH!
B Ta6a. XIV. IusotupyeMuii nepexBaTUUK NOCTENEHHO CJIH-
BaeTcsi C YNpaB/sieMBIM CHapsiJoOM, TaK YTO HHOTAA Aaxke
TPYAHO ONpeNesuTh, K KaKOfl M3 3THX ABYX KaTeropuit or-
HOCHTCS JerareJbHbfl anmapar. «Hatrep» (dur. 102) kak
pas npexcrasisieT coGoil Tako#l mepexonHkit caygait [14, 151
Ero nnuua paBusanace 20,8 ¢yr, a pasmMax KpHUILEB
cocrasasyn 13,2 ¢pyr; Ha HeM OB YCTaHOBJIEH OBHUTaTeNb
Banbrep 109-509E u ueThipe CTapTOBHIX NOPOXOBBIX YCKO-
putensi. OH NMpoeKTHPOBAJICS YaCTHYHO KakK ammapaTr OJHO-
pasoBOro MNpUMEHEHHs, II03TOMY KOHCTPYKIMS ero Ghuia
BecbMa NPUMHTHBHOH: KapKac COCTOSI1 B OCHOBHOM H3 Je-
PEBSHHBLIX 3JIEMEHTOB, CKDEIJIEHHEIX KJeeM H TIBO3JSAMH.
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238 _ Taasa XII

Tabauya XV

JIETHO-TEXHUYECKWUE AAHHBIE CAMOJIETA ,BAKA*
C NMUWJIOTOM-CMEPTHHKOM

Jdowba . . . . . .. ..o ... e e e .| 198 dym
PaaMax KpblTa . . . . . . . . . v v v . . .. .| 164 gpym
Tara . ... .. e e e .. . . .|4300 gpynm
OGmmii BeC . . . . . . . . . e e e e .. . .|4536 pynm
Harpyska ma kpeio . . . . . . . . ... ... 70 gpynm/ie.coym
MaxcHmanbHasi TOPH3OHTaNbHAA CKOPOCTb . . . .| 535 muas/eac
MakcHMaJbHAA JAABHOCTB . . . . . . . . . . . . 60 wmuao

OH npepcraBiaaa co6o# (GakTHYECKH ynpaB/isieMHEH cHa-
pAL C IUJIOTOM, 3aMEHSBIIUM annapaTtypy HaBeIeHHS H
yrnpasJleHHsl, TaK KaK [NpefHasHAYasCcs IJs1 YHHUTOXKEHHUS
nejqu TtapaHoM. Kphub H XBOCTOBOe orepeHHe OBIH H3
nepeBa, a (Glo3essiK — H3 aJiOMHHHeBoro cmiapa. OGumui
Bec GoeBoro sapsima cocraBiasy 2645 ¢ynr, a B KauecTBe
JBUTATeJIbHOH YCTAHOBKM INPUMEHSJVINCH TPH IOPOXOBHIX pa-
KeTHBIX [Burarejs. «baka» orpesnsics oT caMmosera Ha BH-
core 27 THIC. ¢yr, NOCJe 4Yero IJaHHPOBAJ NPHMEPHO
.52 MuaIH co ckopocTbio okoso 230 muab/uac. 3ateM 3amy-
CKaJIHCh IOPOXOBHIE PaKeTHbIe JBMTraTeNH /s IOBHILEHHs
cKkopocTH 10 535 musb/uac NpH TOPHU3OHTAJBHOM MOJIETE;
aTaka mpoBOjWJaCh MyTeM IMHKHPOBAHHS CO CKOPOCTBIO
620 muass/uac. JanpHOCTh MOJIETa 3TOTO CaMoJieTa COCTaB-
asjaa 60 MHIb.

AKcnepuMeHTaNbHble CaMOJIEThI

Co BpeMeHH OKOHUaHMS BOHHBI COOOGIIEHHHl 0 MmocTpofike
CaMoJIeTOB-UCTPeOUTENIeHl ¢ pAaKEeTHBIMH [BHTaTeJIAMH He
NOSIBJISJIOCh, HO B OTKPHTOH MeuyaTH GHIH ONyGJHKOBaHH
noipoGHLIe CBENEHHS O HECKOJbKHX CaMoJjeTax, CIpPOEKTH-
POBaHHHIX HCKJIOUHTEJIbHO [JIsI HCC/IeJOBATebCKHX IeseH.
[TepseiM u3 Hux 6but camoser Benn X-1 {17], nokasanHui#t
Ha ¢ur. 104. ITpoext sToro camosera GHLI BIEPBLHIE MHpex-
JoXeH B JekaGpe 1944 ropa, nmpuueM mnpenycMaTpusaJjlach
MaKcHMaJ/bHasi cKopocTb cBhiIue 800 muss/uac B TeueHue
2—5 MuH. Ha BhICOTe 35 THIC. (hyT WM BHIle NPH HArpyske
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M pumenenue peaxtusnsix Osuzaresed 023 camoseros

asuka Tommuny 0,5 drodix B cyxkasach K KOHIY KpHIa, TOe
TOJIMHA GblJIa OOBYHOA. KOHCTpYKIMS TOpPH3OHTAJBHOTO
ONEPEeHHUs] CXOJHA C KOHCTPYKLHed KpHJIa H SIBJSETCA 110-
JIBUXKHOH, C TeM 4YTOGH OGecmeuuTh BO3MOXKHOCTb OBICT-
pHIX H3MeHEHHH yrIi1a araku. Tak Kak Jaxe HeGoJbliue
BHICTYNEI MOTYT GHITH NPHUYMHO BeCbMa 3HAUHTEJHbHOr'O BO3-
pacTaHus JJ0GOBOTO CONPOTHBJIEHHsI HAa CBEPX3BYKOBHIX CKO-
pocTsx, Ka6MHA NHJIOTa BHINOJHEHA TakK, YTO OHa He BHI-
- CTymaeT M3 HOCOBOH uacTH (¢ro3ensizKa, U 3TO- 3HAYUTEJHLHO
yXyAllaeT BUAUMOCTb HpH mHocaaxe. ITuyor nomanmaer B ka-
6MHY uepes MpSMOYTroJbHYIO IBEpPb Ha NpaBofi CTOpoHe
(drosesska; naBjeHHe B KaGHHe MCKYCCTBEHHO NOBHIIAETCS
npumMepHo Ha 3 @ynT/K8.Orolim BHIIE aTMOC(EpPHOro;
He3aJ0Aro 10 samycka KaGHHY TepMETHYECKH 3aKpHIBAIOT.
[MockosbKY MPOAO/KHTENBHOCTD MOJETa HeBeJqHKa, HHKa-
KHX CPEJCTB AJd IONOJHEHHs 3anaca Bo3AyXa He Ipeny-
CMOTpPEHO; Tras3bl, BHJHXaeMhie MHJOTOM, YHAJAIOTCA H3
KHCJIODOJHOH Macku. BMecTo pyukd ynpasjeHHs yqauie
NpHMeHsieTCS WITYpBaJ, ¢ TeM 4YTOGH NMHJOT MOT B CJjydae
Heo6XOAUMOCTH NOJIb30BAaTbC C MaKCHMaJbHEIM 3¢ deKToM
oGeuMu pykamu. CeJleKTOpPHHII IepekJ/iouaTesb TATH, mepe-
KJIOYaTeJd MPHGOPOB M AaBAPUAHHIA * BEIKJIIOYATEJ]b MOLI-
HOCTH pacnoJoXKeHH Ha LITypBaJe, 4TOOH MHJIOTY He
HYXHO ORUIO CHUMATb OTTYyAAa CBOMX DYK BO BpeMs NOJeTa.

XoTa mnepBoHAYaJbHO caMoJeT OBJI pacCcyYHTaH JaJs
OOLIYHOTO B3JIeTa C 3eMJIH (KOTOPHIA OH, KCTaTH, C YCIIEXOM
BHITIOJIHS), 3TOT BHJ B3JeTa GLLI HEBHIOJEH, TaK KaK BHI-
3nBasl GecnoJie3sHyl0 TPaTy TOIJIMBA /sl NOABbEMa CaMo-
JleTa Ha HeoOXONHMYIO BHICOTY H ObL1 OMAaCHBIM JJISl IHJIOTA.
IToaToMy As1a 3amycka 3KCIEPHUMEHTAJBHOIO CaMoJieTa ¢ BO3-
AyXa Obu1 mpucnocoGnen 6omGapaupoBmivk B-29. Ieepint
6oM6o0J110Ka yAauiH, U camoJer X-1 moxBemmuBajcsa MOZ
6oMGapaUPOBIIMKOM, KaK NokasaHo Ha ¢ur. 105. Buauase
6bl CoBeplLIeH IeHIA PAX MOJeTOB 6e3 NMPUMEHEHHs] paKeT-
HOTO JBHTaTeJsi, JJIsI TOro 4TOOB NMPOBEPHTh MPAaKTHYECKYIO
OCYIIECTBHMOCTb 3TOTO METOJA 3allycKa; NepBblfl MoJeT C HC-
NnoJb30BaHHEM JBUraTesnss OwL1 mnpousBeneH 9 aexka6ps
1946 roxa ¢ BrICOTH 27 ThC. ¢hyT. C TOro BpeMEeHH 3IKCIle-
PHMEHTaJIbHHA CaMoJIeT COBEPLIMJ COTHH II0JIETOB, MHOTHE
U3 HHX Ha CBEPX3BYKOBHIX CKopocTsx. 12 mekaGps 1953 roxa
Mmafiop Hrep coBepmms mnoJer Ha MOCJAEIHEM BapHaHTe

16 3ax. 8073. Ix. Xsudpuc
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JKCIepHMeHTaJbHOro camoJdera, Momeau X-1A, pmoctTurays
ckopocra 1600 muss/uac.

Boabmoe nmpenMymecTso nmomoGHoro camoJdera AJsl HC-
clefoBaHui mnpoGJjeM OKOJO3BYKOBOIO M CBEPX3BYKOBOTO
noJieTa 3aK/JI04aeTcss B TOM, YTO BIEpBHIE 3TH CKOPOCTH MO-
ryT GHITb AOCTHLHYTH IPH TOPH30HTAJBHOM IOJIETE€ HJIH
naxe npu HabGope BHICOTH, a He NPH NUKHPOBAaHHH. Bro-
PHIM NPEUMYLIECTBOM SIBJSETCS TO, UTO HAa GOJIbUIMX BHICO-
Tax CHJIH, NeHCTBYIOLIHE HAa CaMOJIeT H3-3a HENpPaBHJIbHOTO
KOJIeGaTeJIbHOTO JBHXKEHHSI IJIOCKOCTe#l XBOCTOBOI'O Omepe-
HUsS1 IpH GOJIBIIMX YIJaX aTakH, OKasHBAalOTCS MeHee 3Ha'H-
TeJbHEIMHU. :

ITocneaHum 3KcnepHMEHTAJbHBIM CaMOJIETOM, KOTOPHIf
TaK¥Ke HCIOJb30BAJICSA /ISl HCCJAeOBaHUS MoJieTa Ha CBepX-
3BYKOBHIX CKOPOCTSiX, siBjsieTcsi caMmoJer Iyraac D-558-2,
u3BecTHHt non HasBaHueM «Ckaifipokers [18]. Cymecrso-
BaJo [IBa BapHaHTa 3TOrO caMmoJieTa: OIMH C Typ6Gopeak-
TUBHEIM M paKeTHHIM IBHTATeNsIMH,’ @ BTOPOH — C OJHUM
Juuib pakeTHuM AsurateseM. Ha ¢ur. 106 nocnennuit Ba-
pHaHT INpeACTaBJeH BO BpeMs 3amycka ¢ GomGapaupoB-
muka B-29. O npexHasHauaercsi IIaBHHIM o6pasoM s
HCC/Ie[IOBAHUSI TPAHUI] MPUMEHEHHsS OGBIYHKIX JO3BYKOBHIX
npoduseit. U BIMSAHHSA CTPEJOBHAHOCTH. Jasa nosydeHus
3KCIEPUMEHTAJbHEIX JaHHHX Ha KpHJIE H XBOCTOBOM oOIle-
penuu camoJjiera uMeercs 400 Touek H3MepeHHs daBJEHHSA
1 904 TeHsOMeTpUUECKHX . JATUMKA JJisI M3MEpeHHs CHJ
B CHCTEMe YNpaBJeHHs M HanpsiKeHHH B KOHCTPYKIHH; Bce
NoKasaHHsl 3THX NPUGOPOB aBTOMATHYECKH 3aNHCHIBAIOTCH.
3 utona 1951 roga BoenHo-MopckuM muuucrepctsom CIIA
610 06BsIBNIEHO, uTO caMoseT «CKaipoKeT» yCTaHOBHJ pe-
KOPJbl CKOPOCTH M BHICOTHl JJIsi NMHJIOTHPYEMBIX CaMOJIETOB,
X0Ta JeficTBUTE/bHEE UPH He GhiM omy6aukoBaHu. Co-
rJacHo Heo(HUHAJbHHIM HAHHHIM, OH JOCTHT CKOPOCTH
okoJio 1500 muasv/uac Ha BwicOTe nopsanka 80 TeC. PyT.

NMpoekr 3eunrepa — Bpeara [19]

OpnuM H3 HauGosiee CMEJHX TPOEKTOB MPHMEHEHHS
PEeaKTHBHOA TAMM Ha caMmoJjleTe GbLT NMPOeKT 3eHrepa M

16*% -
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Bpenra, koropwie B 1944 rony! npemsioXuJH NOCTPOHTH
pakeTHHi GoMGapAHPOBIIMK JajbHero mneficrBus. JlaHHEIE
3TOro camoJera npusejeHs B Ta6;a. XVII, Tpaekropus ero
nosjera mokasaHa Ha ¢ur. 107.

Ta6auya XVII

JIETHO-TEXHUYECKHE NAHHBIE BOMBAPIHPOBUINKA-AHTUIIOOA
3EHTEPA — BPEATA

Oamsa . . . . .. ... ... e e e 92 pym

Paamax kpuina . . . . . ... ... .....50¢gym

Tara. . . . . . . . ... . ... ....220000 gyrm
O6mwmit Bec . . . . ... ... ......20000 gysm
Becrommmsa . . . . . ... .. .. .....198000 gyum
Harpyska Ha kpblio npu nccagke . . . . . . . . 16 gynm/ks. gpym
Harpyska na kpoito npu B3nere . . . . . . . . . 160 gyrmxs. doym
HanpHOCTH . . . . . . . . C e e e oo .. 12000 suab
Makcumanbuas ckopocTs . . . . . . . . . . 13200 muas/4ac
MakcuManbHas BbICOTAa MoieTa. . . . . . . . . . 90 muse
IMocapounas ckopocTh . . . . . . . . . .o« . . 90 muasv/eac
Bom6oBast Harpyska . . . . . . . . . . .. . . 8400 gpyum

C ne/sblo 5KOHOMHH TOIJIHBA CaMOJIET JOJKEH GbLI MO-
Jy4aTh CKopocTb mpumepHo no 1600 ¢yr/cex mocpencTBom
peakTHBHOH KaramyJ/bTH, NpeACTaBJsBIIe co6ofl caJsaski,
INBUTABIIHECS 10 PE&JbCOBOMY NYTH IJHHOHA oKoJo 3,2 KM.
Ha6op BeiCOTH npu moJHo# Tare 100 7 mox yraom 30° mo-
3BOJINJ ORI CaMOJIETY HOCTUTHYTb BBICOTHI 90 MHJIb M CKO-
poctu 20 THC. ¢pyT/cex npumepHO 3a 8 MuH. 3aTeM camo-
JeT npoposKa/a OH ToJseT Mo GalJHCTHYEeCKOH KPHBOH [0
Te€X Nop, NoKa CHOBA He CHNYCTWJCS B IVIOTHHIE CJOH aTMO-
chepr. HuxkHssa cropoHa camosera 6ba IUIOCKOH, Tak
YTO OH IPH Pa3sBHBAEMHIX BHICOKHX CKOPOCTSIX NoJeTa OT-
CKakuBaJ GH OT GoJjiee IJOTHHX CJ0EB BO3JyXa M TaKHM
o6pa3oM npoposkaj Gbl CBOH IJIaHHPYIOIHHA MNOJET, MOoXO-
XKUHA Ha 3aryxaiouue koJje6Gauus. Camoser mMor GH oGJe-
TeTb BOKPYT 3emu 3a 150 muH. OcHOBHAasi HCC/eOBATE/b-

! Eme B 1933 rony 3enrep B KHHre «TexXHHKa PaKeTHOro moJieTa»
roBOpHJ O BO3MOXKHOCTH NOJieTa B cTparocdepe camosieTa TaKoifl KOH-
CTPYKIHH, O KOTODOHl paccKasbiBaeTcsi B 3TOM pasfeje. B copokoBbie
TFOAH OH HayaJl HCCJeNOBaTeJNbCKHe PaGoTH ¢ HeJabl0 CO3JaHHSA MOI-
HO;O pPaKeTHOTO MABHraTess, 3aTeM OHH ObWM mnpeKpaiieHbl. —.JIpus.
peé.
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IMpumenenue peaxruenvix Osuzaresed dra camoreros
ckasg pa6oTa Haj pasJUYHBIMH CTOPOHAMH 3TOr0 NpPOEKTa,
B YacTHOCTM HaJ pPaKeTHHRM JBHratejeM H KaTanyJbTof,
npoBoauJack B I'epMaHuu ewie B Hauajle BTOPOH MHPOBOMH
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Bpexra.

4yTO IJ NPaKTHYECKOro

Tpaektopus nonera, 6oM6apavpoBIHKa 3eHrepa —
Hapno ckasarb
OCYILECTBJIEHHSI 3TOTO IMPOEKTAa HYXKHO OBUIO IPEeojoJeTh

107.
BOHHEI, HO 3aTeM 6hLa NpeKpallleHa BCJeICTBHE Gojee He-

HOIIEHHe Macc JOJIXHO GbiTh paBHO npuMepHo 10. Ykasanno#

3HaAYUTEJNbHHE TPYAHOCTH B pacyere PaKkeTHOro ABHraTess
H BCeX 3JEeMEHTOB KOHCTPYKIMH camoJeTa. Tak, BO3HHKaeT
HEOGXOMMMOCTh B yaelbHOA Tare mopsiaxa 400 cek., a or-

OTJIOXKHBIX HYX.

dur.

L
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YAGNbHON TSTH, BO3MOXHO, M YAA&NOCh GOHl JOCTHTHYTD,
HO moJyyeHHe TAaKoro OTHOLIEHHSI MacCc BpsA JH Korua-
au60 Bo3aMoxHO. Cam 3eHrep, oueBHJHO, NIOHMMAET, KaKue
CIOXKHBIE NPOGJEMH NpPH 3TOM MPEACTOHUT paspeIlnTb —
3TO SICHO BHJHO IO HENABHO NOACYMTAHHOH HM CyMMe B
3 MJpA. GYHTOB CTEpJIMHTOB, HeoGXOAHMON HA pa3paGoTKy
nonoGHOrO MpoeKTa.

OmHuM H3 NOCAEIHMX MNOCTHKEHHH SIBUWIOCH NpHMEHe-
HHe DeaKTHBHHIX [BHraresiei Ha BepToJileTaXx KaK B Kaue-
CTBE IJIaBHOH CHMJIOBOH YCTaHOBKH, TaK W B KauecTBe CTap-
TOBHIX ycKopuresell. JIji1 BepTHKAJbHOTO IOAbEMa BEPTO-
JeT HyXJaeTcs B 3HAYHTEJbHO MeHblUefl MOINHOCTH, YeM
IJ1g OGHIYHOrO KpeHdcepcKoro moJera, H [Js 3TOH IeJH
OBI0 paspaGoTaHO HECKOJbKO DPAKETHRIX YCKOPUTEJbHHX
cucreM. CyIIHOCTh HX 3aKJIOUAaeTCs B CO3JaHHH PEaKTHB-
HOM TATH Ha KOHIAX JonacTell HeCyIIero BHHTA C MOMOLIbIO
TBePARIX MJAH XUAKHX TonsuB. Cucrema Puskmmn Moropc
ROR, xoropasi 6bl12a B IIMPOKHX MacuTa6ax HCNHITaHA Ha
Beptojere Cukopckuii HRS-2, npencrasasier co6oii omuo-
KOMIIOHEHTHYIO CHUCTeMYy, paGoTaloulyl0 Ha NepeKHCH BOJO-
pona, ¢ LEHTpaJbHHIM IIMTAaHMEM pAaKeTHHX JABHrartesei,
pasBuBalouux 1ary B 40 ¢pynr Kaxamiti. Mcnuranua mnoka-
3aJM, 4TO B3JIeT MOXKEeT OHBITh OCYILECTBJEH C Harpyskof,
B 2 pasa npeBHIIAIOIIEH HOPMAJIbHYIO, YTO MOTOJOK maps-
Iero moJieTa 3HAYUTENbHO IOBHINAETCS M YTO JAAJBHOCTb
MJIaHHPYIOLIETro MOJIeTa NPH BHIKJIIOYEHHOM OCHOBHOM [BH-
raTtesie Bo3pacraer B 3 HJM 4 pasa.

J1s BemeHus pasBelKH, 0COGEHHO € NOABOJHRIX JIOJOK,
HYXXeH OIHOMECTHHII BEPTOJET MHHHMAJbHHX pPa3MepoB
C oueHb HeGONbLION NPONOJNKHTENbHOCTbIO moJera. Ha
¢wur. 108 noxkasaH Takoil peakTuBHHIH BepToseT RH-1 ¢ me-
PEKHCHHIMHM JBHraTessMu. BeposiTHo, 3aech HauboJjee ILH-
pokoe mnpHMeHeHHe Ha#neT nopoxosBoit nsuratenb. Ilepe-
KHCb BOAOPOZA ropasio TPyAHee XPaHUTh, 4eM HeGoJbline
NOPOXOBHIE 3apSiAnl, IPHYEM NOCJAEAHHE MOXKHO NMOMECTHTb
B KaMepy [BUraTessl 3a HECKOJbKO CeKyHJ no 3amycka. Ha
seproJere «[emurnafineps BMC CILA, xotophi#i HMeeT po-
TOp C ABYMS JIONACTAAMH, NPHMEHSAIOTCS CJAEAYIOLIME DaKeT-
Hble IBUraTeju: 1) AJs noapeMa — TPH PAaKeTHHIX JBHraress
Ha KaXMmo# JomacTH, HAawpomue Kaxawi Ttary 20 ¢gyur B
treuenne 20 cek. Kaxnas mnapa pakeTHHIX JBHrarejei
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o6ecneunBaer HaGop BhcOTH B 900 ¢hyr; 2) nmas mocagku —
ONMH paKeTHH{l JBHTaTes]b Ha KaXXJAOf JomacTH, samyckae-
MBI Ha ompeleJeHHOM pAacCTOSSHHM OT 3eMJH. Bce 3TH
pPakeTHHIE IABHIaTeNH YKpeNJeHu B6GJM3M BTYJKH HECYLIEro
BHHTA M MMEIOT HAaJCTaBHHE TPYGH, BeJyluHe K coljiaM Ha
KOHIlaX JonacTeff HecCyllerg BHHTa; 3) 1O OJHOMY pakKeT-
HOMY [BHTaTeJI0 YKpemJeHO Ha KaxXJ0oM M3 KOHIOB Joma-
CTell HeCcylero BHHTAa AJIs1 3aMelJIeHHsI ero BpalleHHs mocae
nocajaku. Bec nycroro BeproJsiera coctasisieT Bcero 65 ynr.
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NPHUMEHEHHE PAKETHOTO ABHIATEJNA IJig APYTHX
LEJER

XoTsi HauGOJbLUIMI HHTEPEC C TEXHHUUECKOH TOYKH 3pe-
HHSl TIPEACTaB/sieT NpPHMeHEHHe PAaKeTHOro ABHTraTe]s s
CHapsIloB H CaMOJIETOB, OH MOXET NPHMEHATbCA H JJId APY-
rux nesefi. BeposiTHo, AByMs BHAaMHM NPUMEHEHHs, KOTO-
pHlie Jiyyiie BCero IOCAYXH/IM UYEJOBEUECTBY, SBJSIOTCA

pakeTH IS’ cacaTeJbHBIX PaGOT H MHPOTEXHHUYECKHE pa-.

KeTH 1Js1 ¢efiepBepkoB. ITocennue Xopouo 3HaKOMH Ka-
KIOMY U He HYXHAIOTCA B onucaHuu. [lepBhie XKe crnaciu
MHOTHE THICSIYH YeJIOBEYeCKHX JKM3He#l ¢ MOMEHTa HX Io-
IBJICHHS] B Hauaje focjaenHero crojerusi. Pakera miasa ra-
KOTo poja paloT HCHOJb3yeT B KaueCTBe TOIJIMBA YEPHHIH
MOpPOX H MOXKeT 3a6pachBaTh BepeBKy ToJuuHof 0,3 Orodm
Ha paccrosuun 300—350 spd. Jlerkoctb, ¢ KOTOpo#l 3TO
NPOU3BOAMTCA, CAEJAJa PaKeTy IOJe3sHOR W AJs BBINOJHE-
HUA Apyrux sapnad. IIpoknanxy sJeKTpokaGess B JeCHCTOM
MECTHOCTH MOXHO 3HAUHTEJbHO YCKOPHTb NyTeM NpHMe-
HeHUs pakeTH JAJs 3a6poca BepeBKu: 6e3 MOXOGHOro
CpeAcTBa MNpPHILIOCH Ohl NPOHU3BOAHTL GOJBLIYIO PACYHCTKY
Jleca, npexje ueM YAaJocb OBl YJOXKHTb BCIIOMOTaTeJbHYIO

BepeBKY MJsA MNOOHATHS KaGesas. 3abpoc Tpoca C sKOpeM.

SIBWJICA HOBHIM 1IAaroM B IPHMEHEHHH INOXOOGHHIX pakKerT.
Bosbliylo KOpAUTOBYIO TPeXIIOAMOBYIO PakeTy HCHOJb3YIOT
I0J1s1 3a6poca 3a0CTPEHHOr0 CTAJBbHOI'O CTEPIKHS, TAHYILEro
3a coGo#t cranpHo#l Tpoc muamerpom 0,25 Grodm. IpuHUUD
3aKJI0YaeTcsi B TOM, YTO pakeTa MOXKeT GHITb 3amylieHa C
KopaGJisi Ha Geper W oGecneyuTh MPOKJIAAKY MPOYHO 3asKO-
PEHHOTo TPoca /IS cracaTe/bHHIX LeJeH, TaK YTo MOCHIIATh
Ha Geper cracaTesIbHYI0O KoMaHAy 6yJer He HyXHo. Opuru-

HaJIbHOE TIPUMEHeHHe JJIsi pakeThl, 3a6pachiBaiolleli BepeBKy,

Hauud Bo PpaHuysckux Asbnax, rjge €0 M0Jb3YIOTCA
IJ1s BOCXOXKJIEHHs Ha HeKOTopble TPYIHOJOCTYIHbE TOpPHbIE
BOPIIHHEL

. asek e & - ~
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CBO#CTBO paKeTHOro MABHMrareJs pasBHBaTb 4Ype3BH-
yaiiHO BEICOKYIO TATY B TeueHHe KOPOTKOro nepHoja Bpe-
MEHH IpH BecbMa MajoM oflieM Bece MOCJAYXKHJIO MpPHUYH-
HOH ero NpUMeHeHHs IJs1 BCSKOro poja ciyuafiHbix paGor.
BeposiTHo, HauGoJjiee cBOeoGpasHON M3 HHX OHLIO PHITbE M
noj cton6ul B Mep3aoM rpyHTe. Bo BpeMsl BOEGHHBIX HdeHCT-
Buit Ha Tepputopun CCCP B MHHYBIIYIO BOHY HeMIIE HE MO-
IV PHITh SIMBL B MEP3JIOM TPYHTe HOJA CTOJNOB 6e3 NOMOLIH
kompa. Korza kompa He GBLIO, Ha KOHIE 3a0CTPEHHOTO CTa/b-
HOTO CTEpXKHsS MOHTHPOBA/JIM paKeTHb 3apsif, passH-
BaBIUHUi GOJBINYIO TATY M 3aCTaB/ABLIMA CTepxKeHb Yriy6-
JATBCA B 3eMJII0 Ha HeckosbKo ¢yroB. [Ilocse wusBieue-

- HUA TIOCJIEJHETO B [IpOﬁPITOM OTBEPCTHH MNOAPHIBAJHU 3apPAL

B3PEIBYATOrO BELIECTBA M TAKUM 06pasoM PacLIHPSIM €ro 10
HYXHBIX pasMepoB.

Hyxny B cuibHONl TAre HCHHTHIBAIM TaKXKe JECAHTHO-
BBICAZIOYHbIE CpefcTBa. Kak npaBuwio, IpH BHICAZKE MOD-
CKOTO JIECAHTa Ha OTMEJIAX HCIOJB3YIOTCA CyHa ¢ OOLIYHBIMH
JABHraTeJsIMH. DTO HMeeT TOT HEeZOCTATOK, YTO CYAHO He MO-
JKeT BHIODOCHTLCA Ha OTMeJNb H, KOrJa OHO OKasblBaercs 4a-
CTHYHO pasrpy:KEHHbIM, CHOBa BcIJIbIBaeT. IloatoMy crapa-
JIICh HCNIOVIb30BAaTh PAKETHHI® ABUTATeJH-U IJA TOrO, YTOOBI
IVIOTHO MOCAAMTh AOCAaHTHHE CyAa Ha FPYHT.

Kak yxe ykasuBajsoch paHee, GoJibllIOe KOJHYECTBO HC-
clieloBaHu#l B 06G/J1aCTH OKOJIO3BYKOBOTO M CBEPX3BYKOBOTO
nojera GHJIO OCYLIECTBJEHO INPH NMOMOILIM OCOGBIX IKCHEpH-
MEHTaJbHbIX pakeT. 3a MnocjefHHe TOAH NOSBHJIACH HOBas

TE€XHHKA A a’3poauHaMHYECKHX HCCe0BaHN Inpu .

BHICOKHX cKopocTsix [1—3]. Peub maer o nepemsuraroueiics
0 pesibcaM PaKeTHOH TeJleXkKe C yCTaHOBJIEHHOH Ha Hefl 3a-
NHCBHIBAIOILEHl annapaTtypoil H HcnbITEBaeMol Mopenbio. Ilep-
Basl M3 3THX HCCJENOBATEJBCKHX YCTAHOBOK Oblla HCHBITaHA
Ha aBuaGase BBC CIIIA Mapok B 1946 roay; nnHa pesib-
COBOTO YTH COCTaBJsJ1a 2 ThIC. YT, a TeJleXkKa BMECTe C pa-
KeTHBIMH ABurateinsMu Becuwsa 1500 ¢gyur. Tenexka Gblia
JOBOJIbHO NPUMHTHBHON IO KOHCTPYKLHMH H COCTOslJIa TOJIbKO
U3 aJIOMHHHMEBOH paMbl, K KOTOPOH KPemHJHCh IOJIO3bsl U3
MarHusi ¥ HepxKaselollelf cTaJ/y, TaK Kak KoJeca NPHU OYeHb
BHICOKHX CKOPOCTSIX HCIOJIb30BaTh Heab3sl. HcneThiBae-
Myl0 MOJeJb MOHTHPOBaJH Ha CTpese BIepelH TeJleXKKH,
C TeM YTOOH OHa HaXOAHJach B HEBO3MYILEHHOM IIOTOKE BO3-
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CHCT€MY, H B 3aBHCHMOCTH OT CKODOCTH IBHXKEHHSI Te-
JIEXKKH M DErylMpOBKH TOPMO30B MOXHO OHLIO MHOJy4aTh
3aMemJieHHe nopsanaka ot 5 xo 50 g.

ITpoBenenHass B camoe mnocjeqHee BpeMsi Ha aBHaGase
BBC CIIA XosasnoMeH HccaenoBaTeabckas pa6Gora Guuia
NOCBSIIlEHA HCIHTAHUIO CHNACATEeJbHOTO CHApSIXKEHHs AJIs
JKHMNaxefi CBEepX3BYKOBHIX caMoJieToB. MakcuMalnbHas
CKOPOCTb, KOTZIa-JH6O MOCTHUTaBLIASICS YEJOBEKOM Ha HaseM-
HOM TPAHCIIOPTHOM CpPeACTBe, Obla JOCTHTHYTa NOAIOJKOB-
HukoM CrsnnmoM Ha pakerHo#l Tenexke (632 muas/uac).
dra MakcHMajbHas CKOPOCTh GBLIAa JOCTHTHYTa 3a 5 Cek.
C . npuMeHeHHeM 9 TOPOXOBHIX pAakKeTHHIX JBUraTesell
c Taroft 4500 ¢ynr Kaxnanl, a TOPMOXKEHHE YZAAJIOCh
ocymlecTBHTb 3a 1 cek. (To ectb ¢ 35-KpaTHo#l neperpys-
Koi). ENHWHCTBEHHHIMH TNOCJEJCTBHSIMH TaKOH BBICOKO#
CKOPOCTH JJIf1 YeJoBeKa OKasa/HChb KPOBaBHe BOJAHIPH,
BHI3BAHHBIE yAapaMH 4YacTHI ILUIH, ¥ CHHHE MENIKH IOX
rjasaMH OT BLICOKOHl Neperpysk# IpH TOPMOxKeHHH. B Ha-
CTofilliee BpeMsi HaMeyaercsi JOCTHXKEHHe CBEPX3BYKOBHIX
CKOpocTell ¢ naccaxupaMH.

Cambift KpYNHHI/I pakeTHHI ABHraTe/b, KOTOPHI Korja-
nu6o pa6oraJ, GuLT cipoekTHpoBaH BasbrepoMm. dror ABura-
TeJIb, HCHOJNb30OBABIUMH INE€PEKUCh BOAOPOAA M KUAKMIA
KaTaJusarop, cosjgasaJj TAry 50 T M npefHasHauaJcs B Kauge-
CTBE CHJIOBO YCTAaHOBKHM HOBOTO CPEJICTBAa MJISI aTakH IOP-
TOBHIX COOpYkKeHHfl. dTo OblIa N0 CYLIECTBY HAABOAHAS TOp-
neja ¢ oyeHb GOJIBIIMM GOEBHIM 3apSNOM H BHICOKOH CKOpO-
creio. Ee 3amyckanu c¢ xopaGas Ha pacCTOSIHHM OKOJIO
12 Munb OT NOpPTa M HABOAHJIM HA IeJb C MOMOIUBIO CHCTEME!
JHCTAHIHOHHOIO yIpasJeHHs; ONHTHHEA o6paser Takoft Top-
nens! GBI HCOBITAH, HO GOEBOro NPHMEHEHHsI 3TO CPEACTBO
TaK U He MOJYYHJIO.

XoTsl A0 CHMX NOP MBI TOBOPHJH MOYTH HCKJIIOUHTEJIBHO
O pPaKeTHOM JBHraTeJje, B KaMepe KOTOPOTO CropaloT TOIJIHBO
H OKHCJIUTEIb W IOJydyaeMble NPOAYKTH CrOPaHHsl HCIOJb-
310TCA /IS NOJIyd4eHHs TATH, T€ K€ CaMble MPHHUHMIBLI MOTYT
6LITh NPUMEHEeHBl JJIS MOJydeHUs ras3oB AJIsl APYTHX LeJedl.
ITH «rasoreHepaToOpHHE» YCTAHOBKH, CTPOrO rOBOpS, HEJb3s
OTHECTH K KaTerOpHUH paKeTHbIX JBHUraTeseil, OMHAKO CBS3aH-
HEle C HMMH TeXHHYeCKHe TNpOGJeMBl HACTOVIBKO CXOIHBI
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¢ mpo6ieMaMH DaKeTHON TEXHMKH, 4TO 3acCJIyXKHBAiOT pac-
CMOTpEHHUS.

Topneant

Topnena siBasiercss mpuMepoM NpPHMEHEHHS TOIUIMB pa-
KeTHOTO THNa KaK I/ PeaKTHBHOTO NBHXKEHHS, TaK H s
BHIpaGoTKH rasa [4]. B o6niunHO# TOpmeme cxKaThii BO3AYX
nojlaeTcss B KaMepy CropaHusi, Kyja INOCTynaeT TakKxe TOIl-
JHBO (OGBIYHO CNHPT WJIM KEPOCHH) M BIPHICKHBaeTcsl BOAA.
OGpasoBaBlinecs rasbl CIyXaT AJs NPUBENEHHS B AeHCTBHE
JABHraTe]si Topnexbl. B nepBhIX MoJeNsx uamie BCErQ IpH-
MeHSUIM 4-IMIHHAPOBBIA pafuaJbHEI JBUraTeJb ¥ahTxena,
0/IHaKO BO BpeMsl MmocJiefHell BOHHHI NpeAIIOYTeHHe CTaJH OT-
naBaTb TypOute. HemocratkoM 3TOf cHCTeMH sIBJISETCS TO,
YTO TOpIena MOJKHA MMeThb 3amac CXKaToro BO3jAyXa, KOTO-
puift TpeGyer mpuMmepHo 4 ¢ywr Beca GaJssloHa Ha 1 @ywr
rasa, B To BpeMs Kak NpH XpaHeHHH XKHUIAKOCTH HAa KaxAhIf
ee ¢yHT npuxoautcs Bcero 1 ¢hyur Beca Gaka. OgHoll us nep-
BHIX TOpHEJ C HCHOJB30BAHHEM IKHIKOrO OKHCIHTeNs GhljIa
ANOHCKas Topnena tuna 93. B Hell npuMeHANN XKUAKHHA KHC-
JOpoJ, a B KauecTBe pas3baBuTeJsisl HCHOJNb30BAIH MOPCKYIO
BoAly. B pesysbrare 3TOro oHa JOCTHraja AaJbHOCTH Aefi-
crBust 20 ThiC. 2p0 NpH cKOpocTH 48 y3qoB (RanbHOCTHL Hefi-
CTBHsI OGHIYHOH TopmeAnl cocraBjseT 5 THC. Apd, a CKo-

- poctb — 45 y3JI0B).

OnHako KHAKMA KHCIOpPOJ TPYAHO XPAHUTb, W HEMIbI
BMECTO HEro NPHUMEHW/IH B KauecTBe OKHCJIUTENsl MEePEKHCh
BOJIOpPOAa. B pas/IMuHBIX 9KCTIEPUMEHTABHBIX TOPHENAX GhLIH
HCIOJIb30BAHK YeThIpe Pa3Hble CHCTEME], HO OJHAa H3 HHX,
M3BECTHAs NOA Ha3BaHHEM CHCTEMBI MHIOJHH — JEKaJUH —
reJMaH, okasajacb HauGoJiee ynauHo#i. Ee mnpumensiu
B 12 u3 16 -3xcnepumeHTasJbHEIX TUNOB Topnen (¢ur. 110).

«HlHrammHOM» B repMaHCKOM BOEHHO-MOPCKOM (hJioTe
HasuBaIH 82—83%-Hylo nepexuch BOZOPOA, «IEKAJIHH»
NpejcTaBisay Cco6oifi MO CyImecTBy 4YHMCTHIA JeKarujapo-
HaQTaJuH, a «reJMaH» 6u1 cMecbio 209 -HOro STHIOBOTO
cupra u 809%-Horo rumpasunruapara ¢ 0,5 2 mMenm Ha
JuTp (B BHAE KynpolMaHHAA Kajusi) B KayecTBe KaTaJu-
3aTtopa.

O6mee yc'rpoucmo 3TOil YCTAaHOBKM GHLIO BeCbMd CXOMs
HBIM C yCTPOPICTBOM o6biyHOrO pakeTHoro apurarensi, Owa,
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npexnae BCEro, HMeJa BHIIYCKHOH KaanaH I py4Horo geicTaus,
KOTOpHIfI TPOIyCcKasl BO3AYX ueped peAyKIMOHHHIH KjaamnaH 2
K knanany 3. [lociiennuit aBToMaTHUECKH OTKPHIBAJICSH, KOTAA
TopreAa MoKujasna TpyGy TOpPNeJHOro amnmapara, B pesyJib-
TaTe 4Yero BO BCEX YeThIPeX TOIVIMBHBIX 6akax CO3/1aBajioch
NOBHIILEHHOE AaBJjieHHe. PaGouuii BO3ZyX NpPOXOAMJ TaKkKe

5 4

Bo3dyx
H20NUH

Pecusep

lTHeemamuyeckuy Kynaukoewvii Mpm?.;muuon-c_El Heao3epamubil
xnanaw knanan H6Il KAQnaw Kxaanan

=/a3 mzzz [oprovee ssxc0xucnumens ==== Bodq

$ur. 110. CucreMa HHrONMH — AeKaNHH — FeIMaH 1A
TOpHeabl(

K KJanady 6 uepes Knanauel 4 u 5, mepekpniBas ero; mJs
KakKoil e, sTo Gyder sicHo B AajbHefimmeM. Bopxa, nekasud
M reJIMaH HeMeJJIeHHO IOCTyNajH B KaMepy CrOpaHHs, of-
HAaKO [MOCTYIJIEHHE MHTOJMHA 3a/epKHUBAJIOCh MOCPELCTBOM
pecusepa 10. drto pAenanock A Toro, yTo6nl H36exaTh
B3pLIBA B KaMepe B Ciyyae INOCTYIJIEHUS] MHTOJIMHA paHblie
Apyrux xuakocreil. ['eMan ucnosb3oBascsi TOJNBKO B Kaue-
CTBE MHMIMHPYIOLIErO BEIIECTBA, TAK KaK HHTOJHMH H J1eKAaJHH
He GBUIM CAMOBOCIJIAMEHSIOIMMHUCS. XOTS reJIMaH Cofepxall
KaraJiu3arop, €ro NPONyCKaJH 4epe3 a30THOKHUCIAYIO Melb 8

4
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C IeJbIO MOBHICHTH €ro akTHBHOcTb. Ha JuHME monauu reJ-
MaHa OblT MOCTaBJEeH HEBO3BPATHBIA KjalaH C NpeiBapu-
TeJIbHO HArpyxKeHHOH INpPYXKHHO#, ¢ TeM 4ToOGHl NOTOK Ipe-
KpalaJcs, KaK ToJbKO HauHeTcCs MpOLecC CropaHus.

OnacrocTb, KoTOpasi BO3HHKaeT TOJIbKO B TOpHeAax, 3a-
KJIIOYaercsi B cpopcnposaﬂnn 060poTOB TYpOMHHI BCJIEACTBHE
BEIHOCA IrpeGHOro BHHTA U3 BOAHL Jlji 60pbOH C 3THM SIBJIE-
HHEM yCTaHaB/MBaJH AaBTOMATHUYECKHH aBapHAHHIA Mexa-
HU3M, COCTOSIBIIMI, M3 IIMTKA Ha KOpIyce TOPNEAHl, COeIH-
HeHHoro ¢ Kjaananamu 4 u 5. Iloka Topnena asurajach HOp-
MaJjIbHO, BOJA yJep:KHBaJa IIMTOK B 3aKPHTOM IIOJOKEHHH,
HO KOTJa TOopneia 3aphiBajach, LIHTOK -OTKpHIBaJjcs. B pe-
3yJbTaTe 3aKpHBaJCA KJIamaH & M OTKpbiBaJCA KJaamaH 4,
OTKphIBasi BO3AYXy AOCTYN K KJanaHy 6, KOTOpbIH NPOmycKaJ
ero panaelle K Kiaanany 7. Ilocnemuuii mpeacrasnsii coGoit
JBOHHON KJanaH, KOTOpPHIH Iepenyckas NogaBaeMbIfl HMHTO-
JIMH B MOpe H IIpONyCKaJ BOAY uepe3 HHIOJIUHOBHIY HHIKEK-
TOp B KaMepy cropanus. Korma mHTOK CHOBa 3akKphiBaJjics,
KaMepa Cropanus ocBoGOXKJAajJach OT BOAbl IOJ HaNopom
CXKaToro Bo3fyXa (3Ta yacTb CHCTEMHl Ha CXeMe He IMOoKa-
3aHa), M YCTAaHOBKA aBTOMATHYECKH CHOBA NPHXOLHJA B
nefictBHe. DTy CHCTEMYy MCNOJBL30BAaJH HA BCeX HeMeIKHX
TOpneaax NoCJeJHUX JeT BOHHHL.

Bropas cucreMa Ghula mpHMeHeHa TOJLKO HAa OJHOM 3KC-
nepuMeHrasabHOl Topnefe repmanckux BBC. Ona nmpencras-
Js1a co6off KOBOJIBHO NPOCTYIO YCTaHOBKY, paGoTaBllyio Ha
CaMOBOCILIaMEHSIOIMXCS KOMIIOHEHTaX C HHU3KON 3HepreTH-
yecKolt xapakTepucTHko#l (609%-Has mepekuch BoAopoja H
‘cMech, cocrosimias u3 50% runppasunrugpata u 509% BoAH
C KyNpOUMaHHAOM KaJjus B KauecTBe KaTaJjusaropa). B ka-
Mepe CropaHusi cosjaBajochb JaBjieHMe 32 ara U TeMiepa-
Typa 600° C.

Ocra/ibHHE JBE CHCTEMHl AEACTBUTEJbHO OLLIH peaKTms-
HBIMH, OJHAKO MX NPUMEHSJIM TOJbKO B KCIEPHUMEHTAJbHOM
nopsiake. OaHa u3 Hux paGorajna Ha CaMOBOCIIaMEeHSIO-
memcst ToruBe (709%-Has mepekuch BOAOpoAA U CMeCh H3
509% m™ermsnoBoro cnupra M 50% rumpasuHrHApaTa C Ky-
NPONHAHHIOM KajHsi B KayecTse KaTaJjusatopa). HMHurepec-
HO OCOGEHHOCTBIO GBIIO MCHOJb30BAHHE MOPCKOH BOJHI AJ1s1
OXJIaKIeHHus1 KaMephl cropanus. B npyrofi cucreMe npuMeHs-
JIHChb MHTOJIMH, [€KaJUH M KOHLEHTPHPOBAHHHIH BOAHHIA
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pacTBOp nepMaHraHaTa HaTpHs MWJIH Kajbuus. Bce TpH
JKHJKOCTH BIPHICKHBAJIHCh B KaMepy OJHOBpEMEHHO Ha Mpo-
TSIJKEHHH BCEro Nepuoia paGoThl ABHraTessl; NepMaHraHart
JeficTBoBaJl Kak Katanusatop. [Ipu pasioxeHun nepekucu o6-
PasoBHIBAJICS Maporas M BBEASISJICS KHCJIODOX C TeMIlepary-

poit okoso 500° C, mpuyeM B 3Toif CMeCH AeKaJUH MIHOBEHHO
CaMOBOCIIJIaMEHSJICS. HJISI OXJazxKICHHUSA HCII0JIb30BaJIach 1
MOpCKasi Boja. ’ T
’ : Ta6auya XVII
HEMELIKME TOPTIEAH,
© Tam Wreinguu Fogpaduur | Wteh — | yopa | L1500
' :ﬂ
JlanbHOCTb nAeficT- .
BufA, 2P0 7700 3300 (22000 — 1100 1900 %
33000 ?
Ckopocts, y3ase . | 40— 42 45 45 30 40 ;
Tun npuratens . . | Typ6una| Typ6una | Typ6una |PaxerHbiii|PakeTHbIH ;
TommmBo . . . . . Hexannn | lexanun | lexanuu| - * JNexaaun
Bec tonauBa, pynm| 26 14 110 2,5 99
Oxucanrenb Wuroaun | Uuroaun | Muroaus | Muroaus | Muroaus
Bec oxucaureds,
dymm . . . . . 304 97 814 46 835
Pa36aButeab .. . |IIpecHas | [Ipecnas | Mopckas — —
BoAa BOZA BOZA
Bec pa36aButeas,
dynm . . . . . 286 132 — — —
Mpoune wuakocty | leaman,| Feaman,| Feaman,| Bosayx | Bosayx,
BO31yX | BO3AYX | BO3AYX, KaTaJn3a-
npecHas TOp **
BOJa
Bec npoumx xun-
Kocteit, pynm . 72 33 106 3,5 207
MoiHocTh Ha Ba-
Ay, A. €. .« . . 320 320 435 — —
O6wwuit Bec, gpynm| 2640 2840 3960 165 3300
Dauna, gym . . . 23,1 16,5 23,1 6,6 23,1
Ilnametp, gym . . 1,8 1,8 1,8 08 1,8

* 509/, runpasunruapara, 50%, cnupra--0,6 2 mexnu Ha JHTD (B

BHJE KYNPOLHMaHWKA KaNHs).

** KOHI|EHTPHPOBaHHBIH PacTBOP NEPMAHIAHATA HATPHA HAH KaAbUHA.
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XoTd ¢ momomipl0 NepeKHCH BOXOPOAa MOXKHO GBUIO IIO-
JY4uTh OOJIBILIHE MAJbHOCTH MOEHCTBHSA, YEM C TOMOIIBIO
OOBIYHBIX NApPOrasoBHIX CHCTEM, HeMIbI COCPEIOTOUHJIH €BOe.
BHHMaHHe Ha S5TOM METO/€ IVIABHHM 06pasoM MOTOMY, YFO
TOPIEAHl C TAKUM [BUraTesNeM He OCTaBJS/IM CJIeAa, TaK Kak
BCE BLIXJIONHBIE NPOAYKTH OHLIM pacTBOPHMH B Boge. Kpome
TOro, NMpuMeHeHHe TYPOHHH BMECTO MOPLIHEBOTO [ABHIaTeJst
NO3BOJIMJIO YCTPAHHTh CJEJAE Macja Ha IOBEPXHOCTH MpH
TopnenHo#i crpeibbe. ITogpoGHEle naHHBIE 0 HEKOTOPHIX He-
MelKHX Topnenax npuBexeHu B Ta6a XVIIIL .

NoaBoausie JOKH

JlBymMs r1aBHHIMH HEJOCTaTKaMH IOXBOXHON JIOAKH Bce-
raa ObUIM ee HECOCOGHOCTh HAXOIMTHCS HOJroe BPeMsT MOX
BOJORX H MaJsasi CKOpocTb HoxBomHoro xoxa. OGe aTu npo6-
JeMbl OBIJIM paspellleHHl HeMIIaMH BO-BpeMsl BTOPOil MHpO-
Bofi BOHHH. B Hauajie BONHHI CTaHJapTHBIM THIOM MOJBOX-
HOHl Jlofiku B HeMelkoM ¢Jote 6Gbula Jogka tuna 7C ¢ Hag-
BOAHBIM BojousMelleHHeM okoJo 700 T, HagBOAHOR CKOpO-
cteio 17 yanoB u moasoxgHo#t — 7,5 yaaa. IIpoGmema mim-
TeJbHOIO NpeGHIBaHUS MNOJA BOJOH GHLIA paspelliéHa IyTeM
NpUMEeHeHHsl YCTPONCTBA <LIHOPXeJb» — TPyOH AJs 3aGopa
BO3/lyXa, BHCTyNasliefl MpUMepHO Ha 18 Jroiim Haj moBepx-
HOCTBIO \BOAH. DTO YCTPOHCTBO GHLIO HCIONB3OBAHO HA MOA-~
BOJIHOM JIoAKe THNa 21, KoTopas HMMesa HaJBOXHOE BOJOM3-
Mmeiienne 1600 7, HagBOOHYIO CKOpocTh 15,5 y3Jja u moj-
BOIHYyI0 — 16,5 ysja B TeueHue OfHOTO uyaca. Becbma BHICO-
Kasi CKOpPOCTb B MOJBOAHOM MOJIOKeHHH GBlIa JOCTHTHYTA .
B pesyJsibTaTe yJyulleHHBIX ¢opM o6Boja Kopryca H NpHMe-
HEeHHsl aKKyMYJSTOPHBIX 6aTapeff oueHb 6OJIBLION €MKOCTH.

®upma «Baabrep» paspemusa npoGaeMy JOCTHKEHHS
BLICOKO/i CKOPOCTH JIDYTMM IyTeM, a HMEHHO INyTeM NpHMe-
HEHHs1 SHEePreTHYeCKo# YCTaHOBKH, paGoTalomel Ha nepeKHCcH
BOJZIOPOZA; 3Ta YCTAHOBKA HCHOJb30BaJach IJIs1 yBeJTHYEHHS
MOABOAHON CKOPOCTH JIOAKM B TedyeHHe KOPOTKHX IpoMe-.
XKyTKOB BpeMeHM [5]. dupma mnpoBoaujia 3KCIEPHMEHTH B
3ToM HampasJeHuu ¢ 1935 roga u nepen BoiiHOH mocTpoHJa
H HCORITaJa NOABOAHYIO JOAKY BojousMemenuem 80 T, pa-
GOTaBIIyI0 Ha IepeKHCH BOAOpOJA; IOABOJHAS CKOPOCThb
aTofi- Jomku JocrHrasa 25—26 yamos. 3areMm- O6mHLIO

17 3ak. 3073. Ox. Xamppue
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BHINYIIEHO YeThIpe yue(HHIE N0ABOHbIC JOAKH THIIA 17 U MATH
FPOAHHIX K GOeBOMY HCIOJIb30BaHHIO JoAok Tuna 17B. Otu
‘JIOAKW HMeNH HajBofHOe BojousMemenne 380 r, HaxBoAHYIO
ckopocTh 8,5 y3ia u noABoAHYIO — 25 y3JjoB. OHM He GHLIM
HCNOJb30BaHH [ GOeBhIX NEHACTBHI M3-3a, OTCYTCTBHS HO-
CTAaTOYHHIX 3aMacoB NMEePeKHCH BOXOPOAA.

HauGonee coBepiienHo#f H3 3TOH cepuu JoJKHA Obl1a
6HITh MOABOAHASA JoJka THNa 26, KoTopas K KOHIY BOMHHI
HaxoAuaach B nocrpofike. OHa JOVIKHA GhIIa UMETh HaJABOX-
Hoe BojousMenienne 900 7, HaxBOAHYIO cKopocThb 11 ysioB
H NOABOJHYIO — 24 yana. HomuHa/NbHAsi MOLIHOCTH ee JBH-
ratejis ¢ OAHMM BaJioM, paGOTaBIIero Ha NePeKUCH BOXO-
poxa, cocrasassia 7500 4. c.

CxeMa 5HEPreTHYeCKOH YCTAHOBKH Ha IIEPEKHCH BOAO-
pona, nmpuMeHsBIUeHcs Ha MOABOXHOM Joake Tuma 26, moka-
3aHa Ha ¢ur. 111. )KuakocTaMH, NPUMEHSBUINMHCS B rasore-
Heparope, CJAYyXKHJH HHTOJKH, TNpecHas BOAAa H JAU3JbHOE
TOI/IHBO. Bce TPH KOMIOHeHTa TOIVIMBA NOAaBaJHCh Haco-
caMH uepe3 JO3HpYIollee YCTPOHCTBO I, KOTOpOe MOALEpPIKH-
BaJIO COOTHOIIEHHE BOMAbLI, HHTOJNHHA H JHU3eJbHOIO TONJIHBA,
paBHoe mpumepno 12:9:1. HHronumn sareM mnoctynaa B
naporasoreHepaTop 2, COAepKaBIUMA TBEpAHIA KaraausaTop,
KOTODHIX BHI3HIBAJ pasjiokeHHe IIepeKHCH Ha BOJSHOH mnap
H KHGJOpOX mpu TeMmmepaType nopsaxka 500°C (rakas xe
cxemMa Oblla M y pakerHoro ApHrareis Baaerep 109-509).
IMaporas moctynan satem B KaMepy cropaHusi 3, Kyaa BIpHI-
CKHBAJIOCh AM3eJIbHOe TomuBO. Tak Kak TeMmepaTypa mpe-
BHIIIIAJA TOYKY CAMOBOCIVIAMEHEHMs, IPOMCXOAMIO CaMOBO3-
ropanue; OHAKO NPHMEHAJach W samnajbHas CBeya, Npasja
TOJIbKO /ISl TAPAHTHH CBOEBPEMEHHOrO BocliaMeHeHus. TeM-
nepatrypa ropeHuss cocramiassa npumepno 2200° C, npuuem
ee moHmxkaau no 550°C mocpencTBoM BIpHICKA BOJHL. 3a-
TeM rashl, Npoias uepes cenaparTop 4 AJs1 yAaJeHUS BCAKUX
TBEpALIX YaCTHIl, MOCTynasu K TypGuHe 5, KoTopas NMpHHAZ-
_Jiexajla K THIY OOBIYHHIX TypOHH, paGoTaloIIHX CO CKOpO-
cTbio 14 THC. 00/MuH. )

OrpaboraBiune rass HampaBJsJINCh B KOHAeHcaTtop 6,
rje nap KOHIEHCHpOBAJICs, a HEKOHIEHCHPYIOIHeCs raskl, Co-
cTosiMe ryaBHBIM 06pa3oM u3 CO,, OTKaUHBAIUCh HACOCOM 7
3a Gopr. KonmeHcar Hakamnusajics B Gake 8, oTKyma 3a-
TeM IepeKayuBaJICsi HacocoM 9 yepe3 NMPOTOUHLIH OXJAAUTENb
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10. Ilns mnoajepxkaHHus .{IOCTOSHHOTO KOJHYecTBa IPeCcHOH

BOJHI, yuacTBylollleli B paboyeM IHKJE, ONpeae/eHHOEe KOJH-
yeCTBO €e, SKBHBAJIEHTHOE MOJy4aeMOMYy M3 HHTOJIHHA, He-
NpepHBHO OTKauyMBaJochb Hacecom 11 3a GoprT.

- .
2 Napoeaso-
2eHepamop
3 Kamepa
ceopanus
1 Pegynsmop 4[_] cenapamop
Jcqcmasa cmecu
| Hagoco! Typ6una 5
=§3’(/m]’0080_80mellb B mope
| ) Jnexmpo-
ﬁﬂaeusarmm,
! Kondex-
camop
]
) B mope
‘ mpo- Bo&unali

/1eK 9nexmpo--

f po

rlpumoxauopcxau deuzamem dak g0 o
sax ¢ du- - ,

3ENLHLIM '
monnueom E‘ Hacoc  z==== lopiovee

— a3 OKxucnumsno

sak ¢ wmes /lap ==== Boda
UH20NMUHOM

dur. 111. Cxema anepremqecxon YCTaHOBKM Ha NepeKHCH BOLOpOZa,
NpHUMEHsBLISHCA HAa HeMelL KOl MOXBOAHOH nojke THma 26

IToMHMO mepeKHCHOro ABHraTessi, PeIHa3HAYeHHOTO s
BPEMEHHOTO YBEJIMUEHHs] CKOPOCTH, Ha 3Toii MOABOJAHOM JIOX-
Ke OBbL1 TaKXKe AUSEJbHBHIH JBUraTeNb [Js HaABOXHOTO XOJAa
M XOJa NOJA IIHOpXeJeM, a TaKxkKe TJIaBHHIA 3JeKTPOJBHra-
“TeJIb, JBUTraTe/ b S5KOHOMHUECKOTO X0Ja H 3JeKTPOMOTOpP IJisi

17%

R —
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ABHMXKEHHS B IOJBOJHOM IIOJIOXKEHHH C IOMOIIBIO aKKyMyJsi-
TopoB. ['J1aBHHIfi 3JIeKTPOABHraTesJb MOr paGoTaTh U B Kaue-
CTBE TeHepaTopa, B TO BpeMs NoKa NOXBOAHAS JIOAKA IPHUBO-
Auach B [BHKEHHe JHOO NM3eJbHBIM JABUTaTeNeM, JHGO
-ABHrarejeM, paGoTaBIIMM Ha NEpPEKHCH. ‘

Xors -aTOT MeroA sMBJIAETCS HIEANBHHIM ISt GBICTPOro H
KPAaTKOBPEMEHHOTO yBEJIMY€HHsl TMOXBOMHON CKOPOCTH, OH
CTpajaer NByMsl BecbMa Cepbe3HHIMH HepocTaTkaMu. [lep-
BHIM U3 HHUX SIBJISIeTCS1 OueHb GOJIBIIOH pacxol TOMJMBA, KO-
TOPHI NPUBOAMT K COKPALIEHHIO MAJbHOCTH NJIABAHHS H
He JNaeT BO3MOXHOCTH IOJJEPXKHBATh BHICOKYIO CKOPOCTb
Xolla B TeueHHe JJIHTeJbHOro Bpemend. Hanpumep, Joaka
THna 26 MorJia MATH B MOJBOJHOM IOJIOXKEHHH CO CKOPOCTBIO
24 ysna He Gosee 6 yacop mnpu o6uieli NPOIONKHTENLHOCTH
ninaBanusg 90 cyrok. Ecau 6bl 06beM, 3aHUMAaeMblii HHTOMH-
HOM, OBl HCIIOVIb30BAH NOJ AU3EJbHOE TOIVIHBO, TO Aajb-
HOCTb IlJIaBaHHMS NMOABOJHON JIOAKHU Bo3pocsa Gbl GoJjee yem
Ha 100%. Bropofi HepmocTaToK 3akKJiO4aercs B TOM, UYTO
NEPEKUCHEIA JBHraTesb PacCMOTPEHHOrO THNA OGXOMUTCS
npumepHo B 1000 pa3s mopoxe 5KBHBAJIEHTHOrO €My IO MOII-
HOCTH JHM3eJbHOro aBuratess. OXHAKO HCK/IOUHTENHHO BHI-
COKasi CKOPOCTb, KOTOPYIO MOXHO IIOJYYHTb OT MepPeKHCHBIX
JBUraresnef, JeJaer BIOJHe IeJecOOGPA3HBIM HX MCIOJb3O-
BaHue,

KaranyabTbt

KaranyjabTel /s camMoJIeTOB INPHUBOLMJIMCH B AefCTBHE
NPEUMYINECTBEHHO CXKATHM TasoM. JI[ByMsl IVIaBHBIMM HEHC-
CTaTKaMH, CBONCTBEHHBIMH 3TOH CHCTeMe, SIBJSIETCS BBICOKas
CTOUMOCTb KOMIIPECCOPHOTO 06OpYJOBAHHSI M 3HAYMTEJbHBIE
IPOMEXKYTKH MeXJy 3anyCKaMH BCJIeJCTBHE HEOGXOJMMOCTH
BOCCTAaHOBHUTb paGouee paBienue. IlyreM ucnosib3oBaHus re-
HepHpyeMBbIX ra3oB 06a 3TH HEJOCTaTKa MOryT OHTb ycTpa-
HEHBI.

EQMHCTBeHHBIM YCTPOHCTBOM 3TOrO THINA, MEPENAHHBIM
B NPOM3BOACTBO, GhHlTa BHINycKaBwascs ¢upmoit «Basbrep»
KaTanmyJabTa JJs 3amlycka camoJsieToB-cHapsmos Pay-1 [6],
nokasaHHas Ha ¢ur. 112,

Jasi  samycka camoJiera-CHapsja, BECHBIUETO OKOJIO
5 ThIC. (YHT, HyXKHO GBLIO COOGIINTH €My CKOpOCTb
360 ¢yr/cex u mMakcuMmasbHoe yckopeHHe 16 g. CraproBoe
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ycTpoiictBo BaJsbTepa cocTosisio u3 nmaporasoreHeparopa, rae
noJiyyaJjicst maporas M3 nepekucHu BOZOpPOAa, U TPYOH! C mpo-
pe3blo, BHYTPH KOTOpOH NepeMeIascss MAacCHBHBHINA NMOPIIEHb.
Ha nopmHe umesnock pe6po, KoTopoe NPOXOAHJIO YEPE3 Npo-
pesp B TpyGe u BXOAWIO B YIiyGJieHHe MOX CHapsAaOM.
Ckonpasimas TesexkKa, pacrnosioKeHHasi MeXAY CHapsiioM H
TpyOo#i, BOCIPHHHMAJNa BO3HHKAIOLIME BO BpeMs 3amycka
ycunus. Ilpopesp 3a mnopuiHeM aBTOMAaTHYeCKH OGTIOpHpPO-
BaJicsl, a Ha KOHIle TPYOH MOPIIEHb BRHIXOAWJ M3 3aIlenJe-
HMS CO CHapsiIOM M BO3BPAmIAJCA B HCXONHOE IOJIOXKEHHE.

Inasnoll Knanaw

Jlapoeaso;
2eHepamop

4

Bcnomoeamens-
Holll Knanaw

Kamanusamop

—=/rla3 zzxzm Kamanusamop ’
gsnexmpommnan ”"”,g,‘f,’;’.,g:e‘"‘"" wwmlop = /lgpexucs 6odopoda

dur. 113. IMaporasoreHepaTop KaTamyJbTH A 3amycKa
camoaeroB-cHapsanos day-1. .

ITaporasorenepaTop uMesa BeCbMa NPOCTYIO KOHCTPYKIHIO;
OH ToKa3aH cxeMatuyecku Ha ¢ur. 113. B naporasorenepa-
TOp NMOCPEJACTBOM CxKaroro BosAayxa nopgasajiu 80%-Hyio me-
PeKkHCh BOJOPOAA M KOHLEHTPHPOBAHHMLIN PacTBOp nepMaH-
raHara HaTpPHs WJIH KaJusd. DTOT CxKaThlif BO3Ayx Gpaju BO
BpeMs INepBOfl 4YacTH 3aNlycKa TOJbKO H3 OfHOTO GaJjijoHa.
ITo ucreuenun npumepno 0,4 cek., 3a BpeMsi KOTOpHIX MOp-
IIeHb NPOXOJUJ NMOJIOBHHY MyTH ABHXKEHHS MO TPy6e, OTKpPHI-
BaJICA BCIOMOraTeJbHHH KJ1anaH, yBeJHYUBasi TAKUM 06pasoM
noja4yy IepeKHCH B pe3yJbTaTe UCIO/Ib30BaHHS ABYX APYTHX
6aJIJIOHOB CO CXKaThIM BOB/[yXOM.

ITepexnch Bonopona He SIBJSIETCS €IMHCTBEHHHIM HCTOY-
HHKOM TIIOJIy4eHHUs rasa, KOTOpbIH MOXHO O6hlI0 GHl mpHMe-
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HUTb Ha KartanyJbre. Ilpemsarasiocb NpHMEHHTb IJISi 3TOR
HeJH Takue BellecTBA, KakK HHUTpoMeTaH M KopauT. OnnHako
HeT HHKaKOro COMHEHHS] B TOM, YTO B pe3yJbTaTe NpHMeHe-
HHS rasoreHepaTopHOR CHCTEMEI MOXKHO C03/4aThb BecbMa Ipo-
CTyIO KaranyJabTy. PasyMmeercs, A5 3anycka CaMoJIeTOB HJIH
PaKeTHHX CHapsfoB ¢ GOJBIION CKOPOCTBIO MOAOGHAsT CH-
CTeMa CTaHOBHUTCS NOYTH 06sA3aTeNIbHOH, TaK KaK yCOBeplIeH-
CTBOBaHHe OGBLIYHON KaramyJbTH, paboTaioliefi Ha CXKaTOM
rase, JJs NoJyd4eHUs NMOROGHHIX BEICOKHX CKOPOCTeil COmpsi-
3KEeHO C OYeHb OOJBUIMMH TPYAHOCTSIMH.

ep—
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NEPCNEKTHBbI PA3BUTHS PAKETHOH TEXHHUKH. IAEPHAA
—~ 3HEPTHS. ME)XIIJIAHETHBIE NMOJIETBI

XuMHYecKHe PaKeTHBIE ABHraTeJau

B GoapmuHcTBE OGsacTell TEXHHKH Ha OCHOBE IMpPOLILJIOTO
H HaCTOSILIEr0 MOXKHO JIOBOJILHO TOYHO NpeAcKasaTh GJxkafi-
mee Gyayuee. Ilpu mporHosax Ha GoJsiee oTHasNeHHOE OYAY-
mee, pomyctuM Ha 10 Jier u Gosnee Brepel, Mbl DHCKYeM,
BEPOSITHO; OYeHb CHJIbHO OMMOHUThCA. Biamkafimiee Oyayuiee
PaKeTOCTPOeHHUsI 3aKJIOYAEeTCs B YCOBEPIUIEHCTBOBAHHH CYILe-
CTBYIOIIEH TEXHUKHM IyTeM MPAaKTHYECKOTO HCIO0Jb30BaHHUS
pe3yJbTaToB HcciaexoBaTesnbckoii pa6otwt [1]. Kak yxe moa-
4YepKkHBaJOCh paHee, paKeTHHe ABUrareNud paboTalOT C Ma-
JILIM 3a11acoM NMPOYHOCTH, H YHCJIO OTKa30B B paboTe, B CpaB-
HeHHU ¢ GoJiee OOBIYHBIMM JBUTATe/NSIMH, SIBJISAETCS JOBOJBHO
BHICOKHM; IIO9TOMYy OJHA H3 TJIABHHIX 3ajau OGJmkaiiiero
Gynyliero COCTOMT B COKpAlIeHHH 4YHCJa OTKasoB B paGore.

B Hacrosiiee BpeMsi He MMeeTCsI BO3MOXKHOCTH HCIOJb-
30BaTh TOIVIHBA C TeMiepaTypoii ropeHusi Gosee 3000° C.
Ta6auna XX nokasuBaeT, yTo GOJBLUIHHCTBO CMecell C BBICO-
KUMH 3HEPreTHYeCKUMH XapaKTepHCTHKaMu 06/1afgaloT TeM-
nepaTypaMH ropenus, npephimamomumu ary uuopy. Craemo-
BATeJbHO, JJI1 TAKUX BHICOKHX TeMIiepartyp HoTpeOyloTcsi U
COOTBETCTBYIOLIME KAPOTNpPOUYHble MaTepHasbl. XOTS MHOTHe
KepaMHueCKHe MaTepHaJisl 06/1aKaloT BeCbMa BHICOKHMH TeM-
nepatypaMu miasieHust (cM. ta6u. XIX) u coxpaHSIOT CBOIO
NPOYHOCTL B YCJIOBHSIX BBICOKHX TeMIlEpaTyp, OHH IIOUTH BCe
CTPaJaloT HEZOCTaTKOM <«TEIJIOBONO pacTpecKHBaHHs» [2],
KOTOPOe NMPOUCXOAUT NMpPH OLICTPOM HArpeBaHHH MaTepHasa.
ConpotuBjieHre pe3KHM CKauKaM TeMIepaTypbl IpPsIMO IIpoO-
NOPIMOHAJNBHO KO03(GHULMEHTY TEIJIONPOBOJHOCTH M Ipejesy
NPOYHOCTH Marepuaja Y OOpaTHO NPONOPLUHOHANBHO KO3(-
(UIMeHTy TEIUIOBOTO paCUIMpEHHs W MOAYJIO YIPYTOCTH.
3HaueHUs NMEPBBIX IBYX K03(PGhHUHEHTOB HEBEJHMKH, a ABYX
NOCJIelHUX — OY€Hb BBICOKH [/ GOJIbIIMHCTBA KepaMuye-




IlepcnexkTussl passurus paxkeTHoOy TexHuxu 265

CKMX MaTepHaJoB, TaK 4TO GOJbIIAsi 4acTb HX IPH PE3KUX
CKayKaxX TeMIepaTyphl CHJIbHO PacTPeCKHBAeTCs H JIOMaeTcs.
OxHako CylecTByeT CPaBHHTENBHO HOBHII THI MaTepHaJa,
noJlydyaeMblfi NyTeM CIIEKAHHS MOPOLIKOB HEKOTOPHIX MeTall-
JIOB M KepaMHMYeCKMX MarepuasoB. Hekoroprle BHIAB 3THX
MaTepHaJIioB JIydllle MEepeHOCAT pe3Koe MOBHIIeHHe TeMIe-
paTtypel, ueM npocTas KepaMmuKa, u o6sajgaioT GoJee BEICO-
KOHl TeMmnepaTtypoil pasMsrdeHusi, yeM GOJIBIIHHCTBO MeTaJ-
JIOB, TaK YTO MOTYT GBHITh HCIOJB30BAHH IJIsl H3TOTOBJIEHUS
comeJ.
Tabauya XIX
CBOMCTBA KEPAMUYECKUX MATEPHUAJIOB

Marepuaa Yaeavuuit Bec ,T,,?;ﬁ,‘:ﬂ:;{' E::
OKHCb aNMOMHHHSA (TAHHO3EM) . . . . . 37 2050
Okuch Gepuaaust . . . . . . . . . .. 3,0 2600
Kap6ug wmobuss . . . . . . . . . .. 7,6 - 3500
Fpadmr . . . . . . . . .. ... .. 2,2 3600
Kap6bun rapuus . . . . . . . . . .. 12,2 3900
Kap6un Tanrana . . . . . ... ... 14,1 3900
Kapbun nupkonns . . . . . . . . . . 6,6 3550
OKHCb UMDKOHHA . . . . . . . . . .. 5,7 3000

ITpu npuMeHeHuH OGBIYHBIX TONJIMB HAa OCHOBE CTaHAAPT--
HBIX OKHCJHTENEH — KHIKOrO KHUCJOPOAa, a30THOM KHCJIOTHI
M NEepeKUCH BOJOPOAA — IDEACTABJSETCS MaJIOBEPOSITHBIM,
4TO YAACTCH JOCTHTHYTh YAEJbHOH TATH Ha YpoBHE MOpS Ha-
MHoro Gofibie 200 cek. Jljig moJydeHuss GoJiee BHLICOKOH
yIAeJbHOH TArM HeoOGXOMUMO OGPAaTHUTBCA K CaMBIM HeoOBIY-
HbIM TOIIMBHBIM cMecsiM [3—7]. O BbICOKO# TeMmeparype ro-
peHus GOJIbIIHHCTBA 3THX TOILUIMBHBIX CMecell yKe yrnoMHHa-
JIOCh, OHAKO 3TO OTHIOAb He €IMHCTBEHHLI HX HENOCTaTOK.
BoJsbinHCTBO 3THX cMecefi HMeeT B CBOEM COCTaBe ‘He MeHee
OJIHOTO KOMIIOHeHTa, INPOHM3BOJACTBO KOTOPOro B IIMPOKHX
MacmTabax I0Ka ellle He HaJlaXKeHo, IPUYEM BO MHOTHX CJIy-
yasx obpaileHue C OJHHM, a TO U C OOOMMU KOMIIOHEHTaMH
sBJsieTcsl upe3BbluafiHo cjaoxHbIM. Hanpumep, ¢rop, kKoro-

Pl BXOZUT B KaUECTBE OKUC/IUTENS B HECKOJIBKO KOMOHHALHU, -
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06JIafialoOMHUX BBICOKHMH 3SHEPreTHYECKHMH XapaKTepHCTH-
KaMH, arpecCHBeH I10 OTHOILIEHHMIO KO BCE€M 3JIeMeHTaM,
KpOMe HHepTHHIX rasoB. K cuactblo, GO/MBIIMHCTBO HauGoJee
pacnpocTpaHEeHHAIX METAJVIOB M CIIJIaBOB, B TOM YHCJIE Me[b,
JIaTyHb ¥ HEPXK2BEIOWas CTajb, o6pasyloT npoTHB (propa 34-
INATHHIA CJIO NpH KOMHATHOH TeMmmepaType, OXHAKO IpH
BBICOKHX TeMIepaTypax MexAy HHMMH BO3HHKaeT ObicTpasi
peakuus. g

Tabauya XX

TOTJIUBA C!BHCOKHWMY 3HEPTETUYECKUMHU XAPAKTEPUCTHKAMH

it || o

= SR RS S .-

Oxucauteas Topiouee E%g 5 g E%g of

f3ys | S35 | i3

»8o= [SIN NN =
XKunxuit prop XKunkuit sogopon |400(50am)} 43 3600
- ‘ 370 .38 - 3100
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Mexny npoumuM, Kak CTeKJsiHHAs BaTa, Tak M acGecT ro-
par Bo ¢rope. Tak ke Kak u Kuc/I0pox, ¢hrop o61anaeT HU3-
Koil temmepatypoii kunenuss (—188°C), u ero npuxonmurcs
XPaHUTb B XKHIKOM COCTOSIHHHM B TINATEJbHO M30JIHPOBAHHBIX'
cocynax.
~ BHICOKyI0 yHenbHYIO TATy MOXHO MOJYYHTb IyTEM HC-
II0JIb30BAHMA JHO0 BHICOKOH TeMIepaTypel TropeHusi, Ju6o
NIPOAYKTOB CrOpaHHsl ¢ MaJbiM CPeJHHM MOJIEKYJsSPHBIM Be-
coM. DTo cpasy HABOLHT HA MBICJIb O NPHMEHEHHU TOPIOYHX,
GoraThix BOJOPOJOM; Ha CaMOM AeJie, TaKHe TOIJIMBA, KakK
aMMMakK M THApasHH, o61afaloT 3aMeyaTesIbHHIMH 3Hepre-
THYECKHMMH XapaKTepHCTHKAMH B COYETAaHHH C HH3KHMH TeM-
neparypaMu ropenus. Hakonen, MoXHO Ha3BaTb H CaM BO-
JIOpPOJZ, KOTOPHIH JaeT MaKCHMaJbHO BO3MOXHYIO YAEJBHYIO
TATY B CMECH C MHAKHM KHCJIOPOJOM WJH C XKHAKHM ¢TO-
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poM. OnHAaKO HELOCTAaTKOM BCeX GOraThiX BOZOPOJAOM TOIJIHB
AIBJISIETCS] HX -MaJiasi IUIOTHOCTh (Y 2KHMAKOTO BOJAOPOJAa OHa
pasHa 0,07). DTo 06CTOATE/NLCTBO OYEHb OTPHUATENBHO CKa-
3bIBaeTcs Ha OObeMHOMl ynaesbHOM TAre, KoTopas, Kak ObLIO
I0KAa3aHO BhIIlE, SIBJISETCS KPUTEDHEM NPHUTOJAHOCTH Pas/uy-
HHIX TOILIHB AJISi HeGOJIbIIMX PEaKTHBHHIX CHapsamoB. K cua-
cTblO, yeM GoJblie CHapsif;, TeM GoJiee BaXKHO€ 3HaueHHE

Bodopoed -mop ==
Badopod-kucnopod B
Juoopaw-@mop E=
Jubopan-kucaopod E=
Tudpasun-mpexgmopucmoli Xnope—> .
Smunosuit crupm-KUcA0podE=—=
bensun-asomnas Kucnomag— ) ) ,
0 k] 1.0 15 2,0 2,5

®ur. 114, OrtHoCcHTENbHblE RAJNLHOCTH TIOAETA pAKeT
) Ha Pa3JUYHOM TOMJIHBE.

MMeeT yJeJbHAs TAra W TeM MeHee Ba)kHa IJIOTHOCTb TOM-
JuB4, TNpHYeM IJis JAAJbHOGOHHBIX paKeT MpPHMEHEeHHe
JKHJKOrO BOJOPOAA B KayecTBe TOIVIHBA B MOJIHOH Mepe OIn-
paBABIBaercs . yBeJIHUEHHEM HAJbHOCTH JAeficTBHSA. IJTO Ha-
rasgHo witiocTpupyer ¢ur. 114 [8], rae mokasans OTHOCH-
TeJIbHHIe JAJBHOCTH paKeT JaJjbHero AEHCTBHA C NpPHMEHe-
HHEeM pasjMYHbIX KoMGMHauui tomuus. ITo-BupnMomy, maxe
IpH DPUMEHEHHH CYILIECTBYIOIMX HanGoJjiee BHICOKOKAaJOpPHI-
HHX TOILUIMB €IBa JIH MOXKHO IIOJYYHTb, IOJB3YSCh OOHIY-
HBIMH CHCTeMaMH JBHTraresell, yaesabHy1o Tary Gosee 400 cek.

CyiiecTByeT eme ofHa BO3MOXKHOCTb NPHMEHEHHS] XMMH-
YeCKHX TOINVIHB — peyb HJET O 4acTo YINOMHHaeMOM aToMmap-
.HoM Bogmopoxe [9, 10]. Korma mpoucxomut pexoMGuHALHUS
aTOMOB BOJOPOJa B OGEIYHYIO MOJIEKYJY, COCTOSIINYIO U3 ABYX
aTOMOB, BbifeJsieTcsl GOJbIIOe KOJIHMYECTBO TemJa — MpH-
MepHOB 10 pas GoJblme, yeM IPH CropaHHH OGHIYHOH TOMN-
JuBHO#t cMecu [11]. ITyrem ucnosnb3oBanusi sToii peKOMOHHa-
IMH TEOPETHYeCKH MOXHO IOJYYHTb YAEAbHYIO TATY 10
1400 cex.! K coxasneHuio, aroMapHHi BOZOPOJ NO CBoel
npupoje upe3BHUalHO HEYCTOHYMB, M INPH INOJYYE€HHH €ro,

L e T DS A MY S ————e



268 ) N - Taea XIV

HampuMep npu aToMHO-BOXOPOAHOR CBapKe, OH CYLIECTBYET
BCEr0 HECKOJBKO MHKPOCEKYHA. OIHaKo HCCJIefoBaTeb-
CKasi pa6ora B 3TOH 06/JacTH BeNeTcs, M HE MCKJIIOYeHa
‘BO3MOXKHOCTb TOT0; “4TO aToMapHbIi BOAOpOA Oyder cra-
GHTH3MPOBAH, BEPOSATHO, NMYTEM HCIONb30BAHHS BeCbMa HU3-
KHX Temnepatyp. BosMoxHO Takxe, 4TO CyMeOT mnosy4uTh
MeTacTaOu/IbHbIE MOJIEKYJIbI TeIHsi C BOAOPOAOM HJH KHCJIO-
pooM, KoTophie TpH pacnaje MorJu Gul 06ecrneurBaTh Kpatfi-
HE BBICOKHE YJeJIbHEIE THATH.

flaepuas sneprﬁa

SImepHYIO 3HEPrHIO, TaK e KaK H XMMHUECKYIO, MOXKHO
paccmaTpuBaTh B KauecTBe MCTOYHHMKA SHEPTMH B JBHraTeJsIX
paketHoro Tuna {12, 13]. TTo-BuxuMOMy, CywwIECTBYIOT TPH Me-
TOla ee NPAKTHYECKOTO NPUMEHEHHs: CaMH NPOLYKTH pac-
IIEMJIEHHs1 MOTYT 00pasoBLIBATh PEAKTUBHYIO CTPYIO; aToOM-
. Hasg  SHEPTHA  MOXKET

#3 monnusngzo Hacoc OBITb HCNOJB30BAaHA JJIS
aFGa‘ HarpeBa Kakoro-iu6o pa-

6odero Tesa, KOTPpoeE 3a-
T€M paclIMpsieTcss Mpu

HCTeyeHHH Yepes COIJIo;
ﬁ) aTOMHasl 3Heprus Hc-
' Jd0Mb3yeTca [JIs IpOM3-

Knanan
ynpaene- BOJACTBA 3JIEKTPHUECKOH
Hust = 9Heprud, Koropas B

; i CBOIO OuYepeiib HCIOJb-
€OXMOp CMOELAsIM  “3yeTcs M8 TOJY4EHHS
”ﬂeDf'b'” SOPIOVUM  1oTOKa" HOHH3HPOBaH-

dur. 115. IpuHuunHaibHash cxema HBIX YaCTHIL .

aTOMHOTO PpAaKeTHOrO JBHraTeJs Ha Cawmniit npocroit Me-

TBEPAOM sIIEPHOM ropioyeM. TOR — METOHA HCIOJb30-

. BaHUSI CAMHX INPOAYKTOB
paclenJieHus — CoBepllleHHo GecnepcnekTuBeH. He uckino-
4EHO, YTO yAaJoch OH T0JY4UTh yAesabHylo Tary B 1000 pas
6o/bLIyIO, 4eM B OGLIYHOM PEaKTHBHOM [BHraTeje Ha He-
flePHOM TOILIMBE, HO TeMIepaTyph' B KaMepe peakIu{

GelH OBl (heHOMEHAJIbHBIMH — OHH MPUGJIHKAJINCh OB K TEM-
nepaTtypam, AOCTHIaeMEIM IpH B3pEIBe aToMHO# 6oM6hL. Ko-
HEYHO, 3KCIJIYyaTHPOBaTh NOJAOGHYI0 YCTAHOBKY OHLJIO GHI
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4pe3BhIyaiiHO cy0xkHO. Boslee ocylecTBHMBEIM ¢ TeXHHUECKOH
TOYKM 3pEHMsl NpeACTaB/seTCS NMPOEKT aTOMHOIO PaKeTHOro
JBUratejsi C HarpeBoM pa6ouero TeJa; NMPHHUMUIHAJbHAS
cxeMa TaKoro JBHrare/s npeicrasjeHa Ha ¢mur. 115. JKuakoe
pabouee Tes10 MoJaeTcss HACOCOM M3 3amacHoro 6aka B peak-
TOp, TJle OHO HarpeBaeTcsl H 3aTeM pacliupsieTcs B come. Ero
MOXHO TaXXKe HCIIOJb30BaTh AJIs1 OXJIaXKJNEHHS COlla M Ka-
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$ur. 116. 3aBHCHMOCTb yneJbHOH TArH OT Cpel-
Hero MOJeKyJIsApHOro Beca M HavaJabHOH TeMmepa-
TYPH Ta30B 1Jf aTOMHBIX PAaKETHHIX ABHraTte’ei.

Mephl peakuuu. PaGouee Tes10 neficTByeT TakuM xe o6pasoMm,
KakK NPOLYKThl CrOpaHHsl OGLIYHOTO PEaKTHBHOTO JBHraTelis,
NpHYeM eAUHCTBEHHOE PasjMyHe MeXIy HUMH 3aKJII04aeTcs B
TOM, YTO B OGLIYHOM PAaKETHOM JBHrarese, SHEPrus CO3Jaer-
Csl Brasax, B TO BpeMsl KAK B aTOMHOM paKeTHOM JBHraTese
TENJIOTa BO3HHKAET BHE rasoB; TaKuM obpasoM, pafouue Xa-
PAKTEPUCTHKH aTOMHOTO H OGBIUHOrO PaKeTHOTrO ABHTraTejed
ONpeJeJIAIoTCs OXHUMH U TEMH JKe 3aKOHAMH. YJeJbHas TAra
NPSIMO NPOMOpIHOHAJbHA HayaJbHOH TeMIeparypeé rasoB H
o6paTHO- MPONOpIHOHAJIbHA HX CPEAHEMY MOJIEKYJ/SPHOMY
‘Becy. Ora 3aBHCHMOCTh NoKasaHa Ha ¢ur. 116. Cpenuuit

\
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MOJIEKYJIIPDHBI BeC ra3oB B OOGHYHBEIX PAKETHHIX JBHrare-
JIsX 0GBIYHO KoJieGJiercs oT 15 go 45, HO B aTOMHOM pakerT-
HOM JABHrarteje B KauyecTBe paGouero Tejla MOXKHO OBLIO GBI
HCNOJIL30BaTh IeJIMHA MM BOAOPOJ, YTO oOecrneunmyio GHl 110-
BhIlIIEHHe YAEJIbLHOH TATH B TPH MJH ueThlpe pasa {14] no cpa-
BHEHHIO C COBDEMEHHBIMH DAKETHHIMH JBHMTaTe/SIMH IIDH TOH
J)Xe caMoil TeMIlepaType rasos. ‘

OcHoBHOfl TexHHYeCKOH NPOGJEeMoOll sBJsSeTcs MOCTHIKe-
HHe HeoOXOAMMOl TeMIepaTyphl rasos. B oGbUHOM paker-
HOM J[BMraTejie MCIoJB3yloTcsl TeMmepatryput a0 3000°C, u
TEMIEepaTypy CTEHOK KaMepHhl CrOpaHHs MOXHO yJAepKHBAaTh
Ha ypoBHe nopsaxka 1000°C uiau MeHee NOCPEICTBOM COOT-
BETCTBYIOLIEH CHCTeMBl oOXJaxJeHus. OpHako AJnA TOrO,
4yTo6H HAaTrpeTh ras [0 3aAaHHOH TeMIepaTyphl C NOMOLIbIO
SIIEPHOTO PeaKTopa, 4acTb CaMOT0 peakTopa MOJKHA MMETh
GoJiee BHICOKYIO TeMIepaTypy, ueM ras. K coxasenuio, okuch
ypaHa IUIaBUTCS IIPM TeMIeparype JHIIbL HEMHOTo BbllIe
1800°C, Tax uTOo MakCHMa/JbHO HONYCTHMAasi TeMIepaTypa
Oblla OH HHMXKe 3TOH BEJMYMHBL. EC/IH Npeano/oXuth, 4TO
JomyctuMoii GH1a 6wl Temmeparypa 1500°C, Torma, Be-
pOSATHO, MOXKHO ObLIO 6Bl AOOMTHCA YAENbHOH TATH MOpsAJKa
400—600 cek., IpyruMH CIOBaMH, He HaMHOro GoJbllel, yeM
MH MOXKeM IOJYYHTb C OMOLIBI0O XMMHYECKHX TOIVIUB. EXuH-
CTBEHHHII NyTh MNoJydYeHHs GoJjiee BBLICOKHX 3HEPTETHYECKHX
XapaKTePUCTHK 3aKJIOYaeTcs B IMOBHILIEHHH HAayaJbHOH TeM-
neparypu rasos, a 3To, NO-BUAMMOMY, 0Ka3ajocb GHl BO3-
‘MOXKHBHIM TOJIbKO B pe3yJibTaTe NPHMEHEHHsl peakTopa C Taso-
0o6pasHLIM AaKTHBHHIM BEIECTBOM, BpOJe, Hanpumep, NoKa-
3aHHoro Ha ¢ur. 117. Ilomo6Has cucreMa mnpeacTasJser
co6oi MONKITKY NPeB30ATH OGLIYHEINA PaKeTHbLIH ABUTaTe b My~
TéM BHCBOGOXKIEHHS 3HePrHH B pabouem TeJle BHYTPH
Kamepul. CJiefoBaTesNbHO, NPH YCJOBHH, YTO OXJaxie-
HMe OyJleT AOCTAaTOYHHLIM, BOIPOCH IPOYHOCTH MaTepHalja
yKe He OTpPaHHUMBAJIH Gbf TeMnepaTyphl B KaMepe M MOXXHO
6biIo GBI MOJIYYHTh YAENbHYIO TATy mopsiaxa 1500 cek. K co-
XKaJleHUI0, MoJoGHasi CHCTeMa HMeeT PsSf HEJOCTaTKOB IO
'CpPaBHEHHIO C TO#, B KOTODPOH HCHOJb3YeTCsl peakTop C TBEp-
OBIM aKTHBHHIM BellecTBoM. KoJ/uuecTBo NpHMEHSEMOro
SIEPHOFO «TOPIOYETO» JOMKHO GHTb BecbMa HEGOJbLIHM IO
CPaBHEHHIO C KOJMYECTBOM pabouero Tesa, XHIKOCTEH XKe,
KOTOpble MOMKHO OBlJIo GHl HCNOJNB30BaTh /IS 3TOH LEJH,
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OueHb HEMHOTO, TaK KaK €CJIH XKHJAKOCTb CJIHULIKOM JIErKo IO0-
IJIOIIAET HEHTPOHHI, TO siePHAs peakuus He GYNeT caMonof-
AepxuBaiomedica. Kaxnas koMGHHAIMs SIAEPHOrO <«ropio-
yero» M paboyero Tesia norpeGosaja GO, AJS TOrO YTOGH
peakuusi GbuIa caMoMOAAepKUBAOLIefics, KaMephl OTPOMHBIX

M3 monnusHo20
oaka

M3 6aka ¢
sdepHoim Kkonmpons, |11
20pIgyuM ynpaenewud 1]
(M| N
HUnweKxmopsl
sideproeo
20pioyezo

®ur. 117. lpunflunuanbHas CXeMa AaTOMHOTO PaKeTHOLo
IBUraTens C BOPHICKOM aKTHBHOI'O BellecTBa B Kamepy.

pasMepoB: BOAOPOA, C ypaHoM 235 B KauecTBe SIIEPHOTO ro-
- proyero, notrpe6osaJ GH B cjaydyae paGoOTH IOJ NaBJEHUEM B
100 ara xamepsl nuamerpoM He MeHee 240 x. B Hagrosee
BpeMsl He M3BeCTeH HHKaKOH paclien/siomuiics Marepual,
KOTOpBI MOT Obl 06ecreyuTh NPaKTHYECKYIO OCYLIeCTBUMOCTD
IIPOEKTa € MOJOGHHIM PEaKTOPOM.

«HoHHasi» paKera NpHBOAUTCS B JBHXKEHHe TATOH, cosia-
BaeMoi B MOHHOM ABHraTele MOTOKOM HOHOB, HCTEKAIOIIUX CO
ckopoctbio cBera. Ilogo6Hoe ycTpoficTBo, paGoTaioiee, Kak
MBI BUAMM, HAa NPHHIMIG 3JE€KTPOHHO-JIy4eBOH TPYOKH, GBHLIO
6Hl, pasyMeercs, IpPaKTHYECKH MO€3HLIM TOJIBKO B 6€3BO3AYI-
HOM IIDOCTPAHCTBE, TO €CTb 3a MNpeAeJaMH 3eMHOH aTMo-
cheprl. Takasi pakera, BepOSITHO, HCII0JIb30BaJa Gbl OGEIYHYIO
CHCTeMYy iIepHHHA peaKkTop — BOJASHOM KoTeJ — reHeparop
JJIS1 TIPOM3BOACTBA 3JIEKTPHYECKOH SHEPTHH C IOCJENYIOLIUM
ee NMPHUMEHEHHeM JJIsl IOJyYeHHsl MOIIHOTO HOHHOTO IIOTOKA.
IIpa HCrIO/IB30BaHHMM TIOTOKA HOHOB, AAIOMIEr0 YACNBHYIO TATY:
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50 000 cek., mas nosyueHuss ¢yHTa TArH norpeGosasicsi Gbl
TOK cwiolt 5 a u HanpsikeHueM 250000 8. I'1aBHBIM HeZmo-
CTaTKOM NofgoGHOf yCTaHOBKH Obl1 GBI HU3KHH K. I. J. re-
HepaTOpHO# CHCTeMHL. Bce JmillHee Temo NpHILIOCH GH OT-
BOAMTBH NMyTeM pajMali¥H, a pa3Mephl PaAHANHOHHHIX IOBEpPX-
HocTefi OTpaHHMYMBAJHCh OB OOIIMMH pasMepaMH KOHCTDYK-
muu. ITo-BUaMMOMY, BpsiA JIH MOXKHO NMOCTPOMTH HOHHBI pa-
KeTHHI!t IBUTaTe b, pa3BUBAIOIIHI TATY Gojlee ueM HECKOJBKO
JecATKOB (hyHTOB.

PeakTHBHBIE CHApSAbI

OG1iee HampaB/eHHe PAasBUTHSI B O6JIACTH yNpaBJisieMHIX
CHapsiloB W aBHAaLMH, IO-BUAMMOMY, BIOJHE YCTaHOBHJIOCH.
IMunorupyeMuifi caMoJieT-nepexBaTUUK Bce.elle GyAeT Heob-
XOAUM, NO KpaifHeii Mepe MO TeX MOp, MOKAa 3EHHTHHIH
ynpasJsieMblii CHAapsJ He OKaxeTcs PaBHBIM €My BO BCEX OT-
HOLUEeHUsX. YnpaBJsieMble CHapsifbl AajbHero AefcTBHsA C pa-
KeTHBIMH JBUTaTeJIsIMH, paboTalouMMy Ha OOGLIYHHIX TOIVIH-
Bax, MOryT o6/afgaTh 1aJbHOCTBIO MoJjeTa nopsaka 200 MuJb.
OnHako sl BCAKOTO 3HAYMTEJBHOTO YBeJHYEHHS NaJbHOCTH
[pH noJjere Mo GaNJUCTHUECKOH KPHBOH HYXKHO INPHMEHSTH
TOINIUBA C GoJiee BBICOKUMH SHEpPreTHuUeCKHMH XapaKTepHCTH-
KaMH, TNpUYeM Naxe H B 3TOM CJydae AaJbHOCTh €Ba Jid
yaacrcst yBeJHuuTh Gosiee yeM BABoe. XOTs JJif yBeJHUEHHS
JAJbHOCTH MOXKHO HCIOJIb30BaTh KPBUIbS, HO OHH MMEIOT TOT
HEIOCTATOK, UTO YBEJIHUMBAIOT YSI3BHMOCTb CHapsga. Muoro-
CTYNeHYaTBIMH pakKeTaMH TaKxe BpAd JH OyLyT MHOro
3aHMMATbCs, HCKJIIOUAsi pasBe CrenHaJ/IbHbIEe IIPOEKTHI, BCJIE-
CTBME CBOMCTBEHHOTO MM upe3BBIYaHHO OGOJIBIIOrO HayaJib-
Horo Beca. HcmosibsoBaHue paker JJs1 HCC/IelOBaHMsl BepX-
HMX cJoeB aTMmochepnb], BeposTHO, OyHeT MpPOLOJIKAThCA ——
KOHEYHO, NpH YCJIOBHH, uTO GYAYT aCCHTHOBLIBATHCH CPEX-
¢TBa Ha HX IOCTPOHKY M 3amyCK, —TaK KaK OHM IpPEACTaB-~
JSI0T co60fi eIMHCTBEHHBIl MyTh NOJYYEHHS] HEKOTOPLIX CBe-
JEeHHH, Kacaloluxcs acTpoPHU3UKH M BEPXHHX CJIOEB aTMO-
cheprl. Mmenno B 3Toii o6JacTH, IO - BCEH BEPOSTHOCTH,
JOJKHEI GLITH MOJy4eHH HauGoJiee NOpa3HUTEJNbHBIE pe3yJib-
TaTH, TaK Kak [/ NOJOGHBIX pakeT Tpebyercss NOBOJLHO
npocrasi anmnapaTtypa HaBeleHHs, HX KOHCTPYKUHH MOTyT
ObiTh O6/eryeHHBIMH (TIOCKOJIBKY MM He coo0uiaercst HHKa-
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KMX [ONEPeuHBIX YCKOPEHH#l) H BO3HHKAET BO3MOXHOCTb
NpUMEHEHHs] TOIJIMB C' Gojlee BLICOKHMH 3HEPreTHYECKHMH
XapaKTepUCTHKAMH.

MexXnJjiaHeTHble MOJIETHI

Ot mMccliefoBaHHS BEPXHHX CJIOEB aTMOCGEpH uyesoBeK
nepefiier K MexmnJaHeTHRIM noJseraM [15—19]. '

ITpo6aeMbl MeXnIaHeTHOro mosieTa GBUIM MOAPOGHO H3-
yuYeHH Ha NPOTSKEHUH IOCJeJHHX TpPeX AeCSATKOB JIET, OMHAKO
JIMIIIL BO BpeMs BTOpO# MHMpPOBOH BOHHH U MOCJIe Hee, KOTAa
paKeTHasi TeXHHKA U silepHasi SHepreTHkKa NOGHINCH BHILAIO-
IIUXCSA YCIeXO0B, BO3MOXHOCTb COBEpILIEHHS TAKUX NOJIETOB 110- -
JIyyu/ia NPU3HAHHE B LIMPOKHX KPyraX YYeHHX H HHXKEHEPOB.
Tot, XTo paGoTaer Hax pPaKeTHBHIMH IBHIraTe/sIMH M ympa-
BJSIEMBIMU CHapsiiaMH, H6COMHEHHO, JOJIXKEH Jydllle JAPYTrHx
NOHHMAaTh, Kakylo GOJIBLIYI0 HCCJIENOBATENbCKYI0 paGoTy
Hafo ele IPOBECTH, IpexJe YeM MeXKIVIaHeTHHIH moJeT
OKa)KeTcsd IPAKTHYECKH BO3MOXHBIM, —H TeM He MeHee
MMEHHO CPEIM 3THX DAaGOTHHKOB AaCTPOHABTHKA HAaXOIMUT
CBOMX HauGoJjiee SIpHIX NMpPHBEPIKEHIIEB. _

OcHoBHEBIE YCJIOBHSI AJISI TOrO, YTOOH KaKoe-HHGYAb TeJO
MOII0 IpeojoseTh 3eMHOe THATOTEHHEe M YJeTeThb C Halluei
IVIaHeThl, MOXKHO ONpeReauTb AoBoJbHO mpocTto [20]. Ecau
NPEANOoNOXKHUTb, YTO 3eMJIsl SIBJISETCS W3OJHPOBAHHOM IJa-
HeTofl, TO Tesly Hy»KHO COOGIIHTb TAKOe KOJHYECTBO JHEPIHH,
KOTOpOe PaBHO €ro NOTEeHIHAaJbHOH SHEPruH B GECKOHEUHOCTH
(To ecTh pocraTouyHOe AJISI TOTO, YTOOBI NOAHATH TeJNIO C MO-
BEPXHOCTH 3eMJH A0 GeCKOHeYHOCTH). DTO SKBHBAJIEHTHO
COOGINEHHIO TeJly HauajbpHOH ckopocTd 6,9 muas/cex. Xora
B JAefiCTBUTENBHOCTH 3eMJsi OTHIOAb He SIBJSIETCS HM30JHpO-
BAaHHON, 3aKOH BCEMHDHOrO TSATOTEHHs, II0 KOTOPOMY CHJIA
NPHUTSKEHUS] OBYX TeJ NPONOPIHOHANbHA MaccaM 3THX Tell
1 06paTHO NPONMOPLHOHAJbHA KBAJApaTy pacCTOSHHA MEXIY
HHMH, TOBODHT, YTO GOJIBIIYIO 4acTb SHEPrHH HEoOXOLMMO
GyzneT coo6IaTh Ha BecbMa GJIM3KOM DAcCTOSHHM OT 3eMJIH,
tak uro uudpa 6,9 muas/cex siBAAESTCT DOBOJBHO TOYHOM.
dTa CKOPOCTb BHIXOAA 3a Mpenesasl TATOTeHHs (CKOPOCTb
OCBOGOXKIEHHSI) 3aBHCHT TOJbKO OT MAacChl M JHaMeTpa pac-
CMaTpUBaeMOro HeGeCHOTro TeJla; ee 3HAYeHHs JJIsi pasJHy-
HEIX TeJ COJIHEeYHON CHcTeMHl npuBefeHbl B Taba. XXI,

_18 391{[. 3073. Ix. Xamdpue -
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Oueprusa E, Heo6xoauMasi AJIs BHIXOJA 3a NpeAe/H TArO-.
TEHHs] Kakoro-ii6o He6GeCHOro Tesa, ONpeAesercs o

(o} .
Tabauna xx1  TOPMYTE

CKOPOCTY BHXOJA M3 IPEAEJIOB E=gR,
TATOTEHUS ISl PA3/TAYHHX
HEBECHHX TEJ COJHEYHOH cUCTEMH  [A€ § — YCKOpE€HHE CHJIH
: TSJKECTH Ha MOBEPXHO-

CTH TeJa B R — pamuyc
CKopocTb BHXOA2 3eM JIH.
Hebecnoe teno 32 mpexean THAro-

) TeHHS, MrAujcex Takum o6Gpa3oM, BHI-
_ XO[ 3a MNPENEJHl TAroTe-
Semnst . . . . . . 6.9 HHSl 3eMJIM MOXKHO CpaB-
e DU mmcononou s

Benepa . . . . . 6,2 y o
Mapc . . . . . . 31 MUJb TIOA  JeHCTBHEM
{Onurep . . . . . 379 TIOCTOHHOR CHJIB  TIpH-
Caryp . . . . . 917 TSDKEHHsl, DAaBHOH CHJIe
Comme . . . . . 383 IPHUTAXKEHHS Ha IOBepX-
HOCTH. OTOT <«KOJIOAEI]

TATOTEHUSI» ' NIPELCTABJEH
B COOTBETCTBYIOHIEM Maciutabe Ha ¢ur. 118 u nmokasmiBaer
HeOGXOAMMOCTb 3aTpaThl OoJibllefl YacTH SHEpPruH BOJIH3H
[IOBEPXHOCTH 3eMJIH.

CxopocTh BHIXOJA 3a TIpeNesBl THATOTEHHS] YKasbIBaeT
JIMIIb MHHHMYM HEeOOXOAMMON 3HEPrHH NpPH YCJIOBHH HOCTH-
JKEHHSI CKOPOCTH Ha NMOBEPXHOCTH 3eMJH (TO ecTb GecKoHedu-
HOTO YCKOpEeHHs1) M OTCYTCTBHs JIOGOBOTO CONpPOTHBJIEHHS.
Ha npakrtuke yckopenne O6blIO O KOHEYHBIM, a JIOGOBOE
_CONIPOTHBJIEHHE BCErAa HMEeT MECTO Ha HayaJbHOM 3Tane
nonera. TakuMm oO6pasoM, KOHeUHasi CKOPOCTb PaKeTH NpPU
BEPTHKAJbHOM MoJieTe GYyAeT ONpeAessTbCs (bop\ay.non

V=clnr—gt—Vp,

rie ¢ — CKOPOCTb HCTEKAIOIIHX ra3oB; .

r — OTHOILLIEHHE MAacC pAKeTHl;

{ — BpeMs MoJiera;

Vp—notepss  ckopocTH BCJeAcTBHe J060BOrO COMpO-
THUBJICHHA. .

K cuactbio, 1 GOJIbIIMX PaKeT, KOTOPHIMHM MPHAETCS
N0JIb30BaThCsl Uil BHIXOAA 3a NpeJelhl TATOTEHHs, NOTepH
OT JI06OBOTO CONPOTHBJICHHST HEBENHKH H, GECCIIOPHO, He npe-
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BHICAT 1 uau 2%, a cienoBaTeabHO, B IEPBOM NPHGJIHKEHHH
HMH MOXHO npeHe6peub. Ha ¢ur. 119 npexncrasiena sasu-
CHUMOCTb MEXJy 3HAayeHHSMH OTHOLUEHHS Macc, HeoGXOIH-
MBIMH JUIl BBIXOAA 3a MpeieJbl TATOTEHHS, W yJAeJbHOH
TATOH /1 DPAs/HYHEIX BeJHYMH YCKOpeHHs. JlomycTHMBIE
yCKOpeHHus: OyayT, HECOMHEHHO, N0 KOHCTPYKTHBHBIM cooGpa-
JKEHHSIM JOBOJbHO HHU3KUMH — CKaxxeM 2—3 g, TaK 4To

[ —— —
// Vayna

1000
=]
é 2000

3000 -

4000 1’

a

300 200 100 100 200 300
PaccmaosiHue 0M UEHMPa 36MAU 6 MbICAYAX MUNb

dur. 118. ,Koxogen TAroTeHHs® aas Semau u JlyHsl,

Jaxe NPH CaMHIX NEPCIEKTHBHHEIX W3 OGBIYHBIX XMMHYECKHX
TOILIUB NOTpe6oBaJNCh OHl BpAJ JH HOCTHXKHMMBEIE OTHOIHEHHS
macc nopsaaka 20—50. JIump ¢ NOMoIbIO aTOMapHOTO BOJO-
poxa ymamoch 6B AOCTUTHYTb HEOOXOJMMOTO OTHOLLUEHHS.'
CileoBaTesbHO, MOXKHO CO BCeH KaTeropu4HOCTHIO 3asIBUTh,
YTO MEXKIJAHETHHIl MoJIeT C MOMOIIbIO OXHOCTYNEeHYaToH pa-
KeTHl C HCIOJb30BaHHEM OOBIYHBIX XMMHUECKHX TOILIHB He-
BO3MOJKEH.

K cyacThio, MOXHO BOCIHOJIb30BAThCS COCTAaBHHIMHM pake-
TaMH, onucaHHeMH B M. X. OIHAKO HX HEIOCTATOK, 3aKJIO-
qaxonmﬁcx B OTPOMHOM YBeJMYEHHM HayaJbHOro Beca MO
Mepe RoGaBiieHHS NONOJHHUTEJbHEIX CTyINeHef, npoaBJmeTca
3fechb ele B Gosbllei Mepe, YeM B Pakerax AajbHETO Hei-
crpusa. B rta6nune XXII npuBeseHH XapaKTEPHCTHKH He-
CKOJIbKHX MHOTOCTYNEHYaThIX paKer, NpeAHasHAYEHHBIX IS

18%
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Tabauya XXIT
PAKETH /i1 BHXOIA 3A NPEIEJIH TATOTEHWSA

5 |, 86 gs &
TonanBHBE KOMIOHEHTH g é g : 2 ;, B %S E ¥ g 1
¢t |38 53| 8¢ | £5 | EX
To |Rrbal Ex8)] Oa =8 =S8 -
JbiMsigass asorHasi  Kuciao-
Ta—aHWIHH . . . . . . .| 10 {020 10 | 232 | 51 5,1
XKunknit kHCAOpPOZ—STHIO-
BHIH cmupT . . . . . .. 5 | 020 10 | 11,6 | 44 4,4
XKunxuit  xucaopog—xua-
Kui Bogopox . . . . . . 5 {033 10 3,7 40 4,0
XKunkuit  KHCIOpOX—XHA-
kuit Bogopon . . . . . .| 10 | 033 [ 100 | 246 74 74

BBIXOZa 3a Npenesbl TANOTECHHS; MOXKHO ydenn'rbca, 4YTO HpH
COBPEMEHHRIX TOIIHBAX o o0HbIe PakeTH paxe c 10JIe3HOH

10007 \ \ N
§ s00 ‘\ N
g N \ Yeropenue
8 NN \\I’l""\
=
§400 \‘E‘\ =37
< =
\%
2000—=

2 4 6810 20

® ur. 119. 3aBHCHMOCTb OTHOIIEHHS MAacC PaKeThHl, He-
06X01MMOr0 1Jis1 BHIXOAA H3 NMPEJENOB TArOTEHHs, OT
YHEJbHOH TATH NPH Pa3IHYHOM YCKOPEHHH.

40 60 80100 200
Omnowenue matc paxemol

Harpyskofi Bcero B 10 ¢hywT NO/KHH OHITh Ype3BHIYAHHO
Goapmumu, ITosb3ysich KHAKAM KHCJIOPOAOM H KHAKHM
BOJIOPOAOM, MOXKHO GbLIO Gbl OCTPOHTH PAKeTy C MOJIe3HOH
Harpyskoit 100 ¢yur, npuueM obuuit ee BeC okasajcsa Ol
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B yYeThHpe pas3a Gosbiie Beca pakeTh A-4!. Jlerko MoxHO
BUJETb, KakKoe OoJbllIoe BJMsSHHEe OKasLIBaeT IoKasarelb
KOHCTPYKIMH: He6OJbllloe YMeHbIIeHHe ero I03BOJIMJIO Ghl
3HAYMTEJbHO COKPATHUTh OGIIHA Bec.

Il MexniiaHeTHOro moJieta ¢ naccaxkupaMu npoGiaeMa
CTaHOBHUTCA elle Gojee TPYAHOH, H60 HYKHO NMPEeLYCMOTPETD
BO3MOXKHOCTb HX 6Ge3omacHOro Bo3Bpaluenus Ha 3emJo. IIpu
BO3BpAIleHUH Ha 3eMJI0 W3 MEXIJIAHETHOrO MyTellecTBUS
KOJIM4eCTBO SHepruu, TpeGyeMoe MJis COKpalleHHs CKOPOCTH
MeXIJIaHeTHOTO Kopa6Jisi Jo HyJs, GyaeT paBHO KOJHYECTBY
3HEpruH, HeoOXoJUMOMY JJI1 COOOLICHHS eMYy CKOPOCTH BbI-
Xo/la 3a NpejenH TATOTEHUSA. DTO 3aMejjleHHe MOXKHO OCY-
IIECTBHTH JHGO NpPH INOMOLIM PAKETHHX JBUratesel, Jn6o
BO3JAYLIHHIM TopMOxKeHHeM. [IpuMeHeHue pakeTHHX ABUrare-
Jed ‘o3HauajJo OB YyBelHYeHHe BJBOe YHCJA CTyNeHedl, a
crajso GHTh, (haHTAaCTHUECKOe yBeJHYEHHEe HAYaJbHOIO Beca.
K cuacrelo, He Tak AaBHO GbLIO JOKA3aHO, YTO HCIOJB30OBA-
HHE KPBUIbEB JIJI1 TOPMOXKEHHS H IVIaHUPOBAHUA He SBJISETCA
HEBO3MOXKHBIM, XOTSl Ha KPBUIBAX MOIVIH GHl BO3HHKaTh BHI-
COKHe MecTHBHle TeMnepatyphl (okoso 1300°C). Ilpu noses-
HORt Harpyske B | T [Js BHIXOJa 3a Mpejesbl TATOTEHHS H
BO3BpaIEeHUs Ha 3eMJio notpeGoBaJicsi Ghl OGIIHI BEC OKOJIO
900 7 B ciayyae MpUMEHEHUS BO3AYLIHOTO TOPMOXKEHHSI H
800 THIC. T MPU TOPMOXKEHHH C NOMOMIbIO PEAKTHBHHIX JBH-
raresiefi! ¥Vie noser pakern BecoM 900 T mpeacrasiser co-
Goii BecbMa TPYAHO paspellNMYI0 TE€XHHUECKylo npobJeMy, a
noJeT pakeTH Aa)e He HaMHOro GoJblero Beca CJexyer
BoOOIle CYHTATh HEBO3MOXHBIM, IO KpafiHefi Mepe elie B
TeyeHHe psana Jger. Ilpasaa, sty nudps yxanoch Ob yMeHb-
IIHTh, YJYYIIMB NOKAa3aTeJb KOHCTPYKUWM, NPHYEM OXHH H3
Haubosiee MHOPOOGemaomuX Crnoco6oB 3akjaoyaercss B NpH-
MeHeHMH CGpachBaeMBIX TOIVIMBHBIX G6akoB. OTo G6JIHM3KO
HarloMMHaeT MeToJ cGpachiBaéMHEIX TOIVIMBHBIX GakoB CaMo-
JIETOB: TOIVIMBO JJs1 KaxAOH CTyNeHH noMemiaercs B He-
CKOJbKUX 6akaXx, KOTopble cOpPachiBalOTCS 10 Mepe ero pac-
XOJ0BaHHs. DTOT cnoco6 fBJAETCS AajJbHEHLIMM pa3sBHTHEM
NPHHLUNA CTYNEHYaTOCTH.

TlpuBeneHublét Bbllle pa3Gop Kacajcsi TOJMBKO CJydas

1 To ecth 0ko0J0 50 T, a He 24,6 T, Kak yKa3zaHo B TaGaune XXII. —
ITpum. peo.



978 ) ' fraea X1V

TIOJIHOTO BHIXOZA 3a NpeJeJsbl NMPUTsKeHHs 3eMJu AJst moce-
uenust Apyrux HeGecHmix Tel. Ho cymecrByer Gosee mpo-
croit npoekt {21, 22], npuueM oGaamarWui GOJBIIMMH
BO3MOXKHOCTSIMH IIPaKTHYECKOro npumeHeHns. Tejio, gsuraio-
mieecsl Mo KpyroBodl op6HuTe 3a npejesaMu aTMOC(bepm npo-
Jofixano 6bl o6pariaThCsl BOKPYr 3eMJH GECKOHEUHO, ec/u

’ T 1
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$ur. 120. OpburarpbHas U XapaKTepHCTHYECKas
CKOPOCTH.

€ro CKOpOCTb Gy/JeT TaKOBA, UTO €ro LeHTPoGexKHas CHJIA TOY-
HO YPaBHOBECHT CHJIY TSXKE€CTH.DTY CKOPOCTb Ha3BIBAIOT OP-
GHTaJBHON, WJIM KPYTOBOH, CKOPOCThIO, IPHYEM OHA paBHA
cmopocm BbIXOAA 33 MpeNessl TATOTEHH, YMHOXKeHHOHR Ha

1/ 5, TO €CTb COCTaBJSIET OKOJIO 5 Muas/cex Ha TOBEpPX-

HOCTH 3€eMJH; u3MeHeHHe 3TO# CKOPOCTH B 3aBHCHMOCTH OT
BEICOTH TNPE/CTAaBJIEHO Ha ¢ur. 120.

XoTa neficTBUTEIbHAS OPOUTANbHAS CKOPOCTh YMEHbILIAET-
Csl BMecTe C yBeJIHUeHHeM PacCTOSIHHS OT 3eMJH, 3Heprus,
Heo6xouMas i JOCTaBKH TeJia Ha OpOHTY, BOo3pacTaer. ATy
OOLIYI0 SHEPTHI0O MOXKHO Jyuyllle BCEro IPeACTaBUTh B BHAE
TaK HAa3bIBAEMOH XapaKTepHCTHYECKOH CKOPOCTH, TO €CTh
CKOPOCTH, KOTOpYI0 noTrpeGoBajioch Obl COOOHIMTb Tesly Ha
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NOBEPXHOCTH 3eMJIH, 4TOGH JaTh €My BO3MOXKHOCTH IONACThb
Ha op6utry 6e3 Kakoro-iu6o HajbHeHLIero pacxoXOBaHHSA
SHEPruH; XapakTep H3MeHEeHHs 3Toff CKOPOCTH TaKke rpadu-
4eckd InpenacraBieH Ha ¢wur. 120. MoxHo BHIETh, 4TO Ha
BHICOTe OKOJO 10 THIC. MHJIbL OT MOBEPXHOCTH 3€MJIH OHA
6yneT paBHa CKOPOCTH BHIXOfA 3a Mpele/bl TArOTeHHs, coo6-
maemol Teay Ha nosepxHoctH 3emsu. CleoBaTeNbHO, Jerye
6yAeT NOCTPOUTH HMEHHO TaKHE «HCKYCCTBEHHEIE CTYTHHKHUY,
KaK HX HaseBaloT, ofpamaiomyecs Ha MeHbIIHX yeM 10 ThIC.
MWJIb BRICOTaX, 4eM pakeThl, CrOCOGHBIE BBIXOAMTH 3a Ipe-
- mennl TaroTenus. Ha camom pene, uem Guamke K HOBepXx-
HocTH 3eMJM, TeM Jierue GyneT pelueHue MPoG/eMH, Io-
CKOJIbKYy paKera OyJeT HaxXONUTbCS AOCTATOYHO [aJIeKO 3a
npexejsaMu arMocdepsl, 4To6H He HCHHITHBATH 3HAUUTENb-
HOTO TOPMOXKEHHUS] BCJIEJCTBHE CONPOTHBJIEHHS BO3AyXa; AJIA
peiieHHst GOJIBLIMHCTBA NPAKTHUECKHX 3ajay ISTO pac-
CTOsIHHE He GyJeT MPEBBILIATh HECKOJBbKHX COT KHJIOMETDOB.
HauGosee peasibHBIM mnpencTaBfsieTcsl 3amyck paker-
CIIYTHHKOB ! C HccsenoBaTebCKOM annapatypoii [23]. B ra. X1
6BLIO NOKA3aHO, YTO OAHHUM M3 TJIABHHIX HEJOCTATKOB BEICOT-
HBHIX pakeT sIBJISIETCS1 KpaiiHe HeNpoJOJIKHTENIbHOE BpeMs HX
nonera. MHorue sKClepUMeHTaJbHEE HCCIEHOBATENBCKUE
paboTH, Kak HanpuMep H3MepeHHe WHTEHCHBHOCTH IIOTOKa
KOCMHYECKHX Jyueli M M3yueHHe COJHEYHOH paaualuu, GblAH
6bi ropaszfio 6GoJsiee MOJE3HEIMH, €CIH GBI IPOBOAUINCH Hempe-
PHIBHO, a He B TeueHHe HECKOJbKHX MHHYT C MHTepBaJaMH
B HECKOJIbKO Hepeslb WIH MecsleB. Tak, HanpuMmep, pakera,
Hecylnasi MCCJIENOBATENIbCKYIO aniapaTypy BecoM, JONYCTHM,
100 ¢hynt m obGpaurarommasicss BOKPYr 3eMJH Ha BRICOTE OKOJIO
500 Musb, ObL1a 6B MCKJIOUHTENbHO mNoJesHo#. Hcmoabsys

1 Kak usBectHo, 4 okTaGps 1957 rona B CCCP npoussegen ycnem-
HbIl 3amycK HCKYCCTBEHHOrO CNYTHHKAa 3eMJH Ha BBHICOTY OKOJO
900 xm. CnyTHHK npeAcTaBJ]sJ ‘co6of map auaMerpoM 58 cm m BecoM
83,6 k2; Bpems ero nojaHoro o6opora cocramasio ! wac. 35 muH. Ha
cnyTHHKe GBUJIO YCTaHOBJEHO 2 nepefaTuHKa, HeNmpephiBHO MOCHIAAIOHIMX
pafHOCHTHaAb. 3 HOAGpS GblJI NPOH3BefNeH 3amyCK BTOPOrO COBETCKOro
HCKYCCTBEHHOrO CNyTHHKa 3eMJn BecoM 508,3 k2 ¢ pa3/IHYHOH HCCIAENO-
BaTEJIbCKON anmapaTypoii M NOXONMLITHHIM JKHBOTHHIM, BpeMsi ero moj-
Horo o6opoTa COCTaBJAsJO OKOJO 1 uaca 42 MuH., HaHGOJbIIAs BHICOTA
op6Guth Ohia paBHa 1700 xm.

31 supaps 1958 roga aMepHKaHNH 3aNyCTHH HCKYCCTBEHHbIt cnyr: -
HHK BecoM okono 18 ¢ynros. — ITpun. peo. ' :
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HOBHIE KOHCTPYKUHOHHbIE MAaTepPHaJH H TOIUIHBA, KOTOpHIE
JOJIKHHI-6BITh paspaGoTaHul B 6Jauxkaiimue 10 Jer, BeposTHO,
MOXKHO GyZeT MOCTPOMTh paKeTy OOMIMM BecoM okoJio 20 T.
ITo ceouM pasmepam oHa Gyner BABOe MeHbIle pakeTH A-4,
a ecJld yuyecTb, YTO OHA IO3BOJIMT INOJYYHTb GOJBbILIE I0J€3-
HBIX CBeJleHMH, 4YeM MOTYT JaTh THICSYM BBICOTHHIX pakeT, TO

OKashiBaeTcs, YTO IOCTPOHKA MOMOGHOH paKeThl NPEACTaB- -

Jsiercsi BechMa peHTaGesnbHOM. Pur. 121 moxaswiBaer BHA
cHa6xeHHOH NpuGOpaMu paKeTH-CIYTHHKA B NPEACTaBJCHUH
XYAOXKHHUKA. ’

Brime 6bL10 CKasaHo, YTO pakeTa, MOKHAaiomas 3eMiio,
pacxoxyer GOJBILIyI0 4YacTb SHEPTHH B HENOCPeACTBEHHOH
6JM30CTH OT 3eMJid. DTO IOACKA3HIBAET MEICJAb O BO3MOXK-
HOCTH pas[esIeHHs] MEXIUVIAHETHOro MyTelleCTBHS Ha He-
CKOJIBKO 3TamnoB C MCIOJb30BAHHEM HCKYCCTBEHHHIX CNyTHH-
KOB B KauecTse 6as JJ/is 3alpaBKH TOIVIHBOM MEKIIAHETHBIX
KopaGJeit ¢ JmiogbMu [24], uTo MO3BOIMIO OBl COKPATHTH
HayaJIbHEII BeC Ha BEJIMUHHY He MeHee OJHOro mopsjka.
ITpucyrcrBue Jofefl Ha TaKHX NPOMENKYTOUHHIX TOIVIHBHBIX
6asax», oGpallaoomuxcs Ha CBOMX op6GHTax, BoBCe He 00s3a-
TeJIbHO: MX HampaBJsiid OBl .C NOMOILIBIO CHCTEMH JHCTaH-

IIMOHHOTO YNPaBJIEHHS] Ha COOTBETCTBYIOLLYIO OPOUTY, H MeX-
TJIaHeTHBle KopaGau MOIJIH Gbl NPUCTaBaThb K HHUM IIPH’

Basnere. Hx MecToHaxoxiaeHHe JIerKO MOXKHO Obulo G6bl
ONpenessaTh PagxHoOIOKaTOPOM. :

HckyccTBeHHble CNYTHHKH, MO Bcell - BeposiTHOCTH, OYAYT
OueHb LIMPOKO IpPHUMEHSITbCA B JajekoM OyaymeM, Koriaa
" MEXKIUTaHETHHIE TOJIETH CTAaHYT. peaJbHOCThIO  Ha MeXIJa-
HETHBIX Kopa6asx GYAYT HCIOJBb30BATbCS sAEpHBIE HOHHBLIE
pakeTHble ABHratesH. Tak Kak HOHHBIR paKeTHBIi ABUraTesb
NPUrofieH JHUIUb JJIs1 NOJy4eHHS] MaJbX TAr, JOCTATOUHBIX
s oGecrieueHHs1 yCKopeHust nopsiaka He 6osee 0,001 g mim
Jlaxke MeHee, TO KOHCTPYKLHMSI TaKoi pakKeTbl NOJKHA GBITb
OUeHb JIETKOI, 3HAUUTEJNBHO JIerye, 4eM IPOUYHass KOHCTPYKIHSA
IJs B3JeTa ¢ 3eMJH. DTO TOBOPHT O BO3MOXKHOCTH HCIIOJb-

30BaHHs JIBYX BHAOB MEXKILJIAHETHOIO Kopa6.rm: OOHOro mJs '

COOGIIEHHS] MeXIy MOBEPXHOCTHIO IVIAHETHl H HCKYCCTBEHHEIM
CIYyTHUKOM M BTOPOr0 HJIsl COOGILEHHMS MeXAY HCKYCCTBEH-
HbIMH cnyTHHKaMH. ITepBEifi HMesn 6B BeCbMd KECTKYIO KOH-
CTPYKILIMIO, CINOCOGHYIO BHIIEPXKHBATH - YCKOPEHHE MOpsaKa
2—3 g, Heo6XoAuMOe JJIs1 OTPbIBA OT NMOBEPXHOCTH IJIaHEeTHI,

~
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H MCHOJb30BaJl OB JAJIs1 CO3JAHHA TATH JHGO OOHUHHEIE
TOIVIUBA, JIH60 SIIEPHOE TOMIJIHBO C HAarpesoM pabouero TeJa.
MexnaaHeTHHE Kopa6ab JJis1 CBSI3H MeXAy OpOUTaMH CHyT-
HUKOB HUMeJs1 OBl CHJIbHO 06JIeryeHHYI0 KOHCTPYKuHIo. Tak Kak
ero ABHUraTe/bHasl yCTAHOBKA MorJa GhlCO34aTh JHIIb MAJYIO
TATY, TO OH yAAJsAICA Obl OT MCKYCCTBEHHOTO CIyTHHKa
C BecbMa MeJl/IEHHO HapacTalollliM yCKOpeHHeM, ABHrasich IO
HelPepHBHO paciuupsioniefics CoMpaJju A0 TexX Mop, MoKa He
JocTuraj 6B CKOPOCTH BHIXOJA M3 NPENEJOB MECTHOIO TSAro-
TeHHs. Tak Kak pacxoj, TOIVIHBA HOHHOIO PaKeTHOrO JBHIa-
Tesis Obl OH YPe3BHIYAHHO MaJbIM, TO ABHraTeJeM MOXKHO
6bl10 OBl NOJNB30BATHCSI Ha IMPOTSKEHHWM BCEro MOJIeTa.
B srom oOTHOIleHHHM TaKoR MeXILJaHeTHHH Kopa6Gab paju-
KaJbHO OTVIMYaJca OBl OT Kopab/si ¢ XMMHYECKHM PaKeTHHIM
JBUTaTeJieM, KOTOPHH HCNOJb30BaJ Gbl BHICOKYIO TATY JHIIb
B KOPOTKHE OTpPe3KH BpeMEeHH B IeJ9X 3KOHOMHH TOIl-
JIUBA. '

IToMmuMo w4yHMCTO pOMAaHTHYeCKOR IPHBJIEKATeJbHOCTH,
MeXIUVIaHeTHHIe MOJIeTH NPHBJEKAloT YYeHHX M HHXXeHepoB
IIOTOMY, YTO CBSI3aHHHE C HUMH NPOOJEME MHOTOYHCJIEHHH!
U KpaiiHe TpyaHO paspeminMul. IIpo6JeMul cosfaHHs ABHra-
-TeJIel M KOHCTPYKLUHMH paKeT OLUIH HCCJAEKOBAHH JOBOJBHO
NoApo6GHO, OIHAKO CYLIECTBYeT ellle MHOTO JPYTHX HepellleH-
HBIX BOINPOCOB, 3aTParuBaOIIMX BCe OGJACTH HayKH M TeX-
HUKH. Ha nepBEIX HCKYyCCTBEHHBIX COYTHHKAaxX C HCCJefoBa-
TeJIbCKUMH NpHOOPaMH rJaBHOH Npo6JeMoil GyleT HCTOYHHK
NUTaHUA JJIs1 TeAeMeTPHYECKOH CHCTeMBl. AKKyMYJSTOPHBIX

6artapeii, MOJHATHIX CIOYTHHKOM, XBaTWJO OHl JIMIIb Ha He- '

CKOJIBKO CYTOK paGoTHI, 1ocJIe 4ero CyIIeCTBOBaHHE CIyTHHKA
norepsso 6bl BCAKHA cMBIc. JIyume Bcero GulI0 G HCNOJb-
30BaTh BHEIUHWHA MCTOYHMK 3Hepruu — CosHnme. 3a npe-
IenaMu 3eMHoO#t atMmocthepH Jyuucrags sHeprus CoJsHua
skBUBaJeHTHa npuMepHo 1020 ser1/k8.¢hyr. Tlocaennum no-
CTHXKEHHEM TEeXHHKH sBJAeTC TeHepupylouui ¢orosie-
MeHT [25], ucnonp3ylouHii KpeMHHH B KayecTBe MOJYNPOBOJA-
HuKa, Kaxpuii KBajpaTHbIA CaHTHMeTpP 3JeMeHTa Oyner
ZaBaTh TOK cuJoft 44 ma u HanpsikenueM 0,5 8 Mox NPSAMBIMU
JlyuaMH COJIHIIA Ha ypoBHe 3eMJH. K. I. J. Takoro ajemeHTa
paBeH ceiiuac 11%, Ho, cyas no cooGLIeHUAM IeyaTH, €ro
MOXHO 6ymer JoBecTH a0 22 %. Jlaxke Ha HacCTOSILIEM
YPOBHE CBOEro pa3BHUTHSI 3TH 3JeMeHTH 06JajaloT 3HAYH-
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TeJbHO Jyulllet paGouell XapaKTePHCTHKOH, 4eM OGHIUHELIE
(doTosJeMeHTH M INpeoOpasoBaTesd - MOMIHOCTH C TepMoma-
pamu.

O6uieft oNacHOCTHIO JJIS1 MeXIIAHETHEIX PaKeT ¢ JIOJbMH
1 Ge3 Jiiofiell ABJISIETCS BO3MOXKHOCTD MOBPEXKAEHHS HX MeTeo-
pamu. Hccaenosanus mocJaexHux Jiet, NpoBOAMBINNECS C MPH-
MeHeHHeM paJHOJOKAaUUH [Jii HaGJIofeHUs] 3a 3Be3JHLHIMH
JIOXJISIMH, MO3BOJIH/IH YTOYHHTE pasMephl 3TOH ONaCHOCTH.
Ha ocHoBe maHHBIX, KOTOpPHIMH MH cefiuac pacnoJiaraem,
MOXKHO YTBEpXKJaThb, YTO XOTS BO3MOXKHOCTb BCTpPEYH C Me-
TEOpPOM, CNOCOGHHIM NPUYHHHTbL INOBpeXJeHHe, GEeCClopHO,
CYLIECTBYeT, 5Ty ONAacHOCTb MOXKHO He NMPHHHMATh B pacuer,
eC/IH TOJIbKO NEepHOJ HAaXOXAEHHS 3a NpefenaMu aTMocheprr
He GYAeT UCUMUCISATHCA MHOTMMH ToxaMH {26]. Mereopu B no-
JaBJsiomeM GOJIBIIHMHCTBE HEMHOTHM GOJbllIe YacTHI MBLIH,
NI03TOMY He HYXKHO AyMaTh, YTO BCSKas BCTpeya C METEOpPOM
06s3aTe/IbHO JOJIKHA OyHeT UMerb KaracTpoduueckue Io-
CJIe/ICTBHS.

[TepBocreneHHoe 3HaueHWe NPH MEXKIVIAHETHOM ITOJIeTe

‘PakKeTsl C JIOABMH UMEET peakiusd Jiojei Ha yCJIOBHA B MEXK-

njaneTHoM npocrpaHcrtee {27—30]. B sroit oGnactu eme
NpencTouT OoJbllasg HcCaefoBaTelbckas pabora, u6o
CYILECTBYIOT Cepbe3Hble DPasHOIVIACHSI MO IOBOLY BJIMSHHSA
KOCMHYECKHX JIyyell, ec/ld TakoBble uMeloT MecTo [31, 32], u
apjaeHus HeBecoMoctH (33, 34]. Ilocnemmee mnpexcrapJser
ocoObIfl HHTEpeC, TaK KaK ero HeJb3s BOCIPOM3BECTH B Ja6o-
paTtopHeIX ycioBHsX. ITosaraioor, 4ro HanGoJiee BepoOSTHHIM
OTPHLATENIbHEIM ~ Pe3yJbTaTOM SIBHJIOCh OBl HapylleHHe
YyBCTBA pPABHOBECHS, TAaK KaK €ro CO3JaeT B 3HAYMTEJNbHOMN
Mepe CHJ1a TSAXKECTH; OXHAKO, YTOGH JOCTHTHYTb 3THX YCJIO-
BHH, TNPHUXOAMTCA KJAATh, KOIAAa paKeTH HAyHyT IOA-
HHMaTbCsl JOCTAaTOYHO JajieKo 3a npefesabl aTMocdephl.
B Hacrosimmee BpeMsi CKOPOCTHHIE PeaKTHBHLIE HCTpeGHTENH
MOTYT Ha IpeJeJbHBIX BHICOTAX CO3/aTh YCJIOBHS, GJH3KO

" mpubauxkalolgecss K cBOOOJHOMY MaJ€HHIO B TeueHHe IpH-

MepHO mnOJMHHYTHL. CoryiacHo mpeABapUTENbHBEIM JaHHEIM,
NpH 3TOM IIPOMCXOAMT H3BECTHasl MOTepPs pPaBHOBECHS, HO
MHJIOT BCKOPe MNPHCNOCAa6IMBAETC K HOBBIM YCJIOBHSIM.
OTH ¥ MHOrHe ApyrHe npoGaeMsl HaJO emle NMOAPOGHO uc-
CJIefloBaTh, OJHAKO C IOJIHOH YBEPEHHOCTHIO MOXKHO CKasarh,
YTQ COBPEMEHHBlE JOCTHKEHUA B TAKHX 00/1acTAX, KaK pakert-

N
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HHE JIBUTaTeJNH, yNpasjseMble CHApAILl U siAepHas SHePrus

3aJI02KMJIH TIPOYHYIO OCHOBY JJISl OCYLIECTBJIEHHS MEXKILJIaHeT-
HOTO MoJeTa.

PaxerHasi TeXHHKa ellle TOJBKO HAUMHAeT pPa3BUBATBCA H,
HECOMHEHHO, Npuo6peTer ropasgo Gosee BaKHOe 3HaUeHHE
B TeueHHe G/MKaflIMX ABYX HECATKOB JIET, [0 Mepe TOro
Kak Bce BO3pacralolye CKOPOCTH I0JIeTa KaK BOEHHHIX ca-
MOJIETOB, TaK H PEAaKTUBHHIX CHapsa[oB GyayT TpeGOBaTh BCe-
GoJpliefi TATH, MeHbIIEr0 Beca H IOBBILIEHHOM NPOYHOCTH
KOHCTPYKIUH. Broare BO3MOXKHO, YTO MNPHHIMNHAJBHO HO-
BHIl NIOJXOJ, K PelIeHHIO 3THX Mpo6JieM, HapUMep NpHUMeHe-
HHe SIepHOR SHEPrHH B PAaKeTHHIX ABUraTesAX HJIH CTaGHIH-
3allkis aTOMapHOTO BOJAOPOAA, MPHBEJET K TOMY, UTO Yepe3 ABa
JleCATKa JIeT PeakTHBHBIA CHapsii OyJdeT HACTOJbKO Ke OT-
JU4aThCsl OT COBPEMEHHOTO CHapsja, HAaCKOJbKO cefuac
peakTuBHHI maccaxupckufi .camoser Je Xssuanenn «Ko-
MeTa» OTJIMYaercs OT OumjaHa GpartbeB Paiir.
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JUTEPATVYPA

Xots 6o ony6nuKoBaHO cBhilte 150 KHHT MO BOMpOcaM PaKeTHOH
TeXHHKH H NPHMEHEHHA PaKeT, B GOJIBLUHHCTBE CBOEM OHH NPEJCTAaBJAIOT
B HacTosilllee BpeMsi TOJILKO HCTOpHYecKu# uHTepec. Pasjen Gu6anorpa-
¢bun «A» COCTOMT M3 aHHOTHPOBAHHOTO mepeyHsi HauGojiee BaXHBIX
KHUT. PeleHsHH Ha BHOBb BHIXOAAIIME KHHTH MOXHO HaliTH B KypHa-
JdX, NePeyHcIeHHHX B pasuene 6ubmuorpadun «b».

C KoHIa 20-x rof0B TeKyLIEro CTOJETHs Hauaj H3JaBaThCs LeJbiit
pal KypHanoB. MHorue M3 HHX PasMHOXKAJNHCh POTATOPHHM croco6oM,
a MHOrHe TpeKPaTHJIH CBOe CyLIeCTBOBAHHE YXe uepe3 HECKOJBKO
HOMepoB. BoJBIIMHCTBO H3 3THX JKYPHAJOB TaKxke NpeAcTaBiaseT cefi-
Yac TONbKO HCTOPUUECKYIO HEHHOCTh. EJHHCTBEeHHLe H3[aBaeMbie B Ha
crosiiee BpeMA KYPHaJIH, KOTOphle PeryJsipHO NeyaTaloT CTaThH, HMeIo-
IIHe TEXHHYECKHHl HHTepec, nepeyncieHH B pa3fene GubGamorpacduu «B».

BeposaTHo, HanGosblliee KOJHYECTBO CBEJEHHiI MOXKHO HafiTH B J0O-
Kaanax, GpoOIIIOpAaX H NEepPHOAMUYECKHX H3AaHHsaX. HanGosiee BaXHHe
H3 HHMX yKasaHH B pasfeide «B». 3a GoJee nogpoGHEIMH crpaBKaMH

_ TI0 3TOfi JMTepaType peKoMeHAyeM o6paTHTLCA K KypHaldM, NepeyHc-
JIEHHBIM B pasfiesie «bB».

MHorue U3 ykasaHHbHIX HCTOYHHKOB, KaK KHHT, TaK H nepno;mtiecxux
H3JaHuil, TpyaHo mocratb. OfHO M3 HauGoJee NMOJHBIX COGPaHHA NpH-
Hajjexur Bputanckomy MexniaaHeTHoMy ofmiectBy. OGINECTBO HMeeT
CnpaBoYyHyI0 GHOJHOTEKY, B KOTOpOil ecTb OYeHb MHOrO KHHT MO pPaKer-
HONl TEXHHKe, MEXIUIAaHETHHIM MOJIETaM W CMEXHLIM ¢ HHMH BONpOCAM
BMecTe€ C TOMAHHIMH KOMIUIEKTAMH GOJIbLIMHCTBA OCBEIAIOHX 3TH
BONpPOCH XypHanoB. KpoMe Toro, TaM HMeercss GHGIHOTeuHH# a6oHe-
MeHT ¢ GoJabluuM (OHJOM Kak KHHT, TaK M MEepPHOJHYECKOH JIHTepaTyph.
Bu6norekofi MOryT moJb30BaThCS TOJMBKO uieHs ofmecrBa. 3a Gonee
NoApOGHHIMH CBeleHHsAMHM o6pamarbcss B ceKpeTapHaT BpHTaHCKOTO
MeJXIviaHeTHoro o6miecTBa, JIonngH, Becc6opo Tapmenc, 12.
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Pasgea A!

PaGotn ofmero Xapakrepa

1. Koelle H. H: and Kaeppeler H. J, Literature-Index of
Astronautics, Walter Pustet, Tittmoning, 1954, 100 p.
HcuepnriBatomas 6u6nvorpads no BonpocaM paKeTHHX ABHraTeleR
H DeaKTHBHHX CHapsiioB, a TaKkKe acTPOHABTHKH.

Taasa |

2. Goddard R. H, Rockets, American Rocket Society, New York,
1946, 119 p.
CopepXuT ABe KJaaccHueckWe cTaThd loanapna, ony6lHKOBaHHHE.
B 1919 u 1936 romax. IlpeacraBiaser Jumb HCTOPHUECKHH HHTEpeC,
3. Ley W., Rockets, Missiles and Space Travel, Chapman and Hall,
London, 2nd edition, 1951, 436 p. -
.BrioiHe yInOBNETBOpDHTENbHOE BBENEHHE B PaKeTHYI0 TEXHUKY, 0OCO-
GeHHO LEHHOE MO CBOeMY OTJHUHO H3JIOXEHHOMY HCTOPHYECKOMY
MaTepuany.
Caasa 11

4. Wimpress R. N, Iniernational Ballistics of Solid-Fuel Rockets,
McGraw-Hill, New York, Toronto and London, 1950, 214 p.
Kacaercsi rnaBHbiM 06pa3oM NpHMEHEHHs HHTPOTJIHUEDHHOBHX IMO-
POXOB IJIfi PEaKTHBHHIX JBHraTejefl ¢ KOPOTKHM BpeMeHeM paGoTH.
CozepXHT TaKKe MHOro OGIIMX CBeNEHHH O COMJax; BOCIJIAMEHH-
TeNIAX, HCIHTAHUAX H T. I

FaaBa 111

5. Esnault-Pelterie R., L’Astronautique, A. Lahure, Paris,
1930, 247 p. :
BecbMa mnosiHbifi 06G30p TEOpHH pPaKeTHHIX ABHraTenefi u npoGJeM
MexXnaHeTHOro noJera. MHorHe cBefeHHS ycTapetH, HO aHAJOTHY-
HOH COBpeMEHHOH paGoTH NOKa ellle He MOSBHJIOCH.

6. Esnault-Pelterie R. L'Astronautique-Complément, Chaix,
Paris, 1935, 101 p,

CwM. 6n6nuorpaqmqeck?rlo CCHUIKY 5.

7.Hottel H. C, Williams G. C. and Satterfield C. N, _
Thermodynamic Charts for Combustion Processes, Wiley, New
York, Chapman and Hall, London, 1950, 2 vols. 100 p.

8. Stemmer J. A, Raketenantriebe, Scweizer Druck und Verlag-
haus, Zurich, 1952, 523 p.

BecbMa o6GHpHBII MaTepHaJ O paKkeTHOM JBHrarelie H ero NpHMe-
HEHHM, PaKeTHHX CHapsjax, caMoJIeTaX H MeXIJaHeTHOM IoJeTe.
K coxalenuio, He MMeeT NpPeAMETHOro yKasaress.

9. Sutton G. P., Rocket-Propulsion Flements, Wiley, New York,
Chapman and Hall, London, 1949, 294 6p
EnuAcTBeHHass KHHra, KOrAa-iH6o onyOJHKOBaHHas IO BONpOCY
0 TNpPOEKTHPOBAHHMH JKHAKOCTHBIX paKeTHHx pBHrareieil. ITpesoc-
XOfHa BO BCEX OTHOIUEHHSX.

! Jluteparypa, no6GaBjieHHass aBTOPOM KO BTOPOMY H3AaHHIO KHHTH,
NPUBOAKTCA B KOHUE 3TOro cnucka. — [Tpum. ped.
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10.

11.

12.

13.

14.

15.

16.

CnaBa 1V
CM. cchiiku 5, 6, 8 1 9.
Goddard R. H.,, Rocket Development, Prentice-Hall, New York,
1948, 291 p.
BhizepxKku U3’ 3anucHHX KHuKek lommapaa sa 1929—1941 roawi.
HepnocraTouyHo H/IIOCTPHPOBaHA H NMOSTOMY B OTHEJBHEIX -MECTax
TPyAHA AJs TNOHHMaHHs, HO HHTEpPecHa TeM, UYTO MOKa3biBaer
o6upHbii o6beM npexnpuHaToli TopnapaoM paGoTH.
Sédnger E., Raketenthgtechnik, Oldenbourg, Munich and Ber-
lin, 1933 (Lithoprinted Edwards Ann Arbor, 1945), 222 p.
Iocesiena B paBHOH Mepe TEOPHH PaKETHOTO NBHraTelsi U CBEpX-
3ByKoBOMY noJiery. [IpeacTaBisieT rilaBHHIM 06pa3soM HCTOPHYeCKHiH
HHTepec.

, TnaBa V
Cum. ccnnku 5—8, 10 u 11.
’ Tnasa VI
CM. cchuky 9.
Faasa VII
CM. cchuku 8 u 11,
Taasa VIII

CM. ccuikn 3 u 8. i .
Gatland K. W, Development of the Guided Missile, lliffe,

" London, 2 nd edition, 1954, 292 p.

IlpeBocxoAubi 0630p HCTODHH Da3BHTHS YNPaBlfAeMHX CHapANOB
¢ ynopoM Ha ofmue npoGieMsl. PaccMaTpHBalOTCs CHapsAAH He
TOJNILKO € PaKeTHbIMH ABHTATEJAMH, HO U C IBHraTeJsIMH APYrHX

THIOB-

Weyl A R, Guided Missiles, Temple Press, London, 1949, 139 p.
onyJNspHE 0030p HeTeXHHYECKOro XapakTepa, COAEPKAILHH HHTE-

PecHHf HCTOPHUECKHH MaTepHaJl. .

Faasa IX

CM. ccoiikn 8 u 12, -

Rosser J. B, Newton R. R. and Gross G. L., Mathematical
Theory of Rocket Flight, McGraw-Hill, New York and London, .
1947, 276 p. :
Kacaercs To/bKO mosiera HeGOJILIUMX HEYNpaB/sieMBIX paKeT C- ABH-
ratelsMu Ha TBEPIAOM TOILIHBE, OAHAKO HCYEPNHIBAIOLIE OCBELIaeT
3TH BOINpOCH.

AN

FaaBa X

CM. cchuika 8 u 12,
lg 691 rnberger W. V2, Hurst and Blackett, London, 1954,
p- )

IlonynsipHo H3JIOXKeHHAss HCTOPHA paKeTn (day-2; cOAEPKHT Majo
TEeXHHYeCKHX NOAPOGHOCTElH, HO AAeT OYeHb HHTEPECHYI0 KapTHHY
TEXHHYECKMX M TOJHTHYECKHX Npo6jeM, ¢ KOTODHIMH NPHXOJHTCS
CTaJIKHBaTbCs NMpPH pa3paboTKe paker. .

Kooy J. M. J. and Uytenbogaart J. W. H, Ballistics of the

Future, McGljaw-Hill, New York and Londonm, 1946, 472 p.
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17.

Kacaerca rsaBHHM 06pa3oM METOLOB BHUYHCJEHHS TPaeKTOPHi
noJiera GOJIBLIIMX PAaKeT H MO OCBELIEHHIO 3TOTO BONpOCa SBAAETCH
npeBocxogHofi. Pasmen no TepMoaMHaMHKe HamucaH ciaaGo, a oT-
nenbHble sneMeHTH Pay-1 u Pay-2 omucaHnl HEHAOCTATOYHO MNOA-

po6Ho.

. Faasa XI
CM. cchiikn 8 u 12. :
Newell H. E, High Altitude Rocket Research, Academic Press,

- New York, 1953, 298 p.

18.

19.

20.

21.

22.

23.

24.

—

HcuepnbiBatomuit 0630p MeTONOB, NPUMEHSAEMbIX aMepPHKaHIAMH NPH
HCCIeJOBAaHHH BEDXHHX CJIoeB aTMoc(ephl, W NMOJYYeHHHX pe3yJb-
TaToB.

Boyd R. L. F. and Seaton M. J, Rocket Exploration of the
Upper Atmosphere, Pergamon Press, London, 1954, 378 p.
ColepXHUT [OKIafbl, clelaHHhie Ha cocrosBiefica B Okcdopre
B abrycre 1953 roma KoHbepeHUMH 10 HCCIAELOBAHHIO BEPXHHX
cioeB  aTMocdephl.

Burgess E. Frontier to Space, Chapman and Hall, London,
1955, 174 p. -
BrosiHe yROBJETBOPHTEJbHHEIA MOMYJsPHBbIH 0630p METONOB HCCIENOo-
BaHHsl BePXHHX cJloeB aTMochepH.

Rosen M. W, The Viking Rocket Story, Harper, New York,
1955, 242 p.

HerexHuuecKuil, HO BecbMa HHTEpecHbfi 0630p mpo6JeM, ¢ KOTOPHIMH
NPHUXOAUTCS CTAJIKHBAaThCA NPH Pa3paboTKe KPYMHBIX paKer.

Taasa XII
CM. ccouikn 9 u 11.

Fnasa XIV
CM. ccaiku 3, 5, 6, 8, 12 u 16.
Clarke A. C., Interplanetary Flight, Temple Press, London,
1950, 164 p.
Jlyymas coBpemenHas paGoTa oGluero XapakTepa no acCTpOHaBTHKe.
Gatland K. W. and Kunesch A, M, Space Travel, Allan
Wingate, London, 1953, 205 p.
IIpeBocxomubiit 00mHUil 0630p G6e3 0coGbIX TEXHHUECKHX NOXPOCHO-
cTef.
Hohmann W, Die Erreichbarkeit der Himmelskorper, Olden-
bourg, Munich and Berlin, 1925 (Reprinted 1952), 88 p.
EpuHCcTBeHHag pa6oTa, Kacamollascsi HCKIIOYHTENBHO BRIYHCJIEHHS
TpaeKTOpHil MojeTa B MEXILIAHETHOM MNPOCTPAHCTBE,
Oberth H., Wege zur Raumschiffahrt, Oldenbourg, Munich and
Berlin, 1929 (Lithoprinted Edwards, Ann Arbor, 1945), 423 p.
OnHa H3 TNepBHX M HanGojee BaxHHIX PaGoT nmo acTPOHaBTHKe.
Ilo cux nop mpeacTaBAsieT coGOf LEHHOE PYKOBOACTBO.

Pasanean B

A
. Astronautica Acta, Official Journal of the International As@ronauti~

cal Federation.
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. Jet Propulsion, Journal of the American Rocket Society.
. Journal of the British Interplanetary Society.
. Weltraumfahrt, Gesellschait fiir Weltraumforschung, Stuttgart,

Germany.

. Proceedings of the International Congress on Astronautics, Buixo-

IUJ NOJA PasHHIMH Ha3BaHHSIMH:
1951.Lg‘he Artifical Satellite, The British Interplanetary Society,
ndon.
1952. Probleme aus der Astronautischen Grundlagenforschung,
- Gesellschaft fur Weltraumforschung, Stuttgart.
1953. S{Jacg-Flight Problems, Laubscher, Biel-Bienne, Swit-
zerland.
1954. Bericht gber den V Internationalen Astronautischen Kon-
gress, Springer, Vienna. . .
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1948, p. 101, 102.

.Dornberger W. R, European Rocketry after World War I,

J. Brit, Interplanet. Soc., 13, Sept. 1954, p. 2456—262.

. Goddard R. H,, Liquid-Propellant Rocket Development, Smithso-

nian Misc. Collections, 95 (3), March 16, 1936.

. Crocco L., Instruction and Research in Jet Propulsion, J. Amer.

Rocket Soc., (80), March 1950, p. 32—43.
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. Riedel W. H. J, A Chapter in Rocket History (In German),

Weltraumfahrt, 4, July 1953, p. 86—90. Also in English in J. Brit.
Interplanet. Soc., 13, July 1954, p. 208—212.

. Simard R., Hydrogen Peroxide as a Source of Power, Engi-

neering J., 31, April 1948, p. 219—225.

. «Research and Development at the Jet Propulsion Laboratory,

Galcil», Jet Propulsion Laboratory, Galcit, California Institute
of Technology, June 22, 1946. Reprinted J. Brit. Interplanet. Soc.,
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. Coughlin W.J.,, Aerojet Plays Major Role in Rockets, Aviation
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Crow A. D., The Rocket as a Weapon of War in the British
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" Taasa Il
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lants, Selected Combustion Problems, Butterworth, London, 1954,
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1953, p. 12—16.
Newman R. S, Solid Propellant Rocket Design, Aero Digest,
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