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K crarse H0. B. KongpaTioxa

NPEAUCJIOBUE PEJAKTOPA

[Tpegnaraemasi kHuxkka H). B. KOHIOPATIOKA, HecomHeHHO, mpef-
CTaBnfeT HauGosiee MOJAHOE WCCNEA0BaHME MO MeXIUIAHeTHHM nyrelle-
CTBMSIM M3 BCeX MMCABLIMXCH B PYCCKOW M MHOCTDPAHHON nuMTepaType HO
nocienHero spemenu. Bce wuccinegoBaHust mpojenaHbl aBTOPOM COBEpLIEH-
HO CaMOCTOATENLHO, HA OCHOBAHUW eJMHCTBEHHOTO MOJNyYEeHHOro UM CBe-
[EHHs], YTO HAa DAKETe MOXHO BHJIETETb HE TONbKO 3a Mpefenh 3eMHOH
atmocdeps, HO ¥ 3a Npefen 3eMHOr0 TArOTeHHs. B KHuXKKe OCBelleHbl
C vcYepmbiBaiollei MOJMHOTON BCe BOMPOCH, 3ATPOHYTHE M B [OPYrHX CO-
YMHEHVSX, M, KPOME TOr0, Pa3pelueH LEeNbif psSf HOBBIX BOHNPOCOB NEPBO-
CTEeNeHHOH BaXHOCTH, O KOTODHX Apyrue aBTOpH HE ynoMmuHaiT. K uunc-
Jy TOCHeJHUWX OTHOCATCH:

1. [Ipeanoxenye NOAL30BATHLCA TFODEHUEM Pa3NWYHBIX BEUECTB B
030He, a He B KHUCJIOPOAe, YTO MOBHILAET TEIUIOTY TOpeHus,

2. TlpepnoxeHue TONL30BATHLCS TBEPAHMM TOpLOUAMU (JAuTUiH, OOp,
aJUIIOMUHUM, MarHuii, cunuuuil) B NOUONHEHHE K ra3000pa3HHM, KaK s
TOBHILEHVS] TEILIOTH CrOPaHusl, TaK W [T NMPUMEHEHUS CKUraeMHX Oa-
KOB, KOTOpLIe [OC/ie ONOPOXHEHUS OT XMAKOro ropiovero camu o6pa-
GaTHBAIOTCS M HanpaBIsiOTCd B Meyb. Takoe e MNpPeAnOXeHne Obilo
BHICKa3aHo uuxkeHepom @, A. IAHJIEPOM Ha pokiaje B TEOpeTHUECKOMH
cekuun MOCKOBCKOro ofuiecrsa JoOuTeneii acTpOHOMMM B Jekaope
1923 r., Ho B pykomucu 1O. B. KOHJAPATIOKA 310 mpeanoxenue ¢u-
rypuposano passine poknapga LIAHJEPA.

3. On nepsuit fan Gopmyny, YUMTHBAWIWYIO BiWsiHME Beca 6aKoB
LJIS TOPIOYEro ¥ Kuciaopojaa (MpOoNopuHOHANbHHIKA M[MacCUB [0 TEPMUHOIO-
rMH aBTOpa) Ha O0Wuil BeC pakeTH, W [JOKas3ay, 4TO pakKera, He cOpa-
CHBAOIAs M He CHramollasi cBOMX GakOB BO BpPeMs IBHXKEHMs, Bblie-
Te€Tb 3a Tpejenbl 3eMHOT0 THArOTEHUS] HE MOXET.

4. Emy xe mpuHaanexuT NpejnoxeHue AelaTb PAKETY € KpPhidba-
MM W JeTaTh Ha Heil B BO3AYXe, KaK Ha a3pomjaHe, B nHOCTpaHHbIX
pa6oTax noA00HOE MNpefnNoXeHue OTCYTCTBYET BOBCE (TaM BMECTO HEro
$UrypyupyioT mapaunoTy S COYCKa Ha 3€MJI0), a B PYCCKMX paGoTax —
6un0  Buicka3aHo &. A. LHUAHIEPOM Ha ToM ke 3aceflaHuM 4 3aTeM
nanevataHo K. 3. LluonkoBckum —Bce Xe mocine TOro, Kak MOsIBUIOCH B
pykonucu asTopa. Ho uccnegorauue 10. B. KOHAPATIOKA uper panee, Tak
KaK OH HE TOJbKO YKAa3nBaeT Ha HEeOOXOAUMOCTb NPUMEHEHHS KDhILes,
HO W MPUBONMT HOBOJNLHO MHOAPOGHOE MCCHeAOBaHMeE, NPpU KakKuxX yCKope-
HUSIX Kphillbsi OYOYT MOJE3HH, Kakhe OpU 3TOM OYAyT YW HaKIoHa
TPaeKTOPUM PaKeTH K FOPU3OHTY, M AAET HAMBHTIOAHEHWYIO CHIY peak-
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LiM¥ DAKeTH [Opy mojieTe B BO3Jyxe; OHa OKa3HBaeTCs MOpsfAka mnepBo-
HayaJIbHOTO BeCa paKEeTH.

BooGue guHaMuka B3JeTa paKeTH DpefcTaBisieT TPYyAHeHmyio
yacth Bonpoca, # 0. B. KOHAPATIOK paspemun ee ¢ HauGoJbiuel
[ONIHOTOM CPaBHUTENLHO CO BCEMH [JPYrdMM aBTOpaMH.

3[ech Xe NpWBEJeHO HCCIefoBaHUe HArpesaHus mnepefHel uvacrtu
paKeTH O BO3AYX C YyY4eTOM KaK ajquaGaTH4ecKOro CxaTus BO3AyXa, TaK
¥ JNy4eUCHyCKaHusi MOBEPXHOCTH PaKeTH W CaMOro HarpeToro BO3AyXxa.
DTHM BOMPOCOM TaKX€ HUKTO HE 3aHuMajcs.

Mpu sTtom BCce umucna paus y 10. B. KOHAPATIOKA, xorta u fo-
BOJILHO Ipy6o (06 3TOM OH CaM YNOMMHAET B NPEAMCIIOBMH), HO BCeraa
C TUOrpemiHOCTbI0 B HEBHIOAHYIO A KOHCTPYKTOpPAa CTOPOHY.

Jlaxxe Takoii BONpOC, KaK YCTpPOHCTBO MPOMEXKYTOYHOH Oa3n MEx-
Ay semseil ¥ IPyrMMM IIaHETaMM W €€ PaKeTHO-apTHilepuiickoe CcHal-
WKeHHe, KOTOPHI y ApPYrMX aBTOPOB OTAAeT 4YUCTOH aHTasuei nosTta, y
[0. B. KOHIPATIOKA npocTasineH BMOOJHE OCHOBATENbHO, C OOJbLLINM
DpefBUEeHNEM TEXHWYECKOW W OpPUEeHTHPOBOYHON CTOPOHH [iena; M ca-
mas 6432 MHCHWTCS WM, KaK COYTHUK He 3eman (Kak y BCE€X OCTalb-
HBX aBTOpOB), a JIyHB, YTO B 3HAYUTENLHO CONbILEH MEpe rapaHTUpyeT
6a3y OT NOTEPH CKOPOCTH, BCHEACTBHE [NUTEAbHOrO TOPMOXEHMWsS, XO-
Ts 6N HUUTOXHBIMM OCTATKaMH 3eMHON atMocdeph U OT nNajeHuss Ha
3emio.

Taxe BecbMa NPOAYMAHHHM SBASETCS M 3aKIIQUMTENbHHI napar-
pad—0 mOAroTOBMTENIbHHX paG0TaxX MO OCYIIECTBIEHHUI0 MEXIUIAHETHHIX
nyTewecTBuil,

Kduxka Hanucana COBEPILIEHHO CBOeOGpPa3HHM SI3HKOM, C CBOEOG-
pa3ubMy 0603HAYEHUSIMH, W HACTOJILKO CXaTo, YTO MpOYeCTb ee O0e3
3aTPYAHEHHSt MOXKHO, JIMib 10BEPAs 3aKJIOUYEHUSIM 4B8TOPA U OTCYTCTBUIO
oneyaToK. VHTepecysck pe3ynbTaTaMy CBOMX WCCIeROBaHui, asTop OmMy-
CTHJ1 B TEKCTE MOYTH BCE BHIBOAL ¥ COXPAaHMUI TONBKO OKOHYaTe/lbHHE
$opMynb, BHBOA KOTOPHIX He Bcerga 3/leMeHTapeH M TpeGyeT WHOrja
GONBILIOTC HAMDSXKEHMUS MBICIH W BIOJNHE SICHOrO UOHMMAHHS MexaHuye-
CKO# CYWHOCTH TPAKTYEMHX BOIDDPOCOB.

HekoTopne u3 ¢opMyn MH CHaGkaeM CBOMMH IpUMEYaHUAMH, OO-
NeryapiyMy YTE€HHe W  YTOUHSIOUMMM Ppe3ynbTaT; HO CYIIeCTBEHHBX
MCMpaBlieH#ii pe3yNbTATOB aBTOPa WM ONOJHEHUH K HHUM HE MONy4H-
J10Ch, TAK KaK B OCHOBE BCe pEeLIeHO NpaBuiLHO, 4 TOYHOCTb [O COTHX
JoJjieii He HYXHa TaM, TI€ He SICHH AecsThe.

MNpuHumas Bo BHumanue, uto l0. B. KOHJAPATIOK ne nomyuun
Bhiciero 06pa30BaHus ¥ O BCEro Joiuen COBEpLIeHHO CaMOCTOSITeNIbHO,
MOXHO JIUIIbL YAWBJISATbCS TANAHTAWBOCTH M LIMPOTE B3MJIAAOB PYCCKHX
MeXaHUKOB-CaMOYyueK.

[pepiaraemast KHUXKa OYAEeT CAYXUTh HACTOJIbLHHM CHPAaBOYHUKOM
ANS BCEX, 3aHUMAIOLMXCSA BOOpPOCAMU PAKETHOro MOJIETA.

[Tpogeccop B. BETHMHKHUH.
Mocksa, 4/XII-27 r.



NPEJUCJIOBHE ABTOPA

Hactosmast paGoTa B CBOMX OCHOBHHX YacTsAX OHlla HamucaHa s
1916 r., mocjie Yyero TPMXAH HOABEpranach [OMOJHEHUAM MW KOPEHHOMH
nepepa6oTke. ABTOp HajeeTcs, UTO €My YAaJOChb IMpPEACTaBUTL 3ajauy
3aBOEBAHUS COJIHEUHON CUCTEMB He B BHIE TEOPeTHYECKMX OCHOs, pas-
BUTHE KOTODHX U MPaKTUUYeCKOe NPHMEHEHHWE TMOANEXNT HayKe U TeXx-
HHMKe Gyayllero, a B BMAE MPOEKTa, XOTS ¥ He AETAIM3UPOBAHHOrO, HO
yke C KOHKPETHHMHU uudppaMiu, OCYUECTBIEHME KOTOpOro BIOJHE BO3-
MOXHO M B HacTOflllee BpeMs I8 Hallell COBPeMEHHOW TEeXHUKH moclne
cepuM 3KCNEepUMEHTOB, He MPEACTABISICIINX KaKUX-IM60 OCOGHIX 3aTpyn -
Henuit. OCylEeCcTBNEHUE 3TO NPU TOM, OT MPENBAPUTENbHBX IKCHEPHMEH-
TOB HauuHas ¥ KOHuas nosetrammu Ha JIyHy, notpeGoBajio Gbl, HACKOJb-
KO 06 3TOM MOHO CYAATb 3apaHee, MEHbINEro KOJIMYECTBA MaTepualib-
HHX CPelCTB, HEXEJU COOPYKEHHUE HECKOJbKUX KPYMHHIX BOEHHHX CY[O0B.

O cywecreoBanuu Ha Ty xe TeMy Tpyaa uxx. LIMOJIKOBCKOIO
aBTOp Yy3Ha/l NHIIb BUOCJHEACTBUM U TONLKO HENABHO MMEJ BO3MOXHOCTb
03HAaKOMHUTLCS ¢ yacTeio craThu: «MCCIEJOBAHUE MHUPOBHIX TI1PO-
CTPAHCTB PEAKTUBHBLIM [1PUBOPOM», uomeweHHOH B XYypHane
«BECTHUK BO3JYXOIIJIABAHWS» 3a 1911 r., npu uem yOeguics B
npuoputete unx. [JUOJKOBCKOI'O B paspeiieHud MHOTWX OCHOBHbIX
BONPOCOB. M3 mpuBOAMMOI CTATbM, OJHAKO, He ObUlM BHOPOIIEHH Mapa-
rpadu, 3aBejlOMO yXe He MpeACTaBislolUe HOBU3HH, C OAHON CTOPOHB,
YyTOGH HE HApYLIATH LENbHOCTH M3/0KEeHWUS M He OTCHJIATh HHTEPECYIo-
UIMXCS K OY€Hb PEJKMM Tenepb W TPYAHO pa3biCKUBAEMbiM HOMEpam
«BECTHHUK BO3JYXOIUJIABAHWSI», c ppyroit xe CTOpPOHH M[OOTOMY,
YTO WHOTJA T€ XE CaMbieé TeOpPeTHYECKHE MON0MEeHHS H GOpMYIIH, JHLbL
HECKOJBLKO MHaue OCBelleHHHe, JA0T MHOE OCBELIEeHWE ¥ BCeMY BOMPOCY.
lpu BCcemM TOM aBTOp paGOTH TaKk U HE MOJYYM/I BO3MOXKHOCTM O3HA-
KOMUTLCS He TOJbKO C MHOCTPAHHOM NUTepaTypoil MO JaHHOMY BOOPO
Cy, HO [laxe M C BTOpPOii yacToio cTaThk uHxenepa LHUOJKOBCKOIO,
no MelieHHo# B xypHane 3a 1912 roa.

MHoOr¥ue U3 NpUMBOIMMHX B 3TOH padoTe QOPMYN U MOYTH BCe LUP-
pH [aHH C YNPOLIEHHSMH W OKDYTIEHHUSMM, YACTO faxe [ROBOJILHO Fpy-
6LiMHM; MPUYHHA DTOTO TO, YTO HEOOXOAWMHI AN AeTaibHOH pa3paGoT-
KM BONpOCA ONHTHHI MaTepuan euie OTCYTCTBYET B HACTOsUlee BpeMs,
BCJIECTBHE YEro JUid HAC HEeT CMbiCJa KONaThCd B COTHX JR0J9X, pa3s
NOKa Mbl He MOXeM elle ObiTb YBEepeHH ¥ B TOUHOCTH NECATHX; Leblo
HEKOTOpPHIX BHKJIANOK HAcTosweld pacoTe ObUIO JNullib JaTh HPEACTaBlE-
HHe O mnopsaake QU3NYECKUX BENIHUYMH, C KOTOPHMH HaM MPUIETCs HMMETb
feno, ¥ o6 ofuleM XapaKTepe MX W3MEHEHHs, TaKk KaK BHYUCIEHHE MX
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TOYHHX 3HAYEHWiH [O COOTBETCTBYIOLIMX IKCHEPUMEHTANLHHX HCCAefo-
BaHHA HeBO3MOXHO. [lo aHasornuHoi npuunHe B paGoTe€ OTCYTCTBYIOT
M KOHCTPYKTHBHHE PUCYHKH M YepTeXU:—OO0liKe NPUHUMIL KOHCTPYK-
LMA NIerKOo MOryT OGbiTb BHPaXeHH M  CIOBECHO, YaCTHOCTH Xe HaMu
NoKa pa3pabdaTHBaeMbl OHTb HE MOrYT, BCSKUN uepTex MmOITOMY, Kak
3aKmouaioiluii B ce6e Mo HeOGXOAMMOCTH HEKOTOpHE u4acTHHEe (OpMH,
BMECTO MOCOOMs, ABWJICS OH CKOpee MoMeXOil K HaYYHOMY NOHUMaHHIO.

B Buay OTHOCHTENbLHOI HOBM3HE TMpeAMeTa, aBTOPY UPHILIOCH BBE-
CTH JI0OBOJIbHO MHOr0 COGCTBEHHLIX TEPMHHOB, 3aMEHEHHHX NOYTH Be3fe
N KPaTKOCTH OYKBEHHHMH OO03HAYEHMSIMM, NPUMEHEHHWE KOTOpPHX Ta-
KOBO: T€ W€ caMhe OYKBH, KOTOpHe B POpMyNax W BHKJIAIKaX 0603-
Ha4yaloT YHWCJIEHHbIE 3HAYEHMs] PU3MYECKMX BEINYUH,—B TEKCTE 3aMeHs-
10T CO0O0ii COOTBETCTBYIOUME OOLIEYyNOTPeOUTENbHEE (U3UUECKUe WK
coelnuajbHHe TEePMKWHH AAaHHOK paGoTw. [insg o6neryeHus uTeHUS B KOH-
ue CTaTb¥ RAETCs OTAENbHHII nepeuyeHb BCeX OYKBEHHHX 06G03HayeHwuil,
YMOTpPEOIsseMHX NOBTOPHO B HECKONbKHMX MecTax craThd. Bo Bcex ciy-
yasgx, KOrja He aHO 0COOHX YyKa3adwui, OYKBH 0603HavaioT Qusnue-
CKWe BEeNMYMHbI, BbpaXKEHHHE B aGCOMOTHHX (cm. gr s.) eIMHHMLAX.

Wions. 1925 r. IOP. KOHAPATIOK.



BTOPOE NPEAUCJIOBUE ABTOPA

KocHycb OCHOBHOTO 0OOLLErc BONpOca 3TOH paGOTH, COBEPLIEHHO
HEOCBELIEHHOrO B NEPBOHAYAILHOM HW3JI0XEHMH—BONPOCA 06 OXUAAEMHX
pe3yibTaTaX [Jisl yeJlOBEYecCTBA OT BHXOJla €0 B MEeXIIaHEeTHHe INpo-
CTpPaHCTBA.

[uonep uccnenomannii nansdHoro npeametra mpod. LIMOJKOBCKHUM
BHAUT 3HAYEHHE €ro B TOM, UTO YeJIOBeUeCTBO CMOXET 3aCeIUTb CBOMMHU
KOJIOHUSIMY OTPOMHHE FHIPOCTPAHCTBA COJHEYHOH CHCTEMb, a KOrja CONH-
e OCThIHeT, OTHPABHUTCA Ha paKeTax [ MOCENeHUs B elle He OCThB-
1IMX Mupax.

[TopoGHEE BO3MOXHOCTH, KOHEYHO, OTHIOAb HE WCKIIOYEHH ,—HO
3T0 BCe MpPejNoJOXEHUs OTAAJEHHOro OYAYIIEerc, 4acTbi0 4Yepecuyp yxe
oTfgajseHHoro, HecomHeHHO, 4yTO eule fonroe BPEMs BJIOXKEHHE CPEACTB B
ynyuyumieHWe OKM3HEHHHIX YCIOBHMI Ha Hauleld paadeTe OyneTr Oonee
peHTabeNbHBM, HEXel OCHOBaHWE KONOHWI BHe ee; HE HYXHO 3a0H-
BaTb, YTO N0 CPaBHEeHWI0 C OOlleif MOBEPXHOCTLIO HaWel IIaHETH JIMIIb
He3HauMTeNbHAs €€ YacTh KaK clefyeT 3acejieHa U 3KCIIoaTUPYeTCs.
[locMoTpuM Ha npoldseMy BHIXOa uYeNOBeKa B MEXMJIaHETHHE NPOCTPAaH-
CTBa C G0jiee «CEerofHsALIHEH» TOYKM 3PEHHH—Uero MH MOXeM KOH-
KPETHO OXHAaTh B OJIMKalIHe—MaKCUMYM —IeCATHIETHS, CUHTas OT
nepBOro moiera ¢ 3emin.

Ecnu He BpaBaThCcs B 6onee uin MeHee HEOGOCHOBAHHbE GaHTA3UM
TO Hal¥ OWHUAAHMS OYIYT 3aKJIIOYaThCA B CHEfYIOlIeM:

1) HecomHeHHOe OrpomMHOe OGOrauleHHe HAWMNX HAYYHHX 3HaHHi
C COOTBETCTBYIOUIMM OTpPaXeHHWEM 3TOr0 MW B TEXHUKE.

2) Bo3moxHoe, Gonee UI¥ MeHee BEpOsATHOE, XOTS U HE JOCTOBEp-
Hoe, o6orailjeHMe Hauleil TeXHHMKM UEHHHMH BELIeCTBAMH, KOTODHE MO-
TYT OHTb HalileHH Ha JDYrMX TelaX COJHEYHOH CUCTEeMH U KOTOphE
OTCYTCTBYIOT, WM CAVIIKOM PeikH Ha 3€MHO/ (10BEPXHOCTH.

3) Bo3MOXHHEe MHHE [aphl COJHEYHOH CHCTEMH, KOTODHX Mb Ceif-
Yac yacThio HE MOXEM M NpPe[BUAETb, ¥ KOTOpPbE MOTYT OHTb ¥ He GHITb,
KaK, Hanpumep, pe3yibTaThl OOUIEHUS C NPeAnoJjiaraeMuolM OpraHWYecKuM
mupomM MAPCA.

4) HecomHeHHass BO3MOXHOCTb MJIT 4YejJOBeuYecTBa OBNAafEeTb pe-
CypcamH, ¢ IMOMOUIbI0 KOTOPHX MOXHO GyAeT caMhM KODEHHHM 06pa3oMm
yAyYIIaTh YCAOBHSI CYLIECTBOBAHMS HA 3EMHOH MOBEPXHOCTH,—IIPOBO-
JIUTh MEJIHOpalMIi0 €e B IPaHiMO3HHX pa3mepax, OCyWIEeCTBJssA B Hepa-
nekomM OyRyuiem nOpejnpuUsTHA M TaKOro nopafka, Kak, Hanpumep, H3-
MEHEHHEe KAMMaTa LeNnsX KOHTHHEHTOB,
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51 roBopio, KOHEYHO, HE O YeM MHOM, KaK 06 YTHIIH33LMH HEUC-
4YeprnaeMHX 3amacoB 3HEPr#H COJIHEYHOrOo CBETa, KOTOpas TaK 3aTpPyA-
HHTENbHA B YCIOBHAX 3€MHOJ NOBEPXHOCTH, [AeNaiolUMX ee MeHee peH-
TabelbHOH, YeM SKChnoaTauus TOMNIHBA, BOAH M BETpPa, M KOTOpas, Ha-
060pOT, OYAET HEUW3MepuMO peHTalelbHee B MPOCTPAHCTBAX, i€ OT-
CYTCTBYIOT aTMocdepa ¥ Kaxyuwascs TSXeCTb. VIMEeHHO B BO3MOMHOCTH
B OnuxailieM e OYAylleM HayaTb IO-HACTOSIIEMY XO3siHMYaTh Ha
Halue#l nnaHeTe W CIefyeT BHAETbL OCHOBHOE OrFpOMHOE 3HayeHHe J1s
H4aC B 34BOEBAHWM NPOCTPAHCTB COJHEYHOH CHCTEMH.

* *
*

[lepeGupast B yMe YOMBHUTENbHHE [OCTHXEHUS HAYKH M TEXHHKH
MOCJAeNHUX JIET W HEBOJIbHO 3a/aBasiCb BOMPOCOM, [IOYEMY HE pelleHa
Ha NPaKTHUKE [0 CHX UOp 3afjaya MEXMNaHeTHHX COOGLIeHnii,—3anaya
MO CYWECTBY, 1O CPaBHEHHIO C APYrMMH [OCTHXEHUSMH, HEe CTONb Y¥
TPYAHAasd, €CJIM NOAXOAMTh K Hell HAay4yHO, a He C 3apaHee BHIyYeHHHMHU
OT YAMBIEHUS M y¥aca rjiasaMu, U OTHIO[b HE TpaHAMO3HAas B CMHCIE
NOTPeGHHX TeXHUYECKHUX CPENCTB,—HO B TO € BPEMS MMEpllas CTOJb
HEM3MEPUMO OrpOMHOE 3HayeHWe,—3ajfaBass ceGe 3TOT BONPOC, IPUXO-
BHlIb K BHBONY:—OT HENOCTATKAa NEP30CTH U MHULUATHBH, C OGHOH CTO-
DOHBl, ¥ HENOHMMAHUS NPAKTUYECKOTO 3HAYEHHS 3TOH 3ajauu—c Npyroi.
Ecnu On uenb 3T0# 3ajauM npu  TOH e TPYAHOCTHM siCHEE BHpaxa-
Jace G B IO/Iapax, Aa He Tak Ob Iopaxalja CcBOel 3KCTpaOpAMHap-
HOCTbIO, aMePHKaHLH, HABEDHOE, yXe Biajenu Gul €1, a He Belu O Tak
*Ke, KaK ¥ HEeMIUH, JMlb BecbMa MPEABAPUTENIbHHX ONKTOB, HampaBieH-
HHX UPH TOM, HaCKONbKO MOXHO CYAWTb N0 HAUIAM Fa3€THHM CBEJEHH-
sIM, 10 HE COBCEM BEPHOMY NYyTH.

% %
*

B 1921 r. s npuiuen K BeCbMa HEOWWIAHHOMY pELIEHMIO BONPOCA
06 OGOpPYROBaHMM NOCTOSIHHOW JMHHM CoOGLleHus ¢ 3eMau B  OpO-
CTpPaHCTBa ¥ OOpPaTHO, [/ OCYLIECTBJEHHS KOTOpPOH HpuUMeHeHne TaKoi
pakeThl, KaK pacCMaTpMBAeTCS B 3TON KHUre, HEOOXONMMO TOJBKO OJUH
pa3; B 1926 r.—K aHalOrM4yHOMY pa3peLieHHi0 BOMPOCa O Pa3BUTHH Da-
KeTol0 HauanbHux 1500-2000 m/c. ee ckopocTd ynera Ge3 pacxonoBa-
HHMs 3apsja W B TO e BpeMsi 6e3 NPUMEHEHUS T'PAHAMO3HOIO apTHilIe-
PUACKOTO OpYAuS-TOHHES, WM CBEPX-MOUIHHX ABUraTeneii uau BooOLie
KaKux-1M60 TUraHTCKMX COOpYyXeHuil. YKa3aHHne TjaBH He BOUIIM B
HACTOSAUIYI0 KHHMTY; OHM CHMLIKOM OGJIM3KM Yxe K pa6oyeMy HpOeKTYy
OBJIaiIEHHsI MBDPOBHMHK MNPOCTPAHCTBAMHU,—CJIUIUKOM ONU3KH JAsl TOTO,
4TOGH MX MOXHO NyOnsKOBaThb, He 3Hasi 3apaHee, KTO M KaK 3TUMK
RaHHRIMYM BOCHONb3YETCH.

* *
*

B 3akmoueHue [KOMKEH BHPa3uTh TAYGOKYIO NPU3HATENLHOCTH NPO-
deccopy B. 1. BETYMHKHHY —pepakropy Hactosimeii paGoTH M nep-
BOMY €e LieHHTEJIo.

OkTa6pb. 1928 T. IOP. KOHJPATIOK.



TINIABA L
JAHHBIE PAKETLI. OcHoBHEIE 0G03HA4YEeHHS.

MexaHuueckoe omnpeneleHne pakKeTh, KaK peakTUBHOrO npu6opa,
TAKOBO:— «CHAPS/, KOTOPHI, NOC/Ie0BATeNbHO OTGpACHBast C HEKOTOPOik
CKOPOCTBIO YaCTHLH CBOEH MaccCh, CaMm pa3BUBAeT CKOPOCTb B NPOTHUBO-
NOJIOXXHOM HANpPABJIEHUM 334 CYET WMX PeakTHBHOTO AeiicTBuds. [Ipumem
clefyiolue TePMUHE U 0003HAYEHUS, KacaloUlUecs PakeTH, Kak TaKOBOii:

»,M® — macca pakeTH B JaHHHU MOMEHT,

wMg“ — > » HayalbHasg,

». Mk ¢ — » » B MOMEHT OKOHYaHHUsl ee QYHKLUHOHUDOBAHMUS,
KaK TaKOBOH-—«KOHEUYHass Macca»,

» Mjo “ —  » » B MOMEHT MOPOXO¥[AEHHS €I0 HavajabHOW TOY-
Kd AaHHOro yyactka (i) ee TpaeKkTopuu,

s Mik“ —  » » B MOMEHT MPOXOXAEHUS €10 KOHEUHOH TOUYKH

JaHHOro yyacTka (i) ee TpaeKTOpux.
«Bhifienenue»— COBOKYIMHOCTs YacTHUl, OTOPacHBaeMHX paKeToio,
peakuusi KOTOPHX M COOGUlaeT paKeTe CKOPOCTh.

, U“ — «CKOPOCTb BbIEJIEHHS» = CKOPOCTb OTOpachBaeMHX 4YacTHL
OTHOCUTENILHO paKeTH B TOT MOMEHT, KOTJa OHU HAauyHHAIT OBUrATbhCS
HE3aBUCUMMO OT HEe, eCIi He CUMTATb NPAKTHUYECKM HMYTOXHONH CHIHI
TArOTEHUs K pakete. My GyneM mnonaraTh, YTO B TeYeHHE K2XKIOro AaH-
HOTO TIPOMEXYTKa BPEMEHM «u» MOCTOSHHA. EciM pasnuyHbie YacTul
BHJIENIEHHS, U3 OTOpacCHBAEMBIX OJHOBPEMEHHO, 06Aajal0T Pa3JUyYHBIMY
CKODOCTSIMH MpY OTHENEHUM OT PaKeTH, TO 3a «u» Mbl OyAeMm [pHUHH-
MaTb TaKyil0 CpPEeJHIOl CKOPOCTb, KOTOpas Moria Gk 3aMeHuTb COGOI0
BCEe NEHCTBUTENIbHLE PA3/IMYHHE CKODOCTM YacCTHL, HE U3MEHHB CYMMBbI
MX DEaKTHBHOrO [JeWCTBUS Ha pakeTy: 3TO0 OYAeT CKOPOCTb LEeHTpa
TAKECTH BHJICNEHHST 3a GECKOHEUHO Malkii NpOMeXYTOK BpeMeHH,
pasHas:

I (aug)
Yo
rie ,o“ ¥ ,Uy“ COOTBETCTBEHHO MACCH M CKOPOCTHM OTAENbHHIX 4acTHil

®. |. u =

He TpyaHo BupeTb, 4TO MOpM ORHOM M TOH XE€ CYMME XUBWX CHI,

2
paauoﬁ:%z(aua), «u» Gyset HauGonbmedl (§. 1) B TOoM cayuae,




vjo“ ,COOGCTBEHHOE YCKOpPEHHE paKeTh“ = yCKOpeHuio, Kakoe

pakeTa uMena Gb NIPM HANM4YWM OJHON JIHMILL neﬁcmyxomeﬁ Ha Hee CHIIH
peakuuu BhifeneHusi. He TpynHO BUAETH, 4TO: ,jo« = dt M W rge ,,dM® -~

macca OTGpOlﬂEHHHX qyactuu.

A — ,3apan pakeTh“ —yacTh (Macch) pakeTH, MDOAJeXallas
PACXO[OBaHHIO, T.-€. MPEBPALIEHUIO B ,BHAENEHHE®,
Mo

@, 2. ,N% — ,HATPYXEHHOCTb NONeTa" = i , 0TKyia Mo=Mk n

»Nj% — ,HArPYXKEHHOCTh yYaCTKa " == TO € OTHOLUEHNE, B31T0e

Mio .

D. 2a. BJI HEKOTOPOrO yyacTKa nij =~M_k oTKyaa Mjo== Mjk. ni

i

He TpymHO BHJIeTH, 4TO Bcerja:
®. 2b Mo = Mk +p; Mijp=Mik+p; ; p=Mk (n—1); p; =

1

= Mk (nj —1)
b. 3. Nn=ng.Np.Nc ....Nj -.. Nz, ree ,a“ b, c....i....Z—
CYTb BCE y4acTKU TPOEKTOPHU DAKETHI.
tk
» W —  paKeTHas CKOPOCTb* == S jodt, e ,, tx © — momeHT
o

KOHLl2 TOpeHMs, WHBIMH CJIOBaMu: — ,pakeTHass CKOPOCTb®—3T0 Ta
CKOpOCTb, KaKyio Obl pa3Buila paKeTa, He [OJBepxeHHass [AeiCTBHIO
HUKAKMX BHEIIHMX CMJI M coolOmamuas ce6e YCKOpeHWe BCE B OHOM H
TOM XX€ HalpaBjeHumu.

flon , jo “ MH pa3ymeeM, cllefoBaTe/lLHO, B JAHHOM Clyuyae, OJHY

JIWb aGCOJIIOTH}’lO BCJIMYNHY YCKOPEHHS HE€3aBHMCUMO OT €ro HallpaBjieHH4.
ty

» Wj “ — ,paKeTHas CKOpOCTb yqac-rxa“:S jo dt cootset-

CTBEHHO MpENbIyIeMy OGO3HAYEHHUIO, €CIH ,t « U ,t,« CYyTb MOMEHTH
Hayana M KOHUA IPOXOXJEHUS AaHHOrO y4yacTKa.
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FTABA |

$OPMYJIA HATPY2KEHHOCTH (OTHolieHHEe HaYaslb-
HO M KOHEYH. MacC paKeThl).

OcHoBHas $opMyna TEOPHUM PAKETbl, CBSA3HBAOLIAA BEIUYUHB «W»
«u» M «n», Obila elwe paHbwe [AaHa uHxeHep. LIAONKOBCKUM (nuilb B
HECKONbKO HHO# ¢opwme).
¢. 4. Mio
Mik
lMox uHAEKCOM «i» MB MOXEM 3[ecb pa3yMeTb, KakK Ji000i M3 y4acTKOB
TpPaeKTOpDUH paKeTh, Tak ¥ BCIO TPaeKTOpHIO,

Wi_ @ —ocHOBaHWe HaTypalb-

=nj=€ u HBIX Jnorapumos.

BoT 3nemMeHTapHHi BHBOA 3TOH $OpMyIH:

{lycTe pakeTa nepeoHayanbHON Macce , Mg “ 0TGpacHBaeT CO CKOPOCTBIO

+U“ B OJIHOM M TOM X€ HalpaBJieHUH NOCJIENO0BATENbHO YaCTHUL[H CBOEH

MacChl, paBHHE My M, M, i rire M, M M;
' P K K K K’ 0, P T

COOTBETCTBEHHO €€ Macchl Mocje Kaxaoro otépoca. Msl 6yueM HMETb:

M oy M oy M 0 1)
M UK /)M UTK ) M UK )

NnepeMHOXHMB BCE€ 3TH PaBEHCTBA, MOJYYUM:

My 1 1 1 1

= 1-—"_ 1"‘-'”"'— ]—— s 0. 1—“_*"' ..-.;
M, Ko K; Ko Kj
npefgen, mnocnenHero BupaweHus npu Ky , K, , Ky .. Kj ... -

1
Gyner =@ T 7 Kj , um, kak Mb MOXEM NPeACTABUTL — e Kj

Tak Kak CKOPOCTH B3aMMHO OTTalJKHBAIOIMXCA CBOGOAHHWX Tem paclhpe-
HensioTcsl 06paTHO MNPONOPLUOHAILHO MX MaccaM, TO HPH KauJOM OT-
6poce paketa OygeT NpUOGPeTaTb CKOPOCTH, COOTBETCTBEHHO DaBHHIE

1 1 1
U-———, u K U= O6mas npuobpeTeHHas paKeTol CKOpPOCTh
Ko 1 i

1
G6ynet crefosatenbHo W = u Z”‘Ki ; 3aAMEHHB B MOJIYYEHHOM HaMW BhIpa-

11



Mk uz'—"l ‘u u E ..]__.._ W
WEeHWH: ﬁo——e Kj CKOPOCTh K; yepea W, MH u
nonyyuM ($. 4), TONbKO B OGPAaTHHX BeAMYMHAX.

®opmyna (4) nossomseT HaMm onpegensiTb Mg« u »p“ MO 3a4aHHBIM
”Mk“ ”W“ YM "u“'

Wi
U3 ¢. 4 mb BHAWM, YTO NpH OTHOUWIEHWH BT 6IU3KOM K HYJIO,

»Nj% CTAHOBUTCS ONM3KUM K eauHuue, npH uveM (nj— 1), Kakosoii
Pa3HOCTHM MpONOpUUOHANeH ,ui“ (P. 2 6), M3MEHSEeTCs NpUOIN3UTENLHO

Wi
PONOPUYMOHANbHO OTHOLUEHHUIO cKopoctell ———. CrnefioBaTenbHO npH
u

i
o <<_1 konuyecTBo TpPeGYeMOro 3apsifa HE3HAUMTENLHO, NPUGIH-

3UTEILHO MPONOPLKMOHANLHO TpebyeMoi paKeTHOH CKOpPOCTH U OOpaTHO
Wi 143
>1—— nj
u b2
pacTer, Kak mokKasaTelbHas QYHKUUS OTHOCUTENbHO ,, Wi “, ¥ OHCTpO

MOXET [OCTHYb 3HAUEHMIl, KOTOPHE clejaju Obi HEBO3MOXHHIM NPaKTH-
YECKOE OCYIIECTBJIEHNE NOJIeTA HeJOBeKa B MeXMIaueTHble NPOCTPaHCcTBa;
ecny Obl, Hamnpumep, [UIS COBEepIeHWsl [ojeTra TpeGosanoch Ou ,W*
BIECATEPO Oosblle TOH ,u“, Kakoii Ham yganoch b Ha NPaKTHKE [0-

“

6uThbCcd, TO ,n nonyyuwno Obl 3HavYeHuwe  okono  22.000; npu
» Mk “==1000 xr. pjgs Bceil macce pakeThl NOTPeGOBai0OCh OH 4YYMO-

BUILIHOE B JaHHOM ciyu«e 3uayesdue B 22.000 ToHH. [lpakTmueckass BO3-

MOXHOCTb NOJIeTa B MEXINIAHETHble MPOCTPAaHCTBA U 3aBOEBAHUS OPYrMX

TeJd COJIHEYHOH CHCTEMb 3aBUCHUT, Takum 006pa30M, OT TOr0, HaCKOJbKO
“

6onewiof ,u“ HaM yAacTcd AOOUTBLCS M HAacKOJbKO Manoi ,W* Ham
yAacTcsl 0GOWTHChL AJSi COBEPLIEHHUS MOJEeTOB.

OpOnopUKUOHANIbHO CKOPOCTH BHIAENEHMS. ﬂpu

12



F'TABA L
CKOPOCTb BBIJEJIEHUS. XUMUYECKUH MATEPHAIL

3anac SHEpPruM INsA COOGLIEHHS CKODOCTH BHIENIEHHIO MOXET OHTb
B3AT HAa paKeTy B BeCbMa Pa3JIMYHHX BUAAX, HO U3 HUX TOJBLKO CKpH-
Tas XUMHMYECKas 3HEprusi COeAMHEHMS HEKOTOpHX Hauboee JNEerkKux H
AKTHBHHX 3JIEMEHTOB ¥ JHEpPrus pa3jioXeHUs HaXOAUTCA B TakKOM OT-
HOIWIEHUM K Macce COAepXallero HX BellecTsa, 4YTO MOJYYAETCS <«u»,
NOCTATOYHAS ANs OCYWECcTBIeHWs NoleTa Ha npakTuke. Mu oOnagaem
CAVIIKOM HHMUTOXHBIMM 3aMacaMu pajusi W ODpUY TOM He YymeeM ympa-
BJSTbL BHAENEHWEM €ro CKpHTOU 3Hepruy, MNpoTeKalldM 4Yepecuyp
MeQIEHHO N HAlWX Uejieif; MO3TOMY M3 BCeX BO3MOXHHLIX BHIOB «pa-
KeTH» Mbl JOMXHH OCTAHOBHTLCSA Ha «pakeTe» B OOHISHHOM CMhICJE
3TOr0 CioBa, T.-e. HA paKeTe TepMO-XMMHUYeckOo#f, oGnajawoiied euie u
TeM BecbMa GONbIIMM CHOEUHaNbHBM NPEUMYLIECTBOM, YTO B HEeH CKpHI-
Tas 3HEpPrusi MOXET OHTb MpeBpalleHa B XUBYIO CUIY BbAEIEHMS B G0Ib-
WIKMX KONUYEeCTBaX ¥ ¢ 60onbmuM KO3PPHUMEHTOM NOJE3HOr0 Ae#cTBHA
pY OTHOCHTEILHO HEGONLLIOM BeCe U HECIHOXHOCTH BCeX CAyKallux
9TOMY NpeBpaUIEHUI0 MPUGOPOB.

TeopeTnyecky BO3MOXKEH elle OAMH OCOOGHH BHA pakKeTh —pake-
Ta, Yeprnamouias DHEPrui0 M3BHE—OT COJIHEYHOrO CBETa; Ha NPaKTUKE,
OfHAKO, Takoif cnoco6 feiicTBus pakeTs [ HAC ceiiyac HEenpuMEHHUM
WIM [OYTH HEmpUMEHUM, BCAEACTBUE YUCTO TEXHHYECKUX 3aTPYNHEHHii:

1) TPYRHOCTH COOGIUTL flaXe U OPU Hanu4nu Heo0XO0AuMOro 3a-
Haca 3HEepruM YacTHUZM BHeNeHHs GOJIbUIYI0O CKOPOCTh, YEM MM MOXET
faTb pacliMpeHue packaleHHWX ra30B B TepMO-XMMWUECKOH paKeTe H

2) TpyOHOCTE HOCTPOMTh HEOOXONMUMHE 3epKana C TaKuM OTHouwe-
HMEeM UX TUIOWafW K Macce, YTOOb YJNaBMBACMON MMH COJIHEYHOH 3Hep-
My xBatano GH AN COOGIIEeHUS JOCTATOYHOW CKOpPOCTHM BHIENEHUIO DPH

- dM
HOCTATOYHOW MHTEHCHBHOCTH ero ( Midt ctp. 10). Benegctsue aTHX 3aTpya-

HeHuit pakeTy, QYHKUMOHUDPYIOILYIO 34 CYET 3HEPrMd COJIHEYHOro H3Jy-
YeHusl, MH TaKxe OCTaBisieM MOKa B CTOPOHE.

[IlpeoGpasoBanue TemNOTH XHMUYECKOH peakuud B XHMBYIO CHIy
BHAEJEHUSA OCHOBAHO Ha pacCLIMpeHWM ra3oB; rash, CAEA0BaATENbHO, B CO-
CTaBe BH/ENEHUS TEepMO-XHMHUYECKON paKeThH HeOOGXOQAWMBI; Mbl, ONHAKO,
He 006%3aHn OrpaHMuYMWBaATh CBOEro BHIOOPa XHMHYECKOrO COCTaBa Bhifieie-
HUSI ONHHUMM JIMIIbra30006pa3HEIMH cOefuMHeHusiMu. Pakera moxer ucaopas-
HO QYHKIMOHUPOBATL U B TOM C/lyyae, eC/ii TOJNLKO YaCTb BbII€/ieHUs ra-
3006pa3Ha, a fpyras NpeAcTaBiseT co00if pacnuieHHwe B rase Golee
[UIOTHHE BEleCTBa; a3bl, PACUIMPASICh, B TPyOe pakeTH, BCIEACTBHE CBO-
el ynpyroctu, W npuoGperas mpM 3TOM CKOpPOCTb, OYAYT YBIEKATb C
co6010 ¥ uYacTHUH [IOTHHX BEL[eCTB, Yepmas B TO Xe BpeMs OT 3THX
nocnefHux TEIIOTY, B3aMeH TeIUIOTH, TepseMOi HMW MPH PaCUIMDEHHH.
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Jlng Toro, uyTOOH 3TOT MPOHECC 3AKOHYMIICH C HAMGONbLIIMM MOJE3HHM
addexTom, HEOOXOAUME: 1) BO3MONKHO G6ONee MOJHOE YBJIEYEHWE IUIOT-
HHX YacTul rasaMud ¥ 2) BO3MOXHO (ojee mojHas mnepefavya Temia OT
IVIOTHHX YacTul K rasaM; U TO, ¥ Ipyroe TpeOyeT [AOCTATOYHO TOH-
KOro ¥ PpaBHOMEPHOr0 paCHHJIEHUS B rase MIOTHHX BeLeCcTB U A0CTa-
TOYHOTO MPOMEXYTKa BPEMEHH, B TEYE€HHE KOTOpPOro OHM OYAYyT ApYyr C
ApYroM CONpHKacaTbCsl, T.-€. AOCTATOYHONH ANMHH TPyOH pakeTH. PemuThb
BONPOC O TOM, KaKOBH [OMKHH OHTb CTeNeHb PaclbiieHHd, JIHHA TpY-
65 ¥ MPOUEHTHOE COJEpPXaHME IUIOTHHX BeleCTB B BHAENEHHM AN YAO-
BIETBOPUTENILHOTO QYHKIHOHWPOBAHHS DaKETH, MOXET JHLIL Cepus 06-
CTOATENIbHHX 3KCNepuMeHTOB. BwOGOp BewecTs [ng 3apsiia CBOJUTCS,
CIE0BaTENbLHO, B OCHOBE CBOEH K BHOOPY TaKOi rpymms, 4TOGH BHJE
JIFIOLEECss GPU XMMHYECKOW DeakLuu Mexjy ee 4UieHaMH KOJIHYecTBO
TEenNOTH OuN0 GH HauGONbLIUMM NpY pacueTe Ha 1 gr. monyvaiowerocs co-
€[IMHEeHNs], BCJIENCTBUE YETO MH MOTMJIM GH OOJYYNUTb HauGONLIIYIO <«U».
Ecnu O npu 9TOM 0Ka3anoch, YTO NMPOAYKTH peaKUMH CKWIKAITCS UIn
OTBEPAEBaIOT IpM TeMOepaTypax, elle fajleKHX OT aGCOMOTHOrO Hyn4,
M TEpPAIOT NPU 3TOM HEOOXOQUMYIO HaM YOPYrocTb, TO MH JOJXHH Ohl-
¥ OH K BLIOPaHHON Irpynne BewleCcTB NPUCOENWHUTL €llle U PYryi, Opo-
AYKTH D€aKuuu MeXAY dAEeMEHTaMH KOTOpOH COXpaHsioT ras3oolpas-
HOE COCTOAHMEe npu 60jlee HU3KUX TeMNepaTypax M CHOCOGHH MO3TOMY
Ha OpeBpallieHde TEMIOTH BhHEJeHUS B €r0 KUBYIO CHIY C GOnbinew
NONHOTOMK. B mpocreifiem cinyvyae BMECTO BTOPOIl rasoBoji pynmaH Mo-
¥eT ObTb NPUMEHEH Jeryaiuuii 13 raszos—ROAOPOA.

Jlajee mMb OpUBOAMM TaGiMLYy XUMHUECKUX COeIUHEHuH, obnajaio-
WHKX HAWOONbLIEI0 TEMIOOPOU3BOJNTENLHOCTEI0O HA 1 gr. MX Macch.

[lepemii cTonGen uMPp copepuT B ce6e TEMIOTH COEfUHEHMH B
GonbINMX Kalopusx Ha 1 gr. yxe 3a BHYETOM CKPHTHIX TEIIOT HCha-
penusa wuakux O, Os, Hy, CHs, CoHy n wuaxoro Bosgyxa.

BTopoit ctonGeu COmEepXUT CKOPOCTb BHAEJIEHHMS B MeTpax B Ce-
KyHY, COOTBETCTBYIOLINE AZaHHLIM [EpPBOTO CTONOUA, T.-8. TaKue CKO-
pocTH, Kakue monyuuaa On macca 1 gr., €ciM Obl €€ XHBasg Cuild pas-
Hslack Obl 3Heprud TEenNoTh, MMOKa3aHHOH B NEpBOM cToJbLe.

N m
Tpetnit ctonfen COQEPXHUT 3HAUYEHUST <N » RIS «W1»=22370—S~ ==

=2><11185%;— 4eTBEPTHH — 3HAUeHUs «Ny» IS <Wy»=14460=—

= (2__\/*

1
2

., m m
HHM BTOpOro crton6ua. O 3Ha4YesHH cKopocrtei 22370 —;u 14460—8—

6ynet Huxe B §§ VI, IX u XI.

Tak kak 3nemMeHT KHCJIOPOJ YuYacTBYeT B KaxXJIOM M3 UHTEpecyio-
IMX HAC COEJMHEHHH, TO, COOTBETCTBEHHO [BYM BHJaM KHCJIOPORA —
«0y, » 1 «0; » Kaxaoe w3 coefuHeHuil NMpUBEAEHO B ABYX CTpOYKax:
B BepXHelii—naHHblE M0 pacyeTy Ha KHWCIOPOA; B HMXHEH—Ha 030H, KOTO-
pHif O6nafjaeT 3HAYMTENbHO OONLIIMM 3a0acoM 3Heprun. B paabHelwem
Mbl OylleM MMEHOBATH IPYyUNbtl aKTHBA MO WX HEKMCIOPOAHLIM YJIEHAM.
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[} [e=]
o O
CocraB BHje- cal n Q 3
Topiounii maTepuan K-la B By
JleHHs gr S - é,
2| 2
CO, e a 21| 4200 205 31
e e e = 2,7 4760‘ 110 21
HO . .- .. b 37| 5570, 55 13
S| - 4.4 6080 40 11
CO;+2H.0 CHg . . . . . .. = 3,3 5250 60 15
N ,, g e e e e = 39 5720) 49, 12
CO,+H,0 Yraesopopoas (HedpTs) . | F 2,6 4670i 120 22
c ,-,1_ .'.:9 y ' . ) 3,2 5160 73 16
Os+H,0 N, IJ1eBOAOPOAK! (HEePTh
v xupkuil Bosnyx .|| Q 0.8 2590/ 5600| 250
2 CO,+H;0 CHy . ... .. T 3,00 5020 86 18
" o e e e e 3,5 5420 62 14
HO  |l. .. e al 32 5160! 73 16
S < 39| 5720 49 12
CO2 HeO  f. oo oo .. 31| 5070 77[ 17
- . e el 37| 5570) 55| 13
CO4+H;0 Yraerogopoau (HedTb) . 2,5 45801 130 23
» “ “ s 3,1 5070 77 17
CO,+H,0+49 Ny || Towe u wup. Bosg. . . || O 0,7 2430] 9000) 300
2C02--H,0 CHaw v o oo .. £ 29 440 95 20
»” ,, " 3,4 5340 65 15
Li,O . .. ... L. 4,6/ 6220 36 10
oo e 5,01 6480 32 9,3
LioHh (.. . ..o 4,6 6220 36 10
S 5,1 6540 30 9.1
B, Os . . ... .. 4,5 6150 38 11
U | IS 5,01 6480 32 9,3
B(OH):s  f. .. ... .. ... 4,2 5940/ 43 12
w L 5,00 6480 32 9,3
B (OH)3 BHs ? ? P v
Al203 3,8 5650 52 13
| 4,1 5870 45 12
AL (OH)s  [|. ... .« . .. .. 3,7| 5570 55 13
| 4,21 5940 43 12
SiO, ... 3,61 5500 58 14
S 4,0/ 5800 47 13
7T | 3,4) 5340 65 15
S 3,7y 5570 55 13
Mg (OH)e  ||. . -« - o oo 3,7 5570 55 13
o e e 4,1 5870 45 12
Si02+4-2H20 SiHe. . . .. .. ? ? 7 ?
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Mb BuguM u3 Tabauue, YTO HauGOAbLLIMIA Temnosok 3ddexT gawoT
JMTHEBHE W GOpHHE FPyNfH; NPUMEHEHWe JNUTHS B 3apsfieé pakeTh OTHa-
A2eT 3apaHee B BUAY TOr0, YTO OH HECPaBHEHHO JOpoxe 6Opa, JWWb
HEMHOr'0 MpPeBOCXOAS €ro CBOEH TemIonpouW3BOAMTENLHOCTEID. 3aTeM ce-
RYIOT HOYTH HapaBHe JApyr C APYrOM TPYNNH: JOMHUHUEBast, CUINLMe-
Bas, MarHHeBas W BOJODPOAHAs, €C/IM DacCUMTHBATh HAa CXWXEHHE NapoB
BOAHM, HO DIpy¥ pacyeTe Ha ra3000pa3HOe COCTOSIHAE BOAH, BOXOPOAHAS
rpynna HecKONbKO YCTynaeT MeTalluuyeckol, IpH pacueTe Xe Ha CXH-
WeHue napoB BOAH ONHOBPEMEHHO C HNpPUMEHEHHEM O30HA—HECKOIbKO
NpPEeBOCXOANT UX. 3aTeM CIeAyT AaioUye CMech YTIEKHCIOTH C BOAOIO
yrI€BOAOPOAHHE TIpynnH: OGOJOTHAs, aueTWieHHas | HedTsAHAs; ewie
MeHbIUMi 3QPeKT faeT YWCTO yronbHas rpynoa |, HakOHel, rpynmna u3
HedTu u BO3AYXa. B BMAY felleBU3HH Gonee ynoGHOH mns Hac HedTw,
patrowmei npu ToM Gonbluinil 3QPexT, NpUMEHeHHe YrOJLHON Tpynus OT-
nagaeT 3apaHee. YTOo KacaeTcs BONOPOAHOM Fpymns, TO BOOpoC 06 ee
pUMEHEHUU NPUXOAUTCA CYATATb OTKPHTHM, B BHIY 3aTPYAHUTENLHO-
CTH XPaHEHMS H [ODOTOBU3HH KHAKONO BOAOPOAA; BECbMa BEPOSITHO,
4TO HpUMEHEeHHe KpeMHe U O0pC BOAOPOAHHX TPYII OKAaXKeTCs JyuIInM
BO BC€X OTHOIUEHHUSX, TEM Gojiee, YTO JOOMUTHLCA CHMKEHHUS NapOB BOAH
B Tpy0e pakKeTw, T.-€. YTUIW3aLUMU ee CKPHTOH TenNOTH ucnapeHus,
HaM OE3yclOBHO He YAAaCTCS BO BpeMs pPa3BUTHS pakeTow Oonbuuei
4acTH ee CKOpPOCTH, KOrga Mb HE MOXEM JOBOJILCTBOBATLCA CKOJb
YFOAHO MaiBMH ,j, u%, a, Mo BCeli BEpOSITHOCTH, HE YAacTCS W BO-
ofle, TaK KaK CXWXEHue MapoB B( N NOTPeG0BaNn0 Ob PACIIMPEHHS HX
OT BHXO[a W3 KaMeph CXHrFaHWs [0 BHWXOa #3 TPYOH B COTHH ThHCAY
pa3 u G6onee. [Ipumenenne metamiuyeckux wiu GOpHOIN rpynm Tpedyer
A HanW4usi B BhlIeNeHWW ra3a OJHOBPEMEHHOTr0 MNpPUMEHEHHS BONGPOJ-
HOM, GOpO-BOAOPOAHOM HMAM OAHOH M3 Yrie-BOAOPOAHHX TDYIN, WU Ke
npUCyTCT8US W3OHTOYHOrO BOHOpOAa. Eciau KpuTepumeM Mpu COCTABiE-
HuUM 3apsfa OyAeT CIYXWTb HauMeHblIasi ero CTOUMOCTb, TO PYKOBOs-
UMM OPUHLIMOOM J0JDKEH OHTh CIeAYIOWni: npuMeHeHHe Hanbojee felesHx
rpynn (T.-€. faOWKX HauGojee [ELIeBOE DPeaKkTUBHOE [eiCTBHE: CTOM-
MOCTb peakuuyd OomnpefgensieTcs MHpON3BEeHueM Lla%m%’ rpe L[«
CTOMMOCTb 3apsia, ,m“—ero Bec U ,q"—ero Tennosoit 3ddexT) ans
qacTel 3apspa, pacxOpyemMunX MEpBHMM, M Nepexof OT HUX K Ipynnam

doJsiee TeIONpPOU3BOAUTEIbHHM (T?l——=max) Ins yacTteii 3apsna, pacxonye-

MHX caepyioulumu. CorjacHO 3TOro mpuHuuMnma M Tabauus Ha CTp. 15,
3aps) paKkeTH [JOJXEH COCTOAT: M3 rpynm, CAefyiolwMx B TAKOM MO-
pagke:

I. Heprauasg rpynna; ecnud xuakuii KuCIODOJL OKaXeTCs 3HAYU-
TeNbHO AOPOXE XHAKOrO BO3[4yXa, TO 3TOH rpynme HOMKHA [OpejLe-
CTBOBaThL rpynna U3 HepTH M BO3AyXa.

[I. bonotHas rpyuna; eciy¥ OKaxeTcsd BO3MOXHHM [OJy4YaTb fe-
uIeBHfi M Ge3onacHbili WHUAKMIA aLeTWieH, TO el MOXeT MpEeAlIecTBOBATh
aueTWIeHHas rpynmna.
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11l. BogopoaHas rpynna; DpUMEHEHHE €€ HAaXOAUTCA B 3aBHCHMO-
CT# OT CTOMMOCTH UPOU3BOACTBA ¥ XPAHEHHA XHUAKOrO BOAOPOMA; BECh-
Ma BO3MOXHO, YTO BONOPOAHAs [pynna OKAaXeTCs HEYAOGHOW W HeBH-
rogHOil M Ha ee MecTe GyAyT COBMECTHO NpUMEHseMble rpynnun GojaoT-
Has, metammveckas (Al, Si, Mg) u KpemHe-BOLOPOAHAA.

IV. BopHas rpynmna; cOBMECTHO ¢ Hell BOJOpOAHAas WM GOPO-BOAO-
poaHas.

OTHOCHTENILHO NPUMEHEHMs MeTa/UIMYecKMX rpynn OyleT eie u
Huxe B § V u § IV,

BymeT nuM OPUMEHATHCS O30H M HAYMHAs C KakOi rpynnd, 3aBH-
CAT OT TOr0, HACKOJbKO [elleBhii, a IIaBHOe, 0e30macHuil MUAKHUM
030H HaM YAACTCi IMONy4yaTb; OT 3STOr0 XE€ B  3HAYUTENILHOMH
CTeneHW 3aBUCHUT WM NpUMEHEHHE BOJODOAHON Ipynme, TaK KakK [jis Hee
Pa3HMLla MEXAY KHCIOPONOM M O30HOM Haubo0jiee OINYTHUTENbHA.

02, Os, H2, CH4, CoH2, SiH4, BHs moryt Obith B3sTH Ha pa-
KeTy, pa3syMeeTcs, TONbKO JHMWb B KUAKOM BMAE, TaK KaK B rasoos-
Pa3HOM OHM MOTpeGoBan¥ OH COCYIAOB OrpOMHOro oG‘emMa u Beca: Gop
AOMKeH GHTb B3IT B Bue aMOppHOro mnopouika, KOTOPHIW MyJibBepHU-
BUPYETCS B KaMepy CKuUraHus cTpyeit Bogopofa wiu OONOTHOrO rasa,
UM npuMelIMBaeTcs K HedTH Depef e€e HOCTYNJeHWEM B KaMepy CiKH-
rauua. B; Si u Hz moryt Oumtb B39TH B Bujae BHs, B:Hs u SiHy, 2
Takxe B Buie 6OpO M KpeMHe-yrjieBOAOPOAOB; aBTOp, K COXaleHWo, He
¥MeJl BO3MOXHOCTH P3a3biCKaTh TEPMOXMMHUYECKHX AAHHHBIX OTHOCHUTEbLHO
3TUX, 4YPe3BHYAilHO MHTEDPECHHX AN AAHHOrO BOMpOca, coefuHenuid. Me-
TaUIll MOTYT OHTb YynoTpeGieHH B DACIUIABJIEHHOM BHAE MWW, KakK U
60p, B BH/Ie [OPOWKOB.

O x03pPuunedTe HONE3HOrO AeiiCTBUS paKeTs, T.-€, 06 OTHOCH-
TeJIbHOM KOJHMUYeCcTBe TEIIOTH, KOTopas OYyAeT MpeBpaujaTbCs B XUBYIO
Cuiy BHEeNeHUs, TPYAHO COCTaBUTL Cebe 3apaHee TOYHOE MpeacCTasie-
HHe; OH 3aBUCUT GOJbLIE BCEro OT CTEMeHH pacllMpeHus rasos B Tpyoe
PaKEeTH, T.-. OT COOTHOLIEHWs HayalbHOH U KOHEUYHOH ynpyrocTed, mo-

d M
CIIeiHSAS XK€ 3aBUCHT OT OTHOLIEHHS MacCCH BBHIAECJICHHA (“a——-t—) K 10-

flepeyHoOMy CEYeHUIo W3Bepraioileil TPyOH U, KDOME TOrO, He MOXeT OHTb
MeHbLIei, ueM ynpyrocTs oKkpyxaiouteit armocdepn. KoapduuneHt mones-
HOrO fAeiCTBMA pakeThl GyaeT MO3TOMY GONbIIMM B T€ MepuofH MOJIETa,
Koraa pakera GYAeT CBOGONHHM KOCMHYECKHWM TeJIOM B (e3BO31YIIHOM
ApOCTpPaHCTBE, KOrAa Ais Hee GyAeT [AOCTATOYHHM CKOJNb YrOAHO Ma-

Jioe Ljo“ u ¥ MeHbIIMM B T€ NEpUOAW MojeTa, Koria pakera Oy-

dM
dt
JeT HaXONWTbCY B Opefienax aTMocpepH 3HAYMTENbHOW NJIOTHOCTH U
Korga eil 6yneT HeoGXO4uMO ,jo“, He MEHbIlee HEeKOTOpOH omnpeneneH-
Hoit Bennuuns (§§ VI u VIII); npu mocnefHux ycnosusax KO3IQPuuueHT
[one3Horo feiicTBusi GyAeT, NMOBMAUMOMY, HMMETh BenuuuHy OT 509 o
75%. B uensx NOBHILIEHUS MONE3HOrC REHCTBUS MH AOMKHH KWMETH BO3-
MOXHO GOsbluee HauyajbHOE HaBjieHne (B KaMepe CXMraHus) N BO3MOXKHO
MeHbllee KOHeyHoe (B KOHUe TpyOu); 4TOOH HOCTH4Yb MNOCAERHEro, He
yBeanuMBasi MOMEPEYHOro CevyeHus TPYOH U, BMECTe C TEM, HONepedHOro
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CeyeHus1 BCell paKeTH ¥ CONMPOTHUBJIEHUS aTMOCPEPH, MOXET OKa3aThCH
GoJyiee BHroaHoi 3ameHa OAHON u3Bepraiolieil TPyOb HECKONbKUMM, NO-
CNnefoBaTeNbHO PACHONOKEHHHMH M BHXOASWMMHK NMOJ HeGOJIbIIMM YrJIoM
K GOKOBOH NOBEpPXHOCTH paKeTH; 3ajHuUii KoHen pakKeTH B MOJOOG-
HOM CiyyYae MOXHO cheiaTh 3a0CTPeHHHM—O06TeKaemod GOpMH; nu-
TaTbCA 3TH W3BEprailiye TPYOH MOTYT K3 OfHOH MIN H3 HECKONbKHX
ke KaMep CKHMIaHMsi—KaK OKaXeTCsd KOHCTPYKTHMBHO yjaoGHee.
Benencteue HenonHOM yTUAM3aUuM TENNOTH XUMHYECKOW peakuum
melicTBHTENbHbEIE 3HAYEHWS «u» OYAYT MEHbIIMMH, HEXENH BHYUCIEHHHE B
Tabnuue; ecam O KOIPPUUUEHT NOJNE3HOr0 fAeilcTBUs paBHANCH COOT-
BETCTBEHHO 50 M 75 npou., TO AeficTBUTENLHOE 3HAYEHHE <«u» OHJIO Obk
COOTBETCTBEHHO DaBHO OKOJO 3/+ W 7[s €ro BHYUCIEHHOTO 3HayeHwus,

4 8
COOTBETCTBEHHO YeMy «n» UMeNno Obl 3HaueHue n I3 u n*/7 ot BruncRen-

HHX 3HauYeHM.
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FJTABA IV.

MPOLECC CroPAHHA. KOHCTPYKLUs KAMEPBI
CKUTAHUSA U U3BEPTAIOLIEN TPYBBI.

BecbMa CYUIECTBEHHHIM SIBISETCS BONPOC O TeMmiepaTypax B Kame-
pe cxuranus u B u3Bsepraoweii Tpyée. Ecmu 6K 1NOJHOe COeJUHEHHe
KOMIOHEHTOR BHIENEHHS MOrio- mpPOM3OHWTH Cpa3y, TO B Kamepe cxura-
HHSL TemnepaTtypa AOJKHA Owjia MORHATBLCA RO

. 5. T=208 Qm, rae Q Kcal= CpeiHsisi TemioTBOpHAasd CHOCOGHOCTL

T
rpaMma COelHHeHHs, a «m»-——cgpeuunﬁ MOJIEKYJISIDHHI BEC BHIIEJIEHNS, €CK
CYHTATbL €ero ra3006pa3HhM. [IpM TBEPAHX WU KUAKUX NPORYKTAX TeM-
nepaTypa ROMiHa Owja Gbl OHTh ¥ €IIE Bhille. [Tpoucxonginas npu BbICO-
KMX TeMOepaTypax AMCCOLMAuMst MOJEKYN HE AacT, OAHAKO, MpOHTH Xu-
MHYECKOil peakiuu cpa3y MOJHOCTbIO; OPU HEKOTOPO# TemnepaTtype (BbI-
mwe 3.000°) anst BCEX peakuuit HACTYNHUT XMMMUECKOE paBHOBECHE, MOCIE
uero paibHejilnee MX TeueHWe BO3MOXHO OYAET JHWLIb [0 MEpEe moTepy
Tenna ra3aMy IpW UX paciiupeHuy B ussepraioweit TpyGe. Takum 0o6pa3oM
TemJIoBas DHeprus peakumii 6yaeT peajnn30saThcd NepBoHAYaNbHO HE ajua-
GaTHuecKMM MpOLecCOM, a mpoueccoM Gonee OGIM3KMM K H30TEpMHUe-
CKOMY; apuabaTvyecKuil Mpouecc HacTYmuT, KOTAa rash, pacClupsisch B
TpyGe, MOTEPSIOT CTOJNLKO TEl/Na, YTO peakuuu CMoryT OpOATH 1O KOH-
ua, He MOAHMMAs TeMOepaTyps CMECH [0 TemnepaTyphl 3HAYUTENbHOM
AUCCOUMANMM ee KOMMOHeHTOB. JUid KOHCTPYKLUMM PaKETh 3TH sBIEHHUSA
MMeIT ClIefyiolee 3HaueHne: M peanu3auuy TOro e KOnauuecTsa Teé-
IIOTH COENMHEeHHH NP MOCTENEHHOM CrOPaHMM Mbl JOMKHbH UMETh GOJlb-
mlee OTHOLIEHHEe KOHEYHOro 06‘eMa ra3oB K HavyajlbHOMY, T.-€, 60NbLIMX
pa3mepoe u3ssepraoumyio TpyOy. C Hpyroi CTOpOHH, B Kamepe CxXuraHus
M B Hauaje u3sepraioiyeil Tpy6b Mbl GyAE€M MMETb MEHbILIYIO TeMmepa-
TYpy, YeM Ta, Kakas Objia Gbl IpY NMOJHOM CropaHuu B Kamepe. Us ¢. 5
BMAHO, YTO, 3aJaBIIKCb U0 KOHCTPYKTMBHHIM COO6paXeHUsIM HEKOTOPOH
npefenbHON TeMIepaTypoli B KaMmepe CXMraHus, Mbl MOJAYYNM SHAUMTEIb-
HO GoJjlee MOJHOE IePBOHAYANbHOE CropaHue W MeHbUyio ANMHY npouec-
ca OropanHus ONs COENMBEHMIl C MEHbIIMM MONEKYISIpHEIM BECOM. C aToit
TOYKY 3peHus HauGojnee yAOOHHMHU SBASIOTCA TPymOH C Hj, CHs, Cy Hs,
HedTbio M Li, HECKONbKO MeHee SiHs, BHs u Haumenee YROOHBIMHU
yucTo MeTamnuy. rpynmos Si, Mg, 6opHas H 0CO6eHHO—AJJIIOMHHHEBAS.
KoHcTpyupoBaTh KaMepy CKUraHUs W U3BEpraioiyio TpyGy npuperT-
cs cnefyiowuM 06pa3’oM: T€ NMOBEPXHOCTH, KOTOPHE GyAyT NOABEPIKEHb
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geficTBuio TemnepaTyp 6onee BHCOKHX, YeM MOXET BHAEPXaTb camuiii
OTHEYMOpHHI MaTepual, HYXKHO CAeNaTb METaIHYECKUMHU (MenHLMHU HIH
W3 OAHOrO U3 TYrOMIABKUX METaJIOB, KaK XpOM HIH paHanwii) ¥ monasep-
THYTb MHTEHCMBHOMY OXJaX[EHUIO CHAPYXU XHUIKHMU ra3amu, MOfatoLIu-
MUCSt B KaMepy CXUTraHus; NPOM3BECTH pacyeT 3TOr0 OXNAuJCHHA N0 co-
OTBETCTBYIOLIKX SKCNEPUMEHTOB OTHOCHTENbLHO KONMYECTBa Temna, Kakoe
GYAYT MOJy4aTh MOBEPXHOCTH Kamepsl Jiy4yeuCryCKaHWEM ¥ Temionpo-
BONHOCTBIO ropsuieil cmecy, He OPENCTdBASAETCsi BO3MOXHBHIM. OcranbHHE
MOBEPXHOCTH MOXHO OOCNMLUEBaTb M3BHYTPH AOCTATOYHO OrHEYMOPHHMU
MaTepuaaamu, [0 BO3MOXHOCTH M30JMPOBAB HX OT HapyxHoOi#l KOH-
CTPYKUMH, KOTOPOH MOXKHO JiaTh, B Ciyvae HaJ00HOCTH, YMEPEHHOE OXJIax-
neHe. Ecnu OkaxeTcsl HeyIOOHHM WM HEBORMOXHHM [OBOAWTL TeMIiC-
paTypy B Kamepe CXWraHusi ¥ B Havaje Tpy6b 10 TOH, mNpH KOTOPOH
NPOUCXOAUT YyKe 3HAUYUTENbHAas AMCCOLUALMs KOMIOOHEHTOB BHIGNCHUS,
MBH MOXEM MCKYCCTBEHHO MNOAAEPXMBATb €€ Ha HEKOTOPOM 3alaHHOM
ypOBHe, MOAaBas OJAHO W3 BeuIeCcTB 3apsja (meTanns MU Kucnopon) He
Cpa3y BCe B KaMepy CXHUraHus, a TONbKO 4acTb, OCTaJbHOE Xe €ro
KOJNAUEeCTBO MOABOAUTL B Pa3HHX MecTax TpyOH N0 Mepe noTepd Temia
MepBOHAYaNbHO 3aJaHHON CMEChbIO.
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THABA V.
NPOINOPLIMOHAJILHLINA ACCHB.

B maccMBHHX Maccax pakeTH, T.-€, B Maccax, HeE OTHOCAUXCA K

3apsany «», MbH MOXEM pasnuuuTb [BE CYLIECTBEHHO pasnuyHbe
4acTH,

1) a6COMOTHBIA Maccus «m», K KOTOPOMY OTHOCATCH JIIOAX CO BCEM
HEOGXONMMHM ISl X JKU3HW W BHIIOJNHEHUS 3a[aHHOW UM onepauuu #
61aronoNy4yHOro CHycka Ha 3€MHYI0 MOBEPXHOCTb [0 OKOHYaHWH dyHK-
LIMOHNPOBAHMUsS PAKeTH, KaK TaKOBOW.

2) npOMOPLUOHANBHHI [ACCHB «iM,»—MacCh BCEX MPEAMETOS, o6-
cnyxuBawoliuXx GYyHKIMOHMPOBAHUE PaKeTH, K KAaKOBBIM OTHOCATCA: @) CO-
CyAb aas 3apsaa, 0) KaMepbl CXUraHusd, B) M3sepraioiwas Tpyoa, r) npu-
GOpH ¥ MaulMHH, [ epeMellaiollie BelecTBO 3apsaa B KaMepy CKUrasus,
1 [) BCe YacTH, CBsA3bIEAOIME OPEAMETH MEepBbIX yeTHpeX KaTeropui u
npuamlie MPpOYHOCTb BCEH KOHCTPYKUMU paKeTh. 3Ty 4acCTb MacCh Mbl
HA30BEM «IPOMOPLUOHATLHHM NACCUBOM», B BMAY TOr0, 4TO N0 KOH-
CTPYKTHBHHM 3aKOHaM OH B OCI{eM JOJDKeH 6biTh 0O CBOell mMacce mpH-
GIM3UTENbHO MPONOPLUOHANeH Macce OGCNyXWBAaeMOro MM 3apsia, moka
STOT MOCNeNHWH HE MPEBOCXOAUT HEKOTOPOil BeNM4UMHb [IpH GOoJIbLINX

my

3HAYEHUIX <p» OTHOIIEHHE pacTter. HcxopHoi TOYKOU KOHCTPYHPO-

BaHUS DPAKETHl SABASIETCH €€ Hanepen YCTaHaBIlHBaEMHﬁ «m», a C HAM
YyXe COrnacoBuBaCTCS <y ¥ «mp»; «m» 0CTaeTCd [IOCTOSIHHHM BCE Bpe€-

MS MOJIETA; <p» MOCTEeNeHHO pPAacXOAyeTcHd, a <Imn,», MOXeT OHTb uU3Me-
HseM, NpH HalleM Ha TO XKEJIaHuu, COOTBETCTBEHHO yMEHblHalOlLlMMCﬁ

Maccam 3apsiia cur 1 BbIJICJIEHHA— dt

m
OGo3HaYuM OTHOLIEHHE _1=q ¥ NpennojioxuM, YTO BCE BpEMA
P‘

y Hac QYHKUMOHHUPYRST OAMH U TOT XK€ HecMeHseMblii TPOMOpUUCHAIb-
Huii maccus  emy».  Torga my=—pq; Mk=m+m=m+pq-. Mogcrasus
3T0 3Hauenne «Mj» B §. 26, nomyyaem: p—(m-}-qu) (n—1), oTKyA2

—1
$.6. p— _min—1) toraa Kak mpu m;=0 Mu umesn 6 pP=m(n—1,)
1""1(“—1), 1
Mb BuguM u3 Qopmyns uTo, moKa Q<< ——, MBI HONYUHM AT «p

3HayeHus, JHllb HEMHOTrMM OTJIMYAIOWUECS OT TeX, KakKne Mbl MMEIN
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64 NpM m;=0, HO, TO Mepe YBEIUYEHWUS <«q», «p» pacTerT,

npespaufasicb B 0€CKOHEYHOCTb pu q= 4YTO O3HavyaeT

n—i,
TEOPETUUYECKYI0O HEBO3MOXHOCTb MOCTPOUTH PAKETY I[pH MOJOOHHX HaH-

1
HbIX, npaKTM‘{ECKaH XK€ BO3MOXHOCTb HaCcTynaeT paHee; nph q=m

Mb yXe moayumian Ob yABOoeHue 3apsipa. [ns Toro ke, 4ToOH Macca pa-
KeTH He YyBejuuuBajnach Ob 3HAUNTEILHO W3-3a MPUCYTCTBUS B Hel
MacC «m;», ¥ HEOOXOAMMOCTH COOOWATH MM CKOPOCTh HapaBHE C «m»,

®.7. xenaTenbHO HMeTb NPUMEPHOE OTHOIIEHHE g < <m
]——

rpe «n j»,~—HarpyXxeHHoCcTb TOr0 Y4acCTKa, Ha DPOTAXKEHUH KOTOporo

GeccMeHHo (QYHKUMOHMPYET ONMH M TOT Ke «m;» ¥ N0 OKOHYAHWUHM KO-
TOPOTO OH MOXET 6HTb OTGPOIIEH, YTOGH He OGPEMEHSTh PaKeTy CBOei
M3NWIUHEA Maccoii, mocCse 4ero u HauMHaeT QYHKLUUOHUPOBATH [pPYrod
KOMIONEKT «m;», MEHbIINX pa3MepOB M MeHblueil Macch, COOTBETCTBEH-
HO YMEHLIUMBIDMMCS MaccaM 3apsiza ¥ Bhiaenennss. O6e CTOPOHBI HEp3-
BeHcTBa (P. 7) HEOOMHAKOBO CHOCOGHH NOANABATHLCS HALWINM YCUIHAM
K MX U3MEHEHHIO: BEJIMYMHA «q» ONpPEleNseTCs CTENEHbH TEeXHWYECKOTO
COBEpILEHCTBA B MOCTPOEHWM NPEIMETOB <«my» W, XOTS M MOXET OHTb
GONbIIEI0 WM MEHBLICID B 33aBUCMMOCTM OT Ppa3JNUYHHX YCIOBuiA, HO
MMEeT BCE We HEKOTOphb# WeCTKMid MHUHUMYM, KOTOPOrOo Mbl 1pH [A3aH-
HBIX WMEIUIMXCS B HalleM pacnopspkeHuW maTtepuanax W Npy [aHHOM
pPasBUTUM CTPOUTENILHOM TEXHWKHU NPEoJoJieTb HEe B COCTOSHMU. Benuuu-
HY «nj» MB MOXEM yMEHblIaTh 0O MHPOM3BONY BIUIOTH N0 «1», A€

TPAaeKTOPUIO paKeTs Ha OOJblLIee YuCio Y4aCTKOB C MEHbLUEIo »Wi » [

Ka»[oro. Yucjao yvyacTKOB ¥ COOTBETCTBEHHO YMCAO KOMIUIEKTOB «ITly»
OfpefenseTcsa B 3aBUCUMOCTH OT TOH OTHOCHTENLHON BEeJIMYHB pacxo-
AyeMoro 3apsfs, Kakyi Mbl HaiileM yHOOHHM OGClyXuBaTb ONHMM Oec-
CMEHHBM KOMILIEKTOM «ITi;», @ WMEHHO 3TO YUCJIO NOJXKHO ObThb PaBHO
Ign :lgnj, TA€ «nj —HarpyxeHHOCTb KaXJOro U3 y4aCcTKOB TPAEKTOPHH.
Ecau 6bl Mbl 3axoTeiu NPUMEHHTb ONHOKOMIIEKTHYIO CHCTeMy Aas BCe-
ro nojeTa, TO MOJAY4WIM Obl CIMLIKOM HUYTOXHHI aGCOMOTHHIA mnpeaen
IS BeNUuMHH «q». TeopeTnueckuit MunumMym «W», HEOGXOAUMHIA s
coBeplleHHUsi MoJieTa YNCTO PakeTHHM COOCOGOM, paBeH, KaK Mb YBHAUM

m.
Huxe, 22370 oy COOTBETCTBYIOU{UE 3HAUYEHHUS «ny», BHUNUCIEHHBIE B Mpef-
S

nonoxenun 100% ko3adduumeHta nonesHoro AeicTBHS paKeThH, AaHH B
TpeTtbeM cTonbue uudp Ha cTp. 15.

lpuuumasi BO BHUMAaHME BCe YTEYKH SHEPrMH U HECOBEDPIIEHCTBA, Mbl
. m
MOMXEM YTBEP¥AaTb, UTO AEHCTBUTENIbHOE 3HAUYEHUE «n» [IPH W-——-22370—;

6yneT Be meHee 100, a ecnu MbH 3aXOTHM COCTABHTbL 3apsj mnojeLiesne
¥ OPUMEHMM 4acCTbi0 YTJIEBOLOPOAHbE rpymmsl, TO U Gonee 100; cne-

1,
HOBaTENbHO, MNpHU q=§§"Macca 3apsga no $opmyne (6) yxe mpespa-
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1
ijanach 66 B GECKOHEYHOCTb, MpH 9=350 yaBauBajacb Ob, MEXAY TeM

1
5669' —53TO BeNHYMHA OYeHb M OuYeHb TeCHas, BepHee BOBCE HEBO3MOXK-
Haf [Asg MacCh BCEro KOMNJIEKTaZ <my». ,IIaxce, eciy MH  [OpHMEM

=14460 L:- ¥ BO3bMEM COOTBETCTBEHHO ny,=—20 (cTp. 15), TO M TO

1
f10JIyYaeM yiBOCHHE 3apaia fpx TPYAHO BHIMOJIHHMOM OTHOLUEHUH ml.—_.-zap,

lpakTuyecku Haumyyuieii cucTemMoid OyfeT TO3TOMY MABYXKOMMIEKTHas
IS MalmkH ¥ OpMGOPOB M TPEXKOMILIEKTHas JNs COCyAos, Kak Gonee
TPOMO3JKMX yacTeil «m» Ecnu Mb onats nonoxum n=100, TO a6co-

. 1
JIOTHHI npegen «g» MNOAHMMAETCHA C 69— (UDH OJHOKOMIIJIEKTHOH CHCTe-

1 . 1
Me) 1o 5 npu ABYXKOMIIEKTHON ¥ R0 3= TIpM TPEeXKOMIUIEKTHOMH CH-
b

cTemax. HeckoJbKO KOMOJIEKTHAS CUCTEMa, XOTS M faeT Gonbiuuil mpo-
CTOpP B KOHCTPYMPOBaHMM MPEIMETOB «m» W H30aBiseT Hac OT NpoBa-
Jla BCEero OpeAnpusITHs M3-3a HEBO3MOXHOCTY CKOHCTpYUWDOBHUTbL AOCTa-
TOYHO JIETKMM <«Im;», HO BCe Xe HE COBEpIIEHHO JIMKBUAMPYET BPERHOE
BIMsHME MACC «m;» Ha BEIMYMHY MacChi PaKeTH: 3HauYeHue «u» no ¢.
(6) monyuaercs BCe xe GONbIIMM TOrO, KaKoe Gh Mbl WMENN Opu MOJHOM
OTCYTCTBHU <ITiy».

Ecnu Mb OpMMEHMM HECKOJIbKO-KOMINEKTHYI CHCTEMY, Pa3feluB
TPaeKTOPMIO HA HECKOJbKO YYacTKOB C paBHbiMM «Wij» JJI1 KaXKAOro M3

HUX; TO Rad BCero mojera mnonyuu Tcd yBejnnd4eHue maccH B

. Ba. ( 1—q(r11'—1 ))K
i
pa3 (roe «K»—yMCno YyacCTKOB) CPaBHMTENbHO C MacCOd, Kakyio pake-
Ta JOM¥HA Onjna O WMETb MpPU OTCYTCTBUM «Imy».
[MPUMEYAHUE: OcHoBaHue cTeneHu 3TOH (GOPMYIH MH MO-
nyyaeM, ecliM K npasoii yacTu ypasHeHus (6) npu6aBuM m--m,
W 34TeM BHHeCeM mnj 34 CKOOKH.

[NPUMEYAHUE PEJAKTOPA: B mpepene npu K= o 1poO6b
(¢. 6)mpunumaer 3HaYeHue:

eQX =eql;v— ; F]\:\\:-= e¥.qug~=e—\3’—(l+q)

MOXHO NpeMIoKHMTL TaKOe pelieHue Bompoca 06 «m,», UPH KOTO-
POM BpeJHOE BJMSIHHE HPUCYTCTBMS MAaCC «my» YCTPaHAETCs MOYTH CO-
BEPIIEHHO; PelleHNe 3TO 3aKIOYAETCs B CIEAYIOUEM: KaK ¥ DX HECKOIb-
KO-KOMIUIEKTHOH cucTeMe, KOHCTPYHPYETCsl HECKONbKO KOMWIEKTOB «m;»
NIOCTEeMeHHO yOHBaloWeil BEIMYUHE; MaTepuanoM s KOHCTpYKUMM CHy-

23



AT M0 BO3MOXHOCTH NPEUMYLIECTBEHHO AUHOMUHWI, KpemHuil, MarHui;
yacTH, Tpebyiomue 0co60il OrHEYMmODHOCTHU (BHYTPEHHssSI MOBEPXHOCTb
KaMepH CXWraHus), AelaloTcs U3 NOAXOAAWMX cOpTOB rpadurta, Kapoo-
pyHAa KOopyHAa. KoMmIeKTH, CTAHOBALIMECS 10 CBOEH BEIHYKUHE NBTHLIHUMH
BCAEACTBHE YMEHbIIMBLIEHCST MacChl paKeTh, He OTOpachHBalOTCA, a pas3-
6upaloTCcsi M MOCTYNAIOT B KamMepy NuIOTa Ha mnepenjaBKy M pasnpolie-
Hue, 4TOOH 3aTeM ObTb YNOTpelJieHHHMH B KauyeCTBE XUMHYECKHX KOM-
[IOHEHTOB 3apafa. Takoe pelieHUE ABASETCA MAealbHBHIM, TaK KaK nupu
HEeM B KayecTBe BpeJHHX MacC <«[my» OCTaeTCs JIHlb NOCnefHuil, cambiit
MeHbIIMi KOMONEKT, BCe XK€ OPelbAylide sIBASIOTCS 3apsfoM, BPEMEHHO
UcHonHAWUM QYHKUMM «m,». TaK Kak pa36opka M [albHeillnee npe-
o6pa30BaHKe NPEeIMETOB «m;» TpeOyeT HEKOTOPOrG BpPEMEHH, TO NpK
Takoll cucTeme AeNeHHe TPACKTOPMM PAKeTH Ha Y4YyaCTKH, OOCIyXHBae-
Mble GECCMEHHHIMHM KOMINEKTaMH <mp», YX€ He SBASETCS NPOU3BOJIbLHM-
MH{: mepBasi CMéHa KOMIUIEKTOB HE MOXET OHTb NPOM3BEJeHa paHee J0-
CTHXEHUS DAKeTOI0 COCTOSIHUA CBOGOAHOrO CNYyTHHKA 3eMjH; MOCAefHss
(MEeHa He MOXeT OuThb NpPOW3Be[leHa NO3JHee TOro, Kak pakera 0pu
BO3BPAlLEGHUU MOTEPSIET CKOPOCTb HACTOJNBKO, YTO He CMOXET OuThb yXe
CBOOOHBIM CNYTHUKOM 3eMin. DTUMM OBYMS CMeHamMu YAOGHee BCEro u
OTPaHUYUTLCA, TeM 00Jiee, YTO OHM COOTBETCTYIOT AEJIEHUIO TPAEKTOPUM

Ha TPW YYacTKa C NpuGIW3MTeNbHO paBHbMKM «Wj » ans Kaxjoro. Jlis

pa3GopKK TMpeiMEeTOB «m» B GE3BO3QYIUIHOM NPOCTPAHCTBE K mpeodpa-
30BaHKs WX B BEleCTBa 3apsia NOTPEGYIOTCS HEKOTOphe [0GaBOYHbIE
OpKCHOCOGeHUs; TeM He MeHee, CIefyeT MNPUIONKHTbL BCEe YCUIUS MMEH-
HO K TaKOMY peIlleHHI0 BONpoca 06 <«m;», TaK KakK OHO O6jierdaet OCHOB-
HYI0O TPYRHOCTb Bcero HpejnpusiTus, yMeHbllas HeOGXO0AMMYM Maccy pa-
KeTHl, BeCbMa GO/bliasi BEeJMUMHA KOTOPOIi JIMIIL U SBASETCS NpaKkThue-
CKM TPYAHO ODPEONONMMBIM MaTepUajbHHM MPENSATCTBMEM K 3aBOEBAHUIO
MEXMIAHETHHX MPOCTPAHCTE M TENl COJIHEYHOH CHCTEMb, UTO TeopeTH-
4ecKM He MpefCTaBasieT KaKWX-IMG0 0COOHX TPYAHOCTEN.
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rTABA VL

TUIIBI TPAEKTOPUN U TPEBYEMBIE PAKETHBLIE
CKOPOCTHU.

[lpumem crienyiouiue 0603HAUEHUA:
,,Jj“——yqaCTKn TPaeTOpUM PAaKETH, HA KOTOPHX OHAa (QYHKLUOHK-

pyer, T. e. coobuiaet ceGe YCKODEHHME;—

,,Wy“-—,,cxopocn ynera“ st JaHHOTO COCTOSIHUS PAKeTH—Ta CKO-
pOCTb, HA KOTOPYIO HYXHO YREIMUYUTb UMEIOIYIOCS CKOPOCTb paKerTH,
yTOoOH OHa mpUOoOpesa ABHKEHUE MO NapaGoNnvyeckoil opéuTe OTHOCU-
TeJIbHO UEHTpa 3eMJIH;

»Wpg“—,CKOPOCTb BO3BpaTa AN AAHHOTO COCTOSHUA DaKeTH, Ta
CKOpOCTb, KOTOPO# pakeTa o6najana G, KOrga, MPOAOMKAS NBUrAThCS
no cBoeii op6uTe, OHA [AOCTUrAa OH 3€MHOH MNOBEpXHOCTH (YPOBHA
Mopsi);

SW“—,I0/IH2S CKOPOCTb yjeTta“ u . C. Bosapa'ra“=,,wy“, Bhi-
YHUCIIEHHOW IS COCTOSHUS HENOABMXHOCTK HA YPOBHE 3€MHOM MOBEPXHO-
ctu==,Wg*“, BHUYUCIEHHOI /i COCTOSIHUSI HEMOJZBUKHOCTH B GeCKOHey-
HOM yjajieHuy: OT 3eMJiM, Wnu [ad pakeTd, ABUXYlUelics no mnapaGoimn-
yeckoli op6uTe=,napaonuyeckas ckopoctb*==1/2Rg (rae ,R“—pannyc

m
3emau, a ,g“—YyCKOPEHME CHIIH TaXecTd Ha 3emne) = 11185 —,
s

“Y“—ckopocTb paKeTH OTHOCHTENbHO LeHTpa 3eMian (a He
3eMHOIi MOBEPXHOCTH) B RAHHHH MOMEHT;

“r“—paccTosiHMe OT paKeTH B [JaHHH MOMEHT A0 LIeHTpa 3eMjH;

“

oI =75

R

Mopg ,nonerom“ Mb GyfAeM OOApa3yMeBaThb [ABUWEHUE DAKETH .0
HEKOTOpOif, 6ECKOHEYHO YAAJIEHHOH# OT 3emin, TOYKH W BO3BpalleHHE
06paTHO, OPX YEM CKODOCTU PAKETH Y TOUKM HAa3HAUYEHHMS M Y 3eMHOU
NOBEPXHOCTH JOMXHB ObTh PaBHH Hymo, Mo Gygem moka UrHOPUpOBATb
conporuBjeHue aTMOCHepH M MPUCYTCTBME B NPOCTPAHCTBE MHBIX Tel,
KpoMe 3eMId, TaK 4TO HAlUM BHBOAbL 3Toro maparpapa O6yayT npulIu-
3MTENbHO BEPHH JHIIb [isl YYACTKOB TPaeKTOPWM, JieXaliMX BHE aTMOC-
¢depu owyTMMO#l MIOTHOCTH, HE mpuOnMwamowuxcs K Jlyne, u gas Tpa-
eKTOpHil, pa3MepH KOTOPDHX 3HAYHNTENbHH B CPaBHEHHWM C pPaauycoMm

3eMHOH OpOUTH.
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HeTpyaHo BuaeTh, uTO MIS KAXAOrO COCTOSHUS PAKeTH Mu Gymem
UMETh:

.8 Wy = w:VT——v “ WB-—=VV2+w2 (1—__1:)
r

HInst pakeTe B COCTOSIHMM COYTHMKAZ 3eMIM C KDPYroBOil OpOUTOl:

w [ ———
- = — 5T\. T — 1

Wy=V(y2—1) Ve V2—=1) We=)/w? —ve=wV1 70
B Tom ciayuae, Korga opOuTa HE KacaeTcsi W He MEPECEKaeT 3eM-

HO!l MOBEpPXHOCTH, KaK Hamp. BCAKas KPYroeas opouTa, Halle onpege-
neHne BennunHel ,Wg“ ABNSEeTCS QUKTHBHHM; B NOJOOHWX CAyvYasx
nog ,Wg“ Mbl [OMXKHB pa3yMeTb TY CKOPOCTb, KOTOpPOIO pakKeTa o6na-
fiana OH, ecnu Obl K XHBOW CuJIe ee OBMXEHUSI Ohia NpUGaBIeHa JHep-
rusi, O0GyCAOBIEHHAs ee MacCOi M Pa3SHOCTLIO MOTEHUWANOB CHIN 3EM-
HOI'0 TAMOTEHHUS MEXJY TOYKamMu ee npeChiBaHUS B [JaHHHI MOMEHT H
TOYKOM Ha YPOBHE 3€MHOH MOBEPXHOCTH, BHE 3aBUCHMMOCTH OT TOr0, MO-
XKeT /i 3TO CYMMMDOBaHWE 3HEpruil Npou3oiHTH B NelCTBUTEIbLHOCTH
Opy ABHXEHWM DakeThl N0 AaHHOI ee opOute, uaum HeT. He TpyAHO 3a-
TEM BUAETb, 4YTO “Wy“ MMEET pa3NuuHble 3HayeHud AN Pa3jdyHO yAa-

JIEHHBX OT 3eMJIM TOYeK ONHOIH M TOH ke OpOUTH (eciu TONLKO opOHTa
He napa6onuueckas, Wi KOTOPOii Wy=0), HaoGopoT ,Wg* wuMeer mo-
CTOSHHOE 3Ha4eHue [Jis BCeX TO4YeK OJHOU u Toii we opOuTH. Benuuwu-
Hbl ,,Wy“ u ,Wg“ uMEIOT IJA Hac cllepyiouee 3HayeHue:

1) ,,Wy “, B3aTasa piq nepures (6amxkaiiell K 11eHTPY 3eMIM TOYKH

OpOMTH) €CTb TeopeTHuecknii MuHumyMm ,W* (T. €. BHYUC/ICHHHI JInllb
Ha OCHOBAHHWH 3aKOHA COXPAHEHHUS IHEpruu) HeoGXOAUMHIA IIS TOro,
YyTOGH [JBUralolascs MO [JaHHON op6uTe pakeTra upuoGpena IBHXKEHHE
10 napaboanMvecKoit opouTte, cliefys MO0 KOTOPO#, paketra MOXKeT BHION-
HUTb NEPBYI0 MOJIOBUHY ,NOJeTa“—[BuXKeHUe [0 OeCKOHEeYHO yjaleH-
HOH TOYKH. :

2) ,Wg“ ecTb TeopeTuyeckuil MUHUMYM , W, HEOGXORUMHHA ANS

TOro, 4TOOH IBMraluwasacs MO AaHHON op6uTe pakeTa [JOCTHrIa 3eM-
HOU MOBEPXHOCTH C HYJIEBOH CKOPOCTLIO M TeM 3aBepluujia BTOPYIO [10-
JNIOBUHY MOJieTa.

llnsi goKasaTenLCTBa NEPBOTO MOJIOXKEHNST Mbl CPABHHM MEXAY CO-
6010 ,,Wyl“ " "Wyz“, BHIYUC/AEHHbIE [ ABYX TOYeK ,a(“ U ,ap“OnHON
U TO¥i xe OpOWTH, PA3HOCTH MEXAY MOTEeHLUANAMH CHIbl 3€MHOTO THATO-
TEHUS B KOTOpPHIX paBHa OECKOHe4YHO Manoi ,qg“. Ecau pgna Gonee jga-

JIEKOW U3 TOYEK—TOUKK ,a;“, mbl umeem mo ¢opmyne (8).

1 (73
Wyr=w = —V, TO g 60jice GNU3KOH TOYKH ,a“

r

w2 T
nonydnm: Wy,= = + 2a— ]/vz+ 2q , HO
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[lpumedanue pefaKkrTopa: Tak Kak Opyu 3JUIMOTHYECKUX CKOpOCTAax

w 1 I/ r
V < l/--—:_—’ TO V > W
r
¥ CKOGKa HONOXHWTEeNbHa.
Takum 06pa30M, nOo aGCONIOTHON BelxWvnHe, KOTOpas Hac cefiyac
TOJILKO B UHTEpecyeT, Wy2<Wy 1. CnenosaTenbHO ”Wy “ yMeeT MEHMMYM

B TOUKe mepures NaHHOH OPOMTH, KOTOpbIA M SBISETCS TEOPETUIECKNM
MMHMUMYMOM DaKeTHOH CKOpOCTH, HEOOXOAuMO# s nepexoja Ha napa-
GONuYecKyio opeuTy, YTO M TpedoBaloCh N0Ka3aTh.

Ilnst [OKa3aTeNbCTBA BTOPOrO MOJOXEHHUS Mbl CPABHUM MexQy CO-
6ot ,Wpg:“ u ,Wgo“, nonyuaiouyecs B ABYX crydasx: B nepBoM pake-
Ta, NBUrasiCb MO HEKOTOPOW oOp6uTe, MOJy4uIa OpupaileHue CKOpPOCTH
,U“ B TOUKE ,a;;“ BO BTOPOM [BUrasch MO TOW e op6uTe C TOIO Xe
CKOpPOCTbIO, paKeTa MOJyddiIa TOil Xe BEeNMUMHH OTpHLATE]bHOE Mpupa-
LLeHNe CKOPOCTH B [PYroil TOUKe ,a,*, MPU YeM pa3HOCTb MOTEHHUAN03
CHJIbl 3EMHOTO TSIFOTEHMS MeXAy Todukam ,a;“ u ,a,“ pasHa Gecko-
HeuHo Manoil ,q“. Ecim B nepeoM ciyyae Mu 10 dopmyne (8) Gynew

1
HMETb: WB; ___]//- (V— u)? + w2 (1__:_), TO BO BTOPOM TO-
r

T 1
ayuum:  Wpe= (I/V2 + 2o —u)? 4 w2(1 - —_—)—— 2z,
r

1
HO lim | Wg2 — (V—u)?+w? (1 — )—au:

T

a—_-O

/
:VV (V"‘ U)2 ‘I“ w (i —_ —l-):WBl-—— au:VWBl;
r
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Takum o6pa3om Wg,<Wg, CnenosatenbHo Mu MONYYUM TeM
meHbuiyio ,Wg*“, yem Onuxe K 3emsie GYAYT HaXOAWTLCS TOYKH, p KO-
TOPHX pakeTa coolilaeT ceGe 3amemneHust. Munumym +Wg“ Mu mony-

unM, CoO0wWas pakeTe OTPUUATE/NbHHE APHPALeHHs CKOPOCTH Ha ypoBHe
3eMHOM MOBEPXHOCTH; 4TOGH paKeTa 3aBepluia [MOJET, MH LOJKHH
NOracuTb Ha YpPOBHE 3eMHOH MOBEPXHOCTHM BCIO CKOPOCTb, KaK0l0 pakeTa
GyneT obnanaTh u KOTOpas OyAeT paBHa ,,Wg“ HaHHOH OpGUTH,—uTO

1 Tpe60BajioCh [0Ka3aTh.

O6a npepghiyuie MOMOKEHMS MOXHO MOSCHUTH CHeAyIounM
o6pa3om.

HexoTopwii naHnmit pacxop 3apsia pakeTn coO6l{aeT eif HEKOTO-
poe OnpefeseHHOoe MOJOKMTENbHOE WM OTPULATENbHOE [pUpalleHHe
CKOpPOCTH HE3aBMCMMO OT COCTOSIHUS TOKOS MM [BUKEHHSI CamMoOil pake-
Thl, HO TaK KaK 3Heprus paKeThl OTHOCUTENbHO 3eMjH—ee XKUBas CH-
Na—nponopUKOHaNbHa KBANPaTy ee CKOPOCTH OTHOCMTENbHO 3eMiu e,
TO HeKOTOpOe [aHHO€ mpupalieHWe CKOPOCTH MpejcTaBiseT Cco6ow
GoJibllee MONO¥MUTENLHOE WK OTPULATEILHOE NPUPALL. KUBO Cubl, TOTAA,
KOrga OHO MPOMCXOAUT NpH OOJNblUEH MEPBOHAYANbHON CKOPOCTH paKeTh
Haup¥Mep, mpupalleHue CKOPOCTH=4, DPUIIOKEHHOE K CKOPOCTH ==2,

2. 02
MpefACcTaBisieT COO0I0 NpHUpalieHne XUBOH CUJH 5 =16, Torga Kak
TOXE MNpupalleHne CKOPOCTH==4, NPUJOKEHHOE K CKOpOCTH=— 20, mpef-
" 242 — 202
CTaBJISET COOOI0 MNpHpALIEHUE KHUBOH CHIH — = 88. Takum

06pa3oM, C TOYKM 3PEHUS IHEPruM paKeTbl OTHOCMTENILHO 3eMJIH, peak-
uns BojeneHusi AEACTBYET Ha paKeTy TeM CHJbHee, 4eM Golblle CKO-
pocTtb camol pakeTo. Ho ckopocTs cBOGOgHO ABuxyuleica pakeTo Oy-
AeT HauGonbLield B TOYKE HaMGOMBLIETO OPUGIMKEHUS ee K 3emie—
CIefloBaTe]bHO M [eiiCTBME peakuuu B 3TOH Touke GyaerT Hauboree
BHFOAHBIM, KaK B Te€X CJy4asix, KOrja HeoOXOOMMO COOGU{NThL pakeTe
ROCTaTOUYHYIO BHEPrui0 LIS yjera OT 3eMiiv, TaK W B TeX, KOraa HYX-
HO JIMLIATH €e 3HEePTHM ANs OJaronoNyyHoro Cnycka Ha 3eMulo.

Takum 06pa3om, Mul BUAMM, YTO ,W* MOXET [OCTHYb MUHUMAb-
HOro 3HayeHus 2w Julib OPY TOM 06S3aTENLHOM YCNOBHM (HO €le He-
KOCTATOYHOM), YTOOH BCE YCKOPEHMS ¥ 3aMeaNieHHs MpPOM3BOLAIUCH Obl
Ha YPOBHE 3€MHOM MOBEPXHOCTH: MOCKOJbKY 3TO HEBO3MOXHO, ,W* Oy-
AeT TeM MeHbileil, yem GIMXe K YPOBHIO 3eMHOM MOBEPXHOCTM GYAYT

pacmoJioXeHbl ,,Jj“. Wtak, 61u30cTb K 3eMHOI MOBEPXHOCTH BCEX yuyacT-

KOB COOCTBEHHOr0 YCKOpeHus paKETbI—,,Jj“ ABNsieTCS MepBbiM Tpebosa-
HHeM, Kakoe Mb NOMKHH HPERA‘dBISTh K TPAaeKTODHM paKeThl BO u3be-
WaHWe W3JIMLIHEro BO3pacTaHUs HEOOXOAUMOI pakeTHON ckopocTH— ,W*.
Pasnocte W—2w mMb Ha30BeM ,NepepacxofoM paKeTHOH CKOPOCTH® M
0o6o3Hayum uepe3 ,JI*; mom ,JIj«, ,mepepacxofoM IaHHOro y4acTKa“,
6ynem pa3ymeTb Ty yYacTb Bcero mnepepacxoga ,JI“, KoTopas siBUnach
HEMWHYEMHIM CJIENCTBMEM YCIOBUH NPOXOXKAEHUS] PAKeTOI0 AAHHOIO yYacT-
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¢. 9. ka ee Tpaekropun. B obwem cayyae Jj=Wi+ |} V.—V;4

+wll YV _ VL , tae Vi, Vo, Iy, o N3HHHE COOTBETCTBEHHO
I rz

[/Isl HAYasa ¥ KOHLA Y4YacTKa ,i“; BepxHuii 3HaK ciefyeT 6paTh IpU ,3/IHI-

TUYECKHUX CKOPOCTAX DAKeThi V<WI/ L AN Nepsoil MOJIORH-
r

HHl ,fIoneTa“; BO BCEX OCTANbHHX Clyuadax ciegyet 6paTb HUXHMI 3HAK.
Ecnu pa3HocTb NOTEHLMAEN0B CHUJIH 3EMHOr0 TSArOTEeHUs B KOHLUAX [AaH-
HOr0 y4acTka parHa OecKOHe4HO manoil ,q“, TO,npu monere Ges Comnpo-
VT
A

cnepyeT 6paTh IpW IMIUOTUYECKMX CKOPOCTSIX, HHUXHMA—NpuU rumepeo-
nuYecKnx; mapadoiuyeckas TPaeKTODUS camMa 00 cefe mepepacxofa He

t. {0, TuBneHus cpeas, Gyaem HMeThb: ﬂi=i°‘(~1\7— ); BEPXHUIi 3HAK

1
JaeT, TaKk Kak npyu Heil Bcerpa wl/ - =V. UHpekc npu 6ykse ,J1“ 6y-

neT 0603HayaTb TOT Pusuveckuil dakTop, ClefcTBUEM KOTOPOro SIBUII-
ca nepepacxon, Hanpumep B ¢. 10 mb umeem ,,ﬂig“: rnepepacxof aBjisier-
Cs1 MOCNEeACTBUEM YCKODEHHA CHIH TSHKECTH; MHAEKC ,s“ 6yneT 0603Ha-
4aTh CYMMMPOBAHHOE BiusiHWe BceX (PaKTOpPOB; ,c“ -— BIMSIHUE CONPOTH-
BIEHUS aTMOCQEpsl C ABYMS MNOApA3JeJIeHUsIMH  «CH® M ,CB“, O KOTO-
poix Oynet Huxke B § V1. CornacHo uanoxkeHHoro wu3a scex ¢opm Tpa-
eKTopuii o6s3atenbHo paiT ,JI“ Te, B KOTOphHe BXONAT B KauyecTse
3JIEMEHTOB 3JIEMEHTH CBOOOAHHIX OpOMT, HE KacaioWMXCd ¥ HE Iepece-
Kamux 3€MHO NOBEPXHOCTH, TaK KaK HNPU HAJIMYAM B TPaeKTOPHM MO-
ROGHOTrO 3/1eMeHTa ,mepsoe TpeGoBanue“ (CM. BHLIe) OKAa3HBAETCS 3aBe-
HOMO HeBHOONHUMEIM. HanGonemmii J1 paer UpUCYTCTBUE B TPAeKTOpUHM
3/IeMEHTa KDPYroBoil OpOUTH HEKOTOPOr0 KOHEYHOro pajuyca.

Bropuim TpeGoBaHWem, KaKoe Mb JOJKHB NPEA‘SBIATL K TPaeKTo-
pU¥ paKeTh AN JOCTHIKEHHS BO3MOXHO MeHbwero ,JI sBisercs BOa3-
MOXHO MEHbIIKA yron ,,p“ MeXJAy HalpaBlieHUEM CUJIB peakiuu M Kaca-
TENbHOM K TpaeKkTopuM; aGconoTHOoe 3HaueHue ,V“ u3MeHseTcs B 3aBu-
CUMOCTH He OT BCEro COGCTBEHHOr0 YCKODEHHMS paKeTH ,jo“, a Julb OT
€ro TaHreHUnaabHOH cnaraiouiei, paBHO# j, cos {3; MB TmoJy4aem cie-

¢. I1. posatensno JNiB==Wj(1—cosB).

TpaexTopuio Bcero monera Mb pa3feNuM YCIOBHO HZ TPH Y4acTKa.
1) ,,Ty"—-,,TpaeKTopm{ yinera“ = y4yaCTOK TpaeKTOpMH, HAYKHAIO0-

wuiica Ha 3eMHOI MOBEPXHOCTH M OKAaHUMBAWOUIUNCA B HEKOTOPOHl Gec-
KOHEe4YHO Y/AalleHHO# TOuKe.
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2) , T “—«cBa3bBaOWasi TPAEKTOPHS» == YYaCTOK TPaeKTOpUH,
HauuHamWwuics B KOHUE .Ty“ M OKaHYMBAIOWIKMICST B HEKOTOPOH apyroH,
OeCKOHEUHO YHAaJieHHOH TouKe,

3) ,Tg"— ,TPaeKTOpusi BO3BPATA“ = y4yaCTOK, HAuYWHAIOWMiiCI B
koHue “T., M OKaHYMBAKWMIICA B TOUKE HA 3E€MHOH TNOBEPXHOCTH.

COOTBETCTBEHHO YKa3aHHLIM O0CGO3HAYEHUSM TNPUMEM H OG0O3HAYEHHS>
“%
nWyn’Wcs’ Wgos*

O603HA2YHK M

.,9“::: yrojsi MexAay TpaekTopued B AaHHON TOYKE M MJIOCKOCTHIO
rOPH30HTA;

»B“ == yrom mexay HampasneHueMm COGCTBEHHOTO YCKOPEHMS ,j,“
W TpaekKTopueil B NaHHOI ee TOUKe;

»h'*==8 - B= yron mexny Hanpasnennem ,j,“ 4 NIOCKOCTbIO
ropuzouta. Yram ,0“ wu B cumtaoTcs nomoxuTensHuMH, Koria

KacaTenbHasi K TPAaeKTODMM HalpaBiieHAa BBEPX OT IUIOCKOCTU TOPH30H-
Ta, a4 ,j,“ HampaBlieHO BBEPX OT KacCaTelbHOH K TPaeKTOPHH.

CMuc Haulero jejieHus TPaeKTOpUM TaKoii: B GeCKOHEYHOM yha-
JleHHn OT 3eMJIM CuNa 3eMHOr0 TArOTEHHS HUUTOXHA, a CONpOTHBIEHHE
3eMHON aTmMocdepn OTCYTCTBYeT; BcieacTsue 3Toro ,T . ¢ MOCKONBLKY

OHa BCA HaXOAUTCS B GECKOHEYHOM Yy[aeHHWM OT 3EMJIM, MOXET HMEThb
npou3BoJbHYI0 GOpMy M Npu BCIKOH dopMe ee MOXeT OHTb HpOAEIaHa
PaKeTol0 CO CKONb YTORHO ManuMH ,j.“ , ,V“ u ,W.g“. [ipakTHyeckn K

oT“ MOXHO MPUPABHSATb y4acTOK TPaeKTOPUM, HAXORAWWICS OT 3eMiH
Ha PACCTOSHMM HECKONbKMX JeCATKOB 3eMHbX AuamMeTpos. , W .gp“Ha

NpaKTHKe ONpefesisieTcs B 3HAUMTENLHON CTeleHH KONMYecTBOM BpeMe-
HHM, KaKO€ Mbl HaliieM YNOOHHM HasHaYuThb AN Opoxoxpenus ,T.“.

HaoGopoTt ,,Ty“ u ,Tg“ HAXONATCS CBOMMM YACTAMM B mpejenax cdepu

CHJIBHOTO TATOTEHHUs M OTYACTH B Npejenax cOnpoTHBIAsILelcs cpeab—
atMocdepsl; MOITOMY Ta WIM WHas BeianuuHa ,W*®, a ClelOBaTENbHO U

»J1“ Bceueno 3aBucaT OT TOH reomeTpuueckoit GOpPMBH M TeX CKOpO-
cTeii, Kakue Mb BHOepem Anst ,,Ty“ u ,Ty“ B AanbHeiwem, HO3TOMY, pas-

Gupast pas3jiMuHbie TUIIL TPAeKTOpui, MW OyfeM HUMETb B BMAY M3 HuX
JUMIb  YYaCTKH ,,Ty“ u ,Tg“, OCTaBisia B CTOPOHE OTHOCHTENBHO A

Hac He BaxHyIO ,T.“ Tak Kak npu OTCYTCTBUM CONPOTHBIEHUS Cpelb
” C

TOXJECTBEHHHE MO opmMe W aGCONIOTHOH BeIMUMHE CKOPOCTEH B COOT-
BETCTBEHHHX TOYKaX ,,Ty“ u ,Tg“ TpeGywoT AN CBOEro BHMONHEHHUS

PaBHHX YCKOpeHuif B COOTBETCTBEHHBIX TOYKAX, TO M ,,Wy n v aWgos®
AJIS 3THX ,,Ty" u ,Tg“ Oyayt mexny c0GOii paBHBI; MPHBOAMMHE HUXE
BHKJIaAKKH OTHOCSTCA MO3TOMY OAMHAKOBO K ,,Ty“ n ,Tg “, MOCKOMbKY
OHM JIeXaT BHe NpefenoB aTMOoCcdepH OYTHUMON INIOTHOCTH.
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HeTpynHo BupeTb HEBO3MOXHOCTh MOCTPOEHUS TAKOH TPAEKTOpUM,
KOTOpasi O6bi ORHOBPEMEHHO BMOJHE oOTBeyana O OGOMM HM3JI0KEHHHM
Boiie TpeGoBaHuaM (CTp. 28 M 29 ) anNd  NOCTHKEHMH HaHMEHbLIEro
nepepacxona ckopoctd ,J1“; Tumom TpaexTopuu, BmonHe oTBeuaio-
M ,BTOPOMY TPeGOBaHHIO® gBAsETCS, ,paguanbhuit*, ,Ty* u ,Ts" Ko-
TOpPOrO MpeACTaBAfOT COG0I0 NMPOAOMKEHHA 3eMHHX paguycoB. CormacHo
»NEPBOMY TpPeGOBAHMIO® B pafuaNibHOi TPAEKTOPHUM MH JOJMKHH {10 BO3-
MOXHOCTH COKPaTHThb ,Jj“, coobiias pakere ,j,“ BO3MOXHO Gonbiueif

BeJIMYMHH, HAukHAg OT TOYKWH OTHPABJIEHUS M HENPEPHBHO [0 TOH TOY.
K#, B KOTODO# pakera OyaeT Yyxe o6magath 0DapaGoNiuyeckodi CKOpo.

1
CThi0 V=W ‘/——r:;npu BO3BPAUIEHUUM C COOTBETCTBEHHOW TOUKHM
ROMXHO HAYMHATLCA ,jo“ — ,COGCTBEHHOE 3aMmenneHne“ paxern. [lono_

XUM IS YODPOLEHWUs, 4TO YCKOPEHHME CHIb TSXEeCTH Ha BCEM OpPOTsKe-
HUM ,Jj“ TaKoBO e, KaK M Ha 3EMHO/ NOBEPXHOCTH==,g"; 0603HAUMM:
jo+ jo==i» ¥ j:g==], rie j, coGCTBEHHOE yCKOpeHHE, a »jp" — samenne-
HHe, coollaeMoe paKeTe CUJIOI0 COMpOTHBJIEHUsi aTMocdepH M, ,j“—se-
KTOpuaibHas CyMMa uMX (B NaHHOM ciyvae, 0P paiuaibHOil TpaeKTopuu
OHa paBHa ajre6panyeckoil pa3HOCTH), KOTOPYIO MR GyaeM Ha3HBaTh «Me-
XaHWYECKUM YCKODEHHEM», COOTEBETCTBEHHO uYeMy: «j» — K03$Puuuent
IPEBOCXOACTBA MEXaHHYECKOr0 YCKOPEHHS HaJl YCKOPEHUEM CUJIH TSKECTH;
npyu NOAOGHHX AONYWIEHHIX M 0603HaueHMsX OypeM WMeTb u3 ¢. 9:

th. 12. 1 g=w (]/J —1 WM, yrpoliasi npu T>>1, JIg ==

=W

= ‘——*'2 G—1) ’ 9TH 3HAYEHUS,, HECKOIbKO GOJIblIKE AeACTBUTENbHBX HpH
KOHEYHHX 3HAYEHUSX «j», Mb M TpUMEM 32 NPUGIU3UTENbHHE 3HAYe-
HUS Nepepacxofa OT AeHCTBMSI CHIB TSKECTHM IMPH paguanbHON Tpaek-
TOpHM MNOJIETA pAaKEeTH, MpUHMMas j > 5 (And MEHbIUMX 3Ha4YeHHH «j»
pajuKanbHasd TPaeKTOpPHs BOBCE HENpPUrojHa).

TunoM TpaexkTOpuu, OTBeUalOLIHM <MEPBOMY TpeGOBaHMIO», SABISET-
C «TaHreHUHWandbHbd»—(cM. 4. 1) OoT TOUKM oTmpasneHuss «O» [0
TOYKM «b» pakeTa ABMKETCS MapajulelbHO 3€MHOM MOBEPXHOCTH MO AYy-
re 6O/AbLIOTO KPyra; FOPU3OHTaJbHOE [BIXKEHHE paKeTh JOCTUraeTcs
HAMpaBNEHUEM «jo » MOJ TAKUM YIIOM «3» K TODU3OHTY M TPA€KTOpHy,
uroGn cuna Mj;sinf3 ypaBHoBemuBana COGOI0 W3COHTOK CUIH TAKECTH
paKeTH Haj ee LeHTPOOexHOH CUIOoi; 0 TOUKH «d;», yroa @ ROM¥EH OHTh

NONOXHTE/IbHNM, MOCHe Xe 3TOH TOuKkH, B KOTOpOi V=—=w V 2

«B) ReNaeTca OTPULATEIbHHM, TaK Kak l.leHTp06e)KHaﬂ cuna 6y)1eT yxe
NpEBNIMATL CHIY TAXECTH. JIisukenue no Kpyry npopomxacTtcss A0 TeEXx
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NO0p, NOKa HEOOXONUMHH FAS ero MOALEPXAaHUS Yroa B, BCe yBenuynBa-
oiwuiica (M0 aGCOMOTHON BeIWYMHE) C BO3PACTAHMEM CKOPOCTH M LI€H-
TPoGeXHO! CHUJIH, He JOCTHUrHET TaKOi BEJIHUYWHH, YTO .Hp ($-11) cTauer
OWYTUMO BpPELHOH yacTbio Mepepacxopa; N0 AOCTUNKEHHU YTIIOM p (co-

OTBETCTBEHHO CKOPOCTM paKeThl) TAKOr0 3HAYEHWs, DaKeTa [BHKETCS
HEKOTOpPOe BPEMs MpHU MOCTOSHHOM «p», yXe yRansiich OT 3eMHOH Mo-

BEPXHOCTHM C BCE€ BO3pacTaloliuM yriaom «@». Korga B Touyke <«pj» CTa-
HOBHTCSl MPaKTUYECKH BPEAHO! BenuuuHoit u «Jlg», BCneacTsue BCE BO3-
pacTamouieil pa3HOCTM MOTEHLMANOB CWIbl TSIXECTH MeXAQy TOYKOil Ha-
XOXAEHUs paKeTH B JlaHHH{ MOMEHT ¥ mepureeM TOH OpPGUTH, MO KO-
TOpO# pakeTa nonyuuna 6n ABUKEHUE, eClNH Obl «j» OHJIO MNPEKpaLieHo
(o BaMsHUYM 3TOI pPa3HOCTH Ha Wy CM. CTP. 27), QYHKLUUOHNPOBAHUE Dpa-
KeTh MpeKpalwaercs, u OT TOYKU «bys A0 TOUKM «bg» pakeTa CBOGOA-
HO [IBUXETCS [0 3JUIMITHYECKON opguTe. B TOuKe «bg», CUMMETPUYHOM
Touke «b;» (OTHOCMTENbHO GONBIIOH OCH 3MIMMNCA), «jo» ONSITH BO30GHO-
BJISETCS TpH §<O, 4TO6m «Jj» mpowen OH BO3MOXHO Oiuxe K 3emie,
U OPOJOMKAETCH OO TOUKM «Cy»; OTBeYaiouieid TOMY e YCHIOBMIO, YTO
TOYKa «by»; 3a TOYKOH «Cy;» ONATbL ClefyeT CBOGOAHAS SIAUNTHYECKAs
op6uTa—<Cy;—Cy», MOTOM ONATb PAaCHONOXEHHHH BOIM3M 3EMHOW MNOo-
BEPXHOCTH Jj=—cz—e;, ¥ T. [, [OOKa MH 0O MNPOXOXAEHHH TMOCHEed-

Hero «Jj» He monyuyum TpeCyeMHX 1apaGoAM4YecKuX CKOPOCTH H
op6uth. [Ipy TaHreHUuanbHOH TPAEKTOPHUH «Jlg@», KOTOpHi Oynet

HONyyaTbCsl MOCAE INPOXOXAEHUS PAKeTOl0 TOUYKM <«dj», TEOpeTHYeCcKH
MoXeT OHTb ClelaH CKOMb YrOAHO MajbiM NOCPENCTBOM [JOCTATOYHOIO
cOnuKenust Mexay o000 To4eK «d m b, b M by, by ¥ ¢y, c3 U e;»
W T. R, OpH ueM JMIUb OYAET YBENUYMBATHLCH YUCIO HPOMEXYTOUHHX
SM/IUNCOB ¥ MPOAOMKMTENLHOCTL MoNeTa; 3TOH uacTeio «JigB», kak 3a-
BuCslleif B 3HAYMTENbHON CTENMeHW OT Hallero Npou3Bojia, Mb 6ylneM Ho-
Ka mnpeHe6GperaTb; HAa060pOT «JIS», MOJIyyaloluiicss A0 TOUKM »d,», UMe-
€T OonpefeneHHbl TEOpEeTHYECKHid MHHMMYM, paBHb NPHOIM3UTENLHO

(mpu j > 1)

1
b. 13. np:wT—jT 3T0 npubnu3uTeNbHOe 3HAYeHHWe MH U

npuMem Ans fanbHeiimero. Kpome meHbluero Gonee uyem B 3 j pas
mepepacxofia, TaHleHUWaNbHasd TPAeKTOpHA HMMEeT ele U TOo Gonbuioe
npeuMylecTso, YTO, OPOU3BOMAS OTIPABI€HUE W BO3BPaUIeHHE PAKETH B
SKBATOPHANLHON IIIOCKOCTH C 3adaja Ha BOCTOK, Mb, BCIEACTBHE Bpa-
L{eHUs1 3em:y BOKPYT CBO€H OCH, MOJyyaem [ BCEro mojera SKOHOMUIO
paKeTHO! ckopocTd «W», pPaBHYIO YABOEHHOW CKODOCTH [ABHMXEHUS 3€M-

Hoit noBepxHocTu: 2 = 920_rsn_

[loMumMo TPYAHOCTH TPeGyeMOro TaHreHUUaNbHOH TpaeKTopHei
TOUYHOTG yMpaBieHus, OHa OGJajaeT elle OHUM HENOCTATKOM, KOTOpHI
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jilenaeT NpUMEHEHHWE €€ B YMCTOM RHJE P OTNPaBIeHUM HEBO3MOXHOIN
,,Tya TAHTEHLMAJLHOTO TUNA TPEGYIOT TOYKH OTOpPaBIEHH BHE 3TMOC-

¢epl OLYyTUMON MIOTHOCTH, TaK KaK B NMPOTUBHOM Cliyyae, BCIEACTBUE
GoblIOH [NUHHE YyYaCTKOB, PaclOJOXEHHHX HA YPOBHE TOUKM OTHpaBne-
HUS ¥ HEMHOTUM BHlle ee, HEMMOBEpPHO BO3pOC OH ,J]c«, BO MHOro pas

mepeBHCHB CO60I0 3KOHOMUIO, W, MOJYYaloIIYIOCs OT MEHbLLIEero mpH
TaHreHUManbHON TPAeKTOpHM Iepepacxofa .ﬂgp“ M OT yTUIN3ALMH

CKOPOCTH BpAlleHHUA 3eMHOH MNoBepXHOCTH. [IpaKTHYecKHM HauBHIOfHEH-
wum  THOOM Ty« SIBUTCS 1O 3TOMY He TAHreHUMAJBHBI, 2 HEKOTOpHii

KOMIIPOMUCCHBIM, HAUMHAIWUIACA [AYrow CHWpaiH, IPUMEPHO DOKa3aHHHIH
Ha OGNOXKe; yr. @ mns aToit caupanu goaxeH ObTb TeM MEHbUIUM, YeM
MeHblue GyAeT BO3MOXMHAs BEIMYUHA ,jo« (M 4YEM Gonblie ans Hac Oy-
JeT MO3TOMY MMETb 3HAaYeHHe ”ﬂg(g“) ¥ yem MeHbWIMM OGYJeT 3amef-
neHne "jp"’ BLI3LIBAEMOE COMpPOTUBIeHHeM aTtmocdepu. ina aToro cpeg-

Hero Tvna TpaeKTopuu s 6 neT BMETH 3HAayeHune cpenHee
-J1gp

MeXpy WZ(T—l) u W6_j?’ B panbHeiiwieMm mMb OyAeM CuYuTaTb, UTO
npy ©<<30" u npr j >3, ecndpakeTa He MOJb3YeTCsd ABUALUNOHHHINMU
KPHIBSIMU, MM OpU j>>1, ecau paketa WMMM NONb3yeTcd,

wsin®
o, 14, ﬂg@:——?—— npu 06s3aTelbHOM YCIOBUM MPHUMEHEHUS
]

001epPXUBAIOWMX [TOBEPXHOCTEN aBUAUMOHHOrO THMa, €clIM TOJbLKO Gy-
ner j<2. Yro kacaerca ,Tg« TaHreHuHanbHOro THMA, TO OHa MPKMEHU-
Ma B TMOYTH YXCTOM BUJIE ¥ MOXET NaTh O4EHb GONLIIYIO IKOHOMUIO , Wo3¥,
BCJIECTBHE MOJIE3HOTO Ui HAC OPW BO3BpAlEHUH CONPOTUBJIEHHS ATMO-

cepn, KOTOpoe OyaeT MOMOraThb racuTh CKOPOCTb BO3BpaTa pAKEThHL.
06 3tom nocneaHeM GyAeT OTAeNbHO Huxe, B § [X.
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FTABA VIL
MAKCUMYM YCKOPEHMUSL.

M3 ¢. ¢. 12, 13, 14 wmu BuauM, yto  J]“, a CHEAOBATENLHO M
LW M n“ yMeHbIIATCS C yBeaudeHneM ”j“ H ”]7“; HaM  BaXHO

C/IE[0BATENIbHO, BHSICHHTb, KAaKOBO MaKCUMalbHOE MEXaHWYECKOe YCKO-
penne  j“, KOTOpOE MH CMOXeEM coo6wuTh pakete. ,MexaHuueckoe

YCKOpeHue“ — 3T0 YCKOpeHue, Bb3HBAEMOE paBHOJeHCTByOWed cwui,
JBACTBYIOWWX HCKAWYHTENLHO Ha HAPYMHbLI® YAcTH paKevbl, KOTOpOe
M GyleT olyLiaeMO BHYTPH PaKeTH, TOr4a KaK YCKODEHME CHJH TArote-
HUSI, MPWIOXKEHHOe OJWHAKOBO KO BCEM YACTSM MacCh paKeTH, BHYTPHU

ee 0GHapykuBaeMo He OyfieT. BenuuuHe j“ mpefen MOXeT OHTL NOJO-

XeH CO CTOPOHH 4etnpex (akToposB: 1) npuUCHOCOGNEHHOCTH KM BHHOC-
JIMBOCTY KOHCTPYKLUMYM pakeTn; 2) BHHOCIWBOCTH OpraHu3mMa MHIOTa;
3) conpotuBieHus armocdepr, KOTOpPOE, BO3pacTaeT BMECTE C YBENH-
YeHHEeM CKOPOCTH, MOXEeT CAejaTh O00jiee BHTOAHBIM IPUMEHEHHEe MEHb-
mero j“ KO MPOXOXJEHUs clioeB aTMocdeps 3HAUMUTENbHOH IVIOTHOCTH,

HecmoTpst Ha @. 12, 13,1 14, u 4) cO CTOPOHW KOHCTPYKTHMBHHX 3aTpPYA-
HEHUII B MOCTPOiiKe [AOCTATOYHO JNEerKkux M MOpPTATHBHHX MPEAMETOB
MPOMOPLIUOHAIILHOrO naccuBa (0aku, HAcOCHl, FOPeNK¥ W T. I.), KOTOpHe
o6nafan Obl HOCTATOYHOH MOPOM3BOAMTENbHOCTHIO [JISI COOOLIEHMs pa-
KeTe Gonbuiero yckopeHuss. Tperuii gakTOp MOXeT HMETb CYLIECTBEH-
HOe 3HayeHue JMub ANl OTHOCUTENLHO HeGONLUIOr0 ydacTKa BONKU3M
3eMHOI NOBEPXHOCTU—O HeM O6yneT Huxe B§ VIll; BHHOCINBOCTL PaKeThH
3aBHCHT OT TOTO, HACKOJLKO BHHOCHHUBOK Mbl 3aXOTHM €€ MOCTPOUTH,
dakTopamu, KOTOpHE MOTyT MOCTaBUTb BEPXHuil mpegen ,j* Mg GOJb-
wei vactu ,Ty“, sABAAETCH MO3TOMY BHHOCIWBOCTL 4YEJIOBEYECKOrOo Op-
raHu3mMa, KOTOpasi MeHee BCero Cloco0Ha MOAAaBATHCS HAIIUM YCHIUAM
K €e NOBHIIEHNIO, ¥ Pa3Mephbl NPEAMETOB ,m;“ KOTOpWE Mbl HE MOXeM
CHenaTh Jierye ¥ IMOPTaTHBHEE HEKOTOPOro mpejena, ONPEAeNsieMoro
COBPEMEHHOI MalMHOCTPOUTENbHON TEXHHKON.

CnulukoM OONbIIOE «j» MOXET 0KasaThCd BpeAHbHIM W [axke CMep-
TeNbHBIM RIS MKWJIOTa, BCIEACTBUE TOTO, YTO BCE XHMAKOCTH XWBOFO Op-
raHu3ma ¥ Ipexje Bcerc KpOBb YCTPEMJSIOTCS B T€ YaCTH Tena, KOTo-
pHe pacioloXeHH NPOTHB HanpaBleHMs Kaxylieldcs TAXKECTH, CO3[aBae-
Moii yckopeHueM «j» Ecnu GH, Hanpumep, uenoseKy poctoM 200 cM. Mb
coo6umaKM Ha HOCTATOYHO MPOAO/KMTENbHOEe BpeMsi yckopeHue j=10g
O HAOpaBleHWI0O BAONL €ro Teja oT NATOK K [CJIOBE, B JaBJeHUU KpO-
BY Ha MOLOCIUBAX ¥ TeMeHu 06pa3oBajach Ob pa3Huua OKOJO ABYX aT-
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mocdep, BHOJHE, BEPOSITHO, AOCTATOUYHAA ANd TOTO, 4yTOOH FONOBA OKa-
3ajach COBEpIIEHHO O0GEeCKPOBJEHHOH, a Ha HOTax mNojomanuch Kpose-
HOCHHE COCYAH, €CH TOJbKO MPOTHB 3THUX SIBNEHUH He OPUHATL Creuu-
anbHHX Mep. [lepBHM YCJIOBMEM TOro, YTOGH OpPraHU3M BO3MOXHO Jierde
IEPEHOCHII MEXaHUUYECKOe YCKOPEHME «j», SIBASETCS BO3MOXHO MEHbLIas
BHICOTA CTON6a KPORHM IO HAIMpABIEHUIO €ro, T. €. Jexxauyee MOoJIoKeHue
Tena O OTHOILUEHMI0O K Kaxylue#dcss BEpPTHUKanu, KOTOpas coBnmajaer C
HanpaeieHuen «j». OTeKy <«HWXHMX» (T. €. JexaluX MPOTHB Hampasne-
HMs «j») yacTedl Tesa W OTIMBY KpOBU OT «BeDXHHX» MOXHO I[OMe-
IaTh, MPOTUBOMOCTABMB BHYTPeHHEH Pa3HOCTW AaBNEHM KPOBM TaKyio
e pa3HOCTb BHEIUHHMX HAABJIEHHA CO CTOPOHH XMAKOCTH, PpaBHOro ¢
KPOBbLIO YHENbLHOrO Beca, B KOTOPYIO TeN0 JOMKHO OuITh HOrpyXeHo.
MHaye MOXHO MOMeIIaTb MEpEMEleHHI0 MacC KPOBM, NOMECTWB OGHa-
XeHHOe TeN0 B IMafKylo, TBEPAYIo, MIOTHO BE3Jle mpHieraouyio Gopmy.
W ToT u Apyroii cnocolH, OAMHAKOBO pajuKaNbHO Crnacas OT OTEKOB (s
clyyae mpuMeHeHust GONbIIOTO YCKOPEHWst), HAPYXKHbIe MOBEPXHOCTH Te-
7a COBEPINEHHO HE MPUMEHMMH K BHYTpeHHell MOBEPXHOCTH JIETKUX;
MexIy TEM, UMEHHO Ha BHYTPEHHeii I0BEPXHOCTH JIErKux HauGojee Hex-
Hble KPOBEHOCHHle COCYAH TMOAXOAAT BIUIOTHYIO K BO3AYWIHHM mOpome-
KyTKaM, He Oyfyu4d OT HUX OTJeNleHh HWKAKOK Majio-MalbCKH IPOYHOM
TKanblo. Tak Kak aGconoTHas IIOTHOCTh 3aNONHSIOLIEro JIEFKUX BO3AY-
Xa HMYTOXKHA B CPaBHEHMH C INIOTHOCTbIO KpOBM, TO IOJydamollascs
MEXAY <BepxHeii» ¥ <«HUXHEH» NMOBEPXHOCTSMHU JIETKMX Pa3HOCTDL nasJie-
Huii, papHas—d h j, rne «d»—a6conoTHas MIOTHOCTb KPOBH, a «h»—
BLCOTa JIErKMX MO HANpaBleHWIO «j», HAUEM M3BHE, T.-€. M3 MPOCTpaH-
CTBa JIErOYHHX NY3bpPbKOB, ypaBHOBelleHa He Oyaer. Ecnu 3Ta pasHOCTh
npeB30iiieT mpefen CONpOTHBJIEMOCTH KalMIUISIDHEX COCYAOB M TKaHH
JIErOYHbIX NY3bIPbKOB, TO NPOM30HJET CHavana OTeK, a 3aTeM KpOBOU3-
USHUE <HHXHeil» MOBEpXHOCT# Jerkmx. I'pyfHasi monocTh TPEeRCTABIsA-
€T CBOMM YCTPOMCTBOM ¥ €lI€ ONHO CreunualbHOe NpensaTCTBUE AJIs pas-
BUTHSL GONBIIOTO0 YCKOPEHHA: B Hedl momelljaloTCss pPAAOM OpraHbl 3HA4YM-
TeJbHO Pa3JMYHOrO YAENLHOro Beca: cepaue u nerkue. [Ipu cooGuieHuy
Teny ycKOpeHusi Goynee Tsxenoe cepaue OyneT TepneTb B IPYAHOW KIET-
Ke CMelleHue B IPOTHBOMOJOXHYIO CTODOHY, YTO, PH H3BECTHON WH-
TEHCHBHOCTM 3TOTO SIBIEHMSl, MOXET MINOX0 OTPasuThCA HA JIEATENIbHO-
CTH Cepila U Ha COCEJHEM JIeBOM IIerKoM, KOTopoe GyleT TepneTh Ae-
dopmaumio. Takum 06pa3oM, mpepen AONYCTHMOro [Jjisi  4YEJ0BEYECKOro
Tena OpraHM3Ma YCKOpeHus GYAET OCTaeleH CONDOTHBAAEMOCTbIO OTEKY
BHYTpPEHHeil MOBEPXHOCTH JIETKUX ¢ CONPOTHMBJISAEMOCTbIO CMEILEHHUIO IPH-
kpernenust cepaua. Tem, B Kakyio CTOPOHY Cepaue Jyydiie 6yfeT BhH-
HOCHTb HANpsHXKEHHe—BIepe] WIM Ha3af—ONpeAeNuTCs, OHTb JIH Yemno-
BeKYy TPYAbI0 MM COHMHOW K HampaBlIE€HUIO YCKOPEHHUS. BHHOCINBOCTE
JerKux MOXHO 3HAYMTENILHO NMOBHICUThL BpallleHHEM Koprnyca 4eoBeKa
BOKDYr €ro npofojibHOM OcH, KOTOpas OyAeT NepneHAuKylspHa Hanpa-
BJIEHUIO YCKOpeHus. [1pu mofoGHOM BpallieHMU Mbl, BEPOSTHO, NOCTUTIIH Ou
TOr0, YTO KpOBb HE ycmesaja O NMpPUIMBaThb HM K OJHOH U3 uacTed ner-
KMX, TAK KaK BCE OHM MOOYEPENHO MEHSIMCh Gbi CBOMMM TOJIOXEHUIMH
OTHOCHTENLHO HampaBleHHs Kaxyiueiics TsaxecTu. [lpu nopo6HOM Bpa-
WEeHUN Tena ceppue TepHeno OH OfHAKO Yxe He ORHOCTOpOHHEE MOCTO-
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sIHHOE CMelleHue, a Kpyroo6pa3Hoe, YTO HEW3BECTHO KaK OTpa3ujioch
6b KaK Ha HeM, TaK M Ha COCe[HeM JieBOM Jjierkom. BcecToponuee oOc-
HOBATENbHOE W3y4YeHHe BHIHOCIMBOCTH UYEJIOBEYECKOro OpraHusma mo oT-
HOILIEHHIO K «j» BIOJHE MOXHO OPOWU3BECTH HA 60/IbLION LEeHTPOOeXHO
MallvHe, caMoi yAOGHO! u JeweBoii GopmMOii KOTOPOH AN AAHHOrO Cay-
yas 6pUI0 Gbl MOA0OME «THTAHTCKMX aroB» C [ByMs KaHaTamu, Ha Of-
HOM W3 KOTOpHX MoMewianach Gbl OMHTHas Kamepa s mujaoTa, a Ha
apyrom mpoTuBoBec. HexoTopbie ykasaHus Ha BeNWuYUHY [AONYCTHMOrO
«j» MB MOXEM MOYEpPHHYTb W3 ONbiTA KaTaHbs HAa «TMFAHTCKUX lLarax»
1 ONHITOB COBpeMEHHOi asuauuu. Ha ruraHTCKuX larax yCKOpeHue [o-
CTUraeT HEepeAKo 3HayeHus j=2 ¥ OnBaeT Np¥ 3TOM HOBONLHO MpoO-
NOMKNTENbHHM, ETYHKH XE€ BO BpeMs QUIYypHHX MNONETOB BHIACPIKMEA-
0T KPaTKOBPEMEHHbE YCKOpeHus [0 j==8, a ROBOJbHO MPONOMKUTENb-
Hbe A0 j=2; ¥ B TOM W B [PyroM Ciy4Yae HMKaKMX 3aMETHO BPEAHHIX
HOCNeNCTBuil He oOHapyxwusaetcs, [IpuHumas BO BHHMaHWe, 4YTO [pH
KaTaHu¥ HA TMraHTCKUX Larax M fpy NoJjeTax Ha ajspomyiaHe MoJoxe-
Hye uelOoBeyecKOro TeNna OTHOCUTEIbHO HAamnpaBReHMs <«j» ObiBaeT 0po-
NONbHOE, T.-€, KaK Pa3 CaMO€ HEBWIOAHOE, TaK KaK pa3Mepn Jerkux
N0 HanpaBleHuI0 OT Iied K Tasy SBASIOTCA HauGoNbWMMU,—Mb  MMe-
eM OCHOBaHWs MPENNOJIONHTh, YTO NPU ONAronpusTHHIX YCIOBUSX, 2
UMEHHO—IIPEXAEe BCEro Mpu MONEPEYHOM MNOJNOXEHUM TEena, YyeJoBeK CMOr
6bl mepeHecTH B TeyeHWe TpPeX MUHYT (Gojblue W HE Tpe6yeTcs) 0e3

0COGEHHOrO Bpefia Ans ce6s  j=D5; ecnu Xe OKaxeTCs BO3MOXHHWM NpH-
MElKMTh BpalleHMe TelNa BOKPYr €ro HpojoNbHO# OCH, TO Be/luYuHa J0-

NyCcTUMOrO <j» mpes3oiifet, BosmoxHo, u 10. CooTseTcTBylOWME 3HAUE-
uuio j=5 3Hauenus JI g @ OyayT: AIs PapuanbHOM TPaeKTOPUH Ngp=
—w 0,125 u st TaHrenuwansuoii J1 g §=w 0,007. 3nHauenuio Nngg =

=w0,125 npu 2 w: U==>5, KaKoBO€ COOTHOIIEHHE Mbl K 6ynem npuGu-
3UTeJIbHO MMETh B AECTBHTENLHOCTH, COOTBETCTBYET YBEINYEHHIO «n»
8 1,87 pasa. YTOo Kacaetcs KOHCTPYKTMBHHX BO3MOXHOCTEH B 10CTpO-
eHny TMPeAMETOB MPOMOPLMOHAALHOIO MaccHBa ROCTATOYHO NMOPTATHBHLI-
W1 npH 60JIbLION MPOM3BOAMTENLHOCTM MX [N MONY4YeHHus COOTBETCTBEH-
HO GOJBLIOrO <jy», TO BOMPOC 3TOT A0 COOTBETCTBYIOLIUX TEXHUUECKUX
YICCNefOBaHMii MPUXONUTCS OCTaBAATb OTKPuTHM. [lo BCell BEPOATHOCTH
WMEHHO 3TOT KOHCTPYKTHRHBIA (paKTOp U MOCTABMUT NPaKTHYECKH BEPX-
HUii Oopefen AN «j,»"



FTITABA VIl

JEMCTBUE ATMOC®EPLI HA PAKETY [MPHU
OTIPABJIEHUH.

[lpn ornpaBnenuu BaxkHuM GaKTOPOM mMepepacxofa PakeTHOH CKO-
pocTu—eJl» SABATCS cOMpoTHBAEHHE aTMOC(EepH, KOTOPOE, BO-NEPBHX,

camMo mo ceGe MOHU3UT REACTBMTENbLHOE YCKOpPEHHe «J» pPAKeTH OTHO-

cuTenbHO ueHTpa 3emin (J=jt-g-+jp=j+g) U Tem Gyner ymennwath
«V>» M, BO-BTODHX, 3aCTABMT HAC AaTh YrIy «8» 3HaueHue Gosbiue
HYns B8O u30exaHue uepecyyp GONbUIOH CKOPOCTY PaKeTH B Npefenax
aTMOCQEepH 3HAUMTENLHOH NMIOTHOCTH, W COOTBETCTBEHHO BO M36exaHue
yepecuyp GObILEro «Jlc»; ysenuyeHue xe «@» Bireyer 3a co6oif, co-
rnacao ¢. 14, v ysenuueHue «J]gp». Kpome TOro Mb MOXeM OHITb BHI-

HYM¥eHH Ha HEKOTOPOM YyacTKe B Havale «Ty» YMEHbLIMTb «j» U <V»
BO M30exaHue KaTacTpoQuuecKOro meperpeBa MOBEPXHOCTH PaKEeTH.

SlBneHne CoOMpOTHBIEHMS CpeAbl M HarpesaHus ABMKYUWMXCS M10-
BEDXHOCTell TeopeTHYECKM M3YYEHH OYeHb 1460, a IKCIEPHUMEHTAILHOTO
mMaTepuana Ans CKOpOCTeil, BbpaxaeMHX KHIOMETPaMH B CEKYHAY, HeT
Wiy noyTH Het. [loaToMy BCe, YTO MH MOXEM 3HATH 3apaHee 06 yka-
3aHHHX SBJIEHKAX, 3TO UPHONU3UTENbHAS UX BEIMYMHA, OUPEAEIEHHAs Ha
OCHOBZHHMH YNDOILEHHHX 3aKOHOB 3aBUCHMOCTH CONPOTHBIEHUS W Harpe-
BaHMS [BMXYLINXCS MOBEPXHOCTEH OT uX QOpMH, Yyria HaKIOHEHHS U
CKODOCTM [BMXEHHMS M OT IUIOTHOCTH, XMMUYECKOr0 COCTaBa ¥ Temie-
paTyph cpegd. O TOYHOM BHUYMCIEHWHM DTHX sBIEHU ceiiuac He MOXer
OnTb M peyn, TaKk Kak OHW TaKOBOMY He MOAAAITCS [axe W AN CKo-
pocTeif, NpM KOTOPHX MOXHO NpeHe6peraTb W3MEHEHHMEeM IJIOTHOCTH
Cpean BONMK3M ABUKYILErocs Tena, B 0CHOBAHME HAUIMX BHIKIALOK MOJNOKAM

®. 15. npuGau3nTeNbHO B O6LIEM BepHYIO GOPMYyny: QZSkVTMO"ic, rae
«@»=cuna conpotusneHus B Kigr, «S»=njowagb MOONEPEYHOro ceyeHus
Tena B m?, «k»=K03QpPUUMEHT NPONOPUMOHANBLHOCTH, paBHHE k=0,25
N0 3KCMEepUMEHTaNbHHM OaHHHM [ CKOpOCTe#, GAU3KUX K CKOpOCTHU
3BYKa, NpH KOTOPbIX OH HMMEET MaKcMMYM, «V;»=CKOpPOCTb Teja OTHO-

CHTENbHO BO3AYXa B %“, «c» —K03pPuument, 3asucamit o1 POPMy

NMPUMEYAHHME: B Hawem cnyyae, mnpeHebperasi RETPOM
Vi=V—U, rne «U»-~-CKOpOCTh BpauleHUs 3EMHOH MNOBEPXHOCTH.
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Tela ¥ pasBHH eduHuUe [ig HOPMAJ:HO MOCTaBAE€HHOMH TMJIOCKOCTH,

Ph

U «A» == OTHOLIEHHE MIOTHOCTHM aTMOCQeps B TOYKE HAXOWACHUS
0

PaKeTH B AaHHHI MOMEHT K IJIOTHOCTH €e Ha YPOBHe MOps.

Tak Kak Ha DPOTSDKEHUM BCell HACTOALIEH paGOTH HaM 0Ka3aJoCh
YROOHEe ONepUpoBaTh C YCKOPEHMSIMH, HEXENH C BH3LIBAIOLWMUMH HX CH-
jlaMu, TO ¥ B JaHHOM Cjiyyae Mbl fiepeiiieM OT CONPOTHBJIEHHs aTMOCPEphH
K BLI3HIBAEMOMY MM 3aMe[JIeHHI0 ABMKEHUSI PaKeTH, KOTOpoe Mol 0603Ha-
uMM yepe3 <«jp». Bhipasub BCE BENMYMHL B aGCOMOTHHX EAUHMLAX, MOA-

craBus k=0,25, u BBEAsT BMECTO «S» MONEPeuHYI0 HArpy3Ky pakeTh «P»,
MH 43 ¢. 15 nonyuum:

®. 16,  Jp=2510" TVia=K Vi | P2
3C 5
ree K;=2,5.10-" = Vr-%

Kak B compoTusnenum BO3AyXa, TaK M B HarpesaHuy AsHKyLieics
[IOBEPXHOCTH MOXHO pa3inyyTh [BE CYHIECTBEHHO pa3/UYHHE YacTH,
SBISAIOUINECS CJIEACTBUEM pa3NUuHHX QakTOpoB: 1) cOnpoTHBIEHUWE M Ha-
rpeBaHue, OOYCJIOBIEHHHE HAMOPOM CPEfbl Ha MOBEPXHOCTH, HAKIOHHLIE
K MX TPAaeKTODHMH, W 2) COOPOTHUBIEHWE K HarpeBaHue, OGYCIOBJEHHLIE
BIBKOCTbIO CpEeAbl, CKOJbL3suiell BAOJNb [BMXYIIUXCA HOBEPXHOCTE;
nepeble [Ba SBIEHWS MPEefCTaBISIOT COOOM MOCHeNCTBUST afuaGaTUYeCKoro
CXAaTHsi BO3AYXa mnepej OOpallleHHHMM BHEPel IOBEPXHOCTAMHU Tela U
2jnaGaTHYECKOr0 PACIIMPEHUs BO3JYyXa 3a OGpaLIeHHHMMN Ha3aj [OBEpX-
HOCTSIMH; BTOPLIE [Ba SIBJIEHUS MOPERCTABJNAIOT COG0H MOCNeACTBUS BHY-
TPEHHEro TpeHUs B cpefe, CKOJb3flled BAOJAL MOBepxHOcTel Tena. [ns
OEPBHIX [BYX SIBI€HWH OyjieM ynoTpeOnsTb 0GO3HAYEHUs] «CH» W <«HH3»;
LISt BTOPHX: «CB» U «HB», Dopmyna (16) OTHOCHTCS CHELUHANLHO JIMLIb
K «CH», KOTOPO€ B OOLIEM NPONOPUMOHANLHO KBaJpaTy CKOPDOCTH M Mep-
BOW CTeneHM MJIOTHOCTH, TOrAa Kak «CB», B Te€X CJ0SIX aTMoc(epw, rie
cpefHmnii CBOGOAHHI NyTh MOJEKYN Ta30B HUYTOXKEH B CPaBHEHHH C
pasmepamMu [JBWXYWErocs Teja, MNPONOPLUMOHANLHO MNONYTOPHOM cTe-
NeHU CKOPOCTH [BMXKEHHS Tena M KBapaTHOMY KODHIO M3 NJIOTHOCTH
cpeasl. Tak kak s Ten, He 06JafaloUWKUX OCOGEHHO YAIMHEHHOH GopMOii,

[NPUMEYAHUE: [lonmepeyHoe ceuyeHHe pakeTh [OMKHO BMe-
CTUTh B ce0e KaMmepy st NUI0Ta, BCIAEACTBHE 4Yero MMeeT ompefe-
NeHHu MUHMMYM OKOno 4 m? opMa pakeTH He MOXeT OHTb
NO03TOMY OCOOEHHO YANMHEHHOM,

IpY CKOPOCTAX HECKOJILKO METPOB B CEKyHAY M B atmocdepe YpOBHSA
MOps, N0 3KCMEPWMEHTANbHLM JaHHHM <«CH®» O0Ka3anocb OOJNbIIMM, He-
WeNu «CB», TO NPH CKOPOCTSIX B COTHM U THICAYH METPOB B CeKYHAY,
KaKWMH pakera OyfeT O0najaTh ellie B HUKHMX CHOIX aTMOCQepH, Me-
Hee 3aBucsllee OT CKOPOCTH <«CB» CHENAETCS HMUYTOXHHIM B CPaBHEHHH
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CB —4
¢ «CH» (B Hayajie NyTH OTHOLIEHHE ~—C—g:KV Ph Gynet OhLCTPO

nagats). Ha BhCOTax B HECKONbKO AECATKOB KWJIOMETPOB «CB», MeHee
3aBHCSLIEE OT MIOTHOCTH BO3[yXa, YeM <«CH», MOXKET OHThL M CAENaeT-
C9 OTHOCHTENMbHO 3HAUYHTENLHON BeNUWYMHONM, HO HAa TaKMX BHCOTAX,
BCJENCTEME HUYTOXHO/ MIOTHOCTH BO3AYXa M <«CH» M «CB» GYAYT yxe
HUYTOXHH 110 cBOeli aGCOMIOTHOK BeludyuHe, HECMOTPS JAaxKe Ha BO3pa-
cTalwmylo CcKopocTb. ['1aBHOH 4YacTbio OOLIEro COOPOTHBIEHMA Cg =
= CH-- «CB» SIBNRETCS I03TOMY «CH» Ha OPOTsXEHNH nepsbix 30—40 xuno-
MEeTPOB Haji ypoBHeM Mops. HTo6n cocTaBuTh cefe ofiiee NpUGIU3U-
TenbHOE npeicTaBjieHne O «C“ M jP », MB II03TOMY 3aiiMeMcsl TeopeTHuue-

CKUM HWCCJIEA0BaHWEM OJIHOTO NHULIb «CH».

OCHOBHHM YyCNIOBMEM Kakux Obl TO HM OHJIO BIMSHMI aTMOCHEpH
ABNSETCS €€ MIOTHOCTh, ECnM cumTaTh YCKOPEHHE CHAB THAXeCTH, Xu-
Muyeckuii coctas atrmocdeps U ee TeMOepaTypy ORWHAKOBHIMM HA BCEX
BHICOTAX, TO MIOTHOCTb ee OyAeT yOwBawlieil noka3aTenbHOl QyHKuueh
OT BHICOTH, KOTOPYIO MH MOXEM JOBOJIbHO TOYHO B YAOGHOH ans npu-

h

. 17. mepuwx BuiuucieHuii gopme BHpasuTh Kak Ph ="Fo 2 5

MMPUMEYAHMUE: Cuuras TemnepaTypy HOCTOSHHOH t=— 507,
KaKoBas ¥ HabmonaeTrcs Ha BoicoTax OT 10 KjiM. ¥ BHUE.

MPYMEYAHVE PEJAKTOPA: ($. 17) o06hHYHO mumyT
h

h
o by =@  2="( "5

rie «h»—BHCOTa B KHJIOMETPAX Haj YPOBHEM M~ Dsl, 4 «p, »—IIOT-

HOCTb aTMocdeps Ha YPOBHE MODS.).

OTHOCHTENLHO COCTaBa aTMocdepH Ha GOALUIMX BHICOTAX 3MIUPH-
YeCKMX TOYHRIX [JaHHHX HET, HO, COTJacHO UMEILIUMCS JIaHHHM, TeMie-
paTypa M ynpyrocTb BO3fyXa Npy ABHXKEHUH BBEDX He ClefyeT aiwa-
GaTHYECKOMY 3aKOHY, a MMEHHO: MafiaeT MeNJieHHee, YeM CJIefloRano Gu
10 HeMmy; 3TO OGCTOSTENbCTBO faeT yKa3aHMe Ha TO, 4TO B aTmocdepe
€CTb IpaHuia, BHIIE KOTOPOii He MOryT NPOHMKHYTh IepeMeulinBalolie
ee BOCXOASUINE M HUCXOAslIUe TOKM BO3[yxa; Haj 3TOH BEpXHe# rpaHu-
ueii aTmMocdeps MOCTOAHHOrO MPOLEHTHOrO COCTAaBa, MapuxanbHHEe NNO0T-
HOCTHM BCEX ra308B DpH JaNbHeillieM ABMXEHHWM BBEPX [AOCJXHH M[ajfaThb
yXe He COBMECTHO, a AN KaxJOoro rasa cooGpasHO ero MONeKynspHOMY
BECy; Npu 3TOM NpPOLEHTHOE COAepxaHue, a MO HOBEHIHM uCCIenoBa-
HUSIM Y a0CoJIOTHas napuyanbHas NIOTHOCTL Ha HEKOTOPHX BHCOTAX,
HanGojee JerKkoro W3 3aMeTHHX KOMIOHEHTOB aTmocdepH—reus Ron-
JHH NOBHLIATHCY MOYTH BABOE HA KaxcAbie 5 KIM, BHCOTH. ITOT dax-
0P npY OTNPaBiEHUW AN HAC O1aronpusiTeH, €Cciau COBepuiaTh OTIET
NpH NOMOLIM KPHJIbEB, W HEGJIArofpusiTeéH, €CJIM MW KpHIbSMi TPORON-
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WUTENbHO M0/Mb30BATLCY He OyfeM; B MEPBOM CAy4yae 3Ta I[UIOTHOCTh
fana Obi ONOPY ANS KPHILEB (BONMPOC XXe O meperpese fI0BepXHOCTEeH mMo-
eT CTOATh OCTPO JMlib B OTHOLWIEHHH a30TO-KMCIOPOAHOR aTtmocdepw,
0 4yem OyleT HWXe), a BO BTOPOM Aana Ob Jidlib AMIIHEE CONPOTHUB-
NeHue JBMXEHUIO PaKeTH, YyXe pa3BuBIIe]l 3HAYUTENLHYI0O CKOPOCTb.
CoupoTuBleHle 3TO, BOpoUEM, He MOXET OhTb CPaBHUMO 00 BenUYHHE
C CONPOTHBAEHHUEM HHMKHWX MNOTHHX a30TO-KHUCJIOPOAHHX CJOEB aTMO-
chephl.

Ina Toro, uto6n cocTaeuTh cebe o6uiee NpefACTaBIeHUE O X0jae
W3MeHeHus cjp » Mpu OTHPABIEHUH, MONOKHUM: x@,»=const., J = const;

NMPUMEYAHME: Yron ,8, “ coOTBeTCTBEHHO CKOpocTH ,V , *
€CTh Yron mexfy CKopocThio .V, “ ¥ NIOCKOCTHIO FOPU30OHTA; Npu
OTOpARIEHUN N0 HANpaBNEHHWIO BBEPX M HAa BOCTOK @ , 0.

_cm
2 5 1 s
Torpa: V =2.10 Jh—+ cm
1 sin@®, P J e
. h—kim
OTHOLLEHKE Ell—:A Ham paHo B §. 17. [logctasus M3 mpeanpyiueit gop-
Po
2
Myab BbpaxeHue 1S,V “, v u3 . 17 3navenve A B ®. 16, noayuum:
_h
: 5 1 5
Q). |8. JP:F(h)zKl .2.10 ’h Jag‘@; 2 == (HO NOACTaHOBKE Kl) -
_h _h
cJ 5 5 cJ
=500-_.-"" -h.2 =K, , = 500 ———.
0 Psin®, h K, h2 rie K, = 500 Psin®,

Jra QyHKUMS U OYHeT XapaKTepusyioweii ,,jp« [0 BHCOTE Hapg

YPOBHEM MOpS, €CIW CUNTaTh, YTO TOUKZ OTMPABIEHWS HAXOAMUTCH Ra
yposHe mops; rpaduyecku oHa usobpawxena npu K, =10 nHa u. lII; BO3pa-

crag or 0 npu h=0, ,,jp“ OpUHMMAeT MaKCUMalbHble 3HAYEHUs apH
9> h >6 u 3aTemM yGbiBaeT, CTAHOBSCH [0 CBOEMY XapaKTepy CXOLHOik
h

¢ ¢yHxuuei 2 5. lpon erpupoBar F(h), Mb ony4uM BeNMYUHY OTpH-
HarenbHoW paGOTH aTMOL “Pbl Haj paKeTOl B [AHH-KHIOMETPax Ha
1 gr macch pakeTh.

h 25 5 ,—— 5
_k | = —=1
SO F(h)dh = Ks (Ig2)?  lg2 (h + lg2)

Soo K(Ji)z SOK'( £ 10 ~‘)
0F(h) dh =K, g2 = 0KO0JI0 55 ( pasm.: erg. gr

h —
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3ameuns B F(h) mHowwmrens ,h* wuepes ,h-—ho“, u Geps

he - h
S F(h) dh, uTo cooTBeTCcTBOBaNO OH NEPEHECEHHI0 TOUKH OTMpa-

0
Bnenus Ha h kim BBepx OT ypoBHS MOpPS, MH NOJYYUM 3HAYEHUS B
h

b
2 pa3s MeHbiiWe, CIeA0BaTelbHO, OTpHuUaTenbHas paboTa aTMOCHepH,
a BmecTe ¢ Heio M JIcH“DponopuvoHanbHH MAOTHOCTH aTMOChers B
TOYKe OTHPaBNEHWN; 3TOT 3aKOH BepeH NS BCeX TPAeKTOpH#, TOmje-
CTBEHHHX 10 ¢QOpMe M CKOPOCTAM M OTJMYAIOUNXCA JIMIL BHICOTOI
Toukn otnpaBneHus. C 3TOi (M TONLKO C 3TOH) TOUKM 3IPEHUs UMeeT
3HayeHHe BHICOTA TOYKH OTApaBieHUd; WIS Benududn ke ,Wy“ BmcoTa
3Ta B BO3MOXHBIX [JIS HAacC mpefenax ee W3MEHEHWS UMEET CPaBHUTENlb-
HO HHUYTOXHOE 3HAaYeHUe; TaK, HalpuMep, nepeHeceHne TOUKM OThpaBie-
Hua Ha 10 KaM. BBEpX ymeHbwaeT ,Wy“ BCero Jislib NPUGNU3NTENBHO

m
Ha 35—,

s

Y1o6m HaiitTu BenuuuHy ,JICH, MB RODKHH [IPOUHTErPUPOBATH »ip «
1o spemenu. Ilogcrasus B . 16, Bvecto , V, “, Jt, Bup33uB A uepes

~h® a ,h* B cBOIO ouepeny uepe3 ,t“ v ,J, “Kak: h ~.—_10_5%Jtzsin9]’

OONYYUM:
-3 2 2 —6 2 .
®. 19, —F() = 2510 S sin 01 _
K. .2 2—10'6Jt2sin CH
== g . . s
—3cJ?
rae K, =2,5.10 55

[lpumeM BpemMeHHO OpPOW3BONbHHE [aHHbE, YROOHHE RIS BHUUCIE-
cn 0
HUS: J_—_SOOO—52 nO = 90", Toraa:

®. 20. jp=62500wl§--t2 , — 0,005t _ K t?2 ,005 t e

1
K= 62500%; dyHKIMa jp-_-F (t) npu K, =3 rpaduyeckn usolpa-
weHa Ha 4. V.
o cm
3HaueHue S F(t) dt mo ¢. 20 (wnu wmuade: Jicw npu J=5000—n

0
apu sin®; =1) pasHo okono 2000 K, ; HeTpyaHo BupeTs, 4to JICH® Romx-
1 3

HO OLTb NPONOPUUIHAILHO J 2 nsin 2 O, , C1en0BaTeNbHO, 1 BCSA-
KWX 3HavyeHu#id ,J“ n ,,9l “, MbH GYAEM MMETb:
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-3

®. 21, Jley = 2000 K, . 1/J:5000. sin 2 6=

_3 -3
-—175106 3 J 2 sin 2 ©1 =Z sin 291, rae Z=

1
=1,75.10°-= J 2 .o Jicy (upu ©, = 90°)-

P
Hausbrogneiwum yriom , 0, “ apasercs TaKo# yroiu, npu KOTOPOM
b, 22. Hg@c = HQB ~+Jl. = minim.

[TPUMEYAHME: JI ,—nepepacxoi paKeTHO# CKODOCTH, 3aBH-

caumii OT 06paTHOTO AEACTBUS MNONAEPKUBAIOUIMX [IOBEPXHOCTEN,
HaKJIOHEHHHX MO4 YIIOM , o K TPAEKTOPHMH, MH CIOfa He BKJIO-

yaeM, TaK KakK OH OT yrja ,0, “ mo4YTH HE 3aBHUCHUT.

Mbl moJioXuM ANsi YOPOleHHs © — O, T.-e, NnpeHeOpexem Bpalle-
Huem 3emnu BOKPYr ee ocu. Torga yronm “Q, “ [ONKEH OTBEYaTb ypas-

2 sin B,
Hemmo: Z sin 30, +w—e—r 37— = minim.
J 2
b, 23 Orciona Haxomum Sin O, optim. = ( 5 i Z) fe-

Taxk Kak B [efiCTBUTENLHOCTH MW He 06s3aHn naBaTs O3 — const
Ha MPOTSXEHHH BCero ,Jj“, HO, C APYroii CTOPOHH, HE MOXEM M H3Me-

HATb €ro pe3Ko, OCOGEHHO Npu GOJILIIMX CKOPOCTSX, TaK KaK 3TO MHO-
Tpe6oBano 65 6ONbLIOTO yriia «p» n GOJLLIOrO «J]B», TO sinB;optim no

dopmyne 23 [KOMKHO SRISATHCA NULIL CPefiHeil BeNMUYMHON [N yvyacTka
«Jj», HAXOAqLIerocss B npefenax aTtMochepH 3HAYMTENbHON NIOTHOCTH.
B Hauane 3TOro yvyacTKa BHIOAHEE B39Thb 6,>0,o0ptim, a 3atem, no-

CTENeHHO yMeHblias, nepeiiTn Ha O, <O, optim, NOCKOJBKY 3TOr0 yMeHb-

IIEHUA MOXHO JOCTHUFHYTh COBMECTHBIM JeiiCTBUEM CHUJIB TSXKECTH M He-
GOJbLIMM OTKIOHEHWEM OCH paKeTH OT TpaeKToOpud (YTOGH He Ghio
GONbLIOro .ﬂp, HYXHO, 4T008 (3&5—10°). Jins /nyuilero NPOHMKHOBEHWs

CKBO3b aTMOC(Epy M NOCTUKEHHS BO3MOXHO MeHblIiero «JI-», pakera

nomxHa 061ajaTh NpOJOATOBATONH W 3a0CTPEeHHOIf ¢opMoili, Mo Hampasie-
HUI0O OPOJOJILHON OCH KOTOpOiH TOJBKO W MOXeT OHTh pacHOJIOEHa M3-
Beprapiyas Tpyoa. CregosaTesbHO, H2 TOM y4acTke «T », Ha KOTOpOM

«Jl » MOXET AOCTHraThb 3HAYMTENbHHX BENNYMH, a nmem—xo, HAYMHAA C
Toqku, B KOTOpPO# CKOPOCTb PaKeTH «V;» AOCTUrHET 3HAUYEHHS HECKOJb-

m
KHuX cor—é—, ¥ KOHuasi BHICOTOW OKOJO wecTunecatH kim, nmpoaonsHas
OCb paKeTH, a BMECTe C Hel0 W OCb W3Bepraioleid TPyoH W Hampasie-
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HHe paaKuuu, BO H36exaHue H3NHLIHe OONbLIOro COMPOTHBIEHUS 4TMO-
cdepb, HOMXKHH CcOBnajaTb C HalpasleHWeM TpaekTopuu, ClefoBaTelb-
HO, HOpMajbHasl K TPAEKTOPHMHU Claraillasi Cuilsl PEeaKTUBHOrO AeHCTBHs
BbiIe/IEeHUs, paBHasl joMsin@, U yron «p», AOJKHKN OHTb GIU3KH K HYJIIO;

OpH 3TOM YCIOBMH, €CI¥ TONLKO Ha pakeTy He GyaeT HeiicTBOBaTb Ka-

Kasi-nMu60 KHasg HOpManbHAs CuNla, TPaeKTOpus GyAeT MCKPUBIATHCA NOJ

RefiCTBMEM HOpMaNbHOM craraioweii CHUIR TsxkecTH, paBHOil MgcosO
V2

UpM 4YeM paguyC KPHMBH3HB OYHET paBeH p=m. Mpu ckopocTsx

m
V<2000—s— M apu «@» He CMMIIKOM 61u3koM K 90° 3TO uMCKpusJieHue

TPaeKTOPHUU MOTJIO Obl MPUBECTH pakeTy K OOGPAaTHOMY NajeHHuIn Ha 3eM-
N0 paHblue, yeM OHa ycnena Gb BHOPAaTbCS B CA0M aTMOCQEpH HMY-
TOXHOW MNOTHOCTH, B KOTOPHX MOXHO [aBaTb YIIY «@» OPOU3BONILHOE

3HaueHue, He co3aBass GOJbIIOr0 compoTusiaeHus atmocPepu. Cunoio,
NpOTHBOAEHCTBYIOUIEH HOPMalbHOW crnaraoled Cuab  TSHKECTH MOXKET
ObiThb flaBJEHME BO3JyXa Ha MNOAAepXHBAlOUIME MOBEPXHOCTH, KOTOPHIMU
MBI JONXHB CHAGAMTL PakeTy; 3TO BOM¥H6 OblTh MOBEPXHOCTH U3 CTANHU M0-
KpHITOIf TemioBoi#t u3onsauneit (ammoMuHW, BEPOSTHO, OyAeT HENpPUroNeH,
Kak yepesuyp JIErKonnasKui), BUTAHYTHE BAOJbL KOPNyCa PaKeTh 1 06/1a1a10
. kqgr
1mue Takol IIoIajAbio, YTO6H Harpy3Ka MX pasHsnace npumepHo 200 _g_é
m
m
[1pu ckopocTtax, nauuHaa oOT V;=100—, gocTtaToOuYHO OyAeT HeGOo/bIIOoro
s

yria ataku
[TPUMEYAHUE. Yrinom ataku egs» Mbl GyleM Ha3wBATbH Yroj

MeXAy NHONAEPXKUBAIOILIMMH MOBEPXHOCTSIMU M TPAEKTODUEH MaKeTH.
. 1
(sma<1—0 , YTOOH pa3sBMBaeMasd MOAAEPWUBAOLIMMH  OOBEPXHOCTAMHU

fiofi‘eMHasi CuJia ypaBHOBECH/NA HOPMaJbHYIC CJIaraiiyio CUJIR THKECTH
4 TEM He JaBaja TPAeKTOPUM paKeTh UCKPUBIATBLCI BHU3 Oolee, uem
MH 3TOoro moxenaem, OGpaTHOe feiicTBHE NOBEPXHOCTEH
[TPUMEYAHHUE. «OGpaTHuiM geiicTBHEM» TOBEPXHOCTEH Mbl
OyneM Ha3biBaTb NMPO3KLMIO CHIH [IaBJeHUS BO3AyXa Ha TpPaeKTo-
PRI0 paKeTH.
OyHeT NpH 3TOM TAKXe OTHOCHTENbHO HeGONbLINM, 2 UMEHHO Mgcosf tga

OHO 6)’1(8'1‘ YMEHbLIIATL MNOCTYMNATENbHOE YCKOPEHHE PAKeTHh Ha BEJIUMYUHY!

@, 24, gcosO tga=j:j ctga, PU 4YeM IO Mepe Pa3BUTHUS CKOPOCTH

cos O
Yron «g» MOXHO OyfeT YMeHbWATh (A0 NOCTYIIEHHS PAKETH B PA3PENKEH-
Hee cnou). Cuutas a=const u sinB<€1 (Jla MOXeET MMETb CYUIECTBEH-
HOE 3a4Y€HHE TONbLKO AIPDH MajbX HAKJIOHaX TPAeKTOPHH, T.-€. NPHU Npo-
BOMXUTENbHOM ONeTe B  armocdepe) Mu GyneM UMeTb NPUOIU3UTENLHO

. w  tga
¢n 24-3. ﬂah 3.}. Cose .
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[TPUMEYAHUE: B »3toit dopmyne, kak u 8 . ¢. 13 u 14 mMHo-
WuTenb ,,3“ 8 3HameHaTesne oOycnosneH cneayowum: 1) mepepac-
XOJ[, MPOMCXOAMT Ha NPOTSHKEHUM DA3BUTHA PaKeTolo JWllbL MepBHX

m
8000— ee cKOpPOCTHW, TaK KaK MOC/e Pa3BUTHA 3TOH CKODOCTH
s

paKeTa CTaHOBUTCS CBOGOJAHHEM TeNOM, M 2) N0 Mepe pa3BuTHS
m

ckopoctv of 0 go 8000 - BCce conpoTuBNEHUS NARAICT RO HYyJ,
s

TaK Kak OHM NPSMO CBSI3aHH C KaXyleilcs TAXeCTho paKeTH,

m
nocnefHss xe oobpawaercs B 0 npu V=7909 ?Ha YPOBHE MOpPs 1Ipu

FOPU30OHTaNbHOM HanpaBiaeHuu ,V*
npH  YyCIoBuMM, 4YTo (KaXKyuascsi) TSHKECTh paKeTH MNapanu3oBanachb
BC€ BpeMs TONLKO AeiiCTBMEM MOAJEeDXKBaIOLMX moBepxHocTeil. [logmep-
WUBAIOWHME NOBEPXHOCTH XeNaTeNbHB ISl HAYaJbHOTO Pa3BUTHA CKOPOCTH,
eciu Mbl umeeM 2 < j, <3 u BOBCE HEOGXONMMH NpH jo<l2, TaK KaK Npu
jo==2 paxe [ns YUCTO TAHIEHLMaNbHOIO NONETa ,,JI@« COCTaB/IiET OKOJIO

600%, a npu jy==1, ,,le« o6paTunack Ob B OECKOHEYHOCTb, €cCliu Ou

Mbl BeCy pakeTh MPOTUBOMOCTABHWIW TONLKO CHIY DE€akuW¥ BH[ENEHHs.
Mexny Tem, BecbMa BO3MOMXHO, YTO OKaXeTCS KOHCTPYKTWBHO 3aTpyd-
HUTEIbHEM [aTh HayalbHOE 3HayeHue j, > 2; B MONOOHOM Ciyuae, cie-
AOBATEJIbHO, ANUTENbHOE NMPUMEHEHME KphIbeB 0043aTenbHO. Bnaronpu-
SITHBIM OOCTOATENILCTBOM AJISi HAC B JaHHOM CJlyyae sBIA€TCS TO, 4TO

otHoweHne % rge »Q, " YCKOPEHHE KakyuelCs TSAWECTH CHapsna
9k

(Beca ero muHyc LeHTpoGexHas cuna) GYNeT HENpEPHBHO M JOBOABHO

GHCTPO PacTu, C ONHOA CTODOHH, BCAEICTBME NajeHMA ,g. “ MO Mepe

pa3BUTHSA LEHTpPeGexHON! CWibH, C Apyroil ke, BCNEACTBHM BO3MOXHOrO
YBEJIUYEHUR ,jp“ 1O Mepe yMeHhIIEHMsI MACCH PaKeTH; TaK Kak HeKoTopoe
BPEMS 10 OTHpaBlesuu 6yneT GyHKLIMOHNPOBATL BCE OfIMH M TOT XK€ Havyalb-

Hbilf KOMOJEKT ,m,«,TO, MOJAAEPXuBasi ero aGCOMIOTHYIO NPOU3BOMH-
TENbHOCTR HA OJHOM YPOBHE, MH CMOXEM OJYYuTb BCE BO3PACTAILYIO

OTHOCHUTENLHYI0O HWHTEHCHUBHOCTbL BhAE/IEHUS ¥ COOTBETCBEHHO BO3 -

dM
Mdt
pacrawpilee ,j,“; Tak, Hanp., K MOMEHTY pa3BUTH] PaKeTOl0 CKOPOCTH

m m .

V=5000— (V,==okKono 4500 —) yckopeHue Kaxyulelcs TsXecTd ee
s s

8 5 6 .

ynajert B g~ Pasa,a macca, IpUMEDHO, B—- pasa u, TaKum 0 pasom

[IpY OCTaBIUENCA HEN3MEHHOI Culle peakuuy, ,j,“ BO3PACTAET OTHOCHTENb-

HO ,g,“ B 4 pa3a. 3To OGCTOSATENbCTBO BeCbMa COKpAILAeT CPOK Ha-

AOGHOCTY TONb30BaHMS KpH/IbAMH, TaK Kak OHuW TeM Heo6xoaumee,

yem 6nn>xej—° K efHHuue, a fpu Jo > 2 (e3 HUX MOXHO yxe CBOOOAHO
QK gK '
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M 000MTHCh, NApann3ys TAKECTh PAKETH BEpPTUKANbHONM craraouieil Cunb
peakivu.
Teopetnyeckoe uccnenoBaHue BONMPOCA O NMPUMEHEHHHM KpHUIbEB [st

" m
ckopocrteit V, >1000 —é—sa'rpynﬂmenbﬂo IO COOTBETCTBYOUIUX 3KChe-

PUMEHTOB M HCCIEJ0BaHMI, K&K OTHOCHTENLHO 3aKOHOB COMNPOTHBIECHHS
¥ HarpeBaHUs ABWXKYLIMXCS TEN 5[ipu GONbIIMX CKOPOCTSX, TAK M OTHO-
CUTEJIbHO COCTaBa aTMOC(ephl Ha BHCOTAX HECKOABKUX AecsaTkoB kim.
Eciu 66 Mbl  B3siM [aHHble COBPEMEHHOH aBWauuk, TO MONYuMnu Gbl
BecbMa GaronpusiTHLIE MEPCHEKTHBH MPUMEHEHHs KpHIIbEB; HO, [0 BCeil
BEDOATHOCTH, MNPH CKOPOCTSX, MPEBHLUAWLINX B HECKONbKO pas CKO-
POCTb 3BYKa, QYHKUMS CONPOTHUBAEHUS| OT yria aTaKu MUPUGIMKAETCS K

. F .
HbuioToHOBOI q)opmyne-s» == Ksin2¢, Tak u4TO NOA‘@MHAs CuUNa MOAAEPIKH-

BAIOIIUX DOBEPXHOCTeH OyleT B HECKOJbKO pa3 MEHbIle, YeM [0  Ymo
TPeCUTEeNbHBIM B aBuauuu QopmynaM, Mpy 4eM CUILHO ynajaeT M MX
aBUaLMOHHOE KauyecTBO. Bcnencrsue yMeHbweHus KoadpduuumeHnta mop‘-
eMHOii cunbl Opy GONLLIMX CKOPOCTSIX PAKeTH, MPY MOMOLIM KPHUIbEB €if

m o
HE YROJIOCb OBl 0 MOJy4YeHMs CKOPOCTH 0Ko0J0 7000 o (npu  KOTOpO#

yKe HauuHaeT CWIbHO DajaTbh Kaxylascs THKECTh) BHOPATbCS W3
CPaBHHTENIbHO IJIOTHHX CJI0EB aTMOC(EepH—cnef0BaTelbHO HeOGX OqUMO
0c000 paccMOTpeTh BOMNPOC O A0GaBOYHOM CONPOTMBAEHWHM BSIBKOCTH aT-
mocdeps ,cB“ M HarpeBaHMH, KaK JIOGOBLIX YacTeil paKkeTh, BCIEACTBHE
aanabaTHYecKoro CXaTusl BO3JAyXa Nepel HUMH, TaK M  HAKIOHHBIX
NOBEPXHOCTEH, BCAEACTBME PaGOTH CHILi BA3KOCTH. [103TOMY, OCTaBiss
10K2 OTKPHTHM BOMPOC O BO3MOXHBIX Npelenax NPUMEHEeHWs NojeTa Ha
KpBIBSX, GYyfeM CYMTaTh, YTO paKeTa GyJeT UMETb K MOMEHTY pa3Bu-

m -
THSL CKOPOCTH B V,==4500-— OTHOLEHNE o o,
s dy
B camom Hauane pa3BMTHUS CKOPOCTH AO 1002]— MB  JIOJXHH [JaTh
B> 0, ecnu 6ynem nmers j> 2, a B NPOTHBHOM CJly4yae MEPBOHAYAlIb-
HBIli pa3roH pakeTH NPOM3BECTH KAKUM-TMGO MEXaHUYECKUM CIOCOGOM.
B nepsom cnyuae ocb pakeTs BecbMa He coBmafana OH C KacaTelbHOI

K TPaeKTOPHH, HO MpPH MalbiX CKOPOCTSX HEKOTOpOe OTKJIOHEHME elle
He COR[aCT CJUIIKOM GONbLINEro 3aMe[IEHNsT CONPOTHBIEHHEM aTMocdeph,

HausnroaHeiiuieii ckopocTbio pakeTH B [4aHHOH TOYKe ee TpaeKTo-
puu, T.-€. OpY faHHBX O“ u ,h“ sBnserca Takas CKOpOCTb, OPU KO-

TOpO# pocTuraerca mMunumym <JIg» pna Ginuvxaiimero K 3Tol Touke
2JleMeHTa TPaeKTOpHH. My uMeeM, C1eN0BaTENbHO, ypaBHEHHE

b. 25. Js = Jg + Jlc + Jly = minim,
opy yem B QYHKUMAK J]g , Jlc w J, HaMm HyXHO DOPUHATL 3a mnepe-
MEHHYIO CKOpPOCTb «V;», cyutas @ — const.
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NMPUMEYAHUE: Cneaywouine BHKNafK4, KaK W camo UOHATHE O
HaWBLITOfHEli el CKOPOCTH, MPUMEHMMO JIKLIb MOCTONBKY NOCKOAbKY
mMe umeem © > a, T. €. MOCKOALKY OGpaTHO€ AEACTBHE CUIH TS-
JKecTH B JaHHOW TOYKe TpaekTopuu (OPO3KLUSA THAKECTH HAa TpaeK-
TOpuio) 60Jibiie OGPaTHOrO AENCTBMS TMOAAEPKHMBAIOWINX MOBEPXHO-
creii (cM. mpumeuaHue K CTp. 43), Tak KakK OpH yrie <O»,
MaJOM B CPAaBHEHMHM C YLIOM aTaKh <«g», BHCOTA HAXO0WAEHUS
paKeTH B JAaHHH{ MOMEHT He[loCPEeACTBEHHO 3aBUCUT OT €€ CKO-
pOCTH B FaHHHIi e MOMEHT ¥ Hao60poT, a Yron nojg‘ema <@ »
OmpejenseTcs XO0A0M pOCTa CKOPOCTH M, TakuM 06pasom, BOMpPOC
0 BbGOpe HauMBHrOIHe#wel CKOPOCTHM NMpU AAHHHX BHICOTE K yrie
nojp‘ema oTnajgaer.

. 1
¢. 26. CornacHo popm. 10, Jljg = igsinO— — igsin 0 - —=
rzy wrV T
(TaK Kak ¢ (Popm. 10) Oyaser pasHa g = igsin© —1—2—) Bompoc o
r

HaWBLITOQHENIe CKOPOCTM MMeeT NpaKTuYeckoe 3HaYeHUe Mulllb [ yya-
CTKa B6IM3N 3eMHOIi MOBEPXHOCTH 8 Cpeje MIOTHOM aTMocHeps,—no3TOMYy

Mbl C Manoii morpemiHocThio npumem r=1. Cornacuo ¢. 16 Jlic =tjP=
i
— (V) K, Vi® A; noacTasus Ciofia 3HayeHHe:

Vii=V:4+ U?+2VU cosO, nonyvaem:
2
B 20 =iV A +i 5 Kia + 210K Acos 6

¢. 28. CornacHo ¢. 24 umeem: Jlj, = (%/—) gcosO tga

TpetTnit unen ¢. 27, paBHO Kak 1 BTopoii uned ¢. 26, we 3akno-
yalT B ce6e «V», Cie1oBaTeNbHO, SBISIOTCA B JaHHOM Cliyyae MOCTOSH-
numu. Tlopcrasus B §. 25 sHavenns Jig, Jic u iy € MCKn0YeHHEM 10-

CTOSIHHHWX UYJIEHOB, MONyyYaem:
i . i i . .
y 9sin 0+ 7 uz K, A + i gcos@tga + iVK; A == mimim.

Peias 3TO ypaBHEHME ¥ NOACTaBiAs 3HayeHHe «A» mo ¢. 17 n
3Havyenue «K;» u3 ¢. 16, noayuaem:

h
¢.29. Voptim = -l///2_5—° 400 P.Q% (sin O cos O tga ) + U2

«Voptim» 9T0 Takoe 3HaYeHHe CKOPOCTH, KOTOPOE HE L0MKHO ObITH IPEB30ii-
[EHO NpH IOJeTe, BO BCAKOM ClIy4yae He JOMKHO OnTb NpEeB30#[eHO Ha 3HA-
yuTe bHYyI0 BenuuuHy. Ecim Gbl OKasanoch, YTO 0P  BHOPAHHHX HaMy
«J» 1 «@» Ha HEKOTOPOM YYaCTKE «i» CKOPOCTb PakeTh OKa3anach Obl

3HAYMTENbHO GONbLIEH, HExeslu HauBHrOfHedllee ee 3HaueHHe Ipu [aH.
HBeX «h» U «O», TO cnegosano Ob B Hauane 3TOr0 yyacTKa HECKOJbKO

46



YMEHbIUUTL «J» [0 ROCTHXEHUS] PAKETOI OONbUIMX BHICOT, HA KOTOPHX
penaetcs Gonbuie u «Vopt» (§. 29). MNoactasus 3nauenue «Z» u3 ¢. 21 B
dopmyny 23, u npexeGperass pasHuuell Mexny <«jo» ¥ «J» (Mb 3TO MO-
*eM feiiaTh 6e3 0C060 GONbIUON MOrpeliHOCTH, TaK KakK NONeT BOOOUie
BO3MOXEH NPAKTHYECKH JIMIIbL TOTAa, Korga MexAy <jo» ¥ «J» pasnuua
HEe OCOGEHHO BelWKa, T.-€. KOrpa He 0cOGeHHO BeluK «Jlg»), monyumum:
2/n 3
¢. 30. Sin Qoptim = 0,14 (—Cls) p J /5; HOACTABUB 3TO BHpaKeHHe AN

«Sin O» B ¢. 21, nonyuaem:

L 6 C 12 C\2/s 3/sf—32 s 7 C\2/s
®. 31 Jigy—1,7510" [0,14(5) J | __34.10 (ﬁj)

Moacrasue 3HaueHue <«sinO» u3 ¢. 30 B dopmyny 14 u onmatb mnpe-
Helperasi pasHuLed Mexpy «jo» v «J», nonyunm:

w Cy2/5 35 o 7( C
®.32  Jigg=7" 0,14 (5) J 981 =510 ﬁj)
CnoxuB ypasHeHus 31 u 32, MH NOAYUNM «ngc» B QYHKUUM OT yCKO-

peHnsi «J» W IPH YCNOBMM CNEJOBAHUS PAKETH MO TPAEKTOPHM C YIIOM
noa‘ema O—arc (s n Oopt)=const n npu J=const

®. 33. .ngc=84.1 06 (%)2/5. Ha u. VII gaercs rpaguk 3Toi GyH-

2/5

C 1
uuu (. 33) npm P = 62500 (c=0,04, P==2500—3TH 3HaYeHUs ABISIOT-
¢ NpUGIN3UTENbHO BEPOATHHIMHU JaHHHMU), B TOM xe rpadrke paHa u
w  tgo
$yHruus Jg=F (J)=—T coi B (. 24a), npu ueM B HOCHEfHEHA Mbl

npeHe6peraem pgenuTeneM cos (9 (KOTOpHi ONpH TPORODKUTENBHOM MOJb-
30BaHUM KpPHIbAMU 0043aTelbHO OyfeT BecbMa OIHM30K K EfUHHUuE) o,
Kak ¥ B npefwaywmx dopmynax, cautaem «J=jo».

Benu4uHb «ﬂg@c» mo ¢. 33 u <«Jlg» no ¢. 24a cymmupoBaTh

APYT C APYrOM Henb3s, TaK KaK MpeNuoJIOXKeHus, Jexaljue B OCHOBe
BHBEAEHUa 9TUX (GOPMYA, B3aUMHO MCKNIOYAlOT APYr Apyra: ecnu uMeer-
Csl Ha-IMLO NPOAOJIKMTENbHOE Mmosb30BaHue Kpoubamu (Jlg), HeoOxoau-

MOe BCIEICTBME Majioro «jo» (CM. CTp. 44), TO HE MOXET OHTb
©=—const, ecin xe umMeeTcss GONbUIOE «j,» W COOTBETCTBEHHO HE CWLI-

KOM Maibii sin ©, TO MOJb30BaHWE KDHIIbAMU HENPOJOJIKHUTENIbHO U HE
MOXeT OHTh g=const. B nepsom cay4yae HaM ClejyeT OpUEHTHDPO-
BaThcs Gonee mo §op. 24a, a Bo BTOpoM N0 ¢. 33; rpaHuilell ABIAOTCA
YCKOpeHust | == OKOJo 1.

B HacTosimiem maparpade Mbl AONYCTWIM Heuid PsA  ynpouleHui
(Ipu 3TOM BCe B CTOPOHY YBEJMYEHHS CONPOTHMBIEHHIl; B YaCTHOCTH Npu-
paBHsB «Q» K GOJblIeMy YeM OH YIly «Oy», Mbl YBETWUUId PACYETHYIO
MOTEpI0 CKOPOCTH «ng», a B34B MaKCcuMajbHOE 3HavyeHne Ko3PpPyu-

unenta «K» B §. 15, Mb yBEIMUMIHM PACUYETHYIO MOTEPI0 CKOPOCTH «Jlcy»),
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a B ¢popmyny 33 (4. VII) Bsenn, xoTg u 6ojee HAM MEHEE BEPOSTHHE,
HO BCE €& Npou3BoJibHbie faxHbe (C=0,04; P=2500)u B ¢. 24 (¢=0,1)
Takxe. [IpUHUMAS BO BHMMaHME 3TO, 4 TaKke€ MW TO, YTO OpH OTIeTe
¢ yrnom ©;<Z30° (cyas xe mo Bcemy «@;» Gonmbwie 30° He Gypet Hu
B KOEM Cllyyae),5KOHOMUsSI «Wyy» OT yTWIM3aluu CKOPOCTH BpAIIEHUS

m
3emMnu BOKpYr ee ocu GyfeT COCTaBisTb OKOno 450 — 7 OCTOPOXHbIM

BHBOAOM M3 BHIKIAJAOK HACTOALIEr0 § MOXHO CYMTaTb CHEAYIOLlee: He-
06x0fuMasi C yueTOM BCEX CONPOTHMBAEHU PpaKeTHasi CKOPOCTh «Wyp»

o m
He mpes3oiigeT 12000 ——,a mnc Bceil BepOSTHOCTH, OYNET HECKONbKO
s

MeHbLIeH,

* &
*

Y10 KacaeTcsl HarpeBaHWs MOBEPXHOCTEN paKeTs, TO, HOBUAUMOMY,
BOMNPOC O HEM MNpH GTOpaBieHWd He GYNeT CTOATb OCTPO, YTO Mbl 3a-
KJI04aeM M3 CIefyIOLInX CO0GpaxeHnit:

[lpumen: <Py »=—faBneHne B aTMocdepax Ha
TIOCKOCTh, ABMKYIUYIOCS MO mep-
HNEeHAMKYISIPHOMY €if HampaBJIeHHio

m
CO CKOpPOCTBIO V—
S

®. 34, P, =002 v NI0OTHOCTh ocde g
v p 0 aTMoCPepH B po

m
V— CKOpOCTb B —
S

0,02—ko3dPuunuedT conpoTusie-
HUSE AN HaKWOONBILUX U3 UCCNIeN0-
BAHHHX CKOpOCTEMH

«Po» —ynpyroctb aTMOCcepn B

aTMocdepax,
6T «T»—abconoTHas Temnepatypa.
®. 35. Po—=—1280 ~— «pr—cM. §. 34
m «m»—MOJIeKyapHuii Bec (cpef-
HHUiT) ra30B, COCTaBAAWUIUX ATMO-
chepy.
T L dopmyna agnabaTH4ecKoro Cxa
®. 36. ‘T_:”'(‘ST) k Tug, rae k=—1,41.
1

PaccwaTpuBas HarpesaHue, KaK pe3ynbTaT afuadaTM4ecKoro Cxa-
m
THS, TONY4YUM Ias ckopocteit V>700 - npu kotopux Py > Py

NPUMEYAHUE. B kuciopono-a30THOH aTtmocdepe; And Apy-
I'MX Tra30B HMWXHKI Npesen mpuMeHenus cned. ¢opmyns npomnop-
LUOHANEH UX MOJNEKYNspHOH CKOpPOCTH
1 atk—r) k—1 0,71 0,582 0,291
®. 37 T=009TkV k mk =009T \Y m
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Mo ato#i popmyne mpu m = 29,3 cocTasieH rpadui (4epT. Vii).
dopmyna paeT TemnepaTypy BO3AyXa Mepel NOBEPXHOCTLIO, HOpManbHbli
K TpaeKTOpHM; TaKas TeMmneparypa GYJeT TOJNbKO Mepej J06OBHMA ua-
CTAMM PaKeTH—HOCOM ¥ mnepefHeil KPOMKOH KpHUIbEB, Y [oBEpPXHOCTEH
e HaKJOHHBX JaBjeHHe W COOTBETCTBEHHO Temmepatypa OYAyT 3HauM-
TenbHO Huke. Eclu Mb NOGOBHE YacTH OrpalnuM KaKuMM-TnG0 Orseynop-
HHM MaTepWaioM, TO OCTalbHbe HApYXHHE MOBEPXHOCTU PAKETH, €CIH

. m
ouu GYAYT CHeNaHH M3 CTajd, JOMKHH BHAEPXaTb CKOPOCTH 10 4500 =

paxe W 6e3 MpuAaHnMa UM 0coGoil orHeymopHoctd. Pacuern Temmepary-
pH GHCTPO ABMXYWIMXCS TeN AAOTCS Hamu Huxe B ri. IX; 3gece mpume-
HMM BTOpO# cmoco6 pacyeta —no §. 37, HO € y4eTOM TOro Gnaromput-
HOrO OGCTOATeNLCTBA, 4YTO MH B AaHHOM cinyyae OepeM NOBEPXHOCTH
He HOpMalbHbHe TPaeKTOPUM, a C HeOONbUWIMM YrIOM aTaK, BCIEACTBHE
yero CKAaTHe BO3AYyXa mnepel HUMY, a ClefoBaTelbHO, W UX Temoepa-
Typa, GyAyT K eule 3HAYMTENbHO HMXE; K MOMEHTY npuoopeTeHus pa-

m
KeTol0 CKOpOCTH 4500? OoHa GyHeT HaXONUTbCA B PA3PeXEHHHX CHOSX

aTMocdepw, u Kpome TOro (cM CTp. 44), OTmajaer yie HafOGHOCTb B
KpPHIIbSIX.

He menee G6GnaronpusiTHHE [aHHbHE MH (ONYYHM, €Cl¥ CTaHeM HC-
XOOWTb M3 TOro PaKTa, YTO HAYMHEHHbE rpeMyueil PTYTbio PpasphBHHE
UylM CaMONPOM3BOJNLHO B BO3AyXe HE Ppa3phBAIOTCA, MME HAYalbHYI0

m
ckopocTb Ao 700 —s—n 6yAyun HaACTOINLKO MaJlbiMM, YTO 32 BpeMst monera

ouM BRONHe ycmenu Gu mporpeThcsi. TemmepaTypa B3pbiBaHus rpemyued
pTyTH = 185°Ll,, TaK YTO MOXHO MOJNAraTh, YTO MYJIN BO BCAKOM Ciyuae
He HarpeBalTCs Gojiee, YeM Ha 150° ceepx TemnepaTyph Bo3ayxa. Cpe-
JaeM [peNmoNoNeHne, 4TO aGCOMIOTHAS TeMrepaTypa NoBepXHOCTed ABu-
WyuHerocs Tena MNpoNOpLUOHATbHA HekoTopoii ctemenu (X) cpenHeii
(xBanpaTH4YHOH) CKOPOCTH MOJIEKY. ra30Boil cpegs OTHOCHTENbHO 3TO-
ro Tena. Toraa, 3Hasi, 4TO CPeJHSs CKOPOCTL MONEKY/ BO3Ayxa npu 0°Ll.—

m
— 460 —, onpefensieM CPefHIo0 CKOPOCTh TeX XK€ MOJIeKY] OTHOCUTENLHO
s

nyn, neTsuweid co CKOpPOCTEIO 700~r£— : V= ‘/ 460°+ 7002 =
m (837 \* Ti.
:_:837-5— H cocTasiseM ypaBHeHue: | o5 ) - 7 ' f0ACTa-

pasis T==300° u T, = 450°, nonyyaem X =0,7. Takum 06pa30om nojsydaem
u’ v o
Gopmyny T,<T —u

MMPUMEYAHUE: «u» — CcpefHsisi CKOPOCTb MONEKyl, a «v»—
CKOPOCTb ABMXKYLIErocs Tena.
[lo aToii gopmyne mpu V::4500L;- MH nonyuum, ans T=220"==
_____ B30 o
=53 Ll,Tl<800 L.

4 5. 3aBoeB. MeXNiaHETH. NPOCTPAHCTB. 49



I'NABA IX.

MOrAUIEHHME CKOPOCTH BO3BPATA
CONPOTHUBJIEHUEM ATMOC®EPLI.

[pu BO3BpalleHun Ha 3eMJI0O HAM NPHAETCH YMEHbUINTh CKOPOCTb
pakeTH [0 HYynd,— CONpOTHBIEHHE aTMocQeph, CregoBaTenLHO, OYAeT
ce BpeMs feiiCTBOBATL B Haly MOJL3Y, ¥ Halla 3afaua Nuilb BO3MOX-
HO JIyyllie ero WCHOJb30BaTb M HE [aTb PaKeTe CrOpeThb OT ABMXKEHUS B

m
aTMocepe Npu CKOPOCTAX B HECKONILKO . ConpoTHBIEHUEM ATMO-

cdepn MOXHO BOCHONAL30BATHCS JBOSIKO: 1) MOXHA DOramaTh CONPOTUBIE-

m
HueM aTtMocPOpH BCIO CKOPOCThb BO3BpATa WB:—:11185 — WIH  Xe

S,

m w
2) TONBKO ,,KPYTOBYIO CKOPOCTh “—nocneanne 7909 — - o — 1—/——:_ + a,
S 2
rge «d» 3a OTCYTCTBMEM HAOCTOBEDHHX CBEJEHMH O BEDXHMX CIOSX aT-
mocdepH ceifyac TOYHO He ONPELENUMas BETHUYMHA B HECKONbKO HeCsiT-

KOBLn—; mocnefiHee TEXHMYECKM HEeCKONbKO Mpolue; CHayana Mh M pac-
s

m
CMOTpPMM morawieHue nociaeanux 7909 Y +a . Wcxoauum BO3bMEM cCie-

Aywolee fOJ0XeHne: PAKeTa ABMXETCS N0 NnapaGoiu4ecKoi WK BHTSAHRY-
TO#i 3MIMOTAYECKON OpOKTe, BEpWIKHA KOTOPOH HaXOAMTCS HA paACCTOSHHU
400—600 xaM. OT 3EMHOH TIOBEPXHOCTU B 3aBHCHMOCTH OT TOrO, Ha-
CKOJIbKO TOYHO MB CYMEEM HanpasisiTh NOJIeT PaKeTh: MH JOMKHH GHThb
BMOJIHE rapaHTUPOBAHb HE TONLKO OT NAjeHHS pakeTH Ha 3eMHYK no-
BEPXHOCTb, HO M OT 3aphHiBaHusl €e 8 OulyTuMue ciou aTtmocdepsl. anb-
Heiimiee npeo6pa3oBaHue TPACGKTOPHM NPOU3BOAUTCA NPUMEHUTEILHO K
TaHreHUMaILHOMY THOY €€ — Ui B OGpPaTHOM NOpPsSOKe, ueM [0Ka3a-
HO Ha 4. |; Kaxawil pa3 Ha y4yacTke HauGONbLIEro HOPUGIMMEHHS paKeTa
coofulaeT ceGe 3aMe[JIeHUe, YMEHbINAS TeM 3KCLEHTDUCHTET OpPOGHTH U
ocTaBiAs MpUGAUSUTENLHO HA MECTe ee TOUYKY HauOOoNbLIerc npuenmxke-
Hus. Koraa sKCUeHTPUCUTET YMEHbIMUTCSA HACTONLKO, UTO yxke 6yAeT YCKOb-
3aThb OT HaGJIOIEHUS MUIO0TA, paKkeTa GYAeT NpPOROJKATh COO6WATb cebe
HeGOoNbIINe 3aMefNeHNs] Ha NPOW3BOJNLHHX y4YacTKaX CBOei mo4YTH Kpyro-
BOIf OpOMTH; Kax[oe 3aMe[NIeHUe ROKHO ObTb HACTONLKO MajibiM, YTOOH
noJy4aouuiics SKCUEHTPUCUTET Ol e[Ba 3aMeTeH; MOoCAe KauAoro 3a-
MelJieHMs op6uTa BHOBb MIPOBEPSIETCs (BpeMst 00OpPOTa BOKPYr 3eMau
11/2 yaca) H, B Cyyae OGHAPYKEHUs CKONbKO-HUOYb 3aMETHOrO 3KCUEHT-
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PHCHTETA, 3TOT NMOCNefHMH ucnopasasieTcsl HEOONbIIMM 3aMeJIeHneM Ha
y4yacTKe HauGoJbllero npuémmxeHus. Takum 006pa3oM OpOUTA pPaKeTH
6yner Bce BpeMs CYXaTbCs, NPH 4YEM BCE BPEMS NMOAAEPXKUBAETCS ee
kpyrosast ¢opmMa B mpefeNiax BO3MOXHOI TOYHOCTU HalmofieHud. ITO
CyXeHue MPOAOMKAETCH N0 TeX uop, MOKa OpeMTa HE OKaXeTcs B Clo-
axX aTMocdepH TaKoW MIOTHOCTH, UYTO ,,jp“ OOCTUTHET BEJIMYUHH XOTH-

6 0,1 1
BO#f, MpeKpallaeTcd U BCe MpefMeTH NPOMOPUMOHANLHOrO maccupa oToOpa-
cuBaoTca. KOHCTPYKINS pakeTH K 3TOMY BpEMEHM JOMXHA OHTh Cle-
aywomwei cxems (cm. u. V.): 1) kamepa muiaoTa; 2) nogaepwunsaiolias no-
BEPXHOCThb 3/IMNTHYECKO POpMH, O KOHCTPYKUMH KOTODOH GYyReT Hu-
%e; 60ibiuas OCh 3JUIANCA AOKHA OHITh NEPISeHAUKYAspPHA TPaeKTODHM,

a Manas HaKJIOHHA MOJ YoM ,a“ (0xom0 40°), RAOUUM HAUGOMbIIYIO
nop‘eMuyio cuay; 3) AMUHHOE XBOCTOBHILE, OTXOfsllee OT KaMeph Mujo-

Ta HA3aj [oj Yriom ,,a“ K Mano¥ Mmony-ocu 3aiunca mojfepxusaioiiei
MOBEPXHOCTH; Ha KOHUE —XBOCT B BHUAE [BYX MNOCKMX MOBEPXHOCTEI,
COCTABAAPIINX ABYXTPAHHEI Yrod 0K00 60°, pe6po KOTOPOro napanienabHo
GOoNbIION OCH 3/IMNCa, TNOAAEPXUBAIOLUICH MOBEPXHOCTH, a PaBHORENSIAs
IJIOCKOCTh MapajieibHa TPaeKTopuw; 4) MOBEPXHOCTb MJiS aBTOMATHYE-
CKOro mojjepxkaHuss GOKOBOH YCTOHUMBOCTM B BUJe yrna, HIOROGHOr0 XBO-
CTY, HO C MEHbLUMM pacTBOpPeHHeM (OKONOo 45°), pacHONOXEHHOro Haj
Kamepoii nunota ¥ o6irajaiouero pe6poM, NEPNEHAUKYASPHHM TpaeKTo-
pu¥ M pe6py XBOCTa; 3Ta NOBEPXHOCTb aBTOMATHUYECKH MOAJEpPKUBAET
GOKOBOE paBHOBECME CHapsiia, NMOBapayMBasChb BIPaBO M BJEBO BOKPyT
cBoero pe6pa, Oyayuu ynpasisséMa FMPOCKONOM, HAXOAAUIMMCS B Kamepe
NKWJioTa; OCb FMPOCKONA 3apaHee YCTAaHABAUBAETCA NapanjesbHO OCH BPa-
wmexua 3emnn, JloctHub 6OKOBOIQ PABHOBECHUSI CHApsiAa DpU BeCcbMa GOMb-
LIKWX CKOPOCTAX B Pa35€KEHHHX CNOSX ATMOCPEpH YUCTO alpo-AuHAMUYE-
CKMM [IyTeM, BEPOATHO, HE YHACTCSA, HEOOXOAUMO TOITOMY KaKoe-nuGo
aBTOMAaTU4eCKU-YIpaBIsSeMOe NOpUCIOCOGIeHre, BDPOJE BHIUEYKA3AHHOrO.
Bce ykasaHHuE RapyKHue YaCTH A0AKHH ObTh B3ATH HA paKeTy Hpu OTOpa-
BeHUM B Pa306paHHOM BHUJe U 3aTeM cOOpaHH A0 TOr0 MOMEHTA, Kak
opéuta npodfiger Xo0Ta O cBoeif Onuxaiimed K 3emne yacTbio uyepes
atmocdepy oiyTuMoi nnotHocTn. [lnaHepo-mogoGHHHA CHapAA ONHCaH-
Ho¥ KOHCTPYKUMM (OT nnaHepa OH oOT/iMvyaercs GoJjiee BCEro — BeCbMa
GOJNbIMM YIJIOM aTakW, YCTPOHCTBOM XBOCTZ M MNpucnocoGreHuem 60-
KxOBOU cTaGunmsauun) G6yger o6nagaTb CBOMCTBOM BCerha AepkaThCsd B
cnoax atmMocdepn TaKOW IUIOTHOCTH, YTO HpPU HAHHOK €ro CKOpPOCTH,
BEepTHUKA/NbHAS Clarawulas AaBjJEeHUS BO3JyXa Ha MOLJEPXKHBAIOL(YIO [O-
BEPXHOCTbL OYNeT paBHAa KaxylleAcs TAXECTH CHapsiia, T.-e. M3OHTKY
er0 TSAXeCTHW Haj Pa3BUBAEMONl MM LIEHTPOGEXHON CHIOH, paBHOMY,

2
. 38, K==gM(1—-— 2V )

w

; C 3TOro MOMeHTa QYHKUMOHMPOBAHUE DaKeTH, KaK TaKo-

[NPUMEYAHHME: Mu npepnonaraeM ropu30HTANbHOE LBHXEHME
no gyre 60AbLIOro Kpyra.
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[lo mepe yMeHblIEHUs CKOPOCTH CHapsfa, BCIEACTBHE 3aMeiisio-
wero meficTeus aTmMocdepsl, OH GyAeT COyCKaThCs B 6onee MIOTHHE CIOU
aTMocepsl, yeM M GyAET MOJIePXWBATLCS PABEHCTBO MEXAY Kaxyllei-
Cs TSKECTbI0O CHApsa M MOA‘eMHOM Ccunoil, pa3BuBaeMOi MOANEPXUBAIO-
uieii MOBEPXHOCTLIO. EC/iM Mbl MONOXHUM, YTO BO3BpAlleHWe CHapsja npo-
MCXOAMT B 9KBATOPHANLHONW INJIOCKOCTH [0 HanpasjeHUI0 Ha BOCTOK

(Vi=V—U), 4To HarpysKa nojjepxuBaiollencs NoBepXHOCTa paBHA p%,

10, cornacho ¢.p. 15 u 38, 6ynem umeThb:

b. 39 P (1-70) —rv—urae,

rae ,Co“QyHKUMS YIiia HAKIOHA MOJAEpKUBaiOLIeli MNOBEPXHOCTH. JleBast
4aCTb 3TOTO YPAaBHEHUs! MPEACTARNSET COG0I0 NPXXOASLLYIoCs Ha 1 KB. METD
NOfAepKMBAIOLIEA MOBEPXHOCTH KaXyYINYIOCS TA¥ECTb CHapsaaa, a mpa-
Basi— BEPTHKANBHYIO CIAraiol(yio CONpOTUBiEHNe aTMOCPepH—T. €. MOA-

—00Kdr
eMHYIo CWIy TakKxe 1-ro M.2; mo 3TOMY YPaBHEHHIO DpU P“ZOO}'},‘Z’
Ca=0,7 (2=40°) u K=0,1 (Gepem MeHblIee 13 IKCIEPUMEHTAILHO HaM-
AeHHHX 3Hayenuil ,K“, K2K MeHee BHIOAHOE, BBMAY OTCYTCTBUS LaH-
HHX O CTOJb BHCOKMX CKOPOCTAX) M cocTaBieH rpagux u. VI, mpeacra-
paslownii  u3o6paxenne Pyaxuuu: h=F(V1), mo ¢. 39 u 17; undpu Ha

P

. h
KpUBOii 0603HAYAIOT OTHOWIEHMS A =—, COOTBETCTBYIOLIME 3HAUEHHU-
Po
am ,V,“, HaHECEHHHM Ha TOPHU3OHTAJIBHOW OCH. YacTb KpUBOH [isA

m
\'A <1000—S— He HaHeceHa, TaK KakK [0 MPHYMHAM, O KOTOpPHX oyner

HUKE, OHA HE MMeeT Al Hac oco6oro 3Havenus. [loraieHne CKOpOCTH
BO3BpATa CONPOTHMBIIEHHEM aTMOC(EpH BO3MOWKHO MOCTONLKY, MOCKONBLKY
CHapsi He CrOPHT B BO3JyXe IOAOGHO MeTeopy mpu Tex LV u,he
Kakue GYNyT MMEeTb MECTO BO BpeMsSi cnycka COrjiacHo $. 39; pa3osb-
eM 5TO YCJIOBHE: MOCKOJbKY KONUYECTBO TEIMIOTH, oTaasaemMoii (rnas-
HEM 06pa30M NOCPENCTBOM W3/yYeHHs) NOANEPKUBAIOLIEH NOBEPXHOCTHIO
CHapsfia mpU Buiclueii M3 TemnepaTyp, Kakyil OHa cnoco6Ha TNepeHeCTH,
He Gy[eT MeHbIUMM TOro KOJMYecTBa Tenja, KOTOpoe OHa 6yneT mnonay-
4aTh OT HAXONAIMXCS Nepej Helo PacKaleHHbX BCNEICTBUE ajguadaTh-
4ecKoro CXaTHs 06‘€MOB BO31yXa NP Pa3NIMYHHIX KOMOMHALMSX SV U
,h¢, oTsevanmux. gopm. 39. Ms He MONXEM COCTaBUTL ce6e TOYHOTO
npefcTaBneHusi 06 YKa3aHHHX SBJIEHMSX 32 OTCYTCTBHEM TOYHHX 3Ha-
Hpii 06 sBIEHUSX B ynpyroi cpeae BOaU3M ABUXYLIEroca Tena u 00 u3ny-
uuTeNbHON CHOCOOHOCTHM ra30B DpW TeMOepaTypax B HECKOJbKO ThHCAY
rpanycos. TaK Kak MHTEHCMBHOCTh W3My4eHMs PacTeT NPONOPUMOHATLHO
4-ii ctemenu aGCOMOTHON TeMnepaTyps, TO MOBEPXHOCTW CHapsna non-
BepKeHHbe [eiCTBUI0 aTMOCQeph,—a NMEeHHO—NPEex<Je BCEro MOANepHH-
Baiolasi ero MOBEPXHOCTb, MOMXKHH 00/afiaTh MaKCMMaJbHOIO OrHeymnop-
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HOCThIO, KOTOPYIO ClieflyeT JOCTHYb XOTsi Obl C yBEJUYEHMEM Beca UX
KBaJ|pATHOrO METpa, U, CNejOBaTENbHO, C yMeHbieHueM Mioian4 noa-
JepxuBalUedl TOBEPXHOCTH U YBeJIMUEHUEM Harpy3ku €e KBaipaTHOro
meTpa ,p“. HaunGomee paunoHanbHOM KOHCTpYKUUEH TNONAepKUBalOLIE
XKBOCTOBOI M CTa0MIW3MpYIOLEeli TNOBEPXHOCTEH DNpPENOCTaBNsAeTCa Cile-
nylollee: METaJIMYeCKnif OCTOB, HATIYXO UOKPHITH yepenuueil M3 Ka-
KOTo-1M60 BeWECTBa MaKCMMaiabHOH OrHeynopHOCTH, KaK, HallpuMep: rpa-
$uT, peTopHmii yroab, u3pecTHsK, ¢Gapdop. Hepennua ROMKHA HAXO-
AWTbCS CO CTOPOHH MOBEpPXHOCTel, O0OpauleHHLIX BOepel, ¥ 3auulaTh
co60l0 MeTaJIMuyeckuit OCTOB; yaCTH OCTOBAa, DpHUXOAflline B HEMOCPEX-
CTBEHHOE COMPUKOCHOBEHHE C yepenulied, IOMKHB GbiTh CAEJAHB M3 Of-
HOro M3 HauGojee TYrOMIAaBKAX METAJLUIOB, OCHOBA € €ro MOXeT OHTb
u3 Tpy6uaToli cTamy, OXJAXKNAaeMoil H3BHYTpH BOAOH 4 BOASHHIMH
napamu

NMPMMEYAHUE: Onacumii nepuoj cmycka OyAeT NPOAOI-

waThcsd MeHee 20 MUHYT.

M 3aAUMIIEHHO# OT u3dydyeHus THMAbHON CTOPOHB Yepemxubl 0614~
1oBKOW0 u3 dapdopa. OnacHOCTH 3HAYUTENBHOTO OOCropaHHMs COAEpxa-
ujeii - yraepop uyepenuus, MOBAAMMOMY, He HPENCTABJETCS, TaK KakK MpH

CKOpPOCTH CHapsia B HECKOJBKO ycnesaTb BCTYyHaTh. B Henocpea-

CTBEHHOE CONPUKOCHOBEHUE C MOBEPXHOCTHIO €ro Gy}.\yT MOJIEK YIB! JINLID
W3 BechbMa TOHKOrO [puiaerampumero Heil CJI0g BO3yXa—BCE XK€ KO-
JIMYeCTBO BO3ayXa, KOTOpOE GYAET JexaTbh B ONMCHBAaeMOM KOHTYPOM

cHapsga o6‘eMe BO BpeMsl 3aMemieHUs OT V1 =7000 lsn—u hi(o) V1~

= 2000 21 (omacHbiil NpOMexyTOK) OyAeT JHilb B HECKOJBKO pa3 mpe-

BOCXOAMTbL MACCY CHapsiia; Npy ITOM BECbMa BEPOSITHO, YTO Ha BHCOTAX
100>h>50 kiM. aTmMocepa Becbma GeaHa KUC/IOPOAOM, MOJIeKYISIPHHA
BEC KOTOpPOTo G6oJiee MOJIEKYISPHOro B&ca a30Ta,—OMacCHLE Ke CKOpOo-
cty OyAyT BMETb MECTO Ha BbBICOTAX 100>h><0.

Beuiy TOro, 4TO ONACHBE CKOPOCTH B HECKOIbKO pa3 MpeBOCXO-
AT CKOPOCTb 3BYKa B BO3[yXe, MHTEHCHBHOMY [eiiCTBUIO aTMocdephi
GyAyT MOJBEPXEHbl UL MNOBEPXHOCTH cHapsaa, ofpailleHHwe BIepen, a
OKOJIO MOBepXHOCTell, o6paleHHux Ha3af, CyAeT moYTH adCcomoTHas ny-
CTOTA B CPaBHEHWUU C NNOTHOCTHIO OKpYXaioued aTmocpeps; B 4aCTHO-
CTH, B 3TO# nycToTe GyAeT HAXOAUTHCA METAIMYECKHii OCTOB MOBEPX-
HOCTeil W BCS Kamepa DHUN0Ta, €clu €€ PacnojiOXHTh COOTBETCTBYIOLIUM
06pa30M; NOCNEAHsst AOKHA Julb ObiTh 3alUUIIEHA OT Meperpesa M3ny-
YeHMEM TbIIbHOHW CTODOHBI uepenuubl.

[Tpu6ausuTensHOe CpaBHEHHE BO3MOWHHX KOJIMYECTB OTHaBaeMOW M
nony4aemMoil noffepKHBaolleil NOBEPXHOCTbIO TEMI0T rOBOPUT 3a TO, HTO
BHOJIHE BO3MOXEH GNArOMOAYyYHbili CIMYCK CHapala Ha 3emsio C morame-

m w

HUEM CKOPOCTM BO38paTa, HauuHaa ¢ V = 7909 — = —=: MOWHOCTb pa-
S 2 :

6OTH, COBEPIIAEMOi CHapIAOM Haj aTMocdepoio (He3aBuCUMO OT HETOu-
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e
Helx Gopmyn 17 u 15), nocturaet makcumMyma ,Q“ == okono 3p 10" &4

. m
Ha 1m? noanepxusamowlell nOBepXHOCTH mnpu V; = okono 4500 —;; u3

3TOW MOUIHOCTH B CTOPOHY MORAEPkMBaioLled MOBEPXHOCTH OYAET H3-
11 er
JyYyaThCs MeHee MoMoBMHH: Qp << 1,5p 10 ——Sg, Torja Kak Apyrasi, 60Jb-

was 4acTh, G6YfE€T M3TYyyaTbCs CKATHMHM o0G‘eMaMH BO3[yXa B APYIyio
CTOPOHY—B NPOCTPAaHCTBO; €CIH MOJOXHTb, YTO 3a BpPEMS UPOXOKAe-
HUSl BO3JyXa MMMO UOBEDXHOCTHM CHapaja (B HauGonee omacHuif mepuon
noneta, 310 Bpemsi Gyaer He Oonee 0,002 cek.) um Oymet manyyaema
4acTb €ro TemnoTo = qQ, rge ,Q" ofulee KOIMYECTBO NPUOGPETEHHOro
HM [IpY CXATW¥ TENNa, TO Ha TNOAJEPXHUBAIOWYIO NOBEPXHOCTb HPUAETCH

®. 40. ve Gonee qQ; <_1,5pq 10”% MOLUHOCTH M3IYYEHUs.

[lo  ¢opmyne Credan-BonbumaHa, HHTEHCMBHOCTb WM3NyYEHUS

4 er ‘
a0CcoNIOTHO 4YepHoro tena = 0,57 T £1g Ha 1m? nmosepxHocTH. Mmb Ge-
S
pem 31ech aGCONIOTHO YEPHOE TENO, TaK KaK B MPEfbAYLIEM CIyYde Mpef-
nojaranM MOJNHOE MOrJIOIEHME JNydell MOAEpXKUBaiOLIell MOBEPXHOCThIO;

Bauas OQMHAKOBO Ha MOTJIOIIEHHE ¥ U3NYUYEeHHE, KOIPPHILMEHT MOrIOWEHNS
kgr

onsi Hac ceifyac poau He urpaeT. Ecay moioxum p_—_ZOO——g—, 4YTO 4B-
m

JIIETCH MPUMEPHBIM, NOBOJbLHO BEPOSITHHIM JaHHBIM, ¥ T = 3000° = 2730°L]
(3HaueHue, 01M3KOE K BOBMOXHOMY MpeNellbHOMY MaKCMMyMy), TO OKa-
XETCS, YTO MOUHOCTh M3NY4YE€HUs] ORHOrO KBajAp. METPa NONEPXMBAOLIE i

13 er
MOBEPXHOCTH B 006€ CTOPOHH Morja O AOCTHYb 3HayeHus 9,2, 10 &g,

TOrga KakK MOLIHOCTb (10rnaulaemMoil 3Hepruu 6yneT He Oonbuie, 4em

3
3. 10 q% (P. 40); cyas mo ToOMy, uTO rase B LWIMHAPAX [BUraTeneil

BHYTPEHHEro cropaHus 3a spems nopsgka 0,1 cek. ycoeBaloT OTHaBaTh
CTeHKaM JuWib % CBOEHl TemmoTs, MH MOXeM GHTh yBEpeHb, YTC Be-
IWYMHA ,q“ MMEET 3HAYeHue, BHpaxaemoe He (ojiee YeM COTHMHU AONAMU
efnHunb. Mbp TakuM 00pa3om nojdyuyaeM BecbMa GONbLIOH 3amac Ans
ymenbiieHuss T=3000° u ana yBeJMYEHHMs HArpy3KW MOBEPXHOCTH
=200.

BoT apyroii pacuer TemmepaTypw MOAAEPKUBAIOLIEH MOBEPXHOCTH:

no ¢. 37 ans ckopoctu 4,5 El?— (Gepem 3Ty CKOpPOCTh, KaK Aaioulyio

MaKCHMyM paGOTH CONPOTHUBIIEHHS) TEMIEpPAaTypa aAuataTHYECKH CKaTOro
npu HayaneHoif Temmepatype 0°L| Bo3myxa T;= 1800°, Tak kak moa-
AepxwuBaiollas NOBEPXHOCTb OyAeT fOMIOWaTh TEMIOH3NY4YeHHe, C OfHOi
CTOPOHH, a cama Hu3ny4yaTb—O00eUM¥ CBOMMHM CTOPOHAMM, ¥ TaK Kak
KOJIHYECTBO H3JYYEHHOTO Ternna JOMKHO ObiTb PaBHO KOJIMYECTBY MOIJIO-
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IIEHHOr0, TO Mbl MMEEM YpaBHEHME: aT14 = 2bT,* ,rae ,a“ u ,b* K03-
$HUUMEHTH, NPOMOPLHOHANbHEE KO3PPUUHEHTAM UOLIOLEHUS PacKaleH-
HBIX Ta30B ¥ MOAAEpKUBAIOLIEH MNOBepXHOCTH, U ,T,“—uCKOMas Temie-
patypa 3T1oil nosepxHoctu. Ilpeanonoxms a = b u mogctasus T; == 1800°
Haxomum Ty = 1500° = 1227°Ll; B neicTBUTENLHOCTH KO3DPHULMEHT MOrIO0-
LIEHNs1 ¥ TBEpAOro Tena OyneT Gosnsile, 4em y rasa, noaromy , T, Oy-
HeT ellle MEeHbIIMM; M3 NpefbiyIMX BHKIAN0K CIeJYeT, YTO 06J4UO0BKa
NIOfiAePXHBAOLIEH TIOBEPXHOCTH MOXET OMThb caenaHa u U3 ¢apdoposoii
viJIi KOPYH[IOBOH yepenuim.

m
[locne TOro, kak cKkopocTh cHapsja majger g0 V; == 2000 < BCSI-

Kasg omacHOCTb Deperpesa otnamaer (cM. ¢. 33 u u. VIl); panpHeiimas
10TepsA CKOPOCTH NPOUCXOOUT TOYHO TAaK XKE BIUIOTb A0 TOMO MOMEHTa,
Kak CcHapsi O4YyTuTCd Ha BucoTe 1-2 klm Hag ypoBHEM 3eMHOl I[10BEpX-
HOCcTH. Tak kaK 3apaHee TOYHO pAacCCYMTATb MECTO CNyCKa He YAacTCsd,
a mpu MEepBHX NOJeTax Helb3s OyJeT cKasaThb 3apaHee, CHOYCTUTCS Jin
CHaps Ha MOpE WJIM HaA CyWy, TO HENOCPeACTBEHHass MOCAaAKa Ha 3eM-

m
HYI0 [OBEPXHOCTb NPHU CKOPOCTH ,,V1“-=HECKO/JbKO HECATKOB e npej-

cTapisna Obl ONACHOCTh JJIS XU3HU RWIOTA; CHapsAf MOSTOMY JOMKEH
ObiTh CHaOXe€H JJIs 3aBeplleHUs caoycka mnapainioToM. Ecau oxaxeTcs
YAOOHHM MMETb ¢ COGOH napauwnoT [KOCTATOYHO OGOJNLIIOH MIOMANU, Ha
HEM COyCKaeTCA BEeCb CHApsf; €CIM e MOAOGHLIH napamioT CIUIKOM
TPOMO340K, TO UM MOJb3YETCS JHLIb OOUH NWIOT, CHAPAAY Y€ MpefocTaB-
Jisetca caguvhes camomy. Ecam mecTo cnmycka opuxogMTCS Ha MOpeE, TO
11ocajgka Ha BOJY MOXET OHTh IPOM3BEjeHa HEMOCPENCTBEHHO C HApPEHMUS,;
B MOAOGHOM Clyyae, Afsl YMEeHbIUEHMsS] KPYTHU3HB COYCKa, a CNEeJOBATElb-
HO, ¥ TOJIYKA NpH MOCAAKe, 3a6naroppeMeHHo,—Ha gecorax 10-20 kim non-
WeH OblTh YMEHbINEH YrOJ aTaKd OOAJep¥HBaiollell MNOBEPXHOCTH IIO-
CPeCTBOM MOBOPOTAa XBOCTOBMILA HA HEKOTOpPHIA Yronm BHH3; CKOPOCThb
MoCafKu (ropM3OHTaNbHAst) 3TUM GyAeT yBeNuueHa, HO TOJNYOK YMeHb-
IWeH; LIS cliyYyas MaHeBpMDOBaHUS B BO3JyXe, KO0TOpOe HeOOXORUMO NpH
CrnycKe Ha MOpe, XBOCTOBHUIE WM CaM XBOCT JOMKHBE OHTb YCTPOEHH
yaopaBiasieMbiMi M3 KaMepn nuaoTa. B BUAY BO3MOXKHOrO CHyCKa Ha MO-
pe cHapsu HOMxeH OnTh O0ecrneyeH BCeM /IS YCOELIHOTO MJIaBaHUS: Ha
HEeM AOo/Ked OuiTh (apyc, MPHUCHOCOG/ieHHe [ COOGUIEHUS eMy YCTOii-
YMBOCTH Ha BOJe€, €C/IM TaKoBbe MOTpelyioTcs, HeGOAbLWIOA 3amac TOomiM-
Ba B BHA€ CKMXEHHOr0 GO/NOTHOrQ ra3a M Jierkuii MaJOMOLHHKE MOTOp;
C 9THMU CPEACTBAaMH, MOJb3YyACh MaccataMy, CHapsAg MOXET [g00paThcs
10 Onuxkaiiiell 3emiu 3a HEOCOGEHHO MPOJO/KHUTENbHHI MNPOMENXYTOK
BPEeMEHM, €CJIW paHee ero He nof6epeT Kakoe-nuG0 CYAHO; Ansi o0Jierde-
HUS NNaBaHHUA MNOAAEpXuBaloIlas NOBEPXHOCTbL W (OPOY. AOMKHH OTOPa-
CHBaTbCsl MW e 06paTHO pa36MpaThCd ¥ CKIAfHBATLCA B Kamepy.
Jns morawexnust conpoTuBieHueM aTMocdepn BCell CKOPOCTH BO3-
BpaTa WCXOAHOE MONOXEHWE AOMKHO ObiTh TAKUM Xe, KAK U B MEpBOM
cnyyae (cM. cTp. 50); yCTPOMCTBO paKeTw —TaKwie, COrIacHO Npegbay-
Hiemy, ¢ no6GaBleHHEeM TOrO, YTO ee MOJJepXuBalollas MOBEPXHOCTb 00na-
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HaeT mepeMeHHHM yYriaom ataku oT -} 40° no — 40° u cHaG¥eHa aBTO-
MaTHyecKd [JeACTBYIOUMM MEXaHM3MOM, KOTOpHil CTaBUT €e Nof MoJo-
KWUTENbHBIM YrIOM aTaKW, KOrga paketa 3apbiBaeTcss B 6ojee riay6okue
ciou aTtmocdepe, NOA HYJERHM, KOTAaZ paKeTa HeCceTCs napajuleNbHO
3emie, ¥ MO OTpPHLATENbHBIM—KOrAA, YAAISCh OT 3eMiHd, pakeTa noma-
naeT B Gonee peakue ciou atmocdepsl. MexaHW3M 3TOT MOXET YOpas-
JATbCA TATOK OT CHOELMANbHON He60bUIoH MOBEPXHOCTH, BHICTABIEHHONM
HapyXy NEPHeHAMKYNSIPDHO [ABHXXEHUI0 DaKeThl; KOrja BCTPeYHOe [aBie-
HUE aTMocPepw Ha ITY NOBEPXHOCTh BO3PACTAeT—MEXaHH3M [OJIKEH
AeiicTBOBaTHL B OAHY CTOPOHY—[aBaTb MNOJJEPXMBAIOLLEll MOBEPXHOCTH
MONOXKKUTENbHB Yrojg aTaku, KOrfja e 3TO JaBjieHue najaeT, OH N0J-
JKEeH fieficTBoBaTbL B 0OpPaTHYI CTOPOHY. YTOOHW He mojBepraTh JeiCTBHIO
aTtMocdeps THILHYI0O CTOPOHY TNOAREP¥UBAIOLIEH MOBEPXHOCTH, MOXHO,
BMECTO COOOWIEHHs1 eil OTpuLATeNbHOro yrjia aTaky, 3acTaBlsaTb nepe-
BOpPauMBaTbCS BeCb CHapsj BOKDYr €ro npojoNbHO# ocw.

OcTOpOXKHO HEOONbIIMMHY 3aMEeIEHUSIMH B TOYKE HaWGOJbIIET0 yAa-
JIEHHsI MCXO[HOr0 3JUIMICa, OpOUTa PaKeThl CYXMWBAETCs, NPU YeM TouKa
HanGOoNbILero NpuONKXEHUss BCTYNAeT, HaKOHel, B npefenn aTmocdepn
OLIYTUMOM MAOTHOCTU. ITO BCTYMJIEHHE NOAXHO NPOM3OHTH HA TaKOM
paccTOsHUM OT 3EeMHOM NO0BEpPXHOCTH, YTOOH pakeTa Obna BIHOJIHE ra-
pPanTHpOBaHa C YY€TOM B8O3MOXHHX HETOYHOCTE/i B ymNpaBlieHUH €0 #
B ONpefieIeHMM NaHHBX €e OpOuUTh OT M[eperpesa npu CKOPOCTU €e A0

klm .
11 —~ OT 3TOrc TpeGOBaHHS 3aBHCHT W BHIGOP Pa3MepoB OCell UCXOf-

HOro 3yunca (4em Oonblas OCb MEHblLIe, TEM TOYHee MOXeT ObiTh
BbIUKMC/IEHA M TOHbLUIE [epejBuraemMa K 3emie TOYKa HanGOJbLIEro INpH-
ONUKEHN—B YACTHOCTV NOTOMY, YTO TeM MeHblle GYAeT CKa3hBaThCs
BOo3Mywawowee peicTteue JIyHb, HO 3aTO TeM GONLIIYI0 4acTh ,,WB “

OPUAETCS NPeJABapUTENLHO MOracUTh YUCTO paKeTHHM cnocodom). C mo-
MEHTA BCTYIUIEHHSI Y4YacTKa HauOGOJbLIEr0 NPUGIMKEHUS B pa3pekeHHbe
ciou atmocdeps HauWHAETCHA MPOXOXKACHHE PAKEeTOl TPaeKTOPHH, COBEp-
LIEHHO aHAaNOTWYHOW TPaeKTOPMM OpEeABapUTENbHON (BHeIHel 1O OTHO-
meHnio K atmocdepe) <a3pl BO3BpallleHHA NPy MOTALIEHWW CONPOTHBIE-

w
HueM aTmocdepnl ﬁ—}—a N0 M[epexofila Ha KpYyroByl OpOUTY (CM.

cTp. 50) ¢ TOW pa3HMuEil, YUTO 3aMeMIMTENEM HAa yyacTKe HauGoJjbiuero
npubnuxeHust OyieT SBniTbCS He DaKeTHOe [eiicTBue, a CONpPOTHBIEHHE
paspexeHHbX CJioeB aTMmocdepb, KOTOpHe paketra GyleT mnepecekaTb
NMOBTOPHO HECKONLKO pa3 mpy Bce YMeHblldwuleicss Gonbiioil ocu ee
op6uTH. ABTOMATHYECKH-IEPEMEeHHb Yrol aTaku HOALepKMBalowel no-
BEDXHOCTH OYAET WIPaTh NPH 3TOM CIEAYIOLIYIO pOJb: NpU yriay6aeHuu
8 aTmocepy, KOria AaBleHye Ha KOHTPOJbHYIO MOBEPXHOCTh OYNET BO3-
pactaTb—Yyroj aTakKy MOJOXUTENEH, ¥ MOAJepPKUBAIOLIAss MOBEPXHOCTH
CBOMM JeiCTBHEM MelllaeT NPUOIMKEHHUI0 DaKeTh K 3eMie—yiepXHuBaeT
ee B 6ojiee paspexeHHHX Closix aTmocepn, HexeNnd Te, B Kakue Gbl pa-
KeTa B DPOTMBHOM ClIyyde IIPOHMKIA; KOTja pakeTa HAaYyUHAeT BHIXOAWUTH
n3 armocdeps M fAasBneHHe Ha KOHTPOJbHYIO NOBEPXHOCTh HajaeT,—
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yron artaku OTpuLaTeseH U NOALEPXKMBAOWAS MOBEPXHOCTh MELIaeT
yAaleHuio pakerbl OT 3eMIW-—3THUM [JOCTMraeTcs BHIXOL M3 aTmocdep-
HHX CJIOEB NOI MEHLIUUM YIJIOM K HWM, a CJIef0BaTeNbHO—U0/ MEHbLIKM
yriaomM u ciefyiollee BCTYM/IEHUE B HUX M MeHee rinyGoKoe 3aphiBaHHE B
aTMocepy mpyu crefyiouleM MPOXOXIAEHUM YyacTKa HAWGONbillero mpu-
G6nuxennss. Takum o06pasoM, nepeMeHHbIM YIrJIOM AaTaKy HORANEPKUBAIO-
uieil MOBEPXHOCTH NOCTHraeTcst yaaneHue OT 3eMIM B CaMbi€ pa3pexeH-
Hble oM aTMocdeps yyacTKa HauGosbuiero NpuUGINKEHHS, HAYUMHAS OT
NIEpBOTO BCTYIUIEHHUS OPOUTH B mpefens aTMOCQeps OUYTUMON MIOTHO-
CTH ¥ 10 DEPeXOAa PaKeThl, BCJAEACTBHE 3aMENJISOUIero AeHCTBHS aTMO-
cdepbl HA KpYroByw (COGCTBEHHO CHMPANbHYI) OPOUTY, LETUKOM YKe
HaxXoAsWYyIocsl B mpefenax aTMocepu,—Ioche Yero anpHeimmuil coyck
NPOCXOAUT COBEPIIEHHO TOXAECTBEHHO TaKOBOMY K€ [P MOraileHuH
CKOpOCTH BO3BpaTa COMPOTUBIEHWEM aTMOC(EpH MO MEPBOMY CHOCOOY.
Takum 06pa3om, 10 BTOPOMY CMOCOGY MH NOTAWIAEM CONPOTHMBIEHMEM

aTMocheps He 7909 rsn +a, 211185 —B, rne ,,f* pakernoe zamene-

Hue, pacxopyemoe mina mepexoga ¢ T C“ Ha MCXORHHE 3MNC W Ha

BBE[lEHNE TOYKM HauGONbllero npuGMXeHWss MCXOAHOrC 3JMUNCA B Mpe-

nensl aTMochepsi; 3 — BeNMuMHA, TEOpPeTHYeCcKH morymasi GHTh CKOJib
YIOHO Majoi, MPaKTU4YeCKNH ONpPENENseTCS TOYHOCTHIO YIIPABIEHHS pake-
TOM W TOYHOCTBIO BHIYUCIEHUS [AHHHX ee OpPOUTH; NPUGIN3UTENBHO,
cuuTas TONUMHY ATMOC(EpPH HUYTOXKHOMN B CPABHEHMM C PafuyCcoM 3eMiu

R 3 R r
e 2 1— = L
p V? Ty Rg ( r‘%‘rl)_{— 2 r Rg ( r+ r1+

R
—l'/RA—Fr)’ rie ,R“—paguyc 3emam, ,r;“—paccTOsHME N0 LIEHTPa

3emMiu TOUKM HAMGOJbLIErs NPUOIMXKEHHUs (Mepures) MCXORHOTO 3JUINICA,
I — COOTBETCTBEHHOE PACCTOsIHWE TOUYKM HauGonbLIero ynajeHns (amores).
[lepsuiii yneH npeicTaBnseT cOGOK0 PaKeTHOE 3aMejleHne, He0GXOAUMOe
ISt mepexopa € ,,TC “ Ha MCXOAHHI 37IKMDC; BTOPOi YleH—3aMejIeHue,

HEO6XOMMOE MU BBEJEHHMsl B NpefeNsl aTMOC(Epb Nepuress UCXOZHOTO
ammnca. Eciu, non0xuM, IpUMepHLe faHHbe: 1y = 2R u r = 20R, T0 mo-
—— m. 6
IyYyuMm Bz—-oxono 0,05 ]/ZRQZO,OSWZOKOHO 550 < Takum o0pa-
30M, MB CMOXEM HOTaCUTk CONPOTHBIEHHEM aTMOCHEpH U3 ,.WB“ 4acThb

m
paaﬂym=10630?m u ,W* CTaHOBUTCS paBHHM OKOJO 12550 g~ (cm.

cTp. 49).
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IABA X.

MEXJIAHETHASI BA3BA U PAKETO-APTHJUIEPUH-
CKOE CHABXKEHUE #).

CKOpOCTH, MEHbUIME MOJIOBMHbB CKOPOCTH BHENEHUS «u» IpHME-
HeMOW  XMMUYECKO# T[pymmb, T.-€., NPUOTU3UTENLHO, CKOPOCTH [0

2500 L“S__, eciM WMCKIIuUNTh HedTeBO3AywHYyl rpymny (cm. cTp. 15),

GoJee KOHOMHO B CMHCJIE DACXOfA BEWECTB M MaTepuanos (Ha mpei-
MeTH <«m;») MOmIM Gb GHTb Pa3BHBAa€Mb APTHJUIEPUICKMM MyTeM,—HO
YeJIOBEK COBEpIIEHHO HECHOCOOEH K MepeHEeCceHHIo apTHIJIEPHACKUX YCKO-
peuuil. [TosTOMy xenatenbHO ObIO OB YCTAaHOBUTH AOCTaBKY 3apsfa u
BCEX NpeAMEeTOB MacCMBa, CHOCOGHHX MNEPeHOCHTL 6e3 Bpeaa Wis CeOs

m o
YCKOpEHUSA B HECKOIIbKO TblCﬂLI——z— (ﬂpﬂ COOTBETCTByIOUEN YINAKOBKE—
S

BC€, KpOME& TOHKHMX HpUGOPOB), B MEXIMIaHETHOE MPOCTPAHCTBO pakeTo-
apTHINEPUiiCKUM CIOCO60M OTAeNbHO OT yenoseka. [lpu pakeTo-apTH-
NepuiiCKOM TPaHCOHOPTMPOBAHNWM TPYy30B B MEKIMJIaHETHOE MPOCTPaHCTBO
Mbl mOAyyanu Obl 3KOHOMMIO BellecTs 3apaga [0 50%. TpyaHocTb mo-
IOGHOro cmoco0a cHaGXeHMs 3aKII0YaeTcs B TPYAHOCTH PasbiCKaHus
B HPOCTPAaHCTBE TAKOr0 OTHOCHTENBbHO HUYTOXHOrO Teja, KaK BuIyUleH-
was ¢ 3emas cHapsno-pakerta. [nsi TOro BpeMeHH, Koraa mnoners GyAyT
coBepmaThCs GOJiee MM MEeHee DEeryisipHO, MOXHO NpeioXuTb CIeayio-
wmil cnoco6 M¥ Oprauusanuu U CHaGXeHnsi, Jaloluii 60oibLIyl0 3KOHO-
MHI0 MaTepualbHHX CPeACTB.

C 3emau OTHpapiseTcs pakeTra O0JbINOH MACCH C 3a0acoM aKTu-

m
Ba gansi passutus «W» okono 12000 —. Koxeuwas macca «Mg »
S

3TOll paKkeTH, BCIEACTBME MeHbuledl Tpedyemoii «W» 6yfeT B I/nl pa3s

Gosbiie TOW KOHEUYHOH MacCh, Kakoi Morna 6 o6najgaTh pakeTa TOH-
we Macch «Mg», HO paccuuTaHHas AJis nojeTa C BO3Bpall€HMEM HA 3em-
N0 6e3 mOrauieHust CKOPOCTH BO3BpaTa COUpOTHMBIEHHEM aTMocdeph
(cm. cTp. 15). 3Ta pakera CTAHOBMTCS cOyTHMKOM JIyHB C TaKow BO3-
MO¥HO 6OfbLICID OpOUTON, YTOOH TOJNLKO HE MOABEpPraThbCsi OMaCHOCTH
6biTh 06paTHO NPUTAHYTOH K cefe 3emneio, MOCAe 4ero oOHa pa3Bopa-
yyBaeT GOJbLIYI0O CHTHAJbHYIO [JIOWaAb U3 MaTephala, o6najalouiero
BO3MOXHO OG/bLIMM OTHOLIEHHEM OTPaXXaTelbHOM CIOCOGHOCTH BUAMMBIX
nyyeil K BECy €ro KBajp. MeTpa; pa3BepHyTas MIOWab MOxeT N0CTH-
raTh W COTEH THCHY KBAajp. METpPOB, TaK KaK NpU TOJIIUHE MaTepu-

*) ABTOp, K COXaNEHMIO, HE MMeN MOJ pyKawmu CipaBOK O 3puTeNbHON Cro-
COGHOCTH COBPEMPHHHX TEJECKONOB M BONMPOC O CHTHANM3AUMH MDU SPAKETO-APTHT-
NepHIiCKOM CHAGXeHHH» [OMKed GHll paspafaTHBaTh Ha OCHOBAHWM HE BHOJHE
JOCTOBEPHHX AaHHHIX, KAKHE eMy COXpaHHJa DaMATE.
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ana 0,lmm. ¥ aGcomoTHOW mnoTHOCTH-—1 OfHa TOHHa ero paet 10000
KBajp. MeTpOB; 3Ta mnowafr 6yAeT CBOGOAHO pa3iuyuMMa M pashHCKHBae-
Ma 3eMHHMM oGcepBatopusimu. OKOJNO 3TOi CUTHANBLHOMN MIOLAAK ¥ ROIXK-
Ha ObThb O6pa30BaHa MewINnaHeTHas 6a3a JUis TOJETOB [0 CONHEYHOId
cucteme. O6nananve G6a30ii, HE3aBUCHMO OT pPaKeTO apTUJIepuicKoro
cHaleHus ee, facT TY OOJBIIVIO BHroAy, YTO MH He [OMXKHH GyAeM
0py# KaXaoM [ojeTe TPaHCHOPTHPOBATb C 3eMiM B MeX(JaHeTHOe Ipo-
CTPAHCTBO M OGpaTHO MaTepHalbl, WHCTPYMEHTH, MaliuHH W Jofed C
KaMepaMy [/ HUX, PaBHO KaK He JOMXKHH OyaeM © 6pocaTth rie-nu6o
NpeAMETH NepBHX KaTeropuii, 4yTo0H HE PacxojoBaThbCAd Ha 00PATHYIO UX
AOCTAaBKY Ha 3eMiI0; CKjajBCero 3Toro 6yAeT Ha 6a3e, NOJNeTH ke C 6ashl

Kyna-nu60 ¥ 06paTHO O6YAyT Tpe60OBaTh MaTEpUaibHHX 3aTpaT B 1/ ny

paza MeHbUIMX, Hexend MOoAOoOHHH xe monet ¢ 3emiau. Pakern ¢ 3emiu
B MEXWJIAHeTHOE OPOCTPAHCTBO OYAYT HANPABIATHCH JWIIbL JJIS CHAOxe-
Hus 6a3bl U CMeHH uyepe3 Gojiee WM MeHee MNPOAOMKUTENbHbE npoMe-
WYTKU BpeMeHW OfHOi Opurafiw mofed apyrow. Ecau xe ypacrcs pa-
KeTo-apTuanepuiickoe cHaGxeHue, TO CBEPX 3TOr0 MH MOJyyaeM 3KO-
HOMUIO OK0J0 50% pacxOAoR MO AOCTaBKe CHAaGXEHMS B MEeXIJIaHeTHOoe
APOCTPAKCTBO Ha 6a3y.

[lepsoHauanbHO Ha 6a3e AOMKHH ObThb:

1) mopu—MuHUMYM 3 yen. € Kamepol AAs HUX M BCEM Heo6Xo-
OMMBM QI UX CYLIeCTBOBaHHUS,;

2) cumbHbii Teneckon (pediekTop, KakK MOryimii 6biTb Gojee ner-
KHMM NpH TOM JXe JuameTpe);

3) HeGonbluas pakeTa [N 2 4YeJOBEK C 3anacoM 3apsna Ha

m
«W»=2000— 1 c AByMS TeneckomaMM UOCIENO0BATENLHO MEHbIIEH Cu-
s

b, HO GOJIbLIErC MOJS 3peHusi, 4eM GOJbLIOH TENecKom G6a3bl.

[lns npenoTBpaleHnss Kauyaunii 6a3sH, MOTYIUMX MeWaTb Halioje-
HUSM B GOJbIION 4CTPOHOMHYECKHII MHCTDYMEHT, MacCy ee ClelyeT pas-
JenTh Ha YETHPE YacTH, PACHONOXMB WX U0 BEpLIMHAM TETpasfipa U
coejuHnB Mexay coGoio amnoMuHeBMU depmMamu (GONbILOH MPOYHOCTH,
a crefoBaTenbHo, U Gonbioil mMacce OT 3TuxX Qepm He TpeGyercsd, Tak
KaK HMKakKue BHeIIHWe CHJIbl Ha 6a3y JeiicTBOBaThb He GYAYT, U cuia TH-
JKEeCTH B Hell owywartscs He GyneT); CKOHCTPYMPOBaHHAs MOAOGHHIM 06-
pa3om 0asza GyneT 06/JafaTh HECPABHEHHO GOJbIIMM MOMEHTOM WHEpUUU
OTHOCHTEJILHO JII0G0 OCH M COOTBETCTBEHHO GOJbiueil YCTOHYHMBOCTLIO B
npocTpancTee. Ecnn Ha moasx OyIeT TAXKEN0 OTpaxaTsCs NOPOAONKM-
TeNbHOE OTCYTCTBUE Kawvileicd TsmecTH, TO BOOCHEACTBMM C ONHCaH-
HHM TEeTP33APOM MOXET OHTh CBS3aHa JULIb Kamepa JAnsl HaGMoJeHHH B
TeNecKol,— XHI0€ Xe MOoMeuleHne MOXeT OhTb YCTPOEHO OTAENLHO M
COEAMHEHO TPOCCOM [JIMHOIO B HECKOJbKO [EeCATKOB MeTPOB C MPOTUBO-
BECOM; ecnu 3TOH cucTeMe COOGUMTL BpallieHKHe BOKpYT OGIUero IeHTpa
TSKECTH, TO MOABUTCS LEHTPOCTPEMHMTENbHOE YCKOpeHue, KOTOpoe 6y-
IeT OWyWaThcs TaK e, Kak Cuia TskecT Ha 3emne. [iis Toro, 4To-
6bi MOXHO OBUIO MPUAATbL XMIOMY [OMELIEeHNI0 BO3MOMHO GOnkwuid 06
eM npu TOH ke macce, HEOGXOAWMO MO B 3MOXHOCTM MOHU3UTHL AaBie-
Hue Bo3ayxa BHyTpu ero. C 3TOif Leibio CiefyeT NpOU3BECTU 3IKCHEPH -
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MEHTH OTHOCUTEJBHO CYIECTBOBAHUS JIOfeH B BO3AyXe MEHbIUe# wIOT-
HOCTH, 4eM TOT, KOTOPHM Mbl ABLIMM, HO C GONbWHM MPOLEHTHHM CO-
AepxaHuem KHCIOpoja.

Ces3b 3eMnu ¢ 623010 OCYWECTBISAETCS MOCPEACTBOM CBETOBHX CHI-
HAJIOB-TIPOXEKTOPA GONbIIOK CWJb C ManbiM YIJIOM paccesHus ¥ yCTaHOB-
JIeHHOTO Ha 3emMje B MEcCTe, WBBECTHOM 0a3se; CUTHajbl 3TOr0 MPOXeKTO-
pa JAOMKHH GHTb 3aMeTHH B GONbIIOH Teneckon 6a3n., CsBsaA3b 6a3b C
3emiei0 MOXET OhlTb OCYILECTBJEHA MOCPeACTBOM JIErKOro mMerajinde-
CKOro 3epkana OONbIOR maowany,

NPUMEYAHME. PaunonanbHasg KOHCTPYKUMsS 3€pKajia: TOH-

Kuii ONOCKuit 3epKaibHHN MeTannuyecKu JINCT, HATAHYTH HA Jer-

Knil MeTalMyecKuil NypallioMHUHEBHI OCTOB. ‘
HATpaBJAEHHOTO TAKUM 06pa3oM, YTOOH CONHEeYHne JydW OTpaxa-
AWCh N0 HampaBleHuio KaKoi-nn6o u3 oGcepsaTopuii 3emau. [lnowapp
3TOr0 3epKana He [O/KHA GHTh CIMIIKOM GOMbIIOIH, 4YTOGH CHIHAJH Obl-
4 3aMETHH B OOJbUIOK TEJIecKou.

Pakero-apTuniepuiickasi LOCTaBKa TIpy30B Ha 6a3y NPOM3BOAUTCA
clefyioLuM 06pa3om.

B cooGuieHHOe, WM 3apaHee YCIOBJIEHHOE BpEMs, U3 OpYAHs, O KO-
TOpOM GYJeT CKa3aHO HUXe, MPOU3BONHMTCS C 3emnu BHCTpeN CHapsao-
paKeToOl0 C 3amacamMu CHaGweHusi jnsi Gasu. [loneT cHapsno-pakeTH pac-
CYUMTHBAETCS TAKMM 06pa30M, YTOGL OHa [OMKHAa Obila momacTb B 0asy;
Tak KaK B [AefCTBUTENbHOCTH noaoGHas TOYHOCTb HEBO3MONXHA, TO
nyTh CHapsio-DPaKeThl MPOMJET HAa PACCTOSHMM THCAY WM COTEH KUJIO-
MeTpoB OT 6a3n. OTHOCMTENbHAs CKOPOCTb paKeTd ¥ 6a3bl B MOMEHT
MX HauGoNbUIEro MpUGIMXKEHMs APYT K APYry AOJKHa OHTb HauMeHbieH,
cllefloBaTeIbHO, MOMEHT HanGONbLIero NpUGAHKEHMS CHApSA0-pakeTH K
Gase JO/MKeH COBOAfaTh C MOMEHTOM HauGoiblIero YyfajieHust 0assl OT
3emnn; opoUTa CHAPAAO-PAKETH OTHOCHTENsHO JIYHB JOMKHA ObiTh TH-
nepGoaNYEcKoil ¢ BO3MOXHO MEHbLUMM YIJIOM pacTBOpeHus acCUMOTOT.
C MOMeHTa BLICTpela CHAps/0-PAKeTOI MEePUOANYECKH ABTOMATUYECKH
[OJAIOTCS CBETOBHE CHIHAJL, KOTOPbIMM MOTYT CIYXHTb B3pHIBEl CMECH
MarHus M cenuTps. [lepuog OT curHama fo CHUrHama pomxesd 6biTh Ta-
KOB, YTOOGH 32 3TO BpEMs CHAps0O-paKkeTa He MOria BHATH U3 I0IS
3peHusi GOJILIIOre Tejeckona 6a3b, TaK Kak,8 Clayuae yTepH MM CHap:-
N0-paKeTH, 06paTHOE ee HaXOX/AeHne ObJI0 6B HeBO3MOXHO HHa'e, KakK Ip#
moMowy cyacTiusoro ciyvas. [1o mpoxoxaeHuu CHapsjo-pakeToio ee
«Jj», €10 aBTOMaTHYECKN Pa3BOPAYNBAETCS CUrHANbHAS TOBEPXHOCTH u3
nerxoii ‘G6enoil TKaHH, aHAJOTMYHO TAKOBON e MOBEPXHOCTH 6a3u. C mo-
MEHTa BHICTpena GoJbLION Teneckonm 6a3bi, 3apaHee HanpaBJieHHH B TOY-
Ky, OTKyAa AOMkeH GbTb NPOMABENEH BLICTPEN, HE BHMYCKAET U3 cBOe-
ro moJis 3peHMsl CHapsio pakeTy, Ciefis 3a Helo MO €e CurHanam Ha mpo-
TaxeHuu <«Jj», a B JaibHelilleM N0 CHTHAILHOMN MIOWANH. 3a HeKoTOpoe
BpeMsl 10 HanGOJbILero npUGIWXKEHUs CHapAaRo-pakeTh K Gaze, korja
nepsast ywe Oyner CBOGOAHO Ppa3innuuma B GonbIWMii M3 [BYX MHCTPY-
MEHTOB uMeloweiicss npy 6a3e pakeTH, 3Ta MOCHE[Hss OTOPaBNAeTCs Ha-
BCTpeuy K CHapsjo-pakeTe, NpuONMkKaeTcss K Hei W, CBEAS OTHOCHTEIb-
HYI0O CKOPOCTb 710 HYJs, 3aKpemisieT ee H 6yKcupyeT K 6a3e, Mojb3Ysichb,
ecnM HYXHO, MMEOLMMHCS Ha CHapso-paKeTe 3anacamu 3apajd.
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Tax Kak HAa CHApSN0-PaKeTe JOMKHH ObTb HEKOTOpHE MNpUGOpH U
MeXaHU3MH, B COGPaHHOM BMAE HECHOCOOHbE ONIaronolyyHO HEPEeHOCUTh
yCKOpeHHsT B HECKONbKO JecsiTKOB Tucsm—srg, TO OpyAu€ [JIsl BHCTpe-
Jla CHApsiio-paKeTOol0 JOJIXHO 06najaTh GONLIWIOI [JIWHOIO, MPUMEPHO, B
2 klm.; npu Takoii anuHe HeOGXOAMMas BeJiMYWHA YCKOpPEHHUs najeT Ao,
npumepHo, 100g.; cnoenuanbHO pacCUMTaHHBIE MEXAHU3Mb noao6Hoe YCKO-
penne BHepxkaTh eule moryT. OpyauemM MOXET CAYXHuTh TOHHENb B TBEp-
ION KaMeHHO! mopone; ANl COOGUIEHHS [BHKEHMIO CHApsda  CTpOroi
NpSMONMHEHHOCTH BLOJL BCEr0 TOHHENS 110 KBaApaHTaM AOMKHH OHThb
OPOJOXKEHH YeTHpe TWATEeNbHO BHBEPEHHHE Hamnpasjisolue MeTaninuye-
CKHME MOJIOCH, OTAeNKa e NPOMEeXYTOYHHX mnoned MOxeT OHTb M fO-
BOJILHO TFpyG6oii; BCneacTBue OOMbUIOH JUIMHB OPYAHUA W COOTBETCTBEHHO
MEHbIErc AaBJEeHHS Ia30B B HEM, YeM B COBPEMEHHHX apTUINepuiiCKuX
OpYAUsiX, U BCIEACTBME OONLINIOrC IIONEPeYyHOro CeyeHHs OpopLB ra3os
yepe3 1eab 1-2 mm. MeXAy CTEHKaMH TOHHEeNs M CHapsioM He GYyAeT
3HAYHTENbHHM B CPaBHEHMHM C OOUIMM MX KOJIHMYECTBOM.
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FrTABA Xl

YMPABJIEHUE PAKETOW, H3MEPUTEJILHBIE U
OPUEHTUPOBOYHLIE NPUBOPLI.

Jist ynpaBnieHuss paKeTol ¥ OPUEHTHPOBAHMR KOMaHAb [OJKHb
UMETbC clefyloLiue mpuOOpHL:

1. YkasaTenb Kaxyuleics BHYTPH PakeTh TSXECTH, MOCTPOEHHHH
N0 OPMHLUMIY ODPYXMHHHX BECOB C MOJBEIIEHHHM TPY30M; yKa3aTe/lbHas
cTpeika GyaeT HemoCPeACTBEHHO MOKa3hiBaTh BEJIMUUHY Kawyuiedcs Ts-
xectu. K yxasaremo A0MKeH OHTb NPUCTPOEH Bpawaolwuics 6apadaH
ONs 3anuck ero nokasauui. [lnowmags, oOrpaHuueHHas moaydaouleics

t
KpHBO#i, GYIeT BHPAXKaTb S (jo—jp ) dt=W—JI.. C aTum yxkazaTenem

AOJIXKHO OBITL CBS3aHO aBTOMAaTHYecKOe ynpaBjieHWe WHTEHCHBHOCTH BH-
IeNeHus, YToOK Ha NpoTshKeHnn ,Jj“ yckopenue ,Jo“ nepxanocs Tpedye-
Moro 3Hayenus (==Jmax). [logoGHbHIX yKasaTeneii JONXHO OHThL JBa:
ONMH [Js GOmblIMX YCKOPeHWii 10 ,Jmax“ BKIIOUHTENbHO, NPYroél Ans

mannx ot 0,01 go 10 Ssm_; nepeuii yKasatenb GyfAeT CcnywuTh Ha ,Jj“
2

npy OTOpABAEHWM W BO BPEMs OCTAIbHOTO UONETa; BTOPOW—IpPU BCTY-
mIeHUK OpOMTH paKeTH B aTmocdepy mnpu BoasBpauieHun. Hamepenue

OfHMM M TeM e npu6opoM yckopeuuii 8 1000 Ssrﬂ 1 3amMejieHuil B O,Olc—srﬂ
2
60 OB Helenecoo6pas3HbIM.

2. Ykazatenb conpoTusieHuss atmocdeps B BHe BHCTABJIEHHOH
¥3 PaKeTH Hapyxy DJaCTHHKYW, COENMHEHHO! TAraMmu C BHYTPEHHOCTBLIO
pakeTH. BciencTBue TpeHus B ILapHMpax, HOAOGHHH mpuGop [ns ompe-
AeJeHMs1 conpoTHBIEHUs aTMOcepn Npu Hayaje BCTYI/IeHUs B Hee pa-
KeTH BMECTO mnokasatens ,1¢ ynotpe6ieH OHTbL He MOXET, TaK Kak OH
He MOXEeT 006/ajaTbh HOCTaTOYHOH YYBCTBUTE/NBLHOCTHIO.

3. VYKaszaTenb Macchl paKeTh, AAOUWIMi CBOM I0Kas3aHWs B 3aBHCH-
MOCTH OT MOKa3aHuii mpuGOpoB, yuuThBaolWux pacxoj 3apspa. Coenu-
HUB YKa3aTeJn BTOPOil W TpeTwii, MB NMONYYMM yKasaTelb 3aMeJIeHNs
cunoto comportupnenus atmocdeps. COeMHMB 3TOT MNOCNEAHMI YyKa3a-
Tenb C MEPBHIM, MH MOJYYMM YKa3aTelb COOCTBEHHOrO YCKOpEHHS pa-
KeTbl ,,j,“; MHTErpajl 3anucu MOCHENHEro AAacT BENNYMHY H3PACXOM0BAH-
Ho#t ,W*.

Jlns aBTOMAaTHYECKOrO YCTPaHEHUsl BpALLEHUS PpaKeTh BOKpYr ee
HPOLOJAbLHOM 0OCH, MOTYLIEro IMOJYYHThCS BCIEACTBHE HUYTOXHHX, cnyuyaii-
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HHX HENpaBM/IbHOCTEH KOHCTPYKUMM paKkeTh, B Hedl [OJKEH GHTbL TMpo-
CKON ¢ OCkIO, HepneHAuKylnspHoii ocu pakeTh. Och 3TOr0 rUPOCKOMA
AOMXHa ObLTb CBOGOAHA M CBOMMHM [BUWXEHHSIMH OTHOCHTENLHO Tena pa-
KeTH YNpaBisiTh MOBOPAYHBAIOINMMUCA UOBEPXHOCTAMH, MHOCTABJIEHHHMH
B CTpyio BhjeneHus. Jina coo6iueHus aBTOMAaTHUECKOH YCTOHUMBOCTH
WM aBTOMATHYECKOrO0 Hamepej 3adaHHOTrO BpauleHus MNPORONbLHOA ocH
pakeTH J0J/xeH HWMEeTbCS BTOPOi FHPOCKON C OCblo, NapaieNbHOi 0cu
PaKeTH, YNpaBisioMnii APYrMMHM NOBOPAYHBAILIMMUCA B CTPYE BHACNIEHHS
NOBEPXHOCTIMU.

[lnd OpMeHTBpOBaHMS NWJIOTAa JOMKHH OHTb BHPAOOTaHH CIe-
uManbHHEe THOH ACTPOHOMMYECKMX DPUGOPOB M METOAb [is Hax6ojee
GHCTPOTO ¥ TOYHOTO OfIpefleNieHUsT MecTa HaXOXJAEHHUS pPaKeTH W JaHHBIX
ee OpOMTH OTHOCUTENbHO 3eM/n; 3TU ONpEeAeNeHUs UMEIOT HauGoibllee
3HayeHue M TpeGyloT HauOonblield TOYHOCTH NEpel norauieHneM CKOpo-
CTU BO3BpaTa comnpoTusieHuem atmocdepn. Ina coobiyeHns ocsiAM pa-
KeTn GoJblleli yCTOMYMBOCTH BO BpeMs ee CBOGOAHOro moneta B Ges-
BO3AYIUHOM MPOCTPAHCTBE MOXHO MPUHATHL MEpH, aHAJOTHYHBE yKa3aH-
HHM Ha cTp. 59.
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FTABA XIL
OBILIYE MNEPCINEKTHBBI.

OcHoBHBM  JAaKTOPOM, ONPERENSOIMM MNEPCAEKTHBH 3aBOEBAHUS
MHPOBHIX MPOCTPAHCTB, MO KpajiHell Mepe, B mepBoOi, MCClIeOBAaTENbLCKOMH
ero ¢ase, SBNSETCA BEIMUYMHA HATPYXKEHHOCTH MmaccuBa, T. €. ,n“, TakK
KaK 3TOil BeAMYHMHOIl ompejieNsieTcsl SKOHOMMYECKass CTOpDOHZ J[ena, Ko-
TOpOE TeOpeTHYeCKH OCOGHX 3aTPyAHEHMii He MpeacTaBisieT; KONW4YeCTBO
pacxojyemMoro npHM mojieTax 3apsifia Uiy TOMIMBA, KaK MB €ro MOXEeM
Ha3BaTb, 4 CNEJOBATEAbHO M NPUCIN3UTENbHAS CTOMMOCTH HOJIETOR (IIPH
YTHAN3AUUM TPEAMETOB MNPONOPUMOHANLHOTO IaccuBa, CcM. CTp. 24)
IIPONOpLUMOHANbHE BenuumHe (n—1). B Ta6nouue cTp. 15 npuseneHwH
3HayeHust ,n“, COOTBETCTBYIOIIME MOJHON TemIONpOU3BOAKTENLHOCTH

m
Pa3InYHBIX XUMUYECKUX TPYNO M PaKeTHHM cKopoctam W, —= 22370—
s

’

m
n W,=14460 —S—- nepsag CKOpPOCTH COOTBETCTBYET MOJNETY C 3eMiH B

MEXM/AaHEeTHOE MPOCTPAHCTBO M OGpPaTHO 6e3 MOrailieHHst CKOPOCTH BO3-
BpaTa CONPOTHMBIEHHEM aTMoc(eps, BTOPas—TOMY e MOJeTy C nora-

m
IeHUeM MOCHAEeRHUX 7900? CKOpOCTH BO3BpaTa CONPOTHBIIEHHEM aTMO-

cpepn, Mul 10 COOTBETCTBYIOIMX 3KCHEDUMEHTOB HE 3HAeM 3HaueHuil
KO3 QUUUEHTA MONE3HOro AefiCTBUS pakeTh W HE 3HaeM TOro, KakKue
VMEHHO XMMUYECKHE TpYMNMs X B KakOM HPOLUEHTOM OTHOLIEHUM OKa-
XETCs BLITOAHEE BCEr0 NPUMEHSITh; MOKA NpUMEM AN OPUGIU3UTENbHHX
MOACYETOB 3a CpefHee [Uid BCero nojera 3HayeHue KoapduuumeHra no-
Jie3HOro jeicTeust pakeTh—0,8, sBasiiouieecsds AOCBONLHO BEpPOATHHM, CO-
r1aCHO MNPEANONOXUTENbHHX BHKJIAJ0K, KOTOPDHX MH 3[ECh [OPUBOAUTH
He GYyAeM, ¥ NaHHHX O pab0Te pacKaNeHHHX ra3oB B [BHraTelsX BHYT-
PEHHEro cropaHud. 3a cpegHee 3HAYEHME NONHONR TeMIONPOM3BOAUTEND-

Kcal

HOCTH mpHmMem 3,3 . Tpu 3THX gaHHBIX MH OYI€M MMeTb u=4700—r55;

3Ty NPeanoNOXUTENLHYI0 BEJIUYUHY CKOPOCTH BHIIENEHHUS 3a OTCYT-

CTBUEM MOKAa BO3MOXHOCTH HMeTb 60Djee AOCTOBEpHHE €e 3HauyeHus, Mbl

¥ MOJNIOXUM B OCHOBaHME MOCHERYIOLIMX pacuyeToB, mojaras, YTo OG-

Ka UpM BHYMACIEHMH ,n“ He NpeB30HAeT B TY HIM APYrYyiO CTOPOHY MHO-
1/10

KUTENS n / . Bengy BuscHenHo# Hamp B § VIl oTHocutensHo# He-

m
3HAUMTENLHOCTH CKOpoCTH ,JIg« MH Gynem nonarate ,Wy« == 12000 —S’
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npeneGperas pasHuueli, TOUHOE 3HAYEHUE ¥ Jaxeé 3HAK KOTOPOA Ham
ceiiuac HeW3BECTHH M KOTOpas, BEpOATHO, OyEeT B Hally MOAbL3Y
(§ VI crp. 49).

[lpu Takux AaHHHX M MpH 06A3aTENbHOM YCIOBMU  yTHIM3ALMHU
npeAMeToB ,m;“ (B TOM Ciyyae, e€ClIu NPHAETCS DPUMEHUTL HECKOIbKO
KOMINIEKTHYIO cUCTeMy—cM. § V) I YUCTO PaKeTHOro mojera C 3eMiu
B MEXMIAHETHOE NMPOCTPAHCTBO C BO3BpalleHueM Ha 3emaio Ge3 mora-
WeHNsT CKOPOCTH BO3BpATa COMpOTHBAIeHHeM aTMocdepn Mb Gyaem, mo
¢opmyne 4—umers n =120, T. e. okono 120 BecosuHX eJUHUL TOMIH-
Ba Ha OJHY BECOBYIO €JMHMUY MOJE3HOro Tpy3a, Npy YeM 3HAUMTE/bHASA
yactb NEpPBOr0o—R BUAE XWAKOrO KUCIOPOAAa WAM O30Ha, Apyrad 4acTb
8 Buge xuakux CHs C,H,SiH:, BHs »n oana ne oyewbr manag uyactb

==(dp B BUAE€ METANNINYEeCKUX (I‘J'laBHblM 0o6pa3om nypanmomnﬁueaux)

u3fiennit camoro BHCOKOI'O KauecTBa—3TO NpeAMeTH ,m,“; Haubojee
neuwiesast HedpTaHas rpynna sapsaga GyfeT MMETh NpPMMEHEHWE TaKKe, HO
npuMeHeHue 3TO, BHIOJHOE, HECMOTpsS HA TpeSyemMoe HpH HEM YyBejiuue-
HHe MaccH 3apsf3, 3HAuYMTeNbHO COKpaulaeTCsd TEM, UYTO COOTBETCTBEH-
HO POCTY MacChl 3apsfa ROJKHAZ PacTM ¥ Macca camoit joporoii u3 pac-
XOfYeMHX yacTeif pakeThi—,m ;«—ee NpONOpLUHOHaNbHHI naccns. Jina
f0eTa NpU TEX Xe YCIOBMSX M [aHHBX C OCTaHOBKOl0 Ha Jlyne
n=1000, ToXe camoe ¢ 0cTaHOBKOH Ha Mapce n=3000 (nPn nmpumeHe-
HUN TaAHFeHUWANbHOTO TUNA TPaeKTOPUH MPOAOIKEHHOro N0 MONYYeHUs
TpeGyemMoil runepGoNNYecKoii CKOPOCTH OTHOCUTENbHO 3eMIH); OCNefHue
UMPPE MOrYT ObiTb C HEKOTOPOIO BHIrOA0A yMeHbLIEHH MPEUMYINEeCTBEH-
HHM NpuMeHeHueM 6ojiee AOPOTHX W TEIJIONPOM3BOAUTENBHHX IpYyII—
SopHOii ¥ GoposofopoaHoii. [TogOoGHHX nepcnekTHB Henb3si Obno G
HAa3BaTb YAOBJIETBODHTEJLHHIMN: Kaxblii MOJNET Tpe6oBan Ob OrpoOMHbIX
MaTepuaNbHHX 3aTpaT, IPH 4eM COBEpUIEHHO OTCYTCTBOBajga Ob H3-3a
TO! ke 3KOHOMHYECKON CTODOHH [ieJa BO3MOXHOCTbh Opath C CO60I0
CKO/IbKO-HUOYAb TSDKENbe TFPy3b, MaTepuas, MallvHH; [aXe TPaHCMOp-
TUpOBaHUE OONbLIOTO COBPEMEHHOr0 A4CTPOHOMUYECKOTO MHCTPYMEHTa
noTpesoBano O6 KONOCCANbHHX 3aTpaT.

KnioyemM K neliCTEMTENbHOMY OBNAAEHHIO MUPOBHMY NPOCTPAHCTEAMYU
ABJASIOTCS: [€PBOHAYANBHO—IIOTaleHne CKOPOCTH BO3BpaTa CONPOTHEBIE-
unem atmocheps (§ 1X), a 3aTeM—yCTPOHCTBO MexnnaHeTHOH 0asbl
(§ X) u, ecnu ygactcs HeoOXO[A¥Mass CBETOBAas CUTHANIU3AUUs,—PaKeTo-
apTwinepuiickoe cHafxeHue MexmiaHeTHOH Oa3u. (lorameHnue ckopocTH
BO3BpATA CONMPOTHBIEHMEM aTMoceps N0 NEPBOMY CHOCO0Y, YMeHniuas

m
»W“ m0o 14460 —, B mecTs pa3 OoHWNKAET ,n“ AN BCeX MONETOB:
s

¢ 3eMnu B MeXmjJaHeTHOE IMpPOCTPAHCTBO U O0GpaTHO n=20; TO¥Xe C
ocTaHoBKO} Ha Jlyae n=160 u ToxXe C 0cTanoBKO# Ha Mapce n = 500
n B 12 pa3 yMeHbwaeT ,n“ 0Opy¥ MOralleHuu 1O BTOPOMY CHocooy,

3=10; n, = 80;

nM=250. YMeubliedne ,,n“ 0py 3TOM MOXET ObiTb C BHIOROH coue-

m
korja 6yfem nmMetb W — 12500 ’ W, COOTBETCTBEHHO N

TaemMo C INpPpHUMEHEHVEM B 6OJIbLIIEM OTHOCHUTEILHOM KOJWYecTBe MAeLIeBOf
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HeTAHON TpynMH 3apsiia M C MEHbUIMM PacXONoOM B KauecTse 3apsaa
NpeAMETOB MPONOPUMOHANTLHONO Maccusa.
lina Tex ke MONETOB C MEKIIaHeTHOW 6a3bl Mbl mMein G 3Haue-

Hug ,n“ ewe B 11 pas MmeHbwe: n, = 2 (so3spauieHue ¢ OGa3wl Ha

3emni0); Mpu 3HaueHuMH ,n“ CTOJb 61u3KoM K 1, MBI Y€ He NONXKHb!
npeHeGperaTh pazHuueld mexay ,n“ U (n—I1); (n—1)=1 B RaHHOM
cnyyae, T. €. 1 eIMHWLA TOMIMBa Ha 1 eQuHully MONE3HOro rpysa
NMPUMEYAHME: 310 npu noralieHud CKOLOCTM BO3rpata Mmo
mepBOMy c00COGY; MpU BTOPOM XK€ CnocoGe noraweHus BO3paT Ha
3emao TpeGyeT COBCEM HE3HAYUTENLHOrO KONMYECTBA 3apsia.
“n:15; ”M:4"5; gOoCTaBKa TIpy30B ¢ 6a3bl 0e3 BO3BpaLleHUs
06paTHO 06xoannach 6w: Ha JlyHy n—4 u Ha Mapc n=7.
Jloctaska Tpy30B ¢ 3emnu Ha 6a3y UMCTO PAKETHbHIM CIoco60M
n=11; pakeTo-apTuiIepuiickum n—7; npu 3Hauenun n < 20, no Bceit
BEPOSITHOCTH, C GOJbLIeil 3KOHOMUYECKOH BLIFOIOW Mbl MOTAW Obl [10Jb-
30BaTbCA OfHOfl Jjuib aewesoil HedTIHOM rpynnoi; opy n=10—15
yCTpaHseTcs HeO6XOAMMOCTb PAcXOf0BaHMs NpPEAMETOB [PONOPLUOHAND-
HOTO Naccusa; Opyu MOAOGHBLIX YCIOBMAX LEHHbie IPy3bl— MaTepuansl Bbi-
COKOTO KauecTBa W MaumuHB—C AOCTarKoio Ha Jlywy W paxe Mapc—
06XOAvnKUCh Obl HEMHOTMM AOpOxe, yeMm Ha 3emne. Mu Bce Bpemd Mpex-
nojarand, 4TO mocaiaka Ha Mapc mpou3BOAMTCA 6e3 nomoLUM NOraweHus
CKOPOCTM BO3BpAaTa COMPOTHBJIEHMEM €ro aTmMocdeps. Mewny Tewm, Ha
Mapce nmMeeTcss [OBOJbHO, BUAMMO, MIOTHas aTmocdepa, coOnpoTuBIeHue
KOTOpOH MOrjo Ob OhTb MCMOJAB30BAHO paKeTOd [ MIaHUDYIOLWEro
caycka Takke, KakK B § IX ykazano nmna 3emmn. Cuna TskecTH Ha
[10BepXHOCTH Mapca BTpOe MeHblle, a2 CKOPOCTh , W, “—BJBOE C JNHUIHUM

MeHblue, 4yem y 3emin; MOIIHOCTb pa6oTH MIAHUpYyOWEd paKeTH Haj
aTmocdepoit Mapca B MOMEHT JOCTHUXEHUS €i0 MaKCHMyMa 6ynet, cnengo-
BaTenbHO, B 6 pa3 MeHbluew, 4YeMm npu (1aHHPOBAHMM B 3eMHON aTMo-
cpepe, BCreACcTBUE Yero 0TJaCHOCTb Harpesa NOBEPDXHOCTEH pakeTn CO-
BepLIEHHO MCKA0YaeTCs; OCTAETCS JiMlb ONACHOCTb CO CTOPOHBE HEU3BE,
CTHOTO HAaM yCTpoiicTBa MOBEDXHOCTH Mapca u co cTOpOHH mnpeanoJja-
raempix Ha Hem o6utaTeneil. [lpu cnycke H4 Mapc ¢ moraiieHuem CKO-
pOCTH BO3BpaTa CONPOTUBJICHUEM €T0 aTmocdepn JoOcCTaBka Ipy30B Ha
Mapc o6xopunach Obi MPMOIN3UTENLHO CTOALKO e, Kak M Ha Jlyny,
KOTOpas MAOTHOH aTmMocdeph NulLEHA.
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FTTABA Xl
IKCIIEPUMEHTHI 1 UCCJIEJOBAHHS.

B Buay HEIOCTATOUHOCTM HAWWX MO3HAHWI B HEKOTOPHX OGNACTSX
W OTCYTCTBUSI ONbITA B KOHCTPYWPOBAHMU pakeT Ansl GOJbMIMX CKOPO-
CTe#, nepen Tem, KaK NPUCTYNaTh K MOCTPONKE HIM OPGEKTMPOBAHINO
PaKeT Hs NOJNETOB B MEWMJIAHETHOE NPOCTPAHCTBO, HEOGXOAMMO MpO-
M3BECTH HEKOTOpbE HayyHHe M TEXHHYECKMe UCCIEN0BaHUS; M3 HUX
rJlaBHbE:

1. Hccnenosanns QyHKUHMOHMPOBAHUSI KAMEpH CXWraHUS W M3Bep-
rajouleii TpyOGn paKeTH B CpefaxX pa3ivuyHON NJOTHOCTH M ynopyrocTy;
HaxXO0XQEHVE HaMNy4WHuX KOHCTPYKUMHA KamMephl CKHUTaHusl U W3Bepraiouleii
TpPyObl; HaxOXAeHUE HauBhrogHelHmux ¢opM M  ANMHH  U3BEprauyei
TPYObi, CMIOCOGOB BBEAEHMS REIUECTB 3apsifia B KAMEPY CXUraHMS, COOTHO-

dM
LIeHUH mexny Maccoi BoJienenus dt - pa3MepaMyu KaMephnl CXUraHus H

NonepeyHbM CeueHueM Hu3seprawouleil TpyGsl.

Viccnenosanns QyHKUMOHMPOBAHMS paKeThl B aTtmocdepe Manoi
yOpYroCTH MOXHO NPOM3BOAMTb, BbIBEUS M3BEPraiollyid TpPyOy HEGONbLILOH
MOJe¥ B Kamepy, M3 KOTOpPO#H rasb OTKauMealoTCAd HACOCOM GOMbIIOH
0G‘eMHO} NMPOU3BONUTENLHOCTH; JUI YMEHLLWEHUs NABIEHNs G6e3 Aafb-
He/iIero yBennueHus pasmMepoB 3BAKYMPYIOLIET0 HACOCA B Kamepe [0J-
XeH ObiTb YCTPOEH TyCTOH BOASHON Ayw, KOTOpbI GyAeT CryiiaTh Bce
COCTaBHbE 4aCTH BbJe/IeHHs, KPOME YrIeKUCNOTH, a NMOCHefHIl Gyaer
OxJlax0aTh, YeM OTKauupaHue OyleT BecbMa OGJIEr4eHo; Ans eue 6 iJib-
[IMX pa3pexeHnii MOXHO OPUMEHATHL XMMUUYECKUEe FPYfsl, KOTOpHE BO-
BCE€ HE€ QNaI0T YIJIEKHCJIOTH B BhLIIEJIEHWHM; BOPOYEM, OPY YOPYrOCTU B Ka-
mepe, pasHoi 0,01 atMm., GYyHKUMOHMPOBAHME DaKeTu GyAeT Yxe Mano
OT/IMYaTbCA OT TAKOBOrO B NYCTOTE.

II. Haxoxpeune Hamnyumnx KOHCTPYKUMH [ BCeX HPegMETOB
NponopuUMOHANLHOr0 DAacCHBA W CHOCOGOB YTUAM3ALMM MX B KauecTBe Be-
ujectsa 3apsja.

. Mccnenoeanue u nanaxusanue NpOW3BOACTBA BEWECTB 3apsna,
A0 cuX nop (asGpu4HbIM CMOCOGOM HE NPOU3BOAWMMEIX, KaK, Hanpumep,
wupkux BH3 SiH4, Oy, CoHz, CHy,

IV. Haxoxneune naunyyumx KOHCTPYKUMII KaMmep Ans Jofed u
BCEX NMPHUGOPOB AJIst ee 00CHyXUBAHUS.

V. Haxoxjuenue Haunydwnx KOHCTPYKLMit OpuGOPOB aBTOMATHUE-
CKOro ympaB/IeHHs ¥ ODHeHTUpPOBAHUS.
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V1. Hccnenosanua BHHOCIUBOCTH YE€JIOBEYECKOrQ OpraHu3ma no oT-
HOLIEHMI0 K MEXAHMYECKOMY YCKOPEHMI0O M [0 OTHOLIEHMIO K XHU3HK
B BO3[yXe MEHbWEro AaBl€HUS, HO C OOJbLIMM COAEPXKaHMEM KHCJIO-
pona.

VIl. HaxoxpeHue Nydwnx MeTOAOB WM THIOB aCTPOHOMHMYECKHX HH-
CTPYMEHTOB JJ5t OBLICTLOTO0 OPWEHTHUPOBAHMS MUITOTA OTHOCUTENLHO TOY-
KM HaxOXfeHus paKeTs ¥ [aHBHX ee opOouTs, TiuarenbHoe ynpaxHe-
Hue B MOJOCHBIX ONpefelieHusIX NeTHOr0 COCTaBa B MCKYCCTBEHHOM 06CTa-
HOBKe: BMeCTO 3eMIM WIM MHOIO HeOEeCHOro Tena, JOMXHO ObnTbh COOpPY-
eHo G6oJblioe Monywapue, OKONO KOTOPOro M0 CHOKOWHOH BOAe Ha
Me[NeHHO-BUraloLeMCs YCTOHUMBOM NJOTY ROJMKHH NNABaTh YHPAXHAIO-
wuecs, NoMellesHble B KaMepy TAaKUMX XK€ pa3MepoB U YCTpOiicTBa, Ka-
Kasi OyJeT Ha pakeTe.

VIHI. Uccneposanue atmocdeps Ha BeicOTax f0 100 kiam.; 3TO uc-
cnefoBaHue MOXeT OHTb IIPOM3BEJAEHO MNOCPEACTBOM CHApsA0B WJIM CHa-
PSILO-PAKET, BHIIYCKAEMBX M3 OOBYHHX GOJNbLIOrO pa3mepa (MOPCKHX)
apTuinepuiickux opyauit. [lo mocTmwennn BHCHIEH TOUYKM CHApsA AOJ-
WEH aBTOMAaTHUYeCKH BHOPOCUTL OONbLIOH, MO BO3MOXHOCTH, HApailioT
u3 Jerkoii 6enoi TKaHW C HEOONbIUMM NPUBEINEHHHM K HeMY TPY3HKOM.
HaGniopas ¢ 3emnu 3a CKOPOCTbI0O NMaje€HUs 3TOTC MapawiioTa, MH CO-
craBuM cefie npeacTaBjieHye O MIOTHOCTH aTMOCheps Ha pasIHYHBIX BHCO-
Tax. Ecnu mu cHa6avm DapaumnoT, BMECTO Tpys3a, npu6opom, aBToMaTHye-
CKH 3abupaiolium nopofy BO3YyXa, TO CMOXEM COCTaBMTb cebe TOYHOoe
BO BCEX OTHOWIEHMAX MpejAcTaBleyre O RAHHHX aTMOCQepH Ha pasiny-
HHIX BHICOTaX.

[X. HccneposaHue HarpeBaHHs IIOBEPXHOCTEN [ABMXYIIMXCH TEN U
CONpOTWBNEHUST aTMOC(EPH 3HAYNTENbHON MJIOTHOCTH (P=Po)- 9710 HC-

CNefOBaHue AN MEHbIUMX CKOpOCTeil MOXHO IIPOM3BECTH NOCPERCTBOM
CHapsfOB, a 115t GONbIIMX—MOCPEACTBOM CHapsl0-paKeT, BHIIYCKAEMBX U3
apTHNEPUIiCKUX Opyauii moA HeGONbIIMM YLJIOM K TOPU3OHTY C TaKuUM
pacyeToM, 4ToOn OHM Najaju B BOAY, OTKyla Morau Gbl OWTb W3BIEYE-
HEl. [lOBEpXHOCTbL 3TUX CHApPSIfOB  HYXHO NOKPHBAThL BEIIECTBAMY
pas3NMYyHON TYronnaBKOCTY, W30JUPOBAB UX OT MeTa/UIMYeckoro Tena
cHapaja cnoem ¢apdopa. [lo Bupy 3TOH MOBEPXHOCTH CHapsifa fmocie
COBEpUIEHHOTO MM HOJETaZ MH CMOXEM CYAUTh O MAaKCHMajlbHOH Temne-
paType Harpesa.

X. WccnegosaHue HarpeBaHusi HOBEPXHOCTH Tes Npu GOJbLIUX CKO-
pocTaxX ABMWEHUs B pa3pexeHHOil atmocdepe (xk § 1X), a pasHO uccne-
[OBaHUS COOPOTHUBIEHUS aTMocdeph NpHU GONbIIKMX CKOPOCTAX M MCChe-
JIOBaHHE BHHOCIKMBOCTH Pa3JIMYHLIX KOHCTPYKUMI, NMOAAEPXKUBAIOWIUX MO-
BEPXHOCTEH-—TNpPOU3BOAUTCS MOCPEACTBOM MOJNETOB MPOCHBIX HEGO0Jb-
IIMX—I0 NeCATH TOHH MOjeNei pakeTh, Hauano TpaeKkTopuM 3THUX NpOO-
HhbIX [0JIETOB PACCYNTHBAETCS, KaK «Ty» AN [oneTa B MeXIUIAHEeTHOoe

NpOCTPAHCTBO, HO K AOCTUXEeHuIo BHCOTH OT 60 pgo 100 kim (B 3aBu-
CUMOCTH OT METEOPOJIOTMYECKMX HAaHHBX uccneposanus VIiI) Tpaextopus
N0JKHA aBTOMATUYeCKHM NDUHSATb FODM30HTANbLHOE HANpasjleHue, ¥ Mo u3-
pacx0f0BaHuK 3apsia, pakeTa NPOM3BOAMT ILIAHKPYIOWIUIA COYCK HA CBO-
el noapepxuBalolleil NOBEPXHOCTH.
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Bo Bpems noa‘ema yron aTaku OOANePXKHUBAOLIEH MNOBEPXHOCTH—
yron Mexay ee Manoil OCblo ¥ XBOCTOBMLIEM-—[O0IXEH 6bITL HEe BEeIMK U
NOCTENEeHHO BO3PacTaTh A0 NOJHON BenuynHH (0KOJO 40°) K MOMEHTY
u3pacxofoBanus cHapsaa. s ompenpenenus MaKCHManbHOW TeMmmoepaTy-
pH HarpeBa NOBEPXHOCTH paKeTh MOXET 6HTh MOpPUMEHEeH TOT Xe Me-
TOR, YTO M B uccnenosanuyn 1X. [l asTOMaTU3auny ynpagneHust B npo6-
HHX paKeTaX JO/KHH OBTh 00a rMpOCKoma, Kakue fojaraiTcs u B Ha-
ctosieii pakere (cM. § X). 3TH nNpoOHHE MONETH AOM¥Hb MPOU3BOAUTE
¢S ¢ DOCTENeHHO BO3pacTallUM MaKCUMyMoOM «Vi» K MOMEHTY H3pa-

CXON0BaHUA 3apsfa; IS HUX MOXET CAVKUTb OfHA U T4 XK€ paKeTa; B
KauyecTBe 3apsila MOXeT OHThb NpUMeHeHa ORHA AMIllbL HepTaHas rpymnua

npu n < 6. Tocne TOro, Kak MakCMMyM «V» JOCTUIHET 3HAYeHHs
m

7500 — u npoGHasi Mojens GyfeT GNarofoNyyso COYCKaTbCs B HYDKHUE
s

cion aTMocdephb, MOXHO, MO MCAHTAHMM NPEAMETOB NPONOPLUOHANEHO -
ro maccuBa COOTBETCTBYIOIIMX pa3MepoB, MEpeiTH MpsMO K MONeTy C
MOIbMH B MEXIJaHeTHOe MPOCTPaHCTBO C o6neTaHueM, Hanpumep, JIyHbl
C HEn3BeCTHOM HaM 0O6GpaTHOH €e CTOPOHH.
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