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Ot m3pareancrBa

Hayd4Haa pelakmud HACTOAILET0 TOMa — BTODOI'0 W3 COOPDHHKA
tpynoB K. 9. Ilmonroscroro npoBenena mH:xk. @. A. Ilamgepom, —
HAIIMM BHAAOMUMCH YYeHHM B O06JACTH DPEaKTHBHOIO IBMIKEHHA.

@. lagmep MHOTO JeT paGoTaJ He TOJIBPKO HaJ TEOPeTHYEeCKHM
HCCIeI0BaHWEM BOIPOCOB PeaKTHBHOTO NBWAkeHUdA, kKak U K. 9. Ilm-
OJIKOBCKMI, HO 1 HaI IPaKTAYeCKUM CO3NAaHHEM DeaKTHBHOI'O IBH-
rarenda. @. [[agnepy NpHAANIEKAT MeXRIYy (POYHAM OPHTHRAIBHAA
TeopeTnyeckass pas3paboTka BOIPOCOB 06 appomiaaHe, CHaGKEHHOM
pakeTol, 0 CXRUTAHHM B paKeTe TBePLOro TOIIMBA ¢ HCIOJb30BaHHEM
IJg 9TOH LleJJd MaTepHada 6aKOB IJId KHUAKOI0 ropiodyero ® yacTei
allapaTa; AM IaHH HOBHE TepMOJHHAMAYECKHE I{AKIH PAGOTH peak-
TEBHOrO ABHraTens. SanmMajicad @. Ilapmep ¥ m3yyeHHeM YCJIOBHI
Ipe6HBAHUS B paKeTe YejloBeKa IIPH ero I0JeTe B MeKIJIaHETHOe
TIPOCTPAHCTBO.

28 wMapra 1933 1. mHX. llaEgep croHYajJcsa. Kro mpewsxne-
BpeMeHHAad CMepTh dABJAETCA TAMEJI0oH YTpatod IJId paGoTHHKOB
CoBeTcKoro cosa, H3yJalIIUX DPeakTHBHOe IBHIKEHHE.

Henanme @. [TaEmepa NpoBeCTH IOMHEMO BHIIOIHEHHOI'O EM pe-
TaKTAPOBaHNA PYKOIHCH TaKke H KOPPEKTypy I'DaHOK H JHCTOB
HacTOAIIer0 ToMa He OCYMEeCTBHJOCE.

BoaMomxHO, YTO IpH BHIOYyCKe KHHrA llaHmep Mor OH IaTh
TONOJHATEJIbHHE 3aMeYaHHUs B COOTBETCTBHM C MOCJIEeJHHMH pa6o-
TaMH B 06JIACTH PEaKTHBHOI'O IHeJa.

Hacrogammit ToM mocBsameH HamGoJee BaXHEM pa6oraM [[HOIKOB-
CKOT0 B 06JacTH PeaKTHBHOI'O IBHUIKEHHS.

M3 moMelmeHHHX 3IeChb BOCBMH DaloT IecTas paGora — , JlaBie-
HHEe Ha ILIOCKOCTb IIPH €e HOPMAJIbHOM [BHIKEHWH B BOBLYyXe“
OpAMOro OTHOUIEHHA K HCCJIeNOBAHHI0 PeaKTHBHOI'O [BUIMKEHHS He
AMeeT U BKIIYEHA B HACTOAUTHM TOM JHIIb ITOTOMY, 4TO Ha BEIBOJAX
9TOH paGOTH IeJUKOM 6asHpyeTcA ceibMas pa6ora — ,PeakTHBHH i
a9pOoILTaH".

Ot



3nech COGPaHH TpPYAH, IOCBAIIEHHHE, INIABHHM 00pa30oM, MaTe-
MAaTHYeCKOH# paspaGoTKe TEOPHH DEaKTHBHOI'0 IBHMKEHUA H HCCJIENO-
BAHHI0 IpPHMeHeHHS paKeTH MAJd I0JeTOB Yy 3eMIH H BHe ee—
B MeRINIAHETHOM IIPOCTPaHCTBe.

Pa6oTh, oTHoOcAmMeca k 06JacTH HaydHOM PaHTACTHKE H TIpoO-
naraHIApPyoIIHe HIelo 3aBoeBaHHA dpupa (,I'pesH o 3emue u HeGe,
,be3 Tamectn®, ,Bre seman“, ,Ileam 3Bes3mommaBaHua“ ,3Be3mO-
nJjaBaTeqAM“ H 1p.), eCTeCTBEHHO He MOIJIH G6HTh BKJIWYEHH B
COODHUK.

B oTHOINEHAH CTHIHCTHKH W MOCTPOEHHA PAaGOTH I[HOJIKOBCKOTO
IlepeHs3faloTcd IO0YTH 6e3 M3MeHEeHHH; JHINb B HEKOTODHX MeCTax
3aMeHeHH OT/JeJbHHEe cJoBa. Py6pukanus craredl npoBeleHa
®. augepow.

OTmeabHHe HcHpaBienud, BHeceHHHe D. llapnepoM B BHYHCIe-
nHa [[H0IKOBCKOI0, OTOBOPEHH NOJCTPOYHEIMHA NPUMeYaHHAAMH.



IIpenuesioBue pemaxTopa

Hacrosiimuii c60pHUE pa6OT HAIDero H3BeCTHOro ydeHoro Kou-
CcTaHTHHA OnyapmoBuya I[@OJKOBCKOTO OOHHMAaeT BoceMb (yHIa-
MEHTAQJBHHX pPa0oT ero, OTHOCAIIUXCA K DPEAKTABHOMY [IBHKOHUIO
¥ MEeKIJIAHETHHM COOOIIeHHAM:

1. ,PakeTa B KOCMHYeCKOe IIPOCTPAHCTBO“; BIEPBHE I0SIBHIACH
B 1903 1. B srypHate ,Hayunoe o6ospenHe“ No 5, mpHYeM 3arjaBde
TEepPBOTO MBNAHHA OHJIO MHHM, a HMeHHO — ,JccienoBanue MEPOBHX
IIPOCTPaHCTB PeaKTHBHHMU IPHGOPaMH“. BTOPHIHO BHIIA B 1924 T.
OTHeJbHOM KHHIOH.

2. ,HcciemoBaHne MHEPOBHX HOPOCTPAHCTB PEaKTHBHHMH NpPHGO-
paMu“. OTa pa6oTa NMOABHJACH IIOJ 9THM 3aIVIABHEM OTHEJbHOM KHH-
TOif B 1926 r'. M aHAJOTrHYHA IIEePBOIi; HO TeKCT, a TakKe BHIACIEH-
HEHE aBTOPOM Ta6JIUIE OTIAXYANTCA APYr 0T Apyral.

3. ,KocMmueckass parera. OmHTHa#g I[OJrOTOBKa“, u3z. 1927 T.,
Kaayra. B sroM TpyZne aBTOp YaCTO CCHJIaeTCA Ha (POPMYJH H
BHBOJH, IIOMeIlleHHEe B , [ccaemoBaEmax“, 1926 T.

4. ,PaxeTHHe KocMudYeckwWe Ioesma“, m3m. 1929 r., Kaayra.

5. ,HoBHI apponyaH“, m3x. 1929 r., Raxayra.

6. ,JlaBieHHe Ha IJIOCKOCTHh IIPH €€ HOPMalIbHOM [BHMKEHHH
B B03ayxe“, m3m. 1929 r., Kaaxyra.

7. ,PeakTEBHHU aspomaaB“, u3m. 1930 r., Kaayra.

8. ,CrpaTonjyaH MOJNypeakTHBHHEA“, W3, 1932 r., Kaxyra.

B cBoux kmmrax K. 9. I[noJkoBCKHA — MepBHH B MHpEe — [HaeT
pacyeTH, NP IOMOIOM KOTOPHX OIpeJeldercd IOJET DaKeTH, ee
pacxon ropiodero IJd ITOJYyYeHHA 3aJaHHOH CKOPOCTH II0JeTa TPpH
PasIRIHHX YCIOBHAX, a TaKie ee KOB(HIHEHTH II0Je3HOro JeHcT-
BHA KaK TepMHYeCKHH, TaKk H MeXaHHYeCKHI.

[IronKOBCKAH TPUHAIJIEKAT K IHCAY TeX JoJAeH, KOTODHe CBOeH
J060BBD K Jlely H OPOHHRIATENIbHOCTHI yMa HAINK HOBOe B 06Ja-
CTH, B KOTOpOH JIOOHM HAYRH ellle Majo CHeJald II0 BHABJICHHIO
UMeIIAXcH MPAKTAYECKNX BO3MOMNKHOCTel. B HAYYHHX TPYaX KA3HD
Ha IPYTHX [NIAHETaX PHCOBAIACH B 0GCTAHOBKE HACTOIBKO HEOOH IHOM,
YTO0 B Hell Haxe TPYAHO OHIJIO0 IIPENCTABHTH cebe CYIIeCcTBOBaHHE

1 ITmonkoBCKHiI IWIDeT B NpPHIOKeHHR K KHure: ,KocMmueckas paxera.
OnblTHad TOATOTOBKA , . . . HA OGNOKKe, IO MOedl pacCeTHHOCTH, OCTalacCh 3a-
MeTKa, YTO paboTa 3Ta ecTh mepemneyarka TpyxoB 1903—1911 rr. ¥ MeHs cHavaxda
1 OBITO TaKOoe HaMepeHHe, HO A ero IOTOM H3MEeHHN: Bce mepepafoTat, a Ha Ie-
pensjasHe CTapOro HeXBATHJIO CPEeNCTB Il INOTOMY HANEYaTaTh NPHMAOCH IOITI
0HO TOJBKO HOBOE“.

-



qeJoBeKa. [Imcarenu-6eeTpUCTH ONHCHBAJNHA JHIIL TAKHE METOXEP
mmoJjieTa, KOTOpHE Jid (PaKTHIECKHX II0JeTOB B MHPOBOE IIPOCTPaH-
CTBO IOPHIOJHH He GHJIH, X0TA pAL HX YKasaJ Ha pakeTy Kak
Ha CPeJCTBO moJeTa Ha JAYHY.

Tak, HampuMep, ¢pasnysckud aurepaTop CasHHBeH xe-CupaHo,
u3BeCTHHIt mon mMeHeM CHpaHo Je Bepsepak, yme B 1649 T.
B CBOeM courHeHHHU ,llyTemecTBHe Ha JYHY“ ONHCHBaeT MPUGOP,
DOXO0:XHMH Ha JIeTAOU[er0 JIPAaKOHA; HAa STOT IIPHOOP COJIATH ITOMe-
CTHJH Ha PasHHX HTaXKaxX IO IIeCTb PAaKeT, IPH IOMOIIA KOTOPHX
CrpaHo AKOGH IOJHSJCSA Ha OTPOMHYIO BHICOTY.

[Tonpayerca pakeraMm [Jd H3MEHEHHS NYTH II0JeTa CHAPALA
B MEKIIIAHETHOM IIPOCTPAHCTBE TaKie M H3BeCTHHH (paHIy3CKUit
nucatens Koap BepH B cBoeM counHeRHH ,[lyTemecTBre Ha AYHY“.

Ho llmosnkoBckmit 6HJ MePBHM, KOTODHH aJ B COGPaHHHX 3/1eCh
TPyJaX CTPOro Hay4YHOe 0GOCHOBAHHE [AHHOMY BOIIPOCY.

[lonygenuH# eme B [OeTCTBe OPraHMYeCKHN HEOOCTATOE (TJIy-
X0Ta) OTpasuics B HNaJbHeUIeM Ha BCeil ero JKH3HM H 1eATeNbHOCTH,
3aCTaBHB ero yeJHHATHCA H pPa3pabaTHBATL MHOTHe Hay4HHE BO-
TIPOCH CaMOCTOATeJNbHO, (6e3 [OMOINA COBpEMEHHHX eMy HayYHHX
JHCOUIJIAH. JTa CAaMOGHTHOCTH, OTOPBAHHOCTL OT COBpeMEHHOH eMy
TeXHAYEeCKOM MHCJIH OCTaBHJIH CBOW cJel B Ha TpyAax I[HoadkoB-
CKOT0, ¥ Ha (opMe m comep:caHAH HX. Tak, B ceomx Tpymax Ilmoa-
KOBCKHH 1A 0003HA4YeHUdA [JHHH H Beca (xmx, xz) IPHMeHAET ONHO
BHpaxeHue: ,kun0“. B crarre ,J/laBIeHHe Ha IJOCKOCTH“ BHIYIEH
a03all 46, Ha CTp. 8 OPHTHHAJA, TAK KaK 3][eCh CleJaH OMNGOYHHI
BLIBOJ, YTO BeJHYHWHA!, paBHAA 10 OGINENPHHATHM 0603HAYECHHAM
1 : (x—1), rue x—I0Ka3aTeJb CTeIIeHA anuabarTsl, IPONOPIHOHAIBHE
a6COJIOTHOU TeMIepaType X 06PaTHO IPONOPIHEOHAIBHA a0CONI0THOMY
IaBleHHI0. 3aTeM Ha cTp. 8 Tpylda ,PearTmBHH# aspommar® IlmoJ-
KOBCKHH HE YMHOMXHJ pab0oTy TOJydeHHs 1 M3 CixaToTO BO3AYXa Ha
pacxon Bo3xyXa, Tpe6yeMHH AJ4 1 %2 TOPI0OYEro, YTO IPEBOIUT K HENpa-
BHJIBHOMY BHBOJLY OTHOCHTEJbHO BO3MOMKHOCTH CXKATUA BO3AYXa
KOMIIDECCOPOM [0 OTPOMHHX NaBJeHHW. S/eCh GHJIH NpOH3BeleHH
COOTBETCTBYWINUe MCIPaBIeHVd, OHJH BHeCeHH HCOPaBJEHHd I
B PAN YHCJIOBHX NaHHHX Tabaml. Harkonen, IlmonkoBCKHlt, IPHHAB
ompeneleHHOe peleHHe 110 PAY BOIIPOCOB, He PACCYATHBAET 10 KOHIIA
NIpeNJIoKeHHON KOHCTPYKNEH, XOTA YKa3HBaeT, YTO TOJBKO IIOCJe
OKOHYATeJbHOI'0 PacdeTa MOMKHO ONPeNelNHTh, KaKHM o0pasoM 3Ta
KOHCTDYKLIMSA MO:KeT OHTh TeXHHYeCKH OQopMieHa. B pesyibTare
NpemI0KeHENEe HM KOHCTPYKIMW HMEIOT OTPaHHIeHHYI 006JacTh
npuMeHeHHs. Tak, Bo BceX KHHIaX OpedmojaraeTcss, 4ro TeMIepa-
Typa TIas3oB OKO0J0 KOHI2 pPacTpyba COIJIa HACTOJIHKO HH3KA, 4YTO
MOHO B3THM XOJOIOM BOCIOJB30BATHCA [JIfA OXJAKIEHHWS BO3LYyXa,
C/KHMaeMOoro B Harserareje. OIHaKO B5TOT XO0JOX, BO-IIePBHX,
MOJKeT HOJYYHTHCA TOJBKO IPH ONpelelIeHHHX YCJOBUAX, IMTaBHHM
06pa3oM, IIPH GOJBIIMX HAYAJbHHX HJIH BeChbMa HH3KHX KOHEYHHX
IaBJeHHAX, &, BO-BTOPHX, IIDH NpeJJoXKeHHOM MeTOAe TeIlIoTa Cool-
maercad IPOAYKTaM CrOpPaHHd, pacllUpAINAMCA B COIIe IpH

1Y InoakoBCKOro aTa BEeJHIHHA 0603HAIEHA GYKBOH A.



BeChbMa HH3KOM JaBJEHHH HX, BCIEeNCTBHE 4ero IIPH OKOHYATEJBHOM
pacHIEpeHNH K KOHIYy COIJIa BechbMa MaJo TelJjia IPeBPaIlaeTCS
B KAHETHIECKYI0 DHEPIHI0O [BHKeHHSA IIPOAYKTOB CrOpDaHHS, Kak:
5TO HeTaJbHEe IIOKa3aHO MHOI B COOTBETCTBYIOIIEM IPHMEYaHHH.

Pacger HargeTaTend, NaHEHE I[HOJKOBCKEM, HemoJoH. B Tpyne
,CKEMaTe p TAa30B“, 1931 I., JaHH HHTepeCHHe, GoJiee IOJHHE
pacuerH. Ho GoabInEe TPYOHOCTH 6yHeT IpeNcTaBIATh KOHCTPYK-
THBHOE BHIOJHEHHE BEChbMa MOIIHHX IIPHCIOCOGJeHHH IS 0XJaiK-
OeHHsA, Tpe6yeMHX [PE MHOLOCTYIIeHYAaTOM CIKATHE. 3/leCh HEeXBa-
TaeT pacyeToB.

B koHue craTbH ,/laBleHHe Ha INIOCKOCTH“ I[MOJKOBCKHUH paer
TaGIUIy JONMYyCKaeMHX CKOpOCTel IIoJieTa, HE IOMeIlad pacuera,
KOTOpHH ero OPHBEJ K STHM CKOPOCTSM.

B rpyzme ,llomypeaxTmBumi aspounan“ I[MoNKOBCKHH He faeT
JIOKa3aTeJbCTBA TOr0, UTO IIPH YBeJHYEHHOM CKOPOCTH II0JIeTa
HOJyYeHHAA Peaknua O6yHeT NOCTaTOYHOH BEJIMYHHH [JId II0JeTa.
[omer Gymer BO3MOXKEH JHUINb IPH JOCTATOYHOH BeJHyHHe 3anaca
MOIIHOCTH [(BHTATeJA. XOTSA B CTaThe ,PeakTHBHHH aspomian“ m
OIHCHBAETCS adpOIIaH ¢ GOJBIIMM [BHIaTeldeM, CiKHMAIIIUM
BO3IyX JJd TODeHHA B paKeTe, HO Dab0Ta CMKaTHsS BCIEICTBHE
BHIIeYKa3aHHOH OWMHOKH I[HOJKOBCKOrO NOJMKBa GHTH IIPHOJIH3H-
TeJbHO B 11 pas 6Gojplle, IeM HM BhYACJIeHHad. Bce ke B m3BecT-
HHX IpefeJax KOHCTPYKIHA adpoljaHa MOMKeT HAUTH IpHMeHEHHe.

Jlns cxeMH peakTHBHOro aspomiaHa IlmoskoBckoro tpefyercs
JOKa3aTedbCTBO TOT0, 4To (opMa IIPENJIOMKEHHOTO0 UM adpONJaHa
¢ a9pONIMHAMIIECKOH TOYKH 3peHHA BHI0JHa HACTONBKO, ITOGH BMecTe
C TPeHEMYTIeCTBaMA JEeTrKOCTH M IIPOCTOTH KOHCTPYKIHM JaBaTh BH-
TONHHH pesyJabTaT. B o6imeM, 8To IpensokeHHe BeChMa HHTEPEeCHO.

B kmmre ,MdccaenosaEme MHDOBHX IIPOCTPaHCTB® Ba CTP. 75
HaIero C60pHAKA B BHpawmeHUU [Jd AudepeHIHaJa paéoTH COIIPO-
THBJIeHAA aTMOCHepH IlHOJKOBCKEM G6HJ NPOIYIIeH MHOMKHTENb &,
BCJeNCTBHE Yero HHTerpaJ DPaGOTH IOJydHiIcsS HeIPaBHJIbHHH H
C JBYMS HeH3BECTHHIMH, MEXKIY TeM Kak JO0J:KeH IOJy4YHTbCA Golee
mpocTo#t WHTErpaJ ¢ OJHUM HeHm3BeCTHHM. COOTBETCTBYHIIHEe MeCTa
Ha TOCHeIYOIIAX CTPAHUNAX MHOI0 GHJHE HCIPaBJIeHH, X Ta6J. 10
Ha CTp. 78, OTHOCHTEJBHO OCTalolledicd pPaGOTH CONPOTHBIEHHST
aTMoc(epH, COOTBETCTBYIOIIHM 00pa3oM H3MeHeHa.

{lwoJKOBCKMH IPHXONUT B CBOUX KHHrax ,Pakera B KoCMHYe-
ckoe mpocTpaHCTBO“ M ,HcciefoBaHMA MHEDPOBHX IIPOCTPAHCTB
K BHBOIY, 4YTO HMeeTCA olipellelleHHHH Ham6osee BHTONHHH YroJ
moaeTa. B kHHUre ke 1mpog. O6epra ,llyTH K kocMAYeCKOMY HoJeTy“
(, Wege zur Raumschiffahrt) 1928 r. mMeeTcs HHOM BHIBOX, COTJIACHO
KOTOPDOMY [JdA CBOGOLHO JieTaloImedl pakerH Ham(oJee BHIOIHHM
ABIsAeTCAd BePTHRAJbHHI I0ABeM, a AJd NaCCakHPCKOH paKeTH —
TOIbeM II0 0C060# KPHBOM, Ha3HBaeMo# HM cHHeprudeckoil. Ho o6a
pe3yabpTaTa He IPOTHBOpeYaT APY T APYTy BBUIY Toro, 4To y [lHoaKo0B-
CKOr'0 IIPEeAIOJaraeTcsd yCKOPeHHe pakeTH IIOCTOAHHHM, 3aJaHHHM,
a O6epT GepeT 1y CBOOONHO JeTalomleldl PaKeTH IlepeMeHHOe YCKO-
PeHHe, HMEHHO TaKoe, IDH KOTOPOM B KaskIHH MOMeHT Ha JaHHOIT
BHCOTe IOABeMa H IIPH SAHHOM pacxoje roplodyero CKOPOCTh yBe-
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JA9IABaETCA 60JbIIe BCero; NPYIHMH CJIOBAMHE, OH OIIpeJeJideT Hau-
Goyee BHIOLHYIO CKOPOCTh IoJeTa. [ljd IMacCamHPCKON e paKeTH
O6epT IpPHAHUMAET Takie OlpeledeHHOe MAaKCHMaldbHOe NI JoLeil
ycropeHne. IIHolKoBEKHH BHYHCIAET BCIO PaboTy IAS IOABeMa H
1A IPeoJoJeHAA CONPOTHBJIEHHA arMOCeEpPH, W [0JyJaeT, TAKUM
06pa30M, CpeIHAN, HarboJee BHTOJHHI YKJIOR IPH IIpoJieTe Beeil at-
MocepH. O6epT BHYHCASET HaHG0Iee BHIONHHYE YKIOH IMOJeTa A
BCAKOI'0 MOMEHTa HII03TOMY II0JIy9aeT AJId TPReKTOPHH KPHBYIO JXHHUIO.

0Oco6eHHOCTHI0 KBEUT 1[HONKOBCKOI0, 3aTPYHADIIEH Gerioe ITeHEe
HX, ABJAETCH TO 06CTOSATEJIHCTBO, YTO BCJIEICTBHE HeXBATKH B Kauayx-
«CKOH THIOrpadHsa JAaTHHCKOIO IIPW(HTa ¥ MATEeMAaTHYECKHAX CHMBO-
JI0B Bce 0003HAUEHHS MaTeMaTAYEeCKUX BEJIHIAH IIPeJCTaBIAIMH
CORpallleHHe COOTBETCTBYOIHMX CJOB, IPUIEM COKPAIeHHs COCTOAIN
u3 2—3 pycckux OykB. Tak, HaopHEMep, IS YCKODEHHS aAnpa
-OHJIO BBeleHO 0003HaYeHHE Y4, NId IJIHAHH UYMKE— o, nud
OTHOCHTeJbHOH TaMkecTH — To, u T. 1. Bee 5TiI 0603HAUEHASA OHIH
B H3I1aBaeMON, COOpDHHKEe 3aMeHeHH OOMenpHHATHMHA. B KHHre
,PaKera B KOCMHYeCKOe IIPOCTPaHCTBO“ H B Hauale ,JlccienosaHmit
MHDPOBHX IIPOCTPAHCTBY, Te GHJN IPAMEHEHH B (OpPMYJax JaTHH-
CKHe GYKBH, ITOCIeJHHe OHJPF 0CTaBJIeHH Ge3 H3MeHeHHH.

B kuure ,Pakera B KoCMUUeCKoe IIDOCTPAHCTBO® YepTesK PAKeTH,
[IOMEIIeHHHH Ha CTP. 6, OHJ 3aMeHeH 4YepTexoM, COCTABJIEHHHM
caMaM llmonkoBckuM u momenieHHHM B KHukKe $l. IlepeabMmana
»MeKnianeTase IyTeIIeCTBHA®, a Takme B xkHAre H. A. PuHHEa
wMemxmmnaneraHe coobmenndg, K. 9. Ilwoakosckui, ero KH3Hb,
DPa6OTH H paKeTH*, ¢Tp. 41. 9To OHXO0 cHeJaHO BBHIY TOI'0, YTO
caM I[HOJKOBCKAM IIPH Pa3sBATHH CBOHX DAaGOT OTKasalJCd OT M3BHU-
JIMH, KOTOpHEe HMeJHCh Ha 3aMeHeHHOM 4YepTexke I KOTODHE JOJ-
SRHH OHJIH CIYHTh B3aMeH JKUPOCKOIA MIJId TIIOJYydYeHAsa YCTOM-
YHUBOTO I10JieTa PaKeTH.

B kHure ,KocMmuueckas paxera. ONHTHAA MOATOTOBKA“ BHIIYIIEH
a63al, B KoTopoM IluoiKoBCKH{ pasBHBaeT HEBIOJHe NPABHIBHYI
MHCJb 06 OIpeleJeHHOU TOCTOAHHON TeMIepaType AHCCOLHANNH H
0 TOM, YTO TeMOepaTypa IoOpeHHA BOJOPOJa MeHbIIe TeMIIePaTypH
TOpeHud yriaepora.

BompocH 0 x@SHM B MeKIJaHETHOM Kopallle M O IITaHe PadoT
IAS CO3IaHAS MeKIJMIAHETHOro Kopa6isd B HACTOALIEM COOpHHKe
0OCTaBJeHH JHIIh YaCTUYHO. :

Pa6orer 11uoaK0BCKOr0 04eHh MHOT'OI'PAHEH, H BBHIY TOI0, YTO OH
meyataJ B 00IIeM TPYAH HeG0JhIOro o6beMa (32 HMCKIYEHHEM
rEErd ,HcciaemoBaHEsa MUPOBHX IIPOCTPAHCTB®, 00beM KOTOPOH Co-
.CTABISgET IIATH MeJATHHX JHCTOB), B OTHEJHHEX MeCTaX CONePHKHTCH
BeChbMa MHOTO pa3HooGpa3HHX MHCJIell W pacdeToB. I{HOJIKOBCKHI
caM He [aeT BIIOJHE SACHOTO, JIeKO 0003peBaeMoro pasmelleHHsd
OTAENbHHX PAaCYeTOB, 4TO 3aTPYAHAET IIOMCKH B er0 TPYyAaX Tpe-
6yeMoro pacyera IJd onpeieleHHOro caydas. [Ioaromy B KoHIle c6op-
HHAKa IOMeIleH NpeIMeTHHH yKasaTeJb, KOTODHH IIOMOSKET YRTA-
TeJI0 OTHCKATh HEOGXOMMMHE eMy MaTepHalH H PacyeTH.

Hroe. . Ilandep
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Pakera B KOcMHYeCKOe IIPOCTPAHCTBO

Bricora moabeMa Ha BO3TYIMIHBIX IHApax; pasMepl,
Bec mx. Temmeparypa H ILIOTHOCTH aTMOCHEPHL.

1.* He6osbliine aspocTaTH ¢ aBTOMATHYeCKH HAGIOIA0IIAMY TIPH-
6opaMu, 6e3 noel, 10 CAX NOP MOXHAMAJIACH 0 BHCOTH, He G0Jb-
meu 22 x4,

TpynHocTH IogbeMa Ha GOJBIIYI0 BHCOTY C IIOMOIIBI0O BO3MYII-
HHX II3pOB B0O3PacTAalOT C yBelHdYeHHeM 3TOX BHCOTH Ype3BHYANHO
OHCTPO.

[Too:kEM, MH XOTHM, YTOOH aspocTaT MNOTHAJCA Ha BHCOTY
27 xu B NONHAJ rpys B 1 %2, Bosgyx Ha BHCOTE 27 %4 HMeeT IJIOT-
HOCTH OKOJIO !/5p INIOTHOCTY BO3LyXa y 3eMHON I0BEPXHOCTH (760 Jrus
Japjaernsa B 0° II). 3HaudT, mIap Ha Takod BHCOTEe [JOJKEH 3aHATh
o0beM B 50 pa3 OOJbINHH, YeM BHH3Y. Y yPOBHA JKe OKeaHa CJe-
IyeT BIYCTUTH B Hero He MeHee 2 .3 BONOPOLA, KOTOPHE Ha BHCOTE
salMyT 100 43. [Ipm sToM Iap mogHEMaeT Ipys B 1 %2, T. e. MOJ-
HHUMeT aBTOMATHYECKHH IIPHGOp, a caM Iuap 6YyIeT BeCHThH 1 %¢ HIH
oKoJi0 Toro. [loBepxHOCTH ero 060J09KU OPH IHaMeTpe B 5,8 4 CO-
CTaBUT He -MeHee 103 w2 CllenoBaTeJbHO, KamIHU 1 42 MaTepuwd,
CYHTaA U IPUOIATYI0 K Hedd ceTKY, NOJKeH BeCATH 10 .

KBagpaTHH# MeTp OGHKHOBeHHON IMcCYed 6GyMar® BecHT 100 ¢;
BEC e 1 x42 MalnEpPOCHOH 6yMald cocTaBideT 50 . Tak 4To naske ma-
mipocHas 6yMara 6yIeT B OATH pa3 TAMelee TOH MaTepHH, KOTOpas
ooJkHa OHTH yIoTpe6ieHa Ha laml aspocrarl. Tarylo MaTepirno
IPHMEHHATH B a®pOCTaTe HEBO3MOKHO, IIOTOMY UTO 060J09Ka, CHeJaH-
Had W3 Hee, 6yJeT PBAThCA U CHJIBHO IIPOMYCKAaTh Ias.

Maper 601pmIAX pa3MepoB MOTYT NMeThb 6osee TOJCTYI0 060JI0UKY .
Tak, map ¢ HeGHBAJO GONBIIHM ITHAMETPOM B 53 4 OYyAeT HMeTh
060JI09KY, 1 .42 KOTOPOil BecuUT OKoJo 100 2, T. e. YyTh TdAKelee
00HKHOBeHHOU mnucaeir 6ymard. [foganMer oH 1000 %2 rpysa, dTO
yepecyyp MHOPO IJ4 CAMONHMIIYIIero IpuGopa.

* Hymepamua naparpa@oB H (OpMyJ OCTaBJIEHa B TOM ke BHIe, Kak 5TO JaHO
Inoax0BCKHM B ero H3AHHAX. OTa HYMePAlHA COOTBETCTBYeT HyMepauHui
naparpagos u gopMyx pykxomuceit aBropa. Berpedaouuecs HapymeHHS MOPAIKO-
BOH HyMepalHH MOKa3HIBAOT, 9T0 mnaparpadbl ¥ (OPMYJabl GBHIIH BHIGPOINEHE!
CaMHM aBTOPOM KAk He HMelol(He 3HAYEHHA HI JId TPAKTYeMOil M TeMBl, HII II4
NpHBOAHMOTrO pacdera. JIpum. peo. :
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Ecau orpamvumTLCa IpHE TeX Ke I'DOMAaJHHX pasMepax aspo-
CTaTa I0AHeMHOI CHAO0I0 B 1 %2, TO 060JOYKY MOKHO CIeJJaTh pasa
B iBa TdAKeJee. BoolIie, B TAaKOM CJydae adpocTaT X0Ta M 060H-
AeTcd BeCbMa J0OPOT0, HO IIOCTPOeHHE €ero Helb3d CUYHUTATH MAejoM
HeBO3MOXHEM. O6beM ero Ha BHCOTe 27 %4 COCTABAT 100 000 .3, 1Mo-
BEPXHOCTH 000JIOUKH 10 300 .2,

A MexIy TeM, KakHe KaJjakue pesynpTaTH! llonbeM Ha Kakmx-ToO
27 %m BHCOTH.

Yro e CKasaTb O NONHATAM OPHOOPOB Ha GOIBIIYID BHCOTY!
Pasmepn aspocTaToB MOJKEH GHTDH ellle 3HAYHTEJNHHO GOJblle; HO
He HAM0 IPH STOM 3a6HBaTh, 4TO C yBeJHYeHHEM pPasMepoB BO3-
IYIIHOTO INapa pasphBaoImue 060JOYKY CHIH BCe 60jee H GoJee
0epyT IepeBeC Hal CONPOTHBJECHHEM MaTepHaJa.

llomaaTHe npm6OpOB 3a Npeleldsl aTMOCPepH ¢ IOMOIIBI BO3-

IYUIHOTO Imapa, pasyMeeTcs, COBCeM HEeMHCIUMO; B3 HalJ0NenHi
Hal NAfal0NIAMHU 3Be3MaMU BUAHO, UT9 IIpelesH STH He IpoCTHpa-

orca pagaee 200—300 %, TeopeanecRn Jaxe oNpeneysioT BHCOTY
aTMOC(EepH B 54 x4, IPDHHEMAA B OCHOBAHHE pacyeTa NOBHMKEHHE
TeMIIepaTypH Bo3nyxa B 5° Il Ha KaXIHI KHIOMETD I01BeMa, 4To
IOBOJIBHO GJU3K0 K INeHCTBHTEJBHOCTH, N0 KpallHel Mepe, IJd I0-
CTYOHHX CJI0eB arMocgepH !

BricoTa Temnepa-

; [TroTHOECTH
arm;)c’g);pm Zggi? BOBAYXA
0 0 1
6 — 30 1: 2
12 — 60 1: 4,32
18 — 90 1:10,6
24 —120 1:30,5
30 —150 1:116
36 —180 1:584
42 —210 1:3900
48 —240 1:28000
54,5 —272 0.

Buire npuBeneHa Tabiamlla BHCOT, TeMIIepaTyp M NJIOTHOCTeH
BO3/1yXa, BHUUCIeHHAs MHOI Ha BTOM OCHOBamMU. I3 Hee BHIHO,
Kak OHCTPO BO3pAacCTalOT TPYAHOCTH IIOAHATHSA C YBeJAYeHUEM
BEICOTH.

HJeanTens mociaefHero CTOJGLA OKa3HBAaeT TPYIHOCTb, KOTOPYIO
MOXeT1 BCTPETHTH IIOCTPOMKA BO3AYIIHOTO Inapa.

2. IlepeiineM K pApyroil Hiee moJeTa B BHCOTY — ¢ NOMOIIbO
IyIIeYHHX CHAPAOB.

Ha npakTEre HayaJpHad CKOPOCTb ABHiMKEHHSA CHApPANOB He IIpe-
BHINAET 1200 ut/cex. Takroil cHApPSN, NYIeHHHIU BEPTHUKAJIBHO, I10[-
HHMeTCS Ha BHCOTY B 73 %, €CJH II0JIeT cOBepInaeTCA B (6€3B03-
JyIIHOM IIpocTpaHcTBe. B Bo3myxe ske BHCOTa IMogbeMa 6YeT MHOTO
MeHEbIlle B 3aBHCHMOCTH OT (POPMH IT MACCH CHapAna.

1 Temepb H3BEC1HO, YTO NOHIKEHHE TeMUmepaTYPH HAET TOJNLKO O IpelelioB
rpomocdepsr, T. e. 1o 11 xx. Aemop.
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{Ipm xopomreit ¢opMe CHapsAna BHCOTa IOLBEMa MOET IOCTH-
raTh 3HAUYMTEJbHOM BEJHMYHHH; HO IIOMEL[aTh HAOJOAA0IIVE IIPH-
00pH BHYTDH CHApANa HEBO3MOMXKHO IOTOMY, 4TO OHM OyAYyT pas-
6UTH BApe6e3rd — HJH IIPY BO3BPALLCHHH CHAPANA Ha 3€MJI0, HJIH
OpiI caMOM MABHKEHHH ero B IyMedHoM CTBoJe. OMACHOCTH IPH
IBH:XEHHA CHapAda B KaHaje MeHbIle, HO H 5Ta OMACHOCTH MJIA
UeJOCTH aNIaparToB rpoManHa. IloMomEM, MJIA HPOCTOTH, YTO JaB-
JieHHe ra3oB Ha CHApAJ] PaBHOMEDHO, BCJAeNCTBHEe Yero yCKOpeHHUe
ero IBH:KEeHHs cocTaBideT W s/cex2. Torma To #e yCKODeHHE IIOJY-
Yai0T W BCe IIPeMeTH B CHapAle, UPHHYKISHHHE COBeDIIATH C HEM
onHo npmxkeHrme. OT 9TOr0 BHYTPH CHApANLA [zgonmna Pa3BHTHCA OT-

HOCHUTEJNbHAA, KAKYI[aACA TAKECTDb, paBHAA 7, rae g eCTb yCKOpe-

HOe 3eMHOU TAMXeCTH Y IIOBEPXHOCTH 3€MJlh.

Jausa uymed L BHpasuTcd QOpMYJIOH:
A
T 2(W—y)’

l/l/ —_ ; q
2 Z: J)

ri1e V—cKopocTh, IpHOGpeTaeMas CHapALOM II0 BHXOIe H3 epJa.

U3 dopmyas BmaHO, 4TO W, Clen0BaTeJbHO U IpHpalleHHe OT-
HOCHTEJNbHOH TsAKECTH B CHapALe, YMEHBINAETCA C yBeJHYeHHeM
JJIMHH NYIIRR [OpH [OCTOAHHOM V, T. e, 94eM JJHMHHee IIyINKa, TeM
OpPHGOPH Ge30lMacHee BO BpeMd BHTAJKHABAHAA CHapsana. Ho m mpH
OYeHb MNJHHHOM, HEOCYLIeCTBEMON Ha Ieje IyIIKe, RaXyIagcd
B CHapdA/le TAMKECTh IPH YCKOPAMINEMCS ero ABHMKeHHM B IIyIIed-
HOM KaHaje HaCTOJBKO BeJHKA, YTO HEXKRO YCTPOEHHHE aIIlapaThl
elBa JIH MOLYT IlepeHeCTH ee 6e3 mopau. TeM Gojee HEBO3MOXKHO
IocaaTh B CHapAde YTO-HEOYNAb “KHBOe, €CIH Gbl B 9TOM CIYYHJIACH
HaJI06HOCTb.

3. Urak, momycrtHM, 4T0 IIOCTPOEHA IYINKA, IPEMEPHO, B 300 4
BHCOTH. lIycTp OHa pacmogoseHa BIOJb GalmAN Of(esd, KoTopad,
KaK M3BECTHO, HMEeT TaKyl e BEHCOTY, M IIyCTb CHApAL DaBHO-
MEDHHM [aBJeHHeM TIas0B II0JydJaeT IPH BHXOMIe H3 epjaa CKQ-
POCTh, NOCTATOYHYI0 AJA IONHATHS 3a IPeleldH aTMOC(pepH, HalpH-
Mep, AJd MOLHATHA Ha 300 x4 OT 3eMHOM IoBepxHoCcTH. Torma Imo-
TPe6HYI0 1A BTOTO CKOPOCTh V BHYHCHAAeM I0 Gopmyle:

V=12g.h,
rIe h— BHCOTA HOAHATHSA (DOMYIAM OKOJO 2450 4/cex). 13 nByX Imo-
clleqHAX (OpMyI, HCKIOYad V, HalgeM:

W h i:

g - L + 2

TYT 7 BHpaMaeT OTHOCHTEJIBHYH WIH KRaKYIIYyOCA TAKECTD
B aape. Ilo ¢gopmyse HalifeM, yTo oBa paBHa 1001.
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CaenoBaTes bHO, TAMKECTh BCeX IIPAGOPOB B CHapsifie IOJUKHA
YBeJHYHTBCA B 1000 pas, ¢ JHIIKOM, T. €. IPeIMeT BECOM B 1 %2
HCIIHTHBaeT OT KamylleHca TAxecTH IaBieBHe B 1000 xz. Ejxpa
JM KaKod (pHsMyeCKHH OPHGOD BHAEePXKMT moJ0GHOe AaBieHHe. Ka-
KOil ke TOJYOK /OJKHH HCHHTHBATH Teja B KOPOTKOH NYIIKe ¥
IIPH II0JeTe Ha BHCOTY, GOJBIIYI0 300 %!

Yro6Hl He BBECTH KOI'0-HHO6YIb B 330y IeHAe CI0BAMH ,O0THOCH-
TeJbHasA MM KaKYUIadcd TAMKECTb, CKaXy, 4YTO d TYT IoApasy-
MeBal0 CHJIY, 3aBHCAINYI0 0T yCKOpAoOIerocs NBHMKEHHS Tesaa (Ha-
OpHEMep, CHAPANA); OHa IOABIAETCA TaKkiKe M IPH pPAaBHOMEDHOM
JBHMKEHHM Tella, eCJH TOJDPKO 5TO JBHiKeHHe KPHUBOJHHEHHO, M Ha-
3HBaeTCa TOrNa I[EHTPOGeXKHON cmioil. Boolllle oHA MNOABIAeTCA
BCerjJa Ha TeJle WIH B Teje, eCJH TOJBKO Ha OJHO BTO TeJo Ieii-
CTByeT KaKas-I4060 MeXaHHYeCKasd CHJIa, Hapyllawoliad ABUKeHHe
TeJa M0 HHepuHH. OTHOCHTEJNbHAA TAMKECTh CYMECTBYET [0 TeX IIop,
II0Ka CYlIecTBYeT POXKAAIIIAA ee CHIa: IpeKpamaercd ocae Hdd—
ncyeszaeT 6eCCIeJHO W OTHOCHTeJbHAd TAKecTb. KCIH d Ha3HBAL
3Ty CHJY TAXKECTHI, TO TONBKO IOTOMY, YTO ee BpeMeHHOe HeHcCT-
BHE COBEPILEHHO TOMKIECTBEHHO C eHCTBHEM CHJH TATOTeHHs. Kak
TATOTEHUIO II0IBePsKe 1A KAk 1asA MaTepAIbHAA TOYKa TeJla, TAK H OTHO-
CHTEJBHAA TAKECTh POKIAETCA B KaiK /101 JaCTHIe Tela, 3aRJI0IEeHHOTO
B CHapsAje; IPOHCXOMQAT 5TO MOTOMY, 9T0 KAKYINAICA TAMKECTb 3aBU-
CHT OT MHePI|HH, KOTOPO# OJMHAKOBO [10JBEPHEeHH BCe MaTepHaJbHHE
gacTH Tesa. Mrak, npm6OpH BHYTPM CHapAla cHelaloTcs TdiKedee
B 1001 pas. Ecam OH pmaie NpPU STOM CTPAIIHOM, XOTA H KDPaTKO-
BpeMeHHOM (0,24 CeK.) YCUJIeHHHA OTHOCHTEJHHOH TAMKeCTH H yIaJ0Ch
HX COXDaHHTh B IIeJIOCTH, TO BCe e HaHIeTcd MHOTO JADYrEX
NIPeIATCTBHEN INJd yHOoTpeGJdeHHs NyIeK B KadecTBe INOCH JATe-
JeH B HeGeCHOE IPOCTPAHCTBO.

Ilpesxne Brcero-— TpyAHOCTH X HOCTPOEHHS, Jaxe B OyAylieM;
JaJjiee — rpoMaJHad HayaJbHad CKOPOCTb CHAPANAA; NeHCTBHTEIBHO,
B HH/KHHX TYCTHX CJOSIX aTMOC(epH CKOPOCTh CHapfAna; MHOIO
[0TepAeT BCJIeACTBHME COIPOTHBJIEHHSA BO3[yXa; IOTeps e CROPO-
CTH CHJILHO COKDAaTHT M BHCOTY IT0JleTa CHapAnda; 3aTeM TPYIHO
JOCTHT'HYTh PaBHOMEDHOTO IaBJeHHS I'a30B Ha CHApAN BO BpeMs
ero JIBHMKEHHd B CTBOJIE, OTYero YyCHJEHHe TAMXKECTH OyIeT MHOro
6oJiee, 4eM MH BHYHCJIHJIH (1001); HaKOHell, (e30IIaCHOCTH BO3Bpa-
IIeHHS CHapAJa HA 3eMJI Gojee 4eM COMHUTeJbHA.

Pakera U nmymka

4. BnipoueM, OZHOT0 TI'POMAJHOIO YBEJHYEHHS TSKECTH COBEP-
IIEHHO J0CTAaTOYHO, YTOGH OCTaBHTH MHCIb O IIPEMEHEHHH IyLIeK
K HalleMy [eany.

BMecTo HEX HJIH a3pocTaTa, B KauecTBe HCCJIe0BaTeNsI aTMochepH
YIpeJJaralo peakTHBHHA IIPEGOD, T. €. POX PaKeTH, HO PaKeTH TpaH-
IHO3HOI M O0COOEHHHM 006pa3oM YCTpPOeHHOH. MEICJHL He HOBafdg, HO
BHVYHCJEHHS, OTHOCAIIUECI K HEH, Jal0T CTOJb 3aMedyaTeldbHHE pe-
3yJBTATH, YTO yMOJIJaTh O HHX OHJIO OH HeJOIyCTAMO.

AdTa Mos paboTa HaJeKo He PaccMaTpPUBaeT BCeX CTODOH JeJa
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M COBCEM HE pellaeT ero ¢ NPAKTHYECKOH CTOPOHH OTHOCHTEJbHO-
OCYIeCTBEMOCTH; HO B JajeKoM OyAyIieM yiKe BHIHEITCA CKBO3bH-
TYMaH IIePCIEeKTHBH [0 TaKoli CTelleHH OGOJBCTHUTEJbHHE H BaXK-
HHE, YT0 0 HHUX e[lBa JH Tellepb KTO MeyTaer.

IIpencraBuM ce6Ge Takoi cRApAL: MeTadJndecKad IIPONOJTOBATAL
KaMepa (popMH HaHMeHBIIEro CONPOTHBJEHNA), CHAOKEHHAT CBETOM,
KHCJOPONOM, IIOTJIOTATEJNAMU YTJIEKHUCIOTH, MAA3MOB M [PYIHX KH-
BOTHHX BH/€JeHHH, IIpeJHasHaYeHHAA He TOJBKO JlJId XpaHeHHs pas-
BHX (HU3MYeCKHX IpHOOpPOB, HO W [JA 4YeJOoBeKa, YIPaBJIAOIIET0:
KaMepoil (6ymeM pa36HpaTh BOIIPOC II0 BOBMOXKHOCTH Inmpe). Kame-
Pa ¥MMeeT GOJBINOM 3allaC BEHIECTB, KOTOPHE IIDH CBOEM CMEIIeHHE
TOTYAC e 06pasylT B3PHBYATYI0 Maccy. BemecTBa 53TH, IIPaBAJILHO-
U JI0BOJbHO PABHOMEDHO B3PHBAACH B OIIPe[eJIEHHOM JJIsA TOIO MECTe,.
TEKYT B BHJE FOPAYHX I'a30B II0 PaCIIHPANIIUMCSH K KOHILY TpyGam,
BpOZE pyHmopa RJIM AYXOBOI0 MY3HKAJBHOI'0 HHCTpyMeHTa. Tpyomt

r
Mugkuu coodogro I
ucnapswouyuics Kutropog npul c
0web nisnou mermepamype .; Mgy u

SN, B annapembi gng
QoIXaHUR U gpyeue

Mugkud  yenebogapog

®ur. 1.

9TH PpACHOJIOKEeHH BJOJb CTEeHOK KaMepH, II0 HaOpaB/eHUD ee
JJIAHH. B onHOM y3KOM KOHIle TPYOH COBepINaeTCst CMeIIeHHe
B3PHBYATHX BeIIeCTB: TYT NOJYYalOTCA CIylleHHHE M IJaMeHHHEe
ra3s. B 1pyrom pacImEpeHHOM ee KOHLE OHH, CHILHO PaspeIHBINACH-
¥ OXJAlUBIDHCL OT 3TOr'0, BHPHBAITCA HAPYXKY dYepe3 pacTpyOH
¢ TPeMalHOH OTHOCHTeJBHOH cropocThio. [loHATHO, WTO Takoili cHa-
pal, RKak H paKeTa IIPH H3BECTHHX YCIOBHAX, 6yIeT IONHAMATHCH
B BHICOTY.

Heo6xonuMH aBroMaTH4YecKHe NPHOOPH, yHpaBidoIide IBHKE-
HUeM paKeTH (Tak O6yAeM MH HMHOTJa Has3WBaTh Hall IPHGOp) I
CHJIOI0 B3DHBAHHA II0 3apaHee HaMeYeHHOMY ILIAHY.

CxemMaTH4YeCcKHH BuJ pakeTH. 06a jRAIKAX rasa pasje-
JIEHH meperopoiroi. BHIHO MecTo cMeImeHusd ra3oB H BSpHBAHHUA AX.
Brpum pactpy6 g BHJeTa CHJIbHO Pa3pesKeHHHX M 0XJaKIeHHHX
napoB. Tpy6a OKpysKeHa KOKYXOM ¢ GHCTPO LHPKYJIHpYlomeHd B.
HeM MeTaJJHJeCKOH MXHIKOCTbo. BuamM pyias, ciay:ramumd 1iad
yOpaBJleHHs [BHMKEHHEM DaKeTH.

Ecam paBHOJEHCTBYOILAA CHJ B3DHBAaHHA He IIPOXOAUT TOYHO
gepes IEHTP NHepIHM CHaApana, TO CHapaAnx OyAeT BpallaThCA
H, CleloBaTelbHO, HHKyZa He 6yner roguThcdA. [LoGHThCA Ke Ma-
TeMaTHYeCKOH TOYHOCTH B HTOM COBIAJIEHAH COBEPIIEHHO HEBO3MOMKHO,.
TOTOMY 4YTO KakK I[eHTD MHEpLHH He MOMKET He Koae6aThCsA BCJIe[-
CTBHE [IBH:KeHHd 3aKJIOYeHHHX B CHapsifie BEINECTB, Tak W HaIpaB-
JIeHHe B IIyINKe paBHOAEMCTBYIOINeH CHJ AaBJIeHHS ra30B HE MOMKET
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MMeTh MaTeMaTIYeCKH HeH3MeHHOI0 HAaIpaBJleHHd. B Bosdyxe elle
MOXHO HAOpaBIATh CHapAL pyJaeM, MMOZOGHHM ITHYLEMY, HO 4TO
BH clelaeTe B G6e3BO3NYIIHOM IPOCTPAaHCTBe, IAe BQHp eIBa IH
IpelCTaBAT KaRyI-IH60 3aMeTHYH OmOpy?

Jleqo B TOM, YTO €CIH pPaBHOAeHCTBYyMINad II0 BO3MOMHOCTH
6anska K LEHTPY HHEePIHU CHapAAa, TO BpalleHHe ero 6ymeT Io-
BOJIbHO MeJeHH0. Ho ellBa TOJIbKO 0HO HAYMHAETCA, MH HepeMeInaeM
KaKyl0-HH6YAb Maccy BHYTDH CHapsjAa N0 TeX IOp, IOKa IIpOHC-
X0JAIIee 0T 3TOr0 IepeMelleHre I[eHTpa HHePIHH Be 3aCTABUT CHAPSA/
YKIOHATHCA B HPOTHBOMOJIOMKHYI CTOPOHY. TakmM 00pasoM, cielrsd
3a CHapANOM H IepeMellad BHYTPH ero HEGOJBIIYID MAaccy, [0-
CTHIHEM KoJe(aHHd CHapsAa TO B Ty, TO B JAPYILyl CTODOHY,
ofliee ke HallpaBlienWe HeHCTBHS B3PHBYATHX BEIIECTB H IBHXKe-
HIIg CHAapAla H3MEeHATHCA He OVAYT.

MoskeT 6HTb, py4YHOe YIIpaBIeHHe IBHKeHAEeM CHADALA OKAKeETCS
He TOJbKO 3ATPYNHHTEJBHHM, HO M IpPAMO INPAKTHYCCKH HEBO3-
MOKHEIM. B TakoM ciaydae ciaefyeT IpHOerHYTh K aBTOMaTHUe-
CROMY YIpaBJIeHHI.

IIpuTasxenne 3eMJH He MOMKeT OHTH TYT OCHOBHOH CHJIOM IJisg
peryJapoBaHHdA, IIOTOMY 4TO B CHapALe 6y/eT TOJbKO OTHOCHTEJIbHAA
TSMKECTh C ycKopeHdeM W, HalpaBleHHe KOTOPOH cOBmagaeT € OT-
HOCHTEJbHEIM HalpaBjeHAeM BHJIETAOIIAX B3PHBYATHX BeLIECTB
WIYU [IPAMO TIPOTABOIIONOMHO HAIPABJIEHWI0 PaBHOAeHCTBYHOIIEH HX
IaBJeHHdA. A Tak Kak BTO HaIpaBleHHe MeHAeTCSA C II0BOPAYHBa-
HAEeM CHapAna M INYMIKH, TO TAMKECTh 9Ta KaK HAlPaBHUTEJb Dery-
JATOpa He TOTUTCH.

BoaMoxHEO yIOTPEOUTE MJId 9TOH IleJH MArHATHYI0 CTPEJIKY, HIHK
‘CHJYy COJHEeYHHX JydYeH, COCPeFOTOYEeHHHX C IIOMOIINBI0 JBOAKOBH-
OYKJOro cTeRIa. KamIH# pas, Korxa CHapAA C IYILIKOH II0BODa-
9nuBaeTCA, MaJeHbKOe U gpKoe H306paskeHHe COJHIA MEeHAeT CBoe
OTHOCUTEJBbHOE IOJIOMKeHHe B CHAapsAe, YTO MOMKeT BO30YKIATh Das-
IMpeHdAe I'as3a, JaBleHHUe, 3IeKTPHIeCKAN! TOK U JBHREHHE MaCCH,
BOCCTaHOBJAINe ONpeleNeHHOe HANpaBleHWe NIYIIKHW, IPH KOTO-
POM CBeTJOe HmATHO MaJaeT B HeATpaldbHOe, TaK CKa3aTh, HEYYBCT-
BHTeJbHOE MeCTO MEeXaHH3Ma.

ABTOMATHYECKH IOJBUIaeMHX MAaCC NOJ#HO OHTH JBE.

OCHOBOIO HJst peryJasiTopa HampaBleHHsA CHApANa TAKKe MOMeET
‘CJLYHTH He60JdbIIasA KaMepa ¢ IByMd GHCTPO BPALAINMMHCS B pas-
HHX IJOCKOCTSAX KpyraMu. KaMepa IpHBelleHa TaK, YTO ITOJOKEHHE
UJIH, TOYHee, HALIpABJEeHHEe ee He 3aBACHT OT HAIPaBJICHHA ITyIIKH.
Korpa mymka moBopaddBaeTcd, KaMepa B CUJIy HHEDIHH, IIpeHE-
Operas TpeHHeM, OOXpaHAeT IIpexHee a(COJIOTHOe HallpaBIeHHE
{OTHOCHTeJbHO 3Be3[); 8T0 CBOUCTBO IIPOABJIAETCA B BHCIIEH CTe-
IIeHII IpH GHCTPOM BpAMIeHNH KaMepPHHX THCKOB. lIpHuenieHHne
K KaMepe TOHKHe HNPYKHHKM IIPH IIOBOPAYMBAHHM NYIIKH MEHAIOT
B Hed CBOe OTHOCHTEJbHOE II0JOeHWe, YTO MOKeT CIysKHTh IpH-
9HHOI0 BO3HMKHOBeHHA TOKA H IepelBHXKeHHS PpPerylHpyoOUIux
Macc.

Haxomen, mosopagydBanre KOHIla PACTPyO6a TaKMe MOKET CIYRHATH
CPeICTBOM COXPaHeHAs OIlpefieseHHOr0 HalpaBaeHHa cHapaAfa. [Ipomme
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BCEro IJs YIPABJIEHAd PaKeTON MOMeT CJIY:KHTH IBOMHOH pyYJib,
fIOMeIeAHH BHE paKeTH, MO6JU30CTH OT BHXOJHOO KOHIA TPYOH.
N36exaTs e BpalleHHd PAKETH BOKPYI' IPOLOJBHOM OCH MOMKHO KPY-
JeHHeM IJAaCTAHKH, DAacCIOJOXEeHHOH II0 HAIpaBIeHHIO [BHKEHHS
Ta30B II CpenH HEX.

IpeumyuiecTBa pakers

5. Ilpesne yeM -A3JaraTh TEOPHI0 PaKeTH HJIE IOLOGHOrO eff pe-
AKTHBHOrO IIPHGOpa, lIONHTAICh 3JaHHTEPECOBATh THUTATEJd IIPEH-
MYIIeCTBAMHU pPaKeTH Ilepel IIYIIGYHHM CHapAIOM:

a) almapaT Hall CPABHHATEJbHO C TIHIaHTCKOM IIYIIKOIl JIETOK,
Kak IIeDHINKO; OH OTHOCHTEJBHO JellleB U CPAaBHHTENBHO JErko
OCYIIeCTBHM; b) NaBJeAWe B3PHBUYATHX BeIeCTB, OyAYUYH NOBOJBLHO
PaBHOMEpDHHM, BHS3HBAeT PpaBHOMEDPHO-YCKOPAIEECsS IBH:xeHHE
pPakeTH, KOTOpOe pas3BHBaeT OTHOCHTENBHYI0 TSMKECTh; BeJUYHHOIO
STOH BpEeMeHHOH TAMKECTH MEl MOXEM YIIPAaBIATh IO JKEJaHHI, T. e.,
Peryadpys CHJIy B3pHBa, MH B COCTOSHHH CI[€JIATh ee, IPOA3BOJBLHO
MaJi0 HJIM MHOI'0, IpeBHIIAINe! 00HKHOBEHHYIO 36MHYI0 TAMKECTD.
ey npexmoso M I MPOCTOTH, YTO CHJIA B3PHBA YMEHDIIAETCS
IIPONOPOUOHANBHN MacCe CHapAIa, CIO0KeHHOH ¢ Maccol0 0CTaBUINXCS
HEeB30PBaHHEIMM B3DHBYarHX BeIleCTB, TO YCKOPeHHe CHapdajga, a
©JIeJ0BaTeNHLHO, M BeJHYHHA OTHOCHTEJNBHOH TAXKeCTH 6yAyT IIo-
crogHHH. MTak, B pakeTe MOryT 6e30MacHO B OTHOIIEHHH KaXy-
mieiica TAMKECTH OTIPABHTLCA He TOJbKO H3MepHTeJbHHE IPHOOpH,
HO W JIOJH, TOTNA KaKk B IYLIEYHOM CHapdAne, Nake IIPH OIPOMHOIL
TUyLIKe, BeJHYHHON ¢ OallHi0 OJiidess, OTHOCHUTEJbHAS TAKECTD
yBeanyusaercad B 1001 pas IpH nolbeMe Ha 300 xm; C) elme He-
MaJioe IpedAMyIlec B0 paKeTH: CKOPOCTh ee BO3PacTaeT B :KeJaeMoil
TIPOIPECCHH U B skeJaeMOM HAIpaBJeBHH; OHA MOMeET GHTb [MOCTOSH-
HOM M MOsKeT PAaBHOMEPHO YMEHBIIATHCH, UTO MACT BO3MOKHOCTH
6e30I1aCHOr0 cIycKa Ha IJaHeTy. Bce meso B XOpolueM peryadarope
B3pHBaHHSA; () IDH HadjaJe IOJHATHAA, II0Ka aTrMocdepa rycra u
COIPOTHBJEHNE BO3AYXd IPH GOJBILIOH CKODOCTE OIDOMHO, PpaKera
IBUTaeTCAd CPABHHETEJNHHO He GHCTPO W IIOTOMY MAJO TepsdeT OT COo-
NPOTHBJEHHA CpPeJH H Majlo HarpeBaeTcd.

CkopocTh pakeTH JHIIb MeJJeHHO BO3pPacTaeT; HO 3aTeM IO Mepe
HNOAHATHA B BHCOTY M paspesxeHHs aTMoceps OHA MOKeT HCKyC-
CTBEHHO BO3pPacTaTh GHICTpee; HaKOHeI], B 6e3BO2AYIIHOM IIPOCTPAH-
CTBE #Ta BO3PACTAIOIIAL CKOPOCTh MOKeT GHITh elife YBeJnueHa. Tarkuym
IIyTeM MH HOTPATHM MHHHUMYM DaGOTH Ha IIpPEOToJeHHe COIpo-
THBJIEHHS BO3XYyXa.

Paxera B cpejie, ¢B0O0OOIHOH 0T TATOTeHHS H aTMOCEepHl

CooTHOUIEHAE MacCe B pakere

6. Cravajga paccMOTpHM IeHCTBHe B cpeme, CBOGOLHOH OT TATro-
TeHHS II OKpYysKalolled MaTepHu, T. e. aTMocepr. OTHOCHTEIHHO
MOCTeTHed ME (epeMcs TOJBKO Pa306paTh ee CONPOTHBICHHE JBH-

2 3ax. 1754 — Inoanoreriii. ki, 11. PeakTwioe IB/ReHIC.
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JKeHHMI0 CHapsAna, HO He )MBHMKEHHI0 BHPHBAOIIUXCA CTPeMHATENbHO
napos. Bauaswe aTMocepH Ha B3PDHB He COBCEM SACHO: C OJHOM
CTOPOHH, OHO 6JArOIpPHATHO, HOTOMY 4TO B3DHBAIIUECH BeIlleCTBa
HMel0T B OKDYyKaoIoed MaTepHaJbHOH cpelle HEKOTOpYI OIOpY,
KOTOPYI0 OHH YBJEKAT IIpH CBOEM JBHKEHHH I, TAKAM 06pa3oM,
CII0COOCTBYIOT YBEJHYEHAI0 CKOPOCTH PaKeTH; HO, C IPYT0i CTOPOHH,
Ta e arMocdepa CBOEH IJOTHOCTBI M YNPYroCcThlo MeIIaeT pac-
IIAPEeHHI0 Ia30B Jajiee H3BeCTHOIO IIpejlesa, OTYero B3pHBYATHE
Bell[eCTBa He NPHOOPETanT. TOH CKROPOCTH, KOTODYI OHH MOI'IH GBI
NpUo6pecTH, B3PHBAACH B IIyCToTe. JTO IIOCJeIHee BJIHAHHE He-
6J1aTOIPHATHO, IIOTOMY YTO IPHpAIEHNE CKOPOCTH PaKeTH IIPOIOp-
[UOHAABHO CKOPOCTH OTOpPaCHBaeMHX IPOIYKTOB B3DHBA.

7. Maccy cHapsAma Co BceM COLepPXKHMHM, KpoMe 3aIlaca B3PHB-
YaTHX BeIIeCTB, 0003HAYUM uepes AM,; IOJIHYIO MACCY HOCTEeIHAX —
gepes JM,; HaKOHell, IepeMeHHYI0 MaCCY BSPHBYATHX BeIlleCTB, 0CTaB-
MmuXcd HeB30PBAaHHHMH B CHapdle B JaHHHI MOMEHT, —4epes .l/.

TaxuM o6pasoM II0JHAS Macca PakeTH NpH Hadaje B3pHBa 0y-
neT paBHa (M, M,); ciycTa e HEKOTOPOe BpeMA OHA BHPABUTCH
nepeMeHHOM BeJHmydHOM (A, 4 M); HAKOHEI[, I0 OKOHYAHUH B3PH-
BaHBs, — IIOCTOAHHOA BeJUYAHOM 1.

Yro6H pakeTa MOJMYIHJIA HAMOGOJBIOYI CKOPOCTH, HEOOXOIHMO,
9T06H OT6pacHBaHHe IIPOJYKTOB B3PHBA COBEPIIAJIOCH B ONHOM
RampaBJeHHN OTHCCHTEJBHO 3Be3l. A IJd 3TOr0 HYXKHO, YTOOH pa-
KeTa He BpallaJach; a 4ToOH OHa He BpalmaJjach, HaJlo, YTOGH PaBHO-
neACTBYOIad B3PHBYATHX CHJI, OIPOXOAAINAs dYepe3 LEHTDP HX JaB-
JeHdd, TPOXOAMJA B TO JKe BpeMs U 4depes IEHTDP HHepPIUH Beei
COBOKYIIHOCTH JIeTAIMMX Macc. Bompoc, Kak 3Toro JOCTHLHYTH Ha
IIPaKTHKE, MH yiKe CJerka pasoGpaJ.

HWrak, nmpejanosaras Takoe HAHBHIOJHelillee 0TOpaCHBaHNe I'a30B
B ONHOM HAIpaBIeHHW, TOJYIAM claefylomiee nudepeHIHaIbHOe
ypaBHeHHe Ha OCHOBARHUH 3aKOHA O IOCTOSHCTBE KOJIHYIECTBA [(BH-
JKEeHN:

8. dV(M,~+M)y=V,-dll.

9. 3mecb dM ecTh GECKOHEYHO MAJHH OTOPOCOK B3PHBYATOrO
BellleCTBa, BHPHBANINErocd M3 NYIIeYHOr'0 PAacTpy6a ¢ MOCTOAHHOU
OTHOCHTEJbHO PaKeTH CKOpOcThIO V.

10. S xouy ckasaTh, YTO OTHOCHTEJhHAA CKOPOCTH V), BHPHBaI-
IIHXCA BJeMeHTOB, IPH OJMHAKOBHX YCJOBHAX B3PHBA, 0OlHA H T3
#e BO BCe BDPeMs B3DHBaHHA Ha OCHOBAHHH 3aK0HA OTHOCHTEJBHHX
IBHKEHHI: dV ecTh NIpHpalleHWe CKOPOCTH V IBHMKEHHS PaKeTH
BMeCTe C OCTAaBIIMMHCSA HETPOHYTHMM B3DHBYATHMU MaTePHAJaMH;
gpupainenue 310 dV coBepmaercd 6Jarojaps OTGPaCHBAHUIO 3Jje-
MeHTa dM co ckopocThlo V. OmpenejeHHeM NocielHe#l MH 3ai-
MeMCA B CBOEM MecCTe.

11. Pasfenas mepeMeHHHE BeJIHYHHH B yDaBHeHUH (8) H HHTer-
pHPYH, TOJNYYHM:

1 dil ,
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nian

13. v’,f ——In (M, -+ 2N+ C.
1

Tyt C ectp nocroaHroe. Korga MM = J[; T. e. 10 B3pHBaHHAS;
V' =10: Ha 3TOM OCHOBaHMH HalaCM:

14. C=+In (3, + D),

cTaJ0 OHTE, ,
15, -V _ 1 M, D, .
v, M+ M
Ham6oanrmuasa CKOPOCTh CHapdAlda IOJYYHTCS, korAa J =0, 1. e.
KOTAa BeCh 3alac ./, B3OPBAH; TOTJa IIOJYyYHM, IoJarast B IpeJk-
IymieM ypaBHeHEH M = 0:

4V i,
16. ———V:-—ln 1+J'T]>.

17. Orcona MH BHIHM, YTO CKODOCTH V cHapsima BOo3pacTaeT He-
OI'DAaHMYEHHO C BO3pacTaHWeM KoJHYeCTBa J/, BSpHBUATHX BelIleCTB.
SHAYHUT, 3alacadch PasHHMH KOJWYeCTBAMH HX, IIpH Pas3HHX IyTe-
1IeCTBHAX MHl IIOJYYHM CaMHe padHooOpasHEHeEe OKOHYaTeJbhHHE
ckopocTH. I3 ypaBHeHUd (16) Takske BHAHO, YTO CKOPOCTH DaKeTH
110 U3PACXON0BAHMH OIIPeNleIeHHOT0 3alaca B3PHBYATOr0 BellleCTBA
He 3aBHCHT OT OHICTDOTH HJHM HePaBHOMEDHOCTM B3DHBaHUS, JHINb
6H YaCTHIIH OTOpACHBaeMOI'0 MaTepHaJa IBUIAJHCh C ONHOX M TOH
$e CKOPOCTBI ¥, OTHOCHTEJBHO CHapsala.

Opmaro ¢ yBeamdueHmeM 3alaca M, CROPOCTh V' pakeTH Bo3pac-
TaeT Bce MeJJleHHee H Me[JleHHee, XOTA W Ge3rpaHddHo. IIpu6ansu-
TeJbHO, OHa BO3pacTaeT, KaK JOorapH(M OT yBeJHYeHBS KOJHIEeCTBA
B3PHBYATHX 3amacoB M, (ecam 1}, BeJHMKO B CpaBHEHHWH ¢ M,,T. e.
eCJH MacCa B3PDHBYATHX BellleCTB B HECKOJBKO pa3 (0Jbllle MaCCH
CHapAna).

18. Hanpmeiimime BHYHCIEHHA OyLYyT HHTEPECHH, KOILa MH
ompejeadM V,, T. e. OTHOCHTEJHHYI0 H OKOHYATEJBHYI0 CKOPOCTH
B30pBaHHOTO 3JeMeHTa. Tak kak ras HJIM Iap IPH OCTABIEHHH
IIyNIeYyHOr0 pacTpy6a BechbMa paspemaeTcd M OXJamaaeTca (OpHU
JOCTAaTOYHOH [JHHe TPYOH), Haxe o6pallaeTcs B TBeplOe COCTOA-
HHe —B IIHJb, KOTOpas MUYUTCSI C CTPANIHOW OHCTPOTOW, TO
MOXKHO IPHHATH, YTO BCA SHEPIHA TOPEHHA, WJIH XHMHYECKOTO coe-
IUHeHHS, IPE B3PHBAHHU o0paliaeTcd B JBHKeHHe IPOLYKTOB ro-
PeHud, WA B KHHETHYECKY0 3Hepruio. B camMoM peae, npencraBuaM
cefe ompejelieRHOe KOJMYeCTBO I'ada, PACIIHPIIOIIEroca B UYyCTOTe,
6e3 BCAKAX IPHGOPOB: OH OyIeT BO BCe CTOPOHH pAaCHIHPATHCA M
BCIeNCTBHE BTOr0 OXJaxaaTbcd N0 TeX IOp, IIOKa He NpPeBPATHTCH
B Kalllid KHIKOCTH, HJH B TyMaH.

Tyvar aTOoT ofpamaeTcsd B KDHCTAIINKH, HO yX)e He 0T pac-
IIEpeHns, a OT MCIapeHAS H JYYEeHCOYCKaHHS B MHDPOBOe IIpo-
CTPaHCTBO.
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Pacmapasace, raz BEHAEIUT BCI0 CBOK ABHYI M 0TYaCTH CKPHTYIO
9HEPruo, KOTOpasd NPeBPATUTCH B KOHILE-KOHIIOB B GHCTPOE IBH:kKeE-
HAe KPHCTAJJINKOB, HAIPaBJeHHOE BO BCE CTOPOHH, TaK Kak ras
pacIIMpAiICcAa CBOGOXHO BO BCe CTOPOHH. Ecam e ero 3acTaBHThH
pacHIdpATLCA B pesepByape ¢ TpyOo#, To TpyG6a HAIPABHT [BIIHke-
HUe I'a30BHX MOJERYJ II0 OIpeJleJJeHHOMY HAIIPaBJIeHHI0, IeM ME
U I0Jb3yeMcA IJId HAIIHX DeJeH, T. e. NJd IBHKeHUSA PAKETH.

Rasajocy 6H, 4TO 9HepTHsA IBHKEHHS MOJEKYJ IIpeBpalllaeTcd B
KHHETHYECKOe NBUIMKEHHe 10 TeX 110D, II0Ka BeIeCTBO COXPaHdeT raso-
o6pasHoe 1K Tapoo6pasHoe cocrofnme. Ho 8TO He coBceM Tak.
JledCTBATENBHO, YaCTb BeNeCTBA MOKeT OODATHTHCS B KHAKOE CO-
CTOfHHAE; HO IIDH 9TOM BHIeJSeTCS BHEDPrHsA (CKPHTad TemIoTa
apoo6pa3oBaHudA), KOTOPadA IlepeJaeTcs OCTaBLIEHCA 1apoo6pasHoil
YaCTH MaTepHIl M 3aMeJJnNT Ha HEKOTOpoe BpeMdA Ilepexol ee
B (KHALOE COCTOSIHUE.

1logo6Hoe ABIeHWe MLl BEIAM B IapOBOM LIIIHHADE, KOTAa IIap
paboTaeT COGCTBEHHHM pacUIApeHKeM, BHXO0J e B3 I1ap0BOr0 KOTJIa
B [AJHAHIpP 3allepT. B sToM ciaydae IIpH Kaxkod OH TeMmepaType
He GHJI I1ap, 4yaCTh ero o6pawaercs B TYMaH, T. €. JRHJKOE COCTO-
dAgde, Jpyrag e d9acTh I[PONOJKAET COXPAHATH IIapooGpasHoe
COCTOSIHUE K Pa6OTATh, 3aMMCTBYHA CKRPHTYIO TEILIOTY CI'YyCTHBIINXCA
B JKUIKOCTh I1aPOB.

Hrak, sHepras ModexyJadapHad OyHET NpeBpamlaThCAd B KAHETH-
YeCKylo, 10 KpajiHell Mepe 0 COCTOAHHA KHUAKOTo. Horga Bea
Macca 06paTUTCA B KallIH, IpeBpallleHHe B KMHETAIECKYI0 3HEPrAI0
IIOYTH MNPHOCTAHOBUTCH, NMOTOMY 4YTO IMAPH KHIKUX # TBepPIHX Tel
IIpU HU3KOU TeMIepaType UMeIOT Yepecuyp He3HaYUTeJNBHYI0 yIpy-
roCTh H HCIOJb30BaHHe HX HA IIPAKTHKE 3aTPYINHHUTEJNBHO, TAK KAK
orpefyeT OrpoMHHX TPYO.

1 ewme HeroTOopas He3HaYHTeJbHas JACTh YKa3aHHOH HaMH 3Hep-
raM mpomaneT OJd Hac, T. e. He IIPeBPATUTCA B KHHETHYECKY
HHEpral G6Jarogaps TPeHHWIO 0 TPYy6y U JYYeHCIYCKAHHI TelJo-
TH Har'peTHMH dYacTAMH TpPyOH. BmopowzeM, Tpy6a MoxeT OHTH
OKpy#teHa KOMKYXOM, B KOTOPOM LHDKYJIHpYeT KaKOH-HAGYIb MKHI-
KHH MeTaJJa; OH IMepefacT MKap CHJIbHO HArpeToil 9JacTH OIHOIO0
KOHIA TpyOW Apyroi ee dacrd, OXJaRISHHOH BCIEICTBHE CHIBHIOTO
paspesxendd napoB. Takdawm 06pa30M d 3Ta I0Tepsd OT JYYeHCHy -
CKAHESA M TelIONPOBONHOCTA MOXeT OHTbh YTHIHSHDPOBaHA HJIL
cledaHa 09eHp He3HAYUTeJbHOU. BBHIY KPaTKOBpEMEHHOCTH B3DHI-
BaHHA, NPONUJKALINerocad B KpPaWHHX CIyYadX OT 2 10 5 MHH,
I0TepA OT JyYeHACHYCKaHUS H 6e3 BCAKHX NPHCHOCOOJeHHI! He3Ha-
YUTeNbHA; UHPRYJIALHAS Ke MeTaJJIHJeCKOH MHUIKOCTH B KOMRYyXe,
OKDy’RalOUIeM TPYG6H, HEOOXOMHMA [JA NPYToM Lesu: NJad IOoXNep-
SKQHHA OTHOH M TOH ke HEBHICOKOM TeMnepaTyps TpPYOH, T. e.
Jasg coXpaHeHHA ee KpemnocTda. HecMorpa Ha 3To, BO3MOMKHO,
410 YacTh ee GyldeT pacmiaBlieHa, OKHCJEeHa M YHeCeHAa BMecTe
¢ rasaMu @ napaMd. Mowxer OHTB, MJA H3GemaHUA STOT0 BHYTpeN-
HIOI0 YaCTh TPYOH GyAYyT BHKJIATHBATH KAKAM-HEGYAb OCOGEHHHIM
OTHEYIOPDHHM MaTepHaJoM: YILJIepoxoM, BOIbQpPAMOM WJAH YeM-Hi-
6ynn MHHM. NOTA 4acTh yIJepoja IIpH 3TOM H CIODHT, HO Kpe-
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IIOCTH MeTaJJNYeCKOH NYIIKH, MaJo HArpeToi, NOCTPaNaTh OT 9TOTO
He MOKerT.

I'a3000pasHHi *XKe IPOLYKT MOpeHAd yIiepona — yIAeKACI0Ta —
TOJIPKO YCHJIHT NOMHATHEe pakeTH. MoieT OGHTH IpBMeHeH POl
THreJbHOI0 MaTepHala — KaKkasg-HAGYIb cMech BelecTB. Bo BcaroM
ciyyae He d pelly STH BONPOCH, KaK M [pyrue, OTHOCSIIIIECS
K PeaKTHBHHIM IpHGOPAM.

Bo MHOrMX cayuadx g HPUHYKIeH JHIOb TajJaTh HJIH IIpejuo-
JaraTb. S HACKOMBKO He OOMAaHHBAWOCh W OTJIHYHO 3HAW, ITO He
TOJbKO HE pelnai0 BOIPoCa BO BCel IIOJIHOTe, HO 4TO OCTaeTCHd IIO-
pa6oTaTh Hal HEM B 1000 pa3 GoJplle, 9eM s pa6oTaid. Moa mneip
BO3GYAHUTh k¥ HeMy MHETepec, yKas3aB Ha BeJuKoe 3HAYeHHE €r0 B
6ynylneM H Ha BO3MOMKHOCTL €ro pelleHHs...

B HacTodmee BpeMs IIpeBpallieHHe BONOPOJa H KHCJIOPOAA B A~
KOCTh He IpeJCcTaBJseT 0COOHX 3aTpylHeHHI. MoikHO Bogopol 3a-
MEeHUTh KHIAKEMU HJM CPYL[eHHHMH B $KUAKOCTH YIJIC¢BOJLOPOINaMH,
HalpHMeD, alleTHJIeHOM, HeTho0. JAHIKOCTH 9TH JOJKHH GHTH pas-
IeJeHH leperoponkoif. TeMmepaTypa HX BecbMa HH3Kas; II09TOMY
HMH T0Jie3HO OKPYKATh MU ROKYXH € IUPKYJIHPYOIIAM MeTaJdJoM
HJIHA HeIoCPeICTBEHHO caMHe TPYOH.

OnHT mokaskeT, Kak cjeJaTh Jgy4diie. HeroTophe MeTallH Je-
JaloTca Kpelde OT OXJAaMIeHHd; BOT TaKHe-TO MeTaJJH H HYXHO
yHOTpe6HTH, HallpHMep, Meab!. He IIOMHI0O XOpOIIO, HO KakHe-TO
ONHTH HaJ[ COIPOTHBIEHMeM, KaskeTCd, Keedad B KHAKOM BO3AyXe,
YKa3aJHd Ha TO, 9T0 BA3KOCTD ero IIPM 9T0H HU3KOU TeMIlepaType yBeJH-
yABaercA 4YYTb JH He B JeCATKU pa3. Sa J0CTOBEPHOCTbL He pY-
4al0ch, HO ONHTH BTH B IPWMeHeHHH K HameMy Jely B3acCJyKH-
BaWT ray6ovaimero BEUMaHudA. (IlodeMy GH He 0XJamoaTh TaKHM
06pa3oM M OGHKHOBEHHHE MNYIIKH, IPeXJe YeM 43 HUX CTPeJATh;
Bellb, MIJIKHU BO3AYX Temepb Takad OGHKHOBEHHAs Belllb.)

HRunkeit KACIOpPON H TakoH ke BOJOPOJ, BHKaYHBaeMHe B3 CBOUX
pesepByapoB U II0JaBaeMEe B N3BeCTHOM COOTHOINEHMII B Y3K0€ HAYAJI0
TPYOH, COeOHHASCh TYT IIOHEMHOI'Y, MOTYT JaThb IpPEKpPacHHH
B3PHBYATHH MaTepuaJ. [losydaeMH# NP XMMHYECKOM COeJIdHEHHH
STHX KHAKOCTeH BONAHOH IIap IPH CTPAIIHO BHCOKOI TeMIlepaType
6yIneT pacmHApATHCA, -TMOJBHTafACh K KOHIY HJIN yCThIO TPYOH 10
Tex IIOpP, [IOKa He OXJaAWTCA [0 TAKOH CTeIeHH, 4YTO OGPATHTCA B
MUIKOCTh, HeCyIlylocd B BHIe TOHYalmiero TyMaHa II0 Halpasle-
HHI0 NJAHH TPYGH K ee BHXony (pacTpyoly).

19. Bogopoa 1 KHCIOPOX B raz000pasHOM COCTOAHUH, COENHAACE
1A ofpa3oBaHHS 1 %z BOJNH, Da3BHBAOT 3825 xas. Ilom caoBoM
,KaJOpHA“ MB TYT NOXpa3yMeBaeM KOJHYECTBO TEIJOTH, IOTpeG-
HOe s HarpeBaHBsd Ha 1°1] 1 %2 BOAH.

1 \BrOn 3iech yKa3ad HA MeTaJI — ikeje30, KOTOpOe, OXHAKO, IPH HIUSIIHY
TeNIepaTypax, Kak y:xe ykasnBal B mypHaie ZFM ot 28/1V 1927 r. Jlameman
(R. Lademann, Zum Raketenproblem), okaseiBaeTCAd HEroXHBLIM B OTHOIUEHNII Kpe-
IOCTH. ABTOD OTBedaeT €My B OpPHJIOMEHHH K KHHIe ,KocMuyeckas pakera, ONEBIT+
Had IOATOTOBEKA“:

»00 yBedngeHnu KpemoCTH iKejesa NPH TeMIepaType ERHIKOro B0O3AYyva i
nepenax B 1903 r. ToabKO TO, 9TO C€aM YHTAJ, H HHCKOJBKO HEe HACTAHBAlO HA

21



KoxmgecTBo 5T0 (3825) y Hac GydeT HeMHOTO MeHbIe, pa3 KHC-
Jopoa K BOXOPOJ HAaXOLATCA B JKHIKOM COCTOSIHHH, a He B I'a3006pas-
HOM, K KaKOBOMY OTHOCHTCS JaHHOe HaMH YHCJO KaJopHi. B camom
Ieje, HAKOCTA HaIo0, BO-IIEPBHX, HAarpeTh, BO-BTOPHX, o6pa-
THTH B ra3000pa3Hoe COCTOAHMe, Ha YTO PacXoayeTcsa HEeKOTOpas 3Hep-
rud. BBEIY He3HaYHTeJbHOM BeJUIHHH 3TONH SHEPIUA CPABHHUTEJE HO
C 3Heprued XHMMHYeCKOHM MH OCTaBHUM Hallle YdAcJao 0e3 yMaJeHHusd
(aTOT BOPOC He COBCceM: BHSCHGH HAayKoil, HO MH BOJOPOI H KHC-
Jopon 6epeM TOJBKO IJS NIPHMepPa).

[IprauMada MeXaHAYECKANR 9KBUBAJEHT TEIIJIOTH B 427 %2.4¢, HAUIEM,
9T0 3825 COOTBETCTBYWOT Pa6oTe B 1633 x2.4; 9TOI'0 HOCTATOYHO [IJIS
HOJHATHA NPONYKTOB B3DHBA, T. €. 1 %2 BEIECTBA HA BEICOTY 1633 xar
OT II0BePXHOCTH 3€MHOI'0 1IUapa, IIpeAlojarad CUa1y TAMeCTH II0CTOSH-
HOH. 9Ta pa6oTa, IIpeBpallleHHas B IBHMXKEHHE, COOTBETCTBYeT padore
1 %2 MaCCH, JBHKYIIeHCA €O CKOPOCTBIO 5700 w/cex. I He 3HAD
HH OJHOI TPYNNH TeJ, KOTOPHeE IPH CBOEM XUMHYECKROM COeIHHeHOU
BHIENANHE GH HA eJHHUIY MAcCCH I[0JYYeHHOTO IIPOLYKTa Taroe
OI'pOMHOE KOJH4ecTBO aHepruu. KpoMe TOro, HeKOTOpHE IpyrHe Be-
IecTBa, COeqUHAACH, He O00PasylT JeTYy$uX IPOAYKTOB, 4YTO IJd
Hac coBceM He roxuTcd. Tak kpeMHHH, cropas B kacaopone (Si+0,=
=38i0,), BHAeJAeT OTPOMHOE KOJHIECTBO Telta, HMEHHO — 3654 %as
Ha eJHHHUILy MacCCH MmoJaydeHHOro Ipoaykra (SiOy), Ho, K comxade-
HHI0, 06pa3ylTcd TPYMHOJeTy4yde TeJa. :

[IpEHAB MWHUOKAU KHCIOPOI M BOJOPOI 3a MaTepHaJ, Hanubolee
NPHTONHHH 1Jg B3PHBAHHA, g Oad YHCJIO NJS BHPaseHUsS UX B3a-
HMHOH XUMHYECKO}l SHepruH, IpHXoAdlieiics .Ha eIHHHIY MacCCH
noJgydenHoro npomxykra (Hy0), HeCKRONBRO GolbIle HMCTHHHOIO, TaK
Kak BelllecTBa, COeJHHANINHUECA B - pakeTe, MOJNMKHH HAXOIUTHES
B JKHIKOM, a8 He B ra3006pa3HOM COCTOAHHH, H, KpOMe TOro, IpH
OYeHb HHBKOU TeMIlepaType.

CdATal0 HEJMIIHMM TYT YTELIATh YHTATeJNs, 4TO He TOJbKO Ha
3Ty pHepruio (3825 xas), HO X HA HeCPaBHEHHO OOJBINYI0 MLl MO-
#eM HamesAThCA B GyNyINeM, KOrJAa, MokeT GHTb, HAHIYT BO3MOMN-
HEM OCYIIeCTBHTHL HAIIW ellfe HeIOCTATOYHO Pas3paGOTaHHHE MLICJIH.
B caMoM pmese, paccMaTpuBad KOJIHYECTBO BHEPIHH, IOJYdaeMo#
OT XHMHAYeCKHX IIPOI[eCCOB DPas3HOOGpPa3HHX: BelIecTB, 3aMedaeM
B 00IIeM, He Ge3 MCKJIWYeHHI, KOHEIHO, 4TO KOJAYECTBO HBHEPrHH,
TpHEXOAAMedcd HA eQUHAMY MAacCH IPONYKTOB COETUAEHUd, 3aBH-
CHT OT AaTOMHHX BeCOB, COeJHHAOINUXCA IPOCTHX TeJ; YeM
MeHbIle aTOMHEE Beca TeJ, TeM GOJbIle 'BHICIAETCA Telia
npun coenmHeHAd wuX. Tag, Npm O0OOGPa30BAHHH CEDPHHCTOrO TIas3a
(SO,) o6Gpasyercss TOJBKO 1250 %as, a IPH 00Da30BaAaHHH OKHCH
Menu (CuO)—TOJBKO 546 %as;, MeXAY TeM Kak yrojb, IPH o6pa-

HCTHHe INPOIUTAHHOrO0, 7a3 OHO OKAa3aJ0Ch HeBenHOo. Ha mpakTike B3pHIBHAA
Tpy6a TaKOH CTeNeHH X0J04a H He Gyaer HMeTh. OXJakAAeTCA OHA HePTHI, KO-
TOPasd B CBOW OYepenb OXJAKIAETCA OEHASHHBIM BO3AYXOM. XOPOMIO, eCIH Tpy6a
He PAacHIaBHTCS Il He Cropur, HeTh He GyAeT KHIeThb, H MRIIKHIT Bo3AYX OvieT He
09eHb OBICTPO -yJIeTydHBaeTcd. 4ro ¥k TYT IHyMaTh O TeMIeparype EKHIKOTO
BOBAYXa JJ B3PLIBHOH Tpy6el“. Mpunm. ped.
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30BaHAHE yriekHCIOTH (CO,), BHEeXdeT Ha eIMHAIy ee MAacCH
2204 #%as. Bomopol ¢ KHCJI0pOIOM, Kak MH BUIHM, BHIeJAT emie
GoJplre (3825).

Jlng OoueHKH 3THX JaHHHX, B IIpHMeHeHHH K BHCKAa3aHHOH
MHOI0 Hfiee, HAIIOMHIO TYT BeJHYHHY aTOMHHX BeCOB IIPHBOJHMHX
BIeMEHTOB: BOJLOPOM = 1; KHCIODPOJ — 16; yriepos — 12; cepa — 32;
KpeMHAH — 28; MeIb— 63.

KoneyHo, MOMHO IIPHBECTH H MHOI'0 HCRJIIOYEHHH M3 STOr0 Ipa-
BHJA, HO B 00IeM OHO cIOpaBeNJHBO. J[eHCTBHUTEJNHHO, €CIH MH
B00OOp23AM PN TOYEK, a6CIIACCH KOTODHX BHPakaoT CyMMYy (HJIH
npomn3BelleHAe) AaTOMHHX BeCOB COeJHHAIONIAXCS IPOCTHX TeJ,
a OpIWHATH — COOTBETCTBYIOILYIO BHEPrHI0 X HMAYeCKOI'¢ COeTUHEeHHH,
TO [poBeld Yeped TOYKH (II0 BO3MOMKHOCTH OJH)Ke K HAM) IIJIABHYIO
KPHBY10, YBUOUM HellpeDHBHOE yMeHBbIIeHHe ODIHHAT II0 Mepe yBe-
JiAYeHAsS a6cIUce, 9TO U JOKA3KBAET HAIl BITVISH.

[losToMy, eciam KOrZa-HAGYIb TAaK Ha3HBaeMHe IIDOCTHeE TeJa
ORQKYTCA CJHOKHHMHA X WX PAB3JI0XKAT Ha HOBHE 3JeMEHTH, TO aTOM-
HHe BeCa IOCIeNHHX IOJSKHH OHTb MeHbIIe H3BECTHHX HaM HPO-
CTHX Tel.

HoBOOTKDHTHe B5JeMeHTH, II0 TpPeAHAyIIeMYy, HOJEKHH BHe-
JIATL NIPE CBOeM COeJHWHEHHH HeCPaBHEHHO O60Jbllee KOJIHIECTBO
9HCPLHAH, 9eM TeJa, CYNTaeMHe TelleDh YCJIOBHO IIPOCTHMII M HMe-
0IllHe CPABHHUTEJbHO GOJBIIOH ATOMHHH Bec.

Camoe CyInecTBOBaHHe BHpa C eT0 MOITH 6ecrnpenedrHOll ympy-
TOCTHI0 M I'POMAJIHOM CKODOCTHE €ro aTOMOB YKa3HBaeT Ha Gecrpe-
IeJbHO MBI aTOMHHIM BeC BTHX ATOMOB H GecIipe/lelbHY 0 SHEPIHIO
B clIydJae WX XHMHIeCKOr0 coelnMHeHHd.

20. Kag 68 To HE OHLJIO, HO IIOKA IJIA V; (CM. 15 H 19) MH He
MOeM IIPUHATH 6oJee 5700 #/cex. Ho coBpeMeHeM, KTO 3BaeT, MOXKeT
OHTbH 3TO YHUCJO YBEJHIATCS B HECKOJHKO DPas.

IlpmEEMadg 5700 #/cex, MOkeM IO popMyJe (16) BEIIHCIAUTD HE TOJIb-

.V <
KO OTHOIIEeHHe CKOPOCTEH ——, HO M A0COJITHYIO BEJHAYHHY OKOHYA-

7
1
TeJbHOU (HaHG60Jbllel) cKopocTH V CHapfala B 3aBHCHMOCTH OT
M,
OTHOIIeHHd ==.
M,

21. 13 ¢opmysaH (16) BHIHO, 9TO MACCa paKeTs CO BCEMH Iacca-
JKHDAMH M BCeMH anmapaTaMu M, MoxeT OHTH OPOH3BOJBHO BEJHKA,
II CKOPOCTb V cHapsafa OT 3TOr0 HHCKOJBKO He IIOTepsdeT, JHIIb
OH 3allac B3PHBYATHX BellecTB M, BO3pacTal IIPONOPIMOHAJILHO
BO3PACTAHHI0 MacCCH [, pakeTH.

Hrak, BceBo3MOMHON! BeJUIHHH CHAPAIH C JIOOGHM YHCJIOM IIyTe-
IIeCTBEHHUKOB MOT'YT IIpHOGpEeTaTh CKROPOCTH KeJaeMOH BeJHIHHH.
BopoueM, BospacTaHHe CKODPOCTH PaKeTH CONPOBOXKIAETCS, KAk MH
BHIeJNH, HeCPAaBHEHHO GHCTDPeRUIAM BO3pacTaHHeM MacCH M, B3DHB-
YaTHX BemecTB. [[0aToMy, HaCKOJBKO JIETKO H BO3MOMHO YBEJH-
YeHNe MacCeH OONHHMAOIerocd B He6ecHOe IPOCTPAHCTBO CHAPANA,
HaCTOJNbKO 3aTPYAHHTENHHO yBeJHYEHHE ero CKOPOCTH.
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GRO])OC'I‘H HOJEeTa B 3ABHCHMOCTH 0T PacxoJd ropioyeros

22. U3 ypaBHeHHA (16) NOJYYHM CIeLYIOIIY0 TaCAHILY:

, CekyH1HAs , CeKyHRHa%

3_12 1A cxop):)c'rb b L 1 GKOPOCTH 1’
M, L B Mjcer M, B mfcex

0,1 0,095 543 7 2,079 11800

0,2 0,182 1037 8 2,197 12500

0.3 0,262 1493 9 2,303 13 100

0,4 0,336 1915 10 2,398 13 650

0,5 0,405 2308 19 2,996 17100

1 0,693 3920 20 3,044 17330

2 1,098 6260 30 3,434 19560

3 1,386 7880 50 3,932 22400

4 1,609 9170 100 4,615 26 280

b} 1,792 10100 193 5,268 30 038

6 1,946 11100 BecroneTno BeckuHedHo

23, U3 Ta6auH yCMaTPpUBaeM, YTO CKOPOCTH, II0JyYaeMHe PeaKTIIB-
HHM IIyTeM, Tajieko He MaJH. T'ak, Ipu MacCe B3pHBYATHX BeILECTB,
B 193 pasa IpeBHINaINeHd Bec J/, cHapAna (pakeTH), CKOPOCTh
ero 10 OKOHYAaHHH B3DHBAHHS H H3PacXoLoBaHUA Bcero samaca i/,
paBHa CKODOCTH [BHMKEHHMS 3eMJH BOKDPYr cojHua. He mywmaiire,
4YTO Takad IpoMajHasd Macca B3pHBYATOI0 MaTepHaJta TpeOyeT s
CBOEro COXpaHeHHS I'DOMAIHOr0 KOJMYECTBa KPEIKOro MaTepuada,
IS COCY/I0B, CONEPIRAIIMX B3PHBYATHE 3JeMeHTH. J[efCTBHTEIELHO,
BOIOPOM H KHCIODPOJ B MKHIKOM BHie TOJbKO TOT[A OGHAPYMKHMBAOT
BHCOKOe JaBlI€HHE, KOTLa COCYIH, colepikalliyie WX, 3alepTH, H
KOI'JIa CaMHe I'a8H I10J] BJHAHHEM OKPYHKADIINX CDABHATEIbHO TEIIJTHX
TeJ HarpeloTCA. ¥ HAC e HTH ONHUKEHHHE TasH JOJKHH HMeTh
CBOOONHHK BHXOX B TPYOY (IIOMHMO IOCTOSHHOI'O IIPHTOKA HX Ty[Aa
B JKHIKOM BHIe), I'lé OHH, COEINHAACH XHMHYECKH, B3DHBAIOTCAH.

HenpepriBHOEe B GHICTpPOE TeYyeHHe I'a30B, COOTBETCTBYIOINee HOIA-
PeHHI0 KHUIROCTeH, OXJaKJaeT BSTH HOCJeIHHe L0 TOro, 9T0 OHK
CBOMMH IlapaMH He IIPOHSBOLAT IOYTH HHKAKOI'O HaBJEGHHA Ha ORPY-
waouye AX cTeHkd. Hrak, Njad cOXpaHeHHS 3.(eMEHTOB B3PHBA HA
COCYAH He Tpeldyercs GOJHUION MACCH BEH[ECTBA.

24. Korma 3amac B3pHBYATOrO BelMecTBAa paBeH MacCe PaKeTH:

(%2: 1) , TO CKOPOCTH MOCJEeAHeH 9yTh He BXBOoe GoJee ToH, KOTO-
|
pad Hy:KHa, YTOOH KAMHIO HJH IYHIEYHOMY CHApANY, HOYIICHHOMY
»CEJIEHATaMR® ¢ II0BEPXHOCTH Halled JYHH, YAAJIATHCA OT Hee
HaBCeIZla H CHeJaThCAd CIOYTHHKOM 3eMJIH, BTOPO JYyHOH.

ATa CKOPOCTDH (3920 ./cex) IOYTH IOCTATOYHA IS BEYHOTO yla-
J€HAA TeJ, GPOIIEHHHX C MOBEPXHOCTH Mapca niam MeprypHs.

Ecam oTHOUIEHWE 72 Macc GyJeT PaBHO TpeM, TO yKe IONyIATCSH
1

110 H3PACXON0BAHHUII RCero 3allaca TaKad CKOPOCTH CHap#Aza, KOTOpOI":E
JHIIbL HEMHOTO HeJocTaeT HJd TOTO0, YTOGH OH MOI' BpaliaThCd 3a
npeneJaMu a'rmoccpepm BORDYTI 3eMJan I0N06HO €€ CIYTHHRY.
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/e
3 ]? , PABHOM IIIeCTH, CKOPOCTb PaKeTH II0YTH [0~

CTaTOYHA JJ4 yHaJeHHd ee OT 3eMJH H BeYHOI'0 BpaleHHA BOKPYI
COJIHIIa B Ka4YeCTBEe 0aMOCTOATEJbHOM NJaHeTH. IIpum GoubimoM Ko-
JAYeCTBe B3PHBYATOr0 3aIaca BO3MOMKHO JOCTHMEHHE II0SiCa acCTe-
pouIoB M Hawke TAMEJIHX IJaHeT.

25. 3 TaGaMOH BHIHO, YTO W IIPH HEOGOJBIIOM 3allace B3DHB-
YaTHX BeIlleCTB OKOHYATEJHHAS CKOPOCTh CHApAMA ellle TOCTATOYHA
Jas npakTAdYecKuX meted. Tak, IIpu 3amace, COCTABIAOIIEM JHIIb
0,1 Beca paKeTH, CKOPOCTh paBHA 543 #/cex, YTO J[OBOJBHO IJIS
NOTHATUA pakeTsh Ha 15 xm. [aiee B3 TAGIHUH ML BHIHM, YUTO
HPH HO3HAYHTEIHHOM 3aNace CKOPOCTh II0 OKOHYAHHH B3PHBaA IIPH-
6JIMBMTENHHO IPOMOPIHOHAIGHA Macce 3anaca (M,); cleqoBaTeJbHO,.
B HTOM CJy9ae BRCOTA MOJHATHA HNPOXOPHHOHAJIBHA KBAaIApaTy ATON
MaccH (M,) samaca. Tak, IpH 3amace, COCTABJIAMIIEM II0JOBHHY

IIpn oTHOmMeHHH

I
MaCCH DPaKeTH ( 2

Z]T) = 0,5, nocJaensad 3aJeTHT JAJERO 3a IIpeJetrp
1

aTMOC(epH.
KoapunuenT 1m0Je3HOr0 AeicTBAL (YTUIH3ANUA) PAKeTH ILPH MOTHeMe

26. IlHTepecHO ONpeNeNHTh, KaKad 4acTb IMOJHOH PaGOTH B3PHB-
YaTHX BemecTB, T. €. HX XHMHYeCKOH HHEPrHH, IlepefaeTcs pakere.
72

Pa6ora B3pHBYATHX BelecTB BHPAATCH z_yl M, rHE ¢ ecThb

yCKOpeHHe 3eMHON TSAXeCTH; MeXaHWIecKasd paGoTa paKeTH, MMe-
72
0lei CKOpPOCTh V, BHPA3ITCS B TeX ke eNHHAIAX: 3 M, uam Ha

OCHOBaHUHA GopMYJH (16):

e Ve M2) 2

Paspeans Temepb pa6oTy pakeTH Ha Pa6oTy B3PHBYATOr0 MaTe-
pHaJa, NOIYYHM:
i, | 1112) 2
i, lln (1 +J_1] } .

Ilo sTOMt hopMyne BHUHCIHEM TAOGIAHUUY YTHIHM3AaIHUH DaKeTHOM
9HEeprAH B3PHBYATHX BeIIECTB (CM. CTD. 26).
13 popMy B X TAGIUIIEB UIHO, YTO IIPH 0YEHDb MAJTHX KOJUIECTBAX

4.
B3PHIBYATOT0 MaTepHaJa YTHIU3AHSI €I'0 DaBHA ]l—f T. €. TeM MeHbIlle,
1’

YyeM MeHbIIIe OTHOCHTEJbHOE KOJHYIEeCTBO B3PHBYATHX BeIecTB .

2 3 o
. A i @ P
! Me#icrBuTeasHo, In (1 +2) =2 — -+ 377 CaemoBaTCabHO, O PUGAHBI-
2

1, M)\\: M, M2 M,
TEJIbHO, ar, In (1 +J—’[i) = ﬁg . JT{-’ = 371



M, YTHAR- M, Yrunu-
i, 3aus ]Tf1 3a0HA
0,1 0,090 7 0,62
0,2 0,165 8 0,60
0,3 0,223 9 0,59
0,4 0,282 10 0,58
0,5 0,328 19 0,47

1 0,480 20 0,46

2 0,600 30 0,39

3 0,64 50 0.31

4 0,65 100 0.21

5 0,64 193 0,144
6 0,63 Becko- Hyas

HeYHo

Halee, ¢ yBeJHYeHAEM OTHOCHTEIBHOT0 KOJNYEeCTBA B3PHBUATHYX
BEIeCTB YTHIN3ALHS BO3pacTaeT W, NPHOJAUSHTENHHO, IIPH ydIeTBe-
PEHHOM HX KOJHYecTBe (CPaBHUTEJbHO C MACCOH pPaKeTH) JOCTHIAeT
Ham6oJblIed BeJHYHHH (0,65).

JanapHelilnee yBedHYeHHe B3PHBYATHX BelllecTB, XOTA N Mel-
JIEHHO, HO HeIIPepPHBHO yMeHBIIaeT HX II0Je3HOCTh; IPU G6eCKOHEeYHO
60JbIIOM HX KOJHYECTBe OHA — HYJIb, TAK iKe KaK H IIDH 6eCKOHEYHO
MajoM. M3 Ta6JadUH Takske BHIUM, 9YTO IPH H3MeHEHHH OTHOIOEHUSA

M,
;M—fq 0T 271010 — yTHIH3aLAA 60Jee IOJOBAHH; BTO 3HAYUT, 9T0 6ogee
1

NOJOBHHH IIOTEHIMAJbHON SHEPrHA B3PHBYATOI'0 MaTepHala B Ta-
KOM cJydae IlepellaeTca B BHIOe KHHETHIECKOH HHEPrAH pakere.
Boobime, or 1 70 20 oHA BechbMa BeJHKa 1 GIH3KA K 0,5.

Pakera mojg BAHAHHEM TAEKeCTH
BepruraasHHi oxBeM

R7. MH oIlpemeJHJH CKOPOCTb, NIPHOOpETaeMyl0 PaKeToH B myc-
‘TOT¢ ® IPH OTCYTCTBUH CHJIH TATOTEHUS B 3aBHCHMOCTH OT MaCCH
PaKeTH, MaCCH B3PHBYATHX BEN[eCTB H HHEPrHH MX XMMHUYECKOIo
-COeJHHEHHSI.

Paz6epeM Temepp BJHAHME MOCTOSHHOM CHJIBI THAXKECTH HA BEPTH-
KaJbHOE JXBU:KCHHe CHAPAIA.

MH BHAuM, YTO 6e3 BIHSHHSA TAKECTH paKeTOd IpHOGpeTanTCS
OT'DOMHEHE CKOPOCTH H YTHJIH3NPYeTCS 3HAUYHUTeJbHOEe KOJIHIEeCTBO
‘SHEePI'HH B3PHBA. OT0 GyIeT COpAaBeNJIHBO W IS CPeJH TSAIKeCTH,
‘€CJIM TOJBKO B3PHB 6yIeT MrHoBeHHHH. Ho Takoil B3pHB mJis Hac
He TOMHTCA, IOTOMY 4YTO IPH HTOM IIOJYYHTCA YOHHCTBEHHHH TOJ-
YOK, KOTOPOr0 He BHHECeT HH CHAapAlN, HH Bellld HH JIONH, 3aKJI0-
YeHHEHe B HeM. Ham, odueBHmIHO HYXHO Me/JIeHHOe B3DHBaHHe; IIPH
MeIJIeHHOM JKe B3DHBAaHHH II0JIe3HHH 5pderT yMeHbINaeTca U Jake
MOKeT 06PaTUTHCI B HYJb.

[leitcTBHTENBbHO, IYCTHh B3pHBaHHE GyHeT HACTOJHKO CIaG0, 4TO
YCKOpeHHe paKeTH, IIPOHCXOoJsdlllee OT Hero, 6yaeT paBHO YyCKOpe-
"1 ¢ 3eMad. Torma cHapsx Bo BCe BpeMA B3PHBAaHHEA GYNET CTOATH
B BO3NyXe HEIONBHMKHO (€3 OTMOPH.
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HomeyHo, O0H He IIpHOGpeTaeT IPH HTOM HIIKAKOH CROpDOCTH, M
VTHIA3ALHEA B3DHBYATHX BellecTB, HECMOTPA Ha HX KOJIHYIECTBO,
6yner paBHATbCA Hyxo. MTak, kpaliHe BaskHO HCCJIeIOBAaTh AHAJH-
THeCKH BIAAHHE HA CHapAN TACOTeHHA.

Oupegenenne xoecTHrEyTOH cropocTH, Pa36op moJyIeHHEX YHCJIOBHIX
sHavennii. Bricora moxmema

Korga PaKeTa IBUTaeTCAd B cpene, CBOGOIHOI OT CHJIH TANECTH,
TO BpeMsd {, B TeYeHHEe KOTOPOI'0 B3PHBAETCs BeCh 3allac B3PHBYa-
TOT'0 BeHIecTBa, PaBHO:

28. :

’

p

rae } —cKopocTh CHapajxa OO0 OKOHYAHHM B3PHBA, a p— IOCTO-
SIHHOE YCKOpeHHe, coolmjaeMoe pakeTe .B3PDHBYATHMH MaTepHaJaMA
B 1 CeK. BpeMeHH.

Cuna B3pHBaHWA, T. €. KOJAYeCTBO BelleCTB, PACXOAYEeMHX IIpH
B3pDHBe B eQUHHIlYy BPpeMeHH, B 3TOM IIpOCTeilneM cJaydae PaBHO-
MEDHO YCKOPABINEroCd HBHKCHHS CHAapsAla, HellOCTOJHHA, HO He-
IOpepPHBHO 0CIA6JdeTCA IIPONIOPIEOHAJLHO YMEHBIIEHHI0 MacChl CHa-
PAda C OCTATKOM HeB30PBAHHHX MaTepHAJOB.

29, 3Hafl p, MIU YCROpeHHe B cpele 0e3 TAXKECTH, MOXKeM BH-
PasHTh M BelIAYAHY Kamyllelicd (BpeMeHHOH) TAMKECTH BHYTPH
PakeTH B TeYeHHe ee YCKOpSAUIerocd ABHKEHHSA, HJIM B TeTeHUe
BpeMeHHW B3DHBAHHS.

[IpuHAB CcHANy TAMECTH y MOBePXHOCTH 3CMJH 3a eJHHANY, Haif-

p
g’
eCTh 3eMHOe YCKOpeHHe; (opMyJaa 3Ta IOKa3HBAET, BO CKOJBKO
pa3s naBieHHe Ha IIOJCTaBRKHA BceX Bellledl, IOMeIleHHHX B pakere,
6onbllle [JaBJeHUA TeX ke BeleHd, JeKal(ux Ha CTOJe B Hamleh
KOMHATe IpH OOHKHOBEHHHX yCJI0BHAX. BecbMa BaxHO 3HATH BeJH-
YUHY OTHOCHTEJBbHOH TAXECTH B CHapdnle, IOTOMY 4dYTO OHa o6yc-
JoBJXHBaeT ILeJOCTh AllapaToB M 3J0pOBBE JI0Jei, NyCTUBIIAXCA
B IIYyTh NJs H3yYeHHSA HEU3BECTHHX IIPOCTPAHCTB.

30. [Ipn BIAAHAHE OOCTOAHHOM MM IePEeMEHHOU TAMKECTH, J060H
CHIIH, BpeMd, B TeYeHHe KOTOPOTO PacXojyerca ofHH M TOT e 3alac
B3PHBYATOI0 MaTepHaaa, OyAeT To 'Ke, Kak H (6e3 BIHSIHHA TATrO-
TEHHUs; OHO BHPABHUTCA H3BECTHOH HaM QOPMYJIOH (28) Ham ciaeny-
oIe:

JeM BeIHYHHY BpeMeHHOﬁ TA¥XKECTH B CHapdAne paBHOﬁ rume g

31. v,

p—9’
rme Vg——CROPOGTb PaKeTH II0 OKOHYaHHH B3pHBaHEH B cpene
TAMNECTH C TIOCTOAHHHM chOPEHﬂeM g. TyT, KOHEYHO, npenuo.na-
raercd, 4To p # g napannenbnm a IIpOTKBOHOJIO?KBH; p—yg BHDa-
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JKaeT BHAUMOe YCKOpDeHHe CHapAla (OTHOCHTEJBHO 3eMJd), fABJIAO-
Ieecsd pes3ylJbTaToOM XBYX IIPOTHBOIOJOMHHX CHJI: CHIH B3DHBa 1
CHJIH TSHKEeCTH.

32, JleficTBHe IOCHelHEeH. Ha CHapdAl HHCKOJIBKO He BJIHAET Ha
OTHOCHTeJBHYI0 THKECTb B HeM M OHA BHIPamaeTca 0e3 BCAKOIO

H3MeHeHHS (popMyaoit (29): fj—’ Hampmmep, ecanm p=0, T. e. ecau

B3DHBaHHA HET, TO HeT H BPeMEHHOM TAMECTH, IIOTOMY 4TO %=O.
OT0 3HAYHT, 9TO €CJH B3DHBAaHHE NDEKPATHTCA H CHAPAM IBHIAeTCH
B Ty WIH APYI'yI0 CTOPOHY TOJBKO II0J BIUAHHEM CBOEH CKOPOCTH
4 CHIN TATroTeHHs ConHIa, SeMan M [PYTHX 3Be3n H ILIaHET, To
HaXoJAIHiCA B CHapAle HaGao/aTedb caM He OyneT MMeThb, IIOBH-
JUMOMY, HH MaJelIlero seca H He 06HAPYKAT ero IIPH IOMOIIH CAMHX
YYBCTBHTEJbHHX IPYHHHHX BeCcOB HH B OJHOM M3 Bemeil, HaXo-
Jamuxcsa NOpH HeM UAH B pakeTe. [lamad mam monEEMasdch B Heii
IIOJ BIMAHHeM HHEePIHH Jaxe Yy caMO IOBEPXHOCTH 3eMJH, HA0JIIO-
JaTelp He OyAeT HMCOHTHBATH HH MaJelilllell TAXeCTH, I0OKA, pPasy-
MeeTcs, CHapAld He BCTpedaeT HHKAKHX IPeNSTCTBHN, B BuUle, Ha-
IPAMEp, COIPOTHBJIEHHUS aTMOCHEpH, BOLH HJH TBEPIOro IpYHTA.

33. Ecau p =g, T. ¢. eCIH JaBjeHAe B3PHBAIINXCA I'a30B PaBHO

TAXKECTH CHapana (%: 1), TO OTHOCHTEJBHAA TAMKECTH 6y11e'r paB-

HAThCS 3eMBOH. IlpH HayasabHOH HENONBHIKHOCTH CHApAI B 3TOM
clydyae oCTaeTCA HeNOIABHMNKHEM BO BCe BpeMd NeHCTBHA B3PHBA,
€CJIM e J0 Hero CHapdJ BMed KaKyo-HHGYIb CKODOCTH (BBepX,
BOOK, BHH3), TO 5Ta CKOPOCTh Tak H OCTaHeTCA 06e3 BCAKOTO H3Me-
HeHHsl, [I0OKa He H3PACXOJyeTCsd BeCh B3DHBYATHH MaTepHAI: TYT
TeNo, T. €. PaKeTa, ypaBHOBelleHa W JIBHIaeTCA KaK OH 10 HHEPUHE
B cpeZxe, CBOGOTHON OT TSIMKECTH.
Ha ocnoBammm ¢opMya (28) 1 (31) MOJTydHM:

34. V:L:,( D )
*\p—y

Orcionma, 3Has, KaKyl CKOPOCTH V, [NOJ:KeH HMETh CHapdAn, 1o
OKOHYaHHH BSPHBA MH BHYHMCIAM V110 KOTOPOH C IOMOIIBLIO POPMYJIH
(16) ompenendM H IIOTPeGHOE KOJHYECTBO [/, B8PHIBYATHX BEIIECTE.

113 ypaBHeHHH (16) H (34) IOAYyYHM:

5 — _9Y (P )
35. v, = Vl(l p) hl(Ml“Ll,'

36. 13 arodl opMyJsH, Tak ke Kak H3 NpelHAyINeH, ciaelyer,
9YTO CKOPOCTH, IpHOOpeTaeMasd PaKeTOd, MeHbINe IPH BIAHAHHHE TArO-
TeHnd, 4eM 6e3 Hero (16). CropocTh V,MoxkeT GHTH Jase paBHA HYJII0,

HecMOTpsI Ha OGHJIHe B3DHBUATOTO 3aIlaca, €CIH %’= 1, T. e. ecau
yJCKOpeHHe, co06IIaeMoe CHAPAAY B3DHBYATHM MaTEePHAJOM, PaBHO
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JCKOPEHUI0 3eMHOH TAMECTH, HJIH JaBJeHHe Ia30B PaBHO M IPSIMO
{IPOTHBOIIOJOKHO [EHCTBHIO TATOTEHHS [cM. POPMYJH (34)H (35)].

B sToM cayyae pakeTa CTOMT HEeCKOJBKO MHUHYT HeIOIBHIKHO,
HHCKOJNBKO HE IOJAHHMASACH; KOTMA e 3amac MCTOIIEeH, OHa Ilajaer
KaK RaMeHb.

37. YeM Goipmie p IO OTHOLIEHMI0 K g, TeM GOJBIIYI0 CKOPOCTb
'y IpHOGpeTaeT CHapAN IIPH JaHHOM KosaddecTBe [N, B3PHBYATHIX
BemecTB [dopMyaa (35)].

IloaToNMy, XeJsad MONHATHCA BHIIe, HalO CHeJaTh p KaKk MONKHO
0oJibIre, T. €. IPOU3BOMAHTH B3PHBH Kak MOKHO IedTelbHee. UIHAKO,
TIpH BTOM Tpefyercs, BO-NIEPBHX, 60Jee Kpenknil W MaCCUBHHH CHa-
p4I, Bo-BTODHX, (oJiee KpelKkHe IIpeIMeTH M allapaTH B CHapdne,
IIOTOMY 9TO N0 (32) OTHOCHTeJbHAd Ts:KeCTh B HeM OyZXeT BechbMa
BeJUKa X B OCOOGHHOCTH OIACHA MM KHBOIO HAOGJI0/aTeld, ecld
‘TAKOBOM OTHpAaBISeTCA B pakere.

Bo BcakoM caydae Ha 0CHOBAHHH GOpPMYJH (35) B Ipejede

. . M.
I/.z:—lfl-ln(l—w—f-i-l\,

’
i

T. €. eCIIH p 0eCKOHEIH(O BeJMKO, H.IH B3PLIB MI'HOBEHEH, TO CKOPOCTh
V, pakert B cpege THIKOCTH Ta Ke, YTO M B cpojye 0e3 THAMKECTH.

CoryacHo ¢popymyde (30), BpeMsl B3PHBAHUSA He 3aBHCHT OT CHJE
TACOTeHHS, & JHIIb HCRINIATEJIHHO OT KOJAIECTBA %EB3PHB‘13.TOI‘O
MaTepuasd W GHCTPOTH HX B3PHBAHAL p. '

39. /II060NHTHO OLIPeleIATh 3Ty BeanIuRy. [Tosox aMB hopMy e (28)
¥'=11100 . /cex (Ta0].22), 8 p=g=9,8 m/cex 2, TOr1a | =1133 CEK.

3HAYHT, B cpejle, CBOOOJHOH OT TANKECTH, PaKeTa IpojeTena GH
PaBHOMEPHO YCKODAIINHMCSA JBHMKeHHEeM MeHee 19 MUH. — H 9TO IpHU
yluecTepeHHOM KOJHYeCTBe B3PHBYATHX BEILIeCTB CPABHUTEJIBLHO
€ Maccod cHapsiia (Tabia. 22).

IIpx B3pHBAaHHU Ke Yy IOBEPXHOCTH Hallleil NJaHeTH OH IIPO-
CTOSJM OH HeIIOJBHMKHO B Te4eHHEe TeX JKe 19 MUH.

M, .
40, Ecam =2 =1, To o Taéanne V" = 3920 ut/cex; CIeACBaATEIbHO,

A,
/=400 cex. AJIU 62/, MHH.
M, .
pr =—*=0,1 V=543 mcex, a (=554 CeK., T. e. MeHee MH-

M,
HYTH. B mocaexHeM ciydae y MOBEpXHOCTH 3eMJU CHApPAM IPOCTOAN
OH HEeNOJIBHMKHO 55!/2 CeK.

OTcoga MH BIJHM, 9TO B3DHBaHHe Y IOBEPXHOCTH IIJAHETH,
HIu BooOIIe B cpexe, He CBOGOIHOM OT CHJIH TAMECTH, MOXKeT OHTH
COBEPLICHHO 6e3pe3yJbTATHHM, eCJH IIPOMCXOAMT XO0TA H H0Jaroe
BpeMs, HO C HeJOCTATOYHOH CHJION; HelcTBUTeIBHO, CHAPAL 0CTaeTcd
Ha MeCTe M He Il0JydJaeT HUKAKOU IOCTyHATEJbHOM CKOPOCTH, €CJIH
He IpBOOpeJ ee paHbllle; B IIPOTHBHOM CIydae, OH MOMeT COBep-
UIATh HCKOTOpOe IlepeMellleHHe C DPAaBHOMEPHOH cKopocTrlo. Eciam
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9T0 IepeMellleHIle COBEpIIaeTcs BBEPX, TO CHapAIl cheXaeT HEKO-
TOPY10 paGoTy. B cayyae mepBoHAYaJbHOH I'OPH30HTAIBLHOM CROPOCTH
U TlepeMellleHHe OyJeT I'OPH30HTAJbHO; PAaGOTH TYT He 6YeT,! HO
TOTAA CHAPAX MOAET CHYHRHUTH AJA TAKHX JKe IleJel, Kak JOKOMCTHB,
apoxoJ WJIH YHOpaBiseMHHN aspocraT. CIOy:XRHTH IId S9THX Iieaeir
IIepeMeleHnsI CHapsAJ MOMKET TOJBbKO B TeYeHHe HECKOJIBKHX MHHYT,
IIOKa COBEepINaeTCs B3PHBaHHEe, HO M B TaK0e HeGO0JbINOe BpeMs Ol
MOKeT INPOJTH 3HAYHTEeJNbHOE INPOCTPAHCTBO, B 0COGEHHOCTH, €CJH
Oyner ABUraTbCcsA Haj aTMocgepoi. BopoueM, mpakTmyeckoe sHaye-
HHe DakKeTH [Js JleTAHHd B BO3JyXe MH OTDHIIAEM.

Bpems crosamma mpm6opa B cpefle TATOTeHHs OGPATHO IIPOIOp-
LUOHAJBHO ¢, T.e. CHJEe HTOr0 TATOTEHH.

Tak, Ha JgyHe OPHGOP IPOCTOAT 6H HEIOABHMKHO Ge3 ONODH NIpPH

My 6 Y
i, B TeYeHHe 2 Jacos.

41. Tlomomum B opMyae (35), AIA CPEIH C TSIHKECTHIO: g = 10
Vi '
Tf:a; TOlA2 BHYHCIAAM V,= — 9990 w/cex. OTHOCHTeJbHAA T-
41

JKeCTh II0 INpeJHAyHleMy 6yneT paBHa 10, T. e. YeJOBeK B 70 x2
BECOM BO BCe BpeMsd B3DHBAHAA (0K0JO 2 MHH.) 6yAeT HCIOHTHBATH
TAMHECTh B 10 pa3 OGOJBIIYI0, YeM Ha 3eMie, H OyIeT BECHTh Ha
IPYKEHHHX Becax 700 xz. Takylo TAKeCTH HYTEUIECTBeHHUK MOMKET
O epeHecTH (e3 Bpela TOABKO IIPH COOJMIJeHHH OCOGHX IPEmoCcTo-
POMKHOCTEH: A NOrDYysReHAN B 0CO6YI0 KHIKOCTb, IPH OCOGEHHEX
yeaoBugx.

Ha ocHoBaHKZ OopMyJIH (28) BHYHCIHAM H BpeMs B3DHBAHHS, HIR
BpeMA BTOM yCHIEHHOH THMeCTH; NOJYYUM 113 CeK., T. e. MeBee
2 MHH. 9T0 OYeHb HeMHOTO H KaskeTCA C.IIePBOI0 Pasa MOPa3HUTeJNb-
HHM, KaK MOMer CHapdl B' TedYeHHe TAKOr0 HHITOKHOIO ITpoMeE-
#YTKa BPeMeHH IIPHOGPECTH CKOpPOCTH, TOYTH IOCTATOYHYO AJId
yIaJeHHA OT 3eMJH H NBHMKeHHA BOKDYI COJHIA, MONOGHO HOBOM
ILIaHere.

Mn pamam V,=9990 w#/cex, T. e. TaKyl0 CKOPOCTH, KOTODas
JHIIb HEMHOr0 MeHee CKOPOCTH V, mpuolOperaeMoi B cpene, CBO-
GOHOH OT CH.IK TATOTeHHH IIPH TeX :Ke YCJOBHUAX B3PHBA (Tabl. 22),

Ho rax kak CHapand Bo BpeMsd B3DHBaHHA ellle H IOJAHAMaeTcd
Ha HEKOTODY:0 BHCOTY, TO IIPHXOAMT J[axe B TOJOBY, ITO 00IIas
paboTa B3pHIBYATHX BEIleCTB COBCeM He yMeHbINAJACh CPABHATEJILHO
¢ pa6oToil HX B cpele 6e3 TAMKECTH.

44. Bompo¢ sTOT MH ceiuac pasbepem.

Y cKOpeHHAe CHApANa B cpefie TAXKEeCTH BHPASHTCA: p; =p— (.

Ha paccTossHHH 0T IMOBepXHOCTH 3€MJH, He IIPeBHINalIeM He-
CKOJIbKMX COTeH BepcT, MH IIpEMeM ¢ IOCTOSHHHM, 4TO He IIOBJe-
yeT 3a €060 GOJBIION IOTPENIHOCTH, & H MOTPENIHOCTh Gyler
B GJArONpHATHYI CTODPOHY, T. €. HCTHHHEHeE dHCHa OymyT 6Jaro-
IpHUATHee AJAd 110JIeTa, 9eM BHYMCJeHHHE HaMM.

1 Ecan He y9UTHIBATH PaGOTH CONPOTHBIEHHA aTrmocdepH. Ilpum. ped.



Bucora I NOXHATHS CHapAga BO BpeMs f— JelCTBHS B3PHBA,.
oymer:

45. h=

Hckmovas oTcloja ¢, mo0 ypaBHEHHIO (31) MOJYYHM:
Va2
2(p—9)’

rie V, eCTb CKODPOCTH CHapsia B cpele TATOTEHHS [0 HCTOLICHUE
BCero B3PHBYATOrO 3allaca.
Tenepp momyanM u3 (34) ®m (46), HCRI0IAA V!

S 2
47. h=‘z_)__;!i. 72 — Vi (1____g_)’
2p® 2p p

rae V ecth ckopocTh, MpHOGpeTaeMasd paKkeToll B cpejie, CBOGOIHOME
OT TATOTEHHS.

4:6. h ==

KospunueHT moJe3sHoro neicTBHA

ITosesHas pa6oTa B3PHBYATHX BelNecTB B TaKOH cpele BHpa-
3uTCA:
1 4]

""8. _1=—270

Padora e /| B cpeie TArOTeHHS BHPA3UTCA B 3aBHCHMOCTE
OT BHCOTH IIONHATHA CHapdfa H ero CKODOCTH II0 OKOHYAHHM:
B3DHBa:

V2
29 °
OrmomeHnHe sTofl pa6oTH K MpeXHAyINel, HIealbHON, PABHO:

T, 2hg4 V2
/R R

19. T, =h

50.

HcraoamB oTcioah 1 V mocpencTsoM GopMyd (46) U (34), HallmeM

r1

9

7= P
T. €. pa,60Ta B cpele TAroTeHHdA, TIoJdydaeMad OT OIIpeIJ;eJIeHHOI‘O
KOJIAYeCTBa B3PHBIATHX BeleCTB J/,, Mexee, 9eM B cpeJie, CBOGOTHOM

OT TATrOTEHHS: PasHHIA 2Ta g TeM MeHbIlIe, 9eM 6HOTpee BRIDH-

ol.

BalOTCS T'a3H HJIH d4eM G6ojee p. HampuMep B caydae (41) mMoTepsk
COCTABJIAET TOJBKO !/;0,a YTHIN3AIMA 110 (51) paBHa 0,9. Korzap = 9>
HJIH KOUJa CHAapAd CTOHT B BO3JyXe, He HMes JaMe MOCTOSHHOM
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‘CKOPOCTH, IT0Tepa 6yneT mojHad (1), a YTHIA3ALHWS PaBHA HYJIO.
TakoBa ke 6yneT YTHIH3aLlWd, €CJIH CHAPAL HMeeT IOCTOAHHYIO
TOPHBOHTAJLHYI0 CKOPOCTB.

52. B II. 41 MH BHYHCIHIR V,==9990 .1/cex. IIpuMeHHB opMyy
{46) Kk cayyaw 41, HalgeM: — 565 xm; 3HAUUT, B TedeHHe B3PHBA
cHapap 3alilieT NaJeKo 3a TIpeleJIH aTMOC(epH M IPHOGpeTeT elle
IIOCTYHATEJbHYI0O CKOPOCTL B 9990 u¢/cex.

3aMeTHM, 4TO CKOPOCTh 3Ta Ha 1110 .4/cex MeHBIe, YeM B cpele,
CBOGOJHOM OT CHIH TATOTeHHd. ITa PasHOCTH COCTABJAET KaKk pas
!/, CKOpOCTN B cpele Ge3 TsakecTH (TabJl. 22).

OTcona BHIHO, YTO IOTEePA B CKOPOCTH IONYHHSIETCA TOMY Xe
3aKOHY, Kak I moTepd pa6oTH (51), 4TO, BIIpoYeM, CTPOTO ClefyeT
T U3 POPMYJNH (34), mpeo6pasyss KOTOPYI IoJydaeM:

Vo=V 1——2) . V—V,= 1. 2.
. p P
Haunem us (51):

56. T=T,. (- P )
»—Y,
rfe 1) ecrb pa6oTa, mojJgydaeMad CHapALOM OT B3DHBYATHX BeleCTB
B cpele TAMOTeHHdA, C YCKOpPEHHeM, PaBHHM .

YTOGH cHapAX MOI' COBEPIIATL BCe HEOOXOTHMEIe PaGOTH, DOIHH-
Masjch B BHCOTY, IPEOJ0NeBas CONPOTHBIEHNHE aTMOCc(epH U IpHO-
0peras KeJaeMyl0 CKOPOCTb, HEOGXOIHMO, YTOOH CyMMa BCEX OTHX
pa6or paBHAxach 7.

Korna onpemeauy Bce 3TH Pa60oTH, TO C IOMOLIBI0 (OPMYJH (56)
BeracapM 7. 3Has ke 7, BHUHCIHM H V, T. e. CKOPOCTH B cpeje,
CBOGOIHOA OT TArOTeHHA, 110 JopMmyJe:

2
2¢ °

T=, -

3Hadg Temeph V, MokkeM pacCUHTaTh U HOTPeSHYI Maccy M,
B3PHBYATHX BeleCTB N0 gopMyJie (16).
TakIM IyTeM € IIOMOIIbI0 NpelHIYIIero HalimeM:

o vl
'7'2—_" .
57. My= M, [eV @ g’—1]

& .
Buypcassa, MH 3aMEHHJIH [JJd KPaTKOCTH Jllz—g yepes 7.

Hrak, 3Has Maccy cHapsafga J/, co BceM COTEeP:KHEMHM, KpoMe
B3PHBYATOr0 MarepHala ., MeXaHH4YeCKRy® pa6oTy 7 B3PEHBYATHX
BeHIeCTB OPH Macce HX, paBHOM Macce cHapsapaa A/, paéory 7',
KOTOPYIO JOJKEeH COBEDPIIHTL CHApPAL NPH CBOEM BEePTHKAJBHOM
IONHATHY, YCKOPEHUA OT CHJB B3PHBAHHSA p H CHJIH TATOTEHHS (,
MOJKEM y3HATL H KOJHYECTBO B3PDHBYATHX BelleCTB ./,, HE06X0AMOE
QI IOJHATHSA MacceH A/, cHapdarna.

1
Orgomenue 71 B (popMyJie He H3MEHHTCS, €CIil ero COKpPAaTHThH
2
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ua /. Tar yro mox 7|, u T, MOMKHO IOAPa3yMeBaTh MCXAHH YECKYIO
pa6ory 7,, coBepIIaeMyl0 XHHHOeH Macch CHapAxa, I MeXaHHYe-
CKkylo paboTy 7, eTHHAHE B3PHBYATLIX BEINECTB.

[Tox ¢ MOMHO MOAPA3YMEBATh BOOGINE CYMMY YCKOpeHHH OT CHJI
TATOTeHUA 4 CHJI COIIPOTUBIEHHA cPelH.Ho cria TaroTeHHsA MOCTe-
MeEH0 YOHBaeT ¢ YHaJeHUEM OT IEeHTPa 3eMJH, BCJIEJCTBHE Yero
YTUIASHPYeTCa 00JbIee KOJIAYECTBO MEXaHHYECKON paGOTH B3PHIB-
yaTHX BemecTB. C ApPYroii CTOPOHH, COIPOTHBJIEHHE aTMOCQEpH,
6yNy4Hd BeCbMa He3HAYUTENbHHM CPABHHTEJNBHO C TAMKECThI0 CHAPALA,
KaK YBUIWM, yMeHbIIaeT YTHJIMBAIMI0 SHEPrHA B3PHBYATHX Be-
LECTB.

JaJjee MOXHO BHAETh, YTO IOCHENHAA YOHJb, HPOLOJKAACDH
HeJoJaroe BpeMdA IoJeTa depes BO3AYX, ¢ H3GHTKOM BO3HATPAMK-
DaeTcd NPHOHJIBI0O OT YMeHbIIeHHS IPHTAXEHHS Ha PACCTOSHUAX
3HAYATEJBHHX (500 %), [le KOHYaeTCA NeHcTBAe B3PHBYATHX Be-
MIeCTB.

HUrak, gpopMyay (20) MOKEM CMeJIO IIPUMEHATH K BEPTHKAJbHOMY
0oJIeTy CHApALA, HECMOTDA HA OCHOMKHEHUE OT H3MEHEHHS TARECTH
H COIPOTHBJEHHS aTMOC(epH (9= 9,8).

IoJue Taroremnd. OTBecHoe BOBpANEHHE HA SEM.TI0

59. PaccMoTprM cHayaJjia OCTaHOBKY B cpele, CBOGOLHOM OT Ts-
FOTeHHA, WA MOMEHTAJbHYI OCTaHOBKY B cpelle TATOTEHH.

IIycrp, HanpAMep, pakeTa CHJIO B3PHBA HEKOTOPOIo (He BCEro)
KOJUYeCTBa Iado0B IIpHOGpesa CKOPOCTh 10000 .urjces (Taba. 22).
Temepp [JIS OCTAHOBKH CJelyeT IPHOGPECTH TaKylo ke CKOPOCTbD,
HO B 06paTHOM Hampasteddd. (OYeBHAIHO, KOJHUIECTBO OCTABLIMXCH
B3PHBYATHX BeImECTB, COIVIACHO Ta6l. 22, NOJKHO OHTH B IATH Pas
6oaniie MaccH M, cHapsnma. Crano OHTH, CHapal HOJ#CH HMeTh
00 OKOHY3HHWH IepPBOH YaCTH B3PHBa (JJIA NpHOOpeTeHWA MOCTYIIa-
TeJbHOH CKOPOCTH) 3aIlaC B3PHBYATOr0 BEIIeCTBa, Macca KOTOpOro
BHPa3HuTCA Yepes 5M, = A,

60. Bca macca, BMecTe C 3amacOM, COCTaBHT ./, =5 .1, -
+ M, =6J1,. I9ToH Macce 6}/, IepBOHAYAJbHOEC B3PHIBAHHE ILOJI-
JKHO TaKKe COOOMIATH CKOPOCTH B 10 000 u¢/cex, a IJs 3TOT0 HYMKHO
HOBOe KOJHMYEeCTBO B3PHBYATOr0 MarepHaJia, KOTOPOoe IOJIKHO TaKie
B IATh pa3d (Ta6ja. 22) NPeBHMATH MACCY CHAapAa C MACCOI 3amaca
IJs1 OCTAHOBKH, T. €. MH JOJMKHH 61/, yBeJUYHTh B TATb Pas;
moay4ydaM 301/, 4TO BMeCTe C 3aIlacoM A OCTAHOBKH 5./, cocTa-
BHT 35 M.

0603Ra9MB YHECIO TAGJ. 22, IOKA3HBAIOILEe, BO CKOJIbKO Pas MacCa

M,

My
OpeJHAyIIAe PACCYKIeHHUs, ONpeleJdlue MACCY BCEro B3phBIa-

o
TOI'0 BeleCTBa =2 oI HpHoGpe’reHna CKOPOCTH U YHUUTOKEHHUI ee,
1

B3DHBUATOT0 MaTepHaJa GoJbIIe MACCH CHAapANa, Yepes y =

M
BHPa3dM Tak:
A

61. =44+ 1-+q) - ¢=q (219),
7,

3 Bax. 1754, lluoiroBckni, wu. 1I, PesKTHBHO® ABUiKEHHE. 33



MM, IPUGABIAA B BHYATAH eIHHMIY W3 BTOPOH 4YaCTH ypaBHEHHS,
HOJIY YR \:

i , ,
W= — 1= — L

Beero e, ¢ Maccow pakeTH M, miau 1, HalifeM:
. M
62. T3—|—1=(1—1—q)2.

e |

fTocienHee BHpaskeHHAE JETKO 3allOMHHTB.

Korna ¢ o4eHF Majo, TO KOJIHYECTBO B3PHBIATOTO BeIECTBA
UPHGJIU3ATENBHO PABHO 2¢ (OOTOMY dYTO ¢2 6yneT HHUYTOXKHO), T. e.
0HO BJIBOe GoJiblIe, YeM HYKHO TOJBKO HJIA OJAHOTO IIPHOOPETEHIS
CROPOCTH.

63. Ha ocHOBaHMH moOJXy4YeHHHX ¢(opMya M TabJ. 22 COCTaBHM
craenyloniyio Tadiauuy.

B cpexe 6e3 Tarorenuns

I NYEYD PV FY U B I’ AL MG M,

M/cex M/ceK
543 0,1 0,21 11800 7 63
1037 0,2 0,44 12500 8 80
1493 0,3 0,69 13100 9 99
1915 0,4 0,96 13650 10 120
2308 0,5 1,25 17100 19 399
3920 1 3 17330 20 440
6260 2 8 19 560 30 960
7880 3 15 22400 50 2600
9170 4 24 26 280 100 10200
10100 b 35 30038 193 37 248
11100 6 48 Becko- Becko-
HEeIHO HEeJIHO

W3 nee BAAMM, KaK HEJONYCTHMO I'POMafieH 3allac B3PHBYATOTO
MaTepHaja, eClIH MH XOTHM IIDHOGDECTH 04eHb GOJBIIYI CKOPOCTH
H TOTEePATH ee.

U3 (62) n (16) nmeewm:

—2y —2y

My =2 M,
j—l—l—l—l-—e RN JT]_(, — 1.

2V
SaMeTuM, YTO OTHOIIIEHHAE Y ITOJIOMRHATEJIPHO, IIOTOMY 4TO CKO-

POCTE CHapAAa H rasoB npomBoﬁonomHH II0 HaIlpaBleHHUI) H, cJe-
JI0BaTEJHHO, UMEIOT pa3HHE 3HAKH.

64. Ecax MH HaxXoqdMcCs B cpele TATOTeHHA, TO B Npocreimem
clly4yae BePTHKAJbHOT0 IBHKEHHSA IIPOIECC OCTAHOBKH I OIIyCKAHHA
Ha 3eMJI0 OyIeT TaKoH: Korja pakeTa II0oj BXUAHHeM IPHOGDETeH-
HOM CKOpOCTH IIONHAJAach Ha H3BECTHYI BHCOTY H OCTaHOBHIACH,
TO HaYHHAETCs ee ITaleHHE HA 3eMJII.

Korga cHapapm MOCTHTHET TOM TOYKH, B KOTOPOH OKOHYHIOCH NPH
IojieTe [edCTBYe B3PHBYATHX BeIlMecTB, OH CHOBA IOJBEpraeTcA
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JEACTBHI0 0CTATKa HX B TOM JKe HalpaBJIeHHH H BTOM ke IOPAIKe.
OueBnjiHO, K KOHLY HX AeHCTBUA M HCTONIEBHS BCEro 3amaca paKeTa
OCTaHOBHTCA B TOM TOYKEe Yy UOBEPXHOCTH 3€MJIH, C KOTOPOH GHLI
HagaT nogbeM. CIHoco6 IMOXbeMa CTPOr0 TOMKIECTBEH CO CIOCOO0M
CIIyCKa; BCSA PA3HHIA JHIIBL B TOM, 9TO CKOPDOCTX OGPATHH B KaMI0M
TOYKe IIYTH.

OcraHOBKa B II0Je TArOTeHAA TpedyeT 6OJblUIe PAGOTH H GOJbIIe
B3PLIBYATHX BEMIECTB, Y€M B cpele, CBONGOIHOH OT TATOTEHHS, I03-
TOMY ¢ (B ¢opMyaax 61 u 62) HOJKHO GHTH GOJbIIE.

U603HAYAB 5TO GoJblIee OTHONICHHE depes ¢,, HalleM Ha OCHOBA-
HAH TpelHayIuero:

65.
OTKYya

TONACTaBUB ¢, BMECTO ¢ B ypaBHeHHe (62), IIOIyqnM:

M, 0 . . pg \2
‘”l_-(l_}—% 1—'(1 'I—p___g) -

3necb M, 03HayaeT KOJHYECTBO HJM MAacCCy B3PHBYATHX BeUIECTS,
HeoOXOJEMYI0 NJa MONHATHSA ¢ H3BECTHOM TOYKH U BO3BDAIIEHHUS
B Ty ke TOYKY [PH IIOJHOA OCTaHOBKEe paKeTH H IIpH II0JeTe ee
B cpele TAXKeECTH. .

67. Ha ocHOBaHHMH mociaeqHeidl (GOpPMYJIH MOKeM COCTaBHTH CJe-

AYOILYW0 Ta6JIHIy, HoJarast, 970 1;-’: 10, T. e. 4TO JaBJeHAE B3PHE-

66.

JaTOro MarepuaJa B 10 pas 60JbIlle TSKECTH PaKeTH C O0CTAaTKOM

B3PHBYATHX BemecTB. B aTo#d Tabauie 7 BHpaxaeT COOGCTBEHHO
V2 .
paboTy T CKOpOCTH ke GyJeT MeHbIle, IIOTOMY 4YTO YaCTh B3TOH

pa6OTH ViJjia Ha IOOHATHE B cpelie TATOTEeHHdd.

A moXs1 TATOTEeHMst
Mjcex  My/D, 0,

543 0,1 0,235
3

1497 0O, 0,778
2308 05 1,430
3920 1,0 4,457
6260 2 9,383
7880 3 17778
9170 4 28,64
10100 5 41,98
11100 6 57,78
11800 7 76,05

loae rarorennd. HakJIOHHKNIT NOJBEM

68. Xorsa BepTHKAJbHOE [BH:KeHHe PaKeTH Kak OyATo BHTOJHee,
[IOTOMY YTO IIPH 3TOM CKOpee pacceraeTca aTMocgepa M CHApAL
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DOJHUMAETCAd Ha GOJBIIYI0 BHICOTY, OJHAKO, ¢ OJHOH CTODOHH, pa-
60oTa pacceyeHH aTMOCPepH CPaBHHTEJIBHO C IIOJHOH pa6oroi
B3PHBYATHX BelleCTB BeCbMa He3HAYHTEJNbLHA, ¢ APYrod — IIpH Ha-
KJIOHHOM [BUMKEHHH MOYKHO YCTDORTH IIOCTOSHHYI 06CEpBATOPHIO,
IBUKYLIYKCS 3a IpefelaMH aTMOC(epH HeoIpe/eJeHHO I0JT0e
BpeMdA BORPYTI 3eMJIH, IIOLOGHO ee JyHe. KpoMe Toro,— H »TO IJjas-
HOe, — IIPH HAKJIOHHOM II0JeTe YTHIMSHPYeTCA HeCPaBHeHHO 60Jab10ad
9aCTh HHEPruu B3PHBA, YeM [PH BePTHKAJbHOM [BHUKEHHM.

PacemoTprM CHadaJga JacTHHE CJIy4ail — rOpH30HTAJBHEIH [OJET
PaKeTH.

Ecnm gepe3 E 0603HaYdAM BeJHYHHY paBHOJelCTByOIe# ropH-
30HTAJHHOTO YCKODeHUS paKeTH, 4Yepes p—YCKOpeHHe OT JedCTBHA
B3PHBaHAA U 9Yepe3 ¢ — YCKOPEHIe OT CHJH THMRECTH, TO HMeeM:

69

70. R=1Vp*—¢

Kuuerudeckass sHePrés, MOJYJIeHHAS CHAPHAXOM Tepe3 BpeMd f,
paBHa Ha OCHOBAHHH IOCIHeNHeH (OpMYJIH:

R R R2 2 — g2
71. Do (2= e 279 g
2 g 29 29
rfe ¢ ecTh BpeMa BSDHBAHHS. DTO W eCTh BCS II0Je3HAad paGoTa.
‘IpHOGpeTeHHas pakeToll. [efCTBATENbHO, paKeTa HHCKOIBKO He I0jI-
HEMaeTCHA, eCIM NPHHATH HATPABIEHWE TAKECTM ITOCTOAHHEIM (4TO
Ha [PAKTHKE BEPHO TOJNBKO IIPH HeGOJNBIIOA TPACKTODHAH CHADANA).
PaGoTa ste B3DHBYATHX BEIIeCTB, IIPHOGDeTEeHHAA PAKeTol B cpele,
CBOGOXHOH OT TATOTEHWS, PABHA:
2
72. Lip 20 g

2 g 29

PaspenuB 1mogessylo padory (71) Ha IOJHYD (72), IOJyYHM
YTHJIM3AIAI0 OPA N'OPH30HTAJIbHOM IOJIeTe PAKETH:

2 ___ 2 2 2
73, u.t):p.z=1—g—).
29 29 P
ConporrBiende BO3NyXa, Kak H IPEXe, MOKAa B pacyeT He IIpH-
HUIMAaETCA.
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W3 mocaennet HopMyaH BUAHO, 4TO I10TepA PAGOTH CPABHHTEIHHO
¢ pa6oTodl B cpele, CBOGONHOH OT CHJIH TArOTeHHd, BHpamaercd

2
qyepes (-%) . OTCIOJIa. ¢lienyer, 4To 8Ta IOTePA ropasgo MeHblre,
[/ 1
4yeM IIPH OTBeCHOM IBH:KeHHN. Tak HalpuMep, IpH i—:m 1oTeps

COCTABAT !/,q0, T. €. 1%/, MEXIYy TeM Kak IIPH BePTHKaJbHOM /BH-
KeHHU OHAa BHPAKaJIaCh depes3 —%, HJH PaBHAIACH !/, T.e. 109%o.
74. Bor Ta6amua, rae B ecTh yroJ HAKJIOHA CHJL p K TOPU30HTY:

TopH30OHTAIBHOE JBHIKEHHC DAKETHL

» (1)2 9 4o

g p p
1 1 1 90
2 1:4 1:2 30
3 1:9 1:3 19,6
4 1:16 1:4 14,56
5 1:25 1:5 1L5
10 1:100 1:10 5,7
100 1:10000 1:100 0,57

Hoasem mo wakaommoii. Padora moxseMa 0 OTHOIEHA K padore
B cpesie O0e3 raroremms. llorepm padoTw

75. Temepp pemmM BOMPOC BOOGLIe — OPX BCAKOM HAKIOHEHHU
paBHOfeHcTByDINEd R, [0OpA30HTAIBHOCTH TPAEKTOPHH MJIH PABHO-
JeHCTBYOIe# HeBHIOZHA IOTOMY, 9YTO IIPH TAaKOM [BH:KECHHHW CHa-
pAa CTPAalIHO YBeJHYHBAETCA ero IIyTh yepes aTMocgepy, a BMecTe
¢ TeM yBEeIHYHBAaeTCA M paGoTa paccedeHUsS WM BO3IYXa.

Hrak, 6yneM mOMHHTH, IT0 ¢, WIJIH YTrOoJ HAKJIOHEHHS PaBHOMIEN -
CTByIOILIEH K BEPTHKaJH, GOJBIIE IPAMOTO YIJa; HMeeM:

76. R=Vp2+¢2+-2py - cos -y,

rae Y=o -8 (Tymo# yroxa mapaJjieiorpama) 1o 4epTexy.
Hanee:

. y=0-8; sine:sin §: siny=p:¢9: R 1
. R?_Lg?_p?

8. o=

('t cos « 3 By

KereTuyeckas pa6oTa BHpaikaeTcsa opMydoi (71), roe R ompe-
HeJsercsa COINIaCHO ypaBHEHHIO (76). BepruraasHOoe yCKODeHHE PaB-
HONeHeTBywINEHl K paBHO:

79. R, =sin (¢—90°) + R= —co0s a- R.
CxenoBaTesbHO, pab6oTa NMONHATHA CHAapAfa GYmeT:
S0. By — 905 % plp,

2 2



rfe / ecTb BpeMsd B3DHBAHHA BCEro 3alaca B3PHBYATHX BeHIECTB.
[lonrraa pa6oTa, IpHOGpeTeHHAS CHApANOM B Cpele TATOTEHHS
(mo 71 u 80):

R, — CO0S 2 Ri2( R
. — N 5 ! —.__.R-fz—— —_——0C L),
81 50 (T3 > (g cos</)

SIcCh 33 eNWHHUNY paGOTH IIPHHAT II0[’beM CHapANa Ha eIUMHHIY
BHCOTH B Cpejie ¢ yCkopeHHeM g. Ecam o > 90°, HalpAMep B caydae
IONHATHSA CHApAOa, TO COSo €CTh BeJHYNHA NOJOKHTEJbHAS, H
06paTHo. '

\ Pa6ora B cpene, cBOGOJHOH OT TATOTeHHA, 6ymerT paBHA Mo (72)
%-Il’ (He 3a0ynmeM, 4YTO BpeMsd { B3PHBAHHS He B3aBHCHT OT CHI
TATOTEHH).

B3aB oTHomeHWe BSTHX [OBYX paboT, MONYYAM YTHIA3AIHAID
SHEpPrHY B3PHBYATHX BeIIeCTB CpPaBHUTEJbHO C YTHIU3aIHeld Bx
B cpelle, JHUIIEHHON TsAKeCTH, HMEHHO:

82 —Iﬁ—j—:—cos(z (B2 =£— E——g—cosa)
) 2 \q 2¢ p\p »p ’

Hcraoyas orcioma It 1o ¢gopmydae (76), Halmem:

. g g g Y g
83. 14 = 2008\'-‘—-cosa-—-‘/1 = L 2¢c0Sy=.
+p,+ " " +p2+ 5

QopMyans (51) ¥ (78), HalupHMep, COCTABAAT TOJBKO JacCTHHI
CIy4ay BTOoH (POpPMYJH, B UeM Jerko y6eIuTbCA.

84. ChoenaeM ceiizac e NpHMeHeHHe HalJeHHOH (HOPMYJIHL.
Ilomosmm, 4To pakera JeTHT BBeDX IO YyIJOM B 14,5° K TODH30HTY;
CHHYC 3TOr0 yIJIa COCTaBJgeT 0,25; BTO 3HAYHT, ITO COIPOTHBJIEHHE
aTMOC(epH yBeJHYABAETCS B YeTHpe pa3a CPABHUTEJHHO C COIPO-
THBJIeHHEM ee IIPH OTBeCHOM [BHXXEHHH CHapaAda, HO0 COIpo-
THBJIeHHE ee NPHOGJIU3ATENsHO O06pPATHO IPONOPIHOHAIBHO CHHYCY
yIyla HarJIOHA (v — 90°) TPaeKTOPHM PaKeTH K TOPH30HTY.

85. Yrom o=90-}-14!/,=104!/,"; cosa=0,25; 3HAA o, MOKEM
ysHath ® B. JleHcTBHTeJNbHO, H3 (77) HaUmeM:

sin(5=sina—z--;

TAK, eCaH - = 0,1, TO
p
sin 3 = 0,0968; 3= 5!/,

OTRYZla
v=110°, cosy=10,342.

Tenepp 1o ¢opuyie (83) BHUHCIAeM YyTHIH3aLHEI0O B 0,966,
IlIoTepa cocraBaser 0,034, HIA OKOJO !/, Bepdee, 3,47/.
JTa mOoTeps B TpPA pa3a MeHbIIe, IeM IPH BepPTHKAIbHOM [BU-
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sKeHHH. PesyJpTaT HeNJIOXOM, ecld IPHHATH ellle BO BHAMaHHe,
YTO CONPOTHBJIEHHE aTMOCHePH H OPH HAKJIOHHOM IBHXKEHHH (14!/,°)
HOKAK He 6ojee 1% pa60TH YHaleHHS CHAPANA OT 3eMJIH.

86. Ing pasHHX CO06PaKeHUH HpelIaraeM CIeIyOILY Ta0IALy.
1-# cTox6el; TNOKa3HBaeT HAKIOHEHHe [BHMKEHHS K TIOPH30HTY,
[OCHeHUN — IHOTEPI0 PaGOTH; $ OCTh OTKJOHEHHEe HATPaBJIEHHUS
JaBIEHHSA B3PHBYATHX BEIIECTB OT JHHAH JeHCTBHUTEJILHOTO NBHIKE-
HUA (69).

HaraoHHOE ABH:KeHHE

I'panycwu Yruausa- |

PR TR l g ] P s | Morepa
0 90 | 8%, 9525 0,9900 1:100
2 92 5%/5 972/5 0,9860 1: 72
5 9% 5%/5 10023 0,9800 1: 53
10 100 52/4 1052/5 0,9731 1: 37
15 105 5/, 110/, 0,9651 1: 29
20 | 110 | 5 1159 0,9573 1: 234
30 120 5 125 0,9426 1: 174
40 130 41/s 1341/, 0,9300 1: 143
45 135 4 139 0,9246 1: 133
90 180 0 180 0,9000 1: 10

87. Jlmsa 0YeHbP MaJHX YIJOB HAKJIOHA («— 90°) dopMyay (83)
MOMKHO Ype3BHYAHHO YIPOCTHTH, 3aMeHHB TpPUTOHOMETpHYeCKHe
BEeMHYAHH HAX AYIaMH H CLeJaB JpPYyrae yUPOIIeHH:.

Torma mONyYHEM CleayoIlee BHpaskeHWe IJIA MHOTEePH PAGOTH:

2

. @ 5, 8
:02—'[—0-90(1—?) +03m9(x—?),

/

N

rage ¢ 0sHagaeT YroJ HAKJIOHA IBHMKEHHA (« -—90°), BHpaMKEHHHIH
IJIAHOWL ero AYTH, palHyC KOTOPOH paBeH eIdHHIE, a r -— OTHOLICHHE

[
-;7. OTRENHBag B IOCHeLHeHd (OpMYyJe MaJdHe BHCIIAX IHOPAIKOB,

IOJYYHM BHpaKeHHe A II0OTEePpH:

2
xu_a.xz(z) 5.9
: s Ty

MoxeM mOJOKHUTEH: &= 0,02 N, rie 0,02 eCTh YaCTh OKpPyHHOCTH,
COOTBETCTBYIIIAA MOYTH 1° (11/;), & N — 9HCJI0 STHX HOBEIX IPA]yCOB.
TaxnM o6pa3oM moTepd paGoTH IPHGIABHTENHHO BHIPABHTCH:

2
I 102 7 .N.
Iz P
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IIo arofi c¢opmyJe Jerko COCTABUTH CJAEAYIIyI TaGJIHLY,
TOJIOKHB

I —o,1,
)

N 0o 05 | 1 2 3 | 4 5 1 6 1 10

Usy 1 YUno Yoo | Yss | Yso | Yo | Y

| |
Loy
I

|
‘ T
[lorepa ' Y/yng i a1

OTcilofa BUAHEM, 49TO0 Haske IJA GOJBIIMX YIVIOB (Jo 10°) mpo-
THBOpeYHe MexkIy BTOH TabiHIled W IpelNHAyMIel, 6olee TOIHOH,
HeBeJHKO.

Mu yoram 66l pacCMOTpeTh ellle 09eHb MHOT'0e: padoTy TATOTeHH ],
CONpPOTUBIeHHe ATMOC(epH; MW COBCeM ellle HHYETr0 He CKa3aJIH
0 TOM, RaKk HCCJIeIoBaTeJb MOMKeT IPOOHTH IPOIONKHTEJLHOE,
Jae HeoIpeHelleHHO [0Jroe BpeMdS B cpele, TIe HeT CIeNOB
KUcaopoja. MH He yIOMAHYJIM 0 HArpeBAaHAU CHAPANA IPH KpPATKO-
BPeMEHHOM I10JleTe B BO3AYXe, MH He JaJH Jasxe OOLIeH KapTHHH
[IoJIeTa M COIPOBOKIANIIAX ero KpaliHe RHTEPECHHX ABJEHUH (Teope-
TAYeCKu). MH II0YTH He YKas3aJuW HA BeJHKHe IepPCIeKTHBH B
ciayyae oCYIIEeCTBIeHUs Hella, PECYIOLIerocd HaM IIOKa elle B TYMaHe.
Haroner, M&I MOTIM OH HaYepTaTh KOCMHYeCKHe KPHBHE [BHUKEHHS
PaReTH B He6eCHOM lPOCTpPaHCTBe.

OTBeT Ha STH BOIPOCH W MHOIHe IpylHe MOMKHO HAUTH B Cle-
IylomeHd craTbe, COCTaBIAKIIEN NMPONOJIMKeRHe STOH.



Ucceaenopanme MHPOBHX MPOCTPAHCTB
PEARTHBHHMHA NPHOOPAMH

HelOecHnii Kopadab J0JKeH OKTH MOT00EH pakere

OcHoBa MeMCTBHEA KamIOI0 HKHIAKA M KOpabid OJHA U Ta e :
OHH OTTAJIKHBAIOT KaKy0-TH60 MacCy B OJHY CTODOHY, & CaMH OT
3TOr0 [JIBHIAOTCA B OPOTHBONOJOMkHYD. IlapoXol oOTTaJKIIBaeT
BOLY, ILHPHXKAGIP H aJPOIJaH — BO3AYX, deJOBeK H JOIIATh—
3eMHOH IUap, peaKTHBHHU IpHGOD, HAaIpUMep, paKeTa, CerHepOBO
K0JileCO — He TOJbKO BO3NYX, HO W Te BeIIecTBa, KOTOpHE 3akJI0-
yeHH B HHMX CaMHX: IOpOX, Bony. Eciam 6H pakeTa Haxoqu1ach
B IIyCTOTe HMJM B HQHpe, TO BCe e OHA IpHOGpesa GH IBHXKeHHe,
TaK Kak y Hee eCThb 3allacC IJdA OTTAJKHBAHWSA: IOPOX WJIM ApyrHe
B3DHBYATHE BelllecTBa, COJNep:kallie OJHOBpEMEHHO M Maccy X
HHEPTHIO.

U9eBUAHO, A1 IBHKEHNS PHOOPa B IYCTOTe OH JOJXeH OHTH
moJ00eH pakeTe, T. €. COLEPKATH He TOJBKO HHEPIHI0, HO H OMOP-
Hy1I0 Maccy B caMoM ceGe.

J[na myremecTBUil BHe aTMOCHepH H BCAKON IPYTrod MaTepHaJIb-
HOM cpenwl Ha BHcCOTEe 300 %4, & TaKKe elle HaJblle, MeXKIY
nJaHeTaMM M COJHIAMH, HYMKeH CHOeNHAJbHHI IPHGOP, KOTOPHI
MH TOJBKO IJS KPaTKOCTH OyleM HashBaTh pakeTvii.

SaMeTHM, 4TO Me:R3BE3NHHII 3(DUD eCTh Takas Ke MaTepHAIbHAS
cpelna, Kak H BO3MIYyX, HO 0 TaKOH CTelleHW paspexeHHad, 9TO HM
B KAKOM CJydae He MOMKET CAYXKHTH omopod. ToapKo ycaoBHO OHA
He mnprydcasercsi k MaTepum. [ame HeGeCHhe KaMHH (GOJNHIH,
A9POJIATH, NANaWINAE 3Be3[H), B HECKOJIbKO UPAMMOB BECOM, MOTYT
B HeH NBUTaThCSI € YiKACAWINEH CKOPOCTHIO (0 50 H 6ojee x.i cex),
He BCTpevYas 3aMeTHOI'0 CONPOTHBJIeHHA. OIHMM CJI0BOM, BQHD B
OTHOINEHWX CONPOTHBIEHHS [BH/KEHHI0 TeJ MOXeT CYHTATHCA
nycrorod. Takme H ero IOTOKH B BHJe JYIHCTOM U DJIEKTPHYECKOM
SHEPIrHd OKa3HBAT JHUIUL YPe3BHYANHO MaJjoe IaBJICHHe Ha Telja.
Tak 94T0O MH UOKa HMH IIpeHe6pexeM.

BspriBanume He TOJXBKO MOKeT CHYHUTD NI MOJAHATHSA ¢ IJIAHETH,
HO W IJS CIyCKa Ha Hee; He TOJBKO IJA IOJYyYeHUs CKOPOCTH,
HO W id moTepn ee. CHapsa B COCTOAHAH YIAJATHCA OT 3eMJH,
6JIyskIaTh MEMy IJIaHeTaMHd, MeKIy 3Be3JaMH, MOCelaTh IJIaHeTH,
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HX CIIyTHHKH, KOJbLa H IPYIrHe HeGeCHHE Tesa, BO3BPAINATHCA Ha
SeMapw. JIHmb 6H GHUJIO JO0BOJBLHO CONEPIKAIero HHEPrHI0 B3PHB-
9aTOr0 MaTepHaJga. BrmpoueM, MH yBHIHM, YTO €CTh BO3MOKHOCTBH
CIyCcKaThCS Ha IIAaHeTH, HMelou[He aTMoc(epH, 6e3 BCAKHX 3aTpaT
B3PHBYATOI0 MATEpPHAJA.

OCHOBHHIe TaHHbIE, HEOOXOXUMbIE A H3YYeHH
BOIIPOCA

Pa6oTa TArOTOHHH NPH YIAJOHHH OT ILIAHOTH

OdYeHP NPOCTHM HMHTeIDHPOBAHHEM MOMKeM IIOJYYHTH CIeLyImee
BHpAaXeHHe Iia paGoTH 7', HEOGXOOUMOH IIA yHAJeHHA eTHHUIH
MAacCH OT HOBEPXHOCTH IIJIAaHETH paapyca », Ha BHCOTY h:

m_ Y "
_1 = —} _ = = -],
Y h (1 7‘1-1[—/1,)

3Iech y 03HAYaeT YCKODeHHe TAMKECTH HAa II0BEPXHOCTH NaHHOM
ILIAHETH, 4 g, — YCKOpeHHe 3eVROH TAKEeCTH Ha II0BEPXHOCTH 3eMJIH.

[Tonomum B BTOH popMyne /i paBHHM GeckoHeyHocTH. Torma
OIpelleJJEM HaHMOGOJBINYI) PpaGoTy IPH yHajJeHHN eJIHHHIH MaCCH
¢ IIOBePXHOCTH MJIaHeTH B GECKOHEYHOCTb M IOJYJHM :

7 (/
=" 7.
9

[

3aMeTHB, 4TO !7/— eCTh TSMKeCTh HAa MNOBEPXHOCTH ILTAHETH II0
1

OTHOIIEHHI0 K TAMKECTH 3eMJIH, BHIHM, 9TO Pa6oTa, MOTPEGHAS st

ylajdeHAd eJHHAIH MACCH OT II0BEPXHOCTH IJIaHETH Ha GECKOHEYHO
60JbIIOE pAacCTOAHWE, paBHA paboTe MONHATHS 3TOH ke MACCH OT
TOBEPXHOCTH Ha ONHH pPaquyC IIaHETH, eCJW JOIYCTHTh, YTO CHIA
TAKRECTH Ha HeH He yMeHbIIAeTCAa ¢ yIaJeHHEM OT 11OBEPXHOCTH.

. TaknM oGpasoM, XorTs IPOCTPRHCTBO, KyJAa NODOHHKAET CHIA
TArOTeHHSA JI060H HIaHeTH, 6e3rpaHHYHO, OJHAKO, CHIA 3Ta NPPI-
CTaBJAeT KAK OH CTeHY HJIH chepy HHYTOKHOTO COIPOTHBIECHHS,
06JIeKaIIY0 KPYIoM INIaHeTy Ha BeJHYHHY ee pamdyca. Opoeiite
9Ty CTeHY, NPOMHOGHTe BTy HEYIOBHMYI PaBHOILIAHETHYI 000-
J0YKY, —-H TATOTeHHEe II06exIeHO Ha BCeM ero GeCKOHeYHOM IIpo-
TAXeHNH.

U3 mocaemueit ¢opMyian BHAHO, YTO IpeleldbHad pa6ora 1
IPONOPLUHOHANbHA CHIE TAMKECTH ((—;’—) y IOBEPXHOCTH WJIaHETH H

J1
BeJHYIHE ee palHyca.

Jl1a paBHOIIOTHHX IJIaHeT, T. €. JJA IIaHeT OQHOM MJIOTHOCTH,
INIOTHOCTII, BalpuMep, 3eMIH (5,5), CHJIA TAMKECTH Yy IOBEPXHOCTH,
KaK H3BeCTHO, IIPOIOPLHOHAIbHA PafHyCy IIJaHEeTH H BHPaKaeTcs
OTHOILIEHHEM PAaIuyca 7, [JIAHETH K PAagAYCY SeMJH 7.
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Cie1oBaTEIBHO,

l—’-—-‘:?—l— il Tl=——-~7‘ _
94 Yo 7y rg

SHAYHT, IpexelbHad padora 7, Yype3BHYANHO GHICTPO yMEHBIALTCA
¢ yMedpllleHHeM pafuyca #, IJIAHETH, HMEHHO TaK, KaK yMeHb-
nraercs ee MOBePXHOCTb.

Tak, ecau sra pa6ora AJA 3eMHOI'0 Iapa (r,=1,) PaBHA #,, HIH
6366 000 xenr, TO [Jd TJAHETH ¢ DuaMeTpoM B 10 pa3 MeHBIDUM
O0Ha paBHA 63 660 xea.

Ho mna Semam ¢ HEKOTOPOH TOYKH 3PeHHS OHA He 0YeHb BeJHKa.
B camom peme, ecam CYHTATH TeMJIONPOH3BOLHTEJNBHOCTH HePTH
B 10000 #%as, 9YTO IOBOJBHO BEpHO, TO B®HEpPrdd HTOr0 TrOpeHHs
BHPA3HTCS MeXaHUYeCKOH paGoTOd B 4 240000 %es Ha 1 %2 TOPIOYETro
MaTepHala.

BHX0IHT, 9T0 MJd TpeNeibHOr0 yIaJeHHd eIHHHUH MAaCCH OT
mOBEPXHOCTM Halllet IJIaHeTH Tpe6verca paboTa, KOTOpas Copep-
JRATCA IIOTEHIIVAJbHO B 1!/, MacCOBHX eJHHHIAX HE(TH.

Takx, B mpuMeHeHHU K 4YelOBeKy, BecdmeMy 70 %2, IOJYy4YHM
KOJTH4eCTBO He(TH B 105 %2.

HemocTaeT TOJbKO YMeHbd BOCIIOJBBOBATHCA 9HTOH MOrydeH
9Heprued XITMHIECKOT'0 CPOICTBA.

CraHOBHTCSA BCe-Taku OoJee MOHATHHM, MOYEMY YBOCbMEpeHHOe
KOJIAYeCTBO B3PHBYATOT0 MaTepHaJa CPABHHTEIBHO ¢ BECOM CHapAna
MOJRET 110MOYb TTOCHeqHeMY BIIOJHEe 0J{0JeTh CHIY 3eMHOI0 TArOTeHHs.

‘TTo Jlaarmeo, 1 42 DOBePXHOCTII, 0CBeIIeHHOH HODMAJIBHEIMH NY-
9aMU COJIHIA, HaeT B MHHYTY 30 %as AU 12 720 x%em.

YTo6H TOJYYHTH BCIO PaGOTy, TMOTPEGHYIO IJA MOGEIH 1 % Hal
TARECTHI0 3€MJIH, HYJKHO 110JIb30BATHCA 1 #2 I0BEPXHOCTH, OCBEIIEH-
HOH JydJaMH B TedyeHHe 501 MHH., HJIW BOCBMH C JHIIKOM YaCOB.

Bce 5T0 04YeHb HEMHOI'O; HO [IpH CPABHEHHUH YeJOBeIeCKOH CHJIH
C CHJIOH HpHUTSKEHHS MOCJHeTHAS HAM IOKakeTCsd OTDOMHOM.

Tag, DOmMyCTIIM, 9TO JYeJOBEK KRaKIYI0 CEKYHIY IIOLHAMaeTcs I0
IpPeKpacHo yCTPOeHHOH JecTHHIe Ha BHCOTY 20 ca. Torna mpeneapaast
paboTa 6ydeT UM COBepILeHA TOJIBKO B TedeHHe 500 AHEH TAKKOrO
TPYZXa, €CIH Ha eXeTHeBHHI OTAHX IoJapuM eMmy 6 yac. [Ipa mpn-
MeHEHHM IJs TOXHATAA 1 J. C. COKpaTHEM paboTv B 5 pas. Ilpu
10 J. c. MOHANOGHTCA TOJBKO 10 [HeH, a IIpH HeNpepHBHOU
PaboTe — OKOJIO HelleJld.

Ilpm Toit paGoTe, KOTODYIO IIOIJIOLIAeT JETAIIHH adpoIaH
(70 . c.), ZOBOJIHHO OFHOIrO MHA.

11 60XbUIEHCTBA ACTEPOHIOB M JJIA MAPCOBHX JYH 3Ta padoTa
IOJHOTO OICJEHAS TSKECTH I0pas3uTeabHO Matda. Tak, JyHH Mapca
He uMelT B QuHaMerpe Goabme 10 xx. Beam mpHEATh QA HAX
3eMHYI0 JIJIOTHOCTH b5'/,, TO pafoTa 1| cocTaBUT He G6oiee 4 %o,
T. €. COOTBETCTByeT MONHATHIO HA (epedy 4 . BHCOTH. Ecnm OH Ha
HaIIeil JyHe A1 Ha Mapce 0Ka3alHCh PasyMHEe CyIIecTBa, To Hob6ea
HaJ TSKEeCThI0 IJa HEX 6HMa GH ropasmo Jerde, 4eM JJIA sKHTejeH
Semun.

Tak, ana JIyuw 7, B 22 pasa MeHbIle, deM qia Semud. Ha
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KPYIHHX IIAaHETOHJaX H CIOYyTHAKAX INIaHET M06eIa Hal THKeCTHIO
6B61a OBl IYCTAKOM C TIOMOIIBI0 OIMCAHHHX MHOKN PEakTHBHHX
npu6opoB. Hampumep, Ha Becre 7, B 1000 pas MeHBIle, 4eM Ha
3eMie IOTOMY, 4T0 HDolepeyHWK BecTH paBeH 400 %ms. Ilomepegnmk
MeTHCCH — 0K0JI0 107 %m, & 7, —B 15000 pa3s MeHbIIE.

Ho aTo rpoManHeitmue acTepOHIH; 60JBIIAHCTBO XKe B 5—10 pas
menvme. Jlna HEX 1), B MAJJIHOHH pa3 MeHbIIe, 4eM IJA SeMJIH.

U3 npenuaymux GopMyJa HaéIeM IJd BCIKOH INIAHETH :

L8

MH 3oech BHpasHJIH paloTy MONHATHA 1 Ha BHCOTY 7 OT
TOBePXHOCTH TJIAHETH paj@yca 7, II0 OTHOINEHHIO K IOJHOH Ha-
n6oapiieir pa6ore 7). Ilo sTOM (hopMyJIe BHUHCIHM :

h 11 1 1 1
E_’TB’ 4 3 9 1, 2, 8, 9, 99, 6eCKOHEYHO.
r_11 11112 3 9 99

7,7 117 6 57 4’ 37 27 37 4’ 10° 100’

{lepsasg cCTpoka MOKa3HBaeT NOAHATHE B PagUycax IIaHETH;
BTOpadA — COOTBETCTBYOINYI0 paloTy, IPHHAMaA pa6OTy IIOJIHOIO
ONOJIeHHS THAMKECTH B3a enuEANY. HampaMep, Inasd ynajdeHWd OT
IIOBEPXHOCTY INIaAHeTH Ha OJMHH ee paluyC HYMHO COBEPUIATH
NOJIOBHHY TOJHOH pa6GoTH, a AJsd yIaJeHHA B GeCKOHEYHOCTh —
TOJBKO BIBOe GoJee.

Heo0xopunmpie ckopoeTH

MaTepecHo B3HATH, KAKOBH MOJMKHH OHTH CKODOCTH, IIpHuoGpe-
TaeMHe DaKeTOH OT TeHCTBUA B3DHBYATHX BemeCTB IAA TOro,
9TOGH 0110JeTh COIPOTABJEHHE TATOTEHHS.

Mu He 6yldeM onATh NPHBOAHMTH OGAHAJLHHX BHYHCJICHAH, C
TIOMOIIBI0 KOTODHX CKODOCTH OTH OIpeNe]dlTCs, W OrPAaHHYHMCH
TOJbKO BHBOIAMH.

Tak, ckopocTs V,, moTpe6Had I IOAHATHS PAKETH HA BHCOTY A
H IOJYYeHHUs I0CJe 3TOr0 CKOPOCTH V, paBHa:

. 29 rh
V— 2 | 27 17,
V. ]/V e

Ecam TyT DONOMHTH, 4TO0 V=0, T. €. €CIH TeJ0 ABHNKETCA
BBEPX [0 OCTAHOBKU CIIOI TAMKECTH, TO HaHIEM:

Jo— _2gr1h
e o4 h’
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Rorma I 6eCKOHEYHO BEJNHKO, T. €. eClH IOJHATHE GeCIpeNebHO
A KOHeYHas CKOPOCTb HYJNb, TO Heo6XomHMad IJA TOro y IoBepX-
HOCTH TUVIAHETH CKOPOCTH BHPa3HTCH:

V=V 2gr,.

ITo 9Tof ¢opMyJe BHYHCIUM IJdd SeMIH V,=11170 w=/cex,
9T0 B 5 pa3 OHCTpee HaHMOHCTpeilmero IymiegyHOr'o CHapAxa IIpH
ero BHUIETE W3 Kepla.

Ina mamest JIyae V, = 2378 #tjcex, 1. e. 3T0 GIHE3KO K CKOPOCTH
CHapsila ® CKODOCTH MOJeKylI BoZopoma. [liud IIaHeTH ATraTH,
aMelIeil 65 x# B JHaMeTpe W MJIOTHOCTh, He GOJBINYI IIOTHOCTH
3emana (5,5), V, MeHee 5,7 .wjcex; TaKyl Ke DOITH CKOPOCTH V,
HafimeM M [Jd cyTHHKOB Mapca. Ha 3THX Tesax COJIHEYHOH CHCTeMEl
NOCTATOYHO CIerka pasbexaThcA, ITOOH HaBCErAa 0CBOGOJUTHCS OT
CHJH WX TATOTEHHS M CHENaThCA CaMOCTOATEJbHOH IIaHeToH.

Jl1s minaHeT, PaBHOIIOTHHX ¢ 3eMJel, IOJy4YmM:

29,
ro

2]

Vi=mn

rae g, M ry OTHOCATCA K 3eMHoMy mapy. M3 ¢opmMyas BHAHO, 4TO
npenelbHAasd CKOPOCTH 6pOCaBHHA V| B BTOM Caydae IPONOPIHOHATIBHA
pajliycy r, NaHHON TIAHETH.

Tagr, #njasg HagGONbWEro MIaHeTORNA BeCTH, IonepedHUK KOTOPOY
6JaA30K K 400 xa, HalieM, 9T0 V| = 324 wm/cex.

OTo 3HAYAT, YTO Jaxke pYReHHas IyJs OCTaBJIsgeT HaBcerna
Becty m nenaeTca a®poOJHTOM, KPY:KalIOMCS BOKPYT COJHIA.

[Hocrenaas ¢gopMyna ymo6Ha AJA GHCTPOrO COOGPAMKEHHS 0 CKO-
POCTAX OpOCaHMA Ha PAaBHONJOTHHX INIAHETaX Pa3HOM BeJHYHHH.
Tak, MeTHcca, OqHH H3 KDYIHHX aCTEPOHOB, MMeeT NHAaMeTp pasa
B 4 MeHbIe, YeM BecTa, m CRODOCTH MO3TOMY OyAET BO CTOJBKO
Je pa3 MeHbUIe, T. e. OKOJO 80 ./cex.

BegHoe kpy'keaHe BOKPYI' IJIaHeTH TpefyeT PaOGOTH BABOE
MeHBIIe# ¥ CKOPOCTE B /2 =1,41... pas MeHblmei, deM [
VIaJeHHd B 6ECKOHEYHOCTbD.

Bpems moJaera

MHu He 6yfeM TYT OPHUBONHTH BeCbMa CJIOMKHHX (POpMYI, OIpe-
JeJdoUAX BpeMd IoJera cHapana. Tem 6ojsee, 4TO 3To BOOpOC
He HOBHHU U pelIeHHHH, U MH OyIeM TOJBKO IIOBTOPATH H3BECTHOE.

BocmoapsyemMess JHIb OOHAM BHBOIOM, YPEe3BHYANHO IIPOCTHM
U OJe3HHIM, IJd pellleHud IIPOCTeHIIHX 3a/ay 0 BpeMeHH IBHKEeHU
PaKeTH.

JJid BpeMeHH ¢ ITalleHAd HelIOABHKHOT0 CHAYaJa Tela Ha IJIaHeTy
(HJIE COJIHILE), COCPEN0TOYeHHYI0 B OJHON TOUKe (MPH TOM e Macce),

Ha#iteM:
{l/ —1 -+ arcsml/——}

il
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TyT 7, 03Ha4aeT paccTOSHAE, C KOTOPOIO TEJI0 HAYHHAET HaJeHHe;
r — BeJHYHHA STOTO NANEHHs ;7 — PALAyC IIAHETH, & g — YCKOPeHHe
TAMECTH B 3T0 BpeMA y ee HOBEPXHOCTH.

Ta e ¢opMyna, KoHEYHO, BHpPasKaeT H BpPeMs IMONHATHA OT
(rg—7) IO 75, KOTJa TeNO TepsAeT BCIO CBOK CKOPOCTH.

Ecam mosoxurb, 9T0 r =17, T. €. €CJHH OIPENENHTH BpeMd
NajfleHAS JI0 IeHTPa COCPENOTOYeBHOHM IJIAHETH, TO NOJAYYHEM W3
nociaenHed GOpMyJIH :

. T
fe = T2 Te

2 29"

IIpy OGHKHOBEHHHIX YCJOBHAX 5Ta (POpMYyJa MHaeT TaKKe IpH-
0JH3HTENbHO M BPeMS DHaleHUd OO0 IOBEDXHOCTH ILTaHeTHl, H.JIH
BpeMsa MONHATHA PAKeTH C HTOH IOBEPXHUCTH 10 OCTaHOBKH.

C npyroi crTopoHH, BpeMd IOJHOI0O KDPYTOBOTO O0GpAall[eHHs
KaKoro-HHGYIb TeJla, HAaIpHMEp, CHapANa, BOKPYI ILIaAHETH (HJIH
COJIHI|A) PaBHO:

f]=2ﬁ.&. /’/ "9
7'1 / Y ’

rae », — pajuyc NJaHETH C YCKOPeHHEeM y Yy LOBEPXHOCTI, a r,—
paccTosHHe Teja OT ee IIEHTPA.
CpaBuuBas o6e GopMyJaH, Halifeu;

fi:1=4)Y2= 5,657.

Crano 6HTbH, OTHOIIEHHWE BpeMeHHM OGpaIleHHsA KaKoro-En6yib
CNYTHMKAa K BPEMeHHU ero LEHTPAaJbHOro NaJeHdd Ha IUIaHeTy, Co-
CpeloTOYeHHY B OJHOH TOYKe, PAaBHO 5,66.

Hrakg, 4r06H IOXYyIUTH BpeMs IaJeHHS KaKOIro-HHOYZIb Hebec-
HOI0 TeJia (HAaIlpEMep, Halled paKeTH) B LeHTD (HMJH, OPHCIH3H-
TeJbHO, Ha II0BEPXHOCTH), BOKPYI' KOTOPOTO OHO O6paniaercs, HALo
BpeMsA 3Be3[JHOCO OODAIeHHMs HTOr0 Teja II0 KPYry pasnesuTsh Ha
5,66.

Tak, ysHaeM, 4To JIyHa mamaer g0 3eMJad 4,8 CYTOK, a8 3eMas
no Conrna — 64!/, CyTOK.

Hao6opor, pakera, GpolleHHas € 3eMJHM M OCTAHOBHBIUIAACA Ha
paccrogsmu JIyHH, jgeresa B TedeHHe 4,8 CYTOK, HINW OKO0JO 5 JHEMH.

Tak:xe pareta, 6pomenHasd ¢ COJMHIA 1 0CTAHOBHBIIAACH IO, BJIH-
SHAEeM Morydedl CHJIH ero TATOTeHHA H HeIOCTATOYHOU CKOpPOCTH
paKeTH HA PpAacCTOAHHMH J3eMJH, yNoTpe6mia O Ha CBOM IoJer
0KOJIO 64 CYTOR, MJIH CBHINEe 2 MecsIeB.

Pab6ora COJHCTHOIO TATOTEHHSA

Oupenenmm pabory taroresms CoJHIA, KOI/Ia paxeTa Halpas-
asieTcst ¢ 3eMHOro wmapa. KoHeuno, BHIojgHee BCero, 4Tofu CHApPAI,
OHUI HAOpPABJIEH II0 TOJOBOMY HIBHMEHHI0 SeMIH BoKPYr CosHIA.
TyT MOMHO BOCIOJB30BAThCS TaK:Ke ¥ BpaIleHHeM Hallell ITaHeTH
BOKPYT OCH.
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Pa6ora pakerH ciaraercsa #3 ABYX pa6or. IlepBas — omosenue
3eMHOH TdXecTH. [IJ14 e JHHANH MaCCH, HAIIDEMep, TOHHH, 0Ha BHPA-
KaeTca 6366 000 m.a WIAM CKOPOCTHIO B 11 170 u/cex. Ecam pakera
6yner GpoimeHa IO HANPABJIEHHIO MOJOBOr0 NBUKEHHUSI 3eMIH, TO OHA
yAAIATCS 0T SeMIH H c/lefaeTcd cryTHEKoM CoNHLA, Kak B 3eMad.
Ona Takxke 6yJeT HMeTh CEKYHIHYI0 CKOPOCTH, MOJOXKHM (CpeJHII),
B 29,5 %.ax/ces. JIJa TOro 4TOOH Telepb OHA COBCEM YIAJHIACH OT
CoxHUa, HAIO PaGoOTy ee To/0BOTO J[BH:KEHHS YREJHUYHTH B 2 Dasa

WIH CKODOCTh B }/2, T. e. IPHGABATH eil CKODPOCTh, DPaBHYI

29,5 (V2 —1)=12,21 nu/cex. Ilonmag pa6oTa BHpaxaeTca OTHOCH-
TeJbHRM 9HCJIOM (11,17)2-1-(12,21)2, a CKOPOCTD, HOTPe6HA 1JId I0JV-

4eHHsI BCeH paboTH, OymeT /11,1724 12,212—=16,56 #s/cex. Tar
KaKk ) DaKeTH BTOPOH ONOPH HeT, TO OHA CPasy [OJMKHA NPHOG-
pecrr Ty CKOPOCTbh, OTTAJIKHBAACH OT 3eMJIH. ECJU BOCIONb30BATHCH
BpalieHdeM HKBATOPUAJBHHX TOYeK 3eMJH, TO 3Ta CKOPOCTH elle
YMeHBIIHTCA Ha 465 at/cex M 6yIer COCTAaBIATH 16085 ajcex, T. e
OKOJO0 16 ®m[cex. OTOH CRODOCTH Gojee YeM HOCTATOYHO MJS TOTO,
qT00H fl0JIeTeTb 10 JI060H I1IIaHEeTH COJHeYHOH cHmcTeMH. C Hel
MOKHO Be4YHO GJyHIaTh Mesk1y 3Be3NaMU (COJHIAMH), HHKOIIa He
ocraHaBiamBasgch. TOJBKO 1cJb3s GyaeT BHUJIETETh WJH, BepHEe,
VAAJIATHCA HaBCerAa 0T HAIIero MJIeYHOro IyTH. Ecam 65 MH B3IY-
MaJH HagaTh I0JeT IPOTHB T'0OJOBOT0 NBH/KEHHS 3eMJIH, TO IIOTpe-
60BaJach GH I'poMalHasd CKOPOCTH W yikacalomas paboTa, YTOGH
O0JIETb COJNHEeYyHOe TATOTeHHe. ,4eHCTBHTEJbHO, B IEePBOM cJydae
MH ynajseMcs OT 3eMJ, HO He TepseM OIATL CBoeil I'0IOBO# CKo-
pPOCTH B 29,5 %m/cex. IIpH OTTAIKHBAHHH OT SeMJIH B IPOTHBOIIO-
JIOXKHOM HAIpaBJIeHHH YTOOH ynaiduThcad oT CoJHOa, MH HOJRHE
HOTePATH 9Ty CKOPOCTH M LIPHOOGPECTH ellle IPOTHB FOJOBOTO IABHU-
JKeHHUA CKOPOCTH B 41,7 %m/cex, T. €. BCero 71,2 xam/cex. Bes cro-
pOCTB, TIOTpe6HAA JJA HAIIero Ieda, 6ymer V71,22 11,22 =172,1.
JTa CKOPOCTH B 4!/, pasa GoJblle, a pa6oTa Goasime B 20 pas, Ko-
JHYeCTBO JKe B3DHBYATHX BeIlecTB HeBOOGPa3HMO BeJnKo. MeHee
HEeBHTOMHHM 6yner 6pocaHyne CHApPANAa B HOPMAJHHOM HAITPABJIEHHH
K TOJOBOMY TIYyTH 3eMJH.

CoupoTHBJICHAE ATMOCHEPH BH:KCHHI0 CHAPAAL

Tloka MH DOKaxeM, 9T0 CONPOTHBIIEHUE ATMOCEPH eCTh Pas0Ta He-
BHAYHTENbHA 10 OTHOLIEHHIO K pa6oTe TAroTeHH. I10TOM 3TH BOIpOCH
pas6epeM OCHOBaTeJbHO. IIyCTH CHApAX HMeeT OTBECHOE IBH:KEHHE.
Eenm cerynnnoe yckopenHe ero 30 #/cex, TO OH IPOHHIMKET 53 %,
T. €. IIOYTH BCIO aTMocgepy B TedeHHe 33 cck. Ilpm »ToM HaHG60Jb-
masg CEeKYHIHasd CKOPOCTh COCTaBHT 1 #%ujcex. Ho, Bemp, oaT0 cKo-
PoCTh Ha BHCOTE, I'le BO3AYyXa IIOYTH HeT. MH MOMKeM NPHHSATH
CpelHI0l cKopocTh He 6oJee 0,5 xu. JlaBieHWMe HA 4 42 CedeHHS
paKeTH He OyleT IIPeBHINATh IIPH TaKOH CKOPOCTH, 110 H3BECTHHM
popMyaM, 100 m. Ho Tak Kak pakeTa oYeHb IJIHHHA, HMEET XOPO-
myio ¢GopMy M [ABHMReTCS OdYeHb OHCTpPO, TO 9TO HaBAEHIE H3
IUIOCKOe CeJeHHe yMeHbIIaeTcsd, 1o KpaiiHeii Mepe, B 100 pas. 3Ha-
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JHT, OHO Gymer He 6ojee 1 m. Hama O6oxpInad paKeTa BEeCHUT He
MeHee 10 m. JlaBieHHe Ha Hee GyneT He MeHee 40 m. Takum o06-
PasoM OHO COCTaBHUT YMCJO0 B 40 pa3 GoJsblle TOr0, KOTOPOe BHpa-
JaeT cpenHee compoTmBJeHHe aTMocdepH. [lonHasd pabora cHapsma
HJY padoTa TATOTEHNA, KOHEIHO, 6yIeT B THCAYH Pa3d 60JhIe PaGoTH
CONpOTHBJIEHHA arMoceph. OTcona Takxke BHIHO, YTO BO3LYX He
OOJ:KeH OKa3hiBaTh 3aMeTHOIO0 BJHSHUA HA CKODOCTH IBHIKEHHS
pakeTH

Hweromascsa dHeprog

[IpasonEM TaGaHIly, Comep:Kamyo NaHHHE 0 KOJHIeCTBE 3Hep-
TAH, BHIEJdeMOH IPH CrODAaHMI! PA3JHYHHX BEI[ECTB, OTHECEHHLe
K 1 »2 BelecTsa.

TABJAULA 1.

]i%ﬂ; Pagora |Cropocrs| OTHOIE-

. m a-

T'openne. Kucaxopox csoii wopHI KM M/cer pf;gg,[
Hy, 1 O, moxyuaores napsl BOAH . 3200 1,37-108 5180 1,455
To ke, HO moaysaercs soga . . . 3736 1,6 - 106 5600 1,702
To e, HO DOJY4YaeTCT Aej - . . . 3816 1,63 - 108 5650 1,730
C H Oy mosryqaerca COp . . . . . 2200 0,94 - 106 4290 1,000
Bensun HgCg u 0. mnoaydaercs

HOuCOy .. .. ... ... 2370 1,01- 108 4450 1,078

|
Boabmme | PaGora | Cropocrs| OTHOuIE-
T'openue. Kncaopon ussHe HHe

KaJIOPHH HLH M/cer pacdor

- o]
Topur Hy; noxygaerca ILO. . . .| 28780 12,3108 | 15520 13,08
Topur C; moxywaerca COp . . . . 8080 3,46 - 106 8240 3,673

10000 4,28 - 106 9160 4,545
Topur yraesomopox. Iloxyyaercsa

CO,mHO0. . . . .. .. ... -
13000 566108 | 10440 5,909

Paguit . . . . . . . . . . ... 1,43.10%| 0,611-102)3,44 -106|0,65-10°

Mu BHOenH, 4YTO padoTa TArOTeHHA 3eMJH Ha 1 %2 MacCH CO-
craBjasieT 6,37 -10° xes WIH CKOPOCTb B 11 #%m/cex. C 3TOl pado-
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TOH MH M OyJeM CpaBHHBATh JHEPI'HIO, KOTOPOM MOMKeT pacropd-
WATHCA YeloBeK. BepXHAA 4acTb TAGJHIH OTHOCHTCA K TOMY CIy-
4al, KOIJIa MH JeTHUM B IIyCTOTe H IO0Tpe6jdaeM COOCTBeHHHH,
3aUaCHHI KHCIOpOA. B 3TOM ciy4yae sHeprad B3PHBYATHX BeIIecTB
II0 Kpaiided Mepe B deTHpe pa3a MeHbllle, YeM HY)KHO IJA 0CBOGOXK-
JeHHd HX 0T IyT TArOTeHHd, IIpellosaras I0JHYI0 YTHIH3ALHUIO
ropermEs. COOTBETCTBYIIAA CKOPOCTh pasa B IBa MeHblme. Hmk-
HAd 4acTh TAGJUIE OTHOCHTCS K IOJeTy B BO3NyXe, KOIAa MH MO-
JKeM 3aHMCTBOBATh KHCJIODOJ H3 OKpY:Kalolleil cpeldH, He 3amacas
ero B pakerTe. B TakoM ciayyae uMepInasdcsa dHeprud 6yleT pasa
B B2 060JbIIe, 4YCM MOTPe6HO, TaKie U CKOPOCTH BHAYHTEJBHEH !.

B ofmem BHXOIMT, 4TO 3HEPrHsI B3PHBYATHX BeIeCTB OKAa3HL-
BaeTcd MaJleko HeJ0CTaTOYHOH [Jad TOro, YTOOH BSTH BelIeCTBA
MOIVIA CaMH HOPHOGPECTH CKOPOCTh, 0CBOOOMRIAIOINYI0 HX OT 3¢MHOT'0
TATOTEHHUA 2.

Herpyaso »sieMeHTapHO H0Ka3aTh, 4TO, HECMOTPA HA 9TO, CHAa-
PAL MO:KeT IOJNYIATH JdI06YI0 CKOPOCTh, — CTOUT TOJBRO 3alacCTH
mo6oJsiblile B3pHBYATOr0 MarepHada. [Ipm enuHuIe 3amaca IO
OTHONIEHHI0 K Becy IIyCTOI'0 CHAapANa, 04eBUIHO, U CKOPOCTh Oyner
6JA3Ka K 5 xat'cex” TAR KAaK OTTAIKHBAOIIHECd MACCH OJAHAKOBH
(cM. Tabauny). lIpH OTHOCHATeTBHOM 3allace B 3 eINHHIIH CKOpPOCTH
PaKeTH 6yneT yiKe 10 %a/cex. J[eHCTBUTENBHO, OTGPOCHB [Be €AHUIIE
B3pDHBYATHX BeNIeCTB, IIOJYYHM CKOPOCTH PaKeTH (C OCTATKOM) B
5 xm/cex. BapHBad ocTarok, UPuOGaBAM CHAapALY elle CKOPOCTH
B 5 nam/ce. Beero npuobpereM 10 xat/cex cropoctn. Tak Jerko moka-
JKeM, 94To IPH 8anacaXx B3PHBYATHX BEUIECTB B 7, 15 I 31 TI0JIyIHM CKO-
POCTH Kopabusa B 15, 20 B 25 xajces. Mewrny TeM JasKe IJS OCBO-
60:kIeHHASA OT CONHEYHOI'0 TAMOTeHHA MHOBOJHHO CKOPOCTH B 16 —
17 xm/cex.

Pasmomende aToMOB €CTh HCTOYHHMK OI'DOMHOM SHEDPrHH, KakK BTO
BHIHO H3 IOCJHeIHeHl CTPOKHM TaGJIHUH. JTa 5Heprus B 400000 pas
6oablle caMoif Moryyell XmMmdeckodl oHepruu. HemnocraTor ee
B TOM, YTO OHa 4Yepecyyp HOpOra, HENCCTYIIHA M HCTeKaeT KpaiiHe
MeIJIeHHO, XOTS U B NPOJOJ:KeHNH THcAYll JeT. Ecin 6H MH jgamxe
HOOHLIT 1 %2 pafmsl (KOJHYeCTBO ellle He MNOoGHToe B MHpe), TO M
TOTJ2 BHIeJsdeMasd UM DHePrHs HaJa OH TOJIBKO 15 #em/cex, T. e.
9HePIuo pa6odero. 3HAIUT, TAKOH MOTOP IIPH OJIHOM Bece ¢ aBUAI[HOH-
HHM OyleT o0 KpaliHeil Mepe B 7 pa3 ciabee mociaenHero. IIpurom
MH He HMEEM ellle pagHeBOro MOTOpa, Na U LeHa 1 xz pagds He
Medblle MUJIMapaa pyo6uaeil. Ho Heapsd OHTH YBepeHHHM B TOM,
Y4TO He HAHAYTCA coO BpeMeHeM JellleBHe M OGHCTPO BHJeJAOLINe
HCTOYHUKHU SHEPI'HH.

! Tlocmeguuii croxben B Tada. 1 mpemcraBaser coGoHl OTHOMmMEHie paGoTH,
noxydaeMoil or 1 #@ JaHHOI0 TOploYero, ¥ paGore, moxydaemoit or 1 x2 CO -+ 0,
nupu cropaHun B CO,.

ATO OTHOCUTCS K CIY9aio, B KOTOPOM BCA MACCa B3NEIBUATOrO BELECTBA JOJIKHA
0CBOGOMHTHCA OT 3€MHOTO TAroTeHus. [pux. ped. I[andepa

# IIpi aTOM mpexmoNaraeTcd, ITO B3DEIBYATHIH MATEPHAJ OCTAETCA HA MECTe,
a mycToH CHapaJ) JeTHT ¢ ykasaHHOII ckopocTso. JIpum. ped. Ilandepa

4 3Bar. 17534. — Muonxonpernft KH. I, PeaxTiBHOE JBHKEHIIE. 49



Ilonyuenne xocMHIEeCKHX CKopocreii BOOOIIEe

MH MoeM TaRyl CKOPOCTh NMOJYTYHTh M Ha mJaaHere. lloayuus
ee, MH yJajsdeMcad B S(pEPHOe IPOCTPAHCTBO, OJyKIaeM Ccpend
OJIaHeT H Jlaske cpedd 3Be3[]. Ho ecam MH He 6yleM HMeTh TaM
PeakTHBHOI'0 NpH6opa, To ABHMKeHHe Hamie 6yaeT IONOGHO IBH:Ke-
HUI0 60JHOa, T. €. OHO He OyIeT 3aBHCETH OT Hameil Boau. Cieno-
BaTeJbHO, 63 PAKeTHOro Npu6opa 060UTHCh BCe PABHO HEBOSMOMKHO.

[lonygenne ckopocTd Ha 3eMiie EMeeT GOJbIINe IPEHMYINECTBa,
TaK Kak, ABHIadach IO ee JIOBEPXHOCTH, MH MOYeM IOJy4YaTh He-
OpepHBEHY IIPHTOK SHePI'HH, He TPATd 3alac.

Ilepedncio TYT HeoCyLIeCTBHUMHE CPEICTBA IIOJY4YEHHA KOCMH-
YeCKHX CKOPOCTeH.

1. HeBosMoaHO IIyCKaTh CHapAl C BpallalIIErocda KoJjgeca IR
THI'aHTCKOl KapyceJH, Tak KAk CKOPOCTH IO OKPYKHOCTH KoJeca,
He3aBHCHMO OT ero pasMepoB, He MoeT OHTb 6oJjiee 500—1000 a/cex;
a BTO0 — CKOPOCTh He KocMuueckas. [lase IpH 5TOH CKOPOCTH KoIeco
IOJISRHO PasopBaThCs OT IeHTpolexxHOM CHAH. KpoMme Toro, HE 01HH
OpraHH3M He BHEPJKHUT ee MeHCTBUA [axe NpU JHAMETpPe Ko;eca
B 1 %am.

2. HeBosaMoskBa KOpOTKas IIyIIKa, TaKk KaK OTHOCHTEJNbHAS TA-
MEeCTh B CHapsle pasgpoGHT OpranmaM. Jlake MyIIka IJIAHON B 6 nn
Majda. IIpEBomHWTCS JH cHapAl B [JBHJKEHHE TIa30M, B3DHBYATHM
BeIIeCTBOM, 3JEeKTPOMArHATHOM CHIOH, -—3T0 BCe PaBHO.

3. HeBo3MosXHA BepTHKaJbHad IIYINKa, TAK KaK TaKHe COOpYkKe-
HES TIPE 60JbINONA BHCOTE HEOCYINECTBHMH.

4. HenpakTnyHa TrOpW30HTAJIbHAas IyIIKAa, He3aBHCHMO OT ee
IOJHHH, TaK Kag CHAPS] IPH BHJeTe GHCTPO IIOTepAeT IOYTH BCIO
CBOI0 CKOPOCTh B IUNIOTHOM cJoe Bo3nyxa (Ta6a. 2). U3 BoceMoi
CTPOKH TalJUOH BWIHO, YTO paKeTa B 10 m BecoM, C INIOMIALbIO
[IOIepeYHOro cevYeHHsT B 4 w2, NpPH TOPHBOHTAJBHOM IBHKEHHH
B 8 %um/cex TepseT 20°o CBOel KHMHETHIECKOM OHEPrHH. IT0 — NPH
mpoaere B 50 xx. Ho, Benp, IPA Tak0U CKOPOCTH 0Ha OyIeT NBHIaThCSH
KpHBOJHHENHO, He BHiineT 3 aTMmocepH. [losToMy oHa moTepser
GHCTPO BCI CKOPOCTh HJH pPaHbIDe TOI0 ynaner Ha 3emJio. [Ipu
CKODOCTH 16 %a/cex OHa ToTepser 80°/, cBoell sHepruu. Ecau ke
paKeTa HMMeeT MeHBINIYI0 Maccy, T. €. 6e3 3alaca B3PHBYATHX Be-
IlecTB, HAllpAMep, IIPH Macce B 1 m, TO Yie UPH CKOPOCTH B 4 % 'cex
OHa TIOTepsieT IIOJOBHHY CBOelt oHeprmu. MaccmBHOCTH cHapsaja
MHOTO o6Jeryaer ero IoJer. I3 necaTodl CTPOKHM TaGJWIlHl BHUIHO,
YTO NyIOKa Ha BHCOYAMIIMX Tropax TepIHMa, Tak Kak ANPO Haike
IIPE CKODOCTH B 12 #%a/cex Tepser TOJBKO 13,600 CBoell sHepIHH.

5. HeBo3MOHO INpHOGpeTEHHEe KOCMHYeCKOH CKODOCTH Ha He-
6OJBINUX KDPYIOBHX NYTAX, TaKk Kak IeHTpoGe:xkHaA CHIa yObeT
OpraHdaM, XOTS XOpPOIIO yKpeNJdeHHY0 B II09Be JOPOr'y M He pas-
pynOIuT.

6. HempakTHYHO H NOJyYeHHAE KOCMATECKON CKOPOCTH HA OTPOM-
HHX IIYTAX, PACHOJIOMKEHHHX COPH30HTAIBHO II0 B3KBATOPY, IOTOMY
9TO0 CONPOTHBJECHHE BO3NYyXa, Kak M B IpeabAyIIeM ciydae, IorJo-
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THT BCI0 CKODOCTH JBH:KeHHA. Kodeca maa IBHMYIIErocs KocMu-
YeCKOT0 3KHIIAKa (IJI 06JerdeHHs TPeHHA) HEIPHTOTHEL.

TABJIALIA 2

Bec parersi —10 m. Ilxomaxes momepeunoro cedesds pakeTsl — 4 w2 Yrm-
ansauds Gopurr — 1000/,. Vxeabubiit sec Bozxyxa — 0,0018 ya. Beca Boxsl. Co-
NPOTHRBIEHHE BO3AYX2 M PaGoTa IPI HOCTOSHHON CREODOCTH CHAapAXA

1. Cxcopocm_nﬂ/ce_x_ 4 6 8 10 ! 12 16 ’ 17

2. laBuenue Bo3uyxa® |
Ha IJIOCKOCT B | v
4 »> Bm | '
P=0,0001 ¢24. . . 640014400/ 2560040 000; 576000 | 102400 ' 115600

| OOV | AR A9 OV

3. JlaBieHue Ha pa- '
KeTy IPH VTIJIH3A-

i

| nnm Ha 1009, Bm | 64 | 144 | 356 | 400 | 576 1024 | 1156+
| -
4. Pa6oTa paKe Il IpH i
OPONBYKEHHH  Ha | X

10 xm, 8 TEIC. MM .| 640 | 1440| 2560| 4000| B 760 10 240 | 11 560

5. Ecau pakera Becut 10 m, TO I OJONEHHA 3€MHOH TAHRECTH HYKHA PAGOTA
He MeHee 6370000-10-2 = 127400000 m». YMHO®AEM Ha 2, TAK KaK yTH-
ansupyetcst He Goimee 50%, aHEPrHH B3DHIBA

I !
6. PaGora compoTH- i '
BIEHHS IO OTHOIIE- ] * |
HHIO KpaloTe B3pHIB- | | '
9YaTHIX BemecTB B Y.
Mpo6er 10 2 . . .| 0,50 | 1,13 | 2,02 | 3,15 4,54 8,06 9,10
i
i

7. To ®&e, HO IO OTHO- i
meHHlo K pa6oTe
JABHKEHHA CHAPATA,

By . . ... 1,00 | 2,26 | 4,04 | 6,30 | 9,08 | 1612 | 1820 |

8. To e, np¥ npobe-

re B 50 xx, B % .| 500 11,30 20,2 | 31,5 454 | 806 91,0
9. To :xe, ecam mycraa

pakeraBecutlm,B% | 50 | 113 | 202 | 315 | 454 | 806 910
10. Ilymka Ha BHICO-

Te 8 %x B 10 m, Ipo-

6er 50, ¥u, pa6oTa

BYy . .. .. .. 1,5 34 6,0 9,4 13,6 24,2 27,3

# Heo6x0IMMO 3aMETHTh, ITO B HOBOM H3mamuu 1930 r. xuurm ,JlaBieEne Ha
nxockoers® K. 9. IlHONKOBCKHN BHIBOIUT (OPMYJIEI, COTIACHO KOTOPHIM JaBJICHHE
BCTPEYHOO BO3AYXAa Ha TeJ0 3HATHTENBHO Goibme W Bo3pacraeT (cM. cTp. 20 B
03HAYeHHON KHHIe) NPOTOPHHOHAJBHO CeNbMOH CTOHeHH CKOPOCTH.'XO0TA 3TOT 3a-
KOH TpPeACTABIAET COGOH TONBKO IepBOe HPHOIHIKeHHe, HO BCE e COIpPOTHBICHHS,
BHYACJIEHHEIe B HACTOALIed KHHTe, TPEOYOT IJIA CKOpPOCTel, GONLINMX CKOPOCTH
3BYKA, IONPABKH B CTOPOHY yBexmieHHA. “Lpum. ped. Ifandepa.
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HeroTopyo cTemeHb BO3MOMKHOCTH HMEIOT TIa30BHe H, B 0COGeH-
HOCTH, 3JeKTPDOMarHUTHHE IYIMKH, [JIAHOO He MEHee 60 x#, pac-
II0JIOKeHHHEe HAaKJOHHO B I'0paX, Tak 4TO KePJO BHIXOJHUT HA BHCOTE
8 %#, Tlle BO3LYX YiKe BTpoe pPaspeskeH.

O ToM, YTO IyIMIKM He MOI'yT OHTH KODOTKH, MHOI'O yiKe HHCa-
Jock. [IoBTOPHM H MH HeCKOJBbKO CJ0B. IIpenmososknaM, 4To IesoBex,
HOr'pyeHHRH B BOAY, MOKeT BH/CPHKATH OTHOCHTEJIBHYIO TAKECTD,
B 100 pas 60aplryio 3emHoii. CiefoBaTeabHO, YCKOPeHHe BHMKEHHs
cHapAIa B MYIIKe He MOXKeT GHTH 6oee 1000 »t/cex 2 (10X 100). Ecau
Halo M36aBHTHCA OT TATMOTeHHS JSeMJH, TO IPHXOMUTCS B KaHAJIE
nprOGpeCTH CKOPOCTh B 12 %u/cex. OTO MOMKET COBEPUIATHCA B Te-
geHne 12 cek. CpegHAd CKOPOCTIL Aapa 6ynaer 6000 a/cex. B 12 cek.

OHO TIPOMIeT 72 %a.

B 5 TaroBa M HamMeHb-

mag MJHHA OYHIKH.

Ho, mo Bce#t Bepodr-

HOCTH, OHA IOJISKHA

OHTb B 10 pa3 60Jb-

e, Tak Kak YeJOBEK

M B °KHIKOCTH He

@ur. 1. BHEIIEPIKHT GoJee, IeM

HeCATHKPATHOe YTd-

meyenne. KopoTkme cTadpHHe [YUIKE NOPHTOJHH JHIIb [JJIdA

6pocaHHA CT3JbHHX JKe CINIOMHHX cHapanoB. M Takme mnymru

IOJKHH OHTB, 0 Kpaiigeil Mepe, B 100 pa3 IJIUHHee OGHKHOBEHHHX

apTHIJEPUUCKAX opyAHd, WHa4Ye H CHAPANH, 6e3 Joned, GyxyT
pasnpoGJaeHH.

C mepBoro pasa kameTcd, 4TO a3, CKOPOCTh YACTHL, KOTOPOTO
IIPE OOLIKHOBEHHOH TeMIlepaType He IIpeBHINAET 2 x.t/cex, HE MO-
JKeT NaTh KOCMHIEeCKHX CKopocTed. Ho 5To omm6Ka, KOTOPYH MH
cedyac BHACHUM ((Hr. 1).

IIpencraBpTe ce6e GOJBLION pesepByap A ¢ BOLOPOLOM HJIH ApY-
MEM IadoM 1 NPEMHKAIOIIAN K HeMy HUJIHHADHYeCKHH cTBoJ B. Ha
CHapsAl B mpomsBoANTCA JaBJeHHe, TeM (ojee IIOCTOSHHOE, YeM pe-
3epByap A 60Jbllle CPaBHUTEJIbHO C 06EMOM LUJIAHApPa B. SHAYHT,
B IIpeJeJbHOM ciaydae pa6oTa, IIoJydaeMad SIPOM, IPOIOPIHAOHAID-
Ha KBaJpPaTHOMY KODHIO W3 3Toii AauWHEH. CiemoBaTelbHO, OHA He-
OrpaHHYEeHHO BeJHKa. JTOT CTPaHHHI ITapaloKCaJIbHHE BEBOL 06BsC-
HseTcsd TeM, YTo pa6oTa cOBepHiaeTCA 3a c4eT Beel Ia3oBoil MacCH A.
A Tak Kak oHa MOMKeT OHTH BeJHKa, TO H OTHaBaeMasd CHapANy pa-
60Ta MOKeT GHTH TpoMajHOll. Benxb, 60JbINYyI0 CKOPOCTh IOJyJaeT
TOJBKO He3HAYHTeJbHasd MacCa rasa B CTBOJIe H caM cHapaAnd. OcTais-
Hag Macca A HMeeT MAJYK CKOPOCTh, HO 3aTO OHA OXJAKIaeTCA.
Sa cyeT 3TOH BHIENEHHOH OTPOMHOH TEIIOTH H TOJydaeTcs pa6o-
Ta JBHKCHHUA ANpa H rasa B cTBoJe B. §IcHO, 94TO [Mad IIpHOGpeTe-
HAS HaHOOJBINEeHd PaGOTH H CKOPOCTH II0Je3HO IOJNorpeBaHHe TIasa
CTPYJAMH IIapa HJIM NPYTAMH ODPHEMAMHB, KOTOPHX MHOMeCTBO. Y 106-
HO IONOrpeBaHIle 3JEKTPUYECKHM TOKOM 4dYepe3 IIPOTAHYTHe B A
IIPOBOXHUKH.

B mocaenyomimx BHIucHeHUSX O6yIeM CYHTATh NaBJeHAe Ha

[
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CHAPAJH IIOCTOXHHHEM, T. €. pe3epByap A o4yeHb GOJBIIAM, HAIOJ-

HeHHHM BOIOPOZOM H IloforpeBaeMHM. Ha Bomoponm TsakecTh Ieli-

CTBYeT B 141/2 pasa ciaalee, 4eM Ha BO3[YX (B OTHOLIEHHH CIYINEHHS

BHH3Y), W IIOTOMYy MH IIpMMeM, HECMOTPA Ha G6OJbBINIYI0 BHCOTY

NyeYHoro xepia, NIOTHOCTH 'a3a BO BCelt CHCTeMe IIOCTOSHHOM.
[MonyunmM ypaBHeHHs:

LP=p,-n-F. (1)

Jigs=P:G. (2)

V=1V2j- L. (3)

t=V2L:j. (4)

K=j:g,. (5)

U3 srEX dopmyn Halinem:

J=¢s- K. (6)

P=(G j):ga (7)

n=P:(I"- pg). (8)

L= V2:(2j). (9)

31ech:

K —orHocHTeJbHAd TAXKECTb B Ampe,

J— CeRYHIHOe YCKODeHHe sapa,

P— naBJeHne Ha AOPO,

7 -—UHCJO aTMOCpep NaBJEHHUS,

L — nauea TYIWKH B x4,

{ — BpeMd NpeOHBaHHA B KaHale,

["—nJ01anb cedyeHHAS NYIIeYHOTo KaHAJA,

)7 — Ham60JIbIIAd CEeRYHIHAS CKOPOCTH,

[)— npaMeTp cedeHHd CHapsga W KaHAJA IIYIIKH,

p, =10 m/x? naBiaeHme 1 am,

(i —BeC cHapaAma, oIpeleleHHHH! HA II0BEPXHOCTH 3¢MIH,

¢s— JCEODERHEe TAMECTH 3eMJIU.

C IIOMOINBI0 BTHX (HOPMYJN COCTABEM Tala. 3 (CTP. 54).

U3 Ta6auub BHAHO, 4TO IPH CryUIeHHAH TIasoB 1000 am H IpH
IJuHe MYIIKA B 720 %4 MOMKHO IOJYYHTb CKOPOCTH B 380 %./cex, Me-
EAY TeM Kak [1a4 ofgoneHnd nputamenna CoaEnma m O6ayxkIaBAL
B Mueusowm IlyTu Hamo JAME 17 %a/cen CKOPOCTH. U3 ITeCTOTO CTOIGIIA
Ta0JHNE BHIHO, 4TO TaKasd CKOPOCTH II0JyJaeTcs IIPA OTHOCHTEJb-
HOM TAMECTH B 100 IIPH CTOKPATHOM CIKATHH I'as3a NPH JJHHE NYIIKH
B 145 sx. M3 BocLMOro €T0JI611a BH/IHO, YTO CKOPOCTD 4 %4t IOJY4AETCA
IpU A€CATHKDATHOM TAKECTH, IPH CXKATHH B 10 am W IPU IJHHE
OymKH B 80 %u. Ecam mollepednoe cedeHHe KaHAJ2 YBEJIHYUTH B
4 pasa 4JH AWaMeTp B 2 pasa, To (cToaben 14) CROPOCTH TOH Ke
MacCH YBeJHYHTCS B/IBOE, T. €. JOCTHI'HET NIEPBOM KOCMHYECKOH CKO-
pocTH (YTOGH CHeJaThes IOOJIU30CTH 3eMAH ee CIYTHHKOM). J{JauHA
OYMKA A CRaTHEe Ia3a OCTAHYTCH Te e, HO YCKOPEHHe H OTHOCH-
TeJbHAA TAXRECTh yBeJHdaTCA BIETBEPO.
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TABJIUIA 3

Ycropenne seMHoil Ta:xkecTH g = 10 a/cex2. Bec cuapagal G = 10 m. Hasaenne
arMochepst p,= 10 m/n?

1 2 3 4 5 6 7
K. ... oL 10 | 100 10 | 100 | 100 | 100 | 100
JMeexr ..o L. oL L. 102 103! 10%| 103| 103| 103 103
Powm. . oo o0 102 103, 102| 103{ 103 | 108 103
Moo o e e e e e e . 10 | 100 1 10 | 100 | 100 | 100
Lows . o oo oL 720 72 | 720 72 32 | 1445 8
A 120 12 | 120 12 8 | 17 4
Fox?oooooo 000 1 1 10 10 1 1 1
T kmfeex o . . .. R e & 12 12 12 8 17 4
Dy ... ... 1,13 | 1,13 | 3,57 | 3,57 | 1,18 | 1,13 | 1,18
(IIponoenie)

l 8 9 10 11 12 13 14

P 10 | 1000|1000/ 1000/ 100010000, 40
Jmfeen? . .. . ... ... 10 10t 104 10¢ 104 10%) 400
P oo ovoee e o102 102 | 104| 10¢ 104 105| 400
o e e e e e e ., 10 108 | 108| 102’ 102 103| 10
Lxm . . o .o 80 72 72 72 720 | 720 80
TCBR « v o e e 40 1,2 38| 38; 12 3,8 20
Fx .. ... .. R 1 1 1 10 10 10 4
Vowmfeen . . ... o0 ... . 4 12 38 38 120 | 380 8
Dy, .o .. v .. 1,13 | 1,13 | 1,13 | 3,57 : 3,67 | 3,57 | 2,26

'

DJIeKTPOMArHUTHHE OYUIKH EMeoT 60JbII0e IPeUMYIIeCTBO, TAK
Kak He TpeOGyoT pesepByapa, I'0pasjll0 OCYINEeCTBAMee, SKOHOMHee
A HEMeIOT OGHJIHHHU IPHTOK IOOOYHOW SHEPrHM Ha BCeM HX INPOTA-
SKEHHH, JEeTKO II0JBOTHMOM NPOBONHHKAMH M3 GOKOBHX CTaHIIMIL.

IIymgxn coBpeMeHeM MOLYT HMeTb O0JbIloe I[PHMeHEHHE JJIst
MaCCOBOr0 OTIIPABIEHHA CHAPANOB: I KOCMAYECKUX [epeceleHUH
B GOJbINOM MaclITaGe W KaK IOIOJHEHHE K PaKeTHOMY CI0COoGY.
B camoM meje, NIpH IOJYy9eHHH € IIOMOIIBIO IYINKH IIepBOH KOCMH-
9ecKO#l CKOPOCTI B 8 ##/cex CHapsl BO3BpamlaeTca 0O6paTHO HA
3enuio H pas6mBaeTcd 6Jaarofaps TOMY, YTO €ro CKOPOCTh He I1apaJ-
JeJIbHA HKBATOPY (WIH MepHAMaHY). Jad IepBHX BaKHHX NOCTH-
MEeHHI, T. €. IJIs TOceJeHHH IOGIM30CTH 3eMJn, HO BHe aTMocde-
PH, HEOGXOIMMO COeJHHEHHe IYIIeYHOI'0 MeTO[a C PaKeTHHM: CHa-
pAx mpuoGperaeT CKOPOCTH, MEHBINYIO 8 x4¢/cer, HO MOTOM 106aBIdeT
ee B3pWBaHHEeM, Kak pakeTa. Tak Kak HallpaBJeHHe B3DHBAHHSA

! Kax supuo m3 dopmyx (2) mau (7), G mpencrtaBiger coGoii Bec fapa Ha
DOBEpXHOCTH 3eMJH, a He Maccy M, KOTopyio omHG0YHO BBea [[HOIKOBCKHH Ha
atoM Mmecre. Ipumn. ped. Iandepa.
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mepeMeHHO M 3aBHCAT OT HAC, TO CHapdh MOMKeT HPHOOPECTH Io-
CTATOYHBYI0 CKOPOCTH II0 OKPYKHOCTH, YTOOH CHeJaThCA GIABKHM M
MaJieHbKOH JYHOH 3eMJIH.

Bes3 pakeTHOro mpHCIOCOOJdEeHHsI MOMKHO OOGOHTHCH, KROTAa I€Jdb
cHADANA (BHODOINEHHOr'0 M3 IYIIKM) CTATh Ha OPOUTY O3eMIH HJIH
IpoJeTeTh MOGJA30CTH INIaHeT Hallled cHCTeMH. Takxke H B TOM CJy-
4ae, KOTJa OHA JOJI#HA OCBOGONUTECA OT mnparaxeHnd CojaHna #
6y:x[IaTh cpequn HHWX CoJHI, B Mieurnom IlyTH.

Bo BcAKOM ciaydae, OYIKHA (A dJeKTPOMarHATHHE) BCJeICTBHE
€B0ET0 GOJBIION0 IIPOTAMKEHHA CTPAIIHO IOPOTH, MAaJio ocyIme-
CTBUMH (B HaCTOfAIllee BpeMs), I IPUTOM PeaKTHBHHU IpAGOP MOskeT
o6oiiTACh W 6e3 HHX.

eiicTBHe pakreTH

Pakera B cpaBHeHHIH ¢ IyINKOH TO :Ke, 9TO OaKTepHd B CpPaB-
HEeHHH €O cJOHOM. PakeTol0 g Ha3HBal PeaKTHBHHIH OPHOOP, KOTO-
'PHi#l IBHraeTcss oTTaJKABaHHEM BellleCTBA, 3allaCEHHOI'0 B HeM 3a-
paHee. HeT MalIMHH ¥ HeT OPraHH3Ma, KOTOpDHeEe He OTTaJKHBAJIM
6H OT ce0s MaTepdu: YeJOBeK BHIeJfdeT HellpePHBHO Koxkeld Iap,
TakXe U ITapoBas MAallAHA, HO JeHdcTBHe 3TO CJIA460 B CPaBHEHHH
C LPYrHMH CHJIaMH, B HAX palOTAOINUMU, —H IIOTOMY TaKpme IIDH-
60pH HeJb3d Ha3HBATH PeaKTHBHHMH. Pakera 110J06Ha yBeCeaHTeb-
HOH pakere. OTIHYHe ee OT NPYIHX HKHMNAKEN M Kopabjed COCTOHT
B TOM, YTO IOCJe/JHAEe OTTAJIKHUBAOT Bell[eCTBO, BHe MX HaXoJdAlleecd.

Koa(panueaT moxesHoro JeicTBHA paKeTs

[lycTes MH cHagaJa HMeeM [eJO0 C HeBeCOMOI sHepruei, KaKOBO
AEKTPAYECTBO, MAcCOH KOTODOrO0 MOXKHO IpeHe6peds. [lomycTHM
TaRk&e, YTO CHAPAJ He IOJBep:KeH CHJe TAMKeCTH W JPYTHM BHEII-
HEM cumiaM. Torga nad ABYX HENOJBHEHHX MAacCC, OTTAJIKHABaEMHX
IIpOMeKyTOYHO! HeBeUIeCTBEHHOHM CHMJOM, MMeeM Ha OCHOBAaHWH 3a-
KOHa COXPaHeHHAS KOJAYECTBa [BHKEHHA:

MW - Mye = 0. (12)

Ecim ckopocTb pakeTH ¢ IpAMeM IIOJORHTeJbHOH, TO CKOPOCTH
orépoca W Oyner oTpunmaTeNbHa, TaK KaK KOJHYECTBO [IBHKCHHA
OHJI0 HYJb N He MOKeT M3MEHHTHCA BHYTDeHHHMM cuiIaMu. M, u
M, 03HAYaOT MaCCH O0T6POCa U PAKeTH.

Pa6ora, monyyesHasa pakeToi, 6ymer:

[ .c2
E’2 = ]_l_[_?f_ . 1 3)
2
Pa6ora oTTonkKHYyTOH MaccH Gyner:
M 12
By =20 (19)

2 .
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K. nm. 1. pakeTH MJH HCIOJb30BaHHE €10 BHEPrHU Gymer:

—_— E‘2 J— . 'EI) — o ‘TllllV? ) -
e AR i K vy S
Ho 13 IepBOro ypaBHEHHS BHIHO, 9TO:
M :My= —c:W. (16)
SHAYuUT, K. II. 1. PaKeTH:
o w\ . 312)
n~1.<1—7)_1.(1—{—mh. (17)

OTcona sCcHO, 9TO 9eM MeHbIlle Macca PpaKeTH I10 OTHONMIEHHIO
K Macce oT6poca, TeM K. II. 1. 3HaudTejbHee. Ilo mociaenmeit gop-
MYJie BHYHCJeHa Ta6Ja. 4.

TABJIHIA 4

Macca pakerst . . . .| Mp{ 10| 9 1 8 | T | 6 | 3 ) 4 | 3 ’ 2 (1 || 0
|
Macca orpoca, . . . .| M| O | 1| 218! 4|56 ! 71819110
i |
|
Koag.......1m[10]01/02/03 04]/05|06/|07'08]09] 1
N o
To ame, B . - . . . N i 0 | 10 | 20 ' 80 | 40 I 50 | 60 | 70 | 80 | 90 | 100
| i

W3 Ta6aduE BUIHO, YTO K. H. J. Ha OpPaKTHUKE He MOKeT OHThH
[OJIHHM, TaK KaK pakeTa BCelJa MMeeT Kakyl-HHOYIp mMaccy. [Ipm
PaBHHX Maccax pakeTH ¥ 0T6pOCa H3I0JbsOBaHHE COCTABIAET 500/o.

Ho He T0 OyneT, ecim CHapdal CO CBOHM 3allaCOM YKe HMeeT
HEKOTOpYI CKOPCCTh, HAIIpUMep, I0JYUYeHHYI0 I10CPeICTBOM BJIEK-
TPOMArHATHOH IYyNIKW, B3pHBaHNEeM HWJAH ApYyruM cooco6om. Tyt
MoskeT OHITb HHTEPECHHIM cJydal, KOI'Ja HCIO0Jb30BaHHE BHep-
TAU HEe3aBUCHMO OT MACCH o0TOGpOCa MOMET 6HTbH 100°0. JledcTBuU-
TeJbHO, eCJIH PaKeTa MMeeT, HAIIPIIMED, 1./cex CKOpPOCTH, TO, OTKH-
IHBas 3JeMeHT O0TOpPoca B IIPOTHBOIOJOXHYI0 CTOPOHY € OTHOCH-
TeJbHOH CKODOCTBI) B 1 t/cex, IOJYUHM MaJyl0 4acTHILy oTO6poca
¢ a6COJIOTHOH CROpPOCTHI0 B HYJb. SICHO, 4TO BCA H3PacX0I0BaHHAS
pa6oTa IOIIJIa LEJUKOM Ha 1103y CHapsna. B paséupaeMoM caydae
BMECTO VPaBHeHHSA (12) NONYYBM:

M, (WL V) My (e V) = (M, - M) V. (18)

[lo coxpameErH NOJXydIAM topMyay (12) U Bce BHTEKAWIIHe
n3 Hee. BHBOAH. TyT V ecTh oflasg HepBOHAUAJBHAS CKOPOCTH
CHCTEMH 0 0T6pacHBaHHs. [lagee nMeeM:
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J
By="2 (o 7y, (19)

J .

E, =a_éi (W -+ Py (20)

M, (W72

o . . ) R | i
v)—‘l.{lr‘]lg(c_lL_V)‘_, } (21)

ITo ¢opmynam (18) mam (12) BMeCTO 9TOT0 HaMjeM:

B BN 0 e

fl——l.{l-—m‘-/)—z}. 122)

Ecam pakera mMeer NpHGaBKY CKOPOCTH (II0 TOMY ke Hampa-
BIGHHIO, KOHEYHO), TO OTOPOC MMeeT CKODOCTL OTPHIATEeJbHYIO.
Eeuau eme ckopocTh 0TOpOCa paBBa 00IIell CKOPOCTH PaKeTH ! V= I,
TO YHCIHTeJb B (popMyJde (22) paBeH HYJIO, H IIOTOMY n=1, T. €.
HCII0Jb30BaHHE BHEPIMH 6yeT I10JHO0e HIM COCTABHT 100°/,. S3HAYHT,
BHI'OJHO ITOGH YACTHIH 0T6POCA OTTAJKUBAJIHCH B IIPAMO NPOTHU-
BOIIOJIOMKHYIO CTOPOHY OT IBHMKEHHA CHapALd CO CKOPOCTHI0 cCaMoi
pakeThl, TOrJAa IIOJNYYUM HAeaJbHOE HCIOJb30BaHHE 3aTpadeHHOM
Pa6oTH.

Ho MH mMeeM B BUAY OT AaHHOH 3amaceBHOH MaccH oT6poca
IOJYYATh HAHOOJBUIYI0 CKOPOCTh CHapsAja. BHromHo ¢ oTépocoM
COeIMHATDH DHEPrHI0, YTO6H CaMHH o0TGpoc OHJ B TO ke BpeMd
WCTOYHHKOM »5Hepruu. lHage nedo Gynmer xyxe. JlefCcTBUTENBHO,
eCJIM MH BO3bMeM, HAIPHMep, IIeCOK [Jsi 0T6DOCa H yIaepoX ¢ KHC-

JOpOIOM (KAK CcoefHHEHMe SHEPruE ¢ oT6POCOM), TO MH MeHee -

BHII'aJlaeM, 9eM eCJH BO3bMeM B 3allac OJHH roployHe BellleCTBa.

Bo BTopoM caydae, IpH 0fBoOli MaccCe 3allaca, pHeprud Ha eAHALY
MacCH sallaca GyneT 6oJbllie, H IOTOMY IOJy4YHTCA GONBIIAA CKO-
pocTh or6poca, a, cTajgo OHTb, W pakeTH. Boo6iye, dHePria MaTe-
pHajabHa. [lase 5JeKTPHYECTBO M CBET MaTepHasbHH, He TOBOPA yXKe
Npo B3PHBYATHe BemecTBa. YTOGH CHapal MOJYIHJI HAHGOJBIIYIO
CKOPOCTD, HaLO, 4TOOH KaJaad YaCTHIA IPONYKTOB I'OpPeHHA HJIH
HHOr0 O0TOpoca IIOJNYYHJa HaW60JbIIYI0 OTHOCHTEJLHYI0 CKOPOCTD.
Ona e IIOCTOSHHA IJIZ ONpeNeJeHHHX BelnecTs oT6poca. UTo TOJIRY,
ecJd MH COKOHOMHM SHEPrHI0, He HMes 0T6poca. dKOHOMUSA 9HEPTHH
TYT He N0J#Ha HMeTh MecTa: OHA HeBO3MOXHA H HeBHTojgHa. py-
THEMH CJIOBAMH: B OCHOBY TEGODHH PaKeTH HAJ0 HPHHATH IMOCTONHHYIO
OTHOCHTEJHHYI0 CKOPOCTH YACTHIL 0TOpOCA.

Jlpyroe neno— peaKTHBHHE aspOIllaH, KOTOPHH MOXeT BOCIIONb-
30BaThCA BO3JYXOM KaK ITpeIMeTOM 0T6poca. TyT BHIOJHO 3KOHOMHATH
3amaceHHYI0 SHEPrHI0, KOTOpad, MekKAy NpOYdM, IOJNKHA OHTH
HCIIOJNb30BaHa M Kak oT6poc. Ho Takodl cHapsanq He ecTh YHCTO
PEAKTHBHHI IIPHOOD.

1Tlo ad6comoTHLIM BeausnuaM. pum. ped. I andepa.
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GRODOCTB PareTsl IIPM IOJb30BaAHHH 3nepmeﬁ H3BHE

MoxkeT 6HTH M Tarol cJIydYal, KOrAa, IOMHMO 3HEPLHH 0TGpOCA,
MH HMeeM elle [[PUTOK SHEPrHH M3BHe. OJTOT IPHTOK MOKET II0Ja-
BaThCA C 3eMJM BO BpeMs IBUKEHHS CHapdaIa B BHOe JYJIHCTOH
3MEeprdd ¢ TOH HJH Apyro# NJIHHOH BOJH, Tak:xke B popMe a- U
B-vacTHIl, Tak:ke MOJydaThed M oT CoJHIA.

3eMHOH IIpUTOK HHeprHH 3aMaHYHB, HO MaJO MAHHHX JII ero
obeyxpenud. CoMHeYHHM e INIPHTOK 3HeDPLHH HMeeT MeCTo, KOIIa
parera y:xe BHe aTMocdepH. B 060HX cJiydadx 3aldacHHH 0T6poc
He HY’KEH, TaK KaK 9HEPrHA, IPHTeKaolnad H3BHE, CaMa COTEPIKHAT
or6poc B BHAe «- H f-yacTAN. Hamo TOJBKO yMeTh HAIPaBATh
HX B CTOPOHY, IPOTHBOIOJOKHY 0 eJaeMOMY HallpaBJIeHHI0 PAKeTH.
Hedqo 6yxer sicHee, ecJd MH 3alacaeM pPaZUOaKTHBHOE BeIIECTBO.
CkopocTh 9acTHIl ero Tak IpoOMajgHa, 4TO 3alac ero MoxeT GHTH
O0YeHb MaJ B CpaBHeHHH C Maccoil pakers. Tak uTo 5Ta IociaeqHAA
MO:KeT CYHTATHCA IIOCTOAHHOM, KAk W IIPH 3HEPruH, IIPHTEKaoLIeH
H3BHe.

B TakoM ciy4yae mMeeM:

dW d,
w2
rge IV ecTh OTHOCHTeJPHAS CKOPOCTh 4YaCTHIL 0TOpOCa, HaIpuMep,

YJacTHI, ajbga. MHTerpmpysd, moayymM, mNpennosarad IIOCTOSHHOE
HalpaBJeHre 0TOPACHBaHHL:

(23)

W

C=

My

rjge ¢, eCTh Ha4yaJbHadA CKODPOCTh PAaKeTH [0 OTGPaCHBaHI/IH HJIHU
B3pHIBaHUA. ECJH 0Ha paBHA HYJ, TO:

o M,

My

< M, ¢y (24)

-1 (25)

113 ¢opMynsl BEOHO, 9TO OKOHYATeJNbHAA CKOPOCTH CHAPAAA IIPO-
[IOPUHAOHAJbHA OTHOCHTEJBHOMY 3amacy or6poca (HaH, BOOOLIE,
0TOpOCY, TaK KaK 3alaca MOKeT He GHTh) M OTHOCHTEJIbHOH CKOPOCTH
0TOpOCa (HAIIpHEMED, ¢-YaCTHIL).

Ecan

W =3.10% smfcen; M, = M,,
TO
¢==3-105 #tcexr.

dra cKopocTh B 18000 pa3 GoJblle Tol, KaKad HYMKHa [IJd
onosieHds NpUTAMkennd CodHma. OHeprusa ke 3TOI0 [JBHMKEHUSA B
824 MJIH. pas GoJblie, 4YeM HY:KHO. JleTs ¢ Tako# CKOpPOCTBIO,
3pUPHHH Kopa6Jb JOCTATHET GIUAKAIIEro CONHIA MK OIAskaiiluei
HHOH COJIHeYHOH CHCTeMH B 4 roja. TyT mpeamoiaraeTcs 3aHMCTBO-
BaHHe 3HePrHd ussHe. [ IPHMeHeHHs OPMYJH K PaIHOAKTHB-
HOMY BeIl[eCTBY Hano, YTOGH OTHouleHme A, : I, 660 Mago. Ecan,
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HallpEMep, OHO paBHO 0,1, TO NJA NOCTHMKEHHS HHOTO COCEIHero
COJRIA IoTpebyeTca 40 JerT.

Ot conHUa Hexb3d IOJYIUTH TAK MHOI'O YACTHII, 60 IpH yIale-
HAX OT COJHI[A NPHUTOK HX IIOYTH HOpeKpamaerca. 3BecTHHe pa-
IHOAKRTHBHHE Bell[eCTBa, KPOMe TOrO0, PasjaraloTcad oTeHb MeJJeHHO
H Ja0T B CeKYyHIY OYeHb HeNOCTaTOYHyH0 pa6oTy. KoamiecTBo HX,
HMeIeecd B pyKax dYeJoBeKa, Takxe HHITORKHO. Ho Oynyluee
Hed3BeCTHO: 3eMHOM IMap M ero BelecTBO MaJjo ucciemoBamsl. OH
MOeT IJATh ellle MHOTO HEeOMHIaHHOTO.

llomoxuM B (opMyde (25):

W =230-10% mjcex, a c=1T7 103 a/cex,

T. e. TAaKYI0 CKOPOCTh CHapdla, ROTOpad TOJHKO HeMHOro 6oJblle
Tpe6yeMOH Iad Be4YHOro yrajeHud oT CoJyua.
Omyckas 3HaK, KOTODHI BCTpedyaeTcs B- hopMyde (16), T. e. 6epsd
Ias ¢ m 17 OZMHAKOBHYU 3HAR, HONYIHUM:
UM c e
lﬁ; == W =0,00057. (26)
3HAYHT, OTHOCHTEJBbHAH Macca OT6POCA HJIH PaJHOaKTUBHOIO
BEIIeCTBA COCTABAAET B 9TOM CJYy9ae OKOJO !//p000 MACCH CHApAla.
Ecag, sanpumep, oH BECHT 1 m, TO Macca 0T6POCA COCTABHT TOJBKO
568 2, WJIA MeHbINe INoJyTOopa QyHTOB. Macca oT6poca Tak Mana,
YTO Macca paKeTH MOMeT CYHTATHCA II0OCTOAHHOH B (POPMYJH IpH-
MEHAMH MOYTH 6e3 [MOrPemIHOCTH IIPH yHOTpe6JeHHA GYAYIUIHX I'0J-
HBIX paJHOAKTHBHE X BeIIeCTB, €CJH TOJbKO CKOPOCTH HX YACTHL TAKOI'0
®e MOPANKA, KaKk CKOPOCTH 4-4aCTHL (3JeKTpHYecTBO WIH DaaHii).
KakoBo ke 6ymer @cmoiabsoBaHHe SHeprum? Jmeewm:

M

E,—=2 e (27)
E1=11§J e, (28)
K. o. n. 6yner (cM. 23):
' . M W
1,—1.(1»,—11[2 - ) (29)

C moMompio (26) MOJyIHM:
W U
(1 +— ) (1 + 7 ) (30)

Korna mMeeM Iesno ¢ paiuOarTHBHHME BellleCTBAMH HJH ¢ 3Hep-
THeli, IpUTeKaInel HM3BHe, TO OTHOIIEHHA B (0CJefHel ¢opMyJIe
O0YeHb BeJHKA H TIOTOMY HMeeM:

c MM,
= =77 (31)
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Tak, B pa3o6paHHOM cJjydae, korma MM,: M, =1765, K. I. 1.
COCTaBISET OKOJO !'5pp. XOTA HNCIIOJb30BaHHWE HEBHIOAHO, HO 3aTO
3amac 0T6poca HWITOKEH.

Bo ¢paHRITHOBOM KoOJece MCIOJB30BaHWE BHTIOJHee, IIOTOMY
YTO YACTHIH IPHBOLSAT B JBHXKEHHE CPABHUTEJBHO OTPOMHEYIO Maccy
Bo3AyXa (dJaeKTpuueckmii Berep). Ho B mycroTe HCIOJAb3OBaHIIe
SHEPrAd Tak Mallo, 4TO KoOJeco He BpalllaeTcsd, T. e. NojydaeMmad
paGoTa He MO:KeT OJ0JieTh TpeHHdA. [IpHHIHI PPaHKINHOBA Kojeca
Mor' 6H WMeTh IIpAMEHeHHe IIPH IioJieTe CHApALa B Bo3LyXe.

TpeBpamenne TemJI0BOi DHOPIHH B MOXAHAYOCKO® JBH:KEHHO

O6patmMca Kk B3pPHBYATHM BelecTBaM. VICTOYHHK HX sHeprAu
eCTh XHMHYECKOe CpPOJACTBO. B o6ImeM OHH [AAalT JUIIb TEIJIOTY,
T. e. 0eclOpANOYHOe [BHMKeHHe YACTHI[ (MoJeryJa). HymHH ocolHe
MAIIMHH, YTOGH [OJYYHUTHh H3 TAKOIO IBHKEeHHA (M3 TEINIOTH) IBH-
JceHHe JaCTHI] COIJIacOBaHHOE, ITapaJllesbHOe, HAIpaBJeHHOe B ONHY
CTOPOHY, OHHEM CJIOBOM, IBHKeHHUE IIPOCTOe, BHAUMOe. [I7d peakTHB-
HOT'0 alnapaTa Halo, YTOGH BO3MOMKHO 60JIbIIAA YaCTh TENJIOBOH MJIH
XHMH9eCKOX BSHEPrHH YaCTHI[ NPeBPAaTBIacCh B HX COIJIaCOBAHHOE
mocTylaTedbHoe IBH:ceHue. Torna mcyesaeT TellJoTa, a B3aMeH ee
MH [OJydaeM MeXaHHUeCKOe NBHMKEHHe HAM GLICTPO ABHEKYIIYIOCA
cTpyo. g ATOro ymoTpeGasOT MJIHHHYW0 Tpy6y. B omHOM KoHIle
ee IPOMCXOIAT B3PHB UJH TOpeHHE, 3 U3 IPYroro— CTpeMUTe]IbHO
BHJETAal0T rasH H Naph. CTeHkKH TPYOH WMMeIOT CBOHCTBO Hampa-
BJAATE B ONHY CTOPOHY GecmopafoyHoe (B PasHHe CTODOHH, KoJe-
6aoleecs), TeINIOBOe MM XEMHYeCKoe [BReHRAe (He3aMeTHOe, OIIY-
maeMoe Kak TeIlJoTa), NPeBpallaTh ero B MOTOK, MTOJXOGHEHM PeYHOMY.
Ho Heo6xonnmMo, 9T06H IPOAYKTH T'OpeHHA OHJIH raz000pas3HH HIH
mapoo6pasHLl (JeTydH), ¢ BO3SMOMKHO HH3KOH TeMIepaTypoll ~CiKE-
SKeHnd.

Ecam »ro Tak, TO ras, paclmiupgsck B TpyGe, Bce G6ojee H
6oJiee OXJIask1aeTcs, TelJOoTa HcYe3aeT, 3aMeHAACh I'a30BOH CTpyell.
fierm Tpy6a KOpOTKa, TO Ia3 BHPHBaeTCdA U3 Hee, IMed BHCOKYIO
TeMIepaTypy, ¥ BHeprds ee He OyleT UCIOJb30BaHa (Tak OHBAeT
B IyIIKax U pys#bsx). [locae BHXona U3 TPYOH ras UPOXOJKAET
PACIIUDPATHCA M OXJAKJATHCA, HO IBUMKEHHEe ITPOMCXOJUT B pasHHE
CTOPOHH, 4TO MJd Hac Henpurojgro. Eie xyxe, ecam B3PHB Npo-
ucxogur 6e3 TpyOH. Uepecuyp HJIHAHAA TPy6a BHTIOLHA, HO OHA
o6peMeHUT cBoell Maccoil pakeTy H TIOTOMY TO:Ke He TOTUTCH.

[IpE mecTHRpPaTHOM pacIIMpPeHHH ra3oB a0CoMIOTHASA TeMIlepaTypa
IOHU¥aeTcs BaBoe. McenoapzoBaHWe Telsa G6yjaeT B 50°.. llpm
pacuIApeHHrE B 36 pa3 HCHOJBL3yeTcs yime 7500 mT. . Urak, Tpy6a
IOJKHA GHTH HACTOJBKO IJIHHHA, YTOGH a3 IPU BHXOJe PacIlH-
puicd, 1o KpaliHeii Mepe, B 36 pas. Eme Jaygme —B 1300 pas.
Torma upomagaer TOJbKO 5°/0 BCeil Tel0BOi sHepruH. COoBepPIIEHHO
HeIIpDHTOAHH BEILeCTBa, Jalllde HeJeTyude INPOJYKTH, HAIPHUMED,
OKHCh RaJbldsd: OHepPrud BeJHKa, HO HCIOJb30BaTh ee TPYIHO, Tak
KaK HeT rasa (0OH ecTh TOJbKO IPH O4YeHb BHICOKOH TeMIepaType,
KaK Ha COJHIE), HeT pacIINpeHHS. OHEPrHd IpeBpallaeTcs B Jy-
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YHCTYI0 M TepdAeTcs B sdupe. ! TepumMu mapooGpasHue IPOAYKTH,
B 0COGEHHOCTI!I B CMeCH C ras3oo6pas3aumu. Hampuvep, npa cropaunyu
yrieBogOpOLOB ¢ KHCJIOPOAOM MJIH C ero a30THHMHU cOeWHEHHSIMH,
BHAEHANTCA I'asH (YrieKHCAHH, a30T) H IapH BoAd. [IpH cHIbHOM
PaclIHPEHHH Ipex]e BCero CKHMKATCA B Kalam napH BoAH. Ho
B IPACYTCTBHH I'a30B OMH IIepeIal0T CBOIO TEIJIOTY I'a3aM, KOTOpHEe U
HCIOJB3YIOT MX 8Heprun. Tak :ke MoxeT GHTPH HCIIOJIb30BAHA H 9HED-
rud, BHAeAAeMad [IpM 3aMep3aHHHM BOIH. AGCOJIOTHAS TeMIepaTypa
B3DHBAOUIUXCA Ta30B B IIePBH MOMeHT MH0J:KHA OH IOCTHIaTh
10000°, HO NPH TaKO’ TeMIepaType TOJHKO MaJjad 4acCTh 3JeMEHTOB
HaXOIUTCA B COCHHEHHH, OCTadbHad—pa3aoxeHa. [leppas, caoxHag
YaCTh, TOJABKO IPH DACUIADEHUH CBOeM M IOHHMKeHHH TeMIepaTypH
mocTerreHEO  BospacraeT. llosToMy TeMmepaTypa B3pHBRWIIAXCS
BellleCTB Ha [ledle e[[Ba JH IMpeBOCXOAHT 3000°. Ha sToM OCHOBaHHH
B mocJenylolmet Ta6a. 5 MLl BHpamaeM YACJIAMHA He CTelleHb TeIlla,
a CTelleHDb IIOTEHIIHAJIbHOM 9Heprad. Brpodey, HaynHAA ¢ 1000—2000
3T0 VKe Oy[eT NPHUOJIM3UTeNbHAA TeMOepaTypa.

TABJHIA 5
Henoap3oBanue TEMJIOTHI B Tpy6e

Pacurmpesue rasoB . . - . - . 1 ‘ 6 36 | 216 | 1300| 780046800
|
Texneparypa abcomoTuas Ik | 10000’ 5000 | 2500| 1250| 625 | 812 | 156
BHEPTHA . + - . . . - . :
; ;
Tevmumeparypa mo IT. . . . . . 9727] 4727 2227 977 | 352 39 | —147
Tepummgeckul K. 1. 1. 8% . .| O ! 50 : 75 |87 95 97 98,4
| !
| 5 1
Hortepa 8% . . . . « . . . .| 100 ll 50 ; 25 : 13 5 3 1,6
llpuMepHad OJIOTHOCTH Ta30B 1000“ 167 98 +6 | 0771 013 | 002
710 OTHOUIEHHIO K BO3NYXY . i = ’ ’ ’ ’

Kak BmaHo, maxe ODpH HCIOJb30BAHHU B 95°/0 TeMIleparypa elile
cocTaBaseT 352°11. Ilpu Heilt mapH B CMKHKEHHe IIDUTTH He MOTYT,
7 I0TOMY He HCIOJb3yeTCdA IPH TaKOM PaCIIMpeHHH [ake CKPHTas
TeIJIOTa CHUMKEHHA. SHAYUT, BHIOJHO IaJbHelillee paclIApeHue,
BO3MOYHOe JHIIb B nycroTe. Torga Tpy6a elle MOJKHA YIJHHATHCH.

1 Oz11aK0, MOX HOBHIE HCCJIEOBAHHSA NOKA3HIBAIOT, ITO HCIOIH30BAHHE MeTAILIH-
9eCKOr0 ropioYero B BO3AYIIHBIN PEAKTHBHEIX IBHTATEJNAX, LOPH KOTOPOM a30T
arMocpepsl mpejcTaBaser COGOH JETVIMil ras, NPHMemMUBALIIANCA K TBEpIBIM
OPOXVKTAM CLOPAHMs, G6yHeT BeChbMa BHTIOLHHM, B 0COGEHHOCTH B caydae
HCHONB30BAHUA JACTH KOHCTDYKIHH DPAKETH, CIeJAHHOH, HAIpPHMED, H3 al1OMHHHS-
BOTO HJIH MATHHEBOIO CIJIaBa B KadecTBe ropiovero. B sroM ciydae ropwodero
BUOJHE XBATHT IJA HOCTHHREHHS JIOGHIX KocMuIeCKux ckopocred. To e oTHO-
CHTCS K CJydalo, B KOTOPOM GepvyT C COGOf KHCJIOPOXN, B CIYTIae OJHOBPEMEHHOTO
IPEMEHeHHA FOpI0oiero, AAlouero JeTy Iae NpOAYKTH cropanns. Mpux. ped. Iandepa.
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