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3aBganns 1 (11 kiac)

KocMmiunuit kopabenb pyXaeThes 3 JEAKUM IMITyIbCoM P. Ilicis 3MiHu Kypey Ha
KyT @ J10 IOYaTKOBOTO HANpPsIMKY, MOAYJb IMITyJIbCy KOpabiisi He 3MiHuBcs. Ha sikuit
HaWMEHIINN Yac KariTaH KopaldJisd BKIIOYUB ABUTYH 3 CUJIOIO TATH F Ta sIK Opi€HTYyBaB
BiCh JIBUTYHA?

Po3B’s130K

300pa3uMo CXeMaTUYHO 3MiHY IMITyJIbCa KOCMIYHOTO KOpPaOIs.

X

BubepeMo HanpsAMOK KOOPAMHATHOI OCI X B3JI0BXK BEKTOpa Ap.
IMnynbsc kopabiist micist poOOTH IBUTYHA 3 CUJIOK TATH F ymponosx yacy At
JOP1BHIOBATHME:
Py =P +Ap.
CrpoekTyeMO CKJIaJIOB1 BUpa3y Ha KOOPJAMHATHY BICh X Ta OTPUMAEMO BUPA3:
Ap = 2psin % [1]
3Mminy iMIyJbca kopabis Bu3Haunmo 3a I 3akonom HeroToHa:
AP =F - At
CrpoexTyeMO CKIIaJI0B1 BUpa3y Ha KOOPAUHATHY BICh X:
Ap = F - At [2]
[TpupiBHsemo Bupasu [1] Ta [2]:
F-At=2p sin%.
2p sin%

3Bincu, At = v

Bick aBuryHa HEoOXiTHO OPIEHTYBATH JO MOYATKOBOTO HAMPSMKY MiJ KyTOM
s a
==+~
2 2



3aBganns 2 (11 kiac)

VY nocynuny o6’emoM 10 71, 10 3alI0BHEHA CYXUM IOBITPSIM NIPU HOPMaJIbHUX
yMOBaXx, BBOJSATH 3 T BOAM i HArpiBaroTh 10 100°C. BU3HAUNTH THCK BOJIOTOTO MOBITPS
B [TOCYJIMHI [IPH 11{ TeMneparypi.

. Jox .
Ho Bimoma. Crama boasumana R = 8,31 — HopmaneHi ymoBu —
MOJIb*

atmocdepruii Tuck Py = 10° Ila, remneparypa T, = 273 K.
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[Ipu  Ttemmeparypt T =100°C=373K Bojma BUNAPOBYETHCS  Ta
MIEPETBOPIOETHCS Y BOJSIHY Mapy. Boisore moBiTps — 1€ CyMilll CyXOro MOBITpSl Ta
BOJsIHOT mapu. THWCK cyMili Tra3iB poO3paxOBYETHhCS SIK CyMma MaplliaJbHUX THUCKIB
cyxoro noBiTpst P, Ta BoAsiHOI napu P,:
P =P, +P,. [1]
[laprianbHUl THCK BOJASHOI Tapu po3paxyeMo 3 piBHSIHHS MeHaeneeBa-
Knanenpona:

PV = %RT,
ne V=10n1=10"%2m3 - o06’eMm nmnocyquaM, m =3T — Maca BOJH,
M=18-1073 & — MOJIsIpHa Maca Boau, R — ctana bosbimana.
3BiacH,
MRT
by=— [2]
Amnanoriuno nosiTps npu 100°C Oyzae cTBoproBaTH NapiiaibHUM TUCK:
vy RT
p, =2 [3]

1€ V;, — KUIBKICTb CyXOT'O MOBITPS B MOCY/IMHI.
KisbKiCTh CyXOro moBiTpsl y MOCYAMHI BU3HAYMMO 3a JIONOMOTOIO PIBHSHHS
MenneneeBa-Knaneipona 3a HOpMaJbHUX YMOB:

P()V = VHRTo,
ne Py = 10°Ma, T, = 273 K.
3BiacH,
_ BV
vy = [4]

[TincraBumo Bupa3 [4] y Bupa3 [3]:



__ PV RT _ PyT

b= v [5]
0 0
[TincraBumo Bupasu [2] ta [5] y Bupa3s [1]:
p=C0% 200 [6]
MV T,

— Jx
_ 310 Skr-831—-—373K 105 [[a-373 K

= ~ 189 klla.
K 10-2 M3 273K

18-1073

MOJIb

3aBmanus 3 (11 kmac)

Ha BHyTpiIIHIM MOBEpXHI KOHYCa Ha BiICTaHi | B1J 1OTO BEPIITUHU 3HAXOIATHCS
B CTaHl CIIOKOIO HAaBIOPOTHU OAMH OJIHOTO JBa Tija 3 OJHAKOBUMH MO3UTUBHUMU
3apsAaMyd 1 OJHAKOBUMM MacaMu. Bich KOHyca BepTUKallbHA, KyTH IPHU BEPIIMHI
KOHyca Z2a. SKmo Ha TiIa NOMIATH OHOPIAHUM €JIEKTPUYHHM MOJeM 13
HaIpPY>KEHICTIO He Oubie E Ta HanpaBiIeHUM B3JI0BXK CHIIU TSKIHHS, T1JIa TOYWHAIOTh
pyxaTtucs BHU3. SIkMM MOBUHHO OyTH MOJie, HAMpaBlIeHEe JOTOPH, 00U TiJIa PyXaIHucs
0 MIOBEPXH1 KOHYca Bropy?
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Bbynemo BBaxkatu, 1110 Tij1a B 000X BUIAKaX pyXajiucs piBHOMipHO. Po3risiHemo
JTUHAMIKY PYXY OJTHOTO 3 Tijla Y KOKHOMY BUITAJIKY.
Ha Timo aitots cvm (puc. 1,2):
— CWJIa TSOKIHHA — Mg;
— cuna 1epTst — Frp; . .
— cuna peaxiii onopu — N; a6o N;
— cuia Kynona - ﬁk (3a 3akoHOM Kyrnona:

2
q q q
F = _— —_— _—
k=k (2r)2 k (2l-tga)? 412tg2 a’

2 2

[1]
— CuJIa, 3 SIKOIO 30BHIIIIHE €JIEKTPUYHE IOJI€ JII€ Ha TLI0 — ﬁel abo ﬁezi
mijg yac pyxy Tina BHU3 — F,q; = qE, [2]
i yac pyxy Tija Bropy — F,, = qE,. [3]



Puc. 1. Tino pyxaeTbcs BHU3 Puc. 2. Tino pyxaerbcsi Bropy

3anumemo Il 3akon HeroToHa 114 Tina, sIKE pyXa€eThCsl BHUS.
mg + Ey + Ny + F + Foy = 0
Bubepemo koopauHaTHi oci (puc. 3) Ta 3anuiieMo JaHe PiBHSIHHS Y CKATSIPHOMY
BUTJISII.

— —KyT &

Fy
> x#
y
Puc. 3. Tino pyxaerbcs BHU3
Ox: — FEpsina — Nicosa + F, =0

Oy: mg— Fycosa + Nysina + Fe; =0

I3 1i€i cucTeMu piBHAHDb BUPA3UMO CHITY TEPTS:
Ep = Fy sina + Fgq cosa + mgcosa. [4]

3anumemo Il 3akon HeroToHa 117151 Tia, SIKE pyXa€eThCs Bropy.



mg+ Fy + Ny + F + Fpp = 0
Bubepemo koopauHaTHi oci (puc. 3) Ta 3aMuIleMo JaHe PIBHSIHHSA Y CKAJIIPHOMY
BUTJISA/L.

Puc. 4. Tino pyxaerbcsi Bropy

Ox: Fpsina — Nycosa + F, =0
Oy: mg+ Fycosa + Nysina — F; =0
I3 i€l cucTeMu piBHAHD BUZBHAYUMO CHITY TEPTS:

F,p, = Fgy cosa — mgcosa — F, sina. [5]
[TincraBumo y Bupasu [4], [5] Bupasu [1], [2], [3] Ta mpupiBHIEMO iX.
2 2
km sina + qEcosa + mgcosa = qE,cosa — mgcosa — kéuz_qm sina
Bupa3umo HanpyKeHiCTh eJIEKTPUYHOTO 1oJis E:
kq 2mg
EZ = > + —.
2l°-tga

3aBnanns 4 (11 knac)

BunaxigHuk 3anponoHyBaB HOBUHM CIOCIO 3aMyCKy pakeT. 3aMmicTh TOro, 1100
3aIyCKaTH iX Bropy, BUHAXiTHUK PEKOMEH/IyBaB BiITyCKaTH PaKeTy BHU3 IO KOJIO0Y
3 peiikamu, kUi MaB (OpMy MiBKOJIA BEJIUKOTO pajaiyca R Ta pelKku po3MIlTyBaHCs
Yy BEPTUKAIbHIN TUIONIMHI. Y NESIKUA MOMEHT pyXy IO pelKax pEeKOMEH]IyBajocs
BKJIFOYUTH JIBUTYH. BHHaX1THUK CTBEP/XKYBaB, IO I/ YaC TaKOTO CIOCO0Y 3aIycka
BUCOTa MigiloMy pakeTu Oyzae OUIBIIOIO, HDK MiJ Yac 3BUYANHOrO 3aIycka
(BEpTHKAJIBLHO Bropy 3 TaKUM K€ JBUTYHOM). Y SIKOMY MicCli k0J00a HEOOX1AHO
BKJIFOYUTH JBUTYH, 1100 BHCOTa MiIHOMY pakeTh Oylia MaKCUMalbHOIO? 3BIJIKU
OepeThCs J0AaTKOBA €HEPris JJis 301UIbIIICHHS BUCOTH IMiAHOMY pakeTu?



Po3B’s130K

B ymoBi 3amadi BiJicyTHI BIJIOMOCTI IIpo 4ac poOotu aBuryHa. Hexal BiH
NPaIo€ KOPOTKUIA TPOMIXKOK Yacy.

OuyeBuIHO, 110 Ji¢ 6 He BMUKAJIA JBUTYH, BiH 30UIBIIUTH MIBUAKICTh PAKETH Ha
OJIHY ¥ Ty K BeNIWYWHY AV, sika HE 3aJIe)KUTh BiJ MMOYATKOBOI MIBUIKOCTI PAKETH V.
{06 y 11bOMy MepeKOHATHUCS, IOCTATHBO MEPEUTH B CUCTEMY BLIIIKY, Y sIKii vy = 0.
Bbynemo Takox BBakaTw, IO Maca BiANPaIlbOBAHOTO MMaJMBa IOCTATHHO Maja, TOOTO
Maca pakeTH 3a 4ac poOOTH ABUTYHA MPAKTUIHO HE 3MIHIOETHCSI.

Pi3HuUIIS KIHETUYHUX €HEPTid paKeTH J0 Ta MiCs pOOOTH ABUTYHA JOPIBHIOE:

2 2
AE, = m(”";m’) — mzv" = %(vg + 2v,Av + (AV)? — vE) = %(ZUOAU + (Av)?).

Kinetnuna enepris Oyme TuMm Oulbmio, 4uM Oinbina vy. A v, HabyBae
MaKCHMaJbHOTO 3HAUYEHHS B HIDKHIN TOYI[l HAMiBKOJIA.

JlonaTkoBa KIHETUYHA €HEPris PaKeTH BUHUKAE 33 PaXyHOK MOTEHIIAIbHOI
eHeprii yactuHu nanusa. [1i1 yac 3BU4aiiHOro cTapTy 4aCTMHA MaJMBa BUKUIAETHCS
Ha pIBHI 3€MJI1, a y BUMAJIKy CUTYallll, OMMCAaHO1 B YMOBI 33J1a4l, — HUKY€ [[bOTO PIBHS.




