4 HEIHEPLUIAINDbHI

CUCTEMM
BIOJIKY

8 4.1. Cunm inepuii

3akonu HploToHa, SIK BiZIOMO, CIIpaBeUIMBI JIMIIE B THX CHUCTEMax BiJUIIKY, SIKI pyXaloThCs
OJTHI BITHOCHO OJJHUX TPSIMOJIIHIWHO 1 piBHOMIpHO. Taki cucreMu BiUliKy Ha3UBAIOTHCS iHepwi-
aJTbHUMU CHCTEMaMHM BiJJTiKy. B Takux cucremax BiJUIiKy OCHOBHUM DIBHSHHSIM PyXy Marepi-
JIPHOI TOUKH € PIBHSHHS, SIKE BUpa)Kae APYrui 3akoH HploToHa

F=ma. (4.1)

B iHepmiasbHMX crcTeMax BiITIKY €IMHOIO MPUYHHOIO IPUCKOPEHOT0 PYXY Tijla € CHITH, SIKi
JIIOTH HA HHOTO 3 OOKY iHIMX TijN. Crna 3aBXIH € pe3yIbTaTOM B3a€MO/I MaTepiabHUX TiJI.

OpHak, Ha IPaKTHUIl YaCTO JOBOIUTHCS MaTH CIIPaBy 3 CUCTEMaMH BIUTIKY, SIKi pyXalOTbCs
BIZTHOCHO iHEpHiAIbHUX CHCTEM BiUIIKY 3 TPHCKOPEHHAM. Taki CHCTEMH BiTIKY Ha3MBAIOTHCS
HeiHepUiaJsHUMH. B HeiHepIianbHUX CHUCTeMaX BiUIiKy 3aKOHM HBIOTOHA y TOMY BUIIIAII, B
SIKOMY BOHH 3aITHCaHi B ITOIEPEIHFOMY PO3/IiIi, HE CIIPaBKYIOThCs. MatepianbHa TouKa B HeiHep-
LiapHIHM crcTeMi BIUTIKY MOXKE pYyXaTHCsl PICKOPEHO IIiJT TI€0 CHJI, BUHUKHEHHS SIKNX HE MO)KHA
TOACHUTH JTi€I0 SKMXOCh OKPEMHX Till. IX MOsBa 3yMOBJIEHa THM, IO CHCTEMA Bi/UTIKY pyXaeThcs
TIPUCKOPEHO BiJTHOCHO 1HEPITiabHOI CHCTEMH BIUTIKY, SIKOIO MOXKe OyTH, Hampukiaa, 3emis. Tax,
TIPH PaIriTOBOMY rajbMyBaHHI aBT0OYyca ITACAKUPH 3a3HAIOTH MPUCKOPEHOTO BiIXMIICHHS B HATIPSIM -
Ky pyxy. IIpu moBopoTi aBToOYCa, TOOTO IpH Nepexoi 3 IPSMOIHIHHOTO pyXy Ha KPUBOJIHIHHHH,
MIACAXUPH BIIXWIIOTECS B OiK, NMPOTWISKHUHM O HEHTpa TpaekTopii Horo pyxy. B HaBeneHnx
TIPHKJIA/1aX TIPHCKOPEHHS TIACAKHPIB HISK HE € Pe3yNIbTaToOM Jiii Ha HUX SKHXOCh CHJI 3 OOKY IHIIIHX
Ti. TakuM 9MHOM, B HEIHEPIIATBHUX CHCTEMax BIUIIKY iCHYIOTh IIPHUCKOPEHHS, SKi HE 3B’s3aHl 3
CHJIaMH, IO BiJIOMi B iHEpINabHUX CHCTEMaX BiUTKY. JIOIyCcKaeThCs, O B HEIHEPITiabHUX CHC-
TeMax BiJUTIKY, TaK caMo SIK i B IHEpIIAJIbHHX, MIPHCKOPEHHST BUKIIMKAETHCS CHIIAMH, aJie TTOpsA i3
“3BHYANHMMU’ CHJIAMH B3a€MOIii (KOHTAKTHI CHIIK) ICHYIOTb IIE ¥ OCOOJIMBI CHITH, SIKi HA3UBAKOTh-
cs CHUIaMH iHepii.

[Mepmmii 3akoH HproToHA B HeiHepIiaNbHUX cucTeMax HeMae ceHcy. OCKibKH B HelHepIi-
aNBHUX CHCTEMaX BITKY KPiM CHJI B3a€MOIIi iICHYFOTH III€ 1 CHIIM 1HepIIii, TO TpeTii 3akoH Hero-
TOHA HACTLIBKH CIOTBOPIOETHCS, IO 1 BiH BTpavae WiTKUHA ¢iznanuid 3mict. st cuin iHepii
nporuzaii He icHye. CuiH iHepIIii 3yMOBJICHI BIaCTHBICTIO TiJl 30epiraTu CTaH CIIOKOIO abo piB-
HOMIPHOTO NPSMOJIHIHHOTO PYXY.

Hpyruii 3akon HproToHa B HEeiHEpIaTbHIX cHCTeMaX (OPMYITFOEThCS sIK 1 pamirie (3.2), ofHaxk,
TIOpSITT 13 CHITAMHM B3aEMO/Iii HEOOXiTHO BPaxOBYBAaTH 1 CHIIM 1HEPIIil, SIKi 3yMOBIIOIOTHCS IPHCKOPEH-
HSIMH pyXY HEIHepIIaJIbHOI CHCTEMH BITHOCHO iHepriansHoi. ToMy npyruii 3akoH HetoToHa B HeiHep-
IiaJIbHAX CUCTEMAX MA€ BUTJISI

ma'=F +F,, (4.2)

Jie @' — NPUCKOPEHHS Tijla, BA3HAYEHE B HelHEPLiabHii cucTemi Bitiky, F — “3Buuaiini” cunu

56



8 4.2. Cunu inepyii' y cucmemax 6iONiKy, ki pyxaomocsi NPSIMOTIHILHO

B3aemogii, F,, —cnum inepuii.

OTxe, cCHITK 1HEPIIii BPaxoBYIOThCA, 100 3a0€3IeUnTH B iHEPIiaIbHIH CHCTEMI BIIUTIKY Ti
MIPUCKOPEHHS, SAKi (PAaKTUIHO ICHYIOTH, aJ€ MOSCHUTH iX 3BUYAHHUMH CHJIAMH B3a€EMOJIi MOX-
HA JIMIIIC YaCTKOBO.

Slkuio BpaxyBaT, 1110:
F=ma, (4.3)

I a — NPUCKOPEHHS B iHEPLiaIbHIN CHCTEMI BiIUTIKY, TO 3 (hopMmyiu (4.2) oTpHMaEMO:

F,=m@@ -4). (4.4)

Tyr nprcKOpeHHS @ BiJHOCHO IHEPLIAIBHOI CUCTEMH BIUTIKY Ha3MBAIOTh A0COIIOTHUM, a IIpHC-
KOpEeHHS @' BiJIHOCHO HEIHEpLiaJbHOI CHCTEMH BITIKY — BiTHOCHUM. TakuM YWHOM, CHUIH iHEepLii
3YMOBITIOIOTh PI3HHIIO MK BiTHOCHMM 1 aOCOMIOTHUM NpHCKOpeHHsMH. OTKe, CHITH iHepLi icHy-
I0Th JINIIE B HEIHEPIIUIBHUX CHCTEMAaX BWIIKY. B iHepIiaibHIX cHCTeMax BifPTiKy IIi CITH HE JIFOTb.

SIKIIo MpHCKOpeHHs HelHepLialbHOI CHCTEMH BiIUTIKY BiIHOCHO iHEpIiabHOI MO3HAYUTH
gepes &, TO BUpa3 JUIL CHII iHepIil B HeiHepIliadbHil CHCTEMI, SIKa PYXa€eThesl MPSAMONIiHIHHO,
MaTHMe TaKWd BUTIISL

F, = m(@ - &) = —ma,,

abo

FA = —méo_ (45)

IH

ITHR L]

3Hak TYT O3HAYae€, IO CHJIA iHEpIi HampsMiIeHa MPOTHIEKHO IO NMPUCKOPEHHS HeiHep-
miagpHOi cucreMu. OTKe, crila iHepIii BUpa)ka€ BIUIMB NPUCKOPEHHS HElHEepHiabHOI CHCTEMH
BIJUTIKY Ha XapakTep pyXy BIJHOCHO L€l CHCTEMH; Lie Ta BEIMYHHA, SIKy HEOOXIJHO JOAATH 10
ictiuHOT cm F | 106 cyma crana piBHoI0 Mg’ (Mma'= F+ IEiH ), sIKa CIIOCTEPIracThCsi B HEiHEp-
LiaBHIN CHCTEMI BiUTIKY.

Cuinn iHepuii € peaJlbHIMH CHJIAMH, OCKUIBKH PealibHO iCHYIOTh IPHCKOPEHHS B HEiHepIli-
aJBPHUX CHCTeMax BiTiKy. MO)KHA BKa3aTH KOHKPETHI (hi3WdHI HACHIIKY [Tl cvit iHepiii. Hanpukman,
Y BaroHi noizzia 4u CaoHi aBTo0yca CHIIM iHEpIii MOXKYTbh IIPU3BECTH IO IUIKOM PEATBHOIO 1 BiIyT-
HOTO pe3yNbTaTy — KalillTBa NacakKupiB.

§ 4.2. Cuam inepuii y cucremMax BiliIiky, siki pyxaloTbhesi npsiMoTiHiiiHO

Hexaif HeiHepItianbHa cucTeMa BIUTIKY pyXaeThes MPSIMOJIHIHHO Y3JIOBXK OCi X 3 IPHCKOpEH-
HAM d( BITHOCHO IHEpIiaNbHOI CHCTeMH BiUTKy. [IprkimagoM Takoi cHCTeMH MoXe OYTH Bi30K, IO
PYXa€eThCst 3 IPUCKOPEHHSIM dy , 3 TIPHKPIILUICHAM Ha HboMy MasiTHHKOM (puc. 4.1). TTix yac nprcko-
PEHOro PyXY Bi3Ka MasITHUK BIIXWISETHCS BiJl BEPTUKAIBLHOTO MOJIOKESHHS Ha KYT ¢ .

3 TOYKH 30py CIIOCTEpirava, KWl 3HAXOJUTHCS B iHEPIIATBHIN CHCTEMi, Ha MASTHHK JFOTh JIU-
1Ie CIUIa TSDKIHHS. MJ , CHla peakuil N 3 60Ky HuTKY (ITiIBICY MAsITHHKA) i CHIa F= ma, . Ymo-
BOIO PIBHOBArU €

F=md,=P+N. (4.6)

3 TOUKH 30py criocTepiraya, sIKUi 3HaXOAUTHCS B HEIHEpLiaJIbHIN cucTeMi (B cucTeMi, MoB’si3a-

Hill 3 Bi3KOM), BiIXHJICHNIA MasTHUK 3HAXOMUTHCS B CTAHI CIIOKOKO, TOOTO PiBHOIIMHA CHUT, SIKi JHFOTH
Ha KYJIbKY, JIOpiBHIOE HyIIO0. OCKUIBKH KyJIbKa BIAXWICHA B HAIPSMKY, IIPOTHIIEKHOMY PYXY Bi3Ka,

TO HA MASTHHK, KPIM CHIT PiN , JTi€ TI1e 1 cuIa iHepIii IEiH (puc. 4.1), piBHOMIMHA SKUX
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4. Heinepyianwni cucmemu ioniky

P+N+F,=0. (4.7)
[opisHroroun popmyiu (4.6) i (4.7), 3HaXOmMMO, IO Ha KYJIBKY € CUia
F, = —ma,.

Le i € cuna iHepuil, BeMMUYMHA SIKOI BU3HAYAETHCA BEIMUMHOIO PUCKOPEHHS HEeIHEPLiaIbHOT
b

a

[
Puc. 4.2

Puc. 4.1

crucTeMu (PyXOMOTO Bi3ka) BITHOCHO 1HEPLIIBHOI CUCTEMH 1 HalpapJieHa B OiK, MPOTUIICKHUH pyXy
HeiHepIianbHOI crcTeMu (Bi3Ka).

Jliro Takux cuil iHepIii y MOCTyHalbHOMY PYCl CITOCTEPIraeMo y MOBCSKACHHOMY >KHTTI, 30K-
pema B 3acobax repecyBanms (imidrax, aBrodycax, Tponeiidycax tomio). Tak, mpu pyci midra BBepx
Bara Tijia BAMIpsIHA criocTepiradeM B Jidri nopisaroe (puc. 4.2, a)

P

mg +mé,,

a mipu pyci midra BHU3 (puc. 4.2, 6)

P = mg -ma,,

e ma, = IEiH — cua iHepii, d; — NPICKOPEHH JIi(hTa BiTHOCHO KOPITYCY OYAHMHKY.

§ 4.3. Binuenrposa cuia inepuii

Hexaii Tisio, npuB’si3aHe 10 MOTY3KH, PyXa€eThCsl IO KOy pajiiyca R 3i cTaoro KyToBOIO MIBHI-
1 KicTio @ . [TnonmHa pyxy Tijla IeprIeHNKYISIpHa TTOBEPXHI 3eMJli
(puc. 4.3).
3 TOUKHM 30py HEPYXOMOTO CIIOCTEpiraya TiJIo pyXaeThes 3
JIOLICHTPOBHUM IPHCKOPEHHSM

i F;
'lr iH 52
i a, = - = »°R,
| T R
i e U —JIiHiiHA MBUAKICTE Tida. 1le o3Hadae, 0 Ha TIIO i€ CHIa,
‘ sIKa OTPUMAIA Ha3BY AOLEHTPOBOI CHJIH
2
~2
= _ 3] -
Puc. 4.3 Fooy = —Md, = —m-— = —m&°R, (4.7, a)
R

sIKa HaIIpaBJICHA TI0 PaJilyCy 10 IIEHTpa KOJa, i 32 BEIMIMHOK TOPIBHIOE CHITI HATATY MOTY3KH.
Criocrepirad, 3B’s3aHHI 3 PyXOMOIO CHCTEMOIO BIIITIKY, OA9UTh, IO TiJIO 3HAXOUTECS B CIIOKO.
e o3Hauae, M0 Ha KYJBKY JIi€ CHJIa, HATpaBJICHA TI0 PaJliyCcy BiJ IIEHTPA, sIKa 3pIBHOBAKYETHCS JI0-
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8 4.4. Cuna Kopionica

LEHTPOBOIO CIUIOK); il HA3MBAIOTH BiAIEHTPOBOIO cuuiok0 (puc. 4.3). Lle cua inepuii i 3rigHo (4.7)

F,o = F, = mo°R. (4.8)

1

I3 dhopmynu (4.8) BuHO, 110 CHIA 1HEPIIil NPSIMO MPOMOPIIifiHA Maci Tijia 1 HOro BijfCTaHi Bif
LeHTpa odepTanHs cucteMu. CHITM iHEpIil MOXYTh JOCSTaTH BEJIMKNX 3HAYCHb.
Konu Tifio 3HaXOMUTHCS B CTaHi CIIOKOO, CHJIA HATATY MOTY3KHU (Bara Tija) JOPIBHIOE CHJI Ts-
JKIHHS
F=P=mg.
SIKIo X TIJIO PYXAETHCS TT0 KOy, TO IS CHJIa B KOXKHIH TOUIII KoJia Bi/iMiHHA Bix P 1 3ayexuTh
Bil BenmuuHM cWiH iHepiil. Tak, Hanpukiaz, B oy 2 (puc. 4.3) cuiia HATATY MOTY3KH JODPIBHIOE

—2
F=p W

(4.9)

1 € HaWOIbIIO0. B Toumi 1 crita HaTATy MOTY3KHM JIOPiBHIOE Pi3HUILI BEIMYUHH BiJIIEHTPOBOI
CHJIM 1 Bary Tija:

- P. (4.10)

Jli€to BiAEHTPOBOI CHIM 1HEPLIT MOSCHIOETHCS 3aJICKHICTD IPUCKOPEHHS BUTBHOTO MaJliHHS
g Bix reorpadiunoi mwupot. Ha ekBatopi 1 ciia HalOUTbIIA, TOMY TaM (§ HalMEHIIE.

LB Jlito BIALIGHTPOBHUX CHJI iHEPIii IIMPOKO BUKOPHCTOBYIOTH B
izt TexHili (BIALEHTPOBI HACOCH, CEMapaTopH, HEHTPUPYTH).
/ YN \
4 1 B \

Mpuxnan 4.1. Kynvka, saxa npus a3ana 00 KiHys HUMKU, 0bep-
MAaemucs 31 CManoio WeUOKICIIO y 8ePMUKANIbHILL NIOWUHT 1O KOTLY

0

5‘ R ; 3 padiycom R =95,5 cm. Pospaxysamu namse numxu, KOIu Kyib-
% / Ka 3HaxoO0umwcs’ a) 6 HauHudicyii mouyi mpaexmopii (m. A) i 6) 6
N, /' naiiewyiti mowyi mpaexmopii (m. B) (puc. 4.4). Jlinitina weudxicmo
kymoku 0 = 315m/ ¢, aitmacam=0,335 «ke.
I { )i Po3w’sizok. a) Hamsie numxu ¢ mouyi A eusnavaemocs ¢op-
mg, myaoio (4.9):
2 2
Puc. 4.4 N, = m(e + g) = 0335 x| BT gg M| _ 673 p,
R 0,965 u c?
6 mouyi B popmynoro (4.10):
2 2
Ny = m - g) = 0,335 xe B ule)” g2\ _ 016,
R ,965 M ¢

8 4.4. Cuna Kopiomica

THIIMiA BU iHEpLIANBHUX CWJI, IKWH CIIOCTEPIra€ThCsl B CHCTEMAX, IO 0DEPTAIOTHCS, HA3H-
BaeThes cnioro Kopiomica®.

Hexaid, Hanpuria, miathpopMa 00epTaeEThes 3 KyTOBOKO IBHJIKICTIO @ , @ TIO MAacoko M PyXaeTh-
¢ 110 1i#i riaThopMi 3 OYATKOBOKO MIBUJKICTIO U BifI IIEHTpa JI0 Kparo rwiathopmi (prc. 4.5).

* Kopionic . T. (1792 — 1843) — ¢panmysskuii (isuk i imkeHep.
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4. Heinepyianwvmi cucmemu 6ioniky

Criocrepiray, 3B’s13aHHI 3 HEPYXOMOIO CHCTEMOIO Bi/UTIKY, Oy/ie CTBEpIDKYBATH, L0 TJIO pyXa-
€ThCSl PIBHOMIPHO TPSMOJIIHIMHO 10 Kparo riatopMu, OHAK, OCKUIBKHY IuaTdopma o0epTaeThes,

o

A — A

\¥

Puc. 4.5

TO TLJIO TIOMA/Ie He B TOUKY A, a B Touky A’ . 3 TouKu 30py criocrepiraya, SIKUi 3HAXO/IUTHCS Ha [U1aT-
(bopmi (3B’513aHOTO 3 PYXOMOIO CHCTEMOIO BIiIUTIKY), TiIO pyXaTUMeEThest 110 Tpaekropii OA’, To6To
BiIXWINTHCS BrpaBo. Crioctepirad, sSIKMil 3HAXOAUTHCS B PYXOMIH CHCTEMi BIJUIKY, ITOSICHIOE BU-
KPUBJICHHS TPAEKTOPIi pyXy TiJIa Ji€I0 HAa HHOTO CHIIH, MIEPIICHANKYIISIPHOI JI0 HANPSIMKY PyXYy TijIa.
Iiero curoro € cuia inepuii Kopiosica:

F.=2[0,a]m. (4.11)

zie 2[13 , E)] = d, — npuckopenns Kopiomica. Cruta Kopiornica i€ TUTbKH Ha Tia, sIKi Iepe0yBaroTh y
PYCi BiITHOCHO HEiHEepIiaIbHIX CUCTEM BITIKY, SIK€ PIBHOMIPHO 00EpPTAIOTHCS, 1 3aJICKUTh BiJl IIBUI-
KOCTI iXHBOTO pyXy. L{s criia Haj TiIOM He BUKOHYE poOOTH, a TUTBKH 3MIHIOE HATIPSIMOK HOTO PyXYy.

3ayBaXXnMo, 1110 Ha HEPYXOME TiJIO, SIKE 3HAXOIUTHCS Ha PyXOMill ruratdopMi, i€ TUTBKH Bil-
LIEHTPOBA CIJIa 1HEpIii, sKa HalpaBlieHa 10 pajiycy Bif neHnrpa. Ha pyxome Tijo KpiMm BifleH-
TpoBoOi cunu i€ mie i cua Kopiomica, sika HampapiieHa MEPICHAUKY/ISIPHO 10 HANPSIMKY PyXY
tina (puc. 4.5, 6). Tomy npu cKiananHi piBHAHHS pyXy (piBHSHHS 2-0ro 3aKoHy HpioToHA) B CHC-
TEeMi BiITIKY, [0 00EPTAETHCS, KPIM CHII B3a€MOii (KOHTAKTHHX CHIT), IOTPIOHO BpaxyBaTd Bil-
[EHTPOBY CIUTY, SIKA 33 BEJIMYMHOIO JOPIBHIOE MOLeHTpoBiii cuii (4.8), Ta cumy Kopiomica (4.11).
Toni piBHSHHS pyXy TiJa BiIHOCHO CHCTEMH, 1[0 00EPTAETHCS, MAa€ TAKUI BUTIISIIT

F'-F-F,-F,

K
abo

ma’ = md - m@°R - 2m[5, @) (4.12)
Ipuckopenns a' B (4.12) HA3UBArOTH BIHOCHUM MPHCKOPEHHSIM Tilia BITHOCHO PYXOMOI CHC-

TeMH BiyTiKy, Ma = F - PpiBHOJIMHA BCIX CHJI, IO JHFOTh HA TiJI0 3 OOKY 1HIIMX TiJI, TOOTO Lie CH-
J1a, 10 peasIbHO iICHYE SK pe3yJbTaT B3aEMOII TLIL.

Hiero cun Kopiormica MOSICHIOETHCS PSIT SIBUIIL, IO CITIOCTEPIratoThCs TIPH PYyCi Tl TOOIH3Y 3eM-
HOI moBepxHi. Tak, BHACTIOK T0OOBOTr0 00epTaHHS 3eMIIi, TiNla, SKi BEPTUKAIBHO M at0Th, BiIXH-
JIFOTBCS Ha CXiJI,  TiJia, 0 PYXAFOThCS B3I0BXK 3€MHOI TIOBEPXHI, BiIXIJIIOTHCS B TIBHIYHIH ITiB-
KyJIi BIIPaBO, a B MiBACHHIN — BJIiBO BiJl HANPAMKY iX pyxy. OcTaHHE NPU3BOAUTH JI0 MMiAMUBAHHS
BiANOBiTHOrO Oepera y pidoK; 3HOIIECHHS MPaBOi PEHKH 3ai3HUYHOI KOJii B MBHIYHIN MiBKYII 1 J1i-
BOI — B MiBJICHHII (32 XOIOM IOTSITiB); BUHMKHEHHIO JESKHMX MMOBITPSHKX 1 MOPCHKHX TEYil TOLLIO.

Cum Kopiortica BpaxoBYIOTBCS TIPH pO3paxyHKY ITOTBOTIB PakeT Ta apTUIIEPiHChKIX CHApSAiB
Ha BEJIHUKI BIICTaHI.
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8 4.5. llImyuna epagimayis

§ 4.5. IllTyuna rpasiTaiisi

B § 3.9 6yn0 nmokasaHo, 110 SKIIO TLI0 PyXaeThest (Maa€) 3 IPUCKOPEHHSIM, PIBHUM HPHUCKOpE-
HHIO BUTBHOrO NaaiHHA (8 = §) , TO BOHO IepeOyBae B cTaHi HeBaromMocTi. Lle Takwuii ctaH, Ko

JIFOYi HA TIJIO 30BHIIITHI CHJIM HE BUKIMKAIOTh B3a€EMHUX THCKIB YaCTHHOK TiJIa OHA Ha onHy. Ha-
TIPUKJIa]], B CTaHI HEBArOMOCTI 3HAXOJUTHCS KOCMOHABT BCEPEIHI KOCMIYHOTO KOpaOIIst Ha OKOJIO-
3eMHil opOiTi.
st mopuan (K 1 Ut OYIb-IKOTo 6i0MOrigHOro 00’ €KTa) HEBATOMICTh HE3BUUHE SIBUIIE.
TpuBase nepeOyBaHHS JIOJUHN B CTaHI HEBAaroMocTi HeOa)kaHe, OCKIJIBKH OpPTaHi3M JIIOAWHH
MIPUCTOCOBAHUH JT0 3eMHHUX YMOB i 70 po0o-
TH TIPU HasIBHOCT] Bard.
[Ipobnemu, sKi BUHUKAIOTh ¥ KOCMOHAB-
TiB B CTaHI HEBaroMoCTi, MOXYTb OyTH pO3-
B’s13aHi IIUIIXOM CTBOPEHHS Ha KOCMIYHIH CTaH-
i mrygHoi TpasiTarti. Tomi ii MermkaHii Mor-
1 © GYHKIIIOHYBATH B YMOBaXx, OJIN3BKUX 10
HOpMAaIBbHUX (3eMHEX). IS JOCATHEHHSI IIHOTO
HEOOXiTHO JIMIIE TMPUBECTH CTAHIIIO B CTaH
obepTaHHs.
Hexait xocMmiuanii Kopabenb, SKHil CKIta-
JTAETHCS 3 IBOX BiJICIKIB, 3’ €THAHUX TIEPEXOIOM
Puc. 4.6 JIOBKIUHOIO 2R, 00epTaeThes 3 KyTOBOKO IIBHUI-
KICTIO @ , 5IK TIOKa3aHO Ha puc. 4.6. B pe3yins-
TaTi KOYKHA TOYKA TiYTOTH KOpaOIIs pyXaeThesl 3 IOICHTPOBUM TPHCKOPEHHIM

gy = ®°R. (4.12)

ITijora
ITigiora

2R

Ha xocMoHaBTa, SIKWi 3HAXOUTHCS Ha KOCMIYHOMY KOpaOiti, JTie BiIIICHTPOBA CHJIA iHEpITii
F, = mo®R, (4.13)

3 SIKOI0 KOCMOHABT JIi€ Ha MiIOry Kopadis. 3 TOYKH 30py KOCMOHABTa KOpaOelnb 3HAXOAUTHCS
B CTaHi CIIOKOIO 1 3TiIHO TPETHOTO 3aK0HY HEI0TOHA mitora Kopalis Jlie Ha KOCMOHABTA 3 CH-
JIOIO PEeakKilii, Ika € JOICHTPOBOK CHIIOD

Fooy =—Mo’R. (4.14)

[e Taka x cutyaris, sika 6 Mayia micie, Ko 0 Ha KOCMOHABTA Jisla Ciia TSOKIHHA. Takmm

apHOM, “Bara” kocMoHaBTa P =mw?R . B pe3yabTaTti HaIpsIMOK JI0 LIEHTPa KOCMIYHOT0 Kopao-
JI51 KOCMOHABT BiIdyBac sIK “BepX”’, a MPOTHICKHUH HAIIPSIMOK — sIK “Hu3”.

Hpuxnanx 4.2. [punycmumo, wo xocmiunuii Kopabenv, 300padxcenuti Ha puc. 4.6, mae paodiyc
R = 20 m. Ckinvxu obepmie 3a cekynoy nogumer 30iiCHIOBamMYU Maxui Kopaoens 0t NiOMPUMAHHSL Y
KOCMOHAGMIE HOPMATLHOL 842U.

Po3B’s130K. B yvomy sunaoky

Aoy =9 =98 mlc.
Tooi, seiono (4.12)
o’R = g.
Arwo epaxysamu, wo @ =270 , 0e N — KiAbKicmb 00epmie 3a 0OUHUYIO YaACy, MO
4r*n’R =g,
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4. Heinepyianwni cucmemu ioniky

36I0KU

1 (g _ 9,8 m/c? 011_
27 \R 2(314) 20 n

8§ 4.6. BoutuB pyxy 3 BeJJHKHM NPUCKOPEHHSIM HA KHBi opranizmu

Skimo moanHa 3HAXOAUTHCS B KaOiHi Ji(hTa, SIKUH pyXaeThest 3 MPUCKOPEHHSIM @ BBEPX, TO Ha
moauHy Oyze misTu crta peakuii oropu N |, sika 3a a0COFOTHOIO BETMYUHOIO IOPIBHIOE

N =m(g+a),

(muB. § 3.9). Tyr mg — cua TsoKiHHs. TakuM YHHOM, CHITa peaKii OLTblIa CHIIM TSDKIHHS | BUHHKA-
10T TepeBaHTaxeHHs. SIkimo a = g, To N = 2mg, To0TO BUHHKA€ IBOKpATHE IepeBaHTaKeHHs. YacTo
TIepeBaHTKEHHS BUMIPIOIOTH B OMHHUIIIX J. ToMy 1pH @ = g riepeBaHTaKeHHS JOPIBHIOE N = 2.

INepeBanTa)keHHS! BUHMKAIOTH B KaOiHi JidTa mpu foro raeMyBaHHi, pyxarourch BHU3 a00 B
KaOiHI KOCMIYHOr0 KOpaoJIst MPH MOCA/LI Ha 3eMITIO.

Benuki nepeBaHTa)keHHS AIIOTh HA JIFOAMHY B KOCMIYHHX pakeTax, sKi CTAPTYIOTh 3 BEJIH-
KM TIPUCKOPEHHSIMY, a TAKOXK IPH KPUBOJIHIHHOMY pyci 32 paxyHOK BiIIIEHTPOBUX CHJI iHEp-
11, HATIPUKJIA]l, TIPH BUKOHAHHI BiiCHKOBUM JIITAKOM ‘“MEpTBOi TeTi”.

Hpuknan 4.3. Axe nepesanmasicenns die na nizoma 8ii-
CbKOB020 IMAKA 6 HUMNCHIU mouyi ““mepmeoi nemni” (mouyi
A (puc. 4.7)). Paoiyc nemnai R =500 m, ainiiina weuoxicmo

3 aimaka v =700 xu/200.
Po3B’s130k. Cuia, 3 K00 Kpicio mucHe Ha niioma 6 moyyi
A, susnauacmucst popmynoio (4.9):
2 2
v v
- =m(@+—)=mg(l+—),
it (g + =) =mg( Rg)
Fax de v® / R — 6ioyenmpose npuckopernns, MQ — cuna MAKUCIHHA,
Puc. 4.7 sxa oie na ninoma. Tooi

(194,4 m/c)?

N=m
| (500 2)(9,8 m/c?)

= 8,7mg.

n=4 BucHoBok: B mouyi A nirom giouysaec ~ 9 — kpamue ne-

pesanmadicenns (N = 99).

/_ﬁ [lepeBaHTa)keHHsI MOXYTh ICTOTHO BIUIMBaTH Ha
OpTraHi3M JIIOWHH, OCKUIBKH NPU IIBOMY 3MiHIOETHCS B3a€MHHUN
3 n =10 THCK BHYTDIlHIX OpraHiB OJHMX Ha iHIN, BHMHHMKac ixX
nedopmartist, 3MIHIOETBCS IWPKYJBSILiS KpoBI B OpraHi3mi
monuaM. Tak, mo0 3a0e3neynTH IWPKYJSIII0 KpOBi, KOJH
\/\}/O JIFO[IMHA 3HAXOIUTHCS B HOPMAIIbHOMY CTaHi (HAIPUKIIaL, CTOITh
HEPYXOMO), Ceplle MpoKadye M KitorpamiB KpoBi BBepx (10
Puc. 4.8 MO3KY) 3 cuoro F==m- 9,8 H. Ilpy BUHUKHEHHI BEIMKOTO
HepeBaHTaXEHHsI (HAIPUKIA[, TIPU 3IbOTI PaKeTH 3 KOCMO-
HAaBTOM), CepIleé KOCMOHABTAa MOXXE BHSBHUTUCS HE 3[JATHUM 3a0e3lCUUTH IepeKadKy KpOBi 0
MO3KY, 1 BIH MOKE 3HETIPUTOMHITH.
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8 4.7. [Jenmpugpyea

Ha puc. 4.8 cxemaTHIHO TIOKa3aHI TIOJIOMKEHHS TiJTa JIFOJIMHY 1 HABE/ICHI BiIIIIOBITHI 3HAYCHHS
TIepeBaHTAXXEHb, SIKI MOXKE Ha TIPOTSI31, 10 KpaiHii Mipi KIJTBKOX XBIIMH, TIEPEHECTH 3710pOBa JIFOIMHA
0e3 cepifo3HNX MOPYIIEHb B OpraHi3Mi.

Kpim Toro, 3 Meroro miroToBK1 NEepeHECEHHsI BEIMKUX MepPEeBaHTaKEHb MalOyTHIX TMJIOTIB 1
KOCMOHABTIB TPEHYIOTh Ha CIICIIialIbHIX MPUCTPOsX (HeHTpudyrax).

8§ 4.7. HenTpudyra

Oco0mMBOCTI IMHAMIKH PYXY IO KOy BUKOPHCTOBYIOTh B TIPUCTPOSIX, IPH3HAYCHUX YIS LIBHI-
KOT'O PO3JIJICHHS 1 IOCII/DKEHHS PEYOBHH, SIKI MaJIO BiPI3HAIOTHCS 32 CBOIMH (Di3SHIHUMH BIIACTHBOC-
TsiMu. Taki IpuCTpoi HAa3MBaIOTH HeHTpUGyramu. OCHOBHOIO YAaCTHHOIO LIEHTPU(YTH € POTOP, 10
SIKOTO TIPHKPITUIEHO TIEBHY KUJIbKICTh 30a1aHCOBaHUX MPOOIpOK Ha MEBHIM BiACTaHi Bix oci obepTa-
aast (puc. 4.9). Potop 06epTaeThest 3 BETMKOO MIBHAKICTIO — Bif
KITBKOX THCSY IO OECATKIB THCAY (B YJbTpAalEHTPU(DYrax)
00€epTiB 3a XBWINHY.

S0 B mpobipIli, HATIOBHEHOI PiZIMHOI0, 3HAXOUTHCS Jac-
THHKA JIOCHI/DKYBaHOI PEYOBHMHHM, TO NpH OOepTaHHI poTopa
HEHTpU(YTH HAa YACTHHKY B TOPU3OHTAILHOMY HalpsIMKy Oy-
JIYTh JSTH JIBi CHUIM. AOLEHTPOBA, SIKA € CHUJIOIO OIIOpPY PiJMHH,
i BimuentpoBa cuwia inepuii. Komn mouenrtpoBa cuna (cwia
OIOpY piwH) OLIbIIA 32 BIALEHTPOBY CHITY iHEpIIil, TO YaCTHH-
Ve Ka Oyzie epeminiaTics 1o oci obepranns. Lle Mae micre Tom, Ko-
e J T'CTMHA YaCTMHKH 0; MeHIA TyCTHHH piaHd p (o) < p).

ol )\ &

Came Tak BiIIUISETHCS MacIo BiJl MOJIOKa B MOJIOYHOMY ceria-
Puc. 4.9 paTopi.

SIKIIO BiIEHTPOBA CHUIA iHEPLi € GLIBIION ONEHTPOBOI CIUTH (IO MOJKJIMBO 32 BUKOHAHHS
YMOBH p; > p ), TO YaCTHHKA TTepeMilliaTUMEThCs 10 Tiepudepii i B KIHIEBOMY PaxyHKY JIOCATHE JHA
npobipky, siKe Ha Hel Oy/e MisTH 3 CHIIOK, HeoOXiIHO, 100 BTpUMATHCS Ha KOI (3 JOLCHTPOBOIO
CHJIOIO).

B nienTprdyrax po3aistoTh i 0Ca/pKYIOTh Ti pEUYOBHHH, SKi HE MOYKHA PO3JIUTUTH 200 OCATUTH
TIT TI€F0 CHITH TSDKIHHS. 3aBISIKH BICOKHM IIBHAKOCTSIM OOepTaHHS IeHTpUdyTa cTBOproe “‘edek-
THBHY CHJIY TSDKIHHS, sIKa 3HAYHO TIEPEBUIIYE 3BHYaiHy ciuty Tspkinus. [Tin miero miel crm gac-
THHKH PYXafOThCsI /10 JTHa MPoOipKH HabaraTo MIBU/IIIE, HIXK B 3BUYaHIX yMOBaX.

HenTpudyrn nmmpoko BUKOPUCTOBYIOTHCS B 010J10TiT I PO3AIIEHHS Pi3HUX CYCHEH31H 1
HAaBITh JUIS OCaJDKEHHS KPYIMHUX OUTKOBHX MOJIEKYN. B Meanko-0i0J0TiYHAX TOCHIKEHHX 32
JIOTIOMOT'OI0 CYYaCHHUX YIbTPALEHTPU(YT PO3IUIAIOTE OiomoiMepH, BipycH 1 CyOKITITHHHI dac-
THHKH.

HOpuxnax 4.4. Yacmoma obepmanus pomopa yibmpayeH-
mpugpyeu N =50 000 06/xs. Hosoxcuna npobipku (nepnenouxyisp-

Hoi 00 oci ob6epmanns) dopienioe | = 0,06 M, a Ono npobipku sHaxo-
0’_r Ooumucs 610 oci obepmanns na siocmani R = 0,10 m (puc. 4.10). a) Pos-
R [, paxysamu eioyenmpose npuckopers (6 OOUHUYSX NPUCKOPEHHS.

o

8L1bH020 NAOIHHS (). 0) AKW0 NOGHA MACA PEYOBUHU, WO MICHIUMbCS
6 npodipyi dopieHroe M = 12 2, mo Ky cury NOBUHHO BUMPUMAMY OHO
npooipru?

Puc. 4.10 Po3B’si30K. a) Bioyenmpose npuckopentst inepyii yacmunku
V 8epXHIU Yacmuri npooipKu
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4. Heinepyianvui cucmemu 8i0niKy

a =—
1 )
r
0e r =R = = 6idcmans 6i0 oci obepmanns 0o 8epxnvoi uacmunu npodipku, N — HHIUHA WEUO-
KiCmb 4acmuHKU Ha i0cmani ¥ 8i0 oci 0bepmartsl, IKa 00Pi6HIOE
2zr)n _ 2z(R-Nn
L = = y
t t
Ode 27 — Q08JICUHA KONA, NO SAKOMY 00EpMAEMbCA YACMUHKA Y 8EPXHIll YACMUHI NPOOIPKU.

Tooi

o 47°(R—-1)n*  4(314)°(0,04 m)(5,0-10" 06/ x6)*

) . - =10,9-10° m/ c?.
t (60,0 c¢/xs)

Posoinusu ye snavenns na § = 9,8 m/c?, ompumaemo npuckopenns a = 11-10° g (6 oou-

Huysix g).
Yacmunka 01 OHa npobipku 00epmaemscs 3 RPUCKOPEHHAM

_ 47°Rn®  4(314)% (0,10 m)(5-10% 06/ x6)*

7 60 ¢/ 1e)? = 2,74-10° m/ %,
Cl X6

a
abo
_2,74-10% w/ c®
9,8 m/c?

6) Peuosuna, wo micmumucsi 8 npodipyi, 6yde dissmu Ha OHO HPODIPKU 3 CULOKO

a, =2,79-10° g (6 0ounuysix g).

F = ma,,
a, +a, o .
Oe a, = - cepeOHE NPUCKOPEHHS YACMUHOK, W0 3HAX00smbcs 8 npobipyi. Tooi

m(a, +a,) _ (0,0120 x2)(110-10° ae/c® +2,74-10° m/ c?)

=2,30-10* H.
2 2

F:

L5 cuna exgisanenma cuni msxiciniusi, sika oie na mino macoro m =2351xe (m=F/g =
=(2,30 10*H ) /(9,8M/02) =2,351-10%ke , mo6mo NPUOIUZHO 2,5 MOHHU.
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