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1. Bacunuii, cTos BO3Je JepeBa, MOAKHUABIBAT TPEIKUN Opex Maccod M BepTHKaIbHO BBEPX CO
CKOpPOCTBHIO V. B kakoi-To MOMeHT, xuTpas Oeika maccel M, cusiias Ha TOM ke JiepeBe Ha BeicoTe H,
pemnna ykpactb opex. Kak Toiapko Oenka M opex MOpPaBHAIUCh, OHAa TYT XK€ TOPU3OHTAIBHO
OTTOJIKHYJIaCh OT JIepeBa CO CKOpPOCThIO U W cxBartuia opex. Ha kakoMm paccTossHUM OT JepeBa
npu3eMinTces Oenka ¢ opexom?

Bo3moxxHoe pemienne

t2 . o
3anumiem ypaBHeHue JIBwxkeHuss H = vyt — gT. Otcrozia Hal1IeM CKOPOCTh, C KOTOPOU JIBUYKETCS Opex
vy =V — gt
N3 1 ypaBHeHUs HaliieM BpeMst TI0JIETa U CKOPOCTh JIBHXKCHHS

vot /vé—ZgH
g

ClIydasx: Kor):[a OH JICTHUT BBCPX HUJIU, KOI'/Ia OH JICTUT BHU3.

tip = vy, =14/ vg — 2gH 3Hak * 0OBACHIETCS TEM, UTO GENKA MOKET MOMMATh OPEX B JIBYX

3anuiieM 3aKOH COXpaHEHUs UMIyJibca B poeKuusax Ha ocu X,Y
mv = (m+ M)V,
Mu = (m+ M)V,
Orcrona Haiinem ckopocru V, u V),

Eme pa3 3anumeM ypaBHeHHUE IBHKEHUS U JJIMHY T10JI€Ta Tena
gt’
0=-H+ vy T + >

L=Vt

I'ne T BpeMs noJieTa cUCTeMBbI "Oesika — opex'.

Tyt /v§+2gH

g
OTPHUIATETBbHBIM, 3HAYUT COYETAaHUE 3HAKOB “+,-“ 1 “‘- -“ HaM He MOAXOAT.

HO)ICTaBI/IM BpEMs U IMOJTYYUM OKOHYATEIbHBII OTBET

L= Mu +V+/V2+2H
_(m+M)g(_y Y gH)

Haiinem Bpems nosiera CUCTEMBI T1, = [Tpoananusupyem 3Haku. Bpems He MoxxeM ObITh

(13



Kpurepuii CooTHOLIEHME bana
3anuicano ypaBHEHUE gt? 1 Gasn
JIBUKEHUS u HalieHa H = vot — 2
CKOpPOCTb Opexa
vy = vy — gt
Haitneno Bpemsi ABWXKEHUS U Vo + vg — 2gH 1 Oamn
CKOpPOCTb Opexa tiz = g
v, == ’vg — 2gH
OObsichen 3HaKk + B 1 Gann
OIpe/IeNIEHUU CKOPOCTH
3anucaH 3aKOH COXPaHCHHSA mv = (m+ M)V, 1 Gann
UMITyJIbCa
Mu = (m+ M)V,
BoIpaskeHbl CKOpOCTH OENIKU U Vyul, 2 Gama
opexa
Haiineno  Bpemst  mosnera +V, + v; + 2gH 1 Gann
CHUCTEMBI T12 =
g
[Tpou3BeneH aHaIN3 3HAKOB 1 6amn
3anucaH MpaBWIbHBIN OTBET C _ Mu (+V, 2 Gamna
yKa3aHHEM JIBYX CIIy4aeB (m+M)g "7




2. Kak wu3BecTHO, HamlMd NpeIkd ObUIM CHJIbHEE MHOTUX HaTPEHHUPOBAHHBIX
CIOPTCMEHOB. JlONyCTHM, YTO HMMHU OBLIO MPHUAYMaHO NPUMHUTHUBHOE OXOTHHYbLE
opyaue — KOKOC, HaJeThlii Ha naiky. B3MaxoM pykH, KOKOC pa3roHsUICS,
COCKaJIb3bIBaJl C KOHLIA MaJKU M Hopaxan uenb. OUeHUTe AaJbHOCTh METAaHHUS
KOKOCa, €CJIM MPEANOI0KHUTb, YTO MOIIHOCTh MBIIII PYK JaHHOI'O IPEICTaBUTEIIS
Morna paBHATbCs 2 KBT. Ilonaraercsi, uro Bce HEOOXOAMMbIE TaHHBIE MOTYT OBITH
OLICHEHBI U BBEJCHBI CAMOCTOSITENBHO.

Bo3MosKHOe pemenune
N3 3CHO
Mv? mv?

= Pt
2 "8

I'ne M = 1kr — macca kokoca, m = 100r — macca naigku. CKOpOCTb LIEHTPA Macc MajJKH OLIEBUIHO B 2

pa3a MeHbIIIe TPHOOPETEHHOM CKOpoCcTH KoKoca. Bpemst omennM kak t = 0.1 ¢, cuuras, uto u3
TOPU30HTAILHOTO MOJIOKEHHSI HEOOXOIMMO MPOUTH BOCHBMYIO YaCTh OKPYKHOCTH.

2
M

OTtcroa JIerKo UIIETCs OLEHKA JIJIi CKOPOCTH. v? =400 =
C

Jlanee, U3BECTHO, UTO CaMbIii JadbHUI OPOCOK OCYIIECTBISETCS MO YIJIOM 45 rpaiycoB.
3anuieM ypaBHEHUS ABHXKEHUS
L=wvt
gt?

O:H+Uyt—7

(BpICOTA “TIpeaKa” MOXKET OBITh UCKITFOUCHA U3 PAaCCMOTPECHHUS)
Hroro, pemus 3Ty CUCTEMY, UCKITIOYMB MaJIbl€ BEIMYMHBI U ITOJICTABUB OLIEHKY CKOPOCTH MOJy4HM:

v? 4gH

L=—(1+ |1+ =40
29 ( v2 ) M
Kpurepuii CooTHoOmIeHHE bana
3CH Mv? mv? 2 Gamna
+ =Pt
2 8
VYcnoBue makcumanbHON 1 6ann
JATbHOCTH
YpaBHEHUS IBUKEHUS L=wvt 3 banna
0=H+v,t gtz
Pazymubie OLICHKHU 2 banna
BEJIMYHH
Otser 2 4gH 2 Ganna
L=—1+ |1+—)=40m
2g v




3. Komeit pazogapoBaiics B siiilie, YTKE U 3aille U PEIIII EPenpsaTaTh CBOIO UTITY. Boaa

OH nmomMecTui1 Uriy B map s 6oynunra ¢ paauycoM R = 11 cMm, a map copsitan
Ha camoM pnHe baiikama. UtoObl map He kartaics mo jaHy, Komed caenan

UJIeabHO MOXOSIIYIO U HEro BeIeMKy MiyOuHbl h = 5 cM, 1 momecTwui map B
3Ty BBIEMKY BIUIOTHYIO (CM. pHC.). W
1) Haiinute crity, KOTOpasi Hy’KHO MPUIIOKHTh, YTOOBI OTOPBATh LIAp OT JHA. [IHo
2) Haiinute MUHMMaibHYIO pabOTy, KOTOPYIO HYXXHO COBEPIIUTH, UYTOOBI
noctats uriny Koies co aHa.
Macca mapa Bmecte ¢ urigod m = 7 kr. Hambonbimas rioyouna baiikana H = 1642 m. Cuwuraiite

2
g = 10 m/c? Hodckazka: O6HEM mapoBoro cermenTa V = % (3R — h)

Bo3MoxkHOe perenne
1) Illap BiOXEH B JYHKY BIUIOTHYIO — MoaTeKanus HeT. Cuiia Ha OTpPBIB:
F=F +mg
rne F,— cuia naBieHust BoJbl Ha MOBEPXHOCTH IIapa BHE JIYHKH.
Haiiném cumy Apxumena, xkotopas Obl JeiicTBOBaia Ha YCEYEHHBIM map (CM. pHC.), KaK Pa3HUILy CHII
JaBJICHHS Ha BEPXHIOK M HU)KHIOK MTOBEPXHOCTH:

4 h?
F, = pyg §T[R3 _T(3R —h) | = pgHTr? — F,

p(H)rr2

ITo T. [ucaropa:
r’=R?— (R —h)>=2Rh—h?.

Otkyna:

Fr=pgn (H2Rh—h?)-4R%3+h?(3R—h)/3).
Torga

F =mg + pgn (H2Rh —h?) — 4 R¥3 + h? (3R — h)/3) = 4.38-10° H.

2) [Ipumem ypoBeHb JTHA 32 HYJIEBYIO BBICOTY U 3allMIIEM 3aKOH COXPAaHEHHUS SHEPTHU:

A +mg(R —h) + mggH = mg(R + H) + myg(R — h),

rac ms — Macca BBITCCHCHHOI'O MIapOM 00BéMa BOJbI, KOTOpHﬁ npu MoabEME 1rapa OImyCKacTCsa €
MMOBCPXHOCTHU HA JHO.

ms = 4pnR3/3 .
Tornma

A=gH+h—-R)(m - 4prR%3)=2.34 - 10* Ix.



Kpurepuii CooTHOLIEHME bana
VYpaBHeHHe F=F +mg 1 Gann
Wnest paccMOTpeTh yCEUEHHBIN T1ap 1 6amn
Bepnoe ypaBuenue s Fa 1 6amn
OtBet 2 banna
Bepno 3anucannsiii 3.C.0. 3 bamna
OtBet 2 banna

4. CroyTHHK IUTAaHETHI MOKHO MPECTaBUTh, KaK JIBa OJJUHAKOBBIX I1apa,
UMEIOUINX paguyc I' U Maccy M. DTH Mapbl KacaroTcs APYT Apyra B HEKOTOPOM
Touke. L{eHTpbl Macc mapoB OPUEHTHUPOBAHBI B K&XKABII MOMEHT paJHaibHO M0
HAIpPAaBJICHUIO HA IIEHTp Macc Iu1aHeThl. [lycTh Takol CIyTHHK Bpaliaercs
BOKPYT IUTaHETHl Macchl M 110 KpyroBoii opoute Ha paccTossHUM R MHOTO \ :
0oJbIIEM YEM paJiyC KaX/10ro 11apa B coctaBe cinyTHuka (R>>r). Haiitu . .
MHUHHMMaJIbHOE PACCTOSIHUE, IPU KOTOPOM CHCTEMa pa3BaJIUTCS. A
Ilpumeuanue: (1+x)" = 1+nx, aus moboro N, mpu X<<1.
Bo3morkHoe perienue:
Tak kak Mbl IBUXKeMCs IO KPYTOBOM OpOMTE Haii/ileM KpyroByIO 4acTOTY Ul IEHTPa Macc CIyTHUKA:

2GmM )

=T=2mw R
, GM
T

Tak xak CITYTHUK ABHIKCTCH 110 prrOBOﬁ Op6I/ITe, TO JJIA €T0 ICHTPA MACC BBIINIOJIHACTCA PaBCHCTBO
MCKIY cuion I'paBUTAIUOHHOTO IPUTAKCHUA U ITPOU3BCACHUCM LCHTPOCTPEMHUTCIIBHOI'O YCKOPCHUA HaA
MaccCy CITyTHHUKaA. I[J'ISI LHCHTPOB MacCC MapoB, KOTOPBIMU MOACIIUPYCTCA CIIYTHHK, 3TO PaBCHCTBO HEC
BBITIOJIHACTCS, TAK KaK paCCTOAHUC IO HUX R+ru R-r COOTBCTCTBCHHO, U Y IIAPOB MOABJISACTCA
B(I)(I)CKTI/IBHOC paarualIibHOC YCKOPCHUC, HAIIPABJIICHHOC 10 HpHMOﬁ MCKAY HUCHTPOM MACC IJIaHCTBI U
HOCHTPOM MACC Iapa.

) GM

a(d) =w“d — ?
PaccmoTpuM 310 yckopeHue Ha paccTostHuU R+X (X<<R), OT 1ieHTpa Macc ImiaHeThl.
R+ —GMR+ GM _GMR+ GM GMR+GM GM(1 2x>
a( x)_R3( X) (R+x)2_R3( X) 5 x\2 R3 Rsx R2 R
R?(1+%)
GM GM 3GM 3GM
"R TRrRTRE TR

Torma mis 1IapoB MMoJiydacM 4TO JOIIOJHUTECIIbHAA CHJIA, ﬂeﬁCTByIOIHaﬂ Ha [map paBHaA:



Ecnu sta cuna craner 60JIBIJ_I€, YCM B3aMMHOC NPUTANKCHUC 1IAPOB, U3 KOTOPBIX COCTOUT CITYTHHK, TO

Fa(R iT) =

cucreMa pa3Banurcs. B npenenbHOM ciydae:

Gm? _ 3GMm

3
+

GMm

E

412

Rmin

R3

r

r

min

3|12M

m

Kpurepuii

CooTHOILIIEHHE

Bbann

3anyucaHo COOTHOILEHUE s
LEHTPOCTPEMUTEIBHOTO
YCKOPEHHS Ul LEHTpa Macc
CIYTHHUKA

2GmM
RZ

2mw?R

1 Gann

Haitinena UKJINYeCcKas
4acTOTa BpalleHUs LEHTpa
MAacC COyTHUKA

1 Gann

3anucaHo paauanbHOE
YCKOpEHHE ISl OJHOro U3
IIapOB CHYTHUKAa B OOIIEM
BUJIE

2 damna

Hcnons3zoBanue
NpUOIKEHUS
IpUMEYaHus

n3

2 Oamna

Haitmena  gomomaHMTEIbLHAS
Cuja, NEUCTBYyIOIIAas Ha Iap
u3 KOTOPOT0 COCTOHT
CITyTHUK

2 banna

3anucaH npeAeabHbIi cirydai
paBeHCTBA CHUJI JJIsl IIapOB U3
KOTOPBIX COCTOHUT CITyTHUK
Ilpu  npasunvnou  3anucu
59Mo2o nYyHKMA, HO
HAXO0JICOCHUST YCKOPEHUsL a He
cunvl 8 npeodvloywem, 3d
npeovlOyWuLl NYHKM mak Jice
CMasumcsi NOHbII 6aLl

1 Gayn

[Tonyden oTBer

Rmin

3|12M

1 Gamn




Ha  cxeme, npencraBieHHOW  Ha  pUCYHKE — cmpaBa  M300paxena ([ 7]
SKCIIEpHMEHTAlIbHAs YCTAHOBKA, COCTOSINAs M3 MEPeKII0YaeMOro HCTOYHUKA |
MTOCTOSIHHOTO HAamNpsDKeHUs, uMeromero asa pexkuma (25 m 250 Bombsr) n ( ::\)
BHYTpEHHee conpoTusieHne I = 250 MOM. K HeMy NojkiioueHa rasopaspsaaHas |
namma, uybsi BAX umeer Bux | = 4U? u nuarucTop D — momynpoBOTHUKOBBIHA '
npubop ¢ S-o6paznoit BAX (cm. na o6opome). Ilpu 1OCTHKESHUN HATIPSHKEHUS
OTIHpaHUS, IPUOOP MEPEXOAUT HA APYTOM pexum, a 3HauuT, BAX “nepeckakuBaceT’” ¢ HUKHEH BETBU
Ha BepxHIOI. lcciemoBarenb HACTPOWJ YCTAaHOBKY, BKIIOUMJI M 3aMEpUl TOK dYepe3 IUHHUCTOP.
Bre3anHbIii 3BOHOK OTBJICK HCCIICOBATENS M, TIOTSHYBIINCH 32 Tele(hOHOM, OH CITy4aiHO TEPEKITFOUNIT
TymOnep ucrtounuka ¢ 25 Ha 250 BonbT. TyT e 0co3HaB OMMOKY, OH BEpHYJI MOJIOXKEHHE TymOiepa B
MePBOHAYAIILHOE COCTOSIHHE, HO TOK 4epe3 TUHUCTOP OBbLT YXKe coBepiieHHO apyrum. [Ipu sTom cxema
KOppeKTHO pabortana. HalimuTe CHIIbI TOKOB 4epe3 JUHHUCTOP, MIPU KOTOPHIX OBLTU MPOBEIACHBI JAHHBIE
“cityyaliHbIC OTIBITHI .

Bo3mo:kHOe peueHue
I[JISI yIlOGCTBa 3aMCHHM HCTOYHUK HAIIPAKCHHA HA UICTOYHUK TOKaA J=¢lr.
Torna 3anuiiemM YpaBHCHHUE HA CYMMY TOKOB, BBITCKAOIIUX U3 HCTOUYHHUKA

u 2
J=—+4U%+1p

I'ne U — nanpspkeHue Ha namne |p — TOk yepes3 IMHUCTOp I — BHYTP. CONPOTUBJICHUE HCTOUYHUKA
Otcrona noiny4uM ypaBHEHHE Harpy304HON KpUBOH

€ ) U
Id - 4‘U -
Tr r
[[anee, 10 TOYKaM IMMOCTPOUM 3TY KPUBYIO, U BBIZACIIMM JIBA MIEPCCCUCHUA C BAX JAUHHUCTOpA
I;; = 204
I;, =524

(OgeBuHO, YTO HECTAOMIIBHOE COCTOSIHUE IUHUCTOPA HE PEaTU3yeTCs)
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Kpurepuii CooTHOLIEHHE banaa
CyMMa TOKOB, BBITEKAIOUIUX J = g +4U? + 1, 3 bamn
U3 UCTOYHUKA r

VYpaBHeHue Harpy304HOM [ = € AU — g 2 Gamn
KpUBOUH 7 r T

[Toctpoenne  Harpy304HOI 3 bama
KpUBOH

OTtBet Ig1= 204 2 Gann




