10.1. CHapsi, BRINYIIEHHBIA CO CKOPOCTBIO Uy U3 MYIIKH, CTOSIIIEH HAa TOPU3OHTAIBHOU
MOBEPXHOCTH, YNald Ha paccTosHuu L oT Hee (mpu 3TOM v, >+/Lg). Omnpenenure
BO3MO>KHO€ BpEMS / TOJIETA CHAps[a M Yrol « C TOPU30HTAIBbHOW MOBEPXHOCTHIO, MO

KOTOPbIM ObUT BBIMYIIEH CHapsij. YCKOpEeHHUE CBOOOIHOrO MaJleHUus g, COMPOTUBIECHUEM
BO3JlyXa MpeHeopeyb.

Pewenue.
BapuanTt 1
Bocnonbzyemcst opMyIioit pacCTOSIHHSI OT TOYKHU BBICTPENIA 10 TOYKU TaICHHUS:
2 .
v, sin 2a
L="—"; (1)
g
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51n205=—§<1; (2)
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DTOMY CHHYCY COOTBETCTBYIOT KAK MUHUMAJbHBIN Yroj

1 . | Lg

A, =—arcsin| — |, (3)
2 ,

TaK U MaKCUMaJIbHBIA

O = 1(7[ —arcsin (L—gj] . @
2 v,

[anee HaxoguM Bpems ¢ Kak
L
f=—— (5)

v, COs

Wiu, ucnodnb3ys (1),

t:2uosma' ©)
g

[MoncraBnsiss 3nauenus (3) u (4) B ypaBHeHue (6), W TPOBOJAS TPUTOHOMETPUUECKHUE
mpeoOpazoBaHus, OTyYaeM JIBa 3HAUECHUSI BPEMEHH I10JIeTa!
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Pazb6annosxa

Ne Kpurepui basibl
1 | 3anucano ypaBHeHue (1) IJIs paccTosHMs OT TOYKM BBICTPENa JO TOYKH 1

HaacHus
2 | Banmcano ypasrenwue (2) s sin 2a. 1
3 | [Honmyuens! pemenus (3) u (4) it MUHUMAJIbHOTO U MaKCUMaJILHOTO 2

yria
4 | 3anucano ypaBHeHue (5) win (6) sl 3aBUCUMOCTH BPEMEHHU I0JIeTa OT 2

yria ¢ TOPU30HTAJIBIO.




5 | [lonyueHo Beipaxkenue (6) s ¢, (MOKHO O€3 TPUTOHOMETPUUYECKOTO 2
npeoOpazoBaHusl K OKOHUATEIHBHOMY OTBETY)

6 | [lonyueHno BwipaxkeHue (7) Ais tyqc (MOXHO 0€3 TPUTOHOMETPUUECKOTO 2
npeoOpazoBaHsl K OKOHUATEIBHOMY OTBETY)

Cymma 10

Bapuanr 2
ITycTh x — ropu3oHTanbHasE OCh, Y — BEpTUKaNbHas. 3allUIIeM YypaBHEHHs A TOYKU MaJCHUs
CHapsiaa I KaKJI0M U3 OCei:

L=ypgtcosa; (1)
2
Ozuotsina—%. 2
Beipasum u3 ypaBHeHus (2) BEIMYMHY Sin @ U NOJCTaBUM B ypaBHeHHE (1):
. gt
sing =-—=>—;
20,
2
. t
L=v,\1-sin*a =u,t 1-(%} e
Yy

BozBeneMm B KBaJgpar 00e yacTtu YpaBHCHUSA:

2,2
L =vt’ 1-£ tz .
4u,

Crienas 3aMeHy t° = z, TIOIyYnM KBaJPATHOE YPABHEHHE:

, 4uv; Al
Z o Et =

g g
Pemraem ero uepes MOJIOBUHHBIA JUCKPUMHUHAHT:

D=(2002 j2_4L2 4o -re’)

0. 4)

g g g' ’
Lo 2 Ny -Lg
z=1 = g2 T gz . (5)

MI/IHI/IMaJ'IBHOMy 3HAUYCHHUIO BPEMCHU COOTBCTCTBYCT 3HAK «MUHYC»:

. toi V2
sing,, =&mn - & o (7)
2v, 2v, g
. . L
sin2a,,, =2sina,,, cosa,, = _<2g .
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HagecHoit TPACKTOPHUH COOTBCTCTBYCT MAKCUMAJIbHOC BPCM ITOJICTA U MaKCHUMaJIbHBIN yroi:
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Pazbannosxa

z

Kpurepui

banabl

3anucaHo ypaBHeHue (1) 11t IBUKEHHUS 110 OCH X

1

3anucaHo ypaBHeHHeE (2) A1l ABUKEHUS 110 OCH Y

3anucaHo OMKBagpaTHOE (KBaJpaTHOE) ypaBHEeHUE (4) OTHOCUTEIIBHO ¢

[TonyyeHno pemienue (5) KBaipaTHOTO YpaBHEHHUSI

3anucaHo BbeIpakeHue (6) 1711 MUHUMAaJIbHOTO BPEMEHU

3anucano Boipaxenue (7) 1Jis MUHUMAJIBHOTO yIiia

3anucaHo BbipaxeHue (8) 1Ji1 MaKCUMaIbHOTO BPEMEHU

RN AN N[ |W[N—

3anucaHo BeipaxkeHue (9) aJisi MaKCUMaJIbHOTO yTiia

—t = | = = N DN [ =

Cymma

10

10.2. Tonkas najoyka JIUHbI L 1 Maccoil M ycTaHOBIIEHA HA IIEPOXOBATON MOBEPXHOCTH
¢ KO3(h(UIIMEHTOM TpEHHUs MOKOS M TaK, YTO HIDKHUM KOHIIOM OHa YIUpPAeTcs B
IIOBEPXHOCTh IIOJ YIVIOM (& K BEPTHUKAIH, 4 K BEPXHEMY KOHIy IpHUKpPEIUICHA JIETKas
TOPU30HTAaJIbHAS HEPACTSHKUMAasl HUTh, KOTOpas 4yepes3 JIETKUN JUHAMOMETP IPUKPEIUICHA

K CTeHE (CM. PUCYHOK).
A) YUemy paBHO MOKa3aHUE JUHAMOMETpa [ Mpu yriie HaKJIoHa o.?

b) Kakoif MakcUMalIbHbIH YTroOJl HAaKIOHA Qhmax MOKET OBITh JIOCTUTHYT, YTOOBI HE

Ha49aJIOCh ITPOCKAJIBb3bIBAHUC Majg04YKu?




Pemienue.
Hapucyem cxemy, pacCTaBUM CHJIBI U YTJIBI.

3anuieM YPaBHCHUC pPaBCHCTBA MOMCHTOB CHJI OTHOCHTCIBHO HIDKHEH TOYKH
IIaJIOYKHU:

Mgsina-échosa-L. (1)
Otcrona
F :%Mg-tga : (2)

B PaBHOBCCHHU 110 OCHU X BBINIOJHACTCSA PABCHCTBO CHUJI:
F=F, <uN=uMg; (3)

1
EMg-tga < uMg;

tga <2u;
a<a,, =arctg(2u). 4)
Pa30amioBka.
Ne Kpurepui bajbl
HapucoBana cxema, npaBHJIBHO PACCTABJICHBI CHJIBI U YTJIbI 2
. L
3anucaHo ypaBHEHUE MOMEHTOB CUJI Mg sin & ) =Fcosa-L 2
3 1 2
OJIY4YCHO BBIPAKCHUE I CUIIBL [ = EMg ‘tga
3anucaHo ypaBHeHUE F =F, < uMg 2
5 | IlomyueHo BIpaxkeHue 1Js yria «,, =arctg(2u) WM tga,, =2u 2
Hror 10




10.3. I3mepeHnsi MOKa3bIBalOT, YTO MOINHOCTh wu3nydeHuss CoiHLa paBHA
o = 1,366 KiiI0BaTT Ha KBAJpaTHBIM METP MOBEPXHOCTH 3€MJIM, KOTOpas BpallaeTcs I10
KpyroBoii opouTte ¢ nepuogom 7' = 1 rox Ha pacctostHuu R = 150 MJIH. KM OT 3B€3/bI.

A) Onenure ckopocTh aBMKeHUs 3eMin Bokpyr ComHia (B KM/C);

b) Onenure maccy CounHiia (B Kr);

B) Haiinure oTHOLIEHHWE yAENbHOW MOIIHOCTH H3nydeHuss CojHua K yIelIbHOU
TEIJIOBOM MOIIIHOCTH M3JIy4YEHUs TEIJIa 4eJ0BEKOM Maccol m = 70 Kr, KOTOPBIA 32 CYyTKH
notpebnsier g = 2400 xumokanmopuid (B TEIUIO TEPEXOAUT NPUMEPHO IMOJIOBHHA
notpebyieHHoM sHeprun). [Ipumeuanue: 1 xanopus = 4,2 JIxoyJs.

['paBuranmonnas nocrosguHas: G = 6,6743 x 10! a3 kr! ¢

Pewenue.
A) CxopocTts aBrkeHus 3emi BOKpyT CouHIa:

b 27 R _ 27-1,5-10" m
T 365-24-3600c
b) 3anumem ycnoBue ABMKEHUS 110 KPYTOBOM opOUTe:
mv’ Mm
R SR @)
V'R (2.98-10°m/¢) 1,510
G 6,6743-10 " ke
B) Haiinem cymmapHyto MomHOcTh u3nydeHuss Connua. o 3TOro yMHOXKHUM
MOIIHOCTh Ha KB. METP Ha IJIOWAAb chephl C pagruycoM, paBHBIM PACCTOSHUIO OT 3eMITU
no CosHua:
P =aS =a-47R* =1,366-10° Bm | »* -47z(1,5-10“M)2 ~3,86-10% Br. 4)

~ 29,8 KM/C. (1)

~2,0-10* kr 3)

VY nenbHast MOIHOCTH u3nydyeHus: CoJHIA:
P 3,86-10*Bm y
) = M ZWzIﬂIO BT/KF. (5)

TemnoBas MOHOIHOCTb M3JTYy4YCHUS YCIIOBCKOM:

6
PH:Q:O,S 2,4-10°kan 4,2,2]3!C/Kaﬂz58’3 Br. ©6)
t 24-3600c¢

y,Z[CJ'IBHa}I MOIIHOCTD M3JTYYCHUS YCIIOBCKA:

09) _h_38.38m 0,83 Br/kr. (7)

T m 70K2

OTCIOI[a HaxX0JIuM OTHONLICHUC:

Pc(y()) 4
—09) 52,3100 1. (8)

4(y0)
Taxoil HeTHpUBHANIBHBIN pe3ybTaT 00yCIOBIEH OrpoMHOI Maccoit CouHia.

Ilpumeuanue. 1lIkONbHUKU MOTYT MOAyMaTh O CACTAHHOW TJ/IE-TO OIMMOKE W JaTh B
OTBeTE 00pAaTHYIO BEMUMHY mopsiaka 107,



Pazbannosxa

Ne Kpurepuii basibl
1 | 3anucana ¢opmyna (1) 1st CKOPOCTH ABMKEHUS 3eMITH 1
2 | IlonmydyeHo 4ymcIOBOE 3HAUEHHUE AN CKOpOcTH 29,8 KM/C (BO3MOXKHO 1

okpyraenue 10 30 km/c).

3anncaHo yciIoBHE JBUKEHHs 110 KpYroBoi opoure (2)

ITonyuena ¢popmyna nist Mmaccsl CosHia (3)

ITomydyeHo yncnoBoe 3HadueHue s Macchl CoJiHIa 2:10° xr

Halinena cymmapHasi MOIIHOCTh Term1oBoro uinydenus Connua (4)

Haiinena ynenbHast MOIHOCTH TerioBoro usnydeHus Couxia (5)

R I[N DN~ |W
|t [ |t |t |t

Halinena cymmapHasi MOIIHOCTh TEIJIOBOTO M3JIy4YEHHMs yesoBeka (6)
[Tpu norepe muoxwureist 50% — 0,5 6anuia, anplie He CHIYKAEM

\O
p—

Haiinena ynenbHasi MOIIIHOCTH TEIJIOBOTO M3JIy4eHUs yenaoBeka (7)

10 | ITomydeHO 4KMCIIOBOE 3HAYEHUE OTHOUIEHUS YEIbHBIX MOIIHOCTEN 1

TernoBoro usnyuenus ConHna u yenosexa nopsaka 1074,
HpI/I YKa3aHUU B Ka4YCCTBC OTBCTA 06paTHOﬁ BennuuHEl — 0 6a/I0B 3a I[aHHLIﬁ ITYHKT.

Cymma 10

10.4. ToyeuyHblli MUCTOYHUK CBETa IMOMEIIEH Ha PACCTOSAHUU a = 16 CM OT MJIOCKOro
3epkana. Ha kakoe paccTosHME CMECTUTCS H300paKeHHE HCTOYHUKA, €CIH MEXIY
UCTOYHUKOM U 3€PKajoM IMapajjIeIbHO IIJIOCKOCTH 3€pKajla TOMECTUTh CTEKJISHHYIO
MJIOCKOTIApaJUICNIbHYIO TIJIACTHHY TONIIMHON d = 8 ¢M M TToKa3aTejieM MnpeaomieHus n = 27
VYkazaHue: UCIOJIb3YHUTE MapaKkCUalbHOE MPUOIUKEHNE O MAJIOCTH YTJIOB.

Pewenue.

B nepBom ciydyae pacCcTOSHUS MEXTy HCTOYHHKOM U 3€PKaJIOM, M MEXIY 3€pKaJioM 1
MHHUMBIM U300paKEHUEM PaBHBI:

b =a=16 cM. (1)

PaccmoTpum  Temeph KaueCTBEHHO MPOXOXKIEHUE uepe3 IUIOCKOMapauieNbHYIO
MJIACTUHY Jyda CBETa, BBIMYIIICHHOTO MCTOYHUKOM TOJ[ YIJIOM & K TEPHNEHIUKYISIPY K
MJIACTUHKE (CM. PUCYHOK).

O y
B Touke A myu mpenomiisieTcs M UAET MOA YIJIOM [ K OCH 10 TOYkH B, B xoTOpO¥#



CHOBa IIPEJIOMJISIETCS Ha TCpaHUIE C BO3AYXOM W HUJET JAaibllie MOJ YIJIOM Q.
[IponomkeHne 3TOro Jtyda B 0OpaTHYHO CTOPOHY Jaer mnepeceuenue B Touke O;. Takum
o0pa3oM, BCTaBKa IUIOCKOMAPAIIEIbHOW IUIACTUHBI PABHOCHIIBHA CMEIICHUIO 6HPABO

UCTOYHUKA cBeTa U3 ToUuku O B Touky O).
Haiinem yrou 3 u3 3akona CHemnyca:

sina =nsin . (2)
B mapakcuanbHOM NpuOIMKEHUN (11 MAJIBIX YTJIOB):
a=n-p. 3)

Paccmorpum npsimoyronbabie TpeyroinbHuku ABD u CBD. Ilycts AC = x, BD = 4,

AD = d (tonmune miactunbl). Torna:

h=d-tgB~d-p; )
h=(d-x)-tga~(d—x)-a; (5)
[IpupaBHuBaeMm:

d-f=(d—x)a; (6)
Bocnonb3yemcs cootHomenuem (3):
d=(d—x)-n (7)

Orcrona xzdn—_1:8cm-27:4 CM. (8)
n

Ipu ompasicenuu 1yua om 3eprana 3mom JAy4 CHO8A O0JIHCEH NPOUMU uepe3 NAACMUHY
(uenosek Kaxk Habaoamenb Mexcoy 3epKailom U NIACMUHOU He NOMEeCMUmMCcs), nOIMoMy
uUmozo8oe cmeweHue U300PaiceHuss OMHOCUMENbHO UCXOOHOU cumyayuu (6e3 niacmunbl)

6yoem paeno 2x = 8 cm.

Pazbannoska
No Kpumepuii bannn
1 | Hatioeno paccmosinue om 3epkana 00 uz00paicetus 0,5
2 | 3anucan 3axon Cuennuyca 0,5
3 | llocmpoen u xauecmeenHHo onucan X00 Jy4a 8 HNIOCKONAPAJIENbHOU 2
niacmumne
4 | Yumeno nanuuue 3epxana (yosoenue moawuHvl NAACMUHbL U YYEM 2
0O0pamuo20 xo0a 1y4a)
5 | Coenano u onucano npasuibHoe nocmpoeHue u300paxtceHus 8 cucmeme 2
3epKaio-niacmuHa
6 | Ykazan xoppexmmuwiii memoo pacuéma cmewjenus u300paicerus 2
7 | Koppexmno naiideno npasunivHoe 3uadenue cmewenus (8 cm) /
Cymma 10




10.5. IIpu nocnenoBaTenbHOM MOAKIIOUYEHUH K OMMETPY AJIFOMUHHUEBOTO 1Iapa U METHOTO
KyOa mKoiIbHUK Bacga mnonydaer 3HaueHue comportuBieHus R; = 63 Om. Ilpu
MOCJIEIOBATEILHOM TOJKIIOYEHUH MEIHOTO IIapa M aJIOMHHUEBOIO Kyba TexX ke
pa3MepoB — conpoTuBiieHue R, = 73,5 Om. Kakoe conpoTuBiieHHE R3 MOKaXET OMMETP
Opy TMapauieIbHOM TOJKIIOYEHUH aFOMHUHHUEBOTO IIapa W MeAHoro kyba? VYaenbHOe
COIPOTHUBIICHUE AOMUHMSA paBHO p4 = 0,028 OM-MM*/M, Mequ — py = 0,0175 Ommm?/m.

Pewenue.

ITycth x; — reoMeTpuueckuii akTop MEKTPUUECKOTO CONMPOTUBICHUS JJIS 11apa, X, —
s Kyba. Torma compoTHBIIEHHWE TPH IMOCIEI0BATEIbHOM MOAKIIOUYEHHUH K OMMETPY
QJTIOMHHHUEBOIO II1apa U MEIHOT0 Kyoa:

Ry = pxi+ pyx, . (1)

HpI/I MMocCJaCca0BAaTCIIbHOM IMOAKIIFOUYCHHUHN MC/IHOT'O 1Iapa U aJITOMHUHUCBOT'O KY6a TCX KC
pa3smMepoB:

R, = pyXy + 0%, - (2)

YMHOxkMUM ypaBHeHUeE (1) Ha p4, ypaBHEHHE (2) — HA Py, U BBIYTEM BTOPOE YpaBHEHUE

H3 IICPBOI'O:
Rl A R2 M jxl Mxl
Rp,—R

x, =21 7”2l 1000 M/MM>. 3)
P4~ Pu

AHaAITOTMYHO MOKHO IMNOJIYYHTD

x, = ZPa = RPu 5000 m/nn?. (4)
Pa~ Pu

HpH napaui€JibHOM IOAKIHOYCHHH aJIIOMHMHHMECBOIO 1Iapa W MCIHOI'O KY6a
COIIPOTUBJICHUEC 6y,Z[eT PaBHO:
R3 — PaXi PuXs _ 280mMm-350Mm ~15.6 OM. (5)

PuX + PyX, 630M

llpumeuanue: nojacraBuB BoipaxkeHus (3) u (4) B popmyay (5), morydum:
R = P 4Py (RlpA _Rzsz )ERzsz _RlpM) (6)
R1 (pA ~ Pu )




Pazbannosxka

Ne Kpurepuii bansl

1 | Ectb unest reomeTpuueckux (pakTopoB i mapa v KyOa (CTaBuM 3a 1
ATOT MYHKT MOJHBINA OaJuT pu Han4uuu ypaBaenuii (1) u (2)).

2 | 3ammcana ¢opmyina (1) mis mocae0BaTEIHbHOTO MOAKITIOUEHUS K 1
OMMETPY AIFOMUHHUEBOTO IIapa U MEJTHOTO KyOa

3 | 3anucana popmyna (2) 11t MOCIEA0BATEILHOTO MOAKITIOYEHUS K 1
OMMETPY ATFOMUHUEBOT0 Ky0a U MEJTHOTO Iapa

4 | [lonydeno BeipaxkeHue (3) 115t reOMETpUUECKOro (hakTopa mapa

5 | [lonyuyeno yucnoBoe 3uaueHue 1000 M/MM? TS r€OMETPUUECKOTO
(dakTopa 11apa wi cornpoTUBiIeHHE 00o0ro mapa. [Tpu nHanuuumn
dhopmyisl (6) nobaBisieM 3TOT 6awt K 1. 9.

6 | [lomyueno BeipakeHue (4) 1uist reoMeTprdeckoro gakropa Kyoda

7 | Ilomyueno uncnoboe 3Hagenne 2000 M/MM? I T€OMETPHYIECKOTO
¢dakTopa Kyda UM conpoTuBiIeHue Jr0ooro kyoda. [Ipu Hammunu
dbopmyel (6) mobasisiem 3TOT 6ay1 K 1. 9.

8 | 3anucana popmymna (5) npu napauieIbHOM MOJKIIOUYEHUH K OMMETPY 1
JIIOMUHHUEBOIO 11apa U MEJIHOTO Ky0a

9 | Haitneno uucnoBoe 3Hauenue R3 = 15,6 Om (Hanuuue Gpopmyisl (6) 2
HE00s3aTeIbHO NP HAIMYUK YUCIIOBBIX 3HAUCHUH /IS
reoMeTpudeckux (aktopon). lomyctum nienounciaeHHbI oTBeT 15 OM
umu 16 Om.

Cymma 10
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