7.1. Kak nmokasblBaeT SKCIIEPUMEHT, BpeMsi TOPSHHS cBeuel H3 OJJMHAKOBOIO BEIISCTBA U C
OJIMHAKOBBLIM THIIOM (QHTHIIA IPONOPHHOHATBHO 00beMy cBevH. Jlis oTcuera BpeMeHH Ha
CBEYY HAHOCAT rOPH30HTAJBHbIE [I€JEHHUS, COOTBETCTBYIOLUIHE HEKOTOPLIM ITPOMEKYTKAM
BPEMEHH.

A) lnnunapudeckas cseda o0beMoM BbIcOTOM / = 48 cm U auameTrpom D = 8 ¢M ropur B
TeyeHue BpeMeHu 7= 12 yacoB. CkoJbKO BpeMeHH 7 (B MMHYTax) OyJIeT ropeTh cBeua,
BCE JIMHCHHBIE pa3Mepbl KOTOPOH (AHaMeTp M BbicOoTa) B 2 pas3a MEHbLIE, YeM Y HaHHOMH
cBeyu?

b) Bo CKOIBKO pa3 HM3MEHHUTCA PacCTOSTHUE MEKAY HeIeHUAMH, COOTBETCTBYMOLIHMH
BPEMEHH IrOpeHus 7= 15 MUHYT?

Ipumeuanue: niowans kpyra S Beiumcasercs mo dopmyrte S = mR?, rae R — paaunyc
Kpyra.

Peuwenue.

A) O6bvem uunubapa: V==DH. Ecau auHaMeTp M BHICOTY CBEYH YMEHBUIMTH B 2

paza, To o0ObeM CBeuM M BpeMs e& ropeHusi ymenbliarca B 8 pas. CnenosarensHo,
yMeHbLIeHHas cBeva ropuT 1,5 yaca = 90 MuHYT.
B) V nepBoii cBeun paccTosHUE MEXKAY AeNeHUsIMH 15 MUHYT paBHO

T L u
IH-— =48¢cn - - lear .
i

12y

J1ns BTOpOM cBeYM:

T l Y e
ﬂ- — =24cm- L . AAC’”
2 T/8 —’,’ y

=dcm.

Takum o6pa3zom, paccTosHre MeKTY | 5-MUHYTHBIMH JCJICHUAMHA YBEJIUYUTCA B 4
pa3sa.

[puneuanue
[Tpu perienuu 1. A MOXKET HCMONBL30BaThCA KOI(P(UIIMEHT Tono0us: V «ca’, rae a —
JIMHEHHbIE pasMepsbl TeJia.

Pazoannoeka
Ne Kpurtepnii baJibl
I 3anucana popmyria st odbeMa IHIMHpA UK hopMyJia s 2

kKodhdunrenHTa no100ms.

2 TlonyueH BBIBOI, YTO 00BEM M BpeMs rOpeHHs yMeHbLIartcs B 8 pas. 1

3  Tlocuurtano BpeMs ropenus 1,5 4= 90 MmuH. 1

4 | Tlpusenena dQopmyna 118 pacyeTa pacCTOAHHMS MEKIY JCICHHAMH 2
BpPEMEHH Ha CcBevax

5 | TlocuyMTaHO YMCIEHHO paccTOssHUE MeX1y |5-MHHYTHBIMH JCJICHHAMH 1

Ha NepBOi CBeYH

6 TlocuuTaHO YHMCICHHO pacCTOsHHE MEkKIy |5-MHUHYTHBIMH ACJICHHAMH 1
Ha BTOpPOM (YMEHBILEHHOH ) CBEYH

[RS)

7  TlonydeH BbIBOJ, YTO pacCTOSHHE YBeJIHUHUTCA B 4 pasa.

Cymma 10




7.2. UlkonbHUK ckauuBaeT u3 cetd MHTepHet 3 Buneodaiina. Mssectno, uro I v II ¢patins
BMeCTe OH ckauuBaeT 3a Bpems ¢ = 2000 ¢, I u I1I BMecTe — 3a t; = 2800 ¢, I n III BmecTe
—3a t; = 2400 c. O6wwmi pazmep daiinos S = 45 rurabair.

A) 3a kakoe BpeMsi (B MHHYTaX) IIKOJIbHHK CKavaeT Bce TpH (haiia BMecTe?

b) Kakas ckopocTh ckauMBaHMs (B MeraburTax B CEKyHIy )’

B) KakoB pa3mep (B ruradaitax) I11 daiina?

Hp()uMeanne: | Gaiit = 8 6uT, | MerabaiiT = 2°° GaiiT ~ 10° Gaiir, | rurabaiit = 2% GaiiT ~
10” DaiiT.

Pewenue.
A) Tlyets Sy, S5, S5 — pasmep kaxkaoro u3 ¢ainos, LU — CKOPOCTh CKAaYUBAHMA.
lq ng
==L, (1)
U
S, + 8,
t,=—2—3: (2)
2 3 _
S, +.5; o
[, =——=, (3)
U
BpeMst ckaunBaHus 3 (alinos BMeCTe:
S S+5,+8S, ,
[=—=—1—" (4
v v
Jlns peuieHus cucTeMbl ypaBHeHHH (1)-(3) CI0KHM HX:
S8 S8 SRS S +S,+S8
B e e SR (O
o v v v v
OTcrona
1.
t=—(f+1,+1,)=3600 ¢ = 60 MHH. (6)

4

b) Jl1st onpeesiens CKOPOCTH CKauMBaHUs pasie M oOLIMi pazMep ¢aitioB Ha

BpEMs CKaYHMBAHHA!

S 45000.mecadoatim - 86um | baum
U=—= =100 meraout/c. (7)

! 3600c¢

B) Buiutem u3 ypaBHeHus (4) ypasHenue (1):
S,

(—t =—. (8)
v

OTcrona:

S, =v(r=1,)=100xecatum/ ¢ 1600c =160000mecabum = 9)

= 20000mecabaiim = 202ucabatm



Pazbanroska

Ne Kpurepuii baJibl

1 | 3anucaHa cucteMa ypaBHeHui (1)-(4) 2

2 | llonydeHo BbIpaxkeHHe (6) /U1sl BpeMeHH ¢ 1

3 | I[lonyuyeno 4yucnenHoe 3HaueHue ¢ = 60 MUH. I
[Ipumeuanue: npu oteete 3600 ¢ wan | vac ctaBum 0.5 Ganna )

4 | [lonydeno Belpakenue (7) s CKOPOCTH CKAUHBAHHS U

5 | [TonyudeHo uncieHHoe 3HaveHue L = 100 meraduT/c 2
[Ipumeyanue: npu Apyroi paimepHocTy crasum 0,5 Oasuta

6 | [loay4yeHo Boeipaxenue (9) pisa pazmepa daiisa S;. 1

7 | Ilonydeno uyucnenHHnoe 3Hayenue S; = 20 ruradaiir. 2

IIpumvedanue: npu Apyroii pazmepHocTy ctapum 0.5 Gana

CymmMma
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7.3. B kyOudeckuil akpBapuym c¢ AIHHOH pebep D, 10BepxXy HAMOJHEHHBIH BOOI,
MEIJIEHHO OIYCTH/IM Ha [IHO WIap avameTpom [, B pe3yabTaTe 4Yero 4YacTb BOJbI
BblIMIack. Ilociie 3Toro map BeIHMMAIOT, B OMYCKAarOT HOBBIH 11ap auameTpom d = D/2.

YeMmy paBHO paccTosHHE X OT OHA akBapuyMma [0 MOBEPXHOCTH BOJbl B HEM MOCIe
4 .
onyckaHus BToporo wapa? Odbsem mapa: V =—zR*, rae R — paauyc uapa.

-~

D

Peutenue.
OObeM BOIbI B aKkBapUyMe, J0BEPXY 3aroJHEHHOTO BOIOMH:

V=D (D

O0bem nepsoro wapa:

v 2 Ep. @)
3 6

[Ipu morpyKeHHH 11apa B aKkBApHyM BhUIMBAETCs 00bEM BOJIbI, PABHBIH 00beMy 11apa.
OcTanercs BObI:

/ ~/ / »
V.=V, -V, =DL%D-‘ :D‘L]—%J. (3)

1
OObeM BTOPOro (MajeHbKOro) 1apa:
v,=Za. (4

: 4)

i

JIomyCTHM, 4TO BTOPOIl 111ap MOJIHOCTHIO CKPBIT M0 Boo#. Toraa cyMmapHeIi 00beM
BOJbI U BTOPOro 1uapa:

N\

4 7 T 3 T T 3 ;-
I”::LI—[’J:D (\1—€/+€(] ] (D)
C apyroii cTOpPOHBI,
By = s, (6)
rJe X — HCKOMbIH ypoBeHb Bozbl. [IpupaBHuBas BeipakeHus (5) u (6), monyyaem:
' N
5 ol +£d3:D2x;
. 6) 6
) md
x= D-[l——J+———1. (7)
6 6 D"
[Toxncrasaas d = D/2, nonyvaeM:
T D 48 — T _
,\-:1)(1—5}’.?_Dg20.342-0. (8)
6) 6 8 48

[ToCKOJBKY x>d, TO NPEANOJIOKEHHE O TOM, YTO BTOPOIl Wap CKPBIT MO BOJLOH,
CNpaBeJUTHBO.



Pazbannoexa

Ne Kputepwuii banabi \
1 3anucana dpopmyaa (1) 114 oObema BObl B aKBapuyMe |
2 | 3anucana gopmysa (2) 118 o0beMa NepBOro mapa 4epes ero JIMaMeTp I
3 | Hailnen obbeM ocTaBlueics BOJIbI (3) ]
4 | 3anucana dopmyna (4) ans 06beMa BTOPOro miapa 4epes ero Imamerp |
5 | 3anHcaHO U NPOBEPEHO Mpe/IooKeHre, YTO BTOPOH 1Ap MOJIHOCTBIO 2
CKPBIT 110 BOAOU ]
6 | 3amucad cymMMapHblii 00beM BOJIbl B BTOPOro 1apa (5) 1
7 | 3anmdcaHo BbIpaxkeHHe (6) s oObeMa BOALI M IlIapa 4epe3 YpPOBeHb l
KUIKOCTH
8 | Ilomyuyen orBer x=0,542-D. 2
' Cyvma 10




7.4. YépHas aelpa — 3T0 00JacTh NMPOCTPAHCTBA, TPABUTALIMOHHOE NPUTSIKEHHE KOTOPOH
HACTOJIbKO BEJIMKO, 4YTO NOKMHYTb €€ He MOryT Jake KBaHThl cBeTa. [lo oanoi u3
MoOJeJIei, paJinyC YepHOH JIbIpbl 3a1aeTcs GOpMYIION:

2G
R =—M,
1 2 ‘<
R L I S S :
rae G = 6,67107" m'c”kr' — rpaBHTauMOHHas MOCTOSHHAA, ¢ = 3 10° m/c — ckopocTh

- .4
cBeTa B Bakyyme, M — Macca yepHoil abipbl. O0beM mapa: V' =—zR".
J

Onpejiennre, BO CKOJIbKO pa3 CpeiaHsAs IIOTHOCTh O, BEIIECTBA BHYTPH CBEPXMACCHBHOH

yepHoil aeipbl Jlebenb A, macca kotopoit B | Muianuapa pas Oonbiie maccel ConHua,
- 3 . 30

OTNHYAETCS OT MJIOTHOCTH KHAKOH BOJbI 0, = | r/em”? Macca Connua M- = 2107 kr.

Peuienue.
PHCCMOTDH.\I HYEPHYIO JIBIPY KaK llap palnyca Rg. Torna ec CpeaHAA MJIOTHOCTL paBHA:
MM MY 3 1« i
Po =7~ 4 pv 4m(2GM ] T 322G M M '

3 T
rie a ~7.3-10” Kr'/ »° — pa3mepHasi KOHCTaHTa.

Haitnem maccy yepHoit abipel Jledens A:

M=10°-M,.=10"-2-10"ke = 2-10* kr. (2)

[Toncrasisis (2) B (1), monyuum

Pop = 71,3107 kr'/ v’ /(2710°° kr)” = 18,3 kr/m’. (3)

Crie1oBaTeNBbHO, JIOTHOCTL BOJLI H01bute CpelHel MIOTHOCTH Y€PHOH NBIPLI B

1000 kr/v’/ 18.3 kr/m® =~ 54,8 paza.

Pazbannoska
- Ne Kpurepuii banbl
-1 | IMonyuena 3aBucuMocTh (1) 1utst cpeiHe# MIOTHOCTH YePHO#H IBIPbI OT 2
e€ Macchbl
2 | SIBHO MM HESBHO BBIUHCIIEH pa3MepHbId KOIQPUIHEHT 5
a~73-10" xr'/»’
.3 | Hailnena macca 4epHOH JIbIPBI 210 kr 1
4 | Haitneno umMcsoBoe 3HaUeHHe IS [UIOTHOCTH YepHOM AbIpbl 18,3 Kr/M. 2
JlomycTuMbl 3HayeHus nopsaaka 18-20 K/,
5 | ITony4eH BBIBOJI, UTO IUIOTHOCTBH BOZBI OOJbILE CPETHEH TIOTHOCTH 1
CBEPXMACCHBHBIX YEPHBIX JBIP |
"6 | ITonyueHo uMcieHHoe 3Hadenue oTHotmenns 54,8 (momyctumo 50-60). 1
— Cymma 10




8.1. Ha ronoyHoMm Tpeke B BH/E OOJBIIOH OKpPYKHOCTH OOKChl Komana A u B
pacrosiokeHbl B AMaMETPalbHO NMPOTHBOMOJOKHBIX TOYKax Tpeka. M3 0okcoB no Tpeky
HaBCTpedy ApPYT APYTY BbIE3KAKOT [BE MallMHbI, MIPHYEeM KaKaas IBHKETCS IO TPEKY C
MOCTOSIHHON cKOopocThio. IlepBas uxX BcTpeua mpowusouna Ha paccrosuuu Ly = 300 m or
O6okca komaHabl A (paccTosHHe H3MepseTcs Mo Tpacce Tpeka). IIpoexaB MuMo apyr
Jpyra, OHM IIPOLO.KAIOT JBHKEHHE, W clleytolllas HX BCTpeYa COCTOsllach Ha
paccrosiinu L, = 180 M o1 Ookca koMan el B. OnpenennTe BO3MOKHYIO JUIMHY TpeKa L.

Peuwierue.

Bapuanm 1.
3amemunt, 4TO OT Havaja ABHXKCHHs K MOMEHTY MepBOH BCTpeud 00e MalluHbI

cymmapro Tpouutn pacctosiiue L/2, a xo Bropod — 3L/2. TloCKOJIbKY MPOMEKYTKH
BpPEMEHH OJMHAKOBBI A7 00euX MallMH, TO Kaxaas M3 HUX K MOMEHTY BTOPOH BCTpeuH
nmpoexasia paccTosiHue B 3 pasa Oosblle, YeM /10 MepBoil.

PaccmoTpuM 3 BapHaHTa pacrosioKeHHUsl TOUKH BTOPOH BCTPEUH.

A) Ecii ¢KOpOCTH MalllMH OQHOTO TMOpsiKa, TO nepBas U BTopas BCTPEYH MPOU30HIYT
Ha pa3sHbIX MOJOBMHAX Tpeka. MaluuHa, BblexaBiias H3 OOKca KOMaHbl A, 110 MepBOii

5 i
BCTPEYH Mpoexana paccTosiue Ly, a 10 BTOPOH — —+ 1, . Otrcrona:

L
:+[,::3/,]; (1)

L=2(3L-1,). (2)
Bos3moskHas nnnHa tpeka — 1440 M.

b) Ecnu ckopocTh Malnael 13 6okca b 3HaunTeIbHO 00JIbLIE, YeM CKOPOCTh MAlHHBbI
13 Ookca A, TO nepBas U BTopasi BCTPEUH MPOU30HAYT Ha OAHOM MOJOBUHE TPEKa, MpH4eM
TOYKA BTOPOH BCTPEUH JEKUT MEKIY OOKCOM KOMaH bl b M TOUKOH ITepBOH BCTPEUH.

Mamnsa, BbleXaBllas H3 Ookca KoMaHObl A, 710 IMEpBOH BCTpEeUM rpoexaia

T
paccrosinie L, a 10 BTOpoH — ——L,. Otcrona:

Lop =31 (3)
L=2(3L+L). (4)
Bo3mosxHas anuna tpeka — 2160 m.

B) Ecan cKOpoCTh MalInHbl M3 O0Kca A 3HAYHTENBHO O0JIbIIIE, YEM CKOPOCTh MAIIMHBI
u3 Ookca b, To mepBasi U BTOpasi BCTPEUH MPOU30H1YT Ha OJHOH MMOJIOBHHE TPEKA, MPHICM
TOYKA BTOPOH BCTPEUH JIEKHUT MEkKy OOKCOM KOMaHbl A M TOYKO#H MEPBOH BCTPEHH.

MaivHa, BblexaBllas M3 0OOKca KOMaHabl A, [0 MEpBOH BCTpedd Mpoexala

-

= 3L
pacctosHue Ly, a 10 Bropoit — —-1,. Orciona:

<L

3L
T—l,l 231’/1; (5)
2 2 ,
L=2(3L+1L,)=2L+=L,. (6)
3 ) B

Bo3morkHas asimHa Tpeka — 720 m.



[Ipumeuanue: pacnpocTpaHeHHasi OUIMOKa — paccTosiHue L 10 MOMEHTa BTOPOH
BCTPEYH.

Paszoannoerka eapuanma 1

No Kpurepnii baaibl |
I | Onpeneneno cymmapHoe paccrosinue L/2 10 1-it BcTpeun. I
2 | Onpeneneno cymmapHoe pacctosiaue 3L/2 1o 2-i BeTpeuu l

[Ipy 3Hauenuy L 3a 3TOT NYHKT W 3@ YHCJI0BOIH OTBET s MH Tpeka (1. 6. 8. 10)
craBum 0 OansoB, 3a OCTAIBHBIC ITYHKTHI [IPH TIPABHIBHOMN JIOMMKE pelieH s OalIbl
HEe CHUMaeM (UToro 6 6aJ10B 3a 33134V ).
3 | llomyudeH BBIBOA, YTO KaXKaasi U3 MalIHH K MOMEHTY BTOPOH BCTpEYH l
npoexaja pacCTosHue B 3 pasa 00Jibllle, YeM 10 [TepPBOH.

4 | Ykazano, 9To MoxeT ObITb 3 BapuaHTa pa3MelleHHsi TOYKH BTOPOIl ]

BCTPEYH Ha pa3sHbIX [10.JJOBHHAX TPeKa
5  PaccMmortpeH ciyyaii (A) 1
6 | Ilonmydena nmuna tpeka 1440 m 1
7 | Paccemortpen cnyuaii (b) |
8 | ITonydyena aauna tpeka 2160 m 1

9 | PaccMmoTtpeH ciyuaii (B) 1
10 | ITonyuena anuHa tpeka 720 M I

Cymma

Bapuanm 2.

IlycTh L) — CKOPOCTB NepBOii MauHbl U3 GOKCa KOMaHABL A, Us — CKOPOCTD BTOPOIi

MalUKHbI U3 ODOKCca KOMaHaAb! B, 77 — Bpemsi OT Havaja JABHKEHHS 10 MEePBOH BCTpPEYH, Tr —
J10 BTOPOH BCTPEYH.

PaccmoTpuM 3 BapnaHTa pacrionioskeHus TOUKH BTOPOit BCTPEUH.

A) Ecu ckopocTH MalMH 0JIHOTO MOpsAAKA, TO NepBas U BTOPasi BCTPEYH NPOU30HYT
Ha pa3sHbIX MOJOBHHAX Tpeka. /{15 nepBoii BeTpeun:

B, =i (la)
%—L] — (2a)
Jlnst BTOpO# BCTpeuu (OT Havala JIBHIKCHHS ):
LiL=u; (3a)
L—l; =L, (4a)

Cnoxum ypaBuenus (1a) u (2a):

r

L
5 =T LT, :(UI+UZ)TE‘ (5a)

Cnoxum ypaBHenus (3a) u (4a):
3L

2

—=ur,+u,1,=(u +v,)1,. (6a)



Otcrona, paznenuB (6a) Ha (5a):
T =37, (7a)

PaccmoTrpuM mammny, KoTopas Bblexasa U3 Ookca komaHabl A. Pa3aenum ypaBHeHue
(3a) Ha ypaBHeHHue (la):

f+[‘l T

P 3 = T =5 (8a)
OTrcrona

L=2(3L-L,)= 1440 m. (9a)

b) Ecau ckopocTs MamnHbl U3 Ookca b 3HaunTenbHO 00JIbIIIE, YEM CKOPOCTH MAllIMHbI
13 Ookca A, To nepsas M BTOpast BCTPEUHU NMPOH30IAYT HA OJHOM ITOJIOBUHE TPEKA, IPUYEM

TOYKA BTOPOH BCTPEYH JIEKHUT MeKAY OOKCOM KOMaHIbl b M TOUKO# nepBoil BCTpeyH.
Torna ans nepBoi BCTpeUM:

L =yr,; (16)
L
“ f =i 26
5 L =0,z (20)
J1711 BTOpOi BCTpeuH (OT Havasia ABUIKEHUA):
e
S L =] (30)
L+1s=m5;. (40)
Craoxum ypaBHeHus (10) u (20):
v
o Ak U =(v,+v,)7;. (56)
Croxum ypaBHeHus (30) u (40):
37
’T:Ujrzﬂ)zrz =(v,+0,)1,. (60)
Orcro1a, pasaenus (60) Ha (50):
Ty = BB« (70)

PaccMOTpHUM MalllHHY, KOTOpas Bblexana U3 Ookca Komanabl A. Pazaenum ypaBHeHHe
(36) na ypaBuenue (10):

,/.:*[‘3 .

;L‘ ::_;:3. (80)
OTrcrona

E=2(3L L, )= 2160 m, (90)

B) Ecii ckopocTh MaliiHbl H3 O0Kca A 3HAUYMTEIbHO OOIbIIE, YeM CKOPOCTh MALIHHBI
13 Ookca B, To nepsas M BTOpas BCTpe4H MPOHU30IAYT Ha O/IHOH MOJOBHHE TPeKa, MpHYeM
TOYKA BTOPOH BCTPEUM JIEKHT MEKILY OOKCOM KOMAaHIbl A M TOUYKOH MEPBOI BCTPEUH.
Toraa ans nepBox BCTPEUH:
=0T

T (1s)

— L =75 (2B)

T~

~

-~

J11s1 BTOpOI BCTpeun (OT Havyasa IBUKEHHA):



- L, =u71,; (3B)

2
L,=v,0z,. (48)
CnoxuM ypaBHeHus (1B) u (2B):

é:uzr]+uzr,:(ul—u:)rl. (5B)

Crnoxum ypaBHeHHs (3B) U (4B):

-~

%:ulrz+uzrzz(u]+uz)r3. (6B)
Orcrona, paznenus (68) Ha (5B):
7 =37 (7B)

PaccmoTpum MalmmMHy, KoTopas Belexana u3 Ookca KoMmanael A. Pazienum ypaBHeHuHe
(3B) Ha ypaBHeHHe (1B):

L
,
£ =-1=3, (8B)

& T,

OTcrona
2 2
L :E(BL1 +L,)=20L+=L,=720 M. (98)
i }

Pasoannoska eapuanma 2

Ne Kpurepnii bajbl

2

I | VKasano, 4To MoxeT OblTb 3 BapHaHTa pasMelleHHs] TOYKH BTOPOIi I
BCTPEYH Ha PasHbIX I10JIOBHHAX TpeKa

Jlta cnydas (A) 3anucanbl ypaBHenus (1a)-(4a)

3anucaHo ypaBHeHHe (8a)

[lonyuyena anuua tpeka 1440 m

st ciyyas (b) 3anucansl ypasaenus (16)-(46)

[lonyuena pimHa tpeka 2160 m

st cnyyas (B) sanucanst ypasnenus (1B)-(48)

Nolio R ENEEe WAV, NN AU Y )

3anucaHo ypaBHenue (8B)

I
|
!
!
3anucaHo ypasHeHue (80) 1
1
|
]
]

o

Ilonydena mnnHa Tpeka 720 M

Cymma 10




8.2. OaHopoaHblil OpycOK B BHie Mapasulesenuriena U3 MaTepuana ¢ IUIOTHOCTBIO p U
pazMepaMi a X b x b (b < a) cTOMT KBaJpaTHOH I'paHbI Ha AHE OONIBIIOrO aKkBapHuyMa, B
KOTOPBIH /10 ypoBHs A HanuTa Boga (h<a, p, < p, TIe P, — IOTHOCTbL BOJbI). Kakyro
MHUHHUMAaIbHYIO CHIIY HAI0 IPUI0KHUTE K OpYyCKY, YTOOBI OH Hayall HAKIOHSThCS, BpallasCh
OTHOCHTENIBHO HMKHero peodpa? bBpycok mo aHy akBapHyMa He CKOJIB3UT. YCKOpEHHe
CBOOOIHOTO MaICHUs PaBHO g.

Peutenue.

Mckomas cuia OyaeT MUHUMATbHOH, €CJIH TIPUJIOKHUTL €€ NepPHeHAHKYJIsIPHO 1evy
MaKCMMaJbHO BO3MOKHOH IJIHHBI, KOTOPBIM B [aHHOM Clydae SBJISIETCS HaroHallb
OOKOBO# rpaHu Opycka.

B HavanpHONH cTaaMu BpauleHWd (KaKk TOJBKO HIDKHAS IpaHb OTOpBaJIaCh OT JHA
aKkBapuyMa) Ha OpyCOK e CTBYIOT CleyIOIIHE CHIIbI:

- NPHIOKEHHAas NepreHIMKYIsIpHO K BepxHeMy pebGpy M aMaroHaad rpaHd aXxb
vcKkomast cuna F;

- IPUJIOKEHHAs K LIEHTPY Macc CHJIa TAKECTH mg;

- IPUJIOKEeHHAs K LEHTPY MJ1aBaHbs cuila Apxumena £,

- pHIIOKEHHAs K HKHEMY peOpy BEPTHKAJIBHO BBEPX CHIIA PEaKMK Omopbl V.

3anumeM ypaBHeHHE MOMEHTOB CHJI OTHOCHTEIIbHO TOYKH OIOPbI (TOIJa MOMEHT
CHJIBI peakinu onops! paseH 0):

T b _ b
F-\,a‘+h':mg-:w—[‘4-;. (1)
Cuna Apxume/a paBHa:

F{ = )ug ) :vmp = pﬂg 'hbz . (2)
Macca Opycka paBHa:

m=pV =pa-b’. (3)
OTcroa nonyyaeM:

ab’ (pa—p,h
F= _(_/_:) (4)

2NVa + b

[Ipumeuanue:
Ecni 1IKOILHUK HAampasiseT cuiy F napanienbHo BepXHeil rpanu Opycka, ypaBHeHHe

MOMEHTOB CHIIbI 6}’,[16'1" BbITJIAOCTb KAK:

h b
F-(Jzi)?g-—z—wF_4-5. (1)
[TonyuaeMblid OTBET:

b (pa—p.h
F= *_(p_p_‘*) _ (4)
2a

Pazbannosxka

Ne Kpurepmii Banbl
= o]
| OBocHOBaHA MHHHMAJILHOCTL NpHIIAraeMoil cHIIbl (MEPrEeHAHKYISIPHO 3
JIMAroHaJIv rpaHn).
”r.llf 0O0CHOBAHHH HanpapJICHHUA CHJIbI napajijieIbHO Bepxueﬁ rpaHu 3a 3TOT [MYHKT CTaBHM 0
0asnnoB, 3a OCTAIbHBLIC MYHKTbI (ﬂpl‘l IpaBHJIbHOM pCL[JCHI!H) Oasl/ibl HE CHUMACM.




2 | 3anMcaHo ypaBHEHHE MOMEHTOB CHJ (1), ¢ NpaBHIIbBHBIM YKa3aHHEM 3
TOYEK NPUIOKEHUS CHUIL.
3 | 3amucaHo BbIpaxeHue (2) misd cuiibl Apxume/ia |
4 | 3anucaHo BeIpakeHue (3) s Macchbl OpycKa (MW U1 CHJIbL TAKECTH 1
Opycka)
5 | IlonydeH otseT (4) b
Cymma 10




8.3. Cpennas JI0THOCTb CBHHIIOBOTO Lapa M XKeJe3Horo Kyda paBHa p; = 8,9 /e’ Yemy
OyJeT paBHa CpelHss MJIOTHOCTh o, JKEJIE3HOro IIapa W CBHHIIOBOIO KyDa Tex e
pazmepos? YeMy paBHO oOTHOlIeHHe o00beMoB wIapa W Kyda? [l10THOCTH CcBHHIA
o= 114 r/eM’, IUIOTHOCTD Akele3a O =18 r/em’.

Peuienue.

[Iycts Vi u Iy — 00beMbl 11apa U Ky0a COOTBETCTBEHHO.
I,

I
O6o03HaYUM o =——, Toraga l—-a =—2—.
/4, v, +V,
CpeaHsis NJIOTHOCTL CBUHIIOBOTO 111apa U yKeJIe3HOro Kyoa:
p( L’ + pwl/r__’
=2 gp 4 (1-a)p, (1)

PackpoemM cKOOKH:

p=a(p, —p,.)+p,.. (2)
Orcrona:
_ L= P ) (3)
p.—P.
Cpe/iHsis JI0OTHOCTh CBUHIIOBOIO KyOa M KeJIe3HOro apa:
p, = 2IPY oy (1—a)p =-alp-p)te.  (4)

N
Crnoxum ypaBHenus (2) u (4):
O+ P =Pt Pes
p.=p. +p —p =7.8+11,4-89=10,3 r/em’. (5)
OTtHOIIEHHE 0OBEMOB:
P =P

H_ @ _ P —Pu _ P~ P _ PP 89778y (6)

V, 1-a (_Pi=Pu po-p—(p—p.) p-p 114-89
B, = p,

Pazbannosxka

Ne Kpurepuii baasbl

ri ~r
‘ 3anucano ypasHenue (1) n/1s cpeined mIOTHOCTH Py 1

| —

3anucano BbipakeHnue (3) 118 DoaM oObemMa OAHOH M3 (QHUIYp, HIH 3
HaiiieHbl 00beMbl QUTYP.

3anucano ypaBHeHue (4) 1nst cpeiHeH MJIOTHOCTH )

[Tonydeno BbipakeHHe (5) Ad cpeHel MJIOTHOCTH )

3
[Tonyuen otBeT o = 10,3 r/em’.

[TonyueHo BelpaKeHHe (6) 1718 OTHOUEHHs 00bEeMOB apa u KyO0a
[Monyueno 3navenne 0,44 11 OTHOUIEHHA OOBEMOB LIApA H KyOa

||| W)
e e N e

Cymma 10




8.4. PeaktopoM H/€albHOTO CMELIEHHS Ha3bIBAETCS 3AKPBITBIH COCYI C HECKOJILKHMH
BXOJHBIMH M  OJHHM BBIXOJHBIM IOTOKOM, B KOTOPOM IIPOHCXOIHT ObICTpOE
nepeMelIMBaHue BelleCTBA C [JOCTH)KEHHEM OJIMHAKOBBIX 3HAYCHHH [aBJICHUA H
TeMIlepaTypbl B KaK10H ToYKe oObeMa cocyna. B Takol peakTop mocTymaeT 2 BXOIHBIX
MOTOKA BOJIbI, C MACCOBBIM PACXOIOM i) U M>, U Temnepatypoil 7) U 7> COOTBETCTBEHHO.
Kakass paBHOBecHas TeMmmnepatypa 7, YCTAHOBHTCS BHYTPH peakTopa, eciu
JIOTIOJTHUTENILHO  BHYTPH COCyda BbIAeNsieTcss TeNI0 MOILIHOCThIO P?  VYienbHas
TEMIOEMKOCTh  BOABI ¢. KoJu4yecTBO BOAbl B pPeaKkTOpe OCTaeTcsl IMOCTOSHHBIM.
[Ipumeuarnue: MacCOBLIM PACXOJA0M Ha3bIBAETCS Macca BeLIeCTBA, IOCTYNAIOIIEro B
[IOTOKE B PEAKTOP B €AMHUILY BDEMEHH.

Peuenue.

[Tockonbky BONa He CkKUMaeTcd M €€ KOJMYECTBO BHYTPH peakTopa OcTaeTcs
MMOCTOSAHHBIM, TO MAaCCOBBIH pPacxo/l BBITEKAIOIEH M3 peakTopa BOAbl paBeH CyMMme
MAaCCOBBIX PacXo0/0B BTEKAINUIHX MOTOKOB (aHAIOr 3aKOHA COXPaHEHHMsI MacChl):

Mo = H T 1. ( 1)

B paBHOBECHH TeMIepaTypa BbITEKAKILEro MoTOKa paBHa TeMIlepaType BOJbl BHYTPH
peaxkTopa:

T =T (2)

TenmoBas sHeprus, KOTopas MOCTyINlaeM B peakTop 3a MaJibli IPOMEXYTOK BpPEeMeHHU
AT

O, =(euT +cu, L) At (3)

TenyoBas SHCPIUsA, KOTOpasi BBIACIISICTCA BHYTPH peaKTOpaI
Q. =P Ar. (4)

TennoBas SHEPIrHA, KOTopas YXOOUT U3 PEAKTOpPA:

Q. =ctt, T -At=c(u+p,)T. -At. (3)

B paBHOBECHH COXpaHsieTcs TEIJI0BOI GaaHc:

Ot D= b (6)

(epT, +cp,T,)-Ar+ P-Ar=c(p +1,)T.-At

OTcrona nonyvaem:

il + el + i
T = <. (7)
Hy T
Pazbannrosxka
F o Kpurepui bamaabi

1 | OTmMedeHO, YTO MAacCOBBIH PacXoj BBITEKAIOLIEH H3 peaKkTopa BObI 2
paBeH CYMMe MacCOBBIX PACX0/I0B BTEKAIOIIHX MOTOKOB

2 | OTMeueHO, 4YTO B pPaBHOBECHH TeMIlepaTypa BbITCKAIOIIEro MoToKa 2
paBHa TemriepaType BO/bl B peakTope. ’

3 | 3amucanbl ypaBHeHus (3)-(5) /18 TenJI0BOH SHEPrHH BXOAHOIO MOTOKA, 3
BbIJIC/IAIONIEHCS B PEAKTOPE M BBIXOJHOIO MOTOKA (BO3MOMKHO, B OJTHOM |
ypaBHEHHH )

4 | 3anucano ypaBHeHHe (0) U4 TeMJIOBOTO Oajanca 2

5 | Ilonyuen orser (7) 1

Cymma 10




9.1. Ha rono4yHom Tpeke B Buzae OOJIbIIONH OKPYKHOCTH OOKChl KomaHa A W B
pacIiojio’KeHbl B JHaMEeTpallbHO MPOTHBOIIOJIOKHBIX TOUKax Tpeka. M3 OokcoB mo Tpeky
HaBCTpevy JAPYr APYTY BBIC3KAKOT ABE MAllHHBI, MPHYEM KaKAas IBHXKETCS IO TPEKy C
JUHEHHO YBEJMYHMBAIOIIEHcss cO BpeMeHEeM CKOPOCThbIO (HadaslbHas CKOPOCTh paBHa 0).
[leppas ux BCcTpeya npousouuia Ha pacctosHun L; = 300 M oT Ookca KoMaHabl A
(paccrosiHue u3Mepserces no rpacce Tpeka). [ I[poexas MUMO ApYr Apyra, OHH IPOAOJIKAIOT
JBHKEHHUE, U CICAYyIollas UX BCTpedya cOoCTosIach Ha paccTodHUM L, = 180 M oT Ookca
komaHabl B. OnpeneaiTe BO3MOKHYIO ITHHY Tpeka L.

Peutenue.

Bapuanm 1.
3amemuy, 4TO OT Ha’ala JBH)KCHMS K MOMEHTY MEpBOil BCTpeud 00€ MallMHbI

cymmapro TpOUIIH paccTosiHue L/2, a ko Bropoit — 3L/2. TlocKOabKy NpOMEKYTKH
BPEMEHHU OJIMHAKOBbBI 111 00€MX MAaIlWH, TO KaXKaas U3 HUX K MOMEHTY BTOpPOH BCTpeyd
mpoexasa paccTosiHue B 3 pa3a 00.blle, YeM /10 NepBoil.

PaccMoTpuMm 3 BapHaHTa pacrnosI0/KeHUst TOYKH BTOPOH BCTPEYH.

A) Ecau ckopocTH MallliH 0HOTO MOpSAKa, TO TepBasi i BTOpasi BCTPEeUH MPOH30HAyT
Ha pa3HbIX MOJOBHHAX Tpeka. MaruHa, BblexaBuias M3 OOKca KOMaHIbl A, 10 NepBoi
BCTpEeYH npoexalna paccrosinue L, a 10 BTOpoH — %+ L,. Otcrona:

]’ £ .

5"'/,::_)1[{, (1)
L=2(3L-L,). (2)
Bo3mozxkHas aivHa tpeka — 1440 M.

b) Eciu ckopocTh Mamubbl U3 60kca b 3HauyuTe1bHO OO0JIbLIE, YEM CKOPOCTH MALIHMHBI
13 Ookca A, TO nepBasi ¥ BTOpas BCTPEUU NMPOU30MAYT HA ONHOH MOJIOBHHE TpeKa, MpHYeM
TOYKA BTOPOH BCTPEUH JICKHUT MEKIY OOKCOM KOMaH/1bl b ¥ TOUKOH IepBOM BCTPEUH.

Maiuuna, BblexaBinas W3 Ookca KOMaHIbl A, 10 MNEpBOH BCTpPEYH IMpoexala

. L
paccTosiiue Ly, a 10 BTopoit — =~ L, . Orcroza:

L g onp: (3)

=2(3L,+L,). (4)

L
Bo3moxknas annHa tpeka — 2160 m.

B) Ecii cKopocTh MallMHbl H3 O0Kca A 3HAYHTEILHO OO0JIbILE, Y€M CKOPOCTh MAllIHHBI
u3 6okca b, To mepBasi ¥ BTopas BCTPEUH NMPOU30H/1yT HA OJHOMH MOJTOBHHE TPEKa, NpHuEeM
TOUYKA BTOPOH BCTPEUH JIEHKHT MEKITY OOKCOM KOMaHIbl A H TOUYKOW MePBOH BCTPEUH.

MainuHa, BblexaBlasg M3 ©OoOKca KoMaHael A, 10 NEepBOH BCTpEYH TMpoexana

-_
paccTosiiue Ly, a 10 BTopoit — —-L,. Otciona:

"f‘—/,: =3L; (5)

D

2

E=—(3L 4L, )=2L +=L,. (6)
3 2



Bo3moxkHas aiauHa tpeka — 720 M.

Ilpumeuanue: pacnpocTpaHeHHass OLIHOKa — paccTosHMe L 0 MOMEHTa BTOPOWH
BCTPEYH.

Pazoanioexa eapuanma 1

No Kpurepuii baibl

| Onpeneneno cymmaphoe paccrosiHue L/2 1o 1-it BcTpeun. o I
Onpeneneno cymmapHoe pacctosuue 32/2 1o 2-i BCTpeyH |
[Ipu 3navennu L 3a 3TOT NYHKT U 332 YHCIOBOM OTBET ,is JUIMH Tpeka (1. 6, 8, 10)
craBuM 0 OaJIIOB, 3a OCTAJIbHBIC MYHKTBI [IPH [TPABHIBHON JIOTHKE pelieHus Oauinl
HE CHUMaeM (MToro 6 6amioB 3a 3ajaqy).

t | —

(OS]

[Tory4yen BBIBOJ, 4TO Kaykaas M3 MAIlIHH K MOMEHTY BTOPOH BCTpEuH |
_mpoexajia paccTosgHue B 3 pasa DoJblile, YeM [0 MepBoil.

I

YKa3aHo, 4To MOXKeT ObITh 3 BapuaHTa pa3MelleHHsl TOUKH BTOPOii I
BCTPEYH HA PA3HBIX I10JOBUHAX TpeKa

PaccMoTtpeH ciyyvaii (A)

[TonyyeHa anuHa Tpeka 1440 M

Paccmotpen cnyuaii (b)

[Tonyvena anuHa Tpeka 2160 M

Nele R ENERe RRW)}

Paccmorpen cnyyaii (B)

—
(e ]

[Tonyuena anuHa tpeka 720 M

Cymma 10

Bapuanm 2.
IlyeTb a) — yckopenHte nepBoi MalIMHbI U3 GOKca KOMaHIbl A, a» — YCKOpeHHe BTOPOii

MalIHHBL 03 OOKca KoMaHJibl B, 7) — BpeMst 0T Havana ABMIKEHUS [IEPBOIi BCTpedH, m — /10
BTOPOH BCTPEYH.

PacecmoTpuM 3 BapuanTa pacrosioxKenus TOUKH BTOPOI BCTPEYH.
A) Ecin cKOpOCTH MaIllMH OHOTO MOPAAKA, TO NIepBas U BTOPas BCTPEYH IIPOH30Mi1yT
Ha pasHbIX 10JIOBHHAX Tpeka. Toraa /uist nepBoii BCTpeuu:

a TE .
I = ‘71 ; (la)
L u,rf .
> i = 5 (2a)
Jlist BTOpoi BCTpeun (0T Havana JIBHKEHU ):
£ a,r;
—+ L, =—1%;
2 - 2’ Ba)
U,TE 5 S
L—L,=—=2 (4a)
5 :
Cnosxkum ypaBHeHus (la) u (2a):
L _ar! ar] a +da, ,
5 = 5 b= 5 = 5 [ (Sa)




Croxxum ypaBHeHus (3a) 1 (4a):

2 >
3L ar, a7, a+ay
= - 4 —— = — =

22 2 g e (6a)
Otcrona, pazaenus (6a) Ha (5a):
r2 =32, uam 7, =+31,. (7a)

PaccmoTpnm mammnHy, KoTopas Belexana W3 Ookca koMmanjsl A. Paznenum ypaBHeHue
(3a) Ha ypaBHeHue (la):

f+ L, 3

£ =-1=3 (8a)
L T

OT1cro1a

L=2(3L,-L,)= 1440 m. (9a)

b) Ecnu cxopocTs mMatuuHel U3 6okca b 3HaunTe1bHO O0MbLIE, YeM CKOPOCTh MAllIHHbI
13 OOKca A, TO repsas U BTopasl BCTpeYH NMPOU30HIYT Ha OJHOMH [10JIOBUHE TPEKa, IIpHyeM

TOYKa BTOPOH BCTPEUH JICKHUT MEXKIAY OOKCOM KOoMaH/Ibl b U TOUKOH NepBOH BCTpEUH.
Torna nepsoii BcTpeun:

g 1 . o
L= (16)
L Q5T
MR— = e = " ,)’-
S =t (26)
Jlns BTOpO# BCTpeuH (OT Havama IBMIKEHHS):
L ar; ~
S-L, =0 (36)
L+L, =20 (46)
Cnosxum ypasHenus (10) u (26):

L arl a1} a-+a, ,

Za B g B ST TR (56)
2 2 2 2

Cnosxum ypaBHeHus (30) u (46):
i/;:c,[r:: +(J2T§ :u|+uz Z’, (66)
2 2 2 2 .

Orcrona, paznesnus (60) Ha (50):
r2=372, unu 7, =/3r,. (70)

PaccMoTpHM MallnHy, KOTopas Bhlexajia H3 Ookca komanasl A. Pazgenum ypaBHeHue
(36) Ha ypaBHeHue (10):

[‘71,3 .

2 -3, (86)
L, o

Orcrona

L=2(3L,+L,)=2160 Mm. (90)

B) Eciu cKkopocTh MallluHbI U3 60oKca A 3HAYUTEIBHO OOJIbUIE, YEM CKOPOCTh MAllIHHbI
13 Gokca B, To nmepsasi U BTOpas BCTpeud MPOM30HIYT HA OJIHOH [M0JOBHHE TPpeKa, NpHYeM
TOUKA BTOPOH BCTPEUHM JISKHT MeXKTy BOKCOM KOMaHIBI A H TOYKOI MepBOH BCTpEUH.



Toraa nepsoi BCTpeyn:

L=40 (1)
%-g:”gﬁ (28)
J11st BTOpoii BCTpeur (OT Havasia JABHIKCHHS);
%L——Lf”‘j; (38)
LZ:“ff. (48)

Cnoxxum ypaBHeHus (1B) u (2B):

5 2

L ar ar  a+a, -

—=—b 2l 20 (5B)
o 2 %) 9

CnoxuM ypaBHeHust (3B) u (4B):

3L _ &y N BT _atda, =3 (68)
2 2 2 27

Orcrona, paznenus (6B) Ha (SB):

s =3¢ WUl % =\/§T1 , (7B)

PaccmoTpum MaumHy, KoTopas Bblexaia W3 6okca komanasl A. Paszneinm ypasHenue
(3B) Ha ypaBHeHHe (1B):

37
B =1 £ (85)
= === = 3,
L, o '
OTcroma

,
L=2(3L+1,)=2L +2L,= 720 u. (95)
) 3

Pazoannosrka eapuanma 2

Ne Kpurepnii baibl |
1 | Ykazano, 4To MoxkeT ObITb 3 BapuaHTa pa3MelleHHs TOYKH BTOPOIl 1
BCTPEYM Ha pa3HbIX [10JIOBUHAX TPeKa |
2 | Jns caydas (A) 3anucanbl ypaBHenus (1a)-(4a) |
3 | 3anucaHo ypaBHeHue (8a) I
4 | Ilonyuena nnuna tpeka 1440 m 1
5 | Aad cnyuas (b) 3anucaun! ypasuenus (16)-(40) 1
6 | 3anucaHo ypaBHeHue (80) 1
7 | IlonyyeHa miuna tpeka 2160 m 1
8 | Ans ciayyas (B) 3anucans! ypaBHenus (18)-(4B) 1
9 | 3anucaHo ypaBHeHue (8B) 1
10 | ITonyuena nnauna tpeka 720 m |
Cymma 10




9.2. /IBa BepTHKATBLHBIX LUHIHHAPHUYECKHX cocyna Nel u Ne2 '
HEKOTOPOH BBICOTBI [/, CTOSIIMX Ha TOPU3OHTAILHOM
MOBEPXHOCTH, JOBEPXY 3alOJHEHBl PTYThIO (IJIOTHOCTHIO
p=13,6 r/cM’) U coeTHHEHDI BHH3Y TOHKOH rOpU30HTAIbHOMH
TPYOKOH IpeHedpeKUMOo Maloro odbema (CM. PHCYHOK).
[Tnomanu nonepeynoro ceyenus cocynoB Nel u Ne2 paBHbI
Sy 1 S, coorsercTBeHHO. TOMUMHON CTEHOK COCYNI0B MOKHO
npeHedbpeUb.

Cocyn Ne2 cBepxy repMeTH3HPYIOT KpBIIKON (BO3ayxa
MEXIY PTYThHO H KpBIMIKOH HeT). M3 cocyna Nel oTkauaiu
pTYTh 00beMoM V. KakuMu cTaHyT YPOBHH PTYTH B cOCyaax
Nel wu Ne2? Tlpum kakux BelicoTax H B cocyme Ne2 Han
KHUIKOCTBIO MoOsBUTCS nyctota? ATmochepHoe naBlieHHEe p =~ 10° IMa. Yckopenue
CBOOOHOrO NMajacHHUsA g.

H

S S

Pewenue.

B Havane OTKa4ykW ypoBeHb pPTYTH OY/JeT MOHMUKAThCS TOJbKO B cocyae Neol,
ITOCKOJIBKY B cocyie No2 [pH ONyCKaHWHM YPOBHS JKHJIKOCTH BOZHMKHET pa3peKeHHOCThb, U
aTMocdepHoe naBIeHHE MOJHHMET JKHIKOCTL oOpatHo. Takum oOpasom, npwu

OTKa4YuBaHHuH 0ObeMa V ypoBeHs B cocyne Nel cHM3HMTCS Ha
v

AR =—, (1)
&
v
h=H-Ah=H-—. (2)
=
A B cocyne Ne2 Ah, =0 h,=H . 3)

JTo OyaeT MNpOAOKAThCs, MMOKAa THAPOCTATHYECKOe JaBlIeHHe, 00yCIOBJIEHHOE
pPa3HOCTBIO BBICOT YpOBHEH, He CTaHeT paBHBIM aTMOC(EpPHOMY NaBIIEHUIO py. DTO
[POMU30MIET B MOMEHT, Koraa

IV
5, pg
D10 MOKET OBITH MPH BBICOTE COCYNOB [ > L4 . (5)
PE
AS‘
ITocre storo (=242 npu oTBope KHAKOCTH YPOBEHb OVAET MOHHKATLCS B 0BOUX
P8
cocylax, a Hall ’)KHAKOCTbIO B cocyie Ne2 oOpa3yercs mycToTa:
V =S ,Ah +S,Ah, ; (6)
Ah, = Ah el (7)
Pg
Otcrona, peuiasi cucTeMy YpaBHeHHUH, morydaeM
. )
V+s, 2 v+s, L
ples g
e p—— - X h=H-Ah=H-— P&, (8)
8 S, S, +8S,
oo 2 7
A, e hy=H-Ah=1H-——P8  (9)

S, +S, S5 +55



Pazobannoska

Ne Kpurepni ba.Labl
1 | Yka3zaHo, 4TO B HayaJle OTKAuyKH yPOBEHb KHUIKOCTH CHHIKAETCS TOJILKO 2
B cocynae Nel
) V 2
[lonyyeno h=H-—, h,=H .
A=A
3 V [),: P 1
3anMcaHo IpaHMYHOE YCJIOBHE Al =-—=--- 11 Hayajla ONyCKaHHA
S, pg
YPOBHSI )KHIKOCTH B cocyjie Ne2. -
o)
4| Vxasano, uro mpu BbicoTax H >4 B cocyme Ne2 Hajl KHIKOCTBIO 1
PE
MOKET 00pa30BbIBAThLCS [IYCTOTA.
5 | 3anucaHa cucTema ypaBHeHu# (6) u (7). 2
6 | IlonydeHo pewleHnue Uit ypoBHs B cocyae Nel - ypaBHeHnue (8) 1
7 | IlonyyeHo pewenue juisg ypoBHs B cocyie No2 - ypapHenue (9) 1
Cymma | 10




9.3. Buyrpn 00/1b1I0OH TENI0H30MMPOBAHHON €MKOCTH C BOIOIl MpH TemIeparype 1, =
0 °C HaxoauTCs MajleHbKas TOHKOCTEHHAas EMKOCThL C BOJOH M KYCOYKaMH JI1bJa MacCoi
my = 100 r npu Toi ke Temnepatype. Bony B Gosbioil EMKOCTH HauYMHAIOT HarpeBaTth
Tak, 4uTo €€ TeMIepaTypa VYBE/IMYHMBAECTCS C IMOCTOSIHHOW CKOpOCThrO. YacTte Tenna B
pesynbTaTe TernjaooOMeHa MonajgaeT BHYTPh MajeHbKOH EMKOCTH, U MJET Ha MJIaB/IeHHE
nbaa. MomHoCTh Tenaonepeaadn MpornopiuoHalbHa pa3HOCTH TeMIlepaTyp B OOJIBIIONH H
MaleHbKOH €MKocTax (3akoH Pypee). M3BecTHO, 4TO KOrma temrepaTypa B OOJIBLIOH
émkoctn pocturna 77 = 50 °C, BHYTpH MalleHbKOH €MKOCTH pacriiaBuiock my; = 10 r
npaa. OUeHUTe, Kakas Macca Jibjla /1 pacilIaBUTCSA OT Hadasla Harpesa /10 TOro MOMEHTA,
KOr/la Temreparypa Bojbl B 0osbinoit éMkocT gocturHet 7> = 100 °C? BHyTpHu kaknoit
€MKOCTH COJEPAKHMOE aKTHBHO IepeMellnBaeTcst, TaK YTO TeMmIleparypa BO BCEX TOYKaX
KaK/IOH €MKOCTH OJIMHAKOBas.

Peutenue.

[Tpennonoxum, 4To 3a BCE Bpemst Harpesa J1E1 B MaJIEHbKOW €MKOCTH BECh HE pacTaer.
Torna remneparypa MajeHbKOH €MKOCTH B TedeHHe Bcero npouecca oyuner 7, = 0 °C, a
BCe MoJlydyaeMoe TeIllo MoH/IeT Ha niaBJjieHHue Jbja.

[Tocko/bKy MOIIHOCTB TenJjonepeaadyd MPOMOpUMOHAIbHA PAa3HOCTH TEMIIEpaTyp B
OONbIIONH W ManeHbKOH EMKocTaX (P =a(7T-17,)), a Temnepatypa 1" pacTeT JIMHEHHO, TO

st nepBoi yactu Harpesa a0 77 = 50 °C 3To 3KBHBaJIEHTHO, KaK ec/ii Obl TeMIleparypa

paBHHﬂaCb CpeaAHEMY 3HAYEHHIO
. T+T
A (1)

cpl ~

3anuiueM ypaBHEHHE TeIJIOBOro OajaHca:

N T
LT 1Y ege il )
3 g B

Amy =P 1= a[

rae 7— BpeMs HarpeBa BOJbl B 00NbIIOH eMKOCTH OoT 7y 10 7.
3aMeTHM, 4TO
1,-1,=T,-T,, (3)

H, CJIeI0BaTEe/IbHO, BpeMs HarpeBa oT 7 1o 7> Takyke OyleT paBHO T.
Toraa ast BToporo yyactka Harpesa:

7, = (4)

(T +T. ‘
R R 8 P (5)
3 )
\ B /’
rjie n, — Macca JIbJ1a, pacTasBIlero Ha BTOpOM y4dacTKe Harpesa.
Pasjenum ypaBHernue (S) Ha ypaBHeHHe (2):
my | BET =3l

.

Am,=P 1=«

/

i, 1, =14
1, 15 =21
m, =m, ]—; (6)
) Ty =l
[Tosnast macca pacTasBUIEro Jbaa:
T4 k=21, 21, +1, =381
m=m +m, =m +m—_—= Co=m ——— . (7)
i Tl 777! T =&

0

[TocTaBiisist YMCIOBBIE 3HAYCHU, TOJyduM m = 40 T, 4TO MeHbLIE My = 100 r.



ITpumeuanue. 111KOJIBHUK MOXeET, 110/1b3YSICh PABHOMEPHOCTBIO HArpeBa U

paccMaTpuBaTh cpasy Harpes ot 7y a0 75. B aTom ciiyvae

7 i+ 1
2

5

T, - (4)
Am:l?,ﬂr—af“”?—T(,}.zrzaTl_T’-zr (5)
o 2 2
mzmlglz—_gi‘izéml“. (7)
I -1,
Pazoannogka.

No Kpurepnii baael J

1 YkazaHo, 4TO TemIepaTypa MaleHbKOH €MKOCTH B Te4Y€HHE BCEro 1
npouecca oyuer 7, =0 °C.

2 VYKazaHo, 4TO BC/JASACTBHE JUHECHHOCTH HapacTaHWs TeMIepaTypbl Ha 2
NEepBOM YYacTKE €€ MOXKHO 3aMEHUTb CPEJHUM 3HA4Y€HHEM B BH/E
ypaBHenus (1) (i BbInonHeHo rpaduyeckoe HHTErpupoBaHue).

3 3anMcaHo ypaBHeHMe TeruioBoro dananca (2) ajis npoliecca Harpesa | ]
ot 7y no 7).

4 | Yka3aHo, 4TO BpeMeHa HarpeBa BoJbl B 00sb1I0H eMKocTH OT 1) j10 7 I
U oT 7| 10 7> OIMHAKOBHI.

3 YKaszano, 4To BCICACTBHE JMHEHHOCTH HAapacTaHWs TEMIIEpaTypbl Ha 2
BTOPOM YYacTKe (MJM JUIsL BCEro Mpouecca) €€ MOMKHO 3aMEHHUTb
CpeIHHM 3HA4Y€HHWEeM B BHJE ypaBHEHUS (4) (MJM BBIIOJHEHO
rpaduueckoe HHTErpupoBaHue).

6 3anucaHo ypaBHEHHe TeIloBOro dananca (5) Juig npolecca Harpesa !
ot 7 no 7, (MM i1 Bcero npouecca Harpesa ot 7, 10 75).

7 | Ilonydeno Belpaxenue (7) A mMacchbl  pacrasiBUIEro  JibJa |

o L+T, »
(mojcTaHoBKa 7| :i7—~ He SIBJIAeTCs OLIMOKOMH ).
8 | Ilonydeno uucnoBoe 3Hauenue m = 40 r. I
Hroro 10




9.4. [lens cocTOMT U3 UaeanbHOTO HeToyHHKA HanpsixeHus ¢ DJ1C E = 135 B, pesucropos
R|—Rs v uaeanbHOro BojbT™MeTpa (cM. cxeMy). [IpH KakoM CONpOTHBIIEHHH pe3ucTopa Ry
BOJIbTMETp nokaxkeT 3HaueHue U =5 B? R, = 20 Om, R, = 10 Om, R; = 15 kOm, Rs =
40 MOM, Rg =20 MOwM.

R,

Rs

R> Ry Rs
D D \‘
Peuienue.
MoOKHO 3aMeTHThb, 4YTO Ha CXEME [pPeJCTaB/IeH MHOIOCTYIIEHYAThIH IEIHTElIb
Hanpspkenus. Ha kaxxaoM HHskHeM pesucTope (R,) BBIXOAHOE HalIpsiKeHHe paBHO
R
ljrmm’ = (jm’ — " ( 1 )
- R+ R,
CrnenoBaTelibHO, Ha pe3ucTope R, HampsKeHue Oy aeT:
R, 1358 .
U=E——= =45B. (2)
R+R, 3
Ha pesuctope R, HanpsikeHHe Oy/IeT:
R ;
Uu,=U0—3—. (3)
) R, +R,
Ha pesuctope R, HanpsikeHHe OyIeT:
R
U=U,—"—. (4)
TR+ R
R.+ R, ; .
U,=U—=2""5=5B.3=15B. (5)
’ R,
M3 ypaBHenus (3):
U, R,+R, R,
el MDY M B, N
U, R, R,
U, = 1
R,=R,—2—=15k0m-—=17,5 KOM.
U, -U, 2
/ 1 1Y .
[Tpunievarnue: 11IKOJTbHUKH MOXKET 3aMETHThb, YTO k- SJ . 3HAUMUT, HA KaXKIOM 3Tare

3 9 % 7 2
HanpsKEeHHUE nagaeT B 5 pasa, 4To BO3MOJKHO, KOrja HUKHHUH PE3UCTOP ITO HOMHHAITY B 2
pa3a MeHbIIEC BEPXHEro, OTKYyld MoJIyHdacM OTBET.



Ipumeuvanue. Benuuunbl conpotuBieHuil R,, R, << R;, Ry << Rs5, Rq << Ry

(CONMPOTUBIIGHHE MICAIBHOIO BOJbTIMETpa OeckoHeyHo Ooubwioe). I[losTomy TOK,
R

nepeTeKarollHi Mo napariebHOMY COIPOTUBJIEHHIO, Mall, U U, =U m
Pazoarnosxa.
N Kpurepuii banbl
| OTMmeyeHo, 4YTO cxema IpeJCTaB/seT CO0OH MHOIOCTYNEHYaThIH 2
JIeJIUTENb HANIPSIKEHH . ]
2 3anucana ¢popmyaa (1) misi euTesi HanpsizKeHusl. l
£ HaiineHo Hanpsikenue U Ha pesucrtope K, 2
4 | 3anucano Belpaxkenue (3) st Hanpsibkenust U, Ha pesucrope Ry |
S 3anucano BelpaxkeHue (4) Juist Hanpsikenust U Ha pesucTtope Ry ‘ 1
6 3anucano BblpaxeHue (5) s nanpsskenus (> Ha pesucrope Ry | 2
(MM Hal1eHO YuciIoBoe 3HavYeHue U)
7 [Tonyyen umuciosoit otBer Ry = 7,5 kOM (npu  KayecTBEHHOM |
pelIeHHH, KaK I[pPUMEYaHWM, 3a NpPaBUJIbHBIA OTBET CTaBHM 3a
3aj1a4y NOJIHbIHA Oan).
HUroro 10




9.5. bpycok B Qopme nNpAMOYrojJbHOH TpallellMd, [JTHHBI OCHOBAaHHI KOTOpoM
COOTHOCATCS Kak 1:2, cBoel OOKOBOH CTOPOHOI onmupaeTcsi Ha 2 OMopbl, PACHOI0KEHHbIE
Ha TOPU3OHTAILHOH TTOBEPXHOCTH (CM. pUCYHOK). OnpenesuTh OTHOLIEHHUE CHJI peaKIHi
T)/T,, NeHCTBYIOIIMX CO CTOPOHBI OMOpP. Y CKOpeHHe CBODOMIHOTO MajCHHUS g.

T
Pewenue.
Cnoco0 1.
[TycTe m — macca Tpaneuuu, a 1 2a — CTOPOHBI €€ OCHOBaHHUH, /7 — BBICOTA TpaNeUHrH.
PazobbeM Tparneuuto ropu3oHTANBHBIM OTPE3KOM Ha 2 (GUrypbl — MPSIMOYTOJIBHUK CO

CTOPOHAMH JUIMHOM a v A, ¥ IPSIMOYTOJIbHBIN TPEeyroAbHUK C KaTeTaMH JAJIHHOH a U A.

[LTomans npsMOYroJbHOrO TpeyrojbHHKa OyJaeT B 2 pas3a MeHblle TUIOUIaau
OpAMOYFrOJIbHMKA CO  CTOPOHAMH, paBHBIMH  KaTeTaMm, CJIe/loBaTeJIbHO, Macca
NpAMOYTOJbHUKA OyaeT 2/3 oT Macchl Tparnelly, a Macca TpeyrojbHHKa — 1/3 oT macchl
TpaneunH.

3anuiiem YPaBHCHHUE MOMEHTOB CHJI OTHOCHTECJIBHO KaKJI0H M3 OITop. I[J'IH
MpAMOYIOJIbHUKA (uem‘p Macc nocepezmHe):

- 2 h ) ]

L -h==mg-—,um T, =—mg; (1)
3 2 L S

- 2 h . 1

[y,,,-h::)?lg-:,l/ﬂ-[” [':w‘::]ng. (2)
i 2 3

JI1s OpsAMOYroJIBHOTO TpEeyrojJbHHMKa (LIEHTP MacC B TOYKe I[epecevdeHUs MeJlHaH,
KOTOpas AeJIMT MeAHaHbl Kak 2:1):

. ] h . ]
Ty h=7mg-—,umu T, :gmg; (3)

3 J
] 2h 2 .
iy h=—mg-—, UM T, , =—mg (4)
) J )
CxnaasiBas (1) 1 (3), (2) u (4), nojsiyyaem CUJibl pEAKIIMH OIIOP:
" 4
7—1 :’[-l(iw+/f(n‘l :—”I‘LY; (5)
9
5
TZ = 2(nm) + 7;[1;1) =5}”(g . (6)

Orcrona



mg
LB " T, (7)
2 5
2 —m
9 g
Pazbannosxa.
N | Kpurepuii baaael
1 [IpennoxkeHo  paszaeiieHue  Tpalneudd Ha  NPSMOYTOJbHUK W 2

NPSIMOYTOJIbHBII TPEYTroNbHUK

2 HaiineHo cooTHouwenne momaneid (uam oObeMOB, HIH  Macc) ]

NpAMOYroJIbHHKa MW [psAMOYIOJIBHOI'O  TpeyroJibHHKa (Mo ux
OTHOIIECHHUE K Tpaneunu).

3 3anmucaHo BeIpaxkeHHue (1) Juist mpaAMOYrolbHUKA JJ1s88 MOMEHTA CHII 1
JJ1s1 CHJIBI 1

4 3anucaHo BbIpaKeHHe (2) 1d IpAMOYTOJbHMKA U MOMEHTA CHII |
Junst cunbl 15

5 | 3anucaHo BeIpa)keHHe (3) A1l TPeyroJibHHKA JUJIs MOMEHTA CHJ [ 1

cUinl 71
6 3anucaHo BbIpaxkeHue (4) s TpeyroJbHUKA IS MOMEHTA CHJI JUIs 1
CUJIbl 15
7  Haiigena cuna 7| = 4mg/9 l
8 | Haiinena cuna 7> = Smg/9 l
9 | Halinpeno otHowenue 7,/7> = 4/5 =0,8. 1
' Hroro 10
Cnoco® 2.

Ilycte m — macca Tpaneuuu, @ 1 2a — CTOPOHBI €€ OCHOBaHHUIi, /1 — BBICOTA TpAMeLHH,

Halinem KoopaMHaTbl ueHTpa Macc Tpaneuud. Jisg 95Toro J0monHUM — ee
NpsIMOYTOJIbHBIM TPEYIrOJILHUKOM ¢ KareTamMu a U h. Torja nononHeHHas ¢urypa Oynuer
NPEJACTABIATE COOOH MPAMOYTOIbHBII TPEYIONBHUK ¢ KaTeTamu 2a u 24,

[TockombKy Tpameuuto MOXKHO pa3z0uTh Ha 3 MPAMOYIOJbHBIX TPEYroIbHMKA CO
CTOPOHAMH a U /1, TO MIIOWAdL MAJCHBKHX TPEYTrOJLHUKOB OyeT paBHa m/3, a 1ouais
00JIBLIOr0O TPeyroJbHUuKa — 4m/3.

Bocrnonme3zyeMca Tem (akToOM, YTO LEHTP Macc TPEeYroJdbHHKA HAXOAHTCs B TOYKe
NepeceyeHus MeJlMaH, KoTopas Ae/JUT Meuanbl B cooTHomenuu 2:1. CrenoBaTenbHoO,

;)
LIEHTPp MacC OOIBIIOTO TPEeYroJibHHKA HAXOAMTCS Ha BBICOTE =/, a LEHTP BEPXHEro
B)

h 4
MAJICHLKOI'O Tpeyronbﬂu Ka — Ha BLICOTE h+—=—h.
3

~
3

[Tycth » — BbICOTA HEHTpa Macc B paccMaTpuBaeMoil Tpameuud. Torma, 1o
OIIpe/1eJIEHHIO LIEHTPA MacC:

m 4
5 nr-y+3-§h
517:—4—. (1)

—d




CoKpaTtnum Ha m ¥ YMHOKHM 00€e 4acTH ypaBHeHUs Ha 4/3:

8
9

—h= 1'+%i1;
-9

4

4

r=—h. 2
y=g (2)

3anuinem YPaBHCHHE MOMEHTOB CHJI OTHOCHUTEJIbHO KaxK10H U3 OT10p.

4 A
T|~/1:mg~_1f=m,g"5/7; (3)

T,-h=mg-(h-y)= mg-%h . (4)

Pasznenus ypasHenne (3) Ha ypaBHeHHe (4), moayumm:

4
7

[

4mq

g - i_ s s
=3 =3 =0.8. (D)

==t

9 g

Pazoanioexa.

N Kpurepuii banabr

1 peanoxeno  nomonmenne  Tpameuwmu o0 MPSMOYTOJIBHOTO 2
TPEYroJIbHHKA € KaTeTaMu 2a u 2h.

2 Haiizennl macesl manenskoro w 6omblroro TPEYroJIbHUKOB 4epe3 ]
Maccy TparieimH.

3 3anucano, 4TO LEHTP Macc TPeYroJIbHHKa HaxXOJIUTCA B TOUKe 1
IIEPECCHYCHUA MCIMAH, KOTOpasi 1EJTUT MEeIMaHbl B COOTHOILIEHHH 2: .

4 3aricano cootHotenue (1) ais LEHTPOB Macc | 2

Haitnena BeicoTa 1ieHTpa Macc Tpameumn Vv =4h/9.

[ RV,

3anucano Boipaskenue (3) mis TPANCLHH A/ MOMEHTA CHJI [T CHIIBL
7,

T TT T

3anucano Bipaskenne (4) 11s Tpaneluun 118 MOMEHTa CHII IUIsL CHJTBI
75

H;iﬁﬂeﬁo oTHouieHue 7/7, = 4/5 = (,8.

|
Hroro

10




10.1. CHapan, BeINYLIEHHBIH CO CKOPOCTBIO Uy W3 TYLIKH, CTOSIIEH HA FOPH30HTAILHOM
MIOBEPXHOCTH, yIal Ha paccTOosHUHM L oT Hee (npH 3TOM v, >./Lg). Onpenenute

BO3MOKHOE BpeMd ! MOJeTa CHapsAda W Yrojl « ¢ FOpPH30HTAJIbHOH MOBEPXHOCTHLIO, 10
KOTOPBIM OBLT BBINYIIEH CHAPsAl. Y CKOpeHHe CBOOOJHOrO NajeHHs g, COMPOTHBICHHUEM

BO3/1yXa MpeHeOpeyb.

Pewenue.

Bapnanr 1
Bocnosnbzyemes hopmynoit paccToAHUS OT TOYKH BBICTPEIa 10 TOUKH [aICHHUS:
L. sin 2
L=—"—; (1)
g
. & )
sin2a =—<= <1 (2)

g,

DTOMY CHHYCY COOTBETCTBYIOT KAK MMHHMAJILHBIH VIO

1 .| Lg
o, .. =—arcsin| — |, (
2 v,

Tak H MaKCUMAaJIbHBIH

/

(99}

)

e
Lg )

==

0 /)
I[EL"[CC HaxoJ1uM BpEMA [ Kak

fm i 2 (5)

v, cosa

max 9

(4)

T —arcsin
v

HITH, ucnoabsyst (1),
5
20, sina ,
f=———. (6)
g
[oncrasmss  smawennss (3) wu (4) B ypaBHenwe (6), w
IpeoOpa3oBatus. MOTydaeM /(Ba 3HAUEHHA BPSMEHH I10J1CTa;

ITPOBOJIA

TPHIOHOMETPHYCCKHUE

/l g\\
2v, sm‘ N arcsm( U;J } 5 / {—T
\ 0 Uy v 4
min 4 =L 1- I— _i, 5 (6)
g g V Yo
5. |1 . (Lg
2u,sin| | 7 —aresin| — >
= \ Yy U, 2 Lg
. \ =D e -2 )
kg (('Z \} \ \ Ur:
Pazbannosra
No Kpurepnii baiel
] 3anucano ypaBHeHue (1) IS paccTosnus OT TOUKH BLICTPEIa 10 TOUKH 1
IIaJICHHU S
2 | 3anwucaHo ypaBHenue (2) nis sin 2a. 1
3 | Tloayuens! pewenns (3) u (4) a1 MHHHMAaJIBbHOIO M MaKCHUMAaJIbHOTO 2
yria
4 | 3anucano ypaBHeHHe (5) uiaH (6) 1 3aBUCHMOCTH BpeMEHH NoJieTa OT 2
| YIJa C TOPH30HTAJIBIO.




|

(]

5 | INomyueHo BelpaxeHue (6) st 1,,, (MOKHO O€3 TPHIOHOMETPHYECKOIO
npeodpa3oBaHUs K OKOHYATEJIbHOMY OTBETY)
6 | [lomyuyeHno BeIpaxkeHHe (7) WA ¢y, (MOKHO O3 TPHIOHOMETPHUYCCKOIO 2
npeoOpa3oBaHUsl K OKOHYATEIbHOMY OTBETY)
Cymma 10

Bapuanr 2
IlycTh X — rOpH30HTAIBHAS OChb, ¥ — BCPTHKAIbHAA. 3alMIIeM YPaBHCHHS JI'I8 TOUYKH Ha/EHHA
cHapsila A1 KaxJI0H M3 0Cei:
L=ypjpcosa; (H
tl
o~ 1 g [y
O—uctsma—T, (2)

Beipazum u3 ypaBHenus (2) BEJTMHUHHY sin ¢ M 110/1cTaBUM B ypaBhenue (1):
4

&

sina =

20,
. o | gt .
L:uoi‘\/lAsm'a:uof\!l-— J - ()

2v,

BozpeneM B KBaZapar o0e yacTH YpaBHCHHAL

/ 5.9
22
el £

L 4y

9 .0

I =g 1

‘ . 2

Cnenasn 3aMCHY 7 = Z, IOJIYYHUM KBa/IpaTHOC YpaBHCHHE!
, #pe 4

'A——E:+—’:O. (4)

2 P

g g
Perraem ero qycpes [10.I0BUHHBIH AUCKPHMHWHAHT!

202 4r 4o -r'¢')

p=|2% | &L M
g ) g g
9 2 2 4_ 2,2
S Lk (s)
g’ g’

N‘lHHHMaﬂbHOM}’ 3HAYCHHIO BPCMCHH COOTBCTCTBYCT 3HAK «MHHYC»!

_\/2();—2\/03-—ng2 _U‘,VE F /Lg\:

[ = = L=~ —
o g g \f \/ \ Yo J

COOTBCTC’[‘B_\’IOLHHﬁ JTOMY BPCMCHH YTOJI TAKKE ABJIACTCA MHHHMAILHbBIM !

(6)

| g 2 0N2 | | (LeY 1 | | (LgY
sing,,, ==t =-=_2 ] = )1—‘ | == = (7)
2v, 20, & \} \ Yy ) V2 \/ \J )
. . Lg
s 2(Zmin = 2 sin amin Cos O.’mm = ‘;’L K

]

HagecHoii TPACKTOPHH COOTBETCTBYET MAKCHUMAJITBHOC BpEMJ 110.1€Ta H MakKkcHMallbHBIH yYIroJi:

} - N
z\/2v(:+2\/US-L‘g2 zu(,ﬁ 1+ | [L@,}

1*
g g \

= (8)

max

U(‘»



. 1 (Lg)
sine,, :?V1+Vl_kuz . 9)

0/

—

g

sin 2a

max

L

Yy

= 2 Sln am IX €os al“.’.‘ =

Pazbannoexa

'23
[I=]

Kpurepuii

{

baaawl

3anucano ypaBHeHHe (1) 171 IBHKEHHUS 110 OCH X

1

3anucano ypasHeHHe (2) Ulsl ABMIKEHUSA MO OCH Y

—

3anucano OuKBaapaTHOE (KBaJApaTHoe) ypaBHeHHe (4) OTHOCHTEIBHO ¢

[Tosy4eno pemenne (5) KBaApaTHOro ypaBHEHU S

3anucano BelpaskeHue (6) U1t MUHUMAJIBHOIO BpEMEHH

3anuicano Beipakenue (7) Julsi MUHMMAILHOTO yria

3amncano Belpakenne (8) 115 MaKCHMMaIbHOTO BpeMeHH

[e=R N R Re N RO SRS S

3anucano Beipaskenne (9) 11 MaKCHMMAaTbHOrO YIuld

— =t = | P DD | —

Cymma |

10




10.2. Tonkas nanouka UIHHbI L B Maccoil M ycTaHOB/IEHA Ha LIEPOXOBATOH MOBEPXHOCTH
¢ KO3(pOUUHMEHTOM TpEeHHs TIOKOs 4 TaK, 4TO HH)XXHUM KOHLIOM OHa YIHUpaeTcs B
MOBEPXHOCTL MMOJ YIJIIOM « K BepTHKalW, a K BepXHeMy KOHLY IpHKpeneHa Jnérkas

rOpU30HTallbHasE HEPACTAKMMAsi HUTb, KOTOpas 4epes3 JIETKHi 1HHAaMOMETp NpHKpeIieHa
K CTeHE (CM. PHCYHOK).

A) YUemy paBHO nokasaHue AMHaMoMeTpa F mpH yrie HakjIoHa a?

b) Kakoil MakCMMaJIbHBIH VIrosl HaKIOHA (fmgx MOYKET OBITh JOCTHUTHYT, YTOOBI HE
HavyasjaoCh MMPOCKaIb3bIBAHUE MAJIOYKH?

a //

Petenue.
Hapucyem cxemy, paccTtaBUM CHIIBI H VIJIBI.

A

Fry

a mg

>

k T

3anuiieM ypaBHEHHE paBEHCTBA MOMEHTOB CHIJI OTHOCHTEIbHO HHXKHEH TOYKH
MaJouKH:

) L
Mgsina-—=Fcosa-L. (1)
Otcrona

1
F=—Mg-tgo . (2)

B PaBHOBCCHH I10 OCH X BLIITOJIHACTCH PABE€HCTBO CHJIL:
F=F <uN=uMg; (3)

mp

1
5 Mg -tga < uMg;



tgar <2u;

a<a,, =arctg(2u). (4)
Paz0an0oBKa.

Ne Kpurepuii _ Banabl

1 HapucoBana cxema, I1paBUJIbHO PAcCTaBIEHbI CHJIbI H YIJIbI 2

: L 2

2 3anmMcaHo ypaBHEHHE MOMEHTOB CHJI Mgsina g = Feosa+L
3 1 2
[Tony4deHO BbIpaKE€HHE A5l CHIIBL /= ?Wg g

4 | 3anucano ypaBHenue F'=F, <uMg 2

; y — &P - 2

5 TlonydeHo BbIpaKeHHe s yriia «,, =arctg(2u) WK tgo,, =24 2

Hror 10




10.3. M3mepenna  MOKa3bIBAIOT, 4YTO  MoLHOCTh u3niyueHus CosiHua pasHa
o = 1,360 KHI0BATT Ha KBaJpaTHBIH METp MOBEPXHOCTH 3eMJIM, KOTOpas BpallaeTcs Mo
KpYroBoit opoute ¢ nepuoaom 7 = 1 roa Ha paccTtossHUU R = 150 MJIH. KM OT 3Be3/1bl.

A) Ouenunre cKopocTh ABUAKeHUs 3emuin Bokpyr CosHua (B KM/C);

b) Ouennre maccy ConHua (B Kr);

B) Halinute oTHOwenue ynensHoM MourHocTH u3nydeHus ConHOa K yaeibHON
TCNIJIOBOM MOIIHOCTH M3IYYEHHUs TeIla yeJoBeKoM Maccoi m = 70 Kr, KOTOPbIH 3a CYTKH
notpednser ¢ = 2400 knjokanopuit (B TemI0 MEPEXOJUT MNPUMEPHO IIOJOBHHA
noTpedNeHHoH sHeprun). [lpumevanue: 1 kanopus = 4,~ IIA\oynH

3 -
I'paBuTaunonHas nocrosnuas: G =6,6743 x 107" M xr’! ¢

Peuwernue.

A) Cropocte aBuxenns 3emnd Bokpyr Connua:
27R _ 27-1,5-10"
p="21_ 2% ¥ ~29.8kM/c. (1)
/4 365-24-3600¢
b) 3amuiem ycioBne ABMKEHHMS 110 KPYTOBOI 0pOUTe:

mo- Mm

gl 2
R R ()

V'R (2.98-10 w0 /¢) 1.5-10'
G 6674310 a'xe

B) Haiinem cymmapuyto momnocts u3nyuyenuss Conxua. Jlns sToro YMHOXHM

MOIIHOCTE Ha KB. METP Ha Iiouans chepsl ¢ paauycoM, paBHBIM PACCTOSAHHIO OT 3eMJIH
no Conxua:

A«I’ =

~2,0-10" kr 3)

P =aS=a-47R* =1,366-10° Bm/ m* -4;;(1.5‘10”_1,)“’ ~3.86-10* Br. (4)
Yienpnas MOIHOCTE u3nydyenus CosHua:
P 3.86:10"B
P = §—'” ~1,9-10" Br/kr. (5)
: U /_-10 Ke
TGHHOBZ?U;[ MOIIHOCTH U3JIVHCHHS YCIIOBEKOM:
p -4 0.5:2,4-10°kan -4,2 o/ kan

=== ~58.3 Br. (6)
{ 24.3600¢
Yie/bHas MOIHOCTh H3/IyUeHHS YeToBeKa:
P 58,3Bm
P, =—t=———=~0,83 Br/kr. (7)
i m 70re

OTcrona Hax0nUM OTHOILLIEHHE:

)

e(wo) z2_3-10‘4= 1. (8)

Takoii HeTHpPUBHATBHBIH pe3ynbTaT 06YCIOBIEH orpoMHo# maccoi CosHua.

[Ipusieuanue. 11IKOJBLHUKM MOTYT MOAYMaTh O CIENAaHHOH rie-To omudKe W 1aTh B
~ 4
OTBETE OOPATHYIO BEJIMUMUHY nopsaka 10°.



Pazbarnosrxa

No Kpurepnuii ba.bl
1 | 3anucana Gpopmyina (1) 118 CKOPOCTH JIBHKEHUSA 3eMJIH | |
2 | IToay4eHO 4YMCIOBOE 3Ha4YeHHEe A1 CKopocTH 29,8 kMm/C (BO3MOXKHO : 1

okpyrienue 10 30 km/c). ’ B
3 | 3amucaHo yciioBHe JIBHXKEHHS 110 KpyroBoi opouTte (2) ! 1
4 | INonyuena gopmyina ai1s maccel Connna (3) | 1
—5 [ToaydeHo yucioBoe 3HayeHue A.15 Maccebl Cosnna 2'1 0°" kr ' |
6 | Hailimena cymMapHas MOILIHOCTb TeIJIoBOro usjtydenus Connua (4) 1
7  Haiigena ynenbHas MOLUHOCTh TeI10Boro uaiyuenus Connua (5) 1
8  HaiizeHa cyMMapHas MOILIHOCTb TEMNIOBOIO H3lydeHHs desioBeka (6) 1
[Tpu norepe MHoxUTENA 50% — 0.5 Oasuta, janblue He CHUKAEM
9 | Haitnena yjie/bHasi MOIIHOCTD TEIUIOBOIO M3JlyueHHs yelioBeka (7) 1
10 | [TosyyeHo YMCIIOBOE 3HAYEHHE OTHOLICHHS yIebHbBIX MOLIHOCTEH 1
Tenoporo u3nyueHud ConHLa U YyesoBeKa nopsijika 10",
[1py yKa3aHuH B KayecTBe OTBETA 00paTHOH BestnHHbl — 0 Da/IOB 3a 1aHHbIH IYHKT. \
Cymma \ 10




10.4. Toueunblii HCTOYHHUK CBeTa IOMEIEH HA PACCTOSHMH @ = 16 CM OT IJIOCKOTrO
3epkana. Ha Kaxoe paccTosHHe CMECTHUTCS H300paKeHHe HCTOYHHKA, €CIH MEeXy
MCTOYHUKOM H 3€pPKaIoM IMapajuleIbHO [MJIOCKOCTH 3epKaja IOMECTHTh CTEKJISIHHYIO
MJI0CKONapalie/ibHYI0 IJIaCTHHY TOJIIHHON d = 8 CM M IoKasaTesneM npejoMiIeHus n = 27
YKazaHue: HCITOB3YHTe MmapakcuaibHOe MPUOIHIKEHHE O MAJIOCTH YIJIOB.

Pewenue.

B mepBoMm ciaydae paccTOsIHUSI MEKIY UCTOUHMKOM H 3€pKAJIOM, H MEKIY 3epKajoM H
MHHUMBIM H300pakeHHeM paBHbI:

b=a=16 cM. (1)

PaccMoTpum  Tenepb KayecTBEHHO MPOXOJKJAEHHE uepe3 IJIOCKONapalIe/bHYIO
MJacTUHY Jiy4ya CBETa, BBIMYIIEHHOIO MCTOYHMKOM MO YIVIOM ¢ K NEPHEHIMKYIAPY K
MJACTHHKE (CM. PUCYHOK).

O 0,

B rouke A sy4 mpenomnsercs u uaeT noj yriom f3 K ocH 0 TOuKH B, B KoTopoii
CHOBA MpeJOM/IeTCS Ha TpaHHIEe C BO3AYXOM W WIAET Jajbllle T0Jl YIJIOM (.
[lposomxenue >Toro nyvya B 00paTHYIO CTOPOHY naeT nepecedeHue B Touke O;. Taxkum

06pa30M, BCTaBKa HHOCKOHQpaﬂHEHBHOﬁ IJIaCTHHBI PAaBHOCHJBbHA CMEUIEHHIO 8H1PABO
UCTOYHHKA cBeTa U3 ToYkH O B TOYKY Ol.

Haiinem yron 3 u3 3akona CHennuyca;

sina =nsin f. (2)
B napaxcuanenom npudmMKeHuu (U1 ManbIX yrjoB):
a=n:f. (3)

PaccMmorpum npsamoyroashsie Tpeyroasuukn ABD u CBD. Ilycts AC = x, BD = A,
AD = d (tonmune nnactunel). Torna:

h=d-tgf~d-p,; (4)
h=(d-x)tga=(d-x)a, (5)
[IpupaBHUBaeM:

d -f=(d-x)a, (6)
Bocnonb3yemMcest cooTHomenueM (3):
d=(d—-x)-n (7)



OTtcroya x=d

n-l 286’.11-2_1
n 2

=4 cM. (8)

a; =g=x=12 &M, (9)

H pacCTOsAHHUEC MEXKIY HCTOYHHKOM H L‘I306pa}i{€HH€M TAKIKE paBHbIL

b, =a, =12 cM. (10)

MuuMoe u3o0paxeHue CMECTUTCS 6.1€60 Ha b, —b =4 CM.

ﬂﬂﬂ BTOPOro ciaydasa pacCTosgsHHEe OT TOUKH O| 3(])(1.)EKTHBHOI‘O pasMelieHnsa HCTOYHHKA

Pazbannoska
N Kpurepui baJjnbl
1 | 3amucana ¢opmyna (1) a1 nepBoro ciiydas, HalJAeHO PAcCTOSHHE OT I
3epKana /10 H300paKeHus
2 | TlocTpoeH MM KAYeCTBEHHO OMHUCAH X0/l JIyua B IJIOCKONapaielbHOH 3
MJIaCTHHE
3 3anucau 3akoH CHemimnyca l
4 | HalileHo ’KBHBaJ€HTHOE CMEIIEHME HCTOYHHKA X B IapakcHalbHOM 2
npuOInKeHHH — popmyia (8)
5 | Haitzeno paccTosiHue JI0 IKBUBAJTEHTHOTO HCTOYHUKA > — (Gopmy.ia (9) l
6 | 3anmcana ¢popmyna (10) nnst BToporo ciyuasi, HaijeHO pacCTOsHHE OT l
3epKavia 10 U300paKeHHs
7 | HaitneHo cMeleHre H300pasieHus (BJaeBo Ha 4 cm). 1
- Cymma 10




10.5. I'lpn nociiexoBatenbHOM MMOJKIIOYEHHH K OMMETPY QJIFOMHHHMEBOrO [1apa U MEHOT0
KyOa 1IKOJIbHUK Bacsg moiyuyaer 3HadeHue conpoTuBiIeHuss Ry = 63 Owm. [lpu
MocJjie/I0BaTe/IbHOM TIOJIKITIOYeHUH MEJIHOTO Iapa W aJllOMHHHMEBOro Kyba Tex ke
pa3MepoB — conpoTHBIeHHe R; = 73,5 Om. Kakoe conpoTtusieHne R3 IMOKaKeT OMMETP
MpH napajiielbHOM TMOAKTIOUEHUH alIOMHHHMEBOro 1Iapa M MeaHoro kKyba? VYiaenbHoe

2 en 2
COTMPOTHBIICHUE ATIOMUHHS paBHo py = 0,028 OM'MM /M, Mean — oy = 0,0175 O MM ™/M.

Peuwenue.

[lycTh x; — reomeTpuueckuii GpakTop JIEKTPUUECKOIr0 CONPOTHUBJICHUS 14 IIapa, X —
Ut Kyda. Torma conmpoTHBIEHHE TIPH IMOCIEIOBATE/IbHOM IIOAKJIIOYEHHH K OMMETPY
AJIIOMMHHEBOrO 11apa U MEJHOro Kyoa:

R, = pX, + Py X, (1)

I—IpI/I MOC/ICI0BATCIBHOM MOAKIKOYCHUH MEIHOTO 1apa v aJlloOMHHUEBOI'O Ky6a TEX KE
pa3zmMepos:

Ry = poux + 9%, (2)

YMHOKUM ypaBHeHHE (1) Ha py, ypaBHeHHE (2) — HA Py, K BBIYTEM BTOpPOE YpaBHEHHE
M3 MepPBOTro:

Rp = Rypy = PiX = Py Xy s
Rp,—R, 2
‘“—p” ~1000 M/MM". (3)
£ p",’
AHAJTOrMYHO MOKHO TOJIYUHTD
Bop, — X 2
0 = »i’—'ﬂ ~ 2000 M/MM". (4)
P P
[Ipy  napamiensHOM MOJAKIIOYEHHH ATIOMHHHEBOTO Iapa M MEAHOro Kyda

CONMPOTHUBIEHHUE OYIET PABHO:
2% PyX, _ 280M-350m

X, =

R, = ~15,6 OM. (5)

PaXF Py, 630M

Ilpumeuanue: noactaBuB BeipaxkeHus (3) u (4) B dopmyy (5), moxrydum:
= )O,ip'.!(RUO:I_Rlp'..’)(RIp.—f_Rlp\/) (6)

R(p2-pi)

R,



Pazbanrnoexa

Kpurepuii

banabl

EcTb nies reomerpuyeckux (pakTopoB 4 wapa u KyOa (cTaBuM 3a
3TOT NYHKT OOJIHBIH O6am1 npu Hanuduu ypaBaeuui (1) u (2)).

1

3anucana dhopmyia (1) a1s nmocjie10BaTeILHOIO MOAKIIOYEHHS K
OMMETpPY &JIFOMHMHHEBOTO 11apa U MEAHOTO KyDa

3anucana Gopmyna (2) 1js Mocae10BaTENbHOrO MMOAKIUYEHHS K
OMMETpPY &JIIOMHMHHEBOI0 Ky0a U Me/IHOTO 11apa

[Tosrydeno BeIpaskeHue (3) as1s reomerpudeckoro axropa umapa

[Tony4eno yucaoBoe 3HadeHne 1000 M/MM™ 1711 reOMETPUUECKOrO
(pakTOpa LIapa UK CONPOTHBRICHUE Tr000ro mapa. [Ipu Hanuunu
dbopmyibl (6) nobasnsiem 3toT Hant K 1. 9.

[Tonyueno Belpaxkenue (4) s reomerpuyeckoro daxropa kyoda

~]

2
[Tonryueno uucnosoe 3Haderre 2000 M/MM™ 1715 FEOMETPHYECKOTO
(akTOopa KyOa MM conpoTUBieHHe Jtodoro Kyda. [1pu Hannunu
dbopmyJibl (6) nodasisiem 3TOT DA K 11. 9.

e

3anucana Gopmyiia (5) npu napauieIbHOM MOJAKIIOUEHUH K OMMETPY
aJIIOMMHHUEBOrO 111apa U MeJIHOIro Kyba

Hatineno uucnoBoe 3navenue R; = 15,6 OM (Haiuuue Gopmy:ibl (6)
HeoOs13aTeIbHO MPH HAJTMYHUM YU C/IOBBIX 3HAUEHHH JUIs
reoMeTpuieckux gaxkropos). JlonycTum nesounciaeHHbld oteT 15 OMm
unm 16 OmM.

8]

Cymma

10




11.1. VYcranoBka, cTosllas Ha Kpaw BepTHUKaJIbHOro OOphIBa, 3allyCKaeT B Mope
MaJeHbKMH MSYHK CO CKOpocThio Uy = 10 M/c mox yriaom « = 30° K FOpH30HTa/IbHOM
MJIOCKOCTH. MSAYMK ynan B Mope noa yriom [ = 60° K ropu3oHTaJIbHOH IJIOCKOCTH.
Onpenenure BbICOTY 00pbIBa /7 Ha/l YPOBHEM MOpPS, PacCTOsAHHE L 1O FOPHU30HTAIU OT
oOpbIBa /10 TOYKH MaA€HHs, CKOPOCTh MsA4Ya Uy INPH TaJeHUH, BPeMsd [ IOJIeTa MIapHKa.
Vckopenue cBoboaHoro nagenus g= 10 m/c®.  Cuioii  CONpOTHBICHMS BO3yXa
npeHeopeysb.

Pemenmne.

Berkmopuoiin menoo

PaccMOTpUM BEKTOPHBIH TPEYTOJILHUK CKOPOCTEH, I/l BEKTOP YCKOPEHHUSA CBOOOIHOTO
Ma/IeHH st HallpaBJIeH BEPTUKAILHO BHU3.

ll)k = ll)O + ‘il{f

Jliist pannyc-BeKkTopa (Hayaio oTcueTa CBSKeM C YCTaHOBKOMH):
I

1 1
ror 7t A o1
F =0+ = , HIIH — =0, +é— .
' 4 t 2

Bekrop F/t  ABAAETCA MeIHaHOI BEKTOPHOIO TPEYroJibHHKAa CKOpPOCTEH, a ero
MPOEKIIMsA Ha TOPU30HTAJIbHOE HalpaBlieHHe L[/i — BBICOTOH TpeyroJbHHKA. YIUIbl
TPEYroJibHUKA paBHbl a + f, 90° -, 90°— f.

Ilpoexknus cKOpocTeil Ha rOPU3OHTATBHYIO MPAMYIO (BBICOTY TPEYTrOJIbHUKA):

L, =L, cosa =0, cos 7 ; (1)
cosa

Otcrona v, =v, —— = v,+/3~17.3 m/c. (2)
cos ff

3aKOH COXpaHEHHUS MEXaHHUYECKOH IHEPTHH:

) bl
mu; mo,

P& —_ 3
5 +mgH 5 (‘))
v} -v; v [cosia | : :
H=—t_0__% —,‘—1J=”_°z10 M. (4)
2g 2g\cos” f3 g
13 TeopeMbl CUHYCOB:
gt B v, (5)
sin(a+ ) sin(90°— )
Otcrona
v, sin(a+pF)  10m/¢ sin90°
= = - ~=2 CCKYHIBI.
g cos f3 10a /¢ cos60
Hatlinem nutomans TpeyrojabHHKA:
1 L 1 .
S :7-7-54/ =S U, sin(a+ f). (6)
OTcrona
LW, sin(a + / v cosa-sin(a+ ;
L=—"-— e+ 5)_wh 24/) =17.3 MeTpOB (7
& g cos 8

[Ipumeuanue: 1KOILHUK MOMXKET 3aMeTHUTh, 4YTO a+f=90°, T.e. BEKTOPHBIH
TPEYrOJIbHHK CKOPOCTEN ABJISAETCS MPAMOYTIOJIbHBIM, H peliaTh 3TOT YACTHBIN CcllydaH.



Pazbannoerxa

Ne Kpurepnii . banaw
1 3anmucanbl GOPMYIIbl 151 BEKTOPHOTO TPeYrojabHUKA CKOPOCTEH, HIIH 2
caesaH PUCYHOK TPEYrobHUKA
2 3anucaHa Gopmyna v, cosa = v, cos 3 1
13 [Toyuena ¢popMyna st KOHEUHOH CKOPOCTH v, 0,5
4 ' TlonyueHo yHCIIOBOE 3HAUYEHHE v, ~ 17,3 M/C. 0,5
5 3anucaH 3aKOH COXpaHeHHMs MeXaHHYeCKOH dDHepruu 1
6 [Tonyuena ¢popmyra st BeICOThI 0OpbiBa 0,5
7 [Tosrydyeno ynci0Boe 3HaYeHWe ISt BbICOTbI 00pbIBa /1 ~ 10 m. 05
8 3anucaHa TeopeMa CUHYCOB R
2 [Tonydena ¢opmyna A5 BpeMEHHU 1oJjiera ! 0,5
10 [loslydyeHo 4Mcil0BOE 3HAYEHME [IU1sl BpEMEeHH ToJleTa / = 2 C. 0,5
Il 3anucadbl (JOpPMYJIbI IS JIOLAIH BEKTOPHOT'O TPEYroJibHUKA 1
12 [lonyueHa ¢popmyna and paccTosiHus L 0,5
13 [TonyueHo 4yuciioBoe 3Hayenune Ui pacctosnuus L~ 17,3 m. 0,5
Cymma 10

Koopounamuoiii memoo
[1pu rosere mapuka ero ropu30HTANbLHASE KOMIIOHEHTAa CKOPOCTH HE MEHSICTCsl:

v, =U,c0sa =v, cos 3, (1)
cosa = . ,
Orcroga v, =v, =u,N3=%17,3 M/C. (2)
cos f3
3aKoH COXpaHEeHHA MEXaHHYeCKOH ODHEPrHM:
mo, mo;
O ¢ mgH =—+. (3)
2 2
v;-v; v [cos’a \| g B
pr=e P D208 @ ) _Yoi10 M. (4)
e 285 B ) ¢

PaccMoTpuM BpeMs Noabema LIapMKa KakK BpeMs YMCHbIICHHS BepPTHUKATBbHOH
KOMITOHEHThI HauaJIbHON ckopocTH 10 0:

U, v, sina =
[ <l Lusina (5)
g g
a BpeMA najacHus — Kak BpeMsd YBE&JIHHYCHHSA BCpTHKaHBHoﬁ KOMITOHEHTHLI oT 0 40 U, !
v, v, sin .
f, = hy 47/} ) (6)
g g

Oo1ee BpeMs 1oJera:
F=l sty = by B2 + 2 By =&[sina+ FOSE G \J =E’~M (7)
g g g cos 3 g cosp
IToagcTaBuM 3HAYCHHUS:
. 10 /¢ sin90°
10/ ¢* cos60°
Paccrosuue L o [OPH30HTAJIK OT OprIBa J10 TOYKH MNaacHHs:

2 CeKYHIBL.



L=v,1=yp,co5c Yo sin(a + 5) - ﬂicosa -sin(a' +‘8) =17,3 M. (8)
‘ g cospf g cos f3
Pazoannoexa
Ne Kpurtepuii bajnel
| EcTb uaes pelenus, cxeMa IBHKEHHUS IIapUKa 1
2 3anucana popmyna v, cosa = v, cos f§ |
5 ITonyvena dhopMyna 1s1st KOHEYHOH CKOPOCTH v, 0,5
4 [TonyuyeHo unciioBoe 3HadeHue v, ~17.3 M/c. 0,5
3 3alicaH 3aK0H COXpaHeHHsT MeXaHHYeCKON SHEPIHH 1
0 [Tonyvena gpopmyna Juist BbICOTbI 0OpbIBa H 0,5
7 [Tony4yeHo Y1ca0BOE 3HaYeHUe JUUIS BLICOTHI 00pbiBa H ~ 10 M. 0,5
8 Haiineno Bpems noabeMa mapuxa 1
9 Haiineno Bpemsi nafeHus mapuka 1
10 [lony4yena popMyna a1 BpeMeHH moJieTa ¢ 0,5
I [TonyyeHo 4MC/IOBOE 3HAYEHHUE JUIS BPEMEHH roJjera t = 2 c. 0,5
12 3anucanbl GOPMYIIBI ISl pABHOMEPHOIO IBHIKEHHUSI 110 TOPH30HTAIH 1
13 Tlonyuena dbopMyna mis paccTostHus L 0,5
14 [lony4deno yucnoBoe 3Ha4yeHHe i pacctosauus L ~ 17,3 M. (3
Cymma 10




11.2. B npouiecce abIxaHus 4eIOBeKa BO3/YX, HAXOSAIIUHCA B ajdbBeosaX JIETKHX, H3-
3a ucnapenus BoAbl gocturaetr 100% BrnaxuoctH. OXHAKO M3MEPEHHST OTHOCHTEIBHOI
BJIGKHOCTH BbIILIXAa€MOTO TEIJIOr0 BO3AyXa IMokKa3piBaroT nuuib 80% H3-3a HaHuus
TpaxeH W OPOHXOB, B KOTOPBIX HCIIAapEHHE BOABI IIPAKTHYECKH HE MPOUCXOIHNT.

A) Ouennte 00K 00beM anbpBeos y vesloBeka (B JUTpax), €CIH CYMMAapHbIil 00beM
JIeIKHUX M JIbIXaTCIbHBIX IMyTei paBeH 5 IMTpaM, a BIAXKHOCTBIO BO3JlyXa B JAbIXaTeIbHBIX
MIYTAX MOKHO [IpeHeOpeyb.

b) Ouenurte, cKosibKO BOJIBI (B FpaMMax) TepsieT 3/10pPOBbIi YeoBeK (¢ TeMIepaTypoi
Tena 36,6 °C) 3a CyTKM 4Yepe3 BbIAbIXaEMbI BO3AYX, €CIM B OKpYKalolleid cpene
temrepatypa 20 °C u oTHocuTenbHast BiaxHocTh 50%? IlpuHATH, 4YTO B TOKOe 3a
| MHHYTY JIerKMe 4YeJIOBEKa BEHTHJIMPYIOT O 11 BO3AYXa, KOTOPBIA MNpOrpeBaeTcs 10
Temnepatypsl Teiaa. MossipHast Mmacca Boabl 18 r/MoJib.

[la

b

las1enie HackleHOTO Napa.

[exmneparvpa. C

Peutenue.
A) Tlpu Bexome 100% BiIaKHOrO BO3AyXa W3 albBEON] OH CMEIIMBACTCS C

HOPaKTHYECKH CYXHM BO3OYXOM [bIXaTeJIbHBIX nyTeﬁ, BCJICACTBHE YEro CHHIKaAECTCHA
OTHOCHTE/IbHAsA BJIaKHOCTD.

®, V. = V,y 5 ( 1 )

06y

rae ¢ = 100% — oTHocHTenbHAsT BJAXKHOCTh BO3IyXa B anbBeosax, ¢» = 80% —
OTHOCHTEJIbHAs BJIAZKHOCThL BO34YyXa I0CJIe CMENIMBAHUS C CYXHUM BO3AYXOM, V,; — 0ObeM
anbBeol, Vs, — 00U 00beM ObIXaTelbHBIX MYTEH H albBEO.

vo=v, Z-an (2
®,

A b



B) Ilpu Temneparype 7, = 20 °C = 293 K u oTHOCHTeNIbHOH BhaxHocTH @ = 50%
OKpYyKalollel cpejbl AaBlieHHe MapoB BOJBI BO BJBIXaeMOM BO3/yXe DY/ET paBHO

po=0,5*2400 Ila = 1200 I1a.

Hajinem maccy BOAbI B albBeoJaX IMpH MOCTYIJIEHHH Tyda BJLIXa€MOI'0 BO3/yXa.

3anuuieM ypaBHeHHe Menneneesa-Kianeiipona:
m

por =" T, 3)
V
m, = %—Tﬁ ; (4)

3nech V' — 00beM BEHTHIMPYEMOro 3a | MHHYTY BO3AyXa, KOTODPbIH 3a MHHYTY
NIPOXOIMT Yepes anbBeosbl (80% ot Bcero oObema, T.e. V= 4.8 11.). Kak BapHaHT, MOKHO
paccMaTpUBaTh BeCh BEHTHIIHPYEMbli 00beM ¢ OTHOCHTENLHOM BIAKHOCTBIO > = 80%.

B KkoHLe Bl0Xa TeMIepaTypa Bo3ayxa nosbliuaetcst jo 77 = 36,6 °C = 309,6 K, 4ro
npu 100% BIaKHOCTH JaeT JaBieHue napos Boasl p; = 6000 Ila.

pV ="URT. (5)
u
Macca BOJIbI B AJIbB€OJIaX B KOHLIE€ BJ0Xa:
pVu ~
m, = 6
- (©)

1
TakuMm o0pa3oM, 3a | MUHYTY HCIIapAETCs Macca BOJIbl:

i iy, OB BB VLB B ogys . ()
" R, RTL, R\T, T,)

3a cytku ucnapures 0,16 r * 60 *24 ~ 230 r BoabL.

[pumevanue: nocne Harpesa Bjbixaemoro sozayxa ¢ 20°C 1o 36,6 °C ero
OTHOCHTEJbHAS BIaKHOCTE OyaeT ¢y = 0,5%2400 [la / 6000 Ila = 20%. Ecim ydectb 3T0
NpH pelieHHH ITYHKTa A, OJIY4YHM:

[ g

Qi
@, Vm:u, =gV, + @()Vn-
Peruasi cucTeMy ypaBHeHMH, nonydaem V, =0.73V, =3.75 11, uTo OJIM3KO K 4 1.



Pazbannoexka

- Ne Kpurepuii Baaabl
] 3anucaHo ypaBHeHHe (1) 115 BIAKHOCTH B allbBEOJIAX U B BBIIBIXaeMOM ]
B BO3JyXe
2 | Haiinen o6beM anbBeo 4 1 (ZonycTHM BapuaHT 3,75 1) 1
3 |Ilo rpaduky naitaeHo napuuanpHoe nasjenue napos Boasl 1200 Ia Bo 1
B/IbIXa€MOM BO3J1yXe (C YHeTOM OTHOCHTEIbHOI BaakHocTH 50%).
4 | 3anucaHo ypaBHeHHue (3) 11 BABIXAEMOIr0o BO3yXa. \ 1
5 | 3anucano Belpawenue (4) AM8 Macchl BOIBI M1y IUIS BABIXAaeMOTO 1
BO3/yXa B BEHTHJIMPYeMOM 3a | MUHYTY (HMJH Apyroe Bpemsi) oobeMe
aJIbBEOJI
6 | ITo rpacuxy HaitneHo mapuuaibHoe aapjieHue mapos Boabl 6000 Ia nis 1 |
BO3/yXa B aJbBE0JIaX.
7 | 3anucaHo ypaBHeHue (5) 1714 BO3AyXa B ajbBEOJIAX. 1
8 | 3anucaHo BbIpa)keHHWe (6) I Macchl BOJBI #1; A1 BO3AYXa B KOHIIE ]
BIOXa B BEHTHIHPYeMOM 3a | MHHYTY (Wau Apyroe Bpems) oObeme
| anbBeo.1
9  Haiinena Macca Bobl, KOTOpas HCMapsieTcs B albBeoJax 3a | MHHYTY 1
10 HaiineHa Macca BObl, KOTOpas HCHapsieTcst B aslbBeoax 3a | cyTkH 1
Cymma 10

lpunevarnus no pazbaniosxe:

- MOTYT CYUTaTh BEHTHIMPYEMBIH 00beM cpasy 3a | cyTku, Torjaa 3a 1. 9 u 10 craBum
BMecTe 2 dasa.

- €CJIM He YYeCTb HCnaperue BOJbl TOJBKO B albBeosax, To OTBeT noiydaercs Ha 20%
ooapwe — 0,20 r/Mun 1 288 r/cyTKH. 3a Takoil OTBET Mpe/ularaeTcs CTaBuTh 3a . 9 u 10
no 0.5 dana.



11.3. Ha ropu3oHTaIbHOH MOBEpXHOCTH HaxoauTcss Opycok Maccod m = 10 kr.
KoadduumenT Tpenus nokos MeK1y OpycKOM U MOBepXHOCTbIO — 4 = 0,5, koadduument
TpeHus CKoJbXeHUs — 15 = 0,4. Ha Opycok B ropM30HTalbHOM HaNpaBlIeHUH ACHCTBYET
cuna F =120 H. Bo cxonbpKo pa3 U3MEHHUTCS CUJla TPEHHs, AeHCTBYIOas Ha TeJo, ec.im
FOpU30HTAIBHYIO CHITY YMEHBIIHTE B 6 pa3? YckopeHHe cBoOoaHOro nageHus g = 10 m/c”.

Peuwenue.

HaiieM MHHUMAIbHYIO CHIIY, KOTOPYIO HAlO MPHIOKHTH TOPH3OHTAIBLHO K OpYCKY,
YTOOLI CABHHYTE €ro ¢ MecTa.

Foo=uN=umg=05%10«kr* 10 m/c’ =50 H. (1)

min

[Tockonbky F > F,,;,, ToO Opycok OyJeT CKOJb3UTh C HEKOTOPBIM YCKOPEHHEM, a CHIla
TpPEeHHS CKOIIbKeHHUs OyneT paBHa

Foom = N =pumg=0,4%10 kr * 10 m/c® = 40 H. (2)
[Tocne YMEHBUIEHHA CHUIIBI, ,IIEHCTBy}OUleH Ha TeJIO, B 6 pa3, OHa CTAHECT paBHa
F,=F/6=20H. (3)

[Tockonbky F> < Fyin. TO Opycok Oy/eT MOKOHTHCS, @ CHjla TpeHUs OyIeT paBHa cHIle,
nelicTBylolei Ha Tello (BeKTOpHas cyMMa cHJl paBHa 0):
F o =d5= 20 H. (4)

mp(2)

OTcroga HaXO UM, UTO CUJia TPEHHS YMECHbLINJIACH B2 pasa.

Pazbainoska

Ne KpuTepuii BaJuibl

1 Janucano ypasnenue (1) A1 MEHHUMATBHON CHIBI [y, KOTOPYIO HAMO 2
[PUJIOKHUTh TOPH3OHTAIBHO K OpYCKY, 4TOOBI CABHHYTb €r0 € MeCTa, H
BLIYUCIIEHO €€ 3HaUYeHHe.

(8]

3anucano, uto F > F,;,. ¥ CKOJbKeHHe OpycKa 10 ropH30HTalIbHOH 1
MOBEPXHOCTH

3amrcano BeIpakenue (2) JUlsk CHIIbI TPEHHUsI CKOIBKEHHS £(1)

Boraucieno sHauerue 40 H 171a cHIIbl TpeHMst CKOJIBXKEHHS Fy)

Haitinena cuna F5, eiicTBytonias Ha OpyCOK BO BTOPOM ciydac.

3anucano, 4To £> < Fiiy, ¥ 4TO OpYCOK OyAEeT MOKOUTHCSL.

NN |n| K=~
Pt | gt | k| k|t

3anmcano, 4To cujla TpeHus OyJeT paBHaA cuile, JAeHCTBYIONIeH Ha TEo
(MJIM 4TO IS TOKOSILIETrocs Tejla BEKTOpHAasi cyMMa CHJT paBHa 0).

oo

Brruucneno 3nauenue 20 H 17 cuitbl TpeHUs CKOTBKEHHST £,,0) 1

9 | Haiineno, cuiia TpeHHsi yMeHbLIHIIAch B 2 pa3a 1

Cymma 10




11.4. /Ins oroOpakeHHs CHTHATIa Ha IKpaHe OcUHIUTOrpada MCIOb3yeTCs JJIEKTPOHHO-
ayueBasg TpyOKa, B KOTOPOH TOHKHHM IYYOK OJIEKTPOHOB OTKIIOHAETCA TMpH  €ro
MPOXOK/IEHHH Y€epe3 MI0CKUI KOHleHcaTop (MJIaCTHHBI KOH/IEHCATOpa MepPIEH IHKYJISPHBI
MJIOCKOCTH 3KpaHa, My4YOK BXOJMT B KOHJIEHCATOp TOCEpeIHHE MEKAY IMIaCTHHAMM).
IlycTe /|, — naMHA NIacTHH KOHAEHcatopa, d — pacCTOsSHHE MEXIy IIacTMHaMH, L —
paccTossHME OT CepedMHBl MIacTHH 10 3KkpaHa (L? /), 2H — pa3smep »dKpaHa IO

FOPU30HTAIIH, Uy — CKOPOCTh EKTPOHOB B ITyUKe, /1 U € — Macca U 3ap4aj djiekTpoHa. Jlyu
npoderaeT ¢ NOCTOAHHON CKOPOCTBIO 110 3KPaHy [0 FOPU30HTAILHOH OCH OT JIEBOTO Kpasi
10 npaBoro kpas 3a Bpema 7 (72 L/u,). Onpenennute QyHKIHIO 3aBUCHMOCTH Pa3HOCTH

I[MOTEHIHMAJTIOB MEKAY MJIAaCTUHAMH U ot BpeMEeHH { 151s 0T06pa}KeHHH TaKOro CMryHaJia.

Peuienue.
nyCTb Z = 0Chb; napaﬂnenbﬁaﬂ [IJJaCTHHaM KOHIEHCcaTopa, X — O0Cb, HNapaJuiejibHas
[TJIOCKOCTH axpaHa H HepHGHHHKynﬂpHaH mJlTaCTUHaAM KOHZACHCAaTopa.
3anuieM ypaBHEHHE ABWKEHUA ITEKTPOHOB BIOJIb OCE:
ar’
Z=U0, XxX=—0. (1)

g 3

Yckopenue MOKHO HalTH U3 2-ro 3akoHa HeroToHa:

. eli, _eU , (2)
m md )
rie L, — HanpsKEeHHOCTb J3JIGKTPHYECKOro Mojsl BHYTPH KOHaeHcaTopa, U —

YCTAHOBJICHHAs pa3HOCTb MOTEHIIHAJIOB.
M3 ypasuenu#t (1) u (2) Haxoqum:
el : ”
X=—-:z". ]
2mo;d )
T.e. TpaeKkTOpHs 3IEKTPOHOB MEXK/lY MJIACTHHAMHU KOHEHCATOpa Mpe/ICTaBisgeT coboil
napabony. 3a BpeMs POXO0kAEHHUs KOH/IeHCaTOpa CMEIIeHHE My4YKa COCTABHUT

el )
h=———1°, -+
l 2mod ' (%)
d TAHI'€HC yI'Jla OTKJIOHCHHA
elU
tga =——1,. (5)
mo;d

BpIiizig W3 MIacTHH KOHACHCATOpa, 3JIGKTPOHBI MPOIOJIKAT ABHKEHHE MO NpPsIMOi
nuauu. Ilyets /; — paccTosiHMe OT Kpas IMJIACTHH KOH/eHcaTopa Ao 3KpaHa. CmeleHue
OTMETKH Ha 3KpaHe COCTABHT:
elU l \ eUlL
’_/ (_]4.{‘7 1: !

2.5 2 2 i °
mo;d "\ 2 ) mu,d

h=h+Ltga =

(6)

Orcrona nosyyaeM BblpakeHHe 71s HanpsbkeHus (J Ha KOHJeHcaTope, HeoOXoauMoe
/1711 CMeLeHUs /i OTMETKH Ha IKpaHe:
mu;d " 7)
el L
[TockosIbKY 10 YCIOBHIO 3a/1a4d BpeMsi JBHIKEHHs JIyda 110 3KpaHy I MHOro OoJiblie
BPEMEHH T0JIeTa JIEKTPOHA MEXKIAY IIJJaCTHHAMM KOHJIEHcaTopa U Jlajee K SKpaHy, MOXHO
CUMTATh, YTO TeKyllee HanpsbkeHue U npakTHYECKH cpa3y oToOpaxaercs B BHIIE

CMEULIEHHA CUIHaJla Ha JKpaHe.

4

I =




3a BpeMst 7 cuUrHajl C MOCTOSHHOHW CKOPOCTbH IIPOXOIAMT OT KOOPJAMHATBI —/1 J10
KOOpPAHHATBI /1. DTOMY COOTBETCTBYET QYHKIHSA

H
h(t)=—t-H. 8
(1) r’ (8)

[Toncransis B (7), nonydaem:

U(r)

_mU d}() mu, 2d E’—HJ- )

’]L ‘\T

Pazbanmnoska

Kpurepuii

(

baaasl

3anucaHo ypaBHeHue (1) 1BHMIKEHUs 3JIEKTPOHOB BHYTPH KOH/IEHCATOPa

' Haiijieno yckopenune — ypasuenue (2)

ITokazaHo, 4TO TPAaeKTOPUS 3JIEKTPOHOB MEXK/Y MJIaCTHHAMM
KOH/IeHCaTopa NpeACcTaBaseT codoil napadony — ypasuenue (3)

Halineno cMmellenue nyyka 3JIeKTPOHOB BHYTPH KOHeHcaTopa —
ypaBHeHue (4)

HaiineH yroJ (MM TaHreHc yria) OTKJIOHEHHUs — ypaBHeHHe (J)

[TonydeHa cBA3b MEKAY CMELIEHHEM OTMETKH Ha dKpaHe
HaNpsyKCHUEM Ha KOHJIeHcaTope — ypaBHeHud (6), (7)

OtmeueHo, 4To BBUAY 7 ? L/u, Tekyulee Hanpskenue U npakTHYCCKH

cpa3y oToOpa)kaeTcst B BUJE CMELLEHHS CHUTHaJla Ha IKpaHe
(nmpeHeOperaeM 3a7ep’KKOH BpeMEHH Ha MPOJIET IEKTPOHOB)

[lonydeHo ypaBHeHHE (8) U1st 3aBUCUMOCTH KOOPJAUHATBI OTMETKH Ha
IKpaHe OT BPEMEHHU

3anucaHa GYHKUMS 3aBUCUMOCTH (9) /U1 pa3HOCTH MOTEHLHUATIOB
MeKAYy acTuHamMu U OT BpeMeHH ¢

Cymma

10




11.5. ToyeyHbl MCTOYHHMK CcBeTa Momelned Ha paccTosAHHH a = 16 ¢cM oT coOupatouiei
JIMH3BI HA €€ IJIaBHOH ONTHYeCKOH ocu. POKyCHOE pacCcTOAHME NTHH3BI PaBHO F = § cwM.
Meskly MCTOYHHKOM M JIMH30H NepHeHIMKYIAPHO [IaBHO ONTHYECKOH OCH BCTABICHDI 2
CTCKJUIHHBIC  TITOCKOMapalJIe/IbHbIC  [JIACTHHBI  TOMUHHOW d=4 cM u nokasarenem
npenomienns n =2 kaxuas. Ha kakoe paccTosnue cMecTHTCS H300paskeHHe HCTOUHUKA,
CC/IM OZIHY M3 IUIACTHH [1E€PEHeCTH B (POKYCHYIO IIOCKOCTh C JPYrO# CTOPOHBI JIHH3BI?
YKazaHue: HCNoJb3yHTe napakcHaabHOe IPUOIMKEHHE 0 MATOCTH VTJIOB.

Pewerte.

3anninem GopMyITy TOHKON TMH3BI 17151 CJIy4asi, KOTIa HeT TJIACTHH:

11 1 ,
_ = n 1
a, &8 F (1)

a k- 16ca-8cn

a, —F Scw

b, = =16 cMm. (2)

PElCCMOTpHM TCIICPb Ka4Ye€CTBEHHO ITPOXOJKACHHE Yepe3 HHOCKO—HapEUIJ'[eJIbHyI-O

THIaCTHHY JTy4a CBETA, BBINMYILEHHOIO UCTOYHHKOM IO YIJIOM O K TJIAaBHONH ONTHYECKOi
OCH JTHH3BI (CM. PHCYHOK).

0 0,

B Touke A nyu npenomisercs m uaer mon yriom f3 k ocu 210 Toukn B, B koTopoit
CHOBA TIPCIIOMJACTCA HAa TIpaHMUe ¢ BO3AYXOM M HAET Jajblle O] YTLIIOM O
[Tponomxkenne sroro nyva B 0OpaTHYI0 CTOPOHY HaeT mepeceuenue B Touke Q. Takuu
00pa3soM, BCTaBKa IIOCKO-NapalTelbHON I11acTHHDI PaBHOCHJIBHO CMELIEHHID BIIPABO

HCToUHNKa cBeTa u3 Toukn O B Touky O; (MIM CMEIIeHHI0 BMPAaBO HM300paKEHHS, eClTH
IJIACTHHA C IPYTOH CTOPOHBI JTHH3KI).

Haiinem yron B u3 sakona CHenmnunyca:

sina = nsin 3. (3)
B napakcuanbHoM npubnukennu (11 ManbIX YIII0B):
a=n-f3. (4)

PaccmoTpuM npsiMoyronshble Tpeyroaenukn ABD u CBD. Ilycts AC = x, BD = A,
AD = d (tomnuune nnactuns). Toraa:

h=d-tgfi~d-f; (5)

h=(d-x)tga~(d-x)a; (6)



[IpupaBHUBaeM:

d-f=(d-x)a; (7)
Bocnonessyemcest Belpaxenuem (4):
d:(d—x)-n (8)

n-1 2-1 d
=g =—. (9)
n 2 2
TaxuM 00pa3oM, IUTaCTHHA TOJUWMHOH ¢ MPUBOAMT K 3()PEKTHBHOMY CMCLICHHIO
MCTOYHHUKA (MJIM U300paXkKeHMs ) BIIPABO HA paccTosnue d/2.

/714 mepBoro ciyuas:

OTtcrona x=4d

d
b — 7 —_ = 7
@=0,-2- 12 cm. (10)
F 12ca-8ea
b]: al _ ~CM 611224 C[\,I' (11)
a, - F den

g BTOoporo ciaydas:

uzzac—g:M oM. (12)
b, = Lo = +c—{ = ———1 S o +2cm =20, 7cm

©oa,-F 2 Ja (13)

MN300pakeHne CMEeCTUTCS 61€60 Ha b —h, ~ 3,3 CM.

Pazbarnosxa
:.N'g Kputepnii 1 baJjibl

1 | 3anucaHa GpopMysa TOHKOH AUH3bI (1) ; 1

2 | Hailineno paccrosinue 10 uzodpaxenust — opmyaa (2), (10), (11) i 1

3 | IllocTpoeH uiM KaueCTBEHHO OMUCAH XO/ JIyda B IJIOCKO-Napa/lie/bHOM | 1
NJacTHHE

4 | 3anucan 3akoH CHeinmyca 1

5 | Haitmeno sKBHBalIeHTHOE CMellleHHe HCTOUYHHKA (MM n300pakeHus) x B 1
napakcuaabHOM npubiinkennu — popmyia (9) B

6 | Haiigeno a¢dexTuBHOE paccTosiHUE 10 UCTOUHHKA ¢ B IEPBOM ClIydae |
— ¢opmyaa (10)

7 | Haitmeno paccrosiHue b 10 H300pakeHUs BO [IEPBOM Cllydae — 1
bopmyna (11)

8 | HaiineHo addekTuBHOE paccTOsIHUE /10 MCTOUHHMKA d> BO BTOPOM 1
ciaydae — Gopmyia (12)

9 | Haiineno pacctosinue b, 10 U300pakeHusi BO BTOPOM Cllyvae — 1
dbopmyna (13)

10 | HafineHo cmelleHue H300pakeHHst — BJIeBO Ha 3,3 cM 1

Cymma | 10




