Pemenus 3a1a4 no ¢pusuke

Kaxknasi npaBujibHO penieHHasi 3a1a4a ouenuBaercs B 10 6amios.

duzuka 8 kiaacce

1. I3 xyOudeckoro cocynaa, IOBEpXYy 3allOJIHEHHOTO JbJOM, BBINWIWIM M BBIHYIM KyOHUYECKHid
KYCOYEK JIbJIa CO CTOPOHOM B 2 pa3a MEHBIIIEH CTOPOHBI cocyia. B 00pa3oBaBIyrocst OJIOCTh HAYaIH
MEJJICHHO HaJWBaTh BOJYy C HadalbHOW Temmeparypoir Ty =15 °C, koTopas 3amep3ana Mo mepe
HanuBa. B pe3ynbpraTe cocyq CHOBA MOJHOCTHIO 3aMOJHUIICA JIbJIOM, YCTAHOBUBILASCS TeMmIiepaTypa
KOTOpOro okasanach paBHOM T,=-20°C. Haiinute HavyanbHyl0 Temreparypy Jjbjaa. YJelbHas
TEII0EMKOCTh Jbaa ¢; = 2100 JIx/(kr-Tpan), ynenbHas TEIUIOEMKOCTh BOAbI ¢ = 4200 [Ix/(kr-Tpan),
ylenbHas TerioTa miasienus japaa A = 336000 [x/kr. Cocyn TEIION30IupOBaH, TEIIOEMKOCTBIO €ro
CTEHOK, a TaK)Xe TeIJI000MEHOM C OKPYKaroIeil cpeioil MOKHO MpeHedpeyb.

Pemenue.

[Tycte M — HauanmpHas Macca jibaia B cocyne. O0bEM KycouKa Jiba, BRIHYTOTO U3 COCY/a, COCTABIISET
1/2% = 1/8 yacTh 06BEMa cocyna, a ero Macca paBHa M/8. ClieoBaTenbsHO, Macca BObI My, KOTOPYIO
HY)KHO JO0OAaBHTh B COCY/l, U Macca OCTaBIIErocs JibJia M, paBHBI

1 7
m=-M, m=-M, 1 2 6.
=g 3 (1) (26.)

it

B mporecce n1o6aBiieHus BOJBI TEIUIO, BBIICTHUBILIEECS NMPH oxJaxaeHuu Boabl g0 0 °C, 3arem npu eé
3aMep3aHuU U J1ajiee NPU OCThIBAHUM O KOHEYHOM TEMIEpaTyphl |5, UAET HA HarpeB JIbAa Maccou My
OT UCKOMOI HavyaJIbHON TeMIiepaTypshl 1o 10 KOHEUHOU T COOTBETCTBYIOIIEE YPABHEHHE TETLIIOBOT'O
OaJtaHca MOJKHO 3aIlMcaTh B BUIIE:

m.c, (T,-T,)=m.c,(T,-0)+mA+mc, (0-T,). (6 6.)
[Toacraus crona Beipakenus (1) u (2), Haitaém To:

T =T _1fcT, +A-cT,
7 c

b
", IOACTABUB YUCJICHHBIC 3HAYCHUS, TTOJTYUIUM

orBer: T, =-50°C. (26.)



yTo 1/6 WacTh ero o0bEMa HAXOIUTCS HAJl MMOBEPXHOCTHIO

2. B cocyne ¢ KUAKOCTBIO TUIaBaeT Telo B popme Kyda, Tak l

xuakoctd. Cocyl € KHAKOCTBIO M TEJIOM HAarpeiad o
HEKOTOPOU TEMIIEpaTyphl. 3a CYET TEIIOBOIO PACIIUPECHUS

(He OJJMHAKOBOTO Ul Teja U JKUAKOCTH) 00BbEM Tela, COXpaHUBIIEro GpopMy KyOa, yBETHUMICS B X
pa3, a o0mmuit 006EM sxuakocT — B K-X pa3. Haiitu K, eciu u3BecTHO, 4TO MOCIIe HarpeBa TeJo MIaBacT
B JKUJKOCTH, IIOTPY3UBIIUCH ITOJHOCTBIO.

Pemrenne.

[Ipu TeroBoM pacmiupeHUN 00bEM Tella yBEIMUUBAETCS MPU HEM3MEHHON Macce. 3HAYUT, INIOTHOCTh
TeJa YMEHbBIIAETCsl MPOMOPLUUOHAIBHO YBEIHUEHUIO0 00bEMA!

! !
1 1
Po_2 Px_ = (1) (36.)
P X Py KX
rae p, U P, — IUIOTHOCTH IUTABAIOIIETO Teja W KUAKOCTH JIO Harpesa, a P, W P, — OTH Ke

BEJIMYMHEI 1ociie Harpesa. [lycTs 10 Harpesa Teno umeno 00béM V. Toraa, mo ycinoButo, 00bEM Tena,
BBICTYIAOLIEH HAJl TOBEPXHOCTHIO BOJbI, PaBEH EV , @2 00bEM TIOTPYKEHHOH YacTH, COOTBETCTBEHHO,

5

EV. B paBHOBecuu cuia TsokectH P, VQ, JedCTByromias Ha TeNO, ypaBHOBELIMBACTCS CHIION

5
Apxumena p,, EVg . [IpupaBHSIB 3TH CHJIBI 1 COKpATUB HA V( , TOTyYHNM:

5

P: =5 P @) (36.)

[Tocne HarpeBa TeJso MaaBaeT, MOTPY3UBIIKCH MOJHOCTHIO, M @HATIOTMYHBIE PACCYKIEHUS PUBEIYT,
OUYEBHJIHO, K PABEHCTBY

Pr = Py 3) (26.)
Paznenus (3) Ha (2) 1 MOACTaBUB BRIPAXKECHHUSI [IJIsI OTHOILIEHUS TUIOTHOCTEH u3 (1), momyunm:
161
X 5kx’

OTKYJa HallIEM

orBer: K = g 26.)



3. Ha mpsMonuHEHOW J0pore Ha pPACCTOSHHH
| =3 kM apyr ot apyra (CM. pucC.) PacIoOOKCHBI J1Ba
TOHHEIs, JJIMHAa KOTOpbiX mpeBbimaer |. Ckopoctu

<!>

B ToHHene U = 40 km/4. B HayanbHbIi MOMEHT BpeMEHU O/IHA U3 MalllMH HAUMHAET BbE3KaTh B IEPBBII
TOHHEJIb, a BTOpast ABMxkeTcs Ha L = 6 kv mo3aau Heé. Kakum OyzaeT paccTosiHue MeXy MalllMHAMU B
MOMEHT, KOI'Jla C3a1 UIylliasi MallliHa HAaYHET BbIE3KaTh U3 MIEPBOTO TOHHES?

MaIllliH Ha OTKPBITBIX y4acTKax paBHbI v = 60 km/4, a

Pemrenne.

[TockonbKy OIMHAKOBBIE YYAaCTKH IyTH MALIMHBI MPOXOISAT C OJMHAKOBBIMH CKOPOCTSIMH, TO
BPEMEHHOE 3aI1a3/[bIBaHIE C3a1 UAYIICH MallIMHBI — TO €CTh BPEMs, 32 KOTOPOE 3Ta MAIIMHA JJOSIET
0 TOYKH, TJIe B HACTOSIIUI MOMEHT HAaXOJHWTCS BIEPEIU WAYyIIas MallMHA — JOJDKHO OBITh
OZIMHAKOBBIM BO BCE MOMEHTHI JIBHKCHHS. B Haya bHBI MOMEHT 3TO BpeMsi, OYEBUIHO, PABHO

L

At=— (1) (26.)

0
[Tycte B MOMEHT BbI€3JIa C3aJM WAYLICH MalIMHBI U3 NEPBOTO TOHHENS BIIEPEIV HIYINAs MallnHa
HaxOAUTCS BO BTOPOM TOHHEJIE HA UCKOMOM PACCTOSHHM X OT IEpBOi. B 3TOT MOMEHT BpeMeHHOE
3ama3/IbIBAHUE CKJIAJBIBACTCS W3 BPEMEHU Mpoe3lia NMPOMEKyTka | Mexay mepekpécTkamu co
CKOPOCTBIO U ¥ IPOXOsKACHUs ITyTH (X — |) BHYTpH TOHHENS CO CKOPOCTHIO U:

I x-—I

At=—+—or! 46.)
0 u
[ToncraBuB crona At u3 (1) u BeIpa3uB X, HAUAEM:
u
x=l+—=(L-1). (26.)
0

HO,Z[CTaBI/IB YU CJICHHBIC 3HAUCHUA BCIIMYNH, ITOJTYyYUM
OTBET: X =5KM. (20.)

3ameuanue: U3 OTBETA CIEYET, YTO PACCTOSHUE BIEPEIHM MAYLIEH MAIIMHBI OT Hadajaa BTOPOTO
tonHesst X — | =2 km menbiie | = 3 kM, a 3HaYUT, MEHbBINE JUIMHBI TOHHENS, KOTOpas, MO YCIOBHIO,
Ooubiiie |, TO eCTh MalIMHA HAXOAUTCS BHYTPH TOHHES. VIHBIMH CJIOBaMH, IPEAMOIOKESHUE O TOM, YTO
B MOMEHT BbI€3/1a €331 UAYILIEH MAIIMHBI U3 EPBOr0 TOHHENS BIEPEAH UIYIAsl MAILIMHA HAXOAUTCS
BO BTOPOM TOHHEJE, BEPHO.

2 croco0

Jlo Tex mop, moKa c3a/iu UAyIlas MallliHa He BhEJIET B TOHHEIb, T.C. B TeUeHUe BpeMeHu L/v, oHa Oynet
JBHUTAThCS OBICTpee Brepenu uayiiei Ha (v — u). K MoMeHTy BpeMeHH, KOra 00¢ MaIlluHbI OKaXyTCs
B IICPBOM TOHHEJIE, PACCTOSHUE MEXy HUMU cokpatutcs Ha L(v — U)/v ctaHeT paBHBIM:

v-U
!
X'=L-L—. @) (36.)
0
[Tocne sTOro MamuHbBI HEKOTOPOE BpeMsi ABUKYTCS B TOHHENE C OAMHAKOBBIMU CKOPOCTSIMH, U
paccrosiHue MeX1y HUMHU He MeHsiercs. Korma Bmepean wayimias MalivHa BBICJCT W3 TOHHENS, OHA
OyzeT IBUTaThCA ObICTPEE C3aaM UAYIICH Ha (U — U) 0 TeX Mop, MOKa OMSATh HE 3a€JCT B TOHHEID, T.C.



B TeucHue BpeMenu |/v. K 3ToMy MOMEHTY paccTosiHue MeK Iy MalmnHamu yBeaunautcst Ha (v — u)/v u

CTAaHCT PABHBIM!
, U=l
X=X+l—. (2) (36.)
v

Hakoner, 1o Tex mop, moka c3aiu UyIas MalliHa He BBICJET U3 TOHHEISI, 00€ MAIIMHBI JBUKYTCS C
OJIMHAKOBBIMH CKOPOCTSIMH: €33 HAyIIash B TIEPBOM TOHHENE, BIEPEAH HAYIas — BO BTOPOM,
MMOATOMY PACCTOSIHHE MEXKTy HUIMHU HE MEHSETCHI.

[ToacraBuB X' u3 (1) B (2), HaliAEM UCKOMOE PACCTOSIHHE MEXKTy MAlllMHAMM:

x=1+2L-1). 26.)
0

HOI[CTaBI/IB YW CJICHHBIC 3HAUCHUA BCIWYXH, ITOTYyYUM

OTBET: X =5KM. (20.)



4. OgHoponHas MPOBOJOKAa Macchl M corHyra moja mpsIMBIM YIJIOM B HEKOTOPOH M g
TOUKe, pa3duBarolieii €€ Ha JBa HEpaBHBIX OTpe3ka ¢ jumHamu a u b (a>b). b l
ITpoBOJIOKY MOABECHIIH 3a TOYKYy cruba. HaiiTu Maccy M TO4eYHOro Tena, Koropoe &

HYXXHO TIPUKPENHUTh K KOHIYy OTpe3ka b, 4To0bl B paBHOBECHH OTPE3KH OTJIOHSIIHCH m-"?

OT BEPTHUKAJIU HA OJUHAKOBBIN yIOJI.

Pemenue.

Macchl OTpe3KOB MPOBOJIOKH C JJIMHAMK 8 U b paBHBI, COOTBETCTBEHHO, g

a b 1
M=—2MuM=—M @@ (@26) nbl2
a a-+ b b a-+ b alz'k: N b/
et 2

------ i \

Cunpl TSHKECTH 3TUX OTPE3KOB MOXKHO CUUTATh INPWIOKEHHBIMH K HX I X 72y

cepenuHaM. C yu€TOM TakKe CUJIbI TSDKECTH, EHCTBYIOIIEH Ha TEJI0 MacChl Mag Msg mg

M, yCJIOBUE PABHOBECHS pbluara 3aluIleTCs B BUJE:

M.gx=M,gy+mgz, () (26.)

rze X, Yy U Z — IUIEYU COOTBETCTBYIOUIMX CHUJI (CM. pHcC.). OTpe3Ku X, Y U Z NEepHEeHIUKYISIPHBI CUJIaM
TSKECTH, TO €CTb IEPHEHIUKYJSAPHbI BEpTUKAIbHONH ocu. OHM SBIAIOTCA KaTeTaMH TPEX
IPSIMOYTOJIBHBIX TPEYTOJIBHUKOB ¢ 00111e# BepIMHON. [10CKOIBbKY, 110 YCIOBHUIO, YIIIbI TPEYTOJIbHUKOB
IIPU ATOH BEPILMHE paBHbI, 3TU TPEYTOJIbHUKU N0J00HBI. ClleI0BaTENbHO, CIIPaBeIMBA IPOIOPLIMSL:

cyiz d.b
2 2
r7ie B JIEBOW YacTH 3alMCaHbl KaTeThl, a B MPaBOl — TUNOTEHY3bl MOJAOOHBIX TPEYTOJbHUKOB.

Bocmonb30BaBIivch 3Toi mpomnopireii, 3amenuM B (2) X, Y u Z Ha a/2, b/2 u b, a Taxke cokpaTum Ha ¢
u noactaBuM Ma u Mp u3 (1). B pesynbpraTe nonyuunm:

BNV S VI Iy (46.)
a+tb 2 a+b 2

BeIpasus orcrona m, noixy4um

a-b
tm=——M. 2 0.
OTBET 51 26.)



duzuka 9 kiaacce

gt0o 1/5 "acTh ero o0bEMa HAXOIUTCS HAJA MOBEPXHOCTHIO

1. B cocyne ¢ *KHUAKOCTBIO TUIaBaeT Teso B (hopMme Kyda, Tak l
g

KHUOKOCTH. COCyI[ C JXHUIAKOCTBIO W TCJIOM HaArpejim 1o

HEKOTOPOU TemMmeparyphl. 3a CYET TEIJIOBOTO PACIIMPEHUS

(HE OMHAKOBOTO JIJISl TeJla M JKHAKOCTH) 00BEM Tesa, COXpaHHUBIIETO (GOpMy KyOa, YBETUUHIICS B X
pas, a 001t 006EM xKuaAKOCTH — B K-X pa3. Haiitu K, eciii H3BECTHO, UTO MMOCIIE HarpeBa TeJjIo MaBaeT
B KHUJAKOCTHU, OTPY3UBIIUCH OJTHOCTHIO.

Pemenue.

[Tpu TenaoBOM pacuMpeHHH 00bEM TeJla yBETMUUBACTCS PU HEU3MEHHON Macce. 3HAYUT, MJIOTHOCTh
TeJIa yMEHBIIIAETCsI MPOMOPIIMOHAIBHO YBETMUEHUIO 00bEMa:

! !
p. 1 p. 1
=y = (1) (36.)
p. X p, kx
! !
3necy p, U P, — IUIOTHOCTH ILIABAIOILETO TEJIa U KUAKOCTU 1O Harpesa, a P, U P, — 3TU ¥Ke

BEJIMYMHEI 1ociie Harpesa. [lycTs 10 HarpeBa Teno umeno 06béM V. Toraa, o ycnoBuio, 00bEM Tena,

1

BBICTYMAIOUIEH HaJl TOBEPXHOCTHIO BOJIbI, pAaBEH gV , @ 00bEM MOTPYKEHHOM YacTH, COOTBETCTBEHHO,
EV. B paBHoBecun cmia Tspkectd P VQ, NEHCTBYyOIIas Ha TeNO, YpaBHOBEIIMUBACTCS CHIIOW

4
Apxumena P, EVg . IIpupaBHsIB 3TH CHIIBI 1 COKpAaTUB Ha V(Q , MOTyYHM:

4

Pr = gpm : (2) (36.)

ITocne HarpeBa Teso IIaBaeT, MOrPY3UBLINCH TIOJHOCTBIO, U AHAJIOTUYHBIC PACCYKICHUS IIPUBEIYT,
OYEBHIIHO, K PABEHCTBY

PL =Py (3 (26.)
Paznenus (3) Ha (2) 1 MOACTaBUB BRIPAXKECHHUSI [IJIsI OTHOILIEHUS TUIOTHOCTEH 13 (1), momyunm:
1.51
X 4kx'

OTKYZa Hal1EM

oreer: K =—. (26.)



2. CtyneHTy nocrajnach cxema, coJiepskalias YeThIpe pe3ucTopa, UCTOUHUK
Hanpspkeaus U = 10 B u mwummamnepmerp (cMm. puc.). Tpu pesuctopa
UMEIOT OJMHAKOBOE compoTHuBieHue. /s Toro, 4yToObl ONpeaeTuTh
COIPOTHUBIICHUS PE3UCTOPOB, OH TIOOUEPETHO 3aMbIKATl PE3UCTOPHI MEXKTY
toukamu AB, BC u CD u u3mepsu1 nokazanue npubopa. PesynbraTs
U3MEpEeHuH, cooTBeTCTBEHHO: 12 MA, 12 MA, 15 MA. Musumamnepmerp
naeanbHblii. Haliure BEIMUMHBI BCEX CONPOTUBJIEHUIN B CXEME.

Pemrenmne.

IlycTh cOnpOTUBIEHUE KaXA0I0 U3 TPEX OJAMHAKOBBIX pe3UCcTOpoB — I, a yeTBéproro — R. Tak kak

IpU 3aMBIKAaHUU PE3UCTOpPOB Mexay ToukamMu AB u BC B menu TekyT oIMHAKOBBIE TOKH, TaKOe

BO3MOXXHO, €CJIM MCKY 3TUMH TOUYKAMHU OJAKIOYCHBI ONMHAKOBBIC PE3UCTOPHI I

(2 6.)

[TockonbKy MpH 3aMBIKaHUH pe3rcTopa Mexay Toukamu CD TOK B 1ienu ApYyrou, 3TO 03HAYaeT, 4To
pe3ucTop ¢ conpotuBieHneM R HaxomuTes mexay Toukamu CD. JleficTBUTEIBHO, €CIi OBl PE3UCTOP

¢ conmpoTtuBieHreM R Haxoauics Mexy Toukamu AD, To rpu moouepeHOM 3aMbIKaHUH PE3UCTOPOB

Mexay toukamu AB, BC u CD mbr Obl moMy4dmnm oJMHAKOBBIE OOIMME COMPOTHUBICHUS IICTH, W

COOTBCTCTBCHHO U3MCPAIIA OBl OJMHAKOBBIC TOKH.

ITo 3akony Oma

U
l,. =—, 1
o R (1)
U
lop = 2)
CD RCD

rae lag =12 MA, lcp = 15 MA,

1 1 1 2r+R
Re T+R r r(r+R)

1 1 1
—:—+—=i. 4)
Rpo 2r r 2r
N3 (2) u (4) Haxoaum
r=—3U : (5)
2l
U3 (1), (3) u (5) Haxoaum
R=r2leo =3l (6)
3l =21

[ToacrasuBs B (5) u (6) ynciIeHHBIC 3HAYCHUS BEJTUYHH, TOJTYyIUM

orBer: I'=1xOM, R =4kOm.

(2 6.)

(16.)

(16.)

(16.)

(16.)

26.)



3. Ha criuny mnmueel L Hagera 3apspbkeHHas Oycuuaka maccsl M. TToce g
TOTO, KaK BKJIFOYMIM HCTOYHUK TOPU30HTAIBHOTO 3JICKTPHUECKOTO l

oJIst, Ha OYCHHKY Havaja JIeHCTBOBATh TOPU3OHTAIbHAS cuila F, 1 oHa o
MpHIIIIa B IBMKeHUE. Ha Kakyio BBICOTY OTHOCHTEIBHO KOHIIA CITHIIBI

MOJHUMETCS OyCHHKa IOClie TOro, Kak cieTuT co cnuubl? Crnmna F
pacnosoKeHa Mo YIJIoM o K TOpu30HTY. TpeHus HerT.

Pemrenmne.

3anumieM 6ajaHc YHEPTUU 11 MOMEHTA BpEMEHH, KOTJa OyCHHKA CIIETAET CO CITHUIIBI

2

FLcosa—mgLsina = m: , (1) (46.)

I7le U — CKOPOCTh OYCHHKH. 3Hasi BEpTUKAIBHYIO COCTABJIAIONIYIO CKOPOCTH OYCHHKHU B 3TOT MOMEHT

v-SiN 0, HailIEM MaKCHUMaJIbHYIO BBICOTY NOJbeMa OYCHHKH:

H = % 2 46.

Bripasus v u3 (1) u moacraBus B (2), mOTydnm

orBer: H = Lsin*acosa i—tgoc : (26.)
mg



4. MepHblil YrOJIbHUK, COCTOSILINN U3 IBYX OJUHAKOBBIX CTEP)KHEN
Maccel M, COCIWHEHHBIX LIAPHUPOM, CTOUT Ha TOPHU3OHTAIBHOU 1F_7
noBepxHocTd. lllapHup Haxomutcss Ha BBICOTE h OTHOCHUTEIHEHO S
MOBEPXHOCTH, a CBOOOJHBIC KOHIBI CTEp)KHEH YIUPAIOTCS B

MOBEPXHOCTH Ha paccTostHuM d Apyr oT apyra. C Kakoi BepTUKaIbHON h

CHJIOW HYXHO HAaJaBUTh Ha IIAPHHUP, YTOOBI «HOTH» YTOJIBHUKA

pazpexanuch? KoapouuueHT TpeHHs MEXIY CTEPXKHSAMH H .

IIOBEPXHOCTBHIO L, TPEHUS B LIAPHUPE OTCYTCTBYET, MacCOM LIapHUPA d

peHeopeyb.

Pemrenmne.

Hckomass cunma paBHa MaKCMMalbHOW, NIpU KOTOpOoM em€ coxpaHsercss paBHoBecue. Cuiia
B3aMMOJICHCTBUS cTepxHEl F12 ropuzonTanbHas. U3 yciaoBusi paBHOBECHS CTEPKHS 110 TOPU3OHTAIIN
OHa paBHAa CUJIE TPEHUS:

F,=F,. @)

P

YcnoBre paBHOBECHS CTEPXKHSI [10 BEPTHKAIIH:
F+2mg=2N, (2) (36.)

PaBeHCTBO MOMEHTOB CHJI, ACMCTBYIOLIUX HA OJHY HOT'Y YTOJIbHUKA, OTHOCUTEJIBHO TOUYKH €€
KacaHMs C IIOBEPXHOCTBIO UMEET BUJL:

d

F,-h= =,
12 4

-%+ mg - (3) (36.)

MakcumanbHoe 3HaueHue F, mpu KOTopoM coxpaHsieTcsi paBHOBecHE (T.e. MUHUMAaJIbHOE 3HaUCHHE,

TIpY KOTOPOM HAYMHAETCs CKOJIBXKCHUE), COOTBETCTBYET cuite TpeHust F = pN , oTkyza ¢ yuerom

(1) - (3) monmyuaem

o

d F

(F+mg)E:u(—+mgj = F:—4h2mg. (26.)
HOCKOHBKy F IMMOJIOKHUTECIIbHA, YHUCIIUTCIIb W 3HAMCHATCIIb IIOJTYUYCHHOI'O PAaBCHCTBA JOJIXKHBI OLITH
OJIHOTO 3HaKa, YTO CIIPaBEAJIMBO IIPU YCIOBUU n <p< on

OTtBet:
[Mpu — < p <—— HeobOxoauma cuna F > —4hmg : (16.)
4h 2h ( d )
2h

npu on <l CKOJIbXEHHUs He OyaeT mpu Jroboii cuie. (16.)



5. lnuHHast BeICOKast KOpoOoUuka MUpUHEI L moBepHyTa Ha
OOK M HAXOJUTCS PAIOM C pabOTAIOIIUM AyIIeM (CM. PHC.).
Bepxuuii 60k KOpOOOUYKH pacIionoKeH 4yTh HUKE YPOBHS

neiiku nyma. KopoOouky HaumHAIOT OBICTPO ABHUraTh IO

TOPU3OHTAIIM BJIEBO TaK, YTO OHA, 3aXBaTblBas BONY, HA EEREEE
BpeMs IOJIHOCTBIO TEPEKPhIBAECT BOASHYIO CTPYIO JIeHKU. B pe3ynbTare B KOpoOOUKE OKa3bIBACTCS
oobem Boabl V. Haiinure pacxox Boabl (00beM BOBI, MPOTEKAIOMIMKA Yepe3 CEUYEeHUE B EIUHUIIC
BPEMEHH) uepe3 JIeHKy AyIla, ecld CyMMapHas IUIOmanb ABIPOK B Jeiike S. Boma, momaBmias B
KOpOOOUKY, Ha3aJ HE BBIIJICCKUBAETCS. YCKOpEeHHE CBOOOIHOrO majeHus J. BausHuem Bo3ayxa
peHeopeYb.

Pemenue.

Pacxon Bozibl uepes eiKy aymia paBeH
Q = Uos ) (1) (2 0.)
TJI€ Vo — CKOPOCTb BOJISIHOM CTPYH HA BBIXOJIE U3 JICUKH.

O0Bém Bonbel V B KOpOOOYKEe paBeH 00BEMY BOJIBI, BBITEKIIEMY uepe3 JIeWKy aymia 3a Bpems t
OITyCKaHUS CTPYH OT BEPXHETO JI0 HUKHEro O0Ka KOPOOOUKH:

V =19,St. (2) (46.)
U3 (1) u (2) naiiném Bpems
_Q
t=y 3)

3a 3T0 BpeMs CTpys IIPH paBHOYCKOPEHHOM JABM)KEHHH MPOXONT IMyTh L (paccTosHue MEXy BEpXHUM
Y HIDKHUM OOKaMu KOpOOOUKH):

2
L =0t +%. ) 26.)

[ToacraBuM crona vot, BeipaxkeHHoe U3 (2), u t u3 (3), momydum

V g(V
=—4 =
s 2l0

L

Bripazus orctona Q, Haiiaém

gS

V) @

orBer:Q =V



duszuka 10 kaacce

1. llIxonpauk IleTss coOpanm cxemy, COCTOSIIYIO W3 YETHIPEX PE3UCTOPOB Kak B C
MOKa3aHO Ha pHUCYHKe. Tpu pe3ucTopa C OJAMHAKOBBIM COMPOTHUBJICHHEM I, a
COMpOTHUBIIEHHE 4YeTBEPTOro pesucropa R ornmmuaercs. lllkonbHUK Mpu momoiu

OMMETpa IO0CIEJ0BATEIBHO U3MEPUII CONPOTUBIIEHUE Mexay Toukamu AB, BC u A D
CD. TlonyuuBmmecs 3HaueHusi oka3anuchk paBHbl Rag = 0,8 kOm, Rec = 0,8 kOwm,

Rep = 1,2 xOwMm, cootrBeTcTBeHHO. Haiinure 3Hauenus r u R.

Pemenue.

JlommycTrM, 9TO pe3uCTOp C compoTuBieHnEeM R BkimtouéH Mexay Toukamu A u B. Torga cormacHo
MpaBUIly CIOXKCHUS MOCIICAOBATCIIbHBIX W MapalJICJIbHBIX COHpOTI/IBHeHI/Iﬁ

1 1Y)
R =| —+—1 ,
A8 (R SrJ

11
Rec =| —+ ,
B¢ [r 2r+Rj

11 Y
R =|—+ .
b [r 2r+Rj

To ects Rec = Rcp, uTo nmpotuBopeunt ycinosuto. Takum 0O6pa3om, pe3ucTop COnMpoTUBIEHHEM R He
BKJIIOYEH Mexay ToukamMu A u B. AHanormuHbsIMU pacCyKICHHUSMH MOKHO IOKa3aTh, YTO ITOT
pe3ucTop He BKIOYEH Mexay ToukaMu B u C, a taxoke mexny Toukamu A u D. IToaromy, pesucrop ¢

conpoTuBieHneM R BrmouéH mexny Toukamu C u D. (46.)
CnenoBarenbHO,
-1
RAB:RBC:GUriRJ :%’ @) 26
-1
il 2 e
Paznenus (1) Ha (2), Haiiném
2" 11
Re "R ~_08xkOm _2
Reo 3 1,2xOm 3
Otcrona Halaém
R=2r. (3)

[Toacrasus (3) B (2), HailnéM



r :%Rco :%1,2KOM =1xOMm,

R=2R=2-1xkOMm =2kOM.

OTBeT: r=1xO0m, R =2 xOwm. (20.)



2. JInuHHAs CIIMIIA 3aKperyieHa CepeIMHON Ha TOPU30HTAITBHOM OCH M MOKET
BOKpPYI HEE BpaIllaTbCsd B BEPTUKAIBHOW IUIOCKOCTH. Bmome Hee moryr l g

CKOJIb3UTh JIBE€ OJIMHAKOBBIE OYCHHKH Macchl M, HaXOAALIMECs Ha CIIULE 110 —eﬂvﬂvﬂwﬁvﬂvﬂe—
pa3HbIe CTOPOHBI OT TOYKM KperieHus. bycmHkm nerkumu mpyxuHamm M k m
KECTKOCTH K COeIMHEHBI C OChI0. B HavanbHBI MOMEHT CIIMIA PACIIOIOKEHA TOPHU30HTAIBHO U BCS
cucrema rmokoutcsi. OJJHAKO 3TO MOJIOKEHHE HeycToWunBoe. M3-3a ciryyaifHOro cimaboro BO3MyIEHHS
cucTeMa MepexoJuT B HOBOE yCTOWYMBOE IMOJIOKeHHE paBHOBecus. Haiimute teruory Qt, KoTOpas
BBIJICJIUTCS B IIPOIIECCE TAKOTO Mepexo/a. Y cKkopeHue cBo6oaHoro najaeHus g. TpeHneM u BiIUsSHUEM
BO3JIyXa MpeHeOpeYb.

Pemenue.

B HauanbHBI MOMEHT NPY>KUHBI HEPACTAHYTHI, & UX AJTUHBI X0 PaBHBI, TOCKOJIBKY CHCTEMA HaXOJIUTCS
B paBHOBecHMH (IMyCTh W HEycTOoWunBOM). OOO3HAUMM HW3MEHEHHE JUIMH IIOCJIe IOBOPOTa B
BEPTUKAIHHOE YCTOWYMBOE TOJOXKeHUE AXi (Ui HWKHEW NpyKuHbI) U AXz (ms

BEpPXHEN). m
W3 Broporo 3akoHa HploTOHA, 3aIIMCaHHOTO MO OTAEIBHOCTH 711 HUJKHETO M BEPXHETO l
IPY3MKOB B HOBOM MOJIOKEHUH paBHOBecHst Mg = K-AXy 1 mg = — k- AXz moyuum, 4to

AX, = —AX, = % L) (26.) k

N3menenne moTeHIManbHOM SHEPTUH OYCUHOK, CBS3aHHBIN C CHIION TSKECTH, PABHO m

AW, =—mg (X, +AX, ) +mg (X, + AX, ) = —mg (Ax, — AX, ). (26.)
H3MeHnenue ynpyroi sHepruu nNpy«xuH paBHO

k(Ax)" k(Ax,)’
AW, = (&) k(&%) (26.)
2 2
W3 3akoHa coxpanenus sneprun Q, + AW, + AW, =0 crenyer:
k 2 2
Q; =—AW, — AW, =mg (A, —sz)—z((Axl) +(A%,) ) . (26.)

[ToncraBuB B mpeasiayIiee BeipaxkeHue (1) 1 BbIpa3uB U3 MOTYYUBILIETOCs BhIpaxeHus Qt moaydum

m2g2

orBer: Q) = ”

26.)



3. Kinanan B Buie MacCUBHOTO KOHYCa OTKPBIBAETCSA, KOT/a AaBlIEHUE Ha
BEpPXHEW IpaHUIle 3aKPHITOTO pe3epByapa € KUAKOCTHIO OIYCKAeTCs 110
3HaueHusi Pi1. KoHyc mepeBepHynaM A HCIOJIb30BaHUS B KadecTBE
KJIarlaHa, KOTOPBIA OTKpBIBA€TCA MpPH MOBBINIEHUH naBieHuu. [lpu

P-?

KakoM JaBjiieHHH P2 BoJa HauHET BBITEKATh U3 pe3epByapa. BricoTa koHyca H, mioTHOCTH BOJIHI P,
ycKkopeHue cBoOonHoro mnazeHus (. Jluamerp OCHOBaHMS KOHyca B 2 pa3a Oouibllie JuameTpa
oTBepcTHs. TpeHrneM Mexay KOHYCOM M CTEHKaMH pe3epByapa npeHeopedb.

Pemenue.

[Tyctb atmMmocdepHoe naBneHue Pg, Macca KoHyca M, MIOIMIA s €r0 OCHOBAHHUS S.

O6vem konyca V=HS/3, miomanp orBepctrs S/4, o0beM BepxXHEW 4acTh KOHyca (KOHYC C TEM JKe
YIJIOM PacTBOpa, HO ¢ BeicoTor H/2) paBen V/8. (26.)
Ha xoHyc AeiCTBYIOT cuiia TSOHKECTH, CHila ApxuMenia, onpesensieMas 00bEMOM 4acTH, TOTPYKCHHOU
B BOAY, U CUJIa, 00YCIIOBIICHHAS Pa3HOCTHIO JABJIICHUN KHUIKOCTH H aTMOCQEPHI.

3anuiieM ycjIoBHE paBHOBECHs KOHYCa JI0 TOTO, KaK €ro NepeBepHyIu:

7 S
mg - pag gV = (R-PR)7- (1) (36,
VYcnoBue paBHOBECHS TTOCHE TOTO, KAK KOHYC MEPEBEPHYJIN:
1 S
mg — pgg gv = (Pz R )Z : (2) (36.)

Beruts u3 (2) (1) v BeIpa3uB U3 MOTYYMBIIErOCs BEIpaKeHHs P2, momydnm

orBet: P, =P +pggH. (20.)



4. BepTuKaabHO CTOSIIMA COCYJ TEPEKPHIT IEBATHIO OJWHAKOBBIMU TMOPHIHSAMU. B
MIPOMEXYTKAX MOJ KaXKIbIM W3 HUX HAxXOJWUTCA OJMHAKOBOE KOJIMYECTBO BO3AYyXa.
Beicora mpoMexyTka moj BepxHuM mopiiHeMm h = 11 cM, a 1aBieHre BO3/1yXa MO HUM
B 2 paza 6ombiie atMocdepHoro. HackoibKo OIMyCTUTCS BEpXHUHN MOPIIEHb, €CITH €T0
Maccy yaBouTs? TemnepaTypy CUUTATh TOCTOSIHHOM.

Pemrenmne.

O6o3naunM aTtmocdepHoe nasineHue Po, naBinenue moj N-m mopuHeMm — Pn. Tlo

YCIIOBHIO JJaBJIGHUE BO3/yXa MOJI TIEPBHIM MOPILHEM B J1Ba pa3a OoJiblie aTMOCHEPHOTO,
TOI'/Ia YCJIIOBUE PABHOBECHS IIEPBOIO MOPIIHS 3aIUILIETCS B BUJEC

|31=2P0=P0+%, (1) (16.)

re M — macca MopIHs, § — yCKOpeHHe CBOOOHOTO MaJleHHs, a S — IUIOIalb MOPIIHS, a YCIOBHUE
paBHOBECHS N-TO MOPIIHS:

P =P, +%. ) (16.)

Tax kak moj KaXkKIbpIM IMOPIIHEM HAXOJAUTCS OJMHAKOBOE KOJUYECTBO BO3/yXa, TO U3 3aKoHa boiins-
Mapuorra

P,Sh=P,Sh,. (10.)
Torna BeIcOTa BO3AYIITHOTO 00BEMA IO N-M MOPIITHEM:

_h
h,=2h. 3) (16.)

n

Bripazus u3 (1) u (2) Pn uepe3 Po u moacrasus B (3), moxydaum

hnzih. (16.)
n+1

BeIcoTa, Ha KOTOPOY HAXOAUTCS NEPBBIN IMOPIIECHb, PABHA:

9
HeS 2 poon(2eiit, 1) (16.)
Sl 273 4 10

Ecnu yBennuuTh Maccy BEpXHEro NopIIHs B J1Ba pas3a, TO ypaBHeHue (1) u3MeHuTcs Ha!

R-p+ 2L, (1) (16)

a aHaJIOTUYHbIE PACCYKJEHUS MPUBEIYT K HOBOM BBHICOTE MOPIIHS

9
H’=Z—2 h=2h(1+£+1+...+ij. (16.)
£t 2 345 11

BsIcoTa, Ha KOTOPYIO OIYCTUTCS BEPXHUN MTOPILIEHbD,



HoH'=h—2h="h. (16.)
11 11

HO,Z[CTaBI/IB B ITOJIYUYUBIICCCA BBIPAKCHUC YUCIICHHOC 3HAUCHUC h, MoJIy4um

OTBET: BHICOTA MIOHU3HUTCS Ha 9 cM. (16.)



5. Ha mepoxoBaroil HakJIOHHOM IJIOCKOCTH C YTJIOM P OCHOBAHUH O JIE)KUT
maitba, KOTopas COCIMHEHA C MPYKHUHKOH, a JPyrod KOHEI MPYKUHKH
NpUKperuiéH K 1miockoctu (cM. puc.). Koadduuuent tpenus maitOsr o
IJIOCKOCTS [ < tg 0. B HauanpHBI MOMEHT OCh IPYKUHKH HalpaBJIcHa BBEPX
0 CKJIOHY BJIOJIb CKaThIBaromiei cuibl. [11ali0y HaUMHAIOT MOCIEeI0BATENHEHO
MIOATAJIKNUBATh MAJICHBKMMM TOJMKAMU KaXKIbIM pa3 B HANpPABICHUU IEPIEHAMKYISIPHOM OCH
npYyXUHKU. [Ipu KaKoM OTKJIOHEHHH OCH NPY>KMHKH OT HAYaJIbHOTO TIOJI0KEHUS 11aiida «COpBETCS» U
cama Ha4yHET CKOJIb3UTh BHU3?

Pemenue.

Ha maii0y OynyTt neiicTBoBaTh cuja TSKECTH MQ, cuia TpeHus Fp,, cuma
YIOPYrocTH MNPYXKHUHKH Fynp M CHJIA peakiuu CO CTOPOHBI HAKJIOHHOM
miockoctd N. PaccmMoTpuM cucteMy B MOMEHT «cphlBa». BBeném cucremy
KOOpPJUHAT, TI€ OCh X JIEKUT HA HAKIIOHHOW IIJIOCKOCTH IEPIEHIUKYIAPHO
MIPYKXHUHKE, OCh Y JIEKUT Ha HAKIIOHHOMN IJIOCKOCTH BJI0OJIb NIPYKUHKH, a OCh Z
MEPIECHINKYIIIPHA HAKIIOHHOM IITIOCKOCTH (CM. pHC.). 3aluIieM BTOPO 3aKOH
Herorona B mpoekuuu Ha oCh Z:

N =mgcosa. . @) (26.)

JlanpHelme paccy>kKAeHNUs MOYKHO IPOBECTH PA3TMUHBIMU CIIOCOOAMH.
1-#i crroco0

B MoMeHT «cpbiBay maiiba emé moKouTCs, a CHla TPEHUs HalpaBlieHa MEePIeHIUKYIISIPHO MPYXKUHKE
U JOCTUTAET BEJIMYNHBI

F_=uN. (2 (20.)

™
3anuiieM BTOpoid 3akoH Hpl0TOHA B MPOEKIIMU HA OCh X:

mgsinasinB=F,_. (3) (46.)

[Toacrasus (1) B (2), a monyuyuBiieecs: BeipaxkeHue B (3) Hailaém

oreer: B=arcsin(pctgo). (26.)

2-1 crmoco0

Ha HakJIOHHOW MJIOCKOCTH CYIIECTBYET MHOXKECTBO TOYEK, B KOTOPBIX W3HAYAJIBHO IMOKOSILIASCS
mraiiba OyzeT HaXOAUTCS B MOJIOKEHUH PaBHOBECHA. B 3TUX Toukax BeIMYMHA CUIIBI TPEHUSI MEHSAETCS
OT HEKOTOPOr0 MUHUMAJIFHOTO 3HAYEHHS 10 MAaKCUMalIbHOTO, paBHOTO [N. 3aBUCHMOCTb BEJINYHHBI
CHJIBI TPEHUSI OT KOOPAWHAT TOYEK JOJHKHA ObITh MIaBHOU (yHKIIMEH (€€ MOKHO HATH aHAIUTUYECKHU
U3 YCIIOBUS paBHOBECHS ). 3HAUUT, YIIOMSHYTOE MHOXKECTBO YCTOMUMBBIX TOUYEK SBISIETCS 3aMKHYTOM
o0nacTpio ¢ rpaHuneil. O4eBUIHO, YTO MPHU HEOOIBIIOM yBEIWYEHHUH L (T.€. MAaKCUMAaJIbHOM CHIIbI
TpEHHUs) dTa 00JacTh OYJET PacCIIMPSTHCS BO BCE CTOPOHBI (3aMEThTE, YTO MPH L —> 00 00JIacTh
paciIipuTCs Ha BCIO HAKJIOHHYIO IJI0CKOCTh). ClieioBaTenbHO, Ha TPaHMIle YCTOMYMBOI 00acTH clila
Tpenust Makcumaibha u pasHa UN, rae N Bbipaxaercst ypasaenuem (1): F - =pmg cosa . [Ipoekunn

Ha HAaKJIOHHYIO IUIOCKOCTh TpPEX CHJ, JEHCTBYIOIMX Ha a0y, HAaXOIAILYIOCS Ha TpaHUIE
YCTOMUMBOI 001aCTH, MOKHO 3alKCaTh B BUIE:

F, =umgcosa, 4) (16.)
F. =mgsina, (5) (10.)

F,.=F.

ynp



31ech abCOMIOTHOE 3HAYEHUE CUJIBI YIIPYTOCTH MBI CYUTAaEéM HEM3BECTHON (MCKOMOHA)
BEJIMYMHOM, KOTOPYIO IS KPAaTKOCTH 00o3HauuM OykBoit F. MblI OymeM Takke
CUMTATh HEW3BECTHBHIM HAIIPABJICHUE CUJIBI TPEHUS U 0003HAUMM OYKBOHM Y yroiu
MEXy HUM M CHJION yIIPyrocTH (CM. puc.).

amnuiemM YCJI0BUC paBHOBCCHUS CHUII COOTBCTCTBCHHO B ITPOCKIIMU HA OCU y u X OJ1d
1aiiobI, TOKOSIIEHCS Ha TPAHUIIE YCTOMYUBOM 00JIaCTH:

F+F,_ cosy=F, cosp, (6) (10.)
F,siny=FsinpB. (7 (16.)

B ypaBuenun (6) mepenecém F B mpaByro yacTh, BO3BEAEM B KBaJpaT 00€ YaCTH KaXKIOTO W3
ypasuenuit (6) u (7) u cnoxum 5TH ypaBHeHus. C yuérom paBeHcTB Sin*P+cos’B=1 wu

sin®y+cos’y =1 B pe3yabTaTe MOTYIHM:
Fr=F’+F?-2F Fcosp.
DT0 paBeHCTBO MPE/CTABISLET COO0I KBaApaTHOE ypaBHEHHE Ha CHIy yrpyrocTta F:
F?-2F Fcosp+F’-F: =0,
KOTOPOE MMEET PEIICHUE TOJILKO MPH HEOTPHUIATEILHOM IUCKPUMHHAHTE:

(2F,FcosB) —4(F?-F2)>0. (26.)

Pasnenus 310 HepaBeHCTBO Ha 4F” u moscraBus COS” B =1-sin’ B, naiiném:

np< o
SINp < —.
F

T
3HaYUT, MAKCUMaJIbHOMY 3HAaYECHUIO 3 COOTBETCTBYET PaBEHCTBO:
. F
sinp=—=.
FT

(3amerum, 4TO, MOACTABUB €ro B (7), MBI OXY4YUM SiNYy =1 UK y = 7/2, 4TO U MPEATNOIATajIoch B 1-M
cniocob6e.) [Toncrasus crona (4) u (5), moxydnm:

sinB=pctg o.

Otser: B=arcsin(pctga). (26.)



duszuka 11 kiaacce

1. TemmoOOMEHHUK COCTOUT W3 UIMHHOW TEIJIOW30JMPOBAHHOW TpPYyOKH, B KOTOPYIO BCTaBJICHA
TOHKOCTCHHAsi TPyOKa TOW >K€ JUIMHBI, HO MEHBIIEro auamerpa (CM.

pUCYHOK). Bo BHYTpeHHIOIO TpPYOKYy 3aTeKaeT ropsdas >KMIKOCTb C

teMreparypoil Trop = 90 °C ¢ MOCTOSHHBIM PAcX0a0M Jrop = 2 KI/C

(pacxom — macca XHUIKOCTH, KOTOpas MPOXOIUT uepe3 TPyOKy B €.

BpeMeHH). TemI0eMKOCTh JTOW JKUAKOCTH HE 3aBUCUT OT TEMIEpaTypbl U paBHSAETCS
Crop = 1600 Ix/(xr-rpax). st Toro, 4To0bI 3Ta ropsvast >kUAKOCTh 0XJIaIUJIach, BO BHEIIHIOIO TPYOKY
3aMyCTUIIN JIPYTYIO, XOJIOTHYIO KHUIKOCTh C TeMIepaTypou Txon = 10 °C. TenaoeMKoCcTh XOJIOAHOU
KHJIKOCTH TaK)Ke HE 3aBUCHT OT TeMIiepatypsl U paBHseTca Cxon = 3200 [Ix/(kr rpax). Okazanaock, 4To
IPU PACXOAE XOJOAHOM KHUIKOCTU Jxon = 4 KI/C, TOpsiUas >KUAKOCTh OXJIAKIACTCS Ha BBIXOJE W3
TpyOKH 110 HeoOxoaumoil Temmepatypsl xkuiakoctu 11 = 50 °C. KakoBa TemmnepaTypa XOJOJHOU
JKUIKOCTH Ha BEIXOJE 127

Pemenue.

3a MpPOM3BOJIBHBIA MPOMEKYTOK BpeMEHH t depe3 TeIIOOOMEHHHMK IMPOTEKAaeT ropsvasl >KHJIKOCTh
Maccoi Jropt M X0OJ0JHAS JKUIKOCTH MACCOH Jxon't. DTH Macchl 0OMEHMBAIOTCS TEIIOTOM. (260.)
TakuMm o0Opa3zoMm, ypaBHEHHE TEIUIOBOTO OallaHCa 3aKJIFOYaeTCs B TOM, YTO KOJHMYECTBO TEIUIOTHI,
OTJaHHOE TopsiUeH JKUKOCTHIO 3a BpeMs t, paBHO KOJIMYECTBY TEIUIOTHI, IPUOOPETEHHOMY XOJIOTHOM
KHUJIKOCTBIO 32 TO K€ BPeMsl:

Crop (Lo ) (Top = T1) = Coo (s (T, - To,) - (46.)

CoxpaTuB 00ImIMIf MHOXKUTEN { U BBIPa3UB OTCIOJ]a HCKOMYIO TEMIEpPaTypy T2, MOTy4uM

(:}0 LI;O
T,=T, T PJ 2 (T —T) - (2 6.)

HOI[CTaBI/IB YW CJICHHBIC 3HAUCHU A, ITOJTYYUM

C,.J
orer:T, =T +%(T »-T)=20°C. (26.)

T
X0~ XO0I



2. ManeHnbKuii TPy3UK Maccoi M u 3apsia ( MOKOMTCS Ha JIerkoi HUTH JuinHbel |. B
TOYKE MOJIBEca 3aKperieH Takou ke 3apsan (. Kakyio MUHUManbHYIO CKOPOCTH U0
HE00XO0IMMO MPHUAATH TPY3UKY, YTOOBI OH CIENal MOJTHBIA 000pPOT MO OKPYKHOCTHU
BOKPYT TOYKH ToBeca? Y CcKopeHue CBOOOIHOTO afAeHus J.

Pemrenmne.

Ha rpy3uk neicTByIOT CleyIOIIMe CUIIbL: CUjla TSKECTH M, HalpaBieHHasl BEpPTUKAJIBHO BHU3, CUJIA
KYJOHOBCKOTO OTTajKuBaHHs KQ / |, HampaBleHHas BJOAb HUTH OT IIEHTPA OKPYKHOCTH
(k — k03 puneHT mpomopIMOHaTbHOCTH B 3akoHe KyioHa), a Takke Cuiia HATSDKEHHS HUTH T,
HampaBjICHHAs BIOJb HUTH K LEHTPY OKPYKHOCTH. OTH CHJIBI COOOIIAIOT  TPY3UKY
LIEHTPOCTPEMUTEIBLHOE YCKOPEHUE vz/ | . B BepxHeill TOuke TpaeKTOPUH BTOPOW 3aKkoH HproTOHA
IIPUHUMAET BUJ:

2

v q>
mI—:T+mg—k|—2. (1) (30.)
ITockonbKy paccTossHHE MEXAYy 3apsJaMy B IIPOLECCE ABUKEHUS TPy3HKa II0 OKPYKHOCTH HE
MCHACTCA, NOTCHIHUAJIbHAA 3HCPTHUA BBaHMOI[eﬁCTBHH 3apsaa0B, 3aBUCAIIAA OT paCCTOAHUA MCKAY
HHMH, TAaKXKC HC MCHACTCA. W3 3akoHa COXpPAaHCHUS SHCPIrUur CICAYCT, YTO HaYaJIbHAA KUHCTHYCCKAA
SHEpPrus paBHAa CyMME€ NpUpAIICHUs MOTEHUUATBHOW YHEPTHUM U KUHETUYECKON SHEPrUU B BEPXHEU
TOYKE:

2 2
mo, _ mg .(2|)+ mo

(2) (36.)

Bripasus T u v? u3 cucteMs! ypapHenuii (1) u (2), HoTydnM:

2
T= v§—5gl+k% ?

v’ =0v; —4gl.

[TockonmbKy cHia HATSDKCHHS HHTH | W KBagpaT CKOPOCTH Tpy3HKa 02 HE MOTYT OBITh

OTpHULATENbHBIMH, T.€., T >0, 2 >0 , CIIpaBEJIMBBI HEPABEHCTBA:
q2
v >5gl -k, 3)
ml
2
v, 244l . 4)
N3 3THX 1BYX HEPAaBEHCTB MOYKHO OCTaBUTh OJTHO, MPaBasi 4aCTh KOTOPOTO OOJIbIIIE.

2 2
Ecmn 59l -k % >4g9l,1.e. mg >k ?—2 MUHUMAaJIbHOE 3HAYEHHUE Vo ONIPENEISAETCSI HEPAaBEHCTBOM (3),
m

H3 KOTOPOro CICAYCT:

2
(I Sgl—ki

ol (26.)

(MosxHO TMOKa3aTh, 4YTO B ATOM CJIydyae HUTh MepecTaéT ObITh HATSAHYTOW, KOTJIa TPY3UK OKa3bIBACTCS
B BEpXHEH TOYKE OKPYKHOCTH.)



2
WNnaye, T.e. mpu mg <k e MUHUMAaJIbHOE 3HAYE€HUE V0 OTIPEAEIIAETCS HEPABEHCTBOM (4), U3 KOTOPOTO

cleyeT

v, =29l . 2 6.)

(MosxHO MmOKa3aTh, YTO B 3TOM CITydae HUTh BEIET ce0s KaK JKECTKUI CTEPIKCHb. )

2 2 2
OTBeT: 7, =2\/a, ecia mg Skliz; v, = SQI—%, eciu mg Zkliz.



3. Cnuuia B popme mosTyoKpy>KHOCTH 3aKperieHa BEPTUKAIBHO, a €€ KOHIIBI A
u B nexar Ha nuamerpe, OpUEHTHPOBAHHOM TOpuU3OHTalIbHO. Ha crmuiy
HaHU3aHa MaJIeHbKas HeBecoMasi OyCHHKa, Yyepe3 KOTOPYIO MPOMyIleHa HUTh,
3aKperuIéHHas B TOUKE A M TIEpEKUHYTasl yepe3 HEBECOMBIN OJIOK B Touke B.

K xoH1y HUTH npuKpemién rpy3. Koapdunuent tpenus Mexay 0ycuHKON 1
cimiedt p (U<1). Mexay HUTBIO U OYCHHKOM, a TaK)Ke B OJIOKE TPCHHS HET.

Haiitu Munumanesneiit yron o = ZCAB (rne Touka C — mosioxkeHue OyCHHKH ), IPU KOTOPOM OyCHHKA

HaXOJUTCA B paBHOBCCHUHU.

Pemenue.

Ha OycuHKy neHCTBYIOT CHUIBI HATsDKEHUS HUTH [1 U T2, HampaBJICHHBIC
Brosb oTpe3koB CA u CB, cuna peakumu omopsl N, HampaBieHHas BIOJb
orpe3ka OC, rae O — HeHTp MONYOKPYKHOCTH, a Takke cuia TpeHus Frp,
HampaBJICHHAs BJI0JIb KacaTeIbHON K OKPYXHOCTH B Touke C (CM. pUCYHOK).

Hampasum ock X BIOJIb KacaTeabHOW K OKpyx)HOCTU B Touke C, a och Y —

MEePIEHIUKYISIPHO OcH X, BoJib oTpe3ka CO. O6o3naunm yron ZCAB = a, a

yron ZCBA = . U3 3akonoB mianuMetpun cienyet: = (90°— o), yriusl Mmexay T1 u ocsimu X, Y

paBHBI 3 ¥ 0, COOTBETCTBEHHO, a YTJIBI MEXy |2 U OCSIMH X, Y paBHBI 0. U 3. (16.)
Cuibl HaTsKEHUSI HUTH T1 1 T2 110 BEJTMYHMHE OJIMHAKOBBI. (16.)
O0603Ha4YMM UX BEJIWYHHY T.

B npoexiuu Ha ocH X U Y ycI0BHE paBHOBECHS OYCHUHKH 3allMLIETCS B BUJIE:

F,=Tcosa—Tcosp, (1) (30.)
N=Tsina+Tsinf. (2 (36.)

MUHHMMAaIBHBIA yroi o, IpU KOTOPOM OYCHHKA HaXOJUTCSI B pABHOBECHH, COOTBETCTBYET CUJIC TPEHHS

F, =uN.Iloxcrasus F=pN B (1) n 3arem pazgenus (1) Ha (2), nomyaum:

_cosa—cosP  1-tga
sina+sinB  1+tga

31eck 6bU10 yuTeHO, uT0 COSPB =C0s(90°—a)=sina, a sinp =sin(90°—o)=cosa.

BripaszuB orcrona tgo, mosyyum:

tg(x — 1_—“ ,
1+pu
OTKYZa Hal1€éM
1-p x
oTBeT: 0L =arctg| —— |. (20.)
1+p

“IMpumeyanue. ITOT OTBET MOKHO MPEACTABUTH U B IPYTOM BHJE, HanpuMep: o = 45° —arctg .



4. IlepneHIUKYISIPHO HAKIOHHOM IIOCKOCTHU (C YIJIOM O K TOPU30HTY)
YCTaHOBMJIM BBICOKYIO CTEHKY. M3 yria, oOpa3oBaHHOrO CTEHKOH W
HAKJIOHHON TIOCKOCTHIO, OPOCHUIM MaJeHbKUU IMIAPHK, COOOIIHB eMy

CKOpOCTh moJ yriaoMm [3 kK HakioHHOH (o + 3 < 1/2). CkoiabKo yaapoB

C/IENaeT IIapUK O HAKJIOHHYIO IMJIOCKOCTh MPEX[IE, YEM OH YAApUTCS O
creHky? Y aapsl mraprka abconroTHo yupyrue. [eayro gacts yncia 0603Haqars | |.

Pemenue.

HanpaBum och X BIOJIb HAKJIOHHOM IIOCKOCTH, @ OCh Yy — BJIOJIb
MEePNEeHANKYISIpHON el cTeHku. I[lycTh © — CKOpOCTh, C KOTOpPOH
OpOCHJIN TIapHK.

a) CHauana paccMOTpUM JBUKEHUE BAOJBL OcH Y. [Ipoekius HauanbHOU
CKOpPOCTH IIapuKa Ha 3Ty OChb paBHA Uy = vsinf, a IPOEKLUs YCKOPEHUS
CBOOOHOTO TAJIeHUs Ha 3Ty OCh paBHA dy = — gcoso. Torga BpeMs JABMXKCHUS MEXIYy OpOCKOM U
MEPBBIM yJIapOM O HAKJIOHHYIO MIJIOCKOCTh PaBHO:

v, vsinf

T=2—=2

a, gcosa

1) (36.)

MHo)uTeNb 2 B 3TOM BBIPAXKEHNUU YUUTHIBAET TO, YTO BPEMSI «IIOABEMA) HAJl HAKIIOHHOW INIOCKOCTBIO
BJIOJIb OCH Y, paBHO BPEMEHU «I1aJIcHUSA». B MOMEHT yznapa 0 HaKJIOHHYIO IUIOCKOCTb IIAPUK MMEET
TaKyIo K€ MO BEJIMYMHE (HO MPOTUBOIMOJIOKHYIO IO HANPABJICHUIO) TMPOEKIIMIO CKOPOCTH Ha OCh Y.
ITockonbKy yaapsel MIapyka O HaKJIOHHYIO IUIOCKOCTb YIPYTHE, IPOEKLUsl CKOPOCTH vy MOCIE yaapa
cOXpaHsieTrcs, T.e. OHa Takas ke Kak mpu Opocke u paBHa vsinf. IloaTomy Bpems 10 KaxIoro
MOCENYIOEro yaapa O HakKJIOHHYIO IUIOCKOCTh Takke onpezaensercs BbipaxkeHueM (1).

(16.)

6) Tenepb paccMOTpUM JBMKEHHUE BAOJb OCH X. [Ipoekiins HauaabHON CKOPOCTH IIapHuKa Ha 3Ty OCh
paBHa Ux = UCOsf3, a MPOEKLKs YCKOPEHUS CBOOOAHOI0 MaeHHsI Ha 3Ty OCh paBHA ax = — gsina. Torna
BpeMs JBIKEHUS MEX1y OPOCKOM U yIapOM O CTEHKY:

v vCosf

t=22=2——.
a gsina

X

(2) (36.)

YroObl ompenenuTh, CKOIBKO pa3 MIAPHK YIAPUTCA O HAKIOHHYIO IJIOCKOCTH 0 yAapa O CTEHKY,
pasznenumM BpeMms t IBMKEHUS MEXIY OpOCKOM M yIapoM O CTEHKY Ha BpeMs | MEeXIy yAapamH O
HAKJIOHHYIO IUIOCKOCTh, U BO3bMEM LIETYIO YacTh:

t
N = {?} . (16.)

[Toacrasus crona Beipaxkenus (1) u (2), momyanm

cosc CosP
«N=| —=""F | =[ctgo. - ctgPB]. 20.
orBer sina sinf [ctgo:-ctgp] (26,



5. OueHUTE CpemHee PacCTOSTHHUE MEXTY MOJICKYJIOW YIJIEKHCIIOrO ra3a M COCEIHEW MOJIEKYIOou
KHCIIopoa B atMocdepe 3eMi TIPH HOPMAJIBHBIX YCIOBHSX. [Ipednonazaemcs, umo Bvl xopouio
npeocmasiseme SGJNEHUe, MO}Ceme Camu 3a0amv HeobXooumbvle Ol peuleHuss 3a0ayu BelUYUHbL,
8b10pPAMb UX YUCIOBbLE 3HAUEHUS. U NOJIYHUMb YUCICHHBLI Pe3VIbman.

Pemenue.

Kaxk u3BectHO, arMocepa 3emMiii COCTOMT B OCHOBHOM M3 a30Ta M kKucyiopoja. ConepkaHue Ipyrux
ra3oB, B YaCTHOCTHU YTJICKUCIIOT0, SHAYUTCIIbHO MCHBIIC COACPIKAHUA KUCIIOPOAA.

[TosToMy cpenHee pacCTOSHHE MEKIY MOJIEKYJIOW YIJIEKUCIOro rasa W COCEIHEH MOJIEKYJIOW
KHUCJIOPOJa PAaBHO CPEIHEMY PACCTOSHUIO MEXAY MOJIEKYJIAMHU KUCIOPOAA. (20.)

KoHIeHTpanuo MOIeKysI B BO3IyXe MOKHO ONPEACTUTH 0 (hopMyIie:

Na

nsozn - V

m

riae Na — gucino ABoraapo, T.€. 9UCIIO MOJICKYJT B OTHOM MOJE, a Vm — MOJIApHBIN 00bEM rasa, T.e.
00BEM, 3aHUMAaEMBIN OJTHAM MOJIEM rasa.

Copnepxxanue kuciopoja B Bo3ayxe ¢ =20% (oOvémHas noist). Torma KOHLEHTpaLus MOJEKYI
KHCJIOPO/A OTIPENEISIETCS] BBIPAKCHHEM:

oN
No, = o 1) (26.)
Vm
C nIpyroil CTOPOHBI, KOHLEHTpALHs KHCIOpOJa — OTO BenMYMHA, oOparHas o0bémy Vg ,

MPUXOASIIEMYCS Ha OJTHY MOJIEKYJTYy KHCIOpOa:
1 1
v a3

2 ) (26.)

n =
0,
Vo,
rJie & — CpeHee PaCCTOSIHAE MEXKY ABYMS COCETHUMH MOJIEKYJIaMH KHUCIIOPOA.

U3 (1) u (2) momy4nm BIpaKEHUE VIS CPEIAHETO PACCTOSHHS MEXIY ABYMSI COCETHUMH MOJICKYJTaMU

KHCJIOpOJIa:

ar 3 —" (26.)

[osacrasus uucnenuble 3Hauenus Vm = 0,0224 M3 npu HopmaibHbIX yenosusx, Na = 6x10%, ¢ = 0,2,
HainéM

orBer: a~6-10° M~ 6HM. (26.)



6. 3aoaua-oemoncmpayus  (OemoHcmpupyemcs  6udeopoaux). JlBa HEOIWHAKOBBIX IIApHKa —
OOJIBIIION W MaJICHbKHIA — TOJIBEIICHBI HA HUTSX BIUIOTHYIO JPYT K Apyry. B Hauaie skcriepuMeHTa
IIAPUKU HETOJIBUKHBI, HUTH BEPTUKAJIbHBI, a IICHTPHI IAPOB HAXOIATCS HA OJWHAKOBOW BBICOTE.
OnvH W3 MAapUKOB OTKJIOHWIN M OTITYCTHIIM, IOCIE Yero HAOIMIOAIOTCS CTOJKHOBEHUS IIApUKOB.
Oxazanoch, 4TO €CJIM OTKIOHHUTh MAleHbKUll MAPUK U OTIIYCTUTH €ro, TO MOCIe KaKI0ro HeYETHOTO
COYAPEHUS WUAPUKU OBUNCYMCS 8 PA3HbIE CHOPOHbI, & TIOCIE KAKIOTO YETHOTO — OO0IbUOU UUAPUK
oKasvieaemcs. HenoosudicHolM. ECi e OTKIOHUTH 006Ul TMAPUK U OTIIYCTHTH €r0, TO IMOCIe
KQKJI0T0 HEUETHOTO CTOIKHOBEHHUS UAPUKU OBUINCYIMCS 8 0OHY CHOPOHY, a TIOCIIE KAXKIOTO YETHOTO —
ManeHvKkull wapux Henoosudicer. OObSICHUTE HabOII01aeMOe SIBJICHHE.

Pemenue.

PaccmoTpuM cHauana OBMKEHHE IIApUKOB mocie 1-ro coymapenws. IIpoiie Bcero 3To crenarsb,
MepeiiJis B CUCTEMY LIEHTpa Macc, T. €. B CHCTEMY OTCUETa, IBUXKYILYIOCS BMECTE C IIEHTPOM Macc ABYX
IAPUKOB CO CKOPOCTHIO

m
0, = — (1)

m+M '
(MBI 0003HaYHITH MacCy OTKJIIOHEHHOTO MIapuKa M, €ro CKOPOCTh 10 yAapa U, MacCy HEMOBHKHOTO
mapuka M.) B cucteme meHTpa Mace Mpu CTOJIKHOBEHHUH KaXKIbI IIIAPUK MEHSET CBOIO CKOPOCTh Ha
HpOTI/IBOHOHO}KHYI'O — TCM CaMbIM O6eCHqu/IBaeTCH BBITIOJTHCHUC 3aKOHOB COXpaHeHI/Iﬂ 3HepFI/II/I
(KMHEeTHYEeCcKas SHEPTUS KaXKI0T0 IIapuKa HE MEHSETCSI) M UMITYJIbca (CyMMapHBIN UMITYJIbC HIAPUKOB
ObUI M OCTaJICS PaBHBIM HYJIO). DTO BEPHO, €CIU yAap YNPYrHid, YTO B JaHHOM 3KCIIEPUMEHTE
BBITIOJIHSCTCA C xopomeﬁ TOYHOCTBIO.

Jlo ynmapa mpoekuuu CKOpOCTeu
IIApUKOB Ha TOPU3OHTAIBHYIO

b
ock X ObM paBHBI ¥ u 0 @7> @ @2_—; 4‘_('2;/')

A b0 1-ro ypapa:

OTHOCHUTEIBHO MMOKOSIIECS
(;1aGopaTopHOiA) CUCTEMBI
orcuéra, cM. puc.A. YrtoOsI B nocne 1-ro yaapa:

HallTH HUX  Tocie  yjaapa,
nepeinéM cHadajla B CHCTEM _ @ @ y @ @"
p y ZUH.M. 4 ZUH.M. UH.M_ -0 ’ULLM.

HCHTpa MacCC, BBIUTA UI.I.M. u3

KaXI0W X-TIPOEKIUH CKOPOCTH, \ N / \ ' /
nory1usm  v-9,, H —0U,, B NoKoALLelca cucteme B CMCTEME LieHTpa macc
(puc. b). Ilocne ymapa »atH

» X

MNpOCKIHUU TIOMCHAIOT 3HAK U

cTaHyT paBHbl U, —0 u 0, (puc.I’). Hakonen, mepeins B NOKOANIYIOCS CUCTEMY OTCUETA (IS
3TOr0 HAJI0 NPUOABUTH U, , K KaXIOH X-IPOEKIMH CKOPOCTH), TIOJy4HUM 3Hauenus 20, —v u 20,

JUTSI TIPOEKIIMI CKOPOCTEH IIapUKOB Ha OCh X mocie 1-ro ctonkHoBeHUs (puc. B).
U3 (1) cnenyer, uro ecmu M < M, to v, <v/2,aecim m> M, to v, >v/2. Takum o6pazoMm, eciu

ObL1 OTKIIOHEH Manenvkuti Wapuk (M< M), to 2v, -v<0, a 2v,, >0, 1.e. nocne 1-ro ynapa

HIAPUKH O0BUICYMCSL 8 pasHvle cmopoHul. Eciu jxe Obul OTKIOHEH Oonvwiou mapuk (M > M), To
2v,, —0v>0wu 20, >0 — mapuku nocie 1-ro ynapa 06usicymcs 6 00y cmopomy. 46.)



(ITpumeuanue: Kk TOMY K€ pe3ylabTaTy MOXHO IPUUTU U IPYTMMH CIIOCOOaMH, HApUMeEp, HaWIs U3
3aKOHOB COXPAHEHUS SHEPTUHU U UMITYJIbCa, YTO X-TMIPOEKIIUS CKOPOCTH HAJIETAIOIIEro MapruKa mocie

1-ro coynapenus pasaa v(m—M)/(m+M). Jlro6bie BepHble COOOpaKEHHs, MPUBOIIIIIE K TOMY Ke

pe3yabTary, OllEHUBAIOTCS B 4 6aJLIa.)

Ilepuonel konebaHusi 0O0MX IIAPUKOB PaBHBI, TAK KaK M TOYKM IOJIBECA, U LIEHTPBl Macc LIApUKOB
HaxozaaTcss Ha ogHoM ypoBHe. Cpa3sy mocie 1-ro ymapa o0a mapuka HaxoJsaTcs B HMIKHUX TOUYKax
cBoux TpaekTopuid. [ToaTomMy uepe3 monoBuHY nepuoza mocie 1-ro ymapa oHu 006a BEpHYTCS B TO JKe
MIOJIOKEHHE, @ UX CKOPOCTH M3MEHATCS Ha MPOTUBOIOJOXKHBIE. B 3TOT MOMeEHT, korjga o6a mapuka
BEPHYTCSl B HM)KHUE TOUKU CBOUX TPAEKTOPUM, OHU CONPHUKOCHYTCS U MPOU30MAET 2-€ coylapeHHe.
Ta e curyauus OyaeT MpoOUCXOAUTh U B JaybHeimeM. TakuM 00pa3oM, CKOPOCTh KaXKI0TO IapuKa
nepes 2-M CTOJKHOBEHHEM Oy/eT Takoi ke MO BEeJNMYMHE, KaK ero CKOpOCTh cpaszy mocie 1-ro
CTOJIKHOBEHUS, HO IPOTUBOIIOIOKHON IO 3HAKY. (26.)

PaccmoTpuM cKOpOCTH IAPUKOB JI0 M MTOCIIE KaKI0ro cToJKHOBeHus. [lepen 1-M cTOIKHOBEHHEM OHU
ObutH paBHBL V U 0 175 OTKJIIOHEHHOTO M HEMOIBH)XHOTO IIAPUKOB, COOTBETCTBEHHO. O003HAYNM
CKOPOCTM IIapUKOB cpa3y Iocie 1-ro CTOIKHOBeHUs cumBoaamu V, u V,. CormacHo

BBILIECKA3aHHOMY, TIepe]l 2-M CTOJIKHOBEHUEM 3TH IIPOEKLIUH CTaHYT PaBHBI —V; U —V,. UTOOBI HAliTH

CKOpPOCTH IIAPUKOB 10C/Te 2-TO CTOIKHOBEHUS, MOXKHO BOCIOJIB30BAaThCsl CBOWCTBOM 0Opamumocmu
MEXaHUYECKUX SIBJICHUU: €CIIN BUCO3AIINCh KaKOI‘O-HI/I6O MCXAaHUYCCKOT'O ABHUKCHUS BOCIIPOU3BECTU
B OGpaTHOM HalpaBJICHWH, TO OHa 6YI[GT BBITJIAACTL KaK 3alliuCb APYyroro, TOXE BO3MOXKXHOI'O
ABHUIKCHUS, B KOTOPOM CKOPOCTH BCECX TCJI U3SMCHCHLBI HAa MIPOTHUBOIIOJIOXHBIC, a 6y;[yLuee " IMponuIoc
MTOMEHSJTUCh MecTaMu. (DTO BEPHO TOJIBKO ISl TIPOIIECCOB O€3 TOTepH YHEPTUU Ha TpeHHe.) B aTom
CMBICIIE 2-€ CTOJIKHOBEHHE SBIISCTCS OOpPAaTHBIM IPOIECCOM IO OTHOIIECHHIO K 1-My, MOCKOJBKY
CKOPOCTH WIAPHKOB neped 2-M CTOJIKHOBEHHWEM MPOTHBOIOJIOXKHBI WX CKOPOCTSM nocie 1-To
cronkHOBeHUs. (CrlenoBarenbHO, CKOPOCTH INAPUKOB 7no0cie 2-TO  CTOJIKHOBEHHUS  OymyT
MIPOTUBOIOJIOKHBI CKOPOCTSIM neped 1-M CTOIKHOBEHHEM U paBHbI —V U 0, COOTBETCTBEHHO. Takum
00pa3om, TOT HMIAPHK, KOTOPKIHA ObLIT HEMOABIIKEH TIepeT 1-M CTOIKHOBEHHEM, OCTAHOBHUTCS MOCTIE 2-TO
CTOJIKHOBEHHUSI. (40.)

(Ilpumedanue: 3TOT pe3yabTaT MOXKHO IOJIYYUTh M IO-IPYrOMy, HalpuUMep, 3allicaB U CPaBHUB
3aKOHBI COXPAaHEHUS SHEPTUU U UMITYJIbCa IPU 1-M U 2-M yJape, Wi pacCMOTPEB 2-i yiap B cUCTEME
[IEHTpa Macc, aHAJIOTUYHO TOMY, KaK C/IeJaHo BhIle s 1-ro yaapa. JIroOble BepHbIe cOO0pakeHus,
NPUBOJISIIUE K TOMY )K€ pe3yJIbTaTy, OIICHUBAIOTCS B 4 6aJia.)

Cutyanus nepes TpeThbHM yIapoM B TOYHOCTH TIOBTOPSICT CHUTYAIIMIO TIEpe TIEPBBIM: TOT )K€ CaMBbIi
[IAPUK HaJeTacT Ha JPYroW, HEMOABMXKHBIN, Irapuk. [Tostomy kaxnapiii (N + 2)-ii ymap Oymer
MoBTOpeHUEM N-To. B pe3ynbTare, mocie KaxaIoro HeYETHOTO yuapa o0a IIapuKa JABIKYTCS Tak Ke,
KaK ITOCIIE TIEPBOT0, a MOCJe KAXKIO0TO YETHOTO yAapa OJWH U3 IIAPUKOB HETIOABIIKEH.



