OU3BUKA
7 KJ1acc

Knrouu omeemos u Kpumepuu oueHusanus

3agaua 1. « Kupnuum 11t MOCTOBOI»

ITpu npousBoacTBe OpycyaTku A MolieHus yiul B JIpeBHem Erunte mcrnosb3oBagnch KaMEHHbIE
Omoku pazmepoMm 1x2x1 M, M3 KOTOPHIX KaMEHOTECHI nenanu Opycuatky pasmepoM 10x10x20 cwm.
Kakyro MakcuMaibHyI0 IJIOLIA/b yIaBaJIOCh ETUIITAHAM 3aMOCTUTh B ieHb U3 N = 40 GiiokoB, ecinu o =
20% kupnuyYeil KpOLIMINCH IPU PACTIMIIKE U HE UCHOJb30BaIuch? OTBET NaTh B KBaJPATHBIX METpaXx,
OKPYTJIMB JI0 1ienbIX. TosmuHa kaMeHHoro TpoTyapa 10 cM. 3a30pbl Ha CThIKaX HE YUYUTHIBATh.

Bo3moskHoe pemenne: Haiinemoo6inee uncio kupnuaeii: Nk = VeN/Vk = 40000,
rae Vs = 2 M3- 06beM oxHOTo 6110Ka, a Vk = 0,002 M3 — 06beM oHOTO KUpIIHYa.
T.x. uucno HepackpommBinuxcs kuprudeii N'x = oaNx = 32000, To MakcMMaibHas ILUIONIAIb,

KOTOPBIKO YAAI0Ch 3aMOCTHTh S = N'kSk = 640 M2, rie Sk = 0,02 M? — miomaas MOBEPXHOCTHU OJIHOTO
KUPITHYA.

Kpurepun onenuBanus:

¢ [IpaBmibHO chopMyIHPOBaHA UIEs HAXOKICHUS OOIIEro Ynciia Kupnudei — 2 6anna
[IpaBuibHO pacuuTaHO OOIIEe YMCIIO KUpIudel — 2 6ana

[IpaBHUIBHO OIPEEIIEHO YHUCIIO HETIOBPEKICHHBIX KHpIHUeH - 2 6aa

[TpaBuibHO chopMynMpoBaHa UIes HAXOXKICHUS 3aMOIIEHON IuTonaay — 2 6aymia
[Tonmy4yen npaBUIBHBIN OTBET — 2 Oaiia

3agaua 2. «Iloe3aka Ha gauy»

Bans noexan Ha nmady Ha Benmocurnene. Ha nepBoil MoJIOBUHE IyTH, KOTOPBIM MPOXOAWJ CHayaja Io
acdanbTUPOBAaHHON Jopore, BaHs exanm paBHOMEpPHO CO CKOpPOCThIO, KoTopas Ha 10 km/4 ObicTpee
CpeaHer CKOpOCTH. BTOpyr0 MOJOBHHY MYyTH, MPOXOAMBIIEH MO MPOCENOYHOM IOpPOre, OH €Xaja Co
CKOPOCTBIO B OJITOpPA paza MeHbIEH cpeaneil. Onpenenure cpeHo ckopocTs Banu. OTBeT BbIpa3uTh
B KM/4, OKPYTJIUTh /10 LIEJIbIX.

Bo3moxHoe pemienne. O603Ha4YUM CKOPOCTH Ha MEPBOW U BTOPOM MOJIOBUHAX MYTH Kak U1 = U + a U
uz = u/b, Tae u — cpeanss ckopocth, @ = 10 km/4, b = 1,5. Haiiaém cpeHior0 CKOPOCTh, KaK OTHOIICHHE
BCEro MyTH K CyMMe BpeMEH Ha NIEPBOM U BTOPOI MOJIOBUHAX MYTH:

s s
YT+ S

OTCIO,Z[a HaxoauM, 4To

Kpurepun onenuBanus:
¢ [IpaBunpHO 3anucana Gopmyna Juist cpeiHel CKOpOoCcTH — 2 Oana

e [IpaBUJIBHO BBIpa)KEHO BPEMs JBHUKEHMSI HA IEPBOM U BTOPOM YYaCTKE YEPE3 CPEIHIOI CKOPOCTh B
COOTBETCTBHUH C YCIOBUSAMHU 3a/1a4u — 2 Oaysia

e [IpaBWIBHO BBHITIOJTHEHBI MATEMaTHYECKUE TIPEOOPaB30BaHMS, TOTYYCHO BEPHOE BRIPAKEHHUE IS
CpeIHeu CKOpoCTH - 4 Oana
o [lomyueH npaBWIbHBINA OTBET — 2 Oasa



3agauya 3. «IIporuBocrosinue 3emun u Mapca»

B momenT nporuBocrostaus Counnie, 3emis 1 Mapc HaxoJIsATCsl Ha OJHOW HpAMOM (3eMilst MexXIy
Comnaniem u Mapcom). Cuuras, 4To miaHeTbl oOpamaroTcs Bokpyr CoJlHIIAa TTO KPYTOBBIM OpOHTaM,
JEXKAIUM B OJHOM IIOCKOCTH, OIPEAEIUTE, 4Yepe3 KaKoW MPOMEKYTOK BpPEMEHHU IIOBTOPSIHOTCS
npoTUBOCTOsAHUA 3emiin U Mapca. [lnaHeTsl ABMXKYTCS B OAHY CTOPOHY. Mapc cosepiuaer o00poT
Bokpyr CosiHua 3a 687 3eMHBIX J1HEH, a 3emiis — 3a 365 nHel.

Bo3mo:kHOe pemrenue. 3a MPOMEKYTOK BpeMeHH t OT OJHOTrO MPOTHUBOCTOSHHS 0 ApPyroro Mapc
coBepiaet N 060poToB, a 3emist (N+1) o6opot (N He 00s3aTesbHO 1es0e!). DTOT MPOMEKYTOK BPEMEHH
BBIPKACTCS Yepe3 MeproIsl ooparierus 3emin 1 Mapca Bokpyr CosHiia:

t =nTwm, t=(m+ 1)Tsa.
[IpupaBHuBasi, HaliieM
L
n= TM—Ts 7
CrnenmoBarennsHO,
_ TsIm 779 .
 Tu—Ts AHEH.

Kpurepun ouennBanus:

e OrnucaHo yCIOBUE IBYX IOCIIEJOBATEIbHBIX IPOTUBOCTOSIHUN — 3 Oasuia

e [lpaBunbHO 3ammcaHbl  (GOPMYJIBl  JUISI  HAaXOXKIEHHS  MPOMEXYTKa BPEMEHH  MEXIy
IIPOTUBOCTOSHUSAMH Yepe3 Nepuo/Ibl BpallleHHs IulaHeT — 2 Oasia

¢ [lomyueHo mpanIbHOE BBIPAKEHUE JJIS1 HCKOMOW BEIWYHBI B 001IeM BHe — 2 Oaia

¢ [lomyueH npaBWIBHBINA YACIOBOM OTBET — 3 Oasia

3agaua 4. «Bona yepe3 kpaii»

Cocyn o6sémom V = 1000 cM® Ha TPU YETBEPTH 3aIOJHEH BoAoM. Koraa B cocys morpys3uin Kycok
MeZH, YPOBEHb BOJbI MOJHSJICS, U YacTh BOJBI 00bEMOM Vo = 100 cM® BBUIMJIACh uepe3 Kpaii. Haiitu
Maccy Kycka meau. Macca 1 em® mem mo= 8,9 1. OTBET BBIPa3uTh B KMIOTPAMMAX.

Bo3mo:xkHoe pemmenue: O0beM Mean paBeH 00beMY BHITECHEHHOU BOIbI: Vu =V + \io = 350 cm3,
CnenoBaTtenbHo, Macca Mea Nw = W - No = 31151 = 3,115 kr.

Kpurtepun onenuBanus:

¢ [lokazaHo, 4TO 00BbEM MeH paBeH 00bEMY BBITECHEHHOM KHJIKOCTH — 2 Oana
¢ [IpaBunsHO ompeneneH o0beM Menu — 3 Oanna

o [IpaBuibHO 3anmucana ¢popMmysa Juis Macchl Meau — 3 Oasuia

¢ [lomyueH nmpaBWIBHBINA OTBET, IPHYEM Macca BBIpaKeHa B KT — 2 Oaia



OU3BUKA
8 kiace

Knrouu omeemos u Kpumepuu oueHusanus

3anaua 1. «Banepbsinka nisa I'pomoszexkn»
I'pomozeka — crapsiii 1pyr Anucsl Cene3HeBOM, TUTAaHTCKUI apXeoJior ¢ MmiaHeTsl Yymaposa oueHb
MoOUT BajlepbsiHKY. B cTakan, 3amonHeHHBIH Ha 2/3 ero oobeMa Bogoi maccel mi = 200 r ['pomo3seka
Hakarana N OJMHAKOBBIX Karellb BaIepbsiku 00beMoM Vo= 0,2 MIT KaKaast B aKKypaTHO IepeMeria 10
oJIHOpoAHOM cMmecu. [Ipu 3TOM ypOBEHb KUAKOCTU MOAHSJICS 10 KpaeB crakaHa. [ImoTHOCTh BOABI p1 =
1,0 r/cM®, motHOCTH BanepbHKH p2 = 0,8 T/cMC.

e (CKOJIBKO MPUMEPHO Kalleb BaJepbsiHKY HaKkamnai [)poMo3exa B crakaH?

e KakoBa cpeaHss INIOTHOCTh NOJYyYUBIIEHCS cMecH?

e VTOHET 1M B 3TOH cMecH KyOHK JIbJa IIIOTHOCTEIO po = 0,9 T/cM°, KoTopsIii ['poMo3eka Mook

B cTakaH?

Bo3mo:xHoe pemenue. 3Hasi 00beM BObI B CTAKaHE
2 N
1

V1=§V= ql

Haiigem 00beM crakana V = 3N1/2q1 = 300 cm3.
O6mwem Banepwsuku V2= NVo = V/3, cieqoBaTeIbHO YKMCIIO Kallellb, HAKAlaHHBIX B cTakaH N =
V/3Vo = 500.
CpenHsisi IIOTHOCTH MOTY4YEHHON cNelc_Ig: N, Nj+NVyqy
qCp = - = - = 0,933
V

7

Ky6uk nbna, OpoieHHBIN B CTaKaH HE YTOHET, TaK KaK (cp > qo.

Kputepuu oneHuBanus:

e Haiinen o0beM ctakana — 2 Oaia

Haiinens! 00beM 1 Macca BalephsHKH — 2 Oalia

[IpaBuibHO HaiiieHa cpeaHssl IUIOTHOCTh CMECH B 0011IeM BuUJE - 2 6aia
[Tonyden BepHBIN YMCIOBON OTBET IS CPeIHEN TUIOTHOCTH — 2 Oasia
IToka3zaHo, yTO KyOUK JIbJla HE YTOHET B CTakaHe — 2 Oaya

3agaua 2. «Tpu rpysa»

Ha pucynke mokasan peruar Mmaccoi M = 18 kr, kK KOTopomy B
pa3HBIX MeCTax IPHUKPEIUIEHBI TpHU rpy3a. Macca nepBoro rpysa
paBHa M, Macca BTOpPOro B a = 2 pa3a OoJiblile, a Macca TPEThEro B
b = 3 pa3a menbmre. Uemy paBHa Macca M, €CIIM CHCTEMAa HAXOJJUTCSI

B paBHOBecuu? OTBET BBIPA3UTh B KWIOTpaMMaX, OKPYIJIUB J10

JECSTHIX.

Bo3moxkHoe peienue:
Haiiném mnosokeHue LEHTpa MacC pblyara: M3 pHUCYHKa CIEAyeT, YTO OH HaxXOJAUTCS ClpaBa Ha
pacctosinuu X = 0,51 ot Touku omopsl, rae 1 — qmuHa 0HOTO AeneHus Ha mikane pelyara. Ha peryar
JEHCTBYIOT YETHIPE MOMEHTA CHJI (CHJIBI PaBHBI BECaM COOTBETCTBYIOIIMX TPY30B), MPUYEM MOMEHTEHI
N1g * 4] u N2g - 21 Bpamator psryar npoTuB 4acoBoil crpenku, a MomenTsl Mg - 0,51 u N3g - 51 — o
JacOBOH CTpeiKe. 3aluiieM paBeHCTBO MOMEHTOB CHJI OTHOCHTEIBHO TOYKH OTIOPHI phIyara:

N1g -4l + N2g- 21 = Mg- 0,51 + N3g - 51
C yuétoM yciioBHs 3a7a9H:



N
4N + 2aN = 0,5M + 5 —

Ortcrona jerko HaJIéM HCKOMYIO BEJTUUUHY: b
0,5M
N = ———¢=14kr
4+ 2a— b

Kpurepun oueHuBaHus:
¢ [IpaBuiIbHO HAlIEHO MOJIOKEHUE IIEHTPA Macc ppruara — 2 Gaiua
¢ [IpaBmiIbHO OMpeIeICHBl MOMEHTHI CHJI, IEHCTBYIOINX HA phiyar — 2 6asia
¢ [IpaBWIKLHO COCTABJIICHO YPaBHEHHE MOMEHTOB - 3 Oayia
o [lomyueH BepHBIN YHUCIOBOW OTBET JJIsl CPEeIHEH IOTHOCTH — 3 Oasuia

3agauya 3. «Tyna u o6paTHO»

B 12:00 ot mpuctanu aepeBHu OpiioBKa BHU3 IO PEKE CTAPTOBAIM OJHOBPEMEHHO KaTep U IUIOT.
HomsiB 1o aepeBuu bepe3oka, pacnonoxeHHoi ot OpioBkH Ha paccTosHuU 10 KM HIKE 110 TeUSHUIO
pEeKH, KaTep pa3BepHYJCS M MOBEPHYN OOpAaTHO, BCTPETHBIIKUCH C MioToM B 14:00. Ilmot mpu 3ToM
MPOILIBLT 4 KM.

e Haiinure CKOpOCTh TE€UEHUS PEKH U CKOPOCTH KaTepa B CTOSYEH BOJE, CUUTAs 3TU CKOPOCTH
MTOCTOSITHHBIMH.

¢ B kakoii MOMEHT BpeMeHH KaTep mpuObL1 B bepe3oBky?

¢ [locrpoiiTe 3aBUCHMOCTb paccTosiHUSA 10 OpIIOBKH OT BPEMEHH IS IJI0Ta U KaTepa Ha OJHOM
rpaduxe.

Bo3moskHoe penienue. OT MOMEHTA CTapTa 0 MOMEHTA BCTPEYH IUIOTA U KaTepa MPOILIo BpeMs t = 2
4. [110T 32 3TO BpeMsi MPOILIBLT IO TCUCHHIO S1 = 4 KM, CIeIOBATEILHO, CKOPOCTh TEUCHUS PEKU U =
S1/t=2 kMm/u.
3a 910 Ke Bpems Kartep mpomén myrb S g0 bepe3oBku co ckopocThio (Ux + U) OTHOCHTEIBHO
HETIOIBMYKHOM CHCTEMbI OTCUETa M MyTh S2 = S — S1 = 6 KM CO CKOpOCThIO (Ux — U) OTHOCHTEJIBLHO
HETMOJIBUKHON CUCTEMBI OTCUYETA, TIE Uk — CKOpOSCTI) KaTega B cTostueit Bose. Takum oO6pazom,

t= +_ 7

uk+u u—u

Perast mosydeHHOe ypaBHEHHUE, MOTYIUM Uk = 8 KM/4.

Ha nytu B Bepe3oBKy CKOpPOCTh KaTepa OTHOCUTENBHO 3emin Obuta

Uxt = 10 KM/4, CIefOBaTelIbHO, OH mpuObUT Tyma wepes ti= | 1 /N P o

S/ux1 = 1 gac, 1.e. B 13:00. g e B i e Pee

Ha puc. noctpoen rpadyk 3aBHCHMOCTH 3aBHCHMOCTb PACCTOSIHHS JI0 6 f----f"---b---- & - e

OpIIOBKH OT BPEMEHH ISl TUIOTA U KaTePa. Y R S S STt
Y AL TR B, YN

KpuTepun oneHMBaHusN: il T T Bk
0 1 2 t,u

o [IpaBmiIBHO ONpeiereHa CKOPOCTh TeUeHUs pekH — 1 Oann

e [IpaBHIIbHO 3aIIMCaHO BbIpAXXEHHE JIsl BPEMEHU JIBH)KEHUS KaTepa 10 MOMEHTA BCTPEUH C IIJIIOTOM C
yaeToM (OpMYITBI CIIOKEHHS CKOpocTel — 2 Garna

o [lomyueH BepHBIN YNCIIOBOW OTBET JJIsi CKOPOCTH KaTepa B CTOsUEH Boje - 3 Oaia

e [IpaBunbHO onpeneneHo BpeMs MpuObITHs kKaTepa B bepe3oBky — 1 6amn

o [IpaBmIIbHO MMOCTPOEHBI TpaduKK IBIKEHUS — 3 Oasia

3anaua 4. «BecHa npuniay

Ha xperime moma nexana rieiba japga mpu temrepatype ti = —t °C. JIHéM BeceHHEe COJHBIIIKO
pacTomuiIo Bech JEN, IpeBpaTHB €ro B BOy Mpu TemmepaType t2 = +2t °C. Ha Bech 3TOT nporecc Obiia
3aTpadeHa TemioTa B konuuectBe Q = 12 MJIx, mpuduém u3BecTHO, 4TO 1/3 OT 3TOro KOIMYECTBa
TETUTOTHI TOIIIa Ha HarpeBaHUE BOJABL. TakKe M3BECTHO, UTO yJelbHas TEIJIOEMKOCTH Jibja B 2 pa3a
MEHbIIIE YIENbHOM TEINIOEMKOCTH BOAbL. Ompenenutre KOJIUMYECTBO TEIUIOThI, KOTOPOE MONIUIO Ha
MpeBpalleHue Jbaa B Boay. OTBeT BbIpa3uTh B KJ[k. Eciii OTBET HE 1eNbIii, TO OKPYTJIUTH A0 LIEJIbIX.



Bo3mo:xnoe pemenue. Ilycts N — Macca npja, Torjaa temioTa Q pacxomayercs Ha
1

e HarpeBaHme JbJa 10 TeMieparypsl miasieHus t3= 0°C: Qi = caN(t3 — t1) = caNt = CBP%‘t;

e qiaBlieHUE Ib4a Qna,

e HarpeBaHue BOJBI 10 Temreparypsl t2: Qs = caN(t2 — t3) = caN - 2t,
i Cs — YACNbHAS TEIUIOEMKOCTh BOJIBI, Cn = Cs/2 - YIENIbHAS TEIUIOEMKOCTH JibJia, h — ynenpHas
TEIUIOTa IUIABICHMSA Jibaa. T.K. mo ycmoBuio 3amaud Qs = Q/3, 1o Q/3 = N - 2t, oTkyna
csNt = Q/6. CnenoBarensHo,

1 Q Q Q

Q=QJI+QHJI+QB=ECBNt+QHj]+3_= E+an+3—.

OTcro1a HaX0IUM, YTO 7
Q. = _Q=7000 g/Ix.
T1JT 12
Kputepuu oneHuBanus:

e [IpaBMIIEHO COCTaBJICHO YpaBHEHUE TEIJIOBOTO OallaHCa C YIETOM BCEX MPOTEKAIOIIUX IMPOIIECCOB —
3 Oamna

e BepHO yuTeHBI BCE YCIOBHS 33/1a4U U MMOJIYYCHO YPaBHEHHUE, TO3BOJISIONICE OTYYUTh PaBUIIbHBIH
oTBeT — 4 Oasuia

o [lonyueH npaBWIbHBINA YUCIOBOM OTBET - 3 Oasuia



PU3UKA
9 kjacc

Knrouu omeemos u Kpumepuu oueHusanus

3anaua 1. «B3rusia co CTOPpOHBI» I M
Teno Opocwin BEpPTHKAIBLHO BBEPX C MOBEPXHOCTH 3EMIIH. 10k----
Paccrostaue | Mexy 3TUM TEOM W HEMOJIBMKHBIM HaAOIOIaTEIIeM
M3MEHSIETCS CO BpeMeHeM t 1o 3aKOHy, TIOKa3aHHOMY Ha rpaduke
(cM. pucyHOK). YckopeHne cBo6oJHOTO maneHns g = 10 m/c?.
e Ha kako#i BeICOTE HaJI 3eMJIEH M HA KAKOM PACCTOSIHUU OT JINHUM, 4
10 KOTOPOH JBHIKETCS TENI0, HAXOUTCSI HAaOII0AaTe b ? 2 (-
e Uemy paBHa HavaJgbHAsE CKOPOCTH Tema?

Rt R LR LR
piututs Bttt dl s St |
piututs il Wil Sl Stk

Bo3mo:knoe pemenue. [lycts HaOMOAaTEh HAXOAUTCS HA BHICOTE N M HAa PACCTOSIHUY @ OT JIMHUH, 10
KOTOPOU JBUKETCS Tea0. BO3MOKHBI ABa Cciryyasi:

a) TeJIO He JIOJIETACT JI0 BBICOTHI, Ha KOTOPOH HaXOMUTCS HAOII0JaTelb, — B 9TOM Clly4ae paccTosiHue |
OT TeJa 10 HabJoAaTesl CHayala yMEHbIIAeTCsl, a 3aTEM YBEJIMUNBACTCS;

0) Tes1o MOAHUMAETCs BbIIIEe HAOIIOAATENs, — B 3TOM cilydae paccrosiHue | cHauana ymenbiiaercs ot lo

=+a? + h? 1o 11 = a, 3arem yBemmumsaercs g0 lo = a2 + (H — h)?2, rae H — BoicoTa mogbema Teia,

a TIOTOM OIIATH YMEHBIIACTCS JI0 A M yBeaHunBaeTcst 10 Va2 + hZ,
Kak BUIHO M3 MPUBEIEHHOTO B YCIOBUH PUCYHKA, pEaTU3yeTCs HIMEHHO BTOpoii cirydait. [Ipu atom lo =

8M 11 =4wmMm, 2 =6 M. CregoBarensHo,
a=l =4wm;

h=]1§—az=6,9M;

3

H=h+J1}]-a2=114m.

HavanpHyro CKOpPOCTB T€1a MOKHO ONPEIEIUTh U3 COOTHOLLIEHUS u% = 2gH, h lo~ 50
otkyma uo = 15,1 m/c. ~ !
TTTTTTTTTTTTTT

Kpurepun onenuBanus:

e [IpaBWIIBHO MHTEPNPETUPOBAH IrpadUK, MOKA3AHO, YTO TEJIO MOJHUMAETCS Bblllle HaOmoAarens — 1
6amn

e 113 rpaduka mpaBUIBHO ONpEAEICHO MUHUMAJIbHOE PACCTOSHUE MEX]IY TEJIOM U HalblroJaTeseM,
paccTosiHie MEX/1y HUIMH B HadaJlbHbII MOMEHT U IPU MOAbEME Tejla HA MAaKCUMAJIbHYIO BBICOTY — 2
Oamna

¢ [IpaBmIbHO HaiiieHa BBICOTA MOABEMA TeNa — 2 Oauia

o [IpaBuibHO HaiiieHa BBICOTA, HA KOTOPOM HaXoAUTCs Habmoaarenb — 2 6amia

o [IpaBuiIBHO ONpeeeHa HauyallbHasi CKOPOCTh Tena — 3 6asuia

3anaua 2. «IlepesnBanue BoAbI»

Ha xyxHe x03siika HaawIa B IEPBYIO KacTproro 3 J1 BojbI pu Temriepatype t1 = 80°C, a Bo BTOpyrO —
2 1 Boxbl npu temneparype t2 = 20°C. IlotoM oHa 4acTh BOJBI MEpENHIIa U3 MEPBOW KACTPIOJIN BO
BTOpYI0. 3aTeM, KOrjia BO BTOPOIl KacTprojie YCTaHOBUJIOCH TEIJIOBOE PaBHOBECHE, U3 HEE B MEPBYIO
KaCTpPIONIIO XO3slfiKa OTJIMa CTOJNBKO BOABI, 4TOOBI €€ OO0BEMBI B KACTPIOJSAX CTajdM pPaBHBI
nepBoHavyanbHbIM. [lociie 3THX mepenuBaHUil TeMiepaTrypa BoAbl B IIEPBOM COCYJie CTajla paBHA t'1 =
70°C. CkoapKO0 BOBI IEpETUBaIa X03siKa U3 IepBOM KaCTPIoJid BO BTOPYIO 1 o0paTtHo? TemnooomeHoM
BOJIBI C OKpY>Karolleit cpefoi mpeHedpeys.



Bo3MmoskHoe pemrenne. B pe3ynbraTe nnepeanBaHuii BOJBI U3 IEPBOM KACTPIOIU BO BTOPYIO U U3 BTOPOU
B IIEPBYIO 3HAYEHMS MACCHI BOJBI B COCYJIaX OCTAJIUCH MPEKHUMH, @ TEMIIEPATypa BOJIbI IEPBOM COCY/IE
noHu3miach Ha Ati = t't — t1 = 10°C. D10 paBHOIEHHO OTJAYe BOJOW, HAXOIAMIEHCS B MEPBOM
KacTpIoJie, KOJIMYECTBA TEIIOTHI
Q1 = N1 - Aty .

CornacHo 3aKOHY COXpaHEHHsI SHEPTHH, 3TO KOJIMUYECTBO TEIUIOTHI OBUIO MEpeJaHo BOJE BO BTOPOi
kactproiie. CiieoBaTeIbHO,

csN2 - Atz = N1 Aty
rze Atz — u3MeHeHue TeMIepaTypbl BOAbI BO BTOPOM KacTproie, a N1 = 3 KT M N2 = 2 KT - Macchl BOJIbl
B [IEPBOM ¥ BTOPOU KacTproisax. 13 As):croro NpABHEHUs BailiéM, 41O

2 A= _-10=15°C.
Takum 00pa3om, Mocie nepeauBaHus BO Bl}l(?pylo KaCTZpIOJno Macchl BoJbl AN 13 mepBoit kactprosu (¢
temneparypoii t1 = 80°C) TemmepaTypa BoAbl BO BTOPOM craima paBHoOi t'2 = t2 + Atz = 35°C.
CornacHo ypaBHEHHIO TEIJIOBOTO OajlaHca

AN - (t1 — t'2) = N2 - (t' — t2).

Otcroga

th—t, 35-20 2

AN =Ne =2 5035~ 3

= 0,67 Kr.

Kpurepun oueHuBaHmsi:

e [IpaBWIBHO HAMKCAHO BRIPAKEHHE JUIsI TEIIOTHI, IEPEIAHHOM BOJIE BO BTOPO KAaCTPIOJIE B IIpoIiecce
nepenuBaHuii — 1 6an

o [IpaBmIBbHO ONpe/ieicHa KOHEYHAs TEMIIepaTypa BOJIbl BO BTOPOH KacTprolie — 3 Oasia

¢ [IpaBWIBHO COCTABJICHO YpaBHEHHUE TEIUIOBOTO OajaHca jisl CHCTEMBI: BOJIa, IEPEIUTas U3 TIEPBOTO
cocyJia — BoJia BO BTOPOM cocyze — 3 6amia

e [lomyueH BepHBIN YMCIIOBOW OTBET — 3 Oasuia

3agaua 3. «YTpeHHMH yaii»

YTpowm, nepen Tem, Kak MOUTH B IMIKOJy, Mamia Hanmuia cebe yaid. [110THOCTh yasi paBHA MJIOTHOCTH
BogBI: ps= 1000 kr/m®. [Totom Manra Hackimana B yait caxap. IlnoTHOCT caxapa paBHa pe= 1,6 T/cm®.
[Torom Marma pa3memiana caxap B yato. [locie aToro o06éM vast ctan B n = 1,04 pasza 6obIie, 4eM 10
706aBIIEHNS caxapa, a TNIOTHOCTh Yasl cTajda paBHA ps = 1060 xr/m°. Kakoif Gblna cpemHss MIOTHOCT
qasi, korja Maiiia monokuiia B Hero caxap, Ho emié He pa3meniasna?

Bo3mo:knoe pemenue. I[lycte Ny = Qs — Macca yas 6e3 caxapa, Nc = Wqec — Macca caxapa, Torma
TUIOTHOCTH Yasi C IepeMeNIaHHbIM B HEM caxapom
Ns + Nc &g + Vqc

G = Vy nvs ’
OTKYZIa HaI‘/’LHGM OTHOIIIEHHE 00HEMOB caxapa 1 BOJbI 10 IICPEMCIINBAHUS:
Ve ngu — (s
Vi qc

Hckomas CpeaHis IJIOTHOCTb CMCCH, COCTO&IHICI‘;I M3 4Yad U caxapa n0 nNepCMCuIinBaHusA:
Ns+ Nc¢  qunV qun
B = VEFVe TVRFV T T4 c

Vs
C y4&TOM MPEBIAYIIETO BHIPAKEHHS
KT
__ P9M =1036_.
ep qc+ nqu — Qs M3

Kpurepun onenuBanus:
¢ [IpaBuibHO 3aMKMCaHO BRIpAXKEHUE JJI1 HCKOMOM Ccpe/iHel TUIOTHOCTH — 2 Gasuia
o [IpaBWJIbHO 3aMMCaHO BBIPAYKEHHE AJIS TNIOTHOCTH Yas 1OcJie epeMelnBanms — 2 6aa



e 3amnucaHbl Bce YpaBHEHUs, HEOOXOUMBIC Il HAX0XKICHUS OTBeTa — 1 Gan

e VYpaBHEHHS peIICHBI MPABUIBHO U HaliieHa OKOHYATeIbHas popMya ISl CpeJHel TIIOTHOCTH — 3
Oamna

¢ [lomyueH BepHBIN YHCIOBOW OTBET — 2 Oasuia

3anaua 4. «/[Ba amnepmerpa»
Bo Bpems nabopaTopHOii paboThI IIKOJEHUKH COOPAH SIEKTPUUECKYIO LIEIb
B COOTBETCTBHUM CO CXEMOH, IMOKa3aHHOW Ha pHUCyHKe. Ammepmerp Ai
nokasbiBaeT cuiy Toka I3 = 2 A. Kakylo cuily Toka oKa3bIBaeT aMIepMeTp
A2? O6a mpubopa uneanpHpl. OTMEUEHHBIC HA PHCYHKE MapameTphl LEMd
CUMTAWTE U3BECTHBIMU.

Bo3Mmo:kHoe pemienue. CymMMa CUJT TOKOB, BBITEKAIOIIUX U3 y3J7ia A,
paBHa CyMMe CUJI TOKOB, BTEKAIOIIKX B y3en B:
h+I=1+Ia
Hanpspkenne mexy Toukamul A v B 11 BepxHell BETBU paBHO
U=I3R+ 2R
U TaKO€ YK€ HaNpsHKEHHUE JUIsl CPEIHEN BETBU:
U=1I1-3R+ L4R.
W3 3tux ypaBHeHuil nomyyaem, uto [2 = 2[1 = 4 A.

Kpurtepuu oneHnBaHus:

e Ha cxeme 0003Ha4YCHBI TOKU M HAITKCAHO [IPABIJIBHOE COOTHOLICHHE MEXK/y TOKaMH, TEKYLIUMH Ha
pa3MYHBIX yyacTKax — 2 Oauia

e [IpaBmibHO MpuMeHseTcs 3akoH OMa ¢ y4eToM BUJIa COEAMHEHHH pe3ncTopoB — 3 Gauia

e 3amucaHbl BCE ypaBHEHUS, HEOOXOMMBIE JUIS MOJTYYEHHs OTBETa — 2 Oaa

o [lony4eH npaBUIIBHBIA YUCIOBON OTBET — 3 Oayuta

3anaua 5. «Jlazepnas ykazka»

JlBa 3epkana cioxxkeHsl mox yriom o = 7°. lllkonpHuk CTaHucIaB HallpaBUII

Yyepe3 MaJeHbKOE OTBEPCTHE B OJHOM M3 3€pKajl JydY JIa3epHOW YKa3KH S ———
NEePIEHAUKYIISIPHO 3TOMY 3epKainy. CKOJIbKO BCEro OTPaXKEHUI HCIBITAeT

JIy4 OT 3THX 3epKaj?

Bo3mo:xkHoe pemenue. V3 3aK0Ha OTpaXeHUS CIEAYET, YTO MPH KaXKIOM CIICTYIONIEM OTPaKEHUHU OT
3epKaj yroJj Jiyua ¢ BEpTUKAIbIO YBEIUYUBAETCS Ha o.. TakuMm
o0Opa3om, mociie N OTPaKEHU YroJ MaJeHus CTAaHET
p = an.
Ho p He MmoxeTt ObITh O0mbIe 90°, criemoBaTenbHO,
n=90/a =12,85,
T.€. N = 12 oTpaykeHui.

| <
Fr7r 7777\ rrrrrrrrrrrzi

Kpurepun ouennBanus:

e Ha pucynke n3o6paxx€H npumMepHsbIii X0 jtyya — 1 6amn

e XoTs OBl Ul OTHOTO OTPAXKEHMSI JIyda 3alicaH 3aKOH OTPaskeHUs cBeTa (yroil MaJeHus paBeH yriry
oTpaxkeHus ) — 1 Gamn

e [loka3aHo, 4TO MpPH KaXKJIOM CIIEIYIOIIEM OTPAKEHUH OT 3€pKaJl YrOJI MTaJICHUS JIyda YBEIINYNBACTCS
Ha o — 5 OayIoB

¢ [lomyueH nmpaBWIBHBINA OTBET — 3 Oaia



OPU3UKA
10 kaacce

Knrouu omeemos u Kpumepuu oueHusanus

3anaua 1. «Ilo nopore B IIKOJY»

Baps e3gut B mikomy Ha merpo. OmHaxApl, HaOMIOas 3a MPUOIMIKEHUEM T10€3/1a, OHA C TIOMOIIBIO
CEKYHJIOMEpa OIpee/IniIa, YTO TIEPBBIM BaroH MPOIIET MUMO He€ 3a Bpems t1 = 2 ¢, a BTOPOW BaroH —
3a Bpems t2 = 2,1 c. Korma mumo Bapu npoxoawsit mocieaHui BaroH, moesa octaHoBWIICS. CKOIBKO
BPEMEHH IMPOILJIO TOrO MOMEHTa, KOTJa I0e€3]l HadaJl MPOXOAUTh MHUMO Bapw 10 mosHO# ero
octaHoBKU? CKOJIbKO BaroHoB B moe3ze? Bce BaroHsl MMEIOT OJIMHAKOBYIO JUTUHY, MPOMEXKYTKaAMHU
MEXIy BaroHamu ImpeHeOpeub. CuuTaTh, YTO HM3MEpPEHHUs, clelaHHble Bapeil TouHBI, a TMoe3n,
MOAXOASAIINI K CTAHIIUH, IBMXKETCS] pABHO3aMEIJICHHO.

Bo3moskHoe pemenue. FickoMoe Bpemst IBHKEHHS 1Toe31a t = Uo/a, TIe Uo — CKOPOCTh I0€3/1a B TOT
MOMEHT, KOTI'Jla OH MopaBHsIcs ¢ Bapeit, a a — ero yckopeHnue.
CocTaBuM ypaBHEHHE JBUKEHUS JIJIs IEPBOTO BaroHa:

at?
l =wt1— 7,
uot1 2
IS IBYX BaroHOB CPasy:
a(ts + t2)?
2l =uo (t1 + t2) — —

rae | — uinHa Kak10ro BaroHa.
Pemras sty cucremy ypaBHeHuUi, HalAEM, 4TO
t—uo 1_'22+ 2t1t2—t21
=_= &2 =44,
a 2(tz —t1)
JlnuHa noesia, mpoemero Mumo Bapu 3a 510 Bpems L = at?/2, cnenoBarenbHO, YHCIO BATOHOB,
KOTOpBIE TPOLUIM MUMO HEE
L at? t?
n=—-= atz = 2—_:
2 (uots — 551y t(2t-t)

Tax xak 1moe3q ocTaHOBWICS, KOrja MUMO Bapu poxoaus nocieHui BaroH, TO B COCTaBe M0e3/1a
HaXOIMUJIOCHL BCero N = 12 BaroHos.

11,3.

Kpurtepun onenuBanus:

o Jlana mpaBuibHas opMysa Ui BpEMEHHU JABMKEHHS [T0€3/1a J0 €ro OCTaHOBKU — 1 Gait

e [IpaBuiIbHO COCTaBJIEHbI YpaBHEHUS JUIs TPOXOXK/ICHHS IEPBOr0 M BTOPro BaroHoB MuMo Bapu — 1
Oamta

o [IpaBmiIbHO OmpeneneHo Bpems — 3 Oaa

e Hanucana npaBuiabHO GopMyIna, s onpeaeseHns JUIMHBI oe3a, mpoleamero Mmumo Bapu — 1
6amn

o [IpaBMJIBHO COCTABJIEHO BBIpAXKEHUE JUUIsl HAX0XKICHHs YiClia BArOHOB — 2 Oasuia

o [IpaBHIIbHO ONpEIETICHO YUCIO BarOHOB B Moe3jie — 2 Oasuia

3anaua 2. «Banna Apxumena»
B BanHy Hamuiam Boay 10 ypoBHA h = 40 cM M MOJOXWIA Ha CIUBHOE OTBEPCTHE |

CTCKJISIHHBIN OpyCcOK, Macca KoToporo paBHa M = 640 r. /[uameTp CIIMBHOTO OTBEPCTHS
d = 4 cm. Bonga nonrekaer moa Opycok, HO OYEHb MEJIEHHO. YPOBEHb BOJBI He
m3mMeHuTcs goaro. C Kakoi cuioi OpycoK JaBUT Ha JHO BaHHBI? [IIOTHOCTH BOJIBI Py =
1000 kr/m3, mmoTHOCTH cTekaa pe = 2500 kr/M>. YckopeHHe cBOOOIHOTO MAAEHUS g =
10 m/c®>. AT™MochepHBIM naBieHneM npeHedpeus. OTBer 3anumuTe B eqununax CU ¢ -
TOYHOCTBIO /10 I€CATHIX.

<« d



Bo3Mmo:kHoe pemienue. Heo0xomuMo ydecTh, 4TO Ha 4acTh OpyCKa, HaXOMSAIIYIOCS HaJl OTBEPCTHEM,
neiictByer He cuina Apxumena Faipx, a Bec Haxozsmierocs Hax HUM cronba Boasl Fix. Benb cHu3y ot
Opycka BOJBI HET, a cuiia Apxumenaa oOycCIIOBIIEHa pa3HOCThIO JIaBJICHUM BOJBI HAa pa3HOM BbicoTe. Ha
OCTaJIbHYIO YacTh OpycCKa JIeUCTBYET cuia ApXumMea.
Cuiia, ¢ KOTOpO# OPYCOK BBICOTOM X JaBUT Ha JHO BaHHBI OTIPEIICIIAETCS KaK

F=Fmx+KE-— Fapx =Ng-+ qu(h - X)S - qu(V - SX),
rae V= N/qc — 00beM m1aii0sl, a S = nd?/4 — mwiomane MMOBEPXHOCTH Ia0BI, HAXOAAMIEHCS MO
CIIMBHBIM OTBepcTHEM. OTCIO1a 5 5

gsghnd“ qsgN gshnd gs

F = Ng + - =Ng(l+————-—) =89H.
g 2 o g( N qc)

Kpurepun oueHuBaHus:

e [IpaBmIIbHO yKa3aHbI CHJIBI, ICHCTBYIOIIME HA OPYCOK, U MX HAIlpaBlicHHE — 2 Oaya

e [IpaBUIBHO 3aITMCAaHO BBIPAXKECHUE JUIsl CHIIBI Apxumea (Y4TeHO, 9YTO Ha YacTh OpycKa,
HaXOJSIIYIOCS HAJ OTBEPCTHEM CHIa ApXUMIa He JeicTByeT) — 2 6aria

o [IpaBWIIbHO 3amMcaHa BEJIMYMHA BECa BBIIIEIICIKAIIETO CTOJI0A BOIBI — 2 Oasia

e [lomyuyeH npaBUIBHBINA YMCIOBOW OTBET — 4 Oasuia

3anaua 3. «IlepeoxyaxkaéHHasi ;KMIKOCTb)

Kak u3BecTHO, mpu aTMoc(hepHOM JaBJIICHUN BOJIa HAUMHACT 3aMep3ath, a JIEN - TAsITh IPH TEMIIEpaType
t = 0°C. Ho nipu co0ittoieHuu He0OXOIUMBIX MPEIOCTOPOKHOCTEH BOJIa MOKET OBITh IMEPEOXITKICHA
no Oonee Hu3kUX Temnepatyp. Kakas yacth mepeoxinaxaéHHOM m0 temmeparypsl to = -4°C Bombl
3aMEP3HET, eCIIM OPOCHUTH B HE€ JIEJITHYIO COCYJIbKY U BBI3BaTh TEM CaMbIM KPUCTAIUTM3AIMIO? Y IeTTbHas
TEIIOTa IJIaBjieHus Jibaa A = 335-10° Jx/kr, TeroeMKocTh Bonbl Cs = 4200 J[xk/kr-°C, ynenbpHas
TeII0eMKOCTh JibJia Cn = 2100 J[x/kr-°C. [ToTepsimu TemnoTh IpeHeopeyb.

Bo3mo:xnoe pemenue. ITocie Toro, kak B nepeoxiaxAEHHYI0 BOLy OpPOCUIIN COCYIIBKY, B BOJI€ HAYaJICs
npouecc kpucrannuzanuu. [lpu odpazoBanuu U3 nepeoxsaxAeHHOM BOJIbI JIbJa MacCON Ny BBIJIECIUTCS
KOJIMYECTBO TEIUIOTHl hN ;. DTa Teruora moiner Ha HarpeBaHue 0O0pPa30BaBIIETOCs JIbJla OT HAYaIbHOM
temnepatypsl to = -4°C no temmnepatrypsl t = 0°C u HarpeBaHHMe OCTABIIEHCS TIOCIIEC KPUCTAIUTH3AIAN
BOJIbI Maccoit N Ha At = (to — t) rpaaycoB (nanbHeiiliee HarpeBaHHe HEBO3MOXKHO, Tak Kak mpu 0°C
KPUCTAITH3AIMS JIbJa IPEKPATUTCS).
3anuiieM ypaBHEHHE TEIJIOBOro OajiaHca:
hN» = csNsAt + ciNsAt.

Ecnu N — HaganpHas Macca nepeoxyiaxJIeHHOU BOJIbI, TO

hNs = cs(N — Ni)At + ciNaAt,

OTKyaa
N h -1

1 Cfb 4,9%
N Ot g ) =49%

Kpurtepun onenuBanus:

¢ [lokazano, uTo KOHEUHas Temneparypa B cucteme papHa 0°C — 1 Gamr
¢ [IpaBUiIBbHO COCTABIIEHO YpaBHEHHE TEIJIOBro OanaHca — 5 GayioB

o [lomyueH BepHBIN YUCIOBON OTBET — 4 Gasta

3anaua 4. «IlociienoBaTejibHOE COETUHEHHE)

Ces3p Mexay HanpsbkeHreMm U Ha J1amne HakajMBaHUS M CHJIOM TOKA, TEKYIIEro uepe3 He€, naércs
dopmynoit 1 ~ U®®. JlBe nmammbl ¢ HOMHHAJIBHBIMH HanpspbkeHussMu 220 B u HOMHHaNbHBIMU
MotmrHocTssMH P1= 40 Bt u P2= 100 BT Bxmtounnu nocnenoBatensHO B ceTh 220 B. Kakoe Hanpsokenne
MajiaeT Ha JJaMIle MEHbIIEH HOMUHAJIBHOW MOIIHOCTH ?

Bo3mo:xHoe peuicHucE. COHpOTI/IBHeHHe JlaMIl YBEIIMYMUBACTCA B pa6oqu PEXKUME H3-3a HArpCBaHHUA
CITMpPAJIA, IIO3TOMY ONPECACIUTE COITPOTHUBIICHUEC N3 HOMUHAJIBHBIX 3HAYCHHI MOIITHOCTHU U HAITPSAXKCHHUA
HCJIB34. HpI/I IOCICA0BAaTCIbHOM COCANMHCHHNH JIaMII



I =1y U =U1+ Uz
Taxk kak | = aU3/°, To nepBoe u3 3TuX ypaBHeHwuii 3amumeM B Buzae o1U3/5 = azU3/5. KoshduipeHTbI
1 2

MPOMOPLUMOHAIIBHOCTH 01 U 02 HaWJeM W3 COOTHOILIEHUS MEeXAY HOMHUHAJIBHBIMH 3HAYEHUSIMU
HaNpsHKEHUA U MOIITHOCTH B COOTBETCTBHHM € 3aKOHOM Jlxoyns-Jlenua: P = [U = aU®/>, OTKyJa o1 =
P1U>Bu oy = PoUE,
Cucrema ypaBHeHu# (1) npuHUMaeT By

P1U }%H: PzU

U= U+ Uy
2

Pemas sty cucremy ypaBHEeHUH, HauaeM HaprDKLEI)HI/Ie Ha Jiamiie MolHocTho P1= 40 BT:

U =
Lo (p/P2)53+ 1

=181 B.

Kpurepun oueHuBaHus:

e [IpaBUIIBHO COCTABJICHBI COOTHOIICHUS MEX/Yy TOKAMU M HANIPSDKECHUSIMHU JJIS TIOCIICA0BATEILHOTO
coeIrHeHus 1aMIl — 1 Gaut

e [loka3zaHo, YTO CONPOTHUBIICHHE JIAMIT B pab0o4eM peKUME HEIb3sl ONPEICITUTh, HCIIOIb3YS
HOMUHAJIbHBIC 3HAYCHUSI MOIIIHOCTU Y HaNpspKeHus — 2 Oaya

o [IpaBWIBHO HAITMCAHBI COOTHOIICHUSI MEKIY HOMUHAIBHBIMU MOIIHOCTSIMU M HAIIPSDKECHHUEM,
onpesieneH Ko3QQHUIMEHT IPONopIHOHaNbHOCTH B hopmyiie I ~ U3 — 2 Gamra

o [IpaBWIIbHO 3amMcaHa CUCTEMa YPaBHEHUH, MO3BOJISIOINIAs IPUNATH K BEPHOMY OTBETY — 2 Oaiia

e [lomyueH npaBuIbHBINA OTBET — 30a1a

3agauya 5. «CToJIKHOBEeHHE HA opOUTe»

UckycctBennsiii ciytHUK JIyHBI Maccoit M = § Kr nBuxkeTcst BOIM3H €€ MOBEPXHOCTH MO KPYTOBOit
opbute. Mereoput maccod m = 0,1 r, neraumii co ckopocteio v = 40 KM/c, NMEpPHEHIUKYISIPHOM
CKOPOCTH CITyTHHUKA, ITIOIIAJIAaeT B CIIYTHUK U 3acTpeBaeT B HEM. Ha kakol yrosa noBepHETCs U3-3a 3TOrO
BeKTOp ckopoctu cnyTHuka? Paguyc JIynst R = 1740 kM. Yckopenue cBoOoiHOTO najieHus Ha JlyHe B
6 pa3 MeHbIIIe, YeM Ha 3eMIie.

Bo3moskHoe peuaicHue. HaﬁHéM CKOPOCTb CITYTHHKA 10 IIOoIIaJaHusA B HETO METCOpHUTA. B cooTBercTBHU
co 2-M 3akoHOM HbI0TOHA M 3aKOHOM BCCMI/IpHOFO TATOTCHUA

u2 MM
MR=6xe

rae M, — macca JIyHbl, U — ckopocTh criyTHEKa. Otctona u = FGM,/R2.
VuuTsiBas, 4TO YCKOPEHHE CBOOOIHOrO MajicHus Ha JIyHe B 6 pa3 MeHblIle, yeM Ha 3emie gx = g/ 6,
ciemoBarenbHo, U = FRgs/6.

Tak xak CKOpPOCTH MCTCOpHUTa U CKOpPOCTH CIIyTHUKa B MOMCECHT CTOJIKHOBCHUSA
B3aMMOIIEPIEHAUKYIISAPHLL, TO B COOTBETCTBHU C 3aKOHOM COXPaHEHHWS HMMITYJIhCa Yroll IOBOPOTa
BEKTOpa CKOPOCTH CITYTHHUKA MOYKHO HaWTH W3 YPagHeHUg,,

tga=_"=_,
Pc Mu
OTKyJa
Nu
a = arctg (—) =3-10"pan,
MfRgs/6

Kpurepun onenuBanus:

¢ [IpaBUSIbHO MOIY4YEHO BhIpAXKEHUE I CKOPOCTHU CIIyTHUKA Ha opbute B oOmiem Buje — 1 6amn

¢ OnmnpenereHa CKOPOCTh CITYTHHKA Yepe3 COOTHOMICHUE gn = g3/ 6 - 2 Oauia

e [IpaBuiIbHO NPUMEHEH 3aKOH COXPAaHEHUS UMITYJIbCa K COYIapEHUIO CITyTHUKA U MeTeopuTa — 2
Oamna

e OmnpenenéH yroa OTKJIOHEHHS CIIyTHHKA U3 3aKOHA COXPAHEHUS UMITyJIbca — 2 Oauia
o [lomyueH npaBWIbHBINA YHCIOBOM OTBET — 3 Oasia



OU3BUKA
11 kaace

Knwuu omeemoes u Kpumepuu oueHuesanusn

3anaua 1. «Bo3aymIHbIH IIAPUK

HarmonHeHHsbI# TeneM BO3NYIIHBIN IIapuK uMeeT Ghopmy, OIu3Kyro K cepudeckoid. Eciim oTmycTuTh
ero B 0€3BETPEHHYIO MOTO/Y, CKOPOCTh €r0 YCTaHOBHUBILETOCS (TO €CTh PABHOMEPHOT0) MoabEMA OyaeT
paBHa Uo = 2 M/C. DTOT MIAPUK MPUBSA3ATN K OarakHWKy Benocuriena. Korjga BelIocHneucT Ha 3TOM
BEJIOCHUIIE/IE €XaJl HaBCTPe4yy BETPY CO CKOPOCThI0O U = | M/C OTHOCHUTENBbHO 3€MJIM, HUTh IIapuKa
OTKJIOHWJIACh OT BEPTUKAIIM Ha MOCTOSIHHBIN yron. Haliaure 3TOT yro, eciiv CKOpOCTh BETpa paBHa U =
0,5 m/c. CuntaTh, YTO MPHU JIBWKCHUHU INAPUKA B BO3AYyXE BEIMYMHA JCHCTBYIOIIEH HAa HETO CHJIBI
COIPOTHUBIICHUS MPONOPIIMOHATIbHA KBAAPATy €ro CKOPOCTU OTHOCUTEIHHO BO3/1yXa.

Bo3Mmo:xkHoe pemenne. B ciyyae paBHOMEpHOIro JBMXKEHMs LIapHKa BBEPX B O€3BETPEHHYIO MOTOAy Ha
Hero jeicTByIOT cmna Apxumena Fa, cuma TsxecTH Ng M CHIa CONpOTHBIEHHS Bo3dyxa R = au?,
(puc.), npuuém:

Fa= auj + Ng. (1)
[Ipy JBMXCHHHM IIAPUKA, NPHUBS3AHHOTO K Oaraxnuky, Fc = a(u + u)?, rae (u + u) — ckopocTh
IIapHKa OTHOCUTENBHO BO3yXa U Ha HEro JACHCTBYET JONOIHUTEIBHO CUJIa HAaTshKeHUs HUTU 1 (puc.).

B IMPOCKIHHU Ha OCh X, HECPICHAUKYIISIPHYKO HUTH:

Fasina = a(u + u)?cosa + Ngsina P
W A
Fa= oa(u+ u)’ctga + Ng. Tﬁo
Pemas coBmectHO ¢ (1), noxyuum >
u+u? F,
a = arctg (——= 29,3°. mg
Up

Kpurepun oueHuBaHmsi:

¢ [IpaBMIIEHO COCTABJICHO YpaBHEHHE JBM)KECHUS IIApUKa BBEpX — 2 Oaia

¢ [IpaBMIIbHO yKa3aHbI CHIIBI, ACWCTBYIONINE HA IAPHK, IIPH €T0 ABMKEHUH 10 TOPU3OHTAIH — 2 Oajia

e [IpaBMIIbHO 3aMKCaHO BhIPaKEHHE Il CHIIBI COTTPOTUBIIEHHUS, B KOTOPOM BEPHO ONpETIeHa CKPOCTh
[IapHKa OTHOCUTEIBHO Bo3yxa — 1 Gann

e [IpaBuiIbHO 3amucaHbl IPOESKIIMK YPaBHEHUS JABWKEHUS JUIs IIapHKa, IPUBSA3aHHOTO K OarakKHUKY -
2 bamnma

o [lomyueH BepHbIi OTBET — 3 Oasuia

3anaua 2. «Ilosaer Ha sigpe»

ITymka macesr M = 200 kr crpenser aapoM Maccbl Mg = 20 kT nox yriaoM o = 30° K TOpU30HTY. 3apsy
nopoxa My =5 Kr, ero teminora cropanus g = 3,8 M/Lx/kr. Onpenenute pacCTOSHUE MEXAY MYIIKON U
MECTOM B3pbIBA, €CIIM OHM HAXOAATCA HAa OJHOW ropm3oHTanu. Ha cKOJIbKO yMEHBIIUTCS JaIbHOCTb
nonéra s1apa, €cliu cpasy Iocje BbUIETa W3 MYyIIKM Ha Hero csjaer O0apoH MioHxrayseH, macca
kotoporo m = 70 kr? KIIJI Beictpena npussts paBHbIM 10%. Cuurtarh, 4TO MyIIKa HaXOIUTCSA HA
IJIaJIKOM MOBEPXHOCTH, MO KOTOPOW MOXKET CKOJb3UTh 0e3 TpeHus. CompoTHUBIECHHEM BO3AyXa
npene6peys. YckopeHne cBo6oIHOTo TajgeHns g = 10 m/c?,

Bo3mo:kHoe pemienne. B COOTBETCTBMH ¢ 3aKOHOM COXPAaHEHHUS TOPU30OHTAIBHOM COCTaBIISAIONICH
UMIynbca B cucteme mymka-sapo: 0 = Mu — Nauo * cosa, rae U — CKOpOCTh MYIIKH MOCIE BBICTpEa,
Uo — HavaJIbHask CKOPOCTB sijipa (10 TOro Kak Ha Hero cenl bapon MioHxrayseH).

[To ycmoruto 3aaauu 1) = 10 % sHepruu, BELICISAIONICHCS TPU CrOpaHUH MTOpoxa, peodpasyercs
B MCXaHHWYCCKYIO DHCPIrUuro MyIKHU U dapa:



Mu? ﬁﬂu(z,

=——+ =
5 Nnq 2 2
Pemwas sty cucremy ypaBHEHUH, HAalAEM Ha4aJIbHYIO CKOPOCTH sIpa:
25Nnq = 420 m/c.

u =

0= J N
N, (Wﬂcosza +1)
Jli1st s7ipa, BBIMYIIEHHOTO IO YIJIOM K TOPM30HTY, JaIbHOCTH MOJIETA

uj sin2a
= 4Y—— =15277 m.
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Ecnu cpasy nmocie BeICTpena Ha Aapo csageT 6apoH MIOHXIay3€eH, TO 110 3aKOHY COXPAHEHHUS UMITYJIbCa

Nalo = (N + Ng)U MOKHO OIPEICTUTh CKOPOCTh SI/pa:
NaUo M
u=

0

IIpu 3TOM anbHOCTH MOJIETA Apa yMeHbmHT]EIcil_ ML = 754m, crenosarensHo ¢ 0apoHOM
Mionxray3eHoM a1po ynaiaet Ha paccrossuuu AL = 14529 m ot nenu.

Kpurepuu onenuBanus:

¢ 3amucaH 3aKOH COXPaHEHMS UMITyJIbca ISl CUCTEMBI ITyIIKa-sapo — 1 6amn
3anucaH 3aKOH COXpaHEHUs SHEPTUU Mpu BeicTpee — 1 6amn

[TpaBmibHO OmpeAeIeHa CKOPOCTh HayalbHasi CKOPOCTh sapa — 2 Oayta

BepHo paccunTana qansHOCTB HoseTa sapa 6e3 6apona MioHxrayseHna — 2 6asia
[IpaBUIBHO CKOPOCTH siipa BMecTe ¢ OapoHOM MroHXray3eHoM — 2 6an
[Tonyden BepHbIit 0TBET — 2 Haia

3agaua 3. «Hesemnas atmocgepar»

ACTpPOHABTBI, UCCIIEYs BO3LyX OTKPBITON UMU IIJIAHETHI, IPOBEJIH C IOpLUel Bo3ayxa maccoidr m = 100
I uukiamdeckuit mpouecc 1—2-3—1, cocrodmuii M3 HM30TEPMHUECKOTO pacimupeHus 1-2,
n300apuyecKoro cxatuss 2—3 110 HayagbHOro o00bEMa M M30XOPUYECKOI'O HAarpeBaHus [0
nepBOHavyallbHOHN TemnepaTypsl. Oka3anocs, uto B npouecce 2—3—1 ot ra3a orsenu Q = 1 x/[x tenna,
a pa3HOCTbh MAaKCUMaJIbHOM M MUHUMaNIbHOU Temmneparyp B uukie coctasuia AT = 30 °C. U3zo6pa3uTte
MPOBEIEHHBIN LUK B KoOopAnHaTax P-V W HaliiuTe CpeaHIo MOJSPHYIO Maccy BO3/1yXa, CUATAs €ro
UJeanbHbIM ra3oM. Y HUBepcalibHas ra3oBas noctossHHas R = 8,31 Jlx/monb-K.

Bo3Mmosknoe pemenue. B coorBercTBuu ¢ [ HayaioM TepMOAMHAMUKHY TEIUIOTA, OTBEAEHHAS IIpoLecce
2—-3—1 or raza paBHa CyMM€ H3MEHEHHS BHYTPEHHEH HHEpruM MEXIy HadaJbHbIM U KOHEYHBIM
COCTOSIHUSIMHU U COBEPILIEHHON padoTe:

Q = AU21 + A231. g s
Ha yuactke 3-1 paborta ne coBepmaercsa, a AUz21 = 0, 1. k. T1 = Tz, ol
CIIeZIOBATENBHO, N N o~
Q=lhyl =p,(V,~V) = R(T,~T)=_ RAT Qs
OTKYI[a NRAT r Pz-nj ' | ! 2
n= =25 . ; / :
A V, v
Q MOJIb ' Om

Kpurepun ouennBanus:

¢ [IpaBWiIbHO MOCTEH LMK B KoopauHaTax P-V — 1 Gamn

¢ [loka3aHo, YTO MHHUMAIIbHAS TEMIIEPATy pa B IIMKJIE COOTBETCTBYET TOUKE 3, 2 MAaKCHMAIIbHAS —
Toukam 1 u 2 — 1 6amn

¢ [IpaBmIbHO MPUMEHSIETCS TIEPBOE HAYAI0 TEPMOJMHAMUKH K Tiporieccam 2-3 u 3-1 — 3 bamna

¢ [lokazaHo, YTO U3MEHHEHN BHYTPEHHEH sHEpruu B Xojie nmporecca 2-3-1 unu 1-2 papao Hymio — 1 0ann

¢ [IpaBmIbHO HaMKMCaHO BBIpaKeHUE TSt pabOTHI ra3a Ha yyactke 2-3 uepe3 AT — 2 Gamra

¢ [lomyueH nmpaBWIEHBINA YACIOBOM OTBET — 2 Oasia



3agaua 4. «KonaeHncarop B nenu nocTOSsHHOI0 TOKa)

[Tnockuii koraercarop émkocthio C = 22 nd, pe3uctop ¢ conporusiernrneM R = 10 MOwm u Gartapes ¢
OJIC € = 100 B coequnens! mociieoBaTenbHo. PaccTosiHne Mexay oOKiIaikaMu KOHAEHCaTopa OBICTPO
yMEHbBINAlOT B n = 2 pasza. Haiinure Temmo Q, KOTOPOE BBIACIUTCS TOCIE STOTO HA PE3UCTOPE.
BHyTpeHHUM CONPOTHUBIICHUEM OaTapen mpeHeOpedb.

Bo3mokHoe pemenne. Jlo cBUTaHUs TUIACTHH HampspKeHUe Ha KoHaeHcarope Ui = g, a 3apsin Q1 = €C.
[Tocne caBuranus IaCTHH EMKOCTh KOHAEHcATOpa yBenuuuiack B N pa3 (C2 = nC), a HanpspkeHue B N
pa3 ymenbmmioch (U2 = &/n). DHeprust 3JIEKTPHUYSCKOTro TOJIsi KOHAGHCATOpa cpa3y MOoCje CABUTaHUS

IJIACTHH
G U% Cs?
. 2 2n’
B nienu BO3HUKHET AJIEKTPHUYECKHUI TOK, KOTOPBIN OyIIeT MPOTEKaTh, MOKA HANIPSHKCHHUE Ha
KOHJICHCATOpe CHOBA HE CTaHET PaBHO &, a 3apsi/ Ha 00KiIaakax 2 = enC. DHeprus KOHACHCATOPa IMOCIIe
YCTaHOBJICHHSI pAaBHOBECHS
Cz2s> nCs?
W2 = =
2 2
3a BpeMs mpoTekanus Toka uepes 6arapero DJ[C npoitnér 3apsg Aq = qz — q1 = sC(n — 1).
CTOpOHHHUE CHITBI GaTapey Py ITOM coBepiIaT paboty Acr = Ags = s2C(n — 1).
B cooTBeTcTBHY C 3aKOHOM COXPaHEHHS YHEPTHH

s?C(n — 1)

Q=ACT_(W2_W1)= T:SSHA)K

Kpurepun oueHuBaHmsi:

¢ [IpaBWIIbHO OTpE/IEICHBI HAIPSHKEHHUE U 3apsi/] Ha KOHJIEHCATOpE 10 CABUTAaHUS MIacTuH — 1 Gamn

e [IpaBriIBHO MOpEIEICHBI HAPSDKEHHUE U 3apsi]l Ha KOHJGHCATOPE Cpasy Mocye CABUTAHUS IUTACTHH —
2 Gamna

e HaiineHo U3MeHEeHUE SHEPTHH AIIEKTPHUUKECKOTO OISt KOHeHcaTopa — 1 6armn

o [IpaBnuibHO ompeeneHa padoTa UICTOUHUKA TOKa — 2 Oaa

o [IpaBHJIbHO 3aMMCaHO BBIPAXKAHUE IS BBIACTUBILIErocs Tema — 1 6amn

o [lomyueH BepHBbIi OTBET — 3 Oasuia

3anava 5. «Ckauku HANPSKEHU S

B macc-cniektporpage - ycTpoHCTBE Ml ONpEeAENeHHs H30TOIHOIO COCTaBa
OJIHO3apsAIHbIE MOHBI Kaliusg ¢ aTOMHBIMH BecamMu Ai = 39 u A = 41 cHavama o i
YCKOPSAIOTCST B AJIEKTPUYECKOM IIOJIe, a 3aTeéM uepe3 Y3Kyl0 Ieidb MOMaJalT B
OJTHOPOJIHOE MAarHUTHOE II0JI€, NMEPIEHIUKYISIPHOE K HAIIPABJICHUIO UX JBUKEHUS
(puc.). B mpomecce ombplTa H3-3a HECOBEPIIEHCTBA AanNapaTypbl YCKOPSAIOIINN
MIOTEHLIAA] JIEKTPUYECKOTO IIOJIsI MEHSETCs OKOJo cpeaHero 3HadeHus U Ha
BennunHy +AU. C kakoil oTHOcUTENbHON TOYHOCTRI0O AU/U HYX)HO MOAepKUBATh
3HAa4YEeHHE YCKOPSIOIIEro MOTeHIIMaNa, YTOObI MyYKH U30TOIMOB KaJIHs P MOMAAaHuU
Ha ¢orornactuHky @ He nepekpbrIBaINCh?

Bo3mo:xHOe pelIeHue. ITox neiicTBueM QJICKTPHUYCCKOTO I10JIA NOHBI Pa3rOHAIOTCA 10 CKOpOCTCﬁ

2qy
u=J——ry7

N

rae m—macca, a  — 3apsi1 HOHOB. B MarHuTHOM I10JI€ HOHBI IO I€HCTBUEM MarHUTHOT'O IIOJISI

JBUKYTCS IO yTaM OKPYKHOCTEH pajnycoM
Nu 1 2NU

R=__ _
aB _BJ g



bmke k menu Ha HOTOIIACTUHKY OyayT nomnaaaTh HOHBI ¢ A1 = 39, nanbie - ¢ A2 = 41. [lepekpriTue
IIyYKOB BO3HHMKHET, €CJIM MaKCUMAaJbHBIA PaJUyC TPA€KTOPUH MOHOB C MalOi Maccoil cpaBHseTcs ¢
MUHHUMAaJIBHBIM PaJInyCOM TPACKTOPUU MOHOB € OOJIBIION MacCOi, ClieJ0BAaTEIEHO
I?NTfUﬁUj' 1 2~Nz(G==2at)
B q "B J
AU Np;—N; A, —A

q

- ' =0,025.
U Ne+N1 A2+ A

Otcrona

Kpurepuu onenuBanus:

e [IpaBWIbHO ONHMCAHO JABMKEHUS 3apAI0B B JIEKTPUUECKOM I10JIE U TTOJIYUYEHO BBIPAKEHUE JUIS
CKOPOCTH 3apsiioB — 2 Oayuia

e [IpaBHIBHO ONMHUCAHO JBIKCHUE 3aps/I0B B MATHUTHOM II0JIC M IOJIYYEHO BBIPKEHHE IS pajuyca
TpaeKToOMH 3apsiia — 2 6aia

o CdopMynHpOBaHO YCIOBHE MEPEKPBITHS MTyYKOB 3apsAa0B — 2 Oayuta

o [lomy4eHo npaBUILHOE YpaBHEHHUE, TIO3BOJISIONIEE MTOJTYYHUT IPABHIIBHBIA OTBET — 2 OaI

e [lomyuen BepHbIil oTBET — 2 Oasia



