[Ipesronaraercs, 9To MIKOJBHUKU pemaioT 6 3ajad 3a 5 9acoB IOJIPs)l ¢ MOMEHTa OTKPBITUS OJIAMITHA/IHI.
Bazaun pazzenoB «JIEérkme» mpeanosaraloT IPOBEPKY UYHUCAEHOTO OTBeTa. 3aaadu pas3aeoB «CIIoXKHBIE» —
ITPOBEPKY PA3BEPHYTOrO PEIICHUS.

Bo Bcex 3aa4ax ¢ YUCICHHBIM OTBETOM TOYHOCTD IIPOBEPKHU OTBETA JIydIle cUuTaTh nopsaka 10% sue 3aBu-
CHMOCTH OT eIMHUIL n3Mepenns. MoXKHO JaBaTh HEIOJIHBIA Oasur 3a nonaganue B Bopora 25%.

7 KJacc

JIéerkme 3amaunm

3amaga 1 [lecaruBaronnsiii coctas mnoesna «Jlacroukas guHol 250 M BUTasCh PABHOMEPHO CO CPeJIHEl
ckopocTbio Hh4 km/u. Ha cranmuu «/lesioBoii nenTp» desioBek BOexkas B narhiii Baron. C Kakoil CKOPOCTHIO
eMy HeoOXOJIMMO JIBUTATHCsI, ITOOBI BBITH M3 TIEPBOTO BaroHa Ha cieayioreit cranmun «KyTtyzosckasy. Can-
TaifTe, 9TO BXOJ, U BBIXOJ OCYIIIECTBJIETCA depe3 MEePBYIO JBePh B CAMOM HadaJle BaroHa. PaccrosHne Mexk Ty
cranruamu 2950 M. OTBeT BBIpa3uTe B M/C UM OKPYIJIUTE JIO JECATHIX.

Pernenue:

Beipasum 54 km/4 B M/c.
54 km/a = 15 m/c

Paccrosinne, KoTopoe mpoIes 1mocjie/IHAi BaroH Hoe3a:
2950 4 250 = 3200 m

Bpewmsi, 3a KoTopoe moJHOCTBIO TIpueaeT moe3 ] K crannun "KyrysoBckas":
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Torma ckopocThb 1eioBeKa, MpobexKapiiero 4 BaroHa: 25&3'3 =4,7wm/c.

Sasmaua 2 [losiblit mapuk mojiBecusiu Ha JuanaMomerpe. Kora ero omycTusin B BojLy, TO JJMHAMOMETD ITOKA3aJI
0,22 H. Korna onycruu B Kepocuti - 0,52 H. Onpenenure 06béMm mosoctu B em®. I[noTHOCTL BOIBI 1 r/ e,
mioTHoCTh Kepocuta 0,8 r/cM®| miioTHoCTh MaTepuaa mapuka 14,8 r/cm?.

Pemenne:
Mg Bomer: P =mg — p1Vg (1)
Hns xkepocuna: Py = mg — paVg (2)
U3 (2) Beipaxkaem p1Vg=mg — P, u noacrasisiem B (1), momyaaem Py — Py = p1 Vg — pVg
Torma V = £2=0L — 150 cm?
p19=p2g
Haxomum maccy mapuka u3 (1). m = Py/g 4+ p1V = 370 r. Torna o6béM MaTepnasia Mmapuka J0JKEH OBITH

V, = % = 25 cM®.
Brraucisgem o6bém nosoctu: V,, =V — V, = 125 em®
Bagaua 3 Ha pucynke mupejicraBiieHa mapHUpHasi KOHCTPYKIHUS, COCTOAIIAS U3 HSATH OJMHAKOBBIX POMOOB

(em. pucynok). [laprupsr pacrosozkeHbl BO BeeX BepummHax poMboB. OmupejesnTe cKOpocTh Toukn B, ecim
ckopocTh Touku E paBHa 5 M/c.

Pemenue: Bumnm, uro Ha pucynke Touka A casuraercsd Ha dx, Touka B Ha 20z, Touka E ma 50x. Torma ecom
ckopocTh Touku E v, To Toukm B Oymer %v =2 wm/c.



CJyo>KHbIe 3a1a11

Bamava 4 Koncrantua u Cemén Bblexaym u3 myHkTta A B myHKT B, paccrosaue Mexay KOTopbiMu 360 KM.
KoncTanTHH ABUTAJICS CO CKOPOCTBIO 72 KM /|, nesiast 15 MUHYTHBIE lepepbIBbl KaxkIbie 2 aca. CeMEH mpocmal
U BBIJBUHYJICS Ha 2 9aca 103zKe. B [epByto M0JI0BUHY IIyTH OH JBUTAJICS CO CKOPOCThIo 90 KM /4, 3aTeM cjiesal
HepephiB Yac U JBUHYJICS CO CKOPOCTBHIO 80 KM /.

1. Haitnure cpegame ckopoctu Ceména n Koncrantuna.
2. Kro npuegner 6vicTpee?
3. Ilepernas 661 Cemén Koncranruna, eciim Ob1 JBUTANICS O€3 OCTAHOBOK?

OrBeTnl 0boCHYiITE.

Pemenne:
1) Haiinem cpeaioro ckopocts Koncrantuna. Ecin 661 KoncranTus nurasics 6€3 0OCTAHOBKH, TO MPOEXaJl Obl
paccTosHue 3a 5 9acoB. SHAYUT 3a 9TO BpPeMsd OH cjesast 2 octanoBku. llosydaercs, aro BpeMs B myTn 5,5
Jaca, TOTJIa CPEJIHsst CKOPOCTDb 65,5 KM /.
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Hatinem cpeamioo ckopocrs Ceména. [lepsyio ooy myTu oH Iporen 3a .- = 2 1aca. Bropyio nojosuny

nyTu - 3a 2,25 gaca. Torma Bcé BpeMms myTu ¢ ydaeroMm ocranoBku 5,25 daca. Cpensisi ckopoctsb 68,6 M/c.

2) Koncrauntun

3) He nepernast 661 Bpems npukennst Koncraranruaa 5.5 gacos, Bpems jpmkenne Ceména 4.25 1aca, HO ¢
y4eTOM OMOo3/IaHusd, TO 6.25 9acoB.

3ama4ga 5 B orkpoiToit U-00pas3noit TpyOKe, pas3/ie/IeHHOM TOHKO TOABUKHOIT TEPEropoJIKOil HAJTUTH KEPOCUH
u Bojia (cM.pucyHOK). KoJieHO ¢ KepOCHHOM 3aKPBIBAIOT MACCUBHBIM IOPIIEHEM, TIOC/IE Yero YPOBEHb BOJIBI,
OTCUUTAHHBIN OT KOJIeHa, n3MeHdeTcs B 2 pasa. Haiiiure maccy mopiiHs, ecju IIOMA b cedeHus: Tpyoku 50
cm?, a maganmbHad BhIcoTa Kepocuna 20 cM. JInny KoseHa camTaiiTe paBHBIM 60 CM, a TIEPeropoIKy B HAUah-
HBII MOMEHT BpeMeHH HaxoJdlelics mocepejune Kojtena. Ilnornoers Bogasl 1 v/em?, miiotHocTh Kepocuna 0,8

r /emd.

Pemienue:
Haiiem nepBoHada/ibHbBIN yPOBEHDb BOJBI B TpyOKe. OO03HAYNM HHIEKCOM 1 BOJLY, HHIEKCOM 2 - KEPOCHUH:

p1hig = p2hag

hl =16 cm.

PaccmoTrpum curyanumto mocste gobaBieHus mopIrHga. Haxoqmm cHadaia n3MeneHne ypoBHst BOjibl. OObeM K1
KOCTHU He IIOMEHSIETCs, TOrJIa MOYKHO 3allMCaTh CJIeTyIOIee:



Shy = Shy + AhS

Shly = Shy — AhS

OueBWTHO, ITO YPOBEHDb BOJIBI YBEJTUIUTCS, M3 YCJIOBUS N3BECTHO, UTO B 2 pa3a. /3 3anmcanHbIX COOTHOIITEHMIH
nosrygaeM, 9to hl, = hy — hy
Torna g maBaeHuil moaydaeM ClIeAyIomee:

mg

<+ p2(he — h1)g = 2p1hyg

m = (2p1hy + pshy — pahy)S = (16 -2,8 — 20 - 0,8) - 50 = 1440 r

3asmaua 6 [IycTh Ha pblYaKHBIX Becax CTOAT Ha OJIHON CTOPOHE IEPBBIi My U BTOPOU My TPY3bI, & Ha JIPYToit
Irpy3 Maccoit mg, TO B IOJIOXKEHUHM PAaBHOBECHUS OTHOIEHUE ILedeit Oyer 2:5, jaauna ojaHoit yactu 1 M. Ecin

yopaTh BTOPOIl rpy3, TO /I HOJIYIEHHS MOJO0KEHNsT PABHOBECHSI TOUKY KpEIlJIeHUsd HeOOXOIMMO CABUHYTH HAa
2 M.

1) Haiiure Maccy mepBoro u TpeThero rpysa, eCi Macca BTOPOro rpysa 2 Kr

2) Kakoii Macchl HY’KHO B3sTh 9eTBEPTHIil Tpy3, 9T00 M3HAYAJbHAS CHCTEMAa HAXOJIWIACH B DABHOBECHUU U
TOYKA KpeIjieHus ObLiIa Iecepe/inHe phraara.

Pemenne:
1) Iycrs 1y = 2 M, Iy = 5. Banuiiem ycaoBusi paBHOBecust. 110 IpaBUly MOMEHTOB MOJTYIaeM:

(my + ma)ly = msls

ml(ll —+ Al) = (lg — Al)mg

HOILCT&B.HHGM qucJjia 1 II0JIydaeM:

2(7711 + mg) = 5m3

4mq = 3ms

W3 sToit cucreMsl morydaem: ms = 2mso = 4 Kr, TOrjga m; = 3 Kr

2) Humna Beero peraara 7 m. Cepeauna orpeska 3,5 M. Pacemorpum 4 BOSMOXKHBIX CJTydast.

a) IlycTb ¢ 0ffHOM CTOPOHBI JIe?KAT MEPBLIil U BTOPOIi TPY3bI, a ¢ Apyroit Tpetuit u derBepthiit. Torma yciaosue
paBHOBeCHU:

(m1 + mg)l = (mg + m4)l

my = 1 KU

6) ITycTh ¢ OJJHON CTOPOHBI JiezKaT TEPBbIil 1 TpeTHil TPy3bl, a ¢ APYroil BTopoii n yerseproiii. Torma yeaosue
paBHOBECHUSI:

(m1 + mg)l = (m2 + m4)l

my = 2 KU

B) IlycThb ¢ 0J1HOII CTOPOHBI JieXKaT BTOPOii U TpeTHii TPy3bl, a ¢ JAPYroil IepBblil u yeTBepThiii. Toraa ycaosue
paBHOBeCHU:

(mg + mg)l = (m1 + m4)l

My = 3 KU

r) IlycTb ¢ OJIHOM CTOPOHBI JIE2KAT BCE TPH I'Py3a, a ¢ APYyroif - derseprhiil. Torma yciioBrue paBHOBECHsI:

(ma 4+ ms3 + mq)l = myl

my =9 Kr



8 KJ1acc

JIerkme 3amaqn

Bamaga 1 [larumerpossiii tuton maccoit 10 Kr jiexkuT Ha Tajgkoil ropke. Paccrosinie mo BbICOTE MEXK Ty
rojioBoit m xBoctoMm 2 M. C Kakoifi MUHUMAJIBHOW CHJION HYKHO Jep:KaTh IMHMTOHA 3a XBOCT, YTOOBI OH He
ckatmica san3? Orser naiire B Heoronax.

Pemmenne:
Bocmosb3yemest METOIOM BUPTYasIbHBIX TepeMertenuit dmgh — Tox = (mgh/l — T)dx. Torna F = ngh =
10210 _

== =40 H.
Bamaua 2 ['nomuk Bacs permmt npuaATh BaHHOUKY 00bemoM 40 j1. OH HaIu/I HEKOTOPOe KOJMYECTBO XOJI0/I-
HOIt BojbI ipu Temmepatype 20° u kunsaTka. Temireparypa morydeHHoi cMecn okasasachk 40° , 970 moKa3a10ch
Bace ropsiuo. Torma o cjmmia HEMHOTO BOJBI U J100ABII BHOBb X0JIOAHOM. CKOJIBKO BCETO XOJIOIHON BOIBI IO~
TpaTm THOMUK Bacs it oryderust remieparypbl Bojbl 36°7 OTBer jaiiTe B KUIOrpaMMAaXx.

Pemienne: Macca 40 st Bomwr pasua 40 kr. Ilycts my + ms = m, riie my - Macca ropsdeil BOJbI, a My -
xoJtofHoM. M3 ypaBHeHusa TerioBoro dananca Jijisi cMecu pu Temimepatype 40° MOXKHO 3alcaTh CJeyoIee

BbIpazKEeHHne:
t = matitmats
m

HO,HCT&BJIHH YUCJIEHHbIC 3HAYCHN A, IIOJIydaeM Ty = 10 xr.

AHajorauuHo, MOXKHO 3alucaTh JJId CMECH IIpH TeMieparype 36°:
t/ _ mit+mbts
m
[Tosyuem, uTo Macca XOJIOJHOW BOJBI B 9TOM ciydae my = 8 kr. Torjga cymmapHasi Macca XOJIOJHON BOJIBI

oyaer: M = mg + mi, = 18 k.

Samagya 3 DjiekTpudeckasi Ielb COCTOUT U3 TPeX JiaMIodek comporusieHusymu Ry = 8 Om, Ry = 16 u
R3 = 4(cm.pucynok). Kakast sHeprusi BbIIEIUTCS Ha TpeTbeil JaMiodke depes 5 MuHyT paborer? M3BecTHO,
YTO MOITHOCTBH BTOPOI jlamnoduku 25 Bt. aiite orBeT B K/IXK.

—_

6

Penienne:

P ="Y% 5 U, =PBE=20B.

Haitem compTuBienne IByX MapaJuIe/IbHBIX JAMIIOUeK: [Rs = }l Owm. Torna cuna Toka B e I = Up Ry =
201 =5 A. Tlo 3axomny JIzxoynsa-Jlenna mosy+aem nckomoe remno: Q = 2Rt = 25-4-300 = 3-10* [Ixx = 30
KJIK.

CJo>KHbIe 3aa11

3agada 4 Boouka B35/ KacTPIOJF0 00beMoM 3 J1 ¢ 1 K Jibjia u 1 J1 Bojibl. [lom KacTprosieit oH cTaJI C2KUTaTh
JpoBa Maccoii (0,5 KI, B pe3yJibTaTe 9ero CojepKuMoe Harpesoch. Kakoil ypoBeHb KUIKOCTH B CAHTUMETPaX
OCTAHETCsI B KACTPIOJIE IIOCJIe TOrO KakK cropdar Bce aposa? CuuraiiTe, 9TO Ha HArpeB MUJET TOJILKO IIOJIOBUHA
sueprun. JIHo KacTprosm 1miockoe ¢ mionaabio 200 em?. Boa Xopolo mepeMennBaeTcs.



Tabmanbie jpanube: wioTHocTh Bojb! ipu 0°C' py = 1000 kr/ M3, w1oTHOCTE Bob! Ipu 100° pigg = 960 Kr / M3,
yJleJbHas TeIioTa IiaBaeHns abaa A = 3,4 - 105 JIxK /Kr, yaeabHas TeloeMKocThb Jbiaa o = 2100 JIx /kr-°C,
ylelbHas TeloeMKocTh Bojbl = 4200 Ix /xr -°C,, yaenbHas TemioTa napoobpasopanus L = 2,3-10° Ik /kr,
yJle/bHast TeroTa cropanus apos ¢ = 10 - 108 JTx /xr.

Peimnenne: 13 ycmoBus BuaHO, 9TO Macca BOJBI U JIbJa COBIAQAAIOT U paBHBl 1 K. O6o3HaunM nx m, Am -
Macca UCHAaPUBIIEBCA »KUJIKOCTH, a M - Macca JIpoB. 3alnuliieM ypaBHEHUE TEILIOBOIO DaJlaHCa:

mA + 2m(t, — to)c + AmL = qgM

1-34-10* +2-42-10* + Am -230-10* = 0,5- 0,5 - 1000 - 10*

Am = 0,57 kr, Torga Macca ocrapmeil Boasl m’ = 2 — 0,57 = 1,43 xr. Tak kak Boga naxogurca upu 100°, To

’

_ . i m — —
IJIOTHOCTH OepeM pioo = 960. Tora ypoBeHb KujKocTu craHer: h = ThoTna=9608 — 0,07 m =7 cMm.

Bagaua 5 Oupeeure obiee B OM conrporuBiienne Mexk ry Toukamu A u B 1ienn, n3obpazkeHHO Ha prCyHKE.

2 OMm 4 Om 6 Om
{ 4 Ohﬂ l4 Om :|£
6 Om 4 Om 2 Om

Pemenne: 3amernm, 4T0 paccMaTpuBaeMas cXeMa CUMMETPUYHA U IePeXO/UT caMa B ceOsl IIPHU 10C/Ie/10Ba-
TEJILHOM OTPa’KEHUU OTHOCUTELHO BEPTUKAJIBHON 1 3aTeM MOPU30HTAJILHON oceil deprexka. Cie/loBaTe/IbHO,
TOKH, TEKYIHNEe Yepe3 TOPU30HTATBHO PACIOJIOKEHHBIE PEe3UCTOPhI ¢ conporuBieHusMu 4 Oma, OJUHAKOBBI
(o6ozradmM i Toku depes I). Ilo 910it 2Ke npuvnHe OMHAKOBBI TOKH, TEKYIIHE Yepe3 BePTUKAILHO Paco-
JIO’KEHHBbIEe Pe3uCcTOpbl ¢ conporusierusmMu 4 Oma (o6o3Haunm ux 4depes J). Torga pacrpeesienne TOKOB B
cxeMe OyJIeT TaKuM, KaK IT0Ka3aHO Ha PHUCYHKE:

20  40m p 6 Oum

I+J —I> I—-J
A 4 Om ¢J J¢ 4 Om L&
S
I—J I+J

6 On £ 4 0Om 2 Om

O6o3HaunM HAIPsIzKEHNE MEXKLYy TOUKAMEI A u B gepes U. Torma ns 3akona Oma st y4acTKa el II0JYYIHIM:
Hna ACE: Ry(I +J)+ RoJ = R3(I — J)

2-(I+J)+4J=6(I—-J)—J =1

Hnst ACDB: Ry(I + J) 4+ Rl + Ry(I — J) =U — I = 2%

B rouky B Brekaer tok 21, Torma R = % = % =5,3 Om

Sajaua 6 Y 6,IM30pyKOro YejioBeKa CTOSIIIEr0 Ha OCTAHOBKE CIIOJI3/IM OUKK Ha HOC U OKA3aJIUCh Ha PACCTOTHIT
1 cm pgasieiiie oT ri1a3, UeM oObIYHO. Pykm desjoBeka 3aHATHI, M OH HE MOXKET IIONpPaBUTh OukuM. Ha Kakom
MaKCUMaJIbHOM PAaCCTOSHUH B METPaxX OH CMOYKET YBUJIETh CBOW aBTOOYC, €CJIN ONTUYECKad CUJIa €ro JINH3 -D
anrp?

Pemntenue: Creraem pucyHoxk.




Taxk kak D < 0, To Jiunza pacceuaroriasi, 1 opMyJia TOHKOI JIMH3BI OY/JIeT UMETH BUJI;: —% = é — %

N3 sroit popMysIbl BUIHO, U9TO % < % Tak Kak 04KM CIBUTAIOT (DOKYCHOE PACCTOSHUE, TO IIPEeIMET OJIN30PYKUit
4Je/IOBEK BUJINT, KOIJIa OH HaxXoguTcs He 6osibine dem [+ x. Torma ecim o9km CroJism, TO IpeaMeT OT TJia3a
JIOJZKEH ObITh yJIaJieH Tak Ke He bosiee ueM |F| 4 x, a nzobparkenne OT IJIOCKOCTH JIMH3BI yJIaleHo He boee
qeMm Ha |[F| — 1

f=(F+1)

[ToncraBisieMm B (hOOPMYTY TOHKOM JTMH3BI U ITOJTyIAEM:
1 1 1

d F F+l
d=16 M
9 KJ1acc

JIérkme 3ajgaun

3amayga 1 B 6osmmmax opmysisl 1 B HOABECKE UCIIOIB3YIOT CUCTEMY COCTOSIOINILYIO U3 JIBYX HPYKUH, CM. PUCY-
Hok. [Ipmyem KOopoTKas €€ 9acTh UMeeT 3aMeTHO MEHBIIYIO YKECTKOCTD, UeM junnad. Haunnasa ¢ onpeiesen-
HOl HArPY3KHU Ha 3Ty IPYKUHY, €€ JKECTKOCTh Pa3Ko u3MeHsercs. Haitiure orHOIIeHne }KeCTKOCTEN COCTaBHOM
[PYZKUHBI TIPU MAJIbIX U GOJIBIINX HAIPY3KaX, eCJIM OTHOIIEHNE YKECTKOCTel eé dacTeil pasHo kg/ky = 10.

Pemnienne.

Kaxk BujiHO U3 KapTUHKU, Y KOPOTKO# MIPYKUHBI PACCTOSHIE MEK/Ty BUTKAMU JIOCTATOYHO MAJEHbKOE. SHAYUT,
HAYMHAS C ONPEJITICHHON /TehOPMAIMN BUTKHU MIPYKUHBI YIIPYTCsI JIPYT B JIPyTa U KOPOTKAas MPYKIHA HATHET
BecTH cebsT Kak TBEPI0e TeJi0. VIMEeHHO B 9TOT MOMEHT YKECTKOCTb TAKOH CHCTEMBI TIPYKIH CKAIKOM H3MEHUTCH,
TaK KaK CKUMaTbCs OyJIeT Terepb TOJIbKO boJtee JmuHHasg npykuHa. OTCro/1a MOXKHO CJIeIaTh BBIBOJ, UTO IIPU
MaJIbIX HAI'PY3KaX YKECTKOCTH COCTABHOIN IIPYZKUHBI OIIPEIEIATCs MTOC/IEI0BATEIbHBIM COeIMHEHUEM TIPYKUH,
a 1pu OOJIBIINX — YKECTKOCTBIO JTUMHHON MpyKuHbl. OO03HAUNB YKECTKOCTb MAJION MPYKUHBI 33 k 3aluineM
JKECTKOCTh CUCTEMbI JIBYX MPYKUH IPU MAJIBIX HAI'PY3KaX.

10k 10
11k 11

;=

Orcro/ta ICKOMBIIT OTBET paBeH o = % = 0.09.

Bagaua 2 Ilkorsuuk Crasa jean 1abopaTopHyo paboTy MO ONTHKE 3UMON M COOUPAJT OIITUIECKYIO CXEMY.
Onruyeckas cxemMa COCTOUT U3 COOMPAIONIEN JIMH3BI U TOYEYHOI'O MCTOYHUKA, PACIOJIOXKEHHOIO Ha €€ OITH-
qeckoit ocu. Paccrosinne mexkay uctoanukom u jmma30i d = 1.2 M, dokycHoe paccroguue jquu3el F = 1 M.
B kakoit-To MOMEHT OTKPBLIM OKHO U TeMIlepaTypa B KOMHATE yIaja, a MMOKa3aTe/b IIPEJOMICHUS JIMH3bI
yBesmuamica Ha on = 1074 Haiiaure B cM, Ha KaKoe PacCTOSHEE CIBHHETCH M300PasKeHUe MCTOTHHUKA, eCIIN
Hava/IbHBIN MTOKa3aTe b TPEeJOMJIEHNs] MaTeprasa JUH3bI n = 1.2.

Pernenue.



O6o3HaUNM MaJioe CMelIeHune I/1306pa}KeHI/IH HNCTOYHUKa Y€peE3 Af ypaBHeHI/Ie TOHKOM JIMH3bI 10 U3MCEHEHUA

1 n 1 1 D 1 N 1 1
TeMIIepaTypbl —; = a IToCJIe USMEHEHUdA TeMIIepaTypbl ———— - = —=

[d I
BBbIPayKeHUs TOJTYIUM — = D1 — Dy. Tak Kak n3MeHeHHe T0Ka3aTessl IPeJIOMJIEHUsT U CMeIeHne

11
f=Af  f
1 1 Af

F-AF 7T

KasaresjeM [PeJIOMJICHNs] MAaTepUaJia JIMH3bI U [I0KAa3aTe/IeM MPEeJOMICHUS Cpelbl D X (Nypme — 1), mostomy
_ 2 _
Dl—DO_(— -y =

n—1 n —
1.8 cMm.

= D;. Boruuraga stu

n300parKeHus MaJibl, Onrudeckasi Cujia JTUH3BI IPOMOPIMOHAJIBHA PA3HUIE MEXKY I10-

— 1) Dy. OxoHYaTe/JIbHO HAXOAUM CMelenne n3obpaxkenus Af =

Samadya 3 Oupezennure CONPOTUBJIEHNE OECKOHEUHON Iemm Mexkay Toukamu A u B, eciau conporusienue
Kazk0ro 3seHa pasao R =1 Owm. Orer maiite B OM.

B

Perntenne.

N3 coobpazkeHuil cuMMETpUN MOTEHITMAJ [TOCepeInHe MeXKIy TodkaMu A m B Oymer oamHakoBBIM U depes
CpeJiHre 3BeHbs TOK He 1MoTedéT. Tora, SKBUBa/leHTHasA cxeMa OyJieT BBIIVISIEeTh Kak

]
0
:

31ech pesncropaMu 0003HAYEHBI 3B€HbsI, a OYKBOIT X 0003HATEHO COIPOTUBJIEHIE TOM K€ CXeMbl, TaK KaK OHa
6eCKOHe‘IHa. BbILH/ICJIHH COIIPOTUBJICHUE 9KBUBAJIEHTHON CXEMBI IIOJIy9YUM

(R, + 2R)2R
R, + 4R

Pemas 510 ypaBHeHue u oTOpachiBas OTPUIATEIbHBI KOPEHb MOy TUM

R, =

R, = R(1+/5) = 3.24 Om.



CJyo>KHbIe 3a1a11

Sagaga 4
N Oarapeek, BHyTpEeHHee COIIPOTHUBJIEHNE KaxK 0 U3 KOTOPBHIX PaBHO 7', COETUHIIN COIVIACHO CXeMe, ITOKa3aH-
HOIl Ha PUCYHKE. N - YUCJIO OaTapeeK B OJHON JIMHUU, & 1M - IUCJIO JIMHUI.

el

e e e e e e e e e m e m———————— - - —

R el

S

> A
o

[Ipn kakux n 1 m TOK depe3 pesucrtop R Oymer MmakcuMaseH?

Pernenne.

HanmeeHI/Ie Ha KJjIeMaX «CJIOZKHOI'O» HCTOYHUKa paBHO NE. COHpOTI/IBJIeHI/Ie 2Ke «CJIOZKHOI'O» MCTOYHHKa 7o =

13 _ ne J—
2. Torga Tok 4epes pesuctop Oyjer pasen [ = Ton Takxke, n - m = N, orciojla TOK 4epe3 pe3nucTop
Ne

_ - T

Oyner pasen [ = TR Maxkcumym 3TOro BbIpazKkeHus J0CTUraeTcest upu n = /N .

Bamaga 5 [lununaputdeckas mpoOUpKa € TOJIUHON cTeHOK d, pajguycom R >> d u Beicotoit H >> R
CTOUT HAa JIHE aKBAPUYMa C KECTKHUM IIEPOXOBATHIM JIHOM. BHYTph akBapuyMa HAYMHAIOT M€/IJIEHHO HAJIUBATH
JKUJIKOCTH TIJIOTHOCTBIO p, TIPU 9TOM He Tomajag B mpooupky. [Liornocrs marepuasiia mpooupku 10p Ilpn
KAKUX YCJIOBHUAX MPOOMPKa MOXKET BCILIBITH! Kak M3MEHSATCs yCI0BUs, €CIH JTHO Oy/IeT MATKAM?

Pemnenne.

Tak Kax mpoOMpPKa CTOUT Ha IMIEPOXOBATOM JHE, TO IO/l HErO MOXKET 3aTeKaTh BOJIA, 3HAYUT Ha ITPOOUPKY
NeflcTBYIOT Be cuiibl, cuia Apxumena u cuia Taxkectu. Cuna Apxumena pasna Fy = pgHomR?, tne Hy —
BBICOTA JIO KOTOPOil HayuTa Bosa, npuiém Hy < H. C apyroit cTOpoHbI Ha TPOOUPKY JIEHCTBYET CUJIA TIKECTH
mg = 10pVig, tine V) — obbem mMaTepuasa, u3 KOTOPOro cjeiana mpooupka. Canrass CTeHKH TOHKAMU MOYKHO
Ipenebpedh BCEMI CJIaraeMBIMU TTOpAaKa d2 1 HOMyuIuTh, uto Vi = 2r RdH + mR%*d ~ 2r RdH . Orciona cuma,
TsizkecTn OyzieT paBHa mg = 10pg2m RdH . Sanucas ycjioBre IJIaBaHUs TeJl MOy IIM

pgHom R? = 10pg2m RAH

Orcroma MoxkHO Beipasuth Hy = 20dH /R. 3uauur ycjaoBue Ha BBICIUIBITHE MPOOUPKU MOXKHO 3allicaTh Kak
Hy =20dH/R < H, orciona R > 20d. Busso, 9TO ycjI0BrUe Ha CTEHKHU BBIIOJHUTCS 3aBEOMO.

B ciydyae Markoro JiHa mpoOWpKa MPOJIABUT JIHO My BOJbI He Oy/leT BO3MOXKHOCTH 3aTe4b I0JI TPOOUPKY U
CO3/IaTh JIaBJIEHNE CHU3Y, CJIeJI0OBATEIbHO OHAa HUKOT/Ia HE BCILJIBIBET.

3amaua 6 [Ipamoyrosbnas npusma, B OCHOBAHMH KOTOPOM JIEXKHUT MPABUJIbHBIN N-yTOJILHUK, JICKUT Ha Ha-
KJIOHHOH TIJIOCKOCTU Ha CBOell OOKOBOI I'paHM MEPHEeHINKYISPHO HAIIPABIEHUIO COCKaab3bIiBaHud. [Ipn kakom
3HAYEHUU N [IPU3Ma CKATUTCS ¢ HAKJIOHHON IJIOCKOCTH, €CJIN YIoJI HAKJIOHA IJIOCKOCTH K TOPU30HTY paBeH 6,
[pUYeM IIPU TOM yTJie MPU3Ma elle He COCKaJib3biBaeT! Yemy Jl0/2KeH ObITh paBeH KOI(MDUIMEHT TPeHusd,
9TOOBI HU OJTHA ITPU3Ma He MOIJIA COCKOJIB3HYTh HU IIPU KAKOM yTJIe HAKJ/IOHA ILJIOCKOCTH !

Pemrenmne.



Ucxons u3 yciioBusi, npu3ma He OyJIeT COCKaJIb3bIBaTh ¢ I1ockocTh. CJie/0BaTe/IbHO, YCIOBUE CKATHIBAHUS
6y,D;€T 3aKJ/II09aTbCd B HpaBI/IJIbHOfI nHreplnpeTraguu 1IpaBuJia MOMEHTOB. HOCKOﬂbe JJId KOMIIEHCallull MO-
MEHTOB CHUJIBI TAXKECTHU U CUJIbI TPECHUA H€O6XOLLI/IMO CMeIlaThb TOYKY IIPpUJIOXKEHUA CUJIBI pe€aKIUN OIIOPbl HHU-
JKe TI0 TIIIOCKOCTH. 'Torma KpaiiHsdas TOYKa MPUIOYKEHNS CHJIBl PEAKIINH ONOPHI Mepes] CKAThIBAaHUEM SBJISIETCS
HUZKHEN BEepINUHON CTOPOHBI MHOT'OYTOJIbHIKA, KOTOPasd KacaeTcs IJIOCKOCTH. 3alullieM MPABUIO MOMEHTOB
OTHOCHTEIHHO TOYKHU IIPUJIOZKEHUsS CHJIbI TpeHus (cepeguHbl cTOpoHbl). OG03HAYNM KaK Yyroa a = m/n yrou
MKy HepIeHIUKY/IAPOM U3 IIEHTPa MacC K CTOPOHE U IIPAMOIA, COeAUHAIONICH [IEeHTP MacC U BepLINnHY, [IPU-
MBIKAIOIIYIO K 9TOH CTOpPOHE.

Na/2 —mga/2cosa =0

Ucxonst n3 pasenctsa cui, noxyaum aro N = mg cos . Torma ycioBue ckaTbiBaHUS IPUMET BT

cos ) = cos(m/n)

Orciona, n > /6.

YcoBue cocKab3bIBaHUS MOXKHO IOJIYIUTH MCXO/IS U3 PaBEHCTBA CHJI, IIPH YCJIOBUU TOI'O UTO CHJI& TPEHUS
paBHa CHJIe TPEHUs CKOJIbKeHud Fo, = pN. Sanucas ux nosydnm tg 6 > p. B ycioBun tpebyerca 9To0BI HI
OJIHa TIPU3Ma He MOTJIa COCKOJIB3HYTh, JIJIS STOTO HEOOXOINMO UTOOBI YCIOBHE COCKAIb3bIBAHUS BBHIIOIHSIIOCH
JTst JII000r0 1 > 2, Tak KakK MPaBUJIbHbIA MHOIOIDAHHUK He MOXKeT MMeTh MeHblIie 3 ctopon. Orciona § > /3.
CresioBarebuo oTBeT OyiaeT pasen p = tgm/3 = /3 > 1. Orcioga MOXKHO 3aMETHTb, UTO /I OOBITHBIX
IIOBEPXHOCTEH TpeyrojibHas IPU3Ma BCEI/Ia COCKOIB3HET PaHbIIe, YeM CKaTUTCS.

10 kJ1acc

Bagaua 1 OuH MOJIB UIEaTLHOIO OJHOATOMHOTO ra3a sIBIIeTcsl pabOYIM TEJIOM TEIIOBOM MaIllUMHbI 1 YIaCT-
ByeT B IMUKJIMIeCKOM mporecce. CHavdaa ra3 HarpeBaeTCsi IPU MOCTOSHHOM 00'beMe, P 9TOM TeMIlepaTypa
yeesmuubaerca Ha 40% . 3aTeM mpoMcxoauT HATpEB M pACHIMpPEHHe ra3a IIPUA IOCTOSHHOM JABJICHNU, IIPU
KOTOPOM Temileparypa yBeandubaerca B 1.4 pasza. Ilpu mociemyromeM n3MeHEeHHE COCTOSHHUSA T'a3a ero 00beM
yeeqmuuBaerca emie Ha 20% ., a JaBjenue yMeHbIIAeTCs J0 IIePBOHAYAILHONO 3HAUCHUSI, IIPU STOM 3aBUCH-
moctb p(V') — nuHeiiHast. 3aTeM ra3 MpH MOCTOSHHOM JIABJIEHUN BO3BPAIAETCS B MCXOIHOE COCTOsiHME. demy
pasen KIIJI mpomecca?

Pemenne.
Hapucyem na PV-amarpammve nukii.

PA
1,4P,

Po

V T4, 16V, V

S,ZLer Y4T€HO, 9TO IIpU M30XPHOM HaI'peB€ OTHOCHUTEJIbHOE U3MEHCHNE TeMIIEPpaTyPbl PaBHO OTHOCHUTE/ILHOMY
N3MEHCHUIO JaBJICHUA, a IIpU I/1306paHOM HarpeBe — OTOCUTEJIbHOMY U3MEHCHHIO obbeMma.

KII/I mporecca 17 MOXKHO HalTH KaK OTHOIICHHUE ILJIONIANA 3aKJIIOYCHHOW BHYTPHU IHUKJA W ILIOIIAJIN, TIO]T
rpaduKaMi TeX YIaCTKOB, [JIe TTOIBOIUIH TETLIO.
Orciona momyanm KITJT



(1.4 +1.6)/2V, - 0.4P,

=05
1.4+ 1.6)/2Vy - 0.4P, + 0.6 P,V

T

3amada 2 /leBymka Anna pemmia ciejaTh THPJISHIY cBoMMHU pyKamu. /s sroro Anna B3sijia Oarapeiiky,
KOTOPYIO MOYKHO IPEJICTABUTH KaK MCTOYHUK C HEKOTOPBIM BHYTPEHHUM COIPOTUBJIEHUEM, U ITPUCOETHUSIET
K Hefl mapaJuie/ibHO JIAMIIOYKN THUPJISTHIbI. AHHA 3aMeTH/Ia, 9TO MOITHOCTD, BBIJe/IsdeMast Ha JTAMIIOUKAX ITPH
NPUCOEIMHEHUN OJTHOM JIAMIIOYKHU U YeTBIPEX JIAMIIOUEK OKa3ajach ojinHakoBad u paBHad N = 1 Br. Kakas
MOIIIHOCTDH OyIeT BhIAeIAThCs, ecin AHHa cobeper rupisHay u3 15 jammodexk? Orser jaiite B Br.

_I_—es
¥ QK &

g = -

Pemienune.

O6osnaunMm R — COIIPOTUBJICHHE JIAaMIIOYKH, a RO — BHYTpeHHEE COIIPDOTUBJICHNE NCTOYHHUKA. TOF,D;& MOITHOCTD,
BbIJIC/IAEMYIO Ha 7 JIaMIIOYKaX, 3allullleM KaK

P, =U?/R, =nU?/R,

riae R, = R/n — conpoTuBiieHIe TTAPAJIIEIbHO COEIMHEHHBIX N JJaMIoveK. Vcxoist n3 paBeHCTBa TOKOB HaiiIEM
nanpsokenue U, :

Un/Rn = (‘ga - Un)/RO

Orcroa moyanm

B &

Torga, IIOCTaBUB B BbIPpazKC€CHHE JIJId MOHOITHOCTU IIOJTYYINM

Un

P _ &? n
" R (1+nRy/R)?
[Tpuposusie Py u P, waiiném uro Ry/R = 1/2. Beipasum, P, gepes P = P
p In
(n+2)2

Torma, orser Ha Bompoc 3ajadu paser P = 1.11 Br.

P, =

Bamava 3 Ilpu ncnbitannn CIOPTUBHOTO JBUTaTE N, pa3padbarsiBaemoro kommnanneit MIKS B nmentpe Croit-
KOBO, M3MepsiJIaCh MOIIHOCTH BpAallleHus Bajia Kak QyHKIug Bpemenu. [lo pacyéraMm MHKEHEPOB KOMIIAHWIH
MIKS, kpyTdnmit MOMEHT 9TOTO JIBUTATE/IsI B UCCIEyMOM PEXKUME JIOJI?KEeH ObITh IPUMEPHO MMOCTOSTHHBIM. B
TabJIuIe TPUBEJICHBI U3MEPEHUs] MOITHOCTH KaK (DYHKIIMSA BPEMEHU, OJIHAKO Ha OJHOW U3 TOUEK UCILITATEIb-
HBII CTEHJI BbIJIaJ1 HellpaBUIbHOe 3Hadenne. Halijure 3navenne KpyTdIiero MoMeHnTa u jaiire orser B H-M ¢
TOYHOCTBIO 70 JecaTsix. MoMeHT mreprn Basa paseH [ = 4 - 107* kr-m2.

N, xBr | 40 | 7.7 | 13.8 | 15.6 | 19.6 | 23.4

t, c 0.01 | 0.02 | 0.03 | 0.04 | 0.05 | 0.06

Pernenue.

JIJ1st TOCTOSTHHOTO MOMEHTa CHJI UX MOIIHOCTH MOYKHO BhIpasuTh Kak N = Mw = Met = M?/It, rue yriosoe
yCKOpeHune ObLIO BbIpaxkeHo u3 ypapHeHus ¢ = M. Orcioga BHIHO, 9TO KPYTAIIUA MOMEHT MOXKHO HANTH
MCXOJIsl U3 YIJIOBOT'O HAKJIOHA 3aBUCUMOCTU MOIITHOCTH OT BpeMmeHu. [locTponm rpacduk MOIITHOCTH OT BpeMeH!
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25

20

15

10

M, KBT

0 001 002 003 004 005 006 0.07

L, Cek

Bujro, uro Touka Ha 0.03 ceKyHax BBIOMBAETCS, CJIEIOBATELHO MOCTPOUB HPSIMYIO MO OCTAJbHBIM TOYKAM
nostyuum, uro M?/I = 390 kBr/c. Orciona kpyrauuit moment M = 9 H-wm.

CioxKHbIe 331241

3anada 4 N = 3141 ynpyruil MaJeHbKIX MTAPUKOB MOMAaeT B YIPYTYIo cheprdeckyto 06omouky. HavampHasd
SHeprus Kaxk1oro mapuka — £ = 80 /:x. CunTaiiTe 9TO0 1ocsie nomnajjanus B chepraecKyio 000J09KY ITapUKQ
U3 Hee He BbLIETAIOT. demy OyjieT paBeH pajiyc 000JOYKN B PABHOBECUU, €CJIM TP YBEJIMYEHNN €€ IIONIA/IN
na 1 cm? sHeprus ynupyroii gedopmanun 060J09KK yBeJMuuBaeTca Ha o = 5 JIK.

Pemenne.

[TockoJIbKY KOJIMYECTBO IIAPUKOB JOCTATOYHO BEJIMKO U IIONAJAI0T OHH B ODOJIOUKY CJIyUailHBIM 0Opas3oM,
TO AJId OII€EHKHN JaBJICHUA MOZKHO HCIIOJIB30BaThb HpI/I6IH/I}KeHI/IH MOJIEKYJIAPHO KIHEeTUYEeCKOMn Teopuu. TOFI[‘a,
zarucas ocHoBHoe ypasuenne MKT depes snepruio MOKHO MOJIYIUTD

rJie KOHIIEHTPAIMIO IapUKOB MOYXKHO HaiiTh 1o ompegenenuio n = N/V = 3N/4rR3, a cpenusas sueprus
n3BectHa. OTIOC/IA JIaBIEHIE PABHO

NFE
~ 27R3
DTO JIONOJHUTEIBHOE JaBIeHne OyIeT KOMIIEHCHPOBATLCA pacTazkenueM 000s10ukn. CoBepInM BUPTYAJIbHOE
yBeJIMYeHNe paauyca 000I09KH Ha O9€Hb MAJIYIO BeIuanny 0 1R, 4ToObI HaiiTh KAKOE JIOIIOJIHUTEILHOE JABJICHIEC
OyleT OKa3hIBAThL 00JIOUKA M3-33 €6 PACTIAKCeHHS.

P,

P2rR*R — 027[(R+ 0R)* — R?] ~ P2rR*R — 047 ROR = 0

r7le 0 — JIOTIOJTHUTE/IbHAST SHEPIUsl CO3/IaBaeMasi M3-3a YBeJIndeHns Ha euHuIly miommaau. OTcoaa JaBieHne,
co3aBaeMoe 06J109KOl pauyca R pasao P = 20 /R.
JIBa HaliIeHHBIX JIaBJICHUS B PaBHOBECUHU Oy/IyT KOMIIEHCUPOBATH JIPYT JApyTa.

NFE
2R3

=20/R

. _ |/NE _
Orciofia, nckoMmblit pajyc papen R = /27— = 20 cwm.
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Bamaua 5 Msarkuii MajeHbKUiI MEIIOYeK IeCKa CKOJIB3UT IO TJIAJKOMY MOJIy CO CKOpocThio v = 10 M/c u
yJlapsieTcss O HAKJIOHHYIO IEPOXOBATYIO IJIOCKOCTH, KOI(MMUIIMEHT TPEHUsI CKOJIbKEHUS MEITKa, 110 KOTOPOi
paBer i = 0.4, a yroys HaK/JIOHa 9TOH IJIOCKOCTH K ropu3oHTy # = 45°. Ha Kakyio BBICOTY MOTHUMETCS
MEIIOYeK !

Pemntenune. PacemorpuM yiaap Menodka o HaKJIOHHYIO IIOCKOCTB. B mporiecce coymapenusi IMeprieHuKyJIsp-
Hag IUIOCKOCTU KOMIIOHEHTa UMILYJIbCa P, TepdAeTcs HOJTHOCTBIO, a U3-3a HaJIWdud TPEeHHd IOPU30HTaJIbHAas
KOMIIOHEHTa UMITYJIbCa P, YMEHDbIIUTCS. 3aIuIeM U3MeHEeHNe MEePIIeHIUKY/IsIPHON KOMIIOHEHTHI UMITYJIhCA

Ap, =p = /N(t)dt,

rie N — cujia peakIiiuu Orophl, & MHTEIPUPOBAHUE TTPOU3BOIUTCS 110 BpeMeHu coyaapenns. C JIpyroit CTOPOHBI
U3MEHEHNE BEePTUKAJIBHON KOMIIOHEHTHI UMITYJIbCa MOXKHO BBIPA3UTh KaK

Ap, = /FTp,dt,

IJie m3MEHEHHE UMITYIbCa CO3/1aETC NMITYJILCOM CUIBI TpeHns. Benomuus 3akon AmonTtona-Kymona Fr, = ulN
U TIOJICTABUB B IIPE/IbIIYIIEE BbIpayKeHUe, Oy IIM

Ap, = /uth = Upy-

Orcro/ia, KOHEYHBIN UMITYJIBC MEIIOYKa OyIeT paBeH

Pron. = Dz — 4Py = pcosf — upsin = mu(1 —,u)/\/§

2
SamnuieM 3aK0H COXpaHEHUd SHEPIruu, HpeHe6peraﬂ nmepeMemeHneM MEIIOIKa 3a BpEMA CTOJIKHOBEHU I, p;;: =

mgH + pmgcos 0H/sin = mgH + pmgH = (14 p)mgH. Ucnonp3yst BeIpaKeHue Jjisi KOHETHOTO HMITYJIbCA
MeNIo4Ka, IMOJy9UuM

v (1 — p)?
1 (1+p)gH
OTCIO,Z[& BbICOTa IIOJbEMa paBHa
2 1 — 2
A el T
41+ p)g

Bamadya 6 IrcnepumentaTop Jlansg Kymmin OGeCKOHEIHBIH HAOOpP PE3UCTOPOB, MPUYIEM OKA3aJI0Ch UTO I
Hanpsizkeauit aeke Uy = 2 B ux conporusiienne ere MOXKHO CYUTATH MOCTOSHHBIM U paBHbIM R = 1,5 OwM,
TO 1IpU OOJIBINIEM JTHAINIA30HEe M3MEHEHUs] 3HAYUEHUS HAIPSKEHUs y2Ke HEeT U OHO OIUCHLIBACTCS KBaIPATUIHOMN
sapucumocteio [ = U?/RU,. Tang cobpas GeCKOHEUHYIO CXeMy, KOTOPYIO Bbl BUjuTe Ha pucynke. Kakas
Oy/IeT BOJIBT-aMIIepHasl XapPaKTePUCTHKA TAKONH CXeMbI!

e 1 | -
I
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1. Ecym nojaérca nanpsizkeaue menbiie Uy = 2 B
2. Jlnst mpon3BOILHOTO HAIIPSIKEHHUS Ha KJeMax.

Pernenne.

B CUJIy CUMMETPHUN CXEMbl 9Y€PE3 BEPTHUKaJIbHbIE PE3SUCTOPbLI TOK T€Yb HE 6y,ILeT n 1nX MOXKHO MCKJIIOYHUTHb U3
PaCCMOTPEHNA. TOF,H@ 9KBHUBaJICHTHaA CXEMY 6y,ILeT BBITVIAAETH KaK

Ha kaxxjioM u3 BeTBJIEHUIT TOK OyJIeT JEIUTHCA IOMO0JIaM, MTOCKOJIbKY 3JI€MEHThI OJIMHAKOBBI. Torja, Halps-
JKEeHIE Ha M-HOM PE3MCTOpe MOXKHO BBIUUCIUTH Kak U, = [R/2" B mepsoMm ciydae, u kak U, = / RUyI /2"
BO BTOPOM.

Hamnpsizkenne Ha Beeit cxeme MoxkHO nocuntath Kak U = 2(Uy + Uy +Us +...). Yo B IepBOM citydae TIPUBOIUT
K
U=2IR(1+1/2+1/4+1/8+...) =4IR.

A BO BTOpOM CIlyUae

U =2VRUJI(1+1/V2+ (1/vV2)* + (1/V2)* + ...) = 2/ RU,IV2/(V2 — 1).

CoorBercTBeHHO, B tepBoM ciaydae BAX octanercs: TUHEHHOMN, IprdeM cOpoTuBIeHne paBHo 4 R. A Bo BTopom
ciaydae BAX ocranercss KBaJIpaTHIHBIM, 3aBUCHAMOCTDH KOTOPOI OY/eT BBITIAIETH KaK

;_UB-2v2)
N 8RU,
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