OauMnuana mKoJIbHUKOB «JIoMoHOCOB» Mo pusuke 2023/2024 yu. roa.

3aKJII0uMTeIbHbIN JTAaIl.
3agaHus, pelieHUs] U KPUTEPUH OLlEHMBAHUS.

10 kaacc

1.1. 3apaua. Yepe3 nerkuii 010K, MPUKPEIUICHHBIN K BEepTHKAJIBLHOU CTEHE, mepeOpolieHa HeBecoMast
HepacTspkuMass HUTh. OIMH KOHEL HUTH IPHUKPEIUIEH K JOCKE Maccoll M, nexalled Ha HaKJIOHHOM
IJIOCKOCTH € YIIoM HakioHa o = 30°. [Ipyroil KoHel HUTH
MpUKpeIyieH K Opycky wMaccoit m=M/9, KOTOpHIid
pacnoiokeH Ha JocKe (CM. pucyHoK). Onpenennure Moayb
YCKOpPEHHsI a, C KOTOPBIM OyIeT IBUTAaThbCs AOCKA, €CIH
K03((HUIIEHT TPEHHUS MEXKAY OpycKoM U Jockoi [y = 0,5, a ”1
k03P PUIMEHT TpeHuss MEXIYy AOCKOM U omopoit o =0,3.
VY4acTku HUTH MEXIy TelaMu U OJIOKOM pacloyOKeHbI B
OJTHOW BEPTHKAIBHOMN IIOCKOCTH MapaieIbHO HAKIIOHHON k2
mwiockocT. TpeHue B OJOKE OTCYTCTBYET. YCKOpEHHE
CBOOOIHOTO MajIeHHs IPUHATH paBHbIM g = 10 M/c?.

1.1. Pemenue: YKaxxeM BCE CHJIbI, JEUCTBYIOIIME Ha JOCKYy H
OpYyCOK, B TIPEIOIOKECHHUH, YTO JOCKA MacCOi M IBYIKETCS BHU3 11O Y
IJIOCKOCTH, @ OpyCOK 7 — BBepX 10 TIocKoCTH. [1o TpeTbemy 3akony
HeproToHa cuiibl TpeHUsT MEXIy JOCKOW M OpyCKOM paBHBI IO
MOJYJI0, TPOTHUBOIOJIOKHBI IO HAMPABIECHUIO U TPUIOKEHBI K u
o0ouM Tenam

(ﬁTpl = —ﬁT'pl). AHaJIOTMYHO Ul CHJI PEAaKIIMH OIIOPbI (ﬁl = —171') w2

MEXIy OpycKOM W JOCKOW. 3amuiinem BTOpoil 3akoH HproToHa B o
NPOEKIIMM Ha OChb X, HAIpPaBICHHYI0 BHHU3 BJOJb HAKIOHHOMN ~
IIJIOCKOCTH.

May, = Mgsina —T — Fp1 — Frpp;
ma, = mgsina + Fy,; — T.

Tak kak HUTb HEpacTsKUMA, a1 =—a2=a. BTOpol 3aKkoH
Hprorona B mpoeknuu Ha OCh Y, MNEPHEHIUKYISIPHOM K OCH X,
3aluILeTCs B BUIE:

N, = N; + Mg cosa; T N{
N{ = mg cosa.
!
1
C yuerom Toro, uto Ny = Ny, Frp1 = Filyy = Ny 1 Frpp = Ny, p P
Oy IUM: I

Ma = Mgsina —T — pyymg cosa — p,(m + M) g cos a;
ma =T —mgsina — ;mg cos a.

Ilocne ciokeHus: ypaBHEHHU HaAXOAUM YCKOPEHUE a.

OTtBert:
M-m 2m M
@ = 8 e (o a) g cosa= 0545



1.1 [eiicTBue

MakcuMaJbHbIi 0211

1 VY4acTHUK NPUCTYIUII K PELHICHUIO 3a]]a4u 1

2 Cnenan BepHBIM MOSACHSIOIMI PUCYHOK K 3ajade ¢ 3
yKa3aHHEM BCeX CUJI, IEHCTBYIOIIUX Ha JOCKY U OpyCOK

3 IIpumeHeH Tpetuit 3akoH HproTOoHa U1 CHII TpeHUs U 2
CWJI pEaKILUU OMOPBI

4 3anucaHbl ypaBHEHUS! IBUKEHUS 4

5 Hcnonb30BaHO yTBEPKIAECHUE O HEPACTHKUMOCTH HUTH 2

6 3anucanbl GOPMYJIbI IJIs1 CHUIT TPEHUS 2

7 BepHo pemena cucrema ypaBHEHUH, IIOJYyYE€HO 4
YCKOpEHUe

8 [TomyyeH npaBUIIbHBIA YUCIECHHBIN OTBET 2
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1.2. 3agaya. OpHopoaHbI TBepAblid cTep:keHb AB
Maccoi m, MOXKET CBOOOTHO BpalaThCsi BOKPYT 3aKPEIICHHOM
ocu, mpoxoasmed uepe3 Touky O, NEpHEHAUKYIIPHO
IJIOCKOCTH uepTexka (cMm. puc.). Touka O JeNHUT CTEPKEHb B
oTHowEeHuM 1: 3, cuuras ot 1eBoro Kpasi. BeprukanpHas HUTB,
IIPUKPEIUIEHHAS K JIEBOMY Kparo CTEpXkHS A M HENOJABUKHOU
Orope, yIep>KUBAET CTEPKEHb B TOPU3OHTAIIBHOM IOJIOKEHHUU.
[[Tapuk w™accoit M = 6m, mnojBeUIEH Ha JIByX HUTIX,
MPUKPEIUVICHHBIX K ocu BpameHus O u mpaBoMmy Kpaio B
CTEP’KHS TaK, YTO LIEHTP IIAPUKA U TOUKU KPEIUICHUS HUTEH
00pa3yroT MpaBUIBHBIA TPEyrodbHUK. CUCTeMa HAXOAUTCS B
paBHOBecuU. HUTh, COEAMHSAIONIYIO IIAPUK U OCh BPAILLEHUS
MEePEXKUTAIOT, IIAPUK HAYMHAET COBEpIIATh KOJIEOAHUs B TOU

s

)

K€ BEPTUKAJIbHOM IIIOCKOCTH, B KOTOPOM OH HAaXOIWJICS B COCTOSHUM paBHOBecus. Halinure oTHOmEeHNE
MaKCUMaJIbHON CHJIBI HATSDKEHUS BEPTHKATBHOH HUTH (T4)mar B Tpolecce KojeOaHWH, K CHIe
HaTshkeHus: T, 3TOM HUTH B COCTOSIHUU paBHOBecHs (10 mepekuranus). HuTu cuurarb HeBECOMBIMU U
HEpACTSHKUMBIMU, pa3MEpoOM LIapuKa M COINPOTUBICHHEM BO3AyXa IpeHeOpeub. YUuciioBoil oTBeT

OKPYIJIUTH 10 ACCATHIX JIONEH.

1.2. Peurenue.

-
(7O
A .-~ ~~o| ---

W

Pucynok 1.

Mg = 2T, cos(a) = T; =

YuuteiBas HEBECOMOCTH HHTeﬁ, a

R 5 TaKXKe€ CUMMETPUIO  CHUCTEMBI, MOYKHO
CZeJIaTh BBIBOJ, YTO CUJIbI HATSHKEHUS HUTEH,
Ha KOTOpBIX MOABEUIEH WIapuKk M, paBHBI
JIpYT ApYyTy IO MOAYJIIO:

|f0| = |T01| = |TB| = |731| =T;.

3anucaB BTopoi 3akoH HproToHa st

rapuka MB IMPOCKIHUU HA OCb

Y, moty4uM BBIPAKEHHUE:
Mg
2cos (a)’

rae a = 1 /6. YpaBHEHHE MOMEHTOB, OTHOCHTEIFHO OCH, IPOXOZsIiel yepe3 Touky O, mpumer

BUI:
L

L 3L
TA —_ = mg . Z + T1 . —Sln(Z(X), = TA = mg + 3Mg ’ Sin(“))

4 4



rme L — miuHa crepxHs AB.
[Tocne mnepexuranus HUTH, MmIApUK M
OyleT JABUTAThCS MO Iyre OKPYKHOCTH C
IeHTpoM B Touke B m pagmycom 3L/4.
Cuiia HaTSDKEHUSI HUTH, IPUKPETUICHHOU K
mapuky M, Oyner MakcuMajabHa IPU €ro
MpoxXoXkJAeHuH Touku E, Kkorga HUTH
3aliMeT BEPTUKAJILHOE MOJIOKEHUE.

Cxopocth v mapuka M B Touke E,
MOXKET OBITh HaiiieHa U3 3aKoHa
COXpaHEHUs  TMOJIHOW  MEXAHUYECKOU
SHEPrUu:

Pucynok 2.

Mv?
2

=MgZL[1—cos ()];=>v ;gL[l—cos (@)].

Torna 3Hauenue T, MOKET OBITh MOJIYYEHO U3 BTOPOTO 3akoHa HhI0TOHA, 3aTMCAaHHOTO B IPOEKIIUN
Ha OCh Y:

Mv” T, — M T 4M3L1 (a)] + Mg = Mg[3 — 2cos(a)

MoMEHT CHIBbI HATSKCHUS 12 OTHOCUTEIBLHO OCH O, B OTOM CJIy4ac TaKXKC 6YI[€T MaKCHMAaJIbHBIM.
HOBTOMY 6YI[6T MaKCHUMaJIbHOM U CHJIa HATSHKEHUS HHUTHU, HpHerHHCHHOﬁ K TOUKe A CTCPIKHS, KOTOpad

MOXET OBITh HaiJIeHa U3 YPaBHEHUS TSI MOMEHTOB CHJI, OTHOCUTEJIBHO TOH JKE OCH:

T L L T 3L
A r—=mg-—+ 2"
max 4 g 4

C y4eToM, MOJTyYEHHOTO BBIIIE BBIPAKEHUS JUIs Ty:
(Ta)max = mg +3Mg [3 - 2cos(a)];

(Ta)max _ myg +3Mg[3 — 2cos(a)] mg + 3Mg[3 - \/§] _1+18(3 - V3)
T,  mg+3Mg-sin(a) @ mg+3Mg/2 10 '

I/ICHOJ'ILBYSI COOTHOUICHUS, NPUBCACHHLIC YCIIOBUS MMOJYYUM CICAYIONIYIO OIICHKY:

(TA)max ~ 2 4
Ty P

(TA)max _ 1+18(3—V3) _
Ta 10

2,4.

OT1Ber:



Ne 1.2 [eiicTtBHe MaxkcumMaabHbIN
0aJI

1 Y4acTHUK NPUCTYNWI K PELICHUIO 3a1a41 1

2 Cnenan BepHBIM MOSACHAIOIIMA PUCYHOK K 3ajJade ¢ 4
YKa3aHUEM BCEX CUJI, AEUCTBYIOIINX Ha IIAPUK U CTEPKEHD

3 CrnenaHo yTBEpKIECHUE O PABEHCTBE CUJI HATSHKCHUSI HUTEH 1

4 3anucaHo ypaBHEHUE MOMEHTOB U IOJIyYE€HO BBIpAaKEHUE 2
IUIsL CUJIBI HATsDKEHUS 1A

5 CrenaHo yTBEpAEHHUE O TOM, YTO CUJIa HATSYKEHUS] HUTH, 2
IIPUKPEIUIEHHON K IapHKy, OyleT MakCHUMallbHa IPHU €ro
MIPOXOXKJICHUM HUKHEN TOUKU

6 3anMcaH 3aKOH COXpPAHEHMsI IIOJIHOM MEXaHW4YeCKOM 2
SHEPI'UHU U ONpesiesieHa CKOPOCTh IIapuKa B HUXKHEH TOuKe

7 3anucaH BTOpo# 3akoH HploTOHa J1s m1apuka B HUXKHEH 2
TOYKE

8 3anucaHo ypaBHEHUE MOMEHTOB U IOJIyYE€HO BbIpaXKEHUE 2
JUISL CUJIBI HATSOKEHUS T'A(max)

9 [Tony4yena uckomas puznveckas BEITUINHA 2

10 [TomyuyeH npaBUIbHBIA YNCIEHHBIN OTBET 2
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1.3. 3agaya. Moib HACAIHLHOTO OAHOATOMHOIO Ta3a MEPEBOAST M3 HEKOTOPOro HAYaIbHOIO
COCTOSIHHSI B HEKOTOPOE KOHEYHOE COCTOSHHE CHadalia M300apHO, 3aTeM M30XOPHO, W MPH 3TOM K raszy
He00X0IMMO MOJIBECTH KOJIMYECTBO TEIUIOTHI (). MuHUMaNbHas TeMiepaTypa ra3a npu IpoBeACHUN ITHX
JBYX MpoleccoB paBHA T, = 200K. Ecnu e nepeBecTH ra3 u3 TOro e Ha4aJlbHOTO B TO K€ KOHEYHOE
COCTOSIHHE, C)KaB €r0 aJiMadaTHUeCKH U YMEHBIINB MPU 3TOM ero oobeM B 10 pas, TO BHEIIHUM CHJIaM
MPUICTCS COBEPIINTD paboTy paBHyto 1o moxayito A = 40k/[x. Haiiaure komumuecTBO TEIIOTH Q.

1.3. Pemienue:

U3 yCJI10BHUA 3a4a4u JACHO, 4YTO CHa4dalla ras3 I/1306apH0 CXKHMACTCA, 31€Ch OH OTAACT KOJIHUYCCTBO
TEILJIOThI. 3aTeM ra3 HN30XOPHO HArpe€BacTcCs, rAc¢ OH IOJIy4acT KOJIMUCCTBO TCIIOTHI. IIo IEPBOMY 3aKOHY
TCPMOJUHAMUKHA Haﬁ,[[eM KOJIMYCCTBO TCIJIOTHI, OTAAaHHOC I'a30M B I/I306apHOM Imponecce:

3 5
Qp = AUp + 4p = EVR(TmL'n —T) + VR(Trin — T) = EVR(Tmin — T,
A€ v - KOJIMYECTBO BCEIICCTBaA rasa, TH - Ha4daJlbHasA TEMIICparypa rasa. HaHHoe KOJIM4YECTBO

TEIUIOTHI SIBJIAETCS OTPULATEIBHON BETMYNHOM.

ITo IIEPpBOMY 3aKOHY TCEpMOAHWHAMUKU Haﬁ)leM KOJIMYCCTBO TCIUIOTHI, IIOJYUYCHHOC Ia30M B
HN30XOPHOM ITpOoLECCC:

3
Qv =AUy + Ay = EVR(TK - Tmin)'

rae Ty - KOHeUHas TeMIlepaTypa rasa.

Torga 06mee IIOABOAMMOC KOJTMYCCTBO TCIIJIOTHI 6y,[[eT paBHO:

3
Q= Qv +0p = VR (Tyin = Tu +5 (= T,)). (1)

[To mepBoMy 3aKOHY TEPMOAMHAMHKHA MOIYJIh PabOThl BHEIIHUX CHJ TIPU aauadaTuuecKoM
IIPOLIECCE PABEH:

3
Au = A=5VR(T —T). 2)

C nomorpio ypaBHeHUs MenaeneeBa — Knaneiipona mnoixyyaem AJis IByX COCTOSIHHM rasa:
pHVH = VRTH’ pHVK = 1/RTmin-
Otkyna
Vi Ty
—_— = 3
7 (3)

Tmin

Oo6benunss ypasaenus (1), (2) u (3) u yuutsiBas, urto V,/V, = 10, nomxyuum:

Q = A — 9VRT,;, = 40000 —9 -2 - 8,31 - 200 ~ 10k

OTtBeTt: Q =~ 10x/[x.



1. 3 JdeiicTBHe

MakcuMaJbHbIi 0211

YyacTHUK IMPUCTYIIWI K PEIICHUIO 3aJa41

2 Crenas BepHbIN NOSCHAIOINN PUCYHOK K 3a/a4e 2

3 OnpeneneHo  KOJWYECTBO TEIUIOTHI, OTAAHHOE 3
n300apHOM IpoIecce:

4 HaiineHo KOJIMYECTBO TEIUIOTHI, IOJYYEHHOE 2
M30XOpPHOM IIpoLecce

5 Omnpeneneno o61iee MOJBOAUMOE KOJIMYECTBO TEILIOTHI 2

6 Haiinena paboTta BHEITHUX CHJI ITPU a1MabaTHYECKOM MPOIecce 2

7 IIpumeneno ypaBuenne Menaeneera — Kimaneiipona 2

8 BepHo onpenenena uckomas puszndeckas BeIMUnHA 4

9 ITosy4yeH npaBUIbHBIA YUCIEHHBIA OTBET 2
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1.4. 3apnaua B cxeme, npencraBieHHONM HAa PUCYHKE, MI€aIbHbIA NCTOYHUK UMEET HAIpPsKEHUE
Uy =5 B. ComporuBieHusi BceX pe3UCTOPOB OJMHAKOBBI, COIMNPOTHUBICHUEM IPOBOJOB MOXKHO
nperedpeus. EMkocTu xounaercaropoB C; = 4 HO u €, = 6 H®. HaliTh 3HEPTHIO SIEKTPUYECKOTO OIS
B KOHAeHcaTope C; uepe3 UIMTENIbHOE BpeMsi mocie 3ambikanusa kioua K. Jlo 3ambikaHus kiroya

koHsieHcaTopsl C1 1 C2 ObLIN HE 3apsKEHBI.

O0603HauuM pe3ucTopsl HHdpamu, cM. puc. a. Pezuctopsl 3, 8 HIyHTHpPOBaHBI MPOBOJHUKOM,
CIIe/IOBATEIbHO, MOYKHO CYUTATh YTO TOK Yepe3 HUX MPOTEKaTh HEe Oy/IeT ¥ X MOXKHO YIAJIUTh U3 CXEMBI.
Uepes anurenabHOE BpeMs MOCIIE 3aMbIKaHUs KIIF0Ya KOHJIEHCATOPBI 3apsIATCs U TOK Yepe3 Pe3UCTopHl 1,
10 npotekarp He OyneT. Ciie0BaTeNbHO, aJJeHNE HAIPSDKEHUS Ha ATUX PEe3UCTOpax OyeT paBHO HYJIO U
UX B CXE€ME€ MOXKHO 3aMEHMTh NpPOBOAHUKAMHU. B pesynbTare mosydaeTcss SKBHUBAJCHTHas cXeMma,
n300pakeHHast Ha puc. O, TJIe COMPOTUBIICHUS PE3UCTOPOB

Ry, = R;9 = 2R,

Rs = R¢ = R.
Tok uepes pe3uctopsl R,, U Rs OyneT paBeH:
Uo Uo
L =——7=—.
Ry, +Rs 3R

Hanpspxenue mexay Toukamu A u B Oyner paBHo:

Uo
Usp = 1R24 = 3

Toxk uepe3 pe3uctopsl Rg 1 R;¢ OyneT paBeH:
Ug U

L=——"—=2-
2" R¢+Rs,s 3R



Hanpspxkenue mexy Toukamu A u D:

Uo
UAD == 12R6 == ?

Hanpspxkenue mexy Toukamu B u D:

Uy
Ugp = Upp — Ugp = ?

KOH,I[GHC&TOpBI COCAMHCHBI IIOCJICA0BATCIIbHO, IIOOTOMY HUX 06I_Ha${ CMKOCTBb paBHa:

GG,
Cooy = 77—
C: + G,
3apsi Ha KaXKIOM M3 KOHJEHCATOPOB:
C,1GUo
=UppCosy = ————=
q BD 06LLL 3(61 + Cz)
HcxoMmasi sHeprusi 3JeKTpUYECKOro mofisi B KoHaeHcarope C; paBHa:
q? C.CU, \2 1 4-107°-6-1072-5\ 1
W, = = ( ) . = — — . — = 2 H/Ix.
2Cy 3(CL+Cy))  2¢4 3(4-107°+6-1079) 2:-4-107°
Ortser:
We = 2 5/Ix.
Ne 1.4  eiicTBHue MakcuMaJabHBIH
oaJ
1 Y4YacTHUK NPUCTYIUI K PEIICHUIO 3313491 1
2 [TomyueHna (c 00bsICHEHHEM) SKBUBAJIEHTHAs CXeMa 5
3 Omnpenenenbl HEOOXOIUMBIE JIJISl PEIICHUS 3a/1a49M CHIIBI TOKA 4
gyepe3 pe3uCTOpbl U HAPSKEHHUS.

4 Ompenenen 3aps/1 Kaa0ro U3 KOHIEHCATOPOB 4
5 [Tonyyena ¢opmyna 1st SHEPrUH KOHEHCATOPOB 4
6 [TomyuyeH npaBUIIbHBIM YUCIEHHBIN OTBET 2
BCET'O 20




1.5. 3agaua. OnHopoaHast
aJfOMUHHUEBAs JeTanb HMEET bopmy
MPSIMOYTOJIBHOTO napasuiesenumesaa co

VA7 A

CTOpOHaMH, OTHocsimuMmucs kak 1:1: V15.
OgHo W3 ee MeEHbIIMX pebdep MAapHUPHO
MPUKPEIJIEHO K IUIOCKOMY JHY JOCTaTOYHO
00Jb11101 KIOBETHI. C TTOMOIIBI0 BEPTUKATBHOM
HUTH, TPUKPEIUICHHOW K Jpyromy peopy,
JeTadb yASPKUBACTCS B PABHOBECHH TakK, YTO
JUaroHaJIbHOE CCUCHHE JIETadd OCTaeTCs
TOPU30HTAJIBHBIM (TIYHKTHpHAs TpsMas Ha
pucyHke). B kioBeTy HauMHAIOT MEJICHHO HaJIuBaTh Maciio. OnpeaenuTb OTHOUIEHUE CUJTbI HATSHKCHUS
HUTH B MOMEHT, KOrJjla CBOOO/IHAsA MOBEPXHOCTh Macia JIOCTHIVIa YKa3aHHOTO IMyHKTHPOM Ha PHUCYHKE
YPOBHS TOPU30HTAILHOTO CEUEHUS, U CUJIbI HATSHKCHHS] HUTU B CyXOH KtoBeTe. CunuTarh IIOTHOCTh Macia
B TPU paza MCHbBIICH MOHATHOCTH AJTIOMHUHHUS, HUTb — HEBECOMOW M HepacTskuMmoil. IIpeneOpedb
00BbEMOM MIAPHHUPA U TPEHUEM B HEM.

1.5. Peurenue.

4

g -

Ha neranb, morpyXxeHHyI0 B Macio, OEHCTBYIOT CHJIBI: HATSDKEHUS HUTH T, TsDKeCTH mg

(mpunoskeHa K eHTpy mapasuienenumnena O), cuna peakuuu onopsl N, cuna Apxumena Fypy (TpuiioxkeHa
K TOYKE MmepecedeHus Meauan Tpeyronbauka ABC).

Tax kak ABCD — nipsimoyronbHuK, a AB u DC — ero nuaronanu, o A0 = OC = OB = x, AB =
2x. lpumensis Teopemy Ilucaropa x AABC, nonyyaem BC = x/2 . I3 AOBC, ucnomnn3ysi Teopemy
KOCHHYCOB, HaiineM cos(£B0OC) =7/8 u 0Q = x - cos(«B0OC) = 7x/8. CoracHo CBOMCTBY MeIuaH
OE:EC = 1:2, torna OK = x/3 - cos(£B0OC) = 7x/24,KQ = 0Q — OK = 7x/12.

3anuiueM ypaBHEHHME MOMEHTOB CHJI, IEUCTBYIOIIMX Ha JI€Tallb, OTHOCUTEIBHO OCH, IIPOXOASIIEN
yepe3 Touky C, NepneHAuKyJISIpHO MII0CKOCTH YepTexa:

[Tycte p — moTHOCTH Macia, V — obobeM jgeranu, torma m = 3pV, Fapx = pgV /2. Beipaxkas
IIJICYU CUJT Yepe3 X MOIyUHUM:
15x vV 7x 7x

TT+ngE=3pVg§

Otkyna T = i—ngV.

B OTCYTCTBUH MacCJjia B KIOBCTC, YPABHCHUC MOMCHTOB IPUMCT BU:



T 15x_3 v 7x

7
rne Ty - cuia HaTsHKEHUs B OTCYTCTBUM Macia B ktoBete. Torma T = : pgV n

T 8
T, 9
Ortger: 8/9.

Ne 1.5 eiictBue MakcuMabHbIH 0aJ11
1 VYyacTHUK NPUCTYIUI K PELICHUIO 3a7a4u 1
2 Cnenan BEpHBIM TMOSCHAIOIIMK PHUCYHOK K 3agade ¢ 4

yKa3aHHUEM BCeX CUJI, IEHCTBYIOLIUX Ha MapaJuieenuie
3 Bepno onpeneneHs! mieun cui 3
4 3anucaHo ypaBHEHHE MOMEHTOB B CIIy4ae CyXOH KIOBETBI 3
5 3anucaHo ypaBHEHHUE MOMEHTOB I CiIy4asi KIOBETBI C 3
MacJioM
6 [Tonmyuena uckomas pusnyecKkas BeIMYuHA 4
7 [TonyuyeH npaBUIIBHBIN YACIEHHBINA OTBET 2
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Oaumnuana mKoJALHUKOB «JlomoHOocOoB» Mo pusuke 2023/2024 yu. rox.
3aki0unTeabHbIN 3TAIl.
3agaHus, pelieHUsl U KPUTEPUH OLIEHUBAHUS.
7-9 kjaccobl

1.1. 3agauya Kamens OpocaroT BEpTHKAIBLHO BBEPX C MOBEPXHOCTH 3eMJIHM. HEeKOTOpHI Hava bHBIHN
Yy4acCTOK ITyTH, HAUMHAIOLIUIICS Ha TIOBEPXHOCTH 3€MJIM, OH IIPOJIETEN 3a BpeMs t; = 1C, a cienyromuii
TaKOH e M0 BEJIMYMHE yYacCTOK ITyTH OH MpOJIeTaeT 3a BpeMs t, = 3C. Haliaure nonHoe Bpems mosera
KaMHs 10 coynapenus ¢ 3emseid. ConpoTuBiIeHHEM BO3yXa rpeHeOpeub. CunuTaTh, YTO B YKa3aHHbIE
WHTEPBAJIbl BPEMEHHU KaMEHb BCE €IIE JIBUTaJICS BBEPX.

1.1. Pemienne
3anuiieM ypaBHEHUS KUHEMATUKH JIs1 YH4aCTKOB Iy TH, MIPOMICHHBIX 32 BpeMeHa tq U t; + t,:

2
S ="Voty — %, 1)

2
25 = Vo(ts + 1) = 25 (2)

rac S— AJIMHA ABYX OAMHAKOBBIX YYaCTKOB, VO — HadaJibHasd CKOPOCTb KaMH#.

Pemas ypasuenus (1), (2), noxyuum:
V. = 29ti-g(ta+tz)”
o~ 2(t1—t2)

Torna nonHoe BpEMs 1TOJICTA O COYAApCHUs C 3eMieH paBHO:

2V 2t2—(t1+t)2  2-12—(1+3)2 —7
bon = 7=~ =71 ¢
) 1~ L2

OtBer: t,,, = 7C.

Ne 1.1 HeiictBue MaxkcumaJibHbli 6aJ11
Y4acTHUK NPUCTYIWII K PELICHUIO 3a/1a4l 1

CruenaH BepHbIN NOSICHSIIOIINMN PUCYHOK K 3a7aue

3anucaHbl BEpHble KHHEMATUYECKUE COOTHOLICHUS
OnpeneneHo NoHoe BpeMs MOJIETA 10 COYIapEHMsI ¢ 3eMIIeH
[TonyuyeH npaBUIIbHBIN YUCICHHBIM OTBET

BCEI'O 20
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1.2. 3apgaya Merauueckass OJHOpPOJHAs MpsAMas Ipu3Ma Maccod m = 1 KI B OCHOBAaHHUU HMEET
NPaBUIbHBIM IIECTUYTOJAbHUK. ECIM MOJOXUTh NpPU3My HA TOPU3OHTAIbHYIO ITOBEPXHOCTb

OCHOBaHHEM, TO OHa Ooyner OKa3bIBaTh JIaBJICHUE
p; = 63 klla, a eciiu 6OKOBOIT IPaHbIO, TO JaBiIeHUe 6yIeT p, = 4080 ITa. OnpenenuTe MWIOTHOCTD
MaTepuaia IIPU3MBL. VYckopenue CBOOOIHOTO najJieHus MIPUMUTE paBHBIM
g =10m/c%

1.2. Pemienue
[Tnomane mecTUuyroabHUKA ONpeneseTcst GopMyIioi:
3V3
w=——a° (1)
2
IJIe @ — 3TO CTOPOHA IIEeCTUYTobHUKA. OObEeM MPSIMON TTPU3MBI:

33
V=Sm-h=Ta2h,

rac h — 510 BBICOTA IIPpU3MBI.
,Z[aBJIeHI/Ie, OKa3bIBA€MOC OCHOBAHHUEM IIPU3MEI, 6YI[€T OIpPCaACIIATBCA COOTHOIICHUCM:

_mg  2mg
P1 SLLI 3\/§a2'
OTCroaa Haﬁ,[[eM CTOPOHY HICCTUYT'OJIbHUKA:
2m
a= |29 @

3v3p; .

I[aBJ'IeHI/Ie, OKa3bIBaeMoe OOKOBOM I'paHbIO IIPU3MBI, OIIPCACIIACTCA COOTHOIICHUCM
m

P2 = EI
OTKYyIa C y4€TOM (1) HaﬁI[CM BBICOTY IIPHU3MBI.

33 1

h= |— .=. (3
> Mgp1 ) 3)
Haﬁz[eM I/ICKOMyIO TITIJIOTHOCTD MaTepI/IaJ'Ia l'IpI/I3MBIZ
m m
p‘V‘iﬁ

C yuerom (1) — (3), ona OyaeT onpenensiThCs COOTHOIIICHUEM:

_ [2p e [2Beo0 sm0 g = 8160
P= amg g 3110 10 = 8160 . Otser: p = 8160 —.

Ne 1.2 HelicTBue MakcuMaJIbHBIH 0211
1 Y4acCTHUK IPUCTYIHI K PELLIECHUIO 3a/1a4u 1
2 OnpenelieH 00beM MPHU3MBbI 2
3 OmnpeneneHa IONaab MECTHYTOJbHUKA 2
4 [lonmydeHo cooTHOIIEHWE Ui JaBJIEHHs, OKa3bIBAEMOTO 3
OCHOBaHHUEM MPU3MBI
5 [Mony4yeHo cooTHOIIEHHE JIJIs JABIICHUSI, OKa3bIBAEMOT0 OOKOBOM 3
TPaHbBIO MTPH3MEI
6 Haiinena ctopoHa miecTHyroJbHIKa 2
7 Haiinena BbicoTa MpU3MBbI 2
8 Onpenenena BcKoMas INIOTHOCTh MaTepHaja MPU3MBI 3
9 ITonyyeH npaBWIbHBINA YMCIEHHBIM OTBET 2
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1.3. 3apaua. [IpuriacuB BHYKOB Ha YaelUTHE HA CBOEM MpHUYCcaaeOHOM ydyacTke, 6alylika Hajauia
KHUIATOK Maccot m, = 250t nmpu temniepatype t, = 100°C B cBoO M00MMYyt0 (hapdopoByro Hamiky B
TOPOIIEK ¢ HAYaIbHOW TemrepaTypoi tg, = 35°C. Cpasy ke mocie 3TOro oHa OIMyCTU/IA B YaIIKy ¢
KHITSITKOM CcepeOpsHYIo JOkKKY Maccoit m. = 80r, a 3arem nonmna m, = 50r 3aBapku dasi, IMEIOIINUX
temnepatypy t; = 20°C, B pe3yJbTare 4ero B 4Yalllke€ yCTaHOBWJIAach Temmeparypa t, = 80°C.
Haiiure maccy mobumoii dapdoposoit yaniku 6abymiku mg, . Cyurarh, 4T0 CepeOpsHas JIOKKA

MOJIHOCTBIO MOTPY3WJIaCh B KHIIATOK, YZeNbHAas TEIJIOEMKOCTh 3aBapKd 4Yasi paBHA YAEIbHOM
TETUIOEMKOCTH BOJIbI. TEeIIo00MEHOM C OKpY KaloIel cpeioi mpeHeOpeyb. Y IeNbHbIC TEIIOEMKOCTH
BoJbl, (hpapopa u cepebpa pasusl ¢; = 4200/l /xr - °C, ¢g, = 800/x/kr - °C  wn ¢, = 250/k/kr -
°C COOTBETCTBEHHO.

1.3. Pemienne
KomnnuectBo TCIIJIOTHI, OTﬂaHHOﬁ KHUIIATKOM IIPU €TI0 OXJIAXKACHUU 10 KOHEYHOU TEMIICPATYPHI:
QOT[L = CBmB(tB - tK)'

KonuyecTBO TEMIOTHI, MOTYUYEHHOE JIOXKKOH, YAIIKON U 3aBapKOil MPU UX HArPEBaHUH 10 KOHEUHOH
TeMIEepaTypbl:

Qnon = C(me)(tK - t(b) + Ccmc(tx - tl) + CBmS(tK - tl)-

3anucas YpaBHCHHUEC TCIIJIOBOT'O 6ancha, MOJIyUUM:

QOTA = Qnom
CBmB(tB - t}() = Cd)m(b(tlc - t(b) + Ccmc(tK - tl) + cym;, (t}( - tl):

CgMy (tB - tK) - Ccmc(tx - tl) - CBmS(tK - tl)

m(b = —
C(b ' (tK - tq))
4200-0,25- (100 —80) — 250- 0,08 - (80 — 20) — 4200 - 0,05 - (80 — 20)
B 800 - (80 — 35)
= 0,2kr.
Otser: my = 0,2 kr.
Ne 1.3 JleiictBHe MaxkcuMaJbHBIH 011
1 Y4aCTHUK NPUCTYNWI K PEIICHUIO 334a4H 1
2 OnpeneneHo KoJIM4ecTBO TEMIOTHI, OTIaHHOW KUIIATKOM IIPH 4
€ro OXJIAXKJAECHUH JJO KOHEYHON TeMIepaTyphl
3 OmnpeneneHo KOJIMYECTBO TEIUIOTHI, MOJYYEHHOE JIOXKKOM, 4
YaIIKOM M 3aBApKOW IPM MX HArpeBaHMM J10 KOHEYHOU
TEMIIEPATYPbI
4 3anucaHo ypaBHEHHUE TEIUIOBOro OajiaHca 4
5 Ompenenena Macca 4amku 5
6 [TonyuyeH npaBUJIbHBIN YUCICHHBIN OTBET 2
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1.4. 3agaya. B cxeme, npeAcTaBIeHHON HA PUCYHKE, K KIIEMMaM A U
B monxitoueH uaeanbHBI UCTOYHUK HampsbkeHus Uy, =6 B. Haiitu
CHUJIy TOKa, MPOTEKAIOIIEr0 Yepe3 HUICalbHBIM aMIrepMerp, €ciiu
COTIPOTHUBIICHUS BCEX PE3UCTOPOB OJIMHAKOBBI M paBHBI R = 125 Owm.
ConpoTHBICHUEM IPOBOJOB MOKHO IIPEHEOpEUb.

1.4. Pemienue

a)

O6o3HaunM pe3ucTopsl nudpamu, cMm. puc.a. Pesucropsl 4, 5, 6 MIyHTHPOBAHBI TPOBOJIHUKOM,
CJICZIOBATENIbHO MOXKHO CUUTATh, YTO TOK 4Yepe3 HUX MPOTEKaTh HE OYJECT U UX MOXXHO YAAJIUTh U3
cxeMbpl. B pesynbprare mody4aeTcss SKBHUBAJICHTHas cxema, u3o0pakeHHas Ha puc.06. OOmee

COTPOTHUBIIEHUE Pe3UCTOPOB | U 2 OyneT paBHO:
Rl * RZ R

1255 T o
Ri+R, 2
OO61ee conpoTUBICHUE PE3UCTOPOB 1, 2, 3 onpenenseTcs COOTHOIICHUEM

3R
Ri23 = R3 + Ryp = o
Cua Toka yepe3 JaHHBIA COCTAaBHOM pe3nucTop OyJeT paBHa:
| Uy 2U,
'Ry 3R
Hanpsoxenue Ha coctaBHOM pe3uctope Ry;:
Uo

Uiz = LRy, = ?

Hckomas cuita Toka, MPOTEKAroIIero yepes pesucrop Ry Oyner pasHa:
Uy, U 6

I, = R, 3R 3125 0,016 A = 16 MA.
Ortser:
I, = 16 MA.
Ne 1.4 JleiicTBHE MaxkcuMaJbHBIH 011

1 Y4aCTHUK NPUCTYNWI K PEIICHUIO 330a4H 1
2 [TonyueHa (c 00bsCHEHHEM) SKBUBAJICHTHAS CXeMa 6
3 OmpeneneHa HEOOXOAUMBI ISl PEIICHUS 3a7a4d 5

rnapameTpbl (cuna TOKa, HaIpsDKEHUE,

CONPOTHUBIICHUS).
4 OmnpeneneHa uckomasi CHJIa TOKa 6
5 [TonyuyeH npaBUJIbHBIN YUCICHHBIM OTBET 2
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1.5. 3apaua. Ha pucyHke mnpexncraBieHa

CXeMa JJIEKTPUYECKON IeNH, COCTOAIIECH u3 R, R,

— —
ATH OJIMHAKOBBIX PE3UCTOPOB C e —
compotuBiieHussMu Ry =R, =R; =R, = A n, R, B
Rs=R=12 Owm, ® [JByX IUIaBKUX O |:| rn, O
npenoxpanuteneit [1x u I1,. Ha ktemmsr A u
B monmano nampsbkeHue, Bo3pacTaroiee Ot ', | .' |
BpeMenu 110 3akony U(t)=a‘t, rae a=1 B/mumn. R, R,

[Tpenoxpanutenu paccuuTaHbl Ha

HOMUHAJIBHBIN TOK In=1 A (ipu Toke, MeHbIEM |11, COMPOTURIICHHUE MPEIOXPAHUTENS MPEHEOPESIKIUMO
MaJio, a ipu OoJIbIIeM WK paBHOM i cTaHOBHTCS OecKOHEUHO O0bimM). OnpeenuTe 4yepe3 Kakoe
BpEMsI IEPETOPAT NPEAOXPAHUTEIH B ITOH IIETIH.

1.5. Pemenue.

B HavasnbHBII MOMEHT BPEMEHHU HANPSKEHUE

Mmexay Toukamu A u B paBHo Hymo. [Toatomy

TOKH, IIPOTEKAIOLIME YePEe3 JIEMEHTHI LIETIH, B

TOM 4HCI€ MNPEIOXPAHUTENH, 3aBEIOMO A M,
Mmenbl1e In. Tornaa, mockoybKy CONpOTUBIEHHE
MpeIoOXpaHuTeNell MPEeHeOpeUMO Majo, U
yepes CONIPOTUBJICHHUS R1 u Ro, D
MOAKJIOYEHHbIE MapasuiesibHo K [I1, Toku He

nporekaroT. Cxema, SKBUBAJIEHTHAs! UCXOAHOM, NIpe/icTaBieHa Ha pUCcyHKe 1.

A I,
O |' |'
1
I
Rs
Pucynox 1.

Oo6ee conporusienue yuactka AB pasro R/3. IIpu aToM Tok I, mpoTekaromuii uepes

MMPEaOXPAHUTCIIb Hl, 6yz[eT OIIPEACIIATHCS BBIPAKCHUCM:
,_ U _3U(t) _3at

R/3 R R
Pacrnipenenenuie TokoB B ccTeMe, IOKa3aHO HA PUCYHKE 2:
/3

I
A —>
O I
r|1
f R, }
| 5 I
—
13

Pucynoxk 2.



Tok | — focTuraeT HOMMHAJIBHOTO 3Ha4UeHUA Ha I11, B MOMEHT BpeMeHHU:
In-R 1A-120mM

t; = = =4 .
! 3a 3-1B/MuH M

[Tpu sTom npenoxpanutens [11, meperopaeT v SKBUBAJICHTHAs CXeMa MIPUMET BU/I:

2 s
» D —

o >

|~
—>
—1
I
M:I
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PI/IcyHOK 3. OKBHBaJICHTHAs CXeMa MO0CJe neperopanua I11.

Oomee conporuBieHne R,z yuactka AB B qanHOM ciydae Oyaer paBHO:

R R 4 R 5R
7273 6
Tok, npoTekaroIuii SKBUBAJICHTHOE 00IIIee CONPOTHBIICHUE R,z TAHHON CXEMBI:
6a(t + t1)
I"=Uyp/Rjp = —,
48/ Rap 5R

IZI€ T — BpEeMsl, OTCYMTBIBAEMOE OT MOMeEHTa neperopanus 111. B cuiny cumMMmerpun cxemsl
*

Iyp = Iyc = >

I 21" _
DB — 3 ’
I*
Iep = Ei
Torna Tox I, nmpoTekarommii uepes [1> Oyner paseH:
P ; ' a(t+t)
co =lac=leB == T
Tox uepe3 11, craneTr paBHBIM HOMUHAIBHOMY 3HAUEHHIO CITYCTs BpeMsl T nocie neperopanus [11:
S5Ip-R 14I5-R 14-1A-120m
T= —t; = = = 56 MUH.
a 3a 3. 1B
MUH

Obuee Bpemst paboThl npenoxpanutens I1z:
511'[ ‘R

=1+t = = 60 MuH.

IR 5In-R
OrtBeT: t; = g—a = 4 MuH; t, = —— = 60 MUH.




Ne 1.5 JleiicTBue MakcuMaJbHbIH 011

1 YYacTHUK NMPUCTYIIII K PEHICHUIO 3aa91 1

2 [Tomydyena (¢ OOBSICHEHWEM) OSKBUBAJICHTHAas CXeMa JUIs 2
Ha4YaJIbHOTO MOMEHTA BPEMEHHU

3 [TonmyyeHo BbIpakeHHE JUISI CHIIBI TOKA, MPOTEKAIOLIETO Yepes3 3
npenoxpanurens [y

4 OmnpeneneH MOMEHTa BpEMEHU, KOI'/Ia CUJIa TOKA Yepe3 3
npenoxpanuTens [ focTuraeT HOMUHAIBHOTO 3HAYCHHUS

S) [Tonyuena (c 0ObsCHEHHEM) SKBUBAJICHTHAS CXeMa IS CITydas, 3
KOT'JIa IEPETOPUT MEPBbIi MPeAOXPaHUTEND

6 [ToydyeHo BbIpaskeHUE ISl CUJIBI TOKA, MPOTEKAIOIIEro uepe3 3
BTOPOW NPEIOXPAHUTENb B 3aBUCUMOCTH OT BPEMEHHU

7 OnpeneneH MOMEHTa BpPEMEHH, KOrJa CHjlIa TOKa 4Yepes 3
npenoxpanuTens [ jocturaer HOMUHAJIBHOTO 3HAUYCHUS

8 [Tony4eH npaBUJIbHBIN YUCICHHBIN OTBET 2
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