Kazakcran Pecnmy0siMKacbIHBIH OKY-aFrapTy MUHHMCTPJIIT]

“lapbin” Pecny0quKaNBIK FHIIBIMUA-TIPAKTHKAJIBIK OPTAJIBIFBI JKIHE
“Pecny0JMKaJBIK (PU3MKA-MaTEeMATHKA MeKTe0i” KOMMepUHSJIBIK eMecC
AKLMOHEPJIiK KOFAMBbI
MartemaTuka, pusuka ;koHe HH(POpPMATHKA NMOHAEPi O0MBIHIIA MYFaJiMAEpP MeH
OJIMMIIMAJAJIBIK Pe3epB KaTThIKThIPYIIbLIAPbIHBIH
VII xajabIKapajibIK IbIFAPMANIBUIBIK 0aHKaYbI

duszuka. Myragimaep auracol. 14 kanrap 2025 k.

Teopusiiibik 661imM (30 ymaii)

Ne 1 Ecen (5 ynaii)
bipatomapl uaean ra3deH KyprizuireH muki Pp-muarpamMmacheiHa KepCETUITeH.
Mynnarsr: Py = 10° ITa, Vo=6 M>, D—A sxone B—C npouecTepid runepOoaiblK ChI3bIKTa
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a) bepuren uuknaig PV-nuarpammachid TYPFBI3bIHBI3; (1 ymait)
b) ['a3nbiH O1p UKIIE aTKapFaH >KYMBICHIH aHBIKTaHbI3; (1 ynai)
¢) Ke3apIpreImiTan razra OepiireH Kbuty MeJIepi Kanaai? (1 ymaii)
d) Huxnain [TOK-1 xone nunean nukaiy [TOK-He karbiHachr; (1 ynaii)
¢) TOHa3BITKBIIIKA OEPUITEeH KbUTY MOJIIIIEPIH aHBIKTAHBI3. (1 ymaii)

Ne 2 Ecen (7 ymaid)
Cypertte anekTp Tiz0ereHiy cyiioacel kepcerinred. Mynaarsr: C; = 4 Mx®,
C,=12 Mx®d, C3=8 Mk®, R;=10M, R, =3 Om, R3=20M, €,=8 B, €,=16 B.

T T
Temeneri xyiie mapameTpiiepl HamanapblHbIH MOHJIEPIH aHBIKTaHBI3.
2.1 Kint TydbIKTaJIMaFaH JKaF1ai/1aFbl

a) C; KOHIEeHCATOPBIH/IAFbI KEPHEY (1 ymaii)

b) C1 koHIEeHCATOPBIHIAFHI 3apsi] IaMaChl (1 ynaii)
2.2 Kint TyHbIKTaJIFaH Ke3/1eT1

C) R, pe3ucTopbIHaH OTETIH TOK KYIIIHIH IaMachl (1 ymaii)

d) R3 pe3ucTopbiHaH ©TETIH TOK KYIIIHIH IIaMachl (1 ymaif)

e) R; pe3ucTopbiHaH OTETIH TOK KYIIIHIH IaMachl (1 ymaii)


https://www.gov.kz/memleket/entities/edu
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2.3 Otmeni npoiecTep TOKTaFaH Ke3/eri
f) C1koHmeHCATOPBIHAAFEI 3apsi MaMachl (1 ymaif)
g) C1 KOHICHCATOPBIHIAFBI KEPHEY (1 ymaii)

Ne 3 Ecen (7 ymaif)

['opusonTans 3kpaHHbH ycTiHAe Ouiktiri 30 cM xoHe pamuychl 30 cM OOJaTHIH
ONTHUKAIBIK MOJIIp TyTac UWIMHAP OpHaJackaH. bac oNTUKamblK OCh OOWbIMEH
WIMHAPIH KOFAPFbI )KUETIHEH 15 ¢M KallbIKThIKKA HYKTENIK JIeT ecenTeyre 00iaThiH
KapbIK KO31H OPHATIACTHIPAIBI.

[{unuHAp 3aThIHBIH CHIHY KOPCETKIIII:

a) np=1,48

b) n,=1,2
MOHZEpl YIIH IMIMHAPIIH TOPU30HTAIb JKpPaHFAa TYCIPETIH KOJIEHKECIH OoHE Iaja
KOJICHKECIHIH ayJIaH/IapbIH aHbIKTaHbI3Aap.

Ne 4 Ecen (11 ymaii)
Eckepiniz: Opbip Hnakmel Oepineen dcazoaul yuwlin cepinnexiy  Kamaoobwlk
KOaGhpuyuenmi cepinnemiy Y3olHObIEbIHA MAYeN0i emec
Exi Gipaeil emmemMaepi KillIkeHe IMIapiaplblH Maccaiapsl Mp = My = 20 r. Onapra
mamanapel Oipnued  3apsarapbl OepuireH. HoTwkeciHae, rpaBUTAIMSUIIBIK TapThUIBIC
KYII KyJOHIBIK TapThuibic Kyminen 0,34-10% ece ximni 6oL
4.1 Mapnapasl y3eiHAbIFEL Lo = 20 cMm nedopmanusiaHOaraH CalMakKChl3 >KOHE
OTKI30CHTIH CEpINIMeHiH €Ki OachlHa OEKITiM, TETIC JKbUITHIP FOPU30HTAIL O€T YCTIHE
opHaylacThipabel. TepOemnic mpoliecci Ke3lHAe IIapiiapJblH apachlHaFbl KalIbIKTHIK
10 cm — nen 40 cM — e neiin e3repeni.
a) [llapsapabIH 3apsabiH aHBIKTAHbI3; (1 ymaii)
b) Cepinnenin K1 3 heKkTHBTI KaTaHIBIK KO3(PPHUIIMECHTIH aHbIKTAHbI3; (2 ymaii)
4.2 AkpIppIHIan TepOedicTep TOKTAMAbl, HOTHXKECIHAC CEpINIEHIH Y3bIH/bIFBI
| = 24 cm Gonagp!.
) Cepinmnenid k, 3ppekTHBTI KaTaHABIK KOA(PGUITUSHTIH aHBIKTaHbI3; (lymaii)
d) TepOenictepaiH emnyi Ke3iH e KbUTyFa allHAJIFaH SYHEPTHSI MOJIIICPIH aHBIKTAHBI3;
(2 ymaii)
e) lllapmapapr Gip-OipiHe amramkbl |y KalIbIKTBIKKA I€HiH KaKpIHAATY YIIIH OJlapra
KaHJalh MUHUMAJ XbUIIAMIBIK Oepinyi THic? (2 ynaif)
4.3 Enni ochl €Ki 3apsaTalifaH MIapuKTiH Oacka O1p caJIMakChl3 JKOHE OTKI30CHTIH
cepinmeMeH KOChUIFaHBIH KapacThIPalbIK, OJIap KBIITHIP TETIC TOPU3OHTAIb OCT YCTiHE
OpHAJIACTBIPBUTA/IBI. bip Mmapuk Ko3FaaMaWTBIHAAW OEKITLIII, ajd eKIHIIICI Ko3Falia
amanpl. TepOemicTep »acay Ke3iHAE CEpINMMEeHIH MUHUMAAbl Y3bIHABIFR 10 cM, an
cepinmneniy aedopmanusuianOaran ke3zaeri Y3sIHABIFR 30 cM. CepinmeHiH Y3bIHIbIFbI
40 cM 6onraH Me3eTTer TepOeeTiH MAPUKTIH MAaKCUMAJIIIbI K bLITaM IBIFbIH aHBIKTaHbI3.
(3 ynai)



gaicreMeltik 0eJim (15 ynaii)

Nel Tancbipma (5 ynaif)
Ecenmepoiny wewiiminen Kameiepoi Hemece ecen WAPMBIHAH  MHCEMKIIKCI3
aknapammapowsl anvlikmanwl. Kvickauia mycinix oepinis.

1.1 Mbican Maccacer 390 r nene kemip-Oyaplp TOPU30HTAIL OET YCTIHJE KATHIP.
Henere ropuzontka 30° Oypsiin xacait OarbiTTanrad 2 H kymr ocep ereai. Ochl KymTiH
ocepiHeH JieHe 0eT OOMbIMEH OIPKAJIBINThI 5 M KallTLIKTHIKKA OPBIH aybICTHIPabl. Y HKEIiC
KYIIIHIH aTKapfaH >KYMBICHIH aHbIKTaHbI3. JleHe MeH OeT apachiHAarbl YHKeJiC
ko3¢ dunuenti p = 0,6.

Oxyweinviy wiewty stconvl: Ayie= - L NS=- u( mg-sin o) S =-8,5 Jx (1 ymait)

1.2 Meicaa Cyperrte OipaToM/Ibl Hea ra3 KOJIEMIHIH KbIChIMFA TOYENIUTIK rpaduri
oeitnenenred. ['a3npiy imki sHeprusicel 100 [Ix — ra aprrel. ['azra OepiireH >Kbury
MOJIILIEPIHIH [IIaMachl MbIHAFaH TEH:
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OK}VWblelH weuty ocojibl.

N3o6apabik mporece Ke3iH 1€ ra3iblH aTkapraH >kyMbIChl: A = Ap V. I'padukren kepin
typranbiMbiziail A = 200 k/lx — ra TeH. TepmoaumHamukaHblH OlpiHIII OacTamacsl
ootipiama: Q = A U + A =300 x[x. (1 ymaiit)

1.3 Mbican TopuzoHTanb OeT ycTiHAE OonaTrTaH »*acajaraH KyOuk skarelp. KyOukTiH
JKOFapFhI JKaFbIHA ayaJa VIIBIN KeJie dKaTKaH CEpIiMCi3 MaTepualiaH *KacajFaH [IapuK
Kemin corbuiafbl. [IapuKTIH COKTHIFBIC QNJBIHAAFBI Vo KbUIJAMIBIFBI TOPU3OHTIICH
o = 30° Oypein sxacaiinpl. COKTBIFBIC KE3iHAE LIAPUK SHEPrHsACHIHBIH 50% KbLIyFa
alfHaJIBIN, KYOMKTEH IMIAFBLIFAH IIAPUK ©31HIH aJFalllKbl dHEPTHSChIHAH YII €ce KIIIl
SHEPTrUsIMEH TOPU30HTKAa KaHjal Oip OyphIm jkacail  OTBIPBIT  KO3FAJIBICHIH
xanracteipanbl. Ocbkl OypBINT IIaMAChIHBIH MOHIH aHBIKTaHbI3. KyOWKTIH Maccachl
IIAPUKTIH MaccachblHaH €Kl €Ce YJIKEH. (3 ymai)

Ne2 Tancbipma (10 ynaii)
Ecen wewiminoe kamenep o0onca auvikmawnwvld. Kvickauwia mycinik 0epinis,
KOPbIMBIHOBL HCACanbl3. O3 wiewiminizol ycolHOanbl3.

2.1 Mpicaa IloipI3 THIHBINITHIK KaJANbIHAH TEHYAEMEIl KO3Faja OTBIPHII
KO3FaJIMAaWTHIH OaKbIIAyIIBIHBIH JKaHbIHAH eoTefl. [loibi3abiH  OipiHIII  BaroHbBI
OaKpUIayIIBIHBIH )KaHBIHAH 6 C — Ta, aJ1 COHFBI BArOHBI 2 C YaKbIT apayibIFbIHa 6Teal. Erep
aJIFaITKbl Me3eTTe OaKbIIAYTIIbI MOWBI3BIH 0ac KaFbIHAa TYpFaH 0oJica, OH/1a TOWBI3IBIH



OapbIK BaroHIaphl OaKbUTAYIITBIHBIH KAaHBIHAH HEIIE YaKbIT apaJIbIFbIH/IA OTE 1?7
(S ymaii)
Ecenmin mymxin wewtimi:
AWTanBIK, TONBI3ABIH BaroHaap caHbl N JKOHE op BaroHHBIH Y3BIHABIFBI L OOJICHIH.
VakpIT 6TKEH CailblH BaroHAap *bUIJaM Ko3fajaa OacTaiibl.
1) Anrammkpl yakpIT Me3eTiHe, OIpiHII BaroH OaKpLIayIIBIHBIH KaHbIHAH:

L =at?2 (1 ynaii)
2) Conrbl BaroH: L =vot +at?/2 (1 ynaii)
3) CoHFBI BarOHHBIH M€ OOJIATBIH KbUTIAMIBIFRL: Vo = (I2- t1) @ (1 ymaif)
4) Ocwl xepaen: a %2 = (t-t)) at+at?/2 (1 ynaii)

th2=2tht-2tt+t
5)t2—8t+36=0 x=(8++—80)/2=4+2i+5=4.0000+4.4721 |
t=8,4c
Kopeiteiager: N =t/ (13-t ) = 2,1 arau 2 Baron (1 ymaif)

2.2 Mican Kanpaitna 6ip Ty Temneparypaiarbl bICTBIK CY[bl YJIKEH LWJIMHIPIIK
piIbIcKa Kysifpl. ComaH KeWiH cynbl T TeMmreparypara naeiiH caikbiHaatkaH. Cymabl
CalKbIHIaTyFa 16 MHHYT YyakbIT XYMCAJJbl. YJKEH IWIUHAP Topi3aec, 8 Killll
HUAJITUHAPIIEPTe aJFallKbl MIapTTap/bl YCTaHA OTHIPHIN YJIKEH HMJIMHIPAET] CYyAbl Killll
HUTUHAPIACPAIH OeTiHe AeiliH Kysip OoJcak, OHJa CyIbl CaJKbIHAATyFa KaHIIA YaKbIT
KakeT Oonaabl? VYakbIT OipiiriHae OeTTiH Oipiik ayJaHblHAH O€piIeTiH >KbUTYIIbIH
KBUTTAMIBIFBI Cy MEH KOpIIaFaH OpPTaHbIH TeMIlepaTypalapblHbIH albIphIMBIHA Typa
MPONOPIUOHAI eKeHl Oenrinl. LIMmMHapiepaiH AKbUTy ChIMbIMIBUIBIFBIH €CKEPMEHI3 HKOHE
KBLTY aJIMacy TeK MWIMHAPICPIH allblK OETTEpl apKbUIbI XKYPE/l AeT €CenTeH]13.

Ecenmiy mymxin wewimi:

YJIKeH BIBICTHIH pauyChiH oHe OMiKTIriH R >xone H nmem, an Kimmi bIIABICTBIHKIH T
xoHe h Oenrineitik. YJIKeH bIIbICTaFbI CYJIbIH Maccachl M, ai kesieMi V — Fa TeH OOJICHIH.

Onpa Kii bIIBICTaFkl CyabIH Maccackl m = M / n = M / 8. Kesem »xoHe macca e3apa
OalinanbpickaH. blapicTapablH YKCacThIFbIHAH, odapabiH R MeH r xone H men h
ouikTikTepi 61p — OipiHeH Typa conaail N KaTeiHacTa 00a b

H)m/M=V/v=aR*H/(nr*h)=8=N (1 ymaii)

Ecen mapTeiHaH, 9p BIABIC YIIIH Cy OETIHEH XbUTy Oepily KYObUIBICHI MbIHA 3aHFa
ColKec Kypei:

2) AQ/At=0(T-Ty) /S (1 ynaii)
MyHAaFbl: AQ — At yakbIT apajibifbiHa S aylaH OETIHEH OEepIIETIH XKbLTy MOJIIIepI;
T xone Ty — cymblH OacTamkpl TeMIeparypachl »oHE KOpIIaraH OpTaHbIH
TEeMIIepaTypachl;

0L — TYPAKThI MTPOTOPITUOHAIIBIK Kod(purreHT. backa *arbiHaH KaparaH/1a, BICTHIK CY
AT Temmnieparypara cankpiaaranaa oi: AQ = cMAT xbuty Memmiepin Oepesii, MYHIaFbI
C — CyIBIH MEHIIIKTI XbUTYCHIMBIMIBUTBIFBL. EHICIIIEe, MbIHA/TAl TEHIIK JKa3a alaMbl3:

3) cMAT/At=a(T-Ty)/S. (1 ymaii)

blapictarel cy OeTiHIH aymaHbl OHBIH PaIUyCHIHBIH KBaJpaThiHA MPOTOPIIMOHAMT, Al
CYIBIH Maccachl OHBIH KeJeMiHe MpONOPIMOHAT €KEeHIH €CKEepPCeK, OHJa CYIbIH
CaJIKbIH/IAY >KbUIIaM/IbIFbI:



) AT/At=0(T-To)/(cMS)=a(T-To)H/(nR?) =(T-To) H (1 ynaii)

Jlemek, 6i3re MbIHagall KOPBITHIHJIBI jKacayFa OOJajabl: BIABICTAFbI CyAbIH OacTanksbl
TEeMIIepaTypachl XKOHE KOpIIaraH OpTa TeMIlepaTypaslapblHbIH aibIpbIMBIHBIH Oipaei
MOHJIEPIHJE CYIObIH CaJKbIHAAY OKBULAAMIBIFBI  BIABICTBIH — TEpEHAIriHE  Typa
npornopuuonan Oonansl. SArau, Ouikriri H = N h OonaTeiH yiIkeH BIABIC YIIIH CYABIH
CaJIKbIH 1Ay >KBUIIaMIBIFBI Killll BIIBICKA KaparaHaa 8 ece yikeH Oonaapl. OChiFaH cylieHe
OTBIPBII, Killll BIILICTAFbI CYABIH CAJKBIHIAY YAaKbITHI 8 €ce Killll 00Iabl.

5 1t =t/8=16/8=2 muH. (1 ynaii)



Munucrepcerso npocsemenusi Pecmyosmmkn Kazaxcran
Pecny0iuKaHCKUH HAYYHO-TIPAKTHYECKHA HeHTP «lapbin» u
HexomMepyeckoe akuMoHepHOe 00111eCTBO
«Pecny0iMKaHCcKas PU3NKO-MATEMATHYECKAS LIKOJIAa»
VIl MexnayHapoaHbIii TBOPYECKHII KOHKYPC y4YUTe/Ieil 1 TPeHepoB
OJIMMITMIICKOr0 pe3epBa 10 MaTeMaTHKe, (PM3UKe U MHPOPMATHKE.
du3uka. Jlura yyurenei. 14 suBaps 2025 r.

Teopernueckasi yactb (30 0a/10B)

3agauya Ne 1 (5 6as110B)

Han ogHOaTOMHBIM HI€QIBHBIM T'a30M OCYLIECTBIISIETCA LUKJI, NPHUBEIACHHBIA Ha
Pp-nuarpamme, roe Po = 10° Ila u V=6 M3, npoueccel D-A n B—C npeacrasisior
co0O0H y4acTKH runepOoobl.

3Py
2Po e
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A (; P 'Y

po 2p0 3pe P
a) IlocTtpoiite PV-guarpamMmmy gaHHOTO IIUKIIA; (1 6aswn)
b) Onpenenute paboTy raza 3a OAUH IUKJL; (1 6aswn)

c¢) Kakoe xonnuecTBO TEIIIOTHI ObLIIO MOABEACHO K ra3zy ot HarpeBareds; (1 6aJn)
d) Onpenenure KII/] nukna u cootnomenue k KITJ[ upeansroro nukia; (1 6aat)
e) Onpenenure KOJIMYECTBO TEIJIOThI, OTJTAHHOU XOJOIUIIbHUKY. (1 6as)

3apaua Ne 2 (7 6a/110B)
Jlana amekTpruueckas cxema, B kotopoi: Ci = 4 Mk®, Cy = 12 Mx®D, C3 = 8 Mk D,
R1: IOM, R2: 3 OM, R3 = ZOM, €1= 8 B, €2= 16 B.

— J_ c2 —_— (3
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T T

Omnpexnenurte cieayONIIe BEITNYUHBI TAPAMETPOB CUCTEMBI !
2.1 B ciydae, xor/ia KJIt04 pa30MKHYT
a) HanpspKeHue Ha KoHaeHcatope Cq (1 6aswr)
b) 3apsin Ha KoHIeHcaTope C; (1 6aswr)
2.2 Kiro4 3aMKHYJIH
c) Tok, koTopeIii moTe4éT Yepes Ry (1 6aswr)



d) Tok, koTophIi MOTEUET Yepe3 R (1 6an0)

e) Tok, KoTophIi moTeuéT yepe3 Ry (1 6aswn)
2.3 IlepexoaHbie MPOIIECCH 3aBEPIIUIIICH

f) 3apsn Ha koHmeHcaTope Cq (1 6am1)

g) Hanpsokenue na konaencarope Cq (1 6aswr)

3apaya Ne 3 (7 6a710B)
CIUTONIHON ONTHYECKH TPO3payHbIA MUIUHAP, BeIcOTOW 30 cM u paguycom 30 cwm,

HaXOJUTCS Ha TOPU30HTAIBLHOM 3KpaHe. [lo rmaBHOM ocu HaA pacctosHuM 15 cM OT
BEpPXHEN TPaHU UWIMHAPA YCTAHOBWIM HCTOYHHK CBETA, KOTOPBIM MOYXHO CUHUTATh
ToueyHbIM. Halimure miomaau TEHW W MOJYyTEHHU, OTOpachlBa€MbIE ILUIMHIPOM, Ha
TOPU30HTAIBHBIN 3KpPaH, B CJIy4ae €CJIA MOKa3aTelb MPEJIOMIIEHUS] BENIECTBA MPUHSTH

PaBHBIM.
a) np=1,48
b) n,=12.

3agaua Ne 4 (11 6ansioB)

Vkazanue: B kaxcoom KOHKpemHOM cyyae cuumams, Yymo Kodppuyuenm
YIpy20Ccmu He 3a8UCUm om OJUHbL NPYHCUHBL

JIBa OJMHAKOBBIX INApUKa MMEIT Macchl My = My = 20 r. MM cooOmunu
OJIMHAKOBBIC 3apsnsl (. B pe3ynprare okazaqoch, YTO TPABUTAIMOHHOE MPUTKEHUE
MEHBIIE KyJIOHOBCKOro nputskenus B 0,34-1012,

4.1 Illapukyu TOACOCNMHIIM K KOHIIAM Heae(OPMHUPOBAHHOM HEMPOBOIAIIEH U
HEBECOMOMW MPYX UHBI, JHUHOU Lo = 20 CM ¥ YyCTAaHOBUJIM HA MIAJIKYyI0 TOPU3OHTAIBHYIO
MOBEPXHOCTh. B mpoiiecce koiaebanuii MapuKkoB pacCTOSTHUE MEXKTY HUMU MEHSETCS
ot 10 cm 1o 40 cwm:

a) Haiigure 3apssl 1IapUKOB; (1 6am)

b) Haiigure 3 heKkTHBHYIO KECTKOCTh K1 TIPY)KUHBI; (2 6anaa)

4.2 TloctemeHHO KojeOaHWS MPEKpalaroTcs, JJIMHA TPYKUHBI OCTAeTCS PaBHOM
| =24 cwm:

C) Haiimute 3¢ (heKTHBHYIO KECTKOCTh Ky TPy KHHBI, (1 6an)
d) Onpenenure KONMYECTBO SHEPrUM, NEpEIICAIIed B TEIUIO, NMPH 3aTyXaHUH
KOJICOaHMIA; (2 6asta)

e) OnpenenuTh MUHHUMAIbHYIO CKOpPOCTh, KOTOPYIO HAJ0 COOOIIUTH KaKIOMY

[IAPHKY, YTOOBI OHM CMOTJIA COMM3UTCS 10 TpeXHero pacctosuus lo . (2 6ana)

4.3 PaccMoTpuM Te e JBa 3apsDKCHHBIX IIIapUKa, COCAMHEHHBIX C JIPYrou
HEMPOBOJSIIEM W  HEBECOMOM  IIPYKHUHOM,  PACIOJIOKEHHBIX HA  TJIAJIKOU
FOPU3OHTAILHOM TOBEpXHOCTH. OIWH MIAPUK 3aKPEIUIeH, JIPYyroll TMOJABUXKEH U
KOJIeOJIeTCSl TaK, YTO MUHUMAJIbHAS JUIMHA TPYKUHBI cocTaBisieT 10 cM, a JyuHa ee B
HenedopmupoBaHHoM coctossHud 30 oM. Omnpegenutre MaKCUMalbHYI0 CKOpPOCTh

JBIKEHHUS KOJIEOIFOIIErocs aprKa, €CIIM B 9TOT MOMEHT [ITMHA TPYKUHBL 40 CM.
(3 6an12)



Metonunueckasi 4acthb (15 0as10B)

3ananmne Nel Haiigure omm0Ky M/WIN HeIOCTATOYHBIE IaHHbIE B yCJI0BUM. [aTh
KpaTKoe MosiCHeHne (5 6as10B)

Ipumep 1.1 Ha ropu3oHTaNnbHOM LIEPOXOBATOW MOBEPXHOCTH JIEKHUT TEJIO MacCOU
390 . Ha Temo pelictByroT cwioid 2 H, HampaBieHHOW BBepx mnoja yriom 30° k
ropu3oHTy. [lom nelicTBMEM 3TOl CHIIBI TEIO PABHOMEPHO NEPEMECTUIIOCH BIOJIb
HNOBEPXHOCTU Ha 5 M. OnpenenuTb BEITUUYUHY pabOThl, COBEPIIEHHON MPU 3TOM CHUJION
TpeHus. KoappuimeHt Tperust Mexay TEJIOM U MOBEpXHOCTHIO L = 0,6 .

Pewenue yuenuka: Ap=- 0 NS=- u( mg-sin a) S =-8,5 Jx (1 6aswn)

IIpumep 1.2 Ha pucyHke npuBenaéH rpaduk 3aBUCUMOCTH 00bEMa HCATBLHOIO
OJTHOATOMHOTO ra3a OT JaBJjicHUs. BHyTpeHHss sHeprus rasa ysennuuiach Ha 100 kJIx.
KonuuecTBo TenaoThl, COOOIIEHHOE Ta3y, paBHO:

V, M3 A

3

1 P,107IIa

Pewenue yuenuxa: Pabora A = Ap V, coBepuiéHHas Tra3oM B H300apHUYE€CKOM
npouecce. Ilo rpadguky nerko Buumerb, uto A = 200 k/[x. Ilo mepBomy Hayamy
tepmoauHamMuku Q = A U+A= 300 k/[x (1 6as)

Ipumep 1.3 Ha ropu3oHTaNbHON MOBEPXHOCTH JIEKHUT CTAIbHON KyOUK. B BepxHIOI0
rpaHb KyOWKa yapsieTcs JETAIIMM M0 BO3yXy IIAPUK, U3TOTOBJIEHHBIN U3 MJIACTUYHOTO
marepuana. CKOPOCTh IapMKa Vo B MOMEHT ymapa cocrasisana yroa o = 30° ¢
ropu3oHTOM. IIpu cronkHoBeHun 50% sHeprum MIApHKa MEPEXOJUT B TEIUIO, 4 CaM
IApUK OTPaXaeTcsi OT KyOMKa W TPOAOHKAeT MOJET TOJ HEKOTOPHIM YIIOM K
TOPU30HTY C HEPTUEH, B TPU pa3a MEHbIIEH MEPBOHAYAIBHON. ONpenenuTh BETUINHY
aToro yria. Macca KkyOuka B JiBa paza 00JbIlle MacChl IIapHKa. (3 6as1a)

3aganme Ne2 Haiigure omIMOKHM B pelIeHUHM, €CJIUM OHM ecTh. JlaThb Kparkoe
nosicHeHue U BbIBOA. CBOE pellieHUe He Mpeaiararhb. (10 6am10B)

Ipumep 2.1 Iloe3n Tporaercss ¢ MecTa W MPU PABHOYCKOPEHHOM JIBUKEHUU
MPOXOJAUT MUMO HEMOJBHKHOTO Taccaxupa. [lepBblii Baron mpomena MUMO HEro 3a
BpeMms 6 ¢, a moclieIHui 3a Bpems 2 ¢. 3a KaKkoe BpeMsi MUMO TTacCaKUpa IMPOIIes BeCh
Moe3/1, €M M3HA4YaIbHO MacCa)XKup CTOsUT y Hayaja cocTaBa? (5 6a710B)

Bosmoorcnoe pewenue: Ilpeanonoxum, y Hac N KOJIAYECTBO BArOHOB W JJIMHA
kaxaoro BaroHa L. C KaxaplM pa3oM KaXIbli BaroH Bce OBICTpee M OBICTpee
JBUKETCSI.

1) B HayanbHBI MOMEHT, TICPBBIA BarOH MPOUICT 32 BPEMSL:

L=at?2 (1 6a.10)

2) Iocnennnii Baron: L =vot+at?/2 (1 6aJ1)




3) [Mocneaawmii BaroH OyIeT KIMETh CKOPOCTh: Vo= (t2- 11) @ (1 6amn)
4) Otcrona: ati?/2 = (t-t)) at+at?/ 2 (1 6awa)
t2=2tt-2tt+1t2
5)2—8t+36=0 x=(8++/—80)2=4+2i+/5=4.0000 +4.4721 i
t=8,4c BeiBomx: N =t/ (t;-t;) =2,1 T.e. 2 Barona (1 6aw1)

Ipumep 2.2 T'opsiuyro BOAy NMpU HEKOTOPOM TemmepaType To HaIWIU B OOJIBIION
UUJIUHAP. 3aTeM €€ OCTyAwIn Oo Temmeparypbl T okpyxkaromed cpeasl. Ha 3to
3aTpatiii 16 MuHYT. Uepe3 kakoe BpeMsi MOKHO IIPU TEX K€ YCIOBUSIX OCTYIUTh BOJY,
€CJIM Pa3uTh BOIY [0 MAJIEHbKUM MOXO0KUM 8 HUIMHAPaM, KOTOPBIE TAK¥KE 3aIIOJTHEHBI
JI0BepXy M MOA0OHBI Oonbmioit? I3BecTHO, 4YTO CKOPOCTh KOJUYECTBA TeIlia,
OT/IaBa€MO€ B E€IWHUIY BPEMEHH C EIUHULBI MOBEPXHOCTH MMPONOPIHUOHAIBHO
pPa3HOCTU TEMIIEpaTyp BOAbI U OKPYXKAIOMIEH cpeapl. TermmoeMKOCThIO LHIMHIPOB
npeHedpeys. TemiooOMeH MPOUCXOAUT TOIBKO Yepe3 CBOOOAHYIO OBEPXHOCTb.

(5 6a/10B)

Bosmooicnoe pewenue: O603HaunM painyc U BBICOTY OomblIoro cocyaa yepe3 R u H,
a paJguyc U BBICOTY MajleHbKoro cocyna depe3 r u h. [lycte macca Boabl B OOJbIIOM
cocyze paBHa M, a ero 00bém V.

Torma macca Boabsl B MajeHbkoM cocyae m = M / n = M / 8. O0beMbl U Macchl
cBszanbl. [logoOue cocymoB o3HauaeT, uro ux paauychl R u r u mryounst H u h
OTJIIMYAIOTCS APYT OT Apyra B OJHO U TO K€ YHCIIO pa3 N:

Hm/M=V/v=aR*H/(rr’h)=8=N (1 6aJu1)

Ilo ycnoBuro 3amau, UIsl KaKIOTO M3 COCYIOB TEIUIOOTHA4a IPOUCXOIUT C
MOBEPXHOCTHU BOJIbI B COOTBETCTBHH C 3aKOHOM

2) AQ/At=0a(T-Ty/S (1 6asw)

rae: AQ — 3TO KOIMYECTBO TEIUIOTHI, OTJAaBaeMoe 3a Bpems At C HOBEPXHOCTH
IUIOIIAJBIO S;

T u Ty - HauanbHAas1 TEMIIEpATypa BOJAbI U TEMIIEPATYPa OKPYKAOLIEH CPENbL,

0 - TOCTOSHHBIN Kod(hduimeHT mnponopiuoHanbHOCTH. C JIpyrod CTOPOHBI,
M3BECTHO, YTO IIPU OCTBIBAHUM ropsiueii BoAsl Ha AT rpagycoB OHa OTIAET KOJIMYECTBO
termwioTel AQ = ¢ M AT , tae ¢ - yneibHasi TEIIIOEMKOCTh BOJbL. 3HAYUT, CIIPABEIINBO
PaBEHCTBO

3) cMAT/At=a(T-Ty)/S. (1 6asw)

VYuuTeiBasg, 4TO IJIOIAJb MOBEPXHOCTU BOJABI B COCYJI€ MPONOPLIMOHATIBHA KBaAPATY
€ro paaumyca, a Macca BOJbI MPOMOPIUOHAIBHA €r0 00bEMY, ISl CKOPOCTH OCTBHIBAHMS
BOJIbI TIOJTY4aeM:

4) AT/At=a(T-To)/(cMS)=a(T-Ty) H/(nR?*) =(T-To) H (1 6am)

Takum oOpa3om, MBI YCTAaHOBWJIM, YTO TPHU OJMHAKOBOW PA3HOCTH HAYaIbHOU
TeMIeparypbl BOAbI U TEMIIEPATypPhl OKPYKAIOIICH Cpellbl CKOPOCTh OCTHIBAHUS BOJIBI
IpsIMO TIPONOPIMOHANIbHA TIyOMHE COCyAa, TO €CTh JUIsl OOJBIIOro COCyAa, BhICOTa
kotoporo H = N h, ckopocth oxnaxaenus Oyaer B 8 pa3 0oblie, 4eM J1Jisi MaJeHBKOTO.
OTcrona cieayer, 4To BpeMsi OXJIaXKACHHs BOJABI B MaJEHBKOM cocyne OyneT B 8 pa3

MEHBIIIE.
5) 1 =t/8=16/8=2muH. (1 6a1)
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Problem 1 (5 Points)
A cyclic process is performed by a monatomic ideal gas, represented on a P-p diagram,
where Py= 10° Pa and Vo= 6 m>. The processes D—A and B—C correspond to segments
of hyperbolas.
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a) Construct the P-V diagram of the given cycle. (1 point)
b) Determine the work done by the gas during one cycle. (1 point)
c¢) Calculate the amount of heat supplied to the gas by the heat source. (1 point)
d) Determine the efficiency of the cycle. (1 point)
e) Calculate the amount of heat released to the cold reservoir. (1 point)

Problem 2 (7 Points)
An electric circuit is given, in which: C;=4 uF, C;=12 uF, C3= 8 uF,
R1:1Q, R2:3Q,R3:2Q,€1:8V, 82: 16 V.

J— | J_ c2 — 3
I:I R1 R2 R3
€1 €2
L K
T I
2.1 When the switch is open, calculate
a) Voltage across capacitor C; (1 point)
b) Charge on capacitor C; (1 point)
2.2 When the switch is just closed, calculate
c) Current flowing through R; (1 point)
d) Current flowing through R; (1 point)

e) Current flowing through R; (1 point)



2.3 After the transient processes have completed, claculate
f) Charge on capacitor C; (1 point)
g) Voltage across capacitor C; (1 point)

Problem 3 (7 points)

A solid, optically transparent cylinder, with a height of 30 cm and a radius of 30 cm, is
placed on a horizontal screen. Along its main axis, a point light source is positioned
15 cm above the top face of the cylinder. Determine the areas of the shadow and penumbra
cast by the cylinder onto the horizontal screen, assuming the refractive index of the
material is:

a) np=1,48

b) n,=1,2.

Problem 4 (11 points)
Note: In each specific case, assume that the spring constant does not depend on
the length of the spring.

Two identical spheres have masses m; = m,=20g. They were given identical
charges g. As a result, the gravitational force between the spheres was found weaker
than the Coulomb’s force between them by a factor of 0.34x10%,

4.1 The spheres are connected to the ends of an undeformed, non-conductive, and
weightless spring with a length of 1,=20 cm, and are placed on a smooth horizontal
surface. During oscillations, the distance between the spheres changes from 10 cm to 40
cm:

a) Find the charge g given to the spheres. (1 point)
b) Find the effective spring constant k; for the spring. (2 points)
4.2 The oscillations gradually stop, and the spring length stabilizes at =24 cm:

¢) Find the effective spring constant k. (1 point)
d) Calculate the amount of energy converted to heat during the damping of the
oscillations. (2 points)
e) Determine the minimum velocity that must be given to each sphere so that they
can approach each other to their original distance lo. (2 points)

4.3 Consider the same two charged spheres connected to another non-conductive and
weightless spring placed on a smooth horizontal surface. One sphere is fixed, while the
other oscillates in such a way that the minimum spring length is 10 cm, and its
undeformed length is 30 cm. Determine the maximum velocity of the oscillating sphere
at the moment when the spring length is 40 cm. (3 points)



Methodical Part (15 Points)

Problem 1 Identify the error and/or insufficient data in the given problem
statement. Provide a brief explanation. (5 points)

Example 1.1 An object with a mass of 390 g lies on a horizontal rough surface. A
force of 2 N is applied to the object, directed upward at an angle of 30° to the horizontal.
Under the action of this force, the object moved uniformly along the surface for S=5 m.
Determine the amount of work done by the force of friction during this motion. The
coefficient of friction between the object and the surface is p = 0.6.

Student's Solution
We==- u NS=- p(mg-sin a)S =-8,57J (1 point)

Example 1.2 The graph shows the relationship between the volume of an ideal
monoatomic gas and its pressure. The internal energy of the gas increased by 100 kJ.
V__ M3 r
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l .
Determine the amount of heat given to the gas. ! P,10°IIa

Student's Solution: Work, W= Ap V, is performed by the gas in an isobaric process. It
is easy to see from the graph, that A =200 kJ. By th 1*' Law of thermodynamics

Q=AU+A=300kJ (1 Point)

Example 1.3 A steel cube lies on a horizontal surface. A ball made of a ductile material
strikes the top face of the cube. The velocity of the ball v, at the moment of impact formed
an angle a = 30° with the horizontal. During the collision, 50% of the ball's energy is
converted into heat, and the ball rebounds from the cube, continuing its flight at some
angle to the horizontal with energy three times less than its initial energy. Determine the
magnitude of this angle. The mass of the cube is twice the mass of the ball. (3 points)

Problem 2 Find any errors in the solution, if present. Provide a brief
explanation and conclusion. Do not provide your own solution. (10 points)

Example 2.1 A train starts moving from rest and, during uniformly accelerated motion,
passes a stationary passenger. The first carriage passes the passenger in 6 seconds, while
the last carriage takes 2 seconds. What is the total time it takes for the entire train to pass
the passenger, given that the passenger was initially standing at the front of the train?

(5 Points)

Student's Solution: Let's assume that we have N carriages, each with a length L. With
each passing moment, each carriage moves faster and faster due to the acceleration of the
train.

1) At the initial moment, the first carriage will pass in time:




L=at%2 (1 point)

2) Last carriage: L=vot+at?/2 (1 point)
3) Last carriage will have the speed : vo= (t2- t1) a (1 point)
4) Then:at?2=(t-t)) at+at?/2 (1 point)

t2=2tt-2tt+1t2
5)2—8t+36=0 x=(8++/—80)2=4+2i+/5=4.0000 +4.4721 i
t=84c
Conclusion: N=t/(t;-t;) =2,1 i.e. 2 carriages (1 point)

Example 2.2 An amount of hot water at a certain temperature T, was poured into a
large cylinder. Then it was cooled to temperature T. This took 16 minutes. In what time
can the water be cooled under the same conditions if the water is poured into 8 small
similar cylinders, which are also filled to the top and similar to the large one? It is known
that the rate of heat released per unit of time from a unit of surface is proportional to the
difference in temperature between the water and the environment. Neglect the heat
capacity of the cylinders. Heat exchange occurs only through the free surface. (5 points)

Student’s Solution: Let us denote the radius and height of the large vessel by R and H,
and the radius and height of the small vessel by r and h. Let the mass of water in the large
vessel be equal to M, and its volume to V.

Then the mass of water in a small vessel m =M /n =M / 8. Volumes and masses are
related. The similarity of the vessels means that their radii R and r and depths H and h
differ from each other by the same number of times N:

m/M=V/v=nR*H/(xrr*h)=8=N (1 Point)

According to the problem statement, for each of the vessels, heat transfer occurs from
the surface of the water in accordance with the law

1) AQ/At=a(T-Ty) /S (1 Point)

Where : AQ — this is the amount of heat released in time At from a surface area S;

T u Ty - initial water temperature and ambient temperature;

a - constant coefficient of proportionality. On the other hand, it is known that when hot
water cools by AT degrees, it gives off an amount of heat AQ = M ¢ AT , where c is the
specific heat capacity of water. Therefore, the equality is true

2) cMAT/At=0a(T-Ty)/S. (1 Point)

Considering that the surface area of water in a vessel is proportional to the square of

its radius, and the mass of water is proportional to its volume, for the rate of cooling of
water we obtain
AT/ At=a(T-To)/(cMS)=a(T-To)H/(nR?*) =(T-To) H (1 Point)
Thus, we have established that with the same difference between the initial temperature
of the water and the ambient temperature, the rate of cooling of the water is directly
proportional to the depth of the vessel, that is, for a large vessel, the height of which H =
N h, the cooling rate will be 8 times greater than for a small one. It follows that the cooling

time of water in a small vessel will be & times less.
3) t=t/8=16/8=2 minutes . (1 Point)



