O/IMMNUALA WKOJ/IbHUKOB «MOKOPU BOPOBbLEBbI NOPbI» no ®USUKE
3AK/TIIOYUTE/IbHbIN (PUHA/IbHDIN) 3TAN 2020 roaa

BUNET Ne 16 (7-9 Knaccbl, HUXKHMii HoBropog): BO3MOXKHble peLlueHua u
Kputepum

Kpurepun oueHuBanmsi:

151 BONIPOCOB:
EcTb oTnensHbIC paBHIIbHBIC COOOpaXkeHus — 1 aJw.
OTBeT B LEJOM MpaBHJIEH, HO COACPKUT CYIIECTBEHHbIE HETOYHOCTH, MJIM CYHIECTBEHHO
HEIOJIOH, WJIM OTCYTCTBYeT OOOCHOBaHUE (Ui BOINPOCOB, B KOTOPBIX HEOOXOAUMO
obocHOBaHue) — 2 GaJuia.
OTBeT paBWJIeH, HO NMPUCYTCTBYIOT MEJIKHE HETOYHOCTH, UJIU OTBET HEAOCTATOYHO IMOJIOH,
WIA OTCYTCTBYET JIOCTaTOYHOE OOOCHOBaHHME (Ui BOIPOCOB, B KOTOPBIX HEOOXOAUMO
obocHoBaHue) — 3 GaJa.
OTBeT MOJHOCTHIO NPABWIBHBIA, HO HEIOCTaTOYHO OOOCHOBAHHBIM (AJI1 BOMPOCOB, B
KOTOPBIX HEO0X0IMMO 000CHOBaHUE) — 4 OaJLia.
[IpaBunBHBIN, MOTHBIN 1 0O0CHOBAHHBINA OTBET — 5 0AJI0B (MAKCHMAJILHASA OLIEHKA).

Jlisi 3anay:
EcTb oTenpHbIE TpaBUiIbHBIE cOOOpaskeHus — 1-2 6aJuia.
Ectb yacth HEOOXOOUMBIX [JIsl PEIICHUS COOOpaKeHWid, pelieHHe He 3aKOHYEHO WU
COJICPIKUT Cepbe3HbIC OMUOKHU — 3-4 GaJLia.
[TpucyrcTByeT Ooublas 4acThb HEOOXOJUMBIX U PEUICHHs COOOpa)K€HWil, MPaBUIbHO
3amycaHa 4YacTh HEOOXOJUMBIX COOTHOIICHHWW, PEIICHHE HE 3aKOHYCHO WM COJEPIKUT
omuoku — 5-7 6a/I0B.
[TpucyTcTBYIOT BCe HEOOXOAUMBIE TSl PEUICHUST COOOPaXESHHUS, IPABIIILHO 3aIIMCAHBI TIOYTH
BCE HEOOXOAMMBIC NJIsl PEIICHHUS HCXOIHBbIC YpPaBHEHHS, HO pEIIeHHE HE 3aKOHYEHO WIIU
coJlepkUT omuoOKy — 8-10 6a10B.
[TpucyTcTBYIOT BCe HEOOXOIUMBIE Ui pelIeHHs cOOOpakeHHUs, MPaBUIIBHO 3alHCaHbl BCE
HEOOXOAMMBIC JJISl pEIICHUS HMCXOIHBIC YpPAaBHEHHs, PEIICHHE BHICTPOCHO NPAaBMIIBHO C
(bu3nUecKoil 1 JTOrnYecKoi TOUKH 3pEHHsI, HO COAePKUT omnoOku — 11-14 6asioB..
[TpucyTcTBYIOT Bce HEOOXOAMMBIE JUIS PEIICHHS COOOpaKeHWs, NMPaBUIBHO 3alMCaHBl BCE
HEOOXOMUMBIC IS PEIIeHUs HWCXOIHBbIE ypaBHEHUS, DPELICHHE BBICTPOSHO MPABUIBHO C
(GU3NIECKOI M JIOTUYECKON TOYKH 3PEHUS, HO COJEPKUT OJHY-IIBE MEJKHE HETOYHOCTH, HE
MO3BOJIUBIIIUE MONTYYUTh MPABUIBHBINA OTBET, WM MPAaBUIBLHOE PELICHHE C HEIOCTATOUYHBIM
000CHOBAaHHEM CYIIIECTBEHHBIX MCIIOIb30BaHHBIX Pe3yabTaToB — 15-17 6anJioB.
[TpaBuibHOE OOOCHOBAHHOE PEUICHHE C BEPHBIM AHAIUTUYECKUM OTBETOM, HO MENKOM
HETOYHOCTBIO TIPH TIOJYYCHHH UHWCIEHHOTO OTBETa, JHUOO TPaBWIBHOE pEIICHUE C
MPAaBUJIBHBIMU OTBETAMH C HEJOCTATOYHBIM OOOCHOBAaHHMEM OJHOTO U3 HCIOJIb30BAHHBIX
pe3yNbTaToB (M3 YMCIIa He KITFOYEBBIX JUIS PEIICHUs, HO HeoOxouMbIx) — 18-19 6ansios.
[TonHoe, mpaBWIIbBHOE, OOOCHOBAaHHOE pEIIEHUE C MpaBWIbHBIMU OTBeTaMu — 20 6ajjioB
(MakcuMaJIbHas OLICHKA).

3aganue 1.
Bonpoc: /IBa Tena cBsizaHbl HEPACTSHKUMOW HUTHIO. KakoMy YCIOBHUIO JOJKHBI YIOBIETBOPSTH
CKOpocTH 3TUX Ten? OTBET 00BACHUTE.

OtBer: YcioBue HEU3MEHHOCTH NIJUHBI HATSHYTOW HEPACTSHXKUMOM HUTH TpebyeT, 4ToOBI 3a
OYEHb Majlo€ BpeMs pPACCTOSHUE MEXKIAY CBSI3aHHBIMU «TOYEYHBIMH» TEJIAMHM OCTaBajOCh
HEU3MEHHBIM, TO €CTh IPOEKIIMU CKOPOCTEH dTHUX TEl Ha MPSAMYIO, HIYILYIO BIOJIb HUTH, JOJKHbI
coBnagark. OTHAKO MPH MPOBUCAHUN HUTH 3TO OTPAHUYEHUE UCUE3AET.

33[{3‘[3: Kmun ¢ yriioM Ipd OCHOBAaHMH & =30° NepeMeIIarOT MOCTYHATCIbHO C TIOCTOSIHHBIM



yekoperreMm A= 0,97 M/c?, B HATIPABICHHH «OT CTCHBI», KAK ITOKA3aHO
Ha pucyHke. Ha ero moBepXHOCTHM HaxOAUTCS HEOOIBINOW OPYCOK,
IIPUKPEIUICHHBIM HEPACTS)KUMBIM TPOCOM K CTeHe. B MOMEHT Havaia N
pa3roHa KJIMHa OpYCOK MOKOWJICS, Ha PacCMaTpHBACMOM HHTEPBAJe A
BPEMEHHU B NPOIIECCE pa3roHa OH HE OTPBIBAJICA OT KIMHA, TPOC BCE z -

BpeMsl HATSHYT, M €ro y4acTKH, He JIe)Kallue Ha OJIOKe, TOPH3OHTAIBHBI HIIU TapajlieIbHbI
HAKJIOHHOW TIOCKOCTH KinHa. Kakyto ckopocTs Habepet Opycok 3a 1 ¢ pazrona?

Pemenne; PaccMOTpUM OYEHb MaJbIii MHTEPBANl BPEMEHH, 3a KOTOPBIA KJIMH CABUHYJICS BJOJIb
OCH X, HAIpaBJIEHHYIO «OT CTEHBI», Ha paccrosHue AX . M3yunMm mepemenienue Opycka 3a TOT
)K€ UHTEPBAI BPEMEHH. BpPyCOK, KOTOPBIHA MO YCIOBUIO HE OTPHIBAETCA OT KJMHA, YYacTBYET B
JBYX JIBIOKCHHUSX: BMECTE C KJIMHOM OH cMemtaercs Ha AX BIOJIb OCH X, M M3-3a IIOCTOSHCTBA
JUIMHBI HUTH CMEILAETCsS BBEPX BIOJIb HAKIOHHOM IJIOCKOCTH KIHMHA Ha TO e paccrosHue AX .
PesynbTupyromee cmemienue 6pycka Baoib ocu X paBHo AX=AX —AX -c0sa = AX(1—Ccosa).

ITockombKy 3TO COOTHOLIEHUE CHpPABEUIMBO Ui JIIOOOro uHTEpBana BpemeHu At, To s
AX
MIHOBEHHBIX CKOpocTed kiuHa V :E u Opycka V, :E B 11000 MOMEHT BpEMEHU

BBIIIOJIHAETCSA TaKO€ JK€ COOTHOLIECHHE V, =V (l—cosa). Cmemmenue Gpycka B IPOEKIMU Ha OCh
Y, HalpaBJICHHYI BEPTHUKAIBHO BBEpX, paBHO Ay =AX -SiN. Takum 06pazom, Vy =Vsina.

HOBTOMy MOAYJIb CKOPOCTHU 6pyCKa B MOMCHT BPCMCHH, KOI'/Ia KJIIMH ABHXKCTCA CO CKOPOCTBIO V )

paBen V= 1/Vf +V§ =V.,2(1—cosa). 3a Bpems t=1c xmun nHabGeper ckopocts V =At.

CrnenoBarenbHo, BEJINYHMHA CKOpOCTH Opycka B 3TOT MOMEHT BpPEMEHU

v=Aty2(l-cosa) ~05wm/c.
OTBET: v = At,/2(1-cosa) ~05wm/c.

3ananmue 2.
Bonpoc: Mokpslif cHEr — 3TO CMeCh JIEASHBIX KPUCTAJUIOB U KMJKOM BOJBI, HAXOIAIIUXCS B
paBHoBecun mnpu Temmepatype 0°C. Kak u3MeHHTCS TeMIeparypa MOKpPOTO CHEra, €ciid €ro
IIOCOJIUTH U nepeMemars? [louemy?

Oteer: Temmeparypa pe3ko yMeHbIIUTCS. Mokpblii cHer npu Temmeparype okosno 0°C
npenacTaBisieT co00il cMech BOJBI U JIEASHBIX KPUCTANIMKOB, a IIPU PACTBOPEHHUU COJU B BOJE
TeMmrepaTrypa IUIaBIE€HUS JIbJa TOHIKAeTcsd (B3aMMOJEHCTBHE MOJEKYJI BOJBI C HOHAMH,
00pa3yroIKUMHUCS U3 MOJIEKYJI COJIM, pa3pyllaeT peleTKy Jb/aa), U JeIsIHble KPUCTAJUIbI IIIaBsATCS,
3a0upasi y OKpY>KaroIIKX BELIECTB TEIIOTY IJIaBJICHUS.

3apgauya: B Tepmoce HaxoquTcs MOKpBIN cHer, coctosauuii Ha 80 % (o o0beMy) U3 KpHCTAIJIOB
apaa 1 Ha 20% u3 BoAbl, HaxXoaAIuXcs B paBHoBecHH. CHET 3amoJiHsAET TEPMOC HaIoJIOBUHY. B
TEPMOC JIOJMBAIOT KHUMSATOK 10 TeX MOp, MOKa OH He OyAeT 3amoiHeH NoiHocThio. Kakas
Temreparypa OyAeT y COepKUMOT0 TepMoca TOCie YCTaHOBIICHHsI paBHOBecHs? [[loTHOCTE Jiba
paBHa 900 KF/MS, IIOTHOCTE Boawl — 1000 KT/MC. ViaenbHass TemioTa IUIAaBJIEHUA Jbga A = 336
kJDK/Kr, ynenmpHas TermaoeMKOCcTh Boabl C = 4,2 kJ[x/(kr-°C).

Pemenne: B mporecce 0onvMBaHUS KUTISATKA Jied OyAeT TasTh, U 3aHUMAeMbIi UM 00beM Oyzer
yYMeHbIIaTcs (MpH OJUHAKOBOW Macce, KaK CJIeIyeT W3 COOTHOIICHHS TUIOTHOCTEH, 00BEM BOJIBI
cocraBisieT 0,9 oT oObema pacrasBirero jpaa). I[lyete V. — o0bem Tepmoca. Torma HadambHBIH
oobem sbaa pased 0,4-V , a Boasr — 0,1-V . TIpeamnonoxum, 9T0 K MOMEHTY 3allOJTHECHHS TEPMOCa

Bech JeJ pacraeT. Torma oObeM nonuToro kumsrka (AV ) ompenensercs M3 COOTHOIICHUS
V=01V+04-V-09+AV, u3 koroporo caeayer, uto AV =0,54-V. Tenepr 3amuriem
ypaBHEHHE TETUIOBOTO OayaHca JUIsl YCTaHOBIICHHSI PABHOBECHS: KOJMUYECTBO TEIUIOTHI, OTIaHHOE
KUIIATKOM, PaBHO CyMMeE KOJIMYECTB TeIlla, U3PAacXOJ0BAaHHBIX Ha IUIABJICHHE JIbJla U Ha HArpeB
BOJIbI, IOJTYYEHHOM M3 MOKpPOT0O CHera (IIpH 3TOM y4TeM, 4To TemrepaTypa kumnarka pasHa 100°C,
a TeMIeparypa MOKpPOI'O CHera paBHa 0°C):
C-pp-AV(EA00C—-t)=A-p,;-04V +C-pp-05V-t. C yuerom HaiigeHHOW BEIUYMHBI



A

AV nonydaem: t =54°C—0,36— = 25,2°C. Temmneparypa mosydnsiach MoJIOKUTEITHHON, TaK YTO
C

Hallle TIPEIIoI0KeHne (UTO BECh JIe] pacTasil) OMpaBIaaoCh.
OTBET: t =25,2°C.

3aganmue 3.

Bonpoc: [Ipu pa3zoMKkHYTO# 1LieNd HANPsHKEHUE Ha KJIIEMMaX MCTOYHUKA MOCTOSIHHOTO TOKa PaBHO
ero anekrpoaBrkymieit cuie (3/1C). OgHako npu NpOTEKaHUH TOKA Yepe3 HCTOYHUK HAMPSHKCHHUE
n3mMensiercs. [louemy?

OtBeT: DTO CBS3aHO C HEUJICATBHOCTHIO UCTOUYHUKA: B HEM €CTh BHYTPEHHHUE MOTEPHU IHEPIrHH,
KOTOpBIE MO>KHO OIUCATh, BBOJSI GHYMpeEHHee COnpomueieHue NCTOUHUKA I pealbHbII HICTOYHUK
SKBHUBAJICHTEH HJICATbHOMY (HANpsHKEHHE HAa KOTOPOM HE 3aBHCHUT OT MPOTEKAIOUIEro TOKa U
paBHo DJIC &), mociemnoBaTebHO COCIWHEHHBIH C PE3UCTOPOM C TaKHM COIPOTHBICHHEM.
[ToaTomy, B cOOTBETCTBUU C 3aKOHOM OMa, HalpsHKEHHE Ha PEeaJbHOM HCTOYHUKE 3aBUCHUT OT
nporekaromtero toka | : U =&—1r.

3agava: VYwuenwuk 8 xiacca coOpai 1emnb, cxema KOTOPOH MOKa3aHa Ha PUCYHKe, U3 Tpex OaTtapeit
U TPEX OJIMHAKOBBIX «IIPAKTHYECKHU MICAITBHBIX» ammnepmeTpos. D/1C @

arapeii pasusl & =&, =18B, &; =2&, =36B, a ux BHyrpeHHHE
2

comporusieHuss [ =20m, I, =40m, 3= 3 Owm. Haiigure

Q (A2

BCJIMYMHBI CHUJI TOKOB 4CPE3 aMIICPMCETPHI.

Pemenne: Tak kak amMmepMeTpsl «IIPAKTUUYECKH HEaIbHBI», TO MPH pacyeTe TOKOB B BETBAX C
HMCTOYHUKAMHU WX MOXKHO <BaKOpOTUTH». B 3TOM ciydae Bce TpW 3TH BETBH OKa3bIBAIOTCS
COEMHEHBI TMapaiedbHO (CM. JIEBBIN pUCYHOK). JIBa ncrounuka c oguHakoBeiM DJIC MOXKHO

I e

vl AT

82- 53-!- T Ew & T

'!'£1

cuMTaTh OJHUM HCTOYHUKOM c¢ TakuMm xe JOJC & =&, =& (ecnum uX MNOIKIIOYUTH K

pa3OMKHyTOI>'I ICIIN, TO TOK B BETBAX C HUMU TCUb HEC 6y):[eT, U OHHU 6yI[yT cOo31aBaTb HAa CBOUX

KJIeMMax HampsbkeHue, paBHoe d3tomy OJJIC), M ¢ BHYTPEHHMM COIPOTHUBIICHHEM
nr, 4

=——= § Owm. Torna cxema npeobpasyercsi K BUIy, TOKa3aHHOMY Ha CpeJJHEM PUCYHKE, U
L+,

o

E E
——=—=9A (3xecp nusa
o +13 r

CTAHOBUTCH sICHO, YTO TOK B BETBU C «TPECTbHUM» UCTOYHUKOM I "=

nLr
KPATKOCTH BBE/ICHbI 0003HaueHus E=E3 —& =& —&, =18Bu r=—22_ 41, =20wm). dror
n+n
TOK JIEJUTCS MEKTY BETBAMH C «IIEPBBIM» U «BTOPHIM» MCTOYHHKAM OOPATHO MPOMOPIHOHATHEHO

! " "
ux conporusienusMm (to ectb |'B nBa paza Gombumie 1), u mostomy |"==—==3A, a

3r

, 2& .
I :5? =6A. OGo3HaunM HCKOMBIE TOKH depe3 ammepMerpbl li,3. U3 cooTHomeHuit
HEMpPEepPhIBHOCTU TOKa (TIOJOKUTENIbHbIE HaNpaBieHUS TOKOB BbIOMpaeM Tak, KaK IMOKa3aHO Ha
pucynke) l, +13=1"=9A, I, +1;=1"=6A, |, -1, =1"=3A. Onnaxo 3Tux ypaBHeHuii He
XBaTUT JUIsl ONPEJEIIEHUSI TOKOB — OJHO U3 HUX SIBISETCS CIEACTBUEM ABYX Apyrux. BecomHuwm,
4TO COIPOTHUBIECHUE aMIIEPMETPOB I, BCE K€ HE PABHO HYJIO, XOTh U 04eHb Manoe. [lo 3akoHy
OmMma, HanpspkeHHe Mexay TodkaMd B uw C  MOXHO BBIYHCIUTH JIBYMS CIIOCOOaMH:



Uge =l3ra = (11 +1,)rs. 3mauur, l3=1;+1,. Hcnonssys sto ypasHeHne BmecTe ¢ 06O

napod M3 TpeX MNPENBIAYIINX, HaXOIUM: IlzéézlA, |2:g§:4A, |3:g$:5A.

OTBET: nokazaunus amnepmerpos |, = %? =1A, 1, =g§ =4A, I;= g? =

SA.

3ananue 4.
Bonpoc: Ilpu kakux ycCIOBHSIX JJI1 U3YUYEHHS COYIApEHUs ABYX TEJI MOKHO IPUMEHSTh U 3aKOH
COXPAaHEHUS UMITYJIbCA, U 3aKOH COXPAHCHHSI SHEPTUH ?
OtBet: J{ns 9TOrO0 CcoynapeHue JOJKHO OBITh YNpyruMm (TO ecTh 0e3 mepexojia MeXaHU4eCKOn
SHEPrUU B HEMEXaHWYecKue (GOopMbl — Bce aeopMariii Tell JOJDKHBI OBITh YINPYTUMH U
MOBEPXHOCTU TeJN JOJDKHBI OBITh THNAAKUMHU, JUOO0 MEXAy TelaMu He JOJDKHO ObITh
MpOCKaIb3biBaHMs1). Torga MOXXHO HCIOJIb30BAaTh 3aKOH COXPAHEHUsS MOJIHOM MEXaHUYEeCKOM
sHepruu. JlJis BO3MOXKHOCTH HCIIOJIB30BAaHUS 3aKOHA COXPAHEHHsS HUMITYJIbCAa CHUCTEMa JIBYX
CTAJIKMBAIOIINXCSL TENl JOJDKHA OBITh 3aMKHYTOW (BHEIIHHME CHIIBI JINOO OTCYTCTBYIOT, JTHOO HX
BEKTOpHAsi CyMMa paBHa HYI0). YacTo 3aKOH COXpaHEHUS UMITYJIbCa BBITOJIHAETCS MPUOIMKEHHO
JUISl «MTHOBEHHBIX» COYJIAPEHH — KOT/la BHYTPEHHHME CHJIBI CHUCTEMBI 3a OYE€Hb MaJlO€ BpEMs
CYILLIECTBEHHO U3MEHSAIOT UMITYJIbChI T€J1. ITO O3HAYAET, UYTO BHYTPEHHUE CUJIbl OUEHb BEJIUKH, U B
T€UEHHE BPEMEHH y/1apa BHEIIHUMH MOXHO MPEeHEeOpeyb.

3agaua: Ha ropu3oHTaNbHOM TVIAJKON JTOPOXKKE JekKaT BAOJb NpsaAMoi auHuu 2020 MaaeHbKUX
maiild Ha pacctosHuuM 1 M zApyr oT apyra: HepBOM JIEKHUT camas TsDKeas, a Macca KaKIou
cienymome maitoel B pany Ha 0,5 % Mensblue, yem y npenpiaymeid. [lo camoit Tspkemnoii maiide
HAHeCIM PEe3KHil ygap, COooOImMB el CKOpocTb V; =2M/C, HApaBICHHY0 TOYHO MO JIMHHUU
pa3MenieHus a0, U TakuM 00pa3oM 3alyCcKaeTcsi cepus JIOOOBBIX YIPYTHX coylapeHuid. 3a
KaKoe BpeMsl «BOJIHA YIapOB» JIOMJIET 10 CaMOil JIETKOU 11aiiob1?

Pemenne: PaccMoTpuM coynapeHue TepBOi W BTOPOHM IIaiiObl. B 3TOM cilydae BBITOJHSIOTCS
3aKOH COXpaHCHHA HMITYJIbCa B IIPOCKIHHM Ha OCbh X, HaIpaBJICHHYIO BJOJIb OOPOXKKHU

, . mvZ  mv;2 m(l-eg)v3
mv; =mv; +mM(Ll—&)V,, 1 3aKoH coXxpaHeHHs: MEXaHMYEeCKOM SHepruu = + :

2 2 2

3mecs ¢ =0,005, v; u V, — mpoekuun CKOpocTeil maiib mocne yaapa 3amucaB 3TH ypaBHCHHS B

Buge V; —V =(1—&)V, u V¥ —vj®> =(L—&)V5, paszemnM BTOpoe Ha mepBOE, YTOOBI TOTYUHTE

v . . &
\ +Vi=V2. 3nauut, V, =—1, a CKOpOCTh TEpBOM MIali0bl TIOCNE yAapa Viz—vl
1-¢/2 2_¢
HAMHOI'O MEHbIIE, M OHAa OCTAeTCA MO03adu «HOBOIO JHUAEpa». SCHO, YTO aHAJIOTMYHO

Vo 00y
1-¢/2 (1-&/2)?

paccMaTpHBAIOTCS BCE COYAApeHHs, TO €CThb Vi = TaK jajee [0

V.
Voo19 :—12018 . O6patuM BHHMMaHHE: , O €CTh «BOJHA YJIapOB» Ppa3rOHSETCS, U OYEHb
(l-&/2
Vi
npwmyHo! Hampumep, Vogi9 = W ~156m/c (camM0 9TO YKMCIIO HE HYXKHO IS PEIIEHHMS,
1

U ero 0e3 KaJlbKyJIsATOpa BBIYMCIUTH TSKENIO, HO OHO OYeHb IMOKazaTenbHo). Eciam paccrosiHue
Mexay maiibamu a=1M, To moiaHOEe Bpems, 3a KOTOpoe BoiHa noiaer a0 2020-i mai6br

a a a a
T="+" 4 4+ :_(1+q+...q2°18), rae -1-¢ =0,9975. Ucnonesys dopmyiy
Vi VY Vo V1 2
42019 2019
1+q+..0%%8 = i , Haiizem, uro T = 2a l—(l—f) ~ 2a =200c¢. Bomee To4HBII
1-q &V 2 &V,
pacyer ¢ UCHOJIb30BAHUEM KaJIBKYJISITOpa AaeT nmpuMepHo 199 c.
OTBET: T ~ 22 = 200.
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