OJIMMITMAIA HIKOJBbHUKOB «IIOKOPHU BOPOBBEBBI I'OPbI!» 11O ®U3UKE.
2022/23 yueonnrii ron, 3SAJAHUE OTBOPOYHOI'O TYPA. 7,8 u 9 knaccsl.

3ananue oTOOPOYHOTO Typa COCTOsUIO M3 ABYX 4dacTedl. B wactu | mpemmaranocs Tpu Bompoca,
OTBET K KOTOpBHIM (0€3 pelieHus) HyKHO OBbLIO 3arpy3uTh B CHEIHAIbHYIO (GOpMYy Ha caiite
ONUMMUAABI. BONpOochkl y YYacCTHHKOB pa3iHyalivCh YHUCIOBBIMH JaHHBIMH, BBIOMPAEMBIMH
ABTOMATHUYECKH M3 IIMPOKOro auamnazoHa 3HadeHuil. B uactu |l (TBOpueckoit) mpemnaranocs 4
OJIMHAKOBBIX JUISI BCEX YYaCTHHKOB 3aJjaud, K KOTOPHIM TpeOOBaJOCh 3arpy3uTh OTBETHI H
pelIeHus, TPUYEeM OLIEHKA OMPEeIIsIach MO pe3ybTaTaM MPOBEPKH PEIICHUH.

Yacts | (mpoBepsiloTCcs 0TBETHI), IPUMEP BApUAHTA:
Bonpoc 1 (7 6a10B):

Ha Hay4yHOM IOy SKCHEPHMEHTATOp BBUIMBAJI B €MKOCTh, YCTAHOBJICHHYIO HAa BECax, pa3HbIC
00BEMBI Pa3HBIX JKUJIKOCTEH 1O OIHOIO W TOro e oOmero ypoBHs. CHayana OH BbUIMBAI
HEKOTOPBIH 00BEeM JKHAKOCTH | ¢ IIOTHOCTBIO p1 = 0,6 T/cM>, 3aTeM B j1Ba pasa GOJIBIIHIT 00BEM
JKHKOCTH 2 C TUIOTHOCTBIO p2 = 1,5 I/cM®, 1 HAKOHEI! IONMBATT 10 HY’KHOTO yPOBHS JKHIKOCTH 3.
[Tpum 3TOM Bec cocy/a ¢ )KUIAKOCTSIMU BCET/Ia OKa3bIBAJICS OJJHUM M TeM e. UeMy paBHA INIOTHOCTb
KHAKOCTH 3? OTBET 3alMIINTE B I/CM°, C TOYHOCTBIO [0 JECATHIX, 0€3 yKa3aHHs CIMHHII
U3MEPCHUSI.

OtBer: 1,2.
Kommenmapuii: Ilycts V — 00beM KUAKOCTU 1, BBUIMNTOM SKCIIEPUMEHTATOPOM B €MKOCTb. Tornaa
(o ycnoBui0) 00BEM KUIKOCTH 2, BBUIUTOM B cOCy[l, paBeH 2V, a 00beM KUIKOCTH 3 OyIeT paBeH
Vo - 3V, roe Vo — obmmii 00beM Tpex KUAKOCTEH, OJJUHAKOBBIA BO Beex cirydasx. OOmas macca
KHJIKOCTEN B cocye

M=p-V+p- N +ps-Mo—N)=ps-Vo+(o+202-3p3) -V,
COIJIACHO YCJOBMIO, HE 3aBUCUT OT BeJUYUHBI V. SICHO, YTO 3TO BO3MOXHO, TOJIBKO €CIIH
pt2p =1,2r/cM’.

oL +200—3p3 =0, otkyna ps = 3

Bonpoc 2 (8 6a110B):

Jlyan conHUA TMagalOT Ha CTEKIO (paMyrd, OTKpbIBaloIIelcs HapyXy, B IUIOCKOCTH,
MEePIEHIUKYISIPHON €€ TOPU30HTAIBHOM OCH BpalieHus (CM. pUCyHOK). Ha kakoit yron f moipkHa
ObITh OTKJIOHEHa (ppaMyra OT BEpPTHKAIM, YTOObI OTPaXCHHBIE OT HEE COJIHEYHbIEC JIyuyd ObLIN
HaIpaBJIEHBI TOJ yriioM y = 14° k Beptukanu? B 3ToT MoMeHT BbicoTa CoiHIIAa HaJ TOPU30HTOM
paBHa o = 18°. OTBeT 3anmuIuTe B rpagycax, 6e3 ykazaHHs eJUHULl U3MEPEHUsL.

OTtBert: 29.

Kommenmapuii: CornacHO 3aKOHY OTPaKEHHUs CBETA, YroJ MaJEeHU JIyda Ha CTEKJIO (Yroi MexXay
M/IAI0LINM JIYYOM M MEPIEHAMKYISIPOM K MOBEPXHOCTU CTEKJIa, paBHBIN, KaK BUIHO U3 PUCYHKa,
o + ) paBeH yriy oTpakeHHUs (MEXIy 53TUM MEpIEeHAMKYIIPOM M OTPAKEHHBIM JY4OM — 3TO
OO

90°- f- y). CnenoBarenbHo, [f= 9_—206_7 =29°.



Bonpoc 3 (10 6a10B):

OpHopoHas TOHKAs JOocKa ATUHBL L = 1 M IeKUT HEMOABUKHO, OMMUPASICh «CAMBbIM KPAaeLIKOM» Ha
6opt Oacceiina. [Ipyroii ee KOHEI HAXOIUTCS B BOJE, YPOBEHb KOTOpOi B Oacceiine Ha h = 24 cm
HIDKE 9TOro Gopra. IIIOTHOCTB IepeBa, W3 KOTOPOro H3rOTOBJICHA 10cKa, p = 0,6 r/cv’. ILIoTHOCTD
BOJBI B Oacceitne po = 1,0 r/em’. [Ipn kakoii MUHMMAaJIbHOM BelW4YuHE KOd(UIMeHTa TpeHus
MeXay KpaeM OacceiiHa U JOCKOoH Takoe BO3MOXHO? OTBET 3alHIIUTE C TOYHOCTHIO A0 COTHIX.

OtBer: 0,41.

Kommenmapuii: Ha HEIOABM)KHYIO TOCKY JIEHCTBYIOT CHJIA TSDKECTH, CHJIa ApXHMe/Ia U JBE CUIIBI
peakiuy — CUJIa HOPMAaJIbHOW peakiuu OopTa OacceiiHa W cuiia TpeHus 00 3ToT OopT. Tak Kak
CWIIBI TSDKECTH W ApXHMMela HalpaBlIeHbl BEPTHUKAIBHO, TO

pasHoxeiicTByromas cun N u Fpp ToXe BepTHKaIbHa, H I03TOMY
B MOJNOXKEHHH paBHoBecus Fpp=N-tg(a), rne o - yroxn

HAKJIOHA JTOCKH K TOpu30HTY. C APYroil CTOPOHBI, BEIMYMHA CHIIBI
TPEHUS MOKOSI JIOJDKHA YIOBIETBOPATH TpeboBaHUi0 Fmp < 4N, 1
MO9TOMY BO3HUKAeT W TpeOOBaHWE K KOXPPHUIMEHTY TPEHHS
u>tg(a), 1o ectb  pimin =tg(x). 3anumem temepb IS TOCKH

YCJIOBHUC PABHOBCCHUA MOMCHTOB CHUJI OTHOCHTCIIBHO TOYKH OIIOPbI

+Fa-la—mg-lg =0. Bemuuuna cuimbl TSKECTH IS JOCKH C

L
ceucHneM S paBHa MQ=pSLQY, u ee meuo |y =ECOS(05). Bennunna cuiael Apxumena

h y
_T — JUIMHA TIOTPY’XCHHOU B BOAY 4YacCTU ,Z[OCKI/I), a €€ IIICYO
Sin(x

I 1 h
Ip=| L--L|cos(@) ==| L+——
A 2 @ 2 sin(a)

CoS(). Kak BHAHO, ypaBHEHHE MOMEHTOB IIO3BOJIAET

HalTH .

h N h
sin(«) sin(«)

=0=tg(a) =

pL? - py| L— , TIe XE%.

X
J1-pl po — X2

B nannom Bapuante X = 0,24, 1—£ =0,4. Takum 06pazoM, Lmin = X ~0,41.
£o J1-pl po — X2

B stom OTBETC, B COOTBCTCTBHUU CO CMBICIIOM HCKOMOM BCJIIMYMHBI, CYUTAJIOCh NPAaBUJIIBHBIM HE

TOJBKO OKPYTJIEHUE JIO COTHIX TI0 CTaHAAPTHBIM IIpaBujaM, HO U OKpYIJIeHUE «BBepx». Hampumep,
B JIAaHHOM BapHaHTE MPABUIBHBIM TaKkke cuntascs orBeT 0,42.

Yacts || (mpoBepsitoTcs pemenust):

1. («@onapu Ha mocty», 15 OamnoB) Hekwii yueHuk 7 kiacca 3aayMayicsi O TOM, Kak
U3MEpUTh PACCTOSHUE MEXAy (OHapsMU Ha OJHOM M3 JUIMHHBIX MeTpoMocToB. OH y3Haj, 4YTO
JUIMHA CTaporo BaroHa METPO M3HYTpU npuMmepHo 18 mertpoB. OpHaxnapl HpH BBIE3IE Ha
METPOMOCT OH MOIIEJ U3 KOHILIA B KOHEI| BaroHa MO XOJy I0€3/1a, CUNUTas «IPOeXaBIINE» MUMO
Hero ¢oHapu. OH cTapajics WATH OJAMHAKOBBIMH IIaraMy B OJHOM PUTME, U OOHApYXUJ, UTO 3a
BpeMs JBIDKEHHS OH Mpoexal pPOBHO 6 MPOMEKYTKOB Mexay ¢oHapsmu. OH Bbllen Ha
CIIEAYIOIIEeH CTAHIIMK U MOeXall B 0OpaTHYIO CTOPOHY, U Ha ceil pa3 OH B TOM € pUTME LIarai u3
KOHIIa B KOHEIl BaroHa MpOoTUB Xoja noe3aa. Oka3anock, 4TO TENeph OH Mpoexall IMOYTH POBHO 5
TakKMX e NpoMexyTkoB. I[lpenmonaras, 4yTo moe3la OTHOCUTEIBHO MOCTa U IIKOJBHHUK
OTHOCHUTENIHO T0€3/10B 00a pa3a JBUTAIMCh C OJUHAKOBBIMH CKOPOCTSIMH, HallIUTE paccTOsSHUE



Mexay onapsmu. Kpome Toro, onpenenure, BO CKOJIBKO pa3 CKOPOCTh IIKOJIbHUKA OTHOCUTEIBHO
BaroHa Obljla MEHbIIIE CKOPOCTH M0€3/]a OTHOCUTEIBHO MOCTA.

BO3MO/KHOE PEIIIEHUE:
O603Ha4uM V — CKOPOCTH MOE€3/1a OTHOCUTEIHLHO MOCTa, U — CKOPOCTh IIKOJIbHUKA OTHOCUTEIHHO
noes3zaa, u L — paccrosiuue Mexay ¢onapsmu. B o6oux ciydasx BpeMs ABUKEHHUS IIKOJIbHUKA U3

I
KOHIIa B KoHell BaroHa paBHo t=—, rme |=18m. B mepBom ciydae CKOpOCTH IIKOJBHHMKA
u

. \"
OTHOCUTENIBHO (poHapei Obuta paBHa V-+U, u mostomy 6L =(v+u)t=| —+1l. Bo Bropom sTa
u

Vv
CKopocTh paBHsiach V—U, 1o ecth SL=(V—U)t=| ——1|l. Beuuras BrOpOe ypaBHEHHE W3
u

nepsoro, Haiimem, uro L =21 =36m. PasnenuB ux npyr Ha apyra, MOJyYdM YpaBHEHHE JUIS
v 6 x+1

o \Y
HepeMeHHON X=—: —=—— =>X=—=11.
u 5 x-1 u

OTBETBI: L =36y, ¥ =11.

u

KPUTEPUU TPOBEPKU:
neicTBue MaKc.0aL1
VYkazaHo (MCTHONB3YETCsl B PEIICHUH ), YTO BPEMsI IBMYKCHHS IIIKOJIbHUKA B 000UX 1
CITydasix OIMHAKOBO
3anucano COOTHONIEHHUE, dKBUBaeHTHOe t =1/U 1
Bepno 3anucanbl cKOpOCTH HIKOJILHUKA OTHOCUTENBHO oHapeil uepes V u U 2+2=4
3anucano ypasrenue, sxsusanentroe 6L = (V+U)t = (v/u+1)l 2
3arucano ypaHerwe, sxBuBanentroe 5L = (v—u)t = (v/u—1) 2
[TpaBunbHO HaiigeHOo paccTosHue L =36Mm 2
[IpaBuiibHO HaliIeHO OTHOIIEHHE cKopocTel V/U =11 3
BCET'O 15
2. («JIoxkka cHera B OaHke mapa», 18 6amioB) BepTHUKaNbHBINA TUIHHIPUIESCKUN COCY

uMeer iomanas cedeHns S =500 cM? M TIAIKHE TEIUIOM3ONMPYIOLIME MPO3PAUHBIC CTCHKW.
CBepxy COIEpKMMOE cOCyla — YUCThIA BOASHOW map (0e3 BO3ayxa) — HAKPBITO JIETKHUM
TEIUIOM30IMPYIOLUM HOPIIHEM, KOTOPbI MOXeT CBOOOAHO MEpeMeIaThCcsi B COCYJe, OCTaBasCh
rOPH30OHTAIBHBIM. JlaBICHHE CHApYXH COCyla PaBHO HOpMaibHOMY atmochepHomy pPo ~101
k[la, a BHYTpM Ha CTEHKaX BHUIHBI MHKPOCKOITMYECKHE KaIeIbKH BOBI. MI3BECTHO, YTO TIIOTHOCTH
BOJISIHOTO Tlapa B cocyne po ~0,586 xr/m°. He Hapymas TEIIOM3ONAIMH ¥ He BBITYCKAs Tap W3
cocyna, B HEr0 M00aBWIIM YalHYIO JIOKKY MOKPOTO CHera (HaXOMSIIYIOCS B PAaBHOBECHH CMECh
JIEJSTHBIX KPUCTAJUVIOB M BOJBI), B KOTOPOM JOJS JhJa Mo macce paBHsiack 50%. K momeHty
YCTaHOBIICHUS PABHOBECUS IOpIIeHb omyctwiacs Ha h=~224 wmm. Halinmte Maccy cHera B
YIIOMSIHYTOM YalHOM JIOKKe. YIelnbHas TeIora mapooOpasoBanus Bousl I~ 2258 kJDx/kr,
yaenbHas TelioTa IuiaBieHus nbaa A~ 334 kJIk/Kr, ynenpHas TEIUIOEMKOCTh BOIsl C~4,2
kJ[x/(kr-°C). Kpome Toro, Bbel MokeTe WHCMOIB30BaTh B PEIICHUH OIPEACIICHUE IIKAJIbI
temneparyp lLlenbcus. Halinure Takke HM3MEHEHHE BHYTPEHHEW SHEPIHHM BOJABI B COCYAE B
MPOIIeCCe YCTAaHOBJICHUS paBHOBECHs (TTOCiIe JOOABICHHS CHETA).

BO3MOKHOE PEIIIEHHE:



W3 ycnoBus u onpenenenus mkansl Llenbcns MOHATHO, YTO B HAYAJIbHOM COCTOSIHUU Tap SIBIISETCS
HACBIIICHHBIM 1 ero Temreparypa paBaa ty =100°C, a TemnepaTypa JeasIHBIX KPHUCTAUIOB U BOJIBI
B MOKpoM cHere paBHa Uy =0°C. Eciu nocne mo0aBieHUs JTOXKKHA CHETa MOPIICHb OMYCTHIICS HE
70 JIHa COCyJla, TO €CTh B KOHEYHOM COCTOSHUM I10J NOPUIHEM €CTh IIap, U OH HaXOAWUTCA B
PaBHOBECUM C >KMJIKOCTBIO, TO 3TOT Iap HO-IIPEKHEMY SIBJISIETCS HACBHIILEHHBIM, U IIPU TOM XK€
JaBJIICHUH OH MMeeT Ty ke TeMieparypy 100°C, koropas crajga paBHOBECHON TeMIIEpaTypoil Bce
cucTeMbl. SICHO, YTO B TIPOLECCE YCTAHOBJIEHMS HOBOIO paBHOBECHS 4YacThb Iapa
CKOHJ/ICHCHPOBaJlaCh, M 3a CUeT TeIJla KOHJEHCAIMH JIeJl pacIUIaBWiCSA, a BoAa (Kak Ta, 4To
M3HAayYalbHO ObUIAa >KUIKOH, Tak W, KoTopas oOpa3oBajiach MpU TasHUM JIbJa) HarpeBaercs 0
temmeparypbl 100°C. O603HaYMM HCKOMYIO Maccy cHera M. Macca Jibjia B COCTaBe IMOPIUU CHETa
paBHa M/2, IOATOMY ypaBHEHHE TEIJIOBOTO OanaHca /sl YCTAaHOBJICHHUS PAaBHOBECHS B CHCTEME
UMeeT BUJI
_ 2r m
CA+2c(tg—t1)
3meck My = ppSh — macca ckonnercupoBasurerocs napa. CireoBaTeIbHo,
_ 2rpOSh
A+ 2c(to —1ty)

Jns onpeneneHus M3MEHEHUs] BHYTPEHHEW DHEPIHU BOJBI B COCYJE B IPOLECCE YCTAHOBJIEHUSA

r-me=m %+c(to -t) [=m

~25r.

pPaBHOBECHS HY)KHO 3aMETUTh, YTO Pa3HbIE €€ YaCTH OOMEHUBAINCH TEIUIOM TOJBKO MEXKIY COO00i
— COAEPKUMOE cocyna OBUIO TEIUIOM30JMPOBAHO, HO TPU 3TOM BHEIIHEE JaBJICHHE, OITyCKas
MOPIIEHB, COBEPIIANIO pabOTy Ha/ CONEPKUMBIM cocyna. Takum oOpa3om, SHEPTHUs BOJBI B COCY/IE
YBEJIMYMBAIIACH — B TOYHOCTHU Ha BeJIMUKMHY 3ToM pabotel: AE = A= poS -h ~113Tx.

OTBETBL: m= _ 2fposh ~25r, AE = ppS-h~113Tx.
A+ 2C(t0 —tl)

KPUTEPUU ITPOBEPKU:
nencTBue MaKc.0as1
OOBsICHEHO, YTO B HAYAJIbHOM COCTOSIHUM Tap SBJSETCS HACBIIIIEHHBIM 1
VYka3aHo, 4To HauanbHas Temneparypa napa pasia 100°C 2
VYka3aHo, 4To HavanbHas Temneparypa cHera 0°C 2
VYkazaHo, UTO KOHEYHAasi TeMIeparypa coaepkumoro cocyaa pasaa 100°C 2
[IpaBunbpHO 3ammncano YTD Uit ycTaHOBIEHUST paBHOBECHUS 3
[IpaBUIBHO OIpeesieHa Macca CKOH/IEHCHPOBABILIErOCs Mapa 2
[IpaBuabHO HaliieHa Macca MOKpPOTO CHeTa B JIOKKe ((popMyia + 4uciio) 2+1=3
[IpaBuIbHO HAWIEHO U3MEHEHUE BHYTpEHHEN sHepruu (hopmyia + 4ucio) 2+1=3
BCET'O 18
3. («TenJio u cBet», 18 6amioB) B moneBoit mabopaTopiu TpH OAMHAKOBBIX HArPEBATEIHHBIX

9JIEMEHTA C MOCTOSHHBIM COIPOTUBIICHUEM U TPU JIAMIIbI
paboTaiy OT OJIHOTO TeHepaTopa, MOAJIEPKUBAIOIIEr0 Ha
CBOMX KJIEMMax IIOCTOSIHHOE HampsbkeHue. B cxeme
JJIEKTPONMTAHMS UCIIOJIb30BaHbI [1Ba JUIMHHBIX IIPOBOJA C
3aMETHBIM CONPOTHUBIIEHHEM (Ha PUCYHKE OHU MOKa3aHbl
«KpUBBIMUY» JTUHUSAMH). CONPOTUBICHUS OCTAJIbHBIX

COCAUHUTCIIBHBIX IPOBOAOB II0 CPABHCHUIO C HHMHU

o g

kimou K pa3soMkHyT, paboTaeT TONBKO OJHA JaMIla, OJMHOYHBIM HarpeBarenb MOTPeOIIsieT

npeHeOpexuMo Maiibl. B mepBoM peknmMe paboThl CXeMbl

momaocts P =980 Br, a xaxnaeiii u3 marpesareneir B mape — P, =720 Br. 3arem ximou K



3aMKHYJH, U TElepbh CBETAT BCE TPU JaMmibl. [IpH 3TOM MOIMHOCTH MOTPEOJICHUS KAKAOTO U3
NapHbIX HarpeBareneil ymenbiwiack 10 P; =648 Br. Kakyro momuocts P teneps morpebiser

OJIMHOYHBIN HarpeBaTesb?
BO3MOXHOE PEHHIEHHUE:

O6o3HaunM R — compoTuBJIEHHE «IE€PBOrO» JUIMHHOTO IMPOBOAA (PACIIONOKEHHOTO Ha CXEMe
«cneBay), k-R — comnporuBienue «BTOporo» («cmpaBa»), X-R — CONpOTHBICHHE OJHOTO
Harpesarelns, ¥ y-R — cOlpoTuBiIeHNE HUTU OAHOM Jamnbl. Torna, BEIYUCIHSISL CyMMY HalpsKeHUI

no «BepxHeMmy Oepery» Hamero mocta, moiaydaem: 1R+ 14yXR=Up (ly — cuma toka uepes
y Uo
«OJIMHOYHBIN» Harpesaresib). Beens o6osHauenue |g =" Mbl MOKEM epenicarh 5T0

COOTHOLICHUE B BUAC YPaBHCHUA

I, +xly =19 (31)
AHAIIOTHYHO [T «HIXKHEro Oeperay 3amuiieM (|4 — cria Toka yepes mapy HarpeBarescii)
X
k|2 +§|2H =|0 (3.2)

EHIC JABa HE3aBUCUMBIX YPAaBHCHUA JAr0T YCJIOBHA HCIIPCPBIBHOCTU O6HICFO TOKa
|1+|2H :|2+|H (33)
1 3akoHa OMa JuIs JJamIibl (IepBhIiA CITydai)

glm 1 :y(ll—lH):»gl2H yly =Ly (34).

3Ty CUCTEMY JIMHEHHBIX ypaBHeHI/Iﬁ MOXHO PCIIUTb OTHOCHUTCIIbHO CHJI TOKOB. B YaCTHOCTH, AJIA
CHJI TOKOB 4€PE3 HAIrp€BAaTCIbHBIC 3JICMCHTDI

X(K+y)+2k(1+y)

Iy

T 0@ )+ (x+ 200 [y + XL+ y)]
Lt =1 Ak +y+x@1+y)]
Kx(L+ X) + (X + 2K)[y + x(L+ y)]
P 49 13 I
OTHOI_HGHI/IG 9TUX TOKOB HaM HU3BCCTHO, BC€Ab — = = j— = —. 9T0

P, 36 (Iq/2)% I 12
COOTHOIIICHUE JaeT ypaBHEHUE Ha K, X U Y
L SK+Ak-T)y
7—6k+y
ﬂCHO, 4TO IJI1 BTOPOTrO cCliydad (OZ[Ha JlaMIla 3aMCHCHA Ha MMapaJuICIIbHOC COCAUHCHUC TpeX)

y

MOJIy4aroTCs TOYHO Takue *e (GOpMyJibl C 3aMEHOH Y —)§ Torma coornomenue P, x P; maer

» 10 134 1y 410
HaM €11e OJTHO YpaBHEHHUE: 5232 I'Z = ™ = 3 782041
2 2H
V10 3(k +X) + 1+ X)y _ 3kx(L+ X) +3x(X+2K) + (X +2K)(x+1)y
3 k+X)+@+x)y  kx(@+x)+x(X+2K)+(x+2K)(x+Dy

DTOT MyTh MO3BOJISIET HANTH X U Y JUISL KQK0TO K, M TpH 9TOM HCCIIEI0OBaTh TUara3oH 3HadyeHuit K,

Opyd  KOTOPBIX pELIEHHE SBISAETCS (PU3MYECKH IOIMYCTUMBIM (OTHOIIEHHS COIPOTHBIEHHM
HOJIOKHUTENLHE ¥ OJM3KU M0 MOpsaaKy Beiandmubl). Hampumep, mpu K =1 momywaercs X =5,
y ~0,3015. Jis kaxa0ro moay4eHHOro KOPHS MOKHO BBIYMCIIHTE



R I (x@kry)+2k@E+Y) Y
Py (134 12)° K+y+x(E3+Yy)

u naiitu P. Bmpouem, 370 oYeHb HEYMOOHBIH IIyTh, TaK KAaK MOJYUYEHHAs CUCTEMA IIOCIIE

UCKJIIOUEHHsT JTI00OM Mapbl HEM3BECTHBIX MPHMBOAAT K YPABHEHUSM BBICOKOW CTEIEHH, HE
HO3BOJISIOIIMX PEMINT €€ AHATUTUYECKH. TaK 4TO Ul YYaCTHHKOB, KOTOPBIE TOLLIM 3THM ITYTEM,
NPAKTUYECKH E€IUHCTBEHHOM BO3MOKHOCTBIO SBJIUIOCH YHCIEHHOE pEIleHHe (HAmpuMep, ¢
noMouibio Tabmui Excel nim crnenmanu3npoBaHHBIX MaTeMaTH4eCKuX mporpamm). Takoid moaxon
INpuUBOAUII K BbIBOAY, YTO BO3MOXHBIC 3HAYCHUA MOIIHOCTH HOTpe6HeHI/I5I OJUHOYHOTO
Harpesarels BO BTOPOM ciydae nexar B quanazone 855Br < B <909 Br.

BripodeM, ecTh ele oiuH BO3MOXHBIA MyTb. Eciu npednonoswcums, 4To 3amada AO0JKHA UMETh
JIOCTaTOYHO TIPOCTOE PEIIEHUE, TO MOXHO MCKaTb BapHaHT, B KOTOPOM BBIpAKEHHUE MJIs
OTHOILLICHMS CWJI TOKOB CYILECTBEHHO YIpolaercs. M3BecTHO, 4TO 3TO HMPOUCXOAUT B CIydae
«IIPONOPLIMOHAIBHOIO MOCTa», KOTJa COIPOTUBIIEHUE ABYX <(UIMHHBIX» IPOBOJOB OJMHAKOBO (B
Hammx obo3nayenusx K =1). JleiictBurensro, B 3toM ciydae u3 (3.1) u (3.2) MOXKHO MOJTYYHTh
ypaBHEHUE

X
li+xly =15 +§|2H-

Boruuras u3 nero (3.3), oOHapyXxuBaeM, 4To

X
@+X)y ={1+=|lon.
2
Iy X+2
Taxum o6pasom, npu K =1 oTHOLIEHHE CUII TOKOB Y€PE3 HAIPEBATENH — — = ——— HE 3aBHCHUT
ol 2(X +1)
. X+2 7
ot lp u Y, 1 mosTomMy Oyaer oanHaKoBO [isi 0Ooux noxakimoueHuit! [pupaBHuBas ﬂ = 1—2 ,
X+

MOXKHO HafITH, 4qTo X:5, a IIOTOM IIOJYYUTb KBAaJAPaTHOC YPABHCHUC JIA y C HYXHBIM

nonoxutensHbM KopHeM Y ~ 0,3015, HO B AeHCTBUTENBFHOCTH B 3TOM HEeT HeoOXxomumocTH. Besib

Th T R B p B egpy
I 12" P 36 36

Taxkoit noaxoa MCIOJb30BAJICA YHACTHUKAMHU, U CHHUTAJICA «IOYTH» IMPABUJIbHBIM PCIICHHUEM (CM.

TCIICPb MbI 3HAEM, UTO HJIA BTOPOI'O CiIydas TOXKE

KpUTEPUU TPOBEPKN )
OTBET: 855Bt1< R <909 Br; nonycrumsiii oteer: B = % P; =882 Br.
2

Ilpumeuanue: OOpaimaeM BHUMaHWE YYaCTHHUKOB, YTO 3Ta 3agada — 1O (U3MKE, a HE IO
MaTeMaTHKe, XOTh OHAa U TpeOyeT 3HaYMTEIbHOI0 00beMa MaTeMaTu4yeckoil paboTsl. B peanbHbIX
HCCIIEIOBAaHUSIX 3aKOHOB MPUPO/IBI Mbl YaCTO HAYMHAEM C CUTYAIMH, KOT/Ia HaM HEU3BECTHA YacTh
apaMeTpoB PEATUCTHYHOW MOJENM SBJIEHHS, U B OTOM CIIy4ae MMEHHO aHalU3 BO3MOXKHBIX
3HAYeHUH «HEJOCTAIOLIMX» BEJIUYMH TO03BOJIAET CIUIAHUPOBATh AKCIEPUMEHTHl Uil UX
ompeneneHus. [103ToMy B HAyYHOM HCCIIEIOBAHUU HEJOCTATOYHOCTH KOJIUYECTBA YPaBHEHUH IS
OJTHO3HAYHOTO PEIICHHS 33/1a4H — HE IOBOJI OCTaHABIMBAThCs. KOHEYHO, Ha onuMmHagax 0ObI9HO
CTaparoTcs JaBaTh 3aJlaud, B KOTOPHIX Takoro He ObiBaeT. Ho 3TO TBOpdYeckas 4acTh 3aqaHus!
Hamnpumep, nuteparypasiii nepcoHaxx OpatseB CTpyrainkux, CTaBIIMK T€POEM OJHOTO W3 HaIIUX
saganuii (Kpucrobame Xynra, omummuana «[1BI'1»-2020), npuHIMOHAIBHO WHTEPECOBAJICS
TOJILKO peIIEHHEM TeX 3a/1a4, JJIs1 KOTOPbIX JOKa3aHO OTCYTCTBUE PEIICHUS.

KPUTEPUMU ITPOBEPKU:



JIEUCTBUE MaKc.0aJ11
[Tonydena nonHas cucrema 4 ypaBHEHUN CBSI3U CUJI TOKOB C COITPOTUBIICHUSIMU 4x1=4
(oxBuBaneHtHas (3.1) — (3.4))
Beruncneno ornomenue |y /1oy =7/12 nuGo nonydeno npaBuibHOE ypaBHEHHE, 1
cespiBaromiee P /P, =49/36 ¢ conporusnenusmu
3anucaHa moJiHasi CUCTeMa YPaBHEHUM J1JIS COMPOTUBIICHUHN WJITU UX OTHOIICHUH 3
[peanoxeH aaropuT™ aHaInu3a CUCTEMbl yPaBHEHHIA

i o
Vkazano, uro npu K =1 cBsA3b CHII TOKOB uepe3 HarpeBaTelld OKa3hIBaeTCs
MaKCHMaJIbHO TPOCTOM
3anucana BepHas Gpopmyia s pacuera P/ P; B BeIOpanHOM MeTo€ 3
[Monyuen orBer 855BT< R <909BT (monyuen orer B =(882+1) Bt niu 403
APYTo#l MPaBUIIbHBINA OTBET JJIsl OTHOTO IOMYCTHMOTO 3HaUYeHHS K) )
BCEI'O 18

*Ecnu ciayuail K =1 BbiOpan 6e3 aHausa oOIIero ciydasi, TO PU IPABHILHOM PEIIEHHH 3a ITYHKT
1 craBurcs 2 6ajiia (2 ypaBHEHHs), 32 ITYHKT 2 — MOJIHBII 0211, 32 MyHKT 3 cTaBUTCA 2 6aJuia, 3a
MYHKTHI 4 1 5 — MOJIHBIH 62171, 32 MyHKT 6 — 3 6ajia. Takum 0O6pa3oM, MakCUMasIbHAas OIIEHKA 32
9TOT BapHaHT pellieHus paBHa 14 dasnam.

4, («Kocmuueckoe ocBemenue», 24 Oamra) Ha MeXIIaHeTHOW CTaHIUM YCTAHOBHIIH
OKYJISIp, HaIlpaBJISAIOMIMKA CBET Ha ¢oro3neMeHT. OKynsp Bce Bpems HampasieH Ha ConHue (yroa
ero 3axpara Oojblle yrioBoro pasMepa CojHLA, BUAMMOIO C OpOUTBHI CTaHIMK), a CHJA TOKa
¢doTo3eMEeHTa NPONOPLUOHATIBHA MOIIHOCTH CBETOBOTO M3JIyYEHHs M3 KENTO-3€JC€HOH 4YacTH
BUJUMOrO CIIEKTpa, IOMAJAIOLUIET0 B «IJIa30K» OKyJspa. 3aluch 3HAUEHUH CHUJIBI TOKa
¢doromaTunka B 3aBHCHMOCTHM OT BpPEMEHHM Oblla HadyaTa B MOMEHT NPOXOXKICHUS CTaHIHEH
nepureins cBoedl opouthl (Moment Bpemenun t=0), W mpom3BOAMIACHE TIPH OMPEIEICHHBIX
MOJIOKEHUAX cTaHuu oTHocuTenbHOo ConHua. Pesynbrarel mpencraBieHsl B TaOnume. Ha
OCHOBaHUU 3THUX PE3Y/IbTATOB ONPEIEIINTE BEIUUMHY OOJBIION U MaJIOi MOITyoCcel 3TN THYECKON
opbuTsl cTaHuuy (B a.e.). [lornomieHnemM cBeTa B OKOJIOCOJIHEYHOM IIPOCTPAHCTBE IPEHEOPETUTE.

t, 3emn. roga | 0,00 |0,351|0,582 (0,873 | 1,236 | 1,673 |2,182| 2,751 | 3,364 | 4,000 | 4,636
I, MA 25,60 (15,47 | 9,77 | 6,17 | 410 | 291 | 224 | 1,86 | 1,66 | 1,60 | 1,66

Ykazanue: Vicnonb3yiiTe N310KEHHBIE HUKE CBEJICHUS U3 aCTPOHOMHUU U TEOMETPUHU.
Cornacno | 3axkony Kennepa, nnanetsl u npyrue HeOecHbie Tena COMTHEYHON CUCTEMBI IBUKYTCSA
no aaauncam, B (okyce koTopeix Haxoautcs ConHIE. DJUIMIC MOXKHO paccMaTpHBaTh Kak
«CIUTIOCHYTYIO OKPYXXHOCTB» - PAcCTOSIHHE OT IIEHTpa JUIUIICA JI0

ero Touek wusMeHsercs B npemenax b<r<a, rme a um b
Ha3BIBAIOT OONbWOU U MAIOU NOLYOCAMYU DIUTATICA (CM. PHCYHOK). - -

OnpenensromuM CBONCTBOM JLTUIICA KaK reoMeTpuueckoil puryper 1
SBIISICTCSA CYIIECTBOBaHME JIByX CUMMETPUYHBIX TOUYEK — (POKYcos
QJIJIMIICA, PACIIONOKEHHBIX Ha Ooyiee JIMHHOM OCH CHUMMETpHH. a
CyMMa paccTOssHUH OT J00OOW TOYKM DJUIMIICAa JO JBYX €ro

(OKyCOB eCTh BeJTMUMHA IOCTOSHHAS [T JAHHOTO Auinca. Ha snnuntudeckoil opOuTe BbIIENSIOT

TOYKY, B KOTOpOi#l Teno Omuxe Bcero k ConHiy (nepueenusi I1) w TOUKY, B KOTOPOW OHO JajbIIIe
Bcero ot Comuna (agenuit A). Pacctosuuss B CONHEYHOH cHUCTeMe OOBIYHO H3MEPSIOT B
ACTPOHOMHYECKHX EIUHHIIAX, IPUMEPHO COOTBETCTBYIOIIUX PaIUyCy OpOUTHI 3eMITH, KOTOpas
Majo oriauydaercss oT okpyxkHoctu: 1 a.e. = 150 mun. kM. Cormacuo Il 3akony Kennepa,



OTHOIIICHHWE KBaJpaToOB TMEpHOAOB oOpamieHuss HeOecHbIX Ted CONHEYHOW CHCTEMBI pPaBHO

T2 &

OTHOIIIEHHWIO KyOOB OOJIBIIUX TIONyOCeH WX OpOUT: MakcumMyM MOIITHOCTH

TS a3
SHGKTpOMaFHI/ITHOFO I/I3queHI/IH COHHHa HpI/IXOHI/ITCﬂ Ha )KeJITO‘:‘}eHeHyIO qaCTb BUAUMOIO
CIIEeKTpa.

BO3MO/KHOE PELIIEHHUE:

Ecnu Mbl npeHeOperaeM MOIVIONICHHEM CBETa B OKOJIOCOJHEYHOM IMPOCTPAHCTBE, TO MOIIHOCTH
U3JIy4CHUsI, MOMAJAONIEr0 B OKYISIp, H3MEHSCTCS OOpaTHO MPOIMOPIUOHATIBHO KBaapaTy
paccrostaust 10 ComnHila (3Heprust H3IyYCHHS [0 Mepe yIaleHns OT HCTOYHHUKA PACTIPEICISACTCS O
MOBEPXHOCTH pacTyiieil chepbl, IUIOMAAb KOTOPOH pacTeT MPOMOPHUOHAIBLHO KBaJpaTy
paccrosiaust). CreZ0BaTeNbHO, TaK K¢ JOJDKHA BECTH cebs U cuia Toka ¢orogarduka. [1osTomy
SICHO, YTO MOCIE MPOXOXKACHUS TEPUTeNHs, TIe TOK (HOTOAATYMKA JOCTUTACT MAKCHMyMa, OH
JOJDKEH yOBIBaTh 10 JOCTIDKCHHs CTaHIMe# adenus, rae TOK (OTomaTdynka yObIBaeT, a 3aTeM
CHOBAa HA4YaTh PacTU. B Ta0uuile MUHUMAILHOE 3HAYCHHE CHJIBI TOKA (POTOAATIYMKA COOTBETCTBYET
Bpemenu t=4,000rona. Eciiu oOparuTh BHUMAaHHE, YTO CHMMETPHYHO IO BPEMEHH OT 3TOTO

SHAYCHHA PaCIIOJIOKCHBI ITOJOKCHMA, KOTOPBIM COOTBETCTBYIOT JiIBa OAMHAKOBBIX 3HAYCHHA CHUJIbI
TOKa (bOTO)IaT‘II/IKa (TO CCThb IBa OJMHAKOBBLIX PACCTOAHUA 0 COJ'IHI_[a), TO CTAHOBUTCA SACHO, YTO
9TO 3HAYCHUC COOTBCTCTBYCT HMCHHO a(bem/no. CJ'IGI[OBEITGJ'IBHO, K 9TOMY MOMCHTY BPCMCHHU
IIponuia IoJIOBUHA IICpUuoaa O6paIlICHI/I$I CTaHIIUHU, U TIOITOMY HCPUOL O6paH_I€HI/IH PaBCH T=8

ner. Ilpumenum Il 3akon Kemnnepa k cranuuu u 3emie: Ky0 OTHOLIEHHs OOJBIIUX MOJYyOCEH UX
3

a a
opbur pasen | — | =82 =64, u nostoMmy — =4=a~4 a.c. (opOuTa 3eMIH NPAKTHYSCKH
ag ag

KpyroBasi, Tak 4yTo OoJblliasi MOIYOoCh 3eMHOI OpOUTHI MpakTUdecku paBHa 1 a.e.). Kpome Toro, u3
OTHOIICHUS CHJI TOKOB ()OTOJAaTUMKA B MIEPUTEINU U aQeIud HaAXOIUM OTHOLICHHE PACCTOSHUMA OT

ConHua 1o adenust U Nepuresus:
I Y _r
P A A
—=16=| = | =>—=4.
(N I'p I'p
Kpowme Toro, u3 reoMeTpu4ecKuX CBOMCTB AIIIHUIICA CIEAYET, YTO

P +ry =2a a:(rP+rA)/2 b 24ralrp 4

= =>—=—"=—
(a—rp)? +b? =a? b=.rera a (ralrp)+1 5
CnenosarensHo, b :ga ~ 3,2 a.e. (3a0JJHO MOXKHO HAWTH, 4TO Ip :ga ~6,4ae,alp :éa ~16

a.e., TO €CTh OpOUTA CTAHIMHU IEITMKOM JISKHUT BHE OpOUTHI 3emiti). BooOIie u3 JaHHbBIX TaOIHIIbI
MOKHO MOJYYHTh OYCHb MHOTO HHTEPECHBIX CBEICHHH O [BIDKCHHHM CTAHIMU O OpOUTE —
NPaKTHYEeCKH BCE, YTO yroAaHo. llompoOyiiTe, HampuUMep, BHIUKCINTH MHHAMAIBHYIO W
MaKCHMaJIbHYIO BEIHYNHY CKOPOCTH CTaHI[MHM Ha OpOWTE, MCIONB3ys HH(OPMAIIUIO, YTO CPEIHEE
3HAYCHUE BEJIMYMHBI CKOPOCTH JBIKEHHS 3eMiti Ha ee opbure pasHo V =~ 29,765 xm/c. Eciu B
BCE ClelaeTe MPaBUIbHO, TO MaKCHMAIIbHAs CKOPOCTh CTAHIIMHM OK&KETCS IMOYTH TOYHO paBHA 47
KM/C (C OTKJIOHEHHEM MEHee OMIMOKU, 00YCIOBICHHON HETOYHOCTSIMU UCTIONb3YEMbIX JTAHHBIX ).

OTBETHI: a~4 ae., b~32 ae..
IHpumeuanue: Ha camoM Jee MOXHO MCIIONb30BaTh MJis ONpPENENEHUs D  COOTHOIIEHHE

PACCTOSHUI B Pa3HbIX TOYKaX (a He TOJNBKO Fa/Ip ), HO TaKoii IIyTh 3HAUMTEIBHO MEHEE yI00€H.

KPUTEPUMU ITPOBEPKU:



JIEUCTBUE MaKc.0aJ11

Y CcTaHOBNIEHO, YTO MOIIHOCTD U3ITy4EHHS, MOMAAAIOIIET0 B OKYJISAP, U3MEHSETCS 4
00paTHO MPONOPIMOHATIBHO KBapaTy pacctostuus 10 CoimHa

Yka3aHo, 4TO 3TO OTHOCUTCS U K CHJIe TOKa (OToIaTInKa 1
ITo nanubM Tabaue! HaligeHo (2) u o6ocuoBano (3), uro t =4,000roxa 2+3=5
COOTBETCTBYET aemuio

Haiineno, uro nepuos oOpalieHus CTaHIIMU 110 OpOUTE paBeH 8§ JIeT 3
[paBuiIbHO HalIEHO OTHOIIEHKE A /TP 3
[TpaBusbHO HalieHa AJTMHA OOJIBION OJayocH opOouThl a ~ 4 a.c. 4*
[MpaBuiibHO HalijieHa JUIMHA MaJIoi mosryocu opouTsl b~ 3,2 a.e. 4*
BCET'O 24

*ECIi MpaBUIbHO U 000CHOBAHHO HalineHo otHomenue — = 0,8, Ho camu @ u b Halinens ¢
a

OoMOKOH, 32 TH MyHKTHI CTAaBUTCA B CyMMe 4 Oajuia.

OBPAIIIEHUE K YYACTHUKAM OJIHMIIHA/IbI U3 5 — 8 KIIACCOB:

Koneuno, snauumenvnas yacms 3a0anuti omoopouno2o mypa mpebosana 3HaHus paszoenos
QU3UKU U MaAmeMamuKku, Komopvle — 8 COOMEEeMCmeuU ¢ OONbUIUHCINEOM WIKOIbHBIX
npozpamm — uzyyaromcs 6 konye 8 unu 8 9 knacce. Ilosmomy Bam, ecmecmeento, 0vlio
msdNHCeNo, U UWAHCO8 NPOOUMbCA 8 3aKnoyumenvusli sman y Bac 6vi10 menvute, uem y
0e6AMUKIACCHUKO8. [la, sma onumnuada — 0coOeHHAss No YPOBHIO CIOHCHOCMU 3A0AHULL
ombopoynoco smana. OOHAKO Mbl HA0eeMcsl, Ymo paboma Ha0 HAWUMU 3a0AHUAMU ObLIA
Bam unmepecna u nozeonuna nouyecmeogams Kpacomy u paznooopasue gusuxu. Muozcue
uz Bac ece owce cnpasunuce ¢ 3adauei «Kocmuueckoe oceewjenue», 8 KoOmopou
«HEUKONbHbIE» C8eOeHUsl ObLIU NOMeWeHbl 8 CNPABOYHDBILL pa30el YCI08Usl, HeKOmopble — U
¢ Opyeumu 3adavamu. Ham 6vino ouenv npuamuo eudoemsv Bawu pewienus, 6 komopwix Bul,
He 02paHUYUBAsCy OMBEMAMU HA 3A0AHHblIE 8ONPOCHI, NPOBOOUIU OONOIHUMETbHBIU AHATU3
onucwvieaemvix seneHull. Hanpumep, nexomopwvie yuacmHuku npeocmasisiiu pPUCyHKU C
VKA3aHueM moe2o, KaK opouma CmMAaHyuu pAacnosiodceHa OmuocumenvHo opoum 3emnu,
Mapca u IOnumepa, u Oadxce ommeuanu HaA Hel MOYKU, 8 KOMOPbLIX NPOUIBOOUNUCH
usmMepenus cuivl pomomorxa. Imo 3uavum, umo y Bac ecmov camoe enagnoe 015 nobeowvl Ha
Hawiell oaumMnuade — cmpemiienue K UCCIe008aHUI0 s8NeHUll, U Mbl 6yoem paodbl 6HOBb
suoemv Bawu pabomwr 6 cnedyrwowue 2o0vl! Bnpouem, smu cioéa OMHOCAMCA U K
yuawumcs 9 knaccos. Ycnexoe Bam ecem!

Kopu u memoouueckasa komuccusa onumnuaowl «Illoxopu Bopooveewt I'opwvr!» no ®OUIHKE



