2024 r.
OauMnuaga MKoJILHUKOB «JlomonocoB» mo I'EOJIOT'NA

3akiounTenbHbIN 3TN (5-8 KiIacckl)

3ananue 1. (20 6an10B)

JIBe Tpynmsl IeojOrOB OJNHOBPEMEHHO BBIEXANM W3 Jlareps Ha JBYX Be3leXOoJax B JBa IIyHKTa,
PacCIOJIOKEHHBIX HA PABHBIX PACCTOSIHUAX OT JIarepsl.

B 000ux myHKTax reoyioru NpoBOAUIN paboThl, HA3HAYEHHBIE 110 TUIAHY.

O06e rpymnibl 0THOBPEMEHHO BEPHYJIHCH B JIareph.

[lepBas rpynmna Haxoquaach B BE3JeX0/1€ B 2 pa3a OoJblIe BpeMEHH, YeM BTOPAast BHIIOIHsIA PaOOTHI.
Bropas rpynmna Haxonuiack B Be3liexo/e B 3 pa3a 0oJbllle BpEMEHH. YeM IepBast BBIMOJIHSIIA paboTy
Ha ITyHKTE.
Kakas rpynmna 6sicTpee exana Ha Be3aexonae?

Pemrenmne:

-5 : 2 X 4acoB - BpeMs Ha €3]y, y 4acoB - BpeMsl Ha paboTy.
2-s: 3 y 4acoB - BpeMs Ha €3]y, X 4acoB - BpeMs Ha paboTy

2x +y =3y +x;x=2y.
Bropas rpymnna pabotana B fBa pa3a 0oJibliie, 4eM MepBasi, CIeI0BaTeIbHO, OHA eXana ObIcTpee
IIEPBOM.

OrtBet: Bropas rpymnna exana ObicTpee.

3ananme 2. (15 6aa510B)

B kactprone, HakpbITOM KpBIIKOW, HaxoautTcs a€x npu temneparype t; = —10°C. Korma emy
COOOUIMITM KOJHMYECTBO TEIUIOTHI (), Bech JIEN pacTasyl, a oOpa3oBaBmIasCsl BOJAa Harpejach a0
temriepatypsl t, = 40 °C. Kakas Temrepatypa ¢ Obl1a y COIEPKUMOTO KaCTPIOJIU, KOTAa JEA Oy HIT
tonbko 0,6 O? McnapeHneM U TEIUIOBBIMH MOTEPSAMHU MTPeHEOpeyb.

VY nenpHas TemI0éMKOCTh baa ¢; = 2,1 k/x/(kr - °C).

V nenbHast TEII0EMKOCTE BOJIbI ¢, = 4,2 k/Ix/(kr - °C).

VaenbHas TerioTa miaasinenus abaa A = 330 k/K/Kr.

Pemenue:
[Tycts Macca apaa paBaa m. Torga Q = Q1 + Q, + Q3, T1e

Q=cm(0°C—t;) —
KOJIMYECTBO TEIUIOTHI, HYKHOE, YTOObI Harperb Bech nE€n no Ttemmepatypsl riasiaeHus (0 °C),
Q2 =Am —
KOJINYECTBO TEIUIOTHI, HY>KHOE, YTOOBI PACIUIABUTh BECh JIEN, HATPETHIN 10 TEMIEpaTyphl IIaBICHUS,
Q3 = c;m(t, —0°C) —
KOJIMYECTBO TEIUIOTHI, HY)XHOE, 4YTOOBI Harperb 0Opa30BaBIIYIOCS TPHU IUIABJICHUH BOIY [0
TEMIIEPATYPEI L.
Boruncium oTHOIIEHKE



& _ Clm(o OC - tl) _ 61(0 OC - tl) _
Q Clm(O OC - tl) + }\m + sz(tz - 0 OC) Cl(O OC - tl) + A + Cz(tz - 0 OC)

2,110 21
= 21-10+330+42-40 519~ 0%
BruuciuMm otHOIIEHUE
Q1+0Q; cem(0°C—ty) +Am B c;(0°C—t))+A B
Q  cm(0°C—t)+Aam+cm(t,—0°C) ¢, (0°C—1t) +A+c,(t, —0°C)
2,110 + 330 351
~ 0,68.

T 21-10+330+42-40 519

Orcioga crnegyer, uro Q; < 0,6 Q < Q1 +Q,. D10 3HAUUT, 4YTO KoiaumyectBa TemwioTel 0,6 Q
JOCTaTO4YHO, YTOOBI HAarpeTh Bech NN 1o Temmeparypsl miuaBieHus (0 °C), HO He XBaTUT, YTOOBI
pacmiaBuTh Bechb JIEN, HArpeTblid 0 TeMIeparypbl IUIaBieHUsA. Takum oOpa3oM, TemImeparypa
coaepxxumoro kactproau t = 0 °C.

OtBer: t = 0°C

3apanme 3. (20 6an10B)

B 12 mypdax, npoHyMepoBaHHbIX B Tabnuie uuciamu 1-12 3omoTouckarensmu, Obi10 HaiigeHo 200
30JIOTBIX CAMOPOJIKOB, TIPM 3TOM CyMMa HaiJIEHHBIX CAMOPOJKOB B JIIOOBIX TpeX mypdax ¢ MmoIpsia
UAYIIAMHA HOMEpaMHU OJMHAKOBas. 3alloJIHUTE TAaONUIly B COOTBETCTBHH C Pe3yJIbTaTaMU pPaOOTHI
30J10TOMCKATEIIEH.

Nemypba | 1 | 2 [ 3] 4[5 ]e6 789 10]11]12

Koanuectso
17 20
CaMOPOJIKOB

OT1BeT:

Newyppa |1 |2 [3 |4 [5 Je6 [7 [8 Jo J10o [11 [12

Komn-80 17 20 13 17 20 13 17 20 13 17 20 13
CaMOpPOJIKOB

3ananmne 4. (15 6an10B)

Ha ropu3oHTanbHOM CTOJIE€ YCTAHOBIIEHBI 1Ba BEPTUKAJIBHBIX
IUIOCKUX  3€pKajla NIpsSMOYTOJIBHOW  ¢opMmbl.  3epkana
KacaloTcd Jpyr Jpyra OJHOW CTOPOHOH. YToln Mexay @
3epkanamu @ = 60° (cM. pUCYHOK, BUA CBEpPXy). Mexny
3epKajlaMd  HaxOOUTCS TOYEYHBIH MCTOYHHK cBeTa A. y g8
Paccrostare oT Hero 0 kaxxaoro u3 3epkan b = 30 cwm.
Uemy paBHO pacCTOSHUE OT UCTOUYHMKA CBETA JO €r0 CaMOro
JATBHETO N300PKEHHS B ITOW CUCTEME 3epKai?




Pemenne:

[TocTpoum n300pakeHust ICTOYHKKA CBETa 4 B 3epKajax.
Jlyun OT uCTOYHHMKA A, OOWUH pa3 OTPA3UBIIUCH OT
3epKai, 1aayT MHUMbIE n3o0pakenus B u C.
OTpasuBmIMCh OT 3€pKajl ABAXKIbBI, MO OJHOMY pa3zy OT
KaX/10T0 3epKaja, JIydd OT UCTOYHHKA 4 JAaTyT MHUMBbIE
n3o0paxenus D u E.

Hakonen, oTpa3uBIIMCH OT 3€pKal TPWXKIbI, Jy4d OT
UCTOYHHKA A TaxyT MHUMOE u300paxkeHue F.

W3 noctpoeHus BUAHO, U4TO MIECTUYroabHUK ABEFDC —
NpaBWIBHBIH cOo crtopoHoir 2b. Camoe nanmpHee
n300pakeHMe HUCTOYHUMKA A HaxoAMTCAs B TOuke F.
Paccrostnne AF = 2AB = 4b = 120 cwm.

OtrBer: L = 4b =120 cMm

3apaunme 5. (15 6an710B)

Kakwne ropHbie mopos! Ha3bsiBatoTcsi MeTamophuueckumu? [IpuBenure npumepsl. Kakoe oHn mMeroT
IIPAKTUYECKOE 3HAYEHUE [Tl YeIoBeKa?

OTtBeT:
MeTtamop(UIECKUMU HA3BIBAIOT TOPHBIE IMOPOJIBI, OOPa30BABIIMECS B TOJIIE 3E€MHOW KOPBI IO

neiicteueM Meramopdusma. MeTamMoppu3M TPENACTaBIIeT COOOM TEOJIOTHYCCKHA MPOIECC, MPH
KOTOPOM HCXOJHBIE OCaJ0YHble, MarMaTuyeckue MU Jake MeTaMop(HuecKue TOpHBIE MOPOJIbI
OKa3bIBAIOTCS Ha OOJBIION TTyOMHE, UCTIBITHIBAIOT BO3JCHCTBIE BHICOKOM TEMIEPATyphl, JaBICHUS U
TOpSYMX JIETyYHX BEIIECTB, MPOMCXOAUT UX MpeoOpa3oBaHUe, MEPEeKPUCTAITU3AIUS, YIUIOTHEHUE,
00€3BOKUBAHUE, COXPaHSS IPU ITOM TBEPIOE COCTOSIHHE.

MuHepalibHbIi cOcTaB MeTaMOp(PUUYECKHX MOPOJ 3aBUCUT OT COCTaBa MCXOJHBIX mopoa. Hampumep,
ocaZioyHas TOpHas IMOpOAa H3BECTHSAK B Ipolecce MeTamopdusma mpeobOpasyercss B Mpamop,
MeCYaHuK — B KBapuuT U T.1. K Hanbosee u3BECTHBIM MeTaMOp(pUYECKUM TOPHBIM MOPOJaM TaKXKe
OTHOCSITCSI CJaHLbI (CIIOASHBIE, XJIOPUTOBBIE U T.[.) U THEWCHI. IIpUBETCTBYIOTCS NMpPUMEPHI U MHBIX
MeTaMOp(pUIECKHX TOPHBIX MOPO/I.

MHorue MetamoppuUecKrue ropHble MOPOIbl OTHOCAT K CTPOUTENBHBIM MaTepHaiaM (Mpamop, THEHC,
CIaHIBl M Jpyrue) — OOJHUIIOBKA COOPYXXEHHH, IOpPOXKHOE CTPOMTENbCTBO M T.n. MHornma
MeTamMop(HuYecKre TOPHBIE MOPOJBI SBISIOTCS PYIOHOCHBIMH, HAIPUMEp, JKEIIE3UCTHhIE KBAPLUTH —
BakHbIN nctouHuk Fe (Kypckast MarHuTHast aHomanus).

3ananue 6. (15 6aas10B)

Uto m3ob6paxeno Ha ¢ortorpadun? Kakue reonorndeckue mporecchl y4acTBOBaJId B ()OPMHPOBAHUU
JAHHOU TEpPUTOPUU?



OrtBer:
Ha ¢ororpaduu n3obpaxen pydeit (HeOoibIIas peka) ¢ JOBOJIBHO KpyThIM Oeperamu. BeposiTHO, BO

BpeMs TasHUSl CHEra WIN CUJIbHBIX JOXKAEH 3TOT pydyel MMEET 3HAUUTENIbHO 0O0JIe€ MOIIHBIA MOTOK.
I'eonornueckass paboTa MOBEPXHOCTHBIX BOJOTOKOB SIBIISICTCS TJIABHOW NMPHYUHON (HOPMHUPOBAHUS
9TOW MECTHOCTHU. bajllbl B OTBETE HAYUCIISUIUCH 33 YIIOMUHAHUE:

® HauyaJlbHOM CTaguM pa3BUTHS JOJUHBIL 3TOM peku (Onm3koit kK V-o0pasHoil) u
MIPEUMYIIECTBEHHO JOHHAs 3po3us Npu e€ HOPMUPOBAHUH;

e ycryna (CI0KEHHOTO BEpOATHO 00jiee MPOUYHBIMU OPOAAMHU) C HEOOIBIIMM BOIOMAI0M;

® BBEP3UOHHBIX KOTJIOB, BEIPAOOTAHHBIX B PE3YyJIbTAaTe BPALICHUsI KAMHEHN B CTpYy€e BOJBI.

JlononHUTENbHBIE Oallibl 100aBSUIMCH 32 YIOMHUHAHHE IPOLIECCOB BBIBETpHUBaHUS ((pu3mueckoro,
OMOJIOTHYECKOTO) W TPAaBUTAIMOHHBIX, KOTOPHIE TaKXXe MMEIH 3HaYeHHWe Npu (HOPMUPOBAHHU ITON
MECTHOCTH.



3akmounTenbHblil 3Tan (9-10 kiaaces)

3ananue 1. (20 0a110B)

Jl11s mpoBeieHus B3pbIBHBIX paboT y reonoroB umeercs 40 6ukdopIoBbIX MHYPOB IIHHON 20 METPOB
KaXI[blil.

OnuH KOHEIl KaKJI0T0 IIHypa OKpallleH KPACHBIM LIBETOM, APYTrOW - CHHUM.

[Tnams pacmpocTpaHsieTcs 10 IMIHYPY OT KPAaCHOTO KOHIA K CHHEMY.

CornmacHOo cxXeMe W TEXHHKE Oe30MacHOCTH TpeOyeTcss coOpaTh W3 MENBIX NIHYPOB KBaJIPATHYIO
pemetky 80 Ha 80 METPOB TaK, YTOOBI

pelieTka He cropesia MoJHOCThIO MTPU OJHOBPEMEHHOM 3a)KUTaHUU OTHS B JTI0OBIX 12 MecTax.

B y3nax peuieTku Ooronb NepexoauT OT KPAaCHOTO KOHIA KO BCEM MPUJIETal0IINM CHHUM.

OrtBert:
& ® © © ®
& o = @
& @
o = = 3 @

3ananue 2. (15 6aa10B)

ToHkyr0 cobuparomyo JUH3Y ¢ GOKYCHBIM paccrosiaueM F = 50 cM pa3pe3anu Ha IBE paBHBIC 4acTH
— BEPXHIOI0 M HIKHIOW. [lomydeHHbIe TOJJOBUHKY JIMH3bI YCTAHOBUIIM MEpPE]] BEPTUKAIBHBIM IJIOCKUM
9KpaHOM O, KaK IMOKa3aHO Ha PUCYHKE.

Ha paccrossnun d = 150 cM 0T MI0CKOCTH, B KOTOPOH HAXOAATCS MOJIOBUHKU pa3pe3aHHOM JIMH3BI,
YCTaHOBJICH TOYCYHBINH UCTOUHUK cBeTa S. Ha skpane O HabmomaroTcst 1Ba YETKUX JIEHCTBUTEIBHBIX
n300pakeHs] UCTOYHMKA. UeMy paBHO pacCcTOSIHUE MEXAY STHMU H300paXKeHUsIMH, eciii a = 13 oM,
a b =7 cm? TonmuHoM pazpes3a npeHeOpedb.



a

S
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Pemenue:

H}o6a;1 HaCTh JINH3bI I[el‘/’ICTByeT Ha JIy4YHu CBC€TAa TOYHO TaK KC, KaK U UCXOAHAas ILecjiad JIMH3a.
Takum oOpazom, U300pakeHNE MPEAMETa B CIydae 11eJI0i JIMH3BI WK €€ 4acTU CTPOUTCS OJUHAKOBO U
MOoJIy4acTCd B 0601/IX ClIydasx OJHUM U TCM IKC. E[[I/IHCTBGHHOG OTJIMYHUEC COCTOUT B TOM, YTO Ha LCIIYIO
JMUH3Y mNajnaeT Oonbllle CBeTa OT MIpeaMeTa, MOATOMY JEWCTBUTENbHOE H300pakeHHEe IMperMera,
JaBaeMoe€ 1IeJI0 JIMH30HU, OYAET spUe, 4eM JaBaeMoe € 4acThIO.

[TocTponMm n300pakeHUsI ICTOUYHUKA CBETA HAa IKpaHE (CM. pUCYHOK).

Y%

C nomourpto (GopMyJibl TOHKOM JIMH3BI Hal€M paccTOsiHME f O 3KpaHa OT IUIOCKOCTH, B
KOTOPO JIe)KaT MOJIOBUHKHU JIMH3BI:

+

)

| =
Q|
Y

OTKyJa
Fd 50-150

:d—F:150—50 cM = 75 cm.

f

Paccrostaue S5, Mexny n300paKeHUSIMU HCTOUHMKA HAWAEM M3 MOAOOUS TPEYTOJBHUKOB SS;S, U
50,0, Ha pucyHke:

S, d+f _ f_ F o d
atb d tgTltizFTa—F
OTKyJa

d 150
5152=(a+b)'m=(13+7)'mCM=3OCM.



OTtBeT:

d
5152:(a+b)'m:30CM

3ananue 3. (20 6aa10B)

dopma HalIeHHOTr0 KpUCTallIa OMKMCaHa B XKYypHaJe reoJ0rnyeckoi MapTHH CIEIYIOUMM 00pa3oM.
Kpucrann sBnsercds MHOTOTPaHHMKOM, Yy KOTOpPOrO JBE TPAaHM DPaBHBIE TPEYTOJBHUKH C
NapajuleJIbHBIMU CTOPOHAMHU, @ OCTAJIbHBIE IPAaHU NIaPAJLIIEIOrPAMMBL.

[IpuBenure mnpumep Kpucramia (HapuCyMTe 4YepTeXk), COOTBETCTBYIOLIETO OINKCAHUIO, HO HE
SIBJISIFOLLETOCS TPEYTOIBHOU IPU3MOM.

Pemrenne:

OtBert: /[Be, cTOsIIME APYT HA APYTe, IPU3MBI.

3ananue 4. (15 6aa10B)

Ha pucyHnke npencrasiieHa cxeMa 3J€KTPUYECKON LIETH, COCTOSIIIEN
U3 HCTOYHHUKA TOKa M peocTara. HpI/I S3HAYCHHUAX COMNPOTUBJICHUA

peocrata Ry =60M wu R, =240M MOWHOCTh  TOKa,
MPOTEKAIOIIEr0 M0 PeocTary, oAuHaKoBa. UeMy paBHO BHYTpEHHEE
COTIPOTUBIICHUE " UCTOYHHUKA TOKA?

Pelnenue:

CornacHo 3akoHy OMa 15l TOJIHOM LIETH CHJIA TOKA B IPEACTaBICHHON LENH

[ = E
T R+7T
MOLLHOCTB TOKa, IPOTEKAIOLIETO [0 PEOCTATY,
P =I?R = R
N (R+1)?°

[To ycnosuro 3aaun



E2R, &R,
(Ri+7)% (Rp+1)?’

OTKyJa
Ry(Ry +71)?> =R (R, +7)?.
PackppiBas ckoOkH U TPUBO/IS TOJJOOHBIE ClIaraeMble, MOTyUYHUM:
7?(Ry — Ry) = RiR,(R; — Ry) .

Orcrona ipu R, + Ry

r=,RR, =V6:240mM =12 0m.
OtBer: r =,/R{R, = 120M

3anaunme 5. (15 6aa10B)

Kakue Tunbl ByJKaHOB (ByJTKaHHYECKHX MTOCTPOEK) Bl 3HaeTe? [IpuBenure npumepsl. B uem npuynna
ux pazHooOpaszus?

OTser:

[To BuAy BYJIKaHWYECKUX MOCTPOEK BBIACIAIOT BYJIKAHBI IIEHTPATBHOTO U TPEIIMHHOTO (JIMHEHHOTO)
TUMOB. ByJKaHbI TPEIIMHHOTO TUIA U3JIMBAIOTCS BAOJb TPEIIUH — MIyOUHHBIX Pa3JIOMOB (HampuMmep,
Bynkanbl Mcmanaum). [Ipu m3Bep)KeHUHM TaKUX BYJIKAHOB OOpA3yIOTCS MOIIHBIE IIUPOKHUE JTaBOBBIC
MOTOKH U3 KUJIKON MOJABUKHOM JIaBhI.

BykaHbl IEHTpaIbHOTO TUTIA UMEIOT €IUHBINA MOABOISAIINKI KaHal U 6osee pasHooOpa3Hbl o Gopme,
T.K. OTJIMYAIOTCS MO0 COCTAaBY U BA3KOCTH JIABBI.

JlerkomoABMKHBIE JIaBbl UMEIOT OCHOBHOHM (0a3aibTOBBIN) COCTaB M CO3JAIOT IIUTOBBIE (10 (opme
HallOMMHAET IIMT) BYJIKaHbl (Hampumep, ByskaHbl ['aBaiickux octpoBoB). Co BpeMeHEM, IpH
MHOTOYHCIICHHBIX U3BEPKEHUAX y TAKUX BYJIKAHOB BBIPACTAET KOHYC — CTPAaTOBYJKaH. Bs3kas kucnas
(puonuToBasi) 7naBa, MEMJICHHO BBIJIABIMBAsCh M3 JKepia, oOpasyeT Kymojia H «OOETUCKH,
3aKynopuBas xepio. [Ipu 3ToM Hepeaku ciiydad B3pHIBOB (BBIOPOCHI Ta30B) U YHUUYTOXKEHHUS paHee
IIOCTPOEHHOI'0 KOHYCA.

3ananme 6. (15 6aa10B)

Uro n3obpaxkeno Ha gororpaduun? Kak 3to Morio copmupoBathcsi?



OTser:

Ha d¢ororpadun wu300paskeH CKIOH TOPBl C BEPTHKAIBHBIMU TMPUYYUIUBBIMH  OCTaHIIAMH,
HaIIOMUHAIOIMIMMH KaMeHHbIC «TrpuOb». Takue ¢Gopmbl penbeda 0O0pa3yroTcss MPU HEOAHOPOIHOM
BBIBETPUBAHHUH U BO3JICHCTBHUH TYIOIIETO BETPa Ha TOPHBIC TIOPO/IBI, CIATaOIIUE CKIOH TOPEHIL.

CaMbpIM 3Ha4MMBIM TIPOLIECCOM SIBJISICTCS BBIBETpHBaHHWE ((U3NYECKOEe, B MEHBIICH CTEICHU
XUMHYECKOoe © Ouojorudeckoe). VHTEHCUBHBIM HArpeB mopoJ IHEM H OXJAKICHHE HOYBIO,
3aMep3aHHe JIbJa B TPEIIMHAX TNPUBOIWIA K TIOCTOSHHOMY pPa3pyIICHHIO TOPHBIX MOpoA. A uX
HEOJTHOPOAHOCTh, pa3Hasi MPOYHOCTh MPUBOAMIN K HEPABHOMEPHOMY pa3pylLIeHHIO, (OPMUPOBAHUIO
«OareHy.

[Tockonbky MECTHOCTh TOpHAasi, OTKPBITasi, BTOPHIM BaXKHBIM (DAKTOPOM SIBISIETCS BETEP, KOTOPHIi
BbIAYBaJl U oOTauuBa TOPHBIC TOPOJAbI ICPCHOCUMBIMU YaCTHULIAMMU.

«I1lnanka rpubay» BEepOSATHO CIOkKeHa 0oJiee MPOYHBIMU U YCTOWYMBBIMU K BHIBETPUBAHHIO TIOPOJAMHU.



