2024 r.
Oaumnuaga mkoJILHUKOB «JlomonocoB» mo 'EQJIOT' TN

3akawunTeabnbii 3Tan (11 kiaacce)

3ananme 1 (20 0ass10B).

OO6nacTe BO3MOXKHOTO MECTOPOXKIEHHUS HEPTH 3a/laHa Ha CXeMe MEepBO OKPYXKHOCTHIO, B
KOTOPYIO BIUCAH TPEYToJIbHUK ¢ yriaamu 65 u 70 rpamgycos. Ilocie mMOBTOPHBIX HCCIIETOBAHUN
00JacTh BO3MOKHOTO MECTOPOKIEHHSI 0003HAaYeHa BTOPOM OKPY>KHOCTHIO, OMIMCAHHON BOKPYT
TPEYTOJIbHUKA, BEPIIMHAMH KOTOPOTO SIBJISIOTCS KOHIIBI XOPJ] MEPBO OKPY>KHOCTHU, BBIXO/ISIIINE
13 BEpUINH, COOTBETCTBYIOIIMX 3aJaHHBIM YIJIaM U COJEPKAIIUX BBICOTHI TPEYTOJIbHUKA, U TOUKA
TepeceueH s STUX XOpA. PaccTosHue MexIy KOHIAMH XOpi paBHO 2v/2. Burumcnure paamyc
BTOPOU OKPY>KHOCTH.

Pewrenue: B

1) DCu AF-xopnupbl, nepecekatorcs B Touke O

2) DF =22

3) Yroa BAC = 65 rpaaycos. Yroa BCA = 70 rpaaycoB

4) ¥Yron FAC = 20 rpanycos, Yron DCA = 25 rpaaycos, Yron AOC=135 rpaaycos
5) VYroa AOC = ¥Yray DOF = 135 rpagycos

6) Teopema cunycoB mis Tpeyroiabanka DOF: DF = 2Rsin135

7) R=2

OtBer: R=2

3ananme 2 (15 0ans0B).

Uto0b! mepeHecTH HEOObIIOe KOTUIECTBO KHUIAKOCTH
U3 COCy/ia B TPYAHOAOCTYITHOE MECTO, B3SITU OTKPBHITYIO
C JByX KOHIIOB BEPTUKAIBHYIO [HIUHAPUICCKYIO
CTEKJIIHHYIO TPYOKy niuHO# L = 30 cM U morpy3uiu
OIMH U3 ¢ KOHIIOB B XHUJAKOCTh Ha TIyouny h (cwm.

PHUCYHOK). 3aTeM, 3aKpbIB BEpXHEE OTBEPCTHE TPYOKH

naJIbIIeM, IEPEHECIT OCTABIIICECS B TPYOKE KOJTHMUYECTBO

KUJKOCTH B TpeOyemoe mecTo. Ha kakyro rimyOuny h

HY>KHO OBUIO MOTPY3UTh KOHEL TPYOKHU B >KUIKOCTb, S

4TOOBI JOCTABUThH B HYXKHOE MeCTO 00bEM V = 3 cm’

KUJKOCTH, €CIH IPU MEPEHECEHUH >KUIKOCTH TpyOkKa ¢ €€ COAepKUMBbIM Harpeiach B pyke
JKCIIepUMEHTaTopa 10 TemnepaTypsl ¢ = 37 °C, BCIEACTBHE YET0 YaCTh KHUIKOCTH BBUIUJIACH U3
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TpyOku? McxonHas TemmepaTrypa >KUAKOCTH U TpyOku ty, = 27 °C. IIIOTHOCTH XKUIKOCTH P =
1000 xr/m>, pamgumyc ortBepcTus TpyOku 7 = 3 MM, aTMocdepHoe naBieHue p, = 10° Ila,
yckopeHue cBobogHoro magenus g = 10 m/c’.  JKMAKOCTH  CUMTaTh  HEC)KUMAEMOIL,
KalWIISIPHBIMU SIBJICHUSIMU TIPEHEOPEUb.

Pemenue.

Bosnyx B TpyOke ommceiBaeM ypaBHeHueM Kuaneiipona — MenpeneeBa (pV = VRT).
[Tocie Toro Kak 3aKpbUId MalblieM BepXHEE OTBEPCTHE TPYOKH, KOJIMUYECTBO BO3JyXa B TpyOke
v = const. [lycts S = Tr? — nuomaas MONEPevHOro CeUeH s BHyTPEHHETO KaHaaa TPyOKH, a P —
JaBJICHWE BO3JyXa B TPpyOKe B KOHEYHOM cocTosiHMH. Torma w3 ypaBHeHus Kiameiipona —
MemnnieneeBa ciieyeT paBeHCTBO (00beTMHEHHBIN Ia30BbIi 3aKOH):

po(L —1)S _p(LS = 1)
T, B T

CTonbuK KHUIKOCTH B KOHEYHOM COCTOSIHUM HETIOJIBUKEH, IIOATOMY paBHA HYJIIO CyMMa

IPOEKINH Ha BEPTHUKAIBHYIO OCh JEHCTBYIOIINX HAa HETO BHEIIHUX CUIL:
PoS —pS—mg=0.

Otcrona
mg

P=P0—T-

[ToncTaBuM 3TOT pe3ynbTaT B 00beIMHEHHBIN Ia30BbIi 3aKOH. Y IPOCTHUB, MOTYYHM:

po =1 _ (P =) (L)
T, T ’

vV mg\ Ty
h=i- (1) (1-29) %,
S poS/ T

C yLIéTOM MacCChbI CTOJ'I6I/IKa XKHUIOIKOCTU B KOHECYHOM COCTOAHUU T = pV OKOHYATCJIBHO IMOJIYYHUM:
4 PVg \To
h=L—-\L-—=\1-—=])+-
nr Do mr<) T

YucIeHHBIN OTBET:
3-107° 103-3-107%-10 273+ 27
h=03-(0,3— — (1 - — . =
3,14-(3-1073)2 105-3,14-(3-1073)2) 273+ 37
=0,3—-0,1938-0,9894-0,9677 = 0,1144 m = 11,4 cMm.

OTKy/a

OtBer: h=11,4cMm

3ananmue 3 (20 6a710B).

B mpsmoyronpHOit JlexkapToBoii cuctemMe koopauHaT OXy M300pa3uTe MHOXKECTBA TOYEK C
KOOpJAMHATaMU (X,Y), BO3MOXKHON CEeHCMUYECKOM aKTUBHOCTH NPH YCIOBHHU, YTO NEpEMEHHAs Yy
OTpaHMYEHA 3HAYCHUAMM | ¥ 5, a 3HAYCHUsI IEPEMEHHOMU X YOBJIETBOPSAIOT HEPABEHCTBY

+x%43x < L
2x% + 6x -4

Pemmenue:
1)3amena x? + 3x = t,t > —3

Syr<c-B

2) 2t 4
t> -2



H-2<t<0, 25t

H-3<x<-> , -2<x<-1, —3<x<0 y

e

Otser: (-3; -2,5]U[-2; -1]U[-0,5; 0)

3ananme 4 (15 6ans0B).

V3kuil my4oK cCBeTa Majgaer 1o

HOpMalli Ha IIEHTp OOKOBOW TpaHH b i) )
MIPO3PAYHOTO CTEKJISTHHOrO Kyba co
CTOpPOHOM b = 7 cM u 3aTeM, poitas
€ro HacKBO3b, MaJaeT B Touke M Ha
BEPTUKAJIbHBIN ’KpaH 3, "
pacroNoKeHHbI 32 KyOoM (CM.
puc. 1). Ecmm kxy0  HaumHaer

BPAIATBCS BOKPYI TOPH30HTAIBHOM Puc. 1 7 Puc. 2 “
ocH, mpoxojsmei uvepe3 ueHtp O

KyOa MepneHAUKYJISIPHO IUIOCKOCTH PUCYHKa (CM. pHC. 2), TO TOYKa MaJeHUs Jyda Ha JKpaH
Ha4yMHAEeT IepeMenaThbes 1o 3kpany. Haliqure MakcuManbHOE yAajJeHUe TOUKH M1aJIeHUs JIyda Ha
9KpaH O OT €€ HauyaJbHOTO TOJOXKEeHHS M mpu BpameHun KyOa. OTpaxeHUsMH JTyda Ha
BHYTpPEHHEN MOBEPXHOCTH KyOa npeHneOpeus. [Tokazarens nperomuaeHus kydba n = 1,58.
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<

\ 4
\ 4

Pemenue.
Jlyd cBeTa momagaeT Ha 3KpaH B TOUKe NN, MpOHIsa KyO Kak
IUIOCKONIapaJuIeNbHy0 Iu1acTuHy. IloaTomy mpu BpamieHUH
kyoa BN || AM. Ilycte BD 1 AM. Torga ucKoMoe
paccrosiuue MN = BD. U3 ueprexa cienyer, 4To

BD = AB sin(a — B).
B cBoro ouepenp,

Takum oOpazom,

b sin(a — B)
MN = —— = b(sina — cosa - tg B).
g = gh)
W3 3akoHa npesiomyienus (B JaHHOM cliydae: sin o = n sin ) monyyaem:
inp sin a g n? — sin? « g sin o
sinf = , COsp=———, tgf = —.
n Vi = sin?a
Orcrona
_ CoS «
MN = bsma-(l ——_).
n? —sin? «
HerpyaHo y6eIuThCs, YTO BHIpAKEHHE
b sin(a — B)
MN = —B
cos f3

MIPY BBIMOJHEHUH 3aKOHA MPEJOMIICHUSI MOHOTOHHO pacTeT ¢ yBennueHueM o npu 0 < o < 90°.
JlelicTBUTENBHO, C POCTOM O IOJIOKHUTEIBHBIN YMCIUTENb APOOHU B BIpakeHUH it MN pacTér, a



MOJIOKUTEIBHBIN 3HAMEHATeh yObIBaeT. VI3 ycrmoBus 3a1auu CleyeT, 9To MpH BpalleHuu Kyoa
HanOopIIee 3HaueHue o paBHo 45°. [ToaTomy

cos 45° ) . V2 (1 1 )
Vn? — sin? 45° 2 2n? — 1

V2 1
max(MN) =7cm-—-(1— ~ 2,47 cm.

2 J2-1,582 -1

max(MN) = bsin45°- (1 —

YuciioBoU OTBET:

OtBer: max(MN) = 2,47 cwm.

3ananme 5 (15 60ans0B).

Kaxkue 2opnvie nopoowl oopasyromca npu Kpucmanauzayuu u3z mazmul? Kakoe onu umerom
npakmuueckoe 3HaueHue?

Otser:

Marma — npupOAHBIN, Yallle BCEro CWIMKATHBIM, IOpSYUN pacIliaB, BO3HUKAIOIUN B
36MHOM KOp€ WJIM BEpXHEW MaHTUU. | OpHBIE OpPOABI, KPUCTALIU3YIOIINECS U3 MarMbl Mpu €€
OCTBIBAaHUH, HA3bIBAIOTCSI MAarMaTHUYECKUMU.

[lo mecTy KpucCTalIM3allUd MarMaTHYeCKHe TMOpOAbl JensaTcss Ha 3(Q¢y3uBHBIE H
UHTpY3HBHBIC. [IpuMepaMi MarMaTHUECKUX TOPHBIX MOPOJ] SBJSIOTCS TPaHUT, Oa3aybT, rabopo,
nabpagopur, kumbepnut u T.J. Marma Ha 45-75% cocTtour M3 KpeMmMHe3eMa, MO3ITOMY
OOJIBITMHCTBO MAarMaTHYECKUX ITOPOJI COCTOSIT U3 MUHEPAJIOB KJIacca CHIIMKATHI (MTOJICBBIE IINATHI,
OJIUBUH, TUPOKCEHBI, CITIOABI U T.1.).

MHorue MarMaTu4eckue roOpHbIe MOPOAbl OTHOCIT K CTPOUTEIHHBIM MaTepuasam (TPaHuT,
TabpalopyuT U Apyrue) — 0OJUIIOBKA COOPYKEHUMN, JOPOKHOE CTPOUTETHCTBO U T.11. MHOT 12
MarMaTU4eCKHUe FOPHbIE MOPOAbl BMEIIAIOT PYAHBIE U HEPYIHBIE MOJIE3HbIE UCKOIIAEMBbIE.
Hampumep, ¢ tyHutamMu cBA3aHbl MECTOPOXKACHUS XpOMa, C KUMOEPJINTaMU — MECTOPOKICHHS
aJIMa30B, a ¢ He)eIMHOBBIMU CUEHUTAMHU — 3aJI€KU anaTuTa. MarMatndeckoe MporucCXoxKaeHHe
UMEIOT U MEJIHO-HUKEJIEBbIE MECTOPOXKIEHUS. B 0TBETE MPUBETCTBYIOTCA U APYTHE IPUMEPHI
MPaKTUYECKOr0 3HAUEHHUS] MarMaTHYECKUX TOPHBIX MOPOI.

3ananme 6 (15 0ans10B).
Buumamenovno uszyyume ¢pomocpaghuio u onuwiume 2eonozuyecKue npoueccvl, Komopwvie

gopmupyrom oannoe nooepexcve. Kax obpasyiomca znemenmout penvegha, euoumvle Ha
domozpagpuu?



OrtBert:

Ha dotorpadun nzobpaxeHo mopckoe nodepexne. B ero popmupoBanun y4acTBOBaIM TaKHe
9K30T€HHBIE TMPOIECCHI, Kak: Treojorudeckas pabota Mops (MPEUMYIIECTBEHHO), BETpa,
BHIBETPHBAHWE W TPABHTAIMOHHBIC SIBJICHUSA. J[JIs1 MOJHOTO OTBETa Ha BOINPOC HEOOXOIUMO

OTIHCATh BKJIAJ] BCEX YETHIPEX MPOIECCOB.

PabGoTa mMopst BeIpaxkaeTcsi B pa3pylIeHHH Oepera U aKKyMYJISIHH (HAaKOTJICHHUH) pa3pyIIeHHOTO
Mmatepuana. PaspymmrenpHas pabota Mopst (abpasusi) OCYIIECTBISETCS CHIBHBIMH BOJHAMU,
KOTOpBIC TIOJMBIBAIOT OEper, BhI3bIBasi €ro oOpymieHne u (popMHUpOBaHUE OTBECHOTO yCTyma —
kauda. M3-3a HEOTHOPOIHOCTH U TPEIIMHOBATOCTU MOPOJ Oojiee MpOYHBIE MOPOJBLl 00pa3yroT
OMHOYHBIC CKaJbI — OCTaHIBI (KeKypbl) W apku. OJHOBPEMEHHO MOpE aKKyMYJIHpPYyeT
paspylieHHbIA MaTepuan u GOPMHUPYET TIIK.

Pazpymenue nopoa 6eperoBoro ycryna ycuiauBaeTcs paboToi BeTpa (BbIlyBaHHUE, MEXaHUYECKOE
oOTayrBaHWE TEPEHOCUMBIMH YacTUI[AMH), a TaKXKe BBIBETPUBAHUEM. B JgaHHOM ciydae
npeobiagaeT OMOJOTMYECKOE BBIBETPUBAaHUE (pa3pyllieHUE TOPOJ KOPHSIMHU JIEPEBHEB).
OcnabieHre MPOYHOCTH OEPETOBBIX YCTYIIOB MPUBOAUT K TPABUTAIMOHHBIM SIBIICHUSM — OCBITISIM,
oOBasnam.



