3asa4ya 2.7.1. Ha peuke (10 6annoB). MeTA M Bacs pewwnn BbIACHUTb
KTO bbicTpee nnaaeT. [/ 3TOr0 OHWU OJHOBPEMEHHO MPbIFHY/IM C MOCTKa
B peYKy M MOonibinv BAONb bepera B pa3Hble CTOPOHbI. Yepe3 HeKoTopoe
Bpema ¢, MO curHany c bepera OHW pa3BepHYAMCb U MOMbAM 0BpaTHO.
B pe3ynbTaTe, BacsA BEpHY/NCA K MecCTy .

cTapta  4epes Bpems t/2 nocne . —— = = _ T
pa3BopoTa, a nNMeTs noTpatun Ha
obpaTHbIM nNyTb Bpema 2t. KTo u3 - = -
MaJIb4MKOB nnaBaeT bbicTpee? Bo = ——

CKOJ1bKO pa3 OT/IN4alTCA CKOpoCTH
MaJIbYNKOB OT CKOPOCTU TeyeHuA pEKM?

Bo3MoOxHOe peweHue (M. 3aMATHWUH). TOT U3 MaNbYMKOB, KOTOpPLIA MocCse
CcTapTa NOMbl NO TEYEHM yCnesn yAANMTbCA OT MOCTKA Ha paccTosHue
L1 = (up + V)L, The U - CKOPOCTb TeYEeHUs pekn, n Ha obpaTHbIM NyTb
emy TpebyeTca 6onblwe BpemMeHW, TaK Kak Tenepb MNPUXOAUTCS MAbITb
npoTmB Te4yeHna (3TO cueHapuh nnaBaHuma MNeTun). Torpga 2t = L1/(up -

U). ToACTaBnAs B MNOJIYYEHHYW Gopmyny L;, Haxoaumm, 4YTO CKOPOCTb
netn v; = 30.

Baca cMecTwncs 3a Bpema t Ha pacctosaHue [, = (v, — U)t, N Ha
obpaTHbIM NyTb MO TeyeHuw emy noTpeboBanock t/2 = Ly/(v + V).
OTKyAa nony4umm, 4YTOo ¢, = 3u. CnepoBaTeNbHO MaJIbYMKU OAMHAKOBO
XOpOoWo MJaBawT U UX CKOPOCTb B 3 pa3a bosnblie CKOPOCTU peKU.

N |3apava 2.7.1. Kputepunm oueHuBaHusa (10 bannos) Bannbl
1 | BoipaxeHne L3 = (uv1 + V)t Apna paccToaHus, Ha KoTtopoe | 1,5

rMneTs OTNAbIN OT MOCTKA
2 | BolpaxeHne ans BpemeHn 2t = L1/(v1 - vU), KoTopoe NeTta| 1,5
3aTpaTuN Ha obpaTHbIM NyTb
3 | CKOpoCTb nnaBaHua MeTuM B CTOSYEeM BOAE BbipaxeHa 4epes 1
CKOPOCTb TeYeHUss peku: uv; = 3u
4 | BolpaxeHne L, = (v, — V)t Ans paccTosaHusa, Ha KoTtopoe | 1,5
Bacs oTn/bin OT MOCTKa
5 | BblpaxeHue pana BpemeHn t/2 = L,/(v, + vU), KoTopoe Baca| 1,5
3aTpaTun Ha obpaTHbIM NyTb
6 | HampeHo OTHoOWeHne CKOPOCTUM MJaBaHMA MaA/IbYMKOB B 2
CTOSlYEeN BOAE M CKOPOCTU TeYeHUa pekun: v = U, = 3u
7 | ChenaH BbiBOA,, YTO Ma/lbuyMKM OAMHAKOBO XOPOWO MN/aBalT 1




3agava 2.7.2. Jopora po kaHana (10 QALY
6annoB). reb M BoBa Mocse Kpyxka no ]
dmM3nke oTnpaBuAnCb BAONb  bepera 30
AJIMHHOIMO MPSAMOro KaHasna Ha Nporynky.
BoBa nmnoexan Ha Benocuneae, a Ineb
nowen B Ty Xe CTOPOHY MewkoMm. rpaduk
3aBUCUMOCTU PACCTOSAHUA 7 Mexay HUMM
OT nepemeweHnsa s neba npuBeaeH Ha 10
PUCYHKe.

20 1

S, KM
0 2 4 6 8 10

Bce BpeMAa MaJib4UKUN ABUTaJINCb C NOCTOAHHbBIMKN CKOPOCTAMU, HO YyCTaB, Fne6

caenan npumBan, B KOHUEe KOTOPOro no3BOHUN BoBe u nonpocun ero noagbexatb

K HeMy, MocJjie Yyero NPoAOSXUN ABUXEHWEe B MpexHeM HanpaB/lieHun. B pe3ynbTaTe
pebaTa BCTpeTUIUCH Yepe3 2 yaca Nocsie TOro Kak paccTaiucCb. Onpejenure:

0 KakoW NyTh Mpoexan BoBa 3a BC NPOrynKky Ao BCTpeuu c nebowm;
0 CKONMbKO BpeMeHW neb oTapixan Ha npuBane;
0 YyeMmy paBHbl CKOPOCTWU MasibY4UKOB.

Bo3MoxHoe peweHue (M. 3amMATHMH) . Neb caenan npuBan yepe3 5 KM, Tak Kak
0O 3TOr0 MOMEHTA YyAasieHne BOBbl YBENNYMBAJIOCH NPOMNOPLNOHANIbBHO NPONAEHHOMY
rnebomMm pacCTOAHWUID, YTO COOTBETCTBYET ABUKEHUW C NMOCTOSHHbBIMA CKOPOCTSAMMU.
3ameTuM, 4TO K 3TOMYy BpemeHU BoBa yaanuncsa oT neba Ha 15 kM, a OoT mMecTa
cTapTa Ha 20 km. CnepoBaTesibHO, CKOpPOCTb BOBb B 4 pa3a bosnblie CKOpPOCTU
rneba.

Noka neb oTabixan, BoBa npoexan ewe 5 KM, nocne 4yero no 3BOHKY Japyra
pa3BepHy/nCcA M noexan HaBCTpedy. [neb ycnen nponTu Bnepes ewe 4 KM, a
BoBa npoexaTb 16 KM. 3TO COOTBETCTBYET YC/IOBUIW COXPAHEHWUK UX CKOPOCTEN.

Bcero nyTb BoBbl cocTaBmn 20+5+16 = 41 km, a ero ckopocTb 41 km/2 4 = 20,5
KM/4. CKoOpoCcTb neba paBHa 20,5/4x5,1 km/u.

BpemMs npuBasa MOXHO HaMTU MO PacCTOAHMIO, HA KOTOpoe 3a 3TO Bpems yexan
BoBa: t =5 km/20,5 KM/4Y = 14,6 MUH.

N |3apava 2.7.2. Kputepun oueHuBaHusa (10 bannos) Basnbl
1 |NpaBunbHO 0bOBLSAACHEH M370M rpaduMka Ha 5-mM KunomeTpe 1
2 |HanaeH nyTb BOBbl Ha Kaxaom M3 y4yacTkoB (mo 1 banny) 3
3 | HamaeHa CKOpPOCTb BOBbI 2
4 | YCTAHOB/IEHO, YTO CKOPOCTb neba MeHbwe B 4 pasa 1
5 | HampeHa ckopocTb [neba 1
6 |HanaeHo Bpemsa npuBana (cnocob U 4YMCNEeHHbIN OTBET) 2




3agaya 2.7.3. JBe KacTpwau nop poxaém (10 6annoB). JBe
UWIVHAPUYECKNE KACTPwAM CTOoANM noj AoXAéM. MNepBas 3anofiHMIach 3a
BpemMa 7; = 4 4y, a BTOopad - 3a 7> = 2 4. Ecam 6bl Boga M3 BTOPOMU
KacTpoau nepeTekasna B NepByw C NMOCTOAHHbIM OObeMHbIM PACXOAOM, TO OHMU
3anoJIHUANCL bbl OAHOBpeMeHHO 3a 7 = 2,5 u.

onpeaennTe OTHOWEHWe BbICOT A/ A, nnowanen S;/S, n obvémos i/ Vs
KaCTpwib. WHTEHCUBHOCTb JAOXAA CYMTANTE MOCTOSSHHOMU.

lipumeyaHmneé: nop WHTEHCUBHOCTbH A0XAA TMNOHUMAeTCHd 06BbEM O0CajKoB,
Bbinajgawuwmx 3a eanHuly BpeMeHU Ha eAUHUYHYK MJ1oWanKy .

Bo3MoxHoe peweHune (K. KyTeneB). O0b6bem BOAbl, KOTOpas nonagaeTr B
KACcTpllw B eAVMHULY BpPeMeHW, NPONnopLUOHAseH naowaau KacTpwnu. Toraa
yC/IOBUE 3aMoJIHeHUA KACTP/b MOXHO ONMCaTb CUCTEMOW YPaBHEHWUN:

UST=AhS;
uS,T = hs;;

roe WHTEHCUMBHOCTb U AOXAS — WUMeeT pa3MepHOCTb CKOPOCTU (TUNWUYHble
3HAYeHUA UHTEeHCMBHOCTKU poxas 1 — 10 mm/y).

D

h.
U3 cuctemsl (1) nonyyaem 7$4= =2.
2

> [

0603Ha4yuM cumMBOSIOM V 06bEM BOAbI, NepekavynmBaembli Mexay KacTponamm B
eVHULLY BpeMeHu. Torjaa YyC/IoOBME 3anoJIHEHUS KACTP/b MOXHO OnucaTb
CUCTEeMON YpPaBHEHUN:

1S +VIT=A5;
1ws, - VIT=Hs5,.

NoactaBum 06bEMbI KacTpwnb U3 cuctembl (1):

(2)

. VO, _ .
WS +WVT=uST; %g%+u6T ks
1w, -VT=usT; e
§&

nocne CyMMMPOBAHUA CUCTEMbl YpaBHeHMN (3) MNOAyyYuMm:

Vo
S-—:T=5T,.
ug

L ®S 6. s _ S _T-T
(S +S)T=STL+ST;b +1L7=227+7;p 2=22 °
S+S)T=STS%; P L= =TT

Hangém oTHoweHue ObbLEMOB:



N [3apava 2.7.3. Kputepumn oueHuBaHua (10 6annos) Bannbl

1 |OTMeyeHO, u4yTO o0bbem BOApl, MNonajawwenm B KaACTPWAW B 1
eAVHULY BPEMEeHU, MNPOMOPLMOHAJIEH MJIOWAAN KACTPHIN
2 | 3anmncaHa cucTema ypaBHEHUN [@D) nnm npuBeaeHsbl 2

pacCyxAeHus, nokasbiBakwve, uTo A /h, =T /T,

NonyyeHo cooTHowewue A /h,=T7/T,=2

3anmMcaHa cucTtema ypaBHeHun (2) wan aHanor
HanaeHO COOTHoOlWeHune Si/S,
HanpeHo cooTHoweHue 1,/ V5

o V1| A W
W N

NMpuUMeYaHus K KpuUTepusam

1. Ecam B n.n. 3, 5 1 6 KpuTepueB HanAeHbl obpaTHble OTHOWEHUA, TO
6annbl CTABATCA MONHOCTHIO.

2. B n.3 n n.6 no 1 b6anny cTaBUTCA 3a MNpaBWIbHYy Gopmyny cC
NpaBUIbHbBIM YUCNI€HHbIM OTBETOM.

3. B n.5 ctaButca no 1 6anny 3a npaBuibHyw dopmyny u 1 6bann 3a
NPaBU/IbHbIA YNCJIEHHbLIM OTBET.

4. ECNM KAKMe-TO KPUTepuum He BbiNONHEHbl ABHO (KpoMme Tpebyembix B
yCc/noBuu 3agaum n.n. 3,5,6), HO KOCBEHHO WCMNONb3YWTCA B peleHun, TOo
6annbl 3a HUX AONXHbl ObIThb BbICTABJIEHbl MOMHOCTLIO.



3ajaya 2.7.4. CeBepHbit 3kcnpecc (20 6annoB). 3KcnepumeHTaTop [J/IOK BO
BpeMa Moe3AKM Ha 3Kcnpecce u3 JlonronpyaHoro B AybHy 3anucan nokasaHua T
TepMoMeTpa 3a OKHOM B 3aBUCUMOCTWU OT MPOWAEHHOr0 PacCTOAHUA S. B nyTu
noesa ABUrascsa nMoOYTU C TMOCTOAHHOW CKOPOCTbIO M CAenan TONbKO OAHY
OCTaHOBKY B [IMUTpOBe. Y3HaB MNO3Xe Ha caWTe ruapomeTLeHTpa KakK B 3TOT
JeHb B TeyeHWe BpPeMeHU t uU3MeHanachb TemnepaTypa, [OK paccyuTan:

0 BpeMa OTnpaB/ieHMA 3KCnpecca u3 JoNronpyaHoro;

0 CKOpPOCTb 3KCnpecca;

0 paccTtosHWe OT AMUTpoBa A0 [yOHbl;

0 MPUMEPHYH AJINTENbHOCTb OCTAHOBKM B [MUTpPOBE.
NocTponTe rpaduky 3aBUCUMOCTEN, MNPUBEAEHHbIX B Tabnuuax, M C MX MOMOLbH
nonyynTe 3aBUCUMOCTb MPOWAEHHOrO 3KCMNPECCOM pPaCCTOSAHUA OT BPEMEHMU.
NocTponte eé rpadmk W onpeaenute TO, YTO CMOI  paccyMTaThb
JKCNEepUMeHTaTop.

llpumeyaHne: B OAHO U TO Xe BpemMa Ha BCEeM MapupyTe clefoBaHWA 3Kcnpecca
TemnepaTypa BO3AyXa OAMHAKOBASA.

7, °c 110,0 10,1 10,2 10,4 10,4 10,6 10,7 11,3 11,6

S, kKM [ 69 73 90 96 100 101 105 108 110
7, °C 112,2 12,4 13,4 13,7 14,0 14,1 14,3 14,4 14,6

t, 10:05 | 10:12 10:18 [ 10:22 |10:30 |[10:42 |10:48 |[10:53 | 10:59

7, °C 9,7 9,8 9,9 10,1 10,2 10,5 10,7 10,8 10,9

t, 11:05 |11:11 |11:19 |11:25 |11:38 | 11:45 |11:55 |12:02 |12:18

7, °C 11,5 12,0 13,0 13,5 14,8 15,5 15,8 16,3 16,4
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Bo3MoxXHoe peweHue (M. 3aMATHWMH) . Mo rpadguky 3aBUCUMOCTWU TemnepaTypbl OT
BpeMeHM HaxoAuM BpemsA, Korjga TemnepaTtypa 6bna 10,0 °C - 3710 10:20 -
Bpemsa Hayana ABUXEHUS .
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Mo rpadguMky 3aBUCUMOCTU KOOPAWMHATHI OT TemnepaTypbl Nojyyaem 3aBUCUMOCTb
KOOPAUHATbl OT BPEMEHMU
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M3 KOTOPOro HaxoAMM OCTaJ/ibHbleé OTBETbl HA BOMPOCHI 3ajauu

0 ckopocTb noe3aa 100 km/u;
0 oT AmuTpoBa A0 Ay6Hb 60 KM;
0 CTosiHKa B AMuTpoBe anunacb 10 MuH.

N [3agauya 2.7.4. KpuTepumn oueHuBaHua (10 bannos) Bannbl
1 [ NocTpoeH rpaduk 3aBUCMMOCTU TemnepaTypbl OT BpPeMeHu 4
MoANMCaHbl OCU U yKa3aHbl eAVHUUB U3MepeHuns 1

6ann

BbibpaH pa3yMHbiM MacwTab KOOPAMHATHLIX OCEeNn 1

6ann

HaHeceHbl BCe 3KCNepuMeHTasbHble TOYKMU

1 6ann

NMpoBeaeHa NINHUA rpaguka

1 6ann
2 | Mo rpadguky Haxoaum BpemsA, Korpa TemnepaTtypa bona 10,0 °C 1
3 | NocTpoeH rpadmk 3aBUCUMOCTU KOOPAWMHATHI OT TemnepaTypsl 4

MoANMCaHbl OCU U yKa3aHbl eANHUUB U3MepeHuns 1

6ann

BblbpaH pa3yMHbIM MacwTab KOOpAMHATHLIX OCEU 1

6ann

HaHeceHbl BCe 3KCNepuMeHTasbHble TOYKMU

1 6ann

MpoBeaeHa NINHUA rpaduka

1 6ann
4 | YCTAHOBNIEHO COOTBETCTBUE MeXAY KOOPAUHATAMM X U BpPEMeHeM t 2
5 MocTpoeH rpaguk 3aBUCUMOCTU KOOPAMHATH OT BpPEMeHMU 4

MoANMCaHbl OCU U yKa3aHbl eAVHULUB U3MepeHus 1

6ann




BbibpaH pa3yMHbiM MacwTab KOOPAMHATHLIX OCEeN 1
6ann

HaHecCeHbl BCe 3KCNepuMeHTasbHble TOYKU
1 6ann

MpoBeaeHa JNINHUA rpapuka

1 6ann

U3 rpaduka Haxoamm ckopocTb noe3aa (100 km/4) 1
U3 rpadguMka HaxoauMMm paccTosiHMe oT AMuTpoBa A0 Ay6Hbl (60 KM) 2
M3 rpaduka HaxoauM ANIMTENbHOCTb CTOSHKW B AMuTpoBe (10 MUH) 2




3agaya 2.8.1. HaTaxeHme (10 6annos). [Ba
OAMHAKOBbIX OAHOPOAHLIX pblYara MacConm m = 7 Kr wu

" 5 ‘ ws
annHon 80 €M KaxApiM, WAPHUPHO COEAMHEHbl C  je—n *lg
MOMOLbI JIEFKOrO CTEPKHA U HUTEN, MeXAy KOTOpbIMU | X m

nojBelleH rpy3s C TaKOW Xe mMaccon m. Onpepenvte, ¢ == !
Ha KAKOM pacCTOAHMM X OT JIeBOrO Kpas BepxHero

CTEepXHA  HAXoAMUTCA  TOYKA  KpenjieHus  HUTK, CTCPIKCHb nz[:]
yAepxMBawWen CuUctemy B pPaBHOBECUWU; YEMYy pPaBHbI m

CWIbl  HaTAXeHMs BCeX Tpex HuTem U cuna,
LENCTBYKWAA CO CTOPOHbl WApHMpPA Ha BepPXHUM CTepxeHb. [AnA yaobcTBa, Ha
PUCYHKEe CTepXHW pa3meyeHbl Ha 8 paBHbIX 4YacTeun. TouykKa KpenseHus Ccamou
BEPXHEW HUTU K pblbyary mlobpaxeHa ycnoBHo. g = 10 H/kr.

Y777
x A
Bo3MoxHoe peweHne (M. 3aMATHWH). PacCTaBUM > T,
CHayana TONbKO BHEWHME CWbl, AEeNCTByWWME Ha T 71 I )
BCIO CUCTEMY, KAaK eAuHOoe Lenoe. mg
1/
TaK KakK 3TU Cuibl ypaBHOBeWMBAWT JApyr Apyra, []nz
TO0 77 = 3mg = 210 H. 4 g
1 1 1 1 1 1
NMPUHAB ANIMHY BCero pbbMara 3a 87, 3anuwem
NpaBMIO MOMEHTOB OTHOCUTENIbHO N1eBOro Kpas Ving
cuctembl: 2-mgdl + mg7 ] = 3mgx, oTkyaa x = 57 = 50 cm.
. AR AT
Tenepb pPacCMOTPUM CUAbl, AENCTBYHIWME TOJbKO Ha 2
HUXHUIM pblyar. — — ]
3anncaB npaBuUIO MOMEHTOB OTHOCUTE/IbHO J1eBOro v e

Kpas, NONy4Yum:
71 = mgd], otkyna 7, = 4mg/7 = 40 H.

Tak Kak BCe Cuabl, AEUCTBYHIWME HA pbldar, KOMNEHCUPYWT Apyr Apyra
F = 3mg/7 = 30 H. HO CTepxXeHb Nerkum wm Takas xe cuna F JencTByeT CO
CTOPOHbI 3TOF0 CTEPXHS HA BEPXHUW pblyuar.

T,
CuUNa HaTsAXeHMEe BEPXHEN HUTU, yAepXMBaKwWen rpy3 m Tenepb MOXeT ObiTb
HaMaeHa U3 yCNOBUA paBHOBECUS 3TOro rpysa: 73 = mg + 7T,. Toraa T
73 = 1lmg/7 = 110 H. 2
Takoh xe pe3ynbTaT MOXHO MNOMYYUTb, 3anNUCaB MNPaBWIO MOMEHTOB AJiS mg

BEPXHEro pbiyara.



N |3apgava 2.8.1. Kputepum oueHuBanHma (10 6annos) Bannel
1 |3anucaHo ycnoBme paBHOBECMA BCEU CUCTEMbI 1
2 | HanpgeHa cuna HaTSXEeHUA BEpPXHEeW HUTU Tp 1
3 | 3anMcaHo npaBWIO MOMEHTOB Ans Bcen cuctembl (Mnm pans 1
BEPXHEro pbiMara), nO3BOMAWULEE HAWTU TOYUYKY KpenaeHus
BEPXHEN HUTWU
4 | HanaeHo 3HayeHue paccToAHUS X 1
5 | 3anncaHo nNpaBu/I0O MOMEHTOB AJ18 HUXHEro pblvara 1
6 | HamaeHo 3HayeHue cunbl 7> 1
7 | 3anMcaHO ypaBHeHMEe ANSA HAXOXAEHUSA CWUbl F 1
8 | HanaeHo 3HayeHue cunbl F 1
9 | 3anncaHo ycnoBue paBHOBECUA rpysa, WIN UHOE YypaBHeHMue, 1
no3Bonswillee HaNTU 73
1 | HanaeHo 3HayeHue Cunbl T3 1
0




3ajaya 2.8.2. Jopora pokaHana (10
6annoB) . ApuK W MNpPOXOp nocne KpyxKa
no GuU3MKe OTNpPaBWINCb HA MNPOryaKy 3p.
BAO/b bepera AJIMHHOT O npsMoro
KaHana. SpuK nowen newkoMm, a Mpoxop
noexan Ha Besiocunege. rpaduk
3aBUCUMOCTU pPaCCTOAHMA 7 Mexay Humu
OT nepemelleHns S Spuka nNpuBeleH Ha 1|
pUCYHKe.

A KM

20 1

S, KM
CHavyana Mab4UKHU ABUIraincCb C ! ! ! / ! ! ! ! y —

NMOCTOSIHHLIMA CKOPOCTAMM, HO YCTaB, 0 2 4 6 8 10
ApUK caenan npuvBan, B KOHUE KOTOPOro MO3BOHWA [PpOXOpYy W nonpocun ero
nogbexaTb K HeMy, Nocjie 4Yero npoAaonXun ABUXEHWE C MNpPexXHeW CKOPOCTbW B
NnpexHeM HanpaB/ieHMn. MNpPOXop pa3BepHYNCs, U YyBe/MYMB CKOPOCTb bDonee uyem
B ABa pa3a, HanpaBwics K Apyry. B pe3ynbTaTe pebATa BCTpeTWINCH Yepes
1 4 55 MMH nocne TOro Kak pacctaaucb. OnpegenuTte:

0 KakoW nyTb npoexan [Mpoxop C Hayana nporyiku Ao BCTpeuu C
SApUKOM;

BO CKOJIbKO pa3 YyBeJNYUSI CKOPOCTb poxXop nocjsie pa3BopoTa;
CKOJIbKO BpeMeHMu SApuK OTAbIXaNl Ha npuBane;

yeMy paBHa CKOPOCTb SApuUKa;

060CHYNTe O0AHO3HAYHOCTb CBOWX OTBETOB.

[ s |



Bo3MoxHoe peweHue (M. 3aMATHMH). [Mpeanonoxum pebsTa Havyanu JABUXKEHME B
OLHY CTOpPOHY. SpuUK caenan npuean yepe3 5 KM, TakK KakKk A0 3TOro MoMmMeHTa
yhaneHue TMpoxopa YBE/IMYMBANOCH MPONOPUMOHANBHO MPONAEHHOMY  SPUKOM
PacCTOAHUIO, YTO COOTBETCTBYET ABMXEHUI C MOCTOAHHbBIMU CKOPOCTAMU. K 3TOMY
BpeMeHu Mpoxop yaanuncsa oT Spuka Ha 15 kM, a oT MecTa cTapTta Ha 20 Km.
CnepoBaTeNbHO, CKOpPOCTb lMpoxopa B 4 pa3a bonble CKOpoCTU SApuka.

Nnoka Spuk oTabixan, MNpoxop npoexan ewe 5 KM, nocne 4yero Mo 3BOHKY
Apyra pa3BepHyNiCcAa M noexan Ha3laj. SpuK ycnen nponTu Bnepen ewe 4 km, a
Npoxop npoexan B 3TOM cCsydyae 16 KM. A 3HAUUT OH NPOAOSXUA ABUXKEHUE C
npexHen ckopocTbiw (B 4 pa3a bonbwen yem y spuka). HO 3TO NPOTUBOPEUUT
ycnoeuiw! Tam cka3aHo, YTO ero CKOpoCTb yBenuuyunacb 6bonee yem B 2 pasa.

PacCMOTpMM BapuvaHT, B KOTOPOM M3HAYA/IbHO MaJIbMMKM HAvyanu ABUXKEHWE B
pa3Hble CTOPOHbI. Mponaa 5 km, SApuk yaanunca oT MNpoxopa Ha 15 km (Mpoxop
npoexan 10 KM CO CKOpOCTbl B ABa pa3a bonbwen 4vyem y Spuka).

NMycTb Ha 3Ty 4YacTb Nporynku pebsTtam notpeboBanoch Bpems 7. [ocne
npuBana fpuka MNpoxop npoexan ewe 5 KM M NoTpaTua Ha 3To Bpema 7/2.

Nnocne 3BOHKA, 4TObOb AOrHaTh Spuka, [MNpoxopy nNpuWAOCb MNpoexaTb BCe
paccTtosaHue Ao mecTta crtapta (15 km) u ewe 9 kM, T.e. Bcero 24 kM. SpuK
Xe C npexHen CKOpoCTblw npowen 4 km, noTpatuB 47/5. CnepoBaTenbHo,
CKOpOCTb MNpoxopa BMecTo npexHer 10 kM 3a 7 cocTaBwuna 24 km 3a 47/5. UTo
BTpoe 0onblwe HayasbHOM. DTO He MPOTMBOPEYUT YCJI0BMIO!

MyTb, MNPOWMAEHHbIN MpoxopoM, oka3ancsa paBeH (15 + 24) km = 39 kM.

Obuwee Bpema OT Hayasna nNpPoOrynkn A0 BCTPeYn paBHO T + 7/2 +
471/5 = 237/10, 4TO No ycnoBuw paBHo 115 mMuH, oTKyaa 7 = 50 MuH, a Bpewms
npuvBana 25 MUH.

3a 50 MMH Ha nepBOM Yy4yacTke SpuK npowen 5 Km, cnepoBaTenbHo, ero
CKOPOCTb paBHA 6 KM/\4.

oTBeT. MNpoxop npoexan 39 KM, yBeNMUYMB MOC/e pa3BOpPOTA CKOPOCTb B 3 pasa.
SpUK Wen Cco CKOpOCTb 6 KM/4, a oTabixan 25 MWH. BapuaHT HayanbHOro
ABUXEHUS B OJHY CTOPOHY MNPUBOAUT K MPOTMBOPEUUI C YCJIOBUEM.

N | 3amava 2.8.2. Kputepum oueHmBaHuma (10 6annos) Bannbl

1 |Noka3aHa HEeBO3MOXHOCTb Ha4YalbHOr0O ABUXEHUA B OAHY 2
CTOPOHY

2 | HampeH nyTb Npoxopa Ha KaxaoMm M3 ydyacTkoB (mo 1 6banny) 3

3 | HanaeHO OTHoOWeHMe CcKopocTeu Mpoxopa 2

4 | HanpaeHa CKOpOCTb SpuKa 1

5 | HamaeHo Bpems npuBana 2




PeweHne 3apaa4yM TOJNIbKO MO CLeHApul Ha4vallbHOro ABUXEHUA B OAHY CTOPOHY,
ecnn caenaH BbIBOA O npotTumBopeyYunn ycinoBuw 3agayvn, AO0JXKHO OLLEeHMBATbCA He

bonee yem B 2 bannal!

ECnvM 3TOT BbIBOJ, He cAenaH, TOo 3a peuweHue ctaButca 0 6annos!



3agauya 2.8.3. TIpy3 Ha npyxuHke (10 6annoB). TIpy3 MJIOTHOCTH
p1 = 0,80 r/cM3 npukpenneH K MpykuMHe C Ko3hhuMuMeHTOM ¢(g

XEeCTKOCTU Kk = 50 H/M, HUXHMN KOHEelL, KOTOpPOM COeAUHEH C S

JHOM cocyaa. [J/MHA NPYXUHbl B  HeaehopMUPOBAHHOM

cocToAHun Lo = 10 cm, BbiCcOTa rpysa L = 12,5 cm, naowaab I P
1

nonepeyHoro ce4yeHusa rpysa S = 10 cm?.

B COCyA HAYMHAWT MeANeHHO HAaNMBaTb BOAY.

HanauTe 3aBUCUMMOCTb Aedopmaumm Ax MPYXUHbl OT YPOBHSA
h Boabl B cocyae. MNOTHOCTb Boabl p = 1,00 r/cm3, g = 10
H/Kr.

YKaxuTe, Npu KaAKUX 3Ha4yeHuAX A npyxumHa pacTaHyTa.

Nnoctponte rpadMk 3aBUCUMOCTUM AX OT A, cuuTas, UYTO €CAN MNPYXMHa
cxaTta 70 Ax < 0.




Bo3MOXHoe peweHuMe (0. WHMwWeBA). Macca rpy3a m=rSL=0,1kr.
onpejenMm HavyanbHyl JAedopMmaunio Axy NPYXUHb S

(cocyn 6e3 BoOAbl) . T lg
= . —m—'gz =
KX =mg,; D%—k 0,02m=2aqu. L1 e,
3TOMYy COOTBETCTBYeT JNIVHA MPYXWHbI = B B
L,=L,-Dx=8au. . ¥ 1L
Korga B COCyJA HayHyT HanauMBaTb BoAy, cCxaTue — |- o

MPYXMHbI He W3MEHUTCA A0 TeX Nop, noka ypoBeHb ; _ , | f
0
BOAbl /1 He AOCTUIHET 3HavyeHus L =8au. -

MycTb Tenepb YypoOBeHb XuakocTn A>A~A=80au.

MpyXmMHa No-npexHemy cxaTa, a cuna YnpyrocTu Fy,, HanpaB/jeHa BBepX.
KpoMe TOro, Ha Teno AeWCTByeT cuia Apxumeaa. C yBeJIMMEHUEM YPOBHSA,
byneT yBenMUMBATLCA W Ccuna Apxumeda, a agebopmaumsa  MPYXWHbI
YMEHbWATbCA. 3anuilem yC/i0BMEe paBHOBeECUA Tena:

mg= Fp,+ Fupy - (D

Cuna Apxumepa
Foox = rgSy= rgs(h- (L, -Dx)). (2

cuna ynpyrocTtu
Fonp = KD X. 3)

C y4yeToM YypaBHeHun (1), (2), (3) nonyvyaem BbipaxeHne Aans
HAXOXAEeHMUA BeNUYUHbl AehopMaumn MPYXUHbI

mg=kox+ rgs(h- (L, -Dx)).
onpeaenyMm aepopMauuvio Ax:
oy 19+ rgs(L, - /7).
k+ rgs

Yncnntenb obpawaetca B Honb npu A =0,2Mm.
ANVMHA NPYXWHbI B 3TOM Ciay4vyae paBHa Lo = 10 cm, cnepoBaTenbHO, B
KMAKOCTU HAXOAWUTCA 4acTb rpys3a BbicOTOM A - L,=10a.
PaccMoTpum cnyvyam A > hy. Tenepb cuna ynpyroCcTu HanpaB/iieHA BHU3,
npyxuHa bOyaeT pacTsAHyTa, YC/0BME PABHOBECUSA NpuUMeT BUA:
mg+ F, = F,

Apx *

C yL-IéTOM BblpaXeHunUn anAa FApX n Fynp nonyymm

rqgsh- rgst, - m
px= L PN NG @
k+ rgs
onpeaennuM MWUHUMANbHYK BbICOTY YPOBHS XUAKOCTWU A, Npu KOTOPOWM
TeNo OKaXeTCs MOJIHOCTbK MOrPYXEHHbIM B XMAKOCTb. h, = L + Lo +AX.

(5)

Pewasa cuctemy ypaBHeHun (4) u (5), nonyyum




h, = 23 cm.
COOTBETCTBYHIlaA 3TOMY YPOBHI XWUAKOCTU AedopMaumna MNpPYyXuHb
Dx =0,5au.
NMpn A > A, Teno oKaxeTCss MNOJIHOCTbW MOrPYXEHHbIM B XWUAKOCTb MU
cuna ApxuMeza U3MEHATbCHA He byaeT, Kak U aedopmaums MNPYXUHbI.
rpadnk 3aBUCMMOCTU Aedhopmaumm NPYXUHbl OT BbICOTbI YPOBHSA XUAKOCTU
npMBeleH Ha PUCYHKe.

b Ax, cm
2.0
. N
1,5
N
\\
1,0
0,5 \
\\\ h2 h, CM
0 N .‘
| 3 h 10 15 20 25 30
0,5 | - | | |h | |




N |3apaya 2.8.3. KpuTepun oueHusaHus (10 bannoB) Bannbi
1 | OnpepeneHa HavyanbHaa aedbopmauma NpyxuHel (2 Cm) 1
2 |onpeaeneH ypoBeHb h; = 8 cm. Mpu A < /i NpykuMHa cxaTa, 1
Be/IMYMHA AedopMauUn He U3MeHsieTCs

3 |onucaH cnyvyam 8 cm < h < 20 cm, MpyxmHa cxaTa, BeanMyuHa 2
AedhopMauun yMeHbllaeTCs

4 |HampeHo Ay = 20 <cm, OTMEYEHO, UYTO TMPYXMHA He 1
AedhopmmnpoBaHa

5 | PaccmoTpeH cnyyanm 20 cm < h < 23 cm, NpyxuHa pacTaHyTa, 2
Be/IMYMHA AedhopMauunn yBeMYNBaeTCH

6 | PaccmoTpeH cnyyam A > 23 cMm, BenuuMHa JgedopMauum He 1
n3meHsetca n pasHa 0,5 cM, nNpyxumHa pacTsaHyTa

/ | ToCTpoeH rpagpuk 2
noAnucaHs.l ocu n yKa3aHbl e ANHULIbI n3mepeHus
(0,5 6anna)
BblbpaH pa3yMHbIN MacwTab ocemn
(0,5 6anna)
YKa3aHbl XapaKTepHble TOYKMU
(0,5 6anna)

Yepe3 >SKCMepuMMeHTalibHble TOUYKW MnpoBejAeHa JNUHMA rpapuka
(0,5 6anna)




3asada 2.8.4. rnwk otnun (20 6annoB). OAHaxAbl 3KCNepUMEHTATOp
FNK pewun OTAUTb ONOBSIHHOIMO conjgaTuka. ANa 3TOro OH NONIOXUA B
KOBWWK KYCOK OJIOBAHHOIrO cnnaBa maccon m = 150 r nm nomecTun ero
Ha MAUTKY NOCTOAHHOW MOWHOCTM. KaK TOJIbKO HayanoCb NnaBsieHne
MeTanna, [IKK CTan CHUMATb 3aBUCUMOCTb ero TemnepaTypbl t OT
BpemeHn 7 (cm. Tabnuuy). BCKOpe nocne nepexoja BCero cninaBa B
XUMAKYH a3y DKCNepUMEeHTATOpP BbIKMKWYUA MAUTKY.
Mo pe3synbTaTaM U3MEPEHUN onpeaenunTe:
1. yAeNbHY Tena0eMKoCTb C ChnnaBa;
2. MOWHOCTb P MJUTKW;
3. yepe3 Kakoe BpemA 7, npouwejwee nocse BblKAWYEHMA MAUTKKU, CnaBs
3aTBepaen (NONMHOCTbW KpUCTanN/In3oBancs).
TennoeMKOoCTb KOBWMKA M MJAUTKM MOXHO npeHebpeyb. WU3BECTHO,
YyTO yaenbHaa TensoTa NnaBseHus cnnaBa paBHa A = 20 kKAX/Kr.
t, | 238,0238,2|237,7|238,3|238,1|240,4|243,2|246,1|248,0

0, 0 8 15 27 35 4?2 45 48 50

t, 0 |246,9|244,7|242,0|239,1|238,0|238,2(237,8|238,0
0, ¢ 53 59 68 77 80 84 89 95




Bo3moxHoe peweHue (A. BepryHoB).
1. NocTtpoum rpapuk 3asBucmmocTun t(7)

1,°C
250
AN
\\
245 , N
’ N\
/ AN
240 R , \\
[ ] r'Y [ ]
L] v &
T,C

235

0 20 40 60 80 100 2. U3

rpadnka cneayet, 4To nocse 50 c nauTKa 6bina BbIKJYEHA WU
3aTeM cucTema OCThiBasla B pe3ynbTaTe Tenjonepenayu. byaem
cyMTaTb, UYTO MOWHOCTb TennonoTepb P, MNOCTOAHHA Ha
NMPOTAXEHUN BCEro 3KCMNepumeHTa.

3. Ina uHTepsana Bpemenn [0;40] c: A= (P - POTL.
(1)
Ana vHTepBana BpemeHn [40;50] c: am(t, - t1) = (P - Py)
T2, (2
rpe t, = 248 0, t; = 2380, 7> = 10 ¢, 11 = 40 c.
Ans wnHTepBana BpemeHn [50; 80] c nmonyyum: cm|t; - t
= PxT3, (3

roe t3 = 30 c.
4. InA HaxoXAeHVUsa YAeNbHOW TenJoeMKoCTWU pa3jesMMm ypaBHeHue
(2) nHa (1):
C=Ei——1——=500—195—.
t (¢-1) pye
5. MOACTABMM YAeNbHYH TenI0eMKoCcTb B ypaBHeHue (3) v Hanaem
Py :

_Img,

P =25 BT.

X

[
6. ANA HaxoxAeHus P NOACTaBUM P, B ypaBHeHue (1):
p Im(5+8)
Lt
Bpemsi KpuUcCTannusauuum Hanmaém u3 ypaBHeHUs
Im=pP(T-t,). €3]

=100 BT.



LV BCepoCCMUICKas ONUMMNUaAA WKONbHUKOB MO (pU3UKe. PervoHanbHbIA
aTan.
NepBbit Typ. 23 AHBaps 2021 r.

r=%+t3=1soc. (5

X



N |3apava 2.8.4. Kputepuu oueHuBanHuma (20 6annos) Bannel
1 |NocTpoeH rpadpuk 3aBucumoctTn t(7) 4
YKa3aHbl eAVHULbI U3MEPEHUS HA OCHAX @l

6ann)
MpaBWIbHO BbIbpaH MacwTab Ha ocAx 1
6ann)
NMpaBUNbHO HaHeCeHbl 3KCNEepPUMEHTA/IbHble TOYKU (1
6ann)
Mo 3KCNepuMeHTasibHbIM TOYKAM MPOBEAEHbl NMPaBUbHbIE MPsAMblE
(1 6ann)
2 |NpoBeaeH aHanu3 rpapuka W CcAenaH BbIBOA O HaANYUK 3
TensoBbIX MNOTEPb
3 | CocTaBneHbl ypaBHeHua (1) - (4) wnn aHanoru4Hble 4
4 | HanpeHo 3HauyeHWe yjaenbHOUM TenioeMkoCcTu cnnaBa (y3kue 3
«BOpPOTaA»: =5%)
WMpOoKKne
«BopoTa»: =10% (1 6ann)
5 | HanaeHo 3HayeHune MOWHOCTU P NANTKKU (y3Kue «BOpoTa»: = 3
5%)
WMpoKue
«BopoTa»: =10% (1 6ann)
6 | HanaeHo Bpewms 5 Kpuctannusaumm cnnaBa  (y3kue 3

«BOpPOTaA»: =5%)

WMpoKune
«BopoTa»: =10% (1 6ann)

eCJ/in y4YeHUK 3abbin BbMECTDb BpeMA T3 — CTaBUM 0 6annoB




3agavya 2.9.1. WUcnbiTtaHua aBToMobuneir (10 6annos).
ABTOMOOUNDb AO/IXEH MNpoexaTb C MOCTOAHHLIM YCKOPEHUEM
NPSIMOM  y4aCTOK AJIMHOWM L OT JIMHMW CTapTa AB [o
NMMHUN CD 1, nocne eé nepeceyeHus, pa3BepPHYBWUCH MO
Jyre OKpPYyXHoCcTM Ha 1800, nepeceyb 3Ty JIMHUIO B
obpaTHOM HanpaB/eHun (cm. puc.). HayanbHas
CKOPOCTb aBTOMOOWMNS paBHA HYNKW, a Ha 3aKpyrjaeHHOM
yyaCcTKe nNOCTOfAHHA W paBHA CKOPOCTU, AOCTUIHYTOM
npM pa3roHe Mo MpsSMOA. YCKOpeHuMe aBToMobuns BO BpemMs BCero

ABUXEHUA He [AOJIXHO MNpeBbllaTb 4., -

BO CKO/JIbKO pa3 Bpemsa t; JABUXKEHUA aBTomMobuUns ot A Ao D npwu
pasroHe Ha y4yacTke AC C YyCKOpeHueM g, , MpeBbllaeT MUHUMANbHO
BO3MOXHOe Bpemsa t ABUXEHUA OT A Ao D?

Bo3MmoxHoe peweHne (C. KapmasuH). TyCTb pa3roH MNpoUCXoaAuT C
ycKopeHveM a. Toraa Bpems ABWXEHMS HAa yyacTKke AC paBHO t =+2L/a,

a JAOCTUrHyTas npu 3TOM CKOPOCTb & =+/2La. MWHMMANbHO BO3MOXHbIV
paanycC 3akpyrneHus onpepensercsd MaKCUMasbHO BO3MOXHbIM YCKOpEHUEM
W paBeH R.,=4¢/a,=2La/a,. Bpema  ABUXeHUs  aBTOMObUNA  Ha

3akpyrneHumn t,=pR,., /uy=pJ2La/§,, . Obwee Bpems
€=11+t2=,/£+L\/2La=\/2pL§\/4"ax +\/pa§.
a G Gax &V P\ G g
D

BolpaxeHne B CKOOKax MNpUHUMAET MUHMMAJIbHOE 3HayeHue paBHOoe 2 npu
Ja./(ea)=1 (HepaBeHCTBO Kown). Takum 06pasoM  MUHUMANbHO

BO3MOXHOE BpeMms
t=22pL/a. . =22pfL/a_ . (2)

n AoCTUraeTca npu a1=4nax/p, YTO He NPOTUBOPEYUT YCNOBUKWO 4<4,.,, -

ECM He NoNb30BaTbCs HepaBeHCTBOM Kowwu, TO creayeT Anbo B3ATb
NPoOn3BOAHYI MO a, NMbo NpuUpaBHATbL BblpaxeHMe B ckobkax u3 (1) K

HEeKOTOpPON nepemMeHHOM y=\/4nax /pa)+\pa/a,, , BO3BECTU 3TO ypaBHeHue

B KBajpaT W pewaTtb MnoJjiyvYyeHHOe KBajApaTHoe YypaBHeHMe OTHOCUTEJIbHO
da. [QUCKPUMMUHAHT 3TOr0 YpaBHEHUA OKaXeTCA paBHbIM HY/IH MpU y=2 n

oTpuuaTenbHbIM nNpu  y<2. CneaoBaTesibHO, y = 2 - 3TO MWHUMAJIbHO
BO3MOXHO€ 3HayeHuwe Ansa y, W npu 3ToM a=4. /p .

Mpu pa3roHe C MAKCMMaJbHO BO3MOXHbIM YCKOpeHueM da=g,, Bpemsa
ncnoitaHmsa (BoipaxeHne (1)) paBHO

oL@ |1 0 |[2L t 1+p
t=t+t,= —E\/:h/pi: ~~ (A+p). OKOHUaTenbHo, nN=-= »1,17 .
NG 82§ G t 2Jp




N |[3amaua 2.9.1. Kputepuu oueHuBaHma (10 6annoB) Bannbl
1 |YKa3aHO, 4YTO MWHMMAJIbHBIN pPaAUYC 3aKpyrjieHus npu pa3roHe 2
R.=2La/a .,
2 HangeHo BpeMa ABMXEHMA HA yyvyacTke AC: t=+2L/a 1
3 HanjeHO BpemsA ABWXEHUA HaA 3akpyrneHuu: t,=p~2La/a,., 1
4 | HampeHo MMHUMaNbHO BO3MOXHOEe BpeMs wucnbiTaHma t  (1obbiM 3
cnocobom)
ECNn naes HaxoxXieHus MUHUMYyMa He peasiM3oBaHa, TO 3a MYHKT
4 6onbwe 1 banna He CTaBUTbLb
5 |HanmpeHo BpeMs uUCMbITAHUA t; NPU pa3roHe C MaKCUManbHO 2
BO3MOXHbIM YCKOpeHueM
6 |nonyuyen oTeBeT 3ajgauun: n»117 1




3agjavya 2.9.2. Tpex/ITpOoBbIM cocyp, (10
6annoB). TOHKOCTeHHbn cocyn (B dopme yronka) -
6e3 AHa, M300paxeHHbIn HA pPUCYHKe, YCTaHOBJEeH
HAa TN1AaAKOW TOPU3OHTA/IbHOM MNOBEPXHOCTU. B 4| ,—
Hero 4epe3 Hebonblloe oOTBepCcTME B MNpaBon

BEepXHeln rpaHu HanmBawT Boay. Korpa 5/6
obbema cocyaa OKa3biBAeTCHA 3aMoJIHEHHbIM, BoJAa ¢ !/g
HauyMHaeT BbiITeKaTb W3-NOA Hero. Onpeaenute -
Maccy cocyja ec/n Uu3BeCcTHo, 4To a=10av, a

L |

2a

MAOTHOCTbL BoAbl +=1,040° ki’ .

Bo3MoxHoe peweHue (A. EBceeB). B MOMEHT Hayana noATeKaHus
pe3ynbTUpywlwasa Cun AaB/ieHUs BOAbl HA FOPU3OHTANIbHYW FpaHb U Ccunia
TAXEeCTU cocyja He nexaT Ha OAHOM npsiMOM. T[lO3TOMY OH HAyuWHaeT
noBoOpayMBaThbCA BOKPYr MNpaBoOro HuWxHero pebpa, OTHOCUTENLHO
KOTOoporo n byaem paccmaTpuBaTb MOMEHTbl CWJI.

NpuNoaHMMATb cocyh byaeT cuna AaBNeHUA BOJAbl Ha JIeBYKW BEPXHHOW
rpaHb. MoATeKkaHMe HauymHaeTcs, Korjga 3anosiHeHo 5/6 obvema. B 3TOT
MOMEHT JAaBJ/ieHMe Ha BEepPXHWKW rpaHb paBHO rga/2, a cwuna A[aBleHUs

(rga/2)& . Nneyo 3Toit cunul pasHo 3a/2.

C CuioM TAXEeCTU Tr/laBHAA CJIOXHOCTb 3akK/w4yaeTcsa B onpeaesneHuu
NOJIOXKEHUS LLeHTPAa MACC KOHCTPYKUMM. Pa3obbem COCyA Ha OAMHAKOBblE
yactu (Hanpumep, HaA NUCTbl pa3MepoM axd), OANASA KOTOPbIX MNOJIOXeHue
LLeEHTpa MACC OAHO3HAYHO onpeaenseTcs, W 3anuweM MOMEHTbl CUA 3TUX
yacten. O060O3HauyMM Maccy OJHOWM TaKoOW YyacTu - m. Torjpa nonHas

Macca cocyaa byaeT paBHa M =12m . Mo nNpaBuay MOMEHTOB:
2mg0+5mg{a/2)+ mgxa+3mg{3a/2)+ mgRa= (rga/2)ad Ga/2).

Nocne npuseaeHus nomobHbix noayumm: m=ra G/40). OTcloaa:

M =09ra=09«r.

Ne |3apava 2.9.2. Kputepuu oueHuBanHma (10 6annoB) Bannbi

1 |[Y4yTeHO, 4YTO KOHCTpyKUuA OyaeT BpawaTbCA BOKPYr MNpaBOWn 2
HUXHEN FpaHu

3anncaHoO BblpaxeHue AnAa CWibl AaBNeHUA BOAbI

KOPPEeKTHbIN YYET MOMEHTA CW/bl TAXECTU KOHCTPYKLUMUU

3anMcaHoO NpaBwWI0O MOMEHTOB

MNonyyeHa topmyna M =09ra

oY VI B~ W N
RN NN

UncnoBoe 3HayeHue mMaccChl Ccocypa




3ajava 2.9.3. JeBATb

— 1 2 3
pe3nuCTopoB. >J/eKTpuyeckasa uenb e
COCTOUT U3 JeBATU OJAUHAKOBbIX gﬂ . - - ‘!’
pPe3nCToOpoB U TPEX WUAeasNbHbIX
amnepmeTpoB (A9, A1, A;). Yepes L @
amnepMeTp Ay npoTekaeT  TOK ! 8 =~ 9 |
cunon Iy = 9 MA.
onpejennuTe MOKa3aHWA amnepMeTpoB A; U A;. Puc. 1
Bo3MoXHoe peweHne (B. CnoboasHuMH) . Pe3ncTopbl R, U R, COeAUHEHD
napannenbHo, a pe3ncTop R, NOCNeAOBaTEeNbHO C HUMU. DKBUBAJIEHTHOE
1.5R R CONpoTUBJIEHUE 3TOro yyacTKa
L - (3] R,=R,+R,=15R. Takoe xe
A I, — 4L B JKBUBAJIEHTHOE CONpOTUBJIEHUE
2 2 nonyvyaeTcAa M3 pe3UCToOpoB Rg, R U
I R R Iy Ry. Ha puc. 2 npueejeHa
[ 7] L ynpolujeHHas CcxemMa MWCXOAHOU Uuenu.
R L5R 370 HecbanaHCUpoBaHHbIN

S/IeKTPUYECKUMN MOCT.
BBeséM 0bO3HAYeHUs TOKOB, MpoOTeKawmx
Puc. 2 yepe3 Hero. 3aMeTuMm, 4TO
yepes3 pe3ucTopbl R U R; CUIbl NPOTEKawWUX TOKOB OJAVMHAKOBDI.
3anuiieM CUCTemMy ypaBHEHWUW:

D I+L1=25%;
2) L+L=1;
3) L15RL=RI+RL. ;
OTKyaa nony4vumm: I =5 mA, L, = 4 vA. rzéﬁ
BepHEMCA K MCXOAHOM cCxeme. Ha puc. 3 —5
nokasaHo pacnpeaeneHne TOKOB, MNpoTeKawmx R e B
yepe3 pe3ucTopel R3, Rg W Ry, A Takxe I | 6 | @ @
amnepmeTpbl Ag, A1, A,. Tok I, pacnpejenseTtcs -/ 0 @ =
MOPOBHY  Mejy  pe3ucTopamu Rs W Rg. 51 I
CnepoBaTesibHO, cuna  TOKa, npoTekawllero }: L?FJ
yepes awmnepmeTp A, paBHa I,=L/2=2MA, a -5
yepe3 amnepmeTp A; paBHa I,=I+L/2=7MA wiwn L, =L-I,=7MA .
Puc. 3
N |3apava 2.9.3. Kputepuu oueHuBaHma (10 b6annoB) Banbl
1 | YnpoueHue NCXO/HOW CXeMbl nyTem HaxoxAeHus 3

3KBUBANIEHTHOr0 conpoTuBneHus ydvacTtkoB (no 1 6anny 3a
Kaxapi 3Tan)

2 | OnpepeneHne CuIbl TOKOB MOJy4YeHHOU cxembl  (J1100bIM 3
cnocobom)
3anmcaHo ypaBHeHMe D
(1 6ann)
3anucaHo ypaBHEHUEe 2)

(1 6ann)

S b



3anmcaHo ypaBHeHMe [€))
(1 6ann)

PeweHa cuctema ypaBHeHun (1), (2), (3) u

HavpgeHa cuna Toka I (1 6ann)
HaupgeHa cuna Toka I (1 6ann)

HanaeHbl noka3aHus amnepmeTpoB (no 1 banny)




3ajaya 2.9.4. WUcnapeHume a3ota (1) (20 6annoB). B CTakaH,
YCTAHOBJIEHHbIA Ha Becax, HAIUT XUAKMA a30T. M3-3a TennoobmeHa C
OKpyXawllen cpegon a3oT BblKMNaeT U MNOKAa3aHWA BECOB YMeHbllawTCs. B
HEeKOTOpPbIN MOMEHT BpPEMEHW B CTakKaH ONyCcKawT UWIMHAD, UMeWUn

KOMHaTHyl TemnepaTypy (§=+24°C). 3aBMCMMOCTb MOKa3aHMA BeCOB OT
BpemMeHU npuBeseHa B Tabnuue.

T, 0 1 2 3 4 5 6 7 8 9 10

MUH

11

m, | 250,0|244,0 | 238,0|232,0289,5|270,5]251,5|232,5|220,0|214,0 | 208,0
.

202,0

0 MnocTponTe rpaguk 3aBUCMMOCTMU m(t).

0 oOnpeaenuTe yaenbHyw TennoTy / ucnapeHusa asoTa.

TemnepaTypa KuneHua a3oTta ¢ =-196°C, wmacca uuauHapa M =70r.
3aBUCUMOCTb  YAE/IbHOW  TEeMJ0eMKOCTM  maTepuana  uUWaMHApa  OT
TemnepaTypbl B aAuana3zoHe oT -200°C po+50°C nuHenMHasa, npu 3TOM

yAenbHas TennoemKocTb npu -200°C paBHa 300 Ax « kr/°C, a npu 50
°C paBHa 1200 ax « kr/°C.

Bo3MoxHoe peuweHue (A. ANOJMIOHCKMW). [O MNOrpyxeHus UuuInHapa B
CTakaH ucnapeHuve asoTa MPOUCXOAUT 3a cyeT Tenna, nocTynawiero m3
oKpyxawuern cpeapl. MOWHOCTb TenjaoobmMeHa TakoBa, 4YTO 3a 1 MuH
ucnapsetca 6 r asoTa.

ocne norpyxeHma B a30T UUMAUHAPA WHTEHCUBHOCTb MUCNApPeHusa
BO3pacCcTaeT Wm3-3a TennoobmeHa c umnnmHapom a0 TE€X MNnop, MNOKa ero
TeMmnepartypa He YMEeHbUWUTCA OT KOMHAaTHOW A0 TeMmnepartypbol KuneHumA
XUAKOIro a3oTa.

M3-3a TennoobmeHa c UMNITUNHAPOM JAOMNOJIHUTEJZIbHO uUcnapdaeTcda Macca
d30Ta paBHaA

pm=2,
7
30ecb Q - KOJWYECTBO ‘aiééf
TenaoTbl, KOTOpoe OoTAaeT 5, _ e
UMAMHAP NPU OXJTAXAEHUN. | ! %
1000 | ] ca
| ///
- 800
BBUAY JIMHENHOCTU
- - e
3aBUCUMOCTMH yaenbHOM 00 | 9%
TenjJoemMKoCcTu oT i |
. L
400 7
«
200 £°C

I
-200 -150 -100 -50 0 50 100



TemnepaTypbl AnA pacyeTa @ MOXHO MWCNONb30BaTb CpejHee 3HayeHue
TenNoemMKoCcTn ¢,, COOTBETCTBYylllee TemnepaType -86°C.

NpM 3aAaHHbIX 3HAYeHUsAX TEMJOEeMKOCTU B WHTepBase TemnepaTyp OT
-200°C o +50°C 3HauveHne ¢,= 710 Ox/(kr°C). Mpu 3ToM

Q=¢M (5-¢). (1)

BMECTO 3Ha4yeHus c&(g—-() MOXHO B dopmyny (1) noaCTaBUTb
Be/IMUMHY, NpPOMOPUMOHaNbHYl0 naowaan noa  rpadukom ()  ans

WHTepBana TemnepaTyp ti(—]96%:,+2¢t). B pe3ynbTaTe NONyYuMm:

Q=M (- t)=(710x0,070>220) KA x=10 9 KX .

no Tabnuue
NOCTPOUM rpaguk
m, T .
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U3 rpapuka BUAHO, uYTO pJo 210 ¢ wnMAET wncnapeHme asoTa,
obycnoeneHHoe TensoobMeHOM C OKpyxawuen cpeaon. B panoHe 210 c B
cTakaH onyctunu uumnuHap (HabnwaaeTcs CKa4yok B MNOKa3aHWUAX BeCOB
paBHbin 70 r), a nocne 450 cekyHA CKOpPOCTb MWCNapeHus a3oTa
CpaBHANacb C MNepBOHAa4Ya/ibHOW. CneaoBaTeNbHO, UWIMHAP OCTbI1 A0
TemnepaTypbl KUNeHUa a3oTa U Tenno No-nNpexHemMy MnocTynaeT TONbKO B
pe3ynbTaTe TensoobMeHa C OKpyxawuwen cpenomn.

Echu 6bl uMAnMHAP B a30T He norpyxaauM, To K 450 cekyHae
NMoKa3aHWsA BECOB OKa3a/MCb paBHbiMM 205 r. C yyeTOM MacCChl UMAMHApPA
BeCbl nokasbiBanuM 6bl 275 r. Takum obpasom, AONONIHUTENbHO

ncnapuvBwasaca macca asota Dm,»52r (anuHa oTpe3ka BC). OTcwaa

_o_&MG-¢) 72_Q 10,9 @KAX 6_ o KAX

7 7 " Dm. 0,052& kr g K

a

Dm




N |3apava 2.9.4. Kputepum oueHuBanHuma (20 bannos) Basnbl

1 | NocTpoeH rpadpmMk 3aBMCMMOCTM Macchl a3ota (MAM Macchl 8
ncnapuBllerocsa asoTa) OT BpeMeHu. [Mpu 3ToM rpaduk
XOpOoWO YMTaeTCA, MNOAMUCAHbl KOOPAWHATHbIE OCU, BblIOpPaH
yAO6HbIM MacwTab n T.4.
rMoanucaHsl ocu U yKa3aHbl e IVHULIBI n3MepeHus
(1 6ann)

BblbpaH pPa3YyMHbIM MacwTab KOOPAWHATHbIX oceu
(1 6ann)

HaHeceHbl BCe 3KCNepuMeHTanbHble TOYKMU
(1 6ann)

YUepes 3KCNepuMeHTasbHble TOUYKMU npoBeJeHbl
cooTBeTCTBYyWlWME NUHUKM (NpAMbie HaA HAYanbHOM WU Ha
KOHEYHOM y4yacTKax rpapuka) (2 6anna)

B okpecTHoCTM 210 C noKa3aH CKA4yokKk Maccbhl Ha 70 r
(2 6anna)

BbiMO/IHEHA 3KCTpanonsauMs HavyalbHOrO yyacTka rpaduka
(no 450 c T.e. QA0 nepeceyeHna C oOTpe3koMm AQ)
(1 6ann)

2 | 3anncaHo ypaBHeHuss TennoBoro 6banaHca, noay4veHa 2
popmyna 7=Q /dm,
onpepeneHo KOJIMYEeCTBO TennoThl, oTAaHHOe npu 3
oxnaxaenun umnuuapa QI (10,7 ,11,1)kax
Ecnu Q1 (10,5 ,10,7)kax nnu Q1 (111,11,3)kax
(2 6anna)

Ecnu Q1 (10,3 ,10,5)kax nnu Qi (11,3,11,5)Kkax
(1 6ann)

3 | YYTeHO un3MeHeHMe noKa3aHMW BecoB, CBf3aHHoe C 2
norpyxenHvem umnuHapa (1 6ann) v TennoobmeHa asoTa C
okpyxatwuen cpeaon (1 6ann)

4 | OnpepeneHa mMacca a3oTa, BbIKMNeBWas n3-3a 3




TennoobmeHa ¢ uununapom Dm, T (50 ,54)r

m,T (48 ,50)r nnm m,T (54, 56)r
(2 6anna)

m, 1 (46 48)r nnm m,1 (56, 58)r
(1 6ann)

Monydyen oteeT ana 71 (200, 245)kax Ar




3asavya 2.10.1. Xénob6 (13 6annoB). lapuk
ABUXeTCS no rnaaKkomy XEnoby,
PACno/IOXEeHHOMY B BepTWUKaNbHOM NJIOCKOCTH,
M3 TOYKU A 6e3 Haya/lbHOM CKOpPOCTU. XEnob
coepuHaeT GUKCUPOBAHHYKO. TOYKY A,
umetlyw kKoopauHatel (r; r), C HEKOTOpoWu
TOYKOM B, nexawem Ha A[yre OKPYXKHOCTHU
paamyca R C ueHTpom B Touyke 0O (0; 0).
NMpU HEKOTOPOM MOJIOXEHUN TOYKM B BpeMms

ABUNXeHUA lwapuka Ha y4yacTKe AB
OKa3blBaeTCA MUHUMAJTbHO BO3MOXHbIM (B X
npouecce ABUXeHUA Wapuka TOYKa B He r R 0

nepeMewaeTtcsa). Onpeaennute, Yemy paBHO 3TO MWHUMaNbHOoe Bpemsa t.
YckopeHuMe cBoboaHOro naaeHus g.

Bo3MoxHoe peuweHune (A. YWMMH). Hanaém reoMeTpuMyeckoe MeCTO TouyekK
B KOTOPbIX WAPUK MOXeT OKa3aTbCs B MOMEHT BpemeHu t. MNyCcTb o -
yron, KOTOpbliM COCTaBnsieT Xenob C ropu3oHTOM. M3 BTOPOro 3aKoHa
HblOTOHA YCKOpeHue wapuka byaeT paBHO a= gsha.

at _gsha xt

NponaeHHOe WapuKOM pacCTosHUE S=— == . OTclaa cneayet, 4To
s _gxt
sha 2 °

TO eCcTb ANA BCeX TO4YeK, B KOTOPbIX MOXeT OKa3aTbCA WAPUK CMNyCcTH
BpemMa t, Be/lnYMHA S/sha byaeT OAMHAKOBOWM.
nokaxem, 4YTO BCe 3TU TOYKWU JfiexaT Ha
OKPYXHOCTU, LEHTP KOTOPOM JeXuT CTporo nofa
TOYKOM A, a caMa OKPYXHOCTb MpPOXOAUT uyepes
TOUKYy A.

MOCTPOMM TaKYylWw OKPYXHOCTb /i1 OJHOro U3
BO3MOXHbIX MOJIOKeHUA xenoba. W3 reomeTpumn

DABC =90° (Kak BMNWCaAHHbLIM, oONUpawWMnca Ha

AnameTp) , Toraa bBCA=a, 7
AC1=s_n—5a=%=24_‘, roe £ - paaumyc Vi
HapMCOBaHHOW Hamu OKPYXHOCTM. == ]
NonyvaeTcH, 4yTOo paaunyc Takow
OKPYXHOCTM He  3aBUCUT OT Yyrna " |
HaknoHa xénoba. g
B Takom cnyvyae, Bpems Chycka wapuka O B
byaneT MUHUMASTbHbIM , Koraa d
HapucoBaHHas Hamu OKPYXHOCTb i
KOCHETCA Ayru paauyca R. !
I
S|




Bblpa3uM paccTosHue OO0, ABYMA Cnocobamu.

©0,) =(R+ Y =F+(r-£),
P - R

oTKyAa FW'

PaHee Mbl nMoka3aniun, 4YTO {'=gT

Xf, 3HaUUT t=\/4—7:
g



N | 3apaua 2.10.1. Kputepuu oueHumBaHuma (13 6annoB) Bannbl
1 | HaMaeHO yCKopeHue ABUXEeHUSA No XEnoby 2
2 | JoKa3aHo, 4YTO MHOXEeCTBO TOYEK, 3aAanWMX BO3MOXHOE 4
NoJIOXEHME Wapuka B MPOU3BOJIbHLIN MOMEHT BpPEMEHMU,
npeACTaB/IA€T OKPYXHOCTh;
nMbo N3 KUHEeMaTUKU MNOJy4YyeHO YypaBHEHWe, CBA3biBawllee
BpeMa [ABUXEHUA Wapuka A0 AYrM OKPYXHOCTU C Yr/ioM
Hak/MoHa Xénoba K rOpuU3OHTY
3 | YKa3aHO, 4YTO MUHUMANIbHOE BpeMsi COOTBETCTBYET KaCaHWUK 2
OKpPYXHOCTEWn;
JInbo yKa3zaHO npaBuibHOE YCJ/IOBME MUHUMAJIBHOCTU AnNA
KMHeMaTU4YeCckoro ypaBHeHusa (Npou3BOAHAA BPEMEHWU MO Yray
paBHA HYJI0)
4 | NonyyeHO 3HayeHWe yrna HakIoHa Xénoba wmnu AauHbl Xxenoba, 2
COOTBETCTBYHWIUMX MUHMMAJIbHOMY BpPEMEHMU
5 | HanaeHo MUHMManbHOe BpeMms. 3




3ajaya 2.10.2. Pa3BeTBNéHHas uenb (12 6annoB). Ha puUCYHKe
npeacTtaBsieHa 4YacCcTb Pa3BETBNEHHOW 3/1€KTPUYECKOW Lenu, BKJKYaLEeN
JeBATb pe3ncTopos 7 naeanbHbIn amnepmeTp. conpoTuUBNEHUSA

pe3ncTopoB pasHbl: R =100M, R,=2,00M,. R =900M, (Ha pucyHke
npmMBeAeHbl HOMepa pPe3nCcTopoB) .
Cuna TOKOB, MpoTekawwmx 4Yepe3 R, W amnepmeTp W3BECTHbI:

LI=14A, L=4,5A, nx

HanpaBneHUsa YyKa3aHbl Ha é é

pUCYHKe. Onpepennte L=14A l I,=45A

CUnbl TOKOB, MNpoTeKawwux eo— | 1 ] 11—

yepes pe3ucTopbl R, U K 49 4 > 8 B
1 ]

y a TaKxe HanpaxeHue 3 6
Mexay TOo4YKamMun A n 5. 7



Bo3MoxHoe peweHue (A. AMNONIOHCKMW) . HanpsaxeHus HA pe3ucTopax Ry U
R3, Ry, W Rg OAVHAKOBLI. [0O3TOMY ANl TOKOB Yepe3 HUX CnpaBejsuBbl

CoOTHoweHua 1=3L, L=3F.

B y3ne C Tok pa3genservca: I=L+ZIZ.JAns y3na D: L+IL =7IL+1.
Ccuna Toka ;:g—g+;=%q—%g+;=%g+g=gg=6A.

Cuna TokKa, BTeKawwero B pacCMaTpuMBaeMbld yvyacTok uenu, L=14A.
BblITeKaeT u3

2 I yyacTKa
L=4- L,=14 A _
Cunna ’ - i l 14_4’5A TOKa
— ] [ 1 L 0 L —>2
A 9 4 5 8 B
L | L |
— 3 6 —
I 7 I
L\
L=%-(1+1)=15-4z1. (D

CymMMa HanpsaxeHWn Ha pe3ucTtopax R W R, paBHA CyMMe HanpsaxeHWUu
HA R, N R.:
313-R1+(313-_1;)R2=1;(R4+R5)' (2)
Pewasa coBMeCTHO ypaBHeHus (1) u (2), nonyuumm: I =2,0A.

U,.=LR+IL (R +R )+ LR =208B.

N |3apava 2.10.2. Kputepum oueHuBaHus (12 bannos). Bannbl

1 | BepHO NpMMeHeHO YyC/ioOBMe pa3BeTBJIEHMA TOKOB A4 1
nwboro n3 ysnos

2 YKa3aHo, 4YTO CyMMa TOKOB, BTeKawmx B NpuBeAEHHbIA B 2
YCNOBUM YYaCTOK LLENM paBHA CyMME TOKOB, BblTEKaKWMX
N3 Hero

3 | YKa3aHO OAHO M3 COOTHOWEHUW MexAy HAMPAXEeHUAMWU: 2

Ui = Us WM U, = Ug WIN Uy + Uy = Ug + Us WIN Uz + Ug
= Uy + Us WM BEpHO 3anncaHoO BTOpoOe MpaBuno Kupxroda
AN KOHTypa U3 pe3ncrtopoB 1-6.

4 | 3anMcaHoO, 4YTO HanNpsAXeHue Ha yyacTKe AB paBHO CyMmme 1
HanpAXeHUn Ug, Ug W HanNpaXeHMA Ha OAHOW U3 TpEx
LeHTpaNbHbIX BETOK.

5 |HampeHa cuna TOKa I; (hopmyna + 4mcno) 1+1

o)

HangeHa cuna Toka Ig (opmyna + 4ucno) 1+1

7 | HanpeHo HanpsxeHne AB (popmyna + 4ymcno) 1+1




3asavya 2.10.3. Ha cknage (10 6annoB). Ha
TeppuTOpUMK NPOMBbILTEHHOr 0 obvekTa, | HE Oe
obHeceHHOM 3abopoM FGHE, pacnonoxeH nNocCT

OXpaHbl (Toyka 0) wn cknapg ABCD. OXpaHHUKMK

XanoBaJncCob, 4yToO C nocTa nm He BUAHO | . \BIC
CTOPOHDI Cknaga AB wm AD. ansa peweHna

npobnembl 6b1O pelweHo YCTAHOBUTb MOCKUE

3epkana. Tak Kak no Tepputopum obbekTa | | |4D
NOCTOAHHO nNepeABUraeTcA TaAXenada TexHuKa,
TO 3epKalla MOXHO BewaTb TONbKO Ha 3abop E H

MNN HA CTeHbl CkKnaga. I[pun 3TOM MJIOCKOCTb

3epkana AO/XHAa CcoBMagaTb C  MJOCKOCTbIO

CTeHbl/Ccknaga. Cxema TeppuTopuM npuBejeHa Ha pPUCYHKe. Pa3mep 040U

KNneTouykn paBeH 10 M.

1) YKaxuTe, rae HyYXHO pa3MecTUTb NJIOCKOe 3epkano, 4YTobbl C nocTta
OXpaHbl Obla BMAHA BCHA CTeHa AB cKnaa. MNOCTPOEHUSAMUM [AOKaxuTe,
yTo B 3epkajie byaeT BUAHA BCHA CTeHa AB.

2) YKaxuTe MWHMMAJIbHO BO3MOXHYW WWMPUHY 3epKana Ana nyHkta 1 wu
rae OHO JAONXHO pacnonaratbcsa. CBOM  BbIBOAbI  MNoAaKpenuTe
NOCTPOEHUAMN N PACCYXAEHUAMMU.

3) BO3MOXHO M PacnosioOXUTb HAa CTeHe EH OAHO 3epKano Tak, 4YTobbl C
nocTta OXpaHbl B Hero ©6Obi1a BuAHA BCHA CTeHa AD? CBOW OTBeT
NOAKpPEennuTe MOCTPOEHUAMU N PACCYXAEHUAMMU.

4) HapucymTe CxXeMmMy pacrosioOXKeHUs 3epKan C MNOMOUb KOTOPOM OXpaHa
byneT BuaeTb BCH CTeHY CKnajaa AD. BaM HeobxoauMo MUCNonb30BaTh
MUHMMANIbHOE KOJIMYeCTBO 3epKan. [OoCTpPOeHUAMM [OKAXMTEe, 4YTO B
3epKkanax byaeT BuAHA BCHA CTeHa AD.

Bo3MoxHoe pelweHue (M. KapmaHoB).

Bonpochbl Nel, 2.

Pa3MeCcTUM 3epKasio Ha CTeHe EF. JAna Havyala npeanosioxuMm, YTo
3epKasio MOKpbiBaeT BCHW CTeHy. [ocTpoum wu3o0bpaxeHMe cknajga B
3epkane. W3o06bpaxeHue, co34aBaeMoe MJOCKUM 3epKasioM, CUMMETPUYHO
MCXOAHOMY TMpeAMeTy OTHOCUTENIbHO TMMJIOCKOCTM 3epkana. [oCcTpoum

n3obpaxeHne AB CTeHbl cCkfnaga. Ham 0

HYXHO, 4TOobbl Jlyun OT BCexX TOuYekK
n3obpaxeHnsa CTeHbl CKnaaa AOXOAWIN AO
MocTa OXpaHbl. [OCTPOUM KparHUE Nyuu C, -

A0 n BO. WMEHHO 3TW Ny4un ” 3ajalwT B,
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rpaHuubl 3epkana Z3;Z,. Bce ocCTaJibHble

HYXHble HaM Jyuynm OyayT nexaTb Mexay
3TUMU KpanHuMK NyYyamu. Pa3mMepbl

3epKkasia MOXHO HamTum wu3  noaobus
I5

TpeyrosbHUKOB OB A n 0z27,. WX ——

CTOPOHbl OTHOCATCA TaKXe KaK BbICOTbHI
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Bonpocol N3, 4

[Ns Hayana aHanorMyHo nyHktam 1 u 2 -
NnocTpoum wu3obpaxeHns CTeHbl AD cKnaga B G-
3epkane, pa3MelleHHOM Ha 3abope EH. ¢,

Kak BWAHO W3 MNOCTPOeHWA yron D cKnajaa 7
He Mo3BONAET YBUAETb B 3epKasie BC CTeHy NN NN
AD. MOXHO YyBWAETb /Wb ee TMOMOBUHY SD. b4
3HauYUT OHOrO 3epKasa HeJoCTaTO4YHO. E

JlobaBMM ewe OAHO 3epkKaslo HAa CTeHy AD, ik
4yTOBLl Ny4, BblEAWMA U3 TOYKU A nocne
oTpaxeHus OT 3epkana Ha 3abope, nonajan
66l B 3epKasio Ha CTeHe cKfiaja, 3aTeM OnATb
B 3epkasio Ha 3abope M JOXOAMA 4O MOCTA OXPaHbl.

Mpoue BCero BM3yaNM3MPOBaTb XOJ TaKOro Jiyya, eC/v Npu KaxaoMm
oTpaxeHunm oOT 3epkana wu3rmbaTb He caMm Jyy, a oOTpaxaThb
OTHOCUTENIbHO  3epKana MpoCTPaHCTBO, B
KOTOPOM OH MnepemewaeTcsa. 3anycTuMm Nyy B
obpaTHOM HanpasB/ieHUN U3 TOYKU O K TOuKe
A. CHayana OH JonxeH oTpa3uTbca oT &
3epkana Ha 3abope. Tpyu 3TOM  MOXHO
cuMTaTb, 4YTO Jiyd MPOAONKUN ABUKEHWE no
npAMOM, a CKnajg oTpa3swica CUMMETPUYHO
3abopy. fMocne oTpaxeHMsa OT 3epkana Ha
CTeHe cKiaja TaKke MOXHO cuuTaTb, uTO
NYYUK MPOAOSKUN JABUXKEHME N0 MPAMON, HO
3abop HYXHO oTpasnTb CUMMETPUYHO
OTHOCUTENbHO CKNajga WU T.J.

M3 MNONYyYMBIWIErOCHA PUCYHKA BUAHO, UYTO
ANA  TOro, u4Tobbl YBMAETb YacTb CkKiaja AS HYXHO pa3MecTUTb Ha
CTeHe CKnaja 3epKano OT TOYKM S MoyYTU A0 yrna D, a 3epKano Ha
3abope EH AONXKHO UATU O TOUYKU Z; 1O
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TOUKUN Zs. L 0
e |
Takmm o06pa3om [OCTAaTOYHO JABYX  Git e —
3epkas. A pa3 OAHOrO HeAOCTATOYHO, .| e E | o
TO o4YeBUAHO - ABa apnaeTca | B, N
MUHUMANTbHO BO3MOXHbIM YUCJIOM. o
ECTb W ApyroM BapuaHT peleHus. il D
BTopoe 3epKano MOXHO PaCnonoXuTb He ;=7 A S
Ha CTeHe AD cknaga, a Ha 3abope QH.

MOCTPOMM aHANOrUYHbLIM 0bpasom Xoj,
nyyen pAna 3TOro ciayyas. Kak BUAHO
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M3 PUCYHKA MOXHO JA0buTbCcsi ob30pa BCEM CTeHbl 3a CcYeT pasmelleHus
3epKkana ZzZ; Ha CTeHe EH W 3epkKana ZgZg Ha CTeHe QH.



N |3amaua 2.10.3. Kputepum oueHuBaHus (10 6annos). Bannbl

1 | NpoaeMOHCTPUPOBAHO BepHOEe MNOCTPOEeHWe XoAa Jiydenm nocne 1
OoTpaxeHuMa OT 3epkana

2 | MpoAeMOHCTPUPOBAHO BEpHoe NOCTpOeHMne obnacTtu 1
BUANMOCTM

3 | OTBeT Ha nepBbLIN BOMNPOC + ODBOCHOBaHUE 1+1

4 | BepHble NOCTpOEHMA ANna BTOPOro BOMpPOCa + BepHOe 4ucsio 1+1

5 BepHbin OTBET Ha 3 BOMPOC + 0ObBOCHOBaHUE 1+1

6 | BepHblM OTBET Ha 4YeTBEPThHIN BONPOC + ODBOCHOBAHUE 1+1




3asa4ya 2.10.4. TIuApoCTaTUMECKUM «cCepHbid Awmk». (15 6annos).
BHYTpu «ceporo AWMKa», nMewlero hopmy NPsSIMOYTOJIbHOT O
napannenenunena, HaxXoAATCA TOHKME NeperopoAKu, KOTopble MOryT
ObITb PACNONIOXEHbl TOJNIBKO BAOJb MNYHKTUPHbIX NUHUA (CM. PUCYHKW)
nepneHAUKynspHo 6O0OKOBbIM CTeHkaM sAuwmka (H6OKOBbIMM  HA3bIBAWTCH
CTEHKM, HA KOTOpbIX HapucoBaHa CTpenka). [eperopogkm MoOryT
HAUMHATbCA M 3aKaH4YMBATbCA MO0 Ha CTEeHKaxX «Ceporo sfwuka», nubo
B TOYKax nepecevyeHUs MNYHKTUPHbIX JIMHUN. T[leperopoiKku MNONHOCTbK
nepekpbiBawT pPaACCTOAHME Mexay OOKOBbIMM CTEeHKaMM U HEeNnpOHUL.AEMb
Kak Aans  BoAbl, TakK W ana Bo3ayxa. C TMOMOWbI MMewlerocs
obopyaoBaHMA onpepenuTe pacrnosioxeHne neperopoaok W UX pa3Mepbl.
TONWWMHON NeperoposokK U CTEHOK «Ceporo suMKa» MOXHO npeHebpeyb.
OUueHMBaTb MOrPEeWHOCTb HE HYXHO.

obopypoBaHue

«Cepblil  AWWMK», WNPUL, C WIoOWM, MNONOCKa MWINMMETPOoBOM bymaru,
CTakaH C XMAKOCTbW, MYCTOM CTaKaH, HOXHMWUbI, CKOTY.

P.S. OT Bac TpebyeTcs ob6bpaboTaTb NpPMBEAEHHble HUXEe U3MepeHus u
caenatb BbiIBOAbl. B KayecTBe oOTBeTa HeobxoAuMMO nNpuBECTU CXeMmy
PACMONIOXEHUA MNeperopojok B «CepoMm suuKe». OTBeT JOoNXeH ObiTb
0b60CHOBAH M He NPOTUMBOPEYUTb UMEKWUMCA AaHHbIM, KOTOPble MOJYyYEeHbI
SKCNepuUMeHTaNbHbIM NYyTEM U MO3TOMY cCoAepXaT MOrpPewHoCTH.
onucaHuve obopyaoBaHUs

«Cepblin AUMK» - KBajpaTHas Kopobouka OTBEpCTME B
Hebonblon TOJLMHBI C XeCTKumm - @ 1+
Henpo3payHbiMM CTEHKaMM Ceporo LuBeTa.
Ha pucyHKe mnoka3aHa OOKoBas CTeHKa
KOpoboYKHM. B OAHOM n3 yrnos ;
kKopobouykm ecTb oTBepcTne (A). B T
NPOTUBOMNOIOXKHOM yrny cAenaHo "; |
otBepctne (B), B KOTOpoe mnoMeleH B N A
BpallawwmMmnca wTyuep C 3aKpensieHHOM Ha N
HeM npo3payHon Tpybouykon. WTyuep wu B
Tpyboyka He CbemHble, HO Tpybouky N
MOXHO MNOBOpaynBaTb B MoJsioXeHne 1, —_——————
WA B nosoxeHuve 2. WINpuL, MeAULUHCKUN NnonoxeHune
obbemom 100 mMn c ueHow peneHua 1 mn. B

Wrna pns wnpuua. [Mosiocka MUAAUMMETPoBOM bymarn wumpuHon 1 cM wm
AnuHon 15 cM. MnacTukoBbiM cTakaH (obbemom 200 mn) C noaKpaweHHOM
XMAKOCTbI, KOTOpas MJOX0 CMavyuBaeT TPYOKY WM CTEHKU KOpPObOYKM.
NycTon nnacTukoBbin cTakaH (obbemom 200 mn).

HOXHWUUBI KaHuenspckue. Hebonbwaa 60buHa y3KOro ckotya.

1
cooltooaboooios
]

............

NnonoxeHue

___________________________

v

NpoaenaHHble 3KCNepuUMeHTbl U pe3ysbTaTbl U3MepeHUM
onbiT Nel. U3MepeHMe pa3mMepoB KOPODOOUKMU.
C nomoubw NOJOCKM  MWINUMETPOBOM  bymaru  u3mepum  pa3mMepbl
KOpoboukn. OHM paBHbl 100mMM “100MM “10MM . U3MepuUM pacCToAHUE MexAay
NMYHKTUPHbIMKM  JIMHUSIMM, a TaKXe OT MNYHKTUPHbIX JIMHUA A0 CTEHOK
KOpobouyku. Bce 3TKU paccToAaHuA paBHbl 10 mM.



onbiT MN2. M3MepeHMe BHeWHero auvameTpa TPYOKu.

Ana  uU3MepeHWs BHeEWHero JAuameTpa TpPybku wu3Mepum AJINHY ee
OKPYXHOCTU. AN 3TOro HamoTaeM Ha TpybKy MOJIOCKY MWIIMMETPOBOWM
bymaru. Caenaem 2 obopoTa. [/JIMHHA HAMOTAHHOW 4YacTuM bymaru paBHa
8,9 cwm.

onbiT Ne3. M3MepeHMe BHYTpPeHHero auameTpa Tpybkwu.

Habepem B wnpuu XMAKOCTb, 3aTeMm npucoeauvHum wnpuy, (6e3 wurnb) K
Tpybke UM BblAaBUM YaCTb XWMAKOCTM B TPybKy Tak, 4TObbl XMAKOCTb
obpa3oBbiBasia CNJIOWHOW UMAMHAP 6e3 ny3blpbKOB BO3Ayxa. 0b6bem
BblAAB/IEHHON XMAKOCTW paBeH 8 ma. C nomoubil MOJOCKU MUATMMETPOBOM
bymarv wusmepum AJIMHY 4YacTW TpPybKW, 3ano/IHEHHOM XWAKOCTbI. OHa
paBHa 8,0 cm.

onbit MN4. YcTaHOBUM KOpObHOUYKY Ha TOPU3OHTAsbHbIN
CTONn Tak, 4Tobbl HapucoBaHHAass Ha HeW CTpenka
yka3biBana BBepx. Habepem B wnpuy 100 mn XuakocCcTwu
n byaem 3anmBaTb €€ B KOPObOOYKY nopuusMu yepes
oTBepCcTMe A Tak, 4YTOoOb 3a KaxAayw NOPUUI YPOBEHb
BoAbl B Tpybouke noaHMMancs Ha 5 MM. YpoBeHb A
Xnakoctu B Tpybouke 6Gyaem wu3MepsATb OT HUXHEN
CTEHKM KOpPOOOYKM C MNoMmMOoub MONOCKUM MUIIMMETPOBOM
bymaru, npukieeHHOM K Kopobouke.

Nnony4vyeHHole namepeHus A(V,) 3aHecem B Tabnuuy. ECAM npu AOCTATOYHO
b6onbwom yBennvyeHunm obbema KUAKOCTM B KOpoboyke ypoBeHb B
Tpybouke He wn3MeHseTCcA, TO 3anvweM B Tabnuuy ABa KpalHUX
3Ha4YeHUs 0b6bLEMOB, COOTBETCTBYWWWUX 3TOMY YPOBHI0.

onbiT Ne5. BbinbeM BCH XMAKOCTb W3 KOpPObOYKWU. Mpu -
3TOM 3aMeTum, 4YTO nNoCse npoCToro nepesopoTa ®ii i i iii:|
KOpoboukM M3 Hee BbITeKaeT He BCHA XUMAKOCTb. |

YTobbl KM3BNEYb U3 KOPODOOUKM BCH XUAKOCTb €€ |--+-i-i--

HYXHO HaK/IOHATb NOJA Pa3HbiMKU yriamm M TPACTU. Mo i ..
3BYKY onpeaenMm, 4YTO HaMm YyAaNoCb BbUIMTb BCH |
XMAKOCTb M3  KOPODOYKW. YCTAHOBUM  KOpobouky ! =
Takxe, Kak B onbite N4.

Tenepb byaem 3anuMBaTb XUAKOCTb 4Yepe3 oOTBepcTue b, B KOTopoe

BCTaBneHa Tpybouka. Ans 3Toro Habepem B wnpuy 100 mMn xuakocCTw,

HaAeHeM Ha Hero Wray M akKypaTHO NMPOTKHEM UraoW TpybouykKy B CaMOM

HM3y. Takum obpa3oM Mbl CMOXeM MojaBaTb XMAKOCTb B Camoe

OCHOBaHMue Tpybouku. CHUmeM AHANIOMrNYHYI0
3aBucuMocTb A (V5) - YpPOBHA XMAKOCTU B Tpybouke
OoT obbema HaAUTON XMAKOCTW. MoNnyYeHHble AaHHble | .

3aHeceM B Tabnuuy.

onbiT Ne6. BHOBb yaanum BCH XMAKOCTb W3 KOPOOOYKMU.
3aK/leMm AplIpoYKy B Tpybouke C nMNomouwbil CKOTYa.
NnocTtaBuMM KOpobo4yKy Tak, 4TOobbl CTpenka cmoTpena
BNpaBo, a Tpybouyka pacnonaranacb B NOJIOXeHUN 2.
NMOBTOPUM Te Xe AeNCTBUA, 4To B onbiTe N4, 3anueas




XUAKOCTb 4Yepe3 OTKpbToe oTBepcTue A. TonyyeHHble paaHHble A(V)
3aHecem B Tabnuuy.

onbitT N7. OnaTb yaasiMM BCHW XUAKOCTb U3

Kopobouku u NOBTOPUM onbIT N5, HO

pacnonoxmB Kopobouyky Kak B onbite MN6.

Nony4vyeHHbole AaHHble A(V,) 3aHecem B Tabnuuy.

Tabnuua

h, m| Vs, Vs, Ve, Vi,
M/ M/ M/ M/

0 0 -9 0 0 - 0

10
5 11 2 15 6
10 13 4 21 11
15 15 6 26 17
20 17 8 32 22
25 19 10 38 28
30 21 12 - 43 33
21

35 25 25 46 36
40 28 28 49 39
45 31 31 52 42
50 35 35 55 45 -
55

55 37 37 56 56
60 38 39 58 58
65 40 41 59 60
70 44 - | 43 - 61 61

71 71

75 75 75 62 62
80 79 79 64 63
85 83 83 66 65
90 87 87 67 67
95 91 91 68 68
100 95 95 70 70




Bo3MoxHoe pelweHue. (M. KapmaHOB) .

1. ObpaTMm BHMMAHME, YTO NpPM 3aJIMBAHUM XUAKOCTU B «CEpbIA SAUMK»
yacTb ee oKa3biBaeTcss B Tpybouke. BbYMCAMM naowalb BHYTPEHHEro
ceyeHuna Tpybouku. M3 onbiTta N3 cneayeT, 4YTO naowadb BHYTPEHHEro
ceyeHns Tpyboukum paBHa Sy, = 1,0 cM?. 3TO 3HAYWUT, YTO B MOSHOCTbH
3anosiHeHHon Tpybouke byaeT HaxoauTbca 10 MR XMAKOCTU, YTO
CpaBHMMO C obuwmM 0b6bEMOM 3a/UTON XUAKOCTU. [epecymTtaem 3HAYEHUS
B Tabnuue, BbYTA M3 HUX obbeEM S;,/i XMAKOCTM B Tpybouke. MOCTpoum
rpadmkm 3asucmmoctun A(V).

Fpagmk ana 4 n 5 onbiToB.

A, MM

100 /

90
80
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60 1 /
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MACUKAMU OTMeYyeHbl TOYKW, COOTBETCTBYHWWME 3aJIMBAHUIO XUAKOCTWU
«CBEpXy», a KPeCTUKU - «CHU3Yy». Kak BWUAHO, Trpadvku oOTAM4awTCsA
TOonbkKo Aanfa ydyactka 0-30 wmm.

Mpn  3aJMBaHMM  XMAKOCTU  «CBEpXy» OHA CHavana 3anosiHaeT
HEeKOTOpPYyl MNOJMIOCTb, pPaCnoO/IOXeHHY COOKY OT HUXHEro OTBepCcTUs.
ObbeM >TOM MNONOCTM paBeH 9 MA. YyuTbiBas, 4TO -

nocne 30 MM rpaguku uAyT COBepWeHHO OAMHAKOBO, ;:L444_L;LLJ_
MOXHO cCJAesiaTb BbIBOL, YTO NPU 3aMNOJIHEHUU «CHU3Y» g:ttiijij:;j:
3Ta Xe NOoNOoCTb 3anofHAeTcAa npu ypoBHe Boapl B 30 3-r1ﬂﬂ-ﬂffff-
MM. TO €eCTb BbICOTA MNEPEeropoAku, OTAenswwen 3Ty g:?1¥1%}]1€;
nonocTb OT oOTBepcTusa, paBHa 30 wMM. Takxe N NN N
3amMeTum, 4YTO nNpu 3AJ/IMBAHUU «CHU3Y» MNOJIOCTb -r1ﬂ--rr-r1¥;

Hayana 3anosHATbLCA Noc/ae Toro, Kak 6bio 3anmto 9
M XMAKOCTM. TO ecTb 0b6bem npoCTpPaHCTBA CNpaBa OT MNeperopoaku
Toxe paBeH 9 mMn. Hapucyem cambii NPOCTOM U3 BO3MOXHbIX BapuMaHTOB,
COOTBETCTBYHWWNX 3TOMY YC/IOBUW. KpacCHbIM 0H60O3HAYeHbl Neperopoaku, B
KOTOpbIX Mbl 6Honee-meHee yBepeHbl, a CUHMM - KOTOpble pPaCMNOJIOKEHbI
BeCbMa YC/IOBHO.

noacumtaem 30OPeKTMBHYHW nNAoOWaAb, 3aMNOJIHAEMYI XWAKOCTbH, MpU
pa3NINYHbIX €ee YPOBHAX. W3 rpapuka BUAHO, 4YTO Ha YypoBHe 30-50 wmm
3anonHaeTca nnowaab B 6 cm?, 50-70 mm - 3 cm?, 70-100 mm - 7 cm2.



Pa3zbepemcss c ypoBHeM 30-50 MM. [ONXHbl 3anONHATbLCA TONbKO 6
KNeToK B paay u3 4-x. MpaBble 4 KNeTKWU AOMXKHbI 3aNOSHATbLCA, TakK

Kak MHaye npu 3alMBAaHUM XUAKOCTU CHU3Y He byaeT ee nepeToka
yepe3 neperopoaky. MNpeaAnosoXMM, YTO CTEHKA HaxXoAUTCs CJieBa.

Pa3bepemcs c ypoBHem 70-100 wMM. Tawm -
3anonHaeTca 7 KJNeToKk B psay UM obsA3aHa ;!L;-L4-L;--Lﬂ_
3aN0NHATLCA  KneTka, npuneraowas K OTBepCTMio. 7 riTriZgiris
MycTb neperopogkamum oTpe3aHa 061acCTb pasMepoM 3 -b--b--iid-bdo
3x3. Ecam 3Ta obnacTtbh pacnonaraetcs He B g:?]:i’;I}:i]:
npaBoM BepxHeM Yyrny, a CcABMHyTa Jesee, TO B Crio jtijjtjj
3a30p Mexay 3ToM 061acTbid M nNpaBOM CTEHKOM Ees amm pami!

e

XNAKOCTb BCe€ paBHO He CMOXeT 3a6emaTb, TaK KakK

Tam obpa3yeTca BO3AYWHbLIA Ny3blpb, 3HAYMT 06/1ACTb pPACNONIOKEHA B

npaBoMm BEepXHeM yrny. CobCTBEHHO, HUXHASA rOpPU30OHTa/IbHAA
neperopoaka 3ToM obnactm He obA3aTenbHa, TaK KaK XWUAKOCTb B
noboMm cny4vyae He byaeT 3aTekaThb B Hee.
NMepengeM K pacCMOTpPeEHU 6 U 7 ONbITOB.
Fpapuk ana 6 n 7 ONbITOB.
L &, MM
100 Yl
90 ZZ
80
70 3!7
60
50
40 “/x/p
30 ——
20 - i
10 -
0 10 20 30 40 50 60 Vo
W3 rpaduka BUAHO, YTO 3aNnoJIHEHME CBepXy WU CHU3y wuaeT

OAMHAKOBO, C TOW J/MWb pa3HUULENn, YTO MNpPU 3aNoJIHEHUM CBEpPXY

M3HaYa/IbHO XWAKOCTb 3anosiHgaeT noJsioCcTb obvemom 10

L ] )
M1, KOTOpas NpW 3anojIHeHUM CHWU3Y 3anofHAeTCA Mpu  [Tir T iirr=
ypOBHE XuaKocTu B 50 MM. 3anonHAemble naowagun ansa  -td--io-idoido
KaxAoro yposHA paBHel: 0-30 mm - 10 cm?, 30-50 mm ol il [l
- 5 cM?, pna yyactka 50-100 MM  Henb3s jfjjh%%%é{tj:
rapaHTUPOBAHHO YTBEpPXAAaTb, 4YTO rpaduK JIMHEWHbIN. =TT
HO, €C/M OH JIMHEMHbId, TO 3anofHsemas MAoWasb |-k4-tid-ri-tid

paBHa 2 cM2. &

Mpu 3anosiHeHUu CHU3y Ao ypoBHA 30 MM 3anosiHAeTCA BCe ceyeHue
3TOro

KOpoboYKM, 3HAUYUT TaM OTCYTCTBYWT BepTuKanbHble (ans
NOMOXeHUs KOPODOUYKKN) MNeperopoiku.



Jlanee, 3ameTum, 4YTO npu YypoBHe B 50 MM B T Y b g

LI O T R I I B

Kopobouky BMmewaeTca 50 M XMAKOCTM MPU 3aMNOSHEHUU S |
XOTb CBepXy, XOTb CHMW3Y. TO €CTb Npu ypoBHe B 50 Fti-ri-rifri-
MM AOMXHA O6biTb 3anofHeHa BCA HWkHAA (Ans 3TOro f-r4-ri-g4ra-
PacnofoxeHns KOpPoBOUKM) MONOBMHA KOPOBOUKM. Takxe g:;qiﬂfﬂpfﬁj:
yuyTeM, 4TO Npu 3anojIHeHUU CBepxXy, XUAKOCTb AOJ/KHA & 31 r1oiti-ris
CHayana 3anonHATb nonocTb obbemom 10 wmn, 3Ta —E44——}P—Fi—
NONOCTb MOXET pacnofaraTbCsi TONbKO Ha ypoBHe oT il iri"h

30 po 50 MM, HO npuM 3aNO/IHEHUNU IDTOrO0 YPOBHSA
CHU3Yy, 3anosHseMas njaowaab paBHa 5 cm?. Toraa no cCyTwu
€ANHCTBEHHbIN  BO3MOXHbIM  BAPUAHT  PACMOJIOKEHUS  3TOM  MNOJIOCTHU
Cneaywlmmn :

BepHemMCA K 4 n 5 onbiTam.

B npaBOM BepxXHeM Yrny y Hac obpa3oBanacb NonocTb obbemom 15 M.
MoNnHbIM 0bbeM XMAKOCTU, BMelawlencs B KOpobouyky paseH 85 mn, TO
€CTb He3anoJIHeHHbIM OCTaeTCss Kak pa3 obbeM nonOCTM B MNPABOM
BEepXHeM yrny, a BCe OCTa/ibHoOe TMNPOCTPAHCTBO  AOJ/IXHO  ObITb
3aMoJIHEHO.

Ha ypoBHe 50-70 MM [OMXHO 3aMONHATLCA TpwU 1

rLA L
KNeTouykn B paay, a nocne 70 MM uaeT 3anojiHeHne -

?_L.I_I_J._l_l.__l_J._

nosocTn obbemom 27-28 mn. Cambii NpPOCTOM Chnocob g—L++'4-k—}1~
obecneynTb 3TU YCJIOBUA — MOAHATb CUHIOW CTEHKY A0 3:$jjfj4kgjfj:
ypoBHA 70 MM. Takxe 4YTObBbl XMAKOCTb M3 BEPXHEro E—r{ﬁ--::vf;-
OTBEPCTMA He nonajana B JfieBYl0 MONOCTb, HykHa  _Ld-Fi- il ri”
ropu3oHTaNbHAA Mneperopoaka. Takoe pacnosioxeHue ‘F1ﬂ"?f"f1:§

neperopoaok NOJTHOCTbHO COOTBETCTBYET  AaHHbIM
onbiTtoB 4 n 5.
BepHeMcAa K onbiTaM 6 u 7.

mmwwaw~ 1€pBasa npobnema 3akjw4vaeTcs B TOM, YTO Tenepb MNpw
da- b 2.3 EE! noabeme xmakocTu A0 ypoBHA B 40 MM npaBas CuHAA
“iITTiTTiOTr]T CTeHKka 3anpeT BO3AYyX B JIeBOM BEpXHEM Yray U He
-;%-};+{%-F - NO3BOAUT 3aNONHATb 3TY MNONOCTb. 3HAYUT, CUHIOW
CTITPEREESATTIT CTEHKY  HaAo0  YKOpOTWUTb. 0bumn  obbem  XMAKOCTH,
et | o} BMeljawlenca B KOPObOUKY npu TaKOM pPacCnosioXeHuu
:?;:F?;ZF":F;: paBeH 60 Mn, TOo ecTb nonocTtb obbemom 40 Mn He

4 , AOJXHA ObITb 3ano/siHeHa, W OHa SABHO pacnosiokeHa B
NIeBOM BEpPXHEM yray Kopobouyku. Kpome TOro, HauvyuHas

C ypoBHSi 50 MM JOMXHO 3anosIHATBCA TONbKO NO 2 KJETOYKU B paa,

yTo cooTBeTCTByeT o0bbemy B 10 Mn. Toraa HYXHO NepeHecTU CUHIW

neperopoaKky sieBee U yKOpPOTUTb ee.

Mony4YmMM OKOH4YaTesIbHbIN  BApMAHT  PACMOJ/IOKEHUS Neperopoaok, He

npoTMBOpPEYaWMA UCXOAHbIM AAHHbIM. _

- Y T T T B
;—f-l-r'l-l-'r
S -
raLEE
3Tt
— L -
31000
E—l--:—:—
LI
CTOTT
—rAaTr
R | Epuy |
| 1 1 —




LV BCepoCCUMCKAA ONUMNUALA WKONbHUKOB MO (U3MKe. PeruoHaibHbIA
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No 3ajava 2.10.4. Kputepun oueHuBaHua (10 6annoB) Basnbl

1. YyyeT obbema XMAKOCTU, Haxoasuerocs B Tpybke 2

2. CoOTBEeTCTBME MPEAIOKEHHOrO PACNO/IOKEHUA MNeperoponok
YC/NIOBUAM MPU PACNOSIOKEHUU KOPODOUKU «CTpesika BBEPX»

2. WMeeTcA nosoCcTb obbemom 9 Mn, 3anonHAemas B MNEpBYI 1
oyepeab Npu 3aJMBaAHUKU 4epe3 A.

2. MMeeTcs nonoctb obbemom 9 (12) wMA  C  BbiICOTOMU 2
neperopogkn 30 Mm, 3anonHAemas B NepByW o4vepenb MNpu
3a/IMBaHUM 4yepes b.

2. 0bbeM XMAKOCTM, BMeluawwMncs B KOpobouky, paBeH 85 1
(95) wmn.

3. COOTBETCTBME MPEeAs/IOXEHHOrO0 pPacnosioXeHUss MneperopoaokK
YCNOBUAM MPU PACNOSIOKEHUN KOPODOUYKM «CTpesika BNpaBoO»

3. WMeeTcsA nonocTb obbemom 10 Mn, 3anonHsemas B NepBYyl 1
oyepeAb Npu 3aJMBAHUN 4epe3 A.

3. Mpn 3anonHeHun 4yepe3 B nepsbiX 30 (33) mn 3anonHsaeTcs 1
BCSA WMPUHA KOPODOOUKM

3. Mpn 3anonHeHun Yyepe3 B 50 (55) wmn  oka3biBaeTcCs 2
MOJIHOCTbI0 3aMOJIHEHA HUXHAA MNOJIOBUHA KOPOOOUKMU.

3. 0bbemM XUAKOCTU, BMelWawWUNCcs B KOpobouyky, paBeH 60 2
(70) wmn.

4, BCe neperopoaku pacrnonoxeHbl TONIbKO Ha MNYHKTUPHbIX 1
NIMHUAX U HAYMHAKWTCA/3aKaHYMBAKWTCA TONbKO B TOYKaAX WX
nepeceyeHns M Ha CTEHKAX KOPODOOYKM.

5. NnonyyeH oTBeT, COOTBETCTBYHIMN BCEM YC/IOBUAM. 2




3asaya 2.11.1. Pa3roH npuv OTKMWOYEHHOM UCTOYHMKe (12 6annoB). [Be
OJMHAKOBble npoBoasme obosoukM B (Hopme UU- c
NVHAPOB C MasbiMM OTBEpPCTUAMU Ha oblwen ocu
0bpa3ylwT KOHAeHcaTop EMKOCTbWw C. B UeHTpe
NneBoM O0OONOYKU YAEepXMBAWT lWAPUK C 3apsaoM
g. CyMMapHbIM 3apsaj BCeW CUCTEMbl, BKW4Yasn q
3apAj lWapuKka, paBeH Hynw. KoHAaeHcaTop 3aps-
XaT, MOAKJWYUB K MUCTOYHUKY C HanpsaxeHuem
U, 3aTeM OTKJ/I4YawT OT MCTOYHMKA M OTNycKawT
Wwapuk. WapuK HAYMHAET ABUrATbCA BAONb OCU
M, nponeteB 4yepe3 OTBepcTua, nonajgaeT +L L_
BHYTPb NpaBon 0OOJIOUYKMU. v

KaKylw KWHETUYECKYW 3Hepruw byaeT uMMeTb WAPUK B LEHTpe npaBow
0bono4kun?

Mpn KaKoOM 3apaje Wapuka 3Ta 3SHeprus MakCcuMmMalbHa W 4YemMy OHa
paBHa?

BblaeneHnem Tenaa M3-3a ToKa B 060/I04KAX MOXHO npeHebpeyb. MMo-
Ne TAXeCTU He yuyuTbiBauTe.

Bo3MOXHoe peweHune. (M. BopobbeB) .

1. BHayane Ha BHyTpeHHeil MOBEPXHOCTM JIEBOW NONIOCTM MMEeTCA 3Kpa-
HUPYKIWMA 3apsl - @, 4Y4TO AAaéT HyNb B CyMMe C 3apsajoM lWapuka. Ha
BHYTPEHHEN MOBEPXHOCTWU MPABOM MNONOCTU 3apApa HeT.

2. Mocne nOAK/OYEHUS WMCTOYHUKA, MOMHLIN 3apsaj CUCTeMbl OcCTaeTcs
PABHbLIM HYM0. 3apsibl HA BHEWHUX MOBEPXHOCTAX 060/104eK MNPOTMBOMNO-
NIOXHble NOo 3HAKy, a TakK KakKk 060/1104kn 06pa3ywT KOoHAeHcaTop EMKOo-
CTblo C, TO 3TW 3apaabl paBHbl @, = CU U — Q.

3. Mocne nepemelweHns wapuka B LEHTP npaBon o6onouku K 3apasy Q =
CU neBon 0060104YKM A0OABUTCS 3apsAA — g C €€ BHYTPEeHHEeW MNOoBEepXHO-
CTU, a K 3apaay - Q, npaBon 060/04KM pobaBUTCA 3apAs g U3-3a YXO-
ja 3apsAa - g Ha MNOBEPXHOCTb MOJIOCTU npaBon obonouvykun (ana 3kpa-
HUPOBKM 3apsja wWwapuka). Takum obpa3om, 3apsAfbl HA BHEWHUX NOBEPX-
HOCTAX CTaHYT paBHbMM Q U - Q, rae Q = CU - ¢g. HanpsxeHue Ha
KOHJleHCaTope NpuM 3TOM CTaHeT paBHbIM V = U - g/C.

4. BBuAYy TaKoro xe, Kak B JIeBOM UWIMHAPE, pacnonoxeHusa 3apsaga ¢
cnpaBa, 3Heprus ero B3aMMOAENCTBUSA C «3IKPAHMPYWWUMU» 3apsafaMU Ha
BHYTPEHHEN NOBEPXHOCTM UWIMHAPA HE M3MEHUTCS.

5. V3MeHAeTCA TOMbKO KUHETUYEeCKas 3SHeprua wapuka v 3SHEeprus KOH-
JeHcaTopa. Torga npuM OTCYTCTBUM NOTEpPb 3Heprum CL2/2 = CVZ/2 + K,
rae K - KWHeTU4YecKas >SHeprus wapuka B LeHTpe npaBon 060104KKU. K
= qu - ¢g°/2C.

6. Hanbonbwas KuHeTMYeCKas 3Heprua oTBevyaeT caydaw V = U- q/C =
0, Torga g = CU, a K = Cl?/2.

fipumeyarmne: Npu g, MHOrO MeHbllemM CU, K 0 qU. B obueMm cnyyae Hyx-
HO YYeCTb HaBe[EéHHble 3apaipl U CBSI3aHHOE C 3TUM W3MEHEHWe Hanps-
XEHUA MexAy >3NeKTPoAaMuM. BaxXHO MNOHATb, UYTO MOTEHUMasbHaA 3Heprus
CUCTEeMbl CKNaAplBaeTCA W3 3HepruM B3auMOAEUCTBUA 3apsja C «IKPAHU-



pyoumMmM» 3apsalaMu Ha BHYTPEHHEW MNOBEPXHOCTU UWIMHAPA WU SHEepruu
KOHJeHcaTopa.



N [3amaua 2.11.1. Kputepun (12 6annos) Bannbl

1 | YKa3aHue Ha 3KpaHupywwun 3apsans - g 1

2 |YkazaHo (mbo wucnonb3yeTcAa B peweHUn), UYTO pPa3HOCTb 1
NnoTeHUnasnoB Mexay o60n04KaMuM 3aBUCUT TONbKO OT 3apsajoB
Ha WX BHEWHUX MOBEPXHOCTAX

3 |MNpPOTUBONONOXHLIM 3HAK 3apAAOB HA BHEWHEW MNOBEPXHOCTH 2
obonoyeKk M UX CBA3b C HanpsxeHuem Q, = CU N — Q,.

4 | NpaBUNbHO onpepeneHol 3apaapl 0bosiovuek nocne nepemeleHus 2
wapuka

5 | OnpepeneHo HanpsxeHWe HaA KOHAEHCATOope nocje nepeMele- 1
HUS WapuKa

6 | HEM3MEHHOCTb 3Heprum B3aUMOAEUCTBUSA WAPUKA C ISKPaAHUPY- 1
oWuM 3apAaoM

7 | HaxoxAeHMe KMHeTMYECKOWU 3Hepruu 2

8 |HanpeH 3apsa wapuvka g, NpM KOTOPOM KUHETUYecKas 3IHep- 1
A MaKCuUMmanbHa

9 | HaxoxAeHne MAKCUManbHOU BeNMYUHbI KMHETUYECKOW 3Heprum 1




3asa4ya 2.11.2. HenuHenHasa uenb (12 6annoB). 3dnekTpuyeckasa Uenb
COCTOUT W3 uUAeaNbHOro UCTOYHMKA Cc OAC 0 = 20 B, pe3ucTtopa C CO-
npoTUBNEHNEeM R = 5 OM, KATYWKU C MHAYKTUBHOCTb L = 20 MIH U Hy-
NIeBbIM COMPOTUB/IEHUEM U HENIMHEMHOro 3J/1eMeHTa, BOJibTaMmnepHas Xa-
paKTepucTUKa KOTOpPOro npeacTaBiieHa Ha pucyHke (I, = 3 A). WU3Ha-
yaJZibHO KJIOY pPa30MKHYT, TOKa B L,eNMM HeT. Kakoe KOJIMYeCTBO TenaoThl
BblAENUTCA Ha pe3ucTtope yepe3 060MbWOM NPOMEXYTOK BpeMeHu nocse
3aMblKaHUa Kiw4ya?

p
\\ J A RRRRREECEEEELS

BO3- : MOX-
R I Hoe i pe-
weHue :
- ¢ :

U

o
.

0 I,R

(A. YAMMH). [Jna Manoro npoMexyTka BpemeHun dt KonuyecTBO Tenna
dQ, Bblaenswlerocs Ha pe3ncTope C CONpoTUBIEHMEM R

Q=U,Ldt=U,aq. €D
3pecb U, n I, — HanpsxXeHne Ha pe3ncTope M Cula TOKa, NpoTeKawle-
ro yepes Hero, dg - 3apsj, NPOWeAWWA Yepe3 pe3nCTop.

YCTaHOBUM CBA3b URQﬁ B Hallem cCiny4yae. byaeMm UCNOSIb30BaTb W3-

BeCTHOe COOTHOolWeHne And napajijieNlbHO COeAMHEHHbIX pe3ucTtopa R WU
MHAYKTUBHOCTU L:

RI =Ld715t; RIOt= Rdg= LA ; izq=_rL. 2)

R

Cpa3y nocjie 3aMmblKaHWA KJ4ya, HeNMHEeWHbIn 3neMeHT BejaeT cebs Kak
pe3ncTtop conpoTmBneHnem R (pPexmM «NOCTOAHHOMO COMNPOTUBNEHUA») .
3aTemM OH NepexoauT B pPexuMMm «NOCTOAHHOrO ToKa». TakoW nepexon pe-
anuM3yeTcs, TaK KakK B YCTAHOBMUBIIEMCA pexume HanpsxeHne Ha WHAYK-
TUBHOCTU W CMNA TOKA Yyepe3 pe3nucTtop byayT paBHbl HYNW, a Hanpsxe-
HMWe, NPU KOTOPOM HENMHENHbIN 3/IeMEHT NepexoAuT B PEeXuM «MNOoCTOAH-

HOrO TOKa», MeHblwe J3AC wucTtouHmka (LR=15B<E=20B). Onpeaenum

cBA3b U,(@) Ana 3TUX PEXUMOB.

a) PexuMm «NOCTOSSHHOrO COMNPOTUBAEHUA». [N CUibl TOKa I 4yepe3 He-
JINHEUHbIN 3N1eMeHT

I=I+1,.
Mo BTOpOMY npaBuny Kupxroda
E= R+ LR=2LR+IR.
Noactaenaa I u3 (2), nonyvum

RZ
E=2UR+7q.

OoTcCaa Ana pexuma «nNOCTOAHHOIO COMPOTUBNEHUA»



UR:_CE__q+' (3)

HeNIMHEeNHbIM 3NeMeHT OCTaeTCsas B 3TOM pexmme A0 TexXx nop, MNOKa Bbl-
nonHAeTCcda ycjoBue

U,3E- IR,
unu, c ydyetom (3), noka Be/fMYMHA Mpollejuero 4yepes pe3ncTop 3apa-
aa

<qg= 2——
g<q Rg A
cornacHo BbipaxeHuw (1) KonMyecTBO TenaoThl byaeT NponopuuoHasibHO

naowaan nop rpapukom U,(@ Ha yyacTke 0<g<g. MOCKONbKY 3aBUCKU-

MOCTb (3) fABNAeTCA NIMHEWHOW, MOJIyyaem ANsS KoanmyecTBa TenaoThl @ B
3TOM pexume
E/2+E- LR *3E OLa
= - 2 ——;—006ﬂm
2 ATgr it

6) Pexvm «NOCTOAHHOIrO TOKa». AL,

01=

R
L=%-I=%-,G

RZ
Up=RL=RE-—-4q.

JTOT pexuMm peanndyetTca A0 MOMEH-

Ta, noka U, He CTaHeT paBHbIM f
Hy/10, T. €. TMoKa ¢ He CcTaHeT 0 9 b
L -
paBHbIM ¢%=—i?. 3apsan, npoweawnin yepes pes3nucTop B 3TOM pexume
gL Lz Eb_LzE_
%-4="4 RS 24 RS Rg—'-%—

KonnyecTBo TennoTel @, BbiAENMBLIEECH B 3TOM pexume, C y4eTOM TOro,
4To U,(Q) V3MeHAeTCA NIMHEWHO OT U,=E-RJ A0 Hyns

L eE 0o
E-IR L -
N T kT i
Q,= —001um
2 > 2
obluee KONMYECTBO TEeMOThl, BblAeNMBLIEECS HAa pe3ucTope,
LE L LE
0=0+0, =18 LB LE 07 px

R 2 4R



Ne |3apava 2.11.2. Kputepun (12 6annos) Bannel
1 |3anuMcaHo U WCNOAb30OBAHO MNpPWU pelleHUM BbipaxeHne (1) Aans 1
CBSiI3M BblAeNuBIIErOCA Tenna C Benn4YuHoM 3apsjaa
2 | NonyyeHo BbipaxeHue (2) AnNA CBA3M M3MEHEHUA CUbl TOKa 1
yepe3 WHAYKTUBHOCTb C BeJINYMHOM 3apsaja, npolweawero ye-
pe3 pe3ucTtop
3 | Ana pexuma “NOCTOSAHHOrO COMPOTMBAEHMA  ucnonb3oBaHo | 0,5
ypaBHeHWe BTOpOro npasuna Kupxrova E=2ILR+ IR.
4 [ MNony4yeHO BblpaXeHuMe A8 CBA3M HAMPAXEHMA Ha pe3ncTtope C 2
npoweawnMm 3apaaoM AN pexuma “noCTOAHHONO ConpoTuBNE-
” 1= R 0
HUA” U,=>cE-—q-:.
2 L g
5 |NonyyeHo ycnoBue ans BeWYMHb 3apspa, npoweawero yepe3 | 1,5
pe3MCTop, Ha MOMEHT nepexoja MeXAy pexmuMamu
&k
q= Rg VA
6 |[MNpn uHTerpupoBaHunm (rpaduyeckoMm UM aHaauTU4Yeckom) no-| 1,5
NIlYYeHO BblpaxeHue Ana Q
7 |MNonyyeH BepHbIN YUC/IEHHbBIN OTBET ANna Q@ 0,5
8 | MonyyeHo BbipaxeHue AN CBA3M HaANpPSAXEHUSs HA pe3ucTope C 1
npoweawvm  3apaaoM  Ans  pexuMma  “noCcToAHHOro  Toka”
RZ
Ue=RE=RL-—~q
9 [ Mony4yeHo BblipaxeHue AN BeNUYUHbI 3apaga, npowegwero yve-| 0,5
L
pe3 pe3ucTop 3a BCe BpewmA ¢&=—?§
10 [Npn wncnonb3oBaHMM WUHTerpupoBaHua (rpaduyeckoro wuau 2
aHaIMTUYECKOro) MoNy4YeHOo BbipaxeHue ans @
11 | NonyyeH BepHbIM YUCNIEHHbIN OTBET Ans @ 0,5

llpumeyaHne. BO3MOXHO pelleHue, Mnpu KOTOPOM aHa/IMTUYECKOEe Bbipaxe-
HWe AnAa @ W @ He MNOJNlyYeHO, OAHAKO onpejesieHbl YUC/IeHHble 3Ha-

yeHua Toyek ’m3noma”’ Ha rpadpuke U.(@ W NonyyYyeH BEPHbIA YNC/IEH-
HblM OTBEeT. Takoe pelleHne AOIKHO OLEeHMBATbCS NOJIHbIM Hansiom.




PeweHne C uCnosb3oBaHneM auddepeHunanbHbiX YpPaBHEHUN.
Moka cuna ToKa, NpoTeKawlwero 4yepe3 HENIMHEWHbIN 3NeMeHT, He A0-

cturna Ig, TOKM B Uenn yAOBNETBOPANT YypaBHEHUAM
ar
E=(ZL+I)R+IR; LR= Ldt

Ucknwuum I :

dr
E=2L—-+RI.
at
I'IpI/IMeHl/IM noACTaHOBKY I = E - X. dX—— R X,
R T dr 2L
E Rt G
OTcwaa c ydyetom Toro, 4yto x0)=— nonyyaem ,x———geZL_,
Ee -f9 E -
.ZZ=_(;1_62L+; _Z/'?=_eZL.
R& @ 2R

3TOT pexmMm npeKpatTuTCcAa K MOMEHTY BpeMeHu t]_, Koraa
Rt ..

i R
IL+I=I; e =2§i——%3.

K 3TOMy MOMEHTY BpeMeHW cuna TOK, MNpoTeKawluero 4yepe3 KaTylKy by-
neT

E
-221=2-€__R'

MOWHOCTb, Bblaenawasacda Ha pe3uncTope,
2 Rt
S

4R
K MOMeHTY {#; Bblae/nMBWAACA TenjoTa COCTAaBUT

R

LE’ & fo LE? aeE 6
a’t —d-et = -
OC;* R & 5 AR S_ %

Nnocne TOro, KakK cCuna TOKa, nNpoTeKkawwero 4yepes HEe/IMHENHbIN 3Ne-
MEeHT, YCTAHOBUTCA HA 3HAYeHun Ip, TOKWU B UENN MOXHO ONncaTb ypaB-
HeHnAMU

ar
L+1=1,; RI L—E.
R L ‘6 dt
NCKOYUM  Ig:
L
Ld—+RI R.Z;
ar
NpuMeHnM NoACTaHOBKY IL = _6 -y
ar R
_=__)/_
at L

oTcoaa C yvyeToM )’({)=-€—ILl=ER—-Z§, NOMyuMM : y=c—- L€ * ;
&



_R(EY)
L

_g_ _;J' %
..2 2R(£)

MOWHOCTb, BblgenAawanaca Ha pe3ucrtope, £, = g— _6 e ¢

KonnyecTBO TennaoThl, Bblae/nMBUeecda nocjie ucrtedyeHuss BpemMeHU Ii:

£8
O%a’t % =0,01A%.

Oblee KOMMYECTBO TennoThl

LE® LzE
=— = -=0,071x.
Q 17 g— .Z; A X
N [3amaua 2.11.2. Kputepun (12 6annos) Bannbl

1 | MNpu peweHun pnsa pexumma “nNocTosHHOro conpotuBnenus wuc-| 0,5
nonb3yeTcs ypaBHeHue BTOPOro npasuna Knpxrooa:

E=2R1,;+R_ZL'
2 | Nony4yeHO BblpaxeHMe ANA Cwuabl TOKA 4epe3 pe3ucTtop ana| 2,5
pexuma
E -*
“nocToaHHOro conpoTuBieHns” 1,;=§eﬂ

3 |MNony4yeHo yc/sioBMe ANnA Cuibl TOKa Ha MOMEHT nepexoga mex-| 1,5

E E
Ay pexumamm I, = g—E U —TLl=IR1=—R'%-

4 | Mony4vyeHo BbipaxeHue Ana @ 3
5 | NonyyeH BepHbIN YUC/IEHHBIM OTBET ANA @ 0,5
6 | Mony4yeHo BbipaxeHne A[na Cubl TOKa 4epe3 pe3uctop anda| 1,5
) } g -
pexmma "NOCTOAHHOIO TOKa —g—- % e *
7 | Mony4yeHo BblipaxeHue ana @ 2

8 | MonyyeH BEpHbIN YUCEHHbLIN OTBET Ansa @ 0,5




3asaya 2.11.3. Bcnbwka B Kybe (12 6annoB). B Kybe u3 BeuwecTtBa C

nokasaTesieM NpesioMIeHUa N=2 TOYeYHbIN WUCTOYHUK WUCNYCTUN KpPaTKO-
BPEMEHHYI0 BCHbIIKY, CBeT OT KOTOPOM pPacCXoAUTCs OAHOPOAHO BO BCeX
HanpaBneHnax. CBeT BelwecTBOM Kyba He nornowaetcs. Kakue 3Ha4yeHus
MOXET MNPUHUMATb JAONSA /) DHEePruu BCMbILKK, BblleAwer Hapyxy, B 3aBU-
CUMOCTM OT MONOXEHUS MUCTOYHMKA BHYTpU Kyba? YKaxute, nNpu Kakux
NOJIOXKEHUSAX UCTOYHMKA 3Ta AO0NA MUHUMANbHA, MNPU KAKUX MaKCuUMalibHa
M Yyemy OHa paBHA?

Mpu nNageHuMM CBeTa Ha rpaHuuy pas3pena 4acTb €ro 3Heprum, 3aBUCS-
waa oT yrna najeHumsa, OTpaxaeTcCcs, a 4YacTb NPOXOAUT 4Yepe3 rpaHuLy
pasaena.

fipumeyaHme: npu peweHnn BaMm MOXeT MNOHaAo-
6uTbCA Qopmyna naowaanm NOBEPXHOCTU chepuye-
ckoro cermMeHTa (CM. PUCYHOK):

S=2pRh, rpe R - paauyc coepbl, A - BbICOTa
CerMeHTa.




Bo3MoxHoe peuweHue (A. ANOJIOHCKUK) .
1. HanpaBuM O0OCKM KOOpPAMHAT MNepneHAMKYNApHO TrpaHam Kyba. MNycTb

E=(q4}dc) BEKTOpP CKOPOCTM HEKOTOpOro nyya cBeTa. [MpuM OTpaxeHun
OT rpaHen, nNepneHAUKYNAPHbIX OCU OX, Y CKOPOCTM OTPAXEHHOrO Jsy4a
MeHAeT 3HaK NpoeKuus Ha OCb OX, a ABe OCTajibHble MPOeKuMn OCTaT-
CA HEU3MEHHbIMWU. AHANIOFMYHO W NPU OTPAXEHUU OT ABYX APYrux nap
rpaHen.

2. TMonHoe oOTpaxXeHMe nNpouUCXoauT, KOrAa Yron Mexay najawwuMm Ha

rpaHb Jly4OM W HOpPManbild K r[paHn npeBoCxoauT yron j,, rAe
shj,=1/n=1/2. Torpa cBeT u4epe3 rpaHb He MNPOXOAUT COBCeM. ECAu

3TOT yron meHbwe j,=30°, TO MPOMCXOAUT YaCTUYHOE OTpaxeHue CBe-

Ta, a HeHyneBas 4acCTb BbLIXOAUT M3 Kyba Hapyxy.
3. PaccMoTpuvM nydy, Mnajawiuih Ha MepneHauKynapHyw OX TpaHb, npwu
KOTOPOM HeT TMOJIHOr0 OTpaxeHus, a 4YacCTb CBeTa BbLIXOAUT HAPYXY.

ycroBue 3TOMY ﬁj/c>d§/2. Mpu >TOM MOAYIM NPOEKUUA Ha JBe
oCTa/ibHble OCU 0bBsA3aTenbHO MeHblie ¢/2.

4. ECAM CKOpOCTb Jlyya YAOBNeTBOpseT ycnosuw |¢|/c>v3/2, Ho oH
nonajgaeT cHayana Ha rpaHu, neprneHAuKynspHele OY u 0Z, TO AN CO-
OTBETCTBYWWMX MNPOEKUUN uMeeM ‘ql/c<1/2 m |gl/c<1/2, T.e. Ha 3Tux

rpaHAX MPOUCXOAUT MNOJIHbIE OTpaxXeHwus, B pe3y/ibTaTe KOTOpbIX CBEeT
nonaséT Ha rpaHu, nepneHANKynsipHbie OX.

5. WTak, npu BbINOJHEHUN YCJ/IOBUSA kj/C>J§/2 Kakumm 6bl oTpaxeHus

He ObiM cBeT OyaeT BbLIXOAUTb TOJNLKO Yepe3 MnepneHAnKYnsapHole OX
rpaHM M B KOHeYHOM cYéTe (NOCKONbKY NOrnolueHne oTCYTCTBYeT) BeChb
TakoW CBeT MNOKMHeT Kyb He3aBMCMMO OT TOro, rae HaxoAuTCs WUCTOMY-
HUK. AHANIOrMYHO U ANA APYruUxX ABYX Nap rpaHen.

6. WTak, Kyb nNOKMHET CBeT, BbIXOAAWMMN M3 TOYEYHOrO0 MCTOYHMKA B
WWeCTb KOHYCOB, OCKM KOTOPbIX NepneHAUKYSiPHbl rpaHsaAM Kyba, a yron
pacTBopa KOHyca cocTaBnseT 60°. OcTanbHOW cBeT b6yaeT WCNbITbIBATH
TONbKO MNOJIHOE OTpaXeHue, U HUKOraa Kyb He MNOKUHEeT.

7. Wckomas A[o0ns Bbllueawero CBeTa paBHA OTHOWEHWHW CYMMapHOro Te-
NIeCHOrO yrsa 3TWUX WeCTM KOHYCOB K MNOJIHOMY TenecHomy yrny 4p. U3
yKa3aHHOW B YC/I0BUM (GOpMY/ibl TE€NeCHbiM yroa npuv BepuwuMHe OAHOro Ta-
KOro KoHyca

W 2,0/2?/7 ZprR(l @sJ,) 2 gl ¢
R 2

TakKuX KOHYCOB WeCTb, MO3TOMY A0/ 3Heprum cCBeTa, MnoKuaawwero KY6
npu MO6bIX NONIOXEHUAX UCTOYHUKA BHYTpPU Ky6a OANHAKOBa WU paBHa

_ 6w _1p& 30_ _j®2- V36
WnonH 410%1 26 g 2 Q

»0,4=40% .



3asava 2.11.3. Kputepun (12 6bannos)

bansbl

YTBepxXAeHne O COXpaHeHUW MOoAyna NpoeKkuMnm fyya cBeTa Ha
ocu napannenbHole (nepneHAMKynspHbie) pebpam kKyba wnu
3KBMBAJIEHTHbIN UM aHa/U3 CBA3M YIJIOB NajeHus

1

YKa3aHo, 4YTO MpU 3HAYEHWM yrniax NajeHns Ha rpaHb, npe-
BoCcxoaaumx J,=arcsh(1/n)=30°, cBeT MOMHOCTbI OTpaxaeTcs

NMoka3aHo, 4YTO CBeT, MWCNbITHIBAKWMMA YACTUYHOE OTpPaXeHue
Ha OJAHOM M3 rpaHen Kyba, B pasibHeMweM MOJIHOCTbI oOTpa-
XaeTca OT NepneHAMKYIAPHbIX el rpaHeun

YKa3aHo, 4YTO CBeT, WCMNbITbIBAWWMMA YACTUYHOE OTpPaXeHMe Ha
OAHOM W3 rpaHenm Kyba, nocne OTpaXeHUs OT NnepneHaAnKy-
NIAPHOM €N TrpaHM BHOBb MWCMbITbIBAET YAaCTUYHOE OTpaxeHue
Ha napansieibHON en rpaHn

0boCcHOBaHHbIM (HA OCHOBAHUM N.4 W OTCYTCTBMA MNoraoue-
HMS) BbIBOJ O MOJIHOM BbixoAe M3 Kyba cBeTa, YaCTUYHO OT-
paxawllerocs oT ABYX napannesnbHbiX rpaHen, B pe3ynbTaTe
MHOTOKPATHbIX OTpPaxeHWUn

BbiBOA, O HE3AaBUCUMOCTM 1 OT MOJIOXEHUA MUCTOYHMKA

YTBepxXAeHne, 4YTO Hapyky M3 Kyba BbIXOAMT CBeT, pacnpo-
CTPAHAWKWUNCA BHYTPU WECTM KOHYCOB C YIr/JOM pacTBopa

paBHbIM 60°

(00

OonpepeneHa BenUYMHA TeNneCHOro yrja Asga TakuX KOHYCOB

=

OKOHYaTeNbHbIU BepHbIn OTBEeT Ana n




3apavya 2.11.4. OnpepeneHve yaenbHOW TenAOTbl MCNAPEHUA XUAKOro
asota (14 6annos).

Lenb 3KcCnepumeHTa - oOMnpejeneHve YyAeNbHOW TenioTbl MCNapeHus
XMAKOrO a3oTa Npu aTMoChepHOM AABNEHUM.

Macca uumnuHapa mA,=69r, Ha4dYa/llbHada MaccCa KOHTEVIHepa C a30TOM

M= 250 r, TemnepaTypa nomeuweHus +23°C. TemnepaTtypa KuneHus
XUAKOro a3oTa - MMHycC 196 °C.

OonucaHuve >3KCMNepuMeHTa. XWAKMA a30T, HaAMTbiM B MEHOMNIaCTOBbIM
KOHTerHep, Kn3-3a TensoobmMeHa C OKpyxawuwen cpenord ucnapsercs, WU
ero Macca ymeHbluaeTtcs. MpU MNOrpykeHUM B XUAKUA a30T aJIOMUHUEBO-
ro uuMAvHApa, WUMeBWIEro TemnepaTypy MOMelWeHus, a30T HavyuHaeT ak-
TUBHO KUMNEeTb U MHTEHCMBHOCTb €ro MCnapeHus yBenuMyumBaeTca. Macca
M KOHTenHepa C XUAKUM a30TOM (UKCUPYETCS C MOMOUbI 31E€KTPOHHbIX
BeCOoB. [lOKa3aHUs BeCOB B 3aBUCUMOCTWU OT BpPeMeHU NpuBeJeHbl B Ta-
6nuue.

t, 0:0{0:4[1:3|2:01(2:4[3:2[4:01(4:5[5:2|5:5/6:0[6:3
MMH : | O 9 2 5 1 2 6 0 3 2 7 0
C

M, T 250 | 246 | 242 | 238 | 234 | 230 | 226 | 222 | 218 | 274 | 264 | 254

t, 6:5|7:2 |7:4 [8:2(8:4/9:3/10:1(10:5(11:312:2 (13:0
MUH : |4 5 8 0 9 3 5 5 7 0 5

C
M, T 244 | 232 | 229 | 224 [ 219 | 215 | 211 |207 |203 [199 |195

fipumeyarHme. YpenbHaa Tenn0eMKOCTb a/lOMUHUA 3aBUCUT OT Temnepa-
Typbl. Fpaduk 3TOM 3aBUCUMOCTU MNpeacTaB/ieH Ha PUCYHKe.

4 c I[)K
kr K
1000
800 ////
P
600
17
400 //
200
0 PR 3a
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e. Wcnonb3yA pe3ynbTaTbl U3MepPeHua 3aBUCUMOCTU MacCCbl a30Ta OT




BPEMEHU U rpaduk 3aBUCMMOCTU YAENbHOW TEMJOEMKOCTU aJIlOMUHUA OT
TemnepaTypbl, OnNpeaennTe yAeNbHyW TennoTy MchnapeHus a3oTa A.

M3-3a OrpaHMYEeHHOro BPEMEHW BbLINOJIHEHUS 3aJ4aHUS MOMPEWHOCTb
onpeaeneHns A OLEHMBATb He TpebyeTcsi, OAHAKO TOYHOCTb MOJNyYeH-
HbIX BaMW MPOMEXYTOUHbIX U KOHEYHbIX pe3y/ibTaTOB OyAeT YYMUTbIBATbCSH
npu BbICTaBneHUn 6annos.



Bo3MoxHoe pelweHue (A. ANONOHCKMK) . Cnocob 1. Ipaduk 3aBUCUMOCTMU
MacCbl M KOHTEMHepa C XWAKUM a30TOM OT BpPEMeHW t npeacTaBneH Ha
PUCYHKe. TMpu onpeaeneHnnM Macchl UCNapuBLIEroCA a3oTa YUYUTbIBAIOCh
U3MeHeHMe MOoKa3aHUMW BECOB MNpuM MNOrpyXeHWM B Hero uunauHapa. Bua-

HO, 4YTO HA HayaJbHOM

M, yyacTke (a0 MoMeHTa
290 \ Bpemenn ¢»320c) cko-
N POCTb WCRapeHus onpe-
270 4 A 7& . i pensanacb  Tenn006MeHOM
. C oKpyxawwei cpepoit. C
250 4 MOMeHTa t; AO MOMeHTa
~e re
i \ BpemeHn ¢ »440c wucna-
230 4— g z A\ - !
n\&% Eii%_ peHune onpesensnoch
10 1 ! R W N et TEennoobMeHOM C  LMJIUMH-
BT oy APOM U OKpyxXaluwen cpe-
190 41— ‘ 5, N [ "®... non (bypHoe KuneHwue).
3 HaunMHaa C MOMeHTa Bpe-
170 N MEHW ¢t BHOBb  MOWEN
=
150 N f,c TOnNbKO  TennoobmeH c
0 200 400 600 800 OKpyxawoweir cpepont (un-

NNHAP oxnlaguncs Ao
TeMmnepaTypbl KMNeHUs as3oTa).

Jlanee BO3MOXHbl HECKOJIbKO cnocoboB onpeaeneHMs Macchl asoTa
ncnapuBlLeroca B pe3ynbTaTe OXJAXAEHUA UMAMHApPA. OAMH W3 BapuaH-
TOB cCnepyeT M3 rpapuyeckux MNOCTpoeHun. CKAYOK Macchl Ha 69 r B
MOMeHT t = 320 c obycnoBneH NOrpyxeHnem UMIUHAPA B XUAKUM aA30T.
OTpe30K AC - TaKke COOTBeTCTBYeT Macce uwamHapa. OTpe3ok BC co-

OTBeTCTBYyeT macce a3ota (m, »48r.), vcnapuBwerocs u3-3a Tennoob-

MEeHa C UWIMHAPOM.
Tennota Q, KOTOPYW OTAAN aJOMUHUEBBLIM LUAMHAP MNPU OXNAXAEHUU
C y4yeTOM 3aBUCMMOCTU e€ro TenJ0eMKOCTW OT TemnepaTypbl, Nponopuu-

OHasbHa nnowaan noa rpadukom c,,(7) B wHTepBane TemnepaTyp OT

-196 °C po +23°C.

YncneHHoe 3HayeHMe Q MOXHO MOACYMTATb MO KJeTKaM Ha rpaguke.
Nony4vaeTcs

KX 107 kax .
:

3HAauYeHMe YyJaenbHOW TennoTshl napoobpa3oBaHUA a30Ta HaWaem Wu3
ypaBHeHus TennoBoro 6anaHca Q= /m,. OTCioaa

Q _ 10,7 @KAXE_ no@KAX O
m, 48407 & kr g KM &

Q=m, ScDT,» 6955



N [3amava 2.11.4. Kputepuu oueHuBaHua (14 6annoB) Bannsl
1 |NocTpoeH rpaduk 3aBUCMMOCTM Macchl a3oTa (MAM Maccbl UC- 3
napuvBlWleroca a3oTa) OT BpemMeHu. Mpu 3TOM rpaduk Xopolo
yuTaeTCs, MNOANUCAHbI KOOpPAWHATHbIE OCKU, BblOpaH YAO0OHbLIN

MacwTab n T.4.
noAnMcaHb.l ocu n yKa3aHbl e ANHULIbI n3mepeHus
0,5 6anna
BblbpaH pPa3YyMHbIM MacwTab KOOPAUHATHbIX oceu
0,5 6anna
HaHecCeHb! BCe 3KCNepuMeHTanbHble TOYKMU
0,5 6anna
Uepe3 3IKCNepuMeHTa/IbHble TOYKW MNpoBeAeHbl COOTBETCTBYH-
e NUHUK
1,5 6anna
2 | 3anucaHo ypaBHeHuWA TenaoBoro banaHca, nosydyeHa ¢Gopmyna 2
Q
A = el
3 | YYTeHO u3MeHeHMe noKa3aHWW BeCOB, CBfAA3aHHOe C norpyxe- 2
HUEeM UMAMHApPA
(1 6ann) u TennoobmeHa a3oTa C oOkKpyxawwen cpeaon (1
6ann)
4 | OnpeseneHa macca a3oTa, BblKMNeBWAs M3-3a TensoobmeHa cC 3
unnuHapom m, I (46 ,50)r
m, (44, 46)r nnm m,T (50 ,52)r
(2 6anna)
m,T (42 44)r nnm m,T (52, 54)r
(1 6ann)
m,1 (38, 42)r nnm m,1 (54, 58)r
(0,5 6anna)
5 | OnpeaeneHo KonM4eCcTBO TeNNOTbl, OTAAHHOE MPU OXNAXKAEHUU 3
unnuHapa QI (10,5,10,9)kax
Ecnu Q1 (10,3,10,5)KkAx nnm Q1 (10,9, 11,)kax
(2 6anna)
EC/n Q1 (10,1,10,3)kax nnm Qi (11,11,3)kax
(1 6ann)
Ec/n Q1 (9,7 ,10,)kax nnm Q1 (11,3,11,7)kax
(0,5 6anna)
6 1

MonyyeH oTeeT ana 71 (200, 245)knx Ar




Cnocob 2. rpadmk 3aBUCMMOCTM MaccChl McnapuBwerocs asota my(t) oT
BpeMeHM t nNpeacTaBNeH Ha pPUCYHKe. Tpu onpejesieHuuM Macchl Mcna-
pUBLIErOCA a30Ta YYUTbIBA/IOCb M3MEHEHMe MOoKa3aHun BeCOB npu Mno-
FPYXeHUM UUNUHApaA.
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yTo Ha
HayasibHOM y4acCcTKe A0 MOMeHTa BpemMeHW t; = 323 C CKOpPOCTb ucnape-
HMS a3o0Ta onpejenseTcs TenioobMeHOM C OKpyxawluenh cpenon, C Mo-
MeHTAa t; [0 MOMEHTA BpemMeHu t; =~ 529 Cc - TennoobmMeHOM C UWINH-
APOM U oOKpyxawwen cpeson (bypHoe KuneHue). HauymHas C MOMeHTaA
t, oCTaéTcs TONbKO TennoobMeH C okpyxawwen cpegon (UUANHAP
oxlaaunca Ao TemnepaTypbl KMMNeHuMs a3oTa).

NpM MCNONb30BaHUM rpapuyeckon o06paboTkM MAM mMeToaa HAUMEHb-

WMX KBaApaToOB, onpejensieM CKOPOCTM wucnapeHma asota k; - A0 no-
rpyxeHusa uunumHapa u k, - nocne 3aBepweHus OypHOro KuneHusa, KO-
TOopoe COOTBETCTBYeT YCTAHOBJIEHUW TeMmnepaTypbl UWAUHAPA, pPaBHOM
TemnepaType KuneHusi. CKOPOCTb WUCNapeHus a3oTa nepen nNorpyxeHuem
umnuHapa coctasngaet k; = 0,099 r/c. CKOpOCTb wucCnapeHua nocne
3aBepweHnsa bypHoro kuneuumsa k, =~ 0,094 r/c.
Takum obpa3om, CKOpPOCTb MCMApPeHUs A0 W MOoC/ae MNOrpyXeHUs LUUIUH-
Apa HEMHOro oT/AuYyawTCca. [03TOMy CKOPOCTb WCMAapeHMs a3oTa BO
BpemMss OypHOro KuneHus uM3-3a TensoobMeHa C OKpyxawwen cpenoun
OLEHMM, KaK cpepHee 3HauveHue ki u k,

kl + kz r
k = — % 0,0965 .

Macca a30Ta, wucnapuellerocsa wu3-3a TennoobmeHa C anNlOMUHUEBLIM
UMTNHAPOM paBHa

my! = (my(t) - my(t)) -k(t; - t1) ~ 48,1 r.



KonnyecTtBO TensoThl, KOTOpoe oTAaeT aJIIOMUHUEBLIN LNWANHAP nNpn
oxnaxapeHmn cC y4yeToM 3aBUCUMMOCTU €ro Temns1oeMKOCTU OT TemMneparty-
pbl, onpependeTca MHTErpasiom

To
Q = mTf Ca1(THAT
N

3HayeHne uHTerpasna, NpPoOMOpPUUOHANIBHO NAOWAAN NOA TPAPUKOM Caq(

KX
T) ¥ paBHO NpubnnsuTenbHo 155-— . KOJMYECTBO TenaoThl, OTAAHHOE

anwMmMHuem, Q = 69 « 155 = 10,7 KAX-.
3HauYeHMe YyaenbHOW TennoTbhl napoobpa3oBaHUA a3o0Ta HaWaem Wu3
ypaBHeHUA TennoBoro banaHca

Q 10,7 ®KOX 6 5p3EKAX o)

m, 48x07& kr g K &
N |3apava 2.11.4. Kputepum oueHmBaHus (14 6annos) Basnbl
1 |NocTpoeH rpaduk 3aBUCUMOCTM Macchl a3ota (MAM Macchl UC- 3

napuelieroca asoTa) OT BpeMeHu. [pu 3ToM rpaduk XopoLo
yuTaeTcsa, MNOAMUCAHbI KOOPAWHATHbIE OCKU, BbIOPAH YAOOHLIN
mMacwtab n T.A4.

noanucaHsl ocu n yKa3aHbl e AVHULPbI n3MepeHns
0,5 6anna
BblbpaH Pa3YyMHbIM MacwTab KOOPAMHATHbIX oceu
0,5 6anna
HaHeceHbl BCeE 3KCNepuMeHTasbHble TOYKMU
0,5 banna
Yepe3 IKCNepuMMeHTa/ibHble TOYKM MNpOBeAEeHbl COOTBETCTBYH-
e NMHUK
1,5 6anna
2 | 3anncaHo ypaBHeHMs TennoBoro banaHca, nonyyeHa ¢opmyna 2
I=Q/m,
3 | YYTeHO u3MeHeHMe noKa3aHWW BEeCOB, CBfAA3aHHOe C norpyxe- 2

HWEeM uunuHAapa B a3oT
(1 6ann) u TennoobmeHa a3oTa C oOKpyxawwen cpeaon (1
6ann)

ECNM CKOpPOCTb WCMNapeHus onpejeneHa Mno JAaHHbIM Tabnuubl
6e3 ucnonb3oBaHWA rpaduka, 3a BeCb MNYHKT OL,eHKa He
JonxHa npesocxoant 0,5 6anna

4 | OnpeseneHa macca asoTa, BblkMMeBWas W3-3a TennoobmeHa C| 3
unnuHapom m, I (46 ,50)r
m,I (44, 46)r nnm m, T (50,52)r
(2 6anna)
m,T (42, 44)r nnm m, T (52,54)r

(1 6ann)




m,1 (38 ,42)r nnm m, I (54,58)r
(0,5 6anna)

OnpeneneHo KONUYEeCTBO Teni0Tbl, OTAAHHOE MpWU OXJaxAeHWUU
unnuHapa QI (10,5,10,9)kax

Ec/n Q1 (10,3,10,5)Kkax nnm Q1 (10,9 ,11)kax
(2 6anna)

Ec/n Q1 (101,10,3)kax nnm QI (111,11,3)Kkax
(1 6ann)

Ec/n Q1 (9,7 ,10,)kax nnm Q1 (11,3,11,7)kax
(0,5 6anna)

MonyyeH oTeeT ana 71 (200, 245)kaAx Akr




