CTABPONOJILCKUM KPAH
MyHUIMNAJBbHBINA 3TANl BCEPOCCUICKON 0OJTUMINIUAABI IIKOJIbHUKOB
2023-2024 yyebHOTO roaa
OU3UKA
(pewenus)

9 kJiace

1. BeprukanbHoe [BH:KeHHe. Teino, OpOIIEHHOE BEPTHUKAIBHO BBEpPX, MPOXOAUT
HEKOTOPYIO TOUKy Ha Bbicote H mBaxnsl, B pasnnuusie Momentst Bpemenn t; u iy,
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Takue 4To MX mpousseicHue paHo {ly = 2 ¢ . Haittu sty Beicory H . Vckopenue

cBoOoHOTO TageHus g =10 M/ c?.

Bo3mo:xHoe perenne:
Bricora H onpenensercsa no popmyne
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Brruncienue:
H=222_10 (m).

Oteer: H =10 M.



Kpurepun ounennBanmusi.

Ne | kpurtepuii 0aJlIbI
1. | 3anucanHo BelpakeHHE I IepeMELeHHs] IPU PABHOYCKOPEHHOM JIBHXKEHUH 1
2. | Ucnonp3oBaHa win BelBeJIeHa TeopeMa Buera 2
3. | IlomyueHo BbIpakeHUE JUISI BHICOTHI 3)
4, | TlomydeH YUCICHHBIA OTBET 2
UTOrO: 10

2. Kypcupyrommii karep. J[Ba Temioxoja IUIBIBYT HaBCTpedy ApYyr JApPYry IO peke,
CKOpPOCTh TEUYEHHUSI KOTOpPOM paBHAa U. B HEKOTOpPBI MOMEHT BPEMEHM, KOIJa OJWH W3
TEIUIOXOJIOB IMPOILIBIBAJI MUMO IYHKTa A4, a Apyroi Mumo nyHkra B, u3 nyHkra 4 B
OYHKT B  OTIuIbUI  OBICTPOXOIHBIA KaTep, KOTOPBI CTal KypCHpPOBaTh MEXIY
TEIUIOXOJaMH BIUIOTh A0 UX BcTpeud. Ompenenuts nyTh Lx oTHocutenbHO Oepera,
KOTOpBIM MporuibiBeT Karep. PaccrosiHue or A a0 B Bnonb Oepera pexku pasHo L. B
CTOSIYEH BOJIE CKOPOCTh KaXKJIOTO U3 TEIUIOXOJI0B paBHa L, a karepa paBHa V. IIyHKT 4
HaXOJUTCs BBILIE IYHKTA B 110 TEUEHUIO PEKU.

Bo3mo:xHoe perenne:
CpenHsist CKOpocTh Karepa U, Ha yJacTKe PeKH OT OIHOTO TEMI0X0/a 110 APYroro u o0OpatHo —

BEJIMYMHA MOCTOSIHHAs. 1103TOMY HCKOMBIN yTh, IIPOMIEHHBIH KATEPOM, PaBEH MPOM3BEICHUIO
9TOH CKOpOCTH Ha ob1iee Bpems ero Kypeuposanms: L =t,2v.

Haiinem v,, . Bpewms, 3aTpadeHHoe KaTepoM Ha IyTh 10 MEPBOH BCTPEUH C TEIIOXOAOM B,

paBHO:
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ITycTh KaTep OTIUIBIBET IO TEUEHUIO PEKH, TOT/Ia 3a Bpems 1, oH mpeonomneer paccrosiHue
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Korna xarep noBepHysn 00paTHO, pacCTOSTHUE MEKIY HUM U TEIJIOX0JI0M A COCTaBIISJIO:
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3a 310 BpEMs KaTep MPOIJIBLII paCCTOAHUC
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W3 3To#t popMyIbl BUIIHO, YTO CPEIHSISI CKOPOCTh KaTepa OTHOCUTEILHO OEperoB He 3aBHCUT OT
paccTosiHus Mex 1y Teraoxonamu. OTcro1a HaXOAUM UCKOMBIH MyTh:
2
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20V
Ecnu 6b1 kaTep OTIUIBIBAT MPOTUB TEUEHUSI PEKH, TO BO BceX (hopmMyIax ciieqoBasio Obl 3aMEHUTh
U Ha —U. B 3TOoMm ciiyuae
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KpuTtepuu onennBaHusl.
Ne | kpurTepuid 0aJ1J1bI
1. | Banmcano BeIpakeHue s t, 1
2. | 3anucano BeIpaskenue st 1
3. | 3anucano seipakenue s L, 1
4. | 3anucano Beipakenne s t, 1
5. | 3anmcano Beipaskenne s L, 1
6. | [lomyueHo BeIpasKeHHE ISl CPEAHEH CKOPOCTH KaTtepa 1
7. | llomyyeHHBIN OKOHYATEIbHBIN YNCIEHHBIN OTBET 2
8. | PaccmoTpeH ciryuaii Ha4aJIbHOTO JABMDKEHHSI KATEpa MPOTHB TCUCHUS 2
UTOrO: 10

3. Crpannslii cocya. Cocyn ¢ Bojoi uMmeeT GpopMy TpeXIpaHHOH MpU3MBI, HIDKHEE peOpo U
BEpPXHSAsI TpaHb KOTOpOH Tropu3oHTalnbHbl (puc.l). B HavyanpHblii MOMEHT BpEMEHHU
TEeMIIepaTypa BOJbI JIMHEWHO 3aBUCUT OT BBICOTBI. B caMoOll HMKHEH TOUYKE Temmeparypa

somsr 1, =4°C, a ma nosepxuoctn oma jocturaer t, =13°C. C TeueHuwem Bpemenu
TEMIlEpaTypa BO BCEM COCYI€ BBIPOBHAIACH. BBIUMCIMTE 3HAYEHUE YCTAHOBHBIIEHCS
temmeparyps! 1. CanTaiite, 4TO CTEHKH COCyZa M KPBIIIKA (BEPXHSS IPaHb) HE IPOBOIST U
HE MOTJIONIAIOT TEILIO.

Bo3mo:xHOe peuicHue:

PazoObeM Bogy B cocylae Ha N TOPU3OHTAIBHBIX A

cioeB ¢ Maccamu M, ..., M u 3anuireM ypaBHCHHE

sHepreTnyeckoro Gamanca (1, — ycraHoBuBIIAsCS

TeMIeparypa):

c(mltl+...+mntn)=c(ml+...+mn)z‘0 B
0

rje C - TEeII0eMKOCTh BOJIbI,

OTKyJa
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m, +...+m,



Ilo ycnoBuio, TemnepaTypa Kaxjoi M3 Macc JHHEHHO 3aBHCHT OT ee BBICOTHL I, = A+ BZi.

O6o3Haunm BbIcOTy cocyna depe3 N. Tak Kak W3BeCTHA TeMIEpaTypa y OCHOBAHHMS M Ha
HOBEPXHOCTHU BOJIbl, TO MOXKHO OIIPEJEIUTh HEU3BECTHbIE KO UIMEHTH] 4 U B:

t=A+B-0, t,=A+B-h,

orkyna A=t, B Z%.

Torna i1 KOHEYHOM TeMIIEPATypPhl OITYyYUM

~m(A+Bz)+...+m (A+Bz,)
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_a, MGt mZ,
m +...+m, m +...+m,

B.

3amernM, 4TO KO uuUEHT nepen B ABIsgeTCsS KOOPAMHATOM Z. 10 ocu Z nentpa macce. Kak

HU3BCCTHO, LHCHTP MACC TPCYI'OJIbHUKA HAXOAUTCA Ha NCPECCUCHUU MCEIAHUAH, KOTOPBIC HCIIATCA

2

3TOM TOYKONM B OTHOIICHUM 221, CCJIM CUUTATb OT BCPIIHHBI. CJ'Ie)IOBaTeJ'IBHO, ZC :h_ n

OKOHYATEJIbHO
2 21, -
t = A+ZhB=t +22-0_j00c,
3 3
KpuTtepuu oneHuBaHus.
Ne | kputepwmii 0aJL1bI
3anmcaHO ypaBHEHHE SHEPreTHUECKOoro OaiaHca 2

Onpenenen kKodphumeHT 4

Omnpenenex kodgdunnent B

Omnpeneneno 3Hauenue Z.

I[Tomydyena okoHuarenbHas Gpopmymna s t,
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ITonydeH 4HuCIIEHHBIN OTBET

UTOrO: 10




4. HarpeBareibHbIH 3JjieMeHT. Ha 1He kanopumerpa 3akpelUieH TOHKMHM IUIOCKHMH
HArpeBaTCNIbHBIA DJIEMEHT, a Ha HEKOTOPOM YPOBHE HAJ HUM — TEPMOPE3UCTOP,
COINpOTHUBIIEHUE KOTOporo R 3aBucut oT Temmeparypbl t, BbIpaXXKEHHOM B Ipagycax

Llenbcus mo 3akoHy R = R0(1+ at),rz[e R, ¥ @ He 3aBucar oT Temmeparypbl

[Tapamerp  Ha3bpIBaeTCAd TeMmepaTypHbIM KOI(PGUIUMEHTOM COMNpoTHBIEHUsA. B

K;a.?fc
KajnopuMeTpe Haxoautces jea. Ero ynenbnas temnora miasnenus A = 340 4 "

Vaensnas tennoemkocts Boabl ¢ = 4200 [oic/xe-°C. Ecim cuma Toka uepes

HarpeBaTelbHBIN dyeMeHT paBHa lo, To comporuBienne R Oymer W3MEHATHCS €O
BpEMEHEM TaK, KaK IMOKa3aHo Ha rpaduke puc. 2. Ompenenure ¢ . Kak uzmeHuTcs

rpaduk 3aucumoctu R(7) npu cune toka uepes narpesarens | =1,411,.

A R, Om
1,100
1,066
1,032 +4——m-——— - =

I

T ¢
= = T T ™
600 612 624
Puc. 2.

Bo3MmoikHoe perlienue:
l'opuzoHTanpHeli  y4acTOK Trpaduka COOTBETCTBYET MpOIecCy IUIAaBICHUS JIbJa,
HaKJIOHHBIN — HarpeBaHuio BoJibl. CorslacHO NpUBEAECHHOM (hopMyIie, MOKEM 3alHcaTh:

AR 1
o=——
R, At
OTHoLIEHHE
A—R ~ 0,066

0
Jlst 3ajiaHHOTO HHTEpBana BpeMenn AT =7 —7, = 24c waiinem us rpaduxa (rze 7,, = 600c

- BpeMsl IIaBNeHus apaa; T =624¢ - Bpems okoHuaHMs SKcrepuMenTa). IIponsoniesniee 3a
3TO BpeMs M3MEHEHHE TEMIEPATyphl BOAbI OIPEAEIUM U3 CIEAYIOIINX COOOPaKEHHIA.

Kak BumHO u3 rpaduka, HavanbHas TeMIepaTypa JibJa paBHa 0°C, [IOTOMY 4YTO Ha
HAYaJIbHOM Y4acTKE COMPOTHBIIEHHE TEPMOPE3UCTOPA, @ 3HAUUT, U TEMIIepaTypa HEe MEHSIOTCS.
TennooOMeH KallopuMeTpa ¢ OKpYXKarolled cpeloil OTCYTCTBYET, TaK KakK IPH HarpeBe BOJbI
CONPOTHUBIIEHUE TEPMOPE3UCTOpaA, a 3HAYUT, U TEMIlepaTypa BO3pacTaroT CO BpPEMEHEM IO
JIUHENHOMY 3aKoHy. [loaTomy

Qn_/'l = ﬂ’mv QHaep = CmAt,

HOCKOJILKy MOIOHOCTB HArp€BaTCJIbHOI'0O 3JIEMCHTA MMOCTOAHHA, MBI MOXKCM 3aIlNCaTh:
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CJ'IGI[OBaTeJ'IBHO, HCKOMas BCIMYNHA
AR'1 ARc = .
a=—-—=———m_~0,020°C™".
Ry At R, Ar-7,

Ipu cune toka Harpesarenst | =1,41l ero momHocTs Bo3pacraer B 2 pasa. CieqoBaTeibHO,

Jea pacCiuiaBUTCA 3a BpPEMA TmZ :3OOC OTHOCUTENLHOE HW3MEHEHHE COIIPOTUBJICHHUA

AR

TepMOpe3ncTopa —— Ipom3oiizer 3a Bpemst 7, =12c¢.
0

Kpurepun onenuBanmus.

Ne | kpurtepwuii 0aJ1JIbI
1. | IlpoBenen ananm3 rpaduka 1
2. | YdTeHo MOCTOSIHCTBO TEIJIOBOW MOIITHOCTH 1
3. AR 1
Omnpeneneno u3 rpaduka OTHOIICHHE ——
0
4. | YdTeHO paBeHCTBO MOMNIHOCTEH B MPOIECCAX HArPEBAHUS W IJIABJICHHUS 1
S. | lMonyyeno Buipaxkenue mis At 2
6. | IonyueHo BBIpa)KEHHE U 3HAYCHHE (X 2
7. | ChopmynupoBaH BbIBOA 00 M3MEHEHUH BPEMEHU MPOIIECCOB IPU YBEIUYCHUT 1
CWJIBI TOKA B HarpeBaree.
8. | Onmcan UM MOCTPOEH rpauK 3aBUCUMOCTH COMPOTUBIICHUS OT BpEMEHU MpU 1
YBEJIMYCHUH CHIIBI TOKA B HarpeBarele.
HUTOrOo: 10

5. Caoxnas uenb. Ha pucynke 3 n3o0paxeHa 1emnb, cojepkamiasi uaealbHbIi aMIIepMeTp
A, pesucropsl comporusneHusvMu R u 2R, xmoun KI u K2. Ilens noakiroueHa K
UCTOYHUKY mocTosHHOro Hampspkenuss U. Kakyio cuiny Toka OyleTr NOKa3bIBaTh
aMIepMeTp MpHU PA3IUYHBIX KOMOWHAIMSAX 3aMKHYTBIX U Pa3OMKHYTHIX Kitouedl K/ u
K2? Kakumu OyayT HampaBiieHUs Toka Ha yyactke BD B aTux ciydasx? B xakom ciydae
MOKAa3aHUsl aMIIEpMETpa OKaXyTCs MaKCUMaIbHBIMU?



Punc. 3

Bo3mo:xHoe pereHne:

Kombunayus 1. Knou K1 3aMkHYT, K104 K2 pa3oOMKHYT.
B stom ciywae B tuieuo GB BkitoueH pesucTop conmpoTuBieHHEM 2R M cXxema CUMMETpUYHa
otHocuTenbHo yyactka GC. CnenoBarensHo, 11 =0.

Kombunayus 2. Kmoun K1 n K2 pa3oMkHyTBI.
OKBHUBAJICHTHasI cXxema u300pakeHa Ha pucynke ag. ComnpoTuBieHHWe I ydacTKa ILIeMH,
00BEIECHHOTO MYHKTUPHOM JINHUEH, HAlJIEM U3 yCIOBHS
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Hampasnenue Toka ot y3na D k y3my B. R
Kombunayus 3: Kmrou K2 3amMkHYT (TIOJIOKEHUE L T

Kitoua K/ pou3BOJIBHOE).

OKBHUBaJICHTHAs CXeMa H300pakeHa Ha PHUCYHKE O.
ConpoTuBieHHe  ydacTKa  UeMH, OOBEIEHHOTO
NIYHKTUPHOM JINHUEH, PaBHO:
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Ha yuactke BD nanpsoxenue




Yeo = R+r = EU
[Tokazanus amnepmerpa
Uy, 2U
% R 4R’

Hamnpasienue toka ot y3m1a B x y3my D. Jlerko Buzets, uto 1, > 1.

Kpurtepuu oueHnBanmus.

Ne | kpurepuii 0aJlIIbI

1. | IlpuBeneHa s5KBUBAJIEHTHAsI CXeMa JJIsl caydasi pa30OMKHYTBIX KIIIOYel 1

2. | llomyueH pe3yabTar Ajs ciydasi pa30MKHYTBIX KIIIOYel 1

3. | IlpuBeneHa SKkBUBaJICHTHAs cXeMa ISl ciiydasi pa3oMKHyToro kitova K1 u 1
3aMKHyTOro kiroya K2

4. | IlomyueH pe3yabTat Juisl ciaydas pasoMkHyToro kitoda K1 u 3amkHyTOrOo 1
xiroya K2

5. | IlpuBenena skBUBaJI€HTHAs cXxeMa JUIsl ciaydas 3aMKHyToro kiouda K1 u 1
pa3oMKHyTOM Kiroue K2

6. | Ilomyuen pe3ynbTar i cydas 3aMKHYTOro Kiitoua K1 1 pa3oMKHYTOTO 1
xioya K2

7. | llpuBeneHa SKBUBaJICHTHAs cxema JuIsl ciydas 3aMKHYThIX kiatodueit K1 n K2 1

8. | Homyuen pe3ynbTat s ciydas 3aMKHYTHIX Kitoueit K1 K2 1

9. | Yka3aHbl BepHbIC HAIIPABJICHUs TOKOB U OIPEEJICHbI CUIIbI TOKA 2

UTOrO: 10




