3aKII0YUTEIbHBIH 3TaN aKaJeMH4eCKOro copeBHOBaHus OJMMIHA/IbI IIKOJILHHKOB
«ar B 0Oyaymee» nmo ¢pusuke «Ipodeccop KykoBckuiin»
(o6meodpa3oBaTenbHbIN NpeaMer pusnka), BecHa 2021 roxg
11 kaacc

Bapuanr 2
3agaya 1 (10 6amnoB) CraHgapTHBIA KOMITAKT — JIUCK TMPEICTABIsET COOOH 3aJIUTYHO IMPO3pPadyHbIM
IUIACTUKOM TOHKYK0 METAJUIMYECKYIO IIIACTMHKY auaMerpoM D = 12 cM., Ha KOTOpyrO MITaMIOBKOH
HAHECEHO MHO)KECTBO MHUKPOCKOIMWYECKUX YIIyOJeHHH, B KaX/JI0M U3 KOTOPBIX 3aKOJIUPOBAH OJAUH OUT
uHpopmanuu. Kakoit 06béM mHpopmanmu B MOalT MOXKHO 3amucaTh Ha BCEH MOBEPXHOCTH OJHOMN
CTOPOHBI JIMCKA, €CIW JJIsi CUMUTHIBAaHUS HHQPOpPMAIMM HCIIONb3YeTCs Jia3ep Ha HUTPHUAE TaUIus,
M3ITyYaIoero CBET ¢ JUIMHON BOIHBI A= 0,36 MKM?

3agaya 2 (10 OGamwioB) Anmapar uisi TOYEUHOH CBapKH COCTOUT W3
MarHMTHOTO CBEPXIPOBOJSILIETO HAKOIUTENS SHEPIUH C UHIYKTUBHOCTBIO
L , uWCcTOYHHMKA TIOCTOSIHHOTO HampsbkeHus E ¢ BHyTpeHHUM
CONPOTHBIIEHUEM I U JABYX cCBapouHblXx y3710B 1 um 2 . Cuwuras, 4to
COIPOTHUBIICHUSI CBAPOYHBIX KOHTAKTOB 1 M 2 OCTalOTCS MOCTOSHHBIMHU B
mporecce cBapku W paBHbl R u 2R, COOTBETCTBEHHO, OMpEACIUTE
KOJMYECTBO TEIJIOTHI, BBIACIISIONIEECS B y3Jie 2 1ociie pa3MblkaHus pene P.

A
3agaua 3 (12 GamnoB) Tpu mapa OJUHAKOBOTO pa3Mepa, HO Pa3IMYHBIX Macc
MO/IBEIICHBI PSJIOM HAa HUTSAX OJMHAKOBOM JUIMHBI U cornpukacaroTcs. [1lap macchb
my =1,2 Xr OTKJIOHSIOT TaK, 4TO OH IMOAHWMAaeTcs Ha Bbicoty H = 9 cm, u

&) ornyckaroT. Ha kakyio BICOTY h2 mogHHMETCS 1map My | €ClIU Mocje COyAapeHus

2’0 MEPBOro Iapa CO BTOPBIM, a BTOPOTO C TPEThUM, BCE TpU Miapa OyayT MMETh
m; m, my OMMHAKOBBIC MMITYJIECHI ? Bce coynapenust cautaTh aOCOMIOTHO YIPYTHMH.

3agaua 4 (12 6amioB) U3 npoBoJHMKOB U3roToBIIeH Ky0. B pedpa kyba BCTpoeHbI B
KaTyIKH ¢ WHAYKTUBHOCThIO L= 0,1 I'H kaxkmas W aKTUBHBIE CONPOTHUBICHUS
R=24 Om kaxmoe. K xiemmam A u B moakiioueH HMCTOYHHK IMEPEMEHHOTO
HanpsDKeHUs ¢ aMIUIMTYIHBIM 3HaueHueM Up = 400 B u mukinnyeckoi 4acToTon
w =300 ¢ . HaiifuTe neiicTByroliee 3Ha9eHNE CYMMapHOTO TOKa, IPOTEKAIONIErO
B e AB. A

3agaya S (18 OamnmoB) PabGodee BemecTBO TEMIOBOM MAaITHHBI
coepmaer 1uka1 Kaprno wmexay wusorepmamu T u Ti1 (Tr >T).
XONOAMIGHAKOM  SIBISIETCS  pe3epByap, —TemIrepatypa Kotoporo P
nocrosinHa u paBHa T2 = 250K, (T2 < T). Tennmooomen mexy pabodnm
BEUIECTBOM U  XOJOJWJIBHUKOM  OCYHIECTBIISIETCA  IMOCPEICTBOM
TEIIONPOBOAHOCTH. KoIMYECTBO TEIIOTHI, OTAABAEMOE B EIUHUILY

BPEMEHH  XOJIOIHILHHUKY, q=a( -T,) , roe ¢ =1 kBm/K
TerutooOMeH pabodero BelIecTBA C HArpeBaTelieM POHMCXOIUT

T, =640 K

HEIMMOCPECACTBCHHO ITPpH . Honaraﬂ, 4TO MPOAOJIKUTEIIbHOCTD

M30TEPMUUYECKUX IIPOIIECCOB OMHAKOBA, a alnadaTHUECKUX OUYeHb MaJa,
HalUTE TEMIIEpaTypy «XOJOAHOW» n3oTepMmbl I , mpu KOTOpPoH MOIIHOCT N TEIIoBOM MalllMHBI
HauOonbmasd. Onpeaenure HaMOOIBIIYIO MOIHOCTh TEMJIOBOM MaIIMHBI.



3anaya 6 (18 6annos) [TyakTsl A u B pacnionosxens! Ha paccTossHuu L= 4 xm npyr ot apyra. 13 nynkra A
[I0 HaNpaBJIEHUIO K MYHKTY B BbleXan MOTOLMKIUCT, KOTOPBIM IBUrajics ¢ MOCTOSHHOM CKOPOCTBIO B
TE€YEHHE BCEro BpeMEHHU ABMKEHUsI. OTHOBPEMEHHO HABCTPEUy 3TOMY [IEPBOMY MOTOLIMKJIMCTY U3 ITyHKTA

. v, =32mlc
B ¢ HavanpHOW CKOpPOCTBIO

2
a=02 ulc N
YCKOPEHUEM ’ , HAaIIPaBJIEHHLIM BCE BPEMs TaK K€, KaK CKOPOCTh HEPBOI0 MOTOLUKIIMCTA.

M3BecTHO, YTO B ITyTH MOTOLIMKJIMCTHI /IBa pa3a OOTOHSIIM IpYT Apyra. B Kakux mpeaenax JeHuT CKOpOCTh
IIEpBOr0 MOTOLUKJINCTA ?

BbICXaJl BTOpOﬁ MOTOLMUKIIUCT, ﬂBHX(YHIHﬁCﬂ C INOCTOAHHBIM

3agaua 7 (20 6aynoB) Cumyayuonnas 3aoaua

OnekTpoMoOUIb —  aBTOMOOWJIb, HPUBOAMUMBIA B  JBW)KEHHE OJHMM WJIH  HECKOJbKUMHU
AJIEKTPOABHUTATENSIMU C TUTAHUEM OT aKKYMYJISTOPA.

Omnpenenure Maccy akKyMyJIATOPOB, 00€CIIEUMBAIOIIUX JIEKTPOMOOMIIIO TAJIBHOCTh X0/1a 0€3 1013apsiiKU
paBayto 400 kM npu noctossHHON ckopoctu 108 km/4, ecnu cymmapusbiii KITJI cuctembl akkymymnsiTop-
ABUraTenb-kojeca coctapiser 0,75. Bes sHeprust akkyMyJsTopa 3aTpaduBaeTcsi Ha paboTy JABHUraTess
JIEKTPOMOOIIA. DHEProeMKOCTh aKKyMyJiasTopoB coctaniser 50 (Bt - 4) /kr.

KosdduureHnt a’spoarMHaMU4ecKOro CONPOTHUBIEHHs 3iekTpomooOusns paseH 0,3, miomane ero
TIOIIEpPEYHOro cedenus 2,5 M2, Macca 6e3 akkymynaaTopa 800 kr. Y iebHas Cula TPeHHUs TP KaueHHH KOJEC
anexktpomobmis 0,1 H/kr.

Cuna conpOoTUBIIEHHSI BO3/lyXa ONPEAEIAETCS COOTHOUIEHUEM
2

v

Fconp = Cyps 75’
rie C, — Kod(pQUIMEHT a’pOIMHAMUYECKOTO CONPOTHBICHHSA, P, — IUIOTHOCTH Bosayxa (1,2 kr/md),
V — CKOPOCTh IBUIKCHUA aBTOMO6I/IJI$I, S - IIomaab moncepeyYHoro CCYCHMUA aBTOMOOMIIA.



Pemenue Bapuanra 2

3amaua 1 (10 6amoB)

2
7D
s="_ 23
Ha muiomanu nucka 4 sammcano N=W-2 gyr uHpOpMaLny, a 3HAYUT HAa paboyeil TOBEPXHOCTH
As=>
mucka umeetrcs N yrmyonenuii. Takum oOpa3omM, Ha OAHO YriayOleHue MPUXOAUTCS IUIOIAIb N
Bynewm cuutars, uto yriayonenue umeet hopmy okpykHocTH auamerpa d . [Ipu MakcMManbHOW MIIOTHOCTH
2 2
As=™ A
saruc d oypKHA OBITH TIOpsZIKA JUTMHBL BOJIHBI J1azepa. lloatomy 4 4 | 1o ectTh
2 2 2
D D D?
B Z =72 523
4N 4w -2 4 , OTKyJa A2 Jloxacrasus D = 0,12 m , A= 0,36 MKM, Hali1éM
D? 0,122 0,0144
W=——n'= 2 1012 523 12 =1325 76
A2 0,36°-107-2 0,1296-10 -8388608
DZ
W :ﬁ':13,25 F6
Otser: A -2
3agaua 2 (10 6aioB)
| = E
1). o pa3mblkaHUsl KJIl0Ya yCTaHOBUBLIASICS CUila TOKAa paBHA I' (‘gepes pesucropsr R u 2R TOK He

TCYCT, TaK KaK Pa3HOCTb NOTCHIHUAJIOB HA KAaTYHIKC NHAYKTUBHOCTH PaBHA Hy.]'IIO)

2 2
LI LE
BBIJICJIUTCS B BUJIE TEIUIA Ha pe3ucropax R u 2R: 2.1
3). Tak kak pesuctopsl R u 2R coeanHeHbl mapajieabHO, Pa3HOCTH

I,R=

MOTEHIMAJIOB HA HUX PABHBI: ;2R =U . ITo 3akony JIxxoyns Jlenua

KOJIMYCCTBA TCIUJIOTHI, BBIACIIAIOMHECA B PE3UCTOpPAX 34 He6om>1n0171 HHTCPBAJI BPCMCHU At, PpaBHBI
2 2
U U
AQ, = IlZRAt:FAt AQ, = |222RM:§M

W3 5Tux ypaBHEHUi ciaenyeT, 4To QR=Q, 2R Byecrec TEM, Q+Q; =Q Okonuarensno HaXoAUM
2 2

0, - Q  LE _LE -
2 = 2R - - 2 1LE
1428 o 1+2—Rj 6r 1Q,=—-—
R R r
LE
Qz = >
OTBeT: 6r




LX LSS

3anaua 3 (12 6amioB)
Tak kak MMIynbchl P Bcex IapoB MOCTE COYAApeHHs] OJWHAKOBBIE , TO
UMIYJIbC TIEPBOTO Iapa 0 COYAAapeHHUs CO BTOpPbIM paBeH 3P.

(3P _ P> (2p) @
Ilo 3akOHYy COXpaHEHHs OSHEPrHH am,  2m, 2m, ,  OTKyaa 9300
m my My M3
m,=—2=0,6 e
2 ()
Hcrosb3yst 3aKOH COXpaHEHHsI SHEPTUH, HalIEM BBICOTY IO IbEMA BTOPOT'O IIapa
P)? P?
m, @ ; 2 (3) WU3 pacemorpenus (1) -( 3) Haiaém
4 4
h=—H=—=-9=4 c»=0,04 u
9 9
4
h,=—H =4 cu=0,04 u
OTtBet: 9
3agaya 4 (12 6ayoB)
lp = N B
D — —
JlelicTByIOIIEE 3HAYEHUE TOKA V2.2 , TJ1e Z=qRy +R,
R,
AKTHBHOE COITPOTUBIICHUE IETTH 6 6
e HHaykTUBHOE COINPOTHUBIICHUE
R =w Ly :a)gL:M-:2O Om
3 3 . A
400
|, =—=139 A~144
2 2 D y
Torma Z = V4° +20° =204 Om o~ /2:204
I, = Y% ~139 A=x14 4
RY ( 2 Y
5] -3
6 3
I, = Y ~139 A=14 4
RY ( 2,Y
5] (=3
Ortger: 6 8
3agaua 5 (18 GanoB)
3a Bpems T xonomunbHuK MOJIy4aeT KOJMYECTBO TEIUIOTHI, P
paBHOE Q, =a(l-T,)r 3
Koadhdurment mosesnoro aeictus 1ukiaa Kapao
QH B Qx _ Tl -1
Qu T A
ITose3nas paboTa TEIIOBOM MaIIWHBI paBHA .
T T(, T T T
A=Q, -Q, = 1-— [=Q, 2|1-— |=a(T-T,)7 2 -1 T
QH Qx QH( T]_] Qx T { TlJ (T 2) (T ) I




T, T
N=—=Z[1 21 1,7
2 T

MonHoOCTh TEIJIOBOI MAIIIMHEI

T =JT,-T, =400K
3Ta BCJIIMYNHA JOCTUTACT MaKCUMyMa I1pHu .
BBIHOJ'IHI/IB BBIYMCIICHUA, HaﬁHéM YHUCJIOBOC 3HAUYCHUC 3TOI71 MOIIHOCTH.

N uax =%(Tl—2 T, T, +T2):%(640—2‘/800-200+250):45 KBm

o
T=JT. -T. =400K N \iax =—(Tl—2 T,T, +T2)=45 KBm
OTBeT: 1 2 ; 2

3apava 6 (18 6amioB)
I'paduk nBUKEHHS BTOPOTO MOTOLMKIMCTA MPEACTaBIseT COOOH mapaboiny, Tak Kak yCKOpPEHUE €ro
JBUKCHHSI HAIIPABIEHO TaK K€, KaK CKOPOCTh MepBoro. Eciu CKOpPOCTh MEePBOr0 MOTOIUKIIUCTA OyAeT
ciuimkoM Masienbkas (rpsimas OC), TO MOTOITUMKIIBI HE CMOTYT OKa3aThCsl psiioM. Eciii CKOpoCTh 1epBOTO
MOTOIUKIUCTa OyAeT CIMIIKOM OOJbINON, TO 3a BpeMsl ABIKEHUS 10 MyHKTa B 0OroH mnepBeIM
MOTOIIMKJIUCTOM BTOPOTO COBEPIIMTCA OJIMH pa3 (Touka D Ha rpaduke). To ecTh CKOPOCTH MEPBOIrO
MOTOIUKIUCTA JOJDKHA OBITh TaKOM, YTOOBI MpU MEpPBOM BCTpeue MOTOLMKIMCTOB, MEPBBIA OOOTHAT
BTOPOr0, 3TO OyAeT , Korjza CKOpPOCTh BTOPOrO MOTOLIMKIMCTAa CTaHET PaBHOM HymO (3Ta TOYKa
COOTBETCTBYET BepiIuHe mapadosisl M ) , a 3aTem, Korja CKOpOCTh BTOPOTO MOTOILUKIIUCTA CTAaHET PABHOM
ckopoctH nepBoro (touka N Ha rpaduke), y:xe BTOpoit
MOTOIUKIUCT OOTOHUT TMepBoro. TakuM oOpazom,
CKOPOCTb IEPBOTO MOTOLIMKIIUCTA JIOJIKHA OBITH OOJIBIIIE
CKOpPOCTH, TOJY4aeMON W3 YpaBHEHUS KacaTelbHOH K
napaloiie, KOrja CKOPOCTH MOTOLMKIUCTOB CTaHYT
paBHBIMHM, M BCTpeya MX HPOM3OHAET OauH pa3( 3TO
cooTBeTcTBYeT Touke K Ha rpaduke).

YpaBHeHHUE JBUKEHUS TIEPBOr0 MOTOLHKIIcTa Y = V1 t

YPaBHeHI/IC JABUXCHUS BTOpPOIo MOTOIMKIINCTA
2

at
y=L-v, -t+—
2 0
VpaBHEHHE, BBIPAXKAMONIEE PABEHCTBO KOOPAMHAT
at?
vt=L-v,-t+—
MOTOIIMKJIMCTOB 2 (1)
v
t,=—2
[Tpu a 2 BTOpOM MOTOLIMKITUCT
OCTaHaBIWBaeTcsl (BepuinHa napabosel, Touka M rpadwuka). [loacraenss t1 B ypaBHenue (1) Haxomum
'L at®> La av,
v =—-0, -+7=——UO a
CKOPOCTB ITEPBOTO MOTOIMKJIUCTA B TOYKE BCTPEYH CO BTOPHIM . b Yo 4 orkyna
* La v, La vy,
b, T Ty, 2
0 0 (3)
' 4000-0,2 32
v, =——————=25-16= 9
[Moncrasisist 4MCIIOBBIE 3HAYEHHSI, HAXOIHM 32 2 ¢

U3 rpa(blzuca BUJHO, YTO BTOpad BCTpCYa MOOJIDKHA HpOI/I3OI/ITI/I B MOMCHT BpCMCHI/I to, OHpC,[[CHSICMBII/I
KOOpI[I/IHaTOI/I KacaTeJIbHOM.

=Y'(t,) - (tese — 1) + V(L) (4).

Hcnonb3ys ypaBHeHHE KacaTeabHOH K mapaboie Yiac



dy
r—__7 — _ +
, % YUTBIBAsA, YTO KaCaTCJibHAA MPOXOJUT YCPE3 HAYAJIO KOOPpAUHAT,

2

at
0t - 0=(-v,-+at,)(-t,) + L—v,t, + —2
IOJCTaBUM Yiac = u KC T momydum , (5) orkyma Haigém
. 2L
, ==
a . (6) [ToncraBum BEIPAXCHHE (6) B (D), MOJTy4UM

SV S I I P U e I Y L Y KB [ PY S
) L . atz L a . a 2L aL . 1\/ﬁ 2alL 2aL ; \/ﬁ ;
t, 2 2L 2 a 2 2 4 4

" H_ . : - _ ﬂ
v, =+/2a v, =+/2-0,2-4000 32=8"

L-v _
0, HOI[CTaBJ’I?[?[ YHUCJIOBBIC 3HAYCHUA , HAUAEM
Takum 06p330M, CKOpPOCTH IEPBOT'O MOTOUKIIMCTA JOJPKHA YAOBJICTBOPATH YCIOBUAM
aL o
0 M M
v2al —uy; <u <—-— 8= <p <92
UO 2 . c c

aL
v2aL —v, <u, <——U—20 8l <y <92

) 3 )
OrtBerT: 0 L C ¢

3agaua 7 (20 6aynoB) Cumyayuonnas 3aoaya

Ha aBTOMOOWIIb B HAalIPaBJICHUU JBMKECHUS JICHCTBYIOT 3 CHIIBL: JABIDKYIIAs cujia P, cuiia COPOTUBIICHUS
BO31yXa Fyonp ¥ cuna Tpenns Fr,. IpuBeném nx K LEHTPY Macc aBTOMOOMJIS M TIOKaKEM CXEMaTH4HO Ha
PHUCYHKE:

e 5
7 ) e >
Pacninmiem cunel, nefictByronye Ha aBToMoOmIb. Criia COMPOTUBIICHUS BO3AyXa!
2
v

E:onp = SCyps 7

rae S — IIomaab MONEPeYHoro cedeHus: aBromoOussi, C, — KOIPPUIMEHT a’pOIUHAMUYECKOTO
COTIPOTUBIIEHUS, Py — IIOTHOCTH BO3/IyXa, V — CKOPOCTh JABHKEHUS aBTOMOOWIIS
Cuna TpeHus:

Al

Frp = uM
r7ie U — yAelbHas cuila TpeHusi, M — rmoyiHas Macca aBTOMOOUJIS,, KOTOPYIO MOKHO MPEACTaBUTh, KaK:
M =my +my
r7ie my — Macca aBToMoOuIs 6€3 aKKyMYJISITOPOB, M, — Macca akKKyMylIsTOpoB. OKOHYATENbHO JJIS1 CHIIbI
TPEHMUSL:
Fyp = i(mo +my)
[TockonbKy aBTOMOOMIIb ABMKETCS C YCTAHOBUBIIEHCS CKOPOCTHIO, TO €T0 YCKOPEHHUE OYJET paBHO HYIIIO.
Torna Bropoit 3akoH Hpl0TOHA B IPOEKIMM HAa TOPU3OHTAIBHYIO OCh 3AIIUIIETCS B BUJE:
P — Fconp - Erp =0
rae P — nuxymias cuina
Otkyna:
P = Feonp + Frp
2

v
P = SCepy =+ plmo + my) &

Ecnm mepemenienre aBToMOOWIISI cOcTaBisieT L, To paboTa ABMKYIIEH CHJIBI:
A=PL



Bpemst nBrkeHust aBTOMOOWIIS:

CoOTBETCTBEHHO, MOIITHOCTb:

=—=—v=Pv
t L
CornacHO 3aKOHY COXpaHEHMsI SHEpruu, mnoisiesHas (3PQeKTuBHAsA) MOIIHOCTh AKKyMYJISTOPOB paBHA

MOIIIHOCTH, Pa3BUBAEMOM JABUXKYIIEH CUIION. Torjaa MOKHO 3amucarh, 4To:
man
Pv=——mn
t
IZIe N — BHEProCOIepKaHue aKKyMyJsaTopoB, ) — KII/] cucteMbl akKkyMyIsTOp-ABUTaTENb
PacniuceiBast Bpems:
man
L 1
v

Pv =

BLIpaBI/IM N3 MMOCJICAHECTO BbIPAKCHUA IBMIKYIIYIO CHITY:
mann

[ToacraBuM 3TO BhIpaKEHKE B 3aicaHHOe paHee ypaBHeHue (1):

% mynn
SCxPs > +u(me +my) = L (2)
OTKyna BbIpa3uM Maccy akKyMYJISITOPOB:
v? mann
SCxpB7 tumy =———pmy
v? nn
SCxpy— + umo = my (T - u)
2
SCxps =+ umg
L
[IpenBapuTenbHO nepeBes 3HaYEHUE CKOPOCTH U3 KM/Y B M/C:
[M] _ [KM 1000 — 108 1000 — 30 M
"l TP 3600 T 770 3600 T 77 ¢

A »Heprocojep)xaHue akKyMmyJsiTopoB B JK/KT:

K BT 4 K
n['ﬂ— =n[ ]-3600=50-3600=1,8-105ﬂ—

KT KI KT

YucnaeHHo:
302
25:03-1,2 -T+ 0,1-800
my = (1,8-105-0,75_01> = 2042 kr
4-105 !

OrtBert: Macca akkymynsTopos 2042 Kr.



